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.
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.
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State type Object
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Sure its '  
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the ST. of obj

} fon Object to

y
|

thffy == other
.gs That 2



@
declared

,
can never be changed

Static
type

( type during
declaration)

tat '

*

MEEEE
.

.

Tl@ In Ly
Dynamic type rat . Fyffes
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.
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@
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- d
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Tnt 2=10
"

key/ J
argument ptarameter
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p .x==6&&
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t s¥954
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'
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)
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m
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"
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"
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2

.
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class IK {
EE
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0b#ot#{return
"

#the)==otFeIg⇐mail.it#Ean
} IK

¥
nad

#
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KD. equals# → to ×
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,

t.EE#**a*
- .

.
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.
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¥
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'
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ddFdeC"fl.tx-€ object
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this file object
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.

( no sharing
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0003
dzfdes = dtfdesi

are.ph#EwIhfganaEdnEadf*tEsEEEis
.

classDirectory {
%e¥meP÷fo¥¥*⇐¥¥÷ee¥i¥¥

:*.FI#III*iIH!
0 3

}

$
/dz A



class CEmployee

implements
Gmpavablea . s {

at compare-6 ( C Employed others

g.

return

this
.

id -

other
.

eds
alan other

j
After trrafsnsgnreyjkn

#
made .com/xrToCakn)1Finesses.EE#aInsf

,

mark

�3�
-

ton i mant{
attended

tomamak



Alan too

Mark 3000

Double
. compare ( alan

. salary ,
mark

. salary)

@
returning

this as the

result for
compare

-6 a

ttmpbyee 2 is #right



Static at global
bunter

FgE#**
}

acd = nae AccountC " In " ) :

animate acetate



class Account {
#

String
branchNames Aaoueacde

Static cat z s
nee Around "Bl"b

Static wid m ( ,{
had

. braarhdaeg

branch Name

J
Account

.

MC )
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RT = summation of RT 's of all

primitive operations

=¥e¥. 2:ft÷ie¥t
,

= c. Fame ifdtfoganpmogff
.

⇒ # po . off
ftp.o . of B



Example : Counting #of primitive operations .

I #
I T0 mm @ a 2 Ta -

.

-

- :

mm

@
T

e. G. findMax ( { 233,43 , 3) n =D
Input Site €10

*. #** ( a
length )

. ± #
1 T

? T*@# 09
.

¥



Example : Rounding Function
.

o rtsdetn 1.

@
*

ftp.go.ogega.tl#Ingtn000
What should nobehestStarting

from which

to = frits ( you . • de ,

fattish
before No = fs no

GlsffwIhnat fens can be banded by

"MgbaYj!
effect !

choose

D=
9

.



ftp..sn + 5

show : fca ) is 0 ( y)

gap
Show that starting

four No
,

the 'maggot#stigma
-

gas
.

.n@F"l÷
.



tango:#IEIMEIIIEIHIIn is apt size
e Wyatt.  . it# Nd

⇒ n > 0 mum

⇒ no < n' < n2cn3 .  -
. C

Oay Eey function that37M€.ec#.h.*..isasoa8aYfor ) =3

- Not rice versa
.



Example : Tetermining Asymptotic Running Time

§
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Example : Determining Asymptotic Running Time

oooFaa
@ E- n - I

j= 0
.  . n . I (d)

Body of loop Takes 0 G)
EET

.  . ni ( n ,

nHY.nayotaYefI.n2o@E5to.n

. , a )



Example : Determining Asymptotic Running Time

[ ] Oa )

I ] an

[ T OG }

| Jan 's

] Tay(
RT : Ocntltn 2+1 ) = 043

.

dominates the RT
&



Example : Tetermining Asymptotic Running Fine

C)
i-#

F- n -
I

. . ht ( y
1

# ya
¥

Oa )

How many iterations ? J=¥ . . nt
. ( n )

ht H - Dtln . 2) + .
.  + I = the #

any=n@→ El - itty try



Running
Fine of

Inserting into an Array
pakrgth [ as b]

nemmn
1-71=17

* 0 0

¥-00¥'depmd{
,;

HE 50"1=4 •

an )jurefutezFeistynausea-taken#m¥at4÷fEfy¥t€www.iia#*siqEMpPYIYEtEtrIgg

;
inkierahead



hearth
@###* "

nantear tree On graph

0 0 O_O

6868 #



YEMENI.EE#xEtItyE!MEW
a chain of two tented node

%
last
nodes



, ,
made

¥-0
0

dan .next==

mark

Etobz%
" detached.net ,

@~
�4�

�3�
-

"Mark
"VVHEE.EE#EtEE*FEIIIii
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SLL
empty

