
















































































16 MANAGING STORED VOICE IN THE ETHERPHONE SYSTEM 

voice ropes that are too young in order to prevent a newly created voice rope from being collected 

before a client has the opportunity to express an interest in it. This method will find all unreferenced 

voice ropes, including those for which no client ever expressed an interest and those that might have 

been orphaned due to system errors~ otherwise, the actions of FORGET alone would be sufficient to 

eliminate unreferenced entries from the voice rope database. Note that, unlike a mark-and-sweep style 

garbage collector, these algorithms can be safely executed while the system is running and need not 

complete a full pass through the database in order to perform useful work. 

The decision to protect voice ropes for a time after their creation was a pragmatic one. An earlier 

design required the client programmer to specify an interest, possibly of class "Timeout", for every 

voice rope created in order to force an explicit statement of the minimum conditions for deleting it. 

But since many voice ropes are often created in the process of editing an annotation or voice message, 

this approach would generate unnecessary interests protecting these intermediate values. Instead, by 

choosing a minimum lifetime comparable to the interval between invocations of the garbage collection 

procedures, we leave ample time for a properly functioning application to express an interest in the 

final result. 

In summary, garbage collection takes place on three levels. The voice manager deletes voice files 

when they are no longer referenced by voice ropes. Voice ropes are deleted if they are old enough and 

no interests exist for them. Interests are either explicitly forgotten by client applications or 

automatically deleted based on a class-specific test for validity. 

5. Experience and Evaluation 

5.1 Current usage 

Approximately 50 Etherphones are in daily use in the Computer Science Laboratory. Our current 

voice file server runs ona Dorado [11], a 2-3 MIPS workstation developed at Xerox PARC, with a 300 

Mbyte local disk. Thus, it has the capacity to store over 7 hours of recorded voice; the actual storage 

capacity depends on the amount of suppressed silence. Most of our user-level applications to date have 

been created in the Cedar environment [23], although limited functions have been provided for 

Interlisp and for stand-alone Etherphones. We have had a voice mail system running since 1984 and a 

prototype voice editor available for demonstrations and experimental use since the spring of 1986. 

The current voice rope database contains approximately 2000 voice ropes with a total of 7000 

segments referencing about 800 distinct voice files. Thus, the average voice rope consists of 3.5 

segments, and an average voice file is used by 2.5 voice ropes. Half of the voice ropes have only a 

single segment, but some have over 20 segments. Half of the voice files are used by exactly one voice 

rope. 

Voice ropes have an average length of15.5 seconds. 95% are less than 45 seconds in duration. The 

average segment size among edited voice ropes is 3 seconds, which is in accordance with our preference 
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for large-grained edits. 

51 MBytes of storage is used by the voice file server to store the collection of voice files whose 

aggregate length is 54 MBytes. Thus, only about 5% in storage is saved by suppressing silence. 

Summing up the total lengths of all voice ropes yields 180 MBytes, which indicates that a factor of 3 is 

gained through using the database to represent edits. 

A majority of the voice ropes in the current database were created in order to test the voice 

manager itself or its applications during their development, and are therefore somewhat artificial. We 

would expect voice ropes representing annotations in actual production use to be somewhat longer on 

average, to consist of longer average segments, and to contain fewer edits. Presently, the interest 

database has not grown large enough to provide interesting statistics. 

5.2 Voice-annotated documents 

Manipulating stored voice solely by textual references, besides allowing efficient sharing and 

resource management, has made it easy to integrate voice into documents. For example, we were able 

to build a local. voice mail system without changing the mail transport protocols or servers. Also, 

annotated documents can be stored on conventional file servers that are not aware that the documents 

logically contain voice. The annotation applications utilized facilities already available in the Tioga 

editor for associating additional named properties with arbitrary locations within a document. 

Significant performance benefits accrued by having documents refer to voice that is stored 

remotely. Although most requests to record or play voice ropes are initiated from a workstation, the 

voice data is never received by the workstation; instead, it is transmitted directly to the associated 

Etherphone. A typical text document containing several voice ropes as annotations might occupy 

30,000 bytes of storage, whereas inclusion of the voice, assuming a minute of total commentary, would 

swell its size to 500,000 bytes or greater. In fact, scanned images are included in Tioga documents by 

value, and the resulting sizes do present storage and performance problems even for high-performance 

workstations. 

Sharing documents and electronic messages that have been annotated with voice references, 

however, requires high-bandwidth network connectivity among the participants. Providing the 

applications described here among remote sites connected by limited-bandwidth channels would 

require additional mechanisms, such as those developed as part of DARPA's experimental multimedia 

mail project [18], which are beyond the scope of this paper. 

5.3 Editing voice 

We gained considerable experience with the voice manager by building the Cedar voice editing 

system described in Section 2.2 and illustrated in Figure 2. The small set of editing operations 

provided by the voice manager, including the specialized DESCRIBE operation that identifies the 

sound and silence intervals, has proven to be a sufficient base on which to build a complex voice editor 
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18 MANAGING STORED VOICE IN THE ETHERPHONE SYSTEM 

and a dictation machine. However, to reduce traffic to the voice manager, the Cedar voice editor 

maintains its own data structures to represent the edited voice temporarily. That is, the voice editor 

ended up replicating much of the functionality of the voice manager, something we were trying to 

avoid. Only when a user elects to save the edited voice passage does the voice manager get called to 

perform the necessary operations. Given this situation, a better approach may have been to let clients 

simply pass the voice manager a complete voice rope specification that it could store in its database. 

Experience with the initial implementation of the voice manager revealed that editing a voice 

passage invariably produced a set of "temporary" voice ropes used only in the construction of the 

finished result. These objects were eventually collected by the garbage collector and did no permanent 

harm, but they did create additional work for the voice manager. To alleviate the problem somewhat, 

the voice manager's interface was changed slightly so that an interval could be supplied for any voice 

rope parameter in any operation. This substantially reduced the voice editor's use of the SUBSTRING 

operation. 

Event reporting is important in allowing the voice editor to coordinate its visual feedback with the 

activities of the voice file server. In particular, the voice editor moves a cursor along the screen as a 

voice rope is being played (the gray marker below the word "score" in the voice displayed in Figure 2). 

A report indicating that the playing of a particular voice passage has started or finished is essential to 

synchronize the movement of the cursor with the transmission of voice data. 

Although the voice file server writes files on disk so that I-second segments can be continuously 

transferred, clients are allowed to edit voice ropes on I-millisecond boundaries. The file server could 

not possibly play a voice rope in real time if it had to perform a disk seek every millisecond. 

Fortunately, users of the voice editor are encouraged to insert, delete, and rearrange voice passages at 

the granularity of a sentence or phrase rather than trying to modify individual words or phonemes [1]. 

Thus, in practice, one rarely sees segments of a voice rope that are less than several seconds in length. 

5.4 Interests 

The notion of grouping interests into classes and providing class-specific garbage collection 

algorithms is a useful and workable concept. However, we are still groping with the details of how best 

to use these mechanisms. We have found several interest classes to be useful in Cedar. 

The Cedar mail system automatically registers and'deregisters interests of class "Message" as voice 

messages are saved and deleted by recipients. In addition, a "Timeout" class has been used to retract 

an interest automatically after a certain amount of time. For instance, when sending a voice message, a 

timeout of a week or two can be set by the sender to give recipients a chance to receive the message and 

register their own more permanent interests ifso desired. Of course, problems can arise if a recipient is 

on vacation for a period of time longer' than the timeout. For this reason, voice files are archived 

before being deleted from the server. 

