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ADVANCED RESEARCH PROJECTS AGENCY
Washington 25, D. C.

April 25, 1963

MEMORANDUM FOR: Members and Affiliates of the Intergalactic
" Computer Network

FROM :+ J. C. R. Licklider
SUBJECT : Topics for Discussion at the Forthcoming
Meeting

First, I apologize humbly for having to postpone the meeting
scheduled for 3 May 1963 in Palo Alto, The ARPA Command & Con-
trol Research office has just been assigned a new task that must be
activated immediately, and I must devote the whole of the coming
week to it. The priority is externally enforced. 1 am extremely
sorry to inconvenience those of you who have made plans for May 3rd.
Inasmuch as I shall be in Cambridge the rest of this week, I am asking
my colleagues here to re-schedule the meeting, with May 10th, Palo
Alto, as target time and place.

The need for the meeting and the purpose of the meeting are things
that I feel intuitively, not things that I perceive in clear structure, 1
am afraid that that fact will be too svident in the following paragraphs,
Nevertheless, I shall try to set forth some background material and
some thoughts about possible interactions among the various activities
in the overall enterprise for which, as you may have detected in the
above-Subject, I am at a loss for a name.

In the first place, it is evident that we have among us a collection
of individual (personal and/or organizational) aspirations, efforts,
activities, and projects, These have in common, I think, the charact-
eristics that they are in some way connected with advancement of the
art or technology of information processing, the advancement of intel-
lectual capability (man, man-machine, or machine), and the approach
to a theory of science, The individual parts are, at least to some ex-
tent, mutuaily interdependent. To make progress, each of the active
research needs a software base and a hardware facility more complex
and more extensive than he, himself, can create in reasonable time.




In pursuing the individual objectives, various members of the group
will be preparing executive and monitoring routines, languages and
compilers, debugging systems and documentation schemes, and sub-
stantive computer programs of more or less general usefulness. One
of the purposes of the meeting--perhaps the main purpose--is to explore
the possibilities for mutual advantage in these activities--to determine
who is dependent upon whom for what and who may achieve a bonus bene-
fit from which activities of what other members of the group. It will be
necessary to take into account the costs as well as the values, of course.
Nevertheless, it seems to me that it is much more likely to be adventage
ous than disadvantageous for each to see the others' tentative plans be-
fore the plans are entirely crystalized. I do not mean to argue that
everyone should abide by some rigid system of rules and constraints that
might maximize, for example, program interchangeability. But, Ido
think that we should see the main parts of the several projected efforts,
all on one blackboard, so that it will be more evident than it would other-
wise be, where network-wide conventions would be helpful and where in-
dividual concessions to group advantage would be most important.

It is difficult to determine, of course, what constitutes ''group advan-
tage." Even at the risk of confusing my own individual objectives {or
ARPA'g) with those of the "group, " however, let me try to set forth some
of the things that might be, in some sense, group or system or network
desiderata. :

There will be programming languages, debugging languages, time-shar-
ing system control languages, computer-network languages, data-base
(or file-storage-and-retrieval languages), and perhaps other languages as
well. It may or may not be a good idea to oppose or to constrain lightly
the proliferation of such, However, there seems to me to be little ques-
tion that it is desirable to foster "transfer of training'' among thess lan-
guages. One way in which transfer can be facilitated is to follow group
consensus in the making of the arbitrary and nearly-arbitrary decisions
that arise in the design and implementation of languages. There would be
little point, for example, in having a diversity of symbols, one for each
individual or one for each center, to designate ''contents of'' or "type the
contents of." It seems to me desirable to have as much homogenity as
can reasonably be achieved in the set of sub-languages of a given language
system--the system, for example, of programming, debugging, and time-
sharing-control languages related to JOVIAL on the Q-32, or the system
related to Algol (if such were developed and turned out to be different from
the JOVIAL set) for the Q-32 computer, or the set related to FORTRAN for
a 7090 or a 7094,
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Dictating the foregoing paragraph led me to see more clearly than
I had seen it before that the problem of achieving homogeneity within
a set of correlated langnages is made difficult by the fact that there will
be, at a give time, only one time-sharing system in operation on a given
computer, whereas more than one programming language with its asso-
ciated debugging language may be simultaneously in use. The time-shar-
ing control language can be highly correlated only with one programming
and debugging language pair. Insofar as syntax is concerned, therefore,
it seems that it may be necessary to have a "preferred' language for each
computer facility or system, and to have the time-sharing control langu-
age be consistent with the preferred. | Insofar as semantics is concerned.--
or, at least, insofar as the association of particular symbols with parti-
cular control functione is concerned--I see that it would be possible,
though perhaps inconvenient, to provide for the use, by several different
operators, of several different specific vocabularies. Anyway, there
seems to me to be a problem, or a set of problems, in this area.

There is an analogous problem, and probably a more difficult one, in
the matter of language for the control of a network of computers. Con-
sider the situation in which several different centers are netted together,
each center being highly individualistic and having its own special language
and its own special way of doing things. Is it not desirable, or even neces-
sary, for all the centers to agree upon some language or, at least, upon
some conventions for asking such questions as "What language do you
speak?" At this extreme, the problem is essentially the one discussed
by science fiction writers: ''How do you get communications started among
totally uncorrelated '"sapient' beings?"' But, I should not like to make an
extreme assumption about the uncorellatedness. {I am willing to make an
extreme assumption about the sapience.) The more practical set of ques-
tions is: Is the network control language the same thing as the time-
sharing control language? (If so, the implication is that there is 2 com-
mon time-sharing control language.) Is the network control language dif-
ferent from the time-sharing control language, and is the network-control
language common to the several netted facilities? Is there no such thing
as a network-control language? (Does one, for example, simply control
his own computer in such a way as to connect it into whatever part of the
already-operating net he likes, and then shift over to an appropriate mode?)

In the foregoing paragraphs, I seem to have lept into the middle of
complexity., Let me approach from a different starting point. Evidently,
one or another member of this enterprise will be preparing a compiler, or
compilers, for modifying existing programs that compile FORTRAN,
JOVIAL, ALGOL, LISP and IPL-V (or V-1, or V-11), If there is more than
one of any one of the foregoing, or of any one of others that I do not foresee,
then it seems worthwhile to examine the projected efforts for compatibility.
Moreover, to me, at least, it seemns desirable to examine the projected
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efforts to see what their particular features are, and to see whether there
is any point in defining a collection of desirable features and trying to get
them all into one language and one system of compilers. Iam impressed
by the argument that list-structure features are important as potential el-
ements of ALGOL or JOVIAL, that we should think in terms of incorporat-
ing list-structure features into existing languages quite as much as in
terms of constructing languages around list-structures,

It will possibly turn out, I realize, that only on rare occasions do most
or all of the computers in the overall system operate together in an integrat-
ed network., It seems to me to be interesting and important, nevertheless,
to develop a capability for integrated network operation. If such a network
as I envisage nebulously could be brought into operation, we would have at
least four large computers, perhaps six or eight small computers, and a
great assortment of disc files and magnetic tape units..not to mention the
remote consoles and teletype stations--all churning away. It seems easiest
to approach this matter from the individual user's point of view--to see
what he would like to have, what he might like to do, and then to try to fig-
ure out how to make a system within which his requirements can be met.
Among the things I see that a user might want to have, or to do, are the
following:

(Let me suppose that I am sitting at a console that includes cathode-ray-
tube display, light-pen, and typewriter.) I want to retrieve a set of experi-
mental data that is on a tape called Listening Tests. The data are called
"experiment 3." These data are basically percentages for various signal-
to-noise ratios, There are many such empirical functions. The experiment
had a matrix design, with several listeners, several modes of presentation,
several sigrnal frequencies, and several durations. 1 want, first, to fit
some "theoretical" curves to the measured data, I want to do this in a pre-
liminary way to find out what basic function I want to choose for the theoret-
ical relation between percentage and signal-to-noise ratic. On another tape,
called ""Curve Fitting," I have some routines that fit straight lines, power
functions, and cumulative normal curves. But, I want to try some others,
also, Let me try, at the beginning, the functions for which I have programs.
The trouble 38, I do not have a good grid-plotting program. I want to bor-
row one. Simple, rectangular coordinates will do, but I would like to spec-
ify how many divisions of each scale there should be and what the labels
should be. I want to put that information in through my typewriter, Is
there a suitable grid-plotting program anywhere in the system? Using pre-
vailing network doctrine, 1 interrogate first the local facility, and then
other centers. Let us suppose that I am working at SDC, and that Ifind a
program that looks suitable on a disc file in Berkeley, My programs were
written in JOVIAL. The programs I have located through the system were
written in FORTRAN, I would like to bring them in as relocatable binary
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programs and, using them as subroutines, from my curve-fitting programs,
either at ''bring-in time' or at ''run-time."

Supposing that I am able to accomplish the steps just described, let us
proceed. I find that straight lines, cubics, quintics, etc., do not provide
good fits to the data. The best fits look bad when I view them on the oscil-
loscope.

The fits of the measured data to the cumulative normal curve are not
prohibitively bad. I am more interested in finding a basic function that I
can control appropriately with a few perimeters than I am in making con-
tact with any particular theory about the detection process, 8o I want to
find out merely whether anyone in the system has any curve-fitting pro-
grams that will accept functions supplied by the user or that happen to have
built-in functions roughly like the cumulative normal curve, it aesymmet-
rical. Let us suppose that I interrogatethe various files, or perhaps inter-
rogate a master-integrated, network file, and find out that no such programs
exist. 1 decide, therefore, to go along with the normal curve.

At this point, I have to do some programming. I want to hold on to my
data, to the programs for normal curve fitting, and to the display programs
that I borrowed. What I want to do is to fit cumulative normal curves to my
various sub-sete of data, constraining the mean and the variance to change
slowly as I proceed along any of the ordinal or ratio-scale dimensions of my
experiment, and permitting slightly different sets of perimetérs for the
various subjects. So, what I want to do next is to create a kind of master
program to set perimeter values for the curve-fitting routines, and to dis-
play both the graphical fits and the numerical measures of goodness of fit
as, with light-pen and graphs of perimeters versus independent variables
on the oscilliscope screen, I set up and try out various (to me) reasonable
configurations. Let us say that [ try to program this in JOVIAL, but that
1 have to test the new program repeatedly on my actual data, with the sub-
ordinate programs already mentioned, until I get the thing to work.

Let us suppose that I finally do succeed, that I get some reasonable re-
sults, photograph the graphs showing both the empirical data and the
ntheoretical't curves, and retain for future use the new programs. I want
to make a system of the whole set of programs and store it away under the
name "'Constrained-perimeter Normal-curve-{itting System.' But, then
suppose that my intuitively natural way of naming the system is at odds
with the general guidelimes of the network for naming programs. I would
like to have this”variance from convention called to my attention, for I am
a conscientious organization man' when it comes to matters of program
libraries and public files of useful data.

\
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In the foregoing, I must have exercised several network features.
I engaged in information retrieval through some kind of a system that
looked for programs to meet certain requirements I kad in mind. Pre-
sumably, this was a system based upon descriptors, or reasonable
facsimiles thereof, and not, in the near future, upon computer appre-
ciation of natural language. However, it would be pleasant to use some
of the capabilities of avant-garde linguistics. In using the borrowed
programs, I effected some linkages between my programs and the bor-
rowed ones, Hopefully, 1 did this without much effort--hopefully, the
linkages were set up--or the basis for making them was set up--when
the programs were brought into the part of the system that I was using,
I did not borrow any data, but that was only because I was working on
experimental data of my own. If I had been trying to test some kind of
a theory, I would have wanted to borrow data as well as programs,

When the computer operated the programs for me, I suppose that the
activity took place in the computer at SDC, which is where we have been
assuming I was, However, I would just as soon leave that on the level
of inference. With a sophistocated network—control system, I would not
decide whether to send the data and have them worked on by programs
somewhere else, or bring in programs and have them work on my data. .
1 have no great objection to making that decision, for a while at any rate,
but, in principle, it seems better for the computer, or the network,
somehow, to do that. '

At the end of my work, I filed some things away, and tried to do it in
such a way that they would be useful to others. That called into play,
presumably, some kind of a convention-monitoring system that, in its
early stages, must almost surely involve a human criterian as well as
machine processing.

The foregoing (unfortunately long) example is intended to be a kind of
example of example. 1 would like to collect, or see someone collect, a
cansiderable number of such examples, and to see what kind of software
And hardwire facilities they imply. I have it well in mind that one of the
implications of a considerable number of such examples would be a very
large random-access memory.

Now, to take still another approach to this whole matter, let me string-
together a series of thoughts that are coming to mind. (I was interrupted
at this point, and the discussion almost has to take a turn.) First, there
is the question of "'pure procedure." I understand that the new version of
JOVIAL is going to compile programs in "pure-procedure' style. will
the other compilers at the other centers do likewise? Second, there is the
question of the interpretation, at one center, of requests directed to it from
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another center, I visualize vaguely some kind of an inte’r‘pretive system
that would serve to translate the incoming language into commands or
questions of the form in terms of which the interrogated center operates.
Alternatively, of course, the translation could be done at the sending end.
Still alternatively, the coordination could be so good that everybody spoke
a common language and used a common set of formats. Third, there is
‘the problem of protecting and updating public files, I do not want to use
material from a file that is in the process of being changed by someone
else. There may be, in nur mautual activities, something approximately
analogous to military security classification. If so, how will we handle
it?

Next, there is the problem of incremental compiling, Am I correct
in thinking that Perlis, with his "threaded lists, ' has that problem, and
the related problem of compile-test-recompile, essentially solved?

Over on the hardware side, I am worried that the boundry-registered
problem, or more generally the memory-protection problem, may be ex-
pensive to solve on the Q-32 and both difficult and expensive to solve on
other machines, and I am worried that the problem of swapping or trans-
ferring information between core and secondary memory will be difficult
and expensive on 7090s and 7094s--and I worry that time-sharing will not
be much good without fast swaps or transfers. What are the best thoughts
on these questions? In what state are our several or collective plans?

Implicit in the long example was the question of linking subroutines at
run time. It is easy to do the calling, itself, through a simple directory,
but it seems not to be so simple to handle system variables. Maybe it
is simple in principle and perhaps I should say that it seems possibly in-
feasible to handle the linking of system variables at run time through
tables or simple indirect addressing schemes.

It is necessary to bring this opus to a close because I have to go catch
an airplane. I had intended to review ARPA's Command-and-Control in-
terests in improved man-computer interaction, in time-sharing and in
computer networks. I think, however, that you all understand the reasons
for ARPA's basic interest in these matters, and I can, if need be, review
them briefly at the meeting. The fact is, as I see it, that the military
greatly needs solutions to many or most of the problems that will arise if
we tried to make good use of the facilities that are coming into existence.
I am hoping that there will be, in our individual efforts, enough evident
advantage in cogperative programming and operation to lead us to solve
the problems and, thus, to bring into being the technology that the military
needs. When problems arise clearly in the military context and seem not
to appear in the research context, then ARPA can take steps to handle them
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on an ad hoc basis. As I say, however, hopefully, many of the problems
will be essentially the same, and essentially as important, in the research
context as in the military context,

In conclusion, then, let me say again that I have the feeling we should
discuss together at some length questions and problems in the set to which
I have tried to point in the foregoing discussion. Perhaps I have not
pointed to the important problems--certainly I have not pointed to all the
problems. Hopefully, the discussion may be a little less rambling than

this effort that I am now completing.
Q.OR, Lkbe
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Pentagon

Washington, D.C.
Dear Bob and Larry,

This is in respanse to your note of April 24th and the

Message Switching Network Proposal whigh Larry handed me at the
Spring Joint Camputer Conference.

for a

I want to go on record as being in favor of the proposal
PDP-8~1ike machine at each node. It will strongly lend a

wniformity to experimentation and to possible performance measure-

ments

As we reported by phone, Len Klelnrock will be Joining

you at the May 18th meeting.

We are still exploring possible interest of people in

Theater Arts with respect to the ARPA documentary. I will let you
know as soon &8s we hear something.

GE:lw

viry truly yours,
‘ )

zﬂﬁﬁn

Professor of Engineering
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Message Switching Network Proposal

After the Network discussion at the ARPA Contractors' Meeting,
Wes Clark made a recommendation which deserves serious considera-
tion as a method of implementing the proposed network. This plan
was discussed privately by some of the people and is presented here
to acquaint everyone with the concept.

The plan considered in the general meeting was to connect all of
the computers by phone lines and data sets 80 as to enable them to
establish communication with any other node using a line ewitching
technique. However, the basic function that would be performed by a
small piece of each computer and the phone lines is to perform a
message switching and transmission function. The concept which Wes
proposed was to insert a small computer like the PDP-8 between each
participant's computer and the transmission line network. The small
computer, an Interface Message Processer (IMP), would perform the
functions of dial up, error checking, retransmission, routing and varifi-
cation. Thus the set of IMP's plus the telephone lines and data sets
would constitute a Message Switching'Network. The protocol which we
are intending to establish would define the communication format between
the IMP's. The interface between the participant’'s computer and his
IMP would now be a digital interface of a much simpler sort so that no
considerations of error checking, retransmission and inter-network
routing would have to be considered. Messages could be supplied which
merely requested that a message be sent to another node stating the
priorities for speed of transmission and, if de sired, error probability.
That is, if a message consists solely of non-critical data, it could be
sent unchecked through the network at a lower cost.

If the computer selected was the PDP-8, we could probably utilize
the modified version which Gordon Bell is developing. This computer
could most likely be mass purchassed from DEC thereby obtaining a
very reasonable cost. Of course, other similar computers would be
considered. Within the IMP there would be a section of program devoted
to the network functions previously described. Some of the memory
would be used for buffer space and some would be left free for additional
- program to re-format the information at the interface to the main computer.

Disadvantages

It is clear that the use of a small computer adds an additional cost to
each installation of perhaps $20K. It is not clear what the saving, if any,
would be in reduced cost for the main computer interface or what the
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The first is a proposed increase in our Network Subproject of $6M
per year over the period of the current five-year force structure.
An experimental system is proposed which would link three or more
large general purpose time-sharing systems in a computer network
creating two major capabilities not now pos sible: (1) the ability of
a user to create, debug and execute pure procedure on-line from
any node to any other node, and (2) the ability to use a recently
changed procedure without regard to the node from which it was
changed. Large scale information retrieval data banks as they are
discussed in the technical and lay literature will remain in the realm
of imagination until these two problems are solved. We are not able
to initiate this project to the detriment of our present efforts in
graphics, man-machine interaction, parallel processing, language
development or physical interaction for these efforts will result in

the applications necessary to users of the proposed network.
I




saving in compute load would be. Some people feel that their present com-
puter could handle the data sets directly as easily as interfacing with a
small computer since their computer would still have to consider which
messages were for which users and utilize a protocol similar to the one
used on the transmission network. Also, if an intelligent console such as
the DEC 338 was used as a node in the network and it was required that an

additional computer be used as an interface to the network, there would be
a marked increase in the cost of the terminal.

Advanta.ges

The major advantage of this plan is that a unified, straightforward
design of the network can be made and implemented without undue consider- -
ation of the various contractors' buffer space, interpret speed and other
machine requirements. The interface to the contractor's computer would
be a much simpler digital connection with an additional flexibility provided
by programming the IMP, The network section of the IMP's program
would be completely standard and provide guaranteed buffer space and
“uniform characteristics, thus the ent:.re planning job is sustantially simpli-
fied. The data sets and transmission lines utilized between the small com-
puters would most likely be standardized upon, but as changes occurred in
the communication tariffs or data rates available, it would be much more
straightforward to modify just the small computer net rather than twenty
different computers. As soon as the need became apparent, additional
small computers could be located at strategic connection points within the
network to concentrate messages over cross-country lines. Finally, the
modifications required to currently operating systems would be substantially
less if we utilized these small computers since there will be no require-
ment to find buffer spaces, hold messages for retransmission, verify
reception of messages and dial up telephone lines.

The basic advantage of utilizing small computers to run a message
switching network is an increased speed for the realization of the network,
a decreased load on the main computer and improved flexibility as changes
are required. The technique also provides a distinct network entity which
is useful in presenting the network publically. In cases where a participant
felt his computer should be used to connect to the telephone system directly,
this would, of course, be possible if he followed the approved protocol and
conventions; however, the requirements on his computer might be some-
what more demanding as to required buffer space and message rerouting.

If we agree that the use of the small computer is justified, we will need to
develop an additional protocol for the interface between the small computer
network program and its main computer formatting program. This protocol
would not be extremely different from the telephone line protocol except
that it would be defined in terms of data in memory words rather than on

a transmission line.




FROM: J. C. R. Licklider T
SUBJECT: Ranah

. MEMORANDUM, June 6, 967 —
"I’O Dan Bobrow and..ert Sutherland _L‘ 3 dzZ,/yE
The Purpose and Content of BONOFORM alias SUTHERN COMIFORT

Introduction

Bobrow, Sutherland and Licklider constitute a committee of the
ARPA network circle. The purpose of the committee 1s in the
general vicinity of-ﬁ; where X 1s to do something about protocol,
formats, conventicns, or language for messages transmitted
through the ARPA network. The purpose of thls memorandum 1s to
clarify the purpose of the committee and to relate the general
nature of the expected product of the committee fo the context of
the ARPA network. This memorandum will not describe the expected
product.

The expected product of the committee is a language for defining
message forms of formats. As suggested opposite "Subject,” I am
proposirig to call the language either "Bobrow Normal Form" or
"Sutherland Network Communication Format." "Bonoform" has the
advantage of compactness and will be used in the remainder of
this memorandum.

Context and Purpose

The ARPA network circle meeting of May 18, 1967, decided, among
other things, to adopt the Interface Message Processor concept
and to use ASCII code and 1ts rules without deviatlon in the
interior communication language of the network. Each IMP will be
elther (preferably) a small computer or (acceptably) a functional
‘part of a large one. In the former case, the interface between
the local part of the node and the part of the node dominated

by network-dide conventions will be a software-software inter-
face inside the IMP. In the latter case, the part of the large
computer dominated by network-wide conventions will perforce look
to the communication lines and to the rest of the node exactly
like an IMP. The interior communication language, which I shall



abbreviate INTERCOM (or Intercom, since - perhaps because of
their relative unavallability - I prefer lower-case letters), is
the language that flows through the communication lines and
switches and within the part of the IMPs that are dominated by
network-wide conventions. The meeting of May 1l made progress
toward the specification of format for Intercom messages. However,
only the headers and trailers of such messages are strongly con-
strained by the specifications. All that is sald about the bodles
of such messages 1is that they shall conform with the ASCII rules.
Insofar as the body messages are made up of characters, the
characters must be ASCII characters of seven identifying blts and
one parity bit. Insofar as the body messages contain pure binary
information, it must be 6-bit binary; the other two bits are pre-
empted by ASCII constraints. '

As the primitive mind works, the next question concerns further
specification of the language of the body (i.e., not Intercom
header or traller) messages. However, the minds ef two-thirds of
the present committee are not primitive. The next question there-
fore concerns not the body language itself but a language for
describing the formats of body messages. Thls message-format-
describing language is what I am calling Bonoform.

Chalmers Sherwin has been (and is) advocating a system for handling -
the problem of formats for messages of the kind with which we

are concerned. Two elements of his system are a standard office
and a standard header. Anyone can invent or define a format, send
it to the standards office, and (if it meets the simple rules) have
it registered, assigned a format number, and llsted. Then, when

he sends a message, hé need only put the format number in 1its
proper place in the standard header. In the body that follows

the header, he transmits whatever the format calls for, and his
recipient, who presumably has a copy of the format description,
decodes, or interprets the message accordingly.

Instead of relying on the standards offlce, of course, one could



°

- )

i p——

send the format description as a message, providing the format
of the format description were agreed upon by both sender and
receiver. It is precisely the purpose of Bonoform to define the
format of format description and other parts of the language

of message descriptions

Schedule of Work

At a committee meeting yesterday, the general character of
Bonoform was agreed upoﬁ; It will be somewhat like Backus Normal
Form. It will provide for aésignments of character (i.e., charac~
terization) and for aséignments of value. All variables that may
be a:zizned values will be global. Characterization may be
hierarchical. That 1s, a format may be deflned by a statement
containing terms that are defined (ije., formats that are
characterized) in other statements. And so on. But the language
is intended to be very simple. It will not be a programming
language.

Bobrow and Sutherland see problems arising, preblems familiar
to them in other experilences in the fleld of formal languages.

* Bobrow 1s going to writefﬁp a preliminary description of the

language and a brief q1écussion of the problems.
Then there will be another committee meeting.

The target date for unveiling of the language is July 1, 1967.
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Washington, D. C. 20301
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June 21, 1968 _[__,La“_ ,_K

JEMORANDUMm FOR THE DIRECTCR, PROGRAM MANAGEMENT

SUBJECT: Interactive Computer Network Communication System

The purpose of this memorandum is to request an ARPA order be written
to ARO-Durham for $563 K to initiate a contract for the design, construc-
tion, installation, test and maintenance of interface message processors
(IMPs) to form a communication system to support the ARPA network
activities. The contractor ia to be selected by competition between
selected bidders.

APP No. 723, submitted vith this memorandum, describes the require-
ments for a network snd the need for a distributed store and forward com-
munications system. A detailed sp-cification has beea written to permit
potential contractors to bid on proviling the Ii{Ps. This bid will be for

total systermn responsibility. 3idders who are not computer manufacturers
must therefore negotiate vith a manufacturer on the price and delivery of
the hardwvare ~bich they select. The initial contract will request the design,
production, delivery, test, and evaluation of four IMPs. The initial instal-
lations will be at Stanford Research Institute; U.C., Santa Barbara; UCLA;
and the University of Utah.

The development of this distributed communication system will not onl-y
provide the communications capability required for the ARPA computer
research facilities, but will also be a unique prototype of future communi-
cation systems. Additionally, this network will provide an opportunity to
demonstrate a form of communications organization recommended in a
distributed digital network study by the RAND Corporatioan.

