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Processes otn VHDL

o [lepiypa@ouv akoAouBiakn ocuuTTEPIPOPA

« EmTpETTOUV TOV OPICUO CUUTTEPIPOPAC TTOU
avaTtrapioTaral QUOKOAQ ATTO TTPAYMATIKO KUKAWUA

« Agv gival TTAVTa OUVOECIUEC

e XpnolyoTtrolouvTal ME TTPOCOXNA 0€ KWOIKA OTOV OTToio Ba
Yivel ouvBeon



AvaTtouia piag Process

OPTIONAL

N

[label:] PROCESS [(sensitivity list)]
[declaration pari]
BEGIN

statement part
END PROCESS [label];



PROCESS pe SENSITIVITY LIST

« AioTta atro signals oTa

OTTOia €ival sensitive n o
process. label: process*(sensitivity list)

« OTaV TPAYUATOTIOIETAl declaration part
éva event og otroiodNTroTeE  begin
ATTO AUTA N Process statement par[

EVEPYOTTOIEITAL.

e Kabe @opd 1TOU
EVEPYOTTOIEITAI, TPEXEI
oAOKANPN.

end process;

[MapadeiypaTa events:
IF Clock'EVENT



Flip flops & Registers

D Latch

D flip flop
Asynchronous reset
Synchronous reset

Registers

Generic Registers



D latch
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D flip-flop

Graphical symbol
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D latch
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LIBRARY ieee ;
USE ileee.std logic 1l1l64.all ;
ENTITY latch IS PORT (
D, Clock : IN STD LOGIC;
0 : OUT STD LOGIC);
END latch;
ARCHITECTURE behavioral OF latch IS
BEGIN
PROCESS (D, Clock)
BEGIN
IF Clock =
Q <= D ;
END IF
END PROCESS ;

END behavioral;

'l' THEN



D flip-flop

Timing diagram

ty ty t
\ 1 |

LIBRARY ieee ; Clock
USE ileee.std logic 1164.all ; D |
ENTITY flipflop IS Q
PORT (D, Clock : IN STD LOGIC;
Q : OUT STD LOGIC);

END flipflop;

ARCHITECTURE behavioral OF flipflop IS
BEGIN
PROCESS (Clock)

BEGIN
IF Clock'EVENT AND Clock = 'l' THEN
-- IF rising edge(Clock) THEN
Q <= D ;
END IF ;

END PROCESS ;
END behavioral ;

—> Clock




D flip-flop

LIBRARY ieee ;

USE ileee.std logic 1lo4.all ;
—p

ENTITY flipflop IS Q

PORT (D, Clock : IN STD LOGIC ;

—_— >
0 . OUT STD LOGIC) ; Clock

END flipflop ;

ARCHITECTURE behavioral3 OF flipflop IS
BEGIN
PROCESS
BEGIN
WAIT UNTIL rising edge(Clock) ;
Q <= D ;
END PROCESS ;

END behavioral3 ;



D flip-flop & reset

To onua reset unoeviCer v €€ooo tov flip flop
Y ndpyovv ovo glom reset

e 20YYPOVO

* AcVUyypovo

D Q
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D flip-flop pe acvyypovo reset

LIBRARY ieee ;
USE leee.std logic 1lo64.all ;

ENTITY flipflop ar IS —1D Q
PORT (D, Resetn, Clock : IN STD LOGIC ;

Q : OUT STD LOGIC); —> Clock
END flipflop ar ; Resetn

]

ARCHITECTURE behavioral OF flipflop ar IS
BEGIN
PROCESS (Resetn, Clock)
BEGIN
IF Resetn = '0' THEN
Q<= "'0";
ELSIF Clock'EVENT AND Clock = 'l' THEN
Q <= Dy
END IEF;
END PROCESS;

END behavioral;



D flip-flop ne ovyypovo reset

LIBRARY ieee ;
USE ieee.std logic 1164.all ;
ENTITY flipflop sr IS PORT (
D, Resetn, Clock : IN GSTD LOGIC;
Q : OUT STD LOGIC) ;
END flipflop sr;

ARCHITECTURE behavioral OF flipflop sr IS
BEGIN
PROCESS (Clock)

BEGIN
IF rising edge (Clock) THEN
IF Resetn = '0' THEN
Q<= "'0";
ELSE
Q <= D;
END IF;
END IEF7;

END PROCESS;
END behavioral;

— D Q

—> Clock

Resetn

]



Asychronous vs. Synchronous

210 IF:
* Asynchronous items:

* [piv 1o rising_edge(Clock)

e Synchronous items:

 Meta 1o rising_edge(Clock) statement

ARCHITECTURE behav OF ff ar IS

BEGIN

PROCESS (Resetn, Clock)

BEGIN
IF Resetn = '0' THEN
Q<= "'0"';
ELSIF rising edge (Clock) THEN
Q <= Dy
END IF;

END PROCESS;
END behavioral;

ARCHITECTURE behav OF ff sr IS
BEGIN
PROCESS (Clock)
BEGIN
IF rising edge (Clock) THEN
IF Resetn = '0' THEN
Q<= "'0";
ELSE
Q <= D;
END IF;
END IF;
END PROCESS;

END behavioral;



8-bit register pe reset (L

LIBRARY ieee ; 8 Resetn | 8

USE ileee.std logic 1164.all ;
~ - —f—D -

ENTITY reg8 IS PORT (

D : IN STD LOGIC VECTOR (7 DOWNTO O0);
Resetn, Clock : IN STD LOGIC; —>Clock
o) : OUT STD LOGIC VECTOR (7 DOWNTO O0));
END reg$; reg8

ARCHITECTURE behavioral OF reg8 IS

BEGIN

PROCESS (Resetn, Clock)
BEGIN
IF Resetn = 'O' THEN

Q <= "00000000";
ELSIF rising edge (Clock) THEN
Q <= Dy
END IF;
END PROCESS;
END behavioral;

PoAd1 ue trepiodo 100 ns

Tn xpovik oTiyun 0 Kdvw reset

21a 0 ns Balw otnv gicodo 10101010
21a 100 ns Balw otnv gicodo 01010101
21a 150 ns kavw reset=0.

Moieg Ba €ival o1 TINES TNG £COd0U;



Generics

Eival integer TiuEC
[Maipvouv pia default Tiun
GENERIC (N : INTEGER :=16) ;

H Tiyn auTtn UTropei va yivel overwritten étav n
entity xpnoiyoTtroligital cav component
Eival xpnoiya o€ ouxva XpnoigoTroiouheva component
« 'Evacg 32-bit register og eva anueio kal Evag 16-bit
register o€ Eva aAAo

* MtTopouue va XpNOIUOTTOINOOUUE TOV idI0 KWOIKA, UE
OIAPOPETIKA dIAPOPPWON



N-bit register with reset

LIBRARY ieee;
USE 1leee.std logic 1164.all;

ENTITY regn IS

GENERIC (N: INTEGER := 16);
PORT (D : IN STD LOGIC VECTOR(N-1 DOWNTO O) ;
Resetn, Clock : IN STD LOGIC ;
Q : OUT STD LOGIC VECTOR(N-1 DOWNTO 0)) ;
END regn;
ARCHITECTURE behavioral OF regn IS
BEGIN
PROCESS (Resetn, Clock) N N
BEGIN Resetn

IF Resetn = '0' THEN —7L———*D Q-7L——*

Q <= (OTHERS => '0') ;
ELSIF rising edge (Clock) THEN

Q <= D ; ——>Clock
END IF ;
END PROCESS ; regn

END behavioral ;

Q: Ti reset £xoupue, oUYXPOVO ) AOUYXPOVO;



N-bit register with enable

LIBRARY ieee; OTtav 10 enable civau:
USE leee.std logic 1164.all; e O-H é§O60g HéVEl O'Taeﬁpr’]
ENTITY regne IS « 1: Asitoupyei Kavovika
GENERIC (N : INTEGER := 8);
PORT (
D : IN STD LOGIC VECTOR(N-1 DOWNTO O0);
Enable, Clock : IN STD LOGIC;
Q : OUT STD LOGIC VECTOR(N-1 DOWNTO 0)) ;
END regne;
ARCHITECTURE behavioral OF regne IS l
BEGIN N Enable | N
PROCESS (Clock) 7;,]) 0 // >
BEGIN
IF rising edge (Clock) THEN
IF Enable = 'l' THEN S Clock
Q <=D ;
END IEF7; regn
END IEF7;

END PROCESS;
END behavioral;



2-bit up-counter pe clear

LIBRARY ieee ;
USE ieee.std logic 1l64.all ;

USE ieee.std logic_unsigned.all ; Clear %
ENTITY upcount IS PORT ( 1
Clear, Clock: IN STD LOGIC;
o) : OUT STD LOGIC VECTOR(1 DOWNTO 0)) ; upcount
END upcount;
——NClock
ARCHITECTURE behavioral OF upcount IS
SIGNAL Count: std logic_vector (1 DOWNTO O0) ;
BEGIN
upcount: PROCESS (Clock)
BEGIN
IF rising edge(Clock) THEN
IF Clear = 'l' THEN
Count <= "00" ; Q1: Ti clear €xoupe, oUyXpPOVO 1] aOUYXPOVO;
Eziﬁn £ <= Count + 1 ; Q2: MNola akoAouBia guavieTal oTnv £¢0d0;
END LF Q3: Ti1 TPETTEI VO KAVOUE YIO VA EEKIVAOEI
ENDIF; va AEITOUPYEI;
END PROCESS;
Q <= Count; Q4: Ti Ba £mrpeTre va aAAACOUPE OTOV KWAIKA

END behavioral; av BEAape va JeTpAEl avaTroda;



3-bit up counter pe ppo 3

@£ANoupue va UNOTTOINOOUME KUKAWMPA TTOU VO PMETPAEI WG EENC:
000, 011, 110, 001, 100, 111, 010, 101, 000...

ENTITY count IS PORT (

Clear, Clock: IN STD LOGIC;

Q : OUT STD LOGIC VECTOR (2 DOWNTO 0))
END upcount;

T1 e10000uUG Ba £xel;

T1 €€6d0uc;
ARCHITECTURE behavioral OF upcount IS
SIGNAL Count: std logic vector (2 DOWNTO O0) ;
BEGIN
PROCESS (Clock)
3 BEGIN
Clear L
Q—— IF rising edge (Clock) THEN
IF Clear = 'l' THEN
count Count <= "000" ;
ELSE
»»Clock Count <= Count + 3 ;
END IF ;
END IF;

END PROCESS;
Q <= Count;
END behavioral;



3-bit up/down counter with clear

@€ANoupE va UNOTTOINOOUME KUKAWMPA TTOU JTTOPEI VA JETPAEI KAl TTPOC TA TTAVW KAl
TTPOG TA KATW.

ENTITY count IS PORT (

TI&OOﬁOUQ(ﬂ]SXﬂ, Clear, Clock, U _D: IN STD LOGIC;
Q : OUT STD LOGIC VECTOR (2 DOWNTO 0));
T1 €€6d0uc; END count;

ARCHITECTURE behavioral OF count IS
SIGNAL Count: std logic vector (2 DOWNTO O0) ;

BEGIN
PROCESS (Clock)
BEGIN
IF rising edge (Clock) THEN
IF Clear = '1l' THEN

Count <= "000";
ELSTIF U_D = ‘1’ THEN

Clear :I; Count <= Count + 1;
— u d QF—F— ELSE
u_ Count <= Count - 1;
count END IF ;
END IF;
END PROCESS;
>CIOCk QO <= Count;

END behavioral;



PROCESS (Clock) 3-bit up/down counter with clear

BEGIN
IF rising edge(Clock) THEN
IF Clear = 'l' THEN Count <= "000";
ELSIF U D = ‘17 THEN Count <= Count + 1;

ELSE Count <= Count - 1; , , , . , .
° - Q1: MNati oTa TPWTA 100 ps To OAPG ££650U gival KOKKIVO;

END IF;
END IF; Q2: Nari n €¢0do¢ ueEvel yia duo KUkAoug aTo 0;
END PROCESS; ]
0 <= Count; Q3: Pixvw 10 ofua u_d oto 1400. MNaTi n £€£€0d0¢