For annotated documents in Cedar, the workstation software detects when a file is copied from the 

local disk to a public file server; it then calls RETAIN to register the appropriate "FileAnnotation" 
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interests for the public file. Having workstation software automatically register interests as a file is 

copied to a file server works remarkably well. However, some important operations are not covered by 

this approach: renaming a file on a file server or copying files between two file servers. We see no way 

to detect such operations except by modifying file server software. 

We have defined the "FileAnnotation" interest class such that its interest represents a publicly 

stored file name including the version number. With this scheme, interests must be reregistered for 

each new version of the file, that is, whenever a file is written to a public server. Unfortunately, the 

times that people want to annotate documents are precisely those times when the document is being 

updated often, so many interests are registered repeatedly. We rely on the garbage collector to get rid 

of old interests. An alternative would be to register a file without a version number, but that causes 

minor problems if voice is deleted from the file but the file itself remains in existence. 

If we could obtain the cooperation of the file servers that store our documents, we could do a 

significantly better and less cumbersome job of managing interests. A collaborating file server could 

examine files for voice rope references and execute the necessary RETAIN and FORGET operations as 

the files were stored, copied, and deleted. This would reduce or eliminate the burden on application 

programs. We consider this a promising area for additional research. 

5.5 Reliability 

The voice file server, voice manager, and voice control server were implemented so that they could 

run on separate physical processors. That is, they all communicate among themselves and with voice 

clients using RPC. In practice, we run all three on the same Dorado. There is little to be gained by 

running them separately, since the voice file server cannot record or play voice files if the control server 

is down. Similarly, the voice manager cannot record or play voice ropes if the voice file server is down. 

Moreover, for all practical purposes, voice cannot be edited if the voice file server is down because 

users invariably need to listen to the voice passages that they are editing. 

Thus, availability is not adversely affected by having the voice manager and file server co-located 

with the control server. If this server crashes or is otherwise unavailable, then no operations can be 

performed on stored voice. For the most part, this is simply an inconvenience to users in the same way 

that the unavailability of conventional file servers is an inconvenience. In Cedar, the file servers 

containing the important system files, fonts, and documentation are replicated to improve their 

availability. In our prototype, we have not found it necessary to pay the cost to provide a highly­

available voice file server. 

The one exception to this concerns voice interests. Clients often wish to register or deregister 

interests in voice ropes independently of playing the referenced voice. For example, an interest of type 

"FileAnnotation" is registered when a voice-annotated document is copied from a personal workstation 

to a public file server. A user should not be prevented from performing such a copy simply because the 

voice manager is unavailable. We have also observed that the interests for voice messages fail to get 

properly registered or deregistered if a person saves or deletes a voice message while the voice server is 

XEROX PARe, CSL-89-2, MAY 1989 



20 MANAGING STORED VOICE IN THE ETHERPHONE SYSTEM 

Operation Time: simple Time: complex 

RECORD t 264-390 (318) 
PLAyt 213-821 (394) 450-617 (563) 
CONCATENATE 219-367 (279) 878-1276 (1105) 
SUBSTRING 203-736 (373) 239-608 (345) 
REPLACE 398-509 (444) 683-1109 (937) 
LENGTH 33,72* 80 
DESCRIBE 163 1432 
RETAIN 285-881 (539) 
FORGET 290-763 (514) 531-1024 (718) 
LOOKUP 33 

t Time from beginning of RPC call to "started" report received by client. * For voice ropes whose length is not known by the database. 
= Identical performance for simple and complex voice ropes. 

Table 1. Performance of operations on simple and complex voice ropes (in milliseconds). 

down. This has led us to contemplate writing a program that enumerates a person's mail database and 

checks that all voice messages have properly registered interests. The better solution is to make the 

voice interest database highly available, at least for updates. Rather than fully replicating the database, 

we have designed a mechanism whereby operations to RETAIN or FORGET a voice interest are logged 

locally by a user's workstation if the database server is unavailable; the operations in this log will be 

retried when the workstation detects that the voice manager has returned to operation. 

5.6 Performance 

The time performance of both the voice file server and the voice rope facilities easily meet the 

requirements of intended applications. Table 1 gives the measured performance of the various 

operations that can be performed on voice ropes. Measurements were obtained for both a simple voice 

rope that contains a single 5-second voice segment and a complex voice rope consisting of ten 5-second 

segments obtained from ten different voice files with different encryption keys. For these experiments, 

the client is a Dorado on a 3 MBit Ethernet while the server is a Dorado on a 1.5 MBit Ethernet; the 

client and server are separated by a single gateway. Times are given in milliseconds; for operations 

with significant variance in measured times across several experiments, a range of times is given with 

the average in parentheses. 

The time given for a RECORD or PLAY operation is the period from the client initiation of the 

RPC call until the receipt by the client of a file server report that recording or playing has started. 

Clearly, the complete time for the operation depends on the length of the voice rope being recorded or 

played. This time can be easily computed given a voice transmission rate of 64 KBits/second. 

We were quite surprised by the large variance in the time observed for playing a voice rope. 
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Further examination of the PLAY operation indicated where the time is spent, as depicted in Table 2. 

The variability is due to the time required to reliably distribute one or more encryption keys. 

Sub-operation 

Communication (RPC) overhead: 
Database lookup and access control: 
Distribution of encryption keys: 
Schedule playback with voice file server: 
Time to receipt of "started" report: 

TOTAL 

Time 

18 
18 
137-745 
4 
36 

213-821 

Table 2. Breakdown of time spent in the PLAY operation for simple voice rope. 

As expected, the cost of the DESCRIBE operation increases almost linearly with the length of the 

voice rope. For most of the other operations, the time depends heavily on the cost of database updates 

rather than the size or complexity of the voice rope involved. However, the complexity of a voice rope 

has an indirect effect on the cost of writing that voice rope to the database. The database system 

maintains a B-Tree index that keeps track of all voice ropes containing part of a given voice file. Thus, 

when adding a voice rope to the database, an update to this index is required for each segment of the 

voice rope. This explains why operations such as CONCA TENA TE and REPLACE are significantly 

more expensive for complex voice ropes. 

We do not have current measurements of the server load during RECORD or PLAY. However, 

early experience with the voice file server indicated that it can handle about eight simultaneous 

connections [22]. 

During the development of the voice manager, we have exercised the garbage collection routines 

and have verified that they properly identify the objects to delete, but we have not actually allowed 

them to delete anything. Because of this, there are quite a large number of voice ropes, voice files, and 

interests in existence. Even so, recent measurements indicate that the interest verifier makes a 

complete pass through the interest database in 13 seconds. The voice rope garbage collector runs in 140 

seconds, or approximately 80 ms. per voice rope. Thus, the entire garbage collection suite for a 

database of this magnitude can be executed in just a few minutes. Running the garbage collectors once 

per night, we could support a considerably larger population of voice ropes and interests than currently 

exist. 

This paper has been concerned with the editing and management of recorded voice, dealing with 

operations whose performances must be compatible with human response times: sub-second response 

at a peak rate of several operations per second is more than adequate. The measurements reported 

herein confirm that the voice manager meets these requirements. Moreover, since network communi­

cation time is not a significant factor in the timings reported, the voice rope facilities would work in a 
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substantially more extensive and heterogeneous network environment than we have tried to date. 

