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Finite State Machine (1/4)
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Finite State Machine (2/4)
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Finite State Machine (3/4)
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Blocking and non-blocking

Blocking

always @ (posedge clk)
begin
b
C

a,
b;

end

Non-blocking

always (@ (posedge clock)

begin
b <= a;
c <= b;
end

clk




Finite State Machine (5/7)

Moore Machine Mealy Machine
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Finite State Machine (6/7)

»Moore Machine

outputs

-

inputs next current
Comb state registers state comb
>Icircults > >|circuits
»Mealy Machine
inputs o next current b
»{ comb. | state i comb.
Jcircuits |registers| state X

outputs

circuits———
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, Output

l Current Next State Qout
State | pin=0 | Din=1
N S0=00 | so 52 0
S1=01 S0 S2 1
S2=10 | <2 $3 1
$3 s1 0

"\1 e ‘/ 53=11

Input

Finite State Machine (7/7)

State
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Finite State Machine :
Good coding style

@)

®)

=

O

c

—+

)

=

2 module moore_good(CIk, always @(In_Data or State) S3: beain

g Reset, In_Data, Out_Data); | begin - Peg if(In_Data == 1)

= | case(State) NextState = S1:

@D input Clk, Reset, In_Data; S0: begin else ’

Q output [1:0] Out_Data; if(In_Data == 1) NextState = S3:

c reg [1:0] Out_Data:; I NextState = S2; end ’

) reg [1:0] State, NextState; else _ endcase

® parameter S0=2'b00, S1=2'001 NextState = SO; end Next state logl

) $2=2'010, S3=2'b11:, end DAL SIS G

Q . S1:begin

&) always @(posedge CIk or If(l&%atast;?at:e:: )82' always @(State)

) posedge Reset) clse ’ begin

("D" begin NextState = SO- case(State)

3 If(Reset) end ’ S0:Out_Data = 0;
State = SO; S2: begin S1:0ut_Data = 1;

- else o __ S2:0ut_Data = 1;

Q if(In_Data == 1) _ )

o State = NextState: NextState = S3: S3:0ut_Data = 0;

© end ’ endcase

= . . else end

Q State register (flip-flops) NextState = S2; endmodule  QUtPUt logic

@) end

=

<
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Finite State Machine : Example (1/2)

‘timescale 1ns/10ps

module moore (Qout, clk, rst, Din);

output Qout; Input, Output, Reg, Wire
input clk, rst, Din;

parameter [1:0] S0=2'b00, S1=2'b01, S2=2'b10, S3=2'b11;
reg Qout;

reg [1:0] CS, NS; // CS: current state; NS: next state

always @ (posedge clk or posedge rst)

begin

if (rst==1"b1) CS=S0: State register (Flip-flop)
else CS = NS;

end
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= Finite State Machine : Example(2/2)
>

c":} always @ (CS or Din)

= begin

8 case (CS)

rf:: SO: begin Next logic (Combinational circuit)
g Qout=1"b0;

3 if (Din==1"b0) NS=S80;

N else NS = S2; S2: begin

ﬁ end I/ fill the rest of the code
o S1: begin end

|3_ Qout=1"b1; S3: begin

%J_ if (Din==1"b0) NS=S0; /1 fill the rest of the code
O else NS = S2: end

QD endcase

= end

o end // always(cs or din)

< endmodule

14
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MUX : Gate level

s_bar

module mux2x1(f, s ,s_bar, a, b);
output f;
input s, s_bar;
input a, b;
wire nandl_out, nand2_out;
/| boolean function
nand(nandl_out, s_bar, a);
nand(nand2_out, s, b);
nand(f, nand1_out, nand2_out);

endmodule

15
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MUX : Behavior

s_bar

f

Assign f = (s)?a:b;
or

always(a or b or s) begin
if(s==1)
f=a;
else
f=b;
end

16
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E{ERE(—) Moore Machine (1/4)
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B {FrE(—) Moore Machine (2/4)
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l

E{F®8(—) Moore Machine (3/4)

module clock_div(clock, clock_4Hz);
input clock;
output clock_4Hz;

reg [39:0] count_4Hz;
reg clock_4Hz;

always@(posedge clock)

begin
if(count_4Hz<40'd50000000)
count_4Hz <= count_4Hz + 20'd1;
else
count_4Hz <= 20'd1;
end
always@(posedge clock)
begin
if(count_4Hz <= 40°d25000000)
clock_4Hz <= 1'd1;
else
clock_4Hz <= 1'd0;
end

endmodule
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clock_div.v
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l

