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Instrukce: Na vypracovani mate 90 min, muzete pouzit vlastni materidly nebo pozndmky. Pouziti poc¢itace
@ nebo mobilniho telefonu neni povoleno. V otdzkéch true/false zakrouzkujte jednu z moznosti. V ostatnich
vybérovych otazkach zakrouzkujte vsechny spravné odpovédi. Pokud si odpovédi nejste jisti, zduvodnéte ji.

Otdzka 1 (10 bodii) 2 body za spravnou ano/ne odpovéd

@a) (TRUE/FALSE) Algoritmus NegaScout muze nékteré uzly stromu navstivit opakované.
@b) (TRUE/FALSE) CSP problém s undrnimi podminkami m4 vzdy feSeni.

@c) (TRUE/FALSE) Necht o a 3 jsou libovolné CNF formule predikdtové logiky obsahujici stejnych n
vyrokovych symbolia. Nutné plat{ bud o = 8 or « | —f5.

@d) (TRUE/FALSE) “Existuje zelva stars{ nez jakykoli ¢lovek.” je dobrym pfekladem fromule: 3¢ zelva(t) =
[Vh clovek(h) A vek(t) > vek(h)].

@e) (TRUE/FALSE) Kazdy prohleddvaci problém muze byt zapsin jako MDP s identickym optimdlnim
feSenim.


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.


Otézka 2 (10 bodi) Hry
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Uvazujme hru dvou hrdcu (MAX a MIN), ve které hazi kostkou a prubéh které je zndzornén na obréazku.

(2 body) Napiste charakteristiku této hry.

(2 body) Spoctéte vsechny hodnoty hry v jednotlivych uzlech stromu (pfipiste je k jednotlivym uzlim) a
zvyraznéte volby jednotlivych hract v kazdém uzlu. Ktery algoritmus jste pouzili?

Predpoklddejme nyni, ze hra¢i uvazuji o svojich moznych tazich v prislusnych stavech hry v poradi zleva
doprava. Navic predpoklddejme, Ze hodnoty v listech jsou nezndmé (hrac je zjisti, az kdy v nich zavold
evaluacn{ funkci) a jejich mozné hodnoty jsou z intervalu —oo to oco.

(2 body) Je mozné v tomto pripadé nékteré listy profrezat podobné jak to déld algoritmus alfa-beta? Pokud
ano, které (pouzijte oznaceni pismeny)? Svou odpovéd zduvodnéte.

(2 body) Zmeéni se situace z pfedchozi tlohy, pokud uvdzime, ze hodnota utility v listech muze byt pouze
kladna? Pokud ano, které listy je mozné protfezat? Svou odpovéd zduvodnéte.

(2 body) Zméni se situace z pfedchozi tlohy, pokud uvdzime, Ze hodnota utility v listech muze byt pouze z
intervalu 0 — 9 (véetné)? Pokud ano, které listy je mozné pfofezat? Svou odpovéd zduvodnéte.


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.



Otézka 3 (10 bodu) CSP a reSend problémi

Uvazujme nésledujici problém. Maéte k dispozici hotel, ktery ma R raznych pokoju. Kazdy pokoj ma danou
lazkovou kapacitu a znédte néklady na jednu ubytovanou osobu v tomto pokoji na jednu noc. Déle méte k
seznam pozadavku od potencidlnich hosti na ubytovani — u kazdého pozadavku znate pocateéni a koncové
datum pobytu, pocet osob a cenu, kterou jsou tyto hosté ochotni zaplatit. Problémem je zjistit zda existuje
takové rozvrzeni pozadavku do pokoju, abychom uspokojili vSechny pozadavky. Pocet osob z jednotlivych
pozadavku je mozné umistnit pouze do jednoho pokoje (skupiny nelze délit), v jednom pokoji muze byt
sou¢asné ubytovana pouze skupina osob z jednoho pozadavku (skupiny nelze sluc¢ovat), je vsak mozné vyuzit
jeden pokoj pouze ¢dsteéné (pocet ubytovanych osob je mensi nez pocet lazek).

(3 body) Formalizujte tento problém jako CSP tlohu. Snazte se o co mozné nejformdlnéjsi a nejefektivnéjs
popis.

(4 body) Uvazujme nasledujici konkrétni piiklad: mame 3 pokoje s kapacitou 2, 4, a 5 luzek a tyto pozadavky
(tvar pozadavku je [pocet osob, ubytovani od, ubytovéni 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. ¢dst prohleddvaného prostoru) algoritmu zpétného prohledavéni,
ktery vyuzivd heuristiku MRV a algoritmus AC-3:

(3 body) Modifikujme nds puvodni problém tak, ze chceme najit takové rozvrzeni pozadavku do hotelovych
pokoju, abychom maximalizovali zisk (pficemz nemusime uspokojit vSechny pozadavky). Napiste formaln{
popis tlohy — snazte se 0o co mozna nejformélnéjsi popis stavi a akci. Ktery algoritmus by jste pouzili pro
nalezeni optiméalniho feseni?


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?


Otdazka 4 (10 bodu) Agent v dvoustavovém svété — MDP

Agent se pohybuje ve svété se dvéma stavy A a B. M4 k dispozici dvé akce ziustari a zmén, prvni stav
@ neméni, druhd zpusobi pfechod mezi stavy.

(a) (3 body) Uvazujte nejprve deterministické akce a parametry R(A) = 3, R(B) =2 a v = 0.5 (akce nikdy
neselze, odména se vdze na pobyt ve stavu a jde o nekoneény srazkovy déj). Aplikujte co nejformdlngji
@ iteraci taktiky, zapiste itera¢ni rovnice a doplite tabulku uvedenou nize:

0 1
o v e v |
A | zustan
B | zustan

@ (b) (1 bod) Je tabulka uvedena vyse dostacujici pro nalezeni optimaln{ taktiky? Proc?

(c) (5 bodit) Nynf uvazujte stochastické akce, necht akce zistari a zmén selhavaji ve 20% pifpadi. Dale necht
@ je odmeéna ddna skuteénym piechodem mezi stavy R(s,s’): R(A,A) =2, R(A,B) =3, R(B,A) =1,
R(B,B) = 1. Srazkovy pomeér zustava stejny jako v pfedchozim bodé. Aplikujte hodnotovou iteraci,
zapiste iteracni rovnice a dopliite tabulku uvedenou nize:
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@ (d) (1 bod) Je tabulka uvedend vyse dostacujici pro nalezeni optiméalni taktiky? Proc¢?


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?


Otazka 5 (10 bodu) Kripkeho struktura

@ Uvazujte nésledujici Kripkeho strukturu se stavy {s,t,u,w} a prvotnimi formulemi {p,r} a 3 agenty.

[ p, 1] [=p,r]
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Vyberte ty formule, které plati ve vsech stavech této Kripkeho struktury:

(a) (5 bodu) Najdéte ty stavy této struktury, ve kterych je splnéna formule K5 (pVr) — (K3 pV K3 r).
(b) (

5 bodu) Muze byt formule K3 (pVr) — (K3 pV Kj r) dokazatelnd v axiomatickém systému K3?

=
=
=


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?




