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HEPIAHYH

®copavnc Baptliovtng tov Aswvida kot g EAévng. MSc, Tunqua Mnyoavikeov H/Y
kot ITAnpogopikne, IMavemotiuo Iwovvivov, Ampidog, 2016. Refactoring Trip
Advisor: YmoPononon XZvykpotnuévng Avaxkoatackevns Koddwa. EmpAiémovrag:
AmdoTOoAOG ZAPPOC.

H epyocia avty evtdooetor ota miaicle g TteXVOAOYiRG AOYIGHIKOD Kot
ouyKekpipéva oty aglohdynon mg motdtntog avtov. H aglohdynon tov Aoyiopikov
glvan apketd avaykoio kabmg oty cuuPdiel oNUOVTIKA 6TV TOOTIKN TOL PerTinon.
H epyacia emkevipdveror oe kdmowo cvyKekpyévn katnyopio PeAtidocewmv tov
AOYIGUIKOV. ZVYKEKPIUEVO, OTIC PEATIOCELS TOL UETOPAALOLY TV £0MTEPIKY doun
TOV TNYAIOV KOJKA YOPIg OH®G Vo EMNPEALOVY TNV AEITOVPYIKOTNTO TOV, YVOGTO Kot
O¢ ovokataokevn Kmoka. Ileptypdeoviar ot 68 TEYVIKEC OVAKOTOGKELNG TOV
nepLEyovTal otov katdroyo tov Martin Fowler kot opadomotovvtat g 6 katnyopiec.
H minbopa avt tov 1eQvIKaV 68 GLVOLAGUO UE TO YEYOVOS OTL Ol TPOYPOLLLUATIGTES
amoPeLYOLV TNV YPNON TOV OVTOUATOTOMUEVOV epYOAEi®v odnyel omnv un
OTOTEAECUATIKY]  OlOOIKOGIO  OVOKOTOOKEVNG KOOWKA. XTtnpllolevol G€  0wTo,
nmpoteivovpe poe véa puEBOd0 CLYKPOTNUEVIG OVOKOTOOKELTG KOO 1 omoin
Baciletar otov Xdptn Avaxkotackevov. O Xdapmg Avokoatackevdv eivor €va
vYpdonpa 6to omoio kébe kOUPOG amotedel i amd TIG 68 TEYVIKES OVOKATACKELNG KOl
kéBe axpun éva €idoc ovoyétiong petad avtowv. Ta tpia €idn ocvoyétiong mov
TPOTEIVOLLLE, TPOEPYOVTAL OO TNV HEAETN TOv KataAdyov tov Fowler kou givar to
e€ng: Zyxéon Awdoyng, Zyxéon “Mépog amd” kot Xyéon “Avti yw”. H perétn tov
Xapt £€deiée mog ot teyvikég Extract Method koaw Move Method omotedovv Tig
Bookotepeg 6TV SLOBIKAGI0 OVOKOTOOKELNG EVD o1 TeyViKEG EXtract Superclass kot
Extract Subclass eivar o1 mo molvmhokéc. oo v omtikomojon tov XAaptn
AVOKATOGKELAOV Kot Yo TV aSl0Toinen ToV amd TOV TPOYPOULOTIOTH, AVOTTOCCETOL
o enéktacn tov Eclipse pe to 6vopa Refactoring Trip Advisor. To gpyaieio avtod

EMIONG TOPEYXEL XPNOYES TTANPoYopiec Yoo KABe TEYVIKY] OVOKOTOOKELNG Kol Yo



UEPIKEG OO OVTEC TPOGPEPEL TNV OLVATOTNTA TOL OVTOUATOV EVIOTIGHOV EVKAIPLOV
OVOKOTOOKEVTG 6TOV KOdIKA Tov ypnot. ' v a&oddynon tov Refactoring Trip
Advisor ddocape Tov KOdtko 600 uebddmv og Evav apliud amd TPOYPUUUOTIGTES KOt
ToVG {NTAGOLE VO OVOKOTOGKELAGOVY TOV £VOV XEPOKIVIITA Kot TOV GAAOV pe TNV
Bonbeia Tov epyadeiov. Ta amoteléopota £6e1av OTL I TAELOYN QIO TOV YPNOTOV,
TovAdyotov  dmAacioce TO  TANOOG TGOV OVOKOTOOKELM®V 7OV  EPAPUOCE
ypnowonowwvtag tov Refactoring Trip Advisor. Eniong mapatnpndnke 6t o ypdvog
exktéleong g Odikaciog avakatackevng pe tov Refactoring Trip Advisor, yw
UEPIKOVG XPNOTEG UEIMONKE Kot Yo KAmolovg dAAove avEndnke. TELOC ot ypMoTEC

avEPEPOY YEVIKA BETIKA YOO OO TNV EUTMEPIA TOVG LE TN XPNON TOV EPYOAEIOL.
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EXTENDED ABSTRACT IN ENGLISH

Theofanis Vartziotis, MSc, Computer Science and Engineering Department,
University of loannina, Greece. April, 2016. Refactoring Trip Advisor: An Aid to
Structured Code Refactoring. Thesis Supervisor: Apostolos Zarras.

This work’s general theme is part of software engineering and more specifically of the
evaluation of its quality. Software evaluation is quite necessary as it contributes
significantly to its quality improvement. The work focuses on a particular category of
software improvements. Specifically, the improvements which modify the internal
structure of the source code without affecting its functionality, better known as code
refactoring. We describe the 68 refactoring techniques contained in Martin Fowler’s
catalog of refactorings and we group them into 6 distinct categories: Method
Composition, Method Call Improvement, Conditional Expression Simplification,
Generalization Improvement, Data Organization and Feature Movement Between
Objects. The large number of those techniques in combination with the fact that
programmers avoid the use of automated tools leads to an inefficient code refactoring
process. In regards to this, we propose a new method of structured code refactoring
based on the Map of refactorings. The Map of refactorings is a graph in which each
node is represented by one of the 68 refactoring techniques and each edge represents a
relationship between them. The three types of relationships that we propose derive
from the study of Fowler’s catalog of refactorings and are as follows: Succession
Relationship, "Part of" Relationship and "Instead of" Relationship. The study of the
Map of refactorings showed that the Extract Method and Move Method techniques are
the most basic ones in the refactoring process while the Extract Superclass and Extract
Subclass are the most complex. For the visualization of the Map of Refactorings and
so as to make it available to the developer, we developed an Eclipse plug-in named
Refactoring Trip Advisor. In addition this tool provides useful information for every
refactoring technique as well as the feature of automatic identification of refactoring

opportunities for some of them. For the evaluation of Refactoring Trip Advisor we



xii

provided the source code of two methods in a number of developers and asked them
to refactor one of them manually and the other one with the help of our tool. The
results showed that the majority of users, at least doubled the number of the
refactorings they implemented while using Refactoring Trip Advisor. We also
observed that the refactoring process’ duration while using Refactoring Trip Advisor,
increased for some users and decreased for some others. Finally, the users generally

reported positive feedback from their experience using our tool.



KEDAAAIO 1. EIXAT'QI'H

1.1 Opopdg Howwtmrog Aoyiopukoo

1.2 Avayxkoaotro A&oroynong I[otvtrag Aoyiopikot
1.3 Ztdyo¢ g Atatppnig

1.4 Aopn ™G Awatpig

1.1 Opropdg IowdtnTog Aoyiopikov

To Pacwd Bépa mov dampaypatedeTol N TAPOVCA EPYUGIO AVIKEL GTO YEVIKOTEPO
mAoiclo TG movTNTaG AOYIoHIKOD. Xto mAoiclo TG TEXVOAOYIOG AOYIGUIKOV, M
TOLOTNTO AVOQEPETAL GE OV0 EEYMPIOTES OALG OYETIKES EVVOLEG TTOL VTLAPYOVV, OOV 1M

moldtnTa opiletan 6to mAaiclo TG entyeipnong:

e Asgtovpykr) mowdtro  Aoyiopikov: Avrtikatontpilet to mOGO KOAL TO

AoylopIKO TpocapuoleTor 6e  Eva GLYKEKPIUEVO oy€do, pe Pdon TIg
AEITOVPYIKEG  AMOUTNOELS N TPOdSypaPEs. Avtd TO  YOPOKTNPLOTIKO
VTOOEIKVVEL EMIONG TO TAOC GLYKPIVETAL TO AOYIGHIKO HE TOVS OVTOYWOVIOTEG
TOV GTNV ayopd ®¢ £va, a&lOAoyo TPoiov.

e Mn Aswtovpyikny mowdtnta AOYIoUKoV: AvVaQEPETOL GTO KATO TOGO TO

AOYIOUIKO TANPOL TIG UM AETOLPYIKES OMOUTNGE oV vrocstnpilovv TNV
VAOTOINOT] TOV AEITOLPYIKOV OTOUTNCE®Y ON®G 1 oSomotic Kot 1

GLVTNPNCILOTNTO.

Xe o evolapépovca epyosio [1] omv omoia mapovsialoviar didpopeg OYeELS TG
nmowdtntag, o David Garvin gpevvd mwg pmopel  modtra va yivel ovTiAnmt ond
OlaPopovg YMPOVG O M Prlocopia, 1 owkovopia, to marketing kot n O10iknon

emyepnocwv. 'Etol xaténée moc n motdtnto ivon o moAOTAELPN €Vvolo TOL



umopel va. meprypagel omd mEVIE OPOPETIKEG OKOMES. ZTNPIYUEVOL TAVED OTO
aroteAéopato ovtne e €pevvag, ot B. Kitchenham wot S. L. Pfleeger oto [2]

TAPOLGLALOVV TIG TEVTE OVTEG OKOTILES LLE YVAOUOVO TNV TOLOTNTO AOYIGUIKOV:

o  YmepBatikn dmoyn: ZOUemva He auTH TNV GToWYn 1 TowdTNTo £lval KATL TOV

avayvopilovpe, aALd 0ev uropovue va. opicovpe. Anhaodn 6mwg akppmg Kdbe
TPayHatikd Tpamell etval pia Tpocéyylon Tov Wwavikov Tpamrellol, Hmopovue
VO OVTOGTOVLE TNV TOLOTNTO AOYIGHKOD MG £va 1davikd To omtoio Ba Oéhape
mhpo mTOAD va mpooceyyloovpe oAb moté dev Ba eipocte oe Béom va Tto

VAOTO|GOVUE AN P®G.

e Amoyn tov yprotn: Xe avt TV droyn vrootnpiletar 6TL 1 TOWdTNTA £fvon M
TPOCAPLOYY| 6€ éva oKomd. Ze avtifeon pe v vrepPatikny dmoyn, N dmoyn
TOV XPNOTN Elval MO YEWPOTAGT Kot Umopel va ypnoworomBel yio tnv
HETPNOT TOV YOPAKTNPIOTIK®OV €VOG TPOidvTog, Ommg M aflomotio Kot 1M
GLYVOTNTO EAUTTOUATOV, HE GTOYO VO KOTAVONGOVUE TNV GLUVOMKN TOlOTNTO
TOV TTPOTOVTOC.

e Koaraokevaotikn droyn: [Ipdkettor yio tnv ontikn yovia mov vrootnpilel ot

N mowdtnra givar  cvupdPE®on oTg Tpodwypapss. EEetdler v modtta
KATé TV SLAPKELN TNG TOPAYOYNS Kot LETA TNV TOPAO0cT TOL AOYIGUIKOD O
oLVOLACUO HE TIS amaltnoelg mov Exovv Kabopiotel. EEgtaleton av to mpoiov
KOTOOKELAGTNKE COOTO omd TNV apyn, OCTE Vo, TEPLOPIOTEL TO KOGTOG WE
ATOPLYY EAVTTOUATOV UETE TV OAOKANP®GCT TNG TOPAYDYNG.

e Amoyn tov TPoidvtog: ZOUEMVO LE TNV GTOYN TOL TPOIOVTOS 1 TOLOTNTA

elvatl ouvOEdeNEVN LE ELOLTO YOPUKTNPIGTIKE TOV TPOidvVToc. AvTi 1 Aoy
exppalel GLVNOWOG TOVS TEPICTOTEPOVS KOTACKEVACTES GTNV AEOAOYNGT TOL
AOYIOHKOD OV TOTEVOLY OTL av éva AOYIoCUIKO €xel eVOElEES KOANG
E0MTEPIKNG TOLOTNTAG, KOTd Tdoa mbavotnta Oa £xel Ko KaAég e€mTepikég
evoeilelg, OTmg 1 a&lomiotio Kot 1 EDKOALN 6TV YPNOT).

e Amoyn pe Baon v oéio: H mowdtra eaptdrol amd 10 mocd TV ypnudTmv

mov glvan dratedeévoc va kotafdAret yo avt o meddne. H dmoyn g a&iog
oLVOLALEL TV Amoyn TOL TPOIOVTOG KOl TNV KOTAOKELOOTIKY dmoyn. To
advVapo onueio avTg ¢ amoyng givol n dvokoiia kabopiopov Eexkabopmv

opiov KaBdg xor m epappoyn g omv wpdén. Edv kataeépovpe va



eElomoovpe TV TOOTNTA AOYIGHIKOD, LE TO TOGO oL £ivor droTefelpévoc va
OMOoEL 0 TEAATNG Yo TNV ayopd TOV, EXOVUE U0, TOAD GNUOVTIKN GYECT TOV
GLVOEEL TO KOGTOG HE TNV TOLOTNTO KOl OV TOPOVCLOCTEL KATO10 TPOPAN LA

UTOPOVLLE VO TNV OELOTOGOVLLE.

1.2 Avaykadtnto Aroroynong Iowtntog Aoyiopikov

v Tponyovrevn evotnTo. £Yve UL TPOoTdBelnr TEPLypapng g £vvolag Tng
To0TNTOG AOYIoUIKOV. [ voo pmopéoel AoV vo JMANGEL KAVELG Yo TNV TTotOTNTO.
evOg AOYIOUIKOV o TPEMEL TPMOTOL VO VITAPYEL KATOLOG TPOTOG VAL TNV UETPTOEL MOTE
va kotoAnger oe kdmowa cvumepdcpoto yw. oavtn. [lpwv dpmg mopovcidcovue
LEPTKOVG TPOTOLG LE TOVG 0Toiovg pmopet va emrevyfel avtd ailel va onpelwdel yo
oo Adyo eivar onpovtikn 1 agloddynon tov Aoyispikov. Ymdpyovv 600 Pacikd

KkivnTpa Tov ®OOVV TOVG KATOGKEVLAGTEG AOYIGUIKOD GTNV GLVEYN ASI0AOYN O™ TOL:

o Auwyeipion kwwdovev: Ta c@AANNTO GTO AOYIGHIKO UTOPOVV VO, EYKVUOVOVV

HEYAAOVG KVOUVOUG. ZOAAUOTA AOYICUIKOL £Youv @Tdoel 610 onueio va
TPOKOAOVV avOpOTIVEG amMAELES, To 0T TOV Oomoiwv Kupoivovtol amd
KOKOGYEOWOGUEVES OEMOPES YPNOTN, HEXPL KOU GUECH TPOYPOUUUATICTIKA
AGOM. Avtd 00NyNoE GE GCULYKEKPIWEVES OMOITAGELS Yo TNV ovamntuén
eEEOIKEVUEVOV TUTTOV AOYIGUIKOV, 10104TEP Y10 AOYIGUIKO EVOMUATOUEVO GE
OTPIKES Kot AAAEG CLOKEVEG TTOV PLOUILOVV KPIGYLEG VITOOOUEC.

e  Awyeipion ko6ctovg: Onwg Ko oe kdBe GAAO TOUEN TNG UNYOVIKNG, Mol

EQOPLOYN LE TOLOTIKE SOUNUEVO AOYICUIKO €lval TEPICCOTEPO ELOVAYVOGTY
Kot €yel  KpOTEPO  KOOTOG ovvinpnons.  Awdgopeg  épsuvec  [16]
KOTOOEIKVOOLV OTL QTOYG OOUNUEVO AOYIGUIKO, KUPIMG GE EMIYELPNCLOKEG
EQOPUOYES, KOOTICEL YPNLUAL Kot ¥pOVO AOYO NG EMTALOV €PYACIOG TOV® OE
avtd (¢0g 33% TOL XPOVOL AVATTVENG GE OPIGUEVOVS OPYOVIGHOVS VATTUENG
Aoywopkov). Emmdéov, m kok mowdnTe. TG OOUNG TOL  AOYIOUIKOV
ovoyetiletor 1oyvPa e TO TPOPANLOATO TOV EMLYEIPTCEOV AOY®D OALOIOUEVOV

otoyelov, mapaPllcelg TG ACPAAELNG, Kot LELWUEVNG OATOOOCNC.



1.3 Ztoy0c ™ Avatpipnc

Me Bdion v TponyovEVT] EVOTNTO UTOPEL VO GUUTEPAVEL KAVEIG TT™G Eivor avorykaiol
N dpeon Ko cvveyng agloldynon oAdd kot Pedtioon g moldTNnTag TOV AOYIGHIKOD
amd TOVC KOTOOKEVLOOTEG TOL. XPNOUWOTOIMVTAS Kobiepouéva mpoTLma Kot
VTOAOYILOVTOG YVAOOTEG UETPIKEG, Ol GYEOIOOTES OMTOKTOVV [l KOADTEPN Amoyn TG
TO1OTNTOG TOL AOYIGUIKOV OV avamtuocovy. Edv kpivouv 6Ti 10 Aoyiopikd toug givat
YOUNANG TOLOTNTOG, Ol 0YXeO100TEG TapEUPaivovy 6TOV oYXEOOGHO TOV Kat papudlovy

TIG KatdAANAeg addayég mpog T Pertioon avtov.

H mopovoca oatpir] €otidleton oTNV OVOKOTACGKELT KOOWKO, 1 Oomoio &ivorl pio
e€eldcevpévn katnyopia avTOV TOV PEATIOCEMV. TVYKEKPUYEVA, 1) OVOKOTOOKELY
KOS apopd TIG PEATIOCEIS TOV UETOPAAALOVY TNV £0MTEPIKT] dOUN TOL TNyoiov
KOO Yopig Opmg vo emnpedlovy v Aettovpykdtnta Tov. Ydpyet o tindopo
TEYVIKAV OVOKATACKELNS KAOMG Kot o GEPA amd pYaAElR TOL CVTOUATOTOLOVY THV
EPOPLOYN TOVG d1EVKOAVVOVTAG £TGL TOV TTpoypoppatiot]. [Tapdia avtd, otnv Tpdén
0l TIPOYPOUUOTIOTES OTTOPEVYOLV TNV YPNOT QLTOV TOV EPYUAEI®V KOl TPOTILOVV VoL
Kavouv OAn T OSwdikooio yewpokivnto [18,19]. Avtd éxet g omotédecuo m
Oldkacio avaKaTOoKELNS OV £QapUOloVY GTOV KOSIKO TOVG Vo, UV givar 1
BéAtion. Attieg avtod ToL TpOoPAUaTog elvar M mBav EAAelym YvodoNg amd Tov
TPOYPOULUATIOTH TOV TANPOVS EVPOVS TOV SADECILMV TEYVIKOV OVOKOTACKELNG N N
advvopio evtomopoy onueiov oTov K®MOKo mov ypnlovv TV €QOPLOYN KATOL0G

GUYKEKPLUEVTG TEYVIKNG OVOKATAGKELNG.

O Boaowkodg otdY0g avtc ™S dwTpPng eivar n mapovciaon pog véag peBddov
GLYKPOTNUEVIG OVOKATOOKEVTG KOJWKA. XKOmOG NG HeBOdov mov mpoteivetar givat
Vo 0CEL OGTOV TPOYPOUUUOTIOTH] U0 TO OAOKANPOUEVY] GTOYN TV OopOpOv
TEXVIKOV OVOKOTOOKELNG KMOKA PBaciopévn oTic cuoyetioels HeTasy oavtmdv. Ot
GUOYETIOEIS AVTEG TPOKVTITOVV AT TI) CLCTNUATIKY] LEAETN TOV SIUOEGIUWOV TEXVIKAOV
OVOKOTOOKEVNG Kol  Onpovpyodv  évav  ypdonua mov  ovopdletor  Xaptng
AVOKOTOGKELOV TOV 0010 0 TPOYPAUUATICTNS CLUPOVAEVETAL KATA TV dladIKaGia
aVOKOTOOKEVNC.  ASOTOIOVTOS  OLTH T VEDL  YVAOON, O TPOYPOUUOTIOTNG

ovpPovievetol Tov Xaptn AvoKatooKev®V Kot EpapUOlel Lo GEPA amd SLOO0YIKES



TEXVIKES AVAKOTAOKEVNG 6TOV KOdko Tov. Emiong ota miaicto avtig ¢ dorpipng
napovotdletar kot avarthooetal P exéktoot tov Eclipse yio v ontikomoinomn tov
Xaptn Avoxkotaokev®v HEGH KatdAANAmv ypaewv. H ovopaciac tov gpyaieiov,
Refactoring Trip Advisor, tpokbdntel and 1o yeyovog 0Tt 0 ¥pNoTnG GLUPOVAEVOUEVOC
Tov XAPTN, TAONYEITOL TPOG TIS TMPOTEWVOUEVEG OUOPOUES HETAED TOV TEYVIKOV
avokatackevrg. O Refactoring Trip Advisor eivar gpodiacuévog emiong pe v
SuVATOTNTO  OVTOUOTOV  EVIOMIGHOL  EVKOUPLDV  EQOPUOYNG  HEPIKAOV  TEYVIKOV
avakatookevng. H apyikn 10éa tov Xdaptn Avokataokevdv eppaviotnke oto [17] kou
enekteivetal otnv mopovoo TPy pe TNV vAOTOINoN TG O £vo PENMOTIKO

TPOYPUUUOTIOTIKO TEPPAALOV.

1.4 Aopn ¢ AwaTpripiig

H dwrppn mepiéyer ta e€ng kepdrowa: Apywd oto Kepdlowo 2 meprypdeetal 1o
Bewpntikd VIOPUOPO TNG AVAKOTOOKELNG KOOIKO TAV® O6TO Omoio otnpiydnke m
eKTOVION ALTAG TNG EPYOCING KOl EMIONG AVOPEPOVTOL GYETIKEG OOVAEIEC TAV®D GTNV
vrofondnon avakatackevng kmoKa. Xto Kepdrowo 3 meprypdpovtal ot cuoyeTicelg
HETOED TOV TEXVIKAOV AVOKOTAGKEVNG TOV TTpoTeivovTon Kat mopovstaletor o Xaptng
Avaxotookevmv. Xto Kepdiato 4 mepilapfavetar o oyedioopdc tov Refactoring
Trip Advisor kot mopovoidlovtol kdmowo oevaplo xpriong avtov. To Kepdiato 5
apovstalel ™V aEOAOYNoN TG EQOPUOYNG amd Oldpopovs ypnoteg poll pe to
amoteléopato oVt Kot T€hoc oto Kepdialo 6 mapovoidlovtol to. GUUTEPAGHLOTOL

oo ot TNV Epyacio Kot Kamola mbavé LeALOVTIKA GYESLOL.






KED®AAAIO 2. OEQPHTIKO YIHOBAG®PO KAI
YXETIKH AOYAEIA

2.1 Opopo6g Avaxatackevng Koduko

2.2 Ta O@éln g Avakatackeung Kook

2.3 Awdwacio Avokatackeung Koowa

2.4 Kamnyopromoinon towv Teyvikdv AvoKoTocKELTG
2.5 Ieprypoaopn tov Teyvikdv AvoKoToOoKELNG

2.6 Avakataokevn) Kodwa oty [pdaén

2.1 Opropog Avakataokevng Kaodwa

H ovaxotackevn kddwka eivor po dadwkosio Tpomomoinong €vOg GLGTNHLOTOS
AOYIOUIKOD PEATUOVOVTOG TNV €0MTEPIKY] OOUN TOV KMOIKO, OPNVOVTAG OU®MG TNV
eEmtepikn ovpmepipopd tov apetaPint [7]. H avakotoaokeu koo givar €vag
eBapyNUEVOS TPOTOG eKKaBEPIoNG TOV KMOWKO oV gAayloTomolEl TG mBavOTNTEG
€1I00YOYNG GOAAUAT®OV 610 cOoTHa. OVGLOCTIKE 1 AVOKATOGKEDT] TPOTOTOLEL TaL L)
AELTOVPYIKA YOPOKTNPIOTIKA TOL GLOTNUOTOG PEATIOVOVTOG TEMKA TOV GYESOGUO
TOL. XNV TPAEN, OVOKOTOOKELY, Kdévovue eeapuolovtag pHwo. o€pd  omd
TUTOMOMUEVES PACIKES LIKPO-0VOKOTAGKEVEG 1) KAOE (o amd Tig omoleg EmPEPEL o
HIKPN oAAOY OTO GYESOUO TOL KMdWKa Ywplg vo emmpedletor n e€OTEPIKN TOL
ocoumeplpopd. Xto Xynua 2.1 mapovcoidletar éva amAd  TOPAOELYHO  HIOG
GUYKEKPIULEVNG TEYVIKNG OVOKATOOKELNG KMOKA oTnV TTpaén. O apyikods KO Tov
Bpioketon ota apiotepd Tov Tynuatoc nepiEyet d0o kAdoeils (Employee kou Customer)
TG omoieg av mapatnprioovue Ha dovue g To medio name kot 1 uéBodog getName()
TEPLEYETOL KO OTIG 0V0. L€ ALTEG UTOPOVUE VO EPOPUOCOVUE TNV TEXVIKT EXtract
Superclass kat vo eEdyovpe TV KON 00T GLUTEPLPOPA o€ io vrepkAdaon (Person),
LETATPEMOVTOG TEG £MELTOL GE VWOKAGCELS OLTNHG ONMG @aivetar oto de&idl Tov

ZyMUaATOC.



class Employee( class Employee extends Person{
private String name, address; private String address;
public Employee {String nm, String add)({ public Employee(String nm, String add){
name = nm; super (nm) ;

address = add; address = add;

} } _

public String gethAddress(){ P‘“';;tz;:':gd'jz;:?“ess“'
return address:

: }

public String getName () {

return name; class Customer extends Personi
¥ int phoneNumber;
| >
public Employee(String nm, int number) {
class Customer| supex (rm) ;
private String name; phoneNunber = number;

int phoneNumber ; }
E ic int getNumber () {

) ) ) return phoneNumber;
public Employee (String nm, int number){ P

name = nm;
phoneNumber = number;
} class Personi(
public int getNumber () { private String name;
return phoneNumber;
protected Person(String nm) {
ublic String getName () { name = nm;

return name; )
public String getName () {
) return name;

s )
T

—r

Yyua 2.1 Kodwag mpv (Apiotepd) ko petd (Asg&ud) v Eeappoyn Extract

Superclass

2.2 To O@éin g Avakoataockevis Kodwka

AoV KoTayplyaple TOV OpIoUO THG AVAKOTACKEVNG KOdKa, a&ilel o avtd to onpeio
va det kavelg L pmopel va kepdicel avakatackevdlovtag Tov kddwka tov. Ymhpyovv
000 Poocikd YOPAKTNPICTIKA TOV AOYIGHKOD 7OV  EM®EEAOVVTOL Omd TNV

OVOKOTOOKELT):

e Yuyvimpnowodmra: H 016pbwon cepoipdtov kabmng ko n katoavonon g

TPOBECNG TOV KOTUCKEVOGTY) TOV AOYIGUIKOV YIvVETOL €UKOAOTEPN OTAV ©
nnyoiog KOokag eivor gvavdyvmotog [6]. Avtd pmopel va emtevyBel pe
oldomoon peYIA®V povoMOKdV povtiveov o€ pio. oelpd and EExWPIOTESG
ouvomtikég pnebodovg mov M kabe o eEummpetel povo éva okomd. Mmopet
eniong va emrevydel pe ™ petokivnon pog HeBoddov o€ pia KOTOAANAOTEPN

KAGo™M, N KOL LLE TNV OTOUAKPVVGT] TOPATAAV TIKMOV GYOAIWV.



o Emektacwdmra: Ot SuvoTdTTEG LING EPOPLOYNG LTOPOVV VO ETEKTAOOVV TTLO

gvkola edv ypnolomotel avayvopioa potifa oyxedtacuot. H Bertioon g
EMEKTACIUOTNTOG OLVEWSPEPEL TNV avénon g eveMélag Tov KOdKa

TAPEXOVTAG SVVATOTNTEG TOV OEV VINPYOV GE TPONYOVUEVEG PACELS OVTOV.

O oyedopndc Tov GVoTHHOTOG eMNPEAlEl GUECH TNV TTOWOTNTO TOV TOPAYOLEVOL
Aoywopkod. Eedcov onueidbnke oto mponyovpevo KePOAoo OTL 1M ovATTLEN
TOLOTIKOV AOYIGHIKOD lvar avaykaio, 1 ¥pNoN TEYVIKOV OVOKOTOCKEVTG KOOKO Y10

NV BEATIOOT QVTOV TOV 1O10THTMOV TOV KOOKO KPIVETOL OmopaitnTn.

2.3 Awwdwkacio Avakataokevig Kaodwka

H ypnon evepyeudv avokatackeung cuyva Eekva LeTd amd TtV mopatipnon HTonTmv
onueimv otov KMdka, yvwotd kot wg code smells [7]. Ta mapdderypo pmopet puo
péB0S0C TOV CLGTHLATOG VO Eval APKETA PEYAAN 1) 6YEdOV 1010 e Kamola GAAT. Otav
KATL TETO10 EVTOMIOTEL, TOTE EPOPUOLETOL 1| KATAAANAN TEYVIKN avakoTacKeLG. [Ipty
amO TNV €QOPUOYN MG TEYVIKNG OVOKOTOUOKELNG GE KATOW0 TUNUO TOL TN Yoiov
KOdwa, givolr mpdTO amapaitnTto VO OPIGTOVV KOTAAANAEG OVTOLOTOTOMUEVES
povadeg eréyyov. Ot SOKIHEG QLTEG YPMNOLULOTOOLVTAL Yo, VO amodei&ovy OTL M
GUUTEPLPOPE TOV KMIKO EIVAL COGTH TPV OO TNV EKTEAEGN TNG OVOKOTOGKELTG. AV
Bpebel 6TL vapyel AdBog, ToTE givar yevikd kaAvTepO va d10pBmBel avtd TpdTO YroTi
aAM®G etvar d0oKoAO va yiver dudkplon HeTAD TOV OTOTLYLOV TOL EICTYOYE 1
OVOKOTOOKEDT KO TIG amoTVYieg mov vanpyav Non ekel. Metd v avaxatackevt, ot
dokipég emavorapfPdvovror yioo va  eheyyfel Ottt avt Oev  emmpéoce TV
Aetrtovpykdra Tov kddka. H dradikacio avt eivor emavainmtikr, eAEyyovtag yio.
cQAApOTA HETO OmO KOOE KPO-OVOKATOOKEDY £TGL MOTE €6v OAM AgrTOLPYOVV
oMOTA, Vo, €PUPUOCTEL 1 eMOUEVN. AVTO emOVOAOUPAVETAL HEYPL Ol GYEOUCTIKEG
PfeAtidoel mOL  EMPEPOLV  TO GCUVOAO TMV UIKPO-OVOKOTOOKEL®V Vo,  givol
wavomomTtikég. Téhog 1 dradkacio avt gival apketd amotelecoratiKny KaBmg TOAAES
QOPEG YMTMOVEL CNUOVTIKO ¥pOVO oV avantuén kol kafioTd TV ovoKOTOUoKELT

KOOKO 0GPALESTEPT).
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2.4 Katnyopromoinon tov Te(vik@v AvoKaTooKELNS

Iotopikd 1 TPOTN OVOPOPA CYETIKA UE TNV OVOKATOUOKELT] KMOIKO £YVE OO TOV
William Griswold [8] to 1991 kot axoAovOndnke éva ypdvo opyodtepa amd TOV
William Opdyke [9] o omoiog emikevipdOnke meplocOTEPO GTNV OVOKATUGKELT
OVTIKEILEVOSTPEPOVS KMOKA. TTAEOV ¢ ol KOWME amodeKT| avapopd Tive otV
OVOKOTOOKEDT KOOIKO YPNOUOTOIEITOL O KATOAOYOS TWV TEXVIKOV OVOKATOUCKELNG
7oV KoToypaeel oto PiPprio Tov o Martin Fowler [7]. Ze avtd yivetan po tpocmddeto
YOO L0 OPYOVOUEVY]  KOTAYpa®n ToOV  OlPOp®V  TEXVIKOV TOV  LIAPYOLV,
TPOGPEPOVTAG ETIONG YPNOIUES TANPOPOPieg OT®MG To TOTE Kol Ue Towo Tpdmo B
TPEMEL KATOLOC VO TIC EQPOPUOCEL 6TOV KMOOWKA TOV. [TapdAinia pe v Kotoypoen
TOV TEYVIKOV YIVETOL KOl L0 OUOOOTOINGCT OVTOV GE OLPOPETIKEG KOATNYOPieg
aVAAOYO LE TO TTOL0L GTOLXEID TOV KMOIKO BEATIOVOVV. TN GUVEXELD AVOPEPOVTOL OL
¢E1 katnyopieg mov mapovstalovior 6to [7] Kot diveTan Lo GUVOTTIKY TEPTYPOPON Y10

TOV TUTO TV TE(VIKAOV OVOKATAGKELNG TOV OTEG EUTEPLEXOVV.

e Xuykpdmon ueBddov: Amaptifetor amd tEYVIKEG TOL PEATIOVOLYV TNV

€0MTEPIKN oVoTaoN TV PHeBddwv. H ypnon avtdv anlomolel Tov Kddka Kot
ouvnBmg petwvet To pEYENOS TOL.

e Mertokivnon otoysiov petald ovikewévov: Tlepiéyel teyvikéc mov okomd

€youv TV oot avabeon kadnkoviov oTig 01dpopeg dopég Tov kmowoa. H
YPNON TOVG £XEL MG ATOTEAEGHO O KOOKAG VAL TEPEYEL KAAGES Kat HeBOdovg
pe EexdBapn Aettovpyia Kot 6KOTO GTO TPOHYPOLLLLOL.

o  Opydvoon dedopévav: Amotereitor and TE(VIKEG TOV TPOSTAOOVLV VO, KAVOLV

Vv OlyElpon TOV 0£00UEVAOV OTOV KMOJKO 7o €OKOAN. H ypnion tovg
UETOTPEMEL KOl avTIKOOIGTA SoPOPOVS TOTOVS OEOOUEVOV GTOV KOIIKOL
BEATIOVOVTOG TNV E0MTEPIKT] TOV OPYEVOOT).

e Amlomoinon Koatnyopnuotikav ekepdcemv: Ilpoceépet  teyvikéc mov

AmAOVGTEHOLV TNV TOAVTAOKOTNTA TG GLVOLAGTIKNG AoYikNne. H ypron tovg
Bedtidvel ™MV OVOYVOGIHOTNTO TOV OOUMY OTOV KOOKO 7OV TEPLEYOVV
KOTNYOPNLLATIKOVS OPOVC.

e Beltimon kMoeov peBddwv: Tapéyel teyvikég mov emmpedlovv Tig d1dpopeg

pueBOA0VE TOV KDOKO MGTE 1) (PO AVTOV Vo glvar amAr Ko kotavontr. H

YPNOT TOLG GLVEIGPEPEL GE ATAOTOMUEVA TPOTVTTOL LEOOOWV.
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e Beltimon yevikevong: Amotedeitonl amd TeVIKEG TOL PEATIOVOLY TNV tEpapyiol

TOV KAMAce®v 1oL cvotnuotoc. H ypnon touvg éxel g omotélecuo v
petokivnon otoyeimv petald e epapyiog TV KAACE®V UE OGKOMO TNV

Bedtimon ¢ KANpOVOLIKOTNTOC.

