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A Host/Host Protoccl for on ARPANEI-type kelworx

Recently we have been involved in the glannind of a network
whicn, if implemented, asoulc use ARPARET 1WPs Wwithout
modification, out would allow re-specification of Lost/Host (z2na
higher level) Protocol. Ihe remainder ot this cocument 1S @
sligntly eaited version of our Trecomaencaticn for Host/hHost
PIotocol; se thouant tnat it miohkt be of interest to the ARPALE]L

comisunity.
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i. INTRODUCTIUN

The Host/Host Protocol for the ARPANET was the first sucn
protocol desiuneo for Use over a packet=switched network. Ihe
current version has been in existence since early 19872 and has
proviced for the transportation of villions of pits over tens or
nundreds of thousands of connections. Clearly, tne protocol is
adeauate for Lthe joo: tnis does not mean that 1t is igceal,
however. In particular, the AFPAKET hHost/Host protocol has been

criticized on the followina arounas (among otners):

(1) it is specitied as a simplex orotecol. Lacn
sstaplisned connection is & simplex entity, thus two conpections
(one in eacn direction) must be estaplished in order to carry out
an exchanae of messages, 1h1s provices Qresat generality but at a

perhaps unacceptavle cost in complexity.

(2) It is not wparticularly robust, in tnat it cannot
continue to ocerate correctly in the tace < several types of
message loss. While it is true that the AKPANEI itself rarely
loses messaages, messages 4are occasionally 1lost, both by the

network 3and bv the Hosts.

(3) Partly because of the simplex nature of connections,

the flow control mechanisms defirec in tne ARPANE1 protoccl do
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not maxke efficient wuse of the transactional nature of much ot
data processing. Ratner than carryvina flow control intormation
(in tne form of permits, or reauests for more infcrmation) in tne
reverse tratfic, a separate channel 1s sel up toc convey this
information. Thus, for trensactionsal svstems, uo to twice as
many messanes are excnanaed (nalf for flow control infeormation

and half tor data) &as would be needed for aata alone.

(4) #Pronibition against the multiple use of & connection
termination point makes the esteblishment of conmunication w#ith

service facilities extremely cunpversome,

The 1International Federation foil Informatior rFrocessing
.u‘i?) NOITKinGg OGrouo 6.1 (Packet=switched Hetsork Interworkina)
has recently approved a proposal fcr an  internetwork enc=tc-end
protocol., ine 1F1P Protocol 1s based on experience from thne
ARPANET, the (krencn) Cvclace Network, and the (Britisn) NPL
Network, as well &s the plans of other netwerks. Thus, one woula
expect that it woula have all of theé strengths, and few (or none)
of the weaxknesses, of the oprctocols which are in use on, oOr

planned for, theseé networssS.

In fact, the 1lFiP Protocol aveics the deticiencies of tne
ARPANE]l oprotocoi mentionec above, Connections are treatea &s

full=-duplex entities, and this aecision permits flow control

.
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information to be carried on the reverse channel in transaction
oriented systems where there is reverse channel tratfic occurring
naturally. In addition, the IF1lF Frotocol is to some extent self
synchronizina: in carticular, there is no type of messaae loss
from anich the protocol coes not permit recovery 1in a8 qraceful

way.

1ne IFIP Prctocol makes a minisal numpber of assumptions
about tne networks over which it will operate., It is desianeo to
permit traamentation, &s a messade crosses from one network Lo
another, witnout netasorx reassenply. It anticipates guplication,
or non-deliverv, of messages or messaae fraqments and proviaes
.avs to recover from these conditions., Finally, it permits
delivery of messages at tneir gestination host in & completely
different order £from the order in which tney were input by the
source Host. Unfortunately, it acnleves tnese advantages at a8
relatively niuh overhead cost in terms of tiansterrea oits. rhc
complete source and destination process awJresses are carried 1n
every messaqe, 24-vits ot fragnent icentification are carried
with each fraament ang lo=-plts of acknowledaement informatlion are

also carried in every messade.

When considerina channel capacities of nunareds ot Kilobits

(or more), message overneaa ot a few nuncred bits 1s a modest
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price to pav in order to achieve qreat tlexjivility and
generality. However, for a "stanc=-<lone" network of tne tvoe
under consideration, and especially in view of the anticipated
use of many circuits of 10kbs cepacity, the IF1P Protocol orters
far more agenerality than is needea, tor which 8 fairly severe

overheada price is palo.

Ine virtual circuit obrotocols currently beina detated within
the International lelearaph anc felephone Consultative Committee
(CCITI) are a step in tne opposite ogirecticn. virtual circuit
protocols attenpt to rake a pacrel switchnina network
indistinauishable (from a customer’s point of views) from a

witcnea circuit network, excert possibly in regard to error or
delay characteristics. 1nus, virtual circult protocels generally
place responsibilityv tor end-to-end communications control within
the network rather tnan within the Hosts. For example, when a
receiving Host limits the rate at shich it accevts gata from tre
network, the network in turn limits tne rote of 1input from tne
Host wnich 1s transmitting this date stream. HOStT protocols
which are aesianea tor virtual circuit networks can pe auite
sinple, it somewnat inflexiclie. FoOr example, the Host wiant qive
the network a "link number" or "index" anug &sk the network Lo set

up & virtwal ciicuit to some other Host to be associatec aith

tnis numper, ana report back 1if and when the circulit is

I - h -
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estaplisned. tiowever, sianiticent cevelopient woulo be reaulrea
to ada a virtual circuirt capavility to the AFPANET 1HP softeare;
the Treauirea chandes Wwoula seewn to be more expensive ana €4arry

greater uncertainty thdan they areé worthe.

In liaht of the a&above, our a&pproach 1In oerininag this
proposed protocel has bvpeen to start sith tne ARPAREI Host/host
protocol and modify it accoreins Lo some 0of{ tnhe concerts ot the
(FIP Protocol 1n orgcer to remedy its major deficiencies. TIne
remainder ot tnis cocument specifles the protocol which we have

designed for this Lurrose,

————— T T S T T
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i, COMMUnICATLION CONCEFIS

ihe lMP suonetwork imposes & number of physical restrictions
on communications pelacen Hosts. ihese restrictions are
presented in B8N Report No. 1822. In particular, the concepls ot
lesders, messaaes, pacding, messaae IU’s and messaoe types are of
interest to tne gdesian of Host/Host FProtocol,. The following
aiscussion assumes that the reacer Is familiar with these

concepts,

fne IMP subnetwork takes ccgnizance only of Hosts, but in
general a host connecteda to tLhe net«ork can support several
users, several terminals, or several Iindependent ©Drocesses,
.xr.-c-‘: many or all of these users, terminals, or crocesses will
neec to use the network concurrently, a funaamental recuirement
of the HostsHost Frotocol is to provice process=-to-process
communication over the network. 1hus, it is necessary for tne
Host/host Protocol tc provide a ricner adoressinag structure tnan

is recuired pbv the 1XP sSULRELWOIK.

processes within a Host are envisioned as communicating with
the rest of tne netwoik throuah a wetwork Control FProaram (NCP)
resident in that Host, which implements the Host/Host Protocol.
The primary functions of 3sn NCP a&re to estaplisn connections,

break connections, and contrcl data tlow over connections. A
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connection couvles two processes SO that output from oneé Process
is input to' the otner, ang Vice Versa. The «CP may be
inplemented eitner as part of tnhe Host’s opeérating system or 4
separate user process, althougn it must have the capability ot
communicatina witn all of the processes or routines whicn are

attempting to use the network.,

In order to accomplish its tasks, the NCP of one Host must
communicate with NCPs of other hosts, To this end, a8 particular
communication path betscen each palr of Hosts has peen adesignated
as the control connection. #Messages trensmiltea over the control
connection are called control messages, 3ana must always be
interpretes bv an «#CP as @& seauence of one or more control
commanas, For example, one kiud of contiol commana is used to
initiate 3 connecticn anile another Kkinc carries notification

that a connection nas been terminatedg.*

Ihe maximum size of a messace is 1limitea bv the IKP
subnetaork to avproximately 1000 B=bit cytes, and in fact may pe

furtner limited ov tne receiving tiost for tlow control reasons,

#fote tnat in Buw Report wo. 1822, wessades of non=zero type

are callea control messsqes, ana a8l€ used Lo control the rloas of
information vetween a nost ang its 1MP. Iz this dgdocument tne
term “control message" is useca tOor a mnessage of type Zero
transmitted over the control connection. The 1MPS take no
special notice of these messages.,
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Qs described later. Accordinaly, the traensmittina process, Or
its Network Control FProaram, must Cake responsioility ror
fraanenting long intercrocess messaces intc messdqes oOf a size
conforming to tne HostsHost a&no Host/lmF protocols. For tnis
reason, it is impossible for & sendina host to cuarantee that any
significance snould be attached to messaae counoaries ey
receiving orocesses. WNevertheless, mesSage boundaries will occur
naturally, and should be wused in a reasonatie wav wnerever
possible; that 1s, a sendina crocess or its KCP should neot act
aroitrarily in decidina to fraument messages. For example, this
Protocol specities that each control fessege must contain an
integral numrber otf control commrands anc that no sinale control

‘ommana 411l be split 1nto two pleceés which are carriea throucn

the network in separate messages,

A maior concern ot the Host/host Protocol is the aefinition
of a metnoad for references to rprocesses 1n other Hosts. In oraer
to facilitate this, a standard name space is used, with a
separate portion of the name space allocatea to each Host. Each
Host, therefore must map internal process 1identitiers into its
portion of this name space. 1The elements of the name space are
called sockets. A socket forms one end of & connection ano a

connection s fully spvecitled by a pair of sockets, one in each

Host. A socket is identified bv a Host number and a lo=bit




KwG/RFC %714 A Host/Host Frotocol

socket number. Jhe same lo=bit socket numter in different Hosts
represents oifferent sockets. In order to avolo the transmission
of a pair of 16=plt socket numbers in each message between these
sockets, the process of connéction establisnment allows €ach Host
to define a mappina, valid for tne lifetime of the cennection
veing estanlished, from the 32 pits wnich specify the socket pair

to an 8~bit number.

No constraints are ©olaced on the assignment of socket
numbers; however, since a pair of sccket nuncers cefines a uniaue
connection, it 1s clear that in &ssioning socket numbers, a Host
must insure that for each new connecticn at least one of the
"’ocxet nunbers is unioue. For example, a& Host whicn supports
many terminals migqbt choose Lo use a terminal‘’s physical
interface numter as a portion of the socket numper involved In
any connection estaplished onr benalf ot that terminal. This
would insure uniqueness at the terminal end. 1Jnus, no conflict
would occur it several terminals stteamplec Lo access a commeb

resource (isentifiea bv its own uniale SocCckel number).

From the foresoing it shouwla ve «clear thet the Host/hHost
Protocol allcws a sinGle socket to participate 1in seversi
connections simultaneously. Tnis is aquite similar to what

happens in the telephone systen, whele a companvy, &S well as an

. ) 0 = 30, -
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Qndivioual, can be jdentified with a.phone number.l AS seen from
the outsige. the pnpone number of a company is sharaple, since
several conversations can proceec at tne same time and the caller
does not have to worrv about tne alreadv existinag conversations.
Conversely the phone number of en indiviaual is not sharable,
since he can process only one conversation at a time; the same
is generaliy true of & connection to a terminal which might be

using the network,

A final major concert which shoula be explainea 1is the
"windowsina" concept which is useo tor flow control. Ihis conceut
is aaaptea from the IfFIF Frotocol with some 3ppropriate
.oditlcatxons for use in an ARPANET~tYpe networx, rhen @&
connection 1is estaclisned, a seguence numper is initializec to
some specified startinag point and the receiver allocates a
certain numper of «crecits to the sendelr, Ltach cledit entitles
the sender to traensmit one mess3ge; that 1s, the receiver aarees
to provide cuffering for the numper of messages specifiea by the
number of credits aranteoc. 1t one thinks of seauence nNUNDErs
advancina from left to riaht, the injitial secuence numoer detines
the left edge of a winoow into tne entire seauence numpoer space
and tne creait, wnen @&ocaed to the 1nitial secquence numoer,

detines the riant edge of the w»indow. The transmitting process
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is permitted to seno as manvy messages as woulo till the window,

put not more,

when a receiver receives a nessaae whose sequence number

is

at tne left Alnaow edae (or several consecutive messages

extending riantwardg tron the lert window eaae) the receiver

returns &an acknowlecoement for the rightmost such message, along

with a new credit, and advances his own wlnoow: its new left
inmediately follows tne last acxnowledgea message and 1its

right edge is at the location cetined by sdaing the new creol

eoqe

new

t to

the new ljett window edge. Similarlyv, wnen a sencer receives an

acknowleagement Ii@ acvances his own lett ~indow eaae to

‘ccatjon in the sequence nunper space specitiled bV

tne

the

acknowledgement &nda hLis o«n riant winaow eage to the location

specified by =agding the new credit «eliocation to the new

left

window edue. Fielas are reservea in each cata messace to carry

an acknoasleogement ana 4 crecit for traffic flowina in the

reverse direction. ithus in the case of interactive

transactional exchanges, no control messades neec to ce sent,

or

ln the event that a Sender ooes not receive acknowledgements

for previously transmitted messages within some timeout vel

104G,

the messajes are transmitted agaln, using the same seauence

pumper as was previously assianed. This allows straiuantforsard

" . - 12 -
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recovery from the situation of lost messages. OUn the other nand,
it it 1s tne returnina acknowledgement which is 1lost, the fact
that the retransmitted mnessaqge Ccarries an identical seauence
number allows the receiver to aiscard it. However, the receiver
shoula notice that &t the time of retransmission the sender nad
not receivea an acknowsleduement: therefore tne receiver shoula
reacknowlecge this (and &ny suvseocuently received messayes) oy
transmittina an acknowledgement vearing tne current left window
edge, Thus, in botn the case ot lost data messages and the case

of lost acknowiedgements the orotocol r1emains svnchronizea.

Ihe primary difference vetween this protocoli anc the IFIP

rotocol is 1in the size of the secuence numcer fiela. The IFIP
Qrotocol is desianec for interconnections of manv netxorks »ith
huge variapilities 1in delay anod witnh e strond possiocility that
messages will not ve celiverea at the aestination in the same
order in which tney were transmilited oy the source. 1hus, tne
1FIP Protocol uses a ib-bit sequence number fielac whicnh, even at
megaoit per second rates cannot be completely cvclec throuah in
less tnan several hours. however, the proposec ARFANET=LyDe
nets#orx has the characteristic that delays are typically short,
messages are rarely lost, and they are always delivered in the
same order in whicn they were sent if they are delivered at sll,

Therefore this Host/most brctocol wuses only a 4=-oit seauence

- 13 -
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number fiela which, ot course, is cycled throuan every 16
messages. Ihils imposes tne constraint tnat a window may never be
larqer than eight messadges, Since the seaquence number 1is
containea in a 4=-bit tield it is also possicie to use only four
bits for eacn of the credit anc acknowledgement filelds: thus,
this protocol uses only 12 bils 1n each mess3age heagcer rathex

than tne 40 bits useda under the lrlP Protocol.
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'QH . NCP FUNCTIONS

lne functions of

the NCP are to establish connections,

terminate connections, control ftlow, transmit interrupts, and

respona to test inauiries. Inese runctions are explained in this

section, and control commands are introcuced as needed. In

Section 1V the formats of all control commands are cresented

together.
Connection Establisnient

The command used to estaplisn & connection 1S the rkFC
(request for connection)e.
g* ib lo o io 5}

! RFC ! my=socket ! youre=socket ! index ! size ! credgit !

1he RFC command elther requests tne establisnment of a connection
petween a pair of sockets oI accepts 4 previousiy recejved
request tor connectien. Since tne FFC comnana 1s used both for
requesting and icceotina the establishment ot a connection, it 1is
possible ror eitner of tso cocperating processes to initiate
connection estaolishment. Even 1f bpcth groceses nere to

*The numoer shosn apove each centrol command field is the 1lepatnh
of that fielo in bits.
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simultaneously reguest the establishment of a connection, each
would interpret receiot ot the RtC sent by the other as an
acceptance of 1ts own RFC, &and thus the connection woula pe
establisned without difticultv., 1nhe ny-socket and your=socket
fields 1in the KFC identify the sockets snich terminate the enos
of the connection at each Host. ine incex field of the KFC
specifies an index number which will be containeo in each aata
transmission sent over this connection trom the "my-socket" to
the "your-socket" end ot the connection. The size fielo of the
RFC specifies tne maxinum numper of ®=-pit obvtes which are
permitted toc be sent from the "your=socket" to the "my-socket"
end of the connection in anv one nessaae. Ine creoit tfiela of
‘ne RFC specifies ctne initisl size (in the ranae 0=-7) of tne
window in tne "vour=-socket" to the "nyv=-socket" direction of 1Lne
connection. A pair of FKFE(Cs exchanaed peltween two Hosils matches
when the my=-socket tield ot one eGuals the your-socket rield of
the otnher, and vice versa. A connection 1s establisned ~n9n.a

matching pair of RFCs has been exchnanaed.

Cconnections are uniquely specitiea oy the sockels which
terminate the connection; thus a pair of socket numbers cannot be
usedg to identify two different connections simultaneouslv.
similarly, the index is usea to specify whicn connection a asta

message oertains to; thus an incex value cannot ©e reused wnile

- 1 =

. \
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‘(ne connection to which it was first assianed is still active or
in tne orocess ot peinq estavlished. For example, consider an
RFC sent from Host A to hHost B ahose my~-socket fiela contains the
value X, your=-socket field contains the value ¥, and index
contains the value Z. Unti] the requested connection nas bteen
closeo (even if it 1s never establishea) or reinitialized, Host A
is pronibitea rrom sending a3 difterent RFC to Host B whose
my=-socket field and vour-socket fielas are X and ¥, or whose
index field is Z. Note that tne cronibition against tne reuse of

the values X anag Y treats them as & pair; tnat is, another RFC

may be sent from Host A to host B, shose my=s50cket fiela contains

the value X so lond 3s tne your=-socket field contains some value

.Lher than 1.

In general tnere is no prescricvec iitetime for an KFC. A

Host is permittea to cueue incomina kfCs and withholc a response

for an arvitraeriivy 1long time, or, alternativelv, to reiject

requests 1immediately if it has not already sent a matching RFC.

Of course, the Host which originaily sent the £iEC mnay te

unwillingy to wait for an arbitrarily long time so it may abort

the request.

Ihe decision to gueue or not to wueue jincoming KFCs has

important impliications wnich must not be ignorea. Each FFC whicn
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is gueuved, of course, reauires a small amount of memory 1in Lhe€
Host doing tne aueueina. 1f the incoming RFC is aueved until a
local process takes control of tne local socket &nc accepts (or
rejects) the RFC, out no tocal process ever takes control of tne
socket, the RFC must pe queued "forever". On tne otner hano, if
no aueueina is pertormea, the cooperating processes which may be
attemptiny to estaplish communication may be sble to establish

this communication only by acciaent.

Tne most reasonavble soiution to the proclens posed above 1is
for each NCP to agive processes running 1n its own Host two
options for attemptina to initiate connections. The first option
would allow a process to cause an KFC to be sent to & specifieo
remote socket, witn the hCP pnotifving tne process as Lo wnether
the KFC was acceptea or rejected by the remote nosSt. lhe secongc
option would alloa a processs to tell its own NCP to "listen" for
an RFC to a specified local socket from scome remote socket (the
process miant also soecify tne particular remote Ssockel ang/or
Host it wishes to communicate ~ith) and to accept the RFC (i.e.
return a matchina RFC) 1f and when it arrives. Note that tnils
also involves aqueueina (of "listen" requests) but it is internal
gueueing wnich is susceptible to reasonable management by the

local liost.
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annecuon Termination

Ine command used to terminate a connection is CLS (close),
B 16 16

e e

! CLS ! my=-socket ! yuuresocxket !
Ihe my-socket 1{field ana your-sccket £iele of the CLS command
identifty the sockets which terminaste the connection peinag
closed, kEtacnh sige must sendg and receive a CLS command vetore the

connection termination is conpleted ana pronibitions on the reuse

of the socket pail gana inaex value are encea,

It is not necessary for a connection to pe establisned (i.e.
.or both RFCs to oe exchanaged) refore connection termination
begins. For exampie, it 4 HOSU wisnhes LO retuse a reauest ftor
connection 1t sends back a8 CLS 1nstead ot a matching RFC, Tre
retusing host tnen waits tor tne initiating Host to acknowleodae
the refusal ov returninag a CLS. Similarly, if a Hoest wishes to
abort its outstsnaing reauest for a connecticn 131t sends a CLS
command, The foreian Host is obliged to acknowledae the CLS with
its ow#n CLS. Wote that even thouah tne connectjion was never
establisnea, CLS commands must pe exchanged vefore the
pronioition on the reuse o¢f the sockel pair or tne index is

completely encea. Uncer normal circumstances a host should not
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send a CLS command tOr 3 connec¢tion on w#nich thdat host has

unacknosledgea aata outstandino. Of course, the other host may
have just transmitted asta so the sender of Lne CLS command may

expect to receive aaditionsl data Irom the other Host.

A Host snould aulckly acknowlecae an incoming CLS so that
the foreian Host can purue its tables. 1In particular, 1n tne
absence or outstandinag uUnacknowleaceg gata a Host must
acknowledge an incomina close within ©0 seconds. Following a 60
second perioa., the dost transmittineg a CLS may regaro tne sSockel
pair and the ingex as "unusea" and it may gelete the values from
any taobles describinag active connections. Uf course., 1if the
.oreiun Host maltunctions in such & #4ay that the CLS is lanorea
for longer than o0 seconds, Subseauent attemots to estaplish
connections or transmit cata may leaa to ampiguous results, 1o
deal w~itn tnis possivility. a HoStL should in general
"refinitialize" 1ts use or connection paremelers cetore attempting
to estaplish a new connection to any Host wnich has failed to
respona Lo CLS commands. Methods fer reinitializing connection

parameter tacles are desCrioced belcou.
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Acknowledaement

As descrived in the oprevious section, ftlow control is
hanaled by a winoowing sScneme, Dbased oOn  Seauence numMbers.,
Credits and acknowledaements can te piagybackea on aata traveling
over tne reverse cnannei. Ihus, in general, acknowledgement oOf
the receipt of messaues will take place over the data connhection
ratner tnan over tne contreol connection. however, Lnere are some
cases when it may pe desirenle to pass acknowliedgements OVEr the
control connection (for exampie, when there Is no data to¢ oe
returnec in tne reverse directicn). In addition, for efficiency
it may pe desirable to neaatively %cknonleuce gata transmissions

‘nown not to nave bpeen deliverea, ratner tnan walting for tne
timeout and retransmissions mechanisn Lo Cause sucn messaqges Lo
be retransmitted, [ote that such negative acknowledaement is
not required, since timecut ana retransmission is alwavs
sufficient to auarantee eventual celivery of 3ll data, but may i'2 :
used to increase the efriciency ot communication.)] Since the
frequency ot use of the negative acknowledgenent system over an
ARPANET-type network will ve extremely low, it is uncesirable to
leave space for neaative acknowledgements in the header ot every
data message. Tnus, negative acknowiesgement c¢an be most

conveniently hanolea vy control messaqes.
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There are two comnands cealinag with acknowlecuenments.
8 e 4 4

S0 CACK WF IndeX U seg M crdl el

The ACK (acknowleaaement) commana carries three data fields. The
incex value 1is ¢the index useéd by tne sender of the
acknowledjement to identity the connection. The seauence ("sea")
field contains tnhe seauence nuircer of the hichest=-numbered
- sequential aata messaage correctiy received over the connection,
(The very first data message Lo e transmitted over a3 newly
establishea connection «ill have tne seauence numoer one; until
his data message is correctly receivea, any acknowledgement
commands transmitted tor this connection (tor example, to Cchanage
the credit value) will pave the seauence fi€la set To zero. 1his
applies whetner the "acknowlecgement" is carried by an ACK
command or is contained in oJata messages cteina sent to ti'z
foreigqn Host over the connection,) ftre credit ("cra") triela
contains a numoer, in the ranage 0=7, which dives the s5ize of the
receive window. Ihis number, when acdoed to the "sea", aives the
sequence numoer of the hiachest numbered messaade &#hich is
permitted to pe transmitted by tne foreign Host, Thus, a8 creailt
of zero says that tne nrnost transmitting the ACs commana is

currently not preparea tc acceut any messages over the

& L
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connection; and a creuit of 7 says thet the Host is prepared to
accept up to 7 messaaes cver the connection., O0Of course, since
the seguence numoer is containeéa 1n & 4=-bit fiela, the addition
ot the sequence numbel and Lne crealt value must be performed
modulo 1é (seauence nuaver 0 immeaiately follows seauence number

15).

As noted apove, the ACK commanc is intended tor use with
aata connections where tnere is no gata flow in one goirection,
for examole, the transmission of a tile to a line printer., In
fact it snould pe clear that, since transmission of control
messages 1s not svnchronized with transmission of data messages
(either 1n the netsor< or, more importantiy, in trhe transmitting
vCP), ACKR commands shoula not be sent for any connection over
whicn data i1s flo»ina in the same directicn. Thus, {r an ACK
commana is generdtec, the NCP wnich transmits it must insure tpat
the controi messade wnhich contains it is transmitted prior to tne
transmission of new aats messages tor the same connection.

