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Question 1 Runtime-systems, scoping, types (weight 40%) 
NB.: 1a -1c is answered by filling in values and links in the figure at page 10, and deliver it 
together with the rest of the answers! Remember to fill in candidate number and date! 

Imagine that we introduce by-reference parameters to both constructors and ordinary methods in a 
Java-like language. We have introduced methods within methods as well, and similar to Java, the 
language has static scoping.  

A by-reference parameter for a constructor really belongs to the class, and for clarity it is required 
that such a by-reference variable is declared two times, first in the class, and secondly as a 
parameter to the constructor.  

The semantics for a by-reference parameter is the ordinary semantics for by-reference parameters. 
The semantics for a by-reference variable in a class (and the corresponding parameter in the 
constructor) is as follows: the actual parameter to ‘new()’ becomes the variable referred to by the 
by-reference variable of the class.  

Assigning to a by-reference parameter or to a by-reference variable implies assignment to the 
variable that is referred. The value of a by-reference parameter or a ref variable (e.g. as part of an 
expression or as the right-hand side of an assignment) is the value of the variable being referred to. 

Below is a simple example according to this. The class A has a by-reference variable ref int j, 
and therefore a corresponfing constructor with a by-reference parameter j. The method mB has a 
local method mBm.  

We assume that a constructor is executed as any other method, i.e. its activation record is put on the 
top of the stack while executing. It is executed as part of executing the ‘new’ expression. After the 
execution of a ‘new’, the constructor activation record is popped off the stack. Execution of ‘new’ 
consists of the following steps: 1. Generate the object and initialize the variables according to the 
initial values in the declarations; 2. Push activation record for the constructor and execute the 
statements of the constructor. 
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class Program { 
  public static void main(String[] args) { 
    int j = 1; 
    B rB = new B(); rB.mB(j); 
  } 
} 
class A {  
  int i = 1; 
  ref int j; 
  public A(ref int j){     //constructor for A 
    i = j+1; j=i+2; 
  }  
  public void mA1(ref int k){  
    k = i + 1;    
  } 
  public void mA2 {  
    j = i + 1;    
  } 
} 
class B { 
  int i = 5; 
  A rA; 
  public B(){             // constructor for B 
    rA = new A(i);  
  } 
  public void mB(ref int k){ 
    int j=0; 
    void  mBm { 
      int k = 4; 
      rA = new A(k); 
    };      
    mBm(); 
    rA.mA1(j); 
    rA.mA2(); 
  } 
} 

 

The program execution is started by execution of the main method in the class Program.  

For questions 1a to 1c, represent by-reference parameters and by-reference variables by links from 
the parameters and by-reference variables to the variables that are passed as actual parameters. A 
link is drawn as a line with an arrowhead, as illustrated on page 10.  

1a  
Fill in access links, control links and values of variables of activation records and objects at the 
stage of execution when the first call of the constructor for A is about to exit, but still is at the top of 
the stack. This is part of executing ‘B rb = new B()’ in  main.  

1b  
Fill in access links, control links and values of variables of activation records and objects at the 
stage of execution when mBm is about to exit, but still is at the top of the stack. 

1c  
Fill in access links, control links and values of variables of activation records and objects at the 
stage of execution when execution of ra.mA1(j) is about to exit, but still at the top of the stack.  
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1d  
What goes wrong with the stack organisation in the execution of ra.mA2()? 

1e 
In this part we try out by-reference also for object reference parameters and variables, i.e. the types 
of the parameters and variables are classes. The semantics is as above: a ref reference parameter or 
ref reference variable refers to a reference variable and not to an object.  

The constructor for A has a by-reference reference parameter rBref typed by B, and it assigns the 
reference rB to the reference variable referred to by rBref.  

class Program { 
  public static void main(String[] args) { 
    B rB = new B();         
    A rAB = new A(rB);    
    BB rBB = new BB();         
    A rABB = new A(rBB); 
  } 
} 
class A { 
  B rB = new B();  
  ref B rBref; 
  public A(ref B rBref){ ...; rBref = rB;...} // constructor for A 
} 
 
class B {...} 
class BB extends B {...} 

 

As BB is a subclass of B it seems right to be allowed to pass a BB-typed reference rBB as the actual 
parameter to a ‘new A()’. 

1)  However, in the example above there is a type error. Which kind of type error is this and when 
is it caught? 

2)  Would a declaration of ‘B rB’ different from ‘B rB = new B()’ in class A help avoiding this 
type error? 
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Question 2  ML (weight 40%) 
2a  
One of the interesting features of ML is the possibility to define and use higher-order functions. Let 
us consider the following higher-order functions operating over lists: 
fun map f []      = [] 

  | map f (x::xs) = (f x) :: map f xs; 

 

fun fstEls xss = map hd xss; 

where “hd” is the predefined ML function that gives the first element of a list. 

 

a)  Give the type of the function fstEls. 

 

b) Tell what is the result of the following applications of the function fstEls: 

  1) fstEls [2,7,5]; 

  2) fstEls [[1,2],[3,1,5,3,7],[5]]; 

  3) fstEls [[[3,4,8,2],[5,7,3]],[3,8,6]]; 

  4) fstEls [[55,7,3,4,56,45,0]]; 

 

c) Write a function “fstOfLast” that given a list of list of integers gives the first element of the last 
list of the argument. These are some examples of the use of the function “fstOfLast”: 

 
- fstOfLast [[20,49,54,2],[2,4,5],[1,6,3],[6,5],[60,43,67]]; 

> val it = 60 : int 

 

- fstOfLast [[20,49,54,2],[5]]; 

> val it = 5 : int 

 

- fstOfLast [[20,49,54,2]]; 

> val it = 20 : int 

 

Your solution must use the function “fstEls” defined above.  Hint: Define an auxiliary recursive 
function "last" that gives the last element of a list. 
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2b  
Let "numOdd" be the following function: 

 
fun numOdd(1) = aux(1,0,0) 

  | numOdd(x) = aux(x,1,1); 

where the auxiliary function "aux" is defined as follows: 
fun aux(0,count,flag) = ~1 

     |  aux(1,count,flag) = if flag=1 then count else 1 

     |  aux(x,count,flag) = aux(x-2,count+1,flag); 

 

a)  Give the values for the following calls: 

  1) numOdd(0) 

  2) numOdd(3) 

  3) numOdd(10) 

  4) numOdd(39) 

  5) numOdd(40) 

 

b) Say what the function does. 

 

c) Say which of the following functions (numOdd1, numOdd2, numOdd3, numOdd4) are equivalent 
to the function "numOdd" defined above. (We say that two functions are equivalent if they give 
exactly the same result for the same inputs.) 

  1)  
exception even; 

 

fun aux1(0, count) = raise even 

     |  aux1(1,count) = count 

     |  aux1(x,count) = aux1(x-2,count+1) handle even => ~1;  

 

fun  numOdd1(0) = aux1(0,0) | numOdd1(x) = aux1(x,1); 

 2) 
exception even; 

 

fun numOdd2(0) = raise even 

     |  numOdd2(1) = 1 

     |  numOdd2(x) = numOdd2(x-2)+1 handle even => ~1;  
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 3) 
fun aux3(0,count) = ~1 

     |  aux3(1,count) = count 

     |  aux3(x,count) = aux3(x-2,count+1); 

 

fun numOdd3(1) = aux3(1,1) 

  | numOdd3(x) = aux3(x,1); 

 

 4) 
exception even; 

 

fun aux4(0, count) = raise even 

     |  aux4(1,count) = count 

     |  aux4(x,count) = aux4(x-2,count+1) handle even => ~1;  

 

fun numOdd4(x) = aux4(x,1)  handle even => ~1; 

 

d) For each one of the functions above not equivalent to "numOdd", explain what they do and how 
they differ from "numOdd". 

 

Question 3  Prolog (weight 20%) 
 
In the lecture, we have seen how to store several values in a list.  The member/2 predicate can be 
used to find out whether a given element is in a list.  However, it searches through the list from 
beginning to end, which is not very efficient.  We will now consider search trees as a more effective 
method of storing data. 

For simplicity, we will assume that 

 We are storing integers, which we can compare with the standard comparison operators 

 No number occurs twice in a search tree 

A search tree is then a binary tree where internal (i.e. non-leaf) nodes are labeled with an integer.  
Given a node n labeled with integer i, all nodes in the left subtree of n are labeled with numbers less 
than i, and all nodes in the right subtree with numbers greater than i. 

We represent such a tree as a Prolog term as follows: 

 An empty tree is represented by the constant e (for empty) 
 A non-empty tree is represented by a term t(l,i,r) where i is the label of the tree's root  

node, l is the representation of the left subtree, and r the representation of the right subtree. 
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For instance, the tree on the left is represented by the term on the right: 

 

 

 

         t(t(e,1,e), 

           2, 

           t(t(e,3,e), 

             4, 

                     e)) 

3a 
Write a rule/rules to define a predicate tree_empty/1 such that  tree_empty(t) holds exactly if t 
is an empty tree.  I.e. after loading your definition, the Prolog interpreter should answer the 
following: 

| ?- tree_empty(e). 

yes 

| ?- tree_empty(t(e,1,e)). 

no 

3b 
Write a rule/rules to define a predicate tree_singleton/1 such that tree_singleton(t) holds 
exactly if t is a tree containing only one element.  I.e. after loading your definition, the Prolog 
interpreter should answer the following: 

 

| ?- tree_singleton(e). 

no 

| ?- tree_singleton(t(e,1,e)). 

yes 

| ?- tree_singleton(t(e,1,t(e,2,e))). 

no 

3c 
Write a rule/rules to define a predicate tree_size/2 such that tree_size(t,n) holds exactly if t 
is a tree containing exactly n elements.  I.e. after loading your definition, the Prolog interpreter 
should answer the following: 

2

3

1 4
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| ?- tree_size(e,N). 

N = 0 

yes 

| ?- tree_size(t(e,1,e),N). 

N = 1 

yes 

| ?- tree_size(t(e,1,t(e,2,e)),N). 

N = 2 

yes 

 

You are not required to make this predicate work with the second argument as input, e.g. 
tree_singleton(T,3). 

3d 
Write a rule/rules to define a predicate tree_member/2 such that tree_member(x,t) holds exactly 
if x is an element of t.  I.e. after loading your definition, the Prolog interpreter should answer the 
following: 

 

| ?- tree_member(2,t(e,1,e)). 

no 

| ?- tree_member(2,t(e,1,t(e,2,e))). 

true ? ; 

no 

 

Note that depending on the details of your definition, the last query might also be answered with 
yes. 

Make sure that you only traverse one branch of the tree, i.e. the execution time should be linear in 
the length of the longest branch of the tree. 

Your definition is only required to work if both arguments are given as input. 

3e 
Explain why your solution cannot provide a complete answer to the following query: 

| ?- tree_member(X,t(e,1,t(e,2,e))). 
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Page for answering Question 1a-1c                  Candidate no: .................... 

                                                                                                                        Date: ............................ 
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Extra page for sketching the answer to Question 1a-1c 
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