4. Recall that First(X) is defined to be {a| X⇒ ∗ a… }. That is, First(X) contains all the terminal symbols that may begin a terminal string derived from A.

Give an algorithm that computes First(X) given grammar G.

5. It is often the case that a call to a function is quite expensive. It is sometimes possible to optimize a function call by saving the r esults of pr evious calls and r eusing a known result whenever a call with the same parameters is encounter ed. This optimization is called “memoization.”

Under what cir cumstances can a given function be optimized using memoization? How would you implement memoization?

6. A grammar is said to have cycles if it is the case that A⇒ + A(that is, if a nonterminal derives itself in one or mor e derivation steps).

How would you determine whether a given grammar had cycles? Why can cycles be a problem in parsing a grammar?

7. Most pr ogramming languages, including C, C++, CSX and Java, pass parameters positionally. That is, the first value in the argument list is the first parameter , the next value is the second parameter , etc.

For long parameter lists this appr oach is tedious and err or-prone. It is easy to for get the exact or der in which parameters must go. An alternative to positional parameters is keywordparameters. Now each parameter value is labeled with the name of the parameter it r epresents. The or der in which parameters ar e passed is unimportant.

For example, assume method M has four parameters, a to d. The call M(1,2,3,4), using ordinary positional form, could be written as M(d:4,a:1,c:3,b:2). Both calls would have identical ef fects; only the notation used to match actual parameters to M’s formal parameters dif fers.

What changes would be needed in type checking and code generation if keywor d parameters ar e added to CSX?