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FSM Infinite State Machine |SM
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HDL
6.2
FSM
6.2.1 RTL FSM
RTL  FSM
RTL  FSM
FSM
FSM FSM
FSM
FSM
RTL
FSM
RTL
FSM
FSM
FPGA/CPLD
FPGA/CPLD “ ”
FSM
FSM
FSM

“ FSM

RTL

FSM

“ full casé’
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“ FSM »
6.2.2 RTL
2 3 Verilog
FSM
wire reg
wire reg
reg
parameter
“ 0" one- hot
NS Next State CSs
5 | DLE
2 S3 3 ERROR

reg [3:0] NS, Cs;
paraneter [3:0] //one hot with zero initial
IDLE = 3’ b0000,

S1 = 3’ b0001,
S2 = 3’ b0010,
S3 = 3’ b0100,

ERROR = 3’ b1000;

always
FSM 3 aways 1

(OS] NS
//sequential state transition
al ways @ (posedge cl k or negedge nrst)
if (!Inrst)

CS <= | DLE;
el se

CS <=NS;
aways 2
always 3

case/endcase

case/endcase  FSM
case/endcase

case (case_expression)
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case_iteml : case_itemstatenentl
case_itenR : case_item statenment?2;
case_itenB : case_itemstatenent3;
case_itemt : case_itemstatenent4;

default : case_item statenentb5;

endcase
case_expression case FSM
case item  case FSM
FSM
case_item_statement case_item FSM
case _item_statement
begin/end default
case_item case_expression FSM
FSM
default FSM Verilog
casex  casez
case casex
casez
FSM case/ endcase
case (CS)
| DLE: begi n
| DLE out;
if (~i1) NS = | DLE;
if (il&&i2) NS = Si;
if (il && ~i2) NS = ERROR;
end
S1: begi n
S1 out;
if (~i2) NS = S1;
if (i2 & il) NS = S2;
if (i2 & (~i1)) NS = ERROR
end
S2: begin
S2_out;
if (i2) NS = S2;
if (~i2&&i1) NS = | DLE;
if (~i2 &% (~i1)) NS = ERROR
end

ERROR: begi n
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ERROR out ;
if (il) NS = ERROR
if (~i1) NS = | DLE;
end
default: begin
Def aul t _out;
NS = ERROR;
end
endcase
Verilog case C case
t Verilog case case_expression
case_item case_item case _item_statement
case
task/endtask
task/endtask
task/endtask
| DLE t ask/ endt ask “ 1 DEL_out”
task I DLE out;
begi n
{w_ol,w 02,w err} = 3" b000;
end
endt ask RTL if/felse assign
RTL
6.2.3
1 always
FSM 2
always always
FSM
3 aways always
always
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FSM FSM
FSM
always
FSM FSM
Latches
latency
1-1 FSM
“ Example-6-1"
6-3
4 IDEL, S1, S2, ERROR

ck nrst i1 i2 ol 02 er

6-2
IDLE {o01,02,err} = 3'b000;
S1 {ol,02,err} =3'b100;
S2 {ol1,02,err} =3'b010;
ERROR {ol,02,err} =3blll
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6-3

6.2.3.1

/1 1-paragraph nethod to descri be FSM
/I Describe state transition, state output, input condition in 1 always bl ock
modul e statel ( nrst,clKk,

i1,i2,
ol, o2,
err
);
i nput nrst, cl k;
i nput i1,i2;
out put 01,02, err;
reg 0ol,02,err,
reg [2:0] NS; //Next State
parameter [2:0] //one hot with zero idle
IDLE = 3' b000,
S1 = 3’ b001,
S2 = 3'b010,

ERROR = 3’ b100;

