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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 : Topice for Discussion at the Forthcoming
Meeting

First, 1 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. I 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 mesting, with Max 10th, Palo
Alto, as target time and place,

The need for the meeting and the purpose of the mesting are things
that I feel intuitively, not things that I perceive in clear structure, 1
am afraid that that fact will be too evident 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, mutually 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.
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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 adveintage
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, I do
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's) 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 a2 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 these lan-
guages. One way in which transfer can be facllitated 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 get) 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 languages 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 functions 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 ehould 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: 1s the network control language the same thing as the time-
sharing control language? (If so, the implication is that there ie 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 seems 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. I am 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 sigrial frequencies, and several durations., I 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 ratio. 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. I.et 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., 1Is
there a suitable grid-plotting program anywhere in the system? Using pre-
valling network doctrine, I interrogate first the local facility, and then
other centers. Let us suppose that I am working at SDC, and that I find a
program that looks suitable on a disc file in Berkeley. My programs were
written in JOVIAL. The programs 1 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, so 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, lut assymmet-
rical. Let us suppose that I interrogate the various files, or perhaps inter-
rogate a master-integrated, network file, and find out that no such programs
exist. I 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-sets of data, constraining the mean and the variance to change
slowly as 1 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, ] set up and try out various (to me) reasonable
configurations. Let us say that I try to program this in JOVIAL, but that
I 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
“theoretical' 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-fitting System.' But, then
suppose that my intuitively natural way of naming the system ie at odds
with the general guidelimes of the network for naming programs. I would
like to have thiqtvariance 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 syatem that
looked for programs to meet certain requirements I had 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, 1 effected some linkages between my programs and the bor-
rowed ones, Hopefully, I 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. .
I 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. I would like to collect, or see someone collect, a
cansiderahle number of such examples, and to see what kind of software
hﬁ"ha’rﬁ'&re'facﬂitiee 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 alterratively, 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 mutual 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-
pengive 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 seemns 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.
] rf s

J. C. R. Licklider, Director %V
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UNIVERSITY OF CALIFORNIA, LOS ANGELES
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A Tribekl ks the Poipis & Calilorsia

DEPARTMENT OF ENGINEERING
LOS ANGELES, CALIFORNIA 90024

April 27, 1967

Mr. Robert Taylor
Mr. Larry Roberts
ODS/ARPA

3E175 Pentagon
Washingtaon, D.C.

Dear Bob and Larry,

This is in respmse to your note of April 24th and the
Message Switching Network Proposal which Larry handed me at the
Spring Joint Coamputer Conference.

I want to go on record as being in favor of the proposal
for a FDP=-8~like machine at each node. It will strongly lend a
wniformity to experimentation and to possible performance measure-
ments. :

As we reported by phone, Len Kleinrock 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
inow as soon as we hear samething.

VP\:'y truly yours,
‘ y

-

Professor of Engineering
GE:lw



Message Switching Network Proposal

After the Network discussion at the ARPA Contractors' Meeting,
Wes Clark made a recornmendation 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 so 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 bhetween 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 desired, 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 possible: (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.
]




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
gemall computer since their computer would still have to consider which
messages were for which users and utilize a protecoel ‘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.

Advantages

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:l.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 systermns would be substantially
less if we utilized these small computers since there will be no require-
ment to find buffer epaces, 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.




. MEMORANDUM, June 6 967 —
"I’O Dan Bobrow and._ert Sutherland _L 3 daZ._/y/E
FROM: J. C. R. Licklider ltw\_, N O TP
SUBJECT: e

The Purpose and Content of BONOFORM alias SUTHERN COMFORT

Introduction

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

The expected product of the committee is a language for defining
message forms of formats. As suggested opposite "Subject," I am
proposing 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 its rules without deviation 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-ﬁide conventions will be a software-software inter-
face inside the IMP. 1In 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 1s said about the bodies
of such messages 1s 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 bits 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 primitlve 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. This message-format-
describing language is what I am calling Bonoform.

Chalmers Sherwin has been (and 1s) advocating a system for handiing -
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 listed. Then, when

he sends a message, hé need only put the format number in its
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 office, of course, one could



e m——

send the format description as a message, providing the format
of tne format description were agreed upecn 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 uppd; 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 zzzigned values will be global. Characterization may be
hierarchical. That 1s, a format may be defined by a statement
containing terms that are defined (i:e., 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, problems famliliar
to them in other experienpes in the field of formal languages.

- Bobrow is going to write.'up a preliminary description of the

language and a brief q1écussion of the problems.
Then there will_beﬁanother 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“_ I.K

LAEMORANDUM FOR ThE DIRECTCR, PROGRAM MANAGEMENT

SUBJECT: Interactive Computer Network Communication System

The purpose of this miemorandum 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 miemorandum, describes the require-
ments for a network and the need for a distributed store and forward com-
munications systermn. A detailed sp.cification has been written to permit
potential contractors to bid on provilding the LvWPs. 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 hardware '~hich they select. The initiai 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 cormumunications organization recommended in a
distributed digital network study by the RAND Corporation.

Adminiastrative 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, If
the basic deaign proves satisfactory, the extension of the network to include

additional nodes w~ill be considered. Fiscal 1969 funds have been programmed

for thia 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 cornmon 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 evaluation by a panel of ARO-Durham
and ARPA personnel.

Agent and Level of Support

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

Ty
P

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 &, 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 related 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 soon as 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,

-

>/ -

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 DIRECTOR, PROGRAM MANAGEMENT
SUBJECT: Initiation of a Contract with Raytheon Corporation to Study
"User System Interaction 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

rd .
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
issues and proposes to have Thomas O'Sullivan attack the problem. This
. provides ARPA with an unbiased source of recommmendations 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 associated 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.

Statement of Work

Rev:ew command languages and eystem resources avanlable to
Network users.

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

/ .
Postulate specific examples of various operating modes of
_different types of network users and define operating procedures

to handle these modes of operation. '

prd

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 DSS-W because close interaction with IPT is

required and a second technical monitor is unnecessary. Quarterly

Management Reports and a Semi-Annual and Final Technical Report

are desired. :

8IGNED

Davis B. Bobrowf

Acting Director
Behavioral Sciences

" oa

P

BIGED

Lawrence G. Roberts
Acting Director for
Information Processing Techniques
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I ILTRODUCTION

The Networx Infermation Center (KIC) is a set of services to be
offered by the Augmented Human Intellect Fesearch Center (ANIRC) of the
Stanford Reseazrch Institute (SRI) to the users of vhe ARTA Computier
Network, “hese services mzke use of the AUIRC computer, an SDS 940,
User access to the i IC will be prirarily through the neivork, but
alternet= means sucn &s phone calls, letiers, etec,, Will elso be used
{2t least initizlly). . '

A mejor goal of the NIC is to try to satisfy those informetion
needs upon vhich the success of the "neiwork experizent" will be most
dependents The UIC, then, is concerned with supplying information.and
dozurentetion services =- us contrested to ctner possible services such
as project management, cckpiling, etc,

II [KEEDS

User needs of concern to the HIC are #s follovs:
{1) Creation of Dccunznts

Users will need to create docurents for use by otlher netvork users
and for their ovwn use, After a document has been crested the user nay
wish to inspect and/or modify it.

(2) Inspecticn of Documents

Users will need to exenine (i.e., read) docucments to verious depihs.
Such en examinaticn ey be a prelude to subsequent modification actions
or other retrieval ections.

(3) Modification of Documents

Users will need to nodify docunents of their own creatiion, whether
to correct errors, edd, delete, change, or rerge., They will elso desire
10 nodify decumients created by others.

(L) Searching for Docurents

The user will need to be able to scen cellections of documentis to
search for items relevant to his work et a given moment, T a seerch is
successful the user will cesire to inspect and/or retrieve docu:ents
that he selectis,



KIC NIWSLETTER
16 January 1969

(5) Retrieval of Docuzents

When a user hras strong interest in e docuzent, set of documents, or
sections of docwzents, he will need to have a copy of the material for
himself, The retrieval of such information may result in copies in
vario?s fornms —- e.g. herdcopy (paper, microfilm) or softcopy (computer
fijes).

III SERVICES

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

(1) Leceess to HIC Services

This will be initislly provided vie the netverk and via "dialup”
Dataphione lines for tyrevwriters and low-speed CRY terminals. Later
eccess will be provided vie the network for high-perforrmance CRT
terrinals.,

(2) A Repository for a Collection of Docwients

This collectiocn will consist of documents contributed by network
users or collected by the staff of the lIC,. Elements of the collection
will include resezren reporis, user's guides, sysien end program
descriptions, esctual code, ernd papers of generesl user interest. The
collection will be kept in various versions:

In hardcopv, a5 microfilm and paper nzsters held at the NIC,
Replicas would be routinely distributed to each network siie
end other selectied orgenizetions for the users.

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

A cetelog will be one of the elements in the colleection., It will
list a1l material in the collection, whether it exists as softcopy,
herdcopy, or eny combination.
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(3) A Dozumentetion-Aid System

The systen, oriented to typewriters end CRTs, will incorporate text
editing end text restructuring facilities similar to those now available
in the AHIRC On Line System (iiLS),

The hierarchicel structure, basic to the concept of the IILS, will
be mvailable for use in 211 documents held by the IIC., (It may, of
course,be used simply es a list of paragrephs, headings, ete.,) The
docurentation-aid systex will assist the user in genersting and using
documents that expleit the possibilities of this structure,

A transcription service will be evailable at the IiIC to transcribe
hardcony docurents into a softeopy versicn to be held in the NIC, This
service will permit the initital erntiy into the IIC held corpus of lerge
numbers of existing dociwients and newly generzied documenct (at «east
during the irnitial phase of the network) without unduly burdening the
user, It will provide a transiticn intervezl while users become
ecquainted with the ILS document structure format, Ultimately, it is
assuned that doccuments will be originally written with the use of
computer aids -- either on the user's corputer or with NIC's
docurent-zid system,

(4) A Query and Search System

This eysten will be eppliceble to softcopy end herdecopy versions of
the collection. By neans of the "content znalyzer" (e feature of the
present iLS) the user will eble to construct content specifications for
searching the LIC collection.

By means of links between documents and within any one document
(another feature of the present KLS) the user will be able to follow
predetermined "trails" through the INIC collection,

Plans are being made to develop e IiIC cetalog, encompassing the
softcopy end hardcopy (microfilm) versions of the collection.

(5) A Retrieval and Output System

This system will have online, offline, softcopy, and hardcopy
(microfilm) applications,

The user will be able to request a "cony" of the document for his
use. This nay be a softcopy for use through 1iIC aids, or for use at his
own computer,
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The user may also meke special requests for hardcopy versions
either on microfilm or on peper, both produced at the NIC, If he
obtains & copy of the file &t his machine he can, of course, produce his
own hardcopy version,

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

The wview will be chosen by the user and will depend upon the depth
with vhich he wishes to exanine the document and the typz of terminal at
his disposel. A typewriter user will desire smaller volumes of matericl
then will the CRY user, becsuse of the slow speed of the terminal; the
range of vossible views will reflect this.

IV INITIAL PLAES

Users to be Served

The initiel plan covers the period frem the present to Decerber
1069, During this interval the network will be in its develormental
stage and will be unaveilable for general use, The parties concerned
with this development will be ARPA, BBl (the network contractor), end
the four initizl sites (UTAH, UCSB, UCLA, SRI), These parties are the
primary users to be served during this tine with the emcrging NIC
services, NIC's specific service feztures are being oriented toward the
needs of these users, Users at the other 15 sites are expected to use
the IIC to a lesser degree during this period, but will becore
increasingly ective during the letter part of 1969 and through 1970,

Initial Services

The focus of the NIC will be upon the development of its basic
collection of dociwments, a Typewriter-Oriented Documentation-Aid System
(TODAS), and & early version of the on-line search and retrieval
process,

Information in the initial collection is being oriented to
docurents pertzining to the network developzent, &nd to descriptions of
systems and subystems to be available at the initial sites, This
information consists of program docunentation, system descriptions, user
rennals, protocols and procedures, and status reports.

A 1IIC transcription service is azlready partially ozerational end
transeribing these docunents into the i1IC,
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A preliminary version of the Typewriter Oriented Document Aid
System (TODAS), is now in use by the transcription service, operating in
the off-line mode only,

Quite early, sbout the 2nd quarter of 1969, the collection will be
made available to the users in microfilm form. At that time a NIC
system, called Graphics-Oriented Document Output System (GODOS) will
enable computer-held information at the NIC o be recorded onto
mierofilm 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 a limited search
Bystenm.

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:

Helf-Tone Perspective Drawings by Computer,
C. Wylie, G, Romney, D. C. Evans, A. Erdahl, (UTAH)
1k November 67, Revised 12 February 68,
A FORTRANl V Interactive Graphical Systen,
A. C. Reed, D, E, Dallin, S, T. Bennion, (UTAH)
3 April 68.
GS = Graphics System
L. Copeland and C. S, Carr (UTAH)
November 15, 1967,
Illiac IV == Systems Characteristics and Programming Manual
Burroughs Corporation {UI)
1 March 1968, Change 1, 12 June 1968

Procedures and Standards For Inter-computer Communications
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A. K. Bhushan 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 "b")

Advanced Research Projects Agency (ARPA)
July 29 1968

U.C.5.,B., On-Line System Manual
University of California, Santa Barbara (UCSB)
October 1, 1967

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

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

Network Newsletter
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 subsystem available on any
other computer without having to modify the remote program.

B. Technical Need and Background of the Program.

1. Scientific Environrnent.

Currently there are thousands of computer centers in the country,
each of which operates almost completely autonomousiy. 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, sav,
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 versonnel 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 diflerent
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 to load-share between themselves
over high data rate links. However, it was soon found that load-sharing
introduces considerably more problemis than it solves and the project
was terrninated. 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 com-
munication.

More recently, experiments have been carried out between Lincocln
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 {iles 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 transier 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
FY 70 680K 200K 880K
FYy 71 00K 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. ics 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 NMCSSC 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 s0, other military centers affiliated with it will follow, e.g.
CINCPAC, CINCEUR and MACYV. 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 througha
distributed net will be particularly important due to their joint responsi-
bility and common data base interests,
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§ SUBJECT B,;&urnetin Computer Not\-rork Communication Sysum ?-
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The purpou oI th.u momonndum is to nqnut an ‘ARPA order be vrluen
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 {s to be sslected by competition between
selected bidders.
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APP No. 723, submitted with this memorandum, describes the require-
ments for a network and the ased for a distributed store and forward com-
munications system. A detailed 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. The initial contract will request the design,
production, delivery, test, and svaluation 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
resesarch f{acilities, but will also be a unique prototype of future communi-
2 ™" Eation systems. Additionally, this metwork will provide an opportunity to
P fdemonstrates a form of commuaications organtsatioa recommanded i a
dlstrlhh‘:#.lm lbtwork stu.dy by:tlu MND Corporuuon. S *‘1 e
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> The 8563 honld provide bufficient fuads for the IMP dulp. the purchase
. of !our s and their installation at the initial nodes. A small setwork
which will bc €reated betwsen these four modes will be used mainly to eval-
uate the performance of the store and forward communication system. If
the basic design proves satisfactory, the extension of the network to include
additional nodes will be considered. Fiscal 1969 funds have been programmed
for this purpose.

vy 4, Iy
.
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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 demonstrated, a common carrier will be asked

' .to make sh economic svaluation addressing the desirability of offering such
- ,,_comunl uonl as & service. When the entire net {s established’'and operat-

=. 4ng smoo y. the carrier may be requested to manage the net, thus directly
providing digital message transmission as a tariffed service. This will be
pearticularly desirable when the computer network {s 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 svaluation by a panel of ARO-Durbam
and ARPA personnel.

