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AvTikelpevo ko JTeQlyQaupa tov padnuatog: I'Awcceg
ITepypapng YAkov

® AvTikeluevo Tov pabnuotog
m Ewoayoyn ctnv VHDL, Bacikd doutkd atotyelo tng VHDL,
oxedlacudg kukAdwudtov e thv VHDL, VHDL yua
TTEOXWEMULEVOUG
m Xtd)0l Tou LaBAUATOG
B XyxeSiacuids YnelokdV KUKAOUWATOV Ue T YADGG
TrEQLYQALPNGS VAMkoy VHDL
® ITapouciacon YoEAKTNEIGTIKOY GUVOECW®V KUKAOUAT®Y
m Efdoxknon ogtnv eplypa@n Kol JTOGoUolmon WnelakoV
KUKAWUATOV
m TpoTroc €€€taong Tov wabnuatog
m Tpasttég egetdoeis: 60% Tou TedkoU Babuov
m Epyacia: 40% tov tehkod fabuot
B Evnuépwon yio avakowdacelg, StaAégelg, UAn, pyacieg ard
TOV LGTOTOIO TOU LoBAUaTOC:
http://eclass.uop.gr/courses/CST256/index.php
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Opydvwon TV TTaead0GE®V

AlaAEgeLg
Ewsayoyn gtny VHDL
H Aouéc akoAovBLakoU Kol GUVTEEXOVTOS KMOSIKA
ITpoywoenuéva cgtoiyeia tng VHDL
A XUvTogn TTOQOUETOLKWY TTEQLYQAPOV
YUvtagn kodwka yia Aoyikii givBeon
[ Aouég eléyyou/eTaAnBeuong AeLTouEylag TwV KUKA®UATOV
Mnyovég TTETEQUOUEVOV KATAGTAGE®V
B Ymodeyuatiki gpyacia
El Mn TTQoyQOoUUOTICOUEVOL ETTEEEQYOUGTES

M Avackdmnon tov Labnuotog
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Eiwcaywyikd

m H VHDL agroteAel wa yA®GGa yia tn wovieAoroincn tng
SOUng Kol TNG GUUTTEQLPORAS VALKOY

m Emtpémer tn xpnon Sta@oetikdv uebodoroyidv oyediacuov

m ITpoc@épel avegaptnaia amd tnv ekdatote Tevoloyia
vAomoinong (standard cell VLSI, FPGA)

B AlevkoAVveL Tnv eTkoveVvia oyedlov UeTogy
ouveQyalduevov ouddwv oxediacuov

m BonBd gtnv kalvtepn Stoyxeipion Tou €gyou tou Gxediacuot

m Xtnv VHDL umoeel va Ttepuypapel €vo peydAo €0Qog
PNELOKOV KUKAOUATOV

®m Baowd koutigua otnv emtiloyng HDL eivai: n itabeciudtnta
gQYOAElwV OVATITUENG, N duvaTdTNTA ETTAVAYENOWOTTO{NGNG
K®OOIKO, KOl N OKELOTNTA UE TIC GUVTOKTIKEG SOUES Tng
YA®WGGOG
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[TpokaBopicuéves Aoyikég TiAeg otn VHDL
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Iepapykds oxedracuds otnv VHDL
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ENTITY row ARCHITECTURE

m ENTITY: H Siemtapn Tov KukA®OUOToS (BUes e16650u Kat

€££660v)

m [wo wao dvga Snddvovtor: dvoua, kotevbuvTikdTNTA, TOHTTOC

Sedouévmv

m Tomol Jvewv: IN, OUT, INOUT, BUFFER
m ARCHITECTURE: Kataypdgpel Tov T4TT0 AgtTougylag Tou

KUKA®UOTOG

ENTITY

entity name-of-entity is
generic (
generic_list with initializations
)
port (
port_list
)
end [entity] name-of-entity;
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ARCHITECTURE

architecture architecture-name is
[architecture declarations]
begin
[concurrent statements]
[sequential statements]
[structural code]
end [architecture] architecture-name;
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O wAneng abpolgtng dvadikov Ynepiov e VHDL

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;

cout <= (a and b) or (a and cin) or (b and cin);
end structural;

NwoAaog Kappadias nkavv@physics.auth.gr nkavv@uop.gr TAdGoeeg Ierypapng YAtkov



Yuxva yencyottorovuevol Tugtol thg VHDL

TYIIOX TIMH IIPOEAEYXH
std_ulogic U, XL, 00,1, 2, WS, L, HY, -7 std _logice 1164
std_ulogic_vector  array of std_ulogic std_logic_1164
std_logic resolved std_ulogic std_logic_1164
std_logic_vector array of std_logic std_logic_1164
unsigned array of std_logic numeric_std,
std_logic_arith
signed array of std_logic numeric_std,
std_logic_arith
boolean true, false standard
character 191 / 256 characters standard
string array of character standard
integer (2% -1 to 2% -1 standard
real —1.0E38 to 1.0E38 standard
time 1fstolhr standard
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Tomol 6edoucvav 6to package STANDARD

m BIT: ’0’, ’1’
m BIT VECTOR: "001100", X"OOFF" oto Sekaefadikd

m BOOLEAN: true, TRUE, TruE yio to aAnbBég kot False,
false, FALSE yiwo to weudéc

m CHARACTER: ’A’, ’a’, '@’, ’’’. "Evag Twivakag aird
CHARACTER agtotelel cuyfoAocelpd (string): "hold time
out of range", "i’ll be back", "0$#1324"

m REAL: -1.0, +2.35, 36.6, -1.0E+38

m INTEGER e £00og Twdév {-2,147,483,647, +2,147,483,647):
+1, 862, -257, +15

m TIME: 10 ns, 100 us, 6.3 ns
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CONSTANT, VARIABLE row SIGNAL

m CONSTANT: avtikeluevo GTo oIrolo avatiBeton wio
oueTApAnNTN TIUN

constant identifier : type-indication [:=expression];
constant PI : REAL := 3.147592;
constant FIVE : BIT_VECTOR := "0101";

m VARIABLE: aviikelgevo 6To 0Tolo kdola oTiyun avatifetan
uto Tiwn n ogroia wiropel va yetafAnbel evtdéc wag PROCESS

variable identifier : type-indication [constraint] [:=expression];
variable index: INTEGER range 1 to 50 := 50;

variable x, y : INTEGER;

variable memory : STD_LOGIC_VECTOR(® to 7);

m SIGNAL: vAoTtoinon Stacuviécewv evTOg EVOS KUKADOUOTOS
OAAG KOL Yo TV €EMTEQIKA SloaUveon SLoPORETIKMOV
uovdadwv oxediacpov

signal identifier : type-indication [constraint] [:=expression];
signal control: BIT := '0’;

signal count: INTEGER range 0 to 100;

signal y: STD_LOGIC_VECTOR(7 downto 1);
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TeAeotéc tng VHDL (VHDL operators)

