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FSMs

* O1 uNXaveg TTETTEPACHEVWY KaTaoTaoewV Finite State Machines
(FSMs)
= TTI0 APNPNMEVOC TPOTTOC VA £CETACOUME OKOAOUBIAKA KUKAWMATO
— €ioodo0l, £¢0d0I, TPEXOUOO KATAOTAON, ETTOPMEVN KATAOTAON
— 0€ KAOE akun Tou poAoyioUu ouvduaaoTIKA AOYIKN TTAPAYEl TIC €CODOUC KAl
TNV ETTOPEVN KATACTAON 0AV CUVAPTACEIC TWV EI000WV Kal TNG
TPEXOUOAC KATAOTAONG.
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BAparta 2xediaong

* [1eprypagn Asitoupyia Tou KuKAwpatog (functional specification)
« Alqypaupua HeETAPaong Kartaotaoswy (state transition diagram)

* [livakac KataoTaoewv Kal JETARBACEWY JE OUMPBOAIKG ovopaTa
(symbolic state transition table)

« KwdikoTtroinon Kartaotacswv (state encoding)
« ECaywyn AOYIKWV ouvapTnoewy

* AIQYPONMNA KUKAWNATOC
- FFs yia Tnv Karadotaon
- 2\ yIa TNV ETTOPEVN KATAOTAON KAl TIC ££O000UC
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AvatrapaocTtaon FSM

* KaTaoTAOoEIG: OAEG 01 TTIBAVEG TIUEG OTA AKOAOUBIOKA OTOIXEI
pvaung (FFs)

* MetaBdaoeic: aAAayn katdoTaong

* AAayn TIG KATAOTAONG UE TO po)\0| APOU EAEYXEI TNV POPTWON
TIUNG oTa oToixEia pvAuneg (FFs)

* AKOAOUBIOKI) AOYIKN

— AKoAouBia yEow PIag OEIPAC KATAOTAOEWV
- Baaoiletal oTnv akoAouBia Twv TIHWV OTIC £1I0000UC
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MNapadeiypa FSM - Reduce 1s

* AAANayn Tou TTpwTtou 1 o€ 0 o€ pia ogipa aTro 1
- Moore FSM
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Moore FSM: General & State

module ReduceMoore (

input Clk,
input Rst,
input In,

output reg Out
) ;
reg [1:0] CurrentState; // state reg
reg [1:0] NextState;

// State assignment

parameter STATE Zero = 2"ho,
STATE Onel = 2"hl,
STATE Twols = 2'"h2,
STATE X = 2" hX;

// Implement the state register
always @ ( posedge Clk) begin
if (Rst) CurrentState <= STATE Zero;
else CurrentState <= NextState;
end
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Moore FSM: combinatorial

always (@ (In or CurrentState) begin
NextState = CurrentState;
Out = 1'b0;
case (CurrentState)
STATE Zero: begin // last input was a zero

if (In) NextState = STATE Onel;

end

STATE Onel: begin // we've seen one 1
if (In) NextState = STATE Twols;
else NextState = STATE Zero;

end

STATE Twols: begin // we've seen at least 2 ones
Out = 1;
if (~In) NextState = STATE Zero;

end

default: begin // in case we reach a bad state
Out = 1'bx;
NextState = STATE Zero;

end

endcase

end
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Mealy FSM

module ReduceMealy( input Clk, input Rst, input In,

reg CurrentState;// state register
reg NextState;
parameter STATE Zero = 17b0,

STATE Onel

always ( (posedge Clk) begin
if (Rst) CurrentState <= STATE Zero;

else CurrentState <= NextState;
end

always ¢ (In or CurrentState) begin
NextState = CurrentState;
Out = 1"b0;
case (CurrentState)

STATE Zero: if (In) NextState = STATE One;
STATE Onel: begin // we've seen one 1

if (In) NextState = STATE One;

else NextState = STATE Zero;
Out = In;
end
endcase
end
endmodule
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Moore vs Mealy
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10

HY220 - BaciAng NatraguocTaBiou



Moore vs Mealy ZupuTtrepigpopa

* Moore

— atrAoTTolouV Tn oxediaon

— aduvapia avtidpaong oTIC EI0000UC OTOV iDI0 KUKAO - £€0001 €va KUKAO
UETA
— OIQPOPETIKEC KATAOTAOEIC YIa KABE avTidpaon

