TuAua NAnpo@opikng - NavenioTnpio Meipaiwg 2xediaon YTTOAOYIOTIKWY ZUCTNUATWY

2yedlooy] Y TOAOYLOTIN®Y

2 V0T PATWY

MovTeAonoinon Kal
npooopoiwon otnv VHDL

MixaAng Wapdkng

Avtiretpeva ot VHDL

>TaBepec (constants)
MeTaBAnTeg (variables)
>nuata (signals)
©Upec (ports)
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Anhwoetg otabepwy

o O1 oTtaBepec anodidouv Ovoua kai pnra
KaBopIOWEVO TUMO € WIA TIUN

o H xpnon otabepwv anoTeAei owoTn oXedIACTIKN
NPAKTIKN

o O1 oTtaBepec pnopouv va dnAwbouv o€
01aPopPETIKA PEPN evog VHDL povTéAou

o MapadeiypaTra:

constant number_of_bytes : integer := 4;
constant number_of_bits : integer := 8 * number_of_bytes;
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Anhwoelg petaSAntwy

o O1 peTaBAnTeg dev pnopei va dnAwbouv og onpeio
Tou VHDL povTéAOU woTe va €ival npooneAAoIPeS
and nepIOoOTEPEG anod Wia dIEPYATieC

= EEaipeon: koivoxpnoTec HeTaBAnTEG (shared variables).
Aev 6a aoxoAnNBoUPE UE KOIVOXPNOTEC HETABANTEG
= Oa dnAWVOUUE PETABANTEG HOVO OTO TUANA ONAWONG TWV
diepyaciov
OpaTeg podvo evrog Tng diepyaaiag

O H apxikonoinon TnG HETaBANTNG €ival NpoalpeTIKn

= Edv napa)'\ncpeei, r]'EE'OpIO'L.IOU (default) apxikn Tiun €ivai
N aploTepOTEPN TIKA TOU TUMOU

|variable index : integer := 0; |
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Avabeon petafinng

o MapadeiypaTra:

program_counter := 0;
index := index + 1;

o [Npoooxn! Ynapxel diagopd PETAEU TNG avabeong
MeTaBANTAG (=) kal Tng avabeong onuaTog (<=)
o Avabeon petraBAnTng (variable assignment):
= EVNUEPWVEI APECWG TN METABANTN ME TN VEA TIUN
o Avabeon onuatoc (signal assignment):

= Xpovonpoypauuatilel TNV e@apuoyn TnG véag TIUNG
OTO OfMa o€ KAnoia JEAAOVTIKN XPOVIKI OTIYHN
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Avabeorn onpotog (signal assighment)

o KaBopiopog xpovou kabuatepnong (NpoalpeTIkog)

'y <= not or_a_b after 5 ns;

o MovTeAonolei {nTApaTa xpoviopou (timing issues)

= [podiaypael Tnv kabuoTépnaon diddoaong (propagation
delay) Tng Asitoupylikng povadag

= >Tnv npooopoiwon, npodiaypdagpel ndTe B6a avaTtebei n
vEa TIYR OTO Onua
o Eav napaAng®ei o xpovoc kabuaoTepnong, o
npokabopliopévog Xpovocg ival 0 fs (delta delay)
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Avabeon onpatog

o Mapddeiyua: naApog nAdrtouc T_pw

|clk <= '1' after T_pw, '0' after 2*T_pw;

o Eav T_pw = 10ns, apxikn Tiun Tou clk = ‘0’ ka1 n npdTaon
eKTeEAEOTEI 0 Xpovo 10 ns

0O 10 20 30 40 50
7
/)‘(povonpoypappaﬂ(al ouvahlayég (transactions) yia 1o clk

ExTéAeon
EVTOAAC O1 ouvaAAayég TTapayouv yeyovoTa (events)
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2npata (signals) & Obpeg (ports)

