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Progetto di una CPU — SAP1
Simple as Computer step-by-step
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.......InIzilamo con le installazioni

Logic Friday

Quartus Il v9

| software si trovano sulla cartella

“SW_Corso_FPGA”

Installazione dei seguenti software:

(free)
Logic Works 5 (free)
(student version)
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PHE FEEwQEoc®O

F1=ABC' D' +A B CD+ A BCD';

Function | Inputs | outputs | True | Fae | DC | P Gates |

FOFL 4 = 63 10,15 0,0 7 16

alslclo=>[ro[Ft|[Entered by trutheenle: ~
%10 |0 1 FO = A4 B € D+ A BC D' +A BEC D+i BECD+A4B C

T [oa 1 D' +ABC' D

LU I 1 Fi= A' B' CD+ A BCD +LBC D'

0% o0 1 1

AEArAN 1

i 1 [mnimizea:

BRI i Fo=Bc b +rc D+ BD A € oD:

1= |

Ready

Logic Friday permette di sviluppare schematicamente una funzione logica combinatoria
a partire dalla tabella della verita di n. variabili ingresso/uscita. La funzione puo essere quindi
minimizzata e convertita in schema Logico con la possibilita di scegliere il tipo di porte

logiche da utilizzare nello schema finale.
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LogicWorks

T hexfsen
.ot ssgmant

[ heitas 1
s

A [ per| [

3

LogicWorks €& un tool per lo sviluppo di circuiti elettronici interattivi a logica digitale.

Il pacchetto da la potenza, la velocita e la flessibilita per creare e testare innumerevoli
circuiti digitali direttamente sullo schermo del vostro computer.

Questo significa che si possono studiare concetti molto complessi in modo chiaro usando
la simulazione senza spendere soldi, tempo e soprattutto senza danneggiare componenti.
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€. Quartus Il - D:/Users/SYNPROJECTSAARTAMART_VHOL_91/UART_TOP - LART_TOP - [uarl_lap. vhd] i
e o - ~ . .
DGUGS  mlcfwme  H/090 D> Y0 50 B ale QUARTUS & un tool utllllzzabne
i £ @i | per effettuare, nell’ambito della
ey a— 1 T “| progettazione di circuiti digitali:
. L -~ Avalon interface signals A ) N
R e sl -+ s * Sintesi logica
-7, RoFO RO l 30 7 in sud_logies " - L
e LLd WIDE © in o etr 0 domso 0 * Simulazione digitale
L0 LT BV i A% = AIATO © ou st dogicvectar 04 doveo 0);
s UART R CORE AT CORE 5 W 4 I sid gk * Place and Route
i UART_ DX CORELATT D COFE ARl W o i s dogis _— . Lo
18] ¥ cia M ¢ Analisi delle prestazioni
mg e In questo corso verranno illustrati
o] e .. . . R
S e I 7 e e commentati i vari passi che sara
Era G| necessario compiere nel’ambito del
e ) (— : MEESlESLIG
g T flusso di progetto di circuiti digitali
- 8 scon st i | tramite Ilngu\agglo VHDL. _ _
¢ 2 » | QUARTUS é composto da diversi
e e I} tools (Compiler, Simulator, Text
Editor, etc.) ognuno dei quali serve
per una fase specifica del flusso di
} System { Pocerig | Ealo oo}, Wres Gl Warey ) Ene |, Siopesad | g ] prertto'
e A3 | |
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Finalita del corso

Apprendere le nozioni di base per la progettazione
realizzazione di una “minimalized” CPU 8bit

ed implementarla su una FPGA generica.

SAP-1

Simple as Computer 8bit -1
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Schema a blocchi di una SAP

i
A il

ouTpur Ho

~| REG. —JCLE

T

BINARY
DISPLAY

Lt WS I
K L PC . N wBLS . \
CLR . 4
;. 0
—
[
o ‘)NIAR A A
s \ [
[ N,
= RAM o 8
I 7L
CLK IR — —"
CLR}™ d M -
E .
CU i
“|_CLR
CLR
J'-' L Figure 20

