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1. Introduction

With the growing demand for rapid software system development, researchers are continuously
looking for new software engineering methodologies and techniques in order to improve or automate
development processes and make maintenance and support easier. The need in systematic approach
and effective software engineering methods, which allow reusing experience to address recurring
problems successfully, is obvious and extremely important.

Software reuse concept could be compared to the “holy grail” in software engineering [1], which has
always been sought for but hard to achieve. Reuse is the process of creating software systems from
existing software rather than building them from scratch [2], whereby an organization defines a set of
systematic operating procedures to specify, produce, classify, retrieve, and adapt software artefacts
with the purpose of using them in its development activities [3], so that similarities in requirements
and/or architecture between applications can be exploited to achieve substantial benefits [4].

A central concept in reuse research area is a reusable asset or artefact that could be either reusable
software or software knowledge, potentially made up of many software life cycle products including:
requirements and architecture definitions, analysis and design models, code, test programmes, test
scenarios and reports. Besides different sizes and granularities, it is common to separate two main
types of reusable assets: 1) vertical, which are specific to an application domain, and 2) horizontal,
which can be reused independently of the application domain, with the main constraint related to asset
compatibility with the application architecture [5].

Reusability as the property of a software asset, that indicates its probability of reuse, is often
understood as one of the factors of software quality and development productivity.

First efforts to attain the main objective of reuse scenario - to make something once and to reuse it
several times - rendered successful stories, which helped to formulate some basic principles of
software reuse and induced interest. However, to benefit in more systematic and repeatable software
reuse, additional research was needed.

This paper presents a review of software reuse with a brief retrospective analysis of main contributions
and trends based on key researches. The objective of the article is to characterize current state in the
field and to present the main aspects of systematic software reuse. The results can be used as a
reference for future research in identified directions. The remaining paper is organized as follows:
Sections 2 and 3 give a review of the origins and main historical contributions in the field of software
reuse as Fig.1 outlines. Section 4 discusses current state, motivation, main benefits and obstacles of
software reuse. Section 5 highlights main aspects of systematic application of reuse. Finally, the
conclusions are made and future work is outlined in the last section.
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2. Origins and evolution of software reuse

The notion of software reuse is as old as the software engineering field itself. From the beginning, the
software reuse was positioned as a means of overcoming software crisis — the problem of building
large, reliable software systems in a controlled, cost-effective way [2]. About forty years ago, during
the first NATO Software Engineering Conference in 1968 Mcllroy’s “Mass Produced Software
Components” became the seminal paper and starting point for the investigation of mass-production
techniques in software engineering, concluding that “software industry is weakly founded and one
aspect of this weakness is the absence of a software component sub-industry” [6].
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By analogy with hardware engineering disciplines, where reuse of standard parts is a common
practice, during the early stages of research much effort was invested in the investigation of reuse
libraries, e.g. classification of components, navigation in such repositories, and composition of new
software out of predefined components [7]. A body of research was presented in [8], which became
influential in the component retrieval area. In particular, it proposed the solution with a faceted
classification scheme based on reusability-related attributes. Additionally, the authors defined a
selection mechanism, that:

e allows multiple keywords to be associated to a single facet, reducing the chances of ambiguity

and duplication

e proposes a component description format based on standard vocabulary of terms

e imposes citation order for the facets.
Based on observation of commonalities involved in software libraries, application generators, source
code compilers, and generic software templates, the taxonomy for characterisation and comparing
different approaches to software reuse was presented in [2], which characterizes each approach in
terms of abstracting, selecting, specializing, and integrating its reusable artefacts.
As a result, the notion of cognitive distance was introduced as an intuitive gauge to compare the
effectiveness of reuse techniques, which is informally defined as the amount of intellectual effort that
must be expended by software developers in order to take a software system from one stage of
development to another [2]. The research concluded that effective reuse technique must reduce the
cognitive distance between the initial concept of a system and its final executable implementation, and
of the eight reuse technologies examined; the reusable software architectures evaluated come closest
to this description.

