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Abstract

This paper describes an interactive browser used for exploring the structure of Java objects and
their classes. It isimplemented in Java and uses JDK 1.1 core reflection classes to discover details
of the objects passed to it. The initial motivation for development arose from the need to browse
persistent Java stores; the browser may also be useful as part of a symbolic debugging or
visuaisation tool.

1 I ntroduction

The provision of orthogonal persistence for Java, e.g. [ADJ+96, DHF96, GN96, MCK+96], allows the programmer
to create potentially large persistent stores of Java objects. There are a number of ways of discovering the contents
of these stores, including interactive browsing, writing programs which navigate inter-object references, and the use
of a query language. All of these, and others, will probably be required in practice. This paper describes a
visualisation tool called OCB (Object/Class Browser) which addresses the first requirement, supporting the
interactive display of Java objects and classes, and the navigation of references linking them.

The main design goals for the initial version of OCB were:

e toprovide asimple and clean user interface;
»  to produce an implementation quickly; and
+  toimplement the browser using only standard Java for maximum portability?.

The OCB browser was designed in response to a need identified by the developers of the PJama persistent Java
implementation [ADJ+96]. It was quickly recognised, however, that most of its facilities would also be useful in
conventional Java systems and other persistent versions. All OCB facilities other than access to persistent roots, and
in some cases method invocation, will work with any Java system. Persistent root access for other persistent versions
can be added simply on a per-system basis; the details depend on the model of persistence provided.

The remainder of this paper contains a summary of related work in Section 2, descriptions of the user and program
interfaces in Sections 3 and 4, an outline of the implementation in Section 5 and a discussion of avenues for further
development in Section 6.

2 Related Work

There are several aspects of a persistent object store which it may be useful to visualise, including:

» the states of the objectsin the store and the graph of references linking them;
» the states of the threads running in the store; and
« theclass hierarchy or type structure associated with the objects in the store.

Other systems support these requirements for Java and other languages to varying degrees. The OCB browser in its
current implementation addresses only the first and third requirements, although it is planned to extend it to include
thread statesin afuture version.

1 No native methods are used, although OCB is not 100% Pure Java™ for reasons explained in Section 6.



2.1 Commercial Programming Environments

Several commercial products offer integrated programming environments which support the visualisation of the state
of an executing Java Virtual Machine. Although these run on non-persistent Java systems, there is considerable over-
lap with the facilities needed for persistent store visualisation. Such products include Metrowerks CodeWarrior
[Met97] and Symantec Visual Café [Sym96] which also support other languages such as C, C++ and Pascal.

CodeWarrior provides a Hierarchy window which displays the class tree of the Java program being edited; clicking
on a node in the tree brings up the source code for that class. During execution a symbolic debugger may be used to
examine local variables accessible by a thread at a particular break-point, and the states of objects reachable via
those variables. Similar facilities are available in Visual Café.

The class hierarchy display and symbolic debugger in CodeWarrior are accessed interactively by the programmer
via the programming environment user interface. These facilities are only available if the program has been
compiled with appropriate flags set. In contrast, OCB can be accessed through an APl by any normally-compiled
running Java program and made to display objects and classes in scope at the current point of execution. It can also
be invoked as a stand-alone Java application to display persistent objects and classes. Since it is written solely in
Java, OCB is aso relatively portable, whereas CodeWarrior and Visual Café are available in multiple versions
tailored to particular platforms, involving greater porting effort.

CodeWarrior2 does not make it easy to distinguish object graph structures. For example, the Variables pane in
Figure 1 shows an object of class Person. The variable pl contains the object at the program break-point indicated
by the arrow in the Source pane. At this point pl and p2 denote separate instances of Person, and pl.father is set to
p2. This structure is not clear from the display, which shows the objects referenced from the current object in the
form of a nested list. In particular, this.pl.father denotes the same object as this.p2, a fact that can only be deduced
from the list by noticing that they both have the same address. Presumably the need to make such deductions is the
reason for including addresses in the display, which seems an odd mixing of abstraction levels for a language with
automatic memory management. Also, in this user interface class names used in the Variables pane are not linked to
their definitions; it would be useful to able to click on a class name and bring up its definition directly.

