JIOJIATOK A

JlictuHr iporpamMu

import math
import random
import os
import timeit

import pylab as pl
from minisom import MiniSom
import numpy as np

import matplotlib.pyplot as plt

from matplotlib.patches import RegularPolygon

from mpl_toolkits.axes grid]l import make axes_locatable
from matplotlib import cm, colorbar

from sklearn.preprocessing import MinMaxScaler

class Node:
def init (self):

self.predecessors = []
self.successors =[]
self.renewableResourceRequirements = [ ]
self.startTime = None
self.finishTime = None
self.duration = None
self.name = None
self.es = None
self.ls = None
self.ef = None
self.1f = None
self.prioValue = None
self.started = False
self.finished = False
self.scheduled = False
self.selectionProbability = None

def repr (self):
return str(self.name)

class Project:
def init (self):
self.renewableResourceAvailability = []
self.numberOfJobs = None



self.numberOfNondummyJobs = None

self.numberOfRenewableResources = None
self.nodes = {}

self.horizon = None
self.population = []

def readProject(self, instanceFilepath, instanceName):
fullpath = os.path.join(instanceFilepath, instanceName)

with open(fullpath, "r") as file:
file = list(file)
for linelndex, line in enumerate(file):
if "projects" in line:
dummy = file[lineIndex + 1].split(" ")
self.numberOfJobs = int(dummy[-1])
self.numberOfNondummyJobs = self.numberOfJobs - 2

dummy = file[linelndex + 2].split(" ")
self.horizon = int(dummy[-1])

dummy = file[lineIndex + 4].split(" ")
self.numberOfRenewableResources = int(dummy[-4])

for i in range(self.numberOfJobs):
dummy = Node()
dummy.name =1
self.nodes[i] = dummy

elif "PRECEDENCE RELATIONS:" in line:
startingLineIndex = linelndex + 2

for i in range(self.numberOfJobs):
dummy = file[startingLineIndex + 1]
dummy = dummy.rstrip()
dummy = dummy.split(" ")
dummy = list(filter(None, dummy))
dummy = [int(entry) for entry in dummy]

numberOfSuccessors = dummy|[2]
for j in range(numberOfSuccessors):
successorNodeName = dummy|[3 +j] - 1

self.nodes[1].successors.append(self.nodes[successorNodeName))
for node in self.nodes.values():
for succ in node.successors:

succ.predecessors.append(node)

for node in self.nodes.values():
node.predecessors = list(set(node.predecessors))



elif "REQUESTS/DURATIONS:" in line:
startingLineIndex = linelndex + 3

for i1 in range(self.numberOfJobs):
dummy = file[startingLinelndex + 1]
dummy = dummy.rstrip()
dummy = dummy.split(" ")
dummy = list(filter(None, dummy))
dummy = [int(entry) for entry in dummy]

self.nodes[i].duration = dummy[2]
for k in range(self.numberOfRenewableResources):

self.nodes[i].renewableResourceRequirements.append(int(dummy|[3 + k]))

elif "RESOURCEAVAILABILITIES:" in line:
startingLineIndex = linelndex + 2

dummy = file[startingLinelndex]

dummy = dummy.rstrip()

dummy = dummy.split(" ")

dummy = list(filter(None, dummy))
dummy = [int(entry) for entry in dummy]

for availability in dummy:
self.renewableResourceAvailability.append(availability)

def solvelnstanceViaGa(self, popSize, numberOfGenerations,
mutationProbability, sgs, convergenceRate):
incumbent = Individual()

convergence = ()
incumbentFitness = float('inf")

population = self.createlnitialPopulation(popSize)

for indiv in population:
sgs(indiv)

populationForSom = population
skipNeighbors = 0

for gen in range(numberOfGenerations):
print("gen: " + str(gen))
print("incumbent fitness: " + str(incumbentFitness))
print("--")

if incumbent.fitness != float('inf') and incumbentFitness >
incumbent.fitness:
incumbentFitness = incumbent.fitness



