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VHDL — Conditional & Selected assignment

[MpOBANUQ

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 armaoXoAel yia To MpOPANUA LLoC.
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VHDL — Conditional 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: AouAevouv 2 AC
signal temp :integer; 11: AouAevouv katta 3 AC
begin
temp<=to_integer(unsigned(temperature));
YNAPXEI action<="00" when temp<25 else
NPOTEPAIOTHTA "01" when (temp>=25 and temp<30) else , ,
"10" when (temp>=30 and temp<45) else /\OVlel EUVGHKH
llllll’_

Mia evtoAnl: AvaBeon TIHAG O Eva oo

end architecture Dataflow ;
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VHDL — Selected assignment (Dataflow)

With Select

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;USE ieee.numeric_std.ALL;

entity testing is
port (temperature: in std_logic_vector(5 downto 0);
: out std_logic_vector(1 downto 0)

action

);

end entity testing;

AvaBeon pe ertloyn
(OLOKPLTEC TIMEC CUYKEKPLUEVOU OrUATOC)

Mia evtoAn}: AvaBson TLUAC o€ Eva oAU

Aoykn ZuvOnkn

. TMHMA
d I E NAHPO®OPIKHE 4
THAEMIKOINQNION

architecture Dataflow of testing is

signal temp, temp_action :integer;

begin
temp<=to_integer(unsigned(temperature));
temp_action<=0 when temp<25 else

1 when (temp>=25 and temp<30) else
2 when (temp>=30 and temp<45) else

3;
with temp_action select ,
action<="00" when 0, [pemeL va
"01" when 1, eAéyxw ONEZ
"10" when 2, ,
"11" when 3, TLG TLHEG
"11" when others;
AEN YMNAPXEI
NMPOTEPAIOTHTA

end architecture Dataflow ;

Epyaotnplo Zxebiaon Wnolakwv Zuotnuatwy 2024-25 A.BactAOmouAog



VHDL — Conditional assignment (Behavioral)

If

library IEEE;

use IEEE.STD _LOGIC_1164.ALL;USE ieee.numeric_std.ALL;

entity testing is

port (temperature: in std_logic_vector(5 downto 0);
action : out std_logic_vector(1 downto 0)

);
end entity testing;

architecture Behavioral of testing is
signal temp :integer;

THAENIKOINQNION

YNAPXEI
MPOTEPAIOTHTA

begin

temp<=to_integer(unsigned(temperature));

action_temp: process(temp) is

begin

if (temp<25) then
action<="00";

elsif (temp<30) then
action<="01";

elsif (temp<45) then
action<="10";

else
action<="11";

end if;

end process action_temp;

end architecture Behavioral;
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Mropei kot TOAAQITAEG EVTIOAEC
ava nepinttwon (if/elsif/else)

if, elsif, else
Movo péoa
O€ process

MpEmnet va
eAEyxw OAEZ
TLC TLUEC



VHDL — Selected assignment (Behavioral)

Case

begin

library IEEE; temp<=to_integer(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 (femp<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 :integer; when 0 => action<="00"; ALOKPLTEG TLUEG

when 1 => action<="01";
when 2 => action<="10";
Mropei val uTtdpxouV TTOAAEG when 3 => action<="11";

EVTOAEG ava nepintwon (when) e when others => action<="XX"; nﬁgﬁ:pr,i?gﬁh

end process action_temp;
end architecture Behavioral;

. TMHMA
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VHDL — Selected assignmen

RTL Analysis

EiE
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VHDL — Conditional assignment

RTL Analysis

Project Summary x | test.xdc ¥ | test.vhd * * | Schematic » | Schematic (2) * 200
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VHDL — Selected & Conditional assignment

Synthesis

Project Summary x| Device

e a I

temperature[5:0] D—

temperature_IBUF[0]_inst
0]

C

y

IBUF

temperature_IBUF[1]_inst
0]

=

8l/0Ports 16 Mets

action_

OBUF[0]_inst i 1

:

IBUF

temperature_IBUF[2]_inst
0

J

IBUF

temperature_IBUF[3]_inst
0

action

action_OBUF[0]_inst
0]