3 8 8

$ WNACK ! fnoex ! sea !
The NACK (negative acknowledaement) command contains two
data fields, As with the positive dacknowledaement command

described asoove, the tirst tiela 15 the index number assiqnea to

=23 -
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Qnis connection by the sender ot the.nAaCK. However, the secona
field contains onlv the 4-bit sequence numper, riant justifiea in
an 8=-pit field, of the data mwessaae for tnée connection 1n
question which is peing neustively acknowledged. As ©previously
noted, the HACK serves no vital function in tre protocol putl may
occasionally allow more efticient communication. The HNACK 1s
intended to be used anen the window «iath 1s grealer thdn one,

the message at the left wincow edage has not Dpeen correctly

receivea, andag messages tosard the rignt or the wWinoow have ueen

correctly received. A timeout wiil eventually cause the
retransmission ot the missina messaue, at which point the left
window edge can be moved folwsard sevelrdal messages. lise of the

.»\Ch, nosever, coulo triuger tne imnweciete retransmission Oof the
missingy messaae and LNus reauce the gelay. 0t course, it more
than one messagje is missing it may be desirable to send several
NACKs for one inaex in a3 sinale control nessage; tne protocol

permits tnis, althougn it is extremely unlikely to occur,

Reinitialization

Occasionally, aue to lost control messages, svstem crasnes,
NCP erors., or otner factors., communication between two NCES wiil
pe disrupted. Une possible eftect of any such aisruption miaht

pe that neitner of the involved NKCPs coule be sure that its
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stored information regardina connections with the other rHost
matcned the information stored by the iKC¥F of the other host. In
this situation, an NCP may wish to reinjtialize itls tables ano
reguest tnat the otrker host ao likewise. Inis reinitisliization
may be reaquestec for & particular index and/or socket pair, or
globally tor all connections possibly establishea with the other
Host. For these purposes the protoccl proviages three control
commands as described peloa:
L} 1o lo b

- e e e e e e

! RCP ! my-socket ! yourw-socket { index !

The RCP (reiniticlize connection parameters) commana
.ont.ains three aata tielas. 1he my=sockel &nd your=socket tields
‘contain a3 pair of socket numpers whicl dgefine a ccnnection: tne
index field contalns 4 value anich woulc 1centify ocata messages
over a connection. when this commano is recefveo ty an NhCP it
should ourge its taktles of any reference to @ Connectién
identified by tne socrel pair or anv retevence to a connection
for ahicn recejvea ocats soula be loentitied by the specifiea
inogex wvalue; of course, only connections usinao tnese values withn
the host sencino the vCP woulao be purced. In etfect, the Host
sending the RCP¢ commana is sayinag: "1 2m aboult to sena you an

RFC using this socket pair énd this index to 1cdentify a data

w il (e
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connection which 1 nope we can aaree to estanlisn., 1 @o not
pelieve that use of this socket pair or this index conflicts with
any previous use, but if you relieve it aoes, plesse record the
fact (ror later examination) as an error and then celete from
vour tabples tne conflictina information so that we mavy pIroceec to

establish the connection.,"

In case more alobal a«ifficulties or loss of state
information are suspectea, tne protocol provices tne pair of

control cemmands KST (reset) and rkF (Ieset reply).

]
SR RL !

& ’
IRERRP R

- -

The RST commans is to ve interpreted by the Host receivinag it as
a signal to ourade its tables of eny entries which &arose from
communication with the Host whicn sent the F 1. 1he HosL seéndinyg
the RST snould likewise purge its tavles of any entries which
arose from communication »ith the host Lo which the rRS1 was sent,
The Host receivina the RST should acknowledge recejpt by

returnina an PrP. Once Lhe first i#Host has sent an KST to the

second Host, the tirst Host shoulae not communicate with the

'. : = 26 =

IRRREEEEE R L




NWG/REC #1714 ‘ A Host/Host Protocol

.secor.d Host (except for responoing to RST) until the secona Host
returns an RFP. If poth WNCPs decide to sena EKSTIs at
approximately the same time, each Host will receive an RS1 ana
each must answer with an RKP even thouan 1ts own RST nas not been

answerea,

A Host should not send &n PRP when an kST has not been
received. further, a Host shoulc send only one RST (anc no other
commands) in a sinale control messace and should not send another
RST to the same Host until either 6U seconas have elapsea or 3
command wnicn is not an KSY1 or kKeP has been receivea fronm that
Host. Under tnese concitions. a sinale RkP constitutes a&an answer
to all RSIs sent to that Kost ano any other REPs arrivirng from

Qnat. Host should ce discaraed.
Interrupts

It is sometimes necessary In a communication system to
circumvent flow contrel mechanisws w«hen serious errors or other
impogtant conditions are detected. Ftor example, the user of &
timesharing terminal «no cresates and ceains the execution of a
proqram «nhich contsins an erroneous infinite loop may need Lo
“"attract the attention"" of the cperating system to ask 1t to
cancel the execution ot his program, even thovan the ownerating

system may normaliy "listen" to the terminal only when tne

- 97 =
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proegram

in execution asks for input, Similarlyv,

communication network, where 1tlow control may

transmission of c¢ata from one process to another,

A Host/Host Protocol

in & coumnputer
prevent the

under certain

extraordinarv conditions it mav be necessary to pass a sianal

from one process to snother, Since the channel petween the KCPs

of two HOSTS 1s not subiect to the flow control mechanisms

imposea

an "out-of-pana" sianal over tne control connection.,

on tne data ccennections, it is possipble to

purpose the il (interrupt) cormana is providea,

b 8 8
o i 0 A S e et S
Y OUUENTS A ivdex B sensid

-

.ne INT command contains tso data fields. ihe

transmit such

ano for this

index field

icentifies the aata connection to which the "interrupt" pertains;

the seaquence numper ("sea"), whicn is four pbits right-justifiea

in an eianht=-pit field, oives the Sequence number

ot the first

data message which should "come after® the interrupt, In otner

words, tne INI coumand notifies the receiving

congition

ahicn must be synchronized with the data

NCF ot an exception

strean, anag

the seuuence number provices the necessary synchronization, ANy

data messages with seguence numbers to the ieft of the specified

sequence

arose,

- 208 =

number were generstec pefore the exception condition
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right winacw edye of the specirieu data connection so that the

An NCP which receaives an INT commwend should advance the

window contains at least the seauence number specifiec in the
interrupt command. (It may ©be necessary to acknoasleoqe aata
messages anhich were not correctly received or were not buffered
in order to be aple to aovance the window to tnis point;
justification iIs proviued bv the assumption that the IN]l was sent
only pbecause the flow control mechanisms were preventing the
transmission of important information.) Uf course, the interrupt
or exception slgnal itself 1s subject to the interpretation of
the Host receivina the sicnal, but should have a wmeaning
equivalent to: "notiry the process in execution, or that
.xccess' superior, tnat something exceptional hLas naprenea 3ngc

that the ocata now vufferea is an imrfortant messace,"
Test Inquiry

It may sonmetimes pe useful for one host to ogetermine if some
other Host {is carrvina on network conversstions. 1he control
command to ve useo for this purccse is ECU (echo).

8 8

& wECO L data. ¢
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Ine ogata fleld ot the ECU compana may contain any pit

contiguration chosen tv the Host senagina the ECU. Upon receiving
an ECU commana, an NCP snould responc by returning the daata to

the sender in an ckP (echo repiy) command.

. EnrpP : Qata X

A Host shoula respond (sith 2n bErP commanda) to an 1ncoming £CO
command within a reasonable time, here defined as sixty seconas
or less. A Host shoula not sena &n EkP when no ECU has ©peén

receivea,

- 30 =
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QV. DECLARATIVE SEtCIFICATIONS
Message Format

All Host-to=-HOoSt messaaes which conform to tnis protecol

Shall be constructed &s folloss:

Bits 1-90: Leader - Inis fiela 1s as specifiea in BEN Kkeport Ko.

1822, witn the follcaina 3cditional specitications.

Bits 38-40: Maximum Message Size = 1his fiela shoula Dbe
zero for all control messages, For messages sent over aqata
connections, tne velue ot this tield shoula be calculatea

from the size receivea in the RFC wnhich estavlished tlLe

‘ connection.

Bits ©6S5S-70: llessane=id = 1his fielo 1s subdiviceo into
eignt bpits aivine the incex ct the connection ot which the
message 1S 4 part, and four owits giving the secuence nuupver
of the messace, 1he ingeXx is conteined in bits 65-72, and

the seguence number in pits 73-7e.

Bits 97-100: Acknoasledaement = Ihis field contains the four-poit
sequence numober ot tne hiunest-numcered catée nessage to the left
of the window for tnis connection; that is, the seauence numoer

identifying the niaghest-numberead cf the seauence ot consecutively

e 31 =
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numbered (none Mmissing) ceta messaqes which have Leen correctly
received over this connecticn. If no data messages have been
received since the connection was established, tnis tield must

cont&éin tne value zero, 7This fi€eld is not used (i.e. may have

any value)} in contreol messeaces,

bits 1Ui=104: Cregit = This fielo contains a numoer in the ranace

U=7. Adding this nuinber (modulo 16) to the seauence number in
the cknoviedaement fjelc (pits  97-100) gives the hichest
sequence npumber which tne toleian Host is permitted to sena over
this aata connection. Thus. a value of zero in ¢tnis fiela

indicates that no news data messsges snoula ve sent, ena & value
f seven inaolcates that the foreiagn Host may send UuUp to Sseven
messaaes pevond the pessaqge whose seaquence numper 1s specifiec oy
the dcknowlecuement pits. Since fiow control does not apply to
messsyes sent over the control connectiocn, this tieic may nave

any value in control messages.

Bits 105 = ... ¢ Text ana Fadding = A seauc:ice of B=bit bytes of

text, follosed by pagding., as specifieg in bbhN rerort ho. 1822,
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Qndex Assignment

Index values must be &ssignead (in blts ©5-72) as folilows:

Numoer Assignment
0 Iventifies a contiol connection
1 Reservea for revisions to this protocol
2-191 loentity data connections
192-255 Reserved fol expansion or tor other
protocols

Sequence hNumber Assignment

Every data nessace contains & seouence numter in oits 73-76.
‘ne sequence numeer is usea by the receiver to aetect the fact
that a transmittec message has been lost, to laentify tne coriect
location in the oJata stream to insert a4 retransmitted (and
therefore prooaoly out of order) message wnich was opreviously
lost (or to detect the retransmitted message as a duplicate) ano
to iaentify acknowledged messages (oI seguences of messaces) to
the Sender. Ine seauence rnumcer is also used Ly the flow control
mechanism, Since the 1MF subnetwsork itself contains elaoorate
mechanisms to acnieve tnese same gosls, it 1s not eanticipated
that the error-recovery mechanisins rtesed on the sequence numbers
will be c3allea into play freauently, and thus their efticiency {s

not of primarv importance.
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. Sequence numpers are assianec to the two oifections of @
connection indecencentiv. For a aiven direction of a cecnnection,
the first data message transmitteo atter the connection is
establisned must nsve sSeuGuence numter one. Subsequent messades
are asslanea sequentially 1increasina (moculo 1le) sedauence
numoers; tnat is, seauence number zero is assianeéa to the messaoce

following messaue number 15.

sequence numncers are not assicned to control messages, since
the protocol is desicneo to permit these messages [O be aeliverea
out-of-seauence without ill etfect, ana since flow control cannot

be applied to tne control link,

‘ontrol Messaaes

Messages sent over tne control connection have the sare
format as other Host=to-Host messages, with the exceptions noted
above. However, control messaaes may not contain more than 120
8~bit bytes of text. turtnei, contrcl messages must contain an
integral numcer of contrci commanas; & single control commnand

must not be spiit intec parts which are transimitted in cifferent

control messaaes.
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Message Iransmission and Retransmission

Control messaaes may be transmitted whenever they are
reguirea, Data messages, however, mav be transmitted only #nen
permitted by tne floa contreol mechanism; that is, whenever the
sequence number assicnea to the message is within the "window"
for the appropriate direction of the aiven connection. The "left
window edue" (Lwc) is detined poy the highest seauence number
(moaulc 1o) whicn nas peen acknowledoeda (or zero, if no messaaes
nave been Aacknosleauea). Tne "right window edge" (RWE) 1is
cefined by a&daina (mcdulo io) the moSt recently recejved credit
to the left wsindow eaoge. (Note that LwkE=RWE {f the most recently

‘eceivea credit is zero.J A message with sequence numver Sk may
be transmitted only if, prior to trhe (possipcie) reduction modulo

16 of SEQ and/or RwkE, it is tiue thet
LaE less~than StV less=thsn=or-eGUal RwE

Messages should ©bpe retrensmitted whenever anv of the

tollowing conditions occur:

= The 1np SUpnNEetwork nas returned an "Incomplete
transmission" (type 9) or ‘Yerror in OData" (type @)
response to the messaage (icentifiea by naving bits 41-7b

of the resconse @aual to those bits of the transmittea

. " = 35
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nessage). fliote tnat tnis condition applies to contiol

1E5530e8 a5 well as data nessages.,

- ihe seauence number of this message is equal to (LWE + 1),
and it has been more tnan 30 seconds since the messaqge was

last transmittec.,

~ Jne seuuence number ot the message {is specifically
jueptities in a NACK commana for this connection from the

toreign Host.

since messaqes may occasionaily nave to be retransmittea, it is
clear tnat they shoulod not pe discarced cy the transmitting NCP
until they have veen acknoslecasd. A message 1S consloered to be
GCKliowledaed when its seaquence numbel, or the seduence nunver of

any message to the riagnt of 1t in the same direction of the given
connection, 1S returned 1in the acknowledgement tielc of & data
message transmitted in the other cirection over this connectior,
or is returned in an ACK command for fthis connection firom the

toreign dost. g
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Qontrol Commanas

Control commands are formatea in terms of 8-pit bytes, Each

command vegins »ith a one bvte opcode. Upcodes are assiagned the
seyuential wvalues 0, 1, 2, . . . to permit table lookup upon
receipt. 1The concitions underlving the desiagn and anticipated

use of the control commasnos are described in sSection 11l.

NUP = No Operaction

8

SERENCPERE?

Tne NOP command may be sent at any time and snould pe olscardea

.v the receiver, It mavy ce usetul for tormating control

messages,

RST = Reset

$5RST %L
The RS1 command §s used by one HOost to intorm anotpner that all
information regarading any previously existing connecticns opetweeln
two Hosts should be puraed trom the NCP tébles of tne Host
receiving the RS1. Except tor responcing tc ESTs, thne Host which

sent the RST shoulad not communicate further with the other Host

=737 \=-
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until an RRP is receivea in resvonse. When & Host 1s @&bout to
begin communicating {e.d. Sena an REC cecmmana) to another Host
with which it nas no ocen connections, it is Good practice to

first send an kST command anc «~ait for an ERP command.

RRP = Reset Reply

8

*1 RRP* -1

- -

The REP command must ce sent in reply to an RST command.

RFEC = Readest tor Connecticn

8 io 16 g8 1o 3
. 1 KFC ! mv=socKketr ! vour=-socket ! 1noex ¢! size ! crecit !
B e e SR ReE S e SR RS P P L L
The RFC commana is used to establisn & connecticn. Ire

"my-socket" fielo specities the socket local to the Host

transmitting tnhe KiC; the "your-socket" field specjfies the

socket local to the nost to whnich the KFC 1s transmitted. ne
"index" field specifies the incex value which will pe aiven in
pbits o65+«72 of each ocata messace sent from "my-socket" to
"your-socket". Ilie "sjze" field srecifies the maximum number of

8-pit bytes anich may te transmitted in any sinale messaage from

"your~socket" to "my-socket". 1he “credit" tield specifies the
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size of tne initial seguence numcer window (in the range 0-7) in

the "ycur-socket" to "mv=socket" airection.

CLS = Close

8 16 lo

! CLS ! mye-socket ! your=socket !

The CLS commanc 1s used to terminate a connection. A connection

need not be cempletely establisnea before a8 CLS is sent.

RCP = Re=initialize Connection Parameters
8 16 16 8

! RCP ! my-socket ! your-socket ! incex !

- T e e e e R e

Ihe RCP command is usec by cone Host to inform anothel that eall
information reuarcina a possiply previously=~existinu connection
between "ave-socket" and "your=socket" AND all information
regarding a possibly previoudsly-existing counection icentitied by
"index" (petween tnese iosts) shoulo pe purc:d from the taples otf
the Host receivinug the RCF. 1ne "my-socket", "your=-socket", ano

"index" fields are detinec &s in the KFC commana.
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QCK = AcKnosledgement

8 8 4 4

£CACK ulfanoex) & sea 8 Crd

The ACK command may ce used to acknowleage received data, or

assiagn credit, without sencing a oata messaae, The value in the

index field identifies the cata connection which uses the

index value (1n the direction from the senaer of the ACK to tne

receiver of the ACK)., 7Tne eiant pits followinu the Index fleld

(the "seq" ana "crd" tieid) nave tne same meaning as pits 97-104

of the aata message joentifiea oy Lhe i1ncex value.

MACK = hegative Acknowleauement

" -] - n

' “NACK ' index !y seq ;!

The NACK command informs tre receiver of tne HACK that 1t shcula

immediately retransmit the aqéta messade Joentifiec by

remainina tields. The index field is defincd exactly as for

ACK command. ihe "sea" tilelc qlves the 4-bit secuence number

(rignt=justified) whicn snoulo be immediately retransmittea.

hote that the qaata messace to te retransmitted does not have an

index value eaqual to "index", but instead 15 transmitted over tne

other direction of the aata cennection whicn the host senuing the

- 40 ~
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NACK identities by "ingex". iic Host is ever reauired to transmit
or act upon a NACK commana; nowever, use of the NACK may

occasionally vermit a decrease in retransmission aelav.

INT = Interrupt
8 8 3

- -

§UVINE | Piipoextils isegh !

The INT commana is sent over the control link to provige an
"out=of=-pand" (ana nence not suvject to flos control) sienal tor
the oata connection senotea by the index field. The index value
is the value shich sould appear in opits 65-7Z ot a data messaoce
ent from tne sender of the Iik1 command to the receiver of the
INT command. 7The means of syncnronizina this siansl with the
cata opeing transmitteo over tne data connection 1s the inclusion
of a 4=pit seaguence numper (ricnt-juscifiea) in the "sea" field.
The number speciried by this field denotes the first cata messac:

whicn "tolloas" the cut-ot=-oanc sidnal.

ECO =« Echo Reaguest

8 8
cememmsssemwr e

1L ECOT it vdata | L




NwG/RFC #1714 A Host/Host Frotocol

Ihe ECO command is used only for tesl puUrposes. Tne data tiela
may be anv bit confliguration convenient to the Hlost sencina Lhe

ECO commana.

EKP = Echo Rervlv
8 b

! ERP ! data .

lhe ERP command must bLe sent in reply to an ECO commana, ine
data field must ve jdentical to the aqata field in the incoming

ECO command.
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NIC/QUERY, A Novice User Interface Program

E. J. Feinler and D. S. Mavnara

SR1. Auamentation Research Center, Menlo Park, Calif.

ABSTRACT

I'his paper describes the NIC/QUERY proaram and the
data bases that run under it. NIC/OUERY permits
novice or sometime users to access a data pase made up
of structured files., It uses & few simple commands
and 1s designed to be self-explanatory. The query
program is a subsystem of the SR1 Augmentation
Research Center Online Svstem (NLS). NLS utilizes
heirarchically structured files. 1t also supports a
linkina capability which allows special strings of
text, called links, to reference any node in any NLS
file. NIC/QUERY takes advantage of these two NLS
features. Users ao not need any knowledae of NLS to
use the query program, even thoudh the program Graws
upon sophisticated NLS procedures.

NIC/QUERY is beina used by the ARPA Network
Information Center at SE1 to enable network users to
prowse through information about the ARPANET. This
application of the proaram is described in detail. It
shows how an NLS user, without prodraming experience,
can construct a data base which can in turn be easily
browsed bv a novice user through use of the NIC/QUERY
subsystem.,

INTRODUCTION

In 1972 the Network Information Center (NIC), & part of
the Augmentation Research Center at SRI, was asked to
participate in a demonstration of the ARFANET at the
International Computer Communication Conference (ICCC).

A large amount of information had already been qathered
describina the ARPANET, but a method was needed for
presentina this information to the conference attendees,
manv of whom were not computer oriented. The information
was to be accessed through the network, since that was
the emphasis of the meetina. We also wanted to draw
heavily upon useful features of the SRI Online System
(NLS), particularly the heirarchically structured file
system and linkinag cavability. However, we felt that the
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NLS command language and subsystem access were too
sophisticated for random users. It was this need for a
simple subset of the full NLS capabilitv that would allow
novice users to enter NLS and view data files with little
or no knowledae of the system, that triagered the concept
and desian of NIC/QUERY.

NLS FILE SYSTEM

To understand how the Querv program accesses data it is
necessary to have an overview of the NLS file structure
(4)(6).

NLS operates on a heirarchical, random file svstem with
several uniaue features that provide advantages for
entering, oraganizina, and accessing data., Storaae of
information within separate structure and data blocks
permits rapid movement within and between NLS files,

Conceptually, an NLS file is a tree, Each node has a
pointer to its first subnode and a pointer to its
successor. If it has no subnode, the subpointer points
to the node itself, If the node has no successor, the
successor pointer points to the node’s parent,., Each node
is currently represented by a ring element. These ring
elements point in turn to the associated data block,

The basic unit of an NLS file is the ‘statement’ which is
a string of text made up of from 1 to 2000 characters. A
statement may be a character, line, sentence, headina,
paragraph, table, or araphic. A file is composed of one
or more statements that can be arranged at different
levels in an outline or tree form. The text in an NLS
file can be clipped and re=-expanded, and the user’s view
of it may be altered by sinale-letter codes known as
viewspecs.

For a more detailed description of the NLS file structure
see (4). For the purpose of this discussion it is
sufficient to know that NLS has a heirarchical or
tree-like file system made up of multilevel statements,
Statements, or text withinp statements, may be easily
referenced, and level and view clippinag are available.

STRUCTURE OF THE DATA BASES

In order to discuss NIC/QUERY in specific terms = what it
does and how it works = an NLS file, which happens to be
a short description of one of the Hosts on the ARPANET
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(LLL=RISUS, dec 21), has been included as a sample data
base (See Appendix 1). This is a typical file used to
produce the hardcopv ARPANET Resource Handbook, a
document published by the NIC under the sponsorship of
the Defense Communications Agency (DCA) for distribution
to ARPANET users (2). The same files used to proaduce the
hardcopy handbook c¢an with minor modifications serve as
the data base tor Query. This eliminates the need to
recapture or reoraanize the data extensively for naracopy
production.

The basic structure of this sample file is that of an
outline., A heading or data element is followed, down &
level, by the data pertaining to it. Note that some of
the descriptive text is presented in paraaraph form and
some is presented as tables. Either is acceptable,

HOW NIC/QUERY WORKS

Essentially NIC/QUERY does the followina: it creates a
numbered menu from anv headings or data element names at
a given level and presents this menu to the user. The
user then selects one of the menu items or specifies a
keyword. Upon selection of an item or data element by
the user, the proaram displays the text one level beneath
that data element. The user can ‘walk’ down throuah the
outlined file in a logical seauence opening up successive
levels of information. He can also jump pback to a
previous menu or go back to a higher node in the tree
structure and go down a different information path., This
path can be a branch within a file or an entirely new
file; thus the data base can be a single file or multiple
files, whichever the builder chooses.

Although this is a very simple concept, its application
creates a powerful data access tool which any NLS user
can drop over a properly structured NLS tile.

The simplicity of the program does mean that it has
several limitations. These are important to note:

- NIC/OUERY 1is not primarily a data searchinag tool, it
is rather a data displaying tool. It will not find
all occurrences of a given subject or kevword,
althouah it will find the first occurrence of a
kevyword within a qgiven file., It does not have boolean
searching capability at present.

= The current NIC/OUERY is designed for use on a
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teletype terminal rather than a CRT display, although
it could easily be adapted for either.

- NIC/OUERY is not suitable for very larqge data bases,
The file size is not open-ended. NLS was not desianed
to be a data base management system in the traditional
sense, and does not effectively support multiple
parallel organizations on one data file. There is
also a limit to the number of initial data paths that
can be introduced to the user and still be meaningful,

- Although the user can a0 down many successjive levels
within a file, there is a limit to how manv levels he
wants to go down before the number of menu selections
pecomes impractical.

As presently implemented, NIC/QUERY is a useful tool tfor
displavina moderate amounts of data, but it is not
suitable for searchina or for accessing larage data bases.
(The ARPANET Resource Data Base contains approximately
150 files and represents about 1500 pages of written
text. This is what is meant by ‘moderate’, as opposed
to, for example, large bibliographic data bases with many
thousands of records.)

Another limitation that should be mentioned is that of
insufficient online access. A computer guery system is
useful only if the user has enough access, and the
response time is adeguate for his needs. An inherent
problem in any online guery system is the time reauired
for finding and displaving information compared with
looking the same information up in a well=organized book.
On the other hand, online data is easlier to keep current
than that contained in a book, and it is at the user’s
finger tips when needed. All other factors being equal,
the amount of online access and speed of data display
will porobably have a strona influence on user acceptance
of a fullv automated query system,

THE COMMAND LANGUAGE

The oriainal ICCC version ot the query proaram haa two
commands: ‘show’ and ‘quit’ (8)., It was obviously easy
to learn, but severely limited movement within files.
Also, the oriainal version required the user to type in
the name of the data element that he wished to ‘show’.
This was time consuming and introduced typing errors.
Conseauently, a few more commands and a numbered menu
selection feature were added. 1t should pe emphasizead,
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however, that the point is NOT to have many commands, and
indeed, one of the hardest desidan problems has been to
keep new commands from creeping in when the present ones,
or lack thereof, will do.

The command lanauage for NIC/OUERY is very simple and
consists of the following commands:

[BINIC <CR>

where 'NIC* is a sinale program-access word, typed
by the user immediately after login. It
automatically loads NLS and the Query subsystem and
presents the user with his first set of
instructions. (This word can easily be changed for
access to data bases other than those of the NIC.)

TYPEIN <CR>

where TYPEIN is usually a menu number corresponding
to a chosen data element followed by a carriaae
return. In addition the user may at any time tvpe
in a keyword. Ouery will search the data tree
below the current node for a correspondina data
element, and it will display the first data element
it finds which matches the search criteria. The
user may also tvpe in a phrase as a series of words
separated by spaces. OQuery will perform the
indicated word searches sequentially. 1This
provides a user who is familiar with the data base,
or a branch therein, with direct access to the data
element he seeks. In essence it allows a more
experienced user to ‘come in from the side’ of a
file rather than down from the top.

