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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

Logické obvody

Které kouzlo dokéaze v pretizeném vytahu rozsvitit spravnou kontrolku, stiskem tlacitka automatu pfipra-
vit pomerancovou sodovku, po par minutich zhasnout rozsvicena svétla v chodbé domu nebo pohybovat
s postavou na obrazovce pocitace? O tyto a celou Fadu dalsich ¢innosti v redlném zivoté se staraji logické
obvody, které podrobnéji prozkouméame v nasledujici sérii tloh.

Logické obvody se skladaji z tzv. logickych clend, které realizuji logické operace. V llohach budeme
pracovat pouze se tfemi zakladnimi logickymi ¢leny NOT (negace), AND (konjunkce) a OR (disjunkce).
Na obrazku jsou vidét jejich pfislusné symboly (dle americké normy ANSI/MIL) v logickych obvodech.
Jsou orientovany tak, aby smér vstupu byl zleva. Vstupy chdpeme jako vyroky, vystupy jsou pak vyroky
slozené.

NOT AND OR

Pravdivostni hodnoty jsou v logickych obvodech realizovany napétim, nizké napéti znaci pravdivostni
hondotu 0, vysoka troven napéti znaci hodnotu 1. Pokud je napt. u ¢lenu AND na vstupu A nizka droven
napéti a na vstupu B vysoka lroven, je na vystupu nizka Groven napéti. Konkrétni hodnoty Grovni se
lisi dle konkrétniho vyuziti obvodu. Bézna je tfeba nizka Groven priblizné OV, vysoka priblizné 5V.

také vyznaceno postupné skladani vyroki, coz odpovida vstuplim nebo vystuplm jednotlivych clen(.
Cerny puntik oznaluje uzel, ve kterém se logicky obvod vétvi. Vystup jednoho &lenu tak miZe byt
priveden na vice vstupl zaroven.
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V nasledujicich dlohach mohou byt pred vstupy zafazeny spinace nebo tladitka, za vystupy logického
obvodu pak mohou byt zafazeny zarovky. Dohodnéme se, Ze na vstupu je logickd hodnota rovna 1 pravé
tehdy, kdyz je spina¢ sepnut nebo tlacitko stisknuto. Podobné Zarovka sviti pravé tehdy, kdyz je na
pfislusném vystupu logickd hodnota 1.

Uloha 1. V obvodu na ptedchozim obrazku jsou pred vstupy A, B a C spinade a na vystupu je zapojena
zarovka. Jestlize spina¢ C neni sepnut, v jaké poloze musi byt spinace A a B, aby zarovka svitila?

Reseni. Oznaéme p(X) pravdivostni hodnotu vyroku X. Ze zadanf vime, Ze p(C) = 0, a ptéme se na
hodnoty p(A) a p(B) takové, ze p[(CA (AV B)) V (= (AV B))] = 1. Ulohu vyfesime Gvahou.

Jestlize plati p(C) = 0, pak nutné i p(CA (A V B)) = 0. Proto musi byt pravdivy vyrok —=(AV B), a tedy
p(AVB) = 0. To je vSak mozné tehdy a jen tehdy, kdyz jsou vyroky A i B nepravdivé. Ani jeden spina
tak nesmi byt sepnut.

Uloha 2. Je dan logicky obvod na obrazku nize, na jehoz vstupech A, B a C jsou spinade a na jehoz
vystupu Z je zapojena zarovka. Které spinate musime sepnout, aby se zarovka rozsvitila? Naleznéte
vSechna teseni dlohy. Krizi-li se v diagramu vodice bez znazornéného uzlu, predpoklada se, ze ve
skutecnosti ke styku vodi¢i nedochazi.

A

Reseni. Ulohu budeme fesit uzitim tabulky pravdivostnich hodnot. Z diagramu v zadani nejprve odvodime
vyrok slozeny z vyrokli A, B a C, ktery bude ekvivalentni vyroku Z, viz obrazek.
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Pro slozeny vyrok (%) nyni vytvofime tabulku pravdivostnich hodnot:

A B C AA-B AvC (AAN=-B)A(AVCO)
1 1 1 0 1 0
1 1 0 0 1 0
1 0 1 1 1 1
1 0 0 1 1 1
0 1 1 0 1 0
0 1 0 0 0 0
0 0 1 0 1 0
0 0 0 0 0 0

Z tabulky vyplyva, ze Zarovka bude svitit, jestlize bude sepnuty spina¢ A a zaroven nebude sepnuty
spina¢ B. Na sepnuti spinace C pfitom nezalezi.

