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THE METHOD OF EARNED REQUIREMENTS FOR PROJECT MONITORING

The requirements management processes largely determine the success of a project and should ensure its adaptability to changes in
the requirements of stakeholders. Today, these processes are not sufficiently formalized, in particular, for traditional project
management. Consequently, management and control requirements should be developed and formalized. The subject matter of this
study is methods that manage the requirements of stakeholders in projects. The aim of the article is to increase the effectiveness of
monitoring the requirements of the project stakeholders by developing the method of earned requirements and the model that
formalizes this method. To achieve the goal, the following tasks are completed: integration of the hierarchical structure of
requirements and the classical hierarchical structure of the project activities for obtaining the matrix of control points to meet the
requirements of stakeholders linking a certain requirement to the activities that should be carried out to execute the project;
development of the method of monitoring requirements; development of a functional model of the suggested method. The methods
used are: the methods of decomposition, functional modeling and the modified method of earned volume. The following results were
obtained: the method of requirement monitoring was developed; this method enables monitoring carrying out the requirements of
project stakeholders in time according to the volume of actually used resources by analogy with the method of earned volume. The
approach based on the integration of the hierarchical structure of requirements and the hierarchical structure of the project activities
enables supplementing the existing methods of classification of project stakeholders by the indicator of resource requirements.
Conclusions. The suggested method formalizes the requirements management processes in the project, enables determining the
resource load of requirements, adds this factor to the existing model of requirements. This method is practically supported by the
functional model in the IDEFO notation. The areas of project management (according to the PMBOK standard) where the use of the
suggested approach is the most effective are identified. In the process of generating output data for this method use, certain constraints
should be considered; these constraints are determined by different types of project stakeholders’ requirements and the dimension of

the sets of “requirements” and "activities".
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Introduction

Presenting main material

All projects face changes that are the results of
changes in the requirements of key stakeholders of a
project. The project adaptability to changes is
ensured by various tools in traditional and "flexible"
project management. Traditional project management [1]
considers the change management through the
process of the integrated change control — the process that
continues throughout the whole project and lies in
rejecting or approving change requests that are typically
generated as monitoring and control outputs. In fact,
documenting and controlling changes but not their
justification and management are mentioned. Changes
complexity
and cost in the traditional approach are growing
dramatically when the project starts. Agile-methodologies
of project management have a greater degree of
adaptability due to its iteration, but it is mainly used in IT-
projects [2-4]. In turn, Requirements Engineering
describes the process of identifying, documenting and
fulfilling requirements and is a part of system and
computer engineering [5-7]. A characteristic feature of
agile methodologies is recording project resources, that is
project adaptability to changes is ensured by the changes
of the project content (in traditional methodologies the
content is fixed).

So there is a motivation to develop more effective
methods of managing stakeholder requirements for
projects that are executed according to the principles of
traditional project management when changes in the
project content are undesirable.

The aim of this paper is to improve the
monitoring requirements of the project stakeholders by
means of the development of appropriate methods and
models.

The execution of any project is accompanied by
fulfilling the requirements of its stakeholders. A certain
requirement of project stakeholders can be put into
correspondence with project activities that ensure carrying
out this requirement.

This can put a request in accordance with the project
stakeholders and to ensure compliance with this
requirement. The work [8] deals with the results of the
integration of the hierarchical structure requirements
(Requirement Breakdown Structure, RBS) and classical
hierarchical structure of the project (Work Breakdown
Structure, WBS). The matrix of stakeholders controlled
points obtained by their intersection connects a certain
requirement with the activities that should be performed to
fulfill the requirement. This approach enables monitoring
carrying out the stakeholders’ requirements with the set
level of detalization, which, in turn, is determined by the
level of detalization of WBS and RBS.

Certain resources are used while project planning.
So, using the matrix of control points for fulfilling
stakeholders’ requirements all activities can be grouped
according to the matrix of control points or according to
individual  stakeholders  defining their  resource
intensiveness. This is the procedure of WBS development
according to proper principles.

Allocating certain requirements to certain project
stakeholders enables monitoring their fulfillment over
time according to the actual amount of used resources by
analogy with the method of earned value [1, 9].

