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TWITTIE SENIVONGSE

Effectively staffing a software development team for a software project is
important to the development of software under the project. Performance of software
developers can be measured by the quality of the produced software and the number
of code smells is one factor that indicates software quality. However, modern software
development uses distributed version control systems in which different software
developers collaborate to develop the software on the systems. The quality and
number of code smells in the software are hence the result of the aggregate
performance of the whole team. This makes it difficult to measure the performance of
individual developers. This master project proposes a method and a supporting tool for
measuring the performance of individual software developers under a project in a
distributed version control system based on code smells. A tool called Designite is used
to detect code smells in each version of the code that is committed to the project by
each developer. Then the number of code smells is used to calculate the performance
of individual developers using Bayesian Average. Spearman’s Rank Correlation
Coefficients are calculated between ranking of software developers by the proposed
tool and ranking by the evaluators who have experiences in software development. The
result shows that there is positive correlation. Hence the proposed method can be used
with other means to support project managers in measuring the performance of

software developers
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Implementation Smell Brief Description

Complex Conditional a complex conditional statement

Complex Method a method with high cyclomatic complexity

Duplicate Code a code clone within a method

Empty Catch Block a catch block of an exception is empty

Long Identifier an identifier with excessive length

Long Method a method is excessively long

Long Parameter List a method has long parameter list

Long Statement an excessively long statement

Magic Number an unexplained number is used in an expression

Missing Default a switch statement does not contain a default case

Virtual  Method Call  from | a constructor calls a virtual method

Constructor

397l 2.2 Teandenvassessesiilifluduniseaniuu [12)

Design Smell Brief Description

Broken Hierarchy a supertype and its subtype conceptually do not share an
“IS-A” relationship

Broken Modularization data and/ or methods that ideally should have been
localized into a single abstraction are separated and spread
across multiple abstractions

Cyclically-dependent two or more abstractions depend on each other directly or

Modularization indirectly

Cyclic Hierarchy a supertype in a hierarchy depends on any of its subtypes

Deep Hierarchy an inheritance hierarchy is “excessively” deep

Deficient Encapsulation the declared accessibility of one or more members of an
abstraction is more permissive than actually required

Duplicate Abstraction two or more abstractions have identical names or identical




implementation

Hub-like Modularization

an abstraction has high incoming and outgoing dependencies

Imperative Abstraction

an operation is turned into a class

Insufficient Modularization

an abstraction exists that has not been completely
decomposed, and a further decomposition could reduce its

size, or implementation complexity

Missing Hierarchy

conditional logic to explicitly manage variation in behaviour

Multifaceted Abstraction

an abstraction has more than one responsibility assigned to

it

Multipath Hierarchy

a subtype inherits both directly as well as indirectly from a

supertype

Rebellious Hierarchy

a subtype rejects the methods provided by its supertype(s)

Unexploited Encapsulation

client code uses explicit type checks

Unfactored Hierarchy

there is unnecessary duplication among types in a hierarchy

Unnecessary Abstraction

an abstraction that is actually not needed

Unutilized Abstraction

an abstraction is left unused

Wide Hierarchy

an inheritance hierarchy is “too” wide
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3.1 House of Cards: Code Smells in Open-source C# Repositories

UATUS Tusher Sharma wagatdg [12] lavinnisiasignsessosnlialuldazsiin
Weniinsesseenbifuuuladuinianlundveswenduislemugasen1wdvisy ngld
TUsunsu Designite [4] Felusunsuilinsuwussessesildilulandu 3 Ussnn laun seesesd
lialuduaa1Unenssu (Architecture Smells) so95989liialua1un1soanuuy (Design

