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PROJECT MANAGEMENT OF WATER SUPPLY SYSTEMSRECONSTRUCTION
WITH DECISION SUPPORT SYSTEM USING

Abstract. The organization model of decision support systéwater supply reconstruction projects is
proposed. The methodology of neural networks ferrétional project choice is used. Testing theusat
of the project by means of an artificial neuralwetk was carried out with the help of the moduléika
based on a graphical representation of the datdrithistion works “reliability” of each projection th
basis of data on the types of projects, jobs aedchtcessary technological units.

The data obtained on the neural network qualifieravtransformed to diagrams of distribution of dgns
of estimates of a projects status. In a type ofcthesiderable data volume on operations of projéuty
aren't given in the real operation. Creation of giams was executed in the GnuPlot program.
Implementation of the application was made in the of APl web framework Django, which is open and
free software implemented in a high level prograngmianguage Python that is wide distributed in
development of complex software systems with welfdane.

Key words: water supply system, project of reconstruction, decision support system, neural networks

Problem definition The water supply system is a complex technical
_ system, including various technological equipment

Currently, one of the major problems thay,,mps pipes, tanks etc.), appliances for infoionat
determines the further development of both indisidu .,jiection and transmission, actuators and other

country and the whole of mankind is the problenth& o inment. Obviously, for the management of such a
efficient use of water resources. The urgency @ thgygtem it is necessary to consider its structure,
problem is due to increasing scarcity of water ned organization and architecture.

in the various fields of industrial activity, as Wwas To provide opportunities for problem solving, in

drinking water consumed [6]. . accordance with the objectives, the automated syste
~ One aspect of this problem is to develop a set Qh,q include the following basic functionality:
activities related to the provision of drinking watto - automated system for water management collects

municipalities. With regard to the conditions Ofintormation from the stations of automatic contanid
Ukraine, the problem is exacerbated by significary iging an adequate model of real-time status.
physical and moral deterioration of the basic elaisie - operator is able to control the process.

of water supply (WS) systems, non-compliance of _ihe gperator can identify critical situations the
technical and technological parameters of the Wg,qis of the data collected.

system existing in the European Union standards and _ system allows you to receive information from
norms, lack of the necessary resources for the qte pumping stations.

renovation and also developed evidence-based _iq provided by wireless technologies.
recommendations for the implementation of projects  _ o World Wide Web allows real-time data about
and programs of the WS system reconstructiofq siate of the system.

[7; 8; 10].
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VYnpaeninua npoexmamu

- storage server ensures the integrity and securind so forth.In this part of the resources allatdte
of data. these projects may be used inefficiently or evenidl

In order to provide opportunities for horizontal It is obvious that under the conditions of the
integration of subsystems designed automated raystexternal environment priorities of projects may ru@
between themselves and the vertical integratiothef constantly, including — with the need to "freezbé t
information system development project management ongoing projects or initiate projects that are het
technical water supply system of the city,in thafdof standby state. It is also obvious that the decisimn
the automated system shall be provided to themend the work plans for such projects is a complex
complexity and characteristics of tasks mechaniants management task, which should take into account the
tools for integration of subsystems of the inforimat projects, the state of the resources, the monitored
system into a single system. parameters, requirements and priorities of conssimer

Because of the considerable moral and physic8y its nature, such problems belong to the class of
wear and tear of the basic elements of the UkmaiW&  multiobjective optimization problems.
they need to be reconstructed according to the With this in mind, the ability to make effective
corresponding projects. management decisions is determined by:

There are a significant number of project - the presence and the use of appropriate methods
management systems, portfolio management systenfs: solving optimization problems;
These systems include both corporate Microsoftdetoj - the presence of mechanisms and opportunities for
Serverand Microsoft Project Professional, Oraclassessing the status of ongoing projects;
Primavera Enterprise Portfolio Management and open - the presence of opportunities for assessing the
system based on SaaS: Basecamp, TeamlLadffect ofthe implementation of each project.
Teamwork, etc. However, they are more universal in  For solving optimization problems developed with
nature and are used eitherseparately or integndted the nature of problems and mathematical methods of
fles or standard communications interface. A ciéit dinear and nonlinear optimization (such as the $mp
their application in problems of project managemant method, the method of penalty functions, branch and
the WS systems reconstruction complicated due ¢o thound, and the like). Their application usually\pdes

following features of these projects: the possibility of defining a target function, whic
- a significant number of simultaneously runningallows to solve the optimization problem as a peatbl
projects; of finding the maximum or minimum values for sonfe o
- involved in the project resources; its higher-dimensional space of feasible solutions.
- variabilityof the environment, defined worn The difficulty of assessing the status of ongoing
outwater systems. projects is that the values of the attributes effihojects

