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VHDL — Conditional & Selected assignment

[poBAnua

2e €eva Computer Room umtapxouV 3 KALLATLOTIKA KoL Evac atcOntnpog
Bepuokpaoioc (Bepuopetpo). Eav to Bepuopetpo deiel BOepuokpaocio KATW
Twv 25 BaBpwv tote v Asttoupyel To KALLATLOTIKO. Av n Bepuokpacia
elval pexpt 30 Babpouc Asttoupyel to 1o. Av n Bepuokpacia sival pexpt 45
BaBuouc Asttoupyel kat to 20. Eav eival mavw amo 45 Asttoupyel ko to 3°.
OewpeloTe OTL N OELPA AELTOUPYLOC TWV KALMATIOTIKWY Elval oodwc
OPLOMEVN KoL OeV pac amaoXoAel yia to mpoPAnua pac. Eicodoc tou
OUOTHUATOC TO onua temperature kol €€odoc To onpa action (exeL 4
SUVATEC TLUEC).
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VHDL — Selected assignment (Dataflow)

When

library IEEE;
use [EEE.STD_LOGIC_1164.ALL;USE ieee.numeric_std.ALL;
- - max=2"5-1=63
entity testing is
port (temperature: in std_logic_vector(5 downto 0); .
action : out std_logic_vector(1 downto 0) action:

); 00: Aev douAevelL Timota
end entity testing; 01: Aoulevel 1 AC
architecture Dataflow of testing is 10: AouAgvouv 2 AC
signal temp :integer; 11: AouAeuouv kat ta 3 AC
begin
temp<=to_integer(unsigned(temperature));
action<="00" when temp<25 else

"01" when (temp>=25 and temp<30) else , ,

"10" when (temp>=30 and temp<45) else /\OVlel EUVGHKH

"11";
Mia evtoAnl: AvaBeon TIHAG O Eva oo

end architecture Dataflow ;
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VHDL — Conditional assignment (Behavioral)

If

library IEEE; begin
use [EEE.STD LOGIC_1164.ALL;USE ieee.numeric_std.ALL;  temp<= unsigned(temperature);

entity testing is action_temp: process(temp) is
port (temperature: in std_logic_vector(5 downto 0); begin Mmopei kot TOAATEAEC EVTONEC
action : out std_logic_vector(1 downto 0) if (temp<25) then ava nepintwon (if/elsif/else)
); action<="00";
end entity testing; elsif (temp<30) then
action<="01"; if, elsif, else
architecture Behavioral of testing is elsif (temp<45) then Movo péoa
signal temp :unsigned(5 downto 0); action<="10"; o€ process
else
action<="11"; ,
end if; [pemeL va
end process action_temp; eAEyxw OAEZ

TLC TLUEC
end architecture Behavioral;
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VHDL — Selected assignment (Dataflow)

With Select

library IEEE; architecture Dataflow of testing is
use IEEE.STD_LOGIC_1164.ALL;USE ieee.numeric_std.ALL;

signal temp, temp_action :integer;

begin

entity testing is

port (temperature: in std_logic_vector(5 downto 0); temp<=to_integer(unsigned(temperature));

action . out std_logic_vector(1 downto 0) temp_action<=0 when temp<25 else
); 1 when (temp>=25 and temp<30) else
2 when (temp>=30 and temp<45) else
end entity testing; 3;
Aoykn ZuvOnkn with temp_action select ,
action<="00" when 0, MpemeL va
AV&O ovr "01" when 1, eAéyxw OAEZ
VaDEON HE ETTLAOYN "10" when 2, :
II11II When 3’ Tl.q TLHEC

(OLOKPLTEC TIMEC CUYKEKPLUEVOU OrUATOC) “00" when others:

Mia evtoAn}: AvaBson TLUAC o€ Eva oAU
end architecture Dataflow ;

TMHMA
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VHDL — Conditional assignment (Behavioral)

Case

begin

library IEEE; temp<= unsigned(temperature);

use IEEE.STD _LOGIC_1164.ALL;USE ieee.numeric_std.ALL;
action_temp: process(temp) is

entity testing is begin
port (temperature: in std_logic_vector(5 downto 0); if (temp<25) then temp_action<=0;
action : out std_logic_vector(1 downto 0) elsif (temp<30) then  temp_action<=1;
) elsif (temp<45) then temp_action<=2;
! . . else temp_action<=3;
end entity testing; end if:
architecture Behavioral of testing is case temp_action is case
signal temp :unsigned(5 downto 0); when 0 => action<="00"; ALOKPLTEG TLUEG

when 1 => action<="01";

’ ’ y h 2 => i <="1 "
Mrmopet kot TOAAQITAEG EVTOAEG xh:: 32> :Et:g: <_..12..f

oava TTEPLITTWOoN (When) when others => action<="XX";

end case;
end process action_temp;
end architecture Behavioral;
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VHDL — Selected assignmen

RTL Analysis
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VHDL — Conditional assignment

RTL Analysis
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VHDL — Selected & Conditional assignment

Synthesis

Project Summary x| Device
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VHDL — Selected & Conditional assignment

[MepiAnwn

MPOZOXH: Edv dev eAEyEete OAEC TLC MEPUTTWOELC TOTE

1. dnuoupyoupe latches nou giva avenit@vunto

signal <= value when condition else ... , ’ ,
Kal oTLg 2 meputtwoelg elpaote ameuBeiog

2. OTO CWHO TNG APXLTEKTOVLKNG KAl N EVIOAN

"Yith signal_1 select _ ' adopd anddoonc TG O VA OUYKEKPLUEVO
signal_2<=value when (discrete signal_1 value), ofua

3.

Kot oTIC 2 MEPLUTTWOELG E(MAOTE OTO CWHOL
If condition then action(s);elsif ... else end if S P G EW H

process (A procedure) kat adopd tnv

4. EKTEAEON ULOC N TIEPLOCOTEPWYV EVTOAWV
case signal is avaloya tn ouvlnkn, KoL purmopei va adpopad
when value => assignment(s) (discrete signal value), MAVW oo €va orpata.

http://www.pldworld.com/ hdl/2/ ref/acc-eda/language overview/concurrent statements/conditional vs selected assighment.htm

https://insights.sigasi.com/tech/signal-assignments-vhdl-withselect-whenelse-and-case/
https://nandland.com/how-to-avoid-creating-a-latch/
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VHDL — Multiplexer

* ETAEyeLpeTalL eLl00dwv dedouEVWY LE BAon
uLa elcodo emhoync

A-ge-1 moAumAEKTNC

2-ge-1 moAumAEKTNC

1
—o g

sel i
S;' : 00 a * Evac N-oe-1
dp , .
{ o 'i'é o IMTOAUTIAEKTNC QTTALTEL
o
2 . ¥
T - rl«:nrg2 N | bit gemiAoync

TMHMA
l NAHPO®OPIKHE 4 Epyaotrplo Space Data Systems 2024-25 A.BactAdmoulog

THAENIKOINQNION

11



VHDL — Multiplexer

* [lova ermiAeéoupe petaév N
KwWOLKWV AEEEWV TwV M bit

— Juvdeou e apAaAAnAa
m TOAUTIAEKTEC TwV N L0600 WV

. TMHMA
d I E NAHPO®OPIKHE 4
THAEMIKOINQNION

0 z(0)

a0

al

sel

Epyaotriplo Space Data Systems 2024-25 A.BaciAomoulog



VHDL — Multiplexer

Entity (2to1)

entity MUX 2 to 1 is
port (
AQ: in STD LOGIC;
Al: in STD LOGIC;

S: in STD_LOGIC;
Y: out STD_LOGIC);
end MUX 2 to 1;
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VHDL — Multiplexer

Architecture (2to1 - behavioral)
[Teplypapn CUPTTEPIPOPAC

architecture BEHAVIORAL of MUX 2 to 1 is
begin

process (A0, Al, S)

begin

if
. y<=A0 when s='0' else Al;
Y <= Al;
end if;
end process;
end BEHAVIORAL;

2TN NIOTO EUCICONOI0C CUPTIEPIAXHBAVOVTAI OAEC
0l £100601 TOU CUVBUXOTIKOU KUKAWHATOC
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VHDL — Multiplexer

Architecture (2to1 - behavioral)

H apxiTeKTOVIKA Tou moAumAéktn 2 o 1 otn VHDL
[TeplypaiPpn CUPTTEQIPOPGC

B XXNMOTIKO dI&ypapua RTL

Yi

-
S=1b0 10
o[> 0
S=default Z[ D Y
Al D_ /S RTL_MUX
s[>

B XXNMOTIKO dIQYypaPUa o TeXvoloyia FPGA

AO_IBUF_inst

A0 [ '[LM/G
IBUF

A1_IBUF_inst

1~ (o]
""'\-\.\}_
AT [ ‘[/ Y_OBUF_inst i_1
IBUF | 0 Y_OBUF_inst

S_IBUF_inst n ok I~_0 Sy

I 0O
s & *D— 2 OBUF

IBUF LUT3
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VHDL — Multiplexer

YAotroinon If

m Ylomoinon evroAng IF Ye Tn XpAon MoAUTTAEKTWY 2 o 1

if cl then
sl;

elsif c? then
s2;

else
s3;

end if;

TMHMA
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VHDL — Multiplexer

Entity (4to1)

H ovtoTnTa TOU TTOAUTTAEKTN 4 o 1 otn VHDL

entity MUX 4 to 1 is
port (_ I
: in STD LOGIC;
1: in STD LOGIC; A0
2: in STD LOGIC; Al
: in STD LOGIC;
: in STD LOGIC; A2
1: in STD LOGIC;
: out STD LOGIC); A3
end MUX 4 to 1; _

Auon 1: YAorroinon pe MOAUTIAEKTEG 2 o€ 1 og douN XAUCIONG
5$1S0
5§15S0
A3

2|
U
3

A2

Al

A0
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VHDL — Multiplexer

Architecture (4to1)

H apxITEKTOVIKNA Tou moAurAékTn 4 o 1 otn VHDL
[Teplypa@n cupmepipopac - Auon 1

architecture BEHAVIORAL of MUX 4 to 1 is
begin
process (AO, Al, A2, A3, S0, S1)

(S1 '0' and SO '0') then Y
(S1 '0' and SO = '"1"'") then Y
(S1 = '"1'" and SO = '0"'") then Y

Y

end process;
end BEHAVIORAL;

2TN ANIOTOl EUNICONCINC CUNTTEPIAUBAVOVTOI OAEC
0l £100501 TOU CUVAUOOTIKOU KUKAWHATOC
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VHDL — Multiplexer

Entity (4to1)

H ovtoTnTat TOU MTOAUTIAEKTN 4 0¢ 1 otn VHDL

entity MUX 4 to 1 is

port (
: in STD LOGIC;
1: in STD LOGIC; A0
2: in STD LOGIC; Al
: in STD LOGIC;
S0: in STD LOGIC; A2
S1: in STD LOGIC;
Y: out STD LOGIC) ; A3
end MUX 4 to 1;
Auon 2: Yhoroinon pe 0

|
A0 —— 51

Al

TTOAUTIAEKTEG 2 0 1
oe doun dEvdpou

A2

A3

L
==
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VHDL — Multiplexer

Architecture (4to1)

Eic

H apxITeKTOVIKN Tou moAumAéktn 4 oc 1 otn VHDL
[Tepiypapn cupmepIpopas — Auon 2

architecture BEHAVIORAL of MUX 4 to 1 is
begin
process (A0, Al, A2, A3,
begin
if (S1 = '0'") then
if (SO = '0") then Y <
else Y <= Al;
end if;
else
if (SO = '0") then Y <
else Y <= A3;
end if;
end if;
end process;
end BEHAVIORAL;

2TN ANioTO EUNIGONCIOC CUNTIEPIAXUBAVOVTOI OAEC
ol €i00801 TOU CUVAUXGTIKOU KUKAWNOTOC

TMHMA
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VHDL — TeAeoTéC (operators)

NoVIKoi TEAEOTEC

Operator Operation

not Logical negation

and Logical AND

nand Logical NAND

or Logical OR

nor Logical NOR

Xor Logical Exclusive-OR
Xnor Logical Exclusive-NOR

Edappolovral oc/ava bit
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VHDL — TeAeoTéC (operators)

ApIOunTIKOi TEAEOTEC
Operator Operation
+ Addition
- Subtraction
* Multiplication
/ Division
mod Modulus
rem Remainder
abs Absolute value
** Exponential

Edpappolovral o ojpata tunov integer/signed/unsigned
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VHDL — TeAeoTéC (operators)

TeAeoTéc ouykpioncg (Relational Operators)

Operator Returns true if the comparison is:
= Equal

|= Not equal

< Less than

<= Less than or equal

> Greater than

> Greater than or equal

. TMH! , ,
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VHDL — TeAeoTéC (operators)

TeAeoTEc OAiocOnonc (Shift/Rotate Operators)

Operator

sl
sri
sla
sra
rol
ror

HHHHHHHHHHHHH
IIIIIIIIIIIIIII

Edappolovian o€ vector

Epyaotriplo Space Data Systems 2024-25 A.BaciAomoulog

Operation

Shift left logical
Shift right logical
Shift left arithmetic
Shift right arithmetic
Rotate left

Rotate right



VHDL — TeAeoTéC (operators)

2uvapTtnoeic OAioBnoncg (MNMakEro numeric_std)

shift_left() -
Sh Ift_rlght() ApOuntikn OAicOnon

rotate left()
rotate_right()

Edapudlovtal os sighed/unsigned

i E RAHPOOOPIKHE N Epyaotriplo Space Data Systems 2024-25 A.BactAOmoulog
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VHDL — TeAeoTéC (operators)

VHDL'93 Vivado 2019.2, 2022.2

signed/unsigned
x<=a sll 2; EGv OpWG EVEPYOTIOLHOOULE TN
. y<=a srl 2; VHDL 2008 t0te UMopoULE va
Ma to std_logic_vector XPNOLLOTIOL)COUE KOt TOL
AEN vrnapxel kamola cuvaptnon. r<=shift left(a,2); sla, sra.

t<=shift_right(a,2);

Edv OpWG EVEPYOTIOLHCOUE TN

VHDL 2008 tOTtE PUMopPOoULE va

XPNOLHOTIOL)COULLE TAl q<=arol 2;

s, srl, rol, ror. u<=a ror 2;
i<=rotate_left(a,2);
o<=rotate_right(a,2)

. TMHMA , s
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VHDL — TeAeoTéC (operators)

VHDL'93 Vivado 2022.1

std_logic_vector signed/unsigned
x<=a sll 2; x<=a sll 2;
y<=a srl 2; y<=asrl 2;
q<=a rol 2; z<=a sla 2;
u<=a ror 2; W<=a sra 2;

r<=shift_left(a,2);
t<=shift_right(a,2);
g<=a rol 2;

u<=a ror 2;
i<=rotate_left(a,2);
o<=rotate_right(a,2)

. TMHMA , '
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VHDL — TeAeoTtéC (operators)

[MpoTepaloTnTa

TeAeotng

YynAotepn not

and or nand nor

XapunAotepn XOr XNOTr

Znuaoia
NOT
MUL, DIV, MOD, REM

PLUS, MINUS

MNeplotpodn,
Aoylkn oAicBnon

YXETLKN CUYKPLON
2UYKPLON LOOTNTOLG

N\OYLKEC TIpaeLC (ekTEAOUVTOL
Qo apLoTEPA POoC ta Oella)

TMHMA
d NAHPO®OPIKHE 4
THAENIKOINQNION
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VHDL — TeAeoTéC (operators)

Unsigned: OAioBnon

EiE :

MA
NAHPO®OPIKHE +
THAENIKOINQNION

* Asttoupyliec shift_left ko shift_right

— AmotéAeopua (OLou PEYEBOUC UE TOV TEAEOTED

s=00010011, = 19,,

!

y <= shift_left(s, 2);

s =00010011, = 19,,

!

ATIOKOTIA TIPOC TAL KATW

!

y =01001100, = 76,

y <= shift_right(s, 2);

L1

y = 00000100, = 4,,

Epyaotriplo Space Data Systems 2024-25 A.BaciAomoulog



VHDL — TeAeoTéC (operators)

Signed: NoAAatTAaciaopoc-Alaipeon

e MNMoANamAACLOOUOC pe 2F
— ApLotepn Aoykn oAtoBnon (omwc yla ampoonouc)

To tPOONMO TIPETEL VAL
o Ataipecn e 21{ T pAUELVEL

— Agéla aptBuntikn oAioGnon
— Amoppupn Twv k£ AlyoTEPO CNUAVTLIKWY bit, Kal elcaywyn k&

avTlypadwyv tou bit mpoorpou oTo MEPLOCOTEPO

ONUOVTLKO AKPO
— 1x., s="11110011" ---13

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

. TMHMA , ,
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VHDL — TeAeoTéC (operators)

Mrmopeite va StaBdoete Kkat:
https://www.nandland.com/vhdl/examples/example-shifts.html
https://redirect.cs.umbc.edu/portal/help/VHDL/operator.html
https://www.vhdl-online.de/vhdl reference 93/shift operators

Mrmopeite va beite emiong koL TN cupneplpopa Toug o€ bit_vector:
https://hdlworks.com/hd| corner/vhdl ref/VHDLContents/BitVector.htm

JuvorTtikog odnyoc VHDL
https://www.ics.uci.edu/~jmoorkan/vhdlref/vhdl.html

Ma Stapopéc mod/rem:
https://stackoverflow.com/questions/25848879/difference-between-mod-and-rem-operators-in-vhdl

TMHMA
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https://stackoverflow.com/questions/25848879/difference-between-mod-and-rem-operators-in-vhdl

VHDL — Procedure

procedure procedure_name(input and output parameters) is
declarations
begin

sequential statementl;
sequential statement2;

end procedure;

https://www.ics.uci.edu/~jmoorkan/vhdlref/procedur.html

THAENIKOINQNION
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VHDL — Procedure

Ctr_tb<='0'; procedure sim_test is
foriin 0 to 2 loop begin
a_tb<=std logic_vector(to_unsigned(i,a_tb'length));
forjin0to 2 loop foriin0 to 2 loop
b_tb<=std logic_vector(to_unsigned(j,a_tb'length));wait for 10ns;
end loop; a_tb<=std logic_vector(to_unsigned(i,a_tb'length));
end loop; forjin0to 2 loop
b_tb<=std logic_vector(to_unsigned(j,a_tb'length));
Ctr_tb<="1"; wait for 10ns;
foriin0 to 2 loop end loop;
a_tb<=std logic_vector(to_unsigned(i,a_tb'length));
forjin0to 2 loop end loop;
b_tb<=std logic_vector(to_unsigned(j,a_tb'length));wait for 10ns;
end loop ; end procedure;
end loop;

Ctr_tb<='0’;sim_test;
Ctr_tb<=1";sim_test;

. TMHMA , '
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VHDL — Procedure

Otav dev avadépetal TUTTOG EVVOELTAL
variable. 2 autn tnv nepintwon ta opiopoata
TPETEL va elval otaBepéc N variables

procedure sim_test (min, max: in integer; step: in integer) is
variable a: integer;

begin
foriin min to maxloop
a<=std_logic_vector(to_unsigned(i*step,a'length)); a, b éxouv oploTel ekToC
fOl'j in min to max |00p procedure ko
b<=std_logic_vector(to_unsigned(j*step,a'length));wait for 10 ns; ¢y t4c tou process.
end loop;
end loop;

‘Otav o TUIocC ota oplopata elvat signal
TOTE KOl 6TA OPLOUATO 0TNV KARON TNC
procedure Oa npEMEL vaL UTTALPYOULV signal

end procedure;

Ctr<='0";sim_test(0,2,5);
Ctr<="1";sim_test(0,2,5);

THAENIKOINQNION
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VHDL — Function

Function function_name(input parameters) return_type is
declarations
begin

sequential statementl;
sequential statement2;

end function_name;

https://www.ics.uci.edu/~jmoorkan/vhdlref/function.html

THAENIKOINQNION
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VHDL — Function

function BOOL_TO_SL(X : boolean) return std_logic is
begin
if X then
return '1’;
else
return '0";
end if;

end function BOOL_TO_SL;

std_logic_signal<=BOOL_TO_SL(X);

. TMHMA , '
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VHDL — Generic

entity MUX2in1_n is

generic (WIDTH : positive := 8); -- mpoemAeyHEVN TIUA

port ( S:in STD_LOGIC;
AO: in STD_LOGIC_VECTOR (WIDTH-1 downto 0);
Al:in STD_LOGIC_VECTOR (WIDTH-1 downto 0);
Y: out STD_LOGIC_VECTOR (WIDTH-1 downto 0));

end MUX2in1_n;

architecture BEHAVIORAL of MUX2in1_nis

begin
process (A0, Al, S) L
begin _
if (S="'0') then i
Y <= AO;
else S
Y <=A1;
end if;

end process;
end BEHAVIORAL;

THAENIKOINQNION

5=1b0

10[7:0]

Y_

S=default

11[7:0]

j 0[7:0]

J

,.;;T’ RTL_MUX

UYU
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VHDL — Generic

Napapetpornoinon tov peyeBouc piog aptnploc oe pia ovrotnta pe tn dSnAwon tng
€VTOANG generic ov opileL tnv otaBepa WIDTH
m H 6nAwon tng evioAng generic yivetal pLv oo th dnAwon twv ports otnv apxn tng
ovtotntac/component
m H otaBepa WIDTH eival Betikoc akEpatog (positive) kal pmopel va €XeL MPoEMIAEYUEVN
TN
— generic (WIDTH: positive := 8);
m H otaBepad WIDTH pmnopel va xpnotpomnotnBei katd th SnAwon twv ports
—STD_LOGIC_VECTOR (WIDTH-1 downto 0);
m H T tng otaBepac WIDTH pmopet va mapakappeL TNV MPOETUAEYUEVN TN UE TN
dpaon generic map (ouvbualetal pe to port map)
— generic map (WIDTH => 8)

https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics

https://fpgatutorial.com/vhdl-generic-generate/
i E EEEEE&STJE‘:E Epyaotriplo Space Data Systems 2024-25 A.BaciAomoulog



https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics
https://fpgatutorial.com/vhdl-generic-generate/

VHDL — Constant

Mrmopouv va SnAwBel otnv ovtotTNTa, APXLTEKTOVLKA N KOl O process. AvaAoya LLE TO TTou
dnAwvetal €xeL KoL To avaAoyo visibilty

AnAwon
constant constant_name : type := value;

constant Size: Positive := 8;

H tyun tnc AEN aAAAGleL motE

https://www.hdlworks.com/hdl_corner/vhdl_ref/VHDLContents/Constant.htm
https://peterfab.com/ref/vhdl/vhdl_renerta/source/vhd00022.htm

. TMHMA , '
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VHDL — ETTavaAnweic

EvtoAn While

process (A)

variable | : integer range 0 to 4

while condition loop begin
: Z <="0000"; | := 0;
sequentlal statements; while (I <= 3) loop
if (A=1)then
end loop; Z(1) <="1'
end if;
Moévo péoa l:=1+1;

o€ Process, function, end loop;

end process;

. TMHMA , ,
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VHDL — ETTavaAnweic

EvioAnl FOR

optional_label: for variable in range loop

sequential statements;
end loop;

foriin 0 to 2 loop
Mévo péoa ?_tF)f:gtd_lglg|c_vector(to_5|gned(|,a_tb length));
o€ Process, function, 10f 11N 0 to 2loop

b_tb<=std_logic_vector(to_signed(j,a_tb'length));wait for 10ns;
end loop;

end loop; To for ekteAeital
OLKOAOUOLOKAL.

