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architecture TBENCH of ENT BENCH is
procedure WAVE GEN (signal X:out integer, signal Y:out integer)
variable I integer:= 0;
begin
for VX in 0 to 63 loop
for VY in 0 to 63 loop
begin
X <= VX after I*10 ns;
Y <= VY after I*10 ns;
I:=1I + 1;
end loop;

end procedure WAVE GEN;
begin
WAVE GEN (X, Y);
L1:L MODULE port map(X,Y,L);
L BEHAVE <= (X**2 4+ Y**x2)**x(Q 5;
ERROR _SIG <= L BEHAVE xor L;
end architecture TBENCH;
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bit_vector ,bit U
boolean U
integer U

Dgd e Jodd () b oMo b b ) Ca (glass 40
std_ulogic ,std_logic U
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(3900 ysbo ) ‘17, 0, ‘27, - =

unsigned , signed U

enumeration type U4
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real
character
string
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case-when

when-else
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If-generate U

static b,s L—
for-generate U

static S5 L —
for-loop U

statiC 1,55 L bl paw =
while-loop U

StatiC ddls Ly b byl adm o=
wait U
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process (SEL, A, B, C, D)

begin

if SEL = 700” then
Z <= A;

elsif SEL = ”“01” then
Z <= B;

elsif SEL = ”10” then
Z <= C;

else Z <= D;

end if;

end process;

o ¥ Syl Loy
MUX Giaogs *
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architecture ..
begin
Z <= A when SEL
B when SEL
C when SEL
D;
end architecture;

"00" else
"01l" else
= "10" else

process (SEL, A, B, C, D)
begin
case SEL is
when "00" => Z <=
when "01" => Z <=
when "10" => Z <=
when "11" => Z <=
\ end case;

OoQwp

~Ne

Ne N

~e

:Snd process;

architecture ..
begin
with SEL select
Z <= A when
B when
C when
D when
end architecture;

"oo",
"o1l",
"1i0",
others;
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process (CLK)
begin rising edge (CLK)
if (CLK’event and CLK = ’"1’) then

Q <=D; not CLK’stable and CLK = ‘1’
end if; [) (3

end process;

process CLK
begin i
wait on CLK;

wait until rising edge (CLK) ; i
i — if (CLK = ‘1’) then
Q <= D;
end process;

\_ /
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process (CLK, RST)

end process;

begin
if (RST = '1l') then
Q<="'0";
elsif (CLK'event and CLK = 'l') then
Q <=D;
end if;

pKeal / plKon u

process (CLK)
begin
if (CLK'event and CLK = 'l') then
if (RST = '1') then
Q<= "'0";
else
Q <=D;
end if;
end if;
end process;

o

RST

j>CLK
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process
begin |
wait until rising edge (CLK) and CLKEN = ’'1’;
- RST
end process;

CLK

J

\_ /
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architecture .. ‘
begin
signal A, B, C; RST
process (CLK)
begin A C
if (CLK'event and CLK = '0') then
C <= A * B; B -
end if;
end process;

end architecture; CLK

\_ /
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outputs = f, (inputs, cur_state)

next_state = f, (inputs, cur_state)

‘FSM <

outputs = fo (cur_state)

next_state = fn (inputs, cur_state)

(S e u
g n So b sy oy U

Inputs
e (539 55(

REG

Outputs
e (29 ,5(
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port (
CLK :
RESET

end FSM;

entity FSM is

INPUTS : in ..
OUTPUTS : out ...);

in
in

Inputs
M (599 55

REG

_____________________________________________________________

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Outputs
I =9,5(

~

FSM ¢
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architecture arch ... e & . ES
*0 [ .
Léubg B ! FSM
type STATE TYPE is (RST_ST, ST1, ...);
signal CUR STATE, NEXT STATE : STATE TYPE; LFF s W
begin el Slaws 4 St —
process (CLK) : :
begin & . oy
if rising_edge (CLK) then LSJJ5A5'&9’4€ .
if RESET = 'l' then
CUR_STATE <= RST_ST;
else
CUR_STATE <= NEXT STATE;
end if;
end if; M REG )
end process;
RESET
Outputs
Inputs S
I (539 55( e (29,5
( )
\ J
L clock
ST2 reset
T =
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process (CUR_STATE, INPUTS)
begin
case CUR_STATE is
when RST ST =>

NEXT STATE <=
end if;
when ST1 =>
if (INPUTS = ...)
NEXT STATE <=
else
NEXT STATE <=
end if;
when

end process;

if (INPUTS = ...) then 01/111
NEXT STATE <= ...
else

o

RESET !

e REG
Inputs — — )(L)::p:;f:(
e o Nxtst .
Mg o <l (
clock 4|
reset

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

23



4 sAliie I Guile o g N
29> own isy FSM 4

process (CUR_STATE)
begin RESET 11/010

OUTPUTS ;5 b 29,5 ddgi § oSy yloe Cmogd

end process;
o0 b o O oty
yokax (Lo ™

process (CUR_STATE, INPUTS)
begin REG ’ ‘

end process;
Inputs Cres Cour - >)(::1tput§(
Mo 509,5( 1] i

‘ clock :
§§ reset ii

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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library ieee;
use ieee.std logic 1164.all;
entity VENDING is
port (
CLK : in std _logic;
RST : in std logic;
D, P : in std _logic;
DOOR : out std logic);
end VENDING;

DOOR
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Reset BRI
architecture RTL of VENDING is
type ST TYPE is (START, P200, P500, FULL);
signal CUR, NEXT : ST TYPE;
begin
process (CLK)
begin
if rising edge (CLK) then
if RST = 'l' then
NEXT <= START; _
else Exchange! o
NEXT <= CUR;
end if;
end if; o ( REG )
end process; L _v | —
il N N LI outputs
—— : —

clock
\ i i Xx/0 /
reset -




;process(CUR, D, P)
begin

case CUR is
when START =>

if (D, P) “00”
NEXT <= START;

elsif (D, P) “ol1”
NEXT <= FULL;

elsif (D, P) = “10”
NEXT <= P200;

then

then

then

NEXT <= FULL;

\\\\Snd process;

U g b e )
S S oy 9

DP/@

end if; else NEXT <= P200
when P200 =>
if (D, P) = “00” then
NEXT <= P200;
elsif (D, P) = “01” then
NEXT <= FULL;
else
NEXT <= P400; DP/1
end if;
when P400 =>
if (D, P) = “00” then
NEXT <= P400; |
else ‘ [::::
NEXT <= FULL; ﬁTi(’JL T j::%:::j*ﬁ.: Coor — ﬁiii
end if; B8 1 & .>.,h.l\:tj:b(—)‘_:iul>,r3l>(
when FULL => ] )
—/
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4 process (CUR, D, P)

begin
case CUR is
when START =>
if P = 0’
DOOR <=
else
DOOR <=
end if;
when P200 =>
if p = 0/
DOOR <=
else
DOOR <=
end if;
when P400 =>

DOOR <=
else
DOOR <=
end if;
when FULL =>

end process;
\end RTL;

variable DP := (D, P);

then |
\ () 14 ;
. DOOR <= P;
\ ]_ 14 ;
then )iQflf h
\ () 4 ;
\ :L 4 ;

if DP = “00” or DP = “11” then

\ () 14 ;

\ :L 14 ;

DOOR <= ‘0’ ;

N—

DP/1

ol ':‘ L1 N I I outputs
Inputs ’ Cres (I | Cour d ;
R | 7 N— 4 | | L7 o2 955(

! ‘«" | Nxtst Curst |\ /

\  Yegans <l INTEIOUF §
i P
clock
reset ——
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process (CUR) 490 Sﬂ.o& M

begin
case CUR is
when START || P200 || P400 =>
DOOR <= ‘0’ ;
when FULL =>
DOOR <= ‘1’ ;
end process;

DP/1

L oy REG e

I I outputs

]
|

‘ | I
Inputs [ Cres ': — Cour | :
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é;;hitecture arch

type STATE TYPE is (RST ST, ST1,

signal STATE STATE TYPE;
begin
process (CLK, RESET)
begin
if rising edge (CLK) then
if RESET = 'l' then
STATE <= RST ST;
else
case STATE 1is
when RST ST =>
if (INPUTS
STATE <=
else
STATE <=
end if;
when ST1 =>

when

end if;
end if;

\\\sfd process;

2)

...) then

Blio I cpmilo w090\

'-’*.’.‘)5 9 b FSM <

Y PP S|
NEXT_STATE 4 jL s —

o My 2

~

Inputs
hIF3 (5‘53)9(

REG

CREG

Curgt
)&k

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

=
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éﬁchitecture arch

type STATE TYPE is (RST_ ST, ST1,

signal STATE STATE TYPE;
begin
process (CLK, RESET)
begin
if rising_edge (CLK) then
if RESET = 'l' then
STATE <= RST_ST;
OUTPUTS <=
else

case STATE is
when RST_ST =>

if (INPUTS =
STATE <=
OUTPUTS <=
else
STATE <=
OUTPUTS <=
end if;
when ST1 =>
when
end if;
end if;

end process;

2)

...) then

Blio I cpmilo w090\

a8 SO LFSM ¢

9 My g oYl s L1
)Lljio L§>L5%>9‘>5~ éLon ‘\Q-Lo:£> -
Dgus 031

Inputs
hIF3 (5‘53)9(

REG

CREG

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Output
e 29,
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constant
constant
constant
constant
constant
constant

subtype STATE TYPE is std logic_vector (2 downto 0);
signal STATE: STATE TYPE;

START: STATE TYPE := "000";
S1l: STATE TYPE := "001";
S2: STATE TYPE := "010";
S3: STATE TYPE := "011";
S4: STATE TYPE := "100";
S5: STATE TYPE := "101";

\_

~

J
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type STATE T is (STATEO, STATEl, STATE2, STATE3);
signal STATE, NEXT STATE : STATE T;

attribute fsm encoding string;
attribute fsm encoding of STATE

signal is "one-hot";

Xilinx

type STATE T is (STATEO, STATEl, STATE2, STATE3);
attribute enum encoding string;
attribute enum encoding of STATE T

type is "one-hot";

Altera

/
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Codgime ygo &

(XCF) lacodgame bl 5=
BEGIN MODEL "entity name"
NET "signal name" fsm encoding=one-hot; Xl | | %
END;

\_ /
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run .. -fsm encoding one-hot Xilinx

\_ /
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STATEO: 00 aas 5’93‘ q

STATEL: 01 :

sequential) 5L szt O
STATE2: 10 o N, sy O3 ol lass —
STATES3: 11 N, = [log,N. |

type STATE T is (STATEO, STATEl, STATE2, STATE3);
signal STATE, NEXT STATE : STATE T;

attribute fsm encoding : string;
attribute fsm encoding of STATE : signal is “sequential";

2' #o¥b ol 51 O

\ sy Lol &Yl = J




STATEOQ: 0001
STATE1L: 0010
STATEZ2: 0100
STATES: 1000

Il bas &gl

{EXURPY
(one-hot) Jws < U
:&g)ﬁ§5¢*@ Mixs —
N; = N

S

attribute fsm encoding :
attribute fsm encoding of STATE :

type STATE T is (STATEO, STATEl, STATE2, STATE3);
signal STATE, NEXT STATE :

string;

STATE_T;

signal is “one hot";

o

~
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STATEQ:
STATEL!:
STATEZ2:
STATES:
STATEA:
STATES:
STATE®:
STATET:

000
001
011
010
110
111
101
100

Il bas &gl

{EXURPY

gray) 55 0
:&g)@i&«JébLbﬁ"
N; = [log,N; |

attribute fsm encoding :
attribute fsm encoding of STATE :

type STATE T is (STATEO, STATEl, STATE2, STATE3, STATE4, STATES,
STATE6, STATE7) ;
signal STATE, NEXT STATE :

STATE_T;

string;

signal is “gray";

o
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STATEQ:
STATEL!:
STATEZ2:
STATES:
STATEA:
STATES:
STATE®:
STATET:

0000
1000
1100
1110
1111
0111
0011
0001

> cbas §lgif

{EXURPY
(johnson) jsusils a5

:gf:Aéct%ﬁibLbﬁ'_
N, = ?

attribute fsm encoding :
attribute fsm encoding of STATE :

type STATE T is (STATEO, STATEl, STATE2, STATE3, STATE4, STATES,
STATE6, STATE7) ;
signal STATE, NEXT STATE :

string;

STATE_T;

signal is “johnson";

o
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Ju :sequential U
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S3 S2 S1 SO I, I, I, I, I, S3 S2 S1 Sa
STO 0 0 (%) 0
ST1 0 0 (%) 1
ST2 0 0 1 0 X X X 0 X 1 1 0 0
ST7 0 1 1 1 X X X X 1 1 1 0 0
ST12 1 1 (%) (%) X 1 X X X 1 1 (%) (%)
ST15 1 1 1 1 X 1 (%) X X 1 1 (%) (%)

D, = ... +(53°.52°.51.50%).1," + ... + ($3”.52.51.50).1, + ... + (S3.52.517.50°).1, + ... + ($3.52.51.50).1 .1,
D, = ... +(53°.52°.51.50°).1," + ... + (S3”.52.51.80).1,” + ... + ($3.52.51°.50).1, + ... + ($3.52.51.50).1 .1,
D
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L el Sl el o5 | Lesogyy | sum 2l oS
11 <) | s15514 50 10111213 14
STO 0000000000000001
ST1 0000000000000010
I; ST? 0000000000000100 XXX0X 0001000000000000
T sT3 | 0000000000001000
ST2 ST4 0000000000010000
ST5 0000000000100000
ST6 0000000001000000
ST7 0000000010000000 XXXX1 0001000000000000
ST8 0000000100000000
ST9 0000001000000000
ST10 0000010000000000
Dy, =S, 03+ So0, + Sl + Speu 1.1’ ST11 0000100000000000
ST12 0001000000000000 XIXXX 0001000000000000
ST13 0010000000000000
\ ST14 0100000000000000 //
ST15 1000000000000000 XLIUXX 000TO00000000000
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