ZUVOTTTIKOC TIVAKOS TWV TEAEGTOV

Aoykot and or nand  nor xor Xnor  not
apfuntikol + - * / mod rem
avykQiong = = < <= > =
oAlcOnong sll srl sla sra rol ror
uovadiaiot + -

dAlou sk abs &

B O 1elecTéC avaywyng Ge duvaun "*¥' amdAuTng Tung
"abs", kaw vITOAOYLGLOV aképarov vItoAoilTtov ("mod”, "rem"
dev elvar cuvBéaiuol

B Ov 1eAeaTég ToAAITTAAGLOGLOY Kow Staipeong
vTocTnEigovtal amd ogsuéva egyaieia Aoyikng givleong
VIO TTEOVTTO0EELS

m H Swopopd towv mod kow rem eivan 6t 0 A rem B gaigvel
T0 TEdoNnUo Tov A eved To A mod B to mwpdonuo tov B
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AvabBéoerc e VARIABLE kot SIGNAL

m H avdBeon oe VARIABLE avTikabiotd tnv Tpé€xouca Tun tng
ue WL VEo Tl

B Ta SIGNAL TQoG@£pouV eTIKOVOVIOL UETAED SLOLPOQETIKWV
PROCESS kow COMPONENT instances

ix := ’a’; ix <= ’a’;
¥y = "0000"; y <= "08007;

SIGNAL VARIABLE
Amédoon Tiung <= =
Xonecwotnta AvaTralotd KUKAUATIKES Slacuvdécels AvaTraQiatd ToTuKkn TANQEOMOQia
Eupédeia Mmroget va eivar kaBoAtkn Tomuwkn  (Biepyacia, ocuvdetnon n Bi-
adwacio)
ZouTteQLpoed H evnuépmon dev efvar dueon ce akoAov- Aueon evnuépnon
ks KOS
Xernon PACKAGE, ENTITY, ARCHITECTURE PROCESS, FUNCTION, PROCEDURE
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PROCESS

m H PROCESS mpocpépet tn duvatdtnta oyediacuov
OKOAOVOLOKOU KMOSIKA

[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 AMota svouebnoiog asrotedel KatdAoyo 1668wV Ko
SIGNAL ywa petapoAréc twv omoiwv wioo PROCESS
VITOYEEOVTOL VO OVAUEVEL

m [TopdSeryuo:

process (a, b)
begin
if (a /= b) then
cond <= '1’;
else
cond <= '0’;
end if;
end process;
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Evaitebncia emumtédouv (level-sensitivity) ko
akpogTvEodotnon (edge triggering)

m Ot petofoAés Twv onudtmv Tov SnAdvovtal oe uio AloTto evaebnciog
KOL Ol OTTO{EC EVEQYOTTOLOVV TOV VITOAOYIGUS UETAPANTHOV Kol GnUdTOV G
uia PROCESS efvar 8V0 tTmev:

B MetofoAn emiatédou (yio crnpata emiteeyng i evepyottoincng kol Sedouéva)

B Avepyduevn 1 kateQyouevn okl (yio Gripata oAoylov)

B MavSaAwTAS (UeTaBOoAR eTTtéSou) s H ékppaon clk’EVENT eivon
process (en, a) TRUE 6tav €xer guufel
begin uetaporn 0 —» 11 1 — 0) gto
if (en = ’1’) then ,
temp <= a; onya clk
end if;

=

Ta ogiouéva gpyadeia
gUvleong, To GRUATO EKTOS TOU
clk pgtopovv va TrapaielpBovv
agtd wa Alota evoucinaiog

end process;

B Zuyxeoviouds g TTEOS aveEyOuevn arun

process (clk, a)
begin
if (clk = ’'1’ and clk’EVENT) then
temp <= a;
end if;
end process;
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Aouég eléyxov Ge akoAOVOLAKSO KWOSKO

m H evtoln IF astoteAel tn
YepeModdn Soun yia thv
eEKTEAEGN KOO VITO
GuVOnKkn

if ... then
sl;

[elsif ... then
s2;]

[else
s3;1

end if;
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m H evtoAn CASE
xonowosole{tor yio tnv
TEQLYQOLPN SoUwV
OLITTOR®OIKOTTOINGNG

case expression is

when
when

=>
when
when

value => sl; s2; ... sn;
valuel | value2 | ... | valuen
sl; s2; ... sn;

valuel to value2 => ...

others => ...

end case;
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Aouég emavainypng

m H evtoAi LOOP Trpocpépel €vav foMKO TATTO yio Tnv
TTEQLYQOPN ETTAVAANTTTIKWV KUKAOUATIKOV SOV

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

m To oynipa etavdinyng (iteration scheme) usopel vo eivon
Tirov WHILE 1 tdmtov FOR:

while condition
for identifier in discrete_range

IMopddetywo vITOAOYLGULOV Hopddetypo vITOAOYLGULOU
TETQOYDOVOV OKEQOLWV (e TETQAYDVOV OKEQOLWV (e
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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Kataywentng ue emitoeywn @déptwong (load enable)

Me emitpeywn @dpTwang Tynuotikd Sidyeayol
library IEEE;
use IEEE.std_logic_1164.all;

entity dreg is d —— - _-..q
port ( rst
clk, d, rst : in std_logic; en
en : in std_logic;
q : out std_logic -
DH
end dreg;

Ol

architecture rtl of dreg is
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;

NwoAaog Kappadiag nkavv@physics.auth.gr nkavv@uop.gr TAdGeeg Iegrypapng YAtkov



AoUEg GUVTEEXOVTOS KWK

m H evtoMi WHEN/ELSE amoteAel uio Guvteéxousa evioAn n
omola €xel €éva gtdyo (target) eTAEyovTag AITd
TEPLOGOTERES ATTO Wia ERPEAGELS

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

"001" WHEN (ctl='1') ELSE

"910";

m H evtoAi WITH/SELECT mtpocépel tn Suvatdtnta
eTMAEKTIKAG avdBeong ae éva GToY0 (target) eTAEYOVTOG
OTTo TEQLEGATERES OTTO Ul EKRPEACELS