Smells) wagsossoaflialuniun1sismul (Implementation Smells) Inalandldlunising

6 a

$ruruannnin 49 ruussiin MnnadnsTuanseenanagUd 3.1 Ysueninsessesilifuuy
Magic Number dsaglutsziansossesilifludgrunisiauriismauniniign Aediuiu
2,993,353 90 wnAnduanuMILIL (Density) vossassesiilsifuszimilardrgeda 55.8
nreviaiuusaie drusessesdliflusunseenuuy nuidisuunnuiu uidesndi

sosseenliatusiun s wasnuluguuuuivainvane

TABLE IT
DESCRIPTION OF DETECTED DESIGN SMELLS AND THEIR DISTRIBUTION

Acronym  Design smell Briel description #Instances  Percentage
DBH Broken Hierarchy a supertype and its subtype conceptually do not share an “15-A" relationship 20,332 4.8%
DBM Broken Modularization data andfor methods that ideally should have been localized into a single 15,624 3.7%

abstraction are separated and spread across multiple abstractions
DeM Cyclically-dependent two or more abstractions depend on each other directly or indirectly 52,436 12.5%

Modularization

DCH Cyclic Hierarchy a supertype in a hierarchy depends on any of its subtypes 4,342 1.0%
DDH Deep Hierarchy an inheritance hierarchy is “excessively” deep 179 0.04%
DDE Deficient Encapsulation the declared accessibility of one or more members of an abstraction is more 30,214 12%

permissive than actually required
DDA Duplicate Abstraction two or more abstractions have identical names or identical implementation 73,992 17.6%
DHM Hub-like Modularization an abstraction has high incoming and outgoing dependencies 676 0.2%
DIA Imperative Abstraction an operation is tumed into a class 11,790 2.8%
DIM Insufficient Modularization  an abstraction exists that has not been completely decomposed. and a 26,429 6.3%

further decomposition could reduce its size. or implementation complexity
DMH Missing Hierarchy conditional logic to explicitlly manage v. ion in behaviour 2,598 0.6%
DMA Multifaceted Abstraction an abstraction has more than one responsibility assigned o it 1236 0.3%
DMH Multipath Hierarchy a subtype inherits both directly as well as indirectly from a supertype 1454 0.3%
DRH Rebellious Hierarchy a subtype rejects the methods provided by its supertype(s) 11,794 2.8%
DUE Unexploited Encapsulation  client code uses explicit type checks 6,964 1.6%
DUH Unfactored Hierarchy there is unnecessary duplication among types in a hierarchy 20,962 5.0%
DUA Unnecessary Abstraction an abstraction that is actually not needed 44,583 10.6%
DTA Unutilized Abstraction an abstraction is left unused 90,786 21.6%

DWH Wide Hierarchy an inheritance hierarchy is “too” wide 3,140 0.7%

TABLE III
DESCRIPTION OF DETECTED IMPLEMENTATION SMELLS AND THEIR DISTRIBUTION

Acronym ion smell Briel description #lnstances  Percentage
ce Complex Conditional a complex conditional statement 21.643 0.6%
ICM Complex Method a method with high cyclomatic complexity 95,244 2.5%
1DC Duplicate Code a code clone within a method 17.921 0.5%
1EC Empty Catch Block a catch block of an exception is empty 14,560 0.4%
ILl Long Identifier an identifier with excessive length 7.741 0.2%
ILM Long Method a method is excessively long 17,521 0.5%
ILP Long Parameter List a method has long parameter list 79,899 2.1%
ILS Long Statement an excessive long statement 462,491 12.4%
IMN Magic Number an unexplained number is used in an expression 2,993,353 80.0%
IMD Missing Default a switch statement does not contain a default case 23,497 0.6%
Ve Virtual Method Call from Constructor a constructor calls a virtual method 4.545 0.1%

JUT 3.1 ansensinsessesiilifluléa [12]



va

AidelauinaIedientdlunuidusesiuildnsianisessesnliflulan wagviinisiden

spasaunldilulansiunisesnwuukarseasasflddlulansiunisiauiulddudiia

v
1 o

Usgansnmaesiniimugenduls Wesniesseenliansassssianilfivunlduiiaziings

Ngn

9

3.2 Analysis of Software Developer Activity on a Distributed Version Control
System

s =

MUAFBVRT Shu Li- wazamg [13] lavinisiwsgigendwisniegssuuniuauoidy

2 s

wuunsEareAuddmunsimuIgenawls GitHub lagdinsisigendusniniswaunly

Y v '

