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* .An Experimental Internetwork Multimedia Mail System

Alan R. Katz
Information Sciences Institute

University of Southern California
. Marina Del Rey, California

U.S.A.

Abstract:
A description is given of an of an experimental multimedia mail system which operates within the
DoD Internet Environment. The system runs on a PERQ personal computer and allows the user to
compose, send, receive, read, and edit multimedia messages which contain text, image (bitmap),
and voice data.

I. Introduction
-This paper describes the implementation and use of an experimental multimedia mail system, in

.particular the user interface program called MMM. Using MMM, it is possible for a user to create a
multimedia message which may contain various types of text, image, and voice data and to then
send the message to other hosts within the Department of Defense (DoD) Internet Environment
(the Internet). ..

MMM is written in Pascal and runs on a PERQ personal computer equipped with a large bitmap
* display, a local hard disk, and a connection to a 3 Mbit Ethernet. A CHI-5 LPC speech box

connected to the PERQ's RS-232 port provides voice input and output.

Hardcopy pictures may be scanned by a Rapicom Facsimile machine, then translated into bitmaps
for inclusion in multimedia messages. These bitmaps may be edited, or others created using a
bitmap sketching program (which is also a part of MMM).

S. Section II of this paper briefly describes the DoD Internet and the family of protocols used in this
environment. The physical data connections between the PERQ running MMM and the various
networks used are also discussed. Section III describes the specific protocol used. This protocol
allows general types of structured data to be transfered within the Internet. Section IV describes
the subset of this protocol implemented in MMM and gives a detailed account of how MMM
works and how one would use it to compose, send, and receive messages. Section V discusses our
experience with this system and the problems encountered. Finally, Section VI outlines our plans
for the future. -

I1. The DoD Internet Environment
For the past several years, the DoD's Defense Advanced Research Projects Agency (DARPA) has

* .sponsored research on various types of computer networks, including the ARPANET, digital packet
radio networks, and digital packet satellite networks. A family of protocols was developed to
allow all hosts in the interconnected set of these networks (refered to as the Internet) to
communicate with one another. (An interconnected set of networks such as this as been termed a

, Catenet I 11.) In particular, the Internet Protocol (IP) [21 and the Transmission Control Protocol
(TCP) [31 were developed.

(Page 11
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An Experimental Internetwork Multimedia Mail System

Hosts in the Internet range from very small personal computers on local area networks to large
mainframes with many users on long distance networks such as the ARPANET. Data
communication between these hosts is built upon IP datagrams. Data transfer via datagrams is
unreliable, and higher level protocols (such as TCP) are necessary to ensure reliable
communication. Networks within the Internet are connected to one another via gateways which
route datagrams through the various networks, from gateway to gateway, until they arrive at
their destination. (More information on the model of the Internet may be found in reference [4])

In addition to IP and TCP, the User Datagram Protocol (UDP) [5] allows users to send IP datagrams
A simple file transfer protocol called the Trivial File Transfer Protocol (TFTP) 16] has been
developed to allow the transmission of files using UDP.

At USC/Information Sciences Institute (ISI), we have three PERQ personal computers which are
connected to a 3 Mbit Ethernet. We also have six TOPS-20 PDP-10 KL computers which are on the
ARPANET. Multimedia messages created on the PERQs are transfered to the TOPS-20 system using
TFTP through a PDP-1 1 gateway. These machines and networks are shown in figure 1.

3 Mbit TOS2

PERQ Ether-# Net ITP-0ARPANET

PERQ

SPDP-11IGatewayPERQ

Figure 1:
Connection of PERQs to ARPANET at ISI

I1. The Internet Message System
An Internet Multimedia Mail Transfer Protocol (7,81 has been developed at ISI which defines a
mechanism for the transfer of messages through the Internet. These messages may contain very
general types of data including text, voice, image, facsimile, and graphics. The protocol is general
enough to allow additional types of data to be added in the future.

[Page 21
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The protocol is implemented in a process called a Message Processing Module (MPM) The MPMs
are responsible for the routing, transmission, and delivery of messages. Multimedia messages are
created by a user with a User Interface Program (UIP). Messages so created are then submitted to
an MPM for delivery. At ISI, MMM is our UIP and runs on the PERQs. The MPMs, written in BLISS
and some Macro10, run on PDP-10 TOPS-20 machines.

The Multimedia Mail Transfer Protocol assumes a reliable method of data transmission within the
Internet and is therefore built upon TCP. The place of this protocol in the normal hierarchy of
Internet protocols is depicted in figure 2.