These features determine the need to devel@pe, as a rule, to a large extent not clearly $igei
solutions that limited resources would allow fore th blurred, are qualitative in nature. In addition,e th
effective management of projects of reconstructtbn complexity of assessing the impact of the
water supply networks. implementation of each of the project is that thtugs

The organization responsible for WS systemsf the attributes of projects have disparate units.
commissioning characterized by the presence of In this context, the problem of determining the
scheduled projects and projects that are in pregres  current state of the project, in fact, is the task

Planned to carry out projects typically involverecognition and classification, composed to include
reconstruction of and /or the introduction of newecognizable image to any known class. The inidt&th
facilities and transferred to the execution statethey for the solution of classification problems are the
become expected conditions, income and release timited amount of sample data on the values of the
necessary resources to carry them out. In sonadtributes of the elements that describe the dladsi
cases,such projects an be converted into a state imbge or situation. In this case, the classificati® to
execution ahead of time,for example,as a result ofetermine the degree of similarity of classifiednpte
unforeseen deterioration in the monitored pararaaiér precedents — samples for which membership in thescl
water supply systems, or as a result of equipmekhown as a precedent may be considered as a sample.
failure. In this case,the implementation of sucbjgets One of the aims of classification is to determihe t
may require additional resources. relationship between the signs and symptoms of the

In turn, projects that are in the running state lsan classified object class and study of this connectito
performed with a delayfrom the time schedule,fodetermine the relationship between the featuresl use
example,as a result of unforeseen effects in thenphg correlation analysis or artificial neural netwoe\N),
of factors, such as process equipment breakagmd, in this case, the ANN have certain advantages
deviation of characteristics of the external enwinent that the ANN is not programmed and trained.
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To solve the problem of estimating the effect of Based on the description of the system, it can be
the implementation of each project requires the afse isolated subsystems: control parameters on intakes;
mathematical tools provide some generalized vakie aontrol parameters in wastewater treatment plants;
an integral evaluation of the project. It may inola control parameters of reverse supply; control hef t
variety of methods, one of the most simple andctiffe  parameters of networks and storage systems,water
— weighted sum method, which allows to take intsupply systems; control systems for the collectidn
account the values of the individual parametershef information, control and tele-control remote signgj
projects, and the contribution of these valueshe t storageof the information system; control accesthéo
integral value of assessing the impact of projects. subsystems of the system, administration and so on.

Thus, it is possible to implement a solution of the In order to provide opportunities for horizontal
above problems through the development of a detisiintegration of subsystems designed automated rayste
support system (DSS) in the management of the psocdetween themselves and the vertical integratiothef

of reconstruction of the municipal WS [2, 3, 4]. information system of project management of tecdnic
The aim of the article is to develop and to test thcity water supply system, in the draft of the auhted
DSS of municipal WS reconstruction projects. system shall be provided to the complexity and

characteristics of tasks mechanisms and tools for
integration of subsystems of the information sysietm
Typical structure of the water supply system i single system.
shown in Figure 1. The main structural elementshef Providing opportunities for horizontal integration
system: the water treatment plant and desalinatiofif Subsystems with each other should provide sools t
pumps, water treatment industries and consumers. ~ implement a system that will simply increase the
Currently on improving the efficiency of thews functionality of the system by expanding the knaige
municipalities devoted a considerable amount djase of the system and the introduction of new resdu
research [4, 9]. Indifferent systems of municipaitey into the system.
supplies, as small towns and big cities,is widelgdiby Vertical integration of the information system of
significant developments in the field of IT-techogies. the city should include provision of access tospistem
Thus, in [9] considered architecture and main eteme for the persons concerned, and should not require
of a typical control of the municipal WS system i Significant modification of their information systs.
consists of a central computer, the primary senangs This problem can be solved by providing remote ssce
electromechanical control devices, means fdP the system resources for other clients of thetesy
transmitting and receiving signals. via a local network or the Internet with the use of
Reflection of the functioning municipalities of thecommon and public communication protocols for data
WS systems usually represented mimic, sources taf ddransfer and control between the subsystems.
setsin which, speak a variety of design solution Local access can be provided through the
simplemented on the basis of systems SCADA a&utomated work places installed on client workistest
various stages of processing water. plant personnel.

