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. ‘. . . ,° ABSTRACT . F ) ‘. -
The compuger 1ndustryfs abllity to serve  a . '
'diverse and expanding user communit §s evidenced
-y the rapid growth of computer .network services.,
S " Computer service providers design and parket their
' cown offerings as they Jeem bedt, given.their own
market and their own set of resources. ThlS has .

\ . le® to a proliferation of similar reqourogs v
) . Tenu1r1ng different umer ‘access procedures. With .
emphasis ‘on currently ‘operating and planned A,

Systems that assist users in accessing available e
" ‘network servijces, this report identifies the
techniques used in network access devices. By
, examining the%e devices, the trend toward
1mprov1ng the 1nterface between thre user and the
) , '‘cOmputer is broqght more clearly inteo fowus and u%
s to date. - ) ' ) . .

.
-,

v One speclch Solution -- A Network Access .
Machine (NAM) -- is-described in ‘detail. The BAM A
is a minicomputer system that acts as a netqorkhﬁ 1
access point for a user at his terminal and . -
assists the yser through the automatle execution = .
. ) ‘of access prpoedures. This mlnlcomputer facility ' e
allows the user to specify (or to have specified) I T
Mis pwn network command sequences for exegution on o
- a spe01f1ed network a hoat connected(to that .
. networh "Computer. réggonses aré analyzed to % \
. . ‘assure agreément with those anticipated for . !
;\// . specifi¢ commands. OWnditjonal parameterized St e
expansions allow the use of the same commands on
different hoSt computers_and ‘different networks.
L I - ‘
: Key words: Acqess procedures, command languagé ' v .
. computer networks; Job cond language,wmachSf- o
A minicomputeps .protocols; t&\ rOOessing . ) . .
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The oomputer 1ndu$try s ability to serve a d1verse and o
expandlng yser community is evidenced by the rapid, growth of w
computer _network services. Little-over a decade ago, when )
pebdple b~§an to intepact with computers in the routine. .- .

_performdnce of their jobs, few-Cared about the. differences

_between similar seérvice offerings -+ all were eager to learn

and exper1ment thh that new technology . v

Today, with the advent and growth of computer networ&s, .
that modest size group of scientists, engineefs, ar '
gesearchets has grown to include professionals in all .
sciences L- mathematical, physical, health, and social -- as
well as studen®s, stock brokers, and reservat1on clerks from™
many-fields. Just as the number of users has‘grown,so has
the number ahd diversity of computer- serv1ces. ¢

Computer dervice prov1deJé‘6351gn and market their own

offerlhgs as theyndeem best, given their own market and

the own set of résources.. Trends in service growth, 2 N
.t eable through individual fam€lies of mainframes

oper3t1ng systems, and serv1ce packages, lack direction and
consistency from the user 's” pqint of view. = The reasons fof
this fragmented growth might be justified considering ‘
constraints imposed by telecommunications facilities, \
pecu11ar1t1es imposed by mainframes and their operating :
systems, and the personal preferénces of systet developers.
Unfortunately, many of these services are characterized by
different 1mp1ementat1ons of the-logically ‘similar steps |

that users must take in order to accompllsh productlve work.

Today we have a situation in. whﬁch more and more users
are onsuming more and more- serv1ces while the services
themselvés perpetuate d1ffer1ng user’ procedures for access
to the same logijcal’ Services. A reasonable question td ask - ~°
is "what can be done to help the user?" Standardization of
access procedures 1s a possible solution.. However, a "
procedure for access that makes one service more attracéﬁve

]

"than another through.enhanced features should not be f.
compromised by a premature effort’ to standard1ze such - J
prpcedures -- especially if “the® standard settles on “"lowest

common denominatqr" features. Encouraglng compet1tlon atong
network seryvice praviders can be' in the user ‘s best interest
if it leads td innovation in the amount and quality of ) -,
service- received and in the reduction of cost® in providing
the service, .Rather than push for-ext nsive user.- oriented
un1form1ty, it may.-be desirable to con§1nue to perm1t and’
encourage such non- un1form1ty, but to compensate for it
through network access assistance to the user. ,
“ . N
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‘ . The concept of assisting users.is not neéw te the ° \\,
= ' computer' industry. The- notion of a .compiler, for example-
resulted from this kind of ivation. nfor tunately,
¢ g

compilers were sdon accompanied by complex operating system .“
control® languages. Once“again, assistange techniques in ®he,
form-of a control language macto capabiiity or a catdlogued
~. procedure capability were employed to help the user. With -
"fthese techniques the inexperienced user easily performed

Eomplicated job steps and the experienced user worried less '
about detail in setting up job steps. g ¢ L
This type of assistante, extended beyond a single ..
.computer system and placed in the interactive computer
, net#oik enviranment, lessens the wearisome burdefi faced by .
. users contending with separate and different services that
accomplish logically similar tasks. In such an environment,
the user should have resojyrces readily available from" " -
different computers witholit regard for thé specifics'nghow

to obtain them; the-uifr should be more concerned with what
" services are tequired. /. ' '

N to -0

Early attgmpts to provide computer, network assistance
" h. are - still- in use today. One interestidg"techniqﬁe makes use
) of function buttens that Produce charaeter sequences. These .-
Sequences represent the approprjate user protocols that ’
,. -identify terminals, users, and “services,.thus alleviating’
"~ the need for the user tp key in the requiQEd’proéocol. The’
familiar ."who-are-you" ‘drum is an example ‘of this kind of
technique. ODther devices -- stunt boxes, automatic card
dialers, and Paper tape loops -- hdve been used succéssfully
.t0 assist users, but all of these devices are usually , !
applicable only on dedicated conngctions to .specific
computer systems and services. 1Ih a modern computer network

“‘other more general techniques can be_employedt : AN
-t ¥ i’ ’ - 14 ' . ’ ' ~
' e . * *
) _INTERFACES AND PROTOCOLS . ©n

‘ ACcess assistance techniques in moderd computer
netwérks try to improve upon the interface that exists .
. beétween a user at his terminal and a network based resource.
. ‘For the terminal usér of an interactive computer.network the
. “interface is two. things. First, it is‘the physical
equipment -- the teleprimter or CRT terminal and the.
communications equipment connecting it to the computer.
Second, at a higher and more complex level, the interface is
the protocol that a user must know-to communicate with the
network and its computers -- to-express his needs or demands

&
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on the computer and to understand the praduced results or -/
errors from the qomputer. o - .

. o,

v ’

Thé'se user protocols, unlike the "well defingd" link
protocols of computer-to-comﬁuter'communications (such as’
he ARPA Network IMP-IMPy HOST-IMP, .o HOST-HOSTW protocols
[POS 74]), manifest themselves in the interactive dialog
between the user and the computer. And, these user-computer
Pprotocols are not vwell defined." They are typicarlyﬂmachinb

dependent and often installétion dependent [NEU 73].

-

engaged in producing out ts directly related'to,tpe/issue
addressed here. Atfleast one standards grogp in the Federal
Government (FIPS Task Group 208) -is studying low level u§er,9
entry and éxit protocols and procedures. The standards

Inter face and ;p%to ol standards groups are'actively -
1

* approach to access assistance represents a technique that is

'still in its infancy. With a three,yeir‘projected

completion date for the development and acceptance of the
first entry and exit protocol standard for the Federal

A .

Government, the viability of this techhique is yet to.be -
realized. The beneficiaries of standards as an assistance
technique will be the scientists, engineers, researchers,
and those who work with them, who use, or have the potential
for using, one or more computer services. o .

~

'
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v ¢
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/ These approaches to solving the problem of netwérk

. ,access have been utilized by .sevefal groups in specific

implementations of the access function. Pyke, in a recent
paper [PYK 74], rqwie#% these efforts with special emphasis
on presently operaking and¥plaﬁned access support
configurations, Categorizing these examples and other
related devices as reported in the open literature reveals
_the trend that is evident in network access techniques }- a
trend toward improving the interface between the user -and
the computer through sophisticated assistance techniques and
devices. . By examining these devices -- their methodology,
qg:ir purpdse, and their scépe’-- this trend is brought more
crearly into focus and up to date. .

¢
Ny

Basic Communications Assistance ¢

Minicomputer based,concentrators’aﬁdipacket or mes§age'
switchers are well established solutions that prowide the

.basic commugications.requirbd of network .useré. Devices,

like the ARPA Network TIP [ORN 72] and the TYMNET Network

'. ) ‘. !)4 ‘ ‘, :' ‘ /
» '. ) * ‘ :’
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TYMSAT [TYM 71] s&dtisfy these requiréments through data rate .
identification, terminal gompatibility ‘transformations
,~includ;ng carriage delay t'iming functigns and character set
transfqrmat@ons, and host cogputer selection specifigations.
. ' DA ' -«

"Over the last few years these devides have beep
. modified ,to reflect the needs and demands of the user
community. They utitize software packages that map
character sets and provide carriage delays to agcommodate
different user terminals. These devices continuesto evdlve
- 'in an dttempt to follow manufacturers’ terminal’ innovations.
~ . In response to new terminal innovations; devices like thd
TIP and TYMSAT Tecognigze the user”s terminal speed; ‘while
. -default termipal characteristics for gther parameters --
parity, full or half duplex, tab settings, etc. -- are’
assumed;, proévisions to specify different settings'.are
availablé. Many computer service providers and mainframe
.~ hmahufacturers have ¥ollowed this trend by ‘providing
) communications sypport .for a large variety of. terminals and-
by ‘utilizing front end computers. with appropriate software
packages. C . 4 s

s

4

- .. N
Resource Identification

\ P
~

. Access technigues only start' with the basic. .8
communications assistance functions described above. ¢
Establishing connections to network host #ystenms, logging
into /host systems, r'equesting resources, and initializiAg
services or‘*databases can be extremely complex and
cumbersome. 1In one early ARPA Network attempt, a loose leaf
notebook containing information.on the resources-available
on the Network and the access methods to’ these resources hag
met with only very limited success. The Network Information
Center s ARPANET ‘Resource Natebook [ARP"73], existed in both'

. an on-line and printed form and contained ‘entries for all of
the resources available at each,serving host on the network.
‘Unfortunately, no attempt was made to ‘facilitate access to:*

- these resources othér than lhsting individuals to contact.

(A more recent éditgon of this notebook . has been published.’
in paperback form [ARP-75] .and includes. enough inqumation\'
for a user to access the desired resoutce. ) Resource. |
identificat}on techniques of a more substantive nature

. developed. . . .

~

e

The REX system, an ARPA Network based on-line user
assistance facility, provides resource-specific information
[BEN 74] ./ This stem, designed with the 'eventual goal of"
‘automatifig access fo various network resources’ finds the
Iocatjop of a resource on the network, progédes information-

‘-
~ -
L ]
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about thei;ésource;‘ nd describeés the method for acquiring’® .
it. REX provides a Kaoglity for dedling with a- - 8
heterogenéous network\ag a coherent eneitx,;regardles§ of
‘the particular charact ristics.of the .individunal host.
~ ("- . o M .
. . A user language tHat provilles commands to rettieve -
: .« information ahout resources and to describe specific -
. regsourced utiljzes.one of four keyword types -- a resource
name, a resource attribute, a resource categd?y, or a host .
name --‘in conjunction wi either 3 retrieval command =-
r. _FIND or DESCRIBE -- or the WCQUIRE command. ce - .
An example is: ‘ ' L "

. “’

b . DESCRIBE FORTRAN AT MIT-MULTICS.
\ . * . . i . . . v, ] . . . )
The ACQUIRE command estabfishes;a transparent connegtion to . o

. the reSOP[Gé without further action on the part of the user. o

. 1
* . - , . . *

- Resource Connection oo - . 3 e
_’,. -,‘.1 R . . .. . * . - . .
.. \ Connections to resources that are’'available in é'hputer/ -
" . petworks requite cooperation between the connection ' >
5 initiator -- the .wuser or his surrogate -- and the Yesource o
s that ultimately provides the service =- a coherent logical,.
-entity that exists in order 'to accomplish.a specific¢ task as
.viewed by the user. In.a computer network environment it.is
not unusual for a multi-Pevel -hierarchy of access requests . il
_to octur to effect resource connettion.’ Cooperation'in
traversing the network hierarchy -may ‘require several

*résource solicited identifications, passwords, and system or
service names. (o S

~

L 3 \
- .While the solicitation' of user information occurs at = o
_the user level of interaction, many other protocols are used - °
by the communications,disgipline employed. Usually'the;e'
other disciplines’are masked from the user and are v
transparefit.. In this way, a surrogate -- usually ar-process
knowledgeable in the protocol or line discipline emplayed, --
acts on-behalf of a user to connect him to the requested .
service. ° For instance, users of the ABPA Netwopk.dccess
resources with the gooperation of a TIP., 1t is/feasible for
the acqulred resource to then request other resources on,’
. behalf of the user. 1In this example, -the user level of !
' interaction is the command language of the TIP;QLacting as a’ .

\

5qrgogateqfor‘;he‘usgr, the TIP, knowledgeable the , .
IMP-IMP protocols, cbmpleteg the resource conne tion for the
° user: . . - s : -
LY ’ . ' ) ’ ‘ )
/ . M »
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Hierarchical connectionr/gas1ly sccu 'In" the ARPA
‘Network, imany host computer reseources’support a serv;ce\\ ) )
known as FTP (File Transfer . Erotocol),vﬁghls sgrv1ce C . "
establishes network connectrons to‘oxher q?sources on' behalf
of the user for the purpose of transfedﬁng files between
host computers. -Currently, the.uyser need -not ‘identify. 3 Co
himself to ‘the JTIP; howedef*ta.ugjr a countnds .required ﬁor T,
the-host system to execute thé servide FTP. -For FTP tQ
access the file system of the othet~ resource, - the user level-
protocols require the user identification and password ‘for

_the other résource. . . ot
. ; ] .
. K : - LA
- - . A - 1 . . ) N I
Besource Selection AR .o oy - o

Ev1dence in - the publ1shed 11terature 1nd1cates fFhat a
trend ip the use of intelligent termindls and their close .
cousins, "clustered" terminals® to-assist users in the .
selection of resources is developing. A research program
currently underway at the. RAND Cogporation aims to develop a
prototype 1ntelllgent terminal sy teﬁ *:laally implemented
on’'a minicomputer., ,Thé system, called e RAND ‘Inselligent
Terminal Agent (RIéA is based on setsWof cong;t1on action
rules that encode tomplex sets-of heuristics for hardling °
‘interactions both w1th u§€?s .and with external systems [AND ~

] : - -
75 . o . . , B "~

RITA is capable .of ‘interacting with remote data ,
systems, carry1ng out t1me-aependent tasks over extended. . .
periods of time in a semi-autdnomous mapner. The * . - . -
Suppos1t1on that a rich set.of heuristics for deciding T
communications levels of remote system ifteraction and for: -
resource acquisition a gracefuyl recovéry from unexpecteqg L
failure--has in part mot V%ted th1s effc rt [AND 76] . ) g

= .- S . e -

At the National Bufeau.of Standards a ot - )
m1n1qompu¢er -based device called a Netwdik Access Mach1ne
(NAM) expands user-entered commands ‘into \command sequences . '
executable on specific networks and host computers cQnnectedq - -~ - .
to that network [BLA 74]. The NAM analyzes system and -
network respdnseé‘to assure agreementy with theose anticipated
fot spec1f1c commands. Conditional and parameterxzed
expansions,of user-entered commands are capabilities being -
added to the basic working NAM. This capaffility will allow .
the use of the same-<tommands to ,permit access to resources . T
on. d1fferent host computers and d1fferent networks fROS 75]. . |
\ J .

Other extens1ons to the -NAM are chrrently being
1mplemented One function, is to pred1ct the expectéd
JLesponse time of a-particular computer for wse 'in a spegific

4 - / ] f - ¢ / .

S - v » = [y

12: 12 o
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. applications frea .such’ as compute-bound FQRTRAN jobs, - ‘.
small BASIC jobs,‘aitegactivq editing sessions, or .some ’
other category. Good. indicators of computer response time
. . can be calculated by the NAM in ‘the following way. The NAM
©+ automatically connects to the particular computer in . .
+ 'question. in order to.execute a‘predefined.benchmark job - .
¢ N répresentative of the applications area. By haying .the NAM ~
" _automatically time the response for the job execution the
R NAM can present to the user -the results of the calculations .
N in the form of a prediction of expected response time. ’
'Several benchmarks have been successfully tried -- pfodicing
. expgllent~predictions of expected respopse time. -

One other intriguing function.being added to(ghé NA
to provide the user with network wide tutorial assistanc )
A profile, maintained for each NAM user, reflects the VR .
. ~disposition-of the user with respect to-any particular - :
computer that he might use. Data are maintained in the - :
profile concerning-recent use of specific computers, the use
of internal indicators, and help assistance indicators. - ° . )
Using this data base, ‘the NAM acts on Behalf of the computér - :
in assisting the user. s " . - .
- ” . x ' r \ . ’ o~
An example of somewhat specialiZzed .access support to a. .
network user' employing a microprocessor. is the development . . =~ -
" of a "line processor™ by the Stanford Researc nstitute
. ' [HAR 74]. This device interfaces a.class of dIsplay
terminals together with a_pointing device called a "mouyge* . . -
and a one-hand keyboard 811ed a "key set" in-such a’way ., b
‘that the entire configuration. can provide particularly
effective ‘access,to a network-based interactive text o0
manipulation system. *The line processo s potential, ~ ,
— however, for applicatian: beyond the ini;gal-intendedpuse.‘ L

D’: v - ‘ , . - . - ' ’
5 e T s IR P ‘ ’
Service Integration - ‘ e, a s .-
P .o N - -~ - . R

An’ impor tant trend, motivated by the desire to Do -
interface one user to multiple resources,.is evident in" the .
work done in the infomgation services community by Marcus at = .g
MIT." He has‘devélo§ed a system that involves the coupling - )
" of two bibliographic data retrieval systems 'in such a manner; ;e '
that the user perceives a single homogeneous system [MAR
75] . -Specific applications support built within the MULTICS:
system at MIT inclpdes a master. index and thesaurus that
s jtores the yocabuldry of the separate data bases along with ~
if dex term interrelationships. ' TPhe user_is also provided -
with a common ghibliographic data structure in which- the data )
N ¢lements. for bibliographic information are organized and -
interrelated among Jifferent data bases. .This approach has’

"
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. been, demonstrated experimentally using tle ARPA Network for ‘!
acigek to. the National Library of Medicine Medllne service
an the MIT Intrex retrieval system. . [

. .
J . . B
’ - . A 3 .
. B .

. Another Example is the Resource Sharlng Executive - .

