Daniel Ballinger - 300041839 Page 1 of 6 Pub. 06/06/02

C:\My Documents\Educ ation\University\c omp462\assign2\Ess ay2c ol.doc

Comp462 : Review Essay

A Categorization of Classes based on the V isualization of their Inter nal S tructure: the Class Blueprint

Daniel Ballinger

VictoriaUniversity of W ellington

W ellington, New Zealand db@ mcs.vuw.ac.nz

ABST RACT

This ess ay is a critic al review of a paper titled ^A

Categorization of Class es bas ed on the Visualization of their

Internal Structure: the Class Blueprint~ published by Michele

Lanza and Stéphane Duc ass e in OOPSLA 2001.

In reviewing the paper I c overed the c ontributions made by the paper, how it advanc ed s oftware visualis ation f or revers e engineering over previous papers, and finally the opportunities it rais es f or future work.

1. INT RODUCT ION

First impressions last. If the s ourc ec ode is the first c ontact a developer makes with aclass the impressions they take away arenot always f avourable. W hat´s needed is a third party togive an introduction that hides away most of the complexities of the class es under inspection and toprovide an organis ational overview. The methodology pres ented in the paper lays the f oundation f or developers in the construction of a mental model that will aid them in the revers eengineering proc ess.

At thec entre of this methodology is what Lanza and

Duc ass ec all the class blueprint. This blueprint helps facilitate revers e engineering, which is bec oming more important in the c omputing industry as a technique to combat with the increas ing number of legac y s ystems

[MUL 00] .

2. OVERVIEW OF T HE PAPER

The abstractions that c lass es provideare vital building bloc ks in object-oriented des ign. T o help revers eengineers quic kly gras p thepurpos e of a class and its inner structure

Lanza and Duc ass epropos e avis ualis ation c alled the Class

Blueprint. A class blueprint template, shown in Figure 1, has the c omponents of eac h c oncrete class mapped into its 5 layers : initialis ation, interf ac e, implementation, acc ess or and attributes. Only the static structure of the class is c onsidered as to give what Lanza and Duc ass edescribe as ^a `´ tas te ´´ of the class: an intuitive and quick understanding of its internal structure and theway it interacts with its super- and sub classes.~

W ithin thelayers of eac h class, methods and attributes are repres ent using c oloured boxes (s ometimes ref erred to as

nodes) of various sizeand s hape. The width and height of the box are assigned to metrics while c olour is us ed f or supplementary inf ormation such as: is the box an attribute, an abstract method or an extending method. Methods are plac ed left to right within thelayers acc ording totheir invoc ation s equenc eand c ontext. Coloured lines depict the relations between the boxes shown in the class.

Inheritanc erelations hips between anc estors and desc endants of class es are als o c onsidered using a layout similar to Figure2 . This allows the distributed nature of a class, like theus e of attributes defined in the superc lass or the overriding of methods, to be viewed.

Using the experienc ed gained in applying their approac h in several c as estudies , the authors have propos ed a categoris ation s ystem for blueprints. Class blueprints are assigned to c ategories by obs erving their structure and layout in the visualis ations.

3. CONT RIBUT IONS MADE BY T HE

PAPER

As pointed out in the paper , themain c ontributions made are the class blueprint f or the visualis ation of c lass es and a novel c ategoris ation of class es bas ed on their blueprints.

3.1 The Class Blueprint

The main benefit of the class blueprint is a reduction in complexity early on in therevers e engineering proc ess. The abilityto quickly get a ^taste~ of a class without first reading the s ourc e c odeallows the developer to gain a ^ quic k and intuitive understanding~ of the internal repres entation of the class and how it is structured, and then read the c ode with a prec onc eption of the design.

W hen looking at s everal blueprints along with their inheritanc erelationships it is possibleto obs erve how a class is embedded in an inheritanc ehierarc hyand how it makes us e of inheritanc e. The incremental definition of classes from s uperclass to subclass bec omes more apparent when viewed from the pers pective of the class blueprint. For instanc e, the developer c ould s ee what attributes are us ed from the superclass and what new methods are introduc ed.

