@ Fadh empioyee s qse?mscn'kd b\(}

i name aa\mj}

Which  ddta- shuckure (dhab ou knowy)
oo U Yo vepusent thee b Qmposreea?



Avoge

| A
ecoidls]—
a9

ecvd 163
L ]



Avoge

secod[s] —[ A l '5 C o | 51
5 | 6 ® | o n_|

secsid11]

Suﬂme a ~en e:m?\ofee QF. \Q?I joms the.

company . Hom wll QU ddte. ~Ous
a&:f- acture ! v hi T



Ao

secod[s] —[ A l ’5 C o | 51
5 |6 € | o N

seend 11

Su{;pse a ~en e:mP\oTee QF. \Q?I jows the.

company.  How  will  wou ddte. ~Ous
a&cf- acture v B T

A A Yr0f @ decordle]



Ao

'fccofals.]ﬂ A B C D\E 1
5] 6 | & | 1o | n |

seesid 1] |

Su?pxe a ~en eamP\oTee, {F. \’Q} joms the.
company . Row  will P upddbe, o
Qaa- ebyucture

A A 1F0f @ decordl

@ B sewdls] Aoee ot exisle. The
iy qeod & ol sz B m\a

Now what il you do



* Make a ~wew a—ﬁaa w.ﬂ're.cmd a§ sz 6

® CQ’Pj the gwe ~ecods  Awn  ~ecovd to

mensecond-

® MNA LF,0] @ ~envecodles



@ Make a ~wew a—maa vewvecord o sz 6

® COPj the gﬁe ~ecods  Awn  ~ecovd to

’T\C‘N‘KCCMC&'

& MA SF,\OX @ ~nevivecond lal

R: What © the ~unniog Ywe of Anis
Vuocecﬁure?



@ Make a ~wew a—swa vewvecord o sz 6

® C”Pj the gﬁe ~ecods dwm  ~qecoxd to

’T\C‘N'KZ_CMC&'

& ML (F0} @ ~envecodlel

R: What © e ~unnig Yowe of s
Voocecﬁure_?

A O & dhee ae  q ~eeords

o Yeend aﬁaa.



When an employee \eaves
A )

Suﬂ’me em\ao\,ee D lener, go we hove
4o ~emove the ~ecnd «? em?\wree B-

Q: Row woud you Ao Hhat ?



When an employee \eaves
A )

Suﬂ’me em\ao\,ee D lener, go we hove
4o ~emove the ~ecnd «? em?\wree B-

Q: Row woud you Ao Hhat ?

qerod —| A B C O | | I
L(5 [ 6 B | o n_|

——

check § dhie is e:m?\orce_ 5.



When an employee \eaves
A )

Suﬂ’me em\ao\,ee D lener, go we hove
4o ~emove the ~ecnd «? em?\wree B-

Q: Row woud you Ao Hhat ?

qerod —| A B C DEI
5!6 € | \o N

——

check § dhie is e:m?\orce_ 5.



When an employee \eaves
A )

Suﬂ’me em\ao\,ee D lener, go we hove
4o ~emove the ~ecnd «? em?\wree B-

Q: Row woud you Ao Hhat ?

qerod —| A B C DEI
5!6 € | \o N

——

check § dhie is e:m?\orce_ 5.

'fecmd—'rAl c DEI
o | K4 lo { |}




When an  ewmployee

1+

Suﬂ’me em@ox,ee D lener, go we hove
4o ~emone e ~ecovd «? em?\wree B-

Q: Row woud \ou Ao that ?

'feund-—vAl'Eo DE‘
5 |6 € | \o N

—

check § dhie is e:m‘)\orcc 5.

'reuud-—'rAl c DEi
o | K4 lo { |}

& What s the fmmnmcd boe of e
metnod ]




When an  ewmployee

1+

Suﬂme em\a\ox,ee D lener, go we hoe
4o ~emove the ~ecnd «? em?\oTee B-

Q: Row woud you Ao Hhat ?

'fcwd-—»Al'Eo DE‘
5 |6 € | \o N

—

check § dhie is e:m?\or«. 5.

'fewd——'rAl c DEI
o | K4 lo { |}

_@f What e the fsunnmcd e of Ane
arneinod

A 0l M dhee ae M Aecods.




@& Js Vree nyp othey ?rob\cm waih
the  Jdelron fxoc:dlure]



@& s Vree cmT othex ?sob\cm w1k
the  Aeelton F(oc«&ure]

z& ® Nas’cage o 3‘:@(2 . the ~oumnber g—P
empoyes Moy be ~much lescer Hham
e gecord avgay.



@ I= Vree cm\f othex ?(ob\cm waath
the  Sdetton Ffoc«:\ure]

Aa ‘-@9 \l\(as},dzi O’g quce . the ~oumber o’?
empoyes Moy be ~much lescer Hham
e gecord avgay.

emy) Wil mt e  popwtiond o

JEEER




@ T Yree cm\f othex ?(ob\cm watth
the debton F(oc«ﬁlure]

A- '-(Q Nas\;aﬁe ofg .quce . the ~oumber g’?
empoyees  ~may be ~much lescer Hham
e gecord avgay.

® Te bme daken do semch  om
emY\O\(&i wil' et e ?mimhom) g o
e employees.

JEEER

———

CHOB Grail ’&n 30}(1- ebachwe

The space Bken b owr  Ana - st ure.
Soud be P;o?wémg b the mumber
of  cumsent employees N the. Company .



({)ez@fmomce é Aﬂaas.

Snsest 0(n)
Ddebon O(n}
Seavc



({)ez@fmomce é Aﬂaas.

Sneest 0(»)
DdetoN 0(n)

Seavch O(n)



0
Lmante. 0F A'rcads .

Snsest
et 0
Seasc) C())(Eb
n)

o
Loy eod \
5 awaT& atwe. wms*/ ca
s@

fPes oY mnante .

Q:
Wheve ove  onev
qu aoo& ]



(Pez—gﬂmcm A 05 A'rcads .

Snsest o)
DdeboN O(x)
Seavch O(n)

Se, ama «\eoud?) a\waTs auve woel case

rPe_—szw nanee .

R: Whee ae om'aog 80061']
A G v the ¥ camenl o

~Secovd omraz.
sebvn  ~secovd IB)

&lﬂm"a Tme =N



(Pez—gﬂmcm A 05 A'rcads .