/11 always block to describe state transition, state output, input condition
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al ways @ (posedge cl k or negedge nrst)

if (!nrst)
begi n
NS <= | DLE
{01,02,err} <= 3' b00O0;
end
el se
begi n
NS <= 3'bx;
{01,02,err} <= 3'b00O;
case (NS)
I DLE: begin
if (~i1) begi n{ol, 02, err}<=3'b000; NS <= |IDLE;, end
if (il &i?2) begi n{ol, 02, err}<=3"'b100; NS <= S1; end
if (il && ~i2) begi n{ol, 02, err}<=3"b111; NS <= ERROR; end
end
S1: begi n
if (~i2) begi n{ol, 02, err}<=3' b100; NS <= SI; end
if (i2 & il) begi n{ol, 02, err}<=3"'b010; NS <= S2; end
if (i2 & (~i 1)) begin{ol, 02,err}<=3 blll; NS <= ERROR; end
end
S2: begi n
if (i2) begi n{ol, 02, err}<=3' b010; NS <= S2; end
if (~12 &&i1) begi n{ 01, 02, err}<=3' b000; NS <= | DLE; end
if (~i2 & (~i 1)) begi n{ol, 02, err}<=3"b111l; NS <= ERROR, end
end
ERRCR: begi n
if (il) begi n{o1l, 02, err}<=3"'b111; NS <= ERROR; end
if (~i1) begi n{ol, 02, err}<=3"' b000; NS <= | DLE; end
end
endcase
end
endnodul e
always 6-4
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FSM FSM

6.2.3.2

FSM
FSM

/] 2-paragraph nethod to descri be FSM
/I Descri be sequential state transition in 1 sequential always bl ock
//State transition conditions in the other conbinational always bl ock
/I Package state output by task. Then register the output
modul e state2 ( nrst, clKk,

i1,i2,

ol, o2,

err

)
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i nput nrst, cl k;

i nput il,i2;

out put 0l, 02, err;

reg ol,02,err;

reg [2:0] NS, CS;

paraneter [2:0] //one hot with zero idle
IDLE = 3' b000,
S1 = 3' b001,
S2 = 3’ b010,

ERRCR = 3’ b100;
/lsequential state transition
al ways @ (posedge clk or negedge nrst)
if (!Inrst)
CS <= | DLE;
el se
CS <=NS;
/I combi national condition judgnent
always @(CS or il or i2)

begi n
NS = 3' bx;
ERROR out ;
case (CS)
| DLE: begi n
| DLE out ;
if (~i1) NS = | DLE;
if (il &&%i?2) NS = S1;
if (il && ~i2) NS = ERROR;
end
S1: begi n
S1 out;
if (~i2) NS = S1;
if (i2 &&i1) NS = S2;
if (i2 & (~i1)) NS =ERROR
end
S2: begin
S2_out;
if (i2) NS = S2;
if (~i2 &% il) NS = | DLE;

if (~i2 & (~i1)) NS = ERROR
149



end
ERRCOR: begi n
ERRCR out;
if (il) NS = ERRCR
if (~i1) NS = | DLE
end
endcase
end
/1 out put task
task | DLE out;
{0l1,02,err} = 3' b00O0;
endt ask
task S1 _out;
{01,02,err} = 3' bl0O0;
endt ask
task S2_out;
{0l1,02,err} = 3'b010;
endt ask
task ERROR out;
{0l1,02,err} = 3" blll;
endt ask
endnodul e
FSM
FSM always
6-5
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6-5
al ways @ (posedge clk or
if (!nrst)
CS <= | DLE
el se
CS <=NS;
“CS  “ NS
NS
-
/ / conmbi nati onal condition
al ways @ (nrst or CS or
begi n
NS = 3' bx;
ERROR out ;
case (CS)

I DLE

FSM

always
negedge nrst)

FSM
CSs
always
j udgment
1or i2)
begi n
| DLE out ;
if (~i1) NS = | DLE
if (il &&i?2) NS = S1
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if (il &% ~i2)

NS = ERROR
end
S1: begin
S1 out;
if (~i2) NS = S1
if (i2&&%i1) NS = S2
if (i2 & (~i1)) NS = ERROR
end
S2: begi n
S2_out;
if (i2) NS = S2;
if (~i2 &&i1) NS = | DLE;
if (~12 & (~i1)) NS =ERROR
end
ERROR: begi n
ERROR out ;
if (i1) NS = ERROR
if (~i1) NS = | DLE
end
endcase
end
always
always “ CS’
always @(nrst or CSor il or i2)
always “ NS
case if..else
begi n
NS = ERROR;
ERROR out ;
case (CS)
X
FSM FSM
X “ Don't Caré
casez casex case



case
FSM
NS FSM
ﬁ always
task/endtask
S1
S1 _out always
task S1_out;
{0l1,02,err} = 3" bl0O0;
endt ask
6.2.3.3
FSM
FPGA/CPLD
ASIC
FSM
FSM
Latency 3 FSM
FSM

