Propagation of Change in Object Oriented Programs

Václav Rajlich

Department of Computer Science

Wayne State University

Detroit, MI 48202 rajlich@cs.wayne.edu

Abstract

This position statement presents a prototype tool "Ripples 2" which supports two processes of propagation of ripple effect in Object Oriented systems: change-and-fix, and top-down propagation ( MSE). The paper also contains an example of the use of the tool.

1. Introduction

At WayneStateUniversity, weareapproaching Object Oriented Reengineering fromthree different perspectives: Object Oriented redocumentation, propagation of ripple effects in object oriented systems, and restructuring object oriented systems by behavior preserving transformation.

In this position statement, wepresent propagation of ripple effects and tool Ripples 2 which we implemented.

Changepropagation is oneof thekey parts of reengineering and evolution. In order to explain changepropagation, wehaveto understand that object oriented softwareconsists of classes and their dependencies. Thedependency between classes A and B means that class B provides certain services, which A requires for its correct function. Examples includecomposition, whereoneclass is composed of instances of other classes, and inheritance, whereoneclass inherits properties from another class. Theremay beadditional dependencies among theclasses. A dependency is consistent if requirements of A are satisfied by what B provides.

When a programmer makes a changein software, hestarts by changing a specific class of the software. After thechange, theclass may no longer fit with theother classes of thesoftware, becauseit may no longer providewhat theother classes require, or it may now requiredifferent services fromtheclasses it depends on. Thedependencies which no longer satisfy therequireproviderelationships arecalled inconsistent dependencies (inconsistencies for short), and they may arisewhenever a changeis madein thesoftware. In order to reintroducetheconsistency into software, a changepropagation process keeps track of theinconsistencies and thelocations where thesecondary changes areto bemade. Thesecondary changes, however, may introducenew inconsistencies, etc. Theprocess in which thechangespreads through thesoftwareis sometimes called the ripple effect of the change [19].

Programmer must guaranteethat thechangeis correctly propagated, and that no inconsistency is left in thesoftware. An unforeseen and uncorrected inconsistency is oneof themost common sources of errors in software.

Changepropagation is made easier by supporting tools and techniques which improveboth the efficiency and quality of theprocess. This position statement presents a prototypetool Ripples 2 supporting change propagation, and an example of the use of the tool.

Ripples 2 is based on themodel of changepropagation of [20]. In literature, several formal models of changepropagation havebeen proposed; seetheoverview in [1,2]. Particular attention has been paid to theprediction of thesizeand location of a change[6,7,13], and to theanalysis of the dependencies in thesoftware[4,8,9,10,12,15,18]. Theprocess of changepropagation has also been described, for example, in [11,19], but the model of [20] is different.

In themodel, the evolution of thedependency graph is modeled as a sequenceof snapshots, where each snapshot represents oneparticular phasein changepropagation. In each snapshot, the dependencies are either consistent or inconsistent. A snapshot is changed into thenext oneby a changein oneclass, which changes someinconsistent dependencies into consistent ones and vice versa. A prototypetool "Ripples 2" described in Sections 2 and 3. Section 4 contains an example, and Section 5 contains conclusions.

2. Basic model

Let us start with a definition of a program with both consistent and inconsistent dependencies:

Let C bea set of classes of theprogram; for example, a set of classes. Then a dependency between two classes a,b Î C is a labeled coupleD<a,b>. I<a,b> denotes an inconsistency between class a and class b, whereb is to beupdated. Then a program P is a set of dependencies and inconsistencies such that for every I<a,b> Î P, thereis either D<a,b> Î P or D<b,a> Î P . Set of classes of a programis ent(P) = { a,b | D<a,b> Î P}, set of marks is theset mark(P) = {b | there exists I<a,b> Î P}. Dependencies of theprogramis theset depend(P) = {D<a,b> | D<a,b> Î P}, and inconsistencies of theprogramare inconsist(P) = {I<a,b> | Î P}. A consistent program is a program P for which inconsist(P) = mark(P) = Æ .

In our model, weareassuming that all updates always changeonespecific class at a time. A step in changepropagation is thereplacement of an class and its neighborhood dependencies by an updated one. A process of changepropagation is a sequenceof such changes. Weareassuming that all incoming inconsistencies wereresolved by thechange, i.e. after thechangethereareno longer any incoming inconsistencies.

For outgoing dependencies, wedistinguish two cases: In thefirst case, thechangedoes not propagateto any neighboring classes. In theother case, thechangemay propagateto all neighboring classes, which all haveto bemarked. Wearenot dealing with intermediatesituations wheresomeof theneighboring classes aremarked and somearenot. Thenew inconsistencies always point away fromtheclass a which was changed, towards theneighbors. Wealso assume that thechanges do not "bounceback", i.e. do not point to neighbors which werechanged in the previous rounds and whose inconsistencies forced the change in class a..

