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Instructions for translators

1. Open this file on GitHub server. If you see https://um.mendelu.cz/. .. in URL, click View on
GitHub to open this file on github.com.

2. If you see this file on GitHub server, you can edit the content of the file. Open the file in an editor.
You can use simple editor (pres e on GitHub). However, an advanced VS Code editor (press . on
GitHub) is better, since it provides preview how the Markdown code renders. Alternatively press
pencil for simple editor or press triangle next to the pencil to get access to VS Code described as
github.dev.

3. Fix the keywords in the preamble.

4. Depending on which language version you want to use as a source for your translation, delete
either English or Czech version below.

5. Translate to your language. Keep Markdown marking and math notation. If you use a tool to get
first version of the translation, make sure that the markup is preserved.

6. In VS Code you can open the preview in another window by pressing Ctrl+V and K. Keep the
preview open as you work, or close using a mouse.

7. Instead of saving, you have to commit and push the changes to the repository. Fill the Message
under Source control (describe your changes, such as “Polish translation started”) and then
press Commit&Push.

8. Make sure that your changes appear in the commit history. In rare cases (if you work with si-
multaneously with someone else) you have to download /Pull/ and merge his and yours changes.
Usualy Sync (Pull & Push) should work.

9. When you finish the translation, change is_finished: False in headerto is_finished: True.

Instrukce pro prekladatele

1. Otevrete tento soubor na serveru GitHub. Pokud méate soubor otevien nahttps://um.mendelu.cz/. . .,
otevrete jej na serveru github.com.

2. Pokud tento soubor vidite na serveru GitHub, mizete obsah souboru upravit. Otevrete soubor
v editoru. Mizete pouZit jednoduchy editor (stisknéte e na GitHubu). Lepsi je vSak pokroily editor
VS Code (stiknéte . na GitHubu), protoze poskytuje nahled, jak se kéd Markdown interpretuje.
PFipadné stisknéte tuzku pro jednoduchy editor nebo stisknéte trojihelnicek vedle tuzky, abyste
ziskali pristup k editoru VS Code popsany jako github.dev.
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3. Opravte kli¢ova slova v preambuli.

4. V zavislosti na tom, kterou jazykovou verzi chcete pouzit jako zdrojovy kéd pro sviij prekladu,
odstrante nize uvedenou anglickou nebo Ceskou verzi.

5. Prelozte do svého jazyka. Ponechte znaceni Markdown a matematicky zapis. Pokud pouZijete
nastroj typu DeepL pro ziskani prvni verze prekladu, ujistéte se, ze zapis matematickych vyrazi
byl zachovan.

6. Ve VS Code mizete nahled otevfit v jiném okné stisknutim Ctrl+V. a K. Béhem prace nechte
nahled otevieny nebo jej zavrete pomoci mysi.

7. Misto ulozeni musite zmény zaregistrovat a odeslat do Ulozisté. Vyplite zpravu v poli Zprava
(popiste své zmény, napf. “Zahdajen preklad do polstiny”) a poté stisknéte tlalitko Commit&Push.

8. Ujistéte se, ze se vaSe zmény objevi v historii revizi. Ve vyjime¢nych pfipadech (pokud pracu-
jete soulasné s nékym jinym) musite stdhnout /Pull/ a sloudit jeho a vase zmény. Obvykle by
synchronizace (Pull & Push) méla fungovat.

9. Po dokonceni prekladu zménte is_finished: False v zdhlavi na is_finished: True.
Czech source

Vektory

Vektory jsou dillezité nejen v matematice ale i fyzice nebo informatice. V matematice se jimi zabyva
Cast s nazvem linearni algebra.

Vektor je vétsSinou definovan jako prvek matematické abstraktni struktury, tzv. vektorového prostoru.
Typickym zastupcem takovéhoto prostoru jsou tfeba viechny uspofadné n-tice redlnych &isel (tj. napfi-
klad dvojice nebo trojice) spole¢né s pravidly pro jejich séitani a ndsobeni néjakym &islem. Na stfedni
skole je tento vektor typicky prezentovan jako mnozina orientovanych GsecCek, které maji dany smér a
stejnou velikost.

Ve fyzice se pomoci vektorl popisuji veliCiny jako rychlost a zrychleni pohybujiciho se objektu, sily na
néj plsobici, i elektromagnetické pole. V informatice je vektorem ¢asto myslen jen usporadany seznam
polozek (nemusi jit jen o &isla). Vektory jsou efektivni moZnosti, jak organizovat a uklddat objekty
napriklad v aplikacich strojového uceni.

V informatice ale existuje i oblast, kde se vektory pouzivaji tim zpisobem, jakym jsou definovany ve
stfedoskolské matematice Ci fyzice. Touto oblasti je prosttedi pocitaCovych her. Zvladnuti prace s vektory
je dokonce jednim ze zakladnich stavebnich kamen( k tomu, aby ¢lovék mohl byt programatorem her.

V zavislosti na tom, zda vytvafite 2D nebo 3D hru, maji vektory dva nebo tfi souradnice a obecné
se pouzivaji k reprezentaci geometrickych vlastnosti objektii v hernim svété. Pro jednoduchost budeme
pracovat pouze v dvourozmérném prostoru tedy v roviné a to v kartézské souradné soustavé.

Poznamka: Takovych zakladnich stavebnich kamen( je tfeba samozfejmé mnohem vice. Kromé prislus-
ného programovaciho nastroje je tfeba také zndt matice transformaci, jako je posunuti, otoceni atd.
V nésledujicich Glohach se chceme zaméfit jen na operace s vektory.



V nésledujicich p¥ikladech budeme rozliSovat zadani bod(i (v hranatych zavorkéch) a vektord (v kulatych
zavorkach). Soulasné ale budeme pamatovat na to, Ze bod A = [a1;as] také miZeme chépat jako
koncovy bod vektoru qd = (a1; az), jehoz po&atedni bod je polatek soutadného systému.

Bod ma soutadnice, ale na rozdil od vektoru neni uréen délkou a smérem. Bod [0, 0] nebo vektor (0, 0)
pro nas bude stfedem herniho svéta.

Béznym prfipadem pouziti vektori je vypocet vektoru, ktery popisuje vztah jednoho objektu vici dru-
hému. Vezméme si jednoduchy piiklad bodii A = [aj;as] a B = [by;by]. Vektor @ = AB =
(b1 — a1;b2 — a2) obvykle nazyvame smérovy vektor. Pokud budou body A a B ve hfe reprezento-

vat postavy, pak vektor AB uréuje smér a jeho velikost pak vzdalenost, kterou postava A musi ujit, aby
se dostala k postavé B.

Uloha 1. Ve 2D h¥e mame programétora ovladajiciho postavu A a hrace ovladajiciho postavu B.
Postavy stoji na zacatku na rznych mistech a jsou reprezentovany pro jednoduchost body A, B.
Postava B postupné projde trasu ve sméru vektord U,V al. Vyjadrete vektor, ktery programator
potrebuje urcit pro vystfel postavy A na postavu B.

Reseni. Je jasné, ze postava B celkem progla trasu U+ U+ . Postavy A a B ale na zacatku staly

na riznych mistech. Zbyva nam tedy urcit vektor s pocatecnim bodem v bodé A a koncovym bodem

v bodé B, tedy smérovy vektor_)A . Vime ze bod A mﬁiem_e> brat jako koncovy bod vektoru d a bod

B jako koncovy bod vektoru b . Pak tedy vektor ﬁ =b-1d (protoze bod a vektor maji stejné

soufadnice, pouziva se Casto i zapis AB = B — A). Vektor uréujici vystfel postavy A na postavu B je
- >

tedy b — @ + U + 0 + .

b—ad+i+ o+

U kazdé postavy v hernim svété se pouziva i vektor ve smyslu seznamu polozek. Jednou z polozek je
tfeba jméno postavy, jeji Gloha, poloha. Dalsi vlastnosti kazdé postavy v hernim svété je smér, kterym
je tato postava natocena. K urCeni sméru natoceni se pouziva takzvany normalizovany smérovy vektor,
tedy smérovy vektor délky 1.

