


o Amortized Avielysis

Fwac e on aﬂe(/&\\—ﬁalfls

tote
L
Cl5S
( - (¢ 2¢
\
(= & a*
resize
2| NS

Whet € we ingead

Al coples per yourd

r
Zo?/( = (\7‘*)’“9
)K= N

R

(=) -0

ol ou( gmu,
AU\ foungR
C ;{ (op.eg e

(our\
- ez B YR

@)
! +\

F | @ A0 lgn e
C Al Us ‘ T Oan-1)-0(n)




tobel dine for N interts (0 shalygy )

Ol

Amortized Lime Lr eoel insest
(%) O

this oS yof maan eacln epeetion
Jf0\|US [\ COV)SL&V\‘(’ m/V\OUV\Jr 0P Eime



‘Quepe ADT
. Xofbe,r] :

)//I FO (_F.‘réir Tn, Ficet Oot)

‘ KIM()MWV\\‘U\H 0 V\‘_{

ngueve (T c)oéro\
egueve ()

: [P\\N\Mmq_,j
bt Fondions  OLD

. Stack. ADT
Iorbe(j
)T FO (Losk Tn, First out)

’ LIW\QMW\/&\/\ Fenkso V\l

pyv s (T)
T popé)

‘ KP\&NW Mq,}
botne Sougktons  OCH



Qu&uq, n

Fomplibe. CHypename. T
closs Queve §
puvit‘\\g enqueve (T e ;
T éq@voua,()/-
Yool ceEmpw&/-

an&e/

“items (-AY\ olfl %
eSS __
uv\s n«é capac, be;
gned s:ze,_
UY\"D o Sronk!
?% sz/EC)

veve (T c} £
W ifems_{si2er]= e,

Sru(\/\ (‘\'QW\S j LFront f+]’.

el) |
o ‘\3%8,( n(AZVgZC,‘r @féo/\/\#) 70 copac lL}/



Trees -

'A’ tree s
—an  alytlie jmpl«,
~TIn (,596{ dl trees e g oot

* Binery Tree - Depined
A binary drec s eitner:
. T=- &
&.T= £r17:/7;§
-\/\ziﬂw\’i RWWHJ\ of %ﬂﬂ.zslf pa¥n Trom rook do o Leal
heign () = Mo (heignt (77) eignt (T )+

A tee F g UL iR
| F-0
A Fefr P R}
W, erdiner
Fad Rt
7 Flad B ot nob emphy

-k @Q{‘QQC\/ .l;r% P e @&u\eb W Yerng o twe Wnees M{gl«f'
I p—\ - ¢

a. Ph-.(f!v“_\loh‘\\

“ h complake keee
Lok oputeck Met Sor avery Jand weepy
lox;\«[ W e lage L3 podng)
Yo W VaC¥
2 For M Wwds Ko Tonet) K e
2" nods



A cOMXM/c, ke, (C of \\udvvc AR

ﬂ(/@o\mp\mo\ iTTKB‘W’ ei¥ner
Tois Cay ond Tois ¥g
o

ﬂ 5 Pn,\ any T is C‘t\»\

/0(/7
ﬁf nGE

AREEET
4 2

S e[



How  mony Nulls in o binary ML with
doden  ihems
v v S A
O nodes: & | node ¢“O”¢ Anoks (ST,

N Nk Vonters
wnovekion
Boge
O nodes = |
I oL = &

Tnivthion  Hypotwesis:
spese Nulls(M)=ntl Y Jues  yitn 2K rodes

Consider on arbitery bl T cmﬁm'rr/% K ddo elemsents:
T s k. wpoes
rﬂ"*/
@) wLOG e choose an afb/':é/a?
/ v subbrees Ssblree

4
mf subtvee  eontaing KZT_I] nedes
fve ﬁ rool

wes g nodes LK
Z has ZH nlls ? [Adetenm
/zy/aHus/;.
Th sbtret  has K-p -1+l
nalls

