Final Exam
CS 410, Fall 1998

December 17, 1998

There are 12 problemson the exam, with 100 pointstotal available. There are 9 pages to the exam, including
this one, make sure you have all of them. Don’t forget to put your name and USC ID number at the top of
the exam. Please read over the whole test before beginning. Good luck!!!

| | value | grade ||
Problem 1 3 pts.

Problem 2 10 pts.

Problem 3 2 pts.

Problem 4 4 pts.

Problem 5 10 pts.

Problem 6 6 pts.

Problem 7 10 pts.

Problem 8 4 pts.

Problem 9 12 pts.

Problem 10 6 pts.

Problem11 | 15pts.

Problem 12 | 18pts.

TOTAL: 100 pts.




Problem 1[3 ptg|

Given an NFA with n states, what's the maximum number of states an equivalent DFA could have? [Hint:
think about the correspondence between statesin an NFA with statesin a DFA created from the NFA ]

Problem 2 [10 pts]
Show that the following grammar is ambiguous:

S -> S

< X< X X
n n<



Problem 3[2 ptg|

Who pushes actual parameters onto the stack frame for aroutine, the caller or callee?

Problem 4[4 ptg|

In Cool, results of an arithmetic operation can be (circle all that apply):

objects
e ints

o floats

booleans (1/0)

Problem 5[10 pts]

This question concerns compiler routines to do type checking of an expression. (limit your answers to one
sentence at most)

Part A [5 pts] What information is passed into the type-checking routine?

Part B [5 pts] What information is passed back from the type-checking routine?



Problem 6 [6 ptg]

Recall the stack-machine based code-generation scheme we discussed earlier in the semester (when we did
a Fibonacci example). Here's a summary:

e dl resultsareleftin acc
e gSpisthe same at the start of evaluating an expression as at the finish

e toeva e Opey:

1. eva e, pushing result on stack

2. eva e, pushing result on stack

3. doacc = e op e, getting the operands from the stack

4. pop e; and e, off of stack

What's a simpl e optimization we can make to this scheme? (hint: it's one we discussed in class too) Give
your answer by making changes to the code generation scheme above.



Problem 7 [10 pts]

Thefollowingisthetyperulefor thel et constructin Cool. Answer the questionsabout it that appear bel ow.

O M |- el1: T1
Tl <= TO
aTo/x], M |- e2: T2
O M - let x: TO <- el in e2 end : T2

Part A [4 pts] What isthe scope of x?

Part B [6 pts] Give an English description of any restrictionson the type of el.

Problem 8 [4 ptg|

Wouldit be possibleto apply theloop version of the reduction-in-strength optimization to thefollowing loop?
Why or why not?

for (int i =0; i <n; i++) {
cin >> foo;
Al foo] =1i;

}



Problem 9[15 pts]

Give semantic rulesto compute the attribute has Pl us, whichis 1 iff the expression has a + somewhere in
it,andisOif not.

E—>E1—|—E2

E_>E1_E2

FE — FEyx FEy

FE— El/E2

E— INTCONST

EF — IDENT



Problem 10 [6 pts]

What isthe output of the following program under each of the following assumptions:

a. lexical scoping
b. dynamic scoping

Give abrief explanation of your answers.

int x = 5;

void f(int y)

{
if (x < 100)

{
int x = 3000;

f(y);

mai n()

{
int x = 2;

f(x);

cout << Xx;

}



Problem 11 [15 ptstotal]

Consider the following Cool-like classes (function bodies elided):

class A {

a: Int;

g() : Int { . . .}
h() : Int { . . .}
}

class B inherits A {
b: Int;

i) s Int { .. .}
}

class Dinherits A{
c: Int;

g() : Int { . . .}
k() : Int { . . .}

}

Consider the following dispatch expression that uses thisinheritance hierarchy:

let x : A< newDin

x. g()
end

Part A. At compiletime, to generate code for the dispatch, we find the offset for method g in the method-
offset table for what class?

Part B. At runtime where do we get the information about what dispatch table to use?

Part C. At runtime we use the dispatch table for which class?



Problem 12 [18 ptq]

Part A [12]. Find the liveness and next-use information for the variables appearing in a statement for each
statement in the following basic block. Assumethat t1 - t4 are temporaries (not used outside of the block),
and that a-d, and m and n are programmer variables (used outside of the block).

| have left room underneath each statement for you to attach the information for that statement.

(1) t1 = a + 3
(2) t2 = b * t1
(3)y m = ¢ + m
(4) t3 = t1 * 10
(5) t4 = d - t2
(6) n = t3 + t4

Part B [6]. For each of thefollowing variables, giveitslivenessand next use information for when we enter
the basic block above.

b



