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2yedlooy] Y TOAOYLOTIN®Y

2 V0T PATWY

>xediaon cuvOudaoTIKWV
KUKAWHATwV oTnv VHDL

MixaAng Wapdkng

2YeOLNGTY] GLYOLAOTINWY UVKAWPATWY

O AOYIKEG ouvapTnoeIg Kal NUAeg (boolean
functions)

O MoAunAekTeg (multiplexers)
o AnokwdikonoinTég (decoders)
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2LVOLACTING HUNAW AT

0 KukAwpaTta Twv onoiwv ol TIHEC TwV
e€00WV €EaPTWVTAl ANOKAEIOTIKA Ao TIC
TPEXOUOEC TIMEC TWV €1000WV

® KAMia anoBnkKeuon TV NPonNyoUUEVWV TIHWV
TWV €1000WV
m Kauia karaoraon

o0 Mnopouv va avaAuBouUv Pe Xpnon

Kavovwyv AOYIKNG
= Aoyikn aAyeBpa n alyeBpa Boole
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Noyneg ouvaETNOELS

O JUVapTNOEIC Nou AsIToupyouv o€ €10000UG
Twv U0 TIHWV Kal napayouv £€000UC TWV
oUo TIHWV

= 0, uhonoleiTal WG XapunAo €ninedo Taong
= 1, ulonoleiTal WG uYPnAo €ninedo TAoNG

o H ouvaprtnon kaBopilel TNV TINA TNC
€€000U YIa 0Aouc Toug nibavoug
ouvduaopoug TNG TIMNG TNS €100d0U
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[ Tivaneg ainbetog now mOAES

0 OpIouOG MIag AoyIKNG ouvapTnong JE nivaka

Aoyik6 OR Aoyiko AND Noyikd NOT
X y xX+y X y x-y X X
0 0 0 0 0 0
0 1 1 0 1 0 1 0
1 0 1 1 0 0
1 1 1 1 1 1 *DCF

avTIOTPOPEAG
nUuAn OR nuAn AND
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Noywneg e&lowaoetlg

O AoyIkeG €EI0WOEIC Kal NMivakeg aAnbeiag sival kal Ta
U0 €yKupol TPOMOI YIa va TOV OPIoHO HIAG

ouvapTnong
_ ' X y z f
f= (x + y) Z 5 > S .
. 0 0 1 0

o YnoAoyiCoupe Tnv f yia
KaBe ouvouaouo Twv 0 1 0 1
TIUGV €10030U KaI T 0 1 1 0
OUMNANPWVOULE TOV ] 0 0 1
nivaka

1 0 1 0
1 1 0 1
1 1 1 0
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Noywneg e&iowaoetg oty VHDL

O XPNOIMOMNOIOUPE AOYIKOUG TEAEQTEG OTIG EVTOAEG
avaleong onuaTwyv

f=+-2)+(&-2)

Tibrary ieee; use ieee.std_logic_1164.al1;

entity circuit is
port ( x, v, z : in std_logic;
f : out std_Tlogic );
end entity circuit;

architecture boolean_egn of circuit is
begin

f <= (x or (y and not z)) and not (y and z);
end architecture boolean_eqgn;

>xediaon YNoAoyIoTIK®V ZuoTnuaTwy 1-7

Noywot tekeotég oty VHDL

o MpoTepaloTnTa
= TO not £xeI TNV uwnAoTEPN

aorb a+b D = 01 UNOAOINOI TEAEOTEG

€Xouv ion npoTepaldTNTA

anand b ab _:::>»— = XPNOIKOMOIOUUE

- napeveEoelg yia va

a norb a+b D EekaBapiooupe TN ocIpa

unoAoyiguou

axorb a®b :)D o Tiyég bit otnv VHDL

1 1 l1l
a xnorb a®b :ﬁ::>F = 0 kai
not a a 4D”—

a and b a-b
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Tomot dedopevwy

o H VHDL €ival gia yYAwooa e 1oxupouc
TUnoug (strongly typed language)

m KaBe avTikeigevo (n.x. onua i getraBAnTn)
Mnopei yovo va AdBel Tiueg Tou dNAwPEVOU
TUNOU TOU

= ZUMBAAAEl oTnv avixveuon oxedlaoTikwV AdBwv

o H VHDL nepiexel npokabopIioPEVOUG
TUNoug

o O xpnoTng unopei va opioel dikoug Tou
TUNOUG

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV 1-9

[Toorabopropevor toHnot

o AnAwvovTal o€ nakeTa (packages):

o MakeTo standard TnG BIBAIOBAKNC std':
= TUnoi: BIT, BOOLEAN, INTEGER, kai REAL

o MakeTo std_logic 1164 Tn¢ BIBAIOBAKNC jeee:
= TUnor: STD_LOGIC kal STD_ULOGIC

o MakeTo std_logic_arith Tng BIBAIOOAKNG ieee:
m TUnoi: SIGNED kar UNSIGNED

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 1-10
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I Toneto

o MNa va XxpnoldonoInooule evav TUNO nou
NEPIEXETAI OE €vA MAKETO:
= Mpiv TN dNAwonN TnNG ovToOTNTAG:
= AnAwvoupe Tn BIBAI0BAKN oTnVv onoia BpiokeTal
TO NAKETO
» Opifoupe TO NAKETO PE MIa ppaon xpnong (use
clause)

Tibrary library_name;
use library_name.package_name.package_parts;

>xediaon YNoAoyIoTIK®V ZuoTnuaTwy 1-11

ANAwor TaneTwy

O ZuvnBwc og pia oxediaon XpnoidonoloUe TUMOUG
ano 3 Nakera:
m ieee.std_logic_1164 (ieee library)
m standard (std library)
= work (work library)

Tibrary ieee;
use jeee.std_logic_1164.al1;

Tibrary std;
use std.standard.all; ., , i i
Eival e¢'opiopou opaTég.

Tibrary work; Agv xpeialetal va dnAwbBouv

use work.all;

>xediaon YNoAoyIoTIK®V ZuoTnuaTwy 1-12
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Toroc bit

type bit is (‘0’, ‘1’);

o Meta@padleTal otn ouvBeon o€ €va Jovo onua

o H Tign ‘0’ avanapiotaveral ano 1o Aoyiko eninedo
0 kai n Tign ‘1’ and To Aoyiko €ninedo 1

O Ta dUo Aoyikd enineda dev enapkouV yia va
avanapacThoouV TN CUNMEPIPOPA TWV ONHATWYV
o€ Kanoleg nepinTwoelg (n.x. high-2)

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV 1-13

Toroc boolean

type boolean is (false, true);

o Meta@paleTal otn oUvBeon o€ €va Jovo onua
o H Tiun false avanapiordaveral and To Aoyiko
eninedo 0 kal n Tign true and To Aoyiko €ninedo 1

o O TUnog boolean onavia xpnoigonoigital yia
onNpaTa AoyIKwVv eKQPACEWV

o AvTiBeTa, xpnolJonolsiTal EYPeca and TNV yAwoaoa
yla va avanapacTnoel TO anoTEAECHA piag npd&ng
ouyKpIlong

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 1-14
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Torog std_ulogic

type std_ulogic is ('U', -- Uninitialized
'X', -- Forcing Unknown
'0', -- Forcing zero
'1', -- Forcing one
'Z', -- High Impedance
'"w', -- weak Unknown
'L', -- weak zero
'H', -- weak one
'-' ); -- Don't care

O MovTeAonolei NAEKTPIKEG IDIOTNTEC TWV ONUATWV
O XPROIPOG yia TNV NPOCONOiwon TWV ONUATWVY

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV 1-15

std_ulogic: tekeotng AND

FUNCTION "and" ( 1 : std_ulogic; r : std_ulogic ) RETURN UX01;

CONSTANT and_table : stdlogic_table := (

'0', 'O', '0', 'O', 'O', 'O', IOI, '0', lol
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>.0vBeom tou tomou std_ulogic

O XTnV Npooopoiwaon avTigeTwnieTal oav
€vacg TuUnogG anapiépnong
O XTnv ouvBeon peTappaleTal o€ eva Jovo
onua
o O1 TIgEG Tou std_ulogic nou €ival
ouvOeoipec eivar: ‘0’, ‘1’, ‘2’
= H Tiyn ‘0’ avanapioraverar and 1o Aoyiko
eninedo 0, n TiynR ‘1’ and To Aoyiko €ninedo 1
Kal N TN ‘Z’ andé Tnv uwnAn epnednon
(high-impedance)

>xediaon YNoAoyIoTIK®V ZuoTnuaTwy 1-17

>.0vBeon tou tomov std_ulogic (ouv.)

o IMa TIC UNOAOINEC TIMEC TA EPYAAEia
ouvBeonc €ite O6a Ta YETAPPACOUV Oav
npayuatikn Tiun (0 [ 1) €ite 6@ napayouv
Aabog

O XpNOIYEG OE KAMOIEC NEPINTWOEIC €ival
n Tiun don’t care (-)

m ENITPENEI OTO EPYAAEio oUVOEDNG TNV KAAUTEPN
anAonoinon Tou KUKAWNATOG

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 1-18
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Torog std_logic

o std_ulogic: unresolved type
o std_logic:

= unoTunoc Tou std_ulogic

= resolved type

= XpNoIJonolgiTal 0Tav BEAOUNE €va ONua va exel
noAAanAoug odnyoug
dia ouvapTtnon eniAuonc (resolution function)
unoAoyidgl TNV TIKN TOU ONuaTog
m Ba Tov PeEAETAOOUPE apyoTepa OTaAvV
aoxoAnBoupe pe TpioTadng diauAouc (tristate
busses)

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV 1-19

YAomoinoy cuVOLAGTIUNG AOYIKNG

O AoYIKN EAEYXOU €vVOC KAILATIOTIKOU
= TPEIC AOYIKEG EEIOWOEIC YIA TNV EVEPYONOINGCN TOU GUCTHMATOC
Bgppavong (heater), WU&ng (cooler) kai Tou avepioThpa (fan)

heater_on = temp_low - auto_temp + manual_heat
cooler_on = temp_high - auto_temp + manual_cool
fan_on = heater_on + cooler_on + manual_fan

Tibrary ieee; use ieee.std_logic_1164.all;

entity aircon is

port (
temp_low, temp_high, auto_temp : in std_logic;
manual_heat, manual_cool, manual_fan : in std_logic;
heater_on, cooler_on, fan_on : out std_logic );

end entity aircon;
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YAomoinon cuvovaotung Aoymng (2)

heater_on = temp_low - auto_temp + manual_heat
cooler_on = temp_high : auto_temp + manual_cool
fan_on = heater_on + cooler_on + manual_fan

architecture eqgns of aircon is
signal heater_on_tmp, cooler_on_tmp : std_logic;

begin
heater_on_tmp <= (temp_low and auto_temp) or manual_heat;
cooler_on_tmp <= (temp_high and auto_temp) or manual_cool;
fan_on <= heater_on_tmp or cooler_on_tmp or manual_fan;
heater_on <= heater_on_tmp;
cooler_on <= cooler_on_tmp;

end architecture egns;

o Mpoooxn: XpnoipgonoloUvTal ECWTEPIKA anuaTa
= Aev eniTpéneTal va diaBacTolv ol BUpeg eE6d0U

>xediaon YNoAoyIoTIK®V ZuoTnuaTwy 1-21

Avadinn nwdwmonoinon

o MNw¢ avanapioTavoupe NAnpogopia Je
nepioooTEPEC anod dUo NIBAveg TIYEG;
= [MoAAatrAd duadikd ofpata (TToAAaTTAd bit)
o (all ao): (OI O)I (OI 1)/ (11 0)/ (11 1)
m AuTOG gival évag SuadIKOS KwoIKag
m KdBe Ceuyog TipwV gival pia kwoikn Aé€n
= XpnolpoTrolei U0 aywyoug onuaTwY yid Ta a4, ag

>xediaon YNoAoyIoTIK®V ZuoTnuaTwy 1-22
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Meéyebog nwdnung Aeéng

O 'Evag kwoIkag Twv n bit €xel 2" KwdIKESG AEEEIG
o MNa va avanapacthooupe N niBAveg TIMEG
= xpeialopacTe TouhayioTtov [ log,N1 bit yia Tig Aé€eig
n I'I£p|0'0'(:)T£p0 bit ynopouv va eival xprnoiya o€ KAnoIeg
NEPINTWOEIG
O MNapddelypa: kwdIKAG EKTUNWTA WYEKATHOU
= paupo, kuavo, IWJEG, KITPIVO, KOKKIVO, HMAE
= €81 TIpég, [log,61 = 3
= pauvpo: (0, 0, 1), kuavo: (0, 1, 0), Iwdec: (0, 1, 1),
KiTpivo: (1, 0, 0), kokkivo: (1, 0, 1), ynAe: (1, 1, 0)

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV 1-23

Kwdirec one-hot

o0 Kabe kwdikn AEEN €xel akpIBwg &va bit 1
0 dwTeIVOC onuaTodoTNG:
= KOKKIvVOo: (1,0,0), noptokaAi: (0,1,0), npacivo:
(0,0,1)
® TPEIC AYWYOi ONUATWV: KOKKIVO, MOPTOKAAI,
npdcivo
o KaBe bit evoc kwdika one-hot avTioToIXEI
O€ JIa KWOIKOMOINKEVN TIKN

= Ogv anaiTeitTal UAIKO yia va
anokwoIKOMOINCOUME TIMEG

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 1-24
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Avadirol nwdineg oty VHDL

o MoAAanAa bit avanapioravovTtal and €va
dl1avuoua

signal s: std_logic_vector(4 downto 0);
= AUTO €ival €&va onpa TV NEVTE OTOIXEIWV

ms(4), s(3), s(2), s(1), s(0)

signal a: std_logic_vector(l to 3);
= AuTO €ival €va onua Twv TPIWV OTOIXEIWV
=a(l), a(2), a(3)

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV 1-25

[Topddetypor SLaSIUNG #WOUOTOINGNG

O EAeykTAC @wTEIVOU onuaTodoTn He kKwdika
1-hot
= enable = 1: lights_out = lights_in
= enable = 0: lights_out = (0, 0, 0)

Tibrary ieee; use ieee.std_logic_1164.all;

entity Tight_controller is

port ( lights_in : in std_logic_vector(l to 3);
enable : in std_Tlogic;
Tights_out : out std_logic_vector(l to 3) );

end entity light_controller;

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 1-26
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[Topddetypor SLASIUNG #WOUOTOINGNG

architecture and_enable of Tight_controller is
begin

Tights_out(1l) <= Tights_in(1) and enable;
Tights_out(2) <= Tights_in(2) and enable;
Tights_out(3) <= Tights_in(3) and enable;

end architecture and_enable;

architecture conditional_enable of light_controller is
begin

Tights_out <= Tights_in when enable = '1' else
IIOOOII ;

end architecture conditional_enable;

>xediaon YNoAoyIoTIK®V ZuoTnuaTwy 1-27

Tonot anoptBpunong

o ZUvoAo and ovopaTa yia TIg
KWOIKOMOINUEVEC TINEC KAMOIWV ONUATWYV
= AvTi yia dpeon duadikn kwdikonoinon

type alu_function is (pass, add, subtract,
multiply, divide);
type octal_digit is ('0', '1', '2', '3', '4',