/| 3- par agr aph nethod to describe FSM
// Describe sequential state transition in the 1st sequential always bl ock
//State transition conditions in the 2nd conbi nati onal al ways bl ock
/I Describe the FSMout in the 3rd sequential always bl ock
modul e state2 ( nrst,clKk,

i1,i2,
ol, o2,
err
);
i nput nrst, cl k;
i nput i1,i2;
out put 0l,02,err;

153



154

reg 0l,02,err;

reg [2:0] NS, CS;

parameter [2:0] //one hot with zero idle
IDLE = 3' b000,
S1 = 3' b001,
S2 = 3'b010,

ERROR = 3'b100;
/11st al ways bl ock, sequential state transition
al ways @ (posedge cl k or negedge nrst)
if (!Inrst)
CS <= | DLE;
el se
CS <=NS,
/12nd al ways bl ock, conbi national condition judgnent
always @(nrst or CSor il or i2)

begi n
NS = 3' bx;
case (CS)
| DLE: begi n
if (~i1) NS = | DLE;
if (il &%i2) NS = S1;
if (il &% ~i2) NS = ERROR;
end
S1: begi n
if (~i2) NS = SI;
if (i2&R%i1) NS = S2;
if (i2 & (~i1)) NS = ERROR
end
S2: begi n
if (i2) NS = S2;
if (~12 &% i1) NS = | DLE;
if (~i2 & (~i1)) NS = ERROR
end
ERROR: begi n
if (i) NS = ERROR
if (~i1) NS = | DLE;
end
endcase
end
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/13rd al ways bl ock, the sequential FSM out put

al ways @ (posedge cl k or negedge nrst)
if (!'nrst)

e

{01, 02,err} <= 3'b000;
se
begi n
{01,02,err} <= 3'b000;
case (NS)
IDLE: {01, 02, err}<=3' b00O0;
S1: {01, 02, err}<=3' b100
S2: {01, 02, err}<=3' b010;
ERROR: {01, 02, err}<=3'bl11;
endcase
end

endnodul e

6-6

F—NHE (RFHFralways)
wALEAKETFETES
MAFTE (C5<=N5) .

-t
alwaystiil) , HAREHE

T—H&E

THE (HHAAEHR

e dinalil

ARTHE

D
TS
B BE AN

66 FSM
FSM
FSM
al ways @ (posedge cl k or negedge nrst)
if (!'nrst)

{01, 02,err} <= 3'b000;
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el se
begi n
{01,02,err} <= 3'b00O0;
case (NS)
IDLE: {01, 02, err}<=3' b000;
S1: {01, 02, err}<=3' b100;
S2: {01, 02, err}<=3"' b010;
ERROR {01, 02, err}<=3'bl11;
endcase
end
FSM
6.2.3.1
case (NS)
I DLE: begin
if (~i1) begi n{ol, 02, err}<=3"'b000; NS <= I DLE; end
if (il &i?2) begi n{o0l, 02, err}<=3"'b100; NS <= SI; end
if (il && ~i2) begi n{01, 02, err}<=3' b111; NS <= ERROR; end
end
FSM
case
FSM
case case
FSM FSM
FSM
FPGA/CPLD
FSM always cae
? “ CS FSM always cae
.

« NS

6.2.34
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n always
FSM
1 2 3 always
FSM n aways n
FSM always
3 FSM
always
always
6-5
always always
always always n FSM
always
FSM
n FSM
6-3 FSM
6-5
6-6
FSM 6-4 6-5 6-6
6-4 6-5 6-6
3 FsSM 6-4 6-6
6-4
6-7
FSM
case
FSM
case
case
FSM

FSM
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FSM
6-1 3 FSM
FSM
always 1 2 3
6.2.4