elif incumbentFitness == incumbent.fitness:
convergence += 1

if gen !=0 and gen % 5 == 0:
populationForSom = populationForSom + list(set(population))
populationForSom = list(set(populationForSom))

if convergence == convergenceRate:
incumbentldx = 0
for ind in populationForSom:
if ind.activityList == incumbent.activityList:
incumbentldx = populationForSom.index(ind)
som = Som(len(set(populationForSom)))
result = som.trainSom(list(set(populationForSom)), incumbentIdx,
skipNeighbors)
skipNeighbors += 2
print(f'res: {result}")
randomlIndices = np.random.choice(len(set(population)), 20,
replace=False)
ii=0
for r in randomIndices:
if ii >= len(result):
ii=0
population[r] = result[ii]
ii+=1
convergence = 0

offsprings = self.crossover(population)
offsprings = self.mutate(offsprings, mutationProbability)

population, incumbent = self.rank AndReduce(population, offsprings,
incumbent, sgs)

print("finished GA with fitness of: " + str(incumbent.fitness))
return incumbent.fitness

def createlnitialPopulation(self, popSize):
self.forwardBackwardScheduling()
population = []

dummy = Individual()
nodesSortedByMinLft = list(self.nodes.values())
nodesSortedByMinL ft.sort(key=lambda x: x.1f)

dummy.activityList = nodesSortedByMinL{t
population.append(dummy)

for 1 in range(1, popSize):
dummy = Individual()

unselectedNodes = list(self.nodes.values())



selectedNodes = []

startingNode = unselectedNodes[0]
selectedNodes.append(startingNode)
unselectedNodes.remove(startingNode)

while unselectedNodes:
possibles =[]
for node in unselectedNodes:
if all(predecessor in selectedNodes for predecessor in
node.predecessors):
possibles.append(node)

maxLft = max(_.If for _in possibles)
total = sum((maxLft - .If+ 1) for in possibles)

for node in possibles:
node.selectionProbability = (maxLft - node.lf + 1) / total

selectedNode = random.choices(possibles, [ .selectionProbability for
__in possibles])[0]

selectedNodes.append(selectedNode)
unselectedNodes.remove(selectedNode)

dummy.activityList = selectedNodes
population.append(dummy)

return population

def forwardBackwardScheduling(self):
self.nodes[0].es = 0
self.nodes[0].ef =0

for node in self.nodes.values():
if node == self.nodes[0]:
continue
node.es = max(_.ef for _in node.predecessors)
node.ef = node.es + node.duration

finishNode = self.nodes[self.numberOfJobs - 1]
finishNode.lf = self.horizon
finishNode.ls = self.horizon

nodes = list(self.nodes.values())
nodes.reverse()

for node in nodes:
if node == finishNode:
continue
node.lf = min(_.Is for _in node.successors)



node.ls = node.If - node.duration
return None

def crossover(self, population):
random.shuftle(population)
mothers = population[:int(len(population) / 2)]
fathers = population[int(len(population) / 2):]

q = random.randint(1, self.numberOfNondummylJobs - 1)
offsprings =[]

for mother, father in zip(mothers, fathers):
daughter = Individual()
motherInput = mother.activityList[:q]
fatherInput =[_for _in father.activityList if not in motherInput]
daughter.activityList = motherInput + fatherInput
offsprings.append(daughter)

son = Individual()

fatherInput = father.activityList[:q]

motherlnput =[ for _in mother.activityList if _not in fatherInput]
son.activityList = fatherInput + motherInput
offsprings.append(son)

return offsprings

def mutate(self, offsprings, mutationProbability):
for indiv in offsprings:
for index, activity in enumerate(indiv.activityList[:-1]):
if random.random() < mutationProbability:
storedCurrentActivityList = indiv.activityList[:]
indiv.activityList[index + 1], indiv.activityList[index] =
indiv.activityList[index], \
indiv.activityList[index + 1]
if not indiv.checkPrecedenceFeasibility():
indiv.activityList = storedCurrentActivityList
return offsprings

def rankAndReduce(self, population, offsprings, incumbent, sgs):
population.extend(offsprings)

for indiv in population:
sgs(indiv)