SULUU MVC Framework i@ dinsigiiauiaazaudiyinyen1eeu View, Model %30

Y
Controller 41n#1gn wazausakenkesdnyuzosinimuIgenduIFIlnudnyugluiu
mIfmwdugs nsfidusau nsfianudassy nsadvayy wazanududin nusiegns

SUA 3.23.4

Y

MVC (all layers) Controller
60% 100%
40% O New ONew
20% I ; H @ Others i I @ Others
oy r=ll Hml Ha HHI | ﬂ u New + Others 0% G | HHI Al n Hﬂ m New + Others
P1-1 P1-2 P13 P14 P15 Pl-6 P1-1 P12 P13 P14 P15 P16
View Model
60% 60%
A0% ONew 40% O New
20% I = H I B Others 20% I I H @ Others
0% —— Hnl Hﬁ HEI nml H B New + Others 0% Hﬂ - Hﬂl HH - H B New + Others
P1-1 P1-2 P13 P14 P15 P16 P1-1 P1-2 P13 P14 P15 Pl6

v 1

JUN 3.2 g enansimseivedlasanis Pl [13]



Management tool Filename Developer ID
Enle;g‘s‘::ﬁs) bower.json P1-6
composer (php) COMPOSEr_json P1-6
gulp (nodejs) gulpfile.js Pl-6
composer (php) modules/Agent/composer.json P1-1
composer (php) modules/Area/composer.json P1-1
composer (php) modules/Common/composer.json | P1-3
composer (php) dules/Master/comp Jjson P1-3
composer (php) modules/Shop/composer.json P1-1
composer (php) modules/Trade/composer.json P1-6
composer (php) modules/User/composer.json P1-3
npm (nodejs

package manager | package.json Pl1-6
tools)

bower (js/oss public/master-static/bower.json P1-3

10

manager tools)

JUN 3.3 Yseiansasisanmindenvedasinis Pl [13]

Dcviag)opcr Dev‘ia‘?gp— Cn(an]ih— S u(lf;)nn Le(a'fi]er—

ment areas ution ship
P1-1 CM | false false
P1-2 - 1 false false
P1-3 CvM 3 true true
P14 CVM 3 true lalse
P1-5 Cv 2 false false
Pl1-6 CVM 3 true true

a

JUT 3.4 fregenisuenuezdnuaiz vesinianganduas [13]

PNNAGNEVDINTAATIZVVDIATINAG P AegUR 3.2 TnARIanALITIMIL 6 AU

[

Mn1swaulasanisi lnvazuuanadnseanidu 3 Usznnde druiwauilvd (New), d1uf

MN15USUUALY (Others) wagduninanisiaunlnsivazUSuuseunily (New + Others)

Feazanunsoazllaidniauigenduls P1-6 fdndrunisadisuazunluldnvaslasinisi
11NN 50 Wesidud vinliszaunisiidrusiutugann wenaniinWaugeniuas P1-6 &

fnudnuaglusunisatuayuuazaufnsisy Wesnladnisasieaninuingauves

R

lasansuazldinTesiialunisdnnisnaiensedagui 3.3 dsdutdniauigenines P1-6 9

anwaranududin luvasfesduiniuuigensduas P1-4 Snsnadnuazluiunisidm

Y |

Suagnsativayy widnimuigenduwds P1-4 luladdiusilunisadvanmwindenves

o
O [ v

Tasens Mnudshifinudnuagiuanuduil venanddnimuivenduds P1-2 fidw

9

v '
A a

Weadadluiiunisimunlutuves MVC agUnausitiadndesuin waznad uyeslinimu
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gavdwseglusyiui Faazviouindniauvenduad P1-2 Iéitiaulassnisndsaind
Tasannslédudunisluuga esanlasanis P1 lulasanisvesdfidelumuitedesii
anunsaduduldinadnifiuandusy 3.4 aonndestugudnvaziuviadsvesiniaun
gonAwIslulasinig
AIdglauunAnvesuidedinanilunisiissuuaiuaunestuluunssategudunld
Wevinsusnuegaudnyuzvesiniauirendnad wiazfiorsunlundddlunisin
Uszansamwesinimuivenduaslaedesessesdlifluldaluszvuaivquuesdunuy

