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University of Toronto 
CSC324 – Principles of Programming Languages, Fall 2004 
 

Assignment # 1 
 
 [1 mark] 
  Fill out the cover sheet correctly. 
 
 [28 marks, 4 marks each] 
 

1. For each of the following languages, (1) provide a context-free grammar in BNF that 
generates all strings in the language and no other strings or say it cannot be done, and 
(2) provide a regular expression that accepts all strings in the language or say it 
cannot be done.  If you claim that a context-free grammar / regular expression cannot 
be provided, you do not have to explain why. 

 
a) All binary strings with no adjacent zeros. 

 
b) All binary strings with an equal number of zeros and ones. 

 
c) All strings over {1,2,3,4,5}, such that the sum of the number that corresponds to a 

string and the number that corresponds to the reverse of that string is made up 
completely of 6’s. 

 
Example:   12345 + 54321 = 66666, therefore  12345  is in the language. 

 
d) All non-empty strings over {1,2,3,4,5}, such that the sum of the number that 

corresponds to a string and the number that corresponds to the reverse of that 
string is made up completely of 6’s. 

 
e) All strings over {a,b,c} of the form ak bm cn  , where n, m, k ≥0. 

 
f) All strings over {a,b,c} of the form an bm cn  , where n, m ≥1. 

 
g) All strings over {a,b,c} of the form  an bn+m cm , where n, m ≥ 1. 
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[9 marks] 
 
2. Consider the following grammar: 
 

<S> ::= ( <L> ) | a 
<L> ::= <L> , <S> | <S> 

 
[1 mark] 

a) What are the terminals in this grammar? 
 
[1 mark] 

b) What are the non-terminals in this grammar? 
 
[1 mark] 

c) What is the start symbol in this grammar? 
 
[1 mark] 

d) Give three strings generated by this grammar. 
 
[1 mark] 

e) Give three strings not generated by this grammar. 
 
[2 marks] 

f) Show a right-most derivation for  ( a , ( ( a , a ) , ( a , a ) ) ) 
 
[2 marks] 

g) Show a parse tree for  ( a , ( ( a , a ) , ( a , a ) ) ) 
 
 
 
 
 
[6 marks] 

3. Consider the following regular expression: 
 

a(a*bb*a)*a*bb*|b(a|b)* 
 

Specify a regular grammar that generates all the strings accepted by this regular 
expression and no other strings. Include all components of the grammar. The 
production rules should be specified in BNF notation. Simpler grammars will be 
given more marks. 
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[6 marks] 
4.  Consider the following grammar: 
 

terminals:    {a,b,c,+,-,*} 
non-terminals: { <expr>, <term>, <factor>, <const> } 
start symbol:    <expr> 
productions: 

<expr>  ::= <expr> + <term> | <expr> - <term> | <term> 
<term>  ::= <term> * <factor> | <factor> 
<factor>::= <expr> | <const> 
<const>::= a | b | c 

 
Is the grammar ambiguous? If you think the grammar is ambiguous, prove it. If 
you think it is not, explain why. 

 
 

[20 marks] 
5. The set of First-Order Logic Formulas can be defined inductively as follows: 
 

i. An atomic formula is a formula 
ii. If  A  and  B  are formulas, then  not A  ,  A and B  ,  A or B  , and  A implies 

B  are formulas 
iii. If  A  is a formula and  x  is an identifier, then  exists x.A  and  forall x.A  are 

formulas 
 

Assume that there are production rules for generating atomic formulas and identifiers 
starting from non-terminals  <atomic>  and  <identifier> , respectively. 

 
For example, suppose that <identifier> generates an identifier y and <atomic> 
generates atomic formulas P, Q, and R. Then 

(not exists y. P) and (forall y. not Q) implies R 
is a First-Order Logic Formula. 

 
Your task is to give an unambiguous context-free grammar that generates the language 
of First-Order Logic Formulas. 

 
In addition, the following properties should hold: 

 
a) The precedence order is as follows (from highest to lowest priority): 

1. not 
2. and 
3. or 
4. implies 
5. exists, forall 

and parentheses override the precedence order. 
 

b) and  and  or  are left-associative,  implies  is right-associative. 


