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7 7 7
Opydvocon Towv TTaeaddOGE®V Ewcaywyika

H VHDL awoteAel wa yYAOGGO yio Th wovteAogtoinen tng

AoAégeLg i , ,
Soung Kol TNG GUUITERLPOEAS VALKOU
Ewayoyit oty VHDL m Emtpémer tn ypnion Siapopetikav uebodoloyidv axediacuov
B Aouég axoAoubiarol Kow GUVTEEXOVTOS KOBIKOL m [Tpoc@épel avegoptnaio atd thv ekdotoTe TeXVOAoyia
[Tooxwenuéva ctoxelo tng VHDL vlomoinong (standard cell VLSI, FPGA)
YUVTOEN TTOQOUETEIKMOV TTEQLYQUPDV B AtevkoAvvel Tnv eTikowvwvia oxedlwv LeTagy

A ZiUvtagn koddka yia Aoyikin guvBeon GUVEQYOZOUEV®Y ouddwvy Gyedlacuoy

[ Aousc eNEyXOU/ETTOMBEVONG ALITOVEYIAS TOV KUKADUGTOV ®m Bonbd otnv kalitepn droyelpion tou €pyou tou ayediacuon

m Xtnv VHDL umopel va meprypapel éva ueydlo evpog

Mnyavég TETEQUGUEV®Y KATAGTAGEDY , ,
PRPLOKWY KUKAOUATOV

H Ymodeyuatikn pyacio , , , , .
Y Qv m Baowkd koitipia otnv emtidoyng HDL efvair: n StaBeciudtnta

El Mn 7ToyQauaTicOUevol ETTEEEQYACTES £QYOAEl®V AVATITUENG, N SUVATOTATO ETTAVAYENGLOTIOINGNGS
M Avockomncn tou uobnuotog KOO, KOl N OKELOTNTA UE TIC GUVTOKTIKES SOUES TNG
YA®WGGOG
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[TpookaBopiouéveg Aoyikég TTUAeS gtn VHDL
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TA®ocoeg IeQrypapng YAkov

Iepagykog Gyedracuds gtny VHDL
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ENTITY kow ARCHITECTURE

O wAneng abporgtng dvadikot) yneiov e VHDL

m ENTITY: H Sietagpin tou KUKADRATOS (BUeg 1a6dou ko
€€000V)

m [0 wa Yvga SnAddvovtor: dvoud, KATEVBUVTIKOTNTO, TUITOG

Sedopévav

m TYmow Yvpwv: IN, OUT, INOUT, BUFFER
m ARCHITECTURE: Katoyed@et Tov TeOTo ActtouQyias Tou

KUKAWUOATOG

ENTITY

ARCHITECTURE

entity name-of-entity is

generic (
generic_list with initializations
H
port (

port_list

)
end [entity] name-of-entity;
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architecture architecture-name is
[architecture declarations]
begin
[concurrent statements]
[sequential statements]
[structural code]
end [architecture] architecture-name;

TAdcoeg MeQryeapng YAtkov

r
library IEEE;
use IEEE.std_logic_1164.all;

entity full_adder is

port (
a : in STD_LOGIC;
b : in  STD_LOGIC;
cin : in STD_LOGIC;
s : out STD_LOGIC;

cout : out STD_LOGIC
);
end full_adder;
architecture structural of full_adder is

begin
s <= a xor b xor cin;

end structural;

cout <= (a and b) or (a and cin) or (b and cin);
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Yuyvd yencwodstorovyevol toTtol thg VHDL Tomol dedouévwv Gto package STANDARD

TYIIOX TIMH IIPOEAEYXH = BIT: '0°. ’'1’

EREA ] AVEABT AT . ,

std_ulogic U, XL 0,1, 2, WS, L, ], - std logic 1164 " " " " )
std_ulogic_vector  array of std_ulogic std_logic_1164 m BIT_VECTOR: "001100", X"OOFF" cto deraegadikd
std_logic resolved std_ulogic std_logic 1164 m BOOLEAN: true, TRUE, TruE ywo to aAnféc kou False,
std_logic_vector array of std_logic std_logic_1164 false. FALSE Vi TO WeUSE

unsigned array of std_logic numeric_std, ’ v w s

std_logic arith m CHARACTER: ’A’, ’a’, ’@’, ’’’. ’Evag mivokog asd

signed array of std_logic ”‘ji"te@c—s@h CHARACTER agtotedel cuufolocelpd (string): "hold time
std_| OgLC_a}’Lt n neo n n n

boolean rue, false standard out of range", "i’ll be back", "0$#1324

character 191 / 256 characters standard m REAL: -1.0, +2.35, 36.6, -1.0E+38

string array of character standard , , .

integer — 1) 10 29 — 1 standard m INTEGER ue gigog twov {-2,147,483,647, +2,147,483,647 ).

real ~1.0E38 to 1.0E38 standard +1, 862, -257, +15

time 1fsto1lhr standard

m TIME: 10 ns, 100 us, 6.3 ns

Nwdraog Kappadias nkavv@physics.auth.gr nkavv@uop.gr TAdcoeg Megryagpng YAtkoy Nwdéraog Kappadias nkavv@physics.auth.gr nkavv@uop.gr TAdcoeg MeQrygapng YAtkoy
z
CONSTANT, VARIABLE kot SIGNAL TeAegtég tng VHDL (VHDL operators)
m CONSTANT: avtikeluevo 6to omoio avatiBeton pio LUVOTITIKOG TLIVAKAG TV TEAEGTOV
z A
OLU'STOLBAWEH Tun Aoywkot and or nand  nor xor xnor  not
constant identifier : type-indication [:=expression]; U“Q,LBWLTW'O( + b * / mod rem
constant PI : REAL := 3.147592; GUYKQLONG = = < <= > >=
constant FIVE : BIT_VECTOR := "0101"; oAlGOnong sll srl sla sra rol ror
i wovadiatiot + -

m VARTABLE: avtikeluevo Gto oTtoio kdmolo gtiyun avatifeton éANoL #  abs &

wio T n ogrota uitoeel va uetapAnbel evtog utoag PROCESS
. p . g . p

variable identifier : type-indication [constraint] [:=expression]; u O]’ TE?\SGTSQ O"VOLY(DYH’Q Ge SUV(M’L”’ ’ OLT[OAUTH’Q Tllmg
variable index: INTEGER range 1 to 50 := 50; " " A 2 7 " "non "
vardable . y i INTEGER: abs", kou vIToOAoylGUOV aképalov vitoloiTov ("mod", "rem
variable memory : STD_LOGIC_VECTOR(® to 7); 68V SI:VOLL GUVBéGLu,OL

B SIGNAL: vAoTroinon StacuvdEcewv evTdg VOGS KUKADMUATOS m O tedectéc ToAAaTTAAGLOGUOY Kal Sialpeong
OANG KoL Yol TRV €EMTEQLKN SLaoUvEeon SLOPORETIK®Y vIToGTNEICOVTAL QTTd opLlauéva gpyadeio AOyking cgivBeong
wovddwv oyediacuot VTé TEOUTTOBEGELS
signal identifier : type-indication [constraint] [:=expression]; m H Siapoed twv mod kot rem efvar 6t 10 A rem B maigvel
signal control: BIT := '0’; , , ,
signal count: INTEGER range 0 to 160; To TTEOcNUo Tov A eve To A mod B to medcnuo tov B

signal y: STD_LOGIC_VECTOR(7 downto 1);
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Avabéoeic oe VARIABLE rkoatv SIGNAL

m H avdBeon ge VARIABLE avtikaBiotd Tnv T€X0oUcea Tun Tng
ue wa véa Tn

m Ta SIGNAL 1T00G@£QOUV £TTIKOWMOVIOL UETAEY SLAPOQETIKRWV
PROCESS kai COMPONENT instances

ix := ’a’; ix <= ’a’;
y := "0000"; y <= "0000";

SIGNAL VARIABLE
ATtédoon Twng <= =
Xonowotnra AvaTtaloTtd KUKAWUATIKES SlacuvBEioels AvaTraQotd ToTuki TTANQopoQia
EuBérera Mitogel va eivar kaBoAki Tomuknn  (Siepyacia, ocuvvdgtnon 1 8-
adwacio)
TouTteQupoed H evnuéowon Sev elvan dueon oe akolov- Aueon evnuépwon
rakd kKOS
Xonon PACKAGE, ENTITY, ARCHITECTURE PROCESS, FUNCTION, PROCEDURE
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EvaigOnaeia emmédov (level-sensitivity) ko
akypogtvpoddtncn (edge triggering)

m O petafolés Twv onpudtev stov dnddvovtar oe uia Alota evarcOnciog
KOL Ol OTTO(EC EVEQYOTTOLOVY TOV VITOAOYIGUO UETABANTOV KOl GnUdT®V Ge

uia PROCESS eivar §vo tuTtwv:
B MetafoAn emaédov (yia origarta emitoeyng i evepyomoinong kow dedouéva)

B Aveyduevn i kateQyouevn axkun (o Grigota QoAoylon)

m MovSoAnTig (UeTaBoAl eTTLItéSou) == H €kepaon clk’EVENT efvon
process (en, a) TRUE 6tav éxer guufel
begin uetaPodii (0 — 11 1 — 0) 610
if (en = ’1’) then A
temp <= a; onuo clk
end if;

Ta ogiouéva gpyaieio
oUvheong, Ta GAUATO EKTOS TOV
clk usropovv va Ttapaierpboiv
artd wo Alota evawabnaeiog

e

end process;

YUYXQOVIGUOS WG TTEOG AVEQXOUEVIL KL

process (clk, a)
begin
if (clk = ’1’ and clk’EVENT) then
temp <= a;
end if;
end process;
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PROCESS

m H PROCESS mpocpépel tn duvatdtnta oxediacuoi
AKOAOVOLOKOU KOSIKA

[process_label:] process [(sensitivity list)]
[declarations (subprogram, type, subtype, constant, variable, file,
alias, attribute), attribute specification, use clause]

begin
sequential_statements

end process [process_label];

m H Mota evoucbnoiog atotedel katdAoyo el66dwv Ko
SIGNAL yia petaBoAés twv omoiwv wioo PROCESS
VTTOXEEOVTOL VAL OVOULEVEL

m I[TapdSeryua:

process (a, b)
begin
if (a /= b) then
cond <= '1’;
else
cond <= '0’;
end if;
end process;
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Aouéc eAéyyov Ge akoAovBLaKO KOO

m H evtoMi IF agtotedel n = H evroAn CASE
YepeMaddn doun yioo tnv xencylovroleltal yio tny
ERTENEGT KOBKA VIO TEQLYQAPN SouwV
GUVGﬁKn CIUTOKOJSLKOUTOfnGnQ

. case expression is
1fsi:' then when value => sl; s2; ... sn;
[elsif ... then when valuel | value2 | ... | valuen
s2;] => sl; s2; ... sn;
[else when valuel to value2 => ...
s3;] when others => ...
end if; end case;
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Aoyég emravdinyng

m H evioAt LOOP gtpoc@épet €vav foAkd TEOITO Yoo Thv
TLEQLYQOPN ETTAVAANTTTIKWOV KUKAMULATIKOV SOULWV

[loop_label:] [iteration_scheme] \textbf{loop}
sequence_of_statements
end loop [loop_label];

m To oyipa ewavdinyng (iteration scheme) umogpel va eivai
tmtov WHILE i tdmov FOR:

while condition
for identifier in discrete_range

TTapddetyuo vtoAoyiouov
TETQAYWOVOV aKeEQALWV UE

IMopdderyua vITOAOYLOUOV
TETQAYOVWOV AKEQAIWV [LE

FOR WHILE
FOR i IN 1 to 10 LOOP i=1;
i_squared := i * i; WHILE (i<11) LOOP
END LOOP; i_squared := i * i;
i:=1i+1;
END LOOP;
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Aou€c GUVTEEYXOVTOS KWOLKA

m H evtoAn WHEN/ELSE agtotedel ula guvipéxovcsa evioin n

omola €xel éva gTd o (target) emALyovTAS AT
TEPLOGOTEQRES ATTO Ui ekPEATELS

target <= {expression when condition else} expression;
outp <= "000" WHEN (inp="0’ OR reset='1’) ELSE

"001" WHEN (ctl='1’) ELSE

"010";

m H evtoan WITH/SELECT mpoc@épel tn duvatdtnta
ETAEKTIKNG avdbeong ce éva oTéyo (target) emAéyovtag
aTtd TEQLOGOTERES ATTO Uia ERPEAGELS

WITH expression SELECT
target <= {expression WHEN choices,} expression;
WITH control SELECT
output <= reset WHEN "000",
set WHEN "111",
UNAFFECTED WHEN others;
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Kataywentng ue emitpewn @optwong (load enable)

Me emitoeyn @dpTmong
library IEEE;

Tynuatikd Sidyeago

use IEEE.std_logic_1164.all;

entity dreg is
port ( rst
clk, d, rst : in std_logic;
en : in std_logic; en
q : out std_logic
s
end dreg;

architecture rtl of dreg is Clk
signal temp: std_logic;

begin
process (clk, rst, d)
if (clk’event and clk = ’1’) then
if (rst = ’1’) then
temp <= '0’;
else
if (en = ’1’) then
temp <= d;
end if;
end if;
end if;
end process;
q <= temp;
end rtl;
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ABpo1GTES aITEdGNU®MV Kol TTQOGNUAGUEV®DY (2's

complement) axkepaiwv (1)

m Ilepypapn yia asrpdcnuovg aptbuoig

r
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

entity adder is
port (
a,b : in std_logic_vector(7 downto 0);
sum : out std_logic_vector(7 downto 0)

end adder;

architecture rtl of adder is

signal temp : std_logic_vector (8 downto 0);
begin

temp <= (0’ & a) + ('O’ & b);

sum <= temp (7 downto 0);
end rtl;

B Audypoupa xQovieuov

58nS
a(7:0) [AL_ X OO WFF W12 )} A1
b(7:e@) [BE OO0 01 23 W BF

sum(7:0) (B0} OO0 {01 oo ) 35 W ED

I
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ABpo1GTES aITEdcNUMV Kol ITQOGNUAGUEV®DY (2's

complement) akepalwv (2)

m [0 v dBgoton TTEOGNUAGUEVEVY (GUUTTARQMWLO-WG-TTROG-2) aTtoLtelTol n

ETERTAGN TTEOGNUOV (Sign extension) Tov evSlAULEGOU OTTOTEAEGUATOG

m [leprypapn yia wpocnuacuévoug aglbuoig

signal temp : std_logic_vector (8 downto 0);
begin

temp <= (a(7) & a) + (b(7) & b);

sum <= temp(7 downto 0);

AgtapiBuntol TuTtor dedouévav (enumerated data types)

m O ypriotng 0pitel Tn AlGTA TV ETITEETTOUEVHOV TUWV TTOU
witopovv va. avatefodv e €va aviikeiuevo oV dnA®veTtal
UE TOV GUYKEKQWEVO TUTTO

B AmoaBuntdc tiIrog Sedouévmy XoQOKTRELGTIKAS Yia
unyoveég memepacuévev katactdoemv (FSM)

TYPE fsm_state is (idle, forward, backward, stop);

signal current_state := IDLE;

end rtl;

B Amabuntdc tiIrog Sedouévwv JTou KATAyRAEEeL Ta
emrpeTéueva yoouata 6to meéturto TELETEXT

m Audypauua xeoviouov

[TYPE rgb3 is (black, blue, green, cyan, red, magenta, yellow, white); ]
58n5
! 1 ), ! ! , , P , ,
a(7:0) [AL_ X OO AFF 12 K Al E m TUTroc dedouévmv yia tnv vAoTtoinen Aoyikig 4 emuatédwv
b(7:8 [BF__ K ooy o1 W 23K BF | [ .
(7:0) . 4 \ 4 . . katd Verilog
sum(7:0) [BO ) o0 (o1 Yoo (35 } b0 X
[TYPE verilog_mvl4 is (’0’, ’1’, ’X’, ’Z’); ]
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4 /7 . Ve /. d V4
XUvOetol ToTol: IIivakeg AvaTtoactacn okeQOLMV (e dloviGUaTO
m Ilivakog GuAAoYR aTtd avikelueva Tov (Stov TiTTou Avadikd Ka Sexasgadi ZVUTAQOULAL G TQOG 2
B AMA®GN Yo TOV 0QLGUO £vOS VEOU TUTIOU Trivako Ko ] ] ] ]
, , J Axéparog | Avadikd hex Axéponog | Avadkd hex
SnAwon SIGNAL avtol Tov TUTToV: 0 "90000" 0" 3 "1000" "
TYPE IS ARRAY ification OF <data t ! 00601 X 7 . 10017 X"
<array name> specitication <data ype>; " n nan " n mamn
[SIGNAL <signal name>: <array type> [:= <initial value]; } :23 "gggi?" ;"g" _g "igi?" §"g”
I St 4 "00100" X"4" -4 "1100" x"'c"
m [Tapadelyuata 5 "9e101" Xrge 3 "1101" et
(TYPE image is ARRAY (0 to 31) of byte; h 6 ::®®11®:: X::G:: -2 ::111®:: X::E::
TYPE matrix2D is ARRAY (0 to 3, 1 downto ) OF STD_LOGIC; 7 00111 X"7 -1 1111 X"F
. . 8 "91000" x"g" 0 "9908" X"
gigxﬁt x :unag?;ZD. 9 "91001" xX"9" 1 "9001" X"
y: matrix. H 10 ||®1®1®n XIIAH 2 ll®®1®ll xuzll
= "0001"; 1 "01011" X"B" 3 "0011" X"3"
= 00,080,000, 12 "91100" x"c" 4 "9160" x"q"
= (C0,°17,°1°,°1°), (17,717,717 ,°0°)); 13 "91161" X'p" 5 911" x"gn
4 e rE e || xe
x(0) <= v(1,2); 15 01111 X"F 7 0111 X"7
X <= y(0); 16 "10000" X"10"
x(3 downto 1) <= y(1)(4 downto 2); n n n n
x(3 downto 0) <= (3 => ’1’, 2 => ’0’, others => ’'0’); 17 10001 X"11
N J
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Ymeppdptwon tedectn (operator overloading)

m Xtn VHDL pgtopotv va SnAwBouvv (.. Ge TTaKETA) €K VEOU TEAEGTES ATTO
TOV XENGTN oL oToiol va €xouv Ta idia ovéuato pe TEOKADBOQLGUEVOUS
TeNeaTéG, Al va §eouv Ge SlapoeTkOVUS TUTTOUS dedouévmv

m H teyvikii auti ovoudigeton vIrep@opTwon TeAEGTH

B YTepeoptmon tov teAectit '+’ yua tnv mteécbeon evos INTEGER e éva
BIT

FUNCTION "+" (a:INTEGER, b:BIT) RETURN INTEGER IS
BEGIN
IF (b="1’') THEN
RETURN a+1;
ELSE
RETURN a;
END IF;
END "+";

SIGNAL inpl,outp: INTEGER RANGE 0 TO 15;
SIGNAL inp2: BIT;

outp <= inpl + inp2;

Nwdraog Kappadias nkavv@physics.auth.gr nkavv@uop.gr TAdcoeg Megryagpng YAtkoy

YUVOQTNGELS LETATQOTING TOU TTAKETOU
std_logic_arith

m Xto std_logic_arith psmopodue va Beolue TS GUVAQTAGELS UETATQOTING

conv_integer, conv_unsigned, conv_signed, conv_std_logic_vector

KMion cuvdgtnong ITepuypapn

conv_integer (param) MetatEémel  wao  TOQAUETEO param  TUIOV
INTEGER, UNSIGNED, SIGNED n STD_ULOGIC
oe wa T toTtov INTEGER
conv_unsigned(param,b) MetatEémel  wao  TOQAUETEO param  TUIOV
INTEGER, UNSIGNED, SIGNED n STD_ULOGIC
oe wa T togtov UNSIGNED ue péyebog b bit
conv_signed(param,b) MetateéTmel o  TOQAUETEO param  TUIOV
INTEGER, UNSIGNED, SIGNED n STD_ULOGIC
oe wa T toTtov SIGNED ue uéyebog b bit

conv_std_logic_- Metatpémer wio  TOQAUETQO param  TUITTOU

vector(param,b) INTEGER, UNSIGNED, SIGNED n STD_ULOGIC
oe wa Tt tiTtov STD_LOGIC_VECTOR ue uéye-
Hog b bit

To maxéto std_logic_unsigned opigel vITEQRPOQTWUEVES EKBOYES TOV TEOTWV TELOV
GUVOETAGEWV UeTaTEOTNAGS yia Sedouéva Tmrov STD_LOGIC_VECTOR
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XUvoyn T®V GUVAQTAGEMV UETATQOTING TUITOV TOU

TTORETOV numeric_std

B AAGn yio Tn XENon Tov TTOKETOU

LIBRARY ieee;
USE ieee.numeric_std.all;

B [pa@kin ovaTtadoTacn TOV ETMITEETOUEVOV UETATQROTTMOV
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[Topadelypata LeTATEOTOV Ue BAcN TO JTOKETO

std_logic_arith)

m Metatpomri UNSIGNED, SIGNED = INTEGER

Unsigned_int <= CONV_INTEGER( A_uv );
Signed_int <= CONV_INTEGER( B_sv );

m Metatpomin INTEGER = UNSIGNED, SIGNED

A_uv <= CONV_UNSIGNED (Unsigned_int,8);
B_sv <= CONV_SIGNED (Signed_int,8);

(o)

m Metatpomi UNSIGNED, SIGNED = STD_LOGIC_VECTOR

C_slv <= CONV_STD_LOGIC_VECTOR(CONV_INTEGER(A_uv),8);
D_slv <= CONV_STD_LOGIC_VECTOR(CONV_INTEGER(B_sv),8);

m ITopddeypa xenong: AtevBuvoioddtnon ce uviun ROM

Data_slv <= ROM( CONV_INTEGER(Addr_uv) );
Data_slv <= ROM( CONV_INTEGER(Addr_slv) );

YApaTa yo To wopadelyworto:

signal A_uv : unsigned (7 downto 0) ;

signal Unsigned_int : integer range 0 to 255 ;
signal C_slv, D_slv : std_logic_vector( 7 downto 0) ;
signal B_sv : signed (7 downto 0) ;

signal Signed_int : integer range -128 to 127;

(N 2 N S N
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AvOaAUTIKOG TTIvaKOS TTEQOKAB0QIGUEVOV LBLOTATWV

