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Abstract - The paper presents the results of a survey, which e

aims to investigate the field of software reuse insoftware
development organizations in Latvia. The topic has garticular
significance since reuse may provide some econontienefits by
reducing software development and operating costsand by
efficient utilization of development knowledge andcorporate
expertise. The objective of the study is to identifghe key factors
to be considered by the companies interested in ablishing a
software reuse program, thus improving time-to-marlet, costs
and quality of software products by ingraining reug into the
entire software development process. Twenty factorsrganized
into four categories were considered important witin the
framework of the survey. The results were obtainedhrough the
questionnaire involving software organizations in L&via, whose
responses were analyzed and used to relate the chateristics of
organizations with their reuse experience. As a re#t, the
influence of the selected factors on the success tbe reuse is
evaluated using four different levels (strong, weaknone, no
data). Additionally, the paper includes review of elated
researches and comparison of the results. In condion, the
author provides suggestions for the improvement afhe reuse in
Latvian software development organizations on the kms of the
survey.
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|l. INTRODUCTION

Software reuse is the process of creating softwgstems
from existing software rather than building themnfr scratch
[1], whereby an organization defines a set of syatic
operating procedures to specify, produce, classiyrieve,
and adapt software artifacts with the purpose ofguthem in
its development activities [2], so that similaritiein
requirements and/or architecture between applicatan be
exploited to achieve substantial benefits [3].

Reuse of large-scale software system componentsiie
effective when systematically applied in the cohtek
families of related systems.

e The final goal is to ingrain reuse into the entodtware
production process in organizations [5].

The end of the 20century can be characterized as evolving

of systematic software reuse as a field of resesrcoftware
engineering [4]. Important contributions includeabsis of
organizational experience in [6] used to answerstjols
commonly asked by the organizations attempting
implement systematic reuse and analysis of therfsaathich
influence establishing a software reuse prografiifimerived
from the survey of projects for the introduction a@fuse.
However, even with some experiences from indusiyneed
more empirical data about introducing reuse in vemfe
development organizations [8].

Willing to improve their time-to-market, costs agdality
of software products by ingraining reuse into thatire
software development process, organizations arallysfaced
to practical questions, both technical and non+&ch,
related to a) a kind of development approach tased, b)
organization of the development team, ¢) languaipeds and
application domains more suitable for reuse anthd)steps
needed to introduce reuse in the organization. d@ssi
according to [8] it is difficult to determine exhctvhat makes
a reuse successful, mainly because it dependseostiicture
of the organization, its background, and budgetragnother
technical and non-technical factors.

This paper presents the results of the survey, waims to
investigate the field of software reuse in softwadegelopment
organizations in Latvia with the objective to idénthe key
factors to be considered by the companies intategte

to

With more than 40-year history software reuse igstablishing a software reuse program. Sectiorrdiiges a
recognized as an important mechanism to improveveoé prief review of the survey, the questionnaire aathdanalysis
quality and development productivity when properlyapproach. It is followed by discussion of the syriesults and
understood and systematically deployed [4]. Thecttyas @ main reuse success factors in Section Ill. The tedla

particular significance in the current situation fafancial researches are reviewed and the conclusions are nmad
crisis both in Latvia and all over the World, simeeise may Sections IV and V.

provide some economic benefits by reducing software
development and operating costs, and by effici¢itization
of development knowledge and corporate expertise.
Retrospective analysis of the origins and main rifutions
in the research area performed in [4] identifies thllowing
important aspects of the current state of the softweuse
field:
e Software reuse is multidisciplinary and has deep an,
complex interactions with many areas of compute\;
science.

Il. THE SURVEY

The survey is based on the questionnaire involsofgvare
organizations in Latvia, whose responses were aedlyand
used to relate the characteristics of organizatiith their
reuse experience.

The questionnaire was originally conducted by redeas
om the Federal University of Pernambuco. The indh
ersion from [8], which was developed after an esiee
review of the literature and based on industrialderce
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experienced by RIiSE (Reuse

research group, was refined and adapted for thécBahrket.

