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ABSTRACT 1l

During 1970 SRI's Augmentation Regegrcn Center

ook nart in preliminary operation of the ARPA

network, made several important improvements in

the ARC operating sysiem's efficiency and

features for users, anc began installation of &

new computer., la

conv+rgion from an XbLS 940 to & DLEC PLP=~1C,
which was in process in Feobruary 1971, has
delayed full operation on the ARPA netiwork, lal

However, the network has been used boOth in
software development and in trial runs 2f the
Networkx Information Center, 1Inivial software
for the Network Information Center was completed
and documents have heen rapidly accumulatving,
Othar new L _rdware includes UNIVAC drums and
various remote terminals. New sofiwale includes
redesign of the core of our NLS, developmen of
higher level processes such as executlaple text,
and ready use of content analysers in automated
clericel procedures, New fegtures fOr users
include, among other things, an online Journal
cowparable both to & daily periodical ang to
arcrival Journals, and a calculator, la?

Network Information Center
ana computer Augmented Team interaction
1
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summary

IV. SUMMARY L
INTRODUCTION La
l. This report covers the year 1970 of research in a
continuous program at the Augmentation Research Center of
the Information Science Laboratory of Stanford Research
Institute, supported by ARPA under RADC cchtract
F30602-70=0=0219, yal

2. The research reported is aimed at the development of

online computer aids for augmenting the perfornance of
individuals ana teams engaged in intellectual work, and the
development of the Network Information Center for the ArPA
computer Xetwork., The report covers hardware and software
developmnent, applications in several areas, anc a summary

of plans for the continuation of the research auring 1971. 4a?2

HIGHLIGHTS OF THE CONTKACT YRAR b

l. During 1970 we devoted cur attention especially to our
continuing effort to improve the efficiency of our online

system and polish and strengthen its usefuilness to systems
programming, to working with the ARPA Network, and to
augmentation of distributed teams. Juring tne latter part

0f the year we were deeply involved with translating our
software into torrs compatible with a PDP~1l0 and with

chomsing and connecting its peripheral equipment, 4bl

2« We have named an important nev group of tools for users
developed in 197C "Hi  er Level Processes". They are

routines in which the basic user features of our online

systen atre building blocks in construction of prograas that
carry out specific, rather complicated tasks such as

changing the order of a citation index and at the same time

the format of the citations, 1Important Higher Level

Processes are the rewritten Content Analyzer, the Analyzer
Formatter, the Collector Sorter, and Execulaple Text, kb2

3. We added an arithmetic and algebraic calculator package
to our online systenm, ko3

4 We have recently been working more with tne goal of
augmenting teams performing work that is aistriouted in
time, space, ana discipline. By way of comRMunication and
archival and managerial record keeping, we added a mail
system and a Journal system, ARy user may write a mail
message from his terminal to any other users, The message
is automatizally brought to the recipient's attention when

NelworkKk lnformatioi Center
aild computer Augmented T€am Interaction
5
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he logs in. Mell haa been particularly useful to our
people temporalily or permanently at a distance from “h~
center, Mail messages automatically beconme part of the
Journal, The Journal is an online repository of the
thoughts, recordas, baselines, ana evolving designs of the
group. In our community it serves the function thut
academic journals serve for communities defined by
dlsciplines except that publication takes about a day.
Recent entries in the vournal are held on disc and magn=tic
tape, older entries on paper and magnetlic tape. Online is
an index to the complete journgl, including various
retrieving aids such as sorting by title woras, kbk

5. OUur participation in the ARPA Networx included: using
University of Utah's PUP=10 vis the Network to aid in our
transfer tO a new PDP-10, 4nd development Of the Network
Information Center (NIC). In using the Net to0 ree=progranm
our PDP=10 we typically sent blocks vo UTAH that consisted
of relocatable binary qata produced py compPilers executing
in our XD3 940 and producing code for the 1lU, The data wWas
stored > & dlsc at Utah by the network control program %o
that someone here could reconnect and call on the Utah
loader Jor the transmittea file., we found tnis service 8o
useful that we added multiplexing at this end so that three
of our programmers could use the Utah system at once, The
link to Utah operated aally from August 1970 through
January 171 ana constituted the most substantial data
transmission over the Net %o that dave, LbS

6. AL ARC We established a collection of documents that
form the basis of the Network Information Center,
established oniine techniques for handling tne documents,
and most important, began working dialog with the cther
centers. The combination of our reference data storage
techniques with our programming allows retrieving docunments
according to a variety of attributes and combinations
thereof. £.,g., year ot publication comoined with author,
or svonsoring institution, We organized with the other
sites on the Network to establish Station Agents to handle
their interaction with the Network Information Center and
supplied the Station Agents with a catalog of their
collection and other working materials. TO stinmulate
dialog, pending full operation by connected computers, we
set up a central telepnhune exchange and a System for
circulating documents and memos by U.S. Mall through the
NIC, incluaing an intra=Net document numpering systenm, 4bé

7« In the Spring of 1970 we decidec that DiC's PDP=10 wWith
associated software ana paging box from uB&N might be a way

Network Information center
and Computer Augmented Team Interaction
6
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t0 increase the number of consoles and displaye available
to us, to strengthen our system in otner ways, and to
insure a system that could be expanced further with ease,
In June after investigating several competirng machines, we
orderea a PDP=10 which was delivered in Septeuber, oQur y40
Wad removed February 1l, 1lyrl. Associatea equipment for the
PDF=10 includes 128K ot 1l.0-microsecond core ana the BB&N
Paging Box. After stuaying the various alternatives, we
retained from the 940 system a 32K=wora Ampex external
core, UNIVAC drums as a swapping device, ana a Bryant bisc
for mass storage., A drum/aisc interface, un interface for
the external core gystem, and an I/0 control box were built
locally to our specifications. L7

8. Re=programming for the 10 has created the necessity and
opportunity for thorougn=going revision of cur software,
our online system which haa been written in a special
language, SPL, has been rewritten in L10, & language much
more machine independent and more flexiple in application.
our NLS has been rationalized to allow more routines to
call on other routines, Display routines have been changed
%0 allow Adivision into up to eight areas which the user can
load and eait independently. Many other features such as
Mail, Jouirnal, calculator nave been substantially improvea
in the transfer. Lb8

PLANS FOR 1971 ic

l. Early in 1971 we will complete transfer to the pPDP=-10,
develop further and operate the network Intormation Center,

give more powerful tools to the users of our pialog Support
Syatem, expand our Baseline Planning system, and make a

variety of specific operational improvenments, 4el

2. we have established a three=step schedule of increasing
interactive support to the other nmnempers of tne AkPA

network. Uncertainties in the capacity of our new computer
sy3tem when it is finally tuned, ana in the loud

interactive service over the net will place on us make it
difficult to estimate the number of users we will support

at exact dates, We are proceeding with the fcllowing

general plan: kec2

In stage O, oeginning in mid June, we will offer

experimental access to the NIC to a limited number of

West Coast sites ana to RADC and will offer a two=day

course at Skl in our typewriter terminal online language
whicli has been rewritten to proviae users with more of

the power ot NLS. Lc2a

NetwWork Information Center
ana computer AJdgmented Team Interaction
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In stage 1, beginning in mid August, we will offer
further instruction, and an operational access t,0 NLS to
4=8 simultaneous users.

In stage 2, beginning in October, we will offer message
delivery onlinc to remote sites, a deferred execution
svstem tor offline preparation of files for NLS use, and
aCCcess Lo more users.

3. We will improve our Dialog sSupport System py further
automation of entry of items into the Journal and of study
of the documents in the= Journal.

A comnand language in which the Journal may interrogate
the us~r for information necessary to iaentification and
automated retrievgl of the document will make entry
Simpler and more effective,

Devices such ag automatic construction ©f links petween
documents ana generation c¢f sets of documents, along
with set manipulation commands, will faCilitate study.

Le We will manage our daily activities more and more by
means of our Baseline Planning system ana develop new
subsystems within it to, for example, filter out and record
various useful views ot the organized planning of the wnole
group.

Se¢ Modular programming will make it much edasier to transter
all cr part of NLS to users outside ¢f ArCe. pesign and
implementation of a preliminary system wili take place in
1971,

6o We have detailed plans for 4 variety of imorovements in
our NLS ana kxecutive, most of which directly support nIC
operations,

NetworKk Information center
anda Computer Augnented Team Interaction
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Vo ARPA NETWORK PARTICIPATIOn 5
A, THE NETWORK INFORMATION CENTER. ba
l. Goals, strategy, ana philosophy 531

We see NIC'Ss primary role in the network experiment as
support for Network participants: tools, techniques,
and services of computer, storage, and beople, We ainm
eventually to provide highly interactive inforaation
services that will oe valuable to a dynamic clientele
and we hope to facilitate highly responsive aialog
between and with them, But basically we can only serve
a8 g supporting agent towsrd these ends. sgmergence of a
significant dialog will require active Network
participation both among the nodes and with NIC as it
learns how to serve their information neeags, 5als

Some of the services we will provide are: 5alb

Collection and storage of a wide range of
Networke=relevant reference information (in the NIC
Mmaster Collection). 5albl

online service over this collection for querying,
browsing, and retrieving =- designed to serve a range
of terminals (typewriters to CiTls). 5alb2

A coordinateq set of offline reference materials
{(indexes, etc.). 52103

A communication service in which there will be

direct, interactive, and sophisticated handling of
messages == their composition, delivery,

verification, storage, and retrieval (they become

part of the master collection). 5albl

A natural means for linking messages to each other

and to any other items in our collectlion, to produce

an organically developing network of dialog items

whese gearch, study, and integrative manipulation

will be supportea by our computer aids as a basic NIC
service, Lalbs

We have been heavily involved ain preparing ourselves
toward these ends, botn in range of services and an
capacitvy to handle customers, It 18 quite evident
that these ends will be reachea only by Steady
evolution, throughout the range of site facilities,

Network Information Center
and computer Augnented Team Interaction
9
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supporting technclogies, user methodS, and user
skills. 5alpé

Starting up sa2

For some time, we were concerned with tne question: How
coula we launch a new, experimentusl service for a
clientele that we dicn't see or hear, where the service
was to be designed for a degree ot computerized
communication that naan't yet emerged, but where it was
disturoingly apparent that the proper performance of our
declared function could significantly accelerate that
emergence? wWhat was needed badly in order that we at
NIC could produce some service, and also, we tnought, in
order that the Network coulc become alive was for a
sizable amount of stinulating and visiole dialog Lo take
place, To tnis ena, we decided to aeaicate most of our
NIC service energy over the past several months toward
stimulat!ng and supporting such visiblie dialog =- wWhicn
is the i"eason for tne "Network Li1alog System"
developnent, baza

To provide a useful initial service to the Networx

community, and also 1o give our evolutionary process a
starting place, we aaopted the initial-sStage design

described below for visiple dialog. Fa2b

Dialog 5a3

By "visiole dialog" we mean nessages and memos that
become & public record avsilable to all potential
Network participants, for later reference, citation,
retrieval, or browsing; where people otner than tnose
involved in a given exchange gre welcomeéd «= ana nhelped
== 0 discover its existence and contridute questions
and additions that in turn are incorporaied as part ot
the recorued dialog. At first the lnieqid are wnatever
compmunication means can be pest used at tae noment ==
mail, telephone, ana the ARPA Network a8 1t becomes nore
and more functional. Sasa

To encourage communicataiocn initially, we€ are maintaining

a NIC telephone system that proviaes tolletree service,
especlally for Station Agents and L1iaisoOn people

althougn open to others, The system makes use of a
commercial, after=-hours answering service, and 1is

responsive to0 special needs arounu tne Ciock. S5a3b

Station Agent and Liaison Sal

Network lInformation Center
ang Computer Augmented Team Interaction
1o
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The Network Dialog System involves at least two

specially assigned people at each site, wWho are ags soon

a8 possible to be provided with an online typewriter at

a specially designea Reference ana Communication

Station. Besides the typewriter, the Station is

expected to include a telephone and certain hard-=copy
reference materials suppliea by NIC. 5ala

The Station Agent nelps the NIC with loCal services
performed in our behalf, Such as seeing tnat messages
are deliverea to local people, helping People learn now
10 use NIC services, updating locally held harde-copy,
NIC reference material f{(accoraing to instructions and
materials supplied by us), helping local users f£ind
needed information among the various nardecopy materials
that will comprise an important part of our early
servicas to eagch locale; and providing feedback to ua
about needs and possibilities for improving our
services, Saiyb

Each 8site 3lso has a Lialson Contact available to the

Agent for technical packup. He 18 usually a technically
oriented person who is used to learning online

techniques, who understands at least enough of the

Network technology to interpret technical questions
accurately and to pursue their answers intelliigently,

He is also expected to field technically oriented

questions and requests from other Network sites, Sauc

In particular, the Station Agent will neea a certain

amount of consistenti, supportive help in learning about
technical details associated with some Of these tasksg =-=-

wWe need each lLiaison Contact to proviae tnis (thus

helping to form a working team, with whom we at NIC can

WOrk consistently, and about whom people at the site can

feel comfortable in hanaling the reference and

communication aspect of their total "Network

interface"), Both people are becoming useful sources cf
Newvvork folklore for people at the 8ites, baud

Manipuiation 5a5s

We are now set up to handle the
transmissions/distrioution of such material as submittea
to us, and to provide storage, inaexing, retrieval and
access to tne accumulated material <= in nara copy
mailed media ands/or by online access, whatever it takes
to get things rolliug. One-sentence m~3sages, very
informal memos, tentative plans, "CQ calls" seeking

hNetwork Information genter
and Computer Augmented Te¢am Interaction
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support or interaction, announcements of up=downe=changes
etc., arguments about Low things should be done ==

telephcned to us, maileg in long=hand or tvypescript,

composed via Network access to our online editing

system, sent or transmitted as a file composed on your
editing system =- we are trying to handle them all. 5a5sa

After our transfer to tne PUP=10 is completed, we wWill

be ready to provide online interaction, in typewriter

mode, for initial experimentation, for editing, for

access to dlalog material, etc. (holdaing off cnh more

general access to reference material for the time

being). Local Station Agents will be supplied with the
reference intormation necessary to link to us and we

will offer first to check them out and the Liaison men.,

They will (we hop2) then check out other users. 5asb

NIC Station Collection 586
Collection: 5aba

Physically, we have over 5,000 items, mainly external
documents, in ARC'S Master Collection. The NIC

Collection is a subset of the Master Collection. we
estimate that 500 to 800 of the items currently held

Will eventually prove relevant to the NIC clientele.

At present some 300 of our most relevant documents

have been replicated and a set installed at each

Station together witn a computer=generated, hard copy
shelf listing ana index by number, author, and

titlewora, baéal

we have l180lated several hundred 1tems that seenm
relevant now. These will be included soon in the NIC
"Subcollection", 5a6a2

We are providing for steady adaition from messages,
memos, survey sumnmaries, formal Network
docunentation, etc. 52643

The most significant documents to the NIC Collection
from volume and content relevance standpoints are
those currently veing added through di<lcg between
network people and through collection and punlishing
of information describing network tacilities,
interests, and resources. 5aéal

Catalogs anu indexes Saéb

Network lnformation Center
and (omputer Augmented Team lnteraction
12
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we have aeveloped common conventions for catalog
entries over the entire ARC (and theretore NIC)
collection, Online entry formate 4re bpeing convertead
from old formats to consistent more €asily searched
formats, All current NIC and ArRC Journal collectaions
are in the new catalog formats, All new entries take
the new torm, Each entry is storea now as one long
string, within an NLS statement, with special strings
of characters that separate and identify the
different data elements,

CONNECTION TO THE ARPA NETwOERK.

ls Our f£irst hardware ana software connectlion to the ARPA
Neilwork wa® completed in November of 1969 and is discussed
in some aetail in the references (ret.l), At tne ena of
1970 the hardware interface was still as described in that
repcrt and has been operating since that time witnh no
difficulties.