In [16], wedescribed a process called Methodology for SoftwareEvolution ( MSE). It is a topdown process whereall changes always propagatefromusing classes to theproviding classes.

During thetop-down process, a changealways starts in thetop classes; i.e., classes which do not support any other classes. This follows fromthefact that all specifications aretied together in top classes, although parts may bedelegated to supporting classes. Henceit is logical to look at thetop as thefirst placewherethechangemay beimplemented. If thechangeis not needed there, then it can be localized in those supporting classes, which provide the functionality to be changed, etc.

A less restricted process is a change-and-fix process, wherea changecan start anywherein the system, and propagates in all directions, i.e. both up and down.

The MSE process has morepredictableproperties than thechange-and-fix process, and is therefore preferablewhenever it is applicable. A moredetailed description of the MSE process and an examplecan befound in [16], or a special caseof MSE can befound in [17]. On theother hand, this process assumes that thereareno loops in thedependencies of theclasses. Sinceloops in dependencies among classes are present in some programs, this process is not always applicable.

3. Tool "Ripples 2"

"Ripples 2" is a prototypetool that supports both theChange-and-Fix and MSE processes. It is an updated version of an earlier tool "Ripples" [16], and a moredetailed description can befound in

[3].

Thetool starts out with theuser specifying thedirectory of theproject. The external parser gen++

[5] parses thefiles of thedirectory and displays thedependencies between theclasses. Then, depending on the mode and prior status of the project, Ripples 2 determines a set of marks.

If theuser chooses not to modify a marked class becausethecodefor theclass is acceptableas is and thechangeis not propagating to thenext classes, hecan erasethemark. If on theother hand, theuser chooses to changethecodefor a class, Ripples 2 brings up thetext editor. Upon completion of changes to theclass (including deletion), Ripples 2 invokes thescheduler to assess the impact of the change and derive a new set of marks.

Ripples 2 has three operating modes, listed and explained as follows:

Top-downprocess ( MSE). Thetop down evolution process of MSE follows theprocess described in Section 2, and begins by thefunction main() being thefirst mark. When changes to this function aredone, theclasses that areused by function main aremarked. After them, theclasses they depend on aremarked, etc. Among themarked classes, thescheduled classes aretheonly ones availablefor modification. Therest of theclasses arenot availablefor modification at any point.

Thechangethus propagates fromtop to bottom, and ends when thelast of themarked classes has beencheckedormodified.

Strict change-and-fix process. In this process, thechangecan begin anywherein thesystemand propagates according to theprocess described in Section 2. Theuser is freeto chooseany of the classes for thefirst modification. After thefirst modification is performed, theuser is forced to work only on themarked classes. When all themarked classes and their ripple effects havebeen taken careof, thesystemagain returns to theconsistent state. This approach differs fromthetop down approach in the following two assumptions:

- Ripple effects of changes propagate in all directions, not just downwards.

- The first change can begin anywhere, not just in the topmost class.

Randomchange-and-fix process. Therandomchange-and-fix approach follows thesamebasic assumptions as thestrict change-and-fix process. Changes begin anywherein thesystem. Changes always propagatein all directions. Thedifferenceis in thefact that theuser is freeto modify any class at any time, even if it is not marked.

Thestrict process reduces theoptions which theprogrammer can use. Since errors aremorelikely when thereisn´t tight control, thestrict modewould bethebest in an unfamiliar project environment, and should always beused by a noviceprogrammer. However the expert programmer may feel uncomfortablewith thecontrol exerted by thestrict mode. For him, the random modeacts as a guide, helping himto beorganized and not to forget any ripple effect, while allowing him the complete freedom to update any class.

An example of use of Ripples 2

In this example, wecreatean interactiveTV guidefroman existing programfor an interactive calendar manager. Theconversion was performed using Ripples 2 in thestrict change-and-fix process mode, see a more detailed description in [3].

The source system. Thesourcesystemis an interactivecalendar manager, which keeps track of appointments. Each appointment has a start timeand end time, and is entered into thesystemby theuser. It is stored in a databaseto beretrieved when required. Thesystemchecks for overlaps and rejects overlapping appointments. User selections aremadethrough thetext based menus.

Thereareno limitations on thenumber of events that thesystemcan hold. Figure1 displays the completearchitectureof thesourcesystem. In it, all dependencies aredepicted as edges, without distinction whether they areuse, inheritance, or data flow dependencies. Thesourcesystem consists of 19 classes and about 2,000 lines of code.

