IMPROVING THE SOFTWARE DEVELOPMENT PROCESS BY PLANNED SOFTWARE REUSE

Elke Hochm�ller, Roland T. Mittermeir

Institut f�r Informatik, UniversitÜt Klagenfurt, AUSTRIA

Abstract While software reuse is considered the area of highest potential to boost software productivity, it is practiced only to a rather limited extent. In this paper we focus on the obstacles for integrating reuse concepts in a conventional software development process and discuss a set of minimal changes mandatory for bringing reuse efforts to success.

1. Introduction

The scope of reuse is obviously not limited to the individual software engineer building and (re)using his own private library. Further, the full potential of reuse will not be reaped, if - even on an intraproject level - it is just applied in the core development phases. It needs to be an integral aspect of the full software- or information systems development process. However, existing process models do not support reuse explicitly. Thus, we should not be surprised that formal software reuse is not state of the practice at all.

Based on these premises, this paper presents a comprehensive reuse concept, encompassing besides the structure of the software development process also environmental factors like motivation and organizational structure. Since we claim, that mere technical responses are insufficient to obtain and maintain a software engineering process fostering reuse, special emphasis is placed on measurement of effectiveness as well as efficiency of software reuse.

2. Software Development Process

Various concepts to support software reuse are discussed in the literature. The reuse of software components which are stored in a kind of library system is only one of these possible alternatives, as opposed e.g. to transformational approaches. However, considering its practicality, we think that component reuse is the most promising one amongst them [18].

Component Reuse in the Small is confined to the individual software engineer building and using his own library. This can and will be done without much ado in an informal and ad-hoc way. As mentioned above, our concept lies beyond that. We are concerned with Component Reuse in the Large which includes planned reuse on an interproject level. But this requires reuse to be an integral part of the whole enterprise policy, its organization, and its process structure and that it transcends all phases of software development [6, 21].

In this chapter we want to outline a scenario where the software development process is enriched by planned software reuse. For this purpose, we initially will present some general areas of reuse before we will introduce a reuse specific process model augmenting the already implemented software development process, be it the classical waterfall model [19] with various phases and milestones, or be it an alternative model like the spiral model [4], or a prototyping approach [3]. Other proposals for comparable reuse specific process models can be found in [5] and [16].

2.1. Areas of Reuse Activities

Component reuse comprises the following areas of reuse activities. For the sake of completeness, we mention domain analysis and reverse engineering for reuse. They are notably important for initially obtaining a well stocked library of software components. The focus of this paper is on development for reuse and development with reuse though.

· Domain Analysis Domain analysis covers activities in order to gain a better insight into the application domain such that possible future requirements can be anticipated [17]. By planned analysis of the application domain, generic components of high potential for reuse can be identified. Such components focus on the most important functionalities within the whole application domain. Therefore, they can easily be integrated into new application systems.

· Reverse Engineering for Reuse Reverse engineering comprises the transformation of source code into a representation at a higher level of abstraction. Reverse engineering for reuse deals with the search for code to be reused later [9]. For this purpose, the representations at a higher level of abstraction will be extracted from existing systems together with additional transformations achieving generalization as well as improvements in code in order to be generally applicable as "newly" generated software components.

· Development for Reuse (DfR) Development for reuse deals with the construction of new software components for later reuse. For this purpose, the utilization of conventional "good" software engineering practice (e.g. design methods, structured programming) in order to develop easily maintainable software is not sufficient. Furthermore, future requirements should be taken into account, and the mutual independence of the components should be guaranteed as well to make them easily substitutable. Therefore, software components should be as generic as possible in order to achieve high potential for reuse by being applicable through refinements in many cases. On the other hand, software components should be independent of a particular application environment in order to be applicable in various contexts.

· Development with Reuse (DwR) During development with reuse those components provided by development for reuse and by reverse engineering for reuse will be actually reused in a system development project. For this purpose adequate features for retrieval, adjustment and combination of components must be available. In order to smoothly integrate development with reuse with existing software development strategies a concept of an adequate software architecture starting with domain analysis and establishing interfaces between the already implemented software development process and activities of development with reuse is needed.

