BicHuk TepHONiIbCHKOr0 HALIOHAIBLHOI0 TEXHIYHOT0 YHIBEPCHTETY
https://doi.org/10.33108/visnyk_tntu

7~ \
W Scientific Journal of the Ternopil National Technical University
\/ 2020, Nz 1 (97) https://doi.org/10.33108/visnyk_tntu2020.01

ISSN 2522-4433. Web: visnyk.tntu.edu.ua

UDC 004.4

SOFTWARE REQUIREMENTS PROFILE: LIFE CYCLE
AND HIS RELATION WITH DEVELOPMENT PROCESSES

Oleksndr Gordieiev

Banking University, Kyiv, Ukraine

Summary. Priority task of software development is forming of set of requirements for him. Process of
forming such set of software requirements named software requirements profiling and his product (set of
requirements) named software requirements profile. It should be noted, that profiling can use for other objects of
profiling, for example, for forming software characteristics, potential risks of software, software tests, techniques
and metrics of software quality verification. Analysis of software development processes, which describe in [1]
are represented in article. Further, processes for which profiling is mandatory is defined. As result, between
profiling different objects and software development processes establish some conformities. Following software
life cycle models: cascade, V-shaped, spiral are analysed. Between software life cycle stages and different profiling
objects is established conformity. Implementation of software requirements profiling i.e. forming software
requirements profile (this is product of software requirements profiling process) is very important and responsible
task for expert. It is connect to the fact that software requirements profiling defines software requirements profile
quality — particular «basis» or «foundation» of developed software. The objective of the work is representation
and describe life cycle of software requirements profile taking into account possible gaps. Software requirements
profile life cycle, which includes following 6 stages: requirements profile in thinking (RPT), requirements profile
formulated (RPF), requirements profile for representing (RPR), requirements profile for developing (RPD),
requirements profile in software (RPS), requirements profile after verification (RPV) are represented in article.
In during transition his from stage to stage according to life cycle of software requirements profile can be some
differences (gaps) in software requirements profile. In this connection, full set of chains of differences in software
life cycle profile requirements software was formed. Examples of describe such chains were represented also.

Key words: software requirements profile life cycle, software requirements profile, software profiling,
software development processes, software requirements profile gaps chains.
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Statement of the problem. Software development, from forming terms of reference
(TOR) and to testing, is based on nomenclature of standardized and well known processes [1].
Within such processes to software developers exist necessity in tasks, which based on identical
principles and actions. In turn, results of execution such tasks use in defined software
development processes. For example, such identical tasks can be of following forming set of
software characteristics, which are base for non-functional requirements; set of requirements,
which describe particularities of functional of software; set of potential risks for software; set
of tests; defects; set of software quality verification techniques and metrics. Execution of such
identical tasks is named profiling of software [2, 3] and their result (product) — profile of
software [2, 3] (software characteristics profile, software requirements profile, software tests
profile, software defects profile, software verification techniques and metrics). Obviously, that
software profiling process must be connect with software development standardized processes.
Establishment such interconnection of software profiling with software development processes
need additional more detail their analysis (such analysis will be done in the article).

Implementation of software requirements profiling i. e. forming software requirements
profile (this is product of software requirements profiling process) is very important and
responsible task for expert. It is connect to the fact that software requirements profiling defines
software requirements profile quality — particular «basis» or «foundation» of developed
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software. Though, that software requirements profile is obvious product of profiling process,
the software requirements profile evolves in according to own particular life cycle.
Nomenclature, queue and interconnections of stages of software requirements profile life cycle
require comprehension, separate research and formal representation.

Analysis of the available investigations. All existing works, which were analysed can
divide on following groups:

— first group includes biggest part of articles, which describe of variants of formal
represent of software requirements profile [4-8], but software requirements profile life cycle
does not review;

— inthe following group of articles, were made attempts of formal representation and
describe life cycle of requirements profile [9-12], but in full volume, as finished result, works
were not completed;

— in following group of in articles, in which software requirements profile model
exist [13-14], differences in requirements profile in during the transition from stage to next
stage do not review.

Thus, the objective of the work is representation and describe life cycle of software
requirements profile taking into account possible gaps. According to the objective necessary do
following tasks: define place of each software requirements profiling type in software
development processes, describe software requirements life cycle taking into account possible
gaps.