2.5 Heprypaon tov Teyvik@V AvaKaTooKEVG

Yotepa omd TNV WOPOLGINGT TOV  OPOP®V  KATNYOPLDV TOV  TE(VIKOV
OVOKOTOOKEVNG GEPA EYEL 1 OTOUIKY TEPLYpapr] avtav. H meptypaen oe avtn) v
evomta Oa yiver ava katnyopio Kot kabmdG 10 TANO0C TV TEYVIKOV lval OYETIKA
peyaro Bo 8000HV GUVOTTTIKEG TANPOPOPIEG GYETIKG E TO TL KAVEL, TL BEATIOVEL Ko

OTE TPEMEL VAL EPOPUOCTEL KAOE i amd avTés.

2.5.1 Xvykpotnon MeBoowv

Extract Method

H e€aymyn pebddov amoteret pio omd T1g mo amAég Kot i6mG 1) o SNUOPIANG TEXVIKY
avokaTookeung kddwa. H teyvikn avt maipvel Eva koppdtt kddwo and o pEBodo
Kot To e&Ayel G€ pia VEQ, OVTIKOOIGTOVTOG ENELTO 0VTO TO KOUUATL Le KANGT TTPOG TN
véa pébodo. H teyvikn avt) epoppdletor cvvnbmg o peydAov UNKovg Kot
ToAVTAOKES LEBOOOVG LE OKOTO TNV UEIMOT TOV UNKOVS TOVG KO TNV OTAOTTOINoN-

EMEENYNON CLYKEKPIUEVOV KOUUATIOV KOSTKOL.

Inline Method

H teyvum avt) epappodletor aviikabiotdviog OAEG TIG KANGCELS UL CLUYKEKPIUEVIG
pneBodov pe OAOKANPO TOV KMAKO LTS MeTd TV avtikatdotaon n nEBodog avt
dgv €yel kamowo Adyo VvmapEng kot agaipeitor amd to cvotnua. H teyvikn oavty
ypNoonoleitor cuVHOMG e HeBOGOVE LIKPOD UNKOLS, TMV OTOIMV 0 KOOGS eivorl
amAdg Ko EexdBapog, peidvoviag €16t T0 TANH0G TOV ACHUAVI®OV KANGEWV GTO

GUCTN LA
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Inline Temp

H teyvikn avt) avtikabiotd OAeg TIC EPPAVIGELS LG TPOCOPIVIG LETAPANTNAG LE TOV
KOOKO VTOAOYICHOD TNG. XLVvNOmG 0 VTOAOYIoUOG aVTAG TG METOPANTNG €ival To
amoTELES A LOG amANG KAoNG nebddov 1 omoia pmopel va yiver amevbeiag ywpig v
¥pNon g mpoocwpwvig petafAntis. H avikoatdotoaon oty TV Tpocmpvav

peTaPANTOV cuVINO®G YiveTar yio v SIEVKOADVEL TV EQAPLOYH GAADV TEYVIKOV.

Replace Temp with Query

H teyvikn avt epapuoletar EAyovToc Tov KOOIKO VITOAOYIGHOV LG TPOSMPIVIG
petafAntig oe pa véa néfodo Kot aviikaoTdvVTog OAES TIG ELPAVICELS TNG LLE KANON
npog ™ HéBodo avtn. Eeapuoloviog v TeYVIKN ovTh, 0 KOJIKAG VTOAOYIGHOD TNG
petaPAntg yiveton mhéov mpocsPaciog kot £ and v uébodo mov avtr opiletal.
Eniong n e&drewyn tov mpocwpwvedv petafintav tov peboddwv Oolevkolvvel v

gQapproyn AoV teyvikdv 0rtmg Extract Method.

Introduce Explaining Variable

H teyvikn avt) epappoletat e166yovTag TpocsmpveéS LETAPANTES GTOV KMOOKO Y10 TV
eneENynon moAVTAOK®V ekppdcoemv. OvolooTikd ot HETAPANTES YPTCILOTOOVVTOL
YL VO, KPOTGOLV VOGS HEPOLG MG cVVOIETNG £KPPaoTG KOt OVORALoVTOL KATAAANAQ

€161 ®OoTE Vo umopel Kovelc KOTaAGPEL EDKOAN TNV GLVOAIKT £KPPAOT).

Split Temporary Variable

H teyvikn avt epappoletor 0100TOVIOG TPOSMOPIVEG LETARANTEC GTOV KMOKA TOV
€yovv mopamave omd po aprodtottes. Me e€aipeon Tig cuvadpoloTikég petafAntég
(.., petpntég Ppoyymv) oe kbbe mpocwpivy petafintn tibetor pi GUYKEKPUEVT
T o HOVO POpa.. ZTIG TEPUTTAOCELS TOV Yivovtol mopandve avabécelg umopei va
VILAPEEL GUYYLOT Yo TOV POAO TNG HETAPANTNG 6TOV KM Kot Bo TpEmel avtn vo

Ol00TTOOTEL.



13

Remove Assignments to Parameters

H teyvuan avt epapuoletal avikabiotoviag Tig avabEcell mov yivovtal oTig
TAPOUETPOVG oG HEBOOOV pe avobEcEl; GE o TPOCMPVY  HETAPANT NG
mapopétpov. H yprion g texvikng yivetat 616tt oty Java yiveton mépacpo Tiung ovti
YO0 TEPOAGLLOL AVOPOPES KOl OTOLOONTOTE OAANYT OTIS TAPAUETPOVS OEV OVTAVAKAATOL

otV kohovoa pébodo.

Replace Method with Method Object

H teyvikn avt) epappdletor aviikobiotovrog po oAdOkAnpn pébodo pe éva véo
avtikeipevo Paciopévo oe avth. OvoLOGTIKA QLT 1 TEYVIKN peTatpenet po LEBodo
oe p véo kKAGom m omoio €xel ¢ MEdO TIG WAPOUUETPOVG KOl TIS TPOCSMPIVES
petafAntég g pebddov ko pia péBodo pe tov kmdiko g apytkng. H teyvikny avt
cuvnBwg ypnotpomoteitat Otav peydlog apldidg TOV TPOSOPIVAV LETARANTOV GE [

pébodo kabiotovv dHhokoin v epapuoyn Extract Method otov k®dwka .

Substitute Algorithm

H teyviky ovt) epappoletor PETOTPEMOVTIOS 1 OVTIKAOIGTOVTOS TANPOS KATOOV
aAyoplBpo tov cvotuatog pe €vav dAdov. H aiiayn avty ocvvnbog yiveton pe

Kémotov alyop1fpo o omoiog ivor Aydtepo TOAVTAOKOG KOl TTO OTOTEAEGLOTIKOG,.

2.5.2 Meroxivion Zroryeiwv Metald Avtikeuévav

Move Method

H teyvicn avt gpappoletor petokivavtag por pEBodo amd v KAGGH 7OV 0T
avikel o€ ot GAAN. H texvucn ypnoyonoleiton dtav mopovstaletor KAmoov €100vg
oVeVENG HETOED TV KAAGE®Y OTTMC Yol Tapaderypo Otav pio néBodog ypnoyomotet
pefdoovg Kot media kKamolag KAGoNG TePocdHTEPO Amd OVTHY 6TV onoio avnkel. H
EPOPUOYN OLTAG TNG TEYVIKNG ovUPdAel otnv Onpovpyio amAdvV KAACE®V UE
EekaBapec apLOSIOTNTEG.
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Move Field

H teyvum oot epappoletar petokivavtag £vo medio amd v KAAGT Tov avTd oviKeL
oe pwo. GAAN. H teyvikn avty ypnowyomoteitor O6tov to medio g KAdomg

YPNOLOTOIEITOL ATtO AALEG TEPIOCOTEPO O TNV 1d10L.

Extract Class

H teyvikn avt epapuoletor petokivaviog nedio kot pedddovg pog kKAdong o€ o
véa. H teyvikn avt) ypnotipomnoteiton cuvibwg otav 1o péyebog tov KAAcew®v
UEYOAMVEL KOl OUTEG KOTOAYOLV Vo £X0VV TOAAEC OPULOSIOTNTEG GTO TPOYPOLLLLOL.
ZNuadia 6Tov KK OTmg 1M ToPAAANAN aAAayr) EVOG VTTOGLVOAOL TV OEOOUEVOV
pog kKAdong N n e&dptnon petald cuykekpuévov pebddwv kat tedimv vrodekvhovy

TNV EQAPLOYN QLTINS TNG TEYXVIKNG.

Inline Class

H teyvikn avt epappoletot peToKvaviag Ao to media kot Tic pefddovg pog
KAQONG O€ (o GAAN Kot Sty papovTag TNV TPAOTN HETd TNV petagopd. H texvikn avt
cuvnBmg ypnoonoteitol e HIKPEG KAAGELS TOV Ogv €xouv AdYo VmapENg amd HOveg

TOVG GTO TTPOYPOULLLLOL.

Hide Delegate

H teyvic avt) epappoletor dnpovpydvog po péBodo otny khdon eguanpent yo
KkéOe péBodo mov M KAGom meAdtn KoAel amd v KAdom aviumpdommo. Metd v
onuovpyia n KAGon meldtn KoAel Tig véeg pebodovg g kAdong eSvmnpetn ) ot
omoieg Kévovv pio amAn KANon otig pefddovg g KAdong avtimpoodmov. H teyvikn

QLT YPNOLOTOIEITOL YL TNV ATOKPLYT] AETTOUEPEUDY OO TOV KAAGEWV TEAATT.

Remove Middle Man

H teyvuen avt) gpappoletor aviikadiotdviag Tig KANoeS Tov uebodmv otnv KAdon
eEummpem omd TV KAAom meAdtn pe oamevbelag KANoeg mpog Tig nebddovg g

KAdonGg avTimpocs®mov. Metd v avtikatdotaon ot avtictolyes pébodot otnv KAAoN
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eumpem ™ aeapovvial. H teyvikn avt) ypnopomoleiton dtav 10 wAnbog tov

UEBOS®V aVTITPOCOT®Y GTNV KAAGT EELTNPETNTY| YIVETAL LEYAAO.

Introduce Foreign Method

H teyvikn avt) epappoleton mpochBiétovrog po emmAéov Asttovpyia otnv KAGOM
eEumnpetnT ONUIOLPYDOVTOS ORMS TNV UEBOJO TOL TNV LAOTOEL TNV KAAGT TEAATN.
H teyvicn vt gpnoonoteitor 6tav dev vIdpyovV To KOTAAANAN SIKOLOUATO OOTE

va yivouv aAroy€g oV KAGoT €ELNPETNTH Yo TV TPOSHNKN oG VEAG AEITOVPYiaG.

Introduce Local Extension

H teyvucy avty epapuoletar mpocHétoviag emmAéov Aettovpyiec omnv KAAoM
€ELINPETNT VAOTOLOVTAG OVTEC OU®MG MG Ho vEa vokAdon e H teyvikn avt
ypnowonoteitonr 6tav dev LIAPYOLV TO KOTAAANAQ SKOUOUATO OGTE Vo Yivouv

aALayéG otV KAGOT €ELTNPETNTY Yo TV TPOSHNKN Téve amd piog Aettovpyiag.

2.5.3 Opydvwan Aedouévarv

Self Encapsulate Field

H teyvucn avt epappoletor dnpiovpydvog Tig katdAinies get ko set pefddovg yuo
v mpocPaon oe Eva medio g kKAdonc. H petatpon avt oe Eupeon npdsfacn tov
nedimv etvan Woitepa ¥pNoIUn KoODG EMTPETEL TIG VTOKAAGELS VAL OpiGOLY TOV TPOTO

duyelptong TV e00UEVOV OTTMG VTEG ETOVOVV.

Replace Data Value with Object

H teyvicn oot epappoletor HeTatpémovtog (o LETOUPANTH GE OVTIKEILEVO LG VENG
KAMaong. H teyvikn  avt) ypnowomoteiton  Otav  toe  degdopévo  To.  Omoia
AVTITPOCOTEVOVY KATOLES LETAPANTES OeV eivan emapkn Kot BEAovpe vo TpocBécovpe

emmALOV TANPOQOPiES Yio KAOE pioL amd avTEG.
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Change Value to Reference

H teyvikn avt) epoppoletor LETATPEMOVTOG VO OVTIKEILEVO TIUNG G EVOL OVTIKEIIEVO
avapopds. H teyvikn avty ypnowponoteitor dtav OEAOLUE TO OVTIKEIPEVA TOV
GLGTNHATOG VO AVATOPLGTOVV L0 EEXMPLOTH OVIOTNTA TO KAOE £vol KOl OTOLOONTTOTE

oAy Vo ovTIKOTOTTTPILETOL GE OO0V £XEL OVOPOP GE OTAL.

Change Reference to Value

H teyvuan oot epoppodletor LETATPEMOVIONG EVO OVTIKEILEVO avaPOpds oE €va
aviikeipevo tyne. H teyvikn avt) ypnowomoteiton otav 1M dlaxeipion TtV
AVTIKEWEVOV  ovaQopas  yivetar moAOTAOKN Kot OéAovpe ta  dgdopéva oL

OVOTTOPIGTOVE LE TOL AVTIKEILEVA VO TTOPAUEVOLY AUETAPANTAL.

Replace Array with Object

H teyvuan ooty epapuoletor petatpémovtag piot PETOPANTH TUTOL TIVOKA GE
avtikeipevo pag véog kAdong. H texyvuan avt ypnowyonoteiton dtav otov mivaka
amoOnkevovTaL TIUES SLOPOPETIKOL TOTOV HeTa & Tovg (.. String otnv Tpd Béon,

int otnv devtepn BEoN K.0.) KOt SUGKOAEVETOL 1] AVAYVMGT) TOV.

Duplicate Observed Data

H teyvikn avt| epappoletor avtypaeovtog éva cHVOAO OEOOUEVMOV KoL TOPEXOVTOG
pe kAdon m omoia Ba cvyypovilel Tig aAlayég mov Ba yivovtor og avtd. H teyvikn
vt xpnolomoleital GuVNOWE GE GLGTNUATO 7OV £YOLV VAOTOUMUEVY] KATOLN
YPOPIKT OlETOP] KO VILAPYEL OLYWPIOUOG HETAED TOL KMOKA TTov TN OlaxelpileTon

KOl TOL KMOTKO 1oL dtoyepiletarl Toug LITOAOITOVS VITOAOYIGHOVC.

Change Unidirectional Association to Bidirectional

H teyvikn avt epapuoletar oe {evydpilo kKAAGE®Y TOL £0VV LOVOOPOUT CLGYETION
peta&y toug mpoohHitovtag Evav JelKTN MPOg TOL TWOW® HETOTPENMOVTOS TNV ETOL GE

apeidpoun. H teyvucn avt ypnowponoteitor 6tav vwdpyel avaykn npdsfacng g
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KAQOMG, TPOG TNV OTTOi0 VILAPYEL 1] LOVOOPOUT GLCYETION, GE GTOLYEID TG KAAONC TOL

OVOQEPETAL GE AVTNV.

Change Bidirectional Association to Unidirectional

H teyvuien avt) epappdletor oe (gvydplo KAACEWV TOV £XOVV AUPIOPOUT] CLGYETION
AQOIPAOVTOG U0 OO TIC OVOPOPES LETATPETOVTOS TV £T01 o€ povodpoun. H teyvikn
aVTH YPNoLoTotEiTal OTav dev a&lomoteital N apPidPOUN CLGYETION TANP®G KOL Lo
amd T 000 avaeopég givar dypnotrn. Eeappoloviag auth v TeXVIK) UEIOVETOL M

oVlevén Kot 1 TOATAOKOTNTO GTO GUGTILOL.

Replace Magic Number with Symbolic Constant

H teyvuen avt epappdleton opilovrog pa véo aplOuntikn otabepd yioo KOmolov
apBud pe cuykekpévn onuacio 6Tov kddwa (T.y., enttdyvvon g Papvnrog: 9.8)
Kot avtikafiotovtag Oleg TG epgavicelg tov pe ovt). H o tegyviky  ovt)
YPNOLOTOIEITOL OTAV O GLYKEKPIUEVOG aplOUOG XPNOILOTOLEITAL GLYVA GTOV KMOOIKA.
Epappolovtag avt) v teyvikn PEATIOVETAL 1 OVOYVOCIHOTNTO TOL KMOOKO KOl

0TmO1EGONTOTE LEAAOVTIKES OAAAYEG oTOV 0plOUd KabioTavTon EVKOAOTEPEG.

Encapsulate Field

H teyvic avt) epopuodleton aArdloviag tov tpdmo mpocPacng €vog mediov
HETOTPETOVTOS TO OO OMNUOGIO GE WIWTIKO KOl TAPEYOVTOG TNG KATAAANAES get kot
set uebdoovg Yo avtd. H gpaproyn avtig g teyvikng cuvadetl pe v erlhocopio
avATTLENG AOYIGIKOD TTOV TTPOTEIVEL TOL dEdOpEVA VO NV gfvorl dNUOsLa TG MGTE VoL

VILAPYEL SLYDPIGT GTO GVGTNLO HETAED OEOOUEVMV KOl GUUTEPIPOPAEG.

Encapsulate Collection

H teyvua avt) epappdletar adralovtag tig get kot set pebddovg yo medio mov sivorn
GUAAOYEC OVTIKEIEVOV £TGL OOTE 1| Jet val EmMGTPEPEL [ LUN-TPOTOTOCLUT GLAAOYN

Kot 1 Set va petorpanei oe add kor remove yio vo GUYKEKPIUEVO OTOLXEID OTN
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ocvAioyn. H teyvikn avt) ypnowonoteital €161 MGTE VoL Unv UTopel o xpnotng vo

TPOTOTONCEL GTOLYEID BTNV GLAAOYN Y®PIC N KAAG VA TO Yvmpilel.

Replace Record with Data Class

H teyvikn avt) epoapuoleton aviikobiotdviog po €yypoen He (o véa kAdorn. H
TEYVIKN 00T YpNOoHomoleitar cuvnlme Otav yivetor HETOPOPE KOOWKO omd un
OVTIKEYEVOSTPEPNG YAMOGEG TPOYPOUUUOTIGLOD KOl VITAPYEL AVAYKT) LETOTPOTNG TMV

un ovuPatdv SoUDV SESOUEV®V.

Replace Type Code with Class

H teyvikn avt) epappoletor avikadiotdviog éva type code pe o véa kAdon. H
TEYVIKN VTN ypnoponoteitol étav 1 KAaon mepiéyel Eva apduntikd type code o
omoiog dev ypnoiponoteital 6e EVIOA GuVONKNG Kat dgv emmpedlel TV coumepLpopd

oV mpoypdupatog. H teyvikn ot BEATIOVEL TV OVAYVOGILOTNTO TOV KOOKA.

Replace Type Code with Subclasses

H teyvikn ovt epappoletar avtikadiotdvrog éva type code pe véeg vrokidoelg. H
TEYVIKY OVTN ypnoonoteitor otav n kAdon mepiéyel évo type code to omoio
emmpedlel ™MV GLUTEPLPOPA TOV KMIKA Kol cLVNOW®G EULPOVILETON GE KATOL0L EVIOAN

ovvOnkng (switch, if-then-else).

Replace Type Code with State/Strateqy

H teyvikn avt) epapuoletarl aviikabiotdvtog évo type code pe o véa state kidon.
H teyvikn avti ypnoponoteitar otov n khdon mepiéyet Eva type code to omoio dgv

umopet va avtikotootadel and VTOKALGELS.

Replace Subclass with Fields

H teyvikn avt) epappoleton petotpémovrag tig peBodovg tmv vrokhdcemv oe media

g vrepkAdong kot €merta e€oAeipovtag TG vmokAdoelg. H o teyvikn  ovty
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YPNOUOTOIEITO GVVINOME OTAV Ol VITOKAACELS OmoTELOVVTOL LOVO amd pefddoVE OV

EMOTPEPOLY GTOOEPES.

2.5.4 Ariomoinon Kotnyopnuatikwv Exkppooewv

Decompose Conditional

H teyvuc avt epappoletorl EGyovtog Tov KOOKO TOV TEPIEYETUL GTNV GLVONKT TOV
if, oto then ka1 oto else og véeg uebddovc. H teyvikh avth ypnouonoigitol dtav ot
eVtoAéc ouvOnkng If oto mpdypappa yivovtor peydres oe néyebog Kot TOAVTAOKES 1o

avayvoon.

Consolidate Conditional Expression

H teyvicn avt epoppdletar cvvovalovtog didpopeg ocuvOnkes oe pio. H teyviknm
QLTI (PNOCUOTOLEITOL OTAV GTOV KMOTKO VITAPYOVV TEPIGGATEPES OO piot GLVONKEG Ot
omoleg OV 1GYVOVY EKTEAOVV TOV 1010 akpP®g kMoo TPocHETovTag £T61 mEPLTTONS

eLEYYOVG GTO TPOYPOLLLLAL.

Consolidate Duplicate Conditional Fragments

H teyvic avt) epappoletot HETAKIVOVTOG VO KOUATL KOO TO omoio glvar 1010 e
Oheg TIG OOKAOOMOELS 1TNG KATNYOPNUOTIKNG EKQpoong €5  amd  OuThyv.
XPNOYWOTOUDVTOG QTN TNV TEXVIKN OTAOTOEITOL O KOOIKOG TOV KOTNYOPNUATIKAOV

EKPPACEMV KO LEUDVETOL 1) EMAVIANYT KOOIKO GTO GUGTILLOL.

Remove Control Flag

H teyvicn ovm epappdletor avrikabotovrog por petafAnt) onuoaiog o€ puo
ouvOnkn pe eviodég break M return. H ypnion tétoov tdmov petaPintov dev
ocuviotdtor kaBmg KafIoTOLV TNV OVAYVEOGCT TOV KOTNYOPNUOTIKOV EKQPACEMV

TOAOTAOKN).
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Replace Conditional with Guard Clauses

H teyvikn avt epoppoletor aviikafioTdviog TG ELEOAEVUEVEG EVTOAEC GLUVONKNG
pe ovvinkeg epovpovs. H teyvikn avt) ypnopomoteitar dtav vadpyel avaykn vo
do0el éupaom otig ovvOnKeg €AEYXOL TOVL KOTNYOPNUOTOS KOOMDS TPOKEITOL Yo

OoTAVIEG TEPMTMOOELG e THAVOV oLV 10T GUUTEPLPOPE GTO TPOYPOLLLLLOL.

Replace Conditional with Polymorphism

H teyvikn ovty  epopudletor eEdyovtag Tov KOOKo o€ KABe «Aodl Tov
Katnyopnuatog o€ pwo. péBodo pag vmokAdonc. OAeg avtég ol LIOKAKGELS
KAnpovopovv and v idwae kKAdon kot kévovv override v idwa abstract pébodo. H
TEXVIKN OUTN YPNOLUOTOIEITOL OTAV OTIG CLVONKEG TOV KOTNYOPNUATOS EAEYYETOL O
TOTMOG €VOG OVTIKEWWEVOD KOl EKTEAEITOL SLOPOPETIKOG KMOKOS OVOAOYO TOV TUTO

ovTo.

Introduce Null Object

H teyvicn avt) epoppoletal aviikabiotdviog toug eréyyovg pe v tun null otig
ovvOnkeg pe éva avtikeipevo null. H teyvikn ovty ypnoyonoleitoar O6tav otig
GLVONKEG TOVL KATNYOPNUATOG EAEYXETOL TOAAEG POPEG KATOLOL ETAPANTY LE TNV TIUN
null ka1 kévovtog £tol TV avtikatdotacn ovt prnopei va pelwdel to VTOAOYIOTIKO

KOGTOC.

Introduce Assertion

H teyvikn avt epapuoleton mpoohitovtag o evioln assertion ce évo KOUpPATL ToV
KOOIKO oL VTOOETEL KATL Yo TNV KATAGTACT, TOL cvothuatos. H texyvikny oavt
YPNCLOTOLEITOL OTOV GTO GUGTNUO LIAPYOLV onueios 6To omoio. VITOTIBETAL TMG
1oYVLOVY KATOW TPAYHOTA Yo TOV KOO Y®Pic OU®MG Vo VAPYEL O KATAAANAOG
Kddkoc vo to emiPeParmdost. H ypion tov evtoddmv assertion umopei vo evtomiocet

GQAALOTO TTOL UTOPEL VO TPOKVWYOLV ald aVTEG TIG LTOBECELS.
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2.5.5 Beltioon Kinoewv MeOoowv

Rename Method

H teyvikn avtq epapuodletor aAralovtag to Ovopo pog pebddov €16t dote vo
avtikatontpilel tov okomd G H teyvikh avt) ypnoyonoteital 6tav og o KAGon
vdpyovyv TOAAEG HEBodOL Ko Ta. oxOAlL M 1 ovouacio. TOug Ogv divouv apPKETA

EekdBapn TAnpoPopia Yo LTEG.

Add Parameter

H teyvikn avt epappoletor mpochétovrag pia emmAéov mapdpetpo o o pébodo. H
TEYVIKN VTN xpnotomoteitan dtav 1 pnéBodog amartel meprocdTEPN TANPOPOPia Amd

TO GUGTNLA Y10 TV EKTEAECT] TOL KOOIKO TNG.

Remove Parameter

H teyvucn avt epapudletor apap®dvtog po omd TG TopapéTpovg pog nedddov. H
TEYVIKN OLTH YPNOULOTOLEITOL OTAV KATOW omd TIG TOPAUETPOVS piag pefddov dev

YPNOCLOTOIEITOL GTOV KMIKO QLT

Separate Query from Modifier

H teyvicn avt) epapuoletar dtacmmvtog pio pEBodo 1 omoio ETGTPEPEL [ TN Kol
HETOPAAEL TNV KATAGTACT] VOGS OVTIKEWEVOL GE OVO VEES Eexmpilotég puebdoovg, pia
v KaBe evépyela. H dtapopomoinon avtdv tov 600 evepyeudv £l ®G AMOTELEGLLOL
TOV J®PIoUO TV HEBOI®V GTO GUGTNUA GE OLTEG TTOL £XOVV OPUTY| EMPPOT GTNV
KATAOTOGT TOL GLUGTNUATOG KO OUTEG OV OMAG €KTEAOVV &vav VTOAOYIoUO Ywpig

TOPEVEPYELEG.

Parameterize Method

H teyvicn avm) epappoletor evomoidvtog mapopotes HeBddovg o€ L g omoiag ot

mopapetpor kabopilovv Tig dropopetikég TEG petald twv apyikov pedddwv. H
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TEXVIKN OLTH YPNOUOTOIEITOL OTOV GTO GVGTNHA VTTAPYOLY HEBOJOL TOV KAVOLY TO

1010 TPAyHO YioL SLOPOPETIKES TIUEG KO £TOL LIAPYEL M OLVATOTNTO GLYXDOVEVONG

oVTAOV.

Replace Parameter with Explicit Methods

H teyvikn avt epoppodleton dtuommvtog po pébodo o véeg neboddovs, ta yio kbbe
OWPOPETIKN T HIOG OLYKEKPUEVNG Topapétpov . H  teyvikn  oavty
YPNOOTOIEITOL GLVNOME OTOV 0 KMOWKOS oG HeBddov TEPIEXEL LOVO oL EVTOAN

oLuvONKNG M ool ekTeAEl SLAPOPETIKO KMOKA Yol TIG TOOVES TIUEG LLOG TTOPAUETPOV.

Preserve Whole Object

H teyvikn avt epoappodletol aviikabiotoviog HePKES TAPOUETPOVS oG HEBOIOV
OV TEPVAVE SLOPOPETIKES TIUES EVOC AVTIKEWLEVOL pe OAOKANPO TO avtikeipevo. H
TEYVIKN OLTH YpNOonolEitor dtav n wAsoyneia Tov Tapopuétpov pwog pebodsov
TPOEPYOVTOL OO TOV VITOAOYIOCUO TIUDV TAVE GTO 1010 OVTIKEILEVO Kol LTAPYEL M

TOAVOTNTO VO XPEIGTOVV Kol AAAES TIHES OO VTO GTO HEAAOV.

Replace Parameter with Method

H teyvicn avt epoappdletor apaipdviag o mopauetpo pog pebooov n omoia
TPOKLITEL OO TOV VIOAOYICUO TNG KANONG U0 GAANG KOl aprVOVTOS 1) KANGT TNG
terevtaiog vo yivel péco oto copa g opywkne. H teyvikn avt ypnowyonoteiton
otav 1 kAnon kdmotag peBddov pmopel va yivel TomKA 6ToV KOSKO KATO0G GAANG
Kol €tol pmopel va peiwBel 1o p€yebog g AloTog TOV  TOPOUETPOV  TTOL

OVTUTPOGMOTEVOLV OTAL OTOTEAECULOTO KAGEMV.

Introduce Parameter Object

H teyvikn avt) epoppodleton aviikadiotdvtog Eva cUVOAO TaPaUETPOV piag nedddov
pe éva véo avtikeipevo. H teyvikn avt ypnoipomrotleitot 4tav 610 GOGTNLLO VITEPYOVY

apKETEG HEHOOOL TTOL YPNGUOTOOVV TO 1010 GLYKEKPIUEVO GUVOAO TTAPOUETPOV Kot
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€101 glvol duvaTn 1 AVTIKOTACTOOT TOLG UE VO OVTIKEILEVO OV TIG TEPIEXEL OAEG

poi.

Remove Setting Method

H teyvum avt epappoletar apopdvtog oieg Tig Set pebddovg mov agpopodv éva
nedio pag kKAaong. H teyvikn vt ypnoipomoteitor 0Toy yio KOmolo medio mov Exel
set uébodo oty Khdon, amopoaciotel 6Tl dev Tpémel va petafindet n Ty Tov petd

TNV OMNUoLvPYie TOV CVTIKEWEVO.

Hide Method

H teyvikq avt) epappodletar petafdrriovtag v opatdtnto pog pedddov omd
onuocia og WIwTIKY. H teyvikn avt ypnoyonoteital étav 6to cuatnua mopatnpnel
ot po péBodog ypnowonoteitor povo and v KAdomn g 1 o6tav givar BEhovpe va

amoyopeOGOLLLE TN XPNOT TG Ao eEMTEPIKEG KAAGELC.

Replace Constructor with Factory Method

H teyvuc avm epoppoletar avrikabiotovtag o constructor pébodo pog kKAdong pe
o factory pébodo. H teyvikn avth YpNOWOTOIEITOL GE TEPIMTOOEL; 7OV Ol
ovvotdtTeg pog amAng constructor péBodoc eivar mepropiopéveg (cuvnbmg oe

TEPUTTMGELC TTOV TO AVTIKEIEVO dnuovpyeitar pe Eva type code).

Encapsulate Downcast

H teyvikn avtn epappoletor kavovtag downcast tnv i mov eniotpéeet po uéfodog
péoa 610 copo TG kol aAAdlovtag €melto Tov TOMO EMGTPOPNS NG Hebodov. H
TEYVIKN VTN YPNOLOTOLEiTaL OTaV £YOVUE TANPOEOPIN Yot TL TUTO OEOOUEVAOV
akpIPog emotpépet o pEB0dog kat dev BELovpe avTdHG TOL B TV YPTCILOTOCEL

va Tpémel va, Yacet yua va Tov Bpet.
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Replace Error Code with Exception

H teyvuc avt epappoletol ovikafiotdviag Ty TN EXCTPOPNS pog nedddov mov
avT YpNolonolel yio vo vmodeiel Kamowo mBavd cedipo pe po e€aipeon. H
TEYVIKN VTN YPNCILOTOLEITOL PEATIOVOVTOS TOV TPOTO dlayeiplong cQAAUAT®V GTO

GUOTNUO LECH TOV EENPEGEMV.

Replace Exception with Test

H teyvua) avt) epoppdletar aviikabotdvtog pio evioAn e€aipeong He o EVIOA
ocuvOnkng mov eAéyyel v 0w mepintwon pe v efaipeon. H teyvikn ovm
YPNOOTOLEITOL OTOV O EAEYYOG TNG TEPIMTOONS GPAALATOG elval apKeETE amAdg Kot

umopel va yivel pe o amin eviodn if yopic v xpnon nepittov eEapécemv.

