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This thesis proposes an approach for detecting and locating six bad-smells
(such as Feature Envy, Large Class, Lazy Class, Long Method, Long Parameter Lists,
and Switch Statement) from source code using object-oriented software metrics. The
metrics are proposed to be used as indicators for determining whether a particular
fraction of code contains the bad-smell or not. The approach also provides suggestion
to modify the code by particular refactoring techniques, and then it is evaluated by
comparing bad-smell metrics before and after applying the refactoring techniques. This
research work also constructs an automated tool for detecting the bad-smell from java

source code by measuring bad-smell metrics that are related to the six bad-smell.

The result shows that these bad-smell metrics are enhanced after we apply the
refactoring. All proposed bad-smell metrics can be used as indicators for detecting

and locating bad-smells.
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wihnaunielunana
daiuuAeIAINNANTIUN: AANATNH WOC agjse1dnd 0 - 0.33
2. W m9iA Number of public attribute (NOPA)

a o o dl % a 1=l a '8
fienu: aruaupndneue il ldgnaunennn wilinnstsznialugumasinasss

AANA
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A1eBLNE:  ARaNNantTnedayaluuLLRULAA (Public) MaviiANgNIs

¥a%in (Encapsulation) 284N1908NULLLTTRT)

dannuuaaasaINfiansnn: aananatlu 10 a15ULIN 1 NOPA > 5
3. NIR99m Number of accessor method (NOAM)

a ° - AN oy oA a |
UeINU: @’]HQUL@QLeﬁ@Lﬁﬂ?LNWﬁ@@WiNVLWQﬂ@UW@ﬂNq LLmNﬂqﬁ‘ﬂ?Zﬁﬂqﬁ@ﬂ“Iu

AULNDFNATRIAANA

ANBSLNE: BAANAN NOAM 49 RAEAIININ NINNULNAIUIaSAAIATIY

Dl Fannfiagliylsnges luaanadus I

danuunaedriatsnn: Aaanat s 10 aA16uusn § NOAM > 3

God Class [8]

o ¥ =

N19ANLULITERNAR AzfeIdin1anszaan1aeIusendeaana Wdnaw Tussuuy

daa3tz (Inteligence  system) BEN AAIATNTNINUENNAILANNININUNAN AN A TUITLIL

A48 God Class

wpeqla : 1He9AIN God Class HNAIVNNNIURANNANEUTNT NOUNNNNTINTa

% o = ~ > 4 2 o g ux ' o
EL UANIARL LL@ZL?F;IHSL%%@N”@@Wﬂm’&@uuu "VI’]GL‘VI?:JN@ﬂ?ﬁmum@@m@ﬂﬂmzquQMﬂqW

4"(
e

o

1. n13snnauNn gl We1 God Class 11 Ananailarndu nnldaaululd s

azipatdtiundun s lsananas

2. AN lanad Iz ANNTURATALUEY God Class NUAINUATE NEA

-2 v
WWnnnanudnlaaagtiu i lalesnai

35100938 . God. Class Wansanlsainnnsdnisdeyaniannlasiianaaiaiunn i
o =t ’ - a4 a Sy = = L
dndelnenssuaziuendafiingen wazingAnssui liinsded1suan uangdnlul
NN3NILANENTINNIUITNINAANIA AI1N1T0AI9A91 God Class IA8EHAINNNIUIAAIAT

v Y

AuRutanalulamanaatgauin antunIdaAaanNaIuIALEan warAaIgntn1snz Ty

a

v v
NOLUUBLBAN
NIBITIP

1. WRM39m Access of foreign data (AOFD)
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a o alldl Y Z’/ ¥ KX v 9-;/ ¥ K
UEN: f-vmquﬂmzﬁmﬂuﬂﬂ@mmqmﬂwmmzﬁuummwm@ ST RNIRIZEN
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¥ 1
ANBBLNE: AATANAY AOFD g3 MNN8AMNGT AaaRiAuUnaziduiiy

God Class 49

danmungeeA eI Aatane i 10 A1duusn 71 AOFD 2 3
2. 11m9IA Weighted method count (WMC) [9]

e ﬁﬂuqmiﬁwﬂﬂm@@qumﬂqmm’m%u%@mmmm'j“mieﬂmmmﬁﬂmmLLm-
1 P2 10 KR KR 1 o Y ¥
LﬂlﬁqﬂLNV]ﬁ'ﬂﬂﬂ’]Eli‘l&LL[ﬂ@Zﬁ@’]@ aﬂumuqmrﬂmmmusﬁ@uum WMC Az

ALlFRaIAANAtNLaad NN e A TARNE

A1BBUNE: DNARIEHAN WMC g9 uN1EA NgIAanadiauaiguasiinonu

o

Udanann Inszasiuenaliu God Class I
Horuagesrfiiarsn: ﬂmmﬁ@%i‘lu 10 AFLILSNYBITTLIL
3. u11m99A Tight class cohesion (TCC) [10]
Dem: SnuuANNRNTLF IR amsanTi Aaan T lne R

o o Y et SR Ky =il S Ay ~
ANRTLNE: NIAANENAT TCC R AR NW{]mﬂ@?mmiﬂmﬂq?@@mqﬁ‘wqﬂlﬁfvlﬂZ‘]f]@

TANUUATAIAINNANTUN: ARIANNAT TCC gigehii79 0 — 0.33

aniulda¥aedesfladmiunmaduseseniliity dssneudan 2 daude
TableGen z%mi?uLﬁu%uﬂ@mi@ﬂﬂLLuuﬁ'ﬁfa\imimﬂ‘EﬁJiLmiumm%Wﬁ@wﬁm (C++) 1
ARTA LUNDRA ANANTLS Iz I NAA4A NsiEan 1T unsen Humu ﬁﬁfmﬂammﬁumﬁu
TuguuueeIns19 uardaunisun mmﬁmmﬁﬁmmimﬂ%ﬂ?mﬁfagm%mﬂ@L%m”uﬁuﬁ
(Relational database engine) Fdluanadeiiienld gudeyagesda (Oracle) aaing

o ulz a o o O o dl A ¥ =KX v 1 ?:/
ﬁﬂﬂ’]ﬂ\‘iL’ﬂ@ﬂ’lLL‘ﬂ@ (SQL) AMFuAILNIRIIATNLAEN 1 Tmmw@gmqﬂmiwmmuu

[ % o ©° o o a

o a‘d‘ v a dgl A dl a = A
NARNEN IHANNINUARET e NIRITAFIUSUN1IATIAdUTadsasd LA 2 95 Aa Data
Class Ua¥God Class Ausnaawiaendsiu deannnsntiunmnsdniill1diunsdifinunaws)
INAATIAEALANNUNNTANAVRINIATTAL LAZAINITDUNTUAAUNITDANULLATNFEI1NTU
o | dl |dd9/ U dl asa ] o o ] dl I
nnsmsadusessasd lanlilszensdld neaanuuudsnisdmiunisasmadusessen lia

o 5 2y yao ay & <y
AU LLﬁlﬂluﬁ]@uﬂﬁﬁ"ﬂ@ﬂLLLIT.I‘HI&I@WN’]iﬂﬂitﬂqﬂﬁﬂ‘ﬁﬂﬂﬁ"ﬂ\ﬁ‘ﬂﬂﬂimm 2 Uszinn Aa @m@mmiu
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AN lda nn709m 1A 1w Duplicate Code wazfasraei i lanunsonulinoesalain 1w

AMUIUNNIATIANLLDRANAIAFIDAAE %qmm@nmiﬁmmwmmsﬁfaimwmmﬁwu

2.2.2 9747298 “A  Quantitative Evaluation of Maintainability Enhancement by

Refactoring” [6]
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A o

NUIRBRINAUBNIAITANATLAYUNIZLIUNIINIAIIAADLANIUNIZANTBINIS
o a a a ) o o dg/ o o
nsunaness Tnadsziiuainarinainisalunistngeineaesunsen §A9eHNIN19in
AHANNI0 TUN9111995N B9 INNN9TUFBRAY (Coupling)  aallenuunmsdaiadaAnsTu
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AuFaULLLNIIRnes (Parameter coupling) Bazn13ausaiuwuLldfiaudsiansiu (Share
variable coupling) T4NNAANNANNNATIRAzgnaaNdNsoaiuunsdiaaes TnelH
L _ £ 5. 4
Wmidn (Weight) muANmNnzan e llunisdanisidaguudasresainnainnsalunig
o o a o d’/ va aa al a dl 1 al
11995011 luuddeilafansuaenigidnissunanasandasiiuauainsn lunng
o o 1 d? 1 o I 1 adl aal
111995N17 WATTIEAANNANFABNUIEUINNLNNEBA 111 98 Extract Method 31 Extract Class
LazAt Move Method gadtaslgvinnisnaaasiuldsiapnimunlnanisnandanda lnadn
1 o d? 1 o :ﬂl a 1 o 1 1 o a a ¥
ANNIATIANITTUFR Y LNE LT LD ELAINIRITATEUINGNaY kasuaan1TTunAnede Tneld
dl A . K o o o 1 o d? 1 o dl A ¥
\ATa9NA Refactoring Assistant @195LATKAUANIAT AN TTUs B W lLlUTIaANaanun 1
dl A ail/ o =l a %% wa o o aaal a dil/ [ 1 ad
NAADY LaziATesialainnsanisunane e lwlRA LT uAnesanug1u fAaduida

Extract Method 33 Move Method WA 23 Inline Method 161

3 v
= 1 1% o

NARNEN LAAINIWAd T LA lifiud 1A INIAITANITAUAAAUTT 3 NIATTA

AN NI UNIAITALAUILAT AZANAINRIANTINFDIUNANETILAD NHILAIING T

De

mm'zmLﬁummmman‘lumaru%a;ﬁnmmmLm‘ﬂﬁ@m annnisunAnasel weanuIdel
fansunlednnsaureAuIe g o a WAty feruluanardnusariuil Aai133nns
ATIRARLAINNMNIZANTBINTN TN ANE %qﬂimﬁumnmmmmmiumiﬁﬂ@ﬁﬂm
gandwafun 1 IngilFauinaunansdanissunisiniziuduien (Cohesion) Lazunnsin

4 A . | [ % o a
NNANMUAMNTUGDU (Complexity) NeuuarnaIN1slsvens LizunANe s

2.2.3 91U7]8 “A Systematic Class Refactoring Approach based on Metrics” [11]

a o da/ ] ada 2 a ¥ o dl all ! N
nde duanedanisdssgnsfldsunaness Tnanislduinsdnienazdoamaaly
nasinduladn avsazitsunanessile uaziaenissuranessluuunlseans Tnaldunnsin

Asinziuiludau Ae 11AA CBMC LAXNIATIANIIIUARRY AR NNATTA CBO A4Sy



13

1AaNI1AAN4 lAAIALNINTFUNANER IREIRBNARIANNANNINTTH CBMC AN LATNIATTA
CBO g4 uariuuaNInsinaw| iveldenissunanesanvunzanutszynsld uannsdn
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5RANALNAAANANTRNIAINAANALY
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o A o o o dld
2) WmIIA NAC AB mmu@maﬂwmzmﬂluﬂma LAZADIANBDICNAUNEA

AMANTAAN AR AN
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a g
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ANUUALNNERR m
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4
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Wilade Refactoring: Improving the design of existing code [5]
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3) 1 M3IA Number of caller attributes (NCRA, (C))

NCRA Aa aamaunisienldnmuansme x aaslupana C uazpananaunan
ANANLRANTNUNA

a

5. ‘ﬁ@ﬁwummmﬁwqwmﬁ

AU 2 201 Aa TaANNLATAIAIMNANTUIAINSLLANGDA LATIAN1ULATA
1 dla o o o = = o d”
ANNRANTUNAUTLADIAN Y NIIEATIRE AR
o v = dl %3 1 [~1 1 all 1l
Aua i m Pa unaasngededaiiuiassani i
A o dl o 1 ] dl 1
x An AuAnEsNasduduiusesseanlin
C Aa AaNdNINanIe lugansng

& o ~ o A e @ Ay o
C/ AR ﬂ@qﬁmﬂqﬂumLNV]ﬁ@ﬂﬁ?@ﬂ‘m@ﬂ‘]ﬂ'mgcl’]@\‘]’&ﬂ’)’]Lﬂu?@ﬂ?@ﬂm‘lu@

C, Aa panaaw) Nelusenduwaiilildnana C
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- 1 o = A o Bq// & '8
I, fWNNU 109 n e n AeAUIUARNaRINANTe Tutansng

¥ o a

1) 4aNIUALBIANNNANTUIAINSTLLNNTEA AD Lmﬁ@mﬁwif]mmm"mgﬁlwﬁw
NCDM ,(C;)+ NCDA,(C;) < NCDM,,(C; )+ NCDA,(C;) @4 C;.C; eC WaE C;=C,
o p P o aa '
wuAe neluwnsan m AnsenlinuaniFaaesnana G Nnnd1Aana C,
Aatiupsardngumgen m anAataiinzeslnsende C, lfaana C Ning

= ¥ 2 1
Lﬁ‘ﬂﬂl‘ﬁ@m@iﬂumﬂﬁﬂﬂqq

[ o

2) daiiuuaredANNAIIIIAINTLANAN UL AR AMANEILENNAINIRTIADE

qQ

' 1
= o

Tug99 NCRA,(C;)< NCRA,(C;) @4 C;.C; eC Uaz C;»C; upD AMUANHILE X
gnizenldainaaia C 1nnndapana C, Asiunisazinenudneue x AnAaia

% o ZJ/ A o dld = ¥ o 1
naespudneuziuae C Wdvaana C ninsiEenldrnianimninndd
6. naUsvenelauNANgss

38nn93unAnesed 14151199 Feature  Envy ® 3 3% A® Move Method, Move
. dl = = [ 2 d”
Attribute LAY Extract Method TNNTNEIAZLIAEIAAN1L

1
al

1) 3 Move Method dszeinsd illewndnArsnnsinaglugasdainunaasend
RarsudmTumnsen wanslidiuin meluwnsen m Ganldamuamifaes
ARG C, HatndnAana C, Farfupasazenesmsen m anAane C, lufepana C
fesathansdauaniFianmsda NCOM fiu NCDA wazn1siszenil4ia Move

Method tandlugilii 3.3

ARTA A AR R
wmERe A s 81 "'
\-\ BMEERAZ ~— Emsen B

I |

.-'--'- -‘--‘R- Lk

( miudDm A1 | dins AN B3 ——

=3 I e
o  mprudinwiusz A2 e - rudnEus B )]

- ¥ ..\.
= Arudnuuz ez e

dl = ¥ A o { '
gﬂ‘lfl 3.3 ﬂ’]?Lﬁ‘EIﬂI‘IJLN‘V]ﬁ‘ﬂﬁﬁﬁ“ﬂ@m@ﬂ‘]ﬂ*m:ﬂ’mlum‘ﬂﬁ@ﬂ‘é‘tﬂ')’]\‘]ﬂ@']@ A LAE B NaunNIg

Uszgna 1495 Move Method
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Angf 3.3 Nansauunsan B1 hwnsdanldeanuuuldunAuanling

4"(
Zhe

NCDM ,,(A) =1, NCDA ,(A) = 2, NCDM ,,(B) = 0 uaz NCDA ,,(B) = 0
NCDM _,(A) + NCDA .,(A) = 3
NCDM ,,(B) + NCDA ,(B) =0

AMNNATBIANNIATIA NUdmnean BT HAuasinat ludaadaninunaes

a

ANNANTUN AN MTULNNTAARNANNITAT]
NCDM ,(B) + NCDA ,(B) < NCDM ,,(A) + NCDA ,(A)

wanslfiiuda meluwnsen 87 wanldananifaesnana B teandd
AUANTTRIDIAANA A AatiupIsaziineunian B7 anaaia B hilfdinana A G

LARIAITLIN 3.4

ARTA A ARTA B

LHYITER Bl HVTan B2 ]

HVTeR B3

ATUANTILE B
ATUANHLE B2

LVITER AT ]

LHVITER AZ

ATHATHTLE A1

RIUANHOIE A2

7U7 3.4 nsizenldumsenvizenniansuzn e luunsanssningnand A Lay B NaaNIs

Uszgna 1495 Move Method

2) 3% Move Attribute  szgnaldilanupudnwuela HAninsineglugos
darupaesANnasnndniunuanEue wandliiudiguanse x gn
Funldaineana C unndiaana C AuAdzariingAANLE x ANAANE C,

Télspana C
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3) A% Extract  Method ﬂﬁwﬂm"l%l,ﬁ@wummﬁ@mim HArunnsinatlutdaq
faruuaresAfiRarsndiviuimean uannduilideuls Aeflaada C,
snnndmilinana AfiAannsdaerlutasdaruungesAfiiarsnndusumm-
800 LA WA Neluinsan m ﬁmiﬁ?ﬂﬂsl%ﬁ@mmﬁﬁmmmmmﬁlumnﬂdq
wikiamna fadupasazusndaurasiunsen m munsdanldanauiFzesnans

) Yy oa ' Y C 2 o : o
U wafrauiduiunsanlud uazdaunsanmantiy ‘lﬂﬂx‘lﬂﬂﬁ’&ﬁﬂﬂj ATHNH

= 3
N3N 1991
Large Class
1. Uau

AB ARNATNANTNANITNNIY LAZFALIsBUA LA (Instance variable) A719%1:N
2. us93sla

luﬂﬁiwmuﬁéﬁfanmemmuu nasainaanandawa njiduanunyinliinlén

o

Pt (Duplicate code) o ilumalilandianindudan uazvinlinistingeinmann

X Ao = ° o M v ' Ao
N NUU Gﬁ\iﬂq?@?q\iﬂ@qﬂm muqﬂL@ﬂ@qﬂq?ﬂuqﬂ@UNqimﬁﬂJi@\?qﬂﬂ".l’]ﬂ@qﬂmﬂmuqﬂ

Tuny favtunnsazindnmusdenaestinmelunanalinunll ieassuissenana

1anag
3. 35n199m
N13M399917 Large Class 418130911108 widn1snasauniili 2 dauAe 1110 uae

AnzAuludeu A aziaunsail

1) NR3NARNANIUNN AN IR NF LT YITUIATBIAANEA TALATWITUAINAN UL

ENNDAA LR V-mmm:rmmmuummﬂuﬂmmmuum L@@ﬂﬂ@qﬂﬁdﬂluqﬁﬂ’]ﬂﬂ’j’]

AT AuA s L Bt AT e AN T304

2) anthaenAaNaREnIan LUt auR g

q

14 1

Ha9annauiseres Lorenz ua Kidd [12] Idiauedngununis@anldsuls
BuaumuiaNnsnngaslunisutivaanalsd ﬁqﬁummmﬂizﬂﬂrﬂ%ﬁ% Extract
Class IoeiAenumsaniidendmulstuaunuimiesiunaiaidunaialus usd
dnundonresiunsanvisenuanezgnEen  lnausiulsduaunuivesnana

v v
1 WA saAvTeAIANEzIMANY AdgazinunaFaluaaagn (Subclass)
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TnaitlszgneTl4as Extract Subclass wazanunanilszansldas Extract Interface 1i@
wanee] laaleud (Clients) ldianizunediuzesdumesinazes Large Class Wu
A o =l = 1 dJ dld 1 a I8 = [ % = %
widauiu visaduinndmilspaiandundanaesdume fiawmilauiu nstigaiie
Aatn Large Class tuiilupananinuiihiifudounfasenugldau (Graphic User

Interface — GUI) mﬁ?%ﬂ?:ﬂﬂmﬂﬁﬁ Duplicate Observed Data

o 1 dl 1=
NWM?Q@?@\‘]?@EWi@J@

[

aal 173 o 1 dl 1 d’l
AANITATINNN Large Class Imﬂmmmmm@ai@ﬂﬂm AN
1) 11m99A Number of instance method in a class (N/IM) [12]

v ] v
NIM A8 R1UIUNNERARINNANAINUANNE IUAAE 9N LLAA TWTN Lazing

A (Protected)
2) W m9IA Number of instance variables in a class (N/V) [12]

NIV A8 aunusanlsianuanilsenidnigluaana Havuuan wson wazing

LA

3) u1medm Tight class cohesion (TCC) [10]

% o o

TCC A8 ANUILANMUFNNUSIAUUNE AT ANAUTTUNIMTT TBIA1UlFan
TCC=NDC(C)/ NP(C)
AL b

Number of direct connection (NDC(C)) A8 A1101a89ANENRUEN19A
2XUINLUNTRANY IUAANE C TTUAD LNNTRA 2 INNFAANAZHANNANRUEN19MTa
&l zl/ = 172 s o a o 1 1 =K
Weane 2 nseninaslduguaneuedihaoiuaesaana welaisonds

ANNNANNUETZUINUNNEAANLADLARTALIRT

Number of pairs of abstracted methods. (NP) An ﬁi’]ﬁLﬂiﬂﬂ@TN’\ﬂﬁ@mm
Qs s o‘i// v o U dl =
AAMHANNUTNINIE TN LL@ZVI’N@@NIN@@’]@ mmmimmn N*(N —1)/ ZIﬂEI‘Vl N AR

ANUIUNNFRATANNANTE TUARNE BN UARUARSALAAT

4) 11m39m Set of method used by instance variable in a class (SMIV(V;))

¥

SMIV Aa RUastNNsanntnisEan1d

o

PraulsBuawnw v, 1l v assiautlinn

o

Msznnaldlumansg
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5) 11R99A Set of feature used by instance variable of a class (SFIV(V;))

SFIV Ae wRvedunsantazAuanusgnEanldinesulsduauwnusi v a9

dl A o dld a [~ dla dl I3
Aana Wa V Aesaudsnlataduaaianfarsnndsznialulaanui

5. 4N UUATBIAINNATEUN [12]

NANTUIAA AN INNA TLIANF T LRANAAIRNNAT NIM >20 dusupanaialil s

fnaananiuinniiludoumaseiudldeuden NIV >40 uazAn NIV >3 dmiuaang

il wad1paan vl udiuAafat U lEINutAN NIV >9 antiulaanAanana

U

TCC Anigm (min(TCC))
6. nsUszeneldsunAngss

35N ssunAnesen Lil5uilsy Large Class & 4% Aa Extract Class, Extract

o

Subclass, Extract Interface Lla¥ Duplicate Observed Data Taleazidansial

1) 78 Extract Class sgendld Wlanid SMIV(V,)~SMIV (v,)=@ B9V, V, eV
war V,# V

AR T%

=

A o a r:;/ dl o 1 | ] dl 1
V,.’ \// AR ﬁl'}LL‘]J?@‘H’&LLG]"LWWN‘VINﬂﬂ’miuﬂ@ﬁ@m’&\‘]’&ﬂﬁ’]Lﬂuﬁ‘@ﬂﬁ‘@ﬁm‘lu@

e = 145 o a o dl
Iy BNU 18 n IWJ n ﬁ@@ﬁuaumuﬂi@ummu Vlﬁﬁﬂmﬂqﬂiuﬁ@rl@m

=

avdentluseseanii lum

]
v A

% 1 ¥ ¥ a Y & ' IS DU o a rdl
mLq@uimm\mmqmmmﬂmﬂ waa biAuGN QJ@?I@QWQLL‘]J?@H@LLWHVW]

= o

TligniFanldiauiulummsen duiuaruisouansdaulsbuauauyigiuuaziiie

al a Y ar a ri’/ ﬁ’/ o v dl o 1
LSJ‘V]ﬁ‘ﬂWV]L?F;Iﬂe[fﬁlﬂqLLﬂﬁ“ﬂu@LL[”]HVWN@@\‘]uuﬂﬂﬂ@’]ﬂﬂuiﬁ DIRNIBEININIT

Useen6il49s Extract Class meﬂugﬂﬁ 35
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ARNE A
LHNEan M1
LHNEan M2
Lungan M3
Lungan M4
Lungan M5
LNNEan M6

gﬂﬁ' 3.5 MN3aan ManuLsduauaianmmsaane uaang A
mﬂga_lﬁ' 3.5 ARNA A Usznaunag 6 lnsan (M1, M2, M3, M4, M5 uag
M6) waz 3 fallsauannui (A1, A2 waz A3) NuualiAana A lunanad
asdrdnilusessosf aiffefidmnnsde NIV, NIV uaz TOC agflutasans
Farvuafifiansanaes Large Class AR UANRTA SMIV uat|d A

NN9ANUILANNIAITRLBIAANE A A1)

SMIV(AL)={M1, M2, M3}

SMIV(A2)={M4, M5, M6 |

SMIV(A3)={M1, M2}
antumuanidenlaresnisisyand1438 Extract Class lénadnsuans

40(
e

SMIV (AL)~SMIV (A2) = &
SMIV (AL)~SMIV (A3)={ M1, M2}
SMIV(A2)~SMIV (A3)= &
AMNHAAWET AU Aaziuddguassourlsduauauri A1, A2 waz A2, A3

Tlignldsoniuluamaenla Asiuaiunsadseensl4is Extract Class uang

lugiln 3.6
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ARTA A RERE
WHnERR M4 e i am M1 \
~——— Y ‘xv,a— —
WInEam M5 E— | ATURTETLE v iam M2 - TUATIHILE A y
-_J";._\___\__‘_ - _.--F') g :. R
.-'"""’ \l(\‘
\nSEs MBE -~ nGER M3 "'-’, \"1. ATUATIETUE u,,h::]
31/71 3.6 NM3UazgnET L4385 Extract Class
2) A% Extract Subolass Uszenifld ilawdn SFIV(Y, )nSFIVIY, )= B9V, v, eV
WA V; %V,
N b
A o a [ dl [ | ] dl 1 ij/ dl
v, v Ag fudlsBudunuizesnaangsdadniusesses i linvianun fign
dsznaldlupanadu
. 8 1 % =X A o o a s dl % 1
i, j Wi 1849 n Iagl n Aedruausnulsauaunuizaspananasdedniuy
. an
avsae i RN
v -dl [ 2 1 2 9L a Y & 1 a o a rdld 12
fReuluaenaadassuiuass wansiiiudn FsulsduaunuwinGanld
AMANTRINENL NI UTEIAANA AINUATNITIUENAMANTRTWNY aFaiiu
AanAgn Wa ldlunistlseniadaulstuauanizasparagniiiun ldeuunu guv
3.7 ULARYIDENNTBIAMANITRTBIAAIANALTAZENIAINAAALRN N1aFaTlu
Aanagn lud Tnenisilszgnslldas Extract Subclass
ARNR A
ARE B e mmsaant e T AR14E D
T~ Lungan M2
Pl L
AR C ATUANHIUE A2
— wngan M3
\ Wngan M4
7U# 3.7 nazenlfiumsenuaznudnesisulssuaunuiresnana A Gan’ld
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An317 3.7 Aana A dsznaudag 4 wnsan (M7, M2, M3, uay M4) 3

ADAANEIME (AT, A2 waz A3) wazdaullsduaunuriaadnaia A Ngnisanldly

a
1

AANA B, C waz D (V1, V2 uaz V3) nmuualinaa A lupananaededndlu
javseefliAAaNAMIATIn NIM, NIV waz TCC agfludaaasdaninuad
Na130u1284 Large Class AMNIUANLINAINIRTTA SFIV wazlfHan1sAua

UIATTPUDIAANA A Fail

SFIV(V1)={AL, M1, M2}
SFIV(V2)={A3, M2, M3, M4}
SFIV(V3)={AL, A2, ML}

v 1
aniuAIuINenlIn8IN19lasynsldaE Extract Subclass MHNAGNS

o X
LARNAINU

SFIV(V) N SFIV(V2)={M2}
SFIV(V1) N SFIV(V3)={ AL, M1}
SFIV(V2)n SFIV(V3)=&

1A o

ANNAANSINIF AzwiuIdgraulstuaunu v2 uaz v3 ladldzanld
A o 1 o 1% ?:/ yaa]
INNSRAUTAAMANHUZIBNARIE A $9N7 U Aeua1NN30sena 1435 Extract

Subclass 16 uanalugilin 3.8

Class A

+A1
+A2
+M1()
+M2()

T

Class B

+A3

+M3()
+M4()

71I7.3.8 unuN WARIANAINITU sz NE 190 Extract Subclass

a

3% Extract  Interface  Useeinsld Walaaiewd Fanldeuiiesunadouaes
a g A A 1 dl = ¥ = !

aumasinares Large Class visalNnndmilananaizenldanuinenunadouaes
Bumafinasouiu Asudouresduinasinaaes Large Class Ngnldsaniu aqg

aztinugFuudunasinglvd
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4) 7% Duplicate Observed Data szgnsld ianatanasdedniiu Large Class
tufluparaninauiudaundaseiugldeu Ae javax.swing.* uaz java.awt.*
patiasuiispanailu 2 Talu (Domain) Aa Tamuaasteayaduiunisauny

1
] aa ' o

doudfnsaiudldu uazlnwuresunseniliinaraduzanld aanduaing
dauians (Object) lusimiauiulnwudeya uazaivasuidsunas (Observer)

atelaslud (Synchronize) Tamudayansaasinm

Lazy Class
1. HgN
- AN Ay o Ao o
A8 ARAN LHUTNIN13999 1N AN fUNIN

2. us9q¢la

o k4

% da( 3 o o v a 1 E7
n13aFeAaaauNINUNNe luga e g NWRAUIABNLAEILIRN uazAn lfanelung
%

g9¥neaansiuag Aulu Lazy Class e lalaiaouiuRiasaundAnyuin avsazgn

9

[ %

o dl 1 Yo dl = ¥ o
ANAAREN WBARALIAT LAZAT ITaN8ad B9 Lazy Class WAMNNNILRAININNNL Large

Class Aazifaanatadfeidunisznialudauinasinatias vralANuuANA19184

Hetdunilsznalusunesivaszudisnatiaunuazpaagniias
3. 35n13in
N13M9IaU] Lazy Class @anunsanalilag wilenasiassoulu 2 doude auiauay
NNIALUNAAAMANITR (Inherit) H9NaazIBEAAIH RaTu A asNan e luwtanfuas
WIARIANHANUIULNNEDA WAZADIAN T ANIMUAANY TuAAIATIUNASWIuTDE
AMNTUURAITUINNIA LN AAUANTR  dpanatiuiuaaandunansuaniiiniain
AaauN ANTLszenElRs Collapse Hierarchy tngsanAnianiRTaAaIALNIATAANE
Y ¥ o Y ™ = s v [y . Yy
gnidndqaiu widhluiinnsdunesruantiiude Aslszensl4as Inline Class tasan

28 1 - | A o b A ~ o X
ﬂ@’m‘wm@m%ﬂu Lazy Class L“ll'?m_lﬂ@’]@V]NﬂW?L?EIﬂeLmﬂ@W@u
o Ay
4. N"]ﬁlﬁ")ﬂﬁ"ﬂ\'lﬁ"ﬂﬁmllmm
aa )y o Ao o X
ADNITATINNN Lazy Class Iﬁﬁliﬁﬂ’]ﬁ]ﬁ")@?@\‘]ﬁ‘ﬂﬂwq,ﬂﬁ JU
1) 11m9IA Number of instance method in a class (N/IM) [12]

eazRanmlauiuNinTinsesses i lifues Large Class

2) 11m99A Number of instance variables in a class (N/V) [12]
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= - o o pRiyap—
?’W;I@u@?;lmLVN@MHUNWM?Q@?@Q?@WIVLNmm\‘} Large Class
3) u1m?IA Depth of inheritance hierarchy (DIT) [9]

A =K = A dd‘d A
DIT AR ATNANUBINITAUNDAADUANLAABIAAA Tunstindnisdunan

a

uantAAaNUaN8AaIa DIT  ABAINANTAINIAUNDAALANTTRTIBIAATATININ

S) 2D

4AaIN3311UA (Root node)
5. 4ANINUATAIANINAITILN

ARNANHANNIAITRaY IWTNATINTEUdNI NIV waz NIV HAntlaafiganielu

fansiag (min(NIM + NIV))

6. naUsvene LiuNANGs

ada A

AnssunAnesanld1/311g9 Lazy Class #2735 Aa Inline Class waz Collapse

. =< = = o
Hierarchy SNdTIEAELAEAANU

1) 9% Inline Class segnsild ianaaiasdadnilusassaanlain dauinsdin
DIT = 0 uandiAaatuliinIsaunannuaniifaInAanaan asasazdieg

v
oA o

AuANTTRTNATasAaT4tw TfepananinisFanldunu uazauaaaRNg

2) 9% Collapse Hierarchy ilszansild ilapaanasdudnifusassaanlin Jan

3 1
Mm99 DIT > 0 uasddNAaNAtLANEUNaARALIENTRAINAANEEY R9AT9AL

1
1l

fnenuaNtTAnINATaIAaNatY lfsasaulnaunanAuaNTRNN wazal

ARNALANTN
Faeinan19szens1d9s Inline Class waz Collapse Hierarchy wandssaziasaly

ATIANUIN U

Long Method

1. 1gnu

A dld dl = o a g ° o
AR LNVIﬁ‘ﬂﬁV]JJ‘lIuW@sLVQ_J TBINANUIUNITINLEDT (Parameter) LAZANUUAQLLL S

|
o

19A313 (Temporary variable) 81N

2. u39q¢la

¥ 4
A a X oA @

' A y A A PRy
?‘ﬂ\??@ﬂ‘ﬂiﬂ\l@u m@?.luLN@Nﬂq?N?"N@’JHIL]J?LLﬂ?N (Component) ‘VISL‘VIQ_J ABRLNNTRANH