LUTE

_OBUF[1]_inst i 1

J

IBUF

temperature_IBUF[4]_inst
0]

:

IBUF
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temperature_IBUF[5]_inst
O

y

IBUF

OBUF

action_OBUF[1]_inst
0]

OBUF
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VHDL — Selected & Conditional assignment

2.uvoyn

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.'th onal 1 select OTO CWHO TNG APXLTEKTOVLKNG KAl N EVIOAN

V‘_” Slghal_- selec _ . adopd anoddoong TLUNC O€ EVA CUYKEKPLUEVO

signal_2<=value when (discrete signal_1 value), ofua

3.

If condition then action;elsif ... else end if Kal 0TIC 2 TIEPUTTWOELC ELLOOTE GTO GO

4. procedure ] process Kol apopad TNV EKTEAEON

case signal is liag n mepLoocOTEPWVY EVTIOAWV avaAoya TN

when value => assignment (discrete signal value), ouvOnKn, KaL UIToPEL va apopa mavw oo
g€va onuata.

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

.|

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

* [lova ermiAeéoupe petaév N
KwWOLKWV AEEEWV TwV M bit

— Juvdeou e apAaAAnAa
m TOAUTIAEKTEC TwV N L0600 WV

. TMHMA
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THAEMIKOINQNION

0 z(0)

a0

W

al

sel
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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;

o TMHMA
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VHDL — Multiplexer

Architecture (2to1 - behavioral)

H apxITeEKTOVIKA Tou moAumAékTn 2 oe 1 otn VHDL
[Teplypapn CUUTTEPIPOPAC

architecture BEHAVIORAL of MUX 2 to 1 is
begin
process (A0, Al, S)
begin
if (S = '0') then

<= AQ0;

else y<=A0 when s='0' else A1,
<= Al;
end if;
end process;
end BEHAVIORAL;

2Th NIOTO EURIGONGINC GUUTIEPIAXUBAVOVTOI OAEC
0l £100601 TOU GUVBUGOTIKOU KUKAWHUOTOC

. TMHMA
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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
= (o]
a0 D—{>
IBUF
A1_IBUF_inst
1~ (o]
¢
AT [ ‘[/ Y_OBUF_inst i_1
IBUF | 0 Y_OBUF_inst
S_IBUF_inst n ok I~_0 ™y
| [s] "
s & *D— 2 OBUF
IBUF LUT3
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VHDL — Multiplexer

YAotroinon If

m Y\omoinon evroAng IF ye Tn XpAon moAumAekTwy 2 o 1

if cl then
sl;
elsif c?2 then

else
s3;

end if;

. TMHMA
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VHDL

— Multiplexer

Entity (4to1)

Eic

H ovToTnTa TOU TTOAUTIAEKTN 4 o 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;
: in STD LOGIC; A2
1: in STD LOGIC;
: out STD LOGIC); A3
end MUX 4 to 1;

AUon 1: YAoroinon Pe TOAUTIAEKTEG 2 o€ 1 o€ dOMN GAUCIDTG

5150
5150
A3 5150
A2
Al
A0

TMHMA
NAHPO®OPIKHE 4 Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2024-25 A.BacAémmoulog
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VHDL — Multiplexer

Architecture (4to1)

H apXITEKTOVIKN Tou moAumAékTn 4 oc 1 otn VHDL
[leplypagn cupmnepipopdc - Auon 1

architecture BEHAVIORAL of MUX 4 to 1 is
begin
process (AO, Al, A2, A3, SO0, S1)

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

Y

end process;
end BEHAVIORAL;

2Tn NioTO eucioBnNaCioc GUUTIEPIAGHBAVOVTCI OAEC
0l €i00301 TOU GUVBUNGOTIKOU KUKAWHOTOC

o TMHMA
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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;

2: in STD LOGIC;

: in STD LOGIC;

S0: in STD LOGIC;

S1: in STD LOGIC;

Y: out STD LOGIC) ;

end MUX 4 to 1;

