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1. (7 points) Programming paradigms.

(a) (3 points) Explain the difference between functional programming and imperative pro-
gramming.

(b) (1 point) What is a pure function? Tell if pure and non-pure functions can be used in
functional or imperative programming.

(c) (3 points) For the following applications, select which programming paradigm (between
functional or imperative) you would choose to use, and give an explanation of your choices:
1. querying a database
2. distributed numerical computations

3. game
2. (2 points) Rewrite the following code using a recursion:
1 def compute_value(n):
2 v =20
3 v2 = 1
4 r =0
5 for 1 in range(0, n-1):
6 r =v + v2
7 v o= v2
8 v2 =1
9 return r;
3. (8 points) Environment diagram.

Assume the expression below is evaluated in the order it is given.
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function f£(x)

{
return h(g) (x+1) (4, 5);
}
function g(x)
{

return function(y,z) { return z + (y * x); }

}
function h{f)
{

return function(x) { return f(x+3); }

}
£(5)

(a) (1 point) What will the result be?

(b) (3 points) Draw a diagram that captures what is going on according to the environment
model of evaluation.

(c) (2 points) Mark the important structures and explain why, and in what order, they are
created and (can be) removed.

(d) (2 points) Use the diagram to show the result of the evaluation.

(4 points) Logic Programming.
(a) (1 point) Give the answer(s) to the following query:

1 (fact (parent abraham barack))

» (fact (parent abraham clinton))

s (fact (parent delano herbert))

s (fact (parent fillmore delano))

s (fact (parent fillmore abraham))

s (fact (parent fillmore grover))

; (fact (grandparent (parent ?x 7y) (parent 7y 7z)))

o (query (grandparent fillmore ?grandchild))
(b) (1 point) Explain how the query is executed.

(c) (2 points) What are the benefits and drawbacks of using logic programming languages
(such as Prolog or QLog) over pure declarative programming language (such as SQL) to
implement a database query language?

(5 points) Stack machines.

In this question, we use a stack machine with the following instruction set:

o PUSH [constant_value/: push the constant on the stack

POP [number]: pop a certain numbers of variables from the stack

MUL: pop two arguments from the stack, push the result of multiplying them

SUB: pop two arguments from the stack, push the result of subtracting them

EQUAL: pop two arguments from the stack, push true if they are equal, or false otherwise
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LOAD [varname/: push the value of variable

DCL [varname]: declare the variable

STORE [varname]: get the value, store the result and push the value
JMP [ida]: jump to execute instruction at the given index

IFJMP [idz]: pop the value and if true jump to [idx]

CALL [arguments]: pop the function object and call it with the given number of argu-
ments

RET: return from a function call

(2 points) Given the following factorial function:

var factorial = function(n)
{
if(n == 0) {
return 1
T else {
return n * factorial(n - 1);
}
}

Write the list of instructions that would define the factorial function on a stack machine
with the provided instruction set.

Write the list of instructions that would call the factorial function.
For clarity, you should provide a number for each instruction in your answer, as shown in
the following example:

1. LOAD 'k’

2. PUSH 'y

3. MUL

4. JMP 1

(1 point) Explain what happen during a CALL instruction and how the RET instruction
knows where to returi.

(2 points) What is the maximum depth of the stack for a call to function(5) 7 List all
the values in the stack.




