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1. (15 points) Define the Last set of a nonterminal A as the set of terminals
that may appear as the last symbol in the string derived from A. Give an
algorithm to compute the Last set of a nonterminal and use an example to
explain your answer.
2. (15 points) Find a nondeterministic finite automaton, deterministic
finite automaton, and a minimum deterministic finite automaton for the

following regular expression:

{a(a]b) *|bckab+)

3. (20 points) Please find a context-free grammar that is LALR(1) but .
not LL(1). You need to explain your answer.
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Syntax—-directed Translation (38%)

Consider the following grammar:

FH o~

Vs

&k

[

<statements> -> <statement> { <statement> }
<statement> -> <id> := <expression> ;
<expression> -> <primary> { <op> <primary> }
<primary> -> <number>

<primary> -> <id>

<op> -> PLUS

<op> -> MINUS

<number> -> NUMBER

<id> -> IDENTIFIER

Write a recursive descent parser for the grammar above with reasonable
details (Note: readable pseudo code is OK). (6%)
Consider the program below:

A=A - 10 + B;
Define an instruction set for a three-address machine, and write
down the corresponding instruction sequence for the program above.
Note that variables cannot be accessed before declaration. (6%)
Insert suitable action symbols into the grammar above so that after
the program is parsed, the instruction sequence in (Z.) will be
gernerated. Give short description about what the semantic routine
behind each action symbol does. Explain why the generation is correct
(e.g. by showing the execution order of semantic subroutines for
this particular program). (8%)
Define necessary semantic records (in C, C++, or Java) used by the
semantic routines outlined in (A), then write down the semantic
routines in more details. For example, it must be clear from your
description how semantic records are used and/or passed. (8%)
Modify the recursive descent parser in (HH) to incorporate the action
symbols defined above. That is, insert calls to the semantic routines
at some proper places in the parser, with semantic records passed
correctly}. (6%)
Following (] ), point out where and how the symbol table is accessed

by the semantic routines (if you have not done so there). (4%)
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Stack Aliocation (12%)

Consider the subprogram shown below:

procedure p(a : integer) 1is
b : real;
c @ array(l..10) of real:
d : array(l..N) of integer;
procedure g(m : real) is
c(l) = m;
end
procedure r(m : real) is
c(2) = m;
end
begin
b =2 * c(a) * d{a);
q(b);
r(b);

end;

FH ~ Describe the Activation Record for procedure p before and immediately

after elaborization. You need to describe in detail about all the
entries in the activation record, including necessary explanation

for each term you introduce. (5%)

Z, > Following (HH), describe related information stored in the symbol

table for procedure p. (4%)

A ~ Assume the main program calls p immediately and displays are used.

Show the content of the display right before p reaches the statement
g(b). Also show the content of the display during the execution of

g and r, respectively. (3%)
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