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Al: Search: informed, uninformed, adversarial; logic, propositional, Br_e_tjiia_t_e; reasoning

under uncertainty topics — conditional independence representation, exact inference
through variable elimination, and approximate inference through sampling.
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Q: New Delhi is the capital of India. \

4 is a prime number, AND New Delhi is the capital of India. e > Pne

£ P
4 is NOT a prime number. J—g fio

4 is a prime number, OR New Delhi is the capital of India. —— PV

4 is a prime number, OR New Delhi is the capital of India, BUT NOT BOTH. —>F @&

IF 4 is a prime number, THEN New Delhi is the capital of India. —  —> P&

STANDARD  JphicAL (OWECTIVES [ DPERA TDRg)

1. NOT 7. NAND
2. AND 8. NOR
3. OR

4. Exclusive OR
5. Implication

6. Bi-Implication
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Part ll: Proving logical equivalence using laws of propositional logic (50 pt.)

4. (30 pt) Use the laws of propositional logic to prove that the following compound 9 (‘E'V%B ‘\ -1 CF n- —-\a

propositions are logically equivalent.
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(1 pt) Match the following propositions with their types below.

1.(pAg) = —p

2(pAq) V(g < p)

3. pA-(p—q)

4.(pVp) = (pA-p)
A. Tautology

B. Contradiction
C. Contingency
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If it rains today, then we will not have a‘barbecue today. If
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Example 1. Identify the rule

(a) Alice is a math major. The re, Alice is either a math major or a c.s. major

(b) If it snows today, the college will close. The eollege is not closed today. Therefore it did not snow

today.

(¢) If I go swimming, then I will stay in the sun too long. If I stay in the sun too long, then I will sunburn.
Therefore, if I go swimming, then I will get sunburn.

Example 2. Use rule of inference to show that the premises “Henry works l:.uxl"ﬂ -,-“ Henry works hard [,\ T
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Entailment: KB |=Q

— Qs entailed by KB (a set of premises or assumptions)
if and only if there is no logically possible world in

which Q is false while all the premises in KB are true.

— Or, stated positively, Q is entailed by KB if and only if
the conclusion is true in every logically possible world
in which all the premises in KB are true.

Q:
KB={p->q,p,s>r}
Which of p, q, r, s are inferred by(entailed by) KB?

* p2q.ps>r |=p
* p>qps=>r|=q
* p=>q,p,s=>r |=r
* p=2>q,p,s=2>r |=s

Logical Consequence
Logical inference
Logical implication

Logical Entailment

\
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13. Determine the truth value of each of these statements if
the domain consists of all integers.
) T
a) YVn(n+1>n) T b) 3n(2n = 3n)

¢ 3nn=-n) T d) Vn(3n <4n) F
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What do the statements ¥x < 0 (x2 > 0), Yy # 0 (y® # 0), and 3z > 0(z% = 2) mean, where
-

the domain in each case/consists of the real numbers?
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1) Determine the truth value of each expression below if

In working with quantifications of more
than one variable, it is sometimes helpful to think in terms of nested loops. (Of course, if there

the domain is the set of all real numbers

are infini any elements in the domain of some variable anng ually loop through
all values cless, this way of thin anding quantifiers.) For
example, y) ¢ loop through the value! ]

r y. If we find that P(x, v) is true for all values for x and y, we

a) IxVy (xy = 0) (M true, give an
example.)

s true. If we ever hit a value x for which we hit a value y
whn that VxVy P(x, v) :

b) ¥x¥y3z (z = (x - y)/3) (If false, give ¢ P(x, y) is tru loop through the values for x

counterexample.) find a y for which P(x » ¥) is true. If for
r some x we never hit such a y, then

C) VxVy (xy = yx) (If false, give a
countereaxample.)
o wh

alse only if v hit an x for which we hita y such
that P(x, v) is true

d) 3&4,‘%?(12 ~y23?2| (If true, give
an example.)
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Consider this formula

R
& = Vy.((P(y) A Q(x)) v Vx.(P(x) v Q(y) A P(2)))

How many free variables does this formula contain? Clicker
@ One

Q@ Two '~

@ Three

Q Four

@ None

17. Translate into English:
(@) Vx(E(x) — E(x + 2)).
(b) Vx3y(sin(x) = y).
(c) Yy3x(sin(x) = y).
(d) Vx‘v’y(_\:4 = _|/3 — X = y).

A oy ()
. Consider the statement, “For all natural numbers #, if n is prime, then Oﬂ_‘g;ha/Q JV’;,I 3'\) ( FQ(M @) —99&

n is solitary.” You do not need to know what solitary means for this

problem, just that it is a property that some numbers have and others

donet coudse  dfnen (}Wﬂ% (1 = ma(n))

(a) Write the converse and the contrapositive of the statement, .
e R : g ’]mme(ﬂ
saying which is which. Note: the original statement claims that nJ&a lille, )d, 1 QDJ.'J )

an implication is true for all n, and it is that implication that we (s FZKJ hen

are taking the converse and contrapositive of.

r statements is true or false, and give bric
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1. Ina FOL Expression, by default, ALL
Variables have Same Domain.

2. Domain in FOL, is ALWAYS Non-Empty..
(unless explicitly gives as empty) -
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Rules of Inference for Quantified Statements.
Rule of Inference Name
Vx P(x) . . .
Universal instantiation
S Poo)
P (c) for an arbitrary ¢ ) L
S—— Universal generalization
S Vx P(x) b
o
oo "'\‘) Existential instantiation
.. P(c) for some element ¢
P(c) forsome element ¢ Existential generalization
<. Ix P(x) h
>8]
—> Vah
P@) dus  Porens
Tpllens
Every man is mortal M oclet PDMS

Aristotle is a man

Therefore: Aristotle 1s mortal

Aristotle is a man ?)\falﬂ‘i 2 %wswaﬁQ MJ”‘D?’)

Therefore: Someone is a man

AT
27. Use rules of inference to show that if Vx(P(x) — JVLX D_)(\'O—% a6 A S( (‘1D X[ "
x)AS(x and Vx(P(x) A R(x)) are true, the — X
LVQ:(([\{)(V;\) A(‘\S‘:)‘.)”lir: m,c‘.( (x) A R(x)) are true, then JVLY\D)&\ A R@j = -V (X) f\ 'V;( f)
—————
)ﬂ[ﬁ@ A S @(51

q & dpman



28. Use rules of inference to show that if Vx(P(x)V -V){ [P(\D V Q(}(ﬂ
Q(x)) and Vx((—=P(x) A Q(x)) — R(x)) are true, then
Vx(—R(x) = P(x)) is also true, where the domains of BVL\( {1 P(;b ,\ &&3 > K (\[)

all quantifiers are the same.
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29. Use rules of inference to show that if Vx(P(x) v Q(x)), | Vs{ [ f’[@ v QC\O]. —?
Vx(=Q(x) Vv S(x)), Yx(R(x) — —=5(x)), and Ix—P(x) o® 5@1 _Seilkd 5 Rue
are true, then Ix—R(x) is true. )y Ay ):/‘ v
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