Snsest o)
DdeboN O(x)
Seavch O(n)

Se, ama «\eoud?) a\waTs auve woel case

rPe_—szw nanee .

R: Whee ae om'aog 80061']
A G v the ¥ camenl o

~Secovd omraz.
sebvn  ~secovd IB)

fqnmna Tme = OL\).



Poslovnance. 0F Aﬁads .

Sncest 0
DdeboN O(x)
Seavc O(n)

Qb e &7 dement  0()).



:HOB Gail dov  Jala- ehrchue

The @ Bken Y o’ Ao - stsu ture.
s\\ou\:fa be. P;o?msémaq b the number
of  cunvent employees N the Company .



CHOB Gpral *So't Aa}a- ehuchse

The @ Tken Y owr  Ana - styu ture.
s\\ou\:?a be. P;o?mfgmaq b the number
of  cumsent employees N the Company .

Thee is a s&m?\e. Aata -shoucdure  wWhidh
apvee  this Tmbkm°

Mimice avioya.



CHOB Gail *&n Aa}a- ehochuse

The e Bken Y owr  Ana - styu ture.
s\\ou\:fa be. on?ms‘gmc;\\) b the number
of  cumsent employees N the Company .

Thee s a s&m?\e. Aata -houcfure  wWhich
apves  this ,F-rob\cm.

Mimice avioya.

(\'1. o next




1000 2000
>
1o) 6
2000

lS'ooo | 2000




ead
1000 2060 2000 2 TN
A 6 | < D

5 6 + ®
!5’ 00O | 2000 2000 ‘ 4oo0 To00

A
v

i)

Howeved , we wil \nave 4 Smpes
\'Jmkmsd\ Niexw Q% Fom\ﬂs.

hcad——-*.A & | ¢ | D
Y | e 72

|

R

rey)




Treet

L F, &o}.



Trzet {,F. \0}.

O v KUVML the 05 to  locate @O‘ﬂh Spa@
head Lo ’,*nqme ) .sq\a‘rd .P—\s,.}. '

\) | Aa .
el [

—

>




Trzet {,F. \0}.

O v ng(w%t the 05 to  locate enmﬁh Spa@
head Lo ’,*nqme , .sq\a‘rd T—\s,.}. '

el
A RhELALH A

(9)

5. P\-n a- UL
head
‘ Aai
N A —/ 6] C | o |l :Y
iwRiyBisBi Ea




Treeb {F (0} °

QD v« Kecvuat the 05 to locabe Q;noLﬁh S

Y\&a ’,“ﬂqme =a\ov U T’\V } ’\ﬂ“ -

S ’;_ __7 g—r[gr | ﬁ@f ; El

@ . mame <«— ft ;
'G.eq\m'a < D
9 . P’m <~ WL

head

\)A 6 | | D
S| (6 '_r[; Q—r | B
heaék._»_‘?‘ & [ -
ARl ALALA]

—n]e.

ST le




Thsevt ( mame , sa\q—uﬂ

&t <= olocal me o0 gew mcmov\d \ocdien ;
J. Nae <— qname

4. eqlovy e sq\q'(d:
g . v:bl <~ N>

i Chead i rm).
{



Thsevt ( mame , sa\q—uﬂ

V<= olocal me o e mmmd \ocdion ;
J. Nae <— qname

4. calovy e sq\q'rd:
¢ ptr T <~ tows

i (head > NUWL). /el ie omlftj
{

hencl"i—\')';
tatl <.



Tnsert ( mame , sa‘qﬂﬂr)

<= glocale me o0 e mmo'\d \ocdien ;
J.Nane <— nowe

4. calovy e sq\q'(d
¢ ptr T <~ tows

[ (head > M) -/ it e o.mp\a
{

head «—- ;
batl <%
¥
ele
{
‘tm\ {D‘ﬂ < \};
Yail <9

S
3

@3 Nhat  1e Ahe «unn'm@ Hme o&‘ Anie
?wcdwe !



Tnsert ( mame , soﬂq«sr)

\9-'(\@!'06 < — 'name_/'

4. cglory e sq\q'(d:
¢ ptr T <~ tows

[ (head > M) -/ it e Qmpﬂ
{

head «—- ;
batl <%
¥
ele
{
,'tai\.PH <~ \%;
tail <9

S
3

&1 Nhat e dhe «unn'wr)@ Hime 0{ e
wocdure !
A O0).



(=)

I +a)



delebe Em?\ofce C

head | f | Yai)
Al > 6 ¢| r°|o 12
[ALAbalals

-

O ¥ «head (st it 4he head).



delebe Ems?\ofce C

hcao\4l | f ’ ) I‘« Yai)
Al 6 ¢| r°|o 12
s l 6 '—r[; & —r (o

-

O v «head (st it 4he head).

@ Move '\imoudh the et (uaina ?oin’tem) Hil\
Jou Wt om ployee C

bl
Iy iRl

ALy




@ Maun tawn o \9’(:‘ ’“\G\Y, %\\ows vl gasdu

- ‘E;*Efﬂflf

@ W, P’m

L ‘\‘).Ik;i

B
Ld

*ai)

dealocaty ~Ahe mm)osv ascociated it

YeCoy

head A
T

—

gy



‘])eje_tc('f\umé)
{
i ( head is N\)\,L)
fsei/m’n y



Delete ( AONE)

{
i ( head is N\)\,L)
fsei/m’n y
{( )
{
3
else
{ N \read- ?\7‘
¢ 4 lhead ;
while (¢ e mel twn)
|

f (\}.Y\ame = 'ﬂaﬂﬁ)

{ u.\oh “— 9.piX

dea\locale  the ng alhcatad
b ~gecovo’ Y

3

cse

{ e O

j N &— ‘\9.?‘\’1

J



Delebe ( AONE)

{
i ( head is N\)\,L)
fsei«h’n,'
i{ ( head - name = 'Y\qme>
{ 9 A head/'
head < head.phy;
3 ded\locate 4ne ~mermnvw g a\located 0
covd 9
else
{ N \!\mc&-{)}?‘
W 4 lhead ;
while (9 & meb tuLL)
]

f (\}.Y\ame = 'naﬂB)
i w \Oh “— 9.piX
dea\locale  the ng q\\ocatit{)

3

clse

{ e O

j N &— ‘\9.?‘\’1

J



Q: Whal s e ~onning e of
Delete ()



Q: Whal s e ~onning e of
Deleve ()

PN )



Peifoimane  of  |inked st

Tneeat 00)
Delete O(,n)



Peifoimane  of  |inked st

Tneeat 00)
Delete O(,n)
Seovci\ dl’\)



Peifoomane o  |inked |ist

Tneeal 00)
Delete 0l
Seorch oY)

Bl Ve st '\var}arﬁ: ’\’mra:
:HOB Grail oy data- ebrachure

The o Bken Y owr S - styu cture.
,dnou\dsfa be. Pzro?msébﬂaq o the mnumber
of  cunvent empoyeas N the Company .