Agent and Level of Support

ARO-Durham pserscnnel have been involved in the preparation of the speci-
fication. Technical support will be requested of ARO-Durham; however,
the project responsibilities should remain with ARPA.
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ACCOUNTING AND APPROPRIATION DATA {If required)
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‘HIS BLOCK APPLIES QMNLY TO MODIFICATIONS OF CONTRACTS/ ORDERS
a) D This Change Qrder 11 issued pursuant 10

The Manges wi forth o block 12 ore mode 1o the obave numbared contract /ondnr.

10 U.S.C. 2304(a)(11)

b)% The above numberec contract/arder 11 modified to reflect the admimistrative ¢t anges (such as changes in paying afice, approprialion date, wic.) set forth n block 11,
o

This Suppiemeniol Agreement is snlersd ivg pursuant 1o authanty ol

It modil.es the obove numbered contract ay sel lorth «n blioen 12,

JESCRIPTION OF AMENDMENT/MOODIEICATION
WHEREAS, the Contractor and the Government entered inte 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 P0OQOLlS5 (Change Order),
tion M, Revision 1, and Option N, Revision 2, of Contractor's proposal P72-
Y-1B, and

WHEREAS, the parties hereto do mutually agree to extend the contract;
NOW, THEREFORE, 1in consideration of the mutual covenants and agreements
rein contained and for other good and valuable consideration, the parties

reto do mutually agree to amend said contract as follows:

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

4 av provided herein, il terms ond conditions of the document reterenced in block 8, as hersinfom changed, remain wnchanged ond m lull force and effect,

B fg”;:;'_.‘f'afs’ ey OT REQUIRED (7] CONTRACTOR/OFFEROR 1S REQUIRED TO SIGN THIS DOCUMENT AND RETURN 5 COMES TO ISSUING CFFICE

SAMF OF CONTRACTOR/CFFEROR 17, UNITED STATES OF AMEPICA
134
{Sgnotute of panon outhorized 1o 4ign) (Srgnoture of Controcing Officer) .
JAME AND TITLE OF SIGNER (Type or prent) t6. DATE SIGNED 18, NAME OF CONTRACTING OFFICER ( Type or print } 19. CATE SIGNED

7 -
A G %/pgf/h«/
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iCTION B. CONTRACT FORM AND REPRESENTATIONS, CERTIFICATIONS AND OTHER
STATEMENTS OF OFFEROR.

‘l. 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
i the requirements of the Cost Accounting Standards Board. Any offeror
bmitting a proposal, which, if accepted, will result in a contract sub~-
-ct 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) unless
.) 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
-5closure 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, cipies 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
oD 4105.59H); (1i) one copy to the cognizant contract auditor; and (iii)
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 practilces
sclosed in the Disclosure Statement(s).

) 2. CERTIFICATE OF MONETARY EXEMPTIOHN

The offeror hereby certifies that, together with all divisions, sub-
diaries, and affiliates under common contrel, he did not receive net awards
" negotiated national defense prime contracts during 1 July 1970 through
 June 1971 totaling more than $30,000,000.
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) 3. CERTIFICATE OF 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

D01 Research and development for the Defense
Advanced Research Projects Agency Computer

Network

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

ACRN - 1A,B,C,D,E,F,G,H,I,J,K,L,M,N,P,Q,R.

J02 Research and development for the Defense
Conmmunications Agency Computer Network

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

ACRN: 24, B.



ONTRACT NO. DAHC1S5 69 C 0179 MODIFICATION NO. POOCO19 Page 4
olt, Beranek, and Newman, Inc.

ECTION F. DESCRITPION/SPECIFICATIONS.

-1. Scope of Work.

a. Unless otherwise provided herein, the Contractor with due diligence
hall furnmish 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: Specificaticns of Inter-
ace Message Processors for the ARPA Computer Network"” and Exhibits 1 and 2
ereof, in accordance with his proposals listed in Annex "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
2ports 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
11s 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 Provisionms.

5CTION H. DELIVERY SCHEDULE.

0001 - The funded period of performance for this item ends 18 June
774. Individual deliverables shall He made in accordance with Exhibit 1,
alivery Schedule for the ARPA Comput:er 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 Schi: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 te 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 understocod 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 tiie Contractor &nd 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
Te 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 allocated 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.

e Materials and Supplies. Expenditures by the Contractor for such
.aterials, supplies, apparatus, equipnent, 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 iIncurrence of subcontract costs
1th Honeywell Incorporated and Telecomp, indirect costs shall be reilmbursed
n an actual cost basis in accordance with Section XV, of the Armed Services
rocurement Regulation. Subject to final estublishment by cognizant Govern-
ent auditors of actual indirect costs incurred, such costs shall be reimbursec
n a provisional basis through means of a billing rate acceptable to the
ontracting Officer. 1In 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 75%Y of'such costs, and

e It s
there will be neo reinbursencat of indirest coste, Zi any, iacurred in con-
nection with the Telecomp subcontract.

e. Reproduction Costs. Costs for "duplicating” as defined in Printine
and Pinding Regulations pubiished by tne Joint Committee on Printing of thae )
CongFess of the Uaited States, December 01, 1972, XNo. 22. Allowabl; repTo-
duction and dujplicating usually includes that produced from stencils mé~
and'mats usgd 9n & single unit duplicating equipment not larger than,ll
17 inches w1tb a naximum inmage of 10-3/4 by 14 inches, provided that reusazbls
contact negatives and/or positives prepared with a camera requiring a darkroo

3re %Eﬁ used; 2nd provided further, that not more than 225 copies are repro-
uced.

TEre

n

oo

.3. Contracrour hcouired Property. Subject to the approval of the Countract-

Officer, .he “uiitractey mav acquire or fabricate special test equismoent
s set forth in i1z preposals listed in Annex the

"' in amount not te exceed th:c
um of Threa : il "un rive bkundred four thousand =iy hundred seventvo-nize
dollars (33,500, 7.00),., ©Cests dncurved therefor will be allowasla ceosts,
vrovided that trhe Zontracteor shall have no obli jacien to acgulrz cr fabri

special test cruinmant in excess of the total e-timated 2quipnent cosns
forth hevein, unl g centract is anended to facrease such anmount.
speclal test conl; acituired or fabricate ! gihall be considaved Gowver
ment Fropeviy and shall subjact to the provi:iions of the clause entitizd
"Covernment Prepzrty {Cout Reimburseuent)'" of tihie General Provisions.

(=3 =

"o G
o

=1 L

-3
I-4. Government Purnishad Eguivpnent. In comnection with ,the performance of
this contract the Goverament snall turnish to the Zontractor all telephone
lines and telechones medems,

J~3. Rated Contract.

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

SECTION XK. 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: c

1

Defense Contract Audit Ageacy
Northeast Branch Office

424 Trapele Road

Waltham, Massachusetts 02154
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LTION L. GENERAL PROVISIONS.

Page 7

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.
69 Edition of the Armed Services Procuremen*t Regulation,

d applicable Defense Procurement Circulars through No. 107,

72.

AUSE _TITLE AND DATE

finitions (62 Feb)

mitation of Cost (66 Oct)

lowable Cost, Fixed Fee and Payment (72 Jan)

.andards of Work (59 Feb)

spection (59 Feb)

signment of Claims (62 Feb)

amination of Records by Comptroller Gemeral (71 Mar)
bcontracts (72 Apr)

1lization of Small Business Concerns (59 Jun)
rmination (71 Nov)

sputes (58 Jan)

negotiation (59 Oct)

Yy American Act (64 Oct) .

nvict Labor (49 Mar)

lsh-Healey Public Contracts Act (58 Jan)

ntract Work Hours and Safety Standards Act-Overtime
Compensation (69 Nov)

ual Opportunity (71 Apr)

ficials Not to Benmefit (49 Jul)

venant Against Contingent Fees (58 Jan)

thorization and Consent (61 Jan)

tice and Assistance Regarding Patent and Copyright
Infringement (65 Jan)

tent Rights (License) (69 Dec)

ghts in Technical Data (72 Apr)

vernment Property (Cost Reimbursement) (70 Sep)

surance-Liability to Third Persons (66 Dec)
ilization of Labor Surplus Area Concerns (70 Jun)

yment for Overtime Iremiums (67 Jun) (Insert "O0" in blank)

mpetition in Subcontracting (62 Apr)

dit by Department of Defense (71 Apr)

anges {67 Apr)

chnical Data - Withholdiang of Payment (72 Apr)

becontractor Cost and Pricing Data (70 Jan)

ilization of Minority Business Enterprises (71 Nov)
cusable Delays (69 Aug)

atuities (52 Mar)

mitation on Withholding of Payments (59 Feb)

terest (72 May)

sting of Employment Openings for Veterans (71 Nov)

The full text of each clause is as published in the
through Revision 11,

dated 11 December

ASPR REFERENCE

7-103.1
7-402.2(a)
7-203.4(a)
7-402.4
7-402.5(b)
7-103.8
7-104.15
7-402.8(a)
7-104.14(a)
7-203.10
7-103.12(a)
7-103.13(a)
7-104.3
7-104.17
7-103.17

7-103.16
7-103.138
7-103.19
7-103.20
7-302.21

7-103.23
7-302.23(b)
7-104.9(a)
7-203.21
7-203.22
7-104.20(a)
7-203.27
7-104.40
7-104.21(a)
7-104.1
7-204.9(b)
7-104.42 (a)
7-104.36(a)
7-203.11
7-104.16
7-403.12(a)
7-104.39
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 (69 Dec) 7-104.62

ost Accounting Standards (72 Jul) 7~104.83
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3CTION 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 0002.
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SPECIFICATICNS OF
INTERFACE MESSAGE PROCLSSONS
FOR THE ARPA COMPUTER NETWOIK

I. Network Description
A. Introduction

The Advanced Research Projects Agency, with the cooperation of its
research contractors, is forming a corputer comnmunication network. By the
distinctive nature of tiiese contractors, thig will be a highly inhorogencous
network. There will be many kinds of cermputers isvolved and even in those
cases where two coq.rac tors possess similar equipreni, their oncrating sys-
ters and types of utilization will differ. On the ocher hand, this will te
a network of important potential precisely due to making these advanced re-
search conputer systers available to users out:zide their own design circle.
System variety is of utkost importance; any prosent v*nxla‘*ty is to be con-
eidercd a happenctance of equiprent availabiliy and must net ba an issue
of network design. Each system is oriented to the specializaed research of
the centractor and after connection to the net.ork, will contirze to opirate
primarily as a stand-alone system for that cont:sacter's use., EIach contrac-
tor will make some part of his faci{lity frequertly aveilzlle to the network;
hovever, networii cperatiosn must not depend unch any singl: cantractor's
machine. (Herecafter a contractor's ccrputer is czllied a L0ST,)

To effect graceful disconnection of & UNST from the notvwork and to
guard agzinst burdening cennected BO3STS with nusuoris responsidilinies, a
comtunication subner ¢t :11 be constructed ceas ntir~ of stove-ind-fcriard
comptters (called TIX'S or interface massape processcrs) levated at contrac-
tor sites., Each I}P shall be connected to seviral otuer ;@S by full duplex
S0 kbps common carrier ~omrunication links crciting a stronply interconnacted
net. Typically, there will be three or four full duplex lines at eacth site
that can serve to benefit routing and network Lufferins. A lict of the proj-
ected network nodes and an illustrative intercomnection graph is shown in
appendices A and B.

In addition to serving the research interests cf the AFPA contrac~
tors, the network itself is a subject of study ond experirancation; for this
reason, data gathering facilitic are incorporated into the network and must
be considered an inteprzl part of the hardware and softuare 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 arecas of responsibility and
specifying design requiremants the network is subdivided into the follow-
ing components:

1.

&

The USER SUBKET

a.

The

The HOST systenms:

The contractsrs hardware and software prior to or
independent of the formation or construction of the
network.

The contractors own hardware and scoftware

individually designed and iryleranted for his own
convenience in attaching his::lf to the networi,

The coatractors own hardware and software
specifically oriented to his utilization of some
other BOST system within tie network.

COMMUNICATICN SUBNET

The CARRILR systems:

The common corrier facilities aveileble by
contract gTior to or indepencint of the formation
of the network,

The ecixcuit weitohes, leszsed lines, datn zets, and
line conditioning equipment utilized by the network.

The I!P systems:

The stora-znd-forward reossape processors
dedicuted to the service of the nctwork,

The hardware interfaces attaching the mrssage.
processors to the data scits of the CARRILER.

The procedures, hardware and software, for
message transmission, validatien, failure detuc-
tion, recovery, and data gathering. In general,



those preccesses coznrising the communication’
design and performance of the message proces-

sors which maintain at all network sites (hereafter
called the CARRIER side of the IMP).

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

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

To visulize the opecration 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 inforration. Some ¢ this informatica is private
to S.R.I., scre is available to all netvork vzers, sore is available to
particular network users, The S.R.I. systens for handling such informa-
tion on-line is to be rade avallzble to the network users. The on-iine
controls coming from aa 5.R.I., cencole specify preciscly the preogram
control of the dosuzezntation system., Consequ:atly, the outpuis generated
by zny console in the network can be mapped into thz set of S.R.I. ceasole
outputs by a reformatting program in the user's KOST and thus effect con-
trols of the 5.R.I. system., In the other directicn, the display output to
an §.R.I, ccnsole uﬁ’c:aly gpecifics the vicible results of applying the
above controls, Ccnzevently, the cata strocn from the corputer to tue
display system can be =apped into the output data strzam required o
similarly display suct visible results at the usexr' site. This would also
be handled by a reforuutting program in the users' HOST.

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



Example 2. WNetwork studies using the UCLA HOST system.

The HOST system at UCLA will include analysis programs for
studying network performance., The cesign of the IMPS will include
facilitics for gathering network data when roquested and reporting this
data to other sites. A user at an arbitrary centractor site ray schedule
and run network cxperiments by supplying pregrom controls to the UCLA
HOST system to effect the selection of data gathered and to govern its
analysis of the UCLA HOST system. Or, the usar may elect to have
the raw data sent to him directly for processing by his own proprams.
To avoid conflicts, such erperirents will normally be schedvied and
monitored by the UCLA 1i0ST.

Exarmple 3. Extended concole operatien in the network.

