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o<

msvt deletd, find, e 00
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induced \mﬁ Y5 voronot cells.

"\L\r(f) COJENS TRA
- Has n cells Gces of dina Q)
- Polt(x)l/\cé\m\ Jdlocjivisio% (’63\/‘ Euclid ezn C\UT)
- Cgm binatorial wvvxplcx'l'bg’-
R:0l) C%@J + vevtices
oW g [Uostlv& reloted To cmvex

| poligtopes i R
Manuo. appl{ cations :
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Preprocess o set of sites P={P,)_.-,Pn§‘if

st. given auy quer pont ¢ ¢€ R
Con 6)Ciyxé %:) wcckwer? site §

HOL,J? - Comlow’l'b V% (f)
- Build o po\n‘l'-low\ﬂo\n Aa’[o
structue for Vor (P) |
[OPh‘mq\ n IR‘L. NoT ¢ QOOJ " \TLK



Yot - based Clusjmmt) ‘-
~ Given set 1 of fmiV\'\ma poRs , grovp
them wto k clustay
- Clostes are defined )ona k. cluter
Cotors $¢C,,., 00
~ (luster vv\cmloe,nl«iao lomLJ o closest center

° o o
o°.° b‘ L)
J."_'. ; ‘+C:' D.“‘
0+( ’ 3 o°
e T » :
3 3 e e '-t‘ °
e T e
. ° ocs
+ e
C\( J

— k-\/\/\wv\s uster iY\B

Vowiotions:
- Other metrics @ Ly~ Vor &fo\o\)mm
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T\'\C ]owol\ linﬁ \$ ‘HM |ouer tV\\/tIO)m. N
01[ JCL\UC Pamlaa]aj ‘GN‘ all sites w P‘M)
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line ot enonts .
Site eggnls: Eo\,sv- \')usT U-cowol of
St (s’(od'\k,)
Vertey euunds: Tric\\og ' (ser ]aéluw)



\.S(/Lbéuliv\a Vc\f‘fac wov\ts:
Py

- Fov eadh co\nseouﬂve tf‘iplc < P‘)Pi))ak“‘>
on beach line cuvvxpui‘c loes T t:)—coové

of C\fCUYV\CiTch(p;)Pj)PK)

- Schedule verty euent when sticep line

reodnes this Y- oo id

Site Evont - fw‘ (1\3 A

(1) Fiy\é O C 07[ loeaLL hV‘t Ct|00l/0 Px
@) Spht thir arc:

AP R

\y - 3

pe L P '

() ()fﬂaft Q V\cw“éavn@lin@ '.CA@L Uoduecv\
pwpﬂ aJA \'v \Joronp! diajmw\,




Ch) U)OC]CC\'C prioh’tg %ue\)( Vortey enenTs
(belon )

\/EN'tO)L E\i/JCV\f }or tﬁp"& <P¢’P6>Pk>

\) .
. P
P

(1) Delcte pii arc feom boeach line
Cope Py ) 2 S )

(x> Create waw Voromor vertw \imin{nb
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E\M\O)fvd Cl‘V‘o'el Sttes P ¥ Py ave @J\)&ccm't 1\;\

DW(2P) \‘EE there is an empfg,
C\rclc ‘e‘mroucAL pe¥ PO

C\OJCJ'IZ Pa\éf The cloJU‘} pa‘nf OWC JSites
nes Dc\auwaxa V\ﬂa\/\\aws \eoon

- @Nicje\r the cirde [
wilh dicm eter F”—Pd .
- No Sile p on lie within
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l\.f\(‘,létv\JC 1‘0 P, + we c[/»eck q“
- By Dda\maw's Thim |, local = 5|Dloa\\
D&launa\a
Runnmoq Time:
—for cach insertion Pi Pn
= JCiV\é, ‘t\/‘ia\/\U\C COV\'\'aiV){né P —> O(\Oé \n)

P,

~ Swoptests + edge flin — O
M ﬁxpe,d‘u‘l‘wv:

- Total: Olnlog )

Lemma: The erpected update tme
‘ CqueruTJwLLA\o)tﬂi)oJ) < O(1)

?fDO{ s (Backiiards av\a\@JiJB
- Upéafﬁ 'tiVV\ﬁ Y CLC%R.L O'{’ P W '(:"V\q\ ONtow
- Every pt is equally likely to be last
- Zc\u\) (Y’A = Z@Ftc\g)u) s Z@V\\ = bn

N Expcd’nc\ Hwme ~ Avcmgg, Cl&\-)f%t [ ‘;‘Gh =é}



Point- Location:
Ca”fnl G

Bucketing oucket”
— YEadn Tricnaule waintams /
Future sites ‘H/\is Joficmc\,)lt
- o lowte « poinf)\juﬁ %ci‘
Cs bucket 4.

