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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
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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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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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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.
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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
stripper, model 2W-1, we can qQuiciiy get tha% information,
¢ We wornder whit we purchased on PR AQ8627, taat comes
sinply by exeguting a content anelyzer pedtern aperifying
the number, We can see ol outstanding orders charged 0 3
particular project quickly, Figure Ile28 snows 2
contenteanslyZer mattiern that has been tenporarily written
into the file, for f£ind4ing any entries partsining o orders
for relays under Projent 7101l, Figure Il~-25 shows & view
genergted by usine this pattern,

This file is useful, then, from a projecte-adminictiration
stendpodint, from the svandpoint of following a purchase

requisition froa the orzer stage through cocmpletion, and
also for providing bdbackup information for ccst estimavres,

This f£il1€ can also be used a8 & *“icxkler file vy inserting
s patiern in the "outstanding requisiziona" oranch which
shows the date we feel vwe should follow up on tne order.
Each day one zan adk for all those items tnat have the
current gate as a foliow=-up date,

This ftile is Kkept upeto=date by the sezretary of the
haraware group, who is mo#t involved with rejguisitioning.
She does this updating entirely with TODAS.

Sunkary on the 3Systenmatic Use of Project Cost Files

Cne by one sacn o0f these {iles nmignt be interestirg. As 2
combination, Quickly svailable 10 many usars, their utility
secms remarkable,

A cost study, s& discussed above, can rely on all
nravious project costs &9 recorded in the systen and can
dra¥ on those files for inputea, One can :raw 0., the
perscnnesl roster file by labdor category, work interest or
a8 2xtenced into a &xills inventory,.
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FIGURE 11-27 VIEW OF A PORTION OF THE PURCHASE-
ORDER PROCESSING FILE, SHOWING
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FIGURE 11-28 A CONTENT-ANALYZFR PATTERN FOR
SEARCHING IN THE PURCHASE-ORDER
FILE
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We can browse through whe purchagee-ordear fi'e, reflecting
the curront or previous cosLs par itemn., «¢ can iink to
activity=planning files to see which people are involved
with various ongoing tasxs and toO see On wnat tasks ve
ire contemplating cervain egquipment rurchases, «¢& can
link to orcposal cost estimates for mepth-py=-month cost
projectionas,

These files can te accessed in any order, from any
direction, at any time, witnh only 2 few Xeysirokes by the
user. They &are also accessible ramotelyvy inrough the use of
TODAS, thereby giving mopiliity toO the user with less loz1d on
Lhe 8systen,

our main otjective in rmaking cost studies ie to arrive at
8clid sets of projections or other answers as quicxkly and
effectively ag possitle, Direct on=line access Lo ‘nput

information is extrermely nelplul.

3. Activity Planning ana Status

b,

Intreduction

Secticn I1-3=2 descripes the experimental esuwkblishnent or 3
TODAS Devel-pment Activity and discusses its method of
operatior.,, One facet of TUDAS worx is the extensive
experimental use ¢f oneline f£iles as aids in conducting
neetings and formulating plans, This sectizsn glvea some
detalls on %he censtriuction and use cf these files,

Planining anda Status Filea for TODAS Develooment Activity
rile UPLAN

The planning file for the TODAS Deveiopment activity
contains 3 pranch witn comments ©on how to usge the :(.ie, a
pranch for content=analysier patterns. gnd a bdranch
cortaining actual task plans.

The tasKeplanning branch na?, as substalements, task
categories which include gocurentation plans, teacshing
plans, deaign plane, MeTA plans, and inactive task
plans, The levels under tlese categories contain
sepsarate tacsk plans, sicn a® "TODAS REFERENCE SUIDE
DEVELUPMENT," "USER LXPERIMLNTS RELATED TO TODAS," and
"TEXT MANIPULATION SYSTEMS S3IBLIOGRAPHY."

Eacn task brancn contains conmrments by the Lask
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leader on tne following:

(1) Deacriprion of tne tas«, witn links to otner
worxking fiies used in -t8s ceveloprment

{(2) comments on tne reletionship of th= tasx o
other ARC tagxs

(3) Estimates of ceocle involved (Jitn levels
cf eftort and tinire)

(4) Status comments

UPLAN i3 linked to fror anotner file called YMEZ1
(descrived pelow), whicn is used for cn-line note=-+taking
during meetines of the TODAS group. Pertions of UPLAN
c&n be temporarily copied 1no UMEET for use Jurine
neevings.

UFLAN contains a blank taaxk £9raatl 1n 3 separate oranch,
¥henever a new tasx 18 acded, tnis oranch i8s ccpied 1ato
the apprepriate planning area (such 28 documentation
plara). Then the name of the Lg8x is inserted as a
heading alone with the initials of the task leader,

Certain itema in this file are useful in content-analvsis
segrches, [ne most useful are the inivialas of cecnle
involved in tasks, the milestones, the estinates, and trne
status, ToO make content-analysis segrches more
consistent, ssterisks are placed pefore such ivena,

With an gppropriate pattern, one zan taen 234 a
question such ad "what 18 the involvenent of 3
particular person in tnils sctivity?" tagx ty tasc,

All oranches with estimates containing the specified
initials and an asterisxk will then ne shown. The sane
branches ahow expectea levels of effort.,

Since this ie¢ the only information qQisplaved on the
screen, it is relatively easy %0 sea potentisl
conflicts in the gllocaticn o0f 2 person's iine vetween
ta8ks for this activity or to ma<e a hard ccoy of this
displayed informsgticn on the line nrinter,

The conten® analy!er can al#o rezurn statenents
conmmpenting on the status of tasxk®, sc that a3 quick survey
of all such conmmensts can dbe made, This is particularly
useful for coordination of several taaks anc for
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preparing for meetines of the groauo,

When many pecple try to update tne 8same file, gserious
oroblems are crested, This is 3 well~known situation
(discusaed further in Appendix B), If two peoDle are
Loth working on the file, One person's work ma)y ope
lost vhen someone else who has been using the file
writes his copy baz>x out on the disc, Therefore ve
tried to introduce a conventicn where reople place a
g§izna) of some sort in the file when it i8 in uee,

This procedure was nov well used, orobably because
people were generally in too much of a hurry,
Therefore, some WOrk wat 109%t. We found that it was
egeier, with the creseny file~handling limitations,
ngve refearch assistants 4o the upoatinz on the ¢ile,
rathering information from various people as neteded.

Part of tne descripticn for a task involves the
specificarion ¢f saiwnificant mileccones, 1f possibdle.
The task leader has to have some iaea of important
nilestones quring the progress of the woerk and nust
gevelop some feeling for vhether these milestones are
oceurring within the resources expected to be ullccated
t¢ the tasit,

We tried an oneline task-planning cnart, showing
1Ceweek periods where milesatones could pbe marked fcr
each task. Milestvones were indicsted oy showing an
NLS name for each milesione statement (see Fig.
11=30). Therefore, viewing this taske-planning cnar:
on s display, we could "JUHF TO NAME", selecting one
of tha mileatone pointe on tvhe chart, anu a
4cocription of the milestone and 4te relaticnship to
the tsak would then he diaplayed, 4 "JUMP TO RETURN"M
brought back the planning chart.

This shows asome promise ¢of being useful in the
£uture, but some refinenents in display techniques

and miiestone selection gre necedsary before it can

becomz operational.

Another use of the content apalyze: L8 %o search for
entries made “"since or pefgore® a ¢ ‘1in 4ate, or for

entries made by certain people., 1akes it easy 10

gee Who has been updating the f£41l. t.Uly, and wnat
they have done o it.
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This 13 of 1le33 importsnce for a pe~8on who i3
updating his ¢'n file, for he prenaop.ly remenbers
the kKinds of thinga he has c¢cr red. «when many
people wWOrk on the same file, it 18 nelpful to xnow
who hyg bteen chenging it and in what areas they
have beean werking.

File UMEET

we created a separate file calied UMRET for prlans and
noves from the TODAS activity meetings,

This file 15 sirilar to the UPLAN file in fornav.
Oneline note=-taking by a resei;ch assistant, as
prazticed in the user syster and software groups, has
proven quite use 'ul for recording important oparts of
discussions durine meetingf. The one=line note taker
Nas not been a aistractaing anfluence in meetings; in
facty, she nes contrioutled a3y times, She is avaeilable
for ginding 4infSrmation in the file anrd for recordine
zpeclel ices3s in other filee upon reyuest qQuring the
neetings,

Meetings are conducted witp nard-copy acerds
distriocutey before each Neeting. Tne on=line
notetaxer has an on=line version 2¢f the sime agenda 1n
front of her, A& the discussiocn proceeds, she makes
her nco*22 risht in the on-1line agenda,

iveme jeft for discuasion 4in following neetings, cr
38 special questions tC pe resolved vefore the nexs
meeting, c¢an he marked by the ncle-taker and
retrievad from tne rile for later atudy.

¥han the neeting 18 completed, tne notes re condergsed
19 & rmeaningful summary, distriputeq to the
particinante, and displayed on g bulletin voard. In
otrher words, the agenda 20r & particular =weeting is
developed, during tne neeiing, into minutes of “he
meaeting. A copy 9f the unaltered agendas i3 alsc xepu,

successive ncetine agenda andéd minutes are ~ept in ane
file (see Fig. 12=-31). This permits us Lo seairch ?2¢r
dlacussions of various topics snd %o receive arazwers
in chronological croer,

3¢
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B, Organization Studies
Our organizational stludies nave centerea ©n LWo tCpics. The first
0f these is the swudy of the "Cn=Line Comru Ltv"' == 0Ur OWF AN
group se=n ag z unique exarple of a small, close corm~miunity c¢f
vorkers who maxe intensive Lse oOf cn=line computer aicz in o
dayly Work.

4

-
~
v

e

-

-

The 3second area Gf concentration has peen (ne inmplermentatior cf
W0 eXperivbents or organizaticrn sirucuvure and clanning rmetvhozs in
such & comnunity,

1. Oneline Conmunrity

our study of the On-line loamuwnilly 19 ceac. 1p0ed here 17 ter-s
0f the t0%3l wWOorxking environ.,ent of ne grsuyp ant ne
structuring of staff rcles <1itnin tne Zroug,

a. Lknvironmeny

We consider the total worxing environnent, for curpcses o
tnls atudy, Lo cona2is. of Lthe paysic4l environment and un
"user environment." The latter 13 a general term i1ntend-
L0 1ndicae the exiztence, avallatiliwvy, anc certorranc
the numercus en=line aild4s used py the groudp.

[{ ey

Physical snvireonnent

W€ have chgnged the tadic WOrk rocr or lacoratory
configuration fro~ 1so0lated cne-marn offices and a re~2
860D and conputer/wWork rcol te cne~-an offices creniry
directly onto an copen, courtyarcd=ilre WOr« area. w»e st
Uge 3 remote sLoup and ¢onputer oonm due o nulliane
layout restriciicrns, Tne CCnRsCits wWerd moved out of the
vf{fices inte this central working area, we nave out in
Feparate lighting circuits X0 we can turn of¢f lights 1r
different parts of the rocm, reducirg reflections on tne
displays, Wwithin the work area, Lvhe ccnsoles can easily
pe regroupeyg tc permit users t¢ worv cooperatively,

.
-

0 ]

.
PRNDE

One effect of Lhis wWas L0 change the teridnal
interacticn pattern d4rafatically, simply oy increscing
the anount ¢f interaction,

A Seccnd effect ¥Wis L0 perrit nuch ncre effective
utilizaticn of “he cisplay facility; tne faciiity 18
much rmore "availablie" Tha!l 1t Qlnersise wouln have
nee,
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Within *he general wWork ares, the consoles (whicn are
of several different designs offering different
advantaged) are set ur in varying configurations, witn
daiffering arrangement® for ligntineg, s~ ‘ing,
proximity vo owvher corscles, etz., In general, the
indivadual configurations can be quickly and flexiovly
altered as various needa arise. Ag a result, an
individua Wwho 13 apout 0 stary & working session at
a Consvle has a consgiderable cnocice cf sie
condivions. Figure I11-32 ahows four views of consoles
in the work ares, in &ctual use for various modes of
WOrkK.

A further nodification to the phyvsical environment wal
the addaiticn of likht rmovaple par%ivions, f2r visual
privacy. Tnege are low 2nough 8¢ that & pereon, when
gitvting, 4does not see otner neople working outv can, by
atanding or mnoving his chair two or thnree feet, contact o
Oor 5 other people working at ccnicles, Most people
apparently prefer to partiticn off only the front c?
their work stgtions, pPartitions are rarely moved into
positions conpletely aurrounding the worx stations, +Jhen
scciusicn ie wanted, peoplé tend Lo work in the Herman
Miller experimentsl cifice, which is isolated fron the
general worx area by high partitions,

The Werman Miller office has alsd becone the gplace
where 1e systen s genonstrated to visitors,

visit have the feeling that they are insiae tne
worxing environment, and no one eise is cotherzd by
the visitcrs!' presence.

ve have adorted the practice of holding sonre types cf
reetinegs in the Herman Miller scea around one or wwo
diepiays, with a research assistant taxing on=line notes,

“e Mave found that display viewing is difficult, and
multiple-narticipant acrceas tc the svaten ineffectrive,
witn neetings of nora than three or four pocple,

Oon the basis 0f our experiences witn 8such meatings, we
are novw ragegigrning ine cecnfevence faciliwvy (see Sz,
II=C=2-C}).

We have found tnat it is “Wighly desiratle to make use of
the systan bceh night ani day. Night accegs Lo our work
areg is incernvsnienced L0 sone extlenl by Lhe exXxisiing

Security messures, rarticuiariy when we wisn to work with

3¢




FIGURE [1-32 VIEWS OF CON3QOLES IN USE IN THE ARC WORK AREA
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non=3R1 perconnel., such &8 consuitanta. A much nore open
and accessinle vorking envarcnment would be greatly
preferred.

We see great practical urility irn naving & maximally
flexible physical envirennent., £fach tine we have
increaszed the flexioility of the environment, werk
interacticn haz increased withoul any damaging
increase in S0cC1al interaction,

User Environment

Juring these twe vears We have provided g useful, tncugn
8till evolving, on=line text 2diting ana fil=
manipulatvion syster, NLS. This syster provides new tocls
for personal and group use., Appendix A degcraibes NLS in
considerable detail from a user's point of view,

Appendix D im a tecnnical descrairtion of slLS.

4e€ have also deveioned he TypewritereQriented
Documentation=-Aic Systen, TOUAS> (see Appa2ndix A). Thlis
prevides sonme nf the sane features as NI out ¢can te usea
remotely nhy people not physicali~ in the facility. TODaS
will pronduce consideraply lesg8 10ad dn the timesharing
system tLhan NLS. & nave sxperirmented with remote use of
TODAS using portable typedriter terningls with acoustic
couplers, The resuliing mobility, with direct acceas o
all of our file2, shows interesting coeésivilities for
tean collavoration, vogether or physically renote,

with the introductiion of TNHUAS, wWe have provided more
opooruniLvy for peovple %O interact witn the AXC files
from thelir ofrices, sxlthough eome of the processes are
slower, 7There has not yYet peen wvidespread use of
TODAS, byt this vill change with inmprovenent in
service cavacity of the system and addéition of new
features o TODAS, Availabllity of seversi
30~cheraciver/sacond typewriter terminals will also
greatly increasze the value of TODAS.

. Staff Functions and Activities wmithin APC

Activities ve Nave identified as rasic irnclude the
gollowinge

{l) Hardware

1€} Software

L0
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2.

{3) Managenent Systern kesearch

(4) User Syste~ kesSrarci

(S) ARPa Netwcrk rFarticipatiorn

{6) Operational “anagement of AKrC,

Steff functions f3r Czch activivy 1-vuive ne
spernification, des:igrn, implementation, Adccunentation,
evaluation, and merin%enqanL® Erecess as new systern
features are adaea,

A% we nhare hardware and sofilware oeorle, researcr
a88i9taints, and secretaries, our ©ollicy “as veen tnat A
parson's cafpabilities must po ceyend anv Rarrow
speciglization. A highly skilled aystems progra=ner nuse
have additicnal btackground hefore he con te usend ef:ectively
in this ¢roup.

¥e need peorle wno are capadle cf ooth 1ong= anc 8snerie
renge clanning, rartviciratineg in goal and sureoal 3sectire,
and conuvrinutang to tnea ine gesign, i-clementatiorn, ant
ctlher processes,

For most AR.L @Werk it is important that readrle pe prinarily
oriented toward designing and tullling Lasks and less tcward
contemplative and refleciive Ones, HCOwever, Since Cur wWore
mi4es both researcn and developnent ncaes Wwe n[ust ¢

capacle ¢of acting in eilher capiaciwy atl dafferert silaves in
the inmnlementation of any given tgsr”, Il 18 also a
require~ent that neorle have the atility o focus cr
difterent. levele of the endeavor, aliternating noqes
frecusntly ax the needs arise,

Experinents orn Interngl Activity Structure

Ve conduected two experiments on the use ¢f augrented nmethcis
for planning work. These exjerinents were conducted withk a
newly estapiighed group, the TCULAS develorrment Lroup, anc witn
a well-establisned, fairlv tigutl=xnit frcun, tne software
§T0Up.
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TODRAS Development Activity Planning

A DArc¢ Of ARC uSer system resesrch involvees tne
specification, adesign, implementatiocn, teaching, use, an4d
evaluation of new features peing added %o TODAKS as related
Lo anticipated ARC and ARPA NewwOor« needs,

The TODAS planning experiment was initiated alorg these
lines:
We first developed i strategy for use as the grouo formed

and for encouracine 4t toO make furiher pians directed
toward AkC and TODaS=related goals. The steps considered

necessaryv for the group wWere:

(1) identify bdoth invernally and externally generaved
gorlse

{2) Agree cn structure and mode of operation of ihe
TODAS group, with tne following features:

{a) A Xroup representive reporting to the ARG
vqanager anga ¢ external activities

{d) A team gpproach tu taexks and planning, with
one leader for egch task

{c) Investigation of decision techniques,

(3" plan tasks for the group ana for ihe indiviuala
in the group {including tasxs alresgdy in progress,
where applicaole), We were %0 do this ac-ording to

the following outiine:

(a) Build an easily visiole colle
alternatives, to re modified zs s
analysis and reviev,

f
*

a8k
- s
&Ly

4 er

{p) ldentify and use the skills in the group,
securing other neeged sxills i nol available in

the graup,

Estirmate participants’ level of effort and the

(e)
as~essing tre net effect of Lhe

timing invoived,
compired nplanse,

(4} Meet periodically %o review progrees, usually
every twWo weers.

L2
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Heetings were intended L0 be cnen Lo 1nteresteo
staff of ANC, with uSe c©f an arreed upon forratv,

special discussion meetings (and otner forms of
comnunicaticon) for "nelp" wnen special procle-
situatlions arose were also anticipaved.

£5) maintain a TOTAS "infornmation cenver" oneline anu
off=lane, The rasic files were lLhe following:

ta) rile ¥N: File Direcrory fcr TUDAS=Cri=nten
links, This file aisc contains links tc TUDAS
group particirants' puirsongl file directcries ant

links to the Z2cliowing z21les:
{p) File UMLET: Meeing plans and notes
(c) T&le UPLAN: TasX plang and sStatus noctres

(6) Cornmunicate stasus of TNODAS w~ork to tLne ARC
Manager and tne AxC svarf,

Havinz determinc. .nis strateg,, arcrodbriate initial
Farticipants vere contacted arna *he Zroup was
establisned,

The grour started having Reetingy arnd aeveloped a “ee=tineg
gLrategy thet contained tne fcllowing elenents:

(L) A "facilitaver," wnose role incl.des Lne icllowire:

{a) Prepgaratlion of iie meetirg plan, witn 1nputs fron
the rest Of the group

(o) Guidarce curing tne meeling Lo ensure tngt all
impertany items are d1scusgsed

fc} providing an crderly way for new or unexpects
items 10 ce Jiscussed as arrrcopriate, or deferred.

This role was rotated 2,a0nzZ the ~empersnit .: tne
group fron nmeeting Lo reetiny, decending cn tre
expected agenda sutjecres.,

(2) A Yprocess watcner," wncse role invoives atiention
LC processes in cperglion 4Uuring th2 neeting. Inie
includes verbal gnd non ~bal 1nteracnions cetween
peonle, decisicn rroces eLe.

o
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Thia wgs done %0 give the perticiranta added insight
about less obvious features of vhe meeting.

This role was rotated among the pemdership of the
group from meeting tc meeting, depending on the
exneacved sgenda subjects,

(3} An on=laine note taker, whose role includes the
following:

(a) Distrivution of the meeting plan and preparation
of the r=eting notes outline bdbefore the meeting

(b} Careful recording of important discussicns and
points made 4Quring the neeting

f{¢) rxetriaval of needed information Irom oneline
files during the meeting

(q) summarizing the reeting notes and distraisuting
them gfter Lhe meeting

The role of the oa=line note=-taker was filled by tLwe
regearch assisvznts on an alternating basis., Thia
provided flexibility and ensured that an experienced
note=taker was gveilable for each meeting.
Information xaired at th*se meeting wac vxluabhls to
the notee=takers in tneir otner daveto=dgy wWoOork.

i) Regular participants

(5! Invited specialists

{6) A meeting plan and agenaa

(7] Relevant docureants orcduced on-=line by any rmemper
Distribution of docunents wes arranfed before eachH
meeving. Documents inciuded deacriptions of deaign
changes i TODAS, dArafve of teacning docurente, ete,

(8) Tentitive plaa f<r the following nmeeting

(9) An evaluaticn of the utility of the meeting.
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NOles from nmeetinzd were K¢pt On an evolutionary Hasis as
séparate oranches in one £ide, UMELET, and al8o in hard
coepy for distridution to all nemders 3nd te a hulletin
voard,

Planaing

we made an carcily accessible iL.sting of tasx<s in crogress
and under consideration, in a sevarata file calle? UPLAY
(descrived above in Sec, Il=A~3-c), wWilch can oe nciifie?
by indivicual tatxk leaders or cv reeearch 2ssistants,

This file nelpec increade tne extent 1o Wnicn reetings
were usea Lo evaluate and redesign tasks, instegd of
10 report infermnation that «~ould net be chenged oy
group inreraction,

It facilitated tne exchange of reportcrial
irnformation outsiae tne neetingse, wnen xndividuals
could give thair £ull attention to the file.

It was also avaiiladle auring neetlings for
reference or modificatvion.

Another use cof tne file wus8 w0 conmunicate irtorragtion
L0 peaople not darectly involved 17 the act vaty, i.e.,
vhe ARC Manager and otners in ARC.

Moat of the planning dealt with schedulinry ana catterns
for necessary interaction between tasxs aiid tasx leaders,
Tne short-ternm goals appeared firm enough tnpal «~e chose
not to diverty our resources Lo léngercterm gocals while
this activity was atarving.

Interaction

Since this group included pecple Who were involved with
cther ARC ectivities such as software, tne LeLwork
informaticn Center, and Managenent sScience Reeearch
(MSR}, itV explorzd scme interacilior betwpen actiivities,

It also previded an orportunivy for the acuivity menmbar
10 be invweived in a snal.er group tnaa tne ARC 1’ a
wncle, Thisg charnged wne group aynernics ccnatderadlv.

The process of identifying inter~ally generated goals
gtimulgted exploratior of personal needs of the rev:ters

LS
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€f tihe group to increasze solidarivty, mutual liking,
understanding, respect, and the desire to cooperate,

Altnough social interaction initisted av eariy
meetinges was veneficisl in developinz a cohesgive
working group, progregs evaluation at various tinmes
indicated that it couid then e more effeqtively
continued oautside of group meetinzs to allow mcre
focus on the primary group Lisks related to TODAS,

Sofivware activity Planning

The acfiware activity is airected toward the degign and
implementation of new aysten sofiware features,

strategy

This was tn= gecond experiment, following the initial
results of vre TOLDAS experiment deascribed above. 1In the
tWC years 07 the corntract, the scftware group has
progreasaively bacome rore intepgrated into the toterl ARC
functioning and has doubled in eize, One result is that
more tLgsks that depend ypon each othar are bing
perfournmned concurrently, The need for exch nmember cf the
goytvgre group to oe aware of vhe progress and design
modifications of tha tLasK:s undertaken by every other
memter o the group haes increased signlzicantly 3s the
8ite O0f the group has grown,

praplanning by th2 M8R and group management team includec
troge feglures found to be most Yseful from the TODAS
activity experinent,

1t recognized Lhe ex °° 1ce of leadership
reaponsipilities alre. . in effect, and formalizeaq
then,

The sime meetirg iormat wegd used as for the TODAS group,
We found immedately that there wzs more interest in Lask
dalscussion and plan reformulation gnd less interese in
social intevacrion and group process than in the TODAS
group, AS g reault, changes nade in the planning
procedure simplified the documantation ¢ include onily
asgenticl eleneants nemied for communication by ine group
nemnters, We alsc went shrough the procese cf listing slil
current gnd planned %afks in one consistent formit in a
file called 30FT?, This resultea in a preliminary
listing of 30 eritical and scparste wagis, wWiih truly
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SYSTen

distrivuted task leadership.
Leadership

Leadership wae mininal at the group level, and sufficai=nt
because of nigh motivation to conmrlete tasks On 8schedlle,
The sirongest iepdership wis at the tasc ievel.

This experiment i3 still An prorress, Llonger-ranee goal
gnd task planning, witn cetter integration wWith othear Anl
activity planning, ave currently beirgz davelocread,

summary Comrnents on Plarning Experirents

Active community tearmwori, warm human relaticonshipe, and
good werk attitudes are nececaary for our organizaticon to
funetion efi=ctively, Wwe nust encouraee and develcp
feelings of trust and conmon goal acrpreciation so taat cur
people can »ore« clcadcly together over a long verioa i tire,
with #0 mUch Of themsglyves open LC View O Nthers alid with
such dnterrelated ana challenging tasks 10 be undertaxen,
We founc that the TODAS group benefited frcm the inilial
energy soent Oon interpersonal relationshipe, although tlere
wag eveniualls more effort appliea o these factors than we
found useful for task sccomplishient, A careful talance
betvween zpplication of social and work-orienteg energy is a3
necessity,

Although the 797AS exteriment was not successful in all
respect?, it wasd an experiment where the particular vcesrle
involved stgnd g hetter cnance of succeesing in a future
experiment wWith g reorientad group,

SofuwWare meetings were 3udged by particivants and outside
cbservers 235 extremely ef{ficient and eZfective in neevaing
predeternined goals. while little attention wga rpaid to
interperaonal variadles, group morale wWes strepngthened bv
the meeting procedure, CUncertainties in task definiticen and
individual responginilities were clirified, The feedbacx
Wa8 TrepLoted VO LR useful rather than either flstterire or
critical. This, again, wa2 & cnance o the particivants to
pe involvaed in 3 smaller group than AKC. This contributed
10 tne higher ‘ora..e,

¥e feel that vae technigques developeq 10r reeting and Ladx
planning and for on-line note=taking will pe ussful aa thev
evolve ia future activity planning. w»e need to learn more
about reslrzing the potential uf imecrove4 interperscnal
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relationships in ARC, while expending only a reasonable
smount of efrfort 4in doing so. B

3, Observations From Study of Cn=line Community

Qo

b.

Use of Publiic Files

The use of public 2iles containing the work of many
individual people 3cems to bhe well accedted by the group,

Far nore comminication potential 2xists in this environmenz
than has yet been realized, althoupgh some peodle have
started in some interesting wavs,

Our need for development of & Dislogue 35upport System is
clear.

Work habite of the oneline community ataff also need
developnment 80 that they can Use the pcier of exiating
feaiures and information in the systen,
NOow 18 the time fopr furthner wWorxKk on metvthodclogy and
pracedures for use of the ‘ystem, with the continues
parallel _volution of tne Lystem itself,
Syaten Dependence Lty the Group

A8 Ve gu_ment. wWe £inc that 1t seems less desirab.e to use
conventicenal wodla for many Lusks,

This 48 a problem %0 be resrlved for good use of resources
end for the purpeae of ot ovaerlooking approrriaste
conventional tools where they can 8till be very effective,

The various ways that information now gets into the aystenm
ares

(1} Direct:
ta) oOn-iine NLS or TODAS use by origingtor:
Entry of ne¥ material

Duplication and/or modification of existing
informavion

(p) oOn~line NLS or TODAS note-taking at discussicns

L8
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(2) 1Indirecu:
{a) Transcription sourceas
Handwritten
External documents
stenogrephic dictatioen
Recordings
Individual use of dictating equipment
Tape recordings of grour mneetinzs
{2} Transcription processes;
Direct NL8 use
Direct TODAS use

Paper tape

We are working towarid a better assessnent of which tools
Are most appropriat: for the various taska to be performed

in ARC.

€. Hiscellaneous Observations

Thia 48 a workeoriented group. MOSt people ¥Ork long hcurs,
usuelly at &n intense rate; little time is spent not

actually working.

There are mgny more work opporiuna%ies for the «roup and for
nost individuals than there are resources == in versg of

both time and funds.

Group and ,ersonal work neragement involvea many
difficult cholces Of wasxks to be performed, postponed, or

aropped,

The group frequently aets goals at higner levels than *t 43

lixely wo atiain,

This is partly because We wWant tae new features thet will
neke the sys.em rore powerful; we are users of our own

resulls,

Ly
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Sometimes, alx0, wWe overassess the potential power of the
3ysten, forgetting that 4% still has limitations,
particulierly in the area of consistently good service
levels, This problem is gettine a great deal of
altention, however,

The interrelatedne2s of tne on-line community tasks makes
planning very difficult, out obviosusly more nece3sary,

Team Augmentation znd Diaiogue Suppore

Cur sfforts in mansgement research nave oeen centered on the
atienpt Lo developing 2 mouré closely interrated, parvicipatory way
0t organizing people, efforts, and resourc2a teward specific goeals
than is provided by classical management theory.,

Toward this gosl, we are currently focusing our sttention on the
prodlam of imprcving the management o g working
systen=cevelopment teal, using our own oreanization as trhe subject
of experimentation. This involves tLwo facetr of augmentation -
nanely, individyal augmentation and team auescontation,

1.

Individual augmentation is simply our continuing effort to
provide wWays of inmproving the werking capability of individual
members of & tean,

T2am gUgmentation involves the developnent of improved means
for coordinating the efforts of individugls and for integrating
their individual contributions into coherent tean g:.tion,

Recent Effor'a

A portion of wur recent MSR eiford hat been invested in
formulating a “teagm-augnertation® gpproacn, The initial
emphaais is strongly orienteq toward thc means for
communicating and collabdborating effectively on iwsues embedded
within ¢ complex and evolving problem domain,

An important fecet of Lhis approach ha# been p preliminary
study for a "Dialogue gsupport System" (D8S) ~~ a2 specisl systen
of coerdinated features which edould aupport the commuricatien
arid invegration of collesborative dialogue among tear members,

ApPpendix B 1s a more datalled dieccusoizn of this

fornulation, as extracted from the Phl thesis of David A,
Evans (see Ref, 1).

s¢
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Future Acproaches L0 Team Augnentation

Exverimentation with roles, record-kxeering conventions,
c¢oligboration preccedures, decision-maxing prdctices,
documentation, etc, will be & rich domsinr for exploratory Ms¥
WOTrK,

The following aiscuasion of fast eciting and puolication,
"aupearedociments," and augnented conlerencing givees a view of
son2 features needed fOor tear augmentation,

2, Faat Editing and Publication

Qur already fdast editing techniques will continve t¢ evolve,
and we plar %0 concentrate early upon -~usometic production,

from our on=line filea, of nard cocpy raving a very flexivle

compegition of text, diagrans, tatlea, =quations, footnotes,
and indices,

The design of narde=copy formatiing converticns must be
related airectly to the way in whien the associated file
naterial can be atudied and manipulated on=line,

b, "Super-Dccuments"

We have been doing researcn leading %o the development and
praduction of very large, very ccmplex docurents containing
numerous sectinns whcse details are hignly interdeocendent,
Thege documents will be 8upJect tO frequent updating. This
will dinvolve further work on tecnhniques for cregting and
using special indices, fooinotles, rezier=suppor.ive
comments, crosse-references, etc.

We currently have quitve powerful techniques £¢.° aiding an
individua)l or a small reportewriting team to produce
documents ©f the usual researchereport size and complexity.
Part of cur approach tO team augrmentation wiil be the
expansion of these techniques to allow for nuch greater
scope and complexity in documents and nuch more fluid
intersction anong the teaMm menmbers who create thenm,

A team tackling a complex system~-czevelopment oroject muat
provide itself with the nhighest poasible visibilit, over its
working environmnent == i.,e,, cver the following factors:

Planring: bplans, contingency alternatives, resource
commitsents, status, criticismes
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Designy A4uaigns, design principles, constraiavs,
estirates, analyses, supportive dats, relevant naeds and
poesibilitien

Operation: roles, tesr definitions, assignrments,
pelicizs, operationa. vrocedures and conventions,

we intend to develop ang keep up Lo date g larre, detailed,
highly crcas-referenced and welleindexed “auper=document®
thaet contsins Jjust such a descripvion of our own
project-tean activity., Our techniques for facilitating ivs
modification and repudblication will be under constant
evolutionary pressure,

collstorstive Use of On=lLine File Systenms

On=line access oy collaborators to esch other's files, &9
provided »y a numover of today'@s time=sharing systems, leaves
much to be desired in supporting effective diglocue,

An effective dlalogue-3uppori system is essential to team
aligmentation, Hand in hand with the "suyper=-document”
facllitvy descrioed gbove must go some cuch abilily as the
followings

Any vean membher at a display console can study swiftly
any portion of the super=document's etructured files,
Qur current system is fairly good for this purpoase, bdut
not Yet adequste fcr dialogue study.

Whenever he wishes =-- g8 though he were pencilemarking
his private oraft witn marginal comments, underiines,
encircled passgges, grrows, etc, ~= he can introguce
“somments® that are freely sp-inkled with explicat
references Lo any specific item (e,g. any characrep,
word, graphic entity, or expression) within anysody's
prior entry., (Notlel the term "comment" i3 used nere and
in the fnllowing aiscussion in a very broad sense == 3
comment 48 any entry which in some way points Lo a
previous antry.)

This comaenting capability must ce managed by the
conputer 20 that it does not matter if other people
sre sinultarn~ously scaniiing the asgme materiszl or
affixing comments to the sagne it-+g,

when creating a2 comment entry, he needs flaxible aias
and mathods for arranging interespersed or concurrent
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display ©0f the referenced rassages, for desiegrating
the explicit entities he wishes Lo reference, ana ‘for
susvending operations tenmporarily Jhile he checks
related malerial.

(onversely, ne neeos a vay cf seelng any conments tunat
reference & pafsake ne 18 inspec¢ting.

Categories might pe defined oy autnorsnip, 4date of
creation, text content, Or 3:s8sign=4 nenmrershig in
predefined categories,

he 3lso needs a ¢reat aea. of control ever this,
however; much of ¢ie tire ne will not +ant tc see
any comrentes, or only comnents fallirg 1nto certaln
categories.

Ke also neeas consideratle control over tne vay wne
system gi3plas the commenta that he wants - see
== in specified portions nf trhe screen, in
full=-text or coingensed forn, etc,

He neeas the ability to set up "anpnunciator calile" to
various people, oOr Setls Cf people, LQ requast thelir
special attentiorn {at scrme level of triecrity) to a given
comment.,

All of the interactive-dialoeue entries immediately
segcome cart of the super-aocunent, i=o23si1ag a potentially
very complex ccnnert newwork ("n2twcrk" necalsde corments
can refer to comments in incefinite extension).

It will be hard to keep track orf the relationsrips
among these cecmnentd and the subatansive rscords advout
which the dialogie is orienteq,

Thelr relaticnships need never be ambiguous, bput
eonsiaer the proovlen of tryine %o study Such a
structure to deterrine where we now stand irn our
developrments 4and discusalor, especially wnen it is
the record of R complex systereaesign process and
the interactive aialogue arong very active people,

Thia 45 abcut the mest difficult central challenge in
effectively aufgrenting & tean =-=- t .at of devaleping
computer gids, wecrkxing methods, et:, to allow a
skilled person Lo te highly effective in digesting tne
content and implications of such a record, and to

w
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develop 3 subatantive nextestage design 7= plen that
integrates the dialogue contributions.

Esgentially similar techniaues are required o
sugnent any individual'as central intellectual
capability for synthesizing the next stage of
developmant ir a plan or desien, To the extent
that we are successful with tpis, we should be adle
1o offer svrong guidance for capabilivy
augmentation cover wide renyes of individual and
team activities,

Conference Augmentation

There is great potential vaglue in direct augmentation of
conferences gnd meetinge. When peonle are gathsred together
1o congider a proposal or argument, or to coilaporate
actively on a protlem, there are mahy poasibilitiss for the
develcpment of techniques ana facilitice 5 nmake thelr work
more eifective,

There 18 g wide range of possiple approschee o
conference augnmentation,

At one extreme, each participant would bpe an
experienced NLS user and would have his own coneole;
sophisticated facilities would be provided for
*1linking® the coneoles in various ways o augment
communication.

At the other extrzme, there would be only a singis
conasole with g special operator; special techniques
for integrating the NLS facility, the operator, and
the conference participantea into a working systenm
would be needed,

Betveen these LwWwo extremes, a variety of intermediste
approaches is possiole,

FOr any o0f these zpproachen, s central problen is the
devzlopmnent of conference procedures and the organization
0 on=line information; poth procedurea and informaticn
gtructures must be devcioped in such 2 way as to gain tus
grestedt posaible gdvantage £rom the computer facility.

Taie developrent of conference procedured and

infermation structures ahould be 4one experimentelly,
urder actual usgge conditions,
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We have already experimented vwith augnenting nmeetings
by havirg one person operste NLS g8 an onsline
ncte~taker, vhere 3ll particirants can see the display
(see Yec, I(I-A=3=~Db),

0n the basis cf recent experience, we plsn Lo provide petter
facilities for groups of people working toyether at conaoles
and for small meetings where consoles are ncot availadle for
everyone (or where not &ll participants are NLS users!,

This ¥ill permit experimentaticn with intermedigle
approsches lying between the two extremes “es¢ribed above,

The facility will consist of a meeting room eguipped with
projection TV, several sppropriately designed consoles,
and furniture designec so that three or four people may
WOrk at the consolea with ten ©. 80 lesds active
participants,
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iI1 HARDWARE SYSTEM

Introduetion

This section reviews the current status of the ARC computer
faedility and descrives the hardware development that nNas been 4one
durine the course of this contract.

The Zirst pare oriefly deseribes the computer f£acility,
ineluding both the computer as lcased from XD& and the scecial
equipment that has been gdded by ARC.

The Becond part discusses mcailications gnd improvemenis to tae
facyiity tnat have been planned gnd are now 1n progress,

The tnird part predents pome comments on featurc?® Ny the systen
4e8ign and diszcu3ses some of the reliadility and mainvenagnce
exparience, Because of its unique design, *he diaplay systenm
is emphasized, A asummary of maintenance costs for the
display=generator and television portions of tie syatem i3
ingludeq,

The Computer Facility

The configuration of the ARC computer facility has oeen relatively
Stable over the past wwo yeers, There have peen some peripheral
additions, in partvicular the ARPA Wetwork interfacd ana an
exterrsl core aystem; thege are discussed bdelow,

The current facility is shon &n Figs. IIl=1 and IIl-2.

1,

The Leised Conmputer

rigure JII-) is & plock diagram of the facility a8 lezped fron
Xps,.

A central processor with timesharing hardware operates fron a
6uK memory in 4 dank# with 2u="4% worde andé 2 cycle tine of 1.8
microseconds,

On channels sharing memory access with the CPU are 3 mpegrevic
tape drives, & paper-tape 3tation, and comnunications equiprent
for 16 Teletypes.

A second manmory buss provides direct access tvs nenory for the
RADS (Rapid Access Devices, i.e., drums) anda the non=-xD$§
portion of the facili-y, designatved “"Srecial Devices Channel®
1“ Fiz| III‘ln

There are tnree 4rums on the asystem, operating from a conmmon

centrolier end sccessing menory through an XDS device called
2 Direct Access commmunications Charnel (DACC), Each 4runm

Preceding page blank
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has & capacity of 500,000 24=-bit words, a transfer rate oy
1¢C,000 woras per second, and an average latency of L7
iz1lliseconds,

specigl Devices Channel

Figure III-2 19 a bleck diagram of the portion of the facility
that has been put together by ARC., The following sections
describve tne mgjor units,

L X

t,

Ce

Executive tonwvrol

The executive control provides an interfece 1o the 540
through the Memory Interface Connection {MIC), It acts as &
multiplexer that 8ilcvws asychronous accees LO core bY any of
the & devices connected to i,

The executive control decodes computer input/outpur
instructiens and pesses therm glong as signals to the
various devices, It accepts interrupts from the devices,
synchronizer them, end passes ther along Lo the ccmputer,

IV sceeptlas addéresses end reguests for nemory access from the
various devicea, determines relative priority anong then,
and synchronizes their gccegs to 9.C core,

The exccutive contrel includes extensive debdugging and
monivoring aids., It allows the monitoring of dasta and
adaresses £Or any delected device gnd pernits “offeline”
operstion of any of the devices.

Disc File systen

The aiac file syastem consists of 2 Brysant Model 4061 dise
file and associsted coniroller, The systam hgs & capacity
0f 32 million vords, »" averaie accessg uine of 135S
milliseconds, and & datas transfer rgte of 13,000 words per
second, A relgtively esimple field rmodification will doubdle
the present capacity,

The &8¢ controiler was deaigned and duiit by arysnht o
interfsce with the exccutive control, Svecifications for
the controiler were ¢eveloped Jjointly by Bryant, Project
GENIE at UC Berkelcy, and SkI,

Diasplay Syaten

The aispley system consists c! two identicsl subpaystens,
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each with a display controller, a display generacor, and o
high=regolution S-inch Crf&6. A cicBed~circuit television
aystem carries 4qispiay images from tne CRTSs o television
monitors irn vhe workine aree.

The diepisy controllers were designed and built a®t SRI,
They aC¢.93 and process "command tables” that are resident
in 940 core,

A command is roughly associated witn a user and coints uvo
2 "display list" in tne user's core space., The display
1ist 4in turn points %o puffere containing actual display
instructiona (commands to0 the display fgenerater to
produce images).

