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Section A 

 

COMPULSORY 

 

Please answer both questions 

  

1. Answer any 5 parts of this question. Each part is worth 2 marks. 

 

 a) You are required to write a variable assignment in Verilog that assigns a value 

to the variable abc (which has been defined as reg). State the assignment in 

the following cases: 

 

  i) the variable is assigned an 8-bit binary value that is equivalent to the 

decimal value 25 (½  mark) 

  ii) the variable is assigned the decimal value 65 as a 16-bit value   

    (½ mark) 

  iii) the variable is assigned a 16-bit hexadecimal value equivalent to the 

decimal value -18 (using two’s complement form) (½ mark) 

  iv) the variable is assigned an 8-bit decimal value equivalent to the 

unsigned binary value 11101111.   (½ mark) 

 

 b) Explain how the contents of the sensitivity list in a Verilog always statement 

differ when the always block contains blocking or non-blocking assignments. 

  (2 marks) 

 

 c) The Verilog code shown in Figure 1 represents a combinatorial circuit. 

However, it contains a number of errors. List the errors.  (2 marks) 

 

 

 
Figure 1: Verilog code 

 

 d) Using DeMorgan’s Theorem, express the following sum-of-products 

expression in a form that includes a product-of-sums expression.  

    (2 marks) 

Q=A.B.C+A.B.C+A.B.C  

 (Question 1 continues on the following page)  
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(Question 1 continues from the previous page)  

 

 e) In addition to data and clock inputs, a D-type flip-flop often has a clock 

enable, CE, input, as shown in Figure 2. What is this used for?  (1 mark) 

 

   
Figure 2: D-type flip-flop symbol 

 

  Sketch a timing diagram to illustrate the behaviour of the D-type flip-flop 

shown.  (1 mark) 

 

 f) Figure 3 illustrates a schematic design for a 2:1 multiplexer. Produce a test 

stimulus for this design in Verilog that exercises this design exhaustively.  

    (2 marks) 
 

   
  Figure 3: 2:1 MUX 

 

 g) Produce a Boolean expression for the logical function whose behaviour is 

depicted in the truth table given in Figure 4.  (1 mark) 
 

Inputs Output 

P Q Z 

0 0 1 

0 1 1 

1 0 0 

1 1 1 
 

  Figure 4: Truth Table 
 

  Sketch a circuit for the logical function using the basic logic gates AND, OR, 

and NOT. Inverted signals for the inputs P and Q are NOT provided.  (1 mark) 

 

 (Question 1 continues on the following page)  
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(Question 1 continues from the previous page)  

 

 h) A sequential system can contain datapath and control blocks. Discuss the 

functional characteristics of these two elements of a sequential system.   

    (2 marks) 
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2. Answer any 5 parts of this question. Each part is worth 2 marks. 

 

 a) Assume a memory hierarchy of a modern computer includes the following 

components listed in a random order: non-volatile (high capacity) storage, L1 

cache, main memory, and L2 cache. Place these different elements in order of 

decreasing logical proximity to the CPU.  

 

  You are provided with the following memory technologies: DRAM memory, 

SRAM memory, and magnetic disk drive. Which of these memory 

technologies would you use for each level of the storage hierarchy of the 

computer system? (2 marks) 

 

 b) The timing analysis of a synchronous digital circuit has resulted in a critical 

path delay of 600 ps. If an additional delay of 11% is added to the critical path 

delay to allow for the effect of process variability, what is the maximum clock 

frequency that this circuit can support?  

 

  If the circuit is implemented in a newer technology where the gates are 20% 

faster and the added allowance for process variability is 15% of the critical 

path delay, what is the new maximum clock frequency for this circuit?   

    (2 marks) 

 

 c) Describe what a timer is and its use in a computing system.  (2 marks) 

 

 d) Which mechanism can be used to transfer a block of continuous words from/to 

the main memory while not performing continuous LOAD/STORE 

instructions? Describe its operation. What is the benefit of this approach?   

    (2 marks) 

 

 e) A processor can accept interrupts from three different peripherals, the interrupt 

signals are named IN1, IN2, and IN3. These signals are input to a logic circuit 

that outputs a global active low input interrupt signal (INT) to the processor, 

which goes low when an interrupt is raised by a peripheral. Interrupts can only 

be generated if the processor has set the interrupt enable signal (INT_EN). 