Earned Value Management (EVM) is the
methodology that combines the assessment of the content,
schedule and resources to measure the project progress
and achievement of its efficiency. Three key factors for
each work package are monitored with the help of EVM:
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- planned volume (PV) that is the authorized budget
allocated to the planned activities;

- earned value (EV) that is the amount of work
expressed in terms of the authorized budget;

- actual cost (AC) that is the actual costs spent
during a certain period of time.

Let’s define key factors for analyzing the earned
value requirements of the project stakeholders — the
factors of the method of monitoring requirements earned
requirements method (ERM).

PR is planned volume of requirements that must be
fulfilled for a specified time (estimated figure);

ER is the actual volume of requirements which was
performed for a certain period of time (determined by the
results of monitoring);

AC is the actual volume of resources in terms of
money spent on the project for a certain period of time
(determined by the results of monitoring);

SR is the scheduled deviation in terms of the
requirements of the project stakeholders (SR = ER — PR).
Positive values are favorable, negative ones are poor. Zero
value indicates the performance of targets;

CR is the value deviation in terms of the
requirements of the project stakeholders (CR = ER — AC).
Positive values are favorable, negative ones are poor. Zero
value indicates the performance of targets;

SPIR is the scheduled index in terms of the
requirements of the project stakeholders (SPIR = ER /
PR). The value of the factor greater than 1 is favorable,
less than 1 is poor. The indicator of value which is equal
to one indicates the performance of targets;

CPIR is the value deviation in terms of the
requirements of the project stakeholders
(CPIR = ER / AC). The value of the indicator greater than
1 is favorable, less than 1 is unfavorable. The indicator of
value which is equal to one indicates the performance of
targets.

Graphical interpretation of the suggested method is
shown in Fig. 1: three curves PR, ER and AC are
constructed for a conventional design; the schedule
deviation (SR) and value deviation (CR) in terms of the
requirements of stakeholders are shown. Qutstripping the
requirements and saving of the planned volume of the
project budget occur while performing the project at the
moment of time time T.
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Fig. 1. The analysis of the earned value requirements of project stakeholders

The interpretation of the key indicators of ERM
method is shown in Table. 1. It can be noted that the data

Table 1. The interpretation of key factors

shown is the basis not only for monitoring but for the
forecast of the project.

The factors of project Requirements
fulfillment SR>0; SR=0; SR<0;
SPIR>1 SPIR=1 SPIR<1
CR>0; plan outstripping, budget savings | fulfilling the planned requirements, | lag in fulfilling the requirements,
CPIR>1 budget savings budget savings
z CR=0; plan outstripping, budgetary fulfilling the planned requirements, | lag in fulfilling the requirements,
O CPIR=1 compliance budgetary compliance budgetary compliance
CR<0; plan outstripping, budget deficit | fulfilling the planned requirements, | lag in fulfilling the requirements,
CPIR<1 budget deficit budget deficit
Effective implementation of the method of in fig. 2 which shows the spheres of project

requirements monitoring involves the use of A Guide to
the Project Management Body of Knowledge (PMBOK)
[1]. To determine the role of the suggested
method for effective project management the
relationships between requirements and methods of
monitoring processes and PMBOK 5 knowledge
areas was analyzed. The results of the analysis are given

management, where this method is the most applicable.

The following designations are used: M is one or more
processes where this method can be conceptually used,;

ﬂ is one or more processes for which this method is less
important.
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Fig. 2. The method of monitoring requirements and PMBOK 5

For practical use of the suggested method
the process of its implementation should be described.
Within this work it is done using the methodology of
functional design and graphic description of IDEFO

processes, which is designed to formalize and describe
business processes.

Fig. 3 shows the contextual level of the suggested
model.
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Fig. 3. The contextual model of the suggested method

Fig. 4 shows the decomposition of the process of
using the method of monitoring project requirements. The
arrows on the model presents inputs, outputs, mechanisms
and control for the corresponding process.

