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O1 O2 O3 O4 O5 Total (50)

Instrukce: Na vypracováńı máte 150 min, můžete použ́ıt vlastńı poznámky v podobě ručně popsaného listu
A4. Použit́ı poč́ıtače nebo mobilńıho telefonu neńı povoleno. V otázkách true/false zakroužkujte jednu z
možnost́ı. Pokud si odpověd́ı nejste jist́ı, zd̊uvodněte ji.

Otázka 1 (1 bod za správnou, -1 bod za špatnou odpověd) TRUE/FALSE tvrzeńı

(a) (TRUE/FALSE) Formule: ∀X (clovek(X) ∧ smrtelny(X)) korektně kóduje tvrzeńı “Všichni lidé jsou
smrtelńı.”

(b) (TRUE/FALSE) Rozhodněte, zda plat́ı: ∀X(p(X) ∧ q(X))⇔ ∀Xp(X) ∧ ∀Xq(X).

(c) (TRUE/FALSE) Nejobecněǰśı unifikaćı pro dvojici literál̊u q(a, g(X, a), f(Y )) a q(Y, g(f(b), a), X) je
substituce θ = {f(Y )|X, a|Y } (proměnné jsou značeny velkými ṕısmeny, konstanty malými).

(d) (TRUE/FALSE) Každý prohledávaćı problém může být zapsán jako MDP s identickým optimálńım
řešeńım.

(e) (TRUE/FALSE) Problém sekvenčńıho rozhodováńı za neurčitosti s pozorovatelnými stavy lze vždy řešit
pomoćı dynamického programováńı (v řadě př́ıpad̊u je ale výhodněǰśı jiný př́ıstup, např́ıklad analytické
řešeńı soustavy lineárńıch rovnic u iterace taktiky).

(f) (TRUE/FALSE) Pokud je pro některé uzly n hodnota heuristiky h(n) použitá v algoritmu A* větš́ı než
skutečná cena pohybu z uzlu n do ćıle, potom algoritmus negarantuje nalezeńı optimálńıho řešeńı, ale
může naj́ıt řešeńı rychleji.

(g) (TRUE/FALSE) Časová složitost algoritmu prohledáváńı do š́ı̌rky je O(bd), paměťová je O(b ∗ d), kde b
je branching factor a d hloubka prohledávaného stromu.

(h) (TRUE/FALSE) V nekonečných grafech algoritmus prohledáváńı do š́ı̌rky (BFS) nikdy nenalezne řešeńı.

(i) (TRUE/FALSE) Prohledáváńı do š́ı̌rky (BFS) vždycky expanduje stejně nebo v́ıc uzl̊u jako algoritmus
A* (pro shodný problém).

(j) (TRUE/FALSE) Předpokládejme, že věž se může na šachovnici pohybovat vertikálně nebo horizontálně
o libovolný počet poĺıček, ale nemůže přeskakovat jiné figurky. Ćılem je přemı́stit věž z poĺıčka A na
poĺıčko B v minimálńım počtu tah̊u. Pro tento problém plat́ı, že Manhatanská vzdálenost je př́ıpustná
heuristika.

stepan
Sticky Note
You need to submit your solution in 150 minutes. You can use one sheet of A4 paper with hand-written notes. For the TRUE/FLASE section select whether TRUE or FALSE holds

stepan
Sticky Note
+1 point for correct answer, -1 for incorrect answer.

stepan
Sticky Note
Formula VX(man(X) ^ mortal(X)) encodes the following statement: All people are mortal.

stepan
Sticky Note
decide whether the following holds:

stepan
Sticky Note
each search problem can be formalized as a MDP with identical optimal solution.

stepan
Sticky Note
The problem od sequential decision making with uncertainity with observable states can always be solved using dynamical programing

stepan
Sticky Note
If for some nodes n the value of the heuristic h(n) used in A* algorithm is higher than the real price of getting from the node n to the goal node, then the algorithm does not guarantee that the found solution is the optimal one. Yet the algorithm may find the solution faster.