The diasplay controller handles all core gcceasing,
including memory mapplng for <ne user's core sjace, It
passes the display inatructionz along to the ‘isplay
generater,

The display generatoarJs end CRIS were purcnzded from Tasker
Inatruments tc 3RI's specificeations, They have genersl
¢tharacter and veztor ¢cavabilities,

Presentavions for each of the 6 ZRT# are generated
gequentially, and unblank 8ignals from the display
controllers select one or more ¢©f the CRTS at a2 given
time,

A high=resoclutionr (875-line} closed~circuit televiaion
system transnits dieplay pictures from each CRT to a
television ronitor at 8 corresponding worke=station conscle,
(Figure II-32 shows several vwork=satiocn desiens.)

input Device Control

In addition to the televieion msniwvor, each Work station hss
& Xeyboard, binary keyget, and mouse, Avcpendix A descrives
the use of theae devices,

The state of these input devices 18 read by the input device
controller at & preset interval (about 30 milliseconds) and
¥ritten intec 4 fixed tedle Ain 9LO core,

Bits are gddced o information from the kcyborrds,
Keyzevs, sng mouse s¥Wit.ches (10 indicate wnen a new
character nag bveen received or ~hen a switc: has changed
8latle during the sawple period, A aew charscter or
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switch change causes an interrupt to be issued at the end
of the sample period.

mouse goordinates arg digitized by an A/D converier ang
formatted by the inpui device controller as teanencsition
instructions 60 the display gererator, A user progranm
nay include the mouse coordinates, as written oy tne
input gevice controller, a# part of a dispiay liss, Thia
2ll0%3 the mouse position %o be continually disnlayed
vithost sttention trem the CFU,

Line Printer

The line printer ie 3 96-character darum printer ieased fron
Data Producte Gorporation (Model M600=-11A). Wiln the 96
characters, printing speed is 340 lines per nminute,

The line »rirter :ontroller processes print puffers of
arbitrary length (single linz puffers are normally used)
thet have heen set uUp in core by s controlling progran,
operation of the printer controller is descrines in Apoendix
Ce

Network Interfice

The network intgerface provides communication tetween tne 940
and sn Interface Mesasge Processor (IMP) on the ARPA
computer Network, The interface operates fron megsage
buffers in 940 core. Messages 10 vhe NetworK are read by
the interface froa these tuffers and itrensmitted o the IMp,
similarly, nmessages received from the INMP are written into
buffer space in 340 core, Ingtruciions from the 940 enatle
the systen for receliving nessages gnd control the sending of
messafged. A "linked-puffer® schess permits flexidle nmemory
allocaticn,

operation of the network interface is descrivcea in npore
detedil in Appendix C., The interface message processor and
it® communications protucol are discussed in detail in Ret,
2.

Moditications in Preogress

Two modificatisone o the facility chat will provide significant
izprovement Ln service are now being implemented., These are an
externgl core asystem and faster darums, In addition, an accurate
clock system L8 peing added,
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Exvernal Core System

The external core system has peen completed and will de
integrated into the facilitvy in the near future,

The primary purpose of thii core systen is %o provide storsge
tor dieplay regeneration, Display buffess are presentiy in
"frozen pages" in 940 core -« 3 significent factor in iiniting
syotem response, since thay taike up space that could otherwise
be used for Iwapping. (See Sec. IV for a discussicn of factors
gffecting resyponse,)

Figure IlI=3 shows the special devices channel as it will ve
reconfigured when the core systen is integrated.

The inter-core controller controls transfer of data between
external core and 940 core. It has two modea of operationy

{li A block transfer mode allowd the transfer of bloc«s
of up to 2048 words between any twWo locations in the two
cores, (Note that transfer can be between two locations
12 the sare core,)

(2) A short transfer mode allows the transfer of ghore,
fixede=lengtnh buffers between fixed locations in 940 core
and exvernal core, Tais xode 13 =psier to set up han
the dlock tranefer, and requires fevwer memory accesses
for control. It wWill be used £or suech functions as
transferring eingle characlers or other control
ingormation between the WO core systens,

The operation of the interecore controller is descriped
in more detall in Appendix C.

The external core itself currently consists cf a single
32,000~word bank with access switching t6 allow accee&s by up
to eight devices, Provisions are included in the cz28i¢gn fo>
expansicn 12 16 devices and twe ¢ore vanks cf 64,000 words
esch, The nore cycle time is 1.5 microseconds and the word
length i3 24 bits.

The interface to external core hasé been designed 8o that

it i# laentical to the intergace to 540 ccre {through the
Executive Control). A device may be simply plugged into

either core systen,

A3 ghown 4in Fig. {II-3, vwe ¥ill 4initially be operating bpotn
display systlems, the neilwork interface, and the line printer
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from externagl gore, Theoee gre the device=s itnat need
constant busferes for relativeliy long periods and therefore
require frozen pages when operating from $LO core,

¥aster Drunms

Irom the 8ystem reaponide siudies (see Sec, IV) it 43 aprarent
that a primary facter in response is he swapping bandwidtih,

T¢ improve response (and 24d nore users), wWe gre in the process
of replacing tne XDS Aruma with Univac FH=k32 drums.

Thease drums rotate at 7200 RPM, giving & Lransfer rate of
365,000 words per 2econd (as conpsred to 120,000 for the
present drums) and an average access time of avout Ui
rilliseconds.

In gdditian, we are formatting tre new drums in a vay that
will allovw 8 page transfer to begin at any vosition on tre
drum. Since ¢ 2048-wora page f£ills tvo=thirdes of 3 bang,
this will give an average page transfer time ot about 8
nilliseconds,

Ihe interface foi the 4arums will te desaigned and duilt oy ARC.
It wil) connect o0 the 940 through a secdOnd Menmcry Interface
connection {MIC), replacing the current RAD=DACC combtinetion
shown in Fig, Iill-1,

Clock Systenm

An accura%e clock system is peing added tO assist us in syasten
megsurgmente,

This clozk system provides two types of tinme information e-
absoluta gnd relgtive == that are v¥ritten inve 2ixed
locations 4in 940 eore gt regular invervals,

Abesclute %ixe concists of binary represgentations of year,
month, day, hour, minute, and sezond.

Relative time informition consists of a #ingle zhi-bit
numrber, incremented and written into core every 100
microseconds.

The long=term drift cn the clock will be less than 1 second
in 25C days,

A more complete description of the clock system i3 given in
Appencix C.
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D. Notes 2n System Design and Reliability

l.

Digplay Systeam

The display systen in use is somewhat unususal in tn it uses
centrgl disnlay=genevating equipnment sng a closed-c. -uit
television system Lo distribute images Lo %he working area,
This spproach to s display systenx wes chosen on Lhe dbasis of
coét and flexibility., A description of the system and of
conaidergtions that went 4into 4is design is given in an earlier
report (Ref., 3).

W@ new hgve considerghle expericnce in operating this syatenm
and are still very pleessed with th. baaic approanh, but we have
haed some problens with the component eguipment involved,

The closedecircuit televiasion systen affers saveral distinct
advantigee over other means of producing displays at a work
station.

The systven i3 extremely flexible as to the location and
degirn of vworking ccnsoleeg, since only a television
mnonitor gnd s videc line are required to present the
éisplay st each conaole. 7This allows Zreedon to
gxXperinent with aifferent types of consoles {(Ref. 4) and
%0 move gonsoles arout without cabling prodlems,

'he video signal 1is inverted to provide a bBlack=onewnite
display. This presentagtion is usable in higner ambient
light conaitviona than the usual brighteoncdark
presentation, and fiilcker in the display imare (due %o
lov generation rgted} is much less noticeabdble to the
user.

With proper sdyustment of the relevisicn camers, &
signiticant storage tine cen be obtained on the vidicon
surface, This greatly reduces the flicxker effect that is
present in the original CRT presentation. with this
systen we find it po#sible 10 vegenerate displays st
aboutr 20 cyeles per gecond,

Meintengnce featureg gre gnother significant advantage,
The display equipment at the actual work atation ia quive
simple, consisting of only a television monitor which can
be replaced by & apare for raintenance.

The display-genergting equipnent, which requires more
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complex maintenance znd repairs, is locsted centrally tin
the computer room, This makes it very easy to maintain
an uncluttered office environmnent in the working area,

Purthernmore, since there 18 not & fixed one-to-one
relctionship oetwesn display=-generating equipment and
work station#, vwhen a poriviorn of the display system is
dowri for repairs the working consolee that remain
opersgtive may be freely Selected on the bae‘~ ur zurrent
neeas,

Having two identicai Jisplay systems, from diasplay
controller through actusl nmonivors, has deesn g major
factor in maintaining up=-time an aplite cf the
unexpectedly high level of mainlengnce requircd on the
systen,

uage 92 video to distripbute disolay images cfters several
er possibilities that we nave not yet fully exploiteaq,

For the te’eviaicn monitor on which tne imare is
presented, a wide range of accesscry equipnment 18
commerciglly avalledle. For example, we nave used
nigh-quality projection tvelevision at the Fgll Joint
cosputer Conxerence in 1968 and at the ASIS Conference in
1969, ¢ is possiple to use nultinple TV nmoeritere or
interrediate=3ize projection equipment for smaller
groups, This will be a major factor in the
team-agugmentation work to be carried out under the next
contrace, ]

The video cspability offers additionel flaxidility in the
inages that mgy de used on the screen, For exanple, in
the conferences mentioned above, live TV pictures of the
people and equipnment involved were freely ussd, niXed
Wwith the computer=generated image. Thio, sgain, will bde
a signigicant factor in veam colladboration at a distance
where pietures of the people involved cen be used, eitvher
Rixed or inserted with the computer-generated imare,

Another use of the video that will become increasingly
important is the viowing of microfiche documents, Many
systems agre now available gng nore are coming on the
markev tor the storage, Tetrieval, and viewing of
mierofiche on closed=circuit television,
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Maintensgnce EXxrerience

L

D,

Qeneral

in gerneral the religbility of the facility haa been very
gcod; lthe computer up-time nhas been exiremely high., The
reliability of the disc-f2ile gystem nhase been fair, we had a
period of several nmonths of above~normal error rate, an4d 5
days doWn While clocks were rewritten; however, the troubdles
nov seen Lo have been correcved,

One nolable exsception to this has been the line printer.

We originally bought & pPotter chain printer which
turned out t2 have marginal prinmt aquiality and was very
unr:liavle, Wwe had great difficulty in getting
maintenance frem Povter, and we finally replaced tne
unit with a Data Products Aarum nrinter, Like %he
Potter printer, this has 96 printing cnaracters with
upper= gnd lower-case alphatel, The print quality is
excellent and so far it has been v- vy reliadle.

Diaplay Systenm

We have spent rore effort on meintenance of the display
system tLhan aay other part of the facility; since i% is
somewhat unusual, we will discuss some of the proplems

encountered and sunmmarize the maintenance cosis,

One of the pbasic limitations of the system is the lack of
enough total light on the vidicon surface, This means
that many cdesign factors are merginal, The Tasker (RT3
Tun at 2uch nigh invensity that their life is relatively
short, This high intensity 2ls0 causes difficulties in
maintaining geccd focus over the entire imige., To operate
with 2hese low light levels, the vidicons must be qui-e
sensitive; since sensitivity drovs off with age, they
have & relatively short useful life,

Because ihe writing speed 02 the Tasker displey
generators is 1 wer than expected, vwe still have o
flicker propblsrm when all & screens 5n the systenm in use
are regsenably full of text, TO aome extant we are able
Lo compensate for this by careful adjustrment of the
vidicon beam cusrent and target, but this sdjuatment
needs fraquent atvention., we hzve considerecd
iongereperaistance phosphora on the TV monitors and will
experiment with this in the near future,
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In addition to these daifficulties there are some pasgic
weaknesases in the deslign of the Taaker svatem and the
television aystven,

(1) Tasker Syptenm

Sockets for zsircuic cards are not of hig: qualivy.
This reoults in contsct-resistance prcblenms,
eapeciclly in the analog circuitry.

Deflection e¢ircuitry, with its many adjustments, is so
hard Lo get at tihat it ie left in a partially
4ssendled state,

Lecgic circuite 3t1l)l do not have 31l pulleup problens
corrected, resulting 4irn 3 narrow range on the cloek.

The gactive dellection=eensing circuit requires
frequent :=4justment,

The focus vs, beam poRition circuits parform very
pecorly.

(2) Television Systenm

The preanplifier tudbes On the %elevision cameras tend
to te very noaisy. These tuges must initially te
selected for low noise to get really gocod pictures,
and thelir life is2 very uwnors,

We are currently in the procese of replacing a2l) of
the preamplitier circuit bpcards wi'n a new
801idestate circuit now delivered in new Gi cameras
of this type, This circuit uses ar FET
preamplifisr with very low noise and hoperully ne
probleme in reliability,

controller powWer supplies are poorly designed and
require toc¢ Zfrequent replacement of parts,

Maintenance Coats

The following 48 a summary of the costs for nmaintenance of
the display and televisiocn systems for the past y ar, Both
include the frequent "“tuning' necessery %0 maintaein zoog
picture quality., These are the costs for maintzining »
operating work ststions, but jome effort hes been apeni on
the equinmert not in regular use., Ye eXpect this vo ko up
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about SO percent when 12 statione are in operation,

TV Syaten
Lador 25,665
Vidicons 3,365
Picrvure Tubes 895
Preanmp Tubes 1,200
All otvher parts 1,010
Towal 32,165
Tasker 3ystenm
Labhor 7,905
CRT's 3,000
Miscellaneous 200
Total 11,105

Note: The Tysker systen is naintained at @
"keepeitsgoingewell-enough=so=people=can~-work" level, ang
it 1ives with many weaknessgas,

3. Herdware Design and Censtruction Tachniaues

Logle Design Alds

Tre wirelisy gererator progran described in an earlier
report (Ref, 3) 18 still ooing used., Tne input forrat,
‘d1agnostvic gide, and general form of the progran are
edserntially the same ao in the [-st, In the paat the
wirelist output wess uged to prodice documentation that ajidea
a tecanician 4n hand wiringy now it p-oduces a punched tape
thav in turn controls s semiavutomatic wiree-wrepring machine,
This wire-wrapping aservice is optsined from a 1local supplier
and results in more accurate wiring, lover wiring cost, xna
faster turnarcund in going from loglic equaticns to finished
wiring,

Regarding accuracy, no misplaced wires hive peen found o
date, alihough s very miner nunder of broken wires and
vires snorted to pins have been ohserved.

The wiring itself ccasts about 23 cenis per wire., Also,
atove the cos’ of running ihe hasic wirelist generstor
progran, there is an additional ccat of 20 centy per wire
for preparing the papsr tape used Lo eontrol the
¥i*eswrapping ~schine,

Turnaround time for wireewrarping i¢ short, tyvically

less than a week Yor a deeign containing LOO
integrated circuits., 0f course, this is aubject to
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coneidersbls variation, depending on the work loaa of
the company perforning the wiree-wrapping,

Mot of the general commentd in the vrevious report
concerning the utility of the wirelist generator .cogran
stiil hold.

However, experiange haas shown the desirapility of
asintaining a fairly conpiete set of lcgizal
schematics, complete with circuit locations and pin
numbers, in addition to the designar's sketches and
1istings proviGed by the wirelist generator,

The previous report eon this contract (Ref, 3)
implied that the sketches and listing were
sufficient for equipaent maintenance and
trouble~shooting. 7Thias is true ges long az the
original designer performs ihe nmaintenance, With
the inevitable turnover of personnel that takes
plsce on 4 long=term project, someone other than
the degigner eventually becomee responsidvle fer
Keeping a given device operating, Under this
eircumstance, & schermatic is an invaluavple aig,

consvruation Techniques

The construction techniques of the nmoest recent units can be
seen 4n ri3., Ili-i. The hardware inmplementatiocn consists ol
an array of sockets that will directly sccept a Aual iniine
pacu-ged in.egrated circuit (commonly called g "DIP"}, The
Arras8 Of DIPS are nmountid perpendicular to the herizontal
plane on tha front of the rack in which they ere mounted,
The circuit arrays can be pulled outl for sccess, wWiring
ccnneetions sre made directly to the pins of Lhe socketra,
This schene has several advantsges,

Firsy, tvhe coet i. lew. The Previcaus conatruction
teghnique ueed printed=circuit pozrds for nounting the
integrated circuits. Thux the cost of mounting the
circuite on the Logrd snd Lhe cost of the board itasly
vere incurred.

Second, there {s greater flexibility 4in tne location of &
given circulit ty¥pe, wWith the intagrated circuits nounted
on printedecircull boarde, a complete bogrd consisting of
Up 10 12 cirguits wnuld have to b2 used in casez where
only 1 circuie vas actually needed,

IR




FIGURE 1l1-4 NETWORK INTERFACE CUNSTRUCTION, SHOWING
MOUNTING SYSTEMS FOR CIRCUIT ARRAYS AND
MULTIPLEX SWITCH
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Thirdly, an individual [D1P can pe renoved and repleced,
This is a great aid in the mainternance of 3 device, A
DIP with a suspect circuit can quickly be removed and
replaced by on2 that is XxhHown Lo be good,

sddition to the techniques of nardware reaglization of tne
ic logic design, many other details of the hardware
i7n are important,

One feaiture that the hardware nmust provide is some means
0f aceces3 %0 doth the integrgted circuits and wne wiring
= Lhis feature is an avsolute necesgity during initial
checkout and {s an aid in later maintenarce ond changes,

In providing accegs o bz axternal core, the
multipiex aviteh posed a particularly aifficule
proolen, since 34 csbles connect v~ it, In order tc
allovw easy access Lo this unit, the mournting syste-
shown i1n ris., lIley was developed,

A very flexible cadle is used, with g rather elabhorate
method of strain relief and csble guidance. Althourh
vhe origilial Rechanicsl design was quite expensive,
requiring about 3 months of a design draftsman's tinme,
past experiance nas shown the difficul-y of
maintaining equipnent tnat dia not have ea3y access,
To 4ate wnis desizn cost has been apreag over several
units «nd its anticipated use in fuiure units will
reduce the per-ynit coat for the agesign, The eXXpense
of hand-fabricating the parte for s puli-~out draver 18
eztimated to be around $300, wnieh 48 slightly less
than 81 per aocxet,

the recent equipment, light-emitting d4iodes (LEDSs) hgve

deen used inatead of incandescent lights for panel
indicators. The resulta have been very satistying.

The LEDs Save a higher initial cost (about #3 each) then
the incandescent lights previously used. The lights,
however, have a limiteg 1ife vhile the lifetime of tre
LEDS i85 essentially infinite, This leazds to essentially
zZero maintenance and replacement c¢ost for the LELs,

Thia long service life als2 rmesne thgt the expengive
sockets recuired by the incandescent units, in order to
facilitate their replacement, can be eliminated.
Indicators were nounteg 8imply by drilling hcles in the
front parel and retaining the LEDS with RTV =ilicone
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rubper,

A turther cost saving is sffected since tipese lighis are
driven directly from the logic, saving not only ihe cost
0f the dArivers themselveg bdut 31lso the cost of the extra

#cckels and wirirg they 4Yould regquire,

The LZDs have & relstively narrow viewing angle and less
intenaity than the incandescent lights, but we have found

them enti. =ly eativfactory in usge,

pizal Consiruction Costs

A Zairly careful study was made Of the actual zcost of the
A Network in%terface, 7This 12 typical sf the type of

ARP
con

trol uhit *nat is now peing buile,

Hardware and censtruction == tne figures ares given on a
egcckey basis. Technician time involved ir construction

per
is

Des

ineludeqd,

Frane, ccnnectors, 1C sockets, etc,
Mounting nardvare

comput.. tinme

(preparing wire-wrapping control
tape, 35 cants per wire and an
average of 46,8 wires per socket)
Integrated circuite (average)

Wire=vyapping
(25 cen%ts/vwire and 6,8 wires/socket)

Total herdware and cornstruection
(per socketl}

Total hardw¥are and ceasvruction
COEKt, for Network intergace (600
#ockets)

ign

$3.50
32.00

32,40

32.00

81,60

$11.50

$6%00,00

The design coat 18 expressed in nMaresays for a deesign

engineer,

Initial deaign
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Preparstion o2 equatiens
Dravings and deacunmentation
Fingi sssemdly and aebug

Towal
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IV SOFTWARE SYSTEM

Introdunstiocon

The central focus of scftware activity &t the Augmentetion
ReBearech Center 18 the evelutionary deveiopment of the On=iLine
System (NLSJ, and duraing the contract period thia work hus
continued in the spirit of vootstrapping which has been
consciougly applied since the project's inception, 1In aacition o
RADC furding, thig work has received supatantial support frem NASA
under contract NASl=7897.

The original version of NLS (then called NLTS for Cn-Line Toxt
Svstem) resined first in a CDCl60A computer (Refs. 5 and §); 1t
wa? later transferred to a CUC3100 on waich furtner development
tock place (ref. 7).

The experience and tools developed with tne 1604 and 3100
uystiems wWere tnen appliec to the desigr and construction of the
predent NLS, which provides multieconscie service from an
XDS940 computer and sasociated speciale-purpose haraware,

AS hag been true throughout ite aevelorment, the On=line Systen
is now peing used principally as an inatrument for planning and
engineering its own evoluticn ana as a tool for composing,
editing, and publishing documenta (such a8 this reporv) for
aistribution outside of Lhe (enter.

The »peration and evolution of NLS takes nlace witnin a rieh
epvironnent of software systems, Mmany O¢ wWhich were created
specifically to aid in its development,

¥o8t vasic o the operation of NLS 18 the timesharing avstem
(T3S) running on the XL3y40.

T88 was originzlly developed by Project GENIE at tne
Berkelesy cempus of the University of California, tut
responaibility for maiatenance 2f the ARC version presently
lies with the Center itsels,

Edch user runs NLS a8 A supsystem of TSS ard conseguently
has accera L0 cther TS3 supsystema such as he XbI file
system, the QED ¢extehandiing system, and the DDT symbolic
debugeing systenr,

YOrk done on T3S during tne contract period is descriced in
Section 1Vep,

Preceding page blank
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The evoliution »f NLS has peer facilitae%ed grematly through the
uge of 4n extensive collection of languages and their
redpective compilers, most of which were developed by ARC
itself., These languages and compilers are 4iscussed in Section
IV'C.

The progran coce £oOr NLS resiaes in such a laree number cf
files that compilang, lecading, ana dedbuxging the system {a a
complex procesad, TO Mmake these operations mcre manageatle, a
T3S supasystem called NLS UTILTY (not %o be ~onfused with the
internal utility routines of NLS itself) hes been constructea
during tne past year. A description of NLS UTILTY will bde
found in Section IVeG.,

puring the contract pericd extensive chanres have peer mage to
NLS, both in user service features anc¢ in internal eysten
organization,

Developrent wasS begun on tre TypewritereOriented
Documentation=531d System (TODAS), which will make much of the
pover of NL8 availacle o users 3t rencte locations tarough
harde-copy terminsls such as Teletypes, Implementation of TODAS
is one of the major steps veinr taken in setiing up tnz Network
Information Center (NIC) for the ARPA Network,

The ability 1o examine the contents ©f NLS files nhag been
enhgnced by the implem.ntaticn of & poverful set of JUMP
commands, including rrovision for jJumping petweea files using
f4le links, (A file link is simply an occurrence of a file
nafe, properiy empedded wlitain the text of another file.)

Fecilitvies have been provided to enable the NiLS user tc request
that each file statement displayed be tagged with the initisls
of the pPerf . Who 1a8% modified that statement alorny with the
date of mouification,

gonveniions for handling keyset input have been changed 8o that
ke 31 input charactéers hay be inverpreted 4in any of four ceses
{lovwer cyse, upper case, numbers and special characters, and
VIEWSPECS). The case is deterrined by conecurrent input fronm
the center and left pushouttons on the mouse (lower case is the
normal case),

CoRmMands have been added 1o enable the user 0 set any text
entity in a variety of iype styles {(uprer case, lovwer caste,
leglic, poldtace, flickering, underlined), and the
display=generation routines have been modified 80 as ¢ display
text in the specified forme.
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A limited output~processor capability has been ovrovided so that
programns mgintained as NLS text files can pe compiled directly
feom NLS {(rather than having to0 pe converted to (ED files
zirse).

Several other new features have peen added t» NLS, includang
the following:

(1) Vecior package == 3 Da2ic grapnics capcoilivy
permitting the user to insert sinmple line drawings irto a
file

(2) Xeyword system -- 3 means of information retrieval
working upon specisl anformation inserted in a file, with
user control over categories of information to be retrievea

{3) Calculator pecxage == a calculation capability for the
NLS user, providing four storage registers and an
accumuylaver, ADD, SUBTRACT, MULTIFLY, and DIVIDE orerations,
and the avility 1o select operand numbers from file text and
ingert results pacxk into the file text

(L) Substitute command -~ causes automatic supstitution of
che ugserespeciyied character atring for another, taroughout
some ueer-specified rortion of the file

(5) TFile cleanup and compaction == zutomatic
User=controlled cerrection of certain xinds of syvstamecaused
arrors in a file, and reduction of the s%orage needed for
the file by means ©of avecial gardage-collection methods

(6) output of NL3 files to microfilm (via an out=of=houase
facilivy).,

In addition, the overlay structure of NLS nas® been reorgeanized
%o procvide room for growth of the system, and nurerous cther
internal system changes have been Rnade to provide improved
gervice and reiisbiiivy,

AN overview of the current structure of NLS is provided in
Section IV-E, and a more detailed description will be found in
Appendix D.

Deacriptions of egrlier work oo the deaign sgna developnment
cf NLS for the XDS9LO are contiined in Refs, 7, 8, sad 9.

ovher scfivwire development activities covered ‘n this repcrt
include prerarations for interfacing with the ARPA Netwerk {(see
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Sectiorn IVeF), anc a simulation study of factors affecting the
responde time of tine timesharing systen when a numrer of NLS users
are being derved (ree 3ection IVeD),

The Timesharing System (TSS)

The support of nev nardvare and improved response Lo the NLS user
are the two main reasons for the expenditure aof a2ffort on the
timesharaing system (TSS).

1, Diec Support

The Bryant disc device was recieved in August 1968, This
device has the capablility of storing 32 million 2h=oit words.
with the acceptance of tnis aevice, a2 file=storage prograr
Called KDF was implemesnted tO provide users witn a means of
storing information. The earliest form of XDF orerated
essentially independently of tn2 TSS I/0 nandling system. A
later version was integrated with “ne 788 svstem, and rmade all
acceeses to the disc via c2lls on the supervisor,

puring late 1968 an4 the =2arly months of 196%, the TSS svatenm
¥asd exiensively modified to include scrateh 4disc files. These
files sre handleé by the same calls Oon the supervisor as are
the 4rum fiiee., In this vway, the aisc files have the
flexicility of the drum files as well a3 freeing the user from
KDF's restrictions on ine numoer and size of filea, DNisasc
scratch files may pe used for all the same functions as drunm
filea, while KUF i@ used primarily for storage. The disc file
epace is pooled by all the users and thus has tne adaitional
sdvantiage of more economical use of this apace than is possible
under KDF. The deveiopment of improved garrage=collection
facilities permitted the use of “permanent” scratch files on
the disc for longer=term storage of heavily used files,

2. Magnetic Tape Support

The new T3S developed in late 1968 and early 1969 incorporated
the direct tape I/0 package, which permittied rore 2fficient use
of tape files. The incressed speed and efficiency of the tape
f4les made it more oractical to ¢opy information storei uJunder
KDF to magnetic tape, thus protecting this information fron
Lce3 in the event of serious Jdisc failure,

Further work has been gone to improve the relispility and speeg
of access of tape files, as required oy the Arsnive/Journal

systenm (2ee Appenaix B}, The magnetic tapes serve as the main
st3rage facility for most of the older or lessz used files, and
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thug relieve XKDF of the burden of storing these files,
Extvernal Core

The inter-core controller (ICC) and the external core memoryv
tecame availsdle in early 1970. Seversl supervisor calls have
been written to 2'low the user to acces: tLhis device.

TSS allows a user to obtain up to 16 thougand words of
external core memcry, and naintains taples wnich perforn @
1inited relabeling funcrion between user=providad addresses
and physical addresses,

other c¢alls permit tne user w0 make data transfe;s via ICC
betvWeen external core and 940 memory and vice versa, as well
a8 transfers from one area of exterral ccre nemory o
snother area of externgl ~ore memor/, cr from une area of
940 memory to another arce via 940 merory.

Other Devices

A vrogram has oeen written to permit the queueint of print
£iles, Thie program allows tne user to place his file in a
print queue and continue on to otvher taldks., The gueueing
prograi ingorns the user of nis file's position in the printer
Ggueue and the approximate agmount of material O be outtut
before his file will be complated.

Minor additions and modifications to the TSS system have peen
nade to suppert the Data Proaucts printer and several new
Teletype and typewriterestyle terminals.

Research on Scheduling Algorithns

The system simulation (discussed in Sec. IVeD) nas indicated
Lhat aystem response L0 the NLS uaer might oe improved by
redesign of the scheduling aigeritim. Toward this end, we hive
aXperimented with several modificaticns to the scneduling
algeritam, perticulsry with respect to the assignrnent of
priorities snc¢ the queue=-gs3signment achemes,

one such experiment consisten of a88igning s special gueue for
NLS users, giving them higher priority than other I/C users or
users wWho plece hepgvy computational loads on vhe systen,

Thie queue measurebly improved uvne respons. for the Nl§

user, but 40 impaired the response to othar users tnat in
some caded it was not possiple Lo run the executive
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S8ince tnat egrly trial, we nave implemented a new scheme
thatl favors KLS users and ahy other users who are enraged in
fraquent but sphort 1/0 processes, 7The improvement aas not
Deen 23 noticeable g3 With the earlier schame, but has not
resulted in such savere impairment of service to other
users, Thies slgorithm tenas to favor the user who .8
engaged in ealiting text, as oprosed to tne uager who ig doing
a great deal of file manipuiation, Another part of tiis
ef{ort na® snown that another Jueue wg3s notv serving a uzeful
purpcae, and this Qqueue has since peen dis-cerdedq,

Genera.

MUCh WOrX hae been done in restructuring tnhe TSS systen to
provide space for accommedzting Yhe storgge requirements of the
ARP2 Network, Several routines have ceen revritten and moved
to the Executive, and others have been moved - norreaident
Tages, In this way, several hundrea core locaticns have been
mgde agvallable for Network use,

Because of the greatly reduced level of effort of Project GENIE
2% UC Berkeley, it has recome necessary for us Lo rfurther the
develcopment of TSS e“sentislly independently,

C. Coupilers

b
bo

introduction

The developrment ¢f NLS has been greatly fZacilivtated tarough the
use 0f a vowerful ccmplement of languare2 and compilers, nost
of which were deszigried sl ARC,

The langusges used range in generalixy from the NARP
a#semdbly language throueh i collection nf sovecial=-purpose
language® (SPL's) unique to NL3 implementation.

Having euch flexible set Of languages grom waich %0 choose
makes 1t poesidple t¢c select fov each programming task the
lenguage in which the 4desired operations cin be 2xpreasgased
mest naturally.

L, HAR?
There are 3 few parts of siL3 thalt can ce nost convenlently

coded 4in asserdly langusge (e.g., the cats page and the
display~-tuffer pafge), ana for these the NARP aszsemnly
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language i3 used,

Al80, for historical reasons, the timesharirg system (TSS)
and mosv of its subasystensa (e.f., KDF and DDT) are coded in
NARP.

The NARP asseempler 18 based on ancther assemoler, AkPAS;
poth nf these lagncuages wWere produced by PFroject GENIE for
ude in the cevelopment of TSS (see Refs. 10 and 11).

MOL9LO

MOLSLO (or simply MOL) 18 a mechine=criented language for
the XDS9LD snd was created 2y ARC tc aicd in the progranmming
of NLS.

MOL combines tne flexipility Of assembly language with tne
algorithmic clarity ¢f hignerelevel procedure~oriented
larguages. Huch of NLS 1g coaed 1in M0L,

The original version of MOLSLC is descriped ir Ref, 12,
while this report contains a brief cesczriptinn ¢f tae
current wversion.

puring the convract periocd MCOL has ceen substantially
rewWwritten to improve its performance znd provide new
progranming features,

The current MOL conrpller was prcduced using vhe new
version &f Tree Mete (desc™ ' 'ed below); cornsgequently, tne
MUL compiler new generates opinary machine code 4irectly
rather than producing gssenply=-language code,

A8 g result of this change, assembly-language
instructicns are nowv treated gs dbuilte-in functicns,
whereas previcusly they wa2re handled using escape
conventiong which provided for tnem LC bte passed
directly into the »2utput stream withowut translation.

O0ptiongl mechanisms have Deern gaded to fac'litate %he
Wwriting of reentrant code, using a sofivwsre stick for
procedure calle and for storage of local) temporaries,
The syntax for procedure calls has ceen nndified ao that
an entire NLS file .ink may be used in place of the
procedure name alone.

The presence of the file 1linx augnants g Trogrammner's
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10311i%y O Study a conplex sysiem of prograns
cccupying several NLS files, dy maxing it very egsy
for aim tn Jump from a file contzining a reference o
some procedure 1nto the file containing the prosedure
tself, 1In compiling a prcgram only the name part of
the file 1link is used; tne rest of he link is treatea
a8 commentary in:tormation, al=ce it 18 irrelevant to
tne compilation precess,

£ Meta

Tree Meta is a compiler-compiler Jdevelorea at ARC; it is
used to produce compilers for MOL and all tne
special-purpose larguages (and for itself as well),

Section [V«C=2 contains 2 brief overview of the current
version of Tree Meta, and g more detailed descriotion is
in preparation for release a8 a separate repere,
(Pending publication of tne Tree Meta docunment, a
descriptior nore comolete than that contained in the
present report can be found in Ref, §,)

During the contract perid, the only major change 0 the
Tree Mete syatem was a modification to the basic wiy 4in
which compilers produced dy Tree Metr generate code,

conpilers produced py Tree ~etla used to wranslate a
given source language into assembly language, vhich
then had %0 be translatled by the NAKP gssenmdler to
oblain machine code,

With the new Trec Meta, the conpilers generate machine
code girectly, thur elininating one step ©f the
translation process.,

3FL's

i~=v 0of vhe higher=level operations of NLS are carried
Out by progransg wrivten in one of a set of
speciale-purpose languages (SPL'a)., Each of <nese
languages is tranalated into rachine code vy a compiler
produced witn the Tree Heta systenm,

Each SPL represents an attempt to fornmalize a particular
function of NLJ, aiming at a 2yntax avpropriale 1O the
dats base gna opergtions required for NLS, while at the
sane tine empodying the potential z2nd peculiarities ot
‘he XDSFLO conputer.
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The four SPL'S currenily in use sre the inpute-feedpack
language, the structure-manipulation language, the
content-analysis linguage, and the atring-constiruction
languag=.

Detailed descriptions of the SPL's will be found inr
Appendix L of tnis report as well as in Ref. 6.

Aithough extensive changes in +the SPL's are planned {for
the neer future, no basic conceptual changes wercec made
Gurine the centract period,

Tree Metas A Compiler=-writing Systenm

A compller-writing syster was inmplemented within the AxC for
use in uriting compilers for tne MOLS4O language and the
special=purpose languages {SPLs) used in implementing NLS,

The Tree Meta lanfuage gllowWws one L9 concisely specify the
syntax of a languzge, in 3 notation similar to backuS=Naur
Form, Embeaded \.tnin this syntax specification are ruiesa
and directives deccribing exactly now the cempilation of a
program written in the language 18 Lo take place,

The Tree Meta compiler regds a textugl progran written in
the Tree Meta langiage, and directly produces a binary
machine-language program which 48 a compiler for tne
specified language, The new compliler is then capacle of
regding a textual progra™ in the specified language and
producing a dblnary program according to the genmpilatvien
rules empodied in the comciler.

Tree Meta 18 expresscd in ivs own languasge, and is thus
self-compiling, The current verasion has been produced fron
previous, more limited versions vy the process cf
boovatrapping.

Tree Mela hgs proven ¢ de a particularly valusdble tocl in
syoten develcprnent al ARC, tecause 0l the experimental nature
0f the developnent peing done nere.

Perfaps the most valuabdble feature of Tree Meta is 1te ease
of use, A conplete comriler description is containes in a
single text 2ile ané¢ 48 reaaily edited and recompiled, A
change in a compiler can ve tried in two or three minutes,
This allows experirmentation that othsrwise would be oo
vimeeconsuning, and makes tne debugkinZ of language
specifications qQquite fast, Tnis flexipility is very
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important when a language is being developed -~ a3 oODPPrGICE
L0 having beemn presgpecified and fixed in 4its cdefinition,

The relatively &imple Tree Mets notstion descrives a

language precisely, and anyone faniliar with the notation
csn 3ee what the syntax is, The code for the compaler i
also the formal definition of the language to be compilza,

4140, 8since the source ccce for tne Tree Meta compiler is
sinply a description of the Iree vYeta compiler expressed in
the Tree 4eta language itgelf, it is possible %¢ produce a
new veraion of Tree Meta merely by editing &nd recompiling
this descriprion,

The Tree Meta systen consists of this symdolic descripticn, the
Tree Meta compilel, and a library of support routines in MOL.
The support routines perform functions such as input/output and
sympolestorage operations.,

The Tree Meta colpiler is relatively fact, It compiles itsel?
in abcut 30 seconds from aveut 8 pagee of text input. tThe
compiled progran 1§ about 12 thousand worde of memary,
including tabples and storage areas,

§n the formaliam of Tree Meta, a compiler consists of (1) parae
rulee, which parse the input in s top~down manner andg nuilid a
tree strycture, snd (2) unparse rules, which ther %test the tree
etructure sgnd produce machine code, Th2 tree consisys of
8yrmbolisa taken f{rom the input, values and flage inserted in the
Lree by the parse rules, gnd nonterminal nodes that correspond
10 unparse rules,

The parse rules test the input stream 1o identify the
constructs it contains.

For exanmple, tC %est the input strzan for an assignment
statenment, tnhe following rule called "aesien" might be
used,

a88ign » identifier “"¢* expression istore(2/;
This parsc ruie defines an "azeign" to de an "lagentigier”
folliowed by a left-arrow followed by an “expression,”
¥here "identifier® and "expresgion” would te defined by
other pgrse rules,

If tae input stream 48 nmatched oy tnis rule, a node will
be coenatructed in the tree and tagged with the name
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"sLore,"

This node will neve twWo ncdes under it, corresponding
to "ddentifier" ana “"expression," respectively.

The unparse rules are executed beginning with the laat node
built inte the tree, The node nNames in the tree deternmine

vhizh rules will pe invoked to compile code from that node

of the tree,

In the example abtove, the unparge rule named "store" will
vest the node for several different forms and ocutput code
dependin, on the form, A test might bhe

(identifier,add/»l,~})

This test reads a3 follows: The "store' node must have two
nodes under it. The first node must be an igentifier., The
gecond nust te a rode named "add," which hes tweo nodaes uader
it. Furvhermore, the firet ncde of "add" must be exactly
the same a3 the first neode of “"store," Tnis test would ve
sgtisfied oy input of the forn

X &« X ¢ (anything)
Another test night se

{identifier,add(s1,"1"/})
which is the sanm= but witnh the additional requirenent tnat
the second ncde 0f "agd" must be tne numbper "1", This is
checking f£or input of the tornm

Yy ey ¢l
The unparse rule "store" might begin:

store [identifier,adda(#1,%1"])] u)> MIN #l, H

fidentifier,add/el,=)) s> _daf#2:2] ADM »l1, 3}

1£ the teet o the first line succeeds, "store" produces a
single memory=-increment instruaction, MIN, orerating on the
menory word adéressed bty the identifier (the first node of
*store"). Ctherwise, if the secnnd test succeeds, an
unparas rule named "lda" 13 celled with the second node of

"add," as argument in order L0 produce coae tc load the
A“rexiater. Then an add-to-~menory inatruction is rroduced,
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sgain operating on tne memory word addresaed cy the
identifier, Tie rule "store" would then continue by testing
Zor otier forms of sxpressions, until all legal forms have
been taken care of.

Tre tree serves 38 an internedizte form of the orogrem =-- a
form which facilitatea ex.ensive testing by the unnarse
rules, and whiaoh tsually contains no redundant information,
The compiler avthor determinea the form3 of Lhe trees
completely when writing the compiler, His in2enuity in
determining the tree forms and compiletion schemes is
generally not restricved by tne Tree Meta language.

3ynbols (which may be of arcitrary length) are read from the
input and kept in a symbole-siorage irea where they are
referenced vig a hash table. 5Symools may also be cregted
and entered into the Symbol=stor«ge area by the complier.
Each symbol nhas a 2L-bit value a3 well as 24 attripute bits,
The megnings for moat of wne aiiriovte tits may be aefined
by the compiler vriter, and symbol values and attiributes ma
he g2, reset, and tegted during the running of the
compiler,

The output from any Tree Meta generated compiler is 2
relocstavle olnary file, produced in tne rroper form for [DT
{the loader and¢ deburging systemi, Thie tinary file
includes the sympols frcnm the prcgram, %0 that programs can
he debuggea symbolicaliy.

A Macliine-Oriented Language, MOLS4O

In spite 0f the cuite sophisticated undaerstagnding of compilers
and compiler-compiiera in computer science, assemdbly lanzusge
is still u3zed for the bulk of system programming.

ARQ ha® used 2 mechine~oriented languave 28 a replacerment for
assenbly language in the vwriting of @ystenm progremnsa. The
mgchine=oriented language, MOLYLO (or simpiy "MCL") offers the
povwer of zn assembly langusge whlle providing the slgoritnmic
clarivy found only in a higher=-level language.

A machine-oriented language is designec to give the
progrsmmer a block~=structured language with many of the
ysual ascociated feagtures, such ae conditional and iterative
satatements, suoscripting, and aritnmetic expressions.