3. Evolving of systematic software reuse
The end of the 20™ century can be characterized by evolving of systematic software reuse as a field of
research in software engineering, what could be proved by the multitude of published books and broad

surveys, along with various conferences and journal papers on the topic. Important contributions
include analysis of organizational experience in [9], in which empirical data collected from the
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responses from 29 organizations is used to answer sixteen questions (see Table 1) commonly asked by
organizations attempting to implement systematic reuse.

Table 1
Sixteen questions about software reuse
Question Answer
How widely are common assets reused? Varies
Do programming languages affect reuse? No
Do CASE tools promote reuse? Not yet
Do developers prefer to build from scratch or to reuse? Prefer to reuse
Does perceived economic feasibility influence reuse? Yes
Does reuse education influence reuse? Yes
Does software engineering experience influence reuse? No
Do recognition rewards increase reuse? No
Does a common software process promote reuse? Probably
Do legal problems inhibit reuse? No
Does having a reuse repository improve code reuse? No
Is reuse more common in certain industries? Yes
Are company, division, or project sizes predictive of organizational reuse? No
Are quality concerns inhibiting reuse? No
Do organizations measure reuse, quality, and productivity? Mostly not
Does reuse measurement influence reuse? No

The study highlighted some contradictions with the existed assumptions about reuse and identified the
following dimensions the organizations should concentrate on to improve systematic reuse:
education about reuse
developers’ understanding of the economic feasibility of reuse
instituting a common development process

e making high quality assets available to developers.
An important shift from practicing reuse mostly on code level to design reuse occurred with [10],
where the term of design patterns was introduced. Design patterns are known as general repeatable
solutions described in a semi-formal form to commonly occurring problems in software development
and helpful in understanding, modelling and implementing object-oriented micro-architectures. They
capture reusable design knowledge, experience and best practices leading to extensible and reusable
object-oriented designs. Reuse of design patterns helps to prevent subtle issues that can cause major
problems and to avoid complexity. Among the mentioned benefits they provide the upper-level view
of a problem, separation of specific details, variable and stable concerns, as well as a common
vocabulary and documentation instrument among software developer community.
Other important contributions concerning the measuring of economic benefits of the software reuse
and development costs were given by [11] and [12], where operational and strategic benefits were
defined and quantified within the context of broader business strategy. Research concluded with a
Value Based Reuse Investment (VBRI) framework for applying the disciplines of business strategy to
investments in software reuse, based on the following main principles [12]:

1) Economic value maximization drives reuse investment strategies for the business

2) Strategy drives selection of reuse investments

3) Investments are actively structured to maximize embedded strategic options.
In [13] some of the factors in adopting a company-wide software reuse program were derived from
empirical evidence of reuse practices from a survey of projects for the introduction of reuse in
European companies. The study concluded that despite the potential for success, about one-third part
of the projects failed due to

e not introducing reuse processes

e not modifying non-reuse processes

155



e not considering human factors
e lack of commitment by top management [13].
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In this context, the Reuse in Software Engineering (RiSE) project was initiated in 2004 with a goal to
develop a robust framework for organizations that are moving towards an effective reuse program.
Figure 2 presents an overall structure of RiSE framework adopted from [14]. The framework is
composed of best practices related to software reuse, and the technical aspects of software reuse,
represented by processes, environments and tools [14].

4. The current state in the field of software reuse

In software engineering literature different rates about the reuse could be found. Some studies have
shown that 40% to 60% of code are reusable from one application to another, 60% of design and code
are reusable in business applications, and 75% of functions are common for more than one application
[4]. As it is demonstrated in Fig.3, theoretical reuse potential up to 85% of a new application can be
achieved by reusing existing software, about 65% being domain specific and about 20% being domain
independent [11].

