
CPTS 355 Sample Midterm 2 
 
 
NAME _______________________________________________________________________ 
 
Directions:  Answer all of the questions.  The test is open-book, open notes. You may not use a 
computer, PDA, calculator or phone during the test. Remove all caps or face their visors to the 
back.  
 
Write your name on your notes sheet and turn it in along with your exam. 
 
Make sure that you have a complete exam now. 
 
Write your name on your exam now. 
 1 Directions: Short answer – each answer is an expression or short phrase. 
 
a) What is the ML type of  [(3, ”hi”)]? 
 
b) What is the ML type of ([3], “hi”)? 
 
 
Directions: The following are short answer questions.  Write your answer in the space provided.   
 
2) What is the type of the ML function created by the declaration 
 fun f ([],v) = [] 
   | f (x::xs,v) = (x,v)::(f(xs, v)); 
 
3) Write C declarations corresponding to the following two ML declarations. The first two are 
straightforward. The last will take some problem-solving thinking. 
  
 a) type person = {lastName: string, firstName: string,  
   birthDate: int}  
 
 b) datatype Tree = Elm | Birch | Fir; 
 
     c) datatype Tree =  
        Num of int |  
        Node of {left: Tree, right: Tree, oper: (int*int)->int} 
 
4) Determine the weakest precondition for the following program fragments, using the 
assignment rule. Show your work by showing the derivation of the weakest precondition step by 
step according to the assignment rule – visible, organized step-by-step work is required for full 
credit. 
          a)  z = 4;  n = z * 5 + n; {z == n – 30}     
 b)  z = 3; y = y + (z – 5); {y == 6*z + 1} 
 
 
 
 
 
 
 



5) In the following program, assume that n >= 1. 
 i = 1; 
 j = n; 
     s = 0; 
 while (i<j) do 
  s = s + i + j; 
           i = i + 1; 
           j = j – 1; 
 end 
 

Prove that {(i <= j+1) ^ (i+j=n+1) ^ (s = (i-1)*(n+1))} is an invariant of 
this loop by showing that  
 
{(i <= j+1) ^ (i+j=n+1) ^ (s = (i-1)*(n+1) ^ (i<j))} => 
 
wp(s=s+i+j; i=i+1; j=j-1;,  
    {(i <= j+1) ^ (i+j=n+1) ^ (s = (i-1)*(n+1))}  
   ) 
 
Solution: calculate the wp then check to see whether the 
implication holds: 
wp(s=s+i+j; i=i+1; j=j-1;,  
    {(i <= j+1) ^ (i+j=n+1) ^ (s = (i-1)*(n+1))}  
   ) 
== 
wp(s=s+i+j; i=i+1, {(i<=j-1+1)^(i+j-1=n+1)^(s=(i-1)*(n+1))}) 
== 
wp(s=s+i+j, {(i+1<=j)^(i+1+j-1=n+1) ^(s=(i+1-1)*(n+1))}) 
== 
{(i<j) ^ (i+j=n+1) ^ (s+i+j)=(i*(n+1))} 
== 
{(i<j) ^ (i+j=n+1) ^ (s+ (n+1))=(i*(n+1))} 
== 
{(i<j) ^ (i+j=n+1) ^ (s=(i-1)*(n+1))} 
 
Okay, so now we know the wp of the invariant and the loop body. 
Does the invariant together with the loop test imply it? That 
is does 
{(i <= j+1) ^ (i+j=n+1) ^ (s = (i-1)*(n+1) ^ (i<j))} => 
{(i<j) ^ (i+j=n+1) ^ (s=(i-1)*(n+1))} 

YES! Because each of the conjuncts in the rhs of the implication 
appears in the lhs. 



6a) Define a recursive ML function, pairprods, that will take a list of two-element sublists as 
input and produce as output a list whose elements are the products of the elements of each of the 
sublists. For example, (pairprods [[1,4], [14,5], [7,3], [22,6]]) should 
produce [4,70,21,132] as its answer.  
 
 
6b) Pairprods can also be defined using the built-in higher-order function map. To define 
pairprods using map you would write a definition like 
 
fun pairprods2 L = map pairfn L 
 
Write a definition for pairfn so that pairprods2 computes the same thing that 
pairprods computes. 
 
 
7) Not applicable in Fall 2007  
 
8a) What is the value of the following ML expression? Explain how you determined your answer. 

let  
   val x = 4 
   fun c x f = map f x 
   fun b y = x+y  
in 
   (c [1,2,3] b) 
end 
 

 
8b) Draw the call stack just before function b returns the first time, showing the static and 
dynamic links and the bindings of all the identifiers in effect at that time 
 
9)  Consider again the datatype  
datatype Tree =  
    Num of int  
  | Node of {left: Tree, right: Tree, oper: (int*int)->int} 
 
of problem 3c. Tree can be used to represent  arithmetic expressions.  
 
For example, Node{left=(Num 1), right=(Num 2), oper=(op +)} represents the 
expression 1+2. Note: (op +) here just means the function implemented by the + operator which 
is usually used in infix notation. (op +) is a way to use the addition function when infix is not 
appropriate. 
 
Write a recursive ML function, eval, having type Tree->int that evaluates a value of type 
Tree to determine the value of the arithmetic expression that it represents. 
 
 
 
 
 
 
10a)  Recall that ML uses static scoping. What is the value of the following ML expression? 
Explain how you determined your answer. 



let  
   val a = 4 
   fun b () = a 
   fun c () = let 
      val a = 6 
   in  
      b() 
   end 
in 
   c () 
end 

 
 
10b) What if  ML used dynamic scoping. What is the value of the expression given in 1a) in that 
case? Explain how you determined your answer. 
 
11) Given the constraints X is in the set {5,7,11,13, 17, 23} and Y is in the set {2,3,5,7,11,13} 
and X+Y=28: 
 
11a) What is (are) the basic constraint(s) of this problem?  What is (are) the non-basic 
constraint(s)?  
 
 
11b) What is (are) the initial content(s) of the constraint store?  What is (are) the initial 
propagator(s)? 
 
 
11c) Show step by step how constraint propagation narrows the domain for X to {17,23} and for 
Y to {5,7,11}. 
 
11d) Show step by step how propagation following distribution on X=17 then leads to the 
answers. 