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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ABQOLGTES aTTEOGNUMV KO TTQOGNUAGUEV®DV (2's

complement) akeaiwv (1)

m IIepypapn ywo asrpdonuoug albuois

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)
H
end adder;

architecture rtl of adder is

signal temp : std_logic_vector(8 downto 0);
begin

temp <= (0’ & a) + (0’ & b);

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

® Adypauua xeoviGuov

50nS
a(7:0) [AL (@D W FF_ N 12 X Al
b(7:0) [BF (mm ) o1 W23 W BF

sum(7:@) [B0 {00 01 o0 (35 ) 60O

minln
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ABQOLGTES aTTEOGNUMV KO TTQOGNUAGUEV®DV (2's
complement) akeatiwv (2)

m [a Ty dBgoton TTEOGNUAGUEVOV (CUUTTANQ®OUO-WS-TIQOG-2) ATTOLTE(TAL N
€TMEKTAON TEOGNUOV (sign extension) Tou evildpecov aTToTeAéGUATOS

m ITeQuypapn yio wpoonuacuévoug alduoig

signal temp : std_logic_vector(8 downto 0);
begin

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

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

B Awdypauua xeoviouoy

5@nS

a(7:0) [AL X OO WFF W 1z W AL
b(7:0) [BF J_ OO0 } 01 W 23 W BF W
sum(7:0) [ B0} OO0  } 01 Aoom ) 3% WBD W
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AgtapiBuntol tuTTol dedouévwv (enumerated data types)

B O yonotng opitel tn AlGTO TOV ETLTEETTOUEVOV TUL®OV TTOU
uropovv va avateBolv Ge €va avtikeiuevo TTou SnAdvetol
UE TOV GUYKEKQWWEVO TUTTO

B ATtoQBuntdéc TUTTOC SeG0UEVOV Y AQRAKTNELGTIKOGS Yid
unyovég emeQaouévev katastdoewv (FSM)

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

signal current_state := IDLE;

B Atouiuntdc TUTTog SeSoUéviv TTOU KOTAYQAMEL TO
emTEeTToUeEva Yowuata 6to weotuTto TELETEXT

[TYPE rgh3 is (black, blue, green, cyan, red, magenta, yellow, white); ]

B TUmog Sedouévmv yio tnv vAoToinon Aoyikig 4 ematédwnv
katd Verilog

[TYPE verilog_mvl4 is (’0’, ’1’, ’X’, 'Z’); ]
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2uvBetol tuTrol: ITivakeg

m [Tivakog: GuAAoyrR aTtd avtikeipeva Tov (Stov THITOU
® AflAwon yia Tov 0Qlopd €vog vEou TUTIOU JTivako Kol
dnAmon SIGNAL avtot tov tiTToU:

TYPE <array name> IS ARRAY specification OF <data type>;
SIGNAL <signal name>: <array type> [:= <initial value];

m [Topadelyuata

TYPE image is ARRAY (0 to 31) of byte;
TYPE matrix2D is ARRAY (0 to 3, 1 downto 0) OF STD_LOGIC;

SIGNAL x: image;
SIGNAL y: matrix2D;

"9901";
Ce’,’0’,’07,71");
Ce’,1 01,010y, C1, 01,01, 00));

x(0) <= y(1)(2);

x(0) <= v(1,2);

x <= y(0);

x(3 downto 1) <= y(1)(4 downto 2);

x(3 downto 0) <= (3 => ’'1’, 2 => 'Q’, others => ’0’);
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Avastopdotacn akepalwv pe Stavicuato

Avadikd ko Sexaegadikd YuuTtAnQouio wg TTQOog 2
Aképarog | Avadikd hex Aképarog | Avadikd hex
0 "00000" X"e" -8 "1000" X"8"
1 "00001" x"1" -7 "1001" xX"9"
2 "00010" X"2" -6 "1010" X"A"
3 "00011" X"3" -5 "1011" X"B"
4 "00100" X"4" -4 "1100" x"c"
5 "00101" X"5" -3 "1101" X"D"
6 "00110" X"6" -2 "1110" X"E"
7 "e0111" x"7" -1 "1111" X"F"
8 "01000" x"8" 0 "0000" xX"e"
9 "01001" x"9" 1 "0001" xX"1"
10 "01010" X"A" 2 "0010" x 2"
1 "01011" X"B" 3 "e011" X"3"
12 "01100" x"c 4 "0100" X"4"
13 "01101" X"D" 5 "9101" X"s"
14 "01110" X"E" 6 "0110" X"6"
15 "01111" X"F" 7 "Q111" X"7"
16 "10000" X"10"

17 "10001" xX"1i1"
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Ymeppdptwon teAegTn (operator overloading)

m Xtn VHDL ustopovv va SnAwBovv (Tt.x. Ge TTakéta) ek vEou TeAeGTEG ATt
TOV XENGTN Ol 0TToloL va. €xouv Ta (Sla ovouata ue TEOKAHOQLGUEVOUS
TeNeGTEG, AAAA Vo 5QOUV GE SLoPOEETIKOVS TUTTOUS Sedouévamv

B H teyviki auti ovoudietal vrep@opTtwon TeAeati

B Yreppdptwon tou tedectn '+’ yia Ty 1tpécBeon evéog INTEGER ue 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;
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ZUvoyn Twv GUVOQTNGEWV UETATQEOIING TUITOV TOU
TOKETOV numeric_std

B AfAw®on ylo Tn XENen Tou TTOKETOU

LIBRARY ieee;
USE ieee.numeric_std.all;

B [po@KA avaITaQdcTAcN TWV ETLTEETTOUEVOV UETOTQOTTWV
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YUVOQTNGELS UETATQOTING TOV TTAKETOU

std_logic_arith

m Xto std_logic_arith uiogovue va Beodue TG GUVOQTAGELS UETATQOTIAG

conv_integer, conv_unsigned, conv_signed, conv_std_logic_vector

KAnon cuvdgtnong

TTepypapn

conv_integer (param)

Metatpérmer wo  TOQAUETEO param  TUIToU
INTEGER, UNSIGNED, SIGNED n STD_ULOGIC
oe wa T Tosrov INTEGER

conv_unsigned(param,b)

Metatpérmer wo  TOQAUETEO param  TYITOU
INTEGER, UNSIGNED, SIGNED n STD_ULOGIC
oe wao T torov UNSIGNED ue uéyebog b bit

conv_signed(param,b)