Adminiatrative Considerations

The $563 K should provide suificient funds for the IMP design, the purchase

of four IMPs and their installation at the initial nodes. A small network
which will be created between these four nodes will be used mainly to eval-
uate the performance of the store and forward communication system. I

the basic deaign proves satisfactory, the extension of the network to include
additional nodes will be considered. Fiscal 1969 funds have been programimed

for this purpose.



Transfer Plan

It is anticipated that the communication system being developed will be
attractive to the common carriers as a potential data service. After four
nodes of the network can be demonstrated, a common carrier will be asked
to make an economic evaluation addressing the desirability of offering such
communications as a service. When the entire net is established and operat-
ing smoothly, the carrier may be requested to manage the net, thus directly
providing digital message transmission as a tariffed service. This will be
particularly desirable when the computer network is sufficiently developed

to include more research centers such as the NSF supported activities.

Reporting Requirements

Quarterly progress reports, and final reports covering entire design and
evaluation at the end of the initial contract.

Contractor Selection

To be selected through competitive evalustion by a panel of ARO-Durham
and ARPA personnel.

Agent and Level of Support

ARO-Durham personnel have been involved in the preparation of the apeci-
fication. Technical support will be requested of ARO-Durham; however,
the project responsibilities should remain with ARPA.

e nm

R

Lawrence G. Roberts
Special Assistant for
Information Sciences

Enclosure
APP 723
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ADVANCED RESEARCH PROJECTS AGENCY
' WASHINGTON, D. C. 20301

ARPA Order No, 1137

Program Code No. 8D30

Program Element No. 6,15,45.01.D
Industrial Priority Rating: DO

December 6, 1967 Date

Commanding Officer

U. S. Army Research Office (Durham)
Box CM, Duke Station

Durham, North Carolina 27706

You are requested to initiate a four-month contract with Stanford

Research Institute for a study reldated to the design and specification of
a computer network., The work should be in accordance with the con-
tractor!s proposal No, ESU 67-92, "A Study of Computer Network De-
sign Parameters', dated November 7, 1967, with work statement as
follows:

a. The contractor will study the effects of selected network tasks
upon Interface Message Processors (IMP's) and the communication
facilities serving a highly responsive network of computers. Among
the tasks to be studied are:

(1) The coding of the information exchanged between the IMP's
{e. g., USACSII vs, non-USACSII, transparent binary trans-
mission)

(2) Acknowledgement procedures (e.g., message block for-
mation, restraint of message flow)

(3) Operational procedures (e.g., user access validation and
control, recovery from abnormal conditions)

b, The effects of alternative design choices will be characterized
in terms of IMP computational capacity, storage capacity, special
hardware requirements, and loading of the communication facilities,

c. In carrying out this study, the contractor will communicate with
other ARPA contractors who are potential participants in such a
network.



ARPA Order No. 1137

2. The study should commence as 800N a5 possible, not later than
January 1, 1968, The total price is estimated to be $19, 586; an
additional amount of $214 is provided for ARO-D expenses in connection
with monitoring this contract.

3. This Order makes available $19, 800 under appropriation and
account symbol ""97X0400,1301 Research, Development, Test and
Evaluation, Defense Agencies", for obligation by ARO-D on behalf

of the Advanced Research Projects Agency, only for purposes necessary
to accomplish the work specified herein, These funds are immediately
available for direct obligation. The funds made available herein are

not for the construction of facilities.

4, A final technical report should be prepared and submitted in
accordance with the instructions set forth in the attachment to our
memorandum dated September 13, 1966, subject: "ARPA Orders -
General Requirements, "

5. It is requested that two copies of each contract or contract modi-
fication awarded as a result of this Order be submitted to the Director,
ARPA. In transmitting such documents, specific reference should be
made to ARPA Order No, 1137.

6. The General Requirements as stated in the attachment to the
ARPA memorandum of September 13, 1966, are included in this
Order by reference.

S

E. Rechtin
Director

Copy to:
Secretary of the Army
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ADVANCED RESEARCH PROJECTS AGENCY
Washington, D. C. 20301

September 18, 1969

MEMORANDUM FOR THE DIREC'I‘OR,' PROGRAM MANAGEMENT
SUBJECT: Initiation ofa Contract with Raytheon Corporation to Study,
: "Uper System I.ntgraction via the Network'

‘Please initiate action to obtain a contract with Raytheon Corporation to
study '"User System Interaction via the Network." The program is for
12 months at a total cost of $75, 611. -

Objective '

The objective of the proposed program is to determine Host to Host
protocol procedures to: (1) reduce the number of special conventions
that a network user must know, and (2) reduce the number of special
programs required in order to transmit data from one computer to
another.

Background

7 .
Standardized conventions and formats would, in many cases, improve
the effectiveness of the network. In many other cases standards would
require undue reprogramming and hinder technological progress. In
order to examine all the conflicting desires of the research groups of
each node and evaluate the pros and cons of potential standards, an
independent party is required; one who is technically qualified to select
the important issues, digest the evidence, and make recommendations
to ARPA, Currently there is a Network Working Group with members
from each early network node which is deciding the initial protocol and
conventions. However, a committee cannot be expected to investigate
and solve the more difficult, longer range problems, particularly when
the best solution may require considerable effort for some of the members.

Raytheon has evidenced considerable understanding and interest in these
jssues and proposes to have Thomas O'Sullivan attack the problem. Th.i'é.'
_ provides ARPA with an unbiased source of recommendations and will
insure that sufficient effort is spent investigating and discussing the impor-
tant issues. Besides being a respected computer scientist, Thomas



O'Sullivan is a noted behavioral scientist and will be able to address
both the computer system questions and the human factors involved.
In addition, he will provide a unique orientation to the group toward

the problems of the Behavioral Science Data Centers which will eventually

be part of the ARPA Network. The conventions ‘associafed with data
sharing, the principal interest of the Behavioral Science projects, are
particularly important to the long range success of the network. Due
to this direct involvement with and support for these data centers, one-
third of the Raytheon contract costs will be supported by the Behavioral
Science Office.

Rationale
ARPA Program Plan 723 established the need and the impact of solving
the problems involved in computer networks.  This program plays an

important role in the solution of those problems.

§E.ternent of Work

Review command languages and sydtem resources available to
Network users. ‘ '

Gain an intimate understanding of command language, user
operating procedures and available user resources through
direct on-line use.

y; :
Postulate specific examples of various operating modes of
_different types of network users and define operating procedures

to handle these modes of operation. '

-

Define a generalized ideal system to handle interhost operations,
incorporating the defined procedures, showing how these opera-
tions ought to be handled in the network.

Prepare a report describing the defined system, arguing why

it ought to be that way,. and presenting both its merits and

weaknesses in relation both to user operation and the system
_support required to provide it.

Administrative

IPT's share is $50,611 and this should be taken from Line Item D60200
for FY 70. Behavioral's share is $25,000 and these FY 70 funds should
be taken from Line Item C20500. '



The agent should be
required and a seco
Management Reports an
are desired.

8IGNED

Davis B. Bobrow.;
Acting Director
Behavioral Sciences

DSS-W because close interaction with IPT is
nd technical monitor is unnecessary. Quarterly

d a Semni-Annual and Final Technical Report

oA

b

BIGED

Lawrence G. Roberts
Acting Director for
Information Processing Techniques

F

Jgt
4




LIC LEVELETIER 'I_Z
16 January 1969 —TCne 7

I ILTRODUCTION

The Network Inforration Center (KIC) is a set of serviess to be
offered by the Augrmentied Humen Intellect Reseerch Center (AUIRC) of the
Stanford Research Institute (SRI) to the users of vhe ARDA Computer
Yetvork. 7hese services mzke use of the AIIRC conpuler, an DS 9.0,
User sccess to the IC will ve prirarily through the network, but
alternate mezns such as phone calls, letiers, etc., will &lso be used
{at least initielly), : '

A mejecr goal of the NIC is to try io satisfy those informetion
needs upon vhich the success of the 'network experiment” %ill be most
dependent, The JIC, then, is concerned with supplying information.and
domwrentation services =- ws contrested to ctner possible services such
as project management, ccmpiling, etc.

£
x

I1 KEEDS

User needs of concern to the IHIC are es follovus:
(1) Creetion of Dccwuznts

Users wil) need to create docurents for use by otlher network users
and for their owr use, After a document has been created the user Loy
wish to inspect and/or rodify it.

(2) Inspecticn of Documents

Users will need to exanine (i.e, read) documents to various depihs.
Such en examinaticn mzy be a prelude to subsequent rodificetion actions
or other reirieval ections,.

(3) Moiification of Documents

Users +ill need to modify documents of their own creation, vhether
to correct errors, edd, delete, change, Or RErge. They will elso desire
to modify documents created by others,

(L) Searching for Documents

The user will need to be able to scen collections of documents to
search for items relevent to his work et a given moment, I{ a seerch is
successful the user will desire to inspect end/or retrieve documents
that he selects.
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{5) Retrieval of Docuzents

When a user hLas sirong interest in e docuzent, set of documents, or
sections of docwuents, he will need to have a copy of the material for
hinself. The retrieval of such information may result in copies in
varlo?s forms —— e.g. herdcopy (paper, microfilm) or softcopy (computer
files

III SERVICES

To satisfy these needs the liIC is expected to provide the following
services:

{1) fteccess to HIC Services

This will be initiszlly provided via the network and via "dialup"
Detaphone lines for tyrewriters and low-speed CRY terminals. Later
eccess will be provided via the network for high-performance CRT
terzinals.

(2) A Repcsitory for a Collection of Docunients

This collecticn will consist of documents contributed by networxk
users or collected by the staff of the liIC.. Elements of the collection
will include research reporis, user's guides, sysien and progran
descriptions, sctual code, ernd papers of generel user interest. The
collection will be kept in various versions:

In hardecony, as nicrofilm and paper nzsters held at the NIC.
Replicas would be routinely distributed to each network site
end other selected orzanizetions for the users.

Speciel microfiln replicas of selected portions of the
nicrofilm mesters or the softcopy would be provided in
nicrofilm form upon request,

A cetaloz will be one of the elements in the collection. It will
list all material in the collection, whether it exists as softcopy,
herdcopy, or any combination,.
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(3) A Documentation-Aid System

The svster, oriented to typewvriters and CRTs, will incorporatc text
editing end text restructuring facilities similar to those now available
in the AHIRC On Line System (liLS).

The hierarchicel structure, basic to the concept of the LS, will
be availzsble for use in 211 documents held by the NIC. (It may, of
course,be used simply es a list of paragrephs, headings, etc.) The
dosu=entation-aid system will assist the user in genersting and using
documonts that exploit the possibilities of this structure,

A transcription service will be evailzble at the LIC to transcribve
hardcopy docurents into a scftcopy varsicr to be held in the NIC, This
service vwill permit the initital entry inte 4he 1IC heid corrus of large
nubers of existing docw:ents and newly generzted docunenss (&t weast
during the initial phese of the network) without unduly burdening the
user, It will provide a trensiticm interval while users become
acquainted with the 1iLS document structure format. Ultimately, it is
pssumed that decumentis will be originally vritten with the use of
computer aids -~ either on the user's coxputer or with NIC's
docurent-2id system.

(4) A Query and Search System

This systen will be epplicable to softcopy and hardcopy versions of
the collection. By means of the "content enalyzer” (2 feature of the
present IiLS) the user will eble to construct content specifications for
searching the LIC collection.

By means of links beiuween docuzents end within any one document
(another feature of the present LLS) the user will be able to follow
predetermined "trails" through the FIC collection,

Plens are being made to develop a HIC catalog, encorpassing the
softcopy end hardeopy (microfilm) versions of the collection.

(5) A Retrieval and Output System

This system will have online, offline, soitcopy, and hardcopy
(microfiln) applications,

The user will be able to request a "copy"” of the document for his
use. This may be a softcopy for use through 1iIC aids, or for use at his
own computer,



NIC NEMSLITTER
16 January 1949

The user may elso meke special requests for hardcopy versions
either on microfilm or on paper, both produced at the NIC., If he
obtains e copy of the file at his machine he can, of course, produce his
ovn hardcopy version.

It is expected that the user will typically desire selected "views"
of the document, rather than the entire docunent itself. A viev can be
specified es to depth in the hiererchicel file structure, truncation
(nurter of lines of each statement), and section or sections of the file
or files,

The view will be chosen by the user and will depend upon the depth
with which he wishes to examine the docurent and the type of terminal at
his disposzl., A typewriter user will desire smaller volumes of materiecl
then will the CRT user, becsuse of the slow speed of the terminel; the
range of possidle views will reflect this.

IV IGITIAL PLANS

Users to be Served

The initiel plan covers the period from the present to Decenber
1969, During this interval the network will be in its develormental
stage and will be unaveileble for general use, The parties concerned
with this development will be ARPA, B3l (the network contractor), &nd
the four initizl sites (UTA4, UCSB, UCLA, SRI), These parties are the
prirmary users to be served during this tine with the emcrging NIC
services, NIC's specific service features are being oriented toward the
needs of these users, Users at the other 15 sites are expecied to use
the NIC to a lesser degree during this period, but will becore
increasingly aciive during the letter part of 1969 &nd through 1970,

Initial Services

The focus of the IIC will be upon the developnment of its basic
collection of dociments, a Typewriter-Oriented Docunentation-Aid System
(TODAS), end a early version of the on-line search and retrieval
Pprocess,

Inforration in the initial collection is being oriented to
docurents pertzining to the network developzent, and to descripticns of
systems and subystems to be available at the initial sites. This
information consists of program dozumentation, system deseriptions, user
ranuals, protocols and procedures, end siatus reports.

A UIIIC <ranscription service is already partially ocerational end
transeribing these documents into the HiC,
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A preliminary version of the Typewriter Oriented Document Ald
System (TODAS), is now in use by the transcription service, operating in
the off-line mode only.

Quite esrly, sbout the 2nd quarter of 1969, the collection will be
made availsble to the users in microfilm form. At that time a NIC
system, called Graphics-Oriented Document Output Systenm {coDOS) will
ensble computer-held information at the NIC %o be recorded onto
microfilm via & CRT.

During the third quarter of 1969 an on-line version of TODAS should

be implemented to permit users with Teletype machines on the dialup
telephone network to call into the NIC and execute & limited search

system.

During the last quarter of 1969 the on-line version of TODAS with
text-manipulation cepabilities should be available,

Present Collection

The present NIC collection contains (in softcopy form} all or
portions of the following documents:

Half-Tone Perspective Drawings by Computer.
¢, Wylie, G, Romney, D. C. Evans, A. Erdahl, (UTAH)
14 Novermber 67, Revised 12 February 68.
A FORTRAN V Interactive Graphical System.
A. C. Reed, D. E, Dallin, 8. T. Bennlen, (UTAH)
3 April 68.
GS - Graphics System
L. Copeland and C. 5. Carr (UTAH)
November 15, 1967,
Illiac IV == Systens Characteristics and Programming Manual
Burroughs Corporation (UT)
1 March 1968, Change 1, 12 June 1968

Procedures and Standards For Inter-computer Communications
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A. K. Bhushen and R, H. Stotz (MIT)

Reprinted from AFIPS Conference Proceedings, Volume 32, 1968

Specifications of Interface Message Processors for the ARPA
Computer Network (Statement of Work Annex "p")

Advanced Research Projects Agency (ARPA)
July 29 1968

U.C.S.B. On-Line System Masnual
University of California, Santa Barbara {UCSB)
October 1, 1967

A Study of Computer Network Design Parameters
E. B, Shapiro, (SRI)
December 1968

NIC Newsletter
NIC Staff (SRI)
Jan. 16, 1969

Network Kewsletter
NIC Staff (SRI)

Jan, 6' 1969
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ADVANCED RESEARCH PROJECTS AGENCY
Washington, D.C. 20301

Program Plan No. 723

Date: 3 June 1968

RESOURCE SHARING COMPUTER NETWORKS

A. Objective of the Program.

The objective of this program is twofold: (1) To develop techniques
and obtain experience on interconnecting computers in such a way that a
very broad class of interactions are possible, and (2} To improve and
increase computer research prcductivity through resource sharing. By
establishing a network tying IPT's research centers .ogether, both goals
are achieved. In fact, the most efficient way to develop the techniques
needed for an effective network is by involving the research talent at these
centers in prototype activity.

Just as time-shared computer systems have permitted groups of
hundreds of individual users to share hardware and software resources
with one another, networks connecting dozens of such systems will permit
resource sharing between thousands of users. Each system, by virtue
of being time-shared, can offer any of its services to another computer
system on demand. The most important criterion for the type of network
interconnection desired is that any user or program On any of the net-
worked computers can utilize any program Or subsystern available on any
other computer without having to modify the remote program.

B. Technical Need and Background of the Program.

1. Scientific Environment,

Currently there are thousands of computer centers in the country,
each of which operates almost completely autonomously. There is some
trading of programs between those machines which are sufficiently similar
to allow this, and there is technical communication througn publications
of technical meetings describing techniques developed. However, since
the computer field is growing at such a rapid rate, a more immediate
mechanism must be developed if there is to be significant cross-fertiliza-
tion in sharing between these many centers. Although the same problem
exists in many technological areas, the solution is most easily found and
implemented by the computer community. If a sufficiently reliable and



are using various machines with varying degrees of success. It is not
unusual to find a greater continuity of community interest within, say,
logistic commands of the Army, Navy and Air Force than that which
exists across, say, one Air Force staff. With the current fractionation
of computer resources in the absence of any technology permitting the
interconnection and sharing of these resources, the current situation
can only get worse. Military personnel trained to use one manufact-
urer's equipment must often be trained again to use a different
manufacturer's equipment as the personnel move from one military
station to another. Machines procured from different manufacturers
require as many different user training programs as there are machines
thus inhibiting positive transfer of training that could accumulate through
the rotation of military personnel. Those data files and programs which
have common utility to many military organizations and installations
must be stored, created and maintained separately at each different
machine. Military systems interconnected in a distributed interactive
network obviate such constraints.

3. Previous work.

Relatively little work has been done in the past on interactive
computer networks and it is mainly with the advent of widespread time-
sharing that such nets become feasible. Most previous work has con-
centrated on either load sharing or message handling goals. In 1963
ARPA initiated a project at UCLA to develop a network linking com-
puters in the Western Data Processing Center. This work was aimed
at enabling several similar computers +0 load-share between themselves
over high data rate links. However, it was soon found that load-sharing
introduces considerably more problems than it solves and the project
was terminated, A similar experiment at Bell Labs has also demon-
strated the infeasibility of load-sharing. Here, the project achieved
reasonable success for several years before small discrepancies in the
library routines at each location killed the effort.

Networks for message handling have been considerably more suc-
cessful as demonstrated by the Westinghouse inventory control system
and the airlines reservations networks, but the techniques utilized are
special purpose and are not transferable into general intercomputer coms
munication.

More recently, experiments have been carried out between Lincoln
Laboratory and System Development Corporation to test the feasibility
of more general computer-computer interaction. This experiment

3



In December 1967, a small contract (AO 1137) was initiated with
Stanford Research Institute for the development of specifications for
the necessary communications system. This effort has resulted in
sufficiently detailed documentation to allow a request for bids on Inter-
face Message Processors (IMPs). SRI will also provide continuing
assistance to the initial participants in the network.

2. Network Information Center

In order for people to utilize the envisioned computer network
effectively, it will be necessary to provide extremely good documentation
on what programs and files are available throughout the net. This
information should be available on-line to any individual in the network.
It should be possible for him to add new program descriptions, edit
previous descriptions, retrieve relevant information based on kevword
searches and affix comments to program descriptions which he has used.
To achieve this goal, Stanford Research Institute has been tasked with
developing such a facility. This is an extension of the capability already
achieved at SRI and is in progress in order that it may become available
concurrently with the network.

3. Communication System

Multi-point, fast response, high capacity, reliable communica-
tions are required for an interactive computer network. The traffic
between nodes is expected to consist mainly of short digital messages
with a wide dispersal of destinations. Initially, message length will
vary from one to one thousand characters with an expected average
length of 20 characters. Since a cross country 50 kb communication
line has a delay equivalent to 150 characters, messages must be con-
tinuously multiplexed into each line in order to maintain reasonable
efficiency. Since the dispersion of destinations is large, messages
with different origins and destinations must be concentrated into the
same line. This can only be achieved with a store and forward system.

Message delay for on-line, interactive work should be well below
one second (origin to destination). This cannot be achieved with voice
grade communication lines in a store and forward system. However,
with 50 kilobit communication lines, the required response speed can
be attained. The additional capabity obtained with 50 kb lines is also
important, but is not the prime factor dictating the choice of these lines.

After considering the trade-offs associated with the communications
subsystem, it was decided to design and build a store and forward net

5



becomes available, users will begin to experiment with remote languages
and systems. Some activities have already been identified and interest
will grow rapidly once reliable communications have been established.
Researchers often transfer between the various projects and then must
reprogram certain basic systems at the new center. With the network,
these needs will be eliminated since the researcher may use his original
progran. through the net.

5. Cost Estimates.

The interactive network costs fall into two categories: (1) The
communications and Interface Message Processor costs, and (2) Costs
of communication and resource sharing experiments. The majority
of this second class of costs will be borne by each of the computer
research contracts now extant. They will vary across a range of ex-
tremes bounded by, for example, a single researcher's small experi-
mental program and a group of researchers concerned with studies of
on-line documentation. The communications and Interface Message
Processor costs are more easily identifiable. The table below shows
the commitment requirements.

Year Costs

Communication Line IMP Contractor Total
FY 68 0 563K 563K
FY 69 25K 1000K 1025K
FyYy 70 680K 200K 880K
FYy 71 SO0K 100K 1000K

E. Transfer

The transfer of interactive computer network technology will occur
in three forms: (1) Dissemination of techniques and experimental
results through the open scientific and technical literature, (2) Through
the common carriers or other commercial organizations concerned
with data transfer and dissemination, and (3) Through the military
command and control centers for which the National Military Command
System Support Center in the Pentagon serves as the focal point.

1. Publication of Results.

Dissemination of new scientific and technical knowledge
through conferences and the appropriate literature is a slow but

7



Military Command System Support Center. This is the primary com-
puter organization serving the Joint Chiefs of Staff and operates under
the management of the Defense Communications Agency. s computer
capability serves also as the fountainl.ead for military command and
control centers around the world. IPT has paid for the development

of a prototype time-sharing system to be tested in the NMCS5C over

the next 12 months. As a result of these test findings, it is expected
that the NMCSSC will move away from conventional batch processing
and into the computer technology created by ARPA and its contractors.
As it does so, other military centers affiliated with it will follow, e.g.
CINCPAC, CINCEUR and MACV. Such a collection of affiliated military
centers using computer technology represented by ADEPT-TDMS pro-
vides a natural recepient for an interactive computer network. Transfer
will be facilitated by SDC's (creator of ADEPT-TDMS) participation in
the ARPA experimental network. The ability of military command
systems to be able to interactively call upon one another through a
distributed net will be particularly important due to their joint responsi-
bility and common data base interests,
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Washington, D. C. 20301
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Y EP L o S |
iuzmomgﬁm FOR THE DIRECTOR, PROGRAM MANAGEMENT
.., SUBJECT: p‘horlctiw Computer Network Communication System . -

. . b- 1'.

o Ry

_The purpose of this memorandum {s to request an'ARPA order be written
to ARO-Durbam for $563 K to initiate a contract for the design, construc-
tion, installation, test and maintenance of interface message processors
(IMPs) to form a communication system to support the ARPA network
activities. The contractor is to be selected by competition between
selected bidders.

.

t

APP No. 723, submitted with this memorandum, describes the require-
ments for a network and the need for a distributed store and forward com-
munications system. A dstailed specification has been written to permit
potential contractors to bid on providing the IMPs. This bid will be for
total system responsibility. Bidders who are not computer manufacturers
must therefore negotiate with a manufacturer on the price and delivery of
the hardware which they select. Thse {nitial contract will request the design,
production, delivery, test, and evaluation of four IMPs. The initial instal-
lations will be at Stanford Research Institute; U.C., Santa Barbara; UCLA;
and the University of Utah.

The development of this distributed communication system will not only

provide the communications capability required for the ARPA computer

research facilities, but will alsc be a unique prototype of future communi-
2T Eation systems. Additionally, this sstwork will provide an opportunity to
- 9 Cgemonstrate a form of commuaications organisation recommended ia a

e,

Fo % distribatéd @igital abtwork study by she RAND-Corporation. . .. " ..
St R e T Y N L gl
¥ ¥ Admintstrative Considerations . & . * FeL T el

e 2 : . T " cooe e : TR s
% The $563 Ksbould provide bufficient fusde for the IMP design. the gurchase
" of four {Ps and thair installation at the initial modes. A small setwork
" which will be éreated between these four modes will be used mainly to sval-

uste the performance of the store and forward communication system. If
the basic design proves satisfactory, the axtension of the anstwork to include
additional nodes will be considered. Fiscal 1969 funds have been programmed
for this purpose. »

e T
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It is antiéipated that the communication system being developed will be

"+ attractive to the common carrisrs as a potential data service. After four

~ modes of the metwork can be demonstratsd, a common carrier will be asked

.to make s economic evaluation addressing the desirability of offering such

. s communications as a service. When the entire nat {s established'and operat-
. -. 4ng smoothly, the carrier may be Fequested to manage the ast, thus directly
providing digital message transmission as a tariffed service. This will be
particularly desirable when the computer network is sufficiently developed
to lnclude more research centers such as the NSF supported activities.

ﬂ:’ *w’we: ey

Reporting Requirements

Quarterly progress reports, and final reports covering entire design and
evaluation at the end of the initial contract.

Contractor Selection

To be selected through competitive svaluation by a pansl of ARO-Durbam
and ARPA personnel.