=[I=—— Metrowerks Java (Thread 0466) —o=M5|
E Stack Yariables
Trivialdpplicationzreain |4 = this : Test 0x0558DFF8  |4F
Test:test | = p1:Person 0x0S58E010 | |
age :int 31
[ name : String  itGraham”
= father : Person {0x0558E030
age :int 63
[+ name : String!"Edward”
[+ father : LPerson i Dx 00000000
| B p2:Person 0x0S52E030 [
[
ESuurce: Graham's Powertac Data:Code :C.. . Test Trivial&spplication.java
Ferson pl1, pZ;

void test() f

- pl = new Persont "Graham”, 31 2;
- pZ = new Persond "Edward”, 63 I;

- pl. father = p2;

& | Object obj = new Object(l;
Line: 26 | Source w [l

Figure 1. CodeWarrior Java debugging window
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In contrast, the OCB browser does not display any address information. Indeed, since it isimplemented as a standard
Java program it cannot obtain addresses. OCB allows objects to be distinguished on the basis of identity, so that for
the example above it would be obvious to the user that this.pl.father and this.p2 denote the same object, since they
would be represented by the same independent window.

The Java debugger jdb, part of Sun’'s Java release, can also be used to browse object states at a program break-point.
It makes no attempt to hide address information, and is command line based. In common with the CodeWarrior
debugger, the states of the objects reachable by a thread can only be displayed if the running program has been
compiled with a‘debug’ flag set.

The Oy object-oriented database system provides a graphical browser which allows the state of persistent and
transient O» objects to be displayed. Its facilities are similar to those of OCB, except that it does not allow the
display of inherited attributes to be controlled in the same way—OCB'’s style of handling thisis described in Section
3.2. In%eed the authors do not know of any other browsers for inheritance-based languages which provide similar
control®.

2.2 Research Systems

Two previous object browsers with which the authors were involved are those for the persistent languages PS-algol
[DB88] and Napier88 [KD90]. Similarly to OCB these can be invoked either from a running program or as a stand-
alone application. The Napier88 browser displays object graph structures in the form of icons linked by directed
edges.

Various other systems have provided graphical object browsers with which OCB shares some similarities in display
style, for example Smalltalk-80 [GR83], TrellisOWL [OHK87] and Cedar [Tei84].

2.3 OCB Design Aims

The main differences between OCB and the related work described above arose from the following specific design
aimsidentified for OCB:

»  to provide portability by implementing in Java;

e to alow control from running Java programs through a class interface and callback methods which allow the
programmer to specify actions to be performed in response to user interaction;

» to support the visualisation of object sharing and identity, and to alow simple navigation between related
objects and classes;

» to alow the graphical display format to be customised for specific classes, including the temporary hiding of
superclass fields and methods.

3 OCB User Interface

3.1 Instancesand Classes

This section uses the augmented definition of Person shown in Figure 2.

3 OCB'’s style is not directly applicable to O, anyway, since O, supports multiple inheritance in contrast to Java's single
inheritance.



public class Person inplements d oneabl e {
private int age;
public String nane;
public Address address;
publ i c Person mot her, father;
public Person[] children;
public static int nunber C Peopl e=0;

Person() {.}
Person( String n, int a) {.}

public Date dateOdBirth() {.}
}

public class Address {
public String street, town;
public int nunber;

Address( int n, String s, Stringt ) {.}

Figure 2. Definition of class Person used in example

Figure 4 shows how OCB displays an instance of the class Person. The Instance pane on the left displays details of
theinstance’ s fields, while the Class pane on the right displays details of the class.

In the Instance pane the values of any fields with primitive types are displayed next to the field names, while the
values of object type fields are represented by boxes containing the appropriate class names. The user may also
customise the OCB display by defining aternative textual representations to be used for instances of particular
classes, as described in Section 4.3. In the example a customised representation is used for strings, as illustrated for
the name field.

The Class pane displays details of methods, constructors and fields, and the values of static fields. It also displays
the superclass and any interfaces implemented by the class. Class and interface names are identified by underlining.