O Ta onuaTa HETaPEPouV dedOPEVA EVTOG TNG
ApXITEKTOVIKNG

o O1 BUpec anoTeAoUV TA CANATA EMIKOIVWVIAG TNG
OVTOTNTAC HE TOV «EEW KOOHO»

entity circuit is
port (port specification);
end entity circuit;

architecture arch of circuit is
signal declaration
begin

end architecture arch;
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[Topadinio medio (concurrent domain) xot
anorovbaxd nedio (sequential domain)

o O1 evTOAEG TNG YAwooag nou BpiokovTal oTo
napaAAnAo nedio ekTeAouvTal napaAinAia

o O1 evTOAEG TNG YAwOoOag nou BpiokovTal 0To
akoAouBiako nedio ekTeAOUVTAI UE TNV CEIPA
= ONWG OTIG YAWOOEC NPOYPANKATIONOU
= TO MIO IOXUPO KOMMKATI TG YAWOOAG

o Ol op0| napa)\)\n)\n Kal CIKO)\OUGICIKI’] EKTEAEON
NPOTACEWV apopouV TNV eEopoiwaon
m TO UAIKO ekTEAEI napaAAnAa
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[Toparinin & arorovbOranny VHDL

architecture rt1 of ex is
concurrent declaration part
begin
concurrent VHDL
p rocess(..)

: sequential declaration part :
ibegin Process (digpyaaia) =
: : concurrent statement

: sequential VHDL
iend process;

concurrent VHDL
end architecture rtl;
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[Toparinin & arorovbiaxrn) VHDL :
ONAWOELG

o MapaAAnAn VHDL o AkoAouBiakn VHDL
= ONAwon onuaTwv = ONAwaon PeTaBANTWV

o NMapaAAnAn/AkoAouBiakn VHDL

= ONAwon TUNwv, oTaBepwv
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[Toparinin & arorovbiaxrn) VHDL :

EVTOAEC

o MapaAAnAn VHDL o AkoAouBiakn VHDL

m process ® variable assignment
= component » if-then-else
= when-else, with- ® case
select = wait
= loop

o NMapaAAnAn/AkoAouBiakn VHDL
= signal assignment
m assertion, report
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Atepyoaio (process)

process sensitivity Tist
declaration part
begin
statement part
end process;

o AioTa euaiobnaoiac (sensitivity list)
= AioTa onudTtwv oTta onoia n diepyaaia sival suaiobnTn
o Tunua dnAwoewv (declaration part)

= TOMNIKEC UETABANTEG, dev €ival opaTeC €Ew and Tn
dlepyaoia

o Tunua npoTtacewyv (statement part)
= MEPIEXEI TIC AKOAOUBIAKEG EVTOAEG
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Alota evoucHnoiag (sensitivity list)

o O1 diepyaciec ekTeAoUVTAl 0AV €vag
aTEPHOVOC BPOXOG
m OTAV TEAEIWOEI N EKTEAEDN TWV EVTOAWV TNG
dlepyaaoiag, n e€opoiwaon apyilel and Tnv apxn
O H ekTéAeon TwV evToAwv TNG dlEpyaaiac
Eekivael oTav ouuBei eva yeyovog (event)
o€ €va anod Ta onuaTta Tng Aiotag
gualodnaoiag
m YEYOVOG = aAAayn TINNG
m OTAV TEAEIWOEI N EKTEAEON TWV EVTOAWV ™G

6|spyao|aq, n 6|spyaola «avaoTEAAETAI» PEXPI
va oupPBei €va yeyovog oTnv AioTa uaioBnaoiag
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[Topdderypa

o Avdabeon onuaTtwv (signal assignment)
o Mpooopoiwon Baciouévn oe yeyovoTta (event-driven VHDL
simulation) : : !

' ! ‘ ! ! ns
0 10 20 30 40 50 entity nor2 is

; :event |
a

port (a,b : in bit;

3 Xn : out bit);
i i i end entity nor2;
b : eventi 3 architecture beh of nor2 is
< : : : ! signal t : bit;
t 10+1dt 40+ 10l Pegin

X ) ; t <= a or b;
Is_ Xn <= not t;

end architecture beh;
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[Topdderypa

o Alepyaciec (process)

o AvaBeon onudtwv (signal assignment) 2’
entity and_or_inv is

port ( al,a2,bl,b2 : in bit := '1'"; a2
y : out bit ); y
end entity and_or_inv; b1

architecture prim of and_or_inv is

signal and_a,and_b : bit; b2
signal or_a_b : bit;

begin or_gate :process (and_a,and_b) is
and_gate_a : process (al, a2) is begin

begin or_a_b <= and_a or and_b;

and_a <= al and a2; end process or_gate;

end process and_gate_a;
inv : process (or_a_b) is

and_gate_b : process (bl, b2) is begin

begin y <= not or_a_b;

and_b <= bl and b2; end process inv;

end process and_gate_b;