Profiling in general nomenclature of software development processes. Some
additional following definitions will represented. Software profiling — is process forming
(choice and harmonisation) subset of connected elements from general set of connected
elements or from some connected subsets to general set of connected elements as taxonomic
structure (hierarchical, facet or hierarchical-facet structure) such elements with consideration
of semantic content of criteria of choice (criteria of profiling). Objects of profiling are software
characteristics, software requirements, software risks, software tests, software defects, software
verification techniques and metrics. Following examples of such types of profiling are
represented:

— software characteristics profiling. It use for forming characteristics (sub
characteristics), which accord to software non-functional requirements [15];

— software requirements profiling. It use for forming functional requirements for
terms of reference, when need define set needed requirements accord to software
functionality [3];

— software risks profiling. It use for forming potential risks in during developing and
exploitation critical and business-critical software;

— software tests profiling. It use for forming set of tests for module or integration
testing;

— software defects profiling. It use for assessment mechanisms of software fault
tolerance, when need receive software defects profile for following their introduction in
software in any software life cycle stage;

— software verification techniques profiling. It use for forming set of software
verification techniques;

— software metrics profiling. Metric — is technique and scale of assessment. It use for
forming for software quality assessment with use set of according metrics.

Software profile — is result of profiling process. Software profile — is result (product) of
profiling, which represents as connected taxonomic structure (hierarchical, facet or
hierarchical-facet) of elements with semantic content. Software profiles can be following:
software characteristics profile, software requirements profile, software tests profile, software
defects profile, software verification techniques and metrics.
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Software profiling closely connected with software development processes. Such
processes must be more detailed analyse, for execution which use profiling. Object for such
research will be processes, which describe in standard «Systems and software engineering —
Software life cycle processes» [1]. Visually, result such analysis represented in (Figure 1).
Processes, which connected with profiling marked grey colour (Figure 1). Following received
quantity values, which connected with such research are represented:
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— all 43 software process development are divided as 7 logical groups (Figure 1);

— software profiling apply in 20 from 43 software processes development (Figure 2),
i. e.in 47% from all processes;

— processes of software profiling exist in 6 from 7 logical groups (Figure 2), moreover
in 2 groups (agreement and implementation process) for all processes need profiling.

Interconnection between profiling and software development models. Let's analyse
software models development and correlate with him software profiling process for different
objects (characteristics, requirements, risks, tests, defects, techniques and metrics verification).
Farther need define place for each type of profiling in software development models. Following
software development models were selected, which more often use: cascade, V-shaped and
spiral. Visually, let’s represent results of anchoring of software profiling process for objects of
profiling for cascade model software life cycle (Figure 4), V-shaped model software life cycle
(Figure 5) and spiral model software life cycle (Figure 6).
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Let’s correlate results of anchoring software life cycle and profiling types by gquantity
of identical profiling types applications for software life cycle models and summary quantity
of applications of profiling types. Results such anchoring represented in table 1, in which at
intersection lines (software life cycle models) and rows (profiling types) defined quantity
corresponding software profiling types for corresponding software life cycle model.

Analysis of data, which represented in table 1 in part applicable of software profiling
types give us possibility of formulate following statements:

— all software profiling types apply for software development only in according to

spiral software life cycle model. In cascade and V-shaped models do not use profiling of
software risks;

— the most applicable software profiling type for all software life cycle models is
defects profiling;
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— leader of absolute quantity use any type of profiling of software is software life
cycle spiral model 27 times, software life cycle VV-shaped model — 17 times and software life
cycle cascade model — 11 times;

— leader of absolute quantity use in part of software profiling type is software defects
profiling — 24 times, software tests profiling — 9 times, software metrics profiling — 8 times
software requirements and verification techniques— 4 times for each and software
characteristics and risks profiling — 3 times for each.
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Anchoring software profiling types and software life cycle models
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1 Cascade 1 1 - 1 6 1 1 11
2 V-shaped 1 1 - 4 9 1 1 17
3 Spiral 1 2 3 4 9 2 6 27
Sum by profiling types 3 4 3 9 24 | 4 8 55