The various modifiers applicable to class members are indicated by coloured squares displayed next to member
names. In the default colour coding public members are indicated by transparent squares and private members by red
squares, hence the only visible squares in the example are for the age field. Colour coding is not used for the static
modifier, since static members are aready displayed in separate regions from non-static members. To assist the user
in remembering the colouring scheme, a panel showing the current scheme is displayed whenever the user clicks a
mouse button over one of the coloured squares, asillustrated in Figure 3.
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Figure 3. Modifier colour code prompt panel
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Figure 4. Display of an object and its class

The user may click on various parts of the display to navigate an inter-object or inter-class link. Display regions
which are sensitive in thisway are differentiated by being displayed in red, as well as by the cursor which changes to
a hand icon when it passes over them. Sensitive regions are used to denote values of object type fields, both in
standard boxed format and customised string format, and class names which are underlined.

When the user clicks on an object value, the corresponding object and its class are displayed in turn. When the user
clicks on a class name, the corresponding class is displayed. In the latter case, the OCB continues to display the
current instance if the new class is the same as, a superclass of, or an interface implemented by the current class.
Otherwise the new class is displayed on its own in the Class pane with no corresponding instance in the Instance
pane.



The user may control whether or not a new window is created when new information is displayed. The default
behaviour is that no new window is created, with the new information replacing the existing information within the
current window. Alternatively, the user may pin a window by checking the Pin checkbox in its lower-left corner.
While this is checked, new windows will be created whenever new information is displayed. New windows are
initially unpinned. Each time alink is followed in an unpinned window the currently displayed object and class are
pushed onto an internal stack. The user may navigate backwards and forwards in the stack using the arrow buttons
next to the Pin checkbox. This style of browsing combines that used by web browsers such as Netscape Navigator
[Net97] with the pinning mechanism of Sun Microsystems Open Look graphical user interface [Sun89]. Figure 5
shows the display obtained by pinning the first Person instance and then clicking on its father field.
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Figure 5. Example of pinning

There is a one-one correspondence between pinned windows and the identities of the objects they are displaying.
This means that the user can detect object sharing simply. For example, in Figure 5, if the father field of another
object referring to Fred Smith is selected, the window displaying the Fred Smith object is brought to the front, rather
than a new window being created.

Each window also contains menus which alow the user to select particular objects or classes to be browsed, adjust
the colour coding used for modifiers, and to load and save preferences.

3.2 ViewingInherited Members

In the examples shown earlier, only the fields and methods defined in the instance’'s most specific class were
displayed, omitting members inherited from superclasses. For example in Figure 4 the methods inherited from class
Object are not shown (and Object defines no instance fields). This is satisfactory if the methods inherited from
Object are not of interest to the user, since the display remains relatively compact and focused on the application-
specific class Person. The default behaviour of OCB is thus to display only the members of the most specific class,
hiding any members defined in superclasses. These hidden inherited members may then be revealed under user
control.

Alternatively a user may wish to view an instance through a superclass view, for example viewing a Sudent as a
Person, requiring members defined in the most specific class to be hidden. Both requirements are met by allowing
the user to set atop class and a bottom class to be applied to an OCB view, subject to the constraint top E bottom E
C, where C isthe most specific class of the displayed instance, and E means “is an ancestor class of, or is equal to”.



The effect is, informally, to hide any members which are defined outside the part of the class hierarchy bounded by
top and bottom. More precisely, a member of C is displayed if and only if it is defined or over-ridden in a class X
such that top E X E bottom. Furthermore, if amember which is displayed is over-ridden in a subclass of bottom, it is
displayed in the form applicable to bottom rather than to C. To illustrate this, consider the (somewhat contrived)
class definitionsin Figure 6:

public class Aninal {
public String nane;
public int age;

}

public class Person extends Aninmal {
publ i ¢ Person spouse;
}

public class Student extends Person {
publ i ¢ Student spouse;
public int nunber;

Figure 6. Example class hierar chy

This gives the class hierarchy Object E Animal E Person E Sudent. Table 1 defines the effects of setting top and
bottom to various classes for a displayed instance of class Sudent.

top bottom result

Sudent | Sudent The fields spouse and number are displayed, but no methods. Thisis the default
setting (Figure 7).

Object Sudent The fields name, age, spouse, number are displayed, as are al of the methods
inherited from Object (Figure 8).

Animal | Sudent The fields name, age, spouse, number are displayed, but no methods (Figure 9).