As an optional feature the data base opuilder may
also define additional "index" files which contain
kevwords and pointers to relevant data nodes.
These inaex files will be searched automaticallv
whenever the aiven kevword cannot be found within
the user’s current context,

takes the user up to the next highest level and
displavs the menu tor that level.
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nodes, one at a time. The user can accept the
choice displaved or continue jumpina back. This
facilitv miaoht be thought of as a list of ‘book
markers’ markina nodes where the user has already

|
takes the user back throuah previously cisplaved !
|
been and to which he may want to return. }

displays a list of legal commands
CONTROL=0

aborts TYPEIN back to the prompt
CONTROL=A

backspaces a letter
CONTROL=W

backspaces a word

. DEL (CUNTROL=X)

aborts session but gives user the option of leaving
the system, continuing or, beaginning again, in case
the abort was accidental.,

QUIT <CR>
aborts session and returns the user to EXEC level.
BUILDING THE INSTRUCTION SET AND LINK TABLE

Before discussing the format and content of the
instruction set and link tables, the concept of NLS links
will be introduced. Links are strings of characters in a
statement that name the address of any location in any
NLS file alona with a specified view. Links have the
svntax <ADDRESS : VIEWSPECS> and may have several kinds
of delimiters. Links may be automatic (that is, during a
pointing command, if the program finds the link syntax
within the specified text, it will automatically ijump to
the address specified by the link), or they may be manual
(the user must issue a command ‘Jump to link’ and bug or
address the link string.)
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Querv makes extensive use of automatic links which the
user never sees., Thus a aquery data base mav be simply a
table of links off to multiple tiles or addresses within
files. Appendix 3 aives a condensed version of the 1link
table for the ARPANET Resource Data Files. This
particular data base is composed of over 100 small files,
and was chosen to demonstrate how easily multiple files
can be included under oné query ‘umbrella‘.

A Query data base can also consist of only one file, if
the builder chooses. In fact, this would be the simplest
to build. With only a single data file, links would be
missing altogether or would point to addresses within the
file.

When the user types the recognition word to enter Query,
e.a, NIC <CR>, he enters NLS and the auery supsystem
automatically, and causes a file containinag the initial
menu of topics and the self-explanatory instruction set
to be loaded and displayed. The contents of this file
can be tailored to fit the data peing viewed, ana it is
written bv the data pbase builder.

The instruction set generally explains how to make a menu
selection and states the purpose for which the data is
intended. It then agives a beainning menu from which the
user can beain branching downward. One item on the
initial menu can pe a verbose HELP file correspondina to
a8 HELP document when printed out. Any node may have an
instruction set of its own pertaining only to that node.

A LOOK AT THE ARPANET RESUURCE DATA THROUGH OQUERY

Appendix 2 gives a brief scenario of a typical ARPANET
user auerving the ARPANET Resource pata Files.

QUERY AS AN WNLS SUBSYSTEM

Oriainally NIC/QUERY was a separate user prodqram, or what
is commonly known as a8 'hack’. It was desianed for a
demo and was thouaht of as transitory. However, as often
happens with such prourams, it was useful and refused to
go away. In the first version the command lanquage and
instruction set were specified by the proaram and were
specific to the NIC data base. The instructions and
introductory menus could not be altered bv the data base
builder without an understanding of the code and without
being able to modifv and recompile the proaram.
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As other applications for the same type of novice access
arose, several similar NLS tools began to evolve. The
NLS online HELP system was one of these (5).
Implementation of this system provided many of the desian
features now incorporated into NiC/QUERY. 1To accomodate
other NLS users who wanted to adapt similar proaramming
concepts to their own data bases, NIC/OUERY was rewritten
as a generalized data access tool. Now it is a subsystem
of NLS available to all NLS users. The instruction set
and introductory files can be written and edited by the
data pase bujilder. The command lanquage is written in a
hiah level languagde, so that commands as well as promots
associated with commands can be easily altered with a
minimum of programming effort. This means that the Query
proagram has achieved a hiah degree of flexibility, ana
can be used by NLS users to display a variety of data
pases of their own design and choosina.

FUTURE POSSIBILITIES

As stated above NIC/QUERY is not a searchinag tool at
present. We would like to add searchinag capability
includina Boolean logic. Since NLS is not a data base
management system, we would like to interface NLS with an

. already existinag database management system in such a way
that information could be captured, edited, and viewed in
NLS, but stored and searched in the data base management
system, Data files could be aueried through the auerv
proaram and the results displayea at the user'’s console,
The user would not need to know that more than one systen
was invoked to produce an answer, nor what the hand
shakes were amonag them.

It would be useful to be aple to store data elements
sequentially within statements as well as iIn separate
statements. This is possible now but needs to pe
simplified for the data base builder. We would like to
have an easilv constructed data input prompting system,
This would allow the data base builder to specify data
input elements for which the system would construct
suitable input prompts, e.a., for a data base consisting
of personnel data. the builder miaht specify that NAME,
ADDRESS, and TELEPHONE NUMBER are data elements. The
input system would then prompt a clerk for these data
elements while the aquestione-mark facility would supply
added instructions.

NLS is a sophisticated, extensible, modular information
processina system. A growina online user community uses
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NLS to maintain a wide variety of information. To the
svstems builder NLS provides a unique environment for
modular proarammina. A Command Meta Language (CML),
which is a hiah level lanauage for specifving the user
interface of a modular extension or subsystem, is
available (1). A Command Language Interpreter (CLI)
parses the user input according to the arammar specified
by the CML (3). The CL1 performs the functions of
command recognition., command completion, command
feedback, prompting, response to ?, and limited editing
and validation of user entered parameters. NLS also
provides a rich set of primitives for manipulating
information within NLS files (7).

Many application subsystems for managing particular data
bases have been built using these NLS tools (9).
Tvoically these subsystems perform the tasks of data
entry, data verification, data update, interactive auery,
and report ageneration. Implementation time for producing
such a subsystem within the NLS environment is on the
order of a few man=months from design to completion.

A ageneral methodoloay of data manipulation and displav is
evolving out of the work already done on these various
subsvstems, of which NIC/QUERY is only one piece. The
gqoal is to provide a system which allows any NLS user to
effectively become a systems builder and data base
administrator. In other words, the average NLS user will
be able to define, create, and maintain a data base
easilyv, using onlv his existing NLS capabilities. Ouery
will provide an accessing mechanism for his data base
suitable for a wide range of users,

SUMMARY

NIC/OUERY is a program that permits nonprodrammers to
present data to a novice user population. Combined with
the text editing and data handling features of the SRI
Online System (NLS)., it constitutes a useful approachn to
providina data access in a networking environment. The
interesting features of NIC/QOUERY are: 1) the data base
and the instruction set can be written by a
nonprogrammer, 2) the program is self explanatory, 3)
files used for the data base can be readable, outlinead
files usable for other purposes, 4) the command language
and prompts can be changed with simple programming
modifications, and 5) access to NLS, OQuery, and the data
files is automatic. oOuery is one of a collection of
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® |
data~handling tools provided by the SRI Augmentation
Research Center NLS system.
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APPENDIX 1
SAMPLE OF AN NLS FILE
(LLL~RISOS) UNIVERSITY OF CALIFOURNIA
LAWRENCE LIVERMOUORE LABORATORY

(FUNCTION)

SERVER COMPUTER: PDP=~11/45 HOST ADDR. 21
(ADDRESS)

University of California

Lawrence Livermore Laboratory

R1ISOS Project, L=307

box 808

Livermore, California 94550

(PERSONNEL)

PRINCIPAL=INVESTIGATOR
Robert P. Abbott (ABBOTTRISI) (415) 447-1100

LIALSON
James E, Donnelley (JED@EBN) (415) 447-1100

SOFTWARE~CONTACT
Charles R. Landau (RISOSE1S1) (415) 447-1100

HARDWARE=CONTACT
Doyle R. Hopkins (RISOS@ISI) (415) 447-1100

(HARDWARE)

(COMPUTER)

TYPE CORE AMOUNT CORE SPEED WORD
LENGTH
PDP=11/45 56K 1.0 microsec 16 bits
(PERIPHERALS)

HOW MANY TYPE MAKE MODEL
DISKS

1 1.2M word platter DEC RK11

1 20M word pack DEC RP11

11
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DRUMS None
TAPES
1 9 track, 1600 bpi DEC TUGBF=9/45
1 dual Dectape DEC TUS6
PRINTERS
1 96chr, 7X9 matrix versatec LP1150
CARD=READERS
1 300 cpm DEC CR11
DATA=-COMMUNICATIONS
5 300 bd auto ans vadic VA305D
3 Auto dial Vadic VABO1AD
1 2000 bd svnch 1CC 2200/20
(TERMINALS)
HOW MANY TYPE MAKE MODEL
7 96 chr 5x7 matrix i 733 KSR
3 96 chr 5x7 matrix 11 125
1 96 chr CRT w/edit Hazeltine 2000
6 128 chr CRT w/edit Beehive SB2

‘ (OPERATING=-SYSTEM)

The RATS (R1SUS Arpanet Terminal System) is a
capapility list, virtual memory, multiproaramming
system. RATS allows controlled communication
petween mutually suspicious processes in separate
environments and permits naturally extended use of
all proarams through a user definable capability
mechanism.

(USER=PROGRAMS)

RATS currentlv has very few user programs. Most of
the existinag proarams are utility programs Or
proarams for using the communication equipment on
the system. All available programs are kept in the
RATS public directory and the available proaram
documentation is kept online (see HELP below).
Anyone that is interested in writina programs for a
C-list system are encouraged to try their nand at
RATS. Contact the Liaison for more information.

12
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(SYSTEM=USE)

Currently undergoing rapid change. Users
interested in writina software are welcome. Look
for online documentation or contact the Lialson.

(HELP)

The command lanquage processor and most subsystems
respond to "?" with a list of available commands
and to "help <CR>" with more complete information.,

(PROTOCOLS)
(SERVER)

I'he ARPA Network server protocols currently
implemented are:

1. TELNET (new server only. Socket 23)

(USER)

I'ne ARPA Network user protocols currently
implemented are:

1. TELNET
2. FTP
(INTERESTS)

The Ris0S (Research In Secured Operating Systems)
project at the Lawrence Livermore Laboratory is
interested in the ARPA Network largely to connect
to remote computers on the network for testing
operating system intearity and for transporting
files (e.g9., operating system listings) and general
communication (e.g., network mail). The heavy
communications orientation of the RATS system has
demanded a continued active interest in
communication protocols.

The LLL IMP has been eyed by several other 4groups
at the Laporatory for applications from file
transport of data at LLL for specializea
processors on the ARPANET to possible connection of
the Laboratorv‘'s unclassified CDC=6600 computer.
Such applications are currently only speculation.

13
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The Laboratory is also currently desianinag and
puildina a computer network for use by the ERDA
laboratories doing research on controllea
thermonuclear fusion. (This has been dubbed the
CTR subnet).

(DOCUMENTATION)

For a description of RATS as of March 1, 1974, see:
1. An Introduction to RATS (RiISOS/ARPA Terminal
System): An Operating System for the DEC
PDP-11/45, UCRL 51582, Lawrence Livermore

Laporatory, Livermore, Calif. (Mar. 1, 1974)
Available from the Technical Information Department
of the Lawrence Livermore Laboratory, Box 808,
Livermore, Calif. 94550.

The current RATS Handbook is available online as

<RISOS>RATS=-HANDBOOK.TXT from BBN using the
Anonymous loagin convention under BBN’s FTP server.,

14
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APPENDIX 2

SCENARIO OF ACCESS TU A DATA BASE THROUGH NIC/OQUERY

The followina is a brief scenario of a typical ARPANET
user auerving the ARPANET Resource Data Files. ("USER:
XXX" = what the user types; "QUERY: xxx" = what the
proaram replies; <CR> = a carriage return typed by the
user)

USER: nic <CR>

QUERY:

The NIC/QUERY system lets ARPANET users view files
that describe the ARPANET. Each list of topics is
presented to the user as a numbered menu of
selections.

To see more detail on one of the topics below, type
its correspondina number followed by a carrlage return

<CR>.

1. HELP and additional Ouery commands

2. GENERAL=INFORMATION about the ARPANET
3. PERSONNEL=INFORMATION

4. HOSTS

5. ACRONYMS

5. PRUGRAMS

6. PROTOCOLS

7. DOCUMENTATION

< for back, * for up, or TYPEIN:
USER: 1 <CR>
OUERY:
(HELP) and additional aquery commands
? Gives a list of legal commands.

% Takes you up to the next highest level
and redisplays the menu for that level.

Takes you back to previous views. For

each previous view the system will
show vou the first line of the view

15
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and ask "Y/N?2" If the view shown is
the oneé you want, type: y <CR>. If
it is not, type: n <CR> to see another
view.
TYPEIN You can type a keyword followed by a
<CR> instead of typing a menu number.
The system will search for this keyworad.
DEL Aborts session but gives yvou the option
of continuina, beginnina again, or
leaving the system in case the abort
was accidental.
CONTROL=0 Aborts TYPEIN back to the last prompt
CONTROL=A Backspaces a character
CONTROL-W Backspaces a word
quit <CR> Aborts session and returns vou to "e",
(NOTE: You must type out the word ‘quit’.)
< for back, * for up, or TYPEIN:
' USER: 4 <CR>
QUERY :
(HOSTS)
1. SERVERS
2., USEERS
3. TIPS
< for back, ~ for up, or TYPEIN:
USER: 1 <CR>
QUERY:
(SERVERS)
1. AMES=67 2. ANL 3.ARFA~DMS
4. BBN=-11X 5. BEN=TENEX 6. BBEN=TENEXA
7. BBN=TENEXB 8., BBN=-TENEXD 9., CCA-TENEX
10. CHII 11, CMU=10A 12. CMU~-10B
13. HARV=10 14, HAWAILI-500 15. I4~-TENEX
16. 14B-TENEX 17. LBL 18. LL

ewee ETC ====

16
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< for back, * for up, or TYPEIN:
USER: 17 <CR>
QUERY:

(LBL) UNIVERSITY OF CALIFORNIA

LAWRENCE BERKELEY LABORATORY
MATH AND COMPUTING DEPARTMENT

1. FUNCTION 2. ADDRESS 3. PERSONNEL
4. ACCOUNTING 5. SERVICE=-SCHEDULE 6. LOGIN
7. LOGOUT 8. CONTROL=-CHARACTERS 9. HELP
10. NETWORK-=COMMANDS 11. PROTOCOLS 12. HARDWARE

13. OPERATING SYSTEM 14. USER=-PROGRAMS 15. INTERESTS
16. DUCUMENTATION

< for back, * for up, or TYPEIN:

USER: 3 <CR>

QUERY:

(PERSONNEL)

. MANAGERS
James A. Baker (415) 843-2740
David F. Stevens (415) 843-2740

LIAISON

Dennis E. Hall (DEHall@SR1~AI)(415) 643-2740

ACCOUNTS
Thomas P. Hitchcock (415) 843-2740

mmmm ETC ====
< for back, * for up, or TYPEIN:
USER: 2 <CR>
QUERY:

(ADDRESS)
University of California
Lawrence Berkeley Laboratory
Math and Computing Department
Buildina 50B., Room 1143
Berkeley, California 94720

USER: 1ll=-risos <CR>
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(NOTE: Here the user ‘came in from the side’ by
typing a keyword, since he knew the name of the host
whose write=-up he wished to view.

QUERY:

(LLL=RISOS) UNIVERS1TY OF CALIFURNIA
LAWRENCE LIVERMORE LABURATURY

1. FUNCTION 2. ADDRESS 3. PERSUNNEL

4. HARDWARE 5. OPERATING=SYSTEM 6. USER=-PROGRAMS
7. SYSTEM=-USE 8. HELP 9. PROTOCOLS

10. INTERESTS 11, DOCUMENTATION

< for back, ~ for up, or TYPEIN:
USER: 1 <CR>
QUERY:

(FUNCTION)
SERVER COMPUTER: PDP=11/45 HOST ADDR 21

< for back, * for up, or TYPEIN:
USER: * <CR>
QUERY:

(LLL=R1IS0S) UNIVERSITY OF CALIFORNIA
LAWRENCE LIVERMORE LABORATORY

1. FUNCTION 2. ADDRESS 3. PERSONNEL
4, HARDWAERE 5. OPERATING=SYSTEM 6, USER=PROUGRAMS
7. SYSTEM=USE 8. HELP 9. PROTOCOLS

10. INTERESTS 11, DOCUMENTATION
< for back, * for up, or TYPEIN:
USER: 5 <CR>
QUERY:
(OPERATING~SYSTEM)
The RATS (RISOS ARPANET Terminal Svstem) is a
capapility 1ist, virtual memory, multiprogramming

system. RATS allows controlled communication between
mutually suspicious processes in separate environments

18
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and permits naturally extended use of all programs
through a user definable capability mechanism.

< for back, * for up, or TYPEIN:
USER: <DEL> <CR>
QUERY:
Type C to continue. 0 to quit, or B to beagin again:
USER: b <CR>
QUERY:
(HELP=0)
The NIC/QUERY system lets ARPANET users view files
that describe the ARPANET. Each list of topics is

presented to the user as a numbered menu of
selections.

To see more detail on one of the topics below, type
its correspondinag number followed by a carriage return
<CR>,

1. HELP and additional OQuery commands

2. GENERAL=INFORMATION about the ARPANET
3. PERSONNEL=INFORMATION

4. HOSTS

5. ACRONYMS

6. PRUGRAMS

7. PROTOCOLS

8. DOCUMENTATION

< for back, “ for up, or TYPEIN:
USER: proarams <CR>
QUERYX:
(PROGRAM)
1. BY=NAME
2, BY=-TYPE

< for back, " for up, or TYPEIN:

USER: 1 <CR>

19
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OQUERY:
(BY=NAME)
Typein a proaram name followed by a <CRkR>, e.a. ALGOL
<CR>

This will aive a definition of the proaram, and
list the hosts on which it is available.

< for back, * for up, or TYPEIN:
USER: zoa <CR>
OQUERY:
206G
CMU guery language, An interactive auide for
novice users which provides an introduction to
many available systems.
CMU=10A
CMU=10B
< for back, *~ for up, or TYPEIN:

USER: <<< <CR> (NOTE: User has backed up through 3
nodes)

QUERY:

"(BY=NAME)" Y/N: "(PRUGRAMS)" Y/N: "(HELP=0)" Y/N
USER: n <CR> [to first twol: vy <CR> (to final node]
QUERY:

(HELP=0)
[displays beainning menu again.]

< for back, "~ for up, or TYPEIN:
=== Here user decides to SLOp ====
USER: quit <CR>

OUERY: Leaving Ouery

20
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APPENDIX 3
NIC/OUERY BEGINNING INSTRUCTION FILE AND TABLE OF LINKS

The Scenario above shows what text the user sees, This
sample file shows everyvthina in a beginninag instruction
file and link table, much of which the user does not see,
Hidden links are recoanizable by the

##8 <DIRECTORY,FILENAME,STATEMENT=-NUMBER:VIEW> ##% syntax.
Also, the NOTEd explanations are not part of the actual
file.

(HELP=0Q)

The NIC/QUERY system lets ARPANET users view files
that describe the ARPANET. Each list of topics is
presented to the user as a numbered menu of
selections.

To see more detail on one of the topics below, type
its correspondina number followed by & carriage return
<CR>.

(HELP) and additional auery commands

(NOTE: This menu item has no link since the
information to be displayed to the user occurs one
level below the element name °‘HELP’)

? Gives a l1list of legal commands.

> Takes you up to the next highest level
and redisplays the menu for that level.

L Takes you back to previous views. For
each previous view the svystem will
show you the first line of the view
and ask "Y/N?" 1f the view shown {s
the one you want, type: y <CR>. 1If
it is not, type: n <CR> to see another
view.

TYPEIN You can type a keyword followed by a
<CR> instead of typing a8 menu number.
The system will search for this term.

DEL Aborts session but gives vou the option
of continuing, beginning again, or




(NOTE:

(HOSTS)
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leaving the system in case the abort
was accidental.

CONTROL=0 Aborts TYPEIN back to the last prompt

CONTROL~-A Backspaces a character

CONTROL-W Backspaces a worg

quit <CR> Aborts session and returns you to "@",
(NOTE: You must type out the word ‘quit’.)

(GENERAL=INFURMATION) about the ARPANEI
#% <NETINFO,HELP=GEN,1:a> ##

This is a hidden link off to another file
that has its own instructions)

(PERSONNEL=~INFORMATION)
#% <*,IDENTS,1:a> &%

(SERVERS)

(AMES=67)
#8 <netinfo,ames=67,1> ##

(ANL)
¢# <netinfo.,anl,1> ##%

(ARPA=DMS)
¢4 <netinfo,arpa=dms,1> #4%

eeee ETC m=ew=

(NOTE: ==== ETC indicates that the
list of links 1s actually much longer.
Only enough examples are included here to
show the structure of the link table.)

(USERS)

(ADR)
#% <netinfo,adr,1> ##%

(AMES=11)
#8 <netinfo,ames=11,1> #¢

22
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(ARC=RD)
#4 <netinfo,arc=ra,l> ##

eewe ETC ====
(TIPS)

(AFWL=TIP)
#48 <netinfo,afwl=tip,1> &%

(ALOHA=TIP)
#% <netinfo,aloha-tip,1> &%

(AMES=TIF)
#4 <netinfo,ames=tip,1> &%

-=== ETC ====

(ACRUNYMS)
#8 <pi.bigboy,laixrryr> #4

(PRUGRAMS)
#% <netinfo,PROGRAMS,1:a> ##

(PROTOCOLS)
#4% <NETINFO,HELP=-PROTOCOLS,1> ##

(DOCUMENTATION)
## <nic,rfc~index,1> #%

23
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NaG/KFC #7110 Davia walaen
IC 535534 ) Joel Levin
‘ May 24, 1970

Interim Revision to Appendix F of BEN Report 1822

Uver the past few months «€ have become aware that there has
been some conrusion 3s to how to operate a Host connectea to an
lMP  as a Vverv Distant Host (or VDH). Therefore, next time BBN
Keport 19:2 ("Specifications for the interconnecticon of a tiost
ana an IWME") is revised, we will include aagcitional information
on how the IHMP sice ot 3 VULH connection works and how the Host f
Slae may operate most efriciently. AS an interim measure, we are !
aistributing this KFC which takes tne form of & (logical) upaate ;
to Appendix F or BBN Heport 1322. ;

Cn page r=6 on Appenaix F, celete the secona footnote. !

Un p3ge F=7, tind Lhe phrase "... and the odaseven bpit is i
complementea.”" on line 17 ot the vage. Uelete tne rest or the !
paye ana insert the toiliowing text: i

In a8 stancard Host to I¥F {jintertace, messages are

y celivereo i1n a specific order ana receivea in tne same
. oroer, A Vvery bDistant tiost interface ocerates similarly in

that messages are rassed, :or example, froa the iMP to its
RTIP 1in oraer; the host’s RIP then delavers trem to 1its
receiving process in the same oraoer, It is imocortant to !
note, hnowever, that between Lhese w0 sotisare interisces
there is nothing sala abouyt ordering. In particular, it the
special interface detects an errcr in a packet, for exaapie,
the receiving HiF al1ll aiscara tiie cacset, lhe next vacxket
may arrive on another locical chennel tetore the senoinas rl1P
retransmits the Ui1sC3rgec and UGNacknowledoed oackel, &no tne
receiver nould ce prevcareg to acceot thiis pecxet out of
prder. Ine protocol descritea sveve =xplicitly permits such
out=ot~order oenavior petas€een tne Hibs, reculring only tnat
the transmit portion ot the FRIP fill 1ts channels in
sequence (one to channel Zero, cne to ¢cinannel one, one to
channel zeroc, etc.), and ithet the feceive gortion of the RIP
empty 1ts channeis 1n seguence, In adgaition, to insure
correct sequencinyg, the zrirst channeli fiiled or emutied
arter initiadalization rust ce channel zero. Rull packets use
neither a channel nor a channel number when sent and are not
acknowledrea when receivea,
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.l sincerely hope vou will release this to the KWAC soon. w=D
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.ntroducnon

The new TEMPLATE proaram prompts users for information, and then
creates a file in a aiven format.

The format is determined bv a "template," a branch in some NLS
file which is easv to make. The proaram looks at the template,

and builds the new file based on the template, askina the user for

information whenever the template says to. It plugs that
information into blocks provided in the template.

Using the TEMPLATE Proaram

The TEMPLATE proaram is a user attachable subsvstem. It currently

resides as <xproarams, template.subsvs,> (with the appropriate
.cml). Use the Load Proaram command in the PRUGRAMS subsystem.
Then vou mav Goto Letter.

The TEMPLATE subsystem has two commands:

"Insert" will insert the resultina group after a statement
chosen later.

"Create" will create a new tile or new version of an existing
file with the name aiven later.

You mav then choose one of three standard templates, or aive a
link to vour own template file. You must choose one of four
Keywords: Letter format, Blocked letter format, Memo format, or
Format in template branch.

Then the command reauests the destination and a level adijustment
or name of the file to be created.

Note: if vou are creating a file, it is best not to use the
same name as (i.e, new version of) the file which holds text
you intend to use (e.a. the bodv which you mav have typed in
vefore). when vou wish to address that text, it becomes
confusina to specify that previous version number.

At this point, it will scan the template, reaquest information
based on prompts In the template (either text or structure), It

it wants text, vou may tvpe it in or address it. When it reauests

structure, vou must first choose: Statement, Branch, Group, Plex,
or Text, then specifv the appropriate structure or text.

You mav not back up and redo text or structure alreaay
specifieal

35710
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1f vou must abort the command (with & Command Delete part way
throuanh), note that it either already created the file (Create
command) or mayv have already added statements to the existing
destination file (lnsert command).

When it is done, it will Jump you to the destination statement Or
the new file.