FSM
FSM

Binary gray-code

one-hot one-hot
bit
CPLD FPGA
CPLD gray-code FPGA one-hot
gray-code  binary
one-hot
Synplicity  Synopsys
Exemplar FSM
FSM
FPGA GSR Globa Set/Reset
FPGA GSR RAM /
FPGA
GSR FPGA
GSR 6.2.3
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one hot
FSM
parameter “define
'define
parameter
module FSM
IDLE 'define
parameter
FSM
2 FSM Mealy " "
case
task/endtask
FSM
always "
FSM aways
always -
aways
FSM
default
case if...els Verilog
case default
case default
default
default FSM
default IDLE
case (C9)
| DLE: begi n
| DLE out ;
if (~i1) NS = I DLE
if (i18&%i2) NS = SI:
if (il && ~i2) NS = ERROR:
end
S1: begi n
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»

S1 out;
if (~i2)
if (i2&i1)
if (i2 & (~i1))
end
S2: begin
S2_out;
if (i2)
if (~i2 &% i1l)
if (~12 && (~i1))
end
ERRCOR: begi n
ERROR out ;
if (i1)
if (~i1)
end
default: begin
| DLE out;
NS = | DLE

end

endcase

end

Case

Full Case

default

256

Parallel Case

6.2.2
6.2.2

“  gynthesis full_case® “

Full Case

default

Parallel Case
Full Case

FSM
FSM

2n

case
case_expression
case_item

Synplify Pro Precision RTL

NS = S1;
NS = S2
NS = ERROR
NS = S2
NS = I DLE
NS = ERRCR;
NS = ERROR
NS = | DLE
case
8hit
case
case
Synopys

synthesis parallel_case’

default

Parallel Case



FSM
6.3 Synplify Pro FSM
FSM 6.2
FSM Synplify
Pro EDA FSM FSM FSM
Synplify Pro 3 FSM Compiler FSM Explorer  FSM
Viewer 3 FSM FSM
(D] FSM Compiler
FSM Synplify Pro Synplify Pro
FSM Compiler FSM FSM
FSM Compiler FSM
FSM Viewer FSM Explorer
FSM Complier FSM Compiler
FSM Compiler
FSM Compiler
FSM Compiler FSM FSM
FSM Compiler 6-2
6-2 FSM Compiler
FSM FSM
Verilog reg [3:0] curstate /* synthesis syn_state machine=0 */ ; reg [3:0] curstate /* synthesis syn_state_machine=1 */
()] FSM Explorer
FSM Explorer FSM Compiler
FSM FSM  Compiler FSM Explorer
FSM Explorer FSM
FSM Explorer FSM FSM Explorer
Synplify Pro FSM Explorer
FSM Explorer
FSM Explorer FSM Explorer 6-3
(©)] FSM Viewer
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@ Synplify Pro FSV

Synplify Pro RTL FSM
FSM FSM Viewer FSM FSM Viewer FSM FSM
Compiler  FSM Explorer
6-3 FSM Explorer
FSM FSM
Verilog reg [3:0] curstate /* synthesis state_machine */ ; reg [3:0] curstate /* synthesis syn_encoding “ gray” */
6.2.3 FSM FSM Viewer
1-2 FSM Viewer “ Example-6-
l”
1. Synplify Pro Open Broject.. || “ Example-6-1\FSM\state2”
“ state2.prj’ @ RTL “ gatemaching’
View FSM 6-7
Py Pre - [Saset | of | - bep level (of maodule stabe2 ) {RTL Varw) . 'rew_I fsbabe2 srs | ) =]
FIFe [ vew Broect Bun HILArehst Qudons Windie Wep Heo 1= x|
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=] < Iuctaneae ¥) =
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{ oala fah
i 2 _._L
. wl 05 (are) == statemaching ol
—] < Parie 0T =
T - ‘ e 2
=i [ S50
Lt [ )
:+ < Eate 03 . }
+] S Clack Tras — o | .
Propesties.,, 1 B
@ : !
4 — I— o
W L @ i e B o s
o R
6-8 FSM Viewer
FSM Viewer FSM
FSM
Transitions RTL Encodings
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6.4

6.5

ok~ D

FSM

FSM

always

FSM

FSM

always

Coding Style

FPGA/CPLD

FSM

case

FSM 3
always
2  aways
FSM

FSM

FSM
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