Parametrizovano projektovanje

« Design reuse - projektovanje za ponovno koris¢enje

Svuda tamo gde je to moguce, koristi ranije
projektovane module

Module koje se projektuju realizovati na takav nacin da
se lako mogu ponovno iskoristiti

* Pretpostavka projektovanja za ponovno koriscenje jeste u
mogucnosti parametrizacije projektnih modula

» Umesto modula fiksnih karakteristika | funkcionalnosti,
treba projektovati “univerzalne™ module - pri ugradnji u
novi sistem mogu se u izvesnoj meri | na lak nacin

rilagoditi specificnim zahtevima | nove primene.
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Podrska za parametrizovano
projektovanje u VHDL-u

« GENERIC

 Atributi | konstante

« Konkurentna naredba GENERATE
Sekencijalna naredba LOOP




Vrste parametara

e Dimenzioni

DefiniSu veli€inu, odnosno broj bita visebitnih portova |
signala koji se koriste za razmenu podataka sa
sistemom, odnosno za prenos | Cuvanje podataka unutar
sistema

Funkcionalni

UkljuCivanje/iskljuCivanje pojedinih funkcija ili izbor
jedne od nekoliko raspolozivih varijanti implementacije
sistema
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Specifikacija parametara

« GeneriCki parametri
« Atributi vektora
« Vektori s nedefinisanim opsegom




Genericki parametri

ENTITY binarni_brojac IS Deklaracija generi¢kog
GENERIC(N : NATURAL); / entiteta
PORT(clk, rst : IN STD_LOGIC;

g: OUT STD_LOGIC_VECTOR(N-1 DOWNTO 0);
END bin_brojac;

COMPONENT binarni_brojac
GENERIC(N NATURAL) : NATURAL); . Deklaracija generiCke
PORT(clk, rst : IN STD_LOGIC; komponente
g : OUT STD_LOGIC_VECTOR(N-1 DOWNTO 0);
END COMPONENT;

dvo_bit_brojac: binarni_brojac
GENERIC MAP(N => 2);
PORT MAP(clk => clock, rst =>reset, g => q_out);

Instancira generiCke
komponente
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Parametrizovan opis generatora
bita parnosti

LIBERARY IEEE;

USEIEEE.STD_LOGIC_1164.ALL;
ENTITY pargenlS Podrazumevana

GENERIC(N:INTEGER:=8); ———— BVIg-li ok generickog
PORT(a:IN STD_LOGIC_VECTOR(N-1DOWNTOO0); parametra
y: OUTSTD_LOGIC);
END pargen;
ARCHITECTURE param_arch OF pargen IS
BEGIN
PROCESS(a)
VARIABLEp: STD_LOGIC;
BEGIN
p = a(0);
FORiIIN1TO(N-1)LOOPN
p :=p XOR afi);
END LOOP;
y<=p;
END PROCESS;
END param_arch;

-
Y ii .
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Atributl vektora

* Podsecanje:
Za signale:

SIGNAL s1: STD_LOGIC_VECTOR(15 DOWNTO 0);
SIGNAL s2: STD_LOGIC_VECTOR(8 TO 15);

vazi:
s1’LEFT = 15; s1T’RIGHT = 0;
s1’LOW = 0; s1’HIGH = 15; s2’low = 8; s2’HIGH = 15;
s1’LENGTH = 32; s2’LENGTH = 8;
s1’RANGE =15 DOWNTO 0; s2’RANGE = 8 TO 15;
S1’REVERSE RANGDE =0 TO 15;

S2’LEFT = 8; s2’RIGHT = 15;

s2’REVERSE_RANGDE =15 DOWNTO 8;
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Parametrizovan opis generatora
parnosti korisCenjem atributa vektora

ENTITY pargen IS
GENERIC(N: INTEGER := 8);
PORT (a:IN STD_LOGIC_VECTOR(N-1 DOWNTO 0);
y : OUT STD_LOGIC);
END pargen;
ARCHITECTURE param_arch OF pargen IS
BEGIN

PROCESS(a) A moglo je i ovako:

VARIABLE p : STD LOGIC; FORi IN (a’low + 1) TO a’high LOOP ili
BE(:IE 2(0): FOR i IN (@’right + 1) TO a’left LOOP
FORiIN 1 TO (a’length-1) LOOP|

p := p XOR a(i);
END LOOP;

y <= p;
END PROCESS;
END param_arch;
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Vektori s nedefinisanim
opsegom

 Npr. u paketu std_logic_1164, tip podataka std logic_vector
definisan je na sledeci nacin:.

TYPE STD_LOGIC_VECTOR IS ARRAY(NATURAL RANGE <>)
OF STD_LOGIC;

» Tj. kao vektor s nedefinisanim opsegom indeksa.
» Opseg se specificira prilikom deklaracije signala:
SIGNAL s1: STD_LOGIC VECTOR(15 DOWNTO 0);

Port, za razliku od signala, moze biti deklarisan bez navodenja
apsega slede¢em opsega, kao u primeru:
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Sabirac bez granica

LIBRARY IEEE;
USE IEEE.STD_LOGIC 1164.ALL,;
USE IEEE.NUMERIC_ALL;
ENTITY unconstrain_adder IS
PORT(a: IN STD_LOGIC _VECTOR,;
b :INSTD_LOGIC_VECTOR,; Ne moze se sintetizovati,
¢ : OUT STD_LOGIC_VECTOR) ali se moze koristiti kao
END unconstrain_adder; komponenta
ARCHITECTURE arch OF unconstrain_adder IS
BEGIN
¢ <= STD_LOGIC_VECTOR(UNSIGNED(a) + UNSIGNED(b));
END arch;

Prilikom instanciranja portovi preuzimaju instanciranja, sabiraCa opsege stvarnih signala:

Opseg indeksa nije definisan !

SIGNAL al, b1, c1: STD_LOGIC_VECTOR(7 DOWNTO 0);
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Generator bita parnosti s portovima
bez definisanog opsega

ENTITY unconstrain_pargen IS
PORT (a: IN STD_LOGIC_VECTOR,;
y : OUT STD_LOGIC);
ND unconstrain_pargen;
ARCHITECTURE arch OF unconstrain_pargen IS

CONSTANT N : NATURAL := @a’LENGTH;

VARIABLE p : STD_LOGIC; \
BEGIN
PROCESS(a) N dobija vrednost duzine
BFI)EG—INa(O)' signala koji se prilikom
FORN L1 IN 1 TO (N-LOOP instanciranja gen. par.
o) ‘= p XOR a(i) vezuje na port a.
END LOOP;
Yy <=p,
END PROCESS;
END arch;




Oprez!

SIGNAL al: STD_LOGIC_VECTOR(15 DOWNTO

0);
SIGNAL y1 : STD_LOGIC;

pargen8 : unconstrain_pargen
PORT MAP(a=>al(15 DOWNTO 8), y=>y1);

» ii f
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ARCHITECTURE arch OF
unconstrain_pargen IS
CONSTANT N : NATURAL :=a’LENGTH;
VARIABLE p : STD_LOGIC;
BEGIN
PROCESS(a)
BEGIN
p:=a(0)« |
FORIiIN1TO (N-1) LOOP
p:=p XOR a (i);
END LOOP;
y <=p;
END PROCESS;
END arch;




Bolji nacin

ARCHITECTURE arch OF unconstrain_pargen IS
VARIABLE p : STD_LOGIC;
BEGIN
PROCESS(a)
BEGIN
p .=a(a’'LOW);
FOR I IN (@'LOW+1) TO (a'HIGH-1) LOOP
p :=p XOR afi);
END LOOP;
y <=p;
END PROCESS;
END arch;




Il ovako:

ARCHITECTURE arch OF unconstrain_pargen IS
CONSTANT N : NATURAL := a’LENGTH;
VARIABLE p : STD _LOGIC;

SIGNAL aa: STD LOGIC_VECTOR(N-1

DOWNTO 0);

BEGIN
aa <= a,

PROCESS(aa)

BEGIN
p :=aa(0);
FORIi1IN1TO (N-1) LOOP

p .= p XOR aa(i);

END LOOP;
y <=p;

END PROCESS;

END arch;

-
ii
]
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GeneriCkl parametri vs. vektori bez
definisanog opsega

« Parametrizovan opis koji se oslanja na vektore bez
definisanog opsega, iako fleksibilan za korisCenje, mora
biti pazljivo pisan | analiziran kako bi se predupredile
eventualne greske koje mogu nastati zbog
neuskladenosti formata signala.

Iz tog razloga, za pisanje parametrizovanog koda
preporucuju se genericki parametri, osim ukoliko se

ne radi o krajnje generalnim strukturama, poput sabiraca
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Manipulacije s vektorima -
agregacije

 Umesto

g <= “00000000”; bolje je

g <= (OTHERS => ‘0’);
* Sve jedinice

g <= (OTHERS => ‘1’);
“00.....017

g <=(0=>1’, OTHERS => ‘0’);




Manipulacije s vektorima - agregacije

SIGNAL a: STD LOGIC VECTOR(N-1 DOWNTO 0);

~ [
y <= ‘1’ WHEN (a = (OTHERS => ‘0’)) ELSE . ..

y <= ‘1’ WHEN (a = (a’RANGE => ‘0’)) ELSE . == BT I

Ili ovako:

CONSTANT zero : STD_LOGIC_VECTOR(N-1 DOWNTO 0) := (OTHERS => ‘0’);
SIGNAL a: STD_LOGIC_VECTOR(N-1 DOWNTO 0):

y <= ‘1’ WHEN (a = zero) ELSE . ..
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Manipulacije s vektorima — koriscenje
Integer-a |1 funkcija za konverziju

y <= ‘1" WHEN (a = “00000101”) ELSE . ..
aje tipaunsigned
ili signed

Bolje je ovako:

\ promeni duzina signala a

<= TO_UNSIGNED(5, N);
b} y je tipa unsigned

ili signed
Ne moze ovako:
y <= 5:
Ako zelimo da vektoru tipa std_logic_vector dodelimo integer konstantu:

=STD_LOGIC_VECTOR(TO_UNSIGNED(5, N));

a5 i > v‘ % -
hidda il > LN




Manipulacije s vektorima — Referenciranje delova |
elemenata vektora koriScenjem alijasa

Alias definise alternativno (obicno skraceno)
Ime za neki objekat ili deo objekta:

SIGNAL a : SIGNED(7 DOWNTO 0) L

ALIAS sign : STD_LOGIC IS a(74 sign je drugo ime za bit

Moze i ovako:
ALIAS sign : STD_LOGIC IS a(a’LEFT);

ALIAS sign : STD_LOGIC IS a(N-1);




Manipulacije s vektorima — Referenciranje delova |
elemenata vektora korisCenjem atributa

Rotacija za 1 poziciju ulevo

g <=q(0) & gq(7 DOWNTO 0);

Na opstiji nacin:

g <= g(q’RIGHT) & q(q’LEFT DOWNTO g’RIGHT+1);

Ispravno ukoliko je duzina signala g
veéa od dva i njen opseg indeksaje
opadajuci (downto)

Ako je g veé parametrizovan:
SIGNAL g : STD _LOGIC VECTOR(N-1 DOWNTO 0)
g <=g(0) & g(N-1 DOWNTO 0);




Kruzni brojac

* Kruzni brojaC sadrzi samo jedno 1 koje se pomera duz
registra sve do poslednjeg flip-flopa, a onda se vraca na
pocetak.

d q

e L [=— [

ENTITY para ring counter IS
GENERIC (N : NATURAL) ;
PORT (g : OUT STD_ LOGIC_ _VECTOR(N-1 DOWNTO 0) ;
clk, rst : IN STD_LDGIC};
END para_ring counter;

Postoj1 problem inicijalizacije. koji se resava:
-Reset signalom koji postavlja registar u stanje "0001” (a ne u "00007)

-Kolom za samo-korekciju
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Kruzni brojac — Inicijalizacija reset
signhalom

ARCHITECTURE rst_arch OF para_ring_counter IS
SIGNAL r_reg : STD_LOGIC_VECTOR(N-1 DOWNTO 0);
SIGNAL r_next : STD_LOGIC_VECTOR(N-1 DOWNTO 0);

BEGIN

-- registar

PROCESS(clk, rst)
BEGIN Inicijalizacija
IF(rst = '1') THEN /

r reg <= (0=>'1‘, OTHERS =>’ 0’ );
ELSIF(cIk'EVENT AND clk='1") THEN
r_reg <=r_next;

END IF; Rotiranje : :
END PROCESS; / Rotiranje

-- logika sledeceq stanja/izlaza ----
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Samo-korigujuci kruzni brojac

Lagika za
=AM
korekciju J
J: _\x Generise 1 samo

ako na ulazu ima
sve 0,inace

" Jj f 17 F generise 0.

Bez obzira na poc€etno stanje, kruzni brojac ulazi u
regularan nacin

rada nakon konacénog broja taktnih ciklusa
Mogucnost oporavka nakon greske (ako se stanje
nekog flip-flopa

oromeni pod uticajem smentnji)

..‘ ' i




Samokorigujuci kruzni brojac

ARCHITECTURE self corect arch OF para ring counter IS
SIGNAL r reg, r next : STD LOGIC VECTOR (N-1 DOWNTO 0);
SIGNAL s in : STD LOGIC; B
ALIAS r Eigh : STD LOGIC VECTOR (N-2 DOWNTO 0) IS r reg(N-1 DOWNTO 1),
BEGIN
PROCESS (clk, rst)
BEGIN . hi Lugikmj
IF(rst = '1l') THEN Kerekej
r reg <= (OTHERS => '0');
ELSIF (clk'EVENT AND clk='l') THEN un
r reg <= r_next; I C
END IF; T ‘
END PROCESS;
s in <= 'l' WHEN r high = (r _high'range => '0') ELSE
T 0 I :
r next <= s _in & r high;
q <= r_reg;
END self corect arch;

» ii

d ar—
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GENERATE

Konkurentna naredba

Koristi se za kontrolisano “generisanje” konkurentnog
koda

Ekvivalent sekvencijalnih naredbi loop 1 if

Sva oblika:

FOR GENERATE (ekv. Loop) - Omogucava da se deo

konkurentnog kéda ponovi viSe puta i na taj nacin kreira viSe instanci
Istog skupa naredbi dodele

IF GENERATE (ekv. If) - Omogucava uslovno kreiranje obuhvacenog
konkurentnog koda
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FOR GENERATE

* Sintaksa
labela: FOR indeks IN opseg GENERATE

(konkurentne naredbe;)
END GENERATE;

* Ponavlja obuhvacene konkurentne naredbe zadati broj puta-
jedanput za svaku vrednost indeksa iz zadatog opsega.