B Ot JTeoKAB0QLGUEVES WEBLOTNTES TTROGPEQEOVY TN SUVATOTNTA TTEQLYQOPNG

YEVIKGOV TUNUATOV KOS yio. oTtotodnatote uéyebog Saviopatog n

Trivaka
I8wdtnta [ Emictoepduevn tiun
Ye guvnOiouéva dedouéva (OxL arabuntd)
d’Low O younAdteQog delktng Tov Jrivaka
d’HIGH O vynAdTeEog delktng Tov Trivaka
d’LEFT O 0LaTeEds delktng Tov Tivaka
d’RIGHT O 8e€16¢ deiktng Tov Trivaka
d’LENGTH To uéyebog tov Sravicuatog
d’RANGE To e¥pog tov Savicuatog
d’REVERSE_RANGE To avticTteopo €Vog Tov Savicuatog
Ye amoeuuntd dedouéva
d’ VAL (pos) H i otnv kaBoigduevn déon
d’POS (value) H 9€on (Sievbuvon) tng kaboprgduevng Tng
d’LEFTOF (value) H twi otn 9éon 6t apotepd g kabooigduevng TG
d’ VAL (row, column) H twn otnv kaboergduevn déon e éva SididaTato mivarka
Ye avtkeipeva tiTtov SIGNAL
s’EVENT AMnBég dtav TTEoKVITTEL GLUPAY GTO S
s’STABLE AAnBéc 6tav dev TporvTrTEl GUURAY GTO S
s’ACTIVE AAnBég av to s elvar oe vynAn otdbun
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PACKAGE

m To woxéto (PACKAGE) amotelel uéco ya tnv opydvwaon
TUNUATOV KOSIKO

PACKAGE <package name> IS
statements
END <package name>;
[PACKAGE BODY <package name> IS
implementation of functions and procedures
END <package name>;]

B AnAwon xenong evog TTAKETOU

[pSE <library name>.<package name>.<package parts>

m ITaeddetypo

PACKAGE my_package IS
TYPE state IS (stl, st2, st3, st4);
FUNCTION positive_edge(SIGNAL s: BIT) RETURN BOOLEAN;
END my_package;
PACKAGE BODY my_package IS
FUNCTION positive_edge(SIGNAL s: BIT) RETURN BOOLEAN IS
BEGIN
RETURN (s’EVENT and s='1’);
END positive_edge;
END my_package;
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Yvotatiko groyeio (COMPONENT) - Etywdtumo evog
COMPONENT

m To COMPONENT amoteAel SnAmon yia tn yenoiwoitoincn
€VOC KUKADUATOS WS vITopovdada

COMPONENT <component name> IS
[GENERIC (
<generic name> : <type> [:= <initialization>];

)]...

PORT (
<port name> : [direction] <signal type>;

bH
END COMPONENT;

m To gtiywotuTto (instance) evég COMPONENT attoteAel €va
avTiTuTTO TOL TTOoV YEnaGwodtoleiTan GTa TAALGLO TNG GOWKNAG
TEQLYQAPNS VOGS KUKAWUATOS

<label>: <component name>
[GENERIC MAP (
[<generic name> =>] <expression>,
R
PORT MAP (
[<port name> =>] <expression>,
SN
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FUNCTION

B Ol GUVOQETAGELS AITOTEAOVV €(80C VITOTTEOYEAWLATOS TO
omolo eTMOTEEPEL Uial LOVASIKIA TR

m Aev wItopolv va TEOITOTTOAGOUV TIS TTOQAUETEOVS LGOS0V
TOUG

(fUNCTION <function name> [<parameter list>] RETURN <type> IS
[statements]
BEGIN
sequential statements
END <function name>;
- J

m [Topddetyua: Xuvdotnon [logs]

(function LOG2C(input: INTEGER) return INTEGER is
variable temp,log: INTEGER;
begin
log := 0; temp := 1;
for i in 0 to input loop
if temp < input then
log := log + 1; temp := temp * 2;
end if;
end loop;
return (log);
end function LOG2C;
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PROCEDURE

® MitopoUv va TQOITOTIOLOVV TIS TWES TWV TTOQOUETEWV TOUG

B Aegv mepuloyfdvouv evtodn RETURN

m [Topduetpor (CONSTANT, SIGNAL i VARIABLE) ue
katevbuvtikotnto (IN, OUT, INOUT)

PROCEDURE <procedure name> [<parameter list>] IS
[statements]

BEGIN
sequential statements

END <procedure name>;

m ITaedderypo: Atadwkacio sort

(PROCEDURE sort (SIGNAL inl, in2: IN INTEGER RANGE 0 to limit;
SIGNAL min, max: OUT INTEGER RANGE 0 to limit) IS
BEGIN
IF (inl >= in2) THEN
max <= inl; min <= in2;
ELSE
max <= in2; min <= inl;
END IF;
END sort;

sort (inpl, inp2, outpl, outp2);

GENERATE

m H evtomMi GENERATE tragéyel tn duvatdTnto JTeQLyQopng
ETAVOAOUPOAVOULEV®DY KUKAMUATIKOV SOU®V UE GUUTTAYN
TEOTIO GE GUVTEEOVTA KWOLKA

B ALEUKOAUVEL TNV TTEQLYQOPN SOUL®V TTOU TTAQROVGLATOUV
KOVOVIKOTNTO

m EwSikdtepa, wa eviodn GENERATE uwopel va grepikAeiet
OTYWOTUTIO GUOTATIKOV N GAAeg¢ GENERATE

m Xynupato FOR ko IF

<label> : (FOR|IF) parameter_specification GENERATE
[declaration_statements]

BEGIN
{concurrent_statements}

END GENERATE <label>;
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[TapoueTEwAOs 0BEOLGTNG ELITNG KQATOVUEVOU

I , : :
(parameterized ripple-carry adder) EQLYQUPI YEVIKEVUEVOL TTOAVTIALKTI

-
A A { K 1 A library IEEE;
m H yevikn gtaBepn N kabopitel To e¥pog bit Tov abpoigti use TEVE oed logic_1164.a11;
’ , , use IEEE.numeric_std.all;
m [a kdbe m gtnv eviodi GENERATE Snwovgyeitar €vag use work.various_pkg.all;
TARENG aBEOLGTAG e Stagivdecn Tou KEATOVUEVOU £E650U entity muxntol is
’ 7 z 7 eneric (N : integer := 8);
TOV GTO KQATOUUeEVO €1Gé8ou Tng emtouevng Paduidog port ¢ ¢
inp : in std_logic_vector(N-1 downto 0);
sel : in std_logic_vector(log2c(N)-1 downto 0);
- ~ - N outp : out std_logic
library ieee; architecture gatelevel of rca is )i X
use ieee.std_logic_1164.all; signal c : unsigned(N downto 0); end muxntol;
use ieee.numeric_std.all; begin . .
c(0) <= cin; arc}_utecture rtl of muxntol is
entity rca is Gl: for m in O to N-1 generate begin . . . .
generic (N: integer := 8); sum(m) <= a(m) xor b(m) xor c(m); outp1.<- inp(to_integer (unsigned(sel)));
port ( c(m+1) <= (a(m) and b(m)) or Kend rtl;
a, b : in unsigned(N-1 downto 0); (b(m) and c(m)) or
cin : in std_logic; (a(m) and c(m));
:l;z; ~°3ﬁt“:i§g?§gﬁ_l downto 0); zgitgize:a;m: Aldypoupa, XQOVIGROU TOU KUKADUOTOS
): end gatelevel; 50ns
end rca; inp(7:0) [AB

sel(2:@) (000 ¥ 081 ) 010} @11 i@ ) for ¥ 1ig ¥ 111 ¥ @O0 K
outp T f | ] |
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Kavdveg yia tn guvtagn cuvliciumy gregrypapav (1)