Figure 2: The visualisation of class blueprints in the

context of inheritance. Image from [LAN 01a].

Figure 1: The decomposition of a class into layers.

Image from [LAN 01a].

Initialisation Interface Implementation Accessor Attributes

ce Implementation Accessor Attributes

CLASS NAME

INVOCA TION SEQUENCE

Daniel Ballinger - 300041839 Page 2 of 6 Pub. 06/06/02

3.2 Categories

Lanza and Duc ass ebelieve the main strength of the

technique they introduc ein the paper ^is the ability to

categoris eclass blueprints~. Some of themain c ategories

introduc ed in the paper are reproduc ed in the appendix f or

referenc e. The benefits introduc ed by c ategoris ations are

twof old.

Firstly, by understanding what c ategory the class belongs to

it is possible to inf er properties about it. This c an include

what the general purpos e of the class is and what s ort of

behaviour is to beexpec ted from it .

Sec ondly, thes ec ategoris ations providea c ommon

voc abularyf or c ommunic ation among developers. Lanza

and Duc ass e point out that this is important ^where c omplex

contexts and situations must be c ommunic ated to another

pers on in an efficient way.~

3.3 Identification of design anomalies

Obs erving class blueprints either individually or within an

inheritanc ehierarchy c an reveal aspects of thedes ign that

may need clos er inspection. This c an rangefrom simple

things like attributes and methods that never get us ed to

more c omplex issues like the mis us e of the inheritanc e

hierarchy.

Someexamples include :

Inconsistent Accessor Use. Here, as shown in figure 3, the

attributes of a class are acc ess ed both directly and by the

provided acc ess or methods. This c ould indic ate aviolation

of the enc aps ulation of the class and that an external class

may have an unnec ess ary dependenc yon the internal

structure of the class. Lanza and Duc ass eobs erve that ^If

the acc ess or is never invok ed then it just adds unnec ess ary

complexity to theclass.~

M isuse of Inheritance Hierarchy Policy. Lanza and

Duc ass ec omment that they often find thewhole hierarchy is

built on one main inheritanc ec onc ept. Problems c an occur if

a maintenanc e programmer adds s omething to the design

without being aware of themain inheritanc e method us ed in

the des ign. In such a c as e, the visualis ation and

categoris ation of theclass es with inheritanc e relationships

via class blueprints c ould help identif ythepolic y in us eand

henc ereduc ethe possibility of developers introducing

inc onsistencies into the design.

Classes without a Blueprint. Experiments undertaken in

the paper to validate the approac h f ound s ome class es,

often having more than 50 methods, which c ould not be

classified. Lanza and Duc ass eobs erved that ^Although such

classes may not nec ess arily bea sign of bad des ign, we

think that the class es are suspicious nonetheless and should

befurther examined.~

3.3.1 Refactoring

Several c ategoris ations of class es were identified where

refactoring tec hniques pres ented and discuss ed byMartin

Fowler [FOW 99] were applic able.

Thes e include:

Siamese Twins . Lanza and Duc ass ef ound c as es where

sibling class es had ^an impressive similarity with eac h other

in terms of methods, attributes , method invoc ations and

attribute acc ess es.~ They obs erve that in s uch c as es the

common functionality c ould be ref actored into thes uperclass

of the siames e twins.

Splittable classes. Splittable class es arethos e with two (or

more) s eparate clusters of methods and attributes which are

not c onnected in any way. The ^Extract class~ ref actoring

sugges ted by Martin Fowler c ould be us ed tocreate new

classes, eac h with stronger internal c ohesion.

Pure M ute Overriders . In this situation, a subclass B does

only method overrides of its superclass A without invoking or

acc essing any of the functionality of A. Ref actoring is

sugges ted to move theoverridden methods into a new

superclass C NEW and make A and B siblings. This is

similar to Martin Fowler´s ^Extrac t Superclass~ ref actoring As

shown in Figure 4.

Lanza and Duc ass eobs erve that applying the ref actorings

can enhanc ethe flexibility and design of the s ystem while

helping to prevent c ode bloat.

