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VHDL - Tutrol onuaTtwyv

Signed-Unsigned apiBuoi

[la vaL XpNOLLOTIOL 00U E aplBpoUC (TpoonUOOUEVOUC 1} 1N) TTPETEL va SnAwoou e To akETo/BLRALOOAKN
numeric_std pe tn dnAwon

use IEEE.NUMERIC_STD.ALL;
Edv B€Aoupe va SnAwooupe Eva oo we aplbuo tote n SnAlwon

signal x: signed(7 downto 0);
AvadEpeTal 0 MPOCNHACUEVO 0PLOUO TwV 8 bit cUpNMANPWRHATOG WG TTPOG 2

gevw n dNAwon

signal x: unsigned(7 downto 0);
AvadEPETOL OE N MPOCHUACUEVO apLlOMO Twv 8 bit

AnAwvovtal w¢ Stavuopata Omwce Kot o TuTocg std_logic_vector
ErtitpEnouy tnv eKTéAeon aplOunTkwy npagewv os avtibeon pe ta Stavuopata std_logic_vector

i E AP OOOPIKHE 4 Epyaotnplo Aoyikrig Zxediaong 2025-26 A.BactAOmouAog
THAENIKOINQNION




VHDL — Unsigned

[pacelg

‘Eotw OAa ta onjpata unsigned(3 down to 0), 4 bits
a<=“1000"; = 8
b<=“0001"; =1

add<=a+b; add=“1001" =9
sub<=a-b; sub=“0111" =7
multiply<=a*b; -- ERROR: a*b = 8 bits!

full_multiply<=a*b; -- full_multiply must have 8 bits full_multiply=“00001000" = 8
divide<=a/b; divide=“1000" = 8
modulus<=a mod b; modulus=“0000" =0

end Behavioral;

i E AP OOOPIKHE 4 Epyaotnplo Aoyikrig Zxediaong 2025-26 A.BactAOmtouAog
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VHDL — Unsigned

[pacelg

‘Eotw OAa ta orjpata unsigned(3 down to 0), 4 bits
a<="“0001"; -- 1
b<=“1000"; -- 8

add<=a+b; add=“1001" =9

sub<=a-b; sub=“1001" =9 (Error), a-b<0
multiply<=a*b; -- ERROR: a*b = 8 bits!

full_multiply<=a*b; -- full_multiply must have 8 bits full_multiply=“00001000" = 8
divide<=a/b; divide=“1000" —0 (rtnAiko)
modulus<=a mod b; modulus=“0000" --1

end Behavioral;

i E AP OOOPIKHE 4 Epyaotnplo Aoyikrig Zxediaong 2025-26 A.BactAOmtouAog
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VHDL — Unsigned

[1p60oBeon

library IEEE; use IEEE.NUMERIC_STD.ALL; +: Mopdyel anotéAeopa iSlou prkoug.
— Agv aviyveULeL uTtepxeillon

signal a, b, s: unsigned (7 downto 0); Oa UMOPOUCAUE HE TTPOPAVWG VA EXOUUE
s<=a+b; KoL - .

Ooa bit aplotepd Tou <= tO0O KL de€La

library IEEE; use IEEE.NUMERIC_STD.ALL;

Auon

XpelalOUOoTE Eval signal a, b, s: unsigned (7 downto 0);
eTTAEOV bit — signal temp_result: unsigned (7 downto 0);
yLOL TO KPOTOUEVO signal c: std_logic;

(Carry)

temp_result<=(“0"&a)+(“0"&b);
c<=temp_result(8)
s<=temp_result(7 downto 0);

i E AP OOOPIKHE 4 Epyaotnplo Aoyikrig Zxediaong 2025-26 A.BactAOmouAog
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VHDL — Unsigned

[lvopevo

* MeyoAUTEPO OTTOTEAECHA YL TEAECTEOUC TWV 1 bit :
(2;? _1)(27? _1) — 22:7 _27? _217 +1 — 22;? _(21?+1 _l)

— Arntattel 227 bit ywa amoduyn untepxelAlong

— MNvopuevo teAectéwy TwV 7 bit kat m bit
* Artoutel n + m bit

signal x : unsigned(7 downto 0);
signal y : unsigned(13 downto 0);
signal p : unsigned(21 downto O0);

p <= X *Yy;

