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Abstract

ABSTKACT

TIME COVERED 1’
This report covers in detail work from February
1%71 to Hay 1972, lal
TENEX 1lb
Durine that time »Hur PLP-10 and accompanying
TENEX time=sharing syste s became opersational.,
We have made small adaptations in TENEX and
developed a sgystem that sends and retrieves
files fron tape archive. 1bl
NEIwOPK INFORMATICN CENTER ic
Use of the Netvork Infermation Center has
increased steadily, including regular creatlion
oy axXperimenters at several 3sites or
speclial-ourpose documents on cur systenm and
severaltold increass in documnents stored ana
cataloged, both online and in harad copy
dispersed at the sites, We have prepared anq
disrersed manuals and riven regular coursges in
our system to classes rvatherec from trne Net, 1In
the 1last weeks of the contract our disrlay
system ~an experimentally frem another site for
the firss time, lcl
HAHKDWAKE 1d
We have added a Rryant Drum, Digital Eauiopment
Corporation RP0OZ2 disc packe, and lead=oc ...re
30=character-ger-second thernal printing
terrinals and corpatipble cassetle recorders. 141
NEw FEATURES IN NLS le
To cur online system we nave addaed: lel
a command laneuare, DEX, which allows en.ry
of text on tare Zor later autonatic
rrocessing iato NLS files; lela
several features which gllow users Lo cdraw on
the nower ¢f NLS nore eifectively, incluaing
irdividual control of a3 buffer for conniling
varic's srecial purpose prograns;: lell
cross file editine to our uvypewriter-criented
cormand lanzudee, [NLS, alone with cther
fe iras that sult NLS tC typewriter ternminal
w3, .; and lelc
to our display syetem, tne capacity o 8plit
the screen, 1cad several files at once, and
transfer infcrnaticon from one file to
another. leld
We nave beaun the redesien of NLS in modulsgr

online Tgem Environament
1
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units which will, amonpg other things, ease
transfer of all or part c¢f NLS toc other systeme,
AGEMENT SYSTENMS

in management applications we aeveloved a first
Cut task=and-assienment manartenent
record-xeepine svster, made ever=-growing use of
our dialoz supoort system in managerent, and,
near the end of the contract neriod, reorgarized
our croup into operational and project suogroups
{a matrix organization) with projects oriented
tovard neecs cutside ARC.

online Tear Environmsnt
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SUMMAKY

INTROP'CTION

we are cevelorine n sgystenm 2f online comouter aids for
augrenting tae rperformance of individuals and teams engaged
‘n intellectual work and an Information Center for the ARPA
Ciynmpu er pNelworxk, This document reports haraware and
30ftware developrent and aonnlicatiens 1n ceveral areas, cnd
sumi.arizes pilanra for continuing de.olopmeint.

We disesuss nere the work performed under a contract which
exvended from Fecruary 8, 1970 to May 3, 1372, sur recount
in devail only werk of the ilast fifteen months of that
period, Our work from February 8. 1970 until Fekruary &,
1971 ie reported ia the Interim Technical Report, dated 30
June 1¢'l, NETWORKk INFOPMATION CENTER aND COMPUTEK AUGMENTED
TEAM IVTLRACIION, RADC=TER-71-175, Av 737 131 (8277,!. The
157C werx is summarized below but, discussed in che bedy of
this report only where necessary tn exnlain developnents of
the lagt fifteep nonths,

To take adv-nwvare of tne automatic reference search of our
onlire systen, viblioegraphic citaticns in tnis .eport are a
little unusuzal looxinr., They Will appear in two ferms:

"See== & 3 comnma + a string cf numbers an¢ letiers ¢+ a
rigrt nareninesis" [(e.,g.,, See=-=-,9an); cites some other
vart of this revcrt as identified by the 3tatement
ndmper- prirted richt, 0nline, a reader m3y cite such an
acdress ina move zutoratically vo t-e apnrorriate part of
the rerort,

9 A feur- cor five-uizit nunber in parenthesis [e.g.
{cen?7,)] cites & document in ARC'a <ollection. The nunmber
1S the ARC Catalor nunmber, Most of tphe docunenis cited in

nig repcrt gre online ard an online reader may move ".0
that ziie attoraticilly as® apove, A reference secti~m at

. the end 0f each chadter supplies pibliegranhic
Infnrrmation accul these d4ocuments 1n the usual way.

A £1CSsary appears in (,9),
AxC hag regun tc ~aintain online a delailed description of

the current 3tate of its activities, the Handbtook 2iacussed
below f(see =-,Lrj),

Online Tean Fnvaronment
5
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Summary
Intvroduction

The reader may find in Adocuments cited in the Handbook
more cdetailed accounts of several matters than apnear in
this report, narticularly of conmand ana comrputer
lansuages,

The detalled acccunts are i.a the following Handbook
docyments:

TREE META (108%43,),

nEX USEF GUIDE (9933L,),

ANLS PREIIMINARY USk® GUIDE (10703,),

wIGC THNLS USEP GUTRE (7470,1,

wIC JGURMAL USFK GUIDE (7635,)

11U PROGFAMMING GUIDE (USER GUIDE) (§2Le,!

- A Frepramning lLanguage for tne Augmentation
earch cCenter (Systers Progranner's Guide) (7052,)

Alun,InkTs OF 13790

vuring that vear we devoted our attention e.pecialily to our
continuying effort Lo improve Lhe efficiency of cur online
systern and oroaden and strengtnen ijts usefulness to systerms
orograrning, tC WOi K1ME with tne ARPA Nelwork, and uvo
avgmentation cf distriouted tean=.

Juring the latter part ¢f the Yeal We Were ceeplVv involved
witn translatire our scft«are into forns compatinle with a
POF-10 ang with chocsinz ard connecting its verioneral
egulpment.,

e Dla-nea and cegan use of an incoertant new group of tonle
fOr uUSers wnich ve now call !ser brogranning, Theyr are
roudtinas n Wnic= tnhe nasic user teature® of our online
syster. ate Duiluine rlccks in construction of prograns that
carry ~ut specific, rather compliceted tasKks, such a8
chanfing tne crder of i citation index and at the saneg tine
tne fo=rat C° the citations, Inoortant User Profrans are
Lhe revwrituen Content arnaivzer, the Analvzer rornmatter, tne
Collector 3ortsr, and £xecutatle TeXt.

tnline Tea=m mnvironment
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Summary
Highlights of 1970

Early 4n 1970 we developned an aritnmnetic and algebraic
Calculator packare tO Oour online svsten, The calculator has
not yet been transferred to the PDP=-10 version of NLS. 3bl

1970 gaw new concentration on augmenting teams perforning

work trat is distributea in time, space, and discipline. By

wWay of comnunication aind archival and managerial record

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

user might write a rail message from his ter'minal to any

other ysers, The ressage was automatically brought to the

recirient's attention when he lo7ged in, Mail was

varticular.iy useful to cur veople temporarily or rernarently

at a distance from the Center. Mail messages gutomatically

oecame part of tne Journal, 3b5

The Journai 1s all cnline rapository of the thoughts,

records, baselines, ana evolving desiegns of the eroup.

Jnline is an index to the complete Journal, inecluding

. various retrievineg aids such as sorting by title words, 3b6

Our carticipation in the ARFPA Netwerk in 19270 included:

using ".i.orsity of ytah's POP-10 via the Network to aid in

oUur transter ur a 2w PFlr=10, and develonment of the Network

Information Ceater ', C). 3e7

I 1sink the Yat to re=-nrcgra™ aur PDP-10 we tynically
sent, p1lccxKs Lo UXAA4 that consisted of relocataolie binary
zals produced by ccnmpilers execyting in our xDS-940 and
vrodqucing code for the 1C, fhe aata wWas stored on a aisc
at ntah by the netwsrk control crogram So *hat soTteone
nera could reccrinect and ca2:l ¢ the Utan load-r for the
tra~snitted file, We founa t=is service =0 useful that
we agdded multipiexine 4% tH1S end 30 that three of our
Troerarmers cconld use the Utanh system at once. The link
te 1tah operatecd datly from August 1970 throurh January
19717 and cerstitused the nost substantial data
trarsnission over tne Net to that da‘e, 3pfa

In 1397~ 4e established a collecticn of duuments that fornm
trhe pasis of the Nelwork Infernmatisan Center, establisned
online technicues for nandling the dccunents, and, most
important, vberan worvine 4ialce with the other centers. The
cembingticn of our reference data storage techniques withn
sur preevannine glicws retrieving documents according tec a
variety cf altrirutes and conbinations thereof; e.,g., year
of cvuptication compbined with author, or sponsoring

. *ne lea- knvironmnent
7
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Sumrmary
Hignliphts of 1970

instituticn. ke organized with the other sites or he
NetWorkx tc estapclish station Agents to handle their
interastion with the Network Information Center and sdpplied
the Staticn Agents with a catalog cf their Collection ang
other working raterials. To stimulate dialog, pending full
operation by ccnnected comouters, we set up a central
telephnne exchanee arg a system for circulating documents
and menos by U,S5. Mail througn the NIC, irncludine an
intra-vet accurent numberine system.,

In the spring cf 1970 we decided that DEC'S PDP~10 witn
associates software and paging oox from HBN might ce a way
to increase the number of consoles and displays available o
Us, to strapgtren our system in other wavs, and to ensure a
System that could be expanded further with ease., 1In June
after investigating several competing machines, we ordered a
PDP-1C wnich was delivered in Seotemper. Qur 940 was
removeq reoruary 1, 15/1. Asscclated equipnent for tne
PPP=10 includes 120Kk of l.0-~microsecond core and the u3n
Pagine Sox. After 3studyine the various aiternatives, we
retainea fron the G490 system a3 32s5=-word Ampex external core,
UNIVAC drurms as a swapping cevice, and a Bryant Jisc for
4SS storage. A drun/aisc interface, an interface for the
external core system, and an I/( contrcl boX were huilt
locallv to our specifications.,

LA=Croerancililg for tne PDP-10 created the necessity and
SEOCTrtunity fOr Lnerenuzh=gaing revision of our software.
C1ir ontine systen wnicn a5 been written in a special
lanuave, ori, was rewritten ia LlCG, a language mucn nore
nacrine indeperdent znu ncre flexitle in application, uur
NLS was raticnalizel uc allow ~ore routines to ¢z21ll on otner
Feulines, QDistlayv rautines were crangey Lo allow 4ivision
into Up Vo 2ikrt areas wnich the user can 1cad and e1at
inteperderly, 'anv ciher features sucn as Jail, Journal,
calculsior were surstantially 1acreved 1n the transfer,
nl13allszHTs uF 1973

-

-y

ean Au#nertation

In tne last )& rontnas our wer< teward Team Jgnentation
Jas fallen inte five areas: ,“oroverment ©f our d41alog
Sudror svsten, tne initial wor< on our n13n4dbooK, our
Caseline record svsten, rdeveioo~ent of basic NLS, d4ni0
recreanlzation ¢f aur iiocoratorv svaff.

Qnlire i=2a~ &nvircnnent
2}

3b8

303
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Sumanary

Hignlights of 197i

Lialog Support Systenm

AS with the XDS~SLO Journal system, the PDP=10 Journal
systen servesS as an open=-ended information svorage ana
retrieval system, orientea toward recording the
thoughts, notes, desiens, workpieces, ang reports
eommunicated by users,

ARC and Netwerk persontel use the Journal systen
da 1lYe.

Since 1t pecame operational in April, 1971,
approximately 1600 documents have been generated
4t AxC ard subnmitteg to the Journal.

The rO¢=10 Journal systen provides for automated entry
of online documents in contrast to tne essentially
manual tecrnnigue usedA on the XDS=9LO.

When a user submits 3 d~._ument, the asystem tags it

with § nunoer and a
directs delivery of
recipients tne user

A r-ii=only copy

distrinution note which later
tne docunent to a list of
spells out.

of the subnitted docuvent is

the.. stored, along with infornation relevant to
the submissieon of tne sjocument (gate/time,
title, Keywords, etc.).

A L4CKeI'OUNC Drocess will subpsequently transform
thls into the €inal 4n4 perrmanent Journal entry.

Deiivery of Journzl subnissions to authors ana
recipients nas been autonated on the PDP=-10 System,

F#ara cocy is autcmatically formatted anc printec
with 8n aunress page SO tnat ralling simply
involves fol4ing, stamling, and sta-pinc.

Ar. online delivery technique hag been developed
wherein 3 user may receive notice of docurents
addressea to hir oy the placement of statenents in
nis iraitial file,

These statements ccintain a link to the document,
alone with the sender's jidentification,

¢nline Team pnvironment
9
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Sumnary
dighliehts of 1971

gate/time of subnission, document number, «nA4
title,

A nessape facility has been incorporated in the ceDp=10
Journal, which eliminates the mail system used on the
XDS=9L40,

online Jouyrnzl docunents may now be reached through
NLS oy simply using the Catalog nurber as a file nane,

Tne irproved access tc Journal documents nas
resulted in increased linking vetween Journal
qocuments, wne~eby dialogs may involve a numper of
aeccunents, all interlinked,

Handboox

we have begun develooment of a "HanAbook," a
"syrer=document” that contains the teginnings of an
up=to-date, large, detaileda, highly cross-referenced
and well=indexed descraiption of ARC project-tean
activivy,

Stch 3 document will providc ARC, as a3 tvean
1eCKline complex system-deveiopment projects, with
tne nighest=possible visinility over its working
envir~Tent,

Tecward the end of the coniract period we set up a
Lead Lo 4Aesign a Aanaooox System which wWill be i1'seg
10 corstruct, index, ana maintain this document,

Bbaseline record systen

we constantly face mere orrortunities for cnanges or
additione to our evolving system tnan we have
resources Lo carry out, Therefore we nave attemptres o
ys8e NLS o find ways to nare ever nore effecilive,
coordinater analysis of our i1deas, and of cur people,
sysven, and material resources,

‘the result of such cnordinated analysis is tne
adcption ¢f a current visiole plan, or "baseline" or
eXpected eventa, aereed upon svstem develonnents,
their external configurations, and resource
aliocations,

Online Tearm Envircnnent
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The irformaticon relative to the planned sysuen
cevelcrments 18 cortained in our Baseline Record.

The Baseline RecoOrd is a special suncollection of the
Journal. It consists of a gseries of files soecially
formatted %o contain task and resource allocation
information, including particularly files of »lans,
specifications, analyses, designs, etc,

The present Baseline Record system has concentrated on
t.he recording of information relevant xo individual
tasks being performed or unader consideraton by various
ARC staff nmembers.

There now are over 200 taeks of various magnituges
to consider in our planning and operational
environrent at any point in tine, These range fron
simple bug-fixing to complex design or
implerentation tasks that may be performed by
severzl people over many months,

W“e have developed a set of programs with an initial
data storage 9ystem that erganizes information
recorded about these tasks with features that
perrnit routine sumnmary views to be rroduced ana
that 218 Make gvailable flexible, user=-created
views cf tne paseline task information.

procegures have ceen developea for data collection
and input and for view greduction tnat aiad in
weexkly updataing of the Kecord. These views are
produced 1n nardcony anad are also epntered into the
Journal,

we are not satified with the present Baseline necord
eysten,

am feel that Our LA&KC uUSers were not weil guided and
trained in RPS use and

tne 1nitial systven 4id not produce views that we/e
useful enougn - mMainly because moSt of tne needed
Aata vwere rnot in tnre systen.

AlthGugn we have started using ARC's Baseline Record
systen on a current task-by=taskKk pasis durineg tne past

Ctnline Team Environmens
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vear; we still need to develop a nore complete,

nhigner level®” cicture of what new ARC sysien

developments {(functions, ieatures, stages,..) We want

and expect to see. Among other considerations, this

includes pnetter definition of activity goals. 3claé

basic NLS 3cle

In this past contract period, we have taken several
stens tn further augment the softvware engineer 3clel

== in fact, we have coined the acronym SEAS (for

sofsware Enzineer Augmentation Systemj 0 give

sprecific system orientation towards the ena of

developing a full anda balanced 8set of 100lSs,

techniques, method4s, prineciples, ete, for

augrmenting softiware engineers. 3clela

The developments described velow are part 0f an

accelerating activity =« an important partv of our

near-future plans 1in the next contract periocd

1nvVolve a greater level of activitly here, 3clelo

TNLS and DNEX 3cle2

A new and effective typewriter version {ITNLS) has
found wide use dotn at ARC and at S51.tes on the ARPA
NEeLWOrK. 3cle2a

Inproverments nave bteen made 1ir the displav version
(DNLS), 3clelo

and a first version of an offline node (LEx) has
veen intrcduced, iclezc

changes that Mmake possible crosg=file editing allow
any tWwo Tassages to be invoived by 8 Riven command, 3clie3

In TnlS, ad4resses in a comMmand nay be "linrnks"
wnich can calli anv passage in any file on tine
systepr; 3clela

in DNIs, spiit screens allow the user o view any
1wC pa3safkes ana control cross-fiie sdjtine
visually. 3cle3p

online Team Environnent
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iewspecs Mgke possible selective assimilatior of
information from cne file intec anotner, 3¢cle3c

New special rurposa subsystems have been developed or
improvegd, 3cley

These include a sort-merge system, a user programn
svster, and the outputl processor. 3cleua

Language development has continued.

\VS}
(3]

[ ied
£ ]
A\,

Al present the primary language systems developed

and in use 3t ARC are the Tree=Meta

Cenpiler-compiler System and the 110 Progranmming

language system which was written in Tree=Meta. 3¢leba

wOrk is currently prcgr.3sing cn a Medular
Progranning system (MPS) in collaboration witn @
roun at the Xerox Palo Alto Research center. 3cleso

Interna. urganizatiorn 3clef

ouring the cast year, several ARC crganizational

arrangenents were introducr?, centering, in the early

partv ot the rpericd, mainly on line-activity structure

ana zssociated roles, 3clfl

Tne creation of pusner (task leader) roles for
tasks and coordination roles for systen
1 architecture, methodolory, and personnel resouraes
rlacec the resvonsivility more directlyv on
selected 1naividuals, 3clfla

P

Fusher roles were definea in the framework ot

the jevelobding Baseline management systen,

Cocrainating roles were also carried out in this
environnent. Our techniaues for performing tnese

roles still leave nmuch to be desired. The

rlannea recording of ti8K requirements and

designs in the journal will strengthen the

roles, 3clflal

In tne Fall of 1971, we 8=t up a four-man Executive
vanagenent Conmittee (EMC) to carry ou* much of the
daveto=day nperating maniegement, 3clflo

Online Team Environunent
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puring the ovast few months Lr. Engelbart has
establishred, a new, broader overall organizational
structure.

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

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

FRAMAC 1s to aiscuss and define tne ARC
intellectual fremework and set longer-range
goals and rlans.

LINAC 18 to carry out activities within the
frameworg that move us toward tne goals,
inciuding more detailed, shortererange planning.

pODAC institutionalizes continuing oersonal and
organizational development.

Networe Intformation Center: oOperations and Developnent

The AHPANET can be viewed as 3 collection of resources,
people, harcware, software, data, and special services
which can be prought toretner for short or longz periods
to work cooreratively,

auilt ubecn hardware and fundamental software
connections are tre orocesses tnat as8Sist users tc
£irad the geograohically dastributed facilities they
need to 3olve or stugy problems and Lo0 3110w Scatierea
peorle teo werk together effectivelvy in tasks of mutual
interest.,

we see the Netwcrk Ianfermation Center (NIC. as one
part, ot the ARPANET experiment that 1is interestea in
the latter vronlems,

The NIC helos o create and sustain the sense of
community needed in an exreriment Such as that of
the APPANLT.

The NIC 1§ ncot a classical information center tecause

onlire Team Environanent
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{t provides a wider jrange than bibliograpnic and

iibrary services. 3c2a3
The NIC Public 3c2b
one ox the provlems in %he design of an information
ser'vice is to determine the ciientele and i1%s neede. Jcevl
cur initial analysis showed us four main needs: 3cabe
reference and Genergl Network Information; 3c2p24a
Collahoration Suopory; 3c2b2b
Document Hanaling and Creation; and 3c2v2c
Training. 3¢c2pad

The clientele for NIC appeared initially to pe peonle

developine and bullding the Network, Who were to be

followed by those whosSe research or development

interests would te intimately connected with Network

resources or who would pe experimental users of

various Netwerk resouyrces. 3¢c2b3

NIC Services 3c2c¢

TO meet the apnve goals, the N1C services availaole at
the end of tne report perica, May, 1972, through the
Net wWere: 3c2cl

onlaine: 3c2cla

{1) Access to tne tyrewriter version (TNLS) of

the Augmentation Research Center nniine system

(NLS) fur communique creation, access, and

other, excerimental use. 3caclal

(2) Access to Journal, Number, and

Identification Systens which allow messages and

decurents to be transmitted to Nevwork

participants. 3c2clazl

{3) Access to a number of online information
tases thrcugh a special Locator file using NLS
lirx mechanisns, 3c2clal

Online Teanm Environnment
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0ffline:

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

{a) A Station Agent to aid in use of tne NIC.