Si

Telnet TP Tratofer TFTP Application
Level

.UP System Level

- Internet Protocol (IP) Internet Level

Local Network Protcol Network Level

Figure 2:
Relationships of Internet Protocols

The basic unit transfered between MPMs, called a message, consists of three parts: a transaction
identifier, which uniquely identifies the message, a command part, and the document. The
document contains a header and a body.

The command part of the message contains information used by the MPM to route the message.
Some of this information is supplied by the UIP. The document is not looked at by the MPM, but is

S,.displayed to the user by the UIP.

-, The header portion of the document corresponds to the date, to, from, etc., fields of a typical
letter or inter-office memo, The body of the document contains the actual data of the message
This data is a structure of basic data types (as defined in reference [7]). There are types for exactly
representing integers, strings, booleans, etc. Two other elements are used for building data
structures: the list and the property list. Lists are simple lists of elements (which may include other
lists). Property lists are lists of pairs of elements, where the first element of each pair names the
pair. The names of the name/value pairs in a property list are required to be unique.

References [91 and (101 describe the format of the document of a multimedia message. The body
of the document may be a simple character string or a complex structure of lists and property lists

i

:" [Page 31
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An Experimental Internetwork Multimedia Mail System

It may be encrypted in part or in whole. Possible data structures allowed in the body include voice,
paragraphs of text, and graphics.

The presentation of information in the message body can be compared to a seminar, where the
speaker displays slides and other visual aids while providing a running commentary The time
coordination of such a presentation is captured in the body structure There are three types of
time ordered control possible within the document. They are: SEQUENTIAL, SIMULTANEOUS, and
INDEPENDENT.

Sequential data items are presented one at a time, in the order listed. Simultaneous data is
intended for synchronous viewing, and independent data can be presented in any time order. For
example, one could have a text item displayed alone, then have graphics displayed while
simultaneously listening to a voice description of the graphics.

Because of the very wide range of possible items within a document, we realized that in order to
implement a UIP it would be necessary, at least at first, to limit this range. This is described in the
next section.

IV. The UIP Implementation: MMM

Introduction
In the summer of 1982, a first attempt was made at limiting the possible data types allowed in a
document body for the purpose of demonstrating the Multimedia Message System [11. It was
decided that, for the intial series of experiments, the only media allowed would be TEXT,
VOICE, and IMAGE. The only time control allowed would be SEQUENTIAL.
TEXT data would be structured as a list of paragraphs only. (This was later extended to allow
four types of TEXT data: Paragraph, Enumerate, Itemize, and Verbatim; roughly corresponding
to commands in the text formatting system Scribe [12)). VOICE data would be LPC (Linear
Predictive Coding, a way of digitizing voice [13,141) only. The LPC data would be represented
by a bitstream data type which represents a stream of speech data at 2400 bps. IMAGE data
would be represented by raw bitmaps only (not compressed or encoded). It was suggested that
these bitmaps not exceed 512 pels horizontally by 663 pels vertically (which is the same aspect
ratio as 8 1/2 by 11).

It was expected that there would be at least two ways messages could be presented to the user.
In the first way, there would be separate bitmap and text windows which would scroll
separately. In the second way, both bitmap and text would be displayed in the same window in
the order given and would scroll or page as necessary. In either case, voice data would not take
up any space on the screen, and if a voice element appeared after an image element, it would
be intended that the image be displayed while the voice was played.

The first approach was taken in the PERQ implementation, MMM, at ISI. The following
subsections describe the program in detail.

Hardware
MMM is implemented on a PERQ Systems (previously Three Rivers Computer Corporation)
PERQ personal computer. The PERQ has a 16-bit microprogrammed processor, a high resolution
1024 by 768 bit mapped raster display, a 12 megabyte Winchester hard disk, a megabyte of
memory, and a tablet. It is also equipped with a standard RS-232 1/0 interface.

The PERQ is optimized to be programmed in Pascal. Software is provided to make it easy to
access the display (which is very fast) and for multiple window management.

Voice functions are provided by connecting the PERQ's RS-232 port to a CHI-S Voicebox. The
.CHI-5 is a programmable array processor. It needs to be downloaded with a program before it

[Page 41
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is able to perform voice I/O. The CHI-5 is connected to a speaker and a microphone Later, we
also used a Lincoln Labs voicebox, which does not need to be downloaded.

The PERQ is connected to a 3 Mbit Ethernet as described in Section I1. Using TFTP, it can send
multimedia messages to the MPM running on the TOPS-20 systems. The interconnection of the
MMM hardware is shown in figure 3.

