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PROBLEMS OF ELICITATION AND ANALYSIS OF REQUIREMENTS TO THE PROGRAM
MODULE OF MONITORING ON THE BASIS OF THE CONDITIONS OF COGNITIVE ANALYSIS

There are risks of obtaining result that does not answer a work purpose statement when developing the software product for new subject area. It is
necessary to pay attention on requirements to the software for elimination of such risks. This article is considering questions about collection and analysis
requirements to a program module of sea water areas environmental monitoring. Program system «HJIC Dxosnor» for ensuring continuous observation
of sea water areas condition is noted by complex structure, high labor intensity of processing, storage and manipulations of data due to their significant
amount. The software of this system makes a large-scale program complex for monitoring researches automation. However, according to the preliminary
analysis of functionality «HJIC Dxoxor» on quality control of dolphins living environment is not sufficient and need additional module development.
Thus, the further development of this monitoring system is associated with the problem of elicitation and analyzing the requirements for the program
module for calculating the coastal zones water resources quality. Elicitation requirements to additional program module is carried out on the basis of the
standard documentation analysis, business processes of monitoring researches according to program engineering provisions. Identified Requirements
are need check on integrity and lack of contradictions in their pithiness for further documenting according to the international recommendations standard
about development of requirements specifications to the software IEEE STD 830 1993. To solve the problems of information support and software for
integrated monitoring, a matrix of requirements was formed and cognitive modeling was applied. The requirements dependency matrix represents a
simple and effective method of contradictions and overlappings identification, in case of simple systems consideration. Cognitive modeling promotes
better understanding a problem situation, identification of contradictions and qualitative system analysis. The purpose of modeling consists in formation
and specification of a studied object functioning hypothesis which consists of separate subsystems and elements. In this case, the system of requirements
should reflect the causal relationships of object elements under study.
Keywords: analysis, requirements, software module, dependency matrix, cognitive modeling, environmental monitoring.
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3AJJAYI 3bOPY TA AHAJII3Y BUMOTI 10 IPOI'PAMHOT'O MOAYJIIO 3 MOHITOPUHI'Y HA
OCHOBI TOJIOKEHb KOTHITUBHOI'O AHAJII3Y

