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Emicy Coe instances

Waek ic " dhis" T

Weo da g give canstruche tnfo Tofill it Frolds?

= Job F onstrucror: Fill new objeet with valves in it firds,
= kspecie) bype € Bhing (1) Hhat treakes § inikialinks e inshances of
Pne Dlofa ik
= Ai¥ovgh k comewbhat acke ke o mevod, 1tk 5s NOT o mednod [Function
= Wastackae it on Wty We a8k ks make o new Objek (Erangle ) aed
Fills in Xe Clalds of Liw new insbance.
™ ey ace NDT cmsideed meaetrs of the Lless
O fiunde B wllen § Grelde & '
® movhods metlods malce ve ke “clags Mt
= s oM normak meted | < pedfic Famriles o Follow
* fe name 6T dhe LONINURI MOSY match A LLASS Name
* Does ok have any reduin valie oc lun dype e cavee i+ dwnt
(2hoin anyHning... JRd osd ¥ Lecote insvantes [vbjeck
T comnot be called Hw way ek can
= Wpevee W8 run e \ine 0F Jawa 0de o areale oty irxs-l—o\nw,quo.
will set aside bne wiemory, necded bo make ik Gn¥e heap)
= 1F Rapws v mwdna menery o <ot aside loased a0 Bae Ci\AS of Hne
o tryctor
* sexe aside U\wdl'\ memby to skt b AL nomlers,
— DFker er—\cin% P pitee o m"’“"ﬂ _)Jawo\ $back Bae ng drutior.
= 0 <pecial Reywoed inside Hae ungtropor Hhat e Yo ¥t New
object o e initialived space
= j\¢ eesmnki m\\ﬂ awmemity poinke !re_@!(mle Lo Hw mmo;j"-l—\m\-Java
ek aside Gor M e Dlo&l(;‘:...so\’hﬂ ompubee aows Wiete ko send e
dota Huat 3¢ patsed thoougi e cluss Prelds.
— (eanthink F3b as e cuccent obico’c.
O pew Keyword, invokee hve pnstiuder & LCCe.c,l-\'vd\\) allocactes spoe Sof Hne
cevt olbojeck-
® the Lonctrucker Cilie Hne objek Fields of Pine curmentaljeck Lith bne
Bugword Llnic (lite dnis.on=2) .. bhis points o e pate (R
by MV, and Hae dejed bt (Ereld info is 30k Hpere.
- bﬂ Passing Youm 10 as eammc\ﬂ!) ¢imslar Fo hok we do Witk nodg




5.’(0"\9\& OF Q&W (monhliL %{iana\c, ((iDU’olL )(1] AW'cle, doUU& XZ, ADV'O'L Y'L,
e waskeudor 7, = in M Crass body R L R 73'\ {

® "P“Hic" MChaing Yhat sy tile (an 0se the Bngteurtye @ this.ax = xi;

D Nume of ontnakoc (amhe ds pame of crass) this.ay = yg;

® alt e values Ene wonstVikee faes in | o build the obic_l:\' ;e Fhis. by = x2 )

Pa(ﬂML'HXS, ”'M\)iﬂ' Follow "\-\’p¢ * name " ¥ *—h\—5~cx = ij

©@ “wws” poiats b the new plece & memary that wim oSt eated this.ey =43 ;

< f Tel is
foc this instanie, and Fills the Crelds ("W,"\‘j )L\‘c-) :uo::f».L::‘;béE; . 3
with the data passed in Lj Vs Hough B pacamthess (x‘l.,ul)d-c.)
AmAAN
s FORMAT: this.Cname o€ C1e1d 1= Cnome of parametts 3;
Plow doyprealithe | — ysing dre Keyword “new”
wagkouuror ! M o kes e consisuthr ) and allocotes He merory Cor Wnis ren object.
1Xo\mp\?f of cal,l:‘aa Hhe | Ln biae main mety od;
WY 1u Lipe 7 T”““s‘e bectl = new Triama\e (59,15,3.0,60,6.0 40))
N —_—
gnm?‘NL\-lr { class( the valves of x1 41, ¢l eke. |
Objetk name fare € new re valves 16 the pacameters et by us

instamie of ahiu): Chve vsee)
When is "H!\isn impl\'ec\ — 1€ bhe name oF the €ield, is Not a\r(ad\lﬁ e name oF Boy locad
(aad con Vo2 ommit-ted )’ pacamelecs or Variables in Lae Fundion , Hhen Java avkocnedically
braveitas it o feld # " s objek . 50 tuis.” ix MoV Neccssany.
W QtHrin%, ket Fietld.

poblic T\'iana\a (dovble 1, Aww:jl, dove x7.,

dovlde 77., dwb\‘J31 Alovbl¢ 13\ i
Aeigorohby o

- BuT) i© Hne posamedes names of Hhe onsttudar motely We Freld names »then
we (ant vse  implied s bccavse ths ondear:
poblic Triangle (dovble ox ) doibk be, dovide cx,
dovlde ay , dwbk \’31 dovblc e \ t

B ompvter will agsume ypv are (eFercing o fe pacantier 0% » G
Ve Greld in e Ongveudkor , 5o it il E3 (o ot aly referente)
X e Fied ox li\b:ldmm wankiag it v,




Define instance methods

What are inskante
Mmescliod s 7

Row do qo decdace one !

Plow do you zall one

stakic  versos ighanie
Methods ?

abtaching Beinaviers ™ b ¥ oloject baak make ik possibic £r tioe objeck
Yo eewde adking o compyie thinog abovk HeIE jand returnan atswer.

- ﬁ)ﬂLHOfblproudvres that depend o0 the spreific instance

= ded inside W loss ody

—

Hrese Conckrions g yocute inshrvenong ko retuin o Valle based on inCo MMC\'&\A;)
for 22 o method B0t rervrne ~stfing. witiha u\ke%orj Tate Foro\k\‘a«a\c
b\o&u,\_ (4 calene , 1totelcs Iutvi\ox\-&m\) (Fler dp\'nj W eckidng withvihe
Lo —ord valwy

without o “¢latic” K&nword becavse Hhey acen'y 31»50«\ fdjlﬂ.ra\ w-they arts‘zcﬁ“
" inslane of aa D\oSL()c{L(Aﬁﬁ

-

Called in main metwdd Wikl the "7 opecutor
reCecente . merhod () ! or
Hnis, \E\_Llo_\_‘ . Mt—\-\ﬁad(_)s of
&E‘ .mexhod L) ]
> Sdette t gencial ,puklic mevhods — Tagtance L only mave sence i referenced
-v%g':maa Prcovgh the UIS Bnrough o pacticular ingdante
Nome (i /wima keing vsed in I Ve&‘_"‘"—:‘%‘k Horoogyly te instane
& AIFE { lass ) obR ck's name
* coded in main MRMod * Loded in Hae dags boo\'f
Skatic dovble point:_distany (dovble x1, public dovlle area () 3

dovlole %2, dmble Y2, douMle y1)§ doble side o Trianje Main. riok_dithane (o,

reorq N\q\h_svﬁ ({Cyl-x2) ¥ (xl-xl)) ay,lox, by ]J

*lyl-yl)w (-‘11"5 M) _., double side e = Triangle Main -point_ distame (e by,

*This 1S aa example of o ex<y);
Shalc Meod, being. cane d dovele vide _ca= Trionge Mo . poin_ditaie (ex, e,
ox oy )'}

dovkie s = (side_alb +side.be +sidk.ta) [’L L)
(20T Mﬂ\"n.sﬂlf'\'(s *(s-side.ob) - (s ~
side_be) ¥ (,S-sido._u.ﬂ;

%

. caklina, (in main meatpd) !
S"\\s’«m -t printla (testl.area (“).



SUMMEEtc lasses and dotects —

Whav ove insanee Fields &
metods 1

What ace ¢lass Fields ond
Mudnode 7

What ic Hhne  Final Kuﬂwanx”,

What are o]c\i(l,k']_

sy hhow dees new” wice?

~ Fundamental vnits o€ wosKazkion in Jova
— Wﬁ ina (IQSS?‘?";"Q{' afe used +o Fill M with valves spu\?k
1) ey 30skanie of Fhe < lass oboject
'Q\Mv\\ objak wOkains +he Lawme Fio.\t'ksJ but He inskante metheds
60 ysed ko derive b assign wespetic valves for (an Field ina
%}vu\ instante .
* Ft)('.(x:’ briongle height, afea Uh\-e%ﬁf‘j Jete.
= fielde & methods in e class Jaoala fhat are not assodated with any
P‘N-\-iwla,r instanLe
— {"/\45 define Valrs ¥ helper mne¥mds fhet are associated with Hhe clau/
abstackion og a Whsle 3 ce. one_constant e for ey inskane. o e abject-
= distingoished by e Static keyword . (other ¥ran Haat ,declaced in Hx satme
way as nstante Fields )
= ix. named wasterty Hiat will b used inside te cla
« Lonwention is Yo declare siatic Geds @ 4 @ps and ©® it “Bipal Keyword
= Celds Hhat ace macked ag Final ton nevee bt reakigned afher the tnshrveles hag
qiven +Hoem Heir igitial valve.
= Ladn objeck is an instanue  0F the clais
(iﬁnorc MY mixing vp desminolgy befere , it doeseit eally motter +hat much
as \ong as 4ov undergiend the neept of an objech 3‘_\,_‘33_/_ (Tﬁ'ﬂm\’]\ﬂ)
(o e LV\S) ,80d 1€ all the wpasake instanues of e class (lesel fed2)
l\v'n)«fanju ,z-\—<.)
= an obRet 15 o Lolletkion 3 pamed Fields Pak rqwm.n* inFormaion
Alouk Hhat plojecy.
= Hae "skake” of an vbjul is refleded by He valves Lu(ﬂn“y asigned fo Huse Gields.
= e T daiqn” oF ao obyeth (aea W decisin G whak FieVS by tcluie in an o)
(eClecks ibs guropse (how Hoe pjeck will e veed )
- When we \"j"‘ “new'; e jd- back an ob\ied- aled new .
- 5_\/:/«0 Aime we call New’, we gt a Aiffeent new objtck whidn the LngiVUkar
Pren Gills Rt valves.



Whak 15 « piysial analogy = CLPSSsS = FACTORIES ¢
*blveprint b We dbjtrr = Arinskante Fields (defion i daka)

< ingkadize medhods (deFine ts loehavior)
* Fatkory's facilities & _ ¥ class methods

Bor clusses % objwk?

maintenante X class Figlds

— ORYECTS = WHAT THe FAcTory RuiLyS

S"M‘“o\rj of Wow Yo public class Point {
- Instance fields private int x;
kUd.Q UL\,\ H’\‘(\zll (each instance gets one) private int y;
Class fields private static final double EPSILON = 0.001;

(entire class shares one)

public Point(int x, int y) {

Constructors
TSR 5 53
this.y = y;
}
Instance methods public double distanceTo(Point other) {
e return Point.distance(this, other);

has access to this)

public static double distance(Point a, Point b) {
return Math.sqrt(Math.pow(a.y - b.y, 2) + Math.pow(a.x - b.x, 2));
}
}




2 ncagsvlarion
How do ypu detide what Crelds
o ake when 6&:51:@&\3 a cless’

\N\l\\% twis mt\—\/\nl‘p\oﬂ?

Whaek s eupsvlation)

What s e Y prin uple
of enwpsolakion’

How is +his done?

What is Hae 2 principle
o€ uncapsvlation )

How 1s this dore?

What ace access modiCrecs 7

Whar are twe Y actess mddiFias

in Java.’f‘

— (heose Frelds Bk Fondamentally identify Une objetk
*bae smallest sel o oo twak v an vse
— Dvoid dundaot Colds & Fiolds ok \nave reiokiondnips by eadhatvig Kok sk
‘dz_squjﬁca\\va, oo oRAk .
= niniMins amwnk oF ey vsed for Hoe objeh
= redves [allows o Yo avoid & (ot o g
= EX. The wvst (Cicien Way Lp define a square ia sk 2 CreMds:
O (o-ords oL the lower L€t oener

® a valve cegristoting tre widdh (WKdn 'S < ko heigh¥)
= e oncepl o \ovnd\?ma, daya (ov.a. Giends) {-D%c\-{/\g\* Wikth Yue o‘xm-\'l‘ons

(o) gerformed gq ynak data.
= Qe ki algy Lalled "ipCormadvion ‘(\"3\“\3-"
= Shield gn dbjects ipkeraols Faum ke cegk of ¥t program, in fALr o
‘prevent (pstanue fivvds from «Lﬁdll\\‘ﬂ“"j h@\) c\z\o\njcd_
* e aldle o (efout  jgkecnal Lode witaovk breoking exketnal Lodie.
= wing He private actess modifier
= Qxplicitly deCine  “gxkroal” and  “iaerael” Rihavior (%-'-Fido\s)mlws,
variokles thak ofe esptial Yo deining on dostraction vecses Haoce dhat are being used
e program, bukMnek Bae ysee of the program 06T oed 1o kaows aloost to uscil-) ,in ordes Y
* Make zode mMore modvlar
® Mae pbjttke tasiec b understand , Maintoin, use  and ‘W‘“SL
T By deFining an inkecCace
= Keqwords bhat ace usedk o wnrrol Hhe visiloflity & o\cc&i\n\\’\-y of
Ficlds, metnods, and eonshruckors in o class (con ober classes iovoke dois el

e\'iva'h. L omemlec is on\b acxstible (aole ko e called) from inside e
cloass body.... private Fields are “wmplerey entopovlaved” in Woeir dass,

Provedded o mewlxc is only acessilole From inside the Qass aod svbelasees.

defarlt © member acessible from anywhest inside the packoqe,

poblic L memleer auessible Fom anyuhnese .

Teer v 2

eneapwlati)
N

- privare” snd “pubic age vsed most 05N The olver L are generally for

speatal cases.

= if o madiier is spabied, assvmed $o be "defavl+”



Whak ace gqekkee mednods’

Why ace Yy vsefuy?

Wren <houl d you vse ‘}\‘\" mebnads?

How ace ey foematied”

What are seMec methods?

How are \-\,\L\j H!Mh\-\-{d ’I

\What (s Gebker validakion?

= Pelocding o encapsolakidn e Eields ina elass shinld be macked private !
so0 that Pece is no 1Sk of Hiwir valves \xinj auidmh\\\, d/\an%d or
monipulated \5\3 Lode in otner Classs .

= B mexhed (i acless ugvally ) that is poblic dnd is vsed o

rekcieve Hne valve [data from o preielar £ild in Yhe Class.

— STnu class Cields oce privae, i€ Gin mosn metned or olher Clowses) o wanted 1o piriee
and 0se W yalve of sonk €ield of on sbjeck | you cannct directly qet Yo it.

- By havins poblic gertes wtnods obbain the ield valve (which iy have
aLess Ao gince Hneyre in W same class os the €iedds) and dhea retun Wem
Yo vou. . b Cield valve i proYected

= Hae getter 15 @ sack o middle-man ok aows obnes classes b ve Fidld valves
withoob leing Akl Yo manipulate Yem.

- Nwm\{s Jeven i€ Yo o making o eullic Ciald G ome reason, ywr ende. will

be muce gecwre i€ Yo LonCiﬂurc iF Yo e actessed by o qeidec.

| methed name
Aﬂ\};f'- ( qut * fome of Cicld,

poblic d\ox\’l‘n\e atrl-Lor\SH/\() i

o Lamed case)

reborn le.na\—ln; 4
the Cield
— pulolic method Ga elass body) Haak seds oc vpdates the Yalve i€ o fin\d.
O WY waak Hoe user bole bk b ange Hae valve of a Cield of ke ini\-ia\\\, Jm)nsi(n
I gebler methods ace Mae mosk secvort Wy .

arbrikany NAME *

methed name Prgnlvig At e o)
N (same LonvenTon user Wil enkes »5‘;“‘
ginve Yhere's % quiyers) akes Hais ™ew
no reiuln vabe Cield L Abin A% an arquament
Name

Fype
P\l\c\\'c void lstt Lg“a-\-\,\ (AB\:‘o\& \U\%\'\Ai)i
Cekting & new valve M < \lna{-lnl )

foe bne (VLN °‘°3U

(i Hnat CieAd)
= ‘F the vsec ‘l”fits 4o et a F‘Q\A v on M (;.t. [ S‘\'\'f(\j i€
P Cind -'-bpg is J‘od\olt: o nesa_*i"'- nimbts foc a lengthh va\\kjtk.)-..
Pt 02 4o be o way foc e sebles MDA Fo cne(k & validake the

inwmine valve

= Rdd wde Yo chece Gbran Megal valve ;and i€ one is dekecied Hatow ao

\-o*-\\:u.w\«f
L€Cor vp 2nk Y poogram.




Lxomgle of vali duion

What ace decived Eields 7

How dowe store Aemn

Wample of a clags with

teapsulabon Yogics toverrd so
Cuc 1

Whet acs ;MM\)\'(N\L oL:\v.L\'S'!

explan a¥ron oF

public void <eklengtn (doobie lenghind) 7 why cks inverid
,LiF(lengiic D) i y
ot o o T gk B (gt i)

valve ,g
vpdate the valve \&\—’

s \ength = lengilad | I any o vatidatin passed
3
= o '\mo.simr\j "Ci\d” Pha is ackvally jusk a AeiaXion or “raos € ormahon
of o¥me Cieds.
™ ORNY need Lo be oA indhe clas Filds & doesnt nead 40\ eoe of
Pne pacamaters  oF Hhe  wnghevikar
° Qe xomple (M acea oF o square objtel when oe & the class Fiedk
is "\ms{-l.," o Y con derivt oes From Hre lengin valve. .
~ e than Shoring them | Weite & geliec method Gor it Pt indvly
e calevtarion
" the calavlabion con jusk e done on dRMANA. inside the gutec metmd..
poblic dovlae  opx Nreor O ¢
CeXoen fma\'\f\ * l.mg\-h ) 3

Java file = public class S‘j“"“’f’ i
privite enapsylaveal  Private dovole lena‘\'\l\]
Fields declae private String Olor

public SGI‘"‘(t (dovlae \mﬂsf"’;%\'ﬂ‘ﬁ:] wlor) ¥ public
Hais . \enal.-l,. - 1((\3\44 y et wrshvehr

bwis. @r = elor

u\a\‘-‘—ﬂd*u $
B ook X Wic dovlde qetlength () §
oy " ‘u\_ﬁ‘\'(a eu 1o oV b\e 3{1 LQ“S

P
em\:u\o\s §/ e lengiha [
I~ Pubhc S'\-ﬁ-l\j ‘j‘:“(bl-lr (—) %.

rtuca LD\M‘/’ 3

%

= Vaes that canaok be cnanged afler Leing initalited.

T if an objecks Fields ace immvlalle, Ha o s e bb\'\u\ ikef

T This 1s o 9004 fhing 4o have. By maing Field private and weiking apkter methods,
W have mode o Object immutalle.




— I_n’&r?aus ==

What ace Tobecfar?

How do t\/\uj AiFer {-’rvm

Clagses 7

Whatr goes in an inyerTae !

Whabt Yo yov neAa by

Mimplemeat” 1

Whedt o\(tw\gnaM\*(\S onventing
e Cloges U lodesCaces?

What ore tre ] obec Haings
ar Tokee Pates ace alloned tohaw!

Why are Stk o MeMaads llowed

What is the sewond E\m‘m& [

- An abstrar dova Sy et woves 1y Prwidg a will -undeshond, desuipon of
Wy metod thok M class pomiveg to povide.
~* Similac o & class ot ;
i is deCined n fbg own Jova Cile
s b inter face name is o "kype”
(st Like with st ) The Trianta\e .']mm oss RETNES & pews o\oiu\
of ¥ype Triangle )
* Pae name 0§ the i0terfate Shovld be Pae Same as the name oF e
Ei\e
77 Classes © nued ba Blly deine the olsjeck ... ErelAg, consiruckys, mebieds.
= TxecCates ! \hacdy any Lode JUST & Wisk o€ meMasd sigm\—ucu 5
fio Cields
= Thisa Rebof  mellods (06T Beie names nok e wAing of Herm) that
something Phat implements Bis loterkate s promising o povide.
= The \aleCarcas o unle (& Hae®ire all 26 tteg methnods) are delared
P\ﬂolx'c,\\l T ey have b bt w0 Yhar impl dic can vse Hum.
— Tis sack of ke a wotnd 5 evecy class Phak implements a pacticlac
LnkerCate mnd inclode o todtd implemintakion 5 eadn meckhned
defined In Hae Tnke Cace, and onvy - Hazse mekhinds.
= Qasses implement Todecfaus ... Yy specify Hais in Yhe axs definibion
vsing  bhe ™ implements " modiCier.
= implemiking Claises sk dedace tre metnods &b puielic
= Ln an eXample oF & Peogram Seeling Yo ceecde an aktrackiq of jut’r L
objeck , bhere Wi\ only ke ore clasg ‘\mP\cmenﬁnj e indes Fate .
(arWavegn 1k i ppgsible For geveral clases W imprennl L inveruee)
= TnucCoce , e Inderface is bypically famd 0Fbec e objeck dype
ook Poe clase is ‘-(obju.\- \‘\lpg,l I.mpl ?
— skatbie meods
*ie.,McHrods tauk art relaied bo Fne alosbmckion, Wt nok speeific o any given
obge Lk intkante
= Becavse |unlite fnglanu mc\-\nneks\),l-\/\f-‘j doo't need o speniCic instante of any of it Gelds
b be tmplemented .
= defavlt metheds  (the ONUY bime an i nekanve metwnd is allowed in e ipwecfoue)




What ace ae Fawl-l- me_\-\/.bo\sl)_

What do we do with Hnem?

Wk i< spedial aavt AEatt mtwods !

VWM PRSI ¢ class velsvs

inteckace?

HNow do Y "proarmm Yo
e lakcface?

= Lastace methods thak (an be implemented Juoded t(\-\-‘rr.\; Using odher
meMaods o€ Hae fnkerface

RS 0pposed Yo medmods Maat aciwis and Work ckim.*\y Wit the Giad valves
felirn sidediengrnl) + sidel ltnal-h())‘ redocn 3:.-\.—(&) ~ other. qet (X) + aet YY)’
yﬂﬁ_—ﬁ/ _ , 7

Conaok be a de Cavlt mtod Can be n Aefavth MEMr0d
= Blef baeir nature, Paey Lin dkvally e de@ined in b inderFace ratee o o
g‘deir_ imp'lc_wm\-ins Clads . .. in Y Indesfawe , we de€ine Hae meMaod
with Hhe Leyword Tdefavll”av ¥ beginning §
b deCavlky doode omelalolakion () §
feorn qek (X) —pRaer q¥ () + qatli)] g
= Lplementiog clos<es can <N (hoe Yo eI Yngic own implemeatation o Hx welod !
U ¥y ton vse Bne deCavlt... thay have Yot (oice.
QLhse:

|Trio\(\.alc I_m‘:\ .ja\(q |

P\)b\fc, Aass T(‘iaﬂalc.lmﬂ implements “‘iq“%\b ) * ¢lass Aefinihion

private dovlle ax) ] Ererds
*4)
pulslic Tr'umah (dovlale o  dovle 0\5\ 2

privare Aovble

Mis.ox = ax)) Waskrvckor
this.ay = ay;
3
?\n\a\\'e_ dovble dist (dovble M)i (3ded implement-atin
I of oA
dedared by
reluca L Yalerbact
3 INTSRFACE

| Tﬁm%\& R 3 avoa |

invesFav depinition o prllic inYes Fae Tﬁm%\c SL

lige 2E al) [ dovble  digk (ox)])
s A Signatores vee %
= When vl creake ned i08kaaues »F e abskaon bject (Bke inthe main wethol) ]
creake Wem o vbjecks of (Lotecfate] | caviec
Phan e "L\ng, (object naone |’
T wWewant ¥ Shore all bhe opjedts o all of ke clagsy et jmplement a erkain

nkesCare ... as dojecks o Me "inlecfare klpc,"



Lxample ¢ programwing to
Yoo Tevderfael

What is Hac oulvunl-a\ac &

Weapsylayion L

SUMMARY : Woar does
tnuapsvlation do?

SUMIRRY 4 How do we

<ueRd(+ Lactapsvlakion ?

i(\m\p; lakita " Reci fzc." K

public sratic vord  main Lskrnj 0y arqs) §
Triange {1 = oow Triange Imp (3 4 M
—~ — > J

namt o¢ LntecCace nawe »& Dbjuz\- elats

= new monge Tl Ty,

= Sveral dasiey an inpument W came TnterCace.
= Wikt enuarpsolabion | we o (eate new implemenyarion of
Ve M and VSE Bnt™ in our progfams - aad > one hes bo e Hhe v
= Sepacate an absteackitn inds bwo packs
@ 1 otesfaus ¢ eu\n\id\l describing everything Hoak oo o\,ju,\.labskad-ion tan
.
@ (lasses ¢ ]',mr\cmm‘r e muthods dickaled by bhe Tovfates.
— Deine qlskracions 6< one or moce interfaces |
¥ geMers and whbocs foc dicect aodfor decived peopeciies
¥ ober methok Hrak ace park of Wne abostttion.
~ And weite classes Haak implemeat one o more inkecSas 3
¥ Al €ic\ds within a clags are macked as private.
¥ eoblic longtruLhor
% mothods that implement any ioves Faeh) qusk ke pblic.
+

Tokinal mebhods macked ac privaie.

Encapsulation recipe

Make all instance fields private

N

Initialize instance fields in the public constructor

w

Add getter and setter methods as necessary to expose
the raw field values

IS

Carefully choose public methods to expose

«

Consider making an interface to clearly indicate which
methods are exposed




Taherikante
Whot is  invesitaoe 1

How do yw declave guperelasces

(VP \ sulaolc\&ses').

How do Yo wote Hae (oastVidor
© a Soclass?

- Fa&oﬁr\ﬂ ommon (ode  inko a svperilass,
= Whon ¢overad (laswes in o frogram have Several Lammonalitieg in Hacir
Glds  ond |or wedbnods ( w> ,We an cfeake  a class et conkaing
only the ommon mewoes — o svperclags
Pe well as Hoe individva) Classes Mok use (Ctxtend™) thet siperclats — the wloelages.
— fue esample & svperelass  Hhat tonk sing "uuxdress; " name,” and " age”
Bie\ds & melods (ovld be called  “Pergon®
* o e\l named *Shudent” cold Exend Yot Class ;08 will as add ihg own
Guas (Bre “ereait_\ons" ) Puab ace vnique bo e svbelase sbojeck .

*ean plso addits swa vaige metods |

1 Person
Bcsonfova | e Skvdent
sper Clads Professor
Sudent \] 1\ f rv&.&&v(‘.\]m/a
SulbLlads fuboelads
“Qudent” ﬂPr&S&m’h
inteert au  Peean

= superclasses normal Java Qasses Nothing. i lerent orspeia) aloovt them.

public clats Person & FLRN Aame
Frivu\t &Hinﬂ nawe ; 3
) pblic Person CSMIB nave) % K
T Hnig nawme =name
pUbtic Skcing 3&+Mml.(\i
-

sobelasses ¢ declare the inhecibange with e Wy word "ecdends” |

‘JUHR- clase Stvdnt exdends Pecson S
(3

*ove togh bne cless bodj isempty o ’ 3\~\JALM:“ isa “PEXSM\"JSD it

auhma\im\\5 inherits ol closs memltey oF the Person e lass.
Teg Stvdcat avkomatially has a qatNmn metnod and o fave find.
T ey Hoe we La¥e o Aen instanie oF  bae dvaelase e Sl-udmk))ue
012 alss LIV a aew NSTANLC 6] Mne Wpera\ass .. 4o conetuct o <ibelasy
0bCk e do ok have o code o few NKkuBhr, Ishead , catl Bne preelass
wnstrvdor vsing Reuword <o por [ gaumers acqs )
= Hr panmeite amuments ace Hhe Same pacumders et Hhe Supuelass wndvadr fakes in.



W alee A e cuioelass need
besides g onstrosoe with opee ]

How do sobelas s nbjnds extsy

in «!Q.mor\t 7

N‘M\— vs mulkiple ioheatance ?

Waen s ywobriple aneitante
alowed ?

%o inwecitance ¥ class extension:-ing

tin also be applicd o Lakecfaces

Waen wold yos peed invieertance

foc LotecFaees?

Lxasmpe o5 wolk iohecitonce
with  lalecbates !

— e_ssm-\-:a.\\j Hhe same concept as clling o cass’s mednod.
P\l\dk. class Stvdent exdends m/}:’_’___ (";:: .
public Shudent (String~ nave?) S, Wshadeves yov wank)
Supes (nawel. ) |

5%

calliog Hre foron clats angtvdkor ,Paseing in “name]" ag He Skrnj

o e "name” purameitc cequested by e Pocain clasy ungknetor
"’T@,c\'\ni(_o»\.\\a) np-H/h’na, 1 AN oF the Ciade & mcthods og Hhe SVPU‘(_la$$

d\l\-’b\*\&Hm\l\J exist in the svbelass

= The (ehvmed pefecenu for avew ola‘]‘a& of Hhe svbelass  con e declaved
6 either a Sbtlass bype o ik syeecelass Aype — bok reftdniLs
Pt to bine Same momisy a8 an dne heap!
Pecson ;lil\Fl'sh\Ef = new \’anesSDr("br.Ffshu—");
o
Profucsic jUFisher = e Prafesar (Br-Fishe);
*hasticatly mitkiple " (denkikiec” For Hae same object — Hnis is an example of
S\'N'\{p(. polymorphism .
= When o File I”as;/.’nkd-nu—[z‘k. extends mafe Hnan 0ne “Svpec” clasg
= ibis NI allowed for classes — svbelasses in Joya can oty have 1 pacent clugs.
= for inlecCaces? r gubindecface i simply a union of «ll +he methods dec\aced in o)
o0& Pae pactal inkerFaces.
= dest R exdeaded inlecfare is one ot adds meHods o an tristing interCace
= N ss Haal implementS  an  ExModed inkecFoce (aka syl —indesfFace’) g rea(virtd
ko oovide mernods for Pt indesfase RND ivg parent(s) (aka “Super-inkesSaes ")
= When You waat 4o de€ine o few e which is a tombrnabion of 1 shng mkrpmcs)
and need «single speci€ic object Haak implements same @b of inkerfauts

*wonk o bingle I-iE:}plo')(l:\- bo represtnt o speciCie ombination
o ( RimimMBR: the whole point ¢ any individua, inverfae File ikho  dekine (u

o ek G o ola.s;/afpjc.d- )
= DChen, invecivanee is just vsed b picke methods From a few inkchaes & Pl thens Yogutier vt
& wew iR Face Name — nokeven add ing any new methods
* Boe sobinkerfar aovides 6 bype name [ vaak Spetific Lombination

= ] exisHae_ inecfaces:
© pulrc inkerface Tossable §

ovblve void +oss Ty ( Print DnSpace barget) .



ek byoe of object will we povide
Yo Hae “Sv@n\t" metod?

S, What 16 e polt\\- ¢ mo.w'nj
ois new ipyecFace, “J"TS“‘“’R“?'

@ pobic inkeCace Trackanle §
Poink LaSpuce aqevPosibion ()
ectbor ek Veloctky ()
Ve ckor % \ecelecation L) ')
— new Guncrion we wand b create ” jipge’ Cunckion Hhat dakes in 3 dbjecs
Paab b i g 4o vl
= B gbjevts Unobacedracicalele T (ava plase mewd i Trackable invetan) @
* How do vt aow uheWnle we cantoss the dbjecks in We Ciesy plae? (art ,'I“fﬂk
Wikhout Aogslng
™ B3 “Hnings-Hreh-ace fossable” T (aka place juggle in Tossable inkiface ) @
* L6 Mae objetys bpscalle Lot not pecesarilly frackeable Hnen hiw will we track dac
dejetts i ordec Vo Lotdlnduem ater bacgion Waem
— Yolykion: reate a gew intecFaze Mok exdends Toscable BND Trackalle
pUblic iokesCae Jugglolle nkende Tossable, Trackalle §
3
"even i€ e have nontw gedlnod 4o add o dnie ncfae , being ” Juaglable” iy sk the
tawlinatitn 6} leing bota bscable & traccale
" defining Unis now inkesFace is #re ooty wa_ ko AcEine this new [vqle funcMon, e cavie Jogqe
Cequices 3 objecks Wot implement both boscalle f Havcdie
— Gine we gove e “foscolte % Hatl2ab’ | onioo o new name Wt L wrtake classes (dojebs) taek
ace an dmpl of &m\dn\z — Lot Yessable ¥ Lrackalde= qad tan Waen ke Fed into dne
19941 meWnodh waibinout eqcor.
5 ratce vord joge (Jogglee oL, Jugae okl Toggielle o3 )
= Qo mv QU ighecikance wita Ladufaces i esstabially o vaorkamvad do dne
Single -inheritante piic oF classes ...
* o s fic o "cedBall” gbject, B axa Pt (annok pxtend both Tixeable i
Trackude becavse molk—iok isnkalved, HOWSVER ik can implement an
invecCate wWhidn exdends otk o Hhote ... psseatially (,(’CWHIU' Hoe sae effect



Po\.émorp\nisM -

What- are some examples »¢
?b\\gmi)‘ phism?
© me 9olnma'p\nism

@ Pasametric Pol\amurphism

® ta mulkiple medndS
havedne, e pame

® Canstruckee olymorphism

\I\W\tﬁ vse Pvlﬂmorpmsmj.

- Type

0l [l
Mmanvy €acons '

— the prenciple of RUSIAG 0ne LOMMIN name or symbol Yy refer ko many diFfrnt related
\'\/\\.MS.
- Bq wnwpt in O0- prvarummfn? ;{hms vpin Miny M‘Wz((ﬂ. Ways.

= When an indcFace hay mvlkigle implemeatatiog Classes
*eg, Noici ond Sadnion are L clastes ok botn implemect T Sugles inecSice.
= \Whaen o class hos mvltiple gl lasee
"o, Studeok ank fofnc ace loobn "o’ phjtd oy wet as Sodent|frfesss gojecs.
T vsing qentfics (£T5) soa Field or variable can babe on At Aae bypes.
‘eq., 0€caylists ;arcagLishs can bt of a0y bype 3 Hw typtis declaced by Phe
oder attht kime that Hacy ace vsing sk
= teveral diferen) implemeatalions ('versions’ ) of Hae same wnednod
= theee are ] versiong o bhis
1. merod Overciding ~ inherited metod i overridden § replaed in bhe svbelass.
L. method Overloadiog™ ) medrods wihl, Hacsame fame kot JiCGereal in b pramelos
Mot Hhey Yake.
= multigle i versions of Hhe wonstruchr
= Conshrucker overloading. - onshrtess with difkeence in peravelers Joxquments
= allws peogramins b progeam Yo o

g

allows programmuss +o qrovp similar (vt AiFFereat) enkities or behaviors kogethes and

\N\Mﬂ— wee o wea ccl«l—ionsh\'ps'?

Waak is Bre " inslancest opw\'h(q-

Polymorphism —

- ivu\j (svclass Fype) ig-a  (svperclass dype) buk pol every (Superelass hype)
is-a  (svbelass bype)
- q_vu\j Qhvdeat s -a Pecsan

= Nok evecy fercan ig—a Shdend

= ey Poofgssoc is-a Person

= A Jaa operakc Used 1o Yesd ic-a relationships
def s aed Jane

=S fersan jane = new Person ("ane” ) as o person

it (iome. instanzes® Professor) §

| ]

s wibl
time ov} .
False ... haven'd speci€icd
What ‘lyee' of persan Jan is.

Sov k ("\Tamf_ isa proFesser ") ;




Wnatis ‘-‘QN— ws\-m'a?- - ﬁmin} on object inh o JiCFecent WWind o sbjeck ( from e }3‘”‘ inko a4 U‘\w',)
~ An objeck can 00l be kypecatt b anvther objeck & Mare 18 o qamvenbesd o
celakionsWip (ie. Shdent i5-a Pecsin)
Uxample o ype L«Sl-\'n‘a? fueson Ympl = new Pofesue ("Mmp”) ) T (reating « fofest dbjeck bt e
(eCectnce [hype f¢ & " Pecsan”
- kwl cae shly Bl Pre “PUSI” pack of bne Urcaded objedk becavse oF fne ’r\m;g_ Taod
we Whave a3solioked wikh tae name.
= Now | we wand o creake anew objeck Mk typecask "Ravpl” inke o (rofisac
bype codvec Mnan o frsor bype
Prson Ympl = new Pofessr (“tmp”) R
Peokessar kmpl = (Peofessor) Kmpd )
vée ‘paraniieses with the desired, bype incide in ordec do e
sk Hne packieviar object o Maat h,pc. iy
What i o‘.owﬂCAS\"m'%? ™ & hype o€ dvpeiasking whee gou dele a refertne o go objeuk bast 13" byped as
e pacond class |, ank Fvrer it 4o Le ane o= Mg sbclasses .
~ boasially uhot we Aid i e tavp\e elave {wnilva it inko a mire specBe tyoe-
What 5 UPLas\-inaq~ = Hae opposite.
T Since we are agtag From Suboclass —clats we Kaow bred 175 RUNAYS quing bo uiork.
The®re ,we ackvally donk nted by rCorv Jne Yypecast | phe ampller can asgyme
Pre catking peocess.

T
* pmpiler Lan PR,
J

= e, upuasks afe \IS\ld\\a« implicit ; wWe dank hare Yo do e pasantivats N;“j[ e wl s )

Wow dos e amprite ek’ M ampile Hne. (a€a o ced linc eerot Phaak 15 slwwn befire o P Pﬁa‘.ﬁm]
vpcost a'ttempys? *@mplec can deCinitiRly  ocieon Gr May) bnc upeast using Pne dedlaced dype

1elationshifs n Yve code.

! “becavse Hhey cun be checled, explictt (asking is ntcesary

How does it dnee” hwneas) ~ At runkime - (ako aCwer gou hit ploy X run e progoan-) .. Hne comprter will at tell
atempks g G youe downzatt is ipgalid v\ o run Fa progom.

= IF the doneast is oot valid ) the cmpoke Waows « Class lagk Sxcephian,
Lroample 7 Pecson Rmp = new Professrr (“Rwmg') ; & |k person objeck | of bype Topfessor
Sttt ong$ = (Shuderd) knp 5 =B R@D R apobiezarapafocay
Wow do is=a relatizoships work. - ‘i,vu\a, lmpl ¢ (ass avbomatically Wes an is-a relakitnship with Hae \alecFace it

with Tntecfuces? is Tm plmepting fosikivnlmpl is-a  Psition  fur ex.
(an iokeritanwe Y imp\m‘“\“'m - ‘(e_s! A vbelass extends ibs superclass &l&mc(;m '\l\\ﬂu’m\—\\j a\go exttads He
exish doqedyc qprelass'  laveGace (). Think “onplements  as locing ak-the Yop of khe

inherkante he iracchy .



xompe of dhis?

How can we &Tn ovt e heirarchy

o€ an qﬂ\-m&(‘.\'ﬂ\\- ltee Hais?

U‘ms-ﬁna_ in Yais tyample?

luskie yeracting example”

— Method

Whﬂ’f methods can a oolﬂmbrgh\c

obgu,\— access |

x?

»

class P implements \ddech § 3 e hica laver A

ass B exdends P\imp\emm)rs loder® § ¢ o B is-a latech”

e A o " < v

B is-a A" & (s—a lokeB
et C gxdends g'\mp\.m\uﬂs lntecC §F ° C ois-a B ;50 Cis-a A" bo

¢ s laeB” 0 tsea l0MaB”
e "C ig-a lalec”

= We tan rason alooot Hese types as 4 graph system

Inter A IMecB  atere
N
a1 7
L [y &

= From Hais :‘mph ,We Ueac ln Roow WM clagses have rt,lo.ﬁMin with ¢ach other ,
wiich will help us Fiqure wb winidh wpeastiog, s & isnt prssible.
¢ RIMINMBZL: fn objet can mly ke vpeast b ancthee i€ Pre 2 have a
S-a rd.ﬁ.\-fons\nif -~ can | reacn nb:\l(.\' X Com ‘M"" ‘f h\a CDl\lwiU a
forwacd  pataof acrows 7 |¢ fot,no Oaruanteed vpcasking.
B ol pen )y
(nlech tefsLB = (LaterB)lekd ©  foma B objeck 42
I 1 an \ntarA object
— W kanw tretr B & “InterA” have on is<q relationship (thain § atfows)
B el : pew BC); CoMPILY —TIML {\vely say Yook
|erC FeshBsIL = (lokeee D dest SRADET: We <ot
A\ @ s ae goim Yo o0 bhe TakeC Objects - Hacy don't have an Ts~a relatingdhip.

clestd” s vpeast

T dein

Actess —

— When (,o,Lh‘nj amethod to an vbiect, you pnhj have attess o Hae metnods defined
£ Ve -\.\“,,, Yask YW dedlaced Hne objeck as (iie. ibs ceference).

= Shdent ok = new Shvdenk (Cavi Rumar™) )

it gqerlredits () Sk\'nﬁ %d-')\-nl-vsn

ypet st
caamp\e

\
ferson ovik L < pew Stvdent (Tavi t-m"); Todenk avik ] = (Skvdent) ok |

qd-ﬂam 0O




Wh&’f wthe "Object”class? [ The Mokhier of all clasies . pareal clas Fo an Llasses in Java

= AL dostes avkomatically implicibly inhieeit (% orkead) the Oloyact class.

= My gujeck oF any closs o ke inskantiaked asan objeck of Yype Object (polymorphitr)
Dkiec\' avik = new Student (awi Kumdr");

*However, -\'\rwj ace Pnen restidd o only te mclnods deFined in the o!.,!'u.\ class.

What metinds ace defioed: i Objeck T pblic boolean equals (Objeck 0)
class? = piblic Sheing ;nsmnau




Oveccidion and Overloading

Qecatt ¥ne 374 \‘\(();:{] ?olgmnrrbﬁsm
(A poeye o)

Whetis metnod, ow.m'o\inaT

Vo ¢ ovu'loaAfna, !

® Watn \;\\J\\-\'p\c nHndS Navedne, Same pame
= sevecal diferend imglemenkakions ('versions’ Yo€ tae same  method.
= L e 6 . Ovoreiding & Dverloadting,
— Woen Ypo it o methhod Foma pacent clags ond reglace it.
T Since gubelass has alctady inverited sk movhod, pvrriding. Bk st
WUk 3t b mednod (38 Afjined oy arny class) Wil R\ v,
= Svbules desices do have 1 own svbelacs - speeific implemakation of dre mebnod.
i Prwao\ing oviiple vecsions oF Bt same metnod vt wnich 4iEFec in Some way.

*in ?M\-\'c_u\ar).w\,_.j nave Xo diFec in Wi pammeiers A asg s \‘\mﬂku in).
= Can also pver lvad Woskrvetwrs.

-D ve.rm'el.mg -

When is o Dvesciden mednod

005 4o be waled?

What i g mpiles Aicerive?

Wy use penpiler Areckives 1

Waet i< @Overside: 1

(on we acess pacent class Gieldg
Waen ravm\—'mg wmednods

- Pm\d{—\‘me, ¥ called in eladion toits cbWtsPonAina "bl‘d' — even if He referente is
0S o pacend Llass.
e, sy Provessof has pverriden B foccon 3&\—Nmet) metaod to add "B in faok:
of Vv quilanel) Sirigy oo\ o f Cnuowﬂ\j objetks will vkl e overciddin elinod:
ReoSessor e.mil\s = new Professer L“Lm;l\ﬁ“\')
Pecson  omilY = new ProSesss (emily’))
= 4 one-word koken pazeded by Mne "€ sign ek is vted o itk Pac mpiler
e role o constmind of wialever is Loy ne 133
= Lonpiler con el ko make Sure H Loskmiok 16 dive § vocks.
= Gomptler diceldives are noknesessary | ampler will SH v % upile coke Lithaovt i
= usefulog u batks ki ko ielp oo vieck B o & qpoalt bugs & the. Youlee basically
\-«-\\U\a/ B wmpiler "make sore | dp what 'm Yelling qovl'm gring $o Ao, and F not
hen  \arn me, "
= 0 toongiler Ajrective b il nake sire Hhat the mexvad in quesion is ackvally
nednod yp've tnnerited
= e on ite pwa line Airu.\-\j before Mn ovecriden Mebhod .
™ Thuy ace OPTIONAL
= NDU When wiiking an oweriden Mol in Wz s0bclass, upu fun Ve +he problem Haat
e pacont class® Frelds are privake <o we L0’k 02 dnem *

)
qi:"‘::‘:x @Owvescihe
)

pouiic Steing qerNamel) §

rerorn "Ne, ™ + J

X Paie wit NOT wotle becaver “Name” i§ a private Field in tat Recson gupesclass.




Hiow do we cesolve. Bhis isgve

What is a vickval peyhod ?

Winet 1¢ tne " Final” Kpnworﬂ

What does & weaa whea Final ¢
ndded Yo...

o meXnod?

a Fia\d o vaciable?

o Class?

— 7 Solviions .
1) hange the gecess modi€ier fir tne pactet clas freld(s)  from
pﬁvn.‘rc. (neoaver only anessible inside closs body) o ()f 0‘\'?.(,{{(). (nemper
awessible enty From insihe clats & subclasses).
) profected String aame ] i
- 1ot Hae pest solution beravse we Wove Celaxed iy peotedkin o€ o Field Foc ALL Sublisiy
Ve <o Baek ik Can Le Guessed by 1 sibelass.

= qoes againsk e psvlation

1) (ol Fne oti%'\na\ (ot ovee ridden ) mettod o Hhe pacent class usina e Svper

Kruword
O lava @waﬁk'-
fooe) Sy foiom] §
ferorh "De," » UL %&“&W-u; '1

cWing pactak class' aeName metvod | whicn DS have actess b
Pae ocivake Fields.

