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Abstract - This paper presents MultiMedia Mail (MMM), an implementation of SMHMS (Simple Multimedia Hypermedia Mail System) which uses the World Wide Web (WWW) for creating multimedia messages. SMHMS is a multimedia/hypermedia electronic mail system model, which deals with issues related to network traffic generation and storage management. For reasons of implementation flexibility and portability, the system is built on top of existing mail protocols, in particular the Simple Mail Transfer Protocol (SMTP). In MMM, the exchanged messages are WWW “webs”. HTTP (Hypertext Transfer Protocol) and WWW servers are used for transferring multimedia information.

I.  INTRODUCTION

The proliferation of fast, inexpensive, networked computer workstations has made electronic mail the most widely used application in the environment of interpersonal communication. Electronic mail systems capable of transmitting compositions consisting of multiple unconventional media (such as audio, video and images) have attracted a large amount of interest in recent years [1,2,3,4].

Most existing tools for multimedia mail, and in particular, current standards for multimedia mail, such as MIME (Multipurpose Internet Mail Extensions Standard) [5], do not include any support for hypertext facilities. These tools support transport and exhibition of multimedia documents, with simultaneous or sequential exhibition of the different media. However, if users are to interchange arbitrary documents, it is natural that they should feel the need to transmit documents which may be browsed interactively, that is, which may be read by the receiving user in a sequence which depends on his selection of referential links.

The use of hyperdocuments in a large scale quickly leads to the famous “lost in hyperspace” problem [6]. Because of this and other problems, it is now quite widely recognized that, although the flexibility of hypertext is very important, it is necessary to combine it with facilities for hierarchical nesting, which allows for different degrees of detail when viewing a document, and for different logical views over the same contents. In order to offer these facilities in a manner that is well understood, a hypertext/hypermedia tool should be based on a clearly defined conceptual model for documents.

In this work, a conceptual model for hyperdocuments, called NCM (Nested Contexts Model) [7], is mapped on WWW (World Wide Web) [8]  to allow the exchange of hypermedia documents. NCM is the document model used in HyperProp [9], an ongoing project at PUC-Rio for the provision of a toolkit for development of hypermedia applications. As in all models for hypertext documents, NCM is based on nodes and links. However, the information about referential links is not embedded in the content of a node.

Previous work has proposed a system, called SMHMS (Simple Multimedia Hypermedia Mail System) [10], for using NCM in electronic mail in the context of HyperProp. A prototype of this proposal has been implemented in Sun Workstations. However, because HyperProp is still under development, this prototype has a number of limitations which do not allow effective experimentation of the tool. It was considered important to have a number of users, in different domains and environments, using the proposed hypermedia electronic mail system. The WWW environment offers a simple model, and WWW servers are currently installed in a very large number of sites. For this reason, it was considered the ideal environment for the development of a version of SMHMS which could be easily installed in different sites and platforms. This version, named MMM, is described in this paper.

This paper is organized as follows. Section II describes the basic concepts of SMHMS. Section III presents the implementation issues of MMM. Section IV contains the conclusion.

II.  SMHMS

SMHMS is a multimedia/hypermedia electronic mail system model which deals with issues related to network traffic generation and storage management. This section first describes the requirements which guided the development of SMHMS. Next, it presents NCM, the underlying conceptual model for hypermedia documents interchanged using SMHMS. Succeeding, the message formats used in SMHMS are presented. Finally, the SMHMS architecture in a distributed system is discussed.

A. Requirements 

The requirements which guided the development of SMHMS were:

Storage space should be minimized. This is one of the main challenges regarding multimedia electronic mail, since media such as audio and video use up enormous quantities of secondary memory. No nodes should be replicated in the multimedia/hypermedia mail server. If a node pertains to more than one message, it should be referenced and not replicated.

SMHMS should function elegantly in the absence of support for all media. In others words, SMHMS should work as a formatted text mail if, for example, facilities for video, audio and image are not present. Moreover, only the nodes that the mail recipient is able to handle should be transmitted through the network (this is related to minimizing traffic and storage).

