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10 tood

1.1 00000

1.1.1 0OO000d

gboobboogobbobugooboboooobboboooobboboooooboon
gogobbobbobobobbobbbbbbobboouououoooooooooooonbn
oocpUOOO0O0ODOODOODODOOOOOOOOODOODODODODODODOOO
OO000oobobobooobooboobobobobboipPad00000oOoOooOoODOoD
gboogbboobuodboogboboobogbbogbooobobooboobbod
gbobbbuooogoboboboobbbbodoooobbobbbooooobbboboooogn
gboogbboobuodbooboboobogbbogboobboooboobbod
gbobgobbbbodbbodbobogbboobooboboobooobboobbo
gbobobooggbboboooobobboooobobbuoooobobbooooobooad
gbouodbboobbodgbuogbboobboobbobobuooboobbodboo
DbobooooobobooobobboobooboboobdbdUin-placed g
gbbogobuogbdoboooboobbuoobboobboobooobobodabn
000000000000oooooooooooooOoOo (bobooooo)oooo
OO0b00o0boboobooboooboobo0oobodbbimm-placel0000OODOOODO
0000000000000 0000000o0oooooo 8o
gboubodbuogbbodboobobuboobobuoobbodboobobodaboo
00 (read-only) 00O O0O0O00OOOread-only 00 000000000000 O0OOOO
gbbogobogbobuooboobbuoobbuoobboobdobooooboobboo
gooobobobbbbbbbobobbbbbbdddodooooooooooooon
gbbobbobuodgbbuoobbuoobbuooboobooobooobobboabb
gboogobouogbbodgbbbogbobuoobboooobooboboobbodobn
gbogobuogbbdodgbboboobodbboobooboboobboobbodabn
gboboboogoobbobuoooobbboooooobooo
gobobobbobbobobbobbbbbobouotbodddouoooooooooooobn
gboobogoboobobuoobobbuoobbuoobboobboobbbbogbn
nO00000000000000000 O(legn)0 000000000 OOOODOODOO
goobobobooobbbbotdn00ooobbbbobbbbooouooooooon



000000000000 000000000000000000000O(legn)00O0O
gboogobouogbbodobbouooobuoobboobbooboooobboobn
gbobogobogoboooboobogbobuoobobuoobbuoooobbobooobon
gbuodgbboobuodgboobbogboboobooboobbooboobbod
gbooooogn

0000000000000 00000000o0oUoo0ooDOoO(Wn)ODODOOO
googbboobooobboobuoobbooboobobobobooboobbon
gbobooboobobbuobbuooobuoobogbbodgbboouoboboboon
gbobogobuogugbogobogoobbooboooooobooboobboobon
gbuodgbboobuodgboobbooboobboobobobbooboobbod
gbobogogobogobogbobuogbbuoouoooboobooobooooboo
gbbbuoogoboboooobbooodan

gbobbuooggbobuogoobobuogoobobobooogbobooooobooon
gboggbogobuooobooobooboobbuobuodgbboobboobobo
gboboggobouogbbdodgbbodboouobbuoobboobooobooboobo
gbogbobuodgbbdgbuoobboobobuoobobbooboobbuoobobod
O000000000O(n) 0000000000000 DOO0OO00OODODOOOODODODOOO
gbobogdgbobbuodgbbuodgbbuouobbobooobooobboooabb
O000O0ooooooo 3|0

1.1.2 0OO0Odog

O000000000000000000 RAM(random access machine) 00 00000
O0000000000000000 (read-only array) 00000000000 O0O0OOO
boboboooobooboobooboobooboobooobooooboOobooboOoOonn
0000000000000000000000000000ooooooooD o1
ooboboboooo

000000000 o(n) 000000000 O(logn)D 000000 ODOOODODOO
O000000000000000(1) 0000000 00(legn)00oooooOoOO
Ooobooobooobooboobooooboobooooboobbooooobobooboonn
goboboboboooboobooboboboooooooboobobobooo

1.1.3 0000

Dbobooboobooboobooboobosougoboobobobobobo
ooobobobobobuooooobooboboboboboooooboboonog
obobobooboobooboobon



oopoboodd:
nO0000000000000000000 read-only array 00 O0O00O0O0OO0O
0000Munro O Raman [12]000(1/e) 000000 O™ 00000000
guodbbobbdodguobbbUe>otbbbbgooobbboooooobn
000000000000 000O00000O0000O0D0oOoooOO [7oboboo
gobobodoobbtbooobbooobbboooobbooobbbooobo
000000000 bbooooobobboooooooboboobooo

gooobooooobooo:
OO00000 read-onlyarray U0 OO0 0000000 OO0ODOOOOODOOODOO
O00000000000.000000000000000000O0OReingold [13]
g200000d0bbogobugbbogbuogbbuodboobobboooobo
gbbobouggboboooooboooobbobbuoooboboboooooboon
gooo

0ooooo:
n0000 read-only array 00 0000000000000000000000
00 Chan O Chen [11] 00O0(s)(s <n)000000000 O(n(n/s+ logn)) O
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0oo

1.2 00000

gboboobogobbooobbooobbuooobboobboo200000000
ooobobobobobobobooboboboobooboboboboooob
gboboboooobboooobboboooobon

Dbhoobooobooobn0bO0O00DbO0ODDO0OODbOO0ObLbOO0bbOOn
gbogobuogbbdaoooboogbobuoobbooooboobboobbodoabn
ooobgbobboboboboboooobbooboboboboboboooob
000000000000000O() 0000000 oO(r») 000000000 000O
gooo

gouogbbboudgbnobooboboobboobboobogbbodgboo
googobogbobboooboooboboobooobooboboobboobo
O000000000000000s00000000000000 (s=o0(n))00000O
goboboooobobbooooboboboooobooo



1.3 O00O0o0gdn

00bbooobbuogobboobbooobbooobbuooobboobbon
gbbboooobbbuodoobbboooobobbbooobbbooaon

sudbbdbbuogoboodbbooobbuoobbboobbuooobboan
gbobogobuooboboobbuoobbuoobbuoooobboobboobobo
gbbogudbbodgboogobogobuoobboobbouoobboobboobn
gbbboooobbbuodoobbboooobobbbooobbbooaon

A000000bbooooboboboooobon



20 Oootutdboootdd

Ooboo0.00000SOD000D0O0O0O0OO0ODOOOODbOOOSOObOObOobOObDOg
0000000000000 000000000 Bjoooooooooooooooo
gbboobuoogobboogd

21 0O00OOO0O0OOO

SO000000000000 FV(S)000000000 FVR(p),...,FVR(p,) 0D
D000000000000000 FVR(p,)0OODOOO SO0000 p;eSO000
0ooooo

00000000000000000000000000000000O0O0OOOO0
0000000000000000000000000000000000000000
D0000000000000000000000000000000000000

() 00000000 (byDoooo

021: 000 sSO00000000O00ODO0ODODOOO

Ooboooboooooboobooobooooo sooooboosoooooboooobobog
gboogobuogbobdoobboboooboobboobboobboooobobboobo
O0000O0(n) 00000000000 0000000ODODOOOOODODOO O(nlogn)



0000000000000 00000000000O0ooooooooOo()ooo
0000000000000 0000D0ooooOoOOoC0O0OC0O00OOoUOOOUOOOoO(n)O
OOo00obOobOoOooobogobo Socoboobobooboobooooo
goobobbboboobobbobbbbddgoooooooooooobbbbbobon
gbooggoboboobobbooboooboobboobbuoboobbooboon
000000 O0o(1)U0OU0oUoUoUio0oUooU0ooooUoO o) DDO0oooOO
gobboooobbboooobobobooooboo

2.2 00O

n0000000000000000 FV(S)000000000000000000
00000000000000000000000000000
00000000000 000000000000000000000000000
000000000000004000000000000000000000 FV(S)
0000D000030000000000000p, €S50000000000 FVR(p,)
000000O0SO0000 p,0000000000000000000000000
0000000000000000000000000000000020000000
000000D00000000000 FVR(p,)O0DD0O00000000D0000000
000000000000000000000,0000000000 FVR(p,)OOO
0000000000000 0000000000 20000000000000000
E(p,p;)0 200000000 FVR(p;)O FVR(p;) 0000000000000OO
O0D0O00E(p,p;) 000000000000000000 FVR(p,) 00000000
FVR(p,)0000000000000000000 E(p;,p;) 000000000000
0300000000 100000000000000000000000000000
000 V(ps,pj,ps) 0030 piypj,pr € S000000000000000000000
SO0000SO0000000C0C00O0000000000 [60S000000S000
0000000000000000000000000000 220000



E(php?)j..‘n.pél V(pl’p%p;;)

E(p1,p4) ~"'}7VR(Z71)

V(p1,p3:s)

s
p3
E(Php:))

FVR(ps)

022 000000000{p,...,p.}0000000FVR(p,) 00 p, 0000000
D000 E(p,p;) 020 p,p;, 0000000000 DOOO

ooboboo sooobooboobobooooooDooboboooooooog O
OosSooooboooooobobobooboond py,...,ps0000p,00000OODO
FVR(p)OOOOODOOOODOOOOOOOOOOOOOODOOOOOOOO0ooooo
gbbbooodgbobbodoooobbboooobbobuoooobbboooobobn
gboogobouogbbodgbbodboouobboobbogboooobboobn
gbboboogbobobooaobn

000000 (Vertex record):
bo0b0b00odbbbuodgtbyobbooobbbooooboo

00000 (Face record):
O fO00000000000O0OO0O0DO0OOO0O0OOO0OOO0O0ODOOOO0ObOObOOd
guobbbbbibbotobotbgoooooooooobbbbbobboboooon
googg

00000 (Edge record):
gbboooobboooobboooobboooobobooobboooobon
gboobooogobobod

Doooobobobooboboboobooooboboboboooobobob
oboobobobooboobooboobon

00 FirstExtremePoint(S)
SO000d000o00o0oobooooooooOoOooooD 00000 SO0
dooooooooo



00 CouterClockwiseNexExtremePoint(p;)
ppUddggooooooobbbbooooooooog

0O FrontEndOfVoronoiEdge(E(p;, p;))
00000 E(p,p;) 00000000000000000000000000V (p;,p;,px)
Oo0OooDooooobooobO pp, 0000000 kOOD0OO

0 O BackEndpointOfVoronoiEdge(E(p;, p;))
00000 E(p,p;) 000000000000000000 V(p;,ps,pe) 0000
Oo0Ooooooooogd p, 0000000 kDOOD0OO

0 O NextVoronoiEdge(E(p;,p;), V(pi,pj, Pk))
000000 FVR(p;) DOODOODOO0O0OO0OO0OO E(p,p;) 0000000
0 E(p,p,) 000000000 V(p,p;,pe) 00000000000000000
O0oooooooooooooboooooooog p,p 00000000 kO
ERERE

23 0O0O0OOO

O00D000000000000 SO000 ¢(eentroid) J000O0O0OO0SOOODOO S
gbboodb«0b0b000bbOy0dbbodbbobbodbbodbbbbodaon
gboboboooobobooooonboon

0000000000000 OoO()OooooooooooooooOo

FirstExtremePoint(S):
SOO0000000O0O0O00oDoooobooooooo sooooooooooon
000000 SO00O00000O0b0oO0b0o0obO0boU0O0obOOoUOoDOon 20
O000000000oooooooooo()oooooooooooog

CouterClockwiseNext ExtremePoint(p;):
p000000000000000 p;000000p, eSO S000000000
p 00000 c0000D00CO00O00ODOOOO0O0ODO (02300) 0000000
p0000000000C0O0000C0O0O0O00O0O0O0 SOO00p;00000000
Dubodbodooboodifp,0000bdoooooogoan



(1)p; 0000 000000000 (¢,p;,p;) 0000000000

(2)p; 0000000000000 000000000O00000000000
D0pp,000000000000000 pyeS\{p,p;}0000030 py,pi,p;
0000000o0o0oooon

0000p;000000(1)000000O0(r) 000000000

023 00cc0p00000000000000Lp OO000O0DO0O0O0O0OODOOOOO0
goobooo

FrontEndpointOfVoronoiEdge(E(p;, p;)):
E(pi,p;) 000000 V(ps,p;,pe) 0000000000 E(ps,p;) 0000080
DDDDDDDDDDDDDDDDDDDDDDDDDDDDkap—iﬁ;DDDDD
D00 SO000000pp, 000000000 S00,0000030 p;,p;,p 0
000000000000 Soooooboooooooooooooooao

30 pi,p;, ) 000000000000 p;p;0000000000000pp,00
0000000000000p,p; 0000000000000000000 S0
00000000000000000pp,0000000000p;,p; 000000
0 S00000000000000000000000 00000000000
00000(1)00000000(RO0000DO000

02400E(p,p;) 0000000000000000E(p,ps) 000000000
ppy 000000 SO0O000000 O ps000000000000000 py,ps
00000000000000Op,ps,p«000000000000000000
000000 V(p,ps,pa) D E(pr,ps) 0000000

googobodgboobobodgbbooboobbooboobbooboonoon
gbboooobbogoobbuooobbooobbooobbbuoooboon
gboobogooboboooobobooan




V(p17p27p3)

0 24: E(p,ps) 0000000000000 pps0 00000 SOO0OO0OO0O p,sOps0
O00O(p1,ps,p4) 0000000000000 0OO0OE(p,p3) 0000 V(p1,ps,ps) 0000
0000000 psp 00000 p,0000000000E(ps,p1) 00000V (p3,p1,p2) =
V(pi,ps,p2) 0000

10



24 FV(S)ODODODODODOODOOOO

241 000000

00000,00000000000000000000000O00O0O0OOO0O0O0(1)
0000000000000000000000 O(»3) 000000000 0oooon
obooooboooo

Algorithm 1 0000000 OOODO

O0: n00000S={p1,...,pu}

OO0: SsO0pboo0ooooooon

p; = FirstExtremePoint(S).

io = .

repeat {
p; = CounterClockwiseNextExtremePoint(p;).
pr, = FrontEndpointOfVoronoiEdge(p;, p;).
000000000000 E(p,p;) 0000000

loop {
Pj = Pk-
pr, = FrontEndpointOfVoronoiEdge(p;, p;).
if (p, 000000 ) then
exit the loop.
end if
}
} until (i = i)
000000000000 Eps,p;) 0000000
p; = CounterClockwiseNextExtremePoint(p; ).

00 24.1 000000000000 ,0000000(1)00000000000 O(n)
gbbbuoooobbbuoobbbooodobbboood

242 0000O0O0O0OO0OO0OOO

gbooboogobobuoooobobooooboboboooobobooooonoon
SOobobooooooobobobooooooooobDoDo

() COoooooooooood

11



(2) SOO0000200000000000

()0 S00000000000000000000000000000000 V(p;,pj,p)
0030 pi,p;,ps 0000000000000 000000000V(ps,p;,pr) 0030
000 SO00000000000000000(1)0S0000000000000
(2)0000000000000020000000 (02500)0000000000
0 E(p,p;) 00000020 p;,p; 00000000000002000 C,,C,0000
030000000000000000000000000p;,p;00000000 Cy,C,
000000000000000()0S0000000000000

V(p1, p2, pa) V(p1,pa,p5)

0 25 000000 pp00000000000E(p,p)000000000000
V(p1,p2,04), V(p1,p4,p5) 00000000 (p1,p2,pa), (pr,p4,ps) 00000000000
OC,C;00000000000D0DDOOoODOOOoO000000ooooooDoc,cyd
0000 pps 000000 O0OOO00OO0OO

ooboobooOoooobooboobooooobboobooosSooboooboooDo
O000,000000000000000000OC0DODODOOOOOOO0O0OO(MmDODOO
000000000 1000000(»*»)00000000000000000 O(H)OOOO
gboboogooboood

0 2.4.1 00000000 FV(S)00000000000000000000SO00
0000 0(1)000000 O@?)0000000000000

12



30 Uoutdood

000»-0000000000000000000(03100)0000000000
000000000000000000000000000000000000000s
00O(1)00O0O(R)000000000000000(s)000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000r000000000000000000000000000

