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VHDL — ETTavaAnweic

Loop (infinite loop)

optional_label: loop
exit when boolean_condition; --optional
next when boolean_ condition; --optional
sequential statements;

end loop;

Clock _Proc2 : process
begin
loop
exit when EN<=0’;
CLK <= not CLK;
wait for 50 ns;
end loop;
CLK <="0’;
wait until EN="1";
end process;

THAENIKOINQNION
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exit: To loop otapatdel 6tav n cuvonkn
glvat aAndng

next: To loop ekteAeital amnod tnv apxn
TIOPAAELTIOVTOC TLC ETMOEVEC EVIOAEG

Mavo péoca o€ Process

EkteAeital ouveXwg

Av untapxel exit Ttote ouvROwWC eKTAC loop UTIAPXEL N
gvtoAn nov B€Aoupe va eKTteAEOTEL Otav Sev ival
gvepyo 1o loop



VHDL — ETTavaAnweic

EvioAnl FOR

optional_label: for variable in range loop

sequential statements;
end loop;

Mavo péca
o€ Process foriin 0 to 2 loop
a_tb<=std_logic_vector(to_signed(i,a_tb'length));
forjin0to 2 loop
b_tb<=std _logic_vector(to_signed(j,a_tb'length));wait for 10ns;
end loop;
end loop; To for ekteAeital
oKoAouOLaka.
Mpénel va ekteAeOTEL
o€ £va KUKAO poAoyLoU

. TMHMA
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Aev xpelaletol SnAwon.
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2 downto O.

wait povo o€ simulation



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 |00p;
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 — ETTavaAnweic

EvtoAn While

while condition loop
sequential statements;
end loop;

process (A)

variable | : integer range 0 to 4;
begin

Z <="0000"1:=0;

while (I <= 3) loop

if (A=1)then
Z(I) <="14,
end if;
| :=1+1;
end loop;

end process;

5 TMHMA ,
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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

. TMHMA
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VHDL — Procedure

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

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

5 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 a2: integer;

begin
foriin min to maxloop
a<=std_logic_vector(to_signed(i*step,a'length)); a, b éxouv oploTel eKTOC
fOl'j in min to max |00p procedure ko
b<=std_logic_vector(to_signed(j*step,a’length));wait for 10 ns;  ¢yt4c 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);

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




VHDL — Function

Function function_name(input parameters) return return_type is
declarations
begin

sequential statementl;
sequential statement2;

end function_name;

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

o TMHMA
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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);

5 TMHMA ,
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VHDL — Generic

entity MUX2in1_nis

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 Y_i
begin . -
process (A0, Al, S) sorzol [ o j O[7:0]
begin S S=default  11[7:0} J
if (S ='0") then sy = T RILMUX
Y <= AO;
else < |:\
Y <=A1;
end if;

end process;
end BEHAVIORAL;

o TMHMA ,
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VHDL — Generic

MNapaperpomnoinon tou peyéBouc piag aptnplag (bus) oe pia ovtotnta pe tn SAwon tng
EVTOANG generic tov opileL tnv otaBepa WIDTH
m H 6nAwon tng evioAnc generic yivetal mpv oo tn SnAwon twv ports otnv apxn tng
ovtoTNTOG
m H otaBepa WIDTH eival Betikog akEpalog (positive) kat Umopel va €XEL TTPOETUAEYLEVN TLUN
— generic (WIDTH: positive := 8);
m H otaBepa WIDTH xpnotlpomoteitat katd th SnAwon tTwv ports
—STD_LOGIC_VECTOR (WIDTH-1 downto 0);
m H i tng otabepac WIDTH pmopel va mapakapeL TNV MPOoETAEYUEVN TIUN UE TN dpaon
generic map (ouvvovalstal pe to port map).
— generic map (WIDTH => 8)
m [MBavotata Ba €xel kamola mpoPArRpatTa otnv npooopoiwon (ZuvBeon/YAomoinon)

https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics
https://fpgatutorial.com/vhdl-generic-generate/
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https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics
https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics
https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics
https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics
https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics
https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics
https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics
https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics
https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics
https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics
https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics
https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics
https://electronics.stackexchange.com/questions/571759/when-to-set-defaults-for-vhdl-generics
https://fpgatutorial.com/vhdl-generic-generate/
https://fpgatutorial.com/vhdl-generic-generate/
https://fpgatutorial.com/vhdl-generic-generate/
https://fpgatutorial.com/vhdl-generic-generate/
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 — 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) S(2) 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 NAHPOOOPIKHE 4 Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog

THAENIKOINQNION
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VHDL — Structural architecture

ABpoioTtnc Pitmm¢ KpaTtoupévou Twyv 4 bit (for generate)

library IEEE: library IEEE;
use IEEE.STD LOGIC 1164.ALL: use IEEE.STD LOGIC 1164.ALL;
: fitity RCADDER4 is nd '
(e_ntlt}' FULL_ADDER is 1St Entlty" CDmponenh E;rt (A : in STD LOGIC VECTOR (3 downto (:3:.2: Entlty
port ( A, B, CIN: in STD_LOGIC; B : in STD LOGIC VECTOR (3 downto 0);
SUM, CARRY: out STD_LOGIC): Cin in STD LOGIC;
end FULL_ADDER: 5 : out STD LOGIC VECICR (3 downto 0):;
Cout : out STD LOGIC):

architecture FA DATAFLOW2 of FULL ADDER is
begin

SUM <= 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 emuikedaAidec emavalapBavovtal.