2« 1he early soiftware was definitely experimental, A
preliminary network operating system was written wnich ran
as a usger program and allowed the login of one remcie user
over the Network and the simultaneous use 0f a remote
facility by one local user,

3. Following this experimental system, work continuea on a
first-stage Network protocol operating at the monitor
level,

8ince there was no official Network protocol at taat
time, it was necessary to develop compatiple protocol at
at least two sites tor debugging and experimental use of
the facility. The university of Utan wés chosen as vhe
Site for this activity, mainly because they were eager
to cooperate in the experiment ana personnel were
avajilable at ARC who Were familiar with both tne )0
operating system ana the University of Utan's systen.

Programs at both sites were written primarily oy ARC
personnel, (Tney included the monitor level codaing
required to operate the hardware and to allow programs
logical access both to the Network ana user level
prograns,)

The system when completed allowed a user at SRI to
connect his teletype to Utan's time-sharing system with
all the priviieges and capabilities of a user locally
connected at the University. Capabilities were glso

Network Information center
and conputer augmenteo Tedn Interaction
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provided for Utah use of th® ARC tacilities, although
thls feature was never thoroughly checked out,

4« When we determined to convert to a PDP~1l0 we decided to
uge vie PDP=-10 at Utah t0o aid the sottware conversion
effort. This new application required some modification of
the temporary UTAH/ARC protocol at both ends,

Programs were modified to allow transmission of files so
that blocks of data could be sent to Utah. Typically we
sent blocks to Utah that consistea of relocatable binary
data produced by compilers executing on the 940 and
producing coae for tne PLP-10, Dbata transmitted from
ARC wgs stored on a disc at Utah by the Network control
program so that the sender at ARC could subsequently
invoke nis Network teletype connection and call tne ytah
loader to load the transmittea files, This arrangement
gave the ARC programmer an extended depugging tool close
at nand, We tound tnis service so useful that
multiplexing was adaed to both endas of the counnection
allowing three ARC users to work simultaneously with the
Utah system, The link with Utah was in use daily from
August 1970 to January 1971 for tne modification and
debugging ot our NLS required to convert over to the
PDP=-10,

5. ARC personnel have participated in the Network Working
@Group, and we nave followea closely the development of the
official Network protocol, Implementation of this protocol
in the 940 was planned in detail, but the anticipated
transfer to the PDP=10 and the lack of other operating
protocols on the Network, obviated the 940 version.
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Changing from an XDS-»940 tvo a P" =10

V1, CHANGING FROM AN XDS=9L40Q to & PDP=10
HARDWARE TRANSFER TO THE PDP=lC,

le. A8 the Augmentation Research Center has evolved more and
more to an online community, the needs for computer service
have steadailly increased. kEarly in 1969 when experience
showed that the 940 would support only about 6 display
consoies, studies were undertaken on various approaches to
increasing the service capacity., At thet time the 940
still offered the only time=shari..g system suitable for our
neede gnc¢ within our budget., The most reasonable approach
10 getting more service seemed to bz the uSe of g small
computer supsystem in conjunction with the 940, Work on
this approach continuea ana in January of 190 a small
computer was selected for the gevelopment Of an
experimental fronte-ena subsys.em,

vhile tre small computer approach was belng pursued, we
were also Keeping up with developments in ovher
computers and time=sharing software, 1IN the Spring of
1970 it became apparent that the PDP=10 with the TENEX
sofiware system and assoclatea paging hardware being
developed by BB&N would pe a major contribution to tne
fleld of recsearch timee=sharing.

When the PDP=10 became a real possibility we
undertook a brief study of other avallable machines
and associated time-gharing software. wWe considered
in particular the XDs sigma 7, the CDC 3300, and the
Standard Comruter IC=9000,

The last machine named would have been
microprogrammed initially to emulate tne 940 with
an immediate increase in capacity due to the
faster machine., Operations would have later been
developed to more closely suit the needs of tne

[-1°3

6al

6ala

6alal

ARC softiware systien, 6alale

0f these machines the sigma 7 and the CDC 3300
were quickly eliminated by lack of avallable
time=sharing software, We seriously considered
the IU=-9000, but its uncertain development
schedule and the unpredictable effort required for
further development of the microcode ruled it out,

6alalb

Investigation of price on the PLP=~10 syetem. hoth
from DEC and other =gurces, 8howed that it would pe
possible to repliace the 940 with a significantly
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larger PDP=10 system with a monthly lease sligntly
cheaper tncn that for the yL4o, Furthermore, the
PDP=10 system would be much more opel erided than the
940 system, C)re memory could be exbanded greatly,
particularly tirough the BB&N Paging Box. A wide
range of peripierals is availablw and gaditional
processors can pe adaed. This expandability,
together with the imnediate ircrease in service
capacity and slightly lower cost, seemed to justify
the expense of converting software to the new systen,
An order was placed for the PDP=10 facility in June
1970 and the system was delivered ir late September, 6ala?

2, Figure 1 is A& block diagran of the PLP-10 facility. It
consists of the following major units: 6a2

The equipment leasec from DEC includes the XAlO

processor, o banks of MAlO memory (for & total of 128K),

twWo mag tape unitd and controller, twd VEC tape units

and controller, and a teletype sacanner icr 24 teletype

lines, 6828

The BB&N pager connerts petween the XAlVU processor and

the memories. 1In co..junction witn & sel of nardware
modifications to the KAlQ, the pager changes the core

memory mapping mechanisn, 6a2b

The UNIVAC arum system consists of four UNIVAC FHU32

drums and a UNIVAC FHL32/1782 controller, Tnis systenm

Was our swapping medium on tne XUSe94U, It has a

siorage capacity of approximately 1 million 36=bit

woras, The drums turn at 7,200 rpm, witnh 2048 words per
track, proviaing a transfer rate of 240,000 words per

second and &n average access time (for each drum) of 4
nilliseconas, éaac

The Bryant aisc system was also in uge on the XDS 940.
It consists of & Bryant Model L4061l=A24=16 Disc with 13
data surfaces and a 8ryant controller, 6acd

The 24=bit Ampex Menory was in use on the 940 as an

external memory system for display rerfreshing, network
buffers, ana line printer buffers. It wWas transferrea

to the PDP=1l0 gystem as an extra ban of airectly

adadressablc memory. 6aze

Other equipment shown in the facility was previously in
operation with the yu40 and was already connected %c the
2u=n1t kxternal Core Memory (XCOkk), It consists of the
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following units that are descriced in more detail in uine
references (ref.2.3): (wo aisplay systems for a total

of 12 display consoles; 1nput device colhtroller for

input from the 12 consoles; Line prinuver controller;

Network interface; Interface tor a nigh=speed modenm to

drive the IMLAC display. 6az2f

3. The choices of equaipment to make up the PUP=10 facility

wera governed primarily by the need to comply with tne bBaN
syrtem %0 make maximum use of the TenkEXx Scftware and our

de ire to minimize the cost of transferring Lo the new

facility by emp.oying the existing equipment wherever

possible, 683

S8irnce the decision to transfer to a PUP=1lU wWas basSed oOn

the developnent of the TENEX time-sharing system, paging
hardware was essential tec the system, BB&N developed a
paging box and associated modifications to the PDP=1¢
processor in conjuaction witn the TENKX development and

was the only reasonable source for such nardware, 6a3a

The amount of core ordered with tne DuC system was
determined by funus available for monthly lease and
turned out to be 120k of l.0-microsecond core, 6ajb

For a swapping device, the obvious possibilities were

the pryant arum as used at BB&N, the UNIVAC drums

already in use on the 940, and the swapping disc offered

by DEC, 6a3c

we rulead out the DEC disc pecause of its 8lower

transfer rate, but gave consideraple study to the

Bryant drum and the UNIVAC arums. Speea was the major
focus c¢f the stuay. 6a3cl

The Bryant drum rotates at 1800 rpm anc in

transfer up to 18 512~word pages in 3L

milliseconds (one revolution). The UNIVAC q4runms,

on the other hand, rotate at 7200 rpm and each one

can transfer 4 pages per revolution. but, since

there are 4 drums running asyncunronously, the

average maximum transfer will pe about 13 pages in

34 milliseconas. oaj3cla

These rates are maximum, The perceatage of

possiple transfers which are actually used depends

on the length of the drum queue anda the

distribution of requests, 6a3clb
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our stuaies snoweda that for aopout 20 items in the

queue with a unifcrm distrioution over pages of

the drum, the Bryant is avble to usSe about two

thirds of its possible transfer rite, Tne JNIVAC

is aple to give a higher actual \ransfer rate than

tne pryant for queue lengths less than 20 because

of the faster rotation and resulting lower

latency. éa3clc

In favor of tue pryant were lower cost and less
software development because this drum is used by

Bb«N 1n their TENmX facility., In addition,

changeover would pe egsier since the UNIVAC drums

could oe left on tne 9Y4U while geliing tne Bryant

going on the pPDF=10. ¢a3cld

The UNIVAC drums appeared more reliable, There
have veen some baa experiencesd witln nead crashes
on tne Bryant drum, and wiin 3 single drum in the
machine and tew macnines in tane field a crash
could mean being aown for several ncnths, (UNIVAC
has many of tnese drums in the field, would be
able to replace a bad unit in very short order,
and tile system could operate on threa drums in the
meantime,) 6a3cle
keliability ard speea, as well a8 a Somewhat
indefinite delivery schedule on tne Bryant drum, led
us to the decision to use the UNIVAC drums witn tne
PDP~1l0 systen, éa3c2

In the case of masg storage medium, our possibilities

were the exisgting sryant disc, or the aaaition of disc

packs, sucn as the DEC wrPO2 disc arives, or the IBM

231h. Here investigation showed that the bBryant disc

had veen designed for easy moaification to 36=-hrit{ mode,

and that interfsace co8t would not be to0 nign. Since we
already ownea the pBryant disc, it was significantly

cheaper to use it ths ¢ add any otner storage medium, 6éa3d

Agapting the Special kquipment salb

Three intertace uniis were requirea to connect the
non=LUrC equipmeant to the PDpP=-lU, These were: (1) a
druzi=aisc interface; (2) an intertace for the 24=bi¢
external ~ore system; and (3) an [/0 control box to
convert the PDP=10 1/0 commands to 91gnals expected by
the equipment that previously operstea on the y40, <Lhe
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fungctions of these units are aescribea 1n detail from
the programmer's viewpoint 1in the Appendixes, oaLe

All these of these interface units were built tc our
specifications by Cybernex, Inc, of Palo Alto,
California, éaub

In the construction of these units, DEC logic cards

were uscd in some cases, In otners cases it was

cheaper to make up sSpecial boards using integrated

circuit modules (aual=-in-line packages). All panel
indicators are lighte-emitting ailodes ariven directly

from the logic circuits, All three units have fairly
extensive control panels with indicators for data and
major control signals plus switches for simulating

data and control signals, These panels made

debugging and maintenance uuch easier, 6aubl

The Drum=Disc Intertface: éuluc

This unit connects the Bryant uisc¢ controller and the
UNIVAC Lrum Controller to a PDF«10 memory bus, Dats

rates for these units allow both to Bhaure a common

memory bus, The drum has p~iority because 1ts

transfer rate is higher. both devices may pe

transferring data simultaneously and memory bus
multiplexing takes place cycle=pDy=cycle, 6alcl

control and interrupt signals for tnese units are
processed througn the I/0 Control Multiplexor to
avold the necessity of connecting the I/0 Bus in
the drum=disc interface, 6alcla

The Bryant Disc Controller contains facilities for
memory address and wordecount registers and for
interpreting command tapbles in cor'e, Therefore,

the portion o: the interface handling this device
simply transforms PDP-1lU memory bus signalis into a
simulated XDS 940 memory connection, éalclh

The UNIVAC arum portion of tne interface, however,

must provide word count and addresSs registers ana
otherwise perform the functions of a UNIVAC 1108

I1/0 channel, including the generation of funetion

woras to the qrum system in response to signagls

from the I/0 Control Multiplexor ana the

interpreting of status words from the drum system

0 generate status and interrupt 8ignals, éajclce
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The Ext~2rnal Core Interface: 6aud

fhis unit connects tne existing 24-bit core meuory

system to the PDP=1l() processor memory bus. viewed

from the PDP-10, the EXternal Core (XCURL) system

performs exactly as 1f it were part of the pPDP=10

main memory, with the exception of the missing 12
higher=order pits in each data word. Jhese bits will

te ignorea wnen writing ana will be 8Supplied as

zeroes when reading., Differeunces in wnenory cycle

times :re not significant becsuse tne gpPF«10 memory

is asyncnronous, ocajdl

The XCOxL memory has no provision for' a parity bit,
The PDP=lu memory bus provides for this contingency
through the ignore parity signal which is generated
by the interface, 6ajyd2

The XCURE bank was implementea on the 4V with an 8

port access switch designed to have exactly the sanme
interface characteristics as tne executaive controller

used on the 940 menory port (Hef.l2). 41his access

gwitch was nodified to provide npigh Prioraty for one

port to connect to the PDP=10 and the XCORE interface

ynit was uesigned to convert PupP=~1l0 memory bus

signals to those required by the access switch

interface, 6ayal’

Aside from coordinating the memory control signalse on

octh siaes, the principal function oi the interface

is to transform the negative logic pulse bus of the

Pr7=10 into tne positive logic of the XCORE system, 6akdl

I/0 ¢ontrol Box 6aye

This unit processes I/0 control signals for units
connectea to tne 24-0it XCOKRE memory system and for

the darum=~aisc interface. 1t generates command

signals in response to instructicns irom the PUP-1l0,
provides status bits that nay oe reau py the PDP-.10,

ana processes interrupts to the pPD¥=1l0 with interrupt

mask ana priority selection features. 6ayel

5. Addition of the BB«N Paging Box 6ab

The Pager connects the processor Lo the memory. In
conjunction with mouifications to the processor it
changes the core menory mapping mecnanism so that core
memory is allocatea and protected in 5l2-word pages,
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The address space is mapped for rpxecutive mode as well

a8 User mode, The paging mechanism may be bypassed

either by a direct reset switch or by a PDP=10

instruction to permit running of standard DeC software, 6aba

To implement Zew instructions and to operate the Paging
Box, fairly extensive modifications were required to tne
KAlQ procexsor, 6asb

BB&N provided documentation for these moaifications

with the the Pagang HBox. 71his documentation was very
complete, It included logic diagrams for all

portions of the processor affected and complete wire

lists for additions and deletions, <hese changes
involving approximately 700 wires (576 additions and

148 deletions! required approximately four man=-weeks

of ARC personnel time and were succesSstully completeda

in two weeks elapsed time, $a5bl

In the course of checking out these modifications,

only two minor errors were found in the BB&N
documentation, and the Paging box tulictionea

perfectly from the start, with no errors, Tnis is

highly commendable considering that AKC 18 the first
customer for the TEN.X-Paging Box systen, 6abb2

Teletype Patching System 6aé

A teletype patching system was constructed by ARC

personnel to provide flexible patching ©Of teletype lines

to various spotg in the building, as well a8 to data

sets, The patching facility includes 10cal monitoring

for maintenance and a variable character rate to

accommodate a variety of terminals in u8e, 6aoe

Four character rates, 10, 15, 30 and o0 cpam, can be
increased to a total of eight selnctable character

rates, Speed for a local terminal is determined py
appropriate Jumpers in the connector on the terminal,

Over the teiephone, speed is selected py dialing a

aigit after connection to the computer via the data

set, The speed of the dlal=-up connection may be

changed at any time simply by pulling the telephone

dial an appropriate number of times to step through

the available speeds, 6abal
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Be COMPILLR TRANOSKrK ob

L.