The adapted revision was further reviewed and aptished

by a group of experts,

development industry professionals.

The questions could be divided into three groups:
general information about the organization;
information about its reuse experience;
information indirectly related to

a)
b)
c)

approaches among the others).

Questions of the groups “a)” and “c)” are aimed at

identifying possible factors that could have somfluence on
reuse success. Within the framework of the remgisurvey
twenty factors, adapted from [8] and supplementarct
considered important. The factors are organized fiour
categories as outlined in Table 1.

Answers to the questions from the group “b)” wesedito
assess whether organizations were successful ise réy
means of productivity or quality gains. It can bettreated as
formal evidence, because claims on reuse success\astly
based on subjective analysis. However, as correxttgd in
[8], it allows to capture the industry professi@iaipressions
on software reuse and to determine if some kindeoiefit has
been obtained.

The questionnaire was distributed among severawaod
development organizations in Latvia, and the cotegle
response forms were submitted from eighteen orgénizs.
Both quantitative and qualitative data analysis pagormed,
and assessment was done based on the percentelgénadd

TABLE 1
REUSESUCCESSFACTORS

Category Factors

Organizational | 1. organization and team size
project team experience
software reuse education

rewards and incentives

a s wn

independent reusable asset development team

Business 6. product family approach

N

kind of software developed
application domain

Technological 9.
10.
11.
12.
13.

14.quality models usage
15.
16.
17.
18.
19.
20.

software development approach
programming language

usage of software models
repository systems usage
CASE tools usage

Processes
systematic reuse process
kind of reused assets

specific function in the software reuse process
software reuse measurement
software certification process

configuration management of the reusable assets

reuse (such as.
development team experience and software developmen

in Software Engineeringlccess related to each characteristic, answersioaddly

included to the survey and our own experience.
In order to perform further comparison with relastddies,

both academic and softwafeur different levels of influence that a factor ynhave on

reuse success are used:

1. strong, when the observed data clearly indicates a
relationship between that factor and reuse success;
2. weak, when some relationship exists;

none, when no relationship exists;
no data.

The findings derived from the questionnaire ressitggest
some interesting trends. In total about twenty-faaftware
development organizations in Latvia were contactetl
responses from eighteen were received.

No special restrictions were imposed for the survey
participants. As a result, organizations of différsize and
development profile answered the questionnairegdneral,
participants can be divided into the following gosu
e software development companies;

e |IT outsourcing service providers;
e |IT departments of financial or service institutipns
e educational institutions.

As outlined in Fig. 1 thirteen (72%) participantaimed to
succeed in projects by the means of software r@usheir
organization. The distribution of roles occupied by
respondents in Fig. 2 indicates that both manageraad
technical points of view were taken into consideraturing
the survey.

RESULTS

Feuse s uccess
28%

TI%

Fig. 1. Reuse success

R A -

WBnager Head of Programmer Analyst  ther  Director

deparment

Fig. 2. Participants of the survey
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Fig. 3. Influence of organization size, team sind team experience on reuse success

A. Organizational Factors

Several characteristics of the organizations wdrsen/ed
for possible influence on the claimed success irsee The
results of Fig. 3 show not statistically evidentatien to

stimulus to effective introduction of reuse insigiganization
only one respondent (5%) answered this question
affirmatively, considering motivation in form ofaegnition.

It is commonly assumed, that creating an indepenigam

organization’s size, where small and medium sofewarc@n influence good reuse results, because this teitinbe

organizations with 1-100 employees presented higbese
success rates than organizations of a large sizwilad

phenomenon observed in [8] is explained by theoWailhg

factors: a) more restricted domain scope and laniésources,
that makes smaller organizations to have softwatsea as
their goal; b) better communication flows, and pobj
managers being closer to the development team illesm
organizations; c) difficulty to introduce changesated to
software reuse in large organizations because efnted in
long-term investments and time to deploy.

