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ABSTRACT

OdeView 1s the graphical front end for Ode, an object-oniented database system and environment Ode’s data
model supports data encapsulation, type inheritance, and complex objects OdeView provides facilities for
examining the database schema (1e, the object type or class hierarchy), examinng class definitions, browsing
objects, following chains of references starting from an object, synchronized browsing, displaying selected portions
of objects (projection), and retrieving objects with specific characteristics (selection)

OdeView does not need to know about the internals of Ode objects Consequently, the nternals of specific classes
are not hardwired into OdeView and new classes can be added to the Ode database without requiring any changes
to or recompilation of OdeView Just as OdeView does not know about the object internals, class functions
(methods) for displaying objects are wnitten without knowing about the specifics of the windowing software used by
OdeView or the graphical user interface provided by 1t

In this paper, we present OdeView, and discuss 1ts design and implementation

OdeView 1s ntended for users who do not want to
write programs 1n Ode’s database programming
language O++ to nteract with Ode but mstead want to
use a friendlier interface to Ode OdeView 1s based
on the graphical direct manipulation paradigm {26]
that involves selection of items from pop-up menus
and 1cons that can be clicked on and dragged
OdeView provides facilities for examuning the
database schema (1e, the object type or class
hierarchy), examining class definitions, browsing
objects, following chains of references starting from
an object, synchronized browsing, displaying selected
portions of objects (projection), and retrieving objects
with specific characteristics (selection)

1 INTRODUCTION

OdeView 1s the graphical front end to Ode [1,2], a
database system and environment based on the object
paradigm Ode 1s an attempt to build a database
system that offers one integrated data model for both
database and general purpose manipulation The
database 1s defined, queried, and manipulated using
the database programming language O++, which 1s an
upward-compatible extension of the object-oriented
programming language C++ [28] O++ extends C++
by providing facihties suitable for database
applications, such as facilities for creating persistent
and versioned objects, defining and manipulating sets,
orgamzing persistent objects into clusters, 1terating
over clusters of persistent objects, and associating
constraints and triggers with objects

OdeView does not need to know about the internals of
Ode objects Consequently, the internals of specific
classes are not hardwired into OdeView and new
classes can be added to the Ode database without
requiring any changes to or recompilation of
OdeView OdeView uses dynamic linking to call
class functions (member functions m C++ or
methods), which exist in compiled form Each class
must provide class functions for displaying objects of
that class It 1s these special ‘‘display’’ functions that
OdeView calls when objects are to be displayed
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OdeView nteracts with member functions using a
predefined protocol Just as OdeView does not know
about the internals of the objects, the protocol for
interacting with OdeView allows the class designer to
write functions for displaying an object in one or



more ways 1n different windows without knowing
about the specifics of the windowing software used by
OdeView or the graphical nterface provided by it
Thus objects can be displayed by different versions of
OdeView which may be implemented quite
differently, for example, these versions may be based
on different windowing systems

In this paper, we describe OdeView, discuss the 1ssues
in the design and implementation of OdeView, and
present extensions that we plan to mmplement 1n
future Section 2 gives an overview of Ode Section
3 15 a simulation of a user session with OdeView
The design and implementation of OdeView 1s
discussed 1 Section 4 Section 5 presents the design
of some extensions that we are planning for OdeView
Section 6 discusses related work and Section 7
summarizes our experience with OdeView

2. ODE OVERVIEW

The O++ object model 1s based on the C++ object
model, called the class The class facility supports
data encapsulation and multiple inheritance

An Ode database 1s viewed as a collection of
persistent objects Persistent objects of the same type
are grouped together into a cluster, the name of a
cluster 1s the same as that of the corresponding type
The database schema 1s the collection of class
definitions of the objects that exist in the databases
and the inherntance relationship between these types

3. A SAMPLE SESSION

OdeView 1s the graphical front end (user interface) to
the Ode database system  Currently, OdeView
provides facilities to browse the database schema
which in this case consists of the O++ class
definitions and browse objects n the database

To give you a flavor of OdeView, we describe a
sample session with OdeView

3.1 Imtaal Configuration and Schema
Browsing

Upon entertng OdeView, the user 1s presented with a
scrollable ‘‘database’’ window containing the names
and 1conified images of the current Ode databases
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(Figure 1)
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Figure 1 Intial Display