Introauction, 60l

NLS on tne 940 was written in a machine=dependent

language called MOL. Ine MOL compiler was written in «
compilei wrating language called TREE META., MOL was a
systens programming, nigh level language, specially

written for tne 94U and for writing NLS. The MOL (and

also ThkEE MRTA) wWere written to operate under NLS as a
sub=-system. TREt MeTA 13 written in itS own language,

that is, it compiles itself. Parts of NLS were written

in a language callea SPL (special purpoSe language),

which is also a MLTA generated language. 6blk

Changing from the 94U to the ruP=10 proviced an

opportunity to redesign NLS and otner supsysteas to a

degree that the continuous pressg of other work did not

allow us on the 94U, Tne redesigning provided more
flexibilaty and beltel’ service and mace it possipble to

eXtend NLS much more than we could on the §40, No

suitable programning language existed for the PyP=10

which could correspona to MOL. In addition, we had

several 1i1deas about coambining SPL and MUL into one

languaee, 6blb

Approach. 6b2

The aporoach we decided on was basically to convert TREE

META to run on the FDP=1l0, design a new systems

programming language, L.lO, ana compile 1%t on the PDP-1lQ

with TREE META. we decided that TREE META wage powertul

and useful enough to warrant transferring to the PDP-10,

In addition, the PLF=1lU i8 & much more 2uitable machine

for Tkih MrTA. wWe alSO wisnea to make Several additions

and changes to TRLE META itself, wnichn We could not do

sn the 940, 6pda

L1U was adesigned to take aavantage of features that

were avallable on tne PDP=-10 and not on tne 930, The

110 language was specified in advance, and the NLS

system was rewritten carefully .using the NLS sSysten

on the 94U) starting about 8 months before it was

actually compilea on the FUP=10. 6beal

Outline of the conversion, 603

The steps in converting TREE nETA to the PuP=10, and
getting L1l0 running on the PLP=10, were asg follows: 6b3a
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First, it shoula be explained that xkk META 18 a
program that compiles symbolic files which descripe
the syntax and code production rules for a language.
The result is a binary file which is given to a
loader, ‘that hinary file must be accompanied by a
litrary of proceaures =-- which is common to all
TREE=META=generated compilers,

we will use an upper case letter to represent 2
symbolic file, ana 4 lower case lettier to represent a
pinary file, cCompillation will pe written thus:

{p+l] (X) => ¥ 6

which reads: progral p combinea With program 1.
(the laibrary) compiles symbolic fil« Y to produce
binary file y. 6

The situation on the 940 was as follows:

The current TREE MELTA symbolics were called T2. The
T2 compiler would compile MOL, the aymvolics for tne
current MOL compailer, Thne TREr META liorary was
written in MOL and was called L. The current runnine
TREE META was thus [(v2+1/ and MOL was8 [mols+l/.

Notice that:

[t2+¢1] (T2) => t2

(t2+1] (MUL) => mol

(mol+l] (L) => 1
The first step was to alter the liprary (L) to produce
36=bit binary files for the PuP-1l0 locader, rather than
2L=bit binary files for the 940 DLT. Wt wWill call tne
new library L36:

{mol+l] (L36) «> 136
We 4180 altered T2 to produce 36=-pit instructions, and
to produce code to run with 136. The modified TREE nkTA
was called 12,5.

[t2+1] (1245} => v2.5
The next step was to write a compiler like L10, out one

that would run on tne Y40 and prodauce binary loadable
files for a PDP-10, It was written carefully to compile
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a supset of L1V (because the Y40 memory was smaller tnan
tne PLP=1V), We callea it L940: 6o3e

({v2.5+1] (L94U) => 1940 6ojel

The L9940 compiler woula compile L10 programs to lcad on
a PLP=10, provided tney used ovnly the syntax included in
LY40., The lipbrary that would run witn Thkzk META
programs on the PLP=10 was tnen written in L94O, We

called it Lip: 6bsf
[1940+136] (LIB) => lib 6b3fl
this Jlibrary could be loaded on a PLP=10 ob3fla

At the same time the real TREL META for tne PDP=10 was
written in the T2.5 meta language and compiled on the

940, Call 1t T3t " 603¢
[L2.54)](T3) => t3 6p3gl

This T3 was then ready to run on the %40 and produce
PLP=10 coae, In parvicular: Sb3h
({L3+136](T3) => 1310 6bshl
whicn 18 ready to load on & Pupr=1l0, 6b3hla

Also, L1U was written in the 713 language, incluaing the
full syntax this time, and using all of the new features
in T3. It had to be compilea on a PL¥=lC que to the

restricted size of the 940 6b3i
{t310+11b0/ (L10) => 110 {compilation on g PLP=10) 6031l
running L10 on a PDP=-10 19 represented oy [1l1l0+linp/. 6033

Actuually, it was somewnhat more complicated than the
description above because of these problems: 603K

Symbolic programs on the 940 are d=blt non=ascCIl
characters, on the pPpP=10, characiers are 7-bit

ASCII1. IV was easier to introauce ohe extra step of

META compilers to convert the literal strings insiae

the binary files than it would nave Deen to write

coage LG translate 8-01t, 3echaracter-per=-2i=-bit-word

text streams to 7=bit, 5=characterepeér=36=-biteword

text stireams, on a yul. ob3kl
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some featiures we wisnea to inciude in uwne new TREE
META (T3) could not ve reasonavly cowpilea by the 940
TREE META, and an exuira step was made to get to 13, 6D3K2

4o Methoa Of deougging: the Neiwork 6ol

Arrangements were made 10 ugse the PUP=1V at the
University ot Utah tor dedbuggaing our cofipilers, obia

Programs were writien on potn ends tO gllow 940 users
to senq files to yYtah's i1ile system, ana to lo¢g in
and use ine ytah systen. obhkal

Programs (pramarily L36 and T3) were checked out by

running them on the 9LV and sending the binary results

1o UTAH and loading., Format errors and so on were found

by checking the binary image or the results of tne

loading in utah. oblb

¥nen prograns could pe successfully loadea in utah,

symbolic test files were sent to Utah, anua the coupilers

were tested (L10, T3). The results (PDP=Ll0 binary

loadable files) were loaded in Utah and checked, épbuc

In any event, pugs were corrected in the sympolics on
the 940, ana tne necessary coumpilations were done again
and testea. And so on, 6p4d

This work was primarily done auring off hours in order
not to load our 940 too much, and in order to get
reasonable response from Utah. ooLse

The alternatives would have been to have both tne SLu

and our PDP=10 available to users for several months,

which would nave been quite costly, or Lo use another

PDP=10, whica would nauve involved at peSt carrying

magnetic tapes back and forth between computers, The
conversion would have taken perhaps three times as long, o6byf

The actual transfer to our PDP=10 was simple. Programs

were written to transfer files through XCuREk (which 1is

part of the PDP=10 addressable memory). Tne PDP=l0

loadable binary files, and symbolic files were sent

across to our PDP=lU anu loaded, buug

Cos NLS/TODAS TRANSFER, 6¢c

l. The transfer to the PLP=1l0 demanded certain software
changes in our NLS and offered a particularly gooa
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opportunity to make others. Here we 11st them, ror the
approximate baseline from whicn we here gepart, see
reference 1, ocl

Reorganization of NiS: écla

The online system NLS) has been modlfied so tnat the
user gpecifies his terminal device aha NLS proviaes
the appropriste command parser and character
definitions for that device, 7TInis modaification
sutsumes tne 94U NLS/TODAS suvsystems, NLS was also
reorvanized to allow the user access to the
typewriter=oriented ana display=orieiited command
parsers for NLS and the parameter specification and
executor for each command=~-this also make possible
separation of NL»> command specificatlon from tne
{core=NLS) file manipulation, with perhaps a network

in netween, 6clal
New Capabilities: oclb
File systenm 6clol

The file systenm implementea in the Puyk=10 NLS

sys.em functions as does that of the 940 NLS

system, but allows more core space tor file

blocks, applies paging to those tile blocks, ana

ailows for more tnan one file. 6clola

In addition, tne "working copy" of the 940

system has been replaced by a "partial copy"

whach contains only the plocks of the original

file which have actually been changed by the

user, oclblal

Also, only one user may now modify a source

rile at onhe time. Tne partlal copies are
retainea until the user writes the changed

file onto a source file or explicitly

deletes the partial copy. 6clblala

As vefore we Will have files, called
"cineckpoints", onto which copies of the partial
cnples are written for security ana
convenience. ‘there will nowWw be LwO checkpoints
for each source file being modified, Those
partial copy olocks which have changed since
the second=to=the=last checKpolnt are
periodically coplied to tne oldest of two
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checkpoint files, the frequencyY depending on
the user'is acivivity end a maximum amount of
time between checkpoints. 6clblia?

Display Areas 6¢ln2

Unlike the 940 NLS B8ystem, the TENEX NLS syatenm
allows the uger to supdivide the text area of nis
screen into rectangular, non=overlapping c¢isplay
areas, wWe provide the user with commands %o 8plit
exXtant display areas into two display areas, move
the boundaries of display areas, and erase the
display image from a single area, <[he user may
diuplr y portions of several files in his display
areas (maintaining separate view control
paraneters for each display area) and may freely
edit gcross the display area boundaries, The user
may also have a list of frozen statesents (from
any currently open file) associated with each
display ares. 6clb2a

Initially, a user with a typewriter-type terminal
will coniinue to have only one file and one set of
viewspecs, 6cloed

New String Processing Routines 6clb3

A new set ¢f string manipulation routines was

added, as well as new string constiructs in the

L~-10 language which allow the use of string

mechanism from a higher level. 6clb3a

Input Specificgtion gonstructs in L=10 éclbl

constructs are being added to L=10 which make it
easy for a user to specify personal commands, éclblka

The same constructs will facilitate the
description and implementation of the NLS
command language. é6clbual

context Group 6clbs

The user will be gble to limit the sequence

generator to a particular group witnin the zile,

This mechanism allows the user to restrict his
activities to a portion of a fiie. 6clbba

MoGa.fied or Deleted Capabllities: écle
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Structure Manipulation 6clcl
These routines were modifiea tc allow for
cross=£file edating, éclcla
statement destruction oclc?

The routines that remove statements were moaified
10 comnpine free sSpace in the statement data blocks
ahd SO allow better use of this free gpace by the
stgtemert construction routines, éclcia

Statement construction écic3

statenent construction routines were modifiedq ¢
make better use ot the free suvace in g statemsne
data block, to make use of t..e capPapbility of Le~lv
t0 manipulate parts of a wora icalled fields), and
to allow for siring constructio in string oufters

a8 well as statements, oclc3a
Text kaiting 6clcl

These routines were modifiea to allow for editing

cf strings as well as statemsntis, 6clclha
Literal reedback 6clch

The literal feedback mechanism wad completely
rewritten to allow for multiple display areas, éclcha

Input Feedback Support 6cichd

The input feedback support routines were modifieaq
to make use of fields in L~10, an¢ to make the
routines more consistent., 6¢clcoa

NLS Input Routines écle?

character input routines were reorganized with the
more basic routines modifiea to agccount for the
TENEX systen, 6clcTa

Ma. kers 6clch

Markers were called pointers on *nhe yi0 system, A
marker i1s a symbolic name wnicn ne user may
attach to a »e.tacular character 421 a .'lle, Use
of marxers was restricted to the . .le bpbeing
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displayed in vhe 940 system, but We mocified tne
lookup routines to allow reference to all of tne
£iles which are currently cpen (thnis modification
may not be used initially). 6clcda

Calculateor Systen éclco

The calculator system was modified %o make use of
the double-word arithmetic instructions of the
PDF=10, éclcYa

Substitute 6clecld

For the user, the editing command "substitute"
operates a2s it always has, but internally it was
completely rewritten and reorganized. 6clclOa

Output Processor éclecll

The output processor on the PUP=-10 will be similar

0 the output processor (PASSu, which prepares

files for printing and other graphic reproduction)

now available on the 94U with the aadition of new
directives and a TREE-META-g2neratled directive
recognizer, éclclla

Insert Sequential 6clcl2
The insert sequential facility was expanded to

incorporate the insert QED function of the 940
syatem, The change decreases comland execution

time considerably. 6clclea
content Analyzer=anhalyZzer Compiler 6¢clel3

The analvzer compiler is replaced by the L=10

eowis+%: ; “hich now includes the Capabilities oz

the .- Fs/L analyzer compiler. The content

analyzer also will make use of the L=10 compiler.

6clclia

File Compactor 6clecll

Used in the process of outputting a file, this
facility was completely rewritten to make use of
the multiple tile capabilities of NLS/TKLS. é6clclha

File Input/Output 6clels

The Load File, Output File, Load (more recent,
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older) Checkpoint, Cutput checkpoint comnsinds are
either new or completely rewrittell to account tor
the new file system, Automatic checkpointing has

been gdded, é6clclra
Initialization 6clcié
parameter specification 6clcloa

These routines were almost completely rewritten
to take advantage of the gdded capabilities of
L=10, 6clcléal

sequence uenerator 6clcléb

The sequence generator was partially rewritten
t0o make possible desiraoplie cualges in the
sequence generator work area ahd to allow for
the 'SEND' feature py making it a co=rouvine,

6cleclébl
Frozen Statements 6cleciée

Frozen statements are handled &8s they were on

the 940, except that frozen statments may be
associated witn each display al'ea and that the
frozen statement 1lists may contain statements

from any f£ile currently op: . é6clclecl

Verify (ecleanup) 6clcled

A command to verify 4 file replaces a command
to clean up a file, Verification is a fast
reaq-only inspection of a user's file, 6clclédl

BUug Selection 6clcloe

The routines wnich use the position of the

cursor to determine a locataon withirn a file

heing disp.iayea (the bug selection routines)

Wwere modified to bpe compatible with multiple

display areas, 6clcleel

Display Generation 6clclé?