Metatpérmer wo  TOQAUETEO param  TUITOU
INTEGER, UNSIGNED, SIGNED n STD_ULOGIC
oe wo i ToItov SIGNED pe uéyebog b bit

conv_std_logic_-
vector(param,b)

MeTateéTel wo  TTaQAUeTRo  param  TUTTOU
INTEGER, UNSIGNED, SIGNED n STD_ULOGIC
oe wo i towov STD_LOGIC_VECTOR ue uéye-
Yog b bit

To maxéto std_logic_unsigned opitel vTTEEMOQTOUEVES EKDOYES TOV TTEOTWV TELOV

GUVAQTAGE®V UETATEOTTAG Yo dedouéva tiTtouv STD_LOGIC_VECTOR
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[Topadelyyoto LeTATEOTTOV Ue PAcn TO JTAKETO
std_logic_arith)

m Metatomri UNSIGNED, SIGNED = INTEGER

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

m Metatpomii INTEGER = UNSIGNED, SIGNED

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

m MetatpoTri 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);

B ITapddewyua xenong: AtevBuvolodotnon ce uviiun ROM

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

ZApOTO Yo To ToAdElyloToL:

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;

2 N S N/ 4
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AvaAvTIKOGS TTivaKkoS TTEOKAB0QLGUEVHOV LBLOTAT®V

B Ot TEOKABOELGUEVES LOLOTNTES TTROGPEQOVV TN SUVATOTNTO TTEQLYQOLPILS

YEVIROV TUNUATOV KOSWKA yio. otrotodnstote uéyebog Staviouatog i

Trivaka

ISuétnTa [ Emotpepduevn i
Ye guvnBiouéva Sedouéva (Oyr attapduntd)

d’Low O xounAdteQog Selkng Tov Tivaka
d’HIGH O vynAdtepog delktng Tou TTivaka
d’LEFT O aplotepds deiktng Tov TTivaka
d’RIGHT O 8eg16g delktng Tou TTivaka
d’LENGTH To uéyebog Tou Sravicuatog
d’RANGE To €0pog Tov Savicuatog

d’REVERSE_RANGE

To avticTeo@o £UEog Tov SavicUaTOg

Ye amaiuntd dedoudva

d’VAL(pos)

d’POS (value)
d’LEFTOF (value)
d’ VAL (row, column)

H twn otnv kaboeigduevn déon

H 9éon (Brevbuvon) tng kabopigduevng Twing

H twn ot 9éon ota opotepd tng kaboQigduevng Tung
H twi gtnv kabopigduevn déon oe éva Sididotato mivaka

Ye avtikelyeva Tomov SIGNAL

s’EVENT
s’ STABLE
s’ACTIVE

AAnBéc dtav meokvTTEL GLUPAY GTO S
AMnBéc dtav dev TEokUTITEL GLUPAY GTO S
AAnBég av to s elvon oe vYnAR GTEOUn
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Yvatatkd atotyeio (COMPONENT) - Xtrywotuito evog
COMPONENT

m To COMPONENT agtoteAel SnAwon yia th yonootoincn
€VOG KUKAOUOTOS WG VITOLoVASa

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

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

DN
END COMPONENT;
J

m To otrywdtumo (instance) evog COMPONENT agtotedel Eva
ovT{TLITS TOV TTOV XENGWOTTOLELTAL GTa TAALGLAL TG SOUKNAG
TLEQLYQOPNGS €VOS KUKAMULOTOS

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

m To sokéto (PACKAGE) agtotedel uéco ywo tnv ogydveon
TUNUATOV KOS

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

B AlAwon yenong evog JTOKETOU

[?SE <library name>.<package name>.<package parts>;

m [TopdSeyua

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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FUNCTION

m O GUVOQRTAGELS AITOTEAOUV £{60C VITOTTROYEAUUATOS TO
0TOl0 ETMGTEEPEL UWiol Wovadikin Tun

B Aev WIitogovv va TEOITOTTONGOUV TG TLOQAUETEOUS £1GOS0U
TOUG

FUNCTION <function name> [<parameter list>] RETURN <type> IS
[statements]

BEGIN
sequential statements

END <function name>;

m ITopddewyuo: Xuvdptnon [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

B M1oQoUv va TEOITOTTOLOVV TIC TWES TWV TTAQAUETEWY TOUG

m Aev mepidapfdvouv evioan RETURN

m ITapduetpor (CONSTANT, SIGNAL ri VARIABLE) ue
katevbvvtikdtnto (IN, OUT, INOUT)

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

BEGIN
sequential statements

END <procedure name>;

m ITapddewyua: Atadikacio 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);
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GENERATE

m H evtoMi GENERATE trapéyel tn SuvatdTnto IrepyQa@ng
ETTAVOAAUPOVOUEV®OV KUKAOUOTIK®OV SOU®V L€ GUUTTAYNR
TEOTTO GE GUVTEEXOVTO KWILKO

B AlEUKOAUVEL TNV TIEQLYQOPN SOU®OV TTOV TTAROUGLALOUV
KOVOVIKOTNTA

m EiwSikdtepa, wa evtoAt GENERATE uiropel va stepikieiel
GTYWOTUTIO. GUGTATIKOV N GAAegc GENERATE

B Xyfiuata FOR ko IF

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

BEGIN
{concurrent_statements}

END GENERATE <label>;
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[TopapeTEkOg aBEOLGTNG ELITAS KQOTOVUEVOU
(parameterized ripple-carry adder)

m H yevikii gtaBepnn N kabopiter To evpoc bit Touv abporgti

m o kdBe m otnv evioAn GENERATE Snuovpyeitor évog
TARENG aBOoLGTAG pe Stacvieon Tou KEATOVUEVOL €650V
TOU GTO KEATOVUEVO €1GO50V Tng emduevng Pabuidog

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

entity rca is
generic (N: integer := 8);
port (

cin : in std_logic;
cout : out std_logic

b

end rca;

a, b : in unsigned(N-1 downto 0);

sum : out unsigned(N-1 downto 0);
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architecture gatelevel of rca is

signal c : unsigned(N downto 0);

begin

c(0) <= cin;

Gl: for m in O to N-1 generate
sum(m) <= a(m) xor b(m) xor c(m);
c(m+1) <= (a(m) and b(m)) or

(b(m) and c(m)) or
(a(m) and c(m));
end generate Gl;

cout <= c(N);

end gatelevel;

