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Vypocetni geometrie

= Algoritmy pracujici s objekty v prostoru
= Obvykle Eukleidovsky prostor

= 2D

= 3D

= 4D avice 7277
= Topologie
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Vyuziti vypocetni geometrie

= Pocitacova grafika

= Vlodelovani

= \/izualizace

= Robotika

= Geograficke systemy.

(dnes ale jeste nic z toho)
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Geometrie x Algertmy

= \/ypocetni geometrie samozrejme stavi na
geometril jako takove

= Pravidla a poucky platr' ...
= .. aopravdu se pouzivaji

= Algoritmizace ale muze byt problem
= Proc?
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Kemplikace pro algertmy.

m Jevidet na prvni pohled® nefunguje
= Realna cisla (!)
= Specialni a degenerovane pripady
= [Definicni obory operaci
= deleni
= goniemetrie
= Asymptoticka slozitost
= | kvadraticke reseni muze byt pomale (1)
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Zaklady vypocetni geometrie

= | jednoduché poucky nabizeji mnoho
moznosti pro reseni problemu

= Pythagorova veta
= Goniometricke funkce
= \/ektorovy soucin

= [Dvojnasob zde plati: premyslet!!!
= Snaha najit nejjednoedussi reseni
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Souradnicovy system
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Souradnicovy system 3D
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Pythagorova veta

aZ + b? = c?
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Vzdalenost bodu

[X2, Yol

D2=(x5-X4)? *+ (Y2-y¥4)?

D = V( x,-x, )"; + (Y2-¥4)?)
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Vzdalenost bodu
" D = sgrt((X-%1)2 + (Yo-Y1)?)

= Co zaporne souradnice?
= Nebo opacné poradi bodu?
= A dva stejne body?
= Nic z toho nam nevadi
= \/Stup pro odmocninu je vzdy nezaporny.
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Na co davat pozor?

= U kazdeho porovnavani
= Pamatovat na nepresnosti
= Pouzivat ,epsilon
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Na co davat pozor?

= |J kazdeho deleni
= Nemuze byt jmenovatel nula?
= A co blizko nule?

= U kazde odmocniny
= Nemuze byt vstup zaporny?
= Ani ,skoro”?

Martin Kacer, BI-EP1 12. V/ypocetniigeometrie

13



Na co davat pozor?

= Goniometricke funkce:
= tan(x) — vysledek muze byt nedefinovan
= atan(x) — casto Je vstupem podil
= pouzijte radeji atan2

= [Dalsi problemy?
= \/zdy premyslet ,kde se tomuze zvrtnout*
= X.V,Z a Indexy — pozor pri copy&paste
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Vzdalenost bodu 3D

(X5, Yo, Z5] = [X1, Y1, Z4]

X: ; (z,-2,)

/

/

E2= D? + (2,-24)?
’

E? = (Xxp-%x4)?% + (YIz'Y1)2 + (z,-24)?

E = sqrt((x-x4)? + (y2-y4)? + (25-2,)?)
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Goniometrické funkce

= sin(a) = alc
= cos(a) = bl/c
= tan(a) = a/b

= g = Math.asin(a/c)

= g = Math.atan(a/b)
= radiany!!



Goniometrické funkce

tan(a) =y, / x,

a = Math.atan(y, / x, )
|

Martin Kacer, BI-EP1 12. V/ypocetniigeometrie



Goniometricka funkce atan2

= double alpha = Math.atan2(y, x)

= Ekvivalentni alpha = Math.atan( y/x )
= Nevadi ,deleni nulou®
= Umi rozlisit kvadranty

= Prevod kartezskych souradnic na poelarni
= Jak prevadet tam a zpet?.
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Polarni souradnice

double x, v;
X r * cos(theta);

Y r * sin(theta);

double r, theta;
= Math.sgrt (x*x + y*Vv);
theta = Math.atan2(y, x);
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Usecéky a primky