Software requirements profile life cycle (evolution). Software requirements profile,
which is base for TOR and for product of profiling process has own life cycle. Such life cycle
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do not started by profiling process and not finished by them. Life cycle of software requirements
profile includes stages before and after forming requirements profile for terms of reference.
Let's review software requirements profile life cycle. Software requirements profile is being
specified in during all own life cycle (all stages). Software requirements profile is
comprehended and underwent certain changes in each stage of own life cycle. From one side,
this is subjective process, when customer reflects about future of software, other side, such
process is objective, because exist conditions and limitations require some changes for current
software requirements profile. Thus, exist different (sometimes quite substantial) between
requirements profile in customer thoughts and software requirements profile in product
(software).

Let’s more detail research of software requirements life cycle is made (evolution) stage-
by-stage (Figure 7). Software requirements life cycle includes following 6 stages:

— Stage 1. Requirements profile in thinking (RPT);

— Stage 2. Requirements profile formulated (RPF);

— Stage 3. Requirements profile for representing (RPR);

— Stage 4. Requirements profile for developing (RPD);

— Stage 5. Requirements profile in software (RPS);

— Stage 6. Requirements profile after verification (RPV).
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Figure 7. Software requirements profile life cycle (evolution) for software development

Let’s represent software requirements profile according to life cycle, as set of software
requirements:

—  RP, ={T,}, —set of requirements profile elements in thoughts of customer;
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- RP. = {Ti }i”=0 — set of requirements profile elements, which were formulated by
customer;
- RP,= {T. }i”=0 — set of requirements profile elements, which were represented by

customer on paper;

- RP, = {Ti }i“=0 — set of requirements profile elements in terms of reference, which
were approved by customer;

—~  RP, ={T,}], — set of requirements profile elements, which were realized in
software;

— RR, ={T,}, — set of requirements profile elements, which were verified after of

realization software.

Software requirements profile can evolve at transition from one to other stage. I. e. for
each stage can forming accorded gap. In this case gap — it is differences between software
requirements profile in during transition his from stage to stage according to software
requirements profile life cycle. Let's represents such gaps in formal view:

GAP_ ={gap,. .}’ . . .

TF {g pTF"}i=O — set of differences between requirements in thoughts of
customer and requirements, which were formulated by customer;
GAP., ={gap.,, ! . . .

e = {030 f, set of differences between requirements, which were
formulated by customer and requirements, which were represented by customer on paper;

AP, = A . . .

GAPy ={08Pro, }, set of differences between requirements, which were
represented by customer on paper and requirements in terms of reference, which were approved
by customer;

_ OARs = {gapDS"}izo — set of differences between requirements, which were
approved by customer and requirements, which were realized in software;
GAPy, ={0aPyf, , set of differences between requirements, which were
realized in software and requirements, which were verified after of realization software.

Let's represents and describes full set of chains of differences of software requirements
profile (gaps) in during life cycle (table 2). Each chain of differences of software requirements
profile in general view has following representation (1):

SRPGC = {GAP,

TF

GAP,

FR!

GAP.,,GAP,,,GAP,, |, (1)
where SRGC — Software Requirements Profile Gaps Chain. I. e. each such chain represents set
differences during the transition from stage to stage in the software requirements life cycle. For
example, Let’s, chains of gaps with numbers 1, 22 and 32 are represented (from table 2):

— chain Ne 1, when all sets of differences in part of software requirements profile
represent permanent value and equal of empty set:

SRPGC = {GAP, = GAP,, = GAP,, = GAP, =GAP,, =2} . @)

— chain Ne 22, when all sets of differences in part of software requirements profile
partly equal of empty set and partly include some differences:
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Full set of chains of differences of software requirements profile (gaps) in during life cycle

