Xpnon Machine Learning yta BeAtiotonoinon
Software Project Schedule Management &
Project Cost Estimation: Case Study

AwnAwpatikin Epyaocia tou Kotl{apnaon ZtuAiavou
EmBAénwv KaBnyntig: Mavtag MuxanA

NMANENIZTHMIO MAKEAONIAZ
NMPOrPAMMA METANTYXIAKQN ZIMOYAQN
TMHMATOZ E®OAPMOXZMENHZ NAHPO®OPIKHZ
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MpoBAnpa

["la anoteAeopatiko Project Management, xpelaletal yvworn Twv NpayHatikwyv Sedopévwy nou
oxetilovtal Pe TIC EPYACLES , TOUC NOPOUC Kal YEVIKOTEPA TO cUVOAOo Twv Projects (Kanakaris et al., 2020).

H Slaxeiplon Tou XpovonpoypauHatiopou Kal TOU KOOTOUG TwV £pywV AOYIOHIKOU, anoteAoUlv dUo and
TIC KOpuPaiec npotepaldtnteg otn Bloynxavia napaywync npoiévtwyv AoyiopikoU (Rana and Wei, 2020).

ZUp@wva pe touc avaAutég tng Gartner, To 80% twv epyaotwy (tasks) tou Project Management tou
onpepa, Oa npaypartonoleitat andé cuotigata texvntic vonuoouvng (Al) nou aélonotolUv TNV PNXAvikn
padnon (machine learning) péxpt to 2030 (Chennouk et al., 2020).

Ol HIKPEG Kal HIKPOHETALEG ENXEIPNROELG cuveXi{ouv va XxpnolponoloUv anapXatwpEVeg peBodoug nou
odnyouv og ocuxvéc KaBuotepnoelg kal alénon tou Kdotoug tou épyou (Wei and Rana, 2019).




> KONOC

Alepeuvnon xpriong Machine Learning otig neploxég yvwaong tou Software Project
Schedule Management & tou Project Cost estimation.

- Anuioupyia 2 AUGEwV

H 1n: MpoBAénel To xpdvo uAonoinong ylag evépyelag, PAcel Twv NapeABOVTIKWVY
dedopévwy Kal népou nou tnv avadapPavel, pe xpron regression models.

H 2n: Katavépel Ti¢ epyaociec otouc ndépouc, aélonolwvtac tnv napanavw yvwon.
YUyKplon NpocdOKOPEVWYV ANOTEAECPATWY PE NPpAypatika, yia tnv e€aywyn

OUHNEPACHATWY OXETIKA PE TNV akpifela twv AUoswv Kal tnv aélonoinon toug o€
NPAYHATIKEG CUVONKEG.
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Tuvelopopa ;

‘Epeuvec npooeyyilouv tnv Xxprion tou Machine Learning kat cuykekpipgéva tTwv Regression
Models otnv npoBAewn tou xpdvou uAonoinonc twv Software Projects (Finnie et al., 1997; de
Barcelos Tronto et al., 2007; Nassif et al., 2013).

S € EPEUVNTIKO ENINESO CUVEICPEPEL :
- Ytov £€Aeyxo, TNV aéloAdynon Kat tTnv cUyKpLlon Twv anodoTtiKOTeEpwV HOVTEAWY NaAlvdépdépunong
yla tnv npéBAswn tou xpovou ulonoinong evoc software project.

- Ytnv avddelén twv epnodiwv nou npokuntouv Pe TNV Xprion tn¢ peBodoroyiag waterfall oto
software project management.

2 € ENAYYEAPATIKO ENINESO NPOCPEPEL:
- 2TIC HIKPEC Kal TIC JIKpopeoalec enxelpioelc pia Baon yia va doprjoouv AUceLC nou a§lonoltolv
1o machine learning yia tnv np6PAswn tou peAAovtikoU xpdvou uhonoinong o€ software
projects, KaBwc¢ Kat yla tnv Katavourn Twv EVEPYELWV 0TOUC NOPOUC.




BiBAloypa®ikn Avackonnon




Awadikaotia Avalntnong ApOpwv
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‘Etn: 2016-2020
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Project Time Management & Project Cost
Management

O1 47 duadikaoiec tne dlaxeipiong €pyou katnyoplonotoUvtatl entnAéov o€ 10 NEPLOXEC
yvwonc. 2 and tig onuavtikétepeg eivatl (PMI, 2013):

1) H dwaxeipion xpovou €pyou nepihapfavel 6Aec tic Stadikaoisc nou anattovvral yia
NV £yKaipn oAOKARPwaon Tou.

2) H duaxeipion k6otoug £Epyou nepihapBavel tic dStadikaoiec nou egnAékovtal oTto
oxeblaopod, TNV eKtipnon, tov npounoAoyloud, tn xpnpatodotnon, tn Sltaxeipion kat

TOoV £AEYXO0 TOU KOOTOUC.
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MeBodoAoyia Waterfall /

Anutoupyia: Dr. Winston Royce to 1970

2Konog: ZupPoAn otnv avantuén Aoylopikou (McCormick, 2012).

BeAtiwon: Dr. Barry Boehm 1974 -1976 (Charvat, 2003).

Tnuepa: Mo dtadedbopévn péBodoc oto Software Development (McCormick, 2012).

ddaoeic nou npoteivovtat (McCormick, 2012):

Requirements
Analysis

Code & Unit Testing

Subsequent Testing

System Testing (&
Release)
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AuokoAieg oto Project Schedule Management' ™
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1. O xpdévoc oAokApwonc tou Project ynopei va unepPaivel and 25% £wc kat 100% tnv
apxtkn np6PAewn (Papatheocharous et al., 2017).

2. 'EAAewpn cwotol xpovornpoypappatiopo tou £épyou and toug PMs, wote va

entteuxBolv €ykalpa ot otoxol tn¢ ogadac (Englund and Graham, 2019).

'Etol, t6oo n npoBAendpevn nuepopnvia napadoonc, 6co kat N npoBAEYn Tou KOOTOUC TOU
£pyou, TElVOUV va gival gn peaALOTIKEG.

»
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Mé£BGodot YnoAoyiopou Xpovou YAonoinong

O péBodot unoAoyiopoU tou xpoévou uhonoinong evoc Project pnopouv va katataxBoUv oe
3 Baolkég katnyopliec (Trendowicz kat Jeffery, 2014):

1) T data-driven,
2) Tcexpert-based kat
3) TtcuPpldikéc.

Ol expert-based péBodol eival eupéwc dtadedopévol kat Adyw EAAelwnc anodeiewv yia
tnv duvatotnta ektipnong twv data-driven pye@o6dwv (Molokken & Jorgensen, 2003).

MeA€tn 304 SnUOCIEUCEWY o€ 76 EMOTNHOVIKG NEPLOSIKA (Jorgensen kat Shepperd,

2006).

Avaykn ocuAAoyn¢ anodeiéewv yia tnv anoteAeopatikétnta twv data-driven peboédwy,
pe otdxo TNV KaAUtepn ektipnon tou xpoévou uAonoinongc.




Data Driven MéBodot A

Memory-based péfodot
ApPKETEG €peuveg, and to 1993 Ewg kal to 1997, pe MapEhBovrikd

Asdopéva

alol660éa anoteAéopata (MacDonell kat Shepperd, Projects
2003).

Néo Project J—
(Zté%0¢)

Nedopéva l

H aloloboéia Atav aBdowun (Jorgensen kat
Shepperd, 2006).
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Model-based péBodot

‘Epeuvec yia tnv xprion twv neural networks & twv
regression models (Finnie et al., 1997; de Barcelos omtropanc ) mosmeun (o

Tronto et al., 2007; Attarzadeh et al., 2012; Nassif et p—
al,, 2013;), ye aio1060€a anoteAécpuata. Neo Profct

(Ztéx06)

Ané 1 304 SnuooleUoElC - T0 49% £xel aflonolnoel
1a regression models - 10 3% Case Studies

(Jorgensen kat Shepperd, 2006).
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Xpnon Machine Learning yia BeAtiwon
Software Project Schedule & Cost
Management

H xprion tn¢ texvoloyiag tou Machine Learning pnopei va cupgBaMAst:

1) Zto peaAloTIKO NPOoUnoAOYIGHO TOU XpOVOU Nou anatteital yia tnv uAonoinon plac
evépyelac (task) (Hoda and Murugesan, 2016).