-- ..cont. end architecture prim;
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[Topdderypa

o MovTteAonoinon evog pavralwTn (latch) SR

entity latch_SR is
port (S, R : 1in bit;
Q, Qn : out bit ); S Q
end entity Tatch_sSR;
architecture prim of latch_SR is R Q
begin
P1l: process (R,Qn) S R Q Qn
begin
Q <= R nor Qn; 0 0 IlastQ lastQn
end process;
0 1 0 1
P2: process (s,Q
begin 1 0 1 0
Qn <= S nor Q;
end process; 1 1 0 0
end architecture prim;
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' ' '
2NUOTO evovtiov UETHBANTWV
signal suml, sum2: p2: process (din)
integer; variable suml,sum2:
. integer;
pl: process (din)
begin begin
suml <= din + 1; suml := din + 1;
sum2 <= suml + 1; sum2 := suml + 1;
end process; end process;
Time din Ssuml Sum2 Time din Ssuml Sum2
.. 0 0 0 .. 0 0 0
t1 1 0 0 t1 1 2 3
t1+1dt 1 2 1 t1+1dt 1 2 3
t2 2 2 1 t2 2 3 4
t2+1dt 2 3 3 t2+1dt 2 3 4
o Ti 8a oupPei av aAAGEoupe TN OEIPa TWV EVTOAGYV
MEaa oTIg digpyaacieg pl kal p2;
Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 3-18




TuAua NAnpo@opikng - NavenioTnpio Meipaiwg

2xediaon YTTOAOYIOTIKWY ZUCTNPATWY

ArohovOtonec evtoleg

O EvToAgg if

O EvToA&g case
O EvToAég loop
O EvToAgc assert
o EvToAgc wait

Sxediaon YNoAoyIoTIK®V ZUCTNHATWYV

Evtoléc if

ATTAR evToAn if ®dpdon else MoAAaTTAEG akoAouB. evioAég
if en = '1' then if sel = 0 then if opcode = halt_opcode then
stored_value := result <= input_0; PC := effective_address;
data_in; else executing := false;
end if; result <= input_1; halt_indicator <= true;
end if; end if;
MoAAaTTAéG ppdocig elsif ‘EvBeTeg (nested) evioAég if
if mode = immediate then if phase = wash then
operand := immed_operand; if cycle_select = delicate_cycle then

elsif opcode = load or
opcode = add or
opcode = subtract then

operand := memory_operand;
else

operand := address_operand;
end if;

agitator_speed <= slow;

else
agitator_speed <= fast;
end if;
agitator_on <= true;
end if;
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Evtoleg case

MovTého ALU (Arithmetic & Logic Unit)

-- oL AeLToupYi€EG Tng ALU
type alu_func is (passl, pass2, add, subtract);

-- TO ONuX ENEYXOU TNG ALU
signal func : alu_func;

case func is
when passl =>

result := operandl;

when pass2 =>
result := operand2;

when add =>
result := operandl + operand2;

when subtract =>
result := operandl - operand2;

end case;
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While loop

MovTéAo Tng ouvdapTnong ouvnuitévou (cosine function) pe xprian Tng oeipdg

entity cos is L C 1
port (theta: in real; result: out real;); cosf=1-—+———"—+
end entity; 214 6

architecture series of cos is
begin

P1: process (theta) is
variable sum, term, n: real;

begin
sum := 1.0; term := 1.0; n := 0.0; ABpoion dIadOXIKWY OpwWV
while abs term > abs (sum/1.0E6) loop Tngpoagc'xg éngéTou P
n:=n+ 2.0; N » . o1 6pol VA Yivouv PIKPOTEPOI
term := (-term)*(theta**2)/((n-1)*n); amoé 7o éva 1/1.0E6 Tou
sum := sum + term; aTroTEAEOUATOG
end loop;

result <= sum;
end process;

end architecture;

>xediaon YNoAoyIoTIK®V ZuoTnuaTwy 3-22




TuAua NAnpo@opikng - NavenioTnpio Meipaiwg

2xediaon YTTOAOYIOTIKWY ZUCTNPATWY

For loop

MovTéAo Tng ouvdapTnang ouvnuiTévou (cosine function) pe xpron Tng oeipdg

architecture fixed_length_series of cos is

begin CcO

summation : process (theta) is
variable sum, term : real;
begin

sum := 1.0;

term := 1.0;

for n in 1 to 9 loop
term := (-term)*theta**2/real(((2*n-1)*2*n));
sum := sum + term;
end Toop;
result <= sum;
end process summation;

end architecture fixed_length_series;

