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KoHe4yHble aBTOMaAThI. Verilog HDL

module my_fsm

(

);
reg [1:0] STATE;
always @(posedge CLK) begin
if (RST)
STATE <= 2'd0;
else begin
case (STATE)
2'd0: if (IN == 1'b1) STATE <= 2'd2,;
else STATE <= 2'd1;
2'd1: if (IN == 1'b1) STATE <= 2'd3;
else STATE <= 2'd2;

endcase
end
end
endmodule



YnpaxXHeHune: KoaoBbIN 3aMOK

wire [3:0] key_db;

M
sync_and_debounce # (.w (4), .depth <€ ycil?o);::r‘?;:
(debounce_depth)) Apeobesra KHOMNoK

I_sync_and_debounce_key
(clk, reset, ~ key _sw, key db);
wire shift_strobe; Moaynb ans
<€
strobe_gen # (.w (shift_strobe_width)) i_shift_strobe Zi:i%?/li;?om aro
(clk, reset, shift_strobe); | | | S
clk J/

shift_strobe




YnpaxXHeHue: KogoBbIU 3aMOK

wire [3:0] out_reg;

shift_register # (.w (4)) i_shift_reg <= 4-X GBUTHBLIN CABUroBbLIN PErnucTp

(
.clk (clk), Ecnu nogHAT «penkui» CTpooupyroLmni curHan,
.reset (reset), B peructp BaBuraeTcs 3Ha4eHue: HaxkaTta KHomnka
.en ( shift_strobe ), WUJIN HeT.
.in (key_db [3]),

.out_reg (out_reg)

);

assign led =~ out_reg; = 3HayeHue perucTpa BbIBeAEHO Ha
cBeToaAMoAabl



YnpaxHeHue: KogoBbIU 3aMOK

wire [7:0] shift_strobe_ count;

counter # (8) i_shift_strobe_counter = 8-X GBUTHBLIN CYETUYMK YMcna cTpo6oB

(
.clk (clk), CyeTuuMK yBenmuuBaeTcs KaXxabin pas, korga
.reset ( reset ), 3Ha4yeHue
.en ( shift_strobe ), CTpoOupyloLlero curHana paBHo eaMHuLe.

.cnt ( shift_strobe_count)



YnpaxXHeHune: KoaoBbIN 3aMOK

wire out_moore_fsm;

moore_fsmi_moore_fsm ( <€ KoHe4yHbIV aBTOMAT
.clk (clk), Mypa
.reset ( reset ),
.en ( shift_strobe ), Jlornka nepexopnos:

.a (out_reg[0]),
Y (out_moore_fsm)

Ecnu KOHEeYHbIN
aBTOMaT B
COCTOSAHUM “S2”, TO
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YnpaxXHeHune: KoaoBbIN 3aMOK

wire out_moore_fsm;
moore_fsmi_moore_fsm ( €
.clk (clk),
.reset ( reset ),
.en ( shift_strobe ),
.a (out_reg[0]),
Y (out_moore_fsm)

);

wire [3:0] moore_fsm_out_count;
counter # (4) i_moore_fsm_out_counter ( &
.clk (clk),
.reset ( reset ),
.en ( shift_strobe & out_moore_fsm),
.cnt ( moore_fsm_out_count) );

KoHe4yHbIn aBTOMAT
Mypa

CyeTuuK, KOTOpPbIN
cpabaTbiBaeT

Nno cCTpooupyrowemMy curHany m
BbIXOoAQy KOHEeYHOro aBTomMara
Mypa
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YnpaxHeHue: KogoBbIU 3aMOK

wire out_mealy fsm;

mealy _fsmi_mealy fsm ( <€
.clk (clk),
.reset ( reset ),
.en ( shift_strobe ),
.a (out_reg[0]),
Y (out_mealy_fsm)

Ecnun KOHeYHbIN
aBTOMAaT B

cocTosiHuu “S1” U ecnu
BXOoA4HOe 3Ha4YeHue
paBHO “1”, TO BbiXxoA4
out_mealy_fsm pageH
“1”,

KoHe4yHbIN aBTOMAT

Munn

Jloruka nepexopnos:

0
S1 :

(P
1

/
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YnpaxXHeHune: KoaoBbIN 3aMOK

wire out_mealy fsm;
mealy _fsmi_mealy fsm ( -€
.clk (clk),
.reset ( reset ),
.en ( shift_strobe ),
.a (out_reg[0]),
Y (out_mealy_fsm)