signal C: STD LOGIC VECIOR (4 downto 0); -- opLioviLa ONuaIQ
component FULL ADDER
port
A, B, CIN: in 5STD LOGIC;
SUM, CARRY: out STD LOGIC):
end component;
begin
C(0) <= CIN: -=- QpXLKomoinon

end RCADDER4:

architecture Behavioral of RCADDER4 is

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;
e : =
NAHPO®OPIKHE + E ) Syebi W KWV 2 Ytwv 2025-26 A.B o 15
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VHDL — KwoikoTroinon

* NMwc¢ avamnaplotoupe MAnpodopila pe TTEPLOCOTEPEC
arto dUo MBAVEC TLUEC;
— [oAATTAG QuadIKG orjpaTa (TTOAAATTAA bit)
* (a1, 30): (0, 0), (0, 1), (1, 0), (1, 1)
— AUTOC gival Evagc OuadIKOC KwWAIKAC
— Ka0Be Ceuyocg TIHWV gival yia kwoikn A&én

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog




VHDL — KwolikoTtroinon

EiE

TMHMA
NAHPO®OPIKHE 4
THAENIKOINQNION

Example: 4-to-2 Binary Encoder — Logic Synthesis by Hand
The block diagram and truth table for this system are as follows:

| 111

oOom>r
]
|

A B CDJ|Y Z
0O 0 0 1100
0 0 1 0)]0 1
01 0 0110
1 0 0 0|11

D => 00"
C =>"01"
B =>"10"
Aes1®

When designing this circuit, each output needs to have its own separate combinational
logic circuit. When constructing the K-maps for Y and Z, each will have 4-inputs (A, B, C,
D). The output values for many of the input codes are not specified in the above truth
table. As such, we can use Don't Cares (X) to simplify the logic.

AB Y
CD\ 00 01 11 10
oo| X [ [\ T
010 X [’X [
MX X XX
100 X [X]X

decoder_1hot_2to4

— Y=A+B

o0 m>

P - A

\ C

) >

A
Notice that D is not used.

CDNU000

Y&Z

AB A
1

11

00X

X

0
01/ 0
X

11r5(.

i

10
0
'x
X)

10[(1 ['X

-de,

=+ Z=A+C

Timing Waveform

00" [*01" | *10" | *11]

t -

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

Code Length
* Evac kwdikac Twv n bit €xel 2" KWOLKEC Ae€eLC
* [a va avamnapaotriooupe N TIOOVEC TLUEC
— XPELA{OUOOTE TOUAQXLOTOV |_Iog2N_| bit yia tic A€l
— meplocotepa bit pmopouv va elval XpAOLUO OE KATIOLEC TIEPLUTTWOELG
* NMapadeyua: KwOLKAC EKTUTIWTA PeEKATUOU
— Black, cyan, magenta, yellow, light cyan, light magenta
— €&l TLUEC, |_Iog26_| =3
— Black: (0, 0, 1), cyan : (0, 1, 0), magenta : (0, 1, 1),
yellow : (1, 0, 0), light cyan : (1, 0, 1), light magenta : (1, 1, O)

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog



VHDL — KwolikoTtroinon

One Hot

e KaBe kwoikn Ag€n €xel akplBwc eva bit pe tnv tun 1

 Qwtewoc onpatodotnc:
— KOKKLWvo: (1,0,0), moptokaAi: (0,1,0), mpaowo: (0,0,1)
— TPELC AYWYOL ONUATWV: KOKKLVO, TTOPTOKAAL, TTpACLVO

* KabBe bit evoc kwbika one-hot aviloTolel o€ pLat KwSIKOTIOLNUEVN TN
— Mnkoc kKwdka oo pe MANBoC Twv NMPoc Kwdikomolnon TIHwWV.

— OxL eAdXLOTO UAKOC

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog



VHDL — KwolikoTtroinon

[Mapadeiypa One Hot (1/2)

* EAeyktnc dwtewou onuatodotn pe kwdika 1-hot
— enable = 1: lights_out = lights_in
— enable = 0: lights_out = (0, 0, 0)

Tibrary ieee; use ieee.std_logic_1164.all;
entity light_controller is
port ( Tights_in : in std_logic_vector(l to 3);
enable : in std_logic;
1ights_out : out std_logic_vector(l to 3) );

end entity light_controller;

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog



VHDL — KwolikoTtroinon

[Mapadeiypa One Hot (2/2)

architecture and_enable of

begin
lights_out (1) <= Tights_in(1) and
1ights_out(2) <= lights_in(2) and
1ights_out(3) <= lights_in(3) and

end architecture and_enable;

architecture conditional_enable of
begin
Tights_out <= 1lights_in when enable =

lIOOO" ;

end architecture conditional_enable;

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog

Tight_controller 1is

enable;

enable;
enable;

lTight_controller 1is

'1l' else

\

or just When enable



VHDL — KwolikoTtroinon

Mapadeiyua (1/3) — KwdIKOTToINTAC TTPOTEPAIOTNTAC

* Eavmeploootepecamno pia elcodoLpunopeiva eivatl  suvayeppdc: 8 eicodot avigveuong
(8 atoBntnpeg, €vag ava elcodo).