Xpnon eviog Gnuatog QoAoytov

[~ |

ATtofrikevon TWWV GTO KUKA®UO GE KATOXWENTES N WVALES

co}

Avdbeon wag TWAG avd ongo 6e kKdbe KUKAO QOAOYLOU

[~

Xpnowogtoinen uovo giyxeovng emovatoTtofétneng
(synchronous reset)

Xpnon wévo axkypomueoddtnong ata flip-flop

Na pnv stagdyovton véa crgota xeoviouov e fdon to
EEWTEQKO QOASL, aAAG avTl aVTOY VO XENGLLOTTOLOVVTIL
orpato eTiTEEWYNC/PORTWONG YO TNV ETTIAEKTIKA
evegyotroinon kdarolag vItogovadag
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Kwdwkomowntng mpotepoundtntag (priority encoder)

Kavidveg yia tn guivtagn cuvlEciumwy TTepypoapav (2)

Ye wa AMota evoucbnciog avagégovtar OAa To GRUATA 1
elgodol ov oToleg ‘Brafdcovtal’ péca atn dSiepyacio

B Xe¢ wo AMota evouebnciog wog ostokAEGTIKG GUyyeovng
Siepyaciog emiTpémetal va Tteuingdel uévo to cnua
eoAoylov (clk)

TN tnv t1eé€xovca kou eTtduevn katdotocn evog FSM, va
xonawotroleital agraQiuntog TuITog dedouévmv

M e éva kUkAwupo da gteémel va yivetoal avdbeon ge 6Aa Ta
onpata €£680V Yo OAES TIC TTEQLITTMGELS AELTOVQEYIOS yial
TNV aIto@uyn dnwovgylog aveTtfiuntov LovSaAmTov

Emtpémeton n agykn avdbeon ce onua yia thv kdAvyn
OA®V TV TOAVOV TTEQLITTOGEWV

[E Na unv yoncwostoovvtor ou Tiweés "X’ kow *Z’ evig GRUatog
yia Tov €Aeyxo Tepurtwcenv (Sridwon WHEN ce uwia CASE)
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Baoikd agtotyelo 60 oxedooUd KUKA®UAT®V UWVAUNG

(- .
library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity priority is
port (
sel : in std_logic_vector(7 downto 0);
code : out unsigned(2 downto 0)
N
end priority;

architecture imp of priority is
begin

code <= "000" when sel(0)

"001" when sel(1l)

"010" when sel(2)

"911" when sel(3)

"100" when sel(4)

"101" when sel(5)

"110" when sel(6)

else
else
else
else
else
else
’ else "111";

e e e e e

end imp;

m Todmor avdyvwong
m Acvyypovn avdyveon: amoteAéouata Stabécua atov (5lo
KUKAO GTOV oTt0{0 StevBuvalodotndnkav ue kdrolo
GUVBVAGTIKN XEOVIKA KaBucTéonon
B XUyyeovn avdyveon: asotedéouato Staféciua GTov emduevo
KUKAO QOAoYyLoU
B ZApota eniteeyng
RAM Emitpeywn avdyvwong (read enable i re)
RAM Emitpewn eyypapng (write enable n we)
RAM,ROM Egtitpewn £g680ov (output enable n oe)
m ITapduetoor
m ApBudc Yécewv (kataywencewv): N n NR
) m Evpoc Aégng SievBuvong (address width): AW

5@nS
sel(7:0) [AA WA W_o2 L] ¥_FF__ ¥ B0 W FO W_OF
code(2:0) [OOL 111 ¥ oo ) 101 ¥ iog ¥ ooo
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B Evpoc Aégng Sedouévav (data width): DW

i H mwaeduetpog AW 0QLGUEVES QOQRES VITOAOYIZETAL ATTd ThY
NR uéom tng ékpeacng: AW = [loga(NR)]

B ABudc Jupwv e1g6dov (NWP) ko €€650v (NRP)
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Yvyyeovn pvnun ROM twv 8-bit ue 16 9€ceig kat yonon

CONSTANT

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all;

entity rom_16_8 is

port (
clk, re : in std_logic;
addr : in std_logic_vector (3 downto 0);
data : out std_logic_vector(7 downto )
H

end rom_16_8;

architecture impl of rom_16_8 is
type rom_type is array (0 to 15) of std_logic_vector(7 downto 0);
constant ROM : rom_type :=
(x"e1", x"e2", x"e4", x"08", x"10", X"20", X"40", X"80",
x"e1", x"e3", x"e7z", X"OF", X"1F", X"3F", X"7F", X"FF");
begin
process (clk)
begin
if (clk="1’ and clk’EVENT) then
if (re = ’1’) then
data <= ROM(conv_integer (addr));
end if;
end if;
end process;
end impl;
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RAM ue acvyypovn avayvoon

-
library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

entity ram_async is
port (
clk, we : in std_logic;
rwaddr : in std_logic_vector (5 downto 0);
di : in std_logic_vector (15 downto 0);
do : out std_logic_vector(l5 downto 0)
N
end ram_async;

architecture synth of ram_async is
type ram_type is array (63 downto 0) of std_logic_vector (15 downto 0);
signal RAM: ram_type;
begin
process (clk)
begin
if (clk="1’ and clk’EVENT) then
if (we = ’1’) then
RAM(conv_integer (rwaddr)) <= di;
end if;
end if;
end process;
do <= RAM(conv_integer (rwaddr));
end synth;
-
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Mvnun tuyxatag stpocTréAacns (RAM)

B Mio RAM &wbéter tovddyiotov pio eigodo yia tn

Sievbuvalodotnon (address) kot TovAdyloTov wio Yvea yia

TNV avdyveon n/kol eyyeaen dedouévmv amd Kal Teog
ouykekQuévn déon gtn uviun 9éon gtn uviun

B YmoypewTikd diabétel elcobo poloylov (clk) kor emtitpeywn

eyyoaorig (we) ywo kdbe 9vpa eyypapng
m Ta Ttepieyxdueva tng RAM vAottorovvtar wg SIGNAL

B Ot TTOAMOTIAEG UTAGELS YL VYA Ty (Sia Y€on
Snuovyouv TTEARAnUO Staudyng Kol eITLAVOVTOL Ue
KATAAANAR AOYyA eAEYYOU (TTROTEQALOTNTA)

m Tpdtrog eyypapng READ FIRST: Ta segieydueva tng
StevBuvalodotovuevng Jéong wviung eueovicovtor GTny
€€080. Ta Sedoyéva e16680v ypdeovtor atnv (Sa déon
(avdyvoon Tow Ty £yyeapn)

Nwdéraog Kappadias nkavv@physics.auth.gr nkavv@uop.gr TAdcoeg MeQrygapng YAtkoy

RAM ue tpdmo eyypapng READ FIRST

Mgrogel vo ogiatel kaw eTtiTeewn avdyvoong dvpag e£65ou

-
library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

entity ram_rf is
port (
clk, we : in std_logic;
rwaddr : in std_logic_vector (5 downto 0);
di : in std_logic_vector (15 downto 0);
do : out std_logic_vector(l5 downto 0)
N
end ram_rf;

architecture synth of ram_rf is
type ram_type is array (63 downto 0) of std_logic_vector (15 downto 0);
signal RAM: ram_type;

begin
process (clk)
begin
if (clk="1’ and clk’EVENT) then
if (we = ’1’) then
RAM(conv_integer (rwaddr)) <= di;
end if;
do <= RAM(conv_integer(rwaddr));
end if;
end process;
end synth;
-
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Apgyelo kataywentav (register file) ue NWP 90peg
€16o8ov kaw NRP dvpa €£660v (1)