stepan
Sticky Note
time complexity of the breadth first search algorithm is O(b^d), space complexity (memory complexity) is O(b*d), where b is the branching factor and d is the deapth of the tree

stepan
Sticky Note
In an infinite graph the BFS algorithm never finds a solution.

stepan
Sticky Note
The BFS algorithm always expands equal number of nodes or more than the A* algorithm (for the same problem).

stepan
Sticky Note
The rook on the chessboard may move horizontally or vertically by any number of tiles and it may not skip over other figures. One wants to solve the problem of moving the rook from tile A to tile B in minimal number of moves. It holds for the problem that the Manhattan distance is an admissible heuristic



Otázka 2 (10 bod̊u)

Představte si, že vytvář́ıte školńı rozvrh, kdy potřebujete cvičeńı a přednášky umı́stit do mı́stnost́ı, které jsou
v jedné budově. Přednášky mohou být pouze v mı́stnostech určených přednáškám, cvičeńı mohou být jak v
přednáškových mı́stnostech, tak v malých tř́ıdách. Každému cvičeńı a přednášce je už přǐrazený konkrétńı
učitel i studenti. Učitelé obecně uč́ı ve v́ıce cvičeńı a přednáškách, plus plat́ı daľśı omezeńı typická pro školńı
rozvrh. Pro zjednodušeńı uvažujte, že studenti jsou přǐrazeni konkrétńım cvičeńım a přednáškám, všechny
cvičeńı a přednášky trvaj́ı stejnou dobu.

(4 body) Formulujte obecný problém rozvrhu jako CSP problém. Navrhněte a formálně zapǐste co možná
nejefektivněǰśı reprezentaci proměnných, domén a omezeńı.

(2 body) Popǐste základńı schému algoritmu řeš́ıćıho CSP a ukažte, ve kterých kroćıch (mı́stech) tento
algoritmus může využ́ıt algoritmus hranové konzistence a heuristiky pro výběr proměnných.

(2 body) Popǐste, jak funguje algoritmus AC-3 (pseudokód a vysvětleńı).

(2 bod) Popǐste dvě r̊uzné heuristiky pro výběr proměnných a jednu heuristiku pro výběr hodnoty proměnné.
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stepan
Sticky Note
Say that you need to design a schedule for the university. You need to place seminars and lectures to the rooms which are in one building. The lectures may take place only in the lecture halls. The seminars may take place both in the lecture halls and in small classrooms. There is already assigned teacher for each seminar and lecture, the same holds for the students. The teachers may teach in more than one seminars and lectures. All seminars and lectures take the same time.

stepan
Sticky Note
Formalize the schedule problem in the CSP framework. Propose and formally write down the most effective representation of variables, domains and constraints.

stepan
Sticky Note
Describe the basic scheme of the algorithm solving the CSP problem and show in which steps the algorithm uses arc consistency algorithms and heuristics for variable selection

stepan
Sticky Note
Describe how the AC-3 algorithm works (pseudocode and explanation)

stepan
Sticky Note
Describe two distinct heuristics for variable selection and one heuristic for selection of variable value



Otázka 3 Pac-man(10 bod̊u)

Ve hře Pacman a Zeď hraje Pacman proti pohybuj́ıćı se zdi. Při Pacmanově tahu se muśı Pacman pohnout
v jednom ze čtyř směr̊u (nahoru, dolu, doprava, doleva) a muśı se pohnout na neobsazené poĺıčko. Stejně
tak při tahu Zdi se Zeď pohnout v jednom ze čtyř směr̊u (nahoru, dolu, doprava, doleva) a muśı se pohnout
na neobsazené poĺıčko. Zeď se nemůže posunout na poĺıčko, na kterém je tečka. Hráči se stř́ıdaj́ı v taźıch, a
když je hráč na tahu, tak nemůže z̊ustat stát. Pacmanovo skóre je rovno počtu teček, které sńı. Pacman se
toto skóre snaž́ı maximalizovat a hra je s nulovým součtem.