15l’ l6l’ I7I);
variable alu_op : alu_function;
variable Tlast_digit : octal_digit := '0';
alu_op := subtract;
last_digit := '7';

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 1-28
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[Toorabopropevor tonot anapibunong

o Character
= type character is (nul, .., '0', '1', ..,
'A', 'B', .., 'a', 'b', .)
= [epiAapBavel OAOUG TOUC XAPAKTIPEG TOU GUVOAOU
XapakTnpwv 8-bit Latin-1
o Boolean
= type boolean is (false, true);
o Bit
= type bit is ('0', '1");

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV 1-29

2.0vbeon tov tOnoL amaElBunong

O MetappadeTal o €va oUVOAO ONUATWV
IKava va KwOIKOMOINOOUV OAEC TIC TIHEG
Tou TUNOU

O Ta epyaAsia ocuvBeonc unooTnpilouv
OIAPOPETIKEC HOPPEC KWDIKOMOINONG TWV
TUNWV anapibpynong
= Binary
= Onehot
= Gray

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 1-30
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2.0vbeon Touv TOToL amaptbunong

type alu_function is (pass, add, subtract,
multiply, divide);

o Nwc 6a kwdikornoinBei o napanavw TUNOCG
anapidunonc av eniAEEoupe pia ano TIG
akoOAouBec popPeC kwdlkonoinong;
= Binary
= Onehot
= Gray

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV 1-31

Tomot mvanwy (arrays)

o MapadeiypyaTta povodiaoTaTwy Mivakwy

AnAWOEIG TUTTWV TTIVAKWY

type word is array (0 to 31) of bit; -- AeilkTng: adfovox O€Lp&
type word is array (31 downto 0) of bit; -- AeikTng: $Bivouvon geLp&

-- A€ilkTng: TOMOG amapibunong
type controller_state is (initial, idle, active, error);

AvTIKEIEVA TTIVAKWYV

variable buffer_register, data_register : word;
variable state : controller_state;

MpoTtdoeig avabeong

state := idle;
buffer_register(10) := ‘1’;
data_register := buffer_register;

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 1-32
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[Tpoorabopropevol tonot mvdnwy

O AAQap1BunTika (strings)

|type string is array (positive range <>) of character;

o AlavuopaTa bit (bit vectors)
type bit_vector is array (natural range <>) of bit;

variable channel_busy_register : bit_vector(l to 4);

o Mivakec npoTunng AoyikAc (standard-logic arrays)

type std_ulogic_vector is array ( natural range <> ) of std_ulogic;

signal csr_offset : std_ulogic_vector(2 downto 1);

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV 1-33

[Topaderypa: bit vs. bit_vector

o O1 Aoyikoi TeAeoTéC not, and, or, nand, nor, xor, xnor
gpapuolovTal oToug TUNOUG:

= bit, std_ulogic, std_logic,
bit_vector, std_ulogic_vector, std_logic_vector
entity and2 is entity and2 is
port (a,b: in bit; port(a,b: in bit_vector (0 to 3);
X : out bit); X : out bit_vector (0 to 3));
end and2; end and2;
architecture and2 of and2 is architecture and2 of and2 is
begin begin
X <= a and b; X <= a and b;
end and2; end and2;

o Moia €ival n diagopd Twv duo NAapandvw KUKAWHATWV;

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 1-34
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[Tocpddetypor: TUNUOTO TULVOKWY

subtype halfword is bit_vector(0 to 15);
entity byte_swap is
end entity byte_swap;

architecture behavior of byte_swap is
begin

output(8 to 15) <= input(0 to 7);
output(0 to 7) <= input(8 to 15);

end architecture behavior;

port (input : in halfword; output : out halfword);

o Moia €ival n Aoyikn TOU KUKA®WUATOG;

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV
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Teleotng & (concatenation)

entity conc is
port (a,b : in bit_vector(3 downto 0);

end entity conc;

architecture beh of conc is
begin

zZ <= a & b;

end architecture beh;

z : out bit_vector(7 downto 0) );

O T KUKAWPA NpoKUNTEL;

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY
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2LVOLAOTING OTOLYELX

O MnopoUuE va KATAOKEUAOOUNE oUvOeTa
ouvduaoTIKa oToixeia and NUAEG
m MOAUNAEKTEG
m ANokwOIKONOINTECG, KWOIKOMOINTEC

O Ta XpnoigonoloUPE wG UNOPoVAdEC yia vda

KATAOKEUAOOUNE PHEYAAUTEPA CUCTAKATA
= AQaipeon kal enavaxpnoigonoinon

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV 1-37

[ToAvmAenteg (multiplexers)

4-to-1 mux sel z
00 a,

01 a;

10 a,

2 11 as

library ieee; use jeee.std_logic_1164.all;
entity multiplexer_4_to_1 is

port ( a : in std_Togic_vector (3 downto 0);
sel : in std_logic_vector (1 downto 0);
z : out std_logic );

end entity multiplexer_4_to_1;

architecture egn of multiplexer_4_to_1 is
begin
with sel select
z <= a(0) when "00", a(1) when "01",
a(2) when "10", a(3) when others;
end architecture eqn;

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 1-38
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[ToAvmAéntec ToMaTA®Y bit

o Emidoyn peta&u N Ac€ewv Twv m-bit
m JUvdeon m noAunAektwv N-to-1

a0(0) Tibrary ieee; use ieee.std_logic_1164.al11;
o0 z(0)
3—1—1————1 entity multiplexer_3bit_2_to_1 is
port (
a0(1) S 2(1) a0,al : in std_logic_vector (2 downto 0);
al(l) : sel : in std_logic;
z : out std_logic_vector (2 downto 0) );
2) | end entity multiplexer_3bit_2_to_1;
a0@) | 5 2(2)
al(2) .
sel architecture eqn of multiplexer_3bit_2_to_1 is
begin
a0 3 S 3 , zZ <= 2g.when sel = '0' else
al 3 ) ’
sel end architecture eqgn;
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[Tolvmhénteg moAlamAwy bit (ouv.)

O AoMIKA NepIypaen

Tibrary ieee; use ieee.std_logic_1164.all;

a0(0) entity multiplexer_3bit_2_to_1 is
20 |° z(0)| port (
—1 a0,al : in std_logic_vector (2 downto 0);
sel : in std_logic;
ao() 5 z(1) z : out std_logic_vector (2 downto 0) );
al(l) __;;:}—————- end entity multiplexer_3bit_2_to_1;
a0(2) architecture str of multiplexer_3bit_2_to_1 is
a1 | |° 22)| pegin
sel ] mux0: entity work.multiplexer_2_tol(eqn)
port map (a0(0), al(0), sel, z(0));
mux0: entity work.multiplexer_2_tol(eqn)
a0 3. port map (a0(1), al(l), sel, z(1));
ijL____i_;;:}ﬂh___- mux0: entity work.multiplexer_2_tol(eqn)
se

port map (a0(2), al(2), sel, z(2));
end architecture eqn;
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Anorwdwonomtég (decoders)

O AnokwdikonoinTng 4-0e-16
= 'EEodog vyia (a3, a2, al, al) =(1,0,1,1) ] z? z? [
Y11 =4a3-a-a;-ag 122 2
— a3 y3—
o NMapadeiypa: ekTunwThG ink-jet pe £ i
EyXpwpa peldvia: :
= black, cyan, magenta, yellow, vIs|—
light cyan kai light magenta Color Codeword (¢, ¢y, C)
. black 0,0,1
o O anokwdikonoinTng yia Tnv
AOYIKN EAEYXOU TOU EKTUNWTNA cyan 01,0
= 3 bit e106d0u magenta 0,11
yla TNV €niAoyn XpwHaTog Kal yellow 1,0,0
= 6 bit €£6d0u, red 1,0,1
€va yia Tnv eniAoyn kabe pelavioy blue 1,1,0
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Amonwdwmononteg (ouv.)