Ulohu Ize Yesit také ekvivalentnimi Gpravami vyroku (). Nejprve pouzijeme distributivni zdkon, nasledné
tzv. zakon idempotence AN A & A:

(AAN-B)A(AVC)
& (AN-BAA)V(AAN-BAC) &
& (AAN-B)V(AAN-BAC).

3

SloZeny vyrok (x*) je vSak pravdivy pravé tehdy, kdyz je pravdiva konjunkce A A =B, tedy kdyZ je A
pravdivy vyrok a B nepravdivy vyrok. Z toho vyplyva o poloze spinadi stejny zavér, ktery jsme ucinili
pomoci tabulky.

Uloha 3. Navrhnéte logicky obvod, ktery v pfipadé poruchy nékterého ze dvou vodnich Eerpadel (pFip.
obou) rozsviti vystraznou Zarovku na vystupu obvodu. Dokud pfitom &erpadlo funguje, vysila signél
odpovidajici logické jedni¢ce na jeden ze dvou vstupl obvodu.

Reseni. Oznaéme A a B vyroky predstavujici stav prvniho a druhého &erpadla. Hledame vyrok Z slozeny
z A a B, jehoz tabulku pravdivostnich hodnot zndme:

SO HFH|>
O~ O =W
=== 0N



Z tabulky jde poznat, Ze ekvivalentnim vyrokem je napf. — (A A B), kterému odpovida diagram vysled-
ného obvodu na obrazku:

A

— N
B——o

Uloha ma vice Fe$eni. Naptiklad uZitim de Morganova zékona dostavame z predchoziho vysledku ekvi-
valentni vyrok —=A Vv —B. Tomuto vyroku by odpovidal jiny, ale také spravny, obvod (diagram).

Uloha 4. Modifikujte vystrazné zatizeni z predchozi tlohy. Na dvou vystupech nyni bude zapojeno
Cervené a zelené svétlo. Funguji-li obé Cerpadla, sviti zelené svétlo a Cervené je zhasnuté. P¥i poruse
jednoho z cerpadel se navic rozsviti i Cervené svétlo a pri poruse obou cerpadel bude svitit pouze
Cervené svétlo. Navrhnéte odpovidajici logicky obvod.

Reseni. Podobné jako v predchozi tloze oznaéme A a B vyroky predstavujici stav prvniho a druhého
Cerpadla. Dostaneme tak tabulku pravdivostnich hodnot neznamych slozenych vyrokd C (&ervené svétlo)

a Z (zelené svétlo):

oo~ | >
o O | W
—= == O )
O = = =N

Je vidét, ze sloupec pro vyrok C je totozny s vyrokem Z v predchozi tloze (a tedy miizeme prevzit
jeji feSen), a sloupec pro vyrok Z odpovida disjunkci A V B. Vyuzitim uzld a rozvétvenim obvodu tak
muizeme zakreslit diagram odpovidajiciho logického obvodu:

A

¢

D

y
[N
d

Podobné jako predchozi Gloha méa i tato vice feSeni, jejichz spravnost je mozné ovéfit vzdy pomoci
tabulky pravdivostnich hodnot. Blize se vsak vyjadfime jesté k jednomu feSeni.

Zaky mize napadnout, ze misto ¢lenu OR je mozné vodice spojit prostym uzlem, jak je zndzornéno na
obrazku:



Jestlize bude na A nebo B (popt. na obou) hodnota 1, mize tato hodnota volné protéct i na vystup Z7?
Skutecnost je takova, ze nikoliv. V Gvodnim odstavci jsme si fekli, ze pravdivostni hodnota 1 se realizuje
vysokou trovni napéti a hodnota 0 jeho nizkou Grovni. Bude-li tak napf. na vstupu A vysoké a na vstupu
B nizké napéti, dojde v obvodu ke zkratu, nebot jsou vodicem spojeny body s riznym napétim. Proto
obecné nemUzeme v logickych obvodech spojit vystupy riiznych ¢Elent uzly.

Uloha 5. Navrhnéte logicky obvod se dvéma vstupy a jednim vystupem, ktery simuluje operaci logické
ekvivalence.

Reseni. Abychom mohli obvod sestrojit, potfebujeme nalézt k ekvivalenci A < B sloZeny vyrok se stejnou
tabulkou pravdivostnich hodnot, ktery obsahuje pouze konjunkce, disjunkce nebo negace. Z definice pro
ekvivalenci plyne, Ze je pravdiva pravé tehdy, jsou-li vyroky A a B oba pravdivé nebo oba nepravdivé.
To znamen3, ze je pravdiva pravé tehdy, kdyZ je pravdiva konjunkce A A B nebo je pravdiva konjunkce
—A A -B. Tak dostdvame ekvivalenci

(A=B) < (AAB)V(-AA-B),

jejiz prava strana je vyrok obsahujici pouze konjunkce, disjunkci a negace. Miizeme proto sestavit od-

povidajici diagram:

4DA@B

WAV

Jedno z dalSich moznych feseni mizeme dostat vyuzitim de Morganovych zakon( a ekvivalentni Gpravou
predchoziho vysledku na vyrok (A A B)V = (AV B). Technickou vyhodou tohoto tvaru je mensi pocet
potrebnych logickych &lend pri realizaci obvodu.



Uloha 6. Kavovy automat po stisku p¥islu$ného tlaéitka umf pFipravit t¥i typy napoji: lungo, macchiato
a kakao. Napoje se pfipravuji michanim Ctyt ingredienci (horké vody, mléka, kavového a kakaového
koncentratu), kde kazda ingredience ma svoji trysku. Navrhnéte logicky obvod se tfemi vstupy (pro
kazdy napoj jeden) a ¢tyfmi vystupy (pro ventil kazdé trysky jeden), jestlize se lungo pfipravuje z vody
a kavového koncentratu, macchiato z vody, mléka a kavového koncentratu a kakao z vody a kakaového
koncentratu.

Pro jednoduchost pfedpokladejme, Ze nikoho nenapadne zmacknout vice tlaéitek najednou, tedy se
témito pfipady nemusite zabyvat. Ingredience je do kelimku uvolnéna pravé tehdy, kdyz je na prislus-
ném vystupu logicka jednicka.

Reseni. Ozna¢me C (kakao, angl. cocoa), L (lungo) a M (macchiato) vyroky predstavujici stav stisknuti
prislusného tladitka a dale oznaéme COC (kakaovy koncentrat, angl. cocoa concentrate), WA (voda,
angl. water), COF (kavovy koncentrat, angl. coffee concentrate) a ML (mléko, angl. milk) vyroky
predstavujici stav otevfeni prislusné trysky. Z informaci v zadani pak sestavme tabulku pravdivostnich
hodnot:

C L M COoC WA COF ML
1 0 0 1 1 0 0
0 1 0 0 1 1 0
0 0 1 0 1 1 1
0 0 0 0 0 0 0

Réadky, pro néz je v prvnich tfech sloupcich vice nez jedna jedni¢ka, nebereme v potaz, protoze je mozné
zmacknout vzdy jen jedno tladitko.

Z tabulky plyne, ze ekvivalentni dvojici vyrokl je COC a C a dalsi ekvivalentni dvojici jsou vyroky ML a
M. Vyrok COF je pravdivy pravé tehdy, kdyz je pravdivy néktery z vyrokil L nebo M, tedy je ekvivalentn{
s disjunkci L V M. A konecné vyrok WA je pravdivy pravé tehdy, kdyZ je néktery z trojice vyrokd C, L,
M pravdivy, tedy je WA ekvivalentni s disjunkci CV LV M.

Na nasledujicim obrazku je znazornén diagram piislusného obvodu - disjunkce CVLV M je v ném pritom
realizovana vnofenim dvou ¢lend OR, tj. jako CV (LV M).

C I COC

WA

- \ COF

Vsechny uvedené llohy je mozné nazorné ilustrovat na riiznych simulatorech logickych obvodd, napt.
online simulatoru CircuitVerse. Na poslednim obrazku je v tomto simulatoru modelovan obvod z Ulohy
2. K ilustraci je také mozné vyuzit specializovanych elektronickych stavebnic.
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Logic circuits

Which spell can turn on the correct indicator light in an overloaded elevator, prepare an orange soda
by pressing the button on a vending machine, turn off the lights in the hallway of a house after a
few minutes, or move a character on a computer screen? These and many other real-life activities are
handled by logic circuits, which we will explore in more detail in the following series of problems.

Logic circuits consist of so-called logic gates that implement logic operations. We will work only with
three basic logic gates, namely NOT (negation), AND (conjunction) and OR (disjunction), in the
exercises. The figure shows their respective symbols (according to the American ANSI/MIL standard)
in logic circuits. They are oriented so that the input direction is from the left. Inputs are understood as
statements, while outputs are compound statements.