Building Templates

Templates are branches in NLS files. They determine the format of
the file created by usinag the TEMPLATE proaram. Templates are
easy to build,
Templates are a series (plex) of NLS statements (any number). In
general, each statement in the template file produces one
statement in the resultina file.
The top statement in the branch is ignored,
The structure of the template branch determines the structure
of the resulting file. Statements just below the top statement
in the template branch will create level one statements in the
resultina file, (Manv templates will not use structure.)
Each statement may hold any number of four tvpes of thinas:
1) Actual text to pe put in the resultina file.
2) A nlace for text to be gotten from the user.
3) A place for continuing previous text on the next line.
4) A place for structure to be cotten from the user.
Literal Text
Any text in the template file that is not one of the three
types of fields (describead below) will be copied into the
resultina file exactly as it is in the template file. This
lets vou put in carriage returns, spaces, standard headinas,
output processor directives, etc.
Text from User

When vou want to leave room for text to be gotten from the
user, put in:

An exclamation point (!).
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Immediately followinag, a prompt that will go in the command
feedback line. 7The prompt must begin with an upper=-case
letter or a digit, followed by up to 50 characters. It is
terminated by a colon (:). (Thus vou mav not have a colon
in the prompt.)

The porompt mav be followed bv a space. Then vou must have
at least one "x". Put in as many X°'s as vou want to make
the field as lona as you want. I.e. the number of X's
determine how much space is left for the user‘’s- input. Be
sure to leave enouah room for any text your users miaht
type. I1f the user types more than will fit, his input will
be truncated.

Note: the lenath of the field includes the exclamation
point, the prompt, and the x‘s.

For example:

lAddress of recipient (wlth 2zip code): XXXXX

Continuation of Text

I1f vou want to have a text field spread over more than one line
(like an address), vou mav continue it on the next line:

Put an "x" directlv below the exclamation pocint which beagan
the field. Follow it with at least two more x‘s (a total of
three). then as manv X‘s as vou want the field to be long
(on this line).

New lines are formed with Carriaage Returns in the text of the
template statement. Lines must not be lonager than 120
characters. Continuations must be in tne same statement., For
example:

!Address of recipient (with zip coge): XXXXX
AXXXXXXXXXXXX XXX XK KX XX XXX XXX XXX X XXX XKXX XX XX
AXXAXXXXXXX XX KXXX XXX XXX XXX XXX KX XX XXX XXX XXX X
AXXXXKXXXEXXXXXX XX XXX XXX XXX XX XXXXXX XXX XXX XXX X

1f the user tvpes more text than will fit in a field and its
continuations, it will fit what it can and discard the rest.

1f the user puts Carriaae Returns in the text he types, it will
break the line there. But sure to leave enouah lines for all
purcoses.

Structure from the User
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When vou want structure from the user (e.a. for the body of the
letter):

Put in two exclamation points, immediately followea bv tne
prompt with its colon.

Anv previous text in that template statement will be
inserted at that point. The structure specified by the user
will pegin a new statement at the same level.

Evervthing in the template statement after that colon will
pe ianored. 1.e. vou should start a new template statement
after a structure field.

For example:

11Bodv of letter:

Special Features

Justification

Usuallv the user’s text will be put in a field, then the
field will pe filled out with spaces (up to the length
allowed by the x’'s., so that other fields or text in that
line will line up vertically). This will not happen when:

1) the field is the last thinag in a line,

2) when the tield is immediately followed by punctuation
(for example: Dear !Salutation: XXXXXXXXXXXXXXX,)., Or

3) when tne last "X" in the series of x°'s is upper=case
(X)s

You mav have the user’s input right justified within the
space left for that fielo by the template by making the
next-to-the~last "X" upper=-case. (This mav te handy for
columns of numbers.) This will occur even if the last "X"
is upper=-case. E.Q.

11975 Amount: XXxXXX
or
11975 Amount: XxXxxXX

Warnina: 1f you want a short field and only leave two
X’'s, making the next=-to=the-last "x" upper=-case will both
riaght fustify AND force the blank line (see below).
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Blank Lines

1f a text field (new or continuation) is the onlv thina on
that line and there’s no text to put in it, that line will
not be put in,

If vou wish a line to be put in whether or not there is any
text from the user to out in it, make the first "Xx"
upper=-case (X).

Contingent Text

You mav have TEMPLATE put literal text in a line only when
the followina field is filled. Put the text (up to 1000
characters) in square=-brackets (] immediately after the
exclamation point tnat starts a text field: the upper=case
letter that starts the prompt should appear immediatelyv
after the second sauare~bracket. E.ag.

I {Attachments: JAttachments (if none, tvpe <CTRL=N>):
XXXXXXXX

Thne literal within the sauare=-brackets (Attachments: )

will only be put in if the user types something into that

field.

Note: the literal and its sauare-brackets do not count as

part of the lenath of the text field,

Similarly, if a new text tield is immediatelv followed by a

strina of text in sauare=-prackets, it will only be put in if

that field has been fillea. E.q.

1YoUur name: XXXXXXXXxXXXXXX[, Stanford Research Institute]

Note: if the last "x" were not upper-case, the name field

would be filled out with spaces before the continagent
text is inserted.

Warnina: the square=brackets are characters in the

template that will not appear in the resulting file; thus
thev will upset the vertical alignment of the template ==

the actual line will be two characters shorter than the
temolate line.

Examples of Templates

The Standara Letter Format
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!Your address or <CTRL=N>:
XXXXX

XXXXXAXXXXXAXXXXXXAXXXX KX XXX XXXX
AXXXXXXXXAXXXXXKXXXXXXXX N XXX AXXXXX
AXXXXXXXXXXXXXXXXXXX XXX XXX XXXXXX

EXXXAXXXXXXXEAXXXXXXXXXXXXXXXXXXXX

AXXXXKXXXXXXXXXXXXXXXXXXXX 4al

IName of recivient: XXXXXXXXXXXXXAXXXXXXXXXXXXX
iTitle of recipient or <CTRL=N>:I XXXXXXXXXXXXX
1Address of recipient: XXXXXXXXXXXXXXXXXXXXXXX

. AXXAXXXXXXXXXXX XXX XXX XX XXX XXX XXX XXX XXX XX XXX XXX
AXXXXXXXXXXKXXXX XXX XXX XX XXX XXX XXX XXX AKX XX XX X
AXXAXXXAXKXAXXXXX XXX XXX XXX XXX XXX XXX XX XXX XXX XX X
AXXXXXXXUXXXXXXAX XXX AXX XXX XXAXXXXXAK XXX XX XXX XXX 4a2

{[Dear )Salutation (e.a. Sir) without colon: xX[:) 4ai

{[Re: JRe (Subiect) Oor <CTRL=N>! XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
AXXXXXXXXXKXXX XX XK XX XXX XXX XX KX XXX KX AKX XXX KA XXX XXX KX AKX XA XNRX

AXKXXXX XXX XAXX XX XXX XXX KX XXX XA XXX XXX XXX XK AX XXX XXX XXX KA XA KX
0000000000008 0000 030000000000 tPo00 o ettt s o dssssssdl
AXXXXXXXX XXX X KX XXX XXX XXX XA AR AN XA AKX RXX XX RN XXX XA XXX AXX XX XAA XX 4a4

:iBodv of letter: 4as

{Closing (Sincerelyv) no comma:
AXXXXXXXX[,]

{Your name:
AXXXAXXXXXKXXX XX XXX XXX XX XX XXX
tYour title or <CTRL=N>:
. AXXXXXXXXXXXXXXX 4ao
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1Typist (ABC/det) or <CTRL=N>: X

![Enclosures:

JEnclosures or <CTRL=N>: XXXXXXXXXXXXXXXXXXXXX
XXX XXXKAXX XK XXX XX AKX KX XXX XXX KX XXX XXX XXX XXX XXX KX XXX

XXXXXX
AXXXXXXXXKXX AR KXY A XXX R XXX XXX XXX XXX XXX XXX XXX XXX X

XXXXXX
AXXXXXXXXKX XXX XX XARAKX XX XXX XXX XXX XX KX XXX XXX AXXX XXX XXX

XXXXXX
AXXXXXXXXXXKXXXXXXXXXXXX XXX XXX XXX XX XX XXX XXX XX XX XXX XXX

XXXXXX
AXXXAXAXX XXX XX XX EAX XXX XX XXX X AKX XXX XXX AKX XA R XXX XXX

XXXXXX
XXXXXXXXXXXXXXXXXXX XXX XX XXX XXX XXX XX XXX XX XXX X XXX XXX XXX

XXXXXX

tlecc 1CC or <CTRL=N>:
AXXKXXXXKXXX XN KR XXX XXX XX XXX XXX XXX R XXX XXX XX XXXX
0080800080080 0 203008000080 02030000000300 3000308300000 00888,

XXXXXX

AKX XXXXXXX KA XXX XXX XXX KK AKX XXX R XXX XXX XXX AKX AKX XXX XXA XXX

XXXXXX

The Standard Blocked Letter Format

4a7

4a8




Functional Documentation:

!Your address or <CTRL=N>: XXXXX
AXXXXXXXXXXXXXXXXKXX XX XXX XXX XXXX
AXEXXXXXXXXXXXXXXXX XXX XXX XXX X XXX
XXXXXXXXXXXXXX XXX XXX XXXX XX XXX XXX
AXXXAXXXXXXXXX XXX XXX XXX XXX XXX XXX

tDate! XXXXXXXXXXXXXXXXXXXXXXXXX

TEMPLATE Subsystem
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IName 0of recipient: XXXXXXXXXXXXXXXXXXXXXXXXXX

ITitle of recivient or <CTRL=N>:

XXXXXXXXXXXXX

1Address of recipient: XXXXXXXXXXXXXXXXXXXXXXX
AXXXXXXXXAXXXK AKX XXX XXX XXX XXX XXX XX XXX XXX XX XXX X
AXXXXAXXXEXXXXXXXX XXX XXX XXX AKX X KX XX XXX AR XXX X XXX
AXXXXXXXXXXXXXXXAXXX XXX XXXEX XXX XXX XX XXX XXX XXX X
AXRXXXXXXXXXXAXXX XXX XXX XXX XXX XXX XK XXX XXX XK XXX K

. ![Dear )Salutation (e.a. Sir) without colon: xXI[:]

L

Re: JRe (Subiject) or <CTRL=N>: XXXXXXXXXXXAXXXXXXXXXXXXXXXXXX
S 02258800000000000303000003 0000083333000ttt e
AXXXXXAXXXXX XXX AXXX XXX XXX XXX XXX XXX X XA XXX R XXX XX AX XXX A XXX XXAKX
AXXXXXXKXX XXX XX XXX XX XXX XXX XA XX KX XXX XXX XA XXX XXX XXX XX XXX XXX KXXXX

eSS L0200 0033002008300 000 000808028000 00000000 000000891

Bodv of letter:

Closing (Sincerely) no comma: XXXXXXXxX([(,)

LYOUTr nName: XAXXXXXXXXAXXXXXXXXXXXXXXXXXXX
1Your title or <CTRL=N>: XXXXXXXXXXXXXXXX

ITvpist (ABC/def) or <CTRL=N>: X

{[Enclosures: JEnclosures or <CTRL=N>:

EXXXXXXAXXXXXXXXXXXXXX

35710
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AXXXXXXXAKAXXX XX XXX XX KXXX X XA XX XXX XXX XXX XXX XXX XXXXXXXXXX

XXXXXX

AXXXXXXRXXX XX KX XXX AXXXXXXX XXX XXX X AXXXXXXXXXXXXXXXX

XXXXXX

XXXXXAXAXXKX XXX XXX XX X XXX XXX X AKX XX XXXXXX XXX XXX XXX XXX

XXXXXX
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AXXXXXXXXXXXXXEXAXX XX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX

XXXXXX
AXXXXXXXXXXXXXEXXX XX XXX XXX XXX AKX XXX XXX XXXXXXXXXXXXX

XXXXXX
XXXXXAXXEXA XXX XXX XXX XXX AN XXX XXX XXX XXX XXX XXX XX XXX K

XXXXXX

tlcc JCC or <CTRL=N>:

AXXXXKXXXXXXXXXXX XX XXX XXX XXXXX XX XXX XXX KX XX XXX XXX X XX
S0 2300000000000003000000 0000 ot R ettt ierststet st el s

XXXXXX
19000202200 30030 0020000000038 3 3003080008 800000 00000000 000000

XXXXXX

Standard Memo Format

4p7

408
4c
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To: 1To:

108000003 000000000 0300002003800 3000000000000 2R R0
PPt 0000000000000000300000000P et ealtoRo st s do st P oo
108000000000 0000 0002000000000 0000000000 3083000000000 0000
1000030000002 000030000000000020000038330 0380000000000 e R
100000000000 0000000 0000000000000 030033000 PeoeoPe o s ey

{(From: JFrom:
P20 3830000000000 000000000¢ 00000000000 Pes et essss

‘lDate: lDate:
AXXXXXXXXXRXXKXKARXXXX XXX XA XX XXX AXX XN XA XKL XXX XXX XXX XK XA XX

![Subject: ]Subiject:
AAXXXKXXKX XXX AR XXX XXX AKX XXX XXX XK XXX XXX XXX XX AX KX KX X
P00 P00 003000000003 8333383080088 00 0009080880

XXXXXX
0000000200000 0 0000000000008 30 0030098903880 0202001
XXXXXX
AXXXXXXAX XXX AR XXX XXX XX XXX XXX XXX XX XXX A XXX XX XXX E KKK X
XXXXXX
P00 30000 0000005833300 0 0000080000
XKAXXXX
11Bodv:
i JSender’s initials or <CTRL=N>:
X

!Typist’s initials or <CTRL=N>: X

Another Letter Format (Note the use of the "Text" Output Processor
directive.)

4¢c1

4c2

4c3

4c4

4chd

4co

4c

4a




NDM 11=JUN=76 17:47 35710
Functional Documentation: TEMPLATE Subsvstem

ICity for dateline: X,
1Date: XXXXXXXXXXX

t0ur
file: x
!Reply to: x

iYour
file:x 4al

tLabel (COUMPANY PRIVATE) or <CTRL=N>:
KXXXXXXXXXXXXKNKXXXXAXXXKX XXX XX XXX XXX X
4d2

tInside Address:
AXXXXXXXXAXXXX XXX XX XXX EXEX XXX XXX XXX XXX XXX XXXXKX

XX XX REAXX XX RXA XXX XXX XXX XXX XXX XXX AR XXX XXXX XX AXXKXXX
XXXXXXXXX
AXXXXXXXEAXXXXXX XXX XXX XXXX K XX XXX XXX XXX XX XXX XXX XXX XXXXXX
XXXXXXXXX

XEAXAXXXXXKXXX XX XXX XXX XXX XXX XXX XXX XXX XXX XX XXXX XXX XXX XXX XX
XXXXXXXXX

PP P00 2202200033003 00 03838803333 000 000300800088 80
XXXXXXXXX
AXXXXXXXXAXRAXXXXXXAX XX XXX XXX XXX XXX XXX XXX XX XXX XX XX XX XXX
XXXXXXXXX y

AXXXXKKXKXXXX XXX XXX XXX XX XXX XXX XXX XXX XXX XXX XXX XXX XXX XX XXX
XXXXXXXXX

1220000000000 23200030000 0000008003000 eePesssss sy
XXXXXXXXX

KXXXXXXEXKRKX XXX EA XX AKX XXX X XXX XXX E XX XX XXX XXX XXX XXX XXXXX
XXXXXXXXX

AAXXXXX XX XXX X XXX KRR XXX XXX XXX A X XXX XXX XX XXX XXX XXX XXX

XXXXXXXXX
4d3

11Body of letter: 444
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lHeader for successive pages: XXXXX C SR ‘Date:
XXXXXXXXXXX
AXXXAXXXXXXAXXXX XXX XXX XXX XXX KXXX XXX

iTitle:

AXXXXXXXXXXXXXXXXXXXXXX 4d5

1Tvoist (ABC/cef): XX

{Attachment/Attachments/<CTRL=N> if none:x

{[Copy to JCopy to (names) Oor <CTRL=N>IXXXXX
AXXXXXAXAXXAXXXX XXX KR XXX XXX XXX XK XXX XXX XX XX XX

AXXXXXXAX XXX XXX XXX RXX XXX XXX XX XXX XX XXX XX XX

KEXAXKXKAX XA XX RX AR XXX XA XXX KA RXANXEX XXX XX
AXXXXXXAXXKX XX XXX XX XXX AKX XXX XXX XXX XXX XXX XX

AXXXXXXXXXRAXX XX XXX XXX XXX XXX XX XXX XXX XX XX XX 4d6
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< MJOURNAL, 35780.NLS:;1, >, l6=Jun=76 17:32 XXX :::: +HJUURNAL="JCN RLL
16=JUN=76 09:35 35780": Title: .HI1="DRAFT: Policy statement on User
Proarams classification"; Author(s): James C. Norton, Robert N.
Lieperman/JCN RLL; Distribution: /KWAC( [ ACTION ) ) SRI=ARC( [ ACTION J

.) ; Sub=Collections: NIC SRI=ARC KWAC; Clerk: RLL: .1GD=0; .SNF=HJRMN;
+RM=HJRM=1; .PN==1: _YBS=1; .PES;?

.PEL; .PN=PN-=1: .GCR:Commehts are expressly solicited. A preliminary
classification of proarams will pe forth comina. No surprises are
anticipated in assianment of program STATES. 1f vou have any
suomissions, contact RLL. FPlease send comments &s soon as possible
since we expect to have this draft become final bv the end of next week
== 26 June 1976. thanks Rob.
Introduction
Two of ARC’s primary objectives in providinag the Workshop Utility
Service (WUS) to subscribers are:
- to stimulate the develooment of subscriber-oriented user
applications and the new or enhanced system features that are
needed to support them and
- L0 encourage the sharinag of application techniques and system
additions throughout the user community.
We were very pleased to see the results of increased activity in both
the applications and proaramming areas in the user community that
were demonstrated at the April KwAC meeting. In the proaramming
area, there have bpeen many L-=10 and CML=-based user=-proarams and
subsystems added to the Workshop. Some of these were developed bV
ARC’s Development staff, some by ARC’s Applications staff, anc some
by subscribers themselves, Some are subscriber=-specific, while
others are much more general. Some are well=-debuggea, documentea,
. and generallv available, while others are in more primitive stages of
development.
lhere are several potentially conflicting needs amona the prodgram
designers and builders, development sponsors, and the various users
of new features. Most of these come from each group’s motivation to
have users exercise some of the new proarams before they are fully
debugged, documented, or training is available. Rather than withhold
all new proarams from the user community until all levels of support
are available and they are fully checked out, we are attempting to
provide procedures that will permit testing (in that spirit), set
user expectations at realistic levels, increase the communication
between developers and users, and speed the process of getting new
capaoilities into the hands of our users,
This document presents the ARC Applications Group’s approacn to a
methodoloav for the orderlv and effective introduction Of new
user=-proarams and subsystems, their documentation, and necessary
training to the user community, whether the proqarams are developed by
ARC or bv subscribpbers.
Program Classes and States
We will establish two classes of proarams == SUPPCRTED and NOT
SUPPORTED. Further, SUPPURTED PROGRAMS can be classified accordina
to whether ARC or some other group provides the support.
In addition., there appear to be several states in which proarams in
each class can be, Some proarams will move through all of these
states; otnhers will stop at some point due to fundina, applicavcility,
or otner limitations.
‘ State A: Proaram is as fully debuaged as possible and meets KLS
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codina standards; formal documentation and trainino are available
State B: Program is as fully debugaed as possible and meets coding
standards; informal documentation is available, but no training 1is
availabple

State C: Code or desian may not be well-depbugaed:; informal
documentation is available, but no training is availaple

State x: Code or desian may not be well~-debugged; incomplete
documentation is avallable, and no training is available

Details on Classes and States

Each proaram must meet certain conditions cited above before it is
considered in a particular STATE. A discussion of each condition

follows below,

ERRORS = fullv debugqed as possible
The frequency of user encounterea bugs should be sufficiently
low to not be disruptive durina the use of the program. In
other words, there should be few known bugas. Also, the program
should be *failsoft’ so that users will be upable to ‘blow up’
their files or any part of the NLS system even in the presence
of some newly encounterea bua.

DOCUMENTATION = formal
Documentation for the program must include a formal and
ARC=Applications approved description of the proaram. This
includes a user-oriented part that clearly and concisely tells
people how to use the program and what it does. If this is not
adaptable for the online Help database, then a suitable online
version of it must be included in the documentation set,
Another part of the documentation must fully describe in detail
the concept, logic., and operation of the proaram.

DOCUMENTATION = informal
The documentation must include a reasonably well written
user-oriented part that clearly and concisely tells people now
to use the proaram and what it does,

TRAINING AND CUNSULTING = avallable
The supportinag orqanization will have people trained and
knowledgeable in the use and application of the program. Tnis
instruction and consultina will be available as part of the
aenerally available trainina under the applicable contracts.

CODE STANDARDS
Because no proaram can be considered completely free of errors
and because there is a very high prooability that anv progran
will be modified sometime in the future, certain codinag
standaras MUSI be achered to fOr programs.
For L10 and CML langquaages the templates and standards set by
ARC=Develooment for code produced by them will be used as the
standard. Additionally, a strona emphasis will be placed on
providing meaningful comments in the code.

CODE DEPENDENCY
In general. user proarams and subsystems should not be directly
dependent on the particular computer, operating system, or any
*low level code.’” Althouah it is impossible to rigorously test
for it., the ultimate dependency on these parts should be
isolated in code developed and maintainead by the system
developers of NLS itself,

CONCEPTUAL CUMPLETENESS
This condition is the most difficult to appraise and enforce,
Its intent is to cause a reasonable analvsis of the problem and

—
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careful desian of the solution. 1f the proaram seems to be
sufficiently incomplete as to preclude any ample use by people,
it sugaests that the problem and/or solution was not carefully
thouaht out. Such proarams are not in STATE A. This does not
mean that the proaram must be entirely general or flexible, but
encourages the collaborative design of proarams so that a wider
perspective is considered. This will aid in preventing desidgn
decisions that might later severely restrain the development ot
the program or badly alter the method by which it is used.

Implementation

The ARC=-Applications User Proarams Coorcinator will act as tne focal
point for submission of new proarams and determination of their
state,
Ihere will be two directories, called
PROGRAMS = the supported programs in STATE A
XPROGRAMS = all other generally available proarams
Unly ARC-APP designated people will be allowed to add or delete files
to any of these directories. Each addition/deletion must be
reflected in the library of all proarams.
For all programs in XPROGRAMS, a message at initialization should be
printed stating in what STATE the program is. This can be done
either by CML code that prints it as noise words or by printing it in
the ITY window.
It is also recommended that announcement of new features, correction
of bugs, etc. should be briefly mentioned in a message at
initialization for proarams in XPROGRAMS directorv.
A notice at this time is the best way for users to know what is
happeninag to a proaram that is coina throuah different STATES or
is experimental (and thus likely to change rather rapidly at
times).
The documentation of proarams in directory XPRUGRAMS should be made
availaole in the same directory with the name "proaramname=-doc.nls".
Documentation of proarams in PROGRAMS directory should be available
via the HELP command/subsystem,

Liprary

Introduction
The need to have one place for listing all available programs ana
associated information seems guite apparent. This librarv of
proarams will be maintained by ARC with submissions to pe sent to
the coordinator of user programs. A small form will be available
for submittina programs,
Elements to be listed in the library for each program are the
followina:
Name of program
Author or oraanization responsiole
Class and state of prodaram (to be filed in bv SRI=ARC)
Brief descripotion
Status of documentation and anv link to it
Location where source and executable code exists
Contact point
Status of maintenance
Use restrictions

Policy
All proaram directories at 0-1, BBNB, and ISIC (as well as any Oother
supported, even partiallv, NLS system hosts) must contain the same

£iles.
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Unly those programs that are intended to be available to all Utility
users should pe in any of these directories.

Programs tnat have limited general use or were coded for a particular
client may be in anv of the above directories so lona as they meet
the criteria for the proaram STATE and there is no obiection for
users in ageneral to use it. Of course, such proarams will carry the
necessary disclaimers.

versions of proarams underaoing revision by authors should pe
maintained in other directories.

Coordination

Robert Lieberman (RLL) will act as User=-Proaram Coordinator for ARC
Applications. We will make a further assessment of existing
user=proarams and subsystems classifving them into state and placing
them in the appropriate directorv.

Future additions to the program library maybe made by contacting ELL
and makina the necessary code and documentation available for
integration into the directoriles.
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< LAWRENCE, NICDIR.NLS;9, >, 9-JUL=76 11342 TFL ::::
.HJOURNAL="JAKE 6=JUL=76 19:50 13;;;4": Title: .H1="Updates for the
ARPANET Directory": Author(s): kb eth J. Feinler/JAKE; Distributicn:
| /TFL( [ ACTION ] ) SPS( [ ACTION } ) DLSC [ ACTION ) ) RKW( [ ACTION 1)
@ suo-Collections: SRI=-ARC: Clerk: JAKE; .1GD=0: .SNF=HJRM;
| RM=HJRM=73 .PN==1: .YBS=1: .PES]

ROME AlR DEVELOPMENT CENTER (RADC=T1P) MEMBERSHIP LIST

ENTRIES ARE IN THE FOLLOWING FORMAT:

Name NIC Ident Network Mall Address
U.S5. Mail Aadress Phone(s)
City, State, Zip Oroganization ldent
BARNUM, Alan R. AKB BARNUMEOFFICE=-1]
Rome Air Development Center (315) 330=2204
15 RADC-T1P

Griffiss Air Force Base
New fork 13441

BERGSTRUM, Deane F. DFB BERGSTRUMEOFFICE=-1
. Rome Air Development Center (315) 330-40654
1511 RADC=TI1P

oriffiss Air Force Base
New York 13441

BUCCIERO, Thomas J. TJB2 BUCCIERURUFFICE~]
Rome Air Development Center (315) 330-4254
18 RADC-TIP

Griffiss Air Force Base
New York 13441

CALICCH1A, Richard RC3 CALICCHIARGOFFICE=1
Rome Air Develoopment Center (315) 330-7011
1S1IM RADC-TIP

Griftiss Alr Force Base
New York 13441

CARRIER, Roperta J. RJC CARRIERGOFFICE~1
Rome Air Development Center (315) 330-4254
181 RADC=TI1P

Griffiss Air Force Base
New York 13441
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CAVANO, Joseph P, JPC CAVANOeUFFICE=-1
Rome Air Development Center (315) 330-4325
1818 RADC=TIP

Griffiss Air Force Base
. New York 13441

DECONDE, Agatha C. ACD DECONDE@UFFICE~-1
Rome Air Development Center (315) 330-7088
1s RADC=TIP

Griffiss Alr Force Base
ew York 13441

FEMIA, Joe F. JEF FEMIACOFFICE~1
Rome Air Development Center (315) 330-7834
1818 RADC-TILP

Griftiss Air Force Base
New York 13441

GRIMES, Robert J. RJG GRIMESEUFFICE=-1
Computer Sciences Corporation (703) 533-8877 ext 527
6565 Arlinaton Blvd. FADC=TIP

Falls Church, Virainia 22046

HILBING, Francis J. FJH HILBINGRUOFFICE=1
Rome Air Development Center (315) 330-2014

‘ RADC=TI1P
1SC

Griffiss Air Force Base
New York 13441

LIUORNO, Rocco F. RF1 IUORNURGUFFICE=]
Rome Air Development Center (315) 330-4325
IS1M RADC=T1P

Griffiss Air Force Base
New York 13441

JUHNSON, Robert Ww. EWJ BJOHNSON@UFFICE~-1
Rome Air Development Center (315) 330-2558
(LSCA) RADC=TI1P e
Gritfiss Air Force Base —

New York 13441

KENNEDY, Edmund J. EJK KENNEDY@UFFICE=1
Rome Air Development Center (315) 330-3857
I1S1IM RADC-TIP

Griffiss Alr Force Base
New York 13441
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KESSELMAN, Murrav L.
Rome Air Development Center

I1SCA

Griffiss Air Force Base, New

KLAYTON, Alan R.
Kome Air Develoopment Center
ISCA

Griffiss Alr fForce base
New York 13441

KRUTZ, Robert D.
Rome Air Development Center
1S

Griffiss Air Force Base
New York 13441

LAFORGE, Edwara F.