Normalizované smérové vektory se pouzivaji i k uchovavani informace, jakym smérem se vyskytuji ostatni
postavy nebo objekty.

Poznamka: Divod, pro¢ jsou v hernim svété pouzivany normalizované verze smérovych vektor(, vysvét-
lime pozdéji.



Uloha 2. M&jme postavy A = [-5;2], B = [1; 2], C = [4;—1]. Uréete normalizované smérové
vektory postav A a B smérem k ostatnim postavam. Nakreslete odpovidajici obrazek.

Reseni. Pro smérovy vektor AB plati AB = (1 —(=5); -2 —2) = (6; —4). Pokud ho chceme normali-
zovat, staéi ho vydélit jeho délkou ‘ﬁ‘ = /62 + (—2)2 = v/52. Normalizovany vektor k vektoru AB

znacime AB a plati

Obdobné

. BC (3;1)(3_ 1 )

BC@‘ V10~ \V10' VIo

__ BA  (-6:4) 32
T VR (75 7)

Vektor BA jsme nemuseli poCitat, protoze ma stejnou velikost jako vektor AB a opacny smér. Souradnice
takovych vektord se liSi jen v opa¢ném znaménku.




Uloha 3. Mé&jme polohu postavy A = [a;;as] a postavy B = [by; bs] stojicich na riiznych mistech.
Urcete

a) normalizovany smérovy vektor BA,

b) kde se bude postava B nachézet poté, co ujde t¥i jednotkové délky smérem k postavé A?

Reseni. a) To, co jsme po¢itali v predchozim pFikladu s konkrétnimi soufadnicemi, nyni zapiSeme obecné.
Tedy

_ B—1>4 _ (al—bl;ag—bg)
‘B-Zl’ V(a1 —b1)% 4 (az — by)?

b) Z predchoziho mame spod&itany smérovy vektor jednotkové délky. Nyni stali vynasobit ho tfemi a
pri¢ist k poloze postavy B. Dostavame

(Cl1 —by;a0 — bz)
Vi@ =% + (a2 — b2)?

B+3-§1\4=[b1;b2]+3

Vysledkem skalarniho soucinu dvou vektor( je skalar, tedy redlné Cislo. V programovani her ma dilezité
misto skalarni soucin normalizovanych vektor(.

Uloha 4. Urcete skalarni souciny normalizovanych smérovych vektori z feseni Ulohy 2.

Resen.

— 3 2 3 1 9 2 11
AB-AC = - : - = + = =0,96
<\/13 \/13> <\/10 \/10) V130 V130 /130

—_— 3 2 3 1 9 2 7
BA-BC= (- : : : =— + = = 0,054
( V13 \/ﬁ> (\/ﬁ m) V130 /130 V130

Skalarni soucin dvou normalizovanych vektoril je velmi uziteCny, protoze uréuje, do jaké miry dva vektory
sméfuji stejnym nebo podobnym smérem! Skalarni soucin miZze totiz v tomto pfipadé nabyvat hodnot
v rozmezi —1 az 1, pricemz 1 znamena, Ze oba vektory sméFuji presné stejnym smérem, a —1, ze sméruji
opaénym smérem, zatimco hodnota blizka 0 znamena, Ze sviraji thel blizky pravému Ghlu. Divodem
rozsahu hodnot —1 az 1 je to, Ze se pohybujeme v rozmezi funkénich hodnot funkce kosinus. Pro skalarni
soucin dvou vektorl p ¢, totiz také plati vztah

7-q=|pl|qlcos e,

kde « je tGhel ktery vektory p a g sviraji.

Uloha 5. Pozorovatel v polatku se diva na objekt A = [3; 1], urcete tihel « o jaky se musi otoit,
aby smér jeho pohledu miFil pfimo na objekt B = [1;2].




