Point Location
Knowing Where You Are
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Algorithm TRAPEZOIDALMAP(S)
Input. A set S of n non-crossing line segments.
Output. The trapezoidal map T(S) and a search structure D for J(S) in a

l.

bounding box.
Determine a bounding box R that contains all segments of S, and initialize
the trapezoidal map structure J and search structure D for it.
Compute a random permutation sy, s2,...,5, of the elements of §.
fori— 1ton

do Find the set Ag,A1,...,A; of trapezoids in J properly intersected
by s;.
Remove Ag.Ayq,...,A; from J and replace them by the new trape-

zoids that appear because of the insertion of s;.

Remove the leaves for Ag,Aq,...,A; from D, and create leaves for
the new trapezoids. Link the new leaves to the existing inner nodes
by adding some new inner nodes, as explained below.
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Algorithm FOLLOWSEGMENT(T, D, s;)

Input. A trapezoidal map 7, a search structure D for T, and a new
segment ;.

Output. The sequence Ao, .. ., Ay of trapezoids intersected by s;.

Let p and ¢ be the left and right endpoint of s;.

Search with p in the search structure D to find Ay.

J &g

while ¢ lies to the right of rightp(A;)

do if rightp(A;) lies above s;
then Let A; | be the lower right neighbor of A;.
else Let A be the upper right neighbor of A;.
] —J+l
return Ao, Aj,... A

/

e il Al ol ol



TsD by Hyn
A

23m i3 3 4 L1 o 5 aiSiaciia T 55 A T oS update i
A8 o Sila A B,C,D

SaL ol saSae D H A S <D 2 S update ¢l
aiSe n Bls K04 L Sha S

Dgdie i s Al glaa g Jald @l o 5 ¢l

15



§




1ty g
A

ol Jalds ) il xiily 03 S 3 558y (sl 483350 ) sl Adlia ApA,,.. A S

-ﬁ“%‘@\)dﬁjﬂ‘;du’bi (S;
.ﬁli:\.ccujS\Jg_i\JL\LgdenglALi
A4S o merg s L) naa sla 485 ) 53

PAsdae aladl b Gla ) 3 dal e

1S



) by g

4

-03h AQ Jalasi s slgil (gl S

e )l AD osi sl ly- SS9 s ledll lsie 4 il ox - S ol sl 4

QLKA Jalas] cad y sl w5 R

e ) AD 38l 6l ey S s Sl el Ol e 4 x -node S ol sls 4

ke o 1y sty ) LS s i n Bilasi ¢l y-node Sa LI AL, AK-T WS

14



IS 4

:0.3 4nad

[ 54

4

N T(S) )4 )53 458 (TrapezoidalMap ks

D saiuas jlals 5 IS Cumloe pnbdojbn LS 4e sens
s

AL e O(Ign) i) 250 gle ) @ 4dali 2 sadisa (5] x



D s i )AL (5 satiua Gle je— Ll
3

2 giine 48liial] ) SS o aS Gl ol d g alaxd ) o9 Salal amiaX
A sdise adlial 2533 I8 (Gee 1SS ja s gy a2
xi<3 L
BT 3 e e sk
E (2 xi)= X E(xi)
ool 025 Sl af ) ST 40 4S paien _prana (59 ) I gi 3 s g JLain/ :Pf

E(xi) <3 pi



4

T(Si—1)_:q s~ 42 )53 Aq (Si-1)

‘D sl o yusdolag) Jlais)

Pi = Pr[Aq(Si) #4q(Si=1)]

& g0 Aiid g (old Dliwed | ) ST 3 0ad ooy (sl 447 g0 aLlad
. </ Bottom(D) bs Top(A) 253 si &

itus Jeftp (B) L _rightp (B) Of el bl L 17



4

e DI 531 (o) 4l ) 5 4

Top(Aq (Si))) , 2o Jea)) 5248 258 a3 Aq (Si) Fos= 2
s @darightp ((Aq (Si) ), leftp (Aq (Si)) “Bottom((Aq (Si))
Si e Uit oa Jladal G 2 sdie )0 Aabial O ) sa 43 S b bad o
Ratvey

o] /i <ods 0 gd g dad o)L a3 Ltop(Aq (Si)) 4% Jlaial

Pi = PrlAq(S) # Ag(Si-1)] = Pr[Ag(S) & T(Si)] < 3

18



ﬁ.@‘ﬁ))‘ o.ﬁL&.‘.‘_w'hL:

n n n
1 1
E 3P, < E T < 12 E T = 12 Hn
[ ] i=1

i=1 i=1
as
T
1
pn =3
, ]
I1=1
Inn< Hn < Inn+1
"y

n1i
f —dx =1lnn
L X

A3 o O(Ign) ¢« g adai sacivea HUSEN 3 5 g0 (le jAngii 0

19



@

Sl glaogi olaxi + v S p olaws b cel ply leogs oloss

o) 5b) O(N) iy 5l g i Lo aijed b S 0 SO LB o lo Sy oS
G

mn
o(n) + E ( number of inner nodes created in itreation i)
i=1

AL Al | ) SE )3 (L By 2aat) sad alagl daa (5l 48350 s k. K

Cal e\ I )\JS\A B oL J\Aﬁ\ ‘;;\J Lg\.hdy daxik i1

20



4

0(71)—*—5[2 Clcp——-1)] —-OCRn) * E E (ki)

S ey pal g

~ _ |1 if Adisappears from T(S;) when s is removed from S;
5(A,s) = 0 0. W

SES, , AET(S) «

12 9 0 481 ) o) Cada ey aS sl (B30 4 SiIaa apns s (le ) Ul o

Z Z 5(b,s) < 4|T(S)| = 0(i)
AET(S;)

SES;

24



D Kj DL 2 5a ot ani) 65 e Gy 2Bl e S; (lal siac So'S; b )

1) G b 5, ala (5 9y (plaa 8 A

_ ( ) _
E(k;) = Z ZAET@)‘S A, 5} —=o— DCL)

SES;

CRAN ) 5 O(1) 1SS A o ead alag) (sla 483 )3 HUSEN 3 ) 5a alaxd
o (“ﬁ)b H KN Calla

AL e O(n) b ol (gl o Ul 3 ) ge (gL 2a

2



a8 sala laiale HUaT 3 ) ga () jal e

4

el s s o bz 03l dulae 4y L eSS

O(k;) + the time needed to locate the left end point of s; in T(S;)

0(1) + Z[(O(logi) + 0(E(k))] = O(nlogn) +0(n) = O(nlogn)
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