IIpu po3podILi MPOrpaMHOro MPOAYKTY [JIsi HOBOI IPEAMETHOI 00IacTi ICHYIOTh PU3HKK OTPHMAHHS Pe3yJIbTary, 1[0 He BiAIOBiIa€ METi TEXHIYHOTO
3aBiaHHs. JJIs yCyHEHHS! TaKMX PU3HKIB HEOOXIIHO 3BEpPHYTH yBary Ha BHMOTHU [0 IporpaMHoro 3a6esmnedeHHs (I13). V maniii poboTi po3risiHyTi
MUTaHHs 300py Ta aHai3y BEMOT 0 IPOrPaMHOTO MOJYIIIO 3 €KOJIOTTYHOr0 MOHITOPHHTY MOPChKUX akBaropiil. [Iporpamua cuctema «HJAC Exomor»
Juist 3a0e31eyeHHs Oe3IIePEPBHOTO CIIOCTEPEIKCHHS 32 CTAHOM MOPCHKHX aKBAaTOPill BiJ3HAYAETHCS CKIIAJAHOIO CTPYKTYPOIO, BHCOKOIO TPYAOMICTKICTIO
00po0KH, 30epiraHHs 1 MaHiNy/IFOBaHHS JaHUX Y 3B’s3KYy 3 1X 3Ha4yHHUM oOcsiroM. IIporpamue 3a0e3rnedeHHsl i€l CHCTEMH CTaHOBHTh MAaCIITAOHMIA
KOMIUIEKC TIPOTrpaM 3 aBTOMATH3allii MOHITOPMHIOBUX JOCHipKeHb. OfHak, 3a monepeiHiM aHamizoMm (yHKIioHanbHHX MoxmBocteit [13 «HJIC
Exos0r» 3 KOHTPOIIO SKOCTI CEpeOBHIIA KUTTEAISIIBHOCTI AeNb(IHIB HE € JOCTATHIM i moTpedye po3poOKH OAATKOBOIO MOAYIIO. TakuM YHHOM,
TO/IaJTbINNIf PO3BUTOK ITi€l MOHITOPMHTOBOI CHCTEMH MOB’SI3aHUI C 3a/aueto 300py Ta aHalli3y BUMOT JI0 TIPOTPAMHOTO MOJIYITIO 3 PO3PaxXyHKY SKOCTI
BOJIHMX PECYPCIB MPUOEPERHUX 30H. 30ip BUMOT J10 I0JJATKOBOTO TIPOrPaMHOTO MOJLYJIIO POBOANTHCS HA OCHOBI aHalli3y HOPMATHBHOI JOKYMEHTAIT,
0i3HEC-IIPOIIECiB MOHITOPUHIOBUX JIOCII/IKEHb Y BIJMOBIJHOCTI 0 TOJIOXKEHb MPOrpaMHOI iHKeHepii. BusHaueHi BUMOrH noTpedyloTh NepeBipKy Ha
IITICHICT 1 BIICYTHICTH MPOTHPIY y iX 3MICTOBHOCTI /U MOAAJBIIOTO JOKYMEHTYBAHHS BiIIOBIZHO 10 MiKHAPOJHOTO CTAHAAPTY PEKOMEHJIAIH 3
po3pobku crenudikaiii BuMor 10 nporpamuoro 3abesnedenns |[EEE Std 830-1993. Jlns poss’si3anss 3amad iH(GOpMaiifiHOrO Ta IpOrpamMHOro
3a0e3MeyeHHs] y KOMIUIEKCHOMY MOHITOPUHTY Oyll0 c(hOPMOBAHO MATPHIIIO 3aJEKHOCTI BUMOT Ta 3aCTOCOBAHO KOTHITMBHE MOJICIIOBaHHsA. Matpuiis
3aJISKHOCTI BHMOT SIBJISIE COOOI0 MPOCTHI Ta e(pEeKTHBHHII METOJ BHSBICHHS IPOTHPIY 1 MEPEKPHUTb, y BHIAAKY PO3IVLIAY HECKIAJHHX CHCTEM.
KoruiTuBHe MOJETIOBaHHS CIPUS€ KPALIOMy PO3YMIHHIO MPOOJEMHOI CHUTYyallii, BUSBICHHIO CYNEpEeYHOCTeH Ta SKICHOMY aHali3y cucteMu. Mera
MOJICITIOBAHHS MOJSIrae B HOpMyBaHHI Ta YTOYHEHHI T1MOTE3H PO (YHKIIOHYBAHHS TOCIIHKYBAHOTO 00'€KTa, SIKHI CKIIAJA€ThCS 3 OKPEMHX ITiICHCTEM
Ta eJIEMEHTIB. Y TaKOMY pa3i cucTeMa BHMOT ITOBHHHA BiJOOpaskaTH IPHINHHO-HACIIIIKOBI 3B'SI3KH €JIEMEHTIB JJOCIIKYBaHOTO 00’ €KTa.
KurouoBi ci1oBa: anaini3, BAMOTH, IPOrpaMHUIl MOTYITb, MATPHUIIS 3aI€KHOCTI, KOTHITHBHE MOJICITIOBAHHS, €KOJIOT1YHHI MOHITOPHHT.
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3AIAYM CBOPA U AHAJIU3A TPEBOBAHUI K TIPOTPAMMHOMY MOJY.JIIO 110
MOHUTOPHUHI'Y HA OCHOBE MOJIO)KEHU KOTHUTUBHOI'O AHAJIU3A

