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Abstract

ADvance is a powerful round-trip UML viewer integrated with the VisualWorks Smalltalk
environment. Because ADvance implicitly uses Smalltalk as its model, it cannot be
used for anything but Smalltalk code that is loaded in the image. This project re-
moves this restriction by transparently introducing an explicit model for ADvance us-
ing Smalltalk’'s meta-programming facilities. This solution is validated by showing
how it can be used to display ADvance diagramsvwoosemodels.
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Chapter 1

Introduction

UML has now become an industrial standard for describing object oriented design.
ADvance is a tool which shows source code from a VisualWoirkage. The problem
is that it only shows information from source in the image.

The Unified Modeling LanguageJML ) [ ] is a language for specifying, vi-
sualizing, constructing, and documenting the artifacts of software systems, as well as
for the modeling of businesses and other non-software systems. Therefore it proposes
a modeling language (a notation) as well as a set of model types (information content)
to describe different aspects of a software system. The UML represents a collection
of best engineering practices that have proven successful in the modeling of large and
complex systems.

ADvanceis a system round-trip engineering tool from IC&Qt is a multidimensional
OOAD-tool for supporting object-oriented analysis and design, reverse engineering
and documentation. ADvance provides an always up-to-date graphical view on models.
It is fully integrated into VisualWorks. Modifying a diagram means changing your
source codechanging the source code has a direct impact on your diagram. Its visual
interface helps you to quickly develop your object model and allows one to understand
and/or modify the object design inherit in your code.

ADvance uses the underlying Smalltalk meta model: To store the needed information,
it uses the source code from the Visual Works image itself. The information about a
class is stored in this class itself. For finding out information for the diagram, ADvance
directly talks to the Smalltalk meta model, for example: All the attributes of a certain
class. It analysis the comments as well, for example to find out if the method is abstract
or not.

The full integration into VisualWorks is besides all its advantages alpmhlem:

The round-trip engineering facilities from ADvance cannot be used on Smalltalk code
other than VisualWorks code from the current image, or even complete foreign code
like Java.

To solvethis problem, a new real model for ADvance has to be created. This model
should have all the information ADvance needs. The new objects of this model have to
be wrapped into Smalltalk meta model compliant objects.

http://www.cincom.com/smalltalk
2http://www.io.comA-icc/
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In the next chapter ADvance will be explained in detail. Chaftpresents the new
explicit model and its integration.



Chapter 2

ADvance

This chapter takes a closer look at ADvance, giving an overview of the features, ex-
plaining the terminology and presents the technical important aspects. This information
is useful to understand the chosen solution, presented in the next chapter.

2.1 Whatis ADvance ?

With ADvance| ] the structural, behavioral and architectural information con-
tained in VisualWorks applications can be extracted, visualized and analyzed. Further-
more, it provides a powerful mechanism for supporting concurrent design documenta-
tion and construction of classes and relationships.

ADvance consists mainly of two componentsfoavard engineering part and ae-
verse engineeringoart.

The purpose of the forward engineering part is to support the engineer in the design
and implementation work. This work can not be isolated, it is an iterative process. AD-
vance supports this iterative process: While yisaw your design (class diagrams),

the corresponding code is automatically generated. Changing the generated code di-
rectly manipulates your diagrams. The integrity of the design and the implementation
is maintained from the design through the implementation.

The reverse engineering part helps you to understand code. There is no need that your
code was developed with ADvance in order to visualize it, so it is possible to analyze
foreign code to get a good overview. Changing the diagram means that you directly
make the changésto the source code.

Additionally to this two parts, there is a documentation tool. The documentation fa-
cilities help you creating textual and graphical documentation — for methods, classes,
interactions in use cases, subsystems, or complete applications. The tool also allows
the user to view existing code as object design models. In this manner the model can be
used to review existing OO constructs or as a design consistency check for the current
iteration.



2.1.1 Terminology

A subjectis a set of classes that you want to view with ADvance. The subject is
also a collection of different views which represents a certain aspect of a (sub-)system.
A subject typically contains 5-30 collaborating classes and often equates closely to a
subsystem, business model structure or use case of your application.