Animal | Person Theinstance is viewed as a Person and methods inherited from Object are
hidden; the fields name, age and spouse are displayed, while number is hidden.
The value of the spouse field is displayed as a Person rather than as a Sudent
(Figure 10).

Table 1. Effects of various settings for top and bottom

The values of top and bottom can be set by manipulating the double-thumbed slider at the bottom of the display. The
allowed positions on the slider range from class Object at the | eft, to the most specific class of the displayed instance
at the right. The left thumb controls the setting of top and the right thumb the setting of bottom. Initially both are set
to the most specific class. The example in Figure 7 shows both top and bottom set to Student: only members defined
in that class are displayed.



Figure 7. Viewing member s of class Student only

The example in Figure 8 shows top set to Object and bottom remaining set to Student. This makes visible all of the
members available in class Sudent, i.e. those defined in any of its ancestor classes.

Figure 8. Viewing all members



The example in Figure 9 shows top set to Animal and bottom remaining set to Student. This filters out the members
inherited from class Object.
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Figure 9. Viewing only member s defined in and below class Animal

The example in Figure 10 shows top set to Animal and bottom set to Person. This filters out membersinherited from
Object, and also those defined in Student, effectively viewing the Student instance as a Person. Note that the value
of the spouse field is now displayed as a Person.
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Figure 10. Viewing instance of Student asa Person



The example in Figure 11 shows the view obtained when the superclass link to Person visible in Figure 10 is
selected. The instance display remains the same, while the superclass Person is displayed subject to the same
filtering out of Object members. Since it would now result in an inconsistency if the user were allowed to set bottom
to Student—because class Person is being displayed—the right slider thumb cannot now be moved past Person®.
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Figure 11. Viewing a super class of Student

In the current implementation, the initial settings for top and bottom when an object isfirst displayed are the object’s
most specific class. As discussed in Section 6, it is planned in a future version of OCB to allow the default settings
to be specified on a per-class basis.

3.3 Arrays

For array objects the Instance pane displays the length field and a scrolling list of the array components. The Class
pane displays the class of the array elements. The example in Figure 12 shows the OCB display after the user has
clicked on the box containing Person[] in the children field of Figure 4.
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Figure 12. Display of an array

4 Although not visible in the monochrome screen-dump, the section of the dlider to the right of Person is now drawn in a
different colour to indicate this.



34 Invoking Methods

Aswell as passively displaying the current state of objects and their classes, OCB can also be used to interact with
objects by invoking their methods. A method is invoked by clicking on the appropriate name in the methods region
of the class pane. Depending on the method signature, parameter values for the method call may be required. OCB
then displays a dial ogue requesting the user to enter code defining the parameter values. For each parameter the user
provides a fragment of code which, when executed, will produce a suitable parameter value. For example when the
addChild method shown in Figure 4 is clicked on, a dialogue requesting a single parameter is displayed. The text
areainitialy contains the code

return new Cbj ect();

which isthen edited by the user, asillustrated in Figure 13.

= Invoke Method: add Child

return new Person( "Alasdair Smith", O

o

Inveke Methed | Cancel

Figure 13. Parameter value dialogue for method invocation

When the user presses the Invoke Method button, OCB compiles and executes the code to create the required
parameter value, which is then used to invoke the addChild method. If the code entered is invalid, or its execution
does not produce an instance of Person, an error message is displayed. For methods with multiple parameters the
dialogue contains a separate code area for each one.

In the current implementation, the parameter creation code entered by the user can only refer to classes which
already exist and are accessible through the normal classpath. As described in Section 6, it is planned in a future
version of OCB to allow the user to define new classes at the point of method invocation which can be used in
creating the parameter values.

3.5 Browser Menus

Several OCB facilities are accessed via the menus. The Browser menu simply allows the current window to be
closed. The Instance menu contains an entry which gives access to persistent objects; the details of the operation
depending on which persistent Java system is being used. For PJama it displays a dialogue listing the names of the
current persistent roots. When one is selected the corresponding object is displayed.

The Class menu provides access to persistent classesin asimilar way; it also contains an entry which allows the user
to enter any fully qualified class name, in response to which the corresponding class is displayed. Finally the

Preferences menu contains entries which allow the user to alter the colour coding used to display modifiers, and to
load and save colour and class customisation settings from afile or from the persistent store.

4  Program Interface
4.1 Invoking OCB

A Java program may create an OCB window by instantiating the class ocb.OCB, which implements the interface
och.OCBInterface defined in Figure 14.



package ocb;
i nport java.aw . Cont ai ner;

public interface OCBlInterface {
public void displayChject( Cbject anChject );
public void displaydass( dass adass );
public Chject getD splayedChj ect();
public A ass getD spl ayedd ass();
public void clear();
public void clear( String paneNane );
public void cl ose();
publ i ¢ Contai ner get OQ0BCont ai ner();
public void addCal | back( Cal | back cb );
public void renmoveCal | back( Call back cb );
public Cal |l back[] getCal | backs();
public void addQust onDi splay( dass thed ass, D splayAsString custonbD splay );
public void removeCust onD spl ay( d ass thed ass );

}

public interface D splayAsString {
public String objectToString( bject theChject ) throws Wongd assExcepti on;
}

public interface Callback {
publ i ¢ bool ean cal | back( Chject theChject, OBInterface och );
publ i c bool ean cal | back( dass thed ass, QCBInterface ocb );
publ i c bool ean cal | back( bject theChject, String name, OCBlnterface ocb );
publ i ¢ bool ean cal | back( 4 ass thed ass, String nane, OBl nterface och );

Figure 14. I nterface och.OCBI nterface

The constructors provided by class ocb.OCB are shown in Figure 15:

package ocb;
inport java.aw.*;

public class OCB inpl enents OCBlInterface {

/** reates an QCB in a new frame of default size. */

public OCB() {.}

/** Oreates an OB in a new frane with the given position and size. */
public OCB( Point position, D mension size ) {.}

/** (reates an OB in the given container. */
public OCB( Container parent ) {.}

Figure 15. Constructors of class och.OCB

The first constructor creates an OCB which displays its information in a new Frame (an independent window), as
does the second. The third constructor creates an OCB which displays information within a given existing
Container. Once an instance of class och.OCB has been created, objects and classes may be displayed by invoking
its displayObject and displayClass methods.

4.2 Callbacks

The user may register callback methods with an OCB instance to be called whenever an object, class or member is
selected. When used in a persistent Java system these callbacks persist between sessions. The example in Figure 16
shows the registration of a callback which writes out a message whenever a class member is selected in the OCB:



i nport och. *;

public class M/Cal |l back inplenments Cal |l back {

publ i c bool ean cal | back( (bject theChject, OBInterface ocb ) { return true; }

publ i ¢ bool ean cal | back( (bject the(hject, String name, OCBlnterface ocb ) {
return true; }

publ i c bool ean cal | back( dass thed ass, OBInterface ocb ) { return true; }

publ i c bool ean cal | back( dass thed ass, String nane, OCBInterface ocb ) {
Systemout.println( "class menber " + name + " sel ected" );
return fal se;

}

public class Test {
public static void nain( String args[] ) {

QB nyQB = new OCB();
nyQCB. addCal | back( new MyCal | back() );

Person john = new Person( "John Napier", 447 );
nyQCB. di spl ayChj ect ( john );

Figure 16. Registering a callback

The och.Callback interface provides methods to be called when an object, class, object member or class member is
selected. Each method returns a boolean which specifies whether other registered callbacks should also be called on
this occasion.

4.3 Customising the Display

The user may associate a customised display method with a particular class. Thisis then used by OCB whenever it
displays a field value of that class. The method takes as its parameter the class instance and returns a string
representing that instance, which is then displayed in place of the default boxed class name.

Customised display methods are registered as instances of a class that implements the interface DisplayAsString:

public interface DisplayAsString {
public String objectToString( hject theChject ) throws Wongd assExcepti on;
}

Figure 17 shows how a custom display method for class Address could be registered with an OCB instance.
i nport och. *;

public class AddressD splayer inplenents D spl ayAsString {
public String objectToString( Cbject theChject ) throws Wongd assException {
if ( theChject instanceof Address ) {
Addr ess obj ect AsAddress = (Address) the(hject;
return String.val ueCt ( obj ect AsAddress. nunber ) + +
obj ect AsAddress. street + ", " + object AsAddress. t own;
} el se throw new WongQd assException( "cl ass Address expected" );



public class Test2 {
public static void main( String args[] ) {

QB nyQB = new QCB();
try {

nyQCB. addQust onDi spl ay( O ass. for Narre( "Address" ), new AddressDi spl ayer() );
} catch (A assNot FoundException e) {