1. Program Counter (PC)

2. Memory Address Registers (MAR)
3. Random Access Memory (RAM)
4. Instruction Register (IR)

5. Controller Sequencer (CU)

6. Accumulator (A)

7. Adder-Subtracter (ALU)

8. B-Registers (B)

9. Output Register

10. Binary Display
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Il Full Adder — il cuore di tutto !

Nell’architettura degli elaboratori i circuiti di tipo sommatore (e
sottrattore) rivestono un ruolo di primissimo piano, dal
momento che molte operazioni (come ad esempio la
moltiplicazione) sono ricondotte all'esecuzione ripetuta di
operazioni di addizione fra bit. Pertanto, visto che
I'operazione di somma e richiesta con una frequenza elevata,
€ necessario che il circuito sommatore sia il piu efficiente
possibile, cioe veloce nell’eseguire la computazione, il piu
robusto possibile ai disturbi esterni e soprattutto non
eccessivamente costoso.

Il pit semplice circuito realizzabile per ottenere la somma fra
due numeri ad bit si ottiene connettendo in cascata Full-
Adder, in modo che l'uscita di un Full-Adder insista
sull'ingresso del Full-Adder successivo (Ripple Carry).

L I B ) L B B )
A
B — S
Cin
CDUT
An Bn Cn-1 Sn Cn
4] 4] 4] 0 0
4] 4] 1 1 8]
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 [#] 4] 1
1 1 1 1 1
Tabella della verita del full adder
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Logic Friday

Logic Friday

File Operation Truthtable

— tavola della verita

Equation Gates View Help

DHS PREEOQ DO
Function | Inputs | Qutputs | True | False | DC | FI | aates
S-Cout £ 2 4,4 4,4 0,0 Unminimized Mot mapped
< |2
Term | A [ B [cin| == | 5 [ Cout|

ul o o o o al

1 o o 1 1 al

z o 1 o 1 al

3 o 1 1 o 1

4 1 ul o 1 al

5 1 ul 1 o 1

B 1 1 0 0 1

7 1 1 1 1 1

|D0ub|e-click an output cell to change state, or select a range and use the me
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Logic Friday

- minimizza

Ready

File ©Operation Truthtable Equation Gates Yiew Help

TA@E&S PEERQ EoDO

Function | Inputs | Qutputs | True | False | DC | PI | Gates |

S-Couk 3 z 4, ¢4 4, ¢4 0,0 Unminimized Mot mapped

a6 lcn| =>]5|cout||Entered vy truthrable:

o o 1 1 5 = A" B' Cin + A' B Cin' + A B' Cin' + A B Cin:
o1 1] 1 Cout = A' B Cin + A B' Cin + L B Cin' + A E Cin;
o 1 1 1

1 0o 0 1

1 0 1 1

1 1 0 1

11 1 1 1

Giovanni De Luca




Schema elettrico — complesso !!

Fle Operation Truthtable Equation Gates View Help
NS tEEVQ Lo®O
Function | Inputs | Outputs | True | Fabe | DC | Pt | Gates |
S-Cout 3 2 44 44 00 7 14
alB|an s | cout ~
TR 1 Factored:
010 1 S = Cin (A' B' + L B) + Cin' (L B' + &' E):
o0 1 1 Cout = L B' Cin + B (Cin (L' + A) + A Cin'):
(G 1
: i T 1 Minimized:
IR ; |3 =& B Cin' + &' B Cin' + &' B' Cin + 4 B Cin;
Cout = L B + & Cin + B Cin:
E

;

1

el

] ‘

I,

28]
11
[t3]
151

-
T
>

Qj}a—:D

i)

Dopo vari passaggi ...........

Lagic Friday

Fin Operation Trthtahln Enuation Gakns View  Help

" BEHE YR EeoES
Furetion | Ingues | Cutputs | Tras | Fabe | 0C | PL | Gaes |
S-Coul 3 z 44 44 0,0 Uneiveed Mot mepped
al® | 5 cout][Enteced by gare diagram:
oo 1 S = A* B' Cin 4+ A' B Cin' + A B' Cin' 4+ A B Cin?
o 1 o 1 (Cout = o' D Cin + A B Cin +# A D Cin' + A B Cin;
oo 1 1
10 o 1
101 1
11 o 1
1 1 1

A

2in |.

[]




Usiamo LogicWorks

T

(1]_ Gin

O

Circuito 1

Giovanni De Luca

Inseriamo i pin I/O per creare un IC

. |
cin> i J

Circuito 2
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Dopo aver creato il FA 4bit (cosa manca?)