);

wire [3:0] mealy _fsm_out_count;
counter # (4) i_mealy_fsm_out_counter( &
.clk (clk),
.reset ( reset ),
.en ( shift_strobe & out_mealy fsm),
.cnt ( mealy_fsm_out_count )

);

KoHe4yHbIn aBTOMAT
Munu

CyeTuuK, KOTOpPbIN
cpabaTbiBaeT

Nno cCTpooupyrowemMy curHany m
BbIXOoAQy KOHEeYHOro aBTomMara
Mwunu

12



YnpaxXHeHune: KogoBbiN 3aMOK

Moaoundouumpynte KoHedHbIn aBToMaT Mypa Tak,
4TOObI OH pacno3HaBarsl NocreaoBaTenbHOCTb

BXOAHOIO CUrHalla

Mognduunpymnte KoHeuHbi asBTomat Munu Tak,
4YTOObI OH pacno3HaBars NnocregoBaTENbHOCTb
BXOAHOr0o curHana
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KoHe4yHble aBTOMaTbl. AICTOYHUKM MHOPMaLUN

1. Matepuanbl Ans 9To YacTu nNpe3eHTaumn B3sTbl U3
MaTepunaros:

1. Clifford E. Cummings The Fundamentals of Efficient Synthesizable Finite
State Machine Design using NC-Verilog and BuildGates

2. Clifford E. Cummings Finite State Machine (FSM) Design & Synthesis using
SystemVerilog - Part |

[Tpnmepbl Koga 13 ctatbn NpuUBoAATCS Ha SystemVerilog!
ObpartuTe Ha 3To BHUMaHue! Toke camoe NpUMEHUMO U NS
Verilog KpoMe enum.
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KoHe4yHble aBTOMaTbIl. KognpoBaHue

Binary (Highly Encoded) FSM One-Hot FSM
| y (Highly ‘) I | I\‘“\

Clifford E. Cummings Finite State Machine (FSM) Design & Synthesis using SystemVerilog - Part |
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KoHe4yHble aBTOMAaTbI. TpeboBaHUA K
onncaHuro FSM

1.  OnucaHue KOHEeYHOro aBTomMaTa AOJSTKHO ObIThb JIETKO
MoONOULMPYEMBIM.

2. OnncaHne KOHeYHOro aBToMaTa OOIMKHO ObITb KOMMNAKTHBLIM.

3. OnucaHune KoOHeYHOro asTomMaTta AOMKHO ObITb NErkmm ans
NOHUMAaHUA.

4, OnncaHne KOHEeYHOro aBToMaTa OOIMKHO obneryartb OoTnagky.

5.  OnucaHne KOHEYHOro aBTomMaTta AOJTKHO JaBaTb
9P eKTUBHbIE pPe3yrbTaThl CUHTE3A.

bonblue koaa = 6onbLue owndokK

Clifford E. Cummings Finite State Machine (FSM) Design & Synthesis using SystemVerilog - Part |
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KoHe4yHble aBTOMaTbI. One Always Block FSM

Registered output | | medule fsm
logic (oo poxets i niy:
sequential ” import fsm pkg::¥;
loai / state_e state;
ogic /
next always ff € (posedge clk, negedge rst n)
outputs if ('rst n) begin S
- 5 ’ resent state
Next State ::;:z;uts) o TO T being registered
combinatorial logic d
- end
\ else begin
\ - .
\ zz:;u:)xf_(’ Vi Next outputs
< E = ’ 3 . .
combinatorial sequential | Present State case (state) being registered
logic logic sequential logic IDLE : if (go) bogiW
inputs D‘ rd <= '1;
—_— & E state <= RERAD;
next state end _
» Present elsg state <= IDLE;
state | State e beg;n< 1
- ' b = '1;
i o state <= DLY;:
end
_clock | em" é;s & Next states
Gad being registered
endmodule

Figure 3 - Block diagram for 1-always block coding style

Clifford E. Cummings Finite State Machine (FSM) Design & Synthesis using SystemVerilog - Part |
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KoHeYyHble aBTOMaTbI. Two Always Block FSM

Next State Clocked Present Output combinatorial module fsm
combinatorial logic State logic logic (... ports ...});
) - import fsm pkg::*;
\ / state e state, next; Clocked pre.sent
[ state logic
1 I} always f£ff a(posadge clk or negedge rst n)
inpum \- )’ if ('rst n) state <= IDIE;
5; 1 J aelse state <= next;
combinatorial sequential combinatorial AT o T
. . . Bt exgin
logic logic logic M O
rd - '0;
ds - 10;
state case (state)
IDLE : if (go) next = READ;
alsa naxt = 1DLE;
state READ : begin
d='];
next = DLY;
Ancoase Next & output
emmdule combinatorial logic