(b) A Liaison to provide technical
informatisn atcut his site,

{c) A station colleetion containing a
subcollection of documents of interest to
NetLwork participants.,

{2) Techniques for gathering, producing and
maintainine NIC Functional Documents, such
as:

{a) Current rfatalcg of the NIC Zollection,
{r) ARPA Network resource Notebook.

(c) Directory of Network Participants.
(d4) NIC User Guide,

{3) General Network re. erral and handling ot
document requesis.

{y) Bullding of a collection of documents
pctentially vaiuable to the Network
gommunity.

In the neginnine we've tried to collect
LOcumants valuable to network builders.

(5) Crude sejective 4Aistribution to Station
Collections,

(6) Training in use of NiC services and
facilities.

NIC Goals

In tne course of its evolution, the AKPANET will

Online Team Environnent
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continue to generate needs for nevw software servizes
in interactiva data management, 3c2dl

we propose to develop a user=oriented information

facility pased upon the NLS system and indtiglly

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

information facility is a new step in the

"bootstrapping" of the Augmentation Research Center,

and 1s leaaing to the estavlishment of a new resource

L0 be made available to ARPANET users. 3ce42

Network Particiovation 3¢3

Qur Network participation outsiae of NIC activity has
been in two main areasg, protecol development through work
in several protccol design conmunities and general
Network coordination through memoership on the

. sport=lived Network Working Group Steering Committee and
: 1ts successor, Network Facilitators Group, 3c3a
Computer Facility : 3cu
HarAware 3cud

At the end nof the first year of this contract, we

transferrec our conputer operations from an XDS=940 to

a FPupP~lyu comouter., The transfer effort is descrivoed

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

Hardware activity during the past vear has focused on

addition2l tuning of the new configuration,

maintenance, troubleshootinz and overatien of the

facility, and sone ungradineg of critical parts of the

system, 3cual

pur nardware configuration contained a number of ol4,
Ane=0f=3-Kird nieces of equipment orought over to the
PPb=10 system from the orevious XDS=-940 system, These
nieces of eauivinent have prover. difficult to maintain
and studies were lgunched on how to replace or upgrade
this equipneat, A new 3BN networkx interface and a new
DEC «P~=u2 dilsec Svsten were installea in the spring nf
1972, renlacing olcder unreliavle equipmernt., Hardware
upradan?g of cur aisclay system and its special core
rOX as begun to provide temporary relief until a
replacement sSvgter can be planned, An additional 32k

online Team Lnvironment
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of core is tc be added shortly. Studies leading 10
~ecommendations tc add another channel, disc
controller and set of disc drives hgve been ccmpleted,
These additions will nrovide more file space and
peckup swapping capabllity. Inproved reliability
should begin to be manifest in the summer of 1972.

sysgenm Software
TENEX

We cooperate actively with BBYN and olher usersa in
debugging and maintaining TENEX, and have developed
a few new features, botia visitle tO users and
interral to the systen,

within the systenm:

Wwe have forsaken TENDMP for loading the monitor
from DECTAFE and use instead DIB00T rron DEC,

e have added a jsys, 2 jump to a monitor
subroutine, to say that padding (sending
rurouts) i® required for fast terminals wnen a
Ck or LF 1s output.

We have nade many changes to the telelype
routine~ ¢ acconmogdate our displuys.

To greatly simplify startup we have cnhanged the
starting address of the monitvor £rom 100 {which
goes immediateLry o DDT) to SY¥YSGO1l.

We no longer adl code to existing files wnen we
get new moniicr releases, Iinstead we hLave
defined adaitional files that are assempled witn
each group of files and, where poasible, have
made our additions in these new files with JRr3Ts
auid CALLs to the new code,

we have modified the system such that if
CHECKDSK does not run successfully, then nothing
e.se, 2.2, LUTO~STARTUF jobs, can run fexceptu
for the operator's console and one special
gigl-up line) until tne disc has been fixed and
CHECKDSK nhas run successfully.

Online Teanm Environment
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In the tiser's View

We have ae%t up an advise command so one terminal
may control a Jjoo loaded at another terminal.

we have added rou*ines that 1log out 3 user who
does nothing for a certain time, and that refuse
entry if “he sstem is overloaded,

SUPERWATCH

To nelp find out what 18 going on withirn our
timesrharing system we have developed an information
gatherin~ and formatting program called Superwatch.

In general sSuperwatch has been valuable:

Te verify that the systen 1s working as
cesiened,

To identify the cause of poor service at the
tire it is happening (e.g. & bug, hardware
malfunction, or just overloading),

To identify the "weak link" in the systen
configzuration (drum, d4isk, memory or CPU
capacity).

To evaluate changes in the gystem or hardwatre
configuration.

Plans for the Future

ARC plans to resolve a sct of interdependent goald by
conducting research and providine service under a new
“base=project" contract, that concentrates primarily
upon:

Advancing the techniques available to ARC ang Network
system builders and users for augmenting the
Adeveloprent and application of computer~-t ced
information systems.

vaking the Network Infornatien Zenter into ooth:

oniine Team Environment
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(L) an increasingly useful service to the Network
conmunity and

{2) an important part of the Network experiment (in
its distributed, collaborative operations and in
its Network=utility rcie),

And nmoving useful agugumentation techniques and
gservices out into the ARPA Network Conmnmnunity.

A central poant ‘f our proposed aporcach is our need to
learn to negotiate and provide extensive services to
distriputed users,

Therefore, ve plan to concentrate oL efforvs within a
four-oronged project wnerein coerdinated advances can bpe
made?

(1) Ueveloping service functions that will be the most
nelp to our apove=mentioned gecal structure,

(2) Develooing tne knowhow and capability for
aelivering significantly useful service to the
Network, as a utility,

(3) Developing the knownow and capability for
marketing a utility service t0 the Nelwork,

and wherein ve become ever hetter at
(L) Operating a utility service,

Lependaing on funding availapoilivy and other
arranrenents tc oe negotiated we may find ways o
provide addaitional service capacity through
placerent 0f the computerebased rortion of our
adgnentation system on a ecomputer Or conputers
operated t¢r US Dy a Comnercial timesharineg
utility.

REFERE“CES
(7052,) W, H, Paxton (SRI~ARC). L-10 = A Progrannming

Languaee for the Augnentation scsearch Center (a3 systens
orograrmer's guigel)., 29 May 1¢71. Lép.
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TEAM AUGMENTATION

by Charles H Irby, William H Paxton,
wiliiam S Duvall, James C Norton,
Bruce L Parsley, Mary S caurch, Harvey G lLenatman,
walter L Bass, J David Hopper, Douglas C Engelbart,
L Peter Leutsch, ana James G Mitchell.

JOURNA:
Intrecauction

AS ARC becomes nmore and more involved in the augnentation
0of teams, we are giving serious consideration to
1nproving inwrateazm communication with whatever mixture
of tools, conventions, and procedures will help,

If a4 team is solving a problem that extends over a
considerable tine, the mempers will begin to need help
rememberaing some of the important conmnmunications--i1.e,,
some recording and recalling processes must pe invoked,
and these processes become candidaves for augmentation,
1¢ consider some of the different conditions where such
storzge and recall may be useful, suppose Person A
communicates with pPerson B about Item N at Time T,

m~hey may well renember their exchange during the
proplem=-sclving period. But consider the case of
person C who, it will turn out, is going to need to
know about this communicatisn at time TT:

Pernaps he was there at Time T, but

he Was too heavily invecived even to notice the
cormunication, and/or Item N wasS not relevant to
ni3 worKk at that moment and %0 wWas not implanted
for ready recall.

perhars A ard 4 did not anticipate his later need
and thus failed to invite hin intc thneir
intercnange or infornm him of its conclusion.

pernaps, altnough Perscns A and B Knew he would
liater need the informaticn, tney aidn't want %o
interrunt their own working sequence with the

online Tean Envircnnment
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procedure of interrupting Person C and getting hinm
involved, palole

or, if the conseouences of the interchange carry over

{nto a lcng-lasting series of other decisions, one or

poth parties may fail to remenmber accurately, or may

remenmber differently because of different viewpoints,

and troutlesome conflicts and waste of effort may

result, kalo?

A e&ingle person wWill make a 1ist of things to do on a

shopping trip because he has learned that the

confusion and pressure nay make nhim forget scmething

important. It i8 obvious that 0 be procurer for one

of a mutually developed, interdependent pair of lists

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

further consider the effect if the complexity of tne

tear's rroclen relative to human working capacity

recuires partitioning of the pretlem 1nto many rarts

wnere each part is independently attacked, btut where

amoneg the parts tnere is consijerable interdenendence

tarsugh interactions con nmutual factors such as total

resanurce, timire, seight, pnysical srpace, and functuvional

Neshineg. salc

uere, the cormunication between Persons A and ¢ nay

well be toc conplex for their own acclrate recall.

ror examrle, their conmunication periond resulted 1n

ecratch naper or a cnalkboarq coveted with

rossioilities and the essence of tne agreed-upcn

solution, whicn has since disappeared. Lalcl

se eanvision augrenting our ccllaporative team by having a

"Ci1a10g Support Svstem (DSS)," containing current ana

thoroughly use¢ Working records of the group's olans,

degigns, notes, etc. Therefore, we have begun to develoyp

a systen for entering and managing those reccrds. The

ARC Journal 1t the central teature of this intragroup

accynentation systien. 2ald

The 555 1nvolves tecnniaues for use by distriputed
parties to collabarate effectively by neans of tne
intar-linked reterencing between NLS files, par.izcuilarly
Witrin the recorded=dialor medium ol an NLS Journal, sale

orlire Tean Einvironnernt
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FIGUKRE 1. ARC Dialog Support Systenm hardcopy cave,
Third shelf frem the top is the Handbook: fourth is
the Baseline Records; fifth is Journal indices,

halel

Our DSS will orovide the following generzl online

alds: multiwindowed displays; simultaneous ana

independent monhility and view control among many

files; link-setup automation; back=1link annunciators

and jumping; aids for the formation, Manipulation, and

study of sets of arbitrary rassages from anmong the

4ialog entries: inteeration of cross~reference

infcrmation into hardcopy printouts, kale?2

It also will include people~system developments:
conventions and working procedures for using these
alds effectively in concucting collaborat.ve dialog
among various kinds of people, at various kinds of
terminals, and under various conditions; working
nethodolegy for tea.s doing clanning, design,
implenentation coordination, and so on. yale3

The PDp~10 Journal La?2

During 1971, implementation of the initial PDP-10 Journal
systen was conmpleted. La2a

Online Team Environment
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A8 with the XDS-940 Journal system, the PDP=10 Journal
systen prcvides us an open-ended infornmation storage and
retrieval, oriented toward recording the thoughts, notes,
workpleces, ana reports produced py uszers,

The system is in daily use by ARC personnel.

Since the first version of the system cecane
operational in April, 1971, approximately 1600
documents have been generated and submitted to Lhe
Journal,

The system is also offered as a NIC service,

The PDP=10Q Jcurnal system provides for autcmated entry of
online docurents in ccntrast to the essentiaglly manual
technigue used on the XDS=940,.

&n NLS user can subnit any portion of an NLS file
(which may or may not be currentlv in his viewing
areal to the Journal without leaving NLS,

in orcer 10 do this, he sirply executes a comman
which places NLS inte a sub=-command level whicn
recogrizes commands relevant to Journal operation.

AS a docurient is subnitted, it is assigned a number,
cataloged, ant 3 Aistripbuillon record is createa which
will later cailse delivery cf a cooy of the document to
1 list of recinients indicatved during the sunpmnission
rrocess,

A Tread=0cnly cony of wne submitted document is then
storecd, 3lonez with information reievant to the
subnission of the docunent (date/time, etc,)

A cackegrnund orocess Will Ssubseguently transfor=s
this “nto tne final Journal entry.

Delivery of Jcurnal submnissions to authors and recipients
nas bteen zuicrated on the PDP=-1U Systen.

Hardccpy is autonmatically tormatted anc printec with
an adaress page 90 that mailineg simply involves
felding, stapline, an4 stanping.
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An online cdelivery technique has been developed
wvherein g user may receive notice of docunents
addressed to him by the placement ¢f links in his
initial file.,

A message facility has been incorporated in the PDP=10
Journal, which replaces the mail system used on the
ADS=940,

gnline Jourral documents mayY now be accessed through NLS
by simply using the cataloz number as a file nanme,

A catalor® search is done whiech aeternmines the real
name ana location of the file containing the document
witn tne indicated nunter.,

This search 1s transparent to the user, and once
locatea, tne docurment is loaded as if the user nad
tvyed in the naime and directery informavion contained
in une catalof,

User anpearance

AS +he user initially aidresses the Journal system for
Jgocnnent submission, he nust define the document as any
legal MLo structural entity (Statement, branch, Groug,
Flex, cor tile} or as a message (literal! to pe typed in.

~he accurent is 1nnediatelv aSsigned a catalog numher,
ang cocvzied intd 2 wirK areu.

AS this is neing dqcone, information relevant to the
document (date/tire, autnor, etc,) is recoraed in
Lne docu~ent header, along witn default paranmeter
seTLirEs,
Tne user 18 now Dlaced into an interactive subrnode, Where
whe fol.owineg rara-eters relevant 1o nocunent suhbmission
1iay be apecitiedu:

AUtnCr: kFerscn 10ersSons) Or ercup Sponsoring the
Aocurent,

clerx«: rerson actually submitting the qocurert,
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comments: A comment wiich i3 kept in the document
header as an anpendage C the dqocunment,

nDistrioution: A list o1 persens or groups to receive
copies of the document,

Keywords: Key words which may be used for document
retrieval at a later tine,

obacletes: A list of documents cbsoleted by the
qocument ceing submitted.

subccllectinns: A list of subcollections in which this
dqocument is to pe included,

The supcollections listed here are in addition to:

Any subcollections associated with the sunmitter
oy defaule,

Any groups included in the distripution list,
Title: A title for the document. This title will
appear as « default page header in the final formattea
version,
vypdates: A list of documents updated by the document,
Additional to the paraneter specification commanas are:

commands for control

Quit: Leave the Journal subnission submode,; and
abort the entry.

Go: Terninate the taraneter svecification pndse and
Pegin the actual d4dccunent eniry.,

ftatus Command: sShows the current stitus of the entry
parameters

place Link Command: Allows the user to specify a
location in a file, which will be used for inserting a
statement convainireg a link vointing to the subaitted
document wWhen submission ig complete,
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Interrogate Command: Places the user in g passive

rather than active interactive mode, Subsequent L0

this commana, the system #ill request specification of

certain parameters from the user, La3el

After the user has initiated the Go command, the system
proceeds to execute the necessary functions for making a
Journal entry froem the working d4ocument., ha3d

when this process has been successfully completved, a

link locating the juste-submitted document 1s typed or

displayed to the user. La3dl
The user is then returned to the NLS command mode. La3d2

The Journal Svstem User Guide (7637,) provides
additional information on the use of the systen. La3e

the Journal System ir TNLS.

i

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

FIGURE 4. The user commands the System to quiz him for
the information it needs,
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FIGURE 5. The user has responded t0 the Systenm's
promptings with the title and is about to £ill in the
distribution list.

FIGURE 6. Journal Systerm in progress.
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FIGURE 7. Submission cumplete,

Identification Systenm

A8 the Journal system w3s being designed, the need for
uniguely identifyinié rersons and groups wWithin the
environment of the system became apparent,

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

The outgrowih of this need is the Identification systenm,

With this system each user/group 1s assigned a unique
two=t0=8ix=~letter code, which is subsequently used as a
‘handle' for that oerson.

wherever posgssitle, the code (IDENT) for a rarson is
tvhe initials of that person, and for groups the
acronym for the group.

The IDENT may be used to locate an entry in a file which
contains the necessary information about that person or
groubp.
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Frovided in the Identification systen are not only

rianales for retriaving information about any IDENT, but a

commana Jube-level for generating new IDENTS and modifying

infarmation for old ones. kaif

The Tdentification systenm is used extensively oy all
chases of “he Journal, halg

The Identification Systen User Guide (7638,) provides
daditional information on the use of the system, balkh

Numper 3systen uas

The Numcer svsten orovides 2 rapabliiity for centrally
4SSignNing Mas.=r catalog and Networx sorking
Grcub/Reguest fOor Cormpents (KWG/KWFC) nunmbers, haba

There is a fev cf NLS cormrmands for directly assigning
Catalofg nunmrers, and for pre-«ssignine KkFC and Journal
runpers. haso

There 1S alsc a Set of harales thal allows numpers to be
dSsfzined Lo 1nternal prncesses, e.g., Lhe Journal. sase

Tne Nuruer svstes User Guide (7039,) provides aduitional
infermaticr ¢n *1e use of the system, nadd

Decurert access 436

The X3~y Journil systerm provided essentialily offlane

Rard4copy access o Journal docurents, baca
»1t» Lne PRr-1{ Journal systen, an effort nas been nade

Lo rmroviae conveni=it online access o Journal Aocumentse
in adfiticn ¢

v t2 imoreved offlire access, ia6d
“aracopy Taster and accesgs ccllections (lioraries) are
~aintained ~¢ all Jeurnal deocurments, gastl

anile vne master collection i8 maintained in its

orieir;1 form, aociments from the access collection

Fey C€ checred out, annotated, ana copied oy aAnl

tersonnz1l. raeola

mhe "ister catalof nuiber is sStill the key o
iaentifying doeuments. baée?2
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A8 indispensable aidas to the user, ARC provides
author, number, and titleword indices. Laoeh3

These indices are asutomavically produced from the
ARC Master catolog by a series of L10 user

programs, Laéb3a
ARC JOURNAL INDEX EBY AUTHOR LaébL
Title Date Nunber Author
e The TENEX 3Scheduler 21 Juy 71 TS Andrevs
® response neno 21 Jul 71 1S Anarewas
» resgonse sego 12 Jui 71 73% Andrevs
~ Ko title 1h May 71 6532 Andrevs
® gNCWn pPOrZorrance prodleas 26 Fel 72 §313 ARC Systea Mea
® SChEL] orodlem 18 Fet 72 ya3e ARC Syster Mes
. & Poc xe8Ryffle Prosossl . 13 Jul 72 11081 Aucrbach
& Ferly Lo 17954 (reoly to 10983) 16 Jul 72 11002 Averoach
® Kepl.y L0 your goznents on NIC documentation 5 Jul 72 10§33 Auerbsch
e re: undate 5 Jun 72 10633 Auervcach
® let ne tell you artout the Hanrdbook 5 Jun 72 1lcé632 Auerossn
e red guReR/lrclaln ang at ve.after 23 nay 71 1054698 Auerodach
® re: Culpul proceascr directives (again! 11 May 72 10ul7 Auerdach
® header Pfositioning Covions , 1) may 72 lokild auerdach
® re;: (aocursntaticarrequest 8 May 72 1038h Auerbaca
® PRIFLR DRAFT L May 72 10332 Auervach

A Portion of the Jgournal Author Index,

online access is provided to all documents added tlo the
Journal collection since the PDP«10 Journal systen becanme
overaticral, yaebh

ANy Jeurnal docunrent may be located py using tne master
catalog number a8 a file nanme,

Regardless of the location of the document, the
syster will find it and return it to the user is
reauested,

At the present time, all recent and most earlier xey
docurents are xept %2nline,

An archival system is currrently being implermented,

orline Tearm Environnent
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vith this syastem, a request for a document which is
not in direct access storage will result in a
response of the form : "Document is in Secondary
Sstorage==-Retrieve 2%,

An affirmative response will cause the systen to
direct an operator to mouni an appropriate tape (or
disc pacsk) and load the file to direct access
storare,

An alegorithn based cn gccess activity and priority
will pe used for determining which documents will re
Kert permanently in direct access storage.

As with the hardcopy ccllections, author, nunmber, and
titvleword indices are provided online as an aid to
io0cating qocunments,

Adcition. ly, a user may use iny level of L10 user
rcrograns and content analysis patterns to trocess tne
Journal cataloe, therebv areating nils own
sube=collecticns using wsratever selection criteria ne
cnooses,

Document Distrainuticn

Socument das=trigution is more ca3nvenient not only for the user
spvecifying the 4distriruticn of a aocurent, put also for tnpe
operator rreoaucing haracody, anéd tne recipient,

A user subnitting a document rnav specify reciovients ov sinaply
enterainc an IDENT Iar said recirient as one of the paranreters
specified durineg sucnissioen.