population = sorted(population, key=lambda x: x.fitness)
population = population[:len(population) - 1]

if incumbent.fitness > population[0].fitness:
incumbent = population[0]



print("new incumbent:" + str(incumbent.fitness))
return population, incumbent

def executeGa(self, instanceName):
instanceDirectory = "./instances/"
instancePath = instanceDirectory + instanceName
self.readProject(instancePath, instanceName)

result = self.solvelnstanceViaGa(200, 1000, 0.01,
self.forwardBackwardScheduling, 20)
return result

class Individual:
def init (self):
self.activityList =[]
self.fitness = float('inf")

def eq (self, other):
return self.activityList == other.activityList

def hash (self):
return hash(tuple(self.activityList))

def evaluateFitness(self):
startTimes =[]
finishTimes =[]

for node in self.activityList:
total = 0
for resource in range(self.numberOfRenewableResources):
availability = self.renewableResourceAvailability[resource]
required = node.renewableResourceRequirements[resource]

for job in self.activityList:
if node != job and node.startTime < job.finishTime and
job.startTime < node.finishTime:
if node.renewableResourceRequirements[resource] != 0 and

job.renewableResourceRequirements|

resource] != 0:

total = 1

break

if total == 0:
minStartTime = self.horizon

if minStartTime < self.horizon:
if node != self.activityList[0] and node != self.activityList[-1]:
startTimes.append(minStartTime)
finishTimes.append(minStartTime + node.duration)



node.startTime = minStartTime
node.finishTime = minStartTime + node.duration

for i in range(len(startTimes)):
for j in range(i + 1, len(startTimes)):
if startTimes[i] > startTimes[j]:
startTimes[1], startTimes[j] = startTimes[j], startTimes[i]
finishTimes[i], finishTimes[j] = finishTimes[j], finishTimes][1]

for index, node in enumerate(self.activityList):
node.startTime = startTimes[index]
node.finishTime = finishTimes[index]

self.fitness = 0
return self.fitness

def checkPrecedenceFeasibility(self):
feasible = True

for node in self.activityList:
for successor in node.successors:
if self.activityList.index(node) > self.activityList.index(successor):
feasible = False

return feasible

class Som:
def init_ (self, population):
self.population = population
self.weights = np.random.random((2, self.population))
self.winner = None

def trainSom(self, population, incumbentldx, skipNeighbors):
self.winner = self.population[incumbentldx]

for 1 in range(len(self.population)):
self.population[i].activityList = population[i].activityList

for 1 in range(1000):
for individual in self.population:
winner = self.determineWinner(individual)
if self.population.index(winner) >=
self.population.index(self.winner):
self.winner = winner
return self.population

def determineWinner(self, individual):
self.winner = self.population[0]
minDistance = float('inf")



for currentIndividual in self.population:
distance = sum(abs(x - y) for X, y in zip(individual.activityList,
currentIndividual.activityList))

if distance < minDistance:
self.winner = currentIndividual

minDistance = distance

return self.population



JNOIATOK b
Anpob6apariis PesynsrariB KBamidikamiitnoi Po6otu
(Mixxnapoanuii MonoaikHuN popym «PamioenekTponika i MOJIOAb B
XXI cromiTTi», skuit BinOyBcs 16-18 kBiTHS 2024p.)

YJIK 004.89
Hocaimxenns meroais LI nis muianyBaHHA alTi
MPOEKTIB
Mockanenko M.B.
HaykoBuii kepiBauii — npodecop kadenpu I1I Kauko O.T.
XapKiBCbKHUI HAIlIOHAIBHUN YHIBEPCUTET Pai0eIeKTPOHIKH,
kad. I11,
M. XapkiB, YKpaiHa
ten. +38(099) 557-72-92, e-mail:
mykhailo.moskalenko@nure.ua.

This article is dedicated to exploring Artificial Intelligence (Al)
methods used for planning IT projects. It provides an overview of
existing project management methods in Information Technology
(IT) and analyzes the possibilities and effectiveness of utilizing Al in
this field. The authors provide examples of applying machine
learning algorithms to forecast task completion times and optimize
resources in projects. The conclusions allow us to conclude about the
potential of using Al methods to improve the efficiency of IT project
planning and offer recommendations for future research and practical
application.