Clifford E. Cummings Finite State Machine (FSM) Design & Synthesis using SystemVerilog - Part |
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KoHe4yHble aBTOMATbI. Three Always Block FSM coding

style

Output logic &

-

Next State
combinatorial logic

combinatorial
logic

inputs. D

next

registers ~—

| combinatorial
ey logic

>

next
outputs

sequential
logic

outputs

module fsm
(oo POEES «iu) 7
import fsm pkg::*;

stato_o state, next;

'Clocked present
state logic

sequential
logic

Present

state
———®

Clocked Present r —1 State

State logic

clock

“FF's

always ff q(posedge clk or negedge rst n)
if ('rst n) state <- IDILE;
clse state < next;

always comb begin
naext = XXX;
case (state)

INDLE : if (go) naext = READ;

always comb
next logic

else next = IDLE;
READ next — DLY;
endcase
end
always_£ff @(posedge 9 always f£f :
if (!'rst_n) begin next-output Ioglc
rd <= *0; & registers
ds <~ '0;
and
else begin
rd <= '0;
ds <~ '0;

case (next)
| READ : rd eowey'1;

When next is READ,
output will be rd<=1

endcase
and

endmodule

Clifford E. Cummings Finite State Machine (FSM) Design & Synthesis using SystemVerilog - Part |
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KoHe4yHble aBTOMaAThI. Four Always Block FSM

sequential
logic

L

Next output | combinatorial
logic = logic

state . :D_

inputs

next
outputs

Output

combinatorial sequential
__logic logic
inputs
' LT
Present
. gtgte, __ State
S —FF's
Next State
logic clock

outputs

module fsm
(... pOYES ...} 3
import fsm pkg::*;
state_e state, next;

| Clocked present‘

state logic

always ff a(posadge clk or negadge rst n)

Output if (Irst n) state <= IDLE;
registers else state <= next;
always comb begin always comb
next = X0 ; TR
: next logic
case (state) g
IDIE : if (go) nextL = READ;
Present. else next = IDLE;
State logic
endcase

end

always comb begin

nxd = '0; always_comb
nds = '0; next-output logic
case (state)
READ : n rd - '1; // READ
2p: iing
endcase next-outputs
and 7

e/

always ff @ (pose
if ('rst n) baqgi

c¢lk or negedge rst n)

else begin always_ff
o xdy output registers
ds <= n ds;
end
endmodule

Clifford E. Cummings Finite State Machine (FSM) Design & Synthesis using SystemVerilog - Part |

20



KoHe4yHble aBTOMaTbI. Enum. TONbLKO ANs
SystemVerilog!

package fsml pkg;
typedef enum {IDLE,
READ,
DLY,
DONE,
XXX } state e;
endpackage

package fsml pkg;

typedef enum logic [1:0] {IDLE = 2'b00,
READ = 2'b01,
DLY = 2'bl1l,
DONE = 2'b10,
XXX = 'x } state e;

endpackage

Clifford E. Cummings Finite State Machine (FSM) Design & Synthesis using SystemVerilog - Part |
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KoHe4yHble aBTOMaTbI. Pernctp cocroaHus

always ff @ (posedge clk, negedge rst n)
if (!'rst n) state <= IDLE;
else state <= next;

always ff @€ (posedge clk, negedge rst n) begin
testbad <= go;
if ('rst _n) state <= IDLE;
else state <= next;

end

1l: Error:
<filename><line number>:
The statements in this 'always' block are outside the scope of the

synthesis policy. Only an 'if' statement is allowed at the top level in
this always block. (ELAB-302)

2: Error: Cant' read 'sverilog' file

<filename>
(UID-59)

Clifford E. Cummings Finite State Machine (FSM) Design & Synthesis using SystemVerilog - Part | 22



KoHeuyHble aBTOMaTbl. YMTaemMocCTb

always comb begin always comb begin
next = XxXx; next = XXX
case (state) case (sta?e)
IDLE : if (go) next = READ; IDLE : if (go) next = READ;
else next = IDLE; //@ loopback else next = IDLE; //@ loopback
READ : next = DLY; b~ = G
DLY : if (!'ws) next = DONE; DLY : if (!ws) next = DONE;
else next = READ: else next = READ;
2 DONE : next = IDLE:;
DONE : next = IDLE; _ i %ox
default: next = XXX default: next = XXX,
endcase
endcase
end
end