SMHMS should be as flexible as possible in the types of media it can use, although the use of some media may be awkward on today’s hardware.

SMHMS should make use of existing mail transport agents. In general, these agents only support ASCII transfer. So, SMHMS multimedia/hypermedia messages should consist of an ASCII representation of referenced multimedia/hypermedia documents.

B. The Conceptual Model for Hyperdocuments

The Nested Context Model (NCM) is a document model in accordance with the MHEG standard [11]. 

In NCM, a document is composed of nodes (fragments of information) and links. There are two classes of nodes: terminal nodes (content nodes, in MHEG) and composite nodes, the latter being the central concept of the model.

A composite node is used to group together nodes and links between these nodes. This concept therefore permits organizing, hierarchically or not, sets of nodes, and defining different logical views over the same contents.

A link connecting two nodes is defined in a composite node containing these two nodes. This means that the same terminal node may be a source of a link in one composition and not in another, that is, the contents of a document are independent of its links (as opposed to the WWW model).

C.  Message Formats

Since the conventional mail transport agents in general deals only with ASCII messages, and because we want to use conventional mail facilities to manage all the mail information, SMHMS defines a data model where a multimedia/hypermedia message (M/H-message) is described by an ASCII message.

There are two important concepts for the message formats:

- a multimedia/hypermedia document (M/H -document ) is a terminal or composite node, that describes the documents which compose the message to be sent.

-  a multimedia/hypermedia message (M/H-message) is a composite node describing a complete SMHMS message. It is a composite node referencing two others nodes: an Envelope, which is the message header, and a Body, which is the M/H-document to be transmitted. The mail header is defined by RFC 822 [12]. 

SMHMS acts as follows to handle M/H-messages delivery.

First, it creates an ASCII message associated with the M/H-message, called a T-message. This message follows the format defined by the SMTP (Simple Mail Transfer Protocol) [13] standard, with the field CONTENT-TYPE = X-SMHMS. This message will convey to the target mail system the identifier of the M/H-message composite and the identifiers of all nodes, including composites, that recursively constitute the M/H-message. The header of the T-message is the same as the header defined in the M/H-message envelope.

When SMHMS is used over a data model which supports composition semantics, it uses the M/H-message to automatically produce the T-message. This is possible because the M/H-message is represented by a composition and with composition semantics SMHMS can automatically derive the components of the composition.

To transfer the T-message, SMHMS uses the Internet conventional electronic mail transfer system, based on SMTP.

At the destination, after the mail system retrieves all the M/H-message components it can handle, the T-message received is transformed into a R-message. The R-message body contains only the identifier of the M/H-message because only this identifier is necessary for the browser that will display it. The others components are links inside the M/H-message and so, will be seen when the user selects the appropriate link. The R-message is stored in the target user mailbox of the conventional mail system.

If an user wants to compose a conventional message containing only text document, SMHMS offers two options: creation of a M/H-message with the body  containing only the text node, or composition of a conventional mail message.
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D. SMHMS Architecture

The SMHMS architecture and working model is described here using Fig. 2 as an example scenario.

In this scenario, each of the two networks, A and B, has a M/H server and a traditional mail system server (SMTP server) where the repository of M/H-messages and the conventional mailboxes are implemented. 

In each of the two networks, there is an user workstation where the user interface is executed. The user interface is divided in two modules based on them functionality. The first module is the mail interface which provides the traditional mail functions. The other module is the M/H document interface which provides functions for composition and exhibition of M/H-messages. The M/H document interface, through a M/H client, uses the local M/H server.

Each user has a conventional mailbox in the SMTP server where the R-messages are stored and a M/H mailbox managed by the M/H server. A special mailbox is also implemented in SMTP server, called SMHMS mailbox, where the T-messages of all users are stored.  