Similar pattern could be observed in terms of safew
development team sizes (see Fig. 3), that couléXpdained
by more opportunistic nature of reuse in smallants, which
becomes hard to achieve in the large teams, whare m
controllable process is usually established. Siony few
respondents reported about the use of any systemaise
process, this fact complied with importance of eepsocess
as an effective way to obtain the benefits of safeweuse for
large software organizations emphasized in [7], [@P].
There is no reasonable correlation between expmriemnd
reuse success from the questionnaire results. isnctintext
the related study [6] generally assumes, that so#w
engineering experience has no effect on reuse fedykle
objects, that maybe caused by historical lackahing in the
reuse.

The survey results show that the reuse educatipoas in
Latvia, and only one respondent (5%) reported abgigting
training programs related to software reuse, suehreuse-
oriented approaches, component-based software eargig
and design patterns. Similarly, corporate reusecatifin is
also rare in US (19%) as previously observed in4éd only
few (15%) of the organizations interviewed in Btani [8]
implement some policies related to
Interesting enough, organization confirmed existeotreuse
education, has not reported success by means sé.r8imilar
results were obtained concerning rewards and inents a

92

reuse educatioh,

specialized in reuse, building more robust and wiglborated
assets, minimizing the effort to reuse them [8]widwer, the
practice when one team develops the reusable asgeils
another team develops the project, was confirmedoby
organization (5%) participating in the survey. Tdfere, we
considered not enough data to conclude influencsofifvare
reuse education, rewards and incentives, and imdieme
reusable assets development team on software reuse.

B. BusnessFactors

Although particular type of software is not knowm hhave
influence on reuse success, related questions nelteled to
the survey and organizations were offered to dhassi
themselves into six categories of developed so@iwar
embedded, games, information systems, intelliggstess,
real-time systems and other. As outlined in Fignférmation
systems are the most common, while games and erabedd
software are not being intensively developed by the
interviewed organizations in Latvia (thus not irdzdl).
Additionally, possible application domains were gested for
participants to choose. It should be noted, thameso
respondents have selected multiple options answehase
qguestions. In general, the percentages of reuseessicfor
observed kinds of software are similar and resuts
application domains are not conclusive enough, twatld
indicate such factors not being important for reuse

Factor related to software production process, kwHall
into category of business factors, was considem@dbé
important for analysis. Respondents were asked hé t
organization produces specific software for eaclojeut
(isolated products), or develops a product thativesoover
time, being adapted for each new project in somg wa
H)roduct families). A software product family alesferred to
as product line is a set of software-intensiveesyst sharing a
common, managed set of features that satisfy tleeifgp
needs of a particular market segment or mission amel
developed from a common set of core assets in sciibed
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Fig. 4. Influence of kind of software, applicatidomain and software production process on reussess

way [11]. Comparing to conventional “monolithic”tse tasks organizations in Latvia: component-based developmen
software organizations are responsible for progdiand approach (80%), followed by the object-oriented rapph
maintaining software systems, product family apphoa (79%). Surprisingly, procedural development appho&as
introduces a differentiation between the taskstedldo the very high reuse success percentage (80%). Howehir,
production of reusable assets and the tasks relatethe phenomenon can be explained by the fact, that duveé
production of end-user applications. According@p [7], [12] development is specified as complimentary to th¢eab
this can bring benefits to software reuse, maindcause oriented approach in responses from several orgaois
product families have functionalities that can bared and claiming to obtain success in reuse. During anslysi the
the scope of the reusable assets should be défirtbeé early impact of the programming language on reuse it eleerved
stages of development. 90% of the organizationsgoeithat the software organizations that use Ruby, dadaObject
investigated that adapted a product family appradaimed to Pascal have a greater reuse success level. Howesatts do
obtain success in reuse, while 58% have succeedred f not vary strongly across the different languages@dd be
others. Three organizations claiming success isereaported seen on Fig. 5. Based on these observations, weudenthat
both isolated product and product family approachesg both development approach and programming langbage a
adapted. Therefore, product family approach wassidened weak influence on reuse.
to have a strong influence on reuse success. It is concluded in [6] and [7]: a) the use of repmes as
C. Technological Factors searchable coIIection_s of reusable assets_ is _impbrﬂ)ut
should not be the primary focus for organizationsngy to