6. Related work 

Several companies provide speech message systems that can be accessed from standard 

telephones; one of the earliest examples of this type of system was IBM's experimental Speech Filing 

System, which was operational in 1975 [9]. Certainly the Etherphone system's facilities can be accessed 

from telephones, but that was not the driving application. We were interested in allowing voice to be 

integrated easily into a user's existing means of digital communications, rather than forcing users to 

learn a completely new system. The Sydis Information Manager provides workstation control over the 

recording, editing, and playing of voice as in the Etherphone system, but requires special workstations 

called VoiceStations [17]. Ruiz also developed a prototype voice system that integrates voice and data 

into some simple workstation applications; however, he did not address the important issues of sharing 

stored voice [19]. 

Maxemchuk's speech storage system {l4] provided many of the same facilities for recording, 

editing, and playing voice as our voice file server. (Actually, he provided much more control over the 

playing of voice than we do, such as the ability to vary playback speeds or adjust silence intervals.) The 

division of function between a main computer and a storage computer is also quite similar to the 

separation between our voice manager and voice file server. However, Maxemchuk's system edits 

voice using divide and join operations that modify the control sectors of stored voice messages. Our 

technique of building data structures that reference voice files better supports sharing by making voice 

ropes immutable and simplifies the requirements placed on the voice file server. For instance, our 

techniques are very amenable to write-once storage technologies such as optical disks. 

Version Storage in the Swallow system [20] has many similar characteristics to our voice manager. 

That is, it manages immutable objects of various sizes. Also, its "structured version images" used for 

large objects are similar to the data structures used by the voice file server to describe voice files. 

Unlike the voice manager, Swallow provides no editing mechanisms or garbage collection, just read 

and write operations. It does, however, maintain histories to link together objects that are derived from 

one another and supports atomic operations on multiple objects. 

The Diamond Document Store [25], like the Etherphone system, manages documents that contain 

various media elements by reference; it also allows documents to be shared among users by reference. 

Because the Diamond system does not allow documents stored outside the system to reference 

internally stored objects, a simple reference count mechanism suffices for deallocating objects that 

reside in the Document Store but are not referenced by any document or document folder. The 

Etherphone system, on the other hand, strives to provide voice services that can be used along with 

other existing services, such as the Grapevine mail system [3] and Alpine file servers [6]. 

The Cambridge File Server [15] was perhaps the first network-accessible storage system to require 

clients to take an explicit action to prevent files from being automatically garbage collected. In 
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particular, it deletes files that are not accessible from server-maintained, but client-updated "indices". 

Thus, these indices play much the same role as the voice manager's interest database. 

Several methods for distributed garbage collection have been documented in the literature. For 

example, Liskov and Ladin have a scheme in which all sites that store references to other objects run a 

garbage collector locally and send information about non-local references to a reference server [13]. In 

some sense, their use of a reference server is similar to our use of registered interests, but much more 

limited. One interesting contribution they make is how to build a highly-available reference server; we 

could use these techniques to build an interest server. 

7. Conclusions 

The facilities for managing stored voice in the Etherphone system were designed with the intent of 

moving voice data as little as possible. Once recorded in the voice file server, voice is never copied 

until a workstation sends a play request; at this point the voice is transmitted directly to an Etherphone. 

In particular, although workstations initiate most of the operations in the Etherphone system, there is 

little reason for them to receive the actual voice data since they have no way of playing it. 

Maintaining voice on a publicly accessible server, the voice manager, facilitates sharing among 

various clients. Clients can freely share references to voice ropes without incurring the overhead of 

transmitting the voice itself. Because voice ropes are immutable, even though they are incorporated 

into documents. by reference, they exhibit copy semantics. 

To support efficient editing, a two level storage hierarchy is employed: voice ropes refer to 

intervals of voice files. A given voice rope can consist of intervals from several voice files, and a given 

voice file can be used by several voice ropes. A database stores the many-to-many relationships that 

exist between voice ropes and files. Editing operations simply create new voice ropes from old ones 

and add them to the database. 

The editing operations provided by the voice manager are similar to those in the Cedar Rope 

package. This is intentional so that programmers can manipulate voice in the ways to which they are 

accustomed to dealing with text. The basic facilities to support editing reside on a server; workstations 

are responsible for providing a user interface that is integrated with their programming environment. 

Several aspects of the voice manager were designed to accommodate the heterogeneous nature of 

our environment. Providing a single implementation of the voice rope facilities on a server obviates the 

need for each different workstation programming environment to provide its own implementation. 

Moreover, the only requirements placed on a workstation in order to make use of the voice services are 

that it have an associated Etherphone and an RPC implementation. In particular, workstations need 

not have direct hardware support for encryption or voice 110. 

The voice manager reduces the work generally associated with building voice applications by 

providing a convenient set of application-independent abstractions for stored voice. It makes no 

assumptions about the way clients make use of its services. This particularly impacted the design of the 
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voice garbage collector. 

Automatic reclamation of the storage occupied by unneeded voice ropes is done using a modified 

type of reference counting. Clients register interests in particular voice ropes. These interests are 

grouped into classes and can be invalidated according to a class-specific algorithm. For the most part, 

users of voice applications are not aware of how or when interests are registered since the application 

software handles this transparently. 

The Etherphone system uses secure RPC for all control functions and DES encryption for 

transmitted voice. These ensure the privacy of voice communication, which is important even in a 

research environment, although the Ethernet is inherently vulnerable to interception of information. 

Storing the voice in its encrypted form protects the voice on the server and also means that the voice 

need not be reencrypted when played. All in all, the voice system actually provides better security than 

most conventional file servers. 

The Etherphone system has provided an environment in which to explore the management of 

voluminous, shared data among distributed and heterogeneous workstation clients. One could argue 

that compression of digitally recorded utterances would eliminate the need for special treatment in our 

current voice applications. However, even with compression, there is a performance penalty in 

manipulating such large objects. More importantly, high-resolution scanned images and real-time 

digital video recordings will continue to be voluminous. We believe that the techniques presented in 

this paper are applicable to and beneficial for the management of these media as well as to voice. 
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Introduction 

Experimental and commercial workstation-based 
systems are beginning to emerge that support voice and 
video applications along with their traditional text, 
graphics, and computational abilities. Examples include 
sophisticated telephone management functions, telephone 
conference control, voice and video annotation of so-called 
hypermedia documents, voice mail, and audio editing 
facilities tailored both for ordinary applications and for 
studio-quality production. For these capabilities to achieve 
their potential, the underlying system support for them 
must be carefully planned and implemented. 

The evolution of computing systems produced for 
specific application areas has traditionally followed a 
natural maturation process, from ground-up 
implementations to applications built on supportive 
architectures. As an example, when the first workstation 
applications were built for office workstation systems (such 
as the Xerox 8010 Star system or the Apple Lisa), the 
development approach was to begin with the bare machine 
or perhaps a simple operating system, then to build each 
application as a complete, monolithic whole. At the time, 
this was necessary both because memory sizes were limited 
and because the system substrate supporting these 
applications had to be invented along with the applications 
themselves. However, this approach is undesirable because 
it leads to long development cycles and to systems whose 
applications are hard to extend and often not well 
integrated with each other. 