* Mealy
— ouvVNOWC AIYOTEPEC KATAOTAOEIC
— AueoN avTidpaon OTIC £I0000UC — ££000I1 OTOV D10 KUKAO
— QUOKOAOTEPN oxediaon agpou KkabuaoTepnuévn €i0000C TTAPAYEI
KaBuoTepnuéEvn £€£000 (UEYAAQ JOVOTTATION

* H Mealy vyivetal Moore av BaAoupe KataxwpnTEC OTIC £COO0UC
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Moore Machine o€ 1 always block (Bad Idea)

module ReduceMoore (

input Clk, @
input Rst,

input In, ) 0
output reg Out

reg [1:0] state; // state register 0
parameter zero = 0, 1

onel = 1,
twols = 2;

) ;

1
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Moore Machine o€ 1 always block (Bad Idea)

always @ gosedge clk)
zero begin

out 22 . O1 £€§0do01 gival KaTaxwpenTég
if (in) state <= onel;
else state <= zero;

end

onel:

if (in) begin
state <= twols;
out <= 1; -—

end else begin — M1repdepévoll!
state <7 Zeros H é§o80g aAAdlel oTov
end ' ETTOMEVO KUKAO
twols:

if (in) begin
state <= twols;
out <= 1;
end else begin
state <= zer
out <= 0;
end
default: begin
state <= zero;
out <= 0;
end
endcase
endmodule
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YAotroinon FSMs

/Yxf state
inputs
P \ »] combinational \ >

\ logic \

ﬁ

Mealy outputs

combinationad
logic

current state

Moore outputs

* [lpoTeivouevo oTuA uhotroinong FSM
- H ouvduaaoTikn Aoyiki KataoTtacswv o€ always block (Travra default)

- O kKaTaxwpnTNS KataoTaong o€ Eva ¢exwploTto always block (clocked —
TTavTa reset)

—-'Ecodol eite atrd 10 always Tn¢ CL €ite atrod wires
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ATAR FSM
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ATTAR FSM (1/3)

module fsm( Receive, Start, Stop,
Error, Clk, Reset );
//

input Start, Stop, Error, Clk, Reset n;
output Receive;

//

parameter [1:0] IdleState = 0,
ReceiveState = 1,
ErrorState = 2;

//

reg [1:0] FSMstate, nxtFSMstate;

//

always @ (posedge Clk) begin
if (~Reset n) FSMstate <= # dh IdleState;

else FSMstate <= # dh nxtFSMstate;
end
//
always (@ (FSMstate or Start or Stop or Error) begin
//

case (FSMstate)
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ATTAR FSM (2/3)

IdleState:
begin
if (Error)
else begin
if (Start)
else
end
end

//

ReceiveState:

begin
if (Error)
else begin
if (Stop)
else
end
end
//
ErrorState
//
default
//
endcase
end

nxtFSMstate

nxtFSMstate
nxtFSMstate

nxtFSMstate

nxtFSMstate
nxtFSMstate

nxtFSMstate

nxtFSMstate

FrrorState;

ReceiveState;
IdleState;

IdleSt Stop

FrrorState;

IdleState;
ReceiveState;

IdleState;

IdleState;
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AtTAn FSM (3/3) — O1 €¢odol

* The Moore Output

wire Receive = FSMstate[0];

* The Mealy Output

wire Receive =

((FSMstate == IdleState ) & Start) |
((FSMstate == ReceiveState) & ~Error & ~Stop
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MNapadeiypya: «cAutopaTtog NwAnTRg» (1/5)

« Byadel avayukTiko otav BaAoupe 15 AeTrta Tou €
e KEPUATOOEKTNG VIA Vouiouata Twv 5 kal 10 AeTTTwyv ToU €

» Aev divel peoTal

Rst

|

inSd

KeppaTodEKTNG
in10

FSM
AuTtéparo

| MwAnTA

open

|

Clk

Mnxaviouog

| AtreAEUBEPpWONG
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MNapadeiypa: «AutopaTog NwAnTNS» (2/5)

