Problem 1


Consider the following statements:


	If the unicorn is magical, then it is immortal.


	If the unicorn is not magical, then it is a mortal mammal


	If the unicorn is either immortal or a mortal mammal, then it is horned.


	If the unicorn is horned, then the unicorn is magical.


Solution 1


Using propositional logic:


The following is a tautology, since every statement must be either true or false:


Fact 1 The unicorn is either magical or it is not magical.  


From Fact 1 & Rules 1 & 2,  we can conclude:


Fact 2. the unicorn is immortal or the unicorn is a mortal mammal.


From Fact 2 & Rule 3, by using modus ponens, we can conclude:


Fact 3 The unicorn is horned.


From Fact 3 and Rule 4, we can conclude:


Fact 4 The unicorn is magical.


From Fact 4 and Rule 1, we can conclude:


Fact 5 The unicorn is immortal


There are no criteria to determine if the unicorn is mythical.  Therefore, we must conclude that the statement cannot be proven.  


1) Is the unicorn mythical, magical, and/or horned?  Explain all reasoning.


From Facts 4 and 3 we can conclude that the unicorn is magical and horned.


The above reasoning doesn’t make the existential assumption.  The facts hold true regardless of whether the unicorn exists or not.  However, if we assume that the term mythical refers to something that doesn’t really exist, we can conclude that if a unicorn exists, then it is not mythical, and the statement is false.  If the unicorn does not exist, then it can be defined as mythical, so the statement is true.  So our conclusion concerning the last part of the question could be:


If the unicorn exists, then it is not mythical.


If the unicorn does not exist, then it is mythical.


�
Problem 2


Consider the following situation, represented using predicate calculus.


�
male(me)


female(w)


married_to(me, w)


daughter_of(d, w)


son_of(me, f)


married_to(d, f)


son_of(s1, w)


son_of(s2, d)


�
Using predicate calculus, define family relationships and show that grandfather_of(me, me).


Solution 2


For the statement to be true, then step-relationships must be counted as normal relationships (i.e., my father became my son-in-law, so he is considered to be my son.)  We can define the following rules


daughter_of(x, y) (married_to(y, z) ( daughter_of(x, z)


daughter_of(x, y) ( married_to(y, z) ( son_of(z, y)


son_of(x, y) ( son_of(y, z) ( grandfather_of(z, x)


We want to arrive at the conclusion grandfather_of(me, me) using modus ponens.


2 a) Use modus ponens to prove: grandfather_of(me, me)


Using Facts 4 & 3 with Rule 1 we can conclude:


Conclusion 1: daughter_of(d, me)


Using Conclusion 1 & Fact 6 with Rule 2 we can conclude:


Conclusion 2: son_of(f, me)


Using Conclusion 2 & Fact 5 with Rule 3, we can conclude:


Conclusion 3: grandfather_of(me, me)


Problem 3


Write predicate calculus expressions for the following sentences:


English�
Predicate Calculus�
�
Horses, cows, and pigs are mammals�
( X horse(X) ( cow(X) ( pig(X) ( mammal(X)�
�
An offspring of a horse is a horse�
( X, Y horse(X) ( offspring_of(Y, X) ( horse(Y)�
�
Bluebeard is a horse�
horse(bluebeard)�
�
Bluebeard is Charlie’s parent�
parent_of(bluebeard, charlie)�
�
Every mammal has a parent�
( X ( Y mammal(X) ( parent_of(Y, X)�
�
Note: I don’t like the last expression, but it seems to be the accepted standard for computer science.  More natural for me is: ( x mammal(x) ( y parent_of(y, x), because it really isn’t for all X there exists a Y, but for all X where X is a mammal there exists a Y.  If I remember my 1962 logic course correctly, it was expressed as: 


( X ( mammal(X) ( Y ( parent_of(Y, X).
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�������������������Figure � SEQ Figure \* ARABIC �1� - Search Tree for Problem 4


Problem 4


Perform minimax and alpha-beta pruning on the tree shown in � REF _Ref338853993 \* MERGEFORMAT �Figure 1�.  Node values are non-negative.


4a) Perform minimax search on the tre