5 TMHMA
I E NAHPO®OPIKHE 4 Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog

THAENIKOINQNION




VHDL — Unsigned

Increments

* ATAQ, mpocBeon n adaipeon tou 1

signal X, s: unsigned(1l5 downto 0);

S <= X 4+ 1; -- 1ncrement X

S <= X - 1; -- decrement x

e Inuelwon: 1 (akepatocg), oxt ‘1’ (bit)

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog




VHDL — Unsigned

ETrekTaon pndevog

* [La eTMEKTOON OPLOUOU aTo n bit oe m bit , R
2€ OAeC TIC evtoA£c ooa bit

— MpocBeon apxikwyv bit O eival oto 8£€i péNog 1600 aKpLPUIG
— TLY. 7210 — 1001000 = 000001001000 MPETEL VA Eival KOIL OTO OLPLOTEPO

/

al Yo signal x : unsi (3 downto 0);

:11 ‘:1.1 S-igna-l y S'igﬂEd(7 downto 0);

X V

n—1 ‘(v”_l Y <= "0000” & X,
S . JUVEVWO
Voo y <= resize(x, 8); !
«];}.u—l ]

b concatenation

THAENIKOINQNION
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VHDL — Unisigned

ATTOKOTT

Mo arokomn ano m bit os n bit
— AmoppinTtou e ta aplotepotepa bit
— H twun dtatnpelitat epooov ta bit mou amoppintovial eivort O

— To amotéAeopa eival to x mod 27  Eotw: signal y : unsigned(7 downto 0);
signal x : unsigned(3 downto 0);

-1_.' X

.vo To X <= y(3 downto 0);

Rl “1

-1_.' B ;\‘ _ 7 4

V., - : Mola elvat o EVEALKTN);
m X <= resize(y, 4);

vvm—l i ,

4 X <= resize(y, x’length) —__ Kol yla emektaon kau
V-1 yLol QTTOKOTTH.

i E AP OOOPIKHE 4 Epyaotnplo Aoyikrig Zxediaong 2025-26 A.BactAOmtouAog 9
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VHDL — Unsigned

A@aipeon

Eic

library ieee; use ieee.std_logic_1164.all, ieee.numeric_std.

entity adder_subtracter is

port ( X, vy : in unsigned(11l downto 0);
S : out unsigned(1l downto 0);
mode : in std_logic;
ovf_unf : out std_logic );

end entity adder_subtracter;

architecture behavior of adder_subtracter is
signal s_tmp : unsigned(12 downto 0);
begin
s_tmp <= ('0" & x) + ('0" & y) when mode = '0' else
('0" & x) - ('0" &Yy)
s <= s_tmp(11l downto 0);
ovf_unf <= s_tmp(12);

y

end architecture behavior;

all;

/ Yo ouvOnkn

TMHMA
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VHDL — Unsigned

2.UyKplon
* MUAN XNOR: lootnta duo bit
— Edappoyn oe kaBe bit SVo anmpoonUwV apLlOuwy

 2tnv VHDL, o X = Y Olvel
boolean amnotéAsocua

;E :)D* — Weudéc n aAnbéc
;j :)D_‘—:} 3 — Aev pmopel va yivel avaBeon

o€ onua std_logic boolean
'\‘ —

TEAEOTNC

eq <= '1' when x = y else '0';

o TMHMA
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VHDL — Signed

[pacelg

‘Eotw OAa ta oruata signed(3 down to 0), 4 bits
a<=“1000"; = -8
b<=“0001"; = 1

add<=a+b;

sub<=a-b;

multiply<=a*b; -- ERROR: a*b = 8 bits!
full_multiply<=a*b; -- full_multiply must have 8 bits
divide<=a/b;

modulus<=a mod b;

absolute_value<=abs(a);

. TMHMA
d I E NAHPO®OPIKHE 4
THAEMIKOINQNION

add=“1001" = -7
sub=“0111" = 7 (Error a-b<-2("1) = -8)

full_multiply=“00001000" = -8
divide=“1000" = -8
modulus=“0000" =0
absolute_value=“1000" =-8 ((Error abs(a)>2("1)-1=7)