2ince ar ILeMT may identify eitner an individual or a
grouy, ogistridbution to many persons/groucs nay obe specified
in a siunple ranner.

r.&, "Districution: SRI-ARC" indicate:s that a copy of the
1ocuitent 1s e ne districuted to eacn ARC 2erson.

cepies of ary socu=~ment in the Journal colliection r ce
gistricuteu in a like manner using the Secondary Distrivution
Corx"!an"‘. -
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A user may specify the manner in which Journal documents
addressed tc himself are to be distributed.

current ¢delivery options are hardcopy and online.
A user may specify either or bcth of these cotions.
other options will be provided as they become necessary.,

I1f hardcepy delivery is specified, the user will receive a
nardcopy version of all documents addresssed t0 nim via the
7.5, mail,

1{ online delivery is spezified, notification of a document
addressed to the user is received via a tranch in tne users
initial file.,

Inclucded in the notification are the document author,
nunber, Jdate, and title; any comments or notes
associated with tne dociment; and a 1link locating the
docurent,

Physical distrioution of Journal documents is autonated to a
hign degree,

nnline celivery is done by a background processor which is
automatically started when TENEX is initiated,

The prirting of hardcopy must pe initiated by an operator,
put then the gyster proceeds to produce correctly formatted
anc addressed hardcooy withcut operator intervention
(except for paper handling, etc.).

A Provision has been made for automatically starting
hardcopy production, but 13 as yet inoperative necause
cf certvain system interface problenms,

The rrinted nardeceopy nust re subsequently stapled stamped
ahd nailed.

Specia)l Features

Certain applications of tne Journal system have required
special handlirg.

0nline Team Environment
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MOS8t notavble of these specizl arplications has oeen the
Network workine Group Request For Comments (NWG/RFC). Ladal

The Journal and tumber systems have been modified so that
they provide the necessary functions for producing RFC's
witnin the context of the Journal. hada?2

This greatviv facilitates the processiiag and distribution of

these docunments, LaBal
Problemg and comnents has
: relianility Laga

Tn terns of filie hindling, the Jcurnal is a complex system, Javal

ane of tre major proolem 3areas has, correspondingly, ceen
¢ile manipulation, specifically file integrity., Lajaz

Tnere are {at least) i files whicr must contain
synchronizeas data for each Journal entry. kagas

nude L0 a varietvy of factors (such as disc errors and TENKEX
»Ugs§) one or more of tnese files has occasionally been
Jestroyed, uavai

Inless the Jeournal systen irmmediately reccgnized this
fact, &Ny SubsSeguent Jjournal entriefs could notentiallv
cause siegnificant sc¢ranoling of relatel aata, resulting
in nurocers teing asgigned twice, docurments ceing
delivare4i two cor nore taines (or not at aii), or
gccutents cisapperarine.

feveral errorts nave heen rade L0 "make tne Journal
€311=50f% 1n thig area,. yasas

wlenieve

* the system is restartec, a srecial verification
aC repair

proegran is autgnatically run.

Tnls profram checxks the iateerity of Journal tiles,
and {1f pvossitle) fixes any errors it finds. If an
errcor 18 founa which cannot bte autormatically fixed, 2
ressage 18 tvped on the operator and locginy
corsoles, and the Journal sys*en 18 lockead,
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Periodically, a background process runs and check- the
validity of various files., Again, 1f any errors are
fcund, the Journal is locked.

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

Jperations

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

when this occurs, the resyit is frequently a mess that
requires several hours of manual fiXup to restore the
Journal mechanisnms to their prover state,

Tnis creates an eavironment which nmakes reliable
oneration of tlhe Journal system difficult and subiect to
the whims of a sometimes unnerciful system,

Forturately, nowever, increaseaq reliatility of the
syster (Zue largelv to the RPOZ DiSc Packs and imMprovea
techniques of mansuvering within the constraints of
TFNEX) nas snarply decreased the frequency of serious
file crasnes,

The major current cause is running out of Disac Space,
which TENEX aoes not handle very gracefully,

FOr an extendel reriod, tnere hasS been an interface problen
hetween TENEX and tne part of ihe svstem which produces
wardacorpy.

Agzain, this 18 in the area of file handling.

This asynchrony ras maae consistent production of
hardcopy c¢ifficult., 1In fact, for a while it was
virtually imvossbtie,

The nhardcopy pProduction system will not be smooth and
automgtic until the interface protlem is rectified,
wnich will nhopefully be tne case in one of the (not too
distant! future releases cof TENEX.
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Sumnary L4alo

The Journal system (along with the Identification 214 Number
systems) is currently a viable system in use by 2xC and
Netwyork personnel, 4al0sa

IThere are certain efficiency provlems, largely due to certain
system file functions requiring gZreater overhead than
Oririnally anticivated, and our attempt to implement v e

Journal system using NLS files for the data base,. 1alop
Manipuiation of NLS files is considerably slower than the
manipulaticn of spezially formatved files would be, Lalobl
Future efforts will attempt to inmprove the efficiency. Lalope

Other systers and procedures vithin the AxC and Network
environments are interfacing vith the Journal systen. balouc

mhe baseline Kecora System uses the journal system for tne
districution of tasx 1is%s and other planning information
t0 ARC personnel. ualoel

Tne Journal will use a new Catalog Production Systenm for
the creation of its ~ataloes, 4al0c¢?

The Journal 18 an integral part of the ARC Hanapook
activity., 4aloc3

The Journgl systen is being actively used in design
nrocesses and dialog not only in ARC, but among Network
ysers «5 well., Laldcy

Future Journal system cnanges and additions will attempt to

irmprove the nhandli..g of orcblem areas, as well as introducing

new tools for viewing, retrieving, and linkineg among Journal

diajegs. 4al0a

A major Dialor SuppoOrt system effort will be in the creation
Cf 3 set systerm, wrich will (llow the flexible and convenient
maiipulatior ana viewine of ccllections of Journal itens. kaloe
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HANDRBCQK
Description

The ARC Hanabook is intended as a "super~-document” containing
an uc-to-date, larre, detailed, nighly cross-referenced and
well-indexed description of ASC project=tean activity.

Such a docurient will provide ARC, a$ a team tackling complex
systen-developnent projects, with the highest possinie
visjivility over its working environment, i.,e, over i1ts:

planning == plans, contingency alternatives, resource
commitments, sStatusg, criticisgms

nesigrning - designs, design principles, constraints,
ssStinater, analyses, supportive data, relevant need and
nossicilities

cperatine -- roles, task definitions, assignnents,
prolicies, overational procedures and conventions

ARC has forrea a team whose responsiocility is the design of a
HandAhocon systerm which will ce used ue construct, index, and
maintain this 4ccument. However, concurrent with a formalized
han1bcoK desisn 13 2 oootstrap attempt to null together bits
and pieces of APC information from sourc>s at hand. Tne
latrer is described here.

At nrresent, wWwe nave just finished the first ana very nrimitive
DisSs at oreganizineg snc¢ obtaininz in hardcony much
Qocurmentation relevant to the contents cf an ARC handbCoK, An
outliane is 1ncluded in this repert, see~~,11}).

The Handpbook is arranged topically; this arrangenent is ov no
fneans fixed a3 we expect Lo learn nmuch from actual usage and
will redesien as anuropriate. It exiets cnline mucn as the
Contents avpear here but the online version includes 1inks to
€ach Cf tae docurments referenced., It also exists in hardcooy
in the arC library and includes 2 copy 0of eagech of the
Jocumernts referencea. Procedures nave been written wricn
descrivde revision/maintenance fcr the Handpook in its current
tor=-,
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Av this writing, the primary guide to the Handbook 18 the

contents file reoroduced in this revort, A simple Keyword

index will be written in %he near future and eventually, a

system for automatically producing indexes. uplel

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

primary source is tne Journal for information about system

feartures, ARC orocedures, etc. However, the building of the

HAnAbook has revealed and specified many areas of insufficient
docuymentation and journalization and as Such has already

stinmulated documentation and Journalization activity at ARC, 41blf

it {8 currerntly teing used as an aid to Some individuals and
documentation teams in the production of general, mediumescale

and neci.im-ccrmolexity documents, This usage is expected to

increase 3¢ people become more familiar with its organizavion,
reliability, and inclusivenesa, 4blg
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BASELINE KRECORD SYSTEM uc
Introcduction kel

Our ARC system developrent team has the same vpasic needs for
planning, coordinating, documenting, and acccunting for a

constantly changing set of interrelated taskes as do other

groups ©of people developing complex technology. hcla

we constantly face more opportunities for changes or

additions to ocur evolving system than we have resources %o

carry out, Therefore we muat find ways to obtain as

effective utilization of our ideas, and of our people,

sy~tem, and material resources gs wWe can SO a8 tOo make the

heot progress toward our goals. helal

planning requires a framework within which infermation
about go&ls, needs, possibilities, resources, and related
4ialiog can be recorded, studied, and moaified usefully. Lelaz

sRC planning and tasx activity 1s currently conducted in
the LIKAC oceraticnal framewerk outlined pelow, see-=-,je3). 4uclas

The result of such coordinated analysis is the adoption of

a current visiple plan, cr "oaseline" of expected events,

agreed uron system developnents, their externail

configurations, and resocurce allccations, iclay

The information relative t0 the planned svsten
gevelopments 1s contained in our bBaseline Record.

ine Baselirne xeccri is a special subcollection af the Journadl,

It ccnsists of a2 series of files speclially formatted to

contain task 2na rescurce allocation information, including
particularly files of olans, svecifications, analyses,

designs, etc, Lclo

The tasic chjectives of tLhe daseline kecord Systen are: 4clel

1. 170 provide a central oliiace for recording Baseline
gata in an orranized wav.

2. TO preprare useful views cf such data.

3., 10 provide a svsten for updating the paseline 4ata
pase.,
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The main responsibility for the data actually being
corplete and current resides with the pusners for the
various tasks and activities,

gome BRS deslgn criteria are: Leln2

users' opinions shculd be gathered and brought into the
BKS system design process as it progresses,

Data input must be easy for task inditiation - whetner
for tasks agreed upon as officially "on the Baseline of
planned tasks” or Jjust as possibilities (needas) up tor
consideration.

Data should be stored in a3 readable format o pernmit
scanning for clerical proocfing purposes, user-orowsineg,
with flexible, but strictly formattied, storage for
autonatic processes t¢ access and use in prepargtion oif
routine views and sunmaries of the inforaation.

Views musty be "easy" to generate - both by the
orerations peodople and by individual ARC users wanting
special views,

poutinely produced views rust be meaningful and useful
to a wide range of users' needs,

users nust be puided = tragined = in the use of the BRS,
nrobatly on a continuine bvasis.

The baseline Recora i+ composed of tne portion of our

eurrently accurate working records that reoresents our bpest
definition of: what tasks we plan %o perform, how we plan

1,0 ao them, and how we will allccate resources (pecple,

system service, materiais). lclo3

This record is producea from central planning data
contained in online files at ARC, anda #ill contain
various views of that informaticn as needed to give
meaningful representations of our situaticen.

A Dasic set of Baseline recora views we will use
includes:

{1 Schecdule: by activity grouping (N1C,DSS,CS0)
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(2) Schedule: all tasks by ARC plannine stage
{3) Scnedule: all tasks by person

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

Information: {about nature of tasx and
agreements)

Buyer(s): (for whom or what task i3 this task
peing verformed)

Requirenents: (agreed upon needs this tasx will
fulfill and certain design criteria

a8 needed)

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

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

Subtasks: (smaller segments made visible for
ner~ netailed plannine purposes as
neezed)

supcontracts: (other tasks initiated in direct
sucport)

we have been veepine some or all of the Baseline kecord
intormation witnin a specially oreanizeq subcollection of

the Jourral, shelved separately. we will use as 3 "Snelf

tist" a torically oreanizea Table of Contents. sclou

sections of the Baselainea Record that are superseded by
new Jo 'rnal entries will re separately shelved wilh
other opsolete gocuments,

Changes in renquirements and 4esigns wili be approved and
recordec as in configuration management of hardware
aesiers,
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Lk




SRI~ARC & JUNE 1972 13041
Team Augmentation
Baseline Records Systenm

we plan to develop new tools to ald analysis of estimates,
schedules, and staff involvements, with interactive factor
adjustment features to permnit consideration of the effects

of potential changes in confirurations of dates, peopile,

and interdependent tasks. hclbs

Present Basgseline Record Systenm Lhe2

The present Haseline Record system has ccncentrated on the
re~~r4ing of ir-“~rmation relevant to individual tasks being
vergorrmed or under consideration by various ARC staff mempers, he2a

There now are over 200 tasks of various magnitudes te
consider in our planning and operational environment at any
point in time. These ranze from simple bug=-fixing tasks to
complex design ol implementation tasks that may be

perfermed py severagl people over many months, kc2al
Baseline Took Zotimates 30 Of 324 APR T2 fors JON
Honthat ) Apr-c=Msyejupedules <

ONR Annual Yeport 8622) 1xxx I [ X5 512 CUCE JCN JBN22T
Stacking Chairs) Ixxx i N/728 578 CCVNT JChi HFR
Develop RAIC APC Baseline) Ixxxxx [} [ L1 ] (PXR JCF DVY
Projection IV? [2$3'¢ 33" 1 k1 611 CEKY MUK JON?
Denonstraticn Trainineg) 1 XXXRXAX i [ EBY 611 CJCN DYN MpA 777
KADC 7inal Report BaST [R23333%3 i [ 58 612 CUVH JCN MPA CHI AP RVV HNgolL ¥8D DCE
Resaurce tccountine Design) IXXXXEXRXAKR i e 61} CJCN FKV RdW DOV
Orerations Nevelonmentd IXXXAXXRAXRRANR ] cen ? CJCN .
NIC Crerations Coordinator) [} 2?7 7177 CRWM JCN DCE
BRS Lesirnd cee ama CPXR JCN JDH
Recruiting) eve ees CJCA Chl DCY RWW EKY 970
Journal Catsloe) .na ane CJCN HaH ¥sn
User Docunmentation Maintain)d ave LXT CHFA JCN C? BER PNL
Managerent And Coordination) ane acn CDCE JCN RwW WHP
Accounting> ena men <JCN DV¥N
Visitors> ane . ane CJCN ALL
Vacaticned P eee <ALL
Needs'pPeasivilities 4

RINS NP . 0 i ] mnm 11? ¢JBN JCN RWY

Cat Data blement Revise) ] ) 17 mn CJbN JCH Rwv
RINS Entry Conventions) ] i 17?2 17 <JBK JCN
Externsl Colladorator CGoord) [} ] 7? 1Y <DCE JCNM

FIGURE 8. The tasks of one per3on as printe4 by the
Beseline Record Systenm.

Le2a?

we have developed a set of programs with an initial data
storage systenm that organizes infermation recorded abcut
these tasks with features that permit routine summary views

Online Tean Environmnent
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t0 be produced and that 3150 make available flexibdle
user~-created views of the Raseline task information. ucz2a3

procedures have been developed for data collection and

input ana for view production that aid in weekly usvdating

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

also entered into the Jcurnal. LcRaly

cnline Team gnvironment
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Higher-Leval Flanning Needs

Alinough we have started using ARC'S Baseline kecord System on
4 current task-by-task basis during the past year, we still
neeq ic aevelon a rore complete, "higher level® picture of
what new ARC system developments (fvnctions, features,
Stages..) we want anhd expect to See, Among other
conslderations, this includes tetter definition of activity
g£o0als8.

Plan needs

we are now working on a set of descriptiens of oropoged
qevelopmental stages feor each of our activities.

Because our activities are strongly affected by the
develcpnents (features, timing, resource use) of Others,
it is clear that realistic plans for each activity will
be produced only after considerabie interration and
ad:'us\ Aent.

Plans needed and who makes tne=n

The pusher (or a rrosvective pusner) for each actaivity 1is
the nerson responsible for seeing that the developmental
rlan 1s rage and kept up == 29 a continuing part of n =
role as rusher. Thus, for example, the DSS ousher will
pull together the various needs and possipilities about how
the DSS should and might deveiop, ovar the conming months
and years,

Heé 18 eXpected to draw upen others (including his DsS
planning tezm) for nelp, ideas, or other irruts in the
process, but he is the one responsible for producing the
pl1ans we need.,

Rathier than just getting help from others inaividually,
he may find it nmay useful to have some group discussions
arorg aoproeriate people for each main acti .ty. The
pusher shoula maxe this rappen where needed,

Fach activity olan reauires rmanv hours of effort or the
vart of the pusner -~ particul 1ly with the balancing and4
adjusting that ray be peeded,

Flan elenrments

Online Jeam Environment
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The following eight items are basic considerations opushers
will proviue in their plans: Le3dl

l.

2,

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

Lew Or changed features that may pbe addea...including

descriptions of what they are, how they might work, what
they rean to the systen ard/or the users.

3.

fhese may be thougnt of either as separate ia3ks, or
sirply as "features" =< which might result rrom
several tasks.

Tne non=-machine methodology, procedures, ana training

that need development tvo really use the tools and
features 1o produce useful total packages ==
sub-systens,

e

Stages of derelorment - logical comtirations of

features, prnceaures, training f‘nct just points *n tine,
de3crioing the "loox" at significanrt points.

The stages spould fit the natural progression o.” the
activity == not necessarily related to ARC overall
stages,

Some activities will have less aprarent need for
Showing stares of developnent than ctners. Still, it
seens it is imnortant to "partition" the future pian
in some way, even 1f{ on an artitrary, less meanineful
basis.

kelationsnips to otner tasks or features rieeded.
mhere criticdl needs (for each activity) exist, tney
%11l be pointed out =~ with Sore aiscussion of the
situation.

cffort neeaeag t¢ meet stages,

HOUGY estimates in nan-weers by feature cor stace

(plus sSKilli tvrpes or veople being considered to worsa
on 1t if known) are needed,

Online [e2am Lknvircnment
Ld




7. Alternative possibilities for other
stages,

8, Implications on the staffing skills
required of ARC as a wnhole,

Conments on our Experiance wWith the BrS Lo Date

Congidering our initial experience using the
feel that our ARC users were not well guided
BRS use,

the systen.

them) partly because they aild not exist,

unpreaictadle environnent,

grocesses in Baseline management.

AL activity and task accounting nunmper

activity interests.