= Cuper ™ CeRYCILYS yuu T bhe Svperelens versfin OF ¥he methed.
— The idea of always gy fo Fac most-overciden vesian of @ morhod (applicable b
Yae olojecx) , regpedless of e ossioned bype.
La dova, al metnods are Victval. (R not ok languages)
= e super Reuwrd i< blad i ke o boogle [“eswage” i€ woe won ko dempararily
Wi dne vicwalness o€ "Vighvalnus" 18 He defantt way

= makes Fields /w.l—\mk[uhjw\'s imovtalie

= ik means that Mask method tonnot be overcidden ‘oy 6 svbelass
= mokes ovesciding illeqal.”
pvblic Final Sh-{nj 'je'\'“a‘“‘(-)i
(ehom ... 2 %

—

Means Prak Hae valve f Foe Cield[vadaWle (g never be Unanged  abker instantakion.
fina) S-\'n'rB name
= meaas thal Mk clag Canast be €alended br have Svboclasses.

Final Qlag Pedfessor

i



— Dverloading Mebnods —
A%

How do we "Jsl—\'n‘jvﬁ\l\ betwern = gven Frovgh Baug have Hne sar ame, tre pacameder bsks muskbe difeccat:

'L oves\oaded mednodg 7 = £ &, ooe public vaid ‘mm\w_ui and ook P"\"'-" v oid promete Liny Sh*vﬂﬁ_

= Hae ceduin -\-\“ya db not have Yo be Hae Same,

= Prdter ex & wmeted Phet ies 5 pacamcles | and andthe mebhod iF e Satre name
Pank vakes L oparamekers & | pithin te mebhod el defavit valves For (Luviak teovid
Wave betn ) b b 3 parameMss.

Qh\\'““"'““"‘ W overloaded Metods? [ — They Wave ko howe the same Getess modifier

~  Have o have Br Same  Shalie /nun—sh-l'\'c status.
= Dvu\om\fnj Long¥cuctors —

= providiog mulkigle (StChors ¢ baey ewe Yo bave Aot pacametess
*so Haat Hne compilec nows whith (anstrvchir Yo ace Calling Ubseh on e grauaments
B wou gut: n.)
T U prfester conslncter Mok kakesin Giing name % sers defankt slabus 1o ().
PR 4 pedfessor Lonehvitor et takes in both & S\-ﬁng neme, & an ink Sudvs
W\!\‘j Use MUlkele conghructors | = (Vs cnveniont! Allows ypu 4o make wotext specific versians of o Lnsheucter (o
Wernod) o cecform Hae same adkion in different sitvatisns.
= 1l facdly feccssany — just makeg Lu&inj (osief
Whak- does it mesn bo dnain = e way for one conshucher ko call o A1 FRectol tvarloaded tastruchor.
construckors 1 *e.9. if you wack bo create o second Lanshveher Haat is fusk o ‘specta) Lase’ of bhe
firek qeotralitzed waskuckor
* this appies ko e Proffessor guample above
How do you do wnelrvoksr (,lM\'nfna’! = To call a Ai€Gerent oves\daked conshuckar Fae Lak line in vt coretn} onekevekar
Qhould Yoo i ((Cparamerers oF coostevtar being called J)
= 1f & onsbevehie  lrendy veing Hais() yik doesnt need e svper() call.

Lxamgle & dnainiag poblic Prdfessor (Sheiog name ik shabvs) §

,_mqhu\l'\
Loastruztocs S\)?U‘(,f\O\ML.) ; P calling parent class .
Hoig. Status = shatus ;) ¢ Sebing dojecs shahvs Reld.
v piblic Professoc (Skeing nave) T
[T
s thisCname, 1)) talling conghukoc 1

5

Fezearially | nskenckor 2 ¢reakes & new Pofsoor objeck with e Gk preset to 3 ¥




Pacamertic Polymorphism

What s a Fernecic ‘\-Wg'_'

How is « opresic c\ass JcCined !

Whatis a dype pacameiee 7

Whak bypes of data onbe vsed
in operic dype classes?

Toen how Jowe wse qenesic Llasses

when wWoreing with valve -\—Y?cs’l

= Using  qenerics (T >) soa Field orvaciable Can Yake on diSGerent data Hpes.
= A class o inkecfate tat takes o data *\(pe, as & pacameter.
= For evample, Lisks and l\rmjl,is’rs == Yty have 1o be declared vwith o spific Yype)

PrrayLis) £Skidenk > shudentlict = new Aranlist ooty
§ dectared
ype

= (\fhec Boe name & Wne class, use < 7 witha lesk of dype pacameders inside, o

00 as plactholdeey for real data dypes.

2 Bastally | we dont Rrow 1 bype thak Hhe class will vse 0oRL 1+ is iged So inshead | we,

(reake e class 0sing an acbitracy placcholder data dype — Hhe dype paramticr.

™ A bype pacametts (TP ) {sik an achumt data, Yype

= We de€ine all ¥t ode in ¥ne lass wck. the TP, Qg as (P it is areal daka ype
o wnd THEN julen the tlass is ¢alled dhe vser decdates the actval dotn Fype Waat Yoy
wank o vse I

Tal\ of the mentisns of thhe TP inside o€ the (lacs get replaned with Hhe actval data

Hype namt.
public cless Contoiner L2 § (ontatoer LS’\"M3>F°°(A = new
Pﬁ\r&\.—c i3 wnlents ) Container £ (“ h\.“");
public Container (TP ilem1) $ (:on\'a.inu- Ldvokle’> price = new (onbainer

Woveqks « ibeml ] <> (167

3
public T? qeb(ontents() §
reboen (ontents )
5
= Onee a0 vbjeck hes been creaktd wit a declacd iaskance hyoe | tae byge Can't be changed.
— ONWY  cefecence types -~ o-X.a. only objeuts (no valvv\-mns)_
=  Conrainer $10F> qumbecs  woold NOT wole..

= Java provids a Lakcesponding  fefecente type vesion For every vahe dype. .
* fo volve bype int twerc alts exitls an loveger pbject . object =
reCerence dype.
* bool — Bpolean dnar = Unarahec and ekc.
T 6 we wunk o (ontainer willh inbegus inside, jwe tan vse Hhe [(tegee object class instead.
Condainer { Lndegee > numbecs = pew  (dainer 25 (2);




How (LD W conver hebneen
\(\Xegwcs and ks (forex.) T

— The wompiler avtomoxi olly does Hais or us. Wt Hrak means i we can febriee
ik values From o gqoneric class of Nteqers wlo Waving o do an extes conversion
Svep. \ice versa for aclzl-‘:\3 int valg +o & qeneric class of lnkqu valg

@ ink cekinel = qubers. qer (onkeats ()]s cwoud rehwn T
(see previous page)

Reference tupes v, Yalve types

What i a valve *ype?

RLALL" What ace. Jova's
9 vaie -\'chs?

What is ditGerent aloout olc:)e(;\rs
(Vs. valve bypes ) 7

What is o fefecene er.?

= Adype Hnat is de€ined unkirely by its  yalve = 0 Sring & ones aod Tesces ok is
Shired dicecdy in memiry in Hneic speeificd \oeation.
“‘@ ink ¢ stored as e shing of ones % geres i U bytes of memary  { remember iok 15
sive  U-byke)
- 5\0\1 shock int lur\j
float dovble chac booltan
= erything else ovtside of these 8 items i an objec’c
= They aniskface shored in Hie heap (OokHn mc.manp
™ Wt fefec by them Haavgh o Cefecence in Haewneminy taak points b e
0cxual objeck in ¥ne heap
— Foc all objecks | tne vale o Hre variable (He dedared tame of an inshance of
Poe ob}) s actvally 4 momory address  Haat is stored in Hhe meniry.
= This mevory addsess isa Cefecence to Hne object —not He ackal sbject
itse €. The mem. addeess poinds 1o Hae location in ¥he heap where Hic

akval obju_\— lyves.

ik om = 2§ ¥ Hhis 1s & valve 1‘¥EE vacialle 5 Hne valve of
*

"oum® is bac ackval heing of Ds and La Hhat
comprice Hne 10%egec (located inmemany)

Skug Qe = “ela " * His is o feferenee Yype vaviakle ; the valwes

¥
SJNMY\' S'L: mn@wdm* ("df\"); Oe “\'\ﬂma" and " ovi" are mm\or\j addresses
b (tocated in wemory ) that Maen point o e actval
Sheing ack Shudeat objecrs (located in heanp).



Switch [tase shatements

What ace \-\Awﬂ = bask«“\] jvs"q qu,j vesion o6 i€ and  olee - i€ glalemends.

= We kake o yalve | 90 Yo eatn Case statemnt ngide e Lody & our <witdh % Lmpace He
vaWe ko Hac valwe assaciated with Mot cuse .
= The Find bme we Find o makth 15 whon we Skack exeevting | & Hren we beey exenting
unkil either
@ we Wik o “ovear) skaremert  oc ®Nc qet thovgh e whole bw\j o Ye swith
= The st Lommnn\vl vied Format is where all 2§ Pne cates ace separate § cathhends in
& oreak srarement o prevent you Som Fu.\\il\j MY Hae vext case.

* Howere oy can vse fm howerr yw wank cates can fall ifho o ther Lates.

How do you (ode o su\'*dﬂ{"““ ﬁ@ Compace Yo an 1F-elce Shatement ! Ceeenstl R aerae)
S\-cr\-uvm\-” String seasonToStr( season) { swih'.k (SMSDn) i
String answer = O
cose 0
(season == @) {
answer = answer = “Sering”
(month == 1) { K P 1 ’
answer = brea! 2
(month == 2) {
answer = tase 1
(month == 3) { an Y ne
answer = e o "Surmnec ’
breale 5
cose

answer =" Rvtump " 3
break |

answer Case 3

answer = "Winter®

breax

default:

answee = " sHll unknown "
%
= lhe volve Whay we are Qoing bo compare, wWith tach case .

> fne valve associated with Hae case ,uhich azbs compared with Hie main valve.




enuMmeratrions

When are erwmecations vse ful 1

Winat i bhe volve of Hhece "possibility” dgects”?

(en we tode withook envmerakions?

Lxampre ?

How wolld an envenceation make

Phais Prdcess canier?

How do vou Lreate [Coxmat an enven’

How do g ingkaoktake Yae e objeck

in aovtiner Llese ]

- ;A proqrammec - defined data 4711, Har hat o Pr:k@.'neg\ , finite et o

possible valves.

T Lnvmerakions = Ly enums = arevsvally declared inheic awa .jova file OR Ai‘!‘-“\y

0 ¥\ \oody o & Llass

= Whn wevant b limst He valves ok wa are warking it Yo a Einite seb o qossibilidies.

= The dava \-\ij in o cnvaerakion s gsokially o Uk o6 ke Aefined pss'»\o'\\'\\-iu

- wau) don't actvally have any inherent VaWE awociated With bhem — Haoy ace juzk

ng\oo\s fhak ety vs wrike (ose-by-uose LoAC.

= Yes! They jnt mave ProgEriming LASIE by making e spilec Ao fae haed work.

T Re 1o swikdh cate erample from previous page (Semsons)

° we gfe 3'-\’\""3 L) S\'ﬂf\j to & weotoin valve Laved o0 what season &7 | and we dadse
Wheaees by repreaent e AifFerent ‘ceason possiboilibies .. bukik s vp bous, a8 Hhe
V(thrq«\mf)\oo keep Hracle of which inbegur wrresponds o Whidh $¢osoN.

~eg D = spring , L=svame 13 pokumn , 3= winkr

* Also, we havets WY Alouk dealing with invalid or ovk=ef ~range inpoks & oHec (dqe tases
(Wi menne tht\a eateptions, ud\—i!g more code tke.)

= (¥ does dnis folo of LOMCKInG @ inveqer Lo aspecifie meaning o vs!

2 \nan gaum [ we VST cfeake the  qed o s\ﬂm\-b\s ( comptles arsocsates inteqers v 1A

the vidves g pder- Bt —tvosdk et donk Viave 4o worey abeout dhat)

= Now we hawe o speatic _ba,p_c_ (e.q Sason) Phak iy beused §or avaciokle , &

s v cialle Wil e reshicked +o only boeing one oF ¥ne defined synlbels (as spposed +s an infinike
fwekee oF inkeaees) , & tant be stk b somedhing noasensical,

= Now we also b ol oF Hhe nite type-safely & valve-salely popecties fat come vsing by’

= Ovie ophion is ko malle o separate class ewiept inshead f “public Qate " yov

Say “public tnum’

poblic evm  Jeason s * bre declaced name of e dype
SPRING, * The "Season” ¢num defines U passible valwes
WINTER,
FALL : = The Limthed sk & all postible "Seomn” yalves
QUMMER  Toese “obJecks’ seeve ag noting more e Supabols ;
'% s, we doa't need bo AcBine  twert Gurphaer |

*sShovld pe litkd in all caps

= via Yhe Focmat va\o\e,Tape.Nnmt . PUsS\B\U.T‘(NN‘\E;
= fic Seasen corentty = Qeason . AUTUMN 5




W\J\G)r % a

how vsi 09

feal xample of

envons is easiec |

— (MMPARS Season case example vsing Case skatements — NO TNUM |

-

f\lu\'L Shabie Sking SeamToShe (int season) §

S¥f\‘n3 answte = "Vakama” )

switew (season) §
case D ¢

answer
break |

Spring” )

tase 1

answer = "Svmmec” g
breaw 5
case L |

answor =" Pvtumn " §
break ;
Case 3 ¢
aaswer = "Winker” 5
breax |
default:

answic = "kill unknown”;| 3

VeRsus making the same cHatements

valic Shatie Shing <eaanToShe (

S\’(\\i\o.] answte = "Vakama” )

Seaton )

switon (season) §

case i

answer = " Spring” )
break |

tase
answer = "Summec”
brealk 4
case B
answer =" Bvtumn " )
break |
Case
answer = "Winker® S
break

defaull:
answr = " gkill unknown ") 2

* season is an ink gp ( basizally)
iaCinite possible input- valves

* manvally keeping Irack of whith
10} eofresp onde 4o whidn seaten

with an'enum |
. "“\( meMod bakes o SEAW\ onom

input Fram vser, fatiue $han an It

* The job o6 having o assign in}

vaWes iseliminaked ) just dnecie
each tase For the valve oF bhe

"Cecnon” oloject.




Composition and Agqregakion

What is ‘aneusil:l‘on %
aggregation’ 7

Whak gee Lavees of aoskadinn?

Why Vet methed 7

How e we djsHmSm'sh be-hweta

NP & ypmpler elasees?

Whot is Hae diffeceate \ehwen
%“ﬂaho“ b wm?mﬂ'iﬂn?

- "mak,r:\:j Swaller ghjeck work. bogednge

= 1 endpoint on & Spechum of program desgns alaut how objetts cetake do the dbjeck
Yhat Hey Loacapeuiate

= M X (mp ace ot relal-mshifs wheee one object enapsvlates inghntes o vihec thipke.
— The JitFerente falls 10 e relafonchips bebwen the auker and inner objocks.

— Kink % like Jne Nlqu\Lx]-\'.Jv of & class
- Fu( MR (omplex proa(ms ,‘NL \uu\\a DL:\E(;\( M‘:\i;\’nw oij\-g rather thaa huvfna \]vx[- _l__
Ovker elass wheee ewyfiing ¢ Flattened domn 1o jut frimive fnld — Phakic 1ong & dedions

v manaqe omele xiky % be able bo ceatan obovt Hoe velotionchi pt bebwetn objec in 4 mae

mtn«amh\c way) -
= Simple Qasus
* Fields ase primive chata Hypes | ink, Srm ke
"4 ddass s Smpy o "nkaine” for s daa
"Clasees define operativns on taeie Fields
ﬂmmgqﬂ:im (',omgxi\'(m
° the intecnal dbjeds can exisk inaeymknl-lj * The ioner olgjeckc canavt extgk withoot
an ovker Lookaining gljech ey acer't
meaning 1 withoul 5t

Withook on puter containing objeck
* inkerned olgjects have Lor howe potential o have) o

meoningfWl pucposc & e oside of Hhis object

= However, clatses can alio e @ blend of agq. & omp. —ikis a gpechrumn of

desSign dnsiees. |k can somthious be hard Yo say whtther o gelationship is an agq ora Lamp

- f\gﬂrcj ation —

Woak age spme Signs Mat a class

is us'mj agareaakion T

= The encapwlaked objecks are provided exkes n‘“'d'

= Some Lor andof Hne LnsHuckor's pacamedels are objects fam anobhet class

(RSN K SRS AR
an enticely Scpacsrel
AcCined cacs K

= Ther Moy al¢o o ty,-\-krs L «Mest g metods Wl Hne abil;\\j o romove bk dbject Fom

e class.

= Uncapsilated obpus ace kb indeqendiobly referenied wiside of +he acgqreqation.

= it By have Boeir ownlives” & vkilities purside f bne wirent class .. inclvding

prieatially being pack of o differend aqqregatin |
> Rogregation < taking indepeadent things & ghving Hrum Yogedher




— Composition —

What aee Spme signg thot a cless
is vsing (omppsi Hen 7

= Lacapwvlated objecks are ceaked intecnally ;
T usvally wita ¥ (o0sWULYOr — L pacamedors oF Hne (nghicks e, vsval data ypes,
acd ~objecks~ ace coeated Fom Hne paramelers inside oF the comuckor sack oF ‘op-the-spl’
= Vsvally o setters or aebecs for these internal objects —= they acen’t meant Ju be exposed o
Pac outside wor\A. Exceplion — diependency injection.
= jeliMle sign construutor osvally diesnt dave pacaratiecs
= Sncapsviaked dojecs don't make seone ookside of Hhe abstrackion
= ey vsvally aren’t ghaced with obwe abstrazkions,
= fncapsviated objecks’ funchions & ctales are oaly awcsible Hacwghn He
composition, e
= Oaly the wrrent class can call bhe objecks’ metaods of ceirieve info (qeers) about Woe
dbject.

= Compositine ho\wl\-nj intfanal packe & orqant l-hﬂ-on\\j lx,lmj Yo it

= (omyvsihon over Takeritance —

Whatace Hae 3 appmadves for wriking o
clase that implements mwikiple TodesCanes?

Detvion 1% Wp Whiecasdny

Wow does, Wi Vool in ey !
Opkon 7' \nheritance

How does Hnis \ook ia mmm&".

= Lxample for nokec’ A clase “MLTmpl” vhnicn implements Lnterfaces !\,5, NS C
® No hierardny @ Lalecitonce
® (om\»s'\\-ion

= Public class ABLImp! |mplemtads A B ¢ § %

- \>'\ru/\\\5 implement all 1€ e methods for A\l oF Hne indecFareg
A
ABLIMp) ®
[

= WY ingrane of ABCTmpl evisks Kidly in W heap.

= Works best i€ AR and C olrendy nakrly [end Baresedves fovacd some hicrmhj

ARG Zmp! (S
- @ public class (pe) Alempl implements A %'g 1
pe ABTLomp exdonds NImpl implemenls B § .3 ABLmp) — &
pe ABLLmel exdends ABLmpl {mplements ¢ $...3 ALl A
¢

= ¢ l\,B_‘L A\ruadj relaked in Same wmj)#m\ Unis is o lﬂood approach ko vse.
- <(.VU~3 inPeace o HBL Tl exidh in MMy 43 an Rimpt , B8Zmp) , M ABLImp) blyect (_plhnu-‘im‘m)




Option 3 (pmprsition — AB,a0k C cach have Hatic own basic implenbakin sbjecks ( Almpl 8Tmpl CToapl)

= Then, RBTwpl  WILL implement A,B,and C ..ok rather Hnan explicily o\ecm;“% i 0% Hne methods
dickated by He imectaces ik will deciopale its own indecnal private | okject B objed, and C objec

= So whenevee ARCTwpl feeds 1o do sometiog thak i promised o do asan Impl of A/B[c ik just durns

around and Uses its internal A/B/C obje Lt o dv Haat thing,

= Rrpproach works besk € 4,8, and € qre upnmh\g{i'\dWﬂM (untike with Degroacih )
= poblic lass ABCImpl implements A,B ¢ §
private A aloject
private & bObjeck

p)
privae  C t.Objec-\")

13
\'\““ &NS -\"MS \DDK in Mt‘ml\ﬁ]. - q Dbs‘lq_p\'s reared in \’mmaru‘ -(0f eadn ‘I\Sl'l.‘\u b l\mz_w\?\ o\“'eul"n.s well 68 4 A N 3JM4 C ,\,‘xg\-

Bolhoon Line: when do Luse invribante: [ = \When Yo, poblem seoms \neiracemical @ Jnhecibance
VeSS wm?usi\-\‘m? = When We. problem wmponents e independnt : CompoSi-HM
= When given Hoe dnsice ... FRVDL (OMeKITION !




Qlehratk and Conerche Classes

Whak is un abskact clags !

What is an ‘dlosdeact methvd?

Wh‘j wold Yo opk +d vse an
ooctcadt method ?

0K <o why even Vse a parent: dq\s/inhﬁ\’m‘a

at o.l\,iF it has ‘o be alostract?

What is & (onerede class?

Sypax fac madiney alskeack
Crelds £ melliods?

Con o class be marked abstroct evca

iFhece are no abstrazy metheds?

~ R dass masked “wlstract” canor be anghveed difecty | becavie it comaing alshact
mctnods.
= 1€ Wnece is ab least one abshratk mebhod in o class, the winole clayr muwk be marked ag
aostrack.
= Mk bave svlectasses o dbj oF the alistrack parent clasg tanant ke directly instontiated. .. has
b be o specific "hype” (svbclass) of {kgel€.
= [l methrod Hhat is de€inead in P parend clag (so ¥t any Partot s oL\]'u_l- an aliess .l) BT
1k Wies no implementation (meshod body ) fhat defines whab it dies . The mebhad Aeeds 1o be
owvesridden & speciPieatly defined oy every sibelass oF Hue pacent.
"Rs optried o tncreke pocent class | whnere tveey mebod 15 implmented, buk subdaties
on sHW ¢hoose Fo override Haem.
= (€ Haece s no sensible inploancakabion at bhe parcar class level , BUT it does mave sense for eveey inshance
W ne guperetass bo have anas bo Mae metaed. (.9, Person avi < new Shudent ey is sttt o ferson object.
- Fof@ o fttson parcak clas has Studeok, Pofessr, Mjunck, Rescardner, &  (omselor
Svbclasses | B 3&3&%;() methed makes gene For Qvery svloelass (eg e poxivion thak $ney ald
05 & hudink or emplryec) ,bob ik doesnt makc any Sene B Hoe parent claxs (o "Percan”
doesnt have o shatvus JYR)
* Therefore, we mack qetStatvs() as alostradk within bhe gareat class <o Haat we dont have b
define it there .. & eath subelast is bhen reqired bo deFine iks own imple meatation.

~ Remomlec, pacent classes ace defined as alstrack tven i€ Just 1 method is alstradt...
There @an gl I otber regular Mmetnods that malke su)cc.lo.ssinj vseful.

= The guepese o€ e paredk class is $o qatier all zommon popeikies in 1 place For Comveniene
It de€ines everylhing Ynak an objeck o bhat clas Should e (inovking al dojedts o s
svbbelasses),

= (lasses Yhat can be J.iRr.\-\\j onstrueked becavse ﬂb'unflﬂ is miseing.

public clags fersoa § -+ " effectivety declates fercan a3 an bshatk clasy Mtating

Yat plain fecson dojerts (an NOT be comtructed §

) : = ) E..- - n); ~$RROR -

private int Shous;

peblic Persin LSHinj name) g T
poblic Sraing gerNamel) §ud
Sheing gek Sradusl)

public * Unlile Uac otber methods, this absitact

one et o Corly brackers with Coded dcFiniYion,

= Yes! Sometimes we May waet to mark a class s alostract even i€ it is &"'ﬂ defined.




\N‘ﬂn mark & cless “abstrat” - = If we woat o £orlid Hne creaion df an vhjzd' ax parent class level, and force it do vie
iy is Q\\\hj delined ? a svbclasy  (even Wough 6\ ¥hae pacent class metnsds have reasnable implementaltions For
et lasses Yo Tnneeid)

= &asicull\o degeods on your(the programmer'y) intetions with ¥e projevk[akshaction.




Dependency Tnjects
What is (_ouph'mj?

When is (oupling okcua +o do?

\Ahen is Coupling marc ampliceted?

Loosely veesus higuly coupled code’

QLxample of a hiah\\a rovpled class”?

Wows dowe design a compositiv
'Hl\ﬂ\' G.vf?b(\‘s low - ‘Qup\i,ﬁ?

Whatis Sependency Lajeckion?

N

= When Hae definitisn 16 dne class hos & line of zode nak refetenies a diferent ¢lass bﬂm"

¥ cceates ¥ enforees a A'-F‘—“ACN‘- betncen the 1 classes.
“far @ public Vehide Tmpt Cint cadivs, Skring ame) §
Wheel Tonpl frootleft = new Wneel Tmpl (cadivs )

. Bj m\\\‘na $ica new ol:ju\'
of the Wweel Lenpl class
everybime a (ewicle Lmp)
object is contiruhed ...
aese 7 classes have formed
o dependency

Wheel Tanpl wheel2 = new Whee! Lanpl Condivs ¥ 23
|3
= Qasses whicw refercae tadn obece by name canndt ot vsed independently.
= The more dependent that a projedts classes are with eacdh other, B hacdes oy ace
to separate — but Hais isnt PLUNAYS a boad Hhing Somekimes Qaswrs dont need Yo be. separaled...
= Belween classes whidh are i Hae same fackage , becave they are alwayg R Yo exist
togqethec
* fecall the Jova impotte dnat you smekimas add fo bhe top of o Java File (iilee Math,
Arcaylist, HoshMap, Scanner, de... Haose ae ol packages of muviple clags fles
being impocted togetiner.
= When e Tould Lacqer sustems Yask vee moltiple packaqu b patkaqes shark Yo depend on tade odler.
= The best way d5 do Cross-packeqe Looglings is ab the level of the IntecCace
So Haet we don'l make assumplions alovt implementation.
*ie. having peivere Wheel footlett; as a private feld in Vehidc ). java fsab problematic on thsou
\—{i%\nln (ovpled (vde
*many fawcd feferenss hetween ¢ lass files,
even i€ Facy geeny dosely elaed.

= Syskums Lhat ace loosely tovpled are casier to maintain, modify , read , & eke.

- "public class VehicleImpl { -.Lnju.h‘nj Wheel and inﬂim objects

private Engine engine; -
private Wheel frontLeft; inke Maelclasy l"’“"’"%h e tonstructer
private Wheel frontRight; . . 5
private Wheel rearLeft; Vd'\\d(-]:mf\ s {"‘jlll)t\\J (Du‘)lcd with
private Wheel rearRight; - .

8 speciCic implementation o Hae

public VehicleImpl() (L“%QM' 3 Wikl Tnie ca
\J LA nNee (414

engine = new EngineImpl();

frontLeft = new WheelImpl(); o we '} - Moices abovt
frontRight = new WheelImpl(); Can't make different che
rearLeft = new WheelImpl(); what Kind of wheal of Rind of (ng(t\(

rearRight = new WheelImpl();

; (For ex,iF we wanled by vie some svlacloss

o€ Wheer )

- \>q>m:lm«.5 Inju.l—im !

- Wi\-ina a lomposed class in Sudh 4 way Haot allows vs 4 injeck Which Spei®ie inshance
of another clags olject 4o use...cathee Han the g, lass hard-coding Wuig into Hhe Lanshvior.

= A objeck(Llass receives oblaer objetrs Hhat it mquim[d;,mjs on, as oppried to «eating

Hhem inklmlly.
— Theee afe Severa) ways o suppod DL



Whak 15 one way Yo svepork DL !

Whak is acolvec WAy Yo suppoy DL ?

How dies DL change g class'

Stakus as o ‘(,ompasih’bn‘?

\Whakis he di€Cecente bekwean DL in

Lonp osilons  veequs aggre ja\-\' ang?

Battom Line: Whok are e pros
and s oF Az\!}d&f\lqﬁ inSu\-ian?

- Ir\i(d’ the obhiec classes’ objecks into the ompused class “’“’WS"‘ Seter methods

public class VehicleImpl {
private Engine engine;
private Wheel frontLeft;
private Wheel frontRight;
private Wheel rearlLeft;
private Wheel rearRight;

public VehicleImpl
engine
frontLeft

- Replate Hais... wilthh thjs:
poblic void sd—inﬂinc (inﬁfna e)?
Hhis.eagine = ¢ 3

prlelic void set Fomleft (Whel ) §

new/WheelImpl();

frontRight =“ngw WheelImpl(); -Hl\is.cm(\-\-le@{. c £ g
rearLeft ew_WheelImpl(); )
rearRight new wheelImpl();

..-o\r\JSbon

This is aoun as Setder injection,
conskivekor injeckion,
Yee dopdencies aregiven Yo Hhe dass ab tre bk of cngtructin — as paameders
Replace Hhis...witlh His -
public. Vehicle Tmpl ( Eoginelmpl e, Wheet Toupl €1, Wheed Tmpl f, Wheet Tmgh b, Wheti Lngl br) §
«.. (eonstretor| (oded... €
= You can alss intorporate buth setler & wnstruche injection.
= The class iS skl considercd o umpesitin i Yeres of objeck dmsn , Pre dbjedrs being infeded
ko Fhe class e SHl ik “iokecoal Lamporents” —
* Fhey are speeifie ko ais inshani oF e dass & 1k veed in odher insdanues of Hoe class
(€9 o diskinek gifeecent (daee Tl objeck qpes into qadn iostanic of  \elnicle Lngl )

* Towy doet make sente ovtside of W larger concept of K omposed class.

- Guk 5‘3 supporking DI, i} does Svack Yo {0k more live an mr(ﬂqam

DL i asgrtg:\ln‘m
* 0qqreqakions alceady basically suppott DL

by deign & definibion... & builk-in fealure
of an agarey aked alostmmction.

Disadvartagec
= Requires mor (ade to wnskewek o o deject ( \ikeein
Bre Main java clas s),ml veer eeds bo Know alovt
all 26 Huse dependencies bdnj il\S( cted.

MVN\\-A$S

- Makes ohiuh more. coofiqucalde ~ more

AUt Yo Lhne idea of "‘,ms\-qmmah e intecface”
= Lasier Yo weike isoladed onit degs
= ‘promotes loose Coupling of clases — Reqpics ware deyelopwat effoct

= Goes against “tonvention over w&iamh'm"



I,ﬂvt.fsim o¢ Con¥rol

What is  “redibional” wptest Elow?

Whal is inversion of contro)
(Lo0)

ok does tependen 2 I\'\SQLHN\
have vo do Wit ToC !

Txample 26 Toc?

7

— We stk execvkion in the mainl) method | & weweke eerytning else Shuigwt after = alew just Fhe sensital
inkuikive "Flow” ofwebing o program.
= Sinte we werte He Cieh procedure an e Shack Prame , we han Full copbeot over bhe execution of Hae
prograr
- Somekimes o ‘xnﬂmm is split vpinto 2 parts (perneps 2 pieces writkn by 2 indzpmdcntscparn\‘c
developers) ... 1 f +these gragrams
Basically | imagine e nave developed a piece of sofbware Hhab chill hat sme miss\'nj
(ononents [ can be made e sgecibi, bow o missing ingredient
> Ind now imagine Hiere is amobber sepacate piecc of sofbware (Fxx ex omethiog created
by a AifCerent develoger) ek wavaing Hhese ‘missig components’
= When we ore exeevting Hae Flow o6 gor program, tnere ace ey mmenks whor we Need 4o
Cely 00 We blhes gofdvace’s mpoents in srder ko G0 the missing answers in aue aVqorttan
<o when W all Hank obher omponent, we are <ffectively Ceeling wntro] o that progoam
~ Rod vice-viesa | i€ my program i3 Ahat obiur componcett, Uon in waitvabitn wktre. | hofk qut o ol
Hhe execvivn Flow
= QLone else decides When to catl ty mcthods & T am only allowed o respond bo Haose
metad calls
= Wecwbion 10mps in & ovt o my mebands
- This rerartonship bebween twe L wompontnls s called  laversisn of Control
*basically we ay dne programee don't always qet o control 4op-levl execulion.
SToC s a ammn programsing pdern for feamewarks.
“Cor £x, HAINK o & vser intecfar with bubtans € Hne code [sobtua Baak
pesCorons Hne ackions afler Hnt ulon ophe clicked,
= BT ¢ wnsideced a fim o€ ToC
7 DL s a vl paradiqm fir programs tnak vse LoC

- “"{mﬁ peXing with We Juva colleckions. framewosk
I l\(m\ﬁus\' has a Socking medined which kakes o ‘compacator’ igtesae as o pacameler

PecayliskZinty fiskz ntw (-\mBLk\- 250))
Ited. sork )

2

o P Lomparatse intecCute condains a wiethod to order L sbjedts (bvt sinee s an intecFar we can

oerrvde B weblnod ko cctate any SOrk that we waed ~tive merqe sock bublole atk ake)
* P spckl) mewed i wieiden enkely wlo sy omiledge aloovk vinat We sacking a\aorrunm will

Lok, like = sace () doest' cure albovt Pnok iks only opal is \o preseat a socked lisk ¥an Al(q\ﬂljg\ nkju,\-
and provide genecic Lode 40 do fhat.



Ace priva

\What does e interner (Oracte)

deFine " banee” as’

How dowe define “inveeibanc” in

Hais  coorce”?,

* Bk when Sorv () i actvally ca\ed, ok come poink Frere 15 Paat Crikical momat wheee T feeds
Yo cekrieve Hae alemeals in iked order — al bant poiot, He Lomparstor dojeck is injecked
inko that melWod and conteol i ‘aveeded” do Hhe Gmparator,

> The relabiongnip ledween Sock) and (dipacater S on example of I o C.

S _jahecited bu a 1

Ves!

= to wmean wheHe or ok bee private Fieldse § mebds o€ a parent class 6r¢ gecessildle by
e tode in & dvbelats

s ﬂ\l.ﬂ@lﬂ, Ocacle says Haak (xivnh wmls afen't inherited l‘j o svleelass

* Howee 1n Mais clags, we rzsnrd\ s conclvsion a8 {naccurate

™ ko wmean whetWe br ob P private Eields & celds wF o patent class are pack of Hne

orlass sbjuk (reated in memsry
* Teeefore | e aaswee Hae qiven queskin v Y15 !




Nw5: MiA\t“’\ hvitw &%‘M : Rm‘“""ﬂ‘) = kg point
— Gk SYeFEE -

WWat ig build  aviamatisn® = The gocues of Convecting “four source medtrial inFo A peodvet: Hank Yy aa ul-w.h)
JIVE to congumees — Leakes g, shippable Softwace preducy

= The ‘build pouess” is what does this.

Whak 4o Luild avkomakion Fools = They aviomate Ha tn¥ire bild protes For yov

Ao? = 0vr build avkomadion bvo 12 Mlaven

What i ...
a PoM File? ™ The main progedt File nat v vseina Maven project 5 Hhe con€igvration file

= wnkkain xml & s -}59-,0.1\3 plated in Yae ook o Hoe project forder.

= SpeciCiet varioos seting for Hre projecy

= M‘Q paccagy of 'Sd party Ii]armj thad 9ovr prject vses

o qum\m(a 1

A L = The Yemplare vied Por eceating 4 new (Maven) projeck.
& Prbifacy? = The Cinal Wi~ predvek PMar Maven aivts Yoy
- 9. the paquaco\ ovrpvi Ciledhat is prodved akthe end by « pevject.
e Lice tyte 1 - f confiqurable build grocess dask ; Al of the Jasks that- Maven i5 oy bormabing
Cie. Hae “byild dagks)
Whet does do ! = & cammand "“JN\ in the terminal fhar chandes which branda we ace wfrmﬂj working en
(e -9- e brandh that will move forward with Ladh @mmit) -
- b bk M b i)
How do we vpdate o code oo gt | +) (odkds all Filet Jy pewy ummit) OR
£roon Ane Yeemingl ] 7—) (Send cvde Fo version contest) (only add speciCic Files)
3)
How do we qet updakes (sw wwils) Gon | 2) (qevs sk recont pdates From vecsion control)
Qitave Yot  obees fave Lommitied? ) (merqes thance cwonges wibh oo Vocal dnanqer)

(m\“ vie i€ t,‘lw\gu are uusFlfd‘inj)
= Prcress MpdiCiees —

- k’"fJ“““ that conteol Hac vis'\\ai\\"rb % auusib\\ﬂc\’ o€ methhoks ,vuiq\-\!s)& £ields in o dass.
What is  erivare 1 > membec only anessible incide e luss lody

What iy defauiy ? = member ceesgsible fom anyulher inside the Pacicage

* potkages eyample © all of Hhe Giles & wde in our assignmeats $p fLar has been in one
Speei®ic Pa.L\La.ag.

Whot is provecred ? = member can 00y be acuctud within pacet dase & b vbalasses.

Whwat s pulblic ’I = momber can be actessed h:l anyone




~ Pnaremy of & Clags —

\Whek ace .. -
instonie Crelds
ass - Fierd!
conshv ke 7

\osvanee methods

Cl\ess werhnods?

W\r\o«\— are "(,\“sg mewmbees” 'l

private int x;
private int y;

public Point(int x, int y) {
this.x = x;
this.y = y;

}

3'"5”‘3"°e methods public double distanceTo(Point other) {
! call

e return Point.distance(this, other);

¥

public static double distance(Point a, Point b) {
return Math.sgrt(Math.pow(a.y - b.y, 2) + Math.pow(a.x - b.x, 2));
Iy
}

= e variallu which 0efine The atbribukes 06 bhe class
— ke thabic versions & Fhese Froldg

= low You Crenle  inikialil  an instance i Phe QL3S
= P fuackives ysed b» F5ll e Fitldhs or p€oim adeions teladed o eadh intme
of Hae class.
= Srurve Veaion § nshance petods — deFines a Metod. | ek associakd With
an\\ paltovlac instanie
> The mtthieds & Fiolds o class. Rur NOT Hae wonshructor.
*have Lo be defined b‘.\ e Skakic k:.anrA...oeru its an inshanze

fiale [Mtz\-\nod membler)

= Uneapslation Prinecples~

What is encapsilatisn?

Waek is b 13+ er\'nu")\: W€

uneapsylation

d
Zh prindple 1

How &b ¢ Suppact encapsulation ]

= pillar of DOF
= Lmbiniy data (e abbiboks § Eields)  cak metrods all Toqtias intd one
Qlass (buodling daka Wi Mne speralives pecormed an Haat daka )
gl for hiding Hae representatfon o an object From anywhere ovkside 4ue class.
= Do nobaxpme dhe internal cate oF an object direcHly ~eg declar Pn‘vah fitlds
* prokecks inskanw Fields fom beinq accidentally Cannged
" AWNows tnleran) code ko be fefackond Wio brm‘ct‘nJ exkerna tode .
" esseakiolly wpaatioq wWhat yw do inside & Lass fom whak vou do
ovkside o class.
- Sepacake expred behavior Lam inkeaal behayinr,
*Mack a0 instane Fields private
* Laitialite inghnce Brelds in ¥he pyblic woskvidae
T optRe @ selder gnethods



Midtetm 1 Stvdy, ruide @

Uit 1 *Java
Vodecpreted lunquages

©

(ompiled lanquaqes

e wa¥ein byilk ;o ‘MT“‘J‘ i(\\uw-\“—

et pacses £ indspechs st tode
B teevting

* Same re code Can tun on di€E
plarforms & pousucs

* {005 slowue Hhan ompled xx

* ¢ fyhann, Jovaserigh

= Java 1 Beak € Bot Wacldhg &

e ] | Tow Dot
(s Bl LR (Ie)

Ceofmpiies)

binary bytecode
(.cmss €le)
(not madnine~specific)
(non-exetotable )

—
Compiling

Lxecw Hng \104‘34_. pojects

* Thece s o machine-speeific rapler
ek parses + bramlates gec code into
Mathine - treevbnble (ode

" lower=1evel Speales diredly tomathine

* fons fostec an be highly opkimized

* tadnine -specic versions & Hhe tode

Needed for ey kind of prtessar
(ook universar) X x

< Sx' C)C++Jﬁ_us-\-

N \ y . DO
N so‘vq Vickval Mﬂdﬁm N
o L:’VM) ;4N *
((execves Hhe wde)
(iF€. versions exist for AiFE.
madhines ;mu\ﬁu-sp.v.iﬂg)

Code
Lecvied

Lxeey ing

T h\*“d‘“% : 'S‘d pas \'-3 'Li]-\'nrj (Ve JavaFX o J\)n;n o oAt vsed

in oor ?mju.\-

= M condime ,aV depeodency & sovrtecede files qet amplled [paceaged

inbe L .jac file (m unch £ _class Chyhernde) Ciles ardarved i one.)



|U(\'\\' 7 Objeck-Driented “‘%tmm‘@

T2 fligs Hm lationship bebween input § phe funchions ool onit.

T collecking daka Yoqelae a3 an absthckion $o Maak we can W W) Est
dake Lis 1ike Ha main class) Wo l\.‘fj 4o kaw e gpeciBies of how
Yaak deta s mainkained intecpreted, & uged . — mych easler

- A‘DS\'((AL"\.M\: P(DVQAU a weans Yo invoke "bhavis” & Save '\o‘]u\-x

of fue Class type.
Sheps §o OOP
® NOML Yae  albstrackiog -
® dedase ibs Gields:
*“privake” ble of encapsvbrtion

* NOT {aside ana metod

® deCine o Conshructor :

- kl.ﬂwond Hhis:
* Reguond inide GnCIrvGlar Haak poitt 1 ey dloest do be insbialined

"G memory pointer [refence 4o Hne ey spare Yaak Jova sk aside
for bnc new ohieck (WWen Hae e Kesward was vied by invoke e waghvihr)
RN mpies were o send e At Haok wios possed in Voongln e clagy fields.
“|€ Closy Field qases SO NET OVERLAR witt e names of any local
paramubers or vaciakles in Yo canskrvdor[meinods... taen this” can be

ommitied

£ Staric wilinds 10 insdance medlneds

- qprecel) public wednods
* 0ok Tashoue ~specifie
* ceferented Pacovgh Yne
Frak Huy are in °
dovble gide ko= Triangle. pointist
()5

* oy make o when Called farovgh
a packiclac inskonte
- (elacented Pooogh e,
>
Tﬁm\a\c Yesd T < oew Tn'm‘h Q;
dovble. asea = test Tei. ot Areal);

Oefioe instone metmds;
* execute nshruckions by relven

8 valve o¢ bhewior w

info fom the ficlds.
scaled oeing refeseate Ol et ()

= %e " Iatsmy £ a (lats” seckion of +he cevit sesaion nokes.
Nait 2 Encapsvlation|

= ficst see "gq npsvlatisn Principles” qection £ Hae ceview sessio nokes.

- NLMV\A'- Whanevee We (un o e o code invmnj a v, r M: prolte muisd ugeeh bo redeitve VAl dokn fom a

class’ (privale) €ield. LA

Jova will set olide tne awt oF eninry etded fo thre
*Usecs canaess doka ¥h having diceck Guess bo the class Frelds”

it = in e heap

* Rfter dn‘ma Wis, Java ey chasty the wnsinider. *BUMBYS vt Pt jeveen i€ yov ar e your Fitlds public for

— ghakic | fof - ob)2 Ot orienled S qiobat £ can be allal by amkody Some reasen.
= Jetler flk-derived Frelds | an smagioacy NEied” (in ok T s
o data Valve fnals relevant by your absitiction) Mnat i€ avvally 5k
& caltlerion be bansGrmation of vhnee Guds.
* ook dedast ik as o class Field e sy for ik (a 3Ue congHVdkUr —

T clovs membtrs 1 Th meads 4 fields o6 o < lags. Bot NUT Hue ustivsher

*Toey define valves £ helper mebaods ancoc. W Hoe cls as a vlole.
*hove Lo be MEined lw\ Yl Skakic kt-nuom\...ol-\nuw\'u

ihs an inshanze field [mutod tmembec)
* Lonshant values,

> objeck’ Gael olject i an Tnstance oF Wie class | & Pac objett
BE is Hre name of Fhe class (eqa objecr)
- Keywoed Finaloma...
° Method - methed caanot be overridden by & svberass
*field - Yalwe o Fiod [varible canart be chongud after the anstrvitor

indtantiakts Phem
AN} L gxlended Lhavt sv\u_\mm)

inskead, josk waite a qeier metnod Fox e *Ceald” & pecforon the Calcvlalin
direcy ingide Y method.
T Sehkecel public mihod Haak seks+opdales o fid 3
public void sekLangaliok leoghy) § fis \cogha= leaghe;
= geMer validaon' -\Mm.hg on excephien (in an (F-srotomat) i€ tne veec dries

Yo ¢exa Field tv on impevper valve { foc ex ,0 negakive it fue qu fiod)

eclass = class




Nm\r 1. 1nkr‘-nuu|

|
= ADT ok provides alisk of methods finak ooy imp\mm\“bﬂ dagg is

promising Yo provide & Loded impumeatakitn Fr= Sork o€ a Lonkrack.
= Pubticly declared ,AND implementing claswes misk declace all fmpl titkinods a3 public.

7 evtral Uagses an implement 1 inkecEare MND a claig can implement multiple

nke¢ Faces

= Dol 7 okne Hrings owed inside Takecfaces:
0

(sinee iy dont Bed s speetfic instonie's daka to be implemested.
®

— inshante mvbheds Haak can ke implemeated enkirely vsing
btaer metnody of the interface Lond o Gictdr), £X1 charn qer(x)-otuegeh (i) |
"Inplementiog classes hove cusice 19 use Ve defult mevned or deSine, e ow, impl!