VY cydacHy uudpoBy enoxy, Ae iHdOpMaliiHi TEXHOJIOTIi
BIJIIFPAIOTh TMEPEBAXHY POJIb Y TMPOCYBAHHI MIJIPHUEMCTB 1
Oprasizaiiii Ha pUHKY, IUIAHYBaHHS alTI MPOEKTIB CTA€ BaXKIUBOIO
JIAHKOIO y 1X CTpaTeriYyHOMY Kepi1BHULTBI. [IpoTAroM ocTaHHIX pOKIB,
3aBIIIKH CTPIMKOMY PO3BHUTKY TEXHOJOTIH, OCOOJMBO aKTUBHO
nocpKyeThes cdepa mryunoro iHTenekry (I1I), skuit moTeHIiHo
MOKE PEBOJIIOIIIOHI3YBAaTH MIAX1 10 yHpaBIiHHS TpoekTamu. Ls
CTaTTs Ma€ Ha METI AETAJIbHO MTPOAHAJI3yBaTH Ta OXOMUTH IIUPOKUN
cnektp MetoxiB I, mo 3acTocoByloTbCs y IUTaHyBaHHI aiTi
MPOEKTIB, 30KpeMa 30CEPE/KYIOUNCh Ha IXHIM €(hEeKTHBHOCTI Ta
MOJKJIMBOCTSIX 3aCTOCYBaHHS. BHCBITICHHS IIMX acCIMEKTiB €
BOXJIMBUM JIJIsI po3yMiHHs Toro, sik I moxke 3MiHWUTH Miaxia A0
yrpasiiHHs [T-ipoekTamu Ta 3a0€3MeYUTH iX YCHIIITHE BUKOHAHHS Y
CYy4aCHOMY HIBUKO3MIHHOMY CEpEIOBHILII.

[lepen BUCHOBKaMHU Ta PEKOMEHJAIISIMU OO0 BUKOPUCTAHHS
metoniB LI nis miaHyBaHHS ailTi MPOEKTIB, BAXKIWBO PO3MISIHYTH
icHytoul miaxoau. B miteparypi 3 muTaHb yNpaBiiHHA MPOEKTAMU
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MO)XHA 3HAWTH PI3HOMAHITHI METOAM, Takl K meTromosorisa Agile,
KacKaJgHui MeTon, Scrum Ttomro. KojkeH 3 IMX IIJXOmiB Ma€ CBOI
nepeBard Ta HEJOJIKH, SIKI BaXXJIMBO BPaxoOBYyBaTh MpH BHOOPI
METOAY JJIsi KOHKPETHOTO MPOEKTY.

HITydHnii 1HTETEKT J03BOJISIE BUKOPHUCTOBYBATH KOMITFOTEPHI
ITOPUTMH Ta MOJIEII 7Sl IPUUHATTS PillIeHb Y peajJbHoOMy Yaci. Y
KOHTEKCTl TUIaHyBaHHS aWTi mpoekrtiB, metoau LI moxyTh
BUSIBUTUCS KOPUCHUMHM JIJIi aBTOMATHU3allli MPONECIB TUIaHyBaHHS,
MPOTHO3YBaHHS Ta onTUMI3alii pecypciB. Hanpuknan, anropurMu
MaIlllMHHOTO HaBYaHHS MOXYTh aHaJII3yBaTH ICTOPUYHI JaHi
MPOCKTIB, I00 TepeadayuTH TEpMIHM BHUKOHAHHS 3aBJlaHb Ta
pecypcH, HeoOX1TH1 JIJIs iX BUKOHAHHS.