S5
53

S6 S1

52

5S4

e Input: S = {s1, S, S3, 54, S5, S¢ }

e Output: {{51;52}7{51754}7{51756}a {52»56}7{33;55}7 {54,56},{85,86}}

O 3L 00bboobooboobtbedbbobobuooYboobbobbOonobo
gooo

3.1 00O

goobobobobooobobobobtbodoooooobobboobobooooubbuouguo
O00O000Bentley 0 Ottman 5|0 0O+ K)0O00000000OO((n+ K)logn)
gobooobobobobtbodououoboboobooooooobboobooog
goobodokKOoobooobbobbooobooobuoobboobboobooo
goobobobbbbdoooooobobbtbdduoooooooobboobooboboog
guoodoobobobbbuooooooobobobbbbbooooouooooobbobobo

13



00000000 O(R)O000000Balaban [4000(R) 0000000000000
0000000000000000000000000000000000000000
000000000000 O(rlogn+K)OOOO

000000000000000000000000000000000000000
00000000000000000000000000000Q(Rr) 00000000
000O0Chan O Chen [10]0000000000000000000000 O(log?n)
0000000000000000000000000000000((n+ K)log?n)O
0000000(1)0000000000000000000000000000000
000»,00000000r-10000000000000000000000000
Or?) 0000000

3.2 UOoouoooood

nO0O0000000000OO00DOO0OOO0O0OOo Sobooooooboooobooobo
O00000000000O0(s) 0000000000000 00s<n00O0O SODDOO
000000000000S0000068,,...,5,s 0000000000000 O(s)
0000000000000 (03200)0S5,00000000000sO000O00OO

\
—<
O
P
—\ ~
r////
0//.: \\.
S So Ss

032 S000000000300000000000 8,5,5,;,50000(S]=3,i=
1,2,3, 4.

OobooobooobooboooboobooooooosSobooobDooDboooo
000 In(S)0D000000000000000000000O0000 S;00000(s)

14



000000000 Ini(S)00000000000020000000000 S;US,
D0000O0(s)0000000000000000 Int(S;,5;) = {{s,8} | s € S;,8 €
s,000 s0¢00000 }000000000000000000

Algorithm 2 SO 0000000 OOOOOO

OO0: 00000boob~00D0OO S

gb: 00ooogon

OO0:SO000000000

S_>51USQU"‘US"7L/5"

for each S;, i=1,...,[n/s] do {
(0ooo)
Int(S;)0000000
(0ooD)
for each S;, j=1,...,[n/s] do {

Int(S;,S;) 000000 //002000000000000000000

}

}

000000000 O0Balaban 0000000 [4000000007nt(S;)0 O(s)O
0000000(slogs + Ks)0OOOO0D0000Kgu = |Int(S)| 0000

00000000 Balaban 000000000000 0000000(SUS;<2s0
0000000000 O0(s)0000000Balaban 00000000000000 S;US;
000000000000000 Int(S;,S,)00000 Int(S;)0 Int(S;)000000
00000000nt(S;) 0 Int(S;) 00000000000000000000000
0000000000000000ie{l,...,[n/s]}00000S5 000000000
0000000000000000([»/s])00000000Ink(S;)0000000000
000000000000000000000000000000000000000
0000000000000000000000000200000000000000
0000000000000000000000000

00000 S00000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000S;UsS, 00020000
000000000000000000000000000000 Int(S;)0 Int(S;)0
0000000000000000000000000000000000000000
000000 (03300).

000000000000000000000000000000000000000
00000000000000000000000000(s)000000000000

15



]nt(Si, Sj)

U 33 0b0buggobooodd

gbobooobooboooobn

1
ZO slogs + Ksw)sj) + Ksuy + Ks(j))

51
=1 j=1

n2

IO(glogSJr —Ksq,..r2) + Ksq,...r2.sa..., f21)>-
DDDDKS@):unt(SZ”DKS |Int(SZ,S)|DKS(1 77777 [n/s]) Z[/1KS(1

Ks(1,....tn/s1).S (Lo fn/s]) Z”SZ 'Ksiys;» 0000000000 000000OO

DDDDDDDDDDDDDDDDDDDDDDDKS@:O(SQ)DDDDDDSDDD

0000000000(r) 000000000 0D00D0N0N0D0N0ND00DONODoO0OOooOon
0000000000000000000 O(r»)) 000000000 OO

