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Yriaypdonon tng StdleEng

B Aouég eAéyyov/eTtalMbeuong AELTOUQEYIOS TV KUKAWUATOV

NwoAaog Kappadiog

H evtoAnn ASSERT

KikAoua eAéyyov/emtaiBevong (testbench)

Hopaywyn Stavucudtov avaeopds

EmaAnfeuon KUKADUOTOS i¢ TTROS SLovUGUATO 0vapOoRAS
Agxela otn VHDL

Mnyoavigpol e1668ov/e€680v kat ta wakéta STD. STANDARD
kow STD.TEXTIO
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H evtoAn ASSERT (1)

m H evroAi ASSERT yoncpuomoteitor yio Tnv €mGTQOON
UNVURATEOV GTO TEQUATIKG KOTA Tnv JIpocouoiwon

m Me tnv ASSERT eAéyyeton ula cuvOnkn: gty av éva
SIGNAL éyer Adfel cuykekeuévn oQlBunTiki T KAIrola
OTYUR KATA Tn StdEKelo TG TTEOGOUOIWONG

m H ASSERT agtotedeiton amd tola tunpato

Tunuo cuvOnkng (condition)

Turiyo ova@oEds wnviLaTog Jtou TEoadloEiteTal amsd n
Aéen kAeldi REPORT

Tunua cofagdTntag ¢to ogtolo yivetar SnAwon tng
emi{dpaong Tov €yel n un kavoItoingn Tng GuvONKNg Gtn
GUVEYELD TG TTRoGoUolmoNng. Xnuelwveton Ue tn AEEn kAeldi
SEVERITY

® H evioAi ASSERT 8ev elvar guvBéoiun ko n xerion tng
TeQLoEiteTal aTtokAeloTIKA O€ testbenches
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H evtoAn ASSERT (2)

B XUvtagn tng evioAnig ASSERT

ASSERT <condition>

[ REPORT "<message>"]

[ SEVERITY <severity level>];
END <package name>;

m Ta emimreda goPapdtntac eivar: cnueiwon (NOTE),
gipoetSottoingn (WARNING), cpdiua (ERROR), i astotuyia
(FAILURE)

m To puAvuua eTGTEEPETOL OTAV N TWN TNG GUVONKNG elvon
FALSE

m [Topddewyua evioArig ASSERT

signal a: STD_LOGIC_VECTOR(7 downto 0);
signal b: STD_LOGIC_VECTOR(8 downto 2);

ASSERT (a’LENGTH = b’LENGTH)
REPORT "Error: vectors do not have the same length!"
SEVERITY FAILURE;
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Emimeda cofapdtntag e uta evtoAn ASSERT

O moakdTon Tivakag cuvowitel To EOA0 TV eT{TIES WV

GofapodTnTag

Egtiztedo cofagdtntag | Xenon

NOTE Tevikn wAnpogopio yio tnv katdo-
TOGN UWEQOUS TOU KUKAWUATOS

WARNING Evnuépmon yio gtbavd teofAriorto
KATO Ao oQouéveg GuVOrikeg Aet-
TOUEYIOS TOU KUKAMUATOS

ERROR Evnuépmon yia cuvBnkeg Asttovpylog
TOU  KUKAOUOTOS IOV  UIToEel  va
TEOKOAEGOUV GEAAuaTO

FAILURE Evnuépmaon yia cuvbrikeg Aettovgylog
ue evdeydueva KOTOGTQOPKE
agroTeEAécUaTO
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Apyela otn VHDL

O tomog APXEIOY (FILE) mpoc@épel €va foMKO TEHTO yiol
v emmkownvio wag sepypaenc VHDL ue to mepdAiov
TOU UNXOVALOATOGC-EEVIGTA (0 VITOAOYLGTAG GTOV oTtolo yiveton
n avdITuEn KoL 0 AEYY0C AELTOVQEYIAS TG TTEQLYQOAPNG)

H 8ridwon evéc apyelov emitpémel e kwdika VHDL va
yivel kdItola xenon Tov agyelov

"Evo. agxelo urogel va avouytel yio avdyvoon A eyypoaen
ATt6 10 EdTLTTO VHDL-93 KRl €1etta, ov Aettouyieg
avolyuatog kot kAelGiuatog evog agyeiov
Teayuatostotovvtal ue Ti¢ Stadikaciesc FILE_OPEN() ko

