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Igl\"ukce: Na vypracovani mate 150 min, mtzete pouzit vlastni poznamky v podobé ruéné popsaného listu
A4. Pouziti pocitace nebo mobilniho telefonu neni povoleno. V otdzkach true/false zakrouzkujte jednu z
moznosti. Pokud si odpovédi nejste jisti, zduvodnéte ji.

Otazka 1 (1 bo@sprévnou, -1 bod za Spatnou odpovéd) TRUE/FALSE tvrzeni

(a) (TRUE/ FALSE)@"mule: VX (clovek(X) A smrtelny(X)) korektné kéduje tvrzeni “Vsichni lidé jsou
smrtelni.”

(b) (TRUE/FALSE) Rozhodnéte, lati: VX (p(X) A q(X)) & VXp(X) AVXq(X).

(¢) (TRUE/FALSE) Nejobecngjsi unifikaci pro dvojici literdla q(a, g(X,a), f(Y)) a ¢(Y,g(f(b),a), X) je
substituce § = {f(Y)|X,a|Y'} (proménné jsou znaceny velkymi pismeny, konstanty malymi).

(d) (TRUE/FALSE) Karohledévaci problém muze byt zapsdn jako MDP s identickym optimalnim
FeSenim.
(e) (TRUE/FALSE) Problém sekvenéniho rozhodovani za neuréitosti s pozorovatelnymi stavy lze vzdy fesit

pomoci dynamického programovéni (v fadé pifpadu je ale vyhodnéjs{ jiny piistup, napifklad analytické
feseni soustavy linedrnich rovnic u iterace taktiky).

(f) (TRUE/FALSE) Poku ro nékteré uzly n hodnota heuristiky h(n) pouzitd v algoritmu A* vétsi nez
skutecna cena pohybu z uzlu n do cile, potom algoritmus negarantuje nalezeni optimalniho feSeni, ale
muze najit feSeni rychleji.

(g) (TRUE/FALSE) C@é slozitost algoritmu prohledévani do &fiky je O(b?), pamétova je O(b*d), kde b
je branching factor a d hloubka prohleddvaného stromu.

(h) (TRUE/FALSE) onecnych grafech algoritmus prohleddvani do sitky (BFS) nikdy nenalezne feseni.

(i) (TRUE/ FALSE)hledévém’ do sitky (BFS) vzdycky expanduje stejné nebo vic uzla jako algoritmus
A* (pro shodny problém).

(j) (TRUE/FALSE) Predpoklddejme, Ze véz se muze na Sachovnici pohybovat vertikdlné nebo horizontalné
o libovolny pocet policek, ale nemuze preskakovat jiné figurky. Cilem je premistit véz z policka A na
policko B v minim&lnim poc¢tu tahu. Pro tento problém plati, ze Manhatanska vzdélenost je piipustna

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


Otdzka 2 (10 bodi})

Predstavte si, ze vytvarite skolni rozvrh, kdy potfebujete cviceni a predndsky umistit do mistnosti, které jsou
v jedné budové. Pfednasky mohou byt pouze v mistnostech ur¢enych prednaskdm, cviceni mohou byt jak v
prednéaskovych mistnostech, tak v malych tiidach. Kazdému cviceni a prednasce je uz pfitazeny konkrétni
ucitel i studenti. Ucitelé obecné uéi ve vice cviceni a prednéskach, plus plati dalsi omezeni typicka pro skolni
rozvrh. Pro zjednoduSeni uvazujte, ze studenti jsou ptifazeni konkrétnim cvicenim a pfedndskam, vSechny

3

cviceni a predndsky trvaji stejnou dobu.

(4 body) For hijte obecny problém rozvrhu jako CSP problém. Navrhnéte a formalné zapiste co mozna
nejefektivnéjsi reprezentaci proménnych, domén a omezeni.

(2 body) Po = zékladni schému algoritmu fesictho CSP a ukazte, ve kterych krocich (mistech) tento
algoritmus muze vyuzit algoritmus hranové konzistence a heuristiky pro vybér proménnych.

(2 body) Po , jak funguje algoritmus AC-3 (pseudokdd a vysvétlent).

(2 bod) P@te dvé ruzné heuristiky pro vybér proménnych a jednu heuristiku pro vybér hodnoty proménné.


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


Otazka 3 Pac-man(10 bodii)

Ve hie Pacman a Zed hraje Pacman proti pohybujici se zdi. Pfi Pacmanové tahu se musi Pacman pohnout
v jednom ze ¢tyf sméru (nahoru, dolu, doprava, doleva) a mus{ se pohnout na neobsazené policko. Stejné
tak pii tahu Zdi se Zed pohnout v jednom ze ¢tyF sméru (nahoru, dolu, doprava, doleva) a musi se pohnout
na neobsazené policko. Zed se nemtze posunout na policko, na kterém je tecka. Hraci se stifdajf v tazich, a
kdyz je hrac¢ na tahu, tak nemuze zustat stat. Pacmanovo skére je rovno poctu tecek, které sni. Pacman se
toto skdre snazi maximalizovat a hra je s nulovym souctem.