A subject hagliagramswhich represent different graphical views on the subject. Di-
agrams let you choose the level of detail you want to use to look at; you can create
overview diagrams with the class hierarchy only or more detailed diagrams showing
attributes, services and/or relations. Furthermore, you can use diagrams to look at dif-
ferent aspects of a subjeetg, you can create structural diagrams with inheritance and
relations or behavioral diagrams, which show message paths.

2.2 Technical view

The focus of this technical view is to give the reader as much information that he will
understand the solution presented in the next chapter better.

2.2.1 System Extensions and Modification

Installation of the ADvance parcels will result in the extension of some existing sys-
tem classes. All system extensions are installed under protocol hames that reflect
the owning module and the fact that the method is an extension. For example, the
methodApplicationModel>>iccEnable:group: is installed under the pro-

tocol ICC-Common Classes. As shown in this example IC&C has chosen method name
prefixes to avoid naming conflicts.

2.2.2 Singleton Pattern
It is important to know how an application has access to its subcomponents. IC&C

uses almost all the time for their important classes the "Singleton Design Pattern”
[ ]: Each class has a shared variabkfault and a methodhitialize

initialize
Default := self new

At any time, you can get with théefault  accessor a reference to the object. This
mechanism allows an easy replacement of certain subcomponents.

2.2.3 Integration with Smalltalk
As already mentioned ADvance stores all the necessary information in the source code

of the class. Also type information (see bel@w.5 is stored in the class. They use
the methodad2ClassIinfo  on the class side. This method returns a string:

aClass>>ad2ClasslInfo



Instance Variables:
aName <String>
aNumber <Integer>’

ADvance asks the classes with the Smalltalk meta-programming facilities about their
attributes, methods, etc, see Figdré

a| String Class meta class level
o — — = o o o B -
# String

class level

Figure 2.1: ADvance takes all the information from the class.

All the information is taken from the source code and is stored in the source code. This
is the implicit model of ADvance.

2.2.4 Linking the classes with ADvance

Interesting for this project is how does ADvance access to the classes? Fortunately
there is one single hook to do so. It is the cla®3?SystemEnvironment . In the
protocolenumeratingheir is the only hook to the system classes:

AD2SystemEnvironment>>allClassesDo: aBlock
Kernel.SystemUtils allClassesDo: aBlock

2.2.5 Type Inference

An UML diagram displays also type information. The problem is that Smalltalk is a
typeless language. ADvance cannot ask a class what types their instance variables are.
ADvance tries to elaborate the type of an attribute or return value.

IC&C has therefore written a type inference engine (See Figutéor an overview),
which is not explained here any deeper.
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Figure 2.2: Overview of the Type Inference Engine classes.




Chapter 3

Integrating an explicit model in
ADvance

The previous chapter showed the power of ADvance and how it is technical realised.
The strong integration of ADvance into VisualWorks brings besides all its advantages
also some problems, which are discussed in the first section. A solution is shown in
the next three sections. As a proof of concept ADvance takes with the presented bridge
information from another tool and shows it as an UML diagram. The last sections
shows possible future work to accomplish.

3.1 The problem

Because ADvance implicitly uses Smalltalk as its model, it cannot be used for anything
but Smalltalk code that is loaded in the image. All the needed information is taken from
the classes itself. Additional information is stored in the classes as well, for example
in the comment or in special methods. This is the reason for the need of a new explicit
model. All the communication with the classes have to been redirected to this new
model.

3.2 Concept

The realisation consists of two main steps:

1. Construct an explicit model for ADvance.

2. Let ADvance use this new model.

The new model should be an object which has the same protocol as a class: This new
objectpretends to be a clasand are callecClass Simulatar ADvance does not deal
anymore with the class side, now it asks normal objects about attributes, methods, etc,
see Figure3.1and compare it with Figurg.1 This solution is transparent: ADvance

is not aware that it talks to objects instead of classes.

10



| SimulatedMetaClass Class

meta class level

class level

aSimulatedMetaClass

| SimulatedMetaClass |
| object level

| SimulatedClass Class | meta class level

SimulatedClass class level

aSimulatedClass object level

Figure 3.1: Solution takes information from objects.

To ensure that ADvance uses this new objects, each time ADvance has access to a class,
we have to give the reference to the new objects.

3.3 The Class Simulator

As ADvance wants to have Smalltalk classes, we have to make an object which looks
like a class. This new object 8mulating a classsee Figures.2

SimulatedClass

replacedBy instanceOf heritsFrom

aSimulatedClass

replacedBy

ifiheritsFrom

| SimulatedMetaClass

Figure 3.2: Simulating classes replacing real classes.