3.4 Patterns

In s ome s ections of the paper Lanza and Duc ass emention

being able to identif ypatterns from [GAM 95] using the class

blueprints - ^� thec ode c ontained many pattern-like

structures like f ac ades, wrappers, etc.~ Just as the

categoris ations they have identified enable the developers to

assume things about thedes ign, rec ognis ing patterns brings

a powerful world of c omprehension about thedes ign,

es pecially if the developer has a good understanding of the

pattern. Patterns c an make the purpos e and us age of

several class es more apparent, s peeding up the early

stages of the revers eengineering proc ess.

If collaboration is added tothe blueprint model perhaps more

patterns c ould be identified.

4. HOW IT ADVANCED T HE ST AT E

OF T HE ART OVER PREVIOUS

PAPERS

In [CHI 90] Chikofsky and Cross pres ent a taxonomy f or

terms us ed in the revers eengineering and des ign rec overy

fields. Acc ording to the definitions they give, the blueprint

visualis ation proc ess is targeted mostly at revers e

engineering.

4.1 Refactoring

In applying their tec hniqueexperimentally, Lanza and

Duc ass enote that the ins ights into thes ys tem gained

through the blueprint often trigger ref actorings (like thos e in

section 3.3.1), leading tof orward engineering and

reengineering.

Figure 3: Two cases of inconsistent accessor use.

Image from [LAN 01a].

Method Accessor

Method Accessor

Attribute

Attribute

Figure 4: The ^Extract Superclass~ refactoring.

Image from [LAN 01a].

A

B

C NEW

A´ B´

AFTER

BEFORE

Daniel Ballinger - 300041839 Page 3 of 6 Pub. 06/06/02

4.2 Layers of software

The diagrams produc ed in the paper utilis eand demons trate the us efulness of s everal tools Lanza and others have worked on.

CodeCrawler [DEM 99, DUC 01, LAN 99] , a visualis ation tool that c ombines visualis ation tec hniques with metrics and generates the class blueprints pres ented in thepaper. CodeCrawler was written in Smalltalk by Lanza and is utilis es Moos e.

M oose [DUC 00] is atool environment to revers eengineer and reengineer object-oriented s ystems . It c ons ists of a repos itory to store models of s oftware s ystems, and provides query and navigation fac ilities. Themodels c onsist of entities repres enting s oftware artef acts such as class es and methods. Moos e is als odeveloped in Smalltalk and is an implementation of the FAMIX metamodel.

The FAM IX model [DEM 01] provides a languageindependent repres entation of object-oriented s ourc ec ode and is us ed by the FAMOOS (Framework bas ed Approach for Mastering Object Oriented Systems) tool prototypes as a basis f or exc hanging inf ormation about objec t-oriented software s ystems .

4.3 Viewing the internals of classes

The class blueprint off ers agreater depth of detail f or the static structure of class es than many of the existing s oftware visualis ation tools by treating methods and attributes as the smallest units of visualis ation.

Someexamples given in the paper of vis ualis ation tools that provide large-sc ale static views of class structure include Rigi [STO 97] and SeeSof t [EIC 92].

In SeeSof t entire files and the metrics (ref erred to as statistics in the paper) f or the lines of c ode within them f orm the units of vis ualis ation. So, while changes to the c odeare tracked, theinternal structure of the class is not made apparent.

Rigi provides two c ontras ting vis ualis ations of thes oftware structure via graphs. It is mainly targeted at ^browsing software subs ystem hierarchies.~

In [LAN 02] Lanza and Duc ass eapply similar techniques to thos e in the paper under review exc ept the unit of interes t is the class.

Lanza and Duc ass eobs erve that while most tools (like thos e mentioned above) treat the class as the smallest unit of visualis ation, s ome do delve into the internal workings of classes. Thos e that do visualis ethe internal workings, like the FIELD programming environment [REI 90] given as an example, do not probe as deeply by limiting thems elves to showing ^the method names, attributes , etc.~

4.4 Visualisation and metrics hybrid

In October 1999 Mic heleLanzapublished his masters thesis titled ^Combining metrics and graphs f or object oriented revers eengineering~ at the University of Bern, Switzerland [LAN 99]. In it he developed alightweight approach to software revers e engineering by c ombining simple graphs with simple object oriented metrics. The approac h introduc ed thec onc ept of anode, as s een in figure 5, which allows f or the eas y vis ualis ation of metrics within diagrams . In a later work [DEM 99], Lanza made refinements to s ome as pects of the tec hnique, including the layout algorithm.