Speaker 3 Mbit
Ether-

CHI- 5 net--;- and
Voicebox Dispa

Microphone

Tablet

Figure 3:
Hardware Connections to the PERQ

Data Representation
In general, a message can be very large. One reason for this is that there can be a very large
amount of data in a bitmap or voice data element. Thus, an entire bitmap may not fit into the
availible PERQ memory and must therefore be stored in a file.

In MMM. the various parts of a message are stored in seperate files. The message structure,
which contains pointers to the bitmap and voice data files, is itself stored in a file. This internal
representation differs from the standard message representation, in which the entire message
(including bitmaps and voice data) consists of one continuous stream of bits. MMM must
therefore convert messages to and from the standard representation in order to send or receive
messages using the MPM. This conversion process is transparent to the user, although reading
in or sending out messages might take longer than the user would expect.

Because bitmaps and voice data are stored in separate files, programs other than MMM may
access and operate on them without knowing anything about the Multimedia Mail Protocol.
For example, it is possibie to display and edit a stored bitmap using the bitmap editor.

sitmaps
There are two ways to create a bitmap for inclusion in a multimedia message. The first is to scan
an existing image with a facsimile machine, and the second is to create a bitmap with a bitmap

(Page 51
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editor. The bitmap editor (which is a greatly modified version of a program supplied with the
PERQ) can be run separately or under MMM.

At ISI, we use a Rapicom 450 facsimile machine. Programs exists both on the TOPS-20 systems
and on the PERQ to store and send facsimile images from the Rapicom into a file and to convert
that file into a standard bitmap [15,16] which can then be edited or viewed with the bitmap
editor. The bitmap editor allows the user to view part or all of a bitmap, to draw an image
using various brushes (analogous to using pens with differently shaped points), and to copy,
move, or erase portions of the bitmap. It is also possible for a user to enter text in various fonts
into the bitmap. If the bitmap is too large to fit into the display, the user can edit parts of it at a
time.

" A standard Rapicom 450 (8 1/2 by 11 inch) fascimile page, converted to a bitmap is 1726 by
approximately 2200 bits (corresponding to 200 bits per inch). Since the display on the PERQ is

S., * 768 by 1024 bits, this page cannot be fully displayed unless it is compressed. The bitmap editor
can perform this function.

v,-" Voice-related functions

If the CHI-5 Voicebox is used for voice 1/0, the user must first download it with a special
4,, program. This takes a few minutes. Then, to enter voice, the user gives the appropriate

command to MMM and simply speaks into the microphone. When finished speaking, the user
types control-C to terminate input. Similarly, to listen to voice data, the user gives the
command to MMM and the speech data is heard from the CHI-5 speaker.

Because of the time it takes for the PERQ disk to access a page, all voice data must be read into
memory before being sent to the CHI-5. Thus, there is a delay of a few seconds before voice
output and after voice input while the file is being read or written.

How MMM looks to the User
- When the user firsts runs MMM, four windows are displayed: the bitmap window, the

information window, the command window, and the text window (see Figure 4). Commands
- '-. are entered by bugging with the tablet in a menu in the command window, with additional

information being provided with the keyboard. MMM can be in three Modes: Top Level,
Outline Mode, and Create Mode. Each of these modes has its own list of possible commands,

<. -.- which are displayed in the command window.

- Headers (each containing a brief summary of i message) are displayed in the information
window. Whenever a new message is re- ,d or created, a new header for that message is
displayed.

It is possible to Play a message by using ... lay command and pointing to the header of the
message to be played. When a message is played, information such as the To and From fields of
the message is displayed in the bitmap window. Descriptions of the various entities (text,
bitmap, or voice) are displayed in the information window. After the user has read this and has
hit a carriage return, the text entities in the message are displayed in the text window, bitmaps
are displayed in the bitmap window, and voice entities are played on the CHI-5. If the bitmap is
too large to fit into the window, the user has the option of specifying which portion to view,
the default being the middle portion. When the text fills up the text window, it is scrolled

, ,* If the user wants to look at particular entities in the message out of order, he can go into
Outline Mode, which allows the user to view particular entities and to edit or store them

Messages may be created via Create Mode. In this mode, the user may enter the names and
addresses of receipients, enter a subject field, and enter bitmaps, voice, or text data. Bitmaps
may come from a file (which was created earlier with the bitmap editor or from the fascimile
machine) or may be created on the spot. The same is true for voice or text data. When the user
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Information Bitmap

Header i nfo
To:
From

Header 2 info
To:
From:

Header 3 info
To:
From:lee ~~t t / C ft e*e e O t et

Some Text in the
Bitmap

- ' Commands Text

1 ay msg This is some text.
Outline Mode
Create Mode
Send Ms9
Check for Mail
Quit

Figure 4:
The MMM Display

is satisfied with the composition of the multimedia message, he may leave Create Mode and the
message is then created and stored. A header for that message will appear in the information
window when the user is in Top Level Mode.