N3zALAUE

3.3 The Application of the Function Point Analysis in Software Developers’
Performance Evaluation

91UATe0e Chen Ting wazany [14] Wi naveduneunisinsziflasduness
(Function Point Analysis) tieA1uamiUsunaaudmsuinimuisenduwas Inenanis
Uszidluaunsaldiludeyadiddunisusziiunissausazusz@nsamlunisvinnuues
Fiauwendnf nsiileneiiladdunesdduisuddunisiausuinanulunsimu
gondFugULUUTBIMIAAM s Nilaiduestendunas evinsiinsizinnudesnis
yadlassnsuagiinmadunailsidunesdfiaenadostu flaidunesdazuanaduruinvos
gonduazivdsudurnnvesnissen Ussinnvesiladiduudsoonifu 5 Uszian loun
1) Internal Logical File (ILF) ﬁa%’a;&aLﬁ?mmiﬂzﬁﬂizmamama‘lmwu WUMTUTELIANG
vostoyalugiudoya 2) External Interface File (EIF) Aodoyafifosnisdsgndeniain
Aouen WesUszananaluszuy 3) External Input (E) Aedoyailidrunainaieuen 1wy

= v

Ty anu13ng LY 4) External Output (EO) Aadeyanidieangnisuanuay 5) External

Inquery fFiatayagnuszatanaarnaeueniddwnlussuy tuneulunisiasevidail
3.3.1 MUUATBULIAYBINTITAIUIE

NISAINUALITINAFIUNITAILINTDIIATIATY WASTOULUAYDISTUY

3.3.2 psgiilsiduness
MNITLENLEZLAZAINNITAUBIAUTZNBUAN 9 NABIIN15UITH UV IO NALITLYY
Jurudeyaidt diudeyasen urunseteya Iwuliddeyadwssnzaelunas

Aeun e ruAIWIUTINTunae#
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3.3.3 mudilesituness
nanlaIuIuveslandus 5 Uszian Fuiudavuszianliauiuadiminues
AMUTULoU (Weighting Factor) tielilamiflendunsuanigelilausuan (Unadjusted

[

Function Point: UFP) laga1uivdnvesaiududeuazgniivunndg International

[
& o ° %

Function Point Users Group (IFPUG) Taglunsazuszinnussilsiduaziianiutdnussaing

Fudauay 3 srAumuANLFutaurasilandulagsmuiazUsELAN

3.3.4 MuRAMUTUTOUTINT THAIUIGEWALIS
Mn1smAIANdUdouTeIRanUsdnansznu (Technical Complexity Factor: TCF)
lngUsenaualedikls 14 A1 aeguin 3.5 lngAradududeauvesdilsndnansenuaziien

¥4 0 99 5

TABLE I1. THECHNOLONGY COMPLEXITY FACTORS
1 El Dt communications
2 EX Performance
3 E3 Heavily used configuration
4 E4 Transaction ralc
5 ES Online dita entry
[} E6 End waer efficicncy
7 E7 Online updaie
8 ER Complex processing
9 E9 Reusability case
10 E10 Installation case
11 Ell Oiperations case
12 El2 Multiple casce
13 El3 Fagilitate change
14 L4 Distributed functions

JUN 3.5 fwdsvesAanududeu [14]

PHIN AN ILUSNINUALAIILH DN LN TIUN UL N9 lAA1A LT UG LY D
FAIUTNTNANTENU kAT UIAITINAINIATIUIUNIATANUTUTDUVDINISHAUNGONALIS

(Value Adjustment Factor: VAF) Tngilasnniseail
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VAF = 0.65+0.01xTCF (2)

3.3.5 fuaananilsiduneeaiiuuen

wdnlaailaidunessfisildliusuamuasaanududounasniswauigonsugs
147 fezanunsafuinnanilsidunessiiufuei (Adjusted Function Point: AFP) lénn
dun3ad

AFP = UFPXVAF (3)