The tec hniques Lanza us ed in his thesis employed thec lass as the unit of visualis ation. Metrics wereus ed to ass ess the size and internal c omplexity of theclass es and for their scalability. The paper in review als ous es metrics to examine the internal workings but advanc es the proc ess by enc apsulating them within theblueprint template that in turn provides a c ombined view of a class and its internal structure.

In Reverse Engineering: A Roadmap [MUL 00. Pg 55] , the

authors obs erve that by c ombining different revers e engineering techniques the weakness es of one c an be traded off against thestrengths of theother. ^Each of the investigative tec hniques just described has c ertain advantages and dis advantages. However, c ombining thes es techniques � should produc estronger res ults.~

5. OPPORT UNIT IES IT RAISES FOR

FUT URE WORK

Lanza and Duc ass eidentify s everal areas that currently limit their work and c ould be improved on in thepaper.

5.1 Cognitive science

The visualis ation algorithm and methodology propos ed in the paper is ad hoc and not bas ed on res earch in thefield of cognitive scienc e. They wish to res earch further into this field and updatetheir approac h as required.

5.2 Collaboration between classes

Aspects of c ollaboration between class es are not currently part of theclass blueprint methodology. In the future they hopetoextend themethodology to class es that are not within the s ame inheritanc estructure but c ollaborate with each other, pres enting an opportunity toidentif ynew class es of c ategories.

In adding this new inf ormation to the class blueprint model it is important that the simplicity of the visualis ations is not compromis ed. Putting too much inf ormation intothe diagrams c ould make it harder for the developers to quickly understand the class es. This ties into res earc hing into cognitive scienc eand what c an be acc omplis hed with s imple visualis ations.

5.3 Non-static information

The current class blueprints actually give a visualis ation of every poss iblec ombination of method invoc ations. Runtime inf ormation c ould betaken into acc ount to deal with methods that never actually get invok ed and attributes that never actually get acc ess ed. This in turn c ould lead to a greater understanding of how the class actually works and pres ents an opportunityto identif ynew c ategoris ations bas ed on dynamic behaviour.

5.4 Layout Algorithm

Lanza and Duc ass epoint out that s ome manual post proc essing of vis ualis ations is still required and that enhanc ement of the layout algorithm too improve spac e utilis ation c ould aid readability. They obs erve that sizeable classes would benef it most from this, as currently it is only possible to clearly identif ytheir monolithic properties. Splittableclass es c ould als obenefit from an algorithm that clearly displays the internal partition(s).

Figure 5: A graphical representation of methods and

attributes using metrics. Taken from [LAN 01a].

METHOD or ATTRIBUTE

W idth Metric

Height Metric

Daniel Ballinger - 300041839 Page 4 of 6 Pub. 06/06/02

5.5 Languages other than Smalltalk

The experiments done within the paper have all us ed

Smalltalk programs, but the metamodel (from FAMIX) is

language-independent and provides the opportunity f or more

divers e trials.

The first opportunity offered by testing theproc ess on other

popular languages , such as C++ and J ava, is totest if the

categoris ations are still applic able. Lanza and Duc ass e als o

want to find out if the public interf ac elayer of theblueprint is

still valid.

Specialis ed aspects of languages may lead to the

identific ation of new c ategories. For example, C++ will have

class blueprints spec ific tomultiple inheritanc e. C++ c ould

als ointroduc e poss ibleproblems being an impure object-

oriented language, like the treatment of global variables.

5.6 Testing

W hen the paper was publis hed theauthors werethe only

developers tohave c arried out the tests of theblueprint

method. T o ass ess the effectiveness of the proc ess Lanza

and Duc ass e want to perform empiric al us ability analys is

and qualitative validation with actual revers eengineers using

the s ystem. They wis h to c ompare the efficienc y of two

groups, one with tool one without.

