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Abstract. This article addresses issues of estimating asdsamg testing efforts. Drawing on the
experiences of companies such as Boeing, IBM, amap&hat, various estimation models are
analyzed, including parametric and empirical modatswell as expert judgment methods. Factors
influencing labor efforts, such as project compgsnd team qualifications, are discussed. The role
of test automation in assessing potential cositsis explored.
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KiroueBble cjI0Ba: TeCTHpOBaHHE IPOTPAMMHOTO OOECIIEYeHHs, OICHKa 3aTpaT, 3aTpaTrbl Ha
TECTHPOBAaHUE, TIAPAMETPHUYECKHE MOICTH, OJMIMPHYCCKHEe MOJEIH, SKCIIEPTHOE MHEHHE,
aBTOMATH3aIHs, THOKHE METOOJIOTHH.

AHHOTanuA. B panHOW cTaThe paccMaTpuBalOTCS BOMPOCHI OIEHKA M aHajdu3a 3arpaT Ha
TectupoBanue. ONupasch Ha OINBIT TAKUX KOMIIAHMH, kKak Boeing, IBMu Snapchatananusupyrorcs
Pa3IMYHBIC MOJICIH OLICHKH, BKIIFOYAs MAPaMETPUICCKHE U IMITUPUICCKHAC MOJICITH, a TAKIKE METO/IBI
9KCHEPTHOM OneHKU. OOCy)KIaroTcs (GaKTOPbI, BIMUSIONINE HA TPYI03aTPAThI, TAKHE KaK CI0KHOCTh
MpoeKTa U KBaMu(UKaus KoMaHabel. Takke paccMaTpUBaeTCsl POJIb ABTOMATH3AIMUA TECTUPOBAHHUS
B OIICHKE MOTCHIMAIBHBIX 3aTparT.

Introduction

Software testing (SWT) is an integral componerthefsoftware development
lifecycle. The estimation of efforts required festing remains a pivotal aspect of
project management, influencing budget allocatiamesource planning, and the
overall project timeline. Accurate estimation oésle efforts aids in mitigating risks
associated with project delays and cost overruhereby enhancing project
management efficacy.

The goal of this study is to elucidate various rodtiiogies and models for
estimating testing efforts (TE) within software jads.

Main part. Overview of testing methodologies

SWT is a systematic and crucial procedure in thitwsoe development
lifecycle that involves evaluating and verifyingetfunctionality, performance, and
reliability of the program. The global SWT marketéxpected to grow to $68.01
billion by 2030 (fig. 1).
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Fig. 1. Global SWT market size, billion dollars [1]

Testing methodologies in software development playucial role in defining
how products are evaluated and refined. They degtial to managing quality and
ensuring the final product meets all specified neguents. These methodologies
can be broadly classified into traditional and egmhethods, each catering to
different project needs and offering distinct adages and challenges in terms of
effort estimation and project management:

— Traditional testing methodologiessuch as th&vaterfall model advocate a
systematic, sequential approach to SWT [2]. In Waterfall model, testing
commences only after the completion of the develamnphase, adhering to a rigid
structure where each phase must be completed bbmext begins. This method
is highly structured and allows for extensive doeatation and detailed planning,
making it suitable for projects with clear, unchemggrequirements.

The V-model an extension of the Waterfall model, incorporatesnore
integrated approach to testing by associating dagklopment stage with a specific
testing phase [3]. Known as the Validation and fi=tion model, it enhances the
focus on quality from the early stages of the safevdevelopment lifecycle. This
model is particularly effective in environments wheailure can have serious
safety or financial implications, as it systemdticaddresses quality at each step of
development.

— Agile testing methodologiesuch as those implementedAgile or Scrum
frameworks emphasize flexibility and continuous tites throughout the
development process [4]. Agile methodologies irdggrtesting as an ongoing
activity, allowing for constant adjustments baseduser feedback and evolving
requirements. This iterative process involves reggeaycles or sprints, where
development and testing occur simultaneously, ptmmgdrequent reassessment
and adaptation of both product and project scopes.

Agile testing is characterized by its collaboratinature, involving regular
communication among cross-functional teams andebtadllers. This approach
supports a dynamic development environment whepein@aments are anticipated to
change and rapid product iterations are neceskasyparticularly suited to projects
requiring frequent updates and quick adaptatiorete information or user feedback.
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The choice between traditional and agile testinghodologies significantly
impacts the estimation of TE and the managemensaffware development
projects. Traditional methods provide a structdrachework ideal for projects with
fixed requirements and significant risk, whereageagethods offer flexibility and
adaptability, crucial for projects with dynamic pes and the need for rapid
development [5]. Understanding the distinct chamastics of each methodology
allows project managers to align their testing tegigs more effectively with
project goals and stakeholder expectations, erguhi@ timely delivery of a high-
quality product.