Online T=am Environmene
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features or

and .evels

heu

initial BRS, we
and trained ain

The initiagl system did not produce views that wWere useful
enough = mainly because most of the needed data were not in

ucLo

Key micsing data were requirements, desiens (or links to
partly bpecause of
a lack of participation by the user population, aclheld

we still need to develop petter estimating technigues, The
accuracy of estimates needs improvement and what estinates
mean Lo us needs description, ARC people neeq to learn more
about [oWw to make predictions of start, end and other
gates, resource use estimates in our changing, Qquite

bclubl

L DRS=integratea accounting and resource allocation systen
4s needed to aia in estimating, and in the decision

ucuo3

Ceveloping a 9yster for tne facilitation of input of
data 1s a real challenge,. but must be wolrke¢ Out.

systen thnat will

pe shared with the %kS has veen de=Signed. 1t 18
open-ended and will lend itself Lo overlapning task,
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BASIC LS Ld

Pasic NLS User Features hdl
Introduction gdla

ARC focuses on the evolutionary development of the Online
system (NLS) in the spirit of bootstrappine which has been
applied since the project's incepticn. hdlal

continuing evaluation based on our experiences generates

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

1o0ls of earlier versions of NLS are usea to design and
inplerent new versions wnich aiffer in new features and

in the growth, modification, and possibly deletion of

older features, 4dlala

we LYY Out to0ls in the hope tney will improve the

worxkineg 3o0ilities of the group., Changes are

evolutinnary and small to 7minimize the sShock O tne

whele syster, VModifications are, however, cconstansly

being made, talalal

Exarples of some changes to NLS 2nd the reasons for
the chanees include: 4cdlara?

tne addition of tne Split screen disclay mode te
make pcossible muiti=file viewineg and cross=-file
elitltine,.

the removal of tne trails feature because it was
neotl llsed extversivelv,

the no4ification of the subpstitute conmand o
provide a lareer, ~ore useful variety of pnarameter
nasAes,

Ul alegrmentation systerm pnrovides a Worxshop of onlane

+L0Cls ant human interaction techniyues used not only in
sotilware f#egign ana deveiopment, pbut alsoc in the

manageme=~t of the ¢ro'ip, in the operaticn of the Netiwerk
inforrmation Center, ard will te used in the creztion of

cnline cornunities of discipiine-oriented researchers, L3laip

pUr experiences in tne develrprent of augnentation systen

unline learm Environment
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feagtures within the center and on the ARPA Network indicate
some new directions for our eootstrapped research effort, k4laz

In the contract period, =2mphasis nas shifted from tne
development of tools to auegment individuals toward

aevelopnent ¢f tools for local project teams and also

scattered cemmunities of researchers, udlaza

Such tools include: hdlaz2al
the Dialog Support System (DSS), and
the Baseline Reccrd System (BRS).,

The first scattered community will be composed of systen
designers aided primarily by the Software Engineering
Augnentation System (SEAS) discussed below see=-~-,Ld2),

Thi1is community will collaborate in the development of a

syster desien discipline, The augmentation of the

Software Engineering comnunity will sccelerstie evolution

of new tools., Ir tne future, other communpities will

receive specialized tovls developed by the augmented

srsilen desieners, 4dlado

TN the past contract period many additions and

modifications were made to NLS. A new and effective

typewriter version (TxLS) nas found wide use both a% ARC

and at sites on the AFPA NeLWOrKk, Improvements nave been

=m3de 1n the cisplay version (DNLS), ang a first PDP-1l0

version c¢f an offline mode (UEX) has been introduced, Ld4la3

48 of February 1971, an initial version of TNLS

{Teletypewriter NILS) was fuily orerational on the

FDOP=10., ¢ne 0of the prinary reascns for itvs Jevelooment

was to £ill in the spectrum of augmentaticn tools to be

mede availavle at less expeonsive hardware and conmputer

resource costs than are necessary to run a DNLS system, 3dla3a

Tnere are currently many oneople over the ARFA Network

w1C USe tne system in their worx. The TNLS command setu

is largely synonyrmous witnh DNLS, barring features

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

tne recent features a2vallable in INLS are available in

TNLS te,g., Sort Merge), Lala3d

Tne basic differerces petween the cormmand vocaoularies

Online Team gnvironment
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of TNLS and NDNLS are in tre area c¢f addressing. DNLS i=s

a2 highly interactive, noniinear, visual system wnile

TNLS, owing to the nature of the medium, 18 less

interactive and linear. In an effor: to compensate for

the deficiencies of the mediunm, many scecial TNLS

addressing features have peen made avgilavble to the

user, udlaic

It snould be noted that the TNLS command ana

addressing laneuage is richer than that o0: most otnaer

"text editors"; some would accuse it of being

cornfusine, Novices, however, can quite effectively

start by using a subset of the feagtures. Ldla3cl

The system, as with «ll systeins developed at ARC, is

rmesnt to provide 3 workshop of to0ls to many levels

0of user experience to aia in the augmentation of
intellectual taeks. Thus, making use of various
cembinations of address specifications, the

sophisticatec TNLS uSer may accomplish the eguivalent

0f cressfile editing, sdla3de?

A ew TNLS guide nas peen written (see == 7170,),
rarroduced, ans distrituted to Network and lozal users.
In1s gulde ccntains a corplete 4escription of INLS
cormards and Journal, itentificiation, and Vunmper Syster
comrards in Lotn getalied and sunnary forr, It is
des1gnec SC tnat as tne svstem evolves, it can be easily

ucdated sCc as t0 remaln current and useful, «dla3d
ceveral wraining courses or Networx users of the MNIC

aNC TNLE nave been teld. They are Jdescrined 1n tnis

recort as cart of NIC activities (see--,521Cal), ydla3e

new srecial furnose subsgysteas (in auaition to tne Dialoe
suggort Svstem [(U3S) ana tre Raseline ZFecord Svstem (8£25)
descrinec elsewhere 10 this reporti nave peen 4develotred or
imTraved, These include a Scrt=reree system and a user

nrogran 8yster i4mong cLhers. Liiad
%18 == jechnical overvies Lilo
Tnirecuction L4icl

The current inolewentation of NLS on the PLP-iC 18 3

tnlire Tea=m tnvironnens
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Code presently
occupies about 150,000 words of computer storage.

kdlbla

This section presents an overview of the crganization of

NLS and the structure of files in the systen,

4dlblb

Leseriptions of earlier versions of NLS may be found

in previous ARC reports.
{5139,)

"a e
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The April 1970 report
contains a detailed discussion of the systen
as it existed in its f£inal days on the XDS=9LO,

Ldlvlbl

structure of
Ldlblb2

cross fiie information manipulsation
initially the screen is split

with 2 title incex on the left and a new empty

file named research on the right.

truncated to show nmore lines,

online Teanm Environnment
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FIGURE 10, User calls the Goto Programs Subsysten
by entering the first letter of each ccemmand via a
Keyset, On the keyset he can enter with one hand
all characters that can be entered fron a
Keyboard, The othe» hand i3 free to use the mouse
(celow) .

eate froyems
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¥16 96 Fro gt
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FIGURE 11, The Goto Programs Subgystem (e®ee
command feedback line in the upper middle of the
phcto) includes several user service subsystenms,
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cortert 0% grec settecn comg. e
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FIGURE 12. He calls cne of the user systems, the

content analyser,

FIGURE 13, To insert text of more than & few
characters, this user switches hands to the
keyboard, Practice varies among users,
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FIGURE 1lL. The user returns his left hand to the
Keyset and his right hand to the nouse, To
confirm his command to compile the pattern

"Research" he presses the right hand bpbutton on top

cortet ve g1es petlerc comgl e

{Resen o

eYRRROLNLY S TIILL WS, eVANRGLAL Y SAR{SEARDN MGt et
e 1ere Summery of LEEE I T, 2

Pter8 1908 Proect

90 1t Summery of

‘e T Proiect aztivity

Abetrects:  liglag v

Abetrects Leiac gv

AbFructs HYSY Lo ]

AiZe4sl Primecy Aczees

Azzges’  web AFC pig 7
Azzeee

4cieee

Acces

acets

Aczesy

‘aciene

heceee

FIGURE 15. The text he entered appears in tne
literal feedback line on the upper left. The
content analyser will act as a filter and pass
only statements that contain the word Research.
Patterns may be much more complex and include
logical operators and classes ¢f characters as

well as specific characters,
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FIGURE lé. The user calls the ccmmand Assirilate
Flex by entering three characters on the keyvset,
At the sane time he is relling tne mouse which
moves the arrow to the area (middle righ'.) where

he wants %o put the assimilated material.

L2

FIGURE 17, 23y holding down the left nand two
buttons on top nf the mouse, he commands the
system to assimilate onlv items that pass the
content pattern he scecified above, The letter {
teward thre ucper right and tne larger letters on
the upper left are feedtack from this command.

3
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FIGURE 1&. Assimilate has created a new file of
papers on Research, Such steps normally take from
1l to 5 minutes depending on the system l1load; they

were slower in these examples for photographic
reasons.

1. The current ARC programiing language, L10O, is
more powerful than the several languages it
replaces, MOL and the SPL's. L1C permits special
purpose constructions anywhere in its code, It is
a hieher leve)l language and provides greater
compiler optinization.

2., An effort has beer made to modularize further
the functions within the system to easge
development by a team of orogrammers. This
functional modularity will re increased with the
introduction of the Modular Progranming Systenm,
see~=,442f).

Discussions of the user features of the systems and
subsystems making up NLS may be found ir the following

locations: kdlblce
DNLS: See DNLS user guide. (10703,) bdlblcl
TNLS: See TNLS user guide., (7470,) Ldalble2

Online Team Environment
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DEX: see DEX user guide {(9934,) and below (see
--,4d1d). Ldlble3

Journal: NIC *-~urnal User Guide (7635,) and see
-=-,L43) and --,5£2a) of this repore, hdlblel

Identification: See TNLS user guide (7470,) and sece

==,lhal) 4in this report, bdaivlcs
Catalog: See «=,Labp2) and ==,5g3), halblcé
Sorter=-Marger: See ===, 6hidlel), Ldlole?
baseline: See =-=-,.c). Ldlblce
NL§=DDT: See ==-,Ldleuaé). Ldlblc9
NLS file structure Lalbe
Introduction Lalo2a

The format and structure of NLS files were cetermined
by certain design consicerations, Lalo2al

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

The time required for most operations on a file
sholuld be independent of the file length. That
is, small operations on a large file snould take
roughly the same time 28 the same operations on a
srall file. The user and the system shoula hot pe
penalized for large files,

In executine 4 single editing function tnere may
be a large number of struztural operations.

A Trandom f£ile structure staisfies these

corsiderations, Each tile 1is divided intvo logical

clccks tnat may he acceseed in random order. Thuore

are several tyres of bplilocks, eacn with its own

structure, Lalv2az

Onlire Tezn Environment
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An NLS file is made up of a heuder and up to a fixed
nunbter (currently u4é65) of 512-word file blocks,

File Feader
Y1le header contents:

Flle creation dace
version word (changed when NLS file structure
changes)
Iaentification of last user to update or output
the file,
File owner.
Left name delimiter default.
Rieght name delimiter default.
Number of structure pages used,
Number of data pages used,
Status table =-- One word per ring block or data
DioCK nage. Contains the fo: owing:e
Whether vaze has oeen mo 'ified by a user,
Free 3pace count (for data bplock)
Pre-rarbage collection count,
Post=garbare collection count.
Free 1list pointer (fer ring block)
Marrer table,

structure Blocks == rinZ elements

Trhese plocks contain fixed size ring elements with a
tree 1isty connectink those not in use,

hinlg element rontents:

Fcinter to first suysstatement,

Pointer to successor statenent,

Fointer to the SD9® that containes text for this
statenent,

JrY WorX area,

dead of nlex flag.

Tail of plex flag.

Name flae,.

Wame nash,

Statement 1d4entifier and free list link.

Lala Elock == staterent data blocks

Cr.line lTear Envircenrent
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Data hlocks zre composed ~f variaple sized blocks

C&. .%a Statvement Data Blo. s (S.3's) whica contain

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

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

no longer in use (because of editing changes) are

narked for garbage collection when the free space is
exhausted, kale2dl

Statenent Data Rlock (SDB) header contents: kdlv2d2

No=longer=-used SDY flag.
Length of 3DB,

iength of string in SDB.
Left name aelimiter,
Rient nane delimiter.
Peinter to ring element.
Length of name,

List write time.

Last weite ident.

Sirine lIdentifiers and Text Pointers hdlbze

A string identifier (STID) is a data structure used
witnin NLS to identify strings (p.ssioly within NLS
statements), hdlb2el

If the string is in an NLS stzierment, the STID
contains i file i1dentifier oi1¢ 2 rine element
dentifier,

The prasence of 3 file identifier within the STID
3211 editine furctions to be carried out between
files,

Text pointers are used wWith the string analysis and
constructicn features of L10, Trey consist ¢f an
STILU ard 3 character count, halo2e?

LocKing nechanisn == Partial cories Lalp2f

The NLS file systen under TENEX provides a locking
Rechanism, which protects against inadvertant
overitrite whern several peoplie are workingz on the sanme
file., Once a2 user starts modifying a file, it is
"locked" ny nhim against chaneges by other users until
he deens his changes consistent and complete and

Online Tean Environment
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issues one of the commands: Jpdate File. Outout File,

or Unlock File which "ynlock" the file, Note, a user

can leave a file locked indefinitely ~- this

protection 1s not linited tvo one console session. Ldlp2f1

“hen a file is locked (is being modified), the
user who has modification rignts sees all of the
changes that he is naking. However, others who
read the file vill see it in its original,
unaltered state. If they try to modify at, they
will be told that it is lockea by a particular
usSer. Thus tne users can negotiate for
modification rignts to the file,

This feature is implenented thrcugh the use of flae:s
in the status table in the File Headar and threugh
ihe partial cory mechanisn, h4lozf2

All modifications tc g file are containea in 3
partial copy tiie. These include moaified ring
elements and Sp3's,.

Core vanagement of File Space adlb2g
ahen strice for more data is needea, tne £21lowing
steps are taxen in order untii enougn is found to
Satisfy the reouest: bdln2gl

le Corm-resident caves are checked for suificimsnt
free 3vace,

2. Jdther naees are cnecked for free space. If
one hLas sufficient space, it is prought in.

3, If rarvage ccllection on any page in the file
will vield a page with sufficient free Space, then
the p49e which will give the most free space is
nrougnt into core d4na gardage collected,

s Ovherwise 3 new page is created.

Uniine Tma= Environnment
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rogical structure Ldlb3
Introduction udlo3a
Interaction suppory udlb3b
Terninal interz-tion support kdlh3bl

Disvlay interaction sunport

The display inte ‘'ction support routines take
input from displ .y users, support various L1l0O
display input coiustructions wnich allow the
creation of simple interaction statements, and
control the command¢ feeavack line, name area,
view sSpec area, anc¢ bug selection areas of the
display screen.

Typewriter interaction surport

The typewriter interaction suopo:rt rcutines are
primitives for intericting with a typcewriter
terminagl user. They include input, co=mand
feedback, literal collection, and errecr
feedoack routines.

seauential file inp.v support «dlb3b2

Sequential file input support routines take input
fron CEa sequential files or a cocatrol file and
cass it to %he DEX subsysten processor or the
cortrol fil» cdriver sy23tenm, respectively.

Subsystem control ydlo3c
cormand specificaticn 4ale3cl

The coammand srecification routines receive
informaticn from the inodutl ainteractisn level or
sequential file input and process it as tollows:

1. Connmans nnemenic input from the user is
rarsed using tests implementea as a large set
0f nested casSe statements which checx
successive conmand characters,

Orilire Tear Environment
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2. Operands for commands are interpreted where
necessary.

3. Control is transferred to tne approoriate
exXecution routine.

L. Control i3 transferred to the Portraval
Generator for formatting and disolay.

5. The user may repeatedly execute commands of
a given tyve with different paraneiers by
specifying more maranmeters, «+hen tne user
type8 a character walca can not be a parameter
specification, the input is z2ssumed tc be 3 new
command,

At any tim= prior to execution, the user may abort
an individual parameter specification and enter a
corrected operand without destroying operands
previausly entered in nuiti-parametier commands.

It 18, however, possivtle to abort an entire
command a2t any tinme before 1t is executed.

Subsystem Support L3ile3c?

These routines support the parsing of particular
subsystems and provide the code necessary to
translate the high level functions of each
sypsystem intc calls on tne file manirpulatien and
portrayal generation routines of NLS. Tney also
have code necessary to implement any additional
facilities needed by tne Subsysten,

pPCrirayval fenerglor 4cdlo31
Cisplay control bdin3lil
Tne disriay controller is conposed of
1) a fast fornatter and data sirucLures thnat
allow NLS to modify porticns of tne 41splay
irmaee in response tc user modification of the
fiies bveing displayed, ana

2) user controls, such as tne DNLS 3ump

Crline Tean Environnent
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commands, over wWhat is portrayed and how much
is shown.

This formztter can maintain images in seversl
ndisplay areas" at onhe time, updating them as
necessary. Each area may display information fronm
several files.

Typewriter terminal erint control Lbalec3d2

This is & formatter that is oriented tosard
crinting parts of a file onto a tyvpewriter
terminal.

nardcopy formatters hdlb3d3

Tnese include a relatively simple systen,
Quickprint, and a more complicated formatting
progran, the Output Processor,

ouickprint formats the textu for crinting as iu
appears througn the display or typewriter
‘errninal formatters.

1ne Output Processor can feed tc a variety of
different devices, 3including priaters and
micrefilm, and controlis the forstting of the
document according to directives enpedded
witnin the text. For details, refer Lo the
"Qutgut Processor User Guide®, (,11C76,2).

jead4ence generator Ldlv3du

succeeding calls on tpe sequence gZenerator create
a segGu~.ce nf statements which satisfy systien or
user filters starting at a place in the file
sprecified by tne user,

An example of the systenm filters it observes 1in
decidine wnetaner the identifier of a statement
snsuld be part of a sequence 19 tlhe level
Lruncatinn viewsnec wnicn permits the display
of only those statements atove particular
1myele in tne NLS hilerarchical file str.cture,

“hese smquences of statement iAentifiers are used

gniine Team Environnent
65

i B o i



SRI=ARC 8 JUNE 1972 13041l
Team Augrentation
Basic NLS

hy formitters for terminal or hard-copy portrayal,
vy complilers, or by processors which manirulatve
files, such as tne sorter,

See=-=,Ldles) for » AiscusTicn of tne sequence
generator with user prograns.

User filters and reformatters Ldlo3ds

The ugser may write and incorporate additional
filters which the sequence generator will use as a
final acceptance test, 7ThesSe uger-suppliead
filters may reformat the text of the file for
itecyal applications or views,

LUser sequence generators haln3as

The user can write his own seguence generawors
which car make use of :ny NLS routines.

Fi1le maniculation aleoritnms idle3el

Tuese algorithrs carry out the file manioulation
ccnnandd of NLS. They deciae what is toc be done
oy the textual and structural editineg routires ans
in what cor-er, Utility routines actually
AManipulate tne NLS fijes.

Some conmands rnaxe uce of vextual editing
routines exclueively {e.g., "Insert Text");
scme uUse owly Sstructural egiting routines
(e,2,.,,"'ove staterm=antl”); otlners use a
comrination ct tne twec (e.r?,, "Insert
staterent"j).

The3e alroritans can rave and copy text 1ror nne

£i12 e another utnrouel crogsefile ed1itifiik,

ing sale3e?

(%)
c*

Structure eq

involve Lne rmaninulaticon ©f rine
do nol alter the contents of
mlccxs wnich ¢contain the tLext,

nvirenrent
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Text editineg hdlb3e3
These routines edit the text of nNlS statemenis.
content analysis features of L10 are used to
determinre where chanfes should take place; the
string manipulation and SDB manipulation machinery
then change the contents of the file,
Special purpcse processors kdlb3t
Inserting and outputting sequential files bLdlv3fl

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

cormpilers bdlb3f2

currently four comnilers are available from NLS.
In addition we are now studying ways of making
availaole through NLS the assermplers of the TENEX
operating systen.

The four compilers now avajilable are:

L10, a procedure=~oriented, block structured
laneuage developed by ARC for use on the
POP=-10,

A subset ig available as the content analyzer,
(92L6,10) and see =-=-,4dleld) in this report,

IMOL, & rroceaure-oriented, plock structured
langugge which produces code for the IMLAC
computer-display,

Tree=Meta, a compiler-comnpiler used by ARC
staff to develiop other langugges, such as L10
and IMOL. (See the Tree-Meta Report (10869,,)
and ==-,Ld2e ) of tnis report,)

MPL, the Mocduler Frogramming Langusge, an
experimental new language to be used to rewrite
NLS. (See ==-,jd2f)

Text is passed to tnese compllers through tvhe

Ooniine Tegm Environment
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aequence generator (an4 thus can be filterea and
reformatted enroute to these various processors).
tility routines 4dlp3g

NLS file systenm heto3egl
These routines imolement and maniovulate the data
structures in Teney files which NLS uses., Unlike
other routines discussed above, they are cognhizant
of and deal with the data structures and tne TENgX
timesharing System environment,

They are resgonsible for:
Opening and clcsing files.

vanarging the portion c¢f core set aside for file
pazes.

“ritaing on and reading from files,
Manicuiating ring elements ana sud's.,

Moving within the NLS file structure oy
following ring elerment ocinters,

Statenent name lcokioD,
NLS string syster udleiee
jucports strine manipuiation ceonstrucions in tne
i 13angua<e anl geals with tne KNLS Statement pata
3leck and Mneg Blocx structure,
418cellaneous Suprort routines u1lo3¢3
dasic L10O lancuage suppor?® routines,
2all nechanisms.
4182lay suPvOrt routines 441%3xh
Infor~atien writing on the ScCreen.

Yanitulatine information on ihe screern.