2 4 6
s9:1—0—+9——9—+...
2046

ABpoion Twv 10 TPWTWV
Opwv TNG OEIPAG

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV

Evtoleg assert

o O1 evTOAEG IoxUpIopoU (assert statement)
XpnolgonolouvTal yia TNV enaAnBeucn Tou JOVTEAOU

(m]

MNapadelyua: assert condition;

= IoxupildpaoTe OTI N condition €ival navta aAnéng

(6noTe ekTeAeiTal n assertion)

= Edav dev eival aAnbng = napaBiaon 10xupIoHOU

O NPOCOMPOIWTAG AVAPEPEI TO YEYOVOG

o O1 evTOAEG assert xpnoipgonolouvTal ano:

= EpyaAeia olvBeong (synthesizer)
MNa BeATIOTONOINGCN TOU AMOTEAECHATOG
= EpyaAeia Tunikng enaAnBeuoncg (formal

AnodeikvUouv OTI IoXUel yia 0Aa Ta niBavd epebiopaTa €100d0u

(input stimuli)

verifier)

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY
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Dopdoelg report, severity

dpdon avapopdg (report clause)
assert initial_value <= max_value Ma va EEPOulE TT0I0G IaXUPIoHOG
report "initial value too large"; TapaiGoTKe

®dpdon auoTnpoTNTag (severity clause)

assert initial_value <= max_value Mégo emnpeadel n Tapapiaon Tou

e .+ | 1oxupiopoU TO povTéAo Hag;

report "initial value too large . .
O1 TTPOCOUOIWTEG POG ETTITPETTOUV VA

severity warning; kaBopicoupe €va severity threshold

Mavw armé 1o threshold oTauaTouv
TNV TTPOCOOIWaN

Default threshold = error

MpokaBopiopévog TUTTOG aTTapiOunong

type severity_level is (note, warning, error, fai'lure);|

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV 3-25

[Topadetypa: SR latch

Mpoétaon iIoxupiopou: Oi gicodol S kal R dev Trpétrel va givail kai o1 dUo 1

entity SR_flipflop is
port (S,R : in bit; Q : out bit );

end entity SR_flipflop;
architecture checking of SR_flipflop is
begin
set_reset : process (S, R) is
begin
assert S ='1'" nand R = '1'; H mrpdétaon assert Ba aviyveloel
. _ o TrapaBiaon 1I0XupIopoU €4V TO
ifs = ' l, then MovTENO XpnoluoTToinBei
Q<= "1%; AavBaopéva
end if;
if R = '1' then
Q<= "0";
end if;

end process set_reset;
end architecture checking;
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[Tocpdderypo

entity max3 is
port (a,b,c : in integer; z : out integer );
| end entity max3;
architecture check_error of max3 is
begin
maximizer : process (a, b, c)
variable result : integer;

report "inconsistent result for maximum"
severity failure;
z <= result;

end process maximizer;
end architecture check_error;

begin
if a > b then
if a > c then
result := a;
else
result := a; -- Ooumg! Ox €EMpEME VX €LvaL:
end if; -- result := c;
elsif b > c then
result := b;
else
result := c;
end if;

assert result >= a and result >= b and result >= c

KUkAwpa
eTMAOYNG TNG
HEyIOTN TIPAG
METALU TwV 3
€106dWV TOU

MpdTaon IoKupIouoU
H £€odog mrpéTrel va
egival peyaAUTepn A ion
Kal atré TG 3 £10000UG

H mpétaon assert 6a
avixveuoel rapaBiaon
I0XUpIoPOU €AV

TO JOVTEAO BeV EXEI
uAoTroinBei cwoTd

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV
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Evtoheg wait

O AkoAouBiakn npdTaon: avaoTeAAEl TNV

EKTEAEON TNC dlEpyaaciac

wait on

wait until

= ®pdaon xpovikng unepBaong (timeout clause):

wait for

o Mia npdéTaon wait ouvTaoosTal JE:
= Opaon suaioBnoiac (sensitivity clause):

= ®pdon ouvenkng (condition clause):

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY
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Evtoln wait on

O AvaoTeAAel Tn dlepyaacia €wG OTOU £va YEYOVOG
oupBei o€ eva anod Ta onuaTa Tng Aiotag

o H AioTa Twv onuatwv ovopadletal Aiota
gualoBnoiac (sensitivity list)

O Xpnoiun o€ diEpyacieg nou PJovTeAonolouv PnAokK
ouvduaaTIKNAG AOYIKNG

looduvapeg digpyaaoieg

half_add : process 1is half_add : process (a,b) is

begin begin
sum <= a xor b after T_pd; sum <= a xor b after T_pd;
carry <= a and b after T_pd; carry <= a and b after T_pd;
wait on a, b; end process half_add;

end process half_add;

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV 3-29

Evtoin wait until

O AvaoTeAAel Tn dlepyaacia €Ewg OTou IkavonoinBei n
ouvenkn

O H ouvBnkn eAeyxeTal kGBe popa nou cupBaivel
YEYOVOC 0g onolodnnoTe onNa TNG ouvenkng

clock_gen : process is

begin
clk <= '"1' after T_pw, '0' after 2*T_pw;
wait until clk = '0';

end process clock_gen;
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EvtoAn wait for

O AvaoTeAAel Tn dlepyaacia yia To Xpoviko diaoTnua
nou opileTal aTnv npoTaon

clock_gen : process is

begin
clk <= '1' after T_pw, '0' after 2*T_pw;
wait for 2*T_pw;

end process clock_gen;
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Muwnteg mpotaoelg wait

o wait on sensitivity _list until condition;
m AvaoTeAAel Tn dlepyaacia €wg 0Tou oUMBEI Eva
YEYOVOG
Kal n ouvenkn €ivar aAnbng
o wait on sensitivity _list for time_period;
m AvaoTeAAel Tn dlepyaacia €wg 0Tou oUNBEI Eva
YEYOVOC
N AN&el To XpovIiko d1aoTnua
o wait until condition for time_period,;

m AvacoTeAAel Tn digpyaacia €wg OTou IKavonoinoei
n ouvenkn N AR&el To xpovikod didoTnua

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 3-32
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2YeOLNGTY] GLYOLAOTINWY HVKAWPATWY

o Mpoogoxn: 6Tav XpnoipgonoloUpe dlEpyaadies yia
TNV uAonoinon evog ouvduaoTIKOU KUKAWUATOG
o 'OAec ol eicodol npEnel va gival otn AioTa
euaicbnaoiag
= S JIapOopPETIKNA NEPIiNTwaon unapxel diapopda PeTagu
TOU JOVTEAOU MPOCONOIWONG KAl TOU JOVTEAOU
nou nNpokUNTel anod Tn ouvOeon
O >€ OAa Ta onparta eE00ou npenel va avaTedei pia
TIUN KAOE Qopd nou ekTeAEiTal n diepyacia

= & OIapOPETIKN NEPINTWAON TO YOVTEAO NMouU NPoKUNTEI
and Tn cuvBeon Ba nepigxel oToixeia pvAung (latches) -
enopévwg Ba sival akoAouBiakd KUKAWHaA

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV 3-33

[Topdderypa

o Ti1 8a oupBei 0TO HOVTEAO NPOCOMOIWONG TOU
napakatw adpoioTn;

entity adder is

port ( a,b : in integer range 0 to 15;

X : out integer range 0 to 31 );

end entity adder;
architecture beh of adder is
begin

p: process (a)

begin

X <= a + b;

end process;

end architecture beh;

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 3-34
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[Topdderypa

O MoAU guxvo
oxedlaoTIkO Aabog
= EAAINAG npdTaon if:
égv CIVCIG:‘::TEI TI|..II"]'YICI
KAMolo onua oe kanoia
d1akAadwaon TNg
npoTtaong if
O Aev nepiypagel
ouvduaaoTIKn AoYIKN
= Ynapxel avadpaon oTo
KUKAWHGa

= [epiypagel
akoAouBiakr Aoyikn

entity inc_if is
port ( a, b, en
Z, Y
end entity inc_if;

: 1in bit;
: out bit);

architecture beh of inc_if is
begin
p: process (a,b,en)
begin
if en = '1' then
Z <= a;
else
y <= b;
end if;
end process;
end architecture beh;