Epyaotniplo Aoyikng Zxediaoncg 2025-26 A.BactAomoulog



VHDL — Signed

[pacelg

‘Eotw OAa ta oruata signed(3 down to 0), 4 bits
a<="“0001"; =1
b<=“1000"; = -8

add<=a+b; add=“1001" = -7
sub<=a-b; sub=“1001" = 7 (Error a-b>2("1-1=7)
multiply<=a*b; -- ERROR: a*b = 8 bits!
full_multiply<=a*b; -- full_multiply must have 8 bits full_multiply=“00001000" = -8
divide<=a/b; divide=“1000" =0
modulus<=a mod b; modulus=“1001" = -7
absolute_value<=abs(a); absolute_value=“0001" =1
aremb = a — (a/b) * b (division truncates toward 0)
amodb = a— b *floor(a/b) (division floors toward — o)

i E AP OOOPIKHE 4 Epyaotnplo Aoyikrig Zxediaong 2025-26 A.BactAOmouAog
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VHDL — Signed

Eic

Anapaitntn n xpion tng

* Tumog signed amo to numeric_std / BifAoBrkng numeric_std

library ieee; use ieee.numeric_std.all;

s : signed(15 downto 0);

* OLtunotsigned kat unsigned eivat Eexwplotol

signal sl : unsigned(11l downto 0);
signal s2 : signed(11l downto 0);

sl <= s2; -- illegal

sl <= unsigned(s2); -- s2 is known to be non-negative
s2 <= signed(sl); -- sl is known to be less than 2**11

TMHMA
NAHPO®OPIKHE 4
THAENIKOINQNION
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VHDL — Signed

AANayn peyEBOUC

* [eVIKQ, Yl AKEPALOUG OE CUMMANPWHA WG TPOC 2
— Eméktaon pe emavainyn tou bit mpoonuou
* Emektaon mpoonuou
— AmokoTn pe anoppldn apxtkwy bit

* Ta bit mou amoppintovtal mpemnet 0Aa va sivatl ta dLa, Kat dla pe
To bit mMpoonOUL TOU AMOTEAECUATOC

X, Y,
:rl V1 signal x : signed (7 downto 0);
: signal y : signed (15 downto 0);
xn—L J‘I;—l
'1‘” = i ' . ’ ’
: y <= resize(x, y'length); OxL TtAéov
) otaBepn TIUA
"

m=2 x <= resize(y, x'length);

. TMHMA
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VHDL — Signed

[1p60oBeon

72:
49:

121:

105:

TMHMA
d NAHPO®OPIKHE 4
THAENIKOINQNION

[EWOOOOOO fll\OOOOOO
01001000 —63: 11000001 —42:
00110001 —32: 11100000 8:
01111001 —95: 10100001 —34:

5001000 1 0/00O0OO0O0O0

01001000 —63: 11000001 42:
01101001 -96 10100000 —8:
10110001 01100001 34:

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog

0 0/0O0OO0OO0OO0OOQO0
11010110
00001000

11011110

m

1
00
11

— i

10
01
11

o o <

0
10
00

001000160

XwpLig umtepxeilon
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VHDL — Signed

[MTp60oBeon

* To amotéAeopa Tou + €xel 1bLo péyeBoc e
TOUC TEAEOTEOUC

signal v1, v2
signal sum :

: signed(11 downto 0);
signhed(12 downto 0);

sum <= resize(vl, sum'length) + resize(v2, sum'length);

* [La EAeyxo UTIEPXELALONG, OUYKPLON TIPOCH LWV

signal
signal

Z <= X
ovf <=

X, Y, z: signed(7 downto 0);
ovf : std_logic;

+Ys
(not x(7) and not y(7) and z(7))
or (x(7) and y(7) and not z(7));

. TMHMA
d I E NAHPO®OPIKHE 4
THAEMIKOINQNION
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VHDL — Signed

OAioBnon: NoAAatTAaciaopoc/Alaipeon

e [oANATTAQCLOOUOC e 2F
— Aplotepn AoyLkn oAloBnon (omwc yLa ampoonuouc)

