Programming Languages [Fall 2012] 

Test I
NAME:  ______________________________________________________
Instructions:  

1) This test is 7 pages in length.
2) You have 75 minutes to complete and turn in this test.
3) Short-answer questions include a guideline for how many sentences to write.  Respond in complete English sentences.
4) This test is closed books, notes, papers, friends, neighbors, etc.

5) Use the backs of pages in this test packet for scratch work.  If you write more than a final answer in the area next to a question, circle your final answer.
6) Write and sign the following: “I pledge my Honor that I have not cheated, and will not cheat, on this test.” 

_______________________________________________________________________

_______________________________________________________________________




Signed: ______________________________________________

1.  [8 points]

Defining a programming language requires defining two high-level things.  What are they?  [1-2 sentences]
2.  [5 points]

In class, how did we distinguish the ML keywords fun and fn?  [1-2 sentences]
3.  [25 points]

For each of the following ML expressions, write the expression’s type, or, if the expression is ill typed, write “no type”. 
a) fun f x = f x
b) fun f x = x f

c) fun f x y = x y y y y
d) fun f x y = f (f x (f (y x) y) x) (f (y x) y)
e) fun f x y =  x (y (f x y)) (f x y)
f) fun f x y (z as (z1,z2)) = if true then f (y (x,z)) y z else z2
4.  [4 points]

What is the type of the built-in foldl function in ML?

5.  [18 points]

a) Without using any built-in/library functions, implement an ML function f that takes, as Curried arguments, a list L and a function g and returns false iff for all elements e of L, g(e) returns a nonempty list.  Keep your solution as simple as possible and use ML features as appropriate.
b) What is the type of f?

c) Re-implement f in one line of code by completing the following.
fun f L g=foldr

6.  [40 points]

For the remainder of this test, you can assume that all uses of N refer to natural numbers (either zero or the successor of a natural number), so none of your solutions need to contain explicit judgments of the form N nat.
a) Define inference rules for doubling natural numbers.  As always, keep the rules as simple and few as possible.  The judgment form is d(N1) = N2.
b) Define inference rules for a less-than-or-equal relation between natural numbers.  The judgment form is N1 ≤ N2.
c) Prove that (N1 and N2: (d(N1)=N2) ( (N1 ≤ N2).  If you need more space, continue on the next page.
(This page provides extra space for Problem 6c.)
[Undergraduates stop here.  The following problem is only for graduate students.]

7.  [15 points]

Consider the following rules for testing membership in, and concatenating, lists of natural numbers (as inductively defined in class). 



N(L





    N(L




N(N::L

N(N’::L




L1@L2=L3




      L1@L2=L3




nil@L=L

N::L1@L2=N::L3
Prove that (L1, L2, L3, and N: (L1@L2=L3 ( N(L3) ( (N(L1 ( N(L2).
EE





CNE





EU





CE








PAGE  
5