The user can select a database to interact with by
using the mouse to click on the appropriate icon For
example, let us look at the lab database 1dentified by
the ATT icon, this a small database about employees
in our research center Upon clicking on the ATT
icon, OdeView opens a ‘class relationship’” or
schema window which displays the hierarchy
relationship between the object classes in the ATT
database (Figure 2)

Figure 2 Lab Database

The hierarchy relationship between classes 1s a set of
dags and OdeView uses a dag placement algorithm
[19] that minimizes crossovers to display 1t

The user can zoom 1n and zoom out to examine this
dag at varous levels of detail The user can also
exammne a class 1n detail by chicking at the node
labeled with the class of interest Clicking results 1n
the opening of a ‘‘class information’” window that has



three scrollable subwindows, one for its superclasses
the second for 1ts subclasses and the third for the
meta data associated with this class  For example
clicking on employee shows that 1t has no
superclass one subclass manager, and that there are
55 objects 1n the employee cluster (Figure 3)
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Figure 3 Class Information Window for Employee

The class information window also has a button,
clicking which shows the class defimtion (Figure 4)
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Figure 4 Class Defimtion

The user may continue schema browsing by selecting
another node 1n the schema graph, or may click on
one of the superclasses or subclasses For example,
clicking on manager opens up another window that
shows that manager 1s the subclass of employee as
well as department, that 1t has no subclasses, and there
are 7 mstances of managers (Figure 5) Browsing
through the class information and relationship
windows can be freely mixed
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Figure 5 Class Information Window for Manager
32 Object Browsing

Associated with each class in Ode 1s a set of
persistent objects of that class (this set 1s called a
cluster) The class defimtion window has an
‘‘objects’” button that allows users to browse through
the objects 1n the cluster Clicking this button opens
the ‘‘object set’” window which consists of two parts
the control and object panels The control panel
consists of buttons reset, next, and previous to
sequence through the objects The object panel has
buttons to view the object

An Ode object can be displayed in one or more
formats depending upon the semantics of the display
function associated with the corresponding class This
function 1s provided by the class designer The object
set window supplies one button each for each of the
object display formats For example, the employee
object can be displayed textually or in pictoral form,
the object panel for employee provides appropriate
buttons to see these displays Figure 6 shows an
employee object after the user has clicked the text and

picture display buttons
~ !

Figure 6 Employee Object
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In this example, the display state of the employee
objects consists of the object being displayed in both
text and picture form OdeView remembers the
display state of a cluster and will display other objects
in the cluster 1n the same display state (until the user
changes the display state, e g, by clicking the text
button to close the text display)

33 Browsing Complex Objects

An object may contain embedded references to other
objects The object panel of an object set window
provides buttons for viewing these referenced objects
For example, employee objects refer to



department objects to view the department
object associated with an employee, the user may
click on the department button This opens up an
‘ object window' which contains buitons to view the

referenced department object (Figure 7)

Figure 7 Employee’s Department

Instead of contaning a reference to a single object, an
object may contain references to a set of objects For
example, the department object may contain
references to all the employees that work in the
department To view employees who work n the
same department, the wuser may click on the
employees button This opens up an ‘‘object set’’
window consisting of an object panel to view an
employee object and a control panel to sequence
through the employees Figure 8 shows a colleague
of rakesh working in the same department
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Figure 8 Employee’s Colleague
34 Synchromized Browsing

The basic browsing paradigm encouraged by OdeView
1s to start from an object and then explore the related
objects 1n the database by following the embedded
chains of references To speed up such repetitive
navigations, OdeView supports synchronized browsing
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[22] Once the user has displayed a network of
objects and the user applies a sequencing operation to
any object 1n this network the sequencing operation 1s
automatically propagated over the network

For example suppose a user has set up the following
display to view an employee’s manager by following
the chain of references that start from the employee
(Figure 9)

-

Figure 9 Employee’s Manager

When the user looks at the next employee object the
user would also want to see the next employee’s
department and manager In other words, we want the
chain of displays starting with the employee object to
be automatically updated in a ‘‘synchronmized”’
fashion OdeView does exactly this For example
clicking the next button of the employee object-set



results 1 the following display (Figure 10)