Mpénel va ekteAeOTEL
o€ £va KUKAO poAoyLoU

TMHMA
| E NAHPO®OPIKHE 4 Epyaotrplo Space Data Systems 2024-25 A.BactAdmoulog
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Aev xpelaletol dSnAwon.
O tuTocg unovoeital

wait povo o€ simulation
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VHDL — ETTavaAnweic

EvioArl FOR Generate

entity INV4 is
port (
X: in STD LOGIC VECTOR (0 to 3); optional_label: for variable in range generate
Y: out STD LOGIC VECTOR (0 to 3));
end INV4; - _ concurrent statements;
architecture INV4 STR1 of INV4 is end Ioop,'
component INV
port (O : out STD LOGIC; I : in STD LOGIC);
end component;
begin

Ektoc Process

UO0: INV port map (Y (0), X(0));

Ul: INV port map (Y (1), X(1));

U2: INV port map (Y(2), X(2));

U3: INV port map (Y(3), X(3));
end INV4 STRI1;

Gl: for T in 0 to 3 generate
Ul: INV port map (Y (I), X(I)):;
end generate GI1;

. TMHMA , '
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VHDL — Structural architecture

ABpoioTtnc Pitmm¢ KpaTtoupévou Twyv 4 bit (for generate)

A(3) B3) A(2)B(22) AQ)B@) A(0) B(0)

COUT=C(4) C3) CQ2) c(1) C(0)=CIN
3 2 1 0

RCADDER4

S(3) SQ2) S(1) S(0)

Ta op1ZovTia oApaTa C(i) (i=0, ...4) opilovTal OV ECWTEPIKA ONUAT

EmavahapBavouevn xpnon Tou otoixeiou FULL_ADDER o€ pia mepiypagpy SouAC

TMHMA
l NAHPO®OPIKHE 4 Epyaotrplo Space Data Systems 2024-25 A.BactAdmoulog
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VHDL — Structural architecture

ABpoiotnc Pittnc KpaTtoupéEvou twyv 4 bit

library IEEE:
use IEEE.STD LOGIC 1164.ALL;

port ( A, B, CIN: in STD LOGIC
end FULL_ ADDER:

architecture FA DATAFLOW2 of FULL ADDER is
begin

SUOM <= A xor B xor CIN:

CARRY <= (A and B) or (A and CIN) or (B and CIN):
\\i?d FA_DATAFLOW2:

P

210 610 apxelo dnuioupyouvtal 2 OVIOTNTEC

OL emukedaAidec emavolauBavovtad.

TMHMA
d NAHPO®OPIKHE 4
THAENIKOINQNION

use IEEE.STD LOGIC 1164.ALL;
ftity RCADDER4 is 2"d Entity
Port ( A : in 5TD LOGIC VECTOR (3 downto 0):
B : in S5STD LOGIC VECTOR (3 downte 0):;
Cin : in 5TD _LOGIC:
S : out STD_LCGIC VECICR (3 downto 0):
Cout : out STID LOGIC):

end RCADDER4:

architecture Behavioral of RCADDER4 is

-~ W m e  m  — i, -

signal C: STD LOGIC VECIOR (4 downto 0); -- opLioviLa ONuaIQ
component FULL ADDER

port

A, B, CIN: in 5STD LOGIC;

SUM, CARRY: out STID LOGIC):

end component;

begin

C(0) <= CIN: -=- QpXLKomoinon

Gl: for I in 0 to 3 generate
Ul: FULL ADDER port map (A(I),B(I),C(I),S(I),C(I+1)):
end generate Gl;

COUT <= C(4):;

-- ovaBeon or onuoa efodou

Behavioral;

Epyaotriplo Space Data Systems 2024-25 A.BaciAomoulog

44



VHDL — Structural architecture

ALU 8bit ammd 2 ALU 1wV 4bit

MpocOeon AutAaolaopog
1001
4 bit +1101 4 bit 1001 & ‘0’
0110 Carry=1 0010 Carry=1
_ 1=Carry in otn 2" ALU _ 1=Carry in otn 2" ALU
8 bit 0010 1001 - 8 bit 00101001 & ‘0
+0101 1101~ Carry_in="0"1"ALU Carry_in=0 1" ALU

--------------- 0101 0010  Carry_out=1 amno 1" ALU
1000 0110 Carry_out=1 amo 1" ALU

Carry_out=0 2" ALU Carry_out=0 2" ALU

. TMHMA , s
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VHDL — Structural architecture

