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FSMs

* O1 ynXaveEC TTETTEPACUEVWYV KaTaoTAoEwV Finite State Machines
(FSMs)
— MO0 APNPNMEVOC TPOTTOG VA £CETACOUME OKOAOUBIAKA KUKAWUATA
— €ioodol, £¢0d0I, TPEXOUOO KATAOTAON, ETTOMEVN KATAOTAON
— 0€ KAOE akun Tou poAoyioUu auvduaaoTIKA AOYIKN TTapAYEl TIC £COO0UG Kl
TNV ETTOPEVN KATACTAON 0AV CUVAPTACEIC TWV EI000WV Kal TNG
TPEXOUOAC KATAOTAONC.



XapaKTNPICTIKA TWV FSM

, , ’ i I
« H emépevn katdoTaon ivai inpLie 7 cL
ouvAapTnon TNG TPEXOUOAC
KATAOTOONG KAl TWV 1000wV
* Moore Machine: O1 £¢odoil givai present state¢—+— FFs l+"next state
ouvapTnNOoNn TNG KATaoTaoNG

inputA
@te / OUMv w (CL = outputs

inputB

* Mealy Machine: O £¢odoil €ival

, , inputs ——= —— outputs
ouvAaPTNON TNS KOTAOTAONC KAl TWV 3 - :
E1000WV inputAloutputA present state »next state

—) FFs
inputB/outputB
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BAparta 2xediaong

o [Teprypagn Asitoupyia Tou KuKAwpatog (functional specification)
« Alqypaupua HeETAPaong Kartaotaoswy (state transition diagram)

* [livakag¢ KataoTaoewyv Kal JETARBACEWY JE OUMPBOAIKG ovouaTa
(symbolic state transition table)

« KwdikoTtroinon Karaotaccwyv (state encoding)
« ECaywyn AOYIKWV OuvapTnoEwy

* AIQYPONHNA KUKAWNATOC
- FFs yia Tnv Karadotaon
- 2\ yia TNV €TTOPEVN KATAOTAON KAl TIC £€O000UC
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AvatrapaocTtaon FSM

* KaraoTaaoelg: 0Aeg ol mlaveg TIHEG OTA AKOAOUBIaKA OTOIXEID
pvAung (FFs)
* MeTtaaoelc: aAAayn KAaTtaoTaong

* AAayn TIG KATAOTAONG WE TO po)\0| APOU EAEYXEI TNV POPTWON
TIUNG oT1a oToixeia uvAuneg (FFs)

* AKOAOUBIOKI AOYIKN

— AKoAouBia yEow PIag OEIPAGC KATAOTAOEWV
- Baaoiletal oTnv akoAouBia Twv TIHWYV OTIC EI0000UG
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MNapadeiypa FSM - Reduce 1s

* AANayn Tou TTpwTou 1 o€ 0 o€ pia ogipd atro 1
- Moore FSM
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Moore FSM: General & State

module ReduceMoore (

input Clk,
input Rst,
input In,
output reg Out
) 7 1 0

reg [1:0] CurrentState; // state reg
reg [1:0] NextState;

// State assignment

parameter STATE Zero = 2'ho, 0 1
STATE Onel = 2'hl, 1
STATE Twols = 2'"h2, S
STATE X - 27 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 1 0
STATE Onel: begin // we've seen one 1
if (In) NextState = STATE Twols;
else NextState = STATE Zero;
end 0 1
STATE Twols: begin // we've seen at least 2 ones 1
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 = 1"bl;

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: 1if (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

output reg Out) ;

=

0/0 1/0

@ 11
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Moore vs Mealy

Zero

State

10
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Moore vs Mealy Zuputrepigpopa

* Moore
— atrAoTToiouv Tn oxediaon

— aduvapia avtidpaong oTIG EI0000UG OTOV iDI0 KUKAO - £€000I1 £va KUKAO
UETA
— OIQPOPETIKEC KATAOTAOEIC YIa KABE avTidpaon
* Mealy
— ouvNOWC AIYOTEPEC KATAOTAOEIC
— AueoN avTidpaon OTIC £I0000UC — £€000I1 OTOV D10 KUKAO

— QUOKOAOTEPN oxediaon agpou kabuaoTepnuEvVn €i0000C TTAPAYEI
KaBuoTepnuévn £€£000 (UEYAAQ JOVOTTATION

* H Mealy yivetal 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,

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

onel = 1,
twols = 2;
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Moore Machine o€ 1 always block (Bad Idea)

always @ ( gosedge clk)
cate ate $\\\\\\\\\\\\\\\\
zero begin

out <= 0; O1 £€odol gival KaTaXwPNTEG
if (in) state <= onel;
else state <= zero;

end

onel:

if (in) begin
state <= twols;

out <= 1; ,
end else begin ~————  Mmepdepévol!!
state <= zero; H £§0d0¢ aAAGlel oTOV

t <= 0; , ,
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

Nxt state
inputs
P \ »] combinational \ >

\ logic \

ﬁ

Mealy outputs

iy Moore outputs

current state

* [1poTeivouevo oTuA uhotroinong FSM
- H ouvduaaoTikr) Aoyikn kaTtaoTaoewyv o€ always block (Travra default)