Reseni. Body A a B budeme opét brat jako koncové body vektorli a = (3;1) a b = (1;2). Ze vztahu,
ktery plati pro skalarni soucin dvou vektor(, vyjadfime cos a:

ab
cosq = — .
al |f
Po dosazeni ziskdvame
cos (3;1)-(1;2) 3-1+41-2 5 25 1
a = = = = _—=—,
V321212422 J10-v5 V50 50 V2
Vime, ze % = ? je zakladni hodnota goniometrické funkce, tedy @ = 45°, resp. hodnotu Ghlu «

1

75 Pozorovatel se tedy musi otocit o Ghel 45°.

vypocitame jako arccos

21

Pokud by v zadani dlohy byly dané normalizované smérové vektory, jejich skaldrni soucin by byl roven
pfimo cos a.

a b .
cosa=-—=-—=0a-b
b

|al

Toto je divod pro¢ byvaji sméry pohledlii u postav a smérové vektory mezi postavami v seznamech
polozek uvadény v normalizovaném tvaru.

Skalarni souc¢in mizeme s vyhodou pouzit i pro fedeni nasledujiciho problému. Reknéme, ze vytvatim
hru, ve které se hrac snazi schovat pred néjakymi straZemi. Bude nas tedy zajimat, zda strazny vidi Ci
nevidi jednotlivé hrace.

Pro vétsi realisticnost chceme, aby mél strazny zorné pole, ve kterém danou postavu vidi. U ¢lovéka se

udava velikost zorného thlu pro vidéni obéma ocima priblizné 180°. To by pro naseho strazného bylo az
prilis, takze feknéme Ze chceme aby jeho zorny thel byl napfiklad 170°.

Uloha 6. Zorny (hel strazného G je 170°, jakych hodnot budou nabyvat skalarni souginy mezi jeho
smérem pohledu d a normalizovanymi smérovymi vektory k objektiim, které strazny vidi?

Reseni. Od sméru pohledu strazce k hranicim zorného pole (smérem doprava i doleva) mame 85°. Staci
tedy vypocitat cos85°=0,087. Skaladrni souciny mezi smérem pohledu strdzného a normalizovanymi
smérovymi vektory k objektiim, které vidi budou nabyvat hodnot mezi 0,087 a 1.



85°

Do seznamu polozek prislusnému strazci tedy ke sméru pohledu pfiddme rozmezi, které bude urcovat
jeho zorné pole. Pomoci néj pak mizeme kontrolovat, zda strazny hrace vidi ¢i nevidi. Pro jednoduchost
predchozi vysledek zaokrouhlime na jedno desetinné misto a zorné pole strazného tedy omezime hodnotou
0,1.

Uloha 7. Urlete zda strazny, umistény v po&atku, vidi hrate A = [3; —2], jestlize smér pohledu

strazného je (%, %) a hranice pro omezen{ zorného pole je dana hodnotou 0, 1.

Reseni. Smér pohledu strazného je uz normalizovany vektor. Sta&i tedy normalizovat smérovy vektor od
strazného k hraci A. Diky tomu ze strazny je v polatku, stali normalizovat vektor @ = (3; —2). Plati

(3:-2)  (3;-2) (3 2>_

“Ti(22” 15 \1515

Poté uz mizeme vypoditat prislusny skaldrni soucin téchto normalizovanych vektort, tedy

1 2 3 —2 3 4 1
—. ). ; = - = ———=-0,12
<\/5 \/5) <\/15 \/15> V75 V75 V75
Vysledek neni v rozmezi od 0,1 do 1, strazny tedy hrace A nevidi. Z vysledku je navic jasné Ze mezi
vektory je vétSi nez pravy Ghel.

M{Uzete se zamyslete v Cem se situace z predchoziho prikladu zméni, pokud straZce neni v pocatku.
English source

Vectors

Vectors are important not only in mathematics, but also in physics and computer science. In mathematics,
they are studied within a branch called linear algebra.



A vector is usually defined as an element of an abstract mathematical structure called a vector space.
A typical example of such a space is the set of all ordered n-tuples of real numbers (for instance,
pairs or triples), together with the rules for adding them and multiplying them by a number. In high
school mathematics, vectors are often introduced as a set of directed line segments that have the same
magnitude and direction.

In physics, vectors are used to describe quantities such as the velocity and acceleration of a moving
object, the forces acting on it, or electromagnetic fields. In computer science, a vector is often simply
understood as an ordered list of items (not necessarily numbers). Vectors provide an efficient way of
organizing and storing data, for example in machine learning applications.

However, there is also an area in computer science where vectors are used in the same way as they
are defined in high school mathematics or physics. This area is the field of computer games. In fact,
mastering vector operations is one of the fundamental building blocks for becoming a game programmer.

Depending on whether you are creating a 2D or 3D game, vectors have two or three coordinates and
are generally used to represent geometric properties of objects within the game world. For simplicity, we
will work only in two dimensions, that is, in a plane using the Cartesian coordinate system.

Note: Of course, understading vectors is just one of many fundamental building blocks. In addition to the
relevant programming tools, one also needs to understand transformation matrices, such as translations,
rotations, and so on. In the following tasks, we will focus only on vector operations.

In the following examples, we will distinguish between points (written in square brackets) and vectors
(written in round brackets). At the same time, we should keep in mind that a point A = [a;;as] can
also be interpreted as the endpoint of the vector a = (a1;a2), whose initial point is the origin of the
coordinate system.

A point has coordinates, but unlike a vector, it is not defined by magnitude and direction. The point
[0,0] (or the vector (0,0)) will serve as the center of the game world.

A common use of vectors is to find the vector that describes the relationship between two objects. Let
us consider a simple example with two points A = [a1;as] and B = [by; bs]. The vector U = AB =
(b1 — a1;b2 — ag) is usually called the direction vector. If points A and B represent characters in a

game, then the vector ﬁ indicates the direction from one character to the other, and its magnitude
represents the distance character A would have to travel to reach character B.

Exercise 1. In a 2D game, a programmer controls character A and a player controls character B.
The characters start at different locations, represented by points A and B. Character B moves along
a path made up of the vectors U, ¥, and . Express the vector the programmer needs to determine
in order for character A to shoot at character B.

Solution. It is clear that character B has moved along the path @ + U + . However, characters A and B
started at different positions. So, we still need to determine the vector that starts at point A and ends at
point B — that is, the direction vector E We know that point A can be understood as the endpoint of
the vector @, and point B as the endpoint of the vector b . Then the vector AB = ?—E} (since points
and corresponding vectors share the same coordinates, the notation zﬁ = B — A is also commonly

_>
used). Therefore, the vector needed for character A to shoot at character Bis b — @ + U + ¥ + .



b—d+i+o+d

Each character in the game world is also associated with a vector in the sense of a list of items —
such as the character's name, role, and position. Another important property of every character is the
direction they are facing. This direction is represented by a so-called normalized direction vector, which
is a direction vector with a magnitude of 1.

Normalized direction vectors are also used to store information about the directions in which other
characters or objects are located.

Note: The reason why normalized versions of direction vectors are used in game worlds will be explained
later.

Exercise 2. Let the characters be given by the points A = [-5;2], B = [1;—-2], and C = [4;—1].
Determine the normalized direction vectors from characters A and B pointing toward the other
characters. Draw a corresponding diagram.

Solution. For the direction vector @ we have: AB = (1 —(-5);—2—2) = (6;—4). To normalize
this vector, we simply divide it by its magnitude: ‘/@’ = /62 + (—2)2 = v/52. The normalized vector

corresponding to ﬁ is denoted by @ and we get:

- A§ - (6;—4) _ 3 ) 2

AB"@‘ =R ‘(m"m)'
Similarly

—  AC  (9-3) (3 1




There was no need to calculate the vector BA, since it has the same magnitude as AB but points in
the opposite direction. The coordinates of such vectors differ only in sign.

Exercise 3. Let the positions of characters A = [a1;as] and B = [b1; bs] be given, with the characters
standing at different locations. Determine:

a) the normalized direction vector BA,

b) where character B will be located after walking three unit lengths in the direction of character
A?

Solution. a) What we calculated in the previous example using specific coordinates can now be written
in general form. That is,

’ B \/(a1 —b1)2 + (a2 —52)2'

—_ ﬁ (a1 — bl;ag — bQ)
BA=—%
‘BA

b) From the previous step, we already have a unit-length direction vector. Now we simply multiply it
by 3 and add it to the position of character B. We get:

(al —bisas — b2)

Viar =01)? + (az = b2)?

B+3-BA=[b;b] +3

The result of the dot product of two vectors is a scalar — that is, a real number. In game programming,
the dot product of normalized vectors plays an important role.

Exercise 4. Determine the dot products of the normalized direction vectors from the solution to
Exercise 2.

10



Solution.

e 3 2 3 1 9 2 11
AB-AC = - : - = + = =0.96
<\/13 \/13> <\/10 \/10) V130 V130 V130

— 3 2 3 1 9 2 7
BA-BC = | — : : : =— + =— = —0.054
( V13 \/ﬁ> (\/ﬁ m) V130 V130 V130

The dot product of two normalized vectors is very useful, because it tells us to what extent the two
vectors point in the same or similar direction! In this case, the value of the dot product ranges from
—1 to 1: a value of 1 means the vectors point in exactly the same direction, a value of —1 means they
point in exactly opposite directions, and a value close to 0 means the vectors are nearly perpendicular
to each other. The reason for this range from —1 to 1 is that we are working within the range of values
of the cosine function. For any two vectors p, ¢ the dot product can also be written as:

7-q=|pllqlcos e,

where « is the angle between vectors and .

Exercise 5. An observer at the origin is looking at object A = [3;1]. Determine the angle o by which
the observer must rotate so that they are facing directly toward object B = [1;2].

Solution. We again treat points A and B as the endpoints of vectors @ = (3;1) and b= (1;2). From
the formula for the dot product of two vectors, we can express cos a:

ab
cosa = — .
al o
After substituting the specific values, we obtain
(3:1)-(1;2)  3-14+1-2 5 25 1

Ccosa =

VETLE V212 JI0-v5 V50 V50 V2

We know that % = ? is a well-known trigonometric value, which means that o = 45°. Alternatively,

we can calculate the angle a as arccos % Therefore, the observer must rotate by an angle of 45°.

a=45°

el

If the normalized direction vectors were explicitly given in the problem, then their dot product would be
equal to cosa.

11
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a
cosox = —; -

|al

@1‘ >
|
Q>
o

This is the reason why characters’ facing directions and the direction vectors between characters are
typically stored in normalized form in attribute lists.

The dot product can also be conveniently used to solve the following problem. Let's say | am designing
a game where the player is trying to hide from guards. In that case, we are interested in whether or not
a guard can see individual players.

To make the game more realistic, we want the guard to have a field of view within which a player is
visible. For humans, the horizontal visual field covered by both eyes is approximately 180°, but that
would be too wide for our guard. So let's say we want the guard’s field of view to be 170°.

Exercise 6. The guard G has a field of view of 170°. What will be the values of the dot products
between the guard’s viewing direction d and the normalized direction vectors to the objects that the
guard can see?

Solution. From the guard’s viewing direction to the boundaries of their field of view — both to the left
and right — the angle is 85°. We just need to calculate cos85°=0.087. So, the dot products between
the guard's viewing direction and the normalized direction vectors to visible objects will fall within the
range from approximately 0.087 to 1.

85°

In the attribute list associated with the guard, we add not only their viewing direction, but also a
threshold that defines their field of view. Using this threshold, we can check whether or not the guard
sees a given player. For simplicity, we round the previous result to one decimal place and limit the guard's
field of view using a threshold value of 0.1.

Exercise 7. Determine whether a guard located at the origin can see player A = [3; —2], given that
the guard'’s viewing direction is (%, %) and the threshold for the guard'’s field of view is set to 0.1.

Solution. The guard's viewing direction is already a normalized vector. So we just need to normalize the
direction vector from the guard to player A. Since the guard is located at the origin, this is equivalent
to normalizing the vector @ = (3; —2). We get:

12



(3:-2)  (3;-2) (3 _2>.

“Tyi(22” 15 \1515

Now we calculate the dot product of the two normalized vectors:

1 2 3 -2 3 4 1
—. . ; = — = - =—0.12.
<\/5 \/5> (\/15 \/15> V75 /75 V75
Since the result is not in the range between 0,1 and 1, the guard does not see player A. Moreover, the
negative result indicates that the angle between the vectors is greater than a right angle.

Think about how would the situation change if the guard was not positioned at the origin.

13
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