NuAgefusgirAlandunagdNuTuAItNLENAINIL TLYIUIAVDIFONAWITTL
WU lAwa JaanidaruInvasnisenulunsiauisendwshasfiuandsuseansainly
AN UVDITNNAI LN LITINNVWIAVDINSENUTUNITHR U NALISA 8l e TN W AILD

gondwIsTiausaimugenswisvwaivg Jadudiiuszdnsam

va

AIdulatinwIAnveswidedenadlunisindseansanvesiniauigendwisainnis
AT NALITIAYATINI1TUIINA5ENUTUN ST UITNAWIS wiazRasalneds

JosseenlingeglussuuauANIITULUUNTEAUY

3.4 TopCoder

TopCoder [15] \ugnuvasauifianuainsausiuiuiiovinisudsdu iausmiuy

a

wazhanisuanudaunisimugensiuas Topcoder azdianuuninvesnisutadude n1s

1% '
v = ¥ 1

9ONKUY NINAILY wazdnemanideya wazluuninmanil §Asauudsduazinanudiv

Y

' [
fal a =

meaulandiintuasslulagtuieuntymunanaiegludusiu Global 2000 langszuy
Fedaianududouszgnuisseniulssivnisudsiuie i uwdsduaunsarieuniu

ANNTIUTEY LU N1FRBNLUUNTINTAN N1sasesiukuy nseenwuulegtu danesiiu visenis

=

Weuldn wazuandaindasinisudsduiunisluguyu TopCoder onnaauinuenu

¥

Weeaniteyalulssiandie  warn1slsulusunsd lngnanuigidisulainuniuagi

D

o =

N1501339a0UlAEANENTIUNITATIVABUYBY TopCoder TMHAINUNYIIUITANAINE <
TopCoder faldaunszuunisliazuuuvesgidisiunisudsiulaedanisnismanads
Elo Faufunsiunsziuiinusvesdiduiloisufuguaduinuauds wu wuingn Wudu
Mniuagiinslindadumteguazamedy 9 fugisaunisudaduluynunin uasvinli

ATLUUYBILI U TR
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Unideldduudalunisinzuuuannisdudeiuvesfidrduwdsiuluivlediing

Wizl Ns Rz kuUUlAgITA1SARRBSR s UL UTAEBI91NT D950 LA LUTARYD
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undl 4
LUAAALAZITNITALLUUY
nuATeilddaueiinsiausrans mmvesinimugenduaslnedetessesildilulin
TuszuumuAuLIBITuLUUN ST ALY Tnefluuamenssniunuiaus 6 Suney fai
4.1 fuaanwwandeuiiagldlunsiauszansam
Tuduneunisimuaanmuindeniiasllunisiinssidu faavszasdiitofiazsida
anwandeudmiunsiauszaninmaesenius Tnsastvunanmuandoudldlunis
szl
4.1.1 fvupnevesiasinisissiuniadssansaim
Tudunousmunntwveslasimsitastiunadsvansamiy sximunliilasins
A silunsimunnyhnsindssansaimyint
4.1.2 fvuaszuumuaueituiilihlasinisiasianaussavsam
Tuduneufmuaszuumuuieiuiildlulassnisfiazthuninssansamidy as

MvualglanussuuauAuIBsty GitHub Wity

4.2 NMMUAUILNNYD 93995087 bR lTARNAZUNInUSEANS AW

Tuduneuimuadssianvessessesiliflulanagiuninussavsaniu dyausease

'
o (%

WaNannUsEnNUaIsassaenliflulannazinuinussans a1 nvesinwaugandinls Tne

'
ya o o

UseunnaessessesfliftulAnfidideasiiuninussansamvesinimuigendwislaun
JoaseenliflulAniuniseentuy wazsessesliatuldndiunisimuw Weswinsessesi
LddlulAnvesaesdseianiiiuuiliufaziingegn Besrgazidunsessesilifluldnass