S When ie linked ik wose  Hom
owo\fg'z



Peifoomane o  |inked |ist

Tneeal 00)
Delete 0l
Seorch oY)

Bl Ve st '\m?w}ad ’\’mra:
:HOB Grail oy data- ebrachure

The o Bken Y owr S - styu cture.
,dnou\dsfa be. Pzro?msémaq b the number
of  cunvent empoyeas N the Company .

S:  \When s linked  licx woe  YHom
o'do\fQ-(z
@%“J’ . GA e KB econd

e  taken ()6 inked [t =



Peifoomane o  |inked |ist

Tneeal 00)
Delete 0l
Seorch oY)

Bl Ve st '\m?w}ad ’\’mra:
:HOB Grail oy data- ebrachure

The o Bken Y owr S - styu cture.
,dnou\dsfa be. Pzro?msémaq b the number
of  cunvent empoyeas N the Company .

S:  \When s linked  licx woe  YHom
o'do\fQ-(z

Query + Gt e KD second .

Twe  taken ()a inked [l = O(.}l)



/Pez—gfmcm c Og An'ads ‘

Sneest o)
Ddebon O(n)
Seasc\ O(n)

Gev e &' demeit  O(1).

Poslomante. 0f  |wked st

Sneest o)
Ddekon O(x)
Seasc) O(n)

Gy te &P demet  O(®)



Balaneed Tatenthesie

Mt mam I

{

St (<205 <em ; ++)

{
1

?oﬁnH' ( “Hello Wosld') ;

A



"Ba'l an ce.cg, ?G‘le,n‘khes s

.('y\"t maoin C)

{

Sov Cc=05 <en s x4

{
1

?oﬁnir} ( “Hello Wosld') ;

.

The wm?'\\u doee a 1ot of Unmﬂs oub of
whio\'\ one thin 8 e check 'rF “he. ,F;nar)ﬁ!&\s
ave balanced.

(Q: What is a balanced v]:menHvesis7



’5:{1 an cecg, ?me,n%hes 1S

Mt mam €

{

St C =05 cen s gat)

{
Pw\ir} ( “Hello World') ;
1

.

The wm?'\\ef doee a fov o Umnas oub of
whichh  pne  thin 8 e deck f Ahe ,meﬁ!&)s

agve  balanced.

@-’ What i a balanced «]:nfenthesis?

® Tach gpenin aymbd hat @ coyvespmdm
clozed Fe,xmgﬂ. ! P

) Ruenthesis e owafa nested .



e 10

@
® ((HD
@ (C5L))



=00

@
® ((HD
@ (C5L))

R: Gwen a s{mn% S TP CY, ded
f e taanced

What will be youy a\ao-&’\ﬁ\m 7

(DD 3l




@

@ (1O

® (¢ 51))
R: (Gwen o =ban

f e taanced

B0

J

TV °C0, dnd

What will be youy a\ao-&*\ﬁ\m 7

(

)

]

iJh

)| 1] (
]

Jnd e divet

closin d element



10

®
® ((HH
® (¢ 31))

R: Gwen a s{mn% S U P Y, dnd
f e balaneed

What will be youy a\ao-{\ﬁ\m 7

(DITTCD D
]

Jond e divel
closin d elewent

@a_" Whexe \N.‘“ The cme&‘)m‘ﬁm% Qremna
' element Tlie 1



=00

@
® ((HD
@ (C5L))

R: Gwen a s{mn% S TP CY, ded
f e taanced

What will be youy a\ao-&’\ﬁ\m 7

(DD 3l
]

Jond e divel
closin d elewent

wmedliate  ledE
of dosmd element




=00

@
® ((HD
@ (C5L))

R: Gwen a sbm% S TP CY, ded
f e taanced

What will be youy a\ao-&’\ﬁ\m 7

DL

Jc’r‘}d the diel
dos‘md elewent
wmedliate  ledE
of closin d e)emeob

Telete these Hoo elements



DA DT[]

t P\ ol e dements ove  deleted
(g Fnd e St deen a 6\gmm’v
so\U q"l} ‘ OC.dbf)




SO T D T

Re,rcat Hl dl  eemets  gre et d
® Find e Lot o\os‘na \emeny |
sota ql‘b locnb'n 2

@ leb | be e Sl von- Aeleted locahon
o the left o  ¢-

® Lt tre dosma demert  Joez nob  maiches
with  openin element , then t
that zm'g & 4oL balameed. +






Q: What & the wost coce -wnnmca broe.
ol this d\ao{\\?hm?



Q: What e 4he wosst cate ~unms

oy this Q\ao{\\ihm?

na e

e

N/

/4

(] . (% zl )()])
L — m/z — J



Q: What e  4he wosst cole "C\)nnma bme.
oy this q\ao{\\?hm?

|clef]- [W////QL)L'”' D)

L/"—\r - L—" L4 _ —— D)
)4 " /4

Fov each closi ,Pmen\;hsts 1 the -s\dh}u
we el . ddered  elements



Q: What e 4he wosst cate '-c\mnmﬁ trone.
ol this q\ao-s'\thm?