— programming |,y Tplechre ! glace okjects as he Intecface bype t.q.
\lam tegummee © new Yot Longl
= Lowapsvlakion: sepacating an abshackion it 2 pacts :
1) Latecfaces 2) (\ayses
| Unit 3- I.nwi-‘mnul

T Soperclass ! Tegqlac dlase Lin Yecons oF code)

= gobelasses: extend e toperclass Liahesitall of ks medheds & Fiolds)
* T can Ase addthese pan exdea ('i'.lo\slm’qhok.
" §VLel0S8% aubomabically Lavoia’ oMl guperitul meerbess et vie tadends”
* SVoclass: constouckar: use soper (o) ag T Line of conshruckor bo essntially
"o\ Yoe postth o anebevcher Lo 6 i vt o asd)
= ingide pactabaetes: same pocameles args thak ace w(vim\ Yoy pe conshiveher.
polic Rerson (Seing namt)iJé i [t“"“" Shydenk (Shetng name1)

s
Inis.name :“qmz,') i :‘ SVper (“mm'&'\; _g

> sobelases tn mm\onax botn ceGereauts puink T bne Sume memory address in heap:
Peson vt znon Studek o) ne Drvdent avi = pow Shodesit (* i)
(Wnis is ex of Sbhype pslhmrrhkm)
—Wnak At does  mate in e rekrene wed bodedae o swoclass okjeck”
U ooy 168 siess o Mne medhods defined For e sbjecks denlaced bype
(oo Hae reCecenze ) — Petsen o =nes Shudeay i) is destanch a3 &
Pecson e & s (ant ates aay meueds Waek oce Specicts Shudeotjava
*&) i ok ovi = new Shvdent Cavi™) can ONDY auess bhe Object tasy’
Tequan” and “hoSiring” metnods,

— Mulkiple inhesitante whea & class exlends more Yhan 1 paseok class
NOT alwwed For classes bwr IS allewed far TalerPaws

= Tnheeianie witw TalesCaces

* Provides yaned siqnalires Gor its gareat LedecFare M\b?‘gmd‘mn}"
Toteckaces

T ofden used for Gieving o fens moMsds areoss severa\ Taterfoues oA pulling
Paem an Yogether



Uaik b & ccor Hand lin3

Woat is an  exception !

- W Story:

®

= et wotols hackware , & miskakes in comprter softwase omle Aunal,th.

> an vaerpesked, yavsval | oc abnormal sikvakion whidh arises Awmj exewwhon oF o program.
> $0Me (e anYicipaded by dne prograramnee & Havs dealt withn by b progam (¢.9. weiking wde +a
“Pran” excephions) ... obner Hmes, ey tan cavee the program o crash.

early eccor handling $heateqies —
3

\hot ¢ a “%\o\ol\ efroc eode” 1

How do we vse {hat yariabke?

Whar ace Pae issves with
S an ef0e handl\'rl’ Gm\-tw?

©

What isa speciar redven valve 7

Uow do Hnese wore with void Mednods?

Pow 4o Hoese worle withh fioisnol metlaads?

What ace ve drawbacks bo dnese eatly

e \W.A\:mj Sremkegins?

>N\ %\,\”\ vosiable (eq. public and statie) Hhat hag Trs own special Spvt in memory | and where an Vefror code”
is Shared o indicle i gamething has gone weng
T 6 ex) declading Hris ak Hoe dop of e lass:
public skaXic ink ercor_ code ;
= (Wheneves ‘N"““"ﬂ Ioes wong ,we hav wietha ahqny,su’mr_udg fo geme ot nvmerical tode, -
* Brtor Yo duis, programmer 1ot do KanaJAFine o Lisk o8 eccors & Hhe todes Hask corcespond bo Hoet.
- ““'OH""' e Lode/ program doe something here an ecroc D! e Wave fo check the evor vacioble
fo see i€ iv s ¢t =0 (indieoking noecror) oe i€ i bas chenged Yo o AFF valve.
=\ 1S onHne programmee ¥ kaww all oF Iese wodes & vat ey mean.
= 1E s o0 Hae progmmmr Vo veemersbar 1o e code Shecleing Gor an €C00r a-any Pt Where one Cold decor
* OMnecwise, Hre program ol just aphinwe oawna®Fecred seansing boigeec issves Yo acice laer.
~ Howe do Lleac ovk’ P vaclables value eragbime afler an efcor s bten lhandled.
- Q“l\a 1 vaciable ; i€ 4 cetond eftoc oves while Mae 13% gne is Leing handled, thtce i nowhere to shore ikt code.
= i€ o QK0 reduins some - oF-rang valve that it sWolld nod-have produced , faen thece 1S @ designaled
special (ehuin valve bhat is meack 4o ke interprebed as an estor.
- Al methods Paek we wovld mmq\\n dec\areay void (beeavse anj ace procedvear & dont need Yo cedvin
Onything) onld inshead ok bevoid fincHons: & wivld rerum & ovboee indicabing Hoe ector Gabis.
*for £X Dzsveess , <O indicwkes escor & AifFerant neg valves caerespand bo difF esars (as documented).
= For Oy, e Wag refecene bype is lattempredly) cehvined ) have We prograw rekora 0Vl in order o
signal an efrof.
T o LXE a intorreok valve 1S fekucned, VSe a0 odk— of-bovods volve de tadicate an cecor.
"@ Java's indexdf () method in Yee %\-ﬁnj Aass.
= T awnsishnt & convention - based
2 MeAnds must have ook - oF~range valves Yo we foc indicating Phak an efcor Oceored.
= Relics on dacomentation Leceared by e program's coeator) ko explain what Cacn ercor mtans —
* A0 this Jocamentativn needs to be well undersiood by oy obeee programmec vsing Hais prog cas.

= The programms is resporsible for cumebering do dneck fac eccers.

2 DIEGi Yo exkend in Purere dbvt\-pmn-\-
‘o8, inclvding gittucest ecrors ot iniHally coded into the SilvHon , few Features providing info abovt ercors, i .




i‘ xg,eﬁions - e 'modern ecror b

Whak ¢ excepkivn ha«ll.'na’{

What ace Hae bene€ils of e)w.pHm\s".

So whok ex actly & "enceptions” look

live in Java?

Do we oreake taese axueption objack

andling Skrateqy’
~ [ Comal metivd for Au\u.{—inq,gsmh‘ag LKk rc.spom\\‘nﬂ Yo ervors.

= Qveny progomming language (extept © ble ik M oldett) provides o built-in mevhontsm for exteghon
handiing.

1 Lonsistert exkensible, modvlar

s LXPOESSive ; (an eapras exackly what bype of eiror owcormed and Lan encapsilabe dekails dbsvk Hhe etsory

* Jre line of eode WMere Bne ecroc ocvrred s what hype of esror eke.
B Dependable, obviovs behavinr ;
* iF an ecror oceurs, Hne progrmmie Raows abok 1+ & L decide wineMar Lo handle it

"k Sah .

*programmer can designate cectatn pieccs oF He wde os being crivical , and have bais code ron & eativie

W0 matrer Whak even i an efcor pawss

~ builb=in exepbion hm‘\ilj aMows vs 40 dv Wnis.

- T}y,& afe cepresented by ob&(u\'s ‘

= Qery spedtic dype of errer qobs its own “exeeption” objeck vype (aka ‘tlass')

* fhese obiedks vse wnwpsilakion Yo shore details abovt Mo inshance- speciFic errar Hhal vk oauired.

* bhey dlso fuse inhecitanie ¥o dlasci®y Pne Kind of ercor Hnat scestred. |

= Nes, or oo specifit Oteds We can creake new  exwphion clases.

Ouccelves ? — BT Java alse provides builk-in excephion classes for commen ecrors

What tise dves Tova provide 1

*Corex, T\e 4o l\rﬁom_n\- i_xu‘;-l-l on FileN D—\-ﬁundiupl—ion, ID%_XL(FHM

- The inhertvance (pacent & o-classing) Frameworl For Wl exceplion clasics.

= There ace VoSTous subelasss § svb sobelages used ko assify esrors in Java

What is ok Mne top 3¢ e exeeghion class - The Tncowable class — Hne pasent (lass do al exception Jerrue object casses.

hitcacdny 1 * By new exception ogject wWe make musk ales inheett Joatend Tarowable
xample of some oF Jave's buikk-in i Theowable
Qasses”? $rcoc Sxcepkion
Runkime
Sacepiion
Pridmmeric xception
L0egal ArgunentSxception
Whak are the. 2 packs of excephion handlig?| — aod cakening
Whak 1 - Ihe " deteckion’ aspect oF egcor hamdlh:] - si.amh‘:j Hnak someling has qove Wieng.
What i \\Lu\-z\ll",‘a" 4] = e IIM. dypech| — *“'\\_“ﬂ vty o il
- Throwing an excephion —
What is ke syntn? = vse Ine trow Keyword

Maw new [ noame o exnieption class ] (encapwivled valves speeic toensphisn )

Mow new 1\\<3~l P«OM Sxception (vl vabve pnde.")J'

= Uvally | tne exveebin object is created ab e Hime Jnak s being Homnn, (hente ke new Eeywoed ),



What hepgens vihen anexceptisn

1s Yapun’?

How i this method safec than carlier

ereor —‘AM\MI'AS Greudegl s

= i soon s Hae line oF Lode with Hie Hapw 0018, Phe meMand ¢ bops CURE

= We shack "unwrml(nj Mae ttalk” and Wwoking for the handiing methanism 1o deal with the (now deleiren)
£R00r — aka loeking to see if e Corrent wetiod is insidea - block.

— One o6 2 Haings will happon ek

4 fne progam 'vawinds’ & Cinds Pae ‘e’ meViod Whida Hoen haodles e erroe 5 oragram Lonkinvy

Yo eon & uvsec isnt even neeesacilly  aware thak an ecror scured.
» Hoe program "onwinds’ (pack oo comment: mevrod and) AN Hac viny back 4o Mainjova (uhere toe cotrent mebhod
was iniHolly culled)...<F ercor K iswd andled, Hne program S0 ps [Lraghes HMSM URer an e wisAge.
= exerphions force v issve 55 m an exceptlon % -Hnmhni:j %o stop Hhe program i®+he Crror st

handled.

— Catdning anercephion ~

Whok does "Lu-\—f.\n;nj" envail ?

What ace e 1 packs oF Hhe 'Lak\ninj'
(ode?

What is a *rn bloce 1

What is a cabdnbloce 7

What ¢ Hne call shace?

= weikioq | providing Hne wwde to handle an ecror Jexcephion.

® ey blocks

@ caron blocks

R bloek of code (indicated b\-) e '\-nj‘ k:\\,w-ra\ and « block in curly brackeds) where we Weite the
code Hhat hos We possibilily of Harouing an excephion.
¢ for example, calling Hae meMnods of B prograr Which phain  Hhow Shakements.

tey 3
mevhed B())

= When an ugu,phm 15 Warown in & mMod | e Ciry thing e program does while \u\wi(\din\’ is \ook o
%€ i€ e MeMnod (asa whole) is inside of & try-blacw.
= Dnce ¥ne compter finds the wednod inside a +ry-block “unwinding® skops & we inedialely
¥ down Yo dne First oo bk,
= o block of code (indicaked by Hhe catch kA-erl and a oo in curly brackets) Huat cwntaing the
Gekval wde for ham\linJ & given exeeption.
— Thece aee lvsually) gevecal coron Llsces = a single catth Llok eamespends Vo & single +ype (las) of extephion
= FORMAT:  cardy ( SxeephionType ¢ ) §
ll code. Yo respend bo Jis specitic LxuephanType  §
ik ( Otertxeephin Tuge §) §
I code 4o regpond 4o Huts vhuer Sxcaphionlype 5

= where, the program Leeps Hrack of all gekive mcHned calls & dne ocder

= imagine Vae wetods qetWeighl() «:f,\-ﬂ\\e O, and prin¥Description()  in o ysn invedry progcum.
public 3\1‘"5 19\—1‘7{-\@() b

feluen  this.name  + Hais. qﬂ-Wtiah‘\-().l-vS-\-n'nj()J 3



. poblic veid prinkDescriprion () §
Suplem.out.prioln (“Tre bite of Hhis yarn is "« yaunDogoerTHe0) ), 3

= Now in the Main.java file simaging e hive treatrd anew Yasa and (vn poe Fv\\wnj line o code:

mylewtiaen . pris¥Desceiptonl) )
+Main s calling printDescriphionl) whidn,in its Lode, ol gex Title )
* Qe TiHeL) then calls gerWeigt()
* aetWeighil) calls boStringl)

7 s Sense wchods oot called e all <otk qebs pugoaded & Baen dtpogilaled .. ookl ackSiingl) g Gully
Erecuted, bne reek of +he methode are SN “ogen” becavie thogmn't been Fully eecdled ... during Whis Hme,
Boe call Sack mignt look live fais Loaimacrediy):

eriMMurip\-hn
gexTike
gexWeiqnk
o Sheing
.50 fus Hne purpose W understonding exception handling e Lan kosieally Hoinkof call skack o a

lisk o acvive metvisd calls (Stored somevinert in memnory ).

Whet greame sleps tmat oecur Lin — Take His example ... imegioe Haak netiod ALY | metiod BU), ond, methed(L) all wnkafn ¥aow Skakemets.
e execviec) \Nhen an exception is 1. edndAL) i cafed by Main, everythaing qoes gmp\.m\b +f5 5_
Harown? N0 exeep¥ions Hnown. Mernod ALY,
2. wusdBl) s called by main & 4p exephinn ot thown. mevod BLY

Onee Yne exiephion is thown, mednoabl) immdiqk\\) Shops [ 3. wttvod )
“ % cobdn (LumephnTypel ) §

erecoking.
3. Mensd (L) wilh never be evecvied becavie Woe enuepion oecorred vp G- 3

in meed BO = even iEfablec e esenc s handled | Caken  (GxeeptlonType ]l €) §
4, Now we are unwinding Hhe cal stack B searching for where ) 3

Methnod BL) was called K36 i was called ingide o J«J- bloce .

5. Qinte we found He cocrent rebhod (nensd BO) 4o be ineide 8 few- Llock., we now immcdiately jomp downdy
e Cicsy cakeh Bhock-.
Ha. 16 meddBL) hadnt been inlde o by Uock © Lall skack uawinds 4o Hne previovs meined ok cidied medned BO)
in Pee Firk place... It skops Mne execvtion of Wais method & agpin scardnty Fof a rq sk
+This grocess continvts fo happen — moving ve fevels = unkil o kryblock is found..
6. Ceck to gee i€ Hnere isan is-a relakionthip Letwoen the exieption Waak was Wowe % e exeephion

b'-i'\j declaced in Wis cavchr bor. € Mnere is ,then Phe wode inside Mais cakda block 1s execvied.

= Cokdn Blocks arevimilar o if-else ghokements — onte we find a makdr,we ONUY o gente Hoat block The Swuteeding
blocks  doat even qet looked ak.

ba. | Brece isnt an is-a celabimship, we move on do the neat cakch block, & 5o on.



Whet do yoo tedn by <o relebunhip

in fegacds o enceptions?

Lxample 1

W‘I\n-\- i€ none of the Lakan Uocks

W e\ Fhe eALeption h{pc'l

When does tne deder of eatn Vocks
Mmakie( 1

¥
Where do we Lode +r3- % codel Wocks?

= Rememboc Vat  excoptives are objects! Cecall ¥he Java excephion Lass lneicacdy...
* The exception foeiog thcown might e a Wypes ~seecific sulelass oF o boroades “\‘3"3 (pacort class) o€

treeptions... The cakdn lolock- (ool (efes 4o o gare eaution tye § nok newessadly Ve speeific o Hype.

medapd © () i
n._\a\,ud
Wow new -S-l\egal “"j'mﬂ"ixu-v\lnn (“\ul.“); I:rvarqm
3
l'r\j § metrodD)y 3 eseo] (M1 teated 1 shain)
hw‘d\i"
Catan ( Runkime Lxeephion di code

)3

— TleqolAropmunt Lxcephizn is-a (is o swlbilass of) RunkimeLxeepion

= Ree tis, is (enceplion beion tnown] is=a Lexceptioniype declared in coteln Wlock.) 7

-

ACYer looring at all of ¥ne codewy Llocks Cocres popding +o Hne Lurreat k\j—uuv. Wwibhwot Fm\hj

o thakdn in objtck hype, Fren we onkine baue do Mumwinding e Skack” and \ooking €oc beyMinces
in tae metiod Ll thst geiedd e Luinot one .
Ren, we e “re=Wncowiing e Lxteption”.

-

1€ we nevee Find & makda® program Adies efror mesiage displayed on Strcen.

= 1f & tover-block for o cectain exuephon AT s Ploted A€3er a cabch-binck For an exee phion

"‘3?‘ ot isa parent Class B A , Yaen Wais 1S bad betavie tne TR caven bolock will viewer

Gava
be edewtedd R extends 8

immedialely
* AW Mown extephions 8 clags “A” will “entec inko He catun Lk for "B, uich wasK't bur intention

* e tomplee can notice ¥ inCatm us of 4ete egcors.

~ the came program wnere the metnods arc being called! o instance,in Main joa,

* they ot extet in o separate Gile. .. the wacegt s basically tak cverghime Yoo are writing code that calls amethod fha

ooYains o Hhow stalement 1 4ov wank o call Haak methiod incide of a ¥ry- block rakr then tusk onihs

onn (ke we've been doing s fac) ... g0 Haat we tan speify a resporce o e “Rurowd

= MPARS

X

pultic wabe void main (ShingLd args) § @ public shatic void main (Shingld args) §

int num = \«m\i . gc\-‘NLiaH—U)

+ﬂj $ ink nnm=\5qﬂ\1.gd-Wda\n\—L);
%

¥
(okenm (SreeponType e ) §

/ some Specified ackion 3

= both o Prese Gles are attempling to do Wit <ame HM"U = declace ik "™ ag Tyainl gk Weightt)® |

but i the W_-\-de\n\() method (ontaing 6 thow shatement | we should ke follo wing the L"* Format.

(ke - we arc onty Fatking about undncekeed exrephions Havs fac




= e "Cinally" blpek. -

What is & “Linally” bioex

Wt is e pocemse of +e

ﬁ l\a\\\\% \)\ (A2 1

How do we (ceate bor owo

txception bypes?

SOmMar\a, of derms?

Whak ace gome "besk pratrices”

with exceghions 7

Why shevid we tordhn” erasphons

05 \ake as poible ?

= block of cok indicaved by e Fimllﬂ k'cgmrd p wrly brackets
= plae Mais at the ¢nd oF He Sequente 8F Fry- and Lakch- blocks,
Fina\\\a $0...1%
= & place for code Hat needS 4o be gyecuted no madter what — ek or ot excephisnsare Muawa
Wher or ok ey aee Wandled.

= qoes louck bo e tdea f ribcal code — Code et Shovld fun s matke £ what.
NALAAANAAN

T Simply wreede o dass Maatr extends fom e of Wie build=in Jova exceghion dasses.
- Lxampled

Fne & potic class  Not losiznoafxeeetion extonds Runtive Zxuption §
excephin

c\ass i

he

thawioy \- ¢ Unum 2= (D) %

eaLepbion Mow new Nn\-(uliﬂvu:lu%g(z,p{-inn 053
= Pused o fhow an oXtphion objelk
- L ysed Yo sa&\j fun Lode Prat miqint Hiow an extephion.
=0 * blocks similac to if-Rlie datemny ;reed bo be ordered Fom most
Yo leatt speeific object bype
—

©ovied Bor wpde Mot mvek q\Umqg exeuvte

T 0valy wed for cleaning vp & olasinJ sv;-km fesmiees.
Thvow encepisng eafly ... as Soon as yov derect awong Valve
*tais s defensive programming
Be spetific when -}hmwin\-j an eateption
Aty Yo use & built-in tyee bk don't be afratd to make ywr oun to desueibe a sitvation.
Cokon exceptions late
*Jost bl you gan cakch an exweptin doesnt wican yov shovid
© Dork akon an excephion yaluis you boow bhow Fo deal with the sikvalion
" Tnskead ek te exteption "bible vp" o o level 3f He progam wheee i wil ackvaly mabe sene .
= v dont wank b cckdn an eascphion Jusk Gas e purpoce of Cukthig ik etk ks
an\n b reavse we artvally heve 4ome pruamm«\a’rit_ iy bo deat with iy
*tnis usvally jsank %oinah be al the same poitt Uhierc Mg eatephion owvised and
inskead will be ok a wda Wigher leve\ in v progam.
T Hrir ) you shonth lek e cuepkin unwind B ttacke unkil a point where it
feasonalele to cakdn dne Lateption.

T 16 a0 esuphon is Mowa ok poink Wit v woaldek Koo whet it means i resgeek o He lacg

PrOgEam, Hhea Hhabls probubly NIT fhe right plasc bo. capen it.



— neeked versus uncne U exeephitns —

Whek is Juva's byit-in class

\mumruﬂﬂ foc extephions ?
(in moce detail)

What are  undnecked extephivng?

What ace cheeked excephions?

What is Fne main Ai€tecene bebneon

necked § wdraed excephions?

Where ds We Waow and Latdn

doeced  encephons 7

e ]
| g Tjij

1. "Thowable” is bhe tuperclats of 41\ axce plion ob\iu.-\-s

9

IS "
J lLrlnr (epresents cﬂum\\\s (aved | yntiovrable  problems Y\ v\, 2 \ly ot be

Vgt or hundled,

I Larepkion” is Mae Svperclags for eqrors Cavsed h‘\') e program H'de,wh\'dn ay e cava\/«\- ¥ handlcd
i€ appropriaw.

=

« Cnecked exceplions - " Excephion % all of ity descerdants SWCEPT Punkinexeeption

il

" undheticed excephins - futrime Laeghion ” and all of irs descecdants
= Lacephions far cilvations thak are usually (aveed \oj fackics inside +he program's wnirol
" For e, oy might dYe logic ercars br an uneqeoked variadle valve.
= These are for ectors Mnat (eally "tevec shovld ave Wiappend”, .9, Hhe Favld of e pogram
/PﬂJaﬂ"’\N‘f
= We ghata oy v up Checresd exce pHons to handle Mnese bypes oF errors i€ we Koow b b by
e gitvakion.
= Sxcephions for ercors Hnak ace vsvally cavsed by fFaclors  gubside of Hhe program’s contnl:
* They ey oceue even dving “normal” ® pecating vonditons.
* Ltcos Hhat way indicate an uneapected Syshem Shale.
= They are for ecoory ot r PRI Shonld proloably ankicipate & be able b respond to
7 checked txceptions ace subjeck ko e “caken or specify” (ule ! (unhecked excephions afrd)
= The dickindrion bekween uniheked & duecked is o Java-speaSic feabor, k wag icoted o actoud For
" programtecs "’““3 l«-ua" k ot Coesiog e exteconl egrose when Pty hovtd o

= Loside oF e method hee®!
— Poppred db unchecked excephons | which are thown itside e metiod BUT cavgat & haodldd in

Phe “main” File where Heir reapechve meknods aic athvally being calledh

caka whak we ivs\' \earned (see provious paav,s)




Whak is Hae " cakeln or SKL;F‘O"

role

Memory  dop| Cye f‘em«ﬂ‘ﬂzn'hj

‘.C‘N!Ucce\" versus " uneneted™ ?
Wiy do we Foliow Bne “caron o
SEeiCy” e

\ﬂ\m.f\ 4o wreh ive When Yo
S?t(-“"n an u\u_?\-'\on‘)_

tromple o a dneclzed
e phion?
trample o € o

netled exteption’

What happens (vo B prog as awlle)
When n excephion i specified?

2 The formak fnakall  checked tizephivns most Follow
1€ A method nlains code Mot might Hhrw 8 Checked exeephion tuen e metnd
musk dv ONE of Hne two!
D Corch e enegion imkernaly 2= D Syt o cosked etcephn migh b o
by Hne mekhod — Wi is done in the metod SlaM\\lre
= " gadweseed eephin” = didnk doeck for [aveount Gor escors §O = fey % oo iy B i Bl s
We ace calling fne wethods.
T "onecked etespbin” = already cheeved o' eorors by Hhe Hime. we gek Yo morin file = cakon & SFU‘FU in
Do metod skselF 5o we con wngider it altcady chected!
= ks defensive programmineg. = Forces Hae Programmec Yo address the gphyation.
— Qven g Ohecteed exeeplion ercory A ook oF our 0Nl Ay beHer iF our ‘onomm
defines o shavegy for Am\it\3 Wit Pt gitvetos.

= IF dhe corrent metod ie e cocvect Pl bo deal with Hae ¢00or, and we Raow hivw o deal withy
e efror ok Mnis level .. cakan the exetpHon.
= L€ Wnis corrent meMod ien'} Fre wppropriate glace ¥o dieal with e €ror, needs Yo be dealk with ok o
highec level | (R4LRL He panciples & Hnawing) .. . Specify Wae exeeghion.
" SRLIPying an cuaghion it basically away to war anyne Who calls Pne given Methed Huet Hhty
are going +o have Yo dea) with te ervor Haemsel€ € it oceuss .

= The .6 Wity the method that has potenkial foc effors:

public Scanner ogen File (Sting Flename) § even Yavugin Weee isnk an explieit Maow Statement

File £= pew File Lfilename) T angelien: (1ike with undhieced Laceptinns )5 Hhere
are eeeption theous bvilk Tare Java's "Scannec”

= A 9
Scaner s LA class (v can cex Hiic Indne Stanaee’ dowementa¥ion) .

ey 3
s = new Stannec (&Y, +nd- and gk blocks HJust live with

3 cakon (File NoYFoundSuceptivn ) §! vnchecked extphions.,
. pritk Svade Traee 1
?’: et S5 3

pillie Scannec ogen File (Starq Filevame) File NotFound Cxee pion i-—l
File £ = new File (Cilename) ;
Scanter 5= hew Staneer (£ e method signature, (aka the line where o niew
Cerurn S) 3

teMod is created) jy Sﬁ.u'?ning Hiad Hais
mckrod might Hieow a "FilcNotfud” extepbion

= 1F we ﬁmphs sp:(_iFj a0 exieption in aviehod ¥ don't Ao ma’rhil\a e aneftor Will ocens Whea Hnt
method is calledll Recavee we haven'y handled it anywhuee !




So Haen gk ¢lie do we heve o
do

& &k
e s
Luﬂ‘\m on R
p2d"
G Y

A what poink are caron-or- Specify

efrore cavgnk 7

= This is Rnowh a8 a "cCatn or <peci®y errar”
™ la We main dass whece e meMaod Bk calle Hnc mevnod w) Hne 'speiiFied excephion’ etbver:
® haadle the tieephion by calling Hne medand in & dry block:
piblic stakie void main (S*ﬁnaf.] ards) 3
+*'j § openFile (aiFile); & = calling tie mehod Hnat specified an catephion

cavan (FiteNor FoundSxeeption ¢ ) §
/ code to handle, ocror

$
® \nave Hoe oorrent Lwain) mekuod ALY declace {specify Haak i (ovld Harowd an excephion: (essentialy
ins*ml-ins e ercor fo Lonkinve "bv\.\n\-'nj vp'

piblic shatic void main (S\'ﬁnaL] ‘“ﬂ‘) Hocows F‘.\CND\'FounAiXuP\'M S
Hheowing exzeption 0 main

MeAhod siﬂna&\jrg‘s, -l-njlm\"-—- ope_nF'\\e, (mvi File 3 )
blocks not needed 1

- Rt compile Hme ... if upu call a method with o spelified exception % dont urile ony vode to auamlike

‘anl\jnur compiler wort let Yy o Pne wode.

— Compile-Hime  V.s. Ron-time efrors —

What gce renpile=lime ecrore ?

What \-\ﬁp:s 2C ecTors oy at

tompile ~ ¥ime ?

Whak ace cva- Fire gracs?

\Whor Fyfes oF efrs aceue ot

ron-Hmel

Key diference between Hne 4wo?

- eTr0ss et ace cavght e Core Yo fon e Lode —for e, Tkl will Fve you ted undes lines in your wde.

~ Ssnbially kecane We tompiler ot read [industand ypur code
;N
dePinikion, ete-

= Sgn’mx eccacs woalatwd brackoks m‘\ssinj rekorn studerments ,Missing class

— Svakic Ano.\uﬁsis = exeors dnar can be idenkiCied simply based on Hne “clatic” teak... don't ieed bo vt
ode ko Find them.

< vaceanalle code , " Lakew or spesify” violahions

= Lok wight waca vs | bt vevally 4ou Viave Yo run ¥he progrom Fo see. The wmpller cant el Hiat
angthing is wrng.

= AW exeephions! e-9-; Thowable dass objecks — Lreor |, xception ank all of

ibs qubLlasss.

(ompile ~kime escors indicate .

Sbﬂ!i\nimj 1S incompleke oot Yo pagram . Rankime eocors indicdle. ..

sum*hn\j is wroog with the lO%ic. of ypor

em%mm.




i¥ Tecking and JVat
What ace dhe U \evels of

professional Loftware Yegding 7,

i
) Unit Tts-\—in:)

D Lokeq cakion Tes-h‘ng

» S\os\vm TLana

Acu.?\'mm T%Hna,

Waal i fest- driven dovclogment ?
(rom)

What ace dhae pitlined Sheps of TH>?

= From lowest 4y mghcet level:

-—ﬁTul—\‘v\j meteds and classes 10 iS01aMon. To engore Hnak Haer sedtic class it wareing arreckly.
= This Svep te2ues doring development.

- Ttsl—it\ﬁ how fiews (ode inYeqrates witha tristing modvles.

= "Does my new code loreak my taisting tode 7"

~ owon during dvthopment

- Testing thre enkire system a5 a whole.

™ ocwes afke development

= Tesk in produckisn— ke anvironmint

> "Does my code wark n realistic wonditione ?” Teghing % on AiCFecent machives [ Lamputers k.
= Pc opposed to Systems Teading jultehn is in Wne “ideo) eovitonment” of s Your computer.

— oceurs locfore rekease of o Sofbwarc.

= B principled approach Yo vse when Lwi\linj cvneler modvles of code .

= T ¥ most exteeme Collow ing of T, yeo chioald wike your ke even BEFDRS oo weite your wde.

Define e Weike vait lests Weite tode o
Sofart - haﬂﬁl"‘j todve [y [ mare dhe vait
Tequirements fequicuments kests pass

= Tn reality 5 0\ OF ¥hese shept happen kind of simvltancovs lj -y go loack and Corthh

- JUaik -

What 16 Junit !

What does JUailt Fmvio\n?

Wow do we actese Pese JUnik

Featvres?

—a \'\\Dm'ﬁf Feamework. Lia Java) 4o belp v wetke unik kests.

= exkremdy  well- known in the Java, wor\A.

= Alibracy of assertion metods:
* ¥oese allow vs %o make Shavemeors (asseckions) aloouk et clovld e ve ak some. poink i your test
* the aseerions Wil eitver 12080 tnak oc will qun [caise Some excephion.
— The @ Test anackabion:
*a compiles direcive for vs 1 mack Whioh merhods inside a dest clacs are inkended o act as individwel
it Yesrs.
* Hae ace what we uge inside of Hee JUNY feste
= | ousec inter®ate & obher Yools that prvide Hne ability +o aviemale Yesting
= Rfler 9o run Wt Feat lass [ a report of whnidn tests worked & whidh Lailed.
= weadd JVait ag o dgpudl,mj in Maven and Hoen we tan 03 imperks for Jigit featurs Wi as:
impock ocq.juni b . Test;

import stakic org- junit . Ascest. asser Hnve



What ace Yesy Llagses’

What %8s 1 a Yest class

* %

fre dest metods shatic?

Whad do ek el ook e on
a fxxwm.\ lever T

What does. 40t Lody o a et ek
oevecally ook live ]

Wow dies Wit detemine whther
a fest (,Wl.\'\l\btk) Pss&s‘!

How do we fon unik deeks?

= Wriking

fo = dest dag

S a separake sek of tlastes where we kest Hue classes we are writing foc our

Pf“ﬂmm .

| PC="program class”—Hac class WHidh IS keing legted

- Coﬂvtﬂ“om\\j)s\l\w\a have o separae esd class for eadn class ofF Hr_mmm_
- (ne o more keck methods whica o\(.\'ua.\\\j Fest e clags — a\l of these are marked/
annotated by the @ Test ompiler directive.

"oty desh melnod dneces o single mcod,, Freld, o anditudnt of Hne class being tested.
7 Op¥isnally can also tatain ekiee shvEE,svdn as helgee meHaods Hhak miht be veed by ypor
fesk methods ... vk maks swe Yo distinguish these Ly oaly adding @Test 4o dest metlrods.
= No. For JUaik Yo create ite vepok, it creates an instance of Hhe test class & Huen
Calls tadh o6t tesk mebiods. & debecs whcler 4y E act, e ™ Horous 00 exephn.
= e idea behind o besk wetnpd isthak it writes coke tp exercise some Feature, and Haen
titner thews an extephion or it ros swoobly and jusk works

= $he cotua byge is uqu\\j void ,ble Wk Jost wals o Kam whaetner of ot i will fon wlaente.

= uovally we treoke an inchatie oF e pe Objeck %dest o packicolar pack o He pe
(ompaciog what we expedt to happn fo what ackvally Viapgens ... Hais is where JUnilk'

Gome in.

= The shodic asses Hon Mectods (within e te vetwols) fon smootily IF Hne expecied ovtput madchecs
e Yo metod's ootprt ...and iF nok, Wy raise B bxcephion,

= 1€ M Code tnrows an vncavgut eephion , tne test fails

= 1€ i doeart Hac deyy passes

= The JUait AR‘EMMLj incor pocakes, oreal Jmik books % intei€ates ints the Ine ( Intelid) sy as

‘a butden 4o run all the dest metasds in Ye 4e ot once

a botten 4o fun Jvst ore tesk

* o cepoct € the vesolks (pass o €ail) cedorned 4o o5 1o the wasole afler every fun,
a Vit Test -

S0 whak code qes inside a ik dest?

Woak i - gesetTroe () 7

—

= 1% depends on whak yov'ce *“5‘“‘\’\ Yo dest, but o dypicat JUnik onikdest does His:
1. create an instante i Hhe pe

T vse some medhods to hange that inctance’s internal Skaes o olberwise, do soue\kin:, with #
bUse JUnit asgeckions Yo vei€y ek 4ne inslanie metbaads (n Bne Lorreck valves.
~0ne of JUNF's asgerkion medaods Hhak bakes in a0y, wodiva as e pacameler % checks Vo ec

whether Baat (pedikion vaes todive ... very simgle tonzept, bk feprseatiog ik in e Form of one 2R JI0H%
iS how JUnik i allc boderive negults Fom ek,

i€ Hhe condition instde the () is Hve e Fest passes. 183t is fale, assectTivel) Hraoms an evaephim and e test s,

osserd Trve (condibian shatement )



Waat is an tample b€ a vnitdest?

wnet
* oy T
saqs

N

S

What ase Some oF Hac otner aigeition

methnods _&\)!\1\' provik!?

When is He  faill) merwod viefn?

Bob oldnk we olways just use

AaLr Tvel) or atgectFalsed) ?

N\'\\j 1S 3% betes Jo vse mbre spediFic

0eCMONS When possi ble?

= Ne have an -X-f\’vbl\\-nrj Tonpl lags Hank 7s Suppsed b Stast tach inslaaw of with o Gapacihy (Field)
o¢ D ... S0 we ace desking e tonstivirer of Lencorong Toay! Yo malie Sure it does Jat:

@
P 0Tt the @Test direckive, indicales Hhak Higis L of Hockest nethas

*pulic. vold test(apacityl) §

3
Toveatory inv = ew L\mﬁujLn A
P
J ) )
ink caanyTest = iov. ?.l»(apail\wj &

®
Foe. Yoot mebod ic void , doeast need 4o Rehurn anyining,
® Creating an instane oF Hne program class ( pe) inodder 4o

invoke e pe unshvtkar (whiun is what we are Aesting)
@
* aseertTve (capoutyfest == 015 Colling one o pe'c meWods (qeapacity) | withh an exestation

3

“Awonk 4o asseek Hhis sialement as betng 08" anat the Yol oF qpRupacity rebrierd from s new Trvapory object 15 equar 10,

o€ what it hoold cekuen aleeady in mind.

i the enpression passed inhy aseerETrve s Mk, Hhe T0sk hest passes (8 nok it £aits,
—Method
0ssect Trve L onditon)

usserk Falke LLondikion)

desceiphion

Poacows an exeephion if
Haows an exeephion if
asect i.\\a\; lexpecied, actval) Pacows an extephion iF

(uses . equalsl) o check equality avca CONTENT equality )

6secrNvll (Dbitb\) Haoms an exteption i

acgect NotN vl Lobject) Paows an exteption if

asseck Same (expeched, achva)) thows an extephon i€

(66 *enpeded” and"achval™” acen't Hre e objesd in Mmany, a v
RIFERINCE equality)
assect N o¥Same (ncapecied, attval) | Hacomis an extephion i
(i€ Haey are Hoc same obj. in memary )
asect Am\»j L{u\; (expecteds ackuals) | Fhows an exeeption i€
(usin3 equalsl) aka (ONTENT equality )

faill) Paaws an exzepbion 4o Fail 4ve dest

= For more Uplicated dests that redrieve sevecal AiEFecent Yalves ... as soon as Y qet <
valve Haak isnk what it Shovld ke, Yov can assect faill) aod ead txecvlion of tic. ek mtthah.

= Similar wootept ko 16~ statements Par have revun starements builk inYo toem i€ Hhe compuice
Falls 4o a lioe inslde an if- Lock Haak says redurn Lx35 ik retuins Haak valre & ends extovkion
o the wrbhod ven € thew are More lines of code below.

= %o i€ yor wamed Yo, you ould atways [ust boil ypue deaks down o Haok

= howtver, having highee leve) Semantics associated with uour ases Fions can be useful.

= ecavse e mice geomantically meaningPul an assertion i, Hre wore dekailed He infxmatio

Hoat Juaik ceports 4o vs will be — Hais is useRl especially when o Yest fails.

Vse ¥he must speific assertim possible becavse i+ desribes the sitvakion more Pully.

—




LXRMOLE: What wovld ke o \eiter

assettion method For the -\-t.s-\-(.qead*ﬁu

meMned oyample Lprev. page) !

it Teshing in Fotma) Softwace bc\'elgpmn-\r

= Someximes TteliJ will even nokice tnese patential improvemely (i assec Hon nethad
uoice) and Suqqest +hem Yo Yov.

@Test

—in YWs e, assd+§_'1vq\sl) is Semantically more
poblic. void testLapacityl) $

mcm\‘nar-v\ Hran asseckTrvel) .. i® Hhe teit wete bo
L\Wﬂ*brﬂ iny < few Loty Langl)

i\, Ttk wovtd giwe vs a tuch wore useful equtt
it capachylest = iov. eb(apaityl);

of What occurred:

assert Gauals (D | capacityfest ) ;

3

assert T (cguuibyTest == 0))

Sbm.\hig Hhat was svpposed

4o be rve wag false.”

assextdquals (0 caprivs)

“wou were expecking $e valwe
(_) bot 9ot [..7 instead.”

moce el pfol [detailed wben i+
Lomes 4o f—ixinﬂ ow code

R

Whak are Moo steps in the beginning

Stage of rEbwace éz.w.\opw\:ﬂ'\"!

Winat is an algorithm geuiFiakion?

¥ U

1. Stort with an algoriam spedificakion
1. Weike onik eshs)

These L Skeps may
* code thak cung Faovgh anticipared "ol

fhappn in any order
situakions aswelr 0% alonormal” (edae) cases

% Wk an implemeatation

* \nplement Hne algorithm actading o Hae specification

U Once fhe implementabion pasics the uni¥esks , the code is feady Sor P fext Slage of 4re sofhwane lifecycle
= The step where Yoo:

* Design an nkectae withy u\lc(:v\\j Mogen MeModg
* Distuss yee wases with srave holdecs

* b!:kfm‘-‘“- desiced h(.\l\avinr Cor C.A$ e

* Make sure Yoo dmrlj dndesstand, how the algocitam Shavld wWack

* Wal2 Harovgh o few execsions So everyone @4rees o whiak should happen

- Thisis Pe, skp where we woite Wk docomentation for Hae n\anriwm (via an il\k(FuLt,Fu

example) . How do we expeck Hhe objetk andloc a\ani‘\\m\ Tousek 2 \Whot do we waak ¥ todo?

= pro ki Foc wd.inj inecviews: never $1ip twe a\ﬂori\lﬂm sp’-ﬁpiw‘\'im skP\, TaVe ampic ¥ime 1

undu stand +he a!ﬂhﬂ'-l-\nm



Q(\i\' TQS\'inq n l_so\a\'im

What is e 9pal 3% a singlt unik teat?

How do we encure Loreitness in
WOing unik dewts ]

S What is " forena) veriCicain "1

@ Waet is e 774 coivtion]appetach?

What ic  desh (_ow,m“c'?

How do we measore e Yest covernae,
o o Yest lass?

— al¥ough Each unit fest shovld am 1o best one aspetk of a )ass;) (kg hadd to degta Single
MRV oA wmp\o\e\\j in isolation.

T ry b isolate V0T fests ag mdhay possible bt ibs olay to call mulkiple
metrhaods in a test

= Qplubion: writke myltiple unit tests.

= L¥ is impmeible towdike sk Yo verify oor progam wanes Far vty sihabin, kv
oce ophins *o lelp ug be as Lorcectas passible — 2 quoeralized "solvtions” ;

- (.ons'\éuinj e a\gpritum fiaen o mathenatical pecpeetive yeacing a0 exeorkion gk &
proving Hhsk Re ol i Lomect Caxc weiy poacible madwine stole.

= This is Lsdobion for "epsecing uttedkiess” aak is more dime- wrcming but necessary fac
critical o ppli cationg

= This appcoach i not gping do b Loveced in COMP 301

= Weiking moce vait dects !
" Wating o large numker 0F Uik deuts fir wide vadthy o cases inordes o dectease the palbiling

Hoat o bug exists — kv bevow & “reasomble’ Barehhnold
= This is e prefesed approogl, for \ow -stakes o pplicatines, & what we wilk diswss belm.
= cefers 3o e vmler and variety of ke weitlen o0 0n o qocitam o cover as many
expecked and edge wises as possible.
= JUnit has o beat toverage Yool whidh el ps You \eeeptrack of which [how many Iines of

wic in the pe wese ackvally exected (whien bine fest class was (ya ).




= example~spedific SvéC

ixamy\e‘. inviﬁioninq o SoFtnace and \I\ﬁ\ing Vaik Tegks

What is Yne Prump\-[{-q&\c buﬂj

%'wu\?

What is Hne Ficr glep?

Whot i Hae nexk setond shep 7

How dv we weite o Fickd uaid
Yeet?

Wow s weiting vt besks ahelpfu)
Sheg in Wiiking 4 clacs' {mplementodion”

Whot shold we wosider for our next

Voit test?

"We need s olgject Hnat cepreseats oa integer wWhidh can be Intceated or decceaed by ooy
amount”
"We need Yo be able 1o dest i€ Hne cotrent mumer T prime or not.”
— Mgoritwm svw‘(-\mkon! Firsk skep is 1o desiqn an nhesface
P We TRed a Wy 4o add om ink value Yo our oljeck — & void addValve Gok valve)  metnod
T oweveed away Yo desk waeker e dbjeck valve ic o prime e — & bovleaa 18frimel) methad
™ Dur defired | aus fac unimplemented ineCace

poblic inverCace Crimelouner § % we have defined what it means ts ke o frime (oner
void addVolve Gink valve) ) object
bovlean isfrimel) )

%

=1 optine: Libmer we Lovd dack wiiking Yhe Pfim(ounfkrlmp\ lass ... or e ¢an Cirst work
o0 creaking uotk dests fc an imagived Prime (onder Tl class
T Hhe Teak Driven Development agpronch says ko kegin by witing ool dexds!
= Stk at Hac bateline .. leds write a Yesd ¥» cheek ...
“Hak we can et @vew Prime Loutes Lempl object — aka ek Hne wonchuchor works wikhot eftar
* that isfrimel) wocks withort ecror
¢ Paat isPrimel) is ini\'iq\\‘\’ Calse.
~RuL: Follow the steps of a “bypica) JUmY dest” ”cm\t aninskanes of e class ;”ca\\ meHaods
Yo ange Hhe State | 2 Ve JUmk asserion weWods vui?a.
polic void  PCLTet01 () throws eephion i€
Peime (voter e, = new Primelovter Tangl (]; "pe.isPrimel)” =4rve
tsseckFalse (pc. isfrime()) 5
= ¥ reveals Yo us missing fnot Gutly Hromt o packs of our design ke Shuald revisi. For ex,is
1 fesx o\rcq.\3 rafkes Some qvestions abovt Hoe design oF our objeck ©
(_
a7
= Wiile wiiting uait detts, e Wil didca Flip back & forkn ko Hoe 'design phase as we afe foreed
Lo B0 more aloovt Hne o\tﬂsn of our objedt.
=

= if a metaod 34vc+hc ofreck valke in ane best how do we know Hhat its ad'vq“j wur\:.x‘:b wm&hj)

of just reburning hat sume valve For Wﬂ
* fext shepiwrite @ fest thak shwld febvin the opwsitevalve of oor Firsh et oF a given ek,



What does ooc 2"" test look like?

Waat a\u&s\ims dowe SKI\ have Yo

wnstder (and wake unik tests foc) 7

— Question:

prtic void PCLTesto2 () § Hrows exeeption i€
Prime (ovotes pe. = new PrimeLoumter Tl () ; " pe-ixPrime (Y = s
pe.addValwe (11);
osseckTeve (pe.isfrime)); %

pblic void  PCLTest03 () §
Prime (outles pe. = new Primelounter Tp) Q;
Pc.qo\d\h\vc (-39,
assertFalse (pe.isPrime)); %

is Prisne )
addValel)
Pu\:\\':, void PCLTetpy () ‘7.

?ﬁm (.D\H\\!r pe ° new PI‘I'N!:LWI\'\?A’ Ll\p‘ (); T»)CSﬁ Stalements are weitkea based on

pe. addVale (11); M What We eapect Hhe valve bobe... ¢

ossert Trye (pc.iSPrfmt()) , T wen RIepS vl is 14 b isa

pe. addVolve (3) prione ke When valve s 114321,

assertFalse (pe.isfimed)); 3 "7 v is net o pame number



Eggn Pattesns

Waete 14w A,_g“‘n pattesn ? = P lassic approadh £o- solvirg o wmmon prollem Hhat ar'ses when wn'\'\‘nj code.
= by \earning Lbout Aesign patlerns, oy can regrine When o sibvakion Bits one &
Haen woow whnat Fne apprpriate SplvHon s,
SO ov can Vs o8 a3 & template [starking ook Cor gour Solviion.