Usznnillodenunanslilusdean 2.4

4.3 fuuaesasdiofiasldlunisdnseiienisessoeiilainluléa

Tutuneuimuniaiesilofiarlilumsiinseiiiomiossesdilifluldeiy fyauszass
Weflaziuasesdlefildlunisimeiiomsessesiilifluldauinsiamsessesiildilulan
waznonUszinnvestessesiiliilulan eavihluiaUssansnmussdhimuwgensuas Tne
szimualildiaioaiedifiiiedn Designite lun1siaszifionisessosdilifiluléa Tag
winailedaiuisanenuerUssinnuessessesildiluldanuidewlSluided 2.4

wenINuesesllallftanunsodwadinioanunlugluuulvdioniaa
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4.4 PANLUULALAMUAISTNITIAUSEENTAIN
TudupsusonuuukazinuaIsMsiaussansamdu dyauszasdiieldiludunoulunis
Tausgansmmvesinimuverduisieauntineylulasinisninsiaulagldsyuaiuau

WesTULUUNTEANEAUY BeasUsenaumietunaunssun 4.1 Inelseavidundsil

Code Smells Detection
in Commit Version

4

Code Smells Density
Calculation

\
Performance Score
Calculation Based on
Previous Commit
Version

4

Overall Performance
Score Calculation Using
Bayesian Average

FUN 4.1 duppumyinuseansamuestinimuigenduisseaudn

weglulasen1sniingg

Waunlegldssuuaiuauneifunuunseeaud

4.4.1 msnsrmsesseeilifluneitunsuiia

lusguumuauneITuLUUNTEMgAUIUBNIINALTAIINTMUIgaNALITIIN1TABY
fin (Commit) Weafitnmurgenduwisiiuvdoudlonds Ssarunsoadisarnlng (New
Branch) #3851a1911910281 U (Pull Request) Tngazuanilasiainen1sAauinuusz Uy

AIUANIBSTULUUNTE B AUGMUR0E13lugUN 4.2
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P O Pull Request
’

’
1
1
1
{4
|
&
K _ - = 4 Commit (C4) SDij = 10.50, PPij = 0.86
®. ..
Lo
- - 7= 4~ - - € Commit (C3) SDij = 11.36, PPjj = -1.36
D1 ‘(
LES
LAY
! \
! \ - <> Commit (C2) SDjj = 10, PPjj = 3.33
] LY S
1 \
1] /A
! ~
l' /l S~ -() Commit (C1) SDij = 13.33, PPij=-3.33
1 ,/
U 7
7 7’
/.
.. teleee - = == € New Branch
D2

Initial

UM 4.2 fegrelasiaianismeninuuszuuaI AN STULUUNTEUAUE

NuiTedazdnaniznisnsziiivesiniauigenanismidunisaeuiinlanauids
\BIN03U03TEUUAIUANLDITULUUN ST AUGUNInUTEANE A MIITY LTBsaInn1TAey
a I o a o [y} I3 ) v G 2 It
Aodunisnseyinlaenunwauigendwisviin1sas1avseaunn lulann1elulasinis wealunis
nsevinau 9 duldldnisnsgyifivinnisaiaseunlalannelulassnisau nmsasrsaunl
Wudu vseenassiivnanisnseyinnvinnisasraisendlalannelulasanisiaeni1adeuaiu Ag
AN N8 udy

iIdgazeniieg M yinUszansamluudasdunauainiuandugun 4.1 uuiewans

AN5TRUSLANTNINVRIUNWA U9 NALIS LA8ALeNF1981991NA28819lASIAS19N15ABDY

'
a

finngud 4.2 {Ideavvinisidenianiznisnseinmduniseeudinuninuszansanliun

o [

C1, C2, C3 way C4 wihtlu feludngnaniagianstiazyinnsinused@nsandnimuigensnas

D2 lngazAnauanasudn C4 Fulursuiinargaiiniimuigenduassedaeudindunly

TEUUAIUANIBSTULUUNTEAUE

4.1.2 NMSAUIIMANUNUIWUUTDITD9508T LA LULAR
MIAUIUMIAMUNLILL LB ITRIT0T LA TUIAR (Code Smell Density) [udunou
pilunNFInUsEENS MNve s LIgaNdAwlS Ineazldd uiueeasessesnluf bulAnuvin