At the same tine, the language is designed to reflect he
idiveyncrasies of the actual machine on which the programner
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is writing nis pregrams, TO this end, snecial constructs
are incorporated in the language wnhich allow the programmer
Lo heve some control over the code which is produced anc¢ the
manner in which the cerntral registers are use.,

The idea of a maicnine-oriented language i3 not new,

Erwin Boox of 3ystem lLevelopment Corporation f{irst jeveloreaq
an MOL for the Q=32 ana later an MOL for the IB> 364,

Niklsus Wirtn's PL-360 wag an MOL used t0 implement &
version of ALGOL on the 360,

An MOL for tine X08540 was a early development of ARC, and

Was used in the initiagl implementation of NLS, A nodified
version of this language, developed witn Tree mMeta, is the
MOL descrioed in this section,

The general degign of MOLYLO i3 actually machinee~independent,
only the incluegion of special logical forms and tuiltein
functions gives the languare 3 specific orientation towards s
pertvicular mgchine, Thus it may serve as & bdasis from which
MOLa for cther machines may be aerived oy auopstituting other
logical forma and otiher builtein functions,

Among the distinguishing facilors of any proegramming laneusge
are the means provided for referencing information &nd fer
controliing the flow of execution,

In MOLSLO tne means for referencing information are 38 conrlete
a3 in an assemdly language,

The central registers of the machine are represented ae
basic elenents in the syntax of the language, Thus ",AR"
stands fcr tnhe A-register, ",An+l" causes 2 1 tC te loaded
into tne A-regiater, and "Xe¢.AR" Causes the contents of the
A=register o oe stored in location X.

Asgignment 12 made one of the binary operations thatv can
occur in an arithmetic expgression,

Tnis allow? the programmer to refer to the value of
gubexpresgsicne in a very straightforvward manner,

For exagmple, cocne can write "ke(Jden)+l0; or "kelOe¢jen;"
inetead of "Jjen; Ke AR ¢ 1C;". WwWhile ooth forms wouyld
result in the same c¢ode, ihe use of gasignnent 28 a
binary cperator avoids tne explicit reference to %he
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Aeregister.

An apoatrophe followea by a single charscter rav be uged
interchangeadly with the numerizal acde tor that character,

This can be Of great value in clarifying the intent of ¢
test, For example, assume that the nunerical code for a

Juestion mark is 16. 7Then a test for a question mark ray

be made Ly "s'7% rgtner than the less informative "slh",

Tne term "literal" will be used to aenote a term that can

be ejther g number or an apoetroshe foullowed by & single
characrer,

TWO modes of referencing infoermation are provided to give
addressing completeness, The#e moges are sinilar tc the
"left=hand value" and "rizghte-hand vaiue" concepts found in
CPL and BCPL.,

The modes are differentiated dy tie presence or absence of
40llar eign in front of thne reference. The Former will be
called “dgolliar mode," and the latter "normal mode,"” The
values referenced by identifiers, literals, and sirings in
the tWo moGes are as follows:

{1) Normal Mode

{a} ldentvifier: contents 9f tie cell whose address is

the value o the identifier,
(o) Literal: the numerical value of the literal

{e) String! cortents Cf the fargv ¢oll used to hold
the string

(2) Dollar Hode

(a) Jdentifier: the value of the identifier (i,e,,
the address of a mermory cell)

{b) Literal: contents 0f the ceil whose address
equals the value of the literal

{c) Swvring: the sgdoress of vhe first cell used to
hold the suring.,

The tern "value of an identifier" as used here iz zquivalen®

L0 the leftenand value of an identifier in c?L.
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1hus 1f cell 40O corregponds to the identifier x or it X
has been set egqual Lo 400, 28 in an EQU statement of an
gsgemtler, ohen the value of x i8 LOO, It might also be
called the symool=table value of the identifier,

Notice that the normal mode of ar identifier or litersgl
corresponds to usawee in problen-oriented lanefuages,

exing and indirecticr are allowen where appreoriate vith
gbove forrs,

Indexing is specified by following the reference with an
expression enclosed in square odrackets, wnile indirection
i8 specified by enclosing %he entire reference ip square
brickets,
The syntaX disallows such dubious constructs as indeuing
with 3 literal or indirection witn a strine. The
gollowing shows in winich cases indexing anasor
indirection arv alloved,
(1) Mormai mode
(a) Identifier: indexing and indirection
(b} Literals neither
{e} String: indexing
(2) Lollar mode
(a) Identifier: neither
(p) Literal: indexing and indirection

(c) Strings neither,

The means mentioned adbove make an MOL st leadt as powerful as
ah assendbly language in referencing information, In specifying
the control of gctivatien fleow, an rCL 18 clearly superior,

Flow cf gctivaticn is deterrmined by the results of logical
tes8ts, It is in the claritiy of expression of trese logical
te3ts that an MOL is particularly valuable,

To

facllitate congruence opetween program cehnstruction ard

the ddiosyncrasies of & given machine, the syntax of an NMCL
should convain constructs that reflect the logiccl teasts
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¢ possibple by the instruction s=¢,

For example, the XDLSSuL has an instruction that askips iz
the contents of the A-register and the effective address
d0 nov nave ones in gny correspondineg 2it peositions,
Thus “OL9LO nas 2 logical constrict "suml CB sSumz" which
is true if and only 4f Sunl hae & one in & commen bit
position with Sum2,

sdditior to logical constructa, here Rus* be means to
cify the repeated ~xecutinsn of a given statement and the
ice for execution of a particular statement out of

eral, 1he main constructs for revetition in MCL34O sre
LOOP and W(HILE statements,

The LOCP gtatement 18 pzsed on a suggestion of pnuth, It
provides the most general poasible ferm of controli of
repetition.

The atatement following the word "LUOP" ies executed
repeatedly until an "EXIT" stetement emtedded within
the loop is executred,

Execution of an EXIT statement causes control to leave
the irnermcet LOOP containing it.

There may b2 an ardbitrary number of EXIT statements
within a LOOP, placed arbitrarily, and nested within
Dlocks o an arbitrary level,

The WHILE staterment simply Berves as a3 convenient
alvernagtive way of writing a comronly used ferm of the
LOOP statement, namely tne forrm with a singxle EXIT
oceurring at the 8vart of the LOCP.

ective executrion is provided by IF and CASEL statements,

The IF statenent 1§ tne stancard Algol=like IF with an
optional LloE pare.

Since the 9LC uses skip instruciions for logzical
testa, 1t 18 possible to optimize tvne crancnes
required if there ie no false part and the true part
ceonsists of a single insiruction, This is done if the
user writes "DO~SINGLE" instead of "THEN",

The CASE statement corresponds to g tpecial form of ihe
It siatement 4in which the case 18 selected for exegution

92




ec,

Iv

SOFIwARE 3YSTEM

accordirng tc the class inte which an expression fails,
The syntax 18 roughly

"CASE" expressiorn "QOF" sequence of 2g2es "LENDCASE"
statement

where each cese in the sequence consists of one ¢r mere
tests followed Dy a stitement,

A teat coneists ©f a binary-relation symbol followed by
the right-hané side of the tinary relstion, The test is
true if vhe pinary relgtion formed by using the
expression at Yhe hegd of the case a8 the left-hand side
is satiszied,

The first case with g true test is the cne executed, 1If
none of the tests sre true, then “he statenment following
"aNDCASE" i8s executed.

A common use of the CAS: stiaterent is in determining the
proper response to i character input from a terminal.

Finally, MOL9LDO vermits the use of machine instructions as
built=in functions. 7The ayntax Of such a tuiltein is
roughly

functionenanme address-refarence gctupl=-argurents,

Tie function name is simply the atandard mnemonic operation
code for the instruction.

The addregs reference is opticnal; if rresgert, 1% may bpe an
identifier, literal, or string, with onticnal indexing or
inalirection,

Tae actual arguments gre also ortional; 4£ present, they
coONBivt Of a #equence Of expre: 3iond Lo pe loaded into
registers, separgted by commas gnd enclosesa in tarentheses,

guch a cuiltein functiou may be used either a3 a statement
by itself or a2 a primary in =n arithretic expression,

It should be clear that this aliows the progranmer compiete
accessd Lo the instruction set of the macrnine agnd gives the
opportunity to gproduce gs efficient code as could oe ocore in
aSdembly languige {(where this is deemed necessary).

Experience 4t AKC haf shewr that machirne-oriented lz2nguaces ars
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an sttractive medium for Systsns programming, They permit
effi¢cint qode, unreatricted data structures, ang complete use
0f tnhe machine instruction set, giving a flexipility usually
2980cisted only with assfemuly languages, while 8till providinrg
the algorithmic clarily 0f higher-level lanckuagee,

Resronge 3dtudices

We conducted a 2tudy of factors affectirg the response time ¢t the
timesharing syster 7n our XLS94O comouter, which serves g numper
Of NLS display tel. nals reouiring very rapid response to user
actions, Tne metnrod of apprcach was a highly parameterized
simulgtion of tne tim. ‘aring systerm, whicn permits exverimental
evaluation of various possirle rethods of improving aystienm
response tire. A summary of the approach and the resuits is given
here.

i, ObJjectives of the Studv

Althourh Lhis stuqy we¥ conducted specifically on the
tircharing system ir use at ARC, it 43 of genersl interest (1)
beeause 0f the unique metnrnd of appreach, which permits easy
implementation of resulis, ard (2) because it may be expected
that asystems resemdbling M3 1n some waya will be coming into
more gener ~ uae in the future. The ~rincipal chsracteristic
0f NLS that affects the tehavior of the timesharing systep 18
1t8 dependencze on fast, highly intergctive operation of déisplay
ternirales, ana computer techncoleogy 1a 3lcseady respondine o a
sLrong demand for this kxind of user intergace,

It ahould pe emphnasliZzrl that we are dexling here wilh the tirme
required for the systsm Lo respond to inaividual commands from
interactive users, and not with the system's speed in
perferning larse numericgl-computsiion tagks,

interactive diaplay usage for %text manipulation, 1f it is to be
reglly effective from the user - s point of view, requires much
ahorter reapeonge times than have narmally peen constidered
satisfgcrory for timesraring sysienms; in the case ©f KNLS, tre
desired respecng- vime for a typical command is a fraction of a
geccnd == delayes 3 more than a seccnd can seriously inpair the
user':s tasx perfc 1ince if Jhey occur oo frequently. By
eontraat, the responsde of a2 less {nteractive systen guch a8
TODAS, Which is not designed araund sn interactive display, is
congidered matisfaclory 1f2 wtn °*vrical delsgy in executing a
gimple ccmmand 18 no more thar few seconde,

The inmediate goal of the current study L{s Lo develop an
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uncerstanding of the interrelated factors affecting the
refponse time of AkC's timesharing system gnd o identify
poseibilities inr modifying the hardware and software of the
gyaren 80 as L0 impreve the respcensiveness of tris systenm,

Approach

The approach taken was tC write a simulation of the tireshaering
systen (TSS) coperating on the XDSS40., The sirulation
incoryporates the schedulinz and swappirg aleoriithrs of TSS and
2llows changing of parameters Lo represent various facility
congiguraticns and usages.

This alilows 2n evaluastion of the imr2zt of changes in the
hardware configuratior, such as faster drurs or larger core
menory, as well a# tre effect of various mixes of user
demands on the responee of the systen,
In addicion; tne prograr was written in such a way the- wiih
ninor modifications, the simulaticr of the scheduler :rd
sWapper cculd become part of an actual timesharing sy’ tenm
moniter. Thus changes in the scheduling and swapping
algoriwamz can be tesvted by ainulstion and, 1f they prove Lo
be valuatle, incorporated into the actual systen.

ReBUlLE

Throughout thia section the number of useres is assumed L& be

v ally divided between TODAS and NLS unless otasrwise stated,

“. giving the regults cf the gtudy, the gverage anc the

80«percent delay tirea zre uged rather than the maxinum,

&. 8tandard Parsmeter values uUsed Yor Simulation
Hardware Parameters

nemory size: 32 pages, less 7 rages for resident ronitor
and less 1 page for sach NLS user (for display buffers)

pCrum lgten. yt 17 maeg
Trandfer rate: 17 nsec
File reference timet 3L rsec

CPU srceed: XDSSLC,
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Scfiuware Parameters
shert quantum: 1/4 second
Full leng Qquantum: 1 second,
User Parareters
J user typesir NLS, TODAS,; anda OTHER
64 tasks for NLS
32 ta3ks for TODAS
1 tesk for OTHEIR

The vask degcripticne for NLS and TODAS aré vased on
sturias of the actual aystens,

t. User Types Considetreoc in sSimulaticn

In the actual use Oof the ainulation, tAree types 07 users
were considered.

Twe 0f the types corresponc o users of ne two
aubsystems NLS and TODAS.

Users of type NLS or TOUAS are assined 10 be working
stegdily and a2t a relatively rapic¢ pace, out th2ir
Work is also assumed to be limited Lo tasks lhet do
not require large amounts o©f computation to complete,

The third type of user is called QOThER, end is zssumed to
AOrK1ng on tasks that consist of large arcunts of

. JAputation, Compilation is an example of tnis xindg of

t88K,

Che 0f the main Joncerns tnatl pronmpted this study wWas %0
find means to meintadn ¢ast response tor users of iype
ALS, and L0 ¢ lesser degree vhoae of type TNDAS, when
ueers of type OTHER are on the systern,

¢, Sirulation of Current 3ysten

The fzcility asaurea in tnie simulation has 6Lx 0f core
menory and swapping drums with L.oSenegabvie tLo%al cavecity.

Two views of the results cf tnie sirulation are shown in
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Figea, IVel and IVe-2, FoOr boun of thszse the rurcer of users
18 gasumesd L0 be ecUally divided ceiween Lypes TOLAS and
NLS, with no users of tvpe CTHELK,

Figure IVy=l1 shziws potn tne averaee and ihe sQ~percent
delays for NLS inrutefecddack and file~-referencing tasks.
In the currefit sysier, the data for f4le referencing
inaicate the xina cf celay experienced by & user when Le
asks the sysaterm tc perfor~ an editineg functien cor to
display & differesnt gectiion 0f nis text, These resultrs
are very consistent Witn acltual experience on wne systernm,
In actual use, subjective evaliaticon leads us to conclude
that the system beccMmes virtually unusabdble wnen the
Jelays as shcown in this figure exceea about 2 seqcnde.

Figure [v=2 snows nhow the time 2istricution varies as the
nuimber of users increases, It 13 interesting to note
here how QuUicxly the sSwapring delays become the major
factor in affecting response time and acw snall the
delays due %o comTutation time are, Sectign Iv=l=3-f
b2low goes into mere detail on the =ffect ¢f computation
tirme.

Addition of the 2KL LLeue

The 8imulaticn =328 rerun =ith the addéiticn £ a special
Queue (QNL) fer interactive users. This queue nas tre
effect 0f assigning a nhisner priorty to hirhly intezactive
funciions, at Lhe exrense of olher tausks, Firure (V=3 show=s
the (approximave) distripbutions of qelay times fo- LlS
2ile~refeence tasxs witn ansd without &ML, wnen tihe systen
is serving 3 NLS users, 3 [CDAS users, anc 1 OThik user.

The improverent resulting from the use of CNL is clear,

»1l0 raspect tO0 Fig., Ive3, it is infcrmative to ccneider
what haprens te the single progran of Yvpe OTHER in tnis
situation, It was expecied that the use of ONL would
result 1™ ~lowing the GTHLk pProgran; however, tne actual
effect wu8 3 slight increase in its executior speed,

This 43 caused oy 3 decrease in swappinrz in the syster
when ¢NL 18 usegQ, Since interactive jobs are
reactivaied more QuicKkly, there 1s 3 greater chercc of
needec pages still being in memory, thug reducing the
SWwapping. The overalil effect is an increase in systern
efficiency.

In gener&l, hLowever, tne use 0f CNL ™ay result in a
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8lowing of UTHER progran3s. During a2 given i1interval of
time, the programs ror OTHER users taxe Up all tne systen~
resources that are not useq py NLS or TOLAS uUsers. when
GNL 13 included in the sc¢chequline aleoritar, NLE& &na
TODAS uvsers are able to get petrter responrse ind tuus they
work fasver, taking up more of tne system's resources
during a given interval, Thus if taere is a large nunoer
of interactive tasks, the prograns of type OTHER will
receive less tvtine,

Drum Access and Eana~iadin

It is apparent frem Fig, lVe2 tnat tne mijor facters
affeciing resrmronse tire are the delay ercountered ir
awapping ana, vo & lesser extent, file inout/outlput., The
obvious way of aimprovine tnis saituation 1s to proviae 3
device with higaner ranrdwiath for swvepping and file
input/outpuy,,

In this stuqy we have not attempted to preszent general
Tesults relating reaponse to these facicre, Insteaq, we
have taxen as 3 svecific example 3 particular drum that
could redlace tne Preaent 4drums used with the 9u0 Syster,

Tihe current drums have 3 rotation tire of 3y nmilliseconas
and a transfer tirme of about 17 milliiseconds tor a3 2%
Page Of 24=-D1t WOoras, The or'ms used fcr ccmpariscn have
& rotation tinme of 8.5 millis- conds and a transfer Lime
of 2bout 5,7 nilliseconas per .age,

In adaition, the nes drums will allow a page transfer te
begir at any point. This mexns that tne average tire te
regd or write i page will be approximately equal to the
duration of a3 8ingle revolution,

The effect 0of tne new drune a3 predictes by the simulation
is very a3traking.

A laree part of this is due to the consistent completion of
interactive tasks within & snort ouanturm, Wwith siower drums
these tgsks zften tagke sevei'al short quanta.

Figure Ivy=4 showd the average and the sf=-percent tires for
NLS inpute=feedbpazk and file-reirerence tasxs for a syaster
¥ith QNL, cne OTHER user; and the remaining users evenly
diviaded detween NLS ard TODAS.

Notice that the differerce between Lhe categories remzins
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relgtively small and constant, This is necau-e both are
peing consistentiy cornoleted witnin a aingle activation, so
that tne difference inrn elapsed tire is sinply the differerce
in time required %0 do the actual tasxk,

AS the numper of users increases, the .elays increase
because of longar aueues, Thus the limiting factor with the
faster drums will be congestior ir the queues and resultine
delayes for inpui=feedpacx tasks, rather tnan the delays fer
file=reference La8kS, a® 19 lne cdise in the current syster,

Speed of Central Processor

In view of the very snrall percentage of time spent doing
computation, it is interesting to consoider tne effect of
varying the speed of the central precessing unit (CPU),

Figure IV=5 8nows tne 80=-percent time fcr NLS file~-refererce
Laske with tne current syatem and CPU'a of various sreeds.

The difference is srall even wiih a range of 400U to 1l for
CPl} sreeds, Clezarly, improvement that will benexit a syste-~
such a3 NLS should be sought elsewnere than the CPJ.

Size cof Core Memory

Although he XILS59uC 1s lirited Lo 6uk of 2i-bit words for
csre remory, it is intereating to study the effact ¢f adding
nore core,
Figure IVeo shows tne 8C-perceany tines for NLS
file-reference Le3ks vith the current system and vsricus
8izes of core nemory.

These resulvs should te consildered only a8 lower btounda,
sirnce different scheduling sigorithms could pe expected to
make petler use of a3 larger menory.

Interactive Diaplay Subsystem (IDS)
From the adove discussicen, 4t ic clear that the greatest
improvement in system reegponsiveness rasults frcm the use of
fsgter 4Arunms,

The lirmitgrions of the syster with rew Arums gre the
following

(L) Long queue lenaths resulting in coor response or
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inputefeedback tasks

{2) Lecresasing number of avgilable pages ac number of KLS
Users increases (pecause o5f paged needed for 3display
puffers).,

The interact) ve display surnev. . an (1D8) {8 £ropcsed as a
possitle gojution to these limicatrions, 14 12 made up of
the foliowing:

{l1) A separate core memory for display huffera so that
the nurber of availatle pages renaing constant

(2) A separate processcr © perform inputefeedbuck La8KY.

A single inputefeedback "miniprccessor,” executing resident
code, snould pe adle o servigce & large numtar of NLS ana
TCOAS users, This hes e effec?y of giving virtuzlly
instantanecus reszonges f£°r input feedback, es well az
reducing the load on the nain precessor,

since inpute=feedback Laéks are by definition independent of
vhe centents of the file zurrently being referenced, the
niniproceseor needs only & 8mall ds2acription of the currant
conzand state of the user, Feedbach i& the same for all
users, sc 3 aingle prozram will sugffice., This prograrm will
be resident in the s2parate core, 22 awapning will not be
necessary.

when a user cerlls for the execution of a fileeprefertnee
taek, the miniprocesscr passed identigfying informaticn tc
the main procersor.

This eapproach shouls be applicable to any tirmezharing systen
that 48 concerned with gervizcing & large number c? users for
3 8asll number 0f interactive pragrans,

F.gure IVe7 3hows the 8C=percent delay for NLS
file=referenze Laeka in 8 cystem ¥wilh QNL and new d4ruma,
with and without IDS. There is orne QThER user; the
renaining userd ere equally divided vetween NLS and TODAS,

The minimum totil elipsed (ime £9r a zinsle editing
opar«tion shous the value o2 1IDS more vividly. (An
"cpergtion" here means the sequence of actions that an NLS
UEer gCes LRrough Lo scnieve #one Aeldired effect; the
sequence (ypicully includes several actions that reguire
input Zeesbs2k and one that requires 2ile reference,)
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Fivure JVe=p sncw3 the total 60=-percent drluys f0r a
seguence of three input-feedpacx L3SKS ana crne
file=reference tasx, 1n the same system configurations as
shawn in Figure V=7,

with IDs, input-feedtack tasks May one assure”’ Lo re

completed in a quarter of a secdond (ror tne nurners cof
users consisdered), The curve3d of Figure IVes snov the
resulting dra~atic improvement in service 1c the user,

E. 1Ye On=Line Systen, NLS

1.

e

Introducticn

HLY8, u8 currently imrcle+ented, 18 a rlehly sorhisticated
text-manipoulaticn system orienteg toward on-line use with
dispiays. Its use 3s an augmentaticn tool ‘s discussec ir
Aocperdix A,

The program 1s 3 suzsystenm Of tnhe tiresharing systen cescribed
above, Its size is currently avout tnirty thousanc machine
instructions, cof which apout nalf na<e ur the mosl freguently
used poirtions, Tne source languiRes used are MOLGUO and 2
collection 2f speciale-purnuse languases (SPL8) for ccnmrang
gvecificatior, content anraivsis, and 9irinr manipularion,

Tnis section contains an overview cf the creanizatiorn cf N1S, a
discussion of tne relationsnhip of NLS to the SLU tinmesnaring
systern, and gz triei dis-ussion of pessinle fusLure cevelopnents
ir the progran,

Acbendix D contains a more detailed <escrioticon cf tne progran
anQa the languzies,

Overview
a. Intredguctioen

The following 18 3 ccnceplual cverview c¢cf ithe internal
organization of N1S, It 1s conceptual .n thet the cverlay
structure, forced upcrn NLS ey the limited sc¢arens space anrd
fixed page gi%e of tne 340, does not alvaya corresgend te
this dascription, Altnough efficiency consideratisns have
entered into the actual implerentation of NLS, tne fellowing
concertual cescriotion nay 3atill oe used, It represents tne
degign philosopny that guidea the implerentation, and that
philoscony wes followed wnenever gpracticacle,
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b.

Logizal Organization of NLS
There are three logical levels to NLS (see Fir, IVe9),

(L) 1The command apzcification level is tne hignest
control level, It does coxmand recognition and handles
the specificaticn ©of astus)l operands. This L2 2he
interactvive part of NLS <= the part with which a uaer
Llways communicates, This level of the svaten 18 written
in the input~feedback SPL.

(2) The second level Of control 18 the command algorithnm
level., IV contains the algoritnmd for performing the
various commands, Large parts of tnis level of the
system are written in the content~gnglysis and
string~construction SPLa,

(3) Utility routines make up the tnird snd lowest level
0f contrel. These are the routines that actually change
the dgta pase; perform I/0, etg. Each of thege routines
iz used dy asvergl rcutines on he second ievel and
sOmetinmes by the first level, The utrility rsutines arec
Yhe only par’ of MLS thet 1s #ignificantly depencent on
the hardware, cperstiing syvetnm, or dsta structure, The
nigher levels are 3ll algerithmes written with 1little or
no consigeration for the environnent in whichd ney
operate, This lowest ievel ©f the gystem 12 written in
MOl.

Conmand Specification Llevel

The command specification partv of NLS tLakes input from
the uger to deternine whst command i3 Lo dbe executed and
the actual operands for the operation, It then trensfars
cortrol Lo the appropriate place in the zecond level to
execute the comnana., 7Thus, this is the level where
commands and actual operands are snecified, dbut no actial
executicn o° the cormands iz 4one,

The cozxmand specificetion e.goritnm of KLS 18 inplemeanted
28 & large set of nested case statements, The code getrs
s input character and tesves it in & case ptatement,
which results in sone feedbacx %0 tae uper and transfer
0f contrsl to the heed of arother cade statenment to test
the next character of input,
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con

mand Algoriuhms

The second ievel ¢f control consists of the code that
implerments the zlgorithms for tne vgrious commanda,
level consiatls primerily of ¢31l13 on utility routines
that azceess the data filesg, teat the Ji%a elemenis to

determine exscily wnatl snould pe done, &nd cell cn the

appropriate uvility routines Lo perform tre sctiong
required by the conmand being executed,

The c¢omnand algoritnm cod® has been organized into
severgl aivisions bgsed on the commands tney effect,
code for each division of commands ie further dividea
intc 2 part that includes the aleorithms proper and a
pert that id4 nore related Lo (snd tnus dependéent onj
logical qata strusture,

There g.'e eight main diviaionas:

{1) Strucsure Eaitving

NLS filea have a ring structure, FEach 2lement in
the ring represents s stgrement anéd itg uwssocisted
character string and/sr line drawing, The
character avring itsel! ls stored in a statenment
data bloek (8DB}, while the line drawing is svored
in a vector data block (YDB). IZach ring elermert
contains pointers o its asscciated SDB and VDB &8
well as the information that determines ite
position in the ring.

There 1s a full set of editing commands that
involve the manipulation of the ring astructure
alone gnd do not alter tne contents of the
statements (e.g., the "Nove Statament" zomasnd),
Trne algoritama for thease commandas are in thise
gection, They are ingependent of data siructure
and Use the svructure-manipulation machinery o
aetually effect chengea in the file,

The structure {ring element) manipulation seciion
contasns the glgordithaa o1 szltering ring elements
in order Lo effect struclure editing. They are
dependent Oon tae 1ogicsl data sLrucluure, tut not on
the physical 4sta etructure (utility routine= are
uged to 3clually chan~e the pnysical data).
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(2}

(3)

{u)

Text Editing

Tnis section contains tne algorithms for doing
eaiting on the text of statemmnts, e.2,, Lhe
“Insert Word" command. These glgeritnms are
ingependent cf oata structure, They use tLhe
centent=gnalysis machinery to setermine where
cnanges should take = ace, and tne
stringemanipulation ana 30F=manipulation machinery
t0 actually effect cnanges to tnhe file (throueh tne
use c£ utility routines).

The contenteanalysies section (usua for locating
textukl ogtterns witnin a string) ana the
stringemanipulation sectiion are incependent of
the physical and logical structures of trhe rile,

The SDH manipulation secticon, 'used for gltering
SDB plocks, i3 not dependent cn the physical
data structure dbut 18 dzpendent on Lne lorical
data structure.

Grachics pditing

This section ¢centains the zlemrithms for cormands
tnat eqit line drawings (e.f,, tne "Insert Vector®
command), angd 13 independent of the iogical and
pnysical structur=s Qf tae data, This code uses
the V2p manipulatison machinery %o 2tfect changes to
the file,

Tha VDB mandpulaticn section, used for altering
vDd blocxs, is Jdependent an noth tne logical
data structure and vne intsrngl reprsssntziicon
of veetcrs.

bisplay Censirsl

NLS n2s5 an agsortment of contrcls that perrnit a
ysar ¢ speclfy which staterent 48 t0o ne Ggisplaved
gt the top of the screen (the "iisplay=star:
statenent”") and yhe gelection pracesses Lo Le used
in determinineg wnicn statements Of the file wilil
actuslly oe displayed,

{a) Jump and lLink Machirsry

fiec first tunction is lemented in the "Junmp"

()
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snd "link" machinery.

The jump machinery is used to select &
digplaye-start statement, A ring of pasi
display=start statenment identifiers and
z8sociated display perametere g maintained
Lo pernit the NL3 user ¢0 return Lo previous
views 0f nhis file.

The link machinery is sinmilar to the jump
rachinery, except that the= nevw displaye=start
gtaterent may he in another file, in wnhich
case g linx stack 13 used instcad of ithe Jump
ring.

(o} Sequence Generator

once the aisplay=-atart svatenent has heen
qeterrined, the sequence geanerstor is used 0
select ftatements from the file accordine to
currently invorea fiivering criteria.

The sequence generator uses the display
parameters, content analyais, and keyword
reorganization wnen appropriste, These
tscilities are discussed velow,

The sequence gererator pegina at the
displaye-start stetenent gnd goes througn the
ring structure of the file, testing each
grtatenment ggainst the giltvering criveriz and
returning those statements thal pass,

ror instance, the user nmay have gspecifies
that he vishes to see only the first twe
levels of the ring structiure, or only
theee statenents which meet scme c¢riterion
specified ty & con%enteanalyzer pattern
(see pelow!,

{¢) Disvliay Parameters
Display parsmetera controlling tne selection
precesgses of the sequence generatsr may he set
al any peint in the snecification of a command,

The user also has at his 4isposal » set of
display-format contrecl psrameters (VIEWSPEGCa)
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{5;

(&)

for modifying his view of the file,
Content Analyzer

A compiler is ue*¢ to generate code from text
written in a special highe-level uaer lansuage,
and tvhis code 15 used 2o tesxt a otatement for
specificd content, The contenteanalysis
lengusge available t¢c ke uxer i3 a suoset cf
the content-analysis 3SPL mentioned earlier,
which 48 uUsed for other ceontent-analysis code in
the syat: iy (2.8., for delimitsr identification
in text=ediwing commanrdn).

If content-analysis filtering 1is peing
invoksd, the sequernce generator uses the
cempiled code tc test statements that have
pagzed 211 of the oLher ariterii,

Keyword Reorganization

A list of 3tavement identifiers is consiru-tead
in response tc uSer gelection snd veighting of
keyworde {(nasmed statements containing lists of
other named suvatements), TIhis l1ist is 3aveq
witn the 2ile,

I¢ keyvorg recrdering is deing invexed, the
gequence generator uses the list in
generating g seguence ¢f statementas,

Crese Display

The 8¢t of routines calle¢ "ereate display"” uses
the displayestart 3gtatement identifzier, the
sequence generator, and the display parametars
10 format &nd construct a 4isplay for the uger.

Calculztor

The caleulator divisicn 13 a group of routines that
effect arithmesic manipulatione on nuncvers atored
in an NLS Zfile, providing ihe user with on~line
numerical calculatvion capabiliity,

Proceysore

The processors ire nct perv of NLS proper,; but are
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DRSS

activated by NLS as suoprocesses of NLS. They use
NLu macninery -~ primarily the sequence generster
== to provide irput {rom ~LS files.

Those currently anplenmented are the MOL
¢onpiler, the SPL compiler. tne ,ree Meta
conpiler, and tne QuULDUL Proc~ssor, which
formnats NLS files fcr nardcspy output o various
aevices,

{7) rile 1/9

Tne fiie 1/0 4divieion effects file lLonading ang
outouL.

18) Recovery giid Initlalizatien

Routines in tnis section dire executed when NLS is
started up or e¢sntinued after exiting to the
tireanering executvive,

lity RrRoulines

Tae uUtilitye~routine level ©f nNLS 18 3 collection of
subroutines (written in 4QL) that aciually de things. In
a sense the higner two levels nerely decide what tc 4o
and in wnat order, Tnese levels are essentieslly
indeoenaent of the macnine, operaling syctlem, file
systen, and phvsical data strucrure,

on the uilility level, dava fiies sre cnangea and I1/0
cceurs, Scme of the utility r~ . nes are usec bty tpne LeC
higher leveie %o reacd the curr. . jtate of the data
files, The hither level® use tun.. informatisnn tn Apcide
what 1¢ 4o,

This level contains all rouytines that actually read or
change dats files, interact wiin the operating system, or
40 3I/0 tc tne work stations. 11 this manner gll code
that is dependent on tne enviranment (nardware, goftware,
or onysical data structure) gets put in one place. The
advantages when moving tO s rnew machine or whepn Lhe
environment changea are obvious, Another consideretion
is tne ncpe that 1 fairly complete livrary of rcutines
will be ouilt up and tne subsequent inmplementaticn of
naw commpnd should then de quite easy,
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Relatvion of NLS tO the XDS940 and he Timesharing System (183)

The moot aignificant features of tre XIS9uO timesnaring &ystenm
that affect NLS and are used py it are programmed opersticrs,
the file systvenm, paging, ard forks,

L. seOgramned Operators

Programmed opersiors (called "POPs"} are used extensively in
NL3 and tne conpilers.

By means cf & POP?, & suproutine nay he called Jjust s if
it were & mschine inaswrustion,

Tnis means that the gddress field cf tne instruction may
pe Ysed L0 pags gn argunment to the gubdbroutine, resulting
in high r code Sensivy,

In s4di*ion, for reentrant code, tne transfer ¢ a
zubroutine as a POP can be executzd significently fgater
than the transfer 20 a normal subroutine,

b, File Systenm

It 18 importent that the time required to carry cut an
operation on an NL2 file not aincreaze greatly as the gile
becomea larger, 7This requires the sbilily (O access randonm
segments of the f4l2 with a de¢liay independent of he
locatiocn of trhe segment in the file, The TSS random file
syatem makes thias pceasitle,

Any dlocx of information in & random file may be refcrencea

DY a system Jungiion which 48 given %he file identification,
an sddress in wnhe file, an address in menmor?,  and LA2 nLumued
¢f words to be trunsferred e® argunents,

The addr=8s space of the file ig proken up irn%o a numder of
picocka of fixed lengih {currenily 256 words). additientl
blocks, not in the file's zddress space 8°d hance availabdbls
only to the syster), are used tc record the locations of the
file blocks inr gerondery sLUTEgE., The f£irst such index
plock containg adiresacs for the firat lik dlocks ot
sddrosses in the fila, 1If higher addresses are used thern
additionsgl irndex dlocxs may te used,

C. Paging Mechaniasnm

The 1ddrese snace 0f & program on the SLC can ccocnsiat 2f up
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4,

Lo eignt pages of 20L& words each, This ie not larse ennugh
vo hold all of N1S, anz necessitates a rathe: complex
overlay structure, Before this can be 2xplained, a driet
discussion 0f the paging mecnenisa in TSS is needay,

wnile a program can nave only eignt oages in its adcdress
space al any one time, it can have up to 43 pages Lo choose
from. These correspond to ihe 63 possible entries in the
S0b'3 program memory taole (PMT).

Prages may ove made availaole (entered in ¢xT) in two ways:

(1) Wnen a program is first sctivated by tne user, the
(Up to &) pages maxking up tne program are placed in the
FHMT.

(2) Additional pages ray be added to the FMT oy the
pro¢ram 1tvseirf.

To ac this, 1t executes 3 syatem function with & file
Name as arzument. The named file saould ¢cnntain up to
elght additional page ©Of progran.

Tne systel enters tnefe pages int¢ the PMT ana returns
indices by which the pages may te referencsd, Such an
index invo tne PMT 48 c:lled tne "reladeling tyte" for
the page.

The relapeling for a program consists of the elxgh
relabeling oylea& for the pages currently making up the
program. {unuses pages have tae relabeling oyie eser to
Zero. )

A program may read ans st ita own reladeling oy reans of
systen functions. 7This allows the progranm L0 bring pages
trem dts P4AT into its adaress space by simply putting the
appropriaste relabeling cytes into its relabeiine,

FSr g more getaliled discussion of these f=glures the reader
18 referred to ref, 13.

Forke

The final feature Of tre TSS used by NLS 3s the ability to
cregte independent processes (calied forks! within a single
job.

The particular uses of foU'ks in MLS sre discussed irn
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Appendix D.
Furure Devejopments

The short=renge extentions of NL8 will include both
modificetions of exiating featulres and inctroduction of new
ones. The following is a partisl liet 5¢ the possidilities
currently under conaideration,

The graphics capability will have g wider vegriety of 2ntities
and €diting operetions.

The caicuteter will gllow several named functions to be
meintainel simultaneously anc will dbe rbie t0 produce plots,

Iy will be pogaible to 8plit vhe text gres into several
vinaove, asllowing multiple simultanecus views of a file. A
later stage will gsllow different files in the windows and
croas=file =3iting,

Tables will te introduced as special entitiee -onsisting of
tvo=gdineneionsl arrays of etrings, witi® column: either lefy or
right Juptified, It will be possible to display sunger3 of
rovws and columns.

Special fegtures will be added o Zacilitate the use cf NLS in
support of on=line dialogue. These include explicit siructures
for backlinkes agnd conrnents,

Tha keyword systei will pe replaced by a more sophisticated
retrieval oystem, including autometic generation 22 inverted
iists from cateloga. The user willi nave languages to define,
store, and diesplsy sets of ca%talog @ntries,

A general interface deiwean NL3 and procesecrs, such as
complliere, will be 4evelcoped,

A procenscr Will ne written whieh will reconstruct a file §n
such 2 ¥Way that statenents that gre Btructurally "close™ will
s8ldc be phyaicaliy close, thus ninirmizing file /0 tor displsy
soynstruction,

IV wiil de possible to Nave linke converted to psge~-number
references in hard cobpy.
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ihe ARPA Ccmputer Network

1.

2,

History

TWO prototyoce user=program interfaccs tO the ARPA Netlwork iere
vritten, and were used in primary communications between UCLA
ard Snl and vetween SRI and vhe University of lLtah, The first
of these vwent into cperation in jlate Novemnber 1569.

Ccurrent Status

The permanent Netlwork opsrating syatem 18 now teing finisned,
and will oe operatvional i, April 1970,

The Network monitor will be cnaracterized oy two aiffercnt
interfaces, one to be used by rersons operating on the Networx
using the ARC 94C, and the cirer to ce used by prorrans running
on the 940 and communiceting with other hosta on tne Network,

To & person on whe NeLwork, the 9LO will i2aiv.ally appeasr
(Wwith the erception of certain procedural -hatacteristics)
38 it would were he connected to it via an vrdinary Teletyvpe
linxkage.

Tne SL0 monitor, after dispensing witn the procecural
transmisaiona necessery for establishing a primary link,
simply reads characters from %ne Network and rlaces then
into the Teletype inpbut buffer oY an unattachcd yLO
clarion.

In parallel with tpis operaticn, it tranamits the
contents of that staticn's Teletype output vuffer over
tne Network,

The 9L0O user wishing tc uUse another hodt ¢n the lelWworx muszt
dc 90 either by writing a2 uger program which conteins the
neceegary monitor cglle or by calling a special Nevworw
subsystem (rurning on the 94O which interfeces to the
monito: and makes the necessary cslls for hinm,

Tane monitor calis are cesigned in such a way that %the
programmer may ccoslider the Netwtrk to be an input/output
aevice, Accordingly, calls are nrovided for the following
funcrions:

{1) CPEN PRIMARY LINK

A prinary link is established by csalling a systen

re
n
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function with paranetere duaigneting the desired
destination host.

when an attempt is megde t¢ open a primary link,
success 1# indice¢2d by » ekip return and a file
number (which may be uged in successive
tiansacticons for dderntifyiny the link;; failure i3
regiected Dy & none=skip return and an error code,

Assunming s successtu) revurn from an OPEN PRIMARY
LINK request, thne juger may imnediastely oekin
trananitting information over the link, ueing the
irput/output funciions sescrived below,

OFEN PRIMARY LIMK 13 a specia) system call which is
unrelated Lo the other gyater coRmmanda for opening
files.

CLOSE PRIMARY LINK

CLOSE PRIMARY LINK ceuses the gystenm to disconnect
8 primgry link {1dentified py the file nunper
obwained from OPEN PRIMARY LIMK) afier checking its
validity. A tallure in closing the link results in
an illegale-instruction trap.

CLOSE PRIMARY LINK i3 » special system call which
18 unrelsted o the vhe other system commands for
closing files,

INPUT/OUTPUT TO PRIMARY LiINK

Input/output 4s hendled in the sane Vay a8 the
otner file I1/C on the 940.

The initial Netvwork monitor vill persornm
single-character output over the Netlwork.
Provision has been made for nultipleecharscter
cutLpuL, and it is expented Lo ve implemented
shorvly sag%er the initisl Jetwork moniter is
cparationsl.

3. Implenentation

There are tvo basic Legks for wnich the :etwerk monitor .ust bve

responsivlet

vhe provisicn of tne I/0 drivers neceasary for

using the Neivwork, and the develorment cf a protocol for
hest=hoal comrunicavion,

121




e w
- O
3.

3> 4
2 <

aly
(13

-3
o
x

The I/0 drivears have such functions as the following:

(1) Initiation ¢f input/cutputr commands t¢ Lhe hardware
interface

12}  Detlection of haraware interface errors and execution
0f proper corrective or evasive actiore

(3) PBuffer allocation and manipulation

\h) Correct formgtiing 92 messures 80 far a9 the IMPs
and the Netlwork are concerned

(5) DNetection of IMP/NetWOrK errcrs and prover error
action

(&) Netification of 9LC status to the IMP and Netwerk
(7} Initaialization and recovery arfter S40O system crashes

(8) Allocation ang msintenance of links over tne
Newwork, including the handling of RFNMs

(9) Meintenance of necedsary internzl tavles pertiining
v0 the Network

{L0) communica*ion hatween the Netw<ork and ARC 940 work
stations.