Agent and Level of Support

ARO-Durham personnel have been {nvolved in the preparation of the speci-
fication. Technical support will be requested of ARO-Durbam; however,
the project responsibilities should remain with ARPA.

. {s16NED S
o e ' ' ' A
; : : iu it e S <l femwrence G. Roberts N
> o a.ﬁt S - @pecial Assistant for R
' - ‘ e : ~Iaformation Seiences
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FESCRIPTION OF AMENDMENT/MODIFICATION
WHEREAS, the Contractor and the Government entered into Contract No.

HC15 69 C 0179 under date of 2 January 1969 which, together with any and all
endments, changes, modifications and supplements theretc, is hereinafter re-
rred to as "the contract', and

WHEREAS, the parties hereto have mutually agreed to the estimated cost and
xed fee for the changes arising under Modification P00015 (Change Order),
tion M, Revisionm 1, and Option N, Revision 2, of Contractor's proposal P72-
¥-1B, and

WHEREAS, the parties hereto do mutually agree to extend the contract;
NOW, THEREFORE, in consideration of the mutual covenants and agreements
rein contained and for other good and valuable consideration, the parties

reto do mutually agree to amend sald contract as follows:

The Contract is hereby revised and restated in its entirety as follows:

i oy provided herein, oil terms ond conditions of the decument referanced in black 8, o1 hereiofom chonged, remain unchonged ond i full force ond alffect.
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ar ’ |
{Sgnarre of person outhorited ta sign) (Signoture of Controctng Officer) .
JAME AND TITLE OF SIGNER ( Type or prmt} 16, DATE SIGNED 18, NAME OF CONTRACTING OFFICER ( Type or primej 19, CATE SIGNED
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{CTION B. CONTRACT FORM AND REPRESENTATIONS, CERTIFICATIONS AND OTHER
STATEMENTS OF OFFEROR.

1. DISCLOSURE STATEMENT-COST ACCOUNTING PRACTICES AND CERTIFICATION.

Any contract in excess of §$100,000 resulting from this solicitation,
cept when the price negotiated is based on: (1) established catalog or
.:rket prices of commercial items sold in substantial quantities to the
neral public, or (2) prices set by law or regulation, shall be subject
. the requirements of the Cost Accounting Standards Board. Any offeror
‘bmitting a proposal, which, if accepted, will result in a contract sub~
¢t to the requirements of the Cost Accounting Standards Board must, as
condition of contracting, submit a Disclosure Statement as required by
‘gulation of the Board. The Disclosure Statement must be submitted as a
‘rt of the offeror's proposal under this solicitation (see (1) below) umnless
) the offeror, together with all divisions, subsidiaries, and affiliates
‘der common control, did not receive net awards of negotiated defense prime
ntracts during the period 1 July 1970 through 30 June 1971 totaling more
‘an $30,000,000 (see (2) below), (ii) the offeror has already submitted a
.sclosure Statement disclosing the practices used in connection with the
icing of this proposal (see (3) below), or (iii) post-award submission has
en authorized by the Contracting Officer. CAUTION: A practice disclosed

a Disclosure Statement shall not, by virtue of such disclosure, be deemed
be a proper, approved, or agreed to practice for pricing proposals or
cumulating and reporting contract performance cost data.

eck the appropriate box below:

) 1. CERTIFICATE OF CONCURRENT SUBMISSION
OF DISCLOSURE STATEMENT(S)

The offeror hereby certifies that he has submitted, as a part of his
‘oposal under this solicitation, ciples of the Disclosure Statement(s) as
llows: (i) original and one copy to the cognizant Administrative Contract-—
g Officer (ACO) (see DoD Directory of Contract Administration Components
)joD 4105.59H); (i1) one copy to the cognizant contract auditor; and (iid)
e copy to the Cost Accounting Standards Board, 441 G Street, N. W.,
.shington, D. C. 20548.

Date of Name(s) and Address{(es) of Cognizant
sclosure Statement(s) ACO(s) Where Filed

The offeror further certifies that practices used in estimating costs
. pricing this proposal are consistent with the cost accounting practices
.sclosed in the Disclosure Statement(s).

) 2. CERTIFICATE OF MONETARY EXEMPTION

The offeror hereby certifies that, together with all divisions, sub-
diaries, and affiliates under common control, he did not receive net awards
‘ negotiated national defense prime contracts during 1 July 1970 through
y June 1971 totaling more than $30,000,000.
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) 3. CERTIFICATE QOF PREVIOUSLY SUBMITTED
DISCLOSURE STATEMENT(S)

The offeror hereby certifies that tue Disclosure Statement(s) were
iled as follows:

Date of Name(s) and Address(es) of Cognizant
isclosure Statement(s) ACO(s) Where Filed

The offeror further certifies that practices used in estimating costs
n pricing this proposal are consistent with the cost accounting practices
isclosed in the Disclosure Statement(s).

ECTION E. SUPPLIES/SERVICES AND PRICES.

tem Supplies or Services Total Estimated Cost

001 Research and development for the Defense
Advanced Research Projects Agency Computer

Network

Estimated Cost $7,034,987.00
Fixed Tee | 601,953.00
Total Cost Plus Fixed Fee $7,636,940.00

ACRN - 14,B,C,D,E,F,G,H,I,J,K,L,HM,N,P,Q,R.

)02 Research and development for the Defense
Communications Agency Computer Network

Estimated Cost $ 337,835.00
Fixed Fee 28,919.00
Total Cost Plus Fixed Fee $ 366,754.00

ACRN: 2A, B.
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ECTION F. DESCRITPION/SPECIFICATIONS.

-1. Scope of Work.

a. Unless otherwise provided herein, the Contractor with due diligence
hall furnish all necessary qualified personnel, material and equipment,
anaging and directing the same, to complete the work described in Annex "A"
nd revisions thereto entitled "Statement of Work: Specificatiens of Inrter-
ace Message Processors for the ARPA Computer Network” and Exhibits 1 and 2
ereof, in accordance with his proposals listed in Anmex "D", Contractor's
roposals, which listed proposals by this reference, are specifically made a
art of this contract and are on file in the office of the Contracting Officer.

b. As a part of the work to be performed the Contractor shall furnish
aports for Items 0001 and 0002 as follows:

0001 - Quarterly Management Reports
Milestone Reports
Quarterly Technical Reports
Final Technical Report

:ports for Item 0001 shall be rendered in accordance with Annex "B'", Require-
ants for ARPA Sponsored Contracts.

0002 - Quarterly Management Reports.
Final Technical Report

aports for Item 0002 shall be rendered in accordance with Exhibit 0002;
:ports Requirements and Delivery Schedule for DCA IMP Network, which by
1ls reference is specifically made a part of the contract.

C. The reports required by contract and the deliverable data set forth
.sewhere in the contract are data to be delivered in accordance with the
Lause entitled "Rights in Technical Data" of the General Provisiomns.

5CTION H. DELIVERY SCHEDULE.

0001 - The funded period of performance for this item ends 18 June
374. Individual deliverables shall e made in accordance with Exhibit 1,
slivery Schedule for the ARPA Comput:2r Network.

0002 - The funded period of periormance for this item ends 14 March
274, Individual deliverables shall “e made in accordance with Exhibit 0002,
sports Requirements and Delivery Sch:dule for DCA Computer Network.
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ECTION J. SPECIAL PROVISIONS.

'-1. Project Officer. The Contracting Officer may designate Contracting
fficer' Technical Representatives to:

a. Act as Project Officer under this contract. the Project Officer wilil
‘eceive for the Government, reports and other materials called for in this con-
‘ract and will represent the Contracting Officer in the technical phases of the
‘ork. The Project Officer is not authorized to change any of the terms and
onditions of this contract. Changes in the scope of work will be made only by
he Contracting Officer by properly signed written modifications to the contrac
uch representatives as may be appointed will be specifically designated in a
etter from the Contracting Officer to the Contractor.

=2. Allowable Costs. It is understood and agreed that, subject to the pro-
isions of the clause entitled "Allowable Cost, Fixed Fee and Payment" of the
eneral Provisions the following shall be considered as allowable items of cost
nder the contract when incurred or paid by tue Contractor z2nd when necessary
nd required and used for the performance of the work hereunder; (this Article
oes not preclude the allowance of other costs allowable under Armed Services
rocurement Regulation, Section XV):

a. Salaries and Wages. Expenditures by the Contractor for salaries and
-ages of his personnel and borrowed personnel directly engaged in the perform-
nce of work hereunder; and properly allocable to this contract including
‘ederal and State taxes paid by the Contractor and properly allocable to such
alaries and wages.

b. Travel and Subsistence. Travel and subsistence expenses shall be
aid in accordance with the Contractor's approved travel policy. The differenc
n cost between first-class air accommodations and less than first-class air
ccommodations is unallowable except when less than first-class accommodations
.re not reasonably available to meet mission requirements. Reasonableness
hall be ascertained by a review of all facts pertaining to the specific costs
y the Contracting Officer. Should transportation and subsistence expenses be
ncurred concurrently in connection with the performance of more than one con-
-ract, such expenditures shall be allscated on an equitable basis to the con-
‘racts involved, such allocation to bz based on a review of all pertinent facts
.oncerned with the particular trip. :

' ¢. Materials and Supplies. Expenditures by the Contractor for such
.aterials, supplies, apparatus, equipaent, and other articles (including rental
.f apparatus and equipment) properly allocable to performance of the work here-
.nder. .

d. Indirect Costs. Except as to the incurrence of subcontract costs
:ith Honeywell Incorporated and Telecomp, indirect costs shall be reimbursed
sn an actual cost basis in accordance with Section XV, of the Armed Services
‘rocurement Regulation. Subject to final estublishment by cognizant Govern-
sent auditors of actual indirect costs incurred, such costs shall be reimbursec
'n a provisional basis through means of a billing rate acceptable to thke
contracting Officer. In connection with the incurrence of subcontract costs
;ith Honeywell, Inc., the indirect costs incurred by the Contractor shall not
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be reimbursed at a rate excceding five percent /5%Y of"'such costs, and
there will be no reimbursemzant of indirezt coste, ii any, iacurred in con-
nection with che Telecomp subecontract.

e. Reproduction Costs. Costs for "duplicating" as defined in Printine
and Pinding Regulations pubiished by tae Joint Committee on Printing of tha )
CongFess of the Uaited States, December 01, 1972, No. 22. Allowablz repro-
duction and duslicating usually iuncludes that produced from stencils mé;zers
and'mats us§d on & single unit duplicating equipment not larger than,ll =35
17 inches with a naxinum irage of 10-3/4 by 14 inches,' provided that reusch'e
contact negatives and/or positives prepared with a camera requiring a darkroc
335932£ used; and provided further, that not more than 225 copies Qre repro-

J. 3. Contrac:ror hecsuired Property. Subject to the approval ef the Contract-
ing Officer, .71e Joltractor mav acquire or fabricate special test equisnment
a .
g

P

s set forth :n 1isz preposals listed in Annex "M" in amount not to excead tic
sum of Three @il "on five pundred four thousand iy hundred seventv-nize
dollars {53,504, 7.008)., ©Cests inpcurved therefor vwill be allowablaz ceosts,
provided that rhe Zontractor shall have no obli jnrien to acgulirs oy fadbricate

special test couizmrment in ewcess of the total e-tlmated equipnent zosts Lot
faorth herein, ] "hils gontract is amended to facrease such anount. T

o
special test < g0 aciyuired or fabricate ! ghell be considarced Geowvern-
ment FTropevty SR 1 ba subjsct to the provizions of the clause entitlizd
"Lovernment Prepsroy {Coust Reimbursenent)" of thhe General Provisions.

o

-9
J=4. Covernme:nt Purnishaed Fouivnent. In connection with ,the performance of
this contract tvhe Government snall iturnish to the Zontractor all telephone
lines and telechones medems,

J=3. Rated Ceontract.

This conctract is certified for Watioial Defense under BDSA Regulaticn
Z or DNS Regulation 1 and is rated DO-A7.

SECTION K. CCXTRACT ADMINISTRATION DATA.

K-1. Vouchers, identified by contract,.number, with supporting statements,
shall be submitted to the audit agency shown below for review and provisioaal
approval: Co

!

Defense Contract Audit Ageacy
Northeast Branch Office

424 Trapelo Road

Waltham, Massachusetts 02154
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LTION L. GENERAL PROVISIONS.

e Armed Services Procurement Regulation Clauses listed below are hereby
corporated in this contract by reference with the same force and effect

if set forth in full. The full text of each clause is as published in the
69 Edition of the Armed Services Procuremen:t Regulation, through Revision 11,
d applicable Defense Procurement Circulars through No. 107, dated 11 December
72.

‘AUSE TITLE AND DATE ASPR REFERENCE

finitions (62 Feb) 7-103.1
mitation of Cost (66 QOct) 7-402.2(a)
lowable Cost, Fixed Fee and Payment (72 Jan) 7-203.4(a)
andards of Work (59 Feb) 7-402.4
spection (59 Feb) 7-402.5(b)
signment of Claims (62 Feb) 7-103.8
amination of Records by Comptroller Gemeral (71 Mar) 7-104.15
bcontracts (72 Apr) 7-402.8(a)
ilization of Small Business Concerns (59 Jun) 7-104.14(a)
rmination (71 Nov) 7-203.10
sputes (58 Jan) 7-103.12(a)
negotiation (59 QOct) 7-103.13(a)
¥ American Act (64 Oct) N 7=-104.3
nviet Labor (49 Mar) 7-104.17
lsh-Healey Public Contracts Act (58 Jan) 7-103.17
ntract Work Hours and Safety Standards Act-Overtime

Compensation (69 Nov) 7-103.16
ual Opportunity (71 Apr) 7-103.138
ficials Not to Benefit (49 Jul) 7-103.19
venant Against Contingent Fees (58 Jan) 7-103.20
thorization and Consent (61 Jan) 7-302.21
tice and Assistance Regarding Patent and Copyright

Infringement (65 Jan) 7-103.23
tent Rights {Licemnse) (69 Dec) 7-302.23(b)
ghts in Technical Data (72 Apr) 7-104.9(a)
vernment Property {(Cost Reimbursement) (70 Sep) 7-203.21
surance-Liability to Third Persons (66 Dec) 7-203.22
ilization of Labor Surplus Area Concerns (70 Jun) 7-104.20(a)
yment for Overtime Iremiums (67 Jun)(Insert "O" in blank) 7-203.27
mpetition in Subcontracting (62 Apr) 7-104.40
dit by Department of Defense (71 Apr) 7-104.21(a)
anges (67 Apr) 7-104.1
chnical Data - Withholding of Payment (72 Apr) 7-204.9(b)

bcontractor Cost and Pricing Data (70 Jan)
ilization of Minority Business Enterprises (71 Nov)

7-104.42(a)
7-104.36(a)

cusable Delays (69 Aug) 7-203.11
atuities (52 Mar) 7-104.16
mitation on Withholding of Payments (59 Feb) 7-403.12(a)
terest (72 May) 7-104 .39
sting of Employment Openings for Veterans (71 Nov) 7-103.27
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LAUSE TITLE AND DATE ' ASPR REFERENCE
rder of Precedence (65 Aug) 7-104.56

top Work Order (71 Apr) 7-105.3(c) as modified by 7-205.6

eports of Work (60 Jul) 7-404.6

qual Opportunity Pre~Award Clearance of Subcontracts (71 Oct)7-104.22

iling of Patent Applications (69 Dec) 7-104.6

itle and Risk of Loss (68 Jun) 7-103.6

rice Reduction for Defective Cost or Pricing Data (70 Jan) 7-104.29(a)
riorities, Allocations and Allotments (71 Apr) 7-104.187
aterial Inspection and Receiving Report (6% Dec) 7-104.62

ost Accounting Standards (72 Jul) 7-104.83
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ICTION M. LIST OF DOCUMENTS, EXHIBITS AND ATTACHMENTS.

-1. Annex "A", Statement of Work; Specifications of Interface Message
Processors for the ARPA Computer Network.

-2. Annex "B", Requirements for ARPA Sponsored Contracts.

-3. Annex "C", Accounting and Appropriation Data.

-4. Annex "D", Contractor's Proposals. ’
-5, Exhibit 1, Delivery Schedule for Item 0001.

-6. Exhibit 2, Delivery Schedule and Reporting Requirements for Item QGO2.
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SPECIFICATIONS OF
INTERFACE MESSAGE PROCLSSOTS
FOR THE ARPA COMPUTER NETWORK

I. Network Description
A. Introduction

The Advanced Research Projects Apency, with the cooperation of its
research contractors, is forming a corputer communicztion network. By the
distinctive nature of tiiese contractors, this will be a highly irhorogencous
network. There will be many kinds of cemputerz iavolved and even in those
cases where two contractors possess similar equipweni, their oncrating sys-
ters and types of utilization will differ. Ou the ocher hand, this will te
a network of imporrent potential precisely due to making these ndvanced re-
search computer systers available to users out:zide their own design circle.
System variety is of utwost importance; any pr:iscnt similarity is to be con-
sidercd a happenctance of equiprment availabili'y and must net b2 an issue
of network desipn. Each system is oriented to the specialized research of
the centractor and after comnection to the net.ork, will contirze to opurate
primerily as a stand-alone system for that contrzacter's use. Lach contrac-

=hle to the network;
bowvever, networii cperatiosn must not depend upch any siop cantracetor's
machine. (lereafter a contractor's ccrputer is called a LOST.)

To effect graceful disconnection of 2 LUNST from the notwork and to
guard against burdeningy cennected BHOSTS with nutuoric responsidbilirnies, a
comtiunieation subner =0 :11 be constructed ceasn ntirr of store-ind-fcriard
coumputers (called TIX'S or interface messape processcrs) lecated at contrac-
tor sites. Each IMP sliall be connected to sevizal ctuer 3¢S by full duplex
S0 kbps common carrier ~omrunication links crocuting a stronply ianterconnected
net. Typically, there will be three or four full duplex lines at eath site
that can serve to benefit routing and network tufferinz. A lict of the proj-
ected network nodes and an illustrative interconmnectien graph is shown in
appendices A and B.

In addition to serving the research interests c¢f thc AFPA contrace
tors, the network itself is a subject of study and experinencation; for this
reason, data gathering faciliti- are incorporated into the network and must
be considered an inteprzl part of the hardware and softuarc design of the
communication subnet, The use of these facilities will provide a basis for
evolution of the network design.



B. Functional Description of the Network

For the purpose of delineating areas of responsibility and
specifying design requiremants the network is subdivided into the follow-
ing components:

1,

The USER SUBKET

a.

The HOST systems:

The contractors hardware and software pvior to or
independent of the formation or construction of the
network.

The contractors own hardware and seftware

individually designed and ir;lerented for hie owm
convenience in attaching hin::zlf to the network.

The contractors own hardware and software
specifically orientazd to his utilizaticn of scme
other BOST system within the network.

COMMULWICATICON SUBNET
The CARRIER systems:

The common corrier facilities available by
contract pricr to cr indepencont of the formation
of the network.

The circuit weitches, lea

zsed lincs, cats zets, and
line conditioning equipment

utilized by the network.

The IlP systews:

The store-and-forward r2ssapge processors
dedicated to the service of the nctwork.

The hardware interfaces attaching the missage.
processors to the data scis of the CARRILR.

The procedures, hardware and software, for
messape transmission, validaticn, failure detoc-
tion, recovery, and data gathering. In general,



those processes commrising the cormunication’
desipgn and performsnce of ths message proces-

sors which maintain at all nctwork sites (hereafter
called the CARRIER side of the I}P).

The hardware interfaces attaching the message
processors to the local HOST(s).

The procedures, hardware and software, for
message reformatting eithar sending or receiving
and as specifically required for the local HGST,
(hereafter called the HOST side of the IMP).

To visulize the opcration of the network, consider the following examples
of expected interactions.

Example 1. Documentation activities using the S.R.I. HOST system.

The HOST at Stanford Research Institute will meintain a network
library of documentation information. Some ol this informaticn is private
to S.R.I., scre is available to all network vcers, sorme is available to
particular network users. ‘lhe S.R.I. systems for handling such informa-
tion on-line is to be wade availszble to the retwork users. The on-iire
controls coming from aa S.R,I, cencole specify preciscly the pregram
control of the documentation system, Comsegquuzatly, the outputs generated
by zny console in the network can be rmapped into thz set of S.R.I. ccnsole
outputs by a reformatting proeram in the user's KCST and thus effect con-
trols of the 5.R.I., system. In the other directicn, the display output to
an §.R.I, ccnsole un*cgely specifies the vicible results of applying the
above controls, Ccnseventiy, the data stroci frem the cocnou.eT to tue
display system can be —apped into the ourpur data str2am required to
similarly display suen visible results at the user' site, This would also
be handled by a reforuatting program in the users' HOST.

In general, there 1s room for many different selections of how and
where to programmatically connect two HOST sites, the avove is only
intended as an exawple, We could just =s well elect to trznsport the S.R.I.
document to the user' YOST and reformat this document to a2 fovn acceptable
by the HOST System and then apply HOST display (or line printer) programs
to the resulting docurent,



Example 2. Network studies using the UCLA HOST system.

The HOST system at UCLA will include analysis programs for
studying network performence., The design of the IMPS will include
facilitics for gathering network data when requested and reporting this
data to other sites. 4 user at an arbitrary cecntractor site ray schedule
and run network cxperiments by supplying progrom controls to the UCLA
HOST system to effect the selection of data gathered and to govern its
analysis of the UCLA LOST system., Or, the usar may elect to have
the raw data sent to him directly for processing by his own programs.
To avoid conflicts, such 2rperirents will normally be schedvlied and
monitored by the UCLA iOST.

Exarple 3. Extenced concole operation in the network,

Since many sites have unique facilities, we can exnect rich inter-
action to accur, as it is only necessary to lovaoclicp ILILRCONIZCTICN
SOFTWARE in order to have utilization of the sower of snother contractor's
system.  Frem the point of view of the ARPA contractors as uscrs of the
network, the communication subnet is a sclf-contained facility whose soft-
ware and hardware is maintained by the network contractor. In cesigning
IKTERCOINECTION SOFTWARE we should only need to use the I/0 cenventiens for
moving data into and out of the subnet and not otherwise bte involved in
the details of suhnet operation, Specifically, arver checkine fault
datection, nassags switching, fault recovery, lina switching, carrier
failures and carrier ~uslity sssescment, as roouired to fuarszntse reliable
nztwork perioriaunca, cre the scle respunsibilily of tie necvo i controccior,

Howecer, during the parisd of design and concstruction of the roatuwork, the

user contractors caa provide aid to the network contractor as suggested
in Section IV B below.
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C. Functional Description of the IMPS,

The set of IMPS is to serve as the interface between the set of
HOSTS and the CARRIER nerwork. Each transmivting HOST looks into
the network through its adjacent IMP and sees itsclf comnected to the
receiving HOST (vhich responds to requests from the transmitting HOST
after a delay due to IMP and CARRIER conpesticn as well as its own
congestion)., Lach receiving HOST sees the n:twork throuch its adjacent
INP and responds to incoming data as from a sot of rarmote terrinals
raking requests. 7Th2 aetwork sees a set of IMPS providinpg and accept-
ing ressage traffic. Each IMP sees the network as a source of mossages
for its receiving 10ST, and as a sink for messages from its transmitting
HOST znd frem massaves using it as a relay IM?., ‘The IMP, as part of
its basic function must smooth out secvere fluctuations in the message
traffic by providing temporary message buffeving.

Thus, the IMP is to provide store-and-forward switching for
messapes exchanged betwveen the HOST corputers., It is to receive
nesszges frum its attached HOST(s) and I{rom other I!ZS connected to
it by mz2ans of comwunication circuits, Thesr messages, or paclets ot
messages, Are to be ferwarded, as appropriate, to the cther connected
IMPS or to i3 attarhed KEST(s). In thz exccuticn of tnese fuvncticens the
IM? is to cbserve rthe IMP-IMP communication protocol and the #1057-Ii7
communication protccol, as established by AR’A, A tertative versioa of
the protocol is provided in Appendix F. Thes2 activities of the 1P involve
the following functions:

(1) Breaking messapes into packets

(2) Mamapgeucnt cf n2ssape buffers

{3) Routing of messages

(4) Genersticn, cnalysis, and alteration of formatted messages

(5) Coordinavion of activities with other IMPS

(6) Coordination of activities with its HOST

(7) Measurement of network parameters and functions

(8) Detection and disposition of faults

The specific funztions to b: performed by the IMPS, and the
algorithos uvsed to irpiement the fuictions, are all subject to change with



time. ‘These chanpes may occur as the network changes in size, or
changes in mode of application, and is subjected to irproverznts and
experimentaticon. It is necessary, then, that the desipn of the IMNP pro-
grams and hardvare be such as to permit these chanpes to be made with
relative case, The program-hardware tradeofis, the modularity of these
elements, the ability to make program changes from rewote locations, and
the selection of the source language for the programs are all of concern
hare.

1. Breaking of Messapes into Packets '

HOSTS will wish to communicate with messages of longer length
than can be reasonablvy transmitted as a single block due to the increasing
probability of retransmission. Thus, a Packat is ¢zfinad as the inter-I}P
unit and Message as rhe inter-HOST unit. A packet will not sxceed 1024
bits in lenpth; <he 2285 wust break all long-r ressages into pultiple
packets, Massapes will be limited to 8192 bits so as not to require exces-
sive buffer space.

2, Management of Message Buffers

The IMP is to provide buffers for the termporary storage of
messages or portions of wmessapes. Those bufiers will be used:

(1) when speed convercions are to take place
(2) for nessages that encounter cdelays in being forwarded

(3) to provide a copy of forwarcdod data for which no indica-
tica Las yet beon provided of error-itce relfipt.

The IMP is to contral the flow of the data in and out of its tuffers, per-
mitting the flow of incoming dara from the net and from its 10T when
buffer space is avail ble, quenching this flcw when the space 1s scarce or
unavailable. This ccntrol (stimulating or qusnching) 1s brougiht about
through the use of I -generated abuoirial pachets.