2.2. Reuse Process Model

In order to enrich an already implemented and approved software development process with planned software reuse we propose an augmentation of the process model so far in use. This should require only minimal changes to the current software development process model. A schematic view of our proposal is shown in Figure 1. This reuse process model can be considered as a meta model to be refined according to the particular needs of each enterprise. Furthermore, it is rather independent of the software development process model applied so far. Thus, a software developing enterprise

need not change all its approved methods and processes, but only enrich its applied kind of

development process together with some inevitable changes in its organizational structure. As a

minimum for such organizational requirements we demand the installation of a software library

accommodating reusable components and the establishment of a new role in the software

development process - the so-called software library administrator - to be fulfilled by a person who

will be in charge of this library.

The suggested reuse process model consists of two main subprocesses which are linked together in

a ping-pong manner. The first subprocess deals with development of reusable components according

to development for reuse. These components are used during the second subprocess representing

development with reuse.

Figure 1: Reuse Process Model

a) Development for Reuse

The development process of reusable components (development for reuse) is usually triggered by

domain analysis activities. It consists of five stages represented on the left side of Figure 1.

· Definition:

The demand for a particular reusable component is noticed. Development costs will be estimated

and compared to the potential benefit. This cost-benefit-analysis will be the basis for the decision

to develop the required component.

· Construction:

After specification of the requirements, the software component will be designed and implemented

by a project group obeying given development standards.

· Qualification:

The software component will be checked by the software library administrator. If necessary,

modifications will be carried out again. The component will be classified and finally archived in the

software library.

· Usage:

All certified and archived software components of this stage are available for further usage during

development with reusable components (development with reuse).

· Service & Maintenance:

This phase is essential to guarantee evolution of the software library with respect to quality which

exceeds pure library growth. The task of restructuring the software library lies within the

responsibility of the software library administrator. If restructuring causes modifications of an

archived software component, this component must pass through the qualification stage once more

in order to be stored again - but in changed form - within the software library. If restructuring only

concerns the structure of the classification schema without any modifications to the structure of the

component itself, the component will be classified according to the new classification schema and

passed on to the usage stage again. Especially in the context of service and maintenance of software

components it becomes clear that not only complete software systems but also subsystems and even

reusable software components are subject to an own, independent software life cycle.

b) Development with Reuse

Since we want to keep the structural modifications on the system development process minimal

when institutionalizing development with reuse, this "classical" development process is shown in

Figure 1 just as a line at the right side of the Figure. Shown are only the interactions of the

development process with the reuse supplement. The specific pattern of these interactions as well

as the ease of this interaction will obviously be dependent on the basic nature of this system de-

velopment process. However, it will follow a general pattern of recognizing a chance or demand

for a reusable component, searching for it, and carefully evaluating the results from a request, if

it was successful at first glance. These three steps can be made repeatedly in the system develop-

ment process. E.g., if we postulate a standard waterfall process model, such requests can be made

during analysis, during design, as well as before coding starts. It has also to be seen, that requests

made in early phases might positively influence the development process, even if one has to

determine during later phases, that the results obtained from the repository could not be used to their

full extent.

Further, the interaction pattern between the system development process and its reuse supplement

concerns the adaptation of components which are actually reused and their incorporation in the

product to be developed as well as - if they qualify - back into the library of reusable components.

Finally, we consider the possibility of extracting components from the system just developed for

qualification and incorporation in the reuse library.

The following remarks are to be made concerning these tasks:

· Demand Recognition:

At a certain time within the software development process for a particular software project - usually

at the end of the specification phase or during design - the demand for a special software component

is recognized. The specification of the desired component will be completed and used for searching

an adequate candidate component.

· Component Search:

At this stage, components fitting to the specification are looked for in the software library which

comprises all components in the Usage state of the DfR process(es). We will not detail any specifics

of this search tasks. But in any case we will separate it from component evaluation discussed next.

· Component Evaluation:

A search may yield none, one or several candidate components. If it yielded some, they are to

scrutinize further, to determine their usefulness for the development project. We separate this

evaluation from the pure search process, since it will need very different tool support and because

it plays a different role with respect to the development process. While an unsuccessful search might

legitimately be considered as waste of time, even an evaluation which leads not to full satisfaction

and complete (re)usage of a component might lead to a host of positive side effects on the part of

the developer.