The target system. Thetarget systemis a TV guidesystemwhich keeps track of programs that will beaired on various TV channels. This TV guideis an interactivesysteminto which theuser enters data through menus. Theuser also can query theprogramfor various channels at various times. In thetarget system, therewill beoverlapping programs, but in different channels. There cannot be any overlapping programs in the same channel.

Following is a detailed step-by-step explanation of thestrict change-and-fix process that evolved the source system into the target system.

Step 1 : Adding class Channel. In thetarget domain, all television programs areclassified according to thechannel on which they areaired. So, theclass Channel is very important as a distinguishing concept between thetwo systems. Theclass Channel will hold thechannel number, thenameof thechannel, and theappropriatefunctions. Theclass was added using theAdd option of Ripples 2.

Class Channel will beused in a currently nonexistent class ChannelList, which theuser adds to the systemwith thehelp of Ripples 2. Ripples 2 generates theskeleton for ChannelList and marks it.

Another class to be marked is the class Event, which will also use information from Channel.

Step 2 : Change in ChannelList. Therecan bemultiplechannels in thesystem, and thereis no restriction on thenumber of channels that areallowed. Hence, class ChannelList represents a list of objects of typeChannel. Thecodefor this class contains functions to manipulateindividual

Channel objects and to perform collective operations such as sort, save, load, etc.

Class ChannelList is used by a currently nonexistent class ChannelMenu, which theuser adds to thesystemwith thehelp of Ripples 2. Ripples 2 generates theskeleton for ChannelMenu and marks it.

Step 3 : Change in ChannelMenu. This class manipulates theclasses ChannelList using theadd, delete, and modify functions, and allows theuser to view all channels. Sincethe existing three menus are subclasses of AbstractSubmenu, ChannelMenu also is derived from AbstractSubmenu.

ChannelMenu is used by classes Choiceand Cmenu and they will bemarked. Another class which is marked is AbstractSubmenu. However theclass AbstractSubmenu does not change, and hence after inspection the mark can be removed.

Step 4 : Change in CMenu. Class CMenu is oneof theclasses marked at this point, and it defines themain menu of both thesourceand target systems. This requires defining an object of type

ChannelMenu as a data member of class CMenu.

Class CMenu is derived from AbstractMenu, which is thereforemarked. Also Choice, YearMenu,

DayMenu, and MonthMenu aremarked, becauseclass CMenu uses all theseclasses. Noneof these classes requires a change. Function main() is marked becauseit uses CMenu. Thereis a small changeto bemadeto function main(). Choiceis marked again as a result of that, but does not require a change.

Step 5 : Change inclass Event. At this point, class Event is theonly marked class in theprogram.

It should now contain information regarding theprogramas well as thechannel on which the programis aired. All functions of class Event havebeen modified to handlethis changein thedata members.

Event is oneof thecoreclasses of thesourcesystem. It supports Event_list, CFile, and Cbase. It uses CDate, Key, and CTime, and Channel. Of these, Channel, CDate, CTime, and Key do not change. But, Event_list, CFile, and CBase have to be changed in the following steps.

Step 6 : Changes in Event_list. Event_list creates a list of objects that belong to typeEvent.

Therearevarious places where Event_list makes references to functions that handlethenewly added data members. Hence, these references have to be changed.

Classes Key, CFile, CBase, and CDay aremarked after thechange. Cday and Key arenot affected and their marks are erased. CFileand CBasearetheclasses that handlethe events in a disk fileand database abstraction levels, respectively. They are affected and handled in the following steps.

Step 7 : Changes in CFile. Class CFilehandles physical filei/o related to the events. Thei/o functions are affected. They are modified to accommodate the changes made to Event_list.

Key is marked again after this change, but remains without a change. CBaseis marked again and will be visited next.

Step 8 : Changes in CBase. CBasehandles the events in a databaseabstraction level. It also handles the queries on the events. It is changed in response to the change in specifications.

Class Key is marked after the change, but remains without change.

Architecture of the target system. Please note that during the changes, three new classes were added, two existing classes were changed extensively, there were minor changes to several additional classes, and no existing class was deleted. Tool Ripples 2 was extensively used to monitor the propagation of the change.

4. Conclusions

In thepaper, wepresented a model of changepropagation in software, together with a model of two different processes of changepropagation: change-and-fix, and a morestructured process

MSE (methodology for software evolution). During thechange, thesoftwareis represented as a graph of dependencies among theclasses of thesoftware, wheresomeof thedependencies are inconsistent. Each changeremoves someinconsistencies, but it may createnew ones. Themodeling notation is based on graph rewriting.