Since many sites have unique facilitles, we can ewpect rich inter-
action to accur, as it is only nccessary to Zaovezicp ILILRCONIICTICN
SOFTWARE in order to have utilizatien of the power of another contractor's
systom, From the point of view of the ARPA contrantors as uscys of the
network, the comzunication subnet is a seclf-contained fzedility whose soft-
ware and hardvare is maintained by the network contractor. In cesigning
INTERCOINECTION SOF¥TWARE wa sheuld only n2ed to use the I/0 ceaventions for
roving data into and out of the subnet and not otherwise te involved in
the details of subnet operation, Spacifically, arior checking fault
datection, massagn switching, fault recovery, linaz switching, carrier
failures and carrier -~uslity assessront, as roouired to suacssntse reliable
nztwork perforuanca, cre the scle responsibilily of tihe netvo X contrzcior.
Howecer, during the porisd of design and construction of the r=twork, ths
uscr contractors caan provide aid to the network contractor as suggested
in Sectiocn 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 newwork., DLach transmittinp HOST looks into
the newwork through its adjacent IMP and sees itsel)f comnected to the
receiving HOST (vhich responds to requests from the transmitting HOST
after a delay due to IMP and CARRIER congpestiocn as well as its own
congestion)., Lach receiving HOST sees the n:=work through 1ts adjacent
IMP and recponds to incoming data as from a szt of remote terrinals
raking requests. Yhe aetwork sces a set of [MPS providing and accept-
ing ressage traffic. Tach IMP sees the network as a source of messages
for its receiving HOST, and as a sink for messapes from its transmittiag
HOST and frem cessaues using it as a relay IMP, ‘'The IMP, as part of
its basic function must smooth out scvere fluctuations in the message
traffic by providing temporary message buffering.

Thus, the IMP is to provide store-~and-forward switching for
messages exchanged between the NOST corputers. It is to receive
nesszges from its attached HOST(g) and {rom orher I!2S connected to
it by mzans of comuunication circuits, Thess messages, or packets ct
messages, Are to be fcrwarded, as appropriate, to the cther ceanected
IMPS or to its attnehed KCOST(s). In thiz executicn of these functiens the
IM? is to cbserve rthe IMP-IMP communication protocol and the iHI5T-LI%
comrunication protccol, as established by AR’A. A tertative version of
the proterol is provided in Appendix F. Thes2 activities of the IMP involve
the followving functions:

(1) Breaking =messages into packets

(2) Mamagewoot cof nossape buffers

(3} PRouting of messages

(4) Ceneraticn, onalysis, and alteration of formatted messapes

(5) Coordinavion of activities with other IMPS

(6) Coordination of activities wich its HOST

(7) Measurement of network parameters and functions

(8) TDetection and disposition of faults

The specific functions to b: performed by the IMPS, and the
algorithess vsed to irpiement the fuictions, z2re all subject to change with



time. These chanpes may occur as the networtk chanpes in size, or
thanges in mode of application, and is subjected to improverznts and
experimentaticn. It is necessary, then, that the design of the IMP pro-
grans and hardvare be such as to permit these changes to be made with
relative case. The program-hardware tradeoffs, the modularity of these
elements, the ability to make program changes from rewote locations, and
the selection of the source language for the propgrams are all of concern

here,
1. Breaking of Messages into Packets '

HOSTS will wish to communicate with messages of longer length
than can be rcasonably transmitted as a single bleck due to the increasing
probability of retranseission, Thus, a Packat is dz{ined as the intec-IiP
unit and Message as the inter-HOST unit. A packet will not sxceed 1024
bits in length; e 2245 wust break all longp:r ressages into multiple
packets. Mossages will be limited to 8192 bits so as not tc require exces-
slve buffer space.

2. Management of Message Buffers

The IMP is to provide buffers fer the terporary storage of
m28sages or portions of messages, Those buffers will Le used:

(1) when speed coaversions are to take place
(2) for nessapes that encounter celays in being forwarded

(3) to provide 2 copy of forwardod data for which no indica-
tico Les yet beon provided of error-itce reloipt

The IMP is to control the flcw of the data in and out of its tuffers, per-
mitting the flow of incoming data from the net and frem its i103T when
buffer space is avail. ble, gquenching this flcw when the space is scarce or
unavailable. This coentrol (sctimulating or quenching) 1s brousht about
through the use of IM’-generated abuorsal pachets.

3. Routing of }Messages

For each inzoming packet and each IMNP-generated puzket

"which is not destined for a particular IMP'S 10ST, the IM? chcoses the

next immediate destinztion by the execution of a routing algorithm. Such

an algorithm will typ:cally take into account the ultimate deruination of the
packet, the connectivaity of ths netwerk, the loading and condition of the
communication lirnks and other IMPS, and the message priority, When

the routzng algorithm indicates that a message whould wait for a busy



chzunel, then that messace must be placed on 2 queue ia the buffexr and

tha rules apprcpriate to the priority discipline in etfect must be adhered
to. The IN? will also be ewpested to exchange routing and lcaxding infor-
~ation with HO;T; and other IMP: of the natworl, as dictated hy the
xuuting prozess, thus providing periodic updating of the routiug tebles.
(See Appendix )

4. Generstion, Analysis and Alteratinn of Formatted laessages

The r2ssage and packet exchanges between IMPs, und betwecn
I:P and HOST, will conform to the formats in the ARPA estawlidihed proto-
vcle. The IMP fs to ¢onstruct zll of its outroing ressapes <nd packets in
these formats., leader informztion on a messape will te altered in tho
74P when approprviate,  All IMP analyses of incowming rassaces and
corkete are to ascume that these messapes and packats wilid (CHS“P' in
cazz of error) also conform to thece formats. Transnitting n¢iT res-
sages will be disaessesoled, as requird, into packers. Recciving HOST
nessages will be reasserdbled, as required, fovm incoming packers.
Tonus, in botn trapszittiag and receiving, the L03Ts dial with complete

nLSAges.
The IM will provide the necessary sexial to parzllel, and

paralled to serial ceaversy) ne for cormunication with the cornmswmication

vircuits and the atrached HOSTs.

5., Coordination of Activities with other 1T

IMPs will coozdinate their acticns wivh other 1iTs in the net-
cx o thesugh the vsz of IMP or HOST generatod milsocta. Lo manasis
wall provid: for the positive or negative acaiwwlud Wi sage., 304
the tamporary cescation or reinctitutieon of wussar: ot 1. When
required, as through a negacave acknowledperent, th2 1:7 wiil ripent

22

%
sessages which have ‘bovn received in crror. ‘lhroveh the weo or 1
senerated messapes, acwwork status informacion will be seomaed (ad
coiated through the network for use in chanpin; the roucivy oo les,

In additien to generating such ccnrdinating woegzzes the IMP
will receive and react to coordinating messages.

6. Coordinarion of Activit:es with i:s HOST(s)
Each TMP iz required to coordinate its actions with its own

ENST. These activitics include the acceptance of resisipes roew the
transmitoing HOST upon request (at the 1¥Ps cenvenience), and the delivery



of messages to the receiving HOST (at the recciving HOST's convenience).
Of course, if the receiving HO3ST btegks down cr cccepts nmesgages too
slowly, then its I!P must take the necesszary steps to prevent further
messages from entcring the net and being delivered to it. As messagés
arrive from the transmicting HOST, the transmitcting IM? rust prepare
them into packets with zppropriate headers, and parity check bytes.
Message protocol must be followed in preparing these packets. .

7. Measurement of Network Param=zters and Functions

An I1P will, at time, be required io measure selected network
parameters., Tnes: pavaseters pcy include:

(1) occupancy of all communication circuits

(2) utilization of the IMP's Luffer storage

(3) utilization of the IMP's CPU time

(4) delays encountered by ﬁéss:ges due to IMPs

(5) failure rates cf the common carrier net

(&) weecage arrvival rates

(7) message lengths

(6) dintribution of network traffic

(¢) net confipurations

(10} hore use versus remote use of cotputer

(13) queue lengths

(12} treasmitting HOST queueinp delavs
In order to observe delays and the operation of the routing rechanisres,
the I!Ps will be requii2d to tag selected messages and cbserve “thedir
movement throush the notwork. These data gathcrad by an 1M mzy need

to be incorporated into an IMP ~ nerated messape destined for its own
or another rcceiving HOST.



The weasuremznt activitiss of an IM? will bo selectively Initiated
and terminated by control messages received rom its host or another Li¥2,

8, Dz2tection and Disposition of Faults

The IM’ is to protect itsclf znd the natvork from the effec
of faults, whethor the cource of th: fault 1s ezi2rnal or dnte.nz2l to the

-

IMP. The protection procces will diavolve the c:riveetion of faulrs, and a
resction to faults, vhzte a primary goal of th: reartion s to contain taue

effects of a fault. Those cctivitics are to be cssentially autemaiic requir- ’
ing little or no Lumain interveantien,

To detect faults from cxternal sources the IMN? muse comtinually
examine and analyze the signals precented to it by thz cowaunication
channcls and KOST-YIMP channels, The analyses sihould cetzruinc:

(1) 1f the signals adhere to tha estadblished protocols

(2) if the data centained in a wassape for use by an IR
is valid

The various forms of errnar checks specifiea iu the pretocols divectly
rel=te to this fault detection process.

The detection externally caused faulrs must also be conseracd
with abnornal tine buhavior of sigmals For instznce, ui, 1als hEt ace
too rapid cor tod slow in respcase may 1nc;bate the preso nae of »ofuult,
The non~zesponcive c: 'e:qal source ghould be Jriected thooem e use
of tiving procedurcs.

gyvii.ot ve iuolaty i
a u::‘u.n:nmber
e ackacwlad;:-ment

Lgon éorccricn of a fault the 1?2 =nou
effcot in a mrnner cnat results in the ecorrupoioa
cf messapes. Such isolation may invelve the ncp
cf 2 packet or a resszpe.

Pt
=%
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v
tav

Recovery procedures should be used to restcre scrviz, in an
orderly manner, when the fault has been removed. fromswmission faults
ray be overcome by retransmission of the faulty dzta, WKeuwrecrk control
tessapes exchanged betwaen IMPS may report the vescovation to sézvice of
a faulty IMP or HOST,

-

The I}?P will be so desigred that it cen be stonped, started, and
its operatinp program loaded or examined by salected network HUSTs.

1¢



Such "0STs, using epz2cial cecure processes and enploying the netvorks com-
rurnications facilitics, way be used to effcci the vemate r2covery of IMPe
svifering fzom serigug faultrs.,  Such recovery oy effect the automiiic re-

~

start, with & fresh progrzm, of a halted IMP,
9, IMP Soffwave Sszparation Protection

Since there is a portion of the IMP software that thz: YOST's
staff may write it ig required that hardwzre protcction bz provided to
prohibit that portion of the softwere from narming the bazie IMP opera-
tion, Standard protecticn hardware for providing a previleged ezecurive
rode should be adsnquate., The costs for such hardware, if available,
chall be idantificed,

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

. (L Lontr0111wb any TMP input or output oparaticn except
those of the 'IDST-IMP channel

(2) chapging that stored inforwmoiion requived oy the TMP
to serve tihe rewainder of the network

(3 uneing the proc09"1rg or storcge czpaebilities of the
:P in cveh quantities or et tiues that resuli in
rzduced scrvice to the zewainder of the netverk,

L, Tne MOST~IMP Interfaces

nue Lo the wvaricty of MOST hiChi“ES andé to the c¢iff
exiziimI on-liv: or e poants 2 Z, bt i

11 WIST svs-

, L

dchnrlht a uiiverss) menrer of TiP conrecti 1 anpraprinta to

teiz.,  The coitrnct-r, Ulersfore, ntzed not p;ap:ﬂe individes]l moedificarivn:

Lo intevfece to encn hand; rather he ghould provozie & singl; standard inter-
o S e R 4

face. ALY wodificnci a2 that -ntergce will b ately after

contract mwvard.

(1}
s
©
(5]
s
.
in
I
’O

.an ore 'MST using a
Ty to acciuplish the
rrant its implementz-

It is desired to each IMP interface to more ©
mialtiplexing schezme, T7Thn hardwere and softwave necess
miaitinlowing may be too complicated and exponeive to w:

tinr, Yhe Contrzetor shell include his owm cveluation of the additional cost

of "interfacting to multiple 4Y0STs, but should not include that cost in nis
basic proposzzl,
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The software witﬁin the 1MP can be func

categories: (1) #he HOST side and, (2), the BT ork side, Since the U0ST's
staffi can prograw the id¥, it 1s recormanded (At ru)f"cal 2wy protectlon

be provided. The folluiwing funcricns should bg included in tho sotgware of
the LOST side of the I1P:

(1) Ii?-NO03T single channel control

{2} Buif nd buficr control

(3) Message to packets and packets to nessage convirsion

(4) Packet formatting.

he contractor shall leave sufficient memory space for the HOST to add spec-

iclized routines to do:

(1) Character code conversion
(2) Destinatien discririnaticen ne czrv for multdple HOSTS
connectsd to the IMP
(3) Eepacking of binary messages.
E. The IIP-CAFRIER Interfacae
The erly viviation from site to site ol the (ﬂr"ik sija of the 117

ie e vuwhar of ctrachzd Jaga-zres, so the Lo 007U THD iourel ces ooa e
fceniicel 2t gll sitos. Inds will Le a muludjles 3ulorira:z oo abd? 36 2wiaar
catension 0o hendling sin (6 data-sets, asynmoireasvs ol L0 3 .wal BRI
ivplevceted in a rodular vay with data- at conTrol carsy szulni ,ccd with azo:
Ju Yes carrier link, The initial irplemzntzrion need cuir c:i:tiln those

nesvics implied by the cormmunicatieon circuit o

'p or

Aovendzig 8

N

nouw

Jr 1LSs egquiva-
5i;: data-sets

tive Uf

totul network

irplemacraticn.

lent ot the
-y bec connected to an 1P,
tirc cdelays within the IMP

In order tc achieve the speed and sircplicity
~hannal hardware i

sicde

cf the IlDP,

the software shouid be dzsignod to optimize the

for threc

communticacions linss

-

2.5

ired
llow

raquired for the fo

for the CARPIER
ing functions:

{1) Character sensing, s required fer start, step, and escape

characters
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(2) 24 bit cyclic pafity censtruction and corparison
(3) Real ti=mz clock of bit tim2 (20 microseconds) resolution
(4) Fault detection and status presentation of fault type.

If hardware 1is not utilizzd §n the d-sipn, the ability of the soft-
ware to accomplish these functions must be clearly demonstrated.

tics

©

F. Network Performance Characteri

The criteria upon which the network will be judead and their
priority are given below:

(1) M2ssage delay
(2) Relisbility

(3) Network czpacity

Yor the purpose of caleulzatica and evaluation, z glnpliflicd wmadal of the
netwurk is presonced.  The medel sheuld alle. tho conivzosor o evaluate

kis Zdzae without eithaor kmewing the specifitc vapolopy 21 the netwerhk
{(which is not yor fined) or usianp the estimei.d (end uvavealizavia) *10s5T o
LOST treric statistice presented in Appendix E.  Thae uscel slould be used
iu calculating the doiny rices and petwors C. pacity,

1, 1llessage Delay

The ressa; 2 deley
meEszpe (sinple packet moesayz) to go from tho: ox L
with the sending HOST; to the destination 11 (oszociat
receiving HOST). It s desired that the aversipe L:ssag
entive netvwork be minimized. 1In particular, iz averape wmz
stould be less than 1/2 second for a fully loaded network (e
in 3 below).

is the tiz2 re:uirzd Zor & 100 oharact

The following factors shall be inclucdzd in czleulation of the
wessape delay:

a. Conxunications D:lay

b. Full Packet Tran:mission LC:olay

13



c. IM Processing Delay

.d. Queuing Delay

e. Averagre Path Length In 3torz-and-Foruzard Cperztion
2. Reliability

It {s vitally important thot the uvscrs have conficdance in the
overall relinbility of th2 mewwork. Low preonbiliily of wrong or lost
messages, parcicularly when undetecicd, ds ¢ zlred, The poean tim
between railuszs cue to uadetected pavity evrors 1o predicucd 2o be less
than on2 rassape per yaavr; other eryory will ! .,L.fu'ﬁ’ not iscrerse that
rate sipnificantly. Errovs that occuy after the viusize 18 p.ssed to the
HOST ehould neo bz cencidzred. Alco, when o U532 rizuvies £ accspt

messages, the loss of those messapes, if repoited, is not consaacred

as irportant as other losses.