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV
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[Topddnieg avabéoelc onpdtwv

o MNapdAAnAec npotdoeic avabeonc onuaTog
(concurrent signal assignment statement)
= XpnoigonoliouvTal oTo napaAAnAo nedio TnNG yAwooag
o XpnaoigonolioUvTal yia Tn JovTeAonoinon
ouVOUAOTIKWV KUKAWHATWV
= JuvOUQOTIKOG JETAOXNHATIONOC TWV €100dWV OTIC

€€000UC

O MnopouUv va avTikataoTnoouv dIEpyaacieg
KAvovTag To JOVTEAO MIO EUAVAYVWOTO

O AUO PHOpQEC NAPAAANAWY avaBEécewy onUATWYV
= Avabeon onuaTtoc und ouvenkn (conditional signal

assignment)

= Avdbeon onuartog he enidoyn (selected signal

assignment)
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Avabeorn onpoatog vo cuvbnun

o MovTEAo zmux : z <= dO when

. dl when

MOAUMNAEKTN & when
4-o0¢e-1 d3;

sell = '0' and sel0 = '0' else
sell = '0' and sel0 = '1l' else
sell = '1' and sel0 = '0' else

zmux : process 1is
begin
if sell = '0' and sel0 = '0' then
z <= d0;
elsif sell = '0' and sel0
z <= di;

z <= d2;
else
z <= d3;
end if;
wait on dO, dl, d2, d3, sel0, sell;
end process zmux;

'1' then

elsif sell = '1' and sel0 = '0' then

loodUvaun diepyaacia
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[Topadetypota
O Avdabeon onuaTog Xwpic ouvenkn
PC_incr : PC_incr : process is
next_PC <= PC + 4 after 5 ns; begin

next_PC <= PC + 4 after 5 ns;
wait on PC;

end process PC_incr;

o Mapaywyn evog oAPaTog reset oTnv apxrn TG NPOGoHoiwang

reset_gen :
reset <= '1l', '0' after 200 ns
when extended_reset else
'1', '0' after 50 ns;

reset_gen : process is
begin
if extended_reset then
reset <= '1l', '0' after 200 ns;
else
reset <= 'l', '0' after 50 ns;
end if;
wait;
end process reset_gen;
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Avabeorn onpatog pe enthoym

o MovTteAo ALU

alu : with alu_function select
result <= a + b after Tpd when alu_add | alu_add_unsigned,
a - b after Tpd when alu_sub | alu_sub_unsigned,
a and b after Tpd when alu_and,
a or b after Tpd when alu_or,
a after Tpd when alu_pass_a;

alu : process is
begin
case alu_function is
when alu_add | alu_add_unsigned => result <= a + b after Tpd;
when alu_sub | alu_sub_unsigned => result <= a - b after Tpd;

when alu_and => result <= a and b after Tpd;
when alu_or => result <= a or b after Tpd;
when alu_pass_a => result <= a after Tpd;

end case;

wait on alu_function, a, b;
end process alu;

looduvaun digpyacia
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[Tepyoapeg dourng (structural descriptions)

o H 1epapxikn oxediaon BaocileTal oTnv
neplypagn doung
0 Meprypagr dopng:
= NeEPIYPAPEl T ouoTaTika (components) Tou
KUKAQMATOC KAl NwG auTa ouvdgovTal HETAEU
TOUG
o Nepiypaen dopncg otn VHDL:
= YAONoIgiTal Je Xpnon TnG npoTaong
EUPAvVIONG OTIYHIOTUNOU CUCTATIKOU
(component instantiation)
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2TYULOTLUTO CGLOTATIXOD
(component instance)

o AnAwon Tng ovtoTnTag DRAM_controller kai Tng
apxiTekTovikng fpld

entity DRAM_controller is
port (rd, wr, mem : in bit;
ras, cas, we, ready : out bit)
end entity DRAM_controller;

O ZTIYMIOTUNO oUCTATIKOU

main_memory_controller: entity work.DRAM_controller(fpld)
port map (cpu_rd, cpu_wr, cpu_mem,
cpu_ras, cpu_cas, cpu_we, cpu_ready);
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2TYULOTLTTO GLOTATIXOD
(component instance)

O JUOXETIoONG B€ong (positional association)

main_memory_controller: entity work.DRAM_controller(fpld)
port map (cpu_rd, cpu_wr, cpu_mem,
cpu_ras, cpu_cas, cpu_we, cpu_ready);