2) Kart enéktaon, otov opOOTEPO KATAHEPLOPO TWV EVEPYEIWV (tasks) otouc ndpouc

»

NG opadac, PACEL TWV XaApAKTNPIOTIKWY TOUC.
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Regression Models ,

H naAwvépopunon lvat gla TexviKn yla tTnv govteAonoinon Kat tnv avaiuon Twv
OUOXETIoEWV Nou unapxouv Jeta&l twv petaBAntwy, kabBwg kat nwc autég ennpealouv to

TeAkO anotéAeopa (Rana & Wei, 2020).

Ynapxouv apketd goviéAa naivdépoépnonc:

1) Linear Regression

2) Multiple Linear Regression
3) Decision Tree

4) Random Forest Regression
5) Polynomial Regression




L/
O
9

D’
3

\
&

XpnRon Regression Models yia npofAswn
Xpovou YAonoinong

'Epeuvecg e xpron naAvdépdpunonc yia tnv npdBAewn tng npoondbelag nou 6a xpelaotel
yla tnv uAonoinon evoc Project (Finnie et al., 1997; de Barcelos Tronto et al., 2007; Nassif
et al., 2013).

H npoondbela = epyatowpec fj KHOTOC
MeAétn Nassif et al. (2013), paivetal nw¢ ta povtéAa naAvdpdpunong nou epeuvnbnkav

gixav apketd peyain akpifela, pe to poviéAo random Forest regression va Eexwpilel o€
oUykplon Ue ta goviéAa decision tree kat multiple linear regression.

»
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*xedlaopoC TnC épeuvag ’

MNpaypatonot®nke aflonowwvtac tn yebodoroyia twv Rana & Wei (2020) kat TIg apxEC Twv
Runeson & Host (2009) yia tnv dnuloupyia £épeuvac tunou case study yia software
engineering. Xwpiletal oe 7 otadia:

1. ZuMlovyn & Ene€epyacia Asdopévwy,

2. AvaAuon Aedopévwy, DéoEIC STASIa

3. Anpioupyia Movtélou MpoBAewng,

4. Mapaywyr Asdopévwy NpdéPAewnC, MpocToipacia Aedopévwy 1

5. Anploupyia Mpoypdppatog Katavounc e 2345
Epyaclwy,

6. Anuloupyia Asdopévwy MNpdBAsywnc & Avahuon 6
AéloAdynon kat ] ,

7. ZUykplon Asdopévwy pe Mpaypatika Egaywyn 2upmepaoparwy z

AnoteAéopata. Runeson & Host (2009)@



SuAlovn & Ene€epyacia Asdopévwyv

YUAAEXONKav nolotikda Kat nocotika dedopéva yia 8 ndépouc, 110 Projects kat 3830 Tasks.

60 Projects Ecommerce & 50 Projects Brand Websites.

Xapaktnplotika Noépwv

|
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Resourcel |ResourceCost |ResourceCost(Hourly | TAG SkillLeve | YOE
D (Annual) ) l

