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VHDL — ETTavaAnweic

EvioAnl FOR

optional _label: for variable in range loop

sequential statements; B0l TO XPNOLLOTIOLELTE

: Kupiwg yia simulation Aev xpelddeton rlwon.
end |oop, O TUMOC UTTOVOELTAL WG
integer
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 j;

, wait uovo os simulation
end loop i; To for ekteAeita H
aKoAouOloka.

Mpénel va ekteAeOTEL
o€ £va KUKAO poAoyLoU
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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

begin
process (A0, Al, S) AQ[T7:0]
begin |
if (S="0'") then A
Y <= AO;
else .
Y<=Al;
end if;

end process;
end BEHAVIORAL;

THAENIKOINONION

5=1b0

1007:0]

Y.

S=default

11[7:0]

\| O[7:0]

J

,.;;T’ RTL_MUX

U%U
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VHDL — Generic

MopoapEeTpOTOLNCN TOU HEYEDOUC pilag aptnplag o€ pia ovtotnta pe tn SnAwaon tTng EVToAng
generic tou opileL tnv otaBepa WIDTH
m H 6nAwon ¢ evioAnc generic yivetal tpv oo tn SnAwon twv ports atnv apxn tng
ovToTNTOG
m H otaBepa WIDTH eival Betikog akEpatog (positive) kat Umopel va €XEL TTPOETUAEYLEVN TLUN
— generic (WIDTH: positive := 8);
m H otaBepa WIDTH xpnotlpomoleitat katd tn SnAwon twv ports
—STD_LOGIC_VECTOR (WIDTH-1 downto 0);
m H T tng otabepac WIDTH pmopet va mapakapeL TNV mMPoeTAEYUEVN TIUN UE TN dpaon
generic map (ouvbualstal pe to port map)
— generic map (WIDTH => 8)
m [MBavotata Ba €xel kamola mpoARpaTa otnv npooopoiwon (ZuvBeon/YAomoinon)

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

- TMHMA , , , ,
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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 — Structural architecture

ABpoioTAC 8bit atrd 2 aBpoloTéc Twv 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 , , , ,
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VHDL — Structural architecture

ABpoioTAC 8bit atrd 2 aBpoloTéc Twv 4bit

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 | E MAHPO®OPIKHE 4
THAEMIKOINQNION

Carry_in 1-bit

m—)

A -4 bit

B -4 bit

ALU

Me KOKKLVO oL €€odoL
TNG OVIOTNTOC

Result 4-bit

Carry_out 1-bit

Entopeva 4 bit (7 downto 4)

Epyaotiplo Aoyikng Xxediaong 2023-24 A.BaclAomoulog



VHDL — Structural architecture

ABpoioTAC 8bit atrd 2 aBpoloTéc Twv 4bit

Carry_in =0’ Carry_out 1-bit Carry_in
O A b ALUL  |Result (3:0) 4-bit , . ALU1
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 , , , ,
I E NAHPO®OPIKHE 4 Epyaotrplo Aoywng 2xediaong 2023-24 A.BaclAOmtouAog
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Carry_out 1-bit

Result (7:4) 4-bit



VHDL — Structural architecture

ABpoioTAC 8bit atrd 2 aBpoloTéc Twv 4bit

EcwTtepKO oRua

ALU bit
Carry_next
Carry_in =0f Carry_out 1-bit Carry_in Carry_out 1-bit
. - 0 -4 bi ALUL  |Result (3:0) 4-bit . ALUL | Result (7:4) 4-bit
A(7:0) -8 bit | A(3:0) -4 bit . A(7:4) -4 bit -
4-bit 4-bit
B(7:0) -8 bit | B(3:0) -4 bit B(7:4) -4 bit

- TMHMA , , , ,
d I E NAHPO®OPIKHE Epyaotrplo Aoywng 2xediaong 2023-24 A.BaclAOmtouAog
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Carry_out

Result (7:0) bit

9-9



VHDL — Structural architecture

ABpoioTAC 8bit atrd 2 aBpoloTéc Twv 4bit

first_half: Adder_4bit port map(A_8bit(3 downto 0), B_8bit(3 downto 0), '0', Sum_8bit(3
downto 0), Carry_next);

second half: Adder_4bit port map(A_8bit(7 downto 4), B_8bit(7 downto 4), Carry next,
Sum_8bit(7 downto 4), Cout_8bit);

