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General instructions

1. Read all instructions carefully before answering the questions.
2. This question paper consists of Four (4) questions in Six (6) pages.
3. Answer all questions.
4. You can use non-programmable calculators.
5. Write all relevant intermediate steps when answering
6. Answer for each question should commence from a new page.
7. This is a Closed Book Test (CBT).
Question 01 [40 Marks]
a. Describe the fundamental components of a computer system. Using a block  [3 marks]
-diagram, illustrate how these components are interconnected and describe how
data is communicated among them during processing.
b. Describe, step-by-step, how the fetch-execute cycle operates in a typical [5 marks]
accumulator-based microprocessor during the execution of an instruction
stored in main memory.
c. IfAand B are inputs, draw the truth table of the operation “AXOR B” and explain  [6 marks]
how it executes in an accumulator-based microprocessor.
d. Describe three different addressing modes in which an instruction can refer to  [6 marks]
its operand in an accumulator-based processor and provide one example
instruction for each addressing mode.
e. Inmodern educational institutions, automated lighting systems are increasingly [12 marks]

used to improve energy efficiency and create comfortable learning
environments. These systems monitor ambient light levels in classrooms and
automatically control artificial lighting without manual intervention.
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The main objective is to ensure adequate illumination while minimizing
electricity consumption and promoting sustainable energy use.

A microprocessor can be used as the core controller of such a system to process
light sensor data, make logical decisions based on predefined thresholds, and
control outputs such as classroom lights. In this context, a microprocessor-based
lighting controller reads light intensity values from three different classroom
zones, processes the information, and determines whether additional lighting is
required.

You are required to design a microprocessor-based application for an automated
classroom lighting system. The system must monitor light intensity levels in
three zones using sensor values. Let the light sensor readings be denoted as L1,
L2, and L3, and assume that these values are stored in memory locations m1, m2,
and m3 respectively. These values, ranging from 0 to 100, represent the
percentage of natural light detected in each zone.

To determine the overall lighting condition, the system must calculate the
~average light level ,avg L using the formula:

L1+ L2+ L3

3
The calculated average should be stored in memory location m4. Once the

average is computed, the system should perform the following conditional
operations:

- Average Light Level(avg_L) =

o If avg L = 60, increment the value in memory location m5, indicating a
balanced lighting condition.

e Ifavg L< 60, increment the value in memory location mé, indicating that
artificial lighting should be switched ON.

o Ifavg L> 60, increment the value in memory location m7, indicating that
artificial lighting is not required.

For simulation purposes, the sensor values are assigned as,
L1=58,L2=62,and L3 = 75.

Draw a single flowchart to show the algorithm of the assembly program based
on accumulator-based computer architecture to perform the above given tasks
in Question 1- e. The allocation of memory locations for m1 to m7 may be
determined based on your proposed system design. Clearly state if you made any
assumptions. Important: Use the standard symbols and shapes to draw the
flowchart. :

Write an assembly program for the algorithm described in Question 1 - e.
Use the Instruction Set Architecture (ISA) provided in Appendix A.
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Question 02

a.

Convert the following numbers. Show all intermediate calculation steps

clearly.

() Convert 110011.011;into its decimal equivalent.

(ii) Convert 101101111010011011100101, into its hexadecimal

equivalent.

(iii)Convert 11101101011010110, into its octal equivalent.

Perform the following operations.

(1) 101010101 + 101

(if)Find the 8-bit binary, 2’s complement form of -85.

Convert the number ~132.62510 into IEEE 754 Single precision format.

[20 marks]

[6 marks]

[4 marks]

[6 marks]

Convert the decimal numbers A = 87 and B = 43 into 8421 BCD format. Refer  [4 marks]

to Table 01 provided bellow.

Table 01- Special Binary codes

DECIMAL | 8421 BCD
0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 { 0111
8 1000
9 | 1001
10 0001 0000
11 0001 0001
12 0001 0010
13 0001 0011
14 0001 0100
15 0001 0101
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Question 03 | [20 mg“és1 6
a. Define analog modulation and list the main types of analog modulation types. [2 marks]

b.  With the aid of mathematical equations, explain how the modulation index [4 marks]
is defined for

(i) Amplitude Modulation (AM) and
(ii) Frequency Modulation (FM).

Clearly identify all symbols used in the equations.

c. An amplitude-modulated signal is applied to a linear envelope detector.
~ The measured envelope voltages are,

Vinax = 14V and Vyyy, = 6V

(i) Calculate the modulation index of the AM signal. [2 marks]

(ii) Determine whether the signal is under-modulated, perfectly modulated, [2 marks]
or over-modulated, and justify your answer.

(iii) If the carrier amplitude is kept constant and the modulation index is  [4 marks]
increased beyond one, explain why the envelope detector output
becomes distorted, even though the transmitted power increases.

d. A frequency-modulated signal is given by:
Vea (£) = 20sin [2m(80 X 106)¢ + Bsin (2m X 4 x 103t)]

The maximum frequency deviation of the carrier is known to be 24 kHz.

(i) Calculate the FM modulation index 3. [2 marks]
(ii) Determine the modulating frequency. [2 marks]
(iii)Estimate the bandwidth of the FM signal. [2 marks]
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Question 04 __ [20 marks

a. Explain the éoncept of the World Wide Web (WWW), including the role [4 marks]
of hypertext and how a web browser is used to access information on the Web.

b. A Large Software Services Company is building a new enterprise network for
its main office that hosts application development, cloud services, and client:
systems. For security, performance, and management reasons, the company
must separate its network into five functional segments using subnetting. The
number of hosts required in each segment is as follows,

Name No. Host -
Segment A 310
Segment B 160
Segment C 240
Segment D 90
Segment E 40

The main IP block assigned for these connections is 192.168.60.0/21.

(i) Find the network address of the main IP block. ‘ [4 marks]

(if) Determine the maximum number of usable hosts that can be

accommodated within the main IP block without subnetting. [2 marks]

(iii) Perform subnetting for the given network to meet the requirements of [10marks]
each segment. Determine the network address, subnet mask, starting
host address, ending host address, and broadcast address for each
subnet. State all your assumptions used.
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