Rome Air Development Center
I1SIM

Griffiss

New York

Air Force Base
13441

LAMONICA,
Rome Alr
I1s1M
Grifriss
New York

Frank S.
Development Center

Air Force Base
13441

LANDES, Michael

Rome Air Development Center

I1SiM
Griffiss
New York

Air Force Base
13441

ihomas F.
Development Center

LAWRENCE,
Rome Air
1sCp
Griffiss
New York

Air Force Base
13441

LI1UZZ1, Ravmond A.

Rome Air Development Center
ISIM

Griffiss Air kForce Base

New York 13441

MLKZ

< SUTKOWSKI,

KESSELMANGUFFICE=~1
(315) 330-3461
RADC=TI1P

york 13441

KLAYTONGOFFICE=1
(315) 330-2558
RADC=T1P

ARK

RDK KRUTZEOFF1CE~-l
(315) 330-2204

RADC=TIP

ELF LAFURGERUFFICE=-1
(315) 330-7834

KADC=-TIP

LAMONICACOFFICE~]
(315) 330-7834
RADC-TI1P

FSL

LANDES@UFF ICE=-]
(315) 330-2672
RADC=-TIP

ML2

TFL LAWRENCEGUOFFI1CE=1
(315) 330-7746

RADC=-TI1P

LIUZZ1eOFFiCE=~]
(315) 330-7011
RADC=T1P

KAL

NRICDIR.NLS:1,
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LOMBARDOD, Larry M.

Rome Alr bevelopment Center
ISIM

Griffiss Air Force Base

New York 13441

MCLEAN, John B.
Rome Air Development Center

IS1S
Griffiss Air Force Base
New York 13441

MCNAMARA, John L.

Rome Alr Develocment Center
I1SIM

Griffiss Alr Force Base

New York 13441

METZGER, Ricnhard A,

Rome Air Development Center
15CP

Criffiss Air Force Base

New York 13441

NELSON, Richard
Rome Air Develcopment Center

1518
Griffiss Air fForce Base
New York 13441

PANARA, Roger E,

Rome Alr Development Center
IS1n

Gritfiss Air Force base

New York 13441

PANAS, Leon R.

Rome Air Develooment Center
1SCP

Griffiss Air Force Base

New York 13441

PATTERSON, William w.

Hg., Alr Force Svstems
Command/DLCEC

Andrews Air Force Base

<

LML

JEM2

JLM

rRAM4

KEN2

RBP

LEP

WWk2

SUTKUWSKI, NICDIR.NLS:1,

LOMBARDUROFFICE=]
(315) 330-2072
RADC=-TIP

MCLEANGOFFICE=1
(315) 330-4875
RADC=-T1P

MCNAMARABGUFFICE=1
(315) 330-3827
RALC=-TIP

RMETZGEREOFFICE=]
(315)330-284¢0
RADC=TIP

NELSUNEOFFICE~1
(315) 330-3851
RADC=-TIP

PANARAGUFFICE=1
(315) 330-7834
RADC=TIP

PANAS@UFFICE=~]
(315) 330-7746
RALC=T1P

PATTERSUNEUFF ICE~1
(301) 981=-2364
RADC=TIP

>

4




JAKE , b=AUG=76 10:58

Maryland 20334

PETELL, Marcelle D.

Rome Air Development Center
1SIM

Griffiss Air Force Base

New York 13441

PREVITE, James L.

Rome Air Develooment Center
I1SCA

Griffiss Alr Force Base

New York 13441

REIMANN, Uskar A.

Rome Air Uevelopment Center
1SCA

Griffiss Air Force Base

New York 13441

RIOLO, Antoinette M,

Rome Air Development Center
1sC

Griffiss Air Force Base

New York 13441

ROBERTS, Donalad F.
Rome Air Development Center
1818
Griffiss
New York

Air korce bBase
13441

ROBINSON,
Rome Air
1sCp
Griffiss
New York

Richard A.
Development Center

Air Force Base
13441

RUPLE, Samuel L.

Rome Air Development Center
isiM

Griffiss Alr Force Base

New York 13441

RZEPKA, william E.
kome Air Development Center
ISIM

< SUTKOWSK1, NICDIR.NLS:1, > 5

MDP PETELLRUFFICE=-1
(315) 330-3827

RADC=-TIP

PREVITERUFFICE=1
(315) 330~340l
RADC-T1P

JLP

UAR REIMANNEOUFFICE=-]
(315) 330-4728

RADC=TI1P

RIOLOEOFFICE~1
(315) 330=-7801
RADC=-TIP

AMKE

DFR FROBERISEUFFICE=1
(315) 330-4325

RADC=T1P

RAR3 FROUBINSONEOFFICE=1
(315) 330-774¢6

RADC=I1P

FUPLEROFFICE~1
(315) 330-3857
RADC-TILP

SLR

RZEPKAGOFFICE~-1
(315) 330-7834
RADC-TIF

WEE
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Griffiss Air Force Base
New York 13441

. SLIWA, Frank P,
Kome Air Development Center
1SIN

Griffiss Air Force Base
New York 13441

STINSON, William F.
rome Air Development Center

ISF
Griffiss Air Force Base
New York 13441

STUNE, Duane L.

Rome Air Development Center
15CP

Grifftiss Air Force Base

New York 13441

SUTKUWSKI, Stephen P.

Rome Air Development Center
ISCP

Gritfiss Air Force Base

New York 13441

TUMAINL, Frank J.
Rome Air Development Center

151
Griffiss Air Force Base
New York 13441

VANALSTINE, Donald

rome Air Develoopment Center
ISIM
Griffiss
New York

Air Force Base
13441

VASSELLL, John J.

Rome Alr Development Center
ISCP

Griffiss
New York

Air Force Base
13441

JJv3

NICDIR.NLS:1, > ©
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FPS SLIWAGOFFICE=-1
(315) 330=-3857

RADC=T1P

STINSUN@GUFFI1CE=1
(315) 330-7009
RADC=T1P

WES

bLS STUNE€OFFICE-]
(315) 330=7746
RADC=TIP

SUTKOWSKIGUFFICE~1
(315) 330-7746
RADC=TI1P

SPS

TUMAINIeUFFICE=1
(315) 330-7507
RADC=TIP

FJd1l

VANALSTINEQUFFICE=~1
(315) 330=-7011
RADC=T11P

DVA

VASSELLIROFFICE=1
(315) 330=-4916
RADC=T1P
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* WALKER, Robert K.
Rome Air Development Center
1SF
’ Griffiss Air Force Base
New York 13441

WEBER, Roger W,
Rome Air Development Center

ISIM
Griftiss Air Force Base
New York 13441

WINGFIELD, Mike A.

Rome Alr Development Center
(1SCP)

Griffiss Air korce Base

New York 13441

DURUOSE, Barbara J.

Rome Air Development Center
15

Griffiss Air Force Base

New York 1344]

GIURDANO, John V.

kome Air Development Center
I1sM

Griffiss Air Force Base

New York 13441

HENDERSUN, Helen B.

Rome Ajir Development Center
18Cp

Griffiss Air Force Base

New York 13441

PETERSON, Norman w,
TRwW Systems Group
1 Space Park
Redondo Beach,

90278

California

| @ s:veraro, Ricnard C.

Rhin2

(LA 1950

BJD2

< SUTKOWSKI, NICDIR.NLS;1, > 7

RKW WALKERERADC-MULTICS
(315) 330-2501

RADC=XPER

WEBERGUFFICE~1

(315) 330-2672
RADC=T1IP

MAW WINGFIELD@UFFICE=1
(315) _330=

=11 p=—

DUROSEEGUFFICE=]
(315) 330-2204
RADC-TIP

JVG GIURDANUEOFFICE=-1
(315) 330-2205
RADC-TIP

HBH HENDERSUNGOFFICE=1
(315) 330-2846

RADC-TIP

PETERSONRUFFICE=1
(213) 535-2045
RADC-TIP

NwP

RCS SEMERARGEUFFICE~-1
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rKome Ailr Development Center
1SC

Griffiss Air Force base

New JYork 13441

SMITH, Yale
KRome Air Development Center
1SFA
Griffiss Air Force Base
New York 13441

TRZEPACZ, Irene G.

Rome Air Development Center
ISFA

Gritfiss Air Force Base

New York 13441

< SUTKOWSKI, NICDIR.NLS:1, >

(315) 330-7861
RADC=-T1P

YS SMITHeOFFICE~]
(315) 330-2382
RADC=TILP

IGT TRZEPACZEUFFICE~1
(315) 330-2382
RADC=-TIP

ROME AIR DEVELOPMENT CENTER (RADC=MULTICS) MEMBERSHIP LIST

ENTRLES ARE IN THE FOLLOWING FURMAT:

Name NIC Ident Network Mall Address

U.S5. Mail Adaress
' City, State, Zip

DUANE, Robert Eb.
Rome Air Development Center
ISFF
Griffiss Air Force Base
New York 13441

DRAPER, Melville J.
Air Force Audait Agency
AFAA/DOY
Norton Alr Force Base
San Bernadino, California
92409

JUNES, william D.
Rome Alr Development Center

1SFU
Griffiss Air Force Base
New York 13441

Phone(s)
Urganization Ident

RED2 Network Address Not Known

(315) 330-7628
RADC=TIP

MJD Network Acodress Not Known
(714) 382-2814
RADC=T11P

wDJ JUNESERADC=MULTICS
(315) 330-2319
RADC=MULTICS

8
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JULY
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JULY

OFFICE=~1
OFFICE=1
OFFICE=1

MAYNARD
MAYNARD
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OFFICE=-1
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OFFICE=1
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MAYNARD
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16,
lbl

OFFICE=~1
OFFICE=1
OFFICE~1

OFF
OFF
OFF

OFFICE=1
OFFICE=-1
OFFICE-1

OFFICE=~1
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OFFICE~1
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MAYNARD
MAYNARD

MAYNARD
MAYNARD
MAYNARD

MAYNARD
MAYNARD
MAYNARD
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(DSM) 35953 (D
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GIN .H1="Proposal For Research No. ISU 76-185.GCR;Extensions to
ry2 Suosystem"; .F="part One == Technical Proposal .Split; page
N;"; .SN=0ff: .SNF=0ff; .SNFShow=[1,1); .RM=72; .ELM==3; .BRM=68;

«IB5=1; .PN=0:

LE OF CONTENTS.PBS;.H2=".Split;Taple of
tents"; .GYBS=6; .Center; .GYES=1;
1 INTRODUCTION .DotSplit: 3
11 BACKGRUUND AND UBJECTIVES .DotSplit; 4
111 METHOD OF APPROACH .DotSplit; 5
IV OQUALIFICATIUNS .DotSplit; o
V PROJECT ORGANIZATION AND MANAGEMENT .DotSplit; 7
vl STATEMENT OF WORK .DotSplit; 8
Vil SELECTED REFERENCES .DotsSplit; 9
Vi1l BIOGRAPHIES OF KEY PERSONNEL .DotSplit; 10
INTRODUCTION.PBS: .H2=".Split;lntroduction";.Center; .SNF=76;
Stanford Research Institute (SRl1) is pleased to submit this proposal
for research to the rRome Air Development Center (RADC). The proposed
work consists of technical services for the Naval Electronics
Laboratory Center (NELC) in the area of programminga, as described in
Paragraph 4.1.2.4 of RADC Contract No. F30602-76=C=0230.
BACKGROUND AND OBJECTIVES.H2=".Split;Background and
ectives";.Center:
As part of the Capabilities Assessment Task of its Proiect J732600,
NELC has been investigatina the potential of SRI’S oNLine System
(NLS) for application to Navy command and control problems. To
facilitate this investigation, SR1 designed and implementea a
demonstration system called Query in accordance with specifications
provided by NELC.
Query is an NLS~based data management system that can be used to
interrogate and manipulate a relatively small and simple, vet
plausible facsimile of a Navy command and control data base. The
initial version of Query, Queryl, which accesses a static acatabase of
70 snips and supports two commands, required several man-days to
implement. The second version of Query, Queryv2, which manages a&a
dynamic database of 250 ships and planes and 100 ports and supports
25 commands, required several man=months to implement,
In the proposed project, SRI will modity and expand Oueryz, according
to specifications supplied by NELC, to produce a more powerful and
realistic version ot the svstem, Query3.
METHUD OF APPROACH.PBS;.H2=".Split;Method of Approach";.Center;
Ihe work reaquested of SRI by NELC falls into the following four major
categories: improvement of existing Query2 capabilities, addition of
minor new capabilities, addition of major new capabilities, and
attachment of Querv3 to the Datacomputer. This work is to be funded
as two separate tasks. Task 1, a 3 man-month effort, consists of
ltems A and B below: {improvement of existing QueryZ capabilities and
addition of minor new ones. Task 2, a 6 man-month effort, consists
of Items C and D below: addition of major new capabilities and
attachment of Query3 to the Datacomputer,
A. Improvement of Existinag Query2 Capabilities
1. Opcon, Task Force, and Command Discrimination
Although Query2 supports the concepts of opcon, task force, and
military command, it falls to discriminate properly between
these important entities. To correct this error, task force
and command fields will be added to the datavase (opcon is
already present), and minor modifications will pe made, as
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directed bv NELC, to some or all of the following commands:
ASSIGN and DEASSIGN, ATTACH and DETACH, ESTABLISH and
DISESTABLISH, INCLUDE and REMUVE, and SHOW.
Current, Maximum, and Cruising Speed Discrimination
Querv2’s SHOW command permits display of either the platform
nearest in hours to a specifiea reference point, or all the
platforms within a specified number of hours of the reference
point. The HUOW command displays the distance in hours between
a specified platform and reference point. For both these
commands, Query2z arpitrarily uses maximum speed when computing
a platform’s distance from the reference point, althouagh both
current and maximum platform speeds are maintained in the
datapase.
To enhance the HOW command and the "nearest" and "within"
options of the SHOW command, Query will be modified to allow
the user to specifv whether current speed, maximum speed, Or
economical cruisina speed is to be used for the calculation.
To support this new capability, cruising speed will be aacdead to
the datapase. Current and maximum speed are already present.
Nearest and Witnin Options in FIND Command .PBS;
Query2’s FIND command permits interrogation of the database for
platforms satisfving complex criteria. For example, any of the
following may be specified by the user as criteria for
selecting olatforms for display: .l0vr=4;
(a) Containing a constant, for the composite database field
SYNONYMS.
(b) Equal to a constant, for the textual fields NAME, FLAG,
POSITION, PLATFORM, CATEGORY, TYPE, CLASS, CO, CARGO TYPE,
CARGO OQUANTITY, and OPCUN.
(,c) Less than, eaual to, or greater than a constant, for
the numeric fields BEARING, HUURS, RANGE, SPEED, MAXIMUM
SPEED, and PERCENT FUEL.
(d) True, for the boolean field DOCTUR.
(e) Known or defined, for any field. .10vr=0;
Arbitrarilv complex, composite criteria can be constructed from
the atomic criteria listed above using AND, Ok, NOT, ana
parentneses.
At present, "nearest" and "within" options like those offerea
by the SHOW command are not offered by FIND and, therefore,
will be added. Like Query3’s SHOUW command (see Item 2 above),
these options will include specification oy the user of whether
current, maximum, or cruisinc speed is to be used in the
calculations.
Knowledge of Task Urganization Hierarchy
guerv2’s SHUW and FIND commands allow the user to display the
platforms that constitute a specified task force. To identify
such platforms, Query2 simply locates those whose task force
field matches that specified in the command.
Query3’s SHOw and FIND commands will be made to understand the
task organization hierarchy--fleet, force, group, unit,
element=-and will provide command variants for displaving the
member platforms of a particular fleet, force within a fleet,
group witnhin a force, and so forth,
Shorthand Terms for Collections ot Relatea Platform Tvpes

.PBS;
Querv2’s SHUW and FIND commands permit display of platforms
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whose type field has a specified value. Although this
capability is important, it is otten desirable to display
platforms whose type field has one of several related values,
For example, it may be desirable to display all cruisers,
whether heavy cruisers (CA), guided missile cruisers (CG),
quided missile light cruisers (CLG), and nuclear powered guilgded
missile liaht cruisers (CLGN).
Querv2’s FIND command can be used to generate such displays,
for example:
FIND ALL CRAFT WITH .LBS=0;
TYPE=CA UR TYPE=CG OR TYPE=CLG OR TYPE=CLGN .LBS=1;
However, this procedure is cumbersome, Therefore, Query‘’s SHOW
and FIND commands will be expanded to recoanize several
"shorthand" platform tvpes such as CRUISER, SUBMARINE,
DESTROYER, and FRIGATE. NELC will specify the shorthand
platform tvpes to be recognized by Querv3, their mneumonics,
and the set of platform types to which each corresponds, These
shorthand terms then will be built into the software, rather
than defined in the database or specified by the user.
Support for New Database Fields
Several additional fielos must be added to the database to
support the Queryv3 work descrived in this proposal; these ,
include economical cruising speed, task force name, and |
command. In addition to the explicitly described new software |
necessitated by these new fields, the followina general changes
will be made to Query to support them: .10vr=4;
(1) The ADD command will be augmented to allow the new
fields to be declared when a new platform is adaed to the
data base.
(2) The CHANGE command will be augmented to allow the new
fields associated with an existing platform to be changed.
(3) The FIND command will be augmented to support atomic
criteria relating to the new fields. .10vr=0;
These three chanages constitute simple extensions to mechanisms
alreadv provided by the software.
Internal Improvements
I'ne most important characteristic of the Query demonstration
system is that its user interface, specified in SR1’s Command
Meta Language (CML), can be changed rapidly. OQuery is not a
particularly efficient data management system, Ssince it is
built upon the NLS file system, which is designed primarily for
other applications.
Althouah database management efficiency is not Query’s centrail
focus, inefficiencies detract from the system’s operation.,
Consequently, Query will be modified to search its database
more efficiently. In particular, the Query3 database will be
inverted on platform names to drastically reduce the time
reauired to locate platforms by name. Also, the mechanism by
which fields are extracted from a record will be improved so
that a sinale record will be scanned only once, regardless of
the number of fields required or the number of times those
fields must be examined., This work will result in no new user
features, but it will significantly decrease the execution time
of nearly every existing and future gQuery command.
In addition to the efficiency=-related changes described above,
several other minor modifications to Query2 will be made., For
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example, Ouery will be improved to solicit clarification from
the user whenever an ambiguous platform name is specified,
rather than aborting the command.

B, Adaition of Minor New Capabilities

1.

Rendevous Feasibility Testing

Query2 provides various commands for grouping platforms. The
PUT command places a specifed craft at a named port. T7Tnhe
ESTABLISH command forms & task torce by placing a specified
list of craft at the position of a named platform, Each of
these commands effects the movement of craft by simply altering
the position fields of the cratt., 1The feasibility of the
rendevous, in terms of the time and fuel required to effect it,
is not considered in these commands.

To assist the user in determining the feasibilitv of a proposed
rendevous, a new command (for example, RENDEVOUS) will pe
implemented., Given the coordinates of a rendevous point, the
desired time (or time bounds) of rendevous, and the list of
participating craft, this command will determine whether or not
the rendevous is feasible and, if so, the minimum time reguired
to effect the rendevous and the fuel status of each craft upon
its completion. If the rendevous is feasiple, RENDEVOUS also
will optionally modifv the position, bearinag, speed, and
percent fuel of the participating craft to effect the
rendevous,

Determining and Displaying Threats to Platforms

The SHOW and FIND commands will be expanded to permit display
of platforms that constitute an existing or potential tnreat to
3 named platform.
For each class of craft, NELC will define three types of
threats: passive surveillance, active surveillance, ana
attack. These threat definitions will be of a type adefinable
via the FIND command and will be built into the software,
rather than being described in the database or specified by tne
user.

Static Class Characteristics

Naval ships are usually constructed in groups kKnown as classes,
and all craft in a given class have identical physical
characteristics. Although Cuery2’'s database contains the class
of each craft, only two of the physical characteristics
associated with a class are maintained in the database:

maximum speed and range, Therefore, Query will be expanded to
deal with additional class characteristics to be specified by
NELC.
Class characteristics will be isolated from the other platform
characteristics in a special branch of the database. Variants
of Query2’s ADD, CHANGE, and SHOW commands will be provided for
manipulating and displaving these special database recoras,
Maximum speed and range, the values for which are currently
maintained for each individual platform, will be moved to the
class characteristics branch.

C. Addition of Maior New Capabilities

1.

Use of Ellipses to Minimize Searches
As aiready pointed out, Querv2’s FIND command permits extremely
complex search criterjia to te applied to the database. If the
user can state precisely all the characteristics of the
platforms he seeks, he can use FIND to locate them.
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Often the user can only formulate his criteria only one step at
a time, using feedback from previous steps as an aid in stating
further criteria. The user can employ FIND to pertorm tne
first phase of his search, from the resulting display determine
nis next criterion, and then reissue the FIND commana,
restating his initial criterion and addinag the new one to it.
Appropriate repetition of this procedure will locate the target
platforms (which will be displayed as the result of the final
invocation of FIND). HowevVer, the process is cumbersome and
time consuming, since the platforms located in previous
searches must be relocated in each successive step.
fo eliminate such inefficiencies, Query‘’s FIND and SHOW
commands will be modified so that the system remembers the most
recently located set of platforms and allows that set to be
used as the initial search domain the next time the command is
invoked., Thus, it will be possible to ask questions such as
the following:

SHOW ALL SPANISH CRAFT WITHIN 500 NM OF BARCELONA. .LES=0;

UF THOSE, FIND ALL WITH PERCENT FUEL LEFT GREATER THAN 50.