FILE_CLOSEQ)
2tn Bipmodnkn STD
m To mwoaxéto STANDARD opigel facikéc poutives yio elgoSo
ko £€£080 (I/0) avtkelwévov Twv Backdv tomev tng VHDL
m To mwaxétro TEXTIO oplgel o 1oxveés poutives yia To
XELEOUS a)elwV KeEWEVOU
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Opwouol yra to yewpwoud axetwv atn VHDL (1)

m Opwoudg tov apyelov kewévou (Iraxéto TEXTIO)

type LINE is access STRING;

type TEXT is file of STRING;

m Ta mporabopicuéva apyeia kewévov INPUT kouw OUTPUT
(mtoxéto TEXTIO)

file INPUT: TEXT open READ_MODE is "STD_INPUT";
file OUTPUT: TEXT open WRITE_MODE is "STD_OUTPUT";

m Tpogrol avolypuatog evéc agyeiov (Itakéto STANDARD)

type FILE_OPEN_KIND is (
READ_MODE ,
WRITE_MODE,
APPEND_MODE) ;
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Opwouol ywa to yewpwoud axetwv atn VHDL (2)

m TVTT0g KOTAGTAONS £vOG aQ)elov (TTarkéto STANDARD)

type FILE_OPEN_STATUS is (
OPEN_OK,
STATUS_ERROR,
NAME_ERROR,
MODE_ERROR) ;

B Awadikacieg yia to xewploud agyelov 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);

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

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

function ENDFILE (file F: TEXT) return BOOLEAN;

m O tvtrog SIDE kou o viotiTtog WIDTH

type SIDE is (RIGHT, LEFT);

subtype WIDTH is natural;
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Poutiveg e16680v (avdyvwong) yia agyelo kelévou
(rtakéto TEXTIO)

p
procedure READLINE (file F: TEXT; L: inout LINE);
procedure READ (L: inout LINE; VALUE: out BIT; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out BIT);
procedure READ (L: inout LINE; VALUE: out BIT_VECTOR; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out BIT_VECTOR);
procedure READ (L: inout LINE; VALUE: out BOOLEAN; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out CHARACTER; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out CHARACTER);
procedure READ (L: inout LINE; VALUE: out INTEGER; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out INTEGER);
procedure READ (L: inout LINE; VALUE: out REAL; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out REAL);
procedure READ (L: inout LINE; VALUE: out STRING; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out STRING);
procedure READ (L: inout LINE; VALUE: out TIME; GOOD: out BOOLEAN);
procedure READ (L: inout LINE; VALUE: out TIME);
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Poutiveg €€660v (eyypapng) yio agyelo Keyweévou
(moxéto TEXTIO)

procedure WRITELINE (file F: TEXT; L: inout LINE);
procedure WRITE (L: inout LINE; VALUE: in BIT;

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

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

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

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

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

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

DIGITS: in NATURAL:= 0);
procedure WRITE (L: inout LINE; VALUE: in STRING;

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

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

UNIT: in TIME:= ns);
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Povutiveg e16660v katl €£660v aITd TO Un TLITOTTONUEVO
stokéto IEEE.STD_LOGIC_TEXTIO (1)

m 210 wokéto STD_LOGIC_TEXTIO TreQryd@ovial OQLGUEVES
XONGWES GUVAQRTAGELS yia TV €{Go80 KoL €5080 AVTIKEWWEV®OV
Tou TTov STD_LOGIC_VECTOR

m [TeQypd@ovtor emiong Kol GUVAQTAGELS Yid Ty (GOS0 Kl
£€£080 0pBu®v Sekactadikng pdong (hexadecimal)

o]

il To grakéto autd GuVBwG elval LETAYAWTTIGUEVO GTn
BipAtoBrikn IEEE ywelg duwg va aviKkel GE AUTAV

procedure READ(L:inout LINE; VALUE:out STD_LOGIC_VECTOR);
procedure READ(L:inout LINE; VALUE:out STD_LOGIC_VECTOR; GOOD: out BOOLEAN);
procedure WRITE(L:inout LINE; VALUE:in STD_LOGIC_VECTOR;

JUSTIFIED:in SIDE := RIGHT; FIELD:in WIDTH := 0);
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Povutiveg e16660v katl €£660v aