Jynmic BALANCED SEARCH TREES  (Wow-RAwdom)
O,oJeC‘HveS :  search ) "Lnsef‘f', cle,le‘fel n O(Jeogn) ime

Q a’wa:js Mahn4dw e(foan) Le:ij 2< OFJJO. N O(LJ“) -»l,;wz.

\/af‘lﬁ-{io"\s . AVL , 2-3 , 2-3-4' ' ‘8-‘}ree,s, reou:’acL , SL;F L'S'IS' '/t'!aps

foday



PED~ BLACKL  tcees

§"'f\)6“\1f6 - 1) \nooles‘ are Colore,ci \reJ oY L‘ac\:,
2_) ror" s alwaﬂs L[aclc.
3) “JJ LlaCIC ”A“W‘WJ“ Qeave.s So everj "\"ea(" noJe, ['\as 2 CLA.lJreVL..

+Le Wp\‘"&vig 4—) every red node has a black Fare.n‘,'.

FU\QS

5) 'Po\" omn V\oJe X ° o\" Fa’(’LS Jm\n “To -ecawe: C.o\n"a:t\n e_c‘oJ

wom ber oe- L{acl: wodes = LlacL—-Le’cJL'{'L"]

l’\r
wot ]nc‘uJAna X




4') e\lerj rei noule, kas o L‘ac\g F“"""+

5) -pw- omn noJe X s a\u a.'('l«s clown "'I'o .Qeave.s' COVl"lM\ﬂ e.:i UJ
vww\Ler o@ Llacl: wodes = Llac‘c LecJL'('b‘j

X

. “7-"\:-031[5 ru]e,S
{3
VWA 4 AN \ﬁ
§ $ s s S S

6" 6 6’\6



4') e\Ierj rei node has a L‘ac.L Pm-e_ﬂ—l—

5) 'por omn noele X 3 o\" x(-Ls Jm\n ""o -ecave.f C.OV\"lM\n e. UJ
vww\Ler oL uacl: wodes = LlacL LelJL'{'L"]

— l]:,v‘,[s (‘vle. 5 = —{L;x LD \Ma‘:'\hj Sowme wedes \"QJ.

Llac\:-Le:caL'(' A—.l'e'eerence_ H 6 vs 3

3 3 3 3




/\ No L°f‘ Aﬂ\j Too“ﬁﬂea‘a Pa(”« o\o' Srze [igpd'e-4_

® "'b“-w'v*‘ ww.d' Lawe >/l;: L‘o\c\c V‘DJ?-S'
;‘:EA(AMCJ So HQ any Fa:”» s 52 dimes Lmscr

'HA&V\ ow\o‘('l\ef ) we cav\."l VMALQ. '1"" RB,

ConNTRACTION




2 2 2

2
13333333 33 :433/3/33

3 33

Bldclﬁ V\oc‘o..S‘ ave ‘ﬂ/”:) La.‘a,v\c.eal




T T’
e m

l'e fDo'('(T) L\as ‘Sam.e. L)\ac‘c—Le‘,a'A‘e ow a[l P,;“‘s-
"I'ch\. L\etsL'('(T) 'ss Fer'aec‘HJ Laslamce.cl

Q: wLoJ" 1S wmx.Jea«.c_ O'p‘ T, ? (Z—S-‘I)
# Leaves T : ned = s'nu.(T) +1
*\‘—ﬂewcs in T' : Sawme

l\e]al\"' (T') < -203(9\1'1) [L'asl«er clesree, = SW\AUef l-\e'u‘,H‘ 5 NO*‘S“I‘-— case : Linarﬂ]
QQ'.IV\SQV'L'ND \;ei hoJes < au" \MO.S‘I' JouLleS Le."‘ju — LQ.(JH(T) < Qlaa[\n-l-i)



L\)O, L\a\le, Seewn "'LA’ RB 'l'f‘ees are V‘ea$ovmuj Lalance/.‘ p NQﬂaaw.

6 Sellch\ ) 'V\.W\, Mo x , V\Qx"', Ff‘e\/ 2 0(100\;\3 ‘):iww..
Mex'l': me 'I'o Ufiafe, RR +rees (inscr-l-‘Jo_[d'e)

ROTAT IloNS owL;"“far:] BSTs

3 <
-T;' B f.lal«"l'-rf"a:"& Td. ,B) 3
>

AR N
Lelb-cotade(T, A é k

O(1> Yo X<LALY<SB £2




Io\)sgg‘r i REDBLAck TREES

(keers L\ac&-Lc.vau OIC)

_7,) i@ ?arev\* .ls A(so V'e.l (v.\o\de Parcd rule 4)
then color parent black and

Le .W\G on e(‘ftr(-Cofrec'(;h
?l'vom\ Uf -\'0 Wo+; J‘* QOOL ' Ffouemg ‘evr(-l\‘r ur

.lv\\lolv.\v\ﬂ O(\) fQColoﬂvﬁS
o cbebes puclod 6 (11) ime

2) Color View vede ced

greedy (ophmishic) clact « { ) nsect as m amy BST




QXA\MPIQ o£ O(i 'L\\Me eccoY - CWfCC‘(’\OV\g (P.er ..ng.l)

i

. T¢.Co|o~(' dfev\“‘ o( 1S Llo\cL l\g, W c.ueu -pmc
Inse ¢t 9 cheoJe_ LFlnck LUSLJ‘ P\'VLCW\- (} Vie w Coasccaf'l'hlt-mi Pt‘oLICM