T hos kgt rrege = K



Access ol H podes - Vraversal s (I b visit all nsdks in dee omce)

wmple: ®
gﬂri/ofo}fm ’rf&ﬁﬂfiﬁ) / \
JASRESEN
ZQ) ONC

®© 06
Towwwse ( root) 50¢ Mote: poikess can be  vsed
£ (root == puLL) in ol -
rduNL/' zero o Mol
U0 H(roo+) ont elee

traver se, (root -5 LpH
Fraverse, (root Hrigiat)

P@Q\/Of@@( ‘ prm# obler  reursie

abc/-Jdex+

TnOrdes: ‘)ﬁ/\lf ke i gegumlu( order
a-p/Cc +d «x e

A 0bferent type f(? ﬂ%“/ by l%@r/

/@ \ Pui’ reot in a grece Q
de (& not emply)
@ wh vy,
node = 0. degreve
/ \ ¢ \ jf(node)

@ @ @ Visi#(node)

Q enpvene {cnitdren)

2RY
——— O

+ - % a /de Y



ML Trees.
Member of Medes . an AvL Tree:
N(ny >2™
and /'/M/A’ry:

n>:N(ny s 2™

,Z>2"/a

,(l%[n) ? h/a
Oty biline<d BST

RLJ-BM Tree
~May hugnt 3*4}0))
~(onskon tumber  oF  polebeons  on  nsert camove, and bino.

JVE Trees
“Max hggat )4 “lgn)

— rptetbions:
inserk. OC)
remove O(Zo/m)

SUMW of Bolonced 1BST

Lons:
“Ronkeme . ,‘«? (" )

r In‘MLmorg Qttw‘”m«-n t



Ew,% Shretve Lo (o

YNsorted Sorted  ynsortd  Sorkd BT BsT m
Hrreg amg  Lisk Lisk

Fiad n Olkytr)  O()  Olry  o(n) oW Ollgt)

Tost| OO 0Ly o(b  Olr> o) ol oUygth g
S0 for

P | Ofn)  Olny OO 0> oln) oty O(togl>y

Tawne | Olny — OCn)  O(n) oln) o(ny ol o)

but olso
o)

Thraders Types

* Porward
—(m legtore.) Operoter +, operokor ¥ /opualor i

« Bidireck-engd.
- opuadror --

* Randomy Access
o in ol) hme
it aomd b e jhskor
(ars) - b elanents  pask o

Oiskance(ab) = 0rbumce in # .t eluments
oM o 1o b,



o Randonn  hecess Thevodors

-B/? Step s
move b + it
g- - tnt
+ Nt
~Distance
At - trve f a is earlier in contmine Hun b
0-ls - dsbaunce Groma a o b

*Ronge-2asd  Searehes
~Bodance) BST: pre véelLd  siyuckores Yo /M/{ ~hased
and Meores - PRgI bor  Segre e

What poinks  fall L0427 7

[ °. ~ o \
k @ L 4 v I
2 b 0\ 20 Y
— 'thﬂ‘"”/
_ : n Iy
&E )tes  in CH a&i’ 5#\1‘“"?“1455 s~
4 PO

rerelor 53 MU SEYD 7 lowertomd (o K5)

(hambor 510 muple vy - opperomnd ((onst l<@)/‘
Aeokor  smullest

or en et K iapok

“Congioes ports a2V plp po oo p,)
Whet  potaks are in Me rectugle



o @, |6 |©
161
. 7|0
P Pl %
6 o |© ®
Vs s
’ Pﬂ;
Py
Tt constvecton:
bt of U fpﬂyd' o H
!
: v v
P! br G
o }
\ (]
I I
Py

Al we hoaw Jo do ;s
Seewe\ BOX R o 3 papuse
e  spvant b iutevest ss
Conteined <~ A+3. Ty,

e M best akgertm
evey”.