2.5.6 Beitiwon [ 'evikevong

Pull Up Field

H teyvuen ovt) epoappoletar petokivoviog to Kowvd medio petald ovo n
TEPLGGOTEP®V VITOKAAGE®MY otV LIepkAdon tovc. H teyvikn avtr| ypnoipomoteiton
Oty mopaTNPOvVIOL TEdiD TOL YPNCUYOTOOVVTIOL PE TOV 1010 Tpdmo HEGO OTIS

VIOKAAGELS KO £TOL LITOPOLV VoL avEPOVV Eval EMUTEDO GTNV LEPAPYicL.

Pull Up Method

H tegyvicn avt) epapuodletor petaxvovtog Tig Kowvég pebddovg petad dvo 1
TEPICCOTEP®V VIOKAAGE®MV GTNV LIEPKAGOT Tovg. H teyvikn ot ypnoiponoteiton
otav mapatnpovvtal LEBodoL oV gite TEPLEYOLY TAVOLOLOTLTTO KMIKA £iTE divouv Tal
0w amotedéspata Yoo O e TG mBavég €10000vG. Emiong n teyvikn avt pmopet va
epapuootel o€ pnebddovg oL Kdvovv override pa péBodo e vrepkAdong aALd otV

TPAEN KAVOLV TO 1010 TPAYLLOL.
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Pull Up Constructor Body

H teyvuc avt epapuoletar e€dyovtag tov Koo Kodwko petald tov constructor
VITOKAdGE®V og évav véo constructor ommv vrepkAdon mopEYOVTOS TIC OVAAOYEG
KMoglg ota onueia mov €ytve n e€ayoyn. H teyvikn avty ypnowpomoteitar otov
TOPOATNPOVVTOL 1010 KOUUATIO KMOKA HeTaEd Twv CONStructors tomv vrokAGGEWV.
Ene161] dev umopei va yivel éva andd Pull Up Method yio tovg constructors, Oa mpémet
va dnuovpynBet véog constructor otnv vrepKAAoN Kot v Yivouv ol KOTOAANAEG

KAMGELS TPOG QVTOV.

Push Down Method

H teyvicn oot epappdletor petaxivovtag pa péhodo tng vrepkAdong o€ o
ovyKekpévn vrokAdon. H texvikny avt) ypnowonoteital 0tav mapatnpeital 0Tt 1
ocoumepLpopd (g peboddov ¢ vrepkAdong eival oxetikny povo yo po amd TG

VROKAAGELS TNG.

Push Down Field

H teyvuc oot epappdletor petaxkivovtog €va medio TG LIEPKAAONS OE o
ocvykekpipévn vokidon. H teyvikn avt) ypnoponoteiton dtav mapatnpeiton 6t £va
TEd10 TG VIEPKAGONG YPNOYOTOLEITAL LOVO OO U0 GUYKEKPLLEVT] DTTOKAAOT) Ko Oyt

oo TG VITOAOITEG.

Extract Subclass

H teyvuc avt epapuoletar eEdyovtag pepikd amd T yopoKTNPIoTIKA Hog KAAo™g
o€ [ véa vokAdon avtne. H texvikn avt epappoletar dtav mapatnpeiton 0tav £va
VITOGUVOAO TMOV YOPUKINPICTIKAOV MG KAAONG ypnoyLomoleitor povo yuo pepkd

GTIYULOTUTOL OVTNC.

Extract Superclass

H teyvucn avt epoppoletar e£dyovtag To KOWA YOPOKTNPIOTIKE HeTaEd VO 1

TEPIOCOTEPMV KAUCEMV GE [0l VEQ VITEPKAGOT KOl LETATPEMOVTAG TEG GE VITOKANUCELG
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avts. H texvikn avt) ypnowomoteitar dtov mwopatnpeitol TopOpolo GLUTEPLPOPA

petoéy  kKAGocewv M omoian ouvO®MG LWOJEKVOETOL Omd TNV OHOOTNTO TV

YOPOKTNPIOTIKAOV TOVG,.

Extract Interface

H teyvikn avt epapuoletor €£0yovtog £vo VTOGVUVOAO TOV YOPOKTINPICTIKOV HL0G
KAdong oe pa véa kKAdon demaeng. H teyvikn avt epappdletar 6tov mapatnpeitot
OTL HEPIKE omd TO YOPUKTNPIOTIKA LG KAAGTS YPTCILOTO0UVTAL GUYVE ard TOAAOVS

TEMITEG GTO GLGTN LA

Collapse Hierarchy

H teyvicn avt) gpappoletal cuyx@vevovtog Hio VITEPKAGOT LE Lol VTOKAGCT VTG,
H teyvu avt) ypnowonoteiton 6tav Emeito amd SQOpPeES OVOKATACGKEVES GTO
cvuoTNUa Ot dV0 aVTEG KAGOELS KOTaAyouv va potdlovv opkeTd £I61 MOTE 1

vdpyovca oyéon tepapyiog neta&h Tovg va unv £yl vonua.

Form Template Method

H teyvikn ovt) epoppdletar e€dyoviag tov kowvd kmOKo HETAED TapOUOU®V
pnefodmv tv vrokAdoemv oe pia péBodo ava Pripa tov kOdka. ‘Ererta epappoleton
Pull Up Method otig apyikéc pebddovg amd tig onoieg e&dyOnkav ot véec. H teyvikn
aUTY] YPNOCUOTOLEITOL OTAV VTAPYEL TAPOUOLOG KOOGS HETAEL HeBOd®V TV
VIOKAAGE®V 0 0moiog OUMG dopépetl o kdbe Prpa Tov kot €161 dev pumopet va yivel

Pull Up Method xatevbeiav otig peboddovg avtéc.

Replace Inheritance with Delegation

H teyvikn avtq epapuoletor oviikadiotdviog pio oxEcn KANPovoukoTnTog Hetalh
000 KkAMdoewv oe omAn ovoyétion. H teyvikn avt ypnowomoleiton Otov o
VTOKAQGN TOV OLOTNUATOC o&lomolel UOVO €vol PEPOG TV  AELTOVPYIDV TOV
TPOCPOEPOVTOL OTNV VIEPKAGON Kot £€T61 OV OWKOOAOYEITOL TANP®G 1 oYéom

KANPOVOLIKOTNTOG LETAED AVTOV.
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Replace Delegation with Inheritance

H teyvikn avty epoapuoletor ovtikabiotdviog pio 6YEcoTN CLOYETIONG UETAED OVO
KAMioewv og oxéon kAnpovoukdtrag. H teyvikny avt) ypnoiponoteitot 4tov pio amod
TIg KAdoelg ypnopomotel OAeg T1g neBddovg ™G GAANG Kot Bo MTav gukoAOTEPN M

npdsPacn edv yvotayv vVTOKAGCT TNG.

2.6 Avoxkataockevt] Koowa oty Ilpaén

210 mponyovueveg €vOTNTEG OOONKE O OPIGHOG TNG OVOKOTAGKELNG KOO Kot
TOPOVGLACTNKAY SLAPOPEG TEYVIKES OVOKOATAGKELNG TTOV BEATIOVOLV TNV TOLHTN T, TOV
cvotuatog. A&ilel Opumg oe avTd TO onueio va del KAVELS TL TPAYUATIKE YivETOL GTN
Tpdén. Topewvo pe o épevva [10] mhve ota 0QEAN TG AVOKOTOOKEVNG KMOIKA,
SMOTOONKE TOG 0 OPIGHOG TNG OVOKOTAGKELNG OTN TPAEN SLOPEPEL AVAUESH GTOVG
KOTOOKELOOTEG  AOYISHIKOV. Ol KOTOOKELOOTEG  TIGTELOVY TG Ol TEYVIKEG
AVOKOTOOKEVNG KOOIKA oL meptypdpovtal 6to [7] elvar Bactkod emmédov Kot TwG
oTNV TPAEN 01 AVAKOTAGKEVEG TOV KAVOLV GTO AOYIGUUKO TOVLG, TEPIAAUPAVOLY TV
EQUPUOYT UG GEPAS amd avT®V TV TeXVIKOV. [Taipvovtag vmoyn 1o tapandve, ce
avt T JwTpipn mpoteivetan ot véa pEBOSOC avVOKATOOKEVG KOJIKA 1) Omoin
ompiletoat TAVO OTIS GLGYKETIGEIS UETOED TOV TEYVIKOV TOV TEPLYPAONKAV GTNV
evomra 2.5. Ot ovoyeticelg avolvovtor exktevéotepa oto Kepdiowo 3 6mov
TOPAAAN AL TOPOLGLALETOL TO YpAPM U avtdv. Mio mopopola epyacio oty omoia
TPOTEIVETOL L0 GEPE EPAPLOYNG TOV TEYVIKAOV OVOKATOUCKELNG COUPOVO HE TIG
ocvoyetioelg HeTta&y toug mapovotdletar oto [21]. Zuykpitikd pe to [21], og avt ™
SwTp1Pr] mopovctdlovtal ot GVoYETIoELS HETAED OA®V TOV TEYVIKAOV OVOKOTOUGKELNG
OV Kataldyov tov Fowler kol m ogpd €pappoync avtdv mov mpoteivetarl givat
ave€dptnm 10V K®OKA TOL KAOe ypnotn. EmmAéov, Ommg avoiveTon mopakdTto,

VAOTTOLEITAL KO L0l EPOPLLOYT YO TNV VAOTTOINGT AVTAG TNG 100G oTNV TPAE.

H oavokatookevr] pmopel vo @@EAGEL ONUOVTIKG TNV TOWOTNTO TOVL KOO
BeAtidvovtog ta yopokmplotikd tov. Ilap’ o6Aa avtd avt) dwwdikacio pmopel va
glvol ToAOTAOKT), YpovoPopa Kot ETPPENNG o€ cpaipata. [ v exilvon ovtdOV TV
npofAnudtwv  égovv  avamtvyBel apketd  epyodeio  To  omoio  PonBovv

OVTOUOTOTOIMVTAG €ite HEPOC, €iT€ OAOKANPN TNV OladtKacio avakaTaokevng. Mia
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Ao TIG CNUOVTIKOTEPES PAGELS TNG SLOOIKOGIOG OVTHG OMOTEAEL O EVIOMIGUOG onueimv
61OV KOO T otoio ¥pNovv KATO10v €100VG OVOKOTAGKEVNG. ZE L0 GUGTNHATIKN
épevva [11] mov éywve mOve G €pydAEiot TOV OVTOUATOTOOVV OVTAV TNV (AGCT,
Bpébnke 61t Yo 0 72% TV TEYVIKOV OV TpoTEivovTanl amd tov Fowler [7] dev
VINPYE VROGTAPIEN EVTIOMIGUOD GTO GUVOAO TeV gpyoieimv. Evod avtiBeta yuo Tig
teyvikég tov Move Method, Extract Class kauw Extract Method vrdpyst vrootpién
EVIOTIGHOY omtd TNV TAsoyneio TV epyaieinv vrofondnong. 1o TAaicto ovTHg TG
dwrpfr)g avamtbooeton  €va  gpyoieio  ywo TV omTkomoinon  tov  XApTn
AVoKOTOoKEVOV UETOED TOV TEXVIKOV OVOKOTACKEVNG 7OV ovoapépnke oty
nponyovpevn  evotnta. I[lapdAinio  yivetor pwoe  mpoomdbelo  vAomoinong
OVTOULOTOTONUEVOV EVIOTICUMY Y10L TNV KAALYT GNUOVTIKOD €0POVE TOV TEYVIKDOV
avokataokev ). H mapovoioon tov epyaieiov vmoPondnong Refactoring Trip
Advisor kot ot VAOTOMUEVEG SVVOTOTNTES OWTOUATOL EVIOMIGHOD GVOADOVIOL GTO

Kepdato 4.
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KE®AAAIO 3. XYXXETIXEIX METAZY
TEXNIKQN ANAKATAXKEYHX

3.1 [Teprypapn Zvoyeticemv

3.2 Xaptng AVOKOTOGKEVDV

3.1 Ileprypagr] Xvoyeticemv

Onwg mpoavaeépdnke oty gvotnta 2.6, Pacikn cuvelsopd avtig ™S datpPng
elvar m wpdtaon pog véog pebdoov ot dadikacio avakaTackevng Aoyiopkov. H
HUéEB0SOC VTN TPOTEIVEL 1] AVOKOTAGKELT KMOKO VO, YIVETOL pe yvapova Evav Xaptn
OV TEPLYPAPEL GLOYETIOELS HETAED TOV TEXVIKOV avakotackeumc. [lpv yiver m
Tapovsiosn Tov XAptn avtov Bo TPENEL TPAOTA VAL YIVEL Lo OVOADOT) TOV TOTOV TOV
ocvoyeticemv mov mpoteivovtal. Ot TPEIS GLGYETIGELS TPOKVTTTOVV amd TNV UEAETT TOV
KOTOAGYOV TOV TEYVIKOV OVOKOTOUCKEVNG TTOL Tpoteivovtor amd tov Fowler [7].
YuykeKpEVA Yl TV eEayyn Tov €100VG TOV GLOYETICEMV LEAETHONKAV O1 EVOTNTESG
Motivation, Mechanics kotw Example yia kd0e teyvikh cuoyEtione. tn cuvéeld, oTig
VIOEVOTNTEG OV OaKOAOVOOVUV, divetal o opwopoOg Yoo kKOBe o amd TS TPELG
ovoyetioelg pali pe £vo TapadELyla Yo To TG EAYOUE VT TN 6YEon arnd To PiAio

tov Fowler kot mw¢ v ontikonotovue TEMKE 6TO YPAPNLLOL.

3.1.1 Zyéon Modoyng

2Ooppova pe v ovopacio tng 1 oxéomn ot ekepAalel po 01000y GTNV EKTEAEOT
TOV TEYVIKOV ovaKoTookewns. Ot oyéoelg d10d0yNg OLGLUGTIKG TPOTEIVOVYV GTOV
KOTOOKELOOTN o oelpd pe tnv omoio Bo mpémer va €QOPUOCEL TIG TEYVIKEG
OVOKOTOOKEVNC oToV K®MAka tov. H oyéon dwdoyng onupeidvetor otov Xdaptn

AVOKOTOGKELOV LE O GUUTOYY KOTELBLVOUEV KU HETOED TV GLOYETILOLEVOV



30

kouPov. Xto Pipiio tov Fowler vrdpyovv onueioc. TOL VIOSEIKVOOVY TNV EKTEAEGT

GUYKEKPILEVOV TEYVIKMOV OVOKOTOUGKELNG TPV A0 GALEC:

“Before you can begin with Replace Conditional with Polymorphism you need to have

the necessary inheritance structure. You may already have this structure from
previous refactorings. If you don't have the structure, you need to create it. To create

the inheritance structure you have two options: Replace Type Code with Subclasses

and Replace Type Code with State/Strateqy. ”

[Tivaxag 3.1 Andéorooua omd Mechanics tng Teyvikng Replace Conditional with

Polymorphism [7]

Eniong vrdpyovv omueion mov mpoteivouv NV eKTEAEST GLYKEKPLUEVOV TEXVIKMOV

OVOKOTOOKEVNG HETA O GAAEC:

“Consolidating the conditional code is important for two reasons. First, it makes the
check clearer by showing that you are really making a single check that's oring the
other checks together. The sequence has the same effect, but it communicates carrying
out a sequence of separate checks that just happen to be done together. The second

reason for this refactoring is that it often sets you up for Extract Method. Extracting a

condition is one of the most useful things you can do to clarify your code. It replaces a

statement of what you are doing with why you are doing it.”

[Mivaxag 3.2 Andcnacua amd Motivation g Teyviknc Consolidate Conditional

Expression [7]

To mpdto andonacpo ([livakog 3.1) mpoteivel v epappoyn tov texvikdv Replace
Type Code with Subclasses | Replace Type Code with State/Strategy ce mepintwon
OV O&V LIAPYEL M KOUTAAANAN 1EPAPYIKT OOUT GTOV KAOIIKO Y10 TV EPUPLOYN TNG
Replace Conditional with Polymorphism. To dgbtepo amdomacpa (IMivaxag 3.2)
npoteivel v e€aymyn ¢ ocLVOETNG GLVONKNG TOV TPOKVATEL O TNV EPAPLOYN TNG

Consolidate Conditional Expression ce o véo pébodo kabmg avtd BeAtidvel tnv
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avayvOoILoTTo ToV Katnyopnuatos. H ontikomoinon avt®dv tov 600 amoonacudtmy

eaivetol oto Zynua 3.1 yuo 1o TpMOTO Kot 610 Zynua 3.2 Yol To dEVTEPO.

Replace Type Code
with Subclasses

Replace Conditional
with Polymorphism

Replace Type Code
with State/Strategy

Yynuo 3.1 Ontikomoinom Zyéong Awadoyng yia Replace Conditional with
Polymorphsm

Consolidate
Conditional Expression Extract Method

O O

Yynua 3.2 Ontikonoinom Zyxéong Awadoyng yio. Consolidate Conditional Expression

3.1.2 Xyéon “Mépog amo™

M oyéon “Mépog amd” petalh 00O TEYVIKOV AVOKATOCKELNG eKkOpdlel 0Tt 1M
EQOPUOYN TNG HOGg evOExeTal vo, mePAaUPAvEL TV €QOPUOYN NG GAANG. AvTd
ovpPaivel KaBdg peptkég TOAVTAOKES TEXVIKES OVOKATOOKELNG ATOTEAOVVTAL OO TNV
ouvafpolom amAoVoTEP®V TEYVIKOV. [0 TNV avamapdoTacT] dVTOV TV GLUGYETICEDY
ypnowonoleitoan 1 oxéon “Mépoc and”. H oxéon “Mépog amd” onuel®VETAL GTOV
Xaptn AvoKATOOKELDV HE M0 SOKEKOUUEVT KaTtevBuvopevn akun HETAED TV
ocvoyetilopevoy  kopPov. ‘Eva  moapddetypo eayoyng Tétowng oyéong amod

oLyKeKpuévo andomacpo tov BipAiiov tov Fowler paivetar otov IMivoka 3.3.
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e Choose which class is going to be removed: the superclass or the subclasses.
e Use Pull Up Field and Pull Up Method or Push Down Method and Push
Down Field

e to move all the behavior and data of the removed class to the class with which
it is being merged.

e Compile and test with each move.

e Adjust references to the class that will be removed to use the merged class.
This will affect variable declarations, parameter types, and constructors.

e Remove the empty class.

e Compile and test.

[Mivakoag 3.3 Anocnacpa omd Motivation g Texvikng Collapse Hierarchy [7]

To omdéomacpo ovtd amotedel TG 0dnyieg Ppa TPog Prpa Yoo TNV EQOPUOYN TNG
teyvikng avokatackevng Collapse Hierarchy. Loppova pe avtd, aviloyo e to moto
KAdon Bo emiéger va agapéost €tol dote vo. ocvopmtuyBel mn  epapyio, o
npoypoppotiotg Ba mpémel va epapudost pia opd and Pull Up Field xar Pull Up
Method (gév agaipebel vrokiaon) f Push Down Field ka1 Push Down Method (eév
apalpedel vepkAdon) oe media kot pebddovg tov kmdika. H ocvykekpuévn oyéon

avomoapiotatal ypopud and To yphenuo tov Zynuoatog 3.3.
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Push Down Field Pull Up Field
~ 7~
~ 7
~ 7
~N e
~ 7
~ 7
Collapse Hierarchgﬁ
7 N
7 N
7 N
7 N
7 N
7 ~
o ke
Push Down Method Pull Up Method

Yynuo 3.3 Ontikomoinomn Xyéong “Mépog amd” ya Collapse Hierarchy

3.1.3 Xyéon “Avti yia”

Mw oyéon “Avii yi” petad 000 TEYVIKOV OVOKOTOOKELNG eKQPAlel o
EVOALOKTIKY] €mAoyn uHeTad avtdv. YRAPYouv TEPIMTMOCES OTNV  dldIKAGio
OVOKOTOOKEVNG OMOV  GUYKEKPIHEVEG OOHOPOIEG GTOV KMOWKO KaBGTOOV TNV
EQOPUOYN oG TEYVIKNG 0VoKOAN 1 advvatn. Emiong vabpyovv mepimtdoelc mov
EQOPUOYT LLOG SLOPOPETIKNG TEXVIKNG Umopel va fondnocet Tov ypnotn pe LeAAOVTIKESG
aAhayég N emeKTAGES oToV KOowa. H oyxéon “Avrti yun” mpoteivel otov ypnomn v
EQOPUOYN OGS EVOALOKTIKNG TEYVIKNG TOL €VOEIKVLTOL Y10 KATOWO GULYKEKPLUEVN
TEPIMTOON KOl GKOTEVEL GTNV Tapopow Pertioon tov kddwa pe v apykn. H
oxéon “Avti yia” onuelidvetor otov XApTn AVOKOTOOKELOV UE U0 SOKEKOUUEVT
oAl KatevBuvopevn akun HETOED TOV GLOYXETILOPEVOV KOUPOV. XT0 amOGTAGHO

tov [Tivaka 3.4 paiveton Eva mapaderypa mov epgaviCetor vt 1 oxéon:
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“The main alternative to Extract Subclass is Extract Class. This is a choice between

delegation and inheritance. Extract Subclass is usually simpler to do, but it has

limitations. You can't change the class-based behavior of an object once the object is
created. You can change the class-based behavior with Extract Class simply by

2

plugging in different components.

[Mivaxag 3.4 Andoraoua amd Motivation g Teyvikng Extract Subclass [7]

To ocvykekplévo amOoTacUe TPOTEIVEL dVO EMAOYEC GTOV KOTOOKEVOOTY] OTNV
nepintwon mov avtdg BEAel va eEdyel HEPOG TOL KMOOWKO, Pag KAGoNG o€ o véa
KAGoMN. Xvykekpluéva, o€ mepinton mov emBuuel 1 cvumEPLPopd pog KAAoNS Vo
pmopet vor aAhaEer 0tav To avTikeipevo dnpovpyndet Ba mpémetl va epappocel Extract
Class. Awagpopetikd tov mpoteiveton 1 Extract Subclass kafdg cvvibwg avt) eivon
evkoAdTeEPO va epapurootel. H oyéon avt) mapovcidaletar oynpatikd 6to ypaenuo

oL XyMuatog 3.4.

Extract Subclass Extract Class

Oe--mm----==>0

Iyua 3.4 Ontikonoinon Xyéong “Avti yio” yia Extract Subclass

3.2 Xaptng AvaKaToOKEVAV

AkoAOVOOVTOG TNV AVOALTIKN TEPLYPOEN TOV TPLOV GYEGEWV GTNV TPONYOLUEV
evomta, 6€ owto 10 onueio Ba yivel n mapovsioon tov Xaptn TV cvoyeticemy. O
Xapmg Avokataokev®V glval oLGLIOTIKA €va ypaenua oto omoio kdbe kOpuPog
OVOTTOPLOTE 0L TEXVIKT OVOKOTAGKELNG Kot TO TPict SlopopeTIKA 10N aKp®dV PeTa&d
TOV KOUP®V avamaplotodV TIG TPELS GYECELS oV avapipOniay mponyovuévac. Ormg
KO Y10 TOV OPIGHO TOV TPV GYEGEMV, ETGL KO Y10l TNV OMpovpyia Tov Xaptn Koupo

myn amoteAel o katdAoyog tov Fowler [7]. Xtnv vmoevotnto 3.2.1 yivetar o
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TUNUOTIKY ovomopdotacn Tov XAaptn pe Pdon Tic O1dpopes KaTNyopieg TEYVIKOV

AVOKOTOOKEVNC VD oTnV 3.2.2 TopovctaleTol 0 GLVOMKOS XAPTNG.

3.2.1 Xaptne Avarxozookevav ava Katnyopio Teyvikwv Avokotookevns

2Komo¢ Tov XApTN AVOKOTOUCKEVMV EIVOL 1] LOVTEAOTOINGN TV GLGYKETIGEWV HeTAED
TOV TEYVIKOV OVOKOTOOKELNG oL potddnkav oamd tov Fowler [7]. Akolovbdvtag
TOV TPOTO LE TOV 0010 AVTEG TTEPLYpAPN KAV oTnV evotnTa 2.4, Oa yivel n mapovcioon
tov Xaptn Avokotacokevdv yuo kdfe po oamd Tig €61 Katnyopieg TEXVIKAOV
avakatookeung. o kdbe katnyopia, otov Xaptn g Tapovctdlovial 0l GLGYETIGELS
HETAED TOV ECOTEPIKMV TEYVIKAOV (TEYVIKES TOL OVI)KOLV GE OLTH TNV Kot yopia) g,
OALQ KOl GULOYETIOELG HETAED TOV E0MTEPIKAOV KOl £EMTEPIKAV (TEYVIKEG OV OEV
VKOV G€ aUTH TNV Katnyopia) texvikdv. ['a v EekdBapn ontikomoinon HeETaED
EC0MTEPIKMOV Kol EEMTEPIKMOV TEYVIKDV, Yo KAOe Katnyopia €xet avatebel €va
SLPOPETIKO YPDOLLOL Y10 TIG ECOTEPIKES TEYVIKES TNC. Ta ypdpota yo kdbe katnyopio

eatvovtol oto Zynua 3.4.

Method Composition Conditional Expression Simplification

O O

Feature Movement
Between Objects Method Call Improvement

@ O

Data Organization Generalization Improvement

Zyua 3.4 Xpohpo E0OTEPIK®V TEYVIKAV Yo kB Kot yopia

2 ovvéyela mapovoidlovtar o Xdaptng kabe xatnyopiog akoiovBovpevog amd Eva

GUVTOUO GYOALOGLO Y10 TIG CLGYETIGELS HETAED TV TEYVIKOV VOKOUTAGKEVTG.
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Method Composition

Replace Method Remove Assignments
Inline Method with Method Object to Parameters

Separate Query
from Modifier

Replace Temp

with Query Move Method

-@

Split Temporary
Variable

Introduce Explaining Inline Temp Substitute Algorithm
Variable

Zymua 3.5 Xdapmg Avakatackevav yia “Method Composition”

2KOTOG TOV TEYVIKOV OVOKOTOGKEVTG TOV TOPOLGLALOVTIOL GE QTN TNV Kotnyopia
elvan n petmon tov peyéBoug kat yevikodtepa 1 amAomoinon tov Kddka Tov Hefddwv.
AT TIG ONUAVTIKOTEPES TEXVIKEG AVOKOTAGKEVTG TOL TO TETVYOIVOVY aVTO amoTelel
n Extract Method. To yeyovog avtd emPePordveTor av mapaTNPNOEL KAVEIS TOV
Xapt Avokotaockevdv kabmg n Extract Method éyetl tic mepiocdtepec cvoyetioelg
GTO YPAPNUA. AOY® TNG OMNUAVTIKOTNTOG AVTAG TNG TEXVIKNG, OLTH amoTeELEl Eva KaAO
onueio ekkivnong g mAonynong otov XAptn oLTHG TG Kotnyopiog Kotd v
dwdkacio g avakataokevng kmoka. [Tapatmpodvrog kaveic tov Xdaptn propet va
del mwg mpv v ypnomn tg Extract Method mpoteivetar 1 gpappoyr TEXVIKOV
avakoatackevnc omwg ot Inline Method, Replace Temp with Query kot Inline Temp
Yoo TNV O ElpPIoT TOV TPOSOPVAOV UETARANTOV Kol TOV HeBOd®V OV 0 KOKOG
glval TOAD aonuovTog Yo va, dikatoAoyel v vapéEn Toug. H eEdheym twv d1dpopwv
TPOSOPVAV HETAPANTOV Kot ueBOdmv €xel okomd v dtevkdAvven ¢ e€aymyng
KOdKo o€ véeg pebodovg katd tnv epappoyn g Extract Method. Edav n

QVTILETMOTIOT TOV TPOCOPWVAV UETAPANTOV glvarl mOAODTAOKN Kot 1 e€aymy| KO
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eoivetar 6vokoAn tote 1 Replace Method with Method Object xou Introduce
Explaining Variable mpoteivovtar ¢ evarllaktikég emdoyés. ‘Emeta amd v
epapuoyn g Extract Method, xafdc oto cvotuo mpootifevrar véeg uébodot, o
Xaptne mpoteivel TNV aviyvevon toydv evkaupldv poppoyng Remove Assignments to
Parameters kot Substitute Algorithm otov k®dwke tov peBddov 1 v mhavn

UETOKIVION QLTOV G€ AAAEG KAAGELG.

Feature Movement Between Objects

Change Value
to Reference Extract Class Hide Delegate Remove Middle Man
- o e o
/ \
/ \
/ \
/ \
. / \
Encapsulate Field / \
/ \
/ \
/ \
Move Figfd MoYe Method Extract Method
®- O
\ /
\ /
\ /
\ /
Self Encapsulate Field \\ //
\ /
\ / )
\ / Introduce Foreign Introduce Local
Method Extension
@ & o —©0
Extract Interface Inline Class

Yynua 3.6 Xaptg Avakatackevdv yio “Feature Movement Between Objects”

Xtov Xaptn avtd mopovcstalovtol ol TEYVIKEG OV HETAKIVOUV Old@opo GTotyeia
HeTOED TV KAAGE®VY e okomd v avdabeon Eexdabapmv aprodlotnTov oe Kabe doun
oV Kddwa. Ta dvo Pacikd ctoryeia TV KAACE®Y 6TO GVOTNUA ATOTELOVV TO TEdiNL
Kot ot péBodol auTdV Kol Yoo TNV HETOKIVNOM TOoug o€ OGAAEG KAAGELS
ypnowonotovvtor ot Move Field koaw Move Method avtiototya. Ilpwv thv petakivnon
TV TEdioV TpoteiveTal | evbvldkmon avtdv pécwm tov Encapsulate Field xou Self
Encapsulate Field ¢t61 dote va vapyet o KatdAAniog tpomog TpdsPacng o€ avtd. Ot
Extract Class ot Inline Class ot omoieg e&dyovv véeg khdoelg kar evbuypappilovv

KAGoelg yopig 1witepo Adyo Vmopéng, oamotehovv TG POokEG  TEYVIKEG
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OVOKOTOOKEVNC Yo TNV OpOpmon amAdv Kol 6moTd SOUNUEVEOV KAAGE®MY GTO
ocvonua. o v gpappoyn T@v 600 QVTOV TEYVIKOV OVOKOTUCKEVTG OTOLTEITAL 1)
petaxivnon mediov kot pebddwv petald KAdcewv, TPAyUe TO 0TOi0 avaTapicTaTL
otov Xaptn péowm g oyéoens “Mépog amd” pe tic teyvikéc Move Field kot Move
Method. T v amdkpoyn 1 un g TANpoopiag mov TEPIAAUPAVEL | ECMTEPIKN
avorapdotaon pog kKAaong ypnotporotovvtat ot Hide Delegate kor Remove Middle
Man kot copgpwva pe tov Xaptn yivetor eVOALOUGGOUEVT] EQOPLOYT CVTOV OVAAOYOL

TIG ATOLTNOELS TOV HOVTEAOV KAOE PopdL.

Data Organization

Replace Record
Substitute Algorithm Self Encapsulate Field Remove Setting Method Encapsulate Field wtih Data Class

© R

-
|

-~
Change shiirectional P

|
|
Association t nidiry‘e’rﬁnal i i

Duplicate Observed Data Change Reference Replacge Array
to Value with Qbject
Replace Conditional Replace Type Code
Inline Method with Polymerphism with Subclasses ethod

Change Unidirectional
Association to Bidirectional

-0

Replace Data Value

with Object |
Replace Type Code Replace ‘iype Code
with Statd/Strategy withylass Encapsula{g Collection
Replace’Bubclass @AW
with ffields
| e e
| -~ g
| - | . [
L o o O
Change Value Replace Constructor Replace Magic Number Rename Method Extract Method
to Reference with Factory Method with Symbolic Constant

Eynua 3.7 Xaptg Avakatackevdv yia “Data Organization”

210 oynua 3.7 @aivovtol ot GLoYETIoES HETAE) TOV TEYVIKDOV OVOKOTOOKELNG TOL
BeAktidvouv v dtayeipion TV dedopévev otov Kmoka. Evolapépov mapovsidlel to
YEYOVOG OTL 6TO XAPTN VIAPYOLV OPKETEG GULCYETIOES HE eEMTEPIKEG TEYVIKES
OVOKOTOOKEDVTC TOL GLVOELOVTOL LEG® TNG OYEoNS “Mépog amd”. Avtd cupPaivet d10tt

N Pertioon g avoamTapAcTAoG TOV OEOOUEVMV EMTVYYXAVETOL LECH TNG EQPAPUOYNG
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Bootk®v avakatackev®v o€ eninedo pebodov ontmg Extract Method, Rename Method,
Move Method kot Inline Method. TTépa and 1 e€wtepikég ovoyetioelg eetalovtog
tov XAaptn mopatnpoOue OTL Yoo TNV SlEIPIon TOV THTOV KMOOKO GTO GVCTNUO
VIAPYOVV O1apopeg evorlhakTikég emhoyéc omwg Replace Type Code with Class,
Replace Type Code with State/Strategy kot Replace Type Code with Subclasses. To
id10 1oyel ko yo. Ti¢ avakatookevég Replace Record with Data Class kot Replace
Array with Object ot omoieg avtikablGTOOV GUYKEKPIUEVEG OOUEC OEOOUEVMDV e
KMdoglg. O Xaptng eniong mpoteivel TV EVOAAACCOUEVT] LETATPOTY| TG GLGYETIONG
UETOED 000 KAACEWV amd LOVOOPOUT| GE OUPIOPOUN OVAAOYQ LE TNV TEPIOTOON, TO
omoio @aivetal amd TV oyéon avdaueoa otic Change Unidirectional Association to

Bidirectional kou Change Bidirectional Association to Bidirectional.

