of ChaprA” O

(/‘:
ae 62\3 , AT Kyevald | Cue ¥ Mo 4 Scawnxi
KK

%\2,/\ - ol
_— @@‘( lmj&wi& Qab\ﬂe Seones., T
1 L Mﬁ”&“‘j

o)
( (‘U/\QYJ «wj O Q&MT&/%Q& \)

o Dadm  Shoelure B o ag 0w

(bowds = Yechnnal
) 9 "Dﬁﬁﬁ""s) 2




° 8€&uwj O\egmm\s On g} J_}
O'\r)edrg 4 qMecieo .

o Timg- SPMQ \‘\’MQO'?-Q ha  wove

. '° OYWwaM YOW\SQ U..CLM
deals v Pordt Akt ound

QXIS - Ov\\‘ﬁhli \“Qekw:j\e qpavito.



%Af- \*{99;8 C %Q‘h%‘%‘-ﬁ)}

o Nov W& W%uwm
A Ufwxb. |

e ZVQ‘BN uses X Anm '%:mc}{m.
h o A‘.SM\W:% :

= Choom T o Y Cmo\-smk |
= Chowma 02 maauim;. ‘-? [\4’
49 2 ' SN T
[We posmd aav qets sphr
mb o i.anQ Mm)
Thig d&%hes a fod el
& o Verbhol Lin.
- Lecuwvse o boli o,






Kd - Wee Qm\ﬁe Blnacies

. Reoncsive prowdme, Aoty
| %vm N = (004:'.
2. SQ,OJ(UA (’U,K) "

a) 4 v S | o leaf Y&%o(\"u:‘!\:
Aved Aa '\Jol}( s m R '

b) Olacunw, ~N Rﬂﬁw{v) s .Cm\\aiml
e R T@%o&' o W —%M o
A D Sublere 4 V.
&) Olhcwik o
L) 94 Qe’g{\g(/v (V) M fRase ks g,
Semﬂh( left (v), &)
li) K ng)itm (Y{Sw (%)) nfvxkxseds
R, Srovcth L\figw([v},ﬁ)

,\S‘»






e N'C\o,w 'RQ{’S‘“(U) ¥ Co'v\‘rruvxad MR
(ha Ce'm\oem\g \s \lm_o\r‘/\u mdqovﬂr

‘ wt J“SV 'Y\QQ& '\'Z m {DO’(&*\d (Vg

'n»\w\\:u o-,'\ fho-a\&s v oAk
st;)wn (u) «mk—t\fswrs K \ovdv b
0\0—9( Lm\\‘mhu\ AM R 1n olwx
s, 1 Ut of R e
lb\e *oe—uvxcka@ 9‘ QOﬂ\m\(o

WL w\& w&o_ o Smss G’VQ{Qs\'\mo.\w
" NQ, M \a&w\e\ \tu : 'r\um\ou 6{ 2%(@;\(0)

whcu m C'(ossu\ by ony me of
\\u 4 ‘Bur(\m\ru&/meﬂxwﬂ Km\uqu



o« Lev 2y,

'y th-e dQ%‘hh\j g
ALde  op R

Hou ?nomj w@ Kﬁﬂt‘m(v) Can £
/u:d‘e(sadr?

. &iﬁg Consdec twn levele o o hing
©oSebbad I Ry cuy s verhwg
4 Ateong ot romlag We dowe

T Ryl ) ract i %hl"”'”‘;
P |

* A line Anbexze el exaekl, \-mr%gm

(bne is et Verh v o Ao reval )
The Ol Y‘zﬂ\\h\s
ukzide o ewnk

Wil e o4z
rnﬂj Mmside R
The CReuvvents g

Q\(V\B 2 i 4 ¢ N~ |



‘@ Ka- sz ‘ \s on O(v\) Af&:w
O\Ov\rtx S‘Tvxbhmz | MAM/ A.B'QA)LS \\ne. |
l\;\ojcm& ‘(cw\ae ,' QP /w wm\'-

C.MJ. ’hw O(W\-&-k) w&w \QVJ
Seawee



2\(‘{“ " KA -lvee +o g\i,& hat JAd mownsi 9’?1-5.?

o oy 3-Aimansional se ) ¢ bk
3e,vxera~\4‘}e;
. The (eemyvyames

Q\(V\) & Q<"r‘>+2 f’

i Se'(/u-ts b g(me O(n";r)
CCQ ¥ %x&) |

e Ko\ h’u b oom O(dn) Hpoce dota
g honthunxe \Sod- Aruts A-Adm ‘(bwje
Yoy am BIOEY- (o A é(n I-&h
b:ﬁwz,& R v W Mdr N 9e .



|- A mensimmal Ya.oxaf, SR oy .