AGE [W////ﬁt)ﬂ'“’ D)

L/"'—\r - L—’" L4 _ —— D)
)4 " /4

Fov each closi ,Pmen\;hsts 1 the -s\dh}u
we el . ddered  elements

= Tota) number of steps e

\opgdthm =2 0 = = X
“P° 7 T3 &

= gun'm'na Mye = OLP-



// &n‘?ut: S s an omaa CS d',dnas

while [ 5 contame a dos’mo dement),

% et < be the localien of At doswg
Semient -

1e% :;, %{;e «'bgt jwi -~ erryotd localion

A S Ry

eke

i /Fsmt (" Nel ’bqh'nced") .
selusn

J

J



// &n‘?ut: S s an omaa CS d',dnas

\ghi\c ([ 5 contams a dos’mo dement)
het ¢ be the localien o At cloevg
emient -
1% J <2 be -the b mMN-e localion
{(ﬁ)’ﬂwe left of ¢ Wﬁd
1 ( syl £ 6IJ are o sqme
semove S £ 8] %’Q}
ele
i b (7 Nt datenced.”)
Pt

¥
J

.‘f ( S  contnine W*cﬁddﬂd dwt).
J ?un?: ( Net balavced”) :

setuin’
\

b [ Balomeed")
’Emdmn ’



// &n‘?ut: S s an ornaa QS d',dnas

On) «=p\nhile ( S contais o closin O clement)

i
het < be the localien of At clesvgy
Semvient -
oln) =» 1% ] <2 be the st pn-e localion
b the left of £ Wﬂd

i ( 1] [J ) e
ffjmoﬁ;f: 65&] a:; SifJ = i&!}*’)

el
i 'nb (" Nut ’quvvced") -
ity
J
J

'rf ( S  contnine W*ddd}zd dwt).
J 17’0"75 ( Net balavced”) :

setuin’
\

nt ( ' Balawced" ) *
’E’lm )



&: Can aw do leter ! M“d be Oln)-



&: Can aw do leter ! M“d be Oln)-

X Given a Q)m.sma element 4 | o e
Lind  the ca-wex‘mnclhn\cj \ocallion &
k)" D(,") *mz



&: Can sou do leller 1 Moy be oln) -

&_: 61\&:0 a c)osma e,\em«ﬂ: < , o e
Lind  the cawe;zfondimd \ocallen &
w O He?

Aa U«se. ou\othcv da\?a - .sbmc,buf e.

(DITTCD D)

Ofmm elemen’ts
oL sgen wn e



&: Can sou do leller 1 Moy be oln) -

&: Gwem a c)osma e/\em«ﬂ: < , o e
Lind  the cawejz?ondim\j \ocallen &

z&a Use, ou\othcx dafa - .sbmc,b.\f e.

(DITTCD D)

L
]

"Non deleled Ofmm 8 elements
ol gseex) W e

™



&: Can Aou do  lefey I Moy be oln) -

Q. Given a

A

W OU) rhnne,?

c)osma
Lind  the cawe;zfondimd \ocallen &

Use. ounothes

da\?a - sbmc,h.\f e.

element <

(

)1

)

]

§

)

-

,cm\vie_




&: Can Aou do  lefey I Moy be oln) -

Q. Given a

A

W OU) rhnne,?

c)osma
Lind  the cawe;zfondimd \ocallen &

Use. ounothes

da\?a - sbmc,h.\f e.

element <

(

)1

)

]

§

)

!

,cm\vie_




&: Can Aou do leller 1 Moy be oln) -

Q. Given a

Clostn

Lnd  the

Use ounothes

{

element <

da'ta - sbmc,\mf e.

W{!

)

]

§

)

, o &
covres ond.w\\cj \ocallon &
w O Awme?




&: Can Aou do  lefey I Moy be oln) -

Q. Given a

W OU) rhnne,?

c)osma
Lind  the cawe;zfondimd \ocallen &

At- Use, (u\othct

da\?a - sbmc,h.\f e.

element <

)

]

§

)

KA

,cm\vie_




&: Can Aou do  lefey I Moy be oln) -

Q. Given a

Clostn

Lnd  the

Use. ounothes

{

element <

da\?a - sbmc,h.\f e.

M{

)

]

§

)

1

(o e
covres ond-w\d \ocallon &
w O Awme?




&: Can Aou do  lefey I Moy be oln) -

QR Gien a c)osma

element <

,cm\vie_

Lind  the cawe;zfondimd \ocallen &

W OU) rhnne,?

§

)

Ki
LL |



&: Can sou do leller 1 Moy be oln) -

&_: GWe:n a c)osma e/\em«ﬂ: £ , o e
Lind the emrtecz‘pond.iu\cj \ocallion

A- Use, ou\otbcx da\?a - sbwc,hxf e.

ORI

Stack

Followm im:Fo-o"\'unt obeerva%mﬂ about ctack-
@ The = last element inserted onbd gk
is  the At clement semwred.
( Jast 1) Fust ‘Dub} FIFO.

@ Two opevations
Poeh ( element &)

fo? @)



Q: How would you }mF\cmmb Stack 7



@: How would you implment Stack 7

@ 'Uvsi'na Aﬂ*a\is
(& "Uswn a Liets.



(Lat ' Awaf : A ["""’]

Ceate - E'm‘o’c:j O

{
4—,06/:—0—}\ 'ﬂf\fesznts tre -l:o?mosJ[« Zlement
% o e stack.
Os o ¢ m
vy

Push (@)



Qe Aways Alv.n]

Ceate - E'mr’(:j O

{
%‘ﬁ;\ 'D’€ersznh5 e 'l:o‘:mosatf clement
% o e  shack.
Os o ¢ m
vy
Push (@)
1 d( “op < n)
1
< Jw{)'c\'r
A top. <—Q
K
ce it (Stock full ")
%

alefe] | ] J = Ex\&\co\ L)
—lo‘; Ttpf




‘Po? »,



‘Po? »,

v & ( 'boyr—O)
of\yﬂr)"\'/ .5'\]10‘1 GDF’LJV
el=2
i a< Alvwypl;
Yop <+ ’co?'-\/’
Fetuvn a
3
X

What = e —sunnin hoe o) f““h g
m '\y-mcé’_d\l(e,‘2



‘Po? »,

v & ( 'boyr—O)
of\yﬂr)"\'/ .5'\]10‘1 GDF’LJV
el=2
i a< Alvwypl;
Yop <+ ’co?'-\/’
Fetuvn a
3
X

What = e —sunnin hoe o) f““h g
m '\y-mcé’_d\l(e,‘2

A 0O0).