ITpu pazpaboTke MPOrpaMMHOr0 IPOLYKTA ISl HOBOU MPEAMETHOI 00IaCTH CYIIECTBYIOT PUCKH IOIyUCHHUs Pe3yIbTaTa, He COOTBETCTBYIONIETO LeIH
TEXHUYECKOTO 3aJaHus. [ ycTpaHeHusl TAKUX PUCKOB HEOOXOAMMO OOpaTHTh BHUMaHME Ha TpeOOBaHMS K mporpammHomy obecnedenuto (I10). B
JIaHHOH paboTe paccMOTPEHBI BONPOCHI cOOpa M aHaIM3a TPeOOBaHHWI K MPOrPAMMHOMY MOJIYIIO JUISl SKOJIOTHYECKOr0 MOHHMTOPHMHTA MOPCKHX
akBatopwmii. [Iporpammuas cucrema «HJIC Dxonor» s obecrieueHns: HeMpepbIBHOIO HAOMIOACHHS 38 COCTOSHUEM MOPCKHX aKBATOPHH OTMEYaeTcs
CIIOXKHOHM CTPYKTYpOH, BBICOKOH TPYHZOEMKOCTBIO OOpaOOTKM, XpaHEHHsS W MaHHITYIHPOBAHHSA ITAHHBIX B CBSI3M C UX 3HAYUTENBHBIM OOBEMOM.
IIporpamMMHOe OOecIeYeHNe 3TO CHCTEMBI COCTABIISIET MACIITAOHBIH KOMIUIEKC MPOrpaMM II0 aBTOMATH3alH MOHHTOPHHIOBBIX HCCJIEIOBAHUH.
OnHako, o IpeaBapUTEIbHOMY aHAIU3Y (YHKIHOHATBLHBIX Bo3MoxkHOocTel I10 «HJIC Dkomor» mo KOHTPOIO KauecTBa CPEe/ibl )KU3HEACATEILHOCTH
nenb(GHHOB HE SBIAETCS JOCTATOYHBIM M TpeOyeT pa3pabOTKu MOMONHHTENbHOro Moxyms. Taxum o0pas3oMm, naibHeilee pa3sBUTHE JTOM
MOHHTOPHHIOBON CHCTEMBI CBS3aHO C 3ajaueid cOopa M aHaim3a TpeOOBaHMI K MPOrpaMMHOMY MOJYJIIO IO pacdeTy KauecTBa BOIHBIX PECYPCOB
mpuOpexubIX 30H. COOp TpeOoBaHMIA K JOMOMHUTEIPHOMY IIPOrPAMMHOMY MOIYIIO IIPOBOJHUTCS Ha OCHOBE aHAIN3a HOPMATHUBHOH JOKyMEHTAIUH,
OHM3HEC-IIPOIIECCOB MOHHUTOPUHTOBBIX HCCICIOBAHHI B COOTBETCTBHU C IIOJOMKCHHSMH IIPOTpaMMHOI MmKeHepHu. OmpezneneHHbIE TpeOOBaHUA
HY)XIQIOTCSI B TIPOBEPKE Ha IEJIOCTHOCTh U OTCYTCTBHE IPOTUBOPEUYMII B MX COJACPIKAHHMH Ul JajbHEHIIero JOKYMEHTHPOBAHHS COOTBETCTBUH C
MEKIYHAPOIHBIM CTAaHAAPTOM PEKOMEHIAINii 1o pa3paboTke crienudukanuii TpedoBanuii k nporpammuomy obecneuenuto IEEE Std 830-1993. [lns
pemreHns 3anad HHGOPMAIHOHHOTO M MPOrPaMMHOIO OOECIEUeHHUs s KOMIUIEKCHOTO MOHUTOPHHTA ObLIO C(OPMUPOBAHO MATPHUILY 3aBHCHMOCTH
TpeOOBaHUI U MPUMEHEHO KOTHUTUBHOE MOJEIMpOBaHKe. MaTpHIla 3aBUCHMOCTH TPEOOBAHHI MPEICTABISIET COOO0M MPOCTOH U 3D PEKTUBHBIN METOL
BBIBIICHHS TIPOTHBOPEUUH M IEPEKPHITHH, B CIydae PacCMOTPEHHs HECIOXKHBIX cucTeM. KOrHHTHBHOE MOJEIMPOBAaHUE CIIOCOOCTBYET TydIIeMYy
MOHMMAHHIO TIPOOJIEMHON CHTyallMH, BBIIBICHHIO IPOTHBOPEUMI M KAaUuCCTBEHHOMY aHANIU3y CHCTeMBL. llenb MOZENHpOBaHMS 3aKITIOYACTCS B
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(hOpMHUPOBAHHH U YTOYHEHHUS THIIOTE3bI O (DYHKIIHOHHUPOBAHUH UCCIIEIYEMOro 00BEKTa, COCTOSILErO U3 OTACIBHBIX TOJICUCTEM U JIEMEHTOB. B TakoM
cilydae cHUcTeMa TPeOOBaHHI TOIDKHA OTPaXKaTh IPUINHHO-CIICICTBEHHBIC CBSI3U JIEMEHTOB HCCIETYyEeMOr0 00BEeKTa.
KimioueBble cioBa: aHanu3, TpeOOBaHUS, MPOrPaMMHBIA MOJYNb, MaTpUIla 3aBUCHMOCTH, KOTHHTHBHOE MOJEIMPOBAHHE, DKOJIOIMYECKU

MOHUTOPHUHT.

Introduction.

The urgency of problem tasks regarding the choice of
methods and means for developing requirements for an
additional program module for monitoring marine waters is
directly related to the development of information
technology in software engineering.

The process of setting requirements for software, the
procedure for their formulation and formation, as well as
the existing methods and means of ensuring their quality,
as well as the process of developing the software itself,
remain unsecured by the fundamental theory and effective
methodology. A significant number of studies on the
software requirements development, their formulation
quality has a chaotic, unsystematic nature. The poor
software requirements formulation leads to the appearance
from 35% to 55% of all defects and errors of the future
software product [1]. The absence of a universal, completed
and tested theory and methodology for developing clear
and qualitative requirements for software, as well as
methods and tools for constructing template requirements
that could be applied to both the preparation of user and
system requirements formulate the problem of developing
software requirements [2].

Comprehensive monitoring of marine areas is
characterized by the high systems dimensionality to be
studied and quality control, the high handling complexity,
storage and manipulation of a large amount of data.
Software in this case is a large-scale complex of software
modules for the control systems and incoming experimental
data processing, observation data, data processing results,
etc.

In software engineering field is suggested to obtain
the input information according to the requirements
developed for this software system. Thus, in the article is
set the actual task of collecting and analyzing the program
module requirements for monitoring water resources of
coastal zones in case of existing software development for
marine waters monitoring.

It is proposed to introduce elements of cognitive
modeling theory for develop requirements system.

In accordance with the stated purpose of creating a
requirements system in the article following tasks are
solved:

1) process components description of the of
requirements elicitation and analyzing for the additional
program module development for the program system
«HJIC Dxonory;

2) requirements composition are determined for the
additional program module development for calculating the
coastal zones water resources quality;

3) requirements significance for the software module
are established according to cognitive analysis results.

Characteristics of elicitation  bases
requirements analysis.

Software Requirements — a set of characteristics
regarding the properties, quality and features of a future
software product that needs to be developed or it is at

and

upgrading process. Software requirements are fixed in the
requirements specification, use case diagrams and other
artifacts of subject analysis area distinguishing 3 basic
classification components of requirements (Fig. 1) [1].

Software
requirements
Business U . Functional
. Ser re: ements :
requirements qur requirements

Fig. 1. Basic classification components of requirements

Business requirements determine software purpose,
they are detailed in the document about project boundaries.

User requirements establish a set of user tasks that
must implement a finished software product, as well as
scenarios for their solution in the software hardware
system. These requirements have the form of allegations,
usage options, user stories, and interaction scenarios.