ARNFUD Y HAaNuauwadlmes uazfoutlsdaasniannn GenmuaniiRaeInisaau
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[ %

T1lsunsniEedng (Object-Oriented Programming) Né1A AR Waaanuuudaullsunau

q

Iidauiman ednasanisiianudila waztingadnm wisessaanliainnliain
AuaNTTR lwdell uazvinlinsinanudinlawmseaanau
3. 35n19m
N13M39aUN Long Method @aunsanilaiae wuenisansumunsanianus el
s - aa 1A Ao -
FANFLAT YINNEAANNLUNATATY] ABNANUIUALENLNLG (Statement) 11N
. v et
4. Wnrindeeresilin
A8n17m39a11 Long Method Taeldumadnsassesilan fail
1) 11RTIA Number of statement in a method (NOS) [12]
NOS A8 ATUARALANLNUFUE1NNERA
2) u1R99A Number of parameters in a method (NOP) [13]
NOP ha anuaunasdmesnlsnged ludnuaeizeunsen
3) u1M9IA Number of temporary variables in a method (NOT)
NOT A8 anuqusiaulstamsandsenaa Lt biunsan
5. danAuA9AININA1704 [12]
NN aanauaanig luaanfuas laannsanfilA1NInin NOS > 7

6. nslszensldsunAnes

A8n153uNANesen 13 u1l99 Long Method & 695 Aa Extract Method, Replace
Method with Method Object, Replace Temp with-Query, Introduce Parameter Object,

Preserve whole Object a8z Decompose Conditional Taleazianfail

1) 9% Extract Method Uax Replace Methad with Method Object 1lszgnsldiiia
wnaanNasdaqdniiluiasrasnlin NANAINIAININTTA NOP WAz NOT 1N

fignluganisfiuag (max(NOP + NOT))

2) 7% Replace Temp with Query Uszgnslilawmnsannasdadnilusessaanlun

HANRIn NOT wnfiga lutansiuaf (max(NOT))
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3) A% Introduce Parameter Object AL Preserve Whole Object ﬂ?Zﬂﬂlﬁﬂ%Lﬁﬂ

wnsaanasdadnilusesseanlin AAninsdn NOP  wnigalugansduad

(max(NOP))

4) Bh Decompose Conditional ﬂarmqmm”L%Lﬁﬂmammmmm@mﬁmﬁﬂd%ﬂu

faaraei limdudanla (Conditional) ¥isaqauT1 (Loop)

Fnatinanstlszans 495 Extract Method, Replace Method with Method Object,
Replace Temp with Query, Introduce Parameter Object, Preserve whole Object LA

e =
Decompose Conditional WAANIILAZLDE A TN AN ©

Long Parameter Lists
1. dsnw
A ] ] 1 dl 2 % :j/ 1 1 a '8
AR ﬂﬂi‘@\‘][ﬁﬂu‘nﬂ’l ﬂ’WILEJVlﬁ@@I?]@\‘Iﬂ’]?I‘ﬂﬂENLN‘VIﬁ‘ﬂ@uu TARINUATNIINR LIRS

2. us9asla

o v 4

Tun1naauldsunsui@adng diunsansiaanieldmla arusodedansin
(Message send)  Lgadauians ivedasaamnsiansld seiudaaullsunsuly
[uflusiasdann Aumsensesnis ldiauns e sludiunsaniu ieizenanili

. v g ay Z X
N9N1ANNEN A TARIUEINNTIL
3. 35n199m
N19MTAUN Long  Parameter Lists @ :130917lagNAs 1 unganiilanuau

nIRmasUsenAluEnNRasuIn

o ! d‘ 1=l
4. wnringedraanlun

1 A o

ATn1IMI9aun Long  Parameter Lists Iaglduinsimnsasseanlin Ae unnsd
Number of parameters in a-method (NOP) [13] T9gneaZiaeAuieuiLNNAsinTadsas

Al Long Method

a

5. dan1unALaIAANANTIN

1
=

a 4 s o Ao o
W@qﬁ‘m’]LNWﬁﬂ@WQVﬂ@ﬂ’]ﬂiusﬁﬂmem? RANLNNTRANUATNNIRNTIA NOP N’]ﬂm@ﬂ

nalugansuag (max(NOP))



32

6. nstlszansldsunAnass

ad A

AannssurlAnesan 41l5utlgs Long Parameter Lists & 3 35 A2 Replace Parameters
with  Method, Preserve Whole Object WAZ Introduce Parameter Object GREY

o

= X
TIURZLALUAAIU

1) 3% Replace Parameters with Method UsegnsldilaA s dinasiiu auiunng
= o o 2 ! a o o = & = 1y
Fenldwnaen setiua1nnsoauAInismestil wdslasunndlunisFanls

bNNDBRALNY

2) 78 Preserve Whole Object szanl kitiiaAns1linasndesunianumniii 80
v v
ANEAULRNARLALIAY AITURINITDAUATNITIN LA FINA1TY LAz EIEaL-

@net NN ule

3) A% Introduce Parameter Object Uszeins lllawLIHNgNIBINII N AR TN
wefiu gnlaflunanes] wWnsen AIEUAINIIILUANGNTRINIHmefTIu Ao

fauLans 6
Fnatin9n191sze e 1495 Replace Parameters with Method, Preserve  Whole

Object AL Introduce Parameter Object uAR9INEaZREATUNANWIN T

Switch Statements
1. degnw
A a '8 s A o 2 dl
Aa N ngresaIndamnmivieunululfnnans) 7
2. uaasla

% v
o o o e

tleymnaesadndaumniawine inlinalandiiu seiullsunsudeingaslduumn

De

wanafidu (Polymorphism) iadasaufitloyunil
3. 35n139m
N19M$9a11 Switch Statement @170 TasNANLULITBIRAINT @ LANINLYTA8 1
1Am
o | dl 1=
4. WwMndegrasiilin

A38n19M39911 Switch  Statement Iagldumnsdnsassaanlud Aa N1A3Tea Number

of switch statement in a method (NOSS) Aa auaugIndamniNuyinelusnsan



33

5. 4aNIAUATAIANINAITLN
Aarunsananian e lumansuas inanunsanniAINInIn NOSS > 0

6. nslszansldzunaAness

aa A

a‘ﬁmﬁ?‘?‘LLWﬁWﬂ?‘dm‘gﬁﬂ?ﬂﬂ@ Switch Statement # 7 3% Aa Extract Method, Move
Method, Replace Type Code with Subclasses, Replace Type Code with
State/Strategy, Replace Conditional with Polymorphism, Replace Parameter with

Explicit Methods wa% Introduce Null Object 4lisneazidamsiail

1) 9% Extract Method tszainsildinadelfndauiniiuadindaimnimusinn afaiy
wnsanlud uazldas Move Method iasnsiunaaniinllfnana N Inana -
= o o yaa . =
TN ummﬂuuﬂi:anmﬂmﬁ Replace Type Code with Subclasses %178

Replace Type Code with State/Strategy e ldununidaignsine’ld

Ell

2) A% Replace Conditional with Polymorphism iszeinsldidadinisninun

Tassa¥rsns@unann sl

3) 7% Replace Parameter with Explicit Methods 1segnallfiHaLNIAAaANLNUE

(Case statement) NNANIZNUNLLNNTDALNENLNNFDALAED

4) 7% Introduce null object UszeinsldilanudnReulaniislunaamniuusiiduen

9749 (Null)

Fnatinennstlszenslaas Extract Method, Move Method, Replace Type Code with
Subclasses, Replace Type Code with State/Strategy, Replace Conditional with
Polymorphism, Replace Parameter-with Explicit Methods a2 Introduce Null Objectﬂgj

lunAewan a



uny 4
N5AANLUULAZWAIUILATRINAT28lUN1sATIAAUSRITREN LA

Tuumilazadunasaaziag AN i UduAaUNNIaaNLLLLAL WU LATIHS daerly
N19M9994LsaesaeT iR arldunun wg@uuas (UML Diagram) 1sznausng ununwea
W@ (Use case diagram) WHUNINAANE (Class diagram) WA LA (Sequence

) i o Ay 4 A48~ = o X
dlagram) LL@zﬂq?m?Q@@'ﬂUﬂ']ﬂ\lqm?".)ﬂwblﬁqqﬂl,ﬂ?@\?ﬂﬂ AINTIUAC LA AANIL

<=include==
Add Java Source Files \Pafj%eneramr
Wiew Bad-smell Metrics and
Refactoring Suggestion for
Featurg Envy
View Bad-smell Matrics and <<include=>
Refactoring Supgeastion for I'HE:-
b,
Large Glass Gol_,;
. 4
b
o,
%
Wiew Bad-smellMetrics and it
Refactoring Suggestion for <
fnC"’"-'D'p;,
Lazy Class =
i Compute Metrics
.c\f\':'\udL
View Bad-smell Metrics and
Refactoring Suggestion for oF o
o
User Lang Methad e
rL
§Dﬁ
I3
View Bad-smell Metrics and =
s
Refactoring Suggestian for 5-?
Long Parameéter Lists i_é’
L
1=
Wiew Bad-smell Metrics and
Refactoring Suggestion for
Switch Statements
View All Bad-smell Matrics

dl dl A 1 o dl 1=
919 4.1 LLNuﬂ’]W%@Lﬂ@‘ﬂ‘ﬂ\‘lLﬂ?@\‘]N‘ﬂ‘HQEIIMﬂ’]?M?Q’Q@‘LI?‘ﬂfl?‘ﬂﬁl'ﬂ‘lﬂ\lﬂ

a



35

4.1 LNUNIWEALAR

1 v
A o

LLNuﬂ”I‘W%'&Lﬂ’&L‘ﬂuLLNuﬂ’]WLL’& ANLTANTIVVINUNAUADIUB L LY m%ﬂﬂﬁﬂgﬂ’]’j’]l}]j’ﬂ\‘i

al o o 6

dsznaudaaiaidula uazusarieiduianudniusiuatnalsluynuesaasdld 9

A A, o Ay o A
LLNuﬂ’]WﬂumLﬂ’&ﬂ]‘ﬂ\?Lﬂﬁ\ﬂ\iN@sﬂQﬂiuﬂq?M?Q@"QU?‘ﬂﬂ?@ﬂVﬂN@ LL'&@Q@\?E‘U‘W 4.1

gldansnsnldeuuainseriuinresianls 8 netld Ae gldarunsanmuaidsunss
v o dl v 1 o ¥ ! [ dl 1 as
uatiuNHIaNseIN I ANIAdn  FldannsogAnnsdndeseai liAuaziang

a a dl dl I dl 1 ¥ = 1 o dl
sunAnesaniauaiawdlasessesnlin 6 dszinn warldanisniGengrAininsinsassasd

v
o

Tdansunnduiunana wnsen uazAnanEEaedllsungy

Adl 73 1 o/ 1 1 é’ k2 £ al o 1 [ 1
nang dazainnsngAINmsinsinee) matlaassiasinisAuiniAInsdaney
o 1 [ % dgj £ o % o [ a v b4 b '8
nMsAUIIANIRsTRtazAesaadeanisulasTlsunsudueriuiuuaun REuld Tneldwn5-
1859890111979 wATUdRYAAMENIR N9 1MW TaAa4 (Class name) THATEIAANE
(Type of class) FRLLsBRAWANY Talunean (Method name) Tlinreaunsan (Type of
method) THA28INNEIAINALLASNNEAA (Return type of method) FauLlsAdsenialumm-

480 (Local variables) L0

4.2 WHUNNAREH

WELAIWAR AL WU LAINA T LAAIARNE AT ANNANAUTIENINNARIE LEUNN

v ‘ﬂl 1 | (3 o A (=3 1
2975 UUUTENAUAL WNUNINARE TNA1NTDLLNERNLTYN 4 WANLNAUANABWANLNAZAI1
Aeslafld (Ul) uiininanaslniaas (Compiler) wANINAAIUINIAIGITA (Collection) way
WANNASAZLLLLNNTUARINAANFRIA (Presenter) TIRTNNTOBAAIANNANAUF 72199

WANNAFNG 7] 2892 ULASELN 4.2

& | iy R 1 Complier
I |
I |
I |
| I
l :. | \I./
Presenter | = ° Collection

UM 4.2 UNUNINARIARARIANHANTUTTEUINAURNINAFNY 7] 289951



36

L4

4.2.1 wWninagauRnAanuyld

wininadumnsiedld iugarespaianinuinfssedufldenussuuiuans

Tu

MainFrame

1

JFileChooser BadsmellFrame

FeatureEnvyFrame LargeClassFrame T-.azyCIassFlame LongMethodFrame LongParameterFrame SwitchStatmentFrame

317 4.3 uininadauinsiedld I¥un aana MainFrame 1upanafivinnisaiamyls
fddenuanidumanndn i uansnalusuvanil 1ud Aana JFileChooser
Lﬂummmﬁﬁ’mwﬁ@ﬂiﬂmm@34ﬁu@ﬁummmmﬁq@ﬁﬂmﬂ AANA BadsmellFrame 411151
pFanpItasessasfllPuanmndssinndae) 6 dsmnmie Aa1a  FeatureEnvyFrame
AANQ LargeClassFrame ARN4 LazyClassFrame Aa14 LongMethodFrame AAN4
LongParameterListFrame Warpad SwitchStatementFrame %Qﬂmmﬁ\‘lj "Luuﬁmﬂ@ﬁ?ﬁu

NeAAMANTRNIAINWANINAAT9 (Swing)

MainFrame

1 T |

JFileChooser BadsmellFrame

T

FeatureEnvyFrame LargeClassFrame LazyClassFrame LongMethodFrame LongParameterFrame SwitchStatmentFrame

5107 4.3 ununwAIA TN NIINTBUR NINAdIURAG D E |

o
4.2.2 uWnLNAAaN LN Lﬂ’ﬂé

1
o v Al

wininapexwiaas  iugaresaaraniiuiintnllsunsufiuaiuiifiivauung

aF9sulan e ai T uLAndvisaaandlugln 4.4 UAAIUNUNITWARIATDILANLNA



37

s smao Ny A A A, Y o A4 -
panlwiaas  fRduldiaeniesasiadiaaiesoulan i naadn 4191 renlwiaas Aauln-
wwa$ (Java Complier Complier - JavaCC) Ingnad iannnisisennanasaaimsaaiaiay s

TAVDIAAIAGI 197 AT

AANE JavaParser azifluAaanannaztin U sunsufuetiun a5 9duningys insay
- . da DA
Nauwmasinanana JavaParserConstants NRN13UIENIAAIAINGENG ] Laz N (Token)
A (Inau A naudnasyaNlaeNIniIeInI®IANnn)  uaziAand  Token  ARNA
JavaCharStream uazmand JavaParserTokenManager Nintinneuenuszaaslilsunsy

¥ o 1 VG g o v o % ]
suatuuazidelidulniau V’]@’]ZW’]Q']WW?L%‘I‘J@JWEIIM@$ﬂ§‘$ﬂ‘ﬂ‘]_l1ﬂ AL WQ@?WQIMHG]W’N“]

«interface»
JavaPaserConstants

N

L
JavaPaser

|

JavaCharStream Token JavaParserTokenManager

717 4.4 unsAmARIALRIUANINAREN INAES

4.2.3 WANLNARTUIUATAIA

wAnnaAuInANFa9R ugaesaatantiaaian Tnadnatasadn (Metrics) Mnuiinnivia
TWunduwinds iefudeyaainiunsiie] uazAmuendadnsiie TawRninaiilfus
@@mﬂuuuwﬂ'@m A8 AAN4 JClass PaNd JMethod Aand JVariable kazAand JMessage
dl [~3 Il o o = dld o

feazgniiveg gl uuuaesiulsununamef Iaslaananaunanauauiinianaaia

ALAT (java.util.Vector)
Metrics

]

JClass JMethod JVariable JMessageSend

717 4.5 uansliiindennudniugaesnanasine lugauinnai



38

Metrics

JClass JMethod JVariable JMessageSend

717 4.5 WNUNINARIATBIUANNAR IR FATH

4.2.4 WANNAARZUULLNTUAAINAA IR

1
1o o | v A g

WANINAAAZLLLUNITUARINARAIAITA Lﬂuﬁmmﬁmmﬁﬁmmwﬁﬂmmﬁmmn
WANLNAATUATUAN G mﬁmgﬂLmumwhﬁqf;"mﬁﬁmm@ iedssteliufininadaufinsie
i inluananadTmud Edpgtuunls Tnelduanguuunisudnsaasadanasznm
waaaedan  lAud Aana ClassPresenter AAY@  MethodPresenter  WazAATA

VariablePresenter 3U#l 4.6 wansWiinfsAanduiusaesnanasine lugauininas

ModelPresenter

7

|

ClassPresenter MethodPresenter VariablePresenter

dl (~3 o ! o o
gﬂ‘Vl 4.6 LLNuﬂ’]Wﬁ@’m‘ﬂ‘ﬂ\‘lLL‘WﬂLﬂ@@ﬂgﬂLLU‘Uﬂ'\ﬁ‘LL’&QQN@V’]WWQQW

4.3 WHUNWTLAUT

NN ANE LRI LT e LAt il a g8 lunnsATIadL fecTe e AT 10 ununIN Ae
wnunwaautrasi e ldsunsufueiiy uiun winaufaasnisafaennfiaes uuunw
intdratnsuaniAnAsTn LU NEATUETeNsBeng AR TR A uaz
A8n197uNANE39T8Y Feature Envy, Large Class, Lazy Class, Long Method, Long

Parameter Lists WA¥ Switch  Statement WAZLHUNINTIAIUGIBIN19TUNGAINIATIR

v
1 o

| = = N o X
faesaei llATaMNA TN EazRe ARl



39

4.3.1 WHUNIWTLAUTUDININUATUSLASHNAURITL

= rs o £ o o ‘dl QI dl A %
LHUN NG LAYudTaIn1sAuA tsunIuAuRlTL A3g1l7 4.7 FuanniATasiaaiig
wan el ldnnisdaniilsunsusiuariu udarihllsunsusiuatiung aanunvionisaing

o o dl =3 ¥
WIATLIRTUBRINTTIRIIN LW@LﬂUﬂ@Nﬂ@iMIﬂ?LLﬂ’J‘N

. MainFrame

T

L

openProject()
JFlleChonser

. JFilaChoosar

-1

geiSelactedFile()

JavaPasarfilaMame)

b LlavaPaser

———

dl = -y o ¥ o
gﬂ‘V] 4.7 WNUNWTARE 189N 19N uRA LN susLali

4.3.2 WHUNTWTLAIUTUDINITHENINIS LEDS

WHUNINTLATUTIR9N174 59N TR FURINIHIR797 FagLlR 4.8 (FUFAUAINE1U

a
[ A

Tlsunsudiuaiiunadredunindns waziiudeyand1AtyAa uwnina A4 LuNsan

o

[ ¥ -dl 1 dl o o 1 s 1
ATUANIHTUS wazdamungdenne lumnsan LWﬂmiﬂmmmmmmqmmM



40

- JavaPaser : Metrics

|
> paseFile()

addPackage()

addImportStatement()

!
.

addClass()

v

JClass()
addSuperClass() : JClass

setSuperClass() D

|

|

|

|
e

addMethod()

4

JIMethod()
—— ¥ IMethod

-

addVariable()

v

- JVariable

|
|
}

JVariable() |
|
|
|
| T
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
}
1
addMessageSend()

H

v

JMessageSend()

I
I

'
i
i
| |

i
I I

I
I I

I
I I
i T I I
| I I I
] I I I
I I I

2119 4.8 WEUAIWTLAYUTIRINIFAT 19N SRS

a

4.3.3 WHUNINTLAIUTUDINISATUIUATNIASIA

LHUNNTLAREIBINITATRIRLAINIATIA ASZUN 4.9 TIATUIURNIZNIATTA
favsanilianfesataaInnIsdedienuneluumsan Ae NNesin NDCM, NCDA,
NCRA, SMIV uaz SFIV Fnainfiasaundamnuideusazdaniny uaznsoaaandnilunig
= k74 o A = k7% % | = k7% V% QI 1
Ganldnuantinisluaaia viranisianldnienenaang dndunasEenldnie luliiiu e
11M93A NDCM, NCDA, NCRA uas SMIVAMFUAM AL 189N 60 AYTEAMAN UL
widuilunisGenldneuenliiing 80m93n NDCM, . NCDA, - NCRA W@z SFIV Amiu

dl dld = ¥ [ dl | J o d‘ % v
pAARLT NANM9EEN 1 daunmedran) asdursasdanam s ldananantRaes
o dl val =3 ¥ 4 % ZJ/ 1 % |8 -8 1 o
ARTA LuNDaR uazAuANEusldinafiudeyaliuds sausinisairanifiaas Wy a1uou

WYIERATASAAIA LTIUSTU



41

 MainFrame - Metrics - IMethod : JVariable . JClass

|

|

calculate() |
|

resolveMessageSend() |
|

|

|

|

|

|

|

|

resolvelnternalCall()

incrementinternalNCDM()

incrementinternalNCDA()

addSMIV()

incrementinternalNCDA()

> resolveExternalCall()

|
|
}
incrementExternaNCDM() ] }
|
|
|
|
|
|

|
Il »
| D
|
> resolvelnstanceOtherClass() !
addSFIV()

incrementExternaNCDA()

{]

|
|
|
|
|
I
I
|
|
|
|
|
|
|
|
|
|
|
I
I
|
|
|
|
|
|
|
|
| incrementExternalNCDA()
I
I
|
|
|
|
|
|
|
|
|
|
|
I
I
|
|
|
|
|
|
|
|
|
|
|
I
I
|
|

|
| |
| |
| |
| |
| |
resolveChildren() } |
| |
| |
| |
| |
| |
| |
| |
| |

77 4.9 WNHAMNTLAUFIBINNTANUIUAINIAFIA

4.3.4 WHUNNTLAUTIBINTLSENANIATINTRITREN LA LAZITNITFuNANES 92D

Feature Envy

= ¢ = [ 1 t:ll 1 aa a a
LNUAINT LA UFIBIN1FFENANIATTRTasae A LasATn1sTunANe3Ians
Feature Envy /92U 4.10 BRANNAF 1IN BLAAINAAINIATTA LAZAYAINIATIA

a

J97087 MAGAUTL Feature | Envy A 8n6sda NCDA, NCDA - uaz NCRA #adantiy

nIaadaudNnsanureRuanE s lataNAINIasines ludeiinuanfiatsnn way

ackl a oy A o = ! |
LL’&ﬁNN@'Jﬁ?LL‘V\Iﬂ‘l/l‘ﬂﬁ\WlsL‘]]LLm"llLNWﬁ@@M?@@M@ﬂHmtVIWUQWLﬂu Feature Envy

4.3.5 WHUNNTLAUTIRINTIEENANIATINTRITREN LNALAZIENTTUNANES 92D

Large Class

= & = [ Y dl I aa = a
LLNuﬂW‘WsﬁLﬂqusﬁ‘ﬂ‘ﬂ\‘]ﬂ’ﬁﬁﬂﬂ@N’]mﬁ")@ﬁ‘@\‘]ﬁ“ﬂﬁmiﬂﬂ LATITNITTUNANETIID Large
o = ¥ o ] o =< o Y
Class ﬁ]\igﬂﬂ 411 [FUANNATIUN TN ALAANHAATNA TR LLﬂzﬂﬁﬂqﬁJWﬁ]?’lﬂﬁ‘@Qﬁ‘ﬂﬂVIiﬁJﬁ

115U Large Class A8 81R39A NIM, NIV e TCC Ba9aniiummagaudnaand latinenil



42

1
= el

! o 1 ¥ o dl dl acal a d‘ ¥ Ul
mmmqm@giummuumwwwﬁtm LL@%M?Q@{N@UL\‘i‘ﬂuVL?IL‘W@LL{Nﬂ\‘]N@Qﬁ?LLWﬂVI@NVII‘HLLﬂVL?I

Aa1anwudilu Large Class

4.3.6 WNUMWTLAUTERINITIFENANIATINTRITREN lALAZIEN1STTUNANES 1D

Lazy Class

= o = [ 1 dl 1 aal = a
WHUNIWTLAdWTIaIN 19 FINgNIRTTATasTanT iR uLarABNNTTUNANE3NTR Lazy
o P a o ~ ' o = o Ay
Class A9gUN 4.12 FHANAF NI AUAAINAAINIATTA UAZAIANNIATTRTDITD LN 1A
& 3L Lazy Class Aa N1A33A NIM, NIV Uag DIT nasaintiunsiadaudnaanalatinanilm
[ % 1 % o dla dl dl acaal a dl ;73 i
wmsdnagludaniinuanaisun waznsaaaudaulaieuaniuadssunane N ldudla

Aa1aNNUIL Lazy Class

a 4 a o ay 1 ac a a
4.3.7 LLNNﬂ']W‘ﬁLﬂ’Ju‘TI‘II’ﬂ\‘]ﬂ’]‘iL‘iEIﬂQNWE\‘S’)G’I%"QQ‘J’QHWVLNﬂLLﬂz’Jﬁﬂ’]i‘iLLﬂﬂﬂ’ﬂ‘N‘ﬂ’ﬂd
Long Method

= - ~ Sl Ay A = a
WHUNWT LA U TRINT BN ANIATIAFDI3DTN 1WA LALATNNTTUNANETIDS Long
Method #9317 4.13 FNANNAFINTNINALEAINAATNIEITTA LATANAINATTAIDITRLT MR
#1950 Long Method Aa ¥1R396 NOS, NOP Laz NOT #a9ainiiummagasudnaand lating
a ¥

dl o ] % o d‘a dl dl acal a dl
NNATNIFTI mfaglumﬂﬂ’mummwma?mﬁ LLZ\]?JWJ")’WQ@UL\‘]@TAIHI WNALAAINATEIUNANETIN |

wiluwnsannwudntly Long Method

o 4 a o aly 1 aa = a
4.3.8 LLNuﬂ'\W‘ﬂLﬂQu‘ﬁ“ﬂﬂQﬂ'\iL?ﬂﬂ@N'] (R ] ﬂ?’ﬂﬂi'ﬂﬁlﬂ‘lﬂﬂuﬂg’] ﬁﬂ']‘i'iuaw ANBAITIURBY

Long Parameter Lists

= s = o 1 dl 1 ad = a
WHUN T LA UEIRINN 9 TN ANIATIATENTaeN 1A LazdEnNsTunANEssTas Long
Parameter Lists 693171 4.14 (FHaInaF 19 suNaUAAIHAAINNAITA LaZAIAINIATIH
fp97089 lARIMTY Long Parameter Lists A8 11a57R NOP %89 niiunsiadaudnAand

IatenfiAsnasinet ludarinuafinaisun wazmsaaeutieulue g NaI s TN ANE S

Ndudluwmnseninudndlu Long Parameter Lists

4.3.9 WHUNWTLAUTIDRINITIEENANIATINTRITREN LNARAZIENTTUNANES 92D

Switch Statement

= < = o 1 ai 1 ads a a2 .
LEUNINTAUTYRINeTENgNInsinsassee A waziEnissunAnesazes Switch
Statement A3gLN 4.15 FuanairunsuiouanINaAINmITn uazhANIRIInTaIeET

13A4€15U Switch Statement Aa N1AFTA NOS UAIANTUMNTIAZALIIAAE LATII9NE AN



43

o ] ¥ o dIQ dl dl aaal a dl L7
NWW?Q@@%IM?I@H’]MH@V]W@’]?M’W LL@ZW?Q@@@UL\T@MLL%LW@LL’&ﬁ\‘]N@Qﬁ?LLWﬂV]'ﬂNVISL?jLLﬂVLﬂI

lWNERANNWLILEIY Switch Statement

: MainFrame : FeatureEnvyFrame : JMethod

openFeatureEnvyFrame()

717 4.10 wannm@Lpaudradn1sBengAINnsia uaziasunANesNaed Feature Envy

T
|
|
|
|
|
SetData() :
—

: JVariable

-
|
|
|
|
|
|
|
|
|

setRefactoringSuggestion :

getFeatureEnvyMethod()

all methods have Feature Envy

getNCDM()
NCDM
é. ,,,,,,,,,,,,,,,,,,,,,
getNCDA()
NCDA
6. ,,,,,,,,,,,,,,,,,,,,,
L
getNCRA():
NCRA |
e _____________________________________

é. ,,,,,,,,,,,,,,,,,,,,,
getFeatureEnvyAttribute()
all attributes have Feature Envy
————————— 4



: MainFrame : LargeClassFrame

44

openLargeClassFrame()

: JClass : Metrics

setData()
getNIM()

-

setRefactoringSuggestion()
getLargeClass

T
|
|
|
|
|
|
|
0

all large classes

findMinTCC(allLargeClass)

validateApplyExtractClass()

validateApplyExtractSubclass()

isUIClass()

dl = G = 1 o asa a
gﬂ‘VI 4.11 NUNTWTLAIUTUBNNITLIENAATNIATIA WaZATIUNANATITRY Large Class



: MainFrame : LazyClassFrame : JClass

i
D openLazyClassFrame()

setData()

getNIM()

l

-]

> setRefactoringSuggestion()

getLazyClass(

Lazy Class

{

e e R i

all = 3 = 1 o ackal a2
g‘ﬂ‘l’] 4.12 WNUNTWILAIUTUBNNITLIENAATNIFITIA LAZABTUWANATIUD Lazy Class

: MainFrame : LongMethodFrame - JMethod : Metrics

|

i }

openLongMethod() i
> setData() i

getNOS()
NOS
e ,,,,,,,,,,,,,,,,,,,,,,,,
getNOP()
e ,,,,,,,,,,,,,,,,,,,,,,,,
getNOT()
NOT
K& -- 3 -BF8 % % R % B &

-

I
|
|
I
|
|
|
|
|
|
I
|
|
I
|
|
|

NOP }
|
|
I
|
|
|
|
|
|
I
|
|
I
|
|
|
|
|
!