(RSEXEC) or .the ARPA Network [THO 73] This executive

system" P ‘ides an.enviropment for "inter-host" ‘user-user
integgctions’, for manqglng mult1 host" file directories,

« ' and controlilng Jultiple "jobs" on several hosts. 1In.
-addition, the RSEXEC serves as‘'a command language
fnterpreter for the ARPA Network TIP users. Executlng in’

" any one of several dvailable PDP-10 TENEX systems on the
Networkg}RSéXEC can maintain communications through the
Network with other TENEX systems. In this way the resources
"of all oﬁ the' systems 'to which RSEXEC connects can be .
monitored and used. Facilitjes for-monitoring' statds, - -
logged in users, and load averages are available as well as
the capability to- build and create a composlte file
directory incorporating files from the various computers in
“the subnetwork. Provision is alsa available for 1n1t1at1ng

f « jobs at one or more cooperatlng ‘sites at .which wvalid

e accounts are maintained. .

)

.

P _/ . T
< &stributed Assistance A e ,l
.’ X \ ] . .
- Distributed asst&ance = part1ally in host systems and
partially in front® erd syste s -- can provide better network
. response at less cost. ' The National Software Works (NSW)
motlvatea by a desige to- pr vide users with access to a
number 'of genéral or speciflized software applications
pdbkages, resides on a PpDP-18, but will also be available on ‘\1
a m1n1computer such as tHe PDP-11 [IRB 76]. NSW provides
assistance in such Y so as to maintain a consgistent user
interface from ckage to package even acrdss host systems.
It is anticipaged that heav11y used common commands and
grammars can be executed in the front end systems, thus
increasing network response times and decrea81ng network
.« communications costs. . ..

: K1mbleton and Schnelder emphaslze that the NSW is 9
-intended to be an environment .for building software systems
[KIM 75). It is to include program preparation tools --
cross assemblers and compilers, editors, simulators and
emulators, performance analyzers, program formatters, J .
flowcharters, test-data generators, and other check1ng tools
-- that build software systems. These systems will usually ’F

t be removed-and run in a different env1ronment, sinca the NSW

"is not intended to support the recurring executlon of .

end- usei appllcatlons.

s
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Minicomputer Hosts

A minicomputer 1nstalled as & network host c0mputer can
also’ perform substantial access functigns for a community ‘of
- users. ,The ELF system provides multiple, concurrent users
with local computing and file tapability including signal
processing for speech applications as well as flexible
access to MRPA Network resources [RET 75]. The ARPA Network
Terminal System #ANTS) was a mini-host designed to
facilitate use of the ARPA network by students at the
University of Illinois. Use of this system promoted Remote
Job Entry (RJE) use of the Burroyghs 678 at the University
of San Diego as well as RJE use at the C&mpus Computing
: "« Network (CCN) at ucLAa [BOU 73].

“
» 4

At the University of Chicago, Ashenhurst has developed
an interesting hierarchy of minicomfuters and large scale
computers to assiSt users in laboratoriés [ASH 74].
Minicomputers located 'in science laboratories throughout the
campus are served by a larger minicomputer at a central
site. Large compute-bound applications are serve _when the
central minicomputer- acquires resources on a large scale
computer on behalf of the laboratory mini.

o

Other Trends - : ‘ - .

‘The worlk of Wyatt 4t
system to couple users to
metworks, includes a call
job control statements to
for facilities to support

Harvard, in planning for an -accesst
multiple serving systems and

for Wutomatic transformation &f
match those 8f remote systems, and
"transparent connection® of iocal

. terminal facilities to various communications networks [WYA
74] . Wyatt also proposes that the
. 'translatlon/communlcatlon system” perform c0mprehen81ve
accounting and billing for multiple user accountsa .

-~
¢

ARCHITECTURE G .

The preteding examples suggest that® alternative -
solutions exist and "that the access assistance functions can .
reside in a, process execut1ng in a hdst s stem, in a
dedicated m1n1computer, or in a s1ngle u "intelligent"
terminal or terminal "cluster" - '

‘ When supported on ‘a large -host computer, the access

_ -a881stan/e fupctions ‘utilize the sophlstlcated and extensive
subsystems that are available -- the file management :
systems, the languabe comp11ers, the ut111ty processors and




¢ [ ..

on and 6n. But, this type of application can be -
accomplished with less sophisticated resources. .For
instance, the ARPA'NetwoNk' TIP, in part motivated by a
desire to move the basic co lunications support. and low
level access functions out Of the ;a:@é host computers and | -
into smal *less prgnsi\ié‘m»inicomputgrs‘, eliminates much
of the ovefhead required to handle acceSs functions in'a |
larger host system. ‘Minicomputers -are often' used ‘
extensively for .store-and-forward functions and other
applications such as remote copcenfratogs and-message
switchers; it might make good-economic sense to put the
access function in a-minicomputer also. o
. L. . .

The minicomputet, placed 'in the communications link (\\
between the user terminal and the serving computer netwdrk,
can allow multiple users to access diffetent hosts orfone.
network or-'even different networks. "The minicomputer seems
-ideally suited for such an application especially when .
several users or user groups requiré a moderate file stotage
capabiljty for small files and a minimum computatdonal
capab?lity for communications prdocessing, signal processing
or other requirqggp;s.' oo T L

{.  Intelligent terminals can support-access to multiple
hogts on a single re®work or to .multiple networks, but file
storage and other terminal resources appear to be too
expensive at this time to dedicate to a single user.™
terminal. Also, iptelligent terminals may.require -
cooperation with Yarger host systems for initial priogram .

. loads; such cooperation may not "bevavailable from candidate
networks or host computers. At this time, the intelligent
terminal does’'not have as gréeat a potential as the "cluster/
supported minicomputer to perform the required accéess
functions, Based on predictions that within five to-eigh
years inexpensive interactiye terminals will be available
with the power of todays minicomputers, the use of
intelligent terminals to support the access function will
feasible. . : .