Also the class side has to be simulated. We use therdftetaClassSimulator

Asking an object fronClassSimulator about its class, it returns eitheMetaClassSimulator
or a meta class from Smalltalk. TihvdetaClassSimulator is returned when AD-

vance is calling the method. The reason for this mechanism is to keep the system

stable. Without returning Smalltalk Metaclasses you cannot inspect, debug, etc your
simulation anymore.

The whole protocol ADvance needs you find in Tablé IC&C made some enhance-
ments to the clas€lass , we also have to simulate them, see Tahle The protocol

11



allinstVarNames

Returns an Array of the names of the receiver’s instance

variables. (including superclasses)

all-

class Returns the Smalltalk Metaclass, unless ADvance is @
ing it, then it returns an instance of MetaClassSimulator.
comment Returns the comment of a class.

compiledMethodAt: selector

Returns the compiled method associated with the mes-

sage selector in the receiver's method dictionary. If

the

selector is not in the dictionary, create an error notifica-

tion.

fullName

Returns the name of the receiver, fully qualified.

includesBehavior: aClass

ireturns whether the argument, aClass, is equal to se
is on the receiver’s superclass chain.

includesSelector:aSymbol

Returns whether the message whose selector is the

If or

argu-
ment is in the method dictionary of the receiver’s class.

instVarNames Returns an Array of the names of the receiver’s instance
variables.

isMeta Returns whether the receiver is a meta class.

isOverride Returns true if the receiver represents an Overridden

ject.

organization

Returns the instance of ClassOrganizer that represent

ob-

s the

organization of the messages of the receiver. (ADvance

uses this information to assume certain things like if a
attribute is private.)

prequisitesForLoading

List those classes that must be filed, BOSSed or load
the system before | can be loaded.

subclasses

All Subclasses as a set.

superclass

Superclass or nil.

whichClassIncludesSelector aSymb

oReturns the class on the receiver’s superclass chain w
the argument, aSymbol (a message selector), will
found.

whichSelectorReferTo: literal

an

into

here
be

Returns a collection of selectors whose methods access

the argument as a literal.

Table 3.1: Protocol for a class

for the Metaclass (Table.3is almost the same, but smaller.)

3.4

Integrate the new model

As wee have seen in Secti@r2.4we are in a lucky situation: Their is just one hook.

Therefore we just have to override thk#ClassesDo:

AD2SystemEnvironment

method from

SystemEnvironmentSimulatingClass>>ClassallClassesDo: aBlock

"this is for backwards compatibility"

super allClassesDo: aBlock.

12



clientRelations

Return an empty collection of relations of the classRef

class with other classes. To get this information, Advance
normally uses the type-checking mechanism to deduce

the relations. By returning an empty collection for th

class, we effectively shortcut this system. If this were the

bridge towards Moose, then we should return a collection

of relations as found in Moose in a format that Advarijce

understands. See Sectipr?.5

clientRelationDeclarations Elaborates the types is only started on demand. See|Sec-
tion2.2.5

full Type Returns a type based on a class. See Seztivn

infoString Return the string ADvance will extract type information

typeVarDeclarations R

eturnsTTypeVariableScope  See sectioR.2.5

Table 3.2: IC&C-Protocol enhancements for a class

allinstVarNames

from. Depending on the settings use either the comment
or the method given by the user in the preferences.
isADvanceSubject True when the class is used to storsubjec.1.1

Returns an Array of the names of the receiver’s instance

variables. (including superclasses)

includesSelector:aSymbol

Answer whether the message whose selector is the argu-

ment is in the method dictionary of the receiver’s class.

instVarNames

Returns an Array of the names of the receiver’s instance

variables.

organization

Returns the instance of ClassOrganizer that represent
organization of the messages of the receiver.

whichSelectorReferTo: litera

s the

| Returns a collection of selectors whose methods access

the argument as a literal.

Table 3.3: Protocol for a Metaclass

13



"new things"
ClassSimulator alllnstances copy do:
[:aSimulatedClass | aBlock value: aSimulatedClass]

Calling just once thénitialization method from the new
SystemEnvironmentSimulatingClass class (see Sectioh?2.2, has the
effect that everywhere the simulated classes are used.

