CmpE 320 – Spring 2007 – Assignment 1 Answer Key
1) (20 pts each)
a) Give a BNF description of the boolean expressions used in MATLAB. You are required  to include the three operators &, | and ~, and the relational expressions with operators ==, ~=, <, <=, >=, >. (Use <id> as if its derivation is known, i.e. as if the identifiers are terminals in your grammar. The precedence from higher to lower is as follows: relational expressions, ~, & , |))

<boolean_expr>   -> <boolean_expr> ‘|’ <boolean_term> 



| <boolean_term>
<boolean_term>   -> <boolean_term> & <boolean_factor> 



| <boolean_factor>
<boolean_factor> -> <id> 



| ~ <boolean_factor> 



| ( <boolean_expr> )  



| <relation_expr>

<relation_expr> -> <id> == <id>



| <id> ~= <id>



| <id> < <id>



| <id> <= <id>



| <id> >= <id>



| <id> > <id>
b) Given the grammar you wrote in the previous part, show the parse tree and the rightmost derivation of the following statement;

A ~= E  & ( B | C )
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Derivation
<boolean_expr> => <boolean_term>
<boolean_term> => <boolean_term> & <boolean_factor>
<boolean_term> => <boolean_term> & ( <boolean_expr> )
<boolean_term> => <boolean_term> & ( <boolean_expr> ‘|’ <boolean_term> )

<boolean_term> => <boolean_term> & ( <boolean_expr> ‘|’ <boolean_factor> )

<boolean_term> => <boolean_term> & ( <boolean_expr> ‘|’ <id> )

<boolean_term> => <boolean_term> & ( <boolean_term> ‘|’ <id> )

<boolean_term> => <boolean_term> & ( <boolean_factor> ‘|’ <id> )

<boolean_term> => <boolean_term> & ( <id> ‘|’ <id> )

<boolean_term> => <boolean_factor> & ( <id> ‘|’ <id> )

<boolean_term> => <relation_expr> & ( <id> ‘|’ <id> )

<boolean_term> => <id> ~= <id> & ( <id> ‘|’ <id> )

c) Prove or disprove the following statement: “If any binary parse tree has depth d, then the corresponding derivation will have at most 2d-1 sentential forms.”

Each leaf of the parse tree is composed of the terminals and the internal nodes are the nonterminals. For each nonterminal, there exists a sentential form in the corresponding derivation. The maximum number of nodes can be reached if the tree is a complete binary tree. In which case, the number of internal nodes are at most 2d-1, so the number of sentential forms.

2) (10 pts each) Compute the weakest precondition for each of the following code and postconditions
a) if ( A > 10 ) 
B = B – 5;
else

B = B + 3;
{B>7}

Let us start using the axiom for assignment on the then clause
B = B – 5; {B > 7}
This produces {B > 12}. It can be used as the P part of the precondition for the then clause. Now let us apply the same axiom to the else clause;

B = B + 3; {B > 7}

Which produces the precondition {B > 4}. Thus, because {B > 12} implies {B > 4}, the rule of consequence allows us to use {B > 12} for the precondition of the whole selection statement. 

b) C = A + 3*B – 2; {C > 3}

A + 3*B – 2 > 3
A + 3*B > 5
A > 5 – 3*B    OR   B > (5 – A)/3
c) D = 2*E + D – 3; {D <= 7 }

2*E + D – 3 <= 7

2*E + D <= 10
D <= 10 - 2*E    OR     E <= (10 – D)/2
d) A = 3 * (A + B);
B = 5 * A – 2;
{B >= 4}

First take
B = 5 * A – 2; {B >= 4}

We get from the axiom of assignment
{A >= 1.2} B = 5 * A – 2; {B >= 4}

We use this precondition as the postcondition of the previous statement 

A = 3 * (A + B); {A >= 1.2} 
and use the same axiom and get
{A+B >= 0.4} A = 3 * (A + B); {A >= 1.2} 