Clifford E. Cummings Finite State Machine (FSM) Design & Synthesis using SystemVerilog - Part | 23



KoHe4Hble aBTOMaTLI. [leTnsa B rpade
COCTo‘ﬂIJl‘I\;

always comb begin next="x requires loopback

next = XXX; « ;
case (state) state assignment

IDLE : if (go) next = READ; Loopback state
else next = IDLE; //@ loopback to IDLE
!anl
SN

/IDLEY, >

[‘[\ ;dzg }’:

v ds= j/

N go=1

\
4

always comb begin

next = state; «
case (state)

IDLE : if (go) next = READ;

next=state requires NO
loopback state assignment

Clifford E. Cummings Finite State Machine (FSM) Design & Synthesis using SystemVerilog - Part |



KoHe4yHble aBTOMAaTbl. 3HAYEeHUs no
YMOM4YaHUIo

always ff @ (posedge clk, negedge rst n)
if ('rst n) begin

rd <= '0;
ds <= '0;
end
else begin
rd <= '0;
ds <= '0;
case (next)

IDLE : ;

READ : rd <= '1;

DLY :: xrd<= "'l;

DONE : ds <= '1;
default: {rd,ds} <= 'x;

endcase
end
endmodule

Clifford E. Cummings Finite State Machine (FSM) Design & Synthesis using SystemVerilog - Part |
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KoHe4yHble aBTOMaTbLI. CpaBHEeHUe crnocoboB

KoanpoBaHUA
| prep4 Coding Goals 1 always | 2 always | 3 always | 4 always
| (1) Easy to change state encodings yes yes yes yes

(2) Concise coding style no yes yes yes
| (3) Easy to code and understand ~no yes yes ~yes
| (4) Facilitate debugging yes yes yes yes
| (5) Yield efficient synthesis results yes+ ~No ~yes yes+

(6) Easy to change due to FSM changes ~Nno yes yes ~yes

Clifford E. Cummings Finite State Machine (FSM) Design & Synthesis using SystemVerilog - Part |
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YnpaxHeHue: urpa

EcTb nrpoBoe yCTpOWCTBO C 4 nHOMKaTopamu Ha HEX.

Ha KaXkgoMm UMKIn4Yeckn NUSMeHAETCs BbIBOOUMMOE 3HAYEHUNE C
CHEeTHYUKa.

I3meHeHMe cyeTUMKa oCcTaHaBNMBAETCA NpPU 3aXkaTum
cooTBeTCcTBYIOLWeN kKHonku. [ina HEXO aTo key[0]. [lna HEX1
1O key[1] n T.AO.

Heobxoaonmo mogmduunpoBaTh ynpaxHeHue obaBuB K
HEMY KOHEYHbIW aBTOMaT. Y yrnpaXXHEHUS €CTb HECKOJTbKO

YPOBHEWN CITOXXHOCTM.
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YnpaxHeHue: urpa, nepBbIU
VPOBEHb

1. Llenb urpbl HabpaTb Ha MHAMKATOpax nocregoBaTerNbHOCTb LINAP
3a/%aHHyro B NpoekTe. Hanpumep, 7489. Ecnn nrpok npaBunbHO
Habpan nocneagoBaTeNnbHOCTb TO OH BbiUrpann.

2. N3MeHeHne 3Ha4YeHnn Ha MHOMKaTope OCTaHaBMBAETCS NPW
Ha)kaTuM Ha COOTBETCTBYIOLLLYHO KHOMKY. /I HE HAa4YMHaEeTCsa 3aHOBO
[10 Ha4ana HOBOW Urpbl.

3. OcTaHoBKa NHOMKaTOPOB BO3MOXHO TOSTbKO B NOPAAKE OT
MnajLuero K ctapwiemy. To ectb ecnn He octaHoBUIICA HEXO HeT
peakunn Ha key[1] key[2] key[3].

4, Kak Tornbko octaHaBnuBearT BCe 4 MHOMKaTopa 10
nocriegoBaTenibHOCTb LMdp CpaBHMBAETCS C 3TOW KOTOPYHO OOSTKEH
6bin BbIBpaTh UIPOK U BbIBOAUTCS COOBOLLIEHNE O TOM Npourpan nnm
BbIUrpan Urpokx.