* AvaTtrapdaoTaon Reset

— TUTTIKEC €i0000L.
o 3 TwvV 5¢
o 9¢, 10¢
o 10¢, 5¢
o 2 Twv 10¢
- Alaypappa Karaotaoewv:
o Eioodol: in5, in10, reset, clock
o 'Ecodol: open
— Assumptions:
o ind ka1 in10 gugavidovtal yia 1 KUKAO
o Mévoupe otnv idla katdotaon av dev £pBel ei00do¢
o Ot1av £pBel reset TTAPe oTNV APXIKA KOTACTAO
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MNapadeiypya: «AutopaTtog NwAntTNG» (3/5)

« EAQXIOTOTTOINON KOTOOTATEWY - ETTOVAXPNCIUOTIOINGCN

Reset present inputs next output

state in10 in5 state open
O¢ 0O O O¢ 0
0 1 5¢ 0
1 0 10¢ 0
1 1 — —
o¢ 0O O S5¢ 0
0 1 10¢ 0
1 0 15¢ 0
1 1 — —
10¢ 0O O 10¢ 0
0 1 15¢ 0
1 0 15¢ 0
1 1 — —
15¢ - - O¢ 1

symbolic state table
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MNapadeiypa: «Autopartog NMwAnTng» (4/5)

« Kwdlikotroinon Kataotaoewyv — TUTTIKN

pres. state inputs next state output
Q1 QO in10 in5| D1 DO open
0 O 0O O 0 0 0
0 1 0 1 0
1 0 1 0 0
1 1 i —
0 1 0O O 0 1 0
0 1 1 0 0
1 0 1 1 0
1 1 - = —
1 0 0O O 1 0 0
0 1 1 1 0
1 0 1 1 0
1 1 - = —
1 1 - - 0O O 1
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MNapadeiypya: «AutopaTtog NwAnTNS» (5/5)

« Kwoikotroinon Kataotadoewv — One-hot

present state  inputs |next state output

Q3Q2Q1Q0 in10in5 |D3 D2 D1 D0 open

00 0 1 0 O O 0 0 1 0
0 1 O 0 10 0
1 0 0O 1 0 O 0
1 1 - - - - -

00 1 0 0 O O 010 0
0 1 0O 1 0O 0
1 0 1 0 0O 0
1 1 -

01 0 O 0 O 0O 1 0 O 0
0 1 1 0 0O 0
1 0 1 0 0O 0
1 1 - - - - -

10 0 O - - O 0 0 1 1
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Alaypapypara KataoTacewv — Moore and Mealy

Moore machine
‘Ecodol atrd katdoTaon

Mealy machine
‘E¢odol OTIC YETAPAOEIC

Reset
'@’ in5' in10/0
Q’ in5"in10/0
@ in5"in10/0

in5 || in10 /1
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Moore Verilog FSM

module vending (open, clk, Rst, inb5, inl0);
input clk, Rst, inb5, inlO0;
output open;

reg open; reqg [1:0] state; // state register
reg [1:0] next state; Reset
parameter zero = 0, five =1, ten = 2, fifteen = 3;

always (@ (in5 or inl0 or state)

case (state) in5’ in10’
zero: begin
if (inb) next state = five;
else if (inl0) next state = ten;
else next state = zero;
open = 0; in5’ in10’
end
fifteen: begin
next state = zero;
open = 1; in5’ in10’
end
default: begin
next state = zero; in5 || in10
open = 0;
end
endcase

always @ (posedge clk)
if (Rst) state <= zero;
else state <= next state;
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Mealy Verllog FSM

module vending (open, Clk, Rst, 5, 1nl10)
input Clk, Rst, 1inb, 1n10
output open;

reg open; reqg [1:0] state; // state register
reg [1:0] next state;
parameter zero = 0, five =1, ten = 2, fifteen = 3;

. . Reset
always (@ (in5 or 1inl0 or state)
case (state)

zero: begin
open = 0; 0 ) ]
if (inl0) next state = ten; in5" in10°/0
else if (inb5) next state = five;

else next state = zero;
end -
five: begin
if (inb5) begin

next state = ten; in5" in10°/0
open = 0;
end

else if (inl0 ) begin

next state = zero;
open = 17; ey ,
end in5’ in107/0
else begin
next state = five; . :
open = 0; in5 || in10 /1
end
end
endcase

always ( (posedge clk)
if (Rst) state <= zero;
else state <= next state;
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