QUCAVEI yIa Eva KUKAO Kal HETA apXilel va PEIWVETAL;

“ CERRA g e F wplAHRAL BPAB-T TN J fOf 7| & J Lajout Simalate vl
TGES JECE R L C LR TR S
1g| Wiave ' ' = %

o S N6 S |_|
1N mmmm 00
VTR oot @@@E@:ﬁ@.:

Cursor 1




4-bit up-counter ug acVYYPOvo reset

LIBRARY ieee ;
USE ileee.std logic 1l1l64.all ;
USE ieee.std logic_unsigned.all ;
ENTITY upcount ar IS

PORT (Clock, Resetn, Enable : IN STD LOGIC ;

Q : OUT STD LOGIC VECTOR (3 DOWNTO 0)) ;

END upcount ar;
ARCHITECTURE behavioral OF upcount ar IS

SIGNAL Count : STD LOGIC_ VECTOR (3 DOWNTO 0) ;

BEGIN
PROCESS (Clock, Resetn) l
BEGIN
1
IF Resetn = '0' THEN Enable 4

Count <= "0000"; o——

ELSIF rising edge (Clock) THEN

IF Enable = 'l' THEN ——> Clock
Count <= Count + 1; upcount
Resetn
END IF;
END IF; T
END PROCESS;
Q <= Count;

END behavioral;



T1 KUKAWMQO €lval auTo;

use ieee.std logic_1164.all;
use ieee.std logic_unsigned.all;

entity up down_counter is

port (
cout :out std logic_vector (7 downto 0);
up down :in std logic;
clk :in std_logic;
reset :in std_logic
) ;
end entity;

architecture rtl of up down counter is
signal count :std logic_vector (7 downto 0);
begin
process (clk, reset) begin
if (reset = 'l') then
count <= (others=>'0");
elsif (rising_edge(clk)) then
if (up down = 'l') then
count <= count + 1;
else
count <= count - 1;
end if;
end if;
end process;
cout <= count;
end architecture;



Shift register

Q(3) Q(2) Q(1) Q(0)
Sin
D 0O D O D O D Q
> > > >
Clock
Enable

Q1: Ndéool kukAol xpeidlovTal yia va eoptwbouv Ta flip flop;

Q2: Ti Tiun TTpETTEl va €XEl To enable;
Q3: OewpnoTe TIC aKOAOUBEC TINEC Yia TIC e106d0ou¢ Sin, Enable.

Sin: 11010101010
En : 11101011010

[Moieg o1 £¢odol Twv flip flop yia autoug Toug 11 KUKAOUG
Ocwpnorte ot 1a flip flop éxouv apxikd Tnv TIPA 0.



Shift Register pe TapaAANAn @opTION

——j:
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Shift Register ye TapaAANAn @opTION

—_—1
Q: OewpnoTe OTI __|o ]

apxIka ol TiuéEG Twv flip flop

givair 0

ol £|006’0| D(3:O)’ EXOUV OAeG ond 0

oT1aBepd TNV TIPA 1 ' 1

OewWPAOTE AKOMN TIC o D(2) D(1) D(0)

aKOAOUBEC TIPEC yia Ta Sin, - _l« —|~ J«

Enable, Load. D 0 D 0 D 0 D 0
Sin: 11010101010 s 4 P P p
En : 11101011010
ILd : 10110101011

Enable
0 (3) 0(2) (1) 0 (0)

Moieg o1 £codol Twv flip flop yia autoug Toug 11 KUKAOUG



Shift RegiSter IJg 'I'I'(]f\f’\:x XV\X’V‘\ fnr’\r\-r|,‘-’n
ARCHITECTURE behavioral OF shift4 IS EIVGI OAG KGAG;

SIGNAL Qt STD_LOGIC_VECTOR(3 DOWNTC vy,
BEGIN Load ’
PROCESS (Clock) o) | 1 1
BEGIN i D(2) D(1) D(0)
IF rising edge (Clock) THEN J‘ J‘ I
IF Load = '1l' THEN b 0 D0 D 0 D 0
Qt <= D ;
ELSIF Enable = ‘1’ THEN Clock 4 « > a
Qt (0) <= Qt(1);
Qt (1) <= Qt(2);
Qt (2) <= Qt(3); S
Qt (3) <= Sin;
END IF ; Q(3) Q‘(Z) erl) Q‘EO)
END IF ; .
END PROCESS; LIBRARY 1eee ;
0 <= Ot; USE 1leee.std logic 11lo64.all ;

END behavioral;

4 Enable 4

II D Q —/—V
Load
Sin

shift4

> Clock

ENTITY shift4 IS PORT (

D: IN
Enable: IN STD LOGIC;
Load: IN STD LOGIC;
Sin: IN STD LOGIC;
Clock: IN STD LOGIC;
Q: ouT

END shift4;

STD LOGIC VECTOR (3 DOWNTO O0) ;

STD LOGIC VECTOR (3 DOWNTO O0));



Shift Register pe TapaAAnAn eopTion

LIBRARY ieee ;
USE ieee.std logic 1l64.all ;

ENTITY shiftn IS
GENERIC ( N : INTEGER := 8 ) ;
PORT ( D : IN STD LOGIC VECTOR(N-1 DOWNTO 0) ;
Enable : IN  STD LOGIC ;

Load : IN  STD LOGIC ;
Sin : IN  STD LOGIC ;
Clock : IN  STD LOGIC ;
0 : OUT STD LOGIC VECTOR(N-1 DOWNTO 0) ) ;

END shiftn ;

N Enable N
—/—P'D Q ,’ >

——— Load
— Sin

—>|> Clock

shiftn




Shift Register pe TapaAAnAn eopTion

ARCHITECTURE behavioral OF shiftn IS

SIGNAL Qt: STD LOGIC_ VECTOR (N-1 DOWNTO O0) ;

BEGIN
PROCESS (Clock)
BEGIN
IF rising edge (Clock) THEN
IF Load = '1l' THEN
Qt <= D ;
ELSIF Enable = ‘1’ THEN

Genbits: FOR i IN 0 TO N-2 LOOP
Qt (i) <= Qt(i+l1l) ;
END LOOP ;
Qt (N-1) <= Sin ;
END IF;
END TIF ;
END PROCESS ;
Q <= 0t;
END behavioral;

N Enable
—1p ol——
— Load
—Sin
shiftn

—>|> Clock




MNapadeiypa "ouvOeTNG” povadag
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N-bit register with enable

LIBRARY ieee ;
USE ieee.std logic 11l64.all ;

ENTITY regn IS

GENERIC ( N INTEGER := 8 ) ;
PORT ( D : IN
Enable, Clock IN
Q : OUT
END regn ;

ARCHITECTURE Behavior OF regn IS
BEGIN

PROCESS (Clock)
BEGIN
IF (Clock'EVENT AND Clock
IF Enable = '1l' THEN
Q <= D ;
END IF ;
END IF;

END PROCESS ;
END Behavior ;

= '1l"'" ) THEN

STD LOGIC VECTOR (N-1 DOWNTO 0)
STD
STD LOGIC VECTOR (N-1 DOWNTO 0)

LOGIC ;

Enable

>Clock

.
4

regn

N Z



Structural description — example (1

COMPONENT mux2tol PORT (
w0, wl, s: IN STD LOGIC;
f: OUT STD_LOGIC); En

END COMPONENT ;

. s(0)
LIBRARY 1eee ;

USE ieee.std logic 11l64.all ;

r{0) —

ENTITY priority resolver IS PORT ( r(1) ——
r: IN STD LOGIC VECTOR (5 DOWNTO 0); e an |, Enab
s: IN STD LOGIC VECTOR (1 DOWNTO O0) ; (2) W, 4 I B EE t(3)
. T . (2 7 L
clk: IN STD LOGIC; (3) pa i, Ve |0 Yl JT
en: IN STD LOGIC; W, z ¥ - e
t: OUT STD LOGIC VECTOR (3 DOWNTO 0)) ; r(4) o(3) priority En ¥ 2N ")
Lo — . 01z(0) t(0)
END priority resolver; 15 dec2tod regne
ARCHITECTURE structural OF priority resolver IS{} Clock
SIGNAL p : STD LOGIC VECTOR (3 DOWNTO 0) ; COMPONENT ority PORT ck B
SIGNAL q : STD LOGIC VECTOR (1 DOWNTO 0) ; " proority
SIGNAL =z : STD LOGIC_VECTOR (3 DOWNTO 0) ; w: IN STD_LOGIC_VECTOR(3 DOWNTO 0);
SIGNAL ena : STD LOGIC ; y: OUT STD LOGIC VECTOR (1 DOWNTO O0);
BEGIN z: OUT STD LOGIC);
p(l) <= r(2); END COMPONENT;
p(2) <= r(3);
ul: mux2tol PORT MAP COMPONENT dec2tod PORT
(wO => r(0), wl => r(l), s => s(0), £ => p(0)); eceto (
(wO => r(4), wl => r(5), s => s(l), £ => p(3)); En: IN STD LOGIC;
u3: priority PORT MAP y: OUT STD LOGIC VECTOR (3 DOWNTO 0));
(w =>p, y =>q, z =>ena); END COMPONENT ;
ud: dec2tod4 PORT MAP
(w => q, En => ena, y => z); COMPONENT regn GENERIC (N: INTEGER := 8);
u5: regn GENERIC MAP (N => 4) PORT MAP PORT (D: IN STD LOGIC VECTOR (N-1 DOWNTO 0);
(D => z, Enable => En, Clock => Clk, Q => t); Enable, Clock: IN STD_LOGIC;

END 1;
structura Q: OUT STD LOGIC VECTOR (N-1 DOWNTO 0));

END COMPONENT ;



[Mapadeiyua ROM

LIBRARY ieee;
USE ieee.std logic 1164.all;
USE ieee.numeric std.all;

ENTITY instruction rom IS
GENERIC (w: INTEGER := 16; n: INTEGER := 8; m: INTEGER := 3);
PORT (
Instr addr: IN STD LOGIC VECTOR (m—-1 DOWNTO O0) ;
Instr: out STD LOGIC VECTOR (w-1 DOWNTO 0));
END instruction rom;

ARCHITECTURE ins rom OF instruction rom IS

SIGNAL temp: INTEGER RANGE O TO n-1;

TYPE vector array IS ARRAY (0 to n-1) OF STD LOGIC VECTOR (w-1 DOWNTO O0) ;
CONSTANT memory : vector array :=

( X"0000™, X"D459", X"A870", X"7853", X"650D", X"642F", X"F742", X"F548");

BEGIN

temp <= to_integer (unsigned(Instr_addr));
Instr <= memory (temp) ;

END instruction rom;

[Moéoecg BEoEIC £XEl;
[Moéoa bit kGO BEon;
Nwg uloTtroigital oTnV TTPAGSN;



Tpecipo TN ROM

CONSTANT memory : vector array := (
X"0000"™,X"D459" , X"AB8T70", X" /853", X"650D", X"642F" , X"F742" ,X"F548") ;

:  finstruction_romjinstr 1-1-tznm_m'tmi'%;ﬁ"
.

Q1: Mbooucg KUKAOUG ETPECE;
Q2: T dievBuvon dwoaue o€ KABE KUKAO;
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Tutrol Signed and Unsigned

Behave exactly like
STD LOGIC _VECTOR
plus, they determine whether a given vector
should be treated as a signed or unsigned number.
Require
USE ieee.numeric_std.all;



Multiplication of
sighed and unsigned numbers (1)

LIBRARY ieee;
USE leee.std logic 1164.all;
USE ieee.numeric std.all ;

entity multiply is port(

a : 1in STD LOGIC VECTOR( 7 downto
b : 1n STD LOGIC VECTOR( 7 downto
cu : out STD LOGIC VECTOR(15 downto
cs : out STD LOGIC VECTOR(15 downto

end multiply;

architecture dataflow of multiply 1is
SIGNAL sa: SIGNED(7 downto 0);
SIGNAL sb: SIGNED(7 downto 0);
SIGNAL sc: SIGNED (15 downto 0);