Schema Logico
FA

Cout—

0132
456
89 A8 Cin
CDEF

FA

B
— Cin Cout——

FA

Cin Cout——

FA

"
B
Circuito 3 = schema Logico

Giovanni De Luca

Cout—

Completo ......
Schema Logico J_?E@
FA
R " s
4567 B I —
80 AB C
& S =
01273 FA
4567 s
80 AB A
COE Cin Cout —
FA
A 5
Cin Cout ——!
FA
o 5
L—Cin CTd =
Circuito 4
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Aggiungiamo I display (hex7seg)

dot

sedrent B g

hex7segy

segment

egment_1

segment 0

FA
e s
B
Cin Cout
0123 FA
4567 A
8aAB ) o
Cout——
C D E |d#— |:CH’]
hex digit 3
hen_digit
FA
A
B s
Cin Cout——
hex_digit
FA
A
B on
g

=  Schema Logico

Circuito 5
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Hex7seg.dwv

—— Hexadecimal to 7 Secmwent Decoder for LED Display

ENTITY hex7zeg IS
PORT (hex_digit
Segment
END hex7=sedq;

IN EBIT VECTOR(3 DOWNTOD O);
OUT BIT WECTOR(O TO 6));

ARCHITECTURE behavioral OF hex7seg IS
BEGIN

WITH hex_ digit SELECT
—— HEX to 7 Secmwent Decoder for LED Display

(VHDL code)

—— Hex-digit is the four kit binary wvalus to display in hexadecimal

segment <= "O000001™ WHENM foOO0o0f™,
"il001111"™ WHEN "oOooir,
To0i100i07 WHEN "ooior,
"Oo000110" WHEM "oOO11f,
Ti0011007™ WHEN "oioof,
"O1001007 WHENM foOio01f,
foi00000" WHEN "oiior,
"fo001111" WHEM "O111",
fooooooo0T WHEN fiooor,
fo0o0o0100" WHEM "io0o01t,
Tooo0i000f WHEN Tfioior,
"1li00000" WHEM "i011",
T0110001" WHEN "iio0o0f,
Tlo0o0o10T WHEM 1101t
T01i0000" WHEN Tiiior,
T01110007" WHEM "11117:
END hehavioral;
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Full Adder con porte logiche ?

Cout

TS $m
1
H
X[2] %_ 1 D— si2]
Y[2] % |
X[ i
o Ig D—si)
Y[
S g 3—|_)J D— sio]
¥[0] L
| Sl

Cin —>

X[3]

¥[3]
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Full Adder con 74283

dot
—L— — 4
= S
—
D‘J 1
c4 s
0123 111 gy
4HEET 15| g3 283 e
89AB B2 4 |10 hes_digit 3 aegment & g
CDEF Bet 5 [z hesCdigit 2 seqment_5 —
2 |t hex digit 1 sedment 4 | |
0123 121 a4 1 la_hex_digit 0 /_q—segmeni E) —
4EAET 14 a3 Segment 7 [
89A8B A2 sedment 1
CDEF 1 a1 L segment 0,
co
— hex7seg
bt |20 it SEGMENT p—

Circuito 6
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4hit ALU con.......?

—D
———1 hL

7

i
e
!

?
&

xi"\‘7
Sif
U%N
]

;

L]
T
1l
T LT_JI”
F2

il%_t” %L;
it

7 g =
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4bit ALU con 74181

dot
—l— 19
= B
—] |
— |
L
—1a
01 23 185 p3 . —{dot
456 7—215(a2 181 F3 lotzhex digit 3 seqrent B g
8940 A1 F2 il —hex digit 2 segment 8 17|
coER R F1 |10 hex d!g!t 1 seqgment 4 |
912341%053 Fo e hex digit 0 | segment 3| I_
1567 B2 segment 2 | N
A=p [14 t 1
g9 AB 22 B1 e SEeqmen
lcD Eg— 1ol ED C”“‘oﬂ segment 0|,
G
’—LCn 15
0 M ]
53 52 51 50
;— T hexTseg
bt | 230l it SEQMENT —
071 23
4567
BElAB
CDEF
Circuito 7
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Funzioni del 74181