Conditional Expression Simplification

Consolidate Duplicate
Conditional Fragments

Replace Nested Conditional
with Guard Clausses Dec

@

ose Conditional Move Method Remove Control Flag

? o

Replace Cbnditional
with Polygorphism Introduce Null Object

@

Consolidate tract Method
Conditional Expression

Introduce Assertion Replace Type Code Replace Type Code
with Subclasses with State/Strategy

Zynuo 3.8 Xaptg Avakatackevmv yio “Conditional Expression Simplification”

O Xdapmg tov ZyMuatoc 3.8 mPoKOMTEL amd TN GLGYETION TOV TEYVIKOV TOV
AmAOTOOVV TIG KOTNYOPNUOTIKEG EKPPACEIS OTOV KOO, H mo oamkn teyvikn

OVOKOTOOKEVT|G TTOL TO meTvyoivel avtd eivon 1 Decompose Conditional. H teyvikn
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vt €€Ayel TOV KMOKA TNG KOTNYOPNUATIKNG EKQpaong o€ véeg nebdoovg 1o omoio
Qoivetal Kot ypapikd and ™ oxéon “Mépoc amd” pe tnv Extract Method. Kabmg n
EQOPUOYN TNG OLYKEKPIUEVNG TEYVIKNG €lvol OPKETE YEVIKT, TPV Omd 0T
mpoteiveTor 1 ¥pNomn GAAOV Yo EOIKOTEPES TMEPUTTMOOEL; KOATIYOPNUATOV OTMG
Consolidate Conditional Expression, Consolidate Duplicate Conditional Fragments
kot Replace Nested Conditional with Guard Clauses. Mo dAAn Pooikn Te)VIKN
OVOKOTOGKEVTG YloL TNV oAoToinon tov katnyopnuatog eivar 1 Replace Conditional
with Polymorphism 1 onoio. o&lomolel Tov 7TOADUOPPIOUO TOV GLGTHUOTOG
UETOKIVOVTOG TOV KOOIKO G€ VTOKAACEIS Yoo TNV  €EGAENYN  TOAVTAOK®V
KaTnyopnuUatikdv ekppdoewv. O Xaptng emiong ovpPfovreder yoo v mhovn
epapuoyn Replace Type Code with Subclasses v Replace Type Code with
State/Strategy npwv amd ™ Replace Conditional with Polymorphism kabmg pmopei va.

NV vapyeL noN 1 KATAAANAN LTOOOUT KANPOVOUIKOTNTOG GTO GUGTILLAL.

Method Call Improvement

Replace Parameter Replace Parameter
with Method Remove Parameter Remove Setting Method Hide Method with Explicit Method

o9 O O Q
.

introbuce
Add Parameter Parame{gr Object Rename Method Encapsulate Downcast

@ @

Replace Conditional
with Polymorphism

Change Value Replace Exception
Presave Whole Object to Reference with Test

!
:

!
.

Separate Query Extract Method Move Mehod

from Modifier Replace Constructor Replace Error Code

with Factory Method with Exception

Zynua 3.9 Xaptng Avakatackevmv yio “Method Call Improvement”

Ot TeYVIKEG aVOKOTOOKELTG OV Tapovslalovioar o610 Zynuo 3.9 otoyegvovv o1

BeAtioon tov TpOTOTLTOV TOV PEBOOWV. ENUavTiKd poro ot PeAtioon avth €xeln
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OMOTN TOPAUETPOTOINGT TV HeBOd®V 1 omoia TpaypuaToTolEiTal TPOGHETOVTOS KOt
AQOUPAOVTOG TOPOUETPOVS Ovarloyo pe TNV Tmepiotoon. Ot dvo TEYVIKEG TOL TO
epapuolovv avtd eivor n Add Parameter kow Remove Parameter. E&etalovtog tov
XapTn JMGTAOVOLLE TG AVTEG 01 600 TEXVIKEG Elvar apKkeTd Pacikéc oty Peltioon
TOV TPOTUTTOV TV UEBOd®V KabBhg cuoyetilovtat pe GALES OVOKATOOKEVEC LECM TNG
oyécemc “Mépoc amd”. H texvikn avoKaTaoKELNG UE TIC TEPIGCOTEPES GUGYETIGELS
otov Xaptn, Introduce Parameter Object, ypnoylomoteitor yioo TV OVIIKOTAGTOGN
evog oVyva epPaviCOUEVOD GUVOAOD TOPAUETPOV GTO GUGTNUO, OO VO OVTIKEILEVO
pog véog kKAdomng onuovpynuévng amd antég. Ot d0o TEXVIKES AVaKATACKEVTC Y10 TV
Beltimon g dayeipiong ocpoiudtov otov kmdiko Replace Exception with Test kot
Replace Error Code with Exception ypnotipomotovvtar evodras avdioyo pe tnv

nepiotaon.

Generalization Improvement

Form Pull Up
Self Encapsulate Field Pull Up Method Template Method Constructor Body

~ - Extract Method - g ,
~ 7 -~
/ |
I
|
I
I
|
I
|
I
I
I

- ~ N |
/o TT==1 ER¥ract

I/ ST ———
| / ~. @ e—————— Rename Method

/ ~

~
~
Collapse Hierarchy
~N
~
~ Replace Qonstructer

with Fact% Method
-~

|
|
I ~
[
[
|

|

|

| 3

- ~ -
Push Down Method - —-JI. ~——— \\ Buiract Jubclass ~~ Replace Conditional
1 - with Polymorphism
¢ BN A @
Push Down Field | \\ o
~

| \ | ~

| A AN

| \ ~

Replace Delegatio
with Inheritance with Delegation

eplace Inheritance Extract Interface Extract Class Move Method

Zynua 3.10 Xaptng Avakatackevov yio “Generalization Improvement”

Téhog otov Xdaptn tov Zynuatog 3.10 eumepiéyovtol ot GLGYKETICES UETOED TV

TEYVIKAOV OVOKOTACKEVNG TOV PEATIOVOLY TNV tepapyia TV KAdcemvy. Xtov Xapt
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eoivetal Tmg ot Teyvikég avakataokevng Pull Up Method, Push Down Method, Pull
Up Field kou Push Down Field, ot onoieg petaxivodv nedio kot pedddove peta&d g
epopyiog tov KAdoewv, amotelobv T Pacikés dudwkacieg kabmg sivar koppdrt
APKETAOV GAA®V TEYVIKOV g 1010¢ Katnyopiag. Avtifeta, teyvikég O0mmg ot Extract
Superclass, Extract Subclass xoi Collapse Hierarchy mapovoialovv avénuévn
TOAVTAOKOTNTO, KABMG 1 VAOTOINGT TOVG AmULTEL TNV EPOPUOYN EVOC GUVOAOL AAL®Y
teyvikov. H Extract Class mpoteivetan mg evoliaktikr emdoyn tov Extract
Superclass kot Extract Subclass otnv nepintwon mov o Tpoypappatiotig dev embupel
N véa KAdomn va teplopiletor omd Toug Kavoveg Tov ToAVHopPiopov. O Xdaptng emiong
npoteivel v evailaooouevn epappoyn petacy Replace Delegation with Inheritance
kot Replace Inheritance with Delegation avdioya pe tov T0m0 Gvoyétiong peta&d tov

KAAGE®V oL amatteital KAOe popd 6TOV KOOUKA.

[Mopatipnon: Kdmoteg teyviKéc ovoKaTAGKELNG TOL TAPOLGSLALOVTOL GE Kdmolo
KaTnyopia oG eEMTEPIKEG, CLUUETEXOVY GE GUGYETIGELS Ol omoieg dev eppavifovrot
oTov XApTtn ™G KaTnyopiog mov avtég avikovy (dnAadn Tng Katnyopiag Tov avTég
elvar  eowtepikéc). Avtd  ovpPaiver ywri otov  Xdptn kdbe  Koatnyopiog
napovcstalovial PGvVo Ol GLGYKETIGEIS amd TN OKOTE TV BEATIOGE®V TOVL QLT 1
Katnyopio. okomevel va emPEPEL 6TOV KMOWKO. ['or Topddetyor o1 GLGYETICELS TOL
ovppetéyel og eEmtepkn teyvikn to Extract Method otov Xaptn tov Zynuatoc 3.8
dgv vrhpyovv ctov XAaptn Tov XyYNHaTog 3.5 Kabdg 0gv GUVASOVY VONUATIKE UE TIG
Bertidoelg mov Tapéyel n katnyopio tov Method Composition. O mpng Xaptng e
OAEC TIC OLGYETIOELS Y OAEG TIG TEYVIKEG OVOKATOOKELNG TOPOVLGLALETOL GTNV

EMOUEVT] LTOEVOTNTO.

3.2.2 Yvvolikog Xaptns Avaxaraokenmv

AxolovBmvtag TV TUNROTIK)  Topovsicon Tov  XApTn  AVOKOTOCKELOV 0V
Katnyopio TE(VIKOV OVOKOTAGKELNG, GE AT TNV vroevotta Ba yivel mapovcioon
0oL 6VVOAKOD Xaptn Avakatackev®v. O Xaptng avtdc amotedel TV Evoon Tov €6
XopTdv oL TEPTYPAPNKAY TAPATAVE® KOl OVOTAPIOTH OAEC TIG GLGYETIOELS HETAED
TOV 68 TEYVIKOV avakaTaokeung. O ypopatiopds tov kOUPmv akoiovbel T copPoon

oV £)XEL OPIOTEL GTNV TPONYOVLEVT] VTTOEVOTNTA £TCL MGTE VO, Elval Kot €00 0poTd 6€
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mola. Katnyopion avikel kéBe texyvikn oavakotaokevns. O ocvvolkog Xdaptng

Avokotackevdv mapovotdletal oto Tynua 3.11.

AvoQopikd pe TNV O0IKOGIO OVOKOTOOKEVNG AOYIGUIKOD, &ivol TPOTIUOTEPO O
KOTOOKELOOTNG Vo, GVUPOVAELTEL TOVG £E1 TUMHOTIKOVG XAPTEG ava Kortryopio kKaBmg
avtol elvatl MydTteEPO TOAVTAOKOL KOl ETIKEVIPMVOVTOL GTNV PEATIOON CLYKEKPIUEV®V
YOPOKTNPIOTIKAOV 0 Kabévac. [Tap’ dha avtd, peAetdvtag Kaveic Tov GLVOAKSO XapTn
AvoKaTOoKELOV UTopel var EAYEL KATOLEG TTANPOPOPIES TTOL APOPOVV CUYKEKPIUEVEG
TEXVIKES OVOKOTOOKELNC. APYIKA KOUTOVTAG TOV XAPTN WITopel Kaveic vo Ogl Tmg
népa and 10 ocvykekpiévoug KOUPovg, vrdpyel HovomdTt chvoeong amd Tov €va
KOUPO 6TOV GAAO KOOMG OVIKOVY GTNV 1010 GUVEKTIKT GLVIGTMOGO. AVTO OTOJEIKVIEL
TO YEYOVOC OTL 1 OVOKOTOOKELY) AOYIGUIKOU omotelel o ovuvhetn dwodwkocio
EQOPUOYNG €VOG OGLVOAOL TEYVIKOV Kol Oyl TNV €KTEAECT KOMOW®V Omd QVTOV
pepovouéva. Eotialoviag oto eminedo twv kOuPov, Kourtdviag tov apBud tov
gloepyOUevOV Kol eEEpYOUEVOV OKU®OV UTOPEl VO OEL KOVEIC TNV ONUOVTIKOTNTO
KATO10V TEYVIKOV oTnV dladikacio avakataokevng. Xtov [ivaxka 3.5 mapovoidleton
0 apOUOg TV aKU®OV ova €100¢ GYEoMNG Y10 TIG TEGOEPLS TEYVIKES OVOKOTAGKEVLNG LE
Tov peyolvtepo Pabud otov Xaptn. o tig dvo mporteg teyvikég otov mivako
TOPATNPOVUE EVOV ONUAVTIKO oplOUd amd eEEPYOUEVEG AKUES TNG oYEcems “MEpPog
and”. Ao avTd GLUTEPAIVOVUE TG AVTEG Ol TEXVIKEG AMOTEAOVV TIG POCIKOTEPES
oTNV  OOIKAGI0 OVOKOTAOKELNG KOODG 1 €QAPUOY OPKETOV OGAADV TEXVIKOV
EUTEPLEYEL TNV €QOPUOYN oLTOV TV 0Vo. Emiong yio avtég tig dVo Teyvikég
owakpivoope avénpévo aplud EIGEPYOUEVOV OKUDV OYECEMV  dodoyns. Avto
ovpPaivel O10TL €melto amd TNV EQOPLOYY] KATOWG TEXVIKNG OVOKOTOGKELTG, Ol
aALOYEG TTOV AT EMPEPEL GTOV KMOKA, GLYVA 0VOTYOLV EVKOLPIES Yo TNV EPOAPLOYN
TV 000 OLTOV PACIKAOV TEYVIKOV. ZOUTEPOIVOVTOS AOUTOV UTOPOVLE Vo TOVUE OTL
elval apkeTd mOavd oe KATOL O1UOKAGTN AVAKOTOOKEVTC KOJIKA, VO, Yp1oipomonOel
Extract Method 1 Move Method. Télog e&etalovtag Tic dV0 TEAEVTAIES TEYVIKEG TOV
mivako TopatnPoVUE OTL 1| TAEOYN PO TOV OKUAV TOLG OVIKOLV 0T oxéon “MéEpog
amd” Kot eivor gloepyOpeves oe avTéG. Ao aVTO TO YEYOVOS KOTOANYOLUE OTL Ot
Extract Superclass xo1 Extract Subclass amotehoVv Tig 7m0 mOAOTAOKES oTNV

OlodIKaGion OVOKATOOKELNG KOOGS 1 €Paproyn tovg emPaier v epoppoyn €vog



GLVOAOL GAA®V OvoKATOOKELAOV. O GLVOMKOC TTivaKag He To TANB0C TV OKUOV Y10

OLEC TIC TEXVIKEC OVOKATOOKELTG Tapovataletan atov ITivaka 3.6 yio mAnpoTnTaL.

[Tivaxag 3.5 [TAnBog Axudv Extract Method, Move Method, Extract Superclass xat

Extract Subclass

Teyvun . s cne e | Xxéom “Mépog amd” | Xyéon Awadoyns
AVOKOTOOKEVG Babpog | Zyton “Avtina Ewoepy. E&epy. | Ewepy. | E&epy.
Extract Method 18 2 0 5 7 4
Move Method 10 1 0 5 4 0
Extract Superclass 9 2 6 0 0 1
Extract Subclass 8 1 7 0 0 0
[Tivaxag 3.6 [TAn00¢ Axpov yuo kabe Teyvikn AvakoTacKeu g
s ; o Yyéon “Mépog amo” | Xyfon Awwdoyng
AVOKETOOKEVHC BaOpog | Xyéon “Avti Yo
Ewoepy. E&epy. | Ewepy. | E&epy.
Method Composition
Extract Method 18 2 0 5 7 4
Replace Temp
with Query > 0 . 0 3 .
Split Temporary Variable 1 0 0 0 0 1
Inline Temp 2 0 0 1 0 1
Replace Method with
Method Object z L % % L s
Inline Method 3 0 0 1 0 2
Remove Assignments 1 0 0 0 0 1
to Parameters
Introduce _Explalnlng 5 1 0 0 0 1
Variable
Substitute Algorithm 2 0 0 1 1 0
Feature Movement Between Objects
Move Method 10 1 0 5 4 0
Move Field 4 0 0 2 2 0
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Xyxéon “Mépog amd” | Zyéon Awdoyng

Teyrvuen , f Al ey
, BaBuog | Zxéon “Avrti v
TR RE [ Ewoepy. E&epy. | Ewepy. | E&epy.
Extract Class 6 2 2 0 1 1
Inline Class 3 0 2 0 1 0
Hide Delegate 3 0 0 0 1 2
Remove Middle Man 2 0 0 0 1 1
Introduce Foreign
Method 1 0 0 0 0 1
Introduce _Local 1 0 0 0 1 0
Extension
Conditional Expression Simplification
Remove Control Flag 0 0 0 0 0 0
Introduce Null Object 0 0 0 0 0 0
Introduce Assertion 1 0 0 0 0 1
Decompose Conditional 4 0 1 0 3 0
Consolidate andltlonal 2 0 0 0 0 9
Expression
Replace Nested
Conditional with Guard 1 0 0 0 0 1
Clausses
Consolidate Duplicate
Conditional Fragments L : ; ; . L
Replace Conditional 5 1 9 1 5 0

with Polymorphism

Data Organization

Change Reference

to Value 1 0 1 0 0 0
Change Value 3 0 1 0 5 0
to Reference
Replace Record
with Data Class 1 1 0 0 0 0
Replace Array
with Object 2 1 L L L !
Change Unidirectional
Association to 2 0 0 0 1 1

Bidirectional
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Teqvuci , o 2yxéon “Mépog amd Yyéon Adoyng
AVAKOTUGKEDT BaBuog | Zxéon “Avrti v
s Ewoepy. E&epy. | Ewepy. | E&epy.
Change Bidirectional
Association to 4 0 2 0 1 1
Unidirectional
Duplicate Observed Data 1 0 1 0 0 0
Self Encapsulate Field 6 0 0 4 1 1
Encapsulate Field 2 0 0 0 0 2
Encapsulate Collection 3 0 3 0 0 0
Replace Data Value
With Object 1 g g g L 1
Replace Subclass
with Fields 2 0 2 0 0 0
Replace Type Code
with Subclasses e L . . . L
Replace Type Code
with State/Strategy 2 . 0 0 0 !
Replac_e Type Code 4 3 1 0 0 0
with Class
Replace Magic Number
with Symbolic Constant 1 1 0 0 0 0
Generalization Improvement
Rep_lace Del_egatlon 2 0 0 0 1 1
with Inheritance
Replace Inheritance
with Delegation £ Y Y Y & 1
Push Down Field 2 0 0 2 0 0
Push Down Method 2 0 0 2 0 0
Pull Up Field 4 0 0 3 0 1
Pull Up Method 6 0 2 3 1 0
Collapse Hierarchy 4 0 4 0 0 0
Extract Superclass 9 2 6 0 0 1
Extract Subclass 8 1 7 0 0 0
Pull Up Constructor Body 2 1 0 1 0 0
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Form Template Method

Hide Method 0 0 0 0 0 0
Replace Exception

with Test ! ! 0 0 0 0

Remove Setting Method 1 0 0 1 0 0

Replace Constructor
with Factory Method

Replace Parameter
with Method

Add Parameter 2 0 0 2 0 0




Remove PErEMElsr  Parametenze Metnod

RepEce Exception
Remove Contral Fiag He Metnoa wRn Test Remov e Senng Memnog
! introduce Fareign introguce Local =epEce Farameter
Method Extenshon wRR hethod
RepEce Recom

wih Data Class

AssociEION to BMrectonal 0

1

1

1

1

1

1

@ ‘ ‘ '
change Reterence introfuce Add Parameter
N Parameger onject

Replace Al
™, Encapsume Fiew

Encapsuite Downgast Repce Emor Coge
WRR Exception o vane
Chande Biidctional WRR ODject
i Y

Replace Subclass
wRn Fleis

Introduce Null Goject
Algoranm

Replace Method

48

ata vake

T
covs e o e
O O
~—
Separate Query ~a Inmne Metnoa
s e -
.
PN
WER Explick Metnod e Clzzs WER QojEct
. -
Spiz Temporary Replace Temp —— =~
Varaoe ————
: Chan: Vale
el v
1

O

=emov e Wagk Man

i
conect »*A;’e Jeregate
/ ’
I

i Repizce Ty pe Cose
Win Subciases

-
-

Introduce ExplEmng e Temp
rable
-

=epiEce Ty pe Coae
wRh State/Strategy

ntroguce Assemon
-
Pull Up Fiel

Consoldate Duplicate
sragments

Consargate

Conamknal Expresson

mepiEce Ty pe Code ———
wRh Class

Repmoe Magic Numper
WRR Sy Mmool Constant

=epiEce Mesfea Conamonal
wih Guan] Clausses

~ . Constncidygoay

@

Collapse Hierarchy

Push Down Method

Extract SuncEEE RepiEce Constucion
WRR Factory Memnog

=epiEce Mnemence
wRn Delegation

=epmce Dekgaton
WRR Innermence
Pusn Down Flexn

Yymua 3.11 Xvvolkog Xaptng AvoKatooKELMOV
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KE®AAAIO 4. XXEAIAXMOX KAI ITAPOYXIAXH
TOY REFACTORING TRIP ADVISOR

4.1 Movtého Agdopévmv
4.2 Evtomop6g Avvatotitov Avakatackeons Kook

4.3 IThonynon pe tov Refactoring Trip Advisor

4.1 Movtého Agdopévarv

210 Tponyovpeva kepdrata £ytve AOYog yia T0 Bempntikd vOPabdpo avoaeopikd e
TNV OVOKOTOOKELT] KOO Kol Topovstdomnke o XAptng AVoKOTOCKELOV
YPNOOTOIDVTOS  KOTAAANAOLS ypapnuoate yw TNV oamelkdvion Tov. Baoikm
ouvelsPopd g daTpiPng amoterel o Xdpg Avakotackevmv. [apdiinio dpwmg,
oT0 TANIGLOL VTG TG TP avamTuGGETOL Eva EpYoreio To omoio €xel 6TOYO Va
BonBnoet Tov KaTaoKELAGTN 6T H1AOIKAGIO AVOKOTAGKEVNG, AEOTOIOVTOG TO XAPTN

AVOKATOOKEVDOV.

H ovantoén tov epyoaieiov vmofondnomng yivetor wg eméktacn NG YVOOTNG
TAaTPOppOG avamtuéng Aoyioukob Eclipse. Q¢ yAddooa avamtuéng ypnotpomroteiton
Java kot yivetar o&lomoinon tov epyaieiov avamntuéne Java Development Tools
(JDT) mov mapéyetr to Eclipse. T'a v ontikomoinon tov ypae®v Tov avIioTol o0V
otoug €&t Xapteg ovoyeticemv mov  meptypdonkov oty vroevotnta  3.2.1

ypnopomoteitar n PiAodnkn ontikomoinong ypaewv JGraphX [12].

[MapdAinio pe tov Xdaptn Avokatackev®v 10 epyaieio vroBondnong tpoceépet ™
duVATOTNTO GTO YPNOTY VO EVIOMIGEL ONUEID GTOV KAOIKO TOV TOV TPOGPEPOLY

EVKAIPIEG Y10 OCLYKEKPIUEVEG TEYVIKEG OVOKOTOUOKEVNG. AVLTEG oL dLVOTOTNTES



50

avOADOVTOL TEPICCOTEPO GTNV EMOUEVT] evotnTa. To yeyovog 6Tl 1 LAOTOINo™ GTNV
TPAEN VTG TS SLVATOTNTOG EVTIOTIGUOD UTOPEL G UEPIKES MEPUTTMOGELS Vo Eiva
nepimlokm, o€ cuvovacud pe To0 TANO0G TOV SUPOPETIKMV TEYVIKOV OVOKATUOKEVLTG

odnynoe avt ™ StpiPn 6TV VAOTOINGoT TG ULOVO Y10 LEPIKEG TEYVIKEC.

Me Bdon 1o mopamdved To oYES0 avaTTLENG TG EPaPUOYNS Oa mpémel va yivel pe
TETOL0 TPOTO DOTE VO SIEVKOADVEL TNV HEALOVTIKT KAADYT] OA®V T®V TEYVIKAOV LE TN
dvvatodtTa gviomicpov. Eniong oto oyxedlacpd tou cuetiuatog O mpémetl va Anedet
vroY”N M OLVATOTNTA EQUPUOYNG TOAVAOV aAAaYdV oTov XApTn AVOKOTOCKEL®V.
AVTEG 01 00O 1010TNTEG LAOTOOVVTAL GTO GYES10 TOV GUGTHLOTOS TO OTO10 PaiveTol

oto Xymua 4.1.

Refactoring Region - Realationship Type -

1 I
on
Method Composition
Succession
Method Call Improvement
on
<cinteiface=>
I8 Partor Refactoring Detector
Feature Hovement
/ Belween Objects on
Map 0.n
\ Conditional Expression o
Simplification
2n
Generalization Improvement
Refactoring Node

Data Organization

Zympa 4.1 Adypappo Kidoewv tov Moviélov Agdopévemv

Onwc gaivetoar kot amd to Odypappe KAdoewv tov Zynupotog 4.1 to epyaireio
viomotel Tovg €&1 Xdpteg cvoyeTicewv ava katnyopio Kot dyl 1oV GLVOAIKO XApTn
KaBmOG M TUNUOTIKY oVTH avoamapdotoon elval meplocotepo Pondntikny yoo TOv
kataokevaoty. Kdabe Xdaptng viomoteiton amd Eva cuvoro kKOpPmv kdbe Evag ek Twv
omolV avTIGTOLKEl GE M0 TEYVIKN OVOKOTOOKELNG Kol omd €vo cHVOAO TPLOV

OLPOPETIKMOV  OKU®V OVAUESO G€ OLTOVS TOL  OVTICTOYYOVV ot Tpiet  €(om
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ovoyeticemv. AAOYEC otovg XAPTEG OMMG OypoaPn 1M E0AYWYN TEYVIKOV Kol
ocvoyeticemv pumopel evkoha va yiver emnpedloviag Hovo T KAUCELS avaTapAGTAONG
TOV GLVOADV TV KOuPov Kol Tov akuov (Succession, Instead of, Part of xou
Refactoring Node oto odypappo KAGoewv). Avoeopikd pe 1  dvvatdtnta
EVIOTICUOD ELVKOIPIOV YIO. KAOE TEXYVIKN] OVOKOTOUOKELNG TOPEYETOL U0 OLETOPN
(<<interface>> Refactoring Detector oto d1dypoppa KAGoewv) 1 omoio vAOTOLEITOL
Yo £va GOVOAO amd TiG TEYVIKEG avTéC. H d1emapn aut| EMTPENEL GTOV KOTOCKEVAGTH
TNV HEAAOVTIKT KAALYM TEPIOCOTEP®V TEYVIKMOV LE TNV SVVATOTNTO TOV EVIOTIGHOV
Ko dlvel emiong v dvvOTOTNTO TNG TOPOYNS TOPATAVE OO UG VAOTOINGNG TOL

EVTOTIOUOD Y10 KAOE TEYVIKT).

4.2 Evromopdég Avvatotitov Avekortackevis Kodwka

"‘Eva onuavtikd Koppdtt otny 51001Kacior avoKoTaoKELNG TOV AOYIGUIKOD OTOTEAEL 1)
gbpeon onueiov oTov KddKa To omoio vodewviovy éva Babbtepo TPOPANUA GTO
obompa, yvootd kaw wg Code Smells [7]. Zto onpeia ovtd pmopel kaveig va Bpet
KOUUATIO KOSIKO DTOYNPLO. TPOG avoKkataokevr. [ v dievkdivvorn avtig g
dwdkaciog o100 gpyoAeio vmoPondnong mopEYETol  EVOC  ALTOUOTOTOUEVOS
EVTIOTIGLLOG Y10 SLVATOTNTA EPAPLOYTG KATOLWV O TIG TEXVIKEG AVOKOTAGKELNG TOV
weprypaenkoy oty evotnta 2.5. I'a v vAomoinon avtig g dvvatdtntag yiverot
GUVTOKTIKT] OVAAVLOT TOL KOJKO TOL YPNOTH, YPNOLUOTOIOVTOS TOV GUVIOKTIKO
avoluty mov mopéxelt to Eclipse JDT. H pébodog pe v omoio yivetor avtod
TapoLGLALETal GTOV YEVSOKMOKA Tov Xynpoatog 4.2. O alyopBuoc g pebddov
identificationForSpecificRefactoring(Method method) dwagpéper yio tov gvtomiouo
KAOe SPOPETIKNG TEYVIKNG OVOKATOOKELTG. XTI GLVEYXEWL TEPLYPAPETOL WG
vAomoteital owt N péBodog yio ke pia amd Tig texvikéc mov o Refactoring Trip

Advisor Tapéyet tn dSuvatdTNTA EVIOTIGUOV.
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identifyRefactoringOpportunities(EclipseProject p)
for each JavaFile file in p
t = getASTTree(file)
for each Class class in t
for each Method method in class
suggestedEntity = identificationForSpecificRefactoring(Method method)

return(suggestedEntity)

Yymua 4.2 AlyopiBuog Eviomiopod Avvatot)tov Avokatackeung Koodua

Extract Method

H vlomoinon g dvvatdmrag ovtod tov evtomopov Pacileton ot [13], 6mov
TPOTEWOUEVOG KMDIKOG TPog eEaymwyn o€ véa péBodo sivar tpunpata kodika (slices)
TOL APOPOVV TOV VITOAOYIOUO [ peTaPAnTic Ko tpunpata (slices) mov emnpedlovv
TNV KOTAGTOON €VOG CLYKEKPIUEVOL ovTiKEWEVOL. Eva mapddstypo ovtov tov

TUNUATOV KOJK TPOG eEaymyN| paivetan 6to Zynuo 4.3.

public void draw(Graphics2D g2){
super.draw(g2) ;
Color oldColor = gZ.getColoxr();
gZ2.setColor (color) ;

Shape path = getShape();
g2.fill (path) ;
gZ.setColor(oldColor) ;
g2.draw(path) ;

public void translate (double dx,double dy)
{

if(getParent () == null){
dy = TOP_GAPY - getBounds().get¥();

}
else|

double y = getBounds.get¥ () + dy;

Rectangle2D bounds = getBounds () ;
GeneralPath fold = new GeneralPath() ;

fold.moveTo((float) (bounds.getMaxX ()
y = Math.max(y,

— FOLD _X), (float)bounds.get¥());
fold.lineTo((£float) (bounds.getMaxX () getParent () .getBounds () .getMinY ()
- FOLD_X), (float) (bounds.get¥() + FOLD X)) ; - topHeight / 2);
fold.lineTo((float)bounds.getMaxX (), ¥ = Math.min(y,
(float) (bounds.getY () + FOLD Y)); getParent () .getBounds () .getMaxY ()

- topHeight / 2);
dy = ¥y — getBounds () .get¥ () ;

fold.closePath();

}
super.translate (dx,dy) ;

oldColor = gZ.getColox();
g2.zetColox(g2.getBackground()) ;
g2.£i11 (£old) ; 4
g2.zetColox (oldColor) ;
g2.draw(fold) ;
text.draw(g2,getBounds()) ;

Yynua 4.3 (A) Kodwkog mov ennpedlel Ty katdotacn tov avikepévov fold ko (B)

K®dwkag yio tov vrodoytopud g petafantrg dy.
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H dwdwacio e€aymyne TV TPOTEWVOUEVOV TUNUAT®V TOL APOPOVV TOV DITOAOYICUO

pog LETaBANTNC €£xEl ¢ eENG:

Ymoloyiopog Tov cuvolov V TV TOTIK®V LETOPANTOV TOL ONADVOVTOL LEGH
o€ o péhoodo m.

o kdaBe petapinmy v €V yivetw vmoloyiopodg tov ocvvoérov C  tov
statements mov mepi€yovv pa avabeon g petafAntie v. Avtd to statements
pali pe mv petapint) v onpovpyovv to cbvoro tov slicing criteria (c,v)
omov ¢ € C.

o «éBe statement ¢ € C yivetor vTOAOYIGUOG TOL GLVOAOL TV OPLUKDOV
umhok Blocks(c).

YTOAOYIGLOG TV KOW®MV OploK®dV UTAoK yia kaOe statement tov cuvorov C:
Blocks(C) = Ncec Blocks(c).

INa «0¢ slicing criterion (c,v) 6mov ¢ € C kot opraxd pmhok B, € Blocks(C),
yivetar vroloyiopdg tov block-based slice Sz (c, v, B,). To block-based slice
elvar 10 ovvoAo twv statement mov emnpedlovv TOV VROAOYIOUO TNG
petafAntng v oto Statement c.

o KGOg B, € Blocks(C) n évoon TOV slices
USg(C,v,B,) = UcecSg(c, v, By), anotehei éva slice 1o omoio kaAvmtel Tov

TANPN VITOAOYIGUO TNG LETAPANTAG v otV TEPLoyN By,.

H dwdwacio efayoyng tov mpotevopevov tunpdtov mov  emnpedlovv v

KOTAGTOOT EVOG OVTIKEIEVOD EXEL MG EENG:

YToAOYIGHOG TOV GLVOAOL R TV 0vaQOp®V GE GVTIKEILEVO TTOL VILAPYOVLY
péoa o péBodo M. Ot avapopés avtég pumopel av elvar: Tomkég pHetafAntég
™G M, TOPAUETPOL TG M N} TEdia TG KAGONG TOL N M VKEL Kol €lvat TOTTOV
non-primitive.

[Ma kéBe avapopd aviikelévov r € R, yivetal VTOAOYIGHOS TOV GUVOAOL TMV
nediov E. ta onoia pomomotovvtal amd TV ovoeopd I pécm kAnoelg pebodowv
(M péow dpeong tpomomoinomng nediov).

[a kébe medio f € F. yivetar vmoloyiopog tov cvvorov tov statement Cr

pécso oty M, mov mepiEyovv 1o f 610 GHVOAO TV OploUéveV pETARANTOV
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TovG. Avtd ta Statements pali pe v petapint f dnpovpyovv 1o chHvoro Tmv
slicing criteria (c,f) 6mov ¢ € (.

[o k6Oe statement ¢ € Cr. yivetar vTOAOYIGHOG TOV GUVOAOL TWV OPLOKAOV
umhok Blocks(c).

Y7noroyiopdg Tov Kowodv oplakdv urhok yia kabe statement tov cuvorov C:

Blocks(Cr) = Ncec, Blocks(c).

YTOAOYIGHOG TOV KOWVMV 0OPLOKOV UTAOK Y10 OAL TO. UTAOK Blocks(C f), Vf €
E. : Blocks(r) = Nfef, Blocks(Cy).

' kéOe slicing criterion (c,f) 6mov ¢ € Cy, f € F. xon oplaxd umhox B, €
Blocks(r) yivetaw vmoroyiopdc tov block-based slice Sg(c, f, By).