° PO“;vv\rS o\ o 'QLNI

. quies e Antey Vals

. PYQM&SS\:VS‘. S Wi 'i:m

o L2g% Zaw C(/knuj Lol omsuwrere

an O fogn+k) tom toface
Anlevol  todaius R By

- (Doo.s nedr  xlewd *D/Qxiﬁ\wﬁf



T:{-Q-Q *‘gﬁ_ﬂ-mﬁk .

a
ol

4 3{ q 2 ¢ (S H

[ E

\ow\\c\ G b&\au,ud \b\hgwcg }E@; On \Lu Sovied,
&SY 94 bets.

S)\ve.v\ an  Anbecvel [q ‘@] AL oNTL Aot
W e £ O d b

. o\l leowves o bioers, W2 uo foon G

OWAAILC .



A Y\(}»‘,& ’3

? gQOO('@JA b;,\.q : @C‘@f’)“‘\" K)
- Preprcssyg b Olnlsgn)
- gmﬁe ‘?&aﬁﬁ - 'O(ﬁ\aﬂn)

(_ Coanori (sl M)



e CU‘V@V\ ‘UUAD EQ ,%1 ) A oxti doume
e lree 'ew \Uix /(Ju_(;) b v, l;Qg_,f
uya ond Wi gy lefbmoer laf

vs b

o Al \eoves  eattax w4 v v

;TR wea W v:b i ncmda 16
Cond wi (el /w( o) o wd v,

o T YRWOANdaed MR evyve Wl

LA 4 O Wk 2\63% CAND WAT
AsSt



Covoni ol g‘*‘jomis.

e S,%.,-,5. oo (Conowiwd
Andbsers €, €0 4 Wi ancwl
Oy ¥Oamge g faedf Cam lax i ben
04 b BUSirmdr e Of APt Sis.

o‘ T}\g Cono NU\JL ArdoSels ‘fhaﬂ b'\/t(tﬂf

. Only Oflogn) Swhasts o Tepadted
fw oy Yonge ‘UMN:).

~-

'
4 4 q (o ¥ 1§ 19 20 22 mev}wm

3
NN NN/ N/ Y
Y, Y fec} 209,%% ;\u/zq! fuc2gl f89

\ / \\/ \ / \\. ,/

fla.6a)  Qameey  {ionsd  fenmd

VAN
W
P
‘M
L
-
(W
-V 2
..D

{ “3:{:%139 h') l%‘t’ 1< } j\ E:?;‘«_g“ﬂ; :.4,*..3:‘?_;?;,55?}:

I ~ ‘“{(
2 L3, u, 3,9, 1, 14,15 1%, v, 22y 24 00,13 8 3



e

O{\hség’m& ‘)\&V\ie T(m;‘.

8 Ctey’\gm,{,%ﬁ i“b Seaxeis hrea e
o AU UAEAS T o A, |

o Lo AL Rewsivdy et
wh  wadbple Nomer AU mamusnag

ARINS |
o QQ&Y@A Qe'w«% le.)u% w O ((locj‘h) +‘:~a§
Whoie 1S W onewes S .

o Shore w&m M\Qw—% i <
BgS O(n g -

0 (:muh‘ ol Cgks md/;u\rz’ e Ll wd make
one o j n %\ e %m Sroned

o We Pawg on 2-4, T generaliny
o\&% K /\M««ﬁﬁq%w.ﬁw&



ﬁm {i PTnensyonal Q\im@; 2 lYeag
bt

© Suppnt S by L b} A gped
' %\&w\

o 2 T SPJ\MSC ?/LM) "
' R [ % ] e Doy ]

* QSY\N& B P Y- (sacdu mabe ’@\‘m‘f :
B‘A&\A O\ 4 - &AM%’\M @L“"S’C!Wﬁ«a hrea

I 3 4 1 ”2» i" is (3 20-'-*

{eﬂ} %‘w} %M} \//
N N

T

qf ’535 /

The Ny 9 beds \
/U/\\\:}/‘ 7%1&.\\)‘ &v’d r?(&, 9(}‘\ ’/Qﬂ'%f) !T'Z’ O(/{L’F% y

(anova GL X3, Tais s a tubraely 4 W
‘%w\o& OGS Lyel .



1

(:ew\ 2 bess

e Colloey ‘i:mh ’,\ Qe Canonitd ruy
‘\ \G!«Ald a 3’\'&»«3& \\(&‘

412, 14,15 }

Y-

o
Yere” fr $9,120415)

CAV\D Y\.ftﬂq

° S..O.A’{t),\ R U (L O(X«b ) ' ‘
A il e S
HETR W USwg  Thary Y- voumge s
”?N DR C::’io’:))e\;l

® <
WMe  Yeroangr  Anacehes gy ok b

/%M AP w Uw Ipary Ve oo e
C No o\.t»*:\,lm("-:)



ﬁha\&l%‘is

. &M‘?) Rwa OUGS}Q%)
~ O(logn) AT o)

— Lk meniel Ak Y-y
90y Fakas o((oy\) bt

o Space Cmplartly D (nlogn)

- otk Ao pros  au O(Leym
QD\V\O\;\FQQQ; mﬁ &3)

. ?re%ﬁo S by C""""O&‘L”“f)‘ . O(h‘of)"\)



Q'O\A‘WE.V\S‘:G"M K&a D Tf@ﬁ

o SWH’(M Q:{F,,Fz)---, }>,\} ALk o)r b oy

A g F\'ow.'

. T 3Q,V\u\'c ‘UA&*S s KZ [I&’ihgx&o;ﬁh}

v

o \ymm e 3-%»\9&@ '@»‘Ys\'.Bm‘\d
O 4-duwenstonod T-Yorge heoe on P.

T - Xk 223
/" |
e 2] 2 26 23 293

{Q,\?—,\m}g}

4 3 Q( It 1§
£ N/ /
/&1

oo T Aoy o pods W M A T, 5,7

‘41.\-07\3 o OC\03n> Lowa ol Yz .
k- ) T’\us s o Mz«wq W el awaiees,



Lf\/e,\, 2. heeas |

. Cﬁ“iﬁﬁt ’?O’M "f Lo Corowiteld /&JJ(‘)

4 build o }_j~m»\3e heeo

$a,12, 14,15}

, :')‘Ym\ae. e
?"/ﬂ‘\,\z,w,tsk,

CononitoR Ses,

o We Asoxus, R0 o% Py O(L)ﬁwﬂ Q&Y\OM(SKQ
s AL Am cluda ’PM ac-m,\je
EI\)i\,gl \.\S\:Vﬁ \\".\QAT -YC\1\3& bren s f-w
ronge Log, 907

o The J-Yonge  Afavebes Lsk o e ’%)E’hsjc
o %P A ey YRedangle .

G C No ML\ les .



Canonical Sets

X—range tree

— Xh;

o| o ©
yth LN S 0 S
o o e B .
LN R =) Level 2 canonical sets.
o : _ . - o[ S
° ° o |
le“' .o ol o ° o ;
o - o

Level 1 canonical sets.

nac



L2

Anedypia

o &wawD B s O(log'n)
- O(Xoyx) X-youge e
-~ Catn WLMowitl Ay Y- e
o kw0 (Legn) .

’ S‘oo\u Cﬁwﬁ:\tx&fg fs'O(n\njﬂ)- |

-~ Tohl Conomitel sk iz 18
O(’n\ogn} |
{{aw ok 4 S appeaws A
O(lyn) Camomiesd . )
- Co Camomivd Ak A g w
‘(U‘/wiﬂs O(w) Apate fov I
3~We hees . |



PYQ‘QWCQSS% "Dm M\zw{)‘ OCY\\DahB .
¢ A-vonge b Can b budle 4 Ofrogn)
P
| (%w\o\ﬂj haw  botrow W‘:D
¢ Y-vamge Wes of ol Gnomital Adrs
| Com Yz UnGhmchd am O(Y\loah} Aoma

o



d" A1 mengional \(()JM)Q Yea s

o The waulhlenet Yomse fea @ xleuds
'7\0\‘"\«.\1\\3 o Om:j A wmamsen. a.

¢ P maeh Comoriol e b g
@\-\}&W fmwse'm Ty
Yeweu NM5 (A-0)- Mmensionsr «, %=, %y -

Ta(n) = O(nlogn) +Q(log nY. Ty, (n)
. Cﬂ%l‘a\ul\li AWs oy b \0-37\ Fodav
Prv Rodh M memaisn, .
Sotn ok 4 OQ\Ojﬂ)a‘> Z?/Aig onYr )
. g\oo\t& M\eﬁg ‘. O(ﬂ([ogh)d">
Pvz,%nmsg{.ﬁ Time - O(v\(lggnf\" ).



FrocRonag Cos castiiq
Mot M5 2o ke
DV
@) Ollogn +R) ey f
b) O(nlogn) AYM{)Q howa 4
o hepousey B
o Twis ’o&\\m, ~ 'c\-a\xw Oclingg vl
uge fru peben b b ared i
2) O(\oj’l’m-h) Yre 0y Tt
0) O loa)™™) Ancoge Apace 4
Preprwsng b,



923~

%o\%{c Ko@.eg:

o - Yomge v Par Brds Ak e
CQWDMQQQ» M Xﬂ‘ﬂﬂ /‘»M ):IRQ"K(A;_" .

-

. &\U« CONONOM LR AN s ALVl
L\% W W Y-vomge ke T W
Az OrRge Ty, 9]

¢ Simee RO A 1 Aratad v Wi
A ‘ s
W \Uj) e  Cowm & ;gjvz
Ao Aak D O(4), Frime ber k.

. K&j is b alnern Pomkess }alih\i’-ﬁ
W Aoyt Ahodaes Bv W Comonitad
XS .



St anle gY&W‘o\Q

o We Kouwr tuwo Sa\3 é) Nnumbe

A AL, ADA bolWw st Saxled .

Given o vuge Cz,x'1, We twowr

bovrpotr ol koys an A A, A

Re W Owye Cx,x'].
'@ Q[oym—&h Sl s Rouny.

A Tl m)sel57 <q[ba] 77 ealm_:i_g
Ve

A, Lo [ia]30] £1]|30]6

o Powt ALA] b A, 757 Wcumreﬁm
EONARD. B all 4 whoke AT

s & o Nesy \'\% 2 A\ffil.



o Suppoe 60wk kg win vouge [o3'0.

e Seavxa A.«. fw Y oand Wnll unhl
?My 3‘ . O([Oﬁh“\“‘ \K,)

. fv »
o A Aavem @nded gz O A Cx],

Use W dodmdrer o A T0) Ao olart
ARl A Ay This ks O((+k,)

i



ok oot (s c,m!uﬂ Ak ewge Tes s

L 1 3 L3 q 121y 1€ 19 20 22 24 15 23 25 34
19 8o 1033 3 9 Uq 30 9923 R49 Fo 4 13 boy

VYV NV V\V/ VYV

f1.80Y 033} §398) {3049} Susas) 19009 fu) fow

N/ 1/

{1, a0 Bt (vl §2359,8,45) $4,3 0

\

33,1'0. m,sa,qu.\e».qa} 3 4,13,23 b, 1,79 814
: R‘ . :

(S ' >~ =z 7 //’
v\ \z = g
\ ; . ~ _ ’/’_ — /

£3,55 1o, 19, 14,29, 33 4641, S1,0,80,25,98 }

* Conomico Swhseys  S(L(v)) 4 S(e(v)) o
A\Aosﬂrso,) Lanowi o &) S(v).

. Qc‘xcx\ Qn}r:) A A) Albes oo @WG
b W AU 4 A (o) « A [4)
. Pods bt leftr waash e.n\\g ot A(R(4))G)
] Gl Smallesy valua > A(vY([E] .

Same '%w A&’ (\’)) -»



? Yo oral C‘SLS C.mi.wj S%MA ,

o Uoidder vange Q= Cxx' )% vy,

e Seava X,z A WG modm - Yoge b,

etV Vgrp ke W mwrde orheme e
o Asavei «i;ml&& oW VRYHR |

YooY

b Veplir

e Abr “sgw ) do \oihwx'z} neoned b lotle 3«%
A("gsw\«\.

, \’3{ Q&Y\ W;\ | AN '\‘ Y
Ofoehed t» i Baws wm O(4) Yo

3 Per Cormondtal b seb
0 RQ,E(}(\( o\l ‘%M Am {K&ifayj{.a ? M d’:%.
O(feantk) T



e A\—OUW\QM%\M G{U}‘;ﬁ”gﬁﬁg mﬁﬁﬁ
AQONTIL M‘xw a (an e selued <

o) O(@ V\f\:‘f& h\ B ey b
‘o> O( ’T\Ooav\) ) AWQ 5&&@ |
4 n(\oa@ ) f%mwmchﬁ e



O lRex 920y obyedy ?

1> P&m\\.e\oamm o2 We Tybe.

In 14 8) O (logn +k) gpambse
b) O(nlogn)  Alage wpou
L ‘%ra%muw'»j bons




.
| TT&\;Q%A ct
ey e%js?;d%f” ?

X0y feee

3 &) Yeckoan
‘ e qpar
\3) %;“"i #.:M\Sl,@ azi}:«:?
jw's& .

— 3\.,, -



B0» Rig-ongfed IHamsle.

r“]ﬁo” 6 I
T Rt
\ ‘
( |
(
x-Vomye

(CQ:DY\\:LD& er>

Ug;%\m’@n‘w’.\f)*w;m bes doda shonddmng,
W ow %K‘é‘v\& 2 ongeres W e
(le. m\ow‘é«g ' ‘fza-»i/s Ay WS “V‘W*S\ﬁ)
A O(toyx R o

o% The R&\,Qﬁﬁa\ ﬂ%&aﬁ Com a  Ons ttvssd

A O(&ogn *\L\ oy ‘WAj Ofn 037\)
AW‘% Cpos 4 Mnushﬁ h’M

o

’)’)ﬂ



[ Odmgy o)
® LQUA.\ X \"&‘80\‘3 ™M CU»&:(S 0‘9‘5*) edr

, \\

Con he ansiove) ‘ ‘UM\—\
&) o Yedomsle
L) 4 Yigkt awngled ’mwﬂk
| - '%fm_b Wa oxgle .

Q\»\Q.Q) H’N ; O(logln +\a>

ghwﬁe ?‘wvu O(h\oﬁn)
Pre*avbmswf)v"’b-e : O(h\of)n}



‘\AcCYQ{S\\}(‘? PY {Gfi\{) Ceoyehn TY%’S

P\’ o \:\ Coovesn Tens , S1AnM T, om Cﬁ”}aﬁ,&f} wi"n}

\/iﬁ I ) f"g% ’2%; ‘\{(?5.

Prv%\w. Givew o s Pty (x,9), t5nd
o\ &M Ampidy O {-ts\‘;-\ﬁ ‘&M\e.
o allourz  AnSedon d.a{d.aHgM a:} t%mx;
e Ollogmy Fome.
e 0( &37\&\&) CU\M?;‘(‘?) s fw \"erwfﬁ\a

R‘—%I\mixma 4 0¢vec

5
[

“ L

¢ Seaven v ollows Aam Ollogn) +my L4 fi!m,},ﬁ;ﬂ
c‘;qm\n‘m‘ (Cu‘s/&.vx o {&%\e cU».zi.vo])
o WHDIDUSm PO GAST B n i L todad
. \oxgeok - Lrdusts by an R .
. Wompprdr SwoMasy Y-torrboasht bl An €
rvbusate Donel ) o

f N \ooraeslr v L >3-



P‘(a}w‘mm& g"‘&ﬁﬁ (Q ,,ihj - b 3(c*im

/;.Llj "q, f){?”}m’ﬁ )
o &a Coloww Wi «?Jo-'»dr OIS G Eraalles)