This signal is also an input to the logic circuit that generates INT. Provide the 

truth table for generating the INT signal towards the processor.  (2 marks) 

 

 f) Name an operation, other than storing data, where shift registers can be used? 

Give an example of such an operation for an 8-bit shift register.  (2 marks) 

 

 g) Briefly discuss the USB communications protocol. How many physical signals 

does the USB interface employ? What is the role of bit stuffing (an example 

can be used to show how bit stuffing works)?  (2 marks) 

 

 

 
(Question 2 continues on the following page) 
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(Question 2 continues from the previous page) 

 

 

 h) A modified datapath diagram of the MU0 is illustrated in Figure 5 where a 

register DIN has been inserted to speed up the operation of the processor. In 

this design, all instructions require three cycles to complete. The delay of 

loading/storing data from/to the memory is 1.5 ns, while the path from DIN to 

ACC/PC has a delay of 800 ps. Thus, the clock frequency of the processor is 

666 MHz. The memory of the system will be replaced by a faster circuit that 

allows load/store operations with a delay of 700 ns. How can we modify the 

design of the MU0 so as to speed up execution if the clock frequency is 

constrained to 666 MHz.  (2 marks) 

 

Timing and Control

ACC PC

ALU

IR

Data Out Address Data In

DIN

Memory

 
Figure 5: MU0 datapath 
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Section B 

 

Please answer ONE question 

   

3.  

 a) The complete state transition diagram shown in Figure 6 contains a number of 

errors. Produce a list of the errors in the state transition diagram, explaining 

why they are errors. Note: state codes are expressed in bold outside the state, 

outputs asserted in a state are expressed in bold within a state. (3 marks) 

 

  
  Figure 6: State Transition Diagram with Errors  

 

 b) When designing a finite state machine (FSM) in hardware, it is possible to 

represent the internal structure of the FSM using three functional blocks. 

Briefly discuss the role of each of these functional blocks. (3 marks) 

 

 c) Figure 7 illustrates a state transition diagram for a finite state machine design 

for use in a vending machine. The vending machine has the following 

specification: 

 

 The machine will dispense a chocolate bar when 30p has been entered  

 The machine takes 10p and 20p coins  

 When 30p has been entered the chocolate bar is dispensed 

 If more than 30p is entered then the machine rejects the coins and 

returns to the initial state.  

 The machine has an asynchronous reset that should return the system 

to an initial state when asserted. 

 

(Question 3 continues on the following page)  
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(Question 3 continues from the previous page)  

   

  The design has the following input and output signals: 

 

  Input signals: 

 10p – goes high when a 10p coin is entered into the vending machine 

 20p – goes high when a 20p coin is entered into the vending machine. 

   

  Note: 10p and 20p are mutually exclusive. 

 

  Output signals: 

 ready – is asserted when in the initial state 

 reject – is asserted then too much money has been entered 

 dispense – is asserted when the correct amount of money has been 

entered. 

  

  Assign state codes to the states and produce a state transition table. Note: the 

state transition diagram has been simplified by removing all transitions from 

the diagram that result in no change of state at a rising clock edge.  (4 marks) 

 

    
 Figure 7: State Transition Diagram  

 

 

(Question 3 continues on the following page)  
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(Question 3 continues from the previous page)  

 

 d) Produce the Verilog code for the three functional blocks identified in Part b) 

for the FSM design shown in Figure 7. You may assume that there is a clock 

input to the module called clk, and that the internal variables 

current_state and next_state have been defined for you. (10 marks) 
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4.  

 a) A memory system has been designed with a 12-bit address bus and employs 

word addressing, where the most significant bit(s) are used to provide the chip 

select signal to the memory chips through a decoder. Assuming that each chip 

contains 2048 words, how many chips does this memory system require?  

    (1 mark) 

 

  Provide a symbol for the decoder required to provide the chip select (	CS ) 

signals for these chips, where an enable signal for the decoder is also required. 

Label the inputs, outputs, and control signal(s) of the decoder clearly in your 

diagram.  (1 mark) 

 

  Produce a truth table for this decoder. Note that the chip selects are active low 

signals. (2 marks) 

 

 b) Figure 8 illustrates a datapath of the MU0 processor. Figure 9 provides the 

MU0 instruction format and the basic MU0 instruction set with mnemonics 

and op. codes.  

