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e Random generator (using LFSR)

Block diagram:
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Random generator «vinput 3 clk, rst n, start(# r4*z#%
output e ) > output £ random[15:0] > % module p 3% 7%
outO~outd #- output 4 B = 4%4bits > 1 % — i counter X% #
LFSR 0 &1 > LFSR R & * 4-bits ¢nDFF - & 3-wl (DFF[0]®
DFF[3])i 4 5| DFF[1] % A)= - B LFSR -

% posedge clk sequential always block ¥ > rst.n = 0 FF ¢ #-
LFSR p en DFF[3:0]4~4~% 4 bl1000 - i *#-counter ™2 % out0~out3
A e 0 o

always @ (posedge clk) begin
if (rst_n = 1'b0) begin

DFF <= 4'b1000;
counter <= 2'd0;
outl <= 4'd0;
outl <= 4'd0;

out2 <= 4'd0;
outd <= 4'd0;

end

F 2 > ¢ 3417 LFSR ehe 17 > £ 4 counter fr out0~out3 #j » = &
cycle enig 3 &iz2 ¥ 4r¥% start = 1 P € #outO~out3 4% 3|

output random[15:0]

else begin
DFF[0] <= DFF[3]:
DFF[1] <= wl:
DFF[2] <= DFF[1]:
DFF[3] <= DFF[2]:
out3 <= nxt_out3;
out2 <= nxt_out2;
outl <= nxt_outl;
outl <= nxt_out0;
counter <= nxt_counter;
if(start) begin
random[ 15:12] <= out3;

random[ 11:8] <= out2;
random[7:4] <= outl:
random[3:0] <= out0:

end
else random <= random:
end

end



# combinational always block » - 2\ i#* counter & case ki
#HEEFaE (T o L counter == 27 b00 5 &) > pPEAP A LB

outl~out3d g 1 2| %7 LFSR ¢ DFF eviE » & DFF + 3t 9 ¥ » 72 %3¢
outl~outd #icF pF > outl ¢ & i cycle *x % = DFF eig 2R {5 %
counter + 1 4v% 23 /& &% fifr%g % § # out0 ™ 2 counter
B - EFLFSR A2 = & i Fenptdic e it e s TF“%%E‘Z #= LFSR

A4 0~9 2 F 23 £4F gt e B outl~outd 7 o

always @ (*) begin
case(counter)
2'b00 : begin
nxt_outl = outl;
nxt_out2 = out2;
nxt_out3 = out3;
if(DFF <= 4'dY) begin
if(DFF != outl)begin
if(DFF != out2) begin
if(DFF != out3) begin
nxt_out( = DFF;
nxt_counter = counter + 1'bl;
end
else nxt_out0 = out0;
end
else nxt_out0 = out(;
end
else nxt_out0 = out(;
end
else nxt_out0 = out(;

end

e Seven segment

Block diagram:



4'b1110

MUX
1U
4p1111 MUX
41110
one_second ‘
state[1:0]
1st.n @
4B0111 4'b1011  4'b1101
] [17]
clk  —e— refresh_clock MUX
[18]
ANI3:0]
display O~b MUX scel0:6]

Seven segment ¢ input F# clk, rst_n, inoutput 7 AN[3:0],
seg[0:6] » module * 3 one clock 4% &P+ & ¥ I§ % — sec i3
clock » 2 refresh_clock # i AN { #74g & o

A 4 lab 3 fpga 3L % (F 4 one_second & A Ficd » R

output #&Li 4 0.5 ) # B 1§ complement - =t ©



always @ (posedge clk) begin

if(rst_n == 1'b0) begin
counter «= 27'd0;
second <= 1'b0;
end

else begin
counter <= nxt_counter;
second <= nxt_second;
end

end

always @ (*) begin

if(counter == 27'd4 1) begin
nxt_second = ~second;
nxt_counter = 27'd0;
end

else begin
nxt_second = second;
nxt_counter = counter + 27'dl;
end

refresh clock i * &1 H_ 4 labd @ iFiE e F)pt 2 L 353t > 2 §_
BiEH AN chEPFF e S £ 4o b osecond eiE it 0 A ostate == SI FFde
% refresh_clock[18:17] == 2" b00 ¥ second == 1 F¥ AN =

4" bl110 > second == 0 FF AN = 4" b1111 > 4ot if & & B+ B c0lg
TEMEE S AL P Rarck o @ bostate == S0 2 S2 R T E

7§ R BF R A 8 refresh clock #F AT ©

case(state)

80, 82: begin

case(activate_AN)

2'b00 = AN = 4'b1110;

2'b01 : &N = 4'b1101;

2'b10 : AN = 4'b1011;

2'b11 : AN = 4'%0111;

endcase

end

S1: begin

case(activate_AN)

2'b00 : begin
1f(second) &N = 4'b1110;
else AN = 4'b1111;
end

2'b01 : AN = 4'b1101;

2'h10 : AN = 4'b1011;

2'b11 = AN = 4'b0111;

endcase

end

g AN ciE > e g % AN 2|97 & s in R e 4bit § = MUX
#rselection bits’ &6 & * inehH ? 4bitsiEH seg[0:6]

® > AN == 4" b0111 % &:



o 1A2B

always @ (*) begin
if (AN == 4'b0111) begin
if(in[15:12] == 4'd0) seg = 7'b0000001L ;

else 1f(in[15:12] == 4'dl) seg = 7'b1001111;
else 1f(in[15:12]) == 4'd2) seg = 7'bHO0100OI0;
else if(in[15:12] == 4'd3) seg = 7'b0000110;
else 1f(in[15:12] == 4'd4) seg = 7'b1001100;
else 1f{(in[15:12] == 4'd5) seg = 7'b0OL00100;
else if(in[15:12] == 4'd6) seg = 7'b0100000;
else if(in[15:12] == 4'd7) seg = 7'b0001101;
else if(in[15:12] == 4'd8) seg = 7'H0000000;
else 1f(in[15:12] == 4'd9) seg = 7'b0000100;
else if(in[15:12] == 4'd10) seg = 7'b0001000;

else 1f{(in[15:12] == 4'd11) seg = 7'b1100000;
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1A2B 7 input 7 clk ~ sw ~ reset ~ start ~ enter > output 7 dp ~

¢
:

AN[3:0] ~ seg[0:6] » LED[15:0] » # module p %%
debounce ~ one_pulse ¥ M &2 reset ~ start % enter ==t 5L »
rst_one pulse £ 5% - # not gate ¥ = rstn; 7 —
random_LFSR # # p“d#kc - 7% { #¥-state ~ counter ~ answer ~ sw ~ A »
Bél%l » 3| state machine ¥ &J2 ¥ 7 3|7 & cycle ehinput ; 7 - B
seven_segment # & At BF & 915 AN[3:0] % seg[0:6] -

dp F15 7 7 & ] #BAT0E 5 10 e * - 3 MUX £ LED[15:0]
g > 4r% state == SO FF LED = 0 > state = S1 & S2 g% LED ¢

B om B3N e E & answer e

debounce dl (reset. clk, rst_debounced);

debounce d2 (start, clk, str_debounced):

debounce d3 (enter, clk, ent_debounced);

one_pulse ol (rst_debounced, clk, rst_one_pulse);
one_pulse 02 (str_debounced. clk, str_one_pulse):
one_pulse o3 (ent_debounced, clk, ent_one_pulse);
random LFSR rl (clk, rst_n, str_one_pulse, answer):
seven_segment sl (clk, rst_n, in, state, AN, seg);

assign dp = 1'bl;
assign rst_n = ~rst_one_pulse;
assign LED = (state = 80) ? 16'd0 : answer;

i+ posedge clk sequential always block ® > rst_n == 0 B § #
state 47 4>= S0 > counter ~ A~ B ¥%4=4p= 00 & 2 g T B

cycle #iE o



always @ (posedge clk) begin
if (rst_n = 1"b0) begin
state <= S0;
counter <= 2'd0;
A<= 4"d0
B <= 4'd0;
end
else begin
state <= nxt_state;
counter <= nxt_counter:
in <= nxt_in
A <= nxt_A;
B <= nxt _B:
end

end

% combiantional always block ¥ #\i*3J% state = case iF# &
{7 a0 iF o g2 - [ state machine - & state == S0 P 2L ipe
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state FFEE T 7 1A2D" > BABFHF 2 % Lstart KT P R
T i state % 5 S1 I3k counter jFE 0 £ 2 ?’“;ﬁ state 2§ &