SIGNAL x: BIT_VECTOR(7 DOWNTO 0); :2; ::Z; A ig:z; f

SIGNAL y: BIT_VECTOR(15 DOWNTO 0); Z (5) %(5) AND y(5+8) -
z: BIT_VECTOR(7 DOWNTO 0); 2 (4) x(4) AND y (4+8) :
z (3) x(3) AND y(3+8);
G1: FOR i IN X’ RANGE GENERATE 2 (2) x(2) AND y(2+8) ;
z(i) <= x(i) z(4) <= x(4) AND y(4+8); z (1) x(1) AND y(1+8);
END GENERATE; z (0) x(0) AND y (0+8) ;
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FOR GENERATE

*TipiCna primena: modeliranje iterativnih
hardverskih struktura

’_1I> Ste':r;llaen 4{> Ste1pen 4> L ‘_> 4>

G1l: FORIN O TO N-1 GENERATE
(konkyrentne naredbe;)
N

END ERATE;

| - brojaé Opjguje jeda}n stepen +
stepena nacin povezivanja stepena




Generator bita parnosti — opisan
kao Iterativno kolo

Stepen 1 Za i-ti stepen vazi
Stepen 7 p(i) <= a(i) XOR pi 1);

g@; /L/ p - signal za

a(7y povezivanje stepena

ARCHITECTURE e _arch OF pargen IS
SIGNAL p : STD_LOGIC VECTOR(N-DOWNTO 0);
BEGIN
p(0) <= a(0); “Obod”iterativnog kola
FORN 1 GENERATE se obi¢no izdvojeno
p(l) <= a(l) XOR p(I-1); :
END GENERATE;




Parametrizovan opis
pomerackog registra

/ a_regid) f.- aregd o arex2 o aregl) / a_reg(@)
/ / / / /

si-—1d q d q / d q £ d q —— sout
D FF D FF D FF D FF

r} rst r:} rst r} rst ’7} rst

rst

Iterativno kolo- svaki D flip-flop je jedan stepen

ENTITY pomreg IS
GENERIC(N : NATURAL);
PORT(si : INSTD_LOGIC;
sout : OUT STD_LOGIC;
clk rst: IN STD clk, STD_LOGIC);
END pomreg;




Parametrizovan opis pomerackog
registra -DFF kao proces

ARCHITECTURE gen proc_arch OF pomreg IS
SIGNAL q reg : STD LOGIC VECTOR (N DOWNTO 0) ;
BEGIN
q _reg(N) <= si;
dff gen: FOR I IN (N-1) DOWNTO 0 GENERATE
-—— D FF

PROCESS (clk, rst) i
BEGIN Naredba GENERATE se obraduje

(‘razmotava’) u fazi eleboracije - pre sinteze i

IF(rst = '1") THEN zato opseg indeksa mora biti staticki

q reg(I) <= '0';
ELSIF (clk'EVENT 2AND clk = 'l') THEN

q reg(Il) <= q reg(I-1);
END IF;

b 1
END PROCESS : q_reg{d) q_reg(Z) /7 q_reg( }[ q_reg(d)
END GENERATE; si£ d g d q sout

-— 1izlaz
sout <= q reg(0);
END gen proc arch;

= =

rst
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Parametrizovan opis pomerackog
registra -DFF kao komponenta

ARCHITECTURE gen comp arch OF pomreg IS
COMPONENT DFF L eamdl e wmE e o am)
PORT (d : IN STD LOGIC; ./ ] / ] / ] / n—me

q : OUT STD LOGIC; - - - L
clk, rst : IN STD LOGIC); [ [ [ ks

END COMPONENT,

SIGNAL q reg : STD LOGIC VECTOR(N DOWNTO 0);

BEGIN
g reg(N) <= si;
dff_qen: FOR I IN (N-1) DOWNTO 0 GENERATE

dff I: DFF
PORT MAP(d=>q reg(I+l), g=>q reg(I), clk=>clk, rst=>rst);
END GENERATE;
sout <= q reg(0);
END gen proc arch;

DFF DFF DR oEF




Asinhroni brojac

1 t RULNE T flip-flop s
q q MR okidanjem na
adajucu ivicu

%0) (i

Binarni broja€ osnove 2N

ENTITY tff IS
GENERIC(N : INTEGER);
PORT (clk, rst: IN STD_LOGIC;
g: OUT STD_LOGIC):
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Asinhroni brojac - T flip-flop

ENTITY tff IS
PORT (clk, rst: IN STD LOGIC;
gq: OUT STD_ LOGIC) ;

END tff;
ARCHITECTURE behavior OF tff IS
SIGNAL f££f : STD LOGIC;
BEGIN
PROCESS (clk, rst)
BEGIN
IF (rst='1') THEN
ff <= '0';
ELSIF (clk'EVENT AND clk='0') THEN
ff <= not ff;
END IF;
END PROCESS;
g <= ff;
END behavior;
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Asinhroni brojac - strukturni opis

ARCHITECTURE structural OF asyn count IS

COMPONENT tff IS

PORT (clk, rst: IN STD LOGIC;

g: OUT STD LOGIC);

END COMPONENT ;

SIGNAL c : STD LOGIC VECTOR(N DOWNTO O0) ;
BEGIN

c¢(0) <= clk;

Gl:FOR 1 IN 0 TO N-1 GENERATE

tffx : tff PORT MAP (clk=>c (1) ,rst=>rst,g=>c(1+l));

END GENERATE; .0 tf_1 H | t1_n-1

q <= ¢ (N DOWNTO 1) ; e(1) &(i+1)
END structural; TFFq_- TFFq_ TFFq_- TFF
o)

q_

> > v —Q> — >

-
Y ii .
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Generator bita parnosti —
hijerarhijska struktura

Dalp L » Redna
- realizacija

f <= a(3) XOR (a(2) XOR (a(l) XOR a(0))

stepen 2 stepen 1 | stepen0
a(i0) E2 Pz0
J%~* ]
[i]
: >
P21
Pz

a |

4 ‘ ) Oy » Hijerarhijska
3 realizacija
o,

e
y <= (a(3) XOR a(2)) XOR (a(l) XOR a(0))




Generator bita parnosti — hijerarhijska
struktura - identifikacija stepena

stepen 2 stepen 1 stepen 0

E%%D_EPW Dsr = Postar © Dot

D

BT >,
i

N je stepen dvojke
ENTITY pargen IS (4,8,16,...)

|
|

2 I
|
I

D—5~ GENERIC (N: INTEGER) ;

:pH
I

3 I
|

PORT (a : IN STD_LOGIC VECTOR(N-1 DOWNTO 0);
y @ OUT STD_LOGIC);
END pargen;




Generator bita parnosti —
hijerarhijska struktura

ARCHITECTURE tree arch OF pargen IS
CONSTANT STAGE : NATURAL := log2c(N)
TYPE d2sig IS ARRAY (STAGE DOWNTO O,N-1 DOWNTO 0) OF STD LOGIC;
SIGNAL p : d2signal;

BEGIN -
—— preklapanje ulaznih signala s~ ipo
in gen: FOR I IN O TO (N-1) GENERATE Do J—’L}'

p (STAGE,I) <= a(I); : :: Py
END GENERATE; 'L{
—— generisanie XOR polija ;i:}
st gen: FOR s IN (STAGE-1) DOWNTO 0 GENERATE Pes
- xor gen: FOR r IN 0 TO (2**s - 1) GENERATE
p(s,r) <= p(s+l, 2*r) XOR p(s+l, 2*r+l);
END GENE E;
END GENERATE;

stepan 2 |stepen 1| stepan @

P

Ugnjezdene FOR
GENERATE naredbe
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Generator bita parnosti — hijerarhijska
struktura — za proizvoljan broj ulaza

- Sta ée se desiti ako N nije stepen dvojke, npr. N=117?

« Generisace se stage = 4 stepena, a ulazni stepen imace
2stage-1 = 8 XOR kola sa ukupno 16 ulaza, od kojih ce
11 biti povezani s ulaznim signalima, dok ce preostalih 5
ostati nepovezani.

 Problem se moze resiti tako Sto ¢e se nepovezani ulazi
fiksno postaviti na "0°




Generator bita parnosti —
hijerarhijska struktura - za proizvoljan
broj ulaza

A —
a(2)

"0” na ulazu ne uticu na Prilikom sinteze, sva redundantna
rezultat. XOR kola biée automatski
eliminisana.




ARCHITECTURE trea arch 1 OF pargen IS
CONSTANT STAGE : HATURAL := logZc(N):
TYPE d.EEigﬂal IS ARRAY (STAGE DOWNTO 0, 2**STAGE-1 DOWNTO 0)
OF S5TD LOGIC:
SIGHNAL p : dZ2signal;
BEGIN
-- preklapanie ulaznih signala
in gen: FOR I IN 0 TO (N-1) GENERATE
p(STAGE,I) <= a(i):
ENHD GENERATE ;
-= postavljanije nula
zaro gen: FOR I IN N TO (2**STAGE-1) GEMERATE

p(STAGE,I) <= "0°';
END GENERATE:
-= generisanje XOF polija
st gen: FOR s IN (STAGE-1l) DOWNTO 0 GENERATE
xor gen: FOR r IN 0 TO (2**s - 1) GENERATE

pis.xr) <= p(s+l, 2%*r) XOR p(s+l, 2%*r+l):
END GENERATE ;

