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Part A — Short Answer (5 × 2 = 10 marks)
1. Define an algorithm and state its two central questions. [2]
Answer: An algorithm is a finite, step-by-step procedure that solves a well-defined computational prob-
lem: it takes an input and produces an output. The two central questions asked of any algorithm are:
• Correctness — does it always produce the right answer?
• Efficiency — how fast does it run, and how much memory does it use?

• 1 mark — reasonable definition of an algorithm (finite steps, input → output).
• 1 mark — both correctness and efficiency named. (0.5 if only one is given.)

2. Fibonacci recurrence and naive time complexity. [2]
Answer:

F0 = 0, F1 = 1, Fn = Fn−1 + Fn−2 (n ≥ 2).
The naive recursive algorithm runs in O(φn) ≈ O(1.618n) time — exponential in n, because it recomputes
the same subproblems (e.g. Fn−2) many times over.
• 1 mark — correct recurrence with base cases F0 = 0, F1 = 1.
• 1 mark — states exponential time (accept “O(2n)” or “O(φn)”; do not award if the answer says lin-

ear/polynomial).

3. Formal definition of Big-O. [2]
Answer: f(n) = O(g(n)) if there exist positive constants c and n0 such that

f(n) ≤ c · g(n) for all n ≥ n0.

Intuitively, O(g(n)) is an upper bound on the growth rate of f(n), ignoring constant factors.
• 1 mark — correct inequality f(n) ≤ c · g(n).
• 1 mark — “for all n ≥ n0” (existence of constants c, n0) stated. (Award only 1.5/2 total if the definition

is stated only in words, with no inequality, but is otherwise correct.)

4. Modular arithmetic computations. [2]
Answer:
• (a) 38 = 5 × 7 + 3 ⇒ 38 mod 7 = 3.
• (b) −15 = (−2) × 8 + 1 ⇒ −15 mod 8 = 1.

• 1 mark — part (a) correct (3).
• 1 mark — part (b) correct (1). A common error is −7 (forgetting the remainder must satisfy 0 ≤ r < N)

— award 0 for that.

5. Modular multiplication using the distributive property. [2]
Answer: 47 mod 11 = 3 (since 47 = 4 × 11 + 3) and 53 mod 11 = 9 (since 53 = 4 × 11 + 9).

47 × 53 mod 11 = (3 × 9) mod 11 = 27 mod 11 = 5.
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• 1 mark — correctly reduces 47 ≡ 3 and 53 ≡ 9 (mod 11).
• 1 mark — correct final answer 5, obtained via the property (not full multiplication — but if the student

computes 47×53 = 2491 and reduces directly to get 5, award full marks; the property was the suggested
method, not the only route to credit).

Part B — Medium Answer (2 × 5 = 10 marks)
6. Trace iterative Fibonacci for F7; state complexity. [5]
Answer: Using fib3: initialise a = 0, b = 1, then for i = 2 to 7 set c = a + b, a = b, b = c.

i a b c

— 0 1 —
2 1 1 1
3 1 2 2
4 2 3 3
5 3 5 5
6 5 8 8
7 8 13 13

F7 = 13. Time complexity: O(n) (one loop iteration per step, n = 7). Space complexity: O(1) (only the
variables a, b, c are kept, regardless of n).
• 3 marks — correct trace table (deduct 0.5 per row with an error, minimum 0).
• 1 mark — correct final value F7 = 13.
• 1 mark — both O(n) time and O(1) space stated correctly. (0.5 if only one is correct.)

7. Big-O complexity of the nested loop with inner bound i to n. [5]
Given code:

for i = 1 to n:
for j = i to n:

print(i + j)

Answer: For a fixed i, the inner loop runs for j = i, i + 1, . . . , n, i.e. n − i + 1 times. Summing over all i
from 1 to n:

n∑
i=1

(n − i + 1) = n + (n − 1) + · · · + 1 = n(n + 1)
2 .

Since n(n + 1)
2 = 1

2n2 + 1
2n, dropping the constant factor and the lower-order term gives

O(n2).

• 1 mark — correctly identifies the inner loop runs n − i + 1 times for a fixed i.
• 2 marks — sets up and evaluates the summation ∑n

i=1(n − i + 1) = n(n + 1)/2 (partial credit: 1 mark
for a correct summation left unevaluated).

• 1 mark — correctly drops constants/lower-order terms to reach O(n2).
• 1 mark — states the final answer clearly as O(n2).

Note: A student who simply asserts “nested loop ⇒ O(n2)” without the summation reasoning should
receive at most 2/5 — the point of this question is the dependent-bound analysis, not the memorised
pattern.

— End of Answer Key —

2


