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Finite State Machine

A TRR AR A G — @R - —EARLKE
BN ISR AR R A T —E KA
B 48 3 ok BLAT 4L AR, ©

FABRET A S FRET R A RMEKER

RiE o o ERIE - BEREHK... FE

F EBEHAERT 0 R ZFHE A G A RAIKAE
Fréa g » BB AR B ey AT A H vt -F &

a9 &4t o T dm A AR E 5 RA A AR

The Institute of Computer and Communicati

ion Engineering, NCKU



Finite State Machine
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Finite State Machine
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Finite State Machine
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Review:Blocking and non-blocking

Blocking

always @ (posedge clk)
begin

b = a;

c = b;
end

Non-blocking

always @ (posedge clock)

begin
b <= a;
c <= b;
end
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Finite State Machine
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Finite State Machine
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Finite State Machine
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Finite State Machine : Good coding

module moore_good(CIK,
Reset, In_Data, Out_Data);

input CIk, Reset, In_Data;

output [1:0] Out_Data;

reg [1:0] Out_Data;

reg [1:0] State, NextState;

parameter S0=2'b00, S1=2'b01
S2=2'n10, S3=2'b11;,

always @(posedge Clk or
posedge Reset)
begin
if(Reset)
State = S0;
else
State = NextState:
end
State register (flip-flops)

style

always @(In_Data or State)

begin
case(State)
S0: begin
if(In_Data == 1)
NextState = S2;
else
NextState = SO;
end
S1:begin
if(In_Data == 1)
NextState = S2;
else
NextState = SO;
end
S2: begin
if(In_Data == 1)
NextState = S3;
else
NextState = S2;
end

S3: begin
if(In_Data == 1)
NextState = S1;
else
NextState = S3;
end
endcase

end Next state logic

always @(State)
begin
case(State)

S0:0Out_Data = 0;
S1:0ut_Data = 1;
S2:0ut_Data = 1;
S3:0ut_Data = 0;
endcase

end

endmodule Output logic
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Finite State Machine : Example(1)

‘timescale 1ns/10ps

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

output Qout;

inppt 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;
else CS = NS;

end
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Finite State Machine : Example(2)

always @ (CS or Din)
begin
case (CS)
S0: begin
Qout=1"b0:;
if (Din==1"b0) NS=S0;
else NS = S2;
end
S1: begin
Qout=1"b1;
if (Din==1"b0) NS=S0;
else NS = S2;
end
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Finite State Machine : Example(3)

S2: begin
// fill the rest of the code
end
S3: begin
// fill the rest of the code
end
endcase
end // always(cs or din)
endmodule
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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
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MUX : Behavior

Assign f = (s)?a:b;

or
- I £
always(a or b or s) begin
bt if(s==1)
s _bar f:a;
. else
f=b.

end
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Practice
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clock div.v

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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lab9 1.v

module lab9 1(clock, reset, set, green, yvellow, red);

input  clock:
input reset;
input set;

output green;
output  vellow:
output red:

reg [1:0] state, next_state;
reg green, yellow, red;
reg [4:0] count;

reg reset_count;

clock_div clock_div(
.clock(clock),
.clock_4Hz(clock 4Hz)
);

always(@(posedge clock 4Hz) 19
state <= next_state; i1d Communication Engineering, NCKU



lab9 1.v

always(@(state or reset or set or count) 2'dl:

begin if( count==5"d4 )
if(reset == 1'b1) next_state=2'd2:
begin else

e L "
next_state = 2'd0; mext siutc=ds

2'd2:
end
| if( count==5"d8 )
else
* next_state=2'd0;
begin else
case(state) next_state=2'd2;
L .
2'd0: default:
if(set ==1'b1) next_state = 2'd0;
next state=2'dl; endcase
else end
next state=2'd0; end
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ot lab9_1.v

case(state)
2'd0: begin always(@(posedge clock_4Hz)
green =1'bl; begin
yellow =1'b0; if(state!=next_state)
red =1'b0; reset_count <= 1'b1;
end else
2'd1: begin reset_count <= 1'b0;
green  =1'b0; end
yellow =1'bl;
red =1'b0; 8B
end always(@(posedge clock_4Hz or posedge reset_count)
2'd2:  begin if(reset_count == 1'bl)
green  =1'b0; count <= 5'd0;
yellow =1'b0; else
red =1'bl1; count <= count + 5'd1;
end
default:begin endmodule

green  =1'b0;
yellow =1'b0;
red =1'b0;

end
endcase

end 21
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Practice 2
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Practice 2
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module lab9_2(clock, reset, led_db, led_rs, led_rw, led_en, led_rst); /I LCDERRHEAYZ5CERER ( Fcounter i)

always @ (count)

input clock; e
case{count|4:0])

'h0 : led_db = "h0A; if*

'hl : led_db = "h0A; IN#*

input reset;

output [7:0] led_db;

output wed_rs; 'h2 : led_db = "h00; /l space
output ted_rw; 'h3:led_db="h37; /W
<A wed_cu; 'hd:led_db="hd5; /e
output led_rst; 'hS:led db="'hd4C; /1
'h6 : led_db = "h43; /e
reg  [4:0] count; 'h7:led_db="hdF; //o
reg  [7:0] led_db; 'h8:led_db="'h4D; //m
'h9 : led_db = "h45; Ile
/IEEMA—FRFREREclock_divEiH - BT 'hA :led_db="h00;  // space
'hB :led_ db="h34; //T
assign led_rst = reset; 'hC : led_db="h4F; //o
assign  led_rs  =1'bl; 'hD : led_db ="'h00;  // space
assign  led_rw = 1°b0; 'hE : led_db="h0A; // *
assign led _en = clock 2Hz; 'hF : led_db ="h0A; //*
always (@ (posedge clock_2Hz)
begin
if(reset)
count <= 5'dl;
else
count <= count+5'dl; 25
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10 ted db = IC /1L EIEIIENRIEIRIEIEIET
11 led db = . 0x00 | ZZE3 [0x01 | ' |ox02| < |o0x03| # |ox04| $
e . 0x05 | % |0x06| & |[0x07| ¢ |ox08| ( |o0x09| )
' - ; 0x0A| * |0x0B| + |o0x0C| ., |o0x0D| - |Ox0E| .
_::: :Zﬂ-:t ; 'E::f i‘::: ox0F | / |oxi0| o |oxi1| 1 |oxi2| 2 [ox13| 3
s - ch-dh _ 'hZ(";' L 0x14 4 0x15 5 |oxl6| 6 |0x17| 7 | OxI8 8

B ’ 0x19 9 |0xlA : 0x1B : 0x1C| < |0x1D .
'h16: lcd_db ="h41; // a OxIE| > |oxIF| ? |o0x20| @ |ox21| A |ox22| B
'h17:led_db = "h42; //b 0x23| ¢ |ox24a| D |ox25| E |ox26| F |ox27| G
13 : led_db ="h00; /f space 0x28 | H |0x29| I |ox2a| T |ox2B| K |ox2Cc| L
'h19 : led_db ="h1D; // = ox2D| M |ox2E| N |ox2F| o |ox30| P |ox31| 0
'h1A :led_db ="hOE; //. 0x32| R |0x33| s |ox34| T [ox35| U [ox36] V
'h1B : led_db ='h1D; // = 0x37| W [ox38] X |ox39| Y [ox3a| z |ox3B| |
'h1C : led_db ="h0B; // + 0x3C| \ |ox3D| ] |ox3E| ~ |ox3F|  |ox40|
'h1D : led_db = "h00; // space Ox41 | a |[0x42| b |O0x43| ¢ |O0x44 | d |0xd45| e
'h1E : led_db = "h00; // space Ox46 | £ |0x47| g |Ox48| h |O0x49| i |Ox4A|
default : led_db = "h00; 0x4B| k |0x4C| 1 |0x4D| m |Ox4E| n |Ox4F| o
endcase 0x50 | p | O0x51 q | 0x52 r | 0x53 s 0x54 t
end 0x55 u 0x56 | v [ Ox57 | w | Ox58 X 0x59 y
0xSA| z |0x5B| { |ox5C| | |oxsD| } |OxSE| -
endmodule 0x5F 0xSF 1| 0xFF &7 &
Ascii shE$ R &
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One_shot.v

module one_shot(clock, din, dout);
input clock;
input din
output dout;
reg [1:0] ss;
assign dout = ssJ0];
always@(posedge clock)
begin
case(ss)
2'b00: begin
if(din)
ss <=2'b01;
end
2'b01: begin
ss<=2'b10;
end
2'b10: begin
if(~din)
ss<=2'b00;
end
default:
ss <= 2'b00;
endcase

end 28
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Lab9 3.v

module lab9_3(clock, reset, din, Icd_db, Icd_rs, lcd_rw, lcd_en, lcd_rst);
input clock reset, din;

output [7:0] lcd_db;
output lcd_rs, lcd_rw, lcd_en, lcd_rst;

reg [4:0] count;
reg [7:0] Icd_db;

one_shot u_one_shot(.clock(clock), .din(din), .dout(&4&i& 3: 3 5));
//****** ,l'l <% E’l ’f,? j;':_ ;% ******//

//****** ,"»l _!, E’] ’f,? j;':_’% ******//
endmodule
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