3. Routing of Messages

‘ For each inzoming packet and each IMP-generated packet
"which is not destined for a particular IMP'S HOST, the IMP chcoses the
next immediate descination by the execution of a routing algorithm, Such
an algorithm will typ:cally take into account the ultimate dertination or the
packet, the connectivity of the netwerk, the loading and condition of the
commmication links and other IMPS, and the message priority. When
the routing alporithrm indicates that a message whould wait for a busy



chzanel, then that messace must be placed on 2 quoue in the buifer and

the rules d,prc*:xdte to the priovity diseiplinc in eifect must be adiared
to. The IM? will also be evwpeated to exchange routing and loading infor-
~ation with 105T: and sther IMP: of the network, as dictated hy the
1uuting prozess, thus providing periodic upcating of the routiug tebles.
(See Appendix G)

4. Ceneration, Analysis and Alteratinn of Formatted lessages

The message and packet exchanges between IMPs, und between
1: and HOST, will conform to the formats in the ARPA establi:hed prorto-
ccls. The IMP is to c¢cnstruct all of its outroing ressages cnd packets in
these formats. leader informztion on a message will be altered in the

T4P when appropuiate.  All IMP analyses of incoming r2ssaces and

.

cockete are to ascume that these messages and packets will (;r'ap: in
cazz of error) also coenform to these formats. Transnitting LWGT mes-
|8}

ceiving HOST
D Jokirts.
witl complete

i
sapes wiil be disassemsled, as requird, into packers. Re
vassages will be reassenbled, as required, fovm incoming
Tnus, in both trapsmitiing and receiving, the LO3Ts dial

PLSARESs
The IMP will provide the recessary sexial to parallel, and
paralled to serial cenvers:oms for communication with tie comvsmication

vircuits and ke attached HOSTs.

5. Coordination of Activities with other IIT

IMs will coordinate their acticns with other II7s in the net-
ek theough the 3z of IM2 or UOST peneratod mIiss. it CRoae Srasac s
w1ll provide for the pesitive or negative acitewlicricsat of f.ossagen, sad

the tomorary cessation ot reingtitution of minzare zruncriasici. khan
reguired, as througsh a negative acknowledgement, tha 107 will repent

sessaces which have ‘boen received in crror Terovrh whe -
senerated nmessapss, newwsrk status information will be com:
coiated through the nctwork for use in chanpin the rouvciuy oo les,

In additica to generating such ccordinating =—reszpes the IP
will receive and react to coordinating messages.

6. Coordinarion of Activit:es with i:s HOSI(s)
Cach IMP is reguired to coordinata its actions with its own

10ST. These activities iaclude the acceptance of ressiges rzei the
transwicring HOST upon request (at 1he ers cenvenience), and the delivery




of messages to the receiving HOST (at the recciving HOST's convenience).
Of course, if the receiving LOST breaks down cor cccepts wmesgages OO
slowly, then its IMP must take the necesvary sSteps to prevent further
messages from entering the net and being delivered to it. As r2ssages
arrive from the transmitting HOST, the transmitting I!P rust prepare
them into packets with cppropriate headers, and parity check bytes.
Message protocol must be followed in preparing these packets. -

7. Measurement of Network Paramzters and Functions

An I!P will, at time, be required io measure selected network
parameters. Tnesc paranaters mey include:

(1) occupancy of all communication circuits

(2) utilization of the IMP's bLuffer storage

(3) utilizetion of the IMP's CPU time

(4) delays encountered by ﬁéssnges due to IMPs

(5) failure rates cf the common corrier net

(&) meecage arrival rates

(7) message lengths

(8) dintribution eof network traffic

(9) net confipurations

(10) hore usc versus remote use of cozputer

(13) quéue lengths

(12} treasmitting HOST queueinp delayvs
In order to observe delays and the operation of the routing rechanises,
the IMPs will be requir2d to tag selected messages and cbserve ‘their
movement throuzh the notwork. These data gatherad by an 1M mav need

to be incorporated into an IMP ~ neriated message destined for its own
or ancther rcceiving HOST.



The neasurement activities of an IM? will bo selectivaly initiated
and terminated by control mzssages received rowm its host or ansther Liv2,

8, Datection and Disposition of Faults

The IM’ is to protect itself zad th natwork from the effocts
of faults, whethoer the cource of the fault is extzynal or intasmnl to the
IMP. The prolection prosess will davolve the daveetion oY faulrs, and a
reaction to Ffaults, vnzte a primary goal of thz reaction Is to contain tie
effects of a fault. fTnese cetivitics are to be cssentially aupcmaiic requir-
ing little or no Luman interventien,

¥? pust continually
waunication

]
fal
-
A

To detect faults from external source:
excmine and analyze the sipgnals presented to it by
channcls and LOSY-1MP channels, The analyses sioul

(1) if the signals adhere to tha established protocols

(2) if the data centained in a =m2ssape for use by an I
is valid

The various forms of errsr checks specified in the protecols diwzetly
relzte to this fzult detection process.

(oo

-1
ooCconsaracyu
PR
e

The detection extevnally caused faulrs wust also
[ t e

N
- L .
with abnormal tive behavicr of sigmals., For ipstznce, sijflals
too rapid or toa slew inm respcase nay indicate the presaaze of o fuuvlt.
The pon~responsive cuternal source should be dutected o

ef tiwing procedurcs.

"11.,.').‘-'_‘_;;1 Poow Msd

tboevio.ot e fuolaklr Atk
effcoy in a mroner that results in the corrupirra of a nirluwe qvmader
of rmessapes. Such isolution may involve the nogavive acunowled; =ment

cf 2 packet or a ressEg.

Recovery procedures should be used to restore sesviiz, in an
orderly menner, when the fault has been removec. Tramsmission faults
ray be overcome by retransmission of the fauity data. wztwerk control
sessapes exchanped between IFPS may report the rescovation to sérvice of
a faulty IM or HOST.

The IMP will be so desigred that it can be stopped, started, and
its operating program loaded or examined by s2lz2cted network Hi:Ts.

10



e processes and enployineg the netuvorks com-

Such '0STs, using epzeoial gecur
wunicatvions facilitics, way be used to effecti the vemote r2covery of IMpe
svifering from serigus faulte, Such recovery vy effcet the automitic re-

start, with a fresh program, of a hzlted IMP.
9, IMD Soffwave Szparation Protection

Since there is a portion of the IMP coftware that th: HOST's
staff may write it ig required that hardware protcction bz provided to
prohibit that portion of the software from narming the basie IMP cpera-
tion, Standard protecticn hardware for providing a previleged azecurive
wmode should be adsauste, The costs for such hardware, if available,
chall be idantificd.

The protection required should prohibit the '"OST's staff program
from;

(1) contrnlliﬁg any TMP input or output opsraticu except
those oL the HMAST-IMP channcl

(2) changing that stored informotion requived by the [MP
to serve the rewainder of the network

ag the processing or storcge capabilit
5 I

e
“:P in cvch quantities or at tiuss that
rzduced sarvice to the rocimainder of the

G, Tne MOIT-IMP Interfaces

Dur Lo the variety of YOST
3 =)

> Sar
exieling on-Iiv: o plants into t 2z, btoizovotr woesivlae to
decerite a uwniverzs) menrer of TMP cenrection 2upraprizte to all YIST sys-
Lews,  The cointract -z, tlerefore, nzed not p_apcae irdivides] medification:
Lo intevizce ta encn hsst; rather he chould prousze a single standard inter-
faece:.  AlY wodificnticons tn that *ntarfgce will be tacked coparntely after

contyact award.

It is desired to ezch IMP interface to more than ore "MSET using a
raltiplexing scheme. The hardware and softwave necessary to accinplish the
wiit iplowing mAay be too complicated and expzneive to warrant its Lmplementsz-
tinr., ‘The Contrzetor shill include his owm evaivation of the additional cost
of "interfacting to multiple 40STs, but should rot include that cost in nis

basie proposzl,

k
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The softuwar within the 1MP can be fuactionally ceparated into two
categories: (1) theo HCST sidz and, (2), the =ztnorh side. Sinze the HOST's
staff can progran the LLP, it 15 recommanded hat physical ceuwsry progecilion
be provided. The f{olluwing functicns should b; included in th2 software ol
thc LOST side of the i

(1) I}Y-HO5T single channel control

(2) Buffers znd buficr control

(3) Messape to packets and packets to nessage convirsion
(4) Packet formatting.

ho contractor shall lcave sufficient memory space for the HOST to add spec-
izlized routires to do:

{1) Character code conversion

(2) Testinaticn discririnaticn necescary for nmultiple HOSTS
connectsd to the IMY

(3) Fepacking of binary mescages.
E. The I!P-CAFRIEN Interfzces

The eonly viriation from site t
ig e yuvhar of ottached avaezits, €0
icenddeel av il siteo. Tiis will be a
cituersion to handling sin (6; data-zets, asyn.. il v
irplecerted in a rodulor way with data-sz2t control carsy cooisnd utcd with
-up]b. carricr link, dhe junitial irplemsntation neec oalr ciiiiln these
rcovles implied by the cormonicatien circuit cop of \3“nd¢x $ 0T 1S eqaiva-
lent ot the time of toral network irplementatizn, aithoups sin data-sels
rcy bC connected to an 1P, the software should be disipnsd to optimize the
tite delays within the IMP for three communicziions lines.

2
ry 1
=
(44
n

d for the CARPIER

In order tc achieve the speed and sicplicity dusire
llowing functions:

side cf the I, ~hannel bardware i: required for the fo

-

-
1
4

{1) Chzracter sensing, «s required fer start, stcp, and escape
characters

12



(2) 24 bit cyclics pafity censtruction and comparison

(3) Real tiz= clock of bit timz (20 mieroseconds) Tresolution

(4) Fault detection and status presentation of fault type.

1f hardware is mor utilizcd $n the design, the ability of the soft-
ware to accomplish these functions must be cloarly demonstratad.

F. Network Performance Characteristics

The criteria vpon which the retwork will be judgad and their
priority are given below:

(1) Message delay
(2) Relisbility
(3) Ketwork czpacitcy

Yor the purpose of calculzricn and evaluation, 2 <
network is pressared.  The medel sheuld alles th
his “dezs withoot eithiar kpewiny the speciiic waepoiopy of e netvyaTy
(wnlgn is not yet fiued) or using the estimar.d (end L“;e-:auiz) HesT to
LOST trerfic statistics presented in Appendix E.  The mocel e ould be wsed
{u caleulating the doi-ny times and networr €. pacity.

14804 -2dal of the
rzuzor to evaluace

1. liessage Delay

The ressa; 2 deloy is the tire retuirzd for a 100 sharactes
meEsere (single packetl m2esaye) to go from o or : 2i-op0iad
with the scadingz HOST, to the destination 110 (ot the
receiving HOST) . it s desived that the averupe Lossagd deloy ove
entite network be minimized. In particular, (nz averaze nes:sige d
stould be less than 1/2 second for a fully louded network (&= descr D

in 3 below).

The following factors shall be includad in celeulation of the
messape delay:

a. Conxunications D:lay

1
e
o]

b. Full Packet Trani;mission C:zlay

13



c. 1M Processing Delay

.d. Queuing Delay

e. Average Path Length in 3tore-und-Forsard Operztion
2. Reliabiliry

It is vit2lly important that the usere have conficdznce in the
overall reliability of tha newvork., Low preanbizily o wronz or lost
messages, parcicularly whea underecied, is ¢ »ll zaan tipa
between failurzs cue to uadetected parity ervovs 1o toil to be less
than ons ressace per yeal; other esvors will nop:ful jomcrense thiat
rate sipnificantly. Errovs that occur after the T s p.ssed to the
HOST ehovld nea bz consizzred. Also, when & Hu3L rizuies o atCept
ressages, the loss of those messages, if repoited, is wot considered
as irportant as other losses.

3. Nezrvork Capacity

Third and lewest priority criti.ico 1o it netws.ik casacity,
The canacity is reasuved as the manimun bit c2te tuat cLn ba dnpur atl
every node and svill have the wissape c2lay wwwnin iy 472 Lzzaad,

It ic ewnected that the czpacity will ba appoonlostony 20 kb ner noZe far
notux with three communications lines. The bideay shenid elze cakoulaga
(b2 zingle nsde pawinum input vate with 211 .ihzr nolins quist os a
funciioa of the nusber of communicatdona lin:is coancctd to 1Lt nots.

4, DNetwork lodel

The folloving is a simple model nf the wxtucrk doscribing 173
topology and data transmission, Several pavai2tess Jrs given o aid in
determining ¢he delave encountered by packeta.  lhae prravotzic are
riven as averapes over the nodes and oveyr a nmdar oF sarpla networks,
wWhat is not included fs the processing tir2 .ud quuuing calay.s reguited
to cceonplish all the network functions, whica shotld be estivated by tas
btidder.

a. The nuwber of links which a v2ssage mugt travarse to
.get from cne node to another (represenc~d by ihe letter m is 3.

b. The nunber of links comnected to each noce (represented
by k) is 4.

14



¢. The input rate from the 1IOST to the IIP is 20 kilobits
pt second.

d. The traffic flow on each commmicaticn channel is 15
kilecbits per second.

e. The nizas and dlstributicn of nocmzl pockets will be 50%
112 bits loma, ezd S0% 1050 bits lung, Ez2ch of these pachuzts muct be
chuowlsdge snd sn acknowladgeeent packet 1s 112 bLits ongz. “he total
intributicn of pszkets is tharefore 75% 112 bits lcag and 237 1040 bies
g. The average nurber of bits per packst is Cherefora 35~ vits,

[ g A ]

an

£, All nodes are separated by 3200 milas. The pradicted delay

dve to disctznce oa the comsunicatviens line 4s 5.5 microseceads per mile,
In sddit’en, there is an a2stimated 780 micror:cond deloy in ti2 modam.
Thus, totzl dalay due to communicaticns is 3.17 rdiliseccads por link,

The pararcotars described above will allew caleculation of: the
total input rate into each IM2, the rate whica pactkets enter ~nd leave
2 node and thus the tiize aveileble to process thoug zzd the tocal resssga

delay., The biddsr shculd illustrate that tho proliissor choses will achicwe

the ressage delay cnd cowmmunicevion line capzcity rodelzd or, if it can-
nrt, determine what massape delsy and capacity it cun mziatain.

G. MOST-HOST Tratffic Characteristics

The HOST to HO3T traffic volumes shewn in Appendix E core
bzied on the best (allait poor) cstinctes avallable 2t this ture, Meote
=% the traffic ¢a fhe wrarscus cosauinlclticn LTlvudd €020 . It i3
necessary to acgoint for the nature of the routing dacurines vsed by the
i!Ps in order to develop estimates of viscuit traific.

g =
LR

The trimodal characteristic of the traffic avises feom the thres
peneration nechanisms at work. Type I traffic (hiph rate of crigination,
short length) 1s dirzcily related to the individual ke pozrd s-tions of a
vser at a console. Type II traffic (mdodarate race of corizinauien, madium
length) represents responses directed to a teletypowviter ~echanism or
to a cathode ray tube <display. Type 1IT crafic (low vate of origination,
long length) represents large data transfers to land from rapguatic tapes,

‘disks, cores, etc,

15
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The traffic genzrotion precesses ave ot nrcessarily incezendent,
far o meecage £rom are host {9 enother may well give rise tn a wessage
frem the latter host to the former. One message, for instance, may.be
Typs I and the resporse 1ypa 1I. Because of the interactive priless in T
which many uczers may ba involved, this ferr of trafiic dzpendency mignt
be quite prevalent.

_ _ As 2 result of tha cermunication protocal, the comnunicztion
circuits will be subjected to IMP generated traffic., Massage acknowledge-

ments (Appendix F), for exzmple, contricute to this additional traffic. ’
$uch IMP geusrated traffiec is not included in thz estimates of .ppzndix E,

H. IMP-Operator Interface

_Thc intcrface with tha operator is to consist of lights (or equivw-
alent dicplavs) and cwiteba2s only. No restrictiong nzad be immusead regarding
oparator access to the lignts, It shall be pessible to vestriet (perh2ds by
use of 2 lock and key) zcozcs to those switches than can be uzed to affect
the cpzration of the IiP,

_ Appendix D, "Input and Output Fzecilities for tha INP Oporator®,
coceribes the tinimm fzeilities te be provided. Additioral facilitics
ahard g 3 : - L . . .
should be provided as 12quired for reasens of operation, duBugging, and
moATERTaAReo,

11. Network Contractor Performance

This contract is for the installation, operation and maintenance
of a multiple-node network, servising as the communication facility
for research and development of data exchange among computers. At
each node, there will be at least one (1) Interface Message Processor
(IMP) or Terminal IMP, as given in Exhibits 1 and 2. The Contractor
shall have full system responsibility including design, development,
fabrication, installation, test and maintenance of all IMP's in the
network, including the communication software. The Contractor shall
provide system documentation in mgard to the IMP hardware, the
communications software, the IMP programming language and the appro-
priate'interfaces between IMP and Host computers and between IMP and
telephone circuit modems.

16



A. Dasipgn the CO:ZHTICATION SUBKET consisting of:
1. 1MPs (interface meusage processors)

2. data-set gultiplex:: interfaces capabls of
handl: rg sdn (o) tuii-duplex 50 kbps linus s:.u'LunnoUbly anii prow101ng
the 1/C precessing regrirzed for full occupancy of ail ines.

. HO3T-1i7 stendard inturfaccs capeble of
dna ditn ob.a data ratz in excess of oue s2cabil pex gecond.
1y one-hilf tic iiP wemory data vate).

4, The comnication software, which must providc

a. Store-and-forward facilities with dynamic ronting

b. Positive aad nepative nessagce acknowledgemanl

c. TFsult detecticn and recovery to guarantee virtually error-
free transmission

d. 112-1:» control and response as reguired by the gsystem
desizn and netvwork pazarneter mrasurerent requirements

e. lascape decompesition to comnunicaticn vacket
reasscrbly to ressaps form in the transmitting and receiving
rcspectively

LS
i

rr] ki)
|7 M

H

f. Pcieritvy handling of sherter musadges

5., 7The asseualy or corpilatien sofrvavc xiavizid for tae coms
struction of I!Y prograwms by fhe user comtractors, J.ploseated ol
some system or syestein: accessible to the user conttinfliors.

B. Construct a prototype IMP including ihe TFP-CALRILR /nd
HOST-1'® interfaces. uwrite, checkout énd ceuncnstrace the corruni-
catien programs coperationally in this protstype. JaAttach tiil.. orototype
to the selected CARRIXR and carry out a clesed losy coaneeticn and
Jdomonstrate the operacion of the communicaticn systam cesdign as pro~
posed by the nzivcik contractor and acceptod by Alla.

17



C. Construet and install 1MP3 »nd zssociated interfaccs
and demonstrate the total network design acs prvopasead
by the Contractor and accepted by ARPA.

D. At the tinz of completion of prototyps checkout, the Contractnr shall
prcvide system documentation in regard to the IMP hardware, the communication
software, the TMP programaming langusge and the appropriate 'OST~IMP interface.
ITI. Elements of System Cecsign

The network Contractor chould be sure sure to include his considerations
concerning:

A. Mescage decomposition and assembly in terms of efficient communica-
tion packets,

B. Acknowledgement procedures.

C. Routing alzorithems,

D. Traffic control,

E. Error ascecsmznt and reoecovery.

F. IMP-HOST interiace.

G. IMP-CARRICR interface.

H, Fault recovery,

I, IMP-IMP control messages and interrupt facility.

J. Estimated tining factors, e.g., queuirg and procezzing deleays in
packet trarzmission.

K. Network perfor-arnce measurcments,

L, Buffer eizes, memory size for the CARUIER side of the IMP, memory
size for the 1'3ST side of the IMP.

. M., Network porformance estimates of the totally implewmented network.

18



N. Complcte dascription of the processor and peripheral cquipment*
required

0. Description of all special purpoze hardwzre required.

The network contractor should include his ceusideraticoms concarning the
following optional itens:

A. Modificaticns for multiple HOSTS connected to cne IMP

B. Memory protection to maintain store-and-forward operation
during checkout of new IM2 prograns

C. Additionzl hardware and softvare neccssary for the IMP to

be a termiral eontrollier and/or (:ta contzuirator for its
HOST or for the metwork (i.e., mo HOZT, just tcroinals).

%It is anticipated that rass storage devices cuch a5 tapes, disks or
drums will not be required for the nermal opzratica of the 1N,

19
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APPERDIX C

IMP DELIVERY SCHEDULE

§ﬂ£ Oparational Date
{in months after contract start)
University of California-Los Angeles 8-1/2
Stenford Research Institute ‘ 9-1/2
University of California-Santa Barbara 10.-1/2
University of Utah 11-1/2



APPENDIX D

Input and Output Facilities for the IMP Operator

Outputs

1. Contents of the program counter

2, Contents of tha instruction register

3. Contents of the accumulazor register

4, On-off state of electrical pover to computer

5. Run-halt state of computer

6. Busy-idle state of each direction of each IMP-HOST channel
7. Transmit-no transmit state of each communicaticn terminal
8. Receive-no receive state of each cemmunication terminal

9. Ceanected-not conrected state of each suitched communication terminal
10. In service out of service state of each communication terminal
Inputs .

1. Change contents of the progrom counter

2. Chanpe coatents of the accunulator

3. Turn electrical on-off to computer

4. Cause computer run, single step, halt

5. Cause conmputer to load from HOST or commuanicaticn terrminzl
6. Cause computer to dump to HOST or communication terminal
7. Cause master clear in computer

8. Make-busy specified data termiials

9, Force disconnect of specified .Jata terminal

10. Limdt-no limic access to all o:her operator inputs

\
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lAPPENDIX F

DATA COMMINICATIONS CCIVENTICHS

This sectior cuscribes the data corrunications conveations which
specify at a gress level the protocol which allcews the host to conmunicate
wivh its IMP oo e IMP's to comrnunicate vith one another. This sec-
tien, like the citers, is desipned to provice puidelines to the contracter
vho may, if be wishes, modify any part oi the cescription in his proposal.
Uach rodificetiv will be evaluated, and will be considered in the final
centractor seicction.

l0ST TO IMP

The Host zad¢ the IMP cormunicate using & form called a lessage.
There are twa i nds of messapes, the first being a essage cestined for
(or cozing fr¢:) cnother liost; the second is a nessape to ko interpreted
by the IMP as oo IMP commund (or generated by the 102 for the informa-
tion of the Lezx:). The first type of ressars will Le called the "Yormal
rassage becavs: the primsry function of the lessage Switching network
i3 the trans:.ssion of this message to the dastination hest. The other
tvpe of messc-o will be called the "abnorral” r
for functicns such: as the ruery to (and responge frew) the Host to insure
that the Heso {on¢ IMP) are functioning protcrly, error rzssapcs to indi-
cate format c¢v ilicgal character errors in “vormal' rescages, etc.

SORVAL VESSACL

A noxral ;. rnes2 vhen tronsmitted to the I17, will consist of not
rore than &,1v> Lits of informztion and should contain the nare of the
cestination L.on: and identificatien rumber waach can e used for refer-
ence by the 710 sond the receiving lost. The bit structurce ol the normal
sescace will 1. (uceideé by the llost znd will protzbly te different from
rachine to wocirz. It is the liest's respousibility, newaver, to provice
thhe charactsr wwounslation program for his 1iT which converts ais bit
~attern to th¢ oiundard form used on the retrork.,  Since tiie translatiom
say te greacsr lnn one fer one, the messagpe may now Le greater than
sho oripinal o, : 2 bivs. The IMP can then roke a decisicn to send the
ionger message or return an abnormitl message saying a format error
hzs occurred, i drop the ressagoe.

e

The nornul r.uocsage has two kinds of informatien - character and
wiaary. The rrincipal differcnce tetween the handling of these forms of



information is that the character text will be transfonved from sending host's
forrat to network stondard format and then, sfter transrission is cospleted,
to thie receiving host’s format; wherezs binary text will be received bit tor
bit identical to what was sent (though sore ninor modifications may be made
during transmissicn, as described later).

ABNORMAL }NISSAGES

The forrs and types of abnormal messzges have not been worked out in
detail. It will be the Contractor's respensibility to decide what is required
to meintain effective cormunications betwveen the Host and its IMP, The rost
irportant constraint is that the number and variety of these rassapes be min~
imized 0 as to mipimize the burden the IMP places on the Host (this is a2 basic
network tenet).

Your quotation should contain supgesiions of the t
messages that moy he required. This will by no reans be b
pected that the final form of abnorral messz 28 will not b
the testing of the initial (four node) networi,

vpas of abnerrmal
wiing; it is ex-
docided until after

I} to IMP

IMP's cemmunicate with onc another ucing forrs callued Packens, Tharce
are two basic kinds of packets: '"Norrzl' packct is any packet whese final
destination is as a normil wessapc for a Hostj an "ihrowmal” naekel 1s a
packet vhose final destinatica is an IiT. all packets ave ton be cauval to oF
less than 1024 bits starting with the first chaTroter of tne Leacer and cor -
tinuing threough the pordity ceda. A patket bizs *h 2o elomnad
structure: a liezder uhich must be present in all packeis, e {Dinary
and/or Character) which may be missing or null, and the parity check which
will be 24 bits leng.

To sinplify the logic and programming required, all packets will be
transmitted on a continuous stroam over the communiceiicn live between I1Tts,

i.e., no nesting of packets is permitted.

MORMAL PACKETS

A "Norral" message may be broken into several packets according to
its size (multiple packet message, MPM), but a packet will centain only cae
message. The packets in MPM are not bound ctocether until thev reach the
destination I!P where they are forzed back into a normal massage.