"?o? »,

T & ( —topsO)
r\yﬂn’(x "Stack Gn‘o\',:lv
el=2
i o<~ AVl
Yop « ’oo?v-\;
Feturn a -
3
X

What & e —sunnin hoe o) f‘&h g
VQ? ?mc,e_d\l(etl

A 0.

Q: Whal e -the robkm with this
im‘;\emen’scx’ﬁoﬂ

L 4



§ & (4op=0)
nj\ynn’(/ "Stack Gn‘o\',:lv
else
i o< Alwy]
’170‘7 - "(’P‘f"\/
gelurn a =
3
X

What = e —sunnin hoe o) f““‘” g
m ?:ocedu(e,?

A 0.

Q: Whal e -the /ynobkm with +his
imvwemew’sa’noﬂ

L 4

A A'no*l size s ~Sred).



| et

& tm)y\cme'?ﬂ‘au‘eﬂ

Creale - Bm?\a 0

{

valvue
mexrt




| et &\@?\cmeﬂ'ﬂ‘aueﬂ

Create - B 0
}

Tush o)
q



| et &w\cmﬁ‘a—ueﬂ

Create - B §)
}

?u&h[a)
§ 4 ok v o™ Jov o aen aode:
tora\ue < a;
N.nery 4= null
i§ ( op is mop mull)
{ f\9."ﬂ€7~t <~ ftop;
i
top <% ;
. ¥



| et &ﬂl?‘cmmuen

Cr/e_dﬁ' B O

J

?u&h[a)
i va ask v amemosy v oo men mode:
oara\ue < a;
q.mj(b «— mull ’
5 ( top is mot, mull)
§ gonext - ’\‘,OPI

3
op < ;
. f
9 1%?
o {c[ela » o} [cPehbky
= e &40? -
= | D ¢ L@_T"A
op al:
2 |DF7cC L@_T’E}l’




Forl)
§  #(top & malt)
{ ,Pm\—, " Stack Enply
\

e\

{



‘%\OD
i ‘;’S( top ®= aull)
{ 'Px'm\: " Stack emr‘ld

\{
e\
{ v+ op;
0 < $.~dalue;
-l;o‘p <« «boP.'ncxb ;
deallocate -the 'momomd ascociated witthe
vode ¢
el o
Y



‘%\OD
i ‘;’S( top ®= aull)
{ 'Px'm\: " Stack emr‘ld

\{

e\

{ v+ op;
0 < $.~dalue;
-l;o‘p <« «boP.'ncxb ;
deallocate -the 'momomd ascociated witthe
vode ¢
el o

Y




= 1
il
(Rxmmﬂa



(R\mﬂma Y é& ?u&\\ % ?u? = OG)

Gb" Now \P‘ﬂ howe d“ e i secwents
n Nend. Gn Jou. Aes 0:8 an O0n)
Bre o %o'nthm 21 balanced

?:nt_n Yhesis ,F,ob\em ’2



// &nrut: S i an a-maa QS é"dnas

\ghﬂc ([ 5 contams a c}os“mo dement)

het < be 1he localien of At doswg
e)cm.w‘v-

'.Le,% ] x;: 1;,6: t}i jsi -~ enﬁd localion

4! i?vjmrf 651]’& a; sijr:l s 47)

el

i b (" Net ’bqicmced") P
firinty

¥

€ (S contnine amu-delebed elevment) -
J ?dﬂt ( Net balavced”) :

setuin’
\

nY ( * Balawced" ) *
,Emebhn 3



v (e 4 tom)
{ i ( sl is an OFC“MO efement)



Joi [ e 4 tom)

elee



/{-01( - 4 'bo-n>
g [ sLa i
o Leg\ Z) .am OYC\’)MG e,\m\em*)
el ,
-Z a%z— %FQ}
i i: :&'{ std=") s
9 stl="Y)



/‘{m (el tom)
('5 s s
((ﬁj o) ;am o)yemna efement)
elee
1 a< %opd;
i% ( a="('% 21d=") oo
a='t 2 stl<'Y)

conInue ;

else

i ,Y-dn't "V balameed
(e >

i



/‘{m ( 5414-1 to )
( sLd s
((ﬁj o) ;am o)yenma efement)
exe
1 a < Yor();
i% ( a="('% 21d=") oo
a='L 2 std="Y)

conInue ;

else

i Yﬂrﬂ? "V balameed
(e >

i

5

5
A ( Sk is ¥ empl )
. " Y d !
f?‘-m\\: Not  balawced”
e

e\
P-ﬁn\z " 6q'\qx\ te&" :

‘Runnma Tie -



/‘{m ( 5414-1 to )
( sLd s
((ﬁj o) ;am o)yenma efement)
exe
1 a < Yor();
i% ( a="('% 21d=") oo
a='L 2 std="Y)

conInue ;

else

i Yﬂrﬂ? "V balameed
(e >

i

5

5
A ( Sk is ¥ empl )
. " Y d !
f?‘-m\\: Not  balawced”
e

e\
P-ﬁn\z " 6q'\qx\ te&" :

‘Runnma Toe = O,



e Aasume that aw e gwen a mXN asch

e Some o8 e celle  in YAk avub\a'fe
obsades .

o Stast  locabon 5(0,0)-

¢ Bndug locabon (i)

Find e hoslest ,‘;q\—h fom =2t t
q-vm‘dma oostades 1

S e
|

W




L
i

€% (Gwe sud a sud | Aed “he
shestest pafn  behveen s £ !

@Q:  Wh  will U do 7



®D + Caa yen gﬂd all Ve cols that are
at it 0 Aomn e



G, - Can You S‘m’ all We cele that are
at it 0 Ao e
A o Lo = st

& (qven bo , cam 1o Land all Are
cele ot a Aictmee A fow o

o o
L Ll 1
\




G, - Can You S‘m’ all We cele that are
at it 0 Ao e
A o Lo = st

& (qven bo , cam 1o Land all Are
cele ot a Aictmee A fow o

o) 1
Al R
2

_ \




& ' Caa yen Sind all Ve cols that are
at it 0 Ao e
A o Lo = st

& (qven bo , cam 1o Land all Are
cele ot a Aictmee A fow o

=] ] 1
1|2 ||

2|9 N \

| A

A




& ' Caa yen Sind all Ve cols that are
at it 0 Ao e
A o Lo = st

& (qven bo , cam 1o Land all Are
cele ot a Aictmee A fow o

=) % 12 \9.\4\\\5\ 1
i) 2|28 w |
2|9 olul|”|e |

| A 6| a |l

Al o |4 |9 2 | 19

9 0 | & | D | A W | “

|l X | @ | |\© A | &

’3( o 1%

b | a B B
4 [ \©

© |\ o

"zl | s 1S




@ Ay dea gbout e auoong ‘e
b’g(j Dus a\awu’rhm



@: Ay de about e aumong e
P q\aow"‘rhm

2

L-’ At least as “he a;uc! iR

S N\a' .