— Kwoékomoloupe tnv eicodo ou elvat 1 pe tnv uPnAotepn : ,
YA pYouVv POTEPALOTNTEC OTLC

MPOTEPALOTNTA , , ;
: : geloodoug (rm.x. mopta owkiag VS
zone intruder_zone valid , ,
geEwmopta KAMou).
(1) | (2 | @) | @ |G| ® | GF]|6 (2) (1) (0)
1 — _ _ — — _ _ 0 0 0 1 — 8 bit ewoobow: évac awoBntipac ywa kabe {wvn
0 1 - - — — - - 0 0 1 ] — 3 bit e£d6dov ywa tnv kwdikomoinon Twv Jwvwy
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

E i E MAHPOOOPIKHE 4 Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog
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VHDL — KwolikoTtroinon

Mapadeiyua (2/3) — KwdikotroiNntAg trpotepaidtnTac (1N

uAoTtroinon)

* Mapadeypo: AVTLKAETTTLKO GUCGTH O CUVOYEPLOU - Kw S LKOTIOLEL

rola {wvn €xeLevepyomolnBel

— 8 bit ewgobdou: svac awoBntnpac vy kaBe fwvn

— 3 bit e£6bou ya TNV Kwdikomoinon twv wvwv

Tibrary ieee;
use ieee.std_logic_1164.all;

entity alarm is

end entity alarm;

architecture eqn of alarm 1is

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

valid <= zone(l) or zone(2) or zone(3) or
or zone(6) or zone(7) or zone(8);

end architecture eqn;

zone(7)
zone(7)
zone(6)
zone(4)

or
or
or

or

port ( zone : in std_logic_vector (1 to 8);
intruder_zone : out std_logic_vector(2 downto 0);
valid : out std_logic );

zone(8);
zone(8);
zone(8):

zone(5)

Zovn | Kwdikr AEEn
fone 1 0,0 0
Zone 2 0,0 1
Zone 3 0,1, 0
fone 4 01,1
Zone5 1,0, 0
Zoneb 1,0, 1
Zone 7 1,1, 0
fone 8 1,1, 1

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

Mapadeyua (3/3) — KwdikotroIiNTtAg TTpoTepaidTnTaC (2N

uAoTtroinon)

Conditional signal assignment
architecture priority_1l of alarm 1is //
begin

intruder_zone <= "000" when zone(l) = '1l' else
"001" when zone(2) = '1' else
"010" when zone(3) = "'1' else
"01l1" when zone(4) = '1l' else
"100" when zone(5) = '1' else
"101" when zone(6) = '1l' else
"110" when zone(7) = '1l' else
"111" when zone(8) = "'1' else

IIOOOII ;

valid <= zone(l) 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;

. TMHMA
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VHDL — AtToKkwoI1KoTToinon

A——Pp 2 x4

- Decoder

—» D0

—» D1

D2
— D3

. TMHMA
d I E NAHPO®OPIKHE 4
THAEMIKOINQNION

e O amokwdLKOTIOLNTN G EEAYEL ONHATA EAEYXOU QIO £Vl
SuadLKA KWOLKOTIOLNUEVO oA
— Eva onua ava kwdikn A£€n

— To ofua eA€yyou eivat 1 otav n elcodoc £xeL TNV avtiotoxn KwoLKN
AE€n, Sladopetika O
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VHDL — AtToKkwoI1KoTToinon

One Hot Decoder (2 cicodol — 4 £€¢odol)

library ieee; use jeee.std_logic_11e64.all;
entity decoderd is
port (a: in std_logic_vector {1 downto 0);
v: out std_logic_vector(3 downto 0));
end emtity decoderd ;
architecture sel_arch of decoderd 1is
begin
with a select vy <=
0001 when “00", values of std_logic..

"0010" when "017, For synthesis, it is ignored...

"0100" when "107,
"1000" when "11", /
"0000" when others;

end sel_arch ; 1

For simulation, you don't want to
enumerate all 77 (81-4) meta-

Selected signal 1‘Elt:s.ignn'lent

THAENIKOINQNION

library ieee; use ieee.std logic_1164.all;

entity decoderd 1is

port (a: in std_logic_vector (1 downto 0);
v: out std_logic_vector (3 downto 0));

end entity decoderd ;

architecture case_arch of decoderd4 s

begin
process (a)
begin
case a 15

when "00" == y<= "0001";
when "01" ==  y<= "0010";
when "10" == y<= "0100";
when "11" == y<= "1000";
when others = y<= "0000";

end case;
end process;
end case_arch;

Combinational Process with Case Statement
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VHDL — AtToKkwoI1KoTToinon

BCD Decoder (1/2)

* Amnokwdikomotlei tov kwdika BCD (binary coded decimal) yiwa
va odnynoeL e 08ovn (LED i LCD) 7 THnpATwy
— Tunpata: (g, f, e d, c, b, a)

2 q 8 q

G 8 g L /I

fﬁ g Uh 0111111 0000110 1011011 1001111 1100110
>

.- 5 8§ 3 8 8

1101101 1111101 0000111 1111111 1101111
* Kwbwkac BCD: Avadika kwdikomotnpevol dekadikotl

— Kwbwkac 4 bit yia ta Sekadukd Pndia
0: 0000 | 1: 0001 | 2: 0010 | 3: 0011 | 4: 0100
5: 0101 | 6: 0110 | 7: 0111 | 8: 1000 | 9: 1001
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VHDL — AtToKkwoI1KoTToinon