= thebook "boum of Four Design Falterns” Jeurles oomn object-oriented  design

pattemns & Lreaks Heminko B cabegories : creational, shruetural, & beheavioral
What ace  (aeationa pattecs ! = pabiecns felakd o crealing new objects

Whatact  ghcudhin pattenns? = patrecns related Yo objects interacking with eacw ohxcr.
Whot art  betnaviocal poterns 7 = (ormen a\qeritims Hhat ace gnudnleced inun 0O se.l—l—inj
What ace tre T design
patterns we il v in Yt (lass! * Nostraur Fadory " Decorator e
8 FAL'\'D"& Wethod *Observer
t Sinq\c.\-m’\
—

fs wen as Model View (onteoller ynniten st in any of these toeqories but is vsed For

Hoinltog deod- & etware /pmaﬂm ® o wbiole.




Tiecaror

What 5s - ilecater 7

What is o “wolleckion” i

Lomputer seience 7

What i Hie common ogeraton For

\00?“\3 \‘\Arov%hq colledtion?

How iS Wis gperation diffecent: fom
i\Rrodor?

S wnak g, ¥ne need Mook
erador intends Yo addvess?

\ihak oee <ibyakions dees eraor

prse o solukion o7

= N design partecn Hact ‘provides 4 way +o attese e clements of an edarenate objedt
Squc(\-\-'m\\\j withovt expising ity undc.rl»:\,flln) represendabion.” ‘:::L :\,‘m

= We wank ko sequentialy atiess § loop Macoogh every clement in o colleckian .

= Hoe pattern Stwyldat have o deal with oc know anything aoout whatHe (olleckion athvally
is oc \Whow itis \:t\'n% Soced
* Just et ikis e eoVeckinn .
= p grove o€ Zuwo or more similac vbjea¥s; e sek oF (hms
= tolleetions ace orqanizved us\'r\:) dato shrvetures (UO1Y) . £ example
" Binacy Tree
* Linked Lisk

*afcay 1 ArraaLiﬂ
* Fash Map
- To \oop -\-hrwab\ e ikems 1o the wolleckion | ane ot a Hne.
~ For e, Withan afrny?
for Linki= 0 i< arm lngbn; i+3) 1
Tdem iYem< aqc (i)
[l ... (4o somellaing with eadh item)

%
= his for-loop is very a\'fﬂg—SE\'FiL e need b kaow alob about Wow this speaic affay
dojetk works:
* that B indiex gstucts at 0; fne lengha f»?ul-\a')huujt of squarc oradkty tke.
= weove 4 8o through o\ of Hne coleckinds elements TigWt heve  we can't Ibop Haravgh & few
clemnts & Boen qo do someting else & Anen come btk § pick vp where we LB oFE.
— The opecakisns [methaods eke. 4o loop Hcoughn eadn Kind of data strudkore is diCfesent —
foe Cor-loop example oloove wouldnt woske popesty Fora HasdwMap, Cor example .
= The need for data ~skuctuse ~speafic code for guing ¥rough o colieckien
= hvge oleckions with millions + of elemens | where e dakn i¢ koo big b shore. in
memdry  Ccant vse an array )
*Lxl 0SS on Ir\s\—qtamm
- %mt.rck'wt wlledkints where we sort Hiovgh a tolleckin thot creakes items on demand
... basically wheee we are @nUratily  Hhe ubeckion wile looping Macugh k-
* Prect i no Finite oe inikially sek sine of he wlletHin
T WONE I e able by loop B Sich & coleckon  wikheo needing fo kavw e specifics
o€ \iou fhe qenecodor Wocks.

= Bodem Line ! itoroter serves to be away to leop Faovqh collections in general —adaphable
fo almmsbtany sikvakion.




Whok is e idea bewind tne
Thecator obje?

So does dhe iverater objeck Rnov The

Ackai\s [spe tifics of Hae colleetion?

N\A\s is Hais vee@ 7

\What do mosk Proammina \nmjs
prvide (in Svppot o erater )T

Whak decakoc closses des Jova
vaik.'l
What does  Thecakor 2> repreent?

What dees Tlecalle 2™ r:v\'csm’r"_

= to be ovlevel of inkecadsion ockwetn +he (ode Hhat is vsinj a tohecton , & Hne collectipn theelf,
"Fora  given colleckinn, o dess Bast encapsylohes e detedls if ow to loop Hrough it
— Yes! Phatly e paint. it contas the dekails of Hhe data shvedure Where Hhe daba is
towing o, Now it qube qureraled ek
[ betavse Haen, we can use Hats Vecakae objeck wirbhovt: haviog 0 undecstond any oF Hhe details.
™ We Lreare o ew  Liccator ¢ lass fr every partiwlar gind of ¢ollechion yand ik becames
o bb]u\- ek we tan use to a0 tougls the wolleckion ilself
P We un asle ik for some ikems & Hnen go oFF and pecform vher ackions & Hien tome b
and Leep a\v.\‘nj ik FPor new ikems — e Tlecator objad— k&eps Frack of whert we are
in the Lolleddon,
= builk-in \anquage svppict for Hhe teratur pacfern % a libranj of intecCaces &
implementations fac most oF the Lomman iterator  gitvartions
™ This means that unless we have o prevby gy spectalined collerkion or very
pacticular way Hhat we want to P Hnleh i+ we belaa'fhj wont have 4o code
ouc own iterakor & can Jusk use one of Javay iverator classes.
= 2 TIokcFaces: Llecakor <T> and  Llerable 4T>
— Thecator supptt Cos all bvilt-in  colleckion data shutres vt as Lisk, Seb, Map, e
— Hae ob]e,L\—J; & e collection | LnLlaPsle\'-\I\%-HI‘ dekuils o€ how Ypire qnlna o M%q‘*
tn objert (Hnis 1s wnal we attually use o qothavgh e elements )
* See tne descriphion of e Tderator object” ase.
= The closies impematig Thontor L7 ae fequiac aloskrudion fobjeck closses (e Alghabetiner) wltei

o pueposes of exiskene ~Haey st also implement iYeratyr (vithods.
™ a coWetkion Huak1s capable o Ueakiog % ﬂ,lum'r\; an Lierdvor vL.jzd for s clements |

on demand .
= allof the Java wlletkion Wypes are itecable




The Tlecatae ¢ > Ltesfae
What- dves He TovecFace (ool e ~ Tz >is a Qcmfk *ype intecfaie (see page 37 of avtes ) ,Nhi()’\ neans ik dakes o

&lk\'a \'_\"u.) T 08 a ?arm‘kf-
pvblic indecFace Tlecatsr <T> 4

boolean  hasNetQ) 5
T ey >
3
defavlt void coriazhﬁmahirﬂ (Consumer < T super T> ackion) §
nl. |z

4
defaull Vvoid remove () §
.. 1z

= [nswers the question: “are Yece A remaining lems +s cec?”

What s Pre hoaeNeatl) metmod?
what is the  Next()  mernod 7 * = Reluing ¥e gt item in e colleckion.
= taows o NoSudnZlement Sxeeplion abher all elemedls in Hine Lollechion ace seeq.
QAL ylnak does i mean ubon an interBace |~ me¥ods for Winch Hre TnteFace actvally Aoes provide o coded implementation. 'S_ij
Tonflementakion clate € the interface automabitally conbeine bnak mebnod | BUT e clasces
have ¥ opbion fo overweite it § wele dheir guen implementation if thew waqtto.

Warkis iadl\bxv\oﬁm'n? 0O1 — N defovld method that 150 1tn¢mllj considered esstnhial to the d,aian pateen oF an ilecatyr.
= provides wit Hat et ~pplitd fo every single ey remnfm'rva in Hae Lolieirion.

Nas a metoa macked ag Jefaolk ?

= ot Na\\v_\ ﬁLvsina on s pethod N Hhis covrse .
= N deFavld method that 0% jmmllj considtred esetntial to the dhesign patern oF an lecabyr

Whatie  removet) ?
= (emoves from the lleckion e 1ath [mosk cecent element ok laas been given L'ﬂ’

nextl)
= mot Nq\\\ﬁ ﬁl.vsirva on s neHhod i this covrs< .

= Usioa an tlecator objeck =
@ S-\fma Y_J daka = new S‘l‘ﬂlﬂl.—] s,“\L.-\p‘m",“\od-o\"' “A\?llm"g;

4.
Qact vl & collestion of iems :
- Z.wmss o do it

'L.
Creake Wne ecatoc:
Tlecater 4%\-({,3) ilecator = few Ale\,_\,.bu\-iztr (d\:ﬂ-n\:
« Ve, torator Dbjeck anafsvIMS e Lonection

! e class whith imple ments Thecator ¢Sriog >
QRN Wiovg Hne Prlphebetiaer class also has itsoun imerfate we wonk o ereate ais instonce as

an Ldecokoe bype beavse in Bais case oty fe intecface Wat e are l&l'(? it Gor.

oe




P e iecaboc’s nectl) end hastext)

methods

Vow des bne ikemdor loop di€er fom

wn Mrn\s Goe-toop (Wihe Petvios u)‘!

Whok s e trecakac padvern

ngsume abodt ke eollekion’

alpna
S OUTVT: bela
keppa

while. (ilerakor.has Next()) i

S‘\-n'nal % = iteralor. next() ‘)

Systemavt printin (ske)) 3

T PRUoE Hoe arcay (or otnee BS) speerfre dekails are o hidden . We duatneed b Lo anyaing
abouk uhert e d¥a varables are wing Fom in orhe Yo sock Haem 3 A\ we Wavt ¥o do s zal)
et and hasNerk

= The iedle [uines Hnak wanks bo sock dneir data witha iterater doen™y vieed 1o know anythivy dkoot

o e coleton workks (e, ¥ siac o colectin, Sarkiog mt“nd)ek-) — all of this is entapsv\aked
inclde tve ikerator blojt.d-.
= foat e olleckion Wil Aot be wodified while bae frecokor i ackively bu“'ﬁ vsed.

= Some treratec objects pevvid: spedial Mmeteds live femove () For saFely MoAi;a.-,B

e vndu\n?nax tol\edkion -

~ Designing an [lemdee clage —

\N\nek does e Tdecatie object need
Yo be able o dol

S\\'dm@ai- entapsilate Yne raw

o lecion

Txample 3 4o Diecator olojeck veing

—_)
-

-

= RY Hac Lace Minivm, an iteeakor must ) have actess bo the wellection, and  b) have o
Wiy Xo brack Walch thems have been Seen
= Thea are 2 JifFecen) sheategies For desigion an thecator
- E'\MQSV\G‘\‘C a dirett reforenie to Pwe odiginal raw toliedkion (in e Thecudor object)
* WOt making o (opy oF the sriginal date
= A o corcac” Field to feace Progress Haough Hre woheckon
*foc ex, an inden nveber ascociaked with a ¢or kain element
“oc & por Sorking Metrod (s more Specialined (Ve with Riphaketize Unea the
cortor is Keeping frack of sevecal diGerent pleces of infe inorder b oLk whiece
WC ace In the ol\eehson.
—»!}P,m-,_ e “wrsac” Field ath kime nexr() is calied.,
= This implementation Secves Yo relusn v elements o a S‘\-noa afrq_\j in the srder Hhat HMH

dce indexed in the Grray & Soper elementany Sort {vst For the gurposes oF nderstanding




Whot are dne m\‘m’hﬂ“ &
dravbacks 5 %km’ce%va, 1l

What is Fae  _<oivl) metod?

encapevlate & clone

of +he caw tollettion

S‘h‘ﬁtsn— 1°
p\lbkc lass S\-r\‘nJSnr\- imp\:mm\'s Thecaker 4$«\-n’n3> £
privake Stving L3 collettion

private 0% curcor 5 fie\a Gor \-fac\:,\‘n: w\letran progeess
public S\—ﬂnJSNk (S‘\'ﬁ(\j .3 cobectton ) §

Haie. olleekion = Lollettion |, mmpsv\q.\inj e referente to

Huis, corsee = O e ociginal colleskian
3
pvblic boolean has Neab() § usiog Hhe corsor and e collection
(R0 cursec ¢ colleckion. lenghn | e———————ltnqik to Fgure ovt i€ Merc are SHill ilem
et 4o viit.
The Cirst Hhing fat next() shwid de
pullic 5¥f"n3 nexy() & is call hasNeat() i€ v is Fale thow
i asNerx (3) § ¢ B tRd uieption
S\'ﬁno& ifem = collettion [cursor'_l;:l
QUesr ++ retrieve the item Haat Hoe crsoc wrrmH_l,
Telurn em)) "oinhs 4" and Haen inceemtnt Hc poines
?5 else 5,_
Foon ton Noduda Dlewent qupl*inn())‘ 3
5%
Advantades Drawbacks
- “\cmof3 LACicTent sinie we 7 W's hacd +o change e srdir oF He items,
do 0Bt Clone e colieckion. * bhis Struegy 15 preMy difFiont Jo implement: for ilerabnis

Hoak are sacking in mace Comgley Ways Hran imply index
order (like in this example).
= There's ao defied belavior for iF the coledin is

modified uk‘m\\n.

> a shotic mied of Java's p‘““ﬁ class (con be 1eed ofter implementing jova . util. Rrrays’ )

= b guon LT o Shring [ aray | e Line

Arcays sock (Laame s array]) ;
(eorders the tlements of the afruy etther avmonieally o a\ph\w.\-h.a\\s.
- i.ﬂco.pse\a\(. 6 Llone oF the raw colletion (in e (rastiuuke).
= Sort ue Mantprlate e dowed. wolledion to mave itecation eaier
" ow Hak we have dor own Lopy | we can apply ork () ¥o reocdes it witout dmﬂah\j

e 0.9, toWeckion



Lxample of Heratoc vsing
7

Whoat ace Hae dvaﬁ'\'a:\e.s and
dcawbaces & 7

Mtg'a, 3 eapeviate another
thecakor

What ace the advantades & drawbacks
of S\'ﬂk\-eqlﬁ/ 31

- follow ¥ samne cemaining skegs as in STRATCOY L
prbltc Closs  Stringack implements Thecatr 2Steing> £

privabe Skring L7 colletrion |

peivake 0% crcor

public $\—ﬁnjsbr¥ (S\-ﬁnj L] colectton ) §
Hais. colleckion = colleckivn.c\one ;)
A(fq‘ﬁ.so({- (Ms.lo\\ul—iot\\;
i, Lorcor = 0, 3

Hae reck of e (asS looks bhe Came as Mk enample fom
$¢\'m¥c3\a 1!

AJ\vam-a\qgs
= Onanging Hne order o€ thoms in e cloned colethion duesk affecr te riginal.
= Gnangying e dedec or twmber of ke in the 09 talledkion doean’t afCect {ine iterakes.
= Coavenient agpoacn For ikecutors that wavld beneCit fom socting e wollekion.
Disadv antages
= exbremed wmmg-h\eCCm'ml- becavse ibrequices a Full copy o€ the (o llekion.
*imaging fcq\\uj lacge tollections with like 1M elements
* this also means Haet i€ o vser wanted ko ute an trerdlac JsE Yo Riview
e Ciccr Cow tiements of & tollecion PP SHU et o appy sartl) o an
oF Hhom —whith uses o Lot of memory.
= canoot wore for inFinite colieckions.
= Usebul For when you watk bo build & more, complex iteration.
— LUrcapsvlake  another itecator of Hhe caw wolledion
" basically build #ac wore wmplen tkeratal “on kap of” existing simple irerators by calling e
simple ikrater & then wancing with ik elements
= each bime next() or  hasNextl) i caled, e the simple itrerators neatt) & hesNed() metnods.
T tstenbially “ranslaking bhe fesults” of Hoe ot [Hecator.
= relies on e oder Herater obiert o do i = (an be ¥eicky o implement
"hack wok” = Dnly works when Hhere i a.\ruu\ﬂ an exiting

Simple iterator for Hae wMedkion,




The

Tiecable 2 > Tnltes Care

What is e Tiecable s>
inYecCace?

So unear  does ik an ko be an

" Liwable«> objek”?

$9 how de you gex an iteraver vhjet

€M pne oe Java'y built-in tolechons?

Whak-does Hpne Tlorable <> indefface

\oow \ive?

What doct bne ghase Ysyntakic

suao-c" onean

Whok is o far=eacn tsop !

Are Haore ooy Alsadvantages +a

Foc - ecatn lovps 1

= A way for o gackislar dala chuchin (or any objelh ek represents o tolleckion) do promise.
Fnat it can creake an iteraXor pbjett .

— AN of Jave's ollechion clatc impement  Tdecablec>.

= Lako an obiewt [elags Phat tmplmeats  Licrble<s) .., any  elass can implement Hoc
becFaie and clatm ¥o be “Themtle” a3 longas ik provides an  ikecokerl) method

Wi (ctates & redurns an ikeradpr For e wledtin.
* this is twe only requicement (whith ypy a see fomn Hoe Therable<> tass code.)
= Threadlees does not nake any ooomises o e Hne iveratr Soject Wil wotk.

— [ name of lolearion J | idecalor (§]5 {Hm wethod that Dicruble L> d:ﬁus}

- Lis\-LS\-dngP M\arL\‘s+ = new Am‘aLis{-L%);
Tecator LEHAMD gy |ish Therator = my Lisk:idecator L))'
Map < Lﬂ-eq-x,s-\-finj> myMap = ncw HathMapest);

Tlemtor LTakeqer? hnsl-kmhr i M\al\’\ap_ kg,.j&.&l.). ihmheu;

Tecakor £ Skinj 7 valvesLiuator = oy N\Ap_ valves « '-k,ra.\-nrll;

prblic inYerface Tlecable <T> §
7 Thecakor £ T> 1 ikecatecl))

delavlt void focfacn ( Lonsomer 2 7 Supee TS adkion)§

/.. 3 R 2 ophonal defavit
metods tat We
defanlt SP\i-\trd:\'M' LT spliler obor () i are qoing ¥o iqnace
For now.
/1. 3

5

+ fae ikcadecl) metod Haak, vpon implemeatation, ev\d create and feHm 4 few iterator for
the wllettion QR dexelopers)
= D phse vsed Yo ddgidbe a rogramming lanquage Seakore Hiak is created for OvEnience
is Licy Yo use ank bype.
*bok in reality belind e {.wd-h-h,?c wie, rece i¢ Sometlning e (mplex haﬂ!m‘nj
" thesyntakic Svgar {ueh Wides bhe details o Hhe It Campln grotiss.
= aka an ‘enhanced for —loop" |t is Java's lan‘va.‘l.-\tw,\ soppork fur dne iterator patlem.
Usyntabic svgar® Lo ilecation
= for—eadn loope are modn less dedims & olso easite to (ode oot than lite - Lowps for ihecatus
basically Yoo LPhe proqrammec) can use & Cor-cath lovp +o worle wikh the tlemets of a wllection,

and &»\il\&—%—s((ms) the (.ompi\(,r vses ikecator 4o Mamdde Yo ackions in the For- cach lnnp.'

= No aeress bo Hhe inden tomber of each element.



Whok Aws o For-catha \oop o0k

\ive & Yrow do g vse one.?

What is happaing benind tne seencs
o€ the enhanced or loop?

for (T item tolleckion ) %

Lt . T —
// bo som-\-h\‘nj with eath them * Celecente Yo Hac wlicttion yuhich

o decrare & local variable fpat
refecences each item (similac
to iin Foclinbi:0...)%..3

3 must be an Litrabie LT object

o $he local variakle's +\{pe

Mmusk Makdh Hhal of Hae
thems in the eollechian

= xample .

Lisk LToreqecy aqes = new RArcaglistesd))

for—cach \ovp daly wolke
€ aqes s werable W hype

0qes add ) )

Takreger

(r..dA\‘nj Severa) valves bo tae tolicekton)

for (Toveger agel a3 bl
Sysrem.ouk. print\n (age1)) ————— Pi:‘:'\i:gj“kﬁ“ e in
3
= he omples  alls neatl) on Hhe tecabor with < while lop:
Thera o 2 Lakeqerd> iler = aqcs.i-krahrl)',
while Uskecatof. hasNeat 1) §
Tnbeger agel = ifec.nest();
S\Qs-\-em.m\-. prinn (age 1))
3

= These 2 while and foc-eacn [o0ps are Hvs lmiull;j equivalent.



Decoroyor

What s decoraror?

W‘ms st sk use inbertance, |

xample scenario whiee, inhecitance

would oot be € EFective?

What i€ we wank 3o have a
Moat i on and

Lotom Line| Swmmméw'-

- N design patiern Ma¥ allows ve ¥0 erdead ™ of modify he implementation of an Toferface
Withoot  gloslaseing finheritance.,
= lostead of subelasting | we ModiFy the mpleriatin clett of an inverace by felying o0 an
exisking ingrance , & layening difgerent funtrionalities on top of that ingtantce.
— Tonedtance s nov very he\ghl foc programs Mat waok vo wmprse funckonality sk of different
parks
*Le i€ gouhave o main idea for an sbjek & want 4o be aldle to pice & chonse difFerent
feakures (ala aler ndt-l-ypu" of fhe main d,j) 8 ombine Features fo create one speaific
Fype of Hhak objetk
= Ralli— A cass cannot extend fom mre Hhan 1 pacent class
= Lxamice Wne Ful\wﬁng erample
* Smg Yo are building & GUL window object . There ar many diffecent poscible featuns py

May allk 40 add to Hee window = a lorder, & $eroll bar, an  exit flose window Featire

eYre.
Window
Window Lmp!
NI'MDNIMP\
WNindow
Window Tpl
Bordercd Window ScrollinaWindow
ClosavleW indow o
B bilass only has Hie pover fomedify L class (s pacett) owe eibwr have do:
%) Create nnew Sbclast Hiat exdends Cam Hremain Nl"ndwhpl
b) hove extend Fom {oc viee versa) in brder ¥4 create Hats ombination
* bot e whak i€ L wont o NoT window?

i )

= These  options ¢uox, becavse +they requireus b creake whole new classes for ety posgibie
wmbination o€ featuces ,Wich is o TON o n.pcc\'kn Lode — which \-'\era\\j dcfeats the
wWiole point o using inheritane in Wi it place!

— We ek have ¥o "presoppose” all bhe different  Lymbinaions in advance ratner Hian 0n-Hoe-sped

= Taheritunce does not give v Mne a\»ilﬂ-\l ko wmbine Punchionalitics [Featdres o an abstraction. .

Phis 1s where Decorakor comes in |




= How Deworador Workes lonceptvally -

What are Bose classes?

What ave Deweator Classes?

How does a deroraker lass

Wwork?

Yow many detoradet clogses can

on ineranw dojeck vtilize!

REchLL:

What is M vequitesncat foc anv class

im@\qun\-inj & ioderCace !

Why can o dewrakos (laim Yo
i p\o.mo(\\- -W\g Lﬂ%“’,

= Indne decseboc petern, we have 2 Rinds o clases — base classes § deaeaber clases —
all o€ Wi Tnplemeny M (one) wardn\'ma inferfote fis e alstrachion.
> the base & dewradsr clases are decovpled (Mo inheritanie)
2 e taxes whida ackally implement the interfate  (witia e mosk basie vorgion fimplementation)
of fine objeck
— Adavses Maat “decorake” an e.xis-h‘n(, ‘vetante oF the with addikional andjor
modiFizck P\J:v)a'an\\‘lcy
- H\uj asen’t Full implemwnkakions Lof Mne interface) themselves | but instead re.\Y on an
exisl-\‘nn ohjec\ (Hhe base class abjett) Hhat aAlready oo most o tne Tterares fequiced. inplementolions.
) Fiead, it aske ®C aninstante 1€ the intecFace object (i We wndkrutker)
) Thon ik “layers et on dop o Hhe exigting insvanie by delegaking bo it for mosk of
iks Pqnc\-uno.\.ihl ,in ordes ko add vn Some additiona) Feature.
*as well as pvhnRa\\j mwc.oem\\ wmetk the inctance’y Funu\-iam\i\-\ﬂ,o.s needed.

- R many os i+ wants!
3 lave an odan3 ulo]o.u* of e inYecfare {bau class

b eake a g inshanie of & decoraker dass and Wrag oue objeck in it Fun(.\"\m\i’r\/

a,
create o nov inskanie oF another decorator Class and wrap Hnis Same objeut
in its Cundionality.

. and <o on. We ‘oas(w\\’ Yave L iniYial inghance & modiFy i+ Sevecal kimes.

= T4 mogt pavide Lode implementing every method  that is defined in Hne intecfae.
- % gwgs:\a\-ig o instanie o€ e game inter€ace Witk ik implemenks & whidn dm‘j has
e fequired implementakions —a¥a +he base class tbject — & Lu\linj its mtdnods .
* Hois object alceady dues ot € what we want.”
~ To implonest  4he wmetnods Paak e dceorator clogs dots pot need bo madify !
o Hot dewrakec tlass "deleqates” doe acvion ko the enspsoiated base objedk
by gy calling Huok obijeck's vecsion of the motiod & relining the cesult!
(Wais will make mue W0 afbec viewtng Hae cxample)
— To impement the metnods that we do wank to modify |add ch\'\umli-\y to:
* Some process byt we add ode | either befare or afier “delegating' (aa the mednod call)
Paat  modifies | ceplates [adjusts Hoe benavior 56 Wne base objeck's method.

= The deworator class can also dhoose fo 0ot delegate H\\s* feplate e ehavier womplekly i desired.



~How Dewrator Werks , Ln lode -

Whet docs Yne detscaoe L lags \ok

e’

How Ao we treate and vse a

detoraroc ogject ?

-

What does i+ meanto “thaia

dewraraes” 7

The wachvtdor tolkes an instante
\Jb\(t. (.,\Q55 BD('AQXC’X‘N\-I\AUA inplemonts “-\(\dbﬂ i, of ¥he intecfare gga rameiec,
P P pev

privq,\:e, Window nﬂW ilﬂw)
+it entapwlals Hais inghonee of
& olain witdow 65 & Citld ) and

Bordeced\WNindow (W indow o:\\mm) Y W0 g litmabely modify Wis Field]
et ¥o have abordec,and
Hois. 0qWindow = ogqWindww :'\c\‘\-::“*wh:\- tovs. “T
3

all of the methods are marked
@ Dverride ng Overcidden .

public Steing addText (S{-ﬁna Yob) § — T A methad fequired by Hhe inlerPare but
vnrelated o b feakires given by

String cesolt = ogWindow . add Text (_-\—:a-\-);.\
laskead o€ imp\tmmh'g Hhemtthod ode

fehirn resoli k3
direeriy, merhods delcso.k. Fothe
E tNcapaviated instance
@ Owecride
public doddle  paintWindow () § A mednod cequired by P intecface that

Wants vo modiF\,
dovble resolt = oawindm.pain\-wwnwtl G

3" (na‘h\int\w. 9t Size()) 0 — s We skl call Hae encapsviated instancey
'] metnod | bvd ¥hen modify He resvid
//lhask-lly sume benavior dhat modiCies e metnod) befire Tekvening ik,

rebuen resuld)

3

1. create an object of +he base class
1. Cfeake an dlgjeck oF e deeath clase ¥ pass in e bose closs objert 6 o parameder,

effe chvely "wmwin“-" the base dojeckina deorater objeck.

Window baseWindow = new Windon Tmpl( )
Window  ywiodowWBorder = new  Borderea Window (baseWindow )

\ Window  Bocdered Crosalete, Window = aew ClosableWindow (windon W Border)
T2 Waen yov ke an inkecace —iype dbojett Hhat has alrady been dewstled, § decorate

W oqain by wrapping it in anvkr dscoraor object

® live Hae rample (ol above

= When we dnain dewmtors, we esientially create a linved Vst o olfecks o MEMORY ke zavse when

We advally use e sk deworated” vlject in Main it Follwis. e erics o oifedts in ocdur o (eMieve info

Maio . \i““ : — imagfoe Aak ae¥Namel) it vnmaodified by any dewmbor,
Soot { BacderedUinsableW indow. qet Name () )| <o e ackvsl nPo  lies in Mue bate class object .

e 19t S |




Whak doesit meanto vpucap a

decocaroc 7

How do we unwifap a dewsrated

abject Lof "LawmcCaw” +\’N3 ?

Whet is Hae, 274 Lowman Wary

o Ve ¥ne Dtwocaxor Partern?

(,ompm-ism ¢ He L Lommon

Dertocakoe Design uses ?

= Wea yov waak {o exrack]aciess dhe inghonre off Hne pigina bbject  famthe duarated onc.
— We 4o Ywis bvj um{—;n‘& (and Lallil\ﬂ) an “vawcup” metaod in the dewmtor ¢lass

* sitce Fnis MDA, i 0dded on oy o decomor tlose andy TSN & pack oF Hhe indestace jwe

(o only vse[iall it on object< o \-\l pe  Decombocy

= Sine sor referente o Hhe objtct we wank ks vawmp  eanaok be of We inkerCace -I'\“x_ % must

be oF Ve dewscodor dlace \-\“w, , We mvst \'\";ust- (downeast) +he objeut befare
vowmapping it

at tois point, Yelosable”
30€ dype Window and

Hws does ot have ;
aLss xo the "vnwmpl)”
m¥nod

;

Window mvst be Fyperast to UosableWindo

N order do oeLess unwapl)

— Rather than mm‘“(\?( bage dlass implementntions oF an ndecCate with dawscabor Classes
k- aico implemnt Hhal same Sl-l\q-d]d\f inkeefocc..
= We o et & Decoraber Lakerface Ppat

D exveds a base Iucfaw , and
1) adds (definitions &r) erlended quhnm)i\-y methads

= And tven por “dewwcater classes” will Jvsh be implementeions oF Fhe. dewrator inderFaces.
— Zxawple |

Rase Inteckare " Desseator”  InteFate

pbdic intecface Window § public inyesFate BoderedWindow exctends Window §

o %d—ﬁu(); Color  serBordes (olor (Y rehieves
Window unwrap 0) | Hhcorigine

SJrrinS add Tod u; base olject

3 3

Metnod 1 : singvlar LatecCate Meblnod 2 Decorated Lntecfares
i plements implements
[ 1]
Page Class

Decocater Llasses



(€oc Mexnod 1)
Smmm\( ~\What is Hne Neovodor 1. Twplement -

Pakkecn Recipe? 219 odagenllote | =
. Delegate -
4. N\od.'\F\l =
Whak ace dne limibatioos  of = Mubtiple: decorations mvst be matged by ¥ae. programnie
Hoe o\w’! * Does  order makier ?

* Rre some dewrations inwmpatible with gacly abxe ?

* What i€ e same deuration is added my Uiple +imes?

* basically a lob +v Hhink

— No awess o weapsvlaked obju,l—'s Pmko)-ed Lrelds.

* can o0l work wikh Hie public methods & Brods of te boase Llass (as opposich by

i€ we iad aq inveddanw [ SwLLlassing rakinnshtp)




Sinaleton Design Pattern

Wher re creakivoal design (u\ue,ms?

How do we us\scu\\gac (feare now INSedines

of & c\ase 7

WA ace somes ommon creatisna)

&!—siﬁn potecng 7

Whok Jeee. Sif\a\e-\m do?

Waen woold ik be vsefyl o have o
ClosS nak goly evee has 1 ingtane?

Whal is Hae goal of Hae Singleto
‘)M‘Htﬂ'\ t

\NM tant arequlac Llass uwnshusker
achiove 4his ﬂoal?

- A(f;\'nf\ potrens Mot Lon¥rol how do cceakt (and ree) a new instanie of « ¢lass.

= A Lonskeukor thak populakes new inthentes with ghateq tby Cilh‘nfd i +he CielAg),
- TLaskaatiake © 4o ceeake an instanie o€ o ¢ lass 0sing I class cunshuchr and

Yhe new k«.nwurd —wWidA aska Bor an t,n\-\‘rt.\\) new ingkankia¥ion bo be inikalized 0 Memary .
- \'—AL\'UI:’ Mo

- Pfu'\‘b'h’ pe

- Mk Yot

= RAbsiraxr Fqc\'nra

= Ruilder

i Sir\.a\c\-m

- Sinﬂ\c\-m)m\lu'ﬂ'b'\,““& Fa(.hnj Method afe employed when we waak o prevm'\- +he vee o€
Hoe wonekruerar,

— (onkols When and WNETE  new inskaaus can le created.

= ceskridks instankiation of o class Yo pae “single” instanc.

= R olass Waat represents a

— A Jase that is , vt a0 instanee

= © Jdass Wpat is vsed b

* aFFecent parks of Yous code want +o use e Same toocdinated fespoie .

- br s packelac closs [object | we wank 4o be alie +o
a) be able ¥o instantia¥e 4 .,Iojc.(.\- A€ the tlass (£ pne has nevir beey
feated (a one—Mme acHonjpervcente)
b) tnic voe has already been creaked fheq any bime we vée e z,lmslnhjcl})
We alays only wank Yo ek back thek ame exack u\'&h‘/\j instanie
las opposed Lo (feaking few ones)
> RSCALLS Thaw«:\ Hat a woskveror is invoked s with the Reyword new ;
* The aubomaric  qU-on \bdnind flew is Lo allocake memry & vreate @ new oloju-l— of
Yook lass foc e wnstruttor y» Fill — new alwmas creakes o new ahju.-l—.
= By Wne Mime fnal ne Lonshyckor is called, iHs too late +o prevend inshankiation
= Paexe 13 0o Wey Yo prvenk a New object from bu‘ng ereaded (oHur Hhan

-\—hmwfn? an <xeeptipn)




How dees S(na\e)mn exewle Ynis

joa\ 1

Whak ace favkary desiqn patiens?
Whal- is Maeir geneca) idea

What is tne T—a&orn metod 7

N Whak & a static metod?

What does o %wah‘ucd Fa(,\'br\l)
dp cless |wee \ive ?

= Singeten , Mvlxiten, & Factry Metaod's bia idea: male e ronstvelor priveke.
s baska\hl prevent the wnstrvttor From ever Iodm:\ wlled in Hre Firs place 3o
Fhal any ode Crom ovkside Hhe Llass s provented fom ever creating o new object
* § Waen aloo provide o ACE iy foc vubside (ode Yo actess & work with Hhe inshanie.
7 qenccal dyoe of patdern that inclvdes Singleton, Myititon, aad F_ab‘l'ﬂlj Methrd
= To take e oogtnrker privake,and Hhen provide o iFFecent mechanism ljwlnl'&h
ovkside Lode tan Lreale avnow instane when netded | & otherwise redvia e uu‘xHD
ingkanie i€ ¢ a\c been creaked.
= B skavic meWod ingide e class fpat calls Hhe privake Lonshuthor, and by which
We cun ackvally aecomplich the kgl of  Ontolling instantiotion.
T When ovlside code weats o createfactss Hre elass doject, ik callg Hhis stutic method
tokvier Hnan talling, the waskvctor
= K mePaod Whak IS agbclaked with ¥ne 2lass as a whdle , and not with any
packi tlac instanie
7 actessed vstag Hne class name ( fositio Lmpl. gekSive() ) = ag sppossed s vsfnj an insante

nome Ve with instonce meteds Pos')\:innl.lje-\fSSuL))

prblic class Foaklamem implements Camra 3

privake washwdhr ———— private Footlamea L)

3

“Cackoey memnod” for
JE S| B L .
whli ¢ Sabiv Fpntla )
bOKIde Lode to eceate P — A reate, i

new objetrs

Comeca ¢ 1= an'\'(,amm‘crm\-c(\) E——— (all We sdodic melnd wheo

AS DPPOSE. D TO" treating o vew sbjeck.

i

—Zmploying Hae Singleton DP -

RCCALL Winak is « sakic Ciad!

Waok are Hae 2 Steps 1n

L(‘ea\'ina a c\ass with Sir%\c-\-w\ w7

S B Creld whicn tontkains just 1 valve fu thewhele class. — a qoba) vasidole
= aga ) tvury vb]u}- Awes NOT have Hneir pwn Veetion [ dota valve fog Hhe Feld,

- Sinﬂ\¢¥m employs a shatic £iovd whion shres Yhe instanze oF Hae Lass object ibge P
1)
1)

3)

i N . )\ template foe
h\t.k. Mac Lonshovitoe Fom publiz vse (ana\—d é:':; ry ek s
povide a Carkury mednod to creake ac redun sina\d‘m inshonie .

: soatchon DY
Rave o Satie Field Hhak shres Hhat inctante Gor Hhe class as o whole.— 570 hn

sfuf‘;%e.



Sina\z_\—on c\asg explanation = The shabip Fiald s in'\*\‘ﬂ“j empty.
coninved® = The F"“h“:\ wmeod in a Sina\c\-on class shpuld theck if Hae a\n\je!ﬁ'
(173 a\m&\j beeqy instmariaked h\a Some one beLoce

*i€ aot | it dnen creates the new inskane and stores it in e stavic Fiod.

X Wis s oown as *laa iniHalinatin”— if no one ever asks
B Pre object | we never create ik, ¥
* Then, e.wx\y\-ime & 0w instane ik dried to be Lieattd alre Pnat Hae method
Simgh|  rekuens s Skakiz Bield!
Clatic sina\e:\-m

cl.Mmyle. o€ a Dass e,vxgom‘na, public class Froeramern imploments Ccm:V Fierd

Sin%\e:\-un‘! privoe skakic Fronr(amera Sinefeton ;

privart Foot(amea L) 1
3
puitie Sodic Foodamen createl) §
it (siogleron = ool ) 4
sing\cion = new Fantameral) ) 3
rekvca Sinqleton |
11
Wak are Yo benefite &
criXoisms of $in0\ez\vn'! *we can all bne Factsoy mernod Fom dnydee in
0V ¢0de o having by wordinate wikh ow o¥ec Lode
Aobud wiehines Hhe instanie has been created a\mia_

Cridicisms

¢ Yae Sina\!r\m DP might be o Lt ‘over il —its L&&tﬂ‘\'iﬂ“\] jwta &mj
ﬁ\o(oa\ vagiable .- -
fiok all Phak AifGeent Hhan just making (bor ) & ZonkLamera classthay
woataing no\wnj in ik b o simle Feoot(omee obieck ac u Srakic CGold.
* Welave Yo know for sore Baak gl instanies woo't ever be necded...

i€ oot yik's vsvally best 4o keep Lode jcnf.m\ taovghh Yo suppoct mutkigle

i0Svanes.




Ml idon Dedign Pattern

What s mulkiton 7

Lxample o€ on odockackion Hnat

wold  veilize  mulkiton 7

‘f\“\\s isik impo(km\- 1 only have 1

Obltl—\' foreadh ‘yai Tn. LM(!\L"MI'SHL'?

Waak ace he s\-e‘as in crr.qh'nj a
Cluss taat enborces  olkiton 7

= N qpneralited form of +he singlehon design pattecn.
= inglead € q s;na\z objeck Hhat avesyone shares , we have o ol\eekion of objedks: where
tadn shject is uniqrely ideaviCioble by sme specie tharackeristic.
" For ot vnique piece oF in€o, we paly evee wank o have & e
1 same objedt ingkance.
= \Maﬂint 6 Shudent class where ov aways ack e Same object to repreient the sawe
Skvdent — and cvory shvdent has 6 wnique PID numieer
* Hnere shioold only ever e ine Shudent doject inttanie weded G o gren PID number
* Whenevee on dojeck 1o fepreseot & cerdain PN i needed |ialled (abtempted Yo be Created
by potcide Lode , tne same object Should a\meS be teruened
= This is {SFLEQ\‘-Y importunt i€ Yne object is mytoble Lie. if usecs acc able to
dnanqe aspecks ¢ Hae shieth ( name Jm\Ams,pmnwns,c.‘rc.\
*wWed wank o make ture that orry ofer part o e system thak i us\‘nj e same
Shudeat irgtane that is keing mutaled |is able Yo See Hae Unaoges.
Skeps:
1) Shoce o tollectinn of inghanies 88 4 private Statie field | Hhis iS our

“&‘m\'onj“ - as oppased 1o s\—oﬁnj pne inghance (unc"sfncj\c,\-m") in e 5\'n¢a\1:\onb|’
‘aka o HashMap (uhidnwe initially jnghantiate as empty ) that is a Mapping

bebween eacth bkch* k itg unio‘w.l\, \o\m\—iF\'\'na dnararker istie (wic)
1) (feake a private Lonstructos.
2)  (ceate Hne gubic c'ml-nnj mctod (oue 'ﬁad—brj o creating new obfect -‘ns-\uﬂus);
* the method azepks alv of blac sume paramelers Thak e wastructor: woild

have (sinte i+ ik of uncings as Hac “tooskivetor’ wed by aitside evde )
o in e metiod, provide all ¢ Bne infacmation neussay Yo (reote onem
instance A€ Hie clase object — possibly inclvaing the yic
as well |

ve.alba iavode e coastevetor.
M) (o v M) Ficsk seacdn the. collection didary +o see whether an objeck
for e provided vie Wy a.\('ud’ been weated

* it tot ingantiake (and cdun) @ new object & add it to the collection
* 6 yes Hhen simply cebuin the valve already magped Yo the vic in Wie wilestion



Exﬁmplf_ ¢ a class
Ln@oro\'ma_ Mutkiton ?

public dass Qrudent §
privave shakic Map £ Leteqer Skodent >o\im\’onj = new Has\l\w\u‘: ),

private. Student Linkipid | Skring Firsl—Jﬂn‘/j lagk) §
3 ine
ie ic in¥ o ingy Fi ] — Fade
Fulol shabic Student %;\'SHAcﬂ{' (ink pia Sl-'nn:] First, Sl'nnj last) § '::Wi
if (! (Airu,\-onj. containg hﬁ LF‘\M) 5
diru\'orﬂ. put (pid , new Shdent (pid, Eirst last))
&

Lhvrn Airv.e\-or\v, -qet (9‘)0\))
3

fo ¥ ame. pid, we always ek vhe same object



Factory Mcthod  Design Parecn

Whet is dne \:‘ad,,,m MeWod
SP7

— Por an intetface of pacend tlass thad has o numlee of imp\cmcn-‘rh\ﬂ svbelagses
and Where we wap} o Foree the vse of a single <vbelass | o Faf_xmrj Method rists

4o o\\lmmim\\\l choose whith subelass do use & instantiate an object
with,

+ Hhe decision of whith svbelass bo vee is usvally Lwbjet o ove Lomplex

logic That we don't want Hae vser oF e abgtraction fo have ¥o lknow

of care alwt.
* Vser dvesnkeven have o Know or care alodvt whak Sybelasses Here are —
-Pﬂo\j st @l dae FM in $he parent class & are reruned with an sbject of

e appoprate subilass by — bvk dne referonte dype s e pacent class.

ln Waak an does Fm\-vnﬁ Mcthod - gre,vm\—\'nj (,remnj o€ objetks (o b pacent cluss h,pe) Jirr_b\-\y l % instead m:quﬂj

" Lontvol instanriakion" 1

Me Qlass in Macge oF duidn’t\:\ whidn svbl-ypg olq‘u,} Tz\s made.

Wou is FMH!:‘ Mdrod diffeeenty — Unlive Si:\ﬁ«_\—m ¥ Mul¥iton y ¥ne skatie "Cackory mebned Pk inskantiakes objects is

Fom Si:v\’}t,\-m\ % Nutkikon? NoE (n Wie Sae class as Yhe Uass whre we ace Wanking fo prevent inshantiation.

= for all oF the Subelagies whose: direck inskankiation we ace \-\'“TAG o prevent , our

(:a(.\-nr\j metod is written \')vs&' onee in the pacent class

WWak Aves Yne Shukic Fm metniod ot = This method Yawes in all Hae infocmation pneeded Yo mave o dectsion , & Wen Lontatng

@ Fm\-or-ﬁ Menod P do? tode that (—ia\)rc_g ok ubhicn svbelass Shovld be used (Mac “complex lonn")

= Th Beo reburns o new inshane o€ 4o, appropriate svbclass kype .
Bt ow can our svlaclass tonskvivars | — They can't.

be privare i the Fm needs to = Laskead, we dedae W anskrukors of bne Svlaclasses as profected.
tovore Hem from inside W pacat

class?

Uxawmple 1€ an askeadkion Mak [ = Lonsider a

objeck ftlass Haak has Several suboelasies of specific Hypes of
employs Fm“ﬁ Metpd 7 nokiG Latisns —

) )

— Goal @ v shovldh e able v ereale & pew ubjeb\' Haat LDFFLSPMASJQ a

dbject , & the class chmld retun fhe wamreek Fype o€ nobFication
For thak gpeciic vser.

taivu\

(For ex ,Yhis ool dh e, based on & gf,\-Nu\—iFmHmP\'c&rmu, metaod in the Shydent
Class)




Whekr weold, e poreat c\ass

loak \ike in kuis example !

Whak woold an ookside elass vsing an

FM class ook lLive in this example”

Whal is e advantage of vsing
Fau\—nr\a Method 1

c\ass TexINoviFicakion extends NokiTication
ass LmailNobiCiakin  eatends Notiication
hobice Hhat Hoe static m c\ass Pun NokiCicakion extends Notification
is o\c\-VQ\\Y instde twe

parent clags' woskivdor ———— public (luss Noki Ficakion %,

pulblic enwm Type L TexT,EMalL, Pusu} ,
The parawerer provides the info

¥
fegded o dagmic. & | subociass | pub\io shatic Nﬂ'\&m’hbﬂ crenke LS\’VA(X\\‘ $)i

T:IP"' et = 6. 4k Noki € Prefecence O )
€ (Fest =2 T\“N_TEXT) S
e Cavrary (ora new TexlWNokiCication )

Mmedvod ‘é el\se if (\—YP" 2l TYPQ_ "—M\\\,L) i

L .3
[
Masn java
Hudenk sk = Student. qorShvdont (123" i’ *Rar”)
NokiGeabion n = Nokifreakion. ceeake (3 Re e ?n&m-Y method 4y
'[ \/ d\}mmiu\\y insvantiate
Nokice. Hnat while the objeck Poe catreck Svbelais.

rened will be 0€ & speufie
Subclags, Pre cefeence dype is

a\ways of e parentclass.

- T sepacaiee bhe encapsvlation 1 the tlojedk foom e rest of N program

= b aggocrates ony logie bhak is needed Yo cdnoxte o Sulbelass all Tako one spot (the
Faddn& wethed)

= Makes & super sy o use Mais tlass & cedvieve o valve ( o+ \ook o (ain-jova erawfle

obove ! ) — pukside users dook need to know m“MnJ abovt fnow Ht deniston
gets made.




- Recapt Sina\e\-on, Mu\¥idon, Fackocy Mekhod —

— RW Yhaeee ace Crealbional o\r.&iav\ patierns
Sm%m
° privake constrvekoc
* Skakic private “S\'t\q\r_'\'on“ inskance

* ghakic m” method Fac ltﬂ,Y Lrw\'im{
feceiving Hne S\'n%\cl‘m\ inskance.

