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Figure 4: A multiple server environment.

facilities are only available to applications that use the toolkh and
window system. Not all user interfaces require graphical displays

or mice—some of the Speech Research Group’s current work deals
with hand-held and “speech-only interfaces” where a keyboard and

display are not used [3, 23].

Early work on remote procedure call systems suggest that the pro-

cedure call was well understood by programmers, thus it was easy
to adopt the RPC paradigm. The prevalence of the Xt mechanism

for callback-based programming, now allows sidnr mechanisms

to be used in a range of multimedia user interface applications.

Xt supports communication of window-related data between clients,

but does not provide a general communication mechanism between

clients and other types of servers. The tools described in this pa-
per provide many of the low-level communication, even~ and dis-
patching mechanisms provided by X and Xt without requiring the

presence of a window system.

6.4 Previous Audio Servers

An early serial-controlled audio server developed in the Speech
Research Group [18] relied on a hand-built client side library, and

only supported a single client.

The remote procedure call compiler used in the VOX Audio Server

[5] supported both synchronous RPCS and asynchronous messages,

however, it was necessary to explicitly declare if the data was to
be sent synchronously or asynchronously. VOX supported complex

client-defined constructs in the server that represented audio routing

configurations needed by the client. VOX, however, did not allow
data to be exchanged between the server and a client.

The DEC audio server [1 ] was modeled closely on the X Window
System server, and hence uses a protocol rather than an RPC gener-

ator. The server design was also based on the VOX Audio Server,
and has complex server-side constructs. However, as a means of
sharing resources, the DEC server mixes multiple sounds when they

are played simultaneously.

The tools described in this paper use an RPC generator for rapid
developmen~ rather than hand-crafting code to support a protocol.
The RPC specifications implicitly define whether calls should be

synchronous or asynchronous. The Spare-based server directly
supports files, and also allows data buffers to be exchanged between
the server and clients.

7 CONCLUSIONS

New user interface and software engineering paradigms are emerg-

ing because of the ubiquity of network-based services. The tools

described in this paper provide a flexible and rapid prototyping en-

vironment for creating networked servers and applications. These
tools allow servers to be built easily, while retaining the power and
familiarity of remote procedure calls, and callback-style program-

ming using asynchronous messages.

A simple specification file generates code for both synchronous
RPCS and asynchronous messages. The procedure call generator,

though currentJy limked to simple data types, supports several com-
munication modes, including a telnet interface that allows direct
interactive use of a server.

Future directions for the software include adding an interpreter into

the server to reduce the traffic between the client and server, and

to eliiinate the queuing mechanism. Also under consideration
is porting the system to use Apple Events under the Macintosh

operating system.

It has recently been suggested [19] that RPC is evolving into the
mainskeam mode of communication in client-server models, and

that it will be the key component in distributed applications and
distributed operating systems. The tools described in this paper

provide a different perspective that should be considered when de-
signing future RPC systems, in particular, the usefulness of asyn-

chronous messaging for multi-media applications and systems that

manage temporal media [27].

These simple but powerful tools allow applications to easily incor-
porate new media and new interaction styles. Facilities such as

these promote the development of new applications and user inter-

face techniques, especially those involving temporal media such as
speech, audio, and video.
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