BCD Decoder (2/2)

entity seven_seg_decoder is

blank : in std_logic:

end entity seven_seg_decoder;

library ieee; use ieee.std_logic_1164.all;

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

seq : out std_logic_vector (7 downto 1) );

begin
with bcd select
seg_tmp <= "0111111" when "0000",

"0000110" when "0001", -
"1011011" when "0010",
"1001111" when "0011",

"1101111" when "1001",

end architecture behavior;

"1000000" when others; --
seg <= "0000000" when blank = '1" else seg_tmp;

architecture behavior of seven_seg_decoder is
signal seg_tmp : std_logic_vector (7 downto 1);

0
1
2
3

9

Selected signal assignm

/

ent
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VHDL - Extra Packages

Apxeia

library STD;
STD.textio.all
Reading and writing types: bit, bit_vector, integer, character,

string Xpewtaovral Ko ta 2 TTaKETA.
Aev eival synthesizable
library IEEE; Movo o€ mpocopoiwaon

IEEE.std_logic_textio.all
Reading and writing types: std_logic, std_logic_vector

Opilovtat V0 véoL TuTtoL yLa TNV aAAnAemtibpaon pe apxela: files, lines
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I E NAHPO®OPIKHE 4 Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog

THAENIKOINQNION




VHDL — Package textio

Type : file

file file_handle : <file_type> open <file_mode> is <"filename">;

file Fout: TEXT open WRITE_MODE is "output_file.txt"; H 8nAwon yilvetal o€ process aVAUESOA OTO
file Fin: TEXT open READ_MODE is "input_file.txt"; is kaL To begin

<file_type>: Neplypddel tnv mAnpodopia mou TEPLEXEL TO aApXELO.
TEXT: NepLexel akoAoubia xopaKTApwy
INTF: Mepléxel mpoonUOoUEVOUC aplOpoUC Twv 32bit
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VHDL — Package textio

Type : line

AmtoBnkevel pia ypapupn mou dtaBalouvpe ano Eva apxeio A pLa
ypaupun mou B€Aoupe va ypadoupe os apyeio. Eivat variable kat
oxL signal ylati B€Aovpe n evioAn va ekteAeoTel dpeoa.

variable <line_variable_name> : line;

AUo ouvaptnoelg yia petadopd Sedopevwy
readline(<file_handle>, <line_variable_name>);

writeline(<file_handle>, <line_variable_name>); AdBaciio/eyypadn ano/oe apyeio

writeline(OUTPUT, <line_variable_name>); OUTPUT: Aeopeupévo <file handler) yia to STD_OUT tou
urtoAoylotn (otnv nepimtwon pag Tel Console)

Ot ypappéc Stapfalovtal (readline) n pia petda tnv aAAn ostplakd. Mpwta n 1" ypappn, votepa n 2", KAT,
HUEXPL VOl GTACOUE 0TO TENOC TOU apxeiou. Auto to Bplokoupe pe tn ouvaptnon endfile() mou emotpédel
true av eipoote oto tEAOC Tou apxeiou. H readline Stafdlel tnv EMOMEVN YpOLLUN.

Me tn writeline mpocO£tou e ypaUUEC CELPLAKA OTO apXEio.
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VHDL — Package textio

Type : line

AUo ouvaptnoelg ywa va Stadooupe (read) Ta meplexopeva pLag ypopUpng petadopd dedopévwy n
BaAoupe debopéva (write) oe pa ypappun.

read(<line_variable_name>, <destination_variable>);

write(<line_variable_name>, <source_variable>);

Read

OL ypappeg Bewpouvtal we space-delimeted, SnAadn péxpL va Bpebel kevo Bewpeital pia TLun. Av .. pia
YPOLLUN EXEL TPELC TLUEC std_logic_vector, Ba tpEmel va XpnOLUOTIOLCOUE TPELC POpPEC TN read. H
<destination_variable> Ba npénel va eival idlov tumou Kal peyEBouc pe tnv mAnpodopia mou uTtapxEL 0TN
YPOLLUN TOU apXEeilov.

Write

H <source_variable> Bewpeitat otL eival tuTou bit, bit_vector, integer, std_logic, i std_logic_vector. Av
B€Aoupe va ypaou e string Ba PETMEL vaL XPNOLUOTIOL\OOUE T ouvaptnon string: string’ <“characters. . .”>.

Y€ pLOL YPOUUA MTtopEl va uTtdpyouv dedopeva SladopeTIKWY TUTTWV
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VHDL — AkoAouBiaka KukAwuata

* OLefobolL Q, (tiun €§0dou tn xpovikn oTyun t) Twv akoAouBLakwv KUKAWRATWY
g€opTwvTaL OXL LOVO OO TLC TPEXOUOEC TLUEC TWV EL0OOWV, OAAA KAl ATtO TLG
TPONYOUMEVEG TIHEG TwV 600wV Q, ; 2TO KUKAWHA auTO epdavilete wg

avadpoaon

* ‘Exouv pvnun (kataotaon-state). Mo N amoBnkKeUUEVEC KATOOTACELS TO KUKAW L

xpetaletal amo log,N €wg kat N bit.

e OLe€obol eival cuvaptnon Twv LCOOWV KoL TNC AmoBNKEVUEVNC KATAOTACNC.
3 Block

e JuvnOwc urntapyet poAoi CLK CLK

_ M
Inpuis -+~

next _|
If state

outputs
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VHDL — AkoAouBiaka KukAwuata