3. XNzwvork Capucity
Third and lcwest priority crite.fon ds unt netwsoi casacity,
The capncity is measuved as the HB"lﬂUF bit :zte that cin bz dfnpur atv
every node and sulll bhave tha wessage czlay vawnin uveoor /2 Lszzoad.
It Ic cwpected that the cazpucity will be L nar notde far
nocoex with three cosmunicatiens lines. id e lzo eakculzi2
th2 zingle aode maxinum input rate with 21l ..iher nolzs quies
fvnciioa of the nusber of copmnunicarions lin:: coanceoted to

4, Vetwork ludel

The folloving is ¢ simple mndel of the notuerk doseribing ins
topology and data transwmission. Several pavaiz2tess are given Lo aid in
determining che delaye encountered by vackets, lha prrzeootoin are
given as avcerages over tihe nodes and over a nmmibaor of sacpla uetworks.,
Wiiat 4s not included !s the processing tir2 .ud quiuing dalays reguized
to cceonplish all the network functions, whica shotld be estiicated by taz
tidder.

a. The number of links which a vassagc must Lfavarse to

N

.get from cne node to another (reprasenct~d by the letter m) is 3,

b. The nunber of links conmnected to each node (represented
by k) is 4,

14



¢. The input rate from the UIST to the IMP 1s 20 kilobits
poT second.

d. The traffie flow on each comounicaticn zhannel is 15
kilebits per secoend.

e. The sizaz and &istributica of nocmzl packets will b 50%
112 bits lomg, exd 50 1020 bits long. Czch of these pachels nust be
acknowlodgel end s ackacsladpeiont packet 4s 112 bits ong. ‘the total
dintributicn of packets is tharcfore 75% 112 bits leag and 237 1040 bies ’

iong, Tie averape nuxber of bits per packet is therefora 30~ bits.

f. All nodes are separated by 300 wiles. The oridicted delay
due to dictznce ca the coswunicaviens linme iy 5.5 rmicrosecevads per mile,
In sdditicn, there is zn estimated 760 micrer:cond deley in ti2 modem,

-

Thus, totzl delay due to coamunications is 3,17 wdiliseccnds por link,

The pararoters described abowe will allew caleulztion of:  the
total input rate into eech IM?, the rate whica packets enter and leave
2 node and thus the tiize aveilcble to procesc thow; sud the izl ressiga
éelay. The biddsr shculd illustrate that the prootasor chosée: will achicwe
the massage delay cnd ceowmuniccuion line capocoity modelzd or, 1if it can-
nrt, deteraine what massape delzy and capacity it can mzintain.

G. HOST-HOST Traffic Characteristics

The HOST to HO3T traffic volumes shewn in Appendix E cre
buased on the best (alilcit poor) cstirctes available at this tore., MNete
taat rois trafidc 1z ¢a 2 site to site basis, and neot nacoescazily descv.ntie
=0 the traffic ¢a fhe wvarsicus cosaualesticn nrosuen cLlavivs, It is
necessary to account for the nature of the rouviing docrrines vaed by the
1:Ps in order to develop estimates of cigcuic traffic.

The trinodal characteristic of the traffic avises frow the three
generation nechanisms at work. Type I traffic (hiph rate of crigination,
short length) 1s dirac:ly related to the individual k= pouzrd o:tions of a
user at a conscle, Type II traffic (modarate rate of crizinaiion, madium
length) represents responses directed to a teletypowriter nechanism or
to & cathode ray tube display. Type 1II crafic (low vate of origination,
long length) represents large data transfers to land from mapnatic tapes,
‘disks, cores, etc,

15



zrotion precesces are not noeessarily ih@&;endcnt,
¢ hast to enother may well give rise tn a wessage
st to the foirwar., One ma2ssage, for instang e, may .be
porgse Typ: 1I. Because of the interactive prooess in S
1y be inwvolwved, this feur of trarffic dzpendency might

]
ﬂ

Type 1T and
which many
be quite pre

L

As & rcoult of tha cewraunication pro*oc 1, the comnunleztion
circuits will be subiected to IMP generated traffiec., Mzssase acknowledge-
ments (Appendix F), for cxzmple, contricute to thls additional traffie, ’
such IMP gencrated traffie is not included in th2 estimates of .ppandix E,

H. IMP~Operateor Interface

The intcrface with the operator is to consist of lights (or equivw-
alent dicplays) and cwitehas enly. No restrietions nzzd be inzsead regarding
Operator access to the lignts, 1t shall be poesible %o restrice {perhz2ps by
usc of 2 lock and key) zcezes to those switches than can be used to altect
the cpzration of the Iip

_ Appendix D, "Input and Output Facilitics for tha INP Operator™,
cezcribes the rminimm fzeilitlos te be provi ided. Additioral fzcilitics
3 . .
shovld be provided ag 1squired for reascns of edaration, d-bugging, and
mTInterance,

I1I. Network Contractor Performance

This contract is for the installation, operation and maintenance
of a multiple~nocde 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 modens.

16



A. D2sipgn the CO:DNMICATION SUBLET consisting of:

N

1. 1MPs (interface message procescors)

I

[p]

2, data-cot multiplexs: interfaces capabls
hnndl‘rg sin (0] 1.ii-duglex 5D kbps linus °1.u'Lnnnov=1y ani prov iding
the 1/0 precessing reyrizad for full occupancy of ail ines.

3. HOST-LIY stendard inncrrzens capzble of
trencfarring diti nt.a datas vatz in excess of cue secablit per sucond.
{p.eferzbly one-Lilf tic ii? memerv data rate).

"4, The cornmunieation software, which must provide

a, Store-and-forward faecilities with dynamic ronuting
b. Positive and negative nessage acknmowledgemant

¢. Fault detectien and recovery tc guarantee virtually error-
free transmission

d., I!P-1!¥ control and response as required by the system
design &nd retuork pazanter mrasurement requiremante .

e. l2scape decomposition te comrunicatica vactet d

reasserbly to mossap: form it the transmltting and vecciving
respectively

LS an
1178

f. DPsierity handling of sherter mzssapes.

T oLhe Ccon-

5. The asseualy or corpilation softuvavs riavized ro
: red ol

struction of IMY prograws by the usar contractors, .. lend

-

some system oy systei: accessiblie to the user coattuasiors,

B. Construct a prototype IMP including the IMP-CALRILR and
HOST-1'P dinterfaces. Write, checkout gnd cenoustrazce 1ha corsuni-
catien programs cperationally in this prototype. Jttach tiii. prototype
to the selected CARRIER and cazrry out a cleosed los» conmtzetica and
demonstrate the operacion of the communicaticn svstem dasign as pro~
posed by the naiccilt contractor and acceptad by ADLA.

17



soclated interfaces

C. Construct and install IMP3 =nd zsso
tal neitwork design ac propasca

and demonstrate the to
by the Coniractor and zccepted by ARPA,

D. At the tinz of completion of prototyrs checkeout, the Contractnr shall
prcvide system documentation in regard to the IMP hardware, the communication
software, the IMP programming language and the appropriate 'UST-IMP interface,
ITI. Elements of System Design

The network Contractor should bz sure sure to include his considerations
concerning:

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

B. Acknowledgement procedures.

C. Routing alzoritluns,

D. Traffic contrel,

E. Error ascecsmint and recovery. .
F. IMP-4OST interiace.

G. IMP-CARRICR interface,

H, Fault recovery,

I, TIMP-IMP control messages and interrupt facility.

J. Estimated tining factors, e.g., queuirg and procezzirng delays in
packet trarswmin~sion.

K. DNetwork perfor-arce measurcients,

L, Buffer cizes, memory size for the CARRIER side of the IMP, memory
size for tha U'3ST side of the IMP,

. M, Network performance estimates of the totally implemented network,

18



N. Complcte description of the processor and peripheral equipment*
required

0. Description of all special purpose hardwnre required.

The network contractor should include his ecusiderations concarning the
following opticnal itess:

A. Modificaticns for nultiple HOSTS connected to cve IMP

B. Memory protection to maintain stere-and-forward operation
during checkout of new IM2 progruva

C. Additionzl hardware and software neccssary for the IMP to

be a termiral countroller and/or Jaita conczntrator for its
HOST or for the metwork (i.e., mo HOIT, just tecroinals).

*It is anticipared that mass storage devices cuch &s tapes, disks or
drums will not be required for the normal oporaticn of the I,
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Orzanizaticen

Dartrouth Universicty
Mass. Inst. of Tech.

Bolt, Beranck & Newman

liarvard University

Lincolu Lab

E211 Telephone Lab.
Adv. Ras, Froj. Apency
Cammegie i21llom Univ.

Univ. of Michigan
Univ. of Illinois

Vashington University
University of Utal
thiv, of Cal, Berkeley

Stanford Res. Inst.
Stanford Universlity

U of C, Santa Barbara
U of ¢, Los Angeles
RAND Corporation

System Davel. Corp.
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Abbrev.
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HES |

Ty
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Site Location

Harnover, N. H.
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Va: Muys, Calif
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Murrsy Hill, N. J.
WVoohk., D. C.
Pitizburch, Pa.
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Ann Arbor, Mich,
rhiza, Illinois

St. Louis, Mo.
Salt Like City, Utzh

Desoliy, Calif,

Pale Alto, Cz1If.

Stoford, Calif.
Soata RPavbnaya, Calif.
Loz Anpeles, Calif,
Lanla tonica, Calif.

Sa.tn Mrodcn, Colif,

Network lLisi<on

Comauter

GE 635
IBM 7394
PDP-5/10,
Co £45
SD5 $49

PoV-10
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SL3 2.0,

SCC 6700
Sr3 940 (2)
PL2-6/10
360/50
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APPENDIX C

IMP DELIVERY SCHEDULE

Site Oparational Date
{(in months after contract start)

University of California-Los Angeles 8-1/2
Stanford 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

OQutputs

1,

Contents of the program counter

2, Contents of the instruction register

3. Contents of the accumulator 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. Transpit-no transmit State of each communicatien terrdnal

8. Receive-no receive state of each cemmunicatioa terminal

9. Connected-not connected state of each suitched communication terminal
10. In service out of service state of each cosnunication terminal
Inputs .

l. Change contents of the program counter

2. Change contents of the zccunulator

3. Turn electrical on-off to computer

4, Cause computer rui, single step, halt

5. Cause computer to load from HOST or communiceticn tcerminzl

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 data terminal

10. Limit-no limit ac.ess to &ll o:her operztor inputs

\
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ETPA WETHORK

Data Yotes Letween Lodes dn Kilobits/sec,

Hode nede
To Ouiput  Input I/0 Rate
123 5.;,9_}m§i?_29-J!_}2-}}.}ﬂ-}§25§“32.}ftlg_ Total Total Totnl
C.rtrouth 2 1 2 1 1 TR Ty T T
LTLT. 1 1221111 1 1 3} 1 2 1 1 1 1 23 15 36
L 1 1 1 T 2 1 7 12 19

Lo 11 1 1 1 1 G il 17
» cacwln lab l 11 1 1 2 1 1 1 10 15 28
N R 21 1 4 8 12
Frniagpon 1 1 1 3 10 13
Carnegle 11 2 1 2 1 1 1 10 9 19
! of Fich 1 1 2 11 1 1 1 9 B 17
U Illinois 2 151111 2001 2 210 1 1 1 50 13 63
Do, e, i 1 3 5 ]

. Llrah 1 5 121 8 1 5 1 1 26 29 55
U.C. Berkeley 1 6 3 1 1 31 1 1 11 20 6 25
S.RLI. 112111111 1 1 1 2 2 1 1 1 13 21 19 40
Stanford Ul 1 1 1 3 8 11
souta siarbara 1 1 1 1 1 3 22 27
U.C.L. N 1 1 1 1 4 10 14
AND Corp 11 2 1 11 1 8 10 18
.1.C. 11 2 1 1 1 _ 7 _8 15

Total 225 225

72
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_APPENDIX F

DATA COMMINICATIONS CCUVENTI

This sectior cduscribes the data corrunications conventions which
specify at a gress level the protocol which allews the host to conmurnicate
with its IMP so) e IMP's to comrunicste vith one another. This sec-
tien, like tihie ciners, is desipned to provice guidelines to the contracter
tho may, if he .dshes, modify any part of tle description in his proposal.
Lach modificotic will be evaluated, and will be considered in the final
contractor seiccetion,

LI0ST_TO IMP

The Host @id the IMP communicate using o form called a lessape.
There are twe i/nds of messapes, the first being a Message cestined for
(or coring frec:), cnother liost; the second is a rmessape to ko interpreted
by the IMY as oo IMND commznd (or generated by the LI for the inforrma-~

tion of the hezid., The first type of ressars will te called the "Hormal"
rassage becavss the primary function of the !ossane SllfCTln“ Netverk

is the tranc: lsnion of this meszape to the dastivation nest. Thez other
tvpe of messco-o will be called the "abnorrgl' rossape end will be used -
for functicns ~uci: as the query to (aand resnonge fre:) the Host to insure

that the Hesg (¢ IMP) are functioning prormcriv, error r2ssapes to indi-
cate format ¢y ilicgal character errvors in 'uormul” rescages, etc.

HORYAL YESSAC
A norral o oreps2 vhen traonsmitted to the IUT, will consist of not
rore than & 2 uits of inforauztion and sheuld contain the nere of the
destination Loso snd idencificatien rumber waeach can Le used for refer-
cnee by the snd the receiviag Bost. Ghe bit crructure of the normal
sesegage will L. cucelded by the Hlost ond will probcbly bte different from
rackine to waciirz., It is the liest's responsibility, newever, to provide
the characicr wviisletion program rfor hig 1T which converts ais bit
sattern to the nlandard form used on the netvork. Since the translatiom
tay te greater olan one feor one, the rmessape ray now be greater than
e original o, -2 bivs. The IMT can then roke a decisicn to send the
iengor messafc or return an abnormil message saying a format error
h&s occurred, (o drop the ressagpe.

The norrnul ronsare has two kinds of informaticn - character and
uinary. The nr;-01ﬂal dififercnce Letween the handling of these forms of



information is that the character text will be transforwed from sending host's
format to network stendard format and then, after transmission is conpleted,
to the receiving host's format; wherezs binary text will be received bit for
bit identical to what was sent (though sore minor modifications may be made
during transmission, as described later).

ABNORMAL MISSAGES

The forrs and types of abnormal messzges have not been worked out in
detail. It will be the Contractor's responsibility to deeide what is required
to maintain effective communications between the Host and its IMP., The rost
important constraint is that the number and variety of these :t2ssages be min-
imized g0 as to minimize the burden the IMP places on the Hoit (this is a basic
network tenet).