The diaplay image generator was8 entirely
rewritten and recognized to allow for 1)
control of the display by the TingX monitor, an
IMLAC display=processor, or a host computer via
the ARPA Metwork, 2 multiple display areas,
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and 3) eventual repiacement oy tne portraysl
generator, oclciétl

It now creates g universal display image,
vevice dependent secondary pProcessors
convert the universal display image to
something compatible with the user's device,
6clcléfla
Initialization routines were glmost entirely
rewritten to be compatible with the TENEX system, 6clcl?

nessage bisplay 6clcld
Modified to allow tor addition Of messages to
extant messgges on the screen and for multiple
display areas, 6clcloa
string Routines 6clecly

Extant string menipulation routines were rewritten
0 make use oi the PDP=10'3 pyte manipulation, eéclclya

Text pointers é6clc20

The use and implementgtion of the text pointers

Wwere changed to alloew pointers to point te the gap
between characters (interstitizl) rather than to

one oz the characters, This greatly simplifies

their use, 6clc20a

Text Edlting 6clcel

The basic text eqiting routines were rewritten to
implement interstitial text pointers a2nd be

compatible witlh tne L=lu language. 6clc2la
THLS Input 6clc22

The most basic routines were rewritten to ve

compatible with the TENEX systenm, 6clc22s
TNLS Command Specification 6clce3

The TNLS commgnd specification was partially

rewritten and reorganized tc alloWw for changes ana
reorganization of the support routaines and to pe

more (structurally) similar to the NLS commana
specitication,. 6clc23a
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File Maninulation éclec2lh

The ring and aata block manipulation, core pave

status table rouiines, anu so forth, were

exvensively rewritten to take aavantage of a more
powertul file sysuien, eclc2la

cnaracter Readouvu oclcés

The routines thatl reaqQ characters tromn strings

were modified to use the capabilities of the L=10
language, tne POP-10's byte manipUlation

instructions, and to read cnaracters from strings

as well as statements. 6¢clc2ba

NLS Command Specification koutines 6clceé

The main NLS control routines=-command languare
parser=-=were rewritten to conform to the

replacement of tne SPL languzge by L=10 snd were
reorganized to allow the user gccess to the

pargmeter specification segment and the command
executor segment of each ccmmand. éclc2éa

bata 6clce?
The writeable data decldarations are almost

completely new, we now use local variables when
appropriate and tne renagming of unclear global

variaples, 6clc27a
Keywora dSystem 6clc2d

The Keyword system will pe replaced later by a

more powerful associative searching tool. 6clc2oa
Trails systen 6clic29

The trails system will be replaced later by a more

powertul associatives searcning toou, 6clcela
Tree pisplay 6¢clc30

The principle of pootstrapping ferced us to delete
tree aisplay irom the system because it was ii.tle
used, 6clc3va

merge rile (filtered copy) ecle3l
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A command similar to that available now on the 940
is provided in a cleaner ana safer manner, 6clc3la

pon't Modify Working=copy 6cle32

A capability similar to that available now cn the
940 1is pbeing provided in a2 cleaner and safer
manner, oCic34a

Collector=sorter 6cle33

At the end of 197v We had not as Yet determined

whetner tnis feature will be provided as now

available on the 940 or inccrporatea into NLS

itself as 2 set of new commands. 6clcise

tGraphics Package écleldh

A new graphics system (also availablie to the

calculator compiler) includes a new data

structure, "boxes", "areas", and normal editing of
labels. oeclc3ua

Execute Text for bisplay Oriented NIS 6clc3b

An execute text command willi be provided for NLS,
if the programming and decreasea efficiency i2 not
00 ex.ensive, éclc3ba
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V1II. NEW FEATURES IN 1970 7

A, NEW TOOLS FOR USERS. 78
l. During 1970 we developea the following Substantial new

fegtures for users: 7al

Collector=sorter Tala

The Collector=Sorter is an NLS/TnLS Supbsystem which
operates on a list ot NLS iiles suppliea by the user

10 extract statements tnat pass some usere=specifiea
content wnalysis program. <he program may reformat

the statements, and the (ollector=-sorter may sort the
collecteu statemente with respect to specified

"keys", wnich are appended to the statement by the

content analysis program. It places the statements

on the first level in a series of NLY tiles named #1,

#2, e.s, Where #* denotes a name given by the user, Talal

Maill system ‘7Talb

The Mail subsystem allows one to send messages to

other useis gnd simultaneocusly submit tne messages to

the Journal. The Mail is availaole as a normal

subsystein, and also 1s automatically queried wnen a

user enters NLS/UNLS. If the user has no messages
pending, he goes directly into NLS/TNLS. Otherwise,

he 18 1ntormed of the pending messgges and is left in

the dail subsystem, with termination taking him into
NLS/TNLS, While in the Mail supbsystem, the user may 7albl

query the number of messages, Talpla

guery wWho Sent the messages, when, and what the
message Journal numbers are, Talblp

have the messasges typed at his terminal or put

into a file, Talolc
have them simultaneously typed and aeleted, Talold
delete any or all messages, Talble
ana send messages to other users Talblf

by either typing them at the time ot sending or
by naming a file from whicnh the message(s8) are
retrieved, Talblfl
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Analyzer Compiler

The language which was developed for use in the
specification of tex® entities and text editing
algorithms wus magde available to the users, This
language allows any user to aevelop very complicated

personalized text editing, The Analyzer Compiler nas

peen extengsively usea for the network information
center catalog management,

nxecutable text in INLS

e EXecute Text command interprets an NLS sStatement
as g string of input characters, Jjust as thougn the
user had typed them as command specitication. A
comment mode and a Switch character, to switch from
normsl keyboar? input to executable text input, are
provided, This feature provided the first stage in
the developnment of higher level capabilities in
NLS/TNLS,

Calculator and Calculator Compiler

The new celculator and calculator c¢ompller replsced
and expanded tne earlier calculator. This new NLS
subsystem allows users to do gimple arithmetic
operations on numbers in NLS files a8 well a8 Lo
write prograns to do more complicated analysis. 1IThe
galgebraic (Tree Meta produced) languiage provides
constructs which elicit user responses, such as
selection of a number in the file or the name of &
procedure, variable, or calculator accumulator,

Cross reference facility
The cross=reference facility allows lhe 8ysten
programmers to produce cross-reference listings for
their NLS source files.

ExXecute Merge

The Execute Merge command g8llows the user to transfer

all or part of one NLS file to another while
retaining its hierarchic structure (when possiple)
and invoking various statement selection mechanisms
such as level clipping or content analysis, if
gesired,

Substitute
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The substitute command allows one Lo replace one sevy

of text strings by aunother throughoul a4 structural

entity, invoking statement selection mechanisms if
qesired, '7alhl

Transpose command Tall

The transpose commana allows one to interchange two
entities (strings of characters, stalements, or
groups of statement:,; in an NLS filie. Talil

BUg selections in replace command 7all

The replace command in NLS was expanae2a to allow
optional selection of the replacement entity by means
of the cursor, Talil

Output processor airectives Talk

The Output Processor is an NLS file formatter, driven

by embedded directives, for various output media,

such a8 printer and microfilm. This NLS subsysten

was expahded to incorporate several new directives

(to simplify report production) and to initialize

several diractivees from the setting of the viewspecs

at the time the output request was mace, This report

wa8 produced using these nev agirectives and the

output processor, Talkl

Quickprint 7all

Quickprint gives the user a very quick print out of
all or part of an NLS file. Unlike the ocutput
processor, quickprint ignores embedaed dairectives and
formats sirictly according to the viewspecs at the
veginning of the quickprint, otatement Selection
mechanisms such as content analySis Can also be used,

Talll

Character translation in TODAS Talm

Anh expanaea s8et of viewchange commands implementea

user control of cnaracter set translation as

describea above, In addition, it ullows the user to

define various shift characters, set the number of

rows and columns to print on a page, set the page

gize, set tab stops, and save his aefinition in a

file, Talml
Jump to gontent znd Jump Lo Name Taln
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The Jump to content command scans ststements for the
string wnich was entered or sgelected by the user, If
found, this statement becomes the new aisplay=-start
statement, that is, the statement to wnlch the
current Statement Pointer (CSP) points (note that the
content analyzer may remove tnis statement tfrom the
display image), The qualifiers 'First' and 'Next!
specify that the scan should begin at the origan or
at the statement following the current display=start
statement, respectively., ‘hese qualitiers also may

be used with the Jump to Name commana, Talnl
Insert/Output Sequential Talo

These commands convart NLS (randem) files to

sequential files ana vice versa. Talol
Execute TNLS/NLS Talp

AllowWws the user to freely move from NLS to TNLS it he

is at a display terminal. Talpl
New Viewspecs 7alq

TWO new sStatement selection viewspecs were addeq: 7al1ql

1) Plex only: restricts the sequence generator to
the plex of the source of the disglay=start
statemeent Talqla

2) Content Analysas Fail: allows the sequence
generagtor to select ornly those statements wnicn

£ail to pass the current content pattern, 7alqlb
Reset File Talr
Allows the user to dlscard his current tile and
revert to a null file, Talrl
In gadition to the above, we wrote new uger's guides for
NLS/TNLS, the output processor, and the calculator. Tals
B, CORE NLS 7o

l., &8s NLS has evolved, it has become apparent that a
rational approach is needed to formulate it 80 as to be
usable from a large diversity of terminals. it further
became apparent that it would bpe desirable Ior a large
number ot diverse processes to have access to the NLS file
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aha text manipulation machinery, We nave developed a new
concept of the NLS program structure to provide these
capabilities, 70l

ln this concept, a central collection O0f NLS routines
serves as a library for all of the basic functions of
NLS., Incl'ded among these ba:s .¢c functigns are file
Handling, Structure Manipulation, Text kditing, and
other functions which are useful for NLS> programs, Tnere
is then a collection of processors or front ends, which
are free to call on any of the routines in the Core nLS
library. we call this library "Core NL&8". AS this model
is evolveq, the processors which call directly on the
core NLS routines pecome in fact trees of processcrs,
with the following conventions: 7bla

The lowest noae in the tree is that node which calls
only on Core NLS routines, Any higher node may invoke
any of tne core NLS functions, in aadition to any
higher level functions that are providea by nodes
lower tnan itselt, and in the same lineage, All
terminal noces on a tree are, in the terminclogy used
above, processors for the MNLS system. 7blal

These processors may now share common libraries,

which are representeq by lower nodes on the tree,

EeBs, 811l pirucessors which deal with a certain type

of display could share the library necessary for

ariving tnat display, Transpertdition between terminal
noaes on the tree gllows a processor at one terminal

node t0 pass contirol to a processor at gnother node

(€eBe, a8 TNLS may be called from NLS), Tola2

There are two forms of calls: olle is gctualiy a
branch, or a non=returning calil, and the other
corresponds to a proceaure call in ALGOL. In this
second case, parameters may be pasSsed from the
first processor to the one being Called, and 2
processor may return g value, A stlack is used to
keep track of the return information and
parameters, 7Tne stack allows recursion in the
calls., ‘Tblaza

NLS (as & user system), TNLS, the (alculator, ana
the Collector/sorter are examples of processors using
core NLS. 7bla3

Further deveiopment of the model will turn the tree
into a network of nudes where each node may serve a
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processor function and a library function, As a

aroces’or, each node may perform a specific /[set) of

“@8KS which may or may not interact with g user, A8 a
labrary, any node nay be invoked by any other node, and

then perform either a specially defined liprary

function, or the function it would normdlly perform as
processor. 7oLlb

We are now making the necessary changesS in the NLS
System; tne final reorganization in net rorm should ope
complete in June 1971, Tble

Ce NEW HARDWAKE TOQOLS 7Q

l. Three significant hardware changes in addition to the

new computer during the past year were- (i) the addition

of UNIVAC arums for a swapping medium, (2) tne addition of
several new types of typewriter terminals ana (3) the

addition ot an IMLAC Display terminal, 7cl

2. UNIVAC lrums Tc2

In late 1969 we nade a fairly extensive study of factors
affecting response time in the 940 system., Based on

this study the decision was made to replace the drums in

use on the 940 with higher speed drums 1n the hopes of
significantly improving response, Tca

The drums were connected to the 940 through a second
memory interface connection and an interface designea
and built to ARC specifications. 7¢c2b

The UNIVAC drums operated througn &8 UNIVAC controller
designed to operate with an 1108 system, The

interface was tnerefore required to make the 940 look

like an 1108 to the drum systenm, 7c2pl

In & manner similar to that used in many other 940
peripherals, a command table is stored in 940
core, giving w«ll information relative to the
vransfer, including drum adaress, core gddress,
word count, direction, and type ot transfer
required. The interface reads this command taole
and gtored word count and core gddress in its own
registers, The drum adaress ana type of transfer
requested are used to make up a 36=bit function
wora which is transmitted to the UNIVAC
controller, Te2vla
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The interface also converts ou0 positive logic to

the =wgative logic of the UniVAC System and

pe:. T8 24=to=36 bit conversion Dy packing one

ard a nalf 940 vords Lo eacn UNIVAC word, ¢t b

Switch over Lo the UNIVAC dArums led to ¢ significant
quickening of response, Although no actual measurements

were made, our general feeling is that tne predictionus

based on response siudies were fairly accurate anc that

we ¥Ot Lile i1mprovenent we expectea, 7cec

Qur exverience with the UNIVAC arums' reliabllity has
teen very good, and UNIVAC maintenance and field Servic-
are excellent, Tced

New ferminales 'fe3

In the past year many new typewriter terminals for

remote computer access nave come on the market, These

have peen gesigned for many epprlications and use with

many different systems, but very few mel our

requirements: 7c3a

Upper ina lower casSe alpnabet witln a full complement
cf ASC.I contreol codes; Tc3al

Full duplex cperation; Tc3a2

Character rate ci at least 15 and preferably 20
characters per secona; Tc3a3

ln addition to thesc specific teatures, we Jook for

juiet, reliaple, «r-ll, light terminals with

reasonabvly gooc , .nt quality and generally desirable
appecrance, fc3ak

Tnege featurcs, particularly upper -and lower case
2lphavet, eliminate most of *ne avallapie ter..nals, Tcs3b

The terminals 1in use at ARC by Lhe ena 0f 1969 included
Model 33 teletypes, Moael 37 teleiypes, G- Tarmi=Net
300's, ana rxecuperts, (ret,3j Te3c

0f these terminals, all are still in use with tle
exception of the G=£ Termi=Nets, Maintenance

problems and the generally low reliudility of these
terminals forcedq us Lo cancel cur lease, Tc3cl

¢t the otners, the model 33's are generally the
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stand=by for system use, monitoring tleletypes, etc.
because of their low cost ana familiaraty,

At the end of 1970 we wWere still using Model 37
teletypes, but did not consider them desirauvle
because tney arée large and nolsy.

The EXecuperts gre 8till highly satisfactory sas
portable terminals and have needed no maintenance
whatsoever,

'fhe only new terminal put into service in the last year
1s the Texas Instruments Model 720, rive of taese haa
been in service for approxinagtely one month at the end
of 1970, ana so0 far our experience had Ddeen very ,ood,

IMLAC Display Systen

For some time we nave hoped to incorporate a
mediume-8Speea remote display terminal a8 part orf the
facility anu to experiment with using this terminal bpoth
a8 8 high speed typewriter ana as a modifiecd display MNLS
termina’,

Early lest year the IMLAC display system was introduced,
It is attractive in price and seemed to have many cof tue
featire8 we were looking for in an experimenw.agl
termine? 3,

The 1M_ .C 13 a small 16=-pit machine wWith an
arithmetvic processor and a display processor
cperating from the same memory, The display
processor drives a y- by 1ll=inch display tube mounted
in a separate unit, Input in the standarc unit is
from a Keyboard that is read by tne arithmetic
processcr and communication is tnrough full duplex
EIA Inter-ace,

Fcr tne IMLAC to operate as a renmote NLS terminal it
was8 necessary to add a mouse for display Selection
ang Keyset such &8 tnat used in tne local aisplay
terminals, ARC personneli added them in a
straighv~torward manner.

Mouse coordinates (s=bit) for X and Y directions
are ready by an I/0 instruction into a single
16=bit IMLAC word. Tne second I/U instruction
reads the state of the five keysel switcnes and
the three mcuse switches, o>oftwarle in the 1MLAC
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tracks the mouse position from the screen,

interprets the mouse switcnes, and proviqes an
algorithm for interpreting thne tive=finger xeyset
output as characters, Tcibea

The [MLAC is currently operating at 2000 paud over a

Bell System 201lA data set at a remole location, The

data 8et connects at the ARC end to a data get

controller operating {from the 24=0it oxternsal core

system (see Figure 1i). Tecuce

D. HIGHER LEVRL PXOCESSES 74

l. During the past Year we have expended consicerabple
resources in the development of tools for exten i‘ng our
highere-level rrocess capabilities, 7d1l

By "higner=level prccesses" we mean processes in which

the basic user=fegtures of our online sysuiems

(particularly NLS) are used as "building=blocks" ain the
construction of programs for carrying out specific,

perhaps rather complicated tasks, Tala

HLPe are in general usea to automate teXt processing
operations which, oy virtue of frequent use, are too
repetitive and time-consuming to dao by nRand. 7dlb

One ot the major users of these higher=level process
{HLP) tools has been the Network intormdtion center,
which has utilized many HLPs in managing, searching, and
print=formatting tne NIC collection catalog as well as

in other tasx areas. Tdale
Four principal HLP tools are aescribea be” W, Tdld
2. Content Analyzer ‘fa
Intruductaon Tdea

The Content Al ser (CA) feature of NLS pcrmits the

user to write, as part of any file stlatement, a

string of text whicn specities in a Special language

soiie pattern or content, Tazal

After the pattern nas been compiled, whenever tne
content analyzer 18 turned on (through tne use of
a VIEWSPEC parameter) only statements that satisfy
the content specification will pe diaplayed,
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printed, output, or affectea by "Substitute"
commancge. 7d2ala

If the user chooses (through use Of 3 cgifferent
VIEWSPEC parameter), only Statemenlts not
satisfying the content criteria will be pagsed, 7d2albd

The pattern specified may oe sSimple == e,g., a1 string

of characters that may appear anywhere in a statemet

== Or complex =- e.g,, & String, followed witnin a

given numper of words by anotner specified string, in
Statements cregted after a certain date by a certain
author, and not contuining some third specifiea

string. 7d2a2

The language for gpecifying content patterns is

simple and easy tou use for simple cases, but

powerful enough to be useful in more complex cases

as well, T7d2a2a

The pProcess of Searching a Statement 7d2b

when the content Analyzer is turned on, each

statement in the file is searcnea, character by

character, for the content specified in the pattern,
NOormally, the segrch begins with the first character,

but it is possible tG cause the 8earch to proceed
packwards from the end of the statement, T7d2bl

The CA uses a pointer to Keep track ©f the search.