5.7 Categorisations

In addition to the poss ibilities f or finding new c ategoris ations

mentioned above, Lanza and Duc ass ewant to do more

experiments to refinethe blueprint-naming scheme.

One of thes e experiments involves applythe technique to

legac y s ystems to evaluatethe perc entage of class es that

cannot be c ategoris ed . They s ee this as apossible limit to

the approac h, where it is quite c ommon to find around 20

average sized class es without a clear blueprint.

5.8 Interactivity

The visualis ations shown in the paper don´t appear to show

the names of attributes, methods, or class es. I believe in

order to beus eful, in aiding developer understanding of

classes, there must be s omeway of finding thes e names

when interacting with the diagrams. This may alread y by

possible but it is not apparent or mentioned in thepaper.

5.9 Metrics and Methodologies

Thereis an opportunity to tryusing different metrics than

thos e us ed in the paper to alter theinf ormation provided in

the class blueprint.

Als o, Lanzaand Duc ass ewould like to inc orporate thec lass

blueprint technique into their larger methodology for revers e

engineering of object-oriented s ystems [DUC 01].

6. CONCLUSIONS

6.1 Contributions

The class blueprint visualis ation creates a uniquetool that

combines s ome of thebenefits of both metrics and

visualis ations. The ability to obs erve a class individually or

within an inheritanc ehierarc hyallows programmers to get

what Lanza and Duc ass e describe as a ^taste~ of a class.

Armed with this inf ormation, assumptions c an be made

about the structure and internal repres entation of a class.

W hen the inheritanc epers pective is added, the way a class

is embedded into the hierarchy c an als obe c ons idered.

The real strength of the paper c omes from the ability to

assign most class blueprints to c ategories . Thec ategories

create a c ommon voc abulary f or revers e engineers that c an

beus ed to discuss ^ c omplex c ontexts and situations~. W hen

patterns are identified from the vis ualis ations thebenefits

aregreater still.

Another c ontribution is theability to identif y, and possibly

correct, des ign anomalies in the design via the class

blueprints. In s ome c as es it is possible to apply design

refactorings pres ented by Martin Fowler in [FOW 99].

6.2 Advancements

This paper repres ents Michele Lanza´s and Stéphane

Duc ass e´s c ontinuing work towards a larger methodology f or

the revers e engineering of object-oriented s ystems

[ DUC 01]. In doing this they have leveraged s everal

projects that they have participated on in the past.

Metrics are us ed to ass ess the internal c omplexityof the

classes and then us ed within the blueprint template. This

hybrid provides a c ombined view of a class and its internal

structure in one eff ective vis ualis ation. This is f airly unique

to as mos t other visualis ation tools do not offer the s ame

depth of information.

6.3 Future Opportunities

The built-in support from the underlying layers of s oftware

for object-oriented languages other than Smalltalk pres ents

the opportunity to verify current and identif ynew c ategories

of class blueprints.

In a similar way, adding c ollaboration relationships between

classes and dynamic runtime behaviour to the vis ualis ation

model c ould als oidentif ynew c ategories . In addition to this,

design patterns and other us eful inf ormation c ould als o be

extracted.

Testing by revers eengineering teams, both with and without

the tool, c ould help verif ythe effectiveness of the tool.

Daniel Ballinger - 300041839 Page 5 of 6 Pub. 06/06/02

7. APPENDIX

7.1 References

[CHI 90] E. J. Chikofsky and J. H. Cross, II. Reverse

Engineering and Des ign Recovery: A Taxonomy . IEEE Software, pages 13-17, J an. 1990. http://www.infosys.tuwien.ac.at/Teaching/Courses/SW V/papers/chikofsky90.pdf

[DEM 99] S . Demeyer , S. Duc ass eand M. Lanza. A Hy brid

Reverse Engineering Approach Combining Metrics and Program Vis ualization. Published in the W CRE 1999 Proc eedings, pp. 175 - 186, IEEE, 1999. http://iamwww.unibe.ch/%7Elanza/Publications/PDF/wcre99.pdf