ANSAUIUAUTIUIUVBIUTTNAVBILAR taedlaunisnadl
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Number of Smells in Code (4)

KLOG,

gl j Ao estulagiu
SD; fie ArAamuIMULYesTesseeiiliflulAne siuaqu
Number of Smells in Code; fin 1uausasseedliflulAnosduiagiu

KLOG; fio Srunusenilsiuusvinvedldninoiduiagiu

'
a o

Anualiduiueessesseenlidlulaaneidulagiuaifonesdu ca Miun

o oA g ° Y1 o ] = o @ % s o v oo &
gniteg1alAnlu 25 wagivualirnduiudenilaiuussinvedlaniestdudagduiandy
2.38 MINUAIAULILILYBITOITRETLIRLWLAR (Code Smell Density) lunasduilaguud
Al 10.50 gadentlaiuussiin (25/2.38) uagiinuali C1, C2, C3 JANAIUNUIUUUTES

sosseedlifluldniiandu 13.33, 10, 11.36 yasenilaiuussrinaudiu

413 mafuumasransnmvesiniuugenduiineitunendniagiuile

Wieuiunestunsuiinneunin

nsfuumAsEansnmveninianve N iineitunoudatagiudledouiy
neidunsuianeunit WutunouiiduinainAinnuuiuduvessessondlii
Wasuwlasly Taefiduasidond1iiin dussaviamussiniangonduaifine funeuiin

Jagtuilowisuiuiestuneuiinnount Inellaunisnadl

PP; = SD;-SD; (5)

gl i Ao nestunsulinnountn
j A nestumeuiindaqiu
PP, e AszAvBnmueniniannvenduaiiesiuneuiindeqiiuile
Wieuduneifuneuindewnth GasananAanuuiuvessessesdlsl
Afasuudasly)
SD, e AAuLiLYesTesseeiilifluldnne funeuinneuni

SD; fip AAuvLILLLYBsTesseeilsiflulAnneituneudnlagiu
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ALY SD; FTUNUAIUAIAUNUIMULTDITBI50T MATUlARIosTualiAna U

Y i

11.36 Ysenilaiuussvin uag SD, TLNUALANANUNULUUYDITBITBeN A I ULARBTTY

'
= = 1 Y

Uag UWZN A1 10.50 0 ‘Uﬂﬂ']ﬂ’)']mﬁuqLLuu%@ﬂi@ﬂi@ﬂ%iN@Iulﬂ@L’J@i‘ﬁu‘ﬂﬁ] Juslaranag

INneTURaUNT Fary PP, 9% fAwinfu 0.86 FanuneAuITnTa LI NAwIS D2

o
v a aa e

annsovliléanesduiligtuduiamunmiidtuannesduteumin (e PP, 910015
AUIUIAY 0 muneaudtniaugendulslilavinlrlannestudagiuinuninavy
vi3ougas visedne1 PPy anmsAwintosndt 0 waneamd dniiauiwerldunaivililan

westulagtuinuninugas) faduen PP, ves Cl, C2 wag C3 avllAuiAv -3.33, 3.33

LAz -1.36 MIUAIGU

4.1.4 n1srnaUszaniamlnesuvesdniauivensuislagldaunismaady

RIRIGEY

nsfwmmeUszansnminesuvestnvaugendwsiaeldaunismeaadews
Fou WutuneuildmuinmaUsyansnminesuvesinimuwenduasineuiinldaly

westutlagiu lngldaunisnal

[(N, XA,)+(N,xA)] (6)

PB, =
(N,+N,)
loglik PB, feAuszansamlneuvesiniauigenduisineudnldnlunesty
Jagiufieninstu j
a flo thivmungerdwastomslulasanms
r fie tnannensiinneninldelunestuliagiu
N, fio Anadsressiuiunsdunistauszansamussiniauisoniuas

Pavuakiazelulasing Ingynannaunisaadl

No. of all commits in project 7

No. of all software developers in project
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A 78 ANLRAYYRIAIUTEANTSAINNAIUIUABUAUNBSTUND UNLIVD

a

K

ANAILIYBNALISNIVUALULATING LAYNINAUNITAIT

Z PP; of all commits in project (8)

