cMS¢ 784 - Computetional (—;eomeir%
Lecture 9: Plapevr Poi nt Location (& Trapczo'lc‘a\ Maps)

Planar Point Locetion-
Qiven ¢ plenar subdivigion (C'S') s cell c,omplex\,
build & date structure, st for ehiy queryg point ¢,
on {IV\A t\\e. ul\ (.ontaimv(\f cb

Example: o loc(g)—=H
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Vertical Rm& Skootivg: " eyt 4

Given e set of disjoint line scgmcwt: I TR’,-
build & date structure st. for any queriy. point 4
cen report the chmcvft directly below % (or bovnd. box)

Point locstion vedusble to e
vert. ray shootin

— Label each s%gment of cubodivision
with region dirccﬂa shove
le\ob\ (\I‘ 29 (IO\“‘ [5 = lOL(%\ S




H'Lstof"a DA(x- Data strvcture fo\r vert . (‘asa Jl«oo'ti.eg
Approach : Buwld & trapezoidal map u:iv(\g the
{‘enéom'\?:u! me. construction (RIC) + recovd
the lx\istorv. of the construction.
- let S={J,).,.,sn3 be ﬁmmté (Pev\&omL@ Fem.u.teé)
—For OSi¢n, let Si={s,,.. 53 - prefix of segment
let Ti= TS - partiel trop map
- Reasll ('from prier lecture) the vsertion of
each J%gmav\t results in 00 new cells in e,xpedietiow

Overview:
’Fim\ éa‘te .s'\'v*uctufe s footeé Linef))
f(‘ e witL Sl'\arcc\ SuLtruS — rootcé DAQ

= Leeva Ve 1‘1. WCSPOV\AGV\CC
Lith tv‘apeaoick of T(S)

Tuternel Node<— Tivo t%pes

X-node: Labeled with

égvmmt ené poin—t 'p.

fP% >?,( :
left/ Réght svbtrees uP/
based on whether A = . A B

‘%xs Px o C‘x> Px



y-node: Labeled with shove
sgment <. Left/Rght
subtrees lﬂéSCJ on ul\cther

S is obove/below s
Note: ‘63 x-eytents mut lie
wl:t\'\'\\n Y x—qttev\ts.
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Tucremental Construction:
- A< J%fmevxts are added to the meap
-some ce|ls are deleted
> e delete the assoaated leaves
- some cells are created
— we creste the associsted |eaves
~ e add internel nodes as needed
to connect old with new
= W\ultiph pat[z\s vna‘& |ceé To sewe cell
— share subtrees (lcevu";"' cells )

- Upo‘efcs ]eo“ow tlf\t construction process:

(D) Ineert a Ji&rlc J%rmcn't end pt. (left or r(gld:)

in & cell

Refove :

R@kt enérft \$ Jtamvn(i'trice'




@ Twhsert an entire J@mc\/\t wlo & Jivgle cell
Refove : After:

C D

@ ngen’t culs c,ompletch& ﬂw‘otgl\ e cll
'BC'FO ve: A‘Fter :




A £
S, D
i ¢
Py
A t .
S| _t'l.
B P~ S+ T
E S, R
| Note:
Due to sharing, G 7| Sher
O 4 Subtree
leaves <= cells

AV\BL@J(J :
We'll show that '\\C Je,gme)/\ts are insexrted in
fa\f\éovn on;ev*
expeotej Jtovagc = O(w)

O)Lpectbé %uefﬁtime, = (\«8 n)



T\,\wrewr- Ex‘)ectcé number 0'€ vméu X OCV\)

?roo‘(ci For eadh insertion
~ humber olc New hoACS N nwum. o]c new leave,s
— number of new leaves = num. of new cells
= (Prenious lectore) Expcci‘z,é nom. new eells = 00D
|

Theorem: The <earch Q\optl\ o any ‘(fxcé po‘m’t \S O(\gg r\)
n expectstion over all passiuc nserCion orders.

Note: This is wnot c%uite ideal. Retter ould be to rcplace
“an& fixed pv\n’t" ith “e\:erﬁ\ Po'm't,i ( See latex viotes
for move '\V\‘Fo.

Prosl: et 4 Le é\ma fixed quory poin‘t.
For O%1 Sn, let A;Cc_b) be tLe w|l (,ovd:einiv&g
abeﬁer inserting .., 8; -

Cases :
oV IOEVNNONNE
4 s; has wo impect on cé's searih c]bptln
® AUDF DL ()
= After inscrtivg S; )%3 clcpt\n nereases
Twtution: Over entire construction ,® \/\aﬂoem
most times & (2) ov‘lvd \/\emoem O(lggvﬂ times.



For 1€ $n, let ‘ Ff At(‘b) + AC-\ (%) [bed cose ]
Xi (fb) = O o, [z_gooé case |

OLM In tLe, goocl Qie ,C)Cpt\/\ does n’t cl/@vgc
Tw the bad e, dclgt\/\ nworeases lma_ wmtanf

Claim:
XL(%) =0 =2 dePtln (AL((O\" c)eptln(A “(@)

XLU@ =1= QleFtln (AL((O\S 3t Aﬁpﬂn(A “(%D

Proof s WorsT case s @




= F\'V\e\ bx\oedtcé seevu‘/\ éepﬂ\ K

[(éqot\n (%\) < 3 E( o O]L times bed case)
= 3 Z‘: Pro'o(.X,;(cb)= 1)

Suﬁ’i s to \oouné /\Df‘o\o (XL(‘\D = \)
Badkwards ena\\&sis -

= SW\(.L dng ore iwsefrtcé fenéom[
every Jegn\wt 1S e%ua“ug Mte\taib \oo |aﬂ7

> X;( 3 1
<=> Nl # A, (g)
& ngo\t s, is incidedt

to A\ (
Bity) A QFA)
\ T r— & ove of

% ‘Ff'o'o(X; (%)2 l) S L}/L @
EQpth () < 337" P (X, ab) D N

< 3Zi=,q/1 12 ZL_ / =12lhw+ oQ)
]



Trea)eaoiée\ map revinited:
— Last lecture we JL\oth tl/\at RIC bgyoritl\w\
:]Cov‘ trepe,zo'\ée\ Maps runs in Ltime:
@ (Exlocc'tcé time to locte \c{f CndpointS)
@ + (Expected time to vpdate structure)
~ Previous lecture — @) = J(n)
This lecture — @ Zshloé ¢ = O(n |gg n)

2 Total OXPeCCLJ time = Oln I%S n)

N ote: Spac& + query times {or poim't~ \oca't\'on
cla'te, strudture l\oU 1% wped:a'tion s Vlo't (,ooflrt (ose.
- But we @n si W'P'b- repcat tLe. (,onstrucﬁion
witil we obtain the desired pace « guery Time.
= Slover tonstruction but guerawtucl Pe,r'Formencc-

A\.&o :
Works even if s%men‘ts intersect :
Exp.time oc nlogn + m) — Beats Pla'v\e
Space: OCnrwm) Hhep

A
QU&/‘%‘tiW\L : O( l%g V\) m-= N0, 0{'
intersections