INo «abe B, € Blocks(r) n évoon tov slices yio to medio f elvau
US5(Cr. f,Bn) = Ucec, Se(c, f, Bu).

o «abe B, € Blocks(r) m évoon tov slices tg avapopdg r eiva
USg(r,Bn) = Uger, SB(Cf,f, B,,). Avtq anotedel éva slice mov mepiéyet dha
ta statements otn péBodo M, mov emnpedlovv TV KOTAGTAGN TNG OVOPOPAS

OVTIKELLEVOU T

Move Method

O vroroyiopdg tv mpotevopevav nebddmv mpog petaxivnon Paciletor otn pnéBodo

mov mpoteivetan ot [14]. Ze avt opiletar £éva chvoro ovtotntev Yo Kabe medio,

1€B0d0 Kot KAAGN 6TO GUGTNUA OG EENG:

To 6VvoAo ovtotT®V £vOG TEdiov TePIEXEL TIG €ENG OVTOTNTEG:

Tig nebddovg mov éxovv queon tpodcfacn o avtd T0 TESIO Kot AVIKOVV GTNV
ot KAdon pe avTo.
Tig peBodovg mov £xovv mpdcPacn o€ AVTO Kol AVKOVY 6 AALEG KAAGELS TOL

GLOTNLOTOG,.

To chvoro ovrotitV Hog pebddov mepi€yet Tig eENG OVTOTNTEC:

Ta dpeca TposPacia wedio Tov avijkovy otny idta KAGon pe v pébodo.

Ta tpocPdoipa media Tov avikovy 6g GAAES KAAGELS TOV GUGTIHOTOC.
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o T dueco mpooPdaciyieg peBddovg mOL OaviKoLV otV dto KAGo™M pe TNV
puébodo avt.

o T mpocPdoipeg peBdd0VE TOL AVIKOVY G AAAEG KAAGELS TOV GUGTILOTOC.
To chvoro ovtoTiTOV oG KAGONG TEPIEXEL TIC EENG OVTOTNTEG:

e Ola ta media mov AvKOLY 6TV KAACT aVTY.

o  Oleg T1c 1eBO0LE OV AVIKOVY GTNV KAGOT 0VTH.

¥t [14] yivetaw vmoloyiopdg tg amdotaong Jaccard m omoia exepdlelt v
dwpopornoinon peta&h 0vo cuvorwv. Edv e etvar pa ovidétra tov cvotiuotog, C
pie KAGGN TOV GLGTHUOTOG Kol Sy T0 GUVOAO NG ovtotntog M KAGoNe, TOTe M

amoOcTOoT pog ovrdtrag € Ko piog kAdong C opiletan g eéng:

1° Opiopdc: EGv n ovtdmnta € dev avikel oty khdon C, 10te 1 andotaon givor n

andotacn Jaccard Tmv GuVOL®Y OVTOTHTMOV TOVG.

|Se ﬂSC|

distance(e,C) =1 — 5. 050"

where S¢ = U {e;}.
e, eC

2° Opiopog: EGv n ovtotmta e avikel otny kKhdon C, tote n ovidtnto € dev

TEPEYXETOAL GTO GLVOAO OVTOTHTOV NG KAdong C.

5.5

distance(e,C) =1 — ———
(.0) |S. U SE

,where S, = Sc\{e}.

AZ&lomo1dVTAG TOVG TOPATAVE® OPIGUOVE, O VITOAOYIGHLOG TNG VTOYNPLOG KAAONG OTNV

omoia Oa mpémet vor petaxvnBel pia péBodog m yiveton g e&€ng:

e Avolfon 6To GLVOAO OVIOTHTOV TNG M Yo TOV TPOGIOPIGUO TOL GLVOAOL
TOV VIOYNPLOV KAdcewV T.

o  ®Bivovoa tagvounon o€ TPMOTO ENimedo TOL cuvorov T pe Baon tov apBpd
TOV OVIOTNTOV TOV LIOYNPLOV KAACEW®V OTIG omoieg M HéBodog M €yel
npdcsPacn. AvEovca TAEIVOUNGCT GE OEVTEPO EMMEDO e PACT TNV OTOCTOCN

™G nebBodov M amd kabe voynEla KAAoN.
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‘Eleyyoc €bv n pébodog m tpomomotel dopég dedopévmv o€ Kamo and Tig
VITOYNPLEG KAAGELC.
[Ipétaon petaxiviong tng HebBOdOL M oV TPOT LIOYNELL KAGOT

axolovBmvtag v Tagvounon tov cuvorov T.

Extract Class

H vAomoinon tov eviomicpol Tmv vIoynelmv KAAGE®V TPog eEAYmYN GTO GVGTNUO

Booileton mive otn [15]. T v edpeon TV vroynelev eoyduevov KAIGE®Y 610

ovotuo epapuoleton o agglomerative odyopiOuog g 1EpapyIKnG OpHadOmTOiNoG

0TOV 01010 Ot PacIKéG OVTOTNTEG MOV YPNGLULOTOLOVVTAL YLo. TNV ONUIOVPYiN TV

opadwv eivor ot péBodor kot ta media. [Ma v opadomoinon TV dHO AVTOV

oVTOTNT®V 0 aAyOpPOUOS Xpnoomotel To. GUVOAN OVTIOTHTOV TV UEBOOMV KOl TV

nediowv kabdg ko v andotoon Jaccard peta&d avtdv pe Baon tov 1° Opiopd mov

d00nke mponyovpévec. Tuykekpuéva 1 dadikacio yioo Ty €HPEGN TOL LTOYNPLOV

oLVOLoL TTEdIV-UEDOS MV Yo eEaymyn| o€ vEa KAGOT £yl oG eENG:

Epoppoyn tov tepapyikod aiydpifuov opodomoinong yww v €0pecn Tov
opadmv. Ot opddec avtés amotelovvron and medio kot pebodd0VG.

Emiloyn tov opddmv mpv 1o televtaio onueio cvuyydvevons. H emioyn oot
yivetor yoti ovTég 01 OHAdEG £XOVV TNV LEYOADTEPT OMOGTACT] GLYYDVELONG
peta&h toug 6to devopodidypappo. Avto onpaivel 0Tt Ta media Kot ot pébodot
G€ OVTEC TIC ORAdES Exovv TPOGPacn 6e Mydtepa 1] Kol KAVEVO KOO GTOLYELO
peta&y toug. Avtég ot opddeg amokaiovvtar general concepts.

INo kéOe general concept diepguvator To avtioToyo VITOOEVOPO Yo TOAVEG
ouddeg mov pmopel va potabovv emiong mpog eEaywyn. Avtég ot opddEg
ovopatovtat subconcepts kot 1 dadlocio eTA0YHG TOVG £xEl OG EENG:

» Ed&v tovAdylotov po amd TIg dV0 oudodeg mondid Tov LVITOSEVOPOV
amotedeiton poévo amd éva otoryeio kAdong (medio N néEBodo), toTE
amoPPITTOVTOL KOt 01 VO OUAOEC.

» Edv ka1 o1 300 opddec amotelovvtal omd 600 1 TEPLGGOTEP GTOLXELD
KAdong (medlo M pebddovg), tote emAéyovior kol ot dVO ™G

subconcepts.



57

o Qg mpotewoueve cVuvora TEdIWV-UEBOdWV Tpog eEaywyn o€ véa KAAOM

divovtan Ta general concepts ko ta subconcepts tng mopondve dtadtkaciog.

Inline Method

2KOTOG VNG TNG TEXVIKNG AVAKOTAOKEVNG 0TS avapépOnke atnyv evotnrta 2.5 gival
N evbvuypdupion pkpav oe puéyebog neBddwV mov dev £yovv KAmolo dwitepo Adyo
Ymapéng o kddwkoc Tovg eivon EexdBopog 600 1O Ovopo tovg. H dvvatdtnta
EVIOTIGLOV Y10 ATV TNV TEYVIKT OVOKATOCKEVTG TPOTEIVEL VITOYNPLES LEBOSOVE TTOV
TANpoLvV TiG €€NG cLVONKEG:

o O kddwag ¢ nebddov Ba Tpémetl va amoteAeital amd va statement povo.

e H pébodog Oa mpémetl va givar dnAopévn wg private.

e To mpdBepa Tov ovopatog g nebddov dev Ba mpémer va etvon “get”, “set”,

“add” n “remove”.

Replace Temp with Query

AV M TEYVIKT OVOKATAGKELNG EQapUOleTaL OTAV VIAPYOLV TPOSMPIVEG UETAPANTES
GTOV KMOWKO OTIG omoieg amodnkevetal to amotéAeopa pog kepaons. H ékepaon
avt) e&dyetar oe o véo péBodo Kol YIvETOl OVTIKATAGTOCT TNG TPOCOPIVIG
petaPAntg e kKAnon g e€ayduevng pebdoov. H duvatdmra eviomiGprov yuo autiv
TNV TEYVIKN OVOKOTOCKELTG TPOTEIVEL LIOYNPLEG LETOPANTEG TOL TANPOVV TIG €ENG

ocuvOnkec:
e H petafint coppetéyet pdvo oe po oxéon avadeonc.

e H avdBeon avt tng petafAnmg eivan o ohvhetn €kppacn 1 omoia TeEPLEYEL

TOVAGYIGTOV £vay TEAEGTY.

Inline Temp

H epappoyq avtig g teyxvikng oavokataokevng evbuypoppiler mpoowpivég
petafAntég ot omoieg oLVHOMC YPNOLOTOOLVTOL Yo TN OTOONKELGON TOL

AmOTEAECUATOC TNG KANoNG pog pnefddov. H duvatdmta eviomopon yu avtiv v
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TEXVIKN OVOKOTOUOKELNG TPOTEIVEL LIOYNPLES UETAPANTEC TOL TANPOVV TIG €ENG
GLVONKEG:
e H petafint) cvoppetéyet povo og o oyéon avabeonc.
e H avdBeon ovty ¢ petafintig eivor to omotélecpo TG KANONG oG
puebodov.

Split Temporary Variable

Onwc mpoavagéptnke oy evotnto 2.5 tomkéc petafAnTég mov avabétovial Tavem
and o eopd oe o péBodo eivor vmodEwViEL TG oVt M peTAPANT €xEl
TOVAGYLOTOV dVO APHOSOTNTES 6TOV KMOWKa. ['tar Tnv e€dAetym awtod Tov Patvouévon
YPNOLOTOIEITOL VT M TEYVIKY] avakatackevns. H duvatdtnta evtomopov yio ovtiyv
TNV TEYVIKN OVOKOTOCKELTG TPOTEIVEL LITOYNPLEG LETAPANTES TTOL TANPOVV TIG €ENG

cLVONKEC:

e H petafAnt coppetéyet oe moALOmALG avabEcelc.

[Mopamipnon: Kabog elvar apketd moilvmAoko va dwomotwbel o okomdg kdabe
HETAPANTAG He Tapamdve omd po ovabeon, 6oV OmOTELEGHO VITOYNPLOV LETAPANTOV
YO QDTN TNV TEXVIKN TPOTEivOVTAL EMIONG UETAPANTES TOV YPTGLLOTOLOVVTOL Y10l TOV
vtoAoYiopd afpotspatev oe Bpdyyovs, LETPNTEG TOL VITOAOYILOVV d1APOPES TIUES KOt

ovvafpoloTikég LeTaPANnTEG YeEviKOTEPQ.

Replace Method with Method Obiject

Yopewva pe tov Fowler [7] okomdg avtig TG TEXVIKNG OVOKOTOOKELNG €ivol M
EQUPUOYT TNG MG EVOAAUKTIKY] ETAOYN G TEPITTMOT TOV O TOAVTAOKOG KMOTKOG LLLOG
uebodov kabiotd ™ ypron Extract Method 6vokoin. Me Bdaon avtd a&lomoteitor 1
pébodog evtomopod mov ypnowonoteiton oto Extract Method kot mpoteivovtan ot
i0tleg  pébodot mpog avtikatdotoon. H  emdoyq g KatdAAnAng TEXVIKNG
OVOKOTOOKEVTC OVIKEL OTNV ELVYEPELN TOV TPOYPOUUOTIOTH KOODS avTtOG Umopel vo

Kpivel TNV TOALTAOKOTNTO TOV KOSIKO TOV Y10 TNV XPNoN TNG H0G 1 TG GAANG.
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Remove Assignments to Parameters

YKomdg VTG TNG TEXVIKNG OVOKOTOGKELNG €val M GVIIKOTAGTOGT OTOl0CONTOTE
avaBeong yivetor otic mapapétpovg towv puebddwv. H duvatdomta evtomiopuol yio
LTIV TNV TEYVIKN avoKaTaokeLvng dtaoyilel Oleg T mapoapuétpoug kdbe pebddov,
eAEYYEL GV Yoo oWTEC YiveTon KAmow avabeon uéoa oTov KMOKa NG HeBddov Toug

KOl TIG TPOTEIVEL MG VITOYNPLEG GTOV XPNOTN EAV 1GYVEL AV TO.

Introduce Explaining Variable

AVT 1 TEYVIKN OVOKATOCKELNG GTOYEVEL GTNV OMAOTOINGT| TEPITAOK®OV EKQPPACEWDV
GTOV KOJKA OV OLVGKOAEVOVY TNV avayvwon tov. H dvvardmrta eviomiopol yio
OUTHV TNV TEYVIKN OVOKOTOOKELNG KOTOOEIKVIEL MG VIOYNPLEG TIS EKQPAGELS TOV

TEPLEYOVLV TTOAAOVS TEAEGTEG VTOAOYIGLOD.

Introduce Parameter Object

Otav éva GLYKEKPIUEVO YKPOLTT TAPAUETP®V ep@aviletar og apketég nebdoovg Tov
CLGTAUATOG N OTaV M AloTo TaPOUETPOV oG HeBddov gival apketd peydin tote
eVOElKVLTOL 1 €QOPUOYN OVLTAG TNG TEXVIKNG avakatookevns. H  dvvordmra
EVIOTIGUOV Y10 QVTIV TNV TEXVIKT] OVOKATAGKEVLNG TPOTEIVEL TNV EPAPLLOYT] OVTNG GE

pneBOd0LVG OV £YOVV TOAAEG TOPAUETPOVG,.

4.3 MMonynon pe tov Refactoring Trip Advisor

21g mponyodueveg evotnteg tov Kepaiaiov moapovotdotnke o oyedlacnoc tov
gpyoreiov kol mEPLYPAPNKE O TPOTOS LAOTOINGNG TMOV SVVATOTHTMOV EVIOMIGLOV
EVKOLPLAV EPAPHLOYNG CLYKEKPILEVOV TEYVIKAOV OVOKOTAGKEVTNG. L€ QLTI TNV EVOTNTO
Ba yiver o mapovcioon g dadKaciog TAOYNOoNG Kol KATolwv cevapimv xpriong

TOV €pYOaAEiov oV avamtHyOnKe o avt ™ droTpPn.

Mo v exkivinorn tov gpyaieiov €yve po mpocONKn €mAOYNG, He TO GVOUO TOV
gpyareiov, oto Non vapyov “Refactor” pevov tov Eclipse. Evag ypfioyog odnyoc yio.
v onuovpyio. pag aming eméktoong oto Eclipse pmopei va Bpebei oto [20].
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Evepyomoidvtag tov Refactoring Trip Advisor mopovstaletor o apyikd mopdbvpo
oV gpyoreiov OTMG aivetal oto Xynua 4.3. 1o apyikd mapdbvpo mapovcidleTo
évag ypaenuo oto omoio kdébe kOuPoc avtiotoryel oe pio amd T €€ KoTyopieg
OVOKOTOOKEVG TTOV TEPLYpaenKay otnv vroevotnta 3.2.1. Ot cvoyeticel pHeta&y
OQVTOV OVTIGTOLYOVV GE GUGYETICELS HETOED GUYKEKPIUEVOV TEYVIKDOV OVOKOTOOKEVTC
amd TV po Katnyopio oty GAAN. H mAnpo@opia Tov ypaehuatog ovtod pmopet va
unv eivor ypnown 6co tov €61 Xaptdv yio tov ypnotn, mop’ OAd avutd divel pio
apylkn amoyn cvoyétiong petad tov Katyoptdv avakatackevng. O Refactoring
Trip Advisor mepiéyet emiong éva Pacikd pevod otnv Kopve1 ToL TaPadHPOL TO 0Toio
mopéyel Pacikég Asttovpyieg otov ypNnotn OT®MG TO KAEIGHO TOL gpyaAeiov, M
EMOTPOPN, OTO Opykd Tapdbupo kol v mpodcPacn oto meplexOduevo Pondetag

oOUPOVO pE To Zynuoa 4.3.

/. Refactoring Trip Advisor (beta) = —ES

File Mavigate Help

Condltional Expression
Simplification

pa ™, \ yd ™,
\ + / \

\ /
LR »
. \
“ S * pN A

| Generalization Improvemert R

Method Call Improvement \

.

Feature Movement

Data Organization Between Objects

[ Method Composttion )

Zynua 4.4 Apywco Iapabvpo tov Refactoring Trip Advisor



61

[Ma va emokeptel 0 ypog Kamotov amd tovg £E1 dtabéciovg Xapteg cuoYETIcEDV
apkel va kdvel 0el kMK otov kOpPo pe to avtiotoyo dvopo mov Ppicketor otnv
apykry oB6vn. Kdvoviag to avtd, TO 0pywKd YpAPMUO TOV  KOTNYOPUDV
avtikafiotdton amd tov Xaptn ¢ koatnyopiog mov emAéyOnke. Ov Xdpteg kdabe
Katnyopiag cvppadifovv pe TV mEPLypapn Tovg otny vrogvotnta 3.2.1 kol emmAéov
Svouv TV dLVATOTNTO GTOV ¥PNOTN VO ELPAVIGEL 1] VO KPOYEL TIC GUGYETIGELS LETAED
ECMTEPIKMV Kol EEMTEPIKAOV TEXVIKMOV OVOKOTACGKELNG HEC® €VOG KOLUTIOL OTMG

eatveTon oto Zynua 4.5 ko 4.6.

(b)

(¢)

— v, o e e oo o e G i — i e oo g i o e

Zynua 4.5 Xaptg Avakatackevmv yio (a) Method Composition, (b) Feature
Movement Between Objects kot (c) Data Organization. (Apiotepd: Ecwtepiiég

Yvoyetioelg Movo. Aggud: Ecwotepicéc kar EEwtepikég Zuoyetioeis)



CondbonalFragmert

[

Condiional Expression Simpification

Figioce Condtons L,
Lt r——

ot Ervssia

Conditional Expression Simplification

A Batactarieg Trp Advsor toeta)
Fie Nevigste Felp
Sham e refocongs o exirneregons

 Frroauce Pasmest

A Ratactaing Trip Adviser (beta

[anp—

Fetoce Dttty Foplnce i,
winiece e wmDetgain

Generalization Impravement

T R SRR SRR

Eynua 4.6 Xaptg Avaxatackevdv yio (a) Conditional Expression Simplification,
Method Call Improvement kau (c) Generalization Improvement. (Apiotepd:

Ecotepucéc Zuoyetioeic Movo. Aegid: Ecotepikég ko EEmtepucéc uoyeticec)
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(a)

(b)

(c)

(b)

[Tépa amd po oTatiky avamapdoTacT ®g VO YPAPNLATOG GUGYETICEDV UETAED TOV

TEXVIKOV OVOKOTOOKELTG, kibe Xdptng mapéyel emmpdobetec Asttovpyieg yio v

vrofondnon ¢ dwdwaciog avokatackevns. 'Eva foacikd ontikd vrofondnua mov

napéyel o Refactoring Trip Advisor eivar 0 YpOUATIGHOG TOV HOVOTATION

aVoKOTOOKEVNG. EMAéyovtog o ypnotng KAmolo TEXVIKY OVOKOTOUGKEVNG, QLTOHOTO
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ol yerrvialovteg koupor ypopotiCovior KatdAAnio ®ote vo oobel mepiocdtepn
EUQaon oTIC OLOYETILOUEVEC TEYVIKEG KOl OTNV TPOTEWOUEVT CEPA EPUPLOYNG
avtav. Eva mapddetypo ypopaticpod Tov HovoraTion eoivetol oto Zynuo 4.7 Ko m

ONUAGIOAOYIO TV SLUPOPETIKMOV YPOUATOV eENYEiTOL TOPAUKATO:

o Kitpwo: Me xitpwvo ypopatiletor o képpog tov omoio emA&ysl o ¥pnoIg
apykd. Ipdkertar yio TNV TEYVIKY OVOKATOUGKELNG Y10 TNV OTTO10 EVOLOPEPETAL
VoL EPAPUIOGEL O YPNOTNG.

o  Koxkkvo: Mg kOkkivo ypouatilovtol ot TEYVIKES OVOKATUCKELNG TIC OTOIEC O
Refactoring Trip Advisor mpoteivel va. epappoctody mpv (oyéon o1adoyng)
TNV EMAEYUEVT] TEYVIKY OVOKATOOKELNG 7OV  EVOLLPEPEL TOV  YPNOTI.
OvGl0TIKA, Ol TEXVIKEG HE KOKKIVO XPOUN TPOKELTOL VO SIEVKOAVVOLV TNV
EQOPLOYTN TNG TEYVIKNG TTOL EVOLAPEPEL TOV XPNOTN.

o [Ilpdowo: Me mpbowvo ypopatilovtar ot TEYVIKEG OVOKATOOKEVLNG TOV O
Refactoring Trip Advisor mpoteivel va epappoctovv petd (oyéomn Stadoyng)
TNV EMAEYUEVN TEYVIKN OVOKOTOOKEVNG 7OV evolapépel tov ypnotn. Ot
TEXVIKEG LE TPAGIVO YPOUO TPOTEIVOVTOL Y1UTL O OVOKOTAGKEVAGUEVOG TAEOV
KOG ONUIOVPYNGE EVKAPIES Y10 TNV EQAPLOYT QVTDV.

e Mnie: Me umie ypopatiCovior ot EVOAOKTIKEG TEXVIKEG OVOKOTOUGKELNG.
[pokerton yio ekeiveg T TEXVIKEG avakataokevung mov o Refactoring Trip
Advisor mpoteivel oG evaAlakTiég emhoyés (oyéon “Avti yu”) o€ mepintoon
TOL 1N EPOPHOYN TNG TEXVIKNG TOL EVOLAPEPEL TOV ¥PNOTN Elval SOVGKOAN N
TOAVTTAOKT).

e [loptoxor: Me moptokoAl ypoupatilovior ot TeYVIKEG OV €lTe OMOTELOLV
vepoVOrO (oxéon “Mépog amd”) Tng €VOLPEPOUEVNG TEXVIKNG, E&lTe 1
eVOLIQPEPOLEVT TEYVIKT amoteLel vepovuvoro (oyéomn “Mépog amd™) avTmVv.
‘Etor 0o ypnotng evnuepmdveTol O WEPIMTOON MOV 1M EQUPUOYN TNG

EVOLPEPOLLEVNG TEYVIKNG Oa £YEL WG CLVETELD TNV EQUPLOYT| KATOL0G GAANG.
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A Refactoring Trip Advisor (beta)

File Navigate Help

@) Show/Hide refactorings from external regians

Separate Query
from Modifier

o Spit ™\
(Wpcrary Variab\}‘

Method C ition

/A Refactoring Trip Advisor (beta)

File Navigate Help

@ Show/Hide refactorings from external regions

\'\
(n :
. B e

(/Inline M / Replace Me‘”“a\u
——{ °
/ i

/R;;Isce Temp ™,

» )
\:vﬂh Query-'//

T~

~Remove

( Assignmentsto |

“_Parameters

...............................

Move Methoc!

@smute A\gun{h}]
\\‘V V//

We!hod Composition

(@)

(b)
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Yynuo 4.7 Xpopatiopds povomatiov yia (a) v Teyvikn Extract Superclass xau (b)

ywo. v Teyvikn Replace Temp with Query
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Ext6¢ amd tov ¥popaTicpd Tov Hovoratiod Tov Bonddet To ypnotn v eeaprocEL pio
oelpd and teyvikég avakotookevune, o Refactoring Trip Advisor mapgyet Kot ypoIUES
mnpoeopieg yoo kbBe texvikn Eexopiotd. Kdabe teyvikn avokataokevng eivol
eEomMopévn pe éva Thved SlopavEI®V GTO 0oi0 0 ¥PNOTNG £xEL TPOSPACT KAVOVTOG
0e&l KMk mavo otov avtiotoyo kKoupo e, To kaBe mavel amotedeital amd TPELG
OLoPAVELEG 01 OTTOTEC TTOPEXOVV OLAPOPETIKEG TANPOPOPIES Y10 TNV EMAEYIEVT] TEYVIKN
avakatookevng. O  ypnotng wpmopel va  petoPel  otig  Sdpopeg  dapAveles
YPNCLOTOLDVTAG TO KOVUTd BeAdkio Tov Ppiokovion mhve apiotepd oto mavel. H
TPAOT OPAVELDL TEPLEYEL TA KIvnTpa YPNONG NG TEYVIKNG  OVOKOTACKEVTG.
OvoloTikd 6e ovtny TN Spdveln Topovcstdaloviol ot Adyol Yo, TOVG OTOiovg O
xpNotNG O mpEmEL va YPNOIUOTOMGEL QLT TNV TEYVIKN OO T0 TU PEATINOELG
EMUPEPEL 1] EPAPUOYN TNG OTOV KOdKa. Atvovtor emiong mTAnpogopieg yo to wote o
NTav KoOAO vo EpOPUOGTEL M TEYVIKN Taipvovtag vt Oyn dAleg mov cuoyetiCovrot

dueca pe ovtn. Eva mopddstypa avtig g dwpdaveag eatvetar oto Zynua 4.8.

A Replace Temp with Query =

. > Motivation

- Because they can be seen only in the context of the
method in which they are used, temporary variables
tend to encourage longer methods

- Temporary variables often are so plentiful that they
make method extraction very awkward.

- Cleaning up your code beforehand will allow you to
make the extraction easier.

Yynua 4.8 Awapaveia pe ta Kivntpa Xpnong g Teyvikng Replace Temp with Query

H odedtepn  dwpdvela mepiéyer  €vo mapddstypa  xpnong e EmMAEYUEVNS
OVOKOTOOKEVNC OTNV TTPAEN. XT1 O10pAvVELD TAPOVCIALETAL £VOL ATAO KOUUATL KOJKO,
OT®OG W TO Elvol TPV TNV EGAPUOYT TNG AVOKOTACKEVTG KaBmG Kol Twg Oa elvan petd.
To Zynua 4.9 meprypdost €vo mopAdelylo. VTG NG SPAVELOG Y10l L0l TEYVIKY

OVOKOTOGKEVTC.
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K2 Example

Original Code After Refactoring

|
|
|
|
|
|
|
|
|
|
1se | }
|
|
|
|
|
|
|
|
|
|

Yynua 4.9 Awpavela pe to IMapdaderypa Xpriong e Texvikng Replace Temp with
Query

H 1tpitm «xor televtaioa Swedvelo mepiéyel  mAnpoeopieg 7y T0  Odpopa
avtopoTomompéva  epyaiein mov ovoyetiCovior pe TNV EMAEYUEVI  TEXVIKN
OVOKOTOOKEVNG. XUYKEKPUWEVE, T OPAVEIDL TEPLEYEL TANPOPOPIEG OYETIKE e
dwbéoua epyoreior TOV EMIKEVIPOVOVTOL GTNV EVPECT] ONUEI®V GTOV KMOIKO, TOV
xpPNlovy TV €QOPUOYN TNG TEYXVIKNG Kol gpyoieiot To OmoOiol GLTOUATOTOLOVLY TNV
gpappoyn avthc. Ia tig teyvikég avakataokevng mov o Refactoring Trip Advisor
€xet NN vAomompéVN TN SVVATOTNTO TOV AVTOULOTOL EVTOMIGHOV, eppaviletol otV
drapdavelo, KatdAAnio kovuni pe titho “Start Identification”, to mdtmuoe tov omoiov
Eexvd avt) ™ owdikacio. o Tig VTOAOUTEG TEXVIKES TOPEXETOL EVOG GUVOEGLOG
otV PpAloypaeio mov aPopd ToV EVIOTIGUO TOV TEXVIKOV OvoKaTaokeLS. Emiong
ce outn TN  OlQAvE avOQEPETOL €0V TOPEYETOL 1 SUVATOTNTO  TNG
QVTOHOTOTOINUEVNG EPAPUOYNS TG TeXVIKNG oo To Eclipse. ‘Eva mapdderypa avtig

g dapdavelag gaivetal oto Zynua 4.10.
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A Replace Temp with Query

K& BB Refactoring ldentification Tools:

Refactoring Trip Advisor provides identification of opportunities for this

refactoring. Just click the button below to begin the identification
process.

Start Identification

Automated Refactoring Tools:

Eclipse might be able to help you perform this refactoring in an

automated way. You can take a look under the ‘Refactor’ option on the
main menu.

Zyua 4.10 Aweaveia pe ta Epyaieio Avtopotorompévon Evtomiopon kot

Egpappoync mg Teyvikng Replace Temp with Query

O1 dvo padrteg dropaveteg (Motivation kot Example) yio kd0e pio omd t1g 68 teyviKég

AVOKOTOOKEVNG Tapovstdloviot Yo TAnpotta 6to [Hopdptnuo avtg g epyaciog

Emuata IL1 émg I1.15).
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KE®AAAIO 5. AZIOAOT'HXH

5.1 Ewcayoyn

5.2 Awdwocio A&lohdynong

5.3 IIpotewvdpevn Akorlovbio AVOKOTAGKELMOV
5.4 Anotedéopata AEloAdynong

5.5 Eykvpotta Amotelespdtmv

5.1 Ewayoym

2T TPOMNYOVUEVO, KEQPAANLO TEPLYPAPNKE M POCIKY] GLVEIGPOPA NG EPYACIAG OTNV
vrofondnomn g dadikaciag avokatackeug Aoytokov. [apovoidotnke o Xdptng
Avoxkatackevdv kol enenyndnkav ot dipopeg cuoyeticelg HetaEy ovtdv. Emiong
éywve mopovoiaon tov Refactoring Trip Advisor, g e@appoyng mov avortdydnke
Baciopévn otov Xdaptn Avaxkoatackev®v oote vo Bondfcel to ypnotn 6€ avtn ™
owdkacio. Oa mpémel OU®G va yivel o aSloAdynon T®V GLVEIGQOPOV (OGTE VO
extiun0el méco avtég Ponbovdv to ypnon oV TPALN. XTIG endueveg evotnteg Oa
apovclootel N ddikacio agtoldynong g epyacioc. Go meptypa@obyv ot epyacieg
oL JOONKAV GTOVG YPNOTES VO EPAPUOGOLY Kol Oa GYOAMAGTOOV T AMOTEAECUATO

oVTAOV.

5.2 Awwdwkacio A&lordynong
2mv dwdkacio agoddynong g epyaciog mnpav pépog 16 ypnotec, pe eumeipio
v oV avartuén Aoyiopikov. Avtol kKinnkav va ekteAécovv dVO epyacieg 61O

Eclipse ot omoieg meprypdpovtal mapakdto.
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1" gpyacia

Ytoug ypnoteg 600nke o kmdkog pog kAdong (ComplexityVisualizer) n omoio
nepléyel povo o pébodo (public ChartPanel[] visualizeComplexity()). O k®mdukag
aVTOG TPOEPYETOL OO TaAod Project portntdv tov Tufuoatog Mnyavikov H/Y xot
[TAnpogopikng tov Ilavemotquov loavvivov kot @aiveton oto Zynuo 5.1. Ot
YPNoTEG  EmeElTa  KANONMKOV  vo  omAOmomoovy  Tov  Kddwke g uebodov

YPNOLOTOIDVTOS TEXVIKEG AVAKATACKEVNG KATA TNV KPioT TOLG.

& Java - Lehmans Rules/src/visualizer/ComplexityVisualizerjava - Eclipse o

File Edit Refactor Source Mavigate Search Project Bad Smells Run Window Help
i ET B -O-Q-iHE-i® gy L S
Quick Access = |-1I> Plug-in Development

[% Package Explorer 2 = 08 [J] ComplexityVisualizerjava &2 = B8 5
=] G:D = 7 package visualizer; - 0

®import java.util.Arraylist; =
4 :,7‘1 Lehmans Rules P ] ¥ Ha p

4 % src
> i projectClasses public class ComplexityVisualizer {

a [ visualizer
- |[J] ComplexityVisualizerjava

- 0 Growi.:h\flsua:lzergava_ public ChartPanel[] visualizeComplexity()
» B JRE System Library [JavaSE-1.7] I

s

=
private History h; Py
~
)

ChartPanel[] panels = new ChartPanel[2];
ArraylList<versionInfo» versionlist = h.getVersions();

DefaultCategoryDataset objDataset = new DefaultCategoryDataset();
for (int i = @; 1 < versionlist.size(); i++) {
double dops = versienlist.get(i).getOperationComplexity();
String xaxis = versionlist.get(i).getId();
cbiDataset.setValue(dops, "Operations”, xaxis);

JFreeChart cbjChart = ChartFactory.createlineChart(
"Complexity Rate Line Chart”,
"Versien ID",
"Complexity Rate",
objDataset,
true,
true,
false

H
panels[@] = new ChartPanel({objChart);

DefaultCategoryDataset objDataset2 = new DefaultCategoryDataset();
for (int i = @; i < versionlist.size(); i++) {
double dstructs = versionlist.get(i).getStructComplexity();
String yaxis = versionlist.get(i).getId();
cbiDataset2.setValue(dstructs, "Structs”, yaxis);

JFreeChart chjChart2 = ChartFactory.creagteSarcChart(
"Complexity Rate Bar Chart",
"wersion ID",
"Complexity Rate",
objDataset2,
true,
true,
false

H
panels[1] = new ChartPanel{objChart2);

return panels;

visualizer.ComplexityVisualizer,java - Lehmans Rules/src
|

— =ﬂ

Yymua 5.1 Kodwag g Kidong ComplexityVisualizer
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2" Epyacia

X1ovg ¥pnoteg 600nKe o kddkag pog khaong (GrowthVisualizer) and to id1o project
N omnoia mepéyel povo pa péBodo (public ChartPanel[] visualizeGrowth()) 6mwg
eatvetar 610 Zynua 5.2. O ypnoteg Enerta KANONKAV Vo TAOTOGOVY TOV KMOLKO,
™mc peboddov ypnowwonowdvtag T Ponbeio tov Refactoring Trip  Advisor.
2VYKEKPEVA KAOMG TPOKELTAL Y10 ATAOTOINGT TOL KMOKA TNG HeBOdOL 01 ¥PNOTEG
GUUPBOVAELTAKOV VO, YPNOLUOTOMGOVY TEYVIKEG OVOKOTAGKELNG TNG KoTNnyopiog

Method Composition a&lomoidvtag v SuvaTOTNTO TOV CVTOUNTOL EVIOTIGUOD TOV

7
TOPEYETOL.
& Java - Lehmans Rules/src/visualizer/GrowthVisualizerjava - Eclipse oo
File Edit Refactor Source Mavigate Search Project Bad Smells Run  Window Help
iy E Biw QLo e Ewm gy 2 - - =0 v|»
Quick Access ==} |-{[:=P|ug-ir1 Development
[% Package Explorer 53 | [3] GrowthVisualizerjava 53 = 0 &
= <)==D V § package visualizer; - O
el ® import java.util.Arraylist; e
4 7> Lehmans Rules @
4 # sre
> I8 projectClasses public class Growthvisualizer {

4 3 visualizer
. [1) ComplexityVisualizer java

> [0 GIDWI.ZHVISLIEHZEFHEUE_ public ChartPanel[] visualizeGrowth()
> B JRE Systern Library [JavaSE-1.7] H

=]
private History h; Fo
pis
2

ChartPanel[] panels = new ChartPanel[2];
Arraylist<VersionInfo»> versionlist = h.getVersions();

DefaultCategoryDataset objDataset = new DefaultCategoryDataset();
for (int i = @; 1 < versionlist.size(); i++) {
double dops = versionlist.get(i).getOperationGrowth();
String xaxis = versionlist.get(i).getId();
cbiDataset.setValue(dops, "Operations”, xaxis);

I
JFreeChart cbjChart = ChartFactory.createlineChart(
"Growth Rate Line Chart”,
"Versien ID",
"Growth Rate",
objDataset,
true,
true,
false

H
panels[@] = new ChartPanel({objChart);

DefaultCategoryDataset objDataset2 = new DefaultCategoryDataset();
for (int i = @; i < versionlist.size(); i++) {
double dstructs = versionlist.get(i).getStructGrowth();
String yaxis = versionlist.get(i).getId();
cbiDataset2.setValue(dstructs, "Structs”, yaxis);

JFreeChart chjChart2 = ChartFactory.creagteSarcChart(
"Growth Rate Bar Chart",
"wersion ID",
"Growth Rate",
objDataset2,
true,
true,
false

H
panels[1] = new ChartPanel{objChart2);

return panels;

visualizer.GrowthVisualizer.java - Lehmans Rules/src

Iynuo 5.2 Kodwag g Khaong GrowthVisualizer
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O ypnotec KAMONKOVY Vo EKTEAEGOVY TPMTO TV TPAOT EPYACTO Kot ETELTO TN OEVTEPT
YOPIg va Tovg emMPANOel KAmTO10¢ YPOVIKOG TEPLOPIGLAC Y10 OAN T O1AdIKAGT0. KOOGS
™G TPATNG epyaciog eivar a&loAdyNon TG eUmEPiaG TOL YPNOTH He TV dadikacio
OVOKOTOOKEVNG KOO, XKomOg NG Ogvtepng epyaciog eivar 1 aglohdynon g
gumepiag Tov ypnot pe v ypnon tov Refactoring Trip Advisor. Bacikd kouudtt
™G a&loAdYNoNG EvaL 1] GLGYETION TOV OTOTEAEGUATOV TV dVO0 VTOV EPYACIHOV KOl
Y10 aVTO TO AOY0 0 KMOKOG TV d00 pebddmv givar apketd mapopoloc. EEetalovpe to
TOGEC KOl TTOLEG TEXVIKEG OVOKOTAGKELNG 0 ypnotng epnppooe pe (1" epyacia) kot
yopic (2" epyasia) v ypron tov Refactoring Trip Advisor. EEetdlovpe eniong to
YPOVO EKTEAECTG T®V OVO OVTMOV EPYACIOV. MeTd TO TEPAG TV dV0 EPYASIOV 0 KAOE
YPNOTNG €KANON Vo CLUUTANPOCEL v EPOTNUATOAIYIO TO Omoio mepltlapPavet
EPMTNOELS YO TNV EUTELPIO. TOL pe TNV O100IKOGIO OVOKATOOKEVNG KOOIKO YEVIKG
aAAG Ko Yo TV gpmelpio Tov pe v xpnon tov Refactoring Trip Advisor. Kabog dev
VIapyeL KAmolov €100Vg eMIPAEYN TOV XPNOTOV KOTA TNV OAPKEWD EKTEAEONC TOV
gpyaciav, toug {nmonke emiong vo GUUTANPADOGOLY GTO EPWOTNUATOAOYIO TOLEG
TEXVIKES OVOKATOOKELNG €QAppocav o€ KAOe mepimtmon kot to ypoévo KAOe
owdwaociog Eexyopiotd. To epommuotordylo mopabétetar oto I[Mopdpmmuo g

epyooiog (Zynua I[1.16 — I1.18) yia Adyovg mAnpdtnrag.

5.3 lIpotevopevn AkorovBio AVOKOTOCKEVOV

Onwc avapépOnke otnv Tponyovevn eVOTNTO KOPLOG GKOTOC TNG EKTEAECTC TV OO
gpyooidV givor 1 cVYKPLoT TV amotelecudtov petald avtomv. Kabdg o kddikag kot
0Tl 000 TEPMTAOGCELS gival TAPOUOLOG, PACIKOS YVAOUOVOS Yol TNV GLGYXETICN TV
AMOTEAECUATOV OAAG KOU TOV VLTOAOYIGUO OlPOP®V  UETPIKAOV OmOTEAEL T
npotevouevn akolovbio avakatackevdv mov diver o Refactoring Trip Advisor.
[Tpotevopevn akoAovbio avoKaTaoKEL®V €ivol 1 GEPE TOV AVOKOTAGKEVMOV TOV
npoteivetar and tov Refactoring Trip Advisor axolovOdvtog Tig GLGYETIGES GTOV
Xaptn AvoKaTooKELOV KOOGS KaTnyopiog. Xt cuvExela teptypdeetot Prna-pruo
TO MG TPOKVATEL N TPOTEWOUEVT] akOAOLO{O AVOKATUCKEVMV Y10 TOV KOOKO TNG
KAdong GrowthVisualizer (Zyqua 5.2) oand tov Xdptn Avokatackevdv Method
Composition a&lomoidvtag v duvaTdTNTo CWTORNTOL eviomicpol tov Refactoring

Trip Advisor.
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Axolovbdvtag TIg 00nyieg Yo TNV eKTEAEOT TNG OEVTEPTG gpyaciog EEKIVOOUE TOV
Refactoring Trip Advisor péom tov Eclipse kot emAéyovue v katnyopio. Method
Composition and to apykd Tov pevov. Xav kopupo ekkivnong emiléyovpe tov Extract
Method kabmdg anotelel ) PacikdTepn TEYVIKN Y00 TV OTAOTOINGCT Kot HEI®ON TOV
peyébovg Tov Kodwka. EmAéyovtog v, to povomdtt ypopotiletor 6mtmg gaiveTol 6To
ynua 5.3(a). ZvpPovievouevol 1o ypopaticpévo yphonua, o Refactoring Trip
Advisor mpoteivel vo gepevvnbovv mbavotnteg epapuoyng tov Replace Temp with
Query, Inline Method «ot Inline Temp mpwv 1o Extract Method étor dote va
e€alerpfohv o1 mbavég mpocwpvég petafAnTtég amd tov kmoka. Emdéyoviag Tig
teyvikég Replace Temp with Query, Inline Temp kot Inline Method o ypopotiopog
0V ypoenuatog oAAalelr Omwg @aivetoaw oto Xynua 5.3(b), 5.3(c) ko 5.3(d)

avtioTotya yio KaOe pio.

IMethod Composition Wsthod Composition

A Retoctonng Trip Advisor lhete) Tl MR | A Refoctoring Trp Advisor tetal e
,,,,,,,, s Foe gt e
o St etacirags o exesirsoirs PR p——

Yynua 5.3 Xpopatioude I'papnuatog yro v Teyvikn (a) Extract Method, (b)
Replace Temp with Query, (c) Inline Temp xou (d) Inline Method
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[Mapatnpodue 611 Yo TNV e@apuoyn tov Replace Temp with Query o Refactoring Trip
Advisor mpoteivel va edeyybobv mbavic svkaipieg yio Separate Query from Modifier,
Split Temporary Variable kot Introduce Explaining Variable. T'o va to eléyEovpe
YPNOCLOTOIOVUE TNV SLVOTOTNTA TOV OVTOUATOV EVIOMIGHOD EVKOPIDV Y10 OVTEG TIG
teyvikég mov o Refactoring Trip Advisor napéyel. Kavovtag to avtd o Refactoring
Trip Advisor amovid mo¢ dev vmbpyovv gvkaipie €QUpPUOYNG TETOOL €100VE
OVOKOTOOKEVMV GTOV KMOOIKO HE OVAAOYO UAVLHO OTTOG Qaivetal 610 Zynuoa 5.4.
Emotpépovpe Aomdv va ya&ovue yia evkotpieg yioo Replace Temp with Query aAld
Kot T aipvovpe v 8o amdvinon. To 1610 axpifoc cvpPaiver ko yia o Inline
Method. Xvveyiovue Lowtov va yaEovpe yia to Inline Temp. Xe avt v nepintoon
o Refactoring Trip Advisor aviyvebel evkoupiec EQOPUOYNS AVTNG TNG VOKOTACKEVTG
Kol TIG mopovctilel o Eexmplotd avadvopevo mTopdbvpo dnwg eaivetal 6To Zynua
5.5. Tlopoatnpodue 6tL mpoteivetor N gpoppoyn tov Inline Temp otig €€ng entd
npocwpwvég petafintés: versionlist, dops, xaxis, objChart, dstructs, yaxis xou
objChart2. To emdpevo Pripa €ivor vo EQUPUOGOVLE OVTEG TIC OVOKOTOUOKEVEG GTOV
KOO Tpv Tpoywprocovpe va eAéyEovpe to Extract Method. O kddwkag énetto omd

NV €0OLYPAUION TOV ENTA TPOCSOPVAOV PETARANTOV QaiveTon 6To Zynpa 5.6.

A Introduce Explaining Variable

K B Refactoring Identification Tools:

Refactoring Trip Advisor provides identification of opportunities for this
refactoring. Just click the button below to begin the identification
process.

Start Identification

Information S |

wow e e e e e et e Fomry e T

Yymua 5.4 Mrpvopa og Tepintwon mov dev Bpebovv Evkaipieg Epappoyng pag

Texvikng Avokatoskeung
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& Infinc Temp Opportunitics [

Choose a method to view its Inline Temp Opportunities

Methods: Temporary Variables:

java.util. ArrayList <projectClasses. VersionInfo > versionlist
double dops

java.lang.String xaxis

projectClasses, JFreeChart objChart

double dstructs

java.lang,String yaxis

projectClasses. JFreeChart objChart2

Eyua 5.5 Evkaipieg Epappoyng Inline Temp yio tnv MéBodo visualizeGrowth

& Java - Lehmans Rules/srcfvisualizer/GrowthVisualizerjava - Eclipse

SE )
File Edit Refactor Source Navigate Search Project BadSmells Run Window Help
e = - SRR B-O0-@-HE® Pl il e E ] Quick Access \ & | [&7Java | 4 Plugein Development
ackage lorer J] GrowthVisualizerjava
Package Explorer 5% € =08 GrowthVisualizerjava 57 =1 |
4 3 Lehmans Rules B backage visualizer; am ||
a4 5% src W ®import java.util.ArrayList;[] A
A projectClasses @
4 [ visualizer public class GrowthVisualizer { a
» [) ComplesityVisualizerjava =]
j;E? Gmu:t:w;uiwzerizvla ] private History h; 2
bomh stem Library [JavaSE-1.7) .
¥ v E public ChartPanel[] visualizeGrowth() ps
e
ChartPanel[] panels = new ChartPanel[2];
DefaultCategoryDataset objDataset = new DefaultCategoryDataset();
for (int i = @; i < h.getVersions().size(); i++) {
obiDataset. setvalue(h.getversions().get(i).getoperationGronth(), "Operations”, h.getversions().get(i).getId());
¥
panels[@] = new ChartPanel(ChartFactory.createlineChart(
"Growth Rate Line Chart",
“Version ID",
"Growth Rate”,
objDataset,
true,
true,
false
DH
DefaultCategoryDataset objDataset2 = new DefaultCategoryDataset();
for (int i = 8; i < h.getVersions().size(); i++)
objDatasetl.setValue(h. getVersions().get(i).getStructGronth(), "Structs”, h.getVersions().get(i).getld());
}
panels[1] = new ChartPanel(ChartFactory. createBarChart(
“Growth Rate Bar Chart”,
"version ID",
"Growth Rate”,
objDataset2,
true,
true,
false
s
return panels;
}
¥
‘ »
Witable Smartlnset | 1:1

Yynuo 5.6 Kodwkag g Mebodov visualizeGrowth petd and v Eeappoyn Inline
Temp otic [Ipocwpvég tng MetafAntég
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Aol dwyeplomrape to BELO TOV TPOSOPWVAOV UETOPANTOV OTOV KOOWKO, £ivot
opa vo emkevipobodue oto Extract Method. Xpnowomowdvtag v dvvordtnto
avtopdrtov gvromiopov tov Refactoring Trip Advisor otov kddika evtomilovtatl 600
evkaipieg yo e&oywyn o véa péBodo. Ot evkarpieg avTég paivovtal 6To avadVOUEVO
mopabvpo Tov Zynuatoc 5.7. O vIOYNE0G KOOKOS TPOg &aymyn agopd Tov
vroloylopud tov petafAntov objDataset ko objDataset2. Emidéyovtog pio amd Tig
dvo petafintéc kot matdvtag to kovuni “OK” o Refactoring Trip Advisor emiokialet
Tov vroynelo kmdwka otov Eclipse editor. O mpotevOpueVog KOSIKOG Kot 6T dVO
neputOoel; Qaivetaw oto Xynuo 5.8. Eeopupolovtag Aowmdv Extract Method
UTOPOVUE Vo EEAYOVUE TOL OVO SLOPOPETIKA UTAOK KMIKA 6€ dVo vEeG pueboddove. To

QOTELEC O OVTNG TNG OVOKATOOKEVTG PAiVETOL GTOV KMOKO TOL Zynuoatog 5.9.

#4 Extract Method Opportunities lil_léj

Choose a Variable Criterion from the right list to identify Extract Method Opportunities

Methods Variables

visualizeGrowth objDataset
objDataset2

Yynua 5.7 Evkopieg Epapuoyng Extract Method yia tqyv Mé6odo visualizeGrowth
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& Java - Lehmans Rules/src/visualizer/GrowthVisualizerjava - Eclipse

File Edit Refactor Source Navigate Search Project BadSmells Run Window Help

Ci~ - S BN B-O0-A-Ho-i®m Y- e@E i ~| = Quick Access | 5 | [@73va | 4+ Plug-in Development

[% PackageExplorer 13 25 ¥ = O | [I) GrowthVisualizerjava 3% S| -
4 522 Lehmans Rules T package visuallizer; A =
4 @ U ® inport java.util.Arraylist;[] ol

> [ projectClasses @

4 [ visualizer public class Growthvisualizer { A

> [1) ComplexityVisualizer java El

b ) GrowthVisualizerjava private History h; 2

» B JRE System Library [JavaSE-1.7 .

= i el ! = public ChartPanel[] visualizeGrowth() FS

ChartPanel[] panels = new ChartPanel[2];

DefaultCategoryDataset objDataset = new DefaultCategoryDataset();
for (int i = 8; i < h.getVersions().size(); i+) {

objDataset.setValue(h.g ).get(i).getOperati ), "Gperations”, h.getVersions().get(i).getld());

panels[@] - new ChartPanel(ChartFactory.createlineChart(
“Growth Rate Line Chart”,
“Version ID",
“Growth Rate”,

objDataset,
ue,
ue,
false
s
Default(ategoryDataset objDataset2 = new Default(ategurybataset(),
for (int i = 8; i < h.getVersions().size(); i++)
"Structs”, h.getVersions().get(i).getld());

objDataset2. sewalue(h getVersions().get(i).getStructGronth(),
¥

panels[1] = new ChartPanel(chartFactory createBarChart(
Growth Rate Bar Char

objDataset2,
true,
true,
false

N

return panels;

Writable Smart Insert 1:15

oo S

Java - Lehmans Rules/src/visualizer/GrowthVisualizerjava - Edlipse
£ P
File Edit Refactor Source Navigate Search Project BadSmells Run Window Help
] S BN B0~ A EFEG @y RE o ] Quick Access | 1 | [E75va | 4+ Plugein Development
[£ PackageBplorer 12 215 T = O [7) GrowthVisualizerjava 52 =0
=
s 522 Lehmans Rules Z  package visualizer; A o
4 58 src W ® import java.util.Arraylist;[] e
> f projectClasses @
4 8 visualizer public class GrowthVisualizer { a
b [J] ComplexityVisualizer java =]
J;E@ Grov:t;\/wsuiwzer::vr ] private History h; A
b omh stem Library [JavaSE-1.7]
> v = public ChartPanel[] visualizeGrowth() Py

ChartPanel[] panels = new ChartPanel[2];

DefaultCategoryDataset objDataset = new DefaultCategoryDataset();
for (int i = 0; i < h.getVersions().size(); i++)
objbataset.setvalue(h.getVersions().get (i) . getOperationGrowth(), "Operations”, h.getversions().get(i).getId());

}

panels[@] = new (Har‘tPanel((Har‘tFa(tcry createlinechart(
"Growth Rate Line Chart

"Version ID",
"Growth Rate”,
objDataset,
true,

true,

false

05

DefaultCategoryDataset objDataset2 = new DefaultCategoryDataset();
for (int i = 0; i < h.getVersions().size(); i++)

objbataset2. setvalue (h.getVersions(). get(i).getstructronth(), "Structs”, h.getVersions().get(i).getId());

}

panels[1] = new ChartPanel (ChartFactory.createBarChart(
"Growth Rate Bar Chart”,
"Version ID",
"Growth Rate”,
objpataset2,
true,
true,
false

s

return panels;

Writable Smart Insert 1:11

Zymua 5.8 Tpotewvdpevog Kwdueag mpog EEaymyn oe véa MéBodo yia tnv
Metapintn objDataset (mdvw) kot objDataset2 (kdtm)



78

B

& Java - Lehmans Rules/src/visualizer/GrowthVisualizer,java - Eclipse

File Edit Refactor Source MNavigate Search Project BadSmells Run Window Help
P B = ERNEE R 5 A R R C Y R e P PR Quick Access [ | (@ Java ] 4 Plug-in Development

[# PackageBxplorer 2 |5 % 7 = O [J] GrowthVisualizerjava 53 =g
4 52 Lehmans Rules Z  package visualizer;
a ¥ src 4 ®dmport java.util.ArrayList;[]
B projectClasses
4 [ visualizer
ComplesityVisualizer java
1J] GrowthVisualizer,java private History h;
» Eh JRE System Library [JavaSE-1.7])

public class GrowthVisualizer {

public ChartPanel[] visualizeGrowth()

NN M2 DR

ChartPanel[] panels = new ChartPanel[2];

panels[@] = new ChartPanel(ChartFactory.createlineChart(

"Growth Rate Line Chart”,

"Version ID",

"Growth Rate”,

computeOperationGrowth(),

true,

true,

false

DE

panels[1] = new ChartPanel(ChartFactory.creqteBarChart(
"Growth Rate Bar Chart”,
"Version ID",
"Growth Rate",
computeStructGrowth(),
true,
true, il
false
e

return panels;
} |

public DefaultCategoryDataset computeOperationGrowth(){
DefaultCategoryDataset objDataset = new DefaultCategoryDataset();
for (int i = @; i < h.getVersions().size(); it+) {
objDataset. setValue(h.getVersions().get(1).getOperationGrowth(), "Operations”, h.getVersions().get(i).getld());

return objDataset;

}
public DefaultCategoryDataset computeStructrowth(){
DefaultCategoryDataset objDataset2 = new DefaultCategoryDataset();
for (int i = @ i < h.getVersions().size(); i+
objDataset2. setValue(h.getVersions().get(i).getStructrowth(), "Structs”, h.getVersions().get(i).getId());

return objDataset2;

visualizer.GrowthVisualizer.java - Lehmans Rules/sre

Yynua 5.9 Kodwog e Mebddov visualizeGrowth petd amd v Epappoyn Extract

Method tov ITpotewvopévov Kmdika

‘Eneita. and v eayoyn tov 600 véov pebddov o kmdwkag tg VisualizeGrowth
peiwdnke apkerd oe péyebog Ko @aiveror amAomompuévos. ZUPOLVAELOUEVOL OUWMG
Tov Xaptn Avakatackevmv Topotnpovue 0tt petd to Extract Method o Refactoring
Trip Advisor mpoteivet va ya&ovue yioo mbavéc evkopieg papuoyng Remove
Assignments to Parameters, Substitute Algorithm kot Move Method. Mg tov S0
TPOTO OT®G TPONYOLUEVMS AEI0TOIDOVTAG TNV OLVATOTNTO TOV CLTOUATOV EVIOTIGHOV
BAémovpe 6tt povo yuw to Move Method vrdpyovv evkapieg otov kddwka. Ot
TPOTAGELS Y10 UETOKIVNOEL, HeBOO®V @aivovtar oto oavadvduevo mapdbvupo tov
Yynuatog 5.10. O Refactoring Trip Advisor mpoteivel v petakivnon tov uebddwv
computeOperationGrowth kot computeStructGrowth mov e€ayape 6to Tponyoduevo
prua ommv kidon History. Eeapupolovtag téhog v petakivnon ovtdv tov 600
pHeBOOV KATAANYOVUE GTOV KOJKA TOL ToL Zynuatog 5.11 émov mapatnpovpe 6Tt

elvar apkeTd piKpOTEPOG o€ PEYEDOG GE GYEOT LLE QVTOV TTOL ETYOUE APYLKAL.
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-
% Move Method Opportunities

Choose a method to view its destination

visualizer . GrowthVisualizer ::computeOperationGrowth():projectClasses.Default. ..
visualizer . Growthvisualizer ::computeStructGrowth() :projectClasses. DefaultCat. ..

Source Class:
visualizer. GrowthVisualizer

Target Class:
projectClasses.History

Yynua 5.10 Evkonpieg Epappoyng Move Method yuo tig Meb6dovg

computeOperationGrowth kot computeStructGrowth
FE—)

r
& Java - Lehmans Rules/src/visualizer/GrowthVisualizerjava - Eclipse

File Edit Refactor Source Mavigate Search Project Bad Smells Run  Window Help

GBI QA riE G rim YR e Gl o

| -

e
Quick Access =g | -ﬂ:: Plug-in Development

ackage Explorer [1) GrowthVisualizer java .

[ Package Explorer 32 BE Y= 8 GrowthVisualizerjava 5 = B8 -
4 12 Lehmans Rules #  package visualizer; -1 |
a8 src Wi ®import java.util.Arraylist;[] &

» i projectClasses @

o

4 [ visualizer public class Growthvisualizer { 4

> [J] ComplesityVisualizerjava B

> 1] GrowthVisualizer java private History h; 7

» = JRE System Library [JavaSE-1.7] p

4 Y & public ChartPanel[] visualizeGrowth() s

{ .

ChartPanel[] panels = new ChartPanel[2];

new ChartPanel(ChartFactory.createlineChart(
"Growth Rate Line Chart”,

"Version ID",

"Growth Rate”,

h.getObjDataset(),

true,

true,

false

1

panels[@] =

panels[1] = new ChartPanel(ChartFactory.createBarChart(
"Growth Rate Bar Chart",
"Versicn ID",
"Growth Rate",
h.getObjbataset2(),
true,
true,
false

s

return panels;
¥
¥

7|

Writable Smart Insert 1:1

Yynua 5.11 Kddwag g Mebodov visualizeGrowth petd omd tqv Eeappoyr Move
Method ot Mebddovg getObjDataset kot getObjDataset2
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Yvvoyilovtog Aowmdv A0 TO TOPOTAVEO KOTAANYOLHE OTNV €ENC TPOTEWVOUEVN
akoArovBia ovakatackevmv omd tov Refactoring Trip Advisor yio tov kddwka g

KAGong GrowthVisualizer:

e Egappoyn Inline Temp towv petofAintaov versionlist, dops, xaxis, objChart,
dstructs, yaxis kot objChart2.

e Egpopupoyn Extract Method tov upmiok vmoloyiopod TV peToPANTO®V
objDataset ka1 objDataset2.

e Eopappoyn Move Method tov 600 véov nebddmv mov dnpovpyndnkay and to
wponyovuevo Prua otnv kKhaon History.

5.4 Anoteréoporta ASloroynong

211G TPONYOVUEVEG EVOTNTES avapépOnke 1 dwadikacio otnv omoia vVToPARONKav ot
YPNOTES TOV TNPAV HEPOG OTNV OEOAOYNON TNG €PYOciag kol meprypdonke Prjuo-
o n eaymyn ™ TPOTEWVOUEVNG OKOAOLOING OVOKATAGKELDV YPNCLLOTOIDVTOG
tov Refactoring Trip Advisor. Xe avty v &votnto 0o mapovolactovy 1o

amoteléopato ™S aEoAdynong poll Le éva oxoAlcHd Tave 6€ aVTd.

Metd v olokApmorn Tov 000 €PYACIOV Ol YPNOTEG KATEYPAWYOV O £val
EPMTNUATOAOYI0, TOEG TEYVIKEG OVOKOTOOKEVNG EQAPUOGOYV Kot OGO ypdHvo
Katavilwoav cg Kabe po amd avtéc. Extog amd avtd, 10 epoTnUATOAdYI0 TEPLEYEL
KOl EPOTNHOEL TOALATANG ETIAOYNG Y10 VAL YIVEL 0ELOAOYNOT TOV YVAOGEMY TOV YP1oTNH
aAAG Kot NG eumelpiog Tov pe ™ xpnon tov Refactoring Trip Advisor. Kéfe pia
vIoeVOTNTA TOL aKOoAOVLOEl, aoyoAeital pE SOPOPETIKO KOUUATL EPOTHCEWV TOL

epoTNHOTOLOYIOV

5.4.1 A&i0loynon ['vaooewv ka1 Eureipiog Xpnotn

Ye oot ™V LIoevOTTO TOPOVCIALOVTAL Ol OMOVINGELS TMOV EPMTNCE®V OV
e€etalovv Tov YeEVIKO VtOPadpo Tov ¥pPNoTN Kot TNV EUTEPIO TOL HE TNV OUOIKAGTOL
AVOKOTOOKEVNG KOJKa otV TTpdén. [Hapovoidlovtol ol epmTNOELS PE TO AvVTIGTOLYO

T0G00TO KAOE amdvinong akoAovBodeva and £va GOVIONO GYoOAacHO 1 KAOE Lo



60,0% -
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0,0%
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How old are you?

50,0%

I 6,3%
i

37,5%

6,3%
0,0% 0,0% . 0,0%
<20 20-24 25-29 30-34 35-39 40-50 50+

Zynpa 5.12 Hukieg tov Xpnotaov

H m\eloymoeio tov xpnotodv mov emiéyOnkay va mdpovv pépog oty a&loAdynon sivot

elte peTamTUYIOKOl POITNTEG TUNUAT®V TANPOPOPIKNG, EITE TPOYPOUUUOATIOTEG TOV

amopoitnoay omnd

avédioya tunpata. o ovtd ot mAikiec tov mEPLOCOHTEP®V

Kopaivovtor ota 25-29 (50%) kot apketdv oto 20-24 (37.5%) cOupova pe to Zynua

5.12.

50,0% -
45,0% -
40,0% -
35,0% -
30,0% -
25,0% -
20,0% -
15,0% -
10,0% -
5,0% -

What's your experience with
software development?

0,0%

Percentage of Users

43,8%
18,8% 18,8%
12,5%
6,3%
Lessthanl 1-2years 3-5years 6-10years 11+ years

year

Yymua 5.13 Eurepia tov Xpnotov pe v Avantoén Aoyiopkon
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[Mopatnpodvtog to Zynua 5.13 pmopovue vo dovpe mwG otnv a&loAdynon g
epyociog GUUUETEL OV XPTOTEG LE OPKETA OLOPOPETIKY| EUTELPIO TAVED GTNV OVATTLEN
Aoyopkov. Kdmotor and avtovg pe Arydtepo amd 1 ypdvo eumeipio (18.8%), kdmoiot
pe eumepio tovddyiotov 11 ypévev (12.5%), pe v mietoyneia 6uwmg va Ppicketon

Kamov ot péon pe 3 €wg S ypovia sumepiog (43.8%).

Have you ever heard of the term code
refactoring before?

50%

30% - 25% 25%

Percentage of Users
]
XX

No. I have no idea what Yes. but I am not sure Yes. | fully understand
code refactoring is. ~ what code refactoring what code refactoring
exactly is. is.

Zyua 5.14 T'vooon Xpnotov mive oty Avokatackeur] Kodwka

Ov ypnoteg emiong pombnkav yw 10 7OG0 koAL yvopilovv TU onuaivel
avokataokevn kddwka. H misioynoeio avtodv (50%) £xet mAnpn kotavonon tov 6pov,
évo Koppdatt avtdv (25%) £yl pepikn KoTovonoen avtod Kot TEA0G ot VIOAOLTOL amd

avtovg (25%) dev EEpouv Tt ival 1) OVOKATAGKELT] KOOKO.



40,0% -
35,0% -
30,0% -

¢ 250% -

Percentage of Use

0,0%

20,0% -
15,0% -
10,0% -

5,0% -
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How often do you refactor your code?

25,0%

37,5%

18,8% 18,8%

0,0%

1 (Never. If it
was hard to
write, it
should be
hard to read.)

2 3 4

5 (Constantly.
I like my code
clean and
simple.)

Zymua 5.15 Xoyxvomta Eeapproyng Avakataskevadv and Toug XproTeg

21oug xpnotec {nmonke emiong va Babporloynocovy og kKhipoka amd to 1 £wg 10 5 Yo

70 TOGO GLYVA EPAPUOLOVV TEYVIKEG OVOKATOOKEVTIG GTOV KMOKO TOVG OTMG GaiveTal

oto Zynpa 5.15. ‘Eva onuovikd mocootd (25%) andvince nog dev epopuolel moté

KOTOl0L TEYVIKY OVOKOTOOKEVTG OTOV KMAIKA TOV v 1 TAsoyn@ia ovtodv (37.5%)

OVOKOTOOKEVALEL TOV KMOOKO TOVG e PETPLO GLYVOTNTAL.
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Do you use automated refactoring tools to
help you refactor your code?

70,0% -
62,5%
60,0% -
o, 50.0% -
| .
(<}
=5 40,0% -
©
30,0% -
o
g 20,0% 18,8%
8 12,5%
= 10,0% - 6,3% .
o 0,0%
0,0% T - T T T ’ 1
1 (Never. | 2 3 4 5 (Constantly.
perform all my I use
refactorings automated
manually.) tools for all my

refactoring
operations.)

Zyua 5.16 Xvyvotnta Xprong Avtopatorompévey Epyaieiov katd v Atadwacio

Avakotackeung ond Toug XpNnoTeg

Xmv gpodton tov Zynuatog 5.16 @aivoviol to TOGOGTH TOV OTAVINGE®Y Y10, TO
OG0 cvyvd ot ypnotéc aflomowovv TV Pondeld KATOWV OVTOUOTOTOMUEVEOV
epyoreiov Otav epappdlovy avokataokeveés otov kmowka. H mieoymeia tov
xpnotav (62.5%) de ypnoylomolel KAmolo epyaAeio Kot mPOTIdel va epapuolel ™
dtodkacio YePpokivTo EVM TO VTOAOITO TOGOGTO OEIOTOLEL TNV CVTOUOTOTOMUEVT

BonBewa pe pétpra cuyvotTa.
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If you don't use automated refactoring
tools or use only a couple of them, can you
explain why?

90,0% 1 83,3%

80,0% -
£ 70,0% -
(b
= 60,0% -
‘G 50,0% -
S, 40,0% -
©
€ 30,0% -
(b]

16,7%

8,3%
0,0%

| had no idea that They seem too | don'ttrustthem They are not
this kind of tools complicated for  enough to use  flexible enough.
exists. me to use. them. They need too
much
configuration.

£ 20,0% -
(¢b]

Q- 10.0% -

0,0%

Zymua 5.17 Adyotr mov ot Xprioteg Amopevyovv T Xp1on AVTOUATOTOMUEV®V
Epyaieiov

O yproteg mov Og a&lomolovv T Pondela TV avTOpATOTOMUEVOVY gpYaleiV KaT
TNV J001KOGI0 VOKATACKELTG KANON KAV va eMAEEOLY TOV AOYO OT®G PaiveTal GTNV
gpmtnomn tov Zynuotoc 5.17. H mietoynoeio avtdv (76.9%) dev €govv yvoon g
vmapéng tétotov gidovg epyareiov. Eniong éva pikpd mocooto (7.7%) metehovv 0Tl
To gpyoieion aVTA €ivol apKETE TOAVTAOKO Y10 VO TO PNCULOTOGOVY, VA GALOL

(15.4%) dev t0. gumioTeEvOVTOL KAOOLOV.

Xuvoyilovtog T Tapamdve EPOTNGELS LTOPOVLE VO, GOUTEPAVOVLE HEPIKE TPAy AT
Yoo 10 Sglypa T@V ¥pNoTOV Tov TNpav péPog otnv dadwoacio agoddynong. H
TAELOYMOi0 TOV ¥PNOTAOV Eival KATOYOL SIMADUATOS TANPOPOPIKNG, NAKiog 25 pe 29
ypovav Kot &xovv 3 pe S5 ypdvia gumepic mveo oty avamtuén Aoyiopko.
I'vopiCovv Tt givon N avaxataokevn] AOYIopkold kol TV €papuolovy 6Tov KOOKo

TOUG. AVOKOTAGKELALOVY TOV KMOWKO TOVG YepoKivnta Kabdg dev yvopilovv v
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Ymapén TOV oVTOUATOTOMUEVEDY EpYOAEimV Yo TNV vrofondnon ¢ dtdikaciog.
A&iler opwg va onuembel mwg mEPOV NG TASIOYNPIOC LANPYOV KOl CHUAVTIKA
TOGOOTA amO TIG VIOAOUTEG OMAVINGELS, TPOGOIdOVTaG £TGL pio embounty] TotKiAio

670 €0POC TV YPNOTAOV TOL KAADTTEL ALTH 1| a&loAdynon).

5.4.2 A&10A6ynon tov Refactoring Trip Advisor puéow twv Amoteleoudrwv twv
Epyooicirv

g VT TNV VTOEVOTNTO TOPOLGLALOVTAL TO ATOTEAEGUATO TV OVO EPYOACLOV TOV Ol
¥pNoTeG eKTéLecaV oTa mAaiota TG aSloAdynong. Xvykekpiévo Bo mopovslocTtovy
K&mola TocoTIKA ototyein Kot Bo VTOAOYIGTOVV KATOEG UETPIKES TAV® GTO GUVOLO
TOV TEYVIKOV OVOKOTOUGKELNS TOV Ol YPNOTEG EPAPLOGAV KOl GTIG OV0 TEPITTAOGELS.

®a 6YoOAMaGTOVV MO Kot 01 YPOVOL EKTELECT|G TOV OVO EPYACLAOV.

Ot dvo petpikég mov ypnopomomnkay ce vty ™ eAacn g aSloAdynong ivar ot
Effectiveness kot Efficiency. O opiopdg kot to 1t voloyiCovv ot petpikés o kabe

TEPIMTOON TEPLYPAPETAL TOPAKATO.

Effectiveness

H petpun Effectiveness ypnoyiomoteitat yio vo vtohoyicel Ty omoTeLecHATIKOTN T
KOTOW®V  OVIOTNTAV.  XVYKEKPWEVO, OV  TPAOTN  €pyocio.  UETPAEL TNV
OTOTEAEGUATIKOTITO TOL KATaAOYOL TOL FOowler katd tnv dtadikacio avaKoTooKELNG
oV TPAEN. AnAadn LETPATOL TO TOGOGTO TMV TEXVIKMV OV OVIIKOLV GTOV KOTAAOYO
amd TO GUVOAO TMV GLVOMKAOV TE(VIKOV Tov o ypNotns epdppoce. O tdmog

VTOAOYIGHOV GE QVTY| TNV TEPITTOON lvar:

|FCR N DER|

Fowler Ef fectiveness = IDER]
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e FCR (Fowler’s Catalog Refactorings) = To ol0voho TV TE(VIKOV
OVOKOTOGKEVTG IOV TEPLYPAPOVTaAL 6TOV Kotaloyo Tov Fowler.
e DER (Developer’s Refactorings) = To chvolo TV TEYVIKOV OVOKATAGKELNG

TOL 0 YPNOTNG EPAPUOGE GTNV TPAEN OTOV KOOIKA TOV.

Meydheg TWéG avuTAG NG METPIKNG VLTOOEIKVOOLV OTL Ol OVOKOTOOKEVEG TOV
KOTAAOYOL NTOV ETOPKNG Y10 TOV YPNOTI), EVAO OvTIOETA 01 PIKPEG TIUEG VITOINADVOLV

OTL 0 YPNOTNG EPAPUOCE KUPIMG OVOKATOGKEVES TTOL OEV OVIIKOVV GTOV KATAAOYO.

Yty devtepn epyaocia, n petpikn Effectiveness ypnoonoteitat yio tov vroroyiopd
™G amoTeEAESHOTIKOTTAS TOv XApTn AvoKoTaokev®v mov mopéyel o Refactoring
Trip Advisor. AnAadn vroloyiletor T0 TOGOGTO TOV TEXVIKMY OV TPOTEIVOVTIOL WE
Baon tov Xdaptn AvakoTaoKeL®V ond TO GUVOAO TWV GUVOMK®V TEXVIKMOV OV O

xPNoG pdppoce. O TOTOg LWOAOYIGHOD GE AT TNV TTEPIMTMOON Elvar:

IMAR N DER)|

Map Ef fectiveness = DER|

e MAR (Map’s Refactorings) = To cOvolo T®V TEYVIKOV OVOKOTUGKEVTG TTOV
apovctalovial 6Tov XApTn AVoKOTAGKEVGDV.
e DER (Developer’s Refactorings) = To 6hvolo TV TEQVIKOV 0VOKOTOCKEVNG

OV 0 YPNOTNG EPAPUOGE GTNV TPAEN GTOV KOOIKO TOV.

Meydheg TWES OVTAG TNG LETPIKNG VTLOSEIKVOOLY 0TL 0 XAPTNG AVAKOTAGKEVMV MTOV
EMOPKNG YL TOV XPNOTN, VO avtiBeTa o1 PiKpEG TIHEG VTTOINA®VOLY OTL O XPNOTNG

EQAPLOCE KUPIMS OVOKATACKEVES TOL OEV AVIIKOLV 6TOV XAPTN QVTOV.

Efficiency

H petpuy Efficiency ypnowonoteitatl yio Tov VmoAoyiopd g omodoTIKOTNTOS TOV

YPNOTN OTNV SOOIKAGIO OVOKATAGKELNS. AVTO YiveTon cuykpivovtag v akoilovdio
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OVOKOTOOKEVMV TOV O YPNOTNG EPAPUOCE OTOV KMOKA Ue TV PBEATIOT axolovbia
OVOKOTOOKEVMV Y10, TOV KOOIKO, OVTOV. ZVYKEKPIUEVA, KOOMG 0 KMOKAG TV V0
gpyocIdV etvar oxeddv o 1010¢, wg BEATIOT akoAoVBio OVOKATACKEVDV Kot 0TS 600
TEPMTMOCELS  YPNOOMOLEITAL 1 TPOTEWVOUEVT] OKOAOVLOIO  OVOKOTOGKELAOV OV
neprypaenke otnv evotnta 5.3. O 10Omog vwoAoyiopod Kol yio TIG dV0 TEPUTTOCELS

sivat:

. - |SST N DER7|
Refactoring Ef ficiency (Types) = —————
|SST|
. . |SSI N DER;|
Refactoring Ef ficiency (Instances) = W

e SST (Suggested Sequence of refactoring Types) = To chvoro T®V TOTOV TOV
TEXVIKOV TNG TPOTEWVOUEVNG OKOAOVOING OVAKATATKEVDV.

e DERy (Developer’s refactoring Types) = To cOvoAo TV TOTOV TOV TEXVIKOV
OVOKOTOGKEVTG TOV O XPNOTNG EPAPLOGE GTNV TTPAL).

e SSI (Suggested Sequence of refactoring Instances) = To ovvolo TV
OTIYIMOTVTIOV TOV TEYVIKAOV OVOKOTUGKELNG TNG TPOTEWVOUEVNG aKoAoLBioGg
OVOKOTOGKEVDV.

e DER, (Developer’s refactoring Instances) = To 60voAO TOV GTIYHOTUTI®V TOV

TEYVIKAV OVOKOTOUCKEVTG TOV YPNOTNG EPAPLOGE GTNV TPAEN.

Ta oOvola SST wor SSI eivor ototikd kabdg M wpotewvopevn  oakolovdio

OVOKOTOOKEVAV EIVOL GUYKEKPILEVT KL O DTOAOYIGHOG TOVG POIVETOL TOPUKAT®:

e SST = (Inline Temp, Extract Method, Move Method)

e |SST|=3

e SSI = (Inline Temp[versionlist], Inline Temp[dops], Inline Temp[xaxis],
Inline Temp[objChart], Inline Temp[dstructs], Inline Temp[yaxis], Inline

Temp[objChart2], Extract Method[umiok vroloywopod tng objDataset],
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Extract Method[unlokx vmoloyiopotd tng objDataset2], Move Method[tnv
npwtn e€ayouevn néBodo], Move Method[tnv devtepn e€orydpevn uébodo])
e |SSI=11

AoV opiotnkov ot petpikég mov Ba VTOAOYIoTOOV O OLTO TO KOUWUATL TNg
agloAdynong, ot ovvéxew o TOPOLCINGTOVV T AMOTEAEGHATO OVTNG. Ta
OTOTEAECUATO TNG TPMTNG EPYOCIOG TOL Ol YPNOTEG EKTEAECOV TEPIEXOVIOL GTOV
[Tivaxa 5.1 evd ta amoteAéopota ¢ devtepng otov Ilivaka 5.2. Xtovg mivakeg
TopoVGLalovTol 1 SKVUOVOT TOV TGOV ava tetoptnuopto (quartile) kot o pésog

0po¢ ylo KaOe peTpikn.

[Tivaxog 5.1 Amoterécpata Metpikav yio tnv [pot Epyasio tg ASoAdynong

Fowler Refactoring Efficiency Refactoring Efficiency
Effectiveness (Types) (Instances)
Min 0.75 0.33 0.18
Q1 1 0.33 0.18
Mid 1 0.33 0.27
Q3 1 0.66 0.47
Max 1 1 0.9
Avg 0.98 0.49 0.36

[Tivaxog 5.2 Amotehécpata Metpikav yio tnv Agutepn Epyacio g AEoAdynong

Map Refactoring Efficiency Refactoring Efficiency
Effectiveness (Types) (Instances)

Min 1 0.33 0.18
Q1 1 0.66 0.45
Mid 1 0.66 0.81
Q3 1 1 1

Max 1 1 1

Avg 1 0.76 0.71

Apykd eotialovpe v mpocoyn pog otn uetpikr Effectiveness n omoia petpd v
OTOTEAEGUATIKOTITO TOV KatdAoyov tov Fowler oty mpd epyascio kot tov Xaptn
Avokatackev®v 6t 0e0tepT. H péytotn duvary tiun g HeETpkng Pdon tomov iva
1. Avto ovpPaivel oty mepinT®on OV GAO TO GUVOAO TOV AVAKOTAGKEVMOV TOV O
YPNOTNG €QAPHOCE GTNV TPAEN aviKeEL 6TOV KaTdloyo Tov Fowler (yio thv petpikn
Fowler Effectiveness) 1 otov Xdaptn Avakotockevdv tov Refactoring Trip Advisor

(v Tqv petpicny Map Effectiveness). IMapoatnpdvtag toug 600 mivakeg pmopel Kaveic
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va Ogl OTL GTNV TPATN EPYACIO VITAPYEL £VOL LUKPO TOGOGTO YPNOTMV TOV EPAPLOGOV
Kamoto TeYVIKT 7oL dev mepiapPdvetat otov KatdAoyo tov Fowler, evd otn devtepn
gpyooia eaiverolr Tog 0 XAPTNGg AVOKATACKELOV NTOV TANPNG Yo TV KAALYN TV
AVOYK®OV TOVG. ZVYKEKPUYEVA, GTNV TPATN £PYOGia, EVOG amd TO GHVOLO T®V YPNOTOV
EPAPUOCE UL OVOKATOGKELT) GTOV KOSIKO TOV OV OVAKEL 6TOV KartdAoyo tov Fowler
(uetatpomny tov petafintov objDataset ko objDataset?2 oe mivaxko pe Ovoua
objDatasets). TTapoia avtd dev emavéraPe GLT TNV OVOKOTOOKELT OTN Og0TEP

gpyacio Kol epapproce Lovo avokatackevés mov o Refactoring Trip Advisor npoteve.

‘Enetta oepd éxer n petpikny Efficiency n onoio ypnowonoieitat yio tnv pétpnon g
AmOd0TIKOTNTAG TOV ¥PNOTN 6TV dadikacio ovaKatackeuns. o avty ™ petpkn n
péytotn dvvory Ty Pdon tomov eivan 1 emiong. Avtd cvuPaivel oty mepintwon o
xpNotg epapudoel 6A0 10 oOvoro TtV TOHmwv (TYpes) kot TV GTIyHOTUT®V
(Instances) mov meptypdpovior otV TPOTEWOUEVT] akoAovbio ovakatackevmv. H
LETPIKT] OLTH OVOLACTIKA OiVeEL [l E1KOVA Y1 TO TOGO KOoVTa 6T0 BEATIOTO givol ovTod
OV 0 YPNOTNG EKAVE GTNV TPAEN. ATO TA OTOTEAEGUOTO GTOVS TVAKES £XOVUE OTL
Katd PEGo 6po amdA0oT TV YPNOTAOV GTNV TPMTN epyacia ivar 48% yia Tovg TOTOVG
Kot 36% Yo Ta otrypdtuna eved yio ) dgvtepn epyacia 77% kar 74% ovtictouya.
[Mapatnpodue Aowdv mwg ypnotponotdvog tov Refactoring Trip Advisor ot ypioteg
EQAPUOCAY TEPIGCOTEPEG TEYVIKEG GTOV KOOWKO TOLG Kol Pedtiwcav v amddoon
TOVG GTNV SLOdKAGTIN AVOKOTAGKEVTG. ZVYKEKPLUEVQ, GTO YPOPTLLOTO TOV ZYMUATOV
5.18 - 5.19 kot 5.20 — 5.21 mapovcidletal 0 aplOUOS TOV XPNOTOV TOV EKTEAEGAV TO
Kk6Be oTIyOTUTTO KOl TOV KAOE TOTO OVOKATOGKELNG OVTIOTOLYO, TNG TPOTEWVOUEVNG
akolovBiog ovokatackev®v. Xvykpivovtog to 5.18 kot 5.19 peta&d Tovg
TapoINPOvUE OTL 0 aplBUOg TOV YPNOTAOV OV EPAPUOCAV TO KAOE GTIYUIOTLTO
TOVAQYIOTOV STAAGIACTNKE OTNV OgVTEPT €PYOCIia Yo TNV TAEOYNOio amd AvTd.
Eniong e&etdlovtag ta 5.20 ko 5.21 mapatnpovpe T Hovo Evag ¥piotns EQAPLOGE
Move Method otv mpodtn epyoocia, evd otn devtepn eméreav va 10 €QAPUOGOVY
TOVAGYLOTOV Ot [ooi amd avtovc. [evikd cvumepaivovpe 6tL otV dgvTEPN Epyasio
KaADPONKE €vo oNUAVTIKO TOGOGTO TEYVIKAOV OVOKATOGKEVLNG TNG TPOTEWVOUEVNG
axolovBiog, evd otnv TPMOTN €pyacio 1 TAEOYNPIN TOV ¥PNOTOV EPAPLOGE KLPIMG

Extract Method otov k®dika Tmwv dvo for Ppoyywv. Enione uropodue va dodue o1t 1
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TAELOYN QL0 TV YPNOTAOV OV KATAPEPE VO EVIOTICEL TNV ukopia LETOKIVONG TOV

dvo eEayopevov nebddwv ywpic v fondeia Tov Refactoring Trip Advisor.

1st Task
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Zyua 5.18 ApBuog Xpnotodv yua ka0e Xtrypidtomo Avakataokevng g [pdng
Epyaociog
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2nd Task
16 -
14 14
14 13 12 13 1
g 12 - 11 11 11
[%2]
) 10 -
Y— 8
S 8 - 5
S
8 6]
= .
Z 2
0_
‘é\ Q%\ S O S S QQ\ QQ\ e& e&
SF T F&F F T FTF Y
F & Q9 & & Q\A L ¢ & & &
T TS & Q@
&Q . Qﬁa Q @&Q &Qo Q &Q &Q zgo Q" N
TS FTTFIT ST
o\ A < F &
X &
@& & S
> &

Zyua 5.19 ApBuog Xpnotdv yia kKa0e Ztiypidtumo AvokatooKeung e Asvtepng

Epyaociog
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Zymua 5.20 Ap1Bpog Xpnotav yia kédbe Tomo Avakatackevng g [pdtg Epyaciog
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2nd Task

16 T 15

14
12 -

10 -

Number of Users

Inline Temp Extract Method Move Method

Zyua 5.21 ApBuog Xpnotov yia kaOe Tumo Avakataokeung e Agutepng
Epyaociog

Metd TV TapovsiacT) TOV OTOTEAEGUATOV TOV XPNOTMV GYETIKA LLE TO TOLES TEXVIKEG
AVOKOTOOKEVNG EQApLocay o€ kdbe epyacia, oe avtd T0 onueio o GYoAMaGTOVV Ot
xpovol ektédeong avtav. Ztov Ilivaxa 5.3 mapovsialetarl n dtoukdoven tov xpovov
(o Aemtd) avd tetaptnuoplo (quartile) kot o péEGog ypovoc ektéleong TV OvO

EPYOCLAOV.

[Tivakag 5.3 Anotedéopata Xpoévov Extédeong tov Avo Epyacidv

1% Task Time (minutes) 2" Task Time (minutes)
Min 2 3
Q1 10 7.25
Mid 10 125
Q3 16.25 21.25
Max 60 90
Avg 17.81 17.93

210V Tivake TopaTnpovuE 0Tl 0 HEGOS XPOVOS EKTEAEONC KAl TV dVO EPYOCIOV gival

nepinov 18 Aemtd. [Hopdia avtd ot TIHEG OA®V TV TETOPTNUOPIOV EKTOG TOV TPMOTOL
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(Q1), eivan peyardtepeg yio TNV devTEPT EPYACin. ZVYKEKPIUEVA, OO TO GUVOLO TMV
16 xpnotdv, 6 amd avTovg eKTEAEGAV TNV OeVTEPT EpYacia o AlydTEPO YPOHVO amd TNV
TPOTN, 7 ond aVTOVG € TEPIGGHTEPO KOt 3 amd aTOLG TAPOLGINGaY ToV 110 Ypdvo
eKTELEOTG KO OTIC 0V0. Xvvendmc, 1 entppon tov Refactoring Trip Advisor nave ctov

YPOVO EKTEAEOTG TNG O1AOKAGTOG OVOKOTOGKELNC TOIKIAEL ATTO YPTOTN GE YPNOTH.

5.4.3 A&ioléynon tov Refactoring Trip Advisor ozé tovg Xprioteg

2g auT TNV VTOEVOTNTA TAPOLGLALOVIOL Ol OMAVINGELS TOV YPNOTOV TAVE GE
EPMTNOELG Y10, TNV TOLOTNTO GLYKEKPUEVOV YopakTnploTikdv tov Refactoring Trip
Advisor. Oleg ot gpotoelg amattodv amd 10 ypnotn v Pabpoldoynon &vog
YOPOKTNPIOTIKOV G€ KAlpako amd 10 1 éoc 10 5. Xto 110 potifo pe v vrogvotnta
5.4.1, mapovcidlovial To TOGOGTH TOV ATAVINGE®MY UE TO AVAAOYO Ypaenua mitag,

aKoAovBovpEeva amd Vo GUVTOUO GYOAMOAGHO.

How would you rate Refactoring Trip
Advisor's Ul?
40,0% - 37,5%

% -
35,0% 31.3%

25,0%

N W
o o
2 I
RS

20,0% -
15,0% -

10,0% -

Percentage of Users

6,3%
5,0%

0,0% .
0,0% . .

1 (Too 3 5 (Simple/Helpful.
poor/complicated. I really liked it!)
Needs improvement.)

Yynuo 5.22 Babuoloynon g Ateroeng Xpnot tov Refactoring Trip Advisor
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Apykd o1 ypriotec aloloynoav ) demaen ypniotn tov Refactoring Trip Advisor. H
mieloymoia tov anavinoewv gival Betikn Kot cvykevipovetar oto 4 (37.5%) kot 5
(31.3%), evd éva onuavtikd mocootd (25%) moeTeVEL TMOG 1) TOWOTNTO TG OIETOPNG

XPNOTN VoL pHETPLOL.

How would you rate the information given
about each refactoring?

70,0% -
62,5%
¥ 60,0% -
[¢B}
(2]
D 50,0% -
(V-
()
o 40,0% -
()] 31,3%
S 30,0%
c
[¢B}
S 20,0%
[¢B)
o
10,0% - 6,3%
0,0% 0,0%
0,0% T T - T T 1
1 (Not enough 2 3 4 5 (Pretty
information. helpful. |
Didn't learned when
understand and
what some how to use
refactorings them.)

do.)

Zyua 5.23 BaBpoidynon twv [Iinpogopidv mov Ipoceépovrar yia kébe Teyvikn

AVOKOTOGKELTG

¥t ovvéxewa ot ypnoteg Pabpordynoav tig mAnpopopieg mov o Refactoring Trip
Advisor mapéyel yio kGbe TEYVIKN OVOKATUOKEVNGC. ZVYKEKPIUEVA TIG TANPOPOPIEG
oL gpeaviCovial 6To TAVEA TOV TPLOV dtopaveldV (PAére Xymua 4.7, 4.8 ko 4.9) yw
KaOe TeYVIKN ovokataokevng. To peyaAvtepo mocootd (62.5%) twv ypnotdv
TIOTEVEL TG Ol TANPOYopieg NTaV OPKETA PonOnTikég Kot €vol GNUOVTIKO TOGOGTO

(31.3%) éyet Oetikn yvoun emiong.
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How would you rate the
connections/relationships between the
refactorings?

60,0% -
50,0%
¢ 50,0% -
b1 43,8%
(%2}
= 40,0% -
(Y-
o
&, 30,0% -
o
c
o 20,0% -
(&)
S
(b}
0. 10,0% - 6,3%
0,0% 0,0%
0,0% T T - T T 1
1 (Poor. | 2 3 4 5 (Pretty
don't agree helpful. |
with most of learned how
them.) to
perform
multiple
refactorings
on my
code.)

Zyua 5.24 BaBpordynon tov Zvoyeticewnv petald tov Teyvikdv AvakaTocKeung

To emdpevo yapokTNPoTIKO TPog afloAdynon &ival ot CUGYETICEIS OVALESH TV
SLIPOPOV TEXVIKMV OVOKATAGKELNS. AnAad] ovclasTikd 1 a&tordynon tov Xoptomv
OVOKOTOOKEVTC TOV TTapovotdlovtal € auth TV gpyacio. Kot og avt) v epdytnon
ol amovtioels NTov Betikéc kKabdg moldol ypnoteg motebovy O6TL 0 XAPTNG TOLG
Bonbnoe omv dwdKAGIOL  OVOKOTOOKELNG.  ZUYKEKPLUEVO Ol  OITOVTNGELS

ovykevipovovtal 6to 4 (50%) kot to 5 (43.8%).



97

How would you rate the
identification/detection option for the
refactorings it was provided?

60,0% -
50,0%
50,0% -
[7p)
S
[¢B)
[%2)
S 40,0% -
(V-
© 0,
® 31,3%
2 30,0% -
o
c
3
S 20,0% - 18,8%
(ol
10,0% -
0,0% 0,0%
0,0% T T T T 1
1 (Poor. | 2 3 4 5 (Easy and
didn't manage simple. | used
to perform it iton my
on my code.) code

successfully.

yua 5.25 BaBpoidynon tov Avvatotitov Avtopatov Eviomiopot

Meta v Pabpordynon tov Xdaptn AvoKotackev®v cepd €xel 1 duvatdTNTe. TOV
QLTOUOTOV EVIOTIGUOV EVKUPLDV EPOPUOYNG OVOKOTOUCKEVMOV GTOV KMOOWKO TOL
ypnot. H a&oddynon yevikd eivar Betikn kabodg apketol ypnoteg aélomoinoay v
BonBeta TOV CVLTOUATOV EVIOTIGUOV GTOV KMIIKO TOVG LE EMTVUYIML. TVYKEKPIUEVD, Ol

anavToelg ouykevipmvovtat 6to 3 (18.8%), 4 (50%) kot to 5 (31.3%).
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How would you rate your overall
experience with Refactoring Trip

Advisor?
60,0% -
50,0%
50,0% -
e 43,8%
[¢B)
[%2)
> 40,0% -
(V.
o
[<B)
=)
S 30,0% -
c
[<B)
[&]
| .
[<D)
o 20,0% -
0H -
10,0% 6,3%
0,0% 0,0% .
0,0% T T T T 1
1 (Poor. I didn't find it 3 5 (Pretty good. |
any useful at learned some useful
all. Needs information about
Improvement.) refactoring.)

Yynuo 5.26 Babuoroynon g Eurepiog pe ™ Xpnon tov Refactoring Trip Advisor

YUVOAKG

Téhog o1 ypnoteg PabLordyncav YEVIKA TV EUTEPIN TOV EXOV XPTCLLOTOIDOVTOS TOV
Refactoring Trip Advisor ota mhaicto avtrg g a&loldynone. H mietoynmoeia tov
xpnotodv (50%) elye o KOAN eumepion XPNOLUOTOIOVIOS TO epYorelo Kot &va

avtiotoyo mocootod (43.8%) andvinoe eniong OeTikd.

2uvoyilovTog To ToPATave TAPATPOVLE OTL OAES Ol OTOVTNCELS TOV XPNOTAOV gival
Betikég kotd yevikn opoioyia. [Tiotehovv mwg n demapn ypnotn Tov epyareiov
KaBmG KAl o1 TANPOPOPiEG TOV AVTO TAPEXEL Yo KAOE TEYVIKY AVAKATACKEVNG fvat
apketd Pondntikéc. Oewpov WG Ol GLGYETIGELS TOL TAPOVGIALOVTOL GTOVG XAPTES

OVOKOTOOKEVNG GE GLVOLOCUO LE TNV SLVATOHTNTO TOL OVTOUATOV EVIOMIGLOV, TOVG
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Bondnoav apketd oty dladtKacio TG avakotackevng Kodwka. H 6An sumepio pe
mv ypnon tov Refactoring Trip Advisor xotd tnv dwadikocio agloldynong nrov
vevika Oetikn. ITapodia avtd vanpyov Kot oYOAe amd HepPKoDS YPNOTES Ol 0moiot
TpoOTEWVOY TNV €MAOYN TG aw&opeimong tov peyéboug twv mapadvpwv, kabhg avtd

dev givar viomompévo oty diemagn tov Refactoring Trip Advisor.

5.5 Eykvpotnta Amoterleopdtov

Onwg og k4B TepapatiKng Epguva, £T61 Kot d® Uopel va Tpokhyovy BEpata e v
gYKVpOTNTO TOV amotelecpdtov. To yeyovog 0Tt 10 deiypa TV ¥pNnotdv ival pikpo,
pumopel va amoteAécel Kivouvo omnv e£MTEPIKT] £YKLPOTNTOA NG 0E0AOYNoNS. AVTo
npoonabfcale vo to PeEATIOGOLUE Ol0AEyoVTOS €va PEPOG TOL OelylaTog TV

YPNOTOV TUYOI0 HECH SLASIKTVOKAOV £PELVNTIKOV GOpovp (Www.surveypolice.com,

www.thestudentroom.co.uk ko http://www.postgraduateforum.com). Xyetikd pe v

ECMTEPIKN EYKLPOTNTOA, YO VO OTOPVYOVUE TNV TOOVY EMOPACT] TNG CLVEPYUGING
OTNV EKTEAECT] TOV EPYACLAOV, TOVIGOLE TNV OTOMKY EKTEAECT] QVTMV GTOVG YPTOTEG.
Emiong vmpye (o pikpn dtapopomoinomn petald tov kddika tov 600 epyaciov yio

VO LELWCOVLE TNV ETPPON TNG EMAVOANTTIKNG O1001KOGI0G OTO OTOTEAEGLOTA.


http://www.surveypolice.com/
http://www.thestudentroom.co.uk/
http://www.postgraduateforum.com/
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KE®AAAIO 6. EIITAOT'OX

6.1 Avaxkepalaimon Kot ZopmepacuoTo

6.2 Melhovtikn AovAeld

6.1 Avake@araimon ko Zopuwepaopato

H evomra avt) tov televtaiov kepaiaiov g epyaciog mepthapufavel g cuvToun
EMOVAANYT TV Tponyoduevey poll pe kamown televtaio oyoAMa mive o avtd. To
TPOPANpa Tov vt M epyacio Tpoomabel va emAvceL apopd ™ dadwkacio e TNV
omoio 01 YPNOTES AVAKATAGKELALOVY TOV KMOIKA TOVG. XTNV TPAEN T0 GUVOAO TV
ODECIU®Y TEYVIKOV OVOKOTOOKELNG €ival opKeETA HeEYAAO Kol €tol Ogv yivetal
Tmpng aglomoinon avtov. AVTO GE GLUVOLAGHUO HE TO YEYOVOG TO OTL Ol YPNOTEG
EMAEYOLV VO OVOKOTAGKELAGOLV TOV KMOIKO TOLG YEpoKivnta, yopic v Pondeia
QVTOUOTOTOUNUEVOV EPYOLEIOV KATASEIKVIEL TMG LITAPYOLY TEPOMPLO PeATimong TG
Ol00IKOGI0G OVOKOTOOKEVNG. XTIV €pyacia avty mopovcsidotnke po véo pEBodog
OVOKOTAOKEVTC KOOWKA Baciopévn otov Xdaptn AVOKATOCKEL®OV TAVE® GTOV 0010 O
¥PNOTNG TAONYEITUL EQAPUOLOVTOG OVOKATUCKEVES GTOV KOOIKO TOV LE GUYKPOTNUEVO
tpomo. O Xapmg Avaxkotackevmv amoptiletar amd T1g 68 TEXVIKES OVOKATOOKELNG
OV TEPLYPAPOVTAL 6TOV KatdAoyo tov Fowler, ot omoieg cuvdéovion peta&d tovg
HEC® TPLOV €MV GLGYETICEMY. MEAETOVTAG TIG GLGYETIOELS HETAEDL OLTMOV GTOV
Xaptm Avokatackevdv domotddnke Tmg ot Extract Method kor Move Method ivou
Ao TIG O OMAEG TEYVIKEG UE TNV UEYOADTEPT] TOAVOTNTA EPOPLOYNG TNV dtodkacioL
OVOKOTOOKEVTG, eV o1 Tevikég Extract Superclass kau Extract Subclass amotedovv
TIC O TOAVTAOKEG TOL GLVOAOL. ZT0 TANIGLO QLTS TG Epyocio emiong vAomomOnKe
o Refactoring Trip Advisor, éva epyoleio vmoPondnong ¢ dSwdikoociog
OVOKOTOOKEVTC 7OV  TOPEYEL O©TO  YPNOTN o  onTikomoinon Ttov  Xaptn
Avokotaokevdv kabmg kol T duvaTOTNTO GLTOUATOL EVTOMIGHOV ONUEI®V GTOV

KkoowKa mov ypnlovv oavokatackevns. Téhog mapovoidomnke 1 alloAdynon Ttov



102

gpyareiov Kot Tov XApTn AvoKoTtacKeL®V otV omoio mpav puépog 16 ypnotec. Ta
aroteAéopato emPePaimocav o TPOPANUA KABDG LINPYOV YPNOTEC UE HETPLOL YVOON
VO GTNV OVOKOTAGKELT KOJIKO 0ALG Kot emiong TapatnpOnke petopévn oanddoon
OTNV XEWPOKIVINTN €POPUOYN TNG OlOIKAGIOG OVOKATAGKELNG. A&OTOIDOVTOG TOV
Xaptn AVOKOTOGKELAOV KOl TIG OLVATOTNTEG TOL EPYOAEIOD, Ol ¥PNOTEG TOPOLGIOGOV
onuovtikny PeAtioon ommv SadIKacio ovoKATOoKELNG OmAactdlovtag Tov apliuo

TOV TEYVIKMOV OV EPAPLOCAY KOl AvEPEPAY BETIKA GYOALL amd TNV YPNON OLTOV.

6.2 Melhovtikn Aoviera

Xe avt v gvomnta o cuintmBovv mBavEG pHEAAOVTIKEG €mEKTACELS VD O©TN
Baoikn cuvelceopd avtng ¢ epyaciag, tov Refactoring Trip Advisor kot tov Xdptn
Avakatackevmv. Onog Tpoavaeipbnke oty evotnta 4.2 o Refactoring Trip Advisor
elvar eEomopévog pe v SuvVOTOTNTA TOV CVTOUATOV EVTOTICUOD ONUEI®V GTOV
KddKa ToV ¥PHCOVV KATOL0G CLYKEKPIULEVNC TEYVIKNG avakoTackevne. Tlapoia avtd
EMEWON 1 AvVATTTLEN AVTHG NS SLVATOTNTOG OV OTOTEAEL PACIKO OVTIKEILEVO OLTNG TNG
epyocio Kot €medn to mepldpla xpovov eival mEPOPIGUEVE, 1| dVVATOTNTO VT
vAomomOnke povo Yo pepIKEG TEXVIKEG avakaTaokevns. Opwg copeovo pe to 4.1
VIAPYEL 1 KOTAAANAN VTOJOUN KOJIKO MGTE VO OELKOAVLVEL TNV UEALOVTIKY
VAOTOINOT NG SLVATOTNTAG TOV EVTOMIGHOV Kot Vi TIG 68 TEYVIKES AVOKATAGKEVNG 1|
Kol 0KOUOL Yol TNV TPOCONKT EMITALOV GE OVTEG OV €ivar 101 vVAomomuéves. Emiomng
ota 10 miaicw Ba pmopovoe va viAomombBel po emumAéov Asttovpyio. oTOV
Refactoring Trip Advisor n onoia 0o exteloboe OAeC TIC SOEGIUEG SVVATOTNTEG
EVIOMIGHOD Yo évav amd Tovg €61 XapTeg avokatackeung Kot Ba mapovsiale to
GLVOMKO amoTédeso oto ¥proth. 'Etot o xpnotng Ba €xet pio cuvolkn amoyn tov
Code Smells otov k®diKo Tov Kot GLEPOVAEVOUEVOC TOV XAPTN AVAKATOCKELDV VO,
owAégel mor teyvikn Ba epapuooel mporn. Emiong pelhovtikég emeKTAoES KOt
mOOVEG LETATPOTES UITOPOLV va Yivouv kot 610 Xaptn Avakoatackevov. [Tépa and
Tov kotdloyo tov Fowler Oo umopovoe va yivel mepartépm peEAET mhved oty
OlOOIKOGI0L OVOKOTOGKEVTG TOV YPNOTOV otV mpdén. Amd exel givon mbavo va
e€ayBel korvovpyla yvadon yio v TpocHNKN N ApaipeST) LEPIKMOV GUGYETICEMY GTOV
Xaptn Avaxkotookevmv 1 Kot akopun vo dnpovpynbet évag véog thmog oxéong petald

TOV TEYVIKOV.
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Method Composition

> Motivation

- When your code is using too much indirection and it
seems that every method does simple delegation to
another method, you can start Inlining some of them.

- If your method’s body is as clear as it's name, you can
get rid of the inderection.

- You might find helpful to inline several methods into a
big one before performing Extract Method or Replace
Method with Method Object.

o> Motivation
- Decomposing a method (Extract Method) can be very

difficult if it is full of local variables.

- Using Replace Temporary Variable with Query helped a
bit but you may find that you cannot break down a method
(Extract Method) that needs breaking.

- Generally if you have a hard time decomposing a method
then replace it with a Method Object.

> Motivation

- It is much clearer if you use only the parameters to
represent what has been passed in.

- Java passes by value so assignements to parameters are
discouraged.

- After you have extracted a method, you might want to
check for any assignments to it’s parameters.

ol Motivation

- Some parts of your code seem too complex to
understand or maintain.

- You cannot decompose your code any more to make it
simpler.

- After you have extracted a method, you should check if
you can simplify the extracted code.

| 2 v e

K>

Original Code

Example

After Refactoring

K>
oy mple
pha(
{
return (3 -
; }
Original Code
K>
Original Code
<l

Original Code

Example

Example

Example

‘ After Refactoring

After Refactoring

After Refactoring

Yynuo I1.1 Awgdveies yio Inline Method, Replace Method with Method Object,

Remove Assignments to Parameters kou Substitute Algorithm
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| > Motivation
- Temporary variables set more than once is a sign that
they have more than one responsibility within the
method.
- Using a variable for two different things can be very
confusing for the reader so it should be replaced with a
temporary one for each responsibility.

- If you end up with a lot of temporary variables after
some splits then you might consider replacing them
with queries.

A il Tamporey vt

> Example

id example({double height, double width)

double temp = * (height + width):
System.out.println (temp);

temp = height * width;
System.out.println (temp);

Original Code

e width)

* (height + width};

After Refactoring

A Vs g ot =i

- > Motivation

- Expressions can become very complex and hard to read.
In such situations temporary variables can be helpful to
break down the expression into something more
manageable.

- Introduce Explaining Variable refactoring’s intend is
basically the same as Extract Method. Replace part of your
code with something that explains it’s function.

A e =i p boreens

&> Example

- > -
Motivation

- Most of the time Inline Temp is used as part of Replace
Temp with Query.

- When you find a temp that is assigned the value of a
method call and it's getting in the way of other
refactorings, it's a good idea to inline it.

Y ————

L2 Example

Original Code

I
I
|
I
I
I
|
I
I
. I
' [

I

I

I

I

I

I

I

I

I

I

I

Original Code

blic boolean o
return(anorder .bassPrics() > )i

After Refactoring

in

After Refactoring

" e T ey ) Py ———

| > Motivation

- Because they can be seen only in the context of the
method in which they are used, temporary variables
tend to encourage longer methods

- Temporary variables often are so plentiful that they
make method extraction very awkward.

- Cleaning up your code beforehand will allow you to
make the extraction easier.

= > Motivation

- Long methods make your code hard to read and
maintain.

- Short, well-named methods allow the higher-level
methods to read more like a series of comments.

- Finely-grained methods are easier to override.

Original Code

4 B

>

Syaem. ot prARTin (et 4 _name) s
‘ayuen. o princia (" « amouns) ;
)
'

Original Code
(Code to be Extracted is highlighted)

Yynuo I1.2 Awagdveieg ya Split Temporary Variable, Introduce Explaining Variable,

Inline Temp, Replace Temp with Query kot Extract Method
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Method Call Improvement
4 e P W A st v ———
| > Motivation L2 Example
!
1
- Add Parameter is a very common refactoring, one that i
ass Person{ 1
you almost certainly have already done. The motivation is tring name; !
simple. You have to change a method, and the change 1ic stxing gerbetaiis0 i i v
requires information that wasn't passed in before, so you ! i )
add a parameter. !
I
i
Original Code i After Refactoring
P —p— [ —— —
- > Motivation L2 Example

- Programmers often add parameters but are reluctant to
remove them. A parameter indicates information that is
needed; different values make a difference. Your caller
has to worry about what values to pass.

- By not removing the parameter you are making further 1
work for everyone who uses the method. That's not a

good trade-off, especially because removing parameters is

an easy refactoring.

Original Code

After Refactoring

| >

Motivation <>

- You may see a couple of methods that do similar things
but vary depending on a few values. In this case you can
simplify matters by replacing the separate methods with a
single method that handles the variations by parameters.
Such a change removes duplicate code and increases ,
flexibility, because you can deal with other variations by
adding parameters.

Motivation

- If a method can get a value that is passed in as
parameter by another means, it should. Long parameter
lists are difficult to understand, and you should reduce
them as much as possible. One way of reducing parameter
lists is to look to see whether the receiving method can
make the same calculation.

- If an object is calling a method on itself, and the
calculation for the parameter does not reference any of
the parameters of the calling method, you should be able
to remove the parameter by turning the calculation into
its own method.

Example

i fivepercentRaise
salary *=
i

0t

Original Code

Example

Original Code

)

=s Employes {
raise (double factor) {
salary *= {1 + factor) ;
3

After Refactoring

After Refactoring

T 1 e oy Mo

L2

" v G b

> Motivation

- Itis a good idea to clearly signal the difference ,
between methods with side effects and those without.

- A good rule to follow is to say that any method that
returns a value (Query) should not have observable
side effects. '

Example

Original Code

1nal] people)

After Refactoring

Yynuoa I1.3 Awgdaveles yio Add Parameter, Remove Parameter, Parameterize Method,

Replace Parameter with Method kou Separate Query from Modifier
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| > Motivation

- Refactoring often causes you to change decisions about
the visibility of methaods. It is easy to spot cases in which
you need to make a method more visible: another class
needs it and you thus relax the visibility.

- It is somewhat more difficult to tell when a method is
too visible. If you spot that a method is not used by any
other class you should make it private.

Example

ass persen ! class persen

String name;
nt age:

& age;

tring mm, ing ag)( ng rm, ing ag)(

return name;

t getAge O [

ablic private int getAgel) |
return age;
b

]
]
]
]
]
]
]
]
]
]

ic String gethams () ( |
i
]
]
]
]
1 return age;
i
]
|
]

Original Code After Refactoring

R vt i G

| > Motivation

- Often you see a particular group of parameters that tend
to be passed together. Several methods may use this
group, either on one class or in several classes. Such a
group of classes is a data clump and can be replaced with
an object that carries all of this data.

- This refactoring is useful because it reduces the size of
the parameter lists, and long parameter lists are hard to
understand. The defined accessors on the new object also
make the code more consistent.

& et et =

| > Motivation

- This type of situation arises when an object passes
several data values from a single object as parameters in a
method call. The problem with this is that if the called
object needs new data values later, you have to find and
change all the calls to this method. You can avoid this by
passing in the whole object from which the data came.
The called object then can ask for whatever it wants from
the whole object.

o bt P S =

Example

pate start, Date end)(

amountReceivedln(Date start, Date end) {

i
ancuntoverdueln(Date start, Date end){

Original Code After Refactoring

P |

| > Motivation

- This type of situation arises when an object passes
several data values from a single object as parameters in a
method call. The problem with this is that if the called
object needs new data values later, you have to find and
change all the calls to this method. You can avoid this by
passing in the whole object from which the data came.
The called object then can ask for whatever it wants from
the whole object.

P

M > Motivation

- Providing a setting method indicates that a field may be
changed. If you don't want that field to change once the
object is created, then don't provide a setting method
(and make the field final). That way your intention is clear
and you often remove the very possibility that the field
will change.

P g it |

L2 Example

1

]

]

i

1

1

]

i

i

]

d set1d (String arg) !
id = arg: |
]

]

]

]

]

i

]

]

Original Code After Refactoring

| >

- Methods should be named in away that communicates
their intention. A good way to do this is to think what the
comment for the method would be and turn that
comment into the name of the method.

Motivation

- If you see a badly named method, it is imperative that
you change it. Remember your code is for a human first
and a computer second. Humans need good names.

- Good naming is a skill that requires practice; improving
this skill is the key to being a truly skillful programmer.

Example

Original Code

After Refactoring

Yynuo 1.4 Awagpaveieg yio Hide Method, Introduce Parameter Object, Preserve Whole

Object, Remove Setting Method kot Rename Method
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A Bt bt

| > Motivation

- If you return a value from a method, and you know the
type of what is returned is more specialized than what
the method signature says, you are putting unnecessary
work on your clients. Rather than forcing them to do the
downcasting, you should always provide them with the
most specific type you can.

ing () {

Original Code

ings. lastElement ()

Example

== Book(
Reading lastReading() |

zeturn (Reading) readings.lastElement():
)

I

|

|

|

I

|

|

|

1

1

|
)

|

I

I

|

I

1

|

|

|

|

After Refactoring

Py

| > Motivation

- You can use factory methods for situations in which
constructors are too limited. They also can be used to
signal different creation behavior that goes beyond the
number and types of parameters.

o > Motivation
- If the cost of a program crash is small and the user is
tolerant, stopping the program is fine. However, more
important programs need better error handling.

- The problem is that the part of a program that spots an
error isn't always the part that can figure out what to do
about it. When such a routine finds an error, it needs to

5 ) P ————

LI»

Employee (int arg) {
type = arg;
1
)

Original Code

e

K>

class Account(
private int balance;
int withdraw(int amount) {
1f (amount > balance)
return =1;
else
balance -= amount;
return 0;
1
)
1

let its caller know, and the caller may pass the error up the

chain.

Qriginal Code

Example

After Refactoring

Example

After Refactoring

. > Motivation

- Exceptions should be used for exceptional behavior—
behavior that is an unexpected error. They should not act
as a substitute for conditional tests. If you can reasonably
expect the caller to check the condition before calling the
operation, you should provide a test, and the caller should
use it.

T | 4 bt e

KLI2

Example

P ————

| > Motivation

- The usual case for this refactoring is that you have
discrete values of a parameter, test for those values in a
conditional, and do different things. The caller has to
decide what it wants to do by setting the parameter, so
you might as well provide different methods and avoid the
conditional.

- You not only avoid the conditional behavior but also gain
compile time checking. Furthermore your interface
also is clearer.

Original Code

Example

tic Employes createManager()
return new Manager() ;
i
)

After Refactoring

Yymuoa I1.5 Awgdveles yio Encapsulate Downcast, Replace Constructor with Factory
Method, Replace Error Code with Exception, Replace Exception with Test «ot

Replace Parameter with Explicit Methods
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Original Design

- > Motivation <> Example
]
- If subclasses are developed independently, or combined i
through refactoring, you often find that they duplicate i irgone
features. In particular, certain fields can be duplicates. 7al ! ﬁ—
Such fields sometimes have similar names but not always. T i I
The only way to determine what is going on is to look at b i | S— —
the fields and see how they are used by other methods. If — = ‘ |
they are being used in a similar way, you can generalize i
them. !
Original Design ! After Refactoring
— — —
| > Motivation <z Example
- Eliminating duplicate behavior is important. Although i
two duplicate methods work fine as they are, they are i
nothing more than a breeding ground for bugs in the ! "
future. Whenever there is duplication, you face the risk i
that an alteration to one will not be made to the other. ! ' —
! 1
- Usually it is difficult to find the duplicates. The easiest i }
case of using Pull Up Method occurs when the methods | :
have the same body, implying there's been a copy and i
paste. Original Code ' After Refactoring
= > Motivation % Example
1
i
Employee I : ‘
b 1 Employee
- Push Down Field is the opposite of Pull Up Field. Use it i | i I
when you don't need a field in the superclass but only in a ; g ! @
subclass. ]
Salesman Engineer i m&m" Engineer
C | |
1
1
1

After Refactoring

| > Motivation SUP% Example

|

1
- Push Down Method is the opposite of Pull Up Method. Enployee | cnpoye
You should use it when you need to move behavior from a o i
superclass to a specific subclass, usually because it makes ) !
sense only there. You often do this when you use Extract 1 i S| 1
Subclass. S Engeer I ! — o

: |

!

Original Design ' After Refactoring

= > Motivation <2 Example

- If you have been working for a while with a class
hierarchy, it can easily become too tangled for its own
good. Refactoring the hierarchy often involves pushing
methods and fields up and down the hierarchy. After
you've done this you can well find you have a subclass
that isn't adding any value, so you need to merge the
classes together.

JAN

Salesman

Original Design

After Refactoring

Yynua I1.6 Awgdveieg yia Pull Up Field, Pull Up Method, Push Down Field, Push

Down Method «o1 Collapse Hierarchy
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A s s E [ | pry—r— o -
| > Motivation K>
- Classes use each other in several ways. Use of a class
often means ranging over the whole area of
responsibilities of a class. Another case is use of only a
particular subset of a class's responsibilities by a group of
clients.
- For the second case it is often useful to make the subset
of responsibilities a thing in its own right, so that it can be
made clear in the use of the system. That way it is easier
to see how the responsibilities divide. If new classes are
needed to support the subset, it is easier to see exactly
what fits in the subset. Original Code

A o i | py—

| > Motivation L2 Example

- The main trigger for use of Extract Subclass is the
realization that a class has behavior used for some
instances of the class and not for others.

- The main alternative to Extract Subclass is Extract Class.
This is a choice between delegation and inheritance.
Extract Subclass is usually simpler to do, but it has
limitations. You can't change the class-based behavior of
an object once the object is created. You can change the
class-based behavior with Extract Class simply by plugging !
in different components.

Example

]|

A barc g ) p— E———)

E > Motivation

- One form of duplicate code is two classes that do similar
things in the same way or similar things in different ways.
Objects provide a built-in mechanism to simplify this
situation with inheritance. However, you often don't
notice the commonalities until you have created some
classes, in which case you need to create the inheritance
structure later.

Original Code After Refactoring

= . =
A vt e o bt S prer———— o |

| > Motivation &2 Example

- If you find yourself using all the methods of the delegate

and are sick of writing all those simple delegating

methods, you can switch back to inheritance pretty easily. )
This is the opposite refactoring of Replace Inheritance

with Delegation.

After Refactoring

P T I I S —

| > Motivation L2 Example

- Often you start inheriting from a class but then find that
many of the superclass operations aren't really true of the class wystack exbends Vect
subclass. In this case you have an interface that's not a et it
true reflection of what the class does.

blic object popl) {
Cbject result = firstElement();
removeElenenthe (0) ;
return result;

- By using delegation instead, you make it clear that you !
are making only partial use of the delegated class. You

control which aspects of the interface to take and which

to ighore.

Original Code After Refactoring

Yynuo I1.7 Awedveeg yio Extract Interface, Extract Subclass, Extract Superclass,

Replace Delegation with Inheritance kot Replace Inheritance with Delegation
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| > Motivation

- As the system develops, you might find the need for new
classes and the need to shuffle responsibilities around.

- When more methods on another class are using the field
than the class itself it is a good idea to move the field.

- Move Field is part of Extract Class and Inline Class
refactorings.

Original Code

Example

| > Motivation

- When classes have too much behavior or when classes
are collaborating too much and are too highly coupled it is
a good practice to move some of their methods.

- By moving methods around, you can make the classes
simpler and they end up being a more crisp
implementation of a set of responsibilities.

- Move Method is part of Extract Class and Inline Class
refactorings.

P =

- > Motivation

- Generally a class should be a crisp abstraction and
handle a few clear responsibilities. As you add more
functions and responsibilites you might find that it is time
to split your code to be more clear.

- Signs that a subset of the data and a subset of the
methods usually change together or are particularly
dependent on each other tell you it is time for Class
Extraction.

Original Code

Example

'

) After Refactoring

Example

After Refactoring

| > Motivation

- After several refactorings you moved responsibilities out
of a class and now there is little left to justify its existence.

- If a class no longer pulling its weight and should not be
around anymore, then it is time to inline it.

Original Code

After Refactoring

v o

| > Motivation

- If a client calls a method defined on one of the fields of
the server object, the client needs to know about this
delegate object. If the delegate changes, the client also
may have to change. You can remove this dependency by
placing a simple delegating method on the server, which
hides the delegate.

=

v oo

K2

Person getuanager () (
zaturn manager;

Original Code

(Department

Example

)

a gecranag
e nanager

)

After Refactoring

Yynuo I1.8 Awgdveieg yio Move Field, Move Method, Extract Class, Inline Class kot

Hide

Delegate
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_1P% Motivation

- Using a delegated object has its disadvantages
sometimes. Every time the client wants to use a new
feature of the delegate, you have to add a simple
delegating method to the server.

- After adding features for a while, it becomes painful. The
server class is just a middle man, and perhaps it's time for
the client to call the delegate directly.

Original Code

Example

After Refactoring

| > Motivation

- Your server class does not provide with a service you
might need and it does not let you change its source code
so you can add it yourself either.

- You can work around the problem by implementing that
method to the client with an instance of the server class
as its first argument.

K2

= new Date (p
ousEnd .getmonth() ,

End. getYear (),

Original Code

(Cannot be added to Date (server) class)

nd.getDate () + 1)

Example

onth () ar3.geesate 041 7

After Refactoring

[P Motivation

- Your server class does not provide with a service you
might need and it does not let you change its source code
so you can add it yourself either.

- If you want to add one or two methods you can use
Introduce Foreign Method and add them to the client. If
you need more then you should group them together and
use a subclass or a wrapper class as an extension to the
server.

&>

= naw Date (o
nd. getMonth) ,

Original Code

(Cannot be added to Date (server) class)

Example

After Refactoring

Yynuo I1.9 Awagpaveieg yio Remove Middle Man, Introduce Foreign Method ot

Introduce Local Exception
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A et ey e o R A tases e e e

| > Motivation L2

- Arrays are a common structure for organizing data.
However, they should be used only to contain a collection
of similar objects in some order. Sometimes, however, you
see them used to contain a number of different things.

class League{

4 someCode() [

)=
Tow [1) = "15%;
string name = row(]:

t wins = Integer.parseInt(row(1]);

- With an object you can use names of fields and methods )
to convey these different data types more clearly and also
add some kind of behavior to them.

Original Code

[) zow = new string(?):

Example

Leaguat

After Refactoring

prere— P —— | py——

| > Motivation <2

- Magic numbers are numbers with special values that
usually are not obvious. They are really nasty when you
need to reference the same logical number in more than
one place. If the numbers might ever change, making the
change is a nightmare. Even if you don't make a change,
you have the difficulty of figuring out what is going on.

height;

)

- Many languages allow you to declare a constant. There is

mass, e height) {

Example

=5 Energyl

no cost in performance and there is a great improvement Original Code After Refactoring
in readability.

LT = p——— =
| Motivation <2 Example

- Record structures are a common feature of programming
environments. There are various reasons for bringing
them into an object-oriented program.

t persen(
- You could be copying a legacy program, or you could be
communicating a structured record with a traditional
programming API, or a database record. In these casesit is
useful to create an interfacing class to deal with this
external element.

char *name

Original Code

nt getage 1 {
return age;

¢ String getName () (

After Refactoring

Yynua I1.10 Aweaveieg yuo. Replace Array with Object, Replace Magic Number kot

Replace Record with Data Class



117

> Motivation

- Numeric type codes, or enumerations, are a common
feature of C-based languages. With symbolic names they
can be quite readable. The problem is that the symbolic
name is only an alias; the compiler still sees the underlying
number.

- If you replace the number with a class, the compiler can
type check on the class. By providing factory methods for
the class, you can statically check that only valid instances
are created and that those instances are passed on to the
correct objects.

K>

Original Code

Example

P —— ———

> Motivation

- If you have a type code that does not affect behavior,
you can use Replace Type Code with Class. However, if the
type code affects behavior, the best thing to do is to use
polymorphism to handle the variant behavior.

- This is similar to Replace Type Code with Subclasses, but
can be used if the type code changes during the life of the
object or if another reason prevents subclassing. It uses
either the state or strategy pattern.

P ——

K>

Example

After Refactoring

P T—— —

| > Motivation

- If you have a type code that does not affect behavior,
you can use Replace Type Code with Class. However, if the
type code affects behavior, the best thing to do is to use
polymorphism to handle the variant behavior.

- This situation usually is indicated by the presence of
case-like conditional statements. These may be switches
or if-then-else constructs. In either case they test the
value of the type code and then execute different code
depending on the value of the type code.

oyeel

t get

tTyp t
return type;

Original Code

Example

Enployee(

datauit

After Refactoring

ynua I1.11 Awgaveieg yuo Replace Type Code with Class, Replace Type Code with

State/Strategy ka1 Replace Type Code with Subclasses



118

- >

- During your code development you might come across
with the decision to change your value objects into
reference objects or the other way around.

- The trigger for going from a reference to a value is that
working with the reference object becomes awkward.
Reference objects have to be controlled in some way. You
always need to ask the controller for the appropriate
object. The memory links also can be awkward. Value
objects are particularly useful for distributed and
concurrent systems.

Motivation

P

&>

ic String getCodel) {
zeturn code;

rivate Currency (String c
code = code;

Original Code

Example

ode) {

After Refactoring

(> Motivation

- A well-layered system separates code that handles the
user interface from code that handles the business logic.
Although the behavior can be separated easily, the data
often cannot.

- If you come across code that has been developed with a
two-tiered approach in which business logic is embedded
into the user interface, you need to separate the
behaviors. Much of this is about decomposing and moving
methods. For the data, however, you cannot just move
the data, you have to duplicate it and provide the
synchronization mechanism.

_I» Motivation

- When you make data public, other objects can change
and access data values without the owning object's
knowing about it. This separates data from behavior.

- This is seen as a bad thing because it reduces the
modularity of the program. When the data and behavior
that uses it are clustered together, it is easier to change
the code, because the changed code is in one place rather
than scattered all over the program.

&>

Original Design

L >

Interval Window

ass Course(

ng courseName:

= Course(String name){
urseName = name;

Person{

vate Set courses;

ic et getCourses(){
return courses;

rses (set

Original Code

Example

Interval Window

anct i
lergsh sring

CseuiateLength
cakalateknd

After Refactoring

Example

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
arg) { |
|
|
|
|

<<interface>>
:

After Refactoring

_1b% Motivation

- When you make data public, other objects can change
and access data values without the owning object's
knowing about it. This separates data from behavior.

- This is seen as a bad thing because it reduces the
modularity of the program. When the data and behavior
that uses it are clustered together, it is easier to change
the code, because the changed code is in one place rather
than scattered all over the program.

lass Person{

String name;

Original Code

Example

scmeMethod () {

plic String getName () {
return name;

setMame (String arg){
ra;

After Refactoring

> Motivation

- You create subclasses to add features or allow behavior
to vary. One form of variant behavior is the constant
method. This can be very useful on subclasses that return
different values for an accessor. You define the accessor
in the superclass and implement it with different values
on the subclass.

- Although constant methods are useful, a subclass that
consists only of constant methods is not doing enough to
be worth existing. You can remove such subclasses
completely by putting fields in the superclass. By doing
that you remove the extra complexity of the subclasses.

tract class erson {
an isMale);
geteode )

Lanatedr (
return false.

nar geccsden) |
ratumm

Original Code

Example

After Refactoring

Yynuo I1.12 Awedveieg yio Change Reference to Value, Duplicate Observed Data,

Encapsulate Collection, Encapsulate Field ko1 Replace Subclass with Fields
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R e b E i

| > Motivation

- Bidirectional associations are useful, but they carry a

price. The price is the added complexity of maintaining the

two-way links and ensuring that objects are properly
created and removed. Bidirectional associations are not
natural for many programmers, so they often are a source
of errors.

- You should use bidirectional associations when you need
to but not when you don't. As soon as you see a
bidirectional association is no longer pulling its weight,
drop the unnecessary end.

P T r——

L2

comave this)

st ¢

Original Code

Example

Customer getCustomer() {
retura customer

1

oid setCastomer {Customer arg) {
customer = arg;

1

35 customer(

name ;
string getName () {

retuzn name;

After Refactoring

" e et e b

- > Motivation

- You may find that you have initially set up two classes so
that one class refers to the other. Over time you may find
that a client of the referred class needs to get to the
objects that refer to it. This effectively means navigating
backward along the pointer.

- In this case you need to Change Unidirectional
Association to Bidirectional. To implement bidirectionality
you need to use hack pointers.

<2

55 order(

Customer custemer;

Customer getC:

mer() {
return cusi ;

)

id setcustomer (Customer arg) |

customer = arg:
]

class Customer(
String name:

String gethame()(
return name;
)
)

Original Code

Example

i

Y — =

| > Motivation

- During your code development you might come across
with the decision to change your value objects into
reference objects or the other way around.

- Sometimes you start with a simple value with a small
amount of immutable data. Then you want to give it some
changeable data and ensure that the changes ripple to
everyone referring to the object. At this point you need to
turn it into a reference object.

| > Motivation

- Often in early stages of development you make decisions
about representing simple facts as simple data items. As
development proceeds you realize that those simple items
aren't so simple anymore.

- If you come across data items in your code that need to
have a better and more complex representation it’s time
to transform them into an object.

B o v e

K \|2

Original Code

P

<>

ic String getCustomer() {
return customer;

customer = arg
)
)

Original Code

void setCustomer (string arg) (

Example

After Refactoring

Example

After Refactoring

e

| > Motivation

- Direct variable access can be more easy to read and
implement but less flexible when you try to extend your
classes.

- The advantages of indirect variable access are that it
allows a subclass to override how to get that information
with a method and that it supports more flexibility in
managing the data, such as lazy initialization, which
initializes the value only when you need to use it.

| it

L2

ntRange {
nt low, high;

an includes {int arg) {
return arg >= low &8 arg <=

id grow(int factor) {
high = high * factor;
1
)

Original Code

high;

Example

arg <= geianl);

|
|
|
|
|
|
|
|
|
|
| )
|
|
|
|
|
|
|
|
|
|

After Refactoring

Yynuo I1.13 Awgpdveies yro Change Bidirectional Association to Unidirectional,
Change Unidirectional Association to Bidirectional, Change Value to Reference,
Replace Data Value with Object ka1 Self Encapsulate Field
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Conditional Expression Simplification

A e O ST st e = —

- > Motivation E)_@mple

- The essence of polymorphism is that instead of asking an '
object what type it is and then invoking some behavior
based on the answer, you just invoke the behavior. The
object, depending on its type, does the right thing. One of
the less intuitive places to do this is where you have a null
value in a field.

Original Code After Refactoring

- > Motivation <>

- When you have a series of conditional expressions, you
often see a control flag used to determine when to stop
looking.

1
1 (peoplefi] . equals ( i
sendalert

- Such control flags are more trouble than they are worth.
It is often surprising what you can do when you get rid of a |
control flag. The real purpose of the conditional becomes )

so much more clear.

break
i

Original Code After Refactoring

| > Motivation

- The essence of polymorphsim is that it allows you to
avoid writing an explicit conditional when you have
objects whose behavior varies depending on their types.

- The biggest gain occurs when this same set of conditions
appears in many places in the program. If you want to add
a new type, you have to find and update all the
conditionals. But with subclasses you just create a new
subclass and provide the appropriate methods.

Original Code After Refactoring

Yynuo I1.14 Awedveteg yuo Introduce Null Object, Remove Control Flag kot Replace

Conditional with Polymorphism
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> Motivation

- Sometimes you see a series of conditional checks in
which each check is different yet the resulting action is the
same. When you see this, you should use ands and ors to
consolidate them into a single conditional check with a
single result.

- Consolidating the conditional code is important for two
reasons. First, it makes the check clearer and second is
that it often sets you up for Extract Method.

Py E—r——

Example

if (_isPartTime) return

Original Code

After Refactoring

Motivation

- Sometimes you find the same code executed in all legs of
a conditional. In that case you should move the code to
outside the conditional. This makes clearer what varies
and what stays the same.

4 Dot Gt -

| > Motivation

- One of the most common areas of complexity in a
program lies in complex conditional logic. As you write
code to test conditions and to do various things depending
on various conditions, you quickly end up with a pretty
long method.

- As with any large block of code, you can make your
intention clearer by decomposing the conditional parts
and replace them with a method call named after the
action to happen when that condition is met.

Example

caleulation{
d eals ()

Original Code

4 DesopinCoes

<2 Example

Original Code

t

calculation(
sendDeals ()

if (isSpecialbeal ()

total = price

After Refactoring

After Refactoring

T S -

| > Motivation

- Often sections of code work only if certain conditions are
true. This may be as simple as a square root calculation's
working only on a positive input value. With an object it
may be assumed that at least one of a group of fields has a
value in it.

- Such assumptions often are not stated but can only be
decoded by looking through an algorithm. Sometimes the
assumptions are stated with a comment. A better
technique is to make the assumption explicit by writing an
assertion.

b Example

After Refactoring

- >

Motivation

- The key point about Replace Nested Conditional with
Guard Clauses is one of emphasis. If you are using an if-
then-else construct you are giving equal weight to the if
leg and the else leg. This communicates to the reader that
the legs are equally likely and important. Instead the
guard clause says, "This is rare, and if it happens, do
something and get out."

Example

isSeparated) result = separatedimount (}

QOriginal Code

After Refactoring

Yynuo I1.15 Awedaveieg yuo Consolidate Conditional Expression, Consolidate

Duplicate Conditional Fragments, Decompose Conditional, Introduce Assertion xot

Replace Nested Conditional with Guard Clauses
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* Required

Software Developer Survey

This section aims to learn more about software developer's knowledge on code refactoring.

How old are you? *
<20

2024

25-29

30-34

3539

40-50

O 0O O 00O O0O0

50+

What's your experience with software development? *
O Less than 1 year.

O 1-2years.
O 3-5years.
O 610 years.
(@]

11+ years.

Have you ever heard of the term code refactoring before? *
O No. I have no idea what code refactoring is.
O Yes. but | am not sure what code refactoring exactly is.

O Yes. I fully understand what code refactoring is.

How often do you refactor your code? *

O 1 (Never. If it was hard to write, it should be hard to read.)
02

O3

O 4

O 5(Constantly. | like my code clean and simple.)

Do you use automated refactoring tools to help you refactor
your code? *

O 1 (Never. | perform all my refactorings manually.)
O 2
O3
O a

O 5 (Constantly. | use automated tools for all my refactoring operations.)

If you don't use automated refactoring tools or use only a couple
of them, can you explain why?

D I had no idea that this kind of tools exist.
|:| They seem too complicated for me to use.
E\ | don't trust them enough to use them.

D They are not flexible enough. They need too much configuration

NEXT

Mever submit passwords thraugh Google Forms

Yyuo I1.16 Epomuoatordyro A&ordoynong Eurepioc Xpnotov
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 Reuired
Refactoring Trip Advisor Survey
This sect ‘e Trip
Advisor,

What refactorings did you perform WITHOUT the use of
Refactoring Trip Advisor? *
©

ye g “Other

refactorings” section)
[ inline Temp (ArrayList<Versioninfo> versionlist)

O Inline Temp (double dops)

O inline Temp (String xaxis)

[ inline Temp (JFreeChart objChart)

O inline Temp (double dstructs)

[ inline Temp (String yaxis)

[0 inline Temp (JFreeChart objChart2)

[0 Extract Method (the first for loop)

[ Extract Method (the second for loop)

[ Move Method (move the first extracted method to History class)

[0 Move Method (move the second extracted method to History class)

Other refactorings you performed that are not included in the list
above.

How much time did the whole process described above take? *

What refactorings did you perform WITH the use of Refactoring
Trip Advisor? *

below. “Other
refactorings” section)

[ nline Temp (ArrayList<Versioninfo> versionlist)

[ inline Temp (double dops)

O inline Temp (String xaxis)

[ Inline Temp (JFreeChart objChart)

[ Inline Temp (double dstructs)

[ inline Temp (String yaxis)

O inline Temp (JFreeChart objChart2)

[ Extract Method (the first for loop)

[ Extract Method (the second for loop)

[ Move Method (move the first extracted method to History class)

[O Move Method (move the second extracted method to History class)
Other refactorings you performed that are not included in the list

above.

How much time did the whole process described above take? *

Zyua I1.17 Epotupatoddyro mave otig Abvo Epyacieg mov o1 Xpnoteg ektédecav
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Refactoring Trip Advisor Survey

This sect ! bout Trip

Advisor

How would you rate Refactoring Trip Advisor's UI? *
O 1 (Too poor/complicated. Needs improvement.)

O2

O3

O

O 5 (simple/Helpful. | really liked it))

How would you rate the information given about each
refactoring? *

O 1 (Not enough information. Didn't understand what some refactorings do.)
O2
O3
O

O 5 (Pretty helpful. | learned when and how to use them.)

How would you rate the connections/relationships between the
refactorings? *

O 1 (Poor. | don't agree with most of them.)
02
O3
O 4

O 5 (Pretty helpful. 1 learned how to perform multiple refactorings on my code.)

How would you rate the identification/detection option for the
refactorings it was provided? *

O 1 (Poor. I didn't manage to perform it on my code.)
02
O3
O

O 5(Easy and simple. | used it on my code successfully.)

How would you rate your overall experience with Refactoring
Trip Advisor?

O 1 (Poor. I didn't find it any useful at all, Needs Improvement.)
02
O3
O

O 5 (Pretty good. | leamed some useful information about refactoring.)

Do you have any comments about your experience using
Refactoring Trip Advisor?
v

Zyuoa I1.18 Epomuatordyro A&ordynong tov Refactoring Trip Advisor amd tovg
Xpnoteg