NOT AND OR

The truth values are implemented in logic circuits by voltage. Low voltage indicates a truth value of 0,
while a high voltage level indicates a value of 1. For example, if the AND gate has a low voltage level
at input A and a high voltage level at input B, the output is a low voltage level. The specific values of
the levels vary according to the specific use of the circuit. A low level of approximately 0 V and a high
level of approximately 5 V are common.

In the next figure we see a representation of a more complex logic circuit. For clarity, the figure also
shows the sequential compounding of statements, which correspond to the inputs or outputs of the
individual gates. The black dot indicates the node at which the logic circuit branches. Thus, the output
of one gate can be fed to multiple inputs at the same time.

Cj:::> CA(AVB)
AD AV B D(CA(A\/B))\/(—'(A\/B))
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In the following exercises, switches or buttons can be placed in front of the inputs, and light bulbs can
be placed behind the outputs of the logic circuit. Let's agree that the logic value at the input is equal
to 1 if and only if the switch is on or the button is pressed. Similarly, a light bulb lights if and only if
there is a logic value of 1 at the corresponding output.

Exercise 1. In the circuit in the previous figure, there are switches in front of inputs A, B and C, and
a light bulb is connected to the output. If switch C is not on, in what position must switches A and
B be in order for the bulb to light?

Solution. Let p(X) denote the truth value of the statement X. We know from the assignment that
p(C) = 0, and we ask for the values of p(A) and p(B) such that p[(CA(AVB))V (=(AVB))] =1.
We will solve the exercise by reasoning.

If p(C) = 0 holds, then necessarily p(CA (A V B)) = 0. Therefore the statement —=(AV B) must be true,
and therefore p(A V B) = 0. However, this is possible if and only if the statements A and B are both
false. Therefore, both switches must remain closed.

Exercise 2. The logic circuit shown in the figure below is given with switches at inputs A, B and
C and a light bulb at output Z. Which switches must be turned on for the bulb to light? Find all
solutions to the problem. If the wires cross in the diagram without a node shown, it is assumed that
there is no actual contact between the wires.




b > 2

Solution. We will solve the problem by using the truth table. From the diagram in the assignment,
we first derive a statement consisting of the statements A, B and C, which will be equivalent to the
statement Z, see figure.

A

A AN-B
-B
B | >c Z (AA-B)A(AVC) (%)
A
AvC
& c

For the compound statement (x) we now create a truth table:

A B C AA-B AvC (AAN-B)A(AVCQ)
1 1 1 0 1 0
1 1 0 0 1 0
1 0 1 1 1 1
1 0 0 1 1 1
0 1 1 0 1 0
0 1 0 0 0 0
0 0 1 0 1 0
0 0 0 0 0 0

The table shows that the bulb lights if switch A is closed and switch B is not closed at the same time.
The position of switch C does not matter.

The problem can also be solved by equivalent modifications of the statement (x). First, we use the
distributive law, then the so-called idempotent law A A A < A:

¥

(AAN-B)A(AVC)
& (AN-BAA)V(AA-BACQ) &
& (AA-B)V(AAN-BAC).

However, the compound statement (xx) is true if and only if the conjunction A A =B is true, i.e. if Ais

a true statement and B is a false statement. This implies the same conclusion about the position of the
switches that we made using the table.

10



Exercise 3. Design a logic circuit that, in the event of a failure of one of the two water pumps (or
both), lights up a warning lamp at the output of the circuit. As long as the pump is working, it sends
a signal corresponding to a logic one to one of the two inputs of the circuit.

Solution. Let us denote A and B the statements representing the state of the first and second pumps.
We are looking for the statement Z composed of A and B, whose truth table we know:

SO R H|D>
o~ O | W
— == O | N

The table shows that the equivalent statement is = (A A B), which corresponds to the diagram of the
resulting circuit in the figure:

A— N ,
P

B

The problem has more solutions. For example, using de Morgan's laws, we get from the previous result
the equivalent statement —A V —B. This statement could be represented by a different, but equally

correct, circuit diagram.

Exercise 4. Modify the warning device from the previous exercise. Red and green lights will now be
connected to the two outputs. If both pumps work, the green light is on and the red light is off. If
one of the pumps fails, the red light also lights up, and if both pumps fail, only the red light lights
up. Design the corresponding logic circuit.

Solution. Similar to the previous problem, let us denote by A and B the statements representing the
state of the first and second pumps. Thus we get a truth table of the values of the unknown compound

statements R (red light) and G (green light):

SO~ >
oSO~ O~
— == O | X0
S == =10

We can see that the column for the statement R is identical to the statement Z in the previous exercise
(and thus we can adopt its solution), and the column for the statement G corresponds to the disjunction
A Vv B. By using nodes and branching the circuit, we can draw a diagram of the corresponding logic

circuit:

11
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Similar to the previous problem, this one also has multiple solutions, the correctness of which can always
be verified using the truth table. However, we will discuss one of the solutions in more detail.

Students may think that instead of an OR gate, the wires can be connected with a simple node as shown
in the figure:

A 1

If there is a value of 1 on A or B (or both), can this value flow freely to the output G ? The reality is that
it can't. In the opening paragraph, we noted that the truth value 1 is realized by a high voltage level
and the value 0 by its low level. Thus, for example, if there is a high voltage at the input A and a low
voltage at the input B, a short circuit will occur in the circuit, because points with different voltages are
connected by a wire. Therefore, in general, we cannot connect the outputs of different gates by nodes
in logic circuits.

Exercise 5. Design a two-input, one-output logic circuit that performs logical equivalence.

Solution. In order to construct the circuit, we need to find a compound statement equivalent to A < B

with the same truth table that contains only conjunctions, disjunctions, or negations. The definition for

equivalence implies that it is true if and only if statements A and B are both true or both false. That is, it is

true if and only if the conjunction AAB is true or the conjunction ~AA-BS$istrue. Thuswegettheequivalence (A < B) <
(AAB)V (A A -B), whose right-hand side is a statement containing only conjunctions, disjunctions

and negations. We can therefore construct the corresponding diagram:

12
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One of the other possible solutions can be obtained by using de Morgan's laws and by equivalent
modifications of the previous result to statement (A A B) V = (A V B). The technical advantage of this
form is the smaller number of necessary logic gates when implementing the circuit.

Exercise 6. After pressing the appropriate button, the coffee machine can prepare three types of
drinks: lungo, macchiato and cocoa. Drinks are prepared by mixing four ingredients (hot water, milk,
coffee and cocoa concentrate). Each ingredient has its own nozzle. Design a logic circuit with three
inputs (one for each drink) and four outputs (one for each nozzle valve) given that lungo is prepared
from water and coffee concentrate, macchiato from water, milk and coffee concentrate, and cocoa
from water and cocoa concentrate.

For the sake of simplicity, let's assume that no one thinks of pressing multiple buttons at the same
time, so you don't need to deal with these cases. The ingredient is released into the cup exactly when
there is a logic one at the corresponding output.

Solution. Let us denote by C (cocoa), L (lungo) and M (macchiato) statements representing the state
of pressing the corresponding button, and further denote COC (cocoa concentrate), WA (water), COF
(coffee concentrate) and ML (milk) statements representing the opening status of the respective nozzle.
From the information in the assignment, let's create a truth table:

C L M COC WA COF ML
1 0 0 1 1 0 0
0 1 0 0 1 1 0
0 0 1 0 1 1 1
0 0 0 0 0 0 0

Rows with more than one 1 in the first three columns are not taken into account, since only one button
can be pressed at a time.

The table shows that the equivalent pair of statements is COC and C and another equivalent pair is the
statements ML and M. The statement COF is true if and only if one of the statements L or M is true,
i.e. it is equivalent to the disjunction L V M. And finally, the statement WA is true if and only if any of
the three statements C, L, M is true, that is WA is equivalent to the disjunction CV LV M.

The following figure shows a diagram of the corresponding circuit - the disjunction CV LV M is imple-
mented by inserting two OR terms, i.e. as CV (L vV M).
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Obr. 19: Solution of exercise 6

All the mentioned exercises can be illustrated on various logic circuit simulators, e.g. CircuitVerse online
simulator. In the last figure, the circuit from Exercise 2 is modeled using this simulator. It is also possible
to use specialized electronic kits for illustration.

%Clrcultverse Project v Circuit v Tools v Help Ukazka simulatoru CircuitVerse Sign In

[vai x|

TIMING DIAGRAM B
K>AV LD/ Q&P icycle= 1000 (I

CIRCUIT ELEMENTS

Input
Output

Gates

Sequential Elements

Annotation

Misc

Obr. 20: CircuitVerse online simulator environment
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