Metoqu Il maroTe moOTeHIIal TOKpalIUTH €(QEKTUBHICTD
MJIaHYBaHHS alTi MIPOEKTIB IUISIXOM aBTOMAaTH3aIlli Ta ONTUMI3aIlii
nporieciB. [IpoTe BaxIMBO BpaxoByBaTH KOHTEKCT KOHKPETHOTO
MPOEKTY, a TakKoX OOMEKEHHS Ta MOXXJIMBOCTI BUKOPHUCTAHHS
HITYYHOTO 1HTeNEKTy. /{15 ycnimHoro BnpoBamxkenHs metoais LI y
NPaKTUKy IUIaHYBaHHS alTI MPOEKTIB HEOOX1IHO MPOBECTHU
JIOJIaTKOBI ~ JOCHIPKEHHSI Ta EKCIEPUMEHTH, 1100 BHU3HAUUTH
HaNOUIbII €EKTUBHI Ta MPUAATHI 151 BUKOPUCTAHHS METO/H.
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Project Time Estimation in IT Projects." IEEE Transactions on
Software Engineering, 42(4), 320-335.

. Gupta, S. (2017). "Integration of Artificial Intelligence in Agile
Project Management." International Conference on Information
Systems, 78-92.

. Lee, H., & Kim, S. (2016). "Scrum Adoption in IT Projects: A Case
Study Analysis." Journal of Software Engineering Research and
Development, 10(1), 55-70.
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JIOJIATOK B

Crnaiinu npe3eHTarii

Marictepcbka KBasidiKaliHa po6oTa Ha TeMj(
“AocnigxkeHHa meTtoais WI ana nnaHyBaHHA IT-

in??
MPOEKTIB
BuKoHaB cTyAleHT rpynu HaykoBui KepiBHWK
IM3m-22-3 npocecop kadeapm Ml
MockaneHko Muxarno Kauko OneHa
Bonoanmmposmy IpuropieHa
Pucynok B.1

MeTa poboTu:

[poBecTn aHani3 Ta BUABUTH
HanedeKTiBHIlIMM MeToA LUTYYHOroO iHTeNeKTy

PeanizyBatu HaredeKTUBHILLMIM MeTOZ
LUTYYHOrO iHTENEKTY

AnpobyBaTi pe3ynbTaT AOCNiAXKEHHSA

Pucynox B.2
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[pobriema gocnigKeHHA

1ISO 15288

Pucynok B.3

ISO 15288

Pucynok B.4
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Jexkomno3sunuia

npoLecis
NJlaHyBaHHA

NPOEKTY
BiANoBiAHO
4o 1SO 15288

Pucynok B.5

PMBOK Tta MeTo KpUTHMYHOIO LUNAXY

Start

s .

Pucynok B.6
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MeToa KpUTUYHMX NaHLoriB

Critical Path Project Management Template

PucyHnok B.7

[€eHEeTMYHUM aNropUTM

Pucynok B.8
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[MopiBHAHHSA nigxoAis

MeTtogm KPMTHYHMX :
MeToA KPMTUMHOIO WAAXY . FeHeTHYHi anropuTmMu
naHLoris

Mpocti Ta cepeaHbo cKAagHi CKAnagHi NpoeKTH 3i 3HAYHMMK MpoeKTH 3 BMCOKOKW CKAaAHICTIO
3acrocyBaHHA
MNPOeKTH oBMmeeHHAMK Ha pecypcu Ta AMHamiko

. BuKkopu1cTaHHA imitauii
MnaHyBaHHA  3a  HaMbinbw MnaHyBaHHA 3 YypaxyBaHHAM
npuvpogHoro siabopy ana
nocAigoBHICTIO ofbmemeHb pecypcis Ta
3HaXOAKEeHHA ONTHUMaNbHUX
BBEJEHHAM YacoBux Bydepis .
pilueHb
CepegHa Bucoka

CepepgHa Bucoka

Husbka
. QoKycyeTbcA Ha  onTtumisaufi QOKYCYETbCA Ha BUKOPMCTaHHi
OnTHmis JeKinoka napameTpis
yacy pecypcie.
YnpaeniHHA Mae oBmereHHA Y BpaxyBaHHi OBmemeHo, ¥ UeHTpi yBarm —
) Brcoka aganTMBHiCTb
PH3HMKAMH HeBM3HayeHocTi pecypeu