OF THOSE, SHOW ALL WITHIN 2 HOURS OF ME. .LBS=1;
In this example, Query3 will be able to answer the second and
third aquestions very rapidly. since only those craft satisftying
the first condition need be examined.
Graphic Display of Platforms
Ine NLS foundation upon which Query is constructed contains a
comprenensive software package for generating and viewing line
drawings consistina of mixed text and graphics. This NLS
Graohics System will be interfaced to Querv3 by meéans of an
option. in both the FIND and SHUW commands, that will allow the
user to obtain & agraphical representation of the selected
platforms in place of the normal textual displav. This
powerful OQuery3 facility will be accessible only from terminals
equipped with the necessary araphic aisplav devices,
Platforms will be mapped onto the display screen using mercator
projection. The portion of the sphere displayed and,
therefore, the maanification will be selected autcomatically by
Querv3, rather than being set by the user. Each platform will
be represented as a small circle, sqguare, diamond, or triangle
(svymbols already known to the Graphics System) and tagged with
its name or (for unknown platforms) class. Rectangular grids
markina dearees of latitude and longitude, concentric circles
markinag distances from a reference point, or other markings
will be included in the displavs as requested by NELC, subject
to time and funding constraints.
Althouah the graphics facility to pe added to Cuery will
provide the user with greatly increased capabilitity, the
facility is rudimentarv., However, the NLS Graphics System
itself is a flexible and powerful tool with which very
sophisticated drawinags can be created. Thus, increasingly
sophisticated Query capabilities can be achieved as additional
time and effort are invested, and NELC may wish to consider
funding additional work in this area in follow=-up efforts.
Transmittal of Graphic Output via Sendmail
In addition to the Graphics System described above, the NLS
environment contains a comprehensive software package for
transmitting messaages and documents between users. This NLS
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D.

sendmail System, which already supports messages containing
mixed text and graphics, will be interfaced to Query3 by means
of a command (for example, SEND) that will transmit the results
(textual or graphical) of a previous FIND or SHOW command to
one or more NLS users, with accompanying title and introductory
text. Recipients of such messages will be reguired to view
them usinag existina NLS file viewing techniques; no mail
readinag facilities will be included in Query3.
Althouah the SEND command will be accessible from any terminal,
drawinas can be viewed only trom terminals equipped with the
necessary araphic display devices. Users whose primary
mailboxes are either offline (i.e. accessible via U.S. Mail) or
on other ARPANET hosts (i.e. accessiple via the File Iransfer
Protocol) will be unable to receive messages containinag
graphics, since the protocols necessary to transmit grapnhical
information to such users do not exist,
Althouah the mail facility will provide the Query user with
greatly increased capabilitity, it, like the graphics facility
already described, is rudimentary. 1The NLS Sendmail System
itself is a flexible and powerful tool with a wealth of options
(for example, single or multiple authorship, distripution for
action or information, recorded or unrecorded, access controls,
keywords, subcollections). Therefore, the addition of dialog
support capabilities to a system like Query 1s an open=ended
proposition, and NELC may wish to consider additional funding
for follow=-up efforts.,
Attachment of Query3 to the Datacomputer
As alreadv mentioned, Query2 uses the NLS File System as the basis
for its own database management system, Althouagh this strategy
vyields satisfactory results with a database the size of the
present one (approximately 300 platforms), NLS’s file structure is
probably ill-suited to databases of the size reaguired in real
command and control applications. Furthermore, it is the NLS
Frontend System, allowing high-level description and, therefore,
rapiad alteration of the user interface, which is the primary focus
of the Query experiment. In production systems, database
management facilities will pe provided by sophisticated systems
agevoted to that task.
For these reasons, Query will be expanded under this proposal to
use as its database either a local NLS file (as is done currently)
or a database maintained on the Datacomputer, accessible via the
ARPANET by means of network connections and Datalanguage. 1IThe
existing USE command will be modified to permit the user to switch
between the two. In addition, to minimize the number of interhost
exchanges required when the Datacomputer is used, Query3 will
maintain the results of the last SHOW or FIND command locally in
an NLS file; subseguent questions then could be answered without
consulting the Datacomputer,
SR1 assumes that the Datacomputer will permit floating=point
arithmetic and spherical geometric computations to be used as
criteria for platform selection. For example, we assume that the
Datacomputer will permit direct selection of all platforms whose
positions differ from that of a specified reference point by less
than n miles, Such capabilities are crucial to the implementation
0f the "nearest" and "within" options of the SHOW and FIND
commands.
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SRI also assumes that each record of the Datacomputer database
will contain at least the information already maintained in the
Query?2 database, as well as that reguired for implementation of
the Querv3 features described in this document. Although the
physical representation of that information is necessarily
different, there must be a loaical correspondence between elements
of the NLS databpase used by Query2 and elements of the
Datacomputer database to be used by Query3.
As an interface to the Datacomputer, SRl expects to use the
MACRO~10 subroutine package called DCSUBRS, which is supplied by
Datacomputer personnel. This would require the construction ot
interface software for switching between the L10 and MACRO
ran~time environments.
As in past Query development efforts, NELC will assume responsibility
for w#riting the documentation and supplying the database additions it
deems necessary, We understand, for example, that NELC plans to
supply database records for additional aircraft to serve as thnreats
to other craft. This work will be carried out by NELC personnel, and
no assistance from SKRI will be reauired.
Two sources of online documentation are potentially available to
Query users: the highly structured Help Database provided by NLS'
Frontend System and accessible via the Frontend’s HELP command and
the more loosely structured Help Database provided by Query, which 1s
maintained as a branch of its database and accessible via Query2°’s
PRINT command,
The Frontend Help Database for Query2 has been written by NELC but is
not yet available to the Query2 user. The QueryZ Help Database has
pbeen written by NELC and is available to the user via Querv2‘®s PRINT
command, Since Queryvl has no PRINT command, only the Frontend Help
Datapase is potentially available to Queryl users. NO Such datapase
currently exists.
NELC will continue development of help databases for Queryl, Queryz,
and Querv3 as desired; no assistance will be reauired from SRIl.
However, as necessary SRI will expand Query‘’s PRINT command to permit
selection of one of several topics for which documentation is to bpe
displaved, as an alternative to displaying the database in its
entirety, PRINT will allow the user to choose from amond only a
small number of subdocuments known a priori to the software; in
particular, it will not implement more complicated subdocument
structures, such as tree structures, a function already provided by
the HELP command.
QUALIFICATIONS.PBS; .H2=",Split;Qualifications";.Center;
A. Stanford Research Institute
SRI is an independent, nonprofit corporation performing a broad
spectrum of research, development, and other professional services
under contract to business, industry, and government. Most of
SR1’s work is directed toward problem solving rather than research
in the abstract, SRl has developed a capability for working with
a client organization, understanding its problems, and structuring
a responsive proaram of professional services that provides
realistic solutions to those specific problems, 1Typically, SRI
has 800 to 1000 active projects at any one time that produce an
annual pbusiness volume of over $95 million.
Research operations at SRI are organized into seven divisions
representing major disciplines. Overall supervision of research
is vested in the Office of Research Operations which reports
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directly to the Office of the President. Both formal and informal
long standinag arrangements exist to facilitate interdisciplinary
research and development among the divisions and their subgroups.
Statf members for this project will come from the Information
Science and Engineering Division, which has experience in the
desiagn, implementation, and use of interactive systems.
Intformation Science and Engineering Division

The activities of the Information Science ana Engineering Division
are carried out in three laboratories and four research centers:
the Augmentation Research Center, the Information Science
Laboratory, the Engineering Sciences Laboratory, the Artiticial
Intelligence Center, the Electronics and Bioenaineering
Laboratorv, the Telecommunications Sciences Center, and the
Transportation Engineering and Control Center., Each laboratory
comprises a number of aroups with complementary interests ana
skills.
Staff mempers for this project will come from the Auagmentation
Research Center within the Division. This Center maintains &
continuing development effort aimed at producing a broad-based
computer support system that will effectively augment the nhuman
intellect in a highly communication-oriented society,
Augmentation Research Center ,FBS;
The Auamentation Research Center (ARC) consists of a staff of
about 42 people dedicatea to the development and technoloay
transfer of computer-based processes that augment people’s
abilities to handle data in many forms, including text and
grachics. These computer aids are aimed at providing fast visual
feedback of information., which is maintainea in a hierarchically
structured form so that it can be displayed to any level of detail
and from many different points of view. This organization
facilitates both rapid assimilation of concepts ana rapid
transmission of material in the appropriate level of detail to any
desired audience, Communication time and effort are reducea
because computers perform the necessary manipulation,
reconstruction, and transmission.
ARC participates in all areas (operating system interface,
terminal handler, command language interpreter, file system, tool
buildinag, networking, and applications) and all stages (design,
implementation, maintenance, measurement, and documentation) of
system development,
The computer aids developed by ARC are embodied in its oNLine
System (NLS), which provides a coherent environment from which
various cooperating subsystems can be accessed., 1o provide this
environment, NLS: .10vr=3;

- Supports interactive devices such as the teleprinter and the

two=dimensional CRT display.

« Interprets and passes user commands to the appropriate

subsystem.

- Maintains a hierarchically structured file system,

- Provides commands for editing, manipulating,

cross-referencinag, and cross=-copying hierarchically arrandced

bplocks of mixed text and graphics,

- Formats and outputs intformation obtained from files and

other input sources to hardcopvy or microfilm.

- Provides a range of tools to aid applications in data

management, document production, message handling, software
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engineerina, and management, .I0vVr=0;
PROJECT ORGANIZATION AND MANAGEMENT.PBS; .H2=".Split;Project

Organization and Management";.Center;

vl

SR1 pbelieves that the work proposed will be best pertormed by the
smallest number of people having the required technical competence.
Inerefore, the project team will consist of Mr. James E. White, who
designed and implemented Queryz, Mr, David S. Maynard, who designed
and implemented Queryl, and Mr. David C. Smith, who has experience
with the design and implementation of other NLS-based data management
systems. Other commitments may reauire alternative staffing.
Mr. wnite, who will work full-time on the project throughout its
course, will also manage the project and be responsible for
completion within time and budget constraints and with high technical
standards. Mr, Maynard will work part-time on the project and assume
responsibility for interfacing Query3 to the Datacomputer, Mr, Smith
will help integrate Query3 with other ongoing NLS-based data
management projects to eliminate redundancy and strengthen the NLS
programming environment that makes systems like Query feasible,
The project will be under the overall supervision of Dr. Richard Ww.
watson, Assistant Director of ARC, Dr. Doualas C. Engelbart,
Director of ARC, will be responsible for review and overall
coordination.
Biographies of Messrs. White, Maynard, Smith, and Watson are included
in Section VIII.
STATEMENT OF WORK.PBS;.H2=".Split:;Statement of Work";.Center;
A. Backaround and Objective
To assist NELC in evaluating the potential of SRI’s oNLine System
(NLS) for application to Navy command and control problems, SEIl
has developed two versions==-Queryl and Querv2=-=-of an NLS~based
command and control demonstration system. NELC has requested SRI
to make certain modifications and additions to that system to
provide a more comprehensive ana realistic demonstration
system==Query3.
B. Scope
This effort will entail improvement of several existing Query2
capapilities, the addition of several new capabilities not
currently available in Query2, and the attachment of Querv3 to a
remote database management system.
C. Tasks and Technical Requirements
SRI will provide enaineering services to effect the following
ennhancements to existing Query2 cgpabilities: .l0vr=3;
= Allow the system to discriminate properly between opcon,
task force name, and command.
= Allow the user to select from among current, maximum, and
economical cruisina speeds in the SHOW and HUW commands.
= Add "nearest" and "witnin" options to the FIND command.
= Provide variants of the SHOW and FIND commands for
displaving the platforms in a particular fleet, force, group,
unit, or element in accordance with the Naval task organization
hierarchy.
= Provide shorthand terms for such command platform tvpes as
cruiser, submarine, destroyer, and frigate.
= Support new fields in the ADD, CHANGE, ana FIND commands.
= Improve search efficiency and make other minor improvements
to Query2. .10vr=0;
SRI will add the followinag new capabilities to Query: .l10vr=3;
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-« A command for -testing the feasibility ot rendevous of a list
of craft.
- Variants of the SHOW and FIND commands for identitving
passive surveillance, active surveillance, and attack threats
to a platform,
- (Commands for addina, chanaing, and displayving static
platform characteristics in a separate branch of the database,
« Internal retention of the results of the previous SHOW or
FIND command for use as the search domain of a subseauent
command,
- A command for graphically displaying the results of a SHOW
or FIND command via the NLS Graphics System,
= A command for transmittina the results of a SHOW or FIND
command to another user via the NLS Sendmail System, .10vr=0;
SR1 will interface Query3 to the Datacomputer and provide a
command bv which the user can switch between local and remote
databases.
D. Reportinag Reauirements
Upon completion of the project, SRI will produce a Final Report
descripbing accomplishments achieved during the contract period.
In addition, SRI will prepare and submit to RADC, by means of the
NLS Sendmail System, a brief Monthly Status Report describing for
tne reporting period, as appropriate: ,10vr=3:
= The approach taken and progress made.
- Changes in key personnel associated with the contract.
- Problems or areas of concern reguiring government assistance
or guidance.
- The number of man=-hours and dollars expended poth during tne
contract period and since the beginnina of the contract.
- SRI’'s estimate of the percentage of technical completion as
of the period being reported.
« A schedule of projected accomplishments for following
months. .10vr=0;
E. Security Classification
Tnis work statement is unclassified.
VIl SELECTED REFERENCES.PBS;.H2=",.Split;Selected
References": .Center:.10vr=4;
! A, Overview
1. Engelbart, D, C., Watson, R. W., and Norton, J. C., "The
Augmented Knowledae Workshop," AF1IPS Proceedings, National
Computer Conference, Vol. 42, pp. 9-21, 1973,
B. NLS Programming Tools
2. Lenhtman, H. G., and victor, K. E., "Software Engineering,"
Final Report, Contract RADC-TR=75-304, SRI Project 1868, Stanford
Research Institute, Menlo Park, California, Decemper 1975,
3. NLS Programmers’ Guide, Auamentation Research Center, Stanford
Research Institute, Menlo Park, California, January 8, 1976
| (SRI=-ARC Catalog Item 34210).
' 4, L10 Users’ Guide, Augmentation Research Center, Stanford
| Research Institute, Menlo Park, California, September 11, 1973
| (SRI=ARC Catalog Item 18969).
\ 5, Irovy, C. H., Dornbush, C. F., Victor, K. E., and Wallace, D.

. | C., "A Command Meta Lanaguage for NLS," Final Report, Contract

RADC=TR=75=304, SRI Project 1868, Stanford Research Institute,
Menlo Park, California, December 1975.
6. Dornbush, C. F., NDDT Symbolic Debugger User‘s Guiae,
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1 ESTIMATED TIME AND CHARGES.PBS;.H2=".Split;Estimated Time and

Charges";.Center;
The estimated time required to complete this project and report the
results is 6 months. SRI could beagin work on receipt of a fully
executed contract.
Persuant to the provisions of ASPK 16=-206.2, attached are a cost
estimate and support schedules in lieu of the DD Form 633=-4, AlsoO
enclosed is a sianed form complete except as to the "Detaijiled
Description of Cost Elements.,"”

11 REPORTS.H2=",Split;Reports";.Center;
The tollowing reports will be produced:

= Monthly Status Reports (6)
= Final Report

II11 GOVERNMENT=FURNISHED EQUIPMENT.H2=",.Split;Government=Furnished

Equipment";.Center;
The work proposed herein will require continued use of
Government-Furnished Equipment (GFE).
For 6 months, SRI will need 5% of a PDP-10 computer located at
USC=1SI, access to the ARPANET from a PDP=11 computer via IMPsS now
located at SRl, and terminal access to the ARPANET from TIPs.

IV CONTRACT FORM.H2=".split;Contract Form";.Center;
Because of the nature of the work proposed, it is requested that any
contract resulting from this proposal pe awarded as a Supplemental
Agreement to Contract F30602-76=-C=0230. These services applv to
paragraph 4.1.2.4 of the statement of work for this contract.

.v ACCEPTANCE PERIOD,H2=".Split:Acceptance Perioa";.Center;

This proposal will remain in effect until 30 September 1976. 1If
consideration of the proposal requires a longer period, SRI will be
glad to consider a request for an extension ot tine,

COUST ESTIMATE.PBS; .H2=".5plit;Cost Estimate";.Center;.SNF=0;
Personnel Costs

Project Supervision $ .LBS=0;
Professional
Total Direct Labor $§ 16,173
Payroll Burden @ 31% 5,014
Total Salaries and wages 21,187
Overhead @ 110% of Salaries and Wages 23,306
Total Personnel Costs S 44,493
.LBS=1;
Direct Costs (See Schedules that follow)
Travel § 332 .LBS=0;
Computer Terminals 765
Materials and Supplies 200
Communication 200
Documentation and Reports 510
Total Direct Costs $ 2,007
. Total Estimated Cost § 46,500
Fixed Fee 3,720

Total Estimated Cost Plus Fixed fee § 50,220
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.LBS=1;

CHEDULE A == DIRECT LABUR.PBS;.Center;

Direct labor charges are based on the actual salaries for the staff
members contemplated for the project work plus a factor of 1.9% of
pase salary for merit increases during the contract period of
performance. The precise factor applied is dependent on the
estimated veriod of performance. Freguency of salary reviews and
level of merit increases are in accordance witn the Institute’s
Salary and Wage Payment Policy as published in Topic No. 505 of the
SR1 Administration Manual and as approved by the Defense Contract
Administration Services Reajon.

SCHEDULE B == OVERHEAD AND PAYROLL BURDEN.Center;

These rates have been found acceptable by the Department of Defense
for billina and bidding purposes for the calendar vear of 1970, We
request that these rates not be specifically included in the
contract, but rather that the contract provide for reimbursement at
billing rates acceptable to the Contracting Officer, subiject to
retroactive adjustment to fixed rates negotiated on the basis of
historical cost data, Included in payroll burden are such costs as
vacation, holiday and sick leave pay, soclial security taxes, and
contributions to emplovee benefit plans.,

In response to Cost Accounting Standard 410, the Institute will be
required on 2 January 1977 to convert to an indirect costinag system
composed of a separate G&A expense pool and a research operations
rate, The specific expense pool that will result from this change is
not predictable at this time; however, subseguent to that date
indirect costs will be allocated to any contract resulting from this
proposal in accordance with such revised accounting system. The
standard provides for equitable adjustments should such be necessary
because of this chanageover.

SCHEDULE C == MATERIALS AND SERVICES.PBS;.Center;

Iravel

2 trips, San Diego, CA, @ §76 s 152 .LBS=0;

4 days subsistence in San Diego, CA @ §30 = 120
Auto Rental 4 days € 815 - 60
Total § 332 .LBS=1;

Alr fares are based on prices established in the current Official
Airline Guide,

pomestic subsistence rates and travel by private auto are establisned
standards based on cost data submitted to and approved by RADC. «.GCR;
Communication

Ihis is an estimate of the toll charges for telephone calls during
the period of performance. .GCR?

Materials and Supplies

This is an estimate of the cost of materials and supplies based on
previous experience with similar projects,

SCHEDULE D == DOCUMENTATION COSTS.PBS:.Center;

Report costs are estimated on the basis of the number of pages of
text and illustrations and the number of copies of reports to be
produced, in accordance with the following rates per page:

Editing S 2.55 .LBS=0;
Composition 2.50
Coordination .74
Proofreading a il
Illustration 21.96
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‘ Tne followina is a breakdown of the estimated cost of report
production:
Printina, 69 pages at 5 6.56 per page = § 453 ,LBS=0;
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report coordination, proofreading)
Illustrations, 2 @ $21.%6 = 44
Press and bindery at, 520 printea padges
@ § .025 per printed page = 13
Total Estimated Documentation Costs = § 510 .LBS=1;
SCHEDULE E == COMPUTER SUPPURT COSTS.PBS;.Center;
Terminals: .LBS=0;
NLS workstations (2)
Display (1) for & months
$ 85/mo X 1 x 6 = s 510
Display (1) for 3 months
§ 85/mo x 1 x 3 = 255
Total § 765 .LBS=1;
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ORIGIN .H1="Proposal For Research No. ISU 76=136.GCR;Network Uperating
ystem Study": .F="Part One =-=- Technical Proposal .Split; page .GPN;";
.SN=0ff; .SNF=0ff; .SNFShow=[1,3); .RM=72; .BLM=-3; .BRM=68: .YBS=1;
+PN=0;
TABLE OF CONTENTS.PBS;.H2=".Split;lable of
Contents"; ,GYBS=6;.Center; .GYES=1;
I INTRODUCTION .DotSplit; 3
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111 OBJECTIVES .DotSplit; 5
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V OQUALIFICATIONS .DotSplit; 7
VI PROJECT ORGANIZATION AND MANAGEMENT .DotSplit; 8
V11 STATEMENT OF WORK .Dotsplit; 9
VIII REFERENCES .DotSplit; 10
1X PERSONNEL .DotSplit; 11
I INTRODUCTION.PBS:.H2=".Split;Introduction";.Center;.SNF=76;
Stanford Research Institute (SRI) is pleased to submit this proposal
in response to RADC Request for Proposal No. F30602-76-k=0299 for a
study to determine the technical problems, alternatives, and
approaches for developing a network operating system (NOS) for a
heterogeneous distributed computer network.
As requested in RADC’s inquiry, the study nere proposed by SRI will
focus upon: .I0vr=3;
- Defining the functions to be performead by an NOS ana
identitving their interrelationship.
= Examining and settinag priorities for these functions, with
special regard to their criticality, benefit, ana present
‘ implementation status.
= Developing several conceptual NUS cesign models.
= Estimating the time and other resources reauired to implement
each desian approach. .10vr=0;
The availability at SRl of personnel experienced in operating system
design, distributed systems, and network protocols; extensive data
processina, library, anad laboratory support; a powerful text editing,
document production, ano dialog support system; and access to tnhe
ARPANET and to several PDP-10 Tenex systems on it gives us confldence
that the reports emergina from this project will contribute
significantly to network development and hasten the day when
heterogeneous computer networks will be effective vehicles for
resource sharing.
11 BACKGROUND.PBS:.H2=".Split;Background";.Center;
By virtue of their ability to brina the computer user into contact
with otherwise inaccessible hardware and software resources,
heterogeneous computer networks have great potential for increasing
user effectiveness. Existinag packet=switched networks have
demonstrated the technical and economic feasibility of
interconnecting larae numbers of diverse computer systems, Users of
the now international ARPA Network (the ARPANET), for example,
routinely access remote time-snaring systems as 1f they were local
users of those systems, transporting files from one machine to
anotner as necessary.
As a result of this technical demonstration, various groups with
. extensive computer resources within the federal government (for
example, AFSC, WWMCCS, and the Army and Navy) are turninag to networks
as a means of utilizing those resources more efficiently., Vvirtually
all of these networks are distributed, meaning that network traffic
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is directed by a minicomputer located at each network site, rather
than from a sinagle, central location, Some of these networks are
heterogeneous, meaning that they interconnect machines of varying
size, manutacture, and software.
Althougn the "hands-on" use of remote resources made possible by
existing technology is & natural and highly visible form of resource
sharing, several limitations severely reduce its lona=-term utility:
- It purdens the user with the task of locating resources. kEven
if his problem is well defined, the user must often appeal to
others for assistance in locating the hardware and software
resources required for its solution. These preliminaries, which
can be facilitated by a network information center, if one exists,
may require searches of hardcopy documentation, phone calls to
candidate installations, ana so forth.
- It requires tne user to attend constantly to network mechanics.
To gain initial access to & resource once it has been located, the
user must interact administratively with the remote installation
to obtain a user name, password, and account numpber. To actually
use the resource or transport a file to or from it, ne must invoke
a special network subsystem and supply the loain parameters
assigned to him. At the end of each month, the user receives a
separate pbill from each installation.
- It forces upon the user all the trappings of each remote system
whose resources he desires to use, requiring him to leave the
familiar workinag environment provided by his local system and
enter an allien one with its own peculiar system structure (login,
logout, and subsystem entry and exit procedures), file system
(file naming conventions, access controls, and directory
structure), and command language discipline (including command
recognition and completion conventions and editina characters).
Even the special subsystems he must employ to move himself and his
files trom one machine to another are a part of this chanaing
millieu,
- It fails to provide a basis for bootstrapping new composite
resources from existing ones. Because the network access
discipline imposed by each resource is a human-enaineered command
language, rather than a machine~oriented communication protocol,
it is virtually impossible for one resource to programmatically
draw upon the services of others. Doing so would require that the
program deal successfully with complicated echoing and feedback
characteristics, unstructured and sometimes unsolicited system
responses, and so forth.
Present technoloay thus prevents full realization of the resource
sharing potential of heterogeneous computer networks. Of the casual
user it demands an often prohibitive startup cost, requiring him to
locate on his own the resourceés he needs and then to acgquire dgetailed
Knowledge of the systems in which they happen to be embedded. It
also fails to provide the more freauent user with the kind of
organized and consistent workshop ne requires to work effectively,
and prohibits construction of the more powerful, composSite resources
that would allow him to make more effective use of his time,
Limitations like those above can be removed by interposing a software
agent between the user and the network‘s resources. Early computing
experience aquickly demonstrated the inefficiency of reauiring users
to interact directly with the raw physical resources of even a single
machine, This experience led to the introduction of operating
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systems, which perform many of the mundane and often complicated
tasks associated with computer use, and so free the user to attend to
higher=-level tasks more directly related to his goals. Similarly, |
recent netsork experience even more clearly demonstrates the need for
a network operating system (NUS) that will assist the user in using
the composite machine to which the network provides him access.
Unlike the field of packet-switching networks, in which consideraple
research has already been performed, the area of neterogeneous NOS |
design nas received relatively little attention to date. ARPANEI ]
host-level protocol desian efforts were early attempts to provide
isolated elements of an NUS. The National Software Works, under ,
joint construction by the Air Force and the Defense Advanced Research
Projects Agency, is tackling the same kinds of problems in a more
conerent fashion.
NOS development is crucial to the arowth of resource sharing within
existing and future computer networks; it also nas potential for
assisting in the solution of other important problems, such as ‘
program transportability. Because of its importance, NUS cevelopment .
warrants considerable government support, A previous study funded by »
RADC and entitled "Distributed Computation Study" examined some of
the problems of NUS desian, outlined some important characteristics
of an NOS, and recommended a design approachn., Because of the
magnitude of the problem, further study is requirea. 1In particular,
the specific services which an NUS will provide to applications
programs, as well as the internal orcanization of the distributed
system reaquired to deliver those services, require further
investigation and description in greater detail, Other important
aspects of NUS design, such as security, debugqing, and measurement
facilities, which were not dealt with in the initial study, must also
be examined.
UBJECTIVES.PBS; ,H2=".Split;0bjectives";.Center;

In the proposed study, SRI will investigate and report on the
technical problems in and alternative approaches for developing a
network operatina system for a heterogeneous, distripbuted computer
network. The study will incorporate, build upon, refine, modify as
necessary, and extend the work of a previous stuay entitled
"Distriobuted Computation Study," performed under contract
F30602~=75=C=0222.
The proposed study will define NOS functions and identify their
interrelationship, examine and set priorities for the functions in
terms of their criticality, relative benefit, and present
implementation status; develop one or more conceptual models for NUS
design; give scenarios for the use of each; and estimate the amount
of time and resources reguired by each approach. SRl will also
provide a detailed comparison between the model(s) proposed in the
study and that implemented by the National Software works, giving
detajiled explanations of whatever similarities and differences are
found to exist.
As requested in the inguiry, SKI will investigate at least the
following aspects of an NOS:

= Interprocess communication ,LBS=0;

= Interuser communication

= Data migration
Job migration, control, and synchronization |
Network control
= System restart and recovery
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- System reliability and availability
- Distributed data base access
- Automatic job assianment
= Dynamic job relocation .LBS=1;
SRI will also investigate other important areas of NOS agesian,
including security, measurement, debugging, and the carrying out of
command language interpretation local to the user. It has peen SRI‘s
experience that considerina such areas from the outset is crucial to
the success of the desian process, and that existing systems are not
easily retrofitted with such tacilities,
METHOD OF APPROUACH.PBS;.H2=".Split;Method of Approacn";.Center;
To meet the objectives stated above, SRl has partitioned the proposed
study into three major subtasks: specification of the functional
interface petween a network operating system and the applications
programs running atop it, identitication of wavs in which the NOUS
might be organized internally, and determination of possible
strategies for NOS implementation.
A. Specification of Functional Interface
1. Motivation
Like an operating system for a single machine, an NOS must, as
its orimarv task, provide a run-time environment for the
applications programs that will execute within its scope. The
first and most important way of characterizing an NOS,
therefore, is to describe the set of functions or primitives it
will make available to the applications proaorammer. In
recoanition of the above and as a significant part of its work
under tnis contract, SR1 will describe the set of primitives
that an NOS should provide.
The "Distributed Computation Study" defined major areas==-job
control, interprocess communication, terminal support, and so
forth==-in which primitives must be provided; in this study, SKI
will much more fully detail the primitives required in those
and other areas.
2. Investigation of Representative Uperating Systems
A first-order understanding of the primitives that an NOS must
provide is most readily obtained from an examination of the
functions performed by conventional, sinagle-machine operating
systems. Some features of conventional operating systems will
be meaninaless in an NOS environment, and, conversely, some NOS
features will find no counterpart in conventional operating
systems. Nevertheless, we expect that a significant number of
paralleis will exist and that a tnorough review of this more
familiar software entity will yield many NOS features by
logical extension. As a side benefit, this approach serves
also to remind us that an NOS must, for pragmatic reasons, be
fabricatea from existing operating systems; therefore, it
provides an initial feasibility check on our design. .PES?
SR1 will examine, compare, and report on the primitive sets
provided by several representative operating systems, including
at least Tenex, Multics, ana 0S/VS2-MVS. This investigation
will produce a comprehensive list of the broad categories of
primitives that a conventional operating system and hence an
NOS must provide, as well as an understanding of the particular
primitives that must be provided in each category. As paIrt ot
this investigation, SRI will also examine existinag NOS work,
such as RSEXEC and the NSW.
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Development of a Model For Each Functional Area

From its analysis of the functions and capabilities of some
representative operating systems, SRl will synthesize a
functional description of the NUS. The task here is analogous
to that of fasnionina an operating system interface (0SI) for a
proaram, written in a8 high=level language, that must run on Two
or more machines. The 0SI in effect provides a virtual
operating system upon which the program can rely, regardless of
the machine on which it actually executes. This strategy, by
confining operating system dependencies to the 0SI, enables the
proaram running above it to be transferred from one machine to
another with a simple recompilation,

To functionally describe an NUS, SRI will first develop a model
for each area of user/system interaction. In the areas of flle
manipulation and terminal handling, for example, SKE1 will
define virtual file structures and terminals, respectively.
Althouah svnthesized from conventional operating systems, these
models will recognize the multimachine nature of the NOS
environment, and methods of addressing files and terminals (for
example) within the composite machine will be proposed.
Selection of a Set of Primitives

Once the underlying models have been defined, SRl will propose
a set of primitives to implement them. This task will entail
careful generalization of the operating system primitives
alreadv studied to eliminate obvious machine agependencies yetl
ensure the implementapility of the proposed primitives on at
least those machines examined., The task will produce logical
callinag seaquences for each of the candidate NOS primitives.