Sending and Receiving Messages: Communication with the MPM
In order to read in new messages which may be waiting, the user must explicitly tell MMM to
read them in using the Check for New Mail command. The PERQ cannot continually check for
new messages since the operating system does not provide for parallel processes to be run.

As was mentioned previously, the MPM at ISI runs on a TOPS-20 system on the ARPANET Each
MMM user must have a directory on that system into which the MPM will place new mail ar'd
from which the MPM will read messages to be sent. When the user uses the Check for New Mad
command, MMM attempts to TFTP (see section II) a file containing that user's incoming mail If
the TFTP is successful, MMM converts the message into it's internal representation and then

[Page 71
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displays a header for that message in the informaticnr, i ndow If the TFTP i s unsuccessful,
MMM notifies the user that no new i xists. If a new message is read in, the user may
outline or read the message is aescribed in the previous subsection.

Similarly, after creating a message, the user must use the Send command to actually send the
message Then, MMM converts from the MMM internal format for the message and TFTPs the
message to the TOPS-20 host, where the MPM will pick it up and send it on its way MMM also
sends a UDP datagram to a server on the TOPS-20 system which tells the MPM to look for new

"* .mail in the specified directory for that user (the MPM also checks all directories for new mail by
itself at specific intervals).

V. Experience and Results
In October 1982, we demonstrated the MMM/MPM system by composing multimedia messages
containing various types of text, bitmaps, and voice data; sending them to our MPM which then
delivered them totheir destinations; and receiving and displaying the multimedia replies. We
were able to send messages to Bolt Beranek and Newman, Inc. (BBN) and the Massachusetts
Institute of Technology (MIT) in Cambridge, Massachusetts, and to receive replies from BBN (MIT
was able to view our messages but was unable, at the time, to create messages of its own). In one

S". particular message, we sent a bitmap and some voice data to BBN and they replied with a bitmap
depicting how our bitmap looked as displayed on their system.
We have recently been running MPMs on two TOPS-20 hosts and have been sending multimedia
mail routinely using both of them to and from the three PERQs at ISI

A number of problems were encountered with the PERQ, in particular with the RS-232 interface
When one alternates between sending and receiving data through the RS-232 port (as one must
do to interface with the CHI-5 Voicebox), the port will sometimes stop sending data, and will send
out many ASCII nulls. This destroys the downloaded program in the CHI-5 and the user must stop
and redownload. Even when this does not happen, other problems with the RS-232 port cause
voice I/O to be somewhat tricky and unreliable.
Also, while it is possible to perform both speech input and output using a special program
separate from MMM, when the program was incorporated into MMM (which is a rather large
program), the processor became too slow to keep up with incoming voice. Thus one may listen to
voice in MMM, but one must use a separate program to create a voice data file.

On the other hand, the bitmap display and editing parts of MMM work extremely well The
display is very fast, considering its high resolution. Other than the problems encountered with
voice, MMM seems to work well and is regularly used in the Internet Projert at ISI

-. 1l.*
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V1. Future Plans
S. Because of the problems encountered with the PERQ and because 151 plans to utilize personal

workstations (probably Xerox 8010 processors) to a much greater extent in the future, we have
decided to implement the next version of a UIP on a Xerox 8010. The Xerox system allows multiple
processes, and presumably we will not encounter the RS-232 problems that have plagued us on
the PERQ.

The MPM continues to run on our TOPS-20 systems and at several other sites on the ARPANET.
This makes it possible to exchange multimedia messages with other organizations that implement

" UIPs.

Recently, a system has been written to use a Packet Voice Terminal (PVT), connected to the
Internet, as a voice server. When this system is incorporated into MMM, the PERQ will be able to
send packets containing voice data to the PVT. The PVT will then call the user on his telephone
and play the voice through the receiver. A similar chain of events will allow the user to enter voice
data. This system will eliminate the need for each PERQ to have its own voicebox and will improve
performance, as we will be able to bypass the RS-232 port.
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