TDS 29049 15,71915584 | WebDeveloper 80

FLD 24392 13,1991342 | WebDeveloper 50

XDl 20038 10,84307359 | WebDeveloper 30

GEO 20038 10,84307359 | WebDesigner 60

Alota Tasks

Phase TaskName TaskID Res_Tag Project_Type

Requirements |ZuunAfpwon N=0)| ProjectManager Ecommerce,

Phase epwtnuatoAoyiou and BrandWebsite
neAdtn

Requirements |'EAgyxogand opdda REQ2 ProjectManager Ecommerce,

Phase avantuéng & BrandWebsite
BeAtiotonolioelg

Requirements |AnootoAn teAikoU REQ3 ProjectManager Ecommerce,

Phase

epwTtnuatoAoyiou otov
nNeAATN Kat TEAKNA
£ykplon

BrandWebsite




SuAlovn & Ene€epyacia Asdopévwyv

MNapeAOovtikd Acdopéva

ProjectiD

Project_Type

Phase

TaskName

TaskID

Res_Tag

ResourcelD

Time_Spent

ES0001

Ecommerce

Requirements Phase

SupnAfpwon
epwtnuatoAoyio and
neAdtn

REQ1

ProjectManager

SGK

30

ES0001

Ecommerce

Requirements Phase

‘EAeyxog and opdda
avantuéng &
BeAtiotonolfoelg

REQ2

ProjectManager

SGK

50

ES0001

Ecommerce

Requirements Phase

AnocToAn teAkoU

REQ3

ProjectManager

SGK

15

gpwtnuatoloyiou otov
neAdtn kat teMikr €ykpion




Avalucn Aedopévwv

Avaiuon Asdopévwyv MNoépwv

TaskID AvailableResources AverageTotal MaxTotal MinTotal

REQ1 SGK 43 65 25
DES3 GEO 421 475 335
DEV5 TDS, FLD, XDl 101 155 50
DEV10 SGl, JMK, JIG 328 450 225

>ta tasks nou epgnAékovtal neplocodtepol népot n dtapopd min & max pnopei va eivat >400%.




Avaluon Ae

Na toug WebConsultants:

Average Time per Task

== AverageTotal == AverageSGl

SopeEvwyv

AverageJMK

DEV10 DEV14 DEV15 TES1 TES2 TES3 TESS

TaskID

Max Time Per Task

== MaxTotal == MaxSGl MaxJMK == MaxJIG

DEV10 DEV14 DEV15 TES2 TES3

Min Time Per Task

== MinTotal == MinSGI MinJMK == MinJIG

DEV10 DEV14 DEV15 TES1 TES2 TES3

TaskiD

TESS

TESS




Avaluon Agdopévwv

Na toug WebDevelopers:

Average Time Per Task

300

200

100

0

== AverageTotal
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TaskID

Max Time Per Task

== MaxTotal == MaxTDS MaxFLD == MaxXDI

TaskiD

Min Time per Task

== MinTotal == MinTDS MinFLD == MinXDI
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Anpoupyia MovtéAou MpoBAeywng ,

Bdaoel twv epeuvwv Twv Nassif et al. (2013), twv Wauters kat Vanhoucke (2014) kat twv
Maulud kat Abdulazeez (2020), Siepeuvwvtal Kat aéloAoyouvtal 5 povtéAa naivdpoépnong,
Ta onoia gaivetal va eixav apketd peyain akpifeta (>80%) otic nponyoUPEVEC EPEUVEC:

Decision Tree Regression

Random Forest Regression
Multiple Linear Regression
Polynomial Regression
Support-Vector Machine Regression

Dk g Y IS =

Ma tnv aéloAdynon touc, xpnotponoleital n nAat@oéppa tou Google Collab kat uAonoteitat

»

n napakatw diadikaocia yla to kabéva and auta.




Anpoupyia Movtélou MpoBAeyng

Etcaywyn BIBAI0OnKwV

rt numpy as np
ort pandas as pd

dataset.iloc[:, -1]

dataset.iloc[:, :-1]

1 sklearn.compose ii ColumnTransformer

from sklearn.preprocessing import OneHotEncoder

ColumnTransformer(transformers=[( 'encoder’, OneHotEncoder(), [9,1

ct.fit_transform(X)

Aedopéva - Input

TaskID |TAG SkillLevel |YOE |ResourceCost(Annual) Time_Spent
=0} ProjectManager 70 24392 30
REQ2 ProjectManager 70 4 24392 50

remainder="p

Alaxwplopodcg dedopévwv

o from sklearn.model selection import train_test_split

X_train, X _test, y_train, y_test = train_test_split(X,

y, test size

= 8.2, random_state = 9)




Anpoupyia Movtélou MpoBAeyng

Eknaideuon Movtélou

o from sklearn.tree import DecisionTreeRegressor

regressor = DecisionTreeRegressor(random state
regressor.fit(X_train, y_train)

Mapaywyrn JEANOVTIKNA TIHWV

y_pred = regressor.predict(X_test)
np.set_printoptions(precision=2)
s2 = y_test.to_numpy()

print(np.concatenate((y_pred.reshape(len(y _pred),1), s2.reshape(len(y_test),1)),1))

.55
43
6

0
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Anploupyia Movtélou MpoBAewn( :

AloAéynon Regression Models

, b , Regression Model Accuracy
YUykplon & a&loAdynon govtéAou Level

from sklearn.metrics import r2_score =

r2_score(y_test, y pred) Random Forest 95,55%

3.9554455120874584
Decision Tree 95,54%
Polynomial Regression 95,54%
Multiple Linear Regression 94,94%
Support-Vector Machine 89,31%
Regression