~nave()
i 5+ each cel ¢ ’fheawd
Mstan ce T/C:S <« oo ;
lo « Ush
L< 0
whie U Li da not  wonlain 1 o
Li ie ool e,my@)

{ Find - Next - Layer (L$)
\9] L4 24



~nave()
1 B4 each cell ¢ ’fheawd
Mstan ce T/C:S <« oo ;
lo « Ush
L< 0
whie U Li dva not  ontain + ov
Li is mol e,my%)
{ Find - NCXL'Lare'I(Lé)
y Lo L4\

$

Find- Nexb - \,cTe't ( LL)

L hiv < P
Sv eadd ce\l ¢ wn L
1



~navo()
1 5 each cell ¢ ’fheawd
Mstan ce T/C:S <« oo ;
Lo « Ust
L< 0
whie U Li dva net  wntain 3 o
Li ie ool e,my@)
{ Find - MCXL—Lare't(Lé)
:l, L& L4

$

F(n&* Nexb - \,cTe't (LL)
) v < P
St eadd cell ¢ W L&
1 for cach mcfahboi M b% c sv
b ie oY an 2ectade
)



~navo()
1 5 each cell ¢ ’fheawd
Mstan ce T/C:S <« oo ;
Lo « Ust
L< 0
whie U Li dva net  wntain 3 o
Li ie ool e,my"a)
{ Find - Mcxt—l«are't(l'é)
g L a— (4]

$

Fm&' Nexb - \,cTe't (LL)
) liv < P
Sov eah cell ¢ w L«
1 for cach mcfahbo'é M b% c sv
b ie ~o¥ oan oectade
§ € ( Aicdoma sl = o)
5 deYonce Vel = vy
Jin + leaw U L} :
3 g ! }

3: Ruoming \ime



~navo()

{ {%Mcmhcﬂ]c N e gewid
O("t) Mstan ce T/C:S <— 00 ;a
1o « Ush

L< 0

whie U Li dva net  wntain 3 o

Ll oie ol emy"a)
{ Find - Mcxt—l«are't(l'é)
g L & (+\

o(+)

$

Fm&' Nexb - \,cTe't (LL)
i livn < & §OL\)
[ ] S eah cel ¢ w b
1 for cach mcfahbo'é M b% G s-’o}
b ie oY an 2ectade

§ 3§ ( dicdoma Ul = ) - D0
5 deYonce Vel = vy
Jin + leaw U L} :
! J

X
i 3 ©
Ranning  Time = o+ = !l—il)

1=



O

3 Row much & = Ik

r=\



0
(B How mudh e E [Le]
r=\

Obsesvalior @ Tach cel = a Faﬂt G one
\aTeJ Ve .




0
2 Bow muh & = [k
r=\

Obsesvalor : Tach cell s « ?aﬂb 0:g one
\aTex be .
o 1
= 1l = old-

‘.: \

= K;mnma Twme = 00®).



We  wl Jg’;)cns on  am  imolementalion
Pmb\(m. v |

S: What data- shactive Wil jou use
Yo wmpement le 7 d



We w\l  focus on  am '\mP\cmen\'aTi&n.
Pmb\(m.

S: Whal  daka- shactive Wil jou use
o \mp\cmm’r le 7 6

L Linked- List .

\l&

@: Cﬁm we Jse
oy  one \
N 3 \toked Wskt



W‘,
L

— A

Iym@ L



Cuﬂen‘l« a]a 0

|
L

L HL dema

diclanee %
]t




Dr—l:(— E(’l

Iym@ L

Ackavice i



Cumfen‘l« alao
Lo Ey . F_EF‘E(’]__ dvm@ 4

J-e+ E L dieemieo g4

|
L

ObeevdUoD

@ We ave vieving cells in the 9 decveast
osdev u( thevr didomee foom <.

® \We con add  len ot e end of &



Cumenl oda 0

Li DI awa &
Jex E - dicemeo 24
Obetvdl oD

1 We ave vyieving cells in e - decveast

osder o  thev ddume  from <.

® We wn add [t ot e end of &

A

2

-

L Lix)



Cumenl a]OO
P aee i

E- LA A'.\Q)\'U"CQ 2|

Lo

]t

ObeevdUoD

1 We ave vyieving cells in e - decveast

® \We

A

2

-

N

osder o  thev ddume  from <.

add  [em ob e end of L&

J|_")

L——~
L Lix)
Obgewalron - Am\OZu e o Slack

Aish — No¥ oF jop bt at  bdyom
Y%T —  Plement qb top



F T F O
R TN
&n H‘s't O \!t-

Dotastwcure : Queve

w ns
(9 Enavuwe {6) : Add on Qament a dat
e end f M Aueve .

@) ’Deq/oc«o: fevone av  olnent  fiom
e oy Br} “he %E.\)Q.