—) Moore Machine (4/4)

@)
O
-
—-+
()
q
2 module lab11 1(clock, reset, set, green, yellow, red); always(@(state or reset or set or count) always@(state) always(@(posedge clock_4Hz)
@) begin begin begin
o input  clock; if(reset = 1'b1) case(state) if(state!=next_state)
-+ input  reset: begin 2'd0: begin reset_count <= 1'b1;
® input  set; next_state = 2'd0; green  =1'bl; else
O ellow =1'b0;
-+ e ’edo“ l'h[l, reset_count <= 1'b0;
(- output green; else re - 3 end
(-I; output yellow; begin end
output  red; case(state) 2'dl:  begin
_l lbo. ”ﬂia
QJ Zdo: greet ~ ’ always@(posedge clock 4Hz or posedge reset_count)
=) reg [1:0] state, next_state; if(set == 1'b1) yellow =1'bl; T posecs - poseds =
Q d =1'b0: if(reset_count == 1'b1)
reg green, yellow, red; next_state=2'dl; re 3 e
m d count <= a
reg [4:0] count; else en
< reg reset_count; next state=2'd0; 2'd2: begin else
(fﬂ 2'd1: green  =1'b0; count <= count + 5'd1;
i t==5"d4 . = 1'h()-
) clock_div  clock_div( if( coun D yellow  =1'b0;
= clock(clock) o G red =1'b1; endmodule
: ’ else
d
.clock_4Hz(clock_4Hz) iy, L
5 ); R default:begin Iab 11 1 V
’ 2'd2: -
reen =1'b0; —
O if( count==5'd8 ) g R ,
@) always@(posedge clock_4Hz) next state=2'd0; yellow =1'b0;
B state <= next_state: else red =1'b0;
. end
8 ) next_state=2'd2; endcase
default:
end
\2 next_state = 2'd0;
endcase

end 21
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E{EfE(Z) LCD#R3ER (1/3)
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= (E5E(T) LCDEETRE (3/3)

module lab112(clock, reset, led_db, led_rs, led_rw, led_en, led_rst);

/I LCDRWHESETEREE ( Fcounterfif]) 'h10 : led_db ="h2C; /L
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always (@(count)

'hill:

led_db = 'hd4F; // 0

input clock; . 'h12 : led_db ="'h47; // g
input reset; begin 'h13 : led_db ='h49; // i
case(count[4:0]) "h14 : led_db = 'hd3; // ¢
output [7:0] led_db; 'h0 : led_db = 'h0A; If* 'h15 : led_db = 'h2C; // L
output led_rs; 'hl : led_db = "h0A; "* 'h16 : led_db ='h41;// a
output led_rw; 'h2 :led_db="'h00;  //space 'h17: led_db ="hd2; /b
output led_en; "h3 : led_db = 'h37; W 'h18 : led_db = 'h00; // space
output led_rst; 'hd : led_db = 'h45; /e 'h19 : led_db = 'h1D; // =
"hSs : lﬂd_dh = thdc; "1 'hlA: I.Cd_db = ‘I10E; .
reg  [4:0]  count; 'h6:led db="hd3; /¢ 'hlg ¢ Red_db = "‘:)Di ﬁ =
'h1C : led_db ="h0B; // +
reg  [7:0] led_db; 'h7:led db="h4F; /o o '
'h8 - hd p 'h1D : led_db = "h00; // space
h8 : led_db = "h4D; m . .
. = h1E : led_db ="h00; // space
/EEIMA — BB clock_divBiaH » WELZ = ?
& - B 'h9 :led_db="h45; /e default : led_db = 'h00;
) 'hA : led_db = "h00; /! space endcase
assign led_rst = reset; "hB:led_db="h34; //T end
assign led_rs =1'bl;
e S 'hC : led_db ="h4F; /o
assign ch_erl = cluck, 2Hz; 'hD : led_db = 'h00; I/ space e
- - »
'hE : led_db ="'h0A; //*
always (@ (posedge clock_2Hz) 'hF :led_db ="h0A; //*

begin
if(reset)
count <= 5'd0;
else
count <= count+5'd1;

end

labll 2.v
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