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* These slides present VHDL FSM examples using
enumerated states
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 Mod 10 u/d Counter — Enumerated States
* Verl
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Dir=0

Note: this is for illustrative purpose -
we would never make a counting
state machine like this
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 Mod 10 u/d Counter — Enumerated States

-- counter_modl0_ud_fsm. vhd]
-- created 3/30/18

-— enumerated states

-- Inputs: i_rsth, i_clk, i_dir (O=up)
-- Qutputs: o_cnt[3:0]

Tibrary ieee;
use ieee.std_Togic_1164.al11;

entity counter_modl0_ud_fsm is

port (, ) )
i_clk @ in std_logic;
i_rstb : in std_logic;
i_dir @ din std_logic;
o_cnt : ouwt std_Togic_vector(3 downto 0)

3
end entity;

S t:'
-— rev 0
-- mod 10 up/dn-counter - state machine with case statement

CE 1911

architecture behavioral of counter_modl0_ud_fsm is

pe STATE_TYPE is (A, B, C, D, E, F, G, H, I,
signal state: STATE_TYPE;
nal state_next: STATE_TYPE;

- 0"

case state 1

state_next <=

=> sTate_next <=
=> sTate_next <=
others => state_nex

B;

when B => state_next <= C;
when C => state_next <= D;
when D => state_next <= E;
when E => state_next <= F;
when F => state_next <= G;
when G => state_next <= H;
when H => state_next <= I;
I 1;

J A

T

= A;

state_next <=

1;
B => state_next <= A;
when C => state_next <= B;
when D => state_next == C;
when E => state_next <= D;
when F => state_next == E;
when G => state_next == F;
when H => state_next == G;
when I => state_next <= H;
when 1 => state_next <= I;
when others => state_next <= A;
end case;
end if;

end process;

-- Register logic

Erocess(1 _clk, i_rsth)
eg1n

(i_rsth = ' then

state <= A;

edge
elsif (r131nu edue (1 cl1k)) then
state <= state_next;
end if;
end process;

-- output logic

= "0000";
_ "oooLT;
when C =» 0o_cnt <= "0010";
when D => o_cnt <= "0011";
when E => o_cnt <= "0100";
when F => o_cnt <= "0101";
when G =»> o_cnt <= "0110";
when H =»> o_cnt <= "0111";
when I => o_cnt "1000";
when J => o_cnt 100l
when others =» o_cnt <= "0000";
end case;

end process;

end behavioral;
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 Mod 10 u/d Counter — Enumerated States

* Verl
WideOr2 o_cnt[0]~not
AN [ |I>° 4—{ > o_cnt[3.0]
state oo
A
C
D 1
s P : JWideOrO
i_dir[ > | dir -
1'ho State~1 reset G )
l-. 1
i rsth—i>—|7
i ' o_cnt
: T —

|

Quartus recognized part of the code

as a state machine
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 Mod 10 u/d Counter — Enumerated States
* Verl
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 Mod 10 u/d Counter — Enumerated States

d Ver 1 Source State Destination State Condition
1 A J (dir)
2 A B (1dir)
3B C (1dir)
O o_cnt[3.0]
state 4 B A (dir)
5 C D (1dir)
= PR 6 C B (dir
ho State-1 .

P 7 D E (tdin)
8 D C (dir)
9 E F (1dir)
10 E D (dir)
11 F G (1dir)
12 F E (dir)
13 G H (1dir)
14 G F (dir)
15 H I (1dir)
16 H G (dir)
17 | J (tdir}
18 1 H (dir)
12 J I (dir)
20 J A (tdir}

\TmnsitionsﬂEncudingJ}r
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 Mod 10 u/d Counter — Enumerated States
* Verl

After adding states and restarting

#  Jeounter_mod10_ud_fsm_th/CLK
4 Jeounter_mod10_ud_fsm_th/RSTE

#  Jeounter_mod10_ud_fsm_tb/DIR. S I

£ Jcounter_mod10_ud_fsm_th/CNT o eEEEEEE e EEE o s E T e saE ol EFiEE o EEREEEEREEET
A IeYcyoYEYFIeHI T faTe fcyoyc B AT IR YGFYEO VB AT IR DDA EICID[EF{GIHIT [T {AYECIB [

m Now 1200 ns ] ] ] 1 1 1 1 I:-,—,,—, i ] 1 1 1

note — due to use of “all” in process sensitivity list

Jeounter_mod10_ud_fem_th/CLK
Jeounter_mod10_ud_fem_th/RSTE

“ Jeounter_mod10_ud_fsm_tb/DIR
Jeounter_mod10_ud_fem_th/CNT

“ Jeounter_mod10_ud_fsm_th/DUT/state
Jeounter_mod10_ud_fem_th/DUT/state_next :):):):):):):)ﬁ

m e 0ore OO R R L L L
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 Mod 10 u/d Counter — Enumerated States
* Ver 2

CE 1911

Dir=0

Note: this is for illustrative purpose -
we would never make a counting
state machine like this
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-- next state logic

e Mod 10 u/d Counter —| "5 d States

if(i_dir = "0°) then
state_next <= B;

else

state_next <= J;

* Ver 2

else
state_next <= A;
-------------------------------------- " end if; —
when € =» . . .

- 1EL =, i -- Register Tlogic
-- counter_mod10_ud_fsma. vhdl if(i_dir = "0") then o d

- — _ state_next «= D; . '
- R alse rocess(i_clk, i_rsth)
-- created 3/30/18 state_next <= B; egin
— tj . end if; -- reset
- when D == 1 1 - " .
-- rev 0 if(i_dir = "0') then if (jc—[;ﬁtb_—h_') ) then

: state_next == E; state <= A;

---------------------------------------- alse -- rising i_clk edge
- ) . ) state_next <= C; elsif (rising_edge (i_clk)) then
-- mod 10 up/dn-counter - state machine with case statement end if; state <= state_next;
-= enumerated states wherjf%;; o'y th end if:
________________________________________ 1 i_dir = L en .
- | Statenext <= F: end process;
-- Inputs: i_rsth, i_clk, i_dir(0=up) € Sgtate_next <= D: ——
-- Outputs: o_cnt[3:0] . end if; -- output logic
- when F == -

________________________________________ if(i_dir = "0") then rocess(all)

'I.Ibr,ar,y —ieee; . e_lsitate_next == eg_ir_l
use ieee.std_Tlogic_1164.all; state_next <= E; casehstate is
end 1if; when A => o_cnt <= "0000";
entity counter_modlO_ud_fsma is when G =» when B == o_cnt == "0001”;
port (. . . “:(;Egiz :e;g'z_tn‘?” when € == o_cnt <= "0010";
'!_c'lk : in std_'lujg'!c; alsa = = when D => o_cnt <= "0011";
j_r;tb_: in std_ngjcg State next <= Fi when E => o_cnt <= "0100"
idir @ in std_Togic; i end if; when F == o_cnt <= "0101";
when H = when G =» o_cnt <= "0110";
o_cnt : out std_logic_vector(3 downto O) if(i_dir = "0') then when H — o_cnt <= "Dlll";
)i e]aaraTeNexT <= I; when I => o_cnt <= "1000";
end entity; sTate_next <= G when 1 == o_cnt == "1001";
) , ) end if; when others == o_cnt <= "0000";
architecture behavioral of counter_modlO_ud_fsma is when I = end case;
if(i_dir = "0") then aend process;
- state_next <= J;
ernal signals else i .
g State _next <= H: end behavioral;
T . end if;
type STATE_TYPE is (a, B, C, D, E, F, G, H, I, 1); when 1 =>

signal state: STATE_TYPE;
ignal state_next: STATE_TYPE;

if(i_dir = "0') then
state_next <= A;
else
: state_next <= I;
begin end if;
when others =>
state_next <= A;
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 Mod 10 u/d Counter — Enumerated States

* Ver 2
) o_cnt[0]~not
WideOr12 —
D | [0 [ o_cnt[3.0)
state WideOr11
A
C
D
i_clk % clk E |WideOr10
i_dir i_dir F
1'ho state~1 reset G )
) 4 |
i_rstb[ >— : o_cnt
) Bl =

|

Quartus recognized part of the code

as a state machine

11
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* Priority Stoplight - revisited

TNS

reset ‘ ) -1

NS: yellow
EW: red

NS: green
EW: red

ST2

ST3

NS: red
EW: green

NS: red
EW: yellow

T

EW

12
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* Priority Stoplight - revisited

-- stoplight_nsew_fsm. vhdl
-- created 3/30/18
—— tj

-- Inputs: i_rsth, i_clk, i_tns, i_tew
-- outputs: o_lights_ew, o_lights_ns

Tibrary ieee;
use ieee.std_logic_1164.all;

entity stoplight_nsew_fsm s

port
i_clk : in std_logic;
i_rsth in std_logic;
i_tns : in std_logic;
i_tew : in std_Tlogic;

o_lights_ns
o_lights_ew :

)
end entity;

out std_logic_vector(l downto 0);
out std_logic_wvector(l downto 0)

CE 1911

architecture behavioral of stoplight_nsew_fsm is

-- internal signals
type STATE_TYP
signal state:
signal s

is (sTO, STLl, ST2, ST3);
STATE_TYPE;