S-R Latch (1" ékdoon)

library IEEE; architecture Behavioral of sr_latch is ni_vaKag AAﬁBElaC
use IEEE.STD_LOGIC_1164.ALL; begin N
- - process(S, R) S R Q Q
begin
entity sr_latch is £S5 ='1'and R = '0' then 0 Qprev Qprev
Port ( Q<='"1" 0 1 0 1
S:in STD_LOGIC; --Setinput I%ns<="09'; R 1 0 1 0
. . : elsif S='0"andR = en
R:in STD_LOGIC; Reset input Q<= 0" 1 1 0 0
Q:out STD_LOGIC; --Qoutput Qn <= '1"
Qn : out STD_LOGIC -- Q' (complement of Q) output elsif S='0"and R ='0' then -- No action, keep values
); R Q else -- Invalid state (S="'1'and R="1")
end sr_latch; T Q<=‘0'; -- Intermediate state
Qn <= lol;
end if;

end process;

o end Behavioral;
S p’ ¢
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VHDL — AkoAouBiaka KukAwuata

S-R Latch (2" ékdoon)

library IEEE; architecture Dataflow of sr_latch is

use IEEE.STD_LOGIC_1164.ALL;
signal Q_in :STD_LOGIC:='0"; -- Internal feedback for Q

entity sr_latch is signal Qn_in : STD_LOGIC :="'1"; -- Internal feedback for Q’
Port ( -
S:in STD_LOGIC; --Setinput begin |
R:in STD_LOGIC; -- Reset input -- Concurrent feedback logic

Q_in <=not (Ror Q_in); -- Qfeedback

Q:out STD_LOGIC; --Qoutput Qn_in <= not (S or Qn_in); -- Q' feedback

Qn : out STD_LOGIC --Q' (complement of Q) output

)(; . R D. Q -- Map internal signals to outputs
end sr_latch; Qin Q<=Q_in;
Qn<=Qn_in;
P
= end Dataflow;
S D' @
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VHDL — AkoAouBiaka KukAwuata

D Latch

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
entity d_latch is
Port (
D:in STD _LOGIC; --Datainput
CLK : in STD_LOGIC; -- Clock input
Q:out STD_LOGIC; --Output
Qn : out STD_LOGIC -- Complementary output

);

end d_latch;
CLK D|D s R|Q @
0 X X 0 0 Qprev Qprev
1 0 1 0 1 0 1
1 1 0 1 0 1 0

TMHMA
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architecture Behavioral of d_latch is
signal Q_next : STD_LOGIC :='0"; -- Internal signal for Q
begin
-- Latch behavior with concurrent assignments
Q_next <=D when CLK ="'1" else
Q_next;
Q <= Q_next;
Qn <= not Q_next;
end Behavioral;

-- Assign internal signal to Q
-- Complementary output

CLK

By

Q|
|
Q|
[l
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VHDL — AkoAouBiaka KukAwuata

D Flip Flop

* YTOolelo amoBnkevonc tou 1 bit

« AA\ot tumtol flip-flop
— JK, T (toggle)

entity dff is
port ( clk,d : in std_logic; —D
2e d\ouc toug VHDL A : out std_logic);
. , end entity; B ST

compiler dnpioupyet architecture beh of dff is
F/F. begin ‘ |
Aev xpelaletal else, process (clk)«— Movo 1o clk oto sensitjvity list
Bewpel otL av dev begin "
£XOULLE QVOSIKN aKuA if c'lk’evdent and clk = ‘1’ then ¢
ou clk kpatd q <= d; L —
oY K.p t TI’]V' end if; D| | |
TPONYOLHEVR TN end process; |

end beh; Q
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VHDL — AkoAouBiaka KukAwuata

D Flip Flop with Enable

* H amoBfkeuon eAéyxetal anod v enitpedn (clock-enable)
— AmoBnkeUeL povo otav CE = 1 ge pia avodiki akpr) poloylou
* To CE eival pia ocuyyxpovn eicodoc eAéyyou

entity dff_en is
port ( clk
ce
d

q

SUyxpovo: Mpwrta €Aeyyxog end dff_en ;

yla to clock — | begin

— >process (clk)
begin

if ce="1"

end 1T;
end iT;
end process;
end beh;

: in std_logic;
:in std_logic;
:in std_logic;
: out std_logic);

architecture beh of dff_en 1is

if clk'event and clk="1" then

then

q <= d;

TMHMA
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clk
CE

D

Q

—1> clk
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VHDL — AkoAouBiaka KukAwuata

D Flip Flop with Reset (ouyxpovo) kal Enable

* H elocodoc undeviocuov (reset) Betel tnv amoBnkevuevn tun oto 0
— n eloodoc reset MpémeL va elval oTtaBepn yUpw armo TV avodikn akpn tou clk

entity dff_en_reset 1is
port ( clk : in std_logic; 1D Ql—
ce,reset : in std_logic;
d : in std_logic; — CE
q : out std_logic); ]
end dff_en ; reset
architecture beh of dif_en_reset 1is —p> clk
begin
process (clk)
begin
if clk'event and clk="1" then clk
if reset = "1" then
q <= "'0"; reset
elsif ce = '1"' then CEL
q <= d;
end 1f; D
end iT;
end process;
end beh;
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VHDL — AkoAouBiaka KukAwuata

D Flip Flop with Reset (aouyxpovo)

* Heiocoboc undeviopnou (reset) Betel TNV amoBnksupévn Tipun oto 0
— to reset pmopei va yivel 1 omoladnmoTe oTyLLN, KOL TO AMOTEAECHT Elval dpego