= Reprezentace dvema body
= Xy, Val X5, Vol

= Reprezentace rovnici
= x=x1 +tdx, y=yl +tdy (parametricka)

my=d.x+e (smeérnicova)
=ax+hby+c=0 (obecna)
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Reprezentace primky

= Dva body: [x, y;] @ [X,, ] =~

/ [X2, Y5

[X1, Vil




Reprezentace primky

= Rovnice; y=d.x+e
= Smernice + ,pocatek™
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Reprezentace primky

= Rovnice; a.x+hb.y+c=0
= Normala" primky.
= Potreba 3 parametru
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Prusecik dvou primek

~ [X31 Y3] /
\ / [X2, y2]
y
\ LA
[X1, Y4l
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Prusecik primek — rovnice

= Prvni primka
= X=X+t (X - X)
"y =yitt.(Yo-Y1)
= Druha primka
"X =Xgt+t. (X4~ Xs3)
"V =Yz +t.(Ya-Ya)
" Prysecik
" Xg b (X - X)) = Xg L (X - X3)
"Vt Vo -Y) =Yt (Vs - V)
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Prusecik primek — rovnice

= Prysecik
"Xt (X - Xg) = X 1. (X - X3)
=yt (VoY) =Yat . (Va-Y3)

= —> Soeustava dvou revnic
= | 7Ze resit pomoci determinantu
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Prusecik primek — reseni

" Xy b (X - Xg) = X 1. (X - X3)

"Vt oY) =Yt (Ve -Ya)
= Determinanty rovnic:
* Dy = (V- Y3)-(X5 - Xq) = (X4 = X3).(Y2 - Y1)
= Dy = (%= X3)-(Y1 = Ya) = (Vg - ¥a)-(Xq = X5)
= D, = (% - X0)-(Y1 - Ya) = (V2 - V1)-(x1 - %3)

 t, =D, /D)
" t, =D,/ 1)
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Prusecik — nulovy jmenovatel

= Determinant D, = 0
= Primky maji stejnou smernici (rovnobezne)

=D, #0 # D,
= Rovnobezky

=D, =D,=0
= Stejna primka
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Prusecik dvou usecek

[X3, V3l

\ / [X,, V]
y

>

\ [X4, Yl
[X1, Y4l —_—

X
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Prusecik usecek

= Jako u primek

= Navic test, zda je bod uvnitr usecek
= 0<t, <1
= 0<t,<1

= Ale co kdyz jsou rovhobezne?
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Prusecik usecek — degradace

=D, =0
= Usecky jsou rovnobé&zné (&i kolinearni)

" D, #0# D,

= Ruzne rovnobezky => bez pruseciku

"D, =D, = 0)
s Kolinearni. Co s tim?
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Prusecik usecek — kolinearni

= Porovname, zda se prekryvaji
= Test intervalu
= Staci vzit jednu souradnici (napr. x)

= Ale co kdyz X, = X, = X3 = X,?
= Dalsi degradace
= Pouzijeme y
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Prusecik usecek — zaver

= OSetrovani specialnich pripadu

= Na co dalsihe bychom meli dat pozor?
= Usecky nulové délky
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Martin Kacer, BI-EP1

Vektorovy soucin

~

12. V/ypocetni geometrie
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Vektorovy soucin

" Poguze ve 3D

= \/elikost
= Plocha rovnobeznika

= Smer.
= Kolmy na oba puvodni
= Znamenko: die poradi
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Vektorovy soucin

" X, Vi, 1] % X5, Vo, Z)]
= [Xs) Vs Zg]

= Xs=VY1.2, = Y5.29

= Zg = X.Y5 — XY
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Vektorovy soucin ve 2D
=z,=2,=0

" Xs = V1.2, — Y52, =0

= Zg = X Yo = Xo.Yg = 2

= =>yve 2D vyjde jen jedna souradnice!
= A obcas vubec nepotrebujeme realna cislal ©
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Zjisteni poloroviny

= Na ktere strane je bod od primky?
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Zjisteni poloroviny

" Soucin:[Xz=Xy, Ya=Yal > [Xo-Xq, Vo=Vl
= =0 na primce
= >0 vpravo
= <0 vievo J

[X2, V5]

[X1, Vi
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Zjisteni smeru

= Na kterou stranu ,zatocila” lomena cara?
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Zjisteni smeru

= S0ouCINXz=X5, Ya=Yol % [Xo-Xq, Vo=Vl
= =0 rovne (CI zpet)
= >0 doprava
» <0 doleva ¥ X2 Y2
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Zjisteni smeru
= Priklady pouziti

= Overeni konvexnosti
= Zjisteni smeru (,po" X ,proti smeru rucicek)
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Zjisteni vzdalenosti

= Jak daleko je bod od primky?
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Zjisteni vzdalenosti

" S0UCIN'S = [Xg=X7, Ya=Yal X [X52X1, VoYl

=V =S|/ XX, YoVl |
(proc?)

[X1, Vi
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Dalsi priklady

= Primka vs. kruznice:
= Delka tetivy
= Delka" tecny.
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Vzdalenost na tecne

= \/zdalenost od bodu k dotyku s kruznici
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Vzdalenost na tecne

= Pravouhly trojuhelnik => Pythagorova veta

" d* = (XoX)? + VoYa)® - 17
a 2= y2 g2
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Delka tetivy

= Jak je dlouha tetiva?
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Delka tetivy

= Kde je pravouhly trojuhelnik?
= (d/2)2 =12 -2

= Jak zjistit \/? d/2
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Uloha: Superman

= Superman se vyhyba planetam
= Jak dlouho leti?
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Uloha: Vnitrek obrazce

= Konvexni mnohouhelnik
= Poznat, zda bod je uvnitr nebo vne
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Obecne techniky V.G.

= Pro slozitejsi priklady
(nebude potreba u dnesnich uloh)

= Rozdel a panuj
m Zametaci primka,,
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Priklad — pruseciky N usecek
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Priklad — pruseciky N usecek

" Primocare reseni

= Porovnat kazdou usecku s kazdou dalsi
= Slozitost?
= O(n?

= Pro velke pocty checeme zrychlit
= Rozdeleni na oblasti
= ReSeni kazdé zvlast
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Rozdel a panuj — usecky

i P

Martin Kacer, BI-EP1 12. V/ypocetni geometrie 55



Rozdel a panuj

= Asymptoticka slozitost
= Plvodni pocet kroku: n?
= Novy pocet kroku: k.(n/k)z = nz /[ k

= Usecky na hranici oblasti musi byt v obou

= \/ nejhorsim pripade nepomaha
= Moehou vznikat duplicity: => edstranit
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Rozdel a panuj — hranice

I

L
L

.

/./—0
/




Zametaci primka

= Seradime podle souradnice X
= Postupujeme ,zleva doprava

= Upravujeme stav
= \/ pripade usecek mnozinu ,aktivnich®

= Nutnost efektivnich datoevych struktur!

N )
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Organizacni veci




Zapocty
= | imit pro zapocet: 85 bodu

= Termin udeleni: 4.1.2019 odpoledne

" Podminka = dostatek bodu

= [. thned (1)
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Efektivni programovani |l

= Podobny format (2+2, kredity 4)
= \lensi kapacita (polovicni)
= Temata blizka BI-AG1 a BI-AG2:

= Grafove algoritmy
= A dalSi: Retézce, vypodetni geometrie, ...

= . Vyber primarne dle poctu bodu z EP1
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Jak |Ste natom's body?

= Budou doplneny do Moodle:;

= Body za prvni 3 sady uloh a prvni tyden 4.

= Bonusove body za CTU Open

= Zkoentrolujte si'bedy a nesrovnalosti
hlaste e-mailem
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