Main part

Water preparation station o Borehole Pumps o The water supply

Desalination station o Water purification enterprises ° Users

Figure 1 — Typical structure of the water supplyteys
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To do this on the client work stations must be séPlanned to carry out projects”, "Ongoing projects"”
to the appropriate functions o fcustomer clientwafe, "Resources projects”, "Block assessment of the
and customers should be given the rights and powfersprojects”, "Block assessing the impact of
access to information resources of the servémplementation of the projects”, "Power ranking
information system in accordance with the functlongprojects”, "Projects to implement”.
responsibilities of each client system. Package "Parameters of the environment" should

Given that the system will also collect informationprovide for storage and provide tools for theirgassing
on the parameters of water supply systems, which céor the measured parameters of the environmenhen t
be used independently or in other automated systémsprojects related to the reconstruction projects.
the city, it is necessary to consider mechanisms fo  Package "of scheduled projects" stores attribute
access to information resources and systems frower ot values, and provides tools for their processing of
systems. This may use global (remote) access bteer scheduled projects of reconstruction projects dmal t
Internet, including — using the protocolsneed for resources.

TCP/IPand HTTP. Package "Ongoing projects" stores attribute values,

As a result of the sesecurity mechanisms faand provides the tools to handle them for ongoing
access, access to information system resourcedeanprojects and needs of these projects in the ressurc
provided for the following types of users: Package "ResourcesProjects” stores information

-authorized users-enterprise managers, the projentd provides tools for its processing resourcegept®
management team(the granting of rights and poweasd the organization as a whole.
ofaccess to information resources of the systenuldho Package "unit assessment of the projects" must
be provided for both local access mode); carry out the assessment of the current state ef th

-authorized users — employees settlement centgmojects based on the values of attributes of ptejand
of municipa lwater services (authentication is perfed generate value of the evaluation function as a mumb
on the basis of the known users of private accoubetween 0 and 1, which can be used as Westview
information: address, passbook, etc.); Coefficient when calculating the effectiveness rafjgcts.

-other users-information is provided without Package "Block assessing the impact ofi
authorization (ads, tables, graphsrepairs, watenplementation of the projects” should calculate the
parameters, etc.). value of the objective function efficiency projetizsed

With this in mind, it may be suggested the follogvin on the values of attributes of projects, and fogaing
structural model of managerial decision-supporfgmto projects-given the importance of the project status
management reconstruction and developmentof water Package "Block ranking projects” should provide a
supply systems (Figure 2). In the model presentednking of projects on the weighted effect of their
packets "Parameters of the environment'expected realization.

| External environment parameters |

/\

The projects planned to execution The executed pmiec‘tsl
Value of attributes of projects | _ _ - -====-""7
and the expected changes of an
- = -external environment _ K
Unit of an assessment of a projects status |

The values of attributes of projects
and the expected changes of an
external environment enumerated
taking into account a status

The unit of an assessment of effect from project
implementation

WEfﬁ.ﬂuq‘ uﬁmamnmpcmjerulj

priorities

cmmemmmcm e ] Thelist of projects on I}]

|ijects to implement |

Figure 2 — Structural model of an automated decisiapport system for ranking of projects
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Package "To implement projects" will contain arevisiono f the corresponding mathematical models,
prioritized list of projects for implementation start. each time the data structure of the system werecatinl

Based on the fact that each project for a highéhe new characteristics of the projects. It is obsitha
quality of service, there is the possibility of qoamning in terms of project management as a continuousigti
the parameters of the projects in such a way thailli ongoing development of mathematical models is kardl
be possible to choose projects that will help aghithe advisable. For this reason,it is interesting to arsificial
best system performance. To do this, we apply theeural networks (ANN) — as to ensure continuity of
method of weighted sums. For simplicity, we assumeperational control and flexibility in the choicé & set
that the weights of the criteria are given by etpand of characters.