To mMpOONUO TIPETEL VAL
e Alaipeon pe 2F MopOpEivEL
— Agéla aptduntikn oAlodnon
— Amoppun Twv k£ Alyotepo onUAvTIKwV bit, kol elocaywyn &
avTlypadwyv Tou bit TPOCAMOU OTO NMEPLOCOTEPO
ONUOVTLKO AKPO

— 1., s="11110011" --—13
shift_right(s, 2) ="11111100" -- —13 / 22

. TMHMA
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VHDL — Package:numeric_std

TUTTOI - 2UVOPTNOEIC

Tunol
signed — unsigned

Zuvaptnoels — Mpageig
+,-,* /, mod, rem, abs

ZUVOPTAOELC — ZUYKpPLON
>, <, <=, >=, /= (0Aeg emiotédouv Boolean)

Zuvaptnoslc — Edge detection
rising_edge(), falling_edge()

. TMHMA
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VHDL — Package:numeric_std
TUTTOI - 2UVOPTNOEIC

Zuvaptioelc — Metatpornéc (conversion functions)
(To apxko oo aAAdlel os VEO)

Name Input type Return type

To_integer() unsigned integer

To_integer() signed integer

To_unsigned() integer, <size> unsigned (size-1 downto 0)
To_signed() integer, <size> signed (size-1 downto 0)

. TMHMA
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VHDL — Package:numeric_std

TUTTOI - 2UVOPTNOEIC

Name

std_logic_vector()
std _logic_vector()
unsigned()
signed()

. TMHMA
d I E NAHPO®OPIKHE 4
THAEMIKOINQNION

Zuvaptiosls — Metatpornég (casting functions)
To apxko onpa 6ev aAldlel, aAAAlel LOVO O TUTIOC TOU

Input type

unsigned

signed

std logic vector
std logic vector

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog

Return type

std logic vector
std logic vector
unsigned

signed



VHDL — Packages

[MakeTta TN VHDL

EiE

TMHMA
NAHPO®OPIKHE +
THAENIKOINQNION

Agv 1O XpNOLUOTIOLOUE OTO LA

numeric_std_unsigned
numeric_bit
numeric_bit_unsigned

std_logic_arith/unsigned/signed
Ta xpnotlpomotloU e povo oe testbenches.

AEN eival synthesizable

math_real
math_complex

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog
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VHDL — TUTtrol onuatwy (1/3)

Ou akoAouvBot tumnoL untootnpilovtal ¢’ optopov otnv VHDL.

* bit: Tt(uég MONO ‘0’ kat ‘1’ {0,1}

* Boolean: tipeg AANGNc/Weudnc — ‘true’/'false’ {true, false} ) )
Enumerated type: ZUYKEKPLUEVEC TLUEG

» Character: ASCII character (eivat 256 o€ mAnBoc¢}

» std_logic

signal a : character:=‘a’;

character’pos(a) --’pos: emlotpEdel TN akEpata aplOuntikr) O€on tou a otov tumno character (65)

* bit_vector: kat’ avaloyia pe std_logic_vector

Vector type: ZUYKEKPLUEVEG TLUE
 String: array of characters (not synthesizable) vp VIEKPIHEVES THHES

signal temp: bit_vector(3 downto 0);

signal temp: string(3 downto 1); --only positive values in range

Yriapyouv kot aAAa Type/Subtypes site otn standard BLBAL0ONKN €ite o€ AAAEG
(ieee.numeric_std.all: signed/unsigned, ieee.std_logic_1164: std_logic, std_logic_vector)

. TMHMA
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VHDL — TUTtrol onuatwy (2/3)

Range Types
e Real:-1.7e38 éwc +1.7e38

* integer: -231 €wg 231 -1 (signed binary number range: [-2"1, 2"1-1], 32bit word arch.)
* integer range 0 to 1000
* natural: 0 €wg 231-1 ) ]
Subtypes: Yriotumnol tov integer
* positive: 1 €éwg 231 -1
Physical Types

time: range [-2"%, 2"1-1] (units: fs = 101> (base unit), ps=1012, ns=10-°, us=10"°, ms=103, s,
min, h) e.g: 10 ns;

. TMHMA
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VHDL — TUTtrol onuatwy (3/3)

User Defined

type name is (valuel, value2, value3, ...)