Application
specific 15%
Domain Retail o
specific Personnel Banking Logistics 65%
Domain User Interface, Utilities, 20%
independent Data Management, System Service °

Fig.3. The composition of a “typical” application

However, software reuse will only succeed, if it makes good business sense, and reuse will only be
chosen, if a good case can be made that it is the best alternative choice for the use of capital [15].
Table 2 consolidates the facts discussed in [16] about main benefits, that can be achieved by the
organizations with the maximization of the reuse level. Table 3 indicates main obstacles that cause
reuse to be not as widely practised as one might assume.
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Table 2
Main benefits of reuse

Benefits of reuse Description
Gains in quality Quality of particular component could be improved because of error
corrections accumulated from reuse
Gains in reliability The use of a component in several systems increases the chance of errors

to be detected and improves confidence in that component

Gains in productivity | Productivity could be achieved due to less design and code to be
developed and less testing efforts

Gains in performance | Extensive reuse can be worth the effort invested in optimizations, that
may yield better performance of a reused component

Reduction of Fewer defects and reduction of maintenance costs can be expected when
maintenance costs proven quality components have been used
Reduction of product | By using reusable artefacts organizations could reduce the product time
time to market to market which influences the success or failure of a software product
Rapid prototyping Reusable components can provide an effective basis for quick building
support of a prototype of a software system

Table 3

Main obstacles of reuse

Obstacles of reuse Description
Managerial and Software reuse cannot be widely achieved in an organization without
organizational support of top-level management. Lack of management incentives
obstacles prohibits managers from letting their developers spend time in making

components of a system reusable

Economic Obstacles | Reuse requires up-front investments in infrastructure, methodology,
training, tools and archives, without payoffs being realized immediately
Conceptual and Concerns difficulty of finding reusable software, non-reusability of
Technical Obstacles legacy components, and modification effects on the component and its
previous verification results

The following important conclusions emerge from historical experience and characterize the current
state of software reuse field:

e Software reuse is multidisciplinary and has deep and complex interactions with many areas of
computer science.

o The final goal is to ingrain reuse into an organization’s entire software production process
[18], however, each organization must analyse its own needs, define the key benefits it
expects, identify and remove impediments, and manage risks [5].

e Reusing of large-scale system components (reuse-in-the-large) is a problem too hard to be
solved in general way. It is more effective when systematically applied in the context of
families of related systems and thus is domain-dependent.

5. Main aspects of systematic software reuse

Current and future research initiatives should be organized considering the three broad aspects of
software reuse: organizational, economic and technical aspects.
1) At the organizational level, two sets of measures are proposed in [3] for the smooth operation of
software reuse initiative:
- managerial infrastructure in the form of a set of functions, responsibilities, reporting
requirements, and reward, which are required to ensure operation of reuse processes, and
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- technological infrastructure that includes a configuration management and quality assurance
functions to support reuse operations, as well as enforcement of testing, verification and asset
certification standards.

Two types of organizational approaches are commonly observed to establishing a reuse program [15]:
- Centralized, with an organizational unit dedicated to developing, distributing, maintaining,
and often providing training on reusable assets. Yet large upfront capital investment is needed
for this approach; the advantages include efficient utilization of development knowledge and
corporate expertise across projects and systematic management of assets.
- Distributed asset development, where reuse is implemented collaboratively by projects in the
same product line. However, despite the advantages of less overhead cost needed, it may be
difficult to coordinate asset development responsibilities and needs between projects.
2) From the economic perspective implementing a reuse initiative in a corporate environment requires
a decision about when and where capital investment for software reuse is to be made, and whether it
will be proactive or reactive [15]. Proactive approach requires a large upfront investment, and returns
can be seen only when products are developed and maintained. Reactive investment is an incremental
approach to asset building, when one develops reusable assets as reuse opportunities arise while
developing products [15]. Economic analysis enables managers to quantify, justify, and document
their decisions, thereby providing a sound basis for decision making processes. Economic aspects of
software reuse are divided into three broad classes by [3]:

- metrics, which reflect attributes that increase the market value of an asset

- reuse cost estimation techniques, that derive costs and benefits for software development