3.3 Uuouogn

3.3.1 CSwOOoooono

S;us;, 0000000000000 Int(S;,S;)000000000000D00O00O0OO
gboobooboobobboboboobobooboobooboooboobooboobooD
0000000000000000000D0000000000000 Int(S;) 0 Int(S))
oboboboobooboobooboob

O00000Agarwal 0 Sharir [1]0000000000CO0O00OOCDOOOOOOOO
Oopbooooo Soooboobo0soobooboboobooboooobobooeswaono
000000000000 Int({s},S)D0000000O0O0OOOSODOOOOOODOOO

cswoobooooboroboooor’cobobobobbooboboooboooo
Chazelld SharirO0Welzl (9|00 000070000007000000000 O(n9)00OO

16



gbooogobbuoggbbbooobbioodbbebbbooobooobbboon
00000000ooooo0dU0 (booo0)ooopoooOo sopooooOgoo
rO0O000D000O0O0SNh-O00000O00DO0ODOODOOOOODOOOODOODODOD
gboogobuodgbbodboobobuoobbodbobooobobuoobboobood
gboboboooobbboooobbboooooobobooon

3.3.2 OOOOOOO

000000000000000000000000000000000000In(S))
0000000S00000000000000000000000 se S\S5000
00s00000&000000000000000000000000000000
0000000s eS\S,0000000000000000 Int(S;,S\S)000000

Algorithm 3 SO0 000000000000 (DOOOOOO)
OO0: 000o00boob 00000 S

gb.: 0booaobbood

O0: SO0000D0000O0O

SHSHUSQU"-USM/SW

for each S;, i=1,...,[n/s] do {
(0ooo)
Int(S;)) 0000000
(0ooo)
S,0000CcSwWoooood D, 000
for each s’ € S\ S; do {

D, 0000 Int({s},S)0000000

}
}

5000000000 D,0000000000(s*)0000000000000000
0000000S000000000 Balaban 000000000000 O000(s)000
0000(slogs+Ks;y) 1000000000000000Agarwal O Sharir [1]0000
00000(s%*) 0000 D,000000D,0000000000 O("*9)yoooooo
00000000000000¢es\S;0000080000,0(sY2M49+Kgu)5)00

.....

gooo

17



000000000000 TRHOOOODOOO

51

=1

n n N 1qie
=0 (Eslogs + gs(1+5)2 + gnSQ(l—f— ) + KS(i ..... ra1) + KS(l 77777 r21),8(1,.., (5))

= O(nlog s 4 ns" T + n2s~2(1-9 4 K).

00 3.3.1 SOUO00O0ODO0OOODO-000000000S00(1)00O0O() 0000
0000000000000000000e00000000000O0O0ODOOO0(s'™0O
gooooo

O(nlog s + ns” T2 + p2s72079 4 K)

OoOobO sooo0ooooboooboobOooboooooooboooooooKOOOoOOoo
ooog

00000000 O(s)000oooooogoooooooo

00 3.3.2 S0000000000R000000000S00(1)00O0O(n)O0O00O
0000000000000 000000O0(s)0000ooo

O( nl%s+m““¢4n%3@3+K)

1+e€

0000 SO00000000000000D00000000D000NKODO0OOO
0Dooo

34 U0O0OUOOOOOOOOOO0O

goodbogbbodbouogbboobuouoobboobuoobooobooboo
O000000000000oCcSsWoOOOooooooooooooooo o(s)Doooo
gboboboogobbobuoooobbboooooooo

gboudgoobuodgbbodboobobuobboobbbodboobbuooboo
ooooooobooboboboobogooobooboooooLo Soooboob OO
oobooobooooboooooooooosoobogbooboooooboobooooo
gbooggbogoooboogboobobuoobbuogbbogbboobboobban
0000 [5,6000000000000000000O0O0OOOOODOOOOOOOO
gboogbogbobuodgbobbodbbogbboooobobbuoobboobbo
0000000000000000000O (03400)0

ooboo0oobooooboooboobooboobooboooboobobooboOooDyYoO
OooooboobogobooooooJobooooooobobooooobobooboo
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Sweep Line ¢
034 0000000000000

O0o000000OC0C000OO0DO (03500) 0000 JO0OvOODOODODOODDODODODOO
OO0¢00000 SODO0OO0OO0O0yDOODOODODODOODOvODODODODOODODODOO
gbogobogoboooobobouobuoobbuobboobboobbooogbn
gboobggbogobogoboooobobuoobobuoobbuoobbooboboboon
obobooboboobobooboboobobobooboboobooboooT
000000000000 00000000000 O(legn)0D0OD0OODOOODODOOO
00J0000000000000000O0000000oDoOoo0O o oO(n)ODODOO

Sweep Line /¢

O internal node in T

[0 external node in T
O 35 000000000O0o00g T

Oooooooboobobobooooooboobob euobooooobooon
gboogoboguogoobobuogbc0bbogbobbogboooboooooon
gboobudbbogboooboobobuoobboobboobooboboooobo
oobooobooobboobooobooogJgbboobobooooboooboo
Up,quD00UOg0 20000 pU 2000000000000 0000O0OO0OO
pU0D0D0OO0O0D0OOO0O0ODLOOOO00bObOo0o0bLbbO00d..0000bO0O0d
OOoooboboooeooogo
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OO00O000O0bO0o00O0ob0o0ooO0obooooooobJobOOobooobooosSo
OOoo0oobqz00000000000DODODODOOOOQUUUbDObDODbDOD
gbooodgboogbboboooboooboboboooobboobboobba
0 O(nlogn) 00000000000 O(R)DDDOODODO0OODOOOODOODOODOOO
goooogao

ecQUUOOOODOODODOO

e000O0O s, 0000000
JOOOoOOO s, 00000 (0 3600)0

eJ00O0O0O s, 000O0DOOO
Joooooo s,00000 (0 3.700)0

e000O0Os, 0200000
s, 000booooboboooboobobovsooboboooobooobonbon

goo
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Sweep Line ¢
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0f000

e
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00000000000000000000000000,s,000000000007
00000000000000000000s000000000000000000
0000000000000000000000000700000000000000
000s,00000000000000000000000000000O0O0O0O00O000
0000000000000s,0000000000000000000000000
0000000000000000000000000000000000000000
00000000000000s0000000000000000007020000
00000000000000000000000000000O0s, 00000000
000007000200000000000(egn)0000000000000000
000 O(logn+ K)00000000K'0s,00000700000000000

0000000 O0(MOD00000000000000000000 O(nlogn+K)OO
000000000000000000J000000000000000100000
O(logn)00000000Q00000 O(nlogn)0000000000000(nlogn+K)
000000000000000000000000000000000000000
O(r)DO00000O

35 00000000000O000(O(s)00000)

000000 SO000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000(s)000000000000000000000
000000

N00000000000000000000000000000000S00000
000 Sy,...,5,.,,000000000000000s0000000000000

0000000 S(G=1,...,[n/s])000000000000D0000000OO0
00000000000000000000O(s)000000000000000020
000000000 SUS000000000000000000000005,000
00000 s,000000008,0000005,0000000008;20 S;p00
0000000S,US,0 S,Us,00000000000000000000000
000000000000000000000
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Algorithm 4 SO0O00O0O0O000O00OODO(COOOOOO)
O0: 0000000000000000000 S.0001S|=n

gb: 0boggobood

gi: bogdogooooooobbbbn
S—>81USQU"‘US"71/5"
for each S;, i=1,...,[n/s] do {
(0ooo)
Int(S;) 000
(0ooo)
for each S;, j=1,...,[n/s] do {
S;0000000b0booooono Sp,boobooooboooooa s, 00
00000 S0 S,S,0000
Int(Sin,S;) 00000000 // 00000
Int(S;n, S») 00000000 //00000