TAcGeeg Iegrypapng YAtkov



ITeprypamn YeVIKEVUEVOU TTOAVTTAEK TN

library IEEE;

use IEEE.std_logic_1164.all;
use IEEE.numeric_std.all;
use work.various_pkg.all;

entity muxntol is

generic (N : integer := 8);

port (
inp : in std_logic_vector(N-1 downto 0);
sel : in std_logic_vector(log2c(N)-1 downto 0);
outp : out std_logic

H

end muxntol;

architecture rtl of muxntol is
begin

outp <= inp(to_integer(unsigned(sel)));
end rtl;

Aldypaupa xeovioroy Tou KUKADUATOS

58nS
inp(7:@) [AE

sel(2:0) (000 ¥ Ooor ) oio (oir  1@@  { 1o1 K 1i@ (111 K mog ¥
outp I | [ \ I
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Kavoveg yia tn givtagn cuvliciuwv mepypapwv (1)

Xpnon evdg GRUATOog QOAOYLOU

H Amofrikeuon TWWV GTO KUKA®UO GE KATAXWENTES N UWVAUES

Avdbeon wag TWAS avd cnya e kdBe KUKAO QOAOYLOU

A XoenowoTtoinon wévo cUyyeovng emavatogtofétnong
(synchronous reset)

A Xpnion uévo axuporvgoddtnong cta flip-flop

@ Na unv Topdyoviol véa Gruato yeoviguov ue fdon to
€EMTEQIKG QOAAL, AAAG avi{ oVTOU Vo YENGWOTTOLOVVTAL
G eTITEEWNS/PORTWGNG YLOL TNV ETTAEKTIKN
eveQyoTtoinan KAITOLE VITOUOVASaGS

NwoAaog Kappadias nkavv@physics.auth.gr nkavv@uop.gr TAdGoeeg Ierypapng YAtkov



Kavoveg yia tn givtagn cuvlEciumwy mepypapwv (2)

Ye wo Mota evoucOncliog avagépovtar dAa To Grpata N
elgodol oL omoieg ‘Brafdcovian’ yéoa otn Siepyacio

H Xe wa AloTto evonebnolog Wag aIToRAEIGTIKG GUYXEovng
Siepyaciag emitpémeton va eQuingdel uévo to cripa
poAoywoV (clk)

B T v T1eéxovca kal emwduevn katdatacn evog FSM, va
yoncosoteltal araiuntog TuTTog Sedouévav

M Xe éva kOkAopa da Treémel va yivetar avdbeon e 6Aa To
crpata €680V yio OAES TIC TTEQLILTMGELS AgtTovpylag yia
TNV aITo@uyn dnuovgylag avemfiuntov Lovsailm oy

Emirpéareton n agyikn avdbeon Ge onua yio thv kdAvyn
OA®V TOV TOOVOV TTEQLITTOGEMV

Na unv yoncpogtotovvtal ov Twés "X’ kar *Z’ evog GALATOG
yia tov €leyyxo meputtwcemwy (GnAdwon WHEN ce yio CASE)
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Kwdikogrontig spotepgondtntag (priority encoder)

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)
H
end priority;

architecture imp of priority is
begin

code <= "000" when sel(0) = ’'1’ else
"901" when sel(l) = ’1’ else
"910" when sel(2) = ’1’ else
"911" when sel(3) = ’1’ else
"100" when sel(4) = ’'1’ else
"101" when sel(5) = ’1’ else

"110" when sel(6) 1’ else "111";

end imp;

5@ns
sel(7:0) [AA V@A (02 N 88 W FF )} B8 W Fo__ )} OF
code(2:8) [oot W 111} ooop 1ot ¥ 100 ¥ ooo
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Baoikd ctoyyeia 6o GYedlocud KUKA®UATOV WWAUNG

m Tpdmrol avdyvoaong
B Acvyyeovn avdyvwon: astoteAéouata Siabécua gtov (8o
KUKAO GToV oTroio SievbuvalodoThOnkay pe KATTOoL0
GUVEVAGTIKI XEOoViki kabucTépnan
m XUyyxeovn avdyvwon: asotedéouata StubEéoua GTov eTTOUEVO
KUKAO QoAoyLoU
m Zipato eTtitoeywng
RAM Egtitpeywn avdyvwong (read enable i re)
RAM Egztitpeyn eyypaeng (write enable i we)
RAM,ROM Emitpeyn €€650v (output enable 1 oe)
m ITopdueTtol
B AQBudg décewv (kataywencewv): N 1 NR
m Evpog AéEnc SievbBuvong (address width): AW
m Evpog Aéenc dedouévwv (data width): DW
(il H mtapduetpos AW 0pLouéves @oég vItoloyitetal o tnv
NR péow tng ékpepacns: AW = [loga(NR)]
B ApBudg dupadv e1g6dov (NWP) kot €£650u (NRP)

NwoAaog Kappadias nkavv@physics.auth.gr nkavv@uop.gr TAdGoeeg Ierypapng YAtkov



Yoyyeovn uvnun ROM twv 8-bit ue 16 9éaelg kow xpnon
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 0)
DH
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 :=
(xX"e1", Xx"e2", X"04", x"es8", X"10", X"20", X"40", X"80",
x"e1", x"e3", x"e7", 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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Mvnun tuxoiog stpocmédacng (RAM)

m Mio RAM Swabétel touddyiotov ula eigodo yia tn
StevBuveloddtnon (address) ko TovAdyiaTov wia dvea yo
Tnv avdyveoon A/kol eyyeaen dedouévamv amd Kot TTog
cuykekQwévn d€on otn uviun 9éon gtn wviun

B YTroxeewTikd Stabétel elcodo poAoyiov (clk) kow emiTpeyn
eyyeaong (we) yio kdbe Jvpa eyypapng

m Ta grepueyxdueva tng RAM vAomotovvtar wg SIGNAL

B Mmtopel va oguatel kol emitoewn avdyvwong Jvpag e£6dou

B O1 TOALOTTAES OLTAGELS Yo eyypan GTnv (Sta déon
Snuovpyovv TTEARANKA Stoudxng kot eTMAVOVTAL Ue
KOTAAANAR Aoyiki eAEyyOU (TTROTEQALOTRTAL)

m Tpdogroc eyypapric READ FIRST: Ta megiexdueva tng
SievBuvalodotovuevng Jéong Uviung ewpavicovion Gny
££080. Ta 8ebouéva e1668ov ypdpovtor gty (Sia Yéon
(avdyvwaon e TV £yyapri)
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RAM ue acuyyxpovn avdayveocn

~
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 (15 downto 0)
bH
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= 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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RAM ue tpdTT0 eYyypapng READ FIRST

s N
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 (15 downto 0)
bH
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;
J
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Apyelo kataywentav (register file) ue NWP 8vpeg
€16660v kar NRP dvpa €£660v (1)

[iTo apyelo kataywentdv eAdyydnke ywo: NRP =2, NWP =1, DW = 8, ko

AW =4
~
library 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 H
NRP : integer H
AW : integer H
DW : integer
)
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)
H
end regfile;
>
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Apyelo kataywentav (register file) ue NWP 8vpeg
€16660v kar NRP dvpa €£660v (2)

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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Apyelo kataywentav (register file) ue NWP 8vpeg
e1e6dov kar NRP dvpa €€660v (3)

[il Xe wovtépva FPGA ue dpbovoug Tt6pous evemuatmuévng
uvriung (block RAM) n vAogroincn tov yevikevuévou agyelov

ratoywentov ue NRP dvpec avdyvmong kaw NWP dipeg

eyyoapng astantel tn yonon NWP X NRP block RAM

B Aldypapuua xeoviouoy Tou KUKADUOTOS

58ns

clk I Y VY O Y O SO o VO U o U I
en |

reset I

we_v(0:8)

raddr_v(7:@) [1z K52 b K57 WBD
waddr_v(5:8) (o b ) R (]

input_data v(7:0) [DE HRAD ¥EE EF 55 AR
ram_output_v(15:@) [0000 ¥ _DEDD KDEAD WBEEF
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ASSERT

m H ASSERT eivan pio un guvBégiun evtoAn mov
YOENGLWOTTOLELTOL YIOL TRV ETTLGTEOPN UNVUUATOV GTO
TEQUATIKG KATA Tnv JTRocouoiwon

Tunuo cuvonkng (condition)

H Tuniuo ava@oeds wnviuatog Tov TEoGdloplgeTal amsd n
AEen kAewdi REPORT

Tunuyo copfagdtntas 6To oToio yivetow SnAwon tng
em{dpaong Tov €yelL n un kovoItoinen Tng GUVONKNg GTn
GUVEYELD TNG TTROoGoUolmoNng. Znuelwvetor Ue tn AEEn kAelSi
SEVERITY

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

B Ta emimeda cofapdTntag elvar: onueiwon (NOTE),
mpoewdomoinon (WARNING), cpdiua (ERROR), n astotuyia
(FAILURE)
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Apyela otn VHDL

m O tiwoc APXEIOY (FILE) mpoc@épet €va BoAkd TEOTTO yia
v emmkownvio wag sepypaenc VHDL ue to mepdAiov
TOU UNXOVALOATOGC-EEVIGTA (0 VITOAOYLGTAG GTOV oTtolo yiveton
n avdITuEn KoL 0 AEYY0C AELTOVQEYIAS TG TTEQLYQOAPNG)

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

B Awadikacieg yia To xewploud agyetov 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 HREAD(L:inout LINE; VALUE:out STD_LOGIC_VECTOR; GOOD: out BOOLEAN);

procedure HWRITE(L:inout LINE; VALUE:in STD_LOGIC_VECTOR;

JUSTIFIED:in SIDE := RIGHT; FIELD:in WIDTH := 0);
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Testbench

m To testbench amoteAel éva €lkovikd KUKA®UO TO 0ITolo
epauogel e1a6dovug TIRog (Bréyepon) kow Aaupdver €£66oug
(0TTOKRELGN) AITO TO TTEAYUATIKG KURAMULO

m H entity evdg testbench Sev mrepudaupdverl kauio Sridwaon
DVpag, uropel duwe va TeQLlaufdvel generic

m Xto testbench, SnAwvetar to COMPONENT tou GuvoMKkoU
KUKA®UOTOG

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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Aéyepon onudtmv el6é80v aITd 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 0 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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[Mopddeyua: Eyypaen astotelecudtov e apyelo

€600V

component add
signal a, b, sum :
file output_log

begin
UuT add
generic map (Dw => Dw)
port map (a => a, b => b, s
process
begin
a <= X"FF"; b <= X"10"; wai
a <= X"10"; b <= X"89"; wai

end process;

output_log_proc: process
variable out_line line;

begin
write(out_line,
write(out_line,

NOwW, left,

hwrite(out_line, a, right,
write(out_line, string’(" b
hwrite(out_line, b, right,

write(out_line,
hwrite(out_line, sum, right
writeline (output_log,
wait for 10 ns;

end process output_log_proc;

std_logic_
: text open write_mode is "add.log";

string’ (" a:

string’ (" sum:"),

vector (Dw-1 downto 0);

um => sum);

t for 10 ns;
t for 10 ns;

8);

right, 4);
4);

:"), right, 4);
4);

right, 4);
, 4);

out_line);

NwoAaog Kappadias nkavv@physics.auth.gr nkavv@uop.gr

TAdGoeeg Ierypapng YAtkov




Aoun evog FSM

TuTtiki ogydvwon evog FSM

eicofol | » A By | >
Aoyikr eTopevng | Aoyikr] TpExoucag
Kardaraong KaTAoTaon ¢

owvbuaonk) | 22 (axohavbiai)

Aoyikn 1péyovcas katdotaong: YAOTIOElTOL aItd KOTOAYWENTI Yol T
agtobrikevon g TEEXoVcas katdotaong tov FSM. H twi tou
AVTLTTQOGMTITEVEL TO GUYKEKQWEVO GTASL0 GTo oTtolo PelokeTal n
Aettovgyia Tov FSM

B Aoywn emduevng katdorocng: TuvBuaGTKIL AOYIKA n oTtola TTaQdyel Thy
eqrduevn katdotacn tng akolovdios. H emduevn kotdotaon asotele!
guvdptnon Twv £166dwv Tov FSM kat tng teéyovcag katdatacng

Aoy e£adou

] —— 4T

Aoykit €€680u: XuvEuacTikiL AOYIKA TTOV xencuyloItotelTal yia tny
TLAQOYOYN TV cnudtwv €£680V Tov KUkA®UaTos. Ot €£odot amoteAovv
cuvdeTnon g €£680V TOU KATOXWENTA (TEEXOVGAC) KATAGTAONGS KAl

IIIGANQY twv £166dwv Tov FSM
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Katnyopteg FSM: timtov Moore kat tostov Mealy

m Xto FSM tdmov Moore ol €€08ot eivor guvdgtnon wévo tng

TEEXOVGAS KATAGTOONG

m Opydvwon evég FSM tdmou Moore

reset

reset

oot ™| hoyiki] emopEvnc ®| A\oyik TpEXOUTTG - i £6500 e
KaTdoTaong KartioTaon g Aoy !
(owbvaomay | Sk, (ouvBuaoTi)
1 i
Tlyxpovo Aalyypova —