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

—'Ecodol eite atro 10 always Tn¢ CL €ite atro 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;

HY220 - BaciAng NatragucTtaBiou & MNwpyog KaAokaipivog

17



AtTAn FSM (3/3) — O1 £¢odol

* The Moore Output

wire Receive = FSMstate[O0];

* The Mealy Output

wire Receive =
((FSMstate == IdleState ) & Start) |
((FSMstate == ReceiveState) & ~Error & ~Stop );
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MNapadeiypa: «Autopartog NMwAnTng» (1/5)

* Byadlel avapukTiko otav BaAoupue 15 AeTTTd Tou €
e KEPUATOOEKTNG VIA VouiouaTa Twv 5 kal 10 AeTTTwyv ToU €

» Aev divel peoTal

in5

Rst

|

KeppaTodEKTNG
in10

FSM

Autouaro
J MwAnTtN

open

Clk

Mnxaviopég

"| ATreAeuBépwong
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MNapadeiypa: «AutopaTtog NMwAnTnRg» (2/5)

« AvaTtrapaoTtaon Reset

— TUTTIKEC €i0000L:
o 3 TWV 5¢
o 5¢, 10¢
o 10¢, 5¢
o 2 Twv 10¢
- Alaypappa Karaotaoewv: in5
o Eiocodoil: in5, in10, reset, clock
o 'E¢odol: open @

- Assumptions: e
o ind ka1 in10 gugavifovtal yia 1 KUKAO
o Mévoupe otnv idia kataoTaon av dgv £€pOel €i00d0¢ @

o OTav €pB¢l reset Tue oTNV APXIKA KATACTOON
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MNapadeiypa: «AutopaTtog NwAnTNG» (3/5)

« EAQXIOTOTTOINON KOTOOTAGEWY - ETTAVAXPNCIUOTIOINCN

Reset present inputs next output
state in10 in5 state open
O¢ 0O O O¢ 0
o 1 o¢ 0
1 0 10¢ 0
1 1 — —
o¢ 0O O o5¢ 0
: 0o 1 10¢ 0
in10 1 0 15¢ 0
1 1 — -
10¢ 0O O 10¢ 0
o 1 15¢ 0
1 0 15¢ 0
1 1 — —
in5 || in10 15¢ - - O¢ 1

symbolic state table
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MNapadeiypya: «AutopaTtog NwAnTNG» (4/5)

« Kwoikotroinon KataoTtdoewv — TUTTIKNA

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

« Kwdikotroinon Kartaotdoewv — 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 010 0
1 0 0O 1 0O 0
1 1 - - - - -
00 1 0 0 O O 0 10 0
0 1 0O 1 0O 0
1 0 1 0 0 O 0
1 1 - - - - -
01 0 O 0 0 0O 1 0O 0
0 1 1 0 0O 0
1 0 1 0 0O 0
1 1 - - - - -
10 0 O - - O 0 0 1 1

HY220 - BaciAng NatragucTtaBiou & MNwpyog KaAokaipivog



Alaypapypata KataoTacewv — Moore and Mealy

Moore machine Mealy machine
‘E¢odoI a1Td KaTAoTOON

Reset

‘E¢odol oTIC pETAPAOEIC

Reset

in5" in10’ ‘
J in5’ in10’/0
in5" in10’
in5"in10/0
in5" in10’
in5"in10/0
in5 || in10

in5 || in10 /1
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Moore Verilog FSM

module vending (open, clk, Rst, in5, 1inl0)
input clk, Rst, in5, 1inl0;
output open;
reg open; reg [1:0] state;
reg [1:0] next state;
parameter zero = 0, five =1, ten = 2, fifteen = 3;

// state register

always @ (in5 or inl0O or state)
case (state)
zero: begin

if (inb) next state = five;
else if (inl0) next state = ten;
else next state = zero;
open = 0;
end
fifteen: begin
next state = zero;
open = 1;
end
default: begin
next state = zero;
open = 0;
end
endcase
always ( (posedge clk)
if (Rst) state <= zero;
else state <= next state;

endmodule HY220 - BaoiAng MNamasuoTtaliou & Mwpyoc KaAokaipivog

Reset
in5"in10’
in5” in10’
in5"in10’
in5 || in10
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Mealy Verllog FSM

module vending (open, Clk, Rst, inb5, inlO0)
input Clk, Rst, 1inb, 1n10
output open;
reg open; reg [1:0] state; // state register
reg [1:0] next state;
parameter zero = 0, five =1, ten = 2, fifteen = 3;

Reset
always (@ (in5 or 1nl0 or state)
case (state)
zero: begin
open = 0; 0 L
if (inl0) next state = ten; in5"in10°/0
else if (inb5) next state = five;
else next state = zero;
end o
five: begin
if (inb5) begin . )
next state = ten; in5"in10’/0
open = 0;
end
else if (inl0 ) begin
next state = zero;
open = 17; Ay
end in5 |n10/0
else begin
next state = five;
open = 0; in5 [| in10 /1
end
end
endcase

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

endmodule HY220 - BaciAng Matraguotaliou & MNwpyog KaAokaipivog
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