are defined as priorities of projects and typeprofects The most widely used and recognized by neural
and types of beneficiaries. When this weighted suay  networksare networks with error back propagation
be represented as: ("Back Propagation"), which are used, including, tfee

- R J solution of problems of classification and pattern
Y-—w-(w W _AW3p +w oW Du..), 1
' 01 W1 W2 (b oW [P 4 EEJ‘O > recognition [1, 6].

where In the simplest case — the single-layernetwork
Y; - integrated evaluation of the project; (Figure 3, its outputY can be represented by the vector

N S of input signalsx and the vector of coefficienk; as:
wq— weighting assessment of the project;

n
Wi, Wo, W3, Wy, Ws— the weights determines the Y = > x; k.
i=0
In this case, an important feature of the ANN is
that ANN is not programmed and trained (training
hetwork is the process of calculating and setting t
coefficients k). This means that upon completiorhaf
- o training phase the ANN will not only be able to lege
uj; - critical value for the recipient of the processy,q experts, but also is able to improve the qualt
variable of the project; their own expertise through additional training to

priority of projects, project declared technologica
parameters, priority sites and the measured paeamet
on it, respectively;

Py - declared value of the process variabl

project;

rD[O,R] — coefficients which are common for aSurent and newly completed projects.
group of parametres; _ From the standpoint of the problem_bemg_ _solved
jD[O,J] N _ _ an important property of neural networ-ks is théiliy
— coefficients which are unique for ato learn based on the data of the environment ana a
group of parametres; result improve the quality of solutions. Educatieran
Weighting factor assessment of the project can hrative process of adjusting the free parametétsie
calculated as: network (synaptic weights and thresholds) by sininga
Wo; = (0' if theprojectiisnotinvolved d) the environment. The method for adjusting these
I NN.backPrpagate), if theprojectisinvolve

) ) parameters determines the type of training. Thenieg
As mentioned above, for projects affected by many, ,-ess involves a sequence of actions, which stnsi

factors, notall of which can be taken into accouny, ye installation of the input signals to thetibpf the
initially, but they can be identified and taken aint network, and change according to some rule of nétwo

account |n.the future -as more 1S learned about t'ﬂj‘%\rameters. The process is repeated as long as the
previously implemented projects.Account factorshsuc,arvork is not able to solve the task.

methods of correlation analysis would require a
Entrance layer Output layer

X
X9 .
Inputs Exit

X3

Figure 3 — An example of an artificial neural netkdor projects status classification
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The data obtained on the neural network qualifie Theallocation map for dat 479 39 9 916.img
were transformed to diagrams of distribution ofsign 100
of estimates of a projects status (Figure 4 andrba
type of the considerable data volume on operatifns 80
projects they aren't given in the real operatioreaion
of diagrams was executed in the GnuPlot prograre. Tl 60
code of the program of creation is given below.

The figures show the distribution of the neura 40
network classifier estimates the project state.

Dots denote estimates that were subjected 20
inspection during testing of the classifier.

Scre

. 0 L
Conclusions 0 20 40 60 80 100
1. The structural model of the municipal WS DSS Figure 4 — Graph of the evaluation of density
was proposed and its functionality was tested. distribution (project 1)
2. In order to improve the effectiveness of Theallocation map for dat 479 3 8 | 085.mg
managerial  decision-making on the project 100 *

implemented neural network classifier is developed
the basis of their state of artificial neural 80
networkwithback-propagation errors.

3. The application of the proposed system ca €0
reduce project schedules by 15-20% due to tt
reduction of time for managerial decision-making %0
reducing the number of errors and increase tt
efficiency of communication between the particijsaot
reconstruction projects.