Nalinec 1Team Environmnent
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bBasic inout routines balb3g5s

Basic tyvewriter terminal output routines Lalb3eé

NLS == New features ucdlc
The following features, conmen to both UNLS and TNLS, are

néw on the PDP=10: 4dlcl

Name lelimiters 441c2

A user may soecify the characters to be used for left

and right rgme delimiters for stateierts within any

structural entity in an NLS file, The system defaults

are left and right narent! .ses, Lalc2a

JURE L0 wordsContent 4dlc3

The user was provided with the capability of Jumping to
the first or next occurrence o0r a Specified word or text
strine. udlca

Jull File Ldlch

A new command, Null File, has been added to TNLS and

LNLS. Given a file name, it will create an empty NLS

file with that name, Upon completion of the command the

user is left with the C™ (Control Marker == TNLS) /

d1solay start (DsLS) at the oriein cf thim new file, hdlclha

CUtc 4l Assermdler Ldlcs

Sequertisl files acceptable to the DEC assembler may “e
creatzl from NLS files using this comrand. Ldlcsa

nutouyt Cempiler L4leé
The cacability to drive TrEE-META Produced compilers
(iIncludging tne 110 lankuaze compiler) directly frem NLS
files is availacls, Lalcba
cdtnu- Seguential udlc?
The user may produce a sequential file that corresponds

tc nis NLS file, Spaces are usec to indicate the level
cf 4 statement, 4dlc?7a

Online leam Environment
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Insfert Sequential 4dlcs

The Irsert Seguential File command converts sequential
files into NLS format. This also allowsS the user to
convert XLS=9LO files to TENEX«NLS fornat, LdlcBa

output Quickprint hdle9

since ugers often want Guick nard copy of their files,

the Qutput Quickorint command was adde. Unlike the

Qutcutl Preocessor, this formatter does not maxe use of

embedaea formasting directives. The command offers the

user a gefault file name and a aefault of 1 for the

nunter of copies to print; these may be superseded by

tae user, After the adocuneny is formatted it will bpe
automatically spooled for printing. Viewspecs in effect

at the time the command is given conirol the format and

conten’, of tne n.inted text. udlc9a

npdate File == File Locking ralclo

The NI3 file system under TENEX provides a locking

mechanisr, w~hicnh orotects against inadvertant overwrite

wihen Several peorle are working on the sane file. Once

a user starts nodifving a file, it is “locked" by hinm

azainst changes by other uySers until ne deenms his

changes consistent and complete and issues cne of tne

conmands: Undate File, Output File, o Unlock File which
"ynlocx" the file, NOle, 3 uSer can leave a file lockea
incefinitely =< tAhis protection is not linited ¢0 one

console sessicn. knlclua

ahen o file is locked (is being modified), the user

whe ras =odification righius sees 311 of tne changes

tnat he 1s nmaxineg. However, others wno read the file

Will see iv in 1its orieinal, unaltered state, If

they try to rodify 2t, they vill be told that it 1s

lorket tv 3 tarticular user. Thus the users can

nerotiate for nodificaticn rights to the file, aa1cidal

ine users a-e 211So allcwed L0 enater "krowse cde", which

allcws Several USers ~ sinmultaneousiy =oalify a fiie,

wrhen they leaaye nrowse Moce, cne ct them m2v elect L0

reep his cnanges if no ne has the file lLocwked, ir which

case he loc«s the file Jntili an updpte Cr outnut comman:

15 executed ov hinm. halclonp

ynlin: Team Environment
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Goto Exec 4dlcll

- The usSer mav start 3 new copy of the TENEX EXECUTIVE
below NLS in the job's process structure gnd executre
aroitrary EXEC level commands, including running other
sutsystems, T.en, by issuing the EXEC quit command, the
user is returned to NLS, exactly as he was before
s issuing the Goto Exec command. sdlclla

EXecute Logout udlel?

The new Execute Logout command is equivalent to i1ssuing
the Execute Quit command in NIS and following it with a

LOGOUT command in the EXEC. bdlcl2a
mhe following features in DNIS are new on the PDP=10! Ldlcl3
SPlit Screen and Cross File Editing Lalcll

Display Screen Splitting and Formatting rdlclla

FIGURE 19. (Opposite) Overall NLS logicsl structure,
bdiclyal
Goto Display Area Control Ldlcluaz2
Horizontal Solyi’.

This splits the aisplay sarea in whicn the BUG
oceurred horizontally (into an upper and lower
segnent) at the pugged location movaing the
imaze of tne original display area to the ucper
or lower segment depending on whether the
cursor is above or velow the bugged position
when the final CA 1s input,

No display area will pe created which 1is
Smaller than 2 lines by 20 columns (using the
charecter size of the original display area).

vertical split
Tnis splits the &isplay area in which the BRHUG

cccurred vertically (into a left and rigre
sezment) at the vhugged location moving the

gnline Team Environment
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Mov

For

image of the original display area to the left
er rignt segment depending on whether tne
cursor ia to the left or right of the buggea
rosition wnen the final CA is input,

e roundary

The 3elected boundary (£first BI1G) is moved to
the new position (second BUG). A boundary will
not be moved past a boundary of a neignhbor., =
boundary 1is noved for all display areas for
whicrn it is a boundary. Aany resulting display
area which is smaller than 2 lines uvy 0
columns will oe deleted,

mat Display Area
Character Size

1ne current character size of the display area
that currertly contains tne cursor is
displayed, and the user may type a 7unber (0,
1, 2, 3) £or a nev craracter size, J[jifferent
alsclay areas mav sinultaneously have cifferent
character sjizes.

Clear pisplay Area

The bdugged gdisplay area 18 cleares, i.e., tne
imavce 1s erased, the return anc file returr
rings are released, and the aggsociation of a
file with tha* 4Aisplay area is rencved, The
alsrlay area 1itself is not deleted.

cross File fditine in JNLS hdiciLo
drne ray freely edit ana junp using several display
areas, The positicn of the cursor is usea tn resolve
anriruities, udlclutl

¥ror exaaple, 1if one executes « Jump command, the
rosition ¢f the cursor «hen the final comrana
acceut 1s entereg deterinines in whicn Jdisplay area
tne tew inmave is to appear.

uls0o, 1f onm changes viewspecs usinz tne leftimoet

e Aa 33 L s B

Cr.line Ieam Environnent
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two buttons of the mouse, the viewspecs of the
display area contuining the cursor when thre
buttcas g0 Jdown are used as the initial values and
are 4 . splayeC .n the viewspecC ares. «#hen the
butions are r 18ed, the display area contsining
the cursor recei es the new viewspecs,

Substitute Commanrc change kdlelb

Suostitute in DNLS (and scon in TNLS) has been expanded
t0 allow words, visibles, etc., L0 be substituted in a
structural entity, kdlclSa

All of the o0l4 basic NL& substitute cemmands are stil]
availapblie and work as ce: re. In aadition, the

cemmands, Supstitute [text entity] in [structure entity)

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

visible, eilc., and Structure entity may be Statement,

granch, Grouo, or Plex, 4dlelso

During the suostitution, tne delirmiters of toe

candidates for sumstitu’ .on are ooServed, For exanole,

if the user issues Substitute Wword..,., "the" for "an" in

the staterient "Do you want an igloc instead of another

Kavak, dear?", the word "an" will be replaced oy "ine’,

tut trhe wori "another" will not be crLanged. 4alelhe

Disrlay Creation cfficiency Impravenment w1lcié

The former code that generated and maintained ine

2isolay irmage updated Lhe wWhcle screen excert ipn the

case cf textual edits., we were able to ortimize tnis

crccess so taat, in most cases, only those windows

jnvelved in the coeratior are changed, and only those

¢ntitiss 1nvolved are actually reformatted. Thne

response ti=e for a display user has beern reduced
substantially. 43lclée

ihe Teferred Execution Syst i (LEX) zdl1d
referrec rcxecution (TEX) is 3 syster tha% provides a neans
oY Wwhich information "ay re prepared offline for later
orocessirg oy wLhe comouter.,

mhe curcently runnine system, DEX=1, has commands that
srovice for text inout, packspacing over characters,

O0nline Team Environnent
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Aelet:iz., (and undeletion) of commsnds, anrd the creation of

*1LS files and hardcooy printeuts. DEX=2 will provide

furtner editing carabilities as well as access to existing

files., L1142

PEX-1 was desigzned to be used with typewriter ternminals

connected to some recording device {(currently paper tave or
magnetic tane cassette). At sSuch 3 terminal the usger

produces a paper tape Or tape cassette containing

{nformation destined for comnuter processing. 4dld3

rEX 15 a corplement to the online NLS. It operates with
erezgtler systeneuse efficliency since actual cemputer time
can pe dererred to periods of low usage =- "off-hcrrs",

wher the lo0ad 18 freatly reduced. Gdlas
~he eng result c¢f files created by DEX ar eg Created bv

NLS is tre same., Once created by eiiner i, DO

4.3tinc%iecn 15 made =~ vney are all NLS file that nmay

laver oce edited online, udlds

~ne cverall goal of DEX .S to increase the utility of our
~OMCUter ailAs sv, in most cases, reducing the support ccst
nf conmputer-zided texti manipcelation, and in some Cases

AbD%ain fro~ 13medigte=execution processes, 43146
—aere shouln be 3 srooth spectrum cf features aptlicable

LC dirferent situsations of sarvice leavel, terminal
gevice, information context and type or gricerity of

LaSK, ydlidéa
1% sucn 3 spectrum of computer aias, users sgnould find

ccrplerte consistency «4n? continuity in concepts,

remenclature, and operating skills reguirey for

arerating efrectively in these different situaticons, adldeh

4+ ‘ventually oe atle to switeh fron one level
ion U0 anolner Wnile at an online terninal

vidine raxind, utility toward tac us=r's
ls

jo Y
pot
-y
[0
N

.
-
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FIGURE 20, Deferreg execution (DEX)} operator
transcricing a neeting. The black dex to the
operator's right plays an aucio tepe of the meeting,
Sne tyres the words on her terminal and the terninal
output is recordeg by the digitali tape machine that
she 1s touching with ner right hand. The aigital
tares are read ontn our disk storage and orocessed
into NLS format at leisure,

Lhaldéel

rEX=1 was a first atserpt a2t satisfying these g¢oals and

wads implemented primarily to provide an offline input

facility. DEX~2 will provide editing facilities and more

flexipole input, Later stages will makKe deferred features
available in tie oniine ncdes. «dla7

~he d=sign of NEX~1 was carried out in an augnmented mode

making use of the dialoging possivb.lities of the Journal.

nEXez has been designed using tnese same capabilities with

a tesn arproach, Thu4 a reccrd of the systen fron first

{4eas8 to final documentation is avallable. The

implenentation nf LE(-2 is axracted tc prcceed so0n. 44148

A ranual for DEX-1 43 cu..rently aviilable. (993%,). 1dldéa

Tyyard ranmnen
b b3 7 e b W &

il -liiA..\,
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The aesign fcr DEX=-2 is documentec in (924l,). ndlddo

Qtner sutsvsiens ydle

sorter-rerger=-Jpozter Lescriotion hilel

ereral Irplerentation Descrigtion jdlela

The

new sori-rerye~urrjate caratility is vased o1 vne

dcition of three frimitives to NLS that are used by

the

Sort srancna/Plex/Group and Merge

Branch/PleXsgraour comnands and which mayvy alsc be

cal
Pre

led f»¢™ user Li¢ progranms conpiled with vhe "Goto
erams T1C 'ser Progran Compile® command,. bdlelal

£ach of the three orimitives add-~d4 to NLS O
perferm tne sorviag, rmerging, and updaving
functicns ragiuires g% an argzument the address of a
Key vuvroceaqure proeran written in the L10 languare
tz furnisn sortine criteria., In acdition, the
Ufdatle Trinitive reauireas as an argument une
acaress of ze iecision vreocedure Lo take
R nding cgave iters, This

r for various scecific

a2 nost general case, it is
1, although we are nuillding ur
tanlard rroceaures Ior comnmon
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Tvolcal keyvs may be written to:
find and order last namnes after initials
find numbers in colunmns
ind indiviaual key #ords in inaices
The systen default alphnadotizZes statenments over
which the svstem is run,
Update Decision Proceaure Ldlelo?2

The uodate decisior procedure 1s called by the
update orimitive once for each sort key value
found in either tne master or upaate input.

All ©f the statvement identifiers (stid's)
supplied tc this procedure on a eiven call have
the same ¥ey value as deternined by the key
procedure,

In general, this Oracedure cilanges the naster file
DY aeleting 3one branches from 4he raster input
and ingerting some of the update inpur,

In the simplest case, there would be at rost
one naster and/or update item for a gfiven key
value, In this case, tne uvdate decision
procecure Jdejetes the raster i1tem wnen there 1s
4 corresonrndine update iterm to rerlace it.
Glaer rmister itenms 4re xett and ctner update
itens sre inserted after the destiration stid,

A cCmparison file mey bDe cCcreated by %tnls procedure
for proof reading.

rontrnl File arnd Feconrrd Mode unle?

A Set of comrands (end modifications to tne user {nwzut
routires) nas veen idden tC impiement a record and
playtacx tanabilitv., A 3esSsion or series of ocerations
at a disrlay conscle mav ne recorced on a2 file, then
playec¢ nmack, During ine plavback, YIS will read the
input from Lhe rentrol file instead of frem the user,

Oonliine Tear :invironnent
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ANl attenpt is nade to replay the commands a3t the sane
Sp~ed that the user entered tnen, udleza

This allows us to capture user interazction with NLS

for analysis and for creating a "controgl load" Lo use

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

NLE systems. 7Tn adaition, users cen build up &

iicrary of common sequences of commands, whiech can

rhen be executed quite easily. also, corprehensive

Lesting of new releases c¢f NLS cin be accomplished

using such recor4ea user interaction. hale2al

Autput Proces3or Aacdition L4le3

Ihe Cuilput Processgor is an NLS file formatter, ariven oy
empedded cirectives, for variou® output media such as 3

line prainter or microfilm, Tnis subsystem wdaS exrvanded

L0 prcecvide 3 larger varierv of directives (summarized in

the "Cutput Processor drief User Gulde" (6912,)) and to

permit such tne use of tne Fr=80 nicroiiln device. Ldle3a

Ire outlpul processcr subsycstem Cods: was rewritten in

Tree=}ety L0 nrovigce an interpreter for tae

fornztiing directive languacge, h13lesal
FE=2(0 Qutput Processor Nevice iuleyo

Locu~en%ts nav again be jormatted for v=-80 nicrofiln

devices. The gorcurment farnatter (commonly cCalled the

Output Processnr) provides the foilowine options witn

resrect to this device: L14le3cl

% Cnaracter sizes,

tlacemant 57 texXtu within a 16K py 1AXK cooriinate
systen,

varizuz intensities and line widins, ana

Sicrofilr/s/ficrne arnd/or narer osutoutl,

'Ser Frovrars 4lCa

I*trediucrion sLlPLa

USEr=wrltlilen DrogZrans anzole one to taileor trne

Cnline Jea-=
~

nvirennent
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presentation of the information in a f£ile o his

particular needs, LXperienced users may write ana

corcile online prograema that edit files

autcmatically., These programs, wrioten in the L10
progranming language usec by NLS system programners,

na¥ te ccmposed usine the NLS text editor, compiled

into the user program buffer, and linked into the

usert!s running NLS svsten, 4dlelal

The language contains some high level features for
operations such as string analysis ang
nanipulstion wnich are inmplemonted in the language
a9 calls on N.LS l.orary routines,

The User frogranm facilitvy vrings togetner the
Lo0ls formerly descriced 3s hHigher Level Processes
(£LP8) in the June 1971 kenort (5277,). The
surrent system provides the uger with access to
the fyll array of N1LS system 40018 a8 well as tne
debugeing facility, DDT. The ability tc ereave
what are nown as Lser Sequence Generator programs
allows Zreater file reoraering than 4id the ¢lc
Aralyzer Formatter. User Programs also satisfy
sorme ohbJjectiocns Lo tne earlier Executable Text,
which coul?d not be easily programrned or cebugred,

NLE orevides a variety of commands for file

maripuiation anu viewing. All ¢cf the editins

cormands, ara the print command w~ith asscciated

viewspecs (like line truncation and statement

nureers) .rovide examples 9f these manipulation ane

vViewine facilities, Ldleza?

Hutl onccagionally one may need more sopnisticateg view
controls tnan tnose available with tne viewspec and
viewchange features in NLS3. haleisas

For example, one "mav want 10 tee oOnly tnese
statementls containing 3 varticular worl or thraze,

Sr one night want te see one line of tex. that
contacts the intermation found in several longer
statements.,

Cne might 4180 Wisn tc perforin i series of routinre

online Tean Environnent
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editing overations without specifying each of the NLS
commands over and over again. halelsl

The Network Information Center at ARC uses the
ability to create text using the informaticn from
several different ftatements (anc even different
files) and the ability to insert this new texs
inte a file t¢ produce catalogs ana indices.,

These prograns may range from simple content analyais
pattern filters wnicn alter tutne way a file is viewed

bty 2 user Lo advarced programs that orovide segquence
Zenerators an4 sort kevs to edit ang restructure many

files automatically upon execution, Ldleuas

Users taking advantare of tnis expanded feature also

have access to the debugging facility -~ tne syster,
Currently this means tnhat the TENEX DL. may he used

with cecnpiled 3n¢ instituted user prograns (1.0.,

these which nave peen linked into the user's running

NLS systenm;, A plannedj exvansion will ﬂaqe avalilabilie

a Jderugfer 1n trne NL5 system itself providine ar

extremelv powerful programninre tool. kdlenas

#hile the user progran tool itself nas veen availatle

in varicus forns for several montns, the complexit,

0f the larZuage and of tne NLS 1nternal structure

have precluded any major atierpt to nmake it generalily
available in its rost poverful forms., Content

ana2lysis vatternsa have been 35 far a8 most users have

gone in thelr use, bdleya’

Sore ron=nrogramting personnel at AirC, nowever, have
teen creating “rczraﬁs Lo produce formatted cataloes:
pregramners nave use4 the feature to create and depruy
new LS ccmmant3 angd subsvstvers witrnrout veirege forcec
to conplle and lead the entire NLS systen wienever 3
chanre 1s made, an inefficient ani tire consunine

precess eiven onhe demands on Systaer resources and tne
gurrert <jze of the svsten, udleyas
To mawe %nis peowerful tocl more generally usable, an

initial Adocurentation of a3 surset of the L1lU lancugge

has teen created, Inis "L1U Frizer" provices casic
informaticth on tne syntax ana senrmantics of many of

the constrictiong ¢f tne whole languagze, It alsgc

Cnline [eam™ Environrment
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describes the pbasic commands in NLS that provide the
yseyr interface between NLS and user orograms,
(9246,) « bdleja9

ornitted from the documentation gre discusgions of
some special purpose language constructions used
in the creatvion of NLS display comnands, Also
currently undocumented are system procedures that
may bDe accessed through usSer programs and whien
facilitate building the more complex file editinr
ard manipulation toecls, Supplements to the
"Primer" and the continuing docunentation of the
NLS system in general will deal with tnese
orni1s8siens.

creation of yser written prograns udleld

Uuser written programs nmust be coded in L1C., They may
c1ll other user written routines and varicus
Frocedures in the NLE nrorram itself. 4dleldl

User program- thati control the way material is

poriraved taxe effect when NLS presents a seaquence of
statements in response to a comnand lixke Print Group

(in THNLS) or Jump to Item (in LULNLS). bclejc?

In processing a ccmnand such as pPrint, NLS looks
at a seauence of statenents, examining eacn
Stalenent Lo See if 21t talls within tne range
specified in the Print conmana and if it satisfies
the viewsrcecs. AU tnhls voint NLS 7nay also pass tne
statenent L0 4 User written prcgram to see {f it
satisfies the reguirements svecified in that
Jrorram, 1f the user proygran returns « value of
true, the (passed) statenment 18 nrintei and the
neyt Statement in tnhe sSeguence is testeag; if
false, *he next state. "t in the sequence is
vested,

Althourh 3 uUser Drogran iay re Called expiicitly,

user progzrans tnat nodify f£iles ueyallv fraln controai

at the 3ane rcint in orocessing as those that control

thre view, h"leubj

Tvpically, ©ne wants =suCnN a progranm 1o operate on
a aequence nf staterents chcsen tv a user when he

¢nlire 7Tear tnvironment
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decides to run tne progra™. In addition, one
usually wants to see the results of such an
a'ltomated sSeries of editving cperations inmediately
after it happens.

context Oof User Writnten brograms == The Portrayal
Ggenerator kdlekc

¢ererally, the user »rittea vrogram runs in the

frameworx of the portrayvyal generator. It may be

invoked in several ways, describea pelow, whenever

one asks to view a portion of the file, e.g., with a

Frint command in TNLS, with any of tne Qutput to

vrinter commands, and with tne Jump command in DNLS. Ldlelcl

All ¢f the portrayal fgeneratcrs in NLS have at least

LWC Sectlions == the sequence generator and the

formatter; 1f tne user invokes a vrograr of his c¢wn,

the rortraval <enerator ¥will have at least one, and

possicly wwo, additional parts == a user fiiter

program and a uSer sejuence generator. saleuc2

Seausnce yereravor udleics

The Sequence generator lcoks at statements one at
a time, bew¢inning atv the point snecified vy the
user. It observes viewspecs like level truncation
in detvermining wnicn statements to pass on Lo the
formatrer,

For example, the viewsvecs myy indicate that
only the first lane of stdtements in the two
highest ievels are 1o be output. Tne default
NLS seqguence eeneratdor will return rointers
onlv te whose statements passing the structural
tilters; the for-atter will furtiher truncate
the text to only the first line,

gne 0f wne viewsgecs tnat the seguence generator
£ays particular attention to is "i" == tne
viewsneg thatl ingicates wnether a3 user filter is
Lo e zPrlied tOo the statement, If tris viewspec
is on, the seguence generatecr nasses control to a
user filter program, which 1i00KS at tne statenment
arg decides wnether it should pe includeg in the
sezuence, 1f tne staternent passes tha filter

Jnline Iean knvironnent
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g

(i.e. the user program returns a value of truej,
the Sequelice geilerator sends the statement to the
tormatter; otherwise, it processes the next
statement in the sequence and sends it to the user
tilter program for verificatvion,

e

when the sequence generatdr finds a statement that
passes 311 the viewsvec regquirements, 1% returns
the Statement t0 the formatter and waiis to be
called again for tvhe next statement in the
sequence.,

Fornatter bhdlelhek

The formatter arranges text passed to it bty the
seaquence generator (descriped below) in the style
specified ov the user, The formatter observes
viewsrecs such as line runcation, length and
ii.9enting; it also formats the text in accora witn
the reguirements of the output device,

The formatter wor«s by calling the sequence
generator, formatting the text returned, then
repeating this process until the seaquence
generator decides that tne seguence nas pbeen
exhausted or the formatter nas filled the desireaq
area (e,g., the disvlay).