Estimation models for TE

Accurately estimating TE is essential for the ssstid management of
software development projects. Different estimatioaodels provide frameworks
and techniques to predict the resources and tiouarezl for testing, which helps in
planning, budgeting, and resource allocation. Thesedels can be broadly
categorized into parametric models, empirical medehd expert judgment.

Parametric modelsuse mathematical formulas to estimate the efloatsed
on a set of defined parameters. One of the mosgrezed parametric models is the
Constructive Cost Model(COCOMO). COCOMO estimates the effort and cost of
a software project by using historical data andentrproject parameters such as
size of the software, complexity, required relidpjland the team's capability [6]. It
provides a detailed and systematic approach toastin, which can be tailored to
fit various types of software projects.

Another parametric model is the Software Life Cyblanagement (SLIM)
model. SLIM uses a Rayleigh curve to model thefisgfand time requirements
across the lifecycle of the software developmerdcegss. It is based on the
relationship between time, effort, and the numbepenple involved, offering a
more dynamic view of the entire development process

Empirical models are based on analysis of data from completed ¢ij®
predict future efforts. By analyzing trends andcoates from previous testing
phases, empirical models can provide estimates tiefiect the specific
characteristics and performance of the testing t@adnenvironment.

For instance, the use of regression analysis inrezapmodels allows for the
identification of key factors that significantly pact the testing effort. This method
can adapt as more project data becomes availablgjnaously refining the
accuracy of its predictions. Empirical models amberently flexible and can be
customized to the unique processes and metricspéeific organization.

Expert judgment involves relying on the experience and intuitioh o
seasoned professionals to estimate TE. This methaften used in conjunction
with other models to fine-tune estimates basedhennuances of the project that
might not be fully captured by parametric or engatimodels.

Techniques such as the Delphi Method are emplogecbhsolidate expert
opinions. This method involves multiple rounds obaymous feedback from a
panel of experts, allowing consensus to be reachgdout the influence of
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dominant individuals. Expert judgment is invalugbdspecially in new or highly
innovative projects where historical data may bersg or irrelevant.

Choosing the right model for estimating TE depemnds various factors
including the availability of data, the nature dfetsoftware project, and the
organization's experience with similar projectsrafgetric and empirical models
offer structured approaches that can leverage ridatodata and mathematical
formulas, providing a solid basis for estimateswideer, expert judgment brings in
the necessary flexibility and adaptability, part&ly valuable in projects with
unique or unprecedented elements. Combining thppeoaches often yields the
best results, balancing data-driven precision wiperienced insight to guide TE
effectively. This integrated approach ensures #sdiimates are both realistic and
tailored to the specific context of the project.

Factors influencing TE

Accurately estimating TE is critical for the effeet management and
execution of software projects. Several factorsuerice the time and resources
required for testing, each varying in its impactsdsh on the project's unique
attributes. These factors include the complexitthefapplication, the experience of
the testing team, and the methodologies employedekstanding these influences
is important for project managers to prepare rgalschedules and budgets. A list
of these factors is presented in Table 1.

Tab. 1. Factors influencing TE [7, 8]

Factor category Specific factors Impact on TE

Software size, number

Project . : Larger and more complex projects typically
: of integrations, featurg ;
complexity ; demand more extensive and thorough TE
complexity
Technology stack
complexity, legacy Advanced or unfamiliar technologies and
Technical system integration, | legacy systems integration generally extend
challenges requirement for testing durations due to the higher risk of

specialized testing (e.g. defects and issues.

security, load)

Highly skilled and larger teams might reduce
testing time, whereas poor communicatign
can lead to misunderstandings and rework,

increasing efforts.

Team expertise, tean
Human factors| size, communication
efficiency

Agile methods with iterative testing might
Development speed up some processes but require
Methodological | methodology (Agile vs| continuous testing. The use of automated

approach Waterfall), testing tools  testing tools can significantly decrease
and automation manual testing time but requires upfront time
investment for setup.

Regulatory requirements often necessitate
Regulatory compliance,additional testing to ensure compliance, while
market-driven deadlines tight deadlines can pressure testing teams to
increase efforts or adjust scope.