£Eobo1
Moore

m Xto FSM tdmouv Mealy ot €£06ol elvar guvdptnon twv
£1008V KAl TNS TEEXOUGAS KATAGTOONS
m Ogydvwon gvéc FSM timtov Mealy

reset

reset

sigodol I e == | s£o5o1
Moyiia) emopEvng ) oy TpExouTag Ja— " liealy
Sdebhe KardoTaong L
(ouvBuaaTier) clock, (axohoubiakr) - (guvduaoTid)
3 ¥
Ziyypovo Adlyypovo
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Kwdikomoinon tng katdotaong ota FSM

m sequential: og kdBe katdotaon avatiBevror dvadikol
ool kotd avgovoa celpd

m one-hot: oe kdBe kaTdoTAGN AVTIGTOLYICETAL EEXWELGTO
flip-flop. Xe kdbe katdotaon évo uévo flip-flop €xer tnv Twn
o

B Kodwkomoinon kabopigduevn agd to xenctn

constant S1: std_logic_vector(3 downto 0) :=
constant S2: std_logic_vector(3 downto 0)
constant S3: std_logic_vector(3 downto 0) := "0000";

"110";

m Kwdikomoinon kabogigduevn amd to gpyaieio vAotoinong
(Aoywkrig gvBeang)

type STATES is (S1, S2, S3, S4);
signal STATE : STATES;

m AAAeg kwdwkorroncels: Gray, Johnson, one-cold
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[Tapatnenacelg

m [o tnv agykottoinon tov FSM e wia yvwoti agyikn
kotdotacn emPAAAETAL N YPRGN acvyxeovng
emavatoTtofétnong (asynchronous reset)

B Tevikd vEIGTOVTOL OQKETES TEYVIKES YLOL TRV GUVTAEN TG
TEQLYQAPNGS evog FSM

FSM ue ula Siepyacio (process): H Aoywkn emduevng
KOTAGTAONG, TEEXOVCAS KATAGTOONS KoL €E680UL o wia
PROCESS

BE FSM ue 8vo Siepyacies: H Aoyiki eTtduevng KOTAGTOONS KO

Teéyovcag katdataong e uio PROCESS kot n Aoyikn €£680u

e wla devtepn

FSM ue tpews Siepyaoies: H Aoyikit emtduevng KaTdoTAONS,

TEéY0VONS KaTdaTAoNS Ko ££680v oe LeywoLotés PROCESS

B FSM ue 800 Siepyacieg ue tn AOykin TEXOVGOS KATAGTAGNS
oe ula PROCESS kot tn Aoywn €ITOUeEVNG KATAGTOGNS KOl
€€660v oe ula devtepn PROCESS

H FSM ue amoBnkevuyéva cnpato €£680v
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ALdyQauLoL LETOY®MYRGS KATAGTAGEDV Yo €va agtAd FSM
4 KOTOGTAGEWV

m To FSM tov mapadeiyuatos kabopitetor ars:

m TéooeQig kataotdoes: S1, S2, S3, S4
® Mia e{codo: x1
m Mia €g080: outp
B [Tévte TeQUITTOGELS UeTdfaong amd KatdGTocn G
KATAOTAON GUUO®OVO UE TO TTOQOKATND SLAYQOULO UETAYWYAS
KATAOTAGE®V
reset
outp=1 @?\
xl _,/ not(x1)
outp=1 @9 69 outp=0
@
outp=0
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[Tapddetywa FSM ue uta Siepyacia

M (
library IEEE; when sl =>
use IEEE.std_logic_1164.all; if (x1 = ’1’) then
state <= s2;
entity fsm_1 is outp <= ’17;
port ( else
clk, reset, x1 : IN std_logic; state <= s3;
outp : OUT std_logic outp <= ’0’;
; end if;
end fsm_1; when s2 =>
state <= s4;
architecture behl of fsm_1 is outp <= ’0’;
type state_type is (sl,s2,s3,s4); when s3 =>
signal state: state_type; state <= s4;
begin outp <= '0’;
process (clk, reset) when s4 =>
begin state <= sl;
if (reset ='1’) then outp <= 1’
state <= sl; end case;
outp <= '1’; end if;
elsif (clk="1’ and clk’event) then end process;
case state is end behl;
J -
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[Tapddetyuwa FSM ue 6vo Siepyacieg

M (
library IEEE; when s2 =>
use IEEE.std_logic_1164.all; state <= s4;
when s3 =>
entity fsm_2 is state <= s4;
port ( when s4 =>
clk, reset, x1 : IN std_logic; state <= sl
outp : OUT std_logic end case;
) end if;
end fsm_2; end process processl;
architecture behl of fsm_2 is process2 : process (state)
type state_type is (sl,s2,s3,s4); begin
signal state: state_type; case state is
begin when sl => outp <= ’'1’;
processl: process (clk, reset) when s2 => outp <= ’'1’;
begin when s3 => outp <= ’'0’;
if (reset ='1’) then when s4 => outp <= ’'0’;
state <= sl; end case;
elsif (clk=’1’ and clk’EVENT) then end process process2;
case state is end behl;
when sl => .
if (x1 = ’1’) then
state <= s2;
else
state <= s3;
end if;
J
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[Tapdderywa FSM ue tpelg Siepyacieg

library IEEE; h ( process2 : process (current_state,
use IEEE.std_logic_1164.all; begin
case current_state is
entity fsm_3 is when s1 =>
port ( if (x1 = ’1’) then
clk, reset, x1 : IN std_logic; next_state <= s2;
outp : OUT std_logic else
); next_state <= s3;
end fsm_3; end if;
when s2 =>
architecture behl of fsm_3 is next_state <= s4;
type state_type is (sl,s2,s3,s4); when s3 =>
signal current_state, next_state: next_state <= s4;
state_type; when s4 =>
begin next_state <= sl
processl: process (clk, reset) end case;
begin end process process2;
if (reset =’1’) then
state <= sl; process3 : process (current_state)
elsif (clk='1’ and clk’EVENT) then begin
current_state <= next_state; case current_state is
end if; when sl => outp <= ’'1’;
end process processl; when s2 => outp <= ’'1’;
J when s3 => outp <= ’'0’;
when s4 => outp <= ’'0’;
end case;
end process process3;
end behl;
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To {810 Tapdderyua pe dVo Siepyacieg Kal aroudvmon
TNG AOYIKNG TREXOVGAS KATAGTAGNS