> setRefactoringSuggestion()

getLongMethod(S
I

all Long Methodé
T e T bmmm e

|

|

|

|

|

UM 4.13 ununINGLAoLEIaIN1IFINAAINIASIR LAYATTUNANETITEY Long Method



46

MainFrame : LongParameterListFrame lhdethod - Metrics

openLongParameterlisti)
setDatai)
oetMOP)

|

=
o
-

I

I

seﬁefaatoﬁngSuggesﬁnn[l}
getLungF'ararnE;ter{}

T

917 414 LLnnmELANTIaeNIs BN AANIATIA

LagR oI ANesIU84 Long Parameter Lists

: MainFrame : SwitchStatementFrame - JMethod

openSwitchStatementFrame()

> setData()

getNOSS()

> setRefactoringSuggestion()

getSwitchStatement()

all methods have switchstatement

317 4.15 U MELAWTIEINNEENAANIAIA LALATIUNANETIT8Y Switch Statement
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LAPANHA

: MainFrame : ViewMetrics : ClassPresenter : MethodPresenter : VariablePresenter

T
|

T
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| |
|
|
!

i i

| |
4 |
openAllMetrics() }
|

getClassInfo() |

|

|

|

|

|

|

|

NIM, NIV, TCC, DIT

getMethdenfo()
|

NCDM, NCDA, NOS, NOP, NOT, NOSS
|
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N RIIRAIMTUAANA LUNFAA UATATUANHOLE AFNINA 5.1 5.2 UAY 5.3 AINAIAL
gnFnatnaTy 1uA1297 5.1 AANE Movie HANNIRIIR NIM = 4, NIV =5, TCC=0.33 WAy
DIT=0 lusu daulumnsennsdnd miuwmnoen wazAUANHY Ta9NUINIAMNT89AT
NATINURINIATTA NCDM U NCDA WALAINIATIA NCRA UAANDNAINIATIATAINIT
=l % o dl o G o :j/ dl = o

FanldnuaniAnIaluAaa NN LA EAUTRANIAN LTI WalFaumisuiunig
Fanldniealunanaau anfaasinay wWnaen statement NalAANE Customer NANLATIN
Y4NFTIR NCDM 1 NCDA neilupana Customer WinAy 2 @fluAaI &N NIAiaLum-

f8A statement 184 AN 1UAAIA Movie WAZAANE Rental WAl 4 way 9 AMNAIAL

Mavin
FCHILODREM e = 3
FREGULAR : I = 0 Fental Custamer
+r:ll=".:.- RELEMASE :inl= 1 ,u:;:.-:lc-r_len .I_-.-m...- .
“prcaCode 4 . [ruetDay=Remisdl) ) . +;ﬁ:ﬁ:§:}
[tgatF icetodal] taulMoviel) slatemert)
[+ setPriceCo ) J
AR 1
1
Rupsart CraditCard
I_dale © Dok [ : Siring
HoananEe Faal Tota & modn|]
S ]
b et e |
A =
911 5.1 UaunINAaNa2e9TLUNINN 1
class Movie
class Rental
public static final int CHILDREN = 2; {
public static final int REGULAR = O; private Movie _movie;
public static final int NEW RELEASE = 1; private int _daysRented;
private String _title; public Rental(Movie movie, int
private int _priceCode; daysRented){
public Movie(String title, int priceCode){ _movie = movie;
_title = title; _daysRented = daysRented;

_priceCode = priceCode; }

public int getDaysRented(){

public int getPriceCode(){ return _daysRented;
return _priceCode; }

public Movie getMovie(){

public void setPriceCode(int arg){ return _movie;

_priceCode = arg; 3
3 3
public String getTitle(){

return _title;
3
class CreditCard
{ class Report

private String _id; {

private String _owner; private Date _date;

private int _totalAmount = O; public Report(Date today){
public CreditCard(String id, String name){ _date = today;

id = id;
_owner = name; public String generate(Customer arg){
String result = "Report : "+
public void setTotalAmount(int amount){ _date._toString(Q);
_totalAmount += amount; result += arg.statement()+"\n";

} return result;
public String getIDQ{ return _id;} }
public String getOwner(Q{return _owner;} }

}
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class Customer
{
private String _name;
private Vector _rental = new Vector();
public Customer(String name){ _name = name; }
public void addRental (Rental arg){ _rental.addElement(arg);}
public String getName(){ return _name; }
public String statement(){
double totalAmount = O;
int frequentRenterPoints = 0;
Enumeration rentals = _rental.elements();
String result = "Rental Record for "+ getName() +"\n";
while(rentals.hasMoreElements()){
double thisAmount = 0;
Rental each = (Rental) rentals.nextElement();
switch (each.getMovie() -getPriceCode())
{
case Movie.REGULAR:
thisAmount +=2;
if (each.getDaysRented()>2)
thisAmount += (each.getDaysRented()-2)*1.5;
break;
case Movie._NEW_RELEASE:
thisAmount += each.getDaysRented()*3;
break;
case Movie.CHILDREN:
thisAmount += 1.5;
iT(each.getDaysRented()>3)
thisAmount += (each.getDaysRented()-3)*1.5;
break;

frequentRenterPoints++;

if((each.getMovie() -getPriceCode()==Movie.NEW_RELEASE)&&each.getDaysRented()>1)

frequentRenterPoints++;

result += "\t'"+teach.getMovie().getTitle(Q+""\t'"+String.valueOf(thisAmount)+'"\n";

totalAmount += thisAmount;

}

result += "Amount owed is "+String.valueOf(totalAmount)+'"\n";

result +="You earned'"+String.valueOf(frequentRenterPoints)+'"frequent renter points';

return result;

}
}

31l7 5.2 (i) sasalAnaaslilsunsad 1 neunnsiiTunAness

AN9N% 5.1 AR Ad U UAaNgaaal1ls kN TN 1

NIFTIP
ANIAR
NIM NIV TCC DIT
Movie 4 2 0.33 0
Rental 3 2 0 0
Customer 5 3 017 0
CreditCard 4 3 0 0
Report 2 1 0 0
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A9 5.2 AMNIATIARIVTLLNN GRS TL TN TNN 1

HIMFTA
LNERA NCDM + NCDA NOS | NOP | NOT | NOSS
Movie Rental Customer | CreditCard Report

getPriceCode() 1 0 0 0 1 0 0 0
ARA Movie setPriceCode() 1 0 0 0 1 1 0 0

getTitle() 1 0 0 0 1 0 0 0

getDaysRented() 0 1 0 0 1 0 0 0
MRS Rental

getMovie() 0 1 0 0 1 0 0 0

addRental() 0 0 1 0 1 1 0 0

addCreditCard() 0 0 1 0 1 1 0 0
AANE Customer

getName() 0 0 1 0 1 0 0 0

statement() 4 9 2 0 23 0 6 1

setTotalAmount() 0 0 0 0 1 1 0 0
AAN& CreditCard getlD() 0 0 0 0 1 0 0 0

getOwner() 0 0 0 0 1 0 0 0
AA1% Report generate() 0 0 0 1 2 1 1 0

0S
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AN3197 5.3 ANNRsTadmiuanianEzansllsunnd 1

. 1R NCRA
ATUANTIE
Movie Rental Customer | CreditCard | Report

CHILDREN 0 0 1 0 0
ANA

REGULAR 0 0 1 0 0
Movie

NEW_RELEASE 0 0 2 0 0

(MHNELIB)  LAASNALRNZATIAN BN T LIl AR)

ANNATAIATNIATIAFIAIFI9N 5.1, 5.2 LAY 5.3 WUINAINIATT AR IUSULNNEAA

o ' 1 2 O aia [ I dl I A
LL@z@m@m:rmz@glwmwfawﬂmuummwmmm lusasseailin 6 dszinm As

1.

Switch Statement l#LAWNGAR statement WIARTE Customer  LWTIZWLIANAN

N1m9dn NOSS = 1 @vatl ludan munuasA1Nna w0199 Switch Statement

Long Method liudiungan statement 184AA18 Customer WNT1EWLINATNIATTA

NOS = 23 et/ ludanrungasAIina1sidnwes Long Method
Feature Envy launlunaan statement 2384AAN4 Customer NIIZWLINAINIRITA
NCDM(Customer) + NCDA(Customer) < NCDM(Movie) + NCDA(Movie) hae

NCDM(Customer) + NCDA(Customer) < NCDM(Rental) + NCDA(Rental) %dﬂﬁ.jh

danuuAraIAINa1IU189 Feature Envy d1115LLNNERA

Feature Envy launinmuan®aiy CHILDREN, REGULAR uay NEW_RELEASE 284
AANA Movie LWINEWLIANANNASIA NCRA(Movie) < NCRA(Customer) %mgﬂu

faiuuneIAINNANIuNT8Y Feature Envy AanFLiAnsantIe

Long Parameter  Lists Tpumiungan setPriceCode 1849AAT4 Movie LuN5aA
addRental kaziunian addCreditCard 124AANA Customer LAZLNNGRA generate
2BIAANA Report INGITWLIAINIATIA NOP = 1 Ssilaunnign nelulilsunss

1 ¥ o 1 dIQ .
LL@mglum@muummmm‘wma?mwm Long Parameter Lists

Lazy Class MuA ARN4 Report ININZNLINNATINIBIANIATTIA NIM uas NIV §

oy A 9 v o | Aa
ATUBENGA maluldsunsy LL@mqim@muummmwwma?mwm Lazy Class
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Switch Statement

LNGaA statement

AAIANE Customer

Extract Method
Replace Conditional with Polymorphism
Replace Parameter with Explicit Methods

Introduce null object

Long Method

LHNERA statement

ABNAANE Customer

Replace Temp with Query

Decompose Conditional

Feature Envy

LHNgaA statement

AANAANE Customer

Extract Method

CHILDREN, REGULAR

waz NEW_RELEASE

AIARA Movie

Move Attribute

Long Parameter Lists

LlUnaam setPriceCode

AIARIA Movie

Replace Parameters with Method
Preserve Whole Object

Introduce Parameter Object

IUNEam addRental

1ANAAA Customer

Replace Parameters with Method
Preserve Whole Object

Introduce Parameter Object

LNnaam addCreditCard

AAIANTIE Customer

Replace Parameters with Method
Preserve Whole Object

Introduce Parameter Object

LUNERA generate

21BANAAA Report

Replace Parameters with Method
Preserve Whole Object

Introduce Parameter Object

Lazy Class

AAA Report

Inline Class
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FofuiRseadfideniansiulanedeldenyszynildiullsunsuduatiu e
Usutlgesassanilald 4 dssinndiny (dausetnenisuflasessesilifitszing Long
Parameter Lists Wa Lazy Class ﬂgjslumimmmuiﬂmmuﬁ 2 LAY 3 ANNAAL) Tpeinsdin
1 dwmiudfuilseanudnenie CHILDREN, REGULAR waz NEW_RELEASE waznadlii 2, 3

waz 4 §miuilfuilaaumsen statement IMEEAZIDUARIL

N3t 1 95 Move Attribute Teinnsfinemmuuanuy CHILDREN, REGULAR uag

NEW_RELEASE annaa14 Movie li€l9aana Customer Asuanslugii 5.3

class Customer

{

public static final int CHILDRENS = 2:
public static final int REGULAR = O;
public static final int NEW_RELEASE = 1;

public String statement(){

double totalAmount = O;

int frequentRenterPoints = 0;

Enumeration rentals = _rental.elements();

String result = "Rental Record for "+ getName() +"\n";

while(rentals.hasMoreElements()){
double thisAmount = O;
Rental each = (Rental) rentals.nextElement();
thisAmount = amountFor(each);
frequentRenterPoints++;

if((each.getMovie() -getPriceCode()==NEW_RELEASE)&&each.getDaysRented()>1)
frequentRenterPoints++;

result += "\t'"+each.getMovie() -getTitle(Q+'"\t"+String.valueOf(thisAmount)+'"\n";
totalAmount += thisAmount;

result += "Amount owed is "+String.valueOf(totalAmount)+'"\n";
result += "You earned "+String.valueOf(frequentRenterPoints)+" frequent renter
points';
return result;

private double amountFor(Rental each){
double thisAmount = O;
switch (each.getMovie().getPriceCode())

{
case REGULAR:
thisAmount +=2;
if (each.getDaysRented()>2)
thisAmount += (each.getDaysRented()-2)*1.5;
break;
case NEW_RELEASE:
thisAmount += each.getDaysRented()*3;
break;
case CHILDRENS:
thisAmount += 1.5;
if(each.getDaysRented()>3)
thisAmount += (each.getDaysRented()-3)*1.5;
break;
T

return thisAmount;

}

717 5.3 gafalAnvedilsunand 1 udsnslszgnsldasauranesslunsiin 1

N3N 2 3% Extract Method IasINN9€NeId A NTALANINUF LN ERA statement 1N

aafunsenlndfe wWnsen amountFor Aauanslugli 5.4
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Aa | aa | P~ %

N300N 3 31 Extract Method 1A8INNTLEINAIUUDILNNGDA statement AINN1FEeN

AruaNTiRIa9Aaa Movie uaz Rental snairailumnsenlud a1ntiuldas Move Method
4 . CT e . de A ey i Y

Wadneunsamuaniiu lfapanasie muninisBanlden aanainisaiiaunsen

amountFor lUNIN 2 LAY AININIIEMLLUNEAA amountFor A1NAANE Customer  hsia

AANA Rental Aauanalugllyn 5.5

class Customer

{

public String statement(){
double totalAmount = O;
int frequentRenterPoints = 0;
Enumeration rentals = _rental .elements();
String result = "Rental Record for "+ getName() +'"\n";
while(rentals._hasMoreElements()){
double thisAmount = O3
Rental each = (Rental) rentals.nextElement();
thisAmount = amountFor(each);
frequentRenterPoints++;
if((each.getMovie() -getPriceCode()==NEW_RELEASE)&&each.getDaysRented()>1)
frequentRenterPoints++;
result += "\t'"t+each.getMovie().getTitle()+' "\t "+String.valueOf(thisAmount)+'"\n";
totalAmount += thisAmount;

¥

result += "Amount owed is "+String.valueOf(totalAmount)+'"\n"";

result += "You earned "+String.valueOf(frequentRenterPoints)+" frequent renter
points';

return result;

private double amountFor(Rental each){

double thisAmount = O3

switch (each.getMovie().getPriceCode()) 4

case REGULAR:
thisAmount +=2;
iT (each.getDaysRented()>2)
thisAmount += (each.getDaysRented()-2)*1.5;
break;

case NEW_RELEASE:
thisAmount += each.getDaysRented()*3;
break;

case CHILDRENS:
thisAmount += 1.5;
if(each.getDaysRented()>3)
thisAmount += (each.getDaysRented()-3)*1.5;
break;

return thisAmount;

317 5.4 safalAnaslilsunsud 1 naanslszyns lEassunAnasaluns i 2

class Rental

{ ) I
private Movie _movie;
private int _daysRented;

public Rental(Movie movie, int daysRented){
_movie = movie;
_daysRented = daysRented;

public int getDaysRented(){
return _daysRented;

public Movie getMovie(){
return _movie;
ks

31I7 5.5 gafalAnaaslilsunsud 1 nasnissygnaldassunanaselunsiin 3
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public double amountFor(){
double thisAmount = 0O;
switch (getMovie().getPriceCode()){
case Customer.REGULAR:
thisAmount +=2;
it (getDaysRented()>2)
thisAmount += (getDaysRented()-2)*1.5;
break;
case Customer.NEW_RELEASE:
thisAmount += getDaysRented()*3;
break;
case Customer.CHILDRENS:
thisAmount += 1.5;
iTf(getDaysRented()>3)
thisAmount += (getDaysRented()-3)*1.5;
break;

return thisAmount;

317 5.5 (i) sasalAnvaslilaunssd 1 vasnislszans ldaasunAnesalunsin 3

N3N 4 35 Replace Temp with Query A33azilszensildiummsan statement Tne
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~ P 2o / o ~ o A o Vo
ﬂq@LLWUWﬂq?L?ﬂﬂIﬂJWQLLﬂTT thisAmount ﬁ')ﬂﬂ’]ﬁ‘Lﬁ'ﬂﬂI‘ﬁLNWﬁ@m amountFor LINAaATUITUAEFIA

uils naluinoan statement 189AR14 Customer Aauanslugili 5.6

class Customer

{

public String statement(){
double totalAmount = O;
int frequentRenterPoints = 0;
Enumeration rentals = _rental.elements();
String result = "Rental Record for "+ getName() +'"\n";
while(rentals._hasMoreElements()){
Rental each = (Rental) rentals.nextElement();
frequentRenterPoints++;
if((each.getMovie() .getPriceCode()==NEW_RELEASE)&&each.getDaysRented()>1)
frequentRenterPoints++;
result+=
"\t"+each.getMovie() .getTitleQ+"\t"+String.valueOf(each.amountFor())+'"\n";
totalAmount += each.amountFor();

result += "Amount owed is '+String.valueOf(totalAmount)+'"\n";

result +=_ '"You earned '+String.valueOf(frequentRenterPoints)+" frequent renter
points";

return result;

}

}

91I7 5.6 gafalAnanclilsunud 1 nasnnstlsyensldaasun anasslunsiin 4

5.1.2 NANTITANUIARINUSLATNN 2

sunsusuatiunMlun1smegasidsunsud 2 l@unainsaegneldsunsnlumisda
Refactoring: Improving the design of existing code Qeulae Martin Fowler [5] 16 PaN4
111 257 LOC lulilsunsudmduszuumnan i ey ldau Seuaasununinaaialugil
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WA ATaesaNluRfAe AT HaNWAUNTUN Az ld AR AL NATNLTZIANHIATTA 3
132109 AR WNATTARIUMSUAANE LATINNEAR AIANTIN 5.5 LAY 5.6 AMNAIFL A9UNIATIA

Audupuaneuy llinarnnsdn wesannllsunsuildfnuansusntaaunuii-

q

uam
Bussiness Site
Lifeline Site FSTART_RATE : double
[TAX RATE @ double =0.05 Reading FEMD_RATE : double
— = nte FEMD_AMOUNT : double
+L|fa||naS|1_La{} " = HastReading : int
+addReading ) [amalin Ay
+chargel) 1000 1000 ussinessSi el)
Fehiarge(in usage © int +addReading()
rgef(in usage : ini) charged)
1000 1000 Feharge(in usege | int)
Residential Site Disability Site
=TAX_RATE : Double = 0.05 =TAX_ RATE : double = 0.05
+ResidentialSite]) -FUEL_TAX_LAR
+addReading]) FCAR © int = 200
+charge() | +DisabilitySite()
-charge(in usage : Integer, in start: Date, in end : Date) +addReading()
HdayOfvear() +charge()
- Fehargalin fullllsage : Intager, in start : Date, in and @ Data)
+dayOfyear)
Zone
L_name : String
tsummerEnd : Date

- summerStar : Date
1 rowinterRate | Double i
- summerRate : Double

317 5.7 ununwesanesTlsunsui 2

A1NA19797 5.5 WudIAINIRIIndniuRAaIdetludresdanmusniansnnves

Lazy Class AR ARG LifelineSite

AN9199 5.5 ANHIRITAdMSUAATA99TsIN TN 2

Utk
AR
NIM NIV 7CC DIT
BusinessSite 4 3 0.334 0
DisabilitySite 5 2 0.167 0
LifelineSite 3 1 0.334 0
Reading 3 2 0 0
ResidentialSite 5 2 0.167 0
Zone 6 5 0 0




AN9199 5.6 AMNIAITAGIMSUINNEaRR9 1IN TR 2

lWNEan N1RTIP
NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone
addReading(Reading 2 0 0 0 0 0 1 1 0 0
newReading)
BusinessSite
charge() 5 0 0 0 0 0 1 0 1 0
charge(int usage) 12 0 0 0 0 0 10 1 5 0
addReading(Reading 0 2 0 0 0 0 2 1 1 0
newReading)
charge 0 6 0 0 0 0 3 0 4 0
DisabilitySite 9el
charge(int fullUsage, 0 22 0 0 0 0 14 3 5 0
Date start, Date end)
dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1
addReading(Reading 0 0 4 0 0 0 3 1 1 0
newReading)
LifelineSite
charge() 0 0 3 0 0 0 1 0 1 0
charge (int usage) 0 0 2 0 0 0 7 1 4 0

LS
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lWNEan N1RTIP
NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone

date() 0 0 0 1 0 0 1 0 0 0
Reading

amount() 0 0 0 1 0 0 1 0 0 0

addReading(Reading 0 0 0 0 2 0 3 1 1 0

newReading)

charge 0 0 0 0 6 0 4 0 4 0
ResidentialSite 9e0

charge(int usage, 0 0 0 0 20 0 13 3 4 0

Date start, Date end)

dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1

persist() 0 0 0 0 0 0 2 0 0 0

get (String name) 0 0 0 0 0 0 1 1 0 0

summerEnd() 0 0 0 0 0 1 1 0 0 0
Zone

summerStart() 0 0 0 0 0 1 1 0 0 0

winterRate() 0 0 0 0 0 1 1 0 0 0

summerRate() 0 0 0 0 0 1 1 0 0 0

8G
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Fa93087 1A

acal a
AnaUNANE3Y

Long Method

LWNE8A charge lumana BusinessSite

Extract Method

Replace Method with Method Object
Introduce Parameter Object
Preserve Whole Object

Replace Temp with Query

lwnsan charge luAana DisabilitySite

Extract Method

Replace Method with Method Object
Introduce Parameter Object
Preserve Whole Object

Replace Temp with Query

lunsan dayOfYear luaana DisabilitySite

Extract Method

Replace Method with Method Object
Introduce Parameter Object
Preserve Whole Object

Replace Temp with Query

LUNE8BA charge lumana ResidentialSite

Extract Method

Replace Method with Method Object
Introduce Parameter Object
Preserve Whole Object

Replace Temp with Query
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AN3197 5.7 (5in) Uszinndessasn AN

Tulilsunsui 2 Fa7unAnasaiiaua

Usenn

. S
Fa93087 1A

acal a
AnaUNANE3Y

Long Method

LHNEA dayOerarsluﬂm@ ResidentialSite

Extract Method

Replace Method with Method Object
Introduce Parameter Object
Preserve Whole Object

Replace Temp with Query

Long Parameter List

lWysam charge luAANA DisabilitySite

Replace Parameters with Method
Preserve Whole Object

Introduce Parameter Object

lwysam charge luAaa ResidentialSite

Replace Parameters with Method
Preserve Whole Object

Introduce Parameter Object

Switch Statement

lwysan dayOfYear nelupana DisabilitySite

Extract Method
Replace Conditional with Polymorphism
Replace Parameter with Explicit Methods

Introduce null object

LNE8M dayOfYear melumana ResidentialSite

Extract Method
Replace Conditional with Polymorphism
Replace Parameter with Explicit Methods

Introduce null object

Lazy Class

AAN4A LifelineSite

Inline Class

09
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AMUATDIATNIATIARIFNTNTA 5.6 WLINANIATTAG TN DD ADE TUd29T89
dan1uuaNNansun Ae LWNeam charge 1AAA BusinessSite luNsaA charge waz dayOf
Year lupAana DisabilitySite lungan charge way dayOfYear TuAana ResidentialSite Aatiis

Tsunsud 2 nusaerasnlld 3 Uszinn waglaiauadssunanasgusuns lsassasn lumn

WU FIEALLRALAAIFIANTNT 5.7

o A

TN aa = a A A A o ° o o ~
@Wﬂuug ﬂL@@ﬂQﬁﬂq??LLW@Wﬂ?Q@’]ﬂWLﬂ?@\‘lmﬂuql@u@ QWM?UH?UﬂEQIﬂ?LLﬂ?NVI

2 utiafly 11 neell A3 eazidamsail

NIt 1 3% Replace Temp with Query A93azilszgne ldiuiunsan charge u
1 v 1
Aa1d DisabilitySite Imanisunuisiauls fuel Aaan1sadramnaen fuelCharge Aunia L

= U
30 110N

netii 2 78 Extract Method Arsaziszynsfldiummsen charge lupana
DisabilitySite InennsfiguNdausaspaaniadwmysanlud Aa wmsen fuelCharge

Taxes LAazlNNGRA summerFraction

ngEuN 3 98 Replace Temp with Query mi%ﬂizqﬂﬁﬂ%ﬁmmmﬁ@m charge Tu

ARNA ResidentialSite 1 M4LAEINAUNTEIN 1

nIiN 4 78 Extract Method Aagaziszynsldiummsen charge lupana

ResidentialSite [HwALNAUNIINN 2

N3t 5 35 Replace Parameters with Method Aqsasilszensldiummsnan charge
luaana  DisabilitySite  tnainnsunuinisldnnsiwes fullUsage #aanisadiaiunaan

lastUsage Tusn s

N3ty 6 9% Replace Parameters with Method Ansacilszansldiummsen charge

lumana ResidentialSite wLALIAAUNTEIN 5

NIuN 7 98 Extract” Method mosaviszgnsidnitumsen charge lupana

BusinessSite Inan1stnaldnuiedaunnaFradumnsanlmlfeiunses baseCharge

NIt 8 3% Extract Method Aasazilszansldiumnsen dayOfyear Tuaaia

DisabilitySite Inan1s¢nalAnuiedaunnadradumnsanlvdfeiunsen isLeapYear

NIt 9 9% Extract Method Adsazilszansldiummsen dayOfyear Tuaaia

ResidentialSite [HuLALNAUNTINN 8
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N3t 10 38 Extract Method Aasazilseendldiummnsan dayOfyear neluaana
DisabilitySite  lagin1saf1imnsan ludununnismnauaesdfinfupaunsan daysToStart

OfMonth

NItiN 11 38 Extract Method mazazilszend liLmmsen dayOfyear nelupana

ResidentialSite [uLALTLNTLN 10

5.1.3 HANITANWINURALUSUNSHNA 3

Tsunsun g luntmegaulilsunsud 3 leunannsaasttellsunsuluniieda Java:
How to program [15] 1ulilsunsuduslataednisniauaesans s1eazine auawWnn

! ¥
AAaaEluNIANWIN A HAIUIW 33 AANA wAzIWIA 1947 LOC et Tusunsnil invinnng

|
I 4 A

ATIRaUTassae i lAAeATasl e N RILNAY Az ldA N AT ALENATNL TN NNIRTTR 3
Uszinn An WNAIAE1MILAANE HIATTARNUTLLUNGRR LazNIAITAAUTLAANTTUY A
a zﬂl 1 dl 1= A

uAdA9IIAIDEA LA ANKNIN 9 Tantsessesf A 3 Uszunn Ae Large Class, Lazy class,
Long Method, Long Parameter Lists Uaz Switch Statement LsigAqaIAaNAN15TUNANGI

A 4 a4 o g F P p " L Ay A
aniezasierniaue amiuiliuilgalilsunani 3 Tna@enudluoeniznsiisessenilimn
felanulullsunsun 1 uaz 2 918azl@uaudnIndmnsed 5.8 auanidu 2 nool &

= o 43
TIURTLALUAAIU

N3t 1 33 Extract Class Assazilazenafldiunana ElevatorSimulation Tnennséie
WnGam sendPersonMoveEvent, Lnaan addPersonMovelistener, LWNgan getFloor,
ALANEIUY firstFloor, AANENLE secondFloor, AMANENLE elevatorShaft WATANANENLL
personMovelisteners aananAANdANNNgFauaa1alud Aerand ElevatorSimulation

Constants

N3t 235 Collapse Hierarchy Avsavilszensldiunana BellEvent, ButtonEvent,
DoorEvent, ‘ElevatorEvent waz LightEvent Tmﬁm?éﬁﬂ@mawﬁﬁﬁwumn’]ﬂuﬂm@mmﬁ

L%
a a

lusauiuAaiaus AAAANA ElevatorSimulationEvent LAZALIARTALANTI

AU AZIBEAT89TR9TRe N IAL2IN Long Method, Long Parameter Lists L@
Switch Statement Awulullsunsud 3 T8azaeALAAIlATANEIN 4 TINFNITUA 1AL

AU 1LIUILNINT 1 UAY 2 A9NANI1N95TL
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1
ala

AN9199 5.8 Uszinniaases ANy LazdssunaAnesaniduaaaalilsunsui 3

sz 3895087 317 ApTUNANEI
Large Class | mA14a ElevatorSimulation Extract class
Lazy Class AANA BellEvent Collapse Hierarchy
AANA ButtonEvent Collapse Hierarchy
MA@ DoorEvent Collapse Hierarchy
AAN& ElevatorMoveEvent Collapse Hierarchy
AAN4A LightEvent Collapse Hierarchy

=

5.2 N15U5ELABANNFINITAURINIATIATDITDEN LD

?:/ da, a o 1 dl 1= a o {
Tuiunaui %ﬂ?:mummmmmmmqm@\w@ﬂ‘wim TP8IlsL N UAINATWITUAN

v 1
= o =

o 1 dl 1 | ] ! dl Idd‘ % % 1 [
Nnsinsessennlinanase wanssaaaudn linusesseen liangnuilelluds tasutiaiy

¥

2 nagl Aa nswdlasessaem llhusazdszinn iWunistinmeseldnmnunlsvenaldsunane-
a dl % 1 dl 1= I ! dl B o o
39 iaudlusessesllnusdazilszion uaznisuilasessesnlainyniszim unisiimess

TAanvinnsurilasessaenlifudondszensliunaness inaudladassasi linau] seld

dJ = = 1 % g
TN azIREAN1INARAULAAL TN THAGR
5.2.1 uan1snadauluswnsun 1

nswnbasassaanbinnAazlszian

1
=

1 dl 1= dl 2 1 o dl 1 [ %
@WﬂﬂW?LLmﬂﬁ‘@Qﬁ"ﬂﬂVliﬁJﬂWWUIuTﬂﬁ‘LLﬂ?NVl 1 1@N@‘II@\‘I@"]N’W]?’Jﬂﬁ"ﬂ\‘lﬁ‘ﬂﬂ‘ﬂi&lﬂﬂ@\‘l

n3tsrgNA IFIBIUNANBIUEATNITU 4 NITU A9U

1
=

F1979% 5.9 AaNAsTnA T LAAT ATeluN TN TAaLsvena ldTunANesYlun i 1

NIFTI P
ANR
NIM NIV TCC DIT
Movie 4 2 0.33 0
Rental 3 2 0 0
Customer 5 3 0.17 0
CreditCard 4 3 0 0
Report 2 1 0 0




AN3197 5.10 ANRSIduiLInsenTeallsnsndl 1ndsilszgne ldTunanasalunsiii 1

HIMFTA
LNERA NCDM + NCDA NOS | NOP | NOT | NOSS
Movie Rental Customer | CreditCard Report

getPriceCode() 1 0 0 0 1 0 0 0
AANA Movie setPriceCode() 1 0 0 0 1 1 0 0

getTitle() 1 0 0 0 1 0 0 0

getDaysRented() 0 1 0 0 1 0 0 0
MRS Rental

getMovie() 0 1 0 0 1 0 0 0

addRental() 0 0 1 0 1 1 0 0

addCreditCard() 0 0 1 0 1 1 0 0
AANE Customer

getName() 0 0 1 0 1 0 0 0

statement() 0 9 6 0 23 0 6 1

setTotalAmount() 0 0 0 0 1 1 0 0
AAN& CreditCard getlD() 0 0 0 0 1 0 0 0

getOwner() 0 0 0 0 1 0 0 0
AR14A Report generate() 0 0 0 1 2 1 1 0

¥9
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N3t 1 lunisdseynsT 495 Move Attribue iaud lasassaain lalmilsziny Feature
Envy a1nAN3797 5.9 5.10 uaz 5.11 wasslfiiiutenindasundasaasmiuinsinsassaad

laiRduFuaana lnsan LATAMANBIUENAINIINITUNANETIAINAAL TINIEATIDLA

ADQ
She

1. AuRdag niumana il asunlas iawFaunauAininsTnauiu

AANANaRNITUszyNE 135 Move Attribue uanslumAng1ei 5.9

2. ANNIATTAGIUTLLNNERA  AINANTNN 510 wdmdlENINANNIRTT R
NCDM(Customer) + NCDA(Customer) = 6 189,1n596 statement Jpan4
Customer WNTY tsziflun1sfe AN wzaINAaIa Movie NEIRART4

Customer Wit lsiinan lifinnsassas lunllszinnatinaga

3. ANIAITRAINTUAMANEIIE AINAN319T 5.11 wang lFiudnANNAsdn

NCRA lxing/ lutiaagasarnansninaas Feature Envy Waa

13199 5.11 ANATIRTasseen lAdIniLIAaNBUzanalsunTNd 1 ndstlsvene 4

Funanaselunsin 1

. 1"R9IA NCRA
AILANTTUS
Movie Rental Customer | CreditCard | Report

CHILDREN 0 0 1 0 0
ARAR

REGULAR 0 0 1 0 0
Customer

NEW_RELEASE 0 0 2 0 0

N3t 2 1uns1lseansld3s Extract Method 1w lasesseanlainilszinn Switch
Statement lulunaan statement - A1NA19199 5.12 5.13 'Uaz 514 wassliiiuianng
WasuulasesAuasinsassaen A IMFUAAIE INERA LAZATIANHILEUAINITNN

o

= a o o K o = X
FUNANDTIFTNANAL TIHIEAZLALAAITS

1. ANNIATIRAUTLARNA AINAI319T 5.12 LAAI TR UINANIRIIR NIM = 6
489AANE Customer WNAUANNAN N91ziTun17a59iunsanludnielu

Mo o § v a Ay 4 o X
AX14 Customer LW]VL?\INN@‘V]"IﬁhﬂLﬂ@?@Q?ﬂﬂmim@ﬂ?:ﬁLﬂV]@uLWNﬂu
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2. ANNIAITAAINTLLANEARA ANNAN9199 5.14 THANIRITA NOS = 10 @4
anAdwaz NOSS = 0 @ miuiumsan statement @9luiaTugasuesrnd
Na170u1U89 Switch  Statement a2 wan1liinsassasldnlszinn

] 1 %
Feature Ennvy Mungsan amountFor tuinaannadieaulvs

3. Awesdadauiuaudnwucldidasunlas WenFaunauaiuinin
AuFuAANHENauNsUseyne 1495 Extract  Method wanglum919i

5.13

1
=

FN397 5.12 AMuNRsTRdIMELRAavaslsunsud 19dsUszenaldunanesslunstii 2

NIRITA
AN
NIM NIV TCC DIT
Movie 4 2 0.33 0
Rental ) 2 0 0
Customer 6 3 0.1 0
CreditCard 4 3 0 0
Report 2 1 0 0

all ! o 1 tzll 1l o o o all o ¥
P399 5.13 ANNAGITIAIENIREN INRA s IATIANEUEaRal s TN 1 nAslszeneld

Funanasslunsiin 2

. 1M NCRA
ATUANTHDIE
Movie Rental Customer | CreditCard | Report

CHILDREN 0 0 1 0 0
ANA

REGULAR 0 0 1 0 0
Movie

NEW_RELEASE 0 0 2 0 0




A3 5.14 ANRsIduiLnsenaedllsunsndl 1ndslszgne liTunanasslunsii 2

Ngan NCDM + NCDA NOS | NOP | NOT | NOSS
Movie Rental Customer | CreditCard Report
getPriceCode() 1 0 0 0 1 0 0 0
AANA Movie setPriceCode() 1 0 0 0 1 1 0 0
getTitle() 1 0 0 0 1 0 0 0
getDaysRented() 0 1 0 0 1 0 0 0
ARG Rental
getMovie() 0 1 0 0 1 0 0 0
addRental() 0 0 1 0 1 1 0 0
addCreditCard() 0 0 1 0 1 1 0 0
AA14 Customer getName() 0 0 1 0 1 0 0 0
statement() 1 3 3 0 10 0 6 0
amountFor 3 0 0 0 15 1 1 1
setTotalAmount() 0 0 0 0 1 1 0 0
A& CreditCard | getlD() 0 0 0 0 1 0 0 0
getOwner() 0 0 0 0 1 0 0 0
AR14A Report generate() 0 0 0 1 2 1 1 0

19
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nstf 3 ilunnsilszgnefldas Move Method aud lasassaain laimilsziny Feature

Envy a1nmN3197 5.15 5.16 Waz 5.17 waasldiiunanisdasunlasassmiiuinsinsassaad

TiRduFuAsNa lNSaA LWATATUANBIUENAINIINITUNANETIATNAAL TINIEATIBLA

b(
&he

1.

