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For each exercise, construct the desired predicate using the first-order logical symbols,
as well as the symbols in the signature for the language, to be interpreted using the
provided structure.
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@ Exercise 100. Show that {(3z P(z)), (Vz (Vy (P(z) = Q(y)))} F (Vy Q(y)).

@ Exercise 101. Show that {(Jy (Va P(x,y)))} F (Vz (Jy P(x,y))).



@ State and prove all 4 of the FO variants of DeMorgan’s laws.

Exercise 102. Show that {(—=(3x P(x)))} F (Va (=P(x))). (De Morgan)

Exercise 103. Show that {(Vz (=P (z)))} + (—=(3z P(x))). (De Morgan)

Exercise 104. Show that {(3z (=P(z)))} + (=(Vx P(x))). (De Morgan)

Exercise 105. Show that {(—~(Vx P(z)))} + (3z (—P(z))). (De Morgan)
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Consider the following TM, which has input alphabet {1,x]}.
I/1.R

(A) Run the TM on the following input strings:
« 111x11

« 11x1

- x11

« 111x

(B) Describe, in words, what the TM does.



g These exercises borrowed from Old Dominion University’s online lecture notes for CS 390,

Intro to TCS, https://www.cs.odu.edu/~zeil/cs390/latest/Public/turing-jflap/index.html

(,Q,\ Make a TM which accepting those strings containing 101 as a substring (l.c., the characters

1,0, and 1 need not be immediately next to each other in the string, they just have to

appear somewhere in the string in that order). Generalize to an arbitrary binary string.

(M Make a TM accepting strings ending in “101” exactly. Generalize.




What is the language accepted by this TM?

What does the following TM do? Here, the language is {a,A,b,B}.
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B/b.R
a/aR

b/b.R
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Exercise. Can you prove the following theorems of Peano arithmetic? You should prove the theorems in order, and you may use the
theorems you establish in the proofs of the following ones. (But you may not use later theorems to prove earlier ones to make sure
you avoid circular arguments!)

TpabVz(0 +2) = 2.

Tpy b=VaVy (S(z) +y) = S(z +y).

TpaPVeVyz +y=y+ .

FPAFVI (0 X I) =0.

Tpabvavy (S(z) x y) =2 x y +y.

TpabFVaVyz x y =1y X z.

TpaPVavyVz (z X (y + 2)) = ((z x y) + (z X 2)).
TpaPVavyVe(z +z=y+2—z=1y).
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