Figure 1: Hra Pacman

(a - 2 body) Nakreslete herńı strom s jedńım tahem pro každého hráče pro hru, která zač́ıná ve stavu
uvedeném výše. Nakreslete pouze př́ıpustné tahy.

(b - 1 bod) Pro strom nakreslený v předchoźım bodě určete ohodnoceńı stavu v každém listu. Jako ohod-
nocuj́ıćı funkci pro výpočet hodnoty hry použijte Pacmanovo skóre.

(c - 1 bod) Uvažujme pro výše uvedenou konfiguraci hru s deseti tahy pro každého hráče. Znovu si d̊ukladně
přečtěte pravidla hry. Jaká bude hodnota hry spoč́ıtaná minimaxem?

Druhá hra se hraje na složitěǰśı herńı desce. Na obrázku ńıže je nakreslen částečný herńı strom a listy stromu
byly ohodnoceny neznámou heuristickou funkćı e. Dále se ve hře vyskytuje prvek náhody formalizovaný tzv.
chance node, která je označena symbolem kroužku s př́ıslušnými pravděpodobnostmi.

(d - 3 body) Doplňte hodnoty pro všechny uzly za použit́ı minimaxu.

(e - 3 body) Zřetelně vyškrtněte uzly, které nebudou uvažovány při použit́ı alpha-beta prořezáváńı (za použit́ı
standartńıho pr̊uchodu stromu zleva doprava).
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stepan
Sticky Note
In the Pacman and the Wall game the Pacman plays against the moving wall. When the Pacman plays he has to move in one of the four directions (up, down, left, right) and the tile he intends to move to has to be free. The same holds for the Wall, except the Wall may not move to the place where the dot is. Both players (Pacman, Wall) alternate in taking the turns. When the player is on turn he needs to make some turn, he may not stay on the same field. Pacman's score is equal to the number of the dots he eats. Pacman's goal is to maximize the score and the game is the zero-sum game.

stepan
Sticky Note
Draw the game tree with one turn for each player which begins in the state depicted above. Draw only admissible moves.

stepan
Sticky Note
For the tree drawn in the previous set the value of the game for each node. Use the Pacman's score for the evaluation function.

stepan
Sticky Note
Let's consider for the configuration above a game with 10 turns for each player. Read the game rules again. What is the value of the game computed using minimax algorithm?

stepan
Sticky Note
The second game is played on the more complicated desk. On the picture below there is a partial game tree and the nodes of the tree were evaluated using unknown heuristic function e. In the game there is also the chance factor formalized by a chance node, which is signed by a symbol of a circle with corresponding probabilities

stepan
Sticky Note
Fill in the values for all nodes using the minimax.

stepan
Sticky Note
Cross out the nodes which will not be considered for the alpha-beta pruning



Figure 2: Hra Pacman

Otázka 4 (10 bod̊u) Mám si koupit učebnici?

Stoj́ıte před rozhodnut́ım, zda si koupit drahou zahraničńı učebnici jako studijńı materiál ke kurzu, který
zač́ınáte navštěvovat. Cena učebnice je 2000Kč, nechť bez učebnice látku kurzu pochoṕı polovina student̊u,
s učebnićı 80%, nemáte d̊uvod obecné odhady pro sebe měnit. Důležitost učebnice by ještě vzrostla, kdyby
byl kurz zakončen zkouškou, u které lze učebnici použ́ıvat. V době rozhodnut́ı ale zp̊usob zakončeńı kurzu
neznáte, pravděpodobnost varianty s učebnićı odhadujete na 40%. Zkouškou bez povolené knihy projde 90%
student̊u chápaj́ıćıch látku a 30% nechápaj́ıćıch. Zkouškou s povolenou knihou projdou všichni chápaj́ıćı
maj́ıćı knihu, nikdo nechápaj́ıćı bez knihy, v ostatńıch př́ıpadech 70% student̊u. Úspěšně zakončený kurz si
ceńıte na 5000Kč, neúspěch má nulovou hodnotu.