 

 
 

Figure 8: MU0 datapath 

 

  You are required to write some MU0 assembly code to swap the data held at 

two consecutive memory addresses, &EE4 and &EE5. The data stored at these 

two addresses are &00AA and &00BB respectively. There is free memory to 

use in the address range &CC0 to &DDF. Produce a sequence of MU0 

instructions to perform this task.  (3 marks) 

 

 (Question 4 continues on the following page)  
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(Question 4 continues from the previous page)  

 

  The table in Figure 10 is for listing the contents of the three MU0 registers 

during the fetch and execute/decode stages of instruction execution. You can 

assume that the first of your instructions is stored at address &0BB1. To help 

you, the table has been completed for the first instruction. Copy the table to 

your answer book and complete it, in a similar manner using only hex values 

for the contents of the registers, for the code you produced in the first part of 

this question. Add more rows as required. (5 marks) 

 

Instruction format

F Mnemonic

0 LDA S

1 STO S

2 ADD S

3 SUB S

4 JMP S

5 JGE S

6 JNE S

7 STP

 
 

F Mnemonic Description

0 LDA         S Acc := [S]

1 STA         S [S] := Acc

2 ADD S Acc := Acc + [S]

3 SUB        S Acc := Acc – [S]

4 JMP        S PC := S

5 JGE S If Acc >= 0, PC := S

6 JNE        S If Acc ≠ 0, PC := S

7 STP Stop
 

  

Figure 9: MU0 Instruction format and mnemonics 
 

    

Mnemonic Clock cycle Stage PC ACC IR 

LDA 
n+1 Fetch &0BB1 unknown unknown 

n+2 Dec/Exec &0BB2 unknown &0EE4 

      

     

  Figure 10: Instruction table 

 

 

 

 

 

(Question 4 continues on the following page)  
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(Question 4 continues from the previous page)  

 

 c) A 32-bit ripple carry adder is built from four identical 8-bit adders. Provide a 

block diagram of the design of the 32-bit adder.  (1 mark) 

 

  The 8-bit adder design used has a maximum carry delay of 400 ps. What 

would you expect the maximum carry delay of the 32-bit adder to be? Explain 

why.   (1 mark) 

 

  Testing indicates that when the test vectors A= 32`hxxFFFFF0,  

B = 32`hxx000010 are applied to the two inputs of the 32-bit adder, A and B, 

the SUM and CARRY outputs are set to 32`hxxFF0000 and x, respectively. 

Can you infer from this information which connection in the 32-bit adder is 

faulty? Justify your answer. (1 mark) 

  

 d) Figure 11 illustrates the block diagram of an adder design called the carry look 

ahead adder. The main difference from the carry ripple adder is the generation 

of two signals for each 1-bit full adder, carry generation, Gi, and carry 

propagation, Pi, which are described by the logic expressions:  

 

  Gi = Ai ∙ Bi  

  Pi = Ai  Bi  

 

  For the 4-bit adder illustrated in Figure 11 produce a logic expression for  

Cout = C4 considering that SUMi = Pi  Gi, and Ci+1 = Gi + (Pi ∙ Ci), where i is 

the bit index and C0 = Cin.  (2 marks) 

 

A<1>B<1>

1-bit
full adder

cin
ab

s p g

A<2>B<2>

1-bit
full adder

cin
ab

s p g

A<3>B<3>

1-bit
full adder

cin
ab

s p g

A<0>B<0>

1-bit
full adder

cin
ab

s p g

4-bit carry look ahead generator

A<3:0>B<3:0>

Cin

SUM<3:0>

Cout

SUM<0>SUM<1>SUM<2>SUM<3>

Cin

CinP0 G0P1 G1P2 G2P3 G3
C1C2C3

 
Figure 11: Block diagram of carry look ahead adder. 

 

 

 

(Question 4 continues on the following page)  
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(Question 4 continues from the previous page)  

 

  Provide the circuit diagram for the logic expression of Cout.  (2 marks) 

 

  Assuming that the delay of the AND/OR gates is 20 ps and 30 ps for 2 and 3-

inputs respectively and that the delay of a 2-input XOR is 50 ps, determine the 

delay of the critical path of your circuit for Cout (only 2 and 3-input gates can 

be utilized within the carry look-ahead generator).  (1 mark) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

END OF EXAMINATION 
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