Transitions from stage to stage in the software requirements life cycle

Ne RP. — RP- RP. — RP, RP, — RP, RP, — RP; RP, — RR,
1. GAR, =0 GAP, =Y GAP,, =0 GAP,, =0 GAR,, =Y
2. GAR,. =U GAP, =Y GAR,, =9 GAP, =0 GAR,, #J
3. GAR, =U GAP, =Y GAP,, =0 GAP,, # GAR,, =Y
4. GAR, =0 GAP, =Y GAP,, =90 GAP, # U GAR,, #J
5. GAR,. =U GAP, =Y GAR,, # GAP,, =0 GAR,, =Y
6. GAR, =0 GAP, =Y GAR,, #J GAP,, =0 GAR,, #J
7. GAR,. =9 GAP, =< GAP,, # U GAP,, # D GAR,, =<
8. GAR,. =9 GAP, =< GAP,, # U GAP,, # D GAR,, =
Q. GAR,. =9 GAP,, =Y GAP,, =0 GAP, =0 GAR,, =<
10. GAR,. =9 GAP,, #J GAP,, =0 GAP, =0 GAR,, =
11. GAR,. =9 GAP,, =Y GAP,, =0 GAP,, # D GAR,, =<
12. GAR,. =9 GAP, =< GAR,, = GAP,, #J GAR,, =
13 GAR,. =9 GAP,, =< GAP,, # U GAP, =0 GAR,, =<
14, GAR,. =9 GAP,, =Y GAP,, # GAP, =0 GAR,, Y
15. GAR,. =9 GAP,, #J GAP,, # U GAP,, #J GAR,, =<
16. GAR,. =9 GAP,, =Y GAP,, # U GAP,, # D GAR,, =
17. GAR,. U GAP, =< GAR,, = GAP, =0 GAR,, =<
18. GAR,. U GAP, =< GAR,, = GAP, =0 GAR,, =
19. GAR, U GAP, =Y GAP,, =90 GAP,, =D GAR,, =Y
20. GAR, U GAP, =Y GAP,, =9 GAP,, # U GAPR,, #J
21. GAR, U GAP, =Y GAR,, #J GAP, =0 GAR,, =<
22. GAR,. O GAP, =Y GAR,, # GAP, =0 GAR,, #J
23. GAR, U GAP, =Y GAR,, #J GAP, # U GAR,, =<
24, GAR, U GAP, =9 GAR,, # GAP,, =D GAPR,, #J
25. GAR, U GAP, =< GAP,, =9 GAP, =0 GAR,, =Y
26. GAR, U GAP, =< GAR,, =9 GAP, =0 GAR,, #J
27. GAR,. O GAP, =Y GAP,, =0 GAP,, # GAR,, =Y
28. GAR, U GAP, =< GAP,, =90 GAP,, # U GAR,, #J
29. GAR, U GAP, =< GAR,, # GAP, =0 GAR,, =Y
30. GAR, U GAP, =< GAR,, # GAP,, =0 GAR,, #J
31. GAR, O GAP, =< GAP,, # U GAP,, # D GAR,, =<
32. GAR,. U GAP,, =< GAP,, # U GAP,, # GAR,, =
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GAP, = {gapTF,i}in:l ,GAPe, =, GAP, = {gapRD~J }T=1’

SRPGC = ; (3)
p
GAPRys =J,GARy, = {gapsv,k }k:1

— chain Ne 32, when all sets of differences in part of software requirements profile not

equal of empty and include differences:

m

SRPGC = GAP {gapTF,i}Ll’GAPFR = {gapFR,q}::1 ,GAP,, = {gapRD,j}jzl’ . 4

GAP, = {gapos,v}w . GAR, = {gapsv,k }::1

V=]

Conclusions. Article includes software development processes analysis and their

correspondence with software profiling types. Life cycle of software requirements profile
taking into account possible gaps in during transition his from stage to stage according are
presented and described. In the future works author planning to describe of format of possible

gaps

in the software requirements profile and describe real example of life cycle of software

requirements profile. Received theoretical results can more formal describe and review
software requirements profile life cycle. And in future process of control gaps of software
requirements profile in the context of his life cycle can be automatize.
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Software requirements profile: life cycle and his relation with development processes