END GENERATE:
-- izlaz

¥y <= p(0,0);
END tree arch 1:




IF GENERATE

« Sintaksa

labela: IF uslov GENERATE
(konkurentne naredbe;)

END GENERATE;

« Ako je uslov ta€an, hardver opisan konkurentnim naredbama
se ukljucuje u implementaciju, inace se izostavlja

Koristi se za realizaciju funkcionalnih parametara.
U kodu za sintezu, uslov mora biti staticki
Uslov se najCeScCe izrazava posredstvom generiCkih parametara.

Obraduje se tokom eleboracije tako sto se, pre sinteze,
odstranjuje kod iz IF GENERATE naredbi s netaénim uslovima.
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Generator bita parnosti

ARCHITECTURE gen if arch OF pargen IS
SIGNAL p : STD LOGIC VECTOR(N-2 DOWNTO 1) ;
BEGIN
xor gen: FOR I IN 1 TO (N-1) GENERATE
-- krajnji levi stepen
left gen: IF I = 1 GENERATE
p(I) <= a(I) XOR a(0);
END GENERATE;
—-- sredisn]l stepenil
middle gen: IF (I > 1) AND (I < (N-1) GENERATE
p(I) <= a(I) XOR p(I-1);
END GENERATE;
-- krajnji desni stepen
right gen: IF I = (N-1) GENERATE
y <= a(I) XOR p(I-1); Y
END GENERATE; a
18 END GENERATE;
19 END gen if arch;

3
4
5
6
1
8
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Up-or-Down brojac

Obostrani brojac - moguc¢nost
Komponenta koja moze da se izbora smera brojanja (ulaz
Instancirati za rad u jednom od dva dir)
rezima: brojanje navise (Up) ili brojanje
nanize (Down)
ENTITY up or down counter IS UP = 1 bira brojaé navise

GENERIC(N : NATURAL; UP = 0 bira brojaé nanize
UP : NATURAL) ;

PORT (q : OUT STD_LOGIC VECTOR(N-1 DOWNTO O0) ;
clk, rst : IN STD_LOGIC) ;
END up or down counter;
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ARCHITECTURE arch OF up or down counter IS
SIGNAL r reg : UNSIGNED (N-1 DOWNTO 0) ;
SIGNAL r next : UNSIGNED (N-1 DOWNTO 0) ;

BEGIN

— registar

PROCESS (clk,

BEGIN
IF(rst = 'l') THEN

r reg <= (OTHERS => '0");
//} ELSIF (clk'EVENT AND clk='1l') THEN
r reg <= r_ next;
END IF;

END PROCESS;

-— logika sledeceg stanja - inkrementer ——-—

inc _gen: IF UP = 1 GENERATE
r next <= r reg + 1;

END GENERATE;

—— logika sledeceg stanja - dekremeter ———

dec gen: IF UP /= 1 GENERATE
r next <= r reg - 1;

END GENERATE ;

—— logika 1zlaza

q <= STD_ LOGIC VECTOR(xr_ req)

END arch;
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Up-or-Down brojac

* Instanciranje 8-bitnog Up brojaca
count8up: up_or_down_counter Logika koja se
GENERIC MAP(N=>8, UP=>1): odnosi na bice Down

eliminisana tokom
PORT MAP(clk=>clk, rst=>rst, g=>q); faze eleboracije

« |sti efekat kao da se ulaz za izbor smera brojanja, dir,
Up-and-Down brojac postavi na fiksno "1° |
count8up: up_and_down_counter Logika K?Ja se odnosi na
Down bi¢e eliminasana
GENERIC MAP(N=>8); tokom faze sinteze

PORT MAP (clk=>clk, rst=>rst, dir=>’1", q=>q);
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Sinhront 1l asinhroni reset

- Brojac sa sinhronim ili asinhronim resetom

!

ENTITY syn or asyn counter IS5 BN sl a1 de sl R
GENERIC(N : NATURAL; SYNC # 1 - asinhroni reset
SYNC : NATURAL) ;
PORT (g : OUT STD LOGIC VECTOR(N-1 DOWNTO O0) ;
elk, rst : IN STD LOGIC) ;
END syn or asyn counter;

» ii f
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FOR LOOP

« Sintaksa:

FOR index IN opseg LOOP
sekvencijalne naredbe;

END LOOP;

- Koristi se isklju€ivo u sekvencijalnom kodu

« U kodu za sintezu opseg mora biti staticki

EMCORA TEXHVM KA 2 EOIA CTEYRO BSME CTIOAMN ¥ Hiay



Binarni dekoder -
parametrizovan opis

LIBRARY IEEE;