F19797 5.15 AuNRsTas uiUAaIavaslisunsui 1nalsvendldaunanesslunsaii 3

ANNIATIAAINTUAANR ARG WIIWINANNIATIA NIM = 4 289AA1% Rental
HALANLAN WezilunNsfeunaanaInAana Customer  HIENAANA

Rental waldduarinliiindassasn liatssnnauinumy

ANNIAITAANMSULNNGER  AINAITNN 5.17  LAASLEIWINAINIRATTA
NCDM 18z NCDA 1a3i#nsan amountForliag/lugosredannaisunaes

Feature Envy LAY

ANIAITARINTUADANTILE  AINANTI97 5.16 WUINHKANN IHAINR TR
NCRA(Rental) = 1 §exannd1 NCRA(Customer) = 0 vinliifinsassasii i

1lsvLnv Feature Ennvy 284 CHILDREN WAy REGULAR

1
a

WIFFIA
ARA
NIM NIV TCC DIT
Movie 4 2 0.33 0
Rental 4 2 0 0
Customer 5 3 0.17 0
CreditCard 4 3 0 0
Report 2 1 0 0

F1979% 5.16 AMHNATTATESIRET IRAAMTL AN wuzaesTsunsnd 1 udssse nal L

Funanesslunsin 3

. NMITA NCRA
ATUANETUY
Movie Rental Customer | CreditCard | Report

CHILDREN 0 1 0 0 0
ANA

REGULAR 0 1 0 0 0
Customer

NEW_RELEASE 0 1 1 0 0




AN3NN 5.17 ANRsIduiLnsenaeallsunsndl 1mdslszgne ldrunanaselunsiii 3

WNERA NCDM + NCDA NOS NOP NOT | NOSS
Movie Rental Customer CreditCard Report
getPriceCode() 1 0 0 0 0 1 0 0 0
AANE Movie setPriceCode() 1 0 0 0 0 1 1 0 0
getTitle() 1 0 0 0 0 1 0 0 0
getDaysRented() 0 1 0 0 0 1 0 0 0
AATA Rental getMovie() 0 1 0 0 0 1 0 0 0
amountFor 0 6 3 0 0 15 1 1 1
addRental() 0 0 1 0 0 1 1 0 0
addCreditCard() 0 0 1 0 0 1 1 0 0
Af14 Customer
getName() 0 0 1 0 0 1 0 0 0
statement() 0 3 3 0 0 10 0 6 0
setTotalAmount() 0 0 0 1 0 1 1 0 0
Aa14 CreditCard getID() 0 0 0 1 0 1 0 0 0
getOwner() 0 0 0 1 0 1 0 0 0
AA14 Report generate() 0 0 0 0 1 2 1 1 0
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nsti 4 lunnstlsyendfldas Replace Temp with Query twaudilusedsaailain

1/3217% Long Method a1nA137497 5.18 5.19 az 5.20 wand ldiuneaninilasuudasaesn

W nsdnsassasn i uiueana wnsen LATAMANHIUZUAININTTUHANEIIAINATAL

2 A =
PAINTILASLREIA

o

X
JU

ANNIATIARIMTUARIR  LdAS IIAUINAINIATIR NIM = 6 289AAE
QI da( a % |dg( dl = v
Customer WNTUANNAN NIILT U125 9NnEan NTuNT  WaEen 1

o o M N o gua Ay 4 o X
wnusaudsiamsne wildSnannlfinasesesn ldatlssinnauine

ANNNAITAAIMSULNNGEA AINA1INA 5.20 WNGaA statement L@ANNIMI-
40 NOS = 9 1Ay NOT = 5 FIANNIATIAaRAAY tHalFauiieusiunauni

FuNANEI

ANeadnd miunnuanEs llnlasulas  WeaulBuumeudnnsingn-

WiuRMaNHalsiaNN1sezeNFTlEas Extract Method wanslumn919i 5.19

;3197 5.18 ANAIIRAII LA ATRslsUNINN 1A sve e IFTunAnesalunsain 4

NIBITIA
ANA
NIM NIV TCC DIT
Movie 4 2 0.33 0
Rental 3 2 0 0
Customer 6 3 0.1 0
CreditCard 4 3 0 0
Report 2 1 0 0

;13199 5.19 AHBIeTRdagsee lRd nitintuanraizanslilsunsud 1 ndsilsvene |4

Funanasslunsin 4

| N1R3IR NCRA
ATUANTIUS
Movie Rental Customer | CreditCard | Report

CHILDREN 0 0 1 0 0
ARG

REGULAR 0 0 1 0 0
Movie

NEW_RELEASE 0 0 2 0 0




AN3197 5.20 ANRSIduiLnsanaedllsunsndl 1ndsilszgne lirunanasslunsiii 4

WNERA NCDM + NCDA NOS NOP NOT | NOSS
Movie Rental Customer CreditCard Report
getPriceCode() 1 0 0 0 0 1 0 0 0
AANE Movie setPriceCode() 1 0 0 0 0 1 1 0 0
getTitle() 1 0 0 0 0 1 0 0 0
getDaysRented() 0 1 0 0 0 1 0 0 0
AA14 Rental
getMovie() 0 1 0 0 0 1 0 0 0
addRental() 0 0 1 0 0 1 1 0 0
addCreditCard() 0 0 1 0 0 1 1 0 0
AANa Customer getName() 0 0 1 0 0 1 0 0 0
statement() 1 3 3 0 0 9 0 5 0
amountFor 3 0 0 0 0 15 1 1 1
AAN4 CreditCard setTotalAmount() 0 0 0 1 0 1 1 0 0
getID() 0 0 0 1 0 1 0 0 0
getOwner() 0 0 0 1 0 1 0 0 0
AA14 Report generate() 0 0 0 0 1 2 1 1 0

L.
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nsunlasassasntiannilssinm

! ¥
wasannslszgnaldsunanesadminllsunsud 1 v 4 naid lA wmedn

1al o

$999027 AR IUTUARIA LWNDRA LATATUANTILY LARIINEAZIDEAMIAIINN 5.21 5.22

! 1
=] A

LAY 5.23 TaN9aaziaensail

1. ANNIAIARIUFUAANE ANANT19N 5.21 LA lE iU AINIRTIA NIM = 5
189AA4 Rental  [ANTAUAINLAN wsziilun1sad1uunsanlvadauun way
fienunsantulildanand Rental waliinan liinnsassasi lumlssinnan

2 X
NN
2. ANAITARIMTLIINERR ANNANTNTN 5.24

1) ANNAMIIR NOS = 9 waz NOT = 5 UM NEas statement T9AN

o d‘ = [ I o A a
HIATIANAAN LN@L‘]_E‘HULV]EIUﬂUﬂ‘ﬂuVI’]ﬁ‘LLWﬂV]ﬂN

2) ANNATIA NCDM ez NCDA 289Wniem amountFor WA

statement lxag ludasaapniansninaes Feature Envy Wan

3) Awmsdn NOSS = 0 duiliunaen statement 9 luag]lugosans

| e : )y
ANNNANTEUILRY Switch Statement LRA

3. ANIATIAAIMTUAIIAN LT AINAN319T 5.23 uandliiiudnANimsdn

NCRA et lutasaasrrnnaisanaes Feature Envy uaa

FIN399 5.21 ANNAsIndmiLARIaTeallsunTNd 1 ndslsvens IdTunAness

4 4 nacl
NIATTA
ARG
NIM NIV TCC DIT
Movie 4 2 0.33 0
Rental 4 2 0 0
Customer 5 3 0.17 0
CreditCard 4 3 0 0
Report 2 1 0 0




N3N 5.22 ANRsIpduiLinsanaedlisunani 1nasl sz na liTuWANe s 4 nal

WNERA NCDM + NCDA NOS NOP NOT | NOSS
Movie Rental Customer CreditCard Report
getPriceCode() 1 0 0 0 0 1 0 0 0
AANE Movie setPriceCode() 1 0 0 0 0 1 1 0 0
getTitle() 1 0 0 0 0 1 0 0 0
getDaysRented() 0 1 0 0 0 1 0 0 0
AATA Rental getMovie() 0 1 0 0 0 1 0 0 0
amountFor 0 3 0 0 0 15 1 1 1
addRental() 0 0 1 0 0 1 1 0 0
addCreditCard() 0 0 1 0 0 1 1 0 0
Aa14d Customer
getName() 0 0 1 0 0 1 0 0 0
statement() 0 2 2 0 0 9 0 5 0
setTotalAmount() 0 0 0 1 0 1 1 0 0
AaN4 CreditCard getiD() 0 0 0 1 0 1 0 0 0
getOwner() 0 0 0 1 0 1 0 0 0
AA14 Report generate() 0 0 0 0 1 2 1 1 0

€.
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;3199 5.23 ANATIRTassen lAdmiLAaNHzanallsunsNd 1 ndsilszene L4

FunANDIII 4 NIl

. NM3IA NCRA
AILANTTUS
Movie Rental Customer | CreditCard | Report

CHILDREN 0 1 0 0 0
ARY

REGULAR 0 1 0 0 0
Rental

NEW_RELEASE 0 2 0 0 0

5.2.2 N@ﬂ’]ﬁ‘ﬂﬂﬁ'ﬂﬂiﬂ‘a‘uﬂ‘é‘uﬁ 2

nsunbusassaantinLaazlszian

g Ay A o | o Ay A e
qqﬂﬂ’]ﬁ‘Lme?@ﬂ?‘ﬂﬂWVLNﬂVIWUIUIﬂ?LLﬂ?NV] 2 1@N@sﬂ@\ﬁﬂqmqmﬁ\qm?@\w%ﬂmh\l@u@ﬂ

nsUsze N R UNANS 39UAAZNTEINT 11 Natd Al

o

nstin 1 war 2 1lunisdszeneldis Replace Temp with Query Uazdd Extract

Method ieuflasasseenldntszian Long Method @wsuiunsen charge lumand

DisabilitySite a1nm1919 5.24 Way 5.25 udnslimiuienisdasuulasuesAiningds

' Ay o o o o = a & a = o X
?@Q?@ﬂmim@@qﬁﬁ‘ﬂﬂ@q@ LL@TJLQJVIﬁ@ﬁﬁ@Qﬂq?VH?LL‘V\IIﬂVI'I’J?\T FINTIUAC LA AN

1.

ANNIATIAGINSUARIE AN 5.25 WAAS I TUINATNIRIIR NIM = 8

189AAN4 DisabilitySite ANTIUANABGN w3 ziilun1sa51mnsenluaddunn
n e mya i s 4 2 ox

walddnan N asaerasi ldalssnnaunaay

ANHIFITRANVTLINNEDA AINAYNI NN 5.24 TRANINITR NOS = 6 Taluas]

kT

i NANANTUNURS Long Method LAMATNIATIA NOT = 2 T9anad
Tutqsuaean g

dl = o I o a a = Y o aI/
WalFaudaunufernBunAned wszimeannslaadsdansa




R399 5.24 ANasIRduiLnsenaedlilsunsal 2 udsilszene ldsunanasalunsiin 1 uay 2

tNNDRR NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone
addReading(Reading 2 0 0 0 0 0 1 1 0 0
newReading)
BusinessSite
charge() 5 0 0 0 0 0 1 0 1 0
charge(int usage) 12 0 0 0 0 0 10 1 5 0
addReading(Reading 0 2 0 0 0 0 2 1 1 0
newReading)
charge() 0 6 0 0 0 0 3 0 4 0
charge(int fullUsage, 0 8 0 0 0 0 6 3 2 0
DisabilitySite | Date start, Date end)
fuelCharge() 0 1 0 0 0 0 1 1 0 0
fuelChargeTaxes() 0 3 0 0 0 0 1 1 0 0
summerFraction() 0 20 0 0 0 0 9 2 2 0
dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1
addReading(Reading 0 0 4 0 0 0 3 1 1 0
LifelineSite
newReading)

Gz



AN3197 5.24 (pia) ANasdaduitsenaeslilsunai 2 naslszgne ldrunanasalunsiii 1 uay 2

WNEan NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone

charge() 0 0 3 0 0 0 1 0 1 0

charge (int usage) 0 0 2 0 0 0 7 1 4 0

date() 0 0 0 1 0 0 1 0 0 0
Reading

amount() 0 0 0 1 0 0 1 0 0 0

addReading() 0 0 0 0 2 0 3 1 1 0

charge() 0 0 0 0 6 0 4 0 4 0
Residential

charge(int usage, 0 0 0 0 20 0 13 3 4 0
Site

Date start, Date end)

dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1

persist() 0 0 0 0 0 0 2 0 0 0

get (String name) 0 0 0 0 0 0 1 1 0 0

summerEnd() 0 0 0 0 0 1 1 0 0 0
Zone

summerStart() 0 0 0 0 0 1 1 0 0 0

winterRate() 0 0 0 0 0 1 1 0 0 0

summerRate() 0 0 0 0 0 1 1 0 0 0

9/
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13197 5.25 ANRsIpduiuaaanasilsunsui 2 waslszansldsunanas

Tunscia 1 uay 2

ARG NIM NIV TCC DIT
BusinessSite 4 3 0.334 0
DisabilitySite 8 2 0.095 0
LifelineSite 3 1 0.334 0
Reading 3 2 0 0
ResidentialSite 5 2 0.167 0
Zone 6 3 0 0

natiy 3 wuar 4 Wlunalsrendldis Replace Temp with Query uazAd Extract
Method el lufeaseanluatlszinn Long Method &uiLiunsen charge ARG
ResidentialSite a1nNAN37971 5.26 WA 5.27 wassliiiutenisidasuulasuesannimngdn

1 o

! Q‘I o [ % o Al a dl = N o d”
309708 INARUTLUAANE WAZINNERANAINITNTUNANET TeleaziBansl

1. ANNIATIAANUELARATIR ANNANTNN 5.26 WAASIHTUINANNIRITA NIM = 8
9489AANA  ResidentialSite  WNAUAINAN  WIziilunnsaF1aunaanlug
X Mo oo i PR a4 o X
AuNn waldfuan lifinasassesnlainlssinnauinuay

2. Awasinduitmngan Aanaenei 5.27 1HAsnasdn NOS = 5 dliag

Tugn9a8sANa301389 Long Method WaaLAZNATIA NOT = 1 T9anad

dl = o ' o A a Y o al/
LﬂJ’rﬂL‘LE?_IULVIE]UﬂUﬂ@uVH?LLWﬂVI’ﬂN Wezanng MFwlstaasn

FN31NN 5.26 ANRTIduiuARanesTlsunsui 2 uaslszandldsunanes

Tunstin 3 uaz 4

AR NIM NIV TCC DIT
BusinessSite 4 3 0.334 0
DisabilitySite 5 2 0.167 0
LifelineSite 3 1 0.334 0
Reading 3 2 0 0
ResidentialSite 8 2 0.095 0
Zone 6 5 0 0




;3199 5.27 ANasinduitinsanaadiilsunsa 2 ndslssgnelirunanesslunsiii 3 uaz 4

WNaan NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone
addReading(Reading 2 0 0 0 0 0 1 1 0 0
newReading)
BusinessSite
charge() S 0 0 0 0 0 1 0 1 0
charge(int usage) 12 0 0 0 0 0 10 1 5 0
addReading(Reading 0 2 0 0 0 0 2 1 1 0
newReading)
charge() 0 6 0 0 0 0 3 0 4 0
DisabilitySite
charge(int fullUsage, 0 22 0 0 0 0 14 3 5 0
Date start, Date end)
dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1
addReading(Reading 0 0 4 0 0 0 3 1 1 0
newReading)
LifelineSite
charge() 0 0 3 0 0 0 1 0 1 0
charge (int usage) 0 0 2 0 0 0 7 1 4 0

8.



13199 5.27 (Fia) ANnpsdadmitinsenaeslilsunai 2 naslssgnaldrunanesalunsiiil 3 uaz 4

WNEaA NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone

date() 0 0 0 1 0 0 1 0 0 0
Reading

amount() 0 0 0 1 0 0 1 0 0 0

addReading() 0 0 0 0 2 0 3 1 1 0

charge() 0 0 0 0 6 0 4 0 4 0

charge() 0 0 0 0 7 0 5 3 1 0
Residential

fuelCharge() 0 0 0 0 1 0 1 1 0 0
Site

fuelChargeTaxes() 0 0 0 0 2 0 1 1 0 0

summerFraction() 0 0 0 0 20 0 9 2 2 0

dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1

persist() 0 0 0 0 0 0 2 0 0 0

get (String name) 0 0 0 0 0 0 1 1 0 0

summerEnd() 0 0 0 0 0 1 1 0 0 0
Zone

summerStart() 0 0 0 0 0 1 1 0 0 0

winterRate() 0 0 0 0 0 1 1 0 0 0

summerRate() 0 0 0 0 0 1 1 0 0 0

6.



82

N3t 5 1lunnsilszynell4is Replace Parameters with Method tWaurlasassaed
laiAtlszinn Long Parameter Lists @ viLiungan chargelumand DisabilitySite a1nm1319
1 o

N Y o = = : o = o
1 5.28 uaz 5.29 ugasliduianndasuidasesAunsinsassean ldadusuAang uas

o o o a 2 o = o X
LHNFAANAINIIN TN ANDTY BINTRAZLALAAITS

1. ANNIRITARIMEUARNA ANNANTNT 5.28 WAASIHININAINIRITA NIM = 6
189AA"4 DisabilitySite WWNIUANMAN s1zidunisai1aunsen liszumn

Mmoo ame T 4 20X
ue ldTnan N asasasi ldAlsznna NN

2. ANNIAIIAAIMTLINNEEA ANNANIINT 5.29 ATNIATIARIUILIINYERATRY
Tswnsud 2 ndsdsvenaldsunanasslunsiin 5 1HaAnnsdn NOP = 2
189AaNA DisabilitySite T9anad WaFaunauiunewiiTunAness ez

] { a '8 = ¥ dl 1% ii
anAN13d9ANNIgNLAaS LunfsBankiunaan luunas e

N3N 5.28 ANRsIRdN LA Anesllsunsun 2 wasszensldsunanasalunsiin 5

NIRITA
AR
NIM NIV TCC DIT
BusinessSite 4 3 0.334 0
DisabilitySite 6 2 0.1 0
LifelineSite 3 1 0.334 0
Reading 3 2 0 0
ResidentialSite 5 2 0.167 0
Zone 6 5 0 0




13197 5.29 ANRsIpduiLnsanaedlilsungadl 2 vdslsvene Idsunanasalunsdin 5

tNNDRR NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone
addReading(Reading 2 0 0 0 0 0 1 1 0 0
newReading)
BusinessSite
charge() 5 0 0 0 0 0 1 0 1 0
charge(int usage) 12 0 0 0 0 0 10 1 5 0
addReading(Reading 0 2 0 0 0 0 2 1 1 0
newReading)
charge() 0 6 0 0 0 0 3 0 4 0
DisabilitySite | charge(int fullUsage, 0 25 0 0 0 0 14 2 5 0
Date start, Date end)
dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1
lastUsage() 0 0 0 0 0 0 3 0 1 0
addReading(Reading 0 0 4 0 0 0 3 1 1 0
newReading)
LifelineSite
charge() 0 0 3 0 0 0 1 0 1 0
charge (int usage) 0 0 2 0 0 0 7 1 4 0

18



513199 5.29 (pla) ANRsTRdmiLnsanaeallsunaud 2 naslszynaldrunanasslunsiii 5

NIMIIM
NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone

date() 0 0 0 1 0 0 1 0 0 0
Reading

amount() 0 0 0 1 0 0 1 0 0 0

addReading(Reading 0 0 0 0 2 0 3 1 1 0

newReading)

charge() 0 0 0 0 6 0 4 0 4 0
ResidentialSite

charge(int usage, 0 0 0 0 20 0 13 3 4 0

Date start, Date end)

dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1

persist() 0 0 0 0 0 0 2 0 0 0

get (String name) 0 0 0 0 0 0 1 1 0 0

summerEnd() 0 0 0 0 0 1 1 0 0 0
Zone

summerStart() 0 0 0 0 0 1 1 0 0 0

winterRate() 0 0 0 0 0 1 1 0 0 0

summerRate() 0 0 0 0 0 1 1 0 0 0

Z8
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N3t 6 1lunnsilszynelldis Replace Parameters with Method tWaurlasassaed

ldAdszinn Long Parameter Lists @1mfuwnsan chargelimand ResidentialSite ann

AN997 5.30 war 5.31 wasaliiiuienindasullasieaaininsdnsassanil

o o o PR = o X
ARE WAZLNNERAUAINTNITUNANATY TININUAZLREIAAGTL

1 o

NAZINTU

1. ANNIRITAZIUMSUAANE ANNANTNT 5.30 WAASLHIWINAINIRITA NIM = 6

. . . QI da( a % 1
189AANA  ResidentialSite WNAUANNAN  ngzidunnsaiamnsan vy

X Mo o qua Ay 4 o X
Aun ui lRnant liinafeesesn ldalszinnauinuay

2. ANNIATARIUSLLUNGRR AINANTINN 5.31 IHATNIATTA NOP = 2 U89Lu%-

sam chargeluAand ResidentialSite Tanas NeFaufauiuneum

FUNANDIUNINZAANIFEIATINI TR NS

=20

UN"

| = ¥ |ai %
Wun1rEandunaan Munas

F119799 5.30 ANasTRdNus LA Arealtsungnd 2 nastlsvensdTunAanesalunstin 6

NIRITA
ARNA
NIM NIV TCC DIT
BusinessSite 4 3 0.334 0
DisabilitySite 5 2 0.167 0
LifelineSite 3 1 0.334 0
Reading 3 = 0 0
ResidentialSite 6 2 0.1 0
Zone 6 5 0 0




;13199 5.31 ANRsIpduiLnsanaedlilsunadl 2 vaslsyene Idsunanasalunstin 6

NIRIIM
NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone
addReading(Reading 2 0 0 0 0 0 1 1 0 0
newReading)
BusinessSite
charge() 5 0 0 0 0 0 1 0 1 0
charge(int usage) 12 0 0 0 0 0 10 1 5 0
addReading(Reading 0 2 0 0 0 0 2 1 1 0
newReading)
charge() 0 6 0 0 0 0 3 0 4 0
DisabilitySite
charge(int fullUsage, 0 22 0 0 0 0 14 3 5 0
Date start, Date end)
dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1
addReading(Reading 0 0 4 0 0 0 3 1 1 0
newReading)
LifelineSite
charge() 0 0 < 0 0 0 1 0 1 0
charge (int usage) 0 0 2 0 0 0 7 1 4 0

1£3]



513199 5.31 (sla) ANRsTRdmiLmnsanaadllsunaud 2 naslszgynaldrunanasslunsili 6

WNEaA NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone
date() 0 0 0 1 0 0 1 0 0 0
Reading
amount() 0 0 0 1 0 0 1 0 0 0
addReading(Reading 0 0 0 0 2 0 3 1 1 0
newReading)
charge() 0 0 0 0 6 0 4 0 4 0
Residential
S charge(int usage, 0 0 0 0 23 0 13 2 4 0
ite
Date start, Date end)
dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1
lastUsage() 0 0 0 0 0 0 3 0 1 0
persist() 0 0 0 0 0 0 2 0 0 0
get (String name) 0 0 0 0 0 0 1 1 0 0
summerEnd() 0 0 0 0 0 1 1 0 0 0
Zone
summerStart() 0 0 0 0 0 1 1 0 0 0
winterRate() 0 0 0 0 0 1 1 0 0 0
summerRate() 0 0 0 0 0 1 1 0 0 0

g8
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nstf 7 lunnsilszansldas Extract Method vauf lasassasinlifilszinn Long
Method & uiLiunaan charge Tupana BusinessSite anmans19il 5.32 Uaz 5.33 waas i
1 o

WiunanIslasunlasresAuindnsassasn llfdniunana WALLNNEAANAINITNI-

LWANEIT TINT I ALLDEIAFIT
1. ANNIRITAFIMSUAANE ANNANTNT 5.32 WAASLAININAINIRITA NIM = 5
289ARNA BusinessSite WNAUANNAN IWIziiun1ra519unaan lusanmn
Mo e aya b i 4 20X
ue N uani lEinasasasn ldmlssinna NG
2. ANNIAMARIUSLIANGRR  AINAISNT 533 wasa luINAINImATTe

NOS = 7 @wiLLunaan charge 11AATA BusinessSite daliag/lutnaas

ANNNANTEL89 Long Method LaA

F1999 5.32 AuRsIRd LA avesllsunsnd 2 asdssendldsunaneselunsin 7

NIRTIA
AR
NIM NIV TCC DIT
BusinessSite 5 3 0.167 0
DisabilitySite 5 2 0.167 0
LifelineSite 3 1 0.334 0
Reading 3 2 0 0
ResidentialSite 5 2 0.167 0
Zone 6 5 0 0




13199 5.33 ANRSIRduiLLnsanaedlilsungadl 2 dslsvene Idsuranasalunsain 7

WNaan NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone
addReading(Reading 2 0 0 0 0 0 1 1 0 0
newReading)
BusinessSite | charge() 5 0 0 0 0 0 1 0 1 0
charge(int usage) 1 0 0 0 0 0 7 1 2 0
baseCharge() 12 0 0 0 0 0 3 0 3 0
addReading(Reading 0 z 0 0 0 0 2 1 1 0
newReading)
charge() 0 6 0 0 0 0 3 0 4 0
DisabilitySite
charge(int fullUsage, 0 22 0 0 0 0 14 3 5 0
Date start, Date end)
dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1
addReading(Reading 0 0 4 0 0 0 3 1 1 0
newReading)
LifelineSite
charge() 0 0 3 0 0 0 1 0 1 0
charge (int usage) 0 0 2 0 0 0 7 1 4 0

/8



5113199 5.33 (pla) ANRsIRdmiLmnsanaeallsunaud 2 naslszgynaldrunanasslunsiii 7

WNNEDA NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone
date() 0 0 0 1 0 0 1 0 0 0
Reading
amount() 0 0 0 1 0 0 1 0 0 0
addReading(Reading 0 0 0 0 2 0 3 1 1 0
newReading)
charge() 0 0 0 0 6 0 4 0 4 0
ResidentialSite
charge(int usage, 0 0 0 0 20 0 13 3 4 0
Date start, Date end)
dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1
persist() 0 0 0 0 0 0 2 0 0 0
get (String name) 0 0 0 0 0 0 1 1 0 0
summerknd() 0 0 0 0 0 1 1 0 0 0
Zone
summerStart() 0 0 0 0 0 1 1 0 0 0
winterRate() 0 0 0 0 0 1 1 0 0 0
summerRate() 0 0 0 0 0 1 1 0 0 0

88
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nstid 8 lunnsulszansldas Extract Method vauf lasassasinlimilszinn Long
Method @115ULunsan dayOfYear luAang DisabilitySite AInmN97199 5.34 Uaz 5.35 LAAY

BiunanisulasuulasuedAungdndaesas AR U LAAE  LATINNERANAINITNII-

LNANETS TINTLAZIAL AR

1. ANNIRITAZIMSUAANE ANNANTNT 5.34 WAASIHININAINIRITA NIM = 6
189AANE DisabilitySite NTIUANNLEN szilun1saiamnsenluaddunn
Mo o aya b i 4 20X
ue l TN an N asasas? ldAsznna L
2. ANNIAMARIUILIANGER  AINRISNN 535  Lasa lAGUINAINIRATTR
=

NOS = 5 @"usLiunoan dayOfYear lupana DisabilitySite T4ldngiludag

1BIANNNAITRUNLEY Long Method AR

F19797 5.34 AMNRIIARUTLANATelUsNaNT 2 nasdssendldTunanesalunsin 8

NIRNTIA
AR
NIM NIV TCC DIT
BusinessSite 4 3 0.334 0
DisabilitySite 6 2 0.1 0
LifelineSite 3 1 0.334 0
Reading 3 2 0 0
ResidentialSite 5 2 0.167 0
Zone 6 5 0 0




;13199 5.35 ANRTIRduiLLnsanaedlilsungadl 2 vdslsyene Idsunanasalunsiin 8

WNaan NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone
addReading(Reading 2 0 0 0 0 0 1 1 0 0
newReading)
BusinessSite
charge() 5 0 0 0 0 0 1 0 1 0
charge(int usage) 12 0 0 0 0 0 10 1 5 0
addReading(Reading 0 2 0 0 0 0 2 1 1 0
newReading)
charge() 0 6 0 0 0 0 3 0 4 0
DisabilitySite | charge(int fullUsage, 0 22 0 0 0 0 14 | 3 5 0
Date start, Date end)
dayOfYear(Date arg) 0 0 0 0 0 0 5 1 1 1
isLeapYear() 0 0 0 0 0 0 1 0 0 0
addReading(Reading 0 0 4 0 0 0 3 1 1 0
newReading)
LifelineSite
charge() 0 0 3 0 0 0 1 0 1 0
charge (int usage) 0 0 2 0 0 0 7 1 4 0

06



5113199 5.35 (pia) ANRsIRdmiLmnoanaedllsunaud 2 naslssynaldrunanasslunsdii 8

WNNEDA NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone
date() 0 0 0 1 0 0 1 0 0 0
Reading
amount() 0 0 0 1 0 0 1 0 0 0
addReading(Reading 0 0 0 0 2 0 3 1 1 0
newReading)
charge() 0 0 0 0 6 0 4 0 4 0
ResidentialSite
charge(int usage, 0 0 0 0 20 0 13 3 4 0
Date start, Date end)
dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1
persist() 0 0 0 0 0 0 2 0 0 0
get (String name) 0 0 0 0 0 0 1 1 0 0
summerknd() 0 0 0 0 0 1 1 0 0 0
Zone
summerStart() 0 0 0 0 0 1 1 0 0 0
winterRate() 0 0 0 0 0 1 1 0 0 0
summerRate() 0 0 0 0 0 1 1 0 0 0

L6



94

nsti 9 lunnsilszansldas Extract Method vauf lasassasilimilszinn Long
Method & wiLiunsam dayOfYear Tupand ResidentialSite aNm1919h 5.36 waz 5.37

waAd I LN At a9189AN NN AT INADIUFUAANE  LAZINNERANAINIT

o o a & o a o X
NITUNAN BT TINITILAZLDE A AN

1. ANNIRITAZIMSUAANA ANNANTNT 5.36 WAASLAIWINAINIRITA NIM = 6
989AANA  ResidentialSite  MNAUANNAN Wz unNaF9unsan i
¥ M om0 o ol o 4 20
AuUNn ualdNnan1 liinasasean AU senNa WA NTU

2. ANNIAMARIUSLIANGRR  AIARISNN 5.37  wasa luINAINImA9Te

1
=)

NOS = 5 AmiLinoen dayOfYear l1Aa4 ResidentialSite T4lxiag ludag

YBIANNINAITUNLES Long Method e

F19799 5.36 AMRIIAR LA AveslLTuNaNT 2 nAsszens lisunAneselunsin 9

IR
AR
NIM NIV TCC DIT
BusinessSite 4 3 0.334 0
DisabilitySite 5 2 0.167 0
LifelineSite 5! 1 0.334 0
Reading 3 2 0 0
ResidentialSite 6 2 01 0
Zone 6 5 0 0




13197 5.37 ANRsIpduiLnsanaedlilsungadl 2 vaslsyene Idsunanasalunsiin 9

LHNNERRA NCDM + NCDA NOS | NOP | NOT | NOSS

BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone

addReading(Reading 2 0 0 0 0 0 1 1 0 0

newReading)

BusinessSite

charge() ® 0 0 0 0 0 1 0 1 0
charge(int usage) 12 0 0 0 0 0 10 1 5 0
addReading(Reading 0 2 0 0 0 0 2 1 1 0

newReading)

charge() 0 6 0 0 0 0 3 0 4 0
DisabilitySite
charge(int fullUsage, 0 22 0 0 0 0 14 3 5 0
Date start, Date end)
dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1
addReading(Reading 0 0 4 0 0 0 3 1 1 0
newReading)
LifelineSite
Charge() 0 0 3 0 0 0 1 0 1 0
charge (int usage) 0 0 2 0 0 0 7 1 4 0

€6




53199 5.37 (pia) ANRsTRdmiLmnsanaesilsunaud 2 naslszgnaldrunanasalunsdii 9

LNEaA NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone
date() 0 0 0 1 0 0 1 0 0 0
Reading
amount() 0 0 0 1 0 0 1 0 0 0
addReading(Reading 0 0 0 0 2 0 3 1 1 0
newReading)
Residential | charge() 0 0 0 0 6 0 4 0 4 0
Site charge() 0 0 0 0 20 0 13 3 4 0
dayOfYear(Date arg) 0 0 0 0 0 0 5 1 1 1
isLeapYear() 0 0 0 0 0 0 1 0 0 0
persist() 0 0 0 0 0 0 2 0 0 0
get (String name) 0 0 0 0 0 0 1 1 0 0
summerEnd() 0 0 0 0 0 1 1 0 0 0
Zone
summerStart() 0 0 0 0 0 1 1 0 0 0
winterRate() 0 0 0 0 0 1 1 0 0 0
summerRate() 0 0 0 0 0 1 1 0 0 0

v6
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nsti 10 lunnsulseendld9s Extract Method LiNaufiladassasiildmilszinm
Switch Statement &1ufLwnean dayOfYear luAana DisabilitySite a1nA13197 5.38 Laz

5.39 Lanq luNenIsUasLul A9re9AINIn T ATaITa s N AR MTLAANE LATINYNGRANAY

o o a & o = o X
NNINITENANDTY TINTILAZLDE ARSI

1. ANNIRITAFIMSUARNA ANNANTNN 5.38 WAASLHININANIRITA NIM = 6
189AA"4 DisabilitySite WWNIUANMAN s1zidunisai1aunsen liszumn
Mo o aya b i 4 20X
ue lTnan N asasasf ldf s N na NG
2. ANNIATARIUSLLUNEAR AINANTINT 5.39 THANIATTA NOSS = 0 d1usy

wnsan dayOfvear luAana DisabilitySite T9lxag ludasuesAfiiansnn

2949 Switch Statement Lan

5119199 5.38 ANAsIRANMTLAAN AR lsuNINT 2 nAsilazensldTunanesalunsain 10

NIMITA
AANA
NIM NIV TCC DIT
BusinessSite 4 3 0.334 0
DisabilitySite 6 2 0.1 0
LifelineSite 3 1 0.334 0
Reading 3 2 0 0
ResidentialSite S 2 0.167 0
Zone 6 5 0 0