Q « Cxede - ?m\o'\'j y)
Los eah el ¢ W e <a9t!d
onsyance Id <o 2

Astance [sT <0 ;
8.@nav\z_\|<.(s) ; ﬂsc%ng up Jo

whie (8 & ™l emply)
{
C = ’De_cvnco p
Hov each fnc%a\nbn’ b Q.S ¢ b i o=t
on pbstade

{
S distance (B = @

h
AtcYomce | Y 4~ c‘m\an&m .2

Enqueue (o).
2



Q: Pow would dou ‘\m?\emen"c Queyer



Q: Pow would dou ‘\m?\emen"c Queyer

@ Ar«au{s
&) Linked List



Queues Usmg linked  Lide
U

Creale - Em\o'tj 0O

2

&mb < ~ull’
Neay 4 wully

¥

Encyuc\lt (07



Queues Usmg linked  Lide
V)

Creale - Em\o'tj 0O

2

font < ~ulls
Neay  4— mully

ueue (d)
{ ' v< alocate rmomowo L a mew mede:
3, dalwe A o
N3 mert <« ) ;



Queues Usmg linked  Lide
V)

Creale - Em\o'tj 0O

2

font < ~ulls
Neay  4— mully

ueue (d)
{ ' v< alocate rmomowo L a mew mede:
3, dalwe A o
N3 mert <« ) ;

{ coors .MexXt < 9,
~eos <V



Queues Usmg linked  Lide
V)

Creale - Em\o'tj 0O

2

font < ~ulls
Neay  4— mully

ueue (@)

{ ¢ < allocate rmomowo J;m a menw mMede
3. dalue ~— o;
5. mext < ) ;

}{ ( FE€OT <= 'v\\l'“ )
t
fronl 99
Ny <& 4

i
ekse

{_ coors .MexXt < 9,
~eos <V
¥

¥



’Deevwcue. 0

h
J Gueve e @mpty



’Deethue.(.)
h
J GQueve is @myX\j
}{ (/fwn't e mull ) /01 sect < V)
fsnm\l " Queue Emytd" y

elie

L



’Deewcue.(.)
h
J GQueve is @myXJ
}{ (/fx\m't = mull ) /m seos < n])
wb " Queue Emytd" :
elye f%
{ ¥4« Lot
Qa +«— "\3.\ya\e :

S ),



’Deewcue.(.)
h
J GQueve is @myXJ
}{ (/fx\m't = mull ) /m seos < n])
wb " Queue Emytd" :
elye f%
{ ¥4« Lot
Qa +«— "\3.\ya\e :
S ( )
{

\

e\se

{ Sont  — Konb . mext

J

dedllocate  the 'mcmnszf osLociaisd
4 wode ¥

setron a s



’Deewcue.(.)
h
J GQueve is @myXJ
}{ (/fx\m't = mull ) /m seos < n])
wb " Queue Emytd" :
elye f%
{ ¥4« Lot
Qa +«— "\3.\ya\e :
5 (Aot = vear )
g //Qucvc L2 em ol
Lot = '\’ Fb’

Aeos < oo\l

\

e\se

{ Sont  — Konb . mext

J

dedllocate  the 'mcmnszf osLociaisd
4 wode ¥
seben o ;

1



Trogred - Ascume  TwAT  Nou  HAvE
JMpLeMented  Stack  Uszg AN AeeaY.  WHILE
PustNg AN ELeMeNT, TIF THE ARRAY IS FUL,
Tved We DO TRE FOUOWING,




Trogren :  Assume  THAT  Nou  HAve
JMpLeMented  Stack  Uszg AN AeeaY.  WHILE

PustiNg AN ELeveNT, TF THE (ARRAY IS FUWL,
Tved We DO TRE FOULOWING,

| |&

AssumMiINg  TeAT  We START  Wath AN
Aeghy  QOF wze 4, Svon THAT A SEQUENCe
OF ~ M Tres obn) TiMe

M
= TiMe TakeN o push " ELEMENT

(=1 = o(w).



Troplems . (ren A LNge  Lrst £ WO
Nuvgers a £ b , Rewewrse THe queust
petneed  ofh £ EY dope IN We uNkeo

peT.
=%, b=6
(2] — [l ) {F-ak-fa

\
[z ]—lal—{3 -{F]fe]-1LHd

T™e TAkeN . O(b) .




pe The a™ Nove 3N e  Linkep  psT
1< e b MoDE N THe Linkep UST

feeny < e (@DP Nove N Tme UNKeD uer
Nextq, & e o™ yope M TR Unkep st

tempp < 2

NEXTp < ?.wt
Wiine (Nm? 75 NOT  NExTq)

{
NEXTNEXTp Nex'r( e vexl i
NEXTp . et <— lb:m_fp',
'[ﬂmﬁ? “~ NG‘KTF;

I NEXTp < NERTNEXT p5

ﬁa’s‘-'*Fmext “— 9
f).'naxt “~ NC-=7<T1/

"
a" nope b Rope

L FCH




> pe The a™ Nove 3N e  Linkep  psT
— 4= e b MoDE N THe Linkep UST

— et «— e @D Nove N TRe UNKeD v
— Nedq, &« e G™ swpe I TRE UNtep ust

= dempp - p2

—>  NexTp « ?.wt
WHne (Nm? 75 NOT  NExTq)

{
NEXTNEXTp Nex'r( e vexl i
NEXTp . et <— lb:m_fp',
'[ﬂmﬁ? “~ NG‘KTF;

I NEXTp < NERTNEXT p5

ﬁa’s‘-'*Fmext “— 9
f).'naxt “~ NC-=7<T1/




pe The a™ Nove 3N e  Linkep  psT
1< e b MoDE N THe Linkep UST

feeny < e (@DP Nove N Tme UNKeD uer
Nextq, & e o™ yope M TR Unkep st

tempp < 2

NEXTp 4 ?.wt
\{NW\E (Nm? 75 NOT  NExTq)
— NN 4~ NeXTp . vexl i
NGXTP.«\OQ < .b""ff”
'[ﬂmﬁ? “~ NG‘KTF;
NEXTp < NERTNEXT p5

s

ﬁa’s‘-'*Fmext “— 9
f).'naxt “~ NC-=7<T1/

p T‘P b f fex Tg,
[

fempp NEXTP  NextNexTp




pe The a™ Nove 3N e  Linkep  psT
1< e b MoDE N THe Linkep UST

feeny < e (@DP Nove N Tme UNKeD uer
Nextq, & e o™ yope M TR Unkep st

empp P
NEXTp 4 ?.wt
\{NW\E (Nm? 75 NOT  NExTq)
NEXTNEXTp Nex'r(.mxt;
—  NexTp.med < lb:m_fp',
'[ﬂmﬁ? “~ NG‘KTF;
NEXTp < NERTNEXT p5
R,
ﬁa’s‘-'*Fmext “— 9
p-mext < Nexy,