— 1o ouuneplAappdavoupe otn Aota svawoBnolac (n diepyaoia avianokplveTal dueoa os alhayn)

entity dff_en_areset 1is

port ( clk : in std_logic;
ce,reset : in std_logic; ] |
d : in std_logic; D Q
q : out std_logic); —] CE
end dff_en ; ]
architecture beh of dff_en_areset is reset
begin —> clk
process (clk, reset)
begin 1 2 3 4 5 6 7 8

if reset = '1' then i
o clk _l_l_(_\_l_\_(_l_l_\_(_\_ru_u_
q <= 0 1 — [ E— — —
elsif clk'event and clk="1" then (eset| T || 71 | | T
if ce = "1" then |
|

|
|
end if; I—‘—‘ I | l I
end if: D | I — b
end process; Qll’. I_L ' !ﬁ | JES
end beh; T T | — >
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VHDL — AkoAouBiaka KukAwuata

Karaxwpntég (D Flip Flop pe aocuyxpovo reset)

AmoBnkevuouv pla T eAdamAwy bit

— Amnautel aAAayn oTo array port (clk, resetr—dn._std_logic;
data type d: in std_logic_vector(7 downto 0);
+ std_logic_vector q: out std_logic_vector(7 downto 0)
);
d(0) D Q a(0) end reg_reset;
—F clk
architecture beh of reg_reset is
d(1) D Q a(l) begin S vronoveadhia T
4 ik process (clk,reset) A?f“%%%pd$¢lﬂu
beg_i n oAl OTO
if (reset="1"') then
d(n) D al—aqln) q <= (others=>'0");
clk L Ik elsif (clk'event and clk="1") then
q <= d;
end 1if;
n n end process;
'—le Q= end beh;
i
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VHDL — AkoAouBiaka KukAwuata

Pipelines (dloxeTteuon)

2uvoAikr kaBuotepnon = Delay, + Delay, + Delay,

Alaotnua petatl Twv e€08wv > ZUVOALKN KaBuoTEpnon

GUVEHDE- CUVHDT- TUVOVU-
d_in OTIKD OTIKO OTIKO d_out
wochopa 1 KUKhop KOKAGpa 3

QpF—d out

clk

Neplodog pohoylou = max(Delay,, Delay,, Delay;)
2UVoALKn kaBuotepnon = 3 x mepilodoc poAoyLou
Alaotnpa petafy twv e€0dwv = 1 meplodog poAoylou
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VHDL — AkoAouBiaka KukAwuata

2UOOWPEUTNG (accumulator 1/2)

ABpoiote pla akoloubia.
‘Evag véog aplBuoc (data_in) ptavel oe kaBe avodikn akun tou clock.
To aBpolopa (data_out) pndevilel pe ovyxpovo reset

library ieee;
use ieee.std _logic_1164.all;use ieee.numeric_std.ALL;

entity accumulator is

port (
clk :in std_logic;
reset : in std_logic;
data_in : in std_logic_vector(15 downto 0);
data_out : out std_logic_vector(19 downto 0));

end entity accumulator;
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VHDL — AkoAouBiaka KukAwuata

2 UOOWPEUTNG (accumulator 2/2)

architecture rtl of accumulator is SUVEUAGTIKG KOKAWUA

signal sum, new_sum : signed(19 downto 0); EMOUEVNG KATAOTAONG EVaAAQKTIKOG TPOTIOG
begin ylaL TNV ovodLK oK Tou
new_sum <= sum+resize(data_in, sum’length); clk. To rising_edge eivat
reg: process (clk) is ouUVAPTNON YLOL OTIOLOSATIOTE
begin ofipa
if rising_edge(clk) then '
if reset ='1' then
SUVSUAOTIKO sum <= (others =>'0’); L
KOKAWLLOL else . o rs-u-n-’l """""" :
. m <= new_sum; ;
E€060u -S.U ew_sum, [ new sum ¢ Q ! [ cataouttso |
end if; 5 , !
end if; daiabaiabet il S
end process reg; mTT T mTg TeReesne
. | |
data_out <= std_logic_vector(sum); | neow_sum_ |
end architecture rtl; — (/:\ oo | 2UvOUAOTIKO KUKAWUAL
data_in[15:0] D : ------ ?_TL/-A E} --------- : E&ééou
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VHDL — AkoAouBiaka KukAwuata

OANioOnTéc (shift registers 1/5)

ExteAoUv oAicOnon (shift) ota dedopéva tou kataxwpnth. Napadsypa Kataxwpnt oAicOnong e

aoclyxpovn eloodo reset, oelplakn eicodo kot apaAAnAn £€odo.

library IEEE;
use |IEEE.STD_LOGIC_1164.ALL;

entity ShiftRegister is
Port (
clk, reset :in std_logic;
D :in std_logic;
Q :outstd_logic_vector(7 downto 0) );
end ShiftRegister;

architecture Behavioral of ShiftRegister is
signal reg : std_logic_vector(7 downto 0);
begin
process(clk, reset)
end process;
Q<=reg;
end Behavioral;
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VHDL — AkoAouBiaka KukAwuata

OANioOnTéc (shift registers 2/5)