SO -

always @ (*) begin

case(state)

SO: begin
nxt_in = {4'hl, 4'ha, 4'h2, 4'hb);
nxt_A = A;
nxt B =B;

if(str_one_pulse) begin
nxt_state = Sl;
nxt_counter = 2'd0;
end

else nxt_state = 80;

end

state == SL pF® 2% swiy » = B 0-9 chieF > AP -
counter kFEzfy » A % 2 i 28> counter == 2" b00 pF > 2
PR nxt_in e 3 BdF 500 B BdF S A Gsw
enter # 7 {4 § #-counter + 1~ state % § & Sl ~ 4 4 » e A7
W e tmp_in[15:12] » & H|¥de % sw R A 4 0 E %

answer[15:12]— #eitde A + 1> 4ok 88 © = B#HcF — kit



B+ 1>

2'b00:
nxt_in = {12'd0, sw):
if(ent_one_pulse) begin
nxt_counter = counter + 2'b01;

ek SR HTERL D s g

begin

nxt_state = Sl;
tmp_in[15:12] = sw;

if(sw = answer[15:12]) begin

xt_ A=A+ 4'dl;
nxt_B = B;
end

else if(sw == answer[11:8]) begin

nxt_A = A;
t_ B=B+4'dl;
end
else if(sw == answer[7:4]) begin

nxt_A = A;
nxt B =B+ 4'dl;
end

else if(sw == answer[3
xt_A = A;
nxt_ B =B+ 4'dl;

2" b01

0]) begin

Counter 2" bl0 pF e

W fnxt_in e % -

T4 gy > 1220 b0l AR £

- BT § AT BRI ~ 50 tmp_in[15:12]

R P A+ 1 PFR v i oanswer[11:8]

2'b01:
nxt_in = {8'd0,
if(ent_one_pulse) begin

begin

tmp_in[15:12], sw};

nxt_counter = counter + 2'b01;
nxt_state = Sl

tmp_in[11:8 W

if(sw = answer[11:8]) begin
nxt A = A+ 4'dl;
nxt_B =B
end

else if(sw == answer[15:12]) begin

nxt_A = A;
nxt_ B =B+ 4'dl;
end
else if(sw == answer[7:4]) begin
nxt_A = A;

nxt B =B+ 4'dl:
end
else if(sw = answer[3:0]) begin
nxt A = A;
nxt B =B+ 4'dl;

Counter == 2° bll ~ enter 3T p*

default: begin

nxt_in = {tmp_in[15:4], sw};
if(ent_one_pulse) begin
nxt_counter = counter + 2'b01;
nxt_state = S2;
tmp_in[3:0]

= answer[3:0

Pf( 1) begin
nxt A=A+ 4'dl;
nxt B = B;
end

else if(sw == answer[15:12]) begin

nxt_A = A;
nxt B =B+ 4'dl;
end

else if(s answer[11:8]) begin

nxt A = A;
nxt B=B+ 4'dl;
end
else if(s answer[7:4]) begin
nxt_A = A;

nxt B=DB+ 4'dl;
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State diagram:

ent_one_pulse == 1
str_one_pulse == 0

counter < 3 ent one pulse ==0

S0

counter == 3

Y

str_one_pulse == ent_one_pulse == 1

ent_one_pulse == 1
Al=4

ent_one pulse == 1

A==4

) 0\3?5'

Fld iz fpga A F 5|7 LFSR e (5> 3 5 ¢ 1 4o * A 1Y

hd R AP ERAEL R AREERY F - RERPP R



testbench IRl 3 B AL e £ &3] fpga 3R 7 I B & enlg % o
- B3|} i BT k] #F A _multi-assignment £9R
18 » FEA A 2 {8 A fpga shmodule FF& { /AR sequential fr
combinational st » R & s & 6% 2 3075 5> 1 i 3R fpga 89
EEg] o F F Bk g SRta R Az ko T Kb lab A g 0 i@

Adoa A AR SR