User Filters hdleuncs

1l g

THe uUsar filter program nay be either a content
analysils nattern or a more conplex L10 proeranm,

content analysis Patterns

gontent analysis patterns descrine

= characteristices that a sStatement must have Lo
re inciurded in the seguence beine zenerated.
For exgrpla, 3 ccntent analvseis catvtern ray
stirulate that a 3tatement must contair 2
particuiar phrase, or tnat it must nave odeen
written since 2 varticular 4date, In general,
content analysis patterns may use any of the
pattern matching facilities permitteq in L10O
Yiidy statementva,

{niine Tean Environ ieny
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Content analysis patterns cannot arfect the
format of a statement, nor can they initiate
editing operations on a rile, They can only
deternine whether 3 statement should be viewed
at all,

Neverthelessu@ content analysis filters provide
& powerful tool for user contreol of the
portrayal of 2 series of statements., They are
the most frequently used, and easily written,
cf the user programs. However, if one wishes
to change the format of a statement, or to
mo4ify the file as it is displayed, he nmust use
2 user written Llu program,

User Wwrit ¢ .10 Programs

A user writien program may be giver controil by
the sequence generator in exactly the sanme
fasnion thet a content anailysis program is
initiated. However, in addition to pattern
matchine, 3t miy change the format of a
Statement being displayed and may nodify the
statement itself (as well as other statements
in the file).

A user written program invoked oy the sejuence
génerator has 3everal limitations. It can
maniculate only one file and it ean 100K at
Statements only in the order in which they are
preseéntea oy the Sejuence generator. 1n
particular, it cannot nacKk up and re-exarine
previous staterents, nor can it axip aheag to
Other parts ot the file, A userewritten
Segience generavsr usSt ve provided when one
needs to overcone tnese restrictions.

User=+#ritten Sequence Generators

A user =3y rroviue his owWwn seguence generator o
¢ uSed in lieu ¢f the regular NLS saguerce
enerator. Such a rrogra” mav rall tre rnormal NLS
Jequdence generalor, as well as content analysis
filters and user-writuven 10 ercerams, It ray
even call other user=-written seguence generstors,

snvironnent
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This technique provides the nost poverful means
for 2 user to reformat (and even create) multiple

files a3 to affect their portrayal.

However,

since writine them requires 2 detailed knowledge
of the entire NLS program, the practice is limited

to experienced NLSG programmers,

Examples Of Content Analysis Patterns And LI1O User

Progreans

The userewritten “iiters may be imposed
suhgyster acceessed by the command "Goto

These NLS commands are used to compile,
linx the compiled user program into the
of the running WNLS systenm), and execute

bdlehd

by an NLS
Programs®, udlehal

institute (or
user's copy
User Progranms

and f£ilters. They are described in detail in the 110

Primer. (9246,). Ldlela?2
Examples of sinple content analysis pattern3 and Lo

analvzer=formatlier user prog ans follow. salekasl
Examples of Simcle Coentent Analysis Patterns ydleblhal

SEFORE (25=TA%=72 12:00);

I

This pattern will match those statenments
created or modified (wnichever nappened most
recently) before noon on 25 January 1972,

= HGT, Ok ID = MF.;
This vattern will mateh all statements createq

or modified (whichever happened nmost recently)
By users with the identifiers “HGL" or "MFa",

L 25LD / ["CA" / "Centent Analyzer"/;

Tnis pattern will match any of taree types of
statements: those peginpinc with a numerical
digit foliowea by two characters wnich may oe
either letters or digits, and stetements with
eitner the patterns "CA" or "Content Anzlyzer"
anywhere in the statement.

Note the use of the brackets to perait an

Unline Tean fnvaironment
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unancnored séarch == 4 .‘earch for a pattern
anywhere in the statement. Note also the uyse
of the slash for alternations.

((2L (SP/TRUE) /2D) D ‘= LD/;

Tnis pattern will mateh characters in the fornm
of phone numbers anvwhere in a statement.
Numbers matcned may have a two digit alphabetic
exXxchange followed by an optional space (note
the use of the TRUE construction %0 acecomplish
this) or a numerical exchange.

EXxamples include YU 4<«l234, YUh~l23L, and

Examples of Analyzar-Forrmatter Progranms

-

Tre foilowine are exarples of user
analyvzer=-formatter programs which selectively edit
statenents in an LS file on the basis of text
searcied for by the pattern matchini cavabilities.
kxambles of more sonhisticaved user prograns such
as% sort Keys and liSser sequence generator prograns
will be presenteg in & later supplement with a
descriotion of NLS routines easily accessed by
users,

kXample le-

PRAGRAM outname % removes Statement narmes ==
2elz () ===

DFCLAKRZ TTXT PCINTER sf, paf, rae;
{outname) PROCENUKE;

IF FINp t3f Sup '( tpaf [')] tpae THEN
BEGIN

ST st ¢ pae 5£t18f);

RETURN(TRUFE) ;

END

ELSE RETURN(FALSY);

END,

FINISH

inis provram remseves any parentnesized
exoressisn whose ovening parenthesis

snline Teaxr pnvivronnent
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correspoads to the first printed character of
an NLS staterent,

Example 2«-

FROGRAM changed
(chaneed) PROCEDURE:
LOCAL TEXT POINTER £, e;
FIND tf SE(f) te;

IF FIND SINCE (25~JAN=T72 12:00) THEN
BEGIN

ST £ & "[CHANGED)", I e;
PETURN(TRUE) ;

END

ELSE RETUEN(FALSE);

NG,

FINISH

This progran checKs o see if a statenent was

written after a certain date, If it was, the

string "[CHANGED/" will be put at %the front of
the statement.

Software Engineering Augmentation 3vstems (SrAS)

introduction

0f all of the special application areas wnere our
augmentation t001is cnuld reasonably ue atplied for testing
and evaluation, that of the software engineer has from the
neginnine oeen our vrivie car4idate., We took a sienificant
step in tnls directior in 1965 Wher we developed MOLY40, a
epecial, hlener-level languaege, and aprlied iV to all cof
our KLS progranmning. MOLyuu allowead our software engineers
+0 use trhe special features of NLS for supoorting the
conpositiar, studvine, ana modification cf our source code
and its docurentation. Tne result was a significant stz
in augrmer ¢ine vneir capabilivy,

In tnis rast contract veriocd, we have tager several steps
tvo further aug~ent the sofiware eneineer -=- in faci, we
nave coired tihe acronyin SEAS (for Software wngineer
sugmrlitation Svstem) Lo give specific system orientation
LoWwarcs tne eni of developing a full anc: talancea set of
+2015, tecnniques, rethods, crincioles, etc. fer augmentine
sofLwdire engineers, 7Tne Jevelcoprents descrired below are

niine Iea~ Lnvironnert
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part of 2 acceleratine activity == an important part of
OUr near=:zytura plans in the next contract period involve 3
sreater level af activity aere,

The SE.S developmente summarized below are described in
=ore detail in the following Sections:

A1th the Change from oudr XD;-9uO L0 tne PDP-10, we
Utgraned our compiler compiier %o a rore fl'x1ble
Tree-Yeta Cenpiler,=-,4d2e) and our system=prc -~amming
lanpuage tLC¢ the nore powerful, less machine-deperdept
L1G; tovh develovnments added to the SEAS tool kit.

“e adooired new standaris for documentation, and
develcped several system=megsurement sub-systens,
sege=~,7r13}),

Turirng the last yvear, we developed a3 socurce=-code
dA€cUEFInNe Systen for L10, workine trom NLS see~-,Lalo,.
Scurce level Jecueging not onlyv will be useful 4o us for
tne reraining gerisd of our 110U usage, but also 1t
serves as a prototype of an 4doproach wiicr will be
apriicatle for ovners wnro Can utiiiZe an MLS~-pased SEAS
feor scftiware engineers thit use another lanpuar® Such a8
rLi, U0z0L, FOPTRAN, or aven an assempl’ larz.ive,

curineg the 13
Lne nex* stagps
rocular, sysve
Wolch «ountt oo
centract oerd

Et vear, wWe a,.S0 Degan developiaent work on
conpliler compller, ana an advancea,
feranting lanzuege (P3) see=-,Ld21),
finispea untli nalfway throuen trhe naxt

'3

rut <nicn Will provide a sifnificanrt

Ly far.a.u fnr IE23, “8 wW1lll use vnen Lo 1mplerment
Lre succeedins stages of 13 evolution, ara they will
Al50 rrevide the rase for wtne intensive explcoratory
Jevelecoiients of our cenvral, advanceaq SEAS expgeriments,
Source Level [‘epue7ire
MY masinf wincr chanvee o tae Triti Dyrna-ic Levbuering
Tecrnigque svstlen, DT, anc Lo tie 43¢ Llc DrCEPanTILng

ianguace cunu'lnr, 213 2y freviting a fairly s511iple
Aecuggir? syrnode accassicle tarousn KLS, NLS=DDT, APC
sOoflware enpginears nave prnviasd thevselves wWith a
nriritive ~uyy eaffecwive sodree level umbugelar and
(pDreceuuras level) 1-Crenentizl combilalinn systen.

Tean Fnvironnment
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This aystem wa8 developed a3 a user progranm ana is

currently functional only .n TNLS. It will soon be

exLanded to DNLS as well, Documentition of the cOmmands

in the system may be found in (Journal, 833L,). Ld2bla

The NLS-IDT system provides an easier way to examine

individual cells and L.0 data structures, such as records,

tields, strings, and call stack frames, than 1is avalliable

in the current TENEX DDT. ba2t2

procedures which are compiled in the User Prcgram subnole

may replace procedures in a runnine system during a

Aepugging sSession without the necessity of either patching

in machine laneuage ¢o“Z, &8s .n the TENEX DDT, or loading

an entirely new systel, 4 S1oW process for a large,

multi~£file program such as NLS. Sympbol definition is

resolved with tne rest of the running code. Such

grocequres nay also be inserteg into the progran, La2bs

The btreakpointineg features of TENEX DT are provided as
well as a condivionai breakpointing capaonility. 1d42vy

The cormand langluage is less opscure than that of TENEX=DDT
and is mcre consistent with ather c¢commands in the NLS
anvironment, 34205

System Measurement 1Q2ce

Tne designers of a continuiliy evolving systen must be able

10 measure the effectiveness of modifications introduced

into vhe whole system, They must be aple %o quantitatively

and aualitatively measure the effect of a change op the

command use of individual users and on the whole systenm

resnonse, Analyses of these measurements indicate the

reed for modificaticon in training tecnniques ang for

furtrer changes, kd2cl

(]

NLS can reasure its own activity in various ways. Esch of

these measurement tcchniques was added tu NLS st different

vimes and in resgonse to different questions the svstien
nrogramrers were asking aoout system activivy. L42c?

Tnese rrimitives will pe expanded to be used with tne
more forral measurerent and evaluation goals vf SEAS, 4d2¢c?a

veasurineg the elapsed time netween two instructionsg,. yd2c:
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This i3 the crudest nmeasurepment facilitv; the only usSer
interface is througn the PDF=1¢C's DUT subsysten, Given

w0 addresses and a count, the elapsed joc time between
eXecuting the two instructions will be accumulated the

numter of times snecified by the court., Then the

figures are reinatialized and the time reaccumulated, Li2c3a

veasSuring the tinme required oy various types ot NLS
conmanas, udecy

The real and joc tires reguired to execute various types

of NIS& cchnande 2an ve collectea at regular intervals

and saverd on a file, TIne gueue numper, nuncer of

reservec parges, nunber of paze faults, ind working set

size, 4averaeed over the interval, are alsc recorded,

Tais file nust then be processed by 3 separite progran

10 interpret 3nd format the results, Ld2cLa

vour tasic types of statistics are collecteg =-

information ahout text editing commands, ahout structure
editineg cecnnands, abcout tae tinme NLS regquires to respond

t" 3 sinele cnaracter, ani aoout the lag between the

tine tae user types a2 character and the time NLS

receives it, 132cup

YORLLOr measure—esnts 4d4zch

Several meniteor cails nave oeen addea Lo nelp 1n tne
medsurerent of cur systen., For exanrle, one of these

ccllects inforinavion fronm NLS aopoout the reai and

executicor time recquireg feor each interaction witn the

user, 2d2c5a

~he measurerent facility for the entire timesharine system,
cuperwatcn, 18 described oelr~w, (5ee ==,703) 4226

sSource Lode Occumentatinan Stanis ‘as ul2a

Several Trogram-ers c¢ontinual. Todify the 155,000 conruter

wor4s ¢f AlL3 c21e, In such a large systen 1t 1S egsential

tnat code te Ccleirly aocunented Lo permit anvore tn fix

BWUP3 and maxke jaditicne L0 the syztlen as i1lexibiv and

pa2ily 38 tossicie, well Jocumentad source code, viewed

using the lirvine an+d level-clipping features of NLS3,

rrovides a«n i1nnediate overview of the systerm ana an

ircortant tncl %0 the augnanvea software eneinear, L4241
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Tne iack of proper documentation clearly becones
untenable in a bootstrap community with many widely
dispersedq reople collaborating on the same system, jd2ala

Thus, in the development of a software engineering system

design discipline, standards and methods for documcntation

must exjst, Toward this end, several steps vere taken in

the last contract period. 44242

Standards for documentation and coding were proposed in
(Journal,8573,), (Jeurnal,8637,), and (Journal,8&6L3,).
They rave been used in cleaning up several NLS source

code files. This clean up is continuing. Ld2d2a

A program for developing a linked cross index has been
in use for several months, 1Ld2d420b
Laneuages Lc2e
Introduction Ldzel

ARC currently makes use of twe primary languages creates

at tne center in its NLS system dzvelopnent: the L1V
programming language, whieh 18 used to write NLS

prograns, and t-e Tree-vata compiler=-compiier syatenm,

which i8 used to eenerate compilers fer L10, have beer

used to bootstrap compilers onto different computers,

and have heen used to generate the first conpiller for

the pejular Programning Tanguage (MPL). pcz2ela

Adaitionally, Tree=-Meta has been used t0 Jdevelop an
internreter for the ouvrput processor directive
? ianguage, hg2elal

In coliaboration with several people at the Xerox Palo

Alto Fesearch Center, work has ovegun on a Moaular

Frogranning svstem (MPS) and 1 Yodular Proeranming

fanguage (MFL) that wiil replace the current laneuages

and in snich tne NLS 2ystem wWill bte redesigned and

rewrziten fer greiter efficiency and flexipiiity, sc2elo

110 id2e2

NLS on the PNpP=10 is uritten in the L1C progranmming
language, an ALGOL-liKe laneuage that has some high

Oriline Team Environment
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level srecial purpose teatures for string analysis and
manictlation and for interacting with NLS users, ydzeza

The June 1971 revort (8277,) describes the process of
transferring from the ADS~940 languages and conpilers to

the PDp=1C. An LiC Priner (924%4,) describes nany of the
features cf the lgnguage for i1nexperienced programmers

wisning to mgke use of the yUser Program facility., a

complete presentation cf the language is 3180 availlable

in a terser forr for experience+d programners, uLd2e2p

Tree-jets yd2es

Tree Meta 18 a metacompller system for cotext=free
languages develoved at ARC. The parsing statenents of
the metalaneuage resenble BacKuS=Naur Form with emueddea
tree-tuiliine directives. Unparsing rulesg include
eXlensive ureee-sgcannine and code=-generation
constructions. All conpiiers rroduced by the svstem are
single pass corpilers that produce lcadaple binarv
files, ytige 3a
A "ev3covpiler, ia trne mast zeneral sense of the
term, 1S a1 crogram that reads a nmetalansuage nrograr
4S5 1nvut and transiates that program into a set of
instructicns. If tne inou%t ©rog€ram is a carmrlete
defcrjiption of a fornal language, tne result of the

transiatict is a compiler for the languaze, Lic2e3al
Tree Me%a is cuilt to deal witn a Specific set of
lareucess and an even more specific set of users, There
13 nc attemnt 1o 4esign universal languaezes, or nmachine
i1i3ererdert lareuages, or to achieve any of the otner
70oals of ra=y conpiler-co~piler systems, ydeedd
In e Tast acntract perind [ree Meta was usefu]l in
UCLLELrANTITNg fron the 217 ¥DSeyLyu Lo the nex ForFr=l1l0,
furrently 1t 135 reine usSa3 10 create  ne first =2
cerpiler, Laze sc

YmlLd W43 n1scussed in oa rendix to
£ Aoril 1968 (9637,). S that tive,
°n exparied ana tne system —Tade ~ore
. new TreesMety report 1086¢,) incluises a
1 descraction of tne Tree Meta langzuare tacen fron
4 iree Yela report teinz completed, 4a2e3a

n av
ince
=
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Moaular Programnming 4daz2f
Ggoals hd2sl
The Modular Progranming System (MPS) is a3 set of tocls
for the Adevelopment ané continued evolution of large
software systens in an interactive environnent. All
such large software systems share certain
characteristics: ya2fla
(al) they are the work of a 2roup of people whose
rerbershio will change over tine; kd2flal
(a2) tney are necessarily constructed from a number
of separately developed prograns; bho2fla2

{a3) they evolve and grow througnout their lifetimes
{and there is evidence that they also "age" (10L81). 4d2f1la3

The MPS oroject aims t0 aqecrease the effortv required to

bpuild and evolve such systems and to increase the

relizoility of the resultant products, AS a spacific

test of its capabilities, MPS will be used in the

rewriting and restructuring ¢f the NLS system developea

at Stenford Research Institute, Laz2fio

pesirable Charactveristics nda2fe

pointe 31, 82, a3 are aviomatic statements adbout tnhe
dynamics of all large sofeware systems, The following
discussion uses these and a 2w other axioms to
establish desirable cnararteristics for MPS, Tinev are
intended onlv to lend pl.'sipility to the set of
capabilities which the MPS project is investigating,
Furthernore, the "logical conclusions" onlv represent
design choicea to satisfy the axioms; otner choices
could certainly be nmade wnich would not he inconsistent
with tne axiom set, put that is8s anotner research
project, Horefully there 1s a ninimum of hidden reanine
in the following discussion: each axiom and consequence

is intended to be taken strictlésft face value, ul2f2a
- 5
we first add tvo nore axioms to the 3bove set: 432f£20

(ai) Large softsare systLems nust te able to take
advantage of availavble hardware for efficiency. nd2f2pol
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{a%) Program bugs ire not kKnown before tney cccur. uLd2£2p2

(aka) al~-al imply that software ccmponents, nereafter

called modules, should te separately compiliable and

deburgable. 7 1erafore there must be a way cf linking or
vinding separate comp..nents together to provide an

environnent (data and programs) within whiech a module

can te debugged, Ldaf2c

{(a6) In an interactive programming environment, users

Mmust be able Lo develop and use debugging tools

adPplicanle to pregrams in the same programming system

(6035, (10L78,). Ld2£2da

aka, a5, and aé then imdly that Ld2f2e

(aéa) the environment of a progran Tnust be
dynamnically alterable; hd2f2el

(aéb} + nrorram should not have to pe allered when

its environment chances in ways which do not aftfect

the semantic intent ot the program == this 1S called
programming ge erality, hg2f2e2

(e3a) a3 sugegests that a desirao’. . “aracteristiec for

Lt00ls Zor buildineg large svitems should pbe wnat the

energy te chanee part of the system should one nore a

function of tne comnlexaty c¢f <he change tnan of tne

slze of the system, La2f2f

(a3t} A new system alwaye has parts which are

functionally similar (o nreviously Jdevelcred sy3tens.