SLL list = nee SLLC ) ,

↳ create an empty list

↳ 1head==nuT
-

i

list
.

addFast C
"dan"

)

f×y¥
.

add First

Cindyt.ve#EtaEIIEHEIaknna



o

0¥
as soon asawene becomes

>

-
null

, e*tµto%q
.(

Ft.st.getfr.ec ) rears 3

¥F##r*.
X

Awaitw@tD
current Site becomes current Size sitbeaes

I becomes 2 3

fyt-arvent.getNext4m@avrent-awat.g

etdy
current - added ) �3�

Th



them- *

list
.
shift left C)



•
Its .ge#iks.geWgeexEa

,

¥¥ieE.EE#iEIMIE?tIEm:ea.:ntot..getTaeKs.9etE1ecsTn



day SLL {
Node heads

Node tails
Tnt size

I*g
SLL ( ) { head = null

; tail = null
; }

SLL test = new§¥c=Fs # add
-

⇐
f¥ff#¥ImyFIadd¥is¥¥a%g¥eEe÷#÷±÷#÷;



@ ->N°denn=n@ Nolde
,

an
@

Oafinneasdetunxntcaeadsnua

,

hmm
t.st.addE.sc "Fn " )mispteagfraadddagthfaaredn

.de !size--=*4

×
"

I
www.t.se#anEhxnEjtfnEEI

"#@a=ngN°deC"In"sheadI





ftp.x#pEpe
2

list
.

add At ( I

.

" Eun
"

)
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had insert After ( Node n
, String e)

t.IE#tIE*7IEt
"

¥:¥¥¥¥÷*¥E'#E*#n

Site it 's



had nsertthefore ( Node n
,

Stagg
e)

Tnt
fn

%
aiserttftercnvrat

, e)

..EE#*FtEtMEnEi:ie*a,Ocr )

m.tt/VextCnjPd.aa:iatnixFam*FI#FIe

ghrvrat earnest . next ;

→ H Current
. next == nxy



ftadcOperatEnsks9ahaEi.pushsp@stops5itlfs.p

.pe
↳ Dreturntheavrenttop

g
�2� remove the top

Uemptystadc
"

End
tepashusiany YUE

t.it#M:sYax*kmkYEhi*inkY*'



empty
✓ Stack s

spastic
" alan ") " ton "

simmnshimato

.no#Uiis.pop4ss!YpM
" an

" " mark " " akn "

-

reverse
order for

T.se# pushing
.



¥nEkdemxa¥aaf¥dcueyAra_@
day

.BE#*t3yaa9FFk*-qjsaagoettoYk

'

Eo[==|
data[Ef=nulG

-1=-1 E- =O t.EE?not 's

(empty
stack) S.to#

→ datae]

S.push(
" alan" ) →

s . -61>1 ) → spushcmark "
)

↳ ttt ↳ ttt
attatif

"alan" ↳data[t]
datafy -

" made



# at EO ;

at

"a*n"#m#it#m

"

while4. buffer
. :S

buffer
"

ton
" ' ' mark " 'salary Enptycs ){

tHaaEE@aEiIfsntta.popa.forGntEOsi.sf.ml.ggthsetHsDafEf-buffer.p

.pl ) ,

320
I

4M¥
�3� 2 " alan "



FTI Queue

q=
back

a - empty queue

fmttqenqueuec
"dan "

)

q -

if
I g. fast "alan "

f. enqueue (
" mark " ) biff

"alan " " map ,

ast
"alan

"

q±



8.tn#nm*.I
.

* *
a

r¥t rr8. fast C) → q[o]
v.frame f. deqamec ) → Ocu ,

shift

f. engine ( "alan "

) → g. erquaiecinavk " )
↳ rtt ;

↳ ret ;

GE D=
"alan " GET -

"mavk "



Inpkmutthednsag@_
(g)

fheadenqame
?

ytail

→|#iti5i→D→÷D→D64*04gtail
#D→lD→lD→@ty→



{Ee

Iz£%⇒e¥EHIMEIts:{ •

a¥E#¥?±¥*¥¥¥¥o

1EID ×
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Pan ) =

dtnznnxsum of
the firstBasecasesnaeegus

Pa , Ry
Hl

Rears.ae/IndaetIe-Cases_
Assume : Rn . D=

C Hayat,

Prove : Pay Cderae)



Poblen_i@lsItt57.4.3.z.lmsaEofproblem4l.td-7x6.1nt.synN.Cn.D.cn -2 ) . . - 1 N > 0

¥ ni .=n* at D !Dbase Cases#@
�2� Recursive Cases PstTFEft¥fak

Assume we have IT problem .

