
















































































CS 245 Extra MT Practice

Problems

Good luck I

Disclaimer: 

These may not look like the problems you’ll see on the exam. They’re simply 
ones that I’ve found that I believe would be good for building dexterity with 
the concepts. Make sure to do the actual mock exam, too.




























































































Syntax Basics

1.2

I




























































































3 Draw a parse tree for the following formula

leftpveeqrightleftrightarrownegrleftwedgenegsright



















































































Structural Induction

1 Prove that every varphiinLpleftsigmaright has at least

one propositional variable

2 Prove that every varphiinLpleftsigmaright has the same

of left parentheses as right parentheses
52.2Zhongwon

3.4

Prove that in any varphiinLpleftsigmaright each of

the characters in leftveewedgerightarrowleftrightarrowright must occur

w string distance at least two bt them

I.e sth like wedgeldotsvee where the snotinleftveewedgeleftrightarrowrightarrowright

5
Ibasecase
wid casel

Structural induction can also be applied to other sets, besides the set of formulas! For 
instance, consider the following “fun” exercise, taken from reddit.com/r/askmath:




























































































Semantics Argument Valid ty
1 Prove using truth tables that

p q equivleftleftprightarrowqrightwedgeleftqrightarrowprightright

2 Prove from the definitions that
varphiequivpsi if varphi35psi and leftpsirightneqvarphi

3 Prove from only the defin of F
that leftArightarrowleftBwedgeCrightrightFleftArightarrowBrightwedgeleftArightarrowCright

4 Prove the following

leftleftArightarrowBrightveeleftArightarrowCrightright ArightarrowleftBwedgeCright
a leftArightarrowleftBveeCrightrightneqleftArightarrowBrightwedgeleftArightarrowCright

5 DualityTheorem from Sp 2025 ed of the conse

rHint StructuralInduction
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Formal Proof Nat Deduction

1 Disjunctive normal form for s

Prove V4 4 that 4rightarrowpsi 1negvarphiveepsi

and Yu psileftvarphirightarrowpsiright

2 Distributivity of 1 over v

pr qur leftleftpwedgeqrightveeleftpwedgerrightright

3 leftleftprightarrowleftqrightarrowrrightrightpnegrrightnegq

4 Backwards DeMorgan's

leftleftnegvarphiwedgenegpsirightrightnegleftvarphiveepsiright
leftleftnegvarphiveenegpsirightrightnegleftvarphiwedgepsiright




























































































Soundness Completeness consistency satisfiability

Prove that forallGammasubseteqLpleftsigmaright TFAE

1 T is consistent
2 varphiinLpleftsigmaright sit lceilvarphi and lceilnegvarphi
3 psiinLpleftsigmaright sit lceilHpsi

3

I satisfiable T consistent

4 Which of the following sets are consistent

1 varphiwedgeleftpsirightarrowthetaright varphirightarrowleftpsiwedgethetarightnegpsileftrightarrowtheta
2 leftvarphirightarrowpsipsirightarrowthetathetarightarrowxixirightarrownegvarphiright

from 5.2 of LuZhongwan

In Lemma 4 of Lecture 08 we showed that every consistent formula set is satisfiable. 
Now prove that every satisfiable set of formulas is consistent, thereby showing:































































5.3 LuZhongwan

7 Theorem Compactness Theorem

every finite sum0subseteqsum

is satisfiable
sumsubseteqLpleftsigmaright is satisfiable

Fin

In mathematical logic, compactness means that if a property holds for every finite 
subset of an infinite set of statements, then it must hold for the entire infinite set.



This terminology comes from topology. It turns out that one can build a topological 
space from the set of formulas. See, e.g, https://math.stackexchange.com/questions/
842/why-is-compactness-in-logic-called-compactness



Anyways, let’s prove a compactness property for satisfiability:


