
13 
DISTRIBUTABLE INTERACTIVE OBJECTS 

Kenneth J. Rodham and Dan R. Olsen, Jr. 
Computer Science Department, Brigham Young University, Provo, UT 84602 USA 

E-mail: krodh@tim.cs.byu.edu, olsen@cs.byu.edu 

KEY WORDS: Distributable Interactive Objects, Network-Based Interactive Systems, User 
Interface Toolkits, Interactive Hyper-Objects, Interactive E-Mail, Multiuser Interfaces 

ABSTRACT: This paper discusses how a user interface toolkit can support several different 
kinds of network-based interactive systems by providing distributable interactive objects. 
One approach to implementing distributable interactive objects is discussed by presenting the 
architecture of the NIC (Nucleus for Interactive Computing) application framework. 

INTRODUCTION 

The current increase in network connectiVIty is 
creating many exciting possibilities for developing 
systems that help users work together and access 
distributed information and services. Researchers and 
product developers have built a variety of network
based interactive systems that demonstrate how 
ubiquitous network connectivity can enhance 
people's everyday activities. For example, groupware 
systems assist people in their collaboration and 
communication tasks, the World-Wide-Web 
(Berners-Lee, 1994) combines the Internet's 
resources into a hypertext-based information space, 
and rich interactive environments based on 
intelligent network agents are being developed. 

As applications become more complex, 
programming tools that simplify application 
development will need to support a wider range of 
capabilities. Many researchers have focused on 
providing toolkit support for specific features such 
as graphical user interfaces (Linton, 1989; 
Ousterhout, 1994), multiuser interfaces (Patterson, 
1990; Roseman & Greenberg, 1992), and interactive 
e-mail (Borenstein, 1992). This work has produced 
various toolkit architectures that provide these 
features. Using this work as a guide, we believe that 
the issue of integration requires significant attention. 
That is, we are interested in developing a toolkit 
architecture that is sufficiently general to support 
many of the interaction styles developed in other 
toolkits, as well as sufficiently extendible to support 
interaction styles developed in the future. There is 
much work to do before this can be achieved, but 
our efforts to date have produced some promising 
approaches. This paper presents the notion of 
distributable interactive objects as a basic toolkit 
abstraction that supports several different styles of 
network-based interaction. 

MOTIVATION 

The following hypothetical scenario motivates the 
need for distributable interactive objects. A high
school physics class is studying the concepts of 
vector mathematics. In order to provide the students 
with practice, the teacher has made an interactive 
program that teaches vector addition available via 
Mosaic. The user interface to this program, shown 
in Figure I, consists of two main parts. The top 
part displays three vectors: A, B, and R. The student 
can interactively change A and B by dragging their 
heads, with R always displaying their sum. The 
bottom part displays the x and y components of A, 
B, and R. These values are updated appropriately as 
the student edits A and B. In addition, the student 
can type in new values for the components of A and 
B, causing R's components and the picture to be 
updated appropriately. 

Suppose that Bill, a student, is at home studying for 
physics class. He has some trouble understanding 
vector addition, so he goes to his Windows-based 
PC and brings up Mosaic. He goes to the home 
page for his physics class and follows the link 
labeled "Vector Addition Exercise". When he follows 
this link, the vector addition program is downloaded 
over the network from the server at the school and 
executed locally on Bill's computer. Having used the 
program for awhile, Bill understands better, but is 
still having a little trouble. 

Bill knows that Mary, another student, understands 
vector addition, so he calls her on the phone. Mary 
is happy to help. Bill gives Mary a WWW URL at 
which she can join him in a multiuser session in the 
vector addition program. When Mary goes to her 
Macintosh and enters the session, the vector addition 
program executing on Bill's computer is duplicated 
on Mary's computer, at which point they can both 
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edit the vectors and view the results. After helping 
Bill, Mary exits the multiuser session. Now that he 
understands vector addition, Bill computes the 
answer to the homework problem using the vector 
addition program. 