Your quotation should contain supgesilons of the tvpes of abrermal
messages that moy be required., This will by no reans be biuiing; it is ex-
pected that the final form of abnorral wessz;2s will uot be ducided until alter
the testing of the initial (four node) networi.

IP _to IMP

IMP's cermunicate with one another uuing forrs callud Packets. Theore
are two basic kinda of packets: norrql” pachkct is any packeu whese final
destinatiin is as a normial rmessapc for a Hostys an "Ahrowzmal” phckc: 1s a
packet vhose final destinatien is an IMT. &ll packets ave to be coual to of

less than 1024 bivs starting with the first chazrater of tne leader and cor-
tinuving through the pority ceda, A pazket bos thirze vliuronos within ite
structure: a llezder vhich must be present in all packecs, the Test (Dinary
and/or Character) which may be missing or null, and the pacity check which

will be 24 bits long.
To sinplify the logic and prozramming required, all packets will be
transmitted on a continuous stream over the commuaiccticn lire between IMP's

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

NORMAL PACKETS

A "Norral" message may be broken into several packets according to
its size (multiple packer message, MPM), but a packet will coentain only cuae
message. The packets in MPM are not bound corether until they rzach the
destination I!P wvhere they are forrzed back into a norzal message.



They may even flow through different paths of retwork and reacn the
destination I}P out of scquential order. A w»ssage may also be srall
enough to fit into a single packet (Sirgle Pucket Massage, SPI), or very
small, ec.g. single character (Very Smalil Meseage, VSH). All uorrmal
messages generate norel packets at sending, wnd visa versa at receiving.

ABNORMAL PACKETS

Abnorral packets are used for error control, acknouledsorents,
and the transrmission of network status, e.g, new routing tables, communi-
cation line dewn, IMP dowa, Heost dovn, measu: :ment inferraticn, ete.
An abnormal packet mey be generuted by an ebrormal nssage or tecause
of sore spccial intemnal state of the IMP, €.z, buffers full., All abnormal
packets must be acknowledged with the exception of zcknowledgoment and
negative acinowledgersnt packets.,

PACKET TOIINT

The Packet Forrat is bzsed on an eight bit codz (character) format.
The packet is sent in 8 bit trancparent binary form, independ:nt of whether
the text is binary or character., Four specicl centrol characiers are
required to delimit thc st:rt and end of a prcket and to wmaintain the com-
municaticas line. The control characters arc:

SYM(Svnchranization cnaracter). This character is used to
Fi11 :“e cormunic- ions line between prelizts; this is roequired
becaus2 of the synchronous conwunicativn. iine,

§7i(Sy rt of Tuxt). This chavooter ipdicires the start of a
p“cket and m.3t be preceded by a DLI.

ETX(End of Text). This character indiczics the end of a
packet and must be preceded by a DLE., Tiz three characterx
cyclic checksum must follow the ‘”} 'Y charcnter.

DLE(Dzra Link Escape). This character is used to indicete

the packet is trausmitted in binary form. DIE Is the enlv
character thit muszt be handlad az a special case within tie
packet. If a DLE ceccurs within a packec it inoculd be preceded
by an acdicional | ZLE on transm.ssion, which thould be delated
upon reczption of the packet.
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Tae packet should lock as follows:

S 5 DS TFixed DECCCS S
Y. .. .YLT Length TEXTLTSSSY ... .8
N N E X Headar EX123K N

The header is fixad length and contains all the informaticn required
by the IM's to transmit the packet to its final cestiratic:. Th2 pzcket
hezader &s envisicned to date is tro contain sin characters withh the follow-
ing informotion:

1. Destiration Code (8 bLits)

2. Origin Code (& bits)

3. DMessage I. D. (16 bits)

4. Packet Nurbeyr (5 bits)

3. Hand Owver Nursier (6 bits)

6. Packet Priority (1 big)

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

8. Last Peckst in Messagze (1 bit)

9. Texr is for I!2 rzather chon Host (1 bit)

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

ERROR CONTROCL

A tweaty-four bit cvelic parity check has been chosen as a2 error
detection scheme.  The cyeclic parity cheek ceorrespondas o polioomial
multiplication. &~ 107D bit block of binary data mav Lo interreted as a
polyrorial a{.) of deosree 9992 vhese coeficfents are zo.0ws anl ones.

Let g(») b2 a polvnorial of desree p with binary coefricients. The prod-
uct a{x)g(®) o the tro polynonial: with all ceeificicnts redueced module
two corresponds re s Ulazk o 1000 + p bits vhich may he error checked

by polynorial division by ~(:). I is possiktle to arrsnge na:taers so that



the first 1000 Lits arce cxaclly equal to the inforrnation bite and the last

P bits arc parity check digits, This is possible from the Luclidean divi=’
sion algovithm by sclecting the Iast p bits lo corrcespond to the remainder
polynomial when sPafx) {8 reduced module {x). A p stage linear shift
registor can bo constructed Lo porform divisien by g(x) and this samo.
device can also be used to detect the prescice of errors since that

opcration r qm"cs dwnrron by 0y x) joo. Tic p(x) recommended is
gix)=(x x ek 1) (st Cos Orx +1), The shilt regisicy whichimplo~

*

ments tlnn code i3 illustrated bclow.

LAY DX 4

\r Y AY4 b ’
L OHOBCOLUT 0 %c‘ooboooooémeéo 500 ﬂ-cro-u:;—»c;or:}- 0-:4)

,

INPUT

This devicz is usced for both the gencration of the checksum and crror”
detection. The device must be clearcd upon reccipt of the DS seqguencu

LT

. s . X

and started on the first charuc.lc‘ following the T character,
pd
The generation of the varity code is done by pascing the pazket bits streoam
. ‘ , 5 .
through the device (including the {inal LT). The parily coce is thea the
EX

24 bits left in the device and is obtained by shifting the bite out, packing
them into charactiers and tranamlttmg them (high cvdaes bit is the {irst one
~t of tho syxft rcgister).

*

The detcction of errors requires the passing of the packet through the

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

arc input, then the 24 bits in the device are senscd for all zeros which
indicates that no error has occurr:d.

. ,/ .
Using this parity check scheme th: mean time between undetected errors
will be approximately 1/2 to five y :ars throughout the entirc net,.
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NETWORK PACKLT FORMAT
(Exarple)

. DBits
. o
. DLE f 8
l .
e STX ; 8
] .
i PRIORITY (1), FCR IMP (1), HANDOVER #(6) ! 8
!
DESTINATION 8
ORIGIN 8

MESSACE I.D.

PACKET #(5), LAST (1), BINARY (1), END ACK. (1)

COSTENT TEXI OR BINARY 0-117 CHARACTIRS

DLE 8
ETX 8

r CYCLIC FARITY CHECK 24
Total Length 104-10%40



APPENDIX C

ROUTING

An IMP, upon receipt cf a packet, rust decdde winich of its com-
uunicatioas lixks to send the packet ovut on. The line is chesen using the
Renting (RT) which muest be generated by the I!P from the Inter-
conneiion Table LITY, The IT is a tabular description of the intercoanec-
tion h.otwien nades In the network, and is identical in each IMP. Each

M0 s.ct alsn have a routing table te rell it divestly whic¢h communicetion
line is best to usé to cet a packet to cncother node. This table is ealled ti:
RT and 1s dificrent iy ezch 1P, escribed telow is one method of obtain-
ing the routing; there are many eothers, The contractor should descrite
the oni chosen for his system. The method bolow also checoses a particu~
lar newwork ceafigurscion aas arn example. This netvork will not be the final
configuration. In 1his schewe an intercodcizuie table must be reonerated frono
the IT which describes the nusber of links to the destination IMP for each
cormunicarion liae. The RT is formed fron tl.» Intermzdiate Tible by
sorting the lines ints flrst, second, thnird -~nad fourth choidca,

Intercoungction Table

The Hetwock, as prosently conceived, will hzve all point tn point
laased line cormunications. The IT will thezvzfore be fairly stablc,
changing only to:

~

(1) Shouw the addition of nav nodes and/oc communication lines, and

{2} Reflert the ot that an IMP or cor.uvnicatien lire his gon2 dowr
or has corne Lok .

An examplc noctwor! and its IT 4s given below. The nnces are
nusheored {rom 1 to 19, wicth a ¢ indicating no connection exdists; the four

comrunication ldres are lettered A, B, € 2nc D,

Intermediate Tabile

The Interrediate “uble is weneroted in eazh IMP {rex the IT each
tire a2 change da the 1T oscurs. The techaig.ue employed in this scheme
involves starting with a cleared tublie and errering 2 1 in the rows corras-
pondinz to the n.des conesrcd diresctly to youes (asarest neichbors) and
in the celumn represssting the aspropriate concunication line.  Then
iind the "neavest neiyubors” of &ll nodes with a 1 in its row and place a 2

31



in the apprupriute celuma, This procedure should be continued vntil all

entries in the table are c¢overed, In the exapple, the Intermadiate Table
for SEI is doweloped; this table would of course be difforent fer each nodz.

Rosting Toable

ne Reuring Table ids a description of tha priority of th2 communica-
x5 of the nushoer of links reaquired to pot o packet to its

tices lincs in ¢
destiaation. Thoe cojusns are nuiserad, with the firse envry being the

highest priority choxrce. Mntries in the Irv2rmediate Tahle that are wwo or
more highor than the minimum encry in the same row are vnderlined in the
chejees because the routing doc:irine at the

Routing Table. They are bad
next node will probably send the packer dircctly back to the original node.
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17

18

19

34

Interconnecticn Intermediate Routing
Table Table Table
4 B C D A B C 1 2
9 7 2 0 - - - - -
81 3 0 s 4 1 c B
2 &4 17 0 4 3 2 C B
7 5 3 0 5 2 3 B C
8 6 4 0 6 3 3 B C
9 5 7 0 6 2 4 B¢
6 4 1 0 6 1 4 B ¢
105 2 0 5 4 2 c B
10 12 6 0 5 3 4 2 C
i1 9 8 0 4 4 3 C A
18 14 10 0 3 5 4 A C
16 12 Y 1) 4 4 5 B A
15 12 U u 4 5 - A B
1513 11 0 3 6 5 A €
1615 160 2 6 5 A€
1312 17 0 3 5 4 A C
J1~ 18 O 3 4 3 A C
1719 11 0 2 5 4 L C
1615 1 0 1 6 5 A ¢

{w

== F S - O - T =L I = S | 2

|=

o |®

=

L

|



C  ract No. DAMC1S g9 ¢ 0179

ANNEX "B"
REQIfIRE*EI\ITS FOR ARPA SPCHSORED COI'TPACTS

I. GENERAL IKFORMATION

This is an Advanced Pesearch Projects Agency (ARPA) sponsored contract and,
contains ceriain requirements not necessarily contained in other Covernrent

al
as such,
contracts.

b. The Contractor shall make maximum use of DoD sponsored Inforzation 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, Aftention: ARPA Technical
Information Office, 1400 Wilson Boulevard, Arlington, Virginia 22209.

II. DISSEMINATION CF INTCRMATION ,

a. Classified information end ell informetion produced under classified
contracts, which the Contractor proposes to release to the public, must be reviewed

prior to such ralease. This applies to all types of discicsuras, e.g., eral/visuzal
disclosures by vresentations at unclassified meetings or documentary disclosurss by

. publication of vapers in technical journals. It includes publicity reicases, s2lizs

brochures, advertisezents, etc. Requests for permission to release such infocrmaticn
shell be subnmitted; in five (5) copies, by the Contractor cirectly to the

Director,
ARPA, Attention: Security Review Orficer.

b, Unclassified in“»rmation not generated wider ciessiiied coniracts, such as
besic research performed by Universities under fundamental researcn contracts, does
pot require review and epproval in accordzace with a. ebove.

c. Unclessified information developed wder unclassified contracts awarded to
collezes and universities may be relezsed 4o tiae public without review and azprovel
in eccordence with a. ebove provided that no access to classified inforzmation was

required by the researchers either during ihe developcent of the program or during the
performence of the contract and provided further that release of the informa.ulon 15 .

Dot otherwise linited by the terms of the contrast s e e

IITI. OONTRACTOR REPORTS

- The contrect will specify the reports, chosen from those listed below, that ere
required under the contract. Reports shall be prepared in accordance with the
guidelines contained herein. Deviations in content, format or frequency must de
approved in writing by the Contracting Officer.

I R L T A Tam im. = v o

DSS-W -
Rev, 7/1/72



MANACELENT FRPCGRTS

2. The contract will snech,/ whether the ranagerent
a monthly or quarterly Irequency. Two (2) copies of iineg
submitied to ARPA, Attentiicn: Progra Managemsnt, by ithe
after the close of the rerorting period. The following symbol s
displayed on the cover of each Mznarement Report: TForm Approved, Zudget Zuresu lin,

22 - R0292. The initial reporting period will bezin on the first day of the rontl
following the daie performance vbecins under the contract. Quarterliyereports will thus
cover threc (3) ronths of effort eand will not necessarily fail dus on calendar c_mm-:r:,.
The Contractor shall notiiy AFPA promptly of any major occurrenze of a technical or

menagemant nature that takes placg between the normal submission of recorts.

b. The M_nap»r.'nnt Report should be in lettsr form and, generally, should not
exceed three (3) pages in length. Iis primary purpose is to inform ARPA zznazerment
of significant events, accorplishrents, end problz:is associated with the prozress of
work. The report should represent & narrative summary ‘of tne worx underwey and should
be preparsd to reflect the topics outll'led below. Ay of the tonics below may be
covered by noting such conmznts as "none,” "not esplizable," or [ significant change
wvhen epprovriate. (The Manazerent Re#O“t should not be used to crcurment technical
DProgress ¢r contain technical charts, graphs or formulas., Such daza belong in

technical reports.)

l. Resesrch Prozrz= Plen. A brief statezant ¢f the program's objectives
and the plan for researcn srtould ve shown in this ifen.

2. Majdor Accorplisnmants. A brief dascerizticn, wriziten in non-technicel
terms, of any findings or accooplishzents that should Te oroushis To thz attenticn of
APPA zmanagereat. The accomplishmant of malder rileszones (whare <he regular zilsstons
Teport describved telow is not reguired) or the occurrence ci techmological
breekthroughs should be reported.

3. robler.; Frncowmterad. This item should incliuda dififiewlties which hsse
affected, or could afifect the progress of the werk. Thes2 weuld includs pro iom arsas
of management significance such as: Personnel, facilities, conirzeis, :’.:nds, strikes,
disesters, etc. Significani problers of a technical nasure should elso be included,

in brief, non-technical term

* L. Fiscal Status. (Items B 2nd C belew required for Ccst Type Contracts

only):

A. Amownt currently - -ovidad for contrast {or in-hcuse program).
-B. Expenditures and corritrzents toc dete.

C. Estimated funds required to corplete the work,

D.. Estimated date of ocxyletion of work.