The new systex nav wnerefcre de regarded as a change

{though par~aps substantial) vo an older system, a3a

then roints cut tne necessity for being able to reuge
components which have peen nade reliable tLaArough usage,

inis increises tne 1nitiai reliapility of tne new syster

2nu agecreases its cost. wn2fze

{esc) One way of constructing useful components is to

puUi1lo thenm from conoinations ¢t already existing mogules

(asb). Hence tnere nust he a way 0f rundling useful
cenfirurations together ag seemingly atnmic nodules sn

they can re readily reused. Ld2£f2n

MP3 Capabilities ur243
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TCc satisfy these objectives, MPS has concentrated on
providine the following capaoilities: 4a2f3a

Cortrol mechanisms which enabvle modules %0 be linked
tvogether with a3 minimum of built in assumptions about

how each interorets contreol transter ov~r the link

between them, kd2f3al

simple function call and return mechanisms alone
do not satisfy this requirement.

Data definition facilitvies that: hd2f£3a2

clarify the specification of the data structures
which, togzether witn control, completely specify
the interfaces between nodules:

are potentially economical in srace and accessing
speed without being deoendent on & patrticular
machine;

are an aid in developineg and descritcineg profran
conponsnts and the structure of algaritnns.

fa71lities for dynamically binding tne virtual
otje=us required by a medule for execution Lo rezl
objects. pazf3as

For example, for binding a r-ocedure call to 3
real procecuvre, a "typed" pointer to a Jata
atructure of Lvnhe correct type, etc. The g2t of
vindings for a moiule’s virtual onjects at 3 given
noment conprises che envirorinent for tnat neodule,

Complete accessinility to the “MP3 "virtual machine"
{which 18 2 get of priritive MPS proegrams: and to MP3
orograns as data struciures, haef3ak

Tn1i8 endables deduZging anc neasuring Lools tc oe
tuilt 38 standard MPS programs agnd aloneg witn
jvnamic bindaing allcws such tnols t0 02 Orought to
pear orn MNFS vrograms whenever necessary.

1he ahility to bundie a configuration of cata and
program noduies together as a moqule whicn may o»
tiaved for later use just as a simple, atonmic module, .aeéf3as
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Tnis allows systems to be partly initialized oy
partialiy executing them anc¢ ther bundling them up
for later use witn the isitialization computations
factored out;

It also allews a configuration that has exhiocited
a bug to be Saved away for later perusil with the
state as it was when the bug was discovered:

Lastiy, it allows swandard noaules to oe built by
configurine tnem from otheér modules in tne 8spirit
of using already avallable components Jnenever
possiprle and provides some logical completeness to
the systen,
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INTERNAL ORGANIZATION he

During the past year, several AKC erganizational arrangements
Were introauced, centering, in the early part of the period,
mainly on line activity structure and associated roles, hel

The creaition of pusher (task leader) roles for tasks ana

coordination roles for system architecture, methoasiory, and
personnel resources placed the responsibility for these

efforts more directly on selected individugls, Lelia

pushevr roles were carried out in the frameworx of the

developing Baseline Managerment System, Coordinating roles

were also carried out in this environment. The techniques

for verforming these roles still leave much to be desired, helal

our plans to record task requirements and designs witil
aid this process, Lelala

In the Fall oi 1971, we set up a four=man Executive Management
Comnmittee (EMC) to carry out many of the day-to=-day operating
management tasks. Membership was later changed to tnree, e

5]

The EMC hat docunented its meervings through Journal entries
as they ocecurrea, Leltbli

PODAC is to deal with ARC peopled' beliefs, interests, and
feelings, helpinz people and the organization to deal with
the goals and line activitiss that result. celp?

During the past few months, a2 new, more oroad overall
organizational structure nas been in the process of formation. selc

This consists of three main activities that have teen set
up to cover our framework and roal setting, line operation,
and rerscnil and organizational development needs. telcl

no=® couivities are callec: FRAMAGC, LINAG. and PODAC. Lelc?

FRAMAC is to discuss and define the AKC framework and
set long=range goals and plans. uelc?a

LINAC i8 %o carry out activities within tne framework
that move us voward the goals, with nore detaiied,
shorter-range plan formulation. relc2b
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PODAC is to deal with ARC peoples' beliefs, interests,
end feelings, heloing peonle and the orranization to
deal wWith the goals and line activities that result, ielcac

These are described ir ncre detail below and in
documents (1033i,', (10034,), anda (8851,) respectively. guelc2d

FRAMAC ne2
We pave launcned an activity witaln ArC Cglled our Frameworg
activity (FRAMAC), Le22
FRAMAC'S go2l8 and keneral method (x eoproach aret Le2b

To0 provide a continuine, purposefully = forum, for

aevelovning the framework Ci concept., strategies,

srincipnles, and goals within whico we will pursue our

planning, crometing, gr.~ang, LINAC and PuDAC activities,

and interactizn vi.un the world., We are holding a regular

sequen e of reetings, where dialos is expected., Racords

are kept ar+ Journalized. A cohevent, explicitly developed
cwgareork Section cof the Handbook will ensue, he2bl

The first meetings' notzs are recorded in (10458,),
(10459,), and (1C553,). Le2bla

our Farst sStage (starting May 1372 and lasting several
months) inciudes: Le2n2

a) Plecing togetpner and ering about a general

understanding of Dr, Enge¢ vdart's personal framework, tne
nistory that brought us tc where we now are, and tne

current state of our implicit framework (i.e. the

practices, nririciples, rogls, etc. that we can see nave
affected our curren% state and airzction), Le2b2a

b) Bringing each of our FPAMAC participants to

understund reasonably well where each of the others

stands cn wnat we considar to pe the important facets of

the framework, in terms not only of degree of nhis
yraerstarding, but also of the degree and nature cf has
interest, beliefs, and attitudes, ue20b20

our Second Stege Will include: T Pi-E)

A convinuing orccess of framewWworx analysis anag
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developrient, The objective is to continually evolve
tewars a "most useful framework," one that is kept
cenplet® and updated as part of our Handoook, and that
is ref.renced constyntly in our planning, designing,
evaluating, and teachine.

we plan that in this stage we would judiciously
integrate concerts, consideraticns, viewpoints, ang
analyses of others, via an organization and process yet
tC be decided upon. During tne Stake 1 oreccess, Ur.
enfeltart will further develop varts of his framework
and will describe those parts that dear upon the process
of further ARC Framework development,

We plan on an appircach here that is nuch as if we were running
4 fraduate 3eninar %o impart where Ur., Engeloart is in higs
thinkine. Ar unbroken series of individual presentatiosns
(lecture noceli) won't accomplisnh what we want. We expect Lo
lave uoth prepared and extemporaneous vresentations, »ut in
lim,.ted cuts and modu.es from Dr. Engeloart's and others'
frimeworks, interspersed witn nulti=way Zroup dialog sessiors
€ach Of whose content affects succeeding presentaticns. we
don't gnow where most of the participants are in taeir
iRirrire now, with resvcect Lo understanding most of the issues
involved, nor what Kind of presentation it would take to
oprojuce a given cnange in understanding on anv given issus.

ve steak of developineg a "general ungerstancinz" of our
framework (wnich may involve a lot of work); nut there alss
18 the rmatler of the distribution armone the varticipantes in
the nature ana degree cf taeir "_eliefs and attitudes”
(8&A) atout the various facets of the franeworx. It 1is
ingcertant for Dr. cngelbart 2t ieast to know what tnis B,
distribution is: and¢ 1t maY nrove irportant to the
succeeding FrAZAC star2z 10 work at Cringing atoutl 4 closer
Zzroucing of AkC peorles' HaA relative t5 certain issues., ae
expect that we will want to deal with this, but hov nuch
anergy 1C spend, and what vart within FRAMAC and what part
*n PODAC, will have to be decided as w~ proyress.

ADCUL tne 1nivtial ccermcosition of our FraMAGC zrourvt

We nau peen visualizing a small FRAMAC group, ceonsiaering
the tyre of dialicg we ncpe for. SuUt when w~e reviewe2 aur
LINAC planning-tedn conposition, we derided that there is a
such sirene intaraction between our current planrine
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eXercise and our Framework that we couldn't seem to find a
10g1CRl way to cut the group mendership smaller. The
initial FRAMAC group numbters nineteen ARC people Fplus two

ether SRI nmanagement people, 4=24L

LINAC ye3
we nave launched ar activity witnin ARC czlled our Line

Activity (LINAC). Le3a

LINAC serves several besic needs: Le3al

Modulerizing our way of doing things -- something that
the size and complexity of our activities require, hbe3ala

kstablishing interdependence relationships tnat will

give uUs valuabtle experience for the fuiul'e problems of

nanaging a considerably larger and nore varied activity

witnin an increasingly complex operatvional and tecnnical
envircnrent, ge3alo

EsStarlishine the activity framework within which we can
pursue our new=contract commitments to ARPA (as pe: our
prorosal of 23 July 1971 <= 7u404,) sedalc

In LINAC'Ss organization, our external proijects are the

4riving forces == where a rrnject is 31 exnlicit activity
involving rescurce intercnange with outsiAde organizations,

The otner srecific activities within AHC are to serve the
nrolects’' voals, and will nave 1ll 0t their resources

allccatecg, alone a contractine chaln, Z-om tne proijectis. 4e3acd

fiong with tnis (internal) contracting system will core
spacific developrment an< acolication of conventions,

procecurss and aids for handline estirnates, resource
allocations, 2udegets, reservesg, accounting anag

resource-conLrol neasures as reJuired to ocerate the
organization. ae3acza

~® eXpect that rany of our ainternal activities will
amerge from rmiltienarty nerntiatvions and nroceea under
contracts involvine several ouyers. 1©342D

seme of our activities will o= funded pv What amounts Lo
2 taxation urwun all or sorme of the projects. Juch

oniine Team Eavironner:*
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Laxation measures will be estavlisheqd ana menitered with

aue r=epresentation by the concerned pagrties, se3a?c
AKC planning and task activities are currently conducted in
the following LINAC organization: se3D
CPERATIOQNS
Le3bl
A¢ministraticn
computer Service Operations « Hardware
computer Service Nperations -« Software
Computer Service Oprerations = (Operators
Pecrle Service (perations
user Interface
PEVELOPMFNT THRUSTS
ue3p2
Levelopment Ccoordination
Lelaivery and Marketing
Dialof Suvport System (i'SS8)
Documentaticn Production and Support Svsten (LsC3)
paseline Record System (BrS)
Syster Levelcpers Handbood Systerm (SDHS)
Scitware Fngineering Auementation System (SZAS)
fheneral revelcpnent (not incluued in apova tarusts)
PR3JECTIS
4o 4L 3

ARPA/MALC Prodect: Team Augmentation portion
Adninistratien
ARFA/FADC Project: Networ< [niornation Center Pertian
(NIC)
Acrinisiration
Zormputer Service Nperaticas
Peorie Service OUperatinns
Net Interface (Station Agent ana Net participatiosm,
NIU Develotment
ARPA/PADC Preject: Mini-Censole
Aarinistration
Systearm Jevemlonment
ARPA/FADC Praject: “PS Cooreration (Xerox)
Aadranistration
Modular Prodramnming Systen Developrent (MPs)
ONFE Project: Systen pevelcper's Intelligence Systen
(SLIS)
Acrinistration
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FADC Froject: Baseline Managzement System Development
Suppore
Adrinistraticn

SRI OVERKEAD ACTIVITIES Le3bl

puring the early staces of the new LINAC, the following
actions are taking place: L23C

vach of the main activities i3 developins the framework of
a plan, with a reasonable amount of informal
{niercomnunication and coordingtion between plans., ye3cl

vight reovle wWho carry key ARC planning roles will meet
regularly to serve as a "Planning and Executive=Review
committee" (PEKRC). 4e3c2

one important function for PEKRC during this time will bpe
to develop reccmmendations for refinements to the LINAC
svster ¢f roles and processes. L®3c23

Anotnher function will ove tc varticipate in and review

the orerational decisions that must pe nade %o

coordinate and manage the efforts of the orojects and

dev. loprental thrusts. Le3ceb

witnin the tnree pvaralilel pushes of FRAMAC, LINAC, ana PODACG,

our persistent emonhasis will oe toward "coordinateu-systenm"

aspects of toth our way of werxineg and of the augrientaticn

syster(s) we Amvelor. ue 33

POLAC Led

In January 1972, ARC estatlished a regular cnannel for

Perecnal ana Organzetional Developnment named PCDAC. Our

planning for FOLAC wvas integrated with pianning for LIKNAC arnd

FRAMAT Ci1scu3sed above. yeia

zstaclishment of POLCAC arose fror Lhe conviction that we,

who tell tne Werld tnat we are learnine how to show other

teans how to pursue roals nore effectively, must constantiliyv
examine ourselves (the "example" that we work withl, potn

2% an ovganizaton and as individuals, to understand Lhow we

are coing, and how we canl imcrcve, segal

We are convinced that uUnless we have g strong, constant,
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ind pervasive attitude that we want vo keep developing
ourselves, aid unlees we ccnsciously keep tryinege to do

80, then we are fooling ourselves about seriously

vioneering this auygmentation system development, aeyalia

To werx on tnis, we need 3 flow of infcrmation having to
a0 witn gcals, attitudes, ambitions and ferlings as they
relate vo the czmmon pursuits, and purpes>ful discussion
about stirenesth:s, wegxnesses, and means .or imprevement, Leualo

o estanlish PCNDAC, #¢ aivided %ne staff into four groups of
eignt or rine oeoole each, beuo

The «¢rciurs, called POD's, are halanced n age, sex,
rrofessionsl trainine, lenzth of associ.iion with ARC, wark

roles, atc. beudbl
FOL'S are narmed Jecar, rir, 0ak, and Redwoou, Leyod
Fach grouc neets weekly for twe hourse. LeLe3

Tacn such Zrcun &Npoints 1its own representative to a
central cormitrea, PODCOK, that nelps to co=-ordindte and
~u1d4e tne PnUAC, Lertlh

robaC ¢oes rot exist to vote on Whdt ARC will c¢o. PODAC has no
iine=nana.genent rasponsinilities or authoritv. it is

"orthozonal" to the management stricture that connits

resources, sets tareets, nires, reviews, and is held

accourvatle. seyc

1nstead, it rrovides an organized ‘techanism for

interactiens amchf all parties toward affectins the

unierstarairg, teliefs, ans attitudes ¢f eacn otaer, as a

mneans of arfecting the aecisions and actions within ARC,

towarcd what each tninks 1s the vest set of goals,

arganization, vroducts, beaavior. se.cl

iV is & ferun fcr the exctression cof cnncerns, tcteliels,
1aeas, feelines, and Jdissension eyisting witain any
person or grour in ArC araut the way tnhiregs are p=ing

none (cor not teineg 1cne), sbout our goals, etc. seicly
I% 38 a way v9 keer evarysana irnforred about tne prophlers

ani oroorviunities facineg ARC anl ivs people ana its

£0alis, 12Lclp
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PODAC has been active for three months at trhe end of this
contract perind. It is not yet easy to evaluate our
accanplishnents. Lelkd

veetings of the Rroups described varied considerably in
content, Lejdal

on one nand many members feel that people nov

communicate somewhat more easily anong themselves within

vhe POD's 2414 feel thalt they had some fruitful

discussions of the goals und strategy of our research

and of rersonal effectiveness 4l WOrk, ueudla

UR thne other nand many Ssome deovle have felt

indifferent, hostile, or anxious when confronted with

t.he mandatory but undefined oarticipation, and have

withdrawn or participate »nly very oassively. gelalo

very littlie agreement on large issues or other action
nhas vet resulted, heudlc

PODAC has invitea speakers cn Organizational and Personal
nevelopment, instituted a small litrary in the field,

jnstituted .ugmented procedures for catalorRing tne library,

+nd formed several special interest supgroups. peupd?
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Introduction

NETWORK INFORMATION CENTER

oy Richard W Watson, Jeanne b North, James # Wdhite,
John T Melvin, walter L hass, James (¢ Norton,
cindy Paee, Dirk H van Nouhuys, and the Staff ot ARC 5

INTHODUCTIUN Sa

[ne ARPA Computer hetwork (ARFANET) has been establisned to
previde botn a2 new exrerimental tyne of communication facilitv,
and a hase for resource sharine, 5al

Tne ARPAWNET community can oe viewed as a collection of resourcas,
people, nardware, softuware, data, and special services which can

be proyght together for 3nnrt or leng perioas in different
contiguraticns Lo worx cooveratively on a given »nroblem or task, 5ac2

In this context tne development of the AKPANET car be viewed
as 3 multileveled experiment in learning how to bring together
and make available trese distrisuted resources, “dca

Al the lcwest level are the nroplems of Creatineg a paaic
conmunicatien facility whicn allows different types and
consiguratiens of computer hardware to communicate, 5320

At interrediate levels are tne cevelopnents of protoconls W“nicn
allow classes of computer proframs L0 communicate ~ith escn
cthar afia periit data to be shared, Sazgc

AL higher levels still are uwne processes which assist reople
Lo fina *he geographically aistriouted facilities they need to
- s0lve ¢r study z nrotlem and which allow districuted people to
wory toZether effectively., Sdcu

Tne MNerworx 1nformaticn Center (NIGC) 1is one vart of the ARPanET
exXperi=ent interestes in the higher levels of rrovlems. &

service Such as the NIC helds L2 create and sustain the =ense ng
commurity needed in an exnperiment such as that cof tne ARPALLT.

The NImn 4s mere than a classical informaticn center, as that tern

nas coume C ce vsSeqd, in taat it nrrovides a wider range of

Services tnan Just bivnliogsraphic and "library" ilype servicass, sal

The Newworxk lnformatinn Centar (MNIc) 18 an experiment in setting
Up and rurnning a reneral puroose intormaticn service serving tne
ARPANET™ cormnunity (botn tnose individuals and grours with dairect

gniine Tearm Environrent
109




SRI=ARC 8 J'INE 1972 13911
Ne.worx Information Center
Development and (peraticns
Introduyction

access to the network, and those associated with work goine on in

the networs out without direct access) with both online and

offline Services, The services cffered and under developnent oy

the NIs have as their initial basic obJjectives: Sau

4) To help people with problems find the resources == people,
systens, and information == avgilatle witnn THE NETWORK

COMMUNITY WHICE MEET THEIR NEEDS, S5aLa

2) To help nembers of a geographically distributed group

€0llaborate with each other. 5au0
THE NI¢ PUBLIC Sb

To orovide reliable, useful effective information services to
Meet the basic needs of a2 growing, 4diverse AKPANET community will
Offer consideranhle chalience, 5bl

One of the problems in the aesign of an infcrmation service is 9
determine the nain classes of clientele which exist for this
service and t¢ determine their needs, 502

IRe initial clientele for NIC services are those people

developing anu building the network. The next group is

comnosed of those people whoSe research and developnent

interests are intinately connszc¢tea «ith netvworx resources or

Who Would he experimental uSere of various networg resources.

After this initial reriod the clagses of clientele will grow,

as the network becones a well shaken down operational entity,

to include a wide range or pecple 4ho Wllil use the network or

be {interested in its development. So2a

cur initvial aralysis showed us that thera were four main needs

which the RI(C could attempt to reet, Reference and yeneral

Network Information, Cmllaboration Support, bocument Handling

and Creatior, and Training. although training programs nust
evenrtually exist for all services available on the network,

our initial emchaeis is training in the use of MIC services, stéo

online Team Environment
110

Sl S e e S = N S s e e e s N




: SRI=ARC 8 JUNE 1972 13041
Network Information Center

Develoument and Operations

The N1C Public

Some users of the Network Information Center's services may be: 503

students
Hesearchers
university
inaustry
gevernment
Syaten Levelopers
university
indvstry
government
Teachers
Managers
universivty
industry
governnent
Computer Center Directors
Libraries and other Informaticn Services
fhe General buplic
The Media

PKESENT N1C SEWVICES 5¢

Tne initial nIC service. now avallable tn meet the apove goals
and prsasgent clientele are the follewing: scl

¢(nline: Scia

(1) Access to tne typewriter version (TNLS) of the

tugrentatior Pesearch Center's Online System (NLS) for

cormuniaue creation, access, linkineg between users, and for
eXperimental use fer any other informatien storage ana
manipulation purvose suitable foi' NLS and useful to Networg
mariicipants. Sclal

(z) Access to Journal, Number, ana Identification Svstiems
whish allcew messdiges and decuments to oe transmitied to

neLwork prarvticirants., hclal
{a) LCcumel,Ls Oor messages entersd in the Journial System
are maintaired online for iater vaiewing via NLS. 5Clala
{r) Locuments are now distripbuteg oy: Sclaclo

online Teap Environnent,
111




SRI=ARC 8 JUN: 1972 13041
Network Informnation Center
Developmest and Operations
Present NIC Services

1) placing the message or a link to the accument in
the receiver's "initial file", Scla2bl

ii) sending hardcopy through the U.S5. mail, Scla2b?