YAomoinon e array concatenation

library IEEE; architecture Behavioral of ShiftRegister is
use [EEE.STD LOGIC 1164.ALL; signal reg : std_logic_vector(7 downto 0);
begin
entity ShiftRegister is process(clk, reset)
Port ( begin

clk, reset :in std_logic; if reset ='1' then

D :in std_logic; reg <= (others =>'0'); -- Asynchronous reset

Q :outstd logic_vector(7 elsif rising_edge(clk) then
downto 0) ); reg <= reg(6 downto 0) & D; -- Shift left and insert D at LSB
end ShiftRegister; end if;

end process;

Q <=reg;
end Behavioral;
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VHDL — AkoAouBiaka KukAwuata

OAioOnTéc (shift registers 3/5)

YAomoinon pe array slices

library IEEE; architecture Behavioral of ShiftRegister is
use IEEE.STD LOGIC 1164.ALL; signal reg : std_logic_vector(7 downto 0);
begin
entity ShiftRegister is process(clk, reset)
Port ( begin

clk, reset :in std_logic; if reset ='1" then

D :in std_logic; reg <= (others =>'0'); -- Asynchronous reset

Q :outstd logic_vector(7 elsif rising_edge(clk) then
downto 0) ); reg(7 downto 1) <= reg(6 downto 0); -- Shift left using slice
end ShiftRegister; reg(0) <= D; -- Insert new bit at LSB

end if;

end process;

Q <=reg;
end Behavioral;
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VHDL — AkoAouBiaka KukAwuata

OAioOnTéc (shift registers 4/5)

YAoroinon pe for ... loop

library IEEE; architecture Behavioral of ShiftRegister is
use IEEE.STD LOGIC_1164.ALL; signal reg : std_logic_vector(7 downto 0);
begin
entity ShiftRegister is process(clk, reset)
Port ( begin
clk, reset :in std_logic; if reset ='1' then
D :in std_logic; reg <= (others =>"'0'); -- Asynchronous reset
Q :outstd logic_vector(7 downto elsif rising_edge(clk) then
0)); -- Shift using a for loop
end ShiftRegister; foriin 7 downto 1 loop
reg(i) <= reg(i - 1);
end loop;
reg(0) <= D; -- Insert new bit at LSB
end if;
end process;
Q <=reg;

end Behavioral;
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VHDL — AkoAouBiaka KukAwuata

OAioOnTéc (shift registers 5/5)
4-stage — 8bit Shift Register

library IEEE; begin
use |[EEE.STD_LOGIC_1164.ALL; process(clk, reset) is
begin
entity FourStageEightBitShifter is if reset ='1' then
Port ( stageO <= (others =>'0’); stagel <= (others =>"'0');
clk :in std_logic; stage2 <= (others =>'0’); stage3 <= (others =>"'0');
reset :in std_logic; elsif rising_edge(clk) then
D :in std_logic_vector(7 downto 0); stage0 <= D;
Q0 :outstd_logic_vector(7 downto 0); -- Stage O stagel <= stageO;
Q1 :outstd_logic_vector(7 downto 0); -- Stage 1 stage2 <= stagel;
Q2 :outstd_logic_vector(7 downto 0); -- Stage 2 stage3 <= stage2;
Q3 :outstd_logic_vector(7 downto 0) -- Stage 3 end if;
); end process;
end FourStageEightBitShifter;
-- Outputs
architecture Behavioral of FourStageEightBitShifter is QO <= stage0;
signal stageO : std_logic_vector(7 downto 0); Q1 <= stagel;
signal stagel : std_logic_vector(7 downto 0); Q2 <= stage2;
signal stage2 : std_logic_vector(7 downto 0); Q3 <= stage3;
signal stage3 : std_logic_vector(7 downto 0); end Behavioral;
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VHDL — AkoAouBiaka KukAwuata

MeTpnTég (counters)
* ATMOONKEVOUV TNV TLUN EVOC AMPOCNHUOU aKEPALOU
— AUEAVOUV 1 LELWVOUV TNV TLUNA
e XpNOLOTIOLOUVTOL YLO VO LETPAVE TTOOEC GOPEC:
— €XouVv oUHPel KarmoLa yeyovota
— gxel emavaAndBOel éva Brpa emeepyaoiac
* XpnOLHLOTIOOUVTAL WC XPOVOUETPNTEC (timers)

— UETPAVE TIOOO XPOVLKA OLAOTHHATA EXOUV TtEpAOoEL KaBwc
avéavovtal TtepLlodLKaA
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VHDL — AkoAouBiaka KukAwuata

MeTpnNTEC AOUYXPOVOI

library IEEE; process (clk, reset)
use IEEE.STD_LOGIC_1164.ALL; begin
use IEEE.NUMERIC_STD.ALL,; if reset ='1' then
count_reg <= (others =>"'0');
entity async_counter is elsif rising_edge(clk) then
Port ( if count_reg = 20 then Metpntrg arno to 0
clk :in std_logic; count_reg <= (others =>'0'); €wg to 20. Emopevn
reset : in std_logic; else Tun oo to 20 gival
count : out std_logic_vector(4 downto 0) count_reg <= count_reg + 1; o 0.
); end if;
end entity async_counter; end if;

end process;
architecture rtl of async_counter is
signal count_reg : unsigned(4 downto 0) := (others =>"'0"); count <= std_logic_vector(count_reg);
begin
end architecture rtl;
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VHDL — AkoAouBiaka KukAwuata