Mulkiton
* private  onghruehr.
* starie private pletkinn of inskantes
" Shatic Gy mednod fac crc.\—ian{cdfricvrnj inshan e

Cocresponding fo & uniquely \‘Am\'iﬁh:) dnacaderiskic,




"Strateqy’ Desian Padern
N 3

What +\,PQ £ P is S‘\‘(‘a“ca\é, ?

Whod is Bae mokivation elnind
Sreotegy O 1

What is e S'\‘m:\r.a‘a, 7

How g S\’(a\*t%‘a, an cxawple of
—anc,rsim o€ Control 7

Whataee O example situakions
whece S‘\\‘a\—t.ﬁn is veeFu1 7

Why would 3t be vsebul \ere?

= R Bevariacal Pabtern — patterns invohed in h‘\\"“'j deCice the bdaviar of one olojel.\'/
pmaram with respeet do Snmc-H/\?nj elge.
= lmaine, Prar we ace """‘H‘\j m a\smrﬂnm Hhak s mep\tk\y deCinable & written extept
foc one Critical missinj PM’\T
* Hhts "missinJ pact”’ may pecform an ackion of return some object ot we need and
foat we Know how 4o [have alreadsy wWiken code d&.ﬁb?nj ow 4o vi—'\liu-,—wc\]usi'
dof'e Rnow how 4o oltain Hais missing picce .
*of Mayle Hhere are multiple possibilities for whal W missinﬂ plece covld ke, and we
(as e a\aori“nm—wfi-\ud donk know whion one will ke the most appopriote G o given
instantiation of the alg.
= Steategy allows vs by qo ahend & implement ek greral alqarithm withavk e
miss;ma piete and +hen it\\]uﬂ: +ne appropriate m'\ssina ) 5\"‘"“53‘. ar Hne
Yime Yol fae a\g needs ik,

= RECALL: be_puﬂanca 'Lnjed-im 5 Lavecsion of Convrol
= When the alqorithm is funaing & ik gqets ¥ Hhak crilical sheq ik tnen gives the

woatrol pver +o Hne ‘s+ra\—c3|j dojett’ bo db whatever it needs Yo do ¥ e fetvmn
the answer ko the odqucithim §b et ik can condinme nmm‘na.

* A qoners) program Hhat ok Some poitt, necds o pesform o sack oF thems . Ravhu Hran
Gnoosing ¥ im‘x\emw\-i(\a, upe socking dlgritom for a\ cirevemstances  we can allow Hhe
apecific soct alg ( BubbleSect, Ingxkon Sort | Seledkin Sok | Heap Sork ,eie.) fobe dnoen

ok ¥ae fime that dhne progam i k.in\:\ vsed.
* Buavse g might wank f yse a Aifkerat Sorving alg  degending on AilRerent Cif Lumstaney

tat  aeat Romun yakil the Hme o ove p«ﬁmﬂfi vse )
— Lor ex — Pe size ) e wlletklon (be \iave ko oneldes be Woe & Spaie t.ﬂ:iciz_ﬂu’

o theaadr )

=9 Determining opdec o some trems

° A QD\‘Hl\j algpritim Haak ot some point needs o compare L ikems to decide whidh should

wome. Cicel .
* Totead of uri\-ipﬂ the snd-ing “j foc e xPu\'F:o tharadtedisticq of Hac object (like alphaberical

Sorking, for ¢x) Jwe can allow e usec o inject dheir owa compacison object har ill

detecmine tne tocrelt prder
* Dor “\'j dvestt need ‘o knpw w'md or how ,jvs{- needs to ka whidh ol-ju,\- tomes Cicst.




What is Hae, at.mra.\ struckuce
of S‘\'m\-tsua, 1

Whaak is an amp\t of Skakl“,
P17

W hak woold Hne “s\fn.k@a objecks”
look tike in Ynis trampr’

=> How ip gutpot resvlds
* Mn a\sod\"/\m Yhat hag oreated resubis ¥ prodveed Some ottput. .. how Hnat ovtpok shavld

be communicated deeant have do b knowa h“ e alg in advanie, & inctead tan ke
provided Yo it at the Hme Hhat i+ ad'va\ly nedl 4s prodvee its resuldg
* ’-\13 tan then “haad sver tonteol” 5 gume S-\-m-\-em u\o\i!u\- Leaivm luj e vsu),u\n‘ﬂn

will then produce Hhe wiceok dype oF ovtput
“ FPocexl a Svemary on Hhe wmmand, line v4. inSertion indo a 103 v.s.

weiten Lo Hpe Aisk Vs, ... eke.

-3 Kﬂ.\{ tomponents
D fn intecCae that represonts “Hae s-\r«kaj"——h intecdrangealle
objett Hrat pecCoims same ackon & ook will be injected into Some lacger

picce oF code When it is needed .
1) The c¢rikeal method signature defined lan e interface,
® \]S\M‘-\\( ,Sh*d':g'g intecCacey Dh\y (kﬁ'nc, 1 sina\(, metaod — byt nvl-alhny:

(\‘V\c(c, o4 by mleP\L)
* This is Hhe metnnd Hhak He putside wde will call i represents sime alg hobe

Pu{:urml.

2 Several implementing classes - called " Strateqy objecls” — thak each offer a
Ai€lernt way to foform the alqoritm [ implemeat e critical metnod.

= The (ompacater TnvecFace,which i Luilk into Java (ore. |

g q N . c
The inkfCaw fepresents & 5’"“"3:] o '-"‘“\’m“:] 'LaLch's of -l-\")e,r ;
ikisa greric intecCate (RLchLL: parameific polymarphism)

l

va\io inlecCace (om\mm*orAT"> g

it wmpare (T ol, Toe2) ) ]—'@ Hae interfaces only medhnod (Hhe “eritical M““"dh);
3 whidh +akey in 2, olojects 1'\“,,,‘\" % redvrng
an ink val ¥ak represonts Lhe order )

va\ 4 0 : ol before 02

val = O 1 ol i equal Fo o7
val >0 ! 01 after ol

—'F.'m\-_,im'ﬂine. a ob]ed‘ Wat has a ¥ a method.

- Here ar 1 Skealeqy oljects thak implement (omipacator < Snape> 0 difFerent Ways:
public class Smallest Pecimetee Ficst implemonts Lompacartes 2 Shape > T
public int compare (Shape ul,gﬂapc ol) §
tetuen (int) (ul.gdl’erimd« O-oT.qeh Pecimeder O);
(§




SD ow wWould we Haenm vse

i Sl—ra\-ejut 1

pblic c\ass Lﬂr%w\—’\‘wﬁts} implements (ompacator 2Shape? §
piblic. it ompare (Snape ol Shage 02) §

fedorn int (01-30\'hren0 o ol.ﬂd Atm(])j
11

= Lety .s«j we have (reated some Lich of ik we now wand b 504;

LiskZ Shape) shapes < new Aﬂmﬁ Liskesty;
5\,\,“;{_5_“6\&\ Ls\r\qpc'l}J
Shapes add (shape2);

Shapes.add (shape ))'

Shapes. Sbek (—— )

Mne Lisk<> inverfate definesfinthwes a bovilk-in Sort method whin
Stksthe objects aviorAing ko o speciFied oedec — +his is the
 qeaccal algritn’ o€ e "biggee pRgram’”
= the algocithim Kaows eveqgirio dlout how Fo ok ikems but is missiog Hnat
\agk erikteal piete whion is ho ko qo alovt lumpaﬂ‘nj 1 objects ... that
is what we have o injet (RECALL: Degendensy Tnjeckion)

Thts 15 whore we pass in a (omparstocz> Object
to bel Yo Sofr() medhrod how 40 Lampare the
objetts — oor sh—a\-cw inlu,\-ion.

= We con injeck W desfred s-\-mkgv( inko Mg, SockL) q\:]nﬁ-\-hm b‘j Lrud—inﬂ a4 NewW
s*m\-qw object
Shages. soct ( new St eeimeter ﬁrs\{ﬂ;

20

Ghages. ort (new LargeerRotafirsh())




%Scrvc.\“ - P.

What Sikvation does Dozecvec
qr}.o\fe.ss?

What are asyndnonovs Systems?

Whak are e example scenarins

wWawece Obosecver i vsed !

Wk i< b design \)a’ci\'tﬂ\?.

What de€ines an “cvent” 7

How does Hne sv\oju,\— objed- Know

wWho irs pbservers are 7

What ic He erecukion sequente

foce pogom vs(ng_ Dbsecver 7

= Gilvations where YoV need o weke code thak responds o an atkion o an event Obw(“'U-
= Sometniog i “\“PPU“'"B inside one objedk, Yo Whidn anoler bbject WISE respond -
= Foc example, & Bubon object would be & qood Subjeck ~ e obstever vljects Wovld
fepresent b ciewvke whatevee attion shovld getur whien o Ve L1ieks Yhe bvbon

= Olosetver DP is oflen at-Hne heast of asynchonous systems/Software .

7 PrOgrams Max ure built4e regpond Fo events|titwmsnes Where i dusn Enow
when Hnakevent i %vima 12 happen.

= For ex, /\

—? Wenk=dviven froqramming
< J

* Luents Moy ke cavsed ,Gor tx,by

hacdware or ysec inpvt

= (odef PrOAEAM i brawﬂi‘u&d ko 1 gubjec abject | & 1 or more plogerver ohju,\s
= Lo vlaseever dlojeck de€ices o special method of Code Hnat -an\:) wont Yo exevle
in cesponee kv <ome specific went” oceorring- with the sbject object ~
Be " vpdate metnod”
= The subjeek objeck is Haen fesponsible For nohCYimz all vbeervers Hhat Hhe ackion has ouurred.
= ] skare change bavcring inside Hie suljetk olgject
= For exumple, covla oe indueed boy
~ Uses ioherackion with an on~streen UL wmponent (a vser prcssira albvon)
~ Hardware (somsdes bvbkons ede.)
~ Lhanging o Cietd valve with a setbec method .
= Lt enapulates a List of all ackive observer objecks ... as well as 1 (public)
mthods Haat allow obsever okjeds o add o remove themselves Fom the list.

Olocerver olgjedks ve,ais\« with the svbjeux olaject (added bo list)
Rn evenk occors inside Hhe suLju,k oszc:l-
The svljeck- oljeck noki€ies all Hne olasecvees one

at a Lime by u;.lll'c\a He ‘beo\ah wetod” of eathn.
The observers Hen reath o He event.

Ooservecs can "decegister " 4o shop olosecving .




Kq Yecmst whhak s |
a subd'cc{- object (SVLJO)? = Bn objesk Hoak caves an event +o hapgen
an ologecver ohjeck(obsd)? | = An objet intecested in bhe event

7 Tven i€ ey ace EFernt objecks (A0F implementations), ALL obsOs must be implementing
Yoe same common interCace

* becavse toe SobJD Wil feqister them a3 Cinkesfare] ype objects & will call the
same vpdate” welnod for each obs()
(eﬂiskcinjr! = The awx of wnnesting an observer Lo o packivvlar wbjD.
dere jas*eﬁnj'f = The ace of o longer olsecving an event.

the Hype ofHne list s Hhne jntectate

et the Subj0 expects all of s

obgecvers 4, imple .
What does o basie Subject class public tlats Subject § Y PRl

look \iee privake List £ Olsever> ohsuvu;; tntapsvlates a LISt of olgecver
D‘ojcc,—\-s
public void addObgecver (Deserver o )2
dogervers . udd L o)) allows olasDs ks be registered
3 o¢ decegislered Fom e list

pvblic void remove Doservee (Dkgenver 0)

olsetvees .cemove (o))

S
Priva\-e void no\—IFY Dlsetvees () 3 o mcHnod caled From withindhe
for (Olservec o : observers ) § SUBJELX Uhence, private) Hhal- calls
vpdate() on a dlogervers, wllowing
0. vpdate L)') e 4+ respond |
1 1 3 - most basic form’ o for -luvP
What dies o bosic obseever ™ Lin ¥ne mosk lasic Lage, jusk contains a sinle method = Hne “vpdate
{ntefCae \ook Give? method” — hat e Subject needs in ocder ¥ erc\, e obseivess |

prblic inecface Dlogerves §
void update ()]
3




Whot dees o badic pheecver

fnpl tlass (pok like?

\What ace the limitabions of
Mis bagic vecsisn of Hne
Obcecver P 7

IWhat modiCicaivns (anwe make
+ solve these?

Liimitation @

Limitakion @

how can we fass T event in€s?

Er\Ln\psv\n-\-es e S\:\-jez,*

public dass OosTmpl implements Olsesver § |
\x\'nj Collawed

privake Sv‘o&ed— svhsec’cl')

polic. Oelmp (Subjedt ¢) §
Adds tsel€ as on vosecvec v bie.d:l =S

ot the Su]njetl

subject 1. add Dbserver (Hnis))
3

Pu]olic_ void UPAa)«_U 3

When an event ocevss,vinis

(ode i3 enetvied

System.ovk oxiokin (o sored”)  §
3
€ an obsecver i \'tais*krco\ Yo [Wan¥s 4o be naki€ied by moce than one svbet
ot ¥ has o wanb Know which qubject is no\—:F\/;nJ o
* vpdatel) metod Wil ger called ... bvk by whidy hject ]
2.+ The dosD doesn¥ Cnow/receive. M\O inCormation (.hqmr.kn'zr,j how Hhe subj0 has
Uhanged | st 4hat o Lh«nae. has peocted — no event context

— hoave dhe vpdatel) method Yate o svbi0 s o pacaweter!

private void nb\—iﬁbbmvm()?,
foc (Obgecver o @ obgervers ) §

0. vpdate (Hhis") J
%13

* No loager need o encapsvlate piblic dass OosTmp) implements Olosesver §
Mo Sb{0 inside Me. 0bsO closs | public void updake ESobjectsm ) 1

* Oojeck tan code difeecent N— > Suyshemnouk. otin (* v Pul‘)) 1
feacHios based on what Svby. 2

talled e meMaod.

— hawte vpdate() method Ya¥e in event information s a pavamcer too !

= This is Lommvn\\{ done \"5 u-e_al—f@ an event olv\‘ccl: class that enzapsvlates all of
e vseul ontextyal info ML«'U what ocewered . Then

1) hhave, P Subject class creade & new instance of Hae Ev—.nwl(\zd ev:rnl-ime the event occurs
2) pass Hais event object as & pacameter into Hne nuHG‘YDIo;am method

3 have nnHFYbbscrvcrs pass thig pbjeck into +he vpdate method For al obseevess,




%xmnplf— o -Hne,imprmd
Sukgject & ob\'\euk dagses?

PU'o\ic inlerCace Event 5

S\’\'\'f\j jd—T\,pc(Y,
Sheing  get Teaml)) 3

prblic dass DosTmp) implements Ologecver § / “\cupo\a\:u mcthod now
public void \l‘)o\a‘tLS\JBsu.\'S , Event e) takes in 2 paramctes)
S‘ﬁﬁk«LDV\'-““\Hﬂ( Yoo swrcd‘_")') 1
2

* [whica object produccd Z'|wha\- advnl\\i happened |

“‘he Q,VCY\"',

PUB\(L dlass S\)‘oiuk 1

the melhod wWacce Hhe event feies place i — P\‘L“L als Mhmouwma {

Evenr e )

Whenevee Hne event occuss, a ew Lvent if C x i

objeck ts drcath e = new EvestImpl (1,3
else i ()%

€ = few BuentImp) Loo, b0
—— Nokify Doservers (e ))

The action meknoed then calls
Mok 6y Observers — Pnis Hme passing
in ¥ne A‘a‘:npn'nk. Gvent da\"l-\' 'é

private void noRfy blsecvers () 3
foc (Olsecver o+ observers ) §
0. vpdate (i €) |
313 '




— Plkecnate ways to support Dloservec programs with mvikiple events —

1. 50?0“‘0\‘\'6 Oloserver inlecates
Motivation benind
his method -

The golvtion s*-rq’w.a\i:

Proc and (ons:

Examplel

— (,urruﬂ-\\,)pe on\\/ have 1 Zvent Twpl clate Hat eneapsviates Hie name & obe, of
o givm vent | and no matter whad the Qch\\'a.L"\m“\/ is ol obeeivers geb
nokified o€ 3k LB Mhus run Wheir respective programs )

* bt uhak i€ only a Gew obeecvers “‘“"“\I care aloovt Hre event 7 For ex,
0 UNCFan AmetX eact abovk o need Yo cet vmd fo an event where
Dole cored goints  (whidn is why e UNCFan conting ab i€ cielement
Ak 2Ls Yo deduee Wne dekile o€ Tne eveat Bnot oczuced |

it e-getName <= "yNC") §
ST (" yay!)) 3

* Waak +o avoid Waving torun the UNCFan vpdatel) method Zn'\‘ift\\}

i I_r\S\-(.qc)\) the subj0 might want ko svpenct sepacate evtats Huat o fire independHy

) Sepacate Observer intecFates for each Hype of event —eq.,a different
0os0 object [las for eaky Rioh of event.

* tbsD dasees can pick % croose which event inkecfaces Hoex) implemenk L"r(ﬂis\tr with ),
<o Haat fhey orc bn\\’ wHE ed af a Hime when -Pncs‘d feed o pecform an action,
Allows Ve obgecver o oaly process what it wants
X cequirs svbieek Yo grovide separate (aa'\S'\'m’ciur\ % nonCication mewads B cathy
erent — more Yedins 1n Hhe Subjd code.

— Pub\ic. inlerface YNCSeoce Dos 5.3 intecFaces for ¢acl
\‘7p< o€ even¥

pvblic intecface  Duke Scoce Olos 3.-.3
- Pu\u\\"c Aaig rapiements  UNCStoreOes 3

public veid vpdatel) § obsD class...now it

Aoes0't nced ¥ne if
Sratements |

—
Sovr L% yoyt ‘)) 3

(a¥ioved next paged




1. Sif‘%\c. olseoves it Pate Wik
mulple ® upo\K\‘O " metipds
Motivation :

Goton s\mk% :

Pros & (oost

= | public \lass Subject §

private Lisk <
P(ivn\-c List &
va\iz_ void m.HonOu.unina i

Event ¢ )

i€ ()1

¢ = new EventLmpl (1,193

(\ol-{‘;\f UNCObsexvers () )

else if (-.)%

€ = few BuentImgl Coc, HJ

:

Svby 0 mvek entapsvlote

Separate isks for each
obgervee

Noki€y Duke Doservers ¢ Y

3

private void notEy UNC Qlaservees () by

()(N ol yoid nol»\Ty Duke Dbseves () §

3

--3
prblic void add UNGOWives (!
Fublfc void add Duke Doiver

33

0)$...3
0%...3

sub) 0 detides when do

nnHC\’ whith observees —
oo only when Yre allion
ek pervered g relevany
ko bnem

svbj0 needs to define
vphatel) ,O\AD\U ,.mol

RNOVE () tenods For

e phgesvey \-wx.
ik qet tediovs if

Hnecc are many

= Similar Yo Bhat € allecnote meHiod 1 — o pogram that has several 2beD

-H‘y_; and meoy Aiferent possilde events wovld benefit fom Some way Yo ocganize

H eyreamlie Hhe obsorvee NoHFicakii I fesponse omepcc

v Q&A*c\'htu Pointec () '

vpdale DieScored )

- R/ s\‘:\“\c interCace definition (Hnal oV obs(s impkmm’r) that Acfines sq)afak UPJA‘\GO
mernods for eadn Kind of avent X

u(ao\n\: Ul\k&ﬁd{_);

= the Sv\o\')() Ohvoges wWen Yy cal] which MeWod Uoased on whal hogpened) | kvt dnis nok¥icavin

does get <ont oot 4o all pbservers (unlike ahemove satepy #1)
¥ Obgerver must povide [implement all the methods rquited by e indesCace, even g ones Hhat

ace assdc. W[ averks *\hej dont o aboout

—Xne metod can st ke emphy Lsince its void )

reasonable approach iF mos} observers will wank ko process most event {'wu.



Funckional Prajpmmin

q

Wher ¢ fuauriena Prn\vjflmmins?
(39)

Pow dxs FP AifGc Lrom
0oP ?

What 15 meat by 3ne. deeon “Funcrion'?

Com pactson of dlpck~ oriented
versee  fynckionad ‘)(tﬁrﬂmﬂ\)‘%?

What is an txemple o€ bvnztisna)

Prvarmm\ Mok we e looled at?

How do U,A;na \answu:f.s Svppoct
p\md—iml pm%mmmi(\%"’.

J
= Thx Qattidna) proaﬂmmi“j approach allows funerons 12 ke Beere owo tode “ubjuH"

bove exenvied , pasced aund 4t “JMH )moA'\c\‘eA - Created | stored as Varidolesgeh.
7 Losentialy “hincriens” are Hie primacy. ting (4ne"First dass citizen”) b"mj
inshagki ated & vbilined ade Roan entice objeurs,
1 “’\is appoadn is avsefl pattecd or wdinﬁ Ay Teak—=wN\A Sl arids.
— emphativting dhe function cater than ¢ data
= T O0P) the primary organtialion of our code IS arpund the daa 4ype
*0OF POYram's purpose is fo corate particular Kindg of obj._d-; Wik ave
bogically talRuion of data) | & to have them interack with each other.
T Lo ontrast FP frcvsee on Funcions thamselves oy bne dnings Huk we create

>
«\vMR,) and WOrk wih
* Cunckions are Rink ot "u)oju.\-s" in and of Hhemselves.
™ B bl of code Hnat whote porpose is Fo execole a parkislar adion (0Fken specific h{quhﬁj
data Yt ig providdd to it.
* RECAW: lnskacce. mednads .. . “Tnckions” ace sock of e same ,in tonceptlpurpose.

Pﬂ‘mma unit o€ - Classes I olr{]er,k — Funckione |

¢ ode dcapniation

ddka Sh)rw&e % - motelle Cies arwpcc\ - immvtalle variables 3rbv|=€d

e kion into classes inkv  ShHvituces

wode exetytion = methods ot mutate = 1% class funchions W] o side effects ~
eic doda (w] side t(lkds) Hre resvlt i S\IS\-Q function oF Hhe inpuks

™ Dbservee Ubjeek elayses in dne Olaserver Dqsn Pattern!
= Me whole poink o€ he entice classes impl an
Desb intefCace is simply o define & single

volic intecGace  Dbserver §
F e update L) mesrod (uhidn s basically o funchinfuquihe)

pvblic veid vpdate (Subject s Event e) )

3 = “\f-'a Wave o fields or copsvoins pr aayHninge

7 In a mare. FP-ociented prograraming lang ke Javaseriph) we woold. be able ¥ wiewte
i< DF wlo N.ed.h\% these gosD classes —ihe SWEY0 Lvld simply tall Wae Puncrions ,&cau:e

fhe funckions emselves can be pagsed in as an acqument skored on g lisk & Hren called ogain loler.
~Mos- v lanﬂmﬂq (besides G‘nv«) have bilk-ip ce_nl-\lrzs Hat allow Rndrims ‘o be

Vsed fiore Clex\\o\.\’ —forex, ‘ou'mj able o store a function as a [dea) variable .

= Java t_vmhq\lY lxﬂ.m M).d\‘nﬂ Same, limited Svppos+ £ FP




Bebore Fo-suppatt in Java ,what
woy Hhe Fradivional Woyy b erewte
FP-based progects 7

Wh“ 15 thic metod ineClicent: Foc
Ee programs ?

What FP- suppot Ad JTava
va-\-vu\l\( add?

What do these L exprssions da !

= Touse a “Puncvion in o Main clate, y wovld have b do 3 tcpacate -Hl\in%si

> Creale a -jova Lotecfate Gile Hhat defines a muthod, (Wac"Funthon”)
P Creaking & java Clase Fle Phak implomenks Wk inkerGase & deioes Bt “funckion vbject”
in some implementation - speaific way {think UNCFan vecsvs Meﬂn\ k
lmmediately crente an inshanie of that class (in yoor ovkes corrent file) .
T a-%-a. b Same approath WeVave been ltm‘nfnj % Auirn Gocall +he assigments in Class far.
= foc ex  the Dbscoer DP Skrakcqy degerioed in prev. chapher of nobes.
= The “pmar..,.mn b an InterCare” mcthod was cseated Sor (and is useGul for) Uoju,l--Orim-kd
?foacnm«\in%
- (,mhni FP with these (0P Ceatvres is dedioos ¥ Feels Like too much (oding —
* anybime We want Yo incacpocake sn intecCaze that oy defines e mekhad e have Yo create
a whole few java Eile imp\cfmw\"l\a it
* \What i€ Hat speeiCic implemenbation only nccded b0 ke vied once in ywr program’ Lronting
o whole qew class is Extessive.
= Twonow \Mﬁ‘"‘ﬁ‘ wostruots  fhat ,Fur any indesCace | allow vs o €Oty oot steps
Z and 3 (pror. page) allin one expmsion'-

—)'T\’\cj &‘-@‘&d‘ivc\y fesvB in a reference 1o on object Haat imploments some intesface.
= You 4\ Nave tn lnave an inkecPae Yo define e Gndion we ot providing an imp) for -

Jova 3% ¢¥ill an ODP le\nﬂ-—i’mx 2 febres are. Josk syotaekic svqae fo make it Lok More
VR an FP one.

—_Anonymovg classes —

Whak s an e Qlass?

How do Yo Creake & new

anonymvs Cless 1

= A class Phetis:
* deCined [ereated inside andthar Class (adher Than ‘Aﬂvina ik owa _\]qvm file (an"inoes (,lm")

* dween't have it own name

* P oaass Bor whaith only & s-‘na\e vbject it creared.,
= PWow V8 bo make oue Lodemire Loncice becavee we can devlace & inckantialga tlats

ar Pne game Lime, .
= B WAy o quicRly make an instante of an existing InderCate wlo crto:\-inj avnew File
= SAn we have g exicking inlecCace
‘:\\J\:l\'c imeFace Fan §
void vpdate (Game 9)

3



xamp\e”

Whok happens wnen we ccenie more

insYanwes o€ Hne intecFace 7

- RoMree Ynan creati ng anew UNCFan class whidh implements Fan | we tan (featc a
flew inetonie oF Hne intecfare objeck (n our main)ovier wde File) | & Haen define
Hhe metod L) 1€ Hne interFare right Hnen 8 thece !

/_\- (,re_a.l-h:ﬂ avew instante o€ Hhe intecfare 1\¥& I
Eonltacdhes! + new Whidn We \would otecwise NEVER be able o do
@Overide

public void vpdate ( Game 3') 5
i ( 9. whoIsW inm’tﬂl)_ u(vn\s ("UN(,")) i

Main java .

(sinee a)) ¥ containg is mednod sgnatures)

Ri3h¥ where we ace o\u\a«-’nj the \‘(\s\-aﬂ(.t)wc

are also cfeating the anon class l:ad\/ =henee,

S\ishm.w\-_rrin‘r\n (“bo chls!“)}} brackers aler Hhe new inchankation.

-g e invecfare method is
* deCined Atcechly ia dne

ANDNYMVS 2lass bo&y

- Lvu-\a\-\'me. we (reate o new Fan ,we ace Lﬂu\v\'n:\ o ACerent anonymovs Llass leven
i€ we weed 9"‘""““3 e exack same wdhe InWne body) | and cﬂnklj exattly one inttame of inis dag

= foc purpotes of i&m\\'ty\‘nj,*'hm anmnymws Clasces Ao have “nawes h whicn are fandom & are dnoten by Java —

= Lam

but all oF s is Widden from us ble we don't have bo carc ooy Hhat.

ba Eyxpressians —

WY ace lamba xpressions !

How do Yoo veeake a new instonte

"5“"3 a \onbda o\‘m.ssinn?

e

N
How s Mie Funcrional ?ro\almniln"_

= R type of anooymws lass for intecPaies Hhat deCine only 1 sinele metnd .

¥ lie Pre Obgaver §...3 intecFace |
Main java .
Fan tachee) = | ((rame j) -3 Lostean oF vsing +nc nev Keyuord,

#( s_whulswmm'lﬁl)_cn(vn\s ("UN(.")) i e metnod ' pacamelec itk aoes

System-ouk-printla (o Heeks!"); 3

in paranineses ; £ollowed by an
tateow" —y
— This patameter sk myst makon the

Since Hne intrecfare Qv\l\) has 1 md_],\w“' we donk onc oF Hhe in¥erfawe'’s mevhod .

have Yo s?ui!l\)% name & inskead can j%*
4o anead % define Hne merhod b"")’ .
- fhig S‘\’Nu\‘\)m, a\though 3} Rl *uhniu\\y is Ac.(-‘minj ancw Class 'ohju\:‘,ma\uS
e inglantiated Dbju.\- ok wore ke 4 func¥ion
* Bre Lochecl varioble loke lilee i is equal Jo Hie function eleFined below bvt in rta\i-\«,,
Jova has creaed gn objeck class (6Fsunc. random namdhat implements Fn | and

assi%mo\ fochee to be equal ¥ a0 inghanee oF dhek class —so, sHll an ok{lgd.




l

t key enfo : "-'-"Mlly kﬂ-g ta€o
: svbheadings tley tetms

id ketm 2 ﬂ\M\aF (2v 4_\:

| U(\\\' (o Ercor Homdluﬁ

- EKU-\)-\—« ons WX PRLred [unusval ¢ikuakion WAION oisey dvm\% exetvdn of a progam... con 15 v\ ke aokcipated & dealt u bd"’l\c pogpum
Whoneves possible.

= Y=°(\‘! ercoc-handling Skaka\‘e.s
3 (Global ercor codes ‘a 9\ohal yasiable whert we shore on ot re.pnsm\h\j z Speda\ rehorn values © e Miﬂm\t a special valve fnak o wethod,
0N “estor Lode” whenever Sotvetining es wong. Snovld petorn i€ ik niially aHemps Yo rekorn e ook~ range
* detlace a prtlic shakic it @ top oF o Class Vole Mnak it chootdnh fnave prodved.
1 H"‘AH""" (ode Ares s Wi amestor Lovld: oceur, we bave Yo dveck * void funckions : gnouid instend be int meods thot cedurn a number
He vaciable 4o see 1F i} is ¥l 0 o has c“MQCA \':\Aim\:ihu* EWe EIVAAL S SEp— \‘)bbal wErTsaes)
* Ober Qinckions® some \Mh\J —or WA have tae fncrion reduta nui\

_—’
* Reliaot pn Adcvmeniation (wade ey the pnﬂmnmd) explm‘m'nj what 9rnamm’s (‘e.s\)w.sﬂaim\’ b cemember +o Orecr for eciuls akevcy poletiia) spot
)

aON  ef(of zode Ird—um val means — bhis docvbwbion needs to be wel) (oWvereise $0g7aM LV onkinnt o unallected & cavee “‘:\‘3“ probloms lades
¥ (owoo) excor Lodes) have Yo 'leur oot qlobal vis's valve afles cah e

vodecstood by viws vsing ¥ progqram
0 eCrocC g handled

% (aloba\ exsor wodes) i¢ Z“*b\‘lnr oceves while 135 h.\‘nj ham!\:),ﬂm: s
\ ’
nowWere o shore e Lode :’ N\Dauﬁ S\-ﬂr\za\a,'. &(y_‘)kibns 3

[Unit 1 Sxeptions |~

— Lxcephion ham&.\ina. > Formal metaod Qor dr.\ec.\-iua % mmdhj bo £0rors | q1\ \aﬂq\'ﬂfs provide a bvilk-ia mednanism fx Yhis

> xception handWng in Java: Sxeepbion oajecks

= Throwiog 60 $xiepkion
~
* Hne “deteckion” aspeck —sietion Hiat smifn has qone. wang

» ORROKS i ean $peuiFie Yype o eueptin, ok encapsitate details
o He ¢ cor Wt vccued —Java provides many bult in exghiin Qasses  * Sequence of events
- eXtepkion dojpck is resded ot the Fime Faal it i being Norin

lassiCied with invexivance
’d'ﬂ!\mmj;\s\e?‘ -~ parent (\uss | Haeow new Rukime Sxiegiion (* no e \ash.”) ;
¥ oF
Ercor java Excepbion, jova L Ligat aClec Hais line, e method fprogram Skops extivbing & we sdart
TOexeption  (WaNbifmbiehon (oeloabxpien  (RuohneSxepion "W\“"‘&'ﬁ e Skt Lo ok Cora ey Wooe.

() 3] = Ve xiegtion B Qroaroom vawiods & whon i §iods o Meknod 6xoc. wl Lotsed. 14
El E E E M a \'ﬂ{ LN
— =D = =D 9es Yo extwie tne Subtequedt cayon - block whida e hand\es e efor

= frcoc” cepecrents evternally cavied, Unfetoveceble geoblems Waak gereally Shoaldnt be cavdat fhandied * i€ program Blly ywinds wly
eqos \&\l\j handled ,He progrm dies.

- e in HheMain method..
= Cakthing n Sxceptim fres bt s
- Yoe “handlid” aggect — proviking e code 1t haedle @ Boown exaptian,

- k’ﬁa—\o\octs Hae Wock of Lode where we weite dve wde [1all Ye miind, Mat hes Ppgs(\m\\\-\l o an excephion

= cakela=blockes & ne block oF tae whidh wotaing e ackval Wde hamlh‘nj Hre excegbion (low e proq respondt b & given Wow)
. usua\\\, mulhiple cadh bloes oach sne u,crupn&uj ko o diSerent J,YF,_ Ldass) oF exze phon
Frosra.m ]oM?S H\fWﬂ‘A e catda-ocks \w\’_mj for Hne LFirsh) one Hiak defines e same Tacephion class type (o o pacen¥clacs ) 4 Hacown qu‘)hx\_

xecutes e Lode inside Hre cakth~klack (ONUY Hhe 1 "makeh® ~ desn} ok any Puriher)

5.
¢ o mah\mn) Ca¥on-block- i3 found sprogram EhUi0s 1 “inwinding e hack” & repeaking M pours W) Phe newk mebnod o e Ll Framc,



Unit 1% Exeeplions cva.

= GFM“\( block.  plaed at e endh o€ bne equeALe of catcnblo cks
and onYaits (038 Mk needs ko cxervked nomater what —
* Whether or nok o extephion was Haawa
* wbeter oc ok iruas handled by a cakeln - black:
= be abie Fo explain the Following code exesotin if metwodBO)

Meows an excepkion;

JﬂY i
mekhod ALY,
method BO)
metrod CLY7 %

cateh (Runbimelxeepkion ¢) ¢

(R
Caken (Theqn Stovebueprion €3S

AVNOMIC DEvICE,”

— Best Qradhiees wiph Syeopbisas

) Thvow exzepkisos ERRLY —a so00 as ypv deteck awng walve
* Defensive Proqmmming

B e ¢rufic wen Meowiog exceptions b Ay bouse abuitkin byee

when pessible
) (adula extekions | INTE ~lek-i¥ bobbe up” Jo e levl
¥ Hne gogam WNere b wil aetvally meis seqse

"ONlY caken it T€ you lnave Some. (programmehic) way 4o
dea\ withthe effor.

Checkedk R vntime, (& thawaoie & érror)...

flectssany o 2akdn or Specify”

cheoved = evarything glse ... MSE “eakdn o spufy

(.13

Unit T Coecved v Uncecred Sxceplisns

Unchecked Ixeephions

— Runkire Lxzephion £all of s desndanis | Hae Lreor Llass;

ConY
(on peev page)

00d He Thowable clais
=3 gremes consed invecnally withia Yne peogpam (e \D%ioﬁ‘f"s)
ok ceally " never shhovid bree haappened” <q proqronmcs falk
T Qnatd oly Bnoow exceptins § we Yenm how b bacdle Y
SHvation. Mauyoae oy Ak need +oaddetss Hveminox code

TINGE Gibect ko Mre taka o ey Fule
T CALepn iy Paun i0s1Ae e MEXnod, but cavght in e
Cile where de wieknod 16 being walled.
( Memod BO) L i Cx == 1) T ¥nemm new QuetioeErusptiond )13 )
( main $ \—n‘ 9_"“(\;,“,,)‘30') 3 carch (unrimeZxesphon )% .3 75)

= B\ blec Gxceprion sulelasses Lo well s Srephion el

—’3»\:3:& Yo e "eokan ot S(zc.iCY" cule.
= Lxeephon nsk be covopk (oc siesi€ied) inside e meinod, selE

- "cakew o S‘ndcyn rule i€ o medviod whkadns Lode ot Mﬂ\l\), ncon

Unececd 2 xtepHons

e~
{on prev page )

= (’.espn)\ioa-\a arcofs Caed by Foztocs ovtside e progyan's cantrel.
* Qor ‘3r03 18 rtspans'\\sh Cac a\vuys w(ﬁ +o Hurse

(oo¥ 'x,s.\_ e £ile where ik is U-lf\j called )

o dnedied erepiion e tre meWnod sk also
@u\\-ﬂn e exception inves M\\\, Lwitwn dry- & 2aton Liocks)

* do Mnis 1€ fhe corrtn) wetinod s B ot Qace ko handle Hne ercar
(0nd we Rarw Wiow 4o deal with +)

)
SPC\?\, 1 ¥re etnod signature Hrok dhe ecked aephion might

— ok or Seeci€y ercors”

by STy o exvaghion in o McRoad, v Lostaally “piiiing oFF" haadlig 1
* wWe skl howe by caremr ok Somewliae L 2 pptisns :
" kot excaghion i e Main merhod by calioy - Senide a +ry- bk
T Gore Mt eacepbion dy continwe “lovbaliog vp” by nawing ot hainy meMod
ALSO specify e exteption Gin ks matod signature) |

k= Yhown \0\’ e method ©
P\)\O\io ok meYodC (_\ eows F\\CNO\'MMFHMS -

3 (5 e

* do His 1€ 4e. exror needs e be dealt W] aka Wniqrer level

\

* basicaly Tntteucks” K escor 4o loubble vp

pullic skatle void wain (Sl—n‘rnLj arqs) Prows FileNotFound Exceptivn § method Q; 3




|Uni\- T Compile vis. Ruatime Ecroes |
Complile - Time @ Run- time

= cavgwny Lefoce Yoo o0 Yoor wie |~ omptlec cadt wain VS found upi0 emiition

— Syrvvax erwrs Y k. =3 AW exceplinos oojecrs
=3 indicode Haak Qm-\-\/\ino\‘ i$ 7 Todicoke Rk tomekWiny is wony
icomnpete abovt oor proggam with e \9_%13 Cox oM

= Y \eelg) skages of professional Sofhrware -ksh‘na- .

Uik Yeskiog Tnvegrakion Teshing Syslem Te hing Aeee prance Tecking

* Tegkin o meMavAs §& clustes * Wiether new code [Llasses wolks . Tc_s\{na tokire systom as | | bustness avet’) hckher e preyam
in isolakion Y he et o the prigron o whele S meeding eoncumer netds
* done Av cing deve opment . Avrh\j Acw.\vpmm{ * AF TR devilopmont * 0Lvrs belore release

— Key Yerms & definibions
JUnik + a Java Woracy [framessart. 4o helpus weite tnit-decks Teek Mebnods!

Rseeckion merods | * shakements ol wnah shond e heue, ok <ome poin I Hne > aon=static (1aatanie) metlnods wWhich cach tesk &

YA — 4rey eifnes cun Smodtaly or caite an excephio. single metod; Eield oc constructor of o g Program class

© These matasihy ace statie. = retora \\,pe Dvoid (vsua\ly)

*assec ﬂ“"-(m“‘"‘““‘), asseetFake , asserk Now (ubje.z,\-) = “—V\a\'bmy e o Yest merhod

4. (feake an instance of the ?msfmm(\““
@ Tesk * Lompiler diredkive %o mack wWhion meHaodg instde o 20 e some mckasds be chage Bre sadans 3nvecon <hle
of SIMe biher ation
Yesk dals are it kests (& noblike, helper mchaeds) @ Tech 3.5 }umm ;hsm,ulwr{py trat Hne. fc meods re:u,ﬂ he
Loerect yalves,
teek class * separate class where we weike Hae vait kebk metads poblic void \-e_s\-Name_(_) S
. (,bnvm\-i-m\\~1 - sepacate Yotk clats For eath class Produck pod = now Prodwck Lmpl L.\shuan IZ-‘ID)')
of ¥ program. asseck iﬁ_vu\s (“s\mc.s"l_ W_E&Nnﬂfk)) " k4
- When does a vnit ket €ail 7 asser¥Qqvals  versw  adteckSame

* ifan eveeption is Parown AND is uncavght! i€ ivs cavgn, > asseckLavals (expected ,ﬂt\"’“\) cwes Lequalsl) mewnod ) dhecting
fest will <kiN pass (ONTENT equality

T whien ggeck mebnode don't reiorn Hhe expedked valwe, Hoey Hacow = aseextSome (erpeded athval) © vees == opecayer | d‘“\d‘l‘) i ey
extephions (Wis is builY inds the JVait assertion mckhod Woracy)

PNAVNDILC BEVICS ¢ a7 e Same shjeck tn me oy

= Besk prackices in Weikina Vaivdests pacety > vsing > The sine. & my dhick equals the sive
» Teolate vair kesks ag MV as possﬂo\e eaon {est aime 4o Yeet e yovr shirk
One asgeck of a class —altough ik 0% tocall miltigle pemethods aseerk T “\\l dniet and your shirt asc NOT Hhe itk
i€ aecassany , be its harh 4o et things wenpletely in i<olation » Hi%\/\ dest cover aqe Lwrite Many_unik deshs in ordec fo coves avarichy
Usz more SpetiFic assertions when possible becavse thoy deserile Hre of expected AND edae wases
* ideally, BLL Lines o Lode 1n-te. progam dass Shud e execviatfudd
gikvakion more Fu\\\, (espet i€ best Cails & we Wank Yo vagw why) 59 dne test Class & mekiods.

*forex , Cwoose assertiquals over qeseciTove when possible



Unit 4 Therador

Thecoror h:sfeq Patteon - \an poinks

Thecator LT veesus TderableoT >

™ quepose . bealole ke ausss Woe elements o€ a colleckion in some = boi are intecfates provided by Java in svppoct of Hne D
prticlar sequente WITHIVT " exposing its undedyig reqeesentation!
* intecCarte, dp@inh\j 2 primacy Mmeknods ~ boolean bees N ext )
and T aexdl) Hhat all itecadee doject classes tmusk implement:.
U5 Shou\d st ke able by can (iteeabor doj name).nexic) & et He " i infecFau isimpor ank o vs o we are creakimg & new seeiic
nex bRiEck in e Lolection &€ dae ey vt poovided. ihecetur objeet (tike Biprmbetinzr)
° Keeps tracg.  of wher wearein tae Wolleckisn

— aniterakor olject . fuca gjven colieckion k- is & Uass Paak-encapsulates * inkchree fepreealing 6 class lusva\\\i we fepruiiting o wolleckion) Hnal- i<

e deaile of how to \oop faovgla ik capai of poeading and whining on Mecddor dojeck for s dementy
— dhe ilecatoc pattero object assomes Thok Bre clleckion will nok be
madi€ied wiilesve ilerstor is beiog ackively vsed.

Sidvakions where Tecutor is useful " AN of Javts colleckion (lasses implemeny Taecabies> (Map, Lish Sebeke)

4.
h\Jﬁ colieckions (1M velements bor ox) | daba oo big ko store in Foc—cacn loops

* only defines 1 required metvd! Tiecaor 2T ileratoct )

*any s can implemeat Therable< > <o o as Hhey povide thad Methah,

memory (ke in an array) = Java's languaee -\evel guppork ("sydackic Svae ") £ Ve ilecator patien,
7. | ,
gpreative ohections : spcking Hanvglh & wolledian (it o Finite 2 for (an;@T\!pt oy - colleckionName ) §

sie) Yhat treates ifoms on demand ool 3

= Can valy e vied For sbjechs Inak implement Tieables >

= beind Fre Sucncs, Lompfler wses the colleckiens Tleantor vhject 4o Aranslate
e ackions in W losp

| Unix 10 DecoraXor |

= al\ows o5 +o “uw“/m,uc\, e implementation of an interface by relying o an u?s\il\g “buse” inghane & layecing ACC RockionaliVies mh‘a £k
How ik woellg = 2 components

Decnentor Classes
) an inkerface Cocane objecr in wm\ = “\’-'-3 wont Yo'add vn” Eung\-iom\i\'\’ via im?\lm\-itj Some (nob all) of e

EANNES "
R "base clase” implomentakion feprscntinn the most baste verston of +Hre

inkecfae’s meods in o AGEE Woy knan e base clags Aid
wlosteackion object

S pruiws\\fug wovld achieve this \r( uga&injs\bol&s% of the base class

3 » .
! Several " decorater classes” vv\p\mt.n\-inj the came in‘kt@u!.c_Th_D acd vsing @Override 4o fewrile some €He metods

eNCa PSR an indtanze o ihe Lase Class (Whion ey take ok a pacametes = Treread yHhe D.C.s implement the intecCace Aimo\'\\l ,2 &c meods at

o€ lneic conshrucker) Brey dont need to mv&iFy}-Hm“ simply Call the encapeulated base class’
Whu fulen is Bezocator moce eficient Hoan Laberitance ]

Yersion of AWt mebod & cttum e cesnik .

Decorated Tiem i plements Iiem §

T 0ne dass Lanot exxend From mort an L pacent tass Jimpossible Yo privave bawe Liem base 5

0k Wbt Bnan sne “descakion” or plee ¥ dwese diFfereat feadures pubolic %n? 3-»{-an.. Q%
=2 RHer wagtrucion of an Dlnil.b* W can't ‘-hﬂfsc e mdu\yhj fv,u_h‘mli\-yl

dota Hyee- = Foc te methods Hacy do want +o modiCy ! but add code before or afier
—5>De tocatos i better if wewant by “ivopose Cundienalily ourof diffemet pacia’ et adjvils Tue Lehavise.