The pointer always indicates which character is to be
examined next, unless something in the pattern causes

the pointer to te moveu first, 7d2p2

A%t any glven moment in the Search process, the
analyzer e gegrching for one of four types of
content entity: 74203

A literal string of characters, such a "abcd" or
"13=x" or "ed Mat" or "memory." 7d2b3a

A 8string of "character=-class variabies"

specitying, for example, "three digits, one after
another," or "two letters, tollowed by any nunoer

of 8Spaces, fcllowed by three to five letters or
aigits." 1d2b3b

The date associated with the statement, {Tnis is
not normally printea or displayed as part of tne

Network Information genter
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statement text, put every statement bears
usere~accessible Jgata gpecif ing the qate on whicn
it was createa or most recently mouisfiea,) 7de2pic

Thne initials associated witn the Statemnent, (as

with the date, patterns may test the initials of

the user by wnhem any Statement was createa or most
recently moairied,; 7d203d

All of tne more complex analysis is achieved by
moving the pointer accoraing to the logic of tne
pattern specification, ‘fd2pl

FOr example, if tne analyzer is to Jtart at a

ziven point and find eitner StLring a or String b,

it first looks for String A; 1f Siring A 18 not

found, the pointer is returnea to tne starting

point, and a search is maqe for String B. Td2bya

3« ADalyzer-Formatter 7a3

The Content Analyzer is an ola HLr, having been an

integral part of Nis for Several years. puring the past

year an expanded version cf the Ca, callea the analyz:r
Formatter (A}), has been incorporated into NLS. <(he AF
rermits the use of more complicated filtering patterns

and also provides capabilities for reformatting or
"programmed editing" of vext statements. Td3a

The Analyzer-Formatter is used in much the same way

as the Content Analyzer, the major difference oeing

that tne AF has far more flexibility and power than

the CA, and conseyuently, requires that a user master

4 more complicated language for specifying patterns, 7a3al

whereas CA patterns are restricted L0 being short
strings of te %, AF patterns are Specified in an
aigorithmic language that permits powerful tools

such as conditional Statements ana subroutine

Calls to pe used 1in descrioing how a Statement is

Lo be Searcheu and altered by tue

Alialyzer=-Formatter, fd3ala

In spite of this power, hewever, the AF jis nasy

enough to use that sophisticateu Users frequently

write AF programs fOr cne=time use 1n eaiting

srecific NLS tiles, 7a3alb

The AF has peen heavily used an tne cunversion of
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readable forms for numan consumption, 7a3b

The statements below are, respectively, the text for
8 8ingle catalog entry as 1t appears in a master
catalog file ana the text produced bY reformattiing
selected partsy orf tnis entry tor inclusion in a
"shelf=1ist" for online viewing ana nardcopy

printing: (d3pl

{version 1> ‘fd3p2

(AS4T7Y4) %#al Richard S. Marcus #al Alan K. senefelq #a3
Peter Kugel #2 Massachusetts Institute of Technology #3
Electronic systems Laboratory #5 Cambridge,
Massachusetts »cl The User Interface tor tne Intrex
Retrieval system #6 42p., #dl (January 1Y71] #di 1li-ls
January 1971 #f1 d p #12 ¢ *ml AFIPS Intormation sSystems
committee #l The User Interface for Interactive Ssearcn
of Bibliographic pata Bases, workshop #5 ralo Alto,
California #nl 5468 *né 5469 5470 5472 5473 5475 5476
Su76 5479 %8sl National science Foundation %32 Council
for Library resources %s3 Carnegie Founcation #wl 1l=5=71
#W2 1l=13=71 #w3 dce #wy John L., Bennett #<¢ IBM kesearch
Laboratory #3 Information Sciences Deparuiment #b
Monterey & Cottle koads #5 San Jouse, Calitornia 9511y
*#yl Lescripes decisions made in uesign Oof system/user
interface for Intrex, grounas for decisions, and resultis
obtained by experiments with users, Finas nigh degree of
user acceptance as implementea., Indicates desirable

improvements. #z2 A}l %23 new % Tasc

<(Version 2>

7d3d

The User [nterface for the Intrex ketrieval System (Draft/ 547y

Richard S. Marcus, Alan R. benefeld, anuy retor augel
(massachusetts Institute of Technology, tlectronic
Systems Laboratory, Camoridge, Massacnusetts).

[January 1971/.

Describes decisions made in design of system/user
interface for Intrex, grounas for decisions, and
results obtained by experiments with users, Filnas
high degree of user acceptance as implenented.

Indicates desirable improvemnents. Tase
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L. CoOllector=-Sorter Tak

Tne Collector=-Sorter (CS) 18 a supsysteu called from NLS
that automnates the process of colleiving statements from
one or more NLS files and sorting them into one or more
new tiles, T7dLha

The Collector=sSorter is usually used in conjunction

with an Analyser-Formatter program, 8o that in the
collection process statements may pe aroitrarily
reformatted by the Al progran, 4he AF program can

also be used to select fron the text of each

statement strings to be used as sort keys for that
statement, 7dhal

The Network Information center has made heavy use of the
CS in preparing hara-copy catalogs and Sneltf 1lists tfrom
the machine=readable master d1C catalog. 7d4b

5. Executable Text 745

The rxecutable Text (ET) feature of TNLS 1S an early

attempt to provide users with an easy=toO-use procedural
language for manipulating information contained in NLS

files, Tdsa

This feature permnits users to request that some body
of text within a file be interpreted as if it were
the usSer's own Keyboard input stregnm. T7d5al

LT commands may be used to pertform any NLS editing
operations, including changing the EI "program"

itself. 7They may also be useq tc perform
file=manipulating operations, such as loading,

updatang, and pranting, ana it is pofsible for an ET
program to link to another ET progral in a different.
file, 7d5a2

EXecutable 1ext alone can be used to automate simple
fiie edating operations, ana in conjunction with the AF
and CS it provides users with a powerful mechanism for
writing programs to perform complex editling tasks as

well as some forms of user=interaction, 7d5b
Ee DESIGN TEAM AUUMENTATION 7
l. The need 7el

AkC has becoune more and more invoived in augmentation of
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teams, and we are giving serious consideration to
improving intrateam communicgtion with wWhatever maxture
of tools, conventions, and procedures wlll help, Tela

If a team is solving a problem that exteénas over a
consideragble time, the members will begln to neea help
renembering some of the important comnunications ==

l.e., some recording ana recalling processes must pe
invoked, and these processes pecome candidates for
augmentgtion., To consider scme or the ciiferent

conditions where such storage and recall may be useful;
suppose pPerson A communicates witn Person s about Item N

at Time T. T7elb

They may well be counted on to rememver their

exchange during the problem=sgolving Period, But

consider the case Of Person C who, iV will turn out,

is going “o need to Know about tnis communication at

Time TT: ‘felol

verhaps he was tnere at Time T put, Telbla

he was too heavily inveolveu even to notice tne
communication, and/sor Item N wdsn't relevant to

his work at that moment and so ws2==n't implanted

for regdy recsall. 7elblal

Perngps A and B didn't anticipate his latar need
and thus failed to invite nim into tneir
interchange or inform ham of its conclusion, T7elplb

Perhaps, although Persons A ahd B Knew he woulaq

later neea the intormation, they aian't want to
interrupt their own working sequence with tne

procedure of interrupting Person C and gettaing him
involved. 7elplce

or, 1f the consequences of the interchange (arry ovayr
into a long-lasting series of other decisions, one or
both parties may fail to rememper accCurately, or may
rememper aifferently because of ditferent viewpoinis,
and troublesome conflicts gnd waste of effort may
result, A single perscn will make c 1list of things
to do on & sShopping trip because he'sS jiearned that
the confusion anc pressure may mnake Lim rorget
something important, It's obvious that %o be
procurer for one of a mutually qevelopeqy,
interdependent pair of lists would make it ev-n more
important to use a record, Teilp?
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Further consiader the effect if the complexity of the
team's problem relative to hulian working€ cabpacity

requires its partaitioning into many parls where eacn
part is independently attackea, but where among the
parts there 18 considerable interaependence through

interactions on mutual factors such as total resourcse,

timing, weignt, pnysical space, functional meshing,

Here, the communication between Persons A and o may
well pe toc "~ 'mplex for their own accurate recall.
For example .heir communication period resulted in

scratcn paper or a chalkboara covered witn
possibilities ana the essence of the agreed=-upon
solution which has since disappeared.

We envision effectively augmenting our collaborative
team by havaing an "intragroup documentation systenm',

containing current ana thorcughly usSed working records
of the group's plans, d=signs, notes, etc, Theretore,

Wwe have begun to develop a 8ystem for entering and
mangging those records, The ARC Jcurnad 18 this
intragroup aocumentation system.

The ARC Journal

our Journal is an open=ended information storage and
retrieval system, It accommocates ana retrieves

whatever thoughts any member of the group feels worth

keeping, All entries in cur internal "mail" gysten

automatically become part of tvhe Journal. In addition,
any online user may flag any file for transcription into

the Jgournal within & day. 1In addition to nLS files,

other hara copy including photographs, line drawings,
and scratcn notesd can be logged into the Journal, In
hanaling extra=-computer copy the yournal draws on the
techniques we are developing for NIC and kINS, In tnls.
section of tnis report, we concentrated on the Journal

as recipient of NL3S files.

we pbelieve the Journal is the key to the aevelopment of
cur ulalogue Support Srstem, We are encouraging members
of the group to enter items freely, to err on the sides
of loquaclousness, even to enter intormation that will
tecoiie useless, We hope to learn from Such a flow how

to winnow worthwhile information, to retine tne
techniques of query, analysis, and access tnat are

necessary to proliterate all our augnentation research.

AS each 1tem {in this case, every NLS file) enters into
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the Journal it receives master Catalog humber (CNUM) and
is catalogued, Tecc

The CNUM is generateq from the one mastere=collection
seqiuence that ARC uses for all of itsS frczZen-itenm

storage: XDOC, NIC, Journal, HINS, and, we agsunme,

al increasing number of other special collection:,

The CNUM pecomes the master iaentifier of tne NLS

file: 1t 18 printed in the upper right corner of each

page of a printout of that file; it 1s the standard
reference name to use in an NLs 3iink; and it beconmes

tne "file name" of that file within the storage and
retrieval system of the Journal, Teecl

when the Journal System takes a file into custoay, it
guarantees retrieval of that f£ile (by i%s CNUM) at any
later time, ‘Teed

A Master Catalog holds descriptions of egch item that is
stored in ARC's Master Collection. <The Master Catalog

i8 composed of g set of NL!) files in wnich eacn entry
(describing one collection !tem) occupies one statement

whoge NLS name is 'M+CNUM == :.,g., (M5237) Teze

The catalog entries are formatted in a special way to
delimit the different data elements, For instance,

for most items tnere is a "x»al" preceding ithe
first=guthor's name;, and within this type of main

field there often are fliaggs such as "#2" or "#3" to
delirit a particular subfield., The initials of the

ARC author are storea gfter tne data eiement code

"#ab", 7Te2el

We don't really expect to use this format

permanently for storing our catalOg data. witnin

4 Year the 8ize of the collection Will make queiy

and file management operationa too inefficient and

we will cnange it. A collector sorter and special
reformnatting programns will reduce tne work of

designing and changing the new format to several

hours at the console, Te2ela

The organization and formatting of the catalog

files will evolve quring the next year, but tne

user's concept of this function probably won't be
affecred, Telelb

Speclal data elements are undel consideration for
processing our NLS files into tne journal., For
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instance, it is likely that the catalog entry wil,

invove a record ot tne whereapouts and the referece
tareet of every cross=file link with the file, Such

a notation would be an important aid in querying 4nd

is also tne base for the "bacK=linking" we have been
considering tor so long. fe2e?2

Journgl entries now also exist as a snelf cf nard

copies. For the shelf-stored copies we now have what we

call "catalog-management processes", {(EXecutable Texu)
Programs to help manage and retrieve the information, T7e2f

The catalog=management techniques that we have used

were designed expressly to accommoaatlte sgpecial
collections., For example, a working subset of the

Master Catalog holas the catalog entries for tne

items that have peen entered in the Journal. This

subset is callea the "Journal Catalog", and can be
extractea automatically from the masler Catalog., Our
initial shelving is by Catalog numper, so the shelf

118t i3 by CNUM. Teltl

Initial Journal catalog format: Te2£2
(Mub98) #aé DUE #cl Comments on WSD 4897, Catalog
Query sSystem #a6 10/22/'70 w»d7 0955:25 #£3 :JRNLA
#22 JOU #23 new #» Te2fla

(MU89Yy) *aé wxe #Ccl LOACQ #uo6 10/22/'70 »d7 1027:25
#£2 3LOACQ #22 JOU #Z3 new % Te2£2b

(M5200) *#aé6 VLp #*cl New NLS Calculator xdé
10/30/70 #d7 1140:L45 #£2 #CALDOC *.2 JOU #z3 new #

Ta2f2c
(15201) *aé MAIL #»cl MAIL FILE #Q¢ 11l/04/70 «d7
1C15:52 #£2 smAlL #z22 JOU #23 new = Te2flc
(M5202) #aé LLE #cl 01d but Kelevant NIC Notes
from Aug 70 #aé 10/29/70 #d7 0911:26 #£3 :JxNLA
#22 JOU #Z3 new # Te2f2e

{M5203) %36 wLBE #Cl1 ENTRY Tu NIC LIAISON LOG =
WLB=UUSB #a6 L0/¢297/70 #a7 1lll:Ll1l #i3 :LIAISCN LUG
#22 JUU #Z3 new # Teefef

(M5204) #a6 Wip #C1l ENTRY Tu N1U LIAISON LOg
ewiBeRkANL #dé 10/30/70 #d7 1llll:1l #t3 :LIAISON
LUG %#z2 JOU #z3 new # Te2f2g
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(M5216; %#aé LDVN #cl Meeting 11l/2/7.0, CCESRvN, JON
#d6 10/06/70 #d7 1S41:56 #£3 :tDRAET #22 JOU #xz3
new #* Te2fdh

(M5217) #a6 WSD #Cl Proposeq new regtires in
EXecutable Text ¥dé 11/05/7i #a7 ~131:2L 4£3
tNEXTEXT #22 JOU %23 new # Te2rei

(M5218) #a6 WSL #Ccl Proposea nNev teatures in
EXecutable Text, kevision 3 sué6 11,/06/70 #a'f
1238:07 #£3 sNRXTEXT #22 JOU #1723 New Teeged

(M5219) #a6é LCE #cl Requiramenwts sy nigner=level
interactive prccegses #qé 1L/0CsTU wgf 1637:00 wf3
$JRNLA #Z2 JuU #23 new # Te2fek

We can automatically generate nara=copy citation

1lists in various layouts by means of a lipbrary of
reforamatting programs, The Collectlor=jsorter

Processor is invckea in one set of exXecutable text
programs, to produce listings sorted on selected

keys., Te2t3

one sSuch listing is the shelf list., A Shelf Last for
a given collection 18 2 1list of citations ordered in
the way in which the colliection items are pnysically
"snelved" or otnerwise stored, Te2fh

Shelf 1list (by CNUm):

DCE 11/04/70 Dacsussion Notes, DCE/JTM: Net acceays
for NIC users
sources :JRNLA Time: 1303:33

DCE 11/02/70 Some NP Notes on Analyuzer Formatter
and Executable Text
source: :LTAFL Time: (yl8:h2

WILB 11/02/70 COUMMENTS ON 5206 (MYROPUSED EXALCUTABLE
TEXT FEATURzS)
saurce: $MEMO Time: 0919:00

MALL 11/06/70C MAIL FILt
sources :MalIl Time: 1137;46

WLE 11/03/70 ENTRY TO NIC LIAISON LUG = wLDeRAND
Source: :LIAISON LOG Time: 1108:07
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WLb 11703770 BNTRY TU NIC LIAISON LUG = WLB&UTAH
Source: :LIAISON LG4 Times 1obL:1U6

DCE 11/05/7v Noteg: UCk Talk with Rubin re, SHI
info=5ys Actavity
source: :JENLC Time: 0900342

MAIL 11/06/70 MAIL File
Jource: :MAIL Time: 1422:03

DVN 11/06/70 Mmeelting 11/2/70, DCe/UVN, JCN
source: :DKA:T Time: 1541:56

WSL 11/05/70 Proposea New Features in kExecutable
Text
Source: :NEXTEXT Times 1331:24

wWSu 11/06/'70 rYroposed New Features in execCutable
vext, revision =
source;: :NEXTEXT Times 1238:07

If tne items are standing on the shelt arranged by cataloyg
number, you woulu probaply find one easily without looking at
the Shelf List., wput, if the item is gone, tne shelf List can
verify tnat 1t should be there,

The items night very well be shelved accoraing to a subject
outline =-- e,g., a Set o1 u’lere-reference volumes whose
gsections would each be a separate Journal entry, Here tne
various sections would o~ updatea independently, and their
catalog numbers would bear no relation to their ordering
withir the bpinders, The Shelf List here would 100K like a
Table of Contents,

An "Index" contains one-line citations ordered alphabetically
or numerically on one or more o0f the ter:s fourd in tne
catalog entries, wWwe autouastically produce intices orderea ont
Catalog Nuribers; Autnor; and KeywWords iroan tihe title (naving
an entry tor eacp non=traivial title word).