Functional requirements establish "what" should
make a finished software product in the software and
hardware system, they are detail described in the software
requirements specification [3].

Functional requirements are documented in the
software requirements specification, which describes the
expected system behavior. Requirements types of by
character are distinguished by functional and non-
functional ones.

Functional requirements describe the internal system
functionality, its behavior: data computation, data
exchange and data management, data examination and
other specific functions that system must do.

Non-functional requirements regulate the internal and
external conditions or attributes of system functioning
quality.

In general, functional requirements determine what
the system should do, and non-functional ones - how the
system should look.

Functional character — requirements for system
behavior:

— business requirements;

—  user requirements;

— functional requirements.

Non-functional character - requirements to the nature
of the system's behavior:

— business rules;

—  system requirements;

— quality attributes;

— external systems and interfaces;

— limitations.

Software requirements development is divided into
four stages:

— requirements identification;

— requirement analysis;
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— requirements documenting;

— requirements verification.

Requirements identification is a process of extracting
information from different sources (contracts, materials,
analysts, tasks and functions of the system, etc.),
conducting technical interviews for formulate separate
product and development process. Executor must approve
requirements with customer [4].

The main source of requirements for the information
system is the considerations expressed by the
representatives of the Customer. The problem lies in the
fact that requirements are formed for a system that is not
yet created and existing, that is the initial subtask solves the
problem of designing the program system but Customer
representatives are not always competent in this matter.
Therefore, together with the requirements witch are
expressed by the Customer, it is expedient to collect
requirements from other co-owners of the system:
analytical executor group employees, external experts, etc.

Requirements elicitation methods:
interviews, questionnaires;
brainstorming seminar;
normative  documentation and
analysis;
analysis of business processes.

The requirement detection stage is a divergent process
that aims to gather a large amount of information. After
identifying the requirements, the analyst has a large amount
of various information received in the interview during the
survey from questionnaires and other sources.

The obtained information  should be clarified,
structured, eliminated, duplicated, formulated in the form
of requirements and defined their priorities. These tasks
solve requirements analysis stage [3].

Requirements analysis is the process of studying users
the needs and purposes, classifying and transforming them
into system requirements, hardware and software
requirements, establishing and resolving conflicts between
requirements, defining priorities, system boundaries, and
principles for interacting with functioning environment.

The purpose of requirements analysis is obtain clear
and consistent requirements on the basis which it is possible
to design and develop a software application. At the initial
analysis stage, model requirements are created, missing
information is determined, requirements are fixed and for
each requirement the attributes values are set.

At the requirements analysis, a situation is likely
when the requirements collected are incomplete or one
requirement is contrary to the other. In this case, the analyst
must re-interact with the customer, refine unclear moments,
fix everything that is needed by developers and designers
to implement these requirements [5].

At the stage of requirements documenting, it is
provided a software requirements specification — complete
software behavior description that is needed to be
developed. This is the base that contains of functional and
non-functional (additional) requirements set for the future
software product.

Functional requirements describe all user interaction
with software, and non-functional requirements impose

legislation

restrictions on the software project implementation or
software functionality [1].

Module requirements analysis for calculating
water quality in coastal zones.

The following functional and non-functional
requirements are proposed to establish for an additional
software module, which are in a certain order:

— relational type of DB (R1);

— to build of an ecological balance chart (R2);

— the ecological balance chart should be columnar
(R3);

to enter the seawater collection data (R4);
— the data are stored in the database (R5);
processing requests to the module for no more
than 10 seconds (R6);

— to predict changes in water quality for a month
(R7);

— forecast accuracy is not less than 85% (R8);

— forecast chart of water quality changes for a month
should be linear (R9);

— to calculate the water quality assessment by a
differential method (R10).

The requirements dependence matrix (tab. 1) is
formed because all requirements clearly identified and
numbered.

