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COMPUTER SCIENCE — UNIT 4 · Parallel &
Distributed Processing
Topic 4.3 — Parallel processing speed-up (Amdahl), limiting factors, distributed systems

and distributed databases

Applying the parallel processing speed-up formula, identifying limiting factors (serial bottleneck,

communication overhead, code structure), explaining what is meant by parallel vs distributed

processing, and weighing the advantages of distributed databases over a single centralised

database for multi-site organisations.

2015 specification · current

Estimated time for entire question pack: ~1 h 42 min

Derived from the Unit 4 pace of ~1.5 min/mark, padded for written-prose answers (68 marks over 10 questions).

You are advised to not attempt to complete all of this in one sitting.

ABOUT THIS QUESTION PACK

This is a comprehensive topic question pack, not a single

mock paper. It contains every question from the WJEC A2 Unit

4 papers (Summer 2017 – Summer 2024, COVID gap) that

maps onto Topic 4.3 of the 2015 specification.

Questions are ordered by source paper date.

INSTRUCTIONS

Use black ink or black ball-point pen. Show all working. A

calculator is allowed where useful.

All question content is © WJEC CBAC Ltd. and reproduced for revision

purposes.

For Examiner’s use only

Q Source Max Mark

1 S17 Q2 5

2 S17 Q4 7

3 S18 Q9 8

4 S19 Q12 6

5 S19 Q13 8

Q Source Max Mark

6 S22 Q11 7

7 S22 Q12 4

8 S23 Q2 9

9 S23 Q12 4

10 S24 Q4 10

Total 68
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Parallel & Distributed Processing — what the spec asks

WJEC GCE A Level Computer Science (from 2015) · Unit 4: Computer Architecture, Data, Communication &
Applications · Topic 4.3.

Parallel processing definition

Splitting a single task across multiple processors that
work simultaneously.

Each processor works on a different sub-problem,

results combined at the end.

Different from multi-tasking (running unrelated

programs on one CPU).

Used for scientific simulation, image processing,

training large models.

Speed-up formula (Amdahl)

speed-up = 1 / ((1−p) + p/n), where p is the
parallel fraction and n the processor count.

As n → ∞, speed-up → 1 / (1−p).

If 80% can be parallelised, max speed-up = 5×.

Used in past papers to compute realistic run times.

Limiting factors

Serial fraction: parts that must run sequentially put a

hard ceiling on speed-up.

Communication / synchronisation overhead between

processors.

Dependencies: a task that needs the output of another

can’t start early.

Memory bandwidth and shared-resource contention.

Tasks not suitable for parallelism

Sequential / dependent calculations (Task 2 needs Task

1’s output).

Short tasks where setup cost dwarfs gain.

Heavily synchronised work (lots of locking).

Algorithms with inherent serial bottlenecks (e.g.

cumulative state).

Distributed processing

Multiple connected computers co-operate on one
workload.

Each node has its own CPU and memory;

communication via network.

Provides fault tolerance, scalability and geographic
distribution.

Example: mainframe + clients, cloud compute fleets,

content delivery networks.

Distributed databases

Data is split (partitioned) and/or replicated across
multiple sites.

Local queries are faster — data is close to users.

Resilience: failure of one site doesn’t take down the

whole system.

Trade-offs: complex consistency, replication overhead,

harder admin.

© WJEC CBAC Ltd. (spec text). Compilation for revision use only. Crib sheet »
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Parallel & Distributed Processing in one page

Quick-reference notes — revisit before each question.

Amdahl in one line

S = 1 / ((1 − p) + p/n)
p = parallel fraction, n = processors.
Max S as n→∞ is 1/(1−p).

Limit factors

Serial bottleneck (Amdahl).
Communication overhead.
Data dependencies.
Memory / shared-resource contention.

Worked Amdahl example

16h on 1 CPU, 80% parallel, 8 CPUs.
Parallel part = 0.8 × 16h = 12.8h on 1 CPU
→ 12.8/8 = 1.6h.
Serial part = 0.2 × 16h = 3.2h.

Total = 4.8h.

Distributed processing

Multiple nodes co-operate over a
network.
Each has own CPU + memory.
Fault tolerance, scalability, locality.

Distributed database

Partitioned and/or replicated.
Pros: locality, resilience, scalable.
Cons: consistency complexity, network
dependence.

Parallel vs distributed

Parallel = tight coupling, shared
memory, low-latency.
Distributed = loose coupling, message-
passing, fault-tolerant.

Crib sheet — revision compilation for Computer Science Unit 4 Topic 3. Questions begin overleaf.



Question 1 WJEC S17 1500U40-1 · Q2 5 marks



Question 1 (cont.) WJEC S17 1500U40-1 · Q2 5 marks



Question 2 WJEC S17 1500U40-1 · Q4 7 marks



Question 3 WJEC S18 1500U40-1 · Q9 8 marks



Question 3 (cont.) WJEC S18 1500U40-1 · Q9 8 marks



Question 4 WJEC S19 1500U40-1 · Q12 6 marks



Question 5 WJEC S19 1500U40-1 · Q13 8 marks



Question 6 WJEC S22 1500U40-1 · Q11 7 marks



Question 7 WJEC S22 1500U40-1 · Q12 4 marks



Question 8 WJEC S23 1500U40-1 · Q2 9 marks



Question 9 WJEC S23 1500U40-1 · Q12 4 marks



Question 10 WJEC S24 1500U40-1 · Q4 10 marks



END OF QUESTION PACK

10 questions · 68 marks · ~1 h 42 min
Source: WJEC A2 Computer Science Unit 4 (1500U40-1), Summer 2017–2024, COVID gap

Curated for WJEC Computer Science 2015 spec A2 Unit 4 — Topic 3 (4.3)
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