They way even flow through different paths of vetwork and reach the
destination I)P out of scquential order. A r2ssage may also be srall
enough to fit into a single packet (Sirgple Pucket Massage, Spi), or very
small, c¢.g. single character (Very Small HMeseags, VS . All uorral
messapges genevate norcal packets at sencing, nd visa versa at receiving.

ABNORMAL PACKETS

Abnorral packets are used for error control, acknowledsarents,
and the transrissicn of netwerk status, e.g. néw routing tables, communi-
cation line down, IMP dowa, Host down, measul oint inforrmatica, etc.
An abnormal packet mey be generated by an sbrorral nzssage or tecause
of sore spccial intemial state of the IMP, €. buffers full, All abnormal
packets must be acknguledged with the exception of acknowledgoment and
negative acxknowledgerent packets.
PACKET FOIINT

The Facket Forrat is bzsed on an eipght bit codz (character) format.
The packet is sent in 8 bit transparent binary form, independ:nt of vhether
the tex:i is binary or character. Four specici centrol characiers ale
required te delimit the stort and end of a pucket and to maintain the com-
mmicaticas line. The control characters arc:

SYM(Synchremization character). This charactes is used to
€111 :“a cormunic- ians line between prchzts; this is required
becaus2 of the synchronous coainmicativi. live.

ST {8y rt of Tuxr). This charvocter ipdicotes g start e a

packet and m.3t be preceded by a DLI.

ETX(End of Text). This character indicctics the end of a
packet and must be preceded by a DLE. Tue three charactey
cyclic checksum must £2llow the ETX character,

DLE(Dz2ta Link Escape). Tnis character is used to indicata

the packet is trausmitted in binary fore. DL is the oniy
charactetr thizt must be handled as a spacial cise within tue
packet. If a DLE occcurs within a packec it snould be preceded
by an additional ILE on transm.ssion, which chould be delated
upon rcception of the packet.

27



S S bS Fixed PDECCCS 5
Y. .. .YLT Leagth TEXTLTISSSY ... .S
N N E X Headar EX123X N

The header is fixad length and contains all the informaticn required
by the IMP's to transmit the packet to its final cestimation. The packet
header cs cavisicned to date is ro contain six characters with tihe follow-
ing informocdon:

1. Destination Code (8 bits)

2. Origin Code (& bits)

3. DMessage I. D. (16 bits)

4, Packet Nurbay (5 bits)

5. Hand Over Nuzior (6 birs) ,

6. Packet Priority (1 bic)

7. End to End Messare Acknowledgement Required (1 bit)

8. Last Pecket in Message (1 bit)

9, Text is for I rza2ther chon Host (1 bit)

10. Text in Packer is in binary (1 bit)

ERROR CONTLOL

A tweaty-four bit cvelic parity check has been chosen as 1n2 error
detection scheme. Ths eyelic parity check ccrrespeonds o pcolyromial
multiplication. & 1070 bit bleck of binary data may i interreted as a
polyneomizl a{.) wi dosree 999 vhose coeficfents are xuoois anl ONRS,
let g() b2 2 polvuorial of derrea p with binary coefricients. The prod-
uct a(x)p(®) or the o polynonials with all ceaificicnts reduced modulo
two corresponds re z blazk oi ICCU + p bpits vhich may “2 errer checked
by polynorial division by (). I: ic possitle to arrznge naiters so that



the first 1000 bits arc cxactly equal to the inforrnatlion bite and the last

p bils are parity check digits, This is possible frem the Luclidean divi=’
sion algorithm by selecting the Iast p bits Lo coxrrcspond to the remainder
polynomial when sPal) ts reduccd module (). A p stage lincar shilt
regislor can bo constructed to pozfoun divizion by g{x) and this samo.
device can also be uscd to detect the prescuce of crrors sincec that

opCy -"11.]02\ r qm\'cs t.hv:rmn hy g x) joo. Tiz g(x) recomracnded is

gx)= (o o ok 1) G Cn e +1), The shilt regisier whichimplo~
ments tlns code ia illustrated bc10w. LA

\r : + ] \7

v \ K
=004 {'}}‘CE;UE.;D— 1% 3 "]\,C‘OD(\_)DQD{}'JOD- -DéD 1h] .~«D {}-{rD- L0001 0= \‘;?

w-!

INPUT

This devicz is uscd for both the gencration of the checlisum and crror’
detection. The device must be clearcd upon reccipt of the 28 seguencu

LT
S ~ X
and started on the firvsi character following the T caaracter,
' X .
The generation of the varity code is done by pascing the pazket bits cireoam
_ : > .
through the device (including the {inal LT). The parily code is thea the
X

24 bits left in the device and is obtaincd by shifting the bits out, packing
theim into characiers and Lransmlttmg them (high crdes bit is the {irst ont
~t of tho sl/'nft rcgister),

The detection of crrors requires the passing of the packet through the
DE .

device until LT is sensed.” The ncxt three characters (the parity code)
EX .

arc input, then the 24 bits in the device are sensed for all zeros which

indicatcs that no error has occurr:id,
-

Using this parity check scheme th: mean time between undetected errors

will be approximately 1/2 to five y :ars throughout the entirc net,.

L:..‘ ! . 0 {_’:’
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NETWORK PACKLT FORMAT
(Exarple)

 Bits
N !
) DLE j 8
I ;
P STX ;8
! :
i PRIORITY (1), FOR IMP (1), HANDOVER #(6} : 8
: |
. DESTINATION i 8
ORIGIN | 8
i
MESSAGE 1.D. ! 16
PACKET #(5), LAST (1), BINARY (1), E¥D ACK. (1) , 8
]
COSTENT TEXI COR BINARY 0-117 CHARACTIRS 0-935
i i
DLE | 8
ETX 8
CYCLIC FARITY CHECK 24
Total Length 104-1040



APPENDIX C

ROUTING

An IMP, uvpen receipt ¢f a packet, rust decide winich of its com-
wunicatioas lipks to send the packet out on., The line is chesen using the
Rontiag (RT) which mesn be gonerated by the T!P from the Inter-
conni:cion Table (ITY, The IT is a tabular doscription of the intercoanec-
tion b.ooween nodas in the netuo:k, and is identical in each IMP. Each
IMP -ocx nlio have a routing table toc tell it divectly which communication
line is best to use to pet a pahkcc to cocther nede. This table is called the
RT and 4s diffcrent iv ezch L3P, escribed below is one method of obtain-
ing the routing; therc are many others. The contractor should descrite
the on:: chosen for his system. The method bolew also chooses a particu-
lar newwork ccafigerscion as an example. This notwork will not be the fina
configuration. Im 1lis schere an intercadiste tadble must be rsonerated frg“
the IT which deseribas the nusber of links to the destination IMP for each
cormunicarion line. The RT is formed from trl.» Intermzdiate Tible by
sorting the lines into first, second, tnird -nd fourcta choice.

Intercounection Table

The Hetwock, a3 prosently conceived, wi
laased line cormunications. The IT will th
changing only to:

1) hzve all point to point
zycfore be fairly stabls

~

(1) Shouw the addition of new nodes andfoc communication lines, and

{2) Refiﬂft the irt that an IMP or conouvnicatiea lire his gun2 down
or has coaz Lack vp.

An exsrple networ! and its 1T 4s given below. The nodes are
nushered I:um 1 to 15, wicth a3 ¢ indicatisg no coniedtion exists; tue four

comrunication ldncs are lettered A, B, C 2ns D,

Internediate Table

The Interrediante “unle is gonersted in enach IMP fren the IT each
tire 2 changz in the 1T occurs. The techaigue employed in this scheme
involves starting with a cleared tabie and errering a 1 in the rows corros-
pondinz to the n.des conested diractly to youcrs (nzarest neiglbors) and
in the Lc‘uar repressuting th; aszpropriate coxtunication line. Then
iind the "nearcst neiyubors" of &1l nodes with a 1 in its ro and place a 2

31



in the apprupriate columa. This procedure should be continued vnril all
entries in the table are covered, In the exarple, the Intersadiate Teable
for SEI iz dovelopod; this table would of course be difforent fer ecch nade.

Rogting Table

Tre Routing Table is a deseription of 2 priorlry of the comnmunica-
ticns 1 nes in torrs of the pusher of links regquired to pot o packet to its
o>

3 1

riacation. The c¢oluras are nunoerad, vith the first enury being tie
hizhest priority choxce. Entries in the Inv2 rreodiate Takle that are two or
more higher than the mirimum encry in the same row are vnder! ined in the
Routing Teble. They are bad cheices because the routing doc:rine at the

next node will probably send the packer dircctly back to the original node.

T
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17

13

19

34

Interconnecticn Intermediate Routing
Table Table Table

4 B ¢ D A B C 102
19 7 2 0 - - - - -
8 1 3 0 5 4 1 C B
2 4 17 O© 4 3 2 C B
75 3 0 5 2 3 B C
8 6 4 0O 6 3 3 B C
9 5 7 0 6 2 4 B C
6 & 1 0O 6 1 4 B C
10 5 2 0 5 4 2 C B
1012 6 0 5 3 4 3 C
i1 9 8 o© 4 4 3 c A
18 14 10 0 3 5 4 A C
612 v 0 4 4 5 B A
1512 ¢ .0 4 5 - A B
15 13 11 ¢ 3 6 5 A C
216 1% 16 0 2 6 5 A C
1312 17 0 3 5 4 A C
31/ 18 0 3 4 3 A C
1719 11 0 2 5 4 A C
1815 1 0 1 6 5 A €
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ANNEX "'B" '
RRQﬂIRFJENTS FOR ARPA SPCHSQEED CO'TFACTS

I. GENERAL INFORMATION

a. This is an Advanced Research Projects Agency (ARPA) sponsored coniract ang,
as such, contains certain requirements not necessarily contained in other Covernrens

contracts.
b. The Contractor shall meke maximum use of DoD sponsored Information Anzlyses
Centers (IAC) in the early stages of work under the contract. A list of these centers

will be made available upon request to the Director, ARPA, Attention: ARPA Technical
Information Office, 1400 Wilson Boulevard, Arlington, Virginia 22209.

II. DISSEMINATION CF INMICRMATION ,

a. Clessified informetion end ell informetion produced under classified
contracts, which the Coniractor proposes to release to the pudlic, zust be review
prior to such release. This applies to all types of discleosurzs, e.z., eral/visu
disclosures by presentations at unclassified meetings or documentary disclosurss oY
_publication of papers in technical journals. It includes publicity releases, s2izs
brochures, advertisezents, etc. Requests for permission to release such informaticn
shall be submitted; in five (5) copies, by the Contractor cirectly to the Directcr,

ARPA, Attention: Security keview Officer.

"
ead
-
[
24

b. Unelassified in“>rmation not generated wnder ciessified coniracts, such 2s
besic research performed by Universities under findamental researcn contracts, coes

pot require review and epproval in accordence with a. ebove.

c. Unclassified information developed wndéer unclassified contracts awarded 1o
collezes and universities may be relessed %o tie public without review and asprovel
in eccordence with a. sbove provided that no access to classified inforzation was
required by the researchers either during the developzent of the program or during the
performence of the contract and provided further that release of the information is
Dot otherwise limited by the terms of the contrast. T C

III. OONTRACTIOR REPORTS

- The contract will specify the reports, chosen from those listed below, that ere
required under the contract. Reports shell be prepared in accordance with the
guidelines contained herein. Deviations in content, format or trequency must be

spproved in writing by the Contracting Officer.

s e dmiieceme e - m i T .. mee = osm

Dss-w -
Rev. 7/1/72



’ MANAGELZNUT RRPOSTS

2. The conitract will specify whether the ranaze~ent report Is to be pregaric on
2 monthly or gquarterly Ireguency. Te0 {2) copies of linggement R2poOTis snould ©e
submitied to ARPA, Attentiicen: Program Managenens, by the Contrector within 15 Zdars
after the close of the reporting period. Thne following symbol shall be promirenily
displayed on the cover of each Monarement Repori: Tomm Asproved, Budget Rurezu in.

22 - R0292. Tae initial reporting period will oegin on the first day of the ronih

followirg thc date performance begins under the eantract. Quarteriysreports will thus
cover three (3) ronths of effort and will not necessarily Fall duc on calendar quarilird
The Contractor shall notifly AFPA promptly of any ILajor occurrence of a technical or
menagemant nature that takes place between +he normal suonission of reports.
b. The Manaperent Bevort should be in letter Zorm and, -generally, should nov

exceed three (3) peges in length. Ivs primary purpdse is to info:m ARPA management
of significant events, accorplishnents, end problzzs associated with the prozrzss of

4 saoulic

work. The report should represent a narrative sutmary ‘of the work underway &o
be preparasd to reflect the topics outlined velow., Ay of the iopics below may be
covered by noting such commznts es "none,” "not zoplisatle," or 'mo significant caznge
wvhen gppropriate. (The Manageraent Report srould ot be used to drcumant technical
progress or contain technical charts, grapns or formules, Such cata belong in

technical reports.)

1. Resesrch Prosrz= Plen. A brief stalezant of the progren's odvlectives

=y P LS St v &

gnd the plan for researcn should ve shown in this ifem.

2. Mezdor Accorplisnmants A brief daseriztion, wriztien in non-iechnicel
terms, of any findings or accomplishzants that srould be orousht =o thez atiensicn cf
LRPA management. The accomplishment of maler rilesiones (whnare =he regulsr zil2stond
report descrided telow is not r cuired} or the occurrence ol tecawwlogical
breekthrouzhs should be reported.

3. Protlers Encowntersd. This item should Inmoluds &iffieulties wihich have
effected, or could afiect the progress of the werk. Thesz2 weuld ineluds pretism arsas
of managazent sigrificence such as: Personnel, Jacilities, conirzcis, Iinds, striiss,
disesters, etc, Significani problems of a technical netura should elso be incliuded,

in brief, non-technical term
*

* 4. Fiscal Status. (Items B 21d C below requirei for Cost Type Contracts

only)s

A. Amowmt currently - ~evidad for contract {or in-hcuse program).
.B. Expenditures and corritrents to date.

C. Estimated funds requiced to complete the work,

D.. Estimated date of oczjletion of work.



S. Action Recui.cd by A52A or the Controcst Azzns.
will entail the essistance requirad in resciving “Prodliems

6. Future Plans. A brief statersnt of eny significani change w
planned in the course of the work or any new itenm consicered to de of inte
managerent.

- 3 E’

b MILESTONE REPORT

Wnen so reguired,

52 D;._..T.. a‘.'.‘d

{To be used only whes specifically salled out in the ARPA Order.)
the Report of Progress Agzainst Selected lilestones {SD Form 350) snould be
to ARPA, Atteniion: Program Manezerent, on e montily basis within 15 csys efter tne

close of the reporting period.

g. A list of suggested nilestones is to be subxziitted by the Contractor 1o AR2A
and the contracting agent within 45 days from dats of this ATPA rlar/imendment.,
. y £ 4
e icant

(Milestones are defined as points of accemplishment waich represent signifi
progress when corpleted.)

b. Milestones should include major phases of hardwsre devel
decision dates on alternate approaches, dates by waich eontrol ind
<

crmaticna on
facilities or governxen* equipment is requirs¢, daies Ty which & c2f ability zust be
demonstrated, delivery dates and other significent phasing and timing peints.

c. Copies of SD Form 350 (Report of Progress Azeinst Selectad vilesteones) wili
be furnished the Contractor i =ilestone razorting is reguired. This Form will
provide furiher guidance for the selection of milesztenzs and Jor ine preperaticn ¢l
<he initial list of suzggested milestones nd subsijuent TCRTALY Ieilris. L0F T2 350
shall Ye submitted to ARPA, Attenticn: Progren Matagement, »n & zoathly dasis within
rifteen (15) deys after the plose of the reporting pericd.

TECHICAL EBEPCRTS

a. The repori will preseni e concise end fzatual discussion of technical
findings end eccorplishments during the period. Tne rsport snsldd be of technicsl -
publicevion oual:. ty, including eppropriate sudjeci matier refersnez. Two (2) cozies
of eech re'oort ri11 be submitted direstly to the DTirector, ~7P%L, attention: Prograu
Managemens. The reports are due within 30 days fellowing the clog2 of the rezorst
period. The initial reporting period will tezin on the tirst dey of the month

foliewing the éate performance under the coniract begins. Quarterly and sexi -annuzl
technicel reports will thus cover three {3) or six (¢, =ontas of e fort and will neil
pecessarily fall due on calencar quarters of hall years.

b. A finzl technicel report is to Se prepared wpon ecrpletisa of this researca
: ""‘.rector, E2A,

effort. Two (2) copies of this report should be subzitted to the
sttention: Progran Managerent within 60 days aftzr corpletion of tne m2
resecrt shell erphasize the accomplishoenits during the period si inece the L
renort, but shall also set forth a summation cf the resulls over the ent

e
—eall »O....&-u .



e. Fach Techniczl Report will include 2 rerort summary. Tais summary,
prominently identified, should normally not execed a joW pagas. Ine purposc of the
project must be specified, together witH e description of irportant equipzant purchazed
or developcé, if eny, and the conclusions reacned by the Contractor. The most
importent single feature of this summery is that it zust be reaningful to reeders who

are not specialists in the subjcct matier of the contract.

d. The requirement for carcful prepa
sumary will often provide the basis ror dacisions on ine convinuity of & prog
Contractor st recognize thet his echievements are guite
of Defense staff who function at & level that preciudes a thorough review of de

reports.
e. Yhere sppropriete, references should be made to more detailed secticns of the

report in order to guide those who may be preparzd to spené the adééitional tirce

required to develop a rore corplete and professional understending of the accorplish-

xents.

f. The report summary should ipnelude the following information for each
experirent or program: -

1. Technical prcblex

2. General rethodology (e.g., literature review, iazboratory experirzant,
survey, field stugy, etc.)

3. Technical results
L. Implications for furiher research (if any)

5, Special corments (if eny)

IV. REPORTS FORMAT AND DISTRIBUTION

a. The heading or cover page of each recort shall contain the follovwing .
information:

-
-

& ARPA Order Nuxber Contract lNuxber

% Program Code Number Principal investigator and
Phcone MNuzber

Name of Contractor Project Sciantist or Znginesr
ené Phene Nuzder

Effective Date of Contract Short Titls of Vork
Contract Expiraticn Dave

Arowt of Contract $

rean -mb L et T P o A gl
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# fhe contract will specify the ARPA Order XNumber znd Progran Codz lium
b. Each report prepared will include the following citation on the cover:
Sponscred by

Advanced Research Projectus Abency
ARPA Ordar MNo.

¢. Each publication resulting from ARPA work will contain the following
acknowledgerment:

This research was supported by the

Advanced Research Pro,jec ts Agency
of the Leparimant ol ense under
Contract Mo. .

d. Disclaimer. Each Tecnnicel Report produced under ARPA Orders will have
prominently displayed on front of the document, a notice of disclaimer worcsad
substantially es follows: . :

The views end conclusions contained in this document are those
of the suthors and should not be inilerprefed as necessarily
representing the official policies, eilher expressec or irglied,
of the Advanced Research Projecis Agsncy or the U.S. Governzint.

e. 1. Two (2) copies of each Contractor report (Managerent or Technical)
generated on ARPA Prograzs shall be submittied to:

Director

Advanced Research Projectis Agency
ATTN: Program Managa2na2nt

1400 Wilson Boulevard

Arlington, Virginia 22209

2. Tvwo {2) copies¥* of each technical report gnlv, generated on ARPA Projectis,
shall be submitted to: '

Defense Documentati‘.on Center
. Cemeron Station
Alexandria, Virginia

: # Tyelve (12) copies if report is wnclessified and unlimited;
Two (2) copies if report is classified or limitad.

3. One {1) copy of each techricel rerort resulting from work perfor=ed in the
erea of tactical technologzy shall be sert to:

TACTEC

Battelle lemorial Insticute
505 King Aavenus2

Colubus, Ohio  Lz=C1



4. One (1) copy of each technical report resulting from work perforned In ine
arca of the strategic tecanolopy shall be sent Lo

STOIAC

Baitelle Memorial Institule "
505 King Avenue

Columbus, Ohio 43201

5. Each copy of any Tecchnical Report required under this coantract shall be
accompanicd by a corpleted Docunent Control Data - 2&D (DD Form 1473) as set forih in
ASPB h"n30 - '

6. A copy of the letter traismitiing required reports will be forwardec to
the Administrative Contracting Officer specified in the contract.

a4
[

7. Additional distribution of tecanical reporis as specified in the contrac
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ANNEX "C"

Qontract No. DAHC15 69 C 0179

ACCOUNTING AND APPROPRIATIONS

3 1260 P8D30 1220(515)-S49156 DDP192-5563,000.00

1260
1260
1260
1260

1260

P9D30
POD30
P9D30
POD30

P1?7210

1220
1229
1229

1229

1229

S$49156
$49156
S49156
S49156

S49156

DDP253 - $514,727.00
DDP372(M) - $878,461.00
DDP376 (M)-534,273.00
DDP474(M)-$393,252.00

DDP566(M)-§1,258,075.00

971/20400.1311 1260 F1P10 1229 $49156 DDP64B(M)-$226,075.00

97X0400.1311
9720400.1311
9720400.1311
9720400.1311
9720400.1311
9720400.1311
9720400.1311
9720400.12311
9730400.1311

9730400.1311

9720400.4300

9730400.4300

1260
1260
1260
1260
1260
1260
1260
1260
1260

1260

2479

2479

P1FP10
P2P10
P2F10
P2D30
P2P10
P2F10
P2K1l0
P2P10
P3P10

P3E30

1229

1229

1229

1229

1229

1229

1229

1229

1229

1229

S$49156
S49156
$49156
S49156
549156
$49156
S49156
$49156
S49156

S49156

DDP656(M)-$19,922.00
DDP726(M)-$1,527,00C.00
DDP784(M)-$89,706.00
pDP784(M)~$110,000.00
DDP789(M)-$321,000.C0
DDP820(M)-$135,767.00
DDP821 (M)-$147,793.00
DDP822(M)-$547,520.00
DDP905(M)-$732,741.00

DDP960(M)-597,626.00

22JT 1220 549204 DC4604-$335,500.00

33JT 1220 S49204 DC 4602-5$31,254.00
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Contract No. DAHC15 69 C 0179

'ANNEX "D"
LIST OF CONTRACTOR'S PROPOSALS
Contractor's Proposal No. P69-I5T-5, dated September 1968, as amended
by Contractor's Proposal No. P69-IST-5A, dated 16 October 1968.

Contractor's Proposal No. P70-IST, dated 15 July 1969, as described
within pages 2 through 9, but restricted to "Option B".

Contractor's Proposal No. P71-CSY-1, dated 7 August 1970.
Contractor's Proposal No. P71-CSY-1B, dated 1 February 1971.
Contractor's Proposal No. P71-CSY-1C (Option 2), dated 14 June 1971,
and amending Letter thereto, dated 12 July 1971, and Proposal No.
P71-CSY-1D (Option 3), dated 1 July 1971, as amended 9 July 1971, but

excluding installations at SAAC (Alexandria, Virginia) and London,
England.

Contractor's Proposal No. P72-CSY-1, dated 9 August 1971.
Contractor's Proposal No. P72-CSY-1-A, dated 3 December 1971

Contractor's Proposal No. P72-CSY-1B (Options A&, C. D. E, F, and G),-
dated 25 January 1972.

Contra ctor's Proposal No. P72-CSY-1-H, dated 28 February 1972.
Contractor's Proposal No. P72-CSY-1B (Option I), dated 25 April 1972.
Contractor's Proposal No. P72-CSY-iB (Option J), dated 25 April 1972.

Contractor's Proposal No. P72-CSY-1B (Option B, Revision 1), dated
31 March 1972. '

Contractor's Proposal No. P72-CS8Y-1B (Option K, Revision 1), dated
28 April 1972.

Contractor's Proposal No. P72-CSY-1B (Option L, Revision 14), dated
9 June 1972, as amended by BBN letters dated 13 June 1972, 21
November 1972, and 19 January 1973.

Contractor's Proposal No. P72-CSY-1B (Option M, Revision 1) dated
13 December 1972.

Contractor's Proposal No. P72-CSY-1B (Option N, Revision 2), dated
11 December 1972



Contract No. DAHCl1l5 69 C 0179

EXHIBIT 1

DELIVERY SCHEDULE FOR ITEM 0001

IMP/TIMP/SIMP
NUMBER

BBN Prototype IMB (516)
BBN Prototype NCC (316)

1

10

11

12

13

14

15

16

SITE NAME

BBN, Cambridge, Mass.
BBN, Cambridge, Mass.

UCLA (516)
Los Angeles, California

SRI (516)
Menlo Park, California

UCSB (516)
Santa Barbara, California

Salt Lake City. Utah (516)

BBN (516)
Cambridge, Massachusetts

MIT (516)
Cambridge, Massachusetts

RAND (316)
Santa Monica, California

SDC (5316)
Santa Monica, California

HARVARD (516)
Cambridge, Massachusetts

LINCOLN (516)
Bedford, Massachusetts

STANFORD (516)
Palo Alto, California

ILLINOLS (516)
Urbana, Illinois

CASE (516)
Clevelind, Ohio

CARNEGIE (516;
Pittsbirg, Pennsylvania

NASA/AMES (516)
Mountain View, California

NASA/AMES (TIP)
Mountain View, California

BBN
SHIPPING
DATES

Installed
Installed
Installed

Installed

Installed

Installed
Installed
Installed
Installed
Installed
Installed
Installed
Installed
Installed
Installed
Installed

Installed

Installed



Exhibit 1 -

Continued

IMP/TIMP/SIMP

NUMBER

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

SITE NAME

MITRE (TIP)
MeLean, Virginia

RADC (TIP)
Rome, New York

NBS (TIP)
Gaithersberg, Maryland

ETAC (TIP)
Washington, D. C.