From the technical perspective _softwgre reuse tgnof improve systematic reuse; b) many organizationsankg
understood as advantage of the object-orientedadstrand  -ASE tools as a way to improve reuse, however gtiaos yet

component engineering discipline is usually treagsdthe not effective in promoting reuse. In this contetie survey
most popular way to reuse software [4]. Howeveris th harticipants were asked, if there is a repositorystoring and
contradicts with [7], where both development pagadiand retrieving reusable assets, and if CASE tools aelin the
the programming language are not considered infinen geyelopment of software projects in their orgariazat The
reuse success. During the survey the following Ites(see gjlected data shows that 90% (9 out of 10) of the

Fig. 5) were obtained about the influence of deweient or?anizations that claimed to have repository regbreuse
approach on reuse success in software developmen

Development approach Programming Bnguages
12 = 14
12
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Fig. 5. Influence of development approach and nogning languages on reuse success
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success, against 50% (4 out of 8) of success fer
organizations that do not. Additionally, 75% (6 oti8) of the

respondents, who use CASE tools in their projeetported
reuse success, against 70% (7 out of 10) for thanizations
that do not. Therefore, we conclude that using sigpry for

storing and retrieving reusable assets has a sinflugnce on
reuse success, while usage of CASE tools has mdact, we
observed the opposite to results in [8], wherepreentage of
success in organizations without a repository jgesior and
reuse repository is considered to have no influeoce

thny systematic reuse process in their organizatibereof we

considered that there is not enough data to iderits
influence in our survey.

The central concept in reuse area is a reusabkt ass
artifact that could be either reusable softwaresoftware
knowledge, potentially made up of many software lfycle
products including requirements and architecturéniiens,
analysis and design models, code, test scenarsegorts
[4]. Fig. 6. summarizes the answers about the gpe the
origin of asset systematically reused in resporglent

software reuse success, while CASE to have a strongganizations.

influence.

Additional question included into the questionnagr@bout
the role assigned to software models in developrpemtess
of the organization. The gains of the successfpliegtion of
model-driven development approach include seveeakfits
in the reuse area apart from gains
interoperability, portability and maintenance, asdels may
be used to generate a code for different platforfream
respondents answered this question 100% (4 ou) of the
organizations, who use models as first-class dewvedmt
artifacts and have adapted MDA (Model-Drive Architge)
approach, claimed to achieve success by meansisé.r80%
(4 out of 5) of the organizations, who use modetstiy for
documentation purposes, also reported reuse sy cagssst
43% (3 out of 7) of success for the organizationbere
models are not considered explicitly. Therefore, tisage of
software models in the development process is dersil as
factor with a strong influence on reuse success.

D. ProcessFactors

Importance of a systematic reuse process as aotieffe
way to obtain the benefits of software reuse is leaszed in
[7, 9, 10]. Being process-driven means that thewsog

development is done in accordance with well define

processes that are enforced through managementgsoland
it is important in order to ensure efficiency, regucibility,

homogeneity, and predictable time and effort cemsts.

Software processes refer to all the tasks necessaggoduce
and manage software, whereas reuse processeseasaltbet
of tasks necessary for successful software reusbinwa
company [7]. Only two participants confirmed theaption of

rensed assets

Quality and maturity models are used to define eraluate
the process that is used by an organization, ieroim assure
the quality of the final product [8]. The surveysudis show
that 82% (9 out of 11) of the software organizatiowho
established a quality model, obtained successfiware reuse

in productivityas well, while 57% (4 out of 7) of the respondemtkp have

not established a quality model, managed to actsageess in
reuse. So, a strong influence of quality modelgesan reuse
success is evident.

Configuration management process is fundamentaletp
in maintaining the assets’ quality during their lexion. The
survey tried to identify how organizations are gsit for
reusable assets, as well as its impact on reuseessic The
obtained data shows, that 27% (5 out of 18) of the
organizations use configuration management, and @D%ut
of 5) of the participants who introduced it obtalrsiccess in
reuse, while only 69% (9 out of 13) of organizatigdhat do
not introduced it obtained success in reuse. Basethese
observations, we consider configuration managenoérthe
reusable assets to be a factor with strong infleemt reuse
success.