The M/H server workstation stores and retrieves all M/H-documents. The Message Manager constantly checks for incoming messages in SMHMS mailbox. Based on the received T-message, the Message Manager identifies all the components of the M/H-message body not available locally and request them to the M/H server; it also produces the R-message that will be stored in the target user traditional mailbox by the SMTP server.

Initially, a mail interface is presented to the user. If the user selects the message composition option in mail interface, it activates the M/H document interface for composition of the M/H-message body. The M/H message components are stored in M/H server of the source local network. After the user finishes composing the M/H-message, the system, based on the M/H-message, creates automatically the T-message.

At this moment the user, using the mail interface, can send the T-message to a target user on the same network or on another network, for example, network B. In this last case, transfer involves four stages:

a) after the mail interface places the T-message in a spool area, transfer to network B is initiated through the traditional mail t
ransport service, based on SMTP
. In network B, this T-message is received by the SMTP server, that stores it in the conventional mailbox of a special user: the M/H server, called SMHMS mailbox. 

b) In network B, the Message Manager identifies the components of the M/H-message body  not  available locally and requests them from network A. It requests only the components that network B is able to handle.
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c) In network A, the M/H server sends the requested components using the appropriate M/H documents transfer protocol.

d) In network B, when all necessary components are retrieved and stored in its M/H server, a R-message is produced by the Message Manager and stored by the SMTP server in the traditional mailbox of the target user.

Using the mail interface, the target user in network B identifies the received R-message in the conventional mailbox. When the user selects this message, the mail interface calls the M/H document interface that will display this message. To do this work, the M/H document interface, using the M/H client, recovers the selected message components stored in the local M/H server.

When the target user is in the same network as the source user, stage d) occurs immediately after stage a), since all message components are available locally.

III.  IMPLEMENTING SMHMS OVER WWW

In MMM (MultiMedia Mail), a version of SMHMS using the WWW paradigm, hypermedia messages are composed using html, and the documents that form the message are retrieved using http. Provision of information by servers is exactly like in WWW, which allowed us to use existing http servers. Browsing, however, is slightly different.

In the WWW model, documents are retrieved when the user selects a link. This implies real-time transmission of data, which in the case of sound, images and animation, may imply long waiting periods for the user. In SMHMS, a hypermedia message viewed by the user should be available at the local server. To introduce this functionality, a WWW browser was modified. NCSA’s Mosaic [14] was chosen for its large availability and use on different platforms.

This section first presents how hypermedia messages are emulated in MMM. Next, it describes the MMM working model. Finally, the limitations imposed by WWW are discussed.

A. Hypermedia Messages in MMM

Since SMHMS was originally proposed over NCM, it is necessary to map the NCM on WWW to allow the exchange of hypermedia documents.

The composition node is the central concept of NCM used by SMHMS. In SMHMS a message is a composite node. In the WWW model, no provision for composition exits. MMM emulates composite nodes through html documents containing hypertext links to the several documents which form the message. This is similar to the way fileboxes are built in NoteCards [6]. 

The M/H-message in MMM contains two html links. The first link is a reference to the envelope of the message. The second link is a reference to the M/H-message body.

The T-message is composed by the user and contains only the description of a set of html links.

B. MMM Working Model

In MMM, the mail interface is based on xmailtool, an existing mail tool for X platforms.

Composition of messages is managed by the mail interface which activates an html editor to allow the user to compose a M/H-message and another window to allow the user to compose the T-message. One of the information contained in the envelope is CONTENT-TYPE,  which is automatically set to X-MMM.

At the end of the composition phase, the transmission of the message begins with the transmission of the T-message using SMTP, through the sendmail program.

At the destination, sendmail receives the T-message. One of the facilities offered by sendmail is the possibility of activating another process when a message is received. Traditionally, this allows automatic replies. In MMM, each message received for sendmail is forwarded to procmail (a filtering facility) instead of directly placed in the user mailbox. Procmail verifies the type of the T-message. If the message has CONTENT-TYPE different from X- MMM, it is placed in the user mailbox. If the CONTENT-TYPE is X-MMM, the message is stored in the mailbox of the Message Manager (MM) which constantly checks for incoming messages in its mailbox.