As a partial validation of themodel, wepresented a tool "Ripples 2" which supports both the change-and-fix and the MSE processes of change propagation.

Thetools which support changepropagation areclosely related to browsers. Whilebrowsers [4,15] deal with dependencies in software, they leavetheparticular query to theprogrammer. Change propagation tools differ frombrowsers in thefact that they maintain information about both dependencies and inconsistencies in software, and providea specialized but important kind of query: Find all marked classes which haveto bechanged in order to makesoftwareconsistent.

Thesekinds of tools help theprogrammer to beorganized during theprocess of software maintenance. We believe that they may play an important role in the future.

References

[1] R.S. Arnold, S.A. Bohner, Impact Analysis - Toward a Framework for Comparison, Proc. Int.

Conf. Software Maintenance , 1993, 292-301.

[2] S.A. Bohner, R.S. Arnold, SoftwareChangeImpact Analysis, IEEE Computer Soc. Press,

ISBN 0-8186-7384-2, 1996.

[3] S.S. Chandrasekaran, Change-and-Fix SoftwareEvolution Using Ripples 2, M.S. thesis, Dept.

of Computer Science, Wayne State University, Detroit, 1997.

[4] Y.F. Chen, M.Y. Nishimoto, C.V. Ramamoorthy, TheC Information Abstractor System IEEE

Transactions on Software Engineering Vol. 16, 1990, 325 - 334

[5] P. Devambu, "GENOA- A Languageand Front-End independent sourcecodeanalyzer generator", Proceedings of the Fourteenth International Conference on Software

Engineering , 1992, 307-317.

[6] K.B. Gallagher, Evaluating surgeon’s assistant: Results of a pilot study. Proceedings of the

Conference on Software Maintenance 1992, 236-255.

[7] K.B. Gallagher, J. Lyle; Using ProgramSlicing in SoftwareMaintenance. IEEE Transactions on Software Engineering , 17(8), August 1991, 751-761.

[8] S. Horwitz, T. Reps, and D. Binkley, Interprocedural slicing using dependencegraphs. ACM

Transactions on Programming Languages and Systems 12(1), January 1990, 35-56.

[9] J. Keables, K. Roberson, A. von Mayrhauser, Data Flow Analysis and Its Application to

Maintenance, IEEE Conference on Software Maintenance , Phoenix, AZ, Oct. 1988, 335-347.

[10] J.P. Loyall, S.A. Mathisen, Using DependenceAnalysis to Support theSoftwareMaintenance

Process, Proc. Int. Conf. on Software Maintenance , 1993, 282-291.

[11] Luqi, A Graph Model for SoftwareEvolution, IEEE Trans. on Software Engineering , 1990,

917-927.

Figure 1. Architecture of the source program.

[12] K. Ottenstein and L. Ottenstein, Theprogramdependencegraph in softwaredevelopment

environments. Proceedings of the ACM SIGSOFT/ SIGPLAN Software Engineering

Symposium on Practical Software Development Environments , May 1985, 177-185.

[13] P.P. Queille, J.F. Vodroit, N. Wilde, M. Munro, TheImpact Analysis Task in Software

Maintenance: A Case Study. Proc. Int. Conf. on Software Maintenance , 1995, 235-252.

[14] V. Rajlich, Theory of Data Structures by Relational and Graph Grammars, In Automata,

Languages, and Programming, Lecture Notes in Computer Science 52 , Springer Verlag, 1977,

391-511.

[15] V. Rajlich, N. Damaskinos, P. Linos, W. Khorshid , " VIFOR: A Tool for Software

Maintenance," Software Practice and Experience , 20(1), January 1990, 67-77.

[16] V. Rajlich, MSE: A Methodology for SoftwareEvolution, Journal of Software Maintenance ,

Vol. 9, 1997, 103-125.

[17] V. Rajlich, J. Silva,, Evolution and Reuseof Orthogonal Architectures, IEEE Trans. On

Software Engineering , 22(2), 1996, 153-157.

[18] N. Wilde, R. Huitt, MaintenaceSupport for Object-Oriented Programs, Proc. Conf. on

Software Maintenance , 1991, 162-170.

[19] S.S. Yau, R.A. Nicholl, J.J. Tsai, S. Liu, ’An Integrated Life-CycleModel for Software

Maintenance’, IEEE Trans. Software Engineering , 15(7), 1988, 58-95.

[20] V. Rajlich, A Model for Changepropagation based on Graph Rewriting, to bepublished in

Proc. 1997 IEEE International Conferenceon SoftwareMaintenance, seealso

http:// www.cs.wayne.edu/ ~vtr/ Propagation.ps