V]IK 004.4

IPOPLIb BUMOI' TIPOI'PAMHOI'O 3ABE3IIEYEHHSI:
AKUTTEBUU LITUKJI TA UOTI'O 3B’A30K 3 ITPOHECAMM PO3POBKHU

Ouaexcanap I'opaees

JIBH3 « Yuisepcumem b6anxiscoroi cnpasuy, Kuis, Yxpaina

Pestome. [lepuiouepeosum 3a60anuam pospooKu NPOSPaAMHO20 3a6e3nedents € PopmMyeanHs MHOICUHU
sumoz 0o Hvo20. [Ipoyec popmyeanns maxoi muodxcunu eumoe I13 nasueaemucs npo@intosantam, a iio2o npooykm
(6e3nocepeonvbo muodcuna eumoe 113) npoginem eumoe I13. Cnio 3aznavumu, wjo npopintoeants 3acmocyiomscsi
0 iHwux 06’ €xkmie npoghiniosanHa maxogc, Hanpukiao, 0na opmyeanns xapaxmepucmux 113, nomenyiiHux
pusukie 113, mecmosux nabopie 113, mexuix i mempux gepupixayii axocmi I13. Y cmammi nposooumvca ananiz
npoyecig pospoodxu 113, axi onucani [1]. Jani susnauaromvca npoyecu, 011 akux 00608 s13k08uM € RPOQDINIO8aAHHS.
B pesynemami mixc npogpiniosannam pisuux o6 ’ekmis i npoyecamu po3pobku I[13 ecmanogiroemuvcsa nesi
8I0N08IOHOCMI. AHANIZYIOMbCA MO0 HCUMMEBO20 YUKTLY NPOSPAMHO0 3a0e3neyeHHs: KACKaona, V-obpasna i
cnipanvha. Bemanosnoemocs sionosionicme mioe emanamu scummesoeo yukiy 113 6i0nogionux mooeneu i
pisHumMu 06 ’exmamu npogpinosanna. Buxonannsa npoyecy npoginosanns eumoe 113, npodykmom sakozo € npogdins
sumoe I13, ¢ nausionosioanvuiwum 0ns excnepmis 3agdanusm. Lle nos’sizano 3 mum, wo sSKicmo npoyecy
npoginogannsa eumoe 113 eusnauac axicmv npo@ino eumoe 113 — ceoepiony «ocnogy» abo «pynoamenmny
npozpamro2o 3abesneyents, ke po3podasicmoca. Memoro cmammi € npedcmagients ma Onuc HCUMmmes020 YUKy
npocpamno20 3abesneyens 3 ypaxysaHHam MOHCIUSUX po3pusis. Ilpedcmasnacmovcs i OnuUCyEmvbCs HCummesuil
yuxn npoginio sumoe 113, axuii exniouac 6 cebe nacmynui 6 emanis. npo@ine 6UMo2 y OYMKAX 3aMOBHUKA, NPOPinb
8UMO2, AKUL 0Y8 CHOPMYNILOBAHUL 3AMOBHUKOM, NPOQIinbL uMoe, AKULL 6y68 NPeOCMAasieHUll 3aMOBHUKOM Ha
nanepi; npogine eumoe y T3 (cneyugixayii), akuti 6y8 y32004ceHull 3 pO3pOOHUKAMU, NPOPIinb 8umMoe, AKUll OV
peanizoeanuil 'y npozpamHomy 3abesneyenHi; npoinb eumos, AKkuil 0ye eepugikoganuil nicia peanizayii
npozpamuozo 3abesneuenns. byno ecmanoeneno, wo npu nepexodi 6i0 00H020 emany 00 IHUI020, MONCIUB] NEGHI
8iOMiHHOCMI Y BpoQini 8UMO2 NpPOSPaAMHO20 3abe3neuenHs, MaK 36aHi po3pusu. Y 36°a3ky 3 yum, 6y10
COpMOBAHO NOGHA MHOMCUHA TAHYIONHCKIE BIOMIHHOCTNEN BUMO2 Y PAMKAX HCUTNIMEBO20 YUKTLY NPOPINIO 8UMO2
npozpamnozo 3abesneuenns. Taxoc Oynu HagedeHi npuKIadUu OnuUcy MaxKux AaHYIOICKIe.

Knrouosi cnoea: scummesuti yuxi npo@inio 6uMo2 NpocpamHo2o 3aOe3neyenHs, NpoQile umoe
npozcpamuo2o 3abesneyenis, npoPinto6anHs NPOPAMHOZ0 3a0e3neyents, npoyecu po3podeHHs NPOSPAMHO2O
3abe3neuenHs, TAHYIOHCKU PO3PUSIE NPOPINIO 8UMO2 NPOSPAMHOZ0 3a6e3NneyeHHs.
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