]MvatM‘hnﬂ set
‘ Binor

sek is o associative Corttainer bosdon, search. trees

% e+ non-liesr ot Stuctue
Defiritron. . Tree is o set of nodeg  storing eloments  suck Hat
each. yode fus o paerct— child relotionship that:
sah‘sfieg e -;foum»ing pmfe/a‘b'ez
() Empty e hos nothig (No Mdle)
© Y Tis b o Fphy Tee, i has o ucipee rade,
colled e ot of T, whiche hes ro paent.

@) Foch node in T othor Hor the 10t , Jus a unigul
porert nade , ol hos 0 o more dildven.

8-8 ,

Wh;ckgm), is the YOUtY



% Rvery node. with parewtw IS a,dﬁfo(,ej—w,
« H o node hos no child we call it o lesf-.

How monsy  [ooes T
e extempd vodes ¢ Jeaves
x {emal nodes © non-leaves  Hew Moy imterrad nades 7
% Avcestor: 0 is o aeestor of b oif a=b or

O s an oneesto QL the puent of b.

This is & tecusive defintbion .

Review  Recursion

/]t ree nales G o b

I Yo hove acos to He 10t porent()

I A essive, methal eturns e if o Is o ancester of b
Jolse otherwise-.

/

bool  1chncestor (Mode o, Node b)
/1 o simle base Cose (catping ro tecuion)

gla==b) e e
i (b==1toot) retwrL folse;
I 2. o sebof mles reoluces all otker trses tounnl He bose

teture ishrcestor (o » b-parent() ) ;



% Desconolent © O & o descendert of b i ol ody if
bis an oneestor of a .

% Subtree ‘?L T For onyf ode & o tree T, the tree conﬂ‘rhng/

of i descerdlents o a is o subtree of T.
ot of the subtiee 7

* odje o lie betwere & node ond itz parert .
* Dopth of anale o the mumber of edges i oo to the rat

% Hett of & node &tﬁwnmb@r#eob%% om—ﬂttﬁovg@t’w
Fon. o to o leaf

* Heght of an emply tree = —|

%



Binary  Tree
Fory wode has ot mst two childere

/O\

C,1| I (?Hi C}l

s Hhs o by tree 7

eq.

Birovy Search. Tt is o binow ry +tre_ Suok thet M nw&,
stoes oo <key, vt > poir ond_ Oﬂm’(}r@jnoo@/a.ma.m,

k&(jsfnmlej“:wbtreeé‘fa, < ky of &
os in the gt subbiee of oo > Key of oo



ed Buld o BST o stwe the Jlowrg keys
35, 17, 24, 14,3, 66 S , 45, 51

&g. 40, 1S, 63 . 69, 2. F 3‘!’



wmsext (4o , wot)

mert (Is, wit)
v
et (15, roﬁtéb#‘b)

et (63, yoot )

l
isert (43 . yoot - r[ff}rl:)

sert (5? root)
v
msert (69, (62])

!
nset (69, (63> vght )

fW‘t(S’l, yoot )

N
nsert (52, B3] )
Y

msert (52, Q""laj‘t)



Nader  sert (T vl , Mo+, Audee parent )
L o (hmm bl T

++ m-size,;
t= new Mdelvol , nllptr , rudpt prent: )
ebwn. + . |

3 |
d (wl< tdotn )

Jetwr ingrt (\ok toldft . )
Telse & (\(oa( > 't—ﬂo(éf(?&) ]
feban  ingert (vl ,’(’,W(’(“t .t
Telse |
Yetuwmn Vlb'/cg%‘r}



Sindl (30)
firal. (20)

e L search_

45 b F 19 50

lo 27 bo & 3 43 3 T2



ftho K
Binayy Seaich. Tee. Deleton_: delete. oo node MU witre key

P onis a,(b’tf'