Works [10-12] deal with the general approach to

The authors compared the hierarchical structure
requirements (Requirement Breakdown Structure, RBS)
and hierarchical processes (Process Breakdown Structure,
PBS). The matrix of control points of fulfilling
stakeholders’ requirements obtained by their intersection

such modelling. The process approach to the connects a certain requirement with the processes that
decomposition of project stakeholders’ requirements is should be completed for its implementation. This
also suggested. approach enables monitoring the fulfillment the
stakeholders’ requirements.
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Fig. 4. Decomposition of ERM pattern use

Conclusions and recommendations for further
research

The authors suggested the approach which is based
on the integration of the hierarchical structure of
requirements and the hierarchical structure of the project
and enables adding the factor of resource requirements
which can be defined in monetary terms to the existing
methods of classifying project stakeholders.

Further, it is necessary to create mechanisms of
output data development to use this approach for
considering available different types of stakeholder
requirements which can be mutually exclusive (two or

more requirements cannot be simultaneously fulfilled
within the project); supporting (the fulfillment of one
requirement can help through the other one); independent
(the fulfillment of a requirement does not affect the
fulfillment of the other one); mandatory (requirements that
must be met, for example, in accordance with the current
legislation) as well as the fact that the ratio of
"requirements-activities" looks like m x n.

The method of monitoring requirements that enables
monitoring the fulfillment of project stakeholders’
requirements during proper time according to the actual
amount of resources spent by analogy with the method of
earned value.
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METO/Z OCBOC€HUX BUMOI" VIS MOHITOPUHI'Y BUKOHAHHSA ITPOEKTY

[Iponecn ynpaBiiHHS BUMOTaMH 3HAYHOIO MIpOIO BU3HAYAIOTH YCINIIIHICTH IPOEKTY i MOBUHHI 3a0e3reuyBaTi H0ro alanTHBHICTE 10
3MiH y BHMOTaX 3allikaBICHUX CTOpiH. Ha chOrojHi IIi MpOIECH € HEAOCTaTHhO (OpMalli30oBAHUMH, 30KpEeMa, U TPAAUIIIHHOTO
MIPOCKTHOTO MEHEDKMEHTY. OTKe, € HeOOXITHICTh po3po0KH Ta (opMaizaliii METOIB yIIPaBIiHHS 1 KOHTPOJr0 BUMOT. [IpeaMerom
JTAaHOTO JOCTI/DKCHHS € METOJH YIPABIIHHS BUMOTAaMH CTEHKXOJJepiB y mpoekrax. MeTa CTaTTi — HiJBHUINEHHS e(EKTHBHOCTI
MOHITOPHHIY BUMOT 3alliKaBJICHHX CTOPIH MPOEKTY 3a PaXyYHOK PO3POOKH METOAY OCBOEHHX BHMOT Ta MOJENI, 10 (GopMaii3ye Leu
MeTo. JIist AOCATHEHHS METH peali30BaHO HACTYIIHI 3aBJAHHSI: IHTErpallis i€papXiqHOT CTPYKTYPH BUMOT 1 KJIACHMYHOI iepapXiuHoi
CTPYKTYPH POOOT MPOEKTY 3 OTPUMAHHSIM MaTpPHULi KOHTPOJBHHUX TOYOK BHKOHAHHS BHMOT CTEHKXOJJIEpIB, IO IOB’S3Y€ IEBHY
BHMOTY 3 poOOTaMH, sIKi HEOOXITHO 3MIHCHUTH JUIs 11 BAKOHAHHS; PO3pOOKa METOY MOHITOPUHTY BUMOT; TOOY10Ba (pyHKITIOHATBHOT
MOJIEeINi 3aIPOTIOHOBAHOTO METO/y. BUKopHcTaHO MeToa! eKOMITO3HIIi1, (DYHKIIOHAIBHOTO MOJISIIIOBAHHS, MOIU(DIKOBAHHH METO
0CBO€EHOTO 00csTy. OTpUMaHO TaKi pe3yJIbTATH: PO3POOIEHO METO MOHITOPHHTY BHMOT, SIKUH TO3BOJISIE BIACTEKYBATH BUKOHAHHS
BUMOT 3alliKaBJICHUX CTOPIH MPOEKTY Yy dYaci y BIIIOBITHOCTI 10 00CsATY (PaKTHIHO BHTPAUCHUX PECYPCIB 3a aHAIOTIEI0 3 METOJIOM
ocBoeHOTO 00csTy. Ilinxin, mo 3acHOBaHO Ha iHTErpalii iepapXidHOi CTPYKTYpH BHMOT Ta i€papXiqHOi CTPYKTYpH pOOOT IPOEKTY,
JI03BOJISIE JIOMIOBHUTH ICHYIOUM METOAM Kiacu(ikallii 3aliKaBJACHUX CTOPIH IPOEKTY ITOKA3HHKOM PEeCypCOMICTKOCTI BHMOT.
BucHoBkH. 3ampornoHOBaHUE METOA (OpMaTi3ye MPOIECH YIPABIIHHS BUMOTaMH Yy TPOEKTI, MO3BOJSE BHU3HAYATH PECYpPCHE
HABaHTa)KEHHs BUMOT, II[0 JOTIOBHIOE iCHYFOUM MOJE Kiacudikaiii BUMOT MM MOKa3HUKOM. [TiATpUMKO0 MpaKTHYHOI peaizarii
MeToay € po3pobieHa dyHkumioHadpHa Mozaenb y Hotawii |IDEF0. BusnaueHo ramy3i IpOEKTHOTO MEHEIKMEHTY (32 CTaHAapTOM
PMBOK), ms SIKMX BHKOPHCTaHHS 3alpONOHOBAHOTO Miaxoxy Oyne HailOutemn epexTuBHHM. Y mporeci GopMyBaHHS BHXITHUX
JTAaHUX JJIsI BUKOPHCTaHHS METOMY CIIiJl BPaXOBYBaTH iCHYBaHHs IIEBHHX OOMEXEHb, sKi BH3HAYAaIOTHCS ICHYBaHHSM PIi3HHUX THIIIB
BUMOT 3alliKaBJICHUX CTOPIH MPOCKTY 1 PO3MIPHICTIO MHOKHH "BUMOTH' Ta "poboTH".
Kurouogi ciroBa: creiikxonepn npoeKTy, MpoLecH ypasiiHHs, GpyHKIioHaTpHe MoaemoBanHs, PMBOK 5.