~------------~1!.~----·-_j -·-------~: __________ j 

Figure 1 

The teacher requested that homework solutions be 
submitted by e-mail, so Bill mails his answer to the 
teacher. He also saves a local copy of his homework 
for future reference. When the teacher reads Bill's 
message, the vector addition program is executed on 
his computer and displays Bill's answer to the 
homework problem. Having determined that Bill's 
solution is incorrect, the teacher edits the A and B 
vectors so that they reflect the correct answer, and 
mails it back to Bill. When Bill reads the teacher's 
reply, the vector addition program is executed and 
displays the teacher's answer. Bill does not 
remember what his answer was, so he opens his 
local copy of his homework through Mosaic, which 
causes the vector addition program to be executed 
with his original answer. With the two solutions 
side-by-side, Bill can compare them and figure out 
where he went wrong. 

DISTRIBUTABLE INTERACTIVE OBJECTS 

We envision an interactive environment in which all 
programs can be accessed via the WWW as 
interactive hyper-objects, can be used in multiuser 

sessions, and can be shared through interactive e
mail messages like the vector addition program in 
the example above. In addition, all of this must take 
place in a heterogeneous network environment with 
multiple operating systems and windowing 
environments participating. We believe that this 
goal can be most effectively achieved by providing 
application developers with a programming substrate 
that automatically gives programs built on top of it 
the ability to function in a network environment. 
Such a substrate would need to provide the 
following: 

the ability to download a complete interactive 
program over a network and execute it on an 
arbitrary client computer 

the ability to duplicate an executing program on 
one or more remote computers and connect the 
program instances in a multiuser session on demand 

the ability to e-mail an executing program to a 
remote user and have the program restored when the 
message is read without requiring the recipient to 
have a local copy of the program 

the ability to save an executing program in a file 
and restore the program whenever it is read from the 
file 
These four requirements have much in common and 
can actually be subsumed under one more general 
statement: A toolkit for building network-based 
interactive systems must be able to encapsulate a 
complete interactive program, including its current 
state of execution, in a platform-independent 
representation that can be transported over a network 
or stored in a file and later re-instantiated on demand. 
We call a program represented in such a form a 
distributable interactive object. 

We have developed a programming framework 
called NIC (Nucleus for Interactive Computing) that 
supports construction of network-based interactive 
systems. The remainder of the paper describes NIC's 
architecture and how it supports distributable 
interactive objects. 

REPRESENTING INTERACTIVE OBJECTS 

An interactive program consists of three main 
components: the user interface, the code that 
implements core application functions, and 
structures that store the program's data. A 
distributable interactive object must represent each 
of these components in order to contain sufficient 
information to re-instantiate the program. NIC's 
representation of distributable interactive objects is 
based on a uniform object model that is used to 
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represent all three components of an interactive 
program. All objects in NIC are subclasses of the 
abstract class Object. An Object consists of an array 
part and a list of (Attribute, Value) pairs. Figure 2 
shows the textual representation of a NIC object of 
class Student. The attributes of a Student object 
contain the student's name, age, and address. The 
array of a Student object holds a list of the classes in 
which the student is currently enrolled. Each class is 
represented by a sub-object whose array elements 
contain the department and class number. 

(:Student 
[Name 
[Age 
[Address 

"Bill Smith"] 
17] 
"P.O. Box 1234"] 

(Physics 101) (English 301) (Math 344) 

Figure2 

NIC provides several subclasses of Object that can 
be used by programs to store their data. For 
example, the class DataObject implements a generic 
object whose array elements and attributes can hold 
any value, including other objects. When no class is 
specified for an object, it is understood to be of class 
DataObject. For instance, the sub-objects that 
represent classes in Figure 2 are instances of 
DataObject. The vector addition program uses 
instances of DataObject to store the x and y 
components of the A, B, and R vectors. 

NIC also provides subclasses of Object that 
implement a complete set of user interface 
components. For example, the CheckButton class 
implements a button that can be on or off. The 
attributes of a CheckButton object specify the 
button's label, the style of check to be used, whether 
the button is currently on or off, etc. A 
CheckButton object also knows how to process user 
input events and redraw itself on the screen. The user 
interface of the vector addition program is 
represented as a single composite object that 
contains a sub-object of class ConstraintEditor for 
the area that displays the vectors and sub-objects of 
classes Label, TextBox, and PushButton for the 
other interface components. 

