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ABSTRACT
We describe a novel programming model for building, ex-
tending, and personalizing web-based data-driven applica-
tions.

Categories and Subject Descriptors
D.2.2 [Software Engineering]: Design Tools and Tech-
niques; D.2.6 [Software Engineering]: Programming En-
vironment

General Terms
Design, Languages
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1. INTRODUCTION
An important class of applications is data-driven web ap-

plications, i.e., web applications that use a back-end database
system. Examples of such applications include numerous
B2C sites such as online shopping sites and online auctions,
as well as various B2B portals. The application logic tier
of a web application is normally visible to the developers
of the website, while clients (or users) interact through web
browsers.

Most current web applications are extremely restrictive
in terms of extensibility, especially from the user’s point of
view. To give users the ability to make even trivial changes,
for example in the visual appearance of the application or in
the way data is displayed, the application developers must
design and program application features to implement these
changes and allow users to select among them. Thus, users
can extend only what the developers predicted they might
want to extend. Providing extensibility in this way requires
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Figure 1: AUnits that model the hierarchical struc-
ture of Course Management System

clairvoyance on the part of the developers, and significantly
complicates the structure and development process of the
application.

Consider the following case of user-desired extensibility,
which we encountered first hand. We have developed a Uni-
versity Course Management System for maintaining infor-
mation about courses, the students enrolled in them, their
assignments, etc. [3]. For each course, there is a page that
shows the professor summary information about each assign-
ment — the minimum, maximum, and average grade. Sup-
pose, in addition to these three values, Professor X wants to
see a histogram of student grades for each assignment. The
only choice she has is to contact the developers of CMS, who
promise to include the histogram in the next release of the
system (which appears in six months), at which time the
new feature becomes available to all professors.

In this demonstration, we present an extensible program-
ming model based on a unified declarative high-level lan-
guage called Hilda [3], and show how a user can add new
features to a web application without having to write any
code or contact the developers. We also show how a user can
easily extend features from existing modules of an applica-
tion to other modules, and how a developer or a user, using
the Hilda GUI, can handle access permissions for the mod-
ules and data. Lastly, we demonstrate how a developer or a
user can add personalized extensions to her domain in the
application. The Hilda system is available as open-source
software at www.cs.cornell.edu/database/hilda.

We will demonstrate the benefits extensibility in Hilda us-
ing a Course Management System (CMS) [2] used by more
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than 2000 students, staff and faculty at Cornell Univer-
sity. The original version of the application was developed
using traditional application development tools (relational
databases, J2EE, JavaScript, HTML), while a new version
has been developed using Hilda.

The rest of this demonstration is organized as follows. In
Section 2, we describe the Hilda language and extensibility
in Hilda, and in Section 3, we describe the demo in detail.

2. HILDA AND EXTENSIBILITY IN HILDA
Hilda is a unified high-level language designed for develop-

ing data-driven web applications [3]. It is based on UML [1]
and the relational data model. The language models logic
for all layers in the application stack (database, application
server and client side) in a unified, declarative manner.

Hilda models application logic using building blocks called
AUnits (for Application Units), analogous to UML classes.
AUnits encapsulate functionality, data and state as rela-
tional tables for each functional component that corresponds
to webpages or subpages. AUnits are single-entry and single-
exit, to facilitate structured programming. Each AUnit in-
cludes rendering logic which defines its visual appearance in
the web browser. AUnits have parent-child relationships to
form a tree. This models a website as a hierarchical struc-
ture as shown in Figure 1. The leaf level AUnits represent
basic components such as HTML forms, which facilitate user
interaction. Each AUnit contains a number of activators
which specify when instances1 of its child AUnits will be
activated at run time. Each activator specifies the child
AUnit it corresponds to, the activation condition (a SQL
statement) controlling when and how instances of the child
AUnit will be activated, the input data for the child AU-
nit instances, and the operations that are triggered for their
outputs. An instance is activated when its activation condi-
tion is satisfied in the current state of the application, and
deactivated if the condition becomes false.

At run time, the system maintains an activation tree con-
sisting of instances of the AUnits activated for each user
session. The activation tree at any time represents the part
of the application that is currently available to the user
through her web browser. When a user performs an opera-
tion, such as submitting a form, the leaf AUnit correspond-
ing to this operation returns data to its parent AUnit, which
can either perform some operations to update the applica-
tion state, and/or generate and return data to its parent as
well. After the return chain terminates, a new activation
tree is constructed based on the updated state. In Hilda, a
web application is not a connected graph of individual web
pages that allows a user to navigate from a given page to any
other page. Instead, the execution of a web application is
modeled as a sequence of transitions from one activation tree
to another, which continually updates the content shown in
the web browsers.

An activator can activate multiple instances of the same
child AUnit. The developer defines an ID for each instance
of an AUnit, which serves as the primary key to distinguish
one instance of that AUnit from another. For example,
the ID of a Faculty AUnit instance is the faculty member’s
NetID, and the ID of a FacultyCourse AUnit instance is the
CourseID for the course it corresponds to. The key of an

1AUnit and AUnit instance is analogous to class and class
instance

Figure 2: Hilda layer for adding a new function

instance then is the defined as the set of IDs of its ancestor
AUnit instances.

A Hilda program is executed by the Hilda run time sys-
tem, which serves as a virtual machine for the language.
Hilda is a high level dynamic language which enables us to
modify the application logic at run time. The language and
its run time system allow us to extend applications in a user-
centric manner. In effect, each user of the application can
also be a developer. The Hilda run time system supports an
authentication model backed by relational databases, which
allows only the users having correct access permissions to
modify a given part of any AUnit. It prevents users from
modifying data and application logic which they do not have
access to.