;13197 5.39 ANRsIRduiLLsanTesllsungn 2 ndsilszgne liTunaAnesslunsiii 10

lNERN NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone
addReading(Reading 2 0 0 0 0 0 1 1 0 0
newReading)
BusinessSite
charge() 5 0 0 0 0 0 1 0 1 0
charge(int usage) 12 0 0 0 0 0 10 1 5 0
addReading(Reading 0 2 0 0 0 0 2 1 1 0
newReading)
charge() 0 6 0 0 0 0 3 0 4 0
DisabilitySite | charge(int fullUsage, 0 22 0 0 0 0 14 | 3 5 0
Date start, Date end)
dayOfYear(Date arg) 0 0 0 0 0 0 5 1 1 0
daysToStartOfMonth() 0 0 0 0 0 0 1 0 1 0
addReading(Reading 0 0 4 0 0 0 3 1 1 0
newReading)
LifelineSite
charge() 0 0 3 0 0 0 1 0 1 0
charge (int usage) 0 0 2 0 0 0 7 1 4 0

96



13199 5.39 (pia) ANasTRduiLmnsanaadlilsunaad 2 naslszgne ldrunanasalunsdiiil 10

WNNEDA NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone
date() 0 0 0 1 0 0 1 0 0 0
Reading
amount() 0 0 0 1 0 0 1 0 0 0
addReading(Reading 0 0 0 0 2 0 3 1 1 0
newReading)
charge() 0 0 0 0 6 0 4 0 4 0
ResidentialSite
charge(int usage, 0 0 0 0 20 0 13 3 4 0
Date start, Date end)
dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1
persist() 0 0 0 0 0 0 2 0 0 0
get (String name) 0 0 0 0 0 0 1 1 0 0
summerknd() 0 0 0 0 0 1 1 0 0 0
Zone
summerStart() 0 0 0 0 0 1 1 0 0 0
winterRate() 0 0 0 0 0 1 1 0 0 0
summerRate() 0 0 0 0 0 1 1 0 0 0

.6
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nsti 11 lunnstlseendld9s Extract Method Liveufiladassasiilidmilszinn
Switch Statement &11FLLUNEAA dayOerarﬁluﬂm'& ResidentialSite a1nA15$197 5.40 WAZ
5.41 wana lWTiuNan17U AL aa9A MR AFa9R 8N INAANMSUARNA LAYINNERANAS
o = A =< = = o X
ANINTLNANETS TINTLAZIDLAFIT
1. ANNIRITAFIMSUARNA ANANTINN 5.40 WAASIHIUINAINIRTTA NIM = 6
. . . QI 49{ a [ v 1
199AANE  ResidentialSite  WNAUAIAGN  WIzdlun172459mnaan L
X Mmoo sl O 4 20X
AN welddnan LN afages lLALssinna RNy
2. ANNIATSARIUSLLANEAR AINANTINT 5.41 THANIATTA NOSS = 0 115w
\ungan dayOfYear lunaana ResidentialSite @9luiat/lugasaesrninanson

2949 Switch Statement Lan

;13797 5.40 AR IRdMiLARIavesllsunanT 2 ndsdssensldsunanesalunsii 11

NIRTIA
AR
NIM NIV TCC DIT
BusinessSite 4 3 0.334 0
DisabilitySite 5 2 0.167 0
LifelineSite 5! 1 0.334 0
Reading 3 2 0 0
ResidentialSite 6 2 01 0
Zone 6 5 0 0




3197 5.41 ANRsIRduiLnsanaedlilsungudl 2 dslsyene Idsunanasalunsain 11

LHNNERRA NCDM + NCDA NOS | NOP | NOT | NOSS

BusinessSite | DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone

addReading(Reading 2 0 0 0 0 0 1 1 0 0

newReading)

BusinessSite

charge() ® 0 0 0 0 0 1 0 1 0
charge(int usage) 12 0 0 0 0 0 10 1 5 0
addReading(Reading 0 2 0 0 0 0 2 1 1 0

newReading)

charge() 0 6 0 0 0 0 3 0 4 0
DisabilitySite
charge(int fullUsage, 0 22 0 0 0 0 14 3 5 0
Date start, Date end)
dayOfYear(Date arg) 0 0 0 0 0 0 43 1 1 1
addReading(Reading 0 0 4 0 0 0 3 1 1 0
newReading)
LifelineSite
Charge() 0 0 3 0 0 0 1 0 1 0
charge (int usage) 0 0 2 0 0 0 7 1 4 0

66



AN397 5.41 (sia) ANasTRdniLmWnsanaedllsunand 2 nasiszgne ldsunanasalunsiin 11

LNNEDA NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSit
e DisabilitySite | LifelineSite | Reading | ResidentialSite | Zone
date() 0 0 0 1 0 0 1 0 0 0
Reading
amount() 0 0 0 1 0 0 1 0 0 0
addReading(Reading 0 0 0 0 2 0 3 1 1 0
newReading)
Residential | charge() 0 0 0 0 6 0 4 0 4 0
Site charge() 0 0 0 0 20 0 13 3 4 0
dayOfYear(Date arg) 0 0 0 0 0 0 5 1 1 0
daysToStartOfMonth() 0 0 0 0 0 0 1 0 1 0
persist() 0 0 0 0 0 0 2 0 0 0
get (String name) 0 0 0 0 0 0 1 1 0 0
summerEnd() 0 0 0 0 0 1 1 0 0 0
Zone
summerStart() 0 0 0 0 0 1 1 0 0 0
winterRate() 0 0 0 0 0 1 1 0 0 0
summerRate() 0 0 0 0 0 1 1 0 0 0

00l
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nsunlasassasntiannilssinm

[ %

wasannslseyne ldsunanassduiulilsunsun 1 w9 11 nadl Idewnsdn

$097089 AR UFUAAE LAZINNEAR LAPNIIHAZIALAAIAITIGN 5.42 hAY 543  69i

[ %

= X
TIHRZLAEUAAIU

1. ANNIAITARIMSUARNE ANNANT NN 542 ANIRTA NIM  A1nSuAang
BusinessSite DisabilitySite waz ResidentialSite WNAW azidlunngadne
wnaanlud waldlavnnlrdessennlumlvdinnay

2. ANNIAMARIUTLLNYNGAA ANNAIFINN 5.43

1) ANNNAIIA NOS &115ULNNSaA charge TWAATA BusinessSite Luv-
98/ charge Wwae dayOfYear lurana DisabilitySite ldn58/ charge
waz dayOfYear luAaa  ResidentialSite liiagludagaasan

N213041984 Long Method LAR

2) ANNARIIR NOP 41%5LLNNEaR charge TuAANA DisabilitySite Laz
ResidentialSite - anay  a9liiagludnaaaspnfiiansinaes  Long

Parameter Lists a2

3) AmNAIIA NOSS = 0 A& wfuunsan  dayOfYear luAana

DisabilitySite Uaz ResidentialSite vliiag ludasaspnfiansan

299 Switch Statement LA

N3N 5.42 ANRTIndTLAaneslUswnINd 2 ndstlsvensldTunanesaiy 11 need

NAFIA
ANA
NIM NIV TCC DIT
BusinessSite 5 3 0.167 0
DisabilitySite 11 2 0.046 0
LifelineSite 3 1 0.334 0
Reading 3 2 0 0
ResidentialSite 11 2 0.046 0
Zone 6 5 0 0




R399 5.43 ANRTIRATLNNseATealisunTNdl 2 ndsilsvene IdTunAnesaia 11 natl

LHNERA NCDM + NCDA NOS | NOP | NOT | NOSS
BusinessSite DisabilitySite LifelineSite Reading ResidentialSite Zone
addReading() 2 0 0 0 0 0 1 1 0 0
charge() 5 0 0 0 0 0 1 0 1 0
BusinessSite
charge(int usage) 1 0 0 0 0 0 7 1 2 0
baseCharge() 12 0 0 0 0 0 3 0 3 0
addReading() 0 2 0 0 0 0 2 1 1 0
charge() 0 4 0 0 0 0 3 0 3 0
charge() 0 11 0 0 0 0 6 2 2 0
fuelCharge() 0 1 0 0 0 0 1 1 0 0
fuelChargeTaxes() 0 3 0 0 0 0 1 1 0 0
DisabilitySite
summerFraction() 0 20 0 0 0 0 9 2 2 0
dayOfYear(Date arg) 0 2 0 0 0 0 5 1 1 0
lastUsage() 0 0 0 0 0 0 3 0 1 0
isLeapYear() 0 0 0 0 0 0 1 0 0 0
dayToStartOfMonth() 0 0 0 0 0 0 1 0 1 0
addReading() 0 0 4 0 0 0 3 1 1 0
LifelineSite charge() 0 0 3 0 0 0 1 0 1 0
charge (int usage) 0 0 2 0 0 0 7 1 4 0

c0l



R399 5.43 (Fia) ANAsTAdMiLImWNsenTeslllsunasd 2 nasilssyna ldTunaAneseis 11 nsal

LHNERA NCDM + NCDA NOS NOP NOT NOSS
BusinessSite DisabilitySite LifelineSite Reading ResidentialSite Zone
date() 0 0 0 1 0 0 1 0 0 0
Reading
amount() 0 0 0 ! 0 0 1 0 0 0
addReading() 0 0 0 0 2 0 3 1 1 0
charge() 0 0 0 0 6 0 4 0 4 0
charge() 0 0 0 0 10 0 5 2 1 0
fuelCharge() 0 0 0 0 1 0 1 1 0 0
Residential fuelChargeTaxes() 0 0 0 0 2 0 1 1 0 0
Site summerFraction() 0 0 0 0 20 0 9 2 2 0
dayOfYear(Date arg) 0 0 0 0 2 0 5 1 1 0
isLeapYear() 0 0 0 0 0 0 1 0 0 0
dayToStartOfMonth() 0 0 0 0 0 0 1 0 1 0
lastUsage() 0 0 0 0 0 0 3 0 1 0
persist() 0 0 0 0 0 0 2 0 0 0
summerEnd() 0 0 0 0 0 1 1 0 0 0
Zone summerStart() 0 0 0 0 0 1 1 0 0 0
winterRate() 0 0 0 0 0 1 1 0 0 0
summerRate() 0 0 0 0 0 1 1 0 0 0

(0]
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5.2.3 uan1snagaullsunsud 3

nswnbasassaantinnaazlszLan

. e N . . dnom o
A nN7u lsaarasd AN NUIuTUsunINd 3 THna1a9AINIRITATaIsasi L ANAY

[ %

nstszgnA FaasuNANEIUEATNITE 2 NIt A9l

netdd 1 1lunnsdseynsfl4as Extract Class iveufilasessesdlsintsswnn Large

Class A1151AAN4E ElevatorSimulation 1nA13997 5.44 IHANRAI9R NIM = 23 uay NIV =
dl dl = o 1 o a a % o 1

8 Teanas WanFauauiuieunisunAngss manzdaumsanuazamansuz Ul

aF1lupang L

FN9N 5.44 ANNAITRRIMILARNALeSTLIUNINT 3 nasUszene liunAngsslunsain 1

HIMITA
ANNA
NIM | NIV TCC DIT
AnimatedPanel 14 1 10 0.077 3
Bell 4 1 0.167 0
BellEvent 1 0 0 1
Button 6 2 0.2 0
ButtonEvent 1 0 0 1
Door 6 4 0.4 0
DoorEvent 1 0 0 1
Elevator 20 | 15 0.058 1
ElevatorController 1 3 0 1
ElevatorDoor 4 0 0 1
ElevatorMoveEvent 1 0 0 1
ElevatorShaft 18 | 12 0.037 0
ElevatorSimulation 23 | 8 0.069 0
ElevatorSimulationConstants | 4 3 0.334 0
ElevatorSimulationEvent 5 2 0.334 0
ElevatorView 28 | 56 0.043 1
Floor 5 1 0.167 1
ImagePanel 11 4 0.111 1
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N3N 5.44 (Fia) ANRsdRdmitAaaTedlisunsud 3 udsilszgne ldTunanass

unseifi 1
NIATIA
ARNA
NIM | NIV TCcC DIT
Light 6 4 0.2 0
LightEvent 1 0 0 1
Location 4 1 0.167 0
MovingPanel y/ 3 0.2 2
Person e 0.139 1
PersonMoveEvent 2 1 0 1
SoundEffects 3 1 1 0
AnimatedPanel 14 1 10 0.077 3

nstln 2 Wlunnsuseyna |45 Inline  Class  ivaur lusassaad liAlsvinn Lazy
Class 41115UmaN4 BellEvent, ButtonEvent, DoorEvent, ElevatorEvent Lay LightEvent a1n

AN9197 5.45 1HANNIRITA NIM = 0 Uaz NIV.= 0

F19N 5.45 Auasindaniuaaavesiilsunsui 3 naslszegnsdldunanasslunsiin 2

NIRIIA
ANR
NIM | NIV Tcc DIT
AnimatedPanel 14 |1 10 0.077 3
Bell 4 1 0.167 0
BellEvent 0 0 0 0
Button 6 2 0.2 0
ButtonEvent 0 0 0 0
Door 6 4 0.4 0
DoorEvent 0 0 0 0
Elevator 20 | 15 0.058 1
ElevatorController 1 3 0 1
ElevatorDoor 4 0 0 1
ElevatorMoveEvent 0 0 0 0
ElevatorShaft 18 | 12 0.037 0




108

N3N 5.44 (pia) ANRsTRdmiLAaaTeallsunsnd 3 ndsilszgne ldTunaness

lunseif 2
NIMFIA
ARNA
NIM | NIV TCC DIT
ElevatorSimulation 26 | 10 0.034 0
ElevatorSimulationEvent 5 2 0.334 0
ElevatorView 28 | 56 0.043 1
Floor 5 1 0.167 1
ImagePanel 4 4 0.111 1
Light 6 | 4 0.2 0
LightEvent 0 0 0 0
Location 4 1 0.167 0
MovingPanel 7 g 0.2 2
Person 10 | 11 0.139 1
PersonMoveEvent 2 1 0 1
SoundEffects 3 1 1 0
AnimatedPanel 14 | 10 0.077 3

nsunlasassasnlaifnniszian

=

wasannstlszene lisunanesadmdulilsunasm 3 79 2 nagl liAumsinsassas

Ay o o = 4 = =2 a P o
V]VLNE’W@']M?UV“\@"]@ LAANTIEIAZ LAY AANRANTINN 5.46 TIHTLUASLAIAANL

1. AuIRTe NIM = 23 uaz NIV = 8 a1115UAaN4 ElevatorSimulation F9anad
dl a o 1 o = a £ [ %
Lll@Lﬂ?‘ﬂULVIHUﬂUﬂﬂuWW?LLWﬂV}@N LW?’]%EI’]EILN‘V]ﬁ@ﬂLL@%@M@ﬂme

yadouliadrafluaaialug

2. ANNAIIA NIM = 0 waz NIV = 0 @ m5UAATA BellEvent, ButtonEvent,
DoorEvent, ElevatorEvent LAy LightEvent %Qiﬁi@@lu%wmmﬁﬁmmm

&1915U Lazy Class Lan
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R399 5.46 ANRTIRAuELARIanasTlsunsui 3 uaslszansldsunanas

Tunscia 1 uay 2

NIMTIA
ARNA
NIM | NIV TCC DIT
AnimatedPanel 14 10 0.077 3
Bell 4 1 0.167 0
BellEvent 1 0 0 1
Button 6 2 0.2 0
ButtonEvent 1 0 0 1
Door 6 4 0.4 0
DoorEvent 1 0 0 1
Elevator 20 15 0.058 1
ElevatorController 1 3 0 1
ElevatorDoor 2 0 0 1
ElevatorMoveEvent 1 0 0 1
ElevatorShaft 18 12 0.037 0
ElevatorSimulation 23 8 0.069 0
ElevatorSimulationConstants | 4 3 0.334 0
ElevatorSimulationEvent 5 2 0.334 0
ElevatorView 28 56 0.043 1
Floor 5 1 0.167 1
ImagePanel 11 4 0.111 1
Light 6 4 0.2 0
LightEvent 1 0 0 1
Location 4 1 0.167 0
MovingPanel 7 3 0.2 2
Person 10 11 0.139 1
PersonMoveEvent 2 1 0 1
SoundEffects 3 1 1 0
AnimatedPanel 14 10 0.077 3
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Composing Method L{1AasunANesaduiLn1slasundasunann Aeil

1.

9.

MANUIN N

285uNANDsY

A
a

1%

A% Extract Method 1lun1sena lAnLNgguannmnaanas lasadlumunaan

Tndd

3% Inline Method lunisununniszanldunaansaaisanisluiunaantin

WAININITALLNNTAALAN T

o

3% Inline  Temp unisunudisaudsn M@ viuiiuAnadang  foganns

(Expression) Al A AN A0 9355

7% Replace Temp with Query tHunnsuingnnsnldAuaniA naansllasng
a K

Whaunsanlud LasinunNaNea9nasionlsnld AL A A AT URIANN1T1I Fatl

= U I
17N MLNN R A bAd L

3% Introduce  Explaining Variable 1JUN13UHAANTYRIANNNT VTONAANS
. T v 4 . Y o d
vnedauresannisiliiuludauds e ssgesudsiulideninuvung iivadae

Wdnlal@dnean
3% Split ~ Temporary Variable tilunasadissoutlsiny dmdunnnndnng

nvuae faulsles

3% Remove Assignments to Parameters tunnsld@auilsunfuaiainainign-

a o‘dlv ¥ ¥ a
ARASNTUINN unung AN lunsRinaslaengg

3% Replace Method with Method Objecttflunnsafraumnsan sunuiwnsen

a dl 1 [~1 e a o
AN sﬁﬁ@ﬂﬂﬂ’]ﬁlu‘ﬂﬂumﬂmmﬂ@ﬂu

3% Substitute Algorithm 1JunnsununiAauNedaune lunasenfaeRanis s

Moving Feature between Objects L{lu3ssunAnaseduiunIsfinanniaNtimszndneda

o

oo &
bANE ANU



10.
11.
12.
13.

14.
15.

16.
17.

Organizing Data [{l135sunAnaseduiunisannisdeya Fau
18.

19.
20.
21.

22.

23.
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4% Move Method lunnseeunaananaatanialiasanaananila waaninig
v a ] £% dl 1 1 dl =

nauvnneiamsenlupaaiininuriidng ety wiseaLiumsenlunang

AN

ada [~ v o dl v a d@l

3% Move Attribute Hun9finpuanEIzaINAaIanil liSsBnaananis

3% Extract Class {lun1sfnapuanse  WisalUNIanTadAATAIRNTN

AHANRus TRl a5 unanalu

7% Inline Class \unsfneanuansne uazinsaanauaanaatanidall iy

ANARIAUTI LAZALAAIGLANTIS
3% Hide Delegate tflun1saiiawmnsen WnuuAana adaunisaangu
4% Remove Middle Man wlunnsliilaatawsi@anldn1spamndulilaemna

3% Introduce Foreign Method tiunnsairasnsenlulaaeuyl foaduaunust

20508 FNBINGINWY (Argument) WINTUBIAAATIL

ad ¢ [ % |dl = dl o
% Introduce Local Extension Llun13ai1gnang wsdenta luliunsaanninig

UENEAINARIAGN
73 Self Encapsulate Field ilun1sainvieaumaisasiunsandmiudays

7% Replace Data Value with Object iun1sa5198auRNG IMENIULNURN

ANANETIEUBIBDLLANALAN

A% Change Value to Reference lun1snaliAaesdasianstllenenagauians

N

3% Change Reference to Value ilunsvinlinnsdnanegeviansliiiluA1aesd

ALLANFLUNT
ad . . | A & Y 1 &
9% Replace Array with Object LlHun1gununanfiatnlaaasians

7% Duplicate Observed Data \funisAnaandayaainlléadauians Tamu
(Domain  object)  waza¥1geeuidfues  (Observer)  wiedalAsiug

(Synchronize) ﬂsjmﬂﬂﬁ\‘l 2 TALL



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
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Bh Change Unidirectional Association to Bi-directional dunnsilasu

ANHANNUSITUINSaLLANF lHaN9R9 le9ia 2 dasitans

7% Change Bi-directional Association to Unidirectional unnaidasu

ANHNAURUS Tz MR aLIAnE laeas AN e EaLIanFLAR

3% Replace Magic Number with Symbolic Constant 1fun1sa¥rasaudsda

°o o = ¢ A qod
ATIIEIUTUANAIN LazseTa liAaAINTNNe

7% Encapsulate Field unisulasuseviwmvesnuaneuzlmiiulnaon uay

A5 NIDALTALIRSINN SRR

3% Encapsulate Collection tlun1sa51aiunsaniia (Add) wazau (Remove)

1o

AdawsBuaum i Udey e Twme

bR Replace Record with Data Class Lﬂummﬁ”‘wmmm%’mﬂ@ (Data class)

A miuiudieyadiiusaain (Record)

Bh Replace Type Code with Class dunasunundszinnuesian (Type code)

AneIN178519AaNa Tl

7% Replace Type Code with Subclasses lun1sununilszinnueslin faenns

A3 NARIAQN

7% Replace Type Code with State/Strategy tHunisunuiiszinnaaslda (Type

code) ArgdLANBaLLIANG (State object)

Bh Replace Subclass with Fields LﬂumﬂmuﬁLmlﬁ'ammm@’mgﬂé’fm

AN EUZUBNARIAUN LASALARIGYNTIY

1 1 ¥
Simplifying Conditional Expressions (137 anea3aduiuidasuudasdaueuly fall

34.

35.

9% Decompose Conditional LilunnsfinelAnsvdaunagndsiouls lasaiu

WWnaan hid

33 Consolidate Conditional Expression iflunissanifnnaguasiouly uanee
Rawly AlfuasnsudauiuduRaulanag taadldadrailuunsan vy way

= 5 S o A
ranwseatiunastanlaunu



36.

37.

38.

39.

40.

41.

Making Method Calls Simpler iluaazunanasedusunnlfunsenFanldlade fail

42

43.

44,

45.

46.

47.

48.
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[

3% Consolidate Duplicate Conditional Fragments dlunnsdinelAndaungniun

a4 : o Y
HagnnRenlaeenaindiuzeseulaiiv

7% Remove Control Flag {lun1sl4Andaiusn (Break) #383na5U (Return) LN

Asldunan (Flag) ludauauly

7% Replace Nested Conditional with Guard Clauses un1sldnnfanasa

(Guard clause) Wnun1s M daulanelucanla

A% Replace Conditional with Polymorphism 1flun1sunuii langdquiniiu&ente
goanisairaunsenlanaslasluaaiagn uazinliunseamuiuiauamse

(Abstract)
3% Introduce Null Objects LN AN 9HERLIRNATNUNY

1 (-7
3% Introduce Assertion HunNsnIazauNaulangeldliiduazesnanisldiaa
@B 51U (Assertion)

. 3% Rename Method unisulasuaainsaniann ivaliidnlaladnemu

3% Add Parameter iflunnsiinnagdimesidn i ludauians ialddeninudaya

P UNEGT LT
3% Remove Parameter tilunasaunasidimasngcnudayaluunsanaan

3% Separate Query from Modifier tlun1sa¥raunsentulud 2 wnsenns 14
A = 9 o >

Wwensdaya uayldinaur ladaya

ad X [ % T d’ 1% a '8 1 dl
78 Parameterize Method iflunnsafraunsanlvd e ldwisiinasunuan
NI

A% Replace Parameter with' Explicit Methods i suLiaunsanuiadielvs

ANNTULFAZANUBINIIVHHAT

3% Preserve Whole Object 1funisdeAsauiansldgaunsan ununisdean

uae) wiAmes
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53.

54.

55.

56
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bR Replace Parameter with Explicit Methods dunisadramnaantulu
AUl ununisdimasiglllfiunsanuazinliunasannzanldnistmas

v Ganlfiumseniiad sl

3% Introduce Parameter Object Funsunufinn s fine sfafesians

33 Remove Setting Method ilunnsauwmaansmidniinmuasnlideyaean
3% Hide Method lunnsilaenaeuareammaenlaeuilylnsion

7% Replace Constructor with Factory Method 1lun1sunufmenansanassas

wAnedwnsan (Factory method)
A% Encapsulate Downcast 114n13%1A1215uA& (Downcast) nelumungan
Bh Replace Error Code with Exception Lun13lddaanids (Exception)

. 38 Replace Exception with Test iun1smageumerlaneuununisddaanidu

v
o o

Dealing with Generalization 1f1A53uNANE3 98 1M UAINANARSITUAN A LT Fadd

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

3% Pull Up Field tidunnsfinapmuanenzainaaiagn ludpaaunsd
as [ v o 1
3% Pull Up Method ilunisfineimsanainaaiagn lilfisnanaus

3% Pull Up Constructor Body Liunnsai1emeuansamesiuaatauns ie i

ARNAQNEEIN 1
3% Push Down Method Llunisfineunsananaaiauslifiaaaiagn
3% Push Down Field Wlunsnapuansmuzainaaiausdlidinaiagn

3% Extract Subclass Wlun1aivaaragnavlie ivalduuunsiaidulunana

Wi
3% Extract Superclass lun1sasananalvsauanifluaangud nazinewnaan
dovi ey s 4y X L

Mdfuiuldneananadratuun ot

A% Extract Interface wlunnsa¥saumesinatsulug

33 Collapse Hierarchy iflunssanaaiaud uazaaagnidnsos i

A% Form Template Method tfun1sad1qmnsan s lupangusd wnunislwna

dlda '8 o A [
Ak ’Lummmgﬂ 2 ARNANNTNIULADT LasHenTuIMiauiu
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67. 35 Replace Inheritance with Delegation tlun1sa¥1sanidnynaidniu
paaud wazilaswunsaninanishandullianaiausd uaziainisaunaiagn
UUNY

68. 35 Replace Delegation with Inheritance Lunnsa¥1wAanagnununisnamndu

o

Big Refactorings {u3an1ssunanesadniunisiasuutlaamanes et Al

69. 35 Tease Apart Inheritance flunnsninualaseaiianisdunenauaniis 2

TanvaF1uazldn12P AnNduIziNAaNauN iNaAaaviEanldanaananilels

70. 38 Convert Procedure Design to Objects Lﬂuﬂ’]?l,ﬂ?ﬂlﬂwﬁ‘ﬂw”@iﬂLﬂu@ﬂ‘i_lﬁﬂ
uaineuneiaitulldnauEativ

71. 3% Separate Domain from Presentation Funnsuanaanafiinaulnmuiueen
ananafiiludaufinseudlso

72. 38 Extract Hierarchy \lunasinnunlasasinnisaunennuantifzeinaiala

= o 9o o A a
mmmmgﬂuﬂmmmummwmw
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PUADUNITNNIBSWANDSIN b LU UIRE

[ %

TunANUIN TR LAAITIEALIA L ATUAAUNNTNNI BTN ANE TN A1 D9 TN WSl

' [%
aa K

= a o A
20 98 TNHINURLLRUAAIL

9.1 Collapse Hierarchy

WungsaNAana L (Superclass) KazAa189n (Subclass) WNAReI LARIAI8ENa

AIgLP 2.1

Employee

|]|]|:> Employee

Salesman

917 9.1 WNUNINWARIALAAFIDE19N191135 Collapse Hierarchy

[

IPEnATNTLRe WA
A 1 = dl Q’I

1. AaNARNALN YTBARNAGNTIAZ)NALITN

2. 14985 Pull Up Field uazda Pull Up Method iflunisfineiunsanuazanidnie
anAaagnitlisaaIaud 13835 Pull-Down Method wazdd Push Down Field &1
unnsfineumsanuaznuaneuzanaaaulldinaiagn

3. ﬂ@M‘Wﬁ(Compile) LasnAdaLl (Test) Lmﬁ@mmz@mﬁﬂwmxﬁgﬂﬁm

4. wilannsdnsldivaananavgnay Saznsznuiunisdseniadauis (Variable
declaration) = #HALAINNIINLIAES (Parameter  types)  LATARUARTALADT
(Constructor)

AL LELL.
5. aUAAALN WTERANAQNTIADN 1

6. AANINA LazNAZaL

9.2 Decompose Conditional

ilunisdinalAnusdsunaguaaNaula (ithen-else) lilaraflumnsanlua uans

FRENNAIgLN 9.2
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I f(date.before(SUMMER_START) | |date.after (SUMMER_END))
charge = quantity * _winterRate + _winterServiceCharge;
else charge = quantity * _summerRate;

7U7 2.2 FraeinelAnnenni9m1is Decompose Conditional

o

TAENIANNTUR LA

1
v A 1

1. fheldanag ludoauteuls (if) Tdadaduumsanlnd nmeluamseniis

1
v I?Jdl

2. #aldnnegludawnu (then) uazduead (else) llafaduwmmsenlud nelu
INNFRALAN
IT(notSummer (date))
charge = winterCharge(quantity);

else charge = summerCharge(quantity);

private boolean notSummer(Date date){
return date.before(SUMMER START) | |date.after (SUMMER_END) ; }

private double summerCharge(int quantity){
return quantity * _summerRate; 3}

private double winterCharge(int quantity){
return quantity * _winterRate + _winterServiceCharge; 3}

717 2.8 firet91An1aIN19%1198 Decompose Conditional

9.3 Duplicate Observed Data

3| o 12 v @ & % a6 -8 -ﬂl a
Lﬂummm@@ﬂmmﬂ@mﬂiﬂmmumﬂm ‘Emuu BLAZATINAAULEITULNIAT LW‘ﬂsNIﬂﬁ‘bLuZ{
5 o
Tayara 2 Tatuu
public class IntervalWindow extends Frame..
Java.awt.TextField _startField;
Java.awt.TextField _endField;
jJjava.awt.TextField _lengthField;
class SymFocus extends java.awt.event.FocusAdapter {
public void focusLost(java.awt.event.FocusEvent event) {
Object object = event.getSource();

if(object == _startField) StartField_FocusLost(event);
else if (object == _endField) EndField_FocusLost(event);
else if (object == _lengthField) LengthField_FocusLost(event); }

void StartField_FocusLost(jJava.awt.event.FocusEvent event) {
if(isNotinteger(_startField.getText())) _startField.setText(“0”);
calculateLength(); }
void EndField_FocusLost(java.awt.event.FocusEvent event) {
if(isNotinteger(_endField.getText())) _endField.setText(“0);
calculateLength(); }
void LengthField_ FocuslLost(java.awt.event._FocusEvent event) {

iT(isNotlnteger(_lengthField.getText())) _lengthField.setText(“0”);
calculateEnd(Q);

void calculateLength() {

try {
int start = Integer.parselnt(_startField.getText());
int end = Integer.parselnt(_endField.getText());
int length = end — start;
_lengthField.setText(String.valueOf(length));

} catch (NumberFormatException e) {

throw new RuntimeException (“Unexpected Number Format Error™); 3}

717 9.4 sived19lAnnauN1991138 Duplicate Observed Data
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void calculateEnd() {
try {
int start = Integer.parselnt(_startField.getText());
int length = Integer.parselnt(_lengthField.getText());
int end = start + length;
_endField.setText(String.valueOf(end));
} catch (NumberFormatException e) {
throw new RuntimeException (“Unexpected Number Format Error™);
¥

9117 9.4 (sie) FiratinalAnnannI19v13s Duplicate Observed Data

o

IPENIAINTURALAIL

1. A 19PRNANTITIULATY (Presentation  class) lueaUL@fUafua9ARNATALNY

1
A

(Domain class) Iasf e lasail

Y o

a. thsliipanalaiuy lias1apanalaiuy

5

b. a9 liNAYA (Link) arnpangnmndullfanatalawmy Wiiaanalawuly

WA (Field) wa9ARIANT L11dLm 1

class Interval extends Observable {.}

public class IntervalWindow extends Frame implements Observer
private Interval _subject;
public IntervalWindow() {

:subject = new Interval();
_subject.addObserver(this);
update(_subject, null);

public void update(Observable observed, Object arg) { 3}
¥

a

AmmanL lEan

k1l

2. 1478 Self Encapsulate Field fiulamdaganialunaiaesdoui

String getEnd() {
return _endField.getText();
}

void setEnd(String arg) {
_endField.setText(arg);

3
void calculateLength() {
try {
int start = Integer.parselnt(_startField.getText());
int end = Integer.parselnt(geteEnd());
int length = end — start;
_lengthField.setText(String.valueOf(length));
} catch (NumberFormatException e) {
throw new- RuntimeException (‘‘Unexpected Number Format Error”);
3
¥
void calculateEnd() {
try {
int start = Integer.parselnt(_startField.getText());
int length = Integer.parselnt(_lengthField.getText());
int end = start + length;
setEnd(String.valueOf(end));
} catch (NumberFormatException e) {
throw new RuntimeException (“Unexpected Number Format Error™);
¥
3

void EndField_FocusLost(java.awt.event.FocusEvent event) {
if(isNotlnteger(getEnd()))
setEnd(“0™);
calculatelLength();
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poxlng uaznnaay
Wnn19Een MumaennnIMuaAuANNLE (Setting method) lwnnssasiumnnisnl

(Event handler) tWailfuilgsaaniwiuust (Component) HaeiAnilaqiiuildatlu

)
AU

void EndField_FocusLost(java.awt.event.FocusEvent event) {
setEnd(_endField.getText());
if(isNotlnteger(geteEnd())) setEnd(“07);
calculateLength(); }

5. paNlng waznagaLl

6. Nwuntaya uazienmamasiunsanlunaialaiuy

class Interval..
private String _end = “07;

7. Waeaumamainiuindeyaluiadlaiui (Domain field)

class Inteval..
String getEnd() { return _end; }
void setEnd (String arg) {
_end = arg;
setChanged();
notifyObservers();
3

8. uiluwnsennldliulssraeseauidiunasinednaandayaainfodiamulies

aa 1 o ¥
dunmnFanUg 1L

class IntervalWindow..
String getEnd() { return _subject.getEnd(); }
void setEnd(String arg) { _subject.setEnd(arg); }
public void update(Observable observed, Object arg) {
_endField.setText(_subject.geteEnd());
}

9. paNlInNALATNARDL

class Interval extends Observable{}
public class IntervalWindow extends Frame..
jJava.awt._TextField _startField;
Java.awt._TextField _endField;
Java.awt._TextField _lengthField;
class SymFocus extends java.awt.event.FocusAdapter{
public void focusLost(Java.awt.event.FocusEvent event){
Object object = even.getSource();
If(object == _startField) StartField_FocusLost(event);
else 1f(object == _endField) EndField. FocusLost(event);
else if(object == _lengthField) LengthField FocusLost(event);

void StartField_FocusLost(java.awt.event.FocusEvent event){
if(isNolnteger( startField.getText())) _startField.setText(*“0”);
calculateLength(Q); 3}

void EndField_FocusLost(java.awt.event.FocuskEvent event){
if(isNolnteger(_endField.getText())) _endField.setText(“0");

calculatelLength(); }
void LengthField_FocusLost(java.awt.event.FocusEvent event){

if(isNolnteger(_lengthField.getText())) _lengthField.setText(*“0);

calculateLength(); 3}
void calculateLength(){

try{

int start = Integer.parselnt(_startField.getText());

int end = Integer.parselnt(_endField.getText());

int length = end — start;
_lengthField.setText(String.valueOf(length)); 3}

717 2.5 firatinelAAnaIN19%138 Duplicate Observed Data
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catch (NumberFormatException e) {
throw new RuntimeException(“Unexpected Number Format Error™); }
3
void calculatedEnd(){
try{
int start = Integer.parselnt(_startField.getText());
int length = Integer.parselnt(_lengthField.getText());
int end = start + length;
_endField.setText(String.valueOf(end));
} catch (NumberFormatException e){
throw new RuntimeException(“Unexpected Number Format Error™);

¥
¥

9117 9.5 (i) FaatinalAnuAIN13M13s Duplicate Observed Data

.4 Extract Class

unisa¥aanalud wazfnaamansuziazimnsanainaaans lilfananalud

v v
TPEnIANNTURaUAILl

1. FpdulaldandiaziiiapnuiuRpTauIa9AadatiNls

class Person..
public String getName() { return _name; }
public String getTelephoneNumber() {
return (“(* + _officeAreaCode + “)” + _officeNumber);
¥

String getOfficeAreaCode() { return _officeAreaCode; }
void setOfficeAreaCode() { _OfficeAreaCode = arg; }
String getOfficeNumber() { return _officeNumber; 7}
void setOfficeNumber() { _officeNumber = arg; }
private String _name;

private String _officeAreaCode;

private String _officeNumber;

9117 9.6 FatinlARNaWNIINAT Extract Class

class TelephoneNumber {
String getAreaCode() { return _areaCode; }
void setAreaCode() { _areaCode = arg; }
String getNumber() { return _number; }
void setNumber() { _number = arg;
public String getTelephoneNumber() {

return (*“(*“ + _areaCode + *)” + _number);

}

private String _areaCode;
private String _number;

class Person {
public String getName() { return _name; }
public String getTelephoneNumber() {
return _officeTelephone.getTelephone();

}

TelephoneNumber getOfficeTelephone() { return _officeTelephone; 3}
private String _nhame;

private TelephoneNumber _officeTelephone = new TelephoneNumber();

917 9.7 FiradWIAANAINI9M35 Extract Class
2. a¥19panalny nallvANfuRaTaulatnatdiueanly LazdiANSURATaL
1a9PANA AN AN UTTUTaAAN4 A2TALIUAEUTAARANALANITL

3. #59asAannAanglanllsinanalug
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UszgneTld3s Move Field fuyniladngiaaniséing
PONINE LATNAABLUAIAINNNIEENNATS

£3)nf 1435 Move Method iiefnaiumaanainaanaimslidnanalus
Uszeins L

v
PONING UANABLUAIAINNIENENNATY

a.5 Extract Interface

wWunnseneunedouldadrauiludunasina

127

double charge(Employee emp, int days) {

int base = emp.getRate() * days;
if(emp.hasSpecialSkill()) return base * 1.05;
else return base;

4.

o 1

717 9.8 faatnelAnnawnI3ias Extract Interface

[ %

PENIAINTUABUAIL
a519aumasinala

UsznirmsenrsegnidnEuen lduiulusumefins

interface Billable {

public int getRate();

public boolean hasSpecialSkill();
b

o o

1srnAraNaNANNUET LA NN a9 AU a5 W4

class Employee implements Billable..

dfulganisdseniadssinnlaaewinldaume siva

interface Billable {

public int getRate();
public boolean hasSpecialSkill();

class Employee implements Billable {

double charge(Billable emp, int days) {
int base = emp.getRate() * days;
if(emp.hasSpecialsSkill()) return base * 1.05;
else return base;

U7 2.9 FiraeinglAAmaansniaig Extract Interface

.6 Extract Method

| ¥ ] ¥ ¥ | ' o A
wunngdnaunsdauaaslAaniadraiuiunsan vl wasasd

v 1

v
AT AIATBINTATIHNED AT

void printOwing(double amount){
printBaner();
System.out.printin(*name :”+ _name);
System.out.printin(“amount “+ amount);

717 2.10 Fetinelfinnaunisinis Extract Method

ALNNTDAIIHATH
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void printOwing(double amount){
printBaner();
printDetails(amount);

void printDetails(double amount){
System.out.printin(**name :”+ _name);
System.out.printIn(“amount “+ amount);

14 [ % o

2el9lAANAINIINIAE Extract Method

OE

717 9.11

IPENIANTURAUAIL

v
o

1 v
1. aFamnsenlid wasasianndnglszasdeunoan i

2. AnaanlAnfiazgnéinaainumnseniay lilfamnsenluinaingau

1 v
Yy A &

3. mmadaunisizanldiaulsnigluldaignédadn dadautlsiuzanldlfiannzly
a 4 = 1 1 a o (5%
IMNBEALAN FaINN1TAIN WA Hmes T fmnaan lusidos
4. msaaaunelulAangndiedn danisldaulsdansiaaniznialuldangnéie

£ 1 o/ oI/ %’/ y s
AANUTZNIAAIFIALUSTIA N1 1AAE

&

5. padlndadnnnsiufaudslanaaianialan

1 ! ¥
¥ A a9

dl U v = % ] =S
6. WNUNIAANONSNEAIENITITEIN LTNNTD A ANNAGTINA

Ell

7. padlng Lazvedall

9.7 Extract Subclass

\un198519Aa0agNANMTLLNAIULRIADIANLAVBIAAALAN  INTIZATIANTTAY

gnldinenLnansiiaedsaulaauaLANae AR

class Jobltem {
public Jobltem(int unitPrice, iInt quantity, boolean isLabor, Employee employee) {
_unitPrice = unitPrice;
_quantity = quantity;
_isLabor = isLabor;
_employee = employee;

public int getTotalPrice() { return getUnitPrice() * _quantity; }
public int getUnitPrice() {
return(_isLabor)? _employee.getRate() : —unitPrice;

public int getQuantity() { return _quantity; }
public Employee getEmployee() { return _employee; }
private int _unitPrice;

private int _quantity;

private Employee _employee;

private boolean _islLabor;

class Employee {
public Employee (int rate) {
_rate = rate;

public int getRate() { return _rate; }
private int _rate;

917 9.12 Fvatinglfanauni9vnag Extract Subclass
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o 1 4 v |
@WﬂﬁQﬂﬂqﬂmﬂﬂﬂW?uﬂﬂﬂ@W@LabOHKNnlﬂ@?%ﬂﬂuﬂﬂqﬂgﬂﬂﬂﬂﬂﬂﬁﬁJObHeW

o

TAaNIANNTUR AT

1. a5 9panagn s

class Laborltem extend Employee { ... }

2. a¥npauanianasauiuaaagnia¥ea
o o - | = y o -
a. Tunsaiialil AraenengmusuesnaauiuazGanlineuaninmefaasnana
(%
LNAQEl super()

public Laborltem (int unitPrice, int quantity, boolean isLabor, Employee employee){
super(unitPrice, quantity, isLabor, employee);

b. wstlidesnislileatewizanldanuls Wilszensl43s Replace Constructor
with Factory Method
3. maseuNsEEnliaeuaninnasrasnataun taaannmnicanldaaiagnls i

dl % = k24 o &
LL‘VI‘LWIWﬁﬂﬂ’ﬁLﬁ‘ﬂﬂIﬁiﬂ@u@ﬁl?ﬁLﬁl‘ﬂﬁ‘ﬂ@\‘]ﬂ@?@@jﬂLL‘VIu

Jobltem j1 = new Laborltem(O, 5, true, kent)

a. 0IAAUARNIALARTUBIARIAQNABINITDINGHNUFFINAYN UATETLNNITIHIRe Tl

pauaniAnasIadAatauslil el 11475 Rename Method

class Jobltem {
protected Jobltem(int unitPrice, int quantity, boolean isLabor, Employee employee)
{
_unitPrice = unitPrice;
_quantity = quantity;
_isLabor = isLabor;

_employee = employee; }
public Jobltem(int unitPrice, int quantity) {
this(unitPrice, quantity, false, null) }

class Laborltem extend Employee { ...
public Laborltem (int quantity, Employee employee) {
super (0, quantity, true, employee); 3}
b. widnldanunrasznaaldranaudldinanssldlsznnAdluueudinsa
4. ‘Uszandl435 Push Down Method wag Push Down Field iWadnanmiantimsnge 1
fapANAgN
a. Tumeulayfnafiy Extract  Class  WAS1ZANTALENELNNTRANEY LARENS

ADSANHEUZFINTHN

L

o a

b. WaWuuarmnsangndne desuiladoutlsnGanld uazalinaeaswisdinas

|
=

waliFanlfiunsantiule
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class Laborltenm..
public Laborltem (int quantity, Employee employee) {
super(0, quantity, true, employee);
_employee = employee;

}
public Employee getEmpolyee() { return _employee; 3}
private Employee _employee;

class Jobltem..
protected Jobltem(int unitPrice, int quantity, boolean isLabor) {
_unitPrice = unitPrice;
_quantity = quantity;
_isLabor = islLabor;

}

|
=

5. wiRmuANuEAvanivaNLand1sresiassaiananandunen (doulunjaziily

A a

1A (Boolean) visatniinwedlan) UANNdAAaERT Self Encapsulate Field uay

A o o o & yo o eay = Y  aa
Lﬂ@ﬂuLN%ﬁ@ﬂ%lﬁﬂﬂ@fu@ﬂﬁfuzuuﬂqﬂﬂﬁilﬁtW@Nﬂ?W%N n3e199 Replace
Condition with Polymorphism

class Laborltem..
protected boolean isLabor() { return true; }
public int getUnitPrice() { return _employee.getRate(); }

class Jobltem..

protected boolean isLabor() { return false; }
public int getUnitPrice() { return _unitPrice; }

6. AANINA LAZNARDLNAINIENEILARZ AT

class Laborltem extends Jobltem {
public Laborltem(int unitPrice, int quantity, boolean isLabor, Employee employee)
{ super(unitPrice, quantity, isLabor, employee); }
public Laborltem(int quantity, Employee employee){
super(0, quantity, true);
_employee = employee;

public Employee getEmployee() { return _employee; 3}
protected boolean _isLabor() { return true;

public int getUnitPrice() { return _employee.getRate(); }
private Employee employee;

}

class Jobltem {
protected Jobltem(int unitPrice, int quantity) {
_unitPrice = unitPrice;
_quantity = quantity;

public Jobltem(int unitPrice, int quantity) {
this(unitPrice, quantity, false, null); 3}

public int getTotalPrice() { return getUnitPrice() * _quantity; }
public int getUnitPrice() { return _unitPrice; }

public int getQuantity() {return _quantity; 3}

protected boolean _isLabor() { return false; 3}

private int _unitPrice;

private int _quantity;

}

class Employee {
public Employee (int rate) { _rate = rate; }
public int getRate() { return _rate; 3}
private int _rate;

9117 9.13 FivatinglAnnaINI99n3%5 Extract Subclass
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.8 Inline Class

v 1 v v
Wunnsdraaniandfnamunlifipanadu wazaupanamuis  Inainaudunay

She

K
%

1. szgnald3s Move Method uaz Move Filed amnaanaianly fananansiasnisting

2. pavlnAuaTnAgaLl

class Person {
public String getName() { return _name; }
public String getTelephoneNumber() {
return _officeTelephone.getTelephone();

}
TelephoneNumber getOfficeTelephone() {
return _officeTelephone;

private String _nhame;
private TelephoneNumber _officeTelephone = new TelephoneNumber();

class TelephoneNumber {
String getAreaCode() { return _areaCode; }
void setAreaCode() { _areaCode = arg; }
String getNumber() { return _number; 3}
void setNumber() { _number = arg;
public String getTelephoneNumber() {
return (“(*“ + _areaCode + “)” + _number);

[

private String _areaCode;
private String _number;

7117 9.14 fiaatinglAAnaunismias Inline Class

class Person..
public String getName() { return _name; X
public String getTelephoneNumber() {
return (“(*“ + _officeAreaCode + “)” + _officeNumber);
}

String getOfficeAreaCode() { return _officeAreaCode;
void setOfficeAreaCode() { _OfficeAreaCode = arg;
String getOfficeNumber() { return _officeNumber;
void setOfficeNumber() { _officeNumber = arg;
private String _nhame;

private String _officeAreaCode;

private String _officeNumber;

e

77 2.15 Fae9linnAINI9M13E Inline Class

9.9 Introduce Null Object

Hunnsumnifiaiang (Null value) agdatians 904 (Null object)

class Site..
Customer getCustomer() { return _customer; }
Customer _customer;

class Customer..
public String getName(Q) { .. }
public BillingPlan getPlan() { .. }
public PaymentHistory getHistory() { .. }

public class PaymentHistory..
int getWeeksDelinguentlnLastYear()

31l7 9.16 FatinglAnnaunI19M1as Introduce Null Object
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Customer customer = site.getCustomer();
BillingPlan plan;

if(Customer == null) plan = BillingPlan.basic(Q);
else plan = customer.getPlan();

String customerName;
if(Customer == null) customerName = “occupant”;
else customerName = customer.getName();

int weekDelinquent;
if(Customer == null) weeksDelnquent = 0;
else weeksDelnquent = customer.getHistory() .getWeeksDelinquentinLastYear();

91I7 9.16 (sin) FratnelARMOWNI31AT Introduce Null Object

¥

Tnevinpndunauial
1. A59PAR18QNIBIARIALAN e Iusatans d19189Aa4 LATAFIINNGaR
isNull lupanapnldeainduilulyasa (False) wazlumangqdng (Null class) lida

ANNALLTIWATS (True)

class NullCustomer extends Customer {
public boolean isNull() { return true; }

class Customer..
public boolean isNull() { return false; }

a. o lddasnisunlan1elulAnIeIAANALAN A1NNTDAENBULRaTINANAZaL

(Testing interface) WNUNITAEINNERA isNull TF

interface Nullable { boolean isNull(); }
class Customer implements Nullable..

2. panlng

al y o Y & 4 A o P o - a v
3. LquWﬂqﬂ&LuIﬂ@‘V]Nﬂqﬁ‘ﬂq\iﬂ\?ﬁqqq\i LNﬂNﬂf]?L?ﬂﬂjﬂj'ﬂ@ULQﬂ[ﬂ AAIARANALAN AQEIR

ALLANA I1IbNLS

class Customer..
static Customer newNull() { return new NullCustomer(); }

class Site..
Customer getCustomer() {
return- (_customer-==-null)- ? Customer.newNull() : _—customer;
}

. y v = A = = . a o 4
4. ununng lulAnNAN19819D9AN9NS LN@Nﬂ’]‘J‘Lﬂ?‘HULVIFJUﬂ’WJ'E]\‘Iﬂ@WZQL@MﬂUﬂ'YJW\?

sneinTsFen 1 iunaan isNull uwni

Customer customer = site.getCustomer();
BillingPlan plan;

if(customer.isNull()) plan = BillingPlan.basic(Q);
else plan = customer.getPlan();

String customerName = customer.getName();
if(customer.isNull()) customerName = “occupant”;
else customerName = customer.getName();
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int weekDelinquent;
if(customer.isNull()) weeksDelnquent = 0;
else weeksDelnquent = customer.getHistory().getWeeksDelinquentlnLastYear();

5. AaNlng uaznAgaLl

dd‘ o ¥ o o o Y [ [ .
6. ﬁ]'i')@@'ﬂﬂﬂifu%iﬁ@l,@%ﬁlLﬁ‘ﬁlﬂiﬁﬂ’]ﬁ‘ﬂ’]\ﬂu%@\?LMWﬁ@ﬂZﬁWM?UﬂWLﬂuﬁ'\VLNTW\? (if not

null) WAZANMSUNTEIN1INIBEMFUA919 (f null) liElanaslsd (Override) N3

v !
Wqﬁquﬁuiuﬂﬂqﬁd$ﬂ§Qﬂﬂqﬁwqﬁqu%uuﬂu

class NullCustomer..
public void setPlan(BillingPlan arg) {}
public String getName() { return ‘“occupant’; }

public PaymentHistory getHistory() { return PaymentHistory.newNull(); }

class NullPaymentHistory extends PaymentHistory..
int getWeeksDelinguentinLastYear() { return O; }

7. auntmmareuNaulafiluaA19999an wazlasuniFanldiunsanilanasles lu

ARNATNINL

class NullCustomer extends Customer {
public boolean isNull() { return true; }
public void setPlan(BillingPlan arg) {}
public String getName() { return “occupant”; 7}
public PaymentHistory getHistory() { return PaymentHistory.newNull(); }

class Customer..
public boolean isNull() { return false; }
static Customer newNull() { return new NullCustomer(Q); }

class Site..

Customer getCustomer() {
return (_customer == null) ? Customer.newNull() : _customer;
3

class NullPaymentHistory extends PaymentHistory..
int getWeeksDelinquentinLastYear() { return O; }

Customer.setPlan(BillingPlan.special());
String customerName = customer.getName();
int weekDelinquent = customer.getHistory() -getWeeksDelinquentlnLastYear();

UM 2.17 FiraeinalinnaInIs1inas Introduce Null Object

.10 Introduce Parameter Object

unnsunuiinguasawaslne s dauanst

class Entry..
Entry (double value, Data chargeDate) {

_value = value;
_chargeDate = chargeDate;

¥

Date getDate() { return _chargeDate; }
double getvValue() { return _value; }
private Date _chargeDate;

private double _value;

31l7 9.18 Faatinglfnnanni19113s Introduce Parameter Object
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class Account..
double getFlowBetween(Date start, Date end) {
double result = 0;
Enumeration e = _entires.elements();
while(e.hasMoreElements()) {
Entry each = (Entry) e.nextElement();
if(each.getDate().equals(start) || each.getDate().equals(end) ||
(each.getDate() .after(start) && each.getDate() -before(end))) {
result += each.getValue();
3
¥

return result;

}

private Vector _entires = new Vector();

client code..
double flow = anAccount.getFlowBetween(startDate, endDate);

91I7 9.18 (sin) FratwlARNALNNIIAE Introduce Parameter Object

TAeNIANNTUR LA

[

1. a5 9ead e 1T uuN N0 INI R Ae SNFBINTUNUA

class DateRange {
DateRange( Date start, Date end) {
_start = start;
_end = end;

}

Date getStart() { return _start; }
Date getEnd() { return _end; }
private final Date_start;

private final Date _end;

}
2. panlng

3. 1475 Add Parameter d1usUiinnisadmes luddnlUludnmiaes (Signature) 284
dl % dl % i & |d| v -l% ] 1 1
WNERANARIN1TUNUNFA28EDULANA 289AATR MHNNAF19TU LazdIA1919 (null)

] [ a o‘dl QI = ¥ :J/
ausunimdwesnina lunisizenldunsentin

class Account..
double getFlowBetween(Date start, Date end, DateRange range) {
double result = 0;
Enumeration e = _entires.elements();
while(e.hasMoreElements()) {
Entry each = (Entry) e.nextElement();
if(each.getDate().equals(start) || each.getDate().equals(end) ||
(each.getDate() -after(start) && each.getDate() -before(end))) {
result += each.getValue();
}
¥

return result;
3
private Vector _entires = new Vector();
client code..
double flow = anAccount.getFlowBetween(startDate, endDate, null);

a o a a ' i'/ 2 dld = ¥
4. @UWWTW“W@ﬂ@NIM%ﬂH&@ﬂ?ﬂﬂuﬂﬂﬁ@ﬂtﬂéMﬁhﬁﬂ@ﬂqﬂ%MMWﬁﬂﬂ%ﬂﬂqﬁﬁﬂﬂlﬁ

P

a a‘d‘ % = 783 dl ] ¥ 1 % % dld
wirdwmasnavlldaaniszanlddauiansd ndaudqluvadunu uazudlalAandinng

o ey Y
Fenldunaanii

class Account..
double getFlowBetween(DateRange range) {
double result = 0;
Enumeration e = _entires.elements();
while(e.hasMoreElements()) {
Entry each = (Entry) e.nextElement();
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if(each.getbate().equals(range.getStart()) ||
each.getDate() .equals(range.getEnd(Q)) ||
(each.getDate() .after(range.getStart()) &&
each._getDate() .before(range.getEnd()))) {
result += each.getValue();
3
3
return result;

}

private Vector _entires = new Vector();

client code..
double flow = anAccount.getFlowBetween(new DateRange(startDate, endDate));

5. ARNING LaznAdaunaIaInaunIiinefaan

class Account..
double getFlowBetween(DateRange range) {
double result = 0;
Enumeration e = _entires.elements();
while(e.hasMoreElements()) {
Entry each = (Entry) e.nextElement();
if(range. include(each.getDate)) {
result += each.getvalue();
3
3

return result;

}

private Vector _entires = new Vector();

client code..
double flow = anAccount.getFlowBetween(new DateRange(startDate, endDate));

class DateRange {
DateRange( Date start, Date end) {
_start = start;
_end = end;

¥

Date getStart() { return _start; }

Date getEnd() { return _end; 3}

boolean includes(Date arg) {

return (arg.equals(_start) || arg.equals(_end) || (arg.after(_start)
&& arg.before(_end)); }

private final Date_start;

private final Date _end;

gﬂ‘ﬁ' 2,19 FAnae9lARNAIN9M1AE Introduce Parameter Object
6. \laaummilmeseanuds WRansnndumsanlafianunsodielufmnmfiness
auiand Ra1etusalusl i 19Usyndl433 Move Method ileénesmseatii vite
frdeannatihausdautedimsenilssynidiE Extract Method aaiamunoan

Tnainau uanaesneunaannasa sty

.11 Move Attribute

unisdnapuanenizanaaaidnlilisnaraniniszanlduinndn uazufilanng

Benldhuansuz i

class Account..
private AccountType _type;
private double _interestRate;
double interestForAmount_days( double amount, int days) {
return _interestRate * amount * days / 365; }

717 2.20 Faatielfnnaun13inda Move Attribute
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Tnaminpudunaufiall
1. tamudneaztuiuiuuan Wilszgnd 438 Encapsulate Field wsdnflulnsion

Tilseansi14a5 Self Encapsulate Field

class Account..
private AccountType _type;
private double _interestRate;
void setinterestRate( double arg ) { _interestRate = arg; 3}
double getinterestRate() { return _interestRate;
double interestForAmount_days( double amount, int days) {
return _interestRate * amount * days / 365;

2. paNng uaznagaL

= =l

3. a¥wauanenzludlunaiandnisGanlduinndn wazlfiunsanfiniuunan
ATUANHIUY UAZINNSRAT A ARIAN UL

class AccountType..
private double _interestRate;
void setlnterestRate( double arg ) { _interestRate = arg; }
double getinterestRate() { return _interestRate; }

v

4. paNlnapanansaanansnll

Q

5. AUAMANHIUTLUANIALANEEN

v

6. uilannsdnedatepmiansendne il ununeatmsean i uuaAIAIAN UL LAz
dl Y1 o
INNEaAT LA ADIAN LY

class Account..
private AccountType _type;
double interestForAmount days( double amount, int days) {
return _type.getinterestRate() * amount * days / 365; }

7. aNng uaznAgaLl

class Account..
private AccountType _type;
double interestForAmount_days( double amount, int days) {
return _type.getlnterestRate() * amount * days / 365; }

class AccountType..
private double _interestRate;
void setlInterestRate( double arg ) { _interestRate = arg; }
double getinterestRate() { return _interestRate; }

R

v o o

917 9.21 Faat9iFAAIN1991135 Move Attribute

.12 Move Method
wWunnrafraunsanluiindldenislumdaumaanay  Aalupananinis@anld
wWnsantiuninngdn  wazudlalAaluunsaspuunisFanldiunses vt unuviraaiun-

FAALANDAN
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class Account..

double overdraftCharge() {
if(type.isPremium(Q)) {
double result = 10;
if(_daysOverdrawn > 7) result += (_daysOverdrawn — 7) * 0.85;
return result;

else return _daysOverdrawn * 1.75;

by

double bankCharge() {
double result = 4.5;
if(_daysOverdrawn > 0) result += overdraftCharge();
return result;

}

private AccountType _type;

private int _daysOverdrawn;

o % !

.22 faat4lAANauN13M13a Move Method

=)
N

ppl
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A i’/ Adl = % dl % Y 1 o v
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nelupaaidiaesiunseatiuzald ddauaNTANgnEen e unsanauli

q

NANTUNTN P3SN LN aR AT L

FINAEDLAAIAGNUTEAAAUNTBIAANALT1 78S IMNFaAINHNTUszN ALY sanilld

Yy A

G 7 1 £ i’/ v al 3
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Falvmianulunanalydle

class AccountType..

double overdraftCharge(int daysOverdrawn) {
if(isPremiumQ)) {
double result = 10;
if(daysOverdrawn > 7) result += (daysOverdrawn — 7) * 0.85;
return result;

}
else return _daysOverdrawn * 1.75;
}
&
AN WG

ulaldante lwunsanmnlunisEan g wnaan v unu

class Account..
double overdraftCharge() {
return _type.overdraftCharge(_daysOverdrawn); }

AN NG LaznARaLl
a 1 a A 1 Ty A =l 3 a [~ 1
NANTUNIANTRZALIINNERALANYTA I uAdNAN12Ean EunsanANNIn AldaAdsay

ALLNYEAALANDAN

class Account..
double overdraftCharge() {
return _type.overdraftCharge(_daysOverdrawn); }
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9. AaulNnsanANaan Mnunn1sFanlfiunaananaaaniszanldiunsan
WL

10. PN NG waznedaL

class Account..
double bankCharge() {
double result = 4.5;
if(_daysOverdrawn > 0) result += _type.overdraftCharge(_daysOverdrawn);
return result;

int getDaysOverdrawn() { return _daysOverdrawn; }
private AccountType _type;
private int _daysOverdrawn;

class AccountType..
double overdraftCharge( Account account) {
if(isPremiumQ)) {
double result = 10;
if(account.getDaysOverdrawn() > 7)
result += (account.getDaysOverdrawn() — 7) * 0.85;
return result;

else return account.getDaysOverdrawn() * 1.75;

71l 2.23 finaeinalAnnAINIYN35 Move Method

%.13 Preserve Whole Object

\{unsdefatians wnuni1sgaiiuAINadnasannallianisBanldunsan

class Room..
boolean withinPlan(HeatingPlan plan) {
int low = daysTempRange() -getLow();
int high = daysTempRange() -getHigh(Q);
return plan.withinRange(low, high);

}

class HeatingPlan..
boolean withinRange (int low, int high) {
return (low >= _range.getLow() && high <= _range.getHigh());}
private TempRange _range;

712,24 fetineldanawni9inas Preserve Whole Object

o

TPENIANNTURAUAIL

1. @3amandiwaslvaiaindauians nlupndeyangglil

class HeatingPlan ..
boolean withinRange( TempRange roomRange, int low, int high ) {
return (low >= _range.getLow() && high <= _range.getHighQ)); }

class Room ..
boolean withinPlan(HeatingPlan plan) {
int low = daysTempRange().getLow();
int high = daysTempRange() -getHigh();
return plan.withinRange(daysTempRange(), low, high);
b

2. paNng uaznagaLl

3. Na17u19ANIRmes e ldunanndauans naglil
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4. AUANMNIIITLADS LAZUNUNNIIENRINIRLAFIY FaeinT9Fean NN faAUasaaLl

&

1ang Naeluunu

class HeatingPlan ..
boolean withinRange( TempRange roomRange ) {

return (roomRange.getLow()>=_range.getLow()&&roomRange.getHigh()<=_range.getHigh());
}

class Room ..
boolean withinPlan(HeatingPlan plan) {
int low = daysTempRange() -getLow();
int high = daysTempRange() -getHigh(Q);
return plan.withinRange(daysTempRange());

¥

5. paNlng waznagaLl

6. aulAnludiurasnisizanldiunaan et uue Al lETUNIT R Inasngll

class HeatingPlan ..
boolean withinRange( TempRange roomRange ) {
return (roomRange.getLow()>=_range.getLow()&&roomRange -getHigh()<=_range.getHigh());

élass Room ..
boolean withinPlan(HeatingPlan plan) {
return plan.withinRange(daysTempRange()); }

7. padlng Laznedall

class HeatingPlan ..
boolean withinRange( TempRange roomRange ) {
return (_range.includes(roomRange)); 1}
class Room ..
boolean withinPlan(HeatingPlan plan) {
return plan.withinRange(daysTempRange()); }
class TempRange..
boolean includes( TempRange arg ) {
return arg.getLow() >= this.getLow() && arg.getHigh() <= this.getHigh(Q); }

717 9.25 Fastinelfnnasnigi1as Preserve Whole Object

9.14 Replace Conditional with Polymorphism

Wunnsununldedauniduiaulagasnisaiimnoanlenaslsdlunaiagn uazi

I unsamanlulaLamIe

class Employee..
int payAmount() {
switch (getType(Q)) {
case EmployeeType. ENGINEER :
return _monthlySalary;
case EmployeeType.SALESMAN :
return _monthlySalary + _commission;
case EmployeeType.MANAGER :
return _monthlySalary + _bonus;
default :
throw new RuntimeException(“Incorrect Employee™);

}

3117 9.26 Fvatinglfnnann19113s Replace Conditional with Polymorphism
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¥

TnanmNduneuaal
1. neuazilszgne 495 Replace Conditional with Polymorphism 11 nneluldnsiasil
Tasea¥annsdunenaniantis Inaiszgndl49s Replace  Type Code  with

State/Strategy 39 Replace Type Code with Subclasses (mmﬁﬂ@::lfﬂﬂ Alude 19

LA 20)
_type
Employee Employee
1 2\
Engineer Manager Salesman

gﬂﬁ' 9,27 WHUNINAAIATATIATI9N1IAUND AR UANTTR

2. 5”1mmmuuﬁmﬂ‘lumummL’f{@uhLﬂumuwﬁwmLumﬁ@m*ﬁ'ﬁmmmium 1571
Uszeni 977 Extract Method iilafe Tpdautiusnaira dusmsenlul

3. #deensnamseni i dudoassienls Wlleguugenedlnseainnisdunen
AnuaNLR Tilsvene 1998 Move Method

4. Aenamagnunaiismaenitoneslafumeenilfidudouresdels uazdaaen

Bnvesusiazdanaesdenlalilfusmseniiloneslsdiiy

paxlWg uaznnaay

auldnluusazdauaasdonlaean

AN NG LarnARaLl

© N o o

o % 1 |
Mliunsas luaaraudiiuiauainga

.15 Replace Method with Method Object

{1n1225190812 IUNAUN LN NIUTNNUNULHN FRALAN

class Account
int gamma(int inputval, int quality, int yearToDate) {
int importantValuel = (intputVal * quantity) + delta(Q);
int importantValue2 = (inputVal * yearToDate) + 100;
if((yearToDate — importantvValuel) > 100)
importantValue2 -= 20;
int importantValue3 = importantValue2 * 7;
return importantValue3 — 2 * importantValuel;

}

91I7 9.28 FivatinglAAnaun19v135 Replace Method with Method Object

o

TAeNIANNTURALAIT
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v 1

1. a519P8R 11N LAZFITA NAIRINAZNNERA

&

2. a¥ulvluaailod (Final field) Amdudauians Niunsemanet] uaziaddmiuusiay

Al 9taATI9 LAZNIITHIADS NN R

class Gamma..
private final Account _account;
private int inputval;
private int quantity;
private int yearToDate;
private int importantValuel;
private int importantValue2;
private int importantValue3;..