TINKER (316)
Oklahoma

ISI (516)
Los Angeles, California

Usc (TIP)
Los Angeles, California

GWC (TIP)
Offutt AFB, Nebraska

NOAA (TIP)
Boulder, Colorado

SAAC (TIP)
Alexandria, Virginia

FT. BELVOIR (316)
Fort Belvoir, Virginia

ART . (TIP)
Arlington, Virginia

ABERDEEN PG (316)
Aberdeen, Maryland

BBN (TIP)
Cambridge, Massachusetts

ccA (TIP)
Cambridge, Massachusetts

XEROX (316)
Paleo Alto, California

FNWC (TIP)
Monterey, California

Page 2

BBN
SHIPPING

DATES

Installed
Installed
Instélled
Installed
Installed
Installed
Installed
Installed
Installed
Installed
Installed
Installed
Installed
Installed
Instailed
Installed

Installed



Exhibit 1 - Co:itinuad

IMP/TIMP/SIMP
NUMBER

34

35

36

37

38

39

In addition to tne fore
with ecach machine or vwhen a

SI"E INAME

BERKELIY LABS (316)
Berkeley, California

UCSD (:16)

La Jolla, California

HAWAII (TIP)
University of Hawvail
Honolulu, Hawaii

PATRICK (TIP)

Cocea Beach, Flor.da
CALITORNTIL SIMD (23106)
NASA Anes, Califorania
HAUAIT S1MP (315)
Univarsity, of Hawall

Yomolulu, Hawziil

poing the Contractor

shall
prropriate with the Final

1 . . - . A
Annex "B". The Program and Hardware Documantation,

nortially suwpclied operating
foliowing:

a. Block diagrams

b. Data Structure

c. Control and interxru
d. Tiwing

e. Listing

f. oOpne complete sets o

P structure

LK

-

Page 3

BBN"
SHIPPING

__DATE

Installed

Installed

Installed

Installed

When roguaster
by ALRFPA.

FPhea recucste)’
b Yy ARPA

Aeliver the follouvin
leport specified in
cgdditicn te thsz

and interface manuals, consisting of the .

f hardware documentation and changes theretc.
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EXHIPRIT 2

DELIVERY SCHEDULE AXD REPORTING REQUIREMENTS

ITEM 0002

' BBM
I. IMP/TIN2/S5IMNT oo SHIPPING
NUMBI' R : SITE NAME , DATE
DCA No. 1 JTSA Reston, Va (216) Relocate 8/1/73
DCA No. 2 JTSA Reston, Va (216 Relocate B/1/73
DCA No. 3 JTSA Reston, Va (316) 8/1/73
DCA No. 4 JTSA Reston, Va (2316) . 8/1/73
Program and Hardwara Documenkation‘-
2 Jan 73

for a2bove

The Program and Hardware Iocumentation, in addition te the normally supp:l
operating &nc interface menualis, shall consist of the following:

a. DBlock diagrams

b. Datz ztzucture

c. Countrel and interrupt structure.

d v Timin o

f. Listing

f. Two couplete sets of hardware documentation

I1. Reporting Requirements.

a. The Contrzctor shall deliver Quarterly Management .Repor:s. The
initial reporting periocd :-ill begin on the first day of the month followir
the date performance begins under the contract rocdification. Quarterly
reports will then cover three (3) months of effort and will not neacessari!
fall due on calendar gquarvers. The (ontractor shall notify the Project
Officer promptly of any major occurténce of a technical or managemant nais
that takes place between the normal submissicn of reports., The Management
Report should be in letter form and, generally, shoculd not exceed three (3
pages in length. Its primary purposa is to inform DCA of si ~ificant evarn
accomplishments, and problems associated with the progress of work. The
report should represent a narrative summary of the work underway and shoul
be prepared to reflect the following topics.

Research Proprams Plan
Major Accomplishments
Problems Encountered
Fiscal Status

Action Required by DCA
Future Plans

Fo SNV, SN R

iver a final tzcaniczl
port shall set forch wecl:.
CA networks and its

b. Finzl Report. The Contractor shall Zel
report on or before 14 March 1974. The Tinal Re
mendations to DCA concerning the future of the D

management,

v
.
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Fisuis¥l}  DEFENSE ADVANCED RESEARCH PROJECTS AGENCY
\W, 5L S 1400 WILSON BOULEVARD
N ARLINGTON, VIRGINIA 22209

o

I,

MEMORANDUM FOR THE DIRECTQR, PROGRAN HANAGEﬁENT
SUBJECT: Amendment to ARPA Order 3214 - Bolt Beranek and Newuman

References: a. BBN Proposal P77-CS4-11
b. Mork Statement
e, PM File Material
d. Selected Source Justification

SUMMARY:

[t is requested that an amendment to ARPA Order 3214 be issued for 8336,734
to Defense Supply Service-Washington to augment contract MDA 983-76-C-8252 with
Bolt Beranek and Newman, in accordance with their proposal p77-CSY-11. The
funding is to procure tWo SIMPs and gateways for the Atlantic Satellite
experiment. This effort is fully funded.

OBJECTIVE:

The objective of this effort is to procure, instat| and check out
SIMP/Cateway equipment for use with the unattended earth terminal (UET} at
COMSAT Laboratories and With the Noriegian Intelsat Earth Station as part of the
Atlantic Satellite experiment. This equipment will be compatible uith the
SIMP/Gateway equipment currently used in the US and UK portiaons of the
experiment. '

BACKGROUND AND TECHNICAL NEED:

The Atlantic Packet Satellite channei was opened in September 1975 and
currentiy involves two earth stations, one at ETAM, West Virginia and one at
Goonhilly Douns, UK. With this two station configuration, it has been possible
to initiate packet satellite communication (over INTELSAT IV}, to inmstall and
debug the Satellite Interface Message processors, to initiate tests of various
channe! access schemes, such as fixed TOMA, Slotted ALOHA and Reservation TOMA,
and to design and install measurement software in the SIMPS to instrument the
experiment for automated remote data collection and analysis. -

While many of the performance parameters of a packet satellite system can
be validated using only two earth stations, several critical aspects require the
existence of a third large station. For exampie, uith three large stations it
is possible to determine the affect of station failure or re-entry, in the
presence of existing communications between the other two. MWith a third
station, it is possible to emutate the effect of a large number of additional
stations in the experiment without the need for actually providing access to
additional stations. The third station witl allow us to experiment with
spoofing and anti-spoof techniques. Finally, With a third station, voice
conferencing experiments become feasibte for the first time.



Follouing considerable interactions with Noruegian Defense Research
Establishment (and the NTA), ue have a proposal from NDRE to participate in the
Atlantic Satellite experiment. Under the proposed arrangement, Norway will
provide the earth station eguipment, up-link and 48kbh terrestlal facilities in
return for the loan of a SIMP and gateway for the duration of the experiment.
There will be no other cost to ARPA and the on-loan equipment will be returned
upon cancellation of the satellite channel. We plan to begin tests with the
third large earth station in CY77.

Also in CY77, ue nill begin to experiment with a small unattended earth
termina! (UET) at COMSAT Laboratories, which is being provided by COMSAT at no
cost to ARPA in return for a SIMP and gatemay which will be returned at the end

of the experiment. The UET is significantly less capable than the large
INTELSAT 1V earth stations and will only support 16 kbps in comparison to B4
kbps for the iarge stations,

However, the performance of the UET is characteristic of small stations in
general and can be used to determine how best to incorporate a mix of earth
stations on a single packet satellite channel. This capability is particularly
important for DoD appiications where several smal} remote installations must
communicate with each other and with targe earth stations.

The extension of the satellite program to Norway has been coordinated with
0SD/1SA and we have their approval to proceed.

ACCOMPLISHMENTS:

BBN designed and developed the Sateliite iMP and successfully installed it
at the US and UK ground stations in the Atlantic satellite experiment. In
addition, they designed and developed the gateway softuare {ag part of the
packet radio program} which is being used to interface the ARPANET to the
Sateliite Net,

PROPOSED EFFORT:

BBN will procure, instail and checkout a SIMP and Gateway for COMSAT
Laboratories, a SIMP for the Tanum earth station and a Gateway for use at NORE.
The precise configuration is given in the BBN Proposa! P77-CSY-11.

1f the SIMPs are procurred by BEN prior to 1 October {(or shortly
thereafter, if they can negotiate an extension), it will be possible to take
advantage of a 25% OEM discount currently in effect with Honeywe!!. The funding
in the MRAD assumes the 25% OEM discount. 1f the discount cannot be obtained,
the SIMPs will cost an additional 816,735, corresponding to a 6% discount. [If
an ARPA Order is signed on or before 1 October {or shortly thereafterl), the 25%
discount should hold, as BBN wili then buy the SIMPs prior to the contract in
order to preserve the discount. .



@ | ®

RELEVANCE TO THE DOD/ARPA MISSTON AND FUNCTIONS:

Broadcast Packet Satellite Communications can make availabte, dynmamically,
the limited capacity of a given satellite channel over a third of the surface of
the earth and in that region where it is most needed. Far more effective use of
a single communication channel will be possible than could otheruise be cbtaned
Lith fixed allocation techniques. This technique provides a more cost-effective
system, better utilization of DoD resources and most importantly, it provides
the ability to dynamically apportion the satellite capacity during crisis
situations.

TRANSFER PLAN TO THE SERVICES:

Not applicable.
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TITLZ MANAGZR  LilE LOFAMERD  CONIRACTCR ACGENT P
Cacker Cermmunication Tech .
Sioctced Alona Syscems Xanhn T11101% 1955-07 U Hawaill NASA AVES RN
Sztellite iieasurement " 1110227 2696-05 UCLA p3s-u IRSIFEN
SI'iP Test Support ' T111C11% 3214-01 BHN D5S-U N
Cround Hzdio Prciket Technolooy i
Srsgen De@sign @ Lheory " T11Z20T 22806-07 110G [BRSERY 2
ket Radio Theory " T11Z0LT 2495-~05 LCLA DRREY U2
Packet Radio Pepeaters. . " 1112031 2205-10 Collins Radio  DS&8-U ey
Cn-Slotted Alozha Experiments " 7112041 1956-07 U hHowaiil NaSA AME il
Svystems Integration & Tescing i T11Z051 2302-12 3R1 DES - 135
S2 & 7TD ; T1i206I  2302-12  SRI DS3-i 34
Pzeker Radio Contrel Ste Develop T112031 2925-03 38 DSS-W 1i3
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MEMORANDUM FOR THE DIRECTOR, PROGRAM MANAGEMENT

SUBJECT: Systems Design of a World-wide Seismological
Communications Network

References:

A

1, COMSAT letter to AFOSR dated 29 August 1972, Subject:
Proposal for Systems Design of the World-wide Seismological
Communications Network, ' '

2. Letter OSR to ARPA dated 5 September 1972,

3. CCD Working Paper 388, 1972, Subject: A Review of Current
Progress and Problems in Seismic Verification.

ATT N

1t is requested that $66,443 of FY73 Seismic Verification funds be
transferred to the Air Force Office of Scientific Research to support
a systemns design study by COMSAT of a world-wide selsmological
communications network.

Objective

To design an economically and technically feasible satellite communi-
cation network for the purpose of providing the satellite portion of
direct digital data links between selected seismic arrays and long-
period seismic stations to the Selsamic Array Analysis Center in
Alexandria, Virginia,

Background and Technical Need

A recent working paper prepared for the CCD, Reference 3, reviews
the current status of U.S. research into spismic verification of an
underground nuclear test ban, identifies problem areas in that research,
and describes future research approaches desigrded to assist in solving
_the identified problems. One of the research areas discussed in the
paper was concerned with future seismic data communications systems
and data analysis procedures.




. The proposed communications system described in t.he&D working
paper would provide regular, but not necessary real time, trans-
mission of processed data from individual seismic arrays or stations

_to an analysie center using satellite communication facilitles. The
current INTELSAT satellite communications network is an in-being
system with world-wide coverage and ground terminals in many countries
of the world. Data collected at seismic stations throughout the world
would be available to all who wish to use it by intercepting the data
enroute to the analysis ¢ enter or extracting the raw or processed data
from the analysis center data bank on demand. '

Solving the problem of designing an optimum verification system which
seeka to detect all cvents, on & world-wide basis, above & body wave
magnitude of approximately 4.0 requires a good deal of operating ex-
perience. Such a eystem is crucially dependeat on the quality of syatem
management and communication when experience indicates there are in
excess of 20, 000 events’'in this category per year.

' +The work proposed by COMSAT secks to explore the feasibility and
design of communication satellite links to bring back seismic data from
a world-wide seismic network to a central analysis center.

This work is an integral part of the ARPA selsmic verification program.

Proposed Effort

The proposed work is a six-month effort to evaluate the communications
requirements of a world-wide seismic petwork and to define the pre-
ferred coniiguratiom'lor all satellite communications links involved.
Both technical and economic factors will be considered.

Sites to be connected initially would be the NORSAR array located at
Kjeller, Norway and the eight very long period (VLF) geismic stations
located outside the continental U.S. These sites are:

Charters Tower, Australia
Eilot, Israel

Chen Ma{, Thailand
Kongsberg, Norway
Matsushiro, Japan |

La Pas, Bolivia

Kipaps, Hawail -
Toledo, Spain

Other long-period stations and arrays under consideration will be added .
to the study as each location is approved,

2




Except for the NORSAR Array, all work in this study will be conducted
through the NOAA, Albuquerque Seismological Center which is the ARPA
coordinator for the world-wide VLP station experiment and is expected
to be the ARPA prime agent for [uture arrays. Coordination with
NORSAR will be handled by OSR through the Alr Force Systems Command
Electronic Systems Division (ESD), the current NORSAR agent. .

Based on favorable resulta from this study, implementation of selected
communication satellite links will be proposed beginning in late F¥73 or
early FY74.

A parallel effort is proceeding to design and develop the data links within
the U.S. and the S.ismic Analysis Center data storage and analysis plans
required to complete a prototype world-wide seismic data processing and
analysis system, :

Relevance to DoD/ARPA Function and Mission

This work 1s designed to develop the design of a satellite communication
system which would transmit data from selected seismic stations through-
out the world to-a central seismic data analysis center in the United
States. The U.S. technical objective for research in support of seismic
verification of an underground test ban treaty is to investigate the appli-
cations of modern technology to ths task of implementing & future world-
wide seismic network : -As one aspect of that objective  this work will

st udy the use of world-wide satellite communications to provide the near-
real time data communications proposed for the future seismic network,
This work supports the technical discussions of a Gomprehensive Test
Ban Treaty. -

Apssessment of Environmental Consequences

This work involves the design of a communications system utilizing the
INTELSAT communications satellite system to support data collection
from a world-wide seismic network., It is expected to have a neutral
effect on the environment. No Environmental Impact Statement is con-
sidered necessary for this work. ’

Administrative Considerations

1. Cost: $66. 443,

2. Funds are available on linc F1450).




‘ - ) } . ' - . .
- e ®
3. The four tasks described in the COMSAT proposal, Rcference 1,
are acceptable with the following exceptions:

Design studies involving arrays other than NORSAR will be
per{ormed only with the specific prior authorization of the

ARPA program manager.

Design studies involving VLP stations will be restricted to
the following sties initially:

Charters Tower, Australia
Eilot, lsrael ,
Chen Mai, Thalland

Kongsberg, Norway
Matsushiro, Japan

La Paz, Bollvia

Kipapa, Hawail

Toledo, Spain

Design studies of other VLY sites wifl be initiated only with
the prior authorization of the ARPA Program Manager,

4., Monthly progress reports and a final technical report are
requested. .

5. In Reference 2, AFOSR has agreed to serve as agent and should
be so designated, NOAA will be co-monitor of the COMSAT contract.
NOAA will coordinate all coatacts of COMSAT personnel with Directors

of V1P stations.
6. Sole Source Selection J ustification is attached.

7. The proposed work has been discussed with ISA, Foreign
Military Rights Office. 1SA recommended that the COMSAT study be
conducted through the existing NOAA agreements with the VLP station
directors in each country. The COMSAT work is elfectively an ex-
ploration of improved techniques to obtain data from each VLP station

and does not require & new agreement.

Contacts with NORSAR on this work will be conducted through ESD
as part of the current NORSAR program as an exploration of improved
techniques to obtain data. :




8. NSF Codes: Type of Work, B; Field of Science, 49; Per-
forming Organization, 5. '

9. Program manager will be Colonel D. C. Russell.

3 Encls Eric H. Willis
1. Ref. 1 Director for
2, Ref. 2 Nuclear Monitoring Research
3. Sole Source Relevance
Statement

COORD: Dr. Fryklund
Col Pearce
Col Dolan, IPT
Dr. Roberts
Mr., Clements

Prepd: Col Russell/5Sep72
NMRO/43147/hcb
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PART II - THE SCHEDULE

Py T

SECTION E - SERVICES AND PRICES

1. STATEMENT OF WORK: $27,585

The contractor shall furnish geientific effort during the period
and at the level indicated below, together with all related services,
facilities, supplies and materials, toward the design of a world-wide
seismographic communication system for the purpose of bringing seismic
data via satellite communication from a number of seismic arrays and/or
stations distributed around the world to the Seismic Array Analysis
Center in Alexandria, Virginia.

The work to be included is as follows:

a. Participate in the packet-switching experiment to be
performed between the U.S. Earth Station at Etam, West Virginia, and
the U.K. Earth Station at Goonhilly.

b. Coordinate the testing of SIMP and SPADE systems. SIMP
refers to Satellite Information Message Processor. SPADE refers to
Single channel per~carrier, Pulse code modulation multiple Access
Demond segigned Eaquipment,

¢. Coordinate the planned experiment for the packet-switching
experiment to be conducted via satellite between the U.K. and U,S, Earth
Stations, :

d. Build and test two experimental interface units for the
ARPA net. These units will be delivered to ARPA and ARPA will provide
the units for use in the program.

e. Build and test an experimental data test set. The test set
will be delivered to ARPA and ARPA will provide it for use in the pro-

gram,
2. LEVEL OF EFFORT:

During the period of performance set forth in Section H, the
Contractor will expend research effort as follows:

level-of-Effort
Catepory Man-Hours
Systems Studies (Scientific) 470
Page 2 of 13 Pages Communications Satellite Corp
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3. PAYMENT | 1

a. The total fixed price of this contract is $27,585, Progress
payments are authorized under conditions set forth in the clause
"Progress Payment for Other than Small Business Concerms (1974 APR)",

b. The total fixed price shall be subject to downward only
adjustment. Said adjustment will be based upon the Contractor's
records of actual laboratory man-hours of effort expended in the
contract period and during the precontract period., For each hour less
than the prescribed level-of-effort, the contract price may be reduced
$49.26. Final payment is further subject to acceptance of the final
technical report. Adjustments based upon the Contractor's records of
hours of effort shall be made by the Contracting Officer in consultation
with the Contractor,

Page 3 of 13 Pages Communications Satellite Corp
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4. - REPORTS

a. MANAGEMENT REPORTS

(1) Type and Frequency of Report: At the end of each complete gpe

month period after the work begins, & _ popthly Management Report
will be prepared for that period. The initial reporting period will begin
on the first day of the month following the effective date of the contract.

. Thus, Quarterly Management Reports will not necessarily fall due at the end

of a calendar quarter. Reports are due 15 days after the close of the
reporting period, '

" (2) Description of Report: The Management Report should be in letter
form and, generally, not exceed three (3) pages in length. Its primary
purpose is to inform ARPA management of gsignificant events, accomplishments,
and problems associated with the progress of work. The report should pre-
sent a narrative summary of the work under way and should be prepared to
reflect the topics outlined below. Any of the topics below may be covered
by noting such comments as "none", "not applicable”, or "no significant
change" when appropriate. (The Management Report should not be used to
document technical progress or contain technical charts, graphs or formulas.
Such data belong in the Technical Reports.)

Research Program Plan. A brief statement of the program's
objectives and the plan for research should be shown in this item.

--Hejut Accompiishments. A brier déscription. written in non-terh-
nical terms, of any findings or accomplishments that should be
brought to the attention of ARPA management. The accomplishment
of major milestones or the occurrence of technological break-
throughs should be reported,

Problems Encountered. This item should include difficulties
which have affected, or could affect, the progress of the work.
These would include problem areas of management significance
such as: personnel, facilities, contracts, funds, strikes,
disasters etc. Significant problems of a technical nature should
be included in brief non-technical terms.

Fiscal Status,

(a) Amount currently provided for contract.

(b) Estimated expenditures and commitments to date.
. (c) Estimated funds required to complete the work. .

(d) Estimated date of completion of the work (when different from
s that specified in the contract).

Note: When required by the ARPA Order, insert “one" or "three", "Monthly"
or "Quarterly” im the spaces provided in para a(l) If no Management Report
18 required by the ARPA Order, insert "Not Required" after “MANAGEMENT
REPORTS". R

P 4 of 13 Pages Communications Satellite Corp
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- Action Required by ARPA or AFOSR. Generally, this item will enteil
the assistance required in resolving "problems Encountered".

Future Plans. A brief statement of any significant change which is
planned in the course of the work or any new item considered to be
of interest to management.

b. TECHNICAL REPORTS

. (1) ZIType and Freguency of Report: The type of report(s) indicated below

aré required.

[) A Technical Report will be prepared at the end
of each complete month period., The initial reporting
period will begin on the first day of the month following the
effective date of the contract., Reports are due 30 days after
the close of the reporting period.

{ 1 At the end of each year of work, except for the final year,
an Annual Technical Report will be prepared for that period.
Reports are due 30 days after the close of the reporting period,

[X] 60 days after the end of the research period, & comprehensive
Final Technical Report is due. Should the research effort be
vanewad hoveond the initis} year, an Annuel Technipel Raport
wilil automacically be required for each addicionai year ol
work, except the final year, and the Final Technical Report
postponed until the end of the renewal period.

(2) Description of Report: The reports required will present a concise
and factual discussion of technical findings and accomplishments during the
reporting period. The report should be of technical publication quality,
including appropriate subject matter references. :

(3) Technical Report Summary. Each Technical Report will include a
report summary. This summary, prominently identified, should normally not
exceed a few pages. The purpose of the project must be specified, together
with a description of important equipment purchased or developed, if any,
and the conclusions reached by the comtractor. The most importamt single
feature of this summary is that it must be meaningful to readers who are not
specialists in the subject matter of the contract.

The requirement for careful preparation cannot be overemphasized
as this summary will often provide the basis for decisions on the continuity
of a project, The contractor must recognize that his achievements are quite
often surveyed by Department of Defense staff who function at a level that
precludes a thorough review of detailed reports.

Note: Enter "x" in the appropriate block as required by the ARPA Order.

Insert "Quarterly" or "Semi-Annual", “ehree' or "eix" if required by

the ARFA Order.

Page 5 of 13 Pages Communications Satellite Corp
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Where appropriate, references should be made to more detailed
sections of the Technical Report in order to guide those who may be
prepared to spend the additional time required to develop a more
complete and professional understanding of the accomplishments.

This report summary should intlude‘che following information
for each experiment or program:

(a) Technical problem
(b) General methodology (e.g., literature review, laboratory
experiment, survey, field study etc.)

~ (c) Technical results
:.(d) Implications for further research (if any)

(e) Special comments (if any)

c. COVER PAGE INFORMATION

(1) The cover page of each Management and each Technical Report
will contain the following information:

(a) ARPA Order 2298 (g) Contract Number

(b) Program Code 5T10 (h) Principal Investigator
(c) Name of Contractor and Phone Number

(d) Effective Date of Contract (1) Program Manager and Phone
(e) Contract Expiration Date Number

(f) Amount of Contract Dollars (i) Short Title of Werk

(2) The cover page of each Management and each Techanical Report
will include the following citation:

Sponsored by
Advanced Research Projects Agency
ARPA Order No. 2298

(3) The cover page of each Mapagement Report ‘must include the
following in the upper right corner:

Form Approved
Budget Bureau No. 22-R0293

d. PUBLICATIONS

(1) Publication of the results of unclassified research projects in
appropriate professional journals is encouraged as an important method
for recording and reporting scientific information. '

(2) Each publication will contain the following acknbwledgement:

“This research was supported by the Advanced Research
Projacts Agency of the Department of Defensi and was
monitored by the Air Force Office of Sciantific Rzsaarch
under Contract No. _F44620-75-C-0092 "

priate

Note: Fill in the spaces in para ¢ 1) and (2) and d(2) with appropri
P P (1) (2) co( ) PP I3t ee corp
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+e. DISTRIBUTION OF REPORTS \
i

(1) MANAGEMENT REPORTS ,

(a) Three copies of each report will be submitted under a cover
letter addressed to: ' )

Alr Force Office of Scientific Research
ATTN: NP .

1400 Wilson Boulevard ‘

Arlington, Virginia 22209

{(b) 7Two copies of each report to:

Director, Advanced Research Projects Agency
ATTN: Program Management

1400 Wilson Boulevard

Arlington, Virginia 22209

(c) Two copies of each report to the AFOSR Contracting Officer,

(2) TECHNICAL REPORTS

(a) 16 copies of each report will be submitted for inspection
and acceptance under a cover letter addressed to:

b1
1Y
4]
@

rce Office of Scleniific Research
ATTN: NP :

1400 Wilson Boulevard

Arlington, Virginia 22209

(b) Two copies of each report to:

Director, Advanced Research Projects Agency
ATIN: Program Management

1400 Wilson Boulevard

Arlington, Virginia 22209

{(c) One copy of each report to the AFOSR Contracting Officer.

(d) Additional copies of Technical Repor:sA(normﬂlly not to
exceed 50) will be distributed as may be directed by the
AFOSR program manager under separate letter,

£. DISTRIBUTION OF PUEBLICATIONS

copies of each paper planned for publication will be submitted
to the AFOSR program manager simultanecusly with its submission for publi-
cation, and _g reprints of each published paper will be submitted
irmediately following publication. Up to 100 additional reprints may
be discrrivuted to other addressees furnished or approved by AFOSR,

Note: Insert the appropriate office symbol in para e(l)(a) and e(2)(a).