USE IEEE. ST'D_LOGIC_I 164 .ALL;

USE IEEE.NUMERIC STD.ALL;

ENTITY bin decoder IS
GENERIC (N : NATURAL) ;
PORT (a : IN STD LOGIC VECTOR (N-1 DOWNTO 0) ;

y : OUT STD LOGIC VECTOR (2**N-1 DOWNTO
END bin decoder;




Binarni dekoder -
parametrizovan opis

ARCHITECTURE loop arch OF bin decoder IS

BEGIN
PROCESS (a)

BEGIN
FOR I IN O TO 2**N-1 LOOP

IF(I = TO INTEGER (UNSIGNED (a))) THEN
v(I) <= '1';
ELSE
y(I) <= '0'; - y(2"-1)
END IF;
END LOCP;
END PROCESS;
END loop arch;

— y(2"-2)




Prioritetni koder -
parametrizovan opis

Najvisi prioritet —a(N-1)— — b(logzN-1)
a(N=2) —

P.Koder [ P(logzN-2)

N-u- .

log2(N) | * b(0)

Najnizi prioritet —z

ENTITY pencoder IS
GENERIC(N : NATURAL);
PORT(a:INSTD _LOGIC VECTOR (N-1 DOWNTO 0);
b:OUT STD _LOGIC VECTOR (log2c(N)-1 downto 0);
z . OUT STD_LOGIC);
END pencoder;




ARCHITECTURE loop arch OF pencoder IS
CONSTANT M : NATURAL := logZc (N) ;
SIGNAL p : STD LOGIC VECTOR (N-1 DOWNTO O0O) ;
BEGIN
—— prioritetno kodiranje
PROCESS (a)
BEGIN
b <= (OTHERS => '0") ;
FOR I IN O TO N-1 LOOP

IF(a(i) = '1') THEN
b <= STD LOGIC VECTOR (TO UNSIGNED (I, M)) ;
END IF:
END LOOP;

END PROCESS:;
— N—to ulazno ILI kolo
PROCESS (a, p)
BEGIN
p(0) <= a(0);
FOR I IN 1 TO (N—-1) LOOP
p(i) <= a(i) OR p(I-1);
END LOOP:;
END PROCESS:;
z <= p(N-1):;
M END loop arch;
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Prioritetni koder -
parametrizovan opis- sinteza

Nakon razmotavanja petlje (n=4)

IF (a(3) = ‘1’) THEN
b <= “117;

ELSIF (a(2) = ‘l’) THEN
b <= “10”;

ELSIF (a(l) ‘1) THEN

b <= “00”;
IF (a(0) = ‘17)
b <= “00”;

END IF;

IF (a(l) = ‘1)
b <= “01”; b <= “01”;

END IF; ELSIF (a(0) ‘1) THEN
IF (a(2) = ‘1’) b <= “00”;
b <= “10”: ELSE
END IF; b <= \100”;
IF (a(3) = ‘1’ END IF;
b <= \111#:

END IF; -
U procesu, konacna

vrednost signala,
odredena je poslednjom
dodelom




Prioritetni koder -
parametrizovan opis- sinteza




Viseulazno | kolo — parametrizovan
opis | konceptualna implementacija

LIBRARY IEEE;

USE IEEE.STD _LOGIC_ 1164.ALL;
ENTITY andN IS

GENERIC(N : NATURAL);

PORT(a: IN STD_LOGIC_VECTOR (N-1 DOWNTO 0);
y : OUT STD_LOGIC);

END andN;

ARCHITECTURE loop_arch OF andN IS
BEGIN

PROCESS(a)

VARIABLE v : STD_LOGIC;

BEGIN

v :=a(0);

FOR 1IN 1 TO (N-1) LOOP

v :=v AND a(i);

END LOOP;

y<=v;

END PROCESS;
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Viseulazno | kolo -parametrizovan opis |
konceptualna implementacija

Razmotavanje petlje (n=4) Preimenovanje promenljivih
v a(0); v0 := a(0) :

a(l) AND v vl := a(l) AND wvO;
a(2) AND v; NEEEED v2 := a(2) AND v1;
a(3) AND v v3 := a(3) AND v2:
v y <= v3;

<

a(0) X

= D,




Brojac jedinica - parametrizovan
opIs | konceptualna iImplementacija

« Kombinaciono kolo koje prebrojava 1-ce u ulaznom
viSebitnom signalu

ENTITY once_counter IS
GENERIC(N : NATURAL);
PORT(a: INSTD LOGIC _VECTOR (N-1 DOWNTO 0);
b:OUT STD_LOGIC_VECTOR (log2c(N)-1 DOWNTO 0));
END once_counter