PREYp o

N
| Lol




pe The a™ Nove 3N e  Linkep  psT
1< e b MoDE N THe Linkep UST

feeny < e (@DP Nove N Tme UNKeD uer
Nextq, & e o™ yope M TR Unkep st

tempp < 2

NEXTp & ?.wt
Wiine (Ne«? 75 NOT  NExTq)
{
NEXTNEXTp HGXT( T
NEXTp . et <— b:m_fp',

- {‘fgmfr < Né‘KTF;
3 NEXTp = NEXTNeEXT ps

ﬂa’i—'*Fmext “— 9
f).'noct “~ NC-=7<T1/

PREYP o 9 NexTg,
| fjfj VoL
Jemp ~ Nextnext g



pe The a™ Nove 3N e  Linkep  psT
1< e b MoDE N THe Linkep UST

feeny < e (@DP Nove N Tme UNKeD uer
Nextq, & e o™ yope M TR Unkep st

tempp < 2

NEXTp < ?.wt
= w“‘\E(Nm? Is NoT NexTc,/)

{
NEXTNEXTp Nex'r( e vexl i
NEXTp . et <— lb:m_fp',
'[ﬂmﬁ? “~ NG‘KTF;

I NEXTp < NERTNEXT p5

ﬁa’s‘-'*Fmext “— 9
f).'naxt “~ NC-=7<T1/




pe The a™ Nove 3N e  Linkep  psT
1< e b MoDE N THe Linkep UST

feeny < e (@DP Nove N Tme UNKeD uer
Nextq, & e o™ yope M TR Unkep st

tempp <
NEXTp 4 ?.wt
\{NW\E (Ne«? 75 NOT  NExTq)
= NETNEXTp < HGXT(.mx‘Li
NEXTp . et <— ‘b:m_fp',
‘fgmfr “~ Né‘KTF;
NEXTp = NEXTNeEXT ps
R,
ﬂa’i—'*Fmext “— 9
p-mext < Nexy,

PT"P b f fextq,
- CH T

tepp  Nexp  NEXTNEXTp



pe The a™ Nove 3N e  Linkep  psT
1< e b MoDE N THe Linkep UST

feeny < e (@DP Nove N Tme UNKeD uer
Nextq, & e o™ yope M TR Unkep st

tempp <
NEXTp 4 ?.wt
\{NW\E (Ne«? 75 NOT  NExTq)
NEXTNEXTp HGXT(.mx‘Li
= NeXTy.med < ‘b:m_fp',
'[ﬂmﬂ? “~ NG‘KTF;
NEXTp = NEXTNeEXT ps
R,
ﬂa’i—'*Fmext “— 9
p-mext < Nexy,

PREYP o 9 ) NexTg,
L 1L
. B S S { I:"TL
T 1 t =

tepp  Nexp  NEXTNEXTp




pe The a™ Nove 3N e  Linkep  psT
1< e b MoDE N THe Linkep UST

feeny < e (@DP Nove N Tme UNKeD uer
Nextq, & e o™ yope M TR Unkep st

tempp < 2

NEXTp & ?.wt
Wiine (Ne«? 75 NOT  NExTq)
{
NEXTNEXTp HGXT( T
NEXTp . et <— bcm_fp',

- { ‘[gmfr “~ NG‘KTF;
3 NEXTp = NEXTNeEXT ps

ﬁa’s‘-'*Fmext “— 9
f).'noct “~ N(‘-=7<T1/

PREYP o q, NexTq,

| 1)\




pe The a™ Nove 3N e  Linkep  psT
1< e b MoDE N THe Linkep UST

feeny < e (@DP Nove N Tme UNKeD uer
Nextq, & e o™ yope M TR Unkep st

tempp < 2

NEXTp & ?.wt
- W“‘\»E(NGXT? 75 NOT  NExTq)

ComMé {
ouct of NEXTNETp 4= NexTp - mexd. i
Nt:f(, NEXTp . et <— ‘bcm_fp',
'[ﬂmﬂ? “~ NG‘KTF;
3 NEXTp = NEXTNeEXT ps

ﬁa’s‘-'*Fmext “— 9
f).'noct “~ N(‘-=7<T1/

PREYP o q, NexTq,

| 1)\

}
a
]




pe The a™ Nove 3N e  Linkep  psT
1< e b MoDE N THe Linkep UST

feeny < e (@DP Nove N Tme UNKeD uer
Nextq, & e o™ yope M TR Unkep st

tempp < 2

NEXTp < ?.wt
- w“‘\E(Nm? 75 NOT  NExTq)

cove 1
ou of NEXTNETp = NexTp . mexd
NE:;GP NGXTP Nt < .b“‘"{’f’ 7
'[ﬂmfr “~ NG‘KTF )
3 NEXTp = NEXTNeEXT ps

ﬁa’s‘-'*Fmext “— 9
f).'naxt “~ NC-=7<T1/




pe The a™ Nove 3N e  Linkep  psT
1< e b MoDE N THe Linkep UST

feeny < e (@DP Nove N Tme UNKeD uer
Nextq, & e o™ yope M TR Unkep st

tempp < 2

NEXTp < ?.wt
- w“‘\E(Nm? 75 NOT  NExTq)

cove 1
ou of NEXTNETp = NexTp . mexd
NE:;GP NGXTP Nt < .b“‘"{’f’ 7
'[ﬂmfr “~ NG‘KTF )
3 NEXTp = NEXTNeEXT ps

—> ﬁa’s‘-'*Fmext “— 9
f).'naxt “~ NC-=7<T1/

PREYP o 9 NexTy,

L @ IL’]'




pe The a™ Nove 3N e  Linkep  psT
1< e b MoDE N THe Linkep UST

feeny < e (@DP Nove N Tme UNKeD uer
Nextq, & e o™ yope M TR Unkep st

tempp < 2

NEXTp & ?.wt
- w“‘\E(Nm? 75 NOT  NExTq)

CoMéE {
ot of NEXTNETp 4= NexTp - mexd. i
Nt:;e? NGKTP et < ,b“"{’P 7
'[ﬂmﬂ? “~ NG‘KTF;
3 NEXTp = NEXTNeEXT ps

ﬂa’i—'*Fmext “— 9
- f).'noct “~ NC-=7<T1/

PREYP o q, NexTq,

L @ IL"W

&y