Maren 1" - Heag

e

(@

U L/

\/@
@/ \® @ \@
/ \ /N O\ /

® O @,

5
Y| l

|y/76\{ff 7o e as 4 la W

Wank Yo remave min

Q W fook Wi bot
@sm) fot  witn  minChilo F "'W



'D‘SJ'Oif\’r Sefs
30/’/ A‘ 3/4/{} @/‘7/ 8/ U(i
FE >

A9
Z[ﬁééyj,{ox‘,%‘i[%“}
Union + 1
nion o seks 2{2/577/ 3/[0//,‘{,33/[3,63}

“Fiad Union
“Ad0 Yo unierse
tPnion

. Opela{—;bn Fna(n)

- Fmd(‘/) -vst
49 CWPLL albove , rcbvrns ©

O 1 2 3 Yy § & 7 & «
3 v a2 3 7 0

Vst Fdd to  Jiemine £ w elmnfs
bdw% b e same  spuce

ex. Fadl(?) =z Fudrs)



Muttasn 4 cllcten S=(5,5, 53
.@h 56‘# Was 4 fW(;MA'VL W?L [a”’zd ewl_)

Tmplewentoton # (

(D (EE> G

([M/._,>

o /s & 3T ¢ s e =

wnel — [0 6 4 s o s s o

7
P

Fx‘ﬂd{ K): (thern Jata[3
Vniontk &,y
rli=1:n)¢
if (detali) - Find(K,))
datalid) K2

fVVL()%/VIA/V%t (on ¥

O & @
6 & > & ‘e

o/ 2 2 ¢ s & F

/- s/ 3 32 ,;”JZK):
/'PZO%Lﬂ[kj::q)
return K

Union(K, k)
Find (setalx])
dokaxd- k.



-~ While éoma Ofndon '

é»—\_7 onion (o, 4)
® WL Choose do  add smulle
o) gt tree ‘o He logger one



O@W Stevtd (W

Dates Strectore s

Ar mt
- Sor ted wrrey

“Vlorted arveuy
-Sfeel s
gt
Tprievity gueves
/. Heeps
5 Df‘{/‘om{' Sets
[ Vpfree S

Common Voo Lo =

G=(v, &)
W|=n
| El:zm

CY(JU Patin W a  common

| Jlapns

Z/ﬂk(d

’Dpvbl?. Litkad L.ost
’77“5

-Bt+rect
’Bz’ﬂh/7 Tre e
/. Kdtret
AL Tree

3. BsT
4.BBsST

Tncident Edg% !

T =Xy m 23

P?ru(v) x|

Ad\)'acc W?L V(//—z‘(fes :

Alv)- [ X Eovy i, £}

YA - Seguence of Vertices  connceked

by pes

" Myy auJ CIZ/

vertex Wit oft deast 3 \erkicies



Sul%rmph?
G- E):
\ e \// B eF a1/
WV)eg — ueV veV

CDfﬂpllrLC sub/m/oh —all vertseies g commat/
Conneet—2 !yb//hph -

Connectel Compoment -

Hegelie  swtree - a Frec | a Jrpn v no Cpbes
Spmm’/z/ tree -

Howr  mian g ep'/zg;

MM/'MVM Edyes:
Not Coppeet-ed : ©
Connected™ . -1

Maimym Edges
S5 L nin-
mple ,_QJ

Not Smpbe: 9y found



ropn. ApT
D'

“\erkeles

—Eage 5

-Some.  Juta

strvetw e ity e
L stryetove  betvoeen
Vertetes gl z/yzj

Fomelions )

- isertlertex (K Kreg)
//'/)WFEJ/,;[VNHX v/ Vertex B, S K‘ﬂj

_rwaeVl/l-cy (\/{/‘[-ﬂc \')
»rcmowEdﬁf, (\/m-cxll Vertex 2)

- mcr‘dmﬁ:‘oyfs
~are A,zjucu/ﬂ’

~or4in
~Oec\natten



(O iy Spmnw\g, Tree  Mgorcthms

Figott Connuctd ondikd gugn & Wit dge kit

Qo A o (Wit e folowioy jroper LS
BEIES ity gopn ok G

2.0 50 W (onrbtid, auyaic)
3.6 e o minmd WL ek awory oMl Spmning krees