I
Codice della | Funzioni Funzioni aritmetiche
Funzione Logiche M=0
sas2s81s0| M=1 Jcn=1 Cn=0
0 0 0 O A A A+
00 0 1 A+B A+B (A+B)+1
00 10 AB A+B (A+B)+1
00 1 1 0 -1 0
0100 AB A+AB A+AB +1
0 1 0 1 B (A+B) +AB (A+B)+AB + 1
01 10 A@ B A-B-1 A-B
01 1 1 AB AB - 1 AB
1000 A+B A+AB A+AB +1
1 0 0 1 A® B A+B A+B+1
101 0 B (A+B)+AB (A+B)+AB +1
1.0 1 1 AB AB-1 AB
11 00 1 A+ A A+A+1
11 0 1 A+B (A+B)+A (A+B)+A+1
111 0 A+B (A+B)+A (A+B)+A+1
11 1 1 A A-1 A

Giovanni De Luca

Introduciamo i registri 8bit

Dl 4l AQEQAS ;3 o 13
456 7] 5 oBf A2 181 B3
L ¢ ot T
D ap
0lz3 e eEfZ q 82 FO |2 Vee
el ol Ll F GF[D gf A= 12
e 15 5 Soha 14 B0 L)
74" Stz
7
Cn
oLk M Plets
1- 535251 50 =
IR, s
0 j 2A0 B0 [
1- Logico 4:12 g; 15 El
0" Aritmetico &|A3 B3I L
1 Caryin :é gé :
- 1 [
A6 BE ]
= AT BT O
- 245
ERN
LNy jAQEOAZ ol a3 ,
$567 B 0B Bz qgq F3pld o
B9AB He  ach 24 A1 F2 el
CDEF 2o ook 29 40 £l 1-
grr . U
3348 il F o B he 224 B fe=ili
e
CDEF R e 1d 80 [z
374 I e
CLK [ Flet®
535281 S
1- 1 Eil q
a
7123
4567
BEA B
A . CDEF
Circuito 7a
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Full Adder 4bit in VHDL (data flow)
WHDL code
fulladder
] a .
Y - b oo
& D E Ii—
fulladder
e 5
tin cout——
fulladder
5 s
’7“” cout ——
3 15 g § fulladder [E]
a0 AR a R "
CDER Ein cout——
I YHOL code
Circuito 5 -

Giovanni De Luca

Full Adder in VHDL (data flow)

library ieee;
uze ieee.std logic 1l164.al1l:

entity fulllidder is
port{ A, B, Cin: in =2td logic;
3, Cout: out =td logiec):?
end fullidder:;

architecture falrch of fulllidder is
begin
3 <= A ®or B xor Cin:
Cout <= (A and B) or [[(L xor B) and Cin):

end falrch:
A —
DD
Cin

out

Giovanni De Luca




Progettiamo una ALU 8bit

Operando

EES
M 3= & k3
T

AL

RS

=3 o n =
I= kM 3= b D on =0 @ o
)

z:jﬂmﬂ
FEFEEEEE

&
]
m
-

Operando B

Funzione

Circuito 8

oo o
m = =
maleaEE

:

S
(=R}
m 1= &
b

A

]
b r

ap
simple_alu

—d
seqment 6 |,
segment §
segment 4|
seqgment 3

anpmen 2| 1)
segment 1|
sedment 0 3

hex7seg

hex_digit SEOME N} —

— dot
seqment f g
segment 5 |

segrent 4
seqment 3
segment 2|

segment 1|
hex7seg seqment 0|,

hex_digit SEQME N j—

Giovanni De Luca

ALU, Quali funzioni ?

—-— oo
-- 01
-— 0z
-— 03

-—- 04
-— o5
-— 08
-— o7

-— o0&
-— o9
—-— D4
-— OE

-— oc
—-— oD

SOorna
Fottrazione
incr

decr

NOT R1

AND R1 RZ
OF. Rl RZ
HOR gate

shift left logic
shift right logic
rotate left logic
rotate right logic

regd = regl
regs reg

—— other null =zero
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Descriviamo una ALU in VHDL (1)

-— Simple alu.dwv --
library IEEE;

use IEEE.STD_LOGIC 1164.ALL:
use IEEE.NUMERIC 3TD.ALL;

encity simple_alu is

port (&, B : in signed (7 downto O): —— input operands
Op : in unsignedi3 downto 0); —-— Dperation to be performed
B : out signed (7 downto O0) —-— output of ALT

1
end simple alwu;

architecture EBehavioral of simple_alu is

——temporary signal declaration.
signal Regl : signed|? downto 0)
signal Fegz : signed|7 downto 0)
gignal Fegd : sighed(|7 downto 0)

[others == '0');
[others => '0');
[others => '0');

begin
Regl <= A4;
Regé <= B;
R <= Regd;

Giovanni De Luca

ALU in VHDL (2)

alu:process(op, Regl, Regl)

begin
case Op is
when "O0000"™ => Regd <= Regl + Regd: --— 00 somms
when "0001" => Begd <= Regl - BRegl: -- 01 sottrazione
when "0010"™ => Regd <= Regl + 1: —-— 02 incr
when "0011" => Regd <= Regl - 1: —-— 03 decr
when "0100" => Reg3 <= not Regl:; -— 04 NOT Rl
when "0101" => Reg3 <= Regl and FegzZ:-- 05 LND E1 RZ
when "0110" => Regd <= Regl or Regi; -- 08 OR ER1 RZ

when "0111" => Regd <= Regl xor Regi;-- 07 ZOR gate

when "10007 => Regd <= Regl s11 1: —-— 08 shifrt lefrt logic
when "1001" => Regd <= Regl srl 1: —— 09 =shift right logic
when "10107" => Regd <= Regl rol 1: —— 0L rotate left logic
when "1011" =:> Regd <= Regl ror 1: —— OB rotate right logic
when "11007" =:> Regd <= Regl: —-— 0C regi = regl

when "1101"™ => Regd <= Regld: —-— 0D regi = redgs

when others => Regd <="00000000; —— null

end case;
end process;

end Behavioral:

Giovanni De Luca




ALU con reqistri e display

W7 z3 47
4567 — 48
g 988 —03 —fdot
cDEFl— d4 seqment 6|4
U1z 3——a-2
4567 —12
89D d 1 seagment 2
coEg—dl
segment 0 f,
|I|4 ; é ? 5 hex7seg
89A8 hex_digit segment p—
CDEF
01 2a—42 i
44587 segment B | 5
894A8)
coeEg—d0 cegment 4
“"k q segment 3
segment 2|
Lreg_logic | =zegment 1 |
48 reg_logic | hex7seg seoment 0|,
_l—h r _ hex_digit SEGMENT f—
T 3 clk K e
g gié reg_logic simple_alu
cpEFl—00
clk a
T2 3 . reg_logic
4587
5§ A pl—binare in 1 decoder out 2
CDEF i i decoder_out 1
decoder_out 0
éﬁ decoder_using_case
 E— bmahr"y_m decoder_out
T nabl
- Circuito 9

Giovanni De Luca

Registri in VHDL

-— registerdS.dww —--

libhrary ieee:;
use ieee.std logic 1164.all;
entity reg logic is
port [ d i in std logic wector (7 downto 0O);
clk @ in =td logic:
o i out =td logic vector (7 downto 0O)
1:

end rey logic:

architecture r example of reg logic is

hegin
process (clk)l begin
if (elk'ewvent and clk = '1') then
g <= d;
end if:

end process:
end r example:

Giovanni De Luca




Aggiungiamo il Decoder

seament 6| 5

segment 3
seament 0 |,
hex7seg
hex_digit SEUMENT p—
— dot
sedmen 1,
2Qmen
2Qmen
u”‘ 9 s80men
EOnern
reg logic egrment 1
g9.cg hex7seg seament 0
" hes_digit SEYIMENT p—
Clk f
reg logic
d
clk a
TTH3 reg_logic
g g gg binary in 1 decader out J
CDEF decoder_oui 1

decoder_oui

LE decoder_using_case
bi n

il
. nahle decoder_out

Circuito 10
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Decoder in VHDL

likhrary ieee;
use ieee.std logic_1164.all;

entity decoder using case is

port
enable rin std logic - Enable for the decoder
binary in rin std_logic_wector (2 downto 0); —- 4-hit Input
decoder_out :out std logic_wvector (7 downto O) -— 1l&-hit Cutput

1:
end enticy;

architecture bh of decoder_using case is
hbegin

process (ensble, binary in)

begin
decoder_out <= E"00";
if (enable = '1'] then
case (binary_in) is
when "OO0" = decoder out <= X"017:
when "001" => decoder_out <= E"0Z";
when "O010" = decoder out <= E"04";
when "O11" =+ decoder_out <= X"05":
when "100" = decoder out <= E"10";
when "101" => decoder_out <= X"z0":
when "110" => decoder_out <= E"40";
when "111" =:> decoder_out <= X"80":
when others =» decoder_out <= X"00";
end case;
end if;
end process;
end bh:

Giovanni D a




Program Counter e Micro-codice

ok . 3=0p
regOUT
- reg_logic e hexseq
"R lreg_logic Ik
- B q hex_digit sagment

— .

‘ hex7seg
dacoder_ou bex_dgt rt
desadsr e ] s ex_tig segmen
decoder_ouw )

decoder_using_case
— [y in decoder_our

e D

Binary display data

Program courter

countd

hicrocode ROM
rom

data -2 i

=t dout

Circuito 11

Giovanni
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PC -in VHDL

lihrary IEEE:
use IEEE.std logic
use IEEE.std logic

- 1164.all;
_arith.all;

entity countd i=
port{ CLE : in
RET in
nouT out

)z
end countd;

std logic:
std logic:

std_ logic wector (7 downto 0]

architecture archl of countd is

hegin

clk _proc : process(CLE, R3T

wvarishle count

hegin

if (rst = '1')

count =

count =
end if;

DOoUT <=
end process
end archl:

: unsigned(? downto 0) := unsighned(™000000007) 2

then

rogoooooor;
elsif clk'event AND CLE =
count + 1;

'1' then

std logic wvector (count]:
clk proc:

Giovanni

uca



Micro-codice (ROM) in VHDL (1

library
use
use
use

ieee;

ieee.ztd logic_1164.al11:
ieee.std logic arith.all:
ieee.std_logic_unsigned.all;

enticy rom is
port [ ce iin std_logic; —— Chip Enakble
address :in std logic wector (3 downto 0); —- Address input
data tout std_logic wector (15 downto 0) -- Data output

)z
end entitcy:
architecture behavior of rom i=s

Microcodice (ROM) in VHDL (2)

begin
process (ce, address) begin
if (ee = '1l') then

case (address) is

= Hellx

- - 21010

when =r data <= "O00OOOO11™ & -- MOP 0300 NOP load zero dalla rom
when => data <= "00DOOD1111i"™ & -- MOV out,0 OF00 NOP

when ="z =2 datsa <= "00000011™ & x"OO™; -- LDI regk,0 0300 Load immediace Zero Su Eegl
when =x"3" =» data <= "00000111"™ & =x"0O0O": -- LDI regE,0 0700 Load immediate zero su regh
when ="4" =3> data <= "O0O001011"™ & ="0O0O"; —— ALDD regl,regB OEDO0 Somma regl con regl

when x"5" => data <= "00000001™ & x"00O": -- LDR regh,inpl 0100 Load regh con inpl

when x"g" => data <= "00000110™ & x"0O"; -- LDE regE, inpE 0600 load regE con inpE

when x"7" => data <= "00001100" & -- MOV out, hoco 0C00 Muowi ACC su display

when x"g" =» data <= "O00000O0OT™ & —-— LDR reghk, ice 0000 Load regld con ACC

when x" =r data <= "00001011" & -— INC regh 0BOZ Incrementa regh

when x=" => data <= "00000000" & -- LDR regl, icc 0000 Load regl con ACC

when x" => data <= "00001011" & -— INC regk 0BOZ Increments regh

when x"C" => data <= "00000000" & x"0O0: -- LDI regl, ioo 0000 Load regh con ACC

when =x"D" =» data <= "00001011" & =x"OB": -- ROR regl 0OBEODOE Ruota & destra LCOC

when x"E" =>» data <= "00001100" & x"00"; -- MOV out, hoo 0CO0 Muowi ACC su display

when x"F" => data <= "11000000" & x"0OO"; -- END C000 Fine del programma

when others =» data <= x"CO00";

end case;

else

data<=x"C000";

if;

process:
architecture;
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Contatore 0..23

library ieee:
use ieee.std logic 11l64.all:
use ieee.std logic arith.all:

entity cnt 0 to 23 is
port{ clk:in std logic:
wector:out std_logic_wector (4 downto 0));
end cnt_0_to_2Z3;