yellow,

begin
black <= not
cyan <= not
magenta <= not
yellow <=
red <=
blue <=

end architecture

color2
color2
color2
color2
color2
color2
eqn;

Tibrary ieee; use ieee.std_logic_1164.all;
entity ink_jet_decoder is
port ( color2, colorl, color0O :
black, cyan, magenta,
red, blue
end entity ink_jet_decoder;

architecture eqn of ink_jet_decoder is

and not colorl and
and colorl and not colorO;
and colorl and
and not colorl and not colorO0;
and not colorl and
and colorl and not colorO;

in std_logic;

: out std_logic );

colorO;
colorO;

colorO;
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1
Kwdwonomrég (coders)
o Kwdikonointig 16-oe-4 ] 2? z? —
= Me €€0d0 valid yia va unodeikvUel TIG —a2  y2
MN-£YKUPEG KWOIKEG AEEEIG —a3  y3|—
— a4
;o valid —
—al5
o Mapadsiypa: KwdikonoinTng yia Zone Codeword
€va oloTnua cuvayepuou Je 8 Zone 1 0,0,0
(wveg Zone 2 0,0, 1
= 8 bit €100d0u: évacg aiobnTipacg os Zone 3 0,1,0
;Gbeii E;ibvénou yla TNV Kwdikonoinon Zone 4 9.1 1
|
TRV Co.)vd)v Zone 5 1,0,0
Zone 6 1,0,1
Zone 7 1,1,0
Zone 8 1,1,1
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1
Kwdwonomteg (ouv.)
Tibrary ieee;
use ieee.std_logic_1164.al1;
entity alarm is
port ( zone : in std_Togic_vector (1 to 8);

valid : out std_Tlogic )
end entity alarm;
architecture egn of alarm is

begin
intruder_zone(2) <= zone(5) or zone(6)
zone(8);
intruder_zone(1l) <= zone(3) or zone(4)
zone(8);
intruder_zone(0) <= zone(2) or zone(4)
zone(8);

valid <= zone(1l) or zone(2) or zone(3)
zone(5) or zone(6) or zone(7)
end architecture eqgn;

intruder_zone : out std_logic_vector(2 downto 0);

or
or

zone(7) or
zone(7) or
zone(6) or

zone(4) or
zone(8);
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Kwdwonomntng mpotepotdtntag

o Edv sival 1 nepiocoTepec ano pia gicodol
= Kwdikonoinon Tng €10000uU PE TN HeyaAUTepPN

npoTePAIOTNTA
zone intruder_zone valid
MA@ [G)|®6 | @ |6 (2| 1)
1 - - - - - - - 0 0 0 1
0 1 - - - - - - 0 0 1 1
0 0 1 - - - - - 0 1 0 1
0 0 0 1 - - - - 0 1 1 1
0 0 0 0 1 - - - 1 0 0 1
0 0 0 0 0 1 - - 1 0 1 1
0 0 0 0 0 0 1 - 1 1 0 1
0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 - - - 0
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Kwdwonomtng mrpotepotdtntag(cuv.)

architecture priority_1 of alarm is
begin

intruder_zone <= "000" when zone(l) = '1' else
"001" when zone(2) = '1l' else
"010" when zone(3) = '1l' else
"011" when zone(4) = '1l' else
"100" when zone(5) = '1l' else
"101" when zone(6) = '1l' else
"110" when zone(7) = '1l' else
"111" when zone(8) = '1l' else

mn 000 m ;
valid <= zone(1l) or zone(2) or zone(3) or zone(4)
or zone(5) or zone(6) or zone(7) or zone(8);
end architecture priority_1;
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[Topaderypo: BCD-to-7 segment decoder

o Anokwdikonolei évav BCD apiBud yia va odnynosl éva 7-

segment LED
= Segments: (g, f, e, d, c, b, a)

. g 8 8 8

g
(— - - — —
e & & H b8

(G

fU Ub 0111111 0000110 1011011 1001111
(S

1101101 1111101 0000111 1111111

H

1100110

é;?