Application functionality is coded in NIC's 
interpreted programming language, NIC Script. The 
vector addition program uses NIC Script code to 
maintain consistency between the visual display of 
the vectors and the display of their x and y 

components. NIC Script is implemented by several 
subclasses of Object that provide a complete set of 
programming constructs. For example, the While 
class implements a while loop. An object of class 
While stores the code for the loop's condition in its 
first array element and the code of the loop's body in 
its second array element. A segment of NIC Script 
code is represented as a composite object containing 
sub-objects for the statements to be executed. Some 
classes that represent UI components have attributes 
whose values are segments of NIC Script code. For 
instance, all buttons have an Action attribute whose 
value is the code to be executed when the button is 
pressed. 

The objects that comprise the user interface and the 
application code communicate through shared 
variables. The variables used in an application's NIC 
Script code are accessible to its interface 
components. Any part of an interface object can be 
constrained to take on the value of a variable. When 
the application code changes a variable's value, any 
interface component with a sub-part constrained to 
that variable is also modified to reflect the change to 
the variable. Similarly, when an interface object's 
value is changed through user editing operations, 
any variables constrained to parts of that object are 
modified to reflect the change to the interface object. 

A complete interactive application like the vector 
addition program can be represented as a single 
composite NIC object. Although possible, it would 
be unreasonable to expect programmers to create an 
application by manually creating the object that 
represents the program. For this reason, a direct 
manipulation interface editor is provided that allows 
programmers to create complex programs in a much 
more intuitive fashion. 

Object's method interface provides methods for 
manipulating the array part and attribute list of an 
object. All subclasses of Object must support this 
generic set of object-manipulation methods, but are 
free to implement them in a manner appropriate for 
the class. This global support for accessing an 
object's state allows NIC to provide generic facilities 
for converting any object to an intermediate form 
that can be transported over a network or stored in a 
file. Since all three components of an interactive 
program (i.e., user interface, code, and data) are 
represented as NIC objects, each can be represented 
in this distributable, storable form. We currently 
provide two external forms for NIC objects: the 
textual human-readable form shown in Figure 2 and 
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a binary form based on XDR (Comer & Stevens, 
1993). 

NICUI is the interpreter used to execute NIC 
programs. NICUI takes as input an object that 
represents a NIC program. NICUI first instantiates 
the user interface for the program and then proceeds 
to process user input events. NICUI also includes a 
NIC Script interpreter that is used to execute 
application code as the dialogue flow requires. NIC 
is moved to a new operating environment by porting 
NICUI. This involves re-writing the portions of 
NIC that are operating and window system specific. 
This code represents a relatively small portion of 
NIC that has been isolated in a few source files. 
Once NICUI has been ported to a new platform, all 
NIC programs are accessible in the new 
environment. More precisely, all programs that use 
only NIC's built-in user interface components are 
accessible. Many GUI-based programs require at 
least one application-specific widget. In order to 
support the distribution of such programs, NIC 
provides a mechanism for writing new widgets 
completely in NIC Script. This allows application
specific widgets to be distributed with programs that 
require them. 

ENCAPSULATING INTERACTIVE OBJECTS 

This section discusses how NIC encapsulates an 
executing program in an object that is suitable for 
distribution or storage. NIC represents distributable 
interactive objects as instances of class UIMessage. 
UIMessages can be stored in files on FTP or HTTP 
servers to make them accessible via the WWW. 
They can be stored in local files or sent through e
mail. They can also be used to replicate the state of 
a program on several machines in order to create a 
multiuser session. These uses of UIMessages are 
discussed further in the next section. 

A UIMessage object has two attributes, Script and 
Data. The value of the Script attribute is an object 
that represents the user interface and application code 
of the program associated with the message. The 
value of the Data attribute is an object containing 
the execution state of the program. The complete 
execution state of a NIC program, including the 
state of its user interface, is contained in the NIC 
Script variables that store the program's data. An 
executing program's variables are accessible to NIC's 
run-time system, thus allowing it to capture the 
state of any executing NIC program and store it in a 
UIMessage. 

