Last updated 1/22/21




* FSM

state_next

inputs Next State
M Logic

NS
k

Register
(D-FFs)

state

CE 1911

clk

v

Output
Logic

N

7@ outputs

© tj



* Timed FSMs
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* Timed FSMs
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* Timed FSMs

* Generalized approach

e Use a timer (counter)

* Timing based on clock cycles

t< tdelays

output0

t> tdelayi’, i t> tdelavl
D t< tdelanyZ

t> tdelayZ

* Reset the timer when it reaches a pre-defined value

* Check the timer before changing states

-— Timer
rocess(i_clk, i_rsth)
eqgin
-- reset
if (i_rsth = "0") then
cnt == (others => '0°);
-- rising i_clk edge
elsif {r15ing_edge%
if(cnt < delay - 1) then
cnt <= cnt + 1;
else
cnt <= (others == "0°);
end if;
end if;
end process;

i_clk)) then

CE 1911

Separate from the state logic
Size of cnt and delay dependent on longest delay

delay set in the output logic
(state dependent)
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* Timed FSMs — stoplight
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* Timed FSMs — stop

-- stoplight_timed_fsm. vhd]l

-- created 3/30/18
—— tj

-- Inputs: i_rsth, i_clk
-- outputs: o_lightsa, o_lightsse
-— 00->Green, 0l->Yellow, 10->red

Tibrary ieee;
use ieee.std_logic_lle4.all;
use ieee.numeric_std.all;

entity stoplight_timed_fsm is

'
end entity;

generic(
N: natural = 5;
T_GR: unsigned := "01010"
T_YR: unsigned := "00001"
T_RG: unsigned := to_unsigned(l4, 5);
) T_RY: unsigned := to_unsigned(5, 5)
port (
i_clk in std_logic;
i_rsth in std_logic;
o_lights_A : out std_logic_vector
o_lights_B : out std_logic_vector

-- # of count bits
-- delays

{1 downto 0);
{1 downto 0)

Timer / delay
counter
cnt
le state_next state
c
- NS S
k k

inputs Next State /| Register
M/ Logic (D-FFs)

N

Output 4477124» outputs
Logic

CE 1911 clk

ight

architecture behavioral of stoplight_timed_fsm 1is

-- State Types
type STATE_TYPE is (GR, YR, RG, RY);
signal state: STATE_TYPE;
signal state_next: STATE_TYPE;

-- Timer signals

signal cnt:
signal delay:

-- Convenience Constants

unsigned((N - 1) downto 0);
unsigned((N - 1) downto 0);

constant green: std_logic_vector = "oo"
constant yellow: std_logic_vector = "gL"
constant red: std_Togic_vector = "10"

begin

-- Timer
rocess(i_clk, i_rsth, cnt)
eqgin
-- reset
if (i_rsth = "0") then
cnt == (others => "0");
-- rising i_clk edge
elsif (r1sﬁng_edge%ﬁ_c1k)) then
if{ent < delay - 1) then
cnt <= cnt + 1;
else
cnt <= (others => "0");
end if;
end if;
end process;

t>t
1S telays dEE

7

-- next state logic
rocess(state, cnt)
egin )
case state is
when GR =>
if(cnt < T_GR - 1) then
state_next <= GR;
else
state_next <= YR;
end if;
when YR =»>
if(cnt < T_YR - 1) then
state_next <= YR;
else
state_next <= RG;
end if;
when RG =>
if(cnt < T_RG - 1) then
state_next <= RG;
else
state_next <= RY;
end if;
when RY =>
if({cnt < T_RY - 1) then
state_next <= RY;
else
state_next <= GR;
end if;
end case;
end process;

-- Register logic
rocess(i_clk, i_rsth)
egin

-- reset

if (i_rsth = '0") then
state <= GR;

-- rising i_clk edge

elsif (r"ls‘ing_edge%'i_c'lk)) then
state <= state_next;

end if;

end process;

-- output logic
rocess(state)
egin
case state 1is
when GR =>
delay <= T_GR;
o_lights_A <= green;
o_lights_B <= red;
when YR =>
delay <= T_YR;
o_lights_A <= yellow;
o_lights_B <= red;
when RG =>
delay <= T_RG;
o_lights_a <= red;
o_lights_B <= greem;
when RY =>
delay <= T_RY;
o_lights_A <= red;
o_lights_B <= yellow;
end case;
end process;|
end behavioral:

> teiays
i Q = tgeray2
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* Timed FSMs — stoplight

counter

w

“delay” creator Roll over at “delay”
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* Timed FSMs — stoplight

Source State  Destination State Condition
1 GR GR (ient[1]).0ent[2]).{lent[4]) + (tent[1]Lcnt[2]).(lent[3]).0ent[4]) + (ent[1]){lent[3]).(cnt[4])
2 GR YR (lent[1]).0ent[2]).(cnt[4]) + (lent[1]L{cnt[2]).(ent[3]).(cnt[4]) + (ent{1]){cnt[2]L{cnt[3]) + [cnt[1]).(lent[3]).(c}
3 RG RG lent[1]).0ent4]) + (ent[1]).(lent[2]L0cnt[4]) + (cnt[1]).(cnt[2]).0cnt[3]).(lcnt[4])
£
CE 1911 9
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* Timed FSMs — stoplight

T_GR:
T _YR:
T_RG:

T_RY:

[stoplight_timed_fsm_thCLK
Jstoplight_timed_fsm_tb/RSTE
Jstoplight_timed_fsm_th/LIGHTS_A
Jstoplight_timed_fsm_tb/LIGHTS_B
[stoplight_timed_fsm_th/DUT/state
[stoplight_timed_fsm_tb,/DUT font
[stoplight_timed_fsm_tb/DUT fdelay

unsigned :="01010";
unsigned :="00001";
unsigned :=to_unsigned(14, 5);

unsigned :=to_unsigned(5, 5)

oy ypo [ oo
oo [ e T
Gr_ [T TR JRG e [T e [
(@ 1 32 5[ 44 V5 6 J7 Js[ 49 Jo [ Y1 Jo/y3 )4 Js ye J7[Js }9 10 11 39 J13J0 3 J2 Y3/ }4 Jo I3 }2 |3
(1o 1 {14 5 [ T {0
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e Generalized FSMs

inl

STO
output 0
inl or (t > tde,ayz)k

combination transition
Q t< tdelayl

conditional transition

reset

inl

unconditional transition

t> Tyeiaya

inl and (t < tyejqyo) timed transition
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e Generalized counting FSMs
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e Generalized counting FSMs
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e Toll booth - revisited

CE 1911
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e Toll booth - revisited
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e Toll booth - revisited

-- toll_booth_fsm. vhdl
-- created 4,/9/18
__ tj

-— Outputs: o_gate

Mibrary deee;
use jeee.std_logic_1164.all;
use ieee.numeric_std.all;

entity toll_booth_fsm is

positive := 25

port (
i_clk : in std_logic;
i_rsth : in std_logic;
i_N :in std_logic;
i_D ¢ in std_logic;
i_g : in std_logic;
i_car : in std_logic;
o_gate out std_logic
lend eﬁtity;

larchitecture behavioral of toll_booth_fsm is

-- State Types

signal state:
signal state_next:

STATE_TYPE;
STATE_TYPE;

e, cmer e lements

signal cash: unsigned(7 downto 0);

begin

-- Inputs: i_rsth, i_clk, i_mN, i_D, 1_Q, i_car

-- counter/timer

Erocess(1 _clk, 1
egin
-- reset
if (i_rsth =

_rsth, 1

cash <= (others =»
-- rising i_clk ed%
i

elsif (r1s1ng
if

cash <=
elsif (i_D
cash «=
elsif (i_o
cash «=

edge

cash +
="1")
cash +
="1")

cash +

elsif (state = 1d]

cash «=
else
cash <=
end if;
end if;
end process;

{others

cash;

_N, i_D, i_q, state)

'0") then

0');
c1k}) then

L

then

10;

then

25;

e) then
== "0");

type STATE_TYPE is (Idle, Collect, Gate_open);

CE 1911
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-- next state logic

Erocess(state, i_car, cash)

egin )
case state is
when Idle=>

if(i_car = "1") then
state_next <= Collect;
else
state_next <= state;
s
when collect
if(cash > then
state_next <= Gate_open;
else
state_next == state;
end if;
when Gate_open ==
if(i_car = "0") then
state_next <= Idle;
else
state_next == state;
end if;
end case;

end process;

-- Register logic

Erocess(1 _clk, i_rsth)
egin
-- reset
if (i_rsth = "0") then
state <= Idle;
-- rising i_clk edge
elsif (rising_edoge{i_clk)) then
state <= state_next;
end if;
end process;

-- output logic

Erocess stateg
egin
case state is

when Idle =>

o_gate <= '0°;
when Collect ==
o_gate <= ‘o'
when Gate_open ==
o_gate == 17,
end case;

end process;

end behavioral;
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e Toll booth - revisited

counter/timer

000

0 00
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e Toll booth - revisited

ate_open

-l:lE!l:u:|

Source State Destination State
1 Collect Gate_open
2 Collect Collect

3 Gate_open  Idle

(lcash[0]).('cash[1])'cash[2]).('cash[5]1(lcash[&]).(cash[7]) + [lcash[0]).(lcash[1]1(lcash[2]).(lcash[5]).(cash[&]) +

[lcash[0]).(lcash[1]Llcash[2]).'cash[5]).{'cash[&]).{lcash[7]) + [lcash[O]).(lcash[1]).(cash[2]).[lcash[3]).(lcash[S])L(h

[i_car)

|State Table

£
\Tmnsitionsj\ Encoding J.'{
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e Toll Booth - revisited
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