3.5 Validation

As a proof of conceptooseis the explicit model which is shown as UML diagram in
ADvance. TheLAN examplas used to show how a concrete diagram looks like.

3.5.1 Moose

In the past few years the Software Composition Group (SCG) at the University of Bern
has been involved in a number of research projects in the field of software re- and
reverse engineering. In the&kFoos' project leading European partners came together
to build a number of tool prototypes to support object oriented reengineering.

To avoid equipping the tool prototypes with parsing technology for different program-
ming languages, a common information exchange model with language specific ex-
tensions is specified. This model is nameduix (FAM OOSInformation EXchange
Model.

| Tools ‘ Tools Level
|Navigal:on and Querying Engme‘ | Refactoring Engine
CORE
2 CH R MOOSE
=] OO
® B o
= (| .
O ] Entities
L Madels
CDIF Interface | Interface Level
‘ Smalltalk ‘ C++ | Java | Other ‘ Source Code Level

Figure 3.3:MooseArchitecture.

Mooseis the reengineering research platform implemented in VisualWorks Smalltalk
[ 11 11 ]. It has been developed during theNfOOS project
to reverse engineer and re-engineer object-oriented systems. It consists of a repository

Ihttp://www.iam.unibe.ch/ ~famoos/
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to store models of source code. The models are stored based on the entities defined in
FAamIx . The software analysis functionality dooseis language independent. The
FAamix models can be loaded from and stored to files. Apart from the repository, there
are other features implemented to support reverse engineering activities:

a parser for Smalltalk code

an interface to load and store information exchange files

a software metrics calculation engine

an interface for additional tools to browse and visualize stored entities

TheMoosetool is lacking the possibility to generate an overview of the class hierarchy
as it would be possible with an UML diagram.

3.5.2 VisualizingMoosemodels using ADvance

The goal is to use ADvance to display diagrams from the cuidodse model A
model inMooseis like a subject (see Sectighl.]) in ADvance: It consists of meta
program elements (classes and methods) and relation between those elements.

A menu item 'UML-Diagram’ calls a little script which takes all the classes from the
currentMoosemodel into a ADvance subject and shows them.

Here is the pseudo code of this script:

. Clear all cached information in ADvance.
. Fetch all classes from tHdoosemodel.
. Fill the gained information int&€lassSimulator classes.

. Import this simulated class to a ADvance subject.

gaa A W N

. Open the diagram painter on this subject.

The important steps are the second and third: Here the informationMroosegoes
to the newClassSimulator

MooseToAdvance>>elaborateClasses

mooseClasses do:
[:each |
| tempClass |
tempClass := ClassSimulator withName: each name.

each methodsDo:
[:eachM |
| methName |
methName := eachM name asSymbol.
tempClass addMethod: methName.
eachM isAbstract

15



ifTrue:
[(tempClass methodAt: methName) isAbstract: true.]].

each attributesDo:
[:eachA | tempClass addinstVar: eachA name].

each inheritsAsSubclassIsEmpty
ifFalse:
[tempClass simulatedSuperclass: (ClassSimulator withName:
eachinheritsAsSubclass first superclass name)].

advClasses add: tempClass]

3.5.3 The LAN example

The LAN is an often used application for demonstration purposes. It simulates a little
computer network. There are general nodes. Subclasses of this nodisseever
Printer, etc.

After importing to LAN into aMoosemodel you have a result as shown in Fig@ré

# ADvance - [ADvanceBridge.DummySubjectHolder/MooseTest]

Hle Edit View Add Window Help . |
=0/ &) 53] e [w ofa 3]+ =] @ [wF ]|

T UlLppplicationModel

- ULModel |. ...

e EnE

LAN. Hode ol
nextiode =
name
L. addresses M- L1 o

contents canOriginate
Pt I e—

- LAH.LANInterface | .
- deviceMNamehenu
* nodehlame

©1 nogeList S A methodwithEmptyBody [Soiin i

- nextNode © LAN.OutputServer | .. send. <. LAN.WorkStation |-
- accept Il sewerType S e :

CaddresseesMenu [0t TIII NN e

. cancel

" changedMode
- newFileSarver R
oo newNode ... ... LAN.PrintServer | .

newPrintSeryer =
L1 neww arkstation
- - originate

: ariginatarskdenu

*remove

o0 LAN.FleServer | [ 00110

s setserverType EERSRE

Figure 3.4: The LAN Example.
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Chapter 4

Conclusion

This chapter is structured as follows: After a short summary, the three most important
things| have learned from this project are listed. The next section shows possible
future work to accomplish. Last but not least | have to thank two people in the last
section.