1101111

Tibrary ieee; use ieee.std_logic_1164.all;
entity seven_seg_decoder is

blank : in std_logic;

end entity seven_seg_decoder;

port ( bcd : in std_Tlogic_vector (3 downto 0);

seg : out std_logic_vector (7 downto 1) );
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BCD-to-7 segment decoder

architecture behavior of seven_seg_decoder is

begin
with bcd select
seg_tmp <= "0111111" when "0000", -- O
"0000110" when "0001", -- 1
"1011011" when "0010", -- 2
"1001111" when "0011", -- 3
"1101111" when "1001", -- 9

""1000000" when others; -- "-"

seg <= "0000000" when blank = '1' else
seg_tmp;

end architecture behavior;

signal seg_tmp : std_logic_vector (7 downto 1);
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EnoAnbevor ocuvdovaotinwy #uuAwpatwy

O 2uvduaoTika KUKAwpaTa: n €€odog sival
ouvapTnon TWV 1000wV

m AcIToupyIikn €naAnBeuon: eniBeBaiwvel OTI ival
n owoTn cuvapTtnon!

MovTENO DOKIUNAG
>xediaan uno
EnaAnBeuon
Eqappotel (buv)
L EAeykTriG
AoKIung
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[Topdderypo enaAnbevong

O EnaAnBeloTe Tn AgiToupyia Tou eAEYKTN
TOU PWTEIVOU onuaTodoTn

o I310TNTA Nou npenel va eAEYEETE
» enable = '1' = lights_out = lights_in
m enable = '0' = O0Aa Ta QwTa €ival

anevepyonoinueva

O AvanapacoTnoTe TNV 1010TNTA WG Evav

IoXUpIoHO (assertion) oTov eAeyKTN
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Movtého donpng: entity/architecture

entity Tight_testbench is
end entity Tight_testbench;

Tibrary ieee; use ieee.std_logic_1164.all;
architecture verify of light_testbench is

signal lights_in : std_logic_vector (1 to 3);
signal enable : std_Tlogic;
signal lights_out : std_logic_vector (1 to 3);

begin

duv : entity work.light_controller(and_enable)
port map (lights_in, enable, 1lights_out);
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Eyoppoyn twv oevaplwy 0ontung

apply_test_cases : process is

begin
enable <= '0'; Tights_in <= "000"; wait for 1 sec;
enable <= '0'; Tights_in <= "001"; wait for 1 sec;
enable <= '0'; Tights_in <= "010"; wait for 1 sec;
enable <= '0'; Tights_in <= "100"; wait for 1 sec;
enable <= '1'; Tights_in <= "001"; wait for 1 sec;
enable <= '1'; Tights_in <= "010"; wait for 1 sec;
enable <= '1'; Tights_in <= "100"; wait for 1 sec;
enable <= '1'; Tights_in <= "000"; wait for 1 sec;
enable <= '1'; Tights_in <= "111"; wait for 1 sec;
wait;

end process apply_test_cases;
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‘Eleyyoc toyvotopwv

check_outputs : process is
begin
wait on enable, lights_in;
wait for 10 ms;
assert (enable = '"1' and lights_out = Tights_in)
or (enable = '0' and lights_out = "000");
end process check_outputs;

end architecture verify;
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Aettovpywnn naiom

o 'Exoupe dokiuaosl 0Aa Ta nibava osvapia

£10000U;

o MNa peyaleg oxedlaoelg, n €€EavTANTIKN
dokiun dgv gival eQIKTA
= N gicodol: apiBuog oevapiwv = 2V

O ASITOUPYIKA KAAUWN

= M0000TO TWV Tevapiwv dOKIYNAG Nou
KaAunTovTal and To HOVTEAO DOKIMNG

= Eival dUokoAo va anogacicoupe noon doKIKNA

gival apketn
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