Additionally, several questions were included intoe
uestionnaire with the aim to verify if some of tiedlowing
glctors often mentioned in reuse related researatws
influence the success of reuse programs: spegdgition
responsible for the software reuse process, measuteof
reuse level and presence of asset certificatiooga®to assure
its reusability. However, we received no data eoug

identify the influence of those factors on reusecsss.

Origin ofthe reused as=at=

g

i

Source coda
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Fig. 6. Influence of kind and origin of reusededisn reuse success
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IV. RELATED RESEARCHES

There are a few similar studies that aim to anafgotors
related to a successful introduction of reuse. @hthe first
analysis of the organizational experience in [6dithe data
obtained from the responses of twenty-nine respusde
answer sixteen questions commonly asked by orgadmiza

management which understands reuse issues, softease
advocate(s) in senior management, state-of-thécait and
methods, precedence of reusing high level softveatiéacts
such as requirements and design versus just cage,rand
trace end-user requirements to the componentsstiygort
them.

attempting to implement systematic reuse. The study Recent survey performed in [8] that is used as sasbar

highlighted a perceived economic feasibility, reescation,
type of industry, common software process and hjghlity
assets as the factors to concentrate on to immgstmatic
reuse.

In [7] some of the factors in establishing a compaide
software reuse program were derived from empigsadence
of reuse practices from a survey of twenty-four jgots

the present study, analyzed practical experienperted by
industry professionals, through a survey involvfifty-seven
Brazilian small, medium and large software orgatiires. As
a result, the following most influencing reuse ssscfactors
were marked out: independent reusable assets genetd
team, product family approach, CASE tools usagealityu
models usage, systematic reuse process, kind sédeassets,

elaborated for the introduction of reuse in Eum,peaprevious development of reusable assets and caafign

companies. The study concluded that despite thenpat for

management of the reusable assets. Besides, sones ot

success, about one-third part of the projectsdailee to not factors, for instance, an application domain, saffv

introducing reuse processes, not modifying noneeu§€velopment approach, programming language andnooig
processes, not considering human factors and a tdck the reused assets also influence the reuse suoccassmaller

commitment by top management, which could be cenet
as important factors for a reuse program.

Based on the research results in [12], the leaitidigators
of software reuse capability are the following: quot-line
approach, architecture that standardizes interfaceb data
formats, common software architecture across thuelymt-
line, design for manufacturing approach, domainireagying,

degree according to [8]. In addition, the studggented a
guide pointing out the factors that should be mstrengly

considered by small, medium and large organizations

attempting to establish a reuse program. The detail
comparison of the results of the present studythadesults
presented in [8] is provided in Table 2.

TABLE 2
COMPARISON OFSURVEY RESULTS WITHRELATED WORKS

Factor Influence on reuse success
Survey results Results from [8]

Organizational factors

1. Organization and team size Weak None

2. Project team experience None Weak

3. Software reuse education No data None

4. Rewards and incentives No data No data

5. Independent reusable asset development team atdo d Strong

Business factors

6. Product family approach Strong Strong

7. Kind of software developed None None

8. Application domain None Weak

Technological factors

9. Software development approach Weak Weak

10. Programming language Weak Weak

11. Usage of software models Strong No data

12. Repository systems usage Strong None

13. CASE tools usage None Strong

Processes factors

14. Quality models usage Strong Strong

15. Systematic reuse process No data Strong

16. Kind of reused assets Strong Strong

17. Specific function in the software reuse process No data No data

18. Software reuse measurement No data No data

19. Software certification process No data No data

20. Configuration management of the reusable assets Strong Strong
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Vladimirs Kotovs. Atk artot a lietoSana programmafiras izstrades organizcijas Latvija