B, ldentification of Internal Organization(s) .PBS;

Motivation
The subtask described above treats the NOS as a black pox. The
principal output of the subtask will pe a fairly detailed
definition of the interface between the NOS ana the user
programs that will employ its services. 17This first subtask 1s
an important one because it effectively defines what would be
expected of an NOUS implementer.

I'he second subtask proposed by SRI1 entails an examination of
the contents of the black box. The principal output of this
subtask will be one or more NOS implementation models, each
describing a particular decomposition of the system into
functional modules, oraganization of the necessary support cata
pases, and so forth. This subtask, too, is important because
it will greatly assist the NOS implementer is carryina out his
task.

From past experience in the development of distributed systems,
we Kknow that design problems often arise that require tradeoffs
of various kinds for their solution. Althouah such problems
can arise in any stage of a study like this one, this second
subtask is especially prone to them, 1In its reports, SRI will
identify any tradeoff situations it encounters and motivate the
course selected,

Decomposition of System Into Modules

Althouah the NOS will probably present itself to the
applications proarammer as a single coherent entity, local to
nis own machine, in reality a much more complicated software
configuration will be required. Because the NOS must pe

RO R SRR, G TRAR P EASN R Y S MO TR R T
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accessible (probably via a svstem call) to the application
programmer of every machine, at least some code must resige
there. Nevertheless, the NUS is necessarily a distributed
system, and most of the code may actually reside on other
nosts, on minicomputers attachea to them, or both,
SRI will explore and report on several possible NOS
confiqurations, identifyina for each the functions of the
required software modules and the manner in which the internal
run-time data bases must be distributed among them, Resulting
intermodule communication patterns will be described, and the
necessary communication protocols identified and characterized.
Analysis of Reliability and Restart Characteristics
Important characteristics of any distributed system are its
reliability, its overall sensitivity to failure of individual
components, and its ability to recover from such failures with
minimal loss of information. SRI will, therefore, give
considerable weight to such factors in its configuration
selections~=py, for example, providing for distributed, rather
than centralized control, wherever possicle, and for redundant
maintenance of crucial state intormation--and will analyze the
proposed confiagurations in terms of these characteristics.
Presentation of Scenarios of System Use
In an effort to give a more complete description of the system
configurations proposed, SKl1 will, as a tinal element of this
second subtask, provide scenarios for the NOS execution of
several operations that the applications programmer miaht
typically ask it to perform. Separate scenparios will be
provided for each proposed configuration,

C, Determination ot Implementation Strateagies

1.

Motivation

The first two of the three subtasks that SRl proposes to
undertake have as their aim the definition, in terms of both
external behavior and internal organization, of a comprehensive
and coherent, prototype NOS., The third and final suptask
completes the study by suggesting strategies for realizing that
objective,

Setting Priorities for Functions
Conventional operating systems are complex; packet switched
subnetworks are complex; it is reasonable to expect that a
full-blown NOS will be complex. Because a fully functional NOS
will require many man-vears for its detailea design and
construction, it is important to provide for staaed
implementation. SR1 will therefore, as requested in RADC’s
inauiry, suggest an implementation order for the NOS functions
proposed, comparinag the varjious functions in terms of their
cost, benefit, and importance to continued evolution of the
system.

Determination of Present Implementation Status .PBS;

Although not usually described as such, many existing ARPANET
protocols clearly represent early attempts to provide isolated
elements of an NOS. The Telnet and Graphics Protocols, for
example, both built upon the concept of a network virtual
terminal, perform the same kinds of functions as the terminal
handler of an NOS will perform, for teletype~like and display
terminals, respectively. Similarly, the File Transfer Protocol
and Resource Sharing Executive represent attempts at
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construction of a network=wide file system. And the Remote Job
Entrv Protocol tackled some of the problems faced by an NOS in
the area of job control.

Io help RADC exploit the many hundreds of man years that have
thus already been invested in NOS desian and implementation,
SRI will survey that work and relate it to the primitives and
internal structures proposed in this study. Special emphasis
will be placed on recording problem areas (and solutions, where
they exist) that have already been identified by this early
research, and to the possible temporary use of existinag
protocols as a means of speeding NOS implementation.

4. Comparison of Proposed Model(s) with National Software WOrks |
The National Software wWorks (NSW) now beina constructed by the |
federal government represents, in many ways, the most ambitious
attempt to date at designing and constructing an NOS for a
neterogeneous computer network. SRI will therefore provice a
detailed comparison between the model(s) proposed in this stuay
and that implemented by the NSW, pointing out NOS functions
that may be absent in NSW, and giving detailed explanations of |
whatever similarities and differences may be found to exist, |

At the completion of the study, SRI will produce & four=part rinal |
Report. The first part of the report, an Uperating System Survey, |
will describe and compare the primitive sets studied as part ot |
subtask A. The second part, a NUS Interface Specification, will

provide a fairly detailed functional description of the NUS. It will
descriobe the models developed for each area of user/system

interaction and document the set of primitives proposed for

implementing them. 7The tnird section of the report, a NOS Internal
Urganization Proposal, will document the results of Subtask B, It

will discuss the alternative internal configurations developed,

describing for each configuration the function of eacnh module, the

required internal data bases, intermodule communication patterns, and
necessary communication. The fourth and final part of the report

will be an NOS Implementation Strateaqy and Status Report, which will

describe the results of Subtask C and report on the present

implementation status of various NUS components ana suagest

priorities accordina to which they should be refined and otners

developed.

QUALIFICATIONS,.PBS; .H2=",Split;Qualifications";.Center;

A, Stanford Research lnstitute

Stanford Research Institute (SR1) is an independent, nonprofit

corporation performing a broad spectrum of research, development,

and other professional services under contract to business,

industry, and government. Most of SR1’'s work 1s directed toward

problem solving rather than research in tne abstract. SRI1 has

developed a capability for working with a client organization,

understandinag its problems, and structuring a responsive progranm

of professional services that provides realistic solutions to

those specific problems. Typically, SRI has 800 to 1000 active

projects at any one time that produce an annual business volume of

over $95 million.

Facilities at SR1's main offices in Menlo Park, California include

extensive data processina, library, and laboratory support. SRIl’s

comprenhensive technical libraries are well supplied with

literature in the fields of operating system desicgn, aistributed

computation, and computer networks, The licraries have trained

et ot 1 2 S R T el RN T T Rt S
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personnel to provide support for research activities through
literature searches and the acguisition ana distribution of
technical documents.
SRI nas many in-house computer systems. These include a CDC 6400,
a B6700 dual orocessor system, and a PDP=10. Job processing can
pe accomplished in batch mode or online in a time=sharing mode.
Besides its own facilities, SRI has ready access to numerous other
nearby computer facilities, including various I1BM, CDC, and Univac
systems.
Research operations at SR1 are organized into eight divisions
representing major disciplines, Overall supervision of research
is vested in the Uffice of Kesearch Operations wnich reports
directly to the Uffice of the President. Both formal and informal
long standing arrangements exist to tacilitate interaisciplinary
research and development among the divisions and their subgroups.
Staff members for this project will come from the Information
science and Engineering Division, which has experience in the
design, implementation, and use of operating systems, distributed
systems, and computer networks,
Information Science and Engineering Division .PBS;
fhe activities of the Information Science and Engineering Division
are carried out in three laboratories and four research centers:
tne Augmentation Research Center, tne Information Science
Laboratorv, the Engineering Sciences Laboratory, the Artificial
Intelligence Center, the Electronics and Bioengineering
Labvoratory, the Telecommunications Sciences Center, and the
lransportation Engineerina and Control Center. kEach Of the
laboratories is composed of a number of groups with complementary
interests and skills.
Staff members for this project will come primarily from the
Augmentation Research Center, with support from the Computer
Science Group within the Information Science Laboratory and from
the Telecommunications Sciences Center. The Auagmentation Research
Center maintains a continuing development effort aimed at
producing a broad-based computer support system that will
effectively augment the human intellect in a nhignly
communication-oriented society, The Information Science
Laboratory is predominantly oriented toward research, development,
and implementation of technigues of broad applicability, focusing
on the design and development of computers, computer programs, and
computer systems. The Telecommunications Sciences Center uses a
system enaineerinag approach to solve problems created both by
technological advances in communication theory and practice and by
economic and social constraints placed on communication
technoloay.
Augmentation Research Center
General Research Goals
The Auamentation Research Center (ARC) consists of a statf of
about 42 people dedicated to developing computer=-based
processes that augment people‘s abilities to handle textual and
pictorial information. These computer aids are aimed at
providing fast visual feedback of informatien, which is
maintained in a hierarchically structured form so that it can
be displaved to any level of detail and from many different
points of view. This organization facilitates both rapid
assimilation of concepts and rapid transmission of material to
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any desired audience in the appropriate level of detail,
Communication time and effort are reduced because computers
perform the necessary manipulation, reconstruction, and
transmission.
ARC participates in all areas (operating system interface,
terminal handler, command language interpreter, and file
system) and all stages (desian, implementation, maintenance,
measurement, and documentation) of system developmeént.
The computer aids developed by ARC are embodied in its oNLine
system (NLS), which provides a coherent environment from which
various cooperatinag subsystems can be accessed. 1o proviae
this environment, NLS: ,10vr=3;
- Supports interactive devices such as the teleprinter and
the two-dimensional CRT display.
= Interprets and passes user commands to the appropriate
subsystem,
- Maintains a hierarchically structured file system,
- Provides commands for editing, manipulating,
cross-referencing, and cross=copying hierarchically arranged
blocks of mixed text and agraphics,
- Formats and outputs information obtained from files ang
other input sources to hardcopy or microfilm, .10vr=0;

Specific Qualifications for This Project

In the context of developina and delivering services like those

describea above, ARC has gradually expanded its user base from

a small group of in-house users to what is now a larae,

nationwide community. In the process, ARC has gained over 6

years of experience in the design, implementation, maintenance,

and daily use of network-based and distributea systems, This

experience includes work done in fulfillment of the following

contracts:

Network Information Center

and Augmented Knowledage Workshop Development

Contract No. F30602-70=C=0219 and No, F30602-72-C=-0313

Defense Advanced Research Projects Agency

February 1970 through June 1974

Dr. Douglas C. Engelbart, Principal Investigator
Under this contract, ARC helped design the following
protocols for the ARPA Computer Network (the ARPANET): The
Host=Host Protocol, which provides the basis ftor a ageneral
interprocess communication facility; the Telnet and Grapnics
Protocols, which attach teletype~like and display terminals,
respectively, to remote time=sharing systems; the File
Transfer Protocol (FIFP), by which files are transported from
one computer to another; the Remote Job Entry Protocol
(RJE), which provides access to remote batch processing
facilities; and the Mail Protocol (MAIL), which enables
distant users to correspond via the Network.
ARC also interfaced NLS® Journal subsystem to FIF and MAIL,
converted the Journal to a dual-site system, and designed
the network protocol necessary to implement a general,
multisite Journal.

National Software Works

Contract No. F30602-75=C=0156 and No. F30602=75-C=0320

Defense Advanced Research Projects Agency

July 1974 through April 1976
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Dr. Richard W. Wwatson, Principal Investigator
Under this contract, ARC is implementina the Front=End
system by which remote tools will be accessed within the
National Software Works (NSW), installing NLS as the first
NSW tool, and designing and implementing a
aistributed~system debugger for use in the NSW environment.
ARC also designed and implemented a Distributed Proaramming
System (DPS), which provides a high=level programming
environment for the construction of distributed systems.
Specification of TCP and THP Protocols for AUTODIN Il
Contract No, DCA100-76=C=0034
Defense Commnunication Agency
February 197¢ through June 1976
br. Jonathan B. Postel, Principal Investigator
Under this contract ARC is specifying the Transmission
Control and Terminal~to=-HoSt Protocols that will underlie
AUTODIN I1I.
ARC has been heavily involved in the development of the ARPANET
since 1969, when one of the its initial four nodes was
installed at SRkIl.
As indicated above, ARC has played a principal role in the
desiagn of network=wide protocols which are principal elements
of a network operating system. ARC staff members have also
implemented versions of each protocol and, in particular, were
amondg the first implementers of Network Control Programs
(NCPsS) .
ARC staff members, who spend a large portion of their working
day online, are heavy users of the ARPANET:; since March 1975,
they have relied exclusively on remote systems for their daily
computer support., Of necessity, therefore, ARC has gained
experience in measuring and improving the performance of
distributed systems,
For the last 13 years, ARC has been working methodically toward
the development of an Augmented Knowledge Workshop (of which
NLS is a prototype), a network-based, distributed system which
will make a large collection of geographically separatea
software and hardware tools available, within a coherent
framework, to knowleadge workers of all kinds. ARC is,
therefore, committed to the development of sophisticated
distributea systems, and an effective and widely implemented
network operating system is crucial to the reaiization of its
goals.

Computer Science Group

General Research Goals

I'hne ageneral research goals of the Computer Science Group &re
(1) more systematic methods of designinag, verifving, and
evaluating systems and programs; and (2) new computer
architecture and computation technigues. 7The group performs
research ranaing from theoretical studies (in areas like the
theory of programminag and the theory of computation) to the
logical specification of prototype hardware and software (for
example, languages, compilers, operating systems, and
computers). Although most of its work is directly sponsocred,
the group occasionally contributes to other SRI projects where
knowledge of future computer developments is neeaed,

Ine objectives of the group’s current research in proaramming
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are: .10vr=3;

- Systematic means for creating correct programs.

- Technigues for designing secure and reliable computer

systems.

- Techniques for designing knowledge-based decision=support

systems based on large data files., .10vr=0;
These objectives are closely related to each other and to tne
research qoals in computer architecture. They form a basls for
an evolving set of formal programming techniaues, including
software specification languages, programming languages, system
structures, analytic methods, and heuristics for extremely
complex systems,

Specific Qualifications for This Project

Over the past 4 years, the Computer Science Group has encaged

in various projects related to the research proposea here,

Most of these projects, some of which are outlined below, have

resulted in important puclications:

Secure Operating System Desian Stuay

Contract No. DAABO03=73-C~1454 and No. DAAB03-75-C=0399

U.S. Government

April 1973 through June 1976

Dr. Peter G. Neumann, Principal Investigator
Under this contract, the Computer Science Group is designing
and proving the security kernel of an operating system,
Hierarchical design is being usea to simplify the proof.

Verification of Hierarchically Structured Programs

Grant No. DCR74=-18661

National Science Foundation

March 1975 through March 1977

Drs, Karl N, Levitt and Lawrence Robinson,

Principal Investigators
Under this contract, the Group 1s developing a hierarchical
methodology for structuring desiagn, implementation, and
proof, that is will suited to the semiautomatic proof of
large systems.

Study of a Methodoloay for keliable Software

Contract No. 5-35932

June 1975 through August 1976

Drs. Karl N, Levitt and Peter G. Neumann,

Principal Investigators
Under this contract, the Group is applying the above
methodoloagy to general software production, using as an
example a secure data management system,

A Methodology for Modular Uperating Systems

Contract No. N00123-76~-C=0195

January 1976 throuah December 1977

Dr. John H. wWensley, Principal Investigator
Under this contract, the Group 1is developing methogclogy to
support families of systems, and to stress and test the
methodology with a detailed example. Message processing
systems are being used as an example,

Telecommunications Sciences Center
General Research Goals

Ihe Telecommunications Sciences Center consists of teams of
experts possessing the diverse talents required to solve
complex telecommunications problems of both commercial and
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government organizations. 1he Center‘s spectrum of
‘ professional expertise includes laboratory, field, and
equipment specialists; desian engineers; technology
specialists, communication and information theorists; media and
antenna experts; traffic, network, and switching engineers; and
senior analysts in communication requirements, operations, ana
systems.
The Center uses a system engineering approach to solve problems
created both by technolgical advances in communication theory
and practice and by economic and social constraints placed on
communicaticn technoloay.
Ihe professional competence and project experience of the statff
include the followina areas: .l10vr=3;
- Communication systems design and evaluation.
- Communication network analysis and planning.
- Communication reauirements analysis.
- Mathematical modelina of communication channels,
equipment, systems, and networks,
- Packet switching. .I10vr=0;
Specific Qualifications for This Project
Ine Center is heavily involved with and Technical Coordinator
of ARPA's Packet Radio Project, which is developing
packet=switching technology to support inter=machine
communication via satellite. One of the Center’s staff members
also has extensive experience in operating system development
and network protocols, having designing and implemented the ELF
operating system for the FDP=-11 computer, a network-based
system providing terminal access to remote resources.
V1 PROJECT ORGANIZATION AND MANAGEMENT.PBS;.H2=".Split;Project
Organization and Management"; .Center:;
SR1 believes that the proposed study is best performed by the
smallest number of people that include all tne technical competence
required. SRI has, therefore, assembled the following basic team for
the study: Mr. James E. White, Dr. Richard J. Felertag, Dr. Peter G.
Neumann, and Dr. David L. Retz. Dr. Jonathan B. Postel will also be
available for informal consultation. Other commitments may require
alternative staffing.
Mr. white, wno will work nearly full-time on the project throughout
its course and perform most of the work, will also manage tne study
and be responsible for coordination and completion on time, within
budget, and with hiah technical standards. 0Ors. Neumann and Felertag
will provide assistance in developing the overall NOS design strategy
and in dealing with NOS security issues, Dr. Retz will be primarily
concerned with specification of the NOS file system. Dr. Postel will
provide assistance in the areas of NOS internal organization ana
interprocess communication.
The study will be under the overall supervision of Dr, Richard W.
Watson, Assistant Director of ARC. Dr. Douglas C. Engelbpart,
Director of ARC, will be responsible for review and overall
coordination.
VII STATEMENT OF WORK.PBS;.H2=".Split;Statement of work";.Center;
A. Background
. Present technoloay is insufficient to fully realize the resource
sharing potential of heterogeneous computer networks. Rather than
require the user to interact directly with each computer system,
as at present, a software agent or network operating system (NOS)
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can be interposed between the user and the network’s resources to
assist him in using the composite macnine to whicn the network
provides access. 7The development of such an agent would assist
various groups within the federal government in making more
efficient use of their computer resources,
Objective
Ine objective of this effort is to investigate and report on the
technical problems in and alternative approaches for developing a
network operating system (NOUS) for a neterogeneous, distriouted
computer network.
Scope
This effort includes: .10vr=3;

- Defining NOS functions and identifying their

interrelationship.

- Examining and setting priorities for the development of

those functions.

- Investigating the present implementation status of those

functions.

- Developing model(s) of an NOS’s internal organization.

- Preparing scenarios of NOUS use for each model.

- Estimating the resources required for implementation of each

model.

-~ (Comparing and contrasting the proposed model(s) with the

National Software Works. .l10vr=0;
Tasks and Technical Requirements .PBS;
The contractor shall provide encineering services to accomplish
the following.
The contractor shall incorporate, build upon, refine, modify (if
supported by sufficient rationale), and extend the work completed
under contract F30602=75=C=~-0222 entitled "Distributed Computation
Study".
The contractor shall determine critical system functions, system
components, and their interrelationship necessary to develop a
distributed network operating system to support distripbuted
computation in a neterogeneous computer network., There may exist
sets of NOS functions, each set being appropriate to the
environment in which the NUS is to operate.
The contractor shall develop conceptual models for NOUS cesian.
Each model shall describe the manner in which the user interacts
with the NOS and the particular application area addressed,
Models may vary depending on mission objective or the application
area the NOS is intended to address.
The contractor shall examine the defined functions ana determine
which are most critical to the NOUS concept; which, if implemented,
will produce the greatest pbenefit; and which have been or are
already being implemented,
The contractor shall provide several approaches to NOS design and
indicate advantages and disadvantages of each approach, The
contractor shall also provide estimates of the time and resources
necessary to implement each design approach.
The contractor shall investigate at least the following areas
relevant to NOS desian:

= Interprocess communication .LBS=0;

= Interuser communication

Data migration
- Job migration, control, and synchronization
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= Network control
System restart and recovery
System reliability ana availability
= Distributed data base access
- Automatic job assignment

- Dynamic job relocation .LBS=1;
Ine contractor shall compare the NOUOS model(s) developed under this
effort with the model of the existing National Software Works.
I'his comparison shall at least include similarities and
differences, and contain a detailed explanation of why those
similarities and differences exist.,

Reporting Requirements
Upon completion of the study, SRI will produce a Final Report with
the following four parts:

= Operating System Survey

NUS Interface Specification

= NOS Internal Organization Proposal

- NOS Implementation Strateqy and Status FEeport
In addition, SRI will prepare and submit to RADC, by means ot the
NLS Sendmail system, @ brief Monthly Status Report describing for
the reporting period, as appropriate: ,l0vr=3;

= The approach taken and progress maae,

= Changes in key personnel associated with the contract,

- Noteworthy trips, meetings, or special conferences held in

connection with the contract.

- Problems or areas of concern on which government assistance

or quidance is reqguired.

= The number of man~hours and dollars expended both during the

contract period and since the beqginning of the contract,

= The contractor‘s estimate of the percentage of technical

completion as of the period being reported.

- A schedule of projected accomplishments for following

months. .IUVIr=0;

Security Classitication
This work statement is unclassified.
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SCHEDULE C == MATERIALS AND SERVICES .DotSplit; 23
SCHEDULE D == DUCUMENTATIUN COSTS .DotSplit; 24
SCHEDULE E == COMPUTER SUPPORT COSTS .potSplit; 25
1 ESTIMATED TIME AND CHARGES.PBS;.H2=".Split;Estimated Time ana
Charges";.Center;
The estimated time reguired to complete this project and report its

. results is 12 months. SK1 could begin work on receipt of a fully

executed contract.
Persuant to the provisions of ASPR 16-206,2, attached are a cost
estimate and support schedules in lieu of the DD Form 633-4, Also
enclosed is a sianed form complete except as to the "Detailed
Description of Cost Elements.,"
11 REPORTS.HZ=",.Split;Reports";.Center;
Ihe followinag reports will be produced:
Monthly Status Reports (12)
Final Report
111 GUVERNMENT=FURNISHED EQUIPMENT.HZ2=",.Split;Government-Furnished
Equipment"; .Center;
The work proposed herein will reguire continued use of
Government=Furnished Equipment (GFE).
SR1 will need access to the ARPANET from a PDP=-11 computer via IMPs
now located at SRI. SRI will also need terminal access to the
ARPANET from TIPs.
IV CONIRACT FORM.H2=",split;Contract Form";.Center;
It is requested that any contract resulting from this proposal e
written on a firm fixed price level of effort basis,
V ACCEPTANCE PERIOD.H2=".Split;Acceptance Period";.Center;
Inis proposal will remain in effect until 31 August 1976, If
consideration of the proposal requires a longer period, SRl will be
glad to consider a request for an extension of time.
VI MONTHLY FUNDING.PBS;.H2=",Split;Monthly Funding";.Center;

The following are the projected monthly expenditures for the 12-month
. contract period:

Month Expenditure Cumulative ExXxpenaiture
1 $ 8,476 $ 8,476 .LBS=0;

2 S 8,476 s$ 16,952
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3 s 8,476 $ 25,428

. 4 $ 8,476 s 33,904
5 s 8,476 $ 42,380
6 s 8,476 s 50,856
7 $ 8,476 s 59,332
8 $ 8,476 s 67,808
9 § 8,476 s 76,284
10 $ 8,476 s 84,760
11 $ 8,476 s 93,236
12 s 10,918 $ 104,154 .LBS=1;

Ine final month’s expenditure includes the cost of producing the

Final Report.
COST BREAKDOWN.PBS;.H2=".Split;Cost Breakdown";.Center;.SNF=0;
Personnel Costs

Senior Professional S LBS=0;
Professional
Total Direct Labor s 29,495
payroll Burden @ 31% 9,143
Total Salaries and kages 38,638
Overhead ¢ 110% of Salaries and Wwages 42,502
Total Personnel Costs § 81,140
.LBS=1;
Direct Costs (See Schedules that follow)
Travel s 534 ,LBS=0;
. Computer Facility & Terminals 10,020
Materials and supplies 350
Communication 200
Documentation and Reports 2,441
Total Direct Costs $ 13,545
Total Cost § 94,685
Profic 9,409
Total Firm Fixed Price s 104,154

.LBS=1;

SCHEDULE A == DIRECT LABOK.PBS;.Center;
pDirect labor charges are based on the actual salaries for the staff
members contemplated for the project work plus a factor of 6.3% of
pase salary for merit increases during the contract period of
performance. The precise factor applied is dependent on the
estimated period of performance. Frequency of salary reviews and
level of merit increases are in accordance with the Institute’s
Salary and Wage Payment Policy as puplished in Topic No, 505 of the
SRI Administration Manual and as approved by the Defense Contract
Adgministration Services Reaion.