Cekvrn \anse..T:\-l\lAerO} 33



| Unix 10 Decsraror (o\-&j

— Decorator AQ_(,m‘a\(_s e bose £om the dewrater clasces (ak.a. fo inherirance)

= \When we Unain deescators | {Faking o decosted ooject asWe congkructor param. of o Wokher dewscador ohieck in ordec by layer severa) decorativns

oo one initial insh.nu,)'m ace b&suql\\’ u'm\-\'rj alinked list o6 Wie inkecFace a\oiw\s n memocy 2

U it 14 - Sinaleton & Mol Hivon

* Tinke aloovt it \ven Decocator2 tultcs in & Decmatorl oy & delegutes Yo its methods ‘M (AL o] Fhen delegpes bo the base class’ medavds,

—*ceeakiana DO u,x\’muwa inckanabion of an plject vie a private wnghrvear & a Stutic lelas -assodeied ) create L) method
Hhat vsere will Lall inttead OF conglruchr ,when wo.nh'mj Yo cceaYe & vew obju;\-.

T e shekic mebhod ~ called e © FN,—\-kY Method” cheeks o <ee € 4 new instapie Shovld be (reated — dhis is how Hne tlass "wotls indantiah’

' e, invokes wnciruckor, treates instanee & retwiag it 4e veee

i€ 0o, (ehome an exitting. ohject ko Hac uger

T e skakie pethod *akes al\ e same pacameldess as e Lngtvohr ) sinte it basically Funckisns as ke Veonsheuchar” for outside vsers.

Sing\e bon

Mu\tiYon

P re.s+rit-¥ina_ insymotiakion Yo —+heee shovld on\\’

ore e ore exisking. inghance of fe Vs anywhere, ever

T grivake  shabic Fild (uidh s IntHally empby) oF Fne
Hhat shores the L inchane (Bne “5‘\'1\;\3(\“) for the entice Clags.
private shakic Frontlamens () )
D create)| Eactory” meXuvd

i€ not, (feates
a new inskance cignt then & thee 0 gtors it in B privale. fild
* Bnen, redvins e private Feld okjedk (which wag eidher
Justhow b previously ieeated),
- “\qv{ iniHalizakion” — if no one evec ssks o Hhe object,

¥ peves 16& Created.

= every pbfedt inthante i¢ asiociated with come Uniquely id«ﬁi&p':g
Unacatkesiskiz (Wke an D uober For en)
* Nok ke ue are assiqning a candsm avm bo eadn inchante — the alxirattion
naturaly flogically alceady exabodies the idea of & i.c. fit cach
Qefeur (whide i by i watls ko oge Volhkon TF in the First p\Au).

- rcs-\-riu\ﬂ'ma. ingtanharisn o

! private Shakic field (initially Lmth) o a

for the entire dlass
Pﬁva.\-c shatic Map £ Lateger, Sudent S
= (featel) method

.1 30, chrny

Phat inghante. | ¢ nok, creakes few Tnsvune, o Adg it 4o e toleckin,

Y rdoras ik,



Unit11: Fackory Mebnod

- The Sob'!s & nha‘qk class

= gimi\ac ko s;nﬂ\gl_m % MvIbdon © creational N’, pmmhns . Suh\gc(,t'. fn oh\su.\-\‘l/w\— Cavses an event Yo happen,
uee of (ooghruehsr ... all Yheee of Hnese are pactof o qenece) uko-?

*privake lisk (ield Lo\’\\-ain'\(\j lisk oC all of ks ackive doerver oyl
WiPs called "Packory Accign patterns” * ublic adADlseiver & cemove Dlottaves mcknods Wnidn Aake an
= difkezace Fom Single fMvikion ©

0bsD a5 a parameies , For observers fo feqistec oc deregister from
not rtskic\-?njh\c am. o fovtanzes Hact can be erected ,and Hre Whilb*— 044 be rempves obsD ¢ from iV privale list.
®Hm. Ceesde () mekod isikin e Some deas a8 Hhe 91e where we are

™ 0tD calls odAVote Vel in ik Lonstrveier
+eying bo control instantiabion.

‘ ef'wa\-e \'\DHQ\I Dbgervess U methd thar calls Hne U‘SAA\Q(_.) Method
= purpose "A\(mmh_ svbdlayg h?m\?na" L dynamically o\wsnn which

of all odagervers in ik \isk... soh]b I\ (\n\-i(:\, meted whenevee
Sobdhass o vse Yo ereake anew bbjelk wivh- Yoo evenk oceves. Ths ouck of o elger meknod Poc e Svl.;\o
T (.omgoﬂtﬂts 5

— The olserver object TrdesCawe K classes

:L)d paronk class Ag,Fininj Sotne o\ojv_u\? ~like a Shick * Obsecver ! An vbjeck indecctted in Lhe event

severa) svbclasces defining sgetible bypes — LeAShick, BlveShick, ee. pollic. intedfate  SomeOkserver §

* Ynese subelasses have PW‘\"LM condvekacs lm\y attessible void vpdate 0') 3
within beic ase Bile by Waeie paceot clasces) « o\ cosywr obiuﬁrs musk implement-e same inkesFace (ewen i€

) 4 . .

a public skatic "Fattory firate method Hhakis in +he W2y e dICE ypesfresions et impement updatel) differeatly )
pacent class

- o et e 0liD can nave bne Ligk of Hhe InbesGace ype.
2 The create() [ “Cathaey mebnvd”

*& pvllic ypdate L) methrod Hhat wien called oy Hne sviD), exevics
* bekes in whatever 06 needed Yo make o deciteon Y Haon i some specific aukion in responie,

code Paar wieg same Wogte Jpotess ko decide which svbelase type * (only in must basicveeston) obsO enapavlates inslanie of e svlj0
s\hovld ke uged

 Speaific upacades ks Phe Doeovee DP
*eerufns e new inshonee oF Pie apprpriate qubilass ik can

* Doseeves f(la;s\‘t(tJ\‘\'u mulbiple vasz\»g,ww\-: h knbw which

invoke bne ongkruekors of dne VLUK since Hnul are fmkdd,mf 0NC called it UQd\a\\OC7 Mok

‘xivak.) have the updode Meraod duke o Wb 0s A parameter
Uik V2" Osgesver

el oD receints Wnis info when eule\a\'CS‘M& ading.

= pureose : Sihvativos Wire Some‘\'\/\in% i$ he p‘xﬂiﬁar incide >+ obserVes yanks even Lonkea T more inGp |dekails o Preevent st
o0e dbject | to which anvthu dlject waate o respond

0cLufeedh | Tkl Hoan |t Rawwing. bk it took ploze
* 0% averCaces (Live wts)...mspudin:\ Yo albvkton keiog prescd,

o Movde c\ick \ekc,

1) (reute an Lvend inrerEate & vaciovs impl objects qum\-ﬁj .5
* event-dyiven ?mﬁmmmin%,u\mc evenls are cavsed lv\’ '\Miw Iike

ypes s events § reapaloting speeific info aloout-Pnge evenlg
hardware o yger input

2
Vave ¥he gliDs vpdatel) metaod Yake an Cveat objeck-as o pacameker
* 03 A Luilkio Llock. Far He. Model-View & Moded-View-luskeallee D

2) have Yac Sub:‘l) 'S aoviCy0bsuves L) mebhod Al Yokean Tvent
= ok defines an event 1

a Stute changg oczucioy inside as b Pecomates, 2o bhat it can pasy Mis dojectints eaut obosD s
be b0 ) Lould e angthing From veec interatlion with & VI tvmponent | vpdate (Subjeeks Sveat <) mehaod when it calls '“tM,dmlig
Yo Gimply 4 Haa vae bf-l‘nla, Gronged By e gevrer metnal,

which Zveak by pass in bated 3 what oceureed.



Unit 121 Funckional Programming

- \Wak ¢ Funkional Programmioge

— funckions as Hacic owa Lode “oljetts” — e Sirsk-class ibinen’
‘M\'f‘ﬁ inshankiaked & vkilited, \ms«ll acovnd ag anmm\s ,mm{icrd )
Shored 05 Vo ialoles L

* o 0pposed ko P wikece e Focvs s on creaking olojedts (Wnidh
ace. Yoact cally wolicskions of dokm) & having Hiem intecasy with
—ath phyes.
~ tne Olemtves DF is an example of @ program Hnat could be impemcied
Wit FP catiree Hhan 00P — He cbsO cletses tre eblectively
Just funckions gimee Wy ace only sed oc e vpAatel) Metod.
Funckional PQQ’Eqmmina % Javer
S Javais an OD programming \aeqvaae Lot made foc FP P"’i’d‘\
bt ‘\"M\j evenbvolly added some. Vanquage =\evel suppech (
) foc FP = anon. Llasses & Jambda esprestions

| Uik \L: Pinonymous Classes & Lambda i,xp«.sstoml

= U8elul whtn we want ko do Functionol PeogT amniny but <K\ have to

opecale wilkin Yhe readm of DOP % wreate object clustes For the Cunckions
&

(ke dotents dojedts whidn re@Esemt yodgke() fypckions) .

> pueguse | far any interkac, alious vs to create o nw class & inckantiake

an b} b Haek (lass — all in ont expression

* o5 oppussed ko creaking o e, new -class File ok o deline

o 0nrd (" Bunctinn”) Hut's only Yping bo ke ueed onte.
= the expression cceates a pew clasg Lk doesih have i own dame)
& creates (& ceburnsd ony vae siogle dboject oF faak Ao ...we

et
@n't o Phis class \ater oe creste amfohjuh oFit.

= expeessions Py resul i a ceferenie o an objeut Yook implements

Jomne inderCare.”

Fan +achud = new Fanl) [T

)

How dv Pnonymovs classes wock 7

Masa jova

cre«-\-injuw instonce oF ¥he inkecEare l"'P&
Ovestide

vilic void vpdate Lbame 9) § deCining e merhods of the ivtcfate (ala what

# (. whoTsNiningl) equals ("ONC)) §
Sysvem ov-printia ("o Hees!); 3

Wovld be e "class body” ) Fight Yen & Yntre
3R)5

Fhe anon dasses do edanieally hove names For guspotes o identification,
bot Mnese “names” ase usk cando $equnces o qumkers ciosen Land veed

00l Ly Java — <o ol b€ Hais is Widden Eromnvs Bl we dott \nave Yo
LA abovk ok

= How do Lambda $rpressions work?,

* ey ace bag) :.a\\\’ st anoaymons Uasees foc inYesCaces Haa deive
u\\\, 1 sin%\c Meod.

Mam\"n\va'.
Fan Yachet = ((ame j) =¥
(g whoTsWining0. equals Cuney) §

pPacameter Lisy o€ tne
method .
Syt oo-printla (b Hee!); 3

8

T o0ly 1 method, go doak hpve Yo spedi®y whidhane

We ace dr.Finim‘,



efroves (m\—:nslqo\\’; ?UMQ
= Teed Driven Development

= the Eaill) asseetion method

- ivxvis;mm} g o Unir teds ' & Fe alqasitim speuibreation shvbE (all of Hivgr P"]“)
> o\csia'ﬂ Patrerns
7 3 Gtrakgics Cuc m«‘dmv an erdor clagy

= enbice Skeotreqms DSP dnepi
D2 cormtor (o Chpes

7 vowrap () med)

= Umibabians @ e ealira

Unit W \eCtovess
™ kberEits Ze eqitidiimy og $1—nﬂ\&+'o:\
Unix \2

> altxernate Ways o Svpperk Obsernr Projrams w/ rv | Fip/t By



‘éraghica\ Usec Inkrc-nces

What is Hunaa Lompuier Lakecackion
(Rer)?

Whak oce  yserinterCates?

What is o commandk line inledfaze?
(crx)

What s a %rnp\nic&\ veee intecfue ?
(V1)

Whet 1< a omponent?

Wher ace spme basie UL weponents?

Vow Ao we vse VL Lmponents +o

reare (V17

= The ociginal ast\nrm»w PmarammiU model..
= palt of tne Cie\d of WCT.
a majoc field of tmputer scienze (& avery active fie\d of (S reseacan)thak Fozudes on fne
h\\-v.n.a-\—\'ma probiems & dna\\mats d v we invecack Wit usmw\-inj devices
o “lompvter” can ke anybaing fum o PC Yo & cor, medical deviee, robok or eke.
hd '\'\M‘\J are CSS{X\\-M\\Y a feedback love betwien & hvman % a Wmpuker |
* § wman provides Some Sork o nlernckion “inpvk” Fo fne compuiing deviee (e pﬂ.sﬂ(:’ alovtion)
% The wmpvter (eacks 4o [*ionsumts” bais inverackion % Hhen poduies Some  Feedlback ackion to
e Wumaa (ke o sound playing or & window popging up) ...which e Wuman tan
o fe2pond Fo withn anotker interackion.
A mokinos cYUe of the human Y bhe computer providing & wnsuning inkeraurions” fom

ean oher.
~ A veaX-bawd vsee interface where viers inkerack with Hhe Ompier by inpviking lines of dext
((catied " commands™) into bne *(ommand line'—
T the shell a.¢.a. the platCorm Wheee & ucer Can input ommands
*Corex, the  Tuminal appiteation on Mackooks
 pressing ‘rekuen’ & hautng Hae empuber perorm some fecpante ackion .
= B visval vec intecCace wheee vsers Interate with ¥ae ompier thovgh gfaphical
tompoaents (s0dh s bukrons menvs Jwindows, aod Twes) | instead of Haugly typed
ommands (keab-based)
= Mudh wivre intecatrive than (LLs
= GULs were Ficst treaked in Yhe \ake VD5, & hhave ¢ssu\\"\a\\\, taven ovie e way
Faek we Mnink ook Lomnpuders.
7 GULs ace made vp of UL components Lwidgets).
= A UT clemeat dhat acks as o Unik of inleraction
7 basic UL wompoonhk can be tomposed kbogedher ¥o mave wmpoond

VUL womponents: — like a menv , & Pop-vp /modq\“.‘a\oj ,of & panel (jusk some examples)
L 1Lbf\
* buton

* fexd \pied * text input Field

* image * patsword freld

* Geomedric Shape * Lapvtslider * hover foolkip
e rely on Some 37 packy Software Loome libracy o oferating s\’skm of ee.) bo provide us

the VI componeats , Whith we Hhen pac ato our program.



Waat was Javas origina) ML \:km\,‘l

How doex BWT work?

WWak was We deawbarl  oF AWT?

Whok was Mne setond vergion of

Java's  GVI Gamevocke?

How is 5‘"““3 AfCecnt Cam ANT

\N\M\— % ‘vao\‘-f: * ?

Whok s speciol about JavaFX?

Whek chatactecites Wae visval appensance
& JavaFy GULsT

— DWT ( Absteact Windw ToolRit)
= ¥ peovided bagic UL tomponents ta Yot Corm 36 Classee (Butun class, Slider c\ats eke. )
= We wcite a program % call & v¥ilie e AWT Classes +o n\ns'lfad-\y design o GUT
*eon'hsee any oFthe visvaly while g,o&\‘na, - only after runm‘tj e vode
= Then, When we (UN dine progem e Jave ra¥ime Lnvipament drugslates You wde inte an inteCate
displaying, Hime vser wmpononts in « Wiy Haakls speciFic to bne oerating Syskm
= e, i€ you weite o progam ba your Mac \aphop for an intufae window witn bubtns % o
Sucoll bar rnm;:\a-\—w_ Lode grecates fghnat Lookes 1ke) an acvval Mac application w ik,
Srundach Matntosh formnt bubvons, (lidas, texy eie.
- ¢ Y cun Mo Same Lodeon e W iadows Lampvier ik vond geneste a Vlindows ~shyle i Case
T TS aligns with Javals qoal of being Lode 1ak you oLk weike onte ¥ o0 on any tompvicr.
ik cou\d m\Y ?rvvikt. bne mosk coenmon [baste VT wmponeaks Hak it Kot prar every
opera ks ny Syshem would Le odle Yo suppork [ have a builk-in disploy mecnanism Gor.
~ Limiked Yo just Hne interseckion of all of Hhe Aiteceat oprating systene’ UL Yoolieibs
= plax o - degeadent
= Iavq SW“\} 5o few ek oF clasies Paak vy an trdension of AWT

= Jowa designed i¥s own GUT framewock $or how nings looked % belnuved
= Tnlended for deskhop Firel,
= Ra¥er nan connesk batk [rely on Some eatsting opmd-\‘ns Syskemn Lompontat | Hhe Swina, Umponents
3w Paemeeves” B resulk in o Java-spedfic invec€ae "look and Feel®
*No matier wlak Lnpukes you uo o Swing progrom 00, e prodveed, inkerCuse lobles
exackly v same L svmndard “Jova Surmr" Catnak ) catier Fhon Macintogn, Windows,
a¥c.)
— nok \Tmited ¥o "“\\l e basic wepoaents Hhak A\ruA\l exigk on ovw\?uls\,dms.
= wa‘r\3 13 S\ e builk-in Wbrary provided by Jave, Cor writing UL programs.
= K owdern 34 packy GUL Frowmevork (ool
= Well-waown (one 084 “\atert & Tweko-\r") 3 widely vsed
= Tx allows Yoo o it o GUL gogram Yok cun ag r«n«.lrz_ﬁrm«\- HSel progerly foc At
bpuakiony Syekeme
* for e tan wrde & pgram & un i 2n You lnghop DR your Paone — e componerts
CoNn RAJEM nse\ves ko ik a Saller Sercen
> ec tomparecre in TwaFR ace weikken 4o be responeive kp heic Aispiny enviconmet
¥ wareak.
= JovaFX uas inflvented fingpiced L‘? el application developmend & as created with fesponsive
dCﬁQ“ in miod .



- Like web des. JavaF X exforees o sepacation £ conteay —
whiewh pleuty \ﬁw‘r\ pv\'\-\‘rxﬂ \'vﬁc{—\mx )Y( viieee \‘hu) £i on the screen
Com \e —

ow Mo pietes ook Lin Yeimg of colof, fotmat eke.)



\) sin%, So\va F X

Whak is ne Jeva Fy 'Qpp\ica\dm"

\ass?

What ace Fne Upasic) wapononys »f

a0 Replicakion svbniass?

What e “S\m'?"'?'

Whet features can we Modi€y with the
Sraae objeck

So how do we adrvally 0dA Huings +o
e srage?

Whek 1s & “Swne” object’

What is sneany Bn “root UL

wmpocent” 7

Whak 35 o “Pane” object

S see “Graphical Vet Lodeaus” notes fir definition i JavaF X .
= an Gloskcack Lass provided by TavaFX Hhat Serves ag He “eatey point” €or
(Ceaking o JavaFx program.
* ¥ create o JavaFx peogrem ; Yoo must excare a clacs which extends
Rpplicakion.
L P oveceidden veesion o6 Peplicalion’s  abekcack void " Shack (Shw_ “\"“3‘). metnod, §
* inside Bnis medhed is where We achvally st vp the GUL —sorr o€ The  “main”
foca JovaF X progrm
i\ pvlolic sratic veid main (Shingld orqs) mekod ¢
*Hats (o uhert we an oo progeam by wllinge Rpglicationt stakic  lavndiC) merhod
= P objeck Aol fepracis the window (16 0or GUEY o Wne sucen Ynax TovaFX cseates
or vg .
* Srackl) takes & Shoge o). 65 a paramndes betavse insidete method | we igeade our GUI
by) publiog bhings on Hee Srage.
" the Stuge ts e overac Oning. ,MOS¥ brond Lontaine £o¢ our imesFate bik e don’t directy
8dd VT wmponents Yo ik Lk i tesentbially jusk bre Space on \our sereen Hoak wes
allocaked Cor your o pplicakion.
= Low-levet [latic preferantas, svin as e ke of Woe vindow (wibhn skageok ek Tk () whaee
e wilt gopevp, exc... serfesineable, serMximined, cerfullscreen serMinWidtnfHeigiet , sevaidth
- 53 (,reoddr\:\q Qeene olojc.x_\- and a&&h\a tf b He g—w%g, usit\a e
Shaqcob] (SeASLeane (Swae scne)  medod.
= B onkatnes for He dree o€ componeoks Hhak welve reaked ek kaves a Cook UL
Lompunent LGk a Pane object) ag tvs in vt
* Sune has vagiovs eondhtuckors but, €or example, new Seene (Page pane, int widkh ik hﬂ'a\n\')
Creakes & e Suene o e given Site Lin givels),
= The idea biod JoyaFX is Fo ,\ss‘,\.\ﬁ UL com panents by purveng Maem i~ " contatrers”
(e Pane objects) ¥ weloining Hnese tontaings fogerier to eventvally end vp with
o “beee” of UL omponen¥s Yot ¥ wake vp our Sune.
T Hne Mlonbainec” Paak tonbuins everybaing Geclvding o¥wr wataints) g the
Coot VL omponent Haak is Hua passed inve aview Siene objeck .
T & VL womponent that adks as & 'tonkavaec’ % bnak we tan ve o Acguribe whiere oHher
VT ompenent< Showid e glated in our window
7 sinee Hay ace UI- comporents pramselves | Pane 0bjs can Lonkain o¥wr Pane objs (Havs
creaking the Yeee meationed eaclier.)




How de Pace oljeuvs work.?

Uxample o€ & Pane svbilase?

W\S mi jl\‘\' we want ko have mviiple

Setne sbjeirg?

What is o Budvon BB:\:(,\”’.
How dv we display e Brron afrec
we've (Ceuved w2

xample 1€ a GVT (1ase vsing

e (omporents decuiledh v Fac ?

How do we atbath aions +o UL

Lom ponenits?

= You a3 UT omporets to o Pare ag ks Cunildeen” )

pancd . qorCnildanl).add lovttonl)

= Pane Was several svbclases Haak cacn position Haeir daildeea veing ATkt Vayots

= oo SkatePane dojek — Sracks s Onilden Mm\'\\‘ on Yog of eacn o¥her

* bastally you coeake o naw SkeclPane  add VL wopontabs bo its litk of
nilden, & bhen e Srack Pane dloject does e wark of Ju‘s‘;\n.\,foj Pre thilden
n \Fs sibdass - spedfic \ayovt,

= We can have our program dynamically detide {loated op ¢ome intsatkion withain it) what

it wani +o Aisplay o e window , & it cAn SWAP oUt Whidh pre-curated Siene dbjest

Yo pur oo Hne Sroqe.

- R/ Tod example of o basic UL vmponenly (o demonsicate how JavaFX VT wmponent c\m;[pbjgd—s wark).

= We can (ctate g view button & Haen wn@havrf- i ving e vaciovs mevnods provided by

e Bution objeck class sin as sey Texk U add dedk) and cetBatigomd o seb bhe wl)

= Jusk becavee o VT componeet was ingmotiated dvesnd mean % will be Afsplayed —bodicplay it

We faveh pud e Lampueat o our Vseene graph’ by aJ.MnJI\- +o o pane whith e_vm-}v.\\’

acrs ok oako ¥ae Swne ¥ Stage of pur GVT .
poblic clace myGUT extends frpplicakion £

public void Skack L$+o‘]<_ 5-\-03:) S
stacg sexTitie ("Retio Wead ™) |

: Setting te Stoge tite
Stacefare pace = new S\-m.\d’mcﬂj

* tfeaking anod pane o hold the
VL components Buhron ovisBin & nev Bution Q]

bhn.cearTent (avi®) )
paoc. %d—(_\r\i\am 0).add (av%sB'h\);

Seeme. scenel = new Suene (pane. 300,2$0))
5 tee A\—inj % sd—{-(nj he swne 4<
5\—A%c. <et Scene( seenel) )

& shuw:r\s e 5*“3" 20 e Seretn

* ereabing & new Bvirbn wmponent

* 84 ding tre ovidon ko Hne pane

D s ) S'\'b\lsc. Shhowil ) )
public 4¥uticvoid main (,Sh'\'nj L3 mjs) <

7 Foe ekhod Hnak attually tecates ¥
lavadal)y %

d\'sp\k\,s our applicatkion

3
= correaly Yvere i nv ouvion arsodaled W) He bwbon — notring woald Neappen i Wie Vies prsted it
- junx povides oll bne Gramewatke Fuc mﬂy_ d:,sism'rj a window, byt when it ey Lime for
00r progrum o respund ko o user inderacking Wit a compacent |k nceds vs +o Vinjeut” thot code —
Tnis is an axample of javersisn of wanirol

™ 4o implement #is ToC we ytilize the Oloserver design patien |

e bhydden loc oler VL piece) is dne Sukjesk [a08 pur Nespanse code is e observee




Ta Mne tockert  of e dbsecves BP)

whak Lepgrewere has JavaFX poovi

for (oding (es poree. ackions +o UL

invesackims 1

How do we QNV'\AP- Nt aotext o Hae

Dboserver o\o'&d's"_

What 1¢  se+Dn Feaion 1

What e {veatHandler 2 7 7

What te Hhe haodlel) meMaod 1

Go Wow dw we at_\-\m“\{ code an

event resenﬂsc.'.'
(example == )

= Breotr Hondler £ T 7 dhne inderface for oherver objeuks

ded | 7 Qutdon , Movse , Sider ete. * the soljeck objeck.

7 ser OnAckisn | s 0 VeyPressed | ceDnDiragDelecied ehe .t ne qolbjeck obijecks  regiskrakisn meknod
T BVt gn etk Wak provides all Hne inCormation on Hie achin ek octureed, induding whion
$9bj0 tavsed it ( recall event wnteat)
*Various subclasses for sgedflc event types, Svehas Pokibuuat, MouseSrent ,Bmﬁivoﬁ e
* AiCleconty VT wmpents Wnawe ATEE avenk bypes assouimted with Haem
X AL T Hoe dhservee DPHuak we Lonked & in Vet 12, we iod the vpdodel) metiod ake Loth
0 $9k}0 AW an "event” pljek o pocamekess B pucpues o geaviding event ket ... however, InaF X

Onose o put all oF-Phat informatin into a single dbjeck LHhe Brent ol

Hrexefoce, ondle L) bavey only an Tvert: oky parambler... ik can ast e fvent objedt wiidln subjed UL
Lomponent cavied the event ;i€ it needs +o know.
= a mebtod provided by e SubiD clats LMve VL comparent) Haad locustaally Cegistess olbsrvee shiedks
(\‘"ﬁ -\-m\l.ina Mem as o paramers ) ko its  DoRonSvents ,spd‘:icq\lY:
.setOnfetion (EveorHandler 2 Rekionfveat> )

* similarly <ok Onkeyfascd atkiGies an of ivs registered doservers whenever o Koy frassedvent ouies
= Yhe cedDa

meMnod Lesially Says ¥hat Whon ek oewacs , hece 1S Hhe
objeck ¥nak is qoing do handle [respond. +o it

= Rn inkecfaze defired by JavaFy for handling diTerat bypes oF evenic

= This 8 Hne inkfui bhet alt ologerves oliedks mwk implement: !

= ks a quresic \'\[pc CRUALL: parteteie polymppWism) That tadn implementotion doserver fillg 1n
Wit e speciic Lvenl oljeck that ikis

poblic intecFace ExvearAandler £ T > § —— T ghoold ke some Hype o6 Event doject

prblic vold handle ( T eveal) ) e sole metnod defined Ty $ventidandlecs >

3

= Where W adrvally Lodt B response uk we waat o occur o e ek ocuurs

= equivalent bo bhe updatel) mchrod Haat we Yearncd abovr in Obosuvee BP.
T bakes Pre eveak ob) At 4 parameir besavse it pavides avent ionkest,
[ sioce vor doseever “objeck” is only going o be vsed Boron aisBim = nun Butonl)
once. Land serves moce as a funckion - REBULFoMEGN: | VSBAN. sexOnRckion
Pma"““"‘“"‘j) ;W €an Vs an o onymovs Uass indesd new TuenkHlandler < fektontvonty L) §
of IO N e . public void handle (Rokiontvent evend) §

doipck dlass Gt} System.ovt. pritla { "Hellol ")) 3

),




Pow woold we make Hais syn¥ax

wan ki 3\/\4\(.('!

= Since e 0bsV in\ecFac on\\’ AcCiney voe method (handie() ) JWE Caq Vse & \ambaa
expression (fechii) !
owis Btn. et Onhckon ( L Actienivent event) ~> §
Systom.ovt. printia C*Reln)") )

3

)

-Scene (ﬂ‘ag\:\ -

What is Hae "scene arap\n" !

\N\na-\- is \\\0()& 1

Waek is < Cacent 1

Whak is Q:Gion 1
(Rerew) What ¢ Page ?

- JavaF
Wh ek ace Me % buil¥ -in \Anwt

coblasses of foane 7

What does GordecPane do?

~ o kree of vser inksfae Lompontnts thakis atvadied Yoa Seone okject a8 Hhe oo,
* hpk_«\\\l , this root will e o Pane Dbiu.*.‘.
= There ot sevteal classes relaved Yo tae Suone graph' Node, Paceol )hﬁ‘mv and fane
— Yhe pacenk (Vbase” class of oy Lmponent in dhe diene ﬂ""?"‘ — aVa al) UL wompient
Classes
* Burton , Qane . La\»\‘.Sl\'Aer, e, ate o\ gubeleswes oF Node
- N\ann of Hne JnvaFX methods Frak we use ko deal with vor Saene Qm"\" % ik Lompanents Take
Node as & porametes, becavse e metaod iy mot 4geciic to any one UL omp, bik can work
with any .
" We can osk ass in Mie "hype” of Node object (ake wae UL omp) Wik e bonk o
7 N svbelass of Node fhatis Hae pacent class  all I8 Hhe UT-compotents whiicks Lan Lonkain

ildeen (svbeomponents) — sy as e Pane Class .

= (eprestnts an inte(nal Node oF Hre swnc gemph
= & swbdlass F Parenk & Mae pactat dass b€ all Paceat DI -womponeaks Hhak can Le
S-\-\'\e& ustrj JavaF X' ionp\ementakion of (ASUAL\‘:\J S-\'\'\r_ Sheeks L(S3).
= & btlass of 0.:.8‘\»(\ Paak is e pacent tlass of all Reyion UL-omps Hat allpw aMi:n
am\rtmwh\a onildeen and thal gpeci®y how Mese childrea Shovld be 906'\\'300«* onHhe Siceen.

ovt fancs =
* BOordec Pane * \|®ox * GridPane *Tile Panc
* Hox * Srock Pane. + FowPane * faevioe Pane

2 Lads pane provides a AifFerent Scheme Cor eosiHonina ik ehildeen 0 Hae Sereen.

~ R Panc thar aa wootain esally 5 tildeen. Tep
> Theeace S Teqions where Unildren can bepositancd) © Lol Contor Rt
2 Y cun add one QWilA Yo eath acea

BorYom

~ Ry acea bany doean b qer a dnilh Srinkes away & o
alkorbed by the Swrounding arcas (When yo display Y window)

- hn3 afea Pnat qcke LGk pvee abler Unildeen have been putin % Hx amdun oF s‘muAhn tan +ave
Up Wy been maximized, goes ik Centee — ik will expand Chodantally o vertically) ad

NLRSSAW) Yo *ake vp any extva spate-




What does Hison. An?

What does VYo% 407

What does Skacefare do?

What does GridPane do?

\Ahat does  FlowPace do”?

Whov does Tiefane do?

Whok does,  AniwerPane do?

— (hildren are pisitioned hurhu\\-a\\y—u\\-\n:r \efh - hae cighal o CTA~bo- 1eFk —in Mic order
Haak oy e added ko the Pane.

- h-(\\s eAYrn unvied SpaLe fematns nEiled (avo white ¢pace in e windvw Aise\q )

 Same as HBox bok vu'\"\ca\\\l (witc bop - Vo bobom of bottom - +o=top)

= Jre defavlt For HBox & VBoz is [e€r-to-R & Yop-+o-B bk tnis behavinr is
Lu\c-ij\)ru\-\c .

= Onlldcen ace Shackeed on Yop of tach othir & tenteccd in Hhe windua.

= Uni\deen ase positoned in o 3”‘* with vous & wolumas 5 & the sies of e rous & alvmas
is calculated A\lnnmim\\\’ in ochee Yo auompdate e widest oc dallesY Ahi\A in & row or
Lo\vmn .

= eVildeen aee posikioned 1efk-bo-eiqnt fop-to- bMom,s\w\-\‘nﬂ in Wne vpper LR} e

= n\Acen wrap bo dae nexat (oW Loe Lolvma) whica dne edge is reached .

= same as FlowPane CxLept evary Unild's gpace LTkile") ig Forced bo be bhe 2ame sie .

T Yo do bty 1 makes evtry Rle ko be b Shc of Hne Liggest cnild,

T Onilldcen ace dnchored ke Hne pane ak a posikisn resgukve by one of bne edges W Fe
window Liop Lovkonm, \efl ctqnt be centec)

= +\m-n tan be antndced ak wosolvte  posikions (v & Lo-vrdinede posat) or relative
positions (e "257 aviay From e leEredqe” oc " 2,0 gixels down from e ""?“’T‘H)-

= The most Elexible o€ all the laysut panes.

—JavaFX VT Lomponents —

What ace some besic vseCul

VL components in JavaFX ]

 Laler-foe dizpiaying text = (et Bpx — & theckok

= Buthon = a L\teeable bukton - p*’-‘*\""“ﬂk L« toloedh cecrangle
= TogaeButbon - Yoqlalle latron = Groe -a wlid diree

= Tex{Fie\d —a YertTnpuk box = Slider - alider bar

- lmusu‘l tew — b '“5?\"%?'3 an \'Ml\a(,




Style ia Jwa FX
Whal is Ye wmmon Proa'mmino

po\-\——\{rr\/a\?Pruqo\n For (7\)]',5'!

What is “wontent” vode’

“\/W\" st sh,\e." Lo J\L‘)

Uow do we sepacate Sle tode
in Jova [ with JaaFEX 7

Whek is o skyle Sheet?

What language 4o tre Shye

tnetks yge

Whekis a s\»\l\c dass 1

= To enfore o separation of Shyle wde fom  wontent eode
= This principle emerqed fom & was inflvented by Wel Pmamm?ﬁ [devesopment princigles.
= bc(:?m‘nra, what 9gebs nlisf\nju\ % what UT wmponen we will have, Lbaeee e will plate u,.uv.,
Whak Lavout we will vse tre.
= Thitis +he Lode ok s Tn obr App (uknemu Peplication) Llais Fik; sc_l-\-in.a,-\w sune ete.
= DeCintng fow o J.isp\mj the program wnknty — olocs , fonts ) padding macging che...
how we wank Groybican fo attually look
V€ T eceare Rrvna program /s oay s-h,\f. yiewill jesk looke gvper valy % ?’Dk““‘\j Y
ke any nse tv e vsee
= We ace geing ko put Hre vode Lot Ydedtares” our style in a Lomplekely scpacate File Loc
sek s Ciles) talied Shyle sheeks .
7 Tona Moven projeet Veine JovaFY | the...
* Lontent Code  ques in lsrc/mam{jo\vn/.__ (bne speaific app class incide +he jova Folder)
T Shyle tohe qoe i [ ore/main/respunus [seyref-..
= B e where ve declace tex dain Style rules ILunF'\ivml-inns »grovped into s\-Y\g tlasies,
bhak our UT componetts Can Wen adopb [ gybseribe to"
T We vte bhege in ocder bo qek oo UL components 0 logle how we want brem to.
T & sek of shyle oles can be associated with vt Sty @8 well bit fae Hae purposes ok
Hhis class, we will en€orce “S-\sf\ina l)j clasg® & Wil omly necd Yo aovp rles in¥o c\asses .
7 Cascading Shyle Sheeks (€8) ,nbhidn is a design langege veed b shyle
UL omponenrs in Skyie shaeeks,
™ nok oded in Javar
= The b\—\{\c fncelt Liles ace  .cse Files Lrather thaa Jove L weval LLasies)
. AL‘;‘%M\«X block of code (at is given X¢ own nanve ) inside o s{—ylc sheek Haed defines

a sk o Shyle LonCigurations,



Lxample o€a Skyle sheck?

How do we et oor V1 -tomponents

Yo incoc pocate a thyle ags

Fow do wov atrach g style uuﬂaj.

Yoa Swene ub3¢c¥7

W\a\- ‘/\M?PI\S when ‘]W o\dd (] S‘\lk

[AV T TN pwq

et Neppens iC a VT - component
\os Lotradi :.\wslqux:nc& thyle

e

Mmain.css
¥ \“‘ﬁ ou\i g . e name o€ dune Style class ‘"lmjw\»")
[ = £xl-[baciarond ~ colar 1| #££960 ; indicabed by o o Aok
T -Fx—(-'uM—ani\Y'. Rrial, Sanpun'F-J
= Px = Foohs veiqnt bold L TP X deioes AifGeccnt ideohiBiacs soctn s
4 £ Cor-sizk 212l ex ) bavegeound—color Eonk-weight ele. as
7 £x - paddiog 110 px) Seikings Wak un e sct o ks UL somponents
3 *pvha wlon (0) ubler the idenkiSier name.
- Sorelooard § M (henbibier skavements begin with = x "

= Ex—aligamal | ceater - Aight
BALE tacing \Dex | 0ne css Gile can deFine molkiple “Shyle
% clasges” fur mulrigle components.
= every Node Lavaevey U1-womp) tonteing o list colledt by Hrt mekdh . aeiShle ClassQ),
Ble b con be tsotiaked with wulhi P Shyle datses Dk Limited ko ane) +hat tan
W\ e ovpplite ik onte
= Mbada a ¢hyle class ko o Node VM L1 qebShyl (W . add (" "
T We have do assoliske bine ourall seene with Hie pacticlar shyle shetk fhad we ace vsio,
So ingkeadk ofF ﬁf_{-sx-\(\gcms yuo vse:
stnel. g Shyle Sheeks . 4dd(” shyle SheetL /mata.css™) )
we inpuk He Gile palln fromn e resporce
Svbfolder
> AW Pace. obects are fusk continues ok Won't be aFecked by task shyle rvles Liske
fonk &ete) , WL ean assodale HRM witha dhyle tlass (& we want G of itg dedared
Onildeen ko adogl Mk sk yle inko Baie lisk o Shyle daces.
= TEa UL-component hos its sun speitic: Skyle rules Mhak clashy with e dicksied
bU s parcnk favie yae U= comp's oun roles fowe prevedente % overwrile e pore's,
= ¢ the mw\‘x,\-\'nj ml—-\-i{\35 arc on ML game Slevel” ( Lomiony Foon X Same fzw—,
Seone | of oter UL=omp's qptéhyleCloss ligk )1 JavaFX bhos awwell -deCined

ek of culey bhak Actides which % ye &d-h'fvj( T’\' ernri"'iud-



WModel-View ~ Loakroller

= ¢fvcial Po+he definitron o& MVC

Whede 15 Mode\ View (onveroller?

Whot ok DX doer Model View

Convmller QMP\,W’{

What is Hae bi% idea belhind
o]

How does MWL eyecute thisiden?

Wow ase e, Model| V’\‘m, &

Conkealler  cadn vrelated o tacn obhes!

- A softweace man patiern used. Eor skuwcmj and drefaniting Programs
foc application with o vser inkerfate (GVIS).

= WNC s an application - \evel patlern &it provides bne architecdure for an applicatita
as a Whole,

7 ML sharked in Hre T00-B0s when GUT . were Firet dtveloped & ey rematned
vqu\o\r wer ginte.

T IWC tun be vsed 1a desktop  mobile | And web applicukions.

= Duserver | WC i ch(d-ivc\\’ a sectas oF pbserver relakionghigs betwen AlFFeront
packs o€ an applicakion bhat ace eaw fesponsible For specific aspedts of an
evenr-based GUVT PrY@M.

= To view an application as hu\r\‘hj 3 paces

i.
The Skate oF the application — fhe ackval inFormation ol por app is \-nafmj to

skoce & Manipviave
The way Hiak bur applitation looles( is preseattd Lo e veee, & how the vsee
interacks vsiMa ik,

K way Yo inVecprr & translate Hae vser inYecackions Ltwmponent #2) inke

manpulations of Hne Inderlyig o pplication Skake Liomponent #1) —This s the
idea thar NG inkmdvees | ko Sepacale an app’s UL code fomits Stale mmagmni'
Lode

By ha\V\‘r\j it 66 Haese B componenks Nave Haeic own sepacate | well~deficed
intecCaces  and responsibiliHes.

— The Model tlasses and View classes ace detovpled $omoae anstir (10 innertvaate or
dicedk refecentss b clays names ) ,and the (ontroller provides the level o intecattin
between e fwo so that tey can remain independent oF one anciher.

= Hoe enatk Way hak fe L porents ace cllared Yo eath oller diepends on Hhe patiern
bd:\b vied — tne classic MVL appeoatn or e “e\Wecnate approada.

o Knmws Now e appliention % Kaows hiow Yo shon the
WIS \qur not Wow to

{ vser ot Wow
SWOW it bo e vaer application o the sook

e SPp woarks .

*+rms\u\'ts Viow evears inve
Mode\ wmmanes.




Whot is fe o‘o\vm\—aae. o

Amoeunam iow $om e
Mode\ ?

= We can Haen ceplaze Yne "VTow™ comptoent of our app Seomlessly | wilut
hmn«a Ao dnange c.‘moH/\\‘r\% about- By Mode) .

= This is vse P becavse we can make diffecent (iews Prat arc compatible foc/
seufic bo diCferent ULs — (e an iPad vecsus o phone, a wmputer, an
Nd\o—on\\‘ inker€are | ehe e

What is ag exomple appliakion

= To adesshund WC | lebs consider trying ko pogram o GUL For Hauqame 20ME (e swipey qane)
vE My

- fotes re,&rcit\j o the cxamgle are in pucple.
- The Model—

wiak is Fhe "Model” 1 e dossesfporbion K the program et shares e applicakion stube (4he everen

Skakus of tre applicaking's oporakions) £ Kaows how Hae app
= The Mode) classles) ace 95“\\\' subjecr O\OSQ()' S Mt cFL dbsurved beeavse e

fesk o€ e applieakion needs to kaow wWhien Stakes have Changed.
= provides a\ﬂori-\-\nms Lor dara mam‘Pula\'im ;

° e numbics Haat thould be displayeh on Hhe board
* e ek ¥ kest swec o Mae Player

© whckher a given Yile [ emply | & i€ NoF Hren what Rumbe T Lonbaing

* e alkva) A\fj For Lom\ai\\il\j % qA&h\j few Hles
* And more

\sthe M‘ i W"*G‘”‘“M “Ves! The Mode! claes Sholld aL\'va.\\\' beable towack withiol o veer inteckate ak Al —
feet o€ Hne Pmaam? \iex 3¢ o were e ctente g objecks k cunite mebhoks [alqeitionns iavhe Main e ik

WOl as intended
*Loc $x (eeniy A LUvenbir) — we were able 4o " plan” Hne apme We (feakedh oy runod
) ™~ P ] b |
O Progeam in Mada ) Arhough Hhere Was o visval fepracntation of it Llut we Lord addont)

> Hae Mpael etk doran-assvant of know enyining ot b it Might be veed (ke on aVT leve))
Aol 1)
Whak-are e Y main responsibilities To encapsolate Pne application skave  (in private Finnds)
b Ane  Model o\a&u.\—l'- .

L30T boacd * in¥ higndure

* ink seere
1)

To ex pose mekands foc auessing  Hhe States ( Conhroller Wil vee Prese)
* oek Tile Gok x, 2% y) * is Game Ovec ()

get Loreed Stoce L) * gerBest-Seoce ()




\What ace e Y agin mPu\si\si“‘h'L&

b 4ne Moded object !
(com Finved)

)
’ To ex pose: methods For mva.\'CYitn e Shates (| Conbotler will vee Mese,)
* SNiF:Lbc“\’(—\ ° swipe \)‘L)
. swip&\%\n\-u * swipeDownt )

¢ et L)

= Hre implementadion of ese meliode 16 where Mo Model “mpdifies ikxe\6" & vpdades if¢
skake — for ex aipelpl):
Lompacing i€ ke 2 ¥iles makch iF o “Llfnbinfc\j" Hoem by dnaaging He valves of 4he cespective
Cells in boacd | as well at vphating score jeke-
“ To no\—\‘Q\' ks dbtervers wnen o shate ag ()Azu\‘acd (Wue vue Yome \u.rnj over , @ player’s
P ending | change in Bt Suace, che. )

* do Wis wil 4 nuHF\IOlowm() method .

=The View -

Whab s “View 7

Whal ace the 3 r‘cspmsi‘oi“\"\ﬁs
of the \iew o\o\"‘w\-?

How does the View

reCeshe VL7

NV\\Q mvst ¥ne View fepock
v intecaddioas o the

ConteoMer?

Whet is Hae 5v33es+ed pariern
foc View \asees?

— The pack vf the pvqram that kvows Wy Hae application
— (feates & A\'spla‘gs e vier indesBace

= The paccage with View classes mvst be +he place whtre we have all of pur

JovuF X Lode C sinee TauaFX i poc UL Worany )

= To creadte & qunecate the vec imherface sing e ot shate Jdata vabes

encapsviated jn Pae Model,

o To refresh e UL trunevie Hac appli cMion's state chanscs.

T \nj u\-rna as an doserver olboyenk A ongvfnj eithee e (lode| or the (m-\-m\\c{(&&fml\'nj
on Whidh approads we are vsfnj) for state Chanees and then ufo\ﬂh‘tlj how i+looks
aLLorA\‘ns\\,

* for ex ample i€ ¥e sipce changes, the View Shov\A be noki€icd of hic thange sothat it
¢an vpdate the nvmboe Bdnj dl‘s‘)\nw_d o0n Ihe SLreen as Ve VS Stoc”,

3)
To cboserve foc veer inkerachions & report hom to Phe Conteoticr (by cal\fnj e methad),
— The iow mvet mpm\- A\ vser indermekions bo +he Contolier sothak it can interpret

Hivse inderankBns in Yecms of bk iy wean Foe e application |and baen execote Pt
agprpriave ackions ko vpAate W applicabin Shake (a12a the Mode) ) | ag well as vpdate The
\iew i¥se \€,iC needed.
= Define an wlecCute for oM of por View classes Puakcontains o rendert) mebnod
public iotecfaw FRlovporent i
Parent render ()
3

* Pre renderl) method genecates and rebyros
& stene graph representing He UL dree for
e view.

= (endec() ywaly  febums a Pane doject (RALALL tiak Pane is & subelans of Paceay)

= inside o€ e renderl) implepuatation is where we will au\-wt“\* tseave Yae YT JavaFX

LoMPONeTte and add them Yo oue Pane contwiner



What is Yne prepese o€ Hhis
Suﬂa\us\-u\ pe.-Hem".