T Amam-

5. Action Recui.cd by 352A or the Conbtroct A-an:
will entail the assistance requirad in resoiving “Zrobless

planned in the course of the work or eny new itenm considered to de of iate
managerent.,

6. Future Plans. A brief statermsnt of any significant change whict
res

b MILESTOLE REPORT

{To be used only when specifically zalleé cut in ithe ARPA Ord der.) Vanen so reguired,
44 a

the Report of Progress Azains:t Selected Milestones (5D Form 350) should be submitze
to AFPA, Attenilion: Program Mansgzerent, oa e menthly basis within 15 dsys effer tone
close of the reporting period.

a. A list of suggested milestones is to be subzitted by the Contrazctor 1o ARPA
end the contracting agent within 45 days from dats of this AFPA Order/Amendment.
(Milestones zre defined as points of accemplishmernt waich reprasent significaat
progress when corpleted.)

b. Milestones should include major phases of herdware developrsz
decision dates on alternate approaches, daies by waich control infor:
fecilities or governxent equipzeat is requirs dztes oy which a c2p

2, abiil
demonstrated, delivery dates and other sigiificant phasing eand timing pein
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be furnished the Contractor il =ilest
Trovide furiher guidance for the sele
she Initial list of suggested mileston
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TECCIICAL FEPCRTS

cuseicn of technical

e of technicel
Two (2) eooies

Prograz

the rezorst

the month

a. The report will present 2 concise end footuel dis
Tindings end accorplishmants during the period. The rspori
publicevion quality, including appropriate sudject nmatier

of ezch report will be submitted directly to the Direczor, AT
Managerment. The reports are due within 30 darys fellowing the
period. The initial reporting period will Tezin on the first 4
following the dzte performance under the contract vegins. Quarterly and sexi-annuzl
technicel reports will thus cover three {(3) or six (0) monias of e...o:-t and will et
pecessarily fall due on calendar quarters of i

.
nall years.
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b. A finzl technical report is to Te preparsd wpon r‘omleti:
effort, Two (2) copies of this report shouwld be subzitted the
fttention: Progran Managerent within 60 days afizr ca:::letim cf The r2
rmezort shell erphasize the asccorplishoenits during the period sines the 1

report, but shall also set forth & sumzmation cf the results over <he ent

PO e -
s COLCTATV.
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¢, Fach Technical Report will include & rerort swinary. Tais summary,

prominently identified, should normzlly not excced a few pazas. Thne purposc of the
project must be specified, together with e description of irportant equipzant purch:
or developcd, if eny, and the conclusions reached by the Coniractor. The most
importent single feature of this summary is that it nust be xeaningful to reed
are not specialists in the subjcct matier of the contract.

ers Who

d. The requirement for carcful preparaticn cannot be over-erphsized as tnis
sumnary will often provide the basis for dacisions on e continuity of e project. Thre
Contractor mmust recognize that his achieverents ere quite often surveyed by Dezparimznt

fetaliled

of Defense staff who function at & level thati prec;udes a thorough review of ¢
reporis.

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

report in order to guide those who may be preparsd to spend the additional tirme
required to develop a more complete and professional understending of the accomplish-

nents.

f. The report summary should include ..‘-xe following information for each
experirent or program: .

l. Technical prcblex

2. General rethodologzy (e.g., literature review, laboratory experimant,
survey, field study, etc.)

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

S. Special corrments (if eny)

IV. REPORTS FORMAT AMD DISTRIBUTION

8. The heading or cover page of each resort shalli contain the following ]
information:

‘k

* ARPA Order Number Contract Number

% Prograx Code Nuzber Principal iavestigator and
Phcne dMumber

Name of Contractor roject Sciarntist or EZnginesr
end Phene hu...-aer

.Effective Date of Contract Short Titl: of ¥ork
Contract Expiraticn Date

Amumt of Contrect $

e et it ¢ ' S WS L Rt G P - it ool e



* The contract will spec:.f:,r the ARPA Order Numober eand

.-.
)
[
b
L

Program Lods

b. ZEach report prezparcd will include the following citaticn on the cover:
Sponsored by
Advanced Research Projectis Abency
ARPA Order Mo,
¢. Each publication resulting from ARPA work will contain the following
acknowledgerent:
This research was supporisd by the
Advang::ed Research ijec ts Agency
of the Deparimant of ense under
Contract No. .
d. Disclaimer. Each Technical Report produced wnder ARPA Crdars will have

proninently displayed on front of the document,
substantially es follows:

The views and conclusions
of the euthors and should
representing the official

a notice of disclairer worced

contained in this dociment are those
not be inlerpreied es necessarily
policies, either expressed or irglied,

of the Advanced Reseerch Projecis Agsncy or ihe U.S. Governz=ni.

e, 1.

. generated on ARPA Prograxs shall be submitted to:
Director
Advanced Rasearch Projecis Agency

ATTN: Program Masnagemant
1L00 Vilson Boulewvard
Arlington, Virgiznia 22209

2.
shall be submitted to:

Defense Documentat.:ion Center
. Cemeron Station
Alexandria, Virginia

Two (2) copies* of each tecknical report only, generated on ARPA Pro

* Tvelve (12) copies if report is wnclassifi

T™wo (2) copies of each Contractor report (Managerent or Technical)

ed and unlimited;

Two (2) copies if report is classified or lizmitad.

3. One (1) copy of each techricel rerort result
a.ma of tactical technolozy shall be sert to:

TACTEC

Bettelle lMemorial Institute
505 King Avenuz

Colimbus, Ohio  LzZZ(2

(43
n

ting from

work perfcrzed in t



4. One (1) copy of each technical report resulting from work perforuod inm ihw

area of the strategic technology shall be sent to:

STOIAC

Baitelle Memorial Institute
505 King Avenue

Columdus, Onhio 43201

5. Each copy of any Technical Report required inder this contract shall
accompanicd by a corpleted Docurant Control Data - R&D (DD Form 1473) as set forth in

ASPR 14—-1.].3.

6. A copy of the letter traasmitting required reports will be forwarded
the Administrative Contracting Officer specified in the contract. :

4
e

1. A#ditional distribution of technical reporis as specified in the contirac



ANNEX "C"

ACCOUNTING AND APPROP

Contract No. DAHC15 69 C 0179

RIATIONS

ACRN

1A 97X0400.1311 3 1260 P8D30 1220(515)-

1B 97X0400.1311 1260 P9D30 1220 S49156
1c 97X0400.1311 1260 POD30 1229 S49156
1D 97X0400.1311 1260 P9D30 1229 S49156
1E 97X0400.1311 1260 POD30 1229 549156
1lF 97X0400.1311 1260 P1P10 1229 S49156
1G 971/20400.1311 1260 F1P10 1229 S$4915
lﬁ 97X0400.1311 1260 P1P10 1229 S549156
1T 9720400.1311 1260 P2P10 1229 S49156
iJ 9720400.1311 1260 P2F10 1229 S§49156
1K 9720400.1311 1260 P2D30 1229 S49156
1L 9720400.1311 1260 P2P10 1229 549156
iM 9720400.1311 1260 P2F10 1229 549156
1N 9720400.1311 1260 P2K10 1229 S49156
1ip 9720400.1311 1260 P2P10 1229 S49156
1Q 9730400.1311 1260 P3P10 1229 S49156

iR 9730400.1311 1260 P3E30 1229 S49156

S49156 DDP192-$563,000.00
DDP253 - $514,727.00
DDP372(M) - $878,461.00
DDP376(M)~$34,273.00
DDP474(M)~$393,252.060
DDP566(M)~5§1,258,076.00
6 DDP648B(M)-$226,075.00
DDP656(M)-$19,922.00
DDP726(M)~$1,527,000.00
DDP784(M)~-$89,706.00
DDP784(M)~$110,000.00
DDP789(M)-$321,000.00
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

2A 9720400.4300 2479 22JT 1220 S49204 DC4604-$335,500.00

28 9730400.4300 2479 33JT 1220 S49204 DC 4602-$31,254.00



10.
11.

1z2.

13.

14.

15.

16.

Contract No. DAHCLS 69 C Q179

'ANNEX "D"

LIST OF CONTRACTOR'S PROPOSALS

Contractor's Proposal No. P69-IST-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 &, 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-CS8Y~-1B (Option 1), 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 1lA), 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. DAHC1S 69 C 0179

EXHIBIT 1

DELIVERY SCHEDULE FOR ITEM 0001

IMP/TIMP/SIMP
NUMBER

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

1

10

11

12

13

14

15

16

SITE NAME

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

UCLA (516)
Los Angeles, California

SRI (516)
Menlo Park, Califormnia

UCSB (516)
Santa Barbara, California

Salt Lake City. Utah (516)

BBN (516)
Cambridge, Massachusetts

MIT (516)
Cambridge, Massachusetts

RAND (316)
Santa Monica, California

SDC (516)
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)
Mclean, 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 (TI1IP)
Offutt AFB, Nebraska

NOAA (TIPF)
Boulder, Colorado

SAAC (TIP)
Alexandria, Virginia

FT. BELVOIR (316)
Fort Belvoir, Virginia

ARI . (TIP)
Arlington, Virginia

ABERDEEN PG (316)
Aberdeen, Marvland

BBN (TIP)
Cambridge, Massachusetts

CCA (TIP)
Cambridge, Massachusetts

XEROX (316)
Palo 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:itinued

IMP/TIMP/SIMP
NUMBER

34

35

36

37

38

39

SITE NAME

BERKELIY LABS (316)
Berkeley, California

UCSD (216)

La Jolla, California

HAWAII (TIP)
Ulniversity of iHaweaill
Honolulu, Hawaili

PATRICK (TIP)
Cocoa Beach, Flor.da

CALITORNTIL SIMD (216)
NMASA Anmes, Culifovnia

HAUAIT S1HP (316)
Utnivarsity, of Hawaii
Monolulu, Hawcii

In addition to the forepoing the Contranctor

Annex "B'Y,

norwally supplied operatinryg and inter

foliowing:

a. Block diagrams
b. Data Structure

c. Controel and interrup structure

d. Timing
. Listing

e
f. oOpne complete sets of hardware

b

shall
with each maechine or when appropriate with the Final
Tre Program and Hovdwvare Documencation,

-

Page 3

BBN"
SHIPPING

__DATE

Installed

Installed

Installed

Installed

When roguester

by ADPA.

Fhen reguestel
by ARPA

deliver the follouin
leport specified in
sdditicna te the
face manuals, consisting of the |

documentation and changes thereto.
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Cﬁnﬁrac: N2. DAHC1S 69 C (1

EXHIEFIT 2

DELIVERY SCHEDULE AND REPORTING REQUIREMENTS

ITEM 0002 !
~ BBM

I. IMP/TIN2/SINT o SHIPPING
NUMBI' R : SITE NAME ) DATE
DCA No. 1 JTSA Reston, Va (216) Relocate 8/1/73
DCA No. 2 JTSA Reston, Va (216 Xelocate 8/1/73
DCA No. 3 JISA Reston, Va (316) 8/1/73
DCA No. 4 JTSA Reston, Va (216) . 8/1/73

Program and Hardwara JDocumentation. -

for zbove 2 Jan 73

The Frogram arnd Hardware Tocumentation, in addirion te the normally suppil
operating and Jianteviface menuvals, shall consist of the following:

a. DBlock diagramns

b. Data structure

c. Countrel and interrupt sStructure.

d., Timing

f. Listing

f. Two coimplete sets of liardware documentation

I1. Reporting Reguirements.

[}

a. The Contrazctor shall deliver Quarterly Management .Reports. The
initial reporting veriod +ill begin on the first day of the month followir
the date performance begins under the contract modification. Quarterly

Teports will then cover three (3) months of effort and will not necessari:
fall due on calendar quar=2rs. The t(ontractor shall notify the Preject
Officer promptly of any major occurténce of a technical or managemant Lals
that takes place between :the normal submissicn of reports. The Managemen:
Report should be in letter form and, generally, should not exceed three (3
pages in length. Its primary purpose is to inform DCA of si ~ificant evar
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 Programs Plan
Major Accomplishments
Problems Encountered
riscal Status

Action Required by DCA
Future Plans

Oy LN B~ ) b

b. Finzl Report. The Contractor shall Zeliver a final tecnnical
report on or before 14 March 1974. The Final Report shall set forth weo:o;
mendations to DCA concerning the future of the DCA networks and its
management ,



DEFENSE ADVANCED RESEARCH PROJECTS AGENCY

1400 WILSON BOULEVARD
ARLINGTON, VIRGINIA 22209

MEMORANDUM FOR THE DIRECTOR, PROGRAM HANAGEﬁENT
SUBJECT: Amendment to ARPA Order 3214 ~ Bolt Beranek and Newman

Retferences: a. B8N Proposal P77-C54-11
b, MHWork Statement
c, PM File Material
d. Selected Source Justification

SUMMARY:

It is requested that an amendment to ARPA Order 3214 be issued for 8335.734
to Defense Supply Service-Washington to augment contract MDA 883-76-C-8252 with
Bolt Beramek 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, install and check out
SIMP/Gateway equipment for use with the unattended earth terminal (UET) at
COMSAT Laboratories and with the Noruegian Intelsat Earth Station as part of the
Atiantic Satel!lite experiment. This equipment will be compatible with the
SIMP/Gatenay equipment currently used in the US and UK portions of the
experiment, J

BACKGROUND AND TECHNICAL NEED:

The Atlantic Packet Satel]ite channel was opened in September 1375 and
currently involves two earth stations, one at ETAM, UWest Virginia and one at
Goonhilly Downs, UK., With this tuwo station configuration, it has been possible
to initiate packet satel!ite communication (over INTELSAT [V}, to imstall and
debug the Satellite Interface Message processors, to initiate tests of various
channe! access schemes, such as fixed TOMA, Slotted ALOHA and Reservation TDMA,
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 regquire the
existence of a third large station. For example, with three large stations it
is possible to determine the effect of station failure or re-entry, in the
presence of existing communications between the other tuwo. With a third
station, it is possible to emulate 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 will allow us to experiment with
spoofing and anti-spoof techniques. Finally, Wwith a third station, voice
conferencing experiments become feasible for the first time.



Following considerahle interactions with Noruwegian Defense Research
Establishment {and the NTA), uwe have a proposal from NORE to participate in the
Atlantic Satellite experiment. Under the proposed arrangement, Norway will
provide the earth station eguipment, up-!ink and 48kb terrestlial 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 wiil be returned
upon cancelliation of the sateliite channel. MWe plan to begin tests with the
third large earth station in CY77.

Also in CY77, uwe will begin to experiment nith a small unattended earth
terminal {UET) at COMSAT Laboratories, which is being provided by COMSAT at ne
cost to ARPA in return for a SIMP and gateway which wil! be returned at the end
of the experiment, The UET is significantly less capable than the large
INTELSAT IV earth stations and will only support 16 kbps in comparison to B4
kbps for the ilarge stations.

Houwever, 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 channef. This capability is particularly
important for DoD applications where several small 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 Satellite 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 software (as part of the
packet radio program) which is being used to interface the ARPANET to the
Sateliite Net.

