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Instrukce: Na vypracováńı máte 90 min, můžete použ́ıt vlastńı materiály nebo poznámky. Použit́ı poč́ıtače
nebo mobilńıho telefonu neńı povoleno. V otázkách true/false zakroužkujte jednu z možnost́ı. V ostatńıch
výběrových otázkách zakroužkujte všechny správné odpovědi. Pokud si odpověd́ı nejste jist́ı, zd̊uvodněte ji.

Otázka 1 (10 bod̊u) 2 body za správnou ano/ne odpověď

(a) (TRUE/FALSE) Algoritmus NegaScout může některé uzly stromu navšt́ıvit opakovaně.

(b) (TRUE/FALSE) CSP problém s unárńımi podmı́nkami má vždy řešeńı.

(c) (TRUE/FALSE) Nechť α a β jsou libovolné CNF formule predikátové logiky obsahuj́ıćı stejných n
výrokových symbol̊u. Nutně plat́ı buď α |= β or α |= ¬β.

(d) (TRUE/FALSE) “Existuje želva starš́ı než jakýkoli člověk.” je dobrým překladem fromule: ∃t zelva(t)⇒
[∀h clovek(h) ∧ vek(t) > vek(h)].

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

Ondrej
Sticky Note
Instructions: You have 90 minutes for completion, you can use your own materials and notes. You cannot use notebooks or cell phones. In true/false questions, please mark one of the options. If you are not sure about the questions, please provide clarification of your answer.

Ondrej
Sticky Note
Algorithm NegaScout can visit some nodes repeatedly.

Ondrej
Sticky Note
CSP problem with unary constraints has always a solution.

Ondrej
Sticky Note
Let alpha and beta are CNF formulas of predicate logic containing equal n symbols. It holds that either alpha implies beta or alpha implies not beta.

Ondrej
Sticky Note
"There exists a turtle (zelva) which is older than any man (clovek)". It is a correct translation of the presented formula. (vek=age).

Ondrej
Sticky Note
Every search problem can be written as an MDP with an identical optimal solution.



Otázka 2 (10 bod̊u) Hry

Uvažujme hru dvou hráč̊u (MAX a MIN), ve které háž́ı kostkou a pr̊uběh které je znázorněn na obrázku.

(2 body) Napǐste charakteristiku této hry.

(2 body) Spočtěte všechny hodnoty hry v jednotlivých uzlech stromu (připǐste je k jednotlivým uzl̊um) a
zvýrazněte volby jednotlivých hráč̊u v každém uzlu. Který algoritmus jste použili?

Předpokládejme nyńı, že hráči uvažuj́ı o svojich možných taźıch v př́ıslušných stavech hry v pořad́ı zleva
doprava. Nav́ıc předpokládejme, že hodnoty v listech jsou neznámé (hráč je zjist́ı, až kdy v nich zavolá
evaluačńı funkci) a jejich možné hodnoty jsou z intervalu −∞ to ∞.

(2 body) Je možné v tomto př́ıpadě některé listy přořezat podobně jak to dělá algoritmus alfa-beta? Pokud
ano, které (použijte označeńı ṕısmeny)? Svou odpověď zd̊uvodněte.

(2 body) Změńı se situace z předchoźı úlohy, pokud uváž́ıme, že hodnota utility v listech může být pouze
kladná? Pokud ano, které listy je možné přořezat? Svou odpověď zd̊uvodněte.

(2 body) Změńı se situace z předchoźı úlohy, pokud uváž́ıme, že hodnota utility v listech může být pouze z
intervalu 0− 9 (včetně)? Pokud ano, které listy je možné přořezat? Svou odpověď zd̊uvodněte.
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Ondrej
Sticky Note
Lets consider a game of two players (MAX and MIN) in which they throw a dice and which tree is depicted on the picture. Write characteristics of this game.

Ondrej
Sticky Note
Compute all values of the game in every node of the tree (write it next to every node) and highlight the choices of players in each node. Which algorithm did you use?