More recently, systems such as the Macintosh, Sun 
workstations, or the Xerox XDE and Cedar systems have 
been developed based on a layered set of system facilities 
that support rapid program development, flexibility and 
extensibility, and integration. Examples include 
generalized graphics packages, window management 
systems, and user interface tool kits. Activity in the field of 
User Interface Management Systems for traditional 
workstations is vigorous, and it is leading to a rapid 
maturation of interactive workstation tools. The later 
phases of this maturation process include industry-wide 
standardization on sets of facilities (example: X Windows) 
that permit systems written by multiple service providers to 
run on a variety of computing platforms, enabling 
widespread development and use of new applications. 

I contend that most workstation-based voice systems, 
whether they provide telephone management capabilities or 
sophisticated applications of digital recorded voice, speech 
synthesis, or speech recognition, are still in the initial "build 
it directly on top of the operating system" phase, while 
systems that deal in any interesting ways at all with full­
motion video are still in their infancy. This paper presents 
an argument that the same process of architectural 
discovery, development, and eventually standardization is 
needed in order to support the wide range of voice and 
video applications that we can all envision, given the recent 

and continuing explosive development in the enabling 
technologies. 

Where things stand 

The state of architectural development in this area, as I 
see it, is that some low-level protocols and architectures for 
managing voice exist - analogous to the operating system 
level in the examples above - the most advanced of them 
represented by the emerging ISDN standard. We can also 
see in a number of research systems the beginnings of some 
parochial architectures advanced of them represented by 
the emerging ISDN standard. We can also see in a number 
of research systems the beginnings of some parochial 
architectures that provide higher levels of support. Notable 
examples are the BellCore Mice system [3], special-purpose 
designs such as the one developed by IBM for the 1984 
Olympics in Los Angeles [4], a more general IBM design 
supporting voice and telephone applications [5], an 
architectural philosophy advocated by Ades in his PhD 
dissertation [1], and the architecture of our own Etherphone 
project [9, 7, 2, 8]. Although each of these systems has its 
own emphasis, all share the need for a layered architecture 
providing a range of integrated and extensible capabilities. 

As a more detailed example, the architecture with 
which I am most familiar underlies the Xerox Etherphone 
system. This is an experimental facility developed to 
explore a wide range of telephony, voice mail, voice 
annotation, and other multi-media applications. We have 
augmented an existing workstation environment with the 
capabilities needed to handle the transmission, storage, 
manipulation, and synthesis of digital voice and music, 
while preserving ordinary telephone functions. These 
capabilities are presented to applications programmers as 
program packages and network services. A number of 
applications have been implemented to test the hypothesis 
that this environment can support their implementation 
and incremental extension. Applications to date include 
ordinary telephone behavior; a workstation-based program 
providing telephone status display, call control, call 
filtering, and dialing from a directory database; voice 
annotation and editing in the context of a multi-media text 
editor; a "meeting service" permitting the use of the 
telephone system to monitor remote meetings and to 
participate orally in them; and a scripted documents facility 
supporting narrated descriptions of visual documents. 

The basic components of the Etherphone system 
appear in the figure below. Each personal workstation is 
associated with, but not directly attached to, a 
microprocessor-based telephone instrument called an 
Etherphone. Etherphones digitize and encrypt telephone­
quality audio and transmit it in packet form directly over an 
Ethernet. A voice manager provides storage for voice, 
telephone conversations, music, and other sounds, recorded 
at reasonable fidelity. The system also includes other 

XEROX PARC, CSL-89-2, MAY 1989 



2 SYSTEM SUPPORT REQUIREMENTS FOR MULTI-MEDIA WORKSTATIONS 

specialized sources or sinks of voice. such as a server 
connecting a voice synthesizer to the network. 

A simple Etherphone System Environment. 

In order to achieve many of these applications, the 
workstation needs to have preemptive control over many of 
the details of telephone call setup and supervision, while 
permitting ordinary stand-alone telephone behavior both as 
a default and as backup when the workstation facilities are 
unavailable. For many of these features, the workstation 
needs information about switch ports and users other than 
the ones associated with the local telephone instrument. To 
perform these actions with any kind of safety or reliability 
requires supporting facilities at a higher and more 
comprehensive level architectures such as present-day 
ISDN provide behavior both as a default and as backup 
when the workstation facilities are unavailable. For many 
of these features, the workstation needs information about 
switch ports and users other than the ones associated with 
the local telephone instrument. To perform these actions 
with any kind of safety or reliability requires supporting 
facilities at a higher and more comprehensive level 
architectures such as present-day ISDN provide. 

The most compelling published argument I have seen 
for a standard, rich architecture supporting multi-media 
applications appears in a recent IEEE Communications 
article by Strathmeyer [6]. In it, he distinguishes between 
the physical integration enabled and promoted by present­
day ISDN protocols, and the junctional integration needed 
to support application-level activities. Strathmeyer 
proposes a voice architecture called Computer-Integrated 
Telephony (CIT). CIT combines ISDN facilities with 
additional ones providing extended operations. Although it 
doesn't deal with all of facilities needed for comprehensive 
voice architecture, the CIT proposal is a strong step in that 
direction. 

Towards a comprehensive voice architecture 

In a sense, any system that provides a particular set of 
capabilities exhibits an architecture for those capabilities. 
Clearly we are after more than that: a clear, concise, and 
sensible description of the actions and data structures 
available to the programmer for producing applications that 
are more reliable, easier to build. and more likely to 
integrate well with other applications than could be 
achieved by starting from scratch. In order to 
accommodate a wide range of implementations, using 
possibly differing hardware, the architecture should be 
expressed as a set of layers, each calling on the capabilities 
of the layers below it through well-defined interfaces or 
protocols. This is the same philosophy espoused by the 
Open Systems Interconnect (OSI) model, and indeed most 
system and network architectures. 

We do not claim to have created such an architecture 
as yet. What is outlined here has emerged from attempts to 
extract a clean architectural description of the facilities that 
comprise the Etherphone system. However, although it was 
implemented from a careful design, the Etherphone system 

. was not originally designed with all of the required 
attributes for a general architecture in mind. In particular, 
we believe that an architecture should be: 

• complete- expressing all of the underlying facilities 
needed by its applications, 

• programmable- capable of extension by workstation 
programmers, without changing any of the network 
services, in order to modify existing applications and 
create new ones, and 

• open - defining the role of each major component, so 
that different kinds of components could be used to 
provide the same functions - for instance. so that a 
PABX manufacturer could provide a system replacing 
the Etherphone hardware for voice transmission and 
switching, without massive reprogramming or loss of 
functionality. 

The Etherphone architecture, as it stands, is reasonably 
complete and reasonably programmable, but does not meet 
the openness criteria. Therefore, the following paragraphs 
represents goals that we would like to meet in completing 
the Etherphone architecture. This- discussion concentrates 
on voice, but most of the arguments would apply as well to 
the management of full-motion video applications. 

Following the general methodology of the ISO 
reference model, we have tentatively identified five distinct 
architectural layers. From highest to lowest, these are the 
Applications layer, the Service layer, the Conversation layer, 
the Transmission layer, and the Physical layer. The heart of 
this design is the Conversation layer, which provides a 
uniform approach to establishing and managing voice 
connections among telephones and between telephones and 
the various services, while also coordinating the activities of 
telephones with those of their associated workstations. The 
Service layer defines the various voice-related services-
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such as telephone functions, voice recording and storage, 
voice playback, speech synthesis, and speech recognition­
that form the basis for the voice applications playback, 
speech synthesis, and speech recognition - that form the 
basis for the voice applications. Each of the services must 
follow the uniform Conversation layer protocols in creating 
voice connections with other services. However, each can 
register with the Conversation layer additional service­
specific interfaces (protocol specifications) that individual 
applications use to invoke their specialized capabilities. 
The Applications layer represents client applications that 
use the voice capabilities of the architecture; the existence 
of this layer must appear in the architecture, but of course 
the architecture need not specify in detail the capabilities at 
this level. 