- u\ﬂc\/\ AW e«;aeﬂi}o K (P@flco\rvvxﬁg)
Yc\o\)c\%jY ‘t\\ne, cﬂ% Qd'c,l Gty

b ) -] h
b ) °
o\ ° o °
o ° “ --------------------------- w b ° ° “
, ° 1! 0 o
- [
a P ‘

lemma: Let P be wny. site. The proloaloilify
that P is rebucketed oo vesult of
b nsertion s ¢ Y
Proot: ((Badktawrds Analys is )
~Sites are vebuckdrd O"‘\L& & ne JCr(amﬁ]L
— A\ wed Triandes wre inddent o last site
- Eada SiTe is aLuaH\Q Lkely % be lost
- Pf‘b\\o(p |3 rclouc\ccf(cé) [,lc‘t PE A(z\.‘o(«‘x
5 S Pro\oﬁ o\)\b)or C LGS \lad' I{/\JW'}L«J)

< < E/L 0

-




LﬂVV\W\OLf TO‘ka\ .hVV\t 'F()\f' Y‘CIOUC‘kChing) \ S
‘ O(V\\O(\,) Vﬂ in %p%{'wfl‘o\(\

Prost : Reluckel time (wpedr&ﬂ
- Z Z 1Pf0]0( wes vebucktted

pel 1= {m Lt \v\schrum)
Z S 3. Hewmmi ¢
- Z Z /b N Z 3 ln Sovies )

= 3V\\V\V\

= O(V\ kOc\,] »ﬂ |

Suvvw\/\ar«a_t

— Local vs. slobal Delavna
_/\’ro\,eé \éiooa\ = a‘o‘oa‘ ¢ e .

,IV\(,\\(‘ clé’_ test B |
~ Orientation test i 2

- R@v\domt%al incremente| bgwtfl/\w\ e

for T

= Upéa‘t& tinme - O(') per vt @pécthl
-~ Powt location - O(\%ﬁ V\) Per th. "




CMsC 754 - ComPu‘faJCiowoJ» Gwmtjcw&

\,_eC,Tu\/‘Q 13- [_ine Affangcmcnff

Afmn@emohf' —
CT:'\/ch G Jet L’ {f,).\.)fhi 07[ /MCJ lhém
( V)CM,/ @'D‘Jim Abparp,omej Ih HZ ))
f?\cug Ju%c’fviJc the plomt mto o cell COW\)oIQ,)(
Ca//ca) ‘tL\C ar{‘am5¢m{mf 01[ L) ov _/4(L)

AR

< Qig PR
X Fuce o
,4‘ RS

(.ovv\lo'w\a'bwla\ ?ropcftiu: N
L(;vvwwa: (JI'V(/V\ 4 |Mu L N @CV\)\ POJ‘l.h'Oh ™ ﬂl:

) AL ha C‘\') " () vertices

(CC) A(L\ e V\L {,érau

WO AL hes (V{)\- ni\ = *\_Z(v{"\—\n v L) cell

(.