O ZUOXETION ovopaTtog (named association)

main_memory_controller: entity work.DRAM_controller(fpld)
port map (rd => cpu_rd, wr => cpu_wr, mem = >cpu_mem,

we => cpu_we, ready => cpu_ready,

ras => cpu_ras, cas => cpu_cas);
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1 1) ©
[Mopadetypo: notaywen™g 4-bit
entity regd is go Fmmm—— a0
port( clk, clr: in bit *’Ik d ¢—F—
do, di, d2, d3 : in bit; ClK ¢ »lclk
q0, ql, g2, g3 : out bit) clr
end entity reg4; 4
. . di i 3 i gl
architecture struct of reg4 is : 4+
begin s—p(Clk
: clr
bit0 : entity work.d_ff(beh) 4 -
port map (d0, clk, clr, q0); | 92 d g .
bitl : entity work.d_ff(beh) P e—plck
port map (d1, clk, cIr, ql); olr
bit2 : entity work.d_ff(beh) X
port map (d2, clk, clr, g2);| 43 i m i g3
bit3 : entity work.d_ff(beh) : b
port map (d3, clk, clr, g3); L plclk :
clr
—| end architecture struct; cr 4
XEBI0N YTOAOYIOTIKOY ZUCTNHATGY Do 5 g
1 ) ©
[Mopadetypo: abpototng 4-bit
entity Full_adder is entity ripple_adder is
port (A,B,Cin : in bit; port (a,b : in bit_vector(3 downto 0);
Sum,Cout : out bit); cin : 1in bit;
end entity Full_adder; sum : out bit_vector(3 downto 0);
cout : out bit);
architecture beh of Full_adder 1is end entity ripple_adder;
e.r;d architecture beh; architecture struct of ripple_adder is
;nd architecture struct;
By Az B, A B A By Ao
C3 Cy Cy
|7 FA FA FA FA Co
Cy S3 S Si Slo
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[Mopadetypo: abpototng 4-bit

architecture struct of ripple_adder is
signal cl,c2,c3 : bit;
begin

bit0: entity work.full_adder(beh)
port map (a=>a(0), b=>b(0), cin=>cin,sum=>sum(0), cout=>cl);

bitl: entity work.full_adder(beh)
port map (a=>a(l), b=>b(1), cin=>cl, sum=>sum(l), cout=>c2);

bit2: entity work.full_adder(beh)
port map (a=>a(2), b=>b(2), cin=>c2, sum=>sum(2), cout=>c3);

bit3: entity work.full_adder(beh)
port map (a=>a(3), b=>b(3), cin=>c3, sum=>sum(3), cout=>cout);

end architecture struct;
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[TopapetpomOMUEVEG UOVAOES

O 2xediaon NapapeTPONOINUEVWY PHovadwyv PE Tn Xpron generic

o AARAwon ovToTNTAG O ZTIYMIOTUNO OUCTATIKOU
= [evvATpia poAoyioU pe = [lepiodog 10 ns kai diApKela
MeTaBANTM nepiodo Kai naApou 5 ns
dldpKela naApou
entity clock is clock_ul:
generic (period, pulse : time); entity work.clock(beh)
port (clk : out bit); generic map (period => 10ns,
end entity clock; pulse => 5ns)
port map (clk => c1k);

architecture beh of clock is
begin
pl: process is
begin
clk <= ‘17;
wait for pulse;
clk <= ‘07;
wait for (period-pulse);
end process;
end architecture;

3]
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[TopopetpomOIMUEVEG LOVAOES

o AnAwon ovtoTNTAG O STIYMIOTUNO CUCTATIKOU
= Mpda&n AND peta&u = Mpda&n AND peta&u
dlavuopatwy bit pnkoug width 8-bit diavuopaTtwv
entity and_bv is and_bv_ul:
generic (width : integer); entity work.and_bv
port(a: in bit_vector(0 to width-1); generic map (width => 8)
b: in bit_vector(0 to width-1); port map (inl, in2, z);

z: out bit_vector(0 to width-1));
end entity and_bv;

architecture beh of and_bv is
begin
and_op : process (a, b) is
begin
for index in 0 to width-1
z(index) := a(index) and b(index);
end Toop;
end process and_op;
end architecture beh;

>xediaon YNoAoyIoTIK®V ZuoTnuaTwy 3-47