AekadIKO¢ MeTpnTrC (OUYXPOVOC)

library IEEE; use IEEE.STD_LOGIC_1164.ALL; begin
use IEEE.NUMERIC_STD.ALL; process (clk)
begin
entity decade_counter is if rising_edge(clk) then
Port ( if reset ='1' then
clk :in std_logic; count_reg <= (others =>'0");
reset :in std_logic; elsif count_reg =9 then
counts : out std_logic_vector(3 downto 0) count_reg <= (others =>'0");
); else
end entity decade_counter; count_reg <=count_reg +1;
end if;
architecture rtl of decade_counter is end if;
signal count_reg : unsigned(3 downto 0) := (others =>"'0'); end process;

counts <= std_logic_vector(count_reg);
end architecture rtl;
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VHDL — AkoAouBiaka KukAwuata

MeTpntn¢ ue Neplodiko 2nua EAEyxou

library IEEE; use IEEE.STD _LOGIC_1164.ALL; process (clk)
use IEEE.NUMERIC_STD.ALL; begin
if rising_edge(clk) then
entity periodic_control_counter is if reset ='1' then
Port ( count_reg <= (others =>'0’);
clk :in std_logic; else
reset : in std_logic; count_reg <=count_reg + 1;
ctrl : out std_logic end if;
); end if;
end entity periodic_control_counter; end process;
ctrl <= '1'when (count_reg = 4) or (count_reg = 12)
architecture rtl of periodic_control_counter is else '0';
signal count_reg : unsigned(4 downto 0) := (others =>'0');  end architecture rtl;
begin
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VHDL — AkoAouBiaka KukAwuata

Aouyxpovoc MeTpnTnG ME POPTWON

library IEEE; use IEEE.STD _LOGIC_1164.ALL; process(clk, reset)
use IEEE.NUMERIC_STD.ALL; begin
if reset ='1' then
entity sync_load_counter is count_reg <= (others =>'0");
Port ( elsif rising_edge(clk) then
clk :in std_logic; if load ='1' then
reset :in std_logic; count_reg <= unsigned(load_value);
load :in std_logic; else
load_value : in std_logic_vector(4 downto 0); count_reg <= count_reg + 1;
counts :outstd_logic_vector(4 downto 0) end if;
); end if;
end entity sync_load_counter; end process;
architecture rtl of sync_load_counter is counts <= std_logic_vector(count_reg);
signal count_reg : unsigned(4 downto 0) := (others =>'0');  end architecture rtl;
begin
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VHDL — AkoAouBiaka KukAwuata

[Mapadelyua

TL KUKAWO povTEAOTIOLEL O KWOLKA;

Mwc utoAoyiletal N cuxvoTNTA
AELTOUPYLOC TOU KUKAWMOTOC META TN
ouvBeon;

process (clk) is
begin
if clk'event and clk="1" then
if reset ='1' then
g<='0';g1<='0";q2<="'0";
else
gql<=a;
g2<=b;
g<=qgl and g2;
end if;
end if;
end process;
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VHDL — AkoAouBiaka KukAwuata

[Mapadelyua

reset w
q1_reg
RST
clk p = C
Q
a > D
RTL REG SYNC q_reg
RST
= C

a1«

RTL_REG_SYNC

o
IP\J
©
[{=]
=)
I_.
@]

= C RTL_AND

RTL_REG SYNC
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VHDL — Variables

test_proc: process (clk) is
variable a: std_logic;
begin

if rising_edge(clk) then
if reset="1" then

reset

Out_1_reg

RST

clk

RTL_REG_SYNC

> Ouf_1

clk_IBUF_inst clk_IBUF_BUFG_inst
Out_1<='0'; ck [ > % ° %GO Out_1_reg
else o BUF >CE Out_1_OBUF_inst
o— . n_1_ NS M O
a:=ln_1; it o Q =
OUt_1<=a; IBUF
end |f; reset_IBUF_inst FDRE
. | o
end if; reset [ |

end process test_proc;
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VHDL — Variables

test_proc: process (clk) is

variable a: std_logic;
begin
if rising_edge(clk) then

if reset='1' then
Out_1<='0";

else
Out_1<=g;
a:=ln_1;

end if;
end if;

end process test_proc;
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clk_IBUF_inst clk_IBUF_BUFG_inst
| (0] | (0]
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IBUF BUFG test_proc.a_reg
test_proc.a_i 1 B C
Mo ol
10 (0] CE o
LUT1 D
In_1_IBUF_inst B
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in_1 [ D FDRE
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[1epiAnwn

* Loop, For/For Generate, While

 Procedure/Function

* Generic, Constant

* Kwbdwomoinon/Anokwdikomoinon

e AkoAouBlakd KUKAwpoTa

e Latches/Flip Flop/Registers

 Accumulator, counter, shifter,

e Awafalete tic mapaypagdoug 2.3.1,4.1,4.1.1,4.1.2, 4.2 (Bewpia kot VHDL) amo
Ashenden

* Awfalete Tic mapaypadoug 2.8.2, 3.1, 3.2,3.3,3.6,4.4,4.8,5.2.5,5.4.1,5.4.2, 7.5 (OXI
To Koppatt tng VERILOG) amo to BpAio twv Harris.

AlaBdlete Tic napaypddouc 4.3, 4.4, 5.1-5.6, 5.9, 5.13, 12.8, 12.9.4, 12.10.1, 12.10.2,
12.10.5,12.10.6, 12.10.7, 12.10.8, 12.10.9 amo to BBAio Twv Brown-Vranesic.
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