architecture cnt_behavior of cnt 0 to 23 is
hegin
process(clk)

variskbhle cnt @ unsigned(d downto 0) := unsigned("00000™)
hegin
if(clk'event and clk = '1') then
if(ent = "10111")then
cnt 1= tOoooor;
else
cnt = cnt + 1;
end if;
end if;

wector <= 3TD LOGIC VECTOR(cnt) !
end process;
end cnt kehavior:
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Contatore 0..59

library ieee:
use ieee.std logic 1164.all;
use ieee.std logic_arith.all:

entity cnt_0_to_ 59 is
port{ clk:in std_logic;
ch9:out std_logic;
vector:out std logic_wvector (5 downto 0));
end ent_0 _to_59;

architecture cnt_hehavior of cnt_0_to_ 55 is

hegin
process(clk)
varisble cnt @ unsighned(S downto 0) = unsigned("0000007) ;
hbegin
if(clk'event and clk = '1')] then
ifient = "111011™)then
cnt = "O00000";
c59<='1";
elze
cnt = cnt + 1;
c59<='0"';
end if;
end if;

weotor <= STD_LOGIC_UECTOR{cnt]:
end process;
end cnt_behavior:
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Altre entita ed architetture
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Counter up/down

library ieee:
use IEEE.std logic_1l1l64.all:
use IEEE.numeric_std.all;

entity up down counter is

port |
cout rout std logic wector (7 downto 0):-- Cutput of the counter
up_down :in  std_logic; —-- up_down control for counter
clk iin std_ logic; —= Input clock
reset rin std logic —— Input reset

)z

end entity;

architecture rtl of up_down counter is
signal count :std_ logic wvector (7 downto 0O):

begin
process (clk, reset] begin
if (reset = '1l'] then
count <= [others=:'0');
else
wait until [(clk'ewvent and clk = '1');
if (up_down = '1') then
count <= count + 1;
else
count <= count - 1;
end if;
end if:

end process;
cout <= count;
end architecture;
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Encoder priority

lihrary IEEE;
use IEEE.3TD LOGIC 1164.ALL;

entity ENCT i=
port (DIN : in std logic wvector (& downto O);
DOUT : out =ztd logic wvector (2 downto O0));
end ENC7:

architeccure Archl of ENCTY i=

hegin

process [(DIN)

begin

DoOUT <= "ooo'r;

if DIN(O)='1' then DOUT<="001"; end if;
if DIN{1)='1' then DOUT<="010"; end if;
if DIN{zZ)='1' then DOUT<="011"; end if:;
if DIN(3)='1' then DOUT<="100"; end if;
if DIN{4)='1' then DOUT<="101"; end if:;
if DIN(S5)='1'" then DOUT<="110"; end if;
if DIN{e)='1' then DOUT<="111"; end if;

end process:

end Archl;
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Finite state machine (1)

libhrary ieee ;
use ieee.std_logic_1164.all;

entity seq design is
pnrt(a? in std_logic:
clock: in std logic;
reset: in std_ logic;
X out std logic wvector (3 downto O]
1:
end seq_design:

architecture F3M of seq design is

—-- define the states of FEM model
type state type is (30, 51, 32, 33):
zignal next_state, current_state: state_Lype;

hegin

-- COCUCrent process#l: state registers —-
state_reg: process(clock, reset)
hegin

if (reset='1') then
current_state <= 30;
elsif (clock'event and clock='1') then
current state <= next state;
end if;

end process;

FSM (2)

—-- cocurrent processH§2: combinational logic -—-—
cowh_logic: process(current state, a
begin

—— use case Statement to show the state transistion —-

CASE CUrCEent_State is

when 50 =» x <= "0000";:
if a='0' then
next_state <= S0;

elsif a ='1' then
next_state <= S1i;
end if:

when 31 => x <= "0001'";
if a='0' then
next_state <= 51i;

elsif a='1' then
next_state <= SZ;
end if;

when 32 => x <= "0010'";
if a='0' then
next_state <= 52
elsif a='1' then
next_state <= 53;
end if;

when 33 =» x <= "0O011"
if a='0' then
next_state <= §3;
elsif a='1' then
next_state <= 507
end if:

when others =»
x <= "0000";
next_state <= S0;

end case:
end process:
end F3H:




