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A. (5 pts)

module mux_2tol(x, a, b, select);
parameter n = 8;

input select;

input [n-1:0] a, b;

output [n-1:0] x;

wire [n-1:0] a, b;
wire [n-1:0] x

assign x = (select == 1'b0) ? a : b;

endmodule
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B. (5 pts)

module mux_8tol(x, a, b, ¢, d, e, f, g, h, select);
parameter n = 8;

input [2:0] select;

input [n-1:0] a, b, ¢, d, e, f g, h;

output [n-1:0] x;




wire [n-1:0] a, b, ¢, d, e, f g, b;

wire [n-1:0] x;

// internal wires

wire [n-1:0] tmpO0, tmpl, tmp2, tmp3, tmp4, tmp5;

mux_2tol mux001 (x(tmpO0), .a(@), .b(b), .select(select[0]));

mux_2tol mux002 (x(tmp1l), .a(c), .b(d), .select(select[0]));

mux_2tol mux003 (x(tmp2), .a(e), .b(f), .select(select[0]));

mux_2tol mux004 (x(tmp3), .a(g), .b(h), .select(select[0]));

mux_2tol mux010 (x(tmp4), .a(tmp0),.b(tmpl), .select(select[1]));

mux_2tol mux020 (x(tmp5), .a(tmp2),.b(tmp3), .select(select[1]));
(x(x), a(tmp4),.b(tmp5), .select(select[2]));

X

mux_2tol mux100

endmodule
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A. (3 pts)

module full_adder(sum, c_out, a, b, c_in);
input a, b, c_in;

output sum, c_out;

wire sum, c_out, tmpl, tmp2, tmp3;
assign sum =a A b A c_in;

assign tmpl = a & b;

assign tmp2 = b & c_in;

assign tmp3 = a & c_in;

assign c_out = tmpl | tmp2 | tmp3;

endmodule
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B. (3 pts)

module carry_lookahead(c_out, g, p, c_in);
parameter n = 4;

output [n-1:0] c_out;

input [n-1:0] g;

input [n-1:0] p;

input c_in;

reg [n-1:0] c_out;
integer i;

always @(*)
begin
c_out[0] = g[0] | (c_in & p[O]);
for (i=1; i<n; i=i+1) begin
c_outli] = gli] | (c_out[i-1] & pli]);
end

end

endmodule
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Parameterized moduleg 2HdSHX| %42 A2 (-1 pts)
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C. (5 pts)

module CLA_adder (S, c_out, A, B, c_in);
parameter n = 4,

input [n-1:0] A, B;

input c_in;

output [n-1.0] S;

output c_out;

wire [n-1:0] carry;

wire [n-1:0] g, p;




integer i;

carry_lookahead #(n) cla_logicO (.c_out(carry), .g(g), .p(p), .c_in(c_in));

full_adder fa [n-1:0] (S, , A, B, {carry[n-2:0],c_in});
assign g = A & B;
assignp = AN B;

assign c_out = carry[n-1];

endmodule
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Parameterized moduleZ %G SHX| A2 ZAL (-2 pts)
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D. (5 pts)

module CLA_20bit_adder (S, c_out, A, B, c_in);
input [19:0] A, B;

input c_in;

output [19:0] S;

output c_out;
wire [3:0] group_carry, group_g, group_p;
reg [19:0] g,p;

integer i;

CLA_adder #(5) cadder_0 (S[19:15],c_out,A[19:15],B[19:15],group_carry[2]);

CLA_adder #(5) cadder_1 (S[14:10], ,/A[14:10],B[14:10],group_carry[1]);
CLA_adder #(5) cadder_2 (S[9:5] , A[9:5] ,B[9:5] ,group_carry[0]);
CLA_adder #(5) cadder_3 (S[4:0] , ,A[4:0] ,B[4:0] ,c_in);

carry_lookahead carry_look (.c_out(group_carry), .g(group_g), .p(group_p), .c_in(c_in));

p = AMB;
g = A&B;

assign group_p[0] = p[0]&p[1]1&p[2]&p[3]&p[4];
assign group_p[1] = p[5]&p[6]&p[7]1&p[8]1&pI9];




assign group_p[2] = p[10]&p[11]&p[12]&p[13]&p[14];
assign group_p[3] = p[15]&p[16]&p[17]1&p[18]&p[19];

assign group_g[0] = g[4]|(9[31&p[4])|(g[2]&p([3]&p[4])|(g[1]&p[2]&p[3]&p[4])|
(9[0]&p[1]&p[2]&p([3]&p[4]);

assign group_g[1] = g[9]|(9[8]&p[9])|(g[7]1&p([8]&p[9])|(g[6]&p[7]8p[8]&p[9])|
(9[5]&p[6]&p[71&p[8]&p[9));

assign group_g[2] = g[14]|(g[13]&p[14])|(g[12]&p[13]&p[14])|(g[11]&p[12]&p[13]&p[14])|
(9[10]&p[11]&p[12]&p[13]&p[14]);

assign group_g[3] = g[19]|(g[18]&p[19])|(g[17]&p[18]&p[19])|(g[16]&p[17]&p[18]&p[19])|
(9[15]&p[16]&p[17]&p[18]&p[19]);

endmodule
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5. (3 pts + 3 pts + 5 pts)
A. (3 pts)

Simulation Cycle
=> Complete processing of all currently active events
Inactive event

=> Events that occur at the current simulation time, but will be processed after all active

events have been processed
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B. (3 pts)

active event, inactive event, non-blocking assignment event, monitor event

=Mt otLiet: S2[H 0.




C. (5 pts)

while (there are events)
if (no active events)

if (there are inactive events) {
activate all inactive events;

} else if (there are non-blocking assign update events) {
activate all non-blocking assign update events;

} else if (there are monitor events) {
activate all monitor events;

} else {
advance T to the next event time;

activate all inactive events for time T,

}
E = any active events;
if (E is an update event) {
update the modified object;
add evaluation events for the sensitive processes to event queue;
} else { // evaluation event
evaluate the process;

add all update events to the event queue;

}

while loop0| S :1H

if (no active events) 20| Y2 : 1H™

inactive event, non-blocking assignment, monitor0f| 23t if 20| =MIIZ2 U :

monitor 0|= 9| else®|A Ct2 event timeC 2 YO ZICH= LHE0| A2 1 1H

update/evaluation event0f 23t if 20| S : 1M
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parameter®l n2 A 49| Hi=2 FOX|= AE 7tHsIC}

—

module BCD_counter(clk, start, qout);
parameter n = 8;
input clk, start;

output reg [n-1:0] qout;

wire [n-1:0] next_qout;

wire [n/4:0] carry;




always @(posedge clk)
begin
if (start == 1'b1) begin
qout <= {n{1'b0}};
end else begin

qout <= next_qgout;

end

end

genvar i;

generate for (i=0; i<n/4; i=i+1) begin: sub_BCD
if i ==0)

BCD_1digit bcd (gout[i*4+3:i*4],1'b1,next_qout[i*4+3:i*4],carry[i]);
else
BCD_1digit bcd (qout[i*4+3:i*4],carry[i-1],next_qout[i*4+3:i*4],carry[i]);
end
endgenerate

endmodule

module BCD_1digit(curr_cnt, c_in, next_cnt, c_out);
input c_in;

input [3:0] curr_cnt;

output c_out;

output [3:0] next_cnt;

reg c_out;
reg [3:0] next_cnt;
reg [3:0] tmp;

always @(*)
begin
tmp = curr_cnt + c_in;
if (tmp > 4'd9) begin
next_cnt = 4'h0;
c_out = 1'bl;
end else begin
next_cnt = tmp;
c_out = 1'b0;




end
end

endmodule

Parameterized module2 ZAM3IX| %2 AL (-3 pts)
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7. (10 pts)

module Ring_counter(clk, start, qout);
parameter n = 8;

input clk, start;

output reg [n-1:0] qout;

always @(posedge clk or posedge start)
begin
if (start) qout <= {1'bl, {n-1{1'b0O}}};
else qout <= {gqout[0], qout[n-1:1]}
end

endmodule
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module priority_en(y,valid,in);
parameter n = §;

parameter log2n = 3;

input [n-1:0] in;

input valid;

output reg [log2n-1:0] y;

always @(*)
begin
if (valid)
begin




casex(in)
8'bLxxxxxxx: y=3'd7;
8'b0Lxxxxxx: y=3'd6;
8'b001xxxxx: y=3'd5;
8'b0001xxxx: y=3'd4;
8'b00001xxx: y=3'd3;
8'b000001xx: y=3'd2;
8'b0000001x: y=3'dl;
8'b00000001: y=3'd0;
default: y=3'd0;
endcase
end
else y = 3'b000;
end

endmodule
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9. (10 pts)

module universal(clk, reset_n, s0, s1, rsi, Isi, din, qout);
parameter n = 4;

input clk, reset_n;

input s0, s1; // control

input Isi, rsi; // left shift input, right shift input
input [n-1:0] din;

output reg [n-1:0] qout;

reg [n-1:0] parallel_out;

always @(posedge clk or negedge reset_n)
begin

if (Ireset_n) qout <= {n{1'bO}};

else gout <= parallel_out;
end

always @(*)




begin
case ( {s1, sO})
2'b00: parallel_out

qout;

2'b01: parallel_out = {rsi, qout[n-1:1]};
2'b10: parallel_out = {qout[n-2:0], Isi};
2'b11: parallel_out = din;

endcase
end
endmodule
Parameterized moduleZ At MHSIX| %2 AL, &, 4-bit universal shift registergE 2/dst 42 (-3
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10.
A. (10 pts)

module single_cycle(clock, a, b, ¢, x);
input [7:0] a, b, ¢

input clock;

output [7:0] x;

reg [7:0] x;

always @ (posedge clock)
begin
x<=a*((b-cq);

end

endmodule

Mot 28 2F (-1 pts)
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B. (10 pts)

module pipeline_3cycle(clock, a, b, ¢, x);
input [7:0] a, b, ¢
input clock;

output [7:0] x;




reg [7:0] x;
reg [7:0] tmpa, tmpb, tmpc, tmpa2, tmp_sub, tmp_mul;

always @(posedge clock)

begin
tmpa <= a; tmpb <= b; tmpc <= ¢
tmpa2 <= tmpa; tmp_sub <= tmpb - tmpg;
tmp_mul <= tmpa2 * tmp_sub;

X <= tmp_mul;

end

endmodule

E2E| reg, wirel| M (-1 pts)
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11. (10 pts)

module parity(data, parity, even_odd, error);

input [7:0] data;

input parity;

input even_odd; // 0 for even parity, 1 for odd parity
output error; // 1 for parity error

wire error;

wire total_parity;

assign total_parity = (data) ~ parity;

assign error = data_parity * even_odd;

endmodule

ApASH A4 U 2Y 28 (1pts)
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module parity(clock, data, even_odd, error);
input data, clock;

input even_odd; // 0 for even parity, 1 for odd parity




output reg error;

reg [3:0] curr_state;

reg [3:0] next_state;

reg curr_value;

reg next_value;

parameter
IDLE = 4'd0,
D1 = 4'dl, D2 = 4'd2, D3 = 4'd3, D4 = 4'd4,
D5 = 4'd5, D6 = 4'd6, D7 = 4'd7, D8 = 4'd8,
P1 = 4'd9; // parity

initial

begin
next_state <= IDLE;
next_value <= 1'b0;

end

always @(posedge clock)
begin
curr_state <= next_state;

curr_value <= next_value;

end
always @(*)
begin

error = 1'bx;

case (curr_state)
IDLE: begin

next_state = D1; next_value

1'b0;
end
D1: begin
next_state = D2; next_value = data; error <= curr_value;
end
D2: begin
next_state = D3; next_value = curr_value » data;
end
D3: begin

next_state = D4; next_value = curr_value * data;




end
D4: begin

next_state = D5; next_value = curr_value ~ data;
end
D5: begin

next_state = D6; next_value = curr_value * data;
end
D6: begin

next_state = D7; next_value = curr_value ~ data;
end
D7: begin

next_state = D8; next_value = curr_value » data;
end
D8: begin

next_state = P1; next_value = curr_value » data;
end
P1: begin

next_state = D1; next_value = curr_value ~ data » even_odd;
end
default: begin

next_state = IDLE; next_value = 1'b0;
end

endcase

end

endmodule
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13. (10 pts)

module sequence0101(clock, data, z, reset_n);
input data, clock, reset_n;
output reg z; // 1 if detected

reg [1:0] curr_state, next_state;
parameter
A = 2000, B = 2'b01, C = 2'b10, D = 2'b11;




always @(posedge clock)
begin
if (reset_n == 1'b0) begin
curr_state <= A;
end else begin
curr_state <= next_state;
end

end

always @(*)
begin
case (curr_state)
A: if (data == 1'bl) next_state = A; else next_state
B: if (data == 1'bl) next_state = C; else next_state = B;
C: if (data == 1'b1) next_state = A; else next_state

I
- W

I
A

D: if (data == 1'bl) next_state = C; else next_state

n
L

endcase

end

always @(*)
begin
case (curr_state)
A:z=0;
B:z=0;
Cz=0
D: if (data == 1'bl) z = 1; else z = O;
endcase

end

endmodule

Mealy machineO|2 2, z= inputd} current state0|Zt dependentsiCt O|& M ZHZ A2 (-2 pts)
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