Figure 10 Synchromized Display

Note that we can be examining several databases and
their schemas simultaneously, and within a schema we
can be examimng many classes and their objects
simultaneously

4. DESIGN AND IMPLEMENTATION

We have buillt OdeView on top of the UNIX®
operating system and using the X environment [25]
We used HP-Xwidgets to build the graphical interface
At present, we have completed the implementation of
the browsing facilities, both at schema level as well as
data level In this section, we discuss some of the
interesting aspects of the OdeView implementation

The following are the major 1ssues that we addressed
in the OdeView implementation

« How an object should be displayed

« How to 1solate OdeView from the specifics of
classes and the class designer from the spectfics of
the windowing software

- How to insulate OdeView from the schema
changes (addition, deletion, and modification of
class definitions)

We now discuss these items 1n detail

I An object window 1s the same as an object set window except
that no sequencing buttons are provided because there 1s only one
object to display
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4.1 Displaying an Object

In a relational system, having selected an object (1€,
a tuple), displaying 1t 1s rather straightforward it 1s
simply a matter of displaying the attribute names
which are available i the «catalog and the
corresponding values which are of simple types
Attempting to automatically generate a display for
Ode objects runs 1nto the following problems

1 Ode objects are not simple tuples Their
components can be of arbitrarilly complex types
they can be structures, arrays, sets, etc For
some kinds of objects, 1t 1s possible to have
fixed display schemes For example, nested
structures may be displayed as indented values,
sets as a list of values, and so on However, 1f
these components represent more than just
structured values, these schemes may not be
adequate For example, 1t will be unsatisfactory
to display a circular buffer simply as a hnear
Iist of values

2 Ode objects can contain references to other
objects When displaying an object, how should
the reference be displayed? As a simple value?
Or should the referenced object be displayed?

3 Ode classes support data encapsulation The
encapsulated data represents the implementation
of the object, and a user sees only the public
part of a class Therefore, 1If one respects
encapsulation then only the public data and the
data made available by calling the public
member functions should be displayed But
then how does one decide which member
functions should be called? Simply calling all
the public member functions will be
unacceptable, 1f not potentially disastrous,
because of any potential side effects

Moreover, 1t may sometimes be beneficial to
display the data in the private part, perhaps in a
privileged mode, say for debugging This
means that 1t should be possible to selectively
violate the encapsulation

4 Depending upon the application, an object may
be viewed differently or it may simply have
multiple views For example, a document
object may be viewed mn text form, in Postcript
form, or as a bitmap Thus, 1t should be
possible to display an object in a variety of
forms using one or more media

5 Some components of an object may have
embedded semantics For example, suppose that
one of the components of an object 1s a string
that represents the name of the file containing
some pictortal description of the object
Displaying the string 1tself will not be of much
value compared to displaying the pictorial
representation which may require processing of



the pictorial description

In general, 1t will not possible for a system such as
Ode to display an object without some help from the
class designer The class designer knows best how an
object 1s to be displayed Consequently, we decided
that 1t 15 the responsibility of class designer to provide
a distinguished display function (named display)
for displaying objects of the class If the display
function 1s not provided, then OdeView will
synthesize a display function, possibly a rudimentary
one Specifying a display function 15 simlar to
specifying constructor and destructor functions of a
class n C++ for mitahizing objects when they are
allocated and performing clean up when they are
deallocated

42 Commumcation Protocol

Having decided that 1t 1s the responsibility of the class
designer to supply a display function, we decided to
adopt the following ‘‘principle of separation’’

The class wnter should not have to
know the specifics of object
display (windowing) software and
the display software should not
have to know about object types

To realize this separation, we have defined a interface
which 1s understood by both OdeView and the
display function Specifically, we have defined a
set of generic window types corresponding to the kind
of windows that are supported by most windowing
systems Some examples of window types are static
text window, static text window with horizontal and
vertical scroll bars, and raster image window These
window types may be parameterized to allow the
display function to choose the window sizes and to
specify the relative placement between the windows
The display function can choose any number of these
window types to display an object in multiple ways

To display an object, OdeView calls the Ode object
manager to the get the stored representation of the
object into an object buffer Then OdeView calls the
display function associated with the object class
giving as an argument a pointer to the object buffer

As mentioned, an object can have multiple display
representations The display function decides the
window type for each display representation It also
creates the display 1mage for each display
representation and puts 1t into m a display buffer
The display function then returns an array of
structures each element of which specifies a window
type and a pointer to the corresponding display buffer

Using the array returned by the display function,
OdeView creates appropriate windows and displays
the object representations  Subsequent scrolling,
iconification, movement of these windows 1s handled
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by the underlying windowing software

To give you an 1dea of what the class designer 1s
expected to write, we show the display function
associated with the employee class >

#include "employee h"
#1nclude <stdio h>

#include <string h>

void error(char *)
display_resources *employee
{

display ()

display_resources *drp, *p
p = drp = new display resources[NDISPLAYS),
1f ('drp)
error ("employee
/*text window */
p->kind = SCROLL_STATIC_TEXT,
p~>buf = new char [MAXSTRINGLEN],
sprintf (p->buf,

display out of store"),

"NAME %s (%8)\nLOGID %s\nROOM %s\nEXT %$s\n",

name, ext),
strepy (p->label,
/*bit map window */

++p->kind = STATIC_RASTER,

firstname, logid, room,
"text"),

p->buf = new char [MAXSTRINGLEN], /*bitmap*/

sprintf (p->buf, "%s/%s", PICDIR, logid),
strepy (p—->label, "picture")

/*o1d for the department */
++p->kind = 0ID,
p->buf = new char [MAXSTRINGLEN],
sprantf (p->buf, "%$1d", (long) deptoad),
strcpy (p->label, “"department"),
strcpy (p->classname, "department"),

/*thats 1t*/
++p->kind = 0

return drp,

}

Note that the employee object contains a reference
to the department object, but the display function
associated with the employee class does not contain
the code for displaying the department object, the
display function associated with the department
object 1s used for this purpose

Here 1s a fragment of the OdeView code for
displaying an object of type clname
/*call object mgr to get display function loc */
fn_location = get_dispfn{(dbname, clname),
/*load the display function*/
fn = 1ld_dispfn(fn_location),
/*get the first object in memory*/
pobj = next (dbname, clname, FIRST),
/*call display function with pointer to object*/
ptr_dres = (display_resources *) (*fn) (pobJ),
/*create windows and display object*/
display_obj(ptr_dres),

/*wait for interrupt for next action X loop*/
XtMainLoop (),

4.3 Complex Objects

As mentioned 1n the previous section, if an object
contains embedded references to other objects, then
the panel for displaying objects of this type provides
buttons for viewing the referenced objects These
buttons are created in windows of type OID (object
1d), and the corresponding object 1d and the display
function are associated with each such window
When one of the above buttons 1s chicked, OdeView
first calls the Ode object manager to get the
corresponding object 1nto an object buffer, and then



calls the associated display function
4.4 Synchromzed Browsing

When the user follows a chain of embedded
references, a tree of windows 1s dynamically created
This tree maintains the state of each window (open or
closed) and pointers to display functions for windows
of type OID When a sequencing action 1s performed
at any node of this tree, the subtree rooted at this
node 1s traversed recursively and data in the
corresponding windows 1s refreshed Note that the
refreshing 1s done 1rrespective of whether window 1s
open or closed, as the user may open a window after
performing the sequencing operation

45 Dynamic Linker

To display an object, OdeView calls the display
function associated with the corresponding class
Because OdeView 1s written 1n a compiled language,
the simplest way of making the display functions of
all the classes 1n the database available to OdeView
would be to link all the display functions with
OdeView However, this approach 1s unacceptable,
given our desire to insulate OdeView from schema
and class changes because this would require
recompilation of OdeView every time the database
schema 1s changed

The solution we used was to use dynamic linking
which allows a compiled function to be linked to a
load module Every time OdeView needs to display
an object, 1t dynamically loads the object file
containing the appropriate display function (if 1t 1s not
already loaded) Dynamic linking 1s not part of the
typical compiler based C and C++ environments, but
we were able to scavenge the dynamic linker used in
a Cnterpreter [17,23]

4.6 OdeView Process Structure

OdeView has been implemented as a collection of
UNIX processes OdeView begins as a single process
that allows a user to choose among different
databases When the user selects a database, a ‘*db-
interactor’’ process 1s created that provides the
interface for the user to interact with that database
This scheme allows for simultaneous nteraction with
multiple databases Schema level operations such as
viewing the class hierarchy as well as inspecting the
class definitions are handled by the db-interactor
process

When the user wishes to examine objects of a
particular class, an ‘‘object-interactor’’ process 1s
spawned  This process dynamically loads and
executes the display function defined by the class

2 The code has been modified shghtly for the purposes of presenta
tion
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designer and also provides sequencing operations to
scan all the persistent objects of that class The
reason we chose to spawn a separate process to handle
requests for interacting with objects of a specific class
was to 1solate effects of software fallures The
display function 1s the code wntten by the class

designer If there are bugs in this code, then only the
corresponding  object-interactor process will  be
affected but not the whole OdeView  Another

advantage of using a separate process 1s that we can
give the user the option of choosing where to place
the window corresponding to that class (the X window
system as an option allows a user to place a new
UNIX process anywhere on the display) We
expenimented with the alternative approach of making
OdeView decide where to place windows, but since 1t
1s mmpossible to predict the sequence of operations a
user will perform, 1t turmed out to be difficult to
automatically generate good placements

Complex objects with embedded references to other
objects are displayed 1n a ‘‘lazy’’ manner First only
the top-level object 1s brought into the memory The
display method 1s loaded and executed by passing a
pomnter to the top-level object If the object has
constituent subobjects then the corresponding objects
and the related display methods are loaded only if the
user selects the appropnate buttons for seemng the
subobjects

5. EXTENSIONS

At present OdeView supports only schema and object
browsing We are now extending 1t to support
projection and selection Our design for these features
1s discussed below

5.1 Projection

A straightforward scheme of allowing the user to
project on any public member of a class will be
nappropriate since the public members of a C++ class
are not Immited to being data elements or pure
functions — they may be executable functions that do
not return a value or cause side effects We,
therefore, require that a class designer provide a
function, displaylist that returns as its result the
list of attributes on which projection can be
performed A rudimentary displaylist display
function 1s automatically synthesized 1f not explicitly
provided by the class designer Note that these
attributes may or may not correspond to the data
members (public or private) of the class in question
For example, an attribute to be displayed may actually
be computed using other attributes

When a user wants to see a partial view of an object,
the user clicks a ‘‘project’’ button that results in a set
of buttons being created, one each for the displayable
attributes of the object An ALL button 1s also
created to allow projection on all attributes The user
selects the projection attributes by clicking on the



desired attributes

Internally, OdeView calls the displaylast
function of the corresponding class, uses the list of
attributes returned to create the buttons, and makes a
bit vector corresponding to the attributes selected by
the user The bit positions correspond to the positions
of the atiributes returned by displaylist As
before, OdeView then calls the object manager to get
a stored representation of the object in a buffer, and
then mvokes the corresponding display function

The display function will now be required to take
an additional argument This argument 1s a bit vector
representing the user’s selection of attributes to be
displayed The display function uses the bit vector
argument to determine which attributes are to be
shown n the object displays created by 1t If the bit
vector argument is not supplied, then the display
function uses a default bit vector (chosen by the class
designer) to display the object The attributes
displayed by default may be a subset or superset of
attributes returned by the displaylist function
Using the bit vector, the display function creates an
appropriate  display buffer and returns them to
OdeView to display the object

5.2 Selection

When viewing objects i a cluster, a user may
selectively view only a subset of the objects in the
cluster In this case, the user may specify a selection
predicate to select the objects to be displayed As 1n
the case of projection, the user must be informed as to
what attributes can be used to construct the selection
predicate  Our decision 1s to limt them to the
attributes returned by the selectlist function A
rudimentary selectlist display function 1s
automatically synthesized 1f not explicitly provided by
the class designer