METO/]I OCBOEHHBIX TPEBOBAHW JIJIsI MOHUTOPUHT A BBIITIOJTHEHUA
ITPOEKTA

[Iponeccsl ynpaBieHus: TpeOOBaHUSIMU B 3HAUUTEIBHOM CTETICHH OMPEACIAIOT YCHEUTHOCTh MPOEKTa U JODKHBI 00ECIIeUnBaTh €ro
aJIAIITUBHOCTH K U3MEHEHUSIM TpeOOBaHUH 3aMHTEPECOBAHHBIX CTOPOH. Ha cerojiHs 3TH mponeccsl HeocTaToOYHO (POpMaTM30BaHEbL, B
YAaCTHOCTH, IS TPAAMIMOHHOTO IPOEKTHOrO0 MeHemkMeHTa. ClieoBaTesbHO, eCTh He0OX0AUMOCTh Pa3paboTKu U (hopMaIH3aluu
METOJIOB yIPaBICHUS U KOHTpoJs TpeboBanuid. [IpeqMeTomM NaHHOTO MCCIEIOBAHUS SIBISIFOTCS METO/BI YIIPABICHUS] TPEOOBaHUSIMU
cTeikxonaepoB B npoekrax. Lleab crathy — moBbimeHne 3p(EeKTHBHOCTH MOHHTOPHHra TpeOOBAHWI 3aHMHTEPECOBAHHBIX CTOPOH
MIPOEKTa 3a CYeT pa3pabOoTKH METOJa OCBOCHHBIX TPEOOBAHUI M MOJIETH, KOTOpas (hopMamu3yeT 3TOT METoA. /i JOCTMKEHUS eTH
peaNn30BaHbl CIEAYIONIME 3aJa4M: HWHTCTPAllUs HEepPapXHUeCKON CTPYKTYpbl TpeOOBaHMIA M KJIACCHYECKON HepapXuyecKon
CTPYKTYPHI pabOT MPOEKTa C TOIyYSCHHEM MATPHUIBI KOHTPOJIBHBIX TOUEK TPEOOBAHUH CTCHKXOIIEPOB, CBA3BIBAIOLICH OMPEICICHHOE
TpeboBaHUe ¢ pabOTaMH, KOTOPbIE HEOOXOIUMO OCYIICCTBUTD IS €T0 BBITOJHEHHS; Pa3pad0TKa METoIa MOHUTOPHUHTA TPEOOBaHMIA;
MOCTpoeHNe (YHKIMOHATIBHON MOJENH HPEUIOKEHHOT0 MeToaa. VICroiab30BaHBl METOABI JEKOMIIO3HMIHH, (DYHKIIMOHAIBHOTO
MOJICITUPOBAHMS, MOAMGHUIMPOBAHHBIA METOJ] OCBOGHHOIO oObema. [lodydeHbl cleyrone pe3yabTaThl: pa3paboTaH METO.
MOHHUTOpHHra TpeOOBaHHH, KOTOPBIH IO3BOJISIET OTCIIEKMBATh BBINOJIHEHHE TPEOOBAHUI 3aMHTEPECOBAHHBIX CTOPOH IPOEKTa BO
BPEMEHH B COOTBETCTBHHM C 00BEMOM (haKTHUECKH H3PACXO/IO0BAHHBIX PECYpPCOB 10 QHAJIOTMH C METOJOM OCBOGHHOTO o0bema.
[Momxon, OCHOBaHHBIH Ha HMHTETPALlH HEPAPXUUYCCKON CTPYKTYpHI TPEeOOBAaHHH M HEPAPXUUECKOH CTPYKTYpHl pabOT MpOEKTa,
MO3BOJISIET AOTIOJHUTD CYIIECTBYIONINE METOIBI KIIAaCCU(UKAIINN 3aHHTEPECOBAHHBIX CTOPOH IPOEKTA ITOKAa3aTeIeM PeCypCOeMKOCTH
TpeboBanmii. BbiBoabl. [IpemmoskeHHBIE MeTon (HhOpMaIM3yeT TNPOLECCHl YIpaBICHHsS TPEOOBAHHAMH B MPOEKTE, ITO3BOJISET
OTIpENeNIATh PECYpPCHYI0 Harpy3Ky TpeOOBaHHIA, [OIMOJHSET CYNIECTBYIOUIME MOJENN KiIacCHPHUKAIUN TpeOOBaHUN HSTHM
nokazaresieM. [1o/iep)Kkol MPaKTHYECKOH peanu3aly MeToja sIBIseTcsl pa3paboTaHHas (YHKIMOHAJIbHAs MOJENb B HOTAIUU
IDEFO0. Onpenenenbl 001acTH MPOSKTHOTO MeHEKMeHTa (1o ctanaapty PMBOK), miist KOTOpBIX HCTIONB30BaHUE MPEUIOKEHHOTO
noaxona Oyner Hambonee 3¢ddexkTuBHbIM. B mpouecce GopmMupoBaHMs MCXOIHBIX JAHHBIX JJI WCIIOJIB30BAHUS METOJA CIEIyeT
YUYHUTBIBATH CYLIECTBOBAHHE OIPE/ICIICHHBIX OIPAHUUCHHUH, KOTOPbIE ONMPEIeISIFOTCS CYIIECTBOBAaHUEM PA3JIMYHbIX TUIIOB TPeOOBaHHUN
3aMHTEPECOBAHHBIX CTOPOH MPOEKTA U Pa3MEPHOCTHIO MHOXECTB "TpeboBanus" u "paboThI'.

KnioueBsbie ciioBa: nH)OPMAIMOHHO-TEJIEKOMMYHUKAIIHOHHAS CETh, ()aKTOPbI, PHCKH, TIOCIECICTBHS, TIPUUNHHO-CIICICTBEHHAS
nuarpamma, KO3 QUIUEHTH! BIUSHUS.
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