-

THE NAM . =~
T ey

- ¢ -

The Network Access Machine, as pointed out earlier,

a programmed :minicomputer supporting a "cluster" of -user
terminals. The NAM acts on behalf of a user at his terml
and autopatically generates the necessary ingeraction qr
dialog that accomplishes the user“s,intenged function.
function might be to\ conmect the.user s terminal to a
Specific computer on‘a network, to automatically identi
the user to the computer (to log-in), or tqQ select and’
initialize a subsystem on the cpmputer -- a "language
-Processor such as FORTRAN or COBOL," of. a data base for

. v -t
Ky
"
s
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\ These fuqctiong'dr access procedures, requested by
jberss are called macros. The NAM expands these macros to

JBroddce the correct machine dependent (specific computer)
Halog. Complex access procedures, coded and stored.'on

'{fif‘ro files, are §iven simple names by the user; macros are
“PAsily recalled by name and expanded. J
» R f 4 Al » R : R '
77 4 At the time of the expansion, parameters can be passed
7 / to the macro. An example use for a parameter is to identify
j‘ // Lo the macro a particular computer, a particular user, and a ©+ . . .
/ barticular subsystem. In this way, macros can be written '
/ ‘like subroutines -- general in scope, ‘but made- specific by l
the parameters passed to them. ’
e - ' , N
- The 'use of simple names for complex access procedures | -

nd the ability«to pass parameters to macros makes the Nﬂﬁaa}
lexible aid for any user of computers; especially when the;
ser accesses a variety of different computers where the
ccess protocols are typically machine dependent and often, o \
re installation dependent. * : ‘

4

-

. » .
Consider a simple example. Figure 1 shows the user
. . grotocol required to access an editor,on three different
omputers. While the dialog is similar in all three
. dxamplegff differences.in syntax, Case, and editog,name can
edd to cqnfusion. ) ’

'

.1 coMpUTER , - PROTOCOL ,
qpp-lb on ARPA Net " E L g
- : ' L 241 ’ ® .
: , RMR 115681 ™ ’
. TECO ‘ -3
. {ULTICS on ARPA Net E . -
! . ' , . 8L 44
L - ) enter Rosenthal CNet. - .
Y ' B " teco’ , —_— ’
. ‘ - \‘ . ’ X * - .
General Electric H - . ) -
Information Services abcl2345, eosenthal N
ool ) .- - TEDIT (X)
' . . - ‘ .
< . .
\ Figure | Example Editor Call
17 - ‘ B \
- .12 ' X . |




X reasonable question togask is, what can be doqefto
help the-user? ‘ ’

.
-

A < ’

- 4A protocok. that makes one network service appear to the
user like any other is a general answer, However, as-stated, “-
eariier, protocols that make one service more attractive )
than another through enhanced features should not be o
compromised by a premature effort to standardize such ’ "
protecols., Encouraging competition among netwgrk service
providers can be in the user s best interest if it leads to ,
e innovation in the amount and quality of service received and v
. in the reduction of costs in'providing the service. Rather
- than push .for extensivé user-oriented unjformity at the ‘ L
:higher levels.of user-network interaction, it may”be -
desirgble to continue to permit and encourage such e
non-tniformity, but to compensate for it through network
' acceBs-assistance to the user. By focusing on the low level - .
* s1ser protocols like "log-in', "hest selection”", and "service Y
" ' selection", the ‘user can become more concerned with the
» .servite he requires and less>toncerned with how to obtain.

it. . LT .

L 4

PR - s T, . I »
- Several important user protacols can be' improved upon.
First, *the initial user-computer ,connection procedure can be
made more uniforn. This starts with the *physical tonnection
.-~ of the user terminal to the computer network. Once' the |,
\ _bhysital connection is made and the terminal’s speed and :
, identity have been'establjished; the access procedures which ¢
\follow #are usually ‘hierarchicaly nested or even recursive.
Usually one or more'of the following procedures are '
“ _performed‘ﬁy the user in the network énvironment: - N ;
‘ e . P T - . : /
. == host ‘computer selection . - Ve S
-- hosk cbmp&%er 16g-in ' : .
4 PO . N < M . . -
N -- host computer service selection LA ., ~—
. - service in@iializatioh o " - - .o

- - =7 == service exit request .. SR

- H’%t exit request ) : , A "\
. ¢ : “;x PR Al | I i

--_network exit reguest . . e
i ) ‘ fg‘%/ “ . N

’ .,

.

These are the specific user protocols that can be improved
upon .in current operatiomal and exper imental networks. The :
NAM facility, designed to assist users ‘withy these protocals,
.. is briefly described. T

\ - . . \ . . '

-+
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" THE NAM FA;ALI’TY »

.

The NAM minicomputer 'faciliity gives the user the
apabiligy to automatically actess the resources of a remote
© 4/co puter.; This capability is/made pe#ssible by .theg NAM's
" [abilitylto act as a surrogat both in es lishing the -~ . .. R
physical, commuriications ¢on ecjéon to th&@kemote computer T -
anq-fh.expanding-macro‘bto eduffes to p{§5dcé the cosrect.
machine dqpendent,interac ive dialog for the remote . , .
computer. e * T .

! e /,“...,,‘ N . , ! . . ‘Q S

_ "This surgogateh'ac,fhg on behdlf of the .user, flinctions

as a “programmed us?rﬂ --"a comppter-pmogrammed'tb behaves as
a human user ... ~2 programmed ‘automaton. In establishing

‘e

the physic# commupi¢ations .cqnnection, the programmed user
utilizeés an.automatyc.calling unmit fox plaping~diaf.but“; F
calls; hard-wire connectfohs$are ayailable for. local ... '
.computer connecti s.‘"Ip,accessing.%e

v ) spurcesoniremote = - .
computers,.the p grampedﬁuserJsends*requestsr‘ walts for - %7
replies; analyges responses; .and dédide§'§p éither’ TR

continue, -or 'ty geek user ‘intervention.y . LA :
- - N T ;‘0‘
.~ 'while .seémingly’ insignificant Yo&ta'h man’ to.perform,: ' g
these actio -- sending frequésts,’ wai inq‘fdp replies, ¢~ ;";.'
andlyzind résponses, and dgp}&iﬁqqghaﬁ'to'dp'néxf'-;' Lt e
represent ndopn-triwial tasks"for -a omputer to perform, -How’' "+ . .
does the pfogrammed user determind when the ‘remote computer. = J
_can ‘accept .theynext-reguest; / how does ‘it know when.th® ' . -
remote compute}‘ﬁésAfihished éwteply;/:yha&“ié-cequiréq‘tq (S
analyze a response 50 that sthe néxt request is-logical jand’ '
correct? ' Let’ us start answering these questions by 'stepping. .
w8y back’and first discussing the, total picture.--jthe = ¢ <

minicomputér confijguratien used iﬁhsuppapt‘tnéfalqo;ikhms _ :

that execute to per€orm ‘as a’ progr gmmed user. ' Then, 'the |- o

» programmed ‘user* itself can be distussed 'tevealing its ,° . e
utili?y in ‘the. Network Access Machines, ' - | -7

Y .

- . ' s s - 5 '
o . . N 3 . < v N i , ' : -. ~

. Total Conf;gurq§10n~ T . PN 17
. . L N ’ Lo L N

A c Nty ey :

L , The .word minicomputer is hard ta ?pin:hPWn“_ih-a ﬁqqm-i .
definition -- it has humorously been-.def’inéd as-any )
‘processor for which the manuals'are free. ' For the purpose . I
‘of this_nbt,e,( the definition of a minicomputer conjures, up’ ‘
‘the “idea of & relatively small inexpensive processor to "

which '(ofter éxpensive). peripherdls are attached. " The g
processor itself is usually 12 to 18 bits wide and-is . /)/' B
usually supplied with lup to 64k to 128k words of random R :
access’ memory. A com lement* of 'standard -peripherals* .
-4ncludes.disks -- floppy disks, fixed head disks, ot disk A
T o g : Yo e . - o

L , \9," .. ‘
N . - N .
, .
~ v
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packs -- communicaslons 1nterface equipment, “and othet Al
miscellaneous-devices such as clocks, printers, *and’/on and‘
on. The term, m1n1compufer ‘applies to an integrated system - ¢
» ~consisting of this type of processor and§these kinds of

» perlpheﬁp%s J ) ¥ ) : - - ' o

The NBS NAM is glmplemented ©n a Digital Equlpm;r;? "
Corporation, PDP-11/45\minicomputer. with 64k’ words of: 16 bit
core. Character asynchronous communicdtions 1nterfaces are
used. to interconnect user terminals fo the NAM and’ the NAM -

. to remote computers. A special pe€ripheral called an
autdmatic calling unit and line selector (ACU/LS) is used by .
the NAM to place dialed telephone;calls to remote computers.
A myulti- -programmed disk-based operating system suppdrts . the
NAM and prov1d¢§ for individual user directories into which
.. user macro files are catalogued and maintained. Other
" s migkellaneous devices used by the NAM system include a .
>y line- frequeney clock and & prlntgr , oo

«cl’ ¢ * - . L3
Commﬁnlcatlons Perlpherals

' ' ¢ .
The NAM, act1ng as a surrogate for the user, must
1qt connect the user’s terminal to the remote computer, To
agls, two _chdracter asynchronous interfaces are utilized ,
- e for e user terminal connection to the NAM, and one . ¢
"> . ‘forkthe nection to the remote computer. R . -
- - i
-i‘ The physical circuits for these congectlons are elther_
~d1uled through' the switched telephone nettwork or directly
nected by 'twlsted-palts -- wir'es that interconnect the .
equxpment. As show 3 in figure 2, the NAM supports dlrec;ly
gonnected users and dial-up users.. Connections to the , .
! 1 Cémote computer are supported from thé NAM to directly. .
.+ ..connected local facilities such as .the NBS ARPA Netwo:k TIiP,

“ " the NBS P?P 18 in the Experimertal Computer Facility (ECF),,

. -~ and other m1n1compute¥s in the ECF, or to dialed out
’ ‘gctworks using the. automatlc calllng unit. g o
-
i - ,- L . . 1 - , \
. 1’ . - . i - ‘ N ‘ - » .
‘ . . .7 ) 3




Direstly

Connected NBS |——= t6 ARPANET
. Users kK °* TP S o

Y
.

ACU “ to other ”
e Networks

R 'DiskAPeripheralﬁ - . ’ :

., The disk, relétively,lar&%ﬁ?ﬁ storage capacity compared
. to the size 6f core, serves a 1 purpose in the NAM.
First, it supports the operating system under which the NAM
'runs. The operating system requires large- amounts of

storage for its.state dependent rnfarmation -- its tables,
) program "modules and datg --- and since all of this

‘information willfnot £fiXf into core at one time, it 1s o
* maintained. on. the disk -- to .bé recalled when needed

‘second, the disk provides users of the .NAM with 1nd}v;dual
ditector.ies for cataloguing macro files. These directories

.
~

are maintained by th& user -- he creates new macros and he:
deletes obsolate ones. .
’ -‘ § ! g . ' R N . ‘ '

t

Other Per1pherals
\ -

Other miscellaneous p€%1pherals are used in the NAM
minicomputer configuration; mest impdrtawt is the line
frequency clocks As a multi-user system in a
multi- ptqgrammed env1nonment,,£he NAM must allocate’ 1ts L

- procesging power inh time-slices -- the ‘amount of processor '
time that a ruﬁhlng program may utilize before another .

] [

a
3




modes of operation are illustrated. ' '

¢

program receives control The clock controls the.time slice

allocat1ons so that each user- receives an equal share. of the

ava11ab1e processor time. s . v
The line printer, another- usefulxperlpheral, ‘can

produce hard -copy. transcripts of the interactive dialog. At

the user’s request, a.disk file called the transcript file

is produced as the NAM forwards characters. to and from .the

terminal and remote computer. - The user can request .

hard- -copy of all or portions of the transcrjpt file. When

CRT display terminals are used, this printer -- a shared - P

peripheral -- is often the only hard cf@y available. )

9

Software System ’

-

L)

"When viewed as an eitensron to the hardware, the
sqQftware system provides a foundat1on for building, .

- developing,; and supporting the applications programs that

malke up the NAM. The software system itself consists of two
separable ehtities -- th}operatang system sqftware and the

-applicstions software. - The appl'ications software utilizes

the operat1ng system software for 1nput/output (I/0) .
requests, file management reqqpsts, angd other' . requests N
including schedu11ng programs for® execution, allocat1ng core

for programs, and arb1trat1ng conf11cts for per1phera1

requests.

"The applications software- is the set oﬁ programs that .
execute to provide the terminal user with a network access '
capability. These programs consist of the Macro File
Expander, the remote complter d1alog Response Analyzer and v
the terminal user Input Interpreter. These three

applications programs make up the NAM envxronment.
, -

,

'Y
»

'"WORKING IN THE NAM ENVIRONMENT ™ ', ot

A d

Characters sent te the NAM are normally stored and, ‘
forwarded -- user characters aré forwarded to the host -
system and the host system. tharacter® are forwarded to the .
user ‘s teffainal. Upon receipt of the ‘gpecial """ character o
as the first character on a lind from the user’s jgput., the
NAM enters "procedure"” mode and leaves the hormal*

store-and-forward mode of operation. 1In figure 3 ese two

-
.

-
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Figure 313Modes.oerAM Operation -- ﬁormal;and Procedure
. ' N ’ lA - ’ - .
~ The effect of switching modeﬁ‘is illustrated in §igure 4 o
where a line of text ptecefled hy the """ produces a macro
expansion as in the first and third lines. When the """ is

not ‘used, :characters are simply forwarded as in the second

> - line of figure 4.

User Types . NAM Outputs 'W
R . ’ : 7 L. ) ;

"LOGIN 241 E . . k
. i o= 017241 ¢ N

! S . . LOG ROSENTHAL RMR 1 L
. N Y - R

TECO TECO . &

/. ' "LOGOFF LOGOUT
] ‘ac

re $

’ >
]

ERIC "~ B

2 .

-

Figure, 4 Effects of Switching Modes
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,§Whensthe‘"‘"_ character is used the est of the text on-
the line codtaining the "*" character I treated as a NAM
macro name complete with ane.user supplied parameters.- In
figure 5 the example edito call is again.illustrated for
three host computer’ syste sasbut this time the NAM assists
the user by supplying the appropriate machiwe dependent’
dialog. R ' o

v
A &
- 2 .

SYSTEM or NETWORK, . USER DIALOG

BBN oni ARPA Network : “EDIT BBN

* MULTICS on ARBA-Network "EDIT MULTICS

 GE INFORMATION SERVICES: “EDIT' GE ,
- . 'AQ(

. [ »

Figure 5 Example Editor Call Using NAM

v [y
‘ .

Access procedurés can7specify a complex series of
interactions with the remobe system. , In this case -- the
EDIT example -- each response to the NAM from the remote
system is analyzed according to information supplied by the -
macro expansion. Sjmple-Booleaq combinations of character
strings describe the anticipated host computer response..
When the actual response meets this“predefined criteria, the *
next line of the macro expansion ig ransmitted to the °
remote system. - When the actual- response fails to meet ‘this
pPredefined criteria, one of two procedures is fellowed ™.
Most simply, the expangion is"aborted and the offending -
response is displayed on the user's terminal. In addition,
the response to the last line of the expansion is delivered
to the user to indicate that he may proceed to enter more
commands. JHowever, the user has the option to explicitly
definé an abort procedure --. another macro to expand in the
event of a response failure, . - )

« ’

. Thus, .as Previously asserted, the NAM's macro expaﬁdeg
and response analyzer together form a "programmed user".
The macro’ expander Creates machine dependent commands to be
sgnt to the computer network. NAM waits for the network to
respond.as would a human user. The response analyzer then
decides if the n€twork response is the anticipated ‘response
== a humar user. would perform this same function. 1If the
network -response is found questionable, the decision to "try
again", or "read the manual", or "quit" must be made. If '
the metwork response is acceptable (network response and




¥ aqticipatgd tesponse agree) the maé;b'expaﬁSion cortinues. -
Figure 6 illustrates this "programmed user® concépt and
equates’ the algorithm used by a human to ‘accessing a nmetwork

resource with the NAM. - . .
- ’ . SEND
. . : ‘ rCOMMAND“__
/ ' . -
NAM = Terminal + User
- ¢ ) . s 8
4 ' . ’
' . »
' - | - TRY AGAIN
\ — READ MANUAL
- . - aumr
) s W
E ! ’ ‘\
Te ) ’ Figure 6 A PROGRAMMED USER, ‘ ,
N . * . ., -
. . . [ #
. Ditectives employed in the macro language allow the
. "programmed user" concept to,be codedgby real users and
interpreted by the macro expander.. e major directives in N

the language are shown in figure 7. Each directive in.the N
Ianguage, relates to a function normally performed by a humar
. - [

user.
. L]
FUNCTION : DIRECTIVE
: Send Command . +~SEND
~ " Wait Loy .TERM
: ' Compare (with ‘.MATCH
. : . actual response) ’ ,
~ o . No Match R +ABORT .
: , . ) .
’ . Figure 7 Macro Language Directives
20 26

20 -




" v Phese directives are illustrated in a sampkle dialog in
figure 8. The macro' ip this ‘example’ is used tq log into a
PDP-18 TENEX operating system af Bolt, Beranek and Newman
(BBN) usirlg the ARPA Network TIP. E s P

MACRO DIRECTIVES NAM SENDS/RECEIVES
— s :

. -MACRO LOGIN HOST L
.TERM 2°{CR LF] " . ’
.MATCH ‘HELLO’ )

.SEND ‘E° ; E| ‘
» P HELLO 32‘”"a
-TERM °[CR LF]e ' - ‘ = :
MATCH: “OPEN’ - . T
-SEND “@L HOST’ e el 241}
' . - LOGGER
- - " L OPEN C
T = TR *~ BBN — TENEX|
e @ ) N *
-MATCH "PREVIOUS® . . a .
-SEND "LOG -ROSENTHAL RMR 1[CR]® LOG ROSENTHAL RMR 1
. . S JOB- 24 on TTY 186 ,‘l
' : PREVIOUS LOGIN:
' ' " 25-FEB-76 |
C e, .
-ENDMACRO LOGIN-

v

¢

Figure 8 Aan Examp1e Hach

-
~ Kl

The -yndetlined strings in figure'8 indicate the
Characters® sent tq the remote network by the NAM. fThe "|"
character indicates that the the carriade~return line-feed
sequence was received’or sent, Notice that these strings
have -a one-to-one correspandence to t& arguments in the
macro directives. In the first direct =~ .MACRO -~ the
macro name -- LOGIN ---is specified and it has a formal
parameter -- -HOST.' HOST appears again in the second y.SEND
directive. .The NAM output for this.second .SEND diréctive“
indicates that the ARPA host address 241'wag actually sent.
This macro LOGIN was invoked and expanded.by the NAM When
the siser typede : ‘ : (),

.

1

-~ : . “LOGIN 2417 -

’

The .TERM and ..MATCH directives used to specify the wait'aqﬁ
Compare states of the programmed user are specified befor .

v
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the .SEND directive in the.actual macro.” While thjs is
seemingly. Inconvenient, it is necessary since th@, Macro

Expander facility in the NAM operates a line at a time and +

icgnsequeﬁ}Lyithe NAM must know the expected response before
sending the ‘expanded message’ to the remote system.

: .The NAM compares,each .character.of the system response.
with the predefined characgkers. in the .TERM directive. Once .
a string match occurs, the system response_is‘considered
complete and the NAM attembts to then match the complete
response with:the string ip the .MATCH directive. The
strings used in the .TERM and .MATCH- djrectives remain in °

- effect until thgy are changed or until®an’ .ENDMACRO

diregtive is encountered., Noticé& that prior to the last

. .SEND directive in figure 8, only  a .MATCH &irective is
specifiied. The’ previous .TERM directive (.TERM °[CR LF]")
remaing in’effect. ' ' - .