}
}

00000 [n(S)00000000000000O(s)00000000000(slogs+
Ks;»)0DDODDO0OODD0O0OD00KsyOOODOODOD0000000000000
00000000000S;0 800 S;,US;,0 S;,US,00000000000(s)0
00000000000000000000000(s)000000000000000
0000 O(slogs + Ksuysiy) 000 Int(S;,$,)000000000000000000
0 O((n*/s)logs + K)OODODODODOOOD O(s)0000000

000000000000000000s =0(1)000000000 O(®2) 0000
s=0(mn) 000000000 O(nlogn+K)0ODODO0OOODDO00O0OO0O00000O
00000000000000000000000000

000000000000000000000000000000000000000
0000000000000 000000000000S,0S,000000000000
0000000000000000000000000000000000000000
D00000000000000000000000S/US,0000 Int(S,S)000
D0D00O0m(S;)0 Int(S;)00000000000000000000000000
D000000000000000 S{us,00000000000000000000
000000000080 S00000000000000000000000000
D0S0S0000000000000S/US,000000000000000000
Int(S,8)000000000S0000000000000000000000000

(2]
gbooboooobbb20000bbb00an
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00000000000000000000000000000000000 800
0000000000000000000000000000000000000000
00 $000000000000000000000000000000000& 00
0000000000000000000000000000000 O(%)00000
000000000 0(Y)?) 000000 (03800)0100000000000000
00000000000000000000000S0000000000000000
000000000000000000000000000(S)0000000

038 0000b000boo00o0
gbobooodgboboboooobob

00 351 S0000000000»000000000000S00(1)00 0000
000000000000000Algorithm4000(s)00000000((n2/s)logs+ K)
0000 SO0000000000000000KOOOOO000000

3.6 cOU00O0OOO0OOOOOOO0O

—
W

039 400000000000000

000000000 SO00c0000000O0DODODODOOO(0D3900)00DDOO
ooooobooboboboboboboboboboboboboooooobonDg
obobooboobg
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Algorithm 5 SO ODO00O0O0O0ODOODOOOOO
O00: cO000000000000S. 000|S=n

gb. 0boogobbod

O0: SO000D0000O0O
S—>SlUSQU~--US(n/SW
for each S;, i=1,...,[n/s] do {

(0ooo)
Int(S;) 000
(0ooo)
for each S;, j=1,...,[n/s] do {
S; — Si1, Sig -+, S //c000000 8,000
S; — Si1, S5, ., Sje //c000000 8,000
for each k,l=1,...,c do {
Int(Si, S;) 000000 // 00000
}
}

}

SiDSjDDDDDDCDDDDDDDDDDDDO(S)DDDDDDDSZ-,S]-DDDD
godooodoooood

Si — Si,.-., S

S; — Sj,.., S

00000k I=1,...,c00000/Int(Sy,S;,)00000 (03.1000)0000 O(s)
00000000(slogs+ Keur.sgn) 00000000000 S,0000000000
00000000000.00000000000c0000000000000000
00000000000 Int(S;,5,)000000 O(slogs + Ksr.sgn) 0000

00000000000000((n?/s)logs+K)ODOOODOO0000O00 O(s)0000
0000000000000

00 3.6.1 SOOD00O0DO0OOO0O00OR00 c000000000OO0O00O0O0OSO O(1)
00 O(n)00000000000D00000ODOAlgerithm 5000(s)0000000
O((n?/s)logs+K)OUOODO SOODODOO0OODO0O0O0O0OODOOODOOKOOOOOOOOOO
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40 4Oood

gbobbob200000000000bbbobbbbououoooogoonbbobbo
gboogoobuogbbodgbbogboobuoobbuoobboobooobooboobon
gooobbbobbobbbbbbotbtodddguoooooooooooooobDbn
000G/ OOODOOUOOOUDDOO0OOUODO0OODODOOODUODDOOODUODOOOOO
gbobobouoogon

000000000000000(s)0000000oooooooooooooooo
gbbouogdgbboodgbbodbbegtbbboobbboobbbuoobbaod
gboogobouogbbdodgbbodgboooboobobuoobbooboooooobo
gbodgbboobuodboobbodbuoooobodobobobbooboobbod
gboogobuogbbdoooobbodobboobooobooboboobboobn
gboguboogbobubodgbooobuoobboobbooboobobuoobbod
gooooo
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