4. The testing is state of the project by means of ¢
artificial neural networkbased on the data on {ipes of
projects, jobs and the necessary technologica.unit

Soore

0 *
0 20 40 60 80 100
Figure 5 — Graph of the evaluation of density
distribution (project 2)
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Penen3enT: 1-p TexH. Hayk, npod. B.C. Brinnos, Harionansnuii yHiBepcuter kopabneOyayBaHHs iM. aamipaia Makaposa, Mukonais.
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Yepuos Cepriii KocTaHTHHOBHY

JIoKTOp TeXHIYHMX HayK, mpodecop, 3aBiayBad KaGeapH ynpaBIiHHS IPOSKTaMU
Hayionanvhuil ynigepcumem xopabne6yodysanns imeni aomipana Maxaposa, Muxonais
I'aiina Anarouiii FOmianoBuy

Kangunar TexHIYHUX HayK, JOUEHT KadeapH iHPOpMAIIfHIX YIIPABIIOUNX CHCTEM Ta TEXHOJIOTIH
Hayionanvnuii ynigepcumem xopabnebyoysanns imeni aomipana Maxaposa, Muxonais
Xapuronos IOpiii MukoJaiiopny

JIOKTOp TeXHIYHHX HAyK, JUPEKTOP IHCTUTYTY MOPCBKOI iHppacTpyKTypu
Hayionanvnuii ynigepcumem xopabne6yoysanns imeni aomipana Maxaposa, Muxonais
Komkin Bonogumup KoctaHTHHOBHY

AcmipaHT Kadeapu ynpaBIiHHS IPOEKTaMU

Hayionanvhuil ynigepcumem xopabne6yodyeanns imeni aomipana Maxaposa, Muxonais

VIOPABJITHHA MPOEKTAMM PEKOHCTPYKIII CHCTEM BOJAOIIOCTAYAHHA
3 BAKOPUCTAHHSM CUCTEMM NIATPUMKHA NPUAHATTS PIIIEHD

Anomauia. 3anpononosano opeamizayitiny cmpykmypy —cucmemu RIOMPUMKU  RPUUHAMMA ~ pilieHb  NPOeKmis
pexoHcmpykyii cucmem @odonocmayanis. /s eubopy payionansHo2o0 NpoeKkmy GUKOPUCMAHO MEXAHI3M HelpOHHUX Mepedic.
Buxonano anpobayiio cucmemu.

Knrouogi cnoea. cucmema 6000nocmavanns, npoeKm pPEeKOHCMPYKYIl, cucmema RPpuiiHAmMms piuieHsb, HeupoHHi
Mmepexnci

Yepuos Cepreii KoncTanTuHOBHY

JIoKTOp TeXHHYIECKHX HayK, mpodeccop, 3aBeayrouii kKaheapoi ynpasieHus MPoeKTaMu
Hayuonanvuwviii ynueepcumem xopabrecmpoernus umenu aomupaia Maxapoea, Huxonaes
Taiina Anaronuii FOnnanosny

Kangunar TeXHH4ecKuX HayK, JOLEHT Kadeapbl HH(HOPMAIMOHHBIX YIIPABISIOMNX CUCTEM H TEXHOJIOTHH
Hayuonanvuoiii ynueepcumem xopabrecmpoenus umenu aomupanra Maxapoea, Huxonaes
Xapuronos IOpuii Huxonaesnu

JIOKTOp TEXHHYIECKHX HayK, IUPEKTOP HHCTUTYTA MOPCKOH HHPPACTPYKTYPHI
Hayuonanvuoiii ynueepcumem xopabrecmpoenus umenu aomupanra Maxapoea, Huxonaes
Komkun Baagumup KoncTaHTHHOBHY

AcniupanT Kadeapsl yIpaBiIeHHs IPOSKTaMK

Hayuonanvuviii ynueepcumem xopabrecmpoernus umenu aomupaia Maxapoea, Huxonaes

YIHPABJIEHUE ITPOEKTAMU PEKOHCTPYKIIUN CUCTEM BOAOCHABXEHUS
C UCITIOJIb30BAHUEM CHCTEMBI IIOJTEPKKH MTPUHATHA PEITEHWI

Annomayusa. Ilpeonosicena opeanu3ayuoHHAs CMPYKMypa cucmemsvl NOOOEPICKU NPUHAMUS peuieHull NpOoeKmos
PEKOHCMPYKYyuu cucmem 8000cHabx cenus. [lna 6blo0pa payuoHanbHO20 NPOEKMA UCNONb3YEeMCs MEXaHU3M HEUPOHHbIX cemeil.
Ilposedena anpobayus cucmembpi.

Knrwoueevle cnoea. cucmema 6000cHabd cenus, npoeKm pPeKOHCMmPYKUUuu, cucmema nPpUHAMUA pemeuul?, HeﬁpOHHble
cemu
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