D-Copdinake . (Soy B ). Py s

¢ W verh o i Seeth hree

v The Yewsinwy bods 2248
S-3py} o assigned b s
lefy o bW owighy sakba 9 b
Mw"“ﬁ P whalhic Wy ovu +o
e lefy oc bo Wi vighh o o verhiod
Gine debecmind loy U5 - waSyon ap

| Q- {\b(\)‘g /%G:V»J:; Tae Yooy also conloung Wl

T A-Yon S, odong oll”
W Vm(?ﬂ 4 ) J

. RQQAS(S{\/J:) Cranshrned \m&h@\—
Prioely seaan b9 b

. RQUA*(S\\/% Crns bruwy L0k ¥ ?m'mf,_
Aoty e 3 F(n.



@

FC‘.L) J!
HQABM‘% e hee s OCXOS)\}(%&\QH&'}
Seavesn ?WO*&’M&’ Ex{o p)

o Unecek ‘-!\ \3‘) 9@03
o TP Yes , Abb.
ATINNY X < cxmo\« U:.)

Aoxtin \o ifu.
?"f ”

flay  (uavri Yighdahee

— 3 (“‘. -



nsedr o ook b (%,,)

T Y <Yy swlxchange b it b
(b) Insedr "-’0) An s"{ha)k'

. I{ 5}’2 \3“‘) 9 amsevr ‘D A S.'%P(')}'

The MMMRMWMQM

W LnK  Grdaion 9ers  Yeplaead '53
\h_\ K‘JM \4.»»/3 mnsahed .

Ces\r: O(‘OS h> e



Delete o ?a-;w *3

o Locate b ber

+ Delete b Prm s vea (8o oy nede w)
( Leaves o Aty an Wi sm\mm)

e Fin W wh o ";mmeh'yﬁ W ehitd 4
Vo Wl Swodleck Y- Grachd make

(e ke Woves daom bl

6 iz 00 Hroru of WG e .
Cost O(‘05h>

(8&\%\@1»\3 W \Ya 1S {2;1/@{9;3 %z-u
AmseviRoen 4 dedelNon sheralion (e



S o l\ . - , Py L d™ o ; |
F(‘?\.d A ’%G’“ﬁ@/ ﬁ' ;Q VAL Shaallecly &%&fgy@jmg

Auside g ey Yid%% e R- E&%j%i}ﬁ.

J— \ . D . X \ .
e ha Yoo 1s aw K Sb\o) Pmss W Prsds

o Ollequpge N d Aot Wives »f:oggél:‘fﬁ-a.'m.

oy a6 <rpp B

Fivse fw toany ‘\51\0(& eiWas Wi lekV
| o \WC Y'Q:’:‘)‘y\k.

Tatd e s (0) Boimd Wa lowotsh oy
A & Suh e
(W) P&U& WL Sunallety 4 br
fum e



Case 3. | A

«% The M\gm veduness Yo wmolles
At waa\axe S»\Ja\p\rﬂo\em. |
In A' 4 veyh ol Line foe WG
LLv cuwoen %‘.e@\r(\om) dets ot
amtocaier W Aaded vrdveugle ) Ik
ety Antover Com lae yrjededl. T W
/ij\p\ anlesseds \L& \_(ac,lm,v:‘)\(; Ihe ﬁﬁ*‘df

Ahoded Y29 10m nysams (L R-YdA3R o-{
Re vighd “antotves of B LBy (b))

e



Al @\
Q{/’ )

berlo)l; .

We flugn  tesk a3 b Yight child 9 I-Q,H'(bne)
I AR g Wi ane R.TE jgim%\f
i uise  We lsr\o«t We Aot Yree
| (ook;\ ok 5. vaw Wi \QM swmn.
Iwn m\j az  Ule oxe lefb ww &a
sobvee # loBE (b)), Tolst Fme shent
ok ek (w) 1s O().

Simifodly | HEEY b O b,
b oo e bt Wit G Avdives g
vialr (b)) . '

e Lewma » The “Ppomdr e wxuv Y

WIndumod. Ak o YeeSm R cown oy
Loumd Am O(‘Og»j{% B‘S - -



