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ADVANCED RESEARCH PROJECTS AGENCY
Washington 25, D. C.

April 25, 1963

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

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

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

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

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




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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

this effort that I am now completing.
Q.OR, Lkbe
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Behavioral Sciences
Command & Control Research

Distribution:
Syste v, Corp.
Dr. Yonald L., Drukey, Dirgttor ARPA Command Reeearch Project

hwartz, Head of TirhexSharing Project
on Buelow, Head Development Project Lab

Sta.nford Research Institute

Dr, D. C. Engelbart, 8»-—Researeh-Lngincesr

Dr. JohnH Wensley,

ﬂg era
StanfordU versity

Dr. John McCarthy

g C. 6'/..&3
University of California (Berkeley) - Ny, ﬂul

Dr. Harry D. Huskey, 5

I?rofesaor Edward Feigenbaum KA'/VD

”" KKe A- NTU;‘ “JL'(

University of California (Los Angeles)
Professor George W. Brown, , Direeter-

Data Processing-Genter orw‘

Carnegle Institute of f Technology
Professor Alan J, Perlis
Professor Allen Newell

Information Interanational, Inc.
Mr. Edward Fredkin, -President

~Ma—Benjamin-M. -Gurley—

Mass, Institute of Technology Thompson-Ramo-Woolridge
Professor Robert M. Fano Dr. Glenn Culler
Prof. Fernando, J. Corbato
Prof, Marm Minsky




1.

* UNIVERSITY

- ! Db R

OF CALIFORNIA, LOS ANGELES

BERKELEY * DAVIS *

IRVINE * LOS ANCELES * RIVERSIDE * SAN DIECO * SAN FRANCISCO SANTA BARBARA * SANTA CRUZ

A Tribekl kb i Paagis of Calibirnia

DEPARTMENT OF ENGINEERING
1.0S ANGELES, CALIFORNIA 90024

April 27, 1967

Mr. Robert Tayler
Mr. Larry Roberts
ODS/ARPA

3E175

Pentagon

Washington, D.C.
Dear Bob and Larry,

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

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

for a

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

wniformity to experimentation and to possible performance measure-

ments

As we reported by phone, Len Klelnrock will be Joining

you at the May 18th meeting.

We are still exploring possible interest of people in

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

GE:lw

viry truly yours,
‘ )

zﬂﬁﬁn

Professor of Engineering
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Message Switching Network Proposal

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

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

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

Disadvantages

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

the applications necessary to users of the proposed network.
I




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

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

Advanta.ges

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

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

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

a transmission line.




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

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

Introduction

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

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

Context and Purpose

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

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



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

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

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

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

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

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

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