The Script and Data attributes can also contain 
WWW URLs that point to files containing their 
actual values. For example, Figure 3 shows a 
UIMessage whose Script attribute is a URL 
pointing to the vector addition program rather than 
the program itself. An object referenced by such a 
URL is not retrieved until the program described by 
the UIMessage is re-instantiated. This ability to 
defer the transfer of one or both parts of a 
UIMessage serves several purposes. 

(:UIMessage 
[Script "file://issl.cs. byu.edu/vector. v3.nic UI"] 
[Data ( [!A ([X -4] [Y 6] ) ] 

[!B ([X 8] [Y 0])] 

Figure 3 

Frequently the recipient of a UIMessage will already 
have a local copy of the program associated with the 
message, especially for popular programs like 
spreadsheets and drawing programs. By specifying a 
URL as the value of the Script attribute, transfer of 
the program's interface and code can be entirely 
avoided if the message interpreter (e.g., NICUI) first 
checks to see if a copy of the program is available 
locally. If it is not available, the program can be 
downloaded from the specified URL. 

When a program is downloaded, it can be stored 
temporarily in a local cache so that future messages 
referring to the same program do not incur the delay 
associated with the network access. The size of this 
cache could be limited using a least-recently-used 
replacement policy, or individual cache entries could 
time-out after a period of non-use. Version numbers 
can be included in URL names so that cache entries 
containing older versions of a program are 
automatically replaced by newer versions as they 
become available. 

Another application of URLs in UIMessages is in 
allowing the most current versions of the program 
and/or its data to be retrieved when the message is 
re-instantiated. The sender of a UIMessage can 
continue to modify any components specified by a 
URL after the message has been sent up until the 
moment that the recipient executes the message. For 
example, this would allow a message containing a 
weather map viewer to always present the latest 
weather information regardless of when the recipient 
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reads the message. Another use for URLs in 
UIMessages is when very large programs or data sets 
need to be included. It is undesirable to occupy large 
portions of the recipient's disk with a very large 
message. Including URL pointers to the program 
and/or data allows large messages to be sent without 
storing a large message on the recipient's system. 

DISTRIBUTING INTERACTIVE OBJECTS 

NIC relies on Mosaic for its distribution of 
interactive hyper-objects. An interactive hyper-object 
is just a file containing a UIMessage on an 
anonymous FTP or HTTP server. When a user 
follows a link to a UIMessage, Mosaic downloads 
the UIMessage file and executes NICUI as the 
viewer that executes the message. This allows 
arbitrary interactive programs to be accessed via 
WWW hyper-links. 

NIC's support for interactive e-mail messages is 
based on MIME-enabled (Borenstein & Freed, 1993) 
mailers such as ELM that allow users to send and 
receive MIME mail messages. NICUI is specified as 
the viewer for MIME messages containing 
UIMessage objects. When a user reads such a 
message, NICUI is used to execute the program, 
thus allowing arbitrary interactive programs to be 
shared through e-mail. 

NIC's architecture for multiuser sessions is beyond 
the scope of this paper. However, it suffices to say 
that duplicating an executing program on a remote 
computer involves creating a UIMessage 
encapsulating the program and its execution state, 
sending the UIMessage to the remote computer, and 
re-instantiating the UIMessage on the remote 
computer. Multiuser interaction is established when 
the distributed instances of a program connect to a 
central coordination server that receives and 
broadcasts the information necessary to keep the 
program instances in synchronization. 

INTERPRETING INTERACTIVE OBJECTS 

When interpreting a UIMessage, NICUI instantiates 
the user interface contained in the Script attribute 
and sets the values of NIC Script's variables 
according to the information in the Data attribute. 
URLs included in the message are downloaded as 
necessary. Since the entire state of an executing 
program (including its user interface) is represented 
in its NIC variables, this effectively restores the 
state of the program from which the UIMessage was 

created. 

