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Y moloyiotikn 'eouetpio

[IpoPAnuara:

e Touéeg evBhypoappumv TUNUATOV, GYETIKES OEGEIC oNnuei®V
KTA.

e Kvptd mepiPAnuo

e Avoalnnon ava meployn (range searching)

IIpoamattoduevee YVOGELC:

e Alavocuota
e OpiCovoeg (3x3)




OpiCovoeg

* YToAOYloUOC 0pilovcac 2x2:

X Yy
X, Y
XiYs = Y%,

e <['tvOuevo TPpOING Olory®Viov> - <[ tvouevo
0EVTEPTG OLOYOVIOV>




OpiCovoeg
* YmoAoyiGLOG opiCovcac 3x3:
X 1 y 1 Z4 1
X 2 y 2 Z4 2

X3 Y3 43

e AVATTLCN KOTA TO GTOLYELN TG TPOTNG YPOLUNC




OpiCovoeg

1° Bnua 2° Bnua 3° Bnua

xoyrzr|  |a(y)Er | Paye(zy)

12 Y. 2, X5 jz Z, X, Y, ZIZ

3 Y3 23 X3 Y3 23 X3 Y3 43
J N/ N/

+ X, Y2 %2 -y, RERRE +z, T2 Yo

Y3 24 X3 2, X3 Y3




Op1CovGEC

xl yl Zl
X2 y2 22 =
X3 y3 23
y2 22 XZ 22 XZ y2
+ X, -y, +z, =
y3 23 x3 23 X3 y3

X1(y223 B 22y3)—y1(x223 B 22X3)+Z1(X2y3 - Yo%,




Alovocuoto

* AQVLGUO EIVOL TO YEMUETPIKO OVTIKEILEVO TTOV EYEL
RETPO Ko KaTevOvvon.

e YyEOACETOL GOV EVO TPOGAUVAUTOAIGUEVO
cv0VYpOLLLLO TUT L.

AB
WY

X
>




Alovocuoto

e EAcvOgpa orovocuata: Agv £youv GMNUELD
EQOPHOYNG

e Mmopovv va cupuoMcToOV HE TIC GUVIETAYUEVEG
TOV TEPUOATIKOD TOVS GNUELOV OTAV TO UPYIKO TOVG
onueio Bpiocketon oto (0,0).
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[O10TNTEC OLVLGLATOV

Eoctou=(x,y),v=(X,y)
o u_I_V:(Xl_I_Xza y1+y2)
CU-VE(X X, YY)

o Mu=(AX , Ay )

*fuf= VX +y?

* EomMTEPIKO YIVOUEVO:

u-v=xx +yy = |ul[vicosd




[O10TNTEC OLVLGLATOV

Eotwu=(x,y),v=(x,Y,)
* Movaoruio oLavVOGUATU:
i=(1,0,0) j=1(0,1,0) k=(0,0,1)

- u=xityj=x(l,0)+ y(0,1)

=x,0+0, y)=(xy)




[O10TNTEC OLVLGLATOV
‘Eoto u= (Xla yla Zl) » V= (X29 y2 > Zz)
 ECOTEPIKO YIVOUEVO:
lu X v| = |ul|v|s1n0
i ]k
uxv=|X; Y, Z,

X, Y2 2,




IIpocovatoMoUOC oUEIMV
Eotw onueta: A(x,y,), Bx.,y), CXx,,y)
e Ynueio C ¢ mpog evbeia AB:

— YToAOYILOVUE TO EEMTEPIKO YIVOUEVO:
AB x AC
- EA&yyovue t0 TpoOGMUO v

NG Z GLVIGTMOGOG:

e 7> 0: aprotep .
e z<0: dek1 /
>




IIpocovatoMoUOC oUEIMV

AB = OB - OA = (X, - X,, Y, - Y,)
AC=0C-0A = (X,-X, Y, - Y,

AB x AC =

i
X = %X

X, = X,

J
Y: = Yo
Y, Yo

X, - %)Y - ¥o) = (¥, - Vo) (%, = %) Tk




[IpocavaToAMGLOC GNUEI®V

//nipocoavatoALloudc Tou onueliou C wg mpoc Tnv egubeio AB

typedef struct point {
double x;
double vy;

} point;

double CCW(point A, point B, point C) {
return (B.x-A.x) * (C.y-A.y) - (B.y-A.y) * (C.x-A.x);

}

Tutrog Zuvretaypévwy | Tommog CCW

double double
int long long int




Toun evBOYpopp®V TUNUOTOV




Toun evBOYpopp®V TUNUOTOV




Toun evBOYpopL®V TUNUOTOV

D D

// éAeyxoc toung eub. Tunudtwv AB kol CD (emiotpéepel 1 13 0)

int intersect (point A, point B, point C, point D) {
return ( CCW(A,B,C) * CCW(A,B,D) < 0 &&
CCW(C,D,A) * CCW(C,D,B) < 0 );




2NUELO OC TPOC TPLYWVO

e Atvetou tpiyovo ABC kot onueio D. Bpioketatl to D
LECQ GTO TPLYW®VO;




2NUELO OC TPOC TPLYWVO

e Atvetou tpiyovo ABC kot onueio D. Bpioketatl to D
LEGO GTO TPLYWVO;

* To E Bpioketarl olyovpa péca 6to Tpiymvo.




2NUELO OC TPOC TPLYWVO

2NUEIO TTOU BPiOcKETAI Oiyoupa YECA OTO TPIYWVO
Bapukevipo: E( [x +x,+x J/3, [y, +y,+Y.J/3 )

1n Abon

// Bploketal 1o D péoa oto tplywvo ABC; (emiotpéepel 1 1 0)

int inTriangle (point A, point B, point C, point D) {
double E;




2NUELO OC TPOC TPLYWVO

" I
2n Auon

// Bploketal 1o D péoa oto tplywvo ABC; (emiotpépel 1 1 0)

int inTriangle (point A, point B, point C, point D) {
return ( CCW(A,B,D) * CCW(B,C,D) > 0 &&
CCwWw(B,C,D) * CCW(C,A,D) > 0 );




2NUELD OC TPOC KLPTO TOAVYDVO

e Kot o1 000 TponyoOUEVEC ADGELC YEVIKEVOVTOL GTO
KUPTA TOADY VAL

e In Avon:

— Bpiokovue €va onueio E mov givarl oltyovpa peca 6to
TOADY®VO.

— EA&yyovue av ta onueio D ko E Bpickoviot oto 1010
NUWETITENO MC TPOC KAOE TAELPA.

e 21n Avon:

— OpiCovpue popd kot otooyiCovue TO TOADY®VO,
elEyyovtac av 10 D pével oto 1010 NuEmineoso.




Ao TpoPAnuato
e Eivan tpia onueia A, B, C cuvevberlaka;

- EA&yyovue av ta otavocuato AB, AC givau
mopdAinia: AB x AC=0

e Eivail ovo eubuypapua tuquato AB kot CD kdBeta
LETOEY TOVC;
— EA&yyovue av ta owavocuata AB, CD gtvon kaBeta:
AB-CD=0

e Eivai ovo gvboypauupa tunuata AB ko CD
TOUPAAATAO LETOED TOVC;

- EA&yyovue av ta otavocpota AB, CD sivou
mopdiinio: AB x CD =0




Kvpto mepiinuo

* Eicoooc:

- 20voA0 S = {s,, ..., S_} vV onueimv
* 'E€oooc:

= To uKpOTEPO KLPTO TOAVYDVO

TOV TEPLEYEL OAN TO, GMUELN

* IloAroil alyOpiOuot

— Naive — O(n)

— Insertion — O(n logn)

— Divide and Conquer — O(n logn)
— Gift Wrapping — O(nh), h = no of points on the hull
— Graham Scan — O(n logn)




Graham Scan

Biupoto

* Bpiokovpue 10 younAotepo onueio (He
TNV WKPOTEPT) Y GLUVTETAYUEVT))

* Talivopovue Ta VTOAOITA CTUELD KOTA
YOViOL YOP® OO 0VTO TO GNUELD

* 2KOVAPOLUE TOL OT|UELN UE
avtioporoytakn eopd (CCW) order

— Iletovue 0Ga onueia KOVOLV
wporoyiokn (CW) otpoon




Range Searching

e Atvetal évac mivakog N akepatov (apytkd 0Aot 0).
Y AOTOmoTE TIC TOUPAKAT® TPACELG:
- ADD X NUM: npdcOece tov aptOud NUM otnv
Ocon X).

- SUM X Y: enéotpeye 10 dOpotcua tTov apliudy 6to
odotnua X...Y

0 0 0 0

1 2 3 N




Range Searching

e Atvetal évac mivakog N akepatov (apytkd 0Aot 0).
Y AOTOmoTE TIC TOUPAKAT® TPACELG:
- ADD X NUM: npdcOece tov aptOud NUM otnv
Ocon X).

- SUM X Y: enéotpeye 10 dOpotcua tTov apliudy 6to
odotnua X...Y

ADD 27

0 7 0 0

1 2 3 N




Range Searching

e Atvetal évac mivakog N akepatov (apytkd 0Aot 0).
Y AOTOmoTE TIC TOUPAKAT® TPACELG:
- ADD X NUM: npdcOece tov aptOud NUM otnv
Ocon X).

- SUM X Y: enéotpeye 10 dOpotcua tTov apliudy 6to
odotnua X...Y

ADD 27
ADD 3 1

0 7 1 0

1 2 3 N




Range Searching

e Atvetal évac mivakog N akepatov (apytkd 0Aot 0).
Y AOTOmoTE TIC TOUPAKAT® TPACELG:
- ADD X NUM: npdcOece tov aptOud NUM otnv
Ocon X).

- SUM X Y: enéotpeye 10 dOpotcua tTov apliudy 6to
odotnua X...Y

ADD 27
ADD 3 1

0 7 3 0

1 2 3 N ADD 3 2




Range Searching

e Atvetal évac mivakog N akepatov (apytkd 0Aot 0).
Y AOTOmoTE TIC TOUPAKAT® TPACELG:
- ADD X NUM: npdcOece tov aptOud NUM otnv
Ocon X).

- SUM X Y: enéotpeye 10 dOpotcua tTov apliudy 6to
odotnua X...Y

ADD 2 7
UR O T R (0 ADD 3 1
1 2 3 N ADD 3 2

SUM13 >> 10




Range Searching

e Atvetal évac mivakog N akepatov (apytkd 0Aot 0).
Y AOTOmoTE TIC TOUPAKAT® TPACELG:
- ADD X NUM: npdcOece tov aptOud NUM otnv
Ocon X).

- SUM X Y: enéotpeye 10 dOpotcua tTov apliudy 6to
odotnua X...Y

ADD 2 7
SN AR TN ADD 3 1
1 2 3 N ADD 3 2

SUM13 >> 10
ADD 19




Range Searching

[Ipopavnc alyoplOuoc:

- ADD: O(1)

- SUM: O(N)
Mepikd abpoicuata:

- ADD: O(N)

- SUM: O(1)
Bucketing

Interval trees




Aévopa Alaotnuatov (1nterval trees)

\
-
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logN
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Range Searching

e Kataokevn oévipov [O(N)]:
— 2100EpOC APOVOGS Y10 TNV KOTACKELT] KAOE KOPLETC
« ADD [O(logN)]:

— AxoAovBovue to povomdtt amo to [1, N] oto [X,X]
KOl OVOLVEDVOVUE TNV KAOE Kopven o€ oTafepo
YPOVO

e SUM [O(logN)]:

- To apyko ordotnua Oo 6TAGEL GE OVO KOPLPEC TO
TOAV uia popda.




Range Searching

* Bucketing

- ADD: O(1)

- SUM: O(vn)
e Interval trees

— ADD: O( logN )
— SUM: O( logN )
— Preprocessing: O(N)




Ocuato VAOTOINGNG

e [Iot€ ovykplon petaPAnTOV Kivntng VTOOIIGTOANG
pe ==, <=,>=,!=

ANAOOZ 20Q3TO
double a; double a;
double b; double b;
if (a == Db ) { if (fabs(a-b) < le-7) {
//they are equal //they are equal

} }

e IIpotunote double amo float.

e [Ipocoyn otic akpaiec TePITTOCELS!
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