3. a59pauansAmasunaannieluaaig

Gamma (Account source, int inputValArg, int quantityArg, int yearToDateArg)
{

_account = source;

inputvVal = inputValArg;

quantity = quantityArg;

yearToDate = yearToDateArg;

H
4. AF19WNND8A compute

5. AnaaalAnn1aliunsannalddauunsen compute wazBanldiadues savians

BNA1MFUN9EeN 1 F N anLUEaLILANG 1N

int compute() {
importantValuel (inputVal * quantity) + _account.date();
importantValue2 (inputVal * yearToDate) + 100;
if((yearToDate — importantValuel) > 100)
importantValue2 -= 20;
int importantValue3 = importantvValue2 * 7;
return importantValue3 — 2 * importantValuel;

}
6. PaNINg

7. WNURMNERARNARENITAsBaLIans WKkazizenEunaan compute

class Account..
int gamma(int inputVal, int quantity, int yearToDate) {
return new Gamma(this, inputVal, quantity, yearToDate).compute();
3

class Gamma..

private final Account _account;

private int inputVal;

private int guantity;

private int yearToDate;

private int importantValuel;

private int importantValue2;

private int importantValue3;

Gamma (Account source, int inputValArg, int quantityArg, int yearToDateArg) {
_account = source;
inputval = inputValArg;
quantity = quantityArg;
yearToDate = yearToDateArg;

}

int compute() {
importantValuel = (inputVal * quantity) + _account.date();
importantValue2 = (inputVal * yearToDate) + 100;

if((yearToDate — importantvValuel) > 100)
importantValue2 -= 20;

int importantValue3 = importantValue2 * 7;

return importantValue3 — 2 * importantValuel;

4 o o

9117 9.29 FivatielAANAINI991135 Replace Method with Method Object
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9.16 Replace Parameter with Explicit Methods

Wungasraunsanlud 41950 TAANANTUARIAINI I RIARSUAA L FA

static final int ENGINEER = O;
static final int SALESMAN 1;
static final int MANAGER = 2;
static Employee create(int type) {
switch (type) {
case ENGINEER:
return new Engineer();
case SALESMAN:
return new Salesman();
case MANAGER:
return new Manager();

default:
throw new IllegalArgumentException(“Incorrect type code value™);

o 1

7117 9.30 Faetineldanennisinds Replace Parameter with Explicit Method

¥

IPENIAINTURDUAIT

1. #5194 IUNEMTUAINIINHIR D FLARZFQ

static Employee createEngineer() { return new Engineer(Q); }
static Employee createSalesman() { return new Salesman(); }
static Employee createManager() { return new Manager(); }

2. muualiinisEanldmananlud Naziteanla

static final int ENGINEER 0;
static final int SALESMAN 1
static final int MANAGER = 2;
static Employee create(int type) {
switch (type) {
case ENGINEER:
return Employee.createEngineer();
case SALESMAN:
return Employee.createSalesman();
case MANAGER:
return Employee.createManager();
default:
throw new IllegalArgumentException(““Incorrect type code value™);

317 9.31 FvetinelinudIn19in35 Replace Parameter with Explicit Method

3. panlndlaznasa

.17 Replace Parameters with. Method

i dl a c v = ¥ dl v 49{ 1
unisununnimmes anenisEenldunsannasieaidlndunu

public double getPrice() {
int basePrice = _quantity * _itemPrice;
int discountLevel;
if(_quantity > 100) discountLevel = 2;
else discountLevel = 1;
double finalPrice = discountedPrice (basePrice, discountLevel);
return finalPrice;
private double discountedPrice(int basePrice, int discountLevel) {
if(discountLevel == 2) return basePrice * 0.1;
else return basePrice * 0.05; 3}

91I7 9.32 fivatinglfnnauni9minag Replace Parameters with Method




143
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IPENIANNTURaUAIL

1. thelAndaunAN12A U MIBIAINIIHIAR SN A F T LI san T

public double getPrice() {
int basePrice = getBasePrice();
int discountLevel = getDiscountLevel();
double finalPrice = discountedPrice (basePrice, discountLevel);
return finalPrice;
¥
private int getDiscountLevel() {
if(_quantity > 100) return 2;
else return 1;

private double getBasePrice() { return _quantity * _itemPrice; }

2. wunnisaneasllgimnmidmeslusnaansaanisBdan ldunaan luuumny

private double discountedPrice(int basePrice, int discountLevel) {
if(getDiscountlLevel() == 2) return getBasePrice * 0.1;
else return getBasePrice * 0.05;

}

3. panlndlaznagall

4. 495 Remove Parameter AAMSUAINIINNLASLARZFD

public double getPrice() { return discountedPrice(); }
private double discountedPrice(int basePrice) {
if(getDiscountLevel () == 2) return getBasePrice * 0.1;
else return getBasePrice * 0.05;
}
private int getDiscountLevel() {
if(_quantity > 100) return 2;
else return 1;

private double getBasePrice() { return _quantity * _itemPrice; }

o o a

gﬂﬁ 2.33 fa0en9lAnAIIG5 Replace Parameters with Method

9.18 Replace Temp with Query

Wunrsunuidaudstansinsnenizzanldiunaan

double getPrice() {
int basePrice = _quantity * _itemPrice;
double discountFactor;
if (basePrice > 1000) discountFactor = 0.95;
else discountFactor = 0.98;
return basePrice * discountFactor;

9117 9.34 FivatsTAAnawinis Replace Temp with Query

[

TAeNIANNTUR LA
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double getPrice() {
final int basePrice = _quantity * _itemPrice;
final double discountFactor;
if (basePrice > 1000) discountFactor = 0.95;
else discountFactor = 0.98;
return basePrice * discountFactor;

}

3. NN lINaM9IRER LI NNITANNUAAF WL FITLLNE N ASILAEI

1 v
4. tihaldanesuannnivus Al s ulsiullasaduiunsanlug

double getPrice() {
final int basePrice = basePrice();
final double discountFactor = discountFactor();
return basePrice * discountFactor ;
3
private int basePrice() { return _quantity * _itemPrice; }
private double discountFactor() {
if (basePrice > 1000) return 0.95;
else return 0.98;

}

5. paNlnAlasnagau

‘dlzv QI/ 4 |d|9./ 49( o uI/ i//
6. ununFulstaAIaneNNEan NNAT NI LazaLFqwlsTaATITiuaan

double getPrice() { return basePrice() * discountFactor(); }
private int basePrice() { return _quantity * _itemPrice; }
private double discountFactor() {

if (basePrice > 1000) return 0.95;

else return 0.98;

3117 9.35 FnaeneldnnasaIniias Replace Temp with Query

2.19 Replace Type Code with State/Strategy

| éll % % =3 -8
Wunisunundszinnaaslan AaeaianaaLians

class Employee..
private int _type;
static final int ENGINEER 0;
static final int SALESMAN 1;
static final int MANAGER = 2;
Employee (int type) {
_type = type;

int payAmount() {
switch (type) {

case ENGINEER:
return _monthlySalary;

case SALESMAN:
return _monthlySalary + _commission;

case MANAGER:
return _monthlySalary + _bonus;

default:
throw new RuntimeExeption(“Incorrect Employee™);

[

7117 9.36 FivatielAAnauN19M135 Replace Type Code with State/Strategy

[ %
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1. Uszans14% Self Encapsulate Field

Employee (int type) { setType(type); }
int getType() { return _type; }
void setType(int arg) { _type = arg; }
void payAmount() {
switch (getType()) {
case ENGINEER:
return _monthlySalary;
case SALESMAN:
return _monthlySalary + _commission;
case MANAGER:
return _monthlySalary + _bonus;
default:
throw new RuntimeExeption(“Incorrect Employee™);

¥
=3 e A % MO, [ 1 4
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Uszinnaeslan

abstract class EmployeeType { abstract int getTypeCode(); }
class Engineer extends EmployeeType {

int getTypeCode() { return Employee.ENGINEER; }
class Manager extends EmployeeType {
int getTypeCode() { return Employee. MANAGER; }
class Salesman extends EmployeeType {
int getTypeCode() { return Employee.SALESMAN; 3}
¥
5. panlng

6. aF1andluaardiangviuzanldaimnaauians

class Employee..
private EmployeeType _type;
int getType() {
return _type.getTypeCode();

3
void setType(int arg) {
switch(arg) {
case ENGINEER:
_type = new Engineer();
break;
case SALESMAN:
~type = new Salesman();
break;
case MANAGER:
_type = new Manager():
break;
default:
throw new RuntimeExeption(“Incorrect Employee™);

a
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class Employee..
private EmployeeType _type;
int getType() {
return _type.getTypeCode();

}
void setType(int arg) {
_type = EmployeeType.newType(arg);

class EmployeeType..
static EmployeeType newType(int code){
switch(code) {

case ENGINEER:
_type = new Engineer();
break;

case SALESMAN:
_type = new Salesman();
break;

case MANAGER:
_type = new Manager();
break;

default:
throw new RuntimeExeption(‘“Incorrect Employee™);

}

b

static final Int ENGINEER
static final int SALESMAN
static final int MANAGER = 2;

0-
il

9. paNlnAuaznadall

class Employee..
private EmployeeType _type;
int getType(Q) {
return _type.getTypeCode();

}
void setType(int arg) {
_type = EmployeeType.newType(arg);

int payAmount() {
switch (getType(Q)) {

case EmployeeType.ENGINEER:
return _monthlySalary;

case EmployeeType.SALESMAN:
return _monthlySalary + _commission;

case EmployeeType.MANAGER:
return _monthlySalary + _bonus;

default:
throw new RuntimeExeption(“Incorrect Employee™);

}
}

class EmployeeType..
static EmployeeType newType(int code){
switch(code) {

case ENGINEER:
_type = new Engineer();
break;

case SALESMAN:
_type = new Salesman();
break;

case MANAGER:
_type = new Manager();
break;

default:
throw new RuntimeExeption(“Incorrect Employee™);

}

¥

static final int ENGINEER
static final int SALESMAN
static final int MANAGER = 2;

0-
1

14 [ % o

at9lAANAINIINT Replace Type Code with State/Strategy
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.20 Replace Type Code with Subclasses

Wunsunuinilszinnaasiéa faanisaireaaiagn

class Employee..
private int _type;
static Ffinal int ENGINEER 0;
static Final int SALESMAN 1;
static final int MANAGER = 2;
Employee (int type) {
_type = type;

9117 9.38 sivatinelAanaun9v13s Replace Type Code with Subclasses

[

TAeNIANNTURALAIT

1. Useansld% Self Encapsulate Field

class Employee..

int getType() {
return _type;
¥

Employee create (int type) {
return new Employee(type);
}

private Employee (int type) {
_type = type;

Y1

2. a5nanagnlud druiuusazdszinnaesian uazlanaslsdunsannlian
o dl 1 dl
AoudneicluAaagn e lF NN zax

class Engineer extends Employee {

int getType() {
return Employee.ENGINEER;
¥

class Employee..
static Employee create (int type) {
if (type == ENGINEER) return new Engineer();
else return new Employee(type);

}

3. paxlng uazvagay wasanununAusasUszinnaesiAndaaainagnnaineay
4. auAszinnaaaianaineangdud kazilsenide AridrmasaniullssinnaaalAmlv

LALALFITA

abstract int getType();

static Employee create(int type) {
switch (type) {
case ENGINEER :
return new Engineer();
case SALESMAN :
return new Salesman();
case MANAGER :
return new Manager();
¥
}

5. paNlng waznagaLl



class Employee..
private int _type;
static final int ENGINEER
static final int SALESMAN
static final int MANAGER = 2;
Employee (int type) {
_type = type;

0-
1

abstract int getType();
private Employee (int type) {
_type = type;

static Employee create(int type) {
switch (type) {

case ENGINEER :

return new Engineer();
case SALESMAN :

return new Salesman();
case MANAGER :

return new Manager();

}

class Engineer extends Employee {

int getType() {
return Employee.ENGINEER;
¥

class Salesman extends Employee {

int getType(Q) {
return Employee.SALESMAN;
3

class Manager extends Employee {

int getType(Q {
return Employee.MANAGER;
¥

31/7 9.39 Fivatinelfnuainiavin3s Replace Type Code with Subclasses
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A.1.1 dasalanuadddsunsui 2 naunisvisunaAnasa

import java.util.Date;

class BusinessSite

{
private int lastReading;
private Reading[] _readings = new Reading[1000];
private static final double START_RATE = 0.09;
private static final double END_RATE = 0.05;
private static final Int END_AMOUNT = 1000;
private Zone _zone;
BusinessSite(Zone zone) {
_zone = zone;
3
public void addReading(Reading newReading) {
_readings[++lastReading] = newReading;
3
public Dollars charge()
{
int usage = _readings[lastReading].amount() - _readings[lastReading -1].amount();

return charge(usage);

private Dollars charge(int usage)
{
Dollars result;
if (usage == 0) return new Dollars(0);
double tl1 = START_RATE - ((END_RATE * END_AMOUNT) - START_RATE) / (END_AMOUNT - 1);
double t2 = ((END_RATE * END_AMOUNT) - START_RATE) * Math.min(END_AMOUNT, usage)
/(END_AMOUNT - 1);
double t3 = Math.max(usage - END_AMOUNT, 0) * END_RATE;
result = new Dollars (tl1 + t2 + t3);
result = result.plus(new Dollars (usage * 0.0175));
Dollars base = new Dollars (result.min(new Dollars (50)).times(0.07));
if (result.isCGreaterThan(new Dollars (50))) {
base = new Dollars (base.plus(result.min(new Dollars(75)).-minus(new
Dollars(50)).times(0.06)));

if (result.isGreaterThan(new Dollars (75))) {
base = new Dollars (base.plus(result.minus(new Dollars(75)).times(0.05)));
3:
result = result.plus(base);
return result;

}

class DisabilitySite {
private Reading[] _readings = new Reading[1000];
private static final Dollars FUEL_TAX_CAP = new Dollars (0.10);
private static final double TAX_RATE = 0.05;
private Zone _zone;
private static final int CAP = 200;
DisabilitySite(Zone zone) {
_zone = zone;

¥
public void addReading(Reading newReading)
{
int i;
for (i = 0; _readings[i] !'= null; i++);
_readings[i] = newReading;

}
public Dollars charge(Q)
{
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int i;
for (i = 0; _readings[i] !'= null; i++);
int usage = _readings[i-1].amount() - _readings[i-2].amount();

Date end = _readings[i-1].-date();
Date start = _readings[i-2].date();
start.setDate(start.getDate() + 1); //set to begining of period
return charge(usage, start, end);
3
private Dollars charge(int fullUsage, Date start, Date end)
{
Dollars result;
double summerFraction;
int usage = Math.min(fullUsage, CAP);
it (start.after(_zone.summerEnd()) || end.before(_zone.summerStart()))
summerFraction = 0;
else if (Istart.before(_zone.summerStart())
&& Istart.after(_zone.summerEnd())&&!end.before(_zone.summerStart())
&& lend.after(_zone.summerEnd()))
summerFraction = 1;
else {
double summerDays;
it (start.before(_zone.summerStart()) || start.after(_zone.summerEnd())) {
// end is in the summer
summerDays = dayOfYear(end) - dayOfYear (_zone.summerStart()) + 1;
¥} else {
// start is in summer
summerDays = dayOfYear(_zone.summerEnd()) - dayOfYear (start) + 1;
5
summerkFraction = summerDays / (dayOfYear(end) - dayOfYear(start) + 1);

}:
result = new Dollars ((usage * _zone.summerRate() *
summerFraction)+(usage * _zone.winterRate() * (1 - summerFraction)));
result = result.plus(new Dollars (Math.max(fullUsage - usage, 0) * 0.062));
result = result.plus(new Dollars (result.times(TAX_RATE)));
Dollars fuel = new Dollars(fullUsage * 0.0175);
result = result._plus(fuel);
result = new Dollars (result._plus(fuel.times(TAX_RATE).min(FUEL_TAX_CAP)));
return result;

b
int dayOfYear(Date arg) {
int result;
switch (arg.getMonth()) {

case O:
result = 0;
break;

case 1:
result = 31;
break;

case 2:
result = 59;
break;

case 3:
result = 90;
break;

case 4:
result = 120;
break;

case 5:
result = 151;
break;

case 6:
result = 181;
break;

case 7:
result = 212;
break;

case 8:
result = 243;
break;

case 9:
result = 273;
break;

case 10:
result = 304;
break;

case 11:

result = 334;
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break;
default :

throw new IllegalArgumentException();
}:

result += arg.getDate();

//check leap year
if ((arg.getYearQ%4 == 0) && ((arg.getYear() % 100 != 0) |l((arg-getYear() + 1900) %
400 == 0)))

result++;
};
return result;
3
public class LifelineSite

{

private Reading[] _readings = new Reading[1000];

private static final double TAX_RATE = 0.05;

LifelineSiteQ{ }

public void addReading(Reading newReading)

{
Reading[] newArray = new Reading[ readings.length + 1];
System.arraycopy(_readings, 0, newArray, 1, _readings.length);
newArray[0] = newReading;
_readings = newArray;

public Dollars charge()

{
int usage = _readings[0]-amount() - _readings[1]-amount();
return charge(usage);

}

private Dollars charge(int usage)

{

double base = Math.min(usage,100) * 0.03;
if (usage > 100) {

base += (Math_min (usage,200) - 100) * 0.05;
}:

ifT (usage > 200) {
base += (usage - 200) * 0.07;

Dollars result = new Dollars (base);

Dollars tax = new Dollars (result.minus(new Dollars(8)).max(new Dollars
(0)) -times(TAX_RATE));

result = result.plus(tax);

Dol lars fuelCharge = new Dollars (usage * 0.0175);

result = result.plus (fuelCharge);

return result.plus (new Dollars (fuelCharge.times(TAX_RATE)));

}

class Reading {
private Date _date;
private int _amount;

public Reading(int amount, Date date) {
_amount = amount;
_date = date;

3

public Date date() {
return _date;

public int amount() {
return _amount;
3

}

class ResidentialSite {

private Reading[] _readings = new Reading[1000];
private static final double TAX_RATE = 0.05;
private Zone _zone;

ResidentialSite (Zone zone) {
_zone = zone;

}
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public void addReading(Reading newReading)
// add reading to end of array
inti=0;
while (_readings[i] != null) i++;
_readings[i] = newReading;
3
public Dollars charge(Q)

// find last reading

int i =0;
while (_readings[i] = null) i++;
int usage = _readings[i-1]-amount() - _readings[i-2].amount();

Date end = _readings[i-1].-date();

Date start = _readings[i-2].date();
start.setDate(start.getDate() + 1); //set to begining of period
return charge(usage, start, end);

}

private Dollars charge(int usage, Date start, Date end)
{
Dollars result;
double summerFraction;
// Find out how much of period is in the summer
it (start.after(_zone.summerEnd()) || end.before(_zone.summerStart()))
summerFraction = 0;
else if (Istart._before(_zone.summerStart())
&& Istart._after(_zone.summerEnd()) &&
Tend.before(_zone.summerStart()) && !end.after(_zone.summerEnd()))
summerFraction = 1;
else { // part in summer part in winter
double summerDays;
if (start.before(_zone.summerStart()) 11
start.after(_zone.summerEnd())) {
// end is in the summer

summerDays = dayOfYear(end) - dayOfYear
(_zone.summerStart()) + 1;
} else {
// start is in summer
summerDays = dayOfYear(_zone.summerEnd()) - dayOfYear
(start) + 1;
}:
summerFraction = summerDays /  (dayOfYear(end) -

dayOfyYear(start) + 1);

}:

result = new Dollars ((usage * _zone.summerRate() * summerFraction) +
(usage * _zone.winterRate() * (1 - summerFraction)));

result = result_plus(new Dollars (result.times(TAX_RATE)));

Dollars fuel = new Dollars(usage * 0.0175);

result = result.plus(fuel);

result = new Dollars (result.plus(fuel.times(TAX_RATE)));

return result;

int dayOfYear(Date arg) {
int result;
switch (arg.getMonth()) {

case O:
result = 0;
break;

case 1:
result = 31;
break;

case 2:
result = 59;
break;

case 3:
result = 90;
break;

case 4:
result = 120;
break;

case 5:
result = 151;
break;

case 6:

result = 181;



break;
case 7:
result = 212;
break;
case 8:
result = 243;
break;
case 9:
result = 273;
break;
case 10:
result = 304;
break;
case 11:
result = 334;
break;
default :
throw new IllegalArgumentException();
¥

result += arg.getDate();
//check leap year

it ((arg-getYearQO%4 == 0) && ((arg.-getYear() % 100 1I=

|1((arg-getYear() + 1900) % 400 == 0)))
{

}

result++;
¥

return result;

class Zone {

}

A.1.2 dasalAnuadllsunsui 2 uasaniszenaldissuanasalunsain 1

private String _name;
private Date _summerEnd;
private Date _summerStart;
private double _winterRate;
private double _summerRate;

153

Zone (String name, double summerRate, double winterRate,Date summerStart, Date
summerEnd) {

_name = name;

_summerRate = summerRate;
_winterRate = winterRate;
_summerStart = summerStart;
_summerEnd = summerEnd;

public Zone persist() {
Registrar.add(''Zone", this);
return this;

public static Zone get (String name) {
return (Zone) Registrar.get(*'Zone"™, name);

¥
public Date summerEnd(Q) {
return _summerEnd;

public Date summerStart() {
return _summerStart;

public double winterRate() {
return _winterRate;

public double summerRate() {
return _summerRate;

a

class DisabilitySite {

protected static final double FUEL_CHARGE_RATE = 0.0175;

private Dollars charge(int fullUsage, Date start, Date end)

{

Dollars result;
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double summerFraction;
int usage = Math.min(fullUsage, CAP);
if (start.after(_zone.summerEnd()) || end.before(_zone.summerStart()))
summerFraction = 0;
else if (Istart.before(_zone.summerStart())
&& Istart.after(_zone.summerEnd())&&!end.before(_zone.summerStart())
&& lend.after(_zone.summerEnd()))
summerFraction = 1;
else {
double summerDays;
if (start._before(_zone.summerStart()) |1
start.after(_zone.summerEnd())) {
// end is in the summer
summerDays = dayOfYear(end) - dayOfYear (_zone.summerStart()) + 1;
} else {
// start is in summer
summerDays = dayOfYear(_zone.summerEnd()) - dayOfYear (start) + 1;
}:
summerFraction = summerDays / (dayOfYear(end) - dayOfYear(start) + 1);

result = new Dollars ((usage * _zone.summerRate() * summerFraction)+(usage *
_zone.winterRate() * (1 - summerFraction)));
result = result.plus(new Dollars (Math.max(fullUsage - usage, 0) * 0.062));

result = result.plus(new Dollars (result.times(TAX _RATE)));

result = result.plus(fuelCharge(fullUsage));

result = new Dollars (result.plus(fuel.times(TAX_RATE).min(FUEL_TAX_CAP)));
return result;

3
protected Dollars fuelCharge(int fullUsage){

return new Dollars(fullUsage * FUEL_CHARGE_RATE);
3

a

A.1.3 FasalAnuadllsinsaui 2 uasaniszeanaldissuanasalunsiin 2
class DisabilitySite {

private Dollars charge(int fullUsage, Date start, Date end)
{
Dollars result;
int usage = Math.min(fullUsage, CAP);
result = new Dollars ((usage * _zone.summerRate() *
summerFraction(start,end))+(usage * _zone.winterRate() * (1 -
summerFraction(start,end))));
result = result.plus(new Dollars (Math.max(fullUsage - usage, 0) *

0.062));
result = result.plus(new Dollars (result.times(TAX_RATE)));
result = result.plus(fuelCharge(fullUsage));
result = result._plus(fuelChargeTaxes(fullUsage));

return result;

protected Dollars fuelChargeTaxes(int usage){
return-new Dollars
(fuelCharge(usage) - time(TAX_RATE) .min(FUEL_TAX_CAP));
}
private double summerFraction(Date start, Date end){
double summerFraction;
// Find out how.much of period is in the summer
if (start.after(_zone.summerEnd()) || end.before(_zone.summerStart()))
summerFraction = 0;
else if (Istart._before(_zone.summerStart())
&& !start.after(_zone.summerEnd()) &&
Tend.before(_zone.summerStart()) && 'end.after(_zone.summerEnd()))
summerFraction = 1;
else { // part in summer part in winter
double summerDays;
ifT (start.before(_zone.summerStart()) |1
start.after(_zone.summerEnd())) {
// end is in the summer
summerDays = dayOfYear(end) - dayOfYear
(_zone.summerStart()) + 1;
} else {
// start is in summer
summerDays = dayOfYear(_zone.summerEnd()) - dayOfYear
(start) + 1;
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}:
summerFraction = summerDays / (dayOfYear(end) —
dayOfYear(start) + 1);
}:

return summerFraction;

A.1.4 gasalAnradllsunsun 2 uasandszanaldissunanasslunsain 3

class ResidentialSite {

protected static final double FUEL CHARGE_RATE = 0.0175;
private Dollars charge(int usage, Date start, Date end)

{
Dollars result;
double summerFraction;
// Find out how much of period is in the summer
it (start.after(_zone.summerEnd()) || end.before(_zone.summerStart()))
summerFraction = 0;
else if (Istart.before(_zone.summerStart())
&& Istart.after(_zone.summerEnd()) &&
Tend.before(_zone.summerStart()) && 'end.after(_zone.summerEnd()))
summerFraction = 1;
else { // part in summer part in winter
double summerDays;
it (start.before(_zone.summerStart()) |1
start.after(_zone.summerEnd())) {
// end is in the summer
summerDays = dayOfYear(end) - dayOfYear
(_zone.summerStart()) + 1;
} else {
// start is in summer
summerDays = dayOfYear(_zone.summerEnd()) - dayOfYear
(start) + 1;
summerFraction = summerDays / (dayOfYear(end) —
dayOfYear(start) + 1);
}:
result = new Dollars ((usage * _zone.summerRate() * summerFraction) +
(usage * _zone.winterRate() * (1 - summerFraction)));
result = result_plus(new Dollars (result.times(TAX_RATE)));
result = result.plus(fuelCharge(usage));
result = new Dollars (result.plus(fuel.times(TAX_RATE)));
return result;
3

protected Dollars fuelCharge(int fullUsage){
return new Dollars(fullUsage * FUEL_CHARGE_RATE);
3

A.1.5 gasalAnuasilsunsni 2 nasaanissana ldiasunAnasslunsaln 4

class ResidentialSite {

private Dollars charge(int usage, Date start, Date end)

{
Dollars result;
result = new Dollars ((usage * _zone.summerRate() *
summerFraction(start, end)) + (usage * _zone.winterRate() * (1 —
summerFraction(start,end))));
result = result.plus(new Dollars (result.times(TAX_RATE)));
result = result._plus(fuelCharge(usage));
result = result._plus(fuelChargeTaxes(usage));
return result;
b

protected Dollars fuelChargeTaxes(int usage){
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return new Dollars(fuelCharge(usage).times(TAX_RATE));
}

private double summerFraction(Date start, Date end){
double summerFraction;
// Find out how much of period is in the summer
if (start.after(_zone.summerEnd()) || end.before(_zone.summerStart()))

summerFraction = 0;

else if (Istart.before(_zone.summerStart())

&& Istart.after(_zone.summerEnd()) &&

Tend.before(_zone.summerStart()) && l!end.after(_zone.summerEnd()))

summerFraction = 1;

else { // part in summer part in winter
double summerDays;
if (start.before(_zone.summerStart()) |1

start.after(_zone.summerEnd())) {
// end is in the summer
summerDays = dayOfYear(end) - dayOfYear
(_zone.summerStart()) + 1;
} else {
// start is iIn summer
summerDays = dayOfYear(_zone.summerEnd()) - dayOfYear
(start) + 1;

summerFraction = summerDays / (dayOfYear(end) —
dayOfYear(start) + 1);
}:

return summerFraction;

;

A.1.6 dasalAnuadllsunsan 2 uasandssanaldlgsunanasslunsain 5
class DisabilitySite {

private int lastUsage(){
int i=0;
while(Creading[i]!= null) i++;
return _reading[i-1].amount - _reading[i-2].amount;

}

private Dollars charge(Date start, Date end)
{
Dollars result;
int usage = Math.min(lastUsage(), CAP);
result = new Dollars ((usage * _zone.summerRate() *
summerFraction(start,end))+(usage * _zone.winterRate() * (1 —
summerkFraction(start,end))));
result = result.plus(new Dollars (Math.max(fullUsage - usage, 0) *
0.062));
result result.plus(new Dollars (result.times(TAX_RATE)));
result result.plus(fuelCharge(lastUsage()));
result result.plus(fuelChargeTaxes(lastUsage()));
return result;

A.1.7 gasalAnradllsunsun 2 uasandssenaldissunaAnasslunsain 6

class ResidentialSite {

private Dollars charge(Date start, Date end)
{
Dollars result;
result = new Dollars ((lastUsage() * _zone.summerRate() *
summerFraction(start, end)) + (lastUsage() * _zone.winterRate() * (1 —
summerFraction(start,end))));
result = result.plus(new Dollars (result.times(TAX_RATE)));
result result.plus(fuelCharge());
result result.plus(fuelChargeTaxes(lastUsage()));



157

return result;

}
private int lastUsage(){

int i=0;

while(reading[i]!'= null) i++;

return _reading[i-1].amount - _reading[i-2].amount;
}

A.1.8 FasalAnuadllsunsui 2 uasaniszenaldissuanasalunsiin 7

class BusinessSite

{

private Dollars charge(int usage)
{
Dollars result = baseCharge();
//fuel charge
result = result.plus(new Dollars (usage * 0.0175));
//add in the taxes
Dollars base = new Dollars (result.min(new Dollars (50)).times(0.07));
iT (result.isCGreaterThan(new Dollars (50))) {
base = new Dollars (base.plus(result.min(new
Dollars(75))-minus(new Dollars(50)).times(0.06)));
}:
if (result.isCGreaterThan(new Dollars (75))) {
base = new Dollars (base.plus(result.minus(new
Dol lars(75)) -times(0.05)));
}:
result = result.plus(base);
return result;

}

public Dollars baseCharge(){

ifT (usage == 0) return new Dollars(0);

double t1 = START RATE - ((END_RATE * END_AMOUNT) - START RATE) /
(END_AMOUNT - 1);

double t2 = ((END_RATE * END_AMOUNT) - START_RATE) *
Math._min(END_AMOUNT, usage) /(END_AMOUNT - 1);

double t3 = Math.max(usage - END_AMOUNT, 0) * END_RATE;

return new Dollars (tl + t2 + t3);

A.1.9 dasalAnuadldsunsui 2 uasanissanaldissunanasalunsain 8
class DisabilitySite {
: int dayOfYear(Date arg) {

int result;
switch (arg.getMonth(Q)) {

case 0O:
result = 0;
break;

case 1:
result = 31;
break;

case 2:
result = 59;
break;

case 3:
result = 90;
break;

case 4:
result = 120;
break;

case 5:

result = 151;
break;
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case 6:
result = 181;
break;
case 7:
result = 212;
break;
case 8:
result = 243;
break;
case 9:
result = 273;
break;
case 10:
result = 304;
break;
case 11:
result = 334;
break;
default :
throw new IllegalArgumentException();
};

result += arg.getDate();
//check leap year
if(isLeapYear()) result++;
return result;

}

boolean isLeapYear(){
//check leap year
return (arg.getYear(Q%4 == 0) && ((arg.getYear() % 100 != 0)
|1 ((arg.getYear() + 1900) % 400 == 0));

'
a

A.1.10 gasalAntadllsunsay 2 vasanissanaldissunanasalunsain 9

class ResidentialSite {

int dayOfYear(Date arg) {
int result;
switch (arg.getMonth()) {

case O:
result = 0;
break;

case 1:
result = 31;
break;

case 2:
result = 59;
break;

case 3:
result = 90;
break;

case 4:
result = 120;
break;

case 5:
result = 151;
break;

case 6:
result = 181;
break;

case 7:
result = 212;
break;

case 8:
result = 243;
break;

case 9:
result = 273;
break;

case 10:

result = 304;
break;
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case 11:

result = 334;

break;
default :

throw new lllegalArgumentException();
}:

result += arg.getDate();
//check leap year
if(isLeapYear()) result++;
return result;
}
boolean isLeapYear(){
//check leap year
return (arg.getYear(Q%4 == 0) && ((arg.getYear() % 100 != 0)
|1((arg-getYear() + 1900) % 400 == 0));

'
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class ResidentialSite {

int dayOfYear(Date arg) {
int result;
//daysToStartsOfMonth
result = daysToStartOfMonth();
result += arg.getDate();
//check leap year
if(isLeapYear()) result++;
return result;

}

private int daysToStartOfMonth(){
int[] monthNumbers = {0, 31, 59, 90, 120, 151, 181, 212, 243, 273, 304, 334};
return monthNumbers[getMonth()];

}

=

A.1.12 dasalanrallsunsui 2 uasanilszanaldissunanasalunsain 11
class DisabilitySite {

int dayOfYear(Date arg) {
int result;
//daysToStartsOfMonth
result = daysToStartOfMonth();
result += arg.getDate();
//check leap year
if(isLeapYear()) result++;
return result;

}

private int daysToStartOfMonth(Q{
int[] monthNumbers = {0, 31, 59, 90, 120, 151, 181, 212, 243, 273, 304, 334};
return monthNumbers[getMonth()1;

