Finite state machines
and VHDL
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Mealy machine is a finite-state machine whose output values are determined both by
its current state and the current inputs.

Moore machine is a finite-state machine whose output values are determined only by
its current state.



Determination of FSM

mo: Moore output
me: Mealy output

S0
mo <= value

logic expression / me <= value logic expression / me <= value



Input signals from processor:

Mem = ‘1" and rw = ‘1’ — write;

Mem = ‘1" and rw = ‘0’ and burst = ‘0’ — short read;
Mem = ‘1" and rw = ‘0" and burst = ‘1’ — long read;

Output signals to memory:
Oe =‘1" and we = ‘0’ — read
Oe = ‘0’ and we = ‘1’ — write
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Main rules

Each input combination

Kaxknom BxoaHOM KOMOMHaL MM OOMKEH COOTBETCTBOBATb €ANHCTBEHHbIN
BbIXOO4HOM NyTb 13 AaHHoro y3na [(CA. [lonyckaeTtcs ucnosib3oBaHne 0gHoOro
BbIXOQHOrO NyTWN ANl HECKOSbKNX BXOAHbIX KOMBMHAaLWN, HO HE HA0bOoPOT.

BeixogHou nyTb 13 y3na [(CA oba3aTenbHO JOmKeH BECTU K B5TOKY COCTOSAHUS
(nndo apyroro, Nnbo atoro xe y3na [CA).



OwWwnodbKM npu coctaBneHnn
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BpemeHHasa gnarpamma

KOHEYHOIO aBTOMaTa.
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OnmncaHune KOHe4YHbIX
aBTomMaToB Ha VHDL.

1. [1nst onncaHmnst COCTOSAHMM KOHEYHOro aBTomMaTa Ha VHDL
MCNonb3yeTca NepevncriMMbii TUM JaHHbIX.

type state_type is (state_0, state_1, ..., state_n);

2. Heobxoanmo otaennTb onncaHne anemMeHToB NaMsaT OT ONUCAHUS NTOTUKN
BblHUCI1EHNA CrledyrLero COCToAHNA N JTIOTMKN BbIYMNCIEHNA 3HAYEHUN
BbIXOOHbIX CUTHAJ10B.

Bo3MoXxHblIe cnocoObl
onucaHus:

1. MynbTu-cerMeHTHbIU TUN
nporpaMmMmnpoBaHung;

2. [1ByX-CErmMeHTHbIN TUN NPOrpamMmMnpoBaHns;

3. OOHO-CerMeHTHbIN TUN
nporpamMmmMmnpoBaHuS.



MynbTU-cerMmeHTHbIV TUN
nporpamMmmMmnpoBaHus.
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MynbTU-cerMmeHTHbIV TUN
nporpamMmmMmnpoBaHus.

library ieee;
use ieee.std logic 1164.all;
entity mem ctrl 1s

port (
clk, reset: imn std logic; Onucanne BxoaHbIX 1
mem, rw, burst: in std logic; BbIXOOHbIX CUTHAJ10B

oe, we, we me: out std logic

)i

end mem ctrl ;

architecture mult seg arch of mem ctrl 1is

type mc state type 1is 3agaHue Tuna

(idle, readl, read2, read3, read4, write); mc_state_type nepeuncnsis

signal state reg, state next: mc state type;
begin BCE COCTOAHUA.



MynbTU-cerMmeHTHbIV TUN
nporpamMmmMmnpoBaHus.

-- state register
process (clk, reset)
begin
1f (reset='1') then
state reg <= idle; CospaHune peruncTtpa state_reg

CaCMHXpOHHbMAO6HyﬂeHMeM.

elsif (clk'event and clk='1l') then
state _reg <= state next;
end 1if;
end process;



MynbTU-cerMmeHTHbIV TUN
nporpamMmmMmnpoBaHus.

process (state reg,mem, rw,burst)
begin
case state reg 1is
when idle =>

1f mem='1' then
If rw="1" then
state next <= readl;

else
state next <= write;
end 1if;
else
state next <= idle;
end 1if;

when write =»>
state next <= idle;
when readl =>
1f (burst='1') then
state next <= read2;
else
state next <= idle;
end if;
when read2 =>
state next <= read3;
when read3 =>
state next <= read4;
when read4d =>
state next <= idle;
end case;
end process;

OnpepgeneHne cCoCTosAHUA
curHana state_next




MynbTU-cErMeHTHbIN TUN
nporpamMmMmnpoBaHuA.

process(staté_reg)

begin
we <= '0'; -- default wvalue
De <= TQ'; -- default value

case state reg 1is
when idle =>

when write =>
KoMbuHauunoHHaa cxema

we €= Y1';

when readl => onpeaeneHna BbIXOOHbIX
oe <= '1'; curHanos Mypa.

when read2 =>
8 &= T bs

when read3 =>
8 &= L bs

when read4d =>
o8 = T1Vs

end case;

end process;



MynbTU-cerMmeHTHbIV TUN
nporpamMmmMmnpoBaHus.

process (state reg,mem, rw)
begin
we me <= '0'; -- default value
case state reg 1is
when idle =>

1f (mem='1") and (rw='0"') then  KoymBuHauMOHHasA cxema
- I .
We e == T onpeaeneHns BbIXOAHbIX

end 1if;
when write curHanos Munu.

when readl

when read2

when read3

when read4
end case;
end process;
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[1ByX-CE€rMEeHTHbIN TUN
nporpamMMnpoBaHUS.
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[1ByX-CErMeHTHbIN TUN
nporpamMmMmnpoBaHuA.

-- state register
process (clk, reset)
begin
1f (reset='1') then
state reg <= idle; CospaHune peruncTtpa state_reg

CaCMHXpOHHbMAO6HyﬂeHMeM.

elsif (clk'event and clk='1l') then
state _reg <= state next;
end 1if;
end process;



[1ByX-CErMeHTHbIN TUN
nporpamMmMmnpoBaHuA.

process (state reg,mem, rw, burst)

begin
oe <= '0'; -- default values
we <= Y0?';
we me <= '0';
case state reg 1s
when idle =>
1f mem='1' then
1f rw="1'" then
state next <= readl;
else
state next <= write;
we me <= '1l';
end 1if;
else
state next <= idle;
end 1f;

when write =>
state next <= idle;
we <= '1"';

when readl

=>
1€
state next
else
state next
end 1if;
oe <= '1!';
when read2 =>
state next
o &= 1T
when read3 =>
state next
0e: o= "B1T .

when read4d =>

state next <=
Oe: = ¥17;
end case;

end process;
end two seg arch;

(burst='1")

then
<= read2;

<= idle;

read3;

read4;

idle;



OQHO-CerMeHTHbIN TUM
nporpamMmMmpoBaHUS.

architecture one seg wrong arch of mem ctrl is when write =>
type mc_state type is state reg <= idle;
(idle, readl, read2, readl2, read4, writ we <= '1°';
signal state reg: mc_state type; when readl =>
begin if (burst='1') then
process (clk, reset) state reg <= read2;
begin else
if (reset='1') then state reg <= idle;
state reg <= idle; end if;
elsif (clk'event and clk='1') then oB c= VIV
oe <= '0'; -- default wvalues when read?2 =-
we <= '0°'; state reg <= read3;
we me <= '0'; ol = ik

case state reg is
when idle =>
if mem='1' then
if rw='1' then
state reg <= readl;
else =

when read3 =>
state reg <= read4;
oe <=—'1';

when readd =>
state _reg <= idle;

. oe <= *1%;
state reg <= write;
T end case;
we me <= 'l’'; .
< F end if;
end if;
end process;
else

¢ end one seqg wrong arch;
state reg <= idle; Bt O g_ ’

end if;



OQHO-CerMeHTHbIN TUM
nporpaMmmMmpoBaHUS.

d q}—— we_me
D>
d qpf— we
mem next-state/ >
output
w logic d q
burst state_next S ; ="

clk
reset




KoaupoBaHue COCTOSAHUN

. . Gray code One-hot Almost one-hot
Binary assignment ) : -
assignment assignment assignment
idle 000 000 000001 00000
readl 001 001 000010 00001
read2 010 011 000100 00010
read3 011 010 001000 00100
read4 100 110 010000 01000
write 101 111 100000 10000




Cxema getekTtopa
OHTa

KOoHe4yHbI aBTOMAaT

library ieee; M p -- state register

use ieee.std_logic_1164.4Il; process(clk,reset)

entity edge detectorl is begin

port( if (reset="1") then
clk, reset: in std_logic; state_reg <= zero;
strobe: in std_logic; elsif (clk'event and clk="1') then
pl: out std_logic state_reg <= state_next;

); end if;

end edge_detectorl; end process;

architecture moore_arch of edge_detectorl is
type state_type is (zero, edge, one);

signal state_reg, state_next: state_type;

begin



Cxema getekTtopa

KOoHe4yHbI aBTOMAaT

process(state_reg,strl\wzy a
begin p

case state_regis
when zero=>
if strobe ='1' then
state_next <= edge;
else
state_next <= zero;
end if;
when edge =>
if strobe ='1' then
state_next <= one;
else
state_next <= zero;
end if;

when one =>
if strobe ='1' then
state_next <= one;
else
state_next <= zero;
end if;
end case;
end process;
-- Moore output logic
pl <="'1'when state_reg=edge else
0';
end moore_arch;



Cxema getekTtopa
OHTa

KOoHe4yHbI aBTOMAaT

library ieee; NI -- state register

use ieee.std_logic_1164.all; process(clk,reset)

entity edge detector2 is begin

port( if (reset="1") then
clk, reset: in std_logic; state_reg <= zero;
strobe: in std_logic; elsif (clk'event and clk="1') then
p2: out std_logic state_reg <= state_next;

); end if;

end edge_detector2; end process;

architecture mealy_arch of edge_detector2 is -- next-state logic

type state_type is (zero, one); process(state_reg,strobe)

signal state_reg, state_next: state_type; begin

begin



Cxema getektopa
OHTa

KOoHe4yHbI aBTOMAaT

-- Mealy output logic

case state_regis
when zero=> M NJn %zl <="'1' when (state_reg=zero) and (strobe='1") else

if strobe ='1" then
state_next <= one; end mealy_arch;
else
state_next <= zero;
end if;
when one =>
if strobe ='1" then
state_next <= one;
else
state_next <= zero;
end if;
end case;
end process;
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ApbuTp

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;
entity arbiter2 is
port(
clk: in std_logic;
reset: in std_logic;
r:in std_logic_vector(1 downto 0);
g: out std_logic_vector(1 downto 0)
);
end arbiter2;
architecture fixed _prio_arch of arbiter2 is
type mc_state_type is (waitr, grantl, grant0);
signal state_reg, state_next: mc_state_type;
begin

-- state register
process(clk,reset)
begin
if (reset='1") then
state_reg <= waitr;
elsif (clk'event and clk="'1") then
state_reg <= state_next;
end if;
end process;
-- next-state and output logic



ApbuTp

process(state reg,r) when grantl =>
begin if (r(1)="1") then
g <="00"; -- default values state_next <= grant1;
case state_reg is else
when waitr => state_next <= waitr;
if r(1)="1" then end if;
state_next <= grantl; g(1) <="1"%
elsif r(0)="'1' then when grant0 =>
state_next <= grant0; if (r(0)="1") then
else state_next <= grantO;
state_next <= waitr; else
end if; state_next <= waitr;
end if;
g(0) <="1};
end case;

end process;
end fixed_prio_arch;



ApbuTp
(CMHXPOHHbLIV AoCTYyN)

when waitr =>
if r(1)='1' then
state_next <= grantl;
g(1) <="1" -- newly added line
elsif r(0)='1' then
state_next <= grantO;
g(0) <="1" -- newly added line

else
state_next <= waitr;
end if;



ApbuTp
(LMKIMTNYeCcKnmn

architecture rotated_prio_arch of arbiter2 is
type mc_state_type is (waitrl, waitr0, grantl, grant0);
signal state_reg, state_next: mc_state_type;
begin
-- state register
process(clk,reset)
begin
if (reset="'1"') then
state_reg <= waitrl;
elsif (clk'event and clk='1") then
state_reg <= state_next;
end if;
end process;



Apountp
(LMKIMTNYeCcKnmn

-- next-state and out elsif r(1)="1' then
process(state_reg,r) state_next <= grantl;
begin else

g <="00"; -- default values state_next <= waitr0;
case state_regis end if:

when waitrl => when grant1 =>

if r(1)="1" then if (r(1)='1") then
state_next <= grantl; state_next <= grant1;
elsif r(0)='1' then B

else
state_next <= grant0; state_next <= waitr0;
else end if;
state_next <= waitrl; g(1) <="1";
end Ff; when grant0 =>
when waitr0 => if (r(0)='1") then g(0) <="1";
if r(0)="1' then state_next <= grant0; end case;
state_next <= grantO; else end process;

state_next <= waitr1; €nd rotated_prio_arc
end if;



[IpakTnyeckoe 3agaHue

3apgaval
B 3agayax undpoBon cBA3M Ans 1oro, 4Tobbl 0603HAYNTE HAYaso NakeTa,
NCNOSIb3yeTCA crieymarnbHas CUHXPOHU3NpYoLLAsa nocrenoBaTesisHOCTb OUT —
npeambyna. Hanpumep, B Ethernet || npeambyna Bkno4YaeT NOBTOPSOLLNECS
oKTeTbl "10101010". Mbl XOTM pa3paboTaTb KOHEYHbIM aBTOMAT, KOTOPbIN
reHepupyeT nocregoBaTenbHOCTb "10101010". Cxema nMeeT BXOAHOW curHan start
N BbiXoA data_out. Korga start BbicTaBnsietcsi B '1', nocrnegoBartenbHOCTb 10101010
« reHepupyeTcs B TedeHune criegytoumx BOCbMM NepmnoaoB CUHXPOHN3NPYIOLLLEro
curHana. (YkasaHue: peannayinte 4OCTaTOMHO YHMBEPCArbHYI0 CXeMy, YToDbl ee
MOXXHO ObII10 NpMUcnocobuTb Nog Apyryo npeamoyny.)

a) Hapucoatb gmnarpammy COCTOSHUMN.

b) NpeobpasoBaTb Anarpammy COCTOSIHUIM B rpadp-cxemy anroputma.

c) Hanucatb cooTtBeTCTBYOLLNI rpadp-cxeme anropmutma kog Ha VHDL.



[IpakTnyeckoe 3agaHue

3apgaua 2

Moaundounumpynte reHepatop npeambynbl Takum ob6pas3om, 4TOObI OH
npeobpas3oBbLIBas 3a4aHHy0 B napannensHOM Koge nocrnenoBaTensHOCTb 61T B
nocnepoBaTtenbHbIN KoA. Cxema uMeeT BXOAHOW curHan start, BXOOHOW curHan
data_in (8 6UT) 1 BbIxof data_out. Korga start BbicTaBnsaeTcs B '1', reHepupyeTcs
nocnegoBaTenbHOCTb, 3aaHHada curHanom data_in, B TedeHWe cnegyroumx BOCbMU
nepnoaoB CUHXPOHU3UPYIOLLIErO cUrHana.



[lomaluHee 3agaHue

1. B pexxnme nakeTtHoro 4teHus ("burst") KOHTponnepa naMmaTn HESIBHO
TpebyeTcs, 4ToObI NPOLEeCCOop CHavYana BbICTaBNAN cUrHasnbl rw U mem Ha
OAVH Nepuon CUHXPOHM3NPYIOLLErO CUrHana, a 3aTemM BbICTaBIAST CUrHar
burst Ha cneayrOLWMA NepmoL CUHXPOHU3NPYIOLLETO CUrHana. YnpocTturte
TpeboBaHMA K Npoueccopy Takum ob6pasom, YToObl OH BbICTaBNAAS CUrHar
burst B TedeHne Toro e nepnoga CUHXPOHU3NPYHOLLEIO CUrHasna, 4to u
CUrHanbl rw 1 mem.

— a. HapucosaTb gnarpammy COCTOSIHUM HOBOIrO KOHEYHOro aBToMarTa.

— b. lNpeobpasoBaTb Agnarpammy COCTOAHUN B rpach-cxemy anroputma.

— c¢. Hanucatb COOTBeTCTByIOLLI,l/Iﬁ rpacb-cxelvle anropunTMma Ko Ha VHDL.
2. Mognununpynte oeTekTop dpoHTa curHana Tak, Ytobbl OH pearnpoBarn
Ha PPOHT (0 — 1) u cnag (1 — 0) BxogHoro curHarna. T.e. cxema OomKHa
reHepupoBaTb KOPOTKUU UMMYIbC (HA OAUH Nepuon CUHXPOHUINPYIOLLETO
CUrHana), Kak Tofibko BenuinHa BXogHOro curHarsa strobe nameHsercs.
PeannsoBaTb ABe apxuUTeKkTypbl: C BbiBogamu Mypa n ¢ sbiBogamu Munu.

— a. Hapucosatb gnarpammy COCTOSIHUN.

— b. lNpeobpasoBaTb Agnarpammy COCTOAHUN B rpach-cxemy anroputma.
— c¢. Hanucatb cooTtBeTcTBYIOWMI rpad-cxeme anroputma kog Ha VHDL.



[lomaluHee 3agaHue

3. PaspaboTainte KOHeYHbIN aBTOMAaT, AETEKTUPYIOLWMIA NOCreaoBaTeibHOCTb
"10101010" BO BXOOAHOM CUrHane Ha CTopoHe nony4varensi. Cxema nmeet
BXOOHOW curHan data_in 1 BbIXogHOW curHan match. CurHan match
BbICTaBNsAETCA B '1' HAa OOAWMH Nepuog CUHXPOHU3NPYIOLLLEro curHana cpasy
nocre Toro, kak obHapy»xxeHa nocnegoBaTenbHOCTb "10101010". (Yka3aHue:
NOMHUTE 00 YHMBEpPCANIbHOCTH.)

— a. Hapucosatb gnarpammy COCTOSIHUN.

— b. lNpeobpasoBaTb Agnarpammy COCTOAHUN B rpadp-cxemy anroputma.

— c¢. Hanucatb COOTBeTCTByIOLLI,VIVI rpacb-cxeme anropunTmMma Ko Ha VHDL.



Cnacnbo 3a BHMMaHue