?\/‘00{3 .
(L) € ada Por’ inkorsects once = 1.5/



(LL) Eudn line s JP\& \4\3 -\ O\'\/\C\C{
Wwto wn e/éi)e,s
2w 1‘0'\&\\ v

(W) Add o vevtey of o0 of AcOvcf, V
to tie off all unbownded e,c\f){,s

n SNl
ve () 1

. .
------------

BB EM\C\F:!' fo\fw\u,\o\:
v-ext=7
%@)ﬂ)— nxf =L

S5 F=2+vn-((2)N)
5 J= 24 n - 20D
= %LV\%'\' V\«-'Lv v O

LIV\ “ﬁ, (.ow\}olﬁ)f\'tg_ \S @(V\é\.l
Tweremontal Construction:  (not randomized )

Iée,o\‘. Aé.é \\V\CS one \O\a ont (fV\ avwa\ ovJCV‘)
UPc\,a‘kc ‘H/\f_ sruckuve CCE’\'QY ﬂaol,\
%5

Wy

Notetion: L= {Q_



HGUO",‘D aéc}, ‘(‘J«(. (,)r\—" IiV\t? ¢;
(1} F{V\A ‘t\‘f\t un\ooumleA C,Ll\ own 16{‘)('
ade whevre L; stavts (S[o}oc \och)

() Fov eacn —Fo\u, of /4 (_LL«\) 'Hn&»JC
{h_tLTSCC'kS li ) walk a\o‘f\ﬁ 'l‘b ...........

\Gwc,\r \oouv\écmrv()~ ‘b Jct‘arw)im
where T edls s cell

- Ownee. Lot knaw W{:wa~ q{d‘ )oo'wﬁcs on eaz,(/\
ZFOL(K, — e U}Ocl,o\'l"f. a,\r\fav\c\,)(,mm‘l? 1% (7(6)
e (DCEL)

- HO’LA) Lom%‘\‘o c,\/‘aw] aV‘OUMcL eéau 7



Naive amaleiJl On o\,c\,cliwa_ 'Q‘[,
- Lo croses U cells
- (’Ao{« cel\ vmala \/\a\)c s Many Gs -\ &JSU
- oraw| Takes O = O time
~ tstal time = 2 > Ow’) S
Can it muu& \oc, ‘HAU \an
Zone: Given an Givanoement A=A and

o ne L4 L, Tone of £ MA) ZA(JN

s the st of celli of A Had 1 iatersects.

Ols C\raw\ time ¢ Rno. D‘F &\,g)u oW 'H/\c, Tone
of £ in ACLY [B, (0]
= (eI show this s GG ot
O



—ﬂ\comvv\: (‘Zov\t_\—\/\e_ore,m\ Givcv\ an
crronaement ALY where (L =0
omd cny Line L& L)‘tlx\t numloevs
of tdges e Z,U0 € 6

How o prove Hhis !
c,c[\ \o\a c,on 7 Some Cc,lb \/\aub \/\\,3\/\ w\mpl&)df\\)
7"\,

XD
liwe, \r.)\a lihc,.? \govvrt \,‘\V\u appwf V\/\ah‘a_ ‘\‘\.th
, on tont

AW

\ 7 AR

O uv Ctpproa(,\« :

— ’Pw‘t'\t Ion ec\,f)a o‘F ZONnt '\V\JYo ﬁno o\aﬂu
Cleft side « vight side)

~ Show (\o\a induction) at wost 3w of each

A zone C,Aac I 2
left \oouvxéivua: ol ICH Jic;(, of c,(,l\ /
Y‘ig\n‘k ‘oouv\ Jinca" on r\'.(:)\n'\ Jie\c of cel\ &(




t\)o't(:i \SOVV\C. CA@(,S a,lo‘oca\r '\'wic,c. n ‘t:lnﬂ %OV\E)
Lot o |eft / \riﬁl«\'b \ooun&nfa_

C\aivv\: AJ(; vvxoS‘t 3\/\ lc{‘]‘-‘ooumé\‘n} 636(,5,

Proof - &3, induction on 1

n=1: Jost one LB céé\)b [£3) v
/
/,

nWzdeL: T.H. arran c,vvw/vaC DIL w-\ livm,(
hes & A1) LD 643&1 I Zone

- Let Q,é L Le riﬁ\n\‘ww\‘ lim to aross |,
- Re,vvno\/ivw} ﬁ\ 2 ot most 3(\/\-\3 Lﬁﬁéjw
- Adding L back weates ...




Thwm: Given o set L of n lines m ]—\f)
A(L\ can \oc \ouilt in time OJCV\"‘)
f_av\A has size Oln") ...Jb‘Hnis 1S op{'ima]]

P”’Of" 'APPL@. iV\CY'CW\{’,Vrl"Gt\ (,(MJ']'V‘U(I\"[oyx
—Ivuw‘tivva ﬁ'L 't‘a\(u 'h'wt ~N WO. 01[
ﬂéau " ZA(L&SLB < é(vDWl

-Total time ¢ Z ((i-\) = 6_2@ = O(w)
A‘op’i cations : .
)__iV\L av'r‘av\ca(,vmw\'t& cawn \oe. UJLJ '\'0 nluc

Manly Pwo\o\cwu - v\qos’clv& U(nt) time
- O‘H‘cv\ u.s\'nca_ Ql,a)calijl'\g~

How T Process am arravxg)cmw\f?

- Build Tt + trewerse it ke o @”‘P"‘
O Fime ) O Space

- Plane SLetp
O(V\L\ooa \n\ ’hw\e , (jévs spatt

—-ToY) o\oodico\\ p\oqne, Jueﬂ,bo
JCw) Yime ) O (n) SpaLe

Not tovered , but applicable pretty moclh

Lhentuer p\av\c SULP is. ""



—l_o‘oo\o '\Ccv\ lene StoeLp
QA roz\mwé VeNsSion of P\av\c SLeLy
~ \Jextices are wnot ‘gwc,)o‘t in stvict
left o ﬁﬁ\ﬁ\' ordor Lut bared on

o Pa\r‘l:'\al ovdev

’o\td“iovsamg
- Pfio\rijhe quevt
2 Sones |oca n Toctor

Rcca\\ 1 Dua\ J(fo\v\ﬂ[o\rw\o\]riov\
‘P=(o\)\03 — p¥f Y= ax-
L t{)fmé—\o —— L5 (a,b)

1 P —
E// X ¢ : 'y \v\a;\cwfc;
c‘* P{C vl }

°P ﬂ' & rd ojl* &) or(lw
/ /F’ revorsing




NarrowesT k- corfidor

- (x'NCV\ G Je,'t E ‘{P\).\. ))Pv\z n IRi av\cl
(V\ttt)ﬂf 3¢ k ¢ n , 'fi\nc\. Pawl O\C P(AVO\HC\
(v\ov\ \/c\r\‘\'co\\3 \'\v\u "Hzxaf tv\c(osc ‘K pJU
50 that vevtical distance beteon lines

IS Minlmum {,
* | ° °
A
e . )
k=¢

minimize

Primm\ ‘(:0‘”‘"-' ‘
- LLJC L* L \oe_ UPPWQ. lwex Iihes D\csla\o

s pam“t\ 2 Jame Jlope

Logeoax-lb, L <l
: 2

JL- ‘ La’ Ax - \0- Yesursed Jue
- Vertical widdle: w=bo-b, et

-k pts of P lic on or between Lo+ L,
Local optimahity:
Sp‘b of P uil\ e on JQ_\,*K_ } 2L on
one_ cécac —~ 1 on OJC\/\(N‘

- If O,1,0r L can ™Make width smaller
-T€ 4 o more — not cz)ah,( f)of\ﬂoh



Svertial
Dua\ 'FO\I‘W\ line Se,&m(.n

‘K*Q owcptf (&‘03 (a\o)
- vertical distanee b -- b,
- k IlV\tJ o‘( E* PO\SS 't\/\v*()ul:,‘\m ov- loc‘}'we,cv\

these bt

¢ ) “\,‘, '
.
<\

Local ) Jﬂvvxal\Jr\Q
5 \\V\U ulu PSS t\l\Y‘OuﬁL k + JL* w\Jt\L\

L On one S1de + one on O'\"\/\W

Navowest- Gorridor (B, k)
o> P dual lines of T
@ P[cmt suely “?\mrouglr\ E*
() On avriv'\nca ol each vortee v,
compuite Vortical distance to
lines k-7 above « kT el «.
(1) Return smallest guile éiﬁ‘ahu |




Coan GLLESS I

Correctiness: (Argued above) . f O time g
Jwetp line can

L be stoved n
TWV\(,‘- U(V\ \Ofo\n\ ﬁv\n{ + O(V\3 SYJ(ALC

U can veduee to O(V\I) L)\a JWPO\. )o\m\c

JLJCCY).

ASiét-‘ It i Casyy to acl/m/oxli%( J[LU

fo minimize PCWPWc\iw\ av wi«.l‘[‘L
(Just aw)l\a o torrectin o ‘
fector when LMFM.\-;V\? uiJ’rLs)C' .

Minimize
l-\a\]cp\av\{ ’DLiJCrcP amc:):
Let UL- LD,I]t denote JC‘/\e UV\;I:l" Jeb\/afe, .
Crivim P’b ?:{P‘)__,)PH}CU\) ‘: ' ‘.,:M
how dose is Y \«ac‘mg oni orw'l\& .f
distribuded over (A7 ° .

Tdea:
For oma, '/\a\(:P]O\W- ef\) ld_ _
(B = avea (Wow) [osuth)e)]

e Frochon Mfuﬂs l'c\”f\/“-o] [05,44([1)5\1
of Pom 17 !

. . ,L'&‘ M({‘\\:L/3 = 0.464--

=m0




I Pis uv\ﬂ[m'hlta distriby. e wpu,‘l’
PACAEIPIC A I A
To measure how uniform is E) le[im:
A(R) - i~ | ()= pup (]

[ocAle)e 1]
Ca\lcé ’c‘M ﬂ\a\f p\o\\r\e ébu'epcmcg D‘F £  cant be

""" perfest
QuesTions: .
- Given £l ) Whod s A(f)7
- How lm,d can A(f) be '(O\/‘ any JC,Jr
of size v\?
- HOU _}D 36\/\6\(@& op‘hmc;\“\a um](wvv\ SC\"
P of a given size W’
(C AR ) is win, PomL)e)
- O‘E\'\of‘ measuy s o{ &iwfcpavmo?
~Tf\'amg)\t ducrcpomchL
- Neilloronn’s Tr{o»v\\:][c ?Fohlew\i
Givew any. set of wpty P btt)
how larage can the win ares
‘bfiow\c\ﬂt e ?
(onJ: O(l/}'\l)
y

Open for o ,
(,&V\{:‘U”'a )




Covmpxmno()‘ A for o et P < W

I
Lemma: Griluon pt set 2 ) et b Le l/w\l]cy)/m’l{

v 0
»
b
9 ]
o

°y 0
0 AR RN
9
1

4

Kﬂ(l{)i IA@V\)@#\JA_ O(V‘t) Cahdiémfu 7[’0\(‘
\/\a\\c\o\av\{ ’cl/\at Mo 1 2L L]iscrt)oahcj.
= de\pud't c]iscffpamw} for tab'/\

- Return the max

0{ N X e\,isu‘ﬂpcmcv\)- Let L Le 4
' \oouv\é‘mg line . C’,'\Tl/\o\r:
o W) l Y)a.uu t‘l'\f()uw)L\ G)t Pt-é E)
ond p i mid point of 0 u”
e (1) 1 passes f\mrouc]L tuo Pts of P

Proot |
AW{‘oaol/\l Cd\f\siéor any, \\'M L Vel sha

Case L ﬂ padses JC\WOUL)\/\ no P\'

uv\lw it ch'ij%‘U L) ov (L) we can

ForTurlo T to intrease Cl\'jC\fblpaV'C‘j-

o{ E - Pquflaiv\c() L up o~

Ao ihoreasto Aiwf(’,pomctg .




(Ag(, L Q pa.uu fquo)L O pJ( pé B) Iouu‘\'
p is wol wdpt of Lal®

,Q/

P Spli)\'d JU\ Ur mTo two JCOW\U/\tS b\( ﬁl/vucgkl\s

O v o Jine pis wot midpt, Ma) s ume

w-Loe. VL7V

T e yoteke f loma small cvl/\co\t O olooul Y
Wwe  morease / decrease area lmaN
-0 - O =(r,-, )0 2O

Some small votation wll marease o\/iJcmpm Llo.

Type ()

e

Type(@)

/

L
7




Comym‘l‘\'vwa- A(fx
T@VLU\:
Aor eadh pe L, compute lines £
st peon midpt of Lo’
- Count wno. of Yfrs oW e thor side of {
— W Y)‘h ; O(\) lines wo\\ ) O/(v\) Time
boawmt 2 T(n" ) hime

Ttw)ﬂgt):
:Dua\i-u 2 Yo ?_ ‘L
~Porform plane sweep of avyvaneemmt
Paeny o

- For ead vevtuy of avroma()cmwd‘
Mmaintain o, 01[ linu abdvce«
bdow on Sweep |{V\c

= C,mw\r)u‘h Qiscmpow\c\a\ n 0(\) Time

for toch vortey

a

— J(n") vortices
Can mamTain coonts v (J(1) Hme
=2 (j(V\:lDOV\) Tme + O(V\)Spa(,é

" OCV\L) L,\a Jlb}ool )olcmb Jw{,{’,bo



Computing . k-sets: _
Givg o set ff}tp.)...,pnz in I
o S ‘mtci)w K, 1¢ken\ a
k«sct KA \K-&le\/\/\w\t Ju\ostC O\L
Y o\c ‘Hf\c ‘Fo\fvv\ ?_(\6\ )‘EO\/‘JUW\C

el fplane.
C
R aboj?
? AN 5 :
do 7‘\-0 0\) d@ @\)
v K 5 o Kk
e 2

%6,}1))3 {C)a)ﬁ)\)-} iC)é)\i}

. . o o
s o gk s o Y -set | i

Probolom @ Givos P and K | tmumenate
ol \esets of P

How mann 7 Najye S (¢) = S(nk)
Pelltor < (‘fﬂ (see ]0€'L)7,J)1
T)&S‘\- t\/\tO\f(J‘h(, \ODUV\JJ : O(V\ lOb ]( ) O(V\k/l)



A

B%) oeder veversal

K- )o‘ts olﬁ ? I\Q (:9 \'<~ l{y\u o{‘ E

\leW JQ Fo\,JJ OL\aO\){ fé

A A aclxxi
W - Trowcwc 't\/\ﬁ, wmm@e/momt /((f*>

-_:Am#vdL all edges il

v\:7 \( \'\V\u own o\ &LO\I( (‘uuef k‘SC‘r)

k=1 K " " below (uwof k-set )
. & i

st 1 b —
ww —




Lovel: Guan an arronaomunl of 1
lines ALY, For V1< kén )&e{iv\f
lt\)ﬂ\ \() O{k )TO be set st pt‘ N
A with
¢ k-1 lines (S)md{taB a\ow{
¢ n-k lines (ﬁridlvox\ be |
T above i Ve e howe  shunun oZ—z, and fé

J
OlaSZ Eta appbing p‘av\ﬁ JLJC@)O t]mfoualr\

ALY we can amstvoct all lewels v tine

O(n")

=2 (Can ie‘&n)ﬁf\l all l(m%t( olc :E W
time @(V\t) b Jweeboin? /—\(E*)
*—b;d’facﬂvv} levels fk«— O(V\-k-t\

Note - To achm\\\@ list tL\e sets an<§5
addional K fuctor  fotel GCkn™)

A\/o;a dup]iwﬂ(a 2 Exerdse



\SOch W&r Omg)u\ow‘ JU\UCV\C% :

Glum o st Y- ? P‘)._.)pyj h if

)
Jor wb{/\ e )JDV“l‘ tkt VoMo N
V\‘\ p’tj o\\FW‘V\é Pl N ahbv\mf or@er.

P o
- P s Pl S

; 1

: 3

L 6

Naivc: O(V\ (V\ lwaﬁ)v\)) - O(V\L loa \n\
Sovrt av\O\u for ecd p5lV\T

Rettor: O(V\L) USiw{_) aYmW‘O@YY\m)D.
[ See lect notes fov detai ls]



Suvvnw\amd-‘ =
— Af{‘a\gevnents o‘€ lme; m [R
- CAwap\Q#'lt = O(Y\t)
— C,ov\r('ruci’é le ' O(V\t) Time

(ivxcx‘emewté\ > c\e't&fvmi NS f:\‘(.)
— 2one. Theorem: Total zone

wmp\ezi\ta is On). LOW™) in ﬁf]

-_Topo\o ic2| P\av\e, SLeep

O(V\")‘t‘whe ) Own Jpau;)