· Component Adaptation:

Depending on the result of the evaluation step, one of the following strategies will be applied:

If a component was found that fits exactly, it can be reused without any modification. The retrieved component can also be used as it is, if it does not exactly meet the requirements but is nevertheless acceptable without any change leading to modifications of the initial specification. If the component which qualifies best, does not exactly meet the requirements, this component will be subject to further functional modifications. In this case, the possibility of a connection to the process of development for reuse (componentqualification) becomes obvious. Thus, modified components will be checked whether they are qualified for incorporation into the Software Library.

· Component Incorporation: Theselectedorfunctionallyadaptedcomponentwillbeintegratedintotheapplicationsystemor subsystem, respectively. At this stage, modifications in the sense of application specific parameterizationarepossible.

· ComponentExtraction:

In this phase the complete software system is already available. In analogy to the stage of

componentadaptation resulting in functionally new or modified components to be qualified for

incorporation into the software library, at this stage new reusable components from the application specific point of view are extracted out of the final software system. These components will also be passed on to the componentqualification stage of the development for reuse process.

3. Reuse Success Issues

Enriching the software development process by planned software reuse can help to increase the

overall software quality level. The special merits of reusable software components are that they are

usually well tested or even part of already running applications. Thus they convey additional

confidence in their potential reliability and applicability, respectively.

As the kind of basic software development process currently implemented within an organization

will be particularly tailored to the requirements of that enterprise, in the sequel we only want to

refer to our proposal for process improvement by planned incorporation of reuse strategies.

Reuse success is strongly related to the quality of the software library’s contents and the frequency

of its usage. These two aspects must be continuously controlled. Adopting the SEI maturity model

[12, 14] which conjectures that the full benefits of reuse will be reaped only on and after level 3

(defined process), we assume that the organization has already some experience in quantitatively

controlling its software development process and that a functioning measurement scheme is in

operation. Reuse-specific measures can be obtained either automatically by using adequate tools or

semi-automatically requiring additional information which can be provided by the reuser. Some

examples for such measures are given below.

· Automatically obtainable measures: frequency of component usage (per development stage of the component)

- as it is - with adaptations components which only have been reused after adaptations components which often failed in evaluation date of last reuse of a component reusers of a component

· Additional information obtainable from the reuser:

what kind of adaptation was necessary? what are the reasons for rejecting a component?

Unsatisfactory measurement results are strong indicators for either bad quality of the contents of the

software library or - in most cases - bad motivation of project members to "reuse-cooperate". In

order to be able to act against this evolution, we suggest the following strategies regarding both

quality improvement and reuse motivation: incentives for developing reusable components

incentives for using the software library and its contents continuous software library maintenance education in reusable software development education in software library usage increasing the confidence into the software library and its contents by - continuously providing information about new/altered components - giving reuse advice to project groups

Systematic application of reuse to prototyping, development, and maintenance is one of the most effective ways to significantly improve the software process, improve software quality, reduce timeto-market, and reduce development and maintenance costs. As providing an appropriate infrastructure for the development and usage of reusable software components is certainly one of the most critical factors for successful reuse, in the sequel we will address some aspects which should be considered carefully when institutionalizing software reuse.

a)ReuseOrganization

In order to provide ideal conditions for enriching the software development process currently used for system development with reuse, essential requirements concerning the overall organization structure should be met. For this purpose we suggest the following infrastructural facilities:

Software Library

A central software library containing reusable components should be installed and made accessible throughout the whole enterprise. These components will be not only pieces of code but also design and further documentation elements. Furthermore, it should be possible to establish links between corresponding components, be it design, code or documentation. It is very important to be selective, such that not any generated component will be stored within the software library. By no means the sheer size of the software library can guarantee successful software reuse. On the contrary, a voluminous software library full of components without reuse potential will reduce its quality as well as the confidence of the project members in ever finding a suitable component. Therefore, adequate checking routines are essential in order to identify

reusable components worth being included into the software library. For easy storage and

retrieval an adequate classification mechanism as well as tool support will be desirable.SoftwareLibraryAdministrator and ReuseGroup

The establishment of a project independent reuse group should help to enforce reuse. This reuse group should be responsible for reuse specific education and guidance of project teams concerning the development of and with reusable components. One member of the reuse group should be in charge of the software library and act as a broker for its contents - the software library administrator. As the power of the software library is dependent on its contents, the role of the software library administrator is very important and should be fulfilled by a person with high technical skills as well as sound knowledge of the application domain. Among the most essential tasks of the software library administrator are:

· decision about components to be inserted into the software library · service and maintenance of the software library including

- classification and storage of components - description of components - restructuring and actualizing of components - improvements in component quality (if necessary triggering development for reuse) - reorganization of the software library - continuous information of project groups about available components - training of project members about library utilization

Reuse Steering Board

In addition to the reuse group administrating reuse concerns, another project independent team should be installed as topmost decision-maker - the reuse steering board. Tasks of this team should include the supervision of software development projects with respect to reuse as well as avoidance of conflict situations between project groups and the reuse group. Furthermore, members of the reuse steering board should participate in software reviews. Especially during the stages of preparation and introduction the reuse steering board will play an important role in establishing guidelines for successful reuse. Finally, assessment of the reuse success should also be included in the responsibility of this team.

b) Reuse Culture

As mentioned above, motivation is one key factor to successful software reuse which must not be

underestimated [8, 20, 22]. Management as well as project staff have not only to be convinced of

the advantages of software reuse but also to be prepared to practice reuse continuously according

to the reuse plan of the enterprise. Appropriate education, training, incentives, communication

structure together with a movement from a "project-based frame-of-mind" to an "organization-wide-

frame-of-mind" [7] should help to establish a proper reuse culture where reuse will be an integral

part of daily project team life.

c) Reuse PolicyReuse cannotbeobtained forfree.Restructuringanenterprise accordingtoreusabilityrequirements

will need extra funds. The clients of various software projects cannot be charged with additional expenditure for filling the software library with reusable components. Further overhead costs concernadequatecost-benefit-analysis,surveyandevaluationofreusesuccessaswellasacquisition of suitable reuse tools. An adequate reuse policy should include a special reuse budget for these purposes. Considering the costs for making components reusable as well as the expenses for incorporating a reusable component into a new application system, it becomes clear that software reuse costs twice. These two cost factors together with the costs for maintenance and service of the software library shouldamounttolessthanthecostsforrepeateddevelopmentfromscratch.Proposalsforestimating as well as measuring software reuse are given in [1], [2], [13] and [15]. Especially during the stage of introduction, reuse activities will cause additional expenditure which should be covered by the reuse plan. Initially disregarding the costs of developing and maintaining reusablecomponentsaswellastheexpensesforembeddingreusablecomponentsintoanewsystem was one of the main reasons for cancellations of reuse programs which otherwise would have had a real chance to survive and succeed. However, accumulation of reusable components should becomeanimportant businessasset,and shouldbetreated asaninvestment andcapitalgood, rather than simply a cost factor.

d) Reuse ToolsManyofthereuse-specifictasksinsoftwaredevelopmentcanbecarriedouttool-supported.

However,mostcurrentcasetoolsimplementaphasedriven,forwardlookingdevelopmentmodel. Softwaredevelopmentwithreuse,however,isallbutthatlinear.ItfollowsratheraYoyo-approach,

where design sketches are followed by delving into the software library, evaluating some candidate

components and then solidifying the high level sketches according to the already available integrable

components. On the other hand, one should also consider development for reuse promoting the

development of highly generic, off-the-shelf components [10]. Furthermore, actual figures for reuse

success evaluation can also be obtained automatically. For all of these purposes, adequate tools are

necessary and should be selected carefully according to the particular needs of each enterprise [11].4.Conclusion

In this paper we presented a framework for software reuse. A way for augmenting an already installed and approved software development process by software reuse activities was proposed. Its description was complemented by a discussion of success factors which should be considered when institutionalizing software reuse. However, above all one must bear in mind that incorporating reuse successfully in an organizational environment is also just another (however very important) project which should be carefully planned, carried out, and controlled.