example

type traffic_light is (red, orange, green) -- Mmtopoupe va emihé€oupe kwdikomoinon (binary, onehot, ...)

signal traffic: traffic_light;

Array type

type name is array(<range>) of <element_type> -- range (max .. min/downto .. to). To array pumopei va
XpnotpornolnBei, povo oe cuvaptnon e to type.

example

type stdvector is array (0 to 7) of std_logic_vector(3 downto 0);
signal my_stdvector_array: stdvector;

Subtypes

subtype name is <type> range <min> to <max>

example

subtype small_int is integer range 0 to 15;

signal count : small_int :=0;

5 TMHMA
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VHDL — Tutrol onuaTtwyv

METATPOTTEC

Numeric Std Conversions

Type conversions | ( Functioncalls |

Mumeric_std.

Signed() _,,-—"'"—--. Signed

N\

Std_logic_vector() To_signed{,length)

To_integer()

Std_logic_1164. Standard.
Std_logic_vector ) Signed() Unsigned() __Integer -
Unsigned() To_integer()

To_unsigned( length)

Std_logic vector()
\ Mumeric_std. /

Unsigned
Arrays —)

Copyright © Deylos

. TMHMA
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VHDL - Tutrol onuaTtwyv

METATPOTTEC

‘Eotw ol SnAwoeLc:

signal x: std_logic_vector(3 downto 0); Eotw ot bnAwoeLc:

signal y: unsigned(3 downto 0); signal x: std_logic_vector(5 downto 0);

signal z: signed(3 downto 0); signal y: unsigned(3 downto 0);

Mo va petotpéPoupe tov éva TUMo otov GMo:  a va petatpePou e Tov Eva TUTO 0ToV AAAO:
x<=std_logic_vector(y); x<=std_logic_vector(resize(y,x’length));

N N

y<=unsigned(x); y<=unsigned(x(3 downto 0));

N

z<=signed(x); OWwOoTO TL.X. Kot To y<=unsigned(x(4 downto 1));
N

z<=signed(y);

Ooa bit eival aplotepd pLog EVTOARG, TOoA IPEMEL vaL Elval Ka Se€La

. TMHMA
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VHDL - Tutrol onuaTtwyv

MeTATPOTTEC

‘Eotw ol SnAwoeLc: ‘Eotw ol SnAwoeLc:

signal x: std_logic_vector(3 downto 0); signal x: std_logic_vector(5 downto 0);
signal y: unsigned(3 downto 0); signal y: unsigned(3 downto 0);

signal z: signed(3 downto 0);

Mo va LeETATPEYPOUE TOV Eva TUTO oTov AAAO: T va LETATPEYOULE TOV Eva TUTIO 6ToV AANO:
x<=std_logic_vector(y);

A x<=std_logic_vector(resize(y,x’length));
y<=unsigned(x); n

A y<=unsigned(x(3 downto 0));

z<=signed(x);

n owoTO TL.X. Kol To y<=unsigned(x(4 downto 1));

z<=signed(y);

Ooa bit sival aplotepd pLag EVToAnc, Tooo MPENEL va eivat Kat dséla

= AHPOOOPIKHE 4 Epyaoctriplo Aoyikig 2xediaong 2025-26 A.BactAdmoulog 28
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VHDL - Tutrol onuaTtwyv

[lepiTrTwon TING ‘X’

Eotw n dnAwon:
signal x: std_logic_vector(3 downto 0);

KOLL OTNV QPXLTEKTOVLKN UTIAPXOUV TAUTOXPOVA Kol oL SUO EVTOAEC:

x<=“0101";
x<=“0100";

TEALKA TO X EXEL ATIOTEAECUOL

x=“010x"

NAHPO®OPIKHE +
THAENIKOINQNION
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VHDL — XapaktnpioTika (attributes) onuarwyv

attributes: Mapéyouv enunAéov nAnpodopiec yla To onpa, mEPAV TNE TLUNG TOU.
Me tn xprion signal‘attribute_name €xoupe npooBaon otnv avtiotowxn TN
KaBe attribute emiotpedel pLa TR EVOC CUYKEKPLULEVOU TUTIOU.

Attribute

Alevent
A'active
A’last_event
A'last_active
A'last_value

Attribute
B'length
B'left
B'right
B'range

. TMHMA
d I E NAHPO®OPIKHE 4
THAEMIKOINQNION

Information returned

True when signal A changes, false otherwise
True when an assignment is made to A, false otherwise

Time when signal A last changed

Time when signal A was last assigned to

The previous value of A

Information returned

Size of the vector (e.g., 8)

Left bound of the vector (e.qg., 7)
Right bound of the vector (e.qg., 0)
Range of the vector “(7 downto 0)"

Epyaotniplo Aoyikng Zxediaoncg 2025-26 A.BactAomoulog

Type returned

boolean
boolean

time std_logic
time
same type as A

Type returned

integer .

integer std_logic_vector
integer

string

foriin b_tb'range loop
-- Do something with b_tb(i)
end loop;



VHDL — Process

* process: n dlepyoaocia eivol pia opddo ano eVvtoAEC ou
eKTEAOUVTOL LKOAOUOLAKA UETA ATIO KATIOLO YEYOVOC
(event: aAAayr) TIUAG ofjpaTOC)

architecture arch name of entity name is
begin
label: process (signal name, ..., signal name)
variable variable name: variable type;
begin
sequential statement;

sequential statement;
end process;
end arch name;

o TMHMA
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VHDL — Process

Variables (MeTtaBANTEC)

variable_name: 10 Ovoux TNC YETABANTAC
(edv eival TOAAEC HETAPBANTEC XWPI(OVTAI JE KOUUX)

- MEO OTIC dlepyaoiec opiovTal TOTTIKEC METABANTEC Kol OXI
EOWTEPIKAX ONUATX

- 0OTIC OnAwoelc ueTtaBAnTwY (LUETX TO variable) mpoodiopilovTai
UETABANTEC ITOU UTTOPET V& UNV EXOUV TH QUOIKN ONUXOIX TOU
ONUXTOC

variable_type: o Tunoc Tn¢ petaBANTAC (STD_LOGIC)

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog
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VHDL — Process

Variables (MeTtaBANTEC)

variable my number: natural;

variable my logic: std logic:="1"; ApxLKomoilnon TLWV.
Mrmopel va yivel

Kot o€ OAA ta
onuoata.

variable my vector: std logic vector(3 downto 0):="1110";

Y€ process, function, procedure ...

https://nandland.com/variables-vs-signals/

TMHMA
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VHDL — Process

Variables (MeTtaBANTEC)

variable name := expression;

* variable _name: to ovopa tn¢ petafAnTnG - MPOZOXH
Elval := Kol oxL <=
* expression: ekppaon He onpata, LETABANTEC KAl TEAECTEC
e OTLC atkoAouBLakec (sequential) evtoAéc avaBeong petaBANTNG :

e otnVv ekdppaon npoodlopilovtal GripaTa, TOU AVAKOUV
N 6ev avAkouv otn Alota evacBnoiag, kat LeTtaBAnTEG Tou SnAwvovTal KATd th
dSnAwon petapfAntwv

* OTO OPLOTEPO HEPOC TNG EVTIOANC Ttpoodlopiletal petaBAnti mou SnAwvetat Kotd
™ 6NAwon Twv petafAntwv

TMHMA
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VHDL — Process

Variables (MeTtaBANTEC)

* Atadopa peTABANTAC Kol CAUATOC MEoA O€ pia Slepyaoia
* N HeTABANTH TOLPVEL VEQ TLUN OTLypLaia pe Tov TeEAeotn avaBeonc :=,
OMECWC MOALG EKTEAEOTEL N avTloToln VoA HEoa otn Slepyaoia

* o€ avtiBeon, To onpa maipvel vea TN pe kabuotépnon delta 6,
e ToV TeAeoTn) avaBeong <=, 0To TEAOC TNC EKTEAEONC TNC OlEpyaoLog

H xprion twv peTaBANTWV HELWVEL CNUOVILKA TO XPOVO TG ITPOCOMOLiWaoNG

. TMHMA
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VHDL — Process

signal_name: To OVOUX TOU ONUATOC
(e&v €ival TTOMG OAPATA XWPEI(OVTOI JE KOUMKK)

- OTIC ONAWOEIC TWV CNUATWYV (UETX TO Process) mou anapTi(ouv
TN AloTal euaioBnoiac (sensitivity list) To onua givol €icod0¢
TNC UTTOLOVAAXC TTOU ONAWVETAI KATA TH ONAwon Twv dIXUAwWV
TNC OVTOTNTAC N EOWTEPIKN OIXOUVOEDN TNC UTTOUOVAOOC

- KaBe aAAayn TIUNC oNUATOC €10000U ITOU AVNKEl OTN AIOTX
euaiobnoioc odnyei oTnv AKOAOUBIKI EKTEAEDN TWV EVTOAWV
TNG OIEPYATICC it pOP&

- EQV MEPIOCOTEPEC QMO LI EVTOAEC AVAXBETOUV TILN 08 KATTOIO ONMUC
AXUBaveTal utown UOVo N TEAEUTOIC GKOAOUBIOKN EVTOAN

- [lpoooxn o1n 0NAwaon Twv onUA&TWY oTN AioTX EUXI0BN0IAC

m pia eMITAc ONAwon onuaTwy oTn AMioTa euaiobnaiag 6 odnynoei €iTe
o€ Jn owoTn oUvOEean, €ITE 0E ACUMUPWVIC TNC TTPOCOMNOIWONC TRIV KA
LMETX Tn oUvOeon Kol TNV uAoroinon

TMHMA
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VHDL - lNapadeiyua

YAotroinon Apxitektovikr ¢ (Dataflow)

architecture Dataflow of CR_AC is
begin

AirCond_1<=Sensor_1 or Sensor_2;
AirCond_2<=Sensor_1 and Sensor_2;

end architecture Dataflow;

i E AP OOOPIKHE . Epyaotnplo Aoyikrig Zxediaong 2025-26 A.BactAdmouAog

IIIIIIIIIIIIIII




VHDL - lNapadeiyua

YAotroinon ApxitTekTovikn ¢ (Behavioral)

architecture behavioral of CR_AC is
begin

room: process (Sensor_1, Sensor_2) is
begin
AirCond_1<=Sensor_1 or Sensor_2;
AirCond_2<=Sensor_1 and Sensor_2;
end process room;

end architecture Behavioral;

Epyaotiplo Aoyikng Ixediaoncg 2025-26 A.BactAémoulog




VHDL — Process

KaOe Siepyacia (process) ekteAei Tig evioAEg TnG akoAovBiakad, evw MOAAEG diepyaoieg pall
aAAnAenidpolv tavtoxpova (LEcw Twv Alotwv evatcdnoiag). Emiong tavtoxpova
aAANAendpolv evtoA€g Tavtoxpovng avabeong kat diepyaoieg

o TMHMA
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VHDL

YAotroinon ApxitTekTovikn ¢ (Behavioral)

Opoto RTL Design pe to Dataflow

AEN xpetaletal va aAlafoupe Timota otnV mpocopoiwon

Elcaywyn the Sounc process (pe Alota evatcOnaoioag)

Y€ TMEPLUTTWON TIOU UTTAPXEL LOVO N EVIOAN process, TOTE OUCLOOTLKA Ol EVTOAEC
LLOLC EKTEAOUVTOL CELPLAKAL

5. 2& MEPLMTTWON TTOU UTIAPXOUV KOl ATTAEC EVTOAEC avABOEONC OTNV APXLTEKTOVLKNA,
TOTE Umopeite va Bewpnoete 0An Tt Soun process cav pia eVvtoAr mou
ekteAeital mapAAANAa pe TIC EVTOAEC avaBeonc (tou elval EKTOC process)

B whNh e
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VHDL — Process

Awadopad otnv edpappoyn TS TIMAC piag sequential evtoAng avabeong

HetaPAnTnc N onuatoc peoa os pia depyaoia :

— n LeETABANTA MAiPVEL VEQ TLUN AUECO LLE TOV TEAEOTH avabeonc :=,
OMECWC MOALG EKTEAECTEL N avTioTtoln eVtoAn LEoa oth Slepyaoia

— o€ avtifeon, To onua naipvel vea tun pe kabuotepnon deAta by, ,,, LE
Tov TeAeotn avaBeoncg <=, 0To TEAOC NG eKTEAEONC NG Olepyaoiag

— TO oNua BupaTal TNV TIUA ToU HEXPL VA PTACEL TO TEAOC TNG EKTEAEONC TNG
Sdlepyaoiog kot va AaBet pia vea TN

. TMHMA
I E MAHPOGOPIKKE & Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog




VHDL — Process

e OLTINEC avaBETOVTAL OTO onpaTa ite KABE popa TTOU CUVOVTATOL N EVIOAN
wait peoca oto process €ite 6tav ptavoupe oto end Tou process.