[iTo apyeio kataywentdv eAédyxdnke yio: NRP =2, NWP =1, DW = 8, kaw
AW =4

Agyelo kataywentav (register file) ue NWP 90peg
€16660v kaw NRP 9vpa €£660v (2)

(iibrary IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;
use IEEE.std_logic_arith.all;

entity regfile is
generic (

NWP : integer := 1;
NRP : integer := 2;
AW : integer := 38;
DW : integer := 32
)
port (
clock : in  std_logic;
reset : in  std_logic;
en : in  std_logic;
we_v : in std_logic_vector (NWP-1 downto 0);
waddr_v : in std_logic_vector (NWP*AW-1 downto 0);
raddr_v : in std_logic_vector (NRP*AW-1 downto 0);

input_data_v : in std_logic_vector (NWP*DW-1 downto 0);
ram_output_v : out std_logic_vector (NRP*DW-1 downto 0)
y;

end regfile;

e
architecture synth of regfile is

type mem_type is array ((2**AW-1) downto 0) of
std_logic_vector (DW-1 downto 0);

signal ram_name : mem_type := (others => (others => ’0’));
begin
process (clock)
begin
if (clock’EVENT and clock = ’1’) then
if (en = ’1’) then
for i in @ to NWP-1 loop
if ((we_v(i) = ’1’)) then

ram_name (conv_integer (waddr_v (AW*(i+1)-1 downto AW*i))) <=
input_data_v(DW*(i+1)-1 downto DW*i);
end if;
end loop;
end if;
end if;
end process;
G_DO_NRP: for i in ® to NRP-1 generate
ram_output_v(DW*(i+1)-1 downto DW*i) <=
ram_name (conv_integer (raddr_v(AW*(i+1)-1 downto AW*i)));
end generate G_DO_NRP;

end synth;
-
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Apgyelo kataywontav (register file) ue NWP 90peg
e16o68ov kaw NRP 9Vpa €£680v (3)

[il Y uovtépva FPGA ue d@Bovoug TTOROUS EVEOUATOUEVNG
uvriung (block RAM) n vAomoinen tov yevikevuévou ayelov
ratoywentdv ue NRP 9vpec avdyvoong kaw NWP §vpeg
eyyoaopng amartel tn yorion NWP x NRP block RAM

B ALGyQauio XQoviouoy ToU KUKAMUATOS

5@ns

clk R O e N S S S [ U D U e
en

reset 1

we_v{@:8)

raddr_v(7:8) [1z 52 50 {57 {BD
waddr_v(5:8) o 5 3 & b

input_data_v(7:8) [DE AD BE EF 55 AR
ram_output_v(15:@) [0000 ¥ DEDT {DEAD {BEEF
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ASSERT

m H ASSERT eivar pia un cuvBécyun evtoAn sov
XQNOWOTTOLE{TOL YO TRV ETTLGTROMPNR WNVUULATWV GTO
TEQUOTIKO KATA TV JTQOGouoimon

Turiwo cuvlnkng (condition)

Tunpa avopoeds wnviuatog TTou TTEoGdoEiteTal aItd tn
Aéen kAewd! REPORT

Turiwo cofagdtntag gto omoio yivetow SnAwaon tng
em{dpOoNG TTOV €xeL N Un IkavoItoincn Tng GuVONKNg Gtn
GUVEXELOL TNG TTEOGOUOLMGNG. ZnUelwveTol ue Tn AgEn kAeldi
SEVERITY

ASSERT <condition>
[REPORT "<message>"]
[SEVERITY <severity level>];
END <package name>;

m Ta emimeda cofagdtntac eivan: onueiowon (NOTE),
mpoewdotroinon (WARNING), opdipa (ERROR), 11 amotuyio
(FAILURE)
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FALSE



Apyela atn VHDL

m O tdmog APXEIOY (FILE) mwpoc@épet éva foMKS TQOTTO yio
Tnv emmkowvwvio wag repryeaeng VHDL ue to sepiBdAiov
TOV UNYOVALATOG-EEVIGTA (O UTTOAOYLGTAS GTOV 0TTolo yiveTow

n avasTugEn Kol 0 EAEYY0S AELTOUQYIOC TNG TTEQLYQOPNC)

type LINE is access STRING;
type TEXT is file of STRING;

® AwaSwkacieg yia To xewpoud apxeinv kewévov (TEXTIO)

procedure FILE_OPEN (file F: TEXT; External_Name; in STRING;
Open_Kind: in FILE_OPEN_KIND := READ_MODE);

procedure FILE_OPEN (Status: out FILE_OPEN_STATUS; file F: TEXT;
External_Name: in STRING;
Open_Kind: in FILE_OPEN_KIND := READ_MODE);

procedure FILE_CLOSE (file F: TEXT);

function ENDFILE (file F: TEXT) return BOOLEAN;

procedure READLINE (file F: TEXT; L: inout LINE);

procedure WRITELINE (file F: TEXT; L: inout LINE);

procedure READ (file F: TEXT; VALUE: out STRING);

procedure WRITE (file F: TEXT; VALUE: in STRING);

procedure HWRITE(L:inout LINE; VALUE:in STD_LOGIC_VECTOR;
JUSTIFIED:in SIDE := RIGHT; FIELD:in WIDTH := 0);

procedure HREAD(L:inout LINE; VALUE:out STD_LOGIC_VECTOR; GOOD: out BOOLEAN);
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Aéyepon onudtov el6é80v aTtd process

CLK_GEN_PROC: process(clk)

begin
if (clk = ’U’) then
clk <= ’1’;
else
clk <= not clk after CLK_PERIOD/2;
end if;

end process CLK_GEN_PROC;

DATA_INPUT: process
variable ix : integer range 0 to 7
begin
inl <= X"DE"; in2 <= X"AD"; in3 <= X"BE"; in4 <= X"EF";
sel <= "000"; reset <= '1’;
wait for CLK_PERIOD;

reset <= '0’;
for i in ® to 7 loop
sel <= std_logic_vector(to_unsigned(i,3));
wait for CLK_PERIOD;
end loop;
end process DATA_INPUT;
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Testbench

m To testbench astotedel éva eikovikd KUKA®UO TO 0TTOl0
eQaEUOteL eladdoug Teog (Biéyepon) kot Aaufdver €£680ug
(aTTéRELON) OTTO TO TTEAYUATIKO KUKA®UO

m H entity evdg testbench Sev mepudoupdvel kauio Sndwon
Ppag, umoeel Suwe va Teguiaupdvel generic

m Xto testbench, dnAdveton to COMPONENT tou GUVOALKOU
KUKAOUOATOS

r
ENTITY testbench IS
END testbench;

ARCHITECTURE example IS testbench
COMPONENT entity_under_test

PORT(...)
END COMPONENT;
BEGIN

Generate_waveforms_for_test;
Instantiate_component;
Monitoring_statements;

END example;
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[Tapddetyua: Eyypaen asotelecudtov ce apxeio
€600V

component add ...
signal a, b, sum : std_logic_vector(Dw-1 downto 0);
file output_log : text open write_mode is "add.log";
begin
UUT : add
generic map (Dw => Dw)
port map (a => a, b => b, sum => sum);

process
begin
a <= X"FF"; b <= X"10"; wait for 10 ns;
a <= X"10"; b <= X"89"; wait for 10 ns;
end process;

output_log_proc: process
variable out_line : line;

begin
write(out_line, NOW, left, 8);
write(out_line, string’(" a:"), right, 4);
hwrite(out_line, a, right, 4);
write(out_line, string’(" b:"), right, 4);
hwrite(out_line, b, right, 4);
write(out_line, string’(" sum:"), right, 4);
hwrite(out_line, sum, right, 4);
writeline (output_log, out_line);
wait for 10 ns;

end process output_log_proc;
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Aoun evég FSM

Tumkn opydvwon evég FSM

sicodol | P—
| Moyikr eTTopEvng

clock,
gLt

Noyik Tpéxouoag
KaTaaTaoT
(cacohouBiacr)

Aoyl eGodou

e, 50001

KaTaoTaong

(ouvBuaoTik)

Katnyopleg FSM: timtov Moore kow tomtov Mealy

m Xta FSM tomov Moore o €£0801 elvar guvdptnon uwévo ng
TEEXOVGACS KATAGTOGNS
m Ogpydvacon gvéc FSM tdmouv Moore

sigabol

™ Noyidi gmopevg | Aoy Tpé; < ™| Moy sEaBou
KatdoTaong KardoTaong, ouyi i
(ouvbuaaTiir) clock, | i T

£Eobo1
Moore

(ouvBuaaTir)

Aoyiki Te€xovoag KATAGTAONS: YAOTIOELTOL AITO KATOXWENTA Yol Thv
amrofnkevon tng tEéxovcas katdataong tov FSM. H twn tov
OVTUITQOCWITEVEL TO GUYKEKQWEVO GTABL0 GTO 0Ttolo PBeiokeTan n
Aertovpyio Tov FSM

E Aoywri emtduevng katdotacns: TuvBuacTiki AoykhA n oTtola Taedysl Ty
emduevn katdotaon tng akolovbiag. H emduevn kardotacn asrotelel
guvdetnon Twv e16é6dwv Tov FSM kot Tng Teé)oucas KaTdoTacng

Aoyikn €€680v: XUVEUAGTIKA AOYIKI TTOU YENGLUWOTTOLE(TAL YioL ThY
TLOQAYWYN TOV GNUATOV €650V Tou KUKADLATOS. Ou €£0801 amroteAovv
guvdeTnon ng 5680V TOV KATOXWENTA (TEEXOVGNS) KATAGTAGNS KO

IIIGANQY Ttwv e1668wv Tov FSM
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Kwdwkomoinon tng katdotacng ota FSM

m sequential: og kdBe katdotaon avotibevion dvadukol
ool katd avgovoa celd

) i

Tiyypovo Adiyxpovo
reset reset

m Xto FSM tittov Mealy ot €080t ivar guvdotnon twv

€L008WV KoL TG TEEXOVGAS KATAGTOONG
m Ogydvwon evég FSM tuTtov Mealy

e I L, o0
slongol Aoy eTdpevng 1 Aoy} TpExouTag _PSED o

KaTdoTaong clock KardoTaong
(ouvBuaoTiki) —= { f
i i
Elyxpovo Adlyypovo

reset reset

(ouvBuaoTkr)

Aoyiigi 650y Mealy
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[Tapatnencelg

m [0 v agywodttoinon Touv FSM ce pia ywvooth agykn
Kotdotaon emPAAAETOL N YEAGH AGUYYQEOVIG

m one-hot: ge kdBe katdoTACN AVTIGTOLYIGETAL EEXWQELTTO
flip-flop. Xe kdbe katdotacn éva uévo flip-flop xel tnv Tiun

/1/

B Kwdikomoinon kabopigduevn amd to xonctn
constant S1: std_logic_vector(3 downto 0) := "0110";
constant S2: std_logic_vector(3 downto 0) := "0111";
constant S3: std_logic_vector(3 downto 0) := "0000";

m KwSikoroinon kabogigduevn oo

(Aoykng cuvBeonc)

To gpyalelo vVAoTIONGNG

signal STATE : STATES;

[type STATES is (S1, S2, S3,

S4);

B AMec kwdwkorromaerg: Gray, Johnson, one-cold
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emavatosrofétnong (asynchronous reset)

B [evikd vEIOTAVTOL OEKETES TEXVIKES Lo TRV GUVTOEN TG

TreQrypapng evog FSM

FSM ue pla Siepyacio (process): H Aoyikin emduevng
KOTAGTAGNG, TEEXOVGAS KATAGTACNGS KAl €E680UL Ge uia
PROCESS

FSM ue 8vo 8iepyaoies: H Aoykn emtduevng katdoToong Kot
Teéxovcas katdataong oe wia PROCESS kot n Aoykn ££66ou
oe wlo devtepn

FSM ue tpeig Siepyaoies: H Aoykn emtduevng katdotoong,
TEEXOVGAC KaTAGTACNGS Kol €€680vV e Eexmwoiatéc PROCESS

B FSM ue 800 Siepyacies pe tn AOYIKA TEEXOVCAS KATAGTAGNS
oe wioo PROCESS kou tn Aoyiki ewéuevng KatdoTaons Ko
€€odov oe uta devtepn PROCESS

FSM e agtoBnkevuéva cnupata €£65ov
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m To FSM tov mapadelyuotog kabopiteton ad:

Mia elcodo: x1
Mia €godo: outp

KOATAGTAGEWDV

Téooepis kataotdoews: S1, S2, S3, S4

outp=1

reset

S1

x1

outp=1 69

54

nat(x1)

69 outp=0

N

outp=0

[Mopdderyua FSM ue 5vo
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diepyacieg

-
library IEEE;
use IEEE.std_logic_1164.all;

entity fsm_2 is
port (
clk, reset, x1 : IN std_logic;
outp : OUT std_logic
)
end fsm_2;

architecture behl of fsm_2 is
type state_type is (sl,s2,s3,s4);
signal state: state_type;
begin
processl: process (clk, reset)
begin
if (reset ='1’) then
state <= sl;
elsif (clk=’1’ and clk’EVENT) then
case state is
when s1 =>
if (x1 = ’1’) then
state <= s2;
else
state <= s3;
end if;
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ALdyQouia LETAYWYAS KATAGTAGEDV Yo €va, aItAd FSM
4 KOTAGTAGE®V

[évte TeEUUTOGCELS peTdfaons amd katdoTacn Ge
KOTAGTOGN GUUL@®OVA [LE TO TTAQOKAT®D SLAYQaUUo UETOYWYNRGS

when s2 =>
state <= s4;
when s3 =>
state <= s4;
when s4 =>
state <= sl;
end case;
end if;
end process processl

begin

case state is
when sl => outp <=
when s2 => outp <=
when s3 => outp <=
when s4 => outp <=

end case;

end process process2;

end behl;

process2 : process (state)

ey
P
9
075
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[Tapdderyua FSM ue ula Siepyacio

~
library IEEE;
use IEEE.std_logic_1164.all;

entity fsm_1 is

port (
clk, reset, x1 : IN std_logic;
outp : OUT std_logic

end fsm_1;

architecture behl of fsm_1 is
type state_type is (sl,s2,s3,s4);
signal state: state_type;
begin
process (clk, reset)
begin
if (reset ='1’) then
state <= sl;
outp <= ’'1’;
elsif (clk=’1’ and clk’event) then
case state is

when sl =>
if (x1 = ’1’) then
state <= s2;

outp <= ’'17;
else

state <= s3;

outp <= ’'0’;
end if;

when s2 =>
state <= s4;
outp <= ’'0’;
when s3 =>
state <= s4;
outp <= '0’;
when s4 =>
state <= sl;
outp <= ’'17;
end case;
end if;
end process;
end behl;
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[Tapdderyuo FSM ue toeig diepyacieg