(a) (2 body) Vyč́ıslete pravděpodobnost, že u zkoušky uspěje ten, kdo si koupil knihu.
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stepan
Sticky Note
Should I buy a book?

stepan
Sticky Note
You need to decide whether to buy an expensive book or not. The price of the book is CZK 2000. The probability that you will gain the required knowledge with the book is 0.8, without the book it is 0.5.

The importance of having the book would grow if the course you are using the book for would require the student to pass an exam where the book is allowed. At the moment of the decission it is not known whether the exam will be open books. However, you can estimate that the probability of the open books exam is 40%. FOr the closed book version of the exam 90% of the students who got the knowledge will pass and 30% of the students who don't have the knowledge will pass. For the open book exam all students who own the book will pass, nobody without the book will pass, in other cases it is 70% of the students. 

The value of passing the exam is CZK 5000 for you, failing has the value CZK 0 for you. 



stepan
Sticky Note
Compute the probability that the student who bought the book will succeed at the exam.



(b) (3 body) Vyplat́ı se koupit si učebnici? Formalizujte pomoćı středńıho užitku, vyč́ıslete středńı užitek
při koupi knihy a srovnejte jej se stejnou veličinou bez koupě.

(c) (5 bod̊u) Vyč́ıslete středńı hodnotu informace o zp̊usobu zkoušky.
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stepan
Sticky Note
Is it worth buying the book? Formalize using the expected utility, compute the expected utility for the case of buying the book and the case of not buying the book

stepan
Sticky Note
Compute the expected utility of the information about the way of the exam (open vs. closed books).



Otázka 5 (10 bod̊u) - na daľśım listu
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1 

[¬ p, r, q] 

2 

Vyberte ty formule, které platí ve všech stavech této Kripkeho struktury: 
 

Uvažujte následující Kripkeho strukturu se stavy {s,t,u,w}, prvotními 
formulemi {p,r,q} a 2 agenty. 

[p,¬ r, q ] 
1 

1 

2 

[p, ¬ r, ¬q] [¬ p, r, ¬ q] 

t 

w

s 

u

a) K1 (p v q) 
b) K1 p → p  
c) K1 K2 (p v r) 

d)  p → K1 p 
e)  (p v r v q) → K2 (p v r v q)  
f)  E{1,2} (p v q) 

1,2 

1,2 

1,2 

1,2 

Příklad 1 5 bodů 

Příklad 2. Uvažujme formální sytém modální logiky tvořený 
následujícími axiomy: 
A1.  Výrokové tautologie 
A2.  Distribuční axiom (označovaný někdy jako K)    
A3.  Axiom znalostí  (Axiom pravdy) (ozn. jako T)    
A4. Axiom pozitivní introspekce (ozn. jako 4) 
A5. Axiom negativní introspekce (ozn. jako 5) 

BKBAKAK iii →→∧ ))((
AAKi →

AKKAK iii →
AKKAK iii ¬→¬

a odvozovacími pravidly: 
 R1. Z α formulí α → β odvoďte β (modus ponens) 
 R2. Z formule α odvoď Ki α (pravidlo zobecnění znalosti) 

5 bodů 

Nechť M je Kripkeho struktura pro agenty ze skupiny G, ve které jsou relace 
přípustnosti ekvivalencemi. Vyberte si jednu z níže uvedených formulí a dokažte pro 
ni, že je splněna v každém stavu struktury M.  

BCBACACi GGG →→∧ ))(()( AACii G →)(

ACCACiii GGG →)( ACCACiv GGG ¬→¬)(

stepanko
Lístek s poznámkou
Select among the formulas a) to f) those valid in the considered Kripke structure. 

stepanko
Lístek s poznámkou
Consider the formal system with the following axioms and derivation rules (for full definition see the slides)

stepanko
Lístek s poznámkou

stepanko
Lístek s poznámkou
Let M be a Kripke structure for agents from a set G where all the possibility relations are equivalences. Select one of the formulas bellow and prove that it has to be valid in all the states of M.