Epyaotiplo Aoyikng Xxediaong 2023-24 A.BacAomoulog




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

. TMHMA , , , ,
I E nnnnnnnnnnnn " Epyaotrplo Aoywng 2xediaong 2023-24 A.BactAOmtouAog
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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)

. TMHMA , , , ,
I E nnnnnnnnnnnn " Epyaotrplo Aoywng 2xediaong 2023-24 A.BactAOmtouAog
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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

Epyaotrplo Aoywkng Zxediaong 2023-24 A.BacAOtOUAOG



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;

Epyaotiplo Aoyikng Xxediaong 2023-24 A.BaclAomoulog



VHDL — KwolikoTtroinon

[Mapadeiypa One Hot (2/2)

architecture and_enable of

begin
11ghts_out (1) <= 1lights_in(1)
1ights_out(2) <= 1lights_1n(2)
1ights_out(3) <= 1ights_in(3)

end architecture and_enable;

Tight_controller 1is

and enable;
and enable;
and enable;

architecture conditional_enable of light_controller is
begin
Tights_out <= lights_in when enable = '1' else

lIOOO" ;

end architecture conditional_enable;

‘\

or just When enable

Epyaotiplo Aoyikng Xxediaong 2023-24 A.BaclAomoulog



VHDL — KwolikoTtroinon

[Mapadeiyua Priority Encoder (1/2)

EHie

TMHMA
NAHPO®OPIKHE 4
THAEMIKOINONION

* Eavmeploocotepecamo pla elcodoLpumopeiva eival 1
— Kwowkomolou e tnv elcodo nou eivar 1 pe tnv udnAotepn

MPOTEPALOTNTA
zone intruder_zone valid

@ G |@ | 06| @6 @ (1) (0)

1 — - — — — - — 0 0 0 1
0 1 — - - - — - 0 0 1 1
0 0 1 - - - - - 0 1 0 1
0 0 0 1 — — - — 0 1 1 1
0 0 0 0 1 - - - 1 0 0 1
0 0 0 0 0 1 - — 1 0 1 1
0 0 0 0 0 0 — 1 1 0 1
0 0 0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 — - — 0

Epyaotiplo Aoyikng Xxediaong 2023-24 A.BaclAomoulog




VHDL — KwolikoTtroinon

[Mapadeiyua Priority Encoder (2/2)

Conditional signal assignment

architecture priority_1l of alarm 1is //
begin
intruder_zone <= "000" when zone(l) = 'l' else
"001" when zone(2) = "1' else
"010" when zone(3) = "1' else
"01l1l" when zone(4) = "1' else
"100" when zone(5) = "1' else
"101" when zone(6) = "1' else
"110" when zone(7) = "1' 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 , , , ,
I E NAHPO®OPIKHE 4 Epyaotrplo Aoywng 2xediaong 2023-24 A.BaclAOmtouAog
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VHDL — AtToKkwoI1KoTToinon

A ——Pp 2 x4

- Decoder

—» D0

—» D1

D2
—P D3

. TMHMA
d I E MAHPO®OPIKHE 4
THAEMIKOINQNION

O amokwdLKoToNTAC e€AYEL orjpaTta EAEYXOU aTto £va
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

Epyaotiplo Aoyikng Xxediaong 2023-24 A.BaclAomoulog



VHDL — AtToKkwoI1KoTToinon

library ieee; use ieee.std_logic_1164.all;

entity decoderd 1is

port (a: in std_logic_wvector (1 dowrto 0O);
w: out std_logic_vector (3 dowrnto 0));

library ieee; use ieee.std_logic_1164.all;

entity decoder4 1is
port (a: in std_logic_vector(l downto 0);

v: out std_logic_vector(3 downto 0)); end entity decoders4 ;
end entity decoderd ; architecture case_arch of decoderd s
architecture sel_arch of decoder4 is begin
beqin process (a)
, For simulation, you don't want to begin
with a select y <= case a is

enumerateall 77 (81-4) meta-
"0001" when 00T, _ : nAaT o _ o
) ) o values of std_logic.. when ”Dﬂ“ =¥ “DDDIH=
0010" when "017", . synthesis, it is ignored... when “Dl“ == ¥Y== “mm“’
"0100" when "10", when "10" == y<= "0100";
“lDDD” men ||ll|| / 'HI"I'ETI “ll“ =7 }'r{= “lDDD“;

. . when others = y<= "0000";
0oo0" when others;

end case;
end SE-l_a]"Eh . end process;
1.,‘ end case_arch; \
Selected signal assignment Combinational Process with Case Statement

- TMHMA , , , ,
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VHDL — AtToKkwoI1KoTToinon

[Mapadeiypa BCD to 7segment (1/2)

* Anokwodwkomolel tov kwdika BCD (binary coded decimal) yia
va odnynoeLuia 08ovn (LED i LCD) 7 Tpnpatwy
— Tpnupata: (g, f e, d, ¢, b, a)

o 4 d g8 8

a

(D,
fﬁg Uh 0111111 0000110 1011011 1001111 1100110
< 2

.- 5 8§ 73 8 8

1101101 1111101 0000111 1111111 1101111
* Kwdwkac BCD: Auadika kwdikomotnpevol dekadLkotl

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

- TMHMA , , , ,
d I E NAHPO®OPIKHE Epyaotrplo Aoywng 2xediaong 2023-24 A.BaclAOmtouAog
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VHDL — AtToKkwoI1KoTToinon

[Mapadeiypa BCD to 7segment (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 1is
signal seg_tmp : std_logic_vector (7 downto 1);

- 0
-1
- 2

3

— 9

Selected signal assignm

/

ent

THAENIKOINONION
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VHDL — AkoAouBiaka KukAwuata

* OLe€obolL 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.
e JuvnOwc umtapyel poAoi CLK

M

iInputs

next
If state

CLK
|

K

£

state

7

. TMHMA
d I E MAHPO®OPIKHE 4
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output
logic

N

outputs

Epyaotiplo Aoyikng Xxediaong 2023-24 A.BacAomoulog
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VHDL — AkoAouBiaka KukAwuata

D Flip Flop

« XTolelo amoBnkevonc tou 1 bit
« AM\ot tumol flip-flop

— JK, T (toggle)
entity dff is
port ( clk,d : in std_logic; D
q : out std_logic);
end entity;
architecture beh of dff 1is > clk
begin
process (clk)«— Movo to clk oto sensitjvity list
begin
if clk’event and clk = ‘1’ then clk
q <= d; |
end if; D| | |
end process; ]
end beh; Q —

TMHMA

I E MAHPOOOPIKHE & Epyaotnplo Aoyikig 2xebiaong 2023-24 A.BacAGTIOUAOG
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VHDL — AkoAouBiaka KukAwuata

D Flip Flop with Enable

H amoBrikevon tn¢ tiung D e€aptatatl amnod to onpa €ykpiong CE (en)
— AmoBnkevel povo otav CE = 1 o pa avodik akpr pohoylov
* To CE eival pia cuyyxpovn eicodog eAéyxou

entity dff_en is

port ( clk : in std_logic;
ce - in std_logic; —D QF—
d :in std_logic;
q : out std_logic); —|CE
end dff_en ; —1> clk
architecture beh of dff_en 1is
begin

Yuyxpovo: Mpwta EAeYXOC

process (clk)

yla to clock begin
T if clk'event and clk='1"' then clk | I I LI |

if ce="1" then

q <= d; CE:;J i ._J___J

end 1if; i |
end iT; D | | | | |

|

|

end process; | |
|

|

end beh; Q r

- TMHMA , , , ,
d I E NAHPO®OPIKHE Epyaotrplo Aoywng 2xediaong 2023-24 A.BaclAOmtouAog

THAENIKOINONION

24



VHDL — AkoAouBiaka KukAwuata

D Flip Flop with Reset (cuyxpovo)

* Heiocodoc undevicuou (reset) Betel tnv amoBnkevpévn tiun oto 0
— n eloodoc reset MpemeL va elval otaBepn 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 dff_en_reset is —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 CE
q <= d;
end 1if; D
end if;
end process;
end beh;

- TMHMA , , , ,
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VHDL — AkoAouBiaka KukAwuata

D Flip Flop with Reset (acuyxpovo)

* Heloodoc undeviopou (reset) Betel Tnv amoBnkevpévn TR oto 0
— 710 reset pmopei va yivel 1 omoladmote oTyUr, Kol TO amoTEAEopa lval dpeco

— 1o oupneplAappavoups otn Alota suvaloBnoiac (n Slepyaola avTomokplveTal aueoa os ahlhayn)

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); —1 CE
end dff_en ; —Jreset
architecture beh of dff_en_areset is
begin —1> clk
process (clk, reset)
begin 12 3,04 5 6 17 8
if reset = '"1' then -
o clk _I_I_(_I_l_\_(_\_m_(_\_r\_r\_l_
q<= '0"; 1 J I —
elsif clk'event and clk="1" then feset| [T || T L_| 5
if ce = '"1' then | |
q <= d; CE | | | | | I——
end if: |
end if: D | | R —
end process; Ql — gEi
end beh; i — — [ — >

- TMHMA , , , ,
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VHDL — AkoAouBiaka KukAwuata

Karaxwpntég (D Flip Flop pe aocuyxpovo reset)

AmoBnKevuouv pLa T nAwv bit
— 'Eva flip-flop D ava bit entity Feg— £ is
— Amnoutel aAAayn oTo array port (clk, resetr—swn.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 Qf—al0) end reg_reset;
—F clk
architecture beh of reg_reset is
d(1) D Q q(l) begin S UVTOLOVOabid Tou
W process (clk,reset) Agfn4%%“d¢¢ln“
beg1 n oA OTO
if (reset="1"') then
d(n) D al—q) q <= (others=>'0");
clk L ik elsif (clk'event and clk="1") then
q <= d;
end if;
n n end process;
'—le Q= end beh;
i

- TMHMA , , , ,
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VHDL — AkoAouBiaka KukAwuata

Pipelines (dloxeTteuon)

2uvolkn kaBuotepnon = Delay, + Delay, + Delay,

Araotnua petafl Twv e€086wv > LUVOALKN KaBuoTEpnon

TUVOLT- ouvoLa- TUVOLU-
d_in OTIKO OTIKD OTIKO d_out
worchopa 1 KUKl Kikiopo 3

QF——d out

clk

Neplodog pohoylou = max(Delay,, Delay,, Delays,)
2uvoAkn kaBuotepnon = 3 x meplodoc poAoyLou
Aldotnua petaty twy e€0dwv = 1 mepiodoc poloylou

. TMHMA , , , ,
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VHDL — AkoAouBiaka KukAwuata

2. UOOWPEUTNG (accumulator 1/2)

* ABpolote pLa akoAouBia MPOCNUACUEVWY OPLOUWV
— Evac véoc aplBuoc pBavel otav data_en =1

— Mndeviote To aBpoloua e cuyyxpovo reset

Tibrary 1ieee;
use ieee.std_logic_1164.all, ieee.numeric_std.all;

entity accumulator 1is

port ( clk, reset, data_en : 1in std_logic;
data_1in : 1n signed(1l5 downto 0);
data_out : out signed(19 downto 0) );

end entity accumulator;

i E ﬁaiémgmﬁ& Epyaotiplo Aoyikng Xxediaong 2023-24 A.BaclAomoulog




VHDL — AkoAouBiaka KukAwuata

2 UOOWPEUTNG (accumulator 2/2)

architecture rtl of accumulator is
signal sum, new_sum : signed(l9 downto 0);
begin
new_sum <= sum + resize(data_in, sum'length);
reg: process (clk) 1s

begin
1T rising_edge(clk) then <«
if reset = "1' then
sum <= (others => '0');
elsif data_en = "1" then
sum <= new_sum;
end iT;
end if;

end process reg;
data_out <= sum;
end architecture rtil;

- TMHMA , , , ,
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MeTpnTEG (Ccounters)
* AmoBOnKeUOUV TNV TLUN EVOC AMPOCNHUOU aKEPALOU
— auéavouv N LELWVOUV TNV TLUN
* XPNOLUOTOLOUVTOL YL VO LETPAVE TTOOEC DOPEC:
— £YOouV CUMPEL KaroLa yeyovota
— gxeL emavaAndBel eva Brpa emeepyaoiac
* XpnOolUomoLoUVToL WC XPOVOUETPNTEC (timers)

— HETPAVE TTOOA XPOVLKA OLAOTNMOTO EXOUV TIEPACEL KABWC
avéavovtal TtepLodLKaA
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MeTpnNTEC AOUYXPOVOI

E

TMHMA
NAHPO®OPIKHE 4
THAEMIKOINONION

Tibrary ieee;
use jeee.std_logic_1164.al11, ieee.numeric_std.all;
entity counterd dis

port (clk, reset : in std_logic;

count : out std_logic(3 downto 0);
end entity;

architecture beh of counterd4 is
signal counter : unsigned(3 downto 0);
begin
count <= std_logic_vector{counter);
process (clk, reset)

begin
if reset = ‘1" then
counter <= (others => "0"');
elsif clk’event and clk = ‘1" then

if counter = 15 then
counter <= (others == "0');
else
counter <= counter + 1;
end if;
end if;
end process;
end architecture;
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AekadIko¢ MeTpnTng

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

entity decade_counter is
port ( clk : in std_Tlogic; q : out std_logic_vector(3 downto 0) );
end entity decade_counter;

architecture rtl of decade_counter 1is
signal count_value : unsigned(3 downto 0);
begin

count : process (clk) 1s
begin
if rising_edge(clk) then
count_value <= (count_value + 1) mod 10;
end if;
end process count;

q <= std_logic_vector(count_value);
end architecture rtl;

THAENIKOINONION
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1ibrary i1eee; use jeee.std_logic_1164.all, ieee.numeric_std.all;
entity decoded_counter 1is
port ( clk : in std_logic; ctrl : out std_logic );
end entity decoded_counter;
architecture rtl of decoded_counter 1is
signal count_value : unsigned(3 downto 0);
begin

counter : process (clk) 1s
begin
if rising_edge(clk) then
count_value <= count_value + 1;
end 1T;
end process counter;

ctrl <= '"1" when count_value = "0111" or count_value = "1011" else '0';
end architecture rtl;

- TMHMA , , , ,
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[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
q3<='0";q1<='0";92<="'0";
else
gql<=a;
g2<=b;
g3<=ql and g2;
end if;
end if;
end process;

. TMHMA , , , ,
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[Mapadelyua

RTL REG_SYNC

930 i

Q—‘ > g3

L

RTL_AND

RTL REG_SYNC

. TMHMA
d | E MAHPO®OPIKHE 4
THAEMIKOINQNION

RTL_REG_SYNC
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[Mapadelyua

SYNTHESIZED DESIGN - xc7z020clg484-1

Sources | Netlist

? _00C Project Summary X % | FFs.vh X % | FFs.xdc »%  Schematic(2) x 200
.~ | o Q a i kK O C | 10Cells 5UOPorts  15Nets o
test
> Nets (15
v Leaf Cells (11
a_|BUF_inst(IBUF clk_IBUF_inst clk_IBUF_BUFG_inst
b_IBUF_inst (I8UF ck ! ° ! D ° ql_reg
clk_IBUF_BUFG_inst (BUFG IBUF BUFG
c
clk_IBUF_inst (IBUF
1' F_EFE a_IBUF_inst L CE
al_reg 1 o Q
a [ [ D
q2_reg (FORE L
@Az IBUF il
93_OBUF_inst (OEUF reset IBUF _inst FDRE 93_reg
q3_reg (FORE 1 [ [e}
y reset [ L~ q3_OBUF_inst
reset_IBUF_inst (IBUF BUF I~ 0
VCC (VCC L [ a3
OBUF
Cell Pin Properties ? 00X b_IBUF_inst
1 o
Tc=10ns-Slack  °° eleledl " o
c=1Uns-s>lac % BUF
Name: g1_regiC
Type Input
cel
—_—_—— hd
Properties
Ru Timing  x 2 00O
Q T 2 Cc M 4 Design Timing Summary
General Information
Timer Seftings Hold Pulse Width
Design Timing Summary Worst Negative Slack (WNS): 8,621 ns Worst Hold Slack (WHS) 0132 ns ‘Worst Pulse Width Slack (WPWS): 4500 ns
Clock Summary (1 Total Negative Slack (TNS): 0,000 ns Total Hold Slack (THS): 0,000 ns Total Pulse Width Negative Slack (TPWS): 0,000 ns
» "s Check Timing (4 Mumber of Failing Endpoints; 0 Number of Failing Endpoints: 0 Number of Failing Endpoints: 0
4 Intra-Clock Paths Total Number of Endpoints: 1 Total Number of Endpoints: 1 Total Number of Endpoints: 4

Inter-Clock Paths

Other Path Groups

lserInnnred Paths
Timing Summary - timing_1

All user specified timing constraints are met.

TMHMA

L]
d I E NAHPO®OPIKHI 4
THAENIKOINONION
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* For

* Generic

* Kwdwomoinon/Anokwdikomoinon

e AxkoAouBLaka KuKAwpoTa

 Accumulator, counter, shifter,

e Conditional Statements

* Awafalete ¢ mapaypadouc 2.2,2.3.1,2.4,4.1, 4.2, 4.3 (Bewpia kat VHDL)
amno Ashenden kat 2.8.2, 4.4, 4.7.2, 4.8, 4.9 (OXI to koppatt tng VERILOG)
arto to BLBAlo Twv Harris.
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