- Applicetions:
= I\)&N‘ow est k— covridor
- Helf plc\ne &i&crepenoa\
- k-scets

- Sowtiyeg aygu ]ar Jc%uwou




CMSC 759 - Compulationsl Geametry
\.ecture [T - Loell 'pramhc’ Pa Ta Dtcmmpoﬁﬁom

Gﬂdvhb'(?ffc. A)o)gm)c;'ma‘('/'uw;:
- ()Jeﬁxl LJL\LV\ &eact chV)/aMTa‘lLM/)
K 'l'oo LDJ‘H?
- CTCo/V\&f/ic l'V')OM‘['J are “mewummmﬁ )
and 07[?‘&14 we uncertain.
So ap)o,mxii/mi'c Jo/qﬁ'v)/\-f o Jcmc‘

Exaw\p/exf p

Euclidean MST of pt set, P lp, . pad<RR
Exact Ocy\(og\c) m IR .g

O(n*" /A) in [/VCM/? 7uac]mﬁ'c]

A Prox (;nvov\ E70, ¢m R4 7
f J)oo\mm‘wg tree of) wu‘/;l«f

<(Ir¢)-EMST(¢)
ExacT Approx



Convex Hull of 4 sct E’_{ja,).-.j,oy, } SIRJ
‘E)(a(flL-‘ (j(h/l)ﬁh) Ih ﬂZ 3
O(nt)w I

A)o/),»ox-' de)ptﬂLC O\JUIOJCt P/QE i1
Conv (f) . (W;\/(f/) are

Very. Jim) %

Exact Approx

(A)f/“'Jc)oamILCcl Fare Decm/m,mif/u{n-' 0

Gluen set P’{p,)...}pnxg ﬂZé, the P\
Euc/idcah am,ol\ 15 wm/o/eTc @mpl\
Ol _P, (,J/wv(, w(/ol-)/ad)’ /I /95—/00‘//
- Has (zv-')~ U(Mt) df)u

= Con vt tniode this vsing o STructyre
da size O(n)’



Liituition: T hoo point clustos AB<P
well Jé)oamfcc/)o (e Can fcprUaML maméL
CJ@@J Of AXB U/ing ch)'nbl(; CQ}&(,

LM/)VICCILJ'VMJ G rcpruoh‘fo# Ve Q€ A

v beld
A B
°‘1©o J@L),D

a

IWC e 0\0 JCL?S OCW all wc“-upw@fué
dustors, how My zdgu do e need

d

Du[f 61'\)01/\ 1> - {P')"‘) P“AS = m —

CW\C\, \(CC»\om S>>0 . ,. -

R

O(V!)sv

'Two JCts A)B C_*_E ave S-LJC“chwo?tCe] i’( Pt
AR can be endosed w laalls of

some radivs Y, it these lﬂo\“J ave

JC)OavoCttcl, ]o\a d,ufav\u, 7 S5y




Olys:
J ‘—E A*E e s-ucusepamﬁé)

—HAOIUL ay e J/-b\)cll JC)oaro\chJ )[w
OW“Q O(Jlg S

- Two Jmt)lcjro\/\ gets A= 1aS 8- 1bY
wC J-wtl\ Jc)oardt(,é ’Fo\r ah\a_ 5> 0,
(at L)

® ®,

G

Det: G sets A DB, define
A®B - {{uL}|ach beb atl]

A%ﬂ

Obs: POP = set of 4ll (3) paris
of P




Dc‘(‘- G'NUV\ 13 + s> O) aun J‘wbl\ !epamTeé
pa\r" decmpoi\)[l'o\n olc 'E (5- (/\)JED)
s collection of pa{N

f{a,83 .. (A B

SU(L\_tI/\th :
(1) AL,BLQE Jovr < ¢ m
@ AN ¢ “ : (éiiooﬁnm‘t>

& qrA¢®ﬁ¢ - PP (w\/w)
) A+ B e s-waell Jc)oavof(m)

O(o\f | <L € v
1 ubl\‘wp ﬂm'rj




Olas: Tor oy § 7 O there s aluans o
tm’vw\ s- LIPP L(/MJ(JT\'\/\; of (2) JM«?‘JO\/\
Po\\.m,

d s mstont "“‘)‘13””

Con e oo \\aettb\f? d
t?u’. — O(gé.v\) Pas
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