Systemout.println( "Couldn't get class for Address" );
}

Person john = ... // Oreate Person instance as in Figure 2.
nyQCB. di spl ayChj ect ( john );

Figure 17. Customisation of OCB

Figure 18 shows the display of the Person object with the customised display of the Address field.
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Figure 18. Example customised OCB display

The motivation for this somewhat cumbersome mechanism is to allow OCB customisation without the need to alter
existing classes. A second simpler mechanism may be used if display by OCB can be taken into consideration at the
time of class definition: where a class overrides the method toString, which is inherited from class Object, that
method will be used to produce the custom string. Figure 19 shows the definition of such a subclass of Address.
Instances of this class will be displayed in the customised form without the need to register with the OCB instance.

public cl ass QustonAddress extends Address {
QustonAddress( int a, String s, Stringt ) {
super( a,s,t );

}
public String toString() {

return String.val ueC( nunber ) +" " + street + ", " + town;
}

Figure 19. Classwith customised display method



5 Implementation

OCB isimplemented completely in Java and requires release JDK 1.1 or later. It uses the core reflection classes in
java.lang.reflect to discover details of the classes and objects passed to it. The graphical display is constructed using
the awt toolkit.

In common with many Java programmers, the use of awt was often a frustrating experience, particularly due to the
inconsistencies between implementations on various platforms. The core reflection classes, in contrast, were found
to be particularly easy to use. They appear to be well designed and to provide all the functionality needed to display
object states. It could be argued, though, that for full reflection the classes should alow the retrieval of method
source code, although this would present significant implementation difficulties. A security mechanism would also
be required in order to suppress source code in situations where public access to it was not desirable.

The core reflection classes do not, however, support the introduction of new code into the running system, the need
for which was described in Section 3.4. This requires dynamic access to the Java compiler, that is, an executing Java
program needs to be able to invoke the compiler, passing it a source program representation and receiving compiled
classes in return. Some techniques for achieving this are described in detail in [KMC+97]. Briefly, given the core
reflection classes currently provided this involves either forking an operating system process to perform the
compilation, or relying on the availability of a Java compiler implemented in Java which can be invoked directly.
The details of the former option depend on the platform, and it may not even always be possible. The latter option
depends on access to non-core classes which may not always be present.

The need for dynamic compilation means a degree of platform dependence. Currently OCB fails gracefully by
interrogating its environment before attempting to perform compilation; if it detects that compilation is not possible
it smply disables dynamic method invocation. A more satisfactory solution would be for compilation support to be
added to the core reflection classes. For example a class Compiler could be provided, removing the need for ad-hoc
solutions:

public class Conpiler {
public Qass[] conpile( Source source, Aass[] inports ) throws ...

}

Here the method compile takes a source code representation, which could be a string or a more structured
representation, and an array of classes used by the code, and returns an array of compiled classes.

At the time of writing (September 1997) OCB has been fully implemented as described in this paper, with the
exception of customising colours, and the loading and saving of customised settings. OCB is freely available at the
following URL :

htt p: //ww«+ ppg. dcs. st - and. ac. uk/ Java/ OCB/

6 Further Work

6.1 Static Visualisation

Severa relatively minor enhancements are planned for the next version of OCB:

* to allow customisation of the default settings for the top and bottom class when an instance is first displayed:
allow atop/bottom pair to be specified for a particular instance or for all instances of a particular class;

» to dlow arbitrary new classes to be defined at the time that an object method is invoked: these classes could
then be used in the creation of the parameter values to be passed to the method. For example a subclass of
Person called Child could be defined dynamically and a new instance of it passed to the addChild method.

» to alow the user to update public instance fields in a similar manner to method invocation, and to provide a
facility to ‘bookmark’ objects for convenient re-visiting.


http://www-ppg.dcs.st-and.ac.uk/Java/OCB/

The issue of assisting the user in discerning the structure of linked object graphs was raised earlier. The currently
implemented tool does support this to a limited extent, in that when pinned displays are used there is a one-to-one
mapping between objects and OCB windows. However this becomes unsatisfactory when more than a few objects
are displayed simultaneously. One possible enhancement is to provide an additional ‘overview’ window containing
iconic representations of the objects encountered, connected by edges showing the inter-object references, in the
style of the PS-algol and Napier88 browsers [DB88, KD90]. Other possihilities include options to display all
persistent roots, and to display the results of queries executed over the persistent store.

The class customisation mechanism described in Section 4.3 supports only customised string representations for
particular classes. It would be relatively simple to extend this to allow the specification of graphical representations
which would be displayed in place of the standard boxed class name representation, perhaps by renaming the
interface DisplayAsString to CustomiseDisplay, with the methods:

public interface QustoniseD splay {
public String objectToString( Chject theChject ) throws Wongd assExcepti on;
public Image objectTol mage( Chject theChject ) throws Wongd assExcepti on;

}

In this case the objectTolmage method would be caled if the objectToString method returned null. Another
possibility would be for instances of the customised class appearing in fields to be displayed using nested OCB
windows, so that the entire field value would be displayed within the parent window. This option could be indicated
by having both methods return null.

As mentioned in the previous section, a possible addition to the core reflection classes would be the ability to obtain
source code from a given method representation. If this were supported the OCB display could then be adapted to
show the source of each method in the class pane. Clearly this would raise security issues with regard to controlling
which users were allowed to access source code; it would not be acceptable to alow universal access.

One of the issues considered in the design of OCB was whether the display of an object and its members should
respect the access modifiers specified in its class definition, for example whether a private member should be
visible. More generally, should the user be able to discover or affect any aspect of the Java system that they would
not be able to do by writing an appropriate program? However, it turned out to be a non-issue: because OCB is
implemented solely in Java, by definition it can only perform actions permitted by the language rules. While giving
a clean and relatively safe tool—a user cannot do anything using OCB that they could not do anyway—this is too
restrictive for debugging purposes. For example it would be useful if al the members defined in a certain package
were accessible by OCB while the package was under development. This suggests a refinement of the core reflection
facilitiesto support over-riding of language security mechanismsin limited circumstances.

6.2 Dynamic Visualisation

The current functionality of OCB isto display a snapshot of the state of an object at one particular moment. It could
also be enhanced to provide an active monitoring capability, whereby an object could be polled regularly by an OCB
instance, with any changes being reflected in an updated display window. This would make OCB more useful as a
debugging tool.

As mentioned earlier, the display of persistent objects and their classes is only part of what is necessary for the
visualisation of a persistent Java system: the programmer may also need to examine the states of the threads
executing at a particular time. Since threads are Java objects it is possible to pass a thread to the current OCB
implementation for display. However this does not reveal very much interesting information since most of the
thread’ s state is not publicly accessible.

An obvious avenue for development of OCB is to extend it with symbolic debugging capabilities, allowing threads
to be started and stopped, break-points set etc. Clearly given the current core classes this would have to be
implemented using a non-standard JVM. More interestingly, perhaps the core reflection classes could be augmented
to alow sufficient safe introspection into the dynamic state of the system for such facilities to be implemented in
“100% Pure Java™”. There is considerable existing work on Meta-Object Protocols to support this style of
reflection in other languages [KRB91, MJD96].



6.3 Implementation

The efficiency of the implementation could be improved by caching the results of various calculations internally.
Each time an object is displayed the structure of its class is traversed, involving a significant number of calls to the
core reflection classes. The window layout is then calculated on the basis of that structure. Some results from both of
these stages are dependent only of the class of the object and could thus be cached on a per-class basis. Similarly, it
is quite common for the user to press the back arrow to return to the previously viewed object. In the current
implementation this results in a complete recalculation, whereas the complete display state could be cached, keyed
by the identity of the object. Where OCB is used with a persistent Java system, both forms of cache could persist
across multiple user sessions.

7  Acknowledgements

This work is partially supported by the EPSRC under grant GR/J 67611 “Delivering the Benefits of Persistence to
System Construction” and by a gift from Sun Microsystems. We thank Malcolm Atkinson, Laurent Daynés, Mick
Jordan, Dave Munro, Michael Van De Vanter, the anonymous reviewers, and the participants of the PIW2 workshop
for their helpful suggestions.

8 Refer ences

[ADJ+96] Atkinson, M.P., Daynes, L., Jordan, M.J., Printezis, T. & Spence, S. “An Orthogonally Persistent Java™".
SIGMOD Record 25, 4 (1996) pp 68-75.

[DB88] Dearle, A. & Brown, A.L. “Safe Browsing in a Strongly Typed Persistent Environment”. Computer Journal 31, 6
(1988) pp 540-544. URL : http://www-ppg.dcs.st-and.ac.uk/Publications/1988.html #safe.browsing.

[DHF96] Dearle A., Hulse, D. & Farkas, A. “Operating System Support for Java”. In Proc. 1st International Workshop on
Persistence for Java, Glasgow (1996).

[GN96] Garthwaite, A. & Nettles, S. “Transactions for Java’. In Proc. 1st International Workshop on Persistence for Java,
Glasgow (1996).

[GR83] Goldberg, A. & Robson, D. Smalltalk-80: The Language and its I mplementation. Addison Wesley, Reading,
Massachusetts (1983).

[KD90] Kirby, G.N.C. & Dearle, A. “An Adaptive Graphical Browser for Napier88”. University of St Andrews Technical
Report CS/90/16 (1990). URL: http://mmw-ppg.dcs.st-and.ac.uk/Publications/1990.html#napier .browser.

[KMC+97] Kirby, G.N.C., Morrison, R., Connor, R.C.H. & Stemple, D.W. “Linguistic Reflection as a Paradigm for Program
Generation in Java’. Submitted for publication (1997).

[KRB91] Kiczdes, G., desRiviéres, J. & Bobrow, D. The Art of the Metaobject Protocol. MIT Press, Cambridge,
Massachusetts (1991).

[MCK+96] Morrison, R., Connor, R.C.H., Kirby, G.N.C. & Munro, D.S. “Can Java Persist?’. In Proc. 1st International
Workshop on Persistence for Java, Glasgow (1996) pp 34-41. URL: http://www-ppg.dcs.st-and.ac.uk/
Publications/1996.html#java.persistence.

[Met97] Metrowerks Inc “Metrowerks CodeWarrior”. (1997). URL: http://www.metrowerks.com.

[MJD96] Malenfant, J., Jacques, M. & Demers, F. “A Tutorial on Behavioral Reflection and its Implementation”. In Proc.
Reflection 96, San Francisco (1996) pp 1-20.

[Net97] Netscape Communications Corporation “Netscape Navigator”. (1997). URL: http://www.netscape.conv.

[OHK87]  O'Brien, P.D., Halbert, D.C. & Kilian, M.F. “The Trellis Programming Environment”. In Proc. | nternational
Conference on Object-Oriented Programming Systems, Languages and A pplications (OOPSLA’87), Orlando,
Florida (1987) pp 91-102.

[Sun89] Sun Microsystems Open Look ™ Graphical User Interface Functional Specification. Addison-Wesley,
Mountain View, California (1989).

[Sym9s6] Symantec “ Symantec Visual Café’. (1996). URL: http://mwwwv.symantec.conv.
[Teig4] Teitelman, W. “A Tour Through Cedar”. |EEE Software, April (1984) pp 44-73.


http://www-ppg.dcs.st-and.ac.uk/Publications/1988.html#safe.browsing
http://www-ppg.dcs.st-and.ac.uk/Publications/1990.html#napier.browser
http://www-ppg.dcs.st-and.ac.uk/Publications/1996.html#java.persistence
http://www.metrowerks.com/
http://www.netscape.com/
http://www.symantec.com/

	1 Introduction
	2 Related Work
	2.1 Commercial Programming Environments
	2.2 Research Systems
	2.3 OCB Design Aims

	3 OCB User Interface
	3.1 Instances and Classes
	3.2 Viewing Inherited Members
	3.3 Arrays
	3.4 Invoking Methods
	3.5 Browser Menus

	4 Program Interface
	4.1 Invoking OCB
	4.2 Callbacks
	4.3 Customising the Display

	5 Implementation
	6 Further Work
	6.1 Static Visualisation
	6.2 Dynamic Visualisation
	6.3 Implementation

	7 Acknowledgements
	8 References

