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Question 1. [10 points total for question 1]
Suppose that the token binary_integer is defined as follows:
· starts with a b
· if the binary number is zero, it is written b0
· if the binary number is not zero, a 1 must follow the b, which in turn can be followed by any number of 1’s and 0’s

Give a finite state automaton in the space below for recognizing binary_integer patterns.  The automaton must be deterministic, it must use the minimal number of states possible, and it must be augmented to show the actions that must be done if the automaton is to be implemented as part of a scanner.

Question 2.  [35 points total for question 2]
Consider the following grammar rules for this question.  
1.  <system_goal> ( <exp> eof
2.  <exp>         ( <term> <exp_tail>
3.  <exp_tail>    ( + <term> <exp_tail>

4.  <exp_tail>    ( - <term> <exp_tail>

5.  <exp_tail>    ( λ

6.  <term>        ( intlit
7.  <term>        ( id
(a) [10 points]  Fill in the following LL(1) table based on this grammar.
	
	+     
	-
	intlit
	id
	eof

	<system_goal>
	
	
	
	
	

	<exp>
	
	
	
	
	

	<exp_tail>
	
	
	
	
	

	<term>
	
	
	
	
	


(b) [5 points]  Is this grammar LL(1)?  Prove your answer.
(c) [5 points]  Give a procedure (for parsing only, not code generation) for <exp_tail>.  Be sure to use the standard form for such procedures given in class.
(d) [5 points] Rule 3 is repeated below.  Mark up this rule with the action symbol(s) for code generation as done in class.

3.  <exp_tail>    (    +   <term>    <exp_tail>

(e) [10 points] Assuming a stack based target architecture similar to the one you used for your project, what translated IR code, if any, would be generated as a result of processing this rule in a compiler?  Defend your answer.
Question 3. [25 points total for question 3] Assume that you have the following symbol table structure.  The offsets in these symbol tables reflect that room will be left at the beginning of the associated activation record for the old display register for procedures (including main) and for a return value plus the old display register for functions.  Space is also accounted for for the return address to be placed in the associated activation record between the formal parameters and the local variables.
                         //
                          |

                          |                   
	main
	nestlevel 0
	size 8
	
	
	
	
	

	lexeme
	kind
	type
	mode
	offset
	size
	label
	parameters

	x
	variable
	integer
	
	4
	4
	
	

	y
	variable
	integer
	
	8
	4
	
	

	mary
	procedure
	
	
	
	
	L1
	( reference integer ( //


                         /\
                          |

                          |
	mary
	nestlevel 1
	size 8
	
	
	
	
	

	lexeme
	kind
	type
	mode
	offset
	size
	label
	parameters

	a
	parameter
	integer
	reference
	4
	4
	
	

	b
	variable
	integer
	
	12
	4
	
	

	jack
	function
	integer
	
	
	
	L2
	( in integer ( in integer ( //


                         /\
                          |

                          |
	jack
	nestlevel 2
	size 8
	
	
	
	
	

	lexeme
	kind
	type
	mode
	offset
	size
	label
	parameters

	i
	parameter
	integer
	in
	8
	4
	
	

	y
	parameter
	integer
	in
	12
	4
	
	

	k
	variable
	integer
	
	20
	4
	
	


                          /\
Top of stack ___|
(a) [5 points]  Generate code for the following statement assuming a stack based target architecture similar to what you had for your project.
x := y + b;

(b) [5 points]  Generate code for the following statements assuming a stack based target architecture similar to what you had for your project.
a := k + 1;

(c) [10 points] Generate code for the following statements assuming a stack based target architecture similar to what you had for your project.  Assume that you have instructions that do relational operations (e.g., assume the existence of a function lts that pops the top two stack values, compares them for less than in the expected way, and pushes the resulting true or false value onto the stack).  Also assume the existence of logical operation instructions, like ands which performs an and operation on the top two stack values in the expected way (pops the top two stack values, ands them, and pushes the result – true or false—onto the stack).  Also assume instructions jumpfalse Ln and jumptrue Ln which pop the tops stack value and branches to label Ln if that value is false or true, respectively.  You must use these instructions in answering this question.
k := 1;

loop while k < i*y

write(k);

k := k + 1;

end loop;

write(i*k);
(d) [5 points]  Assume that you have a syntax different than Pascal in that for functions the value returned by a function is done in a statement like the following.  Give the translation of this statement assuming a stack based target architecture similar to the one you had for your project.  Provide comments with each instruction to describe why that instruction is used. 
return i*3;

Question 4.  [5 points total for question 4]  

(a) [2 points]  What is the major difference between the way LR parsing is done compared to the way LL parsing is done?

(b) [3 points]  In LL parsing, the major parsing step is the expansion of a rule, in which a nonterminal is expanded to its right hand side.  What is the equivalent major step in LR parsing?

Question 5. [5 points total for question 5]

Give one example of local code optimization and one example of global code optimization that can be done on intermediate code.  You do not need to provide any examples of code.

Question 6. [20 points total for question 6]

Examine the following program fragment.  Assume that integers take up four bytes each and floats take up 8 bytes.  Be sure to account for the old display register (4 bytes) to appear in the associated activation record.
Program main;

  Variables

      a, b    : float;

      c       : array[0..9, 1..10] of integer;

      i, j, x : integer 

(a) [5 points] Give the symbol table as it would appear at this point in the parse.

(b) [5 points]  At what offset would c[3,5] be from the start of the activation record for main, assuming that the array is stored in row major order?
(c)  [10 points]  Describe at a high level (don’t generate code) what the code would have to do that is generated for the following statement.

x := c[i,j] + 1;

*** END OF EXAMINATION ***
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