Autnor incexX {by initiais):

sly 1lesuQ/70 Partial Descriptioun o2 une upnaiversal

CHl 09/11/7V New NLS feature:

NeLwork intforamition center
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5244 CHI 12720770 NOTLES On CHANUWES TO Thi weS SxSTek
4803 DCk 0v8/03/70 1Initial Journal System (kuitea version
521y DC& 11/06/'7v kequirenents for niegnere-level
Titleword inger:
ncra CnlUm  Autn Date Titie (front onliy)
ACCESS ho3e WwWKe 0O7/10/70 nNETWOKR ACCESS TV SYSThMm
Access L850 wKE 07/10/7719 NelLWOrk Access 10O systen
2ncess 5208 DCE 11/04L/f0 wuiscussion Notes, wuUk/JIM: Net
ACCOESSIUN L8069 WSD 10/06/70 PROGRAM FOR PROUDUUING A TITLE
Activity 5214 DLCE 11/707 O nNotes: bLCe Tal¥ With rubin re.
Agency 4851 DLCE 09/710/°70 Setup of a National
AGENTS 5618 JbN 12/15/'(0 LRANSMITTAL TO NIC STATION
ANALYZER 5227 WLB 11/18/°70 ANALYZER=FURAALT&r PKOGRAMD
Andalyzer 5209 LCE 11/702/70 oSome NP Notes on Analyzer
Answering 5228 JBN 11/20/70 Answering service ior the nIC
ANSWERING 5207 WLb 10/30/70 MEMAO RE PALO ALTU ANSWERING SERVICL
fedt'(w
we Keep up=to-date copies cf the sShelt List,
Author Index, and Title=woru Ilnaex on the snelf
peside the hard copies of the Journal. fe2f'(x
we Wi1ll sSoon tegin to aivide the Jvournal ante
sup=-collecticns, e.g.,: obsolete 1ltems; software
documentation; Baseline Records; correspondence;
ete, relt'(y

we plan to make journal material ever easier to rega
cnline, By next fall we hope thatl aay MLy USer studying

NelWworx Intormataion center
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a Journal 1item may Jjump from a _.1inKk 10 any Journal item

that has been referencea ¥ithin ine past few days wiun

the speed ot disc access, and Wiin a "Wworst cgse" time

0f less than five minutes for a file nol used recently. 7edxg

The baseline Recora: re3

The baseline Record is « Special gubecollection of tne
Journal., It will cnnsist of a series files specially
formatted to contain task and resource allocation
information, incluaing files cf plans, 89pecifications,
analyses, designs, etc. T7e3a

It will be composed of unat portion ot Our current

working records that represents our best aetinition of

tasks we plan to perform in the future, how we are

planning to do them, and what uses of resources (peoble,
system service, materlals) are expected. 7e3b

We will keep some or all of the Baseiin€ kecord within a
speclally organized suopocollecticn of the Journal,

3helved separately, and we will use as 2 "Shelf [1st" a
topaically organized Taole of ¢ontents. bdections of ine
Baseline kecord that are superceded vy new Journal

entries willi pe retiread to obsolete status. Changes

will be approvec and recorded asS in conltiguration

management of haraware aesigns. Telc
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VIII. PLANS FOR 1971 8
A, NETWORK INFORMATION CENTYR LEVELOPMENT AND OFERATION L
l. Computer ana Network Use 04l

A8 necessary documentation becomes availaople, we will

bring up t . BEN Nelworx Control Program (NCP) and boN
Telnet, we wWill then perforn Some testing pefore ve

provide network service, dala

Initially, our locel connect capacity allows o 12

displays and 24 typewriter terminals. wita about 10

displays and 6 typewriter terminals running NLo,

response is satisfactory, but marginal tor display

users. lthe uelivery ir June of new bBryant drums and

megsuring and tuning tne new system shodlu increase

capacity ana response, nOW Much inprovement to expect 13

not rnown. dalb

The system processing requirea to support a network user

is heavier than required to support a 1l0cal typewriter

user, Therefore we are nct sSure how many network users

we will be able to support withcut degrading response
seriously or requiring that we limit local loading by
administrative restrictione, our initiai hope is thatu we

can handle 6 network users by mid-summer with an

optimigtic expectataon that we might pe able to handle

closer to 12. tancC

A8 there is only laimited interactive experience over the
network, we do not Know what its response

characteristics will be like, We may finda that the

delays caused by two timesharing systemsS ana the network
transmission may sllow us to support th® nigher numpder

0f network users without adaing serious incremental

response delays. The loading causea by parallel

processes controlling intersite tile transfers is also

an unknown factor at this point. 8alad

We plan to 1ncrease our reference and communication

service capacity oy providing deferrea execution

facilities wnich will allow NLS compatiple tiie

preparation and eaiting o:fline or in l1local nosts; files

SO createa may then be enterea into NiS for further
manipulation, dale

To prevent file capacity from veing inadeauate wnen
nezced, wWe are stuaying ways of using tape or facilities
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such as those at UCSp to give us an integrated auxilia-y

facility. valf

our plans for proviaing online service Lo the network

are priefly given pelow, dalg
stage O (mMid=June): 8algl

Stage v i8 %o provide experimental access to tne

NIC for RADC ana a limited number of west Coast

sites 80 thal we cah learn how tO Landie problems
which may come up in actual natwork operation,

These sites frovide a variety of hosts and thear
lccgtion on tne west (oast simplifies

communicatior during this initial triul period, ovalgla

Stage U will allow access to the TENEX Executive,
TrLS, an iritial Network Dialog Suobport System=DSS
{wnich will allow online creation ana suomission
of messages and documents, with harucopy mail
delivery), wna the first release Of our TNLS users

manuale. balglb

Initieglly, we will allow & waximum of two networx

users on gt once, 8aigic

There will be a itwo=day TNLo> course at SRI in June

for the initial sites. dalglad
Stare 1 (Egrly Augusti): dalg?

3tage 1 is to provide access to the N.C from any
site in the newwork having the apfropriate access
sofiware, balgaa

Stage 1 will allow access to the DSS of Stage O

with online access 10 docunents and mesaages

cregted online, online access Lo Network related

files guch as the NIC Catalog, ARFA Network

Resource Notl:-900k, and other NIC documentation, oalgeb

We expect to provide training to 8ites d.siring

access, We will allow as many neulworg users
simultaneous access as we can, depending on

initial success with system tuning, A reasonable

guess 1is y=8 users, dalgace

Stage 2 (vuctober): balg3
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Stage ¢ will provide message delivery to files at
renvi.e 3ites (assuming protocols estaplished by
the Netuwork working Group have peen implemented),
an initial ceferred execuation mode gllowing users
to prepars files on their systems and then nave
them entered into TNLS for furtner work, and
improved query facilities of netwOorx online files

We hope 10 have improved TuNEX<NLS performance 8o

baigia

a8 %0 allow more nety4ork uJders sihultaneous access

than allowed in Stage 1,
2. Other Reference and Ccommunication Activitaies

Maliing: we will continue to mail kFC'S and other
meterial going to lLialson people as soonl a8 we can get
the material duplicated, which is usually within 24 to
L8 hours gfter we receive it. we will mail materizl to
station agents once each week, usually ©on rridays. AS
online nessgges and documents are sent through the

8a1g3b

Bu?

NICDSS, we wWill trunsmit copies to the addressees and 0

stations as appropraiate,

Catalog8: we will continue to proauce NIGC catalog
listings ana inaices, using improveu tecnnicues for

tHaca

their formgtting ana printing, %e will also develop more

automatic procedures for handling the proauction of the
catalog and maintengnce of the master catalog citation
data, Early design work and the production of the first
catalogs have gaven ua aaditional unaerstanding of the
provlems involved and ideas “or meeting tnese needs, we
plan to produce catalogs on a3 monithly basis.

B. DIALOG SUPPORT SYSTEM LEVELCPMENT
l. Automatic Journal kntry
After the transfer of NLS to the PLFP=1lU, our Journal
entry ana cetaloging procedures will be made more
automatic, and brougnt under aireact user control z1rrom
NLS.,
kntry commands such as the following will be usSed:

EXecut2 Journal

Interrcgate (optional interactive input
request moae)

retwork Informastion Center
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Author (the . ser py derault, otners are
entureq) dblalc
comments (optional comments about* the
document) dolald
Distripution (to ARC or non-ARC people by nane)
sblale
Subcollections (NIC,AFlPS,nNAS,etc,) 8blalf
Keyworas (at user's uiscretlion) 8blalg
rXpealte (tor 3=4 nour aelivery to ARC
agaresyees) 8blalh
GO (LO start file anu catalog
process) ) dblali
Catalog entry, uarucopy forumatting, anua secure
online filing of the document are included in this
process, 8bla?2

naracopy distrioution will pe usea for all documents

at first; optional cnline aelivery 10 addaressees ot

links (references) to tne Jcurnal aocument tiles will
follow soon therearter, obla3

2. We plan to make Journal material ever easier Lo reaa

online., Ly next Fall we nope that any NLS user studying a
Journal item may Jjump irom a link to ahy Journal item tnat

has been referenced witnin the past few diys With the speea

of disc access, ana with a "worst case" time or less than

five minutes for a file noc used recently. 82

3. Further auevelopment ana detailea auesigll of otner needed
DSS features including wWork on backlinking, set generation
and manipulstion, and comment nandling wilil continue. 8b3

BASELINE MANAGEMENT SYSTwmM DEVELOPMeNI:
oC

l. The basic aesign and implementation of tne ARC paseline
management system will proceed with operational use of task
nlanning oroceaures across various areas inciuding

development ana operation in Service system, J1C, NLS,

TENEX, Haraware, Dialog Support, File Systeér, ranagemnent

System, ana bocumentation activities, gcl

2. lask pianning aata collection will continue, witn

NetwOrk informstioll venter
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inproveient to ve mage 1n methoas of file Upaatling Ly those
responsivle for taskKk management,

bee
hey planning cata eleients incluae: bcéa
nequirements (what each tasx 18 supposea to proauce)
bclal
puyer(s) (other lausSK(s) sponsoring conauct of eacn
task) dceal
Jeslgn details (or lanks to gJgournal Or other files) bc¢c2a3
nilestone nointvs (as appropriate) 9Cdalt
rstinated aates (start, completion, auration,
mnilestones) bclab
rstimgtea resource use (people, 8system, other) 6c2ab
SUb=t48KS (as apprcpriate) sc2a'?
Lepenuencies on or by otner tasks (by uvime cr desien)
oclad
De TRANSFEK UF NL3 od
l. iransfer of existint NL3 and {ilLS features from the Au$
940 to the pPuk=1l0 will pe completed, with neeued cnanges
peling made Lo tnose features wnhere practical during the
traiisfer orocess, 8al
2. Key changes in TNLs will be pace L0 give users more
access to textual entities in viewing anu editing
operations, These Will center apout providing commanads tor
specifying audresses more precisely and tor movement of a
control marker Wwithin a tile to statements and witnin
statements to cnaracter positions by cnaracter count,
entity count, content, ana other specitications, 8d2
3o TINLS5 changes will ope made with the oogective of givang
NeLWOrK user. access to NL> features and files in as useful
a fmanner as possible, recognizing existing ana future
characteristics of tne wmodes and terminals from which taney
will work, bd3
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se

New NLS and kxecut,ive fegtures planned next are thnose

most directly supporting N1C cevelopment ana operation
tLasks,

2.