for reuse, and with reuse

- return-on-investment models to quantify reuse related decisions.
3) Technical aspects of software reuse can be divided into the following classes: domain engineering,
component engineering and application engineering.
As it was mentioned above, the key concept of systematic reuse is the domain, which may be defined
as an application area or, more formally, a set of systems that share design decisions [5]. Domain
engineering activities primarily consist of scoping the domain, deriving the domain-wide product
architecture, specifying the reusable assets and preparing the application development activities [3].
Existing approaches reviewed in [15] and [5] show that most of them are complementary development
techniques, that focus on 1) extracting information from existing code and documents (e.g. Domain
Analysis and Reuse Environment, DARE); 2) the commonality and variability analysis of the features
in a product line (e.g. Feature-Oriented Reuse Method, FORM); 3) components and mechanism for
integrating components (e.g. Koala); 4) modelling techniques and notations for product line
engineering (Product Line UML-Based Software Engineering, PLUS). Only some approaches (e.g.
FAST, RiDE) provide patterns of domain driven engineering processes with the defined steps of
domain analysis, domain design, and domain implementation.
Component engineering discipline in scope of software reuse deals with the development of reusable
assets. It is often treated as the most popular approach of reusing software, considering component as a
software element that conforms to a component model and can be independently deployed and
composed without modification according to a component standard [17]. Interest in component-based
software engineering has resulted in a broad range of technologies that promote component
development, integration and deployment, and provide important middleware platforms on which
reusable components can be developed and integrated into applications. The most popular and mature
are Object Management Group’s CORBA (Common Object Request Broker Architecture), Sun’s EJB
(Enterprise JavaBeans), and Microsoft’s COM+ (Component Object Model).

6. Conclusions

This work provides a brief review of software reuse based on analysis of the number of existing
researches. Reuse as the process of using existing software artefacts and knowledge with more than a
40-year history is recognized as an important mechanism to improve software quality and
development productivity. When properly understood and systematically deployed, reuse offers the
opportunity to achieve improvements in the existing methods of software production. The paper

158



presents retrospective analysis of the origins and main historical contributions in the research area,
which has demonstrated multidisciplinary nature of reuse and the need to ingrain reuse into the
development process in order to achieve its benefits systematically. Organizational, technical and
economic aspects of software reuse were reviewed briefly, highlighting the importance of the domain
engineering field.

Though significant progress has already been achieved on software reuse, many important problems
remain. It was noted that in order to comprehend the software reuse scenario, we should also consider
conceptual reuse more actively. Another important issue concerns maturity of reuse processes without
gaps in reuse activities covering steps of domain engineering, domain analysis, design and
implementation. Some results in scope of the first mentioned issue have been already achieved in [19].
The future work will be focused on collecting more information and further analysis of the reuse
processes. More attention is to be paid to systematic software reuse opportunities in the context of
Model-Driven Development (MDD), in particular to the processes of identification of domain parts
reasonable for automation.
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Kotovs V. Programmatiiras atkartota lietoSana pédéjo Cetrdesmit gadu laika

Raksta ir sniegts parskats par programmatiras atkartoto lietoSanu, to izcelsmi, pétijumu virzieniem un
svarigakiem sasniegumiem. Atkartotai lietoSanai ka procesam, kurd ietvaros tiek izmantoti eksistéjosie
programmatiras artefakti un zinasanas, ir vairak par 40 gadiem. Paslaik ta ir atzita par svarigu mehanismu
programmatiras kvalitates un izstrades produktivitates uzlaboSanai. Galvend uzmaniba ir pievérsta
retrospektivai analizei par svarigakiem pétijumiem programmatiras atkartotas lietoSanas joma. Sakot no
pamata pétijuma, raksta tiek apspriesti svarigakie pagrieziena punkti attistiba no sakotnéjam idejam par
komponentu apaks-industriju. Starp svarigakiem petijumiem, kuriem tiek pievérsta uzmaniba raksta, ir pétijumi
par atkartotas lietosanas bibliotekam, atkartoti lietojamo artefaktu atlases un klasifikacijas metodem,
merijumiem un eksperimentiem, projektesanas Sabloniem un pétijumiem par sistematisko atkartotu lietosanu.
Speciala uzmaniba ir pievérsta programmatiras atkartotas lietosanas labumu un kavékju analizei. Izmantojot
iegiito vesturisko pieredzi, raksta tiek secinats par atkartotas lietosanas daudznozaru dabu, par nepieciesamibu
atkartotas lietosanas procesos, un par domeénu inzenierijas lomu. Ir sniegts parskats par vairakiem aspektiem
(organizacijas, tehniskiem un ekonomiskiem), kuri ir svarigi atkartotds lietoSanas programmas istenosandai.