This includes tne basic syster cslls recuired fer
inputsoutput, the manipulation of Teletype I/0 buffers
when a remcte ugerr 13 ~onnected tu the 940 &5 &
telephone=-l.ne tvpe user, aAdtification of work
statione® ahuut NeLwork errors, notification vf work
station® aoouiL illegal requests, cte,

A Protocol nais neen e¢stadlisned whiecn hosts nust adhere Lo
in order in comminicate effectively,,

The monitor must de able Lo regpend to thie protecol in
order o use the Network,

Althougn the crotocol 18 N0t yert in f4inal form, gsome of
the probicle areas of concern wi.l pe:

(1) ouening and closing of primary links

(2) Opening and closing cf auxilliary (file-tranafer}
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links

13)  Meszsage fornatting (hottehost)

(4) Control nessage decoding and interrcretation
{5) Communication or stalus,

Since the fundanmentgl Netwerk drivers will be static once they
are irplenerted, they have been integrated intc the existing
monitor as efficiently as possibdble,

The protoeol, however, will probably be sucject to change for
some tirme; therefore, it is being implemented in s less
integrated but mere flexivle manner,

Among other things, it 48 peing coded in MOL94O, wnich will
make it egsier 6 dedug and modify tnan 1¢ 4t were coded in
assendly language,

The general implementation approach is to a large extent
gictated by the space restrictions in the §490 monitor,

We have tried tO put g& little code as possivie in the
rerident monitor pages, and as much a8 Sossible in a
separate pagfe which may be relabdbeled in and out of the
moni%sorie relavpeling,

Thus ‘he resident rcutines in the moniteor gsre nainly the
ones that are necessary for processing interrupts and
certain communications (there syuy Cacdes when the Newwork
co4e muat comnmunicate with another =age whican runs in the
same position). The remainder of he Newwork code, and
buffer spgce, resaides in the separate page,

he NL3 UTILTY Subsystenm

Manipulation of the large number of files which are directly usead
in connectiion witn compiling, assembling, loading, and debugging
NIS is a significzant prodlem. aAccordingly, a subsyatem called
“NLS UTILTY" hes Deen written to help hardle hese files,

M1 UTILTY perforrm: the functions descrived nelow for the
gymbolic, binary, and core=inage filea of NLS d4nd PASSH (the
autput processor).
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Atchiving

All files relating to NLS ars vermgnently stored on the disec
under an archiving systen,

In crdéer for the files to be accesser, they mu#y be explicivy
read from the arcnives %o teaporary stcrage, and any permanent
changes %o g file nmust be recorded by writing the updated

version of the file from temporary siorage to archnive atorage,

NLS UTILTY nerforns these functions fcr tne user, as well as
ensuring the integrity of tiles written into archnival siorage.

Compilation

Subprograns for NLS are written in tnree different preogramming
languages.

The conmpilation process is different for different languages,
and here is in sone instances an interactiosn vetween Cne
svmpolic file and another,

The concern tnat an NLS preogrammer nesd have with the details
of NLS compilation is mirnimized by NLS UTILTY.

with NLS UTILTY, any or all of the NLS suoprograms may be
compiled; the compilgtion results are reported to tne user in s
manner which he desigrates,

Loading

The loading process f£or NLE i3 scmewnat complex.

The unloaded NLS system consists of more than 50 oinary files,
and they must pe loaded in a certain order and in i certain
relationshic to each other,

A8 in conpilation, NLS UTILTY makes it unnecessary for the NMLS
programmner to concern nimself with the pecullarities of
loading.,

The logded systenm conadists cf 7 ccre=image files,

while the files are closely relatec, there is frequently value
in lecading cnly cne or ancther of thenm,

For 2his reason, NL3 UTILTY 2llowa & variety of loading
options, ingluding one whicn loads the entire system, gnd one
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which loads a specitic file,

L, 1listing

Becguse of the size of NLS, thé maintenance of up=to-date
listinges is a tedious Jjob.

Functions provided in NLS enaple the programnmer 1o produce any
number of liatings of any or all NLS symbolic files by & simple
process.

More details on the individual functions and tne operation of NLS
UTILTY may be found in Appendix [,
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V  TUTURE PLANS

A, General

Fuiure directions jor work in the ARC will be influenced by forces
oprdginzaving voth i1side arnd ouvtside ohe Center,

Forces generated by our cunulative experience in the
developnent of sugnentation syetems within the Center indicate
scme new directions for our own bootstrapped researcih effort,

Elternal forces are generated dy our participsation in the AiRPA
Network experiment and by an increased s=wireness for the nved
o comaunicete with the "outside werld" == people outside the
Center who are engaged in relataa ¥ork,

The interna) fecrcea and those genergted by our Network
participetion ecmbine o produce a shift in our interral research
enphasioc wuwards twe specific activities: (1) team augmentation
and (2) the develcopment 0f a system design discirline, These are
discu2sed below under “"Shifts in Emphasis,*”

Increased cwareness of the r.ed to ¢ommunicate and interact wiiti
the outaide world will lead tevard the developnment O6f a nev areg
of specific concern, aiscuassed velow under "franasfer of Results,"

The goals associgted With research in team augmantation, with the
development of g Sysvem design discipline, and wiih the transfer
of resulte are reiated to one ancther within tn2 ARC goal
structure as described belovw 4in the gection entiiled *shert=Ternm
and Lorng~Term Goals,"

In the seztion "Selecved Plana ynder other dponsorshin," we
discuss the 8ystem Developer Inteérface activity (8YDIA), for whicn
We are seeking additionel sponsgorship., It 18 intended thst this
activity will be ‘he primary effort in the avea of the transfer of
results,

Be 3hifts in Emphasis
our nlans reflect a maturing shift in emphasis in our research
work, We pilen to shift our enmphaisis toward tvWe basic activities:

(1) teanm augmentation anhd (2) the development of & sysien design
discipiine.,

Preceding page hlank
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La  Te&gh &ugusentation

¥heread 4in the paat we have ygiven most of our atseniion ta
augnenting the individual worker, we are nos focussing con the
augmnentatisn of a team of collaborating workers, es:h of whom
49 individu: 1y sugmentes,

The high mobili.ty and maendipulative capanility of & Ikilled
"sugnented ianaividual" has a ur.que potentiali whicn uan bde
rezlized ivhn a numper of augmented indivaiduals [oin into @
collebnrative teanm, Not only can each individusl nrove very
rapicly througnh the Joint working files to study vhen, enter
new information, and upuate 0ld materisl, but this jower can pe
amplified by special computer aids, ccnvanticns, and skills
Ll v directly fasilitale the processed of intcrcommunication
wdl geordinaticorn.

The contempiacad efforns in "team augmentataion”" involve
s2veral facetvs:

(1} The develsnmen. .. ccnventiong and procedures for
organizing the working records of our plansg, sesiens,
opjectives, design principles, schedules, elc., 8C &8 Lo
give effective milual "task orientation” to th: memdeéra
of 3 tean by ensuring optimal accessinility of ail
informavion relateq 40 the tean's cpjective.,

{2) The special development of s "Dialseue Suppart
System® vo facilitate the rapia evolutiocn of these
working recorde vig dialogue amonrg mentcrs of the dessign
‘e‘ml

(3) The ¢evelopment &f techniquee to facilitate
simuligneous remote collaboration amorg people al
rhysically remote on-line terrinals (of &ny sort), by
giving them direct conmmunication with ene another,
independent of their current inaividual work interasctions
with the computer, This inciudes provizion, where
fegslble, for %he following:

(a) video zndsoer voice intercommunication
(b) Zgsy and flexible centrol of megns for
dunlicating, st any (erminal, all or part of the
type=out or display fronm ancther terminal

¢, 280y transfer of cenirol of one terminagi's
connuter interaction to another terminalt's input
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2,

devices.

These techniques will evolve within ARC under conditions of
application to cur own coordinsteq svstemedevelopnent ¥Waork,
and will be applied over s wide renge of collaborative
actions, from simple qQuestion=answering facilitioe te
conplex design work involving intense nmutual participation
by the team members,

AS applicedble techniques pecome effective within ARC, we
wWill explore their use and value for the following:

t)\) Support of Network Inforaation Center (MNIC) services
such a2 tesching, questicn-anewering, &nd some types of
Query gservicing

(2) working collaboration bdztwveen ARC steff and peraonnel
sl other Netwerk gites

{3) working collaboration bet¥een pedple gt remore
Neivork sites, independent o< ARC stazf,

Development of Usere- arnd Service~systen Deaign Discipline

The functiona) festures of the "user 3yster® =« the large
cellection of compurer aids availadble to an ARC worker -« have
evolved with some ingenuity, a greal degl 0f gutegndetry
experimentation under actusl=uTzge conditions, and a certain
speciel orientation offered by our overall research frarmewdrk,
Howevel’, up to now there has been a significant leck of
objective, methodical engincering design for the overall user
systen,

A UBer=systen design discipline is definitely needed, snd we
intend to devote an increasing azount of efford towvard
developing such a discinline,

Like the user system, thz *aservice syatem" ~e the hardware and
softvare underlying the fegtures for gugmerting users =- has
evolved 4n an ad hee fashion.

Here there ic also & 2ignificent nesd gfor & systien=degizn
dicecipline,

A systemsdesign discipline wculd have &8 ccmzunicable,
teachiaboe, generally applicable franevorx sugporting &
coordinated set 04 concepts, terminologies, principles,
methcds, and specisl tools,
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iransfer of Results

Behin? Lhede vasic aspeceis o5f our wWOrk in vh ARS (taam
augrentation ang gesigrn disciplines) lies an esgential fewture of
our long=tern atvrategy, narmely, the ¢oal ¢f producing resuits that
Wwill be of airect value to other grcups of gyatLem decvelopersa -~- in
particular, %o those who will be developing augnentation systenms.

This is 4in contrast to teing of ¢irect value to customers wno
will want systems for their own direct uese le.g,, %0 auement a
menager, s designer, an editor, or a researcher’,

Display terminals, communication channels, and computer service
are destined to vecome both cheap and plentiful, ana 4Lt is certain
that & very large number of organizations will want to uge thenm,
They Must rely upon gysten cevelopers wno will neecd to be capable
of the followine:

(1) Analysis of systemmusage environnents

{(2) Desig. and implementation of a smooth, powerful, and
coordinasted system of user aids, conventions, metnoss, etc.

{3} Trainineg and “education" of new users, many of whom will pe
completely unfemiliar with the potentiil of Lhis new technelogy

(L) Subsequent monitoring of user performance 8o as$ to
implemens the chanies necessary Lo track the evolution of
usera't atiitudes, concepts, sxills, usage habita, and wants,

iAlthouUgh 4V 18 inmportant to stimulate the eventual custoners for
sugrentgtion aysuems, and o mgke them aware of the potentiel for
these 8syatens in their Wwork, we feel thal our results should ve
qirected primarily toward nelping aysten develooera, Qver %the
longer term, we plan 2 do whi® py pursuing the following wocals:

rvem 1: Making visible an auvanced, integrated systen,
operagting in 3 heavy=usage environment, that can orient systen
developers te ihe available coste-vglue tradaotfs

Iwven 2t Developing sn effective system=deaign discipline to
8id 4in develoring augmentatrion syaters, whetier or not these
systens resepble curs

Item 3: #Maintaining thorough, highly current. comprehensive
documentation, designed for Qiudcex locatvion of relevant ratarizl

Item 4! Etablianing vroade-nand connunication chanrels over
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which & dynumic iuterchange of information can tgke place, 80
that a maxXimum proportion of our knowledge can be quickly
avgilablc 4in vseful form

Ivem 5t Offering, as & mcdel, a complete prototype cesign of
an gugzen‘ation systen especially dzesigned for egugnenting
aystenm develépnent,

This eystem would be coxmpatible with the system=cesign
disciplines descrived sbove, and would include techniquea
for planning, analyzing, designing, progranning, detuggineg,
documenting, and t=aching.

Shorte-Term and long=T=2rm Gotls

Our approsch Lo the planned vork will ve as followsi

(1) Achieve the snhort=tern goals implicit in the veanm
augmentation activity, 4n the develophment of a systen depsian
discipline, and in the tasks itemiged under Tranefer of Resultis
(Section V=C above)

{2) contribiite to the long»term goal of directing our reaults
for maximum >enefit o future developers of sugmentation
systiens,

There is congidargdle overlap between shori=term and long=tern
‘0‘13.

For instance, in the case of the transfer of results, the vasic
bootetrapping davelopment of techniques within the ARC seems o
guarantes & very good basic buildup voward Iteme 1, 2, 2, and 5
0f Section VeC; our participation in the Neivworx experiment
coantribhutes directly to Item %3 and the development of the NIC
service will contribute toward Items 1 and L.

Selected Plans Under other 3ponsorship

To pursue direstly the itemized long=-range goels of Section V<G,
We currently have other plgns under considergtion, coordinated
with those outlined in this propodal. These plans wouid be
cerried out under o‘her asponaocrahip:

¥e are formulating plane for what ve tentstively call the
dystem Developer intarface Activity (SYDIA}, +de expect Lo pe
approaching reprezentative candidates during 1970 wiwvh
proposals for aultiple aponsorship. fthe initial purpose oS¢ the
SYDIA will be to develop the followings
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(17 A facility for an efrective intercnange of information,
8kills, ordentation, ete, between ARC and the existing and
poteniial community ot dJdgaentaticn-syasten daevelopers

(2) The ability to assist other groups to transfer our
aystem, or partes of it, directly into another hardware
environment,

Later, with specific individual iunding arrangements, we woula
expect t¢ begin developing close interchange relationsnips wiwn
various system=develcpment groups: hopefully, some groups would
then gdopt cur augmented teciniques for systemedevelopment
work.
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ARC: Acronym for the Augrentation kesegrech Center at Stanford
Resexz™h Institute,

ARFPA1 Acronym for the Advanced Research Projects igency,

Augmentation: Used in this report to indicate the extension of human
intellectual and organizationel capabilities by neans of close
interastion with coenputer aids and by use 0f specisl procedursl and
erganizational techniquas designed to support and exploit this
interacticrn,

center: inother terem useu for the ARC,

goneole: Ae used here, his means specifically a user's conirel
conwole for the ARC'Fs Cn=line System (NLS). The consolea presently
in use consisv ©f s display screen, & keybeard, s "mouse", and s
"keyset,"

File: As used here, this refers to g unified collection of
information h2ld in computer storage for use with the OnelLine Systen
(NLS) or with TODAS. A file may contain itext (netural language cor
pregran code), numericel information, graphics, or any combination of
these, Conceptually, & file corresponde roughly 10 a hardecopy
document,

UubNIE: Project GENIE, &t the Univeroity of Californis at Berkeley,
develodbed {(under ARPA sponscorship) the tisesharing softwsre for the
XD39LO computer used by the ARC.

COD08: Acronym for Oraphice-Orientes Document Queput System, . means
for converting NLS/TODAS files to nicrofilm. GODOS is capadle of
penrdiing the line drawings produced with the NLS eraphics capadilitvy,

I¥P: Acronyam for Inlerface Mesaege Processcr, a component used ir t-e
ASPA Netwverk,

Keyseti: A device consisting 0f five keys to be struck with the left
hand in operating the On-line Bystem {NLS),

MOL: See HMOL940.

MOL94kO1 A machine-criented .angusge for the XDsgho commuter, MUL9LO
(or simply HOL) was Jdeveloped at ARC.

Mcuoses A device oberated by the right hand in using tie On=line
Syesten (NLS), The mouse rolls freely on sany fiat surface, causing a
curssr opot On the display 23creer %C nove correapondingly.

NASA: National Aeronagutics end Spece Adninietration.
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N2lwork: The planned Advanced xesearch Projects Agency newvwork cof
research computer jnstallations,

NIC: The Veuvwcrk Information Center, to be incorporited in tne ARPA
network. The NIC will oOperate as i conputer=z8sisted linrary service
for infermation pertaining to the netlwork, o be 113et1 Dy helworx
nembers, and will be operated oy ARC.

NLSt See On=line Systen,

On=line System ‘NLS)t Tnis is the ARC'S principal and central
developnant in tn~ area of cormputer aids tc the hu=man i1ntellect. As
presently constiiutedg, iv 48 a display-oriented, timeshared.
milticonsole systen for the composaition, study, and nodificaticn of
£iles (see definition of "file"), A countarpart systiem, TODAS,
operates fromn kardecopy termingls such a& Teletypes and offers many
0f the same capabiliities as NLS,.

DA3SLt An output-processing prograr used Lo corvert NLS/TODAS files
¢ hard=copy format for output vie one ¢©f a numbsr of different
devices.

RADC: Acronym for kRome Air Development Center,

SPLt Acrunyn for Special-Purpose Languife, Specitically, this tern
18 usecd for vhe SPL!'§ developed at ARC for use in programming NLS.

SRI: Acreonynm for sStanford Research Institute

Statement: The basic structural unit of an NLS/TODAS file., A
gtatenment coneiets of an arbisrary siring of text, plud graphic
information, A file consists of & nunber of atatemente in an
explicit hierarchicali structure,

TODASs Acronyn for ‘he Typewriter-Qriented Documentation=Aid System,
TCDAS 48 2 counterpar: of NLS designed tC orerate from hardecopy
vermingls asuch sa Teletypes,

Tree Metai A compillerwconpiler systen developed at ARC.

T33: Acronym for " 'me-sharing system. gpecifically, the systenm
developed by Project GENIE for the XD3yLO computer.

XD8940s The computer facility used by ARC i8s pased upon & Xerox Data
Systens (formerly Scientiflc Drcta systems or SDS; nodel $LO
timsharing conmputer,

94C: See XDSSuC,
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USER FEATUKRES OF NLS AND TODAS

I The Gh«line 3ystem (N'.3)

Ao

Introdiction

NLS, a8 currentliy implerer%ted, i3 essentially & hignly
sophisticated text~manipulation eysten oriented primarily
tovard on-line use; i.e,, it i8 not primarily oriented toward
production of nard copy, alvhougih fairly scphisticated
herd=copy fermattiing and cutput are insluded in the gysten,

NLS 48 intended to be used on a ~2gular, nore or lees full-time
basis in a2 timeesharing environaent, by userd ¥who gre not
necessgrily computer professiongsis, Trhe .sers are, hovever,
as8Uned tc be "trained" a8 nppored Lo "ngive," Thus itne systen
ie not designec for extrzme gimplicity, nos for
Self-explanator’ featires, nor for comngtibilivy with “normal’
worxing procedurecs,

Rather, it i3 assumed that %he user hae zoent considerab’<
time in learning the operation ¢f the cyster; that he uses
it for a major portion ©f his wWork; and that he i»s
consequently wisling to adapt his working procedura2s to
expicit the possibilities of fulletime, interactive computer
asalatance,

Thus the practices snd technigques developed by usarsg for
exploiting NL3S are as much & subject oy research interest as
vhe develonment of NLS itself,

Section IV of vhis appendix iz s glogsary of -=pecisl NL3/TODAS
terminclogy.

Work=jtation console

The use sits gt a console whoee main Tlements are 2 displav
screen, a typewriter kevboard, a cursor device caslled the
"mouse,” and g set of five Keys operated by the left hand,
called the "Keysel."

The screen ls used for displaying text, in various forratis,
The top porvion of the acreen (approximately 1/5 of the
total area) is reserved for feedback informstion of various
kinas: the nane of the user conmand mode 2urrentl' in
effece, a "register" grez used for varicus kinds o.
feedback, an "echo register" which diaplays the last six
c¢hervacters Lyped by the user, and other items which are
explyined below,

The Keybosard closely regentles a conventional typewriter
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Xmyboard, witn 3 few exirs Xtys for sprcial cheoracters gnd
¢ontrol funcvions. It is uded for typineg text as content
for a file and for specifying comnands, wnica are given as
LWo= or tareaecnaracter 'nemoaics.

The nouse i2 s ro'ignly bex-shaped odbject, about fcur incnes
on its longest side, waich is moved by the rignt nand, It
is mouated on wneela, and rolls on gqny flat surface. The
wheels drive potentioneters whicn aire read by an A/D
converter, and the systenm causes ¢ tracking spotl (“cur"}) to
move on the s2reen in correspondence Lo the notion of the
nouse,

The user specifies Locations in <he Aisplayed text by
printing with the nouse/oug combingticn, This elirinates
the need for upecifving a locaiion by entering a code of
gome kinc, Use of the mouse 1s very easily learned and
50N pecomes unconscious.

01 L3p 0f the mouse gre three special control puttons,
¥hose Jses are dcscripbed bpelew,

The Keyset Ras one Xey for each finger of the left natd. o
7.e Keys gie Bstruck in combingtions called "chords," and
each chor« ~2orresponds L0 a char.c.ter or combination of
chagracters from the k2yboard, There are 31 pcssivle chords,
b2ynnd this, two ©f tnz puttons on the mouse may de used o
eontrol the "cgs=" of the keyset, giving alternative
meaningd vo =sch chora, 7There are four nossible cases, for
a Yotal of 12k rossivie combinations.

A sinmple pinary code i3 used, and has proved renarkably
easy to learn, 7TWe or three hours! orgetice are usually
sufficiant Lo learn the nost conronly used chords snd
develop reasodnible speed,

The keysel wzs developed tu increase the user's speed and
smoothness in opsrating NLS., It was founu that users
nornally kKeep the right hand on the mouse, pecguse the
great majoritv of commang operations involve a pointing
aclion; efficient use of the Keyboard, hovever, requires
the use of noth hands, and shifting the rirnt nana (ard
the uaer's attenticen) oo the keybcara is Adisnuracting and
annoying 1I it must be cone Jor eich tLWo- O three=letter
comnand nnenonic,

Use 0f the Xeysel perriss the user Lo xe=p his right
hsand on the nouse and hia left on the keszet,
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c.

reverting tc the keyooard only for entry of long
strings of text (vypicslly Zive or more cl. ‘'acters),

Ordginglly, the kKeyset exsstly duplisgted the keyboard in
function} 4in the deve.opment of NLS, however, certain
control gfunctioers have been made two-stroke gperations
frem the “eysget where they would pe three= or four=-stroke
operations from the Xeyboard. Neveriheless, it 19 still
posaidble Lo operate gll of the features of NLS without
using the keyset; thus the beginner may defer learning
the Reyset code until ne has gained some degree uf
neotery over the rest of the aysten.

Structured Text

"Taxt" is used here g8 a very genersl term, A "file" of tex\
(ecrresponding roughly to & “"document™ in hard copy; way
~9neia3t of Ynglish Or aonme other natural langusge, numericel
data, computer-progranm statements, or anything elae that can de
expressed as a structure of character stringes. 3inrple line
dravings can also de jncluded in a2 file,

All tex% handled by NLS 48 in "structured-statenment” form,
This special format 48 3imply &« hierarchical arrangemert of
“stalenents," ressabling s conventional "outline" fornm,

Each statenent in a file xay Ce considered to possess 3

* tatement aumbdber,” which shows 4ts position ana level in
a2 stiructure. Thus the first statexant in & file 1s
Staterent 13 4ts first substatement is la, and its next
sudbstztenent is 1B; the next statement gt the same ievel as
the first is Statement 2; and 3o forth, 3Statement numpers
have peen suppressed in printing out most of this docunent,
but are Dprinted cut for the remsinder of this section as an
exanple,

labla Every statement a1l80 beare g “signature” which
May be dieplayed on ccmmand. The aignature 1s a line of
text giving the initials of the user who created the
stetenent (or nodsifiec it most recently) and the time and
date when thia was done,

1a3b2 A stgtenent 18 simply a string of text, of any
length; thie serves as the bagic unit in the cconstruction of
the hierarciy. 1In English text, statement® are nornmslly
equivelent to paragraphs, section and subeection heaxdings,
or items in 3 1ist. In other types Of text, statements may
be dats iten?, program ztagtemenis, eic,
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lalv2a Each paragraph ana headirg in this cocument is an
NLS ataterment, Each statement is incentea according te
its "level" in the hierarchy; this paragrapn s 3
aupbstatement of the onc avbcve, whirch 18 in turn g
substatament cf another staterient, A 3Jtatemert nay have
any numper of sunstatenents, ana the overall suructure
mey have any number af levels,

la3c Fote that wnen 2 user cresves a rile, ne nay let all of
his statements oe f{irst-level ones, i.,e,, 1, 2, 3, etc. In
this case he will not have 10 consider a nierarcnica) structure
but SimPly a iinear 1list, as i8 founc in conventional text,

la3cl dHowever, nany cof the teatures 9Ot ‘LS are orientesa to
make use ¢of hierarchy, and the cenefits of tnese features
are lost if nierarchy is not exploited.

laldce Tris 48 an examole ¢f an NLS feature to wnich thne
user must accomodate his nethols; however, the sxperience of
users has been that hierarchical structure very rapidly
tecones g compiétely "natural" way ©of orranizing text, Many
automatic features of NL3 make the structure easy Lo use:
for examrle, statement numners® are cregted automgtically at
2ll times ang the u®e~r need not even pe aware of ther, It
is sufficient, when the user creates a statensnt, Lo specify
%& level relative to the preceding statenent,

Use 2f the Systen

Text manipularaon is consicersa tc invoive tihree basic types of
1¢tiviiy by the uaser: conmposition, stuady, and modification. In
praciice, tne three activities are so interrminglel a. vo ope
inaistinguishavie,

l. conpoajtion

composition is ainmply the cregtion of new text materisl as
content for a file.

In the sinplest case, the user gives the command "Insert
statement"” py tveing "i8", He then roints (with tne mcuse)
%9 an existing statement; trne 3ystenm Aisgplays a new
statenent number which 18 the logical successsr, at the sane
level, as the statement pninted %0, Tne yser may change the
level of this nurcer upward oy typing a "u" or downward by
typing a “av,

NOTE: Even 4if no previous stvatomen' has teen created,
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2,

the asysten displaya a “"gurmy® 3tstement at the t¢p cof the
text=display area, asnd tae user points to this dumny.

The usesr then types the text of Lhe new siatement from the
keybosrd. OQn the screen, the o0 part of the text-display
frwa 48 cleared and characters are displayed her as tney
are tyred, When the statement 18 finished, the user hits a
CA icommand accent) button on the Keyhosrd or mnauge, and tne
dysten recreates the display with the new ststenment
following the one that was pointed o,

New materiszl may also be gdded 10 existirg ststements by
means ¢f comaands auch as Insert wWord, Insert Text, and
others. FProperly speaking, these operztiors are
podification rather than composition, and are discussed
pelovw,

Simple line drawings may be compozed and added to the file
by means of the "vector package.” This ie diacussed in
snother secticn of this report,

Study

Tha study capabilities of NLS constitute 1%8 mosy powerful
and unusual featurea, The following iz only a oriegf,
gondensed description of the operationa thet are possible,

8. Junmping

NLS fil=s8 may, of course, contain a great deal more text
than can be dierniayed on the screen, 3Just as a document
gay contain more than one page Of text, AR NLS file i
thaught of as ¢ long "scroll. The process 22 moving
froR ane point in the screll o another, which
¢orreaponds to turrning pages in hurd copy, 1is called
"Jumping.” There 18 a very large family of Jump
comnmandas,

The oasic JuAp command is Jump o0 Iterm, The user
epecifies it by entering "Ji", and thean points Yo some
statement with the nouse. The gelected slatement is
moved tO the top of vhe screen, as if the scroll had
bezn rolled forward.

w08%Y 0f the Jump conmgnds reference the nierarchical
strucoure of the tex%t, Thue Jump t0 Succesgsor brints
t0o the top Of the display the next statement at the
sane level o8 t;e slected xlatement; Jump to

13




Apvendix A
NLS/TODAS

USEK FEATURES

b‘

Predecessor does Jhe reverse; Jump w0 Up starts the
display with the astatement of whicn the selected
statement 18 2 substatement, and so fortn.

The Jump to Name command uses a different way of
addressing svatements. If tne f£irst word of any
statement is enclosed in parentvheses, tne system will
recogniZe it as the "nagme® c{ the statenent, Then, if
this wora arrcears somewhere elsde in %n: text, the user
may Jump Lo the namea statement by pointing to the
occurrence of the name, or dy typing the nanme,

Tals pllovides a cross-referencing capadility whien
is very 3moowvn and flexibple; the command Jump to
Peurn will always restorse the previous disolay, 80
thie the user may follow name refererces witnout
losing hie place.

It 18 also possible Lo Jump tO a staten=nt by typing
its statement numper.

View Control

If a file is long, it may u» impossisle for the user to
crient himsel: tc 1ts content and 3Jitructure or to findg
spazific sec.ions vy Jjumping trnrough it. The prineipal
soluticn to tris proolem is providea py level control and
line truncatio:.

Lével control permits Lne user to specify sore anumber of
levels; ine svstem will then display ohly statements of
the snecified level or higher. Thus it tnree levels are
spescifiea, cnly first=-, seconde, and tnirdelevel
atatements are displayed.

line truncation permitz apecification of how many lines
Cf each statement are vo ne displayed, T7Trnus if one line
is specified, only the firet lin® of each statement wili
te dlisplayea,

common usage i8 Lo usSe the first two or three levels in a
file g8 hegdings aeamzriving the materisi contained under
each heagding ir the Zorm cf substateme=ts, Thus the user
may start oy looxing at a diaplay showing only tne
firatelevel staienents in the tile, one line of =ach.
This amounts to g tavle of contents,

He may %hen delect one of these statements and jump O
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it, specifying one more level, He Will then see rmore
aetails of the content of that part of the file, This
proceas of "exvanding the view" may be repeated until
the uger nas found whet ne 18 looking fer, at which
point ne may svecify & f£vll disclay of the text,

Usere z00n develop & habit of struzturing ftile~ in
such & way that this process will work well, 4As it
haprens, such a stiructure is usualiy 3 ¢ooa3, ioeicsal
arrangement of the material, reflecting the
relationsaips inherent in the content,

The level and truncaticn controls are designed so that
the necessary apecifications ruy be nade with only one or
t¥o strokes cf the keyboard or keyset, Tnese controls
are only the most important of a large set of
view-control parameters callea "VIEwWSPECS," Otrer
VIEWSPECS control & nunber of special NLS features
sffecting the Aisplay format,

content Anglysis

The NLS content analyzer permits gutomatic searching of a
file for stgtements satisfying gome content pattern
specifiec py the user., The pattern is wraitten in 3
epecial languaf®e a8 part of the file text.

coritent patterns mpy oe sinple, 8Specifrving the occurrence
0f some wWord, for exgmple. [hey may aise be hignly
complex, 8specilying the arder of occurrerce o0f w0 or
nore suringd, the gudence of some text consLruce,
condivional apecificaticns, e2tc. S8imple pa-terns are
extremely egsy to write; complex onea agre corresponding.iy
more difficule,

"Aeyword" Syaten

A "Xeyword statement” i1s & naned statement which
referencea other stagterients in the f2ile vy name, in a
dpecial format. The name of Lhe keyword atatement is
then understood to be 3 "keyword" apelyirg to the
atatenents referenced by tihe Keyword statement,

Suppose that a file containg s 1list of Xeyword
dtatements. The user may study thie list and select
seversgl xeywords witn the heyword Select command
(pointing %0 “he keyworas with the mouse).
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He may 9gpecify a weight trom 1 to 10 for each
Keyword; if no weight 18 gpecitied, a weisht of 2
is assumed.

when the user pives tne Keyword Execute comrand, &
szarching/scoring process is executed. Each of the
selected keywora statepnents ie scanned for the nanes
of statements that it references, Each referenced
statenent receives a "“sgore" equal to the weight cf
the Keyword, If a statement is retrerences in nmore
than one xXeyword stateneny, tne scores aad,

when this process is complatved, NLS constructs g
display picture shewing only the statenents tnat hive
rec2ived nonzerc sccres, in order of decreasineg
acored,

In ovher worde, =2ach kKeyword i3 the name of a stalement
“nat defines scomne category of stavements in the file.
wWhen a2 user selects ard weignts xevwords, he is
expressing nis inverest in certain of these categoriss,
NLS then displays all of the statementg in these
categoriea, beginning with the "most interesting.’

because the relationnhizs uUsea in tnis systen are s=t up
explicitly when 3 user writee Kkeyword statements, the
syatem 18 very flexipla wlthough not hirhly automated,
It nmay be regarded as g f=nerzlized rethod of reordering
gome ¢f Lhe s2tatements i g file on the basis of
user-selected criteriz chosen from a supplied list (the
xevword statenents).

Note that this reorgering 1s on the displav, notl in
the file proper, 1he file proper is not affect=d in
anv way, except that ~he li3t of selected neywords and
weignts 18 saveu in the 2iie.

This li3t may be displayed cn command, Individual
keyworne mey be deleted from the list cr their
weights charged, or the whole 1list can be deleted
on command.

Link Junping

A "link" 18 a string of text, occurring in an orainary

file statement, whicl .ncicates a cross-reference of sone
xind, It may refer to gnother statement in the file, or
10 & Statement ir some othar file, possivly pelonging to
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anotvher NLS user, The text of the link 1s potn
humane-readavle and macnine-readarle, and the connanrd Jume
L0 Linx permits the user to point to the iink with the
nouse and immediately see tne material referred o,

An exgmple of & link is {(smith, Plans, longrange:ebing),

The first item in the link indicates that the
referenced £ile belongs to s user named sSmitn; tne
secona 12 the name cf vhe file; the third is the nare
of a 8vatement in the file (A estatenent rnumber nay
alsc ce used)!; ana the string of cheracters following
the colon controls vne VIEXRSPECS to sel up a
particular view of the naterisl.

The uUze Of interfile links permits the ccnstruction cf
large linxed structures made up of many files, and
study of whese files as if they Were all sections of a
single documene,

Modification

A large repertoire of editing commanas is rreviaged ior
modification of files. The basic funciions are Insert,
Delete, Move, and Copy,

These functions cperate upon various kinds o2 text entities,
Within statements, they mey operate upsn singls characters,
words, and aroitrary str.ngs of text defined vy pcinting to
the Zirst ard last ~haracters,

This set of commands is not restricted tc operation
¥ithin one statement at s time; for example, a word may
pe moved or copied from one statenent Lo another,

The editing functions also cperate gt the structural level,
taking statenents or sets of statemants as cnerands, A
nunber of special entities have oeen defined for this
purpose; for example, a "btranch" consists Of some specified
statement, plus all of it3 suostaterments, plus all of their
substgtementa, etc., A brancin can be deleted, moved tC & new
position in the structure, etc.

AS noted above, thHe nmodification activity tends tc merge, in
practice, with stuldy gnd compositior,
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Sunmary

It muat be noted tnet NLS is nat a system Aesiened for eenerzl
usage, but a specialized tool aesigned for a group of peopls
working on the developmernt ot computer aids to numan
intellectual processes. It 1s for this reascn, for exanmnple,
that LS i8s not really a text=editing system orianted toward
hard=copy production, but ratvaer sometinling simultaneously nmore
general and more specialized,

It i8 in the process of ranipulatving a file «« 3studying i,
making modificetions, adcing new maverial as an integrated
procesa las.ing for minuves or nours at a time and having a
continuity extenaing for dzys, wWeexe, or even years == that the
real benefit of NLS appears.

AN NLY file tendas to becona an eveolving entivy, supbject to
constant moaification, updating, and reevaluation., 1Its
cdevelcpmet may have no clearly defined endpoint. It rmay
ceasde L0 'xist as a file by being incorporated in another
file, or .t nay eventually he abanraeonac; hewever, it will
probabiy never we "finished" in tre usual sense of the word,

continuous use of NLS to =tore ice:xs, study the-, relatve
them struecwurally, and cross-reference “hem results in a
superior orranizaticn of i1deas and @ greater acilivy to
manipulate them further for special purpoges, as the need
arises -« whether the "icea8" are exXpressed as natural
language, a8 data, a8 prograaning, or as graphic
information,

e Typewriter=-Qriented Documentation=aid System (TODAS)

TODAS 18 a text=hanaling sys.er Jdesignec as a "typedriter®

cou
Tel
ter
el
tra

nterpart to NLS. In principle, TOLAS can be operated from a
eLype or any otner 3ort of hard=copy erminal, including

mirials linked to the 9LO through accuatic couplers and ordinary
ephone lines (as cpnosea o NLS, which requires special
nsnission arrangementaj,

mhe present implementation allows Zor the uvse of Teletyve
Models 32, 35, and 37, Terminet and rxecuport terminuls (the
lgtter having a built=-in acoustic coupler), and NLS display
termingls,

Esch ¢ these terminals has 118 own character set, no two sets

being exsctly the sare except Teletyre Hodels 33 ana 35, AS a
»eg8ult, special-character assiinnments are device-dependent. A
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TODAS feature allows the user to redefine characters at will to
suit his immedlrate purposes,

The primary purpose of TODAS is for access, within the AFPA
Computer Network, tc the Network Informatior Center (%IC) ~perated
by ARC. 7T0Da8 will give Netwdrk users accass %o files of
information created either with TODAS or witn NLS, since files
cregted witn Lhe Lwd systems are identical in structure and
format.

TODAS has many of the sare Capabdbillities as NLS for the
manioulation of teant; it dgiffers from NLS as required by the use
of =& "tvypewriter" device instead 0f & alsplay. The impertant
differences arise from the sact that TODAS has no analog curscr
device to corregpond to the NLS mouse,

For this reason, eaiting of text withain a statement cannot pe
done by mean® reseabdiing thcse ¢f NLS, since all of the NLE
editing operands are indicated by the user with tne mouse,
TODAS uses two alternative meincas.

one is tne TQ0DAS "z2liter" command, which operatves very nmuch
like the "modify" command of the (ED linee-editin, systenm
developed by Project GENIE at UC, "Alter" creates 3 new
Statement 10 replace the original one, by going through the
origingl from heeinning to end; unaer user control,
characters are (1) copied from the old atatement 0 the nevw,
(2) skipped over, or (3) inserted intc the new statement
from vhe keybcard.

The other is the TODAS "substitute" command, which 2llows
the uger 10 specify that a certain stirine of characters in
the stp%enent 18 to de founa by TUODAS and replaced withn
anctber specrfied 3tring.

Al tre structural level (where the ufer wisnes o manipulate
statements and sets of statenents as uniis), NLS permits the
nger 10 identify statements by pointing with the mouse; TODAS
requires that statenents be identigfied from the kevdoard,
considergble flexibility is provided in t.4is operation.

The user may identi’y a statement directly dy typing its
statement number or ite& ngme; he may also identify it
indirectly by specifving il8 &tructural relaticnshlp to sone
oth2r statenent whose nunper Or name he knows off-hand,

Indirect specification correavondas to the uae of NI
commgnde such as "Jjump O hega,* "dJump tc successcr,'
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et¢c., but With the added feature that relationaihips may
be concatenated <= thus the user may, in a single
operation, specitfy & complex relationshio such a4s tne
8uccessor of the first substatement of the predecessor cof
a given statement,

A 8special TODAS capability not yet inplementel in NLS 18
"executable text,.,"

A TODAS stalement may consist of the suiring of cnaracters
that a user wouid type from the Xeynoara to perform sone
complex sequence of operations, T[nis statement may then bde
executed with a special commMand, and tne result will be
exaclly as 1f the user had actually typed these characters,
causing the sequence 0 be carriea out,

The 8sequence may, in principle, be arbitrarily corplzx; an
executable stavement might, fc. example, ccntain tne
following sequernce:

(1) Load a file whose name i8 specified elsewnere in the
current file

{2) Search this f2ile with the content analy:zer, finding
statements with a specified pattern of content

(37 write these state=men%s out in a temporay "buffer"
file

{4) Relosd the original file

{S) copy the statemen%s in the "tuffer" file into a
specified location in the workine file,

A special "swilch" cnaracter may be used in the executadie
Lext. when the switch charscter is encountered, execution
of the text is interrupteq gnd control reverts to the
Keybdogard., Tne user then entvers part of the contrcl sequence
manuslly; when he types the sitch character from tne
Keyhoard, execution of the executgble statement re..imes 3t
the point where it left 0ff., This festures affordes grest
flexidvility, since it allows part of the seguence ¢ be
Speciftied ahead of ime and parv at "execution vime,"

Besides i%8 prirmary purpose a3 a helworx user's interface to the

NIC,

TODAS 48 used within AxC 2§ » supplemental tool to NLS.

TODAS can be used ccnvenientl for many tasks tnat do not

150




Appéendix A
NLS/TODAS USER FEATURFS

require the rapid display response of NLS, and na3d the
advantage of creating significantly less load on the overall
timesnaring system, We currently have one clerical worker, wno
18 nov an NLS user, Operating TODAS routinely for entry of
information and for some limited retrieval worx,

Additionally, we gfind TODAS uaerul for remcle accessing of clr
aysten, We have made TODAS available to selected consultants,
¥hOo use home ternminals with scoustic coupiers, and regllar ArC
personnel occasicnally do work fron tvheir nomes by the same
neans,

The prototype versicn of TOLAS went into service in Septencer
1969; a second verslon, with greatly exXxpandea capaoilities, cecare
operational early in 1970.

IIT OQutput Faciliwy

NLS and TODAS voth use the aame facilivies for proagucing formavtec
hard=copy output from NLS/TODAS files.

The devices in ordinary use at ARC for ndiard-copy oOutlputl are a line
printer that proauces upper/loverecase print of adequate quality
for local uUse, and a paperectape=~drivern autonatic tyrewriter useq
for final output Of reproducible copyv for recorts, rroposals, etc,

The output=processing progran {(Known as "PASSL") can be controlled
by the user to a considerabdle exvent, Tnis is 4dore by mezns of
"directives" empedded in the file text, Tne directives can oe
used to resel page parameters, control pate nuroering, and turn
various formal fegturees "cn' or "off."

For example, directives can be used tC suppress indentation of
statements or change the amount of indentation, Lo create
“running heads" that ere automgtically printed at th tor of
@aCh psge, suppress statement numpera, etc., oOne cf{ the
directives causes gll directives Lo ce suppregsed frorn the
QULPUL,

In addition to the line printer and the automatic typewritier,
PASSL can output a file to magnetic tape, approrriately fornatted
10 drive CRT=to~film converaion equipment for vroduction of
mizsrofilm,

In all casez, the user may elect L0 output an entire file or only
part of the file. In the latter cafe, h»2 may ¢ 'se output te
begin at some specified point in the file instead of at the
peginning, an¢ he may cause the priniout .o be linited ny the ga.-e
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kinds of criteria that mey be uUsed On vne ataplay == 1.e., content
analvsis, l'mited numper of structural levels, etc,

Glossary of Special NLS/TOCAS Terminologyv

BRANCh: A srzecifi=d statement, frlus all of its gupstructure -«
1 e, all of itvs sudstaterents, plug all of tneir substaterents,
et

AUG: Tne nark on the screen whican i& noveda by tne nouse and whica
is used for gelecting (pointing t2) entities ¢n tne di3play.

when the bug is "agtive," 4,e. wnen 2 selection can be made, 1V
aoPears as an up-=arrow; when it 18 insctive 1% zppears a8 a
plus sign.

CHARACTER: Any let , digitv, pundtuation marx, 8svace, tap, cr
carriage return; an indivisinle enti.y.

CHORD: A conmbination of Keys on the xeyset (see XEYSKT).

END: The lost statement in any branch; 3pecified by specifving tne
braneh,

FILE: A conplete tree structure 3¢ dtaterments with & singie root
{the origin statenent’',

PILENAME: The nare of a file, It apoeers as tvne first word in tne
origin statement cf an exisxting file, and must ve suphlie¢ by the
user in creating a new file,

GAY CHARACTER: Any Sspace, vab, or carriage return.