5. Ecnun npu BbiBOOE pe3ynbrata Urpbl Ha UHAWMKATOPbI HAXXaTb NoOY1o
KHOMKY Urpa HayHeTcs 3aHOBO.



YnpaxHeHue: urpa, BTOpou ypoBeHb

M3meHnTe normky paboTtbl KOHEYHOro aBToMaTa Tak
4YTOObI HEMPAaBUIbHAasA NOCNeaoBaTENbHOCTb
Ha)XKaTunga KHOMOK NpuBoaunia K 3aBepLUEHUIO UTPbl.
To ecTb ecnu HaXaTb key[1] paHbLue key[0]. Nrpa
3aBepPLUNTCA NOpaKeHNEM.

29



YnpaxHeHue: urpa, TpeTum ypoBeHb

[obaBbTe AONONHUTENBHbBIE MOAYNN FrEHepaLumn

CTPO6OB AN TOro YToObl CKOPOCTb N3MEHEHUS
MHOWKATOPOB Oblfna pa3HoW.

Uem cTapLue Homep nHamkaTtopa TemM dbicTpee
MeHAlTCAa undpbl.
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1.

YnpaxHeHue: urpa, YHeTBepTbin
VPOBEHb

XopoLlo ecnu bbl LMdPbI MEHANUCH Ha
MHOMKaATopax He nocriegoBaTenbHO a criydanHo.

Moanpuunpynte moayrb CHETUYMKA TaK YTOOBI
3Ha4YeHUA N3 HEro reHepupoBanucb no

ncesgocnyvyanHou nocnegoBaTernbHOCTM.
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[eHepauunsa nceBoocCy4yauHoOU nocriegoBaTeNbHOCTI
yucen B RTL

1. Matepunanbl Ans 3ato Yactu nNpe3eHTaLnm B3aTbl U3
nekuwnmn Patrick Schaumont ECE 4514 Digital Design Il Lecture 6:
A Random Number Generator in Verilog

2. B npowrom rogy npo reHepaTop YMcesn yntan riekuuto
Nnbsa KyaopsiBueB n3 Camapckoro yHusepcuteta. O4yeHb
MHTEPECHO, NMOCMOTPUTE.
https://youtu.be/8lYVOb2JZOU?t=7622
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[eHepauusa nceBgocnyvyanHou nocrieaoBaTesibHOCTI
yunucen B RTL

Random
Number 11, 86, 82, 52, 60, 46, 64, 10, 98, 2, ...

Generator

=
wa

Patrick Schaumont ECE 4514 Digital Design Il Lecture 6: A Random Number Generator in Verilog 33



[eHepauusa nceBgocnyvyanHou nocrieaoBaTesibHOCTI
yunucen B RTL

module random(q) ;
output [0:31] o;
reg [0:31] q;

initial
r seed = 2;
always
#10 g = $random(r_seed);
endmodule

Patrick Schaumont ECE 4514 Digital Design Il Lecture 6: A Random Number Generator in Verilog 34



Linear Feedback Shift Register

shift register

/

feedback network

Patrick Schaumont ECE 4514 Digital Design Il Lecture 6: A Random Number Generator in Verilog
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Linear Feedback Shift Register

l
l
l

Patrick Schaumont ECE 4514 Digital Design Il Lecture 6: A Random Number Generator in Verilog
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Linear Feedback Shift Register

|
l
l

FC

Patrick Schaumont ECE 4514 Digital Design Il Lecture 6: A Random Number Generator in Verilog
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Linear Feedback Shift Register

—d
o
4
o
Y
o

Patrick Schaumont ECE 4514 Digital Design Il Lecture 6: A Random Number Generator in Verilog
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Linear Feedback Shift Register

Patrick Schaumont ECE 4514 Digital Design Il Lecture 6: A Random Number Generator in Verilog
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Linear Feedback Shift Register

FC

Patrick Schaumont ECE 4514 Digital Design Il Lecture 6: A Random Number Generator in Verilog
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Linear Feedback Shift Register

€

Patrick Schaumont ECE 4514 Digital Design Il Lecture 6: A Random Number Generator in Verilog
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Linear Feedback Shift Register

0

:
|

A A

o

=R

C

‘{0001 H1000 HM 00 HON 0 H1001 HHOO

0110

L[0101 H1010 H1101 H1110 H1111 H0111 0011

i
}

Patrick Schaumont ECE 4514 Digital Design Il Lecture 6: A Random Number Generator in Verilog
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Linear Feedback Shift Register

XM K2 X3 XM

JAN JAN JAN JAN

C

P(Xx) = x*4 + x"3 + 1

Patrick Schaumont ECE 4514 Digital Design Il Lecture 6: A Random Number Generator in Verilog



Cnacumbo 3a BHUMaHue.