Derive : @!⇒÷a,.CL#:*@-snb-Problem



O
-

Tracing tack )
0

'

ftp.6.EEYIY/*#d*3kgag2@yb.1Ifa*b



13 O
O

2 / f. face)
returns I

PPC )
1 X-

→ face )=txl

32/ /
Z

O = 1

T 9. faccp

t.ge#g4aEgteztIE*esEkWttEtgekns
" stashed
.at?issisEaaEenE:c?sstE#2.IxeatefacC31kExefnY*fafa&

, faces)

↳#aD*K)n.sc#oaeefac6)il.taffaTng6pqKs

3. Activate,µfff{¥d⇒ , pushcfacca )



Fikseql
I 2 3 £

.  -

¥
,

'

Ez ¥nah=t¥nd.ie#Itnr
0 5 solution

3

#¥73,2
tsm9aEa¥um¥atYgg:#

2 \ I 1 \

T¥tTh ,

#tTH
Etty 1



am armor
n

facts)
faces )

¥d§)

:
(



1321
6. Execute Fiba

@ return 1

@ pop

z T 7. Execute fibl } )
retain

1+1=2

f. b( 3) 3. Activate folly 79×1

push

tenant
'¥ntk.yet¥n.tt#Efi
2. Execute top # stack

¥k3)s
. .AE#atefha,

↳

FICD,t£bfH
↳ push

ftp.c



@ s .

substring ( E
s J )

[ tsj )

0
,

-1

String s=
" York 's

String @s .

substring
6,3 )

"

Yov
"



fwagcsoelis.TL'gthu. 's

s .

substring
( 0

, ⇒ +

s.su#agtss.la*hgSi
" '6vk "

g. length )==4

IIYlwts.su#hig(2s4)2
3

" yo "

y
' ' rk "



ERMINE
BaseCas= :

" "
is P dabbed

"

-

"

is P × X
Rearvstuecases

.



reverie . a b cd

input :

Abc d d c b a

Faasecbcd) t£

ouynt:dcb#
reverse ( " " ) " y

reverse (
"

_" )
"

-

"



Lecture 17

Tuesday Nov
.

7



Problem sub . Problems Solution

fadn) faccnt )

nttfacCn-yf.blmtiktgaybfibHtJtfibCn-yisPaas@istks7aEFsPcssfit.fioiioEg.reraseDa.s.QyerefGTlreverseCs7tCieloe.o.at#noaofisIoeooftiaPgaabagpabitottoY.tfIEfaIiTmd



V. x . .ae/Xesyr,
} } • X > 2 f

F X : The / XE{ 1.2 . } } . X > 2 T

Mmr
" '

fx I x c- 0 . Pcx) Te's.gg#qexHFx1xe0.PcxiF=
F y no witness

e s
. t.ee 0

Be >



ISIHBSCEEE ] a)
-2

$4antesF
TSAYIP

.si#ue(s2s3s4st3 )EE↳*¥aAHBs(
{

2,33*453
)

FT*



TSAHBS ( {2,3-1.3} )
/

sat
2>0 && isAHPs( { 3

, -1,33 )

TEFFT36.ee#iI2p.scHss} )¥34'T /ama
"

'T 4 44 1¥# AHBSG}Dfomfm#
Sal sa2



unman-00
a

.si#g2ggEFo
T 't T

✓#
empty array .

+6mF* to:BF*@adf.DE#FfhEEeanPHca.$E

/ \ T -

aneydaaHPAH.tl#InmdhfreerLEWnm

F F



BAIIRS (

{30*2}
)

all PHCta
,

0
, 2)

⇐
¥ebay.IM?#



THE ] @= need at Ed ;

all Positive(D)
all# ( a .IS#

from > to



Lffca . length ==o){ return true }
as

axx



bed #Sorted ( HE I a)

{ 3 → T

D¥t ¥freak )
AEOJEAE ]



a →

1201$42=
In I

-

⇒ENTT
T.gs/tCas@2#naEEfndI&&7ss.fa.l.q-My.at#aD&=SH(as2@
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amtBTuEBPnE.aeYeIakenFIttmGnW2@lIK3eseweadnainumdmTni29iTIu5n.a.i

, e.  . + 1

i9itt@M55DiOcnyoueMt9H3fzgEftoseleetthe1ase.es



Problems
. Recursively find min ton an away

Wga
. length xD

( find Min ( ate I a) Base Case

- Ignite '