&

Figure 1: Hra Pacman

(a - 2 body) Slete herni strom s jednim tahem pro kazdého hrace pro hru, kterd zacind ve stavu
uvedeném vysSe. Nakreslete pouze pripustné tahy.

(b - 1 bod) trom nakresleny v pfedchozim bodé uréete ohodnoceni stavu v kazdém listu. Jako ohod-
nocujici fi pro vypocet hodnoty hry pouzijte Pacmanovo skore.

(c - 1 bod{¥=Fazujme pro vyse uvedenou konfiguraci hru s deseti tahy pro kazdého hrace. Znovu si dukladné
prectéte pravidla hry. Jaka bude hodnota hry spoc¢itand minimaxem?

byly ohodnoceny nezndmou heuristickou funkci e. Déle se ve hie vyskytuje prvek ndhody formalizovany tzv.
chance node, ktera je oznacena symbolem krouzku s prislusnymi pravdépodobnostmi.

(d - 3 body) Doplitte hodnoty pro viechny uzly za pouziti minimaxu@

(e -3 body) Zietelné vyskrtnéte uzly, které nebudou uvazovény pii pouziti alpha-beta profezdvani (za pouziti
standartniho pruchodu stromu zleva doprava)@


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

Otézka 4 (10 bodi) Mdm si koupit uéebm‘ci@

Stojite pred rozhodnutim, zda si koupit drahou zahrani¢ni ucebnici jako studijni material ke kurzu, ktery
zaéindte navitévovat. Cena ucéebnice je 2000Ké, necht bez uéebnice l4tku kurzu pochopi polovina studentt,
s uc¢ebnici 80%, nemdte duvod obecné odhady pro sebe ménit. Dulezitost u¢ebnice by jesté vzrostla, kdyby
byl kurz zakonéen zkouskou, u které lze uc¢ebnici pouzivat. V dobé rozhodnuti ale zptusob zakoné¢eni kurzu
neznate, pravdépodobnost varianty s ucéebnici odhadujete na 40%. Zkouskou bez povolené knihy projde 90%
studentu chépajicich latku a 30% nechédpajicich. Zkouskou s povolenou knihou projdou vsichni chépajict
majici knihu, nikdo nechdpajici bez knihy, v ostatnich piipadech 70% studentu. Ijspééné zakonceny kurz si
cenite na 5000K¢, netispéch mé nulovou hodnotu.

(a) (2 body) |gL'slete pravdépodobnost, ze u zkousky uspéje ten, kdo si koupil knihu.


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) Vyplati se koupit si ucebnici? Formalizujte pomoci stiedniho uzitku, vycislete stiedni uzitek
pii koupi knihy a srovnejte jej se stejnou veli¢inou bez koupé.

(¢) (5 bodu) V}@ete stfedni hodnotu informace o zpusobu zkousky.


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).


Otézka 5 (10 bodi) - na dalsim listu



Priklad 1
Uvazujte nasledujici Kripkeho strukturu se stavy {s,t,u,w}, prvotnimi
formulemi {p,r,q} a 2 agenty.

[ﬁ D, 1, q nq]
1,2
1,2
-r,q] [p,r,

V.t ty formule, které plati ve v§ech stavech této Kripkeho struktury

- - 1

Priklad 2 aiujrne formélni sytém modalni logiky tvofeny
nasledujicimi axiomy:

Al. Vyrokové tautologie

A2. Distribuéni axiom (ozna¢ovany nékdy jako K) (K;AANK,(A— B))— KB
A3. Axiom znalosti (Axiom pravdy) (ozn. jako T) K, A — A

A4. Axiom pozitivni introspekce (ozn. jako 4) Kl-A — K iKiA

AS. Axiom negativni introspekce (ozn. jako 5) - K,'A — K i K iA

a odvozovacimi pravidly:

R1. Z a formuli @ — f odvod’te # (modus ponens)
R2. Z formule a odvod’ K; a (pravidlo zobecnéni znalosti)

ht’ M je Kripkeho struktura pro agenty ze skupiny G, ve které jsou relace
pripustnosti ekvivalencemi. Vyberte si jednu z nize uvedenych formuli a dokazte pro
ni, ze je splnéna v kazdém stavu struktury M.

(i) (CoAAC;(A—>B))—>C.B (i) C,A— A
(iif)y CzA—=>C,C,;A (iv) =C;A—>C;=C A

=


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.