Brojac jedinica - parametrizovan
opIs | konceptualna iImplementacija

ARCHITECTURE loop_arch OF once _counter IS
BEGIN
PROCESS(a)
VARIABLE sum : UNSIGNED(log2c(N)-1 DOWNTO 0);
BEGIN
sum = (OTHERS =>"0");
FORIINOTO N-1LOOP
IF (a(i) ='1") THEN
sum :=sum + 1;END IF;
END LOOP;
b<=STD LOGIC VECTOR(sum);
END PROCESS;
B loop_arch;
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Brojac jedinica - parametrizovan
opIs | konceptualna iImplementacija

Razmotavanje petlje (n=3) Preimenovanje promenljivih

sum := 0;

IF (a(0) = ‘1’) THEN
sum := sum + 1;

END IF;

IF (a(l) = ‘1’) THEN
sum := sum + 1;

END IF:

IF (a(2) = ‘1’) THEN
sum := sum + 1;

END IF;

b <= sum;

Tekuca vrednost sume se ne prenosi
korektno iz iteracije u iteraciju.




Brojac jedinica - parametrizovan
opIs | konceptualna iImplementacija

Razmotavanje petlje (n=3)

sum := 0;

IF (a(0) = *1’) THEN
sum := sum + 1;

END IF;

IF (a(l) = '1’) THEN
sum := sum + 1;

END IF;

IF (a(2) = '1’) THEN
sum := sum + 1;

END IF;

b <= sum;

sum0 := 0;
IF (a(0) = “1') THEN
suml := sumO0 + 1;
ELSE
suml := sumO;
END IF;
IF (a(l) = *1") THEN
sumZ2 := suml + 1;
ELSE
sumZ2 := suml;
END IF;
IF (a(2) = “1') THEN
sum3 := sumZ + 1:
ELSE
sum3 :
END IF;




BrojacC jedinica — parametrizovan
opis | konceptualna implementacija

sumoO :=0;
IF (a(0) = ‘1’) THEN
suml :=sumoO + 1;
ELSE
suml := sumao;
END IF;
IF (a(1) = ‘1’) THEN

sum2 :=suml + 1;
ELSE
sum?2 :=suml;
END IF;
IF (a(2) = ‘1’) THEN
sum3:=sum2 + 1;
ELSE
sum3 :=sum2;
END IF;




EXIT

EXIT WHEN uslov;

* Pise se unutar LOOP naredbe

« Momentalno napustanje petlje ako je uslov tacan
 Moze | bez uslova:

LOOP
IF (uslov) THEN

EXIT;
ELSE

BMCONA TEXHMM A QI EOTA CTRYROBSME CTIOAN ¥ Hieay



Viseulazno | kolo — realizacija pomocu
naredbe “for loop -exite - and loop™

ARCHITECTURE loop_exit_arch OF andN IS
BEGIN
PROCESS(a)
VARIABLE v : STD LOGIC;
BEGIN
v :="1"; -- podrazumevana vrednost

FORIIN O TO (N-1) LOOP
IF a(l) = "1 THEN Dovoljno je da na ulazu

v =0 : postoji samo jedna O, pa da
EXIT: rezultat AND operacije bude O
END IF;
END LOOP;
y <=V,
END PROCESS;
END loop_exit_arch;

ii |
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Brojac vodecih nula — realizacija pomocu for
loop petlje sa exit naredbom

ARCHITECTURE loop_exit_arch OF zero_counter IS
BEGIN
PROCESS(a)
VARIABLE sum: UNSIGNED(log2(N)-1 DOWNTO 0);

BEGIN _ _
sum := (OTHERS =>'0"); Sa koliko 0 pocinje ulazni
FOR I IN N-1 DOWNTO 0 LOOP vektor a?

IFa(l) ='1' THEN
EXIT;< Brojanje se zavrSava ako
ELSE; se naide na 1
sum :=sum + 1;
END IF;
END LOOP;
z <= STD_LOGIC_VECTOR(sum):;
END PROCESS;
M END loop_exit_arch,;
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NEXT

NEXT WHEN uslov;
« PisSe se unutar LOOP naredbe

» Ako je uslov tacan, momentalno se prelazi na sledecu
iteraciju petlje

FOR ... LOOP FOR ... LOOP FOR ... LOOP FOR ... LOOP
sekvencijalna naredba 1; sekvencijalna naredba 1;
NEXT WHEN uslov; IF(NOT uslov) THEN
sekvencijalna naredba 2; sekvencijalna naredba 2;

END LOOP; END IF;

END LOOP;
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Brojac jedinica — realizacije
pomocu naredbe next

ARCHITECTURE loop_next_arch OF zero_counter IS
BEGIN
PROCESS(a)
VARIABLE sum: UNSIGNED(log2(N)-1 DOWNTO 0);
BEGIN
sum = (OTHERS =>"'0");
FORIINOTO N-1 LOOP
NEXT WHEN a(l)="'0";
sum :=sum + 1,
END LOOP;
b<=STD _LOGIC VECTOR(sum);
END PROCESS;
END loop_next_arch;