Figure 1 shows two buttons, Mail and Save, at the 
bottom of the window. These two buttons are not 
part of the vector addition program itself, but are 
provided by NICUI. NICUI wraps a user
configurable frame of buttons around the user 
interface that it is executing. These buttons are used 
to provide functions that are application-independent. 
In this case, the user has included buttons for 
mailing and saving UIMessage objects. Pressing the 
Mail button brings up a dialogue box that allows 
the user to specify the recipient and subject of the 
mail message, as well as whether the Script and 
Data attributes should include the actual code and 
data or URLs. If URLs are used, the code and data 
are placed in the specified URL files as necessary so 
they can be accessed later when the message is 
interpreted. The Save button provides a similar 
dialogue for saving a UIMessage in a local file. The 
set of buttons in NICUI's frame can be modified 
using NIC's direct manipulation interface editor. 

NIC's architecture allows objects with arbitrary NIC 
Script code to be served on the WWW or sent 
through e-mail. From a security point-of-view, this 
places the recipient of a UIMessage in a precarious 
position if there are no restrictions placed on code 
received from remote sources. For this reason, 
NICUI gives users the ability to control.a program's 
ability to read files, write files, and execute shell 
commands. NICUI is always in one of the following 
modes with respect to each of these operations: 
Enable, Disable, or Confirm. The Enable mode 
allows the operation to proceed, the Disable mode 
disallows the operation, and the Confirm mode 
causes a window to pop-up asking the local user for 
confirmation of the operation. NICUI can also be 
configured to disallow creation of certain classes of 
objects by programs from remote sources. For 
example, it is possible to specify that a program is 
not allowed to contain While objects, thus 
preventing it from using while loops. 

RELATED WORK 

NIC's focus on integration is founded on a large 
body of related work. NIC's support for building 
traditional single-user interfaces is provided by many 
other toolkits such as Interviews (Linton, 1989) and 
Tcl/Tk (Ousterhout, 1994). NIC's interactive hyper
objects are a significant generalization of the 
HTML forms concept that supports hypertext access 
to simple forms-based interfaces. Display 



84 Part Two Research and Theory 

Postscript/NeWS (Gosling, 1989) provides a 
programmable window server that could be used to 
download user interfaces over a network, although 
NIC' s features are provided at the toolkit level rather 
than at the lower graphics model and window system 
level. NIC' s interactive mail features are related to 
the active messaging capabilities provided by 
systems such as Andrew (Borenstein & Thyberg, 
1991) and ATOMICMAIL (Borenstein, 1992), and 
the ability to e-mail buttons in (MacLean, 1990). 
There are several other toolkits that provide support 
for multiuser interfaces such as GroupKit (Roseman 
& Greenberg, 1992) and Rendezvous (Patterson, 
1990). NIC' s ability to convert internal objects to 
an external form for distribution or storage is 
provided in other object-oriented systems such as 
Smalltalk (Vegdahl, 1986). Basing NIC on 
Smalltalk would have allowed us to avoid 
implementing our own widget set and programming 
language, but using a more popular language like 
C++ makes NIC accessible to more users. 

The system that is most closely related to NIC is 
Tcl/Tk. We believe that it would be possible to 
extend Tcl/Tk to do most of the things described in 
this paper. Although we have never seen Tcl/Tk 
used for this purpose, we believe that it could be 
used to implement interactive hyper-objects. Tcl!Tk 
does not provide support for encapsulating the 
execution state of "live" programs in distributable 
objects, but it does have the ability to publish 
interactive programs on the WWW. Efforts are 
currently underway to add interactive mail 
capabilities to the MIME standard using a secure 
version of Tel called Safe-Tel. The current version of 
GroupKit is implemented on top of Tcl-DP/Tk. 
These systems show that Tcl/Tk does or could be 
extended to provide similar capabilities toNIC. We 
did not use Tcl/Tk for several reasons, the most 
important of which is that Tel/Tk did not exist when 
we started this project. We also believe that an 
object-oriented architecture is the best way to 
achieve generality and extendibility in a toolkit 
architecture, and Tcl!Tk is not object-oriented. 

SUMMARY 

This paper describes an approach to providing 
toolkit support for a wide variety of network-based 
interactive systems using distributable interactive 
objects. Distributable interactive objects can be used 
to implement interactive hyper-objects, interactive e
mail, and multiuser interfaces. 
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