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ANSWER ALL QUESTIONS

1. Question One (35 marks)

Attempt all the following. You must show all working clearly. Marks will be awarded for the method as well as final answer. Basic calculators may be used.

a) Explain the importance of number systems (such as binary, hexadecimal, and octal) in the study of Computer Architecture.  (4 marks)

Any of the 4 points with 1 mark each 
· Number systems show how data and instructions are stored in memory in binary form.
· Binary is used internally because hardware works with 0 and 1 only.
· Hexadecimal and octal shorten long binary numbers.
· Hexadecimal is used for memory addresses, machine code, and registers (1 hex digit = 4 bits).
· In networking, IPv4 uses decimal, while IPv6 and MAC addresses use hexadecimal



b) Convert the following decimal numbers to Binary (3 marks each)

i. 245 	245 = 128 + 64 + 32 + 16 + 4 + 1
                            So bits: 1 1 1 1 0 1 0 1	

ii. 512	29  =  512
 512₁₀ = 1000000000₂	



c) Convert the following binary numbers to base 10 (3 marks each)

i. 11010101	1·128 + 1·64 + 0·32 + 1·16 + 0·8 + 1·4 + 0·2 + 1·1
                      = 128 + 64 + 16 + 4 + 1
                       =213
	
ii. 101011001	  = 1·256 + 0·128 + 1·64 + 0·32 + 1·16 + 1·8 + 0·4 
	                 + 0·2 + 1·1
                          =256 + 64 + 16 + 8 + 1 
                          =345

d) Convert the following binary numbers to Hex numbers (3 marks each)

i. 111010101011     Group: 1110 1010 1011
                                           = E A B	
	
ii. 100111110010	Group: 1001 1111 0010
                                               = 9 F 2
	
e) Convert the following Hex numbers to decimal (3 marks each)

i. C3       195
		
ii. 66	 102	


f) How many different/unique values can be represented by a 3-bit number? (3 marks)

2^3 = 8   unique values from (0 to 7)



g) Approximately how long it would take to download the 36MB file if you were using an internet link with a 80Mb/s transfer speed (4 marks)

80Mb/s = 10MB/s (divide by 8)
Therefore the 36MB file takes 36/10 = 3.6 seconds



2. Question TWO (25 Marks)
a) Draw and clearly label a typical block diagram illustrating the Harvard computer architecture. Ensure that all relevant components are properly identified. (12 marks)

[image: A diagram of a control unit
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6 marks for each correctly identified block
6 marks for the overall layout

b) In the context of a CPU, explain what is meant by cache memory and registers. Briefly describe how cache and registers support and enhance CPU operation. (13 marks)

The answer should include any four points from the list below:
· Registers are very small, high-speed storage locations inside the CPU that hold data and instructions currently being processed.
· Registers operate at CPU speed and provide the fastest access to data.
· Cache memory is small, high-speed memory located on or near the CPU.
· The CPU is faster than main RAM, so accessing RAM can cause wait states (delays).
· Frequently used or burst-accessed data is stored in cache to reduce these delays.
· Registers and cache improve CPU performance by reducing memory access time and increasing processing speed.


                     
                   
3. Question Three (25 Marks)

a) Define secondary memory and distinguish between a Hard Disk Drive (HDD) and a Solid-State Drive (SSD) by stating two differences between them. (5 marks)

· 2 marks → Correct definition of secondary memory
· 1.5 marks → First valid difference (e.g., mechanical vs. no moving parts)
· 1.5 marks → Second valid difference (e.g., speed, durability, cost, power consumption)


b) For RAID 0, RAID 1, and RAID 10, state two key characteristics of each RAID level. (6 marks)

RAID 0 (2 marks)
Any two:
· Uses data striping
· Data split across multiple disks
· No redundancy
· Minimum of 2 disks required
· Improved read/write performance
RAID 1 (2 marks)
Any two:
· Uses disk mirroring
· Identical copy of data stored on each disk
· Provides redundancy
· Minimum of 2 disks required
· High reliability
RAID 10 (2 marks)
Any two:
· Combination of striping and mirroring
· Requires minimum of 4 disks
· Provides both performance and redundancy
· Mirrored pairs that are striped
· Fault tolerant




c) With the aid of suitable diagrams, describe how data is organised and stored in RAID 0, RAID 1, and RAID 10. (8 marks)

(b) Description with diagrams of data organisation (8 marks)
Suggested mark allocation per RAID level:
· Diagram: 1 mark
· Correct explanation of data organisation: 1–2 marks
(Total ≈ 2–3 marks per RAID level × 3 = 8 marks)

RAID 0 (2–3 marks)
Diagram should show:
· Data blocks split across disks
Example representation:
Disk 1: A1 | A3 | A5
Disk 2: A2 | A4 | A6
Explanation should mention:
· Data divided into blocks
· Blocks written alternately across drives
· No duplication of data

RAID 1 (2–3 marks)
Diagram should show:
· Identical data on both disks
Disk 1: A1 | A2 | A3
Disk 2: A1 | A2 | A3
Explanation should mention:
· Exact copy (mirror) of data
· If one disk fails, the other continues operating

RAID 10 (3 marks)
Diagram should show:
· Two mirrored pairs
· Data striped across mirrored sets
Example:
Pair 1 (Mirror):
Disk 1: A1 | A3
Disk 2: A1 | A3
Pair 2 (Mirror):
Disk 3: A2 | A4
Disk 4: A2 | A4
Explanation should mention:
· Data first mirrored, then striped (or striped across mirrored pairs)
· Combines benefits of RAID 0 and RAID 1



d) For each of the following RAID levels — RAID 0, RAID 1, and RAID 10 — state one advantage and one disadvantage. (6 marks)
 
      
Mark allocation:

1 mark for advantage

1 mark for disadvantage

× 3 RAID levels = 6 marks

RAID 0

Advantage: High performance / faster read and write speeds
Disadvantage: No fault tolerance / total data loss if one disk fails

RAID 1

Advantage: High reliability / data redundancy
Disadvantage: 50% storage efficiency / higher cost per usable GB

RAID 10

Advantage: High performance with fault tolerance
Disadvantage: Expensive / requires minimum of four disks / 50% storage overhead



Question  Four (15 Marks)

(a) Draw a clearly labelled diagram illustrating the Fetch–Execute Cycle. (6 marks)


Answer   (a)
[image: ]



(b) Describe in detail the steps involved in the Fetch–Execute Cycle, explaining the role of relevant registers during each stage. (9 marks)

Answer:

· Fetch: 
· PC identifies the address of next instruction
· The address is update on MAR
· Instruction is fetched from the memory and placed in MDR
· The instruction is loaded into IR
· PC is updated to point to the next instruction
· Decode
· Control Unit decodes instruction 
· Opcode identified 
· Operands identified 
· Determines required operation/components 
· Prepares for execution (control signals) 
· Execute
· Initialization (CU)
· Sends necessary control signals to appropriate components (ALU, registers, memory)
· Coordinates entire process
· Retrieve data/operands (optional)
· Data can be fetched from register or memory
· If data is in register, CU directs appropriate register to supply data to ALU
· If data is in memory, CPU fetches them into register first.
· ALU executes the operation
· Arithmetic operation
· Logical operation
· Data transfer
· Store (optional)
· Register
· Memory
CU signals completions


Diwedd / End
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