SCHEDULE B == OVERHEAD AND PAYROLL EURDEN.Center;
Ihese rates have been tound acceptable by the Department of Defense
for pilling and biading purposes for the calendar vear of 197e.
Ilncluded in payroll burden are such costs as vacation, holiday and

. sick leave pay, social security taxes, and contributions to employee

benetrit plans.

SCHEDULE C == MATERIALS AND SERVICES,.PBS; .Center;
Iravel
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1 trip, Rome, NY, @ $444 $ 444 ,LBS=0;

. 2 days subsistence in Rome, NY @ §30 = 60
Auto Rental 2 days @ S15 = 30
Total § 534 .LBS=1;

Air fares are pased on prices established in the current Official
Airline Guiae,
Domestic subsistence rates and travel by private auto are established
standards based on cost data submitted to and approved by DCAA.
Communication
This is an estimate of the toll charges for telephone calls during
the period of performance.
Materials and Supplies
This is an estimate of the cost of materials and supplies based on
previous experience with similar projects,

SCHEDULE D == DOCUMENTATION COSTS.PBES:.Center;
Report costs are estimated on the basis of the number of pages of
text and illustrations and the number of coplies of reports to ope
produced, in accordance with the following rates per page:

editing §2.55 ,LBS=0;
Composition 2.50
Coordination .74
Proofreading i |
Illustration 21.96

Press and Binding .025 per impression .LBS=1;
Ihe following is a pbreakdown ot the estimatea cost of report
production:
. Printing, 281 pages at s 6.5b6 per page = § 1,843 ,LBS=0;
(including editina, composition,
report coordination, proofreading)

Illustrations, 15 @ $¢1.96 = 329

Press and bindery at, 10,750 printed pages

@ $ .025 per printed page = 269

Total Estimated Documentation Costs = § 2,441 .LBS=1;

SCHEDULE E == CUMPUTER SUPPORT CUSTS.PBS;.Center;
1) POP=10 TENEX Computer Time .LBS=0;
August 1, 1976 to July 31, 1977
1.5 units ¥ $500/unit-mo * 12 mo = s 9,000
2) Terminals,
a) NLS workstations (1)
1) Display (1)
$§ 85/mo x 1 x 12 = 1,020
Total (items 1=2) $§ 10,020 .LBS=1;
* PDP=-10 COMPUTER SUPPORT SUBCONTRACT CUSTS: .GYBS=2; .GYES=1;
Charges based on estimates from Bolt Beranek and Newman (BBN),
TITLE PAGE .PBS:; .H1Sw=0ff:; .H2Sw=0ff; .FSw=Uff; .LM=8; .RM=72; .BM=60;
.SNE=0ff; .LBS=0; .YBL=0;
Proposal for Research .Split: 21 May 1976.PBS;.GYBS=12;
| SR1 No. 1SU 76=136 .GYES=1;
NETWORK OUPERATING SYSTEM STUDY .GYES=3;
. pPart One == Technical Proposal .GYES=1;
Prepared tor: .GIES=1;
Rome Alr Development Center
Griffiss Air Force Base
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Rome, New York 13441 .GYES=1;
Attention: Mr. Thomas F. Lawrence .GYES=1;
request for Proposal No. F30602=76=-R=0299 .GYES=2; .LM=40;
prepared by: .GYES=1;
James E. White
Research eEngineer
Augmentation Research Center ,GYES=2; .LM=8;
Approved: .GYES=4;
bouglas C. Engelbart, Director
Augmentation Research Center ,GYES=4;
carle D. Jones, Executive Director
Information Science and Enagineering Division
I1TILE PAGE .PBS; .H1Sw=0ff; .Hz2sw=Uff; .FSw=Uff; .LM=8; .RM=72;
«ONF=0ff; .LBS=0;
Proposal for Research .Split; 21 May 1976.PBS;.GYBS=12;
SR1 No. 1SU 76~136 ,GYES=1;
NETWORK OPERATING SYSTEM STUDY .GYES=3;
Fpart Iso == Contractual Provisions .GYES=1l;
Prepared for: .GYES=1;
Rome Alr Development Center
Griffiss Air Force Base
Rome, New York 13441 ,.GYES=1;
Attention: Mr. Thomas F. Lawrence .GYES=1;
rRequest for Proposal No. F30002-76~R=0299 ,.GYES=2; .LM=40;

')
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< KJOURNAL, 36319.NLS:1., >, 4=-AUG=76 14:49 XXX 7::: .HJOURNAL="DLS 3'
4=-AUG~70 14:18 6319"; Title: .H1I="Group ldents Associated hith
RADC...50me Changes™; Author(s): Duane L. Stone/DLS: Distribution:
/JFEED( [ ACTION ] ) JAKE( [ ACTION J ) EJK( [ INFO=UNLY ] ) RJCC
.JNFU-UNL.I J ) TFL(C [ INFO=ONLY ] ) ; Sub=Collections: RADC; Clerk: DLS;
«1GD=0; .SNF=HJRM; .RM=HJRM=7: PN==1; YBS=1; .PES;

.PEL; .PN=PN=1: ,GCR:1s there a document that explains the meaning of
the fields in the Ident Record...Expanded, Groups, Comment...how are
they usea in preparing the NIC Directcryvy, by SENDMAIL, by MESSAGE?
Ihere continues to be confusion on my part (and others) as to the
meaning of the agrouo ident RADC, when used as the arqgument in ;zﬁDMAlL
and MESSAGE for the addressee field., The KADC ident is (was) used nere
to broadcast information to NLS users about the availablility of the
T1P, printers, to announce presentations of general interest, etc,
I suspect that the RADC MULTICS machine becomming a host and the recent
NIC update have contributed to the confusion. RADC apparently includes
RADC=-TIP, which in turn contains & number of idents that weren’t there a
short time ago and some which shouldn’t be there now,.,..primarily
RADC-MULTICS~===with secondarv aroups of MIT-MULTICS & RADC-TIP.
The net (no pun intended) result is that MULTICS people at RADC receive
mail intended for RADC NLS users. They ask a lot of auestions,
generating unnecessary traffic, etc.
Here are some examples
07/28/7176 1259=edt White.558110002 at RADC-MULTICS: Mail from
RADC=MULTICS
Distribution: STONE
Received at: 28=JUL=76 10:03:42-PDT
wWhat is the Message Group, and why am I being honored with mail
. from Kennedy and vourself?
07728776 1427=edt Karger,.SDruia at RADC-MULTICS: 1 don‘’t know
about that mailman - he seems to be sending me stange agarbage like
this
Distribution: STONE AT OFFICE=-1
Received at: 28=JUL=76 11:31:29=-PDT
<< Mail from Network host OFFICe=1 (NETML.NetAdmin) 07/28/76
1213,7 edt Wed >>
Date: 28-JUL=76 0641-PDT
Sender: STONE At OFFICE=1
Subject: Mailman of the future == a computer?
From: DLS
Message~id: [OFFICE=1] JOURNAL 36227 : (KJOURNAL, 36227, 1:w)
Message=class: [ INFO-ONLY ]
Comments: Received this from the Message Group...It shows what
the ‘real’ world thinks about electronic mail.
26=JUL=76 0858=-PDI KENNEDY: Why aid you get that??
Distribution: KARGER.SDRUID AT RADC=MULTICS. WALKER AT
RADC=MULTICS.,, RWALKER, KENNEDY, STONE
Received at: 26=-JUL=76 08:58:17-PDT
I have no idea whv vou agot that. The information on the printer
was sent to the gereric address RADC, This address is supposed to
pe for the RADC OFFICE-1 users. It is not impossible that
someone, reinventing the wheel, has improved(?) things by adding
the RADC Multics aroup to the KADC aroup ident,
1°11 trv to find out and see if that is the reason and if it is
‘ what can be done to correct it. Sorry about that and thanks for
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the feedback.
Let me suagest the followina remedy:
Tnat the RADC=TIP garoup include only those individuals who use (or

can use) the network via the RADC=TIP. This includes aroups anda/or
. individuals that access the RADC hosts via the net.
That the RADC ident include only those individuals who have a mailing
address at Griffiss AFB reagardless of their nost mailbox. That the
RADC group NOT include the RADC=TIP aroup...rather the other way
around.
That three new aroup IDENTS pe created to reflect the hosts/interests
at RAUC. RADC=NLS, RADC=NSW, RADC=GCOS
A map of the RADC ident space would then look like the followina, where
each branch shoula be expanded to include the plex down from the group
iaent.
RADC=TIP
RADLC
RADC=NLS
RADC=NSW
individuals using MULTICS & GCOS
RADC=MULTICS
RADC=GCUS
DMAP
RUCHESTER
individuals outside RADC

ldent: RADC=TI1P
Name: Kome Air Development Center TIP Users

Expand
Membersnip: RADC RADC=-MULTICS RADC=GCOS DMAP RUCHESTER
Coordinator: _LEL
.GOraanizar.lon Tvee: Tip
roups: TIPG NICLR
Mail Addresses:
Hardcopy Address:
Subp=Collection: RADC
Delivery: Online

ldent: BADE~

Name: Rome Air Development Center

Expand
Membership: RADC=NLS RADC=NSW JER SAB2 FCB DAW2 JMI JVL ECH2 RED2 WDJ

RKW WES
Coordinator: @
Mail Addresse

Hardcopy Address: Griffiss Air Force Base, New York 13441

pelivery: Online
Iaent: RADC=NLS
Name: RADC NLS Users

Expand
Membershin: JAN SLR JLK RCS JVG BJD2 1GT YS MLZ DFR JJV3 AMR OGAR

JLP ARK LRP RAR3 RAM4 SLR RC3 FJH RKW FPS JFF RWW2 RDK RNZ JUBWMZ
MLK2 ELF ACD ARB LML RJC FJT EJK RAL DVA DFB FSL WER RF1 TJB2 RBP
JLM JUPC DLS TFL WES ; il
oordinator: DLS
Mail Addresses:
‘ Hardcopv Address: Griffiss Air Force Base, New York 13441
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Deliverv:

ldent:

4=

AUG=T76 18:57

Unline
RADC=NSW

Name: RADC NSW _Users

Exoand

—embershio:
Coordinator:

DLS
e

>

3

< KJOURNAL, 36319.NLS;1,

FJH RAM4 DLS RAR3 TFL JLK LRP

2, 4

Mail Aadresses:

Hardcopv Address: 13441

Griffiss Air Force Base, New YoIk

beliverv: Online 7O
Ident: RADC=MULTICS (6l 5
Name: RADC WULTICS Users “
EXpand g
Membership: to be determined by RKW #
Coordinator: RKW
Organization Tvpe:
Groups: SERVERG
Mail Addresses:

Hardcopy Address:

Server

Griffiss Air Force Base, New York 1344)

Online

WALKERERADC=MULTICS

Ident: RADC=-GCOS

Name: RADC GCOS Users

Unxpanded

Membership: to be determined by WALKERERADC=MULTICS

Coordinator: RKW -~

Mail Aadresses?
Hardacopy Address:

Delivery:

New York 13441

b

Al

Griftiss Air Force Base,
Online \‘V
. WALKERGRADC=MULTICS ( R a4
&/ _DMAP to be determined bv DMAP droup coordinator - et g
ROCHESTER to be determined by ROCHESTER group coordinator
There are other individuals and organizations that are sponsored by RADC
in their use of the net and NLS. They should be arouped with
appropriate names. If the following don‘t conflict with existing names,
then use them as indicated to set up the groups.
FS 2,
ldent: AFSC F
Name: Air Force Systems Command
Unxpanded
Membershio: RWJ JAJ
Coordinator: RWJ
Mail Aadresses:
Hardcoov Address:
Deliverv: Online
BJOHNSONEOFF ICE=1

Delivery:

WWP2 + others to be determined by RwJ ?

Andrews Air Force Base, Maryland 13441

Ha..,

ITRkw

—ldent: TRW
Name: TRw
Unxpanded
Membership: NWP + others to be determined by NWP ;
Coordinator: NWP
Mail Adaresses:

Hardcopyv Adaress:

TRW Systems Group, 1 Space Park, Redondo
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Beach, California 90278
Deliverv: Unline
PETERSONGUFFICE=-1
GSG1
Ihe ident GV should be added to the membership list.
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Utility News SEPTEMBER 1976
Journal Number 36760

EDITOR’S STATEMENT [Ropert Lieberman] 3

iou have to believe now=-a SECOND edition of our internationally
famous Newsletter, Wwell, we are really pleasead to gatner all
these bits of information together for anotnher issue and hooe you
find it informative, Flease keep those many letters and journal
items coming. Comments, sudggestions, etc., are encouraged and
appreciated. Ihanks.

IThis issue can also be found in <arc=log,Sept=news.,>.

Previous issue <35119,> April 1976; also found in
<arc~log,April=-news,>
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OUR STAFF [Robert Lieberman]

In this section we will just list the changes in our staft since
the last issue,

NAME tIDENT: CHANGE or PRIMARY FUNCTION .
HARRENSTIEN, Ken KLH Nic programming
LOUVIGNY ,Josette JURL3 ARC=APP secretary
METZGER, Laura LJM Moved to soulhern Calitornia
MEYER, Dean NDM Gracuated MEA; now at Xerox, Rochester, NX
MIiRANDA, Sandy SLM2 Gone to the lush Santa Cruz Mt.
MUUTON, Kate KATE Proaramming
PARTEL, Jean JLPZ2 Left for another job
WATSON, Dick RWw Now at Lawrence Livermore Labs
ZOLOTOwW, Nina NINA Documentation

Page 3
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AFDSDC
ARC
ARPA
AlLT
BELL
BRL
DARCOM
DMA
1BM
N1C
NSA
NSF
NSRDC
RADC
SR1
IRW

SEFTEMBER 1970
Journal Number 36760

UTILITY CLIENIS [(James Norton] S

The followina is a list of present Subscribver Organizations with
their acronyms.

AF Data sSystems Desian Center
Augmentation Research Center
Advancea Research Proijects Agency
ATT Long Lines

Bell Canada

Ballistic Research Laboratory
Army Materiel Development & Readiness Command
Defernse Mapplina Ageéency

1BM Federal Systems Division
Network Information Center
National Security Agency

National Science Foungdation

Naval Ship Res ana Dev Center
Rome Alr Development Center
Stanford Research institute

I'RW Systems Group
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DATES UN THE CALENDAR

SEPTEMBER 1976

Sep 8=10: COUMPCUN 76; washinaton, LC

Sep B=10: International Svmposium on Technoloay tor Selective
Dissemination of information, Palazzo dei Conaressi Repubblicsa
di S. Marino, Italy

Sep lo-17: Society tor Management Information Systems (SMI1S)
Annual Conference, Philadelphia, PA

Sep 20-24: KwAC meeting in Montreal, Canada

OCTOBER 1976

Oct 4-9: ASIS conference, San fFrancisco, CA; Presentations by
friends and staff: F. Belleville, J, Feinler, and R. Uhlig,
with J. Bair as chairman of & session.

Oct 13-15: Seconda International Conference on Software
engineering, San fFrancisco, CA

Oct 18-19: Grapnics Seminar, Houston, Texas

uct 20=22: ACM 7¢ Annual Conterence, Houston, Texas

Oct 24-27: INFO/EXPO 76, Las Veaas, Nevada

Oct 25-29: AKW Seminar tor ALFA-LAVAL

NOVEMBER 1976
Nov 1-5: AKW Seminar
Nov 17: Conference on Computer Networks: 7Trends and

Applications, Gaithersbura, MD

DECEMBER 1976

JANUARY 1977

Dec 24-20: Conference on becision Support Systems, San Jose, CA

Page 5
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COMPUTER OFERATIUNS |Ropbert Liepermanl 7

As most of vou now realize, OFFICE=1 has doubled its core size to
512k. Although we have not fully analyzed the effects, we do have
a general impression from talking to many users that the response
is improved at a given load average and the load averages are
lower, There nhas been no other changes in the hardware
configuration and none are expected in the short term.

A new software fix in the scheduler 1is planned tor the next month
oI SO that will (nhopefully) further improve interactive response
at the sacrifice of other jobs (e.o., Output processor, compilers,
CPU bound jobs). Also, we are actively making plans for computer
support at Otffice=1 tor next year,

rFage ©
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TRAINING NEWS (Susan Roetter] 8
User Services News

Since the last Architect’s meeting two new clients have
contracted for Uffice=-1 services and have received initial
trainina: NSF and TRW. Client assignments are unchangea
except for the adaiticn of these two new ones. TEw has been
assigned to Susan Roetter, and NSF has been assianead to Jeanne
Beck, in addition to training for new clients, the tollowing
groups have also received trainina: AFDSDC (Gunter), NUSC,
AT&T, SRI., and DMA.

The User Services staff worked closely with the Application
Deveiopment aroup to revise the Introductory Course and began
WOrk on a course to train ceople at subscribcing sites to be

on=site trainers,

The Uffice=-1 usace statistics have been compiled twice a month
instead ot monthly to proviade more timely information to users.,
Ine Feedback operation has switchea from a one-person job to a
rotating job amona the trailners.

page 7
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NOTICES 9

At some time in the near future, five core procedures (ccoparp,
cmovqgrp, crepgrp, ctradreo, ctrasta) will pe chandged in way that
might effect proarammers (NOT NLS Users) that call these procs.

In order to aive precise information of these changes (rather
minor ones effecting the RETURN parameters only) and the exact
date when this will happen, we are setting up a aroup ident for
all those interested in L10/CML proaramming news. Thnls ident will
be used in the future for anv and all announcements about L10/CML
programmina. If you desire to be put into this arcup, please let
FEEDBACK know. The ident is NPIG for NLS Programming Interest

Group.
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BUG REPORIS AND FIXES (bave Hopper and Karolyn Martinl

F1XES

ln DNLS, most characters (a, b, ¢, etc,) are transmitted as one
character. Others (UK, bugmarks, command delete, etc.) reguire
several characters to transmit all the intormation for cursor
positions and so forth. These are called big character
sequences. Uccasionally a character from a big character
segquence gets lost in transit. This can cause problems in
deciphering that (pig) character. We have added a check for a
lost 3rd character trom a sequence, which formerly caused
Illegal Instructions. The system will now display the message
"Transmission Error = Ihird character lost in biag character",
discard all tvped-ahead input, and generally resynchronize
input. The user may then just continue by typing the character
again.

In addition, a lost 2nd character now causes the message
"Iransmission Error = Second character lost in big character"
to be displaved, discaras typed-ahead input, and resynchronizes
input. The user mway then just continue by tvpinag the character
again. The former message was "lllegal Input = bad BCCNT"., ke
nope the news message is clearer,

The Load File command now accepts remoté host name as part of
link. For example, <ISIC,xprograms,xtavle,>,.

Other Universal Subsystems are possible:

It is now possible to replace the Supervisor (commands that
alwavs appear in each subsystem, €.9. Execute, Goto, Jump,
etc.) with another subsystem as the universal subsystem,
For example, user=programners can edit the CML to make
subsets of the Supervisor.

A different universal subsystem can be specitied by changing
the User Profile,

CTRL 0O nas been modified to be almost instantaneous (if there
are no Network delays) instead of taking effect after the
information that has already been delivered to the output
buffer is printed, displaved, or executed, (7The code now
clears the output bufter as well as the ipout buffer.)

in the past, if viewspec v was on (no autcmatic display
refreshing), it didn’t alwavs display correctly in the viewspec
window. It has peen fixed 0 that it displays as v (not u)

10
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except for a very short time during which an explicit refresh
(viewspecs f or F) is taking place,

Formerly, if a process commands structure included a Simulate
Lineprocessor command, the rest of the process commands
structure was lost. It has been fixed to correctly keep track
of the source of command input in this case,

The Renumber Sids command has been fixed to handle aréaphics
statements correctly. 71he problem was that S10S sometimes dgot
used twice,

The Control=$ mechanism has been fixed to accommoagate very long
commana svntax strings.

page 10
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SUGGESTIONS RECEIVED (Robert Liebermanl

A new command to allow Immeaiate formatting for the proot
subsystem, Output (te) Proof, was suggested,

A new OP airective to specify & minimum number of lines for a
statement that must be printed at the bottom of the page has been
mentioned by several people,

Many users have asked that the TENEX level proaram SPELL pe fixed
to run under NLS.

For the GRAPHICS supsystem, a new feature to allow shrinking and
inflating of a figure Or group by a single command was suggested.
Additional suggestions include a kKeplace Figure command and an
Align Arrowhead command,

Page 11
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PROGRAMS AND NEW FEATURES (Karolyn Martin and Robert Lieberman)

The Insert Record command has been added to the Sendmail
subsystem. It inserts the jdent record for tne specified ident
after the specified statement,

The name of the sendmail file has been changed to contain the
user’s ident in the first name of the file (not in the extension
as betore). ihis allows several users tc operate in one directory
without conflict in the use of sendmail ftiles,.

Iwo new TENEX commands have been added: TNLS and DNLS. Each one
does the necessary setting of terminal types and so forth, then
calls NLS.

A DNLS user who is detached from his/her job can now attach to
that ola iob and continue in DNLS. Please make sure you respecity
terminal type before continuing; and note that it may be necessary
to use the system reset button on the LP after returning to DNLS.

rage 12




utility News SEPTEMBER 1976

Journal Number 36760

TRICKS and TREATS (Robert Lieverman) 13

The NLS privacy teature allows restricted access to individual
files on a person or aroup basis. 1T1his 1s quite handy when there
is a real need to maintain some privacy; however, it may cause
some unnecessary lack of communication to others who have the need
and the permission to read a protected file. 1his is very likely
to occur if a3 new stalf member becomes involved with a particular
project and needs to ‘catch up’ on the happenings that appear in
the Journal.

We have one suggestion tnat may be of some help in this situation.
When specifying the distribution include "&groupident" as an
ident. (Hopefullv there is an appropriate group ident,) This will
only send a citation to the coorainator of the group and NOT any
of the members, Nevertheless, 1f any member of the aqroup wishes
to read this journal item, no problems will ensue since she does
belong to the group. Also remember to set the mail item to be
private with the SENDMAIL command <>PRivate,

For individual files, vou must NOT include the ‘&’ as part of

the aroup ident in the ‘RAccessList’ itself in statement zero;
the °‘&° should be used only in & senamail distribution list.
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USER APPLICATIUNS [Ropert Liebermen) 14
In tnis section we list appclications at new subscriper sites.

National Science Foundation (WNSF)

is composed of three
This small office

as possibvle.
memos, forms,

The Access Improvement Proaram
has plans

professionals and oné secretary.
to be committed to usinag NLS as much
Cnronological files, indexes, event databases,

and reports will all be done with NLS.
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k Information Center is currently in the process of

a new version of the ARPANET DIRECTURY using the Output
and CuM. It is now in the printing stage, and an

nt will be made when issues are availabple.

u wlll pe interestea in a new user subsystem that the
veloped called MEMLIST which extracts seiected portions
NTIFLICATION DATA BASE. This subsystem lets you produce
anet Directories for any set of individual, aroup, and
on idents you choose. 1t also lets you make a brief

name and online network majiloboxes,

and lets you produce

on lists suitacle for use with the TENEX sndmsg prodgram,
stem will shortly be available for your use in the
<XPRUGRAMS> directory. Wwe invite you to try it, and send

gripes, and suagestions to FEEDBACK or FEINLERECUFFICE~-1,
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DEVELUPMENT NEWS [Jon Postel)

NLS 9 Development

As part of the National Software Works (NSwW) project, NLS 9 is
designed as two distinct modules called the Frontend (FE) and
the Backend. The Frontend 1s that part of the system that acts
as the numan interface; it talks to the user in his language,
and then communicates instructions to the Backend, which
carries them out. 1Ihe FE handles everything the user does at a
terminal (e.g., command parsing, command recoanition, echoing),
while the backend puts changes in the actual flles.

Except in minor areas where recuired by the changes in system
architecture, the NLS 9 user interface will pe the same &s that
of NLS 8.5. NLS 9 is being written in XL10, an improved
version of L10., Most of the major NLS subsystems required for
the NSW have been converted to NLS 9. ARC has tested an
experimental TENEX version (as opposed to an NSW version) of
NLS 9. A good deal of furtner work is needed in the NS&w
protocols area, in efficiency and reliability features, as well
as general bug fixing.

Frontend Work Continues

ARC is puilding a generalized Frontend for use with many tools.
Ihis is made possible by a modularized design that enaples the
FE to talk to other processes in many ways, switch between
applications, and easily aad new applications. The Frontend
will work on both a PDP=-10 anc PDP-11, making it possible for a
local user to the PDP=-11 (a minicomputer) to communicate with a
remote PDP=10. This will allow fast response for all fFE
functions. As part of the FE implementation, improvements have
peen made in the Commana Meta Language (CML), Command Landuage
Interpreter (CLl), and dispiay intertace. 7The FE has been
tested in a variety of situations on the PDP~10 and testing is
just beginnina on tne PDP-11.

The Do All Debugger

Ihe first stage of the Do All Debugger (DAD) has been completed
and work continues on the implementation of this multi-process,
multi-host, multi=-high level langquage, interactive debugger for
the NSW environment., A version nhas been in use for several
months oy ARC programmers working on NLS. Interested
individuals should contact Ken Victor (KEV).
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