Mapaywyn Aedopévwyv MpoBAswnc

MBavoi Zuvbuacopoi Népwv-Tasks (94 Zuvduacopoi) MpoPAEyelg xpdvou uhonoinong ava cuvéuacpd
ResourcelD |TaskID |Res_Tag SkillLevel |[YOE [ResourceCost TaskID ResourcelD Time_Spend_Prediction

SGK REQ1 ProjectManager 70 4 24392 REQ1 SGK 43
SGK REQ2 ProjectManager 70 4 24392 REQ2 SGK 47
SGK REQ3 ProjectManager 70 4 24392 REQ3 SGK 27
SGK REQ4 ProjectManager 70 4 24392 REQ4 SGK 56
SGK DES1 ProjectManager 70 4 24392 DES1 SGK

SGK DES2 ProjectManager 70 4 24392 DES2 SGK
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Anplwoupyia NMpoypappatoc Katavopnc
Epvaclwwv

MopoKeVTPIKA NpooEyylon ylatt:

1. Ounépol éxouv peyaAutepn dldpkela kat otabepotnta and ta Projects.
. MeyaAn EnavaAnyuotnta twv evepyelwv Heta&l twv Projects.
3. Baoiwkdc otdxoc eival n péylotn aélonoinon Twv NOpwWV KAl KAt enéEKtTacn n
uAonoinon 6co twv duvatwyv NEPLocOTEPWY projects napdAAnAa.

Apa, to npoéypappa Ba katavépel Tasks otoug népouc kat 6xt to avtioTpo@o.

Bdaoesl twv napandvw Kat tng épeuvacg tou Light (2009), eniAéxBnke n alonoinon tou
waterfall povtéAou.

»
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Anplwoupyia NMpoypappatoc Katavopnc
Epvaclwwv

Bdaon npodlaypagpwyv oxedlaotnke AUon o€ python, n onoia éxovtac w¢ default
parameters:

1) Ta tasks kat touc xpovouc ava nopo,

2) ta default phases nou anoteAoUv pia Aiota twv tasks kat

3) Toug N6pouC.

Aéxetal wc input Projects nou anoteAoUvtatl and default phases & katavépel ta tasks
oToUuC avtiotoixouc népouc yla Kabe nuépa.

H katavopr twv tasks otouc népouc yiverat pe Baon to tag kat w¢ Stabéoipog xpdvocg yia

KaBe n6épo Bswpeital To 8wpo/nuUépa. @
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Anploupyia NMpoypappatoc Katavopng
Epvaclwv

Output Mpoypdppatog Katavoung Epyaciwy

day |assignment_id resource_id task_id |[project_id |estimated_time

1 0[SGK REQ1 1 0:43:00

1 1|SGK REQ2 1 0:47:00

1 2|SGK REQ3 1 0:27:00




Anploupyia Asdopévwyv MpoBAswng

Phase Tasks

1 REQ1,REQ2,REQ3,REQ4

2 DES1, DES2, DES3, DES4, DES5, DES6

3 DEV1, DEV2, DEV3, DEV4, DEV6, DEV10, DEV11, DEV18, DEV19, DEV20

4 DEV1, DEV2, DEV3, DEV4, DEV6, DEV7, DEVS, DEVS, DEV10, DEV11,
DEV18, DEV19, DEV20

5 TES1, TES3, TES6, TES7

6 TES1, TES2, TES3, TES6, TES7

7 REL1, REL5

Zuvbuaopog Phases 1,2,3,5,7 => Brand Website

Zuvbuaopog Phases 1,2,4,6,7 => Ecommerce
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Anploupyia Asdopévwyv MpoBAswng :

NpooBétoupe wg Input 3 Brand Websites & 3 Ecommerce Projects

|

day |assignment_id [resource_id [task_id |project_id |estimated_time

1 0|SGK REQ1 1 0:43:00
1 1[SGK REQ2 1 0:47:00
1 2[SGK REQ3 1 0:27:00
1 3|SGK REQ4 1 0:56:00

1 4|SGK DES1 1 0:43:00




AnoteAécpata
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A&loAoynon npoypAppHaTtoC KATavoung
EPYACIWV

Xpovog uhonoinong ava népo ava nuépa
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A&loAoynon npoypappHatoC Katavoung :
EPYACIWV