~
library IEEE;
use IEEE.std_logic_1164.all;

entity fsm_3 is
port (
clk, reset, x1 : IN std_logic;
outp : OUT std_logic
);
end fsm_3;

architecture behl of fsm_3 is
type state_type is (sl,s2,s3,s4);
signal current_state, next_state:

state_type;
begin
processl: process (clk, reset)
begin

if (reset ='1") then
state <= sl;

elsif (clk=’1’ and clk’EVENT) then
current_state <= next_state;

end if;

end process processl;
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process2 : process (current_state, ;]

begin

case current_state is
when s1 =>

if (x1 = ’1’) then
next_state <= s2;
else
next_state <= s3;
end if;

when s2 =>
next_state <= s4;
when s3 =>
next_state <= s4;
when s4 =>
next_state <= sl;
end case;
end process process2;

process3 : process (current_state)
begin
case current_state is

when s1 => outp <= ’'1’;

when s2 => outp <= ’'1’;
when s3 => outp <= '0’;
when s4 => outp <= '0’;
end case;
end process process3;
end behl;
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To (6o JTORASEYHLO e Vo Siepyacies kol aIToudvocn To (8o TT0RAS. we SVo Siepyacieg, aroudvocon AOYIKNIG

VA /7 7 z /7 z z
TNG AOYIKNG TEEXOVGAS KATAGTOGNG TEEYXOVGOS KATAGTAGNS Ko agtodnkevuévn €£000
(. 1 (. I
library IEEE; when sl => library IEEE; when sl =>
use IEEE.std_logic_1164.all; outp <= '1’; use IEEE.std_logic_1164.all; temp <= '1’;
if (x1 = ’1’) then if (x1 = ’1’) then
entity fsm_2b is state <= s2; entity fsm_2c is state <= s2;
port ( else port ( else
clk, reset, x1 : IN std_logic; state <= s3; clk, reset, x1 : IN std_logic; state <= s3;
outp : OUT std_logic end if; outp : OUT std_logic end if;
); when s2 => ); when s2 =>
end fsm_2b; outp <= '1’; end fsm_2c; temp <= '1°;
state <= s4; state <= s4;
architecture behl of fsm_2b is when s3 => architecture behl of fsm_2c is when s3 =>
type state_type is (sl,s2,s3,s4); outp <= '0’; type state_type is (sl,s2,s3,s4); temp <= '0’;
signal current_state, next_state: state <= s4; signal current_state, next_state: state <= s4;
state_type; when s4 => state_type; when s4 =>
begin outp <= ’'0’; signal temp: std_logic; temp <= '0’;
processl: process (clk, reset) state <= sl; begin state <= sl;
begin end case; processl: process (clk, reset) end case;
if (reset ='1’) then end process process2; begin end process process2;
state <= sl; end behl; if (reset ='1’) then end behl;
elsif (clk=’1’ and clk’EVENT) then J state <= sl; )
current_state <= next_state; elsif (clk=’1’ and clk’EVENT) then
end if; outp <= temp;
end process processl; current_state <= next_state;
end if;
process2: process (current_state, x1 end process processl;
begin
case current_state is processZ: process (current_state, x1
. begin
case current_state is
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z Z ’ z ’
, , O aAydépBuog Tov UEYLGTOUv Kooy dtauetn Vo
Mn JTQOYQOUULATICOUEVOL ETTEEEQYAGTES ,
aQiuwv (GCD)
® Mn JTQOYyQOUULATICOUEVOL ETTEEEQYAGTES elvan ekelval Ta m Agyduaote 6t ged(n, 0) = ged(0,n) = ged(0,0) =0
KUKAQUOTO TO oJtota €gouv axediactel €161 ®GTE va m To gntovuevo elvar n eveon aguov m o orroiog va eivar o
uItoQovv va emmAMicouv €va, wévo TTEEPAnLO ueyaAvTeQog YeTikog aképarog o omolog Sougel kar Toug

® 'Evog un JTeoyQoUUOTIZOUEVOS ETTEEEQYAGTAG aatoteAelTon 800 agbuovs

agrd 1o XEWLGTA eA€yxou (controller i control unit) kot To

XewloTh Sedouévwv (datapath) int ged(int a, int b) result - x;

B O yeplotig eAéyyov Tradyel GALATO EAEYXOU YL TV ¢ int resule; %15e
S5QOUOAGYNON TV UNYOVIGUOV TTOU AAUBAVOUV XMEO GTOV result = 0;
XEWLoTN Sedouévav y - b Teturn (result);

B O xelploTig SeSoUEVmV ETILGTREPEL GTO YELQLOTA EAEYXOU %f (x!=0 & y!=0) ;t nains
oripata katdotaong (status signals) To osola katevdvvouv v{vhile x 1= U sedciss, 2.
n yetdfacn aviueca GTIC ECWTEQIKES KATAGTAGELS TOU i (x>=y) return (result);
XEWGTIL EAEYYOU ase Z ’

B O xewotig eAéyyov vioTote{ton guyvd ws FSM y Y
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AAyoBuiko Stdypauio QOng yio Tov

alyépBuo GCD

S0

52 T HA’%

result =x

Y
result=0

v
S
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[Teprypapn tng vAomoinong FSMD tovu emegepyactin

GCD (1)

( M
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;
entity gcd is
generic (
WIDTH : integer
)
port (
clock : in std_logic;
reset : in std_logic;
start : in std_logic;
a : in std_logic_vector (WIDTH-1 downto 0);
b : in std_logic_vector (WIDTH-1 downto 0);
outp : out std_logic_vector(WIDTH-1 downto 0);
done : out std_logic
)5
end gcd;
architecture fsmd of gcd is
type state_type is (s0,sl,s2,s3);
signal state: state_type;
signal x, y, res : std_logic_vector(WIDTH-1 downto 0);
begin
J
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To GuvoAikd kKUKAwUa Tov emtegepyactn GCD

a b
start

x_sel

v_sel

x_load

y_load

GCD

clock y_sub

oot controller ==&
omparator’
Xty

//xJLy

X_eq_y
xy_ne_z
subtractor 0
done l
r_sel Ll
mux
r_load outpreg
outp

subtractor
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[Teprypapn tng vAomoinong FSMD tovu
GCD (2)

ETTEEEQYAGTN

process (clock, reset)
begin
done <= ’'0’;

if (reset = ’1’) then
state <= s0;
x <= (others => ’0’);
y <= (others => '0’);
res <= (others => ’0’)
elsif (clock="1’ and clock’EVENT) then
case state is
when s® =>
if (start = ’'1’) then
X <= a;
y <= b;
state <= sl;
else
state <= s0;
end if;
when s1 =>
if (x /= 0 and y /= 0) then
state <= s2;
else
res <= (others => ’0’);
state <= s3;
end if;
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[Teprypapn tng vAomoinong FSMD tovu emegepyactin
GCD (3)

when s2 =>

if (x > y) then
X <= X - Y;
state <= s2;
elsif (x < y) then
y <=y -x;
state <= s2;

else
res <= X;

state <= s3;

end if;
when s3 =>
done <= ’1’;
state <= s0;
end case;
end if;
end process;

outp <= res;

end fsmd;

[Tpocouoimwan tov emegepyactn GCD

m AnAwoels FILE yia Afiyn e1668wv amtd agyelo kol ekTUTTmGN
SlayvwoTikiG €680V Ge apyelo

file TestDataFile:
file ResultsFile:

text open read_mode is "gcd_test_data.txt";
text open write_mode is "gcd_alg_test_results.txt";

)

m [lepieydueva tov "gecd_test_data.txt" (A, B, result)

21 49 7

25 30 5

19 27 1

40 40 40
250 190 10
5 250 5
111
000
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I 199 ns

299 ns

399 ns

499|n= 599|ns 633|ns 799|ns

8390z

EEE]

bl

8

125l
0 b T Bl
il M il n M U nn.
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