MM is the module which effectively retrieves the complete SMHMS message. Messages in its mailbox are treated in the following way.

The html text in the T-message body is parsed in the same way as is done by a WWW browser. For each link found in the text, MM checks whether the referenced document is present in the local system or not. If not, the document is retrieved from its original site using http.

A table is maintained for associating names of local documents with their original names. This table, called the Document Table (DT), is used both by MM, when retrieving the message, and by the message viewer, as will be discussed later. The functions of this table are implemented using Remote Procedure Call (RPC) [15] to guarantee atomic access.  MM looks up each referenced document in this table, looking for its original name. If the document is not found, it is retrieved and a new pair <original name, local name> is inserted in the table.

Checking for the availability of a referenced document in the local site, as described above, is done only if the document can be presented with the hardware resources available at this site. This condition is tested by comparing the extension of the referenced file name, which conventionally describes the media type in WWW, with a list of “supported media” provided by a configuration file.

When MM successfully finishes processing the T- message, that is, when all documents which make up the message have been retrieved (or detected as locally available), it stores the R-message in the user mailbox. Furthermore, all the retrieved documents are placed under the WWW mail server.

Finally, received SMHMS messages are browsed by the user through xmailtool. When the user selects a message with CONTENT-TYPE = X-MMM, xmailtool activates a modified version of NCSA’s Mosaic [14], called MMM-Mosaic. This browser receives from xmailtool the identifier of the M/H-message and displays it. The links to other documents are shown in highlight and may be selected by the user. When this happens, MMM-Mosaic checks whether the referenced document can be shown in the local workstation. If the required support for the selected document is available, MMM-Mosaic looks up the local name of this document in DT. The result is passed to the local WWW mail server which sends the document to be shown by MMM-Mosaic. If the name of the document is not present in DT, the document is requested to a remote site. 

C. Limitations imposed by WWW

As previously explained, SMHMS was based on a conceptual model for hypermedia documents which supports composition semantics and separation between links and contents in a document. Since WWW model does not support these features, the SMHMS implementation over WWW has some limitations.

The lack of compositional semantics means that the system can offer no support for operations over composites. In HyperProp, for instance, the elimination of a composite implies in the elimination of all nodes contained in that composite which are not referenced by any other composite. In MMM, it is not possible to enforce this rule.

In WWW model, links are embedded in documents. So, it is impossible to reuse the document without inheriting all the links. This means that if the same text is used in two messages with different links defined in each of them, the text node will have to be replicated. This fact contradicts the storage space minimization requirement.

Since links are embedded in the nodes, it is impossible to define spatial and temporal synchronization for presentation of the nodes present in a composition (as in MHEG and NCM), because nodes in different compositions have different synchronization requirements.

IV.  CONCLUSIONS

The MMM prototype, an implementation of SMHMS over WWW, is available on Sun workstations. As the system uses the SMTP standard and the WWW model,  we believe it is easy to install in any platform where these tools are available. 

The system described in this work addresses quite adequately the requirements posed previously. MMM supports platforms with different hardware configurations, and deals well both with the absence of multimedia facilities and with the introduction of unanticipated media. The system is based on traditional mail tools, providing a well-known, easy to install interface. As for duplication of information, the behavior of the system is not ideal, since unnecessary duplication may be caused by lack of separation between linking and contents. However, the system keeps at most one copy of each document per site, avoiding duplication among messages.

The MIME standard also offers support for transferring multimedia messages in ASCII format, in conformance with RFC 822, but differently from MMM, MIME offers no support for linking multimedia information. MMM offers support for creating and transferring hypermedia documents and for navigation through links.
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Fig. 1 Messages in SMHMS
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Fig. 2 SMHMS Architecture in a Distributed System