CONSTant green:
constant yellow:
constant red:

std_logic_vector
std_logic_vector
std_logic_vector

begin

-- next state logic
rocess(all)
egin
case state is
when sTO =»
if(i_tns = "1") then
state_next <= STO;
else
state_next <= 5T1;
end if;

when sT1 =»
state_next <= 5TZ2;

when sT2 =>
if(i_tew = "1") then
state_next <= 5T2;
else
state_next <= S5T3;
|end if;
when ST3 ==
state_next <= ST0;
end case;
end process;

-- Register logic

rocess{i_clk, i_rsth)

egin
-- reset
if (i_rsth
state <
-- risin
elsif (risingZedg

end if;
end process;

-- output legic

=>
o_lights_ns
o_lights_ew
when s5T1 =>
o_lights_ns
o_lights_ew
when 572 =>
o_lights_ns
o_lights_ew
when T3 =>
o_lights_ns
o_lights_ew
nd case;

d
e

N then

e
%1_c1k)) then
state <= state_next;

13
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* Priority Stoplight - revisited

state o_lights_ns

i clk > clk STO
. _ o_lights_ew[1.0]
|_tew p: I_tE‘W 5T1
i_tns D i_tns ST3
state~1 reset o lights ns[1.0
i rstb D—D L o tights ns[1.0]

1'h0
| o_lights_ns[1]~not
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* Priority Stoplight - revisited

State Table

5

&

Source State

5TO

5TO

5T1

5T2

5T2

5T3

Destination State Condition

5TO

5T1

5T2

5T2

5T3

5TO

[i_tns)

['i_tns)

(i_tew)

li_tew)

\Tmnsitions]\ Enu:n:n:lingf

100%

00:00:03

10
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* Priority Stoplight - revisited

[ — - [ r | | | |1 @~} 1 @~} ;| ;|- @[ ;@[ "1 |8

I
: no traffic - cycling traffic NS — has priority
1| 1 W | L]

00 i [ oo [ T Yoo | Joi [ Jdo [ T Ju0
10 oo [ Joi [ a0 [ [ Joo [ Joi [

1
Ii i I Mow | 000 ps
= = Clrore nc

_no traffic - cycling -traffic EW

o T [ Jor[ Yo [ T Yoo [ Yor[ Yso [ [ Yoo [ foi| a0 [

|
rEe Mow | 000 ps
e Cursor1 | 0Ops |
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* Priority Stoplight — revisited - revisited

TNS

reset ‘ ) "nn

NS: green
EW: red

NS: yellow
EW: red

RY RG

NS: red NS: red
EW: yellow EW: green TEW
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* Priority Stoplight — revisited - revisited

-- stoplight_nsew_fsm2. vhdl

-- created 3/30/18
-- tj

-- Inputs: i_rsth, i_clk, i_tns, i_tew
-- outputs: o_lights_ew, o_lights_ns

library ieee;
use jeee.std_logic_1164.all;
use ieee.numeric_std.all;

entity sEop1ight_nsew_fsm2 is

port
i_clk : in std_logic;
i_rsth : din std_logic;
i_tns : in std_logic;
i_tew : in std_logic;

o_lights_ns : out std_logic_vector(l downto 0);
o_lights_ew : out std_logic_vector(l downto 0)

bH
end entity;

CE 1911

architecture behavioral of stoplight_nsew_fsm2 is

-- internal signals

type STATE_TYPE i
signal state:

signal st STATE_TYPE;

type LIGHT is (G, Y, R);
signal light_ns: LIGHT;

@i ght_ew: LIGHT;

-- next state logid

Erogess(a11)
egin
case state is
when GR =>
if(i_tns = "1') then
state_next <= GR;
else
state_next <= YR;
end if;
when YR =>
state_next <= RG;
when RG =>
if(i_tew = '1L') then
state_next <= RG;
else
state_next <= RY;
end if;
when RY =>
state_next <= GR;
end case;
end process;

18

-- Register logic

egin

-- risin

end if;
end process;

-- output logic

é;a;ess(a11)
egin

GR =>
Tlight_ns
Tight_ew
when YR =>

light_ns
Tight_ew
when RG =>
light_ns
Tight_ew
when RY =>
light_ns
Tight_ew
cnd case;

elsif (rising_edg
state <= state_next;

<=
<=

<=
<=

<=
<=

<=
<=

rocess(i_clk, i_rsth)

e
e(i_clk)) then

o_lights_ns

< =rd_logic_vector (to_unsigned(LIGHT 'pos(light_ns),
o_lights_ew <= std_logic_vector (to_unsigned(LIGHT pos{light_ew),

end behavTor o

2)
2
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* Priority Stoplight — revisited - revisited