4

SIGNAL ua: UNSIGNED (7 downto 0)
SIGNAL ub: UNSIGNED (7 downto 0)
SIGNAL uc: UNSIGNED (15 downto O

) ;

o O O O

Ne

~ we
.

begin
-—- signed multiplication

sa
sb
sc
cs

<= SIGNED(a) ;
<= SIGNED (b) ;
<= sa * sb;

<= STD LOGIC VECTOR(sc) ;

-— unsigned multiplication

ua
ub
uc
cu
end

<= UNSIGNED (a) ;
<= UNSIGNED (b) ;
<= ua * ub;

<= STD LOGIC VECTOR (uc) ;
dataflow;



E¢nyNnoTe Ta atroTEAEOPATA

| FEVERRER ' ' : GILiiiil
SEEEEE SR _ BIiiiiil
111111100000040 B011111100000001

H000000000000000 0011111100000001
FEEREEE 5 I N N (TS ERYE i1
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g 1 0011111100000 II]IJ1
nmuunlllllllllllunmunn
nmuunllllllllllllmuuuu

111111Dnunnnmn1 | J0011111100000001

| 3 IFH Al al il

Q1: NMbéooug KUKAOUG ETPECE;

Q2: MNoioug apiBuoug TTOANATTAQCIACOUE O€ KABE KUKAO;  LIBRARY ieee;
USE ieee.std loglc 1l164.all;

Q3: lNola £€6000¢ £dwoe 0pBO ATTOTEAECUA OE KAOE USE ieee.numeric std.all ;
TTEPITITWON; _ , _
entity multiply is port(
a : in STD LOGIC VECTOR( 7 downto 0);
_ b : in STD LOGIC VECTOR( 7 downto 0);
begin o . cu : out STD LOGIC VECTOR(15 downto 0);
—-- signed multiplication cs : out STD LOGIC VECTOR(15 downto 0));
sa <= SIGNED (a) end multiply;
sb <= SIGNED (b) ;
sc <= sa * sb; architecture dataflow of multiply is
cs <= STD LOGIC VECTOR(sc);
. o . SIGNAL sa: SIGNED(7 downto 0);
—-- unsigned multiplication SIGNAL sb: SIGNED(7 downto 0);
ua <= UNSIGNED (a) ; SIGNAL sc: SIGNED(15 downto 0);
ub <= UNSIGNED (b) ;

uc <= ua * ub; SIGNAL ua: UNSIGNED(7 downto 0);
cu <= STD LOGIC VECTOR (uc); SIGNAL ub: UNSIGNED (7 downto 0);
end dataflow; SIGNAL uc: UNSIGNED (15 downto 0);



ApIOUNTIKEC TTPALEIC

2UVOEDIEG:
o Addition, +

Subtraction, -
Comparisons, >, >=, <, <=
Multiplication, *

Division by a power of 2, (equivalent to
right shift)

Shifts by a constant, SHL, SHR



Mixed Style Modeling

architecture ARCHITECTURE_NAME of ENTITY_NAME is

» Declare signals, constants, functions, procedures...
« Component declarations

begin

Concurrent statements:

« Concurrent simple signal assignment
« Conditional signal assignment

» Selected signal assignment

» Generate statement

« Component instantiation statement

Process statement
inside process we can use only sequential statements
end ARCHITECTURE_NAME;
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Sequential Logic Synthesis (1)

Use processes with very simple structure only
to describe

- registers

- shift registers

- counters

- state machines.
Create generic entities for registers, shift registers, and
counters, and instantiate the corresponding components in
a higher level circuit using GENERIC MAP PORT MAP.

Supplement sequential components with combinational logic
described using concurrent statements.



Sequential Logic Synthesis (2)

1.  Use Processes with IF and CASE statements only. Do
not use LOOPS or VARIABLES.

2. Sensitivity list of the PROCESS should include only
signals that can by themsleves change the outputs of
the sequential circuit (typically, clock and asynchronous
set or reset)

3. Do not use PROCESSes without sensitivity list

(they can be synthesizable, but make simulation
inefficient)