Locuments will shortly be distributed through the
Network when sites nave implemented the aporopriate File
Transfer Protocols S5claze

(¢) A unique nhumber is assigned each entry at the time

of submission. Numbers can alsc be preassigned to aliow
reiated documents t0 be interlinked at the time of their
preparation, 5cla2d

(d) A catalog entry is prepared at the time of
submission and later this entry is used to update ¢
catalog kept both online and in hardcopy forn. sclaze

(e) Srecial interest groups can be created to facilitate
indicetireg %0 the systen particular distrioution lists

for dialo# 1tems. Dialog items can pe placed in

suocollections associated witn the dialog groups for

special index production. 5clazf

{3) Access <0 a nunmber cof cnline information vwses througn
a svecial Locator file usaing NLS laink mecrnanisns. Scla3

(a) Links to the NIC functional Jdocuments, including tne
printed catalog 2f the NIC document collection, the ARPA
NetWwork Resource Notebook, NIC user documentat:on, a

Directory of Network Farticipants, and Network Frotocols :tclalda

{b) Iinks to other fileg created LY sites with

information of potential Jetwork-wide interest. Sclalo
0ffiine: S¢clp

{l1) A Network Informgtion Center Station set up at each
site with: 5clol
(a) A Station Agent to aiAd use of the NIC bcivla

(o) A J.ialison to provide technical information aoout nhis
site, s§clnld

Online Tear knvironment
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ie) & Svatinn Collection containing a sudbcolilectiol of
Jeeurents of interest Lo NewuwOork participants. 5cliblc

(2) Techrigues for gathering, producing and maintainine ¥~ 3

Functicnal Documents siuch as: 5¢lb2
(a) Current Catalog of the NIC Collection s¢lo2a
(o) AKPA Netwerx Pesgource NoverLooK belt2bd
(¢) birectory of Network particirants scleec
{4) NIC User Guide 5clb2n

(3) Suppert of MNetwork aialog existing in nardccpy throuen
Auplication, aistribution, and cataloering. Sclo3

(L) General Metwork referral and handline of Jecumnent
reqguests scleou

(5) muildine of a collection of documents potentially
valuable to the Networx Community. Initial conceniration
was teen on obtainineg 2ocuments of possible value tvc the

vetLwork ruilders. sclos
{6) Crude selective Aistraitution %o Station Collecticens. 3¢l
(7) Trairing in use »f NIC services and facilities, scirc’

Irn tne sectiors to follnw each cf the above services andg 1its
supmorting technclofv and organization will pe Jdiscusse? in
nore cetail. 5¢ic

RELATION OF THE #FTWORK INFOPMATION CENTER TU THFE AUGHMENTATION
RESzARCH CEaTed (awC) 24

The NIr 1S presently a vpro“ect intirmately imbedded »1tain AkC,.

ARC 1§ an orrarization witn multiple sconsorship whicn nas as ics

¥0al tme gevejcrment ot hardware and sofisare comnputer tocls,
tecrnigues, proceuures, 3nd trairine tc aia "an in has

LanelimCttial WOrK, sal

“ne project nas fcllcweA 3 researeh and devecliopment strategy
of "bootstrapcing”, that is, of using the to50ls an1 techniques
1t »a3s teen develsving in its owr worg, both as an ai1 to iis
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WOrs and nanacgenent and as a test "pilot prlant" facility to
try out ideas ai1d techniques.

As useful 3s this strategy is, there are limits to the type of
feedtack it car yield. The NIC 15 one of what we nope Will be
many projects set up to offer Services to outside users. The
€oal ig to provide a useful service and to obtain feedback on tne
needs of a Wider claws of outegiqe ufers, We want to meet these
needs with an integrated, modular eyster consisting of computer
tools, peocple assistance, orocedures, and training, 4e alsoc heoe
to learn moOre atout the problems of transferring augmentation
services t¢ a wide ranee of users,

The NIrn conrsists of sonme personnel o, .marily concerned with its
develcopnenrt and oneration, but alsc draws heavily on the skilis
and werk of rost of the other memnbers of ARC., AS the NIC matures
We are planning that il will grow into a2 welle-defained
Semiautononous cost canter with riore people specifically oriented
toward its tasks, we want to clearly define the NIC's goals an4
neecs, Where trese cverlat with thase of other AXRC activities, we
Wish tn wWork closely on their reslization and where tney 40 not
overlap 0 obtain tne rescurces necessary ¢ pursue thermr
Separately.

Tne long=run, future relationship oetweern tne NIC and ARC
depends, we would ruess, on tne future oOperation of tne
ARPANET. The ARPANzT mdY eventually oe run py a conmmercial
utility. If this nappens the NIC could be transferred to that
utijityv, becore an indepenient enterprise, necorns 3 Separate
enterprise within SkKI, 2r rerndin within ARC, The NIC 215 haine
Jeveloped tc pe More inderendent, 8¢ thatl its “.ecnnolofgy,
proceaures, and services can oe moved 1r reuuired,

The Augmentation wessarch Centver Auriag its aoproxinately 1o
years nf existence Nas "een rrimarily a research and develcopnment
oreanivaticn rrovidine service to itself rather thali to noutside
tlients, Therefore, 3zlong with develoniment of NIC services nas
had %o ccme a Cna €€ in ArC's outlock, alterations in resource
allocaticr, and cranges in rany of its practices, to enaple it o
offer 3 service and tc maintain at the sare time a vigorous Ra&u
progra-.

OPERATIONS

Compuvter Service prerations (CSQ)
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In the area o: conmputer sarvices, extensive neasuremernt
Capabilities were 34dded ¢ tne system L0 measure tne
efficiency of the TENEX operating system anad NLS (#s,), A
numper of chanees which appeared necessary as a result of
these measurements were made and others are under stuay, 5ela

our haraware configuration contained a number of ol4d,
one=0f=-a=Kird pieces of equipment orouent over to the PDrP-10
systen from the previous Xp$S=yuLO syaten. These nieces of
equipment have proven difficult te maintain and stu-iies were
launcned on now tn replace or upgrade this equipnment.

A rew rSM networx interface ana a new DEC RBPO2 disc systenm
were installed in the scring of 1972, repiacinz older
unreliacle equipment,

vardwWare upgrading o€ our displav system and its special
cOre 0OCX nas begun to rvrovide tenporary relief until a
replacernent syster can bhbe Tlanned,

An acdditional 32K words of core has been idded recentiy,

atudies leading to recomnmendations to aagd another channei,
Al1Sc centrcller, and set of disc drives nave peen
completet, These additicns will provide nmore file etorage
capabiiity and backun swapping capabilivy.

The reliability irmrroevernents resulting fron these measures
andg others under study snoula begin 10 pe nanifest in tae
sumner cof 1672,

AlonE with tne acnve pardware improvenments, i1moroved pracLices
ana c¢r.ventions have ceen evolved to handle naw versinus of
sofewire releases, M™otn TENzA ari dLS5, and thear cnecxkout
cefnre reine trournt uv fOor nerral use, Tnese conventions
Spercify 0OLh freyuency snd tire of Jay atl whici nes svstens
canr be Trougnt up, and alsec svecify dgocumientatison stariaris,

Une of the inpartant asgects 2f CS82 SUEport nas8 oeen
inplementatior, integration ang raintenance of Lhose ~regriss
necessgry for communication «itn tne AxPANET and nosts
connected Lo 3.. Il Dasic Netwerg Conur2l Prograns anis TelhNey
Frosocels are ~rtains: 15 part of Te.EX syupport fror a4,

shen W@ hau a1 nonestarda:*d narcware interface 12 “ne natuwiery
and during earlv nrctocel develeprment, considerarle efforty vsas
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required in protococl implementation to create operating

netwcrxk programs. Less effort is now required, but this effort
continues, We have alsc participated actively in working with

the Networx Workine Group on protocol design and spenification

{proto ax,). Seld

Peoprle Service=~ QOnerations (PSO) sc2

puring the past year ARC has developed several service
functions that are now becoming operational for ARC users and
NIC clientele, Se2a

These runctions (from activities such as RINS, NIC, bpaseline

Rec ;rd, and Journalj and tne forthconing use of Deferred

EXeaution (DEX) technigques hava created nevy needs for people

services support. Se2b

AS 3 result, we concertrated 3ome of ocur effort on

reorganizing these ac'ivities tec allcow mora effective and

efficient handling of routine and other tasks and to allow for

easier exparsion nf the group s5iZe t¢ meet needs cf an

increasing arount c¢f throughput, The three ainms were: Se2c

TO increase tnroughout to neet existing demands. Se2cl

TO peccre capaple of expanding rispialy (in tarougnput
auanrtity) te neet fluctuating service Jemands. Se2c?

70 work at minimizing costs while maxirizing responsiveness
1,0 cuStorer's neeas and values, Se2c3

This section descrines in sorie detail the activities and tasks
invalve4 1n settineg up or running a F3CQ. we g0 1nto tnis

detall vecavse nany veonle reading tnis report witn a

traagitional computer =ervice bpackground may not appreciate the
cenplexity ©f running an infornmation service. Computer

technoloey, Weile icrvertant, 18 net surfficient in aad of

itself tC Make pOSsible such a service, Such a service is only
pesgible witn a Dalanced set of computer tools, reople 3upport
services, and the nethodolcgy, frocedures, and training whicn

nel< Lh=n teogetner intc an erfective higher level systen. sezd

Therefore ir cruer o cregte such a talanced 3yatan ==
launcned a rew approach to ArC's "peoble services <perations",
(sea ==~ '783Lk,1a) Sece

trline Team knvironnent
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The main thrusts were: Se2el

organization

physical Location and Gonfiguration
proceaure Ekstaolisnpment and ypocumentation
rranscrintion Activities

Terninals

versonnel

*raining

Oreganization Se2f

A group with skills in handling paperwork aad messages, anu

4n using TNLS and BEX, was explicitly identified as PSO,

ana a group of advisors with skills in administration,
aocunentation, and training was assigneq to assist in

getvting FP°0 into tormal operation, Se2fl

Pnyeical Location ana Configuraion 5e2¢

office and worKkroon areas vere expandea anad relocated, to

give the growine support onerations more efficient location

and arrargerment. Hew tanles, shelves, cabinets, and files

were acquired and their arrangement workea out, se2¢l

Onlinre 7Tear invironment
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FIGURE 21. People Service Organization workroon,

Procedure Ekstaclishnent and Docunmertctition
procedures were devised and docurented for:
Use of TNLS (see == 7u7C,) and DEX (see ==~ 9934,),

The handling of transcriction ana other service
requests,

All related NIC activities == clerical anid secretarial,
Trarscription Activitvies
~ypes 0f WOr< to te handles:
Kandwritten drafts
Tape recordings
nictation notes

¢ffline Accurcecnts
gnlaine riocuments 0 be edited

Onlire Team Environment
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rTechniques for transcrioving nmaterial into online files were
developed: S5e2i2

Deterred Execution (DEX) covered al greater length see
.=, idl) be2i2a

This process mgkes use of termingl and magnetic tape
recording ecuioment for initial input of data with

actual entry into comruter files deferred until

periocds of low system use (theredy resultineg in less
expensive use of the system for the processing of

this work.) This systen aas been used to place

online many docurents of importance to the ARPANET

community cri¢inally prepared offline. Sezi2al

shere and how lone to0 store entered tapes for backurp,
the conventions for hierarchical statement entry, and
when tne transcriber skhould try to put nierarchical

structure inte documents are still under develcpnmernt,

Se2iz2a?
TNLS sez2i2»
TNTIS 415 usecd lareely for routine editing of online
documents, and for entering highepriority items
durinz off=peak lcad hours. Sm2izhbl
DNL3 se2ise

pisplay NLS is usea for difficult editing of online
documnents and for some higaly formatted docunments, se2i2cl

peceiving processes >e2i3
we set up a cenrtral receivineg station. se2i3a
gne rersen, witn an alternate, nandles users’ questions
regarding Job status, time and cecnt estimates, etc, 5e21i3o

oricrity deternination process Se214
A requestor specifies nis rreference for rcriority: 5e21ka

irredliate service (l«iy nours)
Normal Service (u=12 nhours)
Leferred service (a weak Or Lwo)

Ccnline Team Environment
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Temporary storage c¢f unassigned work 5e21i5
A log svstem using aopropriate work request forms has
been set up, Se2iba
Wwe have a certral storare place, organized for control
cf work oy oriority, Se2is5p
Assignment process for transcription work S5e2ié

A work scheduler assigns {nconing work to group menmpers,
baiancing priority request with mempers' capabilities
and workload. Se2i6a

Later, priorities may be establishea by a biddine
scheme, 5e216b

we plan to enlarge this effort 10 allow assiennent to an
outsice pool cf workers trained in DEX, poth SRI people
and contract manvower, se2ié¢C

AUtpuUtl fFrocesses se2i’f
#® nave Aeveloped conventions for naming of tenporary

1Nput files (srecial and separate for tne catalog
crocees) wit, provision for special instructions fron

the author. 5e2i7a

W& have developed procedures for delivery of completed

work to the reauestor. 5e2i7b
Terminals Se2]

We have raje a thorough study of availanle teletyre

terninals anc =adretic tape gevices, and after experirmental

use of several, rave leased nine TI terminala and six

Termicettes, for uss wivh DEX. Se2)l

Personnel be2K

W& have added several new staff menmvers with contributions

.0 maKe to MIC, Two writlers who canrn also teach were active

in PSO deveiopment, Three new staff mempers were added (o

the docurent preparation, transcrimtion and distribution

eftorts, Se2xl
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Training

classes in TNLS and DEX were held for ARC and network
peOple. Manuals were prepared. A more detailed discusaion
~f training is eiven later, see==-,5gl0).

A detalled 128t of the types Of tasks tnis P&C group and
associatea intormation handling people periorm O Supporv the
NIT is given helos because it is important for people 1o
understand tne range of activities tvhat are required even with
autemated aldde to support a service such as the NIC.

PLANNING ANU SCHBUULING

Goal setting

service gesign
Site Staticn aid planning
Functional document design
NIC Collecticn design
Station collection plan
Heferencea 3ervice design

Catalog desizn

prccedure establishrment
Discussion
Procequre writine
exrerirmentation

NIC facilaity design

wOork flow scheduline

NIC time and cost studies

GENERAL SUpPPCHT

Cictation

phone

orders and financial records
Tirecurds

visitor arrarncements

NIC travel arraneements

NIC facility uUpkeep

STATION PHCYE ACTIVITY

staltion ohone answer
NIC outkoine calls

onlire Team Environment
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MAIL SINGLE NIC PIECES Se2nmi

Incoming mail processaing
Single mailincs

ACQUISITION OF VETWORK INFORMATION Se2m5

MeLWOrk resources
NetLwork personnel
Network publication references

CHOICE, ANALYSIS, OF INFORMATION Sezmé

Analysis for bulletins

Analysis for functional documents
5election of vublications
Aostrscting

ACQUISITION OF PUBLIGATIONS Sez2m?

cherkine holdings
Order ferm preparation
keceirt, record changine

OFFLINE CATALOGING WNRK Se2my

coainr

checkineg of coding, revision
proofine and revision
recoding of old naterial
Catalog offline records

Gla catalog oifline work

FILE=BUILDING ONLINE S5e2ny

Input ot new citations
Input of c¢lg citations
¥ditire cf new citations
Faiting ~f old citations
kuiletin creation

Rulletin eaitine

catalceg creation

Catalog editineg

Catalog tile manirulation
Functicral 4occumenta input

Online Tea= Envaironnment
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Malling 1ist input
Letter online input
Other onlin: text input
Other text inout, DEX
Identfile maintenance

PHYSICAL PROCESSING

keadyine of Journal printout
Readying of other work
Ccoliatine

Stampineg, Punchine

Xeroxine of doacunents

Line printer output

Qutside repreo contact

DISTRIBUTION
Mailing 1ist maintenance
Labels, envelope nreparation
Pickup and delivery
STOXAGE AND MAINTENANCE
NIC Master collection
EXtra covoies
Supplies
vISJUAL AIDS
chartmaking
TRAINING

Instructicen
pevelcprent of trainine aias

PEFERENCY WOPK
Locating citations for Met

lLocating docunents for Net
Literature search
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s5e2mlo

Se2mll

se2nl2

te2ml3

se2mlu

;e2m15

Let us now look at each of the services provided and gee what has
been involved in making them available ceyornd tne changes

online Tear Environment
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described above, wny they we:e nade ava_.laple, and some future
plars, Se3

There are LwWwo nmajor areas of changes to AkC caused by oroviaing
NIC services that deserve mentioning: planning 2-d providing nore
reliavle and efficient comouter services, and planning and
providing more varied and extensive clerical and ocvher services

provided by and for ne. e, Sel
ONLINE SERVICES St
ACCESS TO NLS S5f1

The ARC ONline System (NLS) is an evolving system whicn we

view as an integrated set of tools for doing general

inteilectual work (,udl,). To this end NL3 nas, at this time,
powarful decument creation, editing, production, 2rnd studying
capvabilities, dialog supoort functicns for online

communicaticn poth simultanecus and distributea in iinme,
bibliographic catalog=maxing canapilities, programmineg aids

anag facilities, some basic infcrmation retrieval anilities,

ang some, as vet, rudimentary management ana othe:r planning

aids, 5fla

A Sutset of tnese capabilities, felt to be of prime value to

initial NIC use centered around document creation, editing,
projuction, and stuayirg as well as dialog supvort, has been
thoroueghly documented for NIC clientele, Ssflb

Aie knew that Most sysiems on the network surported tyoewriter
ter=ingls rather tran displavys 80 that Aurirg tne conversion

from the X05=940 to the PLP-10, a ilypewriter version of the

system Wwar designed and irmnlemented -=-,4dl233al, 5flc

1n thinking about the proolems which could exist in

supoorting all the vyarietiss of tyvewriter terminals on tne
netLwork, we {to Keep axC' tncugntd clearly separate irom

the net's) feit thatl it wodla pe peiter to nave most of

these differences handled cty a standard networg protocol,
Thereiore, we wnrkea actively witn tne Networkx working

arouc (NWG) in establishine a netvwork virtual terminal

arotocol (TeLNET) see~==,6p0l). This protocol has succeedeqd

in aliowing access to Thi: from qifferent systems and

terminals, 5flecl

Orline Tea=w Environment
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NLS, a8 it has historically developed, 18 oriertea in iuvs
command languaze design for expert users.

mhis orientation toward hipnly trained, experienced users
48 not conmpletely suitable for the clientele of the NIC,
comprised of some who use the system Often enougn to becom®
aXperts and othe ., who want to use the svstem infreaquently.
Therefore, thought has recently gone into studying what
changes are needed in the NLS commend language syntax to
provide a range of modes from novice to expert, and what
additional help and tutorial cavabilities need to be built
into the system, These cnanzes will be inmplenented in the
coning months.

At the present time anyone with access 10 3 typewriter
terminal connected to the netwwork and with an entry in our
identificatvion file ,see=--,lkal) (entries cuan be nade in this
fiie directly by network users) can have access to NLS.

we generally find between 1 3nd 3 users from the network
using TNLS during prime hours., The hifhest number ooserved
»ag% bSeen 7 simultaneous network users., The nunoer o¢
1ogins a day fromn the network has been averaging around LO
- 50, with a variaticn netween 30 and cver 1u0, We expect
the nurper to increase significantly both as the netvwork
grows an¢ as our hardware reliavility improves, as
Aiscussed earlier.

A svsten for allowing access to the display version of NLS
{DN1LS) {ror the netwcrk using IMLAC display terninals eguipved
Witr a keyset and ncuse has b2en developed djointly with the
Xerox Palo Alte research Center and tested with users fron
UCLA=NMC and =ZbNeTFNEX.

we eYprect Lo continue experinental use of JONLS over the
networK ana eventually to coffer DNLS as a regular service,
~e are currently stud4yine now to orovide DNLS service from
1CW=COSt alvna=-numeric 4isolays eauipoeq with keyset andg
mouse,

vocunents are oresently created by a user at a keypoara device
connected LC TNLS via the netwovrk, We are workiny %o allow
entry of docunrents into NLS which were injitiallv orepgred in
Other host corputers, At least one site, MIT-uMCuy, has Dbeen
entering docurments in NLS by ovreparine localily a tile of NLS

cnline rear Environment
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