References [1] BALDA D.M., GUSTAFSON D.A., Cost Estimation Models for the Reuse and Prototype Software Development

Life-Cycles, in: ACM SIGSOFT Software Engineering Notes, Vol. 15, No. 3, July 1990, pp.42-50. [2] BARNES B.H., BOLLINGER T.B., Making Reuse Cost-Effective, in: IEEE Software, Vol. 8, No. 1, Jan. 1991,

pp. 13-24. [3] BISCHOFBERGER W., KELLER R., Enhancing the Software Life Cycle by Prototyping, in: Structured

Programming, No. 1, Springer Verlag New York Inc., 1989, pp. 47-59. [4] BOEHM B.W., A Spiral Model of Software Development and Enhancement, in: IEEE Computer, Vol. 21, No. 5,

May 1988, pp. 61-72. [5] CALDIERA G., BASILI V.R., Identifying and Qualifying Reusable Software Components, in: IEEE Computer,

Vol. 24, No. 2, Feb. 1991, pp. 61-70. [6] DUSINK E.M., Reuse is not done in a vacuum, in: Proc. 5th Annual Workshop on Institutionalizing Software

Reuse (WISR’92), Palo Alto, Oct. 1992. [7] FAFCHAMPS D., Perspectives on Non-Technical Issues in Reuse, in: Proc. 5th Annual Workshop on

Institutionalizing Software Reuse (WISR’92), Palo Alto, Oct. 1992. [8] FRAKES B., A Survey of Software Reuse, in: R.Prieto-Diaz, W. SchÜfer, J. Cramer, S. Wolf (eds.), Proc. 1st

International Workshop on Software Reusability, Dortmund, June 1991, pp. 65-70. [9] GALL H., KL¯SCH R., Reuse Engineering: Software Construction from Reusable Components, in: Proc. 16th

Annual International Computer Software & Applications Conference, IEEE, Illinois, Sep. 1992, pp. 79-86.

[10] HOCHMÓLLER E., Process Support for Software Reuse with AUGUSTA, in: Proc. Software Systems in

Engineering, ASME, PD-Vol. 67, Houston, Jan. 1995, pp. 173-181.

[11] HOCHMÓLLER E., MITTERMEIR R.T., Software Reuse - SEE it!, Technical Report, Apr. 1995.

[12] HUMPHREY W., Managing the Software Process, Addison-Wesley, Reading, 1989.

[13] MILI R., MITTERMEIR R.T., Ex-Ante Assessing of Reusability, in: Proc. Re TIS ’95,Bled,June1995,inthis

volume. [14]PAULKM.C.,CURTISB.,CHRISSISM.B.,WEBERC.V,CapabilityMaturityModel,Version1.1,in:IEEE Software,Vol.10,No.4,July1993,pp.18-27. [15]POULINJ.,IssuesintheDevelopmentandApplicationofReuseMetricsinaCorporateEnvironment,in:Proc. 5thInternationalConferenceonSoftwareEngineeringandKnowledgeEngineering,SanFrancisco,June1993,pp. 258-262. [16]PRIETO-DIAZR.,MakingSoftwareReuseWork:AnImplementationModel,in:ACMSIGSOFT,Software EngineeringNotes,Vol.16,No.3,July1991,pp.61-68. [17]PRIETO-DIAZ R., ARANGO G., Domain Analysis: Acquisition of Reusable Information for Software Construction,IEEE-CSPTutorial,NewYork,1991. [18]ROSSAKW.,MITTERMEIR R.T.,HOCHMÓLLERE.,ReuseofSoftware Components(Alternativesin Characteristics,OrganizationandToolSupport),in:Proc.4thInternationalWorkshoponComputer-AidedSoftware Engineering-CASE’90,Irvine,Dec.1990,pp.350-351. [19]ROYCEW.W.,ManagingtheDevelopmentofLargeSoftwareSystems,inR.H.Thayer(ed.),SoftwareEngineering ProjectManagement,IEEE-CSPTutorial,1988,pp.118-127. [20]TRACZW.,SoftwareReuse:MotivatorsandInhibitors,in:W.Tracz(ed.),SoftwareReuse:EmergingTechnology, IEEE-CSPTutorial,1988,pp.62-67. [21]TRACZW.,WhereDoesReuseStart?,in:ACMSIGSOFT,SoftwareEngineeringNotes,Vol.15,No.2,April 1990,pp.42-46. [22]WALTONP.,SoftwareReuse:ManagementIssues,in:R.Prieto-Diaz,W.SchÜfer,J.Cramer,S.Wolf(eds.),Proc. 1stInternationalWorkshoponSoftwareReusability,Dortmund,June1991,pp.100-106.