M (
library IEEE; when sl =>
use IEEE.std_logic_1164.all; outp <= ’1’;
if (x1 = ’1’) then
entity fsm_2b is state <= s2;
port ( else
clk, reset, x1 : IN std_logic; state <= s3;
outp : OUT std_logic end if;
); when s2 =>
end fsm_2b; outp <= ’1’;
state <= s4;
architecture behl of fsm_2b is when s3 =>
type state_type is (sl,s2,s3,s4); outp <= 0’
signal current_state, next_state: state <= s4;
state_type; when s4 =>
begin outp <= '0’;
processl: process (clk, reset) state <= sl
begin end case;
if (reset =’1’) then end process process2;
state <= sl; end behl;
elsif (clk=’1’ and clk’EVENT) then - /)
current_state <= next_state;
end if;
end process processl;
process2: process (current_state, xl1
begin
case current_state is
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library IEEE; h
use IEEE.std_logic_1164.all;
entity fsm_2c is
port (
clk, reset, x1 : IN std_logic;
outp : OUT std_logic
DH
end fsm_2c;
architecture behl of fsm_2c is
type state_type is (sl,s2,s3,s4);
signal current_state, next_state:
state_type;
signal temp: std_logic;
begin
processl: process (clk, reset)
begin
if (reset =’1’) then
state <= sl;
elsif (clk='1’ and clk’EVENT) then
outp <= temp;
current_state <= next_state;
end if;
end process processl;
process2: process (current_state, xl1
begin
case current_state is
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To {810 TaEAS. ue dvo diepyacies, agroudvwcon AOYIKAG
TEEYOVGOS KATAGTAONS Ko astodnkevuévn €050

e

when sl =>
temp <= '1’;
if (x1 = ’1’) then

state <= s2;
else
state <= s3;

end if;

when s2 =>
temp <= '1°;
state <= s4;

when s3 =>
temp <= '0’;
state <= s4;

when s4 =>
temp <= '0’;
state <= sl;

end case;
end process process2;
end behl;
-
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Mn TTROYQOUUATIEOUEVOL ETIEEEQYAGTES

B Mn TTQOYQAUULATICOUEVOL ETIEEEQYAGTES elvanl exelva Ta
KUKA®UOTO T oTtoia €xouv oyedactel €161 waTe va
WIToEOUV Vo eTAVGOUV €val WGvo TTEORANLO

m ‘Evog un TooyQauuatigoUevos eTTeEEQYAGTAS aTtoTelelTon
aTtd To XeLoTR eA€yyxou (controller i control unit) kow to
xewplotn dedouévav (datapath)

B O xeploTig eAéyyov TTaedyel GREATa EAEYXOU YL TRV
dpouoAdynon Twv punyoviou®dv Ttou AauBdvouv xdea GTov
XELGTN Sedouévwv

B O %elploTAg Sedoyuévmv eTILGTEEPEL GTO YELWQLGTN EAEYYOU
orpato katdotaong (status signals) to omoia katevBvvouv
Tn uetdfacn ovaueso GTIS EGMTEQIKES KATAGTAGELS TOU
XEWQLGTN eAEYYOU

m O yep1otig eAéyyov vAoTtoleitan cuyvd ws FSM
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O aAy6pBuog Tov HEYLGTOU Kovol Stonpétn Vo
apBuwv (GCD)

m Aegyduacte 6t ged(n,0) = ged(0,n) = gcd(0,0) =0

m To ¢ntovuevo elvar n gvpeon apBuo m o omoiog va elval o
ueyaATeQog JeTIkOC akéQAUOS 0 0TTolog drapel KAl TOUG
dvo apBuovg

N (
int gcd(int a, int b) result = x;
{ }
int result; else
int x, y; {
result = 0;
X = a; }
y = b; return (result);
}
if (x!=0 && y!=0)
int main(Q)
while (x !'= y) {
{ int result = gcd(196, 42);
if (x >=y) return (result);
X=X -Y; }
else -
y=y - x;
}
J
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AAyoQBuikd Sidyeauuo Eong yua tov aiyépibuo GCD

£ s1

Y

result =0
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To GuvoMko kKUKAwU Tov emegepyactin GCD

start

x_sel
y_sel
¥_load
y_load

GCD

clock y_sub
controller
reset ¥_sub
omparator’
x_ot_y
/ x_ Iy
x_eq_y
xy_ne_z|
subtractor 0 subtractor
done l
r_sel oy
rmux
r_load outpreg
outp

NwoAaog Kappadias nkavv@physics.auth.gr nkavv@uop.gr TAdGoeeg Ierypapng YAtkov



[Tepypapn tng vAomoinong FSMD tovu emtegepyactn
GCD (1)

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

H

end gcd;

architecture fsmd of gcd is

type state_type is (s®,sl,s2,s3);

signal state: state_type;

signal x, y, res : std_logic_vector (WIDTH-1 downto 0);
begin
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[Tepypapn tng vAomoinong FSMD tovu emtegepyactn

GCD (2)

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

if (reset = ’1’) then
state <= s0;
x <= (others => ’0’);
y <= (others => ’0’);
res <= (others => ’0’);

case state is
when sO =>
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 => ’'07);
state <= s3;
end if;

elsif (clock=’1’ and clock’EVENT) then
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[Tepuypapn tng vAomoineng FSMD tovu

GCD (3)

ETEEEQYOTTN

when s2 =>
if (x > y) then
X <=X -Y;
state <= s2;
elsif (x < y) then
y <=y - X;
state <= s2;
else
res <= Xx;
state <= s3;
end if;
when s3 =>
done <= '1’;
state <= s0;
end case;
end if;
end process;
outp <= res;
end fsmd;
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[Tpocouoiwon Tov eTmegepyactn GCD

m AnAwcels FILE yia Afiypn €1668mwv artd agyelo kal ekTUTTOGN
SlayvwaTikig €€65ov Ge apxelo

file TestDataFile: text open read_mode is "gcd_test_data.txt";
file ResultsFile: text open write_mode is "gcd_alg_test_results.txt";

m ITepieydueva tov "gcd_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
9 ns 199 ne 299 ne 399 pe 499 ns S39lns £39|ns 789 ns B99[ns 999 jns ]
M0 280 05 i ]
0 TE0 D75l T
8 U I VR ]
Il il il
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