CSI 3120, Fall 2007, Assignment 2
handed out Oct 1, due Oct. 22 at 4:00pm.

Submit your paper in an envelope with your name and student number  (write the same on the paper). Typewritten papers have a better chance of being marked without misunderstandings. Drop the envelope into the CSI 3120 box on the first floor of the SITE building.

Problem 1 [16 marks]

1. [12 marks] Write a grammar that generates rhythmic pieces, according to the following specifications. 
· A rhythmic piece can have any number of bars, as long as it has no fewer than three.

· Each bar has two beats.
· Notes and sighs can fill out any fraction of a beat (Note: we do not worry about the actual fraction that a note or a sigh fills. We assume that a function will calculate, based on the number of notes in the bar, both the temporal value of each note and the temporal value of the sigh. Do not worry about this function)

· Each beat is filled by one or several notes followed by a single sigh. No sigh appears between two notes within a beat.
· The second beat must contain twice as many notes as the first.

2. [4 marks] Show a rhythmic piece recognized by your grammar and draw its parse tree.
Problem 2 [20 marks]

Consider the following grammar.

<S>  -->  a  |  a <B>  |  a<B><C>
<B>  -->  b  |  b <C>
<C>  -->  c  <B>
1. [4 Marks] Show all the parse trees that can be generated for the following sentence:   abcbcbcb 
2. [8 Marks] Write an equivalent grammar (i.e., a grammar that generates the same language as the above grammar), but that is not ambiguous.  
3. [8 Marks] Is your new grammar LL(1)? Please, explain your response.

Problem 3 [24 Marks]

Please, consider the following grammar (it really is a portion of the garden grammar from the notes, re-written in a more concise notation):


<G> ( <F><M>a

<F> ( bcd | b<F>d
<M> ( d |d<M>
1. [12 Marks] Build the canonical LR(0) collection for this grammar and the corresponding SLR Parsing table..

2. [12 Marks ] Show the actions of your LR(0) shift-reduce parser on the following input:         bbbcddddd. Makes sure to display the contents of the Stack, Input Buffer and Action List at every step.
In Problems 4 and 5 you are to prove program correctness. While you can make the proofs very formal, I only want you to show that you understand the principles. Strict proofs are most welcome, but you can be less than perfect so long as you are logical. Get the postcondition and the loop invariant right and follow all the steps of the proof, maybe informally; this could give you full marks. Remember to show loop termination. When showing the postcondition and loop invariant, please pay attention to the boundary conditions. E.g., if the loop invariant or postcondition is of the form: Σ i=X Y Ai make sure that your values for X and Y as well as that for Ai are accurate.
Problem 4 [22 Marks]
There are N elements in T: T[0], T[1], ..., T[N-1]. Assume that N > 0, B >= 2, and 0 =< T[j] < B for each j. The final value of v is a function of N and T.

j = N - 1;

v = T[j];

while ( j != 0 ) {

  j = j - 1;

  v = v * B + T[j];

}

1. [8 Marks] What is this program’s post-condition?
2. [8 Marks] What is this program’s loop invariant?
3. [6 Marks] Verify that all the loop correctness conditions are verified.
Problem 5 [18 Marks]
Consider the following program fragment (X, Y, Z are of type float; MAX,k are of type int ; and MAX >0):

k = 1;

while ( k <= MAX ) {

  if ( X[k] - Y[k] > 0 )
    Z[k] = X[k] - Y[k];

  else

    Z[k] = Y[k] - X[k];

  k = k + 1;

}
4. [6 Marks] What is this program’s post-condition?
5. [6 Marks] What is this program’s loop invariant?
6. [6 Marks] Verify that all the loop correctness conditions are verified.