Xpovog uAonoinong ava tino népou

ResTag AvailableResources Estimated_Time |Est_Time_Per_Resource

PROJECT_MANAGER 1 3612 3612
WEB_DESIGNER 1 3456 3456
WEB_CONSULTANT 3 4572 1524
WEB_DEVELOPER 3 5259 1753




TUykplon dedopévwv npoBAEWYNC PE

npaypatika anoteAéopata

Project

TotalTime_Est

TotalTime_Act

Per.Change

2621 2735 4,35%
3072 3090 0,59%
3072 3380 10,03%
2621 2720 3,78%
3072 3170 3,19%
2621 2805 7,02%
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YUykplon Asdopévwv Xpoévou/Project @
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>Uykplon dedopévwyv npoBAEYNC PE :
npaypgatika anoteAéopata

YUykplon Aedopévwv Xpoévou/Project

TotalTime_Est vs TotalTime Act

B TotalTime_Est [ TotalTime_Act

4000

3000 M.O anokAioswv Projects — 4,82%

2000

1000

0

Project

»
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TUykplon dedopévwv npoBAEWYNC PE :
npaypatika anoteAéopata

YUykplon Asdopévwyv Xpdvou avda noépo

Resource TotalTime_Est TotalTime_Act Per.Change

SGK 3612 3990 10,47%
GEO 3456 3510 1,56%
TDS 2787 2925 4,95%

M.O anokAicewv MNépwv— 4,52%

FLD ALY 2295 6,69%
XDI 321 350 9,03%
SGl 1860 1935 4,03%
JMK 2205 2215 0,45%
JIG 687 680 -1,02%
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Jupnepaopata :

1n AUon: ZuyKpivovtag Twv P.o. Twv anokAioswv twv Projects (4,82%) Pe TO YEYOVOC NWCE O
XpOvoc oAokAnpwaonc evoc Project pnopet va unepPaivel and 25% £wc kat 100% tnv
apxtkn npoPAewn (Rana and Wei, 2020), kataAyoule oto cupnépacpa nwc to machine
learning kat cuykekplpéva ta regression models, anoteAolv éva xpriolgo epyaleio otnv
apétpa tou ocUyxpovou Project Manager.

2n AUon: Daivetal nwc eival tdlaitepa onuavtiké va eniAexBei n katdAAnAn pebodoloyia
Bdoel tnc ogadac, Twv avaykwy Kat tn¢ puonc twv Projects nou uAonotlouvtal. Asv
undapxel kKaBoAikn AUon kat dev npénet ol npotelvopevec peBodooyieg va epappdlovtal
«TUPAG», KaBw¢ kABe opyaviopoc eival olaitepoc.

»
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Meploplopol TNG €peuvac :
MNeploplopévoc oykog Sedopévwy:

- Tasks

- Projects

-Mépwv
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MeAAOVTIKEC ENEKTAOELC :

Yuykévipwon peyailtepou éykou dedopévwy, enavéleyxog Twv regression models kat
eknaidbeuon tn¢ 1ng Abong Baocel autwy.

Alonoinon AUcewv yla dtapopetikoU tUnou Projects oto Software Development, n.x.
mobile applications.

BeAtiwon 2n¢ AUong Baoilopevol os waterfall peBodoAoyia pe overlap fj o€ agile
pneBodoloyia, ano@elyovtag tnv eyain Stabeoipdtnta ndépwv nou dnuloupynOnKe.

H enéktaon tou unapxovtoc data-driven povtélou ektipnong npooBétoviac
Xapaktnplotika twv expert-based models, pe okond tnv dnuloupyia evdg uBpidikou
anodotikdTEPOU PHOVTEAOU.

Alonoinon twv AUcewv cuvduaoTika pe AAAouc napdayovtec, ylia aélohdynon &
BeAtiotonoinon opddacg, Bacel twv Projects kat tn¢ tdong nou dnuloupyeitad. @
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Kwdikag :

Mnopeite va Bpeite 6Ao Tov KwdIKa nou dnuioupyndnke ota nAaicia tng epyaciag otnv
npoownikn o€eAida pou oto github, akoAouBwvtag to napakatw link:
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https://github.com/kotzabasis/masterthesis
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>acg EuXaploTw NOAU yia Tnv npocoxn cac!
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