¥
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package com.deitel.jhtp5._elevator.event;
import com.deitel.jhtp5.elevator._ElevatorConstants;
import com.deitel.jhtp5.elevator._.model _Floor;
import com.deitel.jhtp5.elevator.model .ElevatorShaft;
import com.deitel.jhtp5.elevator._model .Person;
import java.util.lterator;
import java.util._Set;
import java.util_HashSet;
public class ElevatorSimulationConstants implements ElevatorConstants {
// declare two-Floor architecture in simulation
public Floor firstFloor; //move to new class
public Floor secondFloor; //move to new class
private Set personMoveListeners;
public ElevatorSimulationConstants() {
// instantiate firstFloor and secondFloor objects
firstFloor = new Floor( FIRST_FLOOR_NAME );
secondFloor = new Floor( SECOND_FLOOR_NAME );
// instantiate Set for ElevatorMoveListener objects
personMovelListeners = new HashSet( 1 );

// return Floor with given name
public Floor getFloor( String name ) {
ifT ( name.equals( FIRST_FLOOR_NAME ) )
return firstFloor;
else
it ( name.equals( SECOND_FLOOR_NAME ) )
return secondFloor;
else
return null;
} 7/ end method getFloor
// send PersonMoveEvent to listener, depending on event type
public void sendPersonMoveEvent(int eventType, PersonMoveEvent event ) {
Iterator iterator = personMovelListeners.iterator();
while ( iterator.hasNext() ) {
PersonMoveListener listener =( PersonMovelListener ) iterator.next();
// send Event to this listener, depending on eventType
switch ( eventType ) {
// Person has been created
case Person.PERSON_CREATED:
listener._personCreated( event );
break;
// Person arrived at Elevator
case Person.PERSON_ARRIVED:
listener._personArrived( event );
break;
// Person entered Elevator
case Person.PERSON_ENTERING_ELEVATOR:
listener._personEntered( event );
break;
// Person pressed Button object
case Person.PERSON_PRESSING.BUTTON:
listener.personPressedButton( event );
break;
// Person exited Elevator
case Person.PERSON_EXITING_ELEVATOR:
listener.personDeparted( event );
break;
// Person exited simulation
case Person.PERSON_EXITED:
listener.personExited( event );
break;
defaul t:
break;

}

} // end method sendPersonMoveEvent

// set listener for PersonMoveEvents

public void addPersonMovelListener(PersonMovelListener listener ){
personMoveListeners.add( listener );

}

}
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NIRITA
ARA
NIM | NIV TCC DIT
AnimatedPanel 14 10 0.077 3
Bell 4 1 0.167 0
BellEvent 1 0 0 1
Button 6 2 0.2 0
ButtonEvent 1 0 0 1
Door 6 4 0.4 0
DoorEvent 1 0 0 1
Elevator 20 15 0.058 1
ElevatorController 1 3 0 1
ElevatorDoor 4 0 0 1
ElevatorMoveEvent 1 0 0 1
ElevatorShaft 18 12 0.037 0
ElevatorSimulation 26 10 0.034 0
ElevatorSimulationEvent 5 2 0.334 0
ElevatorView 28 56 0.043 1
Floor 5 1 0.167 1
ImagePanel 1" 4 0.111 1
Light 6 4 0.2 0
LightEvent 1 0 0 1
Location 4 1 0.167 0
MovingPanel 7 3 0.2 2
Person 10 11 0.139 1
PersonMoveEvent 2 1 0 1
SoundEffects 3 1 1 0
AnimatedPanel 14 10 0.077 3
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WR3Tn NCDM + NCDA

Animated Bell BellEvent | Button Button Door Door Elevator | Elevator Elevator Elevator Elevator
Panel Event Event Door MoveEvent Shaft Simulation
Animated Panel animate 7 0 0 0 0 0 0 0 0 0 0 0
determineNextFrame 11 0 0 0 0 0 0 0 0 0 0 0
addFrameSequence 1 0 0 0] 0 0 0 0 0 0 0 0
isAnimating 1 0 0 0 0 0 0 0 0 0 0 0
setAnimating 2 0 0 0 0 0 0 0 0 0 0
setCurrentFrame 1 0 0 0 0 0 0 0 0 0 0
setAnimationRate 1 0 0 0 0 0 0 0 0 0 0
getAnimationRate 1 0 0 0 0 0 0 0 0 0 0 0
setLoop 1 0 0 0 0 0 0 0 0 0 0 0
isLoop 1 0 0 0 0 0 0 0 0 0 0
isDisplayLastFrame 1 0 0 0 0 0 0 0 0 0 0
setDisplayLastFrame 1 0 0 0 0 0 0 0 0 0 0
playAnimation 8 0 0 0 0 0 0 0 0 0 0 0
Bell ringBell 0 2 0 0 0 0 0 0 0 0 0 0
setBellListener 0 d 0 0 0 0 0 0 0 0 0 0
elevatorDeparted 0 0 0 0 0 0 0 0 0 0
elevatorArrived 1 0 0 0 0 0 0 0 0 0
BellEvent bellRang 0 0 0] 0] 0 0 0 0] 0 0 0 0
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1M3TA NCDM + NCDA
Animated Bell BellEvent | Button Button Door Door Elevator | Elevator Elevator Elevator Elevator
Panel Event Event Door MoveEvent Shaft Simulation
Button setButtonListener 0 0 0 1 0 0 0 0 0 0 0 0
pressButton 0 0 0 2 0 0 0 0 0 0 0 0
resetButton 0 0 0 2 0 0 0 0 0 0 0 0
isButtonPressed 0 0 0 1 0 0 0 0 0 0 0
elevatorDeparted 0 0 0 0 0 0 0 0 0 0 0
elevatorArrived 0 0 1 0 0 0 0 0 0 0 0
ButtonEvent buttonPressed 0 0 0 0 0 0 0 0 0 0 0
buttonReset 0 0 0 0 0 0 0 0 0 0 0 0
Door addDoorListener 0 0 0 0 0 2 0 0 0 0 0 0
removeDoorListener 0 0 0 0 2 0 0 0 0 0 0
openDoor 0 0 0 5 0 0 0 0 0 0
closeDoor 0 0 0 4 0 0 0 0 0 0
isDoorOpen 0 0 0 0 0 1 0 0 0 0 0 0
DoorEvent doorOpened 0 0 0 0 0 0
doorClosed 0 0 0 0 0 0 0
Elevator changeFloors 0 0 0 0 0 0 0 4 0 0 0 0
start 0 0 0 0 0 0 0 4 0 0 0 0
stopElevator 0 0 0 0] 0 0 0 1 0 0 0 0
run 0 0 0 0 0 0 0 17 0 0 0 0
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1M3TA NCDM + NCDA
Animated Bell BellEvent | Button Button Door Door Elevator | Elevator Elevator Elevator Elevator
Panel Event Event Door MoveEvent Shaft Simulation
Elevator pauseThread 0 0 0 0 0 0 0 0 0 0 0
getButton 0 0 0 0 0 0 0 0 0 0 0
getDoor 0 0 0 0 0 0 0 0 0 0
setMoving 0 0 0 0 0 0 0 0 0 0
isMoving 0 0 0 0 0 0 0 0 0
isElevatorRunning 0 0 0 0 0 0 0 0 0 0
addElevatorMovelListener 0 0 0 0 0 0 0 0 0
setBellListener 0 0 0 0 0 0 0 0 0 0 0
setButtonListener 0 0 0 0 0 0 0 0 0 0
setDoorListener 0 0 0 0 0 0 0 0 0 0
sendArrivalEvent 0 0 0 0 0 0 0 0 0 0
sendDepartureEvent 0 0 0 0 0 0 0 0 0 0
requestElevator 0 0 0 0 0 0 0 0 0 0 0
bellRang 0 0 0 0 0
getCurrentFloor 0 0 0 0 0
ElevatorDoor openDoor 0 0 0 0 0 0 0 0 0 0
closeDoor 0 0 0 0 0 0 0 0 0 0
elevatorDeparted 0 0 0 0 0 0 0 0 0 0 0
elevatorArrived 0 0 0 0 0 0 0 1 0 0 0
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1M3TA NCDM + NCDA
Animated Bell BellEvent | Button Button Door Door Elevator | Elevator Elevator Elevator Elevator
Panel Event Event Door MoveEvent Shaft Simulation
ElevatorMoveEvent elevatorDeparted 0 0 0 0 0 0 0 0 0 0 0
elevatorArrived 0 0 0 0 0 0 0 0 0 0 0
ElevatorShaft getElevator 0 0 0 0 0 0 0 1 0
getFirstFloorDoor 0 0 0 0 0 0 0 0 1 0
getSecondFloorDoor 0 0 0 0 0 0 0 0 1 0
getFirstFloorButton 0 0 0 0 0 0 0 0 1 0
getSecondFloorButton 0 0 0 0 0 0 1 0
getFirstFloorLight 0 0 0 0 0 0 0 0 0 1 0
getSecondFloorLight 0 0 0 0 0 0 0 0 1 0
bellRang 0 0 0 0 0 0 0 0 1 0
lightTurnedOn 0 0 0 0 0 0 0 0 1 0
lightTurnedOff 0 0 0 0 0 0 0 0 1 0
elevatorDeparted 0 0 0 0 0 0 0 0 0 1 0
elevatorArrived 0 0 0 0 0 1 0
setDoorListener 0 0 0 0 1 0
setButtonListener 0 0 0 0 0 0 0 0 0 1 0
addElevatorMovelListener 0 0 0 0 0 0 0 0 0 1 0
setlLightListener 0 0 0 0 0 0 0 0 0 1 0
setBellListener 0 0 0 0 0 0 0 0 0 1 0
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1M3TA NCDM + NCDA
Animated Bell BellEvent | Button Button Door Door Elevator | Elevator Elevator Elevator Elevator
Panel Event Event Door MoveEvent Shaft Simulation
ElevatorSimulation getFloor 0 0 0 0 0 0 0 0 0 0 0 2
addperson 0 0 0 0 0 0 0 0 0 0 0 4
elevatorDeparted 0 0 0 0 0 0 0 0 0 0 1
elevatorArrived 0 0 0 0 0 0 0 0 0 0 1
sendPersonMoveEvent 0 0 0 0 0 0 0 0 0 0 1
personCreated 0 0 0 0 0 0 0 0 0 0 1
personArrived 0 0 0 0 0 0 0 0 0 1
personPressedButton 0 0 0 0 0 0 0 0 0 0 0 1
personEntered 0 0 0 0 0 0 0 0 0 0 1
personDeparted 0 0 0 0 0 0 0 0 0 0 0 1
personExited 0 0 0 0 Q 0 0 0 0 0 1
doorOpened 0 0 0 0 0 0 0 0 0 0 1
doorClosed 0 0 0 0 0 0 0 0 0 0 0 1
buttonPressed 0 0 0 0 0 0 1
buttonReset 0 0 0 0 0 0 1
bellRang 0 0 0 0 0 0 0 0 0 0 1
lightTurnedOn 0 0 0 0 0 0 0 0 0 0 1
lightTurnedOff 0 0 0 0 0 0 0 0 0 0 0 1
setElevatorSimulationListener 0 0 0 0 0 0 0 0 0 0 0 6
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1M3TA NCDM + NCDA
Animated Bell BellEvent | Button Button Door Door Elevator | Elevator Elevator Elevator Elevator
Panel Event Event Door MoveEvent Shaft Simulation
ElevatorSimulation addPersonMovelistener 0 0 0 0 0 0 0 0 0 0 0 1
setDoorListener 0 0 0 0 0 0 0 0 0 0 1
setButtonListener 0 0 0 0 0 0 0 0 0 0 0 1
setElevatorMovelListener 0 0 0 0 0 0 0 0 0 0 1
setlLightListener 0 0 0 0 0 0 0 0 0 0 1
setBellListener 0 0 0 0 0 0 0 0 0 0 1
ElevatorSimulationEvent | setLocation 0 0 0 0 0 0 0 0 0 0 0
getlLocation 0 0 0 0 0 0 0 0 0 0 0 0
setSource 0 0 0 0 0 0 0 0 0 0 0 0
getSource 0 0 0 0 0 0 0 0 0 0 0 0
ElevatorView instantiatePanels 0 0 0 0 0 0 0 0 0 0 0 0
placePanelsOnView 0 0 0 0 0 0 0 0 0 0 0 0
initializeAudio 0 0 0 0 0 0 0 0 0 0 0 0
startAnimation 0 0 0 0 0 0 0 0
stopAnimation 0 0 0 0 0 0 0 0
actionPerformed 0 0 0 0 0 0 0 0 0 0 0 0
getPersonAnimatedPanelslterator 0 0 0 0 0 0 0 0 0 0 0 0
stopWalkingSound 0 0 0 0 0 0 0 0 0 0 0 0
getPersonPanel 0 0 0 0 0 0 0 0 0 0 0 0
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N33R NCDM + NCDA
Elevator Elevator Floor Image Light Light Location Moving Person Person Sound
SimulationEvent View Panel Event Panel MoveEvent Effects
ElevatorSimulation getFloor 0 0 0 0 0 0 0 0 0 0 0
addperson 0 0 0 0 0 0 0 0 0 0 0
elevatorDeparted 0 0 0 0 0 0 0 0 0 0 0
elevatorArrived 0 0 0 0 0 0 0 0 0 0 0
sendPersonMoveEvent 0 0 0 0 0 0 0 0 6 0 0
personCreated 0 0 0 0 0 0 0 1 0 0
personArrived 0 0 0 0 0 0 1 0 0
personPressedButton 0 0 0 0 0 0 0 0 1 0 0
personEntered 0 0 0 0 0 0 0 0 1 0 0
personDeparted 0 0 0 0 0 0 0 0 1 0 0
personExited 0 0 0 0 0 0 0 1 0 0
doorOpened 0 0 0 0 0 0 0 0 0 0 0
doorClosed 0 0 0 0 0 0 0 0 0 0 0
buttonPressed 0 0 0 0 0 0 0 0 0
buttonReset 0 0 0 0 0 0 0 0 0
bellRang 0 0 0 0 0 0 0 0 0 0 0
lightTurnedOn 0 0 0 0 0 0 0 0 0 0 0
lightTurnedOff 0 0 0 0 0 0 0 0 0 0 0
setElevatorSimulationListener 0 0 0 0 0 0 0 0 0 0 0
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N33R NCDM + NCDA
Elevator Elevator Floor Image Light Light Location Moving Person Person Sound
SimulationEvent View Panel Event Panel MoveEvent Effects
ElevatorSimulation addPersonMovel.istener 0 0 0 0 0 0 0 0 0 0
setDoorListener 0 0 0 0 0 0 0 0 0 0
setButtonListener 0 0 0 0 0 0 0 0 0 0 0
setElevatorMovelListener 0 0 0 0 0 0 0 0 0 0 0
setlLightListener 0 0 0 0 0 0 0 0 0 0 0
setBellListener 0 0 0 0 0 0 0 0 0
ElevatorSimulationEvent | setlLocation 1 0 0 0 0 0 0 0 0 0
getlLocation 1 0 0 0 0 0 0 0 0 0 0
setSource 1 0 0 0 0 0 0 0 0 0 0
getSource 1 0 0 0 0 0 0 0 0 0 0
ElevatorView instantiatePanels 0 89 0 0 0 0 0 0 0 0 0
placePanelsOnView 0 18 0 0 0 0 0 0 0 0 0
initializeAudio 0 14 0 0 0 0 0 0 0 0 0
startAnimation 0 6 0 0 0 0 0 0
stopAnimation 0 1 0 0 0 0 0 0
actionPerformed 0 4 0 0 0 0 0 0 0 0 0
getPersonAnimatedPanelslterator 0 2 0 0 0 0 0 0 0 0 0
stopWalkingSound 0 3 0 0 0 0 0 0 0 0 0
getPersonPanel 0 1 0 0 0 0 0 0 0 0 0
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N33R NCDM + NCDA
Elevator Elevator Floor Image Light Light Location Moving Person Person Sound
SimulationEvent View Panel Event Panel MoveEvent Effects
ElevatorView elevatorDeparted 0 15 0 0 0 0 0 0 0 0 0
elevatorArrived 0 ) 0 0 0 0 0 0 0 0 0
personCreated 0 12 0 0 0 0 0 0 0 0 0
personArrived 0 3 0 0 0 0 0 0 0 0 0
personPressedButton 0 A 0 0 0 0 0 0 0 0 0
personEntered 0 & 0 0 0 0 0 0 0 0 0
personDeparted 0 12 0 0 0 0 0 0 0 0 0
personExited 0 4 0 0 0 0 0 0 0 0 0
doorOpened 0 5 0 0 0 0 0 0 0 0 0
doorClosed 0 o] 0 0 0 0 0 0 0 0 0
buttonPressed 0 8 0 0 0 0 0 0 0 0 0
buttonReset 0 9 0 0 0 0 0 0 0 0 0
bellRang 0 3 0 0 0 0 0 0 0 0 0
lightTurnedOn 0 3 0 0 0 0 0 0
lightTurnedOff 0 3 0 0 0 0 0 0
getPreferredSize 0 2 0 0 0 0] 0 0 0 0 0
getMinimumSize 0 1 0 0 0 0 0 0 0 0 0
getMaximumSize 0 1 0 0 0 0 0 0 0 0 0
Floor getButton 0 0 2 0 0 0 0 0 0 0 0

LLL
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N33R NCDM + NCDA
Elevator Elevator Floor Image Light Light Location Moving Person Person Sound
SimulationEvent View Panel Event Panel MoveEvent Effects
Floor getDoor 0 0 2 0 0 0 0 0 0 0 0
getElevatorShaft 0 1 0 0 0 0 0 0 0 0
setElevatorShaft 0 0 1 0 0 0 0 0 0 0 0
ImagePanel paintComponent 0 0 0 1 0 0 0 0 0 0 0
add 0 0 0 1 0 0 0 0 0 0 0
add 0 0 1 0 0 0 0 0 0
remove 0 0 1 0 0 0 0 0 0
setlcon 0 0 0 1 0 0 0 0 0 0 0
setPosition 0 0 0 1 0 0 0 0 0 0 0
getlD 0 0 0 1 0 0 0 0 0 0 0
getPosition 0 0 0 1 0 0 0 0 0 0 0
getimagelcon 0 0 0 1 0 0 0 0 0 0 0
getChildren 0 0 0 1 0 0 0 0 0 0 0
Light setLightListener 0 0 1 0 0 0 0 0
turnOnLight 0 0 4 0 0 0 0 0
turnOffLight 0 0 0 0 3 0 0 0 0 0 0
isLightOn 0 0 0 0 1 0 0 0 0 0 0
elevatorDeparted 0 0 0 0 1 0 0 0 0 0 0
elevatorArrived 0 0 0 0 1 0 0 0 0 0 0

cll
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N33R NCDM + NCDA
Elevator Elevator Floor Image Light Light Location Moving Person Person Sound
SimulationEvent View Panel Event Panel MoveEvent Effects
LightEvent lightTurnedOn 0 0 0 0 0 0 0 0 0 0 0
lightTurnedOff 0 0 0 0 0 0 0 0 0 0 0
Location setLocationName 0 0 0 0 0 0 1 0 0 0 0
getLocationName 0 0 0 0 0 0 1 0 0 0 0
getButton 0 0] 0 0 0 0 0 0 0 0 0
getDoor 0 0 0 0 0 0 0 0 0 0
MovingPanel animate 0 0 0 0 0 0 8 0 0 0
isMoving 0 0 0 0 0 0 0 1 0 0 0
setMoving 0 0 0 0 0 0 0 1 0 0 0
setVelocity 0 0 0 0 0 0 2 0 0 0
getXVelocity 0 0 0 0 0 0 0 1 0 0 0
getYVelocity 0 0 0 0 0 0 0 1 0 0 0
Person setPersonMovel.istener 0 0 0 0 0 0 0 0 1 0 0
setLocation 0 0 0 0 0 0 1 0 0
getlLocation 0 0 0 0 0 0 1 0 0
getlD 0 0 0 0 0 0 0 0 1 0 0
setMoving 0 0 0 0 0 0 0 0 1 0 0
isMoving 0 0 0 0 0 0 0 0 1 0 0
run 0 0 0 0 0 0 0 0 85 0 0
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N33R NCDM + NCDA
Elevator Elevator Floor Image Light Light Location Moving Person Person Sound
SimulationEvent View Panel Event Panel MoveEvent Effects
Person pauseThread 0 0 0 0 0 0 0 0 0 0 0
sendPersonMoveEvent 0 0 0 0 0 0 0 0 14 0 0
PersonMoveEvent getlD 0 0 0 0 0 0 0 0 0 1 0
personCreated 0 0 0 0 0 0 0 0 0 0
personArrived 0 0 0 0 0 0 0 0 0 0
personDeparted 0 0 0 0 0 0 0 0 0 0
personPressedButton 0 0 0 0 0 0 0 0 0 0
personEntered 0 0 0 0 0 0 0 0 0 0 0
personExited 0 0 0 0 0 0 0 0 0 0 0
SoundEffects getAudioClip 0 0] 0 0 0 0 0 0 0 0 1
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Class Method NOS NOP NOT NOSS
Animated Panel animate 6 0 0 0
determineNextFrame 8 0 1 0
addFrameSequence 1 1 0 0
isAnimating 1 0 0 0
setAnimating 1 1 0 0
setCurrentFrame 1 1 0 0
setAnimationRate 1 1 0 0
getAnimationRate 1 0 0 0
setLoop 1 1 0 0
isLoop 1 0 0 0
isDisplayLastFrame 1 0 0 0
setDisplayLastFrame 1 1 0 0
playAnimation 3 1 0 0
Bell ringBell 2 1 0 0
setBellListener 1 1 0 0
elevatorDeparted 0 1 0 0
elevatorArrived 1 1 0 0
BellEvent bellRang 1 1 0 0
Button setButtonListener 1 1 0 0
pressButton 2 1 0 0
resetButton 2 1 0 0
isButtonPressed 1 0 0 0
elevatorDeparted 0 1 0 0
elevatorArrived 1 1 0 0
ButtonEvent buttonPressed 1 1 0 0
buttonReset 1 1 0 0
Door addDoorListener 1 1 0 0
removeDoorListener 1 1 0 0
openDoor 8 1 3 0
closeDoor 5 1 2 0
isDoorOpen 1 0 0 0
DoorEvent doorOpened 1 1 0 0
doorClosed 1 1 0 0
Elevator changeFloors 2 0 1 0
start 4 0 0 0
stopElevator 1 0 0 0
run 11 0 0 0
pauseThread 1 2 0 0
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Class Method NOS NOP NOT NOSS
Elevator getButton 1 0 0 0
getDoor 1 0 0 0
setMoving 1 1 0 0
isMoving 1 0 0 0
isElevatorRunning 1 0 0 0
addElevatorMovelListener 1 1 0 0
setBellListener 1 1 0 0
setButtonListener 1 1 0 0
setDoorListener 1 1 0 0
sendArrivalEvent 5 1 2 0
sendDepartureEvent 2 1 2 0
requestElevator 6 1 0 0
bellRang 2 1 0 0
getCurrentFloor 1 0 3 0
ElevatorDoor openDoor 2 1 0 0
closeDoor 2 1 0 0
ElevatorMoveEvent elevatorDeparted 0 1 0 0
elevatorArrived 1 1 0 0
elevatorDeparted 1 1 0 0
elevatorArrived 1 1 0 0
ElevatorShaft getElevator 1 0 0 0
getFirstFloorDoor 1 0 0 0
getSecondFloorDoor 1 0 0 0
getFirstFloorButton 1 0 0 0
getSecondFloorButton 1 0 0 0
getFirstFloorLight 1 0 0
getSecondFloorLight 1 0 0
bellRang 1 1 0 0
lightTurnedOn 1 1 0 0
lightTurnedOff 1 1 0 0
elevatorDeparted 2 1 2 0
elevatorArrived 2 1 2 0
setDoorListener 1 1 0
setButtonListener 1 1 0 0
addElevatorMovelListener 1 1 0 0
setLightListener 1 1 0 0
setBellListener 1 1 0 0
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Class Method NOS NOP NOT NOSS
ElevatorSimulation getFloor 5 1 0 0
_dperson 4 1 1 0
elevatorDeparted 1 1 0 0
elevatorArrived 1 1 0 0
sendPersonMoveEvent 22 2 2 1
personCreated 1 1 0 0
personArrived 1 1 0 0
personPressedButton 1 1 0 0
personEntered 1 1 0 0
personDeparted 1 1 0 0
personExited 1 1 0 0
doorOpened 1 1 0 0
doorClosed 1 1 0 0
buttonPressed ] 1 0 0
buttonReset 1 1 0 0
bellRang 1 1 0 0
lightTurnedOn 1 1 0 0
lightTurnedOff 1 1 0 0
setElevatorSimulationListener 6 1 0 0
addPersonMovel.istener 1 1 0 0
setDoorlistener 1 1 0 0
setButtonListener 1 1 0 0
setElevatorMovelListener 1 1 0 0
setlLightListener 1 1 0 0
setBellListener 1 1 0 0
ElevatorSimulationEvent setLocation 1 1 0 0
getLocation 1 0 0 0
setSource 1 1 0 0
getSource 1 0 0 0
ElevatorView. instantiatePanels 48 0 7 0
placePanelsOnView 14 0 0 0
initializeAudio 8 0 1 0
startAnimation 5 0 0 0
stopAnimation 1 0 0 0
actionPerformed 6 1 2 0
getPersonAnimatedPanelslterator 1 0 0 0
stopWalkingSound 4 0 2 0
getPersonPanel 4 1 2 0
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Class Method NOS NOP NOT NOSS
ElevatorView elevatorDeparted 20 1 6 0
elevatorArrived 6 1 2 0
personCreated 18 1 11 0
personArrived 6 1 3 0
personPressedButton 7 1 1 0
personEntered 5 1 3 0
personDeparted 15 1 6 0
personExited 6 1 1 0
doorOpened 5 1 1 0
doorClosed 5 1 1 0
buttonPressed 11 1 1 0
buttonReset 12 1 1 0
bellRang 3 1 0 0
lightTurnedOn 3 1 1 0
lightTurnedOff 5 1 1 0
getPreferredSize 1 0 0 0
getMinimumSize 1 0 0 0
getMaximumSize 1 0 0 0
Floor getButton 5 0 0 0
getDoor 5 0 0 0
getElevatorShaft 1 0 0 0
setElevatorShaft 1 1 0 0
ImagePanel paintComponent 2 1 0 0
add 2 1 0 0
add 2 2 0 0
remove 2 1 0 0
setlcon 1 1 0 0
setPosition 2 2 0 0
getlD 1 0 0 0
getPosition 1 0 0 0
getimagelcon 1 0 0 0
getChildren 1 0 0 0
Light setlLightListener 1 1 0 0
turnOnLight 5 1 1 0
turnOffLight 3 1 0 0
isLightOn 1 0 0 0
elevatorDeparted 1 1 0 0
elevatorArrived 1 1 0 0
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Class Method NOS NOP NOT NOSS
LightEvent lightTurnedOn 1 1 0 0
lightTurnedOff 1 1 0 0
Location setLocationName 1 1 0 0
getlLocationName 1 0 0 0
getButton 1 0 0 0
getDoor 1 0 0 0
MovingPanel animate 4 0 4 0
isMoving 1 0 0 0
setMoving 1 1 0 0
setVelocity 2 2 0 0
getXVelocity. il 0 0 0
getY\Velocity 1 0 0 0
Person setPersonMovelListener 1 1 0 0
setLocation 1 1 0 0
getlLocation 1 0 0 0
getlD 1 0 0 0
setMoving 1 1 0 0
isMoving 1 0 0 0
run 26 2 5 0
pauseThread 1 2 0 0
sendPersonMoveEvent 21 1 1 1
PersonMoveEvent getlD 1 0 0 0
personCreated 1 1 0 0
personArrived 1 1 0 0
personDeparted 1 1 0 0
personPressedButton 1 1 0 0
personEntered 1 1 0 0
personExited 1 1 0 0
SoundEffects getAudioClip 1 2 0 0




FIN3199 9.3 ATNIRIIRANMSLIAAN TR sunINg 3

1IRTTR NCRA

Animated | Bell | Button | Door | Elevator | ElevatorController | ElevatorShaft Elevator Elevator ElevatorView
Panel Simulation | SimulationEvent
Door AUTOMATIC_
CLOSE_DELAY 0 0 0 0 0 0 0 0 0 0
Elevator ONE_SECOND 0 0 0 0 2 0 0 0 0 0
ElevatorSimulation bellListener 0 0 0 0 0 0 0 2 0 0
elevatorMovelListener 0 0 0 0 0] 0 0 3 0 0
numberOfPeople 0 0 0 0 0 0 0 3 0 0
Light AUTOMATIC_
TURNOFF_DELAY 0 0 0 0 0 0 0 0 0 0
Person TIME_TO_WALK 0 0 0 0 0 0 0 0 0 0
PERSON_CREATED 0 0 0 0 0 0 0 0 2 0
PERSON_ARRIVED 0 0 0 0 0 0 0 0 2 0
PERSON_ENTERING
_ELEVATOR 0 0 0 0 0 0 0 0 2 0
PERSON_PRESSING
_BUTTON 0 0 0 0 0 0 0 0 2 0
PERSON_EXITING
_ELEVATOR 0 0 0 0 0 0 0 0 2 0
PERSON_EXITED 0 0 0 0 0 0 0 0 2 0
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UIR99R NCRA

Floor ImagePanel Light Location MovingPanel Person Person SoundEffects
MoveEvent
Door AUTOMATIC_CLOSE_DELAY 0 0 0 0 0 0 0
Elevator ONE_SECOND 0 0 0 0 0 0 0
ElevatorSimulation bellListener 0 0 0 0 0 0 0
elevatorMovelListener 0 0 0 0 0 0 0
numberOfPeople 0 0 0 0 0 0 0
Light AUTOMATIC_ 0 0 0 0 0 0 0
TURNOFF_DELAY
Person TIME_TO_WALK 0 0 0 0 2 0 0
PERSON_CREATED 0 0 0 0 2 0 0
PERSON_ARRIVED 0 0 0 0 2 0 0
PERSON_ENTERING 0 0 0 0 2 0 0
_ELEVATOR
PERSON_PRESSING 0 0 0 0 3 0 0
_BUTTON
PERSON_EXITING 0 0 0 0 2 0 0
_ELEVATOR
PERSON_EXITED 0 0 0 0 2 0 0
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Long Method

Wnsen determineNextFrame 1Aaa AnimatedPanel

Replace Temp with Query

Decompose Conditional

LNgan openDoorluﬂ@ﬂﬁ Door

Extract Method

Replace Method with Method Object
Introduce Parameter Object
Preserve Whole Object

Replace Temp with Query

Decompose Conditional

LWNERA run MAAE Elevator

Decompose Conditional

WNsaA sendPersonMoveEvent luaang ElevatorSimulation

Extract Method

Replace Method with Method Object
Introduce Parameter Object
Preserve Whole Object

Replace Temp with Query

Decompose Conditional

WNS8A instantiatePanels liAana ElevatorView

Replace Temp with Query

LUNEaA placePanelsOnView luAana ElevatorView

Wnean initializeAudio TWAang ElevatorView

Replace Temp with Query

Lnaam elevatorDeparted lumang ElevatorView

Extract Method

Replace Method with Method Object
Introduce Parameter Object
Preserve Whole Object

Replace Temp with Query

Decompose Conditional

LNE8A personCreated umnana ElevatorView

Extract Method

Replace Method with Method Object
Introduce Parameter Object
Preserve Whole Object

Replace Temp with Query

Decompose Conditional

LUNE8A personDeparted lumnana ElevatorView

Extract Method

Replace Method with Method Object
Introduce Parameter Object
Preserve Whole Object

Replace Temp with Query

Decompose Conditional
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Long Method

WNS8A buttonPressed luAana ElevatorView

Extract Method

Replace Method with Method Object
Introduce Parameter Object
Preserve Whole Object

Replace Temp with Query

Decompose Conditional

WNEBA run ARG Person

Extract Method

Replace Method with Method Object
Introduce Parameter Object
Preserve Whole Object

Replace Temp with Query

Decompose Conditional

WNseA sendPersonMoveEvent luAana Person

Extract Method

Replace Method with Method Object
Introduce Parameter Object
Preserve Whole Object

Replace Temp with Query

Decompose Conditional

Long Parameter List

LWNEBA pauseThread lupana Elevator

Replace Parameters with Method
Preserve Whole Object

Introduce Parameter Object

Wnaam sendPersonMoveEvent luaana ElevatorSimulation

Replace Parameters with Method
Preserve Whole Object

Introduce Parameter Object

Wnsen add luAang ImagePanel

Replace Parameters with Method
Preserve Whole Object

Introduce Parameter Object

WNseA setPosition luAana ImagePanel

Replace Parameters with Method
Preserve Whole Object

Introduce Parameter Object

LUNEaA setVelocity Tupana MovingPanel

Replace Parameters with Method
Preserve Whole Object

Introduce Parameter Object

WNEBA run ARG Person

Replace Parameters with Method
Preserve Whole Object

Introduce Parameter Object

LNE8A pauseThread lupana Person

Replace Parameters with Method
Preserve Whole Object

Introduce Parameter Object
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AN397 4.4 (A1) Uszinnsassasd annulullsunsud 3 wasdsrunaAnesaniaue

1lszinm faeraailia AnTUNANE3S
Long Parameter List LNEaA getAudioClip lupana SoundEffects Replace Parameters with Method

Preserve Whole Object

Introduce Parameter Object

Switch Statement lWNsaA sendPersonMoveEven lWmAana ElevatorSimulation | Extract Method
Replace Conditional with Polymorphism
Replace Parameter with Explicit Methods

Introduce null object

WNsam sendPersonMoveEvent hAan4 Person Extract Method
Replace Conditional with Polymorphism
Replace Parameter with Explicit Methods

Introduce null object
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