Table 1 — Requirements dependence matrix

|| 2|
R1 X
R2
R3 X
R4
R5 X
R6 X X X X
R7
R8 X
R9 X
R10

R10

Ol I~ ©| ©
|l x| x|

R5

Requirements dependence matrix is a simple but
effective method for detecting contradictions and overlaps
when the number of requirements is small. Ordered IDs are
listed in the column and header row. The remaining cells
are indicating that there overlapping or two requirements
conflicting or independent of one another (empty cells).

Contradictory requirements need to be discussed with
customers and if it possible reformulated to mitigate
contradictions. Overlapping requirements should be
reworded to exclude coincidences [6].

According to the formed matrix, the requirements for
the new program module of the monitoring system do not
have contradictions and overlaps (see tab. 1).

Requirements significance for the program
module for calculating the coastal zones water resources
quality according to cognitive analysis results.

Cognitive analysis helps to better understand the
problem situation, to identify contradictions and to
determine the systems qualitative state. The purpose of
creating a cognitive model is formulated and refines the
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hypothesis about the functioning of the object under study,
which consists of relations between subsystems and
elements.

In order for understand and analyze the relations
between requirements for the software module proposed to
build a structural scheme of causal relationships between
them [7-9].

The determined interaction of requirements is given
in the form of a cognitive map - an oriented graph with
weighted arcs of the graph (interaction evaluation or factors
influence).

The requirements system behavior analysis takes
place in accordance with the structural scheme of the cause-
effect system elements relationships (situation factors)
[10].

The comparisons matrix was constructed for further
requirements advantages analysis (tab. 2).

Table 2 — The comparisons matrix

g |2 |22 x|
R1 1
R2
R3 12
R4
R5 1
R6 12 12 12 12
R7
RS 2
R9 1
R10

R1
R9
R10

The matrix uses the following scale of the relative
requirements importance:

—  0- variants cannot be compared,;

— 1-equaled importance;

— 2- moderate advantage one over another;

— 3-strong advantage one over another.

If the significance of one requirement exceeds the
significance of another requirement, then a less significant
requirement is assigned a reverse estimate of 1/2 or 1/3.
Empty table cells mean zero effect.

A quantitative estimate of the factors influence was
obtained as a result of comparisons matrix construction.
The requirements system cognitive model with factors is
shown on figure. 2.

1 5
R1 / 5

R4

RS

0.5

05 05
R2 R6 R7 1
RO
y |
R3 R10

Figure 2 — Cognitive model of the requirements system

There are a number of numerical cognitive models
characteristics, which are calculated on the basis of arc
weights and used for the subject areas models analysis. To
the number of such characteristics are included:

— the influence of one factor on another;

— influence of one factor on a system;

— impact of a system on a factor [11].

The total influence values of the factors on the map
and the influence values of the map on factors is calculated
for the cognitive model presented in figure. 2. The results
of total calculations influences of requirements are given in
table. 3.

Table 3 — Influence values

Influence of factors on Influence of cards on
the card factors

R1 1
R2 1
R3 15
R4 1,5
R5 0,5 1
R6 2
R7 3,5
R8 2
R9 1
R10 0,5

The scales value of the requirements is shows that the
greatest influence on the map are have the factors R6 and
R8, and the card is have most influences on the factors R4
and R7. Based on this information, it is a priori determined
that at the beginning of the development it is appropriate to
take into account the requirements of R6 and R8, and
finally is focus attention on requirements R4 and R7.

Conclusions.

The article is described the fundamentals
characteristics of software requirements collection and
analysis, provided a requirements classification, provided
an overview of the main methods for requirements
elicitation, identifies functional and non-functional
requirements for an additional program module for
monitoring water resources of coastal zones.

According to the provided information about the
requirements for the module, their analysis was conducted
for the absence of contradictions and overlaps (see table 1).
The problem of requirement analysis for the additional
module according to results of cognitive analysis regarding
their significance is describes (see figure 2). A description
of the requirements influence on the map and the map
influence on the requirements is proposed and the priority
of attention to them during the software module
development is proposed (see table 3).
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