Insert the appropriate number of copies in paxa f, per the instructions

of the AFOSR program manager. '

Page 7 of 13 Pages Communications Satellite Corp
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SECTION H - PERFORMANCE

f
1. PERFORMANCE:

a. AResearch shall be conducted dufing the period 1975 May 1 through
1975 August 31.

b. The contractor shall use due diligence to complete this contract
within the period specified; provided, however, that the time for com-
pletion of performance may be extended at the discretion of the contracting
officer by modification to the contract. Any extemsion of time under this
provision shall not, of itself, form the basis for incurring additional
costs.” :

SECTION I - INSPECTION AND ACCEPTANCE

SECTION I - INSPRGIIDE AZL Som—t~—=

1. REPORTS DELIVERY AND ACCEPTANCE

REPOR1o DRLIVERL O e ———

The reports required hereunder shall be submitted for inspection
and acceptance to the addressee shown in Section E.b4.e.(2) (a).

SECTION J - SPECIAL PROVISIONS

SECTION J = »3ZL2on Zoesom—

1. The principal investigator for the contract is Dr. Jorge C. Fuenzalida,
No substitution will be made without the prior written approval of the
Contracting Officer.

2. PRECONTRACT COSIS

The price of this contract includes expenses of $6,587 incurred om
and after 15 March 1975 by the contractor in anticipation of this contract
and prior to the effective date thereof. The precontract period includes
90 hours of scientific effort.

SECTION K - CONTRACT ADMINISTRATION DATA
1. PATENT COUNSEL
AFOSR/JA
Patent Counsel

1400 Wilson Blvd.
Arlington, Virginia 22209

Page 8 of 13 Pages Communications Satellite Corp.
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PART III - SECTION L - GENERAL PROVISIONS

Tﬂe following specific clauses:

1. USE OF TECHNICAL INFORMATION SERVICES

To the extent practical, the contractor agrees to use the technical
reference facilities of the Defense Documentation Center for Scientific
and Technical Information, Cameron Station, Alexandria, Virginia 22314,
and all other sources, whether Government or private, for the purpose
of surveying existing knowledge and avoiding needless duplication of
sc}entific and engineering effort. '

2. SECURITY

1f, in the conduct of the research, the contractor develops
information which in his opinion might have an adverse effect on the
national security if it were disclosed he should promptly notify the
program manager and should not disclose the information without the
prior concurrence of the contracting officer. ’

Page _9 of 13 Pages : Communications Satellite Corp
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3. DOCUMENTATION OF SCIENTIFIC AND TECHNICAL REPORTS

A DD Form 1473 (REPORT DOCUMENTATION PAGE), completed in
accordance with the instructions contained thereon, shall be
included with each copy of scientific and technical reports
required to be submitted under this contract.

4. RESTRICTIONS ON PRINTING (1974 JUN)

Duplication of reports, data or other written material, if
required, is authorized provided that the material produced does
not exceed 5,000 production units of any page and that items
consisting of multiple pages do not exceed 25,000 production
units in the aggregate, The aggregate number of production
units is to be determined by multiplying pages times copies.

For purposes of this paragraph a producticn unit is one sheet,
size 11" x 17" or less (10-3/4" x 14-1/4" maximum jimage), one
side only, one color. Duplication of material in excess of the
quantities cited above shall not be accomplished without express
prior written authorization from the contracting offirer. Thege
restrictiones do net proclude the writiag, ediiiuy, pieparalion of
manuscript or reproducible copy of related illustrative materials
if required as a part of this contract. They do not apply to the
printing or duplicating required by contractors for their own use
in responding to the terms of this contract.

5. RIGHTS IN DATA (1967 DEC)

The rights obtained by the Government in technical data are set
forth in the Rights in Technical Data clause incorporated in the
contract, and nothing elsewhere in this contract or in any documents
incorporated by reference in this contract shall be construed as in
any way altering such rights except as restricted by the express
terms, if any, of this contract as to data called for and furnished
for provisioning purposes only.

Page 10 of 13 Pages Communications Satellite Corp
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6. ABSTRACT OF NEW TECHNOLOGY

The contractor agrees to submit an Abstract of New Technology
describing each item reportable as a subject invention under the
Patent Rights clause. The abstract shall be considered a part of
the technical disclosure of each reportable item and may be pre-
pared by the originator (inventor). The abstract will be in
reproducible condition on 8% by ll-inch bond. A l-inch space
will be left blank at the top (short side) of each sheet. The
abstract will contain:

(i) Title. A short meaningful title specifically identifying
the nature of the item. )

(ii) Graphics. Any graphics which might ‘aid in illustrating
the item and how it functions (illustrated by drawings, sketches,
photographs, numbers, and descriptive names, if possible).

(iii) Description. Sufficient information to enable a person
skilled in the art te determine quickly, from a cursory inspection,
the principal structural elements and function as well as the
results afforded thereby.

{(iv) Source. Inventor's name, company, organization or
institution, address, and contract number.

(v) Publication. Identification of the date and identity of
any public use or publication of such item made by or known to
the contractor, or of any contemplated publications by the
contractor, including hut nar limited to published repeorts,
patent applications, or journal articles.

(vi) Notice. Add the following warning at the bottom of the
first page of the Absctract:

"This document was prepared under the sponsorship of the Air Force.
Neither the US- Government nor any person acting on behalf of the

US Government assumes any liability resulting from the use of the
information contained in this document or warrants that such use
will be free from privately owned rights."

7. DELAYED DELIVERY OF ABSTRACTS OF NEW TECHNOLOGY

Whenever the contractor is authorized under the Patent Rights
clause of this contract to file a United States patent application
claiming a "Subject Invention," and elects to do so within the time
provided in such clause, the contractor may delay delivery of the
Abstract of New Technology until such time as the contractor delivers
the completed disclosure or a copy of the patent application as
required by the Patent Rights clause.
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8. DELAYED DISSEMINATION OF ABSTRACTS OF NEW TECHNOLOGY

When the contractor, if authorized by the Patent Rights clause
of this contract, has elected to file a domestic and/or foreign
patent application, the Government may, upon request of the
contractor, delay dissemination of any Abstract of New Technology
for a period not to exceed one year. In exceptional circumstances,
additional delay may be authorized upon a showing of good cause.
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b. "1'heI £6llowing clauses of the Armed Services Procurement Regulation
(ASPR) , incorporated herein by reference:

ASPR Paragraph Clause Title and Date

7-103.1 DEFINITIONS (62 FEB)

7-103.6 TITLE AND RISK OF LOSS (68 JUN)

7-103.8 ASSIGNMENT OF CLAIMS (62 FEB)

7-103.10(b) FEDERAL, STATE AND LOCAL TAXES (71 NOV)

7-103.12(a) DISPUTES (58 JAN)

7-103,13(a) RENEGOTIATION (59 OCT) .

7-103.16(a) CONTRACT WORK HOURS AND SAFETY STANDARDS ACT-OVERTIME

) COMPENSATION (71 NOV)

7-103.18(a) EQUAL OPPORTUNITY (72 AUG)

7-103.19 OFFICIALS NOT TO BENEFIT (49 JUL)

7-103.20 COVENANT AGAINST CONTINGENT FEES (58 JAN)

7-103.21(b) ~ TERMINATION FOR CONVENIENCE OF THE GOVERNMENT (73 APR)

7-103.23 NOTICE AND ASSISTANCE REGARDING PATENT AND COPYRIGHT
INFRINGEMENT (65 JAN) . -

7-103.26 PRICING OF ADJUSTMENTS (70 JUL)

7-103.27 LISTING OF EMPLOYMENT OPENINGS FOR VETERANS (73 SEP)

7-104.3 BUY AMERICAN ACT (64 MAY)

7-104,9(a) RIGHTS IN TECHNICAL DATA AND COMPUTER SOFTWARE (74 NOV)

7-104.9(h) TECHNICAL DATA-WITHHOLDING OF PAYMENT (74 NOV)

7-104.9(1) IDENTIFICATION OF TECHNICAL DATA (75 MAR)

7-104.9(p) RESTRICTIVE MARKINGS ON TECHNICAL DATA (75 MAR)

7-104.14 {2} UTILIZATION OF SMALI. BISTNESS CONCERNS (58 JAN)

7-104.15 EXAMINATION OF RECORDS BY CGMPTROLLER GENERAL (71 MAR)

7-104.16 ' GRATUITIES (52 MAR)

7-104.17 CONVICT LABOR (74 APR)

7-104.20(a) UTILIZATION OF LABOR SURPLUS AREA CONCERNS (70 JUN)

7-104.21(a) LIMITATION OF WITHHOLDING OF PAYMENTS (58 SEP)

7-104.23(a) SUBCONTRACTS (74 APR)

7-104.35(a) PROCRESS PAYMENT FOR OTHER THAN SMALL BUSINESS
CONCERNS (74 SEP)

7-104,36(a) UTILIZATION OF MINORITY BUSINESS ENTERPRISES (71 NOV)

7-104.39 INTEREST (72 MAY)

7-104.40 COMPETITION IN SUBCONTRACTING (62 APR)

7-104.41(a) AUDIT BY DEPARTMENT OF DEFENSE (74 APR)

7-104.77(f) GOVERNMENT DELAY OF WORK (68 SEP) '

7-104.82 _ PAYMENT OF INTEREST ON CONTRACTORS' CLATMS (72 MAY)

7-302.2 : - PAYMENTS (59 JUN)

7-302.3 STANDARDS OF WORK (59 JUN)

7=-302.4(b) INSPECTION (59 JUN)

7-302.9(a) DEFAULT (69 AUG)

- 7-302.21 : AUTHORIZATION AND CONSENT (61 JAN)

7-302,.23(b) PATENT RIGHTS (LICENSE) (69 DEC)

7-304.1 ' CHANGES (65 JUN)

7-404.6 REPORTS OF WORK (60 JUL)

7-2003.41 ORDER .OF PRECEDENCE (73 APR)

7-104,18 _ : PRIORITIES, ALLOCATIONS, AND ALLOTMENTS (74 AFR)
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1. Introduction

This final report will describe the work performed by
COMSAT under ARPA contract No. F44620-74-C-0070, Order No. 2298.
The purpose of the contract was to assist ARPA in extending the
ARPANET to countries overseas from where seismic data would be
returned to SDAC. The transmiséion technique to be employed
would be packet switching via satellite, once the technique had
been proven through an experimental progran. It was towards the
implementation of this experimental program that the effort was

directed during the contract period.

A meeting was held in London in January, 1875, with
representatives of ARPA, Bolt Beranek and Newman, COMSAT, and
the British Post Office. Its purpose was to discuss the imple-
mentation schedule of the proposed packet-switching experiment
petween the U.S. and U.K. The date of July 1, 1975, was set as
a target date for the start of transmission between the earth
stations at Etam, W. Va.. and Goonhilly, U.K.

This report is divided into six sections. The first
is the introduction, the second will describe the system operation
including the operation of the SPADE channel units. The third
section will describe the operation of the jnterface unit, and
the fourth section the operation of the data test set. Section 5
shows the system integration, and Section 6 is the conclusions.

The two major accomplishments under this contract were
the design and construction of breadboard models of the SIMP/SPADE
Interface Unit (SSI) and a pata Test Set {(DTS). The SSI is in-
stalled between the SIMP and the SPADE channel units. It is used
for controlling the SPADE channel carriexr turn-on and turn-off
times relative to the transmission of data from the SIMP, provide
clocking pulses from the SPADE channel unit to the SIMP for both

theltranamission and reception of data, and to perform other



functions necessary for the prcper operation of the §PADE channel
unit in a burst transmission mode. The DTS can be used to perform
a number of functions, among them are the measurement of Bit Error
Rates, testing of the modified SPADE channel units for proper
operation, and monitoring of a standby channel unit to ensure oOp-

erational readiness.

2. System Description

Figure 1 shows the system conficuration as it will
exist at the earth station. Data to be transmitted will enter
the earth station via terrestrial network, +erminating in a
Western Electric Company model 303C, 50 KB/s Data modem. At
earth stations not serviced by ATT, Internation Standard V.35
modems would be employed. The data is then fed from the modemn
directly to the SIMP. The SIMP re-forms the data into packets
suitable for transmission through the INTELSAT Atlantic Region
Primary satellite employing the burst mode capability of the
SPADE terminal channel units. All receive data from the satellite
is passed by the channel unit to the SIMP where it is reassembled
into its original format and sent to its destination via the

terrestrial network as described above.

Since the INTELSAT SPADE terminal provides PCM coded
voice circuits at a rat- of 56 KB/s using burst mode 4¢ PSK
transmission, it was proposed by COMSAT to modify SPADE channel
units for the experimental program and operate into the SPADE
satellite transponder, rather than develop a new satellite modem

and transmission system.

It should be noted here that packet data system operation
requires that two SPADE channel units at each earth station be
modified, since all stations in the network will share the same
carrier frequency through the satellite. In normal SPADE system



operation, a single channel unit is used to provide a full duplex
voice circuit through the satellite with send and receive carrier
frequencies separated by 18.045 MHz. However, in the satellite
packet switching concept which has been developed by ARPA, all
stations must transmit and receive on the sanme frequency. There-
fore, two channel units are required, turned to frequencies
18.045 MHz apart. While this configuration seems wasteful of
equipment, it does have the advantage of providing a complete

spare set of transmit and receive units.

[l ¥ hd

iIn the following paragraphs, the operation of the oikr.
$SI, and SPADE channel units will be des....ed. A detailed de-

scription of the operation of the SSI is presented in Section 3.

2.1 System Operation

The SPADE system was originally designed to convert
4.0 kHz terrestrial voice band analog signals to 56 KB/s PCM data
using 7 bit encoding at an 8 kHz sampling rate. For packet data
operation the SIMP will substitute data for PCM voice and will
transmit its data at 56 KB/s to the SPADE channel unit, anda receive
its data also at 56 KB/s. The SPADE PCM voice CODEC is bypassed
and the data fed directly into the Transmit Synchronizer and
received directly from th. Receive Synchronizer. Figure 2 is a
simplified block diagram of the modified Transmit Synchfonizer.

During normal operation, data will be transmitted in
burst, where each burst can vary in length from as little as 100
bits to more than of 1000 bits of data. The time between bursts
will also vary. The exact format is dependent upon the particular
system protocols which are determined by the software to be pro-

grammed into the SIMP.



When the SIMP is ready to transmit a packet of data,

it sends a CARRIER ON(GO) signal Aesignated as GOSIG, to the

interface unit. The SSI generates two signals from the GOSIG,
viz., CARRIER ON/OFF and CARRIER GATE* which are passed to the
SPADE Transmit Synchronizer. The former signal is used to turn
ON the SPADE chcnnel carrier prior to the transmission of daca.
The latter starts the CARRIER ON SYNCHRONIZER which generates a
series of pulses referred to as the PREAMBLE and Start of Message
(SOM) sequences. These data bits are used in reception for carrier
Leoovely, bit timing recovery, and synchronizatizn. In addition,
a Start Preamble pulse (£) is also generated and sent to the
SS1. This pulse causes a gate within the SSI to open, alluw..y
56 kdz transmit clock pulses to be sent back to the SIMP. Data
is sampled out of the SIMP synchronous with the clock pulses.

The first data bit is coincident with the P pulse. The data is
sampled out of the SIMP at 56 KB/s and fed to the Transmit Syn=-
chronizer in the SPADE channel unit. When the last data bit has
been sampled out of the SIMP, this GOSIG goes off, turning off
the gate in the SSI, and stopping any further clock pulses from
being sent to the SIMP.

The data which are fed to the channel unit is written
into two 112 bit read/write memories. As the data is written into
the first memory at 56 KB/s, the Preamble and SOM are dgenerated
and transmitted to the channel modem at a bit rate of €4 KB/s.
Once the first memory has been filled, data is then written into
Memory 2. While data is being written into Memory 2, the data is
read out of Memory 1l at a bit rate of 64 KB/s. When Memory 1l is
empty, Memory 2 will start to read out, and Memory 1 will have
data written into it. The SOM is inserted before Memory 1 starts
to write out its data. The timing is such that 224 bits of data
at 56 KB/s is equal in transmission time to 256 bits of data at
64 KB/s, (224 bits of data plus -2 bits SOM = 256 Bits.) This
sequence is shown in Figure 3. The 64 KB/s serial data is converted



to two parallel 32 KB/s data streams for modulation of the carrier;
44-PSK modulation is used with channel spacing of 45 kHz, and a
noise bandwidth of 3B kHz.

The transmitted carrier must remain on until all data
has been read out of the 112 bit memories. This is accomplished
in the SSI by employihg two sets of counters. The first counts
the number of data bits sampled out of the SIMP and passed on to
the channel unit. This counter operates at 56 KB/s. The second
counts the number of data pulses read cit - ¢ the memories and
counts at 64 KB/s. When tne second counter reaches the same number
as the first, t.e carrier is turned off. The second counter 1is
gated off during the 0.5 msec when the SOM is inserted into the
bit stream, and gated on during the 3.5 msec while the data are

read out of the memories.

When the data are received from the satellite, the
inverse process- is performed, i.e., the 4¢-PSK carrier is demodulatec
into two 32 KB/s parallel bit streams, reformed into a 64 XB/s
gserial bit stream, read into two 112 bit memories at 64 KB/s, and
then written out of the memories at 56 KB/s. The SOM is stripped
out of the bit stream during this operation. The operation of the
Receive Synchronizer is controlled by the CARRIER ON gate gen-
erated in the receive synchronizer. This gate allows the Read/
Write memories to operate only as long as the carrier is present.
To accommodate timing delays within the receive synchronizer, a 33
bit delay in addition to the 112 bit delays in thne read/write
memories, the transmitted carrier must remain ON sufficiently long
to ensure all memories have been cleared of received data. This
requires the transmitted carrier to be ON for approximately 2.5 msec
after all data has been cleared out of memories in the transmit
synchronizer. The design has been verified by performing numerous
data transmission tests using the data test set, interface unit,
ard the SPADE terminal at the Etam W. va., earth station. The



carrier is held on for this additional time by presetting the
56 KBit counter in the SSI to 140. More extensively testing
will be performed to determine the minimum +ime the carrier

must remain on to ensure no loss of data.

2.2 Interface Signal characteristics

) Figure 4 is a diagram showing the signals which are
exchanged among the SIMP, SSI, and the SPADE channel unit. The
interface iLetween the terrestrial network and the 3IMP is a
digital data modem which passes 50 KBit data and clock co tle
SIMP, where it is stored, divided into packets, and then trans-

mitted to the SPADE channel unit.

The signal levels from/to the SIMP on the terrestrial
and the SPADE side are compatible with the Western Electric Company
303C modem. On the SPADE side a change of levels is necessary for
the signals to be compatible with the DTL/TTL levels of the SPADE
channel unit. This level conversion is accomplished within the
interface unit. The WECO 303C modem levels are defined as:
a. binary "1", control "oFF", or "marking”
signal is represented by a current less
than 4 ma into 100 ohms;

b. binary "g" contrel "ON", or *gpacing”
signal is represented by a current
greater than 23 ma into 100 ohms.

The signal levels to and from the SPADE channel unit
are DTL/TTL logic, and are defined as:

a. logical "1" is a positive voltage greater
than 2.4 volts:

b. 1ogical "Q" is a positive voltage less than
0.4 volts.



A total of six signals are exchanged between the
SIMP and the SSI. They are:

a. GOSIG--a binary "0" gate from the SIMP
to the $SI indicating when data are to be
transferred from the SIMP to the SPADE channel
unit. The gate goes off, i.e., returns to
binary one after the last data bit has been
sampled.

b. XMIT Data--the 56 KB/s data to be trans-
mitted. Binary "0"'s or "1"'s are sent from the
SIMP to the SSI.

c. 56 kHz XMIT CLK--clock pulses used to syn-
chronize the sampling of data from the SIMP. The
clock pulses originate in the SPADE Transmit Syn-
chronizer, and are converted to 303C levels in
the SSI. The data pulses are changed during the
positive transition of the clock pulse; i.e.,
transition from binary "1" to binary "0", and
sampled by the SSI during the negative going
transition of the clock pulse. The clock pulse
width is 2.23 usec.

d. RCVE Data--The 56 RB/s data received by
the SSI from the SPADE Receive Synchronizer and
transmitted to the SIMP after conversion to 303C
levels. '

e. 56 kHz RCV CLK--clock pulses used to syn-
chronize and transmit the Receive Data out of the
SPADE Receive Synchronizer. The clock pulses are
generated in the Receive Synchronizer Unit and are
continuously transmitted to the SIMP through the
interface unit. Conversion to 303C levels is per-
formed in the SSI.



f. Crosspatch--a binary "Q" gate which provides
loopback testing of the transmitted data. puring the
crosspatch or loopback test, there is no transmission

to the satellite.

The signals exchanged between the SSI and the SPADE

channel units are:

a. Carrier On/Off--a logical "0" gate used to
turn on the 45.9875 MHz IF carrier in the 4¢ PSK
modem.

b. Carrer Gate--a logical "1" gate to turn on
the Carrier ON Synchronizer in the Transmit Syn-
chronizer mecdule, where the Start Preamble pulse
is generated. It is transmitted from the inter-
face unit to the SPADE channel unit.

c. Start Preamble--a logical "0" pulse which is
used to start sending clock pulses to the SIMP.
This pulse goes from the channel unit to the inter-
face unit.

d. XMIT Data--the 56 KB/s data to be transmitted.
It is received from the SIMP and converted to TTL
levels before it is sent to the SPADE channel unit.

e. XMIT Clock (56¢))--56 kHz clock pulses sent
from the SPADE channel unit to the interface unit.
Used as timing signals within the interface unit.
One clock pulse is transmitted for each datum bit.

£. RCV Data--recelved 56 KB/s data transmitted
from the SPADE channel unit to the interface unit
where it is converted to 303C levels before being
sent toc the SIMP.



g. RCV Clock--56 kHz clock pulses used to syn-
chronize the received data being transmitted to the
SIMP. The clock pulses are converted to 303C levels
pefore they are sent to the SIMP.

h. 64 kHz Clock (64¢;) and Memory Output Disable
(MOD) --the 64¢, clock and MOD are used in the counter
circuits for determining when all data has been trans-
mitted from the SPADE Transmit Synchronizer.

A common ground will be established between the SSI
and SPADE channel units.

The signal characteristics of the PCM Data and clock
pulses (items d, e, £, and g) within the Transmit and Receive

Synchronizers, are as follows:

a. 56 KB/s Transmit Data are TTL levels, non-
return to zero (NRZ) with high level of zero,
low level of one.*

b. T.56 kHz Transmit Clock pulses are TTL levels,
low-to-high rising edge with high level pulse
width of 2.23 usec. The leading edge of the
transmit data is delayed from the low-to-high
rising edge by 50 to 100 nsec.

c. 56 KB/s Receive Data are TTL levels, NRZ, with
high level of one, low level of zero.

d. R.56 kHz RCV Clock pulses are TTL levels, low-
to-high rising edge with high level pulse width
of 2.23 psec. The leading edge of the receive
data is delayed from the trailing edge (i.e.,
high-to-low falling edge) of the clock pulse
by 100 to 200 nsec.

e —————————

*This is the inverse of the logic leveis specified earlier.
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In addition to the above signals, a crosspatch or

loopback signal is available for test purposes. InseY¥tion of

the crosspatch signal (a logical "O0" at J2-11 of the Receive Syn-
chronizer) will cause the transmit synchronizer output to be
connected to the receive synchronizer inputs in the same channel
unit. This will provide test information to determine whether
the data are being correctly received from the SIMP, transferred
to the SPADE channel unit, and transferred back to the SIMP with-
out errors. During this mode of operation, operational data are

not transmitted to nor received from the satellite.

3. Operation of the Interface Unit (SCI)

In the following description of the operation of the

SSI unit, signals are fed to the unit from the SIMP and from the
Transmit Synchronizer in the SPADE channel unit. Since the opera-
tion of the Data Test Set is similar to the SIMP, the discussion
will be limited to the exchange of signals between the SIMP, SSI,
and SPADE channel unit. References will be made to Figure 5,

SSI Partial Schematic, and Figure 6, Timing Diagram. Line numbers
on the timing diagram correspond to signal points D, @, O, etc.,

on the interface schematic.

When the SIMP is ready to transmit data, the GOSIG is
sent from the SIMP to the interface unit. Since the relationship
between the GOSIG and tie 56 kHz clock pulses are arbitrary, FF-1
in the interface unit is used to synchronize the GOSIG with the
clock, to prevent the possible loss of synchronization at other
points within the circuit.

The delayed pulse, GOSIG*, is arplied to FF-4 and the
8 bit Shift Register S/R-1 through FF-3. This second flip-£flop,
FF-3, is to insure synchronization of GOSIG* with the 56 kHz clock.
The Q output of FF-4 is applied to the Data (D) input of FF-5,
which is synchronized with the 64 kHz clock. The Q ocutput of FF-5,



is applied to the Transmit Synchronizer as the Carrier ON/OFF,

and will control the ON/OFF time of the 46 MHz carrier in the 4¢
PSK modem. The output of the g bit shift register is applied to
the Carrier ON Synchronizer module in the Transmit Synchronizer.
One output of the Carrier ON synchronizer, the Start Preambie. (SP)
pulse is fed to the interface unit. Once the sp, (D, is applied
to FF-2, the 56 kHz clock pulses, @D, will be transmitted to the
SIMP. The first clock pulse to be transmitted is coincident with
the SP pulse. The purpose of the 8 bit shift register is to allow
the carrier to be turned on well in advance of the transmission of
data. This is to allow some time for the receive modem at the
receive station to lock onto the carrier prior to the detection
and demodulation of data. In the breadboard medel, the 8 bit
shift register provided 142 usec of delay, and approximately 115
usec between leading edges of the Carrier ON/OFF and Carrier Gate*
signals. Higher delay time can be obtained by adding additional
shift registers, should this prove necessary.

