CS 217, Winter 2004, Exam #1        Name:_____________________________

1a.  (11 points) Pascal, like Java/C++/etc., exhibits the "dangling else" problem. Here is a Pascal example:

if C1 then if C2 then S1 else S2

Write down a BNF grammar for this portion of Pascal. Make sure to distinguish between conditions and statements: in the above examples, C1 and C2 are conditions, and S1 and S2 are statements. Demonstrate that this grammar is ambiguous.
(Your BNF will be incomplete: it won't include all the statements in the Pascal language. If you need to abbreviate or mark up your BNF in some way to indicate this, that's fine.)

1b. (11 points) Algol 60, in contrast with Pascal, avoids ambiguity by prohibiting if statements immediately inside a then clause. Here are the two different legal ways that the above Pascal could be rewritten in Algol 60:

if C1 then begin if C2 then S1 end else S2
if C1 then begin if C2 then S1 else S2 end

Write down a BNF grammar for this portion of Algol 60.
2. (8 points) Is Scheme a typed or typeless language, i.e. is Scheme a language with or without types? Take a stand and defend it: don't answer this question as "it is both typed and typeless." Answer briefly, but make sure to use a fragment of Scheme code to back up your answer.

3. (20 points)  Write a Scheme function called reverse that reverses the order of an arbitrarily nested list and all lists within. Here are some examples of output:

(reverse '1)  ---> 1

(reverse '(1 2 3) )  ---> (3 2 1)

(reverse '((1 2 3)) ) ---> ((3 2 1))

(reverse '((1 2 3) (4 5 6)) ) ---> ((6 5 4) (3 2 1))

(reverse '(1 (2 3 (4 5 6))) ) ---> (((6 5 4) 3 2) 1)

4. (10 points) Java does not allow programmers to overload operators (i.e., redefine the meaning of +, *, etc.) However, the + operator is already overloaded, built right in to the language. + can be used to combine numbers or strings. For numbers, it will add them. For strings, it will concatenate them. For example:

3 + 5 ---> 8

"hello" + "there" ---> "hellothere"
It turns out that for strings, + really is just a different way of calling the concat function (method):

"hello".concat("there") --> "hellothere"

Suppose that you were on the Java committee when they were trying to decide whether or not to allow the + operator to be overloaded in this way.

(a) Argue briefly why overloading + in this way would be a good idea. Specifically, what good programming language feature(s) does this functionality address?

 (b) Argue briefly why overloading + in this way would be a bad idea. Specifically, what good programming language feature(s) does this functionality violate?

5. (20 points)
(a) Create an SML datatype that can be used to represent arbitrarily deep nested sublists of ints. (See examples of such lists in Scheme below in part c)
(b)  Show how the following Scheme list can be represented in SML using your datatype:
(1 (2 3 (4 5 6)))
(c) Write an SML function called countFirstNesting that determines how deeply the first integer to appear in the list is nested. You may assume that none of the lists are empty. Using Scheme lists, here are some sample answers:

1   --->   0

(1 2 3) ---> 1

((1 2 3)) ---> 2

((1 2 3) (4 5 6)) ---> 2

(1 (2 3 (4 5 6))) ---> 1

(((4 5 6) (2 3 (1)))) --> 3

6. (20 points) Write a Scheme function that multiplies all the elements in a lazy list of integers. You should use a continuation to immediately jump out of your function if a 0 is encountered. You may assume that a lazy list of integers can be created with the following function:

(define (gen-lazy-list start stop)

  (if (> start stop)

      #f

      (cons start

          (lambda () (gen-lazy-list (+ start 1) stop)))))