Ondrej
Sticky Note
Let us assume that the players reason about their possible moves in their nodes of the game in the order from left to right. Also let us assume that the values in the nodes are unknown (the player will know them once they call the evaluation function in that node) and their values are from the interval <-inf;inf>.

Ondrej
Sticky Note
Is it possible to prune some leaves similarly to the alpha-beta algorithm? If yes, which leaves? Comment your answer.

Ondrej
Sticky Note
Will this situation from previous question change, if you consider that the value of utility in the leaves can be only positive? If yes, which leaves is it possible to prune? comment your answer.

Ondrej
Sticky Note
Will this situation from previous question change, if you consider that the value of utility in the leaves can be only from the interval <0;9> included? If yes, which leaves is it possible to prune? comment your answer.



Otázka 3 (10 bod̊u) CSP a řešeńı problém̊u

Uvažujme následuj́ıćı problém. Máte k dispozici hotel, který má R r̊uzných pokoj̊u. Každý pokoj má danou
l̊užkovou kapacitu a znáte náklady na jednu ubytovanou osobu v tomto pokoji na jednu noc. Dále máte k
seznam požadavk̊u od potenciálńıch host̊u na ubytováńı – u každého požadavku znáte počátečńı a koncové
datum pobytu, počet osob a cenu, kterou jsou tyto hosté ochotni zaplatit. Problémem je zjistit zda existuje
takové rozvržeńı požadavk̊u do pokoj̊u, abychom uspokojili všechny požadavky. Počet osob z jednotlivých
požadavk̊u je možné umı́stnit pouze do jednoho pokoje (skupiny nelze dělit), v jednom pokoji může být
současně ubytována pouze skupina osob z jednoho požadavku (skupiny nelze slučovat), je však možné využ́ıt
jeden pokoj pouze částečně (počet ubytovaných osob je menš́ı než počet l̊užek).

(3 body) Formalizujte tento problém jako CSP úlohu. Snažte se o co možná nejformálněǰśı a nejefektivněǰśı
popis.

(4 body) Uvažujme následuj́ıćı konkrétńı př́ıklad: máme 3 pokoje s kapacitou 2, 4, a 5 l̊užek a tyto požadavky
(tvar požadavku je [počet osob, ubytováńı od, ubytováńı do, cena]): [1, 0, 2, 100] [4, 0, 3, 300] [2, 1, 4, 250]
[5, 2, 6, 500] [3, 3, 6, 300]. Nakreslete postup (tj. část prohledávaného prostoru) algoritmu zpětného prohledáváńı,
který využ́ıvá heuristiku MRV a algoritmus AC-3:

(3 body) Modifikujme náš p̊uvodńı problém tak, že chceme naj́ıt takové rozvržeńı požadavk̊u do hotelových
pokoj̊u, abychom maximalizovali zisk (přičemž nemuśıme uspokojit všechny požadavky). Napǐste formálńı
popis úlohy – snažte se o co možná nejformálněǰśı popis stav̊u a akćı. Který algoritmus by jste použili pro
nalezeńı optimálńıho řešeńı?
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Ondrej
Sticky Note
Let us consider the following problem: You own a hotel with R different rooms. Every room has a given number of beds and you know the cost of one person in this room for one night. Additionally, you have a list of requirements from potential guests on the accommodation - for each requirement, you know starting and ending date, number of guests and a price which the guests are willing to pay. The problem is to find out if there exists such an allocation of guests into rooms such that all requirements are met. The number of guests from each requirement is possible to allocate only into a single room (you cannot divide the groups), in one room, only one group can be accommodated (you cannot join groups), however, one room can be used only partially (number of accommodated persons is smaller than the number of beds in the room). 

Ondrej
Sticky Note
Formalize this problem as a CSP. Strive for the most formal and effective encoding.

Ondrej
Sticky Note
Let us consider the following specific example: you have 3 rooms with the capacity of 2,4, and 5 beds and the following requirements ([number of guests, start date, end date, price]): [1,0,2,100], [4,0,3,300],[2,1,4,250],[5,2,6,500],[3,3,6,300]. Draw part of the search space of the backtracking algorithm which uses MRV heuristics together with AC-3.

Ondrej
Sticky Note
We modify the original problem such that we want to find such an allocation of guests with their requirements into the rooms, such that the revenue is maximized (and we don't have to accommodate all requests). Write formal description of the task - try to strive for the most formal and effective description of states and actions.  Which algorithm would you use for finding the optimal solution?



Otázka 4 (10 bod̊u) Agent v dvoustavovém světě – MDP

Agent se pohybuje ve světě se dvěma stavy A a B. Má k dispozici dvě akce z̊ustaň a změň, prvńı stav
neměńı, druhá zp̊usob́ı přechod mezi stavy.

(a) (3 body) Uvažujte nejprve deterministické akce a parametry R(A) = 3, R(B) = 2 a γ = 0.5 (akce nikdy
neselže, odměna se váže na pobyt ve stavu a jde o nekonečný srážkový děj). Aplikujte co nejformálněji
iteraci taktiky, zapǐste iteračńı rovnice a doplňte tabulku uvedenou ńıže:

π0 V π0
π1 V π1

π2

A z̊ustaň
B z̊ustaň

(b) (1 bod) Je tabulka uvedená výše dostačuj́ıćı pro nalezeńı optimálńı taktiky? Proč?

(c) (5 bod̊u) Nyńı uvažujte stochastické akce, nechť akce z̊ustaň a změň selhávaj́ı ve 20% př́ıpad̊u. Dále nechť
je odměna dána skutečným přechodem mezi stavy R(s, s′): R(A,A) = 2, R(A,B) = 3, R(B,A) = 1,
R(B,B) = 1. Srážkový poměr z̊ustává stejný jako v předchoźım bodě. Aplikujte hodnotovou iteraci,
zapǐste iteračńı rovnice a doplňte tabulku uvedenou ńıže:

V 0 π0 V 1 π1 V 2

A 0
B 0

(d) (1 bod) Je tabulka uvedená výše dostačuj́ıćı pro nalezeńı optimálńı taktiky? Proč?
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Ondrej
Sticky Note
Agent moves in a world with two states  A and B. He can perform two actions: stay (zustan) and change (zmen); the first does not change the state, the second causes transition between states.

Ondrej
Sticky Note
first consider deterministic actions and parameters R(A) = 3, R(B) = 2 and gamma =0.5 (the action never fails, the reward is bound to the state and it is infinite process). Apply in a most formal way policy iteration, write down iteration equations and fill in the table depicted bellow:

Ondrej
Sticky Note
Is the table above sufficient for finding the optimal policy? Why?

Ondrej
Sticky Note
Now consider stochastic actions: let action stay and change fail in 20% of cases. Further, let the reward be given by real transition between states R(s,s'): R(A,A)=2, R(A,B)=3, R(B,A)=1, R(B,B)=1. Apply value iteration, write down iteration equations and fill in the table below:

Ondrej
Sticky Note
Is the table depicted above sufficient for finding the optimal policy? Why?



Otázka 5 (10 bod̊u) Kripkeho struktura

Uvažujte následuj́ıćı Kripkeho strukturu se stavy {s,t,u,w} a prvotńımi formulemi {p,r} a 3 agenty.

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

(a) (5 bod̊u) Najděte ty stavy této struktury, ve kterých je splněna formule K3 (p ∨ r)→ (K3 p ∨K3 r).

(b) (5 bod̊u) Může být formule K3 (p ∨ r)→ (K3 p ∨K3 r) dokazatelná v axiomatickém systému K3?
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Ondrej
Sticky Note
Consider the following Kripke structure with states {s,t,u,w} and formulas {p,r} and 3 agents.

Ondrej
Sticky Note
Choose formulas valid in all states of this Kripke structure:

Ondrej
Sticky Note
Find such states of this structure, in which the formula holds.

Ondrej
Sticky Note
Can the formula .... be proven in axiomatic system K3?