ABpPOoIOTNC

A -4 bit

B -4 bit

Mo vo prmopecou e va cuvbuadooule 2 alu 4-bit Ba mpEmel var UmopECOULE
VO XELPLOTOUE TO carry

ALU

Result 4-bit

Carry 1-bit

Npwta 4 bit (3 downto 0)

. TMHMA
d I E NAHPO®OPIKHE 4
THAEMIKOINQNION
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A -4 bit
B -4 bit
Carry_in 1-bit

ALU

Me KOKKLVO oL €€odoL
TNG OVIOTNTOC

Result 4-bit

Carry_out 1-bit

Entopeva 4 bit (7 downto 4)



VHDL — Structural architecture

ABpPOoIOTNC

Carry_in =0f

A(3:0) -4 bit

B(3:0) -4 bit

HMA

- ™
d I E NAHPO®OPIKHE +
THAENIKOINQNION

ALU1
4-bit

Carry_out 1-bit Carry_in

—> —> > ——>

Result (3:0) 4-bit A(7:4) -4 bit

B(7:4) -4 bit

Epyaotriplo Space Data Systems 2024-25 A.BaciAomoulog

ALU1
4-bit

Carry_out 1-bit

Result (7:4) 4-bit



VHDL — Structural architecture

ABpoioTAC 8bit atrd 2 aBpoloTéc Twv 4bit

A(7:0) -8 bit

B(7:0) -8 bit

ALU bit
Carry_next
Carry_in =0f Carry_out 1-bit Carry_in Carry_out 1-bit
—_ > > ——>
0) -4 hi ALU1  |Result (3:0) 4-bit , . ALU1 Result (7:4) 4-bit
A(3:0) -4 bit 4.bit A(7:4) -4 bit A-bit
B(3:0) -4 bit B(7:4) -4 bit

. TMHMA
d I E NAHPO®OPIKHE 4
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Result (7:0) bit
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VHDL — Structural architecture

ABpoioTAc 8bit atrd 2 abpoloTéc Twv 4bit (for generate)

library IEEE; library IEEE;use IEEE.STD_LOGIC_1164.ALL;use IEEE.NUMERIC_STD.ALL;
use IEEE.STD_LOGIC_1164.ALL;use IEEE.NUMERIC_STD.ALL;
entity ALU8Dbit is

entity ALU4bit is Port (a :in STD_LOGIC_VECTOR (7 downto 0);
Port ( a :in STD_LOGIC_VECTOR (3 downto 0); b :in STD_LOGIC_VECTOR (7 downto 0);
b :in STD_LOGIC_VECTOR (3 downto 0); C_in :in STD_LOGIC;
C_in :in STD_LOGIC; Result :out STD_LOGIC_VECTOR (7 downto 0);
Result :out STD_LOGIC_VECTOR (3 downto 0); C_out :outSTD_LOGIC
C_out :outSTD_LOGIC );
); end entity ALU;

end entity ALU;
architecture Dataflow of ALU is

architecture Dataflow of ALU is signal Carry : unsigned (2 downto 0);
signal Result_temp : unsigned (4 downto 0); begin
begin

Carry(0)<=C_in;

Result_temp<=unsigned('0'&a)+unsigned('0'&b) +unsigned(“0000”&C_in); G1: fori=0 to 1 generate
uutl: ALU4bit port map (a((i*4+3) downto (i*4)), b((i*4+3) downto (i*4), Carry(i),

Result<=std_logic_vector(Result_temp(3 downto 0)); Result((i*4+3) downto (i*4)), Carry(l+1);
C_out<=Result_temp(4); end generate G1;

C_out<=Carry(2);
end Dataflow;

end Dataflow;

i E RAHPOOOPIKHE & Epyaotriplo Space Data Systems 2024-25 A.BactAOmoulog
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e Selected Assignment

* Conditional Statements
 Teleotég

* OMAwoBnoeLg

* For/For Generate

* Procedure/Function

* Generic

* Awafalete tic mapaypdadouc Appendix C amo Ashenden kat 4.2, 4.8, 4.9 (OXI TO KOUUATL TNG
VERILOG) amo to BiBAio twv Harris.
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