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CSCB36
REVIEW SEMINAR!
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CFG Review

A CFG G: 4-tuple (V, Σ, P, S), with
• V: A finite set of variables
• Σ: A finite set of terminals
• P: A finite set of productions (A -> b, A∈V, b∈(V∪Σ)*)
• S ∈ V: The start variable

• L(G): the language of all strings derived from S
• A language L' is said to be context-free (CFL) if L(G) = L' for some 

CFG G
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CFG Review
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CFG Review

• CFG are more powerful than Regular Expressions
• In fact, regular expressions are a subset of languages 

generated by CFG
oTHE BIG RESULT PLUS!
oThe following are equivalent

▪ L = L(R) for some regular expression R
▪ L = L(G) for some right-linear CFG G
▪ L = L(G) for some strict right-linear CFG G
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CFG Question
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CFG Question – SOLUTION

•S → A00  |  A01 |  A10 |  A11 |  A10:0  |  A10:1

•A00 → 0A01A10:0  |  0A10  |  0A10:0

•A10 → 1A10  |  1A10:0A00

•A10:1 → 1A01
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PDA Definition
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PDA Review

• A PDA accepts x ∈ Σ* if by starting with an empty stack, 
there is a sequence of transitions that:
oReads all of x
oEnds in an accepting state
oLeaves the stack empty

• CFG and PDA are equally as powerful
oA language is accepted by some CFG if and only if it is 

accepted by some PDA
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PDA Question
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PDA Question – SOLUTION
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CNF/DNF Review
• Literal: a single propositional variable or its negation
x, y, ¬x, ¬z

• Minterm: a literal, or a 
conjunction (∧) of minterms
x, (a∧ ¬b ∧ c), f(x) ∧ g(x, y)

• DNF: a disjunction (∨) of minterms
  (a ∧ ¬b ∧ c ) ∨ (a ∧ b ) ∨ (¬c)

• Maxterm: a literal, or a disjunction 
(∨) of maxterms
x, (a∨ ¬b ∨ c), f(x) ∨ g(x, y)

• CNF: a conjunction (∧) 
of minterms

  (a ∨ ¬b ∨ c ) ∧ (a ∨ b ) ∧ (¬c)
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CNF/DNF Review
• Every propositional formula can be converted into a CNF and a DNF.

x y (x -> y) ∧ y

0 0 1    0
0 1 1    1
1 0 0     0
1 1 1     1

Equivalent to:
"Either x is false and y is true, or x and y are both true"
(¬x ∧ y) ∨ (x ∧ y)
DNF

Equivalent to:
"It is NOT the case that (x and y are both false, or x is 
true and y is false)"
¬((¬x ∧ ¬y) ∨ (x ∧¬ y))
¬(¬x ∧ ¬y) ∧ ¬(x ∧¬y)
(x ∨ y) ∧ (¬x ∨ y)
CNF
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PNF Review

Informally: a formula is in PNF if all the quantifiers are in the front, followed by 
only one formula.

∀x∀y, (P(x) -> Q(y)) is in PNF.

∀x, P(x) -> ∀y, Q(y) is not in PNF.
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Converting to PNF is simple:
1. Look up your equivalence laws.
2. Apply your equivalence laws until the equation looks like a PNF.



15

Free variables
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PNF/CNF/DNF practice
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PNF/CNF/DNF solution (1)



18

PNF/CNF/DNF solution (2)
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PNF/CNF/DNF solution (3)
Step 1. Make a truth table



20

PNF/CNF/DNF solution (3)
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PNF/CNF/DNF solution (4)
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Sets of Connectives Review
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Proving Sets of Connectives are 
Logically Complete Review
Here are the steps to formally prove that a set C is complete:

1. Use structural induction to define the set G that uoc {¬,∧} or 
{¬,∨} (the choice is yours; either is acceptable). 

2. Use structural induction to prove that for every formula F ∈ G, 
there exists a formula F ′ such that F ′ uoc C and F ′ leqv F. 

3. Our result follows from the fact that {¬,∧} (or {¬,∨} if you chose it) 
is complete.
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Proving Sets of Connectives are 
Logically NOT Complete Review
Here are the steps to formally prove that a set C is NOT complete:

1.  Use structural induction to define the set H of formulas that uoc C. 

2. Define a predicate P(F) that holds for every F ∈ H, but not in general.

3. Use structural induction to prove that P(F) holds for every formula F ∈ 
H. 

4. Give a specific formula F and show that P(F) does not hold. Then our 
result follows as argued above.
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Proving/Disproving Sets of Connectives are 
Logically Complete Practice