Hilda also provides presentation constructs based on Java-
script and HTML, and its run time system provides a GUI
interface to dynamically modify both the application logic
and the presentation. This enables users to make personal-
ized extensions to an application developed in Hilda, with-
out having to write any Hilda code.

3. DEMO FEATURES
We will demonstrate extensibility in Hilda using a Course

Management System (CMS) [2]. We will use the CMS to
demonstrate how a user can add various features to the ap-
plication.

3.1 Single-User Extensbility
We will first demonstrate how a single power user can

extend an application — we assume that every user use the
same version of the application. The changes made by one
user will be visible to others.

3.1.1 Adding New Functions
The Hilda GUI allows the user to extend the functionality

of an application by adding new activators or editing existing
activators. Recall that an activator specifies the activation
condition, input data and output handlers for an AUnit.
Hilda allows the user to achieve this on the fly simply by
selecting the operand data, and graphically specifying pred-
icates and aggregates on this data. For more complicated
queries on the data, Hilda allows users to enter SQL queries.

The user begins by entering the editing mode by click-
ing on the Hilda button at a corner of the page. She then
selects the AUnit corresponding to the function she wants
to perform. Figure 2 shows how this is done. Hilda pro-
vides some Basic AUnits, such as ShowText and InputText,
which form the basic building blocks for other AUnits. In
Hilda nomenclature, adding a new function on existing data
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Figure 3: Hilda layer for selecting data

is equivalent to adding a new activator. The selected AUnit
may require some input data. If so, the user next selects a
mapping from various existing data sources to the AUnit’s
input relations. The user can either hardcode these rela-
tions, select some data from the screen, or select data from
a list of available data sources. The user then specifies var-
ious predicates and aggregates on the selected data (Figure
3). Finally, the user selects the position in the current mod-
ule where the new function should appear, and defines its
appearance characteristics.

We show how a faculty member, without any background
programming knowledge, can integrate the histogram func-
tion into the module FacultyCourse. The histogram function
displays the number of students having grade between differ-
ent possible ranges, such as 90-100, 80-89, and so on. Each
histogram bucket is displayed as the count of the number
of students falling in that range. Therefore, a basic module
that the user can select to display the histogram is Show-
Text. ShowText requires as input a relation with the field
Text. Therefore, the user then selects the data for this re-
lation, which comes from the relation StudentGrade. For
an example, refer to Figure 3. Each possible bucket of the
histogram corresponds to a different instance of ShowText,
with different predicates on the StudentGrade relation. The
user also specifies the aggregate function on the data, which
in this case is a count operation. Finally, the user decides
where on the current page would she like the histogram to
be displayed.

3.1.2 Adding New Data or Modules
We next demonstrate how a user can add new AUnits to

the application, which may require creating new relations
to store the data. We again consider the histogram func-
tion. Suppose the user wanted to group all the instances of
ShowText for the histogram, so that the histogram function
becomes generic, and can be used anywhere else. Such a
generic group of function calls is basically a group of activa-
tors, and therefore, an AUnit. Note that a new AUnit can
be integrated into any existing AUnit by adding an activa-
tor corresponding to it. Hilda also allows the user to create
new persistent relations, such as in the case when she wants
to add a new AUnit requiring some independent data.

The user adds a new AUnit by clicking on the New Module
tool button, which asks her to define the input expected
by the new AUnit, and the output it might generate. The
user then adds activators to this AUnit. After a new AUnit
has been created, the AUnit itself appears as an available

function in other contexts, and thus can be activated from
elsewhere.

3.2 Personalized Extensibility
In the second part of the demonstration, we treat the case

when there are different users in the system, and changes
made by one user should not affect other users of the sys-
tem. Hilda achieves this by treating each instance of an
AUnit independently. This ensures that changes made to
one instance of an AUnit do not affect other instances.

3.2.1 Representing Personalized Extensions
Recall that the key of an AUnit instance is the set of IDs

of its ancestor AUnit instances. This key, along with the
information about who the current user is (userid), defines
the operation characteristics of an AUnit, that is, the set
of activators in that AUnit which should be included in the
version corresponding to that particular user. Hilda main-
tains exactly one copy of each AUnit, which is stored in
a relational database. For each AUnit, there are individ-
ual mappings from (key, userid) to a set of activators. A
personalized version of this AUnit is then a view over this
relational database. Therefore, at the logical level, Hilda
actually generates multiple copies of the application on the
fly, based on who the user is.

3.2.2 GUI Supporting Personalization
Given that a user can extend AUnits that influence other

users, there is a possibility that she cannot navigate to these
AUnit by the normal application flow. For example, a fac-
ulty member wanting to extend the StudentCourse AUnit,
which is part of the student view of the course, cannot ac-
tually navigate to this AUnit. In the editing mode, Hilda
provides an interface that allows a user to jump from one
application state to another. This switch module feature lets
a user specify which instances of a given AUnit would she
like to edit, and automatically presents an intersection of
the activators common to all of these instances.

3.3 Hilda User Frontend
Finally, we will demonstrate the Hilda GUI and frontend,

which allows the user to visually specify declarative queries
without any prior knowledge of the database management
system. The user-friendly interactive interface provides a
WYSIWYG editor for the web AUnits, and facilitates de-
velopment of more complicated features even for naive users.
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