→HE#iIMwDIWm;
↳ mtn is



002*6*216index @§
4

-Best
•

y@qg.a
. gy



wedded@
a.cn#s*jaagaqlsorted_aaf:.nEme.P*IEeI

.



teammateat
-

key

key
< a [ middle ]



btnaysearchonu@nsoDdavrayaFXRssRsearohC3.a
) *g

fake
Grong

:D



How % binary search if
the away is sorted a descending

order ?

wienielot
key < aenddle ] →



1=21*48
]y

lbtnarfseahtree non-linearMaid



%werofHan=(
move from pegl to

peg
3)

Based 1 2 >
base

To 0 1- 1- L cases

T ,
moefot :#1-

at@fstoo}t¥taxBALA -63



A

Ikel*¥1 2 3

made move fg from I to ?g?@
Bgfnml to

33Step=
pMove I ton 1 to 2

Move C from 1 to 3
Move I fan 2 to 3



a

#IQ@nl÷.¥÷.

35¥ Fin# Tan , +

"

It TorykMove from 1 to 2 Tnt
- Move man for 1 to 3 1

- Move fun 2 to 3 In ,



- Taffftp.2.IN#Tc4)=2.TC3

) t
1

= 2 . (2 .

Tcz ) t 1 ) t 1

= I
,
( 2 . Eta,+ 1)t 1 ) t 1
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÷⇐p±¥¥.FI#aogaEe*EAProblem : Move '} from pl to@✓Mae@tmDopIm3mu{theyAp¥mptltfop}
✓ Move InA Amps to pz

✓Movefzfwn@top3#_@



Problem :

MaetEfanpltop3_dY@aHdtontcdsyapaPyb.pb.fhtldPaPnEEEeTn.DtDENae6HvedsEhoTfmpltop3VatermedIate2Qp3tohItHss0lsatermediate.p

} )

{
tohltlds

,
O.O

, pl >B){ A .B}

move ds[ of fan pl to PZ
-6ha Cds

,
0,0

, P > PD



C) not

¥¥±*¥oA⇒i¥:
-



gTofADn@st.ta



6

Ed
O '

sea ?

.gg#oj.y
site of subtree rooted at A



n
.

hasCA.kftjD.7hasA.ryty@80Q.Q.ca

, . anis.¥ye¥h¥
has ( It )



T.no#HD=EaEt9dafFq

HDIBJF
@ AID They

,

@ Tnorderca )&aadacetskgEHtIaorderCAJ-fgrderCktezfeRt3@dects.rightaoaderCA.r

.

ight )



aii÷¥I÷eab⇐Ii#oa
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@~M@bt.addToLefeCnotiBDu@p.l' not .set4fCnew

TBI BTNODEC "B
"

) )



@sina.pe?tiaiefe7@@.tfYrgho

lofty→ Arafattaneka



EEME.IE#eFfE7jffHga:***
Use

-

fat a -

@( s ) ;



#Chagrined
↳ when there's a change,

There should be only one

place ( class
,

method ) to apply the change
.



⇒M¥99
super• .



nd register #eT8iYeYFcsTnt Gettman - he noc

ifeng.FI?e**I?sEEEEti:en.

ResidentSadat extendsStudent
ohmde1redefne_



n@yd.deIpIEeIE.E.gg#e;iStatic type
S.name

my s
.

noc

*serene
. of #taffeta:!E? ,

EXPECTATIONS

on

'

s
'

notexpecting
ots . IF a

.de#Et
.
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as

⇐tatictq.eu

Ft÷§v✓ ✓
oooo

o

-•
expectations



B

B
8

ooo
o

o

aII.myphone
;



r

stnMedIEeisedkikitEaiIEEaeeuisnxaa@rTSinrsgfxpeetationfortE9GResswd.q@
= s

Iran.int?FYndefaedo.a#a

:



sina.sk#f3FteEPEEYiiaei*t.ee#E*Eiiii*(@0.750



f@s.DjaII.eEmEIndaeC-ssTlesidenefendentrs.naeRSC.s

;

D=
vs 5

FEI'Dp?i¥f
.is#nIad:ae

Stud→ µ premium
Rate

.

#



¥
°

11¥ cnet.ae#ndA

117
a > b × b > c

a > C



A
ancestor classes

ofD@expeEaeqEIba3EbtDFbaqx.a
:S

d. c. a

We can expect
at least as many

on D ,
compared with C .



rs =s
Student s= .