Having displayed the lst of attributes that can
participate in a selection predicate, the user may use
them to form the selection expression using a scheme
similar to one proposed in [18] In this scheme, a
predicate 1s formed by selecting from a menu of
attribute names and operators and typing in values (or
selecting values 1if there are only few of them)
Another alternative 1s to use a condiion box similar to
QBE [35] and type n the selection condition as a
string Our feeling is that the first scheme 1s desirable
for simple selection predicates whereas the second
scheme 1s preferable for complex predicates

Once OdeView has obtamned the selection predicate, 1t
passes the selection predicate to the object manager
which uses 1t to filter objects retrieved from the
databases Once an object has been selected and 1ts
memory copy 1s provided to OdeView, 1t 1s displayed
using the implementation described earher
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53 Views involving more than one objects

A related 1ssue 1s what should be displayed if the
view 1nvolves a join of two or more objects This 1s a
symptom of a general view defimtion problem in
object-oriented database systems (see [12] for recent
work) We have decided to display all the objects
involved n the join simultaneously — each displayed
using the corresponding display function

6. RELATED WORK

One of the first graphical display systems for
databases was the Spatial Data Mangement System
[13] An early browsing-by-navigation
implementation was the entity-based interface
presented 1n [6] Several other graphical interfaces for
databases have been developed since then [3-5,7-
11, 14,15, 18,21,24,27,29-34] A toolkit  for
designing graphics-based interfaces for object-oriented
databases has been described 1n [16]

The design of OdeView was directly influenced by
SIG [20], a system for generating displays of complex
objects In SIG, associated with a class of objects 1s a
display type, which 1s composed of one or more
1ecipes Recipes correspond to different states of the
object that are to be displayed A recipe has a
selection condition that determmes 1if the particular
recipe applies, and ingredients that specify the
positions, contents, and rendering of subregions of an
display The display for an object 1s created by
interpreting the associated display type In OdeView,
we assoclate display functions with a class The
effect of multiple recipes 1s accomplished by
providing the projection capability to let the user
create multiple views and letting the display function
create multiple representations of an object OdeView
supports display of ncher objects in that the SIG
objects do not have encapsulation and methods
associated with them

An ngredient of a SIG’s display type may also
specify an abstract view Specifying an abstract view
defers decisions on the display of a nested subobject
to the display type associated with the subobject
Otherwise, the display type of the object must include
information for displaying the embedded subobject
In OdeView, embedded objects are always displayed
using the display functions associated with them

The navigation model of OdeView was mnspired by
the object-oriented browser, KIVIEW [22] KIVIEW
was designed to interface with database models from
which a semantic network may be extracted The
design of KIVIEW supports browsing of objects n a
class, exploration of related objects starting from an
object, and the synchronized browsing



7 CONCLUSIONS

OdeView 1s designed to be a user-friendly graphical
interface to Ode and 1s intended for users not wishing
to write O++ programs OdeView can also be used to
advantage by O++ programmers who need to
understand the relationship between the different
classes 1n the database

In building OdeView, we encountered three important
1ssues which we feel we have addressed satisfactorily

1 How an object should be displayed OdeView
will 1n general not know enough about the
semantics of an object to display 1t properly, we
therefore require each class designer to provide
a display function which constructs object
displays

2 How to 1solate OdeView from the specifics of
classes and the class designer from the specifics
of the windowing software Isolating the two
allows the class designer to write a display
function that can be used by any graphical
interface to Ode and 1t will not require the class
designer to know the specifics of a particular
implementation On the other hand, OdeView
will not need to know about the specifics of
each class to display objects of the class We
solved problem by specifying a communication
protocol to be used by OdeView and the display
function to communicate with each other

3 How to msulate OdeView from the schema
changes Since our environment i1s a compiled
language, we did not want to recompile
OdeView every time a schema changed We
solved this problem by using dynamic linking

The mmual reaction to OdeView has been favorable
Users have found the following features particularly
attractive

« Ability to mix schema browsing with object
browsing and to do this simultaneously for more
than one database

+ Ability to explore the database by starting with
one object and then examining related objects

« Use of synchromized browsing which speeds up
exploration of the database by automatically
refreshing displays of related objects when
sequencing through a set of objects
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