Sone ixecutive tasks are:

vrum Niagnostics

Uryant=UNIVAC System

vrum comparisons

pvisc Diagnostics

uisc =levator algoritnn

NET Link and Adavise studies
Tertiary File Storage Study
increase vpen Filles Capabi ity
Wetwork File Transfer sStudy
rerformance Measuremnents

Stuuy Capacity Increase nNeeds ana Posslbiities
pacKground rrocess pevelopnment
keoreanize ACORE

pid Scheduling Design

s>ome NLS tdsks are:

erose File raiting
Detferred wmXecution
s>tatement Auadress options
Cross reterence

Stateinent rroperty Lists
one (ommanG background
renove pNLS Specitications
Conrnanad pacskup

vollector sorter Improvements
rast Supstitute

kortrayal Generatcer

Help commarnda

Novice pmoae

MOUDULAK PRUGWRKMNING

1.

hence will nave a very large repertoire of commands,

Se2
bel2a
dedo
de2c
segd
tele
dezf
tezg
gde2n
begl
ve2]
dezk
becdl
ce2m

A tully=-developed augmentation system 0f a few years

regpresenting a ricn vocabulary for eiiciting nelp from the

counputer systen,
suvset of commands,
intellectual task,

TOo experiment meaningfully with any one
designed to support a Special Kind of
the evaluation must rightfully be qone

within a worxking environnment in which the Supjects are

Network Information genter
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qoing all of their associated work in the way tuey woula do
it in the "complete wWorksnop," 6xl

2+ Thais means that to provide a progressive research
environment in which rapid and signiticant evclution can

take place, some sort of a "latest thing in complete

workshops" must e megintained as a laboratury tor each
experimenter. 10 maintain this in separate installations

is quite impractical. or2

3. The conmputer network oifers an importalt hope here, in

that it makes i1t pos3ible ror people at aistributea

locations vo share a "latest tning in complete worksnops"

a8 an environment for their different, speciiic
"tool=gevelopment experiments,.," 813

For several years axC has been aiming toward an
experimental future in which this was the way in whichn
Oour workKk on augmentation systems would fe done =« 2as
purt of a larger community in which wany more peopie
than we could marsnal would be working on aifferent
fronts fand at different levels). 8fsa

For instance, much of our motivation - Oward the Dialog
support systiem has been to facilitate close
collaporation between such distriputea

system=development participants, of£3b

Le Hesides being agble to sustain collabourative dialog, the
participan%s would be mucn helpea if eacn Could view g
relatively stable system as the packground in which ne
experimenved with a new tool, and if he coula very rapiuly

ana inaependently create and modify new 100l features, oflh

s We are launching development of a podular Programming

system explicitly to serve this end, besigh and

implenientation of a preliminary system will occur during

1971 waitn further stages ot development to follow, wnen N.S

hae opeen moaularized, it will pe possible for insiance to

permit a worker at Jtah to be given "custodiznship" of a

private subset of moduies pertaining to tneé manipulation of

one xina of graphic=data packet in our file aata nodes, 8sLb

He would be given nis private copies of tne scource code
files for tnese nodules, and could aad anu/or modity
them at will, His modules could e indepencently
compiled by him at any time; «nd when he wisues to
experiment with the resulting '"new tool," his compilea
modules could be linkea into the rest ot tne NLS
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compiled=-coue module Set at run time, pernaps in . ace
of some mouules thatl tne standard version of NLS o:xers
but that he is redoing,

To experiment with nis vool, he coula usge it in the
midst of processes, methods and ainformatlion that rre
part of a busy (and evolving) working 1ife in the whole
WOr'KShop.

rach person could 4o hi. private development watn
manimal buraen on the support system, alld with maximun
protection to the otner workshop users,

The standard=NLS Moaule Set woula be controlled and
updated by a central community process, steadily
inter:gling the improvements of the trial tcols as uvney
pecc .> tnorourhly checked out,

network Information center
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Ixe GLOSSARY
ARC == Acronym for Augmentation Research center,

AKRPA == Acronym for the advanced kesearch ProJects Agency o1
the 0ffice of the secretary of Defense,

Augmentation == [n this report, extension, iwprovement, or
amplification of human intellectual ana organizational
capabilities by means of cliose interaction with comnputer aids
and by use of special procedural ana organization tecnniques
designed tc support and exploit tnis interaction,

BB&N == Bolt Beranek and newman. A commerciald research and

development organization under contract to ARPA for services
to the ARPA Network, and under other contracts that lead to

frequent interaction with .RC,

Bootstrapping == A name for tne research strategy of the ARC,
By "bootstrapping" we mean taking advantage of tne feedaback in
recursive developrent of systems, 7That 18, we try to test
wWays of augmenting intelligence by their usefulness in
developing new sysi-ms8 to augment intelligence,

pranch == In the NLS hierarchy of statements, a statement ana
all substatements that depend on iv,

Center == The same as ARC,

Console =~ AS usea here, specifically a user's conirol console
for the ARC's unline System (NLS). 7The consoles presently in
use consist of a display screen, a keyvoard, a "mouse", ana a
"keyset'",

current Statement == In NLS, normally tne lasl statement
modified, executed, or reproduced by the user, and, hence the
statement that starts the sequence of the sequence generator
which genersgtes tne display image. Usually the statement at
the top of the screen is the current statement, but content
analysis or screen splitting may aisplace or obscure it,

current statement pointer ~= The internul symbol fixea on the
current statement by NLS.

Dia.og support System (DSS) == The system of tiles, programs.
amd procedures at ARC for storing, sorting and recovering tne
interchange of thoughts, plans, memos, technicCal aocuments,
etc, that accompany our system development,

Network Infcocrmation genter
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visplay Start statement == Tlie same as "cu,relt statement" vl
wXecutaole 1ext == In NLS, a program or subroutine that is
written in characters as all or part of 4 statement and that
can be carried out by a simple command iromn the user, ym

File == In NLS, this refers to a unifiea collection of

information hela in computer storage for use witn the online
System, A file may contain text (Englisan or program code),
numeracal information, fra«phics, or any combinatvion of these,
conceptually, a file corresponas roughly vto a hard-copy

document, yn

Field Operations == In programming MLS, manipulations that
involve the capacity of the Pub=lU's soitware tO hanule paris
of woras. ¥0

Frozen Statements == In using NLS, statements aneld as iy on
the display while other parts of the file are comnposed or
modifiea, yD

Higner Level Processes == (HLP) Processes in which the pasic

uger features of vur online systems (partinularly NLS and

TNLS) are useda as opulldinge-blocks in the construction of

pPrograms ior carrying out specific, pernaps ratner complicated
tasks. ¥q

IMP == Acronvm for Interface Message Processors, Hardware
devices that cod: and decode mnessages fcr transmission petween
the computers on tne ARPA Network, 9r

lntellect == The numan conpetence to make, sort, exchange,
and apply tou decision making xnowleuge, ys

Journal == The open endrd information storage and retrieval
system that supports tne Lialog Supvort systeu, A

aeyset == A device like a stenographic machine consisting of
five Keys tc pe struck with tne left hana in comaanaing the
online systen, yu

List == In the NLS nierarchy, the list of a given statement is
the set of statements that are in the piex of tne source of
the given statemel.l ana are on the game level with it, yv

Markers == ;5 narker is a symbolic name which tlhe user may
attacn to a particular cnaracter in a tile, IV 1s invieiple on
tne screen, but visible to routines that searca tor it, YW

NetwWwork Information Center
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Mouse == A device operatea by tne ragnt nana in using the
Online System, The nouse rolls freely cn any fiat surface,
causing a cursor spot on the aisplay screen tu move
correspondingly. yX

NIC == Acronym for Network luformation center, arC's Key role

in the ARPA Computer nNetwork, The KwIC 18 a cOmputer=-assistea

reference and communicagtion service for inforigivion pertalining
10 the network,

NLS == Acronym for the AxC Oniine System.

Plex == In the NLS hiersrcny, the sz2t of all Statements that
have a common source,

online System =~ 4nis is akU'S principal 4na cCentral
gevelopment in the area oi computer aiads to tne nunman
intellect., 4As presently constitutea, it s a time=ghared
nulii=console system for tne composition, stuay, and
modification of files (see aetfinition ot "file"), Many
detgils of the system are described in the wody of this
report,

Pointer == xn 0ld name Zor marker,
KADC == Acronym for rRome Air Jevelcpment Center,

Sequence generator == A routine that, when given the number
that identifies a statement internalliy(tne STIy), will search
through the file ana tind all the suhsequent Statemnents that
opserve the current viewspecs,

SRI == Acronym for Stanfora Kesearch Institute

S71TID == Acronym for statement identifier, A numger unique to
each statement in a file ana that remains witi the data
regardless of editing.

source == In the NLS hierarcny, the first suplist of a
gtatement is the set of statements immegiately oelow it, tne
secona suplist is all statements one level pelow tnem, and so
the nth sub.ist of statement "s" is the set of statements utnat
are in the first suplist of tne staternents in the (n=1l)th
sublist ot "3",

Statvement =~ 7The vas3ic structural unit of a file., A Statenment
conslists of an arvitrary string of text, plus ¢raphic
information. A file consists of a numper of Statements in
arranged an explicit nierarchical strucuure,
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Textpointer =- In NLS as usea on tne Pur=1lu, the fixation oy

NLS on & sSpace between two characters wnich allows the users

10 be sure editing or execution of executabie text will begin
with the tollowing character.,

TNLS == Acronym tor Typewriter online Systemn, The systen
used in ARC from tvypewriter type termals from early 1971 on.
It differs from TULAS internally in using core NLS with
adaptive routines that are called automatically when the user
names his terminal in logging in, ana externally in a number
of sdditional powerful eaiting commands,

TODAS == Acronym for Typewriter Orient.ead bocumentation aid
system, Tne version of NLS useu from typewriter lixe termingls
prior to 1971.

Tree Meta «= The compiler=compiler system ot ak(, usea to
compile all tne languages at AkKC.
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Project 7101, stantford Research lnstitute, penlo Park,
California. 49019

2V, . C. Engelbart, "Intellectual 1lmplications ot
Multi-~access Compute) NelwWwOrks," paper preSented at the
Interdisciplinary Conference on multiple=ACcess Computer
NeLworks,; Austin, Texas, April 2u=22, 1970. 10020

2l. 4. C, Engelbart ana staff of aAugmentdtion researcn

center, "aavanced Intellect-Augmentation Teéchniques," Final
rReport NASA Contract Na3l='7897, July 1970, Srl Froject
7079, stantore Aeseircn Institute, menlo p4arx, california. 1looll

Note: Reports wita AL numbers are availaOie from pefense
pocumentation Center, puiiaing 5, Cameron otetion,
Alexanuria, virgania 2¢31u., Reference Nos. 6 and 12 nay oe
obtained from Cr¥sSTl, Sills Buildang, 5625 Port koyal Road,
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springfiela, Virginia 22151; cost $32.U0 per copy or 65
cents gor microtilm, 10ne2
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APPENUICLS i1

Ae APPENDIX A, 1/G BOX lla
L. 1/0 CONTROL SYSTEM llal

2. General lla?2

The [/0 control box connects onto tne PLP=L0 I/0 dysten
and 18 used to interface control signeals and interrupt
8ignals between verious external devices and tne PDP=10,
llaga
3, CONVU To Devices 1lia3

The PDP=10 controls external devices througn the
execution of a CUNU instruction wath aevice ccae 420, lla3sa

Tne right nalf of the word nas tne tollowing format,

18 21 Je 33 35

¢ ignore : 12 pits g H

- i EmD @S e T SBe Oe DO Ew BR @S Dy WS TP e WS 8w

3up=aevice bits order code lla3ain

By setting oits 21 through 32, tne order coue can be
trangmitted Lo any number udp to 12 eXiernal devices,

lla3a?2
pgits 33 tnrough Jb are decodea L0 gelerave one of
eight commands that can be transmitteu to tre
indicated aevices. lla3a3
oruer code ¢ L4S veen reservea Yo represent a
reset command, 1lla3a3a
In general only tne farst four order codes nave
been aecoded in tine haraware, lia3aib
when the "kESET" switch on the PDP«lV consol 1is
pushea the order coue O i8 transmittved to all 12
aevices, 1lla3ab
Bit assignment within this fieda 48 well as order
tunctions are daexined below, 1lla3ab
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=1l DLVICH ORDEK CLLE FUNCTIUN
32 Disc/Drun sysvem 0 reset gysteu
1 reset grunm
2 reset disc
3 start arum
L w0 chaln disc
5 G0 no=cnain aisc
6 bisconnect disc
34 bisplay Systen 1 0 reseti
1 initiave
2 pause
3 restart
30 Lisplay System 2 6] resetv
1l initiate
2 pavse
3 restart
2y l.D.Co ¢ resev
1 iniviate
20 rrinter (¢ reset
1 initiate
P NetWwOrk V) reset
1 timer
2 receive
3 senq
€0 heSelala SetU V] rasev
1 initiate
¢5 unuse::
el
23
22
21

4e CONI From Levices

lne pDP=1lU can sample tne state i various exXterial devices
tnlough the executvaon of a ¢unl anstructioi wWith aevice coae of
420,

ine right half of tne word uas the foliowing rormat,

lo 35

lo £i1isg .

bevice statvus Lines llayala

vomplete flexibilaity is allowea in conuecting aay

NeLWOrK 1lnformetion center
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Appenaix A,

status conuatvion of any device to solie particular bit

within whis flelg.

llauae

pit assignments within thls fieiud are defined below,

Lt

35
3h
33
32
31
30
29
28
27
26
25
2y
23
22
21
20
19
18

Interrupt handling

device ana conuition

yrui pusy
Disc pusy

bisc ervor
Display 1 busy
Display 1 error
Lisplay 2 ousy
Display 2 error
I.D.Cl Ousy
I.D.Ce error
rrinter busy
¥rinter error
network busy
Network error
HeSelLeSes LUBY
FaSeDeSe vUSY

llaka3

lialkasa

11a5s

Tne PLUP=10 controls vota the interrupt level ant the
masking of tnose devices trom which it Seeks interruovs,

control 1s executea turouvh

instructions to the /v control bpox.

Flag register

several CuNl and CONO

1laba

1llasb

The flag register stores tne bits whlcn are trying to

generate 4n interrupt L0 the ppre-lu Systen,

liabvl

This register can be sanplea oy tLiue e€xecution oOf a

CUNI instruction

a uevice code Oof L1k,

llabw2

pvata Wwill be presenteq witn tne following format,

29

MW @ ew WmE Gc O g TR G0 me ew @

Iflags

llabuca
3z

8 ignure

ilasD2al
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Bits 18 through 29y are set wnen al anterrupt has

been requestea from the appropriate aevice, llaboZb
Devices are assigned tc pit positions accoraing to
the tollowing table, lla5béc
BIT D=-VICE

29 4ryant visciablormal interrunt

28 A“ryall Lisc:normal interrupt

2'7 Display sSystem 1

26 Dispiay Systen 2

25 I.U.U-

2L Printer

23 Network = anput

22 Network = output

21 HeSeleS,

20

1y

1 XCounk failure llasb2cl

inl1s register can pe anoaified by tne PLUP=10 tarough
the execution of a CuNO anstruction witn a device

coae 0of ull, llabs03
The right haif ot the instiruction has tne
following formate. llabbia
10 29 3G 3L o2 3>
¢ ! ¢ @ agnora :
-aw wea T @mw e oe - ow SA@m e e B Ee SO - wmw wmy -
tlags contlrol lila5b3al
i31its lo through 2y inaicate the bits of the flag
regisver to pe eflecteq, 1laboisb
If pit 30 is set, then the inaicatea bits of tae
flag register are two pe set to zero. llabosc
Iz oit 31 is sel, then the indicalea bits of tae
flag register ar: to pe set Lo one, 1li5034d

hetwork inforamation genter
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If bit 32 is set, then all the pits of the flag
register are 1o ve set Lo zero, ilabb3e

MasK A register llabe

1his register contalns a 12 bit mask and a 3 ovit

interrupt level reglster. An ainterrupt is generatvea

on the appropriate priority interrupt channel when 4

one occurs both in the flag register and in the mask

A register, llascl

The source of «n anterrupt due L0 mask A can be
determined througn the execution ¢0f a CONI
insvruction with 4 device coae of 4uL0, llascla

Date will ve returneua with tae followine
format. llabclal

8 29 35

12 bpits : 1gacore

mask A and flags lles5cla?

o
.

bits 1Y tnrougn 29 will ce returnuen as ones
only if ovoth 4 bit for mask A ana vuie
corresponding rlag bit are set. llasclal

The Mask A register can be moaifieu VFrrougn the
execution of a GONOU 21v twruction wiln a uevice coae of

400, 11la5¢2
Tne right halzi of the ianstruction h4s the
following forndt. llabsceéa
18 29 30 31 32 33 35
masK 4 control vpraiority llabceal

B118 L& through ¢9 indigcate tne bits of Mlask A Lo
be aftfected, lliabcebd

If nit 30 is set, then tne inaicalteu oits of tue
maSK are to oe sety to zero, 1labclc
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If oit 31 is set, then tne inaicaiea bivs of tae
masKk are to be sel to one, 1labciéa

If pit 32 is setv, then the inteiruptuv level
regigter 18 to e upaated witn the contents of

bits J3 tarough 35, llabcee
'h1is register cal be sampled tarough ine execution of
a DATAI instruction with a device code of 400, 1labc3
pata 1s returnea in the foliowing formdt,. ilab5cisa
29 33 35
oo --:-;g;or’ :-- - --:

i mas; A o i i prior;ty 1las5c3al
bits 1lbo tnrouen 29 inaicate the state of musk A, llabcsp
Bits 53 through 35 indicate the ihterrupt level

sev for mask A. llabecsc
rlasKk bt register llasa

1his register contain3d a 12 bit mask and a 3 bt

interrupt level register, An iuterrupt 18 generatved

on the approrriate priority interrupt cnannel when a

one cccurs both in tuae flag register and an the mask

L regisver, liabal

The operalion 0f ULhls masK register 1is identical to
that of tne mask A register witn tine provision tnat
the Jdevice code tor the approprisutve VUnu, CORI, ana
UATAI ainstructions 1S uVy, llasald

UNIVAU Drunm llaye

interrupts ror itne UNIVAL urum are hdanaled separanely
ironm the other devices Lo allOow tOrl & dnlgue
interrupt level zor this qgevice, llabel

ah inverrupt is geheratea v tue applrupriate
interrupt level +f tne vurum flag 15 sev, llase?

The stave of vac prum fuig 91l Calh pe Sawmpled
tL.rough tae egLecution ¢6r a JUwl 1Nstruction with 3
device code o1 ulv, llaseca

H2LWOTK 1tntormatlion ventver
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pala 19 returned iaitn tne trollowingk format, llabe2zl

29 35

mME Be oD Se oD G O 0 T @ TE e G ST Be =@ SO

ienore B 8 ignure :

MO WMe Ge PE MR @O G Yo G o BT O SR e e T e

urum tlag llase2a?

Bat 29 is returned as a one 1t tne drum tlag
bit is set. llabse2a3

ine bruwm flag anu prioritvy intverrupt level can be
moaitried through the execution of a LVUNU 1nstrudction

with device code jlu llaben
The rignt halt of tne instruction has vhe

following format lla5e3a

1% 30 34 32 3 3>

:-- T T ;;n;;e-- T --:--:--: -:-- - --:
T T T T T T T T Tentrel priority llavesal
Bit Ju will reset tne vrum tlag. llabesb
dit Ji will set tne Drum fliag. Llabelc

If bit 32 is set, the the priority interrupt level
Will be set to the value contained in oltvs 43
tarougnu 3b5. lla»e3d

Tne vrum interrupt level can wve Sakpleu througa tine
execuvion of a wafAl instruction witfli 3 device coge
of ulo. liase!l

vata 18 returned with tne following tOriugat,

16 33 35

ignure H g

priority llavebel

bits 33 through 35 inuicate the Qlsc praioravy
inverrupt leveld, llaseuv

NeuderKk intformation center
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The urum interrupt can be turned o0tff by settiing
the priority level to zero, llabeyc

NelWwOrkKk lntoruatioli Center
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be APPENDIX B, UNIVAC DUxlUp SYSTeM 11b
l. Genergil liol

The supsystenm aescriped here consists ol 4 highespeeag

UNIVAC Vrum units model Fh=hk322, ana a UNLIVAC Drur

control unit model 5012, connecteaq to a PuP=lU menory

bus through a Special biscelrum ¢nannel Logic unitv. llbla

The total storage d4avaliavle or. the 4 Lrum uJunits is

1,048,576 words witn an average access lime ot 4.3
ailliseconus and a transfer rate of 240,000

words/secona, llolb

Trhe Disc=Drum Channel LOgic processes commgnds to the

druw by reaaing a Jnit keference yell (VUky) in memory

for instructaons, [n adaition it allows tne srysnt bisc
controller to shiare access to memory thr'ougn the same

nemory bpus, Llolc

In aadition to acting as a drum controller/interface,

the pisc=-urum channel Logic &als80 conhegts the pryant

pise System with the PDP~1lU menmory. Memory access 1S
multiplexed petween the disc and drum g cycle at a

time where tne drum hkas hign praoritvy, lltlcl

The Disce=Ddrum charael Logic i8 connecteu to the
PDP=10 memory through tne nhigh priority rort ot tne
unC MA=1l0 menory mogules, llolc?2

The arum URL is a fixed, three=word ploCk otf ccmputer

core nemory. llplq
UrC 64 function word for arunm
Urt 1 65 Wwora count ana mepory aadress
UnC 2 66 status message llolul
2. CONO, CCNI, and Interrupt Instructions 11v2
Three CONC iustructions are qefined for tae disc
subsystenm, llp2a
‘ne CUJ0 codes are (uevice cocde 420) lib2al
742200 VUO0L10 Reset plsc/Lrum syster
Th220U VL0011 keset Lirun
752200 000013 start urur 1llo2ala
The CUNO actions are: llo2a2

Network Informatiol (enter
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Start urum =« Tia1is COnU Causes the controller to
eXecule the command contdineu in the UKC, iLlbeaca

Comilana processing consists of fetcaing the
control weras 1rom memory, tralismittine the
function word to the arum, and nanaging the
resulting aata transiers petween memory and
Jdrum, 1ib232al

A dStart urum CUNO 18Ssuea whlle tne systea is
pusy will uve ignorea, 1lb2a24?2

Resetl bLrum ==« 1h1S COhv inmmediately terminutes any

darum operation 1n process when tae UhU 18

receivead, anrd returns tne system Lo tne cisconnect
state, llbla2hb

Reset vuisc/drud system == This UONO 1lmmeaiately
terminates any disc or Jrum operation and return
tne entare disc/J4rum channel logic to the reset

state, llo2azc
One CONI condition is senseq, llo2b
The CUnI aevice code is g2u l1lbebl

fhedd YYYYYYYY sense 1input
concitions llb2vla

31t 35 == This bit 1s set to a one 1f the druna
system 18 busy 1llb2bld

prum Interrupt 1lo2c

All interrupt is generated on tne appropriate
1iterrupt level ¢f the prum Flug 18 set, llvacl

1ne prum rFlag anu priority interrupt level can be
nmocifiec unrougn the execution of a CONO instruection

with a dJdevice coae o1f 4lo0, llp2c¢2
B1t 30 setl will reset tue prunm Flag llpb2cea
Hit 34 set wWill set tne uUrul. Flage. i1i02CeD

I1 opav 32 is seil, tae priority interrupt level
will e set to tpe value contained in cits 33
hroukn 35, llodcee

NevWwerk Intormatiofn Ceater
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A hore complete descripticn of the COnO, CONI ana

interrupt capability for Specilal naraware ocevices cail be
found in the I/0 CUNTRUL 80X section of tne appenaix, llokd
UrkC Processing 1lloJ

buring the vommand table processinug sgequence, the secona
wora of the JURC will ve fetched farst, llo3a

Tne seconda wora ¢f the URC has the following tormat,

llec3al
Unc+l
17 18 a5
wor'a count memury address llb3ala
Bits VU = 17 A positive wora coullt inciuding the
value zero, illb3alb

B1ts 1b=35 are an lb bit aauress 1naicating the

first word in PLP=10 nerory for tue current

transter., If this audress 1s t0 Le extendea to 20

bits tor use with thne Bb&N pafing vox, the two
aaditional pits are to ove founa in vhe first word

of the URC, llp3alce

Lt either g zero word count or a memory parity error

is detectec wnile reading this wora vf tne URC, tne

status word will te written inuicating such an error

ana tue process terminated witn no commnand sent to

tne drumn, 1lio3a?2

Arter reagaing the first word of the UxC ana finaing a
non=zero wora count, tiue £irst word conlaining the drua
command is read, ilosb
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Thas word has the following format,

5 le Ly 15 17

code Ignore Ident Lrua Unitv

2u 25 3>

-- - e - - - -w - - - oo - - - - - - -w -
Band MO, Angular Audress 1lb3plb

5 This is a zrunction code to be seut to the

drum controller. Only & coaes are acceptable and all
others will result in terminatang with an appropriate
error biv in the cnannel status report., The alloved

turictions are descrioeq pbelnwv, 11lp3b2
ve continuous write
L2 Read NoOrmal
wl keaqa karly
43 Regd Late
63 Send Angular Aadress llib3p2a

Codes (02 ana 42 are normally used to0 write and
reaa with the arun. llo3b2b

codes 4l ana 43 are the same as tiie continuous

Reaa (42) function except “hat the arum read

probes are shifted to reaa data pulses sligntly
earlier or later, These functions can pe used to

try to recover data following a parity error, or

10 41d online maintenance, llpb3b2c

code o635 is used to instruct tne UnNIVAC controller

t0 sSena a status word containing the current

angular addaress of the drum speciiiea by the

function word., Tnis is a special command in as

much as> the channel logic ignores tne word count

fiely, (tnis tielu must pe non=zZero nhowever SO

that tne channel Logic will rega this word in the

UKkC) o llo3o<a

The Angularl report is based on the seiected
prum Unit. The remaining bits Of the prun
aadress (lo=35) will be 1gnorea, 1lb3b24dl
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1n most cases, the interrupt is returned witnin
about 30 microseconds after the CuNU is issued,

If the "dead space" is uncer the read heaa wnen

tne function 1s in progress, up Lo 230

microseconas hay elapse. lip3p2a2

If this function wora adaresses an inoperable

drum unit, the status word containing the

Illegal Audress (54) status coue 18 returneu.
llc3b2a3

The format ot the Angular positicn Report is

described unaer the status worc, lirJp2ak

Bits 12«14 This is an laent tield whicn must pe set
to either all one's or all zero's. 4L1lbsp3

Bits 15=35 Tnese ritus represent the drum address us
interpreted by tne UNIVAU Controlier. llospk

If tne cChannel Logic detects either an illeegl

commana Or a parity error the operation will be

terminastea with appropriate bivs set in the Status

wora, 11lb3p5

After processing tne two words in the UkC, the Channel

Will then proceed to transfer data until the word count
becomes zero, At this point a Coutrol toae of 33 is
generated ana sent to the UN1VAC controller so as to

conclude the current function and return the drum status

to the Channhel Logic, ‘he drum status intormation is

used by tne channel logic in updacing the status woru an

the UkC, llbic

Status xeport lihi

Sefore setting the yrum Flag at tne completion of a
command, the third word in the UkC is upPdates by the

Drum Control Logic, lio4a
This word will rave the foliowing format, llbusl
URuU+3
5 6 11 12 35
stgtus channel arum inxormation
coae status llbuyala
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Bits U=5 The status code whicn 1s returned from the
UNIVAC controller will have only tnosSe values
descrivbea below. lloha?2

(00! = Channel Fault libhacda

AN error was detected by the Uisc=brun
Controller sucn that no request was passed on
to the UNIVAU sySstemn, llouacal

The error devected is indicatea within the
channel Status portion of tne Status word, llbuaZa?2

The contents of the 24 low=order bits of tue
status wora are indetermanate and should be
ignored, llohaza3

{14) «~ Fault lloka2b

The Fault status code is usea to inform the
processor that a haraware malfdnction has

occurred an the subsysten, Conhditions whicn

can cause a Fault inaication are: llbyaz2cl

MOre tnan one read=write head has peen
selected, llbha2bla

Power to the drum units has been interrupted
aquring tne operation. iloya2blb

Angular aadress circuits in an FH=432 drum
unit are out of synchronization, llbka2ble

The WR{Tk VOLTAGE switch in tne contrel unit
is OFF wnen any functaion was received., 1llbua2pld

The contents of the 24 low=order pits of the
status W#orc are indeterminate ana siould be
ignored, llblhaz2p2

This error code can result frolm any ot the
valid function codes useu on this systenm, llbhaceb3

{2V} = Angular adaqress lloua2e

The Angular Aduress status code is sent o the
processor in resoonse t0 Sena angular Adaress
tunction (¢2). ror the FH=U432 arurm unit, tne
11l low=oraer oits of the status Word contain
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the angular adaress vresent acout 1lu
micreseconds petore tne time thne uyrunl fFlag
Interrupt signal was turnea one. llbyazecl

(34) & Enu=oi=rile llplaed

The kna=-ot=file sStatus coue 1s usea to inform

the processor that tra next sequenllial acaress

is outsige tne set cf legitinatle darum adcresses

of uhe particular supsyster, 18 oa an

inoperable drum, or is on iogical orun unit 1

tor a write function when a wrlilt LOUKOUY

switcn is set and applieu Lo arus unit 1, llogazal

Thas status coqe is generatea only thrcurh
increment of the drum aduress 4uring a
tunction, lloya2ag

A Status worda containing an wnu=of=file sgtatus

code 13 generated in response to any of the

valld tfunction codes exceptl seld Angular

adaress, lloyaza3

The contents of tne 24 low=order pits of the
status word are inaeterminate and shoula be
ignorea, lloyaz2al

(40) = bdormal coumpletion llouaze

If a Normali CGomnpletion is generdted at the end
ot 4 data transfer, then tne previous function
was8 completed without an error detecteq, lluvuazel

The contents of the 24 low=order pits of the
statlus word are indetverminate dana should be
1gnoread, llojal«?

{bi4) = Illegal Aduress Llbhaclf

Ine Illegal address statue cod€ .s usecd to
inrorm tne processor %h4t tne arun address .l
tne function wora 1s invalicd. lloyaztl

An 1nvalid aduress is detineu as an adaress
specifiea in any reaa or write tunction woru

wnlicn is not within the set of legitimate

acaresses ior the suysysten or wanicn 1S on in
inoperaole arum, llohacz?2

helwerk Inforumaticn genter
and (omputer Augmente~n {e€al Tnteraction
85




Sxl=ARC L JJLY /1 e277
spoendlx o, UNIVAC ururm Systen

Ali adiress specifiea ir 4 write :su..ction word

wnich is in the set of audresses locked out vy

4 wrITE LOCKOUYLl switch 1s also aesigned as an
invalid aaquress, llbyaci3

If a function word specifies an invalia
aadaress, tne function is not initiated, ana rno
gatla is uiransterrea o or from tne drum, libya2fl

The contents o: the cJu low=oraeér bits of the
status wora are indeterminate ana snould be
ignored. libya2z:5s

(6X) = Parity Error llbuazg

The Parity srror status ccae is used to inform

tne processor that tpe conuwrol unit detectea a
parity error auring a red4d operation, The 24
low=ordsys tits cof the stqtus wora contain tne

arum address or the wora in whlch the error was
detected, llbhacgl

If 4 data pariuvy error 1s detecCtea, the status

wora is maae available to tne processor, ana

tne Interrupt signal is turned on only after

the processor hus acceoted all paritye-correct

aata words reaa for input Lo0 ihe processor

pefore the error was detectea, ‘the error worc

is not made availavle to tne processor., Llbhazg2

Tne followine¢ procedure 1is recommended in
attenpting Lo recover from a parity error
condition, llbyazg3

Initiate a centinuous Reaa (4¢) funciion and
check wanether the parity errcr persists.

llblha2gsa
If the pariuy error is reportea, initiate a
read parly !'41) funcv-oun. lloka2g3b

1f the pariiy error persists, initiate a
n€ad Late (43) furcticn VO Check sgain for
correcy pariily. llolka2zsc

1f the oaraity errcr is the response receivea

1or eacu step of tiae recovely proceaure,

then tht error nust be consldaerea a
none=recoveratle drun error., iloLsa2g3a

retwork itnformation genter
ana yomputer augmented Te€am Interaction
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Appendlx C, bryant Uilsc Systenm

Ce APPENDIX C, BRYANT DISC SYSTEM llc
l, Ueneral 1licl
The subsystem describea here consists ol & Bryap* Nisc

File Series L0OUO, moa AZ2A, and a control unit, the
present 7=dlsc syztem 1s capavle of 8storing

approximately 23 million 36«hit weords, licla
The disc unit reference cell (URC) 1is a fixea three=word
vlock of computer core memory, llclhb

UrC O pointer Lo cominand taole

URC+1 71 agqvance sector iniormation

Uk(G+2 {2 error message ilclul

All words in the bry ana vne commana table as useu oy

the aisc controller are 2he=bit fields corresponding vo

pits 12 tarough 35 of utne PDP=1l0 w~oOru fOrmnat. usits o

through 11 will be 1gnored py the controller and

returned as 7Zeros when writing ainto core, iiclce

Data transfered to or from the disc wiil pe 36«bit woras
pius odd parity. licla

2. CUNU and CONI Instrucuions llc2

Five CONO instructions are uefineu for tne cisc
subsystein. llc2a

Tne CUNC codes are (device code 42U)
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