 -

⇒ResidentStudent rs =  
- -

t wider
expectations than Student ( PD

D=B-compiles✓t¥@n¥¥eIdEsadarDt#¥0•#be



- at name

=

Dq
Funes

TDS
Student s = .  -

Resisa rs = - -

rs = s ,

*



#sina.pe?II
DT of s

s

#/€f=s
RS

S = ned NRSC -
- Ds↳that

;t8Rs



D

fu@I@=n@

Student C) s

�2� Student vs = nod PS ( ) ,

qfudent
no = not NRSC¥s FEq@±§=r§est.

.fadedsteppedto S = nd ; st of s

ftp.#EEEEoa3oEdEeI*ssBdEa*a



Student

#
-7

CD% ...
...

.
*"¥¥I§r@seePra.s

,
Hyatt .



DIMITY±*¥tIowa
.

f¥t÷÷y,

while the s {stay
) ;
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In
→ t.rs#f



*

csfResidIaetEaersHReEdE@yaIyntfFuTprTtst.fudatByA.setPreeuyRate4.S

.

)XStifurdent



Student .fm#BC. . ) ,

Dthesidentfudentr.s=(R§ jin ;

T.se#tt5
�2� (CRDJD.se#CH7
�3� C RDfjn.se-474.57;



Student Jin = nee RSC .  . I ,

Student Ss

s = jn ;

Ffdmt Tfftndmt



5di'
'

I@Eeeyai-aIyhgm.p;
forHeeyeon

t.lt#Ph



0$*•zh@•'%IPdaEdgd¥nheIe¥th@Eedayr

phone .

deal surfweb skype
= '

sina.MY#8bsf*df*Eaghfb@Ph@TsT:snoho@



Android phone = #

Iphanebs tpbs = ( Its )phoned-

ST : Android



Ipbs p
= 1€ s

.

IpbsPlus pz = C Ipbsplus) # ¥9



:*:*.E.ID
�2� (
Galaxysb#)

P



←



1€
Dd = G) b ,

gq
D D= G)kAIb¥

ME
KBto



.



Student Ss

d¥§iid*0
ss :

D Static type of each item a

SS is Student
.

�2� dynamic type of each item a

Ss is Student
.



FEED,=ydIt¥¥Fie¥I
Stifndent SMSC ){

g
SS . nee Sadat -401 ;



class SMS {
'

parameter

fudenEHsssnjdastdEE@EDeDEPHrssEyHBrsIssfnew_SHSCssBDSrs.n

@ RS ( " Rachael 'D 's

Vsms.addfedeEC
DJD

,

agent
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i. x ÷ ¥ 3

's

ftp.a?q

-

st off
5tIUdjdanI_desadarEtea@0qtF5t.I

'd:tIE(
§¥of~yancesto✓

or descendant Parameter ?



ctEFHEkEiidaekssEaElfpdnIsxaatla@sBDe.I

.ae
Ft

.

SMS
descendant ?×

classSHI& camps :R@

void

addnRnsCR@rssTdesagk.e

y

-
-

-



fondant s= nee Student ) ;

Sms
.

addRSCKRSTSD
;

¥*¥n¥gE±;tg÷ddDbYa÷.¥¥

Cast

Exc
.



msn.sn#.4sos*egeepaetoeIIV.%EfEa5edAnd#
→ 1¥HansPaaatianIfInE@EDaaerEeo.OPTEsFaMdTdEdEEEEs5-ssms.sE

is = nrss



a 'D a

aniseedd

egg
live.ba#sss

etgtf



Matt
] sides

;

abstract

.BG#nEtgeeeEeearsrsYa3#undtfneedsafae
,Ft¥the

The gettreaf

g

Horan's form .la
atgetfeaa
ystnidehxbngth .



13¥
p

= nd

@¥3_¥abstract class Polygon { £
can't use

- - abstract class as DT
.

s

p.ge#ad?fasny
undefined !



TntEJ5cdessPFkX-dassBFeorlJTPdy@TpssuadpruttreayEtgEhnFfe.a:#
-

g# eefeaynotdefaedpayg
,⇒ dedaegentofyegnynas

.ua#ItEts*tEfea
.
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EEEEE.pt#EEE*EeIEae*ma



polar system

Cartesian
system

• or

•
•



•-5-
-

as stringFedEx



FBo@B3mkn.w
,

Supplier
EX -

×E

¥qB.ae#eEoEMpta%e0aYfddanYt?x
�2�

X @→T :

Stray
•

- Taff: Date

k
: only dates can be stored

⇒ only dates are retrieved
.



¥¥tfung
Mate*X E

Date ×

FungYang#9*Bo°kcfEagstb ;Bdkthehbds
bdgetc ... ) ST ? Date
Eb

. getc . - ) ST ? Shag



%deoe.gs?deiEdgeaiin.%decfumgzwnI.de

> C- - I



END
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