PROPOSED EFFORT:

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

If the SIMPs are procurred by BEN prior to t 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 Honeywell. The funding
in the MRAD assumes the 25% OEM discount. [f the discount cannot be obtained,
the SIMPs will cost an additional 816,735, corresponding to a 6% discount. 1f
an ARPA Order is signed on or before 1 October (or shortly thereafter), the 25%
discount should hold, as BBN wili then buy the SIMPs prior to the contract in
order to preserve the discount. .
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RELEVANCE TO THE DOD/ARPA MISSION AND FUNCTIONS:

Broadcast Packet Satellite Communications can make available, dynamically,
the limited capacity of a given satellite channel aover a third of the surface of
the earth and in that region where it is most needed. Far more effective use of
a2 single communication chamnel will be possible than could otheruise bz obtaned
with 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

gituations.
TRANSFER PLAN TQO THE SERVICES:

Not applicabie.
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TITLZ MAMAGZR  Liin A0/ 0MEND CONTRACTCR AGENT st
Jmeret Ceumnun Tech .
Siozced Alonha Syscems Xatn T11101% 1955-07 U llawail TIASA AMES I
Setellire lleasurenent " TI1T1021 2696-05 UCLA 3e-u 1ZEX
SINP Test Support ' ° T111C11% 3214-01 Bha [PRNEY)

G 1 %zdio Packet Technology T
Srsgen Design & Lneory " T11Z2207 2206-07 e B3s5-% Z
. .ket Radio Theory " 1112017 2475~05 CCLA DRIEAN L
racitiet Radio Repeaters " T112637 2305-1¢ Collins Radio D3s-U 2a
Cn-Slotted Alozha Experiments ' T1120&1 1956-07 U Howaii NasSa AME i
Svstems Integration & Tescing T11ZG65T 2302-12 ERI BERESN 135
SZ & Th " TLIZOGT 2302-12 cai LSs- 3%
Pzcker Radio Contrel Ste Develop ™ T11203% 2935-03 BEW DS§-U 133
Acoustic Surface Wave Tech " T112141 3222-01 Texas Instru ECOM L5
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MEMORANDUM FOR THE DIRECTOR,. PROGRAM MANAGEMENT

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

References: 4

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, Subjelct: A Review of Current
Progress and Problems in Seismic Verification,

It is requested that $66,443 of FY73 Seismic Verification funds be
transferred to the Air Force Office of Scientific Research to support
a systems design study by COMSAT of a world-wide seismological
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 Selamic 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 sgismic verification of an
underground nuclear test ban, identifies problem areas in that research,
and describes future research approaches desigred to assist in solving

the identified problems. One of the research areas discussed in the
paper was concerned with future seiamic data communications systems
and data analysis procedures.

AT



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

.to an analysis 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 c enter or extracting the raw or processed data
from the analysis center data bank on demand,

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

The work proposed by COMSAT seeks to explore the feasibility and
design of communijcation 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 seismic verification program.

Proposed Effort

The proposed work is a six-month effort to evaluate the commaunications
requirements of a world-wide seismic network and to define the pre-
ferred configurations for 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 (VLFP) seismic stations
located outside the continental U.S. These sites are:

Charters Tower, Australia
Eflot, Israel

Chen Mai, Thailand
Kongsberg, Norway
Matsushiro, Japan |

La Pasz, Bolivia

Kipapa, Hawail I P
Toledo, Spain

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

r 4




Except for the NORSAR Array, all work in this study will be conducted
througn the NOAA, Albuquerque Seismological Center which is the ARPA
coordinator for the world-wide VLP station experiment and is expected

to be the ARPA prims agent for future arrays. Coordination with
NORSAR will be handled by OSR through the Air Force Systems Comnd.
Electronic Systems Division (ESD), the current NORSAR agent.

Bued on favorable results from this study, implementation of selected
communication satellits links will be proposed beginning in late FY73 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 the task of implementing & future worid-
wide seiamic network : -As one aspect of that objective  this work will

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

Assessment 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 Eavironmental Impact Statement is con-
sidered necessary for this work. '

Administrative Considerations
1. Coat: $66, 443,

2. Funds are available on linc F14501.
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3. The four taska described in the COMSAT proposal, Rcference 1,
are acceptable with the following exceptions:

Design studies involving arrays other than NORSAR will be
performed only with the specific prior authorization of the
ARPA program manager.

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

€harters Tower, Australia
Eilot, Israel

Chen Mai, Thalland
Kongsberg, Norway
Matsushiro, Japan

La Paz, Bolivia

Kipapa, Hawalii

Toledo, Spain

Design studies of other VLP sites wlfl 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,
NQAA will coordinate all contacts of COMSAT per-onnel with Directors
of VLP stations.

6. Sole Source Selection Justification is attached.

7. The proposed work has been discussed with ISA, Foreign
Military Rights Office. ISA recommended that the COMSAT study be
conducted through the existing NOAA agreements with the VLP station
directors in each country, The COMSAT work is effectively 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 lmproved '
technigues 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/hchb
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PART II - THE SCHEDULE

SECTION E - SERVICES AND PRICES

1. STATEMENT OF WORK: $27,585

The contractor shall furnish scientific 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 toc 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

Namand o 4
Domond seocigned Eauipment,

c. 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 Concerns (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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a. MANAGEMENT REPORTS

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

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

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

of & calendar quarter. Reports are due 15 days after the close of the
reporting period. i

T (2) Description of Report: The Management Report should be in letter
form and, generally, not exceed three (3) pages in length., 1Its primary
purpose is to inform ARPA management of significant 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 tepics 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
docunent 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 briet 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 85: 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 af completion of the work (when different from
' that specified in the contract).

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

Page 4 of 13 Pages " Communications Satellite Corp
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T Action Required by ARPA or AFOSR. GCenerally, this item will entail
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. ZITECHNICAL REPORTS

. (1) Iype and Frequency 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.

[ ] 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, a comprehensive
Final Technical Report is due., Should the research effort be
ranouad hevond the initiel vesr _an Arnus) Techpiecsl Report
will automacically be required for each additionai year of
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 contractor. The most important single
feature of this summary is that it wust 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®, "three" or "six" 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 include the 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 (1f any)
(e) Special comments (if any)

€. COVER PAGE INFORMATION

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

(a) ARPA Order 2298 (g) Ccontract Number

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

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

ot

(£) Amount of Contract Dollars (i) Shore Title of Hork

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

Sponsored by
Advanced Research Projects Agency
ARPA Order No. 22098

(3) The cover page of each Management 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 scientifxc information,

(2) Each publication will contain the following acknowledzement:

"This research was supported by the Advanzad Research
Projects Agency of the Departmant of Defens: and was
monitored by tha2 Air Force Office of Sciantific R2saarch

under Contract No. _F44620-75-C-0092 M

Note: Fill in the spaces in para c(l) and (2) and d(2) with app r p riate
- data, Page 6 of 13 Pages Communications ellite Corp
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e, DISTRIBUTION OF REPORTS )
!

(1) MANAGEMENT REPORTS ]

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

Alr Force Office of Scientific Regearch

ATTN: NP
1400 Wilson Boulevard
Arlington, Virginia 22209

(b) Two copies of each report to:

Director, Advanced Research Projects Agency
ATTN: Program Management

1400 Wilson Boulevard

Arlington, Virginia 22209

(c) Two copiles 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:

Alz Force Office of Scleniific Research

1400 Wilson Boulevard
Arlington, Virginia 22209

(b) Two copies of each report to:

Director, Advanced Research Projects Agency
ATTN: Program Management

1400 Wilson Boulevard

Arlington, Virginia 22209

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

(d) Additfonal copies of Technical Reports (normally not to
exceed 50) will be distributed as may be directed by the
AFOSR program manager under separate letter,

£. DISTRIBUTION OF PUBLICATIONS

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

Note: 1Insert the appropriate office symbol in para e(l)(a) and e(2)(a).
Insert the appropriate number of copies in para £, per the instructions
of the AFOSR program manages. Co Satellite Co

Ppl mmunications Sate e Corp
Page 7 of 13 Tages F44620-75-C-0092




o002

SECTION H - PERFORMANCE
1. PERFORMANCE:

a. Rasearch shall be conducted during the peried 1975 Hay 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 extensfon of time under this
provision shall not, of itself, form the basis for incurring additional
costs.”

SECTION I - INSPECTION AND ACCEPTANCE

1. REPORTS DELIVERY AND ACCEPTANCE

The reports required hereunder shall be submitted for inspection
and acceptance to the addressee shown in Section E.4.e.(2)(a).

SECTION J - SPECIAL PROVISIONS

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 COSTS

The price of this contract includes expenses of $6,587 incurred on
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 Staticn, Alexandria, Virginia 22314,
and all other sources, whether Government or private, for the purpose
of surveying exlsting knowledge and avoiding needless duplication of
scientific and engineering effort.

2. SECURITY

I1f, 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 wzthout 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
acgordance 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 production unit is one sheet,
size 11" x 17" or less (10-3/4" x 14-1/4" maximum image), 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
restrictions do ncot proclude the writiong, ediliuyg, piepatalion 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 fn 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 1: 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 & 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 to 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 hur nar limited teo published reports,
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 perscn 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 & 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. ‘Thé féllowing clauses of the Armed Services Procurement Regulation
(ASPR), incorporated herein by reference:

ASPR Paragraph

7-103.1
7-103.6
7~103.8
7-103.10(b)
7-103.12(a)
7-103.13(a)
7-103.16(a)

7-103.18(a)
7-103.19
7-103.20
7-103.21(b)
7-103.23

7-103.26
7-103.27
7-104.3
7-104.9(a)
7=104.9(h)
7-104.9(1)
7-104.9(p)
’ 194 lf, (q\
7-104,15
7-104.16
7-104.17
7-104.20(a)
7-104.21(a)
7-104.23 (a)
7-104.35(a)

7-104,36(a)
7-104.39
7-104.40
7-104.41(a)
7-104.77(f)
7-104,.82
7-302,2
7-302.3
7=-302.4(b)
7-302.9(a)
7-302,21
7-302,23(b)
7-304.1
7-404,6
7-2003.41
7-104,18
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TITLE AND RISK OF LOSS (68 JUN)

ASSIGNMENT OF CLAIMS (62 FEB)

FEDERAL, STATE AND LOCAL TAXES (71 Nov)

DISPUTES (58 JAN)

RENEGOTIATION (59 OCT)

CONTRACT WORK HOURS AND SAFETY STANDARDS ACT-OVERTIME
COMPENSATION (71 NOV)

EQUAL OPPORTUNITY (72 AUG)

OFFICIALS NOT TO BENEFIT (49 JUL)

COVENANT AGAINST CONTINGENT FEES (58 JAN)

TERMINATION FOR CONVENIENCE OF THE GOVERNMENT (73 APR)

NOTICE AND ASSISTANCE REGARDING PATENT AND COPYRIGHT
INFRINGEMENT (65 JAN) i _

PRICING OF ADJUSTMENTS (70 JUL)

LISTING OF EMPLOYMENT OPENINGS FOR VETERANS (73 SEP)

BUY AMERICAN ACT (64 MAY)

RIGHTS IN TECHNICAL DATA AND COMPUTER SOFTWARE (74 NOV)

TECHNICAL DATA-WITHHOLDING OF PAYMENT (74 NOV)

IDENTIFICATION OF TECHNICAL DATA (75 MAR)

RESTRICTIVE MARKINGS ON TECHNICAL DATA (75 MAR)

UTILIZATION OF SMALT. BISTNESS CONCFRNS (58 JAN)

EXAMINATION OF RECORDS BY COMPTROLLER GENERAL (71 MAR)

GRATUITIES (52 MAR)
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1. Introduction

This final report will descvribe 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 transmission technique to be employed
would be packet switching via satellite, once the technigue had
been proven through an experimental program. 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, 1975, with
representatives of ARPA, Bolt Beranek and Newman, COMSAT, and
the British Post Office. 1Its purpose was to discuss the imple-~
mentation schedule of the proposed packet-switching experiment
between 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 interface 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
Intexrface Unit (SSI) and a Data Test Set (DTS). The SSI is in-
stalled between the SIMP and the SPADE channel units. It is used
for controlling the SPADE channel carrier 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
the transmission 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 op-
erational readiness.

2. System Description

Figure 1 shows the system confiquration 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 modem
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 vsed 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 same 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.

In the following paragraphs, the operation of the SIMNF.
55I, 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 ti. 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 designated 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 ch.nnel 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
tevOvely, bit timing recovery, and synchronizatizn. In addition,
a Start Preamble pulse (§7) is also generated and sent to the
S81. This pulse causes a gate within the SSI to open, allcua..gy
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 SP 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 ocut 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 generated
and transmitted to the channel modem at a bit rate of €1 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 1 at a bit rate of 64 KB/s. When Memory 1 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 toc 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;
4¢-PSK modulation is used with channel spacing of 45 kHz, and a
noise bandwidth of 38 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 2f 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 cut -° 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. Ihe second counter is
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
serial 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
Recelive 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 tne 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 time 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 lLetween 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 "0" control "ON", or "spacing"
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. logical "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 SSI 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.

€. 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 "0" gate which provides
loopback testing of the transmitted data. During 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/0Off--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 module, 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 tc 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.

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



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

h. 64 kHz Clock (6461) and Memory Output Disable
(MOD)--the 644¢; 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 usec. 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.

*This is the inverse of the logic levels specified earlier.



In addition to the above signals, a crosspatch or
loopback signal is available for test purposes. InseYtion of
the crosspatch signal (a logical "0" 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, operaticnal data are
not transmitted to nor received from the satellite.

3. Operation of the Interface Unit (STI)

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, S5I,
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 @, @, @, 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 the 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 applied 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,
whicp is synchronized with the 64 kHz clock. The Q output of FF-5,
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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 8 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)
pulge is fed to the interface unit. Once the SP, (O, is applied

to FF-2, the 56 kHz clock pulses, @D, will be transmiited 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 praor to the detection
and demodulation of data. In the breadboard model, 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 additiocnal
shift registers, should this prove necessary.

The appreoach used to control the turn-off time of tne
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/deccder system.

In this arrangement, 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 Disable 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
intc 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 ocutput of the NAND gate is held high between
GOSIG pulses by the output of FF-2 (Q); i.e., when the input
levels to each exclusive NOR are low. The output pulse (16 usec
wide), Qz)will clear FF~-4, which in turn will cause the CARRIER
ZU/OFC 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 locpback 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¢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} 5P

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



-13-

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—x3—1, 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 inicializing the PRG prior to transmi.sion or data.

This 15 seen to be datumn 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 (DTS) 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 $SI 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 section 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



-14-

can be performed between two or more earth stations in the network,
in the same manner as one earth station may test and checkout 1its
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 x!°-x3-1. This polynomial
will generate a random pattern of 1023 bits before it repeats its
sequence. However, only data bits in the sequence from bit no. 2
through no. 1001, inclusive, 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 genecator 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.

Indicator lights are used to show when data is beilng
transmitted and when the receiver has acgquired and locXked-on to
the received data. Switches are available to start and stop data
transmission, and to stop the readout counters for bit error rate

calculations.

5. System Configuration

Figure 8 shows how the SIMP, S5SS8I1, DTS, and SPADE channel
units will be connected into an integrated system at the earth
station. In this configuration two SSI's are required, one for
operation with the SIMP and the on-line transmit and receive
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synchronizers, and the others SSI 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
S5S1,. The DTS will operate with transmit synchreonizer A' and
receive synchronizer A through SSIB. The connection of the SIMP,
D75, and SS8I's can be interchanged through the operatiorn 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 experiment between
the U.S. and U.K. planned to begin July 1975.

TABLE I. Configurations Available
. Channel Channel
Function | SIMP DTS ss1, | ssig Unit A Unit A
Xmit Rcve Xmit Rcve
X X X X
X X X X
Nornal
X X X X !
X X X X
X X X X
X X X X
Loopback
X X X X
X X X X

X indicates units connected together.
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! - ‘é z' / r Data Services Division
? 10261 Bubb Rosd
A "MSHAHE Cupertino, California 85014
J Telephone: 408/257-6550

November 30, 1972

Dr. Robert Kahn

Information Processing Techniques
Advanced Research Project Agency
Arlington, Virginia

Dear Dr. Kahn:
This letter Is a confirmation and follow 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 small
undertaking to re-install the scftware which would allow us to continue
research in this vital area.

| have had interest expressed to me directly for the continued inter-
connection of the two networks from ARPA, NASA/AMES, SR!, Stanford, BBEN,
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 Bevos

Max P. Beere
Director of Telecommunications Systems
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INVESTIGATION OF INTERNET WCRKIMG TECHNIQUES

FOR PACKET SwITCHED COMMUNICATIONS

by

Peter T Kirstein

This proposal outlines a five vyear 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 1is in
support of another collaboration proiect
between DARPA and the UK Royal Signals
Research Establishment (RSRE).



. INTRODUCTION

Jniversity College London has been carrving out networking
rasearch under an Aagrzement with DARPA since 1973, Ths first
contract (NEuR74-C-28¢#) was originally from 1273 to Seotenbtar 332
1975, Under this contract, UCL measured the uverformance of A4
nusber of parameters unigue to the international network
ccnnaction to the US ARPANET. We connected in a number of hnst
compiters by a then unigue front-end technique, and resnlved manv
wroblems of a managemant kind in order to ensble international
usaz2 via public common carrier eguioment. Finally we st up a
mechanism for supcorting collahorative usage between research
groups in the U5 aend the UK. This work was described in & number
of reports in particulsr Fef. 1. Eventually this contract was
renzwed for one further year to put the usage side on a3 firm
footing, and prepare for the Packat Satellite £voeriment, and for

internetwork connection exgperiments. This WwWOrk has been
described in Ref.2. rrom October | 1976 thare was a new contract
CHOWATT-5-2885. Under this ceontract UCL  has  Jdone  sucstantial

“mzasudrement work on the Atlantic Packet Satellite LEyperiment, has

participated actively in the internetwork sctivities, and has

.maae preparations Tfor a simple version of a3 facsimile service
which could run over Arganet &nd Satnet,

This work is described in detail in Refs 3-6, but a brief
summary 1is given in Section 2. Partially as a result of the UCL
activity, an agreement was made between the UK V0D and DARPA on a
longer term project between the two hodies. The relevant details

"of this agreement are cdiscussed in Section 3. One a2spect of that

agreement is the continued access of the UKL to Arpenet and Satnet

.facilities. 1t has been agreed mutually that UCL is the naturel

location to provicde this saccess. In Section 4 we descrihbe

jbriesfly the type of research work we expect to do during 1982 and

$ 1933, both in order to comolete this work and to provice the

access which is part of the DARPA 40N aaresmeni, DAPPA-furnished

“egquipment will be required. In Section 5 we list the eauipment
currently in the UK or schednled to be odrovided under the

agreement. Finally, in Section 5, we outline the effort and
deliverables which we =2xpect to orovide as part of this

Ajreement,



2. AECENT UCL RESULLTS

A detailed discussinn of UCL results are given in DRefs 1-A,
One very significant activity was the user level measurements of
Satnet which we have performed. Trhese measurements have bHeen

descriked in Ref. 4 but 3lso in 3 nurmber of other pap=2rs, =2.g.
Refs 7-14. The measurements idzntified serious deficiencizs in
the perfornance of the ¢z2teways, which have led to their
redesign.

A second activity has heen thes interconnectisn of Arpanety
Satnet and a UK experirnental packet switched service,(EPSS).
This connection was provided in 3 sufficiently robust way that it
cecame standard for the majority of UK users to access Arocanet
ejther throuzh EPSS or from another star network baesed on tlre
Rutherford lasoratory. Little usagze came directly via ths Fublic
Switched Telephene Network (PSTN) to the TIP. As a result of
this work we thave also identified a nurber of serious problems
and mismatches of protocol. “any of thase hirge around
connecting together systems which were not Adesiznecd fTor this tvpe
of interconnection. An exanple is the problem with full duplex
working and not using local echo. The problens are rooted in the
fact that certzin of the operating systems (e.3. Tops 2¢ and
Tenax) are used hesvily in Arpanet, though thay were designed for
local usace. Thelir use over low delay netwnrks like Arpanet is
still tolerableis their wuse over commercial opacket switched
networks or satellite ones may becomne inefficient, costly and

‘inconvenient. The types af prohlem =nd difficulty encotintered by

the 1interconnection of EPSS and Arpanet affected alsc the

~performance of Satnet. Although this work is described in Refs 3
-and 4, a paper on it is given as Esf. |5.

As 3 result of the practical problems =ancountered, we have
mace @& detailed theoretical analysis of the connection of packet
switched networks. Some of the general consideraticons on the

-different levels of interconnection are described in Refs 16 and
17, A clear theoretical problem identified has been the

variation 1In performance caused by different flow control,
fragmentation and buffering strategies. Analyses of these
phenomena are given in Refs 186-21.

The PTIs have now standardised on the X25 virtual call

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

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

rthe B8ritish X25 net will be able to access Arpanet via Satnet
. (Ref. 22}). At present we have demonstrated our capabilities by
cconnecting ( terminalsy at the JK Royal Signals Research

Establishment (FSKEJ via an access protocol which is X25 level 2.
Software- to support the full X25 to virtual call trensformations
at all,&he relevant levels of protocol, will be developed during
the neci‘éhese of the UCL work.

by fdl



se heve unferimsten 3 significart =rount of packet facsimile
trensmission LJver Arpanet and Setn=t, This work &gain has hean
described in Pefs 3 and 4, but more complete papers on the work
are in FHefs 23 and 24. in this work wa showed itat it is
possible to combine facsiTil2 transmission and the existing text
nmessaje services over Arpanet in a uniform fashion.

Later work has involved the set up of an experimental
facsimile store and forward =service hetw2en UCL, COMSAT
‘Leboratories and [(SI. This servicz will Dbe evtended to other
sites (including DARPA) when the relavapt zauioment is installed,
All three sites have been active in the specification and
implementation of the relevant procezdures. We have Aalso
investigated the interactive editing of facsimile in thes context
of multimedis messages. An overvisw Jdeoscription of this work is
Jiven In Ref. 25. We have oparticipated actively in the
oreparaticen for TZP-based szrvices in the Internsztwork activity,
This work has not yet come inte full service wuse, &and will be
discussed further in Secticn 4. As orepraration for this work, wa
heve extended the N035 ogerating system to a Virtual machine (Ref.,
2331, adepting an RS®E development. W2 have also irplemented 3
significant ancunt of X25 sofiware (e,3. Refs 27-29), Some of
the hardwars/softiware has beean calivarerd to 3olt, Zeranek and
Newnen, Zonsat and the [Dafense Commnnicsation Agzancy for DARPA-
related work.



3. THE DARPA=-AO0D RESZAFCH ATFEEVEINT

rartly arising out of the JCL work, which bhas also been
supported by the UK “inistrv of Defence (%0D), 3 numker of
exanples of collaboration have oeen developed hetween the UK 40D
and DCD. For instance, there s 2vtensive collabheration between
the UX Atonic vweapnns Reseerch hsisbhlishment (ANRE) and the US
Saisnic 23ts  Analysis Centre (SDAC) on the Analysis of Seisnic
£vants. Ancother collaboration has bzen between the UK FRSRE  and
its contracionrs, in conn2ction with the DCD/DARPA work on the Ada

" lanjuage for real~time corputing. Another UK KOD croup has

collaborated with the UJS Defence Readiness Command (DARCOM) on
the use of messAags systems for administrative purposes. Finally,
RSRE has connected its packet switched network (PPEN) to the
DARPA Internztwork Catenet using Internet Protocols.

In view of the increzsing rejuirzments for DOD-AOD
collaboration, an agrzement has nzen —ade between LBSHE ﬁénd DARPA
under the auspices ofjihe Technical Cecoperation Programme (TiCP).

The important aspects of that ajreemnant for the ourposes of this

proposal are the following:!
(i) The szreement covars tha pariod July 1979 to June 1684,

{ii) 40D will psay for their up 1link share of the 64 Ukbps
multidestination half-duplex Satnet link betwesn the UK,
US and Norway.

(iii) 0D will 9oprovide sufficient financial support for
Professor Kirstein and his team at UCL to continue
active R & D on topics of mutual interest to both RSRE
and DARPA, and to operate Lthe Arpanet TIP, Satnet gateway
atc.

(iv) The UK will interface the PSRE PPSN to Satnet via a
jateway, and will make one or more general purpose:
machines availaEle as hosts on the RSRE PPSM or other UK
networks.

(v) The US will continue to provide and support the hardware
and software of the various Arpanet and Satnet components
in the UK.

(vi) The US will continue to provide access to various host
' computers and networxks via Arpanet In the US.

. In view of this agreement btetween ¥CD and DARPA it is necessary

to continue a subsidiary arrangement between DARPA and UCL.



4, PROPUSED JCL ACTIVITIES 1631-36

The nature of the UCL activities must be expected to change
between now and 1986. One aspect of it will clkearly be to
continue to provide the support necessary to MDD to ensure access
to the Satnet facilities. A purter of reports have been written
on how UCL is proposing to proviude this access. A fairly good
description is given in sgveral reports (HKefs 3¢¥—=33). Here we
have identified the various protocol translations that must hse
. achieved, and the service provisions rejuired. 4s 2 result of
the technical analysis we have than aronosed specific
implementation strategies for terminal (Ref. 34), File and
" Message Transmission (Ref. 35). In ths process of planning, we
"have identified key problems such as access control (Fef. 36) and
“addrescsing.

Central to the UCL appreoach is the use of 2 local high soeed
Finy network for intercornecting the various wid2 area networks.
A description of the past UCL woark with this ratwork is descrihed
in FRefs 37 and 32, There has oeen a very substantial effort in
riny protoceols, 2nd in consideration of how the Ring will be used
in this context. The plans for cennecting in SATRET  are
described in Ref. 3¥. 2Zasically the various wide-2rea networks
will all be attached to the UCL Rings, And processing elements on
the Rings will provicde the protocol conversion, messaje and
access control services.

. In eddition to providing straight-forward sarvice access. we
~would expect to participate actively in the research aspects of
- what should be provided. So far the gateway provided to SATMET
1is the datagram gateway running Arpanet Host/Access and X25 level
;2. In view of the potential 1interest in inter-operability
- between civil and defence networks we will provide also a Virtnal
- Call X25% level 3 based Gateway in addition to the datagram
i internet gateway to Satnet. Because the US defence networks will
i use varsions of the Internet Protoceol TCP, while this is unlikely
. to happan for the public data networks, one aspect of the UCL
virtual call gateway will be a translation between TCP and 2
simple transport servic: above X25. We also intend to look at
the compatability of different terminal protocols. and imolement
appropriate mappings between the Arpanet Telnet and those on the
Public Datas Networks. Ne note this class of problems is also of
. some interest to the US Defense Communication Agency. Some 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 iaprove the performance of the Internet
Catenet. An example of our measurement plans is given in Ref.
40.
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axrtend onr =activity te  incluasz 2ronnics,  facsiaiila,
videotax ani  =svantually  voice Inta  tnhe2 rmulti--e-dia
iscunent proaocesaning acenrpplisned  locali s, i axpac
al so to varticivate Wit  fhe adoprosriatas JAPA
3n0asared rnatns . A ayiens  atr currant facsinmile
service into 4 tuil=-nlowy multi-nedia one, DuUr
activity will have ana fifferar:. asnect fron the ather
B A sponsored ones,  Jde will continually bear in mindg
comnat ihility pronlers in the cnntaxlt of the develnping
international standards on Jocuneats fransmission (e,3.
Yidantax and [elecax).

e have notn a Jijitel Tacsierile Hevice and a nit map
display, and ~ill axpect to employ thsse in this aspect
nf the project., Voice facilitiss wa  wanld a2xoect tTo
cuntinuz e receive trem  Updda, I part to assurs
chrmoAatinility.



5. ARPA SUPPORT
'amfmé&&ﬁd]

In order to continue to provide the access acreed bhetween
DARPA and MOD, and to pearform the research work descrikted in
Section 4, continuedNoan of eguipment from DARPPA, =nd access to

4]

il jd

DARPA = supplied resources will be rejuired. The pressnt amd
facilities in the UK on loan from DARPA are shown in Table 13
Schedule of Equiprent D3at=2 Shipped

1 Heneywell 316 TIP July 1973

I Honeywell 315 SI#4P - July 1979

FPDP 11735 Catewsy July 1976

1 LSI-11 Port Expender Ausust 1079

I LSI-11 Terminal Concentravor Geotenber 163¢
L LSI-1t/723 “inigateway Octeober 1981

1 £33 1MP . arch 1932

1 C77 or NMC EEBWZZ Gateway Octohar 1082

Table 1. Schedule of Egquipment on Loan from DARPA

This fijure also shows the eaguipment currantly opronosed for
delivery later in 1981 and 1982. We would expect our actual
reguirements to change over the course of the next few vears, As
demanded by the collabarative agreement and change in the DARPA
programmes in which we participate.

Although we use many JK computer resocurces in our work, it is
also necessary to use US resources. This is partly because much
of the sofiware developed is done in different research groups
working on the DARFPA programies, and interchange and mutual

- extension of the software are absolute reguirements., We would

expect continued access to computing resources in the US to be
provided in acceordance with the strict limits imposed hitherto.

This agreement should extend over the period until November 3.
1986 unless the MOD-DARPA agreement is terminated before that
time, and DARPA therefore wishes to terminate the ecreement.



5. JCL DellVERABLES

At several points in the UCL programme we are developing
hardware and software to meet reguirements which erxist both at
UCL and KSRE, and alsoc in other sites supported as rpart of the
UARPA progranmmes. Where approprizte w2 will provide the UCL
developed hardwsre free. At cother times we would provide the
drzwincs to bHe manufactured or furnish the hardware at cost. It
is 2ifficult to ke rore avplicit at this stage. If sraller
numhers sre reguired of particular hardware boards we would
clzarly supply them, kut if it hecam2 desirable to provide them
in sizesble guantities far a substantial cost, this would clearly
be bheyond the means of a resesrch 3roup such as ours,

'In particular we would e orepared to provide sufficient
versions of our present facsimile interface hoard to allow the
prototype facsimile service to he extended, and to furnish the
sporopriate softiware. If requlire? we would evpect alss to
furnisk ths software for the X25-Intz2rnet protocnl conversion to
othar sites if thay sn wenrt it. It is undarstood thet tha shove
would be for purpnses of ths US Sovernment onlv, and would not
preclude commercialisation for other purposes by the British

Techinolojy Corgoretion.,

7. PERSCHNEL

As part of our agreement with RSRE, we would expect to have

- thres2 people employed on work relative to this proposal at least

up to the end of 1984. Our personnel beyond that period would

" depend on the renewzl of the agreement with RSRE.

This agreement does not progese any compensation from DARPA to

- JCL, with two exceptions. First, we would expect the loan with
"no charge to UCL of the US eguizment mentioned in Section 5.

Second, our participation in the DARPA Internet and other working

© groups will usually he at the invitation of DARPA.

8. REPORTS

ne would expect to continue to provide short gquarterly 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 specifisd by DARPA.
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