[DEM 01] S. Demeyer, S. Tichelaar, and S. Duc ass e . FAM IX 2.1 ˘ the FAMOOS information exchange model. T echnic al report, University of Berne , 2001. http://iamwww.unibe.ch/~scg/archive/famoos/publications.pdf

[DUC 01] S. Duc ass eand M. Lanza. Towards a

methodology for the understanding of object-oriented systems. T echnique et Scienc e Inf ormatique, 2001. http://citeseer.nj.nec.com/ducasse01towards.html

[DUC 00] S. Duc ass e, M. Lanza, and S. Tichelaar . M OOSE :

an Extens ible Language-Independent Env ironment for Reengineering O bject-Oriented Systems. Software Compos ition Group, University of Berne . In Proc eedings of the Sec ond International Symposium on Constructing Software Engineering T ools ( CoSET 2000), June 2000. http://iamwww.unibe.ch/~lanza/Publications/PDF/coset00.pdf

[EIC 92] S. G . Eic k, J. L. Steff en, and E. E. S. Jr. SeeSoft ˘ A Tool for Vis ualiz ing Line Oriented Software Statistics. IEEE Trans actions on SoftwareEngineering, 18(11) :957- 967, November 1992. http://infovis.cs.vt.edu/cs5984/papers/seesoft.pdf

[FOW 99] M. Fowler, K. Beck, J. Brant , W . Opdyke , and D. Roberts. Refactoring: Improv ing the Des ign of Ex isting Code. Addis on-W esley, 1999.

[GAM 95] E. G amma, R.Helm , R. J ohns on, and J. Vissides . Des ign Patterns. Addis on-W esley, Reading, MA, 1995.

[LAN 99] M. Lanza. Combining Metrics and Graphs for Object Oriented Reverse Engineering. Master Thes is, University of Bern, Switzerland, 1999. http://www.iam.unibe.ch/%7Elanza/cgi-bin/thesis.cgi?master.pdf http://www.mcs.vuw.ac.nz/~db/misc/lanza-m-diploma.pdf Note: At the time of writing the first URL was not functioning correctly. After email correspondence with Michele, he was kind enough to email a copy to myself, which is available at the second URL.

[LAN 01a] M . Lanza and S . Duc ass e . A Categorization of Classes based on the Vis ualization of their Internal Structure: the Class Blueprint. Publis hed as Proc eedings in OOPSLA 2001 pp. 300 - 311, ACM, 2001. 1-58113-335- 9/01/10 http://iamwww.unibe.ch/~ducasse/W ebPages/Publications.html http://iamwww.unibe.ch/%7Elanza/Publications/PDF/oopsla2001.pdf http://citeseer.nj.nec.com/457299.html

[ LAN 01b ] M. Lanza and S. Duc ass e. The Class Blueprint -

A Visualiz ation of the Internal Structure of Classes. OOPSLA 2001, Software Visualization W orkshop. 2001. http://iamwww.unibe.ch/%7Elanza/Publications/PDF/sv-oopsla2001.pdf

[LAN 02] M. Lanza and S. Duc ass e. Understanding Software

Evolution us ing a Combination of Software Visualiz ation and Software Metrics. Published in the LMO 2002 Proc eedings (Languages at Modeles aO bjets), pp. 135 - 149. Hermes Public ations, 2002. http://iamwww.unibe.ch/%7Elanza/Publications/PDF/lmo2002.pdf

[MUL 00] H . A. Müller, J. J ahnke, D. Smith, M. A. Storey, S. Tilley, and K.W ong. Revers e Engineering: A Roadmap.

Future of SoftwareEngineering Limeric k Ireland, 2000.

[REI 90] S. P. Reiss. Interacting with the field env ironment.

