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SECTION A

Q1 A digital system is modelled by the RTL code in Listing Q1. Assume that @, » and c are
external inputs, and the registers are positive-edge triggered. By using the ALU with the
functions given in Table Q1, answer the following questions. Note that m* denotes m
bitwise inverted.

SO: () [/R1<«Db; Table Q1: ALU operation
() /R2«gq fifo | output function
S1:. () /R2 « R1*R2; 00 X+Y ADD
() /R1«a; 01 X-Y SUB
S2: (m) /R2« 2Rf1; 10 X*Y Multiply
(m*) /R2 <« R1-R2; 11 Y PASS Y
() /done-=1;
() /goto SO;
Listing Q1: RTL code

(a)  Derive the functional block diagram (fbd) of the datapath unit (DU) for the digital
system in Q1.
(8 marks)

(b)  Write the Verilog code to model the datapath in Q1(a).
(9 marks)

(c) Derive the fbd of the control unit (CU) showing the state registers, next state block.
output block and all the control signals. Note: Group the control signals as a vector
formatted as follows: sell. sel2, selY. Id1. ld2. f1. f0. done.

(6 marks)

(d)  Write the Verilog code to model the control unit in Q1(¢). The control vector must
be formatted as in Q1(c).

(9 marks)

(e) If the multiply function is not available in the ALU, suggest an option to implement
the operation of R2 <~ R1 * R2 in state S1 if Y input is limited to 2, 4 and 8.

(3 marks)
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The data flow graph (DFG) given in Figure Q2 shows the operations and data
dependencies of a digital system to be designed. a, b, ¢, d and e are all 8-bit data inputs
that are registered in the initial state and fis the output.

(a)

(b)

(©)

(d)

(e)

If the design is constrained to two arithmetic units, where each arithmetic unit
contains a multiplier and an adder. Construct the schedule of this DFG applying
“as late as possible” (ALAP) scheduling.

(8 marks)
Derive the corresponding RTL code for your design.

(6 marks)
Obtain the fbd of the datapath unit of this digital system.

(8 marks)
Obtain the fbd of the control unit showing all the control signals.

(8 marks)

It is given that the propagation delay of the components are as follows: the adder
is 20 ns, multiplier is 120 ns and register is 10 ns. Calculate the maximum operating
frequency of your design.

(5 marks)
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SECTION B

Q3 (a) A PLD is a general-purpose chip for implementing logic circuits. It contains a
collection of logic circuit elements that can be customized in different ways.

Discuss the advantage of FPGA as compared to PLA/PAL/CPLD.
(3 marks)

(b) The Verilog code in Listing Q3(b) is written using dataflow modelling style.
Sketch the respective circuit and rewrite the full Verilog code to describe the circuit
by using structural modelling style.

module Q3(a, b, ¢, d, £, g);
inputa, b, c, d;
output f, g;
assign f=~ ((a& b) | (c & d));
assign g=(a|c) & (b|d);

endmodule

Listing Q3(b)
(7 marks)

(c) Derive the fbd that is described by the Verilog code in Listing Q3(c).

module Q3(a, b, m, n, z);
input [1:0] a. b;
input m, n;
output reg [0:3]z:
reg [1:0] w;

always@ (a, b, m)
if (m == 0)
w=a+b;
else
w=a-b;

always@ (w, n)
if(n==0)
z=0;
else
case(w)
2'b00: z = 4'h8;
2'b01: z=4'h4;
2'b10: z=4'h2;
2'bl1: z=4'hl;
endcase
endmodule

Listing Q3(¢) . o e 2 i
! T i ,.‘_;(Td;r.n_ﬂls)
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Referring to the Verilog code fragment in Listing Q4(a), derive the fbd of the
module M_Q4a. Assuming that A, B, C and D are all 4-bit input signals, complete
the input/output declaration for module M_Q4a.

(10 marks)

module M _Q4a (K, L, M, A, B, C, D, R);
always@ (negedge K)
begin

if(L==0)
case (M)
2°’b00: R <= A;
2’b01: R <=B;
2’b10: R <=C;
2’bl1: R <=D;
endcase
elseR <=R;
end
endmodule
Listing Q4(a)

By referring to the Verilog code in Listing Q4(b), answer the following questions:

module M_Q4b (R, L, w, Clock, Q);
parameter n = 4;
input [n—-1:0] R;
input L, w, Clock;
output reg [n—1:0] Q;
integer k;

always @(posedge Clock)
if (L)

Q=R;
else
begin

Q[k] <= Q[k+1];
Qn-1]<=w;
end
endmodule

for (k=0; k <n-1; k =k+1)

Listing Q4(b)

Determine the type of operation perform by the circuit of module M_Q4b.

(2 marks)

(i)  Verify that the code in Listing Q4(b) implements the operation in Q4(b)(i).

| (8 marks)
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QS5  Figure QS5 shows a block diagram of a serial adder.
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Sum = A+ B

(a) Explain the operation of the circuit by using a suitable example. Assume that the

operation is 4-bit.

(5 marks)

(b)  Derive a state diagram for the finite state machine (FSM) to implement the serial

adder in Figure Q5.

(c) Write a Verilog code to model the FSM in Q5(b).

-END OF QUESTIONS -

(10 marks)

(10 marks)
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