The approach used to control the turn-off time of the
carrier is to count the actual number of data bits sampled from
the SIMP, and then count the number of data bits transmitted
from the SPADE channel unit. The bottom portion of Figure 5 is a
simplified schematic of the counter/decoder system.

In thisvarrangement, two counters are required: one
to count the clock pulses sent to the SIMP, and the other to
count clock pulses at the transmit bit rate of 64 KB/s. This
second counter is gated with the Memory Output Digsable signal
from the transmit synchronizer. It is high during 224 clock
pulses, (3.5 msec.), after which it goes low for 32 clock pulses,
(0.5 msec.). It is during this short time that the SOM is insertad
into the transmitted bit stream. Each counter is composed of
three four-stage counters connected in series. This will allow

for a maximum count of 4096 bits.
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The decoding section is composed of 12 exclusive NOR
gates which feed a 13 input NAND gate. The output of the NAND
gate will be high until both inputs to each exclusive NOR gate
are equal. This will occur only when the 64 Kb counter has
reached the identical count as the first counter (SIMP clock
pulses, @}). the output of the NAND gate is held high between
GOSIG pulses by the output of FF-2 (@); i.e., when the input
levels to each exclusive NOR are low. The output pulse (16 usec
wide) , QE)will clear FF-4, which in turn will cause the CARRIER
~::/OFT to go high at the next ¢4 kHz clock pulsc As mentioned
in Section 2, the carrier must remain on in order to insure that
ail data will clear the registers in the Receive Synchroni.e.
upor. reception. This is true whether data are received from the
satellite or through loopback tests. In order to insure that
the carrier is kept on sufficiently long, the 56 kHz counter must
be preset to 140. This corresponds to 2.5 msec. at 56 KB/s.
Therefore, the decoder ouput will remain high until the 64 KBit
counter has reached a count of N+140, where N is the number of

data bits sampled from the SIMP.

Figure 7(a), 7(b), and 7(c) are photographs taken with
the Data Test Set and SPADE Transmit Synchronizer operating with
the SSI. Each figure shows the following signals from top to
bottom:

a) 56 kHz clock

b) GOSIG

c) CARRIER ON/OFF

d) CARRIER GATE*

e) SP

f) Gated 56 kHz clock to SIMP
g} Data (from Data Test Set)

As it was mentioned in the introduction of this report,

the Data Test Set can be employed to simulate the operation of
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the SIMP. The GOSIG and Data traces were taken from the Data
Test Set. The 56 kHz clock and SP were taken from the transmit
Synchronizer, and the remaining signals from the interface unit.
In Figure 6(b) it can more easily be seen that the first clock
pulse to the SIMP does occur coincident with the SP pulse. The
data generated by the particular pseudo-random sequence generator

(PRG) in the Data Test Set, i.e., xlO-XB—l, supplies the first

seven data pulses as l's, the next three as "0's", followed again
by four l's, etc. The data is high prior to the SP pulse as a
result of initializing the PRG prior to transmi.sion or data.

This 1S seen to be datum bit no. 1. In Figure 6(c) it can be

seen that the GOSIG goes off after the last data pulse has been
sent out. Also, the CARRIER ON/OFF is held low for 4.7 msec after
the GOSIG goes off to insure complete data transmission through the
Receive Synchronizer. This time increment also allows for approxi-
mately seven additional receive clock pulses to be sent to the

SIMP after the last data bit.

4. Data Test Set

The Data Test Set (DIS) was specifically developed for
use in conjunction with the SPADE Transmit and Receive Synchronizers
and the SIMP/SPADE Interface Unit. It's purpose is to enable
the earth station personnel to test the modified SPADE channel
units and the SSI for proper opera:ion, for monitoring the off-line
channel unit for stand-by readiness, and to measure bit error rate
performance of the SPADE channel unit in burst mode transmission.

The test set has a transmit and receive section which
operate independently of each other. The transmit secticn receives
its clock timing pulses from the SPADE Transmit Synchronizer, and
the receive section obtains its clock timing pulses from the SPADE
Receive Synchronizer. This allows the transmit and receive sections

of the DTS to operate independently of each other. Hence, tests
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can be performed between two or more earth stations in the network,
in the same manner as one earth station may test and checkout its

own eguipment on a loopback basis.

It is possible in the DTS to vary the time between bursts
from as little as 15 usec up to approximately 5.8 msec. Each burst
transmits a fixed pseudo-random bit pattern of 1000 data bits. The
pattern is generated by the polynominal x10-x3-1. This polynomial
will generate a random pattern of 1023 bits before it repeats its
sequence. However, only data bits in the seguence from bit no. 2
through no. 1001, inczlusive, are transmitted in each burst.

The receive section operates independently from the
transmit section. Detection of data is performed through a
unique word detector. The output pulse from the detector causes
a second pseudo-random genecsator to generate the exact bit pattern
that was generated in the transmit side. Comparison on a bit-by-bit
basis is used to determine the bit errors that occur. A second
counter is used to count the number of bursts that were received.
Knowing the number of bursts and the number of bit errors generated,

the bit error rate can be determined.

tndicator lights are used to show when data is being
transmitted and.when the receiver has acquired and locked-on Lo
the received data. Switches are available to start and stop data
transmission, and to stop the readout counters for bit error rate

calculations.

5. Ssystem Configuration

Figure 8 shows how the SIMP, SSI, DTS, and SPADE channel
units will be connected into an integrated system at the earth
station. In this configuration two SSI's are reguired, one for
operation with the SIMP and the on-line_transmit and receive
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synchronizers, and the others 85I for operation with the DTS and
off-line transmit and receive synchronizers. The switch matrix

is provided so that in the event of a failure of any unit in the
system, switch-over to the standby units can be accomplished with
a minimum interruption of service. Provisions have been made

for performing loopback tests from the $SIMP, DTS, or SPADE channel

units.

During normal operation the SIMP will be connected to
tran-mit synchronizer A and receive synchronizer A' througn the
SSI,. The DTS will operate with transmit synchronizer A' and
receive synchronizer A through SSIB. The connection of the S5IM?,
D™S, and SSI's can be interchanged through the operation of the
switch matrix. If loopback tests are to be perfcrmed, then all
signals from one channel unit will be passed through one interface
unit to the SIMP, while all signals from the second channel unit
will pe passed to the DTS via the other interface. Table I shows

all the possible ccmbinations that can be obtained.

During loopback testi~g, there will be no transmission
to or from the satellite from the terminal. It should be noted
that if loopback tests are to be performed by the SIMP, then the
DTS will also be connected into a loopback mode.

6. Conclusions

The breadboard models of the SIMP/SPADE Interface Unit
and Data Test Set have been built and tested with the SPADE terminal
_at Etam, W. Va., and has coperated satisfactory. No tests have yet
been performed with the SIMP connected into the system, and hence,
no prediction can be made as to whether proper signal levels and
timing will be achieved without some redesign or adjustment of the
interface unit. However, it is believed that any changes that may
be required will be minimal, and little or no delay should occur in



the schedule for the planned packet switching exper

the U.S. and U.K. planned to begin July 1375.

iment between

TABLE I. configurations Available
. Channel Channel :
X . )
Function SIMP DTS SSI, sS1p Unit 2 Unit A |
Xmit Rcve Xmit Rcve |
i
X X X !
X X X X |
Norrnal ]
* X X X | ?
: 4
i
X X X
X X X X J
i
X X X
Loopback !
X X X X

X indicates units connected together.
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! - tl / r Data Services Division
H 10281 Bubb Rosd
A "MsHM[ Cupertino, Catifornia 95014
Telephone: 408/267-6550

November 30, 1972

Dr. Robert Kahn

Information Processing Techniques
Advanced Research Project Agency
Arlington, Virginia

Dear Dr. Kahn:

This letter Is a confirmation and folliow up of our previous conversations
concerning the interconnection of ARPANET and TYMNET.

The experimental connection that was used during the recent ICCC'72
demonstration has created much interest in the area of network crossover
technology. Since this will undoubtedly be of great value to future
data services, it seems logical to continue the experiment.

Since the software already exists to facilitate the interconnection of a
TIP at NASA Ames and a TYMSAT at the same location it would be a smatll
undertaking to re-install the software which would allow us to centinue
research In this vital area.

| have had interest expressed to me directly for the contlnued inter-
connection of the two networks from ARPA, NASA/AMES, SRI, Stanford, BBSN,
and NLM.

1 sincerely believe that by continuing this experimental interconnection of
the two networks (ARPANET and TYMNET) that we can gain considerable useful
knowledge in the network crossover area having to do with computer-to-
computer, computer-to-terminal and terminal-to-computer technology.

If you agree with my logic would you please have the proper software
installed in the NASA/AMES TIP so that we can continue this research.

Sincerely,

705 P Rev

Max P. Beere
Director of Telecommunications Systems

/so
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INVESTIGATION OF INTEFNET WCRKING TECHNIQUES

FOR PACKET SWITCHED COMUYUNICATIONS

by

Feter T Kirstein

This proposal outlines a8 five year project
investigating problems in interworking between
packet switched networks. The proposal is for
a no-cost contract with the US Defence
Advanced Project Agency (DARPA), and is in
support of another collabhoration project
between DARPA and the UK Royal Signals
Research Establishment (RSRE).



te INTRODUCTION

Jniversity College London has been carrying out networking
resezrch under an agreement with DARPA since 1972, Th2 first
contract (N@uD7A-C-728%) was originally from 1973 to Sentantar 39
19275, Under this contract, UCL measured the verformance of A
numoer of parameters unijue to the international network
cennaction to the US ARPANET., We connected in a numbar af hnst
compiuters Dy a then unique front-end technique, and resnlvaed manv
proolems  of a managemant kind in order to enzble jnternational
Usa2je2 via pudlic common carrier egquioment. Finally we set up a
mechanism for supporting collahorstive usajze bhetween research
groups in thre US and the UK. This work was described in a number
of reports in pgerticular Ref., 1. Eventuaslly this contract was
renewed for one further year to put the usage side on a3 firm
footing, and prepare for the Packet Satellite Evoeriment, and for

internetwork connection experimants. This WO TK has heen
Cescrived in Ref.2. rrom Octoher ! 1976 thare was a new contract
,H08AT7-5-2625. Under this contract UZL  tas  done  sibstantial

.Mm2asdrement work on the Atlantic P3acket Sstellite Experiment, has

pariicipated actively in the internetwork activities, and has
Y

. maoce preparaticns for a simple version of a facsirmile service
which could run over Arpanet &nd Satnet,

This work is described in detail in Refs 3-6, but a brief
summary is given in Section 2. Partially as a result of the UCL
activity, an agreement was made between the UK M0D and DARPA on 3

.longer term project between the two hodies. The relevant details
-of this agreement are ciscussed in Section 3. 0One aspect of that
.dgreement is the continiued access of the UK to Arpanet and Satnet

;facilities. It has been agreed mutually that UCL is the natural

location to provide this 3ccess. In Section 4 we describe

ibriefly the type of research work we evpect to dn during 1282 and

1683, both in order to complete this work and to vrovicde the
access which is part of the DARPA 40D aaresment, DAPPA-furnished

‘2quipment will be reguired. In Sectinn 5 we list the eaquinment
currently in the UK or scheditled to be bprovided under the

agreement. Finally, 1in Section %, we outline the effort and
dellverables which we expect to orovide as part of this

ajreement.



2. AECENRT UCL RESULLTS

A detailed discussion of UCL results are given in DRefs 1-A.
One very significant activity was the user level measurements of
Satnetl which we have performed. Trhese measurements have bheen

descrikted in FRef. 4 but slso in a number of other papars, =.g.
Relfs 7-14. The measurements identified serious deficiencias in
the ~erfornance of the (¢ztewsys, which have led to their
redesign.

A second activity has heen the interconnectinn of Arpanety
Satnet and a UK experimental packet switched service,(EPSS).
This connection was provided in 3 sufficiently robust way that {t
cecame standard for thsz majority of UK users to access Arpanet
2ither throuzh EPSS or from another star network tased on tre
Rutherford lLaboratory. Little usaje came directly via ths FPihlic
Switched Telephcne Network (PSTN) to the TIP. As a result of
this work we have also identifiecd a nurber of serious problems
and mismatches of protocol. “any of thease hirge arnound
connecting together systems which were not desizned for this type
of interconnection. An examnple is the problem with full duplex
working and not using local echo. The problans are rooted in the
fact that certein of the operating systems (e.3. Tops 2@ and
Tenex) are used haavily in Arpanet, though thay were desisned for
local usage. Their use over low delay netwnrks like Arpanet is
still tolerables their wuse over comrercial packet switched

.networks or satellite ones may become inefficient, costly and

inconvenient, The types of problem and difficultv encountered by
the 1interconnection of EPSS and Arpanet affected also the

.performance of Satnet. Although this work is described in Refs 3
-and 4, a paper on it is given as Eef. 15,

As 2 result of the practical problems ancountered, we have

mace a detailed theoretical analysis of the connection of packet

switched networks. Some of the genera2l considerations on the

‘different levels of interconnsction are described in Refs 16 and
7. A clear theoretical problem identified has been the

variation In performance caused by different flow control,
fragmentation and buffering strategies. Analyses of these
phenomerna are given in Refs 18-24.

The PTIs have now standardised on the ¥25 wvirtual call

~protocol for access to public data networks. ke have been

developing X25 interfaces to Satnet in such a way that wusers on

_rthe British X25 net will be able to access Arpanet via Satnet
. {Ref. 22). At present we have demcnstrated our capabilities by
‘connecting ternlnalg) at the JK Royal Signals Ressarch

Establishment (PSKEJ via an access protocol which is X25 level 2.
Softdarc"to support the full X25 to virtual call trensformations
at all the relevant levels of protocol, will be developed during
the ne(\h?hese of the UCL work.

Ll ol
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de have underisken 2 significart =rount  of l
tréensmission Lver Arpanet dand Sztnst, This work e
described in Pefs 3 and 4, but more completae papers on the work
are in FKefs 23 and 24. In this work ws showed t*at it is
possible to combine facsitilz transmission and the existing text
messaje services over Arpanet in a uniform fashion.

Later work thas involved the set up  of an experimental
facsimile store and forward service ‘bhetwsen UCL, COYSAT
Lebnratories and ISI. This service will be evtended to other
sites (including DARPA) whan the relsvant 23uioment is installed,
All three sites have been active in the specification  and
implementation of the relevant procedures, WNe have alss
investigated the interactive editing of facsimile in the context
of multimedias messages, An overvisw descriotion of this work is
Jiven In Ref., 25. e  have oarticipated actively in the
creparaticen for TCZP-based sarvices in the Internatwork activity,
This work has not yet come inte full service wuse, and will be
Jiscussed further in Sscticn 4. As areraration for this work, wa
have extended the M0S operating systam te & Virtual machine (Bef.
23). adepting an  RSHE daveslopment. Ha have alsgo irplemented 3
significant amount of X25 sofiware (a,3., Pefs 27-29). Some of
th2 hardwars/software has besn cdalivared to 3o0lt, Zeranek and
Newnen, Consatl =nd the [afense Comnnnication Azancy for DARPA-
related work.



3. THE DARPA=-A0D RESZAFCH ATFEEVENT

Partly arising out of the JCL work, which has alse been
supported by the UK “inistrv of Defence (%0D), a3 numker of
exanples of collahoration have heen develooed hatween the UK MOD
and DCD. For instance, there is avytansive collabcration batween
the UK Atonic wWeapnons Research Ysiehlishment (4828) and the US
Seisnic D23ts 4nalysis Centrz (SDAC) on the Analysis of Seismic
cvants. fnother colleboration h3s bzen between the UK RSRE  and
its contractors, in connzction with the DOD/DARPA work on the Ada

“lanjusge for real~time corputing. Another UK NMOD c¢roup has

o
!

collaborsted with the JS Defence Readiness Command (DARCOH) on
the use of messags systens for administrative purposes. Finallv,
RSRE Fas connected its packet switched network (PPSN) to the
DARPA Internstwork Catenet using Intarnet Protarsle,

In view of the Incrazsing rejuiremants for DOD-MOD
collaboration, an agreement has noen wacde bhetween DSRE ﬁénd DARPA
under the auspices ofjfhe Technical Cooperation Programme (TICP).
The important aspects of trat azreemant for the purposes of this
proposal are the followingt

(1) The asjreement c¢ovars tha pariod July 1979 to June 1$84.

(ii) H0D will pay for their up link share of the 64 kbps
multidestination half-duplex Satnet link between the UK,
US and MNorway.

(iii) MOD will provide sufficient financial support for
Professor Kirstein and his team st UCL to continue
active R & D on topics of mutual intersst to both RSRE
and DARPA, and to operate the Arpanet TIP, Satnet Jateway
etc.

{iv) The UK will interface the PSRE PPSN to Satnet via 2
Jaleway., and will make one or more general purpose
machines availaEle as hosts on the RSRE PPSN or other UK
networks.

(v} The US will continue to provide and support the hardware

and software of the various Arpanet and Satnet compenents
in the UK.

(vi) The US will continue to provide access to various host
' computers and networks via Arpanet in the US.

- In view of this agreement between #0D and DARPA it is necessary

to continue a subsidiary arrangement betwesn DARPA and UCL.



4. PROPUSED UCL ACTIVITIES 1631-50

The nature of the UCL activities nust be expected to chance
between now and 1936, One aspect of it will ckearly be to
continue to provide the support necessary to WOD to ensure acCCess
to the Satnet facilities. A nuinter of reports have Dean written

on how UCL is proposing to provide this acczss. A fairly gqood
description is given in several raports (Refs 3¢—-33). Here we
nave identified the various protoecol translations that wmust be

_achieved, and the service provisions rejuired. 4s a result of

the technical analysis we have than sroposed specific
implementation strategies for terminal (Ref. 34)., File =and

EHessage Transmission (Ref. 35). In the process of planning, we
‘ have identified key problems such 25 acCess control (FRef. 36) and
©addressing. -

Tentral to the UCL eppreach is the use of a local hich s>eed
Riny network for intercornecting the various wids area networks.
A description of the past UCL work with this ratwark is described
in Fefs 37 and 32%. Tliere has Sern a very suhstantial effort in
riny protocols, and in consideration of how the Ring will be used
in this context. The plans for conna2cting in SATRzT are
described in Ref. 3%. Zasicallvy the various wide-area networks
will all be attached to the UCL Rings, and processing elemants on
the Rings will provicde the nrotocol conversion, mnNesSs5a83€ and
access control services.

In addition to providing straight-forward sarvice access. Wwe

‘would expect to participate actively in the ressarch asprcts of

what should oe provided. So far the gateway providec 1o SATMET
is the datagram gateway running Arpanet Host/Access and X25 level
5. 1n visw of the potential interest in inter-operability

 between civil and defence networks we will provide also a Virtual
. Call X2% level 3 based Gateway 1n addition to the datagram
' internet gateway to Satnet. Because the US defence networks will
. use versions of the Internet Protocol TCP, while this is unlikely
. to happen for the public data networks, one aspect of the UCL

virtual call gsteway will be & translation between TCP and 3
simple transport servics above X25. We also intend to look at
the compatability of different terminal protocols, and imoplement
appropriate mappings between the Arpanet Telnet and those on the
Public Data Networks. de note this class of problems 1is also of
some interest to the US Defense Communication Agency. 5Some of
their recent study contracts have involved interoperability of
Defense and Public networks.

we expect to continue to participate in measurerent activities
to understand and imnprove the performance of the Internet
Catenet. An example of our measurement plans is given in Ref.
ac.



iﬁt:rOJe?%ﬁilitf SR Zerse iae islin netaoris,

B a%Rct o co Sinta Lo aarticioate in mesasurenant
ACLIVItIes LodSdarstant and Leorove tha parformance of
e {ntarn: ‘ AN exatinla 9f  aar raagiyramant
Slans je 7 iven

24
.

fne usa  Af & -iak f2200 Incal netwarc  as rne
Interconnaczion 3Yster  le=2:5: a3 qumhar Af imnnrtang
consitderagions 21 roviing aryed recontrizuration
Capanility, in  achieve ths  fFyl) ﬁﬁt@ﬂtiﬁﬁz—\it is
ARCRIBArY Lo Nave guod vaeels foagn Wb hne Qlﬁgﬂfical

and  ciarranl CANPAacLiviity ~f fra itana: sv/5taRwg, fming
Sonnaciivity 45 i siini-lagal 2L itY,  "Nac3anse  marn
DAYE (el NPT TN Ay AnT o acnaiava qi3h dava | gervicas
Connsciivity, 18 i35 qenessir s ohoas RLLEATNridta ALY i
YUNCTing e availania  njge. w2IZF Lo ~a siadias g
Incl rve ron oy SR, A Te anyed rotsa Gervio
/NS rilana ~F gea oaeoa- IRhe g, v dingeiar {en
DT dinaror canig e i- TAIYEL 3L ANT sgren,

LRSS mazang GRAY e o aetioipatiag ia s oan
iy and AT LI ard e, VLTt e Yipoped fowa
Vit angy SEEAr L), Iavnivine sapo Gtg:iﬁws AL UL oanf s
TiERr ar ot aar . sites Lo, 41, The 101 Zargy
PUATANY il alsc e a4t Lagkao Y e ins oat oL, o=
RXuact (e Invastisans  rmay This e Lwnar v ccnul it na
Interater’  into Lra tuonl LJabanat Systen for

cantinies  n  ma 4 mAaiar JCL interest, e aYDactL to
2XL2F o activity  te inc Lings rainics,  racsiiila,
videotex an-d 2vantually voice into  the mirlti=medja
reunent procassiag accnrplisned  loeally, H2 s xXpac
Al sv to varticiseate With  £he aoosrosriatas jaaea
snonsared  1ratns To axienst 2ur crrrant facsimile
servica inte 1 Til-nlowy multi--edia one, Jur
ACLIVILY will have Ana 1ifferar: asnect fraa the othar
HAERS A s3o0nsored ones. Je will continually bhear in nind
Comnatibility pronlers ir the cantext of the develnping
internstional stasdar-c “n Juctaents fransmission {e..
Yidentyw and lelecsax).

vz sunjecr uf TUITI =t dictimantg Hracessin.g
!

MR Mave noth a gigitsal facsinile Yevices and A nit map
display, and 4ill expect to employ thsse in this aspect
N Lhe droject., Vaice facilitias wa Al ”RY2RCL to
continuz  to receive trom VAP 1y part to assurs
CrmmAatinilicy,



5. ARPA SUPPORT

oo addideria!

In order to continue to provide the 2ccess acreed hetween

DARPA and MOD, and to per
Section 4, continuedNloan of e
DARPA - supplied resources
facilities in the UK on loan f

Schedule of Equiprent

1 Heneywell 316 TIP

I Honeywell 315 SI#P

1PDP 11735 Cateway

1 LSI-11 Port Expender

1 LSI-11 Terminal Conc=n

I LSI-11/23 ¥inigzateway

1 C33 1MP

[N

form the research work described in

quipment from DARPA, &nd access to
rejuired. The oresent amd

will B i

[=]
romn DAQPA are shown in Téable 13

‘Date Shipped

July 1973
July 1975
July 1¢76

Ausust 1979
trator Seatemher 1630
Dctober 1081

darch 1932

| C73 or MC EBwEY Gateway Dctoher 1082

Table 1. Schedule of Eguipment on Loan from DARPA

This figure also shows the ejuipmaent currently oproposed for

delivery later in 1981 and

1982, ¥%e would expect our actual

reguirements to change over the course of the next few vyears, AS
demancded by the collaborative agreement and ckange in the DARPA
projrammes in which we participate.

Although we use many JK compuler resources in our work, it s
also necessary to use US resources. This is partly because much
of the sofiware cdeveloped is done in different research groups
working on the DARFA programies. and interchange and mutual
. extension of the software are
expect continued &access to computing resources in the Us to be
provided in accordance with the strict limits imposed hitherto.

absolute reguirements. We would

This agreement should extend over the period until November 33

1986 unless the MOD-DARPA

agresment 1is terminated before that

time, and DARPA therefore wishes to terminate the egreement.

b

il il



5. JCL DelLIVZRABLES

At several points in the ULCL projrénme we are developing
hardware and software to meet reguirements which erist both At
UCL and KSRE, and also in other sites supported as rpart of the
UDARPA progranmes. where approprizte w2z will provide the UCL
Heveloped hardware free. At other times we would provide the
Arazwinss to be manufactured or furnish the harcware at cost. It
is difficult to ba rmore ayplicit at this stage. If sraller
numihers asre reguired of particular hardware boarcds we wold
clearly supply them, kut if it hecamz desirable to provide them
in sizeasble juantities for a substantial cost, this would clearly
be bavond the means of a research 3roup such 3s ours.

In particular we would e prapsred to provicde sufficient
versions of our present facsimile interface hoar” to =allow the
prototype facsimile service to be evtended, and to furnish the
sporopriate software. If required we would evpect also to
furnisk the sofiware for the X25~Intarnet orotocol conversion to
othar sitess if thay sn want it It is tndarstood that the shove
would be for purpases of tha US Governnent only, and viould not
preclude cammercialisation for other purposes by the British
Techinolojy Corporation.

7. PERSC™MNEL

As part of our agreement with RSRE, we would expect to have

" thres people employed on work relative to this proposal at least

up to the end of 1984. Our personnel beyond that period would

" degpend on the renewszl of the agreement with RSRE.

This agreement does not propese any compensation from DARPA to

. UCL, with two exceptions. First, we would expect the loan with
"no charge to UCL of the US eguipment mentinned in Section 5.

Second, our narticipation in the DARPA Internet and other working

: groups will usually he at the invitation of DARPA.

8. REPGRTS

we would expect to continue to provide short quarterly reports

" and more datailed annual reports, and to make available as in the

past copies of technical reports and publications produced by the
INDRA group to the people specified by DARPA.
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