AN
30 |
N | " 4y
10 }H—\ Mm g 3/ \Ft , g\ \JPr
3/ \H A = s ) /}-} .
p | /
4 13/ \;ﬂr 3

S

]
/ \.
]

L # n hes mB o child
T Ra——

0

/50\ 10/30\%2-
0 ?2-\ doloe 35 3/ >=t 3{ \t.:.r
"Nt o " —
3 % a
4 3 N\ 0 13 23
/ = A /
/

g
H



D

3° @L n hos dwe chiblienc |
Sl the pinimum o thee 1 gt subtree
feviews 081 oy o Tt sbtree is >k
So mir_ is the next nale e 1 i scending oulox

Mn_ ‘HU?/ L@JL‘L’MOSt V(OOlQ, 0\'}’ -2 n‘@}rﬁ &btrgz_,
1
suapegort

nodato. = min 2 drto :

ddete wine fromt 1 fightc. (rmsfm)



boo. emse (T wl, Aex +) T

d—('t==nuuptf) 1etum ylﬂfﬁéj
d (vl < £~ dsta)
et ense- (vl .t lefe )
else & (vk > +-dstn.)
et ense (vod , t- gt ) 2

else |

o (t-lft 1= willptr 4@ £ right (=nillptr )

{
+oditn. = min- r(q}r(:) ~doto_;

etun. emse (tdrta , -+ rg’tt )
3
Nk chid = Foleft 7ol « t gt

af (chibl) |
ch:‘u"’*f’afwt = - /qu\t 5

/

delete

t= dm‘lﬂti

~ - msrz&

retwn -t
h



Tme Cow?&zxﬂgj =

insert |

Seprth. Uﬁmm' 0t to o L’Zﬁ% (ot most)
dlelote_

Whot 15 defned ke this 7 (hom ot o o kof )

0 (Height of the -tree)

Wost Cose © 1L nodes
§ Heght+ 111 O(r)
C!.) |

Best (ose -

4 ({JO Y }(‘g}\o b /iﬁ?\

Height. + 2. Height = 3 Heght. » 2+



'HLQ/ YOD't"f Faye,ytt 1S M__‘[Q,@,\Cfﬁi

oo o ok of 0 vade 15yt ot

n—aparen’t "F&fe/‘t_’j o

b%mo L retum {m,hzcclu ng}\tf y



| o stuet/Clos re/aremh‘rg BST node + Nede—

% Dotm Members
- T
— qu.t Mde
~ Tigt MNode~
- poert Moo

* Conshuctors  (wsiy inibiolizer st )

Nide (const. TH o, Nade L, M=, Abdex p)
Dods(d) S Lt (L) S gt () potert (p)




2. A suct/chss rpesorting fr it TrHputer

* Duto Member

— M- nodefty Nodo. #
% Momber furctions
- ponstructol |

TraHudor ( Nede* 1) 2 m_nodePtr (n)

l

]
- Opertorx

bl wonadefty > ot

~  Inerenunt OP@rottdCS
ple- nCremend. Y /9036— ncremont
incemart, (nnodeftr); / ceste o copy of #Hhis
et *Hhs 7 inclenant (m-nodePty)

//fd/wi(ﬂw%



How o  incremact monadeftr 7
eview Hhe use of et rtetars
o sekoof wwes: 3 s 4 2| 0
begit () 7 0
+ 4
* ! (aseenching, orc(ﬂ/r)
Hm.bofniﬂwnﬂxbsmaﬂ&?tmd&mf-mnmm?
10 tf (n—a right, ) / *{ n- gt subtiee. is ok enply
)l e leftmost node of o gt

= 1= ght
while (n-=left ) |

M= et
j

Yetwre 1

# 30
ed. / \4_2_

{o

3/ \ﬁ 'bl/ | \‘*:P

U
o! aa/ 27 &

/

4



9.

2 ot b empty
wse o wis o left chibl
o I paserct_ is the oM@
mse b nis o gkt dlol
whie, (1 is s porent’s  rightt cl::(c() P
88 1 s ot root

W= 1~ parer

5
then. Woparent is the o

Cose 6+ 13
cose b 2t

437



~Decrement OP@r&‘tde
pre~ decremandt, VS }7‘95&/ ~decrement

Ho’m o dectewarct  wonoddty 7
Rt incodder  pedecssor af

2° i 1okt is empty
e o F wis o nght child
ton retiun. 1 parent .
e b i nis e lft child of its et
then. et
while (N is Hhe Eft du‘(ﬂﬂ)&g

| s ot ot
= npent,

?.
e retum VL—)/wa&_



Review o Binory Seorch. Tree
A BST is o binory Hree, S0 each. node. hps ot most o cAf{a[rem—— Lbft

M’LY@H’« Fach. node stores o key and. OPﬁarm”j , associked value
key property v ech. rode N in oo BT,

Kegs inhl@f"cm’ﬁﬁe&#/\/ é'Hw,l@\c/;h/\/<l<@j$i‘m% ﬁg)rt mLtreaqu

€q- g 10 .3, ., 6., 14, I3 . |

8\ Jeutew haighet
5/ o The. hejglit 0! " @H,;Lj Free. ,(
/ \6 \) o H!M’*‘ewﬁiﬁ’rj “prees e ]u-;a‘cj}\t of
I / Ll_ o e 1S e, et @l @%ﬁ@& c/
I3 o lmpert pthe P e it to
. o

Whot is Hhe heght of Hhe He T 3
ijewarrt‘boswrc}\. 15, we el o Compare. 13 with & . hen
10, Hen 1H, dea |3 |

o com. 522 tokan the. hepht 1s hgher . we may naoel pae. Hine

to comch o Ko So we ik He heft of o BST 4o le- 0

5}10{{ 08 Fﬂgiyﬁx. 2. i ke s 5 1530,{9/&
. ( Q ra
o oks S AN AN
Best (s Heght = Ollagr) bt 2 g, § =2
| - the tre
Wast (ose-: Hegt = On) o s
 Whith paws we have
e L2 3, ¢ | fmghmuai ¥ of naot
o the bt & ﬂﬁh‘t,

o dllerence with linay search



Bolonced Brovy e (Recwsve Defittion )

An eww tree is balances

A rlm-ﬂmff&f binaurgj dree T s Lalaw,fl, ;f

(1) The Lot subtree of T is bubneedl ano(/ |

Gy The Rekt gibtree of T s Lalameasl

(3) mhadhts of He Lt anl right ngg‘f;@g of‘[ differ by
ot most |

3
LM / 2 ! 4t
/ \ | /N
W.am it \/ S
<

Oux 3001 < to hne o BT Hhet s M balaneael
afm o isertior. o deletio .

‘T}h? Is CO[M—
_5#’190101«01‘»«3, B Search Jree
The fist seff-blweig BSTuls el in 192 by
Adelsor- Velskss ol Loobs -
AVL Tre




The core o o AVL tree & wintiow. #f o BST becomes unbalaned
Yotrte the. tree. +o make £ balanced sgar. . eg.

A - T 7
/ Yotctior, 2 Is it o BST
L/'l 2 J_/ \Jf_ Is it bolonced 7
There e 4 (ases whene o BST s vt balanced..
(o2 |3 left- 1eft (ase.
57\7K\W)/< ‘ 2%\
Is it 7
ety ttololeft (APt o) L s beleat
Nedofir b = o = left;
A= left = b—wght -
ﬁ(};—ﬂ(\q}\‘t) b—ar\gjl\-b—afar@(rt::a,/‘ L oder is WF’JF‘IOWE
b—-anﬂht_—_-a,; from_ the spller te2 o
b patert. = O~ parent ) J 0 Wbﬂ&& tiee |
o —porert = b
o="b>
et o



I it bolanced 7 Mo
Cone we wse Cose| o handle s 7 A