P‘FOL‘QW\ “Lra\vw\oercel ‘e(‘ovv\ new \noJe_ "Fo l“'S 3ramal|oareu’{‘



oy

[ vo 0.4& NJH-(I g)




T\\q_ o.ﬂ o(‘ “«\w\ K Laswa“a T‘ec::lor utx)arcjs un-(wl lv\e,-eezc:('\ve "“«Qv\. J l vo'h\}wv\c

KB- |v\sar4 (x)
|vn‘l'|o\l s"‘ef (‘23\) o lv\se("f ’g co -or X \"eo‘

— while x % oot and p(x) s vred 9x)
‘e ?(X) = le‘a“(jfx)) { P / o™ < g‘l"“"} care abovt co‘ws

)uL c‘oes 9(x) exist ¢

P(x)— re_i So I‘t‘ |SV\"‘ ‘\'Le VDO+


Greg


TLQ_ aﬂaoc “'Lw\ (< Las»cnua T‘QCo‘or uPdasz un-(-\[ l\na-e-eec;('we "“«Qv\. J l “o’(‘a}lwr

RB-insect (x)
|vn‘l'lal S‘,'ef (‘eﬁu oY lv\se(“l' ’g co 1>r X \“eo‘

— while x# oot and ?(") s ved 9(x)

- AOV\"} Core O\Lw+ co\ws
"2 PEx) —fe\u(jtx)) P /\ ’ <\ g

j<— Lol 3‘\'('(3 (X))

w 9 Can WQ oassume Q_y:s“s -

H '\S n‘(‘ Rcas(' o- Auwwn \e.mQ.

.m w\n'\c\n case “"\nﬂ. CUHT‘QQ O'e 9(X>
s 90x) Lefbre 'mser"'l'vuj X.
p(x)



TLO. aﬁaoc “'LW\ (s Las»cau'a (‘ecfalor urdarcjs un'('\( l\nc‘ppec:('we. "“nQv\. J— l vo‘(‘ai(‘wv\r

]28 -mser“ (K)
|vn‘|'lal S‘,'Cf (‘Qﬁula.( .luse(“l' )& Colof X rea',

— wLu|e xv‘\"oo'l' and P(X) is ved 9(x)

@ g0 = leli(30) ""y\ <\
-\'Lgso, m" n(—- ﬂa\\'('(g(x)) /\ oYy 0
move .£ s ved then wa CASE 1

X VP

((eéegme) e,lse i x= r.sk'l'(P(,,y) Hen wn CASE 2. .@

(andltglll RU'\ CASE 3 {ﬂ . ? /
be re <
e,SQ \\ ‘P(x) - 1 L‘.l-(g()ﬂ)
0 as LQ'QN’Q u‘{' t-o\'“,\ ‘e,e'(' & rls\f\-’{“ Sw'l'cl\ei \\S\,\Mw\c‘l'ﬂc

Colo~<‘ +\‘\9. (‘o+ L‘ac‘(



Greg Aloupis
(and it will
   be red)


N Y s ved then wq CASE i.{ //\7 ov <\‘/

[ —

{g {g ,
P Y P Y Recolor Y, P(x), 9(x)
@ e A@L Le.'{' X €— A(x)

Evenj A Con"h‘{L\)‘leS Savwme "lo LlAcL-Le.‘\aL‘("

LIMLL&&H(P(x)) preservui
l% X — (was g(x))

ve.‘\'ow\ _\'O

w\'\.\\e. lo‘oP.

(“‘Qpe,o:" i@ new (x) 'S ru')
P



9
else i€ x=cightlpos) Hhen wn CASE 2. {<\3

g cotae- Lol (fpo\ g switch labels

X &> PC3) J condifions

P
/i” — mv ok , 2
; S case 3
o /
Run CcAsE 3 {%,}(X

(‘o‘(‘vl -ﬁsk('(ﬂcx\) Ye Colar requel n "'ree,
' 2 Now (x)
\ Is L\o\ck



TLQ. O.Q oc “'L IS Las:cnua '(‘QCo‘or uruasz vn-(w( lhe-p-ee.c:('lve. "“n?.n. J- l “o‘ka}lo\ar

RB- mser‘l (x)
Ivn‘l'ml S‘,'Cf . (‘Qﬁuloﬁ' .lv\sel“f ’g Colol X “ec’,

- wL\,'|4, x#voo‘l' omJ P(x) 1S \"eJ 36(')

@ p0o) = Jebh(g) f(’?/\ N <\
‘\'LQSQ “l" :jé— € jk"(ﬂ(x)) /\
wove ,.e is red thew wa CASE L

X VP
(reéegme) e,lso. l# X = ﬁsk'l'(P(x)) ‘H\ev\ rwm CASE 2,

(agjic\gﬂl Run CASE 3 {\/A 4___/

else \\ PCx) = cight(a60)

Colo'f‘ +\’\2 (‘°+ L‘ac‘(

\

f'ec.o|of

o {0 { et
]

0 as LQL{Q u'l' wl‘l’L ‘ze{' X( fts\!\'l" Surl'c,LQJ \\S\’www.“"‘lc

Vu‘ka»'l‘e ,
o1t
WHILE


Greg Aloupis
(and it will
   be red)

Greg Aloupis



oy

[ vo 0.4& NJH-(I g)

—

ASE
C S 2‘£j/ o

@!@1

CASE 3



Greg Aloupis

Greg Aloupis

Greg Aloupis
CASE 1

Greg Aloupis

Greg Aloupis
CASE 2

Greg Aloupis

Greg Aloupis
CASE 3