Auon 2: Yhoroinon pe SO l
no)\un)\ieKT:eq 206l ~_ S1
o doun dEvdpouU

Al /l/

A2 T

A3 L

o TMHMA
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VHDL — Multiplexer

Architecture (4to1)

Eic

TMHMA
NAHPO®OPIKHE +
THAENIKOINQNION

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
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VHDL — Tutrol (Types)

Declare new type

type identifier is (valuel, value2, value3)

signal signal_name: identifier ;

type States is (S0,S1, S2); Metatpornr eowtepka o€ binary
signal FSM : States;

type indentifier is scalar_type_definition;
type own_small is range -5 to 5;

type indentifier is array(limitl to/downto limit2) of other_type;
type new_array is array(0 to 5) of std_logic;

subtype indentifier is other_type_constraint;

. . Subtype
subtype word is std_logic_vector(31 downto 0);

https://redirect.cs.umbc.edu/portal/help/VHDL/declare.html
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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

. TMHMA
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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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I E NAHPO®OPIKHE 4 Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2024-25 A.BacAémmoulog

THAENIKOINQNION




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

. TMHMA
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VHDL — TeAeoTéC (operators)

TeAeoTEc OAiocOnonc (Shift/Rotate Operators)

Operator Operation

sl Shift left logical

sri Shift right logical
sla Shift left arithmetic
sra Shift right arithmetic
rol Rotate left

ror Rotate right

Edappolovian o€ vector

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2024-25 A.BacAémmoulog




VHDL — TeAeoTéC (operators)

2uvapTtnoeic OAioBnoncg (MNMakEro numeric_std)

shift_left() -
Sh Ift_rlght() ApOuntikn OAicOnon

rotate left()
rotate_right()

Edapudlovtal os sighed/unsigned

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2024-25 A.BacAémmoulog



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

Mo vo std_logic_vector XPNOLHLOTTOLHCOUME KOt TOl
AEN vmtapyeL karowo 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)

THAENIKOINQNION

. TMHMA
| E NAHPO®OPIKHE 4 Epyaotnplo Zxebiaon Wnolakwv Zuotnuatwy 2024-25 A.BactAOmouAog

27



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)
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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
l NAHPOOOPIKHE & Epyaotiplo Zxediaon Wnolakwv Zuotnuatwy 2024-25 A.BactAoémoulog
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VHDL — TeAeoTéC (operators)

Unsigned: lodTnTa/Zuykpion

* [MTUAN XNOR: lootnta duo bit
— Edappuoyn ot kaBe bit Vo anpoonuwy apLlBuwyv

 2tnv VHDL, To X = Yy bivel
boolean amotéAecpa
— Weubéc n alnbég

—) >—
Xy B — Aev pmopel va yivel avabeon
:)DD_‘;_} ¢q o€ onua std_logic

TEAEOTNAC

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

boolean

. TMHMA
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VHDL — TeAeoTéC (operators)

Unsigned: OAioBnon

Eic

TMHMA
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,,

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2024-25 A.BacAémmoulog



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
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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
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https://www.nandland.com/vhdl/examples/example-shifts.html
https://www.vhdl-online.de/vhdl_reference_93/shift_operators
https://hdlworks.com/hdl_corner/vhdl_ref/VHDLContents/BitVector.htm
https://www.ics.uci.edu/%7Ejmoorkan/vhdlref/vhdl.html
https://stackoverflow.com/questions/25848879/difference-between-mod-and-rem-operators-in-vhdl

[1epiAnwn

e Selected Assignment

* Conditional Statements
* [1OAUTTAEKTEC
 Teleotéc

* OMAwoBnoeLC

* Awafalete tic mapaypdadouc 2.3.1, 2.3.2, 3.1, 3.2 (Bewpia kat VHDL) ano Ashenden kot 2.7, 4.2.1
-4,2.6,4.2.8,4.2.9,4.5.1,4.5.2,4.5.3 (OXI to koppatL tn¢ VERILOG) amo to BLBAlo twv Harris.

YuvomTikoc odnyoc VHDL: https://redirect.cs.umbc.edu/portal/help/VHDL/summary one.html|
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