Whak is e 204 'H"i“j +hat

View e\asks musyx dn?!

Lxample of o basic \iww

wmporent class?

= We can build vp v Cing) GUL (¥ne ooe Yhak ecks disp\agco\ Yo e ViCr Via the S%-aﬂc
aod Stene) ook o€ moltigle \iew clasg,s;
= We can create '\mﬂh«c-\t"“" View wonponent dlasses Haak encapeviale sevecal v

View Clasges — \33 asbtna Maem 4o render Memeelves ™ (withh the f2ndicl) mekmod ) —
K Haen coch of rendic Faem al\ inks a wolleckion Lo View Hak tonbains all b Hhavse salles "views”

oscanged in a speuic way )
™ Lscentially breaking out vser inksface inte o logical hiecacday | & $hen treating

& View Losnpooent L\eds b eadn level [pack oF Prar hitcardhy — ach of whith
Knowing Wow }p fendis iFself— and an\nfm‘nﬁ Ym ¥ bvildve pue GV T
= in «ddiVion Yo readecing Humedves | all View tmponent agses (tven lower-leve)
0nes Hok agk encap\aked intd Wignee level ones) need Yo encapivlate areferonu
Yo the Contreoller object in acder v €a &N re.s\»ns;\mli\7 #_7;
* His 1< how Hre oanetrion bebneen iew & (ontoller 9eks made, |
* done o Ye View clugs' congheucbor. P SV e P
poblic class ButooView imglements (ExXLomponent § (see prev. poge)

private Conteoller controller enzapevlating refeenee ¥y its
adsveiated Combmplier objeLt

Vi ontro\\ Yroller ) :
pblic Buhooliew (Lonkroller controller )T Via the toagycv croc

Hhis. coteoller = eontrollec 5 & —tk
i View womponest Raows
public Parent render()E ° how Ay render ke 6 by
cfeal-inj a Vbox (yeceh) Pomnc
Subziasses ) | eyovt , prHing
abvrkpa in i«\') Y rchxm’:\:)
e layouk

N Rox \“‘3""‘7 = new VBoxL)')

Buodrsa burken = neW Buton L dlice. me‘."\)‘,

bubte. stOnfckion (CAeion Gvent event) —> § Hhelvz et 4€ He niton
4—'_.}3:?:\3 aicked is Farwacded

onteoller. handlellick (1 Fo 4ne conteonee by calling
%) opoliec's haadlellinel)

lo\\ﬁp\)\r. gf_-&(_\/\i\dw\. addllovtien ) method Lo regpond Yo theevent.

fedusq lavovky fender() retuins Yhe encrated

SENne graph |

%3
> This tomponent is Gimply justa VBox with alboviton, but 3t 2an be put
inside of anvthec Lomponent Hhak tontaing it aod oher gimilae Small Genponents to
treare o Compounded componeot
* the compounded Lomponent can Le puk inks ansthwr one and S bA ... Hais
is Wiow we build up ovr Fina GVT — o tree of many View Components.




S,Xamv\c ¢ a ngou& View

Lomporent class ?

public class (DmenAka implemeviis FKLDM?DNJ\'\' 3

private (ontroller ontroller | — This compogent is & LOMbo of

private  FXlomponent lefHPanc) 2 sther View compbnents ... creates

Pdvn\—a_ Fxlomputeny r\‘,.\\,ﬁ'?nnc\ ) a vew [eftPane) & RiqwtPanel

Lomponeny & +ies them o bhe
pd\ol\'f- (.Dm‘mum\V\‘:v\I (Conkrller Lonteoller) S Same Controtel objeck thed iy
His-Lenkrolite = contvollec ' opiedbe.
nic. leFPanet = new LefHPane) (Lontrller))

Pris.rignt fancl = new © f%\r\*fam\ L wokrotiee) |

3

val\‘t_ Pacent cendert) £

HBox \msv\)\— = new HBox L)') (omywt\awiew cenders e\ € l’j

\a\ﬁvu\'_ «QL\—(,\Ai\Aru\D_ add (1e€¥fare). cendect ) ) puthing Hioce 1 encapsvimed

lawouk- 4k OnlAcoa ). add Lrignk fanelcrendeet)) |
rerrn layout)

33

Vi Woponeats it a layart
and atking Fhem ¥o render

Fhemeelves
* Sinve Mats ompotent ARen'} Create any vew UT tomponents % Limply Lombing othec
View Ausses | b doean't need to direcdly Porwacd any interathune o +he (ooteolier — Hany

has aleeady ben kaen cace o8 by the inkcaal Lomponents.
—The (oockeoVer —

\Wak (s e “lpveeler”? [ Pre pack o6 our pogram taat handles vier fateracHine by wiling

appevpriate  Methody Fom fae Model c\asses.

= The LoaYoller is ¥ne brains’ of-the perabion — i contains al) of Hoe hidar -leve)
19gic alour how 1o attvally vse Hhe Mode!'s methodS Tn o mcomfnjm way -

™ ¥ bridges e qap betnesn the fow -level Tnteratkidns witha Hhe Smaller low-level View

oonporents | & whiak by mean ak Haad moment ank given Yhe turceat Shde oF Hee agp.
— ™M Loa¥roller Lonsiske o€ meWods Hnat bruntlate vicr sn¥eeackion events
(Y0 Lommandt for dhe Model.

What is Hne process fevent

" user interackion owevss w e GUT god e View woporeat reports this
sequents Hnrw-a\/\ whieh Yhe

peLvcence bo the (ontoolice by walling onc of s methods .

Controller yevs vied korcepact * v niped an ble soto another Hie

vpdakes +o bine Modc 1 L (onkeollee inkerprets thad inkeatkion into what it Mears inthe Lontext o6 the app &

Hhe application stude — aka translates it inky maotpulations of e undelying Model.

* the veer 3¢ -k\ﬁinl) Yo combine Hhe Hiles ,9( wanks a new ombined Hle h
qwehr




What does He Comeollec lass

needk do have ?

(;xame\c- o€ a Contoler dass?

What is Hne evenr Lequence (—\!\ma‘r\
WWida Hae f_ol\\'mutff\'s vsed Ao
P+ voddkes ko Hne View?

& Con\'\'butf intecatrs with Lhe Mode\ to exe e Hese M\crpruko\ attions
bﬂ Lak\in3 i¥s methode 3o thak it tan '\)po\nk. e "
* convoller calls Modad's swipe ) pL) merhnod — whith may Fake
o board (o-ocd a8 & pacamerer (1ike vhe w-ard of Hae tile Fhat
wat eWiged 0 —  ipis is juska covi abehact cxample
* The atkua) ok of g\e\umfninj whethr Hae Ldileg are dhe SAmt,Lomb\‘m‘na Hoem,
vpdating the boacd +o lhave a where Yere vied o e un L8 increating
e gger store exc.- is al done in the Model's mcHiod implementatiion —
(onroiler 5{«\9\\' Wat by ek o6F Hae spack do leb Model now! what has
henppened.
= mosk enwpalate o reference to Hne Model <o bhat it can “mantpilate” it call
i¥s mernods |
poblic class (on¥eoller §
private Modo\ model
pyblic (onkroller ( Moded mode\)§. encapsvlating a refecence

$o Lhe Model jvia constveds
this.model =model’, ° 9

1
pultic void handleSwipe (Mireckisn die) 5 Hhis ix Hne meinod that qoks
switen Laie) & @liedd in o (iew component- class
case UP: whien o vser TntemUHBN oeen s
mode\. SwipeYpl)), (tie " handle Click )" fram ex L
Caxe DOWN: pafes backD

woacl. swipebownl))

case LYFT !
toded. swipelefHLY) the toriroller Lonkains application
(ave RAGHT: l"a“ o derermine & call He
model. swipe Rightt); appopriate Model method based
break. 50 Hre interakion Phat veroceed |
355

— This sequunte difFees Lascd on which g povadh if NWC we are vss’naz — lassic

oc e\ternate . We i\ discuss s in asee.



Recap: What s Hhe cole
of the Modke\ View, f
Loareoliee !

Vif.w = vier
inde(Cace

Controller = eveny
hand\ec

£

Model = applicakion
Srate

fipplication

"4

[2
e Tovafk

= Clossic MVC wvercus Rlicraate MVC —

Whal Av (lazsic % aldechate
M2 have in Lymppn?

What is the Qassie MVC

approach?

How do Hne View components know

whidn  tnoanges 4o reflevt?

Ovecview of by Flow oF iokomatin

in & classic MWC ?a\HC(n'l

“The s{ﬂ,.*.e_.m Cor sc.muna sofocmatioa Com e View bo+he Modle) is e same
Foc a\\ VL ApPPOANLS — SR e red=highliqed noles under “loateoler”

on page 122
* indicated 53 e red accows

= Qv the s-\-ra\-f.a‘ﬁ fc cepoc {—it\j Model vpdates 5 Y \iew is vilece Hese L
o ppoadnes deviade .
-
~ \few Lomponents fesisied Hemeelvey os Oogetvecs o€ Hie Modedso that Pnc) cun ke
nokiCied of shale hanaes (whidn s we oo, 0e inflicked vpon Mode) by Contevlier)
a0d S0 Brot +hey can Haen vpdate Premselves (aka “refreth Hae VL") bo reflect bhese Dnangcs.
= Gince View is an obtorvecof Mode) yivgke avkified anyline o Shate chanve vewors, K“w.;na His,
I¥ can Hen ot Foe specifics on uhidn shales have changed by calling Hre Model's gehbec
wethods  (like in Pae View's Updare () meknod (RSLALL: Dlogerver BP)
* Miecnatively, vc (an dsion the Mudel’s 0oHEYL) and e View's vpdale() wethods
Yo pogs in pacamcters Hhal speu‘F\, e shate change LRLLALL: Gvent (ondext), . this L,yr_

o€ small é;siﬁq\ dnolee 6 up kb ug in fems o how bo implement ik,



What does W\csdm? Cor o
claggic MVC ook ke

Whet is Hhe aneraale MVC
a \)proo.«.\n'!

Whot are He pbserves relationchips

0 e alvecnare MCT

How dees \iew as‘\—n\@o:mzo\

W ghave L\I\N\ﬁcs!

Modc\ = - Controller unYaing a refercnte
model = new Model () 0 A o A )

Con¥ol\ee ¢on¥eoller = new (pobroller Cmpdel) = intecact wikh ¥he Medel in

) order +v update it
View wompdnents Koow abou) bota
e wntro\ler ARD e Modk) So i

mode\ . akdDbeecvec Lview) ) ban Sacuiadd inkecacbion events %
feceive app Shate chaoge NoKFT cabitng,

View view = pew View (onveotteeimoer) 5 ——

add view as an obseevee oF e model ob)

it entapsulakes | o rcFerente bo. fespeLivery.

- The Mode) and Yhe View are (:vl\y Juovp\zd ~+hey don't-even Koow Hiat Hre oller exisks .
= The Gondcoller siks Tn between them 3 provides View: with mebaods torerrieve infs from Hae Mo«

Moc\c\ — application Controlier - event Vi"w =y
Shete Wandler inYecCace
private ielde NaAdler User Avents YendesTUT
ge tresd mexrwnoas Coateols | Hhe Mode Displays VL
fipphication
modiEiec methva / N Stare derkec metnods Forwards YT —avents
NN TN Oloselvers 0 Forwaras updxies A Kexleshes the VL
r

= The View componer only W4t actess bo tHhe (ontroller wmpanent ,& reqiskers as an
ologervee of (ondcoller
= (ontrolrer registers as an oloserver o Model (instead o€ View) & ic nobified
Amﬁ\-imc a0 application ghate chdnge ocevrs
Stare dnange occves in Model
Mode\ pobi€ies Contraller of +he oevrrente
Conteoller calls Model’s “Gite eqpasing” (qervec) mehnnds +o aet event content

on Yhe dne-v\gc. May octurced
ConYrolier as a tbjeck object | then buras around and NDkFies View of Hhe state

ohange oLwrrence ik oy jusk inFormed of ("Fom.mlfna Wre vpdates”).
Controlier Lonkains iks own “Shate C\\fo\l'l\J" L%d-lv) mePnods fat essentially
Ydoglicare’ Paoce of tne Model (it qeks Hhe dakats Fint treae mebnods vetng Model 's

qerder methode )
View cans bhe Controllerts fever metnods for event (ol\-kx#'f( then cefreshes its

UL wivn cespect o Hhe app shakc (_Wmues.




Overview o Hhe flow oF
infsconckion in an alvelnake

WO pattem?

et does e setvp For tne

o\bueqare WC ook live?

What i the othree Wy bo epewte

Yo altetnate NWC approactn ?

P Model notifies
When avpplication State

(37 Amﬂ es

\iew calls
"duplteare” qetter mcthods
fo actas applicarion

! \i X state (nfo. Conveoller Calls
Sw-call.s qeviee
MEANods 1o dusps L oatrolter handles Vser
Controller notitiics app sHRke =
maWods to N inCo. evenbs oy La\.\u\a
handle vser share Cnangcs. Sekter Mmetnods .
{nkerackiong,
. Contro\ler Nand\ey
Model modet = new Model ()} UL events B\j talling
Model methods (so
bl o Conkrolier wntroller = new (yatroller (msdiet) it can vpdate its

appiication stake.)
For shate ——model. add Observer (eonkroller) | Pplvqation Sta

thanges on the
Mode\
View forvvacds UL eveats

+o +he Controller

Stade (hanges B9
+he Controller

View coseves for \\li'—\l\l view = flew Vim Lunroler D) )
wnvcoWer. add Observer (view) )

= e (oareoller i¢ L(“F‘-(d\’:\(l-\\{ " Furwqr&ina” e LV\A'\(‘L'\.’\AM"’ ¥ is noti€ied '&'W\‘;h Y ‘{M Prak

s D\oswv\‘t\g ik,
- We Lou\d even 9o s» fac ag +o 0ot have vhe iun obsorve Hae lontrolier ek all | &
insvead have We Controblec cespond +o evenl yphntes from: Hoe Model bj tumcna arovne

and Limk\\' w\mepv\alric\:, e \fiew 1rcen€ ! awva lontroller complekely in harge




Concuerent Proaramming
\J

NJ
Whet is e seapential compvh‘nj

model !

What is the tonevecent umpu\-\‘na

model

Whek-is Hne facallel mepv\-{nj
Mode| 7

Whot are e by fxme of

conceutrnt Lempv\-\r\a ?

What is o “aodel of Qroﬂrmmhn"?

- f way < mvdclina Sour tomprtation sven that when & secits of wepukations ave enervied

ofe &k & kime  each tampuration ®sk Cinish befoce the next can e 0.

task 10

= When a secies of compuiations are excwied d\)ﬁnj wu\A"\'nJ ¥ime periods.
task 1)

= There are dwo ways Hhat a POGram Lan exnibib Loneusrent Lompv¥inJ Fo have
wirigle ackions be exewtred at Hie same bime

in pacallel © M\'\'ﬂ\\\j \xinj able o execvte mulkiple tagks simv\\-angws\\b'

0%e  pacallel P"’j""‘"‘“‘.“‘af

* by Lonkexk g..i\-dnh:J © The compvkee is oaly actually p«Corming one ackion/task at «
vime, buk it cwikdnes backe % focth betrween Yaem lrapidly),
S0 that Huey appeac 10 ata e making progress ak-the Some hine,
Kiod of o “fulse appesranc” of concuminey because Haere
15 Y acrval intease IM pey Cormante of deeveare
in bime spenk.
= Wen mvl¥ipie asks can simv\lwmwsl«, be exewked on wparate Pmcssrn:]
Lement's
= Tpamud mvv%t‘f%//pmommmf'\a," 18 900t o & branzh [dype of wnevrreny
Coen putin
> faratiel pr iﬂmcg

o as,o(\z_hmws Pmammwﬁj

- a way o prbarnm"\it\j o model of Lcmpv{-nl-ron"
= You can Mt & makdn these, L) Jl—\—ima\el\, yov arc limi bed ""J Yo resdurce — for ex )
even € yw implemenl an ﬁsum,hrvnws frworammu'g model on o seﬁn-h'eﬂ (,nmpvl-;r,

e program will never achu”y g7 any Fnskr' becavse it is sHll only JD"U one
—um'na ab o bime.



Whalk s s'aﬁc\/\mnws froarwqu

Waar s a '>‘T\bhﬂmv\l s

Mﬁ‘“hﬂg ’l.

=~ A woded of PWT“M":J whece e Lask m.,.) be started , and Hhe pn‘nmm has
to waik Cor it 4o tomplete before ux\-\-invis Lo run.
AL 13 Wt "normal” vy Mnek WE have Hrougll aloouk fronsideerd pur i rograms
s fac - Cor <x, La\\\‘nb ameMavd b ik Shope exceubon oF bine Lureny Bile

to G ertte X de in W obwe Fi\vf mtnod

natn ‘EM Maia POAA

= A model of prv:)fmvm“‘lj wheee & doske May e sharked, but bhe
VAT CONYIOVES o0 it o vy wm\-n\\-} for i+ ko complete

*the pregram tan \ater oordinate WitA P\ o) bask (3o see 56 it

wmleke | qet 183 fesult et )

- A H\'S-\-brv\ o Compuiec 'Pma-ssir\q SPcf-cl -
= J

Whed is  “Mooree Law” ?

What advanmonts in \-v.L\/\no\vaxj

Yave driven Mooee’s |aw 1

What is the mvikicore cevolvHisnl

= Thic dvde ;o Be 104 realized Hrat the numlee of Hransichrs Mt coutd he Gt on o
POLS2oe — Whida, in Yrak time pedod, uas dirc.dr\y related o lhow fast ik
tov\d Av Lotpytakion — was ir\cruu'na ot avr.(y $petific rate —it was
Aoo\o\ins a.vu'\l |8 months .

= Meore’s law Cbmpvh'nj speed (a.k-a. ¥he gpeed of the Fashest mosk recent

comnpyier develoged by Wumanity Vavs fuc)  dovbles eveey (3
montng .

= S\:wc,\c,tnnl\()-\'\nis \aw has eld true Coc Hne lagy U0 years Land LMH‘D)!

= inthe \ADs. \i\-‘v\vara-v\nib Fechniques Por (,\'c\m'r\:) silicon impeved (5o Fransis bors

qot tmaller) | lovk ¥ tednaique was c.vml-vq\)\/ exhaushed (how mvih
amaller could Py Pbsgﬂo\\, e, o1 )

T o the 19B0ST  we werc able ¥o Make processtis fasker Lin tecme o Hme) bk this made

(ompulers, feally lnot bc_-wo, qenennied a lok & heat ( cockel Macll)
% Hais Yedhnique Was ales (vc,v—l'val\\’ eAavsted.
2 indne 20004 the mulkicore cevolvbion!
= inglead of Age.i%m‘nj new proceasors Hhak weee Faskee Hhan alt oF Fheones before it
wWe Sbacyed aro\/\i-\'u,\'ihﬂ a \A(N” b o SMaller pmcessors et ace like
Wint " poralld” omputurs | each oF whidh had smaller tores that were then H:‘MY
i:\‘«.%mhA inko a ¢Wiarcd memory and taght.
= ava, We made evr (pemputees Fattec lmj N owing them to de woee than one
"'\\303 at a fime




D\Lu\%, SO... W‘I\\a Av we
LOre abouk tonevrrent and

pasalle Pro:)rnwm{ 5’7

= +he mvlbicore fevalvbion is whal is Arivfna, Moore's law ‘\'Do\q\a,')
e ceason WAy we aRnously have incceases in Lomputer por focmanze
15 beavst we acc dcvz.\o_p‘mca, inoru\s\‘ng, Pa(a.\\o\.ism in ovr A{.sions.
*Con e up ko LOOD cores in one proLesssr [prabgeven mbre)
= ik is He ke o Wby our (Sociely) compulers yet any fastec!
= My\bioere con only incease mpuler perCormance 16 we can Find Nays Yo

paraVie\ive ovr ‘asks.

— Parallel Programming —
\) J

Lo what sitvations can mylticore casily
be veed ko increase Pngcrmanu.'(

Example’

How was Hhis done befoce mulkicore 7

Waen is & qore dm\\maina h
ir\\-esru-\!. muiticore for inc_rgqu'rj

?u&rmanu—?

- Yhreads

= foc a compyters (.om‘;\de\\/ independent poocesses: uhere Phure are a0 dota o lbaic
dependencits | or o\jjnaa{-inj data operations.
= & laptop and its applications 1 Onome & Spobi€y & Word & e operating System
@0 all (U6 ak the same Hime becavse the laptop tan have a sepacate wre f\)nm'ln eath
program.
= You could skl run mvltiple programs ok the same ¥ime | but they weeent actvally
betng vun in paraliel ~ Hne um\-mj syshom wWas josk rapid\\, W ih)m'na, bediween Hne
multiple fasks ygiviey o “false appeacanc” of LONLURENLY ... see. Gotext,
swikdninge tokes 7 pages agp
*no increase in purformance beeavse to Fime is saved , The overall bime it Fakes
is gk qoing ko be tne sum of Hne dime it +akes 45 cun cach program individually.
= When we ace intesested in improving the eormance of pne pactieslae program (nok as
a eac\— o o Collecon of Prnamms)
= Witk bae Prbsram)i\- is more Gmplicated +o find ways o " pacallelize Hne tasks "
being able 1o qut one pact of Hne prgram staried while anobiner antinves B run and qebing

Hnem Yo coocdinate ]cxchmjeanswm ele. whon its done | foc (’x«mp\c.

What s my \\-i-l-hrmdfn:\(f
Whatis o “tacead” 7

N\/\ﬁ-‘r ir\%r matioo is

encapsulated in a taread?

and_multithecegding —
J

= this dea of wf;\—.‘nj a program Haat 4 operating in more Hhan one placeaka Yme

= a0 abskaion for Lxc_gﬁ‘fni a e%m-— +o exewle “nv) ?mamm) ypue o‘xraﬁnj

S‘st (reaYes a Phcead
-3 Hm‘njs :
1. {
Tosteuekion Pointer: e cutrent point- of execuHion .

* tells us where we are in the Prv:\ram.



How are Hresc tumponents (evmm\tc\

in a myWitnceaded ?m\-)ro.m".

Wow do we communicate berween

Mceads?

Whidn mednaods are urru\\-\\l uu\,l-inj

* holds e strvohuee of "calt Grames® Haok build vp as we
ngrtss “‘""’3\" e vrvaram.

* bells vs where we have Yo 9o back Yo when we redvin oo e

meod (RLCALLT exce phion hand\in}]sec ndtes on ca\\ Srack
) Pﬂ .99 )

3.
m,_mm\l'_ e onkents of thne mcmnr\, Lobjects and ek.) lu‘m,\vd\'n;] e Veap

——)Ioash.a\\\, o "Hncead o compviakion” is wmprd of wWhere You ate in e program
how wov Tr\- H/\;rt) and the currend stade o Huw m(mpr\, i

= Ladn Yactad has o gg*mra-\-g ins¥rvckion Pvin\'vf‘,S{Pc-TA\'b

) anA
o $haved memory U—\m.j al\ shore e same heap)

LOMMYVWON.

= 5\3 wu‘o\ina\ﬂma,-lw. vse I shaced mr.mor\/ y$inze Hak is the one Thing. -l'hzj have in




Java Svppoet for Copwrrent + Pacallel Programmi

Whek is bne * Ruanable”
inkecPate  Land o\o&u)c}?.

How do we executre Pae task deCind

b'% o Q.\Jnna-‘o\.a a‘osc.b\"(.

xomple o€ o~ Runnable”

oloiw\ 1

Whicdn  mode) of Qmarqmmit\j are

Ruanalle objectt osedk in’

How &o we on o Runnakle oloject
1

Lxam P\L7.

- $he k""é methanism 4, wn'\-mﬁ wmv Libhraded ijrams in Java..
= bhe Runnabe inkeFate isilouilt inte Java and dtfines ob‘l'c_ds Hhat represent

a Yok ¥nat tan be porformed, .

* Ruanable ohju-\'s are \oqs'\u\\'\, “mini- pcosmms“— an exesvlion of a cectain

lack Hnet can be rua ‘o-j a 'l"\ftad_

= e Main clagy in 20r Jovea prograss Y v\d'vlu\\\, provie intesCare  Ruanable

void roald )
5

- ’mt Ln\\\‘l\q ¥he obitd-': run() meWod —Hae oaly method  deCined \‘Y the indeface

o Qunnakle obi\;o‘b‘.

° (Ual) atming all e coge Mot we want extevbed . T4 dwen't fake “"j
pacwmetrs or redurn anyy resvlts
= (RECALL lambda expresstony) sinee Lunnablel) only defines e method & can be

inskantiated vsing & lambda expression |

pullie skatie void main Skingd acg)y
Ruanaxie Yasel=
O- 3
for Gk 120 1210 ta4) 1

Created vsing o

lambda ¢xprssion

Sxas-'km-b\!h peiotin (v 1) )
1%,
i F\'a. i
= Jusv c_ctu.\ﬁn\) a Runnable doject Apespt do av\%w«iha-— i€ we ran the class hat s
tode * is inside IE cigwk now, noting would hagpen Lo prink) L Welve dimgly ereabed
e objest & Assh\anul W% 4o the vadalde "taskl”
= Botn! Linnables can be vsed ¢ibnec s\am,\:\mnwslx, OR as‘nmmwﬂ\, ,
hbpv\’«k\u\\\(.
= by S\'“\P\\( Lat\inj e mevhod Lrvnl)) on Ynak objeck like Yoo wdIld\ wikn any oer nb;fd.
= add e Gol\wing, lincs o€ Lode +o C\'q\)rc, 1
Y b The eonsole Will pAOY “we are __ .10}

Collowrd by fhe print Seetunys
made invide of facw 1 5 and D\‘l\a\\\[)

S\Qsm‘oo*.pf{n-\-\n ("We ace Pn‘,ﬁ\-\'na, 4 1o 11)")')
facwl. cnld)
N " |"> : “Done”,
Svsrn . ook pdntin ("Denel’)
= There is no coneorenly \receminga simply Leeated Ropnable doigu\- and ke cuied
s L) meYaed.

=2 T o 15 SH only lbina/ m-thig &b o time




How o we vse a Runnakie

O\o&lv\

What is the

How do we cceake and ron o

oo Thread object?

ixamylc of vsing a Ruoaable

objeck

So what prdec Will Hae stotements

P(\"\— in 1

4

1

o\)'x.c-\- 1

= \ls:"‘a/ Javas boilk -in

loss!

= ik represerts o aread £ execotion] it olews Youdo create New theeads frat
an Paen be ua o e same Fme ! Honee as.af\z_\:\mvsw\s pro rauvxmil\a_.
= When vum\-fna to muitinread, we q\wa\as skack in }»«-‘Hn one. "aain” tacead Haat

awags Skacks In oor main meMivd L. ¥his is whert our mada progrm starts
and where we tact hew Hhreads 1€ we want to.

= When we create avew Thewad object it needs ks be bold what bo do . Thvs,
Me congifushor Fakes 6 Runnable objeck &% & parmmcker

Thcead faceodl = new Theead (taske 1y,

- NOTE: mulkiple Thread objects CRN vsethe same Lunaable object ~ikwoold justbe 7
independent executions of He same task.

= To skackfcun Yhe theead (& Hos Leah\ xecukion & e code inside ¥ne Eunaoble oby)
tall e Hhreads " Stark( )" method

Pareadl. stact() )

= Onee we have caled star t0) ,o0r progmm is of&ok-ivgv rvr\nim} in 2 places
ak the same kime (ot a (.W\L\)ﬂ'tn\-\\/ and asyndho I\ovsl\ﬂl.
* Hoe main Macead continves Yo engoote . Mcmw\ni\-{,,jwr o‘n.m{—En] s‘ts‘-w wod Hie
JYM conspine 0 create o satond Haread o conteol withh S own skaLle
e %wnd Haread keging inside of Hae Cunnable ob] — bhak (s it version & “roain”

pulolic skabie void main LQ—A‘JU(J “':\0;-
Cuanable taskl=

Q- 5

Pt Hnis \ine ,Fre new Pcead

Cor Gk =0 i2\D)) tve)g
brandney o€ cad shacks

S\stm.u\k. piote e+ 1y,

Qxecy \A«a e cun) kol 11')

of ite dwu\ Luanable &o;‘w}—

S\ﬁs-\-un_oo-\—. peink\a ("W ofe vﬁ,\\;.\%ih "),
ot the dame kime a3 the regt

Thread Haceadd = new Theead (rask 4,

o Hhe progm. Peeadl. shactc)) )

S\gs-\-ul\. ovk. pAntn L“BD‘\(’/'")}

Fia.t
3
7 basically, we can't make any asumpHons abovt how fast e of€shiot Hhreads are
or wWhion oo will finigh Eicsk.

i€ dhere asc mulliple breeads, we alsd tan't make msmp’rinns aboet the prdec in Whidn

eatv of the Phceads' fasks will octur in fespect Yo one ancthec.

- \)5“ q,\\\i Lwt ¥ats is NOT avvie) ) the pciny ghakement in bhe masn method C‘Bonb“ "Yuil)
wd ve acthag erecu ted fisgh... bvt we tan't |usk assume this,



Lx ameple 4> Aemongtente
e brdcr bF exeeviion with

mvlkiple Pheads?

\N\‘\G\— ocdl will Prese
shadements prink

But whak i€ we wank the Main
Pacead Yo waik For fne
dtnec Hareads b Rinish1

How does bre 10in() methned

wo(\cq,

9x A‘V\P\ﬁq.

£iq.3
3
pblic skabie void main LSHI:]U au?)i

Runnable task0
(R B _l'qw- main Tread created Weeod 1 and
4 5 for Gk iz0 5 1210 1+:) % crocted it new exewvtion has beguo

S\(ss-\'em.nvt. st ( -t)-) ok Pae T —"

2 new execo Hon has loegun ok -+ (unaing

SEME O 05 Mreadl Lok tompieiely)

inkeerﬂtnr\-\-\l

Suskeva.ovkpdctin(” ),
11

Theead taread 1 = new Thread (Hask) );P
Hacead 1 _sractl) 5

Paceadl = new
Faceadl . St

(*ask.o)}]
"J.Thw_ main theead woatinues on ikt bwn
way as well ,ﬂ'ﬂ\r\-\— aftee s-\ur{-inj

Sv\s\'o«\.w\. printin (" Sonel™); the dHec theeads.

- Not 3m—uanke4+o be the same mrn Hme, buk pne possible output
Sone !
W 1L1232443%54U9 7% L111%4

= The main rcead mmJ.ia.h\Y fpes oFC 4o prink Tts stotement Lefore e ot Lasks evin have
a dnance Lo,

= However, the Hming and drdee of cacl o6Fshoottcead isot Lonsishent in any way..ifs Jost
gock &F random.

- we can accomplish Hhis veing Bre (ool oljeck's \']oif\(.) method !

= 'NA'\\’\‘Nj Coc Apccviuus\\' s?mme& faske do Ginigh is a common Yacead (.wrdino\\—\‘nj o‘zm'km_

+E% fue o€ Snding Lihrcad o “mix dey Iogredientc” and one bo “mix wek ingredienks..
main mebod epanok ‘i uek & Aey ingreditals* onki) nose 1. Hiceads have Finiched

— When ik reacwes a line oF wode mat call \io\':\ 1) on one of 1t (oLvious\\’

aweady declaced ) oFéchost ki ctads, Hae main Mok pavses [ Shops

esecvkion vati\l bue Mcead is dore QMMA e vode ia irg Runnclle ol.:r(k.

- ad&i:\%—{-hq, Fpl]owit\a, \ines ¥ (lcjm 3.

Haread L. lai(\L) )

Mainl) pavses vt ¥hread L ig mpleke ...
threadZ <kl cuns & iy anp\cl—a\\l un:«h,g,_\-u\
E H\rtqd'),.\"\oh\ @) 5

AfYeC Mis 1ine has aivm Maint) +oe tiv-a\nwd ‘o uman:) i¥ mow "pavses" vakil

‘”3 thig \ine.

Pacead) i§ omplee, theeadll) m?j\n\- have n\rr_aa\j been \m\oac-n\\'shd h\a bhis peing
(in vWion ase e SULRZURVAL signal b MainQ) Haal it can Reep Nnm‘r\j)_\LV\'

.SoinD basically fntkions og Skogper /blﬂ.c\c.?vf(\'\' b malee svre Haad Main doeand

conkint okl ¥he Mnctadls takk is done.



Jove Svgpock i Mechanisms for Theead Coordination

RLCALL: phat g '\'\o'mt)"'!
Whet is g face gand'\\'ion'l

When do face Lenditions beue?

What can P unmj wien 2 faceads

~;m-i‘«—c xo" an oloju,\— at the same ‘HM'?.

What wan go wvno When 2 Hareads

“reok G an vhjecy ok e sae e !

What i$ an exampie Yo dewonsiate

a Cate Londition izsve?

Ok ;50 Vow will We vse

with Hnis example class’?

= Process of wa\{'inj for a prcvious\\{ spavined ¥reead b Einich it Job beGore unh'mu‘rn Yur i W‘"'
= 10100 15 Fae simplest mogk basic Bt of rcead coscdination,
-7 seqment of coneucrent code whece e h‘mfnj of Hic excwtion (oF the Zor oce
pleces thar ace (vaning wmvcrumr) afCects $he resvlt.
= When ) g more +hecads ace ackively gnaring wemory - aka reao\fnj Lrom or
Weiking to the same object.
. -‘wri\-\'nod Yo't mamr(w\n\-(lj lusinj)w‘ otherwise modiPy;na, Hhe same ,L“'
rd-ﬁew‘nj shate info Fom the oLiuk

o« n

rCad\‘n} fomm” .

= Waen thais happons | we have a (ace condition becavee we \nave ¥o make Sure tha)
2 theeads arent man\‘pvh-\-\'f\J e samg object at bhe same Lime.

= Whion Hacead’s mobation of the vbject wil\ ackually be in effeud We dont know
becavee itk deponds 00 wWhich Wicead erewles Bictt.

oo\ end 0p witlh vndestcable resvlby .

= \F one Yhcead (eads o Field buk bhep andthee icead ovvewrileg it He valve read bj
Hhe ont theend is wong (aka skale valves) becavte it docsn’t sce Phe modi€ication made
by e bbrer Phccad.

= im aa\'ne a Coonter class that incements & deeremenys an .‘nngr:

P\)\o\ic clags Countec § fig- L
private int aum encapsvlates an inveger which it sharks o
public Lovnter () s 0
v = D}
% These lines of tode aL\-va“\’ Cathn perFocm 3 operekint I

(Mnis is impockant) ©
1. 10—\'& e wicrent valve o€ nym
2. addsfsvbtracts 1 Fom it

pblic void addOne() &

v = geValvel) vy 3

. efleckively se¥s Hhevalwe hj a&ﬁfjm‘nj
Hae new deccemented (n‘nd‘LWﬂ-\-ta\ umoee
03 ¥ne valve of the privale field avm

public void SvbtractOne() £
M = se,-\—V«\vc(.) -1, 2

when addOnel) or svkteacrOnel) is

poelic ink gerVale) £
called, ke stake of Mne class changes

rekven nve )
1%

= Lnrhe main method ,we will have

Hhat both vse e come, Counter dbjeck

Fig.
Counker ovnkc= new (_bunkrt\') 3

One theead inccoments the wunter
\DD, 000 bimes

Thread Prread= new Thheead (O = €
foc (ioki=D 11000 i++)§
toonder, addDneld; 3

) ( eontinved on net paqe)



Theead Ynreudl e new Theead () => £ T the obher Tacead deccemtnts e

oc (ieti= D jic\ooD) (+4)% wuntee \DD, 000 kimes
Lovntec, svbtractOne() | g
'DJ

Mreadl sract) )
-

s\-ar\—?nj bobn Ynceads simulm\\’
Hhread 2. grack ) ;

Prcead Lj oin )} wait \\nﬂ For both Wreads +o be done,

Haread 1. joinl); a0 Wen printing the valve oF dum
Sykem. ook printla Leaunter. geiValnl 1),

3

Whak val e printed \9\3 e - Loa}u«\ly ‘mshwlo\ want Hhe S\askm to peiny g ,since vie added & svidvacted 100,000 From

s.fm". fhe valve,

= Wowever, we «u\—va\\v ond vp with « i€ Cecent numbec evecy Hne we cun Hhe pregram L
~30,654 -2,1%2 5213

\N““’X does Hais h“\’?""’? - Lmo\aint Wat numz0  and oddDnet) and ¢)btcacrkDrel) ace calied Lonwrﬂ.f\\\\l B

4.
Gets the ot jwhiem ic O
Ladds Lo Hrat vinber

" sets v equal Yo 1

" Geks the num jwehicw it also Cinds o be, 0
-
becavse it began &k $he same tHime a3

Pread L (not afiect)

L= Subkracks 1

> seks  Num equal ‘o 01 = -1

Whida one if these i 9ping ko happen is a (ace condhition! depending on

Wit thread *wing’ We face — ata execvies ficsk — puen will either be,
=L o L (¢ we were Yo call _T_-\-\[qlvg(_') ar+his fpin-\-)

- Basica\\y)m\y one of fhe Yheead's ackions dakes eflect at a Hime ... and Heees 0w

Wiy to o which R ALA :]"5"' ve to chante.

ndvsion: v doit wewark 2 Fieads | ™ becavee +huﬂ will both shack with the {dme valve, +n3 }s mvdﬁy 2% 1n difFerent

w(i\—in%, ko onc vbiu.\- simv\hy\(_ousl\/? weys & Maen ve have an unqu;i(:igd race condiHon Foc what will advall), nd vp
hnvfﬂn\‘n%__

How do we void ¥aese vospentied | 7 3'3 markinj specifre mthods (F o dass) as S“ndnnmws , aka ma\d.inj'”\cm
(ale Lpn&'\\'ions’l_ "mumu\/ exclvsive .. vsina,-lhc Evm—hmm‘ud” k‘,&word.

1 P»o mqu\'r\j an objeck 's merhods as s\y\a\roniuo\ , We are ‘“3'“3 +hat none

of Mnose merods can e axecuted ak e same bime (live by muikiple Hhreads),



Whar Java Fearvee do we vze

— The 's“no\mmlud" Kuowort\ , Whid, iy Java's backi

syntackic swac (RECALL: For =eaik loops)
to e0force mytval txelsion?

Whal-does it mean bhat s‘dm\nmnhnhm

s " O\B:luk—s‘xoiﬁc." ?

\Whak does Hnttad execuHon

looks like with syncnenived
™Metsdg 7

\I\“NX'\‘ will & ?ril\kd L\a/ -H/\g_
$lﬁskm?

€or every- objeets mukval exclusivity locks (more on this ahead)
— the V-D\aword is placed in Ceont o€ & Class' method defiatkions:
public elass Covntec §

private it nvm

— Java ensures that apHwe Synchanined
public Lloveker () £

metods oF a given instance of +he
fum = O:‘ %

dass W\ ever be execvted at Hhe

|Pu\o\ic snndnmn(ud void add0ne()3 | same Hme ‘0\3 AfCerent Peads

M = 30\—Vn\vr_L) s, 3

pvblic snndnmmud void SvbbractOne()$
e = gebValvel) -1 ) K3

public snndnromud ind tje\-YA\VCO {
reboen nvn 5 %%

- Ba&ica\\y) thig mvtval exclvsion isn't applied Yo Hne class ag « whole, but o each
s?gu‘ﬂc ingkante of the class A

i€ we have L instantiated Counter o\aScc\‘%,‘:or exatple baen it s ok,o“o, 1o have o Heead

instde € 4dd0nel) For one OF the objecks and, sfmva\chx\\’ anobher Hrcod in sublrac-One)
o¢ the obher olaju_f. .. by Z Hhreads wuld not ke ocw];vo\'nj looth o€ Hhogr, met

in a shaced o\.;)u_\r at the same time,
7 When 2 Hareads wont Fo b in g S\dnc\nrvnfuc\ meHiod at +he Same tme

4.
Whichevee Brccad ghoried th ackon [ 4ok ko Mt mekhed Fiesk will Le allowed +s
conrnve inke bt e ok .

2.
™Te Macead Brat qd-s Hhere setond will be sungnAd ;i +o ¢id and wait

a.
The getond Pncead Wil ender bhe wvthod 45 $oon ag dhe Cirsh hread Whos le®t 1k
= fefer to the Fp\\m,u‘n‘, Po\r+ of Fiawc 92,3

calls addOnel) (inike Ruanable

Wreadl srackl) |
objecl) ol calls gubtrackDnel )

Hread 2. ghack 0 ]
.ot siote Hege L wednods have Leen Hncead Ljein0;
mac\ed os meh/al\\/ exclusive Q’Sj““"""\‘w‘h) » [Hhread 1. joinl);
Hey will nok execute s\'mvl\-anuus\y . g‘,‘\skm_w*‘ printa Liovoter getValwl V) §
> $ince none o& e 4 ddDnel) or $uldracdtOnel) 3

al\ Wagrned gk bne same bime Fhere 15 Rever « race condition ! every addOne()

e\ ¥ ‘matdned vp' with a sustmctOied) caly, so the sydhan alway s pints 0.



Does o L\nﬂ?ﬂf'l-fl\an mehods

afFleck pec Cocanance “

Wheat ‘\’Y?(, of oFo(‘di-‘kah is

e "s\&fxdx\mmuo\” \iz/ﬁwore’\ 4

What are $ome best practices

in \rolvme(\, s\dnL\AanhAH on’

So \now does Java achieve
S\am\nﬂmi zakion?

\What s o Lok ?

How dves Java vee e \pek.s?

- Sinee su\'\-inj vp Hoece locks of mvtval bw\vsiv'\"ry s Ffocee, snm.hmnws/g ol
peogmimming (as opposed, ko zoncucent [agynch) For packs o your program
it does Cesvld in gome ovechead inYecmg of specd pesFormance.
‘Bl g i o neussuf\, quali€ication
= Like mentioned )oo(:ort SUnL\nmmud is Java s
foc U\Qurunzy MUVl AU sioN o€ mePode macked ‘ov‘s Hoe wor&\
* Bnind Hae sunes of bhte tecon | e JVM is Amf\j some Wdre intricatedast

ko aunieve s\am.\nmnim\:i o0,

= every fitld in o cdass Hhat reads or wekes Ficld vales shouid (vsvatly)
be sUnohrm\iud-
= Tr3 to Keep s“m\/\mn‘\ud methods as shork ay possible
° this is becavse H"“j resteicr Yheeads o wor\c\‘c:j one at a Fmne, father Haan
c_oY\l_Urer\\'\y Ko perCosmante Speed ad-; redveed).

- B‘j usinj Somc.-khn_sj alled a Lock

= Yool for wn‘\‘(‘b\ll'm\ 0ctess ko o s\nared Mes ource L,:) mv\kiple threads .
= | Commonly a locw Provides &x\usive aceess o a shared fesouree % onty
ore YWread abv w b Cme can acquire e locke , 0nd all acess Fo the

shared cesouree equires Fhay e locv ve acquired Ciesk.

— ‘L,be'\a, loce has Hne a\oi\\'\-\{ o etHer be "loeveed” or "unlv:.ud",w\d. Yo be
sek to be bat or Yo ot of these Ao ¢hates .
— basfu\\\y) when a tethpd is macked ag S\y’\l—\l\(‘oniua\ e Jvm in’«.mal\y

creaYes a 6\"\31& Reentrant L.oce for ev(rj ingtante o Hhe s\\;)ndl\mni'ud
vlass (like ; For {13

= The one \oow s shared across a\\ snaw.\nnanfua methods of +he dass .
~ The SUNNenized Reyword bas\‘ca.\\y says | ¥ any Hacead Fak tries
Yo eatec ibs method
° "befoce this method i3 allowed Yo roq , 47> bave b0 oblain|dcquire
Hhe 1vew tofres pon cl\'na to bhis dbjecr instance. IF Yyov can'k e
¥, ov bave Yo wait
v i€ you afe adale fo acquire e [L13 \ov can prer.eA iAF0 Hee Mcknod and
wen celease Junlock e |ock ag you ace e*ﬂ-c,\a the method
= Whidnevee thread qets £ He mcbhod Ficst " qebs +he lock” and is allowed
Yo poteed into the method. The pthe methodt Hen must Wait For Hhe Legle
Yo be available .




Whok dxs Hae “behind Hhe scenes”

implcmen\-atibﬁ of g\\,)“;\f\mniut)\

ac:\-val\\, \ooe \ikee?

\Whok is a “dwd.locv_" 1

Whok sitvakisn might

tavse o dead\oew

ls Hais Hae only sitvakion whece

a deadlbele ¢ 00\d avise, 1

Counter {
Lock q.vc,rj inShance has s own
Counter() { Locw
= ReentrantLock() \\QLLMMLDLY_U 4 $he ;P?_,_\“Px“c Lok
implenkntakion used for Hne
addone() { S\snc\f\mnhu\ uvword .,P‘m<b\*ac\.

.lock()

= getvValue() +
.unlock()

Steips For Haceads ma:lﬂ:\',\'% Bne o\q\"u(,b'.

1. Acﬁu\"m e lbc\:'_,wp.ih‘nj il iks

.

subtractOne()—f
.lock()

.uilgit\(’jh‘e() : (loee Apekl) will oaly run € e lock

available i€ ﬂuasSoma,.