APPLICATION OF THE NETWORK ACCESS MACHINE “ -

Application-of the NAM to a variety of useful access
functions has led to the development of the (EXT directive.
This directive enables the user to "penetrate" the network
to’ various levels using the same macro names (command n&mes)
for different gystems on the network.. By appending an
extension name to the access procedure file name, the NAM
executes a macro specified for a particular host on the
‘ network. The example in figure 9 shows how the file
extggsion is equated using formal macro parameters.

[y L] " . v )
“LOG BBN, ROSENTHAL, RMR, 1 - LN
. . . . < ' p
. - T . . :
.MACRO LOG HOST, USER, PASSWD, ACCT
.EXT = HOST * S X

LOG USER, PASSWD, ACCT ///-> : o .
A log.bbn rosenthel -rmr 1

. .BﬁDMqCRG
: - L v . :
"EDIT ///=> ~ . St " .
edit.bbnm . ‘ C
- : ¢ 9 .
. * : . ) '
. 3 - ‘ o -~ _‘ 2*
. (—" Figure W‘\Example' Use of .EXT Directive’ =~ .
d . . . . L] ) .
’ o . ‘ - \ R
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Firsg, an access procedure” called LOG is invoked. It : \
has four parameters--- BEN, ROSENTHAL, &RMR, and- 1. In the
text. of the macro the extension is equated the parameter

HOST; . in this invocation, to BBN. In the third line of the
. macro, the expander encounters a text line that is not a
directive (not preceded by a "."); so, the expander assumes
that this line is the name of. another macro to be invoked.
In this example, the text line after the .EXT-'directive is
. to be invoked much like a subroutine -- once completed,
contrql returns to the following macro line. This
subroutine cdll to macro LGG will actually be made to a
macro called LOG.BBN as indigcated by the expansion operator’
"///=>" (this symbol is only ‘ysed to illustrate that this
particular expansion produces.the ihdicated new macro name
. . -- this symbol is not part of the macro,text file).
Finally, the last line in this example_shows that once the
" extension has béen set from within a macro call, it rémains
in effect for other macro invocations during the session.
(Ptovision to reset, the macro file extension is provided.)
Using this gapability, the user is able to create commands
for accessing computer networks; these commands can be
given the same name, thus providing for the user, a common
network access language..

-

Thé~NBS NAM, already proven as a useful tool in the NBS '
vExperimental Computer Facility, is currently involved in an
experiment designed to provide convenient access to - '
resources likely to'be’ fouhd on heterogeneous computer :
networks. In.this experiment the NAM is used to provide
"autonomous"” access to any one of a selected set of .

\\§ interactive retrieval systems. Unlike the M.I.T. work [MAR
75].on the actual "coupling" 'of (two) interactive retrieval
systems, the NAM has mediated but "autonomeus" access to any
’ one.gf a selected set of retrieval systems. The retfieval : .
. service sélections are identified by the, broad experimental
: - framewbrk depicted in figure 10. ) .
: Y . . 4
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: ' ' © " " ——0RBIT
b A M 1 . ~|——""—MEDLINE

user terminal intermediary
. ~——DIALOG
i . A ] -
™~ b+ o RECON
) .. " ‘. .
communication Retrieval
’ ) . \ N lines - . Systems

L4

4

Figure 10 Mediated NAM Access to ggtrievaL Systems

- - *
. oN
The objective is to achieve a common command language
for only a subset of fhe functions that must or can be
performed in conjunction with on-line retrieval systems.
) . The reason for this selectivity is based ‘on theMwell
y established fact that some significant system differences
can render corresponding user commands irreconcilable.
Furthermore, the subset of functions to’ be raddressed
involving those ‘listed in Table 1, should be realistic
enough to make the experiment productive in a reasonably
short period of time.
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"® PYPE

- -

1. Administrative . a.,

- - 4" .b.

FUNCTION

Communlcatlon L1nkup
Login Procedure

. c. " Logoff Procedure
T , ; -d. System Disconnection
: s y . .
r 2. Substantive™ | ' a. Files Ident1f1gat10n
’ .~ Db.. File Selegction

\\“(// ‘ ’- c..

- (1)

Search Request
Term Entry

\ (2) Logic Creation
d. Search Result Output
. e.. Search Term Display
L
\ 3. supportive o a. Command Explanation
o . , b. Procédural Help
P .o ) - c. -Output Interruption
B} - d. Input Editing
e ) (1) Single Character
. - Erase
* (2) Line Erase
3
e : -
Table 1 Selected Subset of Functions °
) [ . ¢ . .
L4 Although the exper1ment is purposely 11m1ted, several

*new features of the NAM are demonstrated. In addition to
the normal‘ or store-and- forward character-at-a-time .
transmission through the 'NAM a character string =~ '
store-and~forward facility proves®useful. This mode allows
the NAM to selectively scan the user input data for poss1ble

N retransmissiop in a suitable format for the partlcular host

connection. /Zhls is particularly useful for correcting
simple typograph1ca1 errors or for user sol1cited ”hélp
funct1ons.,
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SUMMARY .o \ )

Increased use o?computer services by people in the

routine performance of their jobs continues to grow .

. Steadily. To meet the demand, seru1cé oviders design,
implement, and market their services usYig the technologies

and resources available to them. Witugthe «advent and growth
i ‘of computer network technology ‘it is not uncommon for people
to use the resources of different computer systems.

The
non-uniformity in access to these resources and the services
provided has led to the development of tools and techn1ques
to assist the user.

~

L)

, ; Some Of t tools and technigues that provide users
. with thlS acce function have been described in-this paper.
By examining t

esé devices -- their methodology, their _
purpose, and their scope -- and by discussing the current

trends in network assistance architectures, a framework has-
been built for future discussions of this very important ° T
function that can be prov1ded to computer network users.

-

) Within this framework, one example dev1ce, the NBS
Network Access Machine (NAM) is scrutinized to show its"

appllcab111ty in solv1ng some of the problems currently
frustrating .users.

"The applicability.of the NAM to provide

a.uniform network-wide command language has been explored. . »

* Access te hnlques are currently being employed to assist S
usetrs in

he data retr1eva1 community..- A proposed set of
experiments that allow a user to,perceive a co

.

on command |
language across a heterogeneous set of retrieval sérvices
. found on 1fferent computer networks is curreﬁtly in
rogress. -
prog ' o = . w
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