Software ˘ Practic e and Ex perience, 20:89-155, 1990. http://www.informatik.uni-trier.de/~ley/db/journals/spe/spe20.html#Reiss90

[STO 97] A. D. Storey, K. W ong, and H. A. Müller . Rigi : A Visualization Env ironment for Rev erse Engineering . ICSE 1997 Boston MA USA. 1997. http://www.rigi.csc.uvic.ca/

7.2 Glossary

Forward engineering: [CHI 90] ˘ ^� the traditional proc ess of moving from highlevels abstractions and logic al, implementation-independent designs to the phys ic al implementation of a s ystem.~

Reverse engineering: [CHI 90] - ^� to gain a sufficient des ign-level understanding toaid maintenanc e, strengthen enhanc ement, or support replac ement.~

- ^Revers eengineering is the proc ess of analys ing a subjec t s ystem to identif y the s ystem´s c omponents and their interrelationships and create repres entations of the s ystem in another f orm or at a higher level of abstrac tion.~ [STO 97] - ^the proc ess of analysing an exis ting s ys tem to identif yits c omponents and their interrelations hips, and to create repres entations of the s ystem in another f orm or at a higher level of abstraction.~

Reengineering: [CHI 90] ˘ ^ Reengineering, als oknown as both renovation and rec lamation, is the examination and alteration of a subjec t s ystem to rec onstitute it in a new form and the subs equent implementation of the new f orm. It generally includes s omef orm of revers e engineering (to ac hieve a more abstrac t definition) f ollowed by s ome form of f orward engineering or restructuring. This may inc ludemodific ations with respect to new requirements not met by the original system.~

M etamodel: [http://c2.c om/c gi/wiki ?MetaModel] - ^A MetaModel is a model that describes amodel -- thec lass variables of apartic ular kind of model or a way of disc overing a model.~ - RaySchneider

Daniel Ballinger - 300041839 Page 6 of 6 Pub. 06/06/02

7.3 Categorisations of classes based on

class blueprints

The following are the main c ategoris ations introduc ed in the

paper [LAN 01a] and are reproduc ed here f or ref erenc e.

Single entry. A class ^which has very f ew or only one entry

point to the interf ac elayer. It then has a large

implementation layer with s everal levels of invoc ation

relations hips.~

Data Storage. A class ^which mainly c ontains attributes

whos e values c an be read and written by using acc ess or

methods. Such aclass does not implement any c omplex

behaviour, but merely stores and retrieves data f or other

classes.~

Wide interface. A class ^that off ers many entry points to its

functionality in respec t to its overall implementation layer.~ A

data storage class c an als obea W ideInterf ac e.

Large Implementation. A class that ^has a large

implementation layer with many methods and many

invoc ations between thos e methods.~

Delegator. A class ^which defines delegating methods. If the

class defines only delegating methods, we name it a pure

delegator.~

Constant Definer. A class ^which defines def ault methods

which return c onstant values .~

Small Class. A class ^whic h c ontains f ew methods and

attributes (if at all). T o understand aclass it is often enough

toknow its name, especially if the class is a standalone

class , �~

W ith Inheritanc ePerspec tive

Definers. Class es ^which reside at the top of ahierarchy.

They may define s omekind of interfac e behaviour for their

subclass es, apart from providing functionality of their own.~

Pluggable . A class ^which establishes an inheritanc e

polic yby def ining abstract methods which must be

overridden by its subclass es to make them c ompliant to the

polic y.~

Attribute Definer. A c lass ^whos epurpos e it to define

attributes (instanc e variables) which arethen inherited, us ed

and acc ess ed by its subclass es.~

Specialisers. ^ leaf class es in inheritanc ehierarchies and

implement and refinebehaviour at the bottom of the

hierarchies.~

Extending. ^The subclass c ontains at leas t one method

which c ontains a super c all.~

Overriding. ^Thes ubclass c ontains at least one method

which overrides thedefinition of a method with thes ame

signaturein the superclass, i.e., the functionality of the

method defined in the superclass is c ompletely redef ined.~

Adding. A subclass which adds ^its own functionality to the

one def ined higher up the hierarchy by adding methods

which are not pres ent in the superclass.~

Inbetweeners . Class es whic h are neither definers nor

specialis ers. They often s how similarities with definers or

specialis ers c orres ponding to their proximity with them.

Talking. ^The subclass c ommunic ates (talks) with its

superclass es by invoking that methods and by acc essing the

attributes of the superclass es.~

M ute. "Thesubclass is `´mute´´ if it does neither invoke

superclass methods nor acc ess superc lass attributes.~