Pucynok B.9

Bu6ip nigxoay

»  MalmnHHe HaB4YaHHSA
> HelipoHHi mepexi
> EBpUMCTMUHMI

» Ti6praHMIA

Pucynok B.10



[{6pUAHMM aNIrOpUTM

Y sKocTi meToziB ANnA peanizauii 6yN10 BUKOPUCTAHO HACTYMHI TEXHiKM:
IHiYianizauia

Cenekuia

BaraToTO4KOBMI1 KPOCMHIOBEP

MyTauin

dyHuis cyciacTea

®yHUis HaBYaHHA

vy vy vy vy vyyvyy

Tononoris KapTh

Pucynok B.11

BaraTtoTo4YKoBMIM KPOCUMHIOBEP

OFFSPRING 2

Pucynok B.12
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BxigHi gaHi gns TectyBaHHSA riopuaHoro
anropuTMy

T =

KinbkicTb npoekTis 1

KinbkicTb po6iT, B Tomy 4mchi
jobs (incl. supersource/sink ) 32
DikTHBHI

MakcumanbHui TepmiH

166
NpOEKTY
KinbkicTe noHoBnoBaHMX
renewable i 4
pecypcie
KinbkicTb HenoHoBOBaHMX
nonrenewable 0

pecypcis
KinbkicTb neasirito

doubly constrained 0
obmexeHux pecypcis

Pucynok B.13

BxigHi gaHi 3 iHpopmMauieo Npo NpoeKT

| dopmreprcra | ___ome g |
m laeHTHdikaTop aKTHBHOCTI 1

#modes KinbkicTb perxumis 1

KinbkicTb nos’asaHmx
3
HACTYMHMX aKTUBHOCTEM

AKTHMBHOCTI NoB’A3aHMX

HaCTYNHMKIB

Pucynok B.14



Bizyanizauia KiHUEeBOro BUK/INMKY
HaBYaHHA KapT KoXxoHeHa

N > o @
pooyInoqybiau 3y Ul SUCINAU WO} 3UB)SIP

Pucynok B.15

FIpM K/1aZl KOHCOJIbHOIo BMBOAY

Pucynoxk B.16
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BUCHOBKM

Yci 3aBaaHHs JoCAigXEHHS BUKOHAHO - MPOBEAEHO aHasi3 METO/iB LTYYHOro
iHTeneKTy B NnaHyBaHHi IT-npoekTiB, 06paHo Ta peanizoBaHO aaropyTMm,
npoBejeHo ioro anpobatito.

B pesynbraTi gocniAxeHHA BUABAEHO L0 BUKOPMCTaHHA FeHETUYHOrO anropuTMy Y
napi i3 camoopraHizauifiHMMK KapTamu KoxoHeHa € NepcrnekTMBHMM Nigxoaom and
BMpilLeHHA 3aa4i nnaHyBaHHS | T-NpoekKTiB.

MaibyTHIMI JoCnigKeHHAMM MOXYTb BYTH ONTUMi3aLia anropuTMy, aHanis
dakTopiB Wo BNAMBaKTbL Ha pe3ynbTaT Ta edeKTMBHICTb FiBpHUAHOro anropuTMy B
pi3HMX yMoBax.

Pucynok B.17

Anpo6auisa PesynbraTiB KBanidikauinHoi
Po6oTH

(MixHapozxHIiT MosoixHIIT popyM «PajtioeTeKTpoHiKa i MOIOIb B
XXI cTomiTTi», AKMHIT BinOyBcs 16-18 kBiTHA 2024p.)

VIK 004.89
Hocaimxennas merofis IIII naa nianyBanBs aiTi
NpPOeKTIB
Mockanesko M.B.

HayxoBii KepiBHIII — mpodecop kKadexp ITI Kadko O.I.
XapKiBChKIIT HAlOHATBHIIT YHIBEPCHTET PaioeeKTPOHIKII,
xad. ITI,
M. XapkiB, Vkpaina
Ten. +38(099) 557-72-92, e-mail:
mykhailo.moskalenko@nure.ua.

Pucynok B.18



Aakyto Bam 3a yBary

Pucynok B.19
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