* Avabeon VEOC TLUAC O€ €va ONpa UTTOPEL val Yivel povo pia dopa o€ KaOe
EKTEAEON TOU process.

e OLevtoAecg avaBeong TILWV OTA CHULOTO EKTEAOUVTAL LE TN OELPA TTOU
eudaviloviol HEcA O0TO process

OnoTte €av UTAPYXOoUV TIOAAEC avaBEoEeLg TILWYV o€ Eval o (apa TIOAAEC
EVTOAEC HEOCOL OTO process ou Slvouv TIUN OTO GNUa), TOTE TO GO TIOLLPVEL TNV
TLUA TNG TeEAeuTalag avaBeonc kol ol eVOLAUECEC EVTOAEC avaBeonc oTo onua,

ayvoouvTalL.

Otav untapyxel sensitivity list AEN pmopw va €xw Kol wait oto process

. TMHMA
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VHDL — Process

OL eVTOAEC LEoA OTO process ekteAovUvtat TouAdaytotov 1 dopad, akopa Kol
eav 6ev umapyel sensitivity list.

e Otav dev urtapyet sensitivity list oL evtoAéc péoa oto process eKTeEAouvVTOL
OUVEYXELA. Oa TIPETIEL VA UTTAPXEL EVTOAN Wait wote va avateBolv TIUEC oTa
onpata (simulation).

e Edv umapyxel wait og ofpa mou 6gv aAAAleL TLun (EVtog Tou process) TOTE N
EKTEAEON OTOUATAEL OTO CUYKEKPLUEVO Wait.

OMAo 1o process Oswpeitoat MIA evtoAn LECO GE LA OLPXLTEKTOVLKA KOLL
ekteAeital mapdAAnAa pe mBavec AAAEC EVTOAEC TNC.

. TMHMA
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VHDL — Process — Walit statement

test:process (a,b) is

begin test:process (a,b) is

begin

end process test;
end process test;

U $

test:process is

test:process (a,b) is
begin

Aev to ypadoupe aAAd LoXVEL begin

wait on a,b;

wait on c; To process «KOAAQEL» OE QUTH
end process test;

end process test; TNV €VTOAN

o TMHMA
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VHDL — Process — Walit statement

test:process is
begin

wait until (condition);

end process test;

THAENIKOINQNION

To process eKTeAeital ApUeoa Kol
OUVEXWC OAAA yLO VoL TTEPAOEL
armo to wait mpeEmneL va
LKOVOTTOLELTAL N CUVONKN
(6nAadn condition=true)

To process Umopel va XL Kot
Alota evatoBnoiog

. TMHMA
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[1epiAnwn

e Tumotonpdatwv Unsigned/Signed

* METATPOTMEC TUTIWV

e Attributes

* Process

* Variable

e Awafalete tic mapaypadoug 2.4, 3.1 - 3.2, 4.5.4 (Bewpia kot VHDL) armo
Ashenden

* Awafalete tic mapaypagdoug 1.4, 1.5, 2.2-2.5,4.2.2-4.2.3,4.2.7, 4.5.4 (OXl 10
koppatt tng VERILOG) amo to BpAio twv Harris.

«  AlaBdlete tic napaypddouc 3.5.4, 4.6.6, 4.6.8, 12.2.6 - 12.2.8,12.2.11 - 12.2.12,
12.9.1,12.9.5-12.9.7, 12.10.3 amo to BBAlo twv Brown-Vranesic.

e JuvorTtlkoc odnyoc VHDL:
https://redirect.cs.umbc.edu/portal/help/VHDL/summary one.html

. TMHMA
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