4.1 Summary

ADvance is enriched by an explicit model. It is possible to take foreign code and
let ADvance draw UML class diagrams. Objects from ®lass Simulatompretend

on an object level to be real Smalltalk classes. The bridges ensures that ADvance
communicates with this new objects besides the real existing Smalltalk classes.

In the proof of concepiooseplays the role of the underlying model. The LAN ex-
ample is first loaded into thloosemeta model. From there the new bridge imports
on the fly the information via th€lass Simulatar Finally ADvance draws the LAN
classes.

4.2 Lessons Learned

e The fact that IC&C uses th8ingelton Patterr{see Sectior2.2.2 and the pro-
tocol consists of just one single hook, made the realisation much easier than it
would have been with with a strongly linked protocaol.

e Without the generousneta-programming facilities of Smalltalkhe solution
would have been much harder to realize. It would have been impossible to let
the source code of ADvance untouched.

e To find out the protocol of an object (all the messages an object receives), one
useful way is the following: Define a new class which inherits froiln Over-
write thedoesNotUnderstand: method. This new method redirects all the
received messages to the observed object and logs their requests. The log con-
tains then all the public methods called during runtime.

17



4.3 Future Work

The solution withMooseis just a prototype. There are still a lot of things to do:

e Broken GUI Because ADvance assumes that their is still real Smalltalk classes
behind the diagram, some of the options are broken. Example: If you try to open
the class from the context menu, an exception is raised.

e Smalltalk restrictions ADvance was designed to show Smalltalk architecture.
Loading withMoosea meta model from an other programming language might
cause some problems. Two examples:

1. Multiple inheritance. Smalltalk classes can just inherit from one class. The
whole routine where ADvance arranges the classes in a good way would
have to be refactored. So far the algorithm just put the parent class in the
middle above all the subclasses.

2. Other concepts like Java Interfaces is not known by ADvance. As Smalltalk
does not have the Interface concept from for example Java, ADvance does
not know the inheritance flash.

4.4 Acknowlodgement
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DucasseandDr. Roel Wuyts S&phane for leading my through the project and giving

a lot of conceptual inputs and Roel for his pair-programming sessions which enriched
my Smalltalk knowledge enormously!

18



Bibliography

[Duc 99] S. Ducasse and S. Demeyer, editors. The FAMOOS Object-Oriented Re-
engineering Handbook. University of Bern, October 1999.

[IC 01] IC & C GmBH Software Foundations, Papenhoehe 14, D-25335
Elmshorn/Hamburg, Germany.ADvance User's GuideAugust 2001.

(P 6)

[Duca 00] S. Ducasse, M. Lanza, and S. Tichelddnose: an Extensible Language-
Independent Environment for Reengineering Object-Oriented Systeams
Proceedings of the Second International Symposium on Constructing Soft-
ware Engineering Tools (CoSET 2000), June 200(h 14)

[Duca 01] S. Ducasse, M. Lanza, and S. TichelaBine Moose Reengineering Envi-
ronment Smalltalk Chronicles, August 2001.(p 14)

[Gamm 95] E. Gamma, R. Helm, R. Johnson, and J. Vlissides. Design Patterns. Ad-
dison Wesley, Reading, Mass., 1995p 7)

[OBJE99] Object Management Grouplnified Modeling Language (version 1.Re-
search report, Object Management Group, June 19994)

[TicH 01] S. TichelaarModeling Object-Oriented Software for Reverse Engineering
and RefactoringPhD thesis, University of Berne, December 200(.14)

19



	Introduction
	ADvance
	What is ADvance ?
	Terminology

	Technical view
	System Extensions and Modification
	Singleton Pattern
	Integration with Smalltalk
	Linking the classes with ADvance
	Type Inference


	Integrating an explicit model in ADvance
	The problem
	Concept
	The Class Simulator
	Integrate the new model
	Validation
	Moose
	Visualizing Moose models using ADvance
	The LAN example

	Future Work

	Conclusion