No. of all commits in project

N, Ao F1uruasalun1sinussdnsnmvesiniauigenduisnaeudnlanly
westudagdu (Ae No. of commits in project by software developer 1)
A fi AdsussnUssansnmnvesiniaungeniwisiinoudinlanlunesty

o

JagiunAwiniisuiuiesduneun Inemanaun1snal

Z PP; of commits in project by software developer r 9)

No. of all commits in project by software developer r

AU N, 93uNUAI8ANAA8UD991UIUATIUNTIAUTEANTAINYIINU AR D T AW U

#oWAWITINNALAazs18lulATINIG AD 2 uaz A, AUNUAIUALRAEURIAIUIZANTAINT

U 4 A

Aiguiuestunaunil As -0.12 Lay N, 9LwNUAIEAITDITIWIUATIUN1TTR

UszAnSnmiauavesinimuigenduisnreuiinlanlunesdudagiu fie 2 uas A asuny

r
fernadsyesAUsEavE A wvesiniamendniaeuiinldalunetuiagiuiiduia
WeuRunestudount Ao 2.09 ndsanAuianmannsitivualy dadu PB; 2zl
Wwinfiu 0.98

N0 LR It UReUN S IAUsE S Mwe s TR TENE LSS EALT
sweglulasinsiifimasiaunlagldsruumunune sfusuunssneguddiguil 4.1 $u sz
TdnWaungendua? D2 fezuuulumsinussansnminedsiosesildilulinvedasenisd

WU 0.98 ALY

4.5 9ANLUULASHRIULATDIAND

1%
o

Tuduneusenuuunazimuasedlouuy JypUszasdielddudunuuiiaivayudunou

& A vaw

Y8935N151kaue N1siuvesasesleNyIduaryinsaundvunsunsinauegun 4.3

1P8NARNSYDIATDILBUILANUITALENIDIAL MU UTBINTIAUSEANS AN eaunelulasInig



21

1YL WAAIHANISIAUSEANTAINNINATUIURNILINNTBI50UN LA I UAIUNI1TEBNLUY

3995087 bR LUATUNITRAIUT LALSIUNIADINIU A1 TR UNAANSYR AT aLanaly

U7 4.4 way 4.5

Y

Developer

GitHub

Tool

Designite

Commit Version

Send Commit Version

Call Code Smell

Detection Tool

-

Detect Code Smells

A

Count Code Smells
from Report

Export Code Smells
Report

:

Calculate Code Smells
Density

:

Calculate Performance
Score Based on
Previous Version

:

Calculate Overall
Performance Score
Using Bayesian
Average

o
o

JUN 4.3 TussulunmsyhauvesasesdioTauseanianvesinimugenduisseauiiinig

WulagldszuuaiuaunestuluUNTE ALY
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Project: P1

Developer

Performance Score

Performance Score (Design Smells) Performance Score (Implementation Smells)

D2

D1

D4

DS

8.10

7.25

4.39

2.45

0.98 10.72
0.12 9.42
0.43 4.48
0.26 2.16

JUN 4.4 frpganiiveunaninadnsvadlasins Pl

Developer: D2

Project Performance Score  Performance Score (Design Smells) Performance Score (Implementation Smells)
P1 8.10 0.98 10.72
P2 7.37 31 6.82
p3 7.11 2.02 6.86
P4 6.14 1.86 7.36

JUN 4.5 fegnthvsuaniadnsvosinimuigendus D1

4.6 nsnagdauazUssiiung

ludunaunisuseiliuna JaUsvasdiionsivasuiinisinusednsainvetniamun

gondwIsinedetessesiliflulAnuussuumvauneiTukUUN ST eAUd NI RaTa TR

sudutiniangerdwislulubuimadeiuiunsindusulnefliersgywisli BNz

NAADULALLIUNGL 2

v
ad v a

I5PU
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nsmwlagldssuuauaupsTukuuNTEEAUY
2) ahanieadieatiuayuismsinussansamvesiniaunendinineauisiuegly
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YBULIANITANTUY
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