Kotov V. Forty years of software reuse

This paper is an overview of software reuse, its origins, research areas and main historical contributions. Reuse
as the process of using existing software artefacts and knowledge has more than 40-year long history, and is
currently recognized as an important mechanism to improve software quality and development productivity.
Main attention is paid to retrospective analysis of key researches in the area of software reuse. Starting from the
seminal paper and the other earliest contributions the survey discusses important milestones in the evolution of
initial ideas of component sub-industry to mature field of research in software engineering. Active areas of past
researches being overviewed by this paper include reuse libraries, asset classification and selection,
measurement and experimentation, design patterns and studies of systematic reuse. Separate attention is paid to
consolidation of main benefits and obstacles of software reuse. The paper concludes important ideas emerging
from the historical experience about multidisciplinary nature of reuse, necessity of software reuse process and
the role of domain engineering. Overview of key aspects (organizational, technical and economic) important for
establishing software reuse programs is given.

Komoe B. Copok nem noemopnozo ucnonb306anus RPOZPAMMHOZO 0becnedenus

Cmamvs  sensgemcs 0030poM  NOBMOPHO20 UCHONb308AHUSL NPOSPAMMHO20 0beCneyeHus, e20 UCHOKO8,
HANpasnenuss UCCIe008aHUll U OCHOGHLIX —Oocmudicenuil. ITlogmopHnoe UCNONb30BAHUE NPOSPAMMHOO
obecneuenusi umeem 6onee yem 40-1emHION0 UCMOPUIO KAK NPOYECC UCNOAb30BAHUA  CYUWeCMEYIOUUX
NPOSPAMMHBIX KOMNOHEHMOB U 3HAHUU, U 8 HACMOsWee 8PeMsi NPUSHAHA BANCHBIM MEXAHUSMOM HO YIYYUEHUIO
Kayecmea NpocpamMmMHo20 — obecneyenus U  ckopocmu  paspabomixu. Iiasnoe  eHumanue  yoeneHo
PEMPOCHEKMUBHOMY AHANU3Y OCHOBHBIX UCCIe008aHUll 6 OaHHOU obnacmu. B cmambe obcyacoaiomes sadicHvie
omanvl pasgumusi Om NEPEOHAYANILHLIX Udell 06 UHOYCMPUU NPOSPAMMHBIX KOMHNOHEHMO8 00 (opMUpOsanus
omoenbHol 0baacmu  ucciedo8anutl 8 obaacmu paspabomku npocpammuo2o obecneuenus. OcHoGHbIE
HANPAGIEHUSL NPOULTLIX UCCIe008AHUL, NPOAHANUUPOBAHHBIX 6 DAMKAX OAHHOU CMambvl, GKIIOYAIOM 6 cebsl
bubIUOmMeEKU NOBMOPHO20 UCNONL306AHUS, MemOoObl KIACCUDUKAyUU U ombopa KOMHOHEHMO8, OYEHKY U
IKCHEPUMEHM, WADIOHbL NPOESKMUPOBANHUSL U UCCAEO08ANUS CUCMEMAMUYECKO20 NOBMOPHO20 UCHONIb3068ANUS
npoepammuozo obecnevenus. OmoenbHoe 6SHUMAHUE YOeleHO 0000WeHUI0 OCHOBHBIX NpeuMywecms u
npensamcmeutl 0 peanu3ayuu ROGMOPHO20 UCNONb308aHUs. OCHOBbIBAACL HA UCMOPUYECKOM ONbIME 8 CIMAMbe
oenaemcs 6bl800 O BANCHOCMU UOEU MENCOUCYUNTUHAPHOZO XapaKmepd NOBMOPHO20 UCHOIb308AHUS,
HeobXxo0uMocmu 6 npoyecce NOGMOPHO20 UCNOAL3IOBAHUS U POJU OOMEHHOU uHdcenepuu. Takoice npedcmasien
0030p KIIOUEBbIX ACNEKMO8 (OP2AHUZAYUOHHBIX, MEXHUYECKUX U IKOHOMUYECKUX), BAINCHBIX OIS peanu3ayuu
npoOSPamMm HOBMOPHO20 UCTIONbIOBAHUS.
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