: tate light_ew.R
I_I;::: g ::_l;.w is | o_lights_ew[1..0]
i_tns[ > itns YR
State~ reset [ o_lights_ns[1.0]

o_lights_ns[1]~not

>0
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* Priority Stoplight — revisited - revisited

[stoplight_nsew_fsm2_tb/CLK
[=toplight_nsew_fsm2_tb/RSTB
Jstoplight_nsew_fsm2_th/TNS
/stoplight_nsew_fsm2_th/TEW
Jstoplight_nsew_fsm2_th/LIGHTS_NS
[stoplight_nsew_fsm2_tb /LIGHTS_EW

[=toplight_nsew_fsm2_tb/DUT fstate

Jstoplight_nsew_fsm2_th/DUT flight_ns

I

I.J
- |
FE MNow 200 ns [,..:._I o
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e Sequence detector — revisited

* Detecting 11001101

resetb
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e Sequence detector -

-- sequence_detector_cD_fsm. vhdl

-— created 4/12/2018
-- tj

-- Inputs: i_rsth, i_clk, i_data_inm
-— OUTputs: Detect

library ieee;
use jeee.std_Togic_1164.al1;
use ieee.numeric_std.all;

entity sequence_detector_CD_fsm s
(

port . .
i_clk: in std_logic;
i_rsth: in std_logic;

i_data_in: 1in std_logic;

o_detect: out std_logic
H

end entity;

architecture behavioral of sequence_detector_cD_fsm is

=Tgnals

ype STATETYPE is (rst,A,B,C,D,E,F,G,det);
signal state: STATETYPE;
ignal state_next: STATETYPE;

begin

CE 1911

;

e

- next state logic

rocess(all)
egin
case state 1is
when rst =»
if i_data_in = "1’ then
state_next <= A;
else

end if;
when A =»
if i_data_in = "1’ then
state_next <= B;
else
state_next <=
and T

wherm™s
if i_data_in = "0" then
state_next <= C;
else
state_next <= B;
end if;
when € =>
if i_data_in = "0" then
state_next <= D;
else
state_next <= A;
end if;
when D =>
if i_data_in = "1" then
state_next <= E;
else
state_next <= rst;
end if;
when E =>
if i_data_in = "1’ then
state_next <= F;
else
state_next <= rst;
end if;
when F =»
if i_data_in = "0" then
state_next <= G;
else
state_next <= B;
end if;
when G =>
if di_data_in = "1' then
state_next <= det;
else
state_next <= D;
end if;
when det ==
state_next <= rst;
end case;
nd process;

-- Register logic
rocess(i_clk, i_rsth)
egin

-- reset

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

-- rising i_clk edge

elsif (rising_edge (i_cTk)) then
s5tate <= State_next;

end if;

end process;

-- output Togic

rocess(state)

egin

case state is

when rst = o_detect == '0°;
when A => o_detect <= "0°;
when B => o_detect <= "0°;
when € => o_detect <= "0°;

when D => o_detect <= "0°;
when E => o_detect <= "0°;
when F => o_detect <= "0°;
when

H
H
H
H
H
H
G =» o_detect <= "0°;
when det =» o_detect <= "1
end case;
end process;

end behavioral;

22
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e Sequence detector - revisited

i_rstb %}

state
i_clk[ > clk
i_data_in[ > i_data_in det
1'ho State~1 o

~—{ > o_detect

23
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e Sequence detector - revisited

= th

Source State Destination State  Condition

A

A

B

B

(i_data_in)
(i_data in)
('i_data in)

(i_data_in}

State Table

mnsitinnsﬂ Enmdingf

L=




e Sequence detector - revisited

Jsequence_detector_cd_fsm_tbJCLK
Jsequence_detector_cd_fsm_th/RSTB
Jesquence_detector_cd_fem_th/DATA_IN
Jsequence_detector_cd_fsm_tb/DETECT
Jsequence_detector_cd_fsm_tb/DUT/state

full sequence re-start

Jsequence_detector_cd_fsm_th/CLK Sy I [y [y O v
[sequence_detector_cd_fsm_tb/RSTB

Jsequence_detector_cd_fsm_tb/DATA_IN [ I I [ | I L I
[zequence_detector_cd_fsm_th/DETECT

- ‘4 | 1\ | |
[sequence_detector_cd_fsm_th/DUT/state detfrst Yo ¥6[  Yc [o JF Yrst YA Yp Yc YAl Y T ¥AT Y5 Yc Jo YE JF[ {6 fdet frst

LS| Mow (200 ps
Tl Cursor 1 m

f V ! \

repeat B Back to start Back to A Back to start full sequence
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