External factors
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From the author's perspective, the human factorsilee in Table 1,
especially the expertise of the testing team, aueia in optimizing the TE. This
view is corroborated by the experience of AcmeT®chutions, which implemented
a comprehensive training program for its testirgffsBy enhancing their team'’s
skills in automated testing tools and agile methogies, AcmeTech noticed a
significant reduction in their cycle times for test This shift not only improved
the quality of their software products but alsol#ed the team to handle complex
testing scenarios more efficiently, showcasing prefound impact of skilled
human resources on testing efficacy.

Application of estimation models in practice

The effective use of estimation models in TE camificantly influence the
success or failure of software development projects

Boeing successfully implemented the COCOMO for estimatihg effort
required for their software development in aviorsgstems. This extensive project
involved complex software integrations across rplédtiaircraft systems. Boeing
opted for COCOMO because of its ability to factorvarious project sizes and
complexities by adjusting parameters such as tlade sof the project and the
experience of the team.

For Boeing, the key to the success of the COCOMQdehavas the
availability of extensive historical data from piays projects, which allowed for
accurate calibration of the model's parameterss phecise parameter adjustment
ensured that the effort estimates were reliablel #re project adhered to its
schedule and budget. Boeing's experience undesstioeeimportance of detailed
project records and data analytics in enhancingatitoeiracy of predictive models
like COCOMO.

IBM has successfully integrated the COCOMO to estenTE within its
software development projects. By applying the COCD model, IBM can
effectively forecast the resources required fotingseach phase of development,
allowing for strategic planning and allocation e§ting resources. This parametric
model has been particularly beneficial in scali®MIs larger, more complex
projects, ensuring that TE are well-aligned witlvelepment timelines and project
budgets.

Snapchat, in its fast-paced mobile app developreentronment, employs
empirical models alongside expert judgment to esnTE. By analyzing historical
data from past projects, Snapchat's project masager able to identify patterns
and baselines that inform current testing effotinggtions. This empirical approach
is complemented by the Delphi method. This comnatllows Snapchat to adapt
to rapid iteration cycles and user-driven featupglaies, ensuring that testing
resources are accurately projected and efficienilized.

These case studies from Boeing, IBM and Snapchatriite the practical
application of different estimation methods taitbte the needs of the organization
and the nature of the projects. Boeing and IBM wse of the COCOMO model
exemplifies how parametric estimation can providleust, scalable frameworks for
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large-scale SWT. In contrast, Snapchat’'s integnatdd empirical models with
expert judgment using the Delphi method showcasisxdle, adaptive approach
suitable for the dynamic demands of mobile app lbgwveent. Both strategies
highlight the importance of selecting appropriatesting effort estimation
techniques to enhance project management and ettsurguccessful delivery of
software solutions.

The role of automation in improving effort estimations

The integration of automation into the testing s significantly enhances
the precision of estimating the human efforts regplifor software projects. By
utilizing specific automation tools and softwarejcls as Selenium for web
application testing, JMeter for performance testingd Jenkins for continuous
integration, the need for manual test executiosulsstantially reduced. These tools
automate repetitive and time-consuming tasks, tragicing the human effort
involved and allowing testers to concentrate onemmmplex testing challenges
that require nuanced judgment [9].

Selenium, for instance, automates web browserschwhilows teams to
execute numerous tests concurrently across vabimyvgsers and platforms without
direct human oversight. This capability decreabegitne humans spend on routine
test execution and increases the reliability oforffestimations by providing
consistent test outputs. JMeter, on the other handulates heavy loads on
networks or servers to check performance undeergifft conditions, which can be
crucial for understanding the endurance and sdaiabf web applications without
significant human intervention.

Jenkins automates aspects of software developnetated to building,
testing, and deploying, enabling continuous integnaand continuous delivery
with minimal human effort. This automation ensutieat development teams can
detect problems early, thus reducing the time amchdn resources needed for
troubleshooting and fixing issues.The predictapiptovided by these automation
tools aids in more accurately estimating the hurefort required for testing
projects.

Conclusion

Accurate estimation of TE ensures efficient reseusttocation and project
management. Parametric models calculate effort doase software size, while
empirical models adjust estimates using histordala. Expert judgment adds
depth, addressing specific project nuances. Comgpithese approaches enhances
the precision of testing effort estimates, crudétal meeting project timelines and
managing workload effectively.
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