Logically below the Conversation layer is the 
Transmission layer. This layer represents the actual 
methods for representing digital voice, for transmitting and 
switching voice, and for communicating control 
information among the components of the system. Finally, 
the Physical layer represents the actual choice of 
communications media, for the transmission of both voice 
information and control (not necessarily the same media). 
Although these lower layers are represented in the 
Etherphone system by facilities for transmitting packet 
voice and control messages on an Ethernet, other local area 
networks or almost any compliant digital PABX could 

. provide at least most of the same services. 

Existing standards, notably ISDN specifications, deal 
reasonably well with the functions of the Physical and 
Transmission layers. They also contain facilities 
corresponding to some of the required capabilities of a 
comprehensive Conversation layer, although the protocols 
that have been defined to date are far from complete. It is 
clear that most of the capabilities of the service layer have 
not yet been addressed by ISDN. We believe that only 
after all the architectural levels outlined here have been 
developed and have been standardized enough for many 
developers to be using them, will truly successful 
workstation-based voice and video products become a 
reality. 
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ABSTRACT 
We have developed a scripting mechanism for creating active paths through a document or set of documents. 
Scripted multimedia documents can contain a combination of text, graphics, audio, and actions. Scripts can 
be used in a wide variety of ways, such as for formal demonstrations and audio-visual presentations, for 
informal interpersonal communications, and for organizing collections of information. Scripted documents 
are a dynamic form of hypermedia document whose additional structure can be layered on top of existing 
documents. 

1. Introduction 
The advent of workstations has enabled a new and qualitatively different kind of 
document: a dynamic one that can incorporate audio and video in addition to text and 
graphics, one that can present itself in different ways depending on the needs or wishes 

of a particular reader at a particular time, and one that can serve as the backbone of a 
variety of "computations" that a reader might wish to perform. A prototype system for 

investigating these new capabilities has been built in the Cedar programming 
environment [Swinehart86] at the Xerox Palo Alto Research Center using the 

capabilities of the Etherphone voice system [Zellweger88] and the Tioga text editor 
[Teitelman84, Beach85]. 

1.1. Overview of scripted documents 
A script is an active directed path through one or more documents that need not follow 

the linear order of the documents. Each entry in a script consists of a document 

location, such as a contiguous sequence of characters in a text document, together with 

an associated action and timing. Sample actions might play back a previously-recorded 

voice annotation, send text to a text-to-speech synthesizer, open a new window, 

animate a picture, or query a database. Script specifications are stored in a shared 

database separately from the underlying documents. A single document can have 

multiple scripts traversing it for different purposes. 
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A script can be played back as a whole, in" which case the first document in the 
script is displayed on the screen, positioned to show the first location. The location is 
highlighted to call attention to it, and its associated action is performed. After the 
associated timing, the system highlights the location of the next script entry, scrolling if 
needed, performs its action, and so on. The same document location can appear at 
multiple points in the script, with the same or different associated actions and timing. 

Arbitrary actions at a scripted location allow scripted documents to perform a wide 
variety of tasks, including demonstrations, tutorials, and programming tools. 
Parameterized actions allow a script to be personalized, such as "Hello <usemame)," 
or to more accurately reflect the current state of affairs, such as "There are 
<currentNumber> entries in this category." Scripts can be very formal items that are 
carefully crafted for pedagogical reasons, such as a videotape or a presentation, or they 
can be informal, used to communicate from a single script writer to a single script 
reader (who might well be the same person). 

l.2. Related work 
The capabilities of electronic documents have been expanding rapidly in recent years. 
Multimedia document systems have extended the contents of documents from text and 
formatting to include bitmap images, geometric graphics, spreadsheets, attributes, and 
voice [Ades86, Crowley87, Luther87]. Hypertext systems allow users to link non­
contiguous portions of documents to express the associations between them [Delisle86, 
Halasz86, Meyrowitz86, Conklin87]. Electronic books and encyclopedias combine 
multimedia (text, graphic illustrations, and sometimes video) and hypertext (to link 
related sections) and may also include interactive portions in which readers can run 
simulations or other experiments to improve their understanding [Feiner82, Weyer85, 
Yankelovich85]. Presentation tools make it possible for users to capture sequences of 
actions to create automatic demonstrations [Xerox85]. Other document systems have 
included animation [Fiume87], actions [Hogg84], or sequencing [Christodoulakis86]. 
These advanced capabilities have been provided in several ways: by example, by direct 
manipulation, or by some form of programming language. The scripted documents 
system described in this paper forms a unique combination of multimedia documents, 
hypertext links, sequencing, and actions that increases document functionality still 
further. 

2. Key ideas of scripted documents 
This section discusses some of the key aspects of scripted documents, emphasizing 
ways in which scripted documents differ from typical hypertext systems. 
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2.1. Directed paths versus browsing 
Most hypertext systems have concentrated on providing links between related nodes, 
creating an information space that a user can browse at will. The related concept of a 

directed path through a set of documents allows authors or script writers to include 
more structure. This structure consists of timed sequences of information, unrelated to 
the ordering of the underlying documents, to help the user understand the material. 

Although a few hypertext systems allow a sequence of links to be combined to form a 
path [Conklin87], we have instead made paths our primitive mechanism in order to 
explore the applications of sequentiality in electronic documents (see Section 3). For 
example, a later path entry can rely upon the user having seen earlier entries to overlay 
or animate previously-seen images or to abbreviate explanations. 

There is a conceptual continuum from the directed mode of following paths to the 
browsing mode of exploring links. For example, although standard usage of scripted 
documents is to experience a path automatically, users can single-step through a group 
of directed paths to approximate the more conventional browsing paradigm. A more 
interesting combination of directed paths and browsing is an interactive path, in which 
the user ansWers questions to construct his or her desired path through the 
information. In fact, a hypertext link can be expressed as a degenerate script 
containing two locations that have no corresponding actions. 

2.2. Emphasis on voice 
As a result of the efforts of the Etherphone project, recorded and synthesized voice are 
widely available in the Cedar environment. Documents prepared with the Tioga editor 
can contain formatted text, graphics, and an unlimited number of arbitrary-length 
voice annotations. A direct-manipulation voice editor allows easy editing at the phrase 
or sentence level. 

Voice is a critical component of a script. It provides a unifying thread for 
presentations and interpersonal communication, and it provides an out-of-band way to 
organize and comment on written material. Finally, it is easy to collect and modify 
(but as yet hard to search, although speech recognition systems are rapidly improving). 

2.3. Script information separate from underlying ordinary documents 
Separating scripts from the underlying documents enables an interesting mixture of 
public and private scripts. Scripts can refer to public documents without modifying 

those documents, allowing a user to create a personally organized information space 
(such as during an authoring task) without copying information into a closed hypertext 
system. Separating scripts from the underlying documents also allows for a smooth 

integration of scripted documents with other documents: scripts can gradually be 

added to a set of documents that continue to be accessed as ordinary documents. 
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2.4. Arbitrary actions accompany document locations 
Script actions are unconstrained - they can call upon the power of the surrounding 
computing environment to execute commands or program fragments. The following 

section illustrates the resulting flexibility and power of scripts. 

3. Examples of scripts 
Scripts have a wide variety of uses. Script writers can create formal teaching materials 
and documentation. Users can build scripts that organize information or perform 
repetitive tasks. In addition, programs can construct scripts to ease complex tasks. 

Teaching tool. A language dialog can be represented both textually and as a 
simultaneous sequence of voice annotations to demonstrate correct pronunciation. 
The same dialog can include multiple scripts, one for each language desired. Each 
script visits the same sequence of locations, but has different associated voice 
annotations. 

Interpersonal communication. To review a manuscript, each reviewer can prepare a 
script for the manuscript, including voice annotations as well as branches through 
other supporting documents. Each script can follow an arbitrary path through the 
manuscript to collect related points. This use provides much of the value of a face-to­
face interaction between the reviewer and the author, in which the reviewer makes 
comments while flipping back and forth through the manuscript and other documents 
to substantiate those comments. 

Personal information management. A user can create multiple scripts through a set 
of documents, each organizing a different topic. These scripts can be reordered as 
needed. The use of voice to annotate each location can be particularly helpful in early 
stages of idea exploration. 

Audio-visual presentation. Voice, text, and graphics can be combined to simulate a 
"slide show" on a selected subject. Several versions of the slide show, including 
different or rearranged slides, can be constructed to accommodate different audiences 
or different time constraints. 

User documentation and demonstration. Scripts can be used to explain how to use a 
complex program, such as a graphic illustrator. Actions can load and start the 
program, apply it to an example, visit noteworthy places in the user manuals, and 
explain some beginner's projects. Different scripts can be prepared for novice, 

intermediate, and expert users. Figure 1 shows the first few entries of such a script 

applied to the tutorial for the Gargoyle illustrator [Pier88]. 
"Bouncing ball" for songs or poems (looping actions) . . The text of a song or poem 

with a refrain can be successively highlighted with simultaneous audio, returning to the 

single copy of the text for the refrain as appropriate. Representing the song or poem in 
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this way emphasizes the identity of the refrain, so that the reader need not carefully 
compare repeated copies of a linear representation. Similarly, a presentation may 
repeatedly return to an overview slide to orient viewers or to emphasize important 
points. 

Program-constructed scripts as history mechanisms. Programs can automatically 
construct scripts to act as history mechanisms for their users. For example, searching 
through annotations in a voice-annotated document can be tedious. An annotation 
system could automatically construct three scripts whenever voice annotations were 
added to a document. The first would connect all annotations to the document in 
document order. The second would connect all annotations to the document in the 
order that they were made. A third more ephemeral script would cross document 
boundaries to connect all annotations made during a single session in the order that 
they were made. 

Scripts can also be used for collecting locations of interest rather than for their 
sequencing and/or action capabilities. Consider the following two examples. 

Program debugging tool (repetitive actions). To provide an easy way of controlling a 
named group of breakpoints during program debugging, a collection of locations in 
several program files can be joined into a script with actions that set appropriate 
breakpoints: standard, conditional, profiling, tracing, etc. This script can be executed 
whenever a user wishes to activate those breakpoints. They can later be removed 
without disturbing other active breakpoints by overriding the script's stored actions 
with a separately-specified action that clears the breakpoint. 

Program editing tool (empty actions). A compiler could build a script containing 
the locations of all the syntax errors in a group of files compiled together. The user 
could then single-step through the script, making corrections along the way. The script 
both makes it easy for the user to find the next error location and automatically 
manages the changing character positions as the user adds or removes characters to 
correct the errors. 

4. Creating and playing back scripts 
4.1. Script creation and editing 
A script has two parts: the script entries, in which the script writer specifies scripted 
locations, actions, and timing; and the script header, in which the script writer specifies 
the script name and a simple program describing the sequencing of the entries. 
Separating the sequencing information allows the same script entry to appear in 
multiple scripts or multiple times in a single script. 

A script tool is used to create and edit scripts. The prototype Script Tool is a form­
based tool with a simple set of operations. 
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Figure la: A sample user documentation script, part 1. 

Clear ~ Get Getlmpl PrevFile &tefe- Save Time Split Places Levels © Log 
Find Word Oef Position Normalize PrevPlace Reselect Style Kind 

The Gargoyle Tutorial 

Eric Allan Bier and Ken Pier 

@ Copyright 1986, 1987 Xerox Corporation. All rights reserved. 

Abstract: Gargoyle is an interactive 20 illustrator for creating color pictures. Gargoyle 
includes novel features to aid the user in precise geometric placement of objects in the scene. 
These features are called "snap-dragging" and "alignment objects." Refer to the Gargoyle 
manual (GargoYleOoc.tioga) for a complete description of the features and uses of Gargoyle. 

Introduction 

argoy o~a rare rence manua 
pa e tu sts t sorts of button combinations that Gargoyle looks for. Armed 
with this, the reader can learn a good deal about Gargoyle just by pressing buttons and 
seeing what they do. The second part of the tutorial is a set of exercises intended to 
introduce the reader to enough operations that a simple picture can be produced. 

You will want to have a running Gargoyle while you are reading this. The CommandTool 
commands: 

-p [Cedar]<CedarChest7.0> Top>Gargoyle.df 

should get you rOiling. A Gargoyle viewer will appear, iconic, in the left column. 

Sample script at the first entry. This action uses the text-to-speech synthesizer to greet the user by 
name, welcoming him or her to the Gargoyle tutorial. 

Clear ~ Get Getlmpl PrevFile &tefe- Save Time Split Places Levels © Log 
Find Word Oef Position Normalize PrevPlace Reselect StyleKind 

The Gargoyle Tutorial 

Eric Allan Bier and Ken Pier 

@ Copyright 1986,1987 Xerox Corporation. All rights reserved. 

Abstract: Gargoyle is an interactive 20 illustrator for creating color pictures. Gargoyle 
includes novel features to aid the user in precise geometric placement of objects in the scene. 
These features are called "snap-dragging" and "alignment objects." Refer to the Gargoyle 
manual (GargoYleOoc.tioga) for a complete description of the features and uses of Gargoyle. 

Introduction 

should get you rOiling. A Gargoyle viewer will appear, iconic, in the left column. 

Sample script at the second entry. This action retrieves the executable files of the Gargoyle 
illustrator and starts the program (the same actions that the text is instructing the user to 
perform). 
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Figure Ib: A sample user documentation script, part 2. 

Clear Reset- Get GetImpl PrevFile ~ Save Time Split Places Levels © Log Voice 
Find Word Def Position Normalize PrevPlace Reselect 

on November 2~ "1987 'f "1:28:30 pm PST 
Pier~ October "l5~ "1987 2:03:22 pm PO T 
Mdureen Stone~ October 2, '19876: '12:52 pm POT 

The Gargoyle Reference Manual 

Eric Bier and Ken Pier 

@ Copyright 1986, 1987 Xerox Corpor a tion. All rights reserved. 

Abst .. act: Gargoyle is an interactive 2D illustrator for creating color pictures. Gargoyle 
includes novel features to aid the user in precise geometric placement of objects in the scene. 
These features are called "snap-dragging" and "alignment objects." Refer to the Gargoyle 
tutorial (GargoyleTutorial.tioga) for an introduction to the features and uses of Gargoyle. 
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Sample script at the third entry. This is a different file. The action plays back the previously­
recorded voice annotation on the first character of the scripted location (a tiny "word balloon" 
around the character G indicates the presence of voice). The voice annotation explains the 
difference between the Gargoyle tutorial and the Gargoyle reference manual. 

Clear Reset- Get GetImpl PrevFile ~ Save Time Split Places Levels © Log 
Find Word Def Position Normalize PrevPlace Reselect StyleKind 

This one was inspired by the Boxes and Pointers exercise. To me, it looks like four 
arms each grabbing the wrist of the arm in front. My solution involved rotating the 
four arms and circle as a unit, rather than building it up piece-meal. 

16. Advanced Topics 

Scale Rotate Fit Reset Ed ge Prev 
Stuff ToIP Selection Page AtPage: 1 

Sample script at the fourth entry. The script has returned to the tutorial document. The action 
displays on the screen an Interpress master for an image that was not included in the tutorial 
itself. 
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Script entries. To create or edit a script entry, the script writer specifies its action 
and timing fields by filling in the fields of a script· entry form, sets its locatian by 
making a screen selection, and then saves the form. The user can name a script entry 
or provide keywords far later filtering, if desired. The system provides a unique 
identifier (id) for each script entry, records the creator and the create time, and writes 
the script entry to the script database. System defaults allow simple script entries to. be 
created without forms: the default action is to play back all voice annotations at the 
location, if any, and the default timing is to continue when the action completes. 

Action field Any Cedar system command can appear in the action field of an 
annotation. Since system commands can invoke the Cedar language interpreter, 
arbitrary Cedar language statements can also be included. 

Timing field The script system continues to the next script entry when the 
specified duration has passed, regardless of whether the action has completed. The 
script writer can specify "*,, to continue whenever the action completes or "#v" to wait 
for user confirmation before continuing. 

Script sequencing. The sequencing information for a script is specified separately 
from the script's entries. For a strictly sequential script, it consists of an ordered list of 
script entries (as unique ids). A script writer can create a sequential script by pointing 
to the script entries in order. To change the ordering of a sequential script, the script 
writer indicates the script entry that a selected entry should follow. (This situation can 
become a bit more complicated, because script entries can appear multiply in the same 
script, creating ambiguities in both the position being altered and the desired new 
position.) To create a more complex sequence, the script writer can edit the textual 
representation of the sequence to add loops, conditionals, or calls to other scripts. 

Figure 2 shows a simplified internal. representation of the script that appears in 
Figure 1. 

4.2. Script playback 

The Play command plays an entire script from the beginning, proceeding automatically 
from one location to the next, executing the associated actions with the associated 
timings. The user can pause an executing script at the end of the current action or 
abort the current action. A quiescent script can be continued or single-stepped. The 
user can also playa script backward or single-step backward from the current location. 
If the script contains branches or loops, the session history will be used to construct the 
backward path. 

A separate property sheet controls additional playback options. The user can 
inhibit the actions associated with annotations (so as simply to traverse through the 
scripted locations), specify a single action to be executed at every scripted location, and 
increase or decrease the timing by some factor. 
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Figure 2: Simplified internal representation of the script for Figure 1. 

Script header 

script header id: 12345677 # PolleZ.pa 
script name: Introduction to Gargoyle 
file names: 

I cedar I docu mentation I Garg oyle Tutorial. tiog a 
I cedar I documentation/GargoyleDoc. tioga 

script sequence: 
12345678 #PolleZ.pa 12345679 # PolleZ.pa 
12345680 # PolleZ.pa 12345681 # PolleZ.pa 

Script entries 

script entry id: 12345678# PolleZ.pa 
filename: Icedar/documentation/GargoyleTutorial.tioga 
class: Tioga text 
location: 15 .. 121 
action: speak("Hello, ", UserCredentials.Get[].name, 

". Get ready to blast off. ") 
time: 15 sec 

script entry id: 12345679 # PolleZ.pa 
filename: I cedar Idocumentation/GargoyleTutorial. tioga 
class: Tioga text 
location: 624 .. 683 
action: bringover -pm Gargoyle.df; Gargoyle 
time: * 

script entry id: 12345680 # PolleZ.pa 
filename: I cedar I documentation/GargoyleDoc. tioga 
class: Tioga text 
location: 1 .. 17 
action: play(annotations) 
time: 10 sec 

script entry id: 12345681 # PolleZ.pa 
filename: I cedar Idocumentation/GargoyleTutorial. tioga 
class: Tioga text 
location: 55417 .. 55537 
action: PreView RomanLetterB.interpress 
time: * 

XEROX PARC, CSL-89-2, MAY 1989 
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4.3. Script visualization and navigation 
Script visualization is a problem for both the script reader and the script writer, 
because script sequencing and script actions are not directly visible through 
examination of the document. The script reader must be able to tell that a document 
has associated scripts and which scripts are appropriate for him ·or her to play back. 
The script writer has the more difficult problem, in that he or she must also have tools 
for debugging faulty scripts. -

The script reader is alerted to the presence of scripts in a document in two ways. 
First, when a document is displayed, a Script button appears in the document header 
if and only if the document has scripted locations. All script examination and playback 
operations are available from a popup menu generated by clicking the Script button. 
Second, each scripted location is distinctively marked. Textual scripted locations are 
marked with a surrounding rectangle; other scripted objects may be marked 
differently. The marker indicates the presence of one or more script entries at that 
location, which may appear at multiple places in multiple scripts. The user can view all 
script entries that include that scripted location or list the names of all scripts that 
include it. The reader can also ask what scripts have entries in a given document. 

In addition, a user can browse the script database for script names, script entry 
names, keywords, or any other script field. Other navigation commands show the user 
the document location associated with a script entry, all scripts the entry belongs to, 
and all possible preceding or following entries in a given script. 

5. Implementation 
Scripted documents are implemented in the Cedar programming environment in the 
Computer Science Laboratory of the Xerox Palo Alto Research Center [Swinehart86]. 
The two systems that they rely upon most heavily are the Tioga editor and the 
Etherphone system. We describe each of these systems briefly, and then we describe 
the implementation of scripted documents. 

5.1. The Tioga editor 
The Tioga editor is a WYSIWYG "what you see is what you gee' galley editor used for 
both program text and high-quality documents [Teitelman84, Beach85]. Tioga 
documents are tree-structured to express the organization of the document into 
sections, subsections, paragraphs, and so on. Tioga documents can be displayed at any 
level of detail, omitting nodes that are nested more deeply than the selected level. 

Tioga documents can contain rich formatting and typography. Each node has an 
associated format, which specifies such parameters as its leading, margins, default 
typeface, and so on. A document as a whole has an associated style, which defines the 
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meanings of all formats used in that document. Nodes can also have arbitrary named 

properties, added by the user or by programs. These properties are not directly visible 

when the document is viewed, but a separate Edit Tool can be used to examine their 
values. One use of node properties is to specify images, Interpress masters, and 

additional parameters to support illustrations embedded in Tioga documents. 
Individual characters in a Tioga document can have looks, which specify special 

typeface parameters such as boldface, italic, subscript, and the like. Characters can also 
have arbitrary named properties. Tioga has search commands that allow rapid 

searching of documents for given node or character properties. 