Rakst ir sniegts prskats par aptaujas rezilem, kuras rarkis ir izpetit atkartoto lietoSanu programniais izstides organiacijas Latvija. Programmairas
atkartota lietoSana var nodrogih vairakus ekonomiskos labumus, samazinot prograrmrastizstides un ekspluatijas izmaksas, &k af efekivi atkartoti
izmantojot izstidataju zinaSanas un pieredzig®Buma nerkis ir identificst galvenos faktorus, kurapem \era kompanijam ieinterestam atlartotas lietoSanas
programmas ievieSarorganizcijas imen. Tiek uzskats, ka atkrtotas lietoSanas ievieSana programimas izstides proceslauj uzlabot programmatas
produkta piegdes laiku idz tirgum, izstides izmaksas un kvaitt. Divdesmit faktori organii cetras kategoris tika uzskati par svafgiem [Etijjuma ietvaros.
Rezulati tika iedfti, veicot anketSanu Latvijas programniafs organizciju vida, kuru atbildes tika anafizas un izmantotas, lai sas@#istorganizciju paimes
ar to atlirtotas lietoSanas pieredzi. Raksiek af ieklauts saisto petijjumu parskats un rezudtu saidzinaSana. Nogslguma autors sniedz ierosijumus atlrtotas
lietoSanas uzlaboSanai programiinas izstides organiacijas Latvija balstoties uz aptaujas reztiem.

Baaaumup Kotos. IloBTopHOe HCIOIb30BaHHE B OPraHU3AIHUAX, 3aHUMAIOIIKXCS Pa3padoTKoii mporpaMMHoro obecneyenus B Jlarsun

B craTee mpencraBieHbl pPe3yNbTaThl HCCIENOBAHMsA, HANpPABICHHOTO HA M3yd4E€HHE IOBTOPHOIO MCIIOAB30BAHUS B OPraHM3allUsX, 3aHUMAIOMIUXCA
MIPOU3BOJCTBOM IporpaMMHoro ooecredenus B Jlarsuu. Ocoboe 3HadeHHE MOBTOPHOIO HCIIONB30BAHUS B 00NACTH pa3pabOTKH IPOrPaMMHOTO OOECIICUCHHS
00yCIaBINBACTCSI BO3MOXKHOCTBIO IIONYYEHHS ONpPENCICHHONH OSKOHOMUYECKOH BBITOIBI 3a CUET COKpAIeHHs PAacXOAOB Ha pa3pabOTKy NPOTrpaMMHBIX
HPOJYKTOB, @ TaKkxke 3(Q(PEKTHBHOTO MOBTOPHOTO MCIIONB30BaHMS 3HAHMH M OMbITa pa3paboTunkoB. Llenmblo MccIenoBaHUS SIBIACTCS BBIABICHHE OCHOBHBIX
(axTopoB, KOTOpHIC HEOOXOAMMO HMETh B BHAY KOMIIAHHSAM, 3aHHTEPCCOBAHHBIM B HHTETPalliM IIOBTOPHOTO HCIIONBb30BAaHUS B MPOIECC Pa3pabOTKH
IIPOrpaMMHOT0 00ECIEUeHUs] Ha YPOBHE OpPTaHM3AllMM C IIENbI0 CHIDKGHHS BPEMEHM BBIXOJA IPOAYKTa HA PHIHOK, YIydIICHHsS CTOMMOCTH M KadecTBa
pa3paboTku. Pe3ynbTaTel OBUIM MONyHYEHBI IMyTEM aHKETHPOBAHMS OPraHU3alMid, 3aHMMAIOIIUXCS Pa3pabOTKON MporpaMMHOro obecredeHuto B JlatBuu, ubn
OTBETBI OBLIM MPOAHAITM3UPOBAHBI U HCIIOIB30BAHBI JUIS YCTAHOBJICHHS 3aBUCHMOCTH MEXIY XapaKTePHCTUKAaMH OPTaHH3alMi C UX OMBITOM MOBTOPHOTO
HCTIONIb30BAaHUA. ABTOp TaKKE HAeT MNPEATIOKEHUS IO YIYYHIEHHIO MOBTOPHOIO MCIOJNB30BaHMA B OPraHU3aLUAX, 3aHMMAIOLIMXCA HPOU3BOACTBOM
IporpaMMHoro obecrieuenust B Jlateu.
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