18 available)

getValue() {
.lock()
v =

’ (rikieal <cibion (!xuvkr\J o) methoe ~

.unlock() related code)
v

3.
Release locy after coitica sedion

£inishes

= We Xoa't \nae Yo oty too much about the details For imp\cmen-!—rn\.) a Lock
o‘oiedr) our protedsor Kk JVM doea most of Hais vork.
*Just an example to illvskade Yhe logic behind Synihanived .
> When aldncead foc come reassn never releases alock | and Hen otnee thceads are
nover ad\e ko acquire it [actesy e merhods.
= 1€ a tcead dies in Hhe middle of execution of Hhemernod Loetavse i Hicow
AN exception),
" SOLUTION: pot Hne mevhod code nside a dry=block | & put Hae
ALY Shakement instde a svbsequent ¥mq\\y black.!
' Now | 1€ bre mebnod Hnows an ex tepbion , it will ¢hill ome back & txewte
Hne tode it irally— block. (RACALL: catching an txeeption),
public vord addOnel )
lock . loer L))
-l-rn g.
valve = 3e.\—\[o.\\jtu +‘.L') %
Frno.\l\, )
ch\L\unlnc\LL)j
4%
= No.1n fact, Hhcead ercors usuq\\Y arent Hhe equse I deadloces | iks qul\y a lotmore

complicated than this,




What is Hae Vsva\more Wkely
cavse of deadlocks in

Concuccent P pjro\ms 1

\N\l\\a is Hhis dendlock sowniv
more \\ulla’ +p O(J_UFT

What ace the wait() and
nokieyL) MGHaods 7

Whok- dees wait() Ao’

What does NokiCyld do?
Wher does (\DHC\/NILA do’l

i \|S\M\\\,,w< Viave 4 muth more Com plex program where webave some S\Jnc\nmnh:d
M od on one o\“'u,\_- Hrat then calls a metvd LoF anobher ol,jzd-)
Mok is algs s\anb\r\rum'uzx

= For txample , imagine Wnnrnd inside & Synchaoniud metnod of )
alled merod OLD | and Mis pac bivlar method heppons +o o\l

objeut B's sn\’\u\nmnitu’. md-hae\) mR¥od L0
1 has plstained 'Hlﬁ loce on

is waiting on Hoe 10ce on DbjR (50 ik can perform Hnat mebhod can)
= BY e same Hime | it cotrenhly tnside oF meMnod () ( )jond
Mo 10) cals s 0etiodD0) inside iks code.
. has plstadned Hee oo on oki®

X3 wa\“\'l'n% L R TA (e ptcCacm e methrod call)
- NON, e Mnreads ace Stuck ... neither of them tan WA%Ove because -ng ace
woﬁ\”\‘ns on the obher do release iks lack ... +\m:] ace deadlocked .
- & s‘:ec.(a\\\{ in larqer  moare WMplex wnasrent programs  ix's hacd Yo rationalize all oF
the paths Exfsﬁra in Hhe pogram and Hrere arc \)r\)qlly a ot o€ gynueonind methods,
* Betavse of this, deadlocks are one of Hhe hacdest parts of Ael*ﬂj"ﬂ
wncorrent Praqrams — you ofden o't Rnow whj [whete. Hine, deadlock has oewired.
7 Meods defiaed oy Hre Jova Oojeit class Hhat are Mechanisms For coondination
bewten Hyceads as -Hmn age (UAAInG-
= Fora hread Yo call waitl) or noHEyL) ik musk cwmently own He lock
ussvciated with e vbjeck
*aX.a ) Hhe Wak() /noHFyO ca\l Must be witain o ;\Jm\nmniud method
whe (ble ¥rat is When o Yaread owns o 1oeke)
= (avses Hne Lorcent Hacad o ‘wait’— pavse taeavkion — vakil anothec Hiread
calls €idner e Noki€yl) e no\-TCY ALY method.
= Peleases one Wa(‘\—l'r:j tacead | as szon as Hae lock s available.
- Releases all wai Hr\ea $hreade — each one fesumes in Yuen as the ok

becomnes available.



F{nc.l 2 xam ngiew
Uaib 1 :

Javary Maven; bit
-1 Skps o Y?/nm‘n?/ Java code:

1) compile ¥ souree code Fom jeva Fleto -dlas Rle (i e tongumge) ~hylecode

— clats
binary
by lode

7’) ecvie Hae rv_wl\—\':v( L\O\two\e

L>:]vM is the vniversal “Machine” Waab Juva vses ¥2 be able
Fabe & Lompiled lang Haok is alse platfarm independent (Tav's "By idea’)
7 Lodecpetied langumges s Farbinee Srom tompurec's level Ble need Fo ke "interpreied” (parseot[fmnctakd)
Firsl | dhere Foce Slowte
o \mﬂs Yat Wowe a uilk on C°‘*"/Pfﬂ:-fﬂm hak i0derprts tie LOde fku(‘ Lt wbion

° p\m\"?nrm independett ¢ un run 2amg Source LOde on anaf mathing

=< L,DN\pi\u\ \,om:]\/ua“ T Qon-viives sl UXYLET\M‘ Hrar tuiny g0uTee Lade “nXkL Mmacnine excwtable (sde
* favdor Bl pea¥s L?ru.H\/ ko zom puker

TR \ArComm A&ﬁm* : C,omp-'\?m« is done for Hw Sf!aﬁ'c arunileaivre vsed bar-l"nl-mmhrne

- hepcnknbczsi ard packy libraries (ya }-m‘nrnca— wode +hatr You Ot in Yow pm\]'e(,‘c ,usm\\y o0 qu Cile Carmat
, (& louncw of . elagz Files a)(kpflco{ int> one )

wag/dede] — [ bersde [, Puckaged
i | e | =
Inciydes Depgendencies ar e (exewres)
N .')v\t‘

File

“ripott chalement b allows yov Yo 4dd o AIFE pc\c.v.ul‘ iPS your casg Ble o You can relerente iTS Lontents emily
SRSt “39\\19\ Ruil A Procees” |“(_7-I\- version Wnal| ‘\\JSHM“ Lpo\ﬂts $-9)



Unit 2
Oloio.b\— - Dnendedh ijmmm\‘n%/
- \oagfc_qllxi P 3dee oF LD\\EL\‘Tr\3 A\l Yhe inCo & behavior For how o cethain et oF Aeda i
invo one "abgtmdion " — aka an object[a (lass — Hhat can Batn ke vsed do queny popechies,
wolee Yenavions, & gave objecks LgpetiFic scv iF data agsociared W] one instance o Hae tass) oF Paat Fype.
TR of inveger conrdinabts & integer lengns. ay tne data .. & "Teiangle” ag v ab\'\-mt}iol\(ol:\,jed-

N Ok)juk * & tolleckion F named Cields Hhat represent inCo abovt ik ...each vbjeckis an indanie i Phe elass
Pacts of o Clase (an "abstatio”)

TFILLDS b pletes of 7066 tar eollechively deCine Hhe dlas doject

So\\'d_(»lwlmudo
* (ONSTRULT OR: creates new inshanies o, b dlass b\j (:il\\‘ma, the Ciclds with data valv (Usumll\i
fossed to consteter by Hee ver, g pomm:krs)

« TN STANCS METHODS: hehayises |ackfons tat can be petCxmed on a speei®ic insttuniy F+he lass 5 & rctun
an answer
= “sbakie” = %\,DM jean be called 1\nba\\y') noy spccﬂ—‘l'c. {0 an instance but o de Laas as o whole
"4t MeHods o variade [frelds dedated as Stalie are feRicaed via Hie tass name (1) NOT the naMe &F any
I (For 4 SPEUFie instance .
¢ <hakic 1S alsd +he \U«\A\Nwd vsed when (Xt.adﬂ'n:\ methads inHie masn mcthod (aka o anon-00 untexv)
- [Fingt” \anorzl © Filds marked final an'tbe reassigned (vave cant change) AFTLR wonstvetor has
ﬂinn P tnr initial alye
" can Kl by ins&-mu-spwf‘\'t Ldgesn't hawe to be one, um\l\a\r\jcul,lc var Sor Hhe whole
class - ualess we aleo wiake it chadic) .. b Gor tadh ingkane , W% canh dhange affe- ly..-nJ seb
— Qase Speci€io versus inshance Specific
- clase Feods /ww)rhods : Pre\ds € meMnods NU\'g?wCr«.\—a any patBalal ingunce ... one wnskant vaive Hna.+cverj
instance heg in common ,

X dedared vsing.  stukfe and Final \(r.awx)ro\S'.

*instanu fields[metiohs @ meMods & Pields speafiie boeads inskance . .. no siic Kanwred
— k&Y Ti?-MINDWH L "clasy membecs” — ALU medods & Pields deCined in a class (bobh “ithance”
and olase” onoss... Lut WOT bhe wonshivetor.



Unit- 2%
Encapsvlation
T Princigle 11 Shie\d an shiedt indeinals Fom e cesd of e program (aka vhnec java Files) in order bo
prevent Taghance Fields Pom acidentally being changed, K to be ae Yy rfackc ioteind Lode
wlo Ureaking extonal Lode.
maurk.\‘nf) ab clage Eields ag private
— ?r\'naelc 7% ixPlfc_cH\I define "exvnal” and | intecnal” beliavioe (whith is like Vel per methnods §eke.)
in ocder Lo mave objedrs tastec o vnderstand | aivkain,use, and mndiﬁa,.
o\eC?ninar an intetCace !
= Lnapsilation fecipe:
1. mave it insvance Gields privete

Inialite sastunie Feldg with o public censhwvehur

3. 3 .

[PV dettee Yeetter methiods to erpase raw Lprivate) Fietd valves
u.

Carefully phoose Metinods o txpose ag prblic
5.

Make pn InkecFaw clearly indieake whith methods 4Tt tapssed
(BLLRVSE ! an impl pbject CAN have exten metnods LLike helpee merarde) Hat acen't AcBined in e
TonlesCace ---'nowvvu‘) obner ppl can't access Hhe methsds when u‘tal—n‘na o\o&cn\'s oF e fnkrFacc+\(pc (oo
v prograxaming ko Hre intecfae”) . S0 we MigW as well Waks Haose “exten! mebhads private.
— Rewess modiCiecs &
* private ©oonly anlessible inside the tla Hhey are cftaded in
¢ provecied T oclads & all o€ itg Subtlasses can acess tb
* defavlt * anone in e some Pm,\caﬂo has aceess

° pbliv - AMYINE BAYhnere Lan acLess

= SRAPPAY L dgdved T’“us‘ SeMer Vn\;MHDn) and all nokes en InrFacs | absbrrd-teshioks i invhaacs gle.



Unit 5.
Traneritance
= dedart woelasses \)Sl'ncr‘Hm keygiocd “ertends” edendc
> Subelass constries @ svper ( )) Sune, paramiier afgs toven by the parent class
.y

Sveerl)
Supert )

7 sloclusses avkomatically invecit all class MRMBOTS (crakic & inghance ) private & public]protecsd ok.)
= mulkiple inheritanee UI\AVI'A} wore Hhan 1 parent clacs) s ONLY allowed [possible for interFaces —nok classes

*Haig 18 loasim\\y a " workovouad” to Hae sf(nle—n‘nhuﬂunm e for classes ) ble a class can impemert an intefae whion

extends mulkigle interCaccs (aka mulkip toject vypes)

= TReLASTING:

4. UPU*?“:j- faking acfecence to an obj thak is a svbelas X ‘c""‘-‘ZJ it4o b of

i¥s pacent class type
* Qot't need Yo pecCocon it vslng (-\lw.t.a.sl—fns Syrviout ik Tmplied & wmylles Knows ite e

tonecsd @ compile kime .
r&mﬂ\:ﬁf){'hp_“‘\‘y‘:"o?*%c
—_ / / dojedv i< whithever (lags
fefurtned it i oreeded as
7. . — . (ava e \eEt side o thne
AW“LMh“j T on)os'n\—c o€ ufcash‘na.— Poc urj Obj }o ke a Svibelass 47?:. Seatement ;
*netds Yo he F,(Gvﬂvﬁd \)sin%'_ Shn"'ﬂ.xl- I."\ij- im& = New XWWGLLﬂP\L])
> (img is o +ype Tmace )

[ St s CPoairt |

* dacceed ax cuntimme 589 tacows exception i€ \» Made an .'he:la) downeast
2 lse-a re.\a_’cians\l\\'es'.

Tall classes have is-a with the pacent clasies they extend (i€ -they do)

* faceny class dhjedts enly have it-a w| & sukclass objeck i€ ey have been dedard as that sukclazy obj-
v

% = ND becavse we hoven't speciCred what ’n“x o Geczon p3 is.

al Closses have 6o wilin e invecGates ey implement
(e inyecFace)

* al svbelasses au\-mu\-!-\'call\] have 15-a with Pne indecCace(s) implemented bnj Hheir pareat class.

— Java's O\olu)c Clags Tstne "mokec” pacent-elass of AL clasres ... only has 2 methods, 4:1vm\s(ooiec_+ o) ¥
\'DSH"HD &) G Prqweong on exam L ble, have ko menKan Objeck ot & pacent classl]



Unit 5.
Trneritance
How to Answer svbtype polymorphism questians on Hhe exam g
—>Make @ graph b\/\arl-\'mj all the tmplementations and exiensiong
= B objeck can only ke ingtantialed asa cerdain bype Féhe " hasan i<-a
Fakinodwip wikh Pt “refrence” (qacventeed )
R olj=rew COY;

* fac questiong asking AoVt instantiakin starmats (ke aboc)
cneck Yo see i€ vou can qet Fam Pac %,g, Leiqab crde oF <qval
$ign) Yo +he afetnie Liect side) by Fvllow\‘nj a Cotwacd
Wain & aceows.
¢ StudenT vy = new Pe.(sm()j
— Foc problems abovt Fypentting o a ACE et e Aot think abovk the graph o 1$-a Chatkemeats

S0 MILN Ay e Loncephyad meanfna_ o inkcface:
T2 oby = New F();

55 el (0 ab
* E exdends A )\A‘n?c\n exdends IS and implements T2 | D exkads C,C implements T1 (which extends Id)

<o in s\;mmo.rn'. F extends A D ¢

F implements 12 L1, 10
* Sinke F implewents I0" Hhet oy definiton, means i} paovides imp f—ore\nj Lina\e methed de,Fineo\]m]vﬂ‘cA
b\a 10 ..
* tnig Shadement an LO" inkr@acc-\-\,?c ok dvednd care abovt day of fhe details oF +he Objet)r SXLLPY
ok W ontaing all nu,cs.sacj methods .o, which does (fnce it is a-\-\”x_PF "),dupik hu‘«J
a \—\’Qc "I



Unit 4 .
Rececence ve Valve Tvpe_s
—> valve Yype !
ink Wock  bute  cdhnae

} Java’s 8 valve +\,pb§
dovbe lon 4 foat boolean

= teme of Hacse DHypes are staced A,ired%y " mcmory as Heie sgecified “valve” (ki is & S+n‘n3 of D
and 15), in Hneic s‘de\'ul loation.
- bl \-w.n ace SMallur pieces o€ ,\q*q) H«.\J Lan ke agsioned Yheir own “valve" number --Hm‘nﬂj pbvfwsl\, we
Lan’t ghoce ol olojecte Wi way Ble wouldtoke vp won too muzh space  (For ex, an inv is stondas o
s‘\-dnﬁ o€ Os % 1 ¢ Hhat is small enovan Yo only bake vp Y \,\3}:1 of memory)
> S.\rtrva,\-w:\o‘) t\se thad fsw: one of Phese B is ao oL.ju,{- ,and Havs chored as a refecence +7fe'
- refecente Fype
= Hae valve of $ne vaciable lblgje_g;" (aka ¥ae declared nomne of an ob) Inttante) i aot a Si-n‘nn of nvlecs
but & memicy additss Hhak is shored direetly i memdry.
= e W\Orwl)ﬂﬁ addeess is o cefecence 1o thae olject that poTtds to Hae (ocadion in Hht heap where e acdual
doeLk's 0o is ghaned.
Polymocphism
S The ic—a QEE en revisvs page are al pack of {-Ypa pol\/mbrP'l\l'sm — when an intesfae andlor porent dass has mulkiple
implewentations | svbelasses.
- Ore type oF polyesrphisi is Wren mlkiple MethodS in & clase haveHie Came pame (alee several oifF
Veesionk o e same metnod )
* 2 vecsiong - D\ftfﬁ&if\“( anch Ov'-rlwd.in%,
= Netinod ch.rri&inﬁ,:
- When & sobarass opbs ke ceplare frowake Mae implemenicdkion of « mebaod inhecited fomits  parent class.

1€ you At add g\% Lodke o Your thbelats begides a eonsbrvvss trat ca\\g Super ( pewametes qryﬂ ).‘i- will S¥n

Cuntion wMP\t:k,]y ! “_'__N

Professor pLs new fofesser (sematd’)
5\35- ou\’-pn‘n'l'ln (pl.dea.MCO) y

efrato



Unit Y .
?olqmwphism
= Mertrod Qvtrri&in?,iwhm & swbealass opks ko ceplate Jrowate the implemenlakion of « Mebnod inherited Fom ite
parent ¢lass.

"\ Wov wank +v Mave o subtlass- speciic wmpl oy one oF +he inherited Metaods -

= yge @0Ovurmde wmpiler diredkive o dell won pilet what ur :Ao\'m(
T overriden mathads can'k actess parenb’s prvate Grelds ,sv 1€ yov need that info, avss ik bn uLL\\Vilj

e pacnt Uays' Metmods ingtead (iF Hne Fiald data is acessible Haat wmj) ,usina ;\Pcr(_) :

Professor pL=new fofessor ("semmato’))
Sys-out- printin (pl.j&N«MﬁO);
Dr. seccato

@Dvucide

= Metnod Ovuloo\dimd:
* providing muir{pie versions of the Same metrsd oot whidh ACher (ace Aiskinepished b:] e parameters Hat
H/\c\ﬁ Fake in,
— most have AfF patumeters o ek Hne LAl ¥ Luihn veesion o Hhe method is diskinet — sofhat Lmpiler
Eavws wnida exact method i bu‘na zolled

recrangle . qer Mrea (3) 3 V.S, edaede. :30\—[\(:_0\ (5,3)

S QUIREMENTS:
= sk have eifbera AFC qumber o€ pacaneitrs | pe AICE daxa tye O Yhe parameter arqs
T MUSE Ve game acttss modifice [ pvllie privare protected default)
T musk heavt Same WaXus as €L ghutic o aok Stakic
* NOTL" reYucn byge oF He nethods Nas no+\n-'nj o Ao Wik Wvlvadfna,_ The cetven -l-\qu an ‘o(.'\'ht&am()p(‘ A
= Thipk about it — He whole issve 5, uvv\oaalinj (s being careful ot +o WK the wmplee when cplling  an

ovecloaded method. And wien yov Call & mednod | upv dwt acsume i Baow anyMaing wb Hae reburd bype.
v - N U

P\)\nhc, oz Q—Lc\"Af\a\Q, S

polslicioh-gerPrea (ink wilh ¢
reyxoen (wm—\r\ *wﬂ\*\n\',%

Po\ou(_ int qg.\-Area Link wio\-\h,im«w_rl\:ﬁ)ﬁ_
redoen (widt * hc.-jm);z 3



Unit Y *
Polymorphism
= Constveror Oveclonding
1 pm\f‘d“‘} multide conskvetas or an objeck Hnak alas have ko have diFferent dype or amt of paramties,
*use pnstreetoc d/\m‘nima, with the t+hisl ) le.e_bword

— Fina\ keywocd Cor metneds & classes *
* mernods wacked Cinal cannot ke overridden by any swbolasy
*classes macked  Fina\ cannot have any svbelass atall
7 Metrod Pccess in Polymorphism
* Waen u‘u\-it\J an olojeck | yoo only have detess b bae meYaods deCined Foc Hne reference of Hhe vbject,
notthe olsect Fype
1 sinﬁ\mf\\{, when "Pm3(‘ammih3\"0+hc intecCace” (UU&T'\J bR of an LorerCace Lmpl bype bot with Yo Tntefae
ag e fefecente ... Jou cannst decess any exva methods reaked in the imp\ whidh aren’t devined in the indesSate..
QUALIF ICAT\DN: MeXnod ovm—iAinJ
* € a svbclass ovecrides one o iks pacents mednods | then any. object o the Svbclass kype (wWhetker o¢ not
e cefecente i ko Hne subelass dipct or it parent olgject, interface €le.) will VHilive Fhe overcidden implemeatation
when Pae merhod i called.
R protease = new BLY,

ink fesvld = processor. powess (3,0))



Unit 5
Com ‘:vsﬂ'ion and P«-aarojo.ﬁon
= program o\astans regarding \now dojecks felake ke e olojects atr kiney encapsviste.
= Rogreqatbion:
* Hae encapsvlaed [intecna\ sbjects ace \.msicn\\\/ More independent . . .+hz,\3 Wave Heir own \ives vhlities, and
meaningfd puepose Okside F-tne agaseaated olajeck X ace cefecened deemlhore
* Hae ivtemad gljecks can exisk independinbly ourside & Hac aqq Uin o meaniofl way | live 3t mates e, kohove Heem )
* e encapsviaied dbofecks ace provided t3kernally jusvally Haangh tne pacam. args. of he e94
class’ Conskrveror
- basi er\\\( Fae fack dnakHae congtvdts’s parametes Grent jost primitive fi\ds, vk also Ackval lags objedts |

— (omposition :
* the encapoolattd oeds don't rlly make sense ovkside  Hhe composed dass (not usvally dhared hju#kmbs’rm\'ims\
" Hhe encapsvlated oljecks afe created inteinally (ratic Fhae passed, in by vier
= oF4en; bne constrvetor dwsnt bake any) pasameiers
- oH@f\) no Setlers or Jerecs foc tnkse intesnal ob&qdrs;{—\/ma acent Meany Yo e exgbud
* Phe encap pljects srates % Functiong| are Hivs ooy aceessible o the mposed akstmubion
X} SxCEATIONY Bu‘:mo\e.noez Ln\']ukim

1 C)
Now Snaine Tmpl )
new WL Tana\()
= Coupling! wlhen classes reference Cadn oter by name eeaking a degendancy between Fem
*Hae mbre named ceCerentes Hwre are Letwern tlass Biles Fne Mre Wighly coupled Hac tode is.
1 L,OoPUf:j is okay ehween class indine Some packaqe °) oherwise its a bad -\-\m’na.
~ Degendency 1(\\'\&&\"100:
* B way to suppoct low [loosely Lovpled Lode in omposition Uasses b\A"ir\Se_d:ifﬁ" SpeciPic Calready created) ioshantes
o class pbjets inYe the wenposition father Hoan having it cicale Haem iksalt.
* degendtney injeckion makes womposition programs \ook moce like agqregation ble i ind of goes againct theie natvre . .
agpreqations alfeady inhereotly suppork DL just by weir design [deCroitiun.
* How +o exewte it & Tojeck Bne other dass objecks HM‘WQ\A sehte metaods (Se e in JecHn) o Hacough woghruder pacamneies
Ceonghruehc injeckion )



Unik 5
= When creating an abstratkion for 4 class ot wants ko implement mulkiple intecCaces oo can do s Hhaugh
i plements € )

inheditane ( Closs ADC Limp)  extends \‘\B'S.m‘:\
OR 'Hl\rousb\ measﬂ-'ron ~ class P\B(,T.MPI implemenks f B C bubmwpwm’:s private A—‘B‘ and C objects Mat

ir “\231\.4(.& Yo when it omes o Ac@inina Hhe methods mandeted LU the 3 inYecCages.
* 1€ Pne aoskaition \ends rse\€ o natural \ndfq(dAj .Obecwise,and i€[when given He dnoice ﬁavor
Composition !

Abskract Classes
— alostact method <t methods in a parent class marked witvh bne Keyword alostrack and £or which thece is no

wded implement akion &chninj what it dpes
* Sinilac Yo how metasds look in an mkxcug—jvsl-% meHnod siam-\-lm',

- Sinee ¥ has no rXeCinihnn,tvmﬁ Subelass 0F e class W/ +ne akstradk Medhod MUST override’ fhak menod & deCine it jheelC,
> abshrock Classes : Macked h\j e abstraer kudmro\ yLlasses where v tannot Mmake an vbjeck oF that dicect -\'yfo.
* Hae class necds Yo\nave Sybelasses ,eant loe inghantiated withot spuﬂ:y;nj a $hoe\Gss nbjw\- pre.

* K variable can have ¥et abstoack class g its feference bt nevec os ik ol type

Shdent avi = pew Studentl) )
Pecsrn avi =vew S‘\-\'Au\\'{.))

o renny At
TSIV GV S (e

= i€ b least pne medod in e ot ¢ abctrar Hne wWhole €lass must algo ke macked an alydmcr clags.
— Yo can (hoose o mave & wmack- pasent classes dlbgtract even i€ none of the mehdds are.
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Lecor Ho.n&h'nj

T exceptivas ¢ vne xpected ,Vavsval oc alvioemal sitvakions thal ecise d.\)rfnj otecvution ofF a Fﬁj""""
— Eacly ercoc-handling stcakeaies
] | |

1. 2 R .
Globa\ egror Lodes ‘a 9\obal yasioble whert we shore on it \‘tel‘tsm\ﬂﬂ S?«-‘“\ rekorn values | e Migﬂq\t a special valve faak o metnod

6N “efTor LodR” whenever Somethring s Weong. shovd petorn i€ ik iniially aHemps Yo rekorn e ook-oF-range
* deelace a prtlic static ik @ top oF o Class Vole Mnak i\ ghootdnh fnave prodved.
1 A“‘AH"’“' (ode Ares s Wi amestor Loold. oceur, we bave Yo e * void funckions * ghoud instend be int metods thot cedurn a number
e Vaciable bo sec I i is SHI D or bras e odiontingy Won eror Skt ey gobaraar codes)
- * Ober Qnckions some \'hhj —oc WA have e finchion rehuta nui\

* Reliaot g documentation (made by the pnﬂmnmd) explaining what ¥ Prnammm(’s re.spms'\lailﬂ-sl b remember to drece for eciurs akevery poleria) spot

2a0n  @R(0F zode [redusn val Means — b doevbaivn needs ko be wel) (oWeneise. program (ouIA onkiomt on unaClecked & cavse bigees prokloms lades)
vodecskood by vhws vsioq We program X (ool escor 2odes) have ko ‘Clear oot qlobal vas's valve ofler eah e
% (qloba) exar todes) j¢ Z“‘mnr oceves while 13 s h\‘nj hard\:),i-bm: i 60 €O 1g handled

NOWWre Yo ko e Lode - Modexn Steateqy- 1 Excaptisng '2



Uni+ T°

§ xce ptions
= exo-phisn mn&u,j * Formal method Cor Ac,\e:_\-imd % mpmdhj b erroes | \anquags pavide & bvilk-ia wednavism fix Hhis,
* BINSFITS o exception handling (verive sldec stadegies)

- (onsistent & exdersive T exprassive Leon encapsulate detaild aboyt He accac)

~Safes [ Lan assve that any e bhat needs +o be execvted will be (@ven i€ an esroc oeLues)
— Txeeption handlinge in Java * $xiephion objecks =) Throwiog 66 Lxiepkion
A M ~J

» ORjetks G eacn SRUTIL Yype of exceptin, tnak encapsitake detalls e "deteckion” aspeck —sigeting that smin hos qone wang .
o Hre <5 16¢ Wk occusted —Java provides ey bl in exphion Qlasses  * Sequence of events:

\.
* AassCied with inverivance ; €Xteplion dojeck 15 creaded ok the Yire el it is Leiog Hoanin
4Thm’:’&\o\€’ -~ parent (\ass | Forow new Ronkime Geption (* .\ob\-k\.\‘h-");
¥ F
Erroﬁ'ﬁqvn EXCCPHK\.\-‘IVA 2. Right aCler tnis \\'l\t,ﬂm Mb\'ﬁﬂl[prq\'m Stops u(anJ & we shact
TOEuEptinn  ClcNoFmaltiigbion (oeleiiepion  RuimeSxieghn “Uawinding Noe Srack” Lo Lsole Gorq by ook,
= = =] rcHhmebeLxcephion 53 ?m%run wniods & whon tt Finds @ metod axoc. w o bry-l i
e y-blucke, i+
=J =0 = = 9pes Yo exeuvie bne Subxequet caven - blocke which Yeen hand\es Hhe eftor.
- i\'ra(" repreents gx\um\\\\’ tavied , ynfetovecable problems Wiax ?fn;m“y Sovlant ke Cnvgal /lnaM\Qd *ie proglam Pvl\\, vowinds Wlo
) efior being handled ,He progrm dics.
- Ca\-d,“\nj an Lxtepkion Qrv;_\,-l:::,:::‘:?;:) Y » TR prog

- ¥ae ¥ han&li“j' asgeck = proviking e e dd handle o Broowin exeeption,
- h‘-a—\:\o(.ts e Weee oF code whore we write e wole. frall e miind Yat hes P.,y,x\oi\\'\—\, o€ an exception

= cateh=bloces - e \Wock oF 1y de whidn wakaing e ackval whe han&lrnj Hre extepbion (low e Proq responds b 4 given Wow)
*Vwaly mulkiple cokdn blocts easm sne (orrespndi 9 ko a differnt &79; Ldlass) oF exeephion,

Prusra.m lvMPs ‘H\fW(j‘A e cardn-pees \w\'_mJ for Hne (Fieat) o Huak deines the same Laeephion hass e (or apacertdacs *) I Hmu\uufhn

5. xecotes the (ode inside Hre cdnh=Lhact (ONLY Hhe T "mareh® ~ desn} ol any Puriher)

R ne ma\'d/nn) tadon-block- 35 found ) Pregram cekuios o mwwlmo-ﬂm thack” & Cepeating Y poues w) fhe next method on +he tall Lamc.

3 Bt Readhiees wisla Sxicptions

b Thieow exceptisas: ERRLY = s szon as yov defeck aw ] valve
* Defeasive pm\.)mmm‘ma/
& ¢rabic Wen Aneowing excoptions b -\«Y o use abuitkin l-“g when gossible
i Govot exeepions | 1576 —\ek-ik bubble up” 4o He level 1€ e prospnm where 3k iy achvally meke seage
: D“\‘{ kw3t i€ \{whavc some (mmwmt\-il-) way Yo dea\ withHe efcor
i ‘\'if‘c\\\( block.  plated atHne endh oF bhe sequeate, of: caton-blocks and (oAYANS (oA Muak needs ko cierked nomaler what —
° Whether oF ok o @XLepHan Was Yaawn

o whetWer dc ok iHas handled "‘j a caken - Plagk



Univ T
§ xce ptions

— Clhecked vs uncAnu,\t.:_o‘\ exceptiong’

Unchecred Sxeptions lotber eeg)

= Runkime Lxceghion &l of s descendanks 5 Hee Lroof class |

ondk e Thowable class
<3 (rrves caved invecnally 13Hin b geogram (o logjic e0racs)
ek really " never shhovld tnowe happened” — ©g) peogronmics fult
2 Qwoetd m\\l Fhow xeephitns I we \onuw hov o lhaedile e
SiYvation. Muy e ™oy Aok yreed +o addetss Hem in we code

TINOF cubject bo be LakOn o specy rule
T tLepdion iy Bapwn i0s1de Pie MeHAod, bt cavght in e
Cile wheee e wehnod 15 being walled.
( mernsd BO T iF Cx s = 1) T 4o new RuetimeEreephinl ), 13 )
(noinl g by LoneknedBOY) § careh (Qunbimeuceghion €33 .-.3 'i)

Unecbco\ i)((_zpvh'ong T“wrcv Page)

= KW\ bBec Gueephion sulclasses Las wel s Treplion wel®)

» Q&spon&ina-\b 070S Caed. by Cactors ovtxide Hr progrom's. eantrel.
* 00r prog) s resonsible foc awayg spondion +o Hnese

2 bjeck ko M Teakan i seeiCy’ cule.

= Sxeephion wwstbe cavaat (oc sReiied) inside the mednod, ihse\E
(ood sk e £ile wiert ik is loeiny alied.)

= "cakan ox sgeei€y” ryie i€ o metod whtains Lode ek mishr tcon

o onedeed enephion ,en e yebhod musk also

[E]ux\«h-\'\m extepion il\\um\\\f Lwithn ey & eaton~ Bocts)

* dotnis €€ Hne corrtnt mekinod is Mk Lot pace by hiandle e erra
(00d we knne Wiow +o deal withh +)

— ¢okdn or Seecity excors”

5 ""3 qﬂcl‘@s{nmj an caughion in oMol we're Lou\cq\\y “pv“-inﬂ & hu\mj i Pd‘o\i ¢ ok meedC () darows File Nob ﬁ)mo\‘bup\-m(i .

* wWe skl howt 1o caken ok somewWiect . 2 pptisng |
! cakuindine exeepiion i0 he Moin mebhod by culion it ioside a 4ry- Block.
1 Gretne exteption 4y contitwe "bubaling vp" b‘i\ W’"‘QM i meWaod

AUSD specify the exteption (in it method Signature) 5

[&]
® SpeeiCy in Ve metnod signokure thak the dneckedk aavephion migh b
be Yhcown by the metnod !

.
3 &/\

* do Mis 1€ e excor needs Yo ke dealt W] ata Wigher leve\

. ba.&iLA“Y ks W escor 4o bukble vp

pulolic skavie void matn (S\—ﬁrsf.'] args) Meows Fi\c“n\—\:vum\ixuf\'im 2 method (.O; 3

PINOMIC DEvIEE,” cecked = R

time, (& Thaowade X ¢rrar)...
fleeessany do 2AWIA I $pf.¢.\‘f-‘y"
Ohecved = evergting glse ... WSk “eakeh o speufy
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Unir9:
T4ecator
= belavisral design patecn
- providt—s qwa‘ﬁ Yo ir_1vbl\+io\\\\1 aleds & Ibop +hmv31,. e elements of any Zivin collection (ke an Prrranl,\*:.\.,
E>(nan3 Tree Hasw Map ere.) Witmovt exposing the unAql\Jrnj fmplementation of +he graph .
* e iberator Objelt doecat Eaow o\m6+\qrn3 abovt the elementy vf +he solleckion or Whet -\-th Mean
= W reave o o Lieravor c\nsslvbju\. Cor eveey partenac el oF collection (Wke Hallﬁ?’\k‘a_‘l/i'n\ub‘b\‘!he\'(-))
and Cor tvery $peciCicway that e wask # 10op Hnmogh the wileckion Lie. alphabelica, depth-Firc) lorcadi-firg,
ete.
- Kh\'\ points abook itecators
* mulkple itkecakecs Can fraverse travgh o colleckion at Hae samt bime,
*Hhe jloraxor padecn assumes Haak Phe allechion Wil nod be modified while tae itesedor is Le\‘na AL-Hvd\, Uged .
= What an itecator otk dves !
rextcacks tne draversal benayiol of a tollettion into a separake object (called an Therator )
* encapsvlares all o€ Hae tcaversan Ac\—a\\s;
~ cufTent position — elemtnds RMm‘m'n:) +iltend
= the lrerakor 27 > intecCace | Mae intecfure foc pbieer Laxes Hha) are tterayers” — objetks that , fur o given
tolleckinn, cncupsvlare the Aeteils oF how Yo loop though it
*ko be an iterator, Mos implement Phis method
* We create o gpeciCic itecaror oby Fo dcFine Vnow to loop ﬁwu%h o ¢pecific tyee o€ collechon — heceGore jwe spedfy
a daYakype Tin a given Liecarsc<T Y implomentarion.
¥ Thecador CSkeing P ter 2 new Mpheletaer Ldara) ) — Nlphaberiaee 1§ an vbject clats which mplemens

e TovecCare svcu‘ﬁ\”u\\y for $—\«?n3 pbjeckg .

* boolean has Next (D i meHhods
* F\'T)r;s oY i€ Hiece are gHil] ilems e G 4 visit & redurns false ifnoy Yequired
* T pexx() ! by
TiecatoreT>

¥ redocns e neat ey 0 e (ol ekion (Hnis T wilhece yoy deSinedhe sorting logic v want- o use)

ndesFace
* Mows NoS\Jdni\ewﬁf\—sqLL‘aHon i€ o items fcwsm'm'nj in wheeHon

—dne Ciceth -\hi‘n:)-\-bn-\— Hhe, next() impr Shoutd do i cal hagNewt( ) jand thow the excepton iE

i} cexving false. =
= How 4o implement an 1rtcaer 2T > Liags
* Regoicements ©
= rcac\e progress Phcough e cobiection
= Know whion items have been Seeﬂ)& Whiewn afe LOM)-f\n vp neay.
T MaNaqe Pae ocder oF Fne irems WITHOUT "“"“Q‘/““Z) e underlying oleckion ¥ iks order



Uair9:
Trecatror

* inkeclate fepresating o class (vsva\\1 wne fepriio o wolleckon) Hoalk- 1<
copalole vf Lfea-\'ins and retuaioa g HHCGroe thoject for itg elements

*only defines 1 required metvd Tiecator 2T ikerator ()
*any Class can implemend Tlecabless ¢ ong as they povide that Method,

" AN of Jow's tolleckion (lasses implemeny Tiecavies> (Map,LishSekere.)

Unix \D:
Decocaroc
= a\owl vz Lo gxdevid Or mWodkify Flhe taplementakion % an inder Cace W[D S\Jbblassfna, {l'n\mn'tdm_e

-



Unit 13 .
(ragnica) Vs TakecCates
= e ociginal sy dnnovs perr‘awvu‘ma, mode |
= mode vp o€ VT omporents (widagks)
> AWT:og GVl 1o rany For Jove
*Limired o {vet ¥t VI womporents ok wee TA LOMMIA  belween 4 ll o’:uaHI\J Sgghﬂr\(.
" platCm olegendot
- JavaF X
* ode(n )M\\-\cnwn,wio\q\( veed IR parky GVI framuwor e Haad i plodnqwm ;‘no{e'oanmk
: ingpiced by web-applicnkion dewlpmny
* «eoxed withh cesPonsive Acsiﬂ(\ i mind..
- (les pongve Mat\ : un%r(,in%, A .s:..mn.-kion of content Prbmﬂ’]lg

Moded - View - Contmolier
— o Software dt&\:')ﬂ pareca ysed Cor S’ﬂ‘vdvn‘n? Pf‘ugmms far User-inkecCace applications.
T in efeck, i
= \iew| <epacate on application ithy 3 packs -
The Lhate of Hne aplicabion  a%a how tie nppwpres (Hae Modal)
*Bne 10€0 Hnar our app vses & manipulalts
* e 194k | a\gprithmic ShuES Fuc daka Manipylative
* Pae orrent shatvs ofF Hhe opps ppecakions (]‘h"']\\/‘-c’m
e woy the apglication looks & is prescnted b e vsec % ow He vser intrads with it (e Comvallec )
& means o translate hne vec interackisng (. Y inks Manipylad ons ollﬂ\c,uno\cr\yfnj qef;\ie_u\-im\ Shate (1)
i Bia ideas of MNC:
* wparvake an appicatias UL ode Fom Hs siake mandgemeat code
* have eaon of Phe S components have Hauir own well-defined invecfaces & responsibilities.
* decovple Hae View From xine Model— vseCut oo hn we con meke &8 views foc AFE devices o exc. Lumpabsbalfy)
and otk svbskivuie thom iatd the program.
* Model & (lew donkeven know Hhar eadh obner exick {.rdm\\y)‘)uw are Fully \‘nd(_fthn\' & tould \oe run enHewr awn
= The Model !
* Skbces Ahe apglication skake (all Ve shEF o )
+Knows how the applicokion works | lovr NOT (how Fo siow it o 4he user
tis o obgervd \Q\J ither tae Viow (dassic MVCY of bae ontaller (alternate MYC)
—doserved for shate dnanacs (ble Haak means aspeck o the app have changed )



= the Model -
*has Y main regponsililities:
5 encapsilate Bre gpplication Srate Lin prvale Frelds)
peivare. boolean C3C3 lamps privaxe fzale puzale
% expose. mernods Cor actessing the share ke quier methods )
isSo\vedl)  isLampl) isl,amPIl\zﬂa\(,) qetfinale jt-\‘fvﬂ.l.(,uknﬂa, Inder  1sC\weSakisFiedd)
* the vegevee Cuverhur it View or Coboller) Wil use Hese mehiods to update b UL
expoce wedods Cor rnodiCying Hne Shakes (ecter methads )
addlampl) cemovclompl)  scrhcivePnieIndent) | ceserfornlel)
* View [ Lonckroller Wiy e 4hese Yo re€lect Manges nade oy vsec interack-Cons
1 (ake after one oF HMe alove Metlode is Lalied)
= fie ion
* Enows \now 4ine applicodion looks |, ot ok Wow it works ... E.Wn-’r\l\h\o( n
T ereades & disploys Hae vsec inttrfay, ﬂiini Hae corent chote data encapsulaked in twe Moded
*has 3 aia cesponsiloilities -
1. eate + Msv\tw« &l
2 refredn regquncmte the UL whnwer any apgicabion shate dhanqu car
+ does fis b"j \3@‘;\3 an ) ethnee e Wodel itsed € (elassic MVC) o
Prne (dovkoller Lwhich vkservs Hnon bae Wodet)
* when wolifed of a e, i s Coded ko then vpdote the speaic UL wompanent tinat hes Yo do v
ok daange ... a ¥ile on the Gridfane Hne Laboet dispayiv the ackive vl fndax k.
* To Obsecve foc user intecackiong & repock Hum Yo Hre, Conctoller
T4t s by encapsvliking avifereie o o Contoller Uin e cnskeor)
= e Conteoller
* hand\es vier intecackions ..o ¥ac Voming vf Y opuotin
* Yranslared ygec inderackion tvevts inko commands for Pre Mode

* st encapsulate refeene 46 the Model.



Unit 4 .
Concoerent Progr«mmin\-)
T sequential Lomputing mode) D normal Locapytadon Where asedes IF ompuidiony are execvieA e ab a bime.
* gPes alng with e Synmmnous PruarmmmJ mode | — where o daslL may loe Stocked (W udlfnj amethod) , and
e ymain Program MISY pavse exewdin & Waik Foc Pre Fosle b0 omplede Jocfare W\J—fnving on.
= (pncccenk vompiting meded: series A& compitakiont execsted over wer\ﬁfpfu Hme peciods . L ways 4o do +his (uncleac
whar Me ditcereney (s ) °
3 Qe YNLNCON0VS prograrataiog Model : model Where a¥ask can ke Started | but Hhc main poATAM (Ve on
exerd l—ir\:) while warking fir itto omplete & loker coosdinedes with Hhe Fall
" paralled emanmmm\o)" T olkiple basies aan gimy l-\meoul\, be esecvked on Teparcde ?m:—ssirj elementy (ores),
* erecoted in Jova \.lsina threads
— Hhreads | an cbostrarton Foc exu_u-Hnj & peogram | createst g0 Pk e PoY). Can pgecaie in mirt Yhan 1 plawc o abime.
° A Toctad encapeutales S Hrings
1. Taskevedion Poicdec = Wi wr arein Hae prooFaR
- ol Srace = whidh meods gre Tty Lxewting
. (V\uvxorj — Shared bedwetn all threads (Unlike Lue cdoove 'Hm'na} )
* Threads ommunt cate with Cathh sther Vla  coocdkinadion oF Hheie  glhared MUY,
Lmp tww(\-\-i'rV\ Threads ian Java

mMain cf'.
Ruanable +astlkl = 7] lambda rprssion ole,Cmfrlj
-3 Runnable's void TUnl) method

foc Link i=D 7210 is+)g
SouT (is+21))
311
Theead Meeadl = new Theead Ltaskel))
Phceadl | syacrQ))
K3
= Lonnable * dsfines objeds thatr (pcetent a dayl Yhar can be pecCormed. .. Mmiad qu.—m\s“
* 0L wonkains al\ Yhe Lode we Wank tecvied o that dasle
= Theead objeck 1 represents 4 theead o€ axecoton | taves 6 Runnable bk as a pacameier Lproviding tne
TnsYVAns gn whet He Thaad shovld do )
Teall  Shactl) meMod to Starkthe Faread — & Hhus begin Lonaurcent xecukian .
- _\'\,,-m(_) meod @ calleh va o Theead vbojeLt )mo\ srana\s +v Hne main metod (where the Hhcad was stacked) 4o
pavse i¥s own orecobion UNTIL Hre Haread is done oxecuing W o€ i (ode.
Prcendl .\Svin L))'



Thread ¢ oocAtnadisn in Jova,
- Cate dadition * Seqmeny o€ coacurcint (ode Where bne l-\'M\‘M\\ W t+hac erebon affects He redviy.
*owwrs Whea L oc moceBnceads are M,\-ivcl\’ Shadng W\tmor& .
T Nantev ki o veing the same bL\-\u\—
- (‘c-\-d'—\/\'na LMkt inCo Evom 1he Same D\:\Su.\-
* wWe doak went L Pareads Yo be mearel Wing e Same o‘o\su'\' ok Hne same Hm | pecavse we Con'h precict
Wit Yhhceeds) moditreating will end vp a3y Hac Cinal resvks
* SN TION Syn Meoonite A mer\nods
= syndhonized Peyworh i inside an objetr (ass, macle mcnods Hhak engage tn "r‘e«d;na Fom" or“wri-l-in\.] R

e vbiect as Synihanited =
pylic g.\\,)“b\,\mnho_:l void addDhel) § .. 3

metods weckrd uy snndnro(\\"u-)\ will nok alisn MulKpreYuceads #0 tader [execure Lhem o™ Fhe same Yime

O K PART\WUML DBSUT — the locks (e_su\u:ivl\—y is )‘ns-\-al\ce’spedph. )Mo clase-speeific.



M\)ks K bips
e Aok vuse (Lol numlrr vty tﬂvv have ¥6 — :\\wm\ls op¥ For int
¢ s batic funCktons are ol For Ehe cless ney're va g Haey doo™ need 3o be
ot e aop,
* “merhod” and Funchion” ace SyndN Ymovs
© NWLL Lompare two real nomes ( dovble ) valves usina_ dovlde ezlvcl operator =3 )
nskead, tave W almplvte valve of £ae AiPRtan letean toe 7 yalves % compase ¥ make sure Pagy
(b 15 Tless Maee™ some sMall Faces hold valve ultion you d,@\-m_/du.‘dﬂ R is,vmj (a0 e considered qua\.
La\l\zi e "tpsilon boond.™
= equals () veeqyg T <
* .equals() Lvecks content e.e1val-‘¥j...o\u Bokin oF Hnese objects Tdentical T
* T checks refeence tquality... arcthuse obiecks the same b} in mcmonj?
TR
S-\'ﬁns) $= "hellp” )
Sheing Yy = “hello” |
S"‘“‘S = e S,mnj ("lmnz,")}

s=x 4 — TRVE -~ 5 a0k y refec ko Mot Same memory addecssin e "String. Ongkant goo)
g el 2 = FALSS -~ 2.1 anaw Stog objelt

ye= oz = FALSE

S.equak ly) | = Tree

S equals L2) S - TRuG 2,4 and z el have the same content [valve”
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