5.2. The Etherphone system 
The experimental Etherphone system uses Ethernet communications to transmit 
digitized voice [Zellweger88]. The system consists of microprocessor-based electronic 
telephones, a centralized switching server, a voice file server, and workstation programs 
to support voice communications and voice recording services. From a workstation, a 
user can place and receive telephone calls, maintain private telephone directories, and 
manage a database of voice messages. A voice annotation package allows voice to be 
added to Tioga documents and provides a simple direct-manipulation interface for 
editing voice [Ades86]. Furthermore, a commercial text-to-speech synthesizer exists as 
a server in the Etherphone network. The synthesizer allows the system to "speak" text, 
initiated either by the user (perhaps by selecting the text in a viewer) or by a program 
(such as speaking an error message or proofreading a document). 

This work on scripted documents began as a project to exploit the capabilities of 
the Etherphone system by creating narrated documents. Narrated documents are 
scripted Tioga documents with a single type of action: playing back previously­
recorded voice annotations. 

5.3. Scripted documents 
The two parts of a script specification, the script entries and the script sequencing 
information, are stored separately from the underlying documents in a simple B-tree­
indexed database [Terry88]. The database's ability to merge the results of queries to 
multiple databases allows users to simultaneously access private databases containing 
their private scripts and public databases containing public scripts. 

5.3.1. Tagged and absolute references to scripted locations 
An important goal of the scripting system was to allow script writers to create script 
entries that refer to any document they can access, including documents they cannot or 
do not wish to modify (hereafter called read-only documents). This capability is 

especially important when scripts are being used as an organizational tool, such as 
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during an authoring task. Ideally, the owners of a scripted document would also be 

able to edit unscripted portions of the document without damaging the script. 
Given our additional desire to use the existing version-based file system in our 

widely-distributed environment, we achieve reasonable functionality by allowing script 
entries to contain two different kinds of references to scripted locations. Absolute 
references refer to precise locations in documents, such as character or byte positions, 
while tagged references refer to uniquely tagged and hence movable objects within 
documents. 

The initial prototype of the scripting system used only tagged references and stored 
each document's script entries within the document. However, the desire to script 
read-only documents suggested database storage for their script entries, and it proved 
more convenient in the later implementation to store all script entries together. 

Absolute references are used to refer to items within read-only documents. The 
scripting system records the scripted location and the exact timestamp and version of 
the containing file. The file is considered immutable: if it is subsequently updated, the 
script will continue to refer to the older version. Note that many public documents, 
such as user documentation and reports, are likely to change less frequently than 
personal documents. We are exploring ways to handle such documents more robustly, 
such as also recording a signature containing the scripted location to permit the 
location to be found in the new version if it exists. 

By contrast, creating a tagged reference to a scripted location modifies its 
containing file. The scripting system writes the unique id of the script entry in the 
scripted object. Tagged references allow other portions of the file to be edited without 
disturbing the scripted location, even when the scripting system is not running. 
However, editing the scripted location itself generally destroys its pointer to the script 
entry. These semantics are reasonable, because it is not clear that the new version of 
the scripted location is related to the old script entry. For example, consider scripting 
the word "reindeer" in a document to have an action that plays a bit of "Rudolph the 
Red-nosed Reindeer," and suppose that later edits change "reindeer" to "moose." 

For either kind of reference, if a scripted location cannot be found during playback, 
the system displays an informational message and continues with the next script entry. 

5.3.2. Scripting different kinds of document content 
The design of the scripting system is object-oriented to permit scripting a variety of 
documents, such as Tioga documents and VLSI diagrams, and a variety of contents, 

such as text, bitmaps, and synthetic graphics. Each class of visual object must 

implement the following functions: 
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identify [object] -- returns class and location, suitable for storing 

add [object, unique id] -- tag object with unique id 

remove [object, unique id] -- remove tag 

showWithHighlight [filename, filedate and version, location, unique id] 

-- used to highlight the object when it is the script entry being executed 
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The identify function takes a selected object, such as a sequence of text characters 
or a piece of a bitmap, and returns both the class of that object and its location (a 
persistent way of addressing it), suitable for storing in a script. For a sequence of text 
characters, it returns a character position and a length, while for a piece of a bitmap, it 
returns the coordinates of its bounding box~ This function supports absolute 
references to scripted objects and provides a hint and a printable value for the location. 
of a tagged object. 

The add function supports tagged references to scripted objects by writing into the 
specified object a unique id that identifies a script entry. For example, for text in a 
Tioga file, the add function uses Tioga's ability to associate arbitrary property-value 
pairs with any character. The remove function is the inverse operation. 

A class's showWithHighlight function finds an object in a file using either a 
filedate and location (for an absolute reference) or a unique id (for a tagged reference). 
This function positions the file so that the corresponding object is visible and 
highlights the object. 

5.3.3. Making scripted locations visible 
To avoid unknowingly destroying scripted locations, script writers and other document 
editors must be able to see them. To make tagged references visible, the scripted 
object's add procedure is responsible for adding the visible scripted location indicator 
to the object. Similarly, the remove procedure removes the indicator when it removes 
the script entry id. Making absolute references visible presents more of a challenge . 

. The script system must consult the database whenever a new remote file is opened to 
see if absolute references to this file exist. If so, it constructs a view of the scripted 
read-only document with script indicators added. 

6. Status and future work 
The initial prototype of the scripting system was designed for creating narrated 
documents. Scripts performed a single action, namely playing back voice annotations, 

at each scripted location. Each script was constrained to refer to a single document, 

although a document could contain multiple scripts. Script entries were stored in the 
document header and contained their own sequencing information;, tagged references 

referred to scripted locations throughout the document. A simple script tool allowed 
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users to create, edit, play hack, and navigate through scripts. 
The current prototype separates sequencing information from the remainder of the 

script entry (to permit multiple scripts to share the same entry) and stores both in a 
database (to allow scripting read-only documents and to make it easier to refer to 
multiple documents in a single script). The system has been -redesigned to permit 
scripting different classes of document content, but text is the only class that is 
currently handled .. The language for describing complex sequencing is still in its 
infancy: the scripting system currently allows only sequential scripts, although they 
may visit the same location rep,eatedly. The implementation of the scripting system 
uses a variety of previously-existing Cedar packages: the Tioga text editor, the 
Etherphone telephone and voice management system, the LoganBerry database 

"system, the Command Tool command interpreter (with its ability to execute Cedar 
language statements), and the FS version-based file system. Additional user interface 
features are still needed, as they have not progressed much from the earlier prototype. 
In particular, the more advanced user playback options, such as backward playback 
and variable playback timing control, have not yet been designed. 

We are working on extending our prototype scripting tool to allow conditional 
and/or interactive scripts; better visualization of scripts for both script readers and 
writers, including browsing· tools and visual displays of script sequencing; better 
control of screen and document layout at each script entry during script execution; and 
scripting other classes of documents, such as graphic illustrations or VLSI layouts. 

7. Summary 
The scripting concept unifies action, presentation, and hypermedia to form a useful 
and flexible mechanism for improving documents of the future. This novel 
mechanism allows writers to communicate additional information to readers. Scripted 
multimedia documents can contain any combination of text, graphics, audio, and 
action. Scripts need not follow the normal linear order of their associated documents. 
In addition, script writers can construct multiple viewing paths through documents for 
different readers and for different purposes. 

The scripting mechanism can be widely applied to create electronic documents with 
increased capabilities. Scripted documents can orchestrate formal presentations, 
arrange informal· communications, organize collections of information, and ease 
repetitive or complex tasks. 
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