GCHAR! Abeoereviation for GAP CHARACTEK.

GROUP: A subsev of a plex, consisting of all trancnea frcn one
specified dbranch Lo another, inclusive,

HEAD: The first statement in a sublist,

The hegd i8 specified By pointing £ any statement in the
Jublizt,

INVISIBLE: Any coneecutive atrirg 0f gap characters, bounded by
{but not including) printing characters or the end of a statenent:
see PRINTING CHARACTER, GAD* CHARACTER, STATEMENT.

specified by ncinvin, tO any character in tre suring. I1f s
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single printing charscter lyinf petween two invisioles 19
pointed to, buih invisinlea {and the printing cnaracter! are
selecred,

KEYSET: The device av wvhe lefi=-rand side of the conscle, when a
comdination of keys (a chord) is depress=d on the keyset, the
e.fect L8 the asgnme as striking a key on the kevopoara,

KEYWORD: The name of g "Keyword statemcni."

XEYWORD STATEMENT: A atatement which 1iats, in a special formav,
the nanes of a1ll statements in Yhe same f3ile that fall inte sonme
sroitrary category.

The “"keyword systen" of NLS/TUDAS commancds, operating uoon
keywora 3tetements, verformg information-retrjeval operations
based on the sevs Of statenents definec in kevword statementa,

LABELt A siring of text placed¢ an a piclure oy megns Of a3 command
in vhe vecror packxage.

LEYADJt The speciftication of level when a 8tatenment, tranch, plex,
or group ie newly created or novea,

LEVEL! The "rank" of a statement (see STATEMENT) in whe nierarcny
ef the file (see FILE}.

The level is equal to the numocer of fields of letters or dizitvs
in Yhe staterment nunber; thus Swgrement 3 is 2 first-level
etatenment, Statement Lalog3 is a fifthelevel statenant, etc.
Leval is n¢ great importarnce in underatanding the rierarchical
structure of an NLS fil=,

MOUSE: The device gt the right=-hand side of uvne Kkeyboard., o«hen it
is rolled around on the tinletop, it causes the Dug 1O nove
correspondingly.

NAME: 12 the firsy word of a statenment is encloased in parentheses,
it is the XKAHE of the statement.

The comaand Jump 10 Name can th2n be used Lo place the
atatement at Lhe top of Lne= aisplay. This is done by entering
the nagme from the Keyooard or Xeyset, or by finjing an
occurrence of the name a8 text on the disrlay and cointing to
it with the bug,.

ORIGIN: The firet statement in a file; it contains information
about the file, plus zny other text the user inserts., It has a
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level of 0, and hen.:® no statement nhumoer.

PATTERN: A 3lring of special~language text in 3 statement which
may »e conpiled via the command EXecute Content Analyzer. ahen
compiled, it proauces a progranm that is Jused oy the
convent=analyzer zeature,

PCHAR: Abbreviation for PPINTING CHARALTEIR.

PLEX: Another name for a SUbBSTRUCTURE, used {n comrang
specificationsg,

A plex 1s specifiea ty peinting Lo any one of {its hignest=level
statements.

POINTER: A string of up %0 uvnree characrers waich is attaghed Lo
scre charactver in wthe tewt with the pPointer Fix conmana.

PRECECESSOK: The statement treceding a specitisad ztatement in 3
SUBLIST.

PRINTING CHARACTEK: Any letvter, digit, Or punc¢tuyation mar«.

SQUBCE: The staterent of which a apecified statement is a
subgratenens.,

SIGNATURE: Information at¢red with a statement {and displayed on
coamand; giving the initiala Of tne uger wWhno created tne statement
{or noss recently nodifieg it} ana the tinre and date when this
occurred,

RTATEMINT! The basic structural unit of a file of text in KLS,
Formglly, it is a string cof text agnd/or picilures wnich is nounded
at the pegainning py the end of the previous statement or the
peginning of the file, and pounaed at tne end by tnhe deginnine of
another stutement or the end cof the file,

taterente are al'rangea in a Lree struecture or hierarcny an4a
are gsgigned "statement numbers" which indicate their positions
in the atructure, Each statement has a numcer, nade up of
alternating fields of daigits and letters; the numper of fields
indicstes the "level" 0f the statenent (see LEVEL),

A statencnt is specified by pointing LV any Cr.ricter irn ine
string.

SUBLIST: The set of all substatements of a specified statenment
(not including the substgtarents of the gubstatenents).
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SUBSTATEMENT: A statemert "X" 1is callea & supstatement of arotner
gtatenent "Y" i{ it is deeper in the atructure than "Y,"” 1f it
follows “Y," and i1f there is no intvervening nigner-order
statenment, "Y* is called tre source of "x.," TIne statement nunper
of "X" will be the sarme a6 that of "Y" except that it will have
one more field at the end, The value Cf this field gives iis
ordinal position an a "sublist" c¢f lhe subataitements >f "Y."

A supstatenment ls specif.es oy polintine o tne 3ource
staterent,

SUBSTRUCTURE: The sat of all subatstementa of s specified
statement, plus all their subsvatements, ewvc. until no more are
found, Tae set 0f all tranches defined by statements in the
sublist of a given statement.

SUCCESSGR: The sratement following & specified statement in a
sublisv,

TAILt The last statement in a sublist.

The tail is specified by vointing to any statemen: in the
suplist,

TEXT: Any string of characters witnin a svgtement, bocunded by
{and including) two epacified characters: sece CHARACTER,
STATEMENT.

TRAIL: A 3¢t of statements in a file, whien car ve 4isplayed
sequentiglly by using the trail featwure.

VECTuR: A line in 2 picture,

VI3IBLEZT Any consecutive string ¢f printing characters, counded
by {(dut not including; gap characiers or the end of a statenent:
see PRINTING CHARACTER, GAP CHARACTEK, STATEINMENT.

Sp2cified by pointing to any cheracter in tne string. If i
8ingle gep character vetween two visidbles is pointed to, then
beth visibles {andg the gep character) zre specifiec,

WORD:1 Any consecutive stirink of leviers and/or d4digits, bounded by
{but not including) any other types of characters or the end 7 a
sLaiterent.t see STATEMeNT.

Specitied by pointang o0 any character in the straing. If a
single character ie pointed o which is not a letter vr digit
and lies petweszn two vwords, tnen botn weras (ana the single
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character) sre specifieq,
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Appendix b
THE DIALOGUE SUPPORT SYSTEM (DSS) AND ThE JOUrNAL

Prefaca

For nis dissertation study st Stanford universisvy, Dr. David a,
Evans (then an ARC staff menver and associatea witn the Managerment
Systems Research Ac%ivity) developed vhe ¢nse for auUgmentation of
planning teans.,

His thesis (Ref. 1), written with NLS, i3 cver five hundred pages
in lengswn. In 4t he presents for the planning community a bre:d

description of ARC'S augnmenvation approach, aevaloprents achievea
by ARC, and extrarclations relevant to the planning communitv,

As a special case study, br, Evans integrated the considerations
and possinilitied for the Dialogue Support System, as developed
within the ARC over a number of y®ars and as studied specially oy
Evans urn<er thieg contiracs.

Seiecved exuracts from his tneegls, sligntulv condensec, are
included below as a €004 source of relevant corcept material aoout
the DSS. These may be considered as trial Jdesign .otes; vhe final
deaigns for the varicus parts cf tne 0SS, and their oraer ot
develcopment, are yet Lo be developed.

Basic Coemponents c¢f <he Dialogue Support Systen (u$Ss)

The DS8S can be consicered %o have tLWwo pasic partvs: (1) the
Jeurnal, and (2) & set of NLS features escecially designec to
operste on the Journal.

A, The Journal

Cue Of the nmost dramatic thaings NLS ¢naoles its user 1o do is
orerate on angd maintain extrenmely "plaztic" and malleadle
records of his Lhcugit and work.

This ever=-changing plasticivy is the root of busic difficulties
in extending NL1& for Aialogue aupport. When members of & teswnm
gre contrinuting t<o a plan or design, one of the nost important
things is that the "targets" of their contributions remain
stationary, aa if in a diary, or journal. Ironically, the
design of a "“Journal" wo maintain stationaryetarget records of
the tranadactions of members of a teanm proved to ve innovative
in the NLS environnment, vherez? it would be "normgl* if we were
62aling with simr.e penc¢il and paper.

The Journal is a special repository for NLS f3iles whicn may be

"gent to the Journal” and no longer mocified, or changed in any
WEBY.
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AND THE JOURNAL

The deeign oojective of the Journal is Lo provide the rasis for
evolution of a diary for a team, sufficiently rich to play the
Same role 29 a perscnal diary play® when yseq for record
Keeping, and as the onasis for composation, refiection, and
extended menmory.

Cperations Basec¢ on Journal Entries

Tne second conmponent of the D3S 1is a3 collection of special NLs
features, designed tCc maxe the Journal useful as the pasis fer
supporting team dialogue,

The Journal provides the team mempers witn a zhronicle »of their
contrioutions to plans anrcd designs., NLS, as extended for use
&3 part of tlie DSS, is a vedlcle thatv (for example) enibles
team members Lo annotate contrioutions from others, 1o call for
apecific action, to make 3ynooses of records relevant Lo
gpecific issues, and tc make contricutions to the evoiution of
plans and aesigns that are egfficiently and appropriately
integrated and connected t9 the entire record of activitry,

At another level, NLS is a vehicle enadling teaf nempers to
"srowse* in tne Journal, to arrive quickly and efficiently at
an underetanding of the status of plans and designs tnat are
being dccumentea, nonitored, or evolved inrough the medium of
vhe DS3.

Interspersed with this and the previous rolee, extended NLS
featires enable team members to retvrieve information from the
Journal, to modify and update thia information, and to return
£t to the Journal without destrcoying the original
convributions,

Desgign of Arehitecture for the Journal
Insroductien

The boundary between the Journal proper and the NLS festures
that support it is not c¢clearly defined, as those features
neca2ssary for éervicing tvne Journal aleo, indirectly, suppore
the special D3S features, However, ta® discussion can oe
simplified vy means of this division.

stationary Targets
The ideal record system 20r dialogue support woudlid be gonme

large, central, evolving record hat would keep track of tre
teanm's activity as team nmenvers contrivuted modifications, new
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ideans, new designe, svcecifications, and sn on, sver ti-e, we
have only to consider the problems r4ifeg dbv the pagic
file-ngndling operations of the current NLS to appreciate the
difficuley of creating such an evolving record of tragnsactiions,

In any attempt O use files for dialogue purposes, the first
proplem encountered arises fron rultiple access to files. when
& file 13 strictly the "rroperty" of its author, dealing with
materisl fOor which ne alone nasa prine resronsipilavy, the file
owner can quite easily kKeep track of its developrent,

However, when several individuals maxe active use of 3 file,
it becomes very difgicult for tne individuals 10 avoig
canceling each ovher's work or othervwise interfering with
each other., They cannot all access tne file simultanecusly,
and 8o copies are created; 2o00n there are multiple copies,
each copy coataining changes and additions made
independently by varicus users., It is then impossiple, in
the genergl cage, O pUY these coples pack together in such
a Way that all wne work done cn the separate ccpies is
preserved,

The proolem is much like trying to hit 3 moving target in the
dark, and the desired solution is to fina sore way Lo naxke the
target stop moving -- nence the phrase "stationary targets,"
The existing capabilities of NLS and the file-handling
f2cilivies used by NLS sre not adeguate for achieving this.

For example, it would be possible with existing capibilities
1o give all files a read-only status, so that once a file
was created it could never pe nodified. This would ovarcene
nany cf the prodlems of multiple access; however, it woula
alsc destroy most 62 the power and usefulness nf NLS 83 a
ool for manipulatine infornation.

Likevwise, it would te possible to give all files a public
read/vrite status, permitiing any member of the tean Lo
modify any file a* will, It ¢an be seen thet this would
legd t0 immediate chiost a team mermber working on z file
and wishing vc rRake reference to another gile would have no
assurance that the referenced file still coatainea the sgnme
information as when he looked a2t it lasvy,

Tne concept of the Journal 18 a Wiy 10 create stationary
targets without the crippling effect cof 3 blanxet read-only
pelicy or the anarchy of & blanket pudbiic read/write policy.
Files "entered in the Journal" have, in effect, reade-only
$%3tus, but numerous carabilities are added Lo compensate for
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this; moreover, the Journal contains only selected files which
are considered 1o be "ready" L0 become stationary targets,

The Journal

The Journal i3 a public repository for information of concern
10 the teanm of usera. A file sent 1o the Journal becomes a
public racord., In principle;, ezt least, it cannot in any way oe
gltered, or retraclel.

The autnor nas "gone on record" with the astatement mate oy
the file's content. He may keep a copy of the file entered
in the Journsl, a4 make modifications and corrections in
that cecoy, but cannot replace the oripinal file in uihne
Journal by over=writing iv with the reviszcd version. Both
the original ana revised verasions may ne entered in the
Journal.

A basic Journal functicn is L0 proviae uasers with mecranisnms
and aids to reccgnize thay "later veraions" in the Journal
nave been entered, end 1o provide users with features to
ehable them to retrieve and display the multaiple versions of
a given file.

In Keeping with other (ronecomputerized) Journals, the only
ordering impcsed on Journal eniries is chronclogical.

In NL3, "Journal" becomes g distinct user name, with a status
similar to all other users,

Hovever, the Journal a2dds a second distinct Jdomain of files to
the NLS file universe. Journal files® ilave 8sDecisl features,
They gre all regd-=cnly. They possess LwWwO Dartis == the
vext/graphics portions writtan oy %hedir author, and clocks of
data containing information added4 to the file afver submission
Lo the Journale.

The first conponent i8 tolally frozen: once g file is "sent
to the Journal' the "maxinun" user representation for that
file may not be subsequently altered,

But the second conponeni, datas blucks, may ve changed
through the addition of new datva 2ver tinmea,.

1., Journal Entries

Although we have been discugaing “files" in the Journal, we
should refer to a module of information ain the Journal &8 an
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"entry.” Fyom the viewposnt of the NLS file system, an
entry 1s synonynmou® with & file, However, we wish to
cnphasizZe the notion of collecting informationrn from manv
files togethelr into one nodule, and asending that module to
the Journal as an &niry, For tnis reason, we will persist
with the terminalogy "entry'" rather than "fi.e" wnen
diecussing the Journal from the point of view of a3 user
{contrasted to the viewpoint of the syetenm),

Sencing an Entry to the Journal

Recause of the existence of wwo fiie universes (regular NLS
files, and Journal entries) a user i3 not compelled to 3unnit
all of hias 21138 to Public scrutiny.

He may keep his personal collection of files containing nis
notes, plesns, gyscial reminders, evc.,, separate from the
collection of files he supmits to the Journal.

Wivhin this personal collection he retains tne option oI
coritrolling read and write atcess by other users, He mayv,
for instance, hsve several files that contain
private/confidential information that is of no concern to
the tean g8 g wWhole,

Hovever, the Jecision to submit cne of hJ)s own files Lo the
Jourral i3 not tutally the prerogative of the user himsely,
unless 8ll his files have private status,

Filea stored under a given user name, w«ith other than
private status, nay d¢ entcred %o Lne Journal by any other
user, This 1§ eimilar to the procedure of having testimony,
or a speech, or other data, read into the (Congreasional)
Record.

However, in most cases, Journal entries ara subnitted by the
uger who has the file (or component files) stored under his
nanme, a8 part ¢f the stvanderd NLS file universe,

For one user %o submit another's file O the Journal, he must
Zirst losd that file, make a temporary ceopy, snd submit that
COPY as & Journal entry as if it was one of his own “normsl"
NLS files.

Intering a file to the Journal inveclves the folloewing
operations:

(L) A copy of the file peing submitted is made.
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(2) That copy 1is &gain copied, by the system, 271d
fautvomatically) writien as a new file urder the user name
"Journal," It is given a new nane, wnich 18 a unique
*Journal kntry Nunmpber," and set ¢ read-only status,

{3) The uger suonitving this gile 18 given a "receipt" by
the system, indicating that entry Lo tne Journal has been
succesnsful.

The result is that a "shanshot" 0f the user's file has bveen
recorded as a Journal entry. [he user nas complete control
over the VICWSPECS controlling the view and amount of the file
aubmitted to the Journal, For instance, if ne 80 chooses, the
user may submit only tne first level statements in the file.
Or he may submii OnLly selected statements in the file ~- for
instance, only thosa that satisfy a specific centent pattern.
He may, of course, chocse L0 employ no special VIEwWSPECS, and
submit the entire file 1o the Journal. Th= VIEWSPECS used at
time of entry to the Journal devernine the maximum sucgecuent
view for ihat Journal entry.

Sub3equent readers of the Journal enwvrvy may employ all
avgilable VIEWSPECS to help them study the content of the
antry, out are consirained to this "maximum" view, This means,
for example, 1f a file is submitted to the Jeurnal with a 1l-1
VIEWSPEC (i.e., only too level 3statenments, and only one line of
these), supsequent readers can view no more informsation in that
entry, otner tnan the i-l view, even if he usec a VIEnSPEC sucn
88 ALL=ALL (4.e,, all statements, and all lines of eacn
atatenent).,

Thus the result of this entry procedure is the creation of a
nev reade-only filie, a stvaticnary target, under the user nanme
Journal, with 3 unique Journal Eniry Number &3 its nama,

Journal Entry linkage Systems

0nce we have procedures for submitiing entries to tne Journal,
the next major need concerns linking the inaividual stationary
targevs -- the Journal entries -- into a faoric of
interconnected information,

Interfile linxz may be used to refer to specific locations in a
file from any arbiuvrary locarvion in another file. The
difficulry in this interfile linkage 3ystem 18 that there is no
way for a usar to discover <hat a particular enticvy (e.g,, 2
specific statement) in the file he 18 reading is peing referred
0 vy links empedded in other files, or enbedded in other
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ftatement® withia the same file, This baisic wegkness leeris Lo
indiscriminate dele’ion or alteration of fiies,

To solve this problem in the DS§S, Journal entries will have
"backlinks." Thnie me2ans tat wren a iink is estavblisned in a
file (for instance, ¢ file not in the Journal), & #pecial
merker will ve written agutomatically by NLS in the appropriate
location of the referent file, indicating that a link {s
peinting &t that entity.

This marker will give subsenieny readera cf the roferent file a
visugl signel thad the markeg erntvity 4is tne target of a link in
snother file, A new NLS command, JUMP BACKLINK, will make 1t
possiple £or the user to Jump {rom the entity in the relerent
file "pack" to the statencnt containing the 1ink in the source
Iile,

There sre five cases of file=pair linkages tnat troduce
prodlers:

(1) Llinkage rtetween two stangdard NLS f4les, A and¢ B, fron A
to b, &and file A subsequently tecomes a Journal entry,

Preplent The 1ink in A continues to refer to B, and is
unavare of vhe formatien of 2 Journal entry from B, 1If B
is deleved, the 1link points Vo a non=existent file,

Need: Addivional bookkeeping Lo redirect links to the
approoriate Journali entry if B is deleved cor otnerwviase
modified ¢© nake the 1ink inappropriate,

(2) Linkasge between two atandsrd NLS files, A and b, fronm 4
to B, and B subsequently becomnes g Journal eniry.

Problem: The dacklink attached to the referent entity in
- B points backK %0 A, and i2 unavare of the Journal &ntry
mede from A 4t a later date, If A {e deleted atter ita
Cupy 1is sent o the Journali, subseguent efforte to JUMP
BACKLINK on the backlink 1arker from A in B will yie.d a
"no such" message,

Nezads Additional vogkxkeaeping o redirect tne dacklink vo
the appropriste Journal entry L2 a 1a ever deleted or
otherwise modified to .ake the dacklink inappropriaste,
This leads 0 the concepy of indirect linking,
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{3) Linkages petween two standard VLS files, A and B, frenm
A V0 3, &nd ooln A and 4 syLsequently oecome Journal
entries.

Compination @f prodlens anad needs »f Cases 1 and 2,

t4) Llinguge frcn a Journal entry Lo 4 standard NLS file
that supsequently becones . Journal enirv,

eres~lzms  Linx in tne Journal entry is unaware of cne
existe~~e of wne Journal entry "Made from o,

Need: Becokxeavoing necessary Lo recirect vne iinx, if
reqiested, O the approgoriateé Journal entrv i so
requestac dy wne user,

(5) Linkage from a standard NLs file %o a Journal entry,
and the atandard NLS tile subzequently becomes a Journal
enwvry.

3dame a® Case | except we are ccocncerned witn racklinks
vather than links,

JthAer Basic Journal Needs

In cur rst-pass cdilscussion 52 Jo'itnal architecture and needs,
Ve anould consider two gdditicnal general needs, archiving and
catalcguing.

Archiving is necessary because tne cirrent systen has liniteq
storage asrea Ior files aczcessible to NLS. The only mass
storage devices oreuently availavle in uvne &RC facility are
magnevic tapes, &«r. #0, al first, the Journal will have a
sequential arcnive, All Journal entries nave arcnival corpies,
7ne archive) system provides a :tacCK-up to the colon copy of o
Journal entry in Case of disister, and a large tertiary stvorage
srea for thoese entries not frequently referenced, that do not
have (0 be Kept ¢ontinually in colon file storage on the disk,

Kijor archiving problems arise because o7 additional data
{dncliudin’ racklinks) associated with an entry arter it is
gubnitted 15 tne Journsl.

Files are allozated 2 finite number of b. JCK8 on a
nagnetic tape at the time .hey are written. Dats &dded
sfter the entry isa m “= may pe wWwritten in this "slecp"
area unvil 1t is £i1. . gut frenm then on, these data
must he sicred elsewhere, Unl¥ minor problens arise ¢
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the ¢3divienal data can be stcred elsewhere on Lne sane
tepe, witn a4 linx from the original entry to a special
file, elsevwnere on that tape, assoucigted wilh that entry,
consalning additional dava.

However, when the tape is fililed, these datay nave o be
swored on g3 separate tape. This causes consideravle
difficuity when retrieving the entry and its associsted data
Zrom the archive, There is v sinmple aclution to tnls
propblem while magnetic tape 48 the arcnival nedia. Thear
protlems will not arise with randoneacces® Massestorage
media.

The finsl bagic Journal fealire i3 4 cataloxue, Cbvicusly, s
Journal resder requires a guids VO the contents of the Journal,
and this 49 previded by the cgtalog-=2.

The Journal Catalogue will nhave three prircipsl parts;
(1) Supdect index
(2) Citation lisr for Journal entries

(3) Keyword iists.

IV Design for Devalled NLS Features to support D83

A 3ubnission of an aAnLry to the Journal

1.

Entry/Reczipt Frocedure

when a file is sudmitted to the Journal, the tirse
operations are concerined with creatiing s few Journal eniry,
aizlncating & unique numbher i3 thev entrv, end giving tne
senpder 5 receipt. This receipt acxnculedges the entry hae
been nade sucesgfully, and suppliea the s¢-der with
sufficient information to enable him to locate gnd retrieve
the entry % a later dete. Levelils of this procednre are
iilustrated in the following scenario,

4. Sgenario: Entry/Receipt Prozcedure

{1} Assume tne user, X, has assenmblen a file (X,X1) to oe
supnitied to the Journale

(2} he actlivates the new L3 comrmand "eENTER FILE TO

JOURNAL 21ilename," enteriny the filenane X1, a2 the
oparand for thia conmand.
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{3) NLS maxes & copv of the file (X,X.) as & temoorary
file, (JOURNAL,Tl), l.e., under the user namne “Journal,"

(4) Imnediavely aftler maxing *his rnev file, lle systien
cnhecks i snectal recnrd, cgntaining 3 “Journal intry
Number," taxing netes of whe tine and adte this chreck is
made, Journil Zntry Nunmovers have the faorn "NNNJIHMY."

“NNN" 18 3 serial nunmper, 1. the range 1 tn z where 2
is arvitrarily larze,

"J" 13 tne literal character "J," indicating th&t the
nunmber rafers L0 a Journal entry.

"MM" i2 tne morin the enry was subnitted (z,g., 11 2
Novenmper),

"Y" 48 the vear the entry was suonitted (e.g., 9 @
1563) .

Ine -~ *rial numbers, NiIN, are initialized at the 3tart of
each aocntn,

TXample: If 456kJ11lG 18 the last entry submitted to
“he Journal 4in tnhe nonth of Novemter, 196% (1ndj & «n«
that 4562 entries were sunmitved in that nonth),; thre
next Journal entlry wWwould be allccated the nunper
15129,

Assume tnat the nunber in this locatisn at the tirme of
vhis particular 3ccess was 457J119, and the exact time of
access wag 1451:30, on 11/713/69., Cnce this numoer hay
been secured, the system updaves the latest Journal Entry
Number in this location (L0 w67+l = 4s8).

The systenm now copies the file (JOURNAL,T1l) to a new
£ile == a4 Jcurnal entry wiwh file nanme L57J119. It
gets tre status of this file to oublic read-only, ana
notes vhe time gnd <ate of conmpletiosn cof maxing this
Journal entry: Lu451:45, 11/12/¢69.

Once tnis Journal entry nas oeen mgde, the systenm
returns a rniessage "FILE (X,XLi ENTERWED TO JOUPNAL A3
NUMBER 457J119 AT lusTiu3" to the sender (user X).

This message reaains on user X's daisplay until ¢

command accept (CA) 1is entered. Entering the Cai
releages tre file (X,Xl) for normal opergtions, angd
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redisplays %2 file, User X is row free to continue
fiis normal work.

2. Davs Assendly pProceduyres at Input Tire

The tirme &n entry is submitted %o the Jciurnal is an
ogportuna time ¢ capture data associate=d with the entry.
The Journal entry procedure will contain additional
cperations. in which the system interrcogates the user to
ootain an anpstract and special deacriptor tags fo: the
entry., The abstract will ce used in the Journal catalogue,
Dea¢criptor tags will ne usea for retrieval of entries,

3. Ccliecticn §vsienm

Farh® of the Journzl entry systen gives the user special aidgs
for assenrcling tie entry pefore actual suomission. These
are compound opergtiony, r~oublning feveral simplier ones,
Thesge simpler cpera®ions include file nerging ana wne
"executable gtatement” capability,

B, inkages

Speciel linking faatures will be added to NLS tO 8support: ihe
D88 neeas. One cf the moat impertsint classes of these new
features concerns NLS links.,

l. "lLink" ae a2n NLS Entity

In the current NL3 & linxk 18 a sinple text construcy; it is
not a snecigl entity, in the way %he% characters, <ords, and
staterents (for instance) are entities,

There is no command DELETA LINs in current NLS. A 1lirnx
may de deletzd veing tne normal DELETE TEXT command,
requiring two bug selecsions, one at esch 2¢ the link
parentheses,

A special NLS entity "1ink" will be added 1o NLS. This will
be 0Z particular importance in conbination with indirect
linkirg and executable stztement operations,

7o insert a link, the new comaand INSERT LINK 18 used, This
CORNRANG reguests user input of datla necessary Lo construct
tha 1link, and orgsnizes these data in the sopropriate synt:ax
{a@e below),
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2. New NLS Ling Syntax

ae

Additional uLine Dava

Aaditional wata will b2 alqea %o the current NLS 1inx
construct., Tnese data are ia) ling tvoe, (o) iime arnc
date the linxk was rirst constructec, or last “stanmpeqd,”
and (¢) improved resolution to identify linx referents.

Liax wype data are cne or nore descriciore, peins a4
simple text nane, or collection of nares, indicating
memberanip of a clasy, Or classes

Example: pcesiole linx types would be "footnote,"
"eomment," "reouttai." "owner=-evans," etc. A link
"ownepr® could be different f{rom the owner of the file
in waich the link resijed. Tne definition of tLrese
types and iheir respactive nuenonice woulad be
deternined by agreement amMong DSS users,

A most important addition to N.S linkes wilil be the addec
power O rafer o ANY entity, In tne current versicn of
NLS, a lirk nay point only o statement sntities,

With greater resolutio. for link references, fnor
instance, a link may ce conatructed to refer
sapecifically to ancuiher .inx., This is tnhe bvasis for
indarect linking, t0o oe discussed below,

Possgible Syntax for New NLS Link Entivy

CTYPE;DAT:,TIMED (URERNAME, FiLENAME,
LOCENTITY.VIESSPECS)

TYPE is any nunmber of descriptcr mneronics defining thne
type of wne link. £Zachn dascriptr’ would oe delinited by
3 comMma.

HMDDYY AHYH183 is the date and time the link wes createq,
cr the dste and tine tne link was last "stamped," in the
formay <monvh, day, year, nour, ssz~ond).

AL any tilde, the link's owner may initialize the time
ind date for tne lin¥, using a datewtise "stamplar®
command,

USERNAME, FILENAME, and VIEWSPEC have the szme meanineg as
in current NLS links,
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3.

LOCENTITY identifies & specific target entivy.
Detaiied syntax for the LOCENTITY may be arbitrarily
complex., Tne following example indicates 3 simple
gratlement=number syntax.

C. Example

<comn,urg,Cvana;0§/17/89 O00LlLsthid
(Lngeloart,plans,mePixi)

TYPE is "comm,urz,Evans®

DATE,TIME 18 "09/17/69 00lysuu"
USEPNAME 18 "Engelbart"

FILENAME is "planas”

LOCENTITY is "meP" (the narker "?")

VIEWSPECS are xi, meaning display only one line of
top=level statements, and s+itch on the content
anslyzer.

This link refers to the entity with marker “"P" afiixedq
{"m=P") in the file ":plans" owned oy user nane
"Engelvart." It points from a2 comment ("ccam") that 18
urgent {("urg"), and should be brought to the atiention of
user nagme "Svans," The link was last stanped u%/17/69 at
OClh:ikt,

New VIEWSPECa for Links

Incressed link cemplexity denands more oowerful VIEWSPECS %o
aimplify Gieplaying the link construct, 80 links 4o not mike
Lhe rereinder of the text illegible,

additional YIEWSFECS will be availadle for to%ally cr
partially suppreasing display of tne link construct. For
instance, the user could con%rol which fielés in the link
vere 4isplayed 3v the link's locatiecn in a statement (this
VIEWSPEC would apply to the sniire diaplay). I¢ the link
HAS 0 be totally suppressed, an additicnal vILwSPEC would
allow the user to control whether or not apecial ".ina
merkers” were diaplayed at the link's normal location,

A uger would interrogate an individual link marker, to
display the particulir link represented by that mareer,
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6.

without displaying all links,
Links Hotu zmbedded Directly in Text

Because of the "stationary larget" concect and tne frecuent
need L0 avtach Llinks to existing Journal entries, 1t will pe
necessary %0 have a new NLS command to2 enable 2 user in
assocdiate an NLS link witn any selected text entivy, but
nave that linx displayed only as an overlay \¢ the file,
ratner than an integral part of tne normal text, Link
marxers, similar to those used for backlinking, will pe used
Lo indicave ine rresernce of one of these links. New NL3
comnands will be available 1o enavle tne user o control tne
disnlay of the link and nmarcers.

Indirect Linking

cnce it 18 possizle to "aim" a lingk at any aroitrary entity,
such as anotner link, <y atv a simple character in a

statemsnt, indirect linking becomes posasibdble, Tne followinz
example illustrates detailed operation for indirect linkingz.

ExXxample: The following link is displayed in a3 svatenment
of the 2ile (Evans,ddd): <comnm;>(Engelbart.nlans,r=P;),
Note that the dateotime field nas been 3supprsesged by the
new link VIEWSPECS describded previously, This link is
embedded 1n a Statement (or oranch) constituting &
comment ¢n its TIRECT varget,

In the file (Engelvdart,plans) there {s a nerkey "p"
affixed to a character just oreceding anovher link, &s
followst <PXxx Yyyy cc <conmm;>{Evans,rrr,l2oi¥). This
link 48 a comment on 12b in che file ,wvans,trrri.

Use of the new command JUMP INDIRECT LINK, with the
originel link as operand, causes the statement 12b to oe
displayea under the control of VIZWIPED "W {all lires of
sll statenments).

Backlinksa

The nost important adgitions to existing KLS link.ng
features for use in the D38 are the nacklink oseratvions,

Backlinking means that a special evecutaple link marker 1is
depos{ted in the referent peing poirnted at by a link. Tnls
enables s user, viewing the referent entity, %o "JUMP
BACKLINX® 2and display the entivy containing the original
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Tre existence ¢f an NLS linx refersnce tc any disovlayved NLS
entity will be indicated py special backlinrk naraers,
Display of these markers will oe under user contrecl in a
marner similar to link markers, descrioed previously,

A uSer may interrogate a hackiink msarker, Lc nave data ¢on
the source entity <displayed., Executlon of tne new conmana
JUMP BACKLINK with a backlink marx<er g3 operand Jdisplays ire
source entity al the top of the display.

Indiract vackiinking will a2l1s0 pe availatle, Indirece
backlinx jumping Reans tnadt a uaer executer JUMP BACKLINK
INDIRZCT, and the system displays tne statement containing
the link that points gt the socurce of the backlink marker
entered as the op2rand for this commana.

kemcte Linking

The tg8lc conzept for remote linking i3 tvnat of atvtaching
the "head" 0f a iink to its referent entity, followed by
inscrtion of the link itseif in tne 2ource 2n%ity, rerote
from Lhe refereni, at scne late: time,

This may be acccmplished by the folilowiny ateps:

(L) Aassigning a temoora:’ marker to yet anotner entity,
Flink referen.”

(2) Depositing that marxer at the apnropriate locstion
in the referent statensnt

{3} Later, while inserting the bdasic link construct in
tne source statenent, calling for ine referent entity
data L0 be inserted in the 1ink dy using a special INSEST
REFERENT DATA copmand, entering the referent marker as
operand.

This “ype of operstion depande upon each user having &t
least two NLS f£i.23 open sinmultaneously. If linkxa and
DACK1I4NK#® are considered it~ he completely aynmmetrical, this
procedure may de uased interchangeavly witn the conventional
INSERT LIVK conmmand.
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Conying a Journal Entry

A Problemr arises when a Journal entry, stored as a colon file,
i8 copied to a new filsname, All backlirx markers are
retained, out the links generating vhese nmarkers continue to
refer to the original Jjceurnal entry, and ¢o no® point at the
new file, Thus an additional type of backlink 18 proauced ==
one thet has no fcorwarde-pointing link associated with it

These gsymmetrical packlink markers maxe it posasiple tn junmp
t0 fiies and entries that referred to the original entry,.
They may bve deleted if juaged Lo ce inapvrooirigte for the
new 2ile,

At the time the new file is crested, the system will
autoratically insert a link an the file's header statenment,
pointing at the header sta%ement in the Journal entry fronm
wnich it has teen copied, and depositing a vacklink marker in
the header of the Journal entry.

Orderea Sets

A 3¢t is a specizl new NLS entity ==« it is 3 collection of
other entities (e.g., 0of characters, £iles, statements, links,
other a2ts, etc.). The dealgn and inplenentation of operationa
asgcristed with sets is a conmple:i: proolem. [he folloving
indicates what seem to be the most promising possipilities.

An “ordered" set 3% . Specified order agsociated w.ln its
member entities, Se%ts are given unigque names for
identificstion. For convenicnce, a set will be atiached to 2
"parent" fiie, selected ardltrarily by the user, [Evans,xXxx/
is the set nameg "XXX" owned by the user nare "rvans," Set
nates sre simila~ to statement namesd, exceot they must bhe
unique over the entire universe of a user's files =-- it is not
posaible 0 have 23 3et nanmed "XXX* associated with the file
te¢c and another get "XXX® associztea witn tne file :d¢qd, it
peth 81¢ce &..4 1ddd zre o¥ned by the same user, However,
differ=nt usere ifay own gets with the same nanme,

1. Adnmiession tc a Set
Ovher NLS eptities, including other sets, way be "agmitcea®
10 & ¥ev, using the command “ADMIT <entity> IO 32T
(setraned”, and entering the appropriate opersnds.

ontity" 18 the NLS entity aelected or specified by the
usyer; "sethame" ia the nane of an existing set == tre set
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2.

to which the entity is %0 be aanitted.

Not only entities, but apecific viewz anid specific suhsets
of entities, may be admitted to a set,

Examplet The firast line of the first two levels of
statements in 2 file savisfying a givan content pattern,
nay be aamitted vo 2 set. The remainder of that file,
Lnless specifically adnitted on another occarion, does
N0t pelong o tne set.

Direct gnd Indirect Use of Sets

There are three mcdes for using sets: "normal," "direct,"
end "indirect."

*Normal" mode ¢orresponds o normal NLS usage in which the
set entity nas the gane statlus as normal NLS entities
{Wworas, ciaracrers, etc.).

Thus in nerms)l mode, the command DELETE SET erases the
set whose name 18 given s an cpereand. Note that the sat
is eraged, not the members of the aet,

In Pdirect" mode, operaiions performed on a set produce
changes in the actusl entities admitted to the zet,

EXample: A (nhypothetical) command "DELETE WORD m=spec IN
SET fevans,X)" i3 entered; "spec® is an NLS marxer name,
Upon execution, in direct node, all words so mark=2d in
the entities that are members of the set [evans,X) will
8ctually be deleted, That is, they will be deleted in
the same sense as 12 tne user displayed each entity in
the set containing the marker, and manually deleted the
narxed word, followed oy the commend QUTPUT FILE.

Entities changed tnrough operations performed on seta in
“direct" pode remain changed after the systenm is returned
to "normal" mode,

In "indirect™ mnde, operstvions performed on entities trar
Are menpers ol A fet (by using the »et name itoelf as the
operand) produce changes in -~ hose entities ONLY while the
user views them "through" the set,

For in#ivence, if in the previcus example the sane

operation was performed in "indirect” mode, the nared
words would not ve deleted in the files ccntaininz <ne
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mariked entities 1in question, but would only "appear" o
be deleted wnhnen the viewer was workine witn the set
{evane,X) controlling the entities he could 4isclay.
This appearance would oe negated as soon ay tne uyser
raturned o display any member-file in normal nmode,

J. Open and cliosed Setvs

3

b

Closea sSetrs

A closcs set i# one whouse rembersinip 4s specified
explicitly, 1.€., there is a finite fully deternined
membershin lie% associateqd witn the get, For exanple,
statenent entities mignt de specified dy a list of NLS
linka, There are three types of closed sets: frozen,
unfrozen, anag rixed,

A frozen clnsed set ret (ins the exact content and
strycture of each entit; , in the state in which it w
origsnally adnmnitted vo ' ne set, Even if (aay) a
menber statmen. 18 aeleved, & "copy" is retvained in
the set.

AL unfrozen closed set reteins a finite mempership,
bu. permits each member entity to adopt its latest
actual state, For exanple, a whale file, containing
three statementa admitted tc an unfrozen closecd set
day 1, subsequently undergoes major modifications, I
the set i® used a® an operanda on day 3 (after thre
modifications), the file's state at that time is uce

A nixed set convains entities whose frozen/unfrczen

statud is determined indiviaually., In other wordgs,

set may contain some entities whoge original status

retained, and some whose aAtatus is uhe latest st,tus
of the entity itsels,

Open Sels

An cpen set i3 one whose nembersahip i9 not fixed by
explicit identification of ivs memper entities, ctut
rather by the specilication of cenditions <o re met to
adnit member entities,

For example, ah open 2et's mempership May ce ‘minesd
DY those statements 4n g given file universe «alis
2 given content pattiern,

a3

on
£
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3
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Cn day 1, this may vield a dif“ "ent membership than on
day 4, if modifications were mac= to files in that
universe during this period.

L. 3et Operavions
There rzce Lwo major and distinct classes of onerations
sa8zociated with sets =< operations on setg, and operations
within aets, The distinctions between these Clas3gses are
impervant,
a4, Orerationsz on Sets
Operations on gcta use antire sets as cperands.
3imple Cperaticns on Sets
These operationg include tine 8ta dard NLS operands --
INSERT, DELETE, REPLACE, etc., in addition to a new
clasy 2f commandas == sev-theoretic operations,
INSERT 3ET creates a new 8~%,
REPLACE SET rmakes it poesihble for & user 0 Mmake a
new 8set a8 vhe raion of one or nmere existinc sevs,
and to simultanecusly delete the original sets
{(their names, not nembers),
DELETE SET eraser lhe set {but mOot 1i§ menmbers),
Set=Theoretic COperations on Setrs
There will be new NL3 commands to enable g uscr to
perform sct=theoretic operstions on aets, The
following aset-theoretic conmands will ce availzartle:
UNTION, INTERSECTICN, GCOMPLEKENT, and DIFFLKENCE, where
each operation hes its usual matheiatical meaning.
be Operationa dithin Sscta
Operaticna within sets have entirely different necnings
from operations on sets, and fron operations on nermber
entities outaide the influence of the get conatruce,

¥hen under the conirol cof operarions witnin sets, the
conventional NLS commandes take o©on the fcllowing meaning:

MOVE: Chanke the OkDLR of nmember entities in the sev,
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VDELETE: kenove the operandeentity fr- me+wpership of
the sev.

CUPY: Incluae the operand=-entity once nmore i- the set
nemoerahip {(in a altferert position wiilnin the set's
order).

INSERT: RdAMiU uvne operand=-entity Lo memvershio in uthe
acLl‘

REPLACE: Reovlace vhe nermber entlity se2lected as cperand
witn tvhe entity melected. The enti*v selected as a
renlacemnent rnay Cr neyY NOUV D€ R neaber 0f the set,

EXecutlatle Statenents

An eXxecutatle statenent will be a new text constriuct, using the
current NL3 stateément as 4 basis, KLY cormmands will »>e
pre-vspecified a3 a test syring in an executable 3statenent,

They will be execuvred by using wne conmand EXECUTE STATEMENT,
giving Yhe svitement nunner of tnhe sta%ement as operand,

AN eXecutacle statement ''ill be the neans o effect concound c¢r
concateratod operations, including sev overationa, The
structure and rieaning of the executable statenent fegtures osn
best be 1llustrated by examples,

£Xanple: Tnhe fcllowing 15 an executable sratement,

{XXX) {evanz,s8ss,i12:x) {zngelbari,plans,ziw)

L C CA
{"retrieve "; OR /"Rewrieve"; ; CA (evans,rrr,:wi}

END

{1; By acuivaiing tie command EXECUTE STATEMENT, and
entearing Lhe opersnd "XX¥" (the na=e of the exesutadle
statement), fcllowed by a single CA, tne first link
will de executled a8 1f JUMP FILE LINYX was .sed witn
vhat link as its operand.

(2) The veer views the file {evanes,gs8) with stctesnent
12 &% the te2 ©f tie scre 3, displaying only the first
iines 02 supscguUent top=l_vel statereant? ir tne Zile.
{3) A second CA causes tle gecond 1ink O pe executed,
(L} The user views th~ file (engelhart,plans), with

stateneny 2 it the top ¢f the screen, displaviag all
lineg 2f all statenenvus.,
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(5) & third CA causes the content pattern ["retrieve)
OR {"“Ketrieva"] %o be compiled, automstiically followec

by the eXecution of the last link, Note that the

VIEWRPEC "4" 4in tnhne last link &ctivates the pgattern,

(6) The result is that the file {Evens,rrr) is

searched; all statements containing the text Construct

“retrieve" or “Reiriev:" are displayed.

EXxanple: The following execuvlatle statenment illustrates
more complex operttions on sets,

{YYY) {5QD) »  [ARMY] UNIUN (MNAVY] 3 [USAJ # [DOD)
INTERSECTION [(MIC] ;E © CA (*wearon"] ; (A

(Mixon, [USA},1wi) CA LISPLAY:w OQUTPUT TILE ':arsenal
DELETE SET [wODJ AND SET (USA) END

(1) The conmand EXECUTE STATEMENT 18 execuved with
operand YYY, the nane of the statement,

the

(2) A CA causes a new set "DOD" to bz formed as the

ynion o0f the two existing seis "army and "navy." T
set wWwill be sttached %o the file containingk tne
executable statement,

als

{3) Arother CA causes 3 sccond set, "USAY Lo ne formeg

a# the intersection of the two geta "DOD" and "MNIC

{5) aAnothe&r CA causes the content pitiern “"wespon*
ve complied; immedigtely § .lowed by execution of
1ink dransferring contrel Lo the first entity
containing the taxt conjiruct "wespoen” in the set
*UIA" (which 1is owned by the usesr "Nixon").

(8} The system searches all entities in this ses,
displays, under VIEwSFEC contol "w" (all lines of
stetemenis! hose statements convaining tae text
string "weapon",

18) A final CA causes thie Collection of entivies
te output a2 the new file ':iarsenal.' Anotner CA
cAuses both the 9ets (as <¢istinct from tne set
zenbership) [U3A) &and [DOD) to te deiered,

Example! The following exs-utaible gtatement 1ilustrates
the neacar entities of & sedl ney ue displaved.

f22Z2) DISPLAztw [HEREANDNOW/ FND
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By giving the command EXECUTE STATEHENT wiwvn IZ. as the
operand, tollowed oy a CA, 3ll entities in the set
"HEREANDNOW" will ne displayed, under VIE~SPEC control
TWw" 1311 lines of all statements),

ExXample: The following is an exanple of simole "chain
generation” using an executaole svatensant,

{AAA)  MARKON=AL CHAIN (evans,ss,l/iew) (evane,ss,S5:ew
ftngelbart,plans,S:wn) END

By giving wne command eAECUTE STAT:LMENT witn the orerana
"AAA", followed by & CA, the disrlay starts wita an
all-all view cf the branaa starting uvith staterment (2 in
(Evans,:88), Normal text operations nay oe performedq on
this branc-. If a a=zcond marker Al is entered, tne
8ll=all view of th= branch starting with stetement S in
(evans,:38) is dlepiayed, ana so on,

Here a marker 4s used as the means to advance the view
along the chain. This pernits normal text operations

(requiring CA'S) to pe performed at euch view along the
chein,
In all exanples, the maximuix YIEWSPEC operative on any
entity is controlled oy the VIEWSPZC assigned te the met
ember entity itselsf at the tim2 iy was gdmitted to the set,

Fo .Lry vescriptors
Descrapters will pe tacned directly %0 Journal entries,
eitaer at tine of e:r ) to the Journal, Oor &% some later date,
T...de cescriptors will cover at least the following classes:
(1) Subject nmatter/tvpe of entry
EXampies, ccmment; messafe; announuacensnt; injunction
(2) Urzency
EXanplesy urgenz; rct urzent
(3) Nanes of users whose attention is sougrt

Ltxarpie: attention; evanes, engeldare,

(L) Autheiszource o eawry

f
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kXample: autnor: evans;
(5) vate/tvire of entry tc Journal
xample! eniered $/2€6/09 1C00: 39
G. Inverrougation

Coammands will be 2avail2tle tLO énedle & user Lo inlerrcgate a
Journal entry in oider to ask the following types ¢f questions:

{a) %hich Jeurnal entries cr other files are oointing at tae
interrogated entry?

(b) To which sets dces the interrogated entry oeliong?

When interrogating to determine which entries c¢r other filors
gre poining at the antry, the user will pe adble 1o control the
uriverse cver wWnich the search for thede entries 13 to be
perfornmed.

For inetance, the user maY a8k for only tnose entries that
point &% the inverrogatied entry, Or are attached oy links of a
specified iype, from entriee of anothar spicifiec type, thnat
were nade after a specfied dave.

Exanple: Display Journal entries of type "commentv'" or
"indunction" Ynat are attached with link tyres "urgent" made
elter 8,/12/6% to Journal entry Number XXXxXxX.

* 1

XgRple: Display thoke members of whe Set [evans, XXX adrmitted
6 the Jet aftel 10/7L/769.,

H, Miscellanreous New NL3 Features

Nymerous new NLS features will have « najor effect on the
ugefulness of the DSS, aithcugh they are not designed

exclusively for DS3S usage. Theze fedtures include split
atreens; file merging. new VIEWSPECS, vnd "file history."

1. 8nlit Screen

The "split gcreen" fegture generaliZes t:: characteristics
of the "freezing" opticen in the current version of NLS.
with g 8plit screen, wvhe user is gble to dilsplay t¥o
differant views of the sane file, or Lwo gifferent ang
independent views of any two filea, one 2n each size of the
screen. He will be atle L¢ wWork with the displayed
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information in each "wWindow" a& if it was a separate gnd
independent file, Tre success of this option d¢ependa upon
having more than one file open for & gziven uder at 3Iny given
time, The aplit screen will maxke interfilie editing, ana
more complex file merginZ, easy and useful.

2, File Mergarng

The 8plit screen and other new fewlures ~ake tne capatility
for merging any iwo files %o form a third conposits file a
necesaity. In the currant version of NLS, only the sinples?
file merging operation =- anoending -- is possinle. More
useful file nerging would inciude the facilitvy 1o interleave
slatements 1n a gspecified order, and to transfer piclures
fron one file vo grother,

3. TFile Hisvory

Keeping tracx of s file's nistory becones more important in
the Journsl and DSS than i1n current NLS operations, For
Yhid reason a new NL3 feature will be added to capture all
necesgary identification aniormatior from the zource file
every time a file is output or copiad. Tnis informaticn ~ay
be ¢onied directly from the hender atatenent of the source
f4le, and written into the hesder atatenment of the onject
£ile at the time it is created.

EXanple: The following 1i# an exanrple of a standard file
header,

$XVIII, 9/728/69 120%:30 DAE;

Here (XVIII 18 the filenane; 9/z0/89 120913C ix tne
date and line the file waaz lagt sutput to vhe nanre
$XVIII, and DAl are tne initiale of vhe file ovner,

Juppcee the file @1XVIII 4ie output to tne new file nane
"$CHAPLS",

afver the cpercticn 48 ccnplevecd, the neader of the
gbject file (:CHAPlo) reads ag followa:

1CHAPLY, 9/26/6G 22L1l:u> DAE; (evan3,XvIil,:)
9/26/69 12111L5;

The systen hap rawvritten the source file's® hewder dat:a

a® afi NLS linxk Zollouwing tne object file's
conventioral reader data. No%e that a3 ie%er versions
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I,

of $CHAPl¢ are made, data preceding the sirst
semicolon changes, witlp subsequent cODY OJperarions,

or output file operations to new filernames, tnese datd

fron the f£ile :1XxVIII will be retained in the aew
file's header, along witn all records of subseauent
operations,

Csraloguing

A catalogzue of all ertries in the Journal will oe mzintaines,;
providing the nain conventional aia for retrieval of these
files, The catalogua will have inree main sections: a sublece
index, a xeyword list, and citations for Journal eatries,

The subjact index contains & hierarchical structure of Lne
sub jects deecraibine Journal entries, with their respective
xeywords attacned, A user ray Sscan this index and select
¥eywords atvtached to the supjects that nmeet nis needs,

The Keyword Lise «will contain kevwords (g8 used in the
suzJject index), folliowed Dy links pointing ct appropriate
¢itatioens,

The civation for each Journ&l e&ntry is stored 1n tne
catalogue vy order o:x Jeurnal Entry Nunber, Eacn citation
Wwill constitute an NLS branch, with the Journal Entry
Number, and link to tie citved Journal entry, «§ the
firstelevel atetenent o2 each brench,

Egeh such citation branch will conzain the entry nunbder,
the source filename, the name of thez user submitiing the
entry, the dat® and time when the entry was submitted,
and a ligt of deacrintors for enury.

These data will be srored in 2 nanner tna%t mazes then
useful fer further HLS8 operations, 7or example, the
data on source filename is stored in tne forn of =
conventional RLS link referring to the source file.
3imiiarly, eacn catalogue entry centaing a link vo ¢
Journal enwvry itselZ,

l. Retrieval System Based on the Journal Catalogue

The exicuing NLS Keyword retrieval 8sysien will pe extendea
for use as the basic retrieval tool for operaticns on Lhe

catalogue, The mejcr drawback of the current gysten i3 that

l1isvs 0f citations can be assentled only from within &
single Zfile,

181




Aprendix B
THE DSS AND THE JOURNAL

For tne (28S, this svstam will be modified %o operate across
an artvitrary numter of files., 3uch orerations, of courase,
depend upon otner features discussed previously i(e.f.; f1rlc¢
merging, the capability of havinf more tnan one file op=n atl
any instant, -auwc.l.

The _%andard Xeyword 3tatement, which currentlily uses
statement names aa keyword arguments, will te cnanded to 3e
full NL3S 1links a3 kKayword argumentvs,

txanmple:

(key3d! Tnis is xeyword uwhiee ¢ (JOUrNAwL,Ll3:J0%9,¢!)
(Journal,ludJss, )

The udser will then have tne folinwang optlions:

(1! Assenble the citations derived frorn a Szlection of
Keywords from one or more {iles (wWhich may Lhemselves oe
stored in eeveral catalogue filieg), as a list in one
file, and use the standard JUMP LINK command to vies tne
actual Journal entries citved, oné by one.

(2) Asx for consecutive diaplay of tuite actual Journal
entries ¢iteg, under “he control of the VIEWASPECS in tne
kreyword referent links. Consecutive entries citeA would
te displasyed a3 if part of the same file,

This ¢peration could be acconplished oy scecial new
NLS nachinery, cr vy comcinineg the capacilities of
executable statements and indirect linxing.

In all cases, all current NLS keyweord cotions, including tne
allocation of weights Lo <eywords, will oe availavle,
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I Introduction

This &ppendix is an addendum o the previcus Kardware Reference
Manual, Appendix b of Ref. 3., It consisvs of a programmer's
rejerence ngnual for vhe fcllowWwing equipment:

A line printer (replacing the line-printer gescription
contained in the previous manual)

An interecore controller for transfers petveen 940 core and
external ccore ("Xcove')

A Network interfacs connecting the $40 Lo the ARPA Network via
the Interface ressgge Processgcr (IMP)

A pra2c:sion cicck.

Il Line Prinver

A.

3.

General Inforrmation

The printer is a Data Prc...ts Model M600=L11A with 96
characters and a prirting apeed of abour 340 lines rer =inute,
It will acccmodete paper from 2=-1/72 to 18=-1/72 inche in width,
Cheracter spacing is 10 per 1nch and line spacing is ¢ per
inch. The maximun nunber of characters per line is 132,

The printer is controllea by EOM inatructions and a "unit
reference cell” (URC). The URC points to a print ouffer
regident in core that contains dstid and contrcl cc4es, An S5KS
instruction incicates "printer ready" &nd an interrupt
indicaves "end of operation," either icrmal or error., Error
condgitions are detected by the controller gnd an error code
written in the URC,

The cells irmmediately following tne JRC ir core are called
"URC#*1,% "UkC+2," etc.

Fixed core assignments for the printer are:

YRC 10
Interrupt 211,

EON and 3X38 Codes
The EQOM codes are:

20230106 Initiate
20230408 Reset,
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The "initiate" EOM starts the prirter witn tne word and
character designated by the contenta o: tne (JRC al the tine
the EOM is given,

The printer controller continuea tc process tne grinter
vdffer until an 1llegal characier or end-ot=pufrer coae
is reaq, or until a “"resev" EOm i3 1ssued,

An "initiate" EUM given wnaile the printer is opusy is
1gnored.

The '"resel" EOM imnediately terminates all printing and
rewurns tns® gystem 10 a reset stave.

A "resev" EQN £iven while tne printer 1s disconnected is
ignored.

one SKS code is providea for the printer. The ccde iz
0030106 SKip on ready.,
This SKS Aaxips 1f the printer i8 ready to begin operation.
If tne printer is nct reaqy, an interrupt is issued when it
is made ready.
Ce Unit Heference Cell

The URC associatea with tne printer systen nas the foilowing
format:
Q 3 5 8 23
! 1 3 f 8
error address
Bits 6-23 contain the «b2olute acddress of the first
ciaracter c¢f the line to pe printed (or currently neing
printed).
14ts 8-23 denote the absolute word address.
S5its $-7 indicate the character in the word,

k 00 ecode 138 the lefunost character, The 1l code is
not used dut 18 interpreted a3 the leftrast cnaracter,

Afrer 3 line hss been successfully printed, th. address
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Dl

in the URC 418 updated to po’.t o the {irst cnaracter of
the next line,

Bits O=3 are written by the contrcller with an erroar code
when errors are detected. ELrror conditions anc codes are
descrit2d celow,
Bits 4=5 sre ignored by the zontroller,
Print Buffer
Tne print cuffer is s contiguous sequence of words in core that
is interpreted ny vhe prinrtes -antroller as three 8-pit
characters per word.

Charactera in the print tuffer msy De either data characilers or
convrol characters.

The conirol charectlers areg

373 {NOP) N2 nperation

375 (E0B) End of prinv buffe.

376 (EOL) End of line

277 (NOP} No cperation

0156 3nift 1O lower case and lock

035 3hift vo lower cage for one character
05s 3nift vo upper case and lockK.

An ECL or EOB code cguses the current line ¢ be printed
wieh any characters aiready in tne line leftejustifiea,

An EOB code ganerates an inter
the linz 18 printed and any s
conpleteq,

upe he compuver after
cin isn has veen

-
»
-
-

mn

Tne inree case=-shift codes are self-explanatory, They
can appear ynywhere within a line of data characters anz
cause the indicatied case-s3aift ac¢tions,

In adqiticn 1o the explicit control characters, the first
character in each line is {interpreted a8 a paper-feed code,
Theae codes are as follovs (the wWord "space" here refers o
iine gpacing, not the "spgce“ character):

020 Space 1 line
021 Space 1 line
022 Space 2 lines
023 Spuce 3 lirnes
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Q24 Space 4 lines
025 Space 5 linea
Q26 Space 6 lines
027 Space 7 lines
0CC Space on channel 0 0% format tape
Qol Space on channel 1 of format tape
0C« Soace on chann.l 2 of format tape
o3 Space on cnannel 3 of forrat tape
col 8pace on channel 4 of format tape
005 Space on channel 5 of format tape
Q06 Space on channel 6 of format tape
007 Space on channel 7 or fornmat %ape,

The action indicaved by the 3pace CoC~ ta2Kes place cefore
tae line is printeq,

Two succegsive spacing operations can b2 caused by
serding one of the above space codes followed by "end oY
line" (37¢), wnen another spi.e code.

If no spacing 18 desired, as wnen printing the top line
on a page, & no-op code (377) saoula ne sent in tne first
pogiticn of that line.,

Cnannel 1 of the format vlape is useaq tor "top of form.”
Trne numper 0f lines on i pege 19 noi'mally setl Lo ov,

Except for <ie first char.cter, ihe pring ouffer contains
enly printing characters (including space characters) and
contral characters, 4ny otner gnariacter codes in the prinst
puffer sre ¢cengidered illegal 20" ~ause an error condition,

Print bugfers may be as large as de ed, tut no relocation
mapping {8 providad. If 3 puffer is tc extend acrcss & puge
beundary, the software system must ensure that the two rages
are consecutive in nemory.

Error Conditione

On the detection 0L any error, &anr xnterrupt is issued and the
¢rrer code is wriuvten in the URC.,

The error ccdes snd conditions detected are:

(o]} NO error

101 Ill2gal character ccde
110 Printer not ready

111 Excessive tinme.
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Zeros in the error<code dits 0f inhe URC after an interrupt
indicate s normcl interrupt (printer msde ready or EOB),

The 101 cuds indica%es that an illegal character haj been
detected in the print bufrter,

The 110 code indicates printer off-line, paper out. or
ribuvon failure.

The 111 code indicites tnat in & aormal orinting aoc~ration,
excergive time has deen reguired for printing a line.

The timer is normally set for 2,5 seconds, This error

indicates nprinter failures not detected by other prin.er
error ¢ircuivs,
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F. Character Codes

The printer chairacuver coqes are given telow, The casc printed
is deterrined by the shiftecontrol character,

CODE UPPER LO®ER CUDE UPPER LOWER
000 0 040 - underbear
00l 1 oLl J 3
002 2 o2 K X
003 3 ouz L 1
00L 4 Obhl M m
005 S o045 N n
006 6 oué ¢ o)
007 7 ou7 P )
010 8 040 q G
01l 9 05 R r
Ol%¢ null 0S.

23 . 053

oly ! 250 * +
05 null 0585 null

016 > 056 H H
017 null 057

020 space 06écC null

0232 A a 061 / %
022 B <] 062 § L]
52 G ¢ Gé3 T )\
02k ) a4 06} U u
025 E e 06E v v
0z2% ¥ b4 056 ¥ W
027 G i 067 X X
030 H n 076 Y y
031 1 3 071 Z ?
032 072

033 . 073 o (-]
03k ) / o7h ( !
G35 null 075 &
036 < . 076 \ e
Q37 ? L] 077 overvar
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I1I Inter-Core controller
As Genersl

The inter=core controlle controls transfer Of date between
external core (often referred to ag *Xcore") and yiLC core, It
ha8 two modes of operationt

(L) A block tran~fer mode sllows Lhe transfer of blocks of
up Lo 2048 words detween gny LWe locations in the two cores,
Thia transfer c¢an be ocetvWeen LWwo locations in the same core,

{(2) A asnort transfer mode allows the transfer of short,
fixed-length vuffers between fixed locations 4in 4O core snd
external core,

Fixed ccre asgig.iments for the inter=-core controller areg

URC, 9LO cure 53
Fixed transfer asddress, icore 100
Interrupt 215,

Be EOM Instruections
Four ECOM indtructiions are useq for the inter=core controller,
The EOM codes aret

20230103 Block transfer

20230202 Xcore 10 940 fixed tranater
20230303 940 vo Xeore fixed transfer
20230403 Disconrect

The LQM actions ares

Block Tranafer =~ This EOM starts a variablee=length
vransfer, ftThe number of words tC be transferred ang the
svarting sddresdes in source core and aestination core
are detarnmined by the contents 0f three coneecutive 9Lo
memory cells starting with the URG, Source and
deavaination nmay be in the same core.

Xcore 0 950 fixed transfer =-- This EOM initistes a
transfey of & fixed number of wWords bdbeginning at & fixed
address in Xcore to a location beginning a% the URS in
980 core, atarting witn the URC addresa in the 40
computer to g fixed atarting address in the externgl
core,
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Ce

The number of words 18 determined by a card ir the
controller end mey te s2t LO &Ny number beuween 1 and
7. The numder currentiy used is 3.

940 to Xgore fixed tranafer =« Tnis EOM iniviates a
transfer of g fixed number oif words (same number as
aoove) from 940 core wvo Xcore, wiir tne same fixed
loecations in each.

bisconnect == This £0M terminates any transfer in
progress anrd niaces tne controller in the disconnect
state,

Unit Reference Cell

The URC snd the next t¥o cells have the follewing cocding when
used o control a block transter operationt

e i o é 23

[T RN R E Y Y E R Y P L P R Y P LRI R Y Y N X

t0 0 0 11 5 ¢ H B

ID I vord count
Bitve 0-=3 contain an id2ntification code, I any other code
18 detected, the conirolier disceinects and writes an error
code in the URGC.

Bit 5 18 net 0o 1 1f 2n inverrupt is deaired at the
cermpletion o2 the transfer cycle,

Bits 6-23 indizate the numper of words to be transferred,

Bito 4 and 6-7 are ignoureaq,

The cell URC+1l cnntains infZormatior relating to vne destination
of the tranafeir, It has the folloving format:

o] 3 56 23

IS L LI L R R R R R R R R R L R R L DL R ALY PR R N )

1000 s &t 3
1D d destination address
Rite 0-3 cuntain an identificstion code as above,

Bit 5 epecifies the deatination core. A L indicites
transter Vo 940 cere and 3 O indicates transfer to Xcore,
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Bite 623 dssignnte the firwsy :adrees in the destination
core,

The cell URCe? containg information relsting to the source for
the trensfer, It has thn following format:

0 3 568 23
000 11 ¢ 3 H
check L source addrsas

Bive 0=3 contain an identification code as apove,

Bit 5 specifies the scurce core. A 1 incicates tranafer
fron the 240 core and a O indicat.s transfer from Xcorve.

Bits 6<23 designate the f2irst address in the source core,
D, Exit Rouyvine

AY the &nd of sny transfer, or when an error is detected, the
axit rouvine is performed, Thia routine writes ihe YRC &nd
then places the unit in 4ite "daisconneci" stete. The URC is
written with the following format:

0 &3 7 23

! 10000 Ot H

error vord count

gite Q-2 contain an error code, The errsr-s are reportved as
follows:

Biv O i3 aet to 1 if any error i1s detected,

Bit 1 48 a2¢ 2o 1 for an erzor in any of the URC
locations (incorrezt ID code detveited).,

Bit 2 18 sel o 1 if the controller waited more then 1
milliseczond to gain access to the externasi covre,

Bite 37 are set %0 0.
Bits 8-33 contain the contente of whe wWordecount register

8% Yhe end cf the transfer, FOr &« successful transter
tois will be O,
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An interrupy is issued st vne end cf the exit routnine if called
for by Vhe URC, or if any 2rror nhas been detected, No
interrupt 1s issued for th: short transfaers,.

-¥ Nevlwork Interface
A, Genersal

The natwerk interface provides communication between the °LO
end an Interface Message Processor (IMP) on the ARPA Computer
Hetwork, The interface operates Zrom message duffers in 940
core. A "linked-puffer" scneme permits flexible menory
allocation.

The interface contiins 1wo independent logis systems, the input
controller and the ocutput ontroller, The former receives
information from the Netiwork, and the latter sends information
to the Network,

A3 3een ry the programmer, these twWwo unite are glmost
identical in all aspects except the direction of datas flov,
Differences between the LwWo are noted in following sections.

The two channels are independent in action, =xcept that they
share the game channel into menory. Thus they cannhot make
simultaneous core accesses,

Pixed locations assighed 1o the Nevwci's interface aret

Recelve URC 60
gend URC ¢
Receive interrupe 212
3end interrupt 213.

B, cCommunications with the INMP
Da%a moving petween Lhe hOo&t and the IMP 18 in the form of
egarial bit etrings wiih » maximum length of 80% Doits and &
raxizun rate of one millien nits per second.

Details of the comnmunicatiens protocol between the .nt=:face
and the IMP are covered in Ref, 2.

C. EOM Instructions
EOM Codes ared

2023010k Hosty up
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D,

20230208 Iniiiste receive
20830304 Initviase aend
2043040k Resev,

The *host=up"” EUM resets the "host=up timer." This is &
timer in the interface conyrolling a siznal to the IMP
indicating that the host computer 48 up., If the timer is
not reset &% least once a second, indication 48 given to the
IMP that the host is down,

The *4initiate receive® IOM enables & "receive" operation.
subdequent to this EOM, da%a received 2rom the IMP will be
written 4in the "receive" buffers, The IO0M muat oe given for
2ach message received, The controiler may be left in the
"receive engbled” state indefinitely, wailing for a message
from the IMP,

The "4initiste send"” EOM initiptes & "send" operatinn, Data
contained in the “send" opuffers will be imrmzdiztely
ransnitted vo the IMP, A "send" IOM must b~ given for each
megssge to de Lransmitteq,

The "resetl" EOM causes both the controllers vo immedistely
sbort any operation in progress and go to the "reset" state,

Linked Buffers

Linked tufgers are used for both “send" and "receive" nesgiges,
The formet ©f the linked buffer is as followe:

The £irst word 0! the oufter c¢ontains trhe byte count Zor the
buffer.

If the syte count 13 zero, %“ne Contritier goes directly
L0 the ngxt tuffer,

A dlock ©f n dytea 0 be transmitted will occupy the n/3
core sddresses immedistelrr iullowing the byte count,
since there gre three 8-tit bytes in egeh 24~%4t 9a0
¥ord. When the lazt poyte doeg not fall on a 940 word
woyn&sary, the sctlion depends on Lhe operation:

In & "esend"” operation, bdyied remuining in the last
word are igncred,

In a “receive" operation, bytea rempining in the last
word are Yill. 3 vwitn O0's8 by the controller.
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The last word nf{ %he buffer contains the abvsclute gddress of
th=s next busfer

If the last word contains all 0's 4in the addreas fleld,
no more buffers gre processed gnd the cperation is
terminated,

The 2irst buffer of a "send” Or "receive' megsdage alvays tvegins
2 ¥Words after tne "send" or “"receive" URC, respectively {(there
are two URCs <~ see below),

The maximum Ressage lengih as determined by the IMP is 8096
bite.

The Unit Reference Cells

There are two URC lccations for the dinterface, one for "sang"
&énd one for "receive." There are two words 3t each location,
folloved bty vhg fi-0t message buffer (cee gmove), The UR:S
have the following format:

Firss word:

01 2 5 23

[T TR RPN PR R R R R R Y PR Y I F PR T Y Y Y

. -
L2 A H

I XYY PR PR SR RN EREPL Y P EE E LYY LR XY IR Y S X T

i TN end o2 daa

Hit O == Errorg Tais bit is set by the controller whan
an error is detected (see pelow),

Bit 1 =~ Liet fulit This bit indicates that tne linkeAq
buftere follcewing the URC cortein valid data, Ivs
interpratation depends on the operation,

on a “gend" cperation whe controller expects o find
this bit a 1, indicating valid deta to be transmiting,

12 tvhe controller f£inds this pit O when ¢ "senc! 19
initizted, the "na2ed=newelist" bit will be sget o 3
and a "send" dnterrupt isasuey.

When the “"send" operation is completed tna
contrsller resets tuis biv Lo 0.

on & "receive® operation the controller expects his
b4t Lo be a O, indicating that <he huffers are ready
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F.

Q.

L0 regeive g message,

I this bit 48 found to be « 1 when 3 "receive"
operation is begun, the "needenew=-list bvit" will ce
82% gnd a "receive" interrupt issued,

This bit 1is set to 1 by the corntroller &t the
completvion of a "reccive" operation,

Bit 2 -~ Ne&ed new list: This biv 12 set by the
centroller to indicete that the "list=£ull" bit was not
corredt at uhe bveginning of an operation .

Bits 5<23 == End of mesassge: 7These bite are set by the
controller at%t the cend o a “send" or "“receive" operation,

AL the end of the “send" operation tnese dits point to
the Llest word of the L.yt buffer transmitted, This is
the zZero pointer that iterminated the transmission.

At the end ¢of a “receive® operation tnecge bize point
0 the last word filled witn Qa%a from the received
nessage.

Bits 3~4 are not uged.

decOnd wWordi The secdr ] word {(URC+l) containa error ecodes
and is described velow,

inverrunte

Tuo dnterrupts are used bv the controller, one for “s=nd" and
orie for "reeceive,®

At the normal or error terminaticn of either a "send® or
“receive" operstion the reapective interrupt ias issued,

Errors

Errors are detected by the controller for both "aend" and
“receive" operalions, and vrror codea arc written into the
vords follcwing the "send" and "receive" (RC3 respectively.
The “IMP dewn" errsr applicsa to hoth "esend" and "receive," but
48 reporved as a "send* errcr only.
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Y
o




Appensix 2
RETERENCE HANUAL FOR PEKIPAERAL EQUIPMENT

"Receive™ z2rrors are reportad in the word immediatelv
following the "receive” URG. The errors and pit locations
in the error word are:

Bit 19 =-=- Mesgzege %00 longy The me23age has exarerded the
maxXimum length of 3096 pita.

Bit 20 == IMP does not respcondi During the transmission
©f & Measage tvhe IMP pauses for more vhan 100
nilliseconds patween bitrs,

Bit 21 == List spsce exceeded: Space in the linked
pusffers has been exhausted gnd there are more bites in the
megssage f£rom the IMP,

Bit 23 == IMP wWas gown: Prior to this messasge the IMP
was down,; a8 indicated by the *IWMP=~-down" line,

*gend" errors are reported in the word immedigtely following
the "send* YRC., The errors and oit positionas are:

Bit 19 == Message toc longi Tne message has exceeded the
maximum length of 8C%6 bpits,

Bit 2C -« IMP d0es not respond: During tne transmiasion
0f & message the IMP pauses for more than 100
milliseconds petween bits,

Bit 22 =< IMP-ready line is downi Thie error is reported
only whep the controller i1s active == that ia, after s
“send" ¢r “receive" LOM has be2n isszued and before ihe
conmpletion ¢f the indicated operation,

Bit 23 == IMP was dowiai Prior to this mesaage the IMP
wa@ 4down as indicatad by the "IMP-down" liine,

Y Precision Clock
A. General Information
The ARC clock systen uges g high=-stability Hewletti-Packard
Model 1058 quartsz oacillaior %o drive two accumulators, The
Arcuiulators arei
(1) An absdolute~time accumulator with &n output cf year,

nmonth, day, heur, miagute, and second, updated once each
second
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(2) A relative=tinme accumulrtor which consietas of & 2u-bit
binary counter, 7his counter is scvenced ouce each
nillisegong,

The snhortecerm jitter of both tihe abzolute .i4 relative
gcounuiatore 48 10 to 20 millivenonds, Th.s Jditter is caused
by the variation in the gmnount of time r<uyuired vo access the
240 core menory,

The error csused by the oscillator 4arift rate is less whan 1
gecond eveary 250 days,

The initial setting ne the absclute time is accurate Lo vithin
1l second,

The progranzer has ne conircl over he operation of twnis unit,
Tine is written in cire wheiuever the system ‘s operative,

Word Formats

The adbsolute time is written once easch secend into twe words of
whe L0 conmputer.

The format of the £4 3t vord is:

0 T8¢ i5 23

LT L Y P Y L L L P R R R R Y R P T PR P P Y E R T )
. o

: . L} H

LT L L L R L R R e R LT L L L)

month cay yeer

Bits O=7 contain the noc .th ¢ode in srvraight oingry vith a
range 92 1 to 12,

Bite 8«15 contain the cay code in straignt binary with a
range of 1 to 31,

Bits 16+233 contain the year code in atrsight binary witn
& range cf % o 99,

The format ©f the secend word ia:

0 78 15 23

LA XL N K-8 B L 0 K B X I ILE LRI LY X EXNEERLREEXIE Y R'E R NN NN X ¥ F ¥
L4 H

! : ! i

BN AT OOE O RSN PRSI NAOAPTLe TOTORSOATRNEERRe RNl RS

hour minvte second
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Bits 0«7 contelin the hour code written in atrs.ght bipary
with 8 range of O vo 23,

Bits 15 contain wne nminute code written irn straight
binary ‘vn a range oi 0 0o 60,

Bitvs 16-23 contalin the ac_.ond code written in straight
piner’ with a range nf O to 60,

The rclative time is written once each milliosezound into a fixed
address., Bits 0-22 contain tvhe relsative time in straight
binery code with a range of 00000000 to 77777777 (wetall,
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Intreduction

This appendix gives & technicsl éescription of NLS and extends the
overview given in Sec. IV-E of the main body of this repore,
covering ihe utility routines, conhgné specification, and cormand
algorithme used oy NLS,

In addivion, the special-purpose languages (SPLS! for command
spccification, content snalysis, and string conmatruction, whicn
are uJsed in Jarge avciionT of NLS, sre discussed in some detail,

This sppendix assuses that the reader is familiar with NLS fronm
the ueer's viewpoint to the level of the NLS't User's Guide,

Preceding page blank
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II Utiidity Routines

The utility routines in NiS fall into two categciies, dealing witn
the overlay sy#tenm and with file handling.

The routines in the overlay system provide mechanisms for
changing the collection o0f pages of code ia the address dpacc
of the programj “he file-handling routines provide mecnaniams
for refersncing and changing the actual data base,

A. Overlay 2ystem in NLS

1.

2,

Genev gl

The logicel structure of the overlsys in NLS is a tree
structure, with the most widely used code residing in xthe
overlay® near the root.

Al overlay 13 confinec %0 a single page, in ordzr Lo nake
efficlent use of the paging nechanisme of the 9Li0.

Imnplementation

The overlay structure is implenented through two tables and
severgl procedures which use them t¢ manipulste the
relabeling.

Tor & given page cf progranm, there is an entry in each
table, The index of the entries for the paZe i8 the sanme in
bodh tablea and¢ 13 called the "overlay number® of the pacge,

Qrie table gives the relabeling byte for the page, wnile the
otier g.ved the cverlay number of the parent overlay and the
poaition 4in the sddress space that the page shculd OCCupY.

Tae entries in the second table have a POP ¢code in gddition
o0 the other infermatien, To reladel in an overliay (and the
overlays stove it in the tree), the instruction
corresponding %o that overlay in the gecond tabdle is
executed,

If£ a call 18 Lo 32 made Lo 3 procedure in another overlay
thet occupies th» same logical position 4in the asddresg space
a® the calling routine, the call is aplit inlto two
instructione.

These correspond to the execution of twec POPE, the first
of wWwhich "gelegt® the overlay" and he second of which
gives the address to branch to in thst overlay.

TWO cells are used 4in vhe program Lo Xeepr & c2py of the
relabeling.

Preceding page hlank
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When an overlay 1s selected, the overlay tavies are
used 1o urdate these vords witncut changing the actual
relaveiing,

This change is nade when the second POP is executed
and afver the destinztion address has oeeh read,

On a call such a& this, the overlay nunmber of wne c2lling
routine, as well a8 the caliing adar-ss, is saved on a
sLack,

This allows whe overlays t¢ be restored to their status
before tne call when the called routine retvurns,

The rcutines that change the reladeling are in the cverlay
at the rost cf the iree, and are tnus always avallable,

In genersel the recot overlay contains utility routines for
basic functicns, such as changing relabeling and sccessing
elements of the file,

N1S8 RandormnrFile Structure ané nzndling

deneral Ccnsiqerations

The prosent format angd structure of NL3 £iles was deternminea
oy certain design considerationsa,

IV 2.8 desiratle to have virtually no limit on the size of
a file, This ™means that it &8 not practical 1o nave an
entire file in core when viewing it or werking on iv.

A foal in the aesign wes to maxe the %ime required for
most operations cn a file inderendent of the length of
the zile, 7That is, small operations on g larye file
should take rnugnly the sare time as on a 8meli £ile, In
this way the user anag tne system are not penglized fcr
large files,

The system nad to include graphic statements, and parhap3
other fcrme Of data, o8 well a8 text,

A% a3 result oi these considerat:ions, a rarndom=~fiie 3cheme
wae chosen, Each file 18 divided into logical blockse that
may be atcegsed in a random order., Thers are several
aifferent vypes of blocks, and each type nas its own
atrucrure,
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2, File Structure

An MLE f£ile is made up of a hesder and up %O 4 fixed number
(currently 66) of lO02L~word file blocks.,

a. The Meader Bleck

In exch file, there 4s a header block that coniginsg
ingormgtion gbout thadt particular file,

The naader block rema.ns in menory while the f£4le 4is in
ugze,

The header incluces the following {nformationt

{1} General infeormgtiun regarding the file, such as
the 20llovwing:

(a) The Asxte 62 crentinn of the file

(b)) The file owner:s user number (identifieaz the
ueer dho crested the file)

(e; The numrer of worde in the file nhsader block

(4) 7he initisle of the user who last wrote the
£4le out

{e) The dats and tirme at the last writing
(£} The name~deliniter characters
{g] Tae average lengilh of ctatements in cheracters

(k) The total number of statements generated in
the life of the file,

(2) Statvus tables for the file blocks,

The girs2 and lergest svatud tadle ia the rgndom file
bleck svatue (RYBS) tadie,

Fach entry 4in vhe RYRS table correspondés %0 8
random f1ile bdlock, and indicates the astatus cf that
bleck, The file header is file rlock zeroc. The
aunier 4n the RFBS entry haas one of the followirg
neanings;
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ZERQ: The Dblock 1g not sllocated, und dces notw
exist,

POSITIVE: The olock is allocated, and 1¢ in
memory rather tnan on the secondary storage
device, The positive numper is the acwual
jtarting address for the tlock.

NEGATIVE: The block ia not in core. 2 the
entry equals =1, then the rlock 18 sllocatedq,
but has not been initialized, In the cgse of
text blocks, =2 indicates that the block
¢ontains no gardbage statement deta dlocks, and
need nov be Lartage-collectea, Ovherwise ihe
number is the negative of the used«worag ccunt.

A given file plock has only one type of information,
such &8 etructure or text, There i8 a separate status
table for each type of file plock., These are cxlled
secondary status tables,

An entry in such & table has one of the following
neaningsi

ZERO! The block is not allocated,

NCN-ZERO! The value is the block number, that is,
the entry into tne RrBS for tnat block,

There are gecorcary &status tables for structure, text;
Eraphica, and raywadrd types of rfile blocks. The
internal structure of these aifferent types of dlocks
i3 discussed in the folliowing sections,

The use of separste status tables avoiou references o
absolute lecations 4in the file and reduces Yne numbder
of bits required %o apecity the location cf 2
particular pilece of infornation,

Pointers to various elements {(structural, textual,
etc.) conmist of two f£ields: a 3econdary
Itetus=tadle index snd an address giving the start
¢.' the element relative to the start of the bdblock.
The status tadle entry containe the number of the
block, from which 1ts gbsolute address can ove
comnued.

Fover bits sre required, since the range ot
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secondsry astatus=-tadle indexes is smaller cthan the
range ¢¢ possivle file=block numcers, The greagtest
gain from this i8 in the identifier gfor & ring
elernent, since a file can have 2nly eight strucrure
piocks in the current configu.avion of NLS.

In spite 2f thise, the use 0f the separate status
tables is of questionanle value,

Value of Avolding Apasolute Addressess By avoiding
sbsolute addresses in the file 172 {8 possible tc move
4 block to a nevw location i the file simply dy
¢changing a svatus»~tabie entry, Such a move can re
valuable 1f the file nas become sparse and nesds to ce
compactad,

If absclute gddresseg vwere uded, then all
references 10 the block Would have 1o be changed,
but it can ve argued that such g process nea2d only
pe 4one on rare occasions and hence its efficiency
is not crucial,

Moreover, sufficient backpointers exist so that
the process of modifying references would not He
aifgicult (although iv rmigzht be lengthy).

Value of Fewe: Bits in pFointerss The economy of bits
in pointers 18 g stironger argument for the use of
aecondary status “ahles. However, the total savings
per ring element (with the current size limits on
£iles) 18 only eix bits.

Disegdvantagea of Secondary Status Tablesi Space in
vie 4data page ig& used by the tables (which are always
in core) for information thet would not be necessary
12 abaclute adiressea were used,

Their use places arzitrary limits on the number of
file blocke of ¢ particular type,

For exarple, it ia poseirtie to exhzuat the
structure blocks when the file sctually contains
roon for nore inforwmation, If absolute
sddregsea vere used, then bloecks ©f a particular
type ¢nuld ve ailocaved s needed, with a 1imiv
only on the totsl nunmber of blocke rather than a
1imit on eacn type cf block,
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If£ further congideration confirms that the secondary
s5tLatus tanles should be eliminated, it will not bve a
difficult task pecause of the methods used for
accesging infornation in vne files,

These methods ure discussed in a later section;
firest the remalinger of the file structure must bpe
deacripeq,

b. FilewmBlock Format

Each random file vicex has an eirhteword neader., Tais
header contains the followingt

(1) The checksum of une block

Thie is computed pefore the tlock is written, and
verifieg when the block is read. 1in addition, if
reom in ceore 18 needed for a dlock, then any Llock
{in core that has not beer changed may be
overwritten without copying it to tne file, The
checksum provides un easy means of testing wheiher
the block has deen changed.

(2) 17The uma2d-word count (always xreater than the
neader size)

(3) The block type, 0 indicate whether the block is
text or structure

{h) In structure blocks, the free=list pointer; in
text blocks, he garbage-collection flag, indicsting
wrhether there are garbage SDHS (otatement date blocks)
in the bluck,

{S5) The secondgry status-table index nunmoer.

ce Structure Blocks

The internal structure of NLS files 12 4 ring structure
repreasentin® a tree structure, Each nods in the ring
corresponds to a etatement, and eonvains rointers o the
"L£irzt son" (called the sud) and the “fLirst trother"
(calied the successdsr). 7The last node in a liat contains
t flag marking it 28 tne tail ané points tc the father as
ive successor,

The nodes in ine ring sre xept 4 foursword rang
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elexents,

Esa~h structure clock containg 25L ring elementege, There
can be up Lo eight structure blocks in & file, bdut not
all need be allocated.

Each ring element in an gllocated tlinck either is
associated with a statement in the struct..< of the file
or is on ilhe free list ¢or the bloek.

A free list consists of 2 chein of pointers, starting
in the block hesder and ending with s gzero pointver,
(As used nere a poinver is an address relative to the
start of the plock.) The pointers are in tne first
word o¢ ‘he four-word element, and the other three

words are zero,

A free 1ist ig entirely containeé vithin a single
biock in order to minimize file references,

A ring element associated with g2 statenent contains the
following inZormation:

(1) rlags indicating whether the statement

{a) has & name or not

{b) has been tested against the current
cofitente=analyzer pattern

(¢) passed
(d) 418 vhe
(e) 48 the
{(2; A pointer

{3) A pointer

Lae pattern, if it has Deen tezted
head of 4ts plex

tail eof its plex

to the text for the statvement

to the picture associcted with tie

statenent i¢ there is5 one

14} A pointer
peinte?r Lo %he
supstrucuure)

{3} A podnter

to the sub for the statzient (or a
Statenent iteelf if there 18 no

10 the successor for the ststemen?
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(6) The hash of the name of the statement if it has a
nene,

A riag elenent is pointed t6 by & permanent statement
identifier (PSID).,

Thie 18 an ll-bit integer between O and 2047.

The three higi=ordar bits give the structure=block
nunLey {(entry into the RSVST table), and the eight
ivw=order bdits deternine the location within utne
block.

The PS1D of & statement remains unchanged 2s long as
that statement is in the file., That is, the PSID is
not c¢hanged by textual or svrucuural editing >f the

fi)e., Hhen the atatement is deieted, that aame PSID
may later be used to identify a diglerent stateman®,

Every file has at least one ring element in its
3ructure, nanely lhe eliement for the origin statement
(root of the ring, first statement in the file), which
alwWeys has PSID zero,

Text Blocke

in addition Lo the header, a text=type file block is made
up of an aroitrary number of atatement Jdata blocks (3DBs)
and an area ¢f free svorsge.

The free storafe area at the end of ¢he file dlock isa
simply a number of woras aveilable for uase in creating
new SDBa,

An 8SDB 18 a varisdle-sized block of werds with a six-word
header.

The haesder contains the fellovwing ingormations
(1) The numver of uords in the SDR,
(2) & flsg indicating vi:ether the 3DB 48 unused
(L.e. garbage o bz coliected by i1he garbage
colilector)

(3) The FSID 0f the statement

{L) The date and the time when the SDB was ereated
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and the initials of the user who created %
{S) The numbe:r of characters 4in the statement

{6) The position of the first character in ths
statement th:t is not paret of the name, (Set to 1l
42 the ststement does not have a nane,)

The words following the header contgin the text of the
slstement, three characrers per word. The text includes
an end character (cede 377u) on each end of the
ctatement, The ladt werd 46 filled vo ¢ word bcundgry
with enda characters.

The characvers in a statement are explicitly numbered,
the first end characte. being number zero.

A WwWoewor4 entity consisting of a PSID and a characrer
count is called a T-pointer, and indicates a particular
character witain the file,

A T=8°ring is a ctring of text\ within a sinc¢le statement,

The textw=editing routines make use of Tepointersas and
T-strings.

Graphics Blocks sgnd Keyword zslock
The format of the infornation stored 4in these blocks will

be descrivned in vhe gactions dtaling with Lhe vector
packsge and the Reyword aystenm,

3. File Handling

T

Sore Tables and File Input/Quiput

The randem fileg are read intec core by hlocks, 7T%0 nages
in NLS are logically 3dividod into four 102h-word sections
to contain the file blccks., Thue, up te four file blacke
nay %e in core at a time, When a file biock is
requeated, 1f all fcur sgre in use, one dlock will be
written out. Core blocks may te “froien® in, nowever, so
that they ¥ill not ne removed,

A eingle procedure called LODRFU controls all file
input/output (other than file copying)., «hen any rouvtine
wants & block loaded, it calls this procedure with the
nymber of tune dedired plock., 7The plock ie then loaded
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and its locaticr in memcry resturncqa,
The procequre makes use C°f 4d4everal ivarles,

Cne taple incicatec whicn file vlocx 18 in eaca
core dblock (1% 18 called RFIFCH for "randonm ‘%ile
andex for cecre blocka"). A zero in tnis table
meLn8 that nc file plock 18 tnere, wnile a positive
number is tne randon file tlock nunver (Jndex 1o
RFB3),

A tecond table indicates whicnhn of the core blocxs
have hz2en trozen., "Frozea® indicatee to the file
block loading procedure ithat the ccre plogsk must
not be changed, 7This 1s the case if sonre
oparation, such a4s editing, is ceiry performsd or
d4ata within the bplaek,

4 value in tne taple cf -1 “2an3 that the block
is net {rozen; this value is incremented oy 1
£or each reascn wny the vlocxk is frozen,

The algoriinm of LODRFB ig approxinmately as follows:

Firot, a core dlock is cnosen, A Qquickx scan of the
2irst %tadole menticned apove is made Lo find an
unused block, If 21l are in use, tpen a counver 4is
Lsed O find the next core bdloek that 19 not
frozen, {If all are frczen wne aystienm aboris,)

The counter provices a sinple algosritnm for
determining whicn dlock shoula be removed from
core,

If the chocern core plock contains g file plock,
then one of the following things hepperns:

{l) 1f the t:le DlOCK 18 emply, it i35 relersed
10 the system and the corresponding status block
is set to indicate tuat that block is
tngliocated,

(2, Otherwise, the block is written sut on the
film 4f the uhecksun hae cranged, and the randon
file status Dlock 1is eget to jndicate that the
block 42 on the f£ile §nd not in core,

At this point the geaireuy file dlock is loaded into
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the core dlack,

If the rancom file block has not beer .nitixlized,
the initialization is cone now, Otherwise the
checksum erd file type are checkeéd. An error .3
reporiad 4f elther of these checks fails.

Finally, vhe ranuom file block status is set to
show tha the block is now in core, and the index
for core blocks (RFIFCE) is set to indicatve which
randeor f£4le block is in that core block,

Fele Copying

The algoritnnm for copying an NLS fille is as fcllowWst

First, the procedure nmust obtain a core block to do
tiie copying, RFIFCB is scgnned to f£ind & block that
ie not used, If there is no unused bhlock, ther the
firat block that is not frozan is taken, and the file
block number in it ix ssved, That block is
checkaummed and written out on the output file (in the
sroper file blockj.

Having obtained a block, &ll of the allocated file
blocks (except for the one plready uriiten in the
event that nNO coOve blocke were free) are copied fronm
one f£ile to the other. 7This includes the file hegder,

Finally, 1¢ no blocke were free, the block which wae
removed t0 make room for tha copy i8 restoered fronm the
outputy file.

Referencing Infermation in the File

A8 much a2 possidble, inforzmation in the file 1o
refzrenced indirectly through utility functiens., This
enMures that the fiie stiructure can bde modigfied wieh
minimal changze in the syvatem as a whole,

7or each fZield 40 the ring elemsnt, there are rrocedures
which, given a P3ID a8 argunent, either regd the ccentents
of the {leld or siore & new value into it,

Only these procedures nea2d know the sctuai formst of a3
i’'ing element. Thus only these procedures need bte
changed 1¢ thet format 43 modifiea,
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There gre tlio procedures for reading &nd writing
characters in en SpB, This serves Dot to ensure
flexibility in the format of the 3DB &nd to aveid
multipie procedures for performing a very cormon
funcsion,

Because of the lack of instructions for character
manipulation on the 910, & rather elaborate netnod ais
used to read charscters from a statrement,

Before any charactvers are read, the -rocedure FECHCl
is zalled te initialize 2 work ares, It 18 cilled
with the gddress of the worx area and vhe dairecrvion in
which characters gre to be resd from the grgtenent,

wnen calling FECHCl, the firsv <wo cells of the
wvork area nust corntain s T-=pointer for the firse
charactier to be read, A characier count o¢ one
indicates vhe first cheracter of the statement,
FECHCI will anitiglize the rest of the wery acea,
which contains the followipg:

¥ORD O: PSID

wORD 1: character 2ount

WORD 2! return adcress fcr routines resding
characters

WORD 3t instriuction o bransh indirectly througn
the fourvh, fifth, or aixth celle .f tne worx
area

WORDS L, 5, and 61 address of code L0 pass the
Zirst, gecond, Jdr third character respectively

¢ the current word of taxt

WORD 7: address of the current word of text

WORDS 8, 9, and 10; the first, second, ana thira
charactars in the current word of text

¥ORD 1l: unused

WOKD 12: the adareas O0f the start of the Zirst
wor¢d of tvext in the 3DB,

After the work ares has pern initislized dy cslling
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FECHCl, any number ¢f characters nay ce read fron
the statenent oy simply executiiny a call to tne
second cell of the work &rea. After returning the
last character of the statement {or first if the
directicn of reoadout is bgckwards), end characlers
(code 377B) will be returned from e:ll sutsequen?
calls.,

The cell %o %he WOrk area places the return
location 4in the second cell and causes the
instruction in the third cell to be executed., This
results in s bdraneh o & routline wnich returns tle
next charscter,

when all the chargctlers from a particular word
have been read, the riexdt word of text is
unracked invo the apprapriate cella in the work
area.

Whenever & charscter is read, the branch
instruction in the third cell of the work araa
is modified so that ile next call will resul? in
2 branch te the appropriste routine o résd the
nex% charez<er,

To change position within the statement, change
direction, or read from a 4ifferent statvment, the
work area nuszt be reinitislized vy calling FECHCL
again, as described gbove,

Finally, statements mgy be read in sequence according te
7iew pgrameters by means of & groeuc of procedures
collectively called the "sequence generator." This is
descrived in detail in Sec. IVeB22 of this apperidix,

It wgs menticned above that it would be posasipnle to
elimingve the smecondary statugs tables witnout an undue

amount of efiore,
It should be evident now that this is in f2a¢t the case
a8 3 result of the use of functions 1o reference
information in the file,
It ¥zuld pe possible to modify the field sizes in the
ring element by sinply rewriting the routines that
accasa the gffected fields,

In addition, a sinmple process could be written to take
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files in vhe current NLS foraat and 2onvert them to 2
format using absolute addreszes for rointers rether
than atatuys tatles,

216




{I1

A,

command Specification

command Specificatvion in NLS

1.

General

The command specification section of NLS is implemented in
an SPL designed to facilitate 4it3 description ana
implementation.

The details of this language and ita use in NLS are
explained in the following sections.

Registers in the Commend Specification Language

Two types of registers are used by the command specification
nachinery: string registers and character reglsters,

scme 0f tle registers are used internally in the
implementaticon of the language, 8some are used as
3peclal=purpose registers for operations on ceriain tyves
of operandas, and somne are generalepurpose operand and
storage registers.,

constructs in the inputsfeedback SPL allow manipulation
vf the string <nd character registers,

The principal defined operations for siring registers
are LOAD end DISPLAY,

The contente of a 8iring regicster are normally
designated in the SPL &8 the name of the regiaster
immediately folliowed by an asterisk (a),

A register myiy be assigned a value cv & atatement
of the fernm

registersname "e* "g4 expressiorn,
EXamrples of éxpreassions ared

{3) 7Th2 name of any of the atring or characier
ragliasters

(2) The d@signation c¢f & character, such as SP
for epace

(3) The character 0, meaning to set the s.ring
to null

k) A string of text delimited by T-pointers,

Yor examplie, LIT#s0 clears the literal input
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register, while LIT#« (Bl B2) l0ad4s it with the a
text string.

The conventd of & regisver nmay be displayed in the
namne area by tne com “nd of the fornm

"DN{" register-name "ah" U)w,

Thus DN(STN®) cauaes the contenia of tha gtatement
name register o be displaved.

The input character register i4s normally avalladle to
the SFL programmer &s a read=oniy register, which
alvways containg the last charscter read from the input
string.

The contents of the regliaster may ve put inte a
siring 83 descrived gbove, or displayed in the text
areg by writing LTI(C#).

In addition, the input character is imolicitly
referenced in the case stztement (descripea in Sec,
III=A=5 0¢f this appendix),

3. Entity Character and Entity String) Command Groups

The commands in NLS sre classified in groups, and with each
group ias essociated z partizular entity (such a® character,
word, ststement, aAr Hranchl.

With this entivy is aesociated s cheracter called the
"entity character" and s string celled the "entiwvy string."

The entity character is programmaticslly assigned valuez in
thz SPL ty the construct

"Eee" characuer "," string.

This causes the entity character %o bte sel Lo the valus
0f the character, and aasigns the vglue of the string ts
the entity string,

Thues "E#sB,BRANCH" sets the entity sharacter to "BY and
the entity string to "BRANQH ™

The entivy atring and entity charocter are used to provide 2
cafault option 4in comnand specification,
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L.

When the command operation (euch &8s DELETE) has been
eyeciied, the entily string for the group of the
operation is offered as thne tyre of entitvy for ihe
command, The user may accept this oy typing a “command
accept® character (CA) or specify some other entity by
vyping the appropriaste character.

The actual SPL constructs used to express this use of the
antity otring and entity character gzre oresented in a iater
example,

command Stave

Except when g commana is peding epeciiiec or executel, the
user is in some command state,

It the user begins parametar specifizaticn without first
spccifying a new commgnd, he command executed will be tnat
designated by the current command state,

The command state 18 defined interrally »y a special
register called the "state regisier,”

The slpte register always® contains the location of the
most recently defined comnand stete,

This locgtien 12 4n the sgme format a&® 2 return
loca%ion psaced on tne stack in a subroutine call.

The statle regiater additionally contains the comrmand
group of the command state,

The SPL dyntax for defaining & command state is
"sa#s" label ",” command=group,

which results 4n a ¢all to the state defining routine to

be produced py the compiler, The labtel ig defined as

veing 2qual to the addre¢és of this inztructien,
From the comnansd 2tate, control passes directly to a
parameter specification poirt in the prograrm, which acts a8
an idle »nr "walt for next iapur" point.

control returns to the highest level of tne cammend

peraing code 12 the character reed is not a legitimate
paraneter specification character,
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This 15 on2 of the most significant features in maxine
the ¢snmand language efficient and easy %o use,

The contents of the ctate register mey bhe used as an onerand
in dgesignationsl expressions.

Thus, one nay programmatically retivrn to the previous
command state by the SPL statement "GGIO (S/".

Thare are several occasions where this construct is used,

“ any time during the command specification, a user
My return %o his previous command state by typing a
“command delete® charsactver (CD).

From the akcve deacription of command state, it may
be seen that the zz2%ion of a eommand Jelete is to
reset any paraneters entered 4uring the course of
the aported command and dranch to the locatisn
contained in the state register,

If£ a specification error occuré during the execution
of s command, the commsnd 18 aborted and NLS is
automatically returned to the previous command state,

5, Command pParsing

The NLS input conmands sre peraed through the use o0f rnested
case statenents,

The depth in the nest of case statenents corresponds o
ae pesivion of the next character to be read in the
commané inputv string.

Thus if a command were specified by .hree chsracters,
the f£irstv character would be read by 2 firstslevel
case statvenment, the gecond by & sesrsnde=level case
atalementy, snd tie third by & thirdelevel case
statenent,

TWe features of the cage shatement construct in the
inputefe=sdback 3Pl make it especielly suited for parsing
the command input strings.

The selection criterion for thé& execution of an
elerent 0f the case statenment ia equality of two
specified characters, one of which appears at the
front 2f t.e element, “he other of which is inplicit,
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The implicit character is normally the last
characser reagd from the input string., In addition,
it is possinhle to repect a case (using a "“"KEPZAT"
gonstruct) with some character other than the input
character,

In particulsar; the antity charscter nmnay be useq,
This permite the implementation of tiie commanrd
default option mentioned sbove,

At the head of the case statenment, %he antity
string is used to offer a defgult value of the
connand type, If the user types g command
aceept, there ie an element in wnhe case
statement which is executed 3znd results in
repeating the case astatement using the entity
character in plece of the input character,

The net effect 418 the same ge if the user had
tyied the entity characster rather than a command
2CCepL,

I none of the tests succeed, thern ar "L 1CASE"
“tatenent 18 executed,

Whencver a cgse statement is executed, an entry is
made on a stack indicating the location of that case
statement,

A gconstruct in the repest statement allove the
execution of a previous case gtatement 4ith a
particular characrer.

The word REPEAT is followed by an integer indiceting
which of the stacked cafes is Lo be repeated,

Thus REPEAT 2 causes the second previous case
statenent to be rapested,

The integer 18 in wurn folloved by a character
epecificaticn in parentheses,

Thi? may be any of the followine:
(1) Ah actual Cheracter to be usea, such a® 3P

{2} The entity character (Es)
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{3) 7he next 4input chgracter, indicated by a
periocd,

4 brief example of code for parsing an NLS~like command
language 48 preserited here,

It incorporates most of the SPL constructs mentioned in
this section, a® well as zome not mentioned,

The connend language dz2scrihed here allows two grouns of
commands, used fcr text editing anue structure editing
reapectively.
Four cormands are gpecified:
Text editing: (initial entity = character)
Insert Chsracter
Insert Word
Structure ediving: (initial entity s astitenen)
Append Statenen?t
Append Branch
{averty) « caae
{4) f(vextvedit) dsp( < dngert ¢ 2g% ) , cate

(¢c) 8nuiec,textedit asp( ¢ < inadert charucter)
e#8C,CharaCcter +parnapec,prospc =conex,exectr

{w) pesiv,textedit dep( ¢ < insert word) esey,vorq
sparmapec,prmspc -comex,exectr

(ca) repeat Olaw)
{cd} goto [s!)
endca2e goto start
(8) (Beredit] dap( < append t eae ) , case

(s) assic streiit deop( ¢ ( append 2tatement)
essg statemant, ¢parmapec,pruape =comex,exectr
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{w) &#viw,atredit qap{ « ¢ append word) e#:-w,Word
¢parmspes,prnape =conex,exectr

{ca) repeav Olew)
(ca) goto (8]
endcase Zolo Ilart
endcase repeat 0Of{,)
Parameter Specification

Pareneter aspecification is tnat portion cf NLS wnich is
invelved vwith the selecticn of operindz for commands.,

Operands mey be specified by selecting locsiionz ang
entities in g file, by entry of atrings from the Xeyboard,
or by the naning cf pointers with tie keyset and mouse,

Specitications of entities in the file are repreasent=yd oy
One Or mMOore entriec o6n s Stack, called tne specification
stack, (This is independent ¢f the subroutine argument and
rewurn s%ackK.)

There i3 one entry on the ypecification atsck for eech
selection ngde in paranmeter specificsaticn,

A normal entry on the specification stack {apec stack
for ahory) is called 7T-pointer (wrhich consists of a
PSID and g character ccynt!,

A 8PL construcy facilitarea the piacing of sreuments
onto the apec stack. The syntsx is

“SPEC(" argument *)*,

where gn argunent can be any of the followingi
BuG: Process the most recent command accept ez &
bug etelection and place the corresvonding T-pocinter
on the srec stack

PO3: Load the last bug selecticer >nto Lhe gpec
sLack,

string register: Thne action of his command depenas
un the register aspecified, and thne contents c¢ tne
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regiasver,

If the reglister 12 the nunder register, then tre
numper string in the register i3 convert:d tc 4n
integer and puaned ontd Lhe spec stack aad the
second word

iZ the specified register is the statenment
nunber register, it converts the &iring in the
register (assumed to 2 a stalement numper) into
& P3ID, and pushes it ontec the spec oreck

I8 the case Cf any other register, if the firse
character 4n the avring 18 g digit, then the
content of the recgister is sssumed to be o
ctatenent number 6 otherwise, a atatement hnanme,
In either case Yhe corresponding PSID 48 pushed
onto wvhe sLack,

Nunber: The integer indicsted is pualed onto the
spec stick

1dentifier: The velue of the identifsier is pushed
sntc the spec stack

‘N0 argument): Thiag causes the Epes atack to he
cleared of all entries,

A textug) eniity may Le specified (effectively) only through
pur selection(a) or with & pointer.

A avrictural entity may be specified by oug selection(a), a
pointer, or keybcard entry of statement narme(s) or
nuzter(s).

In the case where Yhe bug gelection or pointer servas as
3 texXt s@lecvion which dindicatez a string identifying the
statenent to be gpecified (e.¢.,, naresd, links), the
selec’ad string is moved inte g etring register gnd

trest a8 though it were entered from the keybosrd,

The glgoritans for converting bug seiections into T=pointers
are ciacussed in 3e¢, Iv~-d8-v-c ol this espbendix,

A mginter 4is simply a T=pointer which nae been given a narme
end swvoraG 4in & LaDL2.

It s prnecifind by depregaing he right button on he
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mouse, and enterang the ngme of the podinter with the
Keyset,

When a pointer has been specified, the associated
T=pointer is simply losded intc the internai register
containineg the (processed) mouse locaticn, making it
gppear as though 2 bug selection had veen made,

A statenment may de Selected from the keyboard by typirng
either the statement name or the statement nunbdber,

A svziement number is ¢onverted invec a PSID for a
T=~pointer by simply running uihroush the ring at each
lavel (beginning with level 1) un.il the srecified
stgtement is reached, or found to de non=-existent.

A statement name ig converted intc a T-pointer by rfunning
throush %he ring, looking for a statempt whiech has a
name, and whose hash i3 the same as tne hash of the nanme
being sesrcaed for,

In the case where an operand is s textual entity which is
entered from the keyboard, here need not b& an 2nti'y on tne
specification stack for itv,

Patrher, it wWill g0 directly into a specif.>d register,
and be used in thst form for lhe conmmand,

It shoulid he noted that the selections of textual
entities in the 2ile arc processed during exrcution of
the command 20 that (when appropriate) the texvual entity
ie put invo a register in tie same gorm it would be in i¢
it ha2 been entered from : Keyboard,

Subroutine Calls and Parameter Passing

The subrourine csall mechanian in the SPL i3 very simiisr o
that used by ALGOL. It uases & ste. kK for containing rewurn
information, perameters, and locel variables,

Because of the overlay structure of NLS, it is netcessary
%0 indicate in & subroutine call not only the address of
the routine bdeing called, but additionslily the name of
the overlay in which that routine resaides,

The nene of the overlay containing the calling routine

ia svacked with the return location, 80 that the
appropriate overlay may b= relabeled in upon return,
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There are (wo types of aubroutine calls, which 4iffer in
Lne return locati~ng placed on the stack.

The rewvurn location stacked dbY a normal auprcutine
€all 48 tne address o2 the location tollowing the
calling instruction,

The other subroutine call stacks the return locaticn
of coge which will return NLS o the psavious cemmand
state,

The Zormat and operavion of the stack (and suproutine
csll mechanism) are roughly ae followset

The stack 18 addressed by twd pointers, one Lo the
current Dasz and one to Lhe stack LOp.

A suyprouvine gall instructinr is always prccedad by a
"mark stack" inetruction,

The "mark stack" instruciion pushes ths contents of
the base=of-stack pointer onto the top of the
svack, follcwed by a zero {(which will be used by
the actual gubroutine <¢all for the return
1oc;ticn);

The top-of-stack pcinter 18 incremented
accordingly, and the base=-of=stack pointer is set
20 point L0 the new top Of the stack (which wil)
eventuglly contain tne reurn locatvtion).

formal Parancters are now loadsd onto the top of tne
stack.,

If an overlay ha# teern specified in the suproutine
call syntax, & cell ia get 1o reflect the overlay
containing the procequre pbeing called,

Note that the actual progren reladeling is not
citanged st this tinme.

The subroutine c¢all 18 now 2Xecute?,
The return locetion 18 cenrputred,
This 15 a combination of the calling address and

the name cf tn= overlay <ontaining the
supredtine call instruction,
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This is true except in vne case of the
special suproutine call wnhnich returns uc the
preéevious comnand state,

In the specisl subroutine call, the contants
0?2 the state variable (whicnh in fact is tne
return location for the previoua stave, as
computed above) are used 38 g raturn
location,

The retwurn location is stored in tne cell
peinted tc by the base~of-stack pointer,

Finally, the overlay zontaining the cezlled
procedure 18 reladbeled in if necessary, and a
branch is made to the addrese indicated in tne
subroutine call,
The syntax o0f & subrouvine call in the SPL is
{"e" / "=") procedure-nane ("," overliay-name / EMPTY),

where " / EMPTY" mesis toe conavruct before the slash is
optional.

In aadition, parsgmeters may be specified by listing them 4n
square prackeis gfter the call. Individual parameters in
the paraneter 1is% are aeparated dy COmmas,
The Yo" indicates g normael suproutane cgll, and a "="
indicaves p special aubrcutine call whicn returns to the
previous conmand state.
If no overigy name 18 specified, an overlsy which 1s& either
the overlsy containing the calling procedure or an overlay
stove it in the overley tree is agaumed, and thus no chanre
i8 made in the relabdveling,
AN eXagmple 0Z o su.routine call is
¢3ubpat ewar2,txtedt(bl,pl=-4) =qdv,txteat.

8, Inpu? Machinery

a., Work Station Input from Keyboard, Xevaet, and HMouse

Characeers are read fron the¢ work station dDy a systen
routine 4in the following manner:
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Whenever & button un the Keypoard, Xeyset, or mouse
changes state, the 78S I/0 sofiwaie considers it 3
character entry, ana places the folleowing information
into ite inputr puffer.

{1} The device which caused inout

(2) A code which 4s the input itsels:
(a) A character in tne case of uvne keytvoard
(bi A code in the case of the Keyset

(C) A down/up and buvton indicavion in the case
of the nouse

{3/ The mouse coorcinates at tne time lne
character was reud

{y) The time (16 millisecond resgoluticon) when the
character was read,

A system call is tnen used by NLS for reading tne
chsracters from tne sysien input bu!lfer, vwhich returns a
character {and related inforration as descrived above) if
there 18 one, and reports the status of the system input
buffer (empry, another character wailting in input buffer,
no charecter reed).

Input Fork

Because ©f the necessity t¢ read charactlers from the
syaten input buffer 80 that it does noy cverflow == and
nore important, to provide a facilivy to interrupt NLS
while 4% i8 executing s long procesg -~ g fcrk 18
activated t2 run asynchreoncusly in ovsrallel with NLS,

This fork ngy be conceptualizea aé an indeoendent progran
(enlled the input fork) which regds characters from tne
work ststicn and placee them in a prorranmmatic inout
puffer to be read later by NLS.

NLS always reads characters from vLhe proyramnnatic
input puffer befcre reading them from the system, and
when it L8 reading a character fron the d&ystem, it
cheexs Lo ascertain that the input fork is not reading
1he sagme character,
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Th2 input, fork adaisionally ntasg the capatilivy ro
interrupt KLS from the process it is currently invelved
in, and it does 80 vWhen 1t reaas an interrurt characrer
(RUBOUT) £rom the keyboard,

Since NLS always reads characters passed to it from tne
input fork pafore regding thnoe valiving in the syatven,
and there is no rest=iction on where tne input Jork gels
the characters it will pass vo NLS, the input fork may oe
used to sinulate an NLS user.,

A simple facility is currer.ly provided along this
line, wherebdy the input forsk can rcaé charactrers from
a fiie, and (with a minimum of traaslation and
interpretation) pass them con %> NLS,

Thais feature is used mostLly for merging and
convertinz sequential files into NLS files.

€. Character Translation

The Xeyset and mouse input requires translgtion fronm itas
ravw input form to a character which is meaningful to ANLS,

The Keyeet input is in the form of a number {(0-31)
¥iich refl=cte the keyvs depreissed (and relea2ed) on
the Keyset,

This .8 compined witn the current atate of the left
and middle nouse puttons (wnich provide a caze shify)
t0 produce the translgted charactrer,

The translation algorithm is roughly as follows!
I£ botn mouse duttions are down (case 3; then this
is a view specification charuycler, 8o treat
specially.

ptherwise, use the keyse: chargcter as an :index
into a wable of chersactler values,

Thva table of character vglues ha® three entrice
for esch poesibic Keyset value. one for each of
the remaining zases,

The case is then used to determine the correct
table entry gs the translated character,
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Additional translation is done when chsracters are
entered from the mouse without concurrent entry frem the
Keybogrd or keysetv.

This translation aimply 1looks for combinations of
up/down strokes of mouUse puttons without intervening
characvers, and trensiates them to specific
charsciers,

This 18 used for the command accept, conmnand delate,
backspace charscter, and bacxepace word cnaracrers,

9. Output (Dispiay) Machinery
2. Genergal

NLS comnunicates with tne user via a diovlay screen
aivided into six areas,

Each areg is maintained teparately of the others, and
contains a specific typa of informgtion,

The crganization of the registers on the display screen,
and the fcrmat of the regioters thenselves, are
pacraneterized,
There are many parameters wnhich relgte specifieslly to
certein registers, and sone parameters wpich relate to
all registers, Anong the paranmeters relevant to all
0f the registers are:
location on screen
chgracter size and type used in register
display cf register on/off
Insofar as possible, “nese paranmeters are the diaspley
~ontrol words used by the hardware, Tais mirnimizes
the softvware required for controlliing the screen
Zormat.
b, View Areas
(1) Echo Register

The echc raglister is nmaintained by the systew and
reflects the raw zharacter input to MLS,
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NLS i3 concerned with this register miinly at
initialization, when it muot PDe aset up by a series of
aystem calls.

(2) VIEWSPEC Area

The view specification (VIEWSPEC) area reflects thooe
text areg view paranmeters which are not obvious fronm
looking at the ltext zres.

The VIEWSPEC ares is changed by the same routine waich
changes the view paraseyers themselves,

(3) Cconmmand reedback Line

The command feedabdback line ias the major feedoack
mechaniam of the commund speciticgtion machine,

There are two componente in the cémmand feedback line;
words which refleect in English the command being
specified, and an arrew which indiceates the user's
svate in #pecifying the command (the arrow most
commonly indicates whetheyr the user mav specify s new
command o parameters, or wnether he is zurrently
specifying sn entity).

There sre whree posaible positions to wnich a word mey
he moved in the command feedhack line:

First position: This cauzes the coenmmand feedtank
line to be cleared, and the designated word wc be
4idplayed a8 the first word in the line,

Next position: TkKis appendz the designated word to
the end of the comnand feedback lina,

Lest positien: This replaces the last word in the
cImmand feedpack line with trhe cdesignated word.

The arrovw may pe pointed to the beginning of the word
in 2 zpecified position in the command fes2diack line,
or it may de turnei of?.

The SPL conatruct provided for the manipulaticn of the
command feedick line i3

"DIP(" display=parts ")°",
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where 2he syntax Of a dAiasplay=nert is
word / "ES#" / *C" word / "..." wWord / te" y/ nan,

The DSP conmnmand rearranges the conmand feedback line

80 that 1t 18 formatted in accourdance with the

display=parts.,

The meaninge of the d4isplay parts are ag follows:
Word:s A 2vring equal to the text of tne the word ie¢
placed in the indicated position in ¢the command
feedbacx line
"E3#"3 The contents of the entity string are
diaplayed in the indicates position in ti2 commana
feedback line

"<{" word: The word is piaced at the lefs cf the
comnand feedback 1line

"ese" WoOrd: Replace the last string in the current
command feedback iine with the word

"&* + POGitiON the up=arrow to the front of the
cormimand feedback line.

“e¥ ¢ position the up-arrow at he start of the
following string in the command feedback line,

There gre three additional intrirneic functions whien
are used in relaticn to the command feedbeck line,
These are

A¥ Turn off{ dasplay of arrow

AN Turn on the displsasy o2 the arrow

QM Display question nmgrXx beside che arrow,

Neme Reglater
The name register is used for displaying statement
names and ardbitrary strings relating to parameter
fcecification,

An SPL tunetion ie# provided which moves the contents
©f an arbitrary astring register to “he name register,
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3ec,

IT1. Command 3pecaficition

The syntax is "DN(" regiater "i",
(5) Date/Time Registver

The date/time register always refiects tha date and
Lim2,

1t is updaved every 10 seconds by a forr (similar to
vhe ipput fork in ite relation with NLS) whose sole
Job 18 to read the date and time 2rom the systen,
place it in & core location, and dAismiss itself for iU
seconds,

() Text Area

The text arez serves as the user's wWingow invo nis
file.

what 48 dinmplayea in the text arez is a view of the
user's file, subgecu to certain formats and
reorganization, vwhach is descriped vy a set of
parsmeters {(called view agpecificatrions or
YIEWSPECS).,

The creaticn of new views ig programmatically caused
by the display SPL conatruct "DISPLAY(®
opticnal=paraneter ")*,
I£ tLhere 18 a2 paraneter, it is used to deterrmine
the PSID of the starting statemant ‘Or the view
ceregtion,

The process of cresting g view of the file in the text
area is discusaed in 8ec. IV-Re§ of thia appendix,

¢, Litergl reedapack

when a literal etring 16 entered as a part of paramater
specificavion, it is placed in the vex% ares (beginning
4t the wvop) gceording tc the format of¢ the text ares,
The part of the file view whi~h waz previously .n the
space uged oy the jiterzl feedback is tenporarily
replaced by the feedbwvack.

B. Command Specification in TODAS

*he TODAS command specification sysier is much sinpler than
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¢hat cf NLS, insofar as it does notl Use tne 3tate nachine and
no command siate is defined other than tihe null command RESET,

1.

2,

Command Feedback

The command language input siring is parsed oy cose
stavements in a manner similay to NLS.

The command feedback mzy best pe deacrived as complex
character echoing, where each coenmand specification
character is reflected by %he typing of approorizte words
and the stsve of the command epecification is indicavted by
the position of the carriage.

AS in NLS, the user has tane aoility to control paranmeters
relating to the command fee=dback, including the nunper of
Characters of each word echoed,

Input Machinery
Huch of tdé wLlS inputy naechinery ia used by TQDAS,
There are, however, some cifferences:
Becauge of the allowance which 2he aystem maxes for an
interrupt character (RUBOUT), ana tne fact that the
systen teletype buffers gre larger thand the syatvem work
station buifers, an input fork is not required.

one may 8till be used, however, in special cases such
ae sequential file inpus,

All characters regd dy TODAS undergo a transls%ion on
input,

This facilitates the effective interfacine of TODAS to
2 numser of inruz devices (8ix different types of
typewriter termingle are currently provided for).

The cnsrecter translation 4s accomplished by &
tatle look=-up technique (the table is indexed vy
the rav charscter value).

The r=gult of the look=up may de a normal text
charantar, or it may be a specisl charscter (which
i3 indicated 2y the high=order wvit),

In the event that it 48 & special character
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(command asccept, conmend delete, ahift character,
centerdot, evc.}, An appropriatc action is taien if
nenessary. The ¢character may be echoed (as sonme
previcusly dAesignated character), and it may te
specially fiseged as a control charactrer,

There 18, 4in addition to straight character
translatvion, & facility to define shift cnaracters
which allow davices witn resiricted charscter sets
(e.g. Uprer case ornly) to work with full character
seld.

Four shift modes are current.y defined in T0DAS:
NUlls: No ashifiing Laxes place

Mode 0; Unperecase alphahetic characters ase
translated to loder case

Mede l1l: lower-case alphabetic characters are
translatec Lo upper case

Mode 2: Lovwer= and uppere-cade slphedetic
characters are tranalated 1o control case

TODAS 48 in onc of these nodes {(as &4 pase moda) av
all tinmes,

The mode Rmay te chsnged (eitnher temporarily or
sermancently) by typing a ciaracver «hich haz teen
defined 38 g shift charsacter for the new node,

There are currently tnree types of node=ehifting
charecters;

Character snhifts This causes the f£ol1lowing
character O be trana.cred according Lo tne
mode for wnich the siift charactier has been
defined, if 4i¢v 18 2 character which would
nornslly have neen tranglgted in eitheyr tre
base node or Lae shift mode, If the
character would not hsave bveen tranalateq,
then the shift character ia trested a8 a
normal ~harsaclar,

word shi’ts Thie causesa the folliowing worda

L0 be transiated svbject Lo tne same rule ag
given above for character shift ~- i,e., 12
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whe next character 13 trenslatadtle, the wora
is traslated; otherwise th shiftv character 1is
vreated ga a4 ncrmal charscter,

Permanent snirti 7This causcs the base node
Y0 be changed, and all subsequent cnaracters
sre translated according to tne new nrode,

The shifting is ascomplisned in the fclliowing
manner:

1f, a permanent snift cRharacter 1s read &t any
time, the shift mode 18 changed ana ancther
¢ racter is roed nornallv,

1f o wordeshift or charscter-shift character is
read, the next characer is read fron the inguv
string,

I trhe next, character is a shiftabdle
character, then the snifting 1s performedq,
and the shifrteq charscter ies tne resull.

If the anift characier is for a2 word
shift, then 3 glod:i parameter incdicating
the current sHift state is set
accordingly, and wili not pe r=2set until a
Space is read.,

1f the next character is not a shife
character, it is revurned to the front of tne
2Put avring and the shifv character is
Jeturnsd as a normal character,

3, Printing
Printing of a structure 1a TODAS 4is anslogous to crerting &

new vievw for the text artea in KLS, ineofar s the same view
specigicationa are used for interpreting and formatting the

file.
Three A’?J.erencea are apparenv:
The texl gsrea is of unlimit+d length, 30 that a whole
2ile m4Y be seen in one view. Pagination is performea
when a long view "= crezted,

Text undergces gn QuLput trensdlgtion and anifring
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which 48 3 2ounterpart of the translation and snifting
done oOn input,

The user hae 2 gegree of interactive contrecl over the
view peing created, specifically:

The c.seation of a view o0f any wmarticular s%atement
may be aborved at any tine,

The cregtion of the sntire view may bte aborted ot
any tinme.

Implementationally, formatiing rouiines different fronm
those used by NLS are employed,

The oulput 18 formatv” .ne line a-. s time, and the
printing of an entire statement must phnysically findisn
pefore ¢he first line of the next suvatement will be
printved.,

This ressriction 1y necssocry decause TODAS musat
¥novw which stateament is currently veinsg typed in
order %o regpond properly to the user'e requeat to
abort the viaw of the statenent,

The gane gequence generatsr 48 useq, Hu% the strusture
peing prinved 1s searched vne branch at ¢ tine (except
in the csse of trails and xeyvweord!),

ke Parameler Specificalion

Parsnmeter specification Jdiffers from NL3 in th=ee importisnt
waAysS!

All aJpacizicetion must de done vig the keybdoard.

A "eurrent stglzament" 18 defineé a3 an operand atl alil
tines,

The execution of any command wWithout a epecified
operand sesunmes this statanmant a2z an operand,

The current statement is represented internally 28 12
cell conteining the PSID of the lsst staiement
addregsed in the auccecsful execuiion of a commansg,
It i3 updeted egch time a command ia auccesssully
executed,
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The one excepvion Lo tnis i3 thet curing printing,
it is set vy the print routinea to tne PSIU of tne
laat statvterent printved.

Orerands (statements) nay Bbe addressed relavive LO each
other in the treze structure of the fil.:.

For example. onhe may Bspecify a4 starvenent which is ine
"successor of tne down O0f tne tail® of tne current
statemant == j.e,, the successor of the firsi
suostatement of the last statenment in Lhe same plex at
the 3ame level as tne current statenment,

The relative jdcresses ©of orerands arz interoreted as
they are entered by accessing the ring (as necessaryv),
Any error is reported imnmediately, and nullifies the
entire address (except in the case Of links!).

“.nKs are parsed whenever they are referenced in an

«ddress fie.d, anil ervecutred imrediately after

sel=ction. Tnat is to 83y, wnen a linx ia

encountered in an aqaress field, the current

atatenment 19 changed immediately to reflect tne :
value indizated py the Jlink,
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A, Zdiving

EdALting 4n NLS includes tvextual, struetural, and graphicsl
modificatione to the file,

The textual and structural editing actions include inser:,
move, replace, delete, and copy., These actions may bte
performed on textua) entitiea sucn 88 characters, words, anc
visible stringa, as well gz sructural entitiec such as
statements, branches, grouns, ana plexes,

The graphical editing actions incliude insertu and delete for
vestor lavels, and insery, delete, move, trgnspose, and
vertical and herizontal projection fcr vectrors,

TeXt Editing
4, General Considerations

The procesa of textual editing will te aiscusaed first,
Thi3 processz basically consista of delimiting the
appropriaste substrings, dy means of the contenteanalysia
SPL, followed by construction of one or novre new
statemrents with the desired nodifications. This latter
step i¢ specified by a procedure written in ancther SpL,
the string-corastruction SPL.

Thege contente=analysis and string-constriuction procedures
are written in such g way that in epite of the large
number 0¢ conbinations nf editing actions gnd texiuval
entities, there ia 3 eingle ccntente-analysis procedure %o
delinmdit each ertity and & #ingle stringe-conatructicn
resytine Lo perform each actvion,

Tnis 18 done by standardizing the way in which a
gubytring is 4delimited by the contenteanszlysis
procedures,

Four poinvers are paseged .o the rrocedure as
srguments, along with one or iwo selections nade by
the user,

¥hen the procedure returns, the appropriate sutsiring
i3 delimited by the pointers in the following ranner,

The first and gecond pointers mark the first ana
last cheracters cf the aubsiring, respectively
The third and fcurth pointers mark the charast
to the left and right of the auvstring,

reapectively,

.
erd
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Thus 1f Pl, P2, F3, and rPL ar= the argumanie, tne
characters from the front of Lhe siatement up Lo P3
precede the desired subsirinz, the characters fren
Pl L0 P2 are the sudbstring, and those fron PL to
the end of the sgtatement follow the asudstringz.

A detalled description of the word-delimiter rcutine is
ueeful o clarify this process,

There are five arguments; the firat is the position of
the uger's sslection, the remainine are pcaintera 0 oe
used to delimit the actual text ot the vord in tne
manner descrived above, The body of wne preocedure is
sinply

a8l > CH ¥LD ta3 ta5 a3 al < CH 8LD tal tau a2

which has the meaning “starting from tne gselection
{al) scan to the rightv (>) past a character {CH) and
any number of letters or digivs (31D). Set a3 and ab
L0 tne resulting pcsition (ta? *a5) thex move a3 bdack
(ea3) 80 that it points t0 the lget character of the
wWord., No¥ reset the gearch pointer 1o the selection
{al) and scan to the Joft () to set a2 and au (ta2
tal ea2)."

0ace the substirings nave peen d2linmited in the apove
manner, new stgtements are constructed under the control
0f procedures written in the stwringeconstructien SPL,

The syntax of a srvatenent in tie atring-construction SPL
ia a3 follovws:

scstat s "If" posrelation "THEN" scstat "rl3E" scstat
/

"BEGIN® scalat ${"3;" scsval) “FEND" /

"8T" pos  “e" pairiise;

The position and positliot.-relation constructs zre Lhe
saMme a8 in the contente~analysis $SPL.

A pairlist is a list of pairs, in ihia caze separated oy
comnmas,

A "pair" specifies g oiring of text, usually by giving
iwe positicns whieh delimit trhe 3string.,
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In addition the "pair* ¢an be a congtane strine or ihe
contentd «f some varisble siring such a® the literal
input register,

The meaning of "ST pos « psiriist” is "The statement
pointed O by pod is constructed fron the strings
dpecitied by the items in vie pairlist.”

Thus, assuming that the polinters have veen setl as
deacribed stove, "ST Bl e« Sk(E)) P3, Py SE(Bl)" would
cause the %ext from Pl to P2 to be deleted fror the
statement selected oy b1,

The "move" prececedure ofZers a rore complex examole, The
procedure has ten arrumenta; al and gz are the user's
selecticns, a3 through 26 are the pointers aswtociated
with al, and a7 through al0 are the pointers for a2, The
pody of the move routine i»

I¥ 8F(al) a SF(22) THEN BEGIN
IF al ¢ a2 THEN
ST al ~ SF(#l) ak, a7 28, «6 a9, al0 SE{al)
ELSE
3T al + Sr(al) a¥y, 810 ay, a7 at, sé SF(al) END
ELSE BEGIN
8T al « SF(al) ay, a7 ad, ac SE(sl);
87 42 ¢ 8F(32) ay, all SE{(az) END

The pair &7 88 delinits the text to ne novad, Tne
poaitions a9 31d alo will pecone adjacent wWnen the text
from a7 to ad is moved, The destination of ths text
betwean a7 and ad 18 after a} and dbefore aé, Tne regder
should convince himself tnat the accve procedure does
thiz in all cases,

inplementation

The cods compiled for etringeconstruction SPL routiries
consiata mainly of czlls %0 MOL procedures,

AV the atart of the code for s pairlist there is » c3ll
19 & nwrocedure called HSC (begin atring construction) and
at the end of the padr list there is a call to ESC (end
atring construetion), For the actual items in the
pairlise, procedures are callec which append the
appropriate otrings onto the sigtement being constructed,

The BSC procedure must create § nc.’ statement data vlozk
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(SDB) to hold the text £ the stateneny deine
constructed, Since tne final site 0f the staterment 1is
not known av the time BSC 4s called, tne average size of
SD5S in the filie 1is used 29 an estimate of the punber of
words required for the rew SDB.

The search f£or the required amount 2¢f room pegine in
the file blcck containing the old SUB, if there was
one,

If there is not adequgte rooci there, then tuae
procedure looks for roon in the file olocxs, atarting
Wwith the lovweadtr index nunber,

This ensures that {2 there is3 roor in a rlock
slready allocated, then what room will pe used
rather than causing s new blocxk to0 oe 2llocated,

The procedure ISROOM is called to deterrine wheuvner
there 18 adequate room in a given file block.

If the bleck 18 unallocaved, then ISROOM returns
TRUE . '

I¢f the bdlocik is allocated and contains adegjuate

firee salorage, then auch information is held in the

JLatus table, RFnS. This cvoids the posasibilivy of

reading & file bplock only %o find tnat it does no* C
contain adequets roon,

If the block 4oes not cuntain adequate free
storage, but does contain garoags SDHs (also xnown
from RFRS), then ISROOM calls the garocake collector
L0 proces3ad the glock.,

Gar'page collection involves moving nongarbdage
¢DBs tc £411 in the gap® occunied by garbage
5DB8 and updating pointers in the ring 2lements
corresponding to the noved ADEs.

I this produces enough room, then ISAOOM returns
TRUE; otharwise 1t returns FALSE.

After sufficient room has been found by the above
process, the BSC vrocedure ~uilds a2 header for tne new
SOB and Lhen 8ets up a work area for the subsequent
string transfers that will take plice during the
constructicn o2 tae staterent, Thict wWOTK ares
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conteinas informetion such as tne gddress of the SCR,
This completes the vasks of H3C, and it returns,

The actugl constlruction of the new statenment conaists o2
appending characters vnto the new 3su8,

For those rarte of the statement that remain the 3sane,
the text 15 read out of the 0ld SDB into the new. New
parts of the statement are 3imply char-crersg fronm
Ccilher sources, such g8 literal inpuv or »ther SDRs,

The ckhservant regder will realize that it is possibdle
te run out of room while apperding characrers,

If this happena, the block is garbage=collected,
IZ2 this results in room for at least 60 more
characters, then the 3DB under construction is
simply moved 4in with the 2ame file plock to make
more rcon,

I£ gerbage collection of the file block cannot
produce that much more room, a location in ¢
different f4le nlock 1s found that does provide the
required space, The partieslly consiructed SDB is
then moved to this new lceation,

wWnen all the strings ha.:  Ydeen appended to the 803, the
procxdure FSO 48 called ~ ginish the idob.

IV first gete ridq of the olc¢ 8DB for the statement,
then does the sookkseping (o es%aolisn tne new 8DB &c
the SDB for the statament. 7This involvee updaling the
SDE header, the running average length of SDB'a, ire
pointver in tne siztement's ring element, and the name
haanh for the statament in the ring elamenr,

In addition the "content analyzer patiern tested” flag
for the statenment is turned off (gee Sec. llep=2-c o2
‘his appendix},

This coxpletes the constiuction of a3 new stetement and
our discussion of text editing in NLS.

¢, Content=Analveis 3PL
In KLS it i3 often necessary to analyze the textual

conient of a4 aiertement in order to delimit certain
subatrings,
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For example, the user may #elect a4 word of text for
editing by vpointiny to sny charaster wilnin the word,
The actual substring making up tne worZ 1§ getermined
by NLS.

A special language, thz contentesnalyais SPL, 13 uisea for
Writing sucn string delinmiting orocedures,

Basically, the Janguage provides consuructse for
controlling the pcaition of a gesrch pointer in a text
arring and ®*aving various pcsitions in order to aelimit
the desired gupetringr, (In the discussion of the
content, analysis SPL, pesition refers to a statanei.
identifier and character number =- in other wordaa, a
Tepointer as defined elsewhere,!

The initial position of the search pointer is often
determined by & #selection mede by the user, The
positiors of sucn Selections gre stored in buffers oI,
B2, etCe.

rointers Pl, P2, ... Mmay oe used to store poazitions, The
current position of the search peinter car one sicred in
Pn by writing tPn.

Arguments may be passed tO a cQntent analysis procedure,
sSuch argumente are either bug salections (i.2. xnj eor
pointere (i.e. Pn), Since the procedure must be abie Lo
set the pointers to sgppropriate vilues, tnese param:=tevrs
are called by (3imple) nume rather than by value. The
fornal parameters gre Al, A2, etc.

The three forms, Bn, Pn, and An, &are the basic ways of
referencing a position. In addition, there are two
functviona taking a position ae argument and yielding a2
position as result, These are SF and Sk, which give the
position of the statement front and statenent end,
respectively, of their argument.

The position of the search pointer can be sev dby simply
writing any of tne above forns te determine a rosition,
For example, "SF{Rl)" puts Lhe Search pointer at the
first charuciver in the statement first selected by the
user.

The gearch pointer 1s alsc moved by tests for dasic text

nlements, The rgnric text elements are sirings, aingle
chpracters, and character claSs variables,
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A etring ig 2 sequence of characters delinited by
quote marks ("),

1f Lhe eptring matches the sequence of charescters
starting at the current loecation of the search
pointer, then the #earch pointer 18 moved o the
rext rozition beyond the string and a general flag
is set TRUE,

I£, on the other hand, there 1s only a parvial
match, or no match, then the search pointer 4s& not
moved and the general flag ix set FALSE.

The test for a aingle character is logically
equivalent 0 testing for g atring of length one, but
is implemented in a more efficient manner, The single
character 48 specified py precedirg it with an
apestrophe.

The implementation of tnage tests makes use of the
pProgrammed operator (POP) facility of the ¢40,

For the single character test, th~ computer
Produces z single inatruction in whien the address
field contains the code for the character and the
reat of the instruction specifies tre POP to
perform the test,

3imilarly, the siring test results in an
instruction Apecifyiug the number of characters in
the atring and the sppropriate P0P, followed by
worde containing the actuisl string.

7he basic texu elezente cf the third type =« the
characier class veriables «- are 3l8c implementeqd
using & progranmmed opergtor, The character claas
varicoles gllow tests for any character in a
particulsr class. The Clavses, with their asgociated
variable names, are as £olliovwe

LD any letvter or digit

L any levter

D any digie

NP ey nonprinting charanter
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reank

PT any printing chdracrer
SP space

TABE tab

CR carriage rewurn

¢4  any chsaracter

Taeze tests are irpienentied in a manner very similar
10 the single character vest, except the address field
of vhe “nsiruction contains a claess code rather than a
characver code.

The suncessful completion of one of the above tests
causes the 3zarch pointer to be moved, The direction in
which it 1& moved, towWards the end of ihe statement or
vae front, may also be controlled,

A ">" means scan (mcve pointver) to the right, or
toWards the end, while "<" maans azan left.

A3 mentioned above, the current nositicn of the asearch
pointer can be saved by writing "1" foliowed by eitiher Fn
or An,

In addition the value stored in & bdvuffer can e nodified
to point o the preceding character, according to the
current 2can direction, by writing '"+' followed by pn or
An.

The rasson for this operation is that when an entiivy
nas been guccessfully f£ound the pointer is lert
pointing wo the character beyond the entity. Thus o
gave the pcaition of the is8t character in the entitvy
i% 18 neceasary to write tPnePn,

The remginaer of the languaye simply provides for
puilding more complex expression?z fronm the basic text
elenents presented goove,

one of the primary nmegna of doing this *s the
srpitrary number operation. The genera Zforrn of vnls
is m8n follcvwed by a teXt expression - 12 the
neaning "frcm m VO n Oceurrences of th "
expression,"
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Both the upper and lower rcoundg are optional, with
default values of 1002 an. . respectively,

This 1ia implemenied in the follovwing manner,

The upper and lower bounas zne g ¢count,
initislly zero, are pusihied on the atacx, Then
the veal for the evprzssion is repeated tnuil it
fails, Wity the count oeing increrert2d at the
completion of earh succoayfyl test,

when the test for the expressjion doas fail, the
current value of i»e count is checkea againse
the bdbounds and %he general flag &e¢t accordingly.

The other opersgtors, in order of decrearing
precederice, are as folilows!:

-~ (minue aign): indicates negocion.

Afver the teat for the text expression following
the minus sign, the value of the general flag 18
conplemented,

(space): indicates concatenaticn.

After the test for eacnh eliement in a sequence of
concaterateas testy, tde general flag is tested.
IZ 4t 18 false, then the preceding element was
nev found and control dranches o the locetion
following the current sequenca of
concatenations, If the flzg is true, *hen the
next tegt in the seqluence ia performed.

/ (#lasr): 4indicates alverngtives,

I{ the expression on the left of the slash is
found; then control branches dbeycond the sequence
cf alternatives, oOtherwise, the search pointer
i3 reset %o its position prior to the te&t for
the previgus slyernasive and the next
alternstive in the sequence is vested.

NOT: 4indiccves negation,

EQuivelent to minus sign except for lower
prececdsance.
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AND: indicateg lor.cal conjunction.

If the exwression on Lhe 1eft ©f Lhe ANL L= rov
{ound, then control dranches peysord the
expression on the right of the AND. Clnerwisc,
the search pointe 43 reset to itvs rvosition
orior to test ¢ the left expreszion and then
the rignt axpression is tested,

OkK: indicates logicil ¢isjuncrion.

Lixke AND except branch 47 f£lag true instead of
faloe.

Any expression pullt Jaing Lue avove operaticns may ne
enclosed in pgrenthises and used 33 2 basic element an
a ccncatenstiorn,

Similariy, any 3uch expreszion may be enclssea in
square brackets and used as 2 pasic elerment. The
effect of the square trackevs is Lo "ungnenor” tae
3¢an. In other woras, af lcnyg as -ne Lest faiis, 1t
13 repeated suinriing one charscter gariher along in
the statenent until eithar tne statenent 1s exhgusted
or tne tLest succeeds.

Thus ["anc"; 48 oatisfied 1f tre ~emsinder ot the
eglalement contains tne sLrir; "ibc”,

Finalily, & conditional staterent is incliuded in the
lgnguage L0 allow a pattern Lo be 3elect2l fOr testing
on the vasi® of & comparisnn of positicns,

I2 wwe poeiviona are 1.4 sifferent statenents, taen
all relatisns petween thea are 23lse except "not
equai.” QOvhervise, the relaticnship ¢ percs on the
chargcter unber of e rosition, For exanole, it
Bl &nA 52 are in he Bame stgtensny, Bl pointing wo
character number 3 and B2 to character numoer 20,
t.ien Bl is lese than B2.

Thias conpletee the dacacriplion of the content-analvels
SPL.

2. Jtruzture kciting

Lilte tex? eqiting, 3tiudetur? editing consists of ¢ thase in
which the entity to be edited ls celimiteag, followea rnv upne

LB ]
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3ec,

Iv:e

Commend Algerithme

actusal sditing action,

Since the strugctural entitiee "branch® gna "plex" are zimoly
special casde2 of the group entity, the editing routines all
deal with aither g single ataterent or a group.

¢CRRanda 18 tne same,

41

The celimiting for the move and ceires

In &ll cases g group, spe:i ie¢ by tWno PSiU's, 48 Lhe
final entity on vwhich the editing action is perforred.

For a branch the two FSID's for the group ara set Lc
the P3ID &¢ the selected statement,

For & plex the FS8ID'es gre se? o0 ihe nead and tail of
the plex ¢f the selected atatenment.,

FOr a atgteneni, a test is rade 1O ensure hat tne
atatament ha? no substructure, after wnich it is
treated lixe g dranch, (If the staterment does have
au_structure the comaand i3 asoorsed,)

Finally, if the specified entiry is g group, then the
tWo selected stgtements are checked to verify that
they 00 in fact specify & valid group.

Qiice the group has peen delimited, the move cemmands perforn
tha following sequence of operations.

Firecy, the destinaticn 18 checked tO make sure Lt is nos
within the specified group. <The command is aborved i¢ it

is.

The group 48 then removed from the ring structure oy tre
copropriate changes 4n pointers and f£1lag9 in the ring
tlevent ©f uiite predecegsor (ard posecisly the succegaor!
of the group, The group ie then reinszrted intc the ring
in 1ts new location througa another setl of chang2z in
pointera snd f1lags. nNotice thet nc text 22 moved and no
atstement ddertigiers are changed, The only changes are
in the cucc=adnr and subetstaient fieids and the head and
Lell fluge of four or five ring elsments,

The executinn of delete commands natursliy ra28ulte in
greater changes, 7The group iy ti~s\. removed 43 in the move
operation, 7Then the rtsiomente mexiing up Lo the group are
deleted azzor”i<g 1o the fellowing sleoritnnm expressed irn
MOL,.
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alsgrpl; #sztare with the firsvy staterent in the groupt
LOGP BEGIN
WHILE (A2 ~ gevsub(al)) NOTs &1 DO BEGIN
%dl has supstrucuuref
etosb(dl,dl); %cnarge sub=-pointer
80 that 41 no longer apvears Lo have
ubeLr “tured
dl & d2 %more tc sub% END;
fwhen exit the wWHILlz sratement,
d2 eQuais dl and hes no aubstructure §
€l ¢ getsuc!dl); Snove dl %0 the successor,
whaich wiil be back to the "fatvner” statement
when all of ite cdescendents have been deleteai
relst(d2); % relesee SDB for 42%
trersvid2); % free ring slemnent for di»
IF 42 s grpe DO=-SINGLE RETURN EMD;
%firished whern have Jeleted tecp statenent of last
branch in groups

NOte that since utne auccessor of the lacst staterent ir a
plex ie¢ the father of the plex, no Sstack is neeged in the
gbove algorithm. AlsCe note the manner in wnicn tnhe
subp=-pointers are modified to guice the traverasal of the
group,

A8 Mmight be eXpectlsd, copying a group is sore canplicated
than deleting o 8since tpe structure canio®% pe modified
during the prog .

Irn very 3inplifiesa forrm, the® copy group alzoriuvhm is as
fcllovwa:

Starting at the firs¢ stateémend in the group, if tne
slgrenent has sucstructure, copy that first; ulahen copy
tne statement and meove to 1ts successor until tne last
3tatement in the group has beer zopieg,

vhen the group ha3 peen copiea, it is inserted in tne
appropriate position in tne ring in the same menner as a
group veing roved 18 reinserted into the ring,

3. Graphics Faiting
Blocka containing picture inicrmation are virtually
{naenticsl to those contalning text informatiocn. 1Tne main

difierence 48 the replacement 92 atatement datas blocks by
vecior data clocke (VDE's).
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A vector dati block 18§ made up of § h.acder and an arbiwvrary
nuncer of lines and 1stels making Yp & picrure,

The header contains nuch trhe gane information «3 18 held in
the header of an SDB. Instead of character counts, however,
the VDB header contains a count of the nunmber of linee in
the picture,

rcliowing the header 18 s sequence 0f twoe=word buffers, each
representing & line 4n the picrure,

The first word gises Lthe position c¢f one end ¢f the line
relative 1o the lover leftehand corner of the text of the
staterment.,

The secona werd gives the pogitiorn ¢f the second eni of
the line relative L0 the first endpolint,

Following ke puffers for the lines, ezch label in the
plcture ia pvored ao a position (in the ssme format as tne
irst Word of a4 iine buffer) and & text atring.

The current vectlor packrge wWid daveloped on & trial basis
with s relatively sxmali preogranning investment, As a result
£ this, the only graphic entities available gre lires
{vectors) and labels, A more scphisuticated graphics asysten
has been desighed bdut not yet implerentec.

Selection ¢f these entities is hatidied in the following
Lanner,

iine welection if qone by finding the line that rmininmizes
tie d4if2erence batween the asum Of the squares of the
¢istances f{ror the endpointe of the line to the tug
selection and the square of tae length 0f the line,

This 1is g practical algoritnr since the nunker o?
linee irnvalved 48 &mall (under 100).

lLadel selection is done by findiig the lavel) that
cinimizec th2 sgusre o the distance >stween the bug
selection and the eecond charscver of the latel,

The "move vector" comnand will be explained a& an zxanmple of
vector editing.

This command allows Lhe user L0 tkove one ena of g lins Lo
& new pcsivion.
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when the line is gelected, the end thay is closer +o tha
selection 1is offered as the znd Lo oe =oved, The user
may request to move tne other end instezd by entering 2
backspace cnaracter,

The next srlection by the user scecifiea tne nes location
foy the end which is t¢ be rmoved,

let end=-) be the end specilied by tne first wecrc of the
line vuffer, and end=2 p: the ené¢ specified by he
aecond,

I1f end=2 13 tc oe noved, the second word of tne Luffer 13
repliced by the vecror from endel Lo the selectea
position.,

If end=1 18 o pe roved, ther he secnnd word of the
buffer i1s replaced by tne vector frocm the selection to
end=2, and the firat word is replaced by the vecror fron
the lower left corner of the text Of %ne staitement tc ne
selection.

The o.her vector editing commnands are imclenented simjlarly.

B. View Contrcl

l'

Junps and Links

The jump anag linx machinery is usad t¢ szelect stzterents 0
be displayed at the tep ctf the textevievwing area orf tne
screen, Generally speaking, 3Jumps are made within a file
and links are used eitner within or vetween files, Jumps
mgy be made relative 1o the structure of the file, to
specisic statements, or relative to the junc cr link rine,
LinkKs are 0 a dynanically determnined lecation in a
Particular user's f£ile, and cen 8pecify that 4isplay
parameters are Lo be §et when the linx {a talen.

The Jultp ring reprezen’.s the chronologicali nistory of tne
last five Jjunpe made within the currenv file. Each en%ir
in the ring contains the P3ID of the display~star:

#tatement and @ werd represeniing the display paraneters,

The ling Elack represents the last few linke tnat have
beer nade, ang 18 oniy updgted 4f the linx is tc a
Slauvement in anciner file, 17The entries 4n «his Stack
contgir the user's nunper, the file name, he pPSIT cf the
display-~start statenent, and a WoOrd representing the
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display parameters,

Code written in the conventwanslyzer SPL i3 used to locate
and parse links, The four optional filelds of tne link areq

user ngne
file rname
location within the file
display paraneters,
In parsing a link, those fields which exist are delinmited by
pointers, which are subicquently used by routines to effec?
the link,
2. 382quence Generator
The collectyon of routines Xnown 85 the sequence generator
418 used to generate a sequence of statements startine from a2
¢iven P3ID and governee oy the current view parametera,
The sequence generator work area is uses Lo maintain
infermation controlling the sequence, This work ares is
Updgted by tne sequence generagtor whensver it is called,
The Worx areps includes the following:
{1) PSID 02 current stateme~t

(2)  Maximum and minimum level r.umbers for statements .o
be included in the sequenec

(3) Current statement's level

(L} Aadress of statement Vector Worz Area {8VWA)
(51 zadress cf last cell in SVWa

:6) Acdress of current last cell useda 4in SYWA,

12 stavement nunvers are being generated, the statament
vector is generated for the atatement in the 3vwa,

The satemeat vector is a list ©f word#, starting with

the level of the statement and follcved by entries
containing the position 27 tLhe slatenent in thne
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cOorresponding vtlexes,

For exanple, i¢ the stitenent vecter contains (y,1,5,3,2)
then the statlenent is at level four and has statenent
numoer lelb,

Once the work area has veen initializes, the fcollowing
algorithn 13 used to determine a candiaate for tne next
Statement 1n the sequence:

12 Keyword reorzanizailion is being used, tnsn the next
PSID can aimply be regcd from a file block.,

If a4 %rail 1is ooing foliowed and thne curvent statehent
convaina the appropriate wrall marker followed py t.ae
rname of a avatement in the current file, then:

I£ the statenent rpoints to ivself nen tne sequence is
terminatec by returning & =1l;

Otrherviae the PSIL of the 8taienmert pointed Lo by the
trall is returned,

If the current stutement has 2 substavrement which 1is
within the current level bounds, then 1its P3ID is
returned,

If the current 3tatlemen?t nas § successor statesment which
{2 «“ithan the level bounds, %hen i%s PSIL is returned.

Otnerwiae, 3 ~1 i3 returred to indicate the end 2f the
geqience,

= A

AdLVET a cendidatie stlatlement has teen selected in the apcve
manner, it Ausy nhe checked againsy the current
contenteanalyzer ratiern 4if the content analyzer is in use,
I1f the analyzer is nct peing uaed, then the candidate is
autometically sccepiea.

Flag® 10 the ring element fSr the statemeni iacicate
whether the siatement ha# reen tested for the current
patierr and whether {t passed

If the siztenent las notl been Ledted; tnen Lhe seguence
generator ¢calle the zode compiled for the pattern to make
the test, Thia code is 3imilar %o tnat descrived for tnhe
content=snaisais SFL in a previcus section, The gzenersl
f2af §8 B! true 4f ena aegtemint pis3e5 Lh& pallery, and
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falge if it does not,
The process of aselecting canalidste statements 18 continued
until (1) a stal:ment vasses the pattern or (2) the sequence
15 exhausted,

one of tie primary uses of the sequence generator 18 in
detzrmining ataterents %o be diasdvlayed,

Display Parsnmeters
The user had xv his disrossl tvwo types cf diacley
pargneters: those which control the 8selection processes
enployed by the sequence generator, and those which conirol
vhe format of he display.

The formet pararmeters control such things a2 the
gollovwing:

(1) The nufrber ¢~ lines on the screen

{2) The position of various viewing arcas on the
screen

(3) 7The aize of the charactiers

{41 wWrether or not the ngme, number, or signature of
2 mtatement is displayed

{5} m™he number of linas per stiatement which are
displayed

(6) whether or not indenting 13 used %o indicate the
guructure of the file

(7) wWhether the 2ile is displayed ae text or ae 2
wsree (schemgtic).

The #sls2qtion parzmeter: conirol the foliowing:
{1)  whelher content analysis i3 used
(2) ¥hether Xeyvword reosrganization 18 used
{3) whetner a trail is lowed

(k)  bherhar frozen 2%3tlt, ¢nts are disciayed
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{8) whevher the view is limited to only one brancn

{6) To what extent the depth into the ring Bstruciure
18 limited.

with the exception of the aisplay parameters wnich control
such things &8s character size and location of viewinz areas
on the 3screen, the display bvarametvers may te modified at any
point in tnhe speciiicetion of a comrand.

4%t certain points An tne speciticatien orf some cowrmands,
the user 13 yiven the cpporiunity cf changing tre dieolay
parameters a8 part o the command. At other %times the
User mey change them by using Case~3 <eySet characters,
which are nct interpreted 23 purt of a connand
wpecification, ‘rurthernore, the availabillty of a display
parameter which causes the (isplay 10 be regenerati?d
allows the user to treat the changing of disrlay
parameters as a pscudo-command, This can ce aone in the
riast of specifying a ncrmpl NLS command.

Ls The User's Content Anslyzer

The uger's content analyzer is vsgentiaglly z supnset cf the
programmer's content«analysis SPL, described elsewneres i,
wnis sppendix. It is conposed of iwo parta: a compiler and
the code which is the proauct of whe ccmpiler,

The compiler 1§ called oy a user commanc to compile
content~analysis code from 2 "pattern* writien as text in
the user's file (the gsyntaX is that of the
content=analysis SFPL).

A display parameter then deternines whether or no% the
sequerce generater 18 to execuve this code for eacn of
the statements which have passec all other selection
criteria.

T{ exe-uted; tne g¢ode sZan® tne given statenment
szarching fcr the specified content. [f the search i§
successful, the statement 48 diaplzyed; otherwise, it
is not.

8, Xeywvord gysien
Ths Keywora system proviges a rudimentary forn of

information retrievel in NLS. The resuit of & Xeywecrd
search is a 1ist of PSIP's, 7This ldidst L& stored in ine
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keyword filec bloek. The following special terns are ysed in
documenting ihe keyword systam:

hit =« Keyword that has peen selected and nas nonzerc
Weight

redult <> one of the PSID's g2narated by KEYWNRD EXECUTE
8. Keyword File=Block Format
The Kkeyword uats consiasts ©Z WO Lables:

The first scntiins the PSID's of hivs and their
welghta, with the DPSID in tre lower 11 bitvs and tne
welgav in the upper 13,

The secona contairns tne results of the most resent
STArch as an oragered liast of PSID's,

The firat few vwords of the block contain informatien
regarding the current atgtus of these tables, such as tne
following:

(1)  aAddress of atart of second table

(2) Aldress of item in Aecond teble 1ladt returned by
the sequence generator to create display

{3} Address of 1gst envry in second table
(LY Number of nhits.
0. Generation of Resulis

Th2 following elgorithm ia useG Lo generate 1 1ist of
resulus, gilven a set cf selecred kevwords,

A table 48 built with gn eniry for each result, Eaen
entry tekes two words, the firet being the haan for
the name 9f ihe Jratenent. the second the score for
the result (i,e., the sus of Lthe welifnts for 21l nits
referencing lhat result), Tne table g generated in
the fcllowing manner,

For each hiv, the statenmernt specifica oy that FSIp
L8 2egrehsd for 2 certain 8Lring, which ie
currently 8% ¢ be an asterjisk followed oYy Lvwo
specee, Thie search is done by the
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contente-analyzer POP that does unanchcred scans,
1£ the string is not found, then the next nltv is
considered.

If the 2tring is found, the algoritnm then finas
the nanmes 1in the remainder of tne statement., Each
ramne i3 copied out of tne text into the statement
neme register {(S1M¥). The alRorithm taen generates
the hash for the name., This i3 compared to the
previous entries to see if it already occurs in tae
table., If it does, Lhen tane score 13 increased oy
tne weilght of ithe current hit; ctherwise, g new
entry 18 created witlh 3core egual to the weizht of
tnie hit.

After the eatries navec ceen accumulated in the
abovVe manrer, the tud.e¢ iy sorted according to
acore.

Ihe 3artea entries are used Lo producs g listv cf
results, The results are P’ ID's, s0 for the hash of
each entry, the associated pPSIiL musty be founa by
2earching the ring,

Finally, the infornation at %he front of the file
olock containing the results is urdaea L0 Snow wLhe
new riumper of resulits,

Thia 1ist Of PSID's is u3e¢ - the scauence generatcr
¥hen keyword reordering is ¢ .ed for ny tne uaer,

6. Text Display
4. General

Tne collecticn of routines Known &8 CREATE DISPLAY is
udmad 10 display in the texy area of Lhe user's screen
those statemnents which are selensted f£rom the current rile
Ly %he seguence generator.

The ctatenent selection process and the format of the
display are under the user's zontrol by means of
VIEwS3FECa ard the "viewchange" command.

CREATE DISPLAY is callea cacn time tnhe user mocifies nis
f1ie, changeas ¢ormg% pnrameters, sSs=lects a new candidate
ar.arement ICr he VLSp o1 Lhe 1éXU ares, cnanges the
blatement 2szlection purameters, or expiicitly requests
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that the display be recreated,
A 231l Lo CREATE DISPLAY doea not imply that the
éntire disziey will ne recregted,  In faci, ws little
13 done us pessible in orioer to minimize f1ile /0,

The entire disviay is reconstrueted from the
diaplay~start F3ID only in tne following casces:

{l) A change 4n the display=atart PSID (csused by
Jumps, “"lcad file conmand, cte,)

(2) %aiting involving structuril elements sarger
Lhen gstatz2nentsg

{3} Changes in format paramaters
(4} Explicit uger comrand recreate display,

For statesent-editing alaplay changes, the display is
Updated only for those stiaterents whicn have changed,

The display recreaticn is fulded by the format
parsmeters, auzh ae truncatlon, and the output of Lqe
Se¢quence generitor, which is cslied L0 find the firest
ttatenent in the sequence &nd for trupsequent stsglementa
until (1) the Lasi in the fequence has been epcountered,
or {(2) the text ares of the screen is f41i,

Inplementation Details

Tte main data sreas uaeq bY CREATE LISPLAY are tne
following:

(1) 7he dieplay 1ist

(2) The display iiat reference tzble (DLRT)

n

(3) 7The @fvplay butzers.

The entries in the G18plAY 148% are uged by the display
hardwars and have the forn 0f & word count followed by 3
buffer address, The display herdwire processes ihe
Specified number of worap 2rom the pusijer dcinted vo ny
vae entr.s,

Yor each iine displayes 4n the text aroa, there are LWG
entlriea in the digplay lisv.
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The first points t0 a one-word hufger (thet is vart of
the DLRT entry Zor that line) +that apecifies the
position o4 the s%urt of he line on tue screen,

The sSecond pocints (o @ odulfer that contains tne actual
¢haracter string that makes un tne line,

For each line tnere 4s a four~=word entry in the JLRT,
containing information such as the following:

(1) A T=pointer for the firet character in the 1line

(2) 7The first gnd last column numbers containing text
ir the line (used in pbug selection)

{3) The possition on the screen of the lefty end of tne
lire

(4) Flags denoting auc.. +hings as the following:
{a) 7Tie line is null

()  The line coanteines special (nonprainting!
characters

{5} A copy of the second display-~list entry for the
line (used %o restore the display 1list after
displaying an error message).

For each PSID whieh is returne¢ from the sequence
generator, a dizplay buffer, DLRT entriea, and
dispiay=«list entries are created,

Oon the basls of the ahove gescription, the actions of
CREATE DISPLAY Bshould be zlear for ceses where cvhe entire
Laxt area 19 being recrested.

The series of statements determined by the sequence
generater, starting from the statement specified for
the display top, is used t2 411 the lines of the
dlsplay, wWith the appropriate ingornmation being stored
iri the display 1list, DLRT, and display buffers,

In the cage of texti=editing chenges, the display 14 only
partiaslly recreat=d; the process is gs follows:

The DLRT and display<list entries for the staienents
that were not edited are copied t» auxiiiary buffers.




Appendix D:

Jec.

Iv:

TECHNICAL DESCRIPTION OF NLS

Commana Algorivnmg

C.

If the content=analyzer flag 13 off or the ecited
statenent poss28 the pattern, then % new display
buffer, DLRY, and display-list entries are construntea
for it.

when this is conpleted, the DLKT and display liet are
replaced by the auxiliary vuffers and CREATE DI3PLAY
reLurns,

pug Sel:ction

IV i85 gppropriste Vo consider the problem 0f converting
selections made by the user o0 velid character and
statement specificationas at thies point, since bug
selection makes use of dats aressd consviructed by CREATE
CISPLAY.

Whenever 4input is read from the user work station, the
cocordinatee of the bug are saved along with it¢. In tre
case whore the input 4is meant as g selection by the user,
vhe coordinates nust pe used to luentify a character on
the screen., The DLRT contains the informaticn require4
%o 40 this.,

The text arez is "homoganecus," in that each line
takes 3 fixed anmount cf epace verticslly and each
chatracter takes a f’xed &pace herizontalily.

Thus the coordina%tez 2f the aselection can ve eagily
converted to a character ana liae positiecn ir the text
aresg,

This is only part of the problem, however, since the
gelection may be at a character position that d4ces not
contain a character. In other werds, there are null
aread in the text area and selectiong in Lhese areas
must te "rounded” t¢c another position.

This roundi:ug procescs L@ done using the information in
the DLRT.

The DLRT hes a flaf indicating whether a line is
null. These flags are checkad and the selection
moved ur the smereen uniil it is on 3 npon=-null line,

The DLRT also epecifies tna first and iast columna

in the line containing & character. 0On this pasis,
the selection ia moved O the left Or rigne, i?

262




Appendix D1 TECHNIC.L NZ3SPIFTION GF WLS
sec. IV: Command Algoriinhns

neregsary, %0 put it on & positien cortaining a
gharacter,

It ia cften ths case that bug seleciions must be
convearted to T=pcintere for ooperations such as
editirv,.

If the line does not contain any apecial characters,
which take up more than one charazter position in the
8DB, tle buf selection can pe converted into @
T=rointer directly from the information in the ULRT.

Therc is g flaex in the DLRT which indicates whetaer
the line containa any special charscters, and 3
Tepointer for the first character in the iine,

IZ there are no special characters, the characuer
count for colunn k is simply k greatver than tne
count for the girast character and is thus
cotainable from the Tepointer in the DLRT entry,

If the line doed contain special cnarsacterc. then the
numcer of special cheracters in the line to the left
0of the gelected character must re determined, Rather
than store this value, it 13 computed directly from
the SDH for the statement, This amounts to
refornatting the line up t¢ the gelected charsater,

v, Caiculavor

The coleulens™ gives the NS user the ablility to perform
srithmetic 2perations using numbers eselected fronm the text or
enterea from the keyboard, .

In addi%icn, arithmaetic expressions (functiona) with nanmed
varisoles nay be evalugted with the &id of a small compiler
»uilt anve the calculator,

The caicula’or stores nunders internalily in a8 fixed-lengdh
decimal notation (currently using sixteen digite to the left of
the decimal g¢nd seven to the right).,

The arivnretic rouvines work with numbers that have been
"urpacked” irnte an "accumulator,” one 4igit to a word,

The multiplication algorithm will be briefly outlined ss an
exanmnple,
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The nultiplicend and she product are in unpacxed fornm,

Digits cre regd orne at & time from the loweorder end of the
multiplier,

The multiplicand ie initially "aligned" with Lne loweorder
end of the douple=length partviel product,., During the course
of the multiplication, they are realirned by "noving" the
nultiplicanc toward tne higheorder z=and of the product,

The first step of the glgorithm 13 to zerc the partial
product,

Then, until &ll the digite ir the multiplier have been
processed, wvhe followirg algo-ithm 428 repeatedly executed:?

(1) Read, and coavert to the =quiv.lent oinzry numper,
up to four muliiplier digits ~%t 3 tine, thus forming a
composite multiplier aigiv.

(2} For each d4igit in the multiplicang, multiply it
iuaing the nhardware bingry multiplicgtion) oy the
composite nmultiplier digit, and &dd the result to the
corresponding digit 4n the partvial nroduct.

This takes gdvantage 0f the unpacked form to allow
"digita" in the partial product to take o', very large
values, (Carries out 02 the partialenroduct digits sre
propagated only once, a% the end ¢f tne algorithnm.

(3) bvealign the multiplicegnd o the left by the number
0f digite read fror the nmultiplier,

NOW propagate the carries in the partial product ¢ £finisn
the nmultiplicuivien,

The caleulater containe p smell operstor=precedence conmviler
for arithnmetic expressions.

The compiler producees both code Lo re interpretesz and g symtbol
tatle of the variables used in the expressiorn,, The symbel
table grows voward higher gddreagess, while the code grows from
the cthar end of the same dlocyk ©f memory.

when the user asks to evaliuate Lhe expression, the progran asxs
hdm o supply values for the variables, The user may fix a
varisble to a particular valie ang tell the progranm not to
damand a new vglue for 1%, when ¢ll variables have been given
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values, the code compiled for the expresgion ir interpreted and
the result tranaferred to the "accumulator" of the calculator,

FOr each variaple in the expression, the symbol table contains
the following informa*ion:

(1) The name of the variable (a3 an A=-string, #o0 that iv
can oe dieplayed in the coamand feeidpnzck line when the user
48 g8ked Lo give it a veglue)

(2) The current value o th® variable

(3) Flags indicating whether the user snculd be asgked o
aupply a value for it when the expression 13 evaluated, and
if 80 whether it has veen given a value during the current
evaluation,

The code complled for the expreaszicn is made upd ot the
following instruction types:

(1) puah values on the stack

(a) push identifier (specified vy the adiress of the
value to pe pushed)

(p) Push consetant (the value of the conatant follows the
instruction in the code)

(2) perform arithmetic operations witn vaglues on tep o?f
gtack (unsry nminus, add, subtiract, multiply, and divide;

(3} Hale

The interpreter for the code simply manipulates tne atack and
callc the gppropriate grithmetic routines,

D. Processors
l, File Clesanup
The 24le cleanun pProgram serves Lo verily iand perhaps even
restore, with a hit of luck) the internsl Joundness of an
NLS 21ile,
The progran goes through the . llowing s&tagesi

(1! For each struciure blocks

26l




Appendix D1 TECUNICAL DaSCRIPTION OF NIS
Sec, 1V Command Algorithms

8=¢ all the name hasheg L0 ZLyo.

Check the free list and muarx eienents on tne free list
by wetltinig their hasheuy o 1.

Verity the used cell coun® for the block.
(2) TFor each text block:

Check the free space pointer,

Check each SDB by deoing the tfollowing:

compare the length given in the ¢irst wor4 of the
neader to the eharscter couny,

Chexk that the last character is really an end
cheracter,

¢cneckX that the name character count is reasonsble,

Mark SDB's tha? pass vhese teats dy "OR"ing 360006008
inte 2ir4t word,

If the SDB fails any of the tesis, then move the free
space poirnter up to that point and rivc up on the rest
of that block,

{3) ror each graphics block:
The process ig 3imilar Lo the process for text dleocks,

Al the end of these avgges the entire file hss been
inspectead once. During whis a special routine nas
nandled the lozding of file blocks, If at any time there
is a "bad" f£4i12 olock (l.e., one tiaat contains an error),
it triee to recover by c<haniing the type of the blozxk if
that 18 in error anc recalenlating the chezskaum 12 that
is8 in error,

File clegnup now continues witn a second paas,
(L) check th= ectual structure of the ring.
stas frcm the ordigin and work tarough, not trusting

the nead and vail flage¢, This requires keeping 2
stack of father 2?28ID's anc -~orpering each 2uccessor o

the favher.
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Mark ring elements that are uged in tone structure by
settinT their hashes to 2 (first making 3ure that
thelr ndenes are zerc, meaning unused, and not one,
meaning on the free list).

Mark data blocks (both 8SDB and VDB) of ring elements
in the structure, #s used, Oy chaneging the top 8ix
pits ain the firast word to 34UB 1instead of 36B,

Correct errors in head and tall flags 1f any are
founa,

Errors in structiure are ngndled as follows:

If the pad statement is the head of a rlex, then
tnat plex is Aiscarded.

otherw¥ise the remginder 0f the plex i3 4iscardei.

This cdiscardineg is done by linkinc tcgevher good
parts ¢f the ring.,

Thus in the first case the father of the bdad
statement sinply no ionger has any aubatructure,

In the otrier cafe the lgst g0o0d memher ol the
plexX becomesz the taill of tne plex.

I£ a statement that hes vglid struesture nhas 2 bad davta
blonk associated with 4%, then g dummy SDBR 13 created
for the 3tatenment sxnd file cleanup continues,

LOOK for "lost" 35pB's xnd ring eliements,
Ring elemmnts that Al4ll neve name hasnes cf U are
nelther on the free 1list or in tne structure, These
are nOw put on the free 1list,
8DB's that still have 360C0000B in thear first word
gre not po.nted LO by any Sstatement, Theme are znow
marked aa garbate,
Marks on SDB's are novw erapsed,

The name hashes f£0or all ring elenents irn the

structure are nNOw racomputed.

This conmpletes whe cleznup of the file,
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File Compaction

The casie obitctive of the file compuctor 48 to reduce tne
number of SDB blockes in a file by combining the contents of
these blocks and eliminating resuitant empty vlocks, In
sudition, enmptly spaces in the random file are elimir«ted by
packing the f£4iie into contiguoue blockea. Structure tlocks
are not compacred,

808 blccks with fevwer than a fixed riunper of unusea cells
are not processed o= thus compaction for files which neea
little of rno compacting will be a relatively quick
operation,

Cutput Processor

The Qutput Frocesgor is used to produce hard copy from NLS
files, 7The output of this process includes formatvted files
for a printer, a Dursa typewritver, and a stromberg-Carlsacn
mie¢rogilm machine,

The fornmgt 0¢ the output is convrecliled v means cf
directives,

These gre paranmetera for numercus variables such a8 pgge
dimensions, pake numbering, and "on/cff s<itches" foir a
large set of format opiion&. The user may conurol these
paraneters ty means of specisl stiringa of ext (i.e,,
output=format commagnds) embedded in the file text. Thease
comnand strings, which gre glso called "directives," are
normaliy suppressed frcm the hard=cory OULPFuUl,

A full set o directive default veluea for each type of
davica Nhas been estagblished; these vglu2s May be
overridden py directives imbedded in tne text of the
file,

Th2> Qutpue Processor runs as s sudbprocess of NLS and has one
page =~ a buffer == 4in common with iv. This procese, like
the compilera, utilizes the astatenent=selection mechanisms
of NLS to obtain ite input data. Thue level clipping,
content analyeis, kayvwerd reordering, twrails, and so forth
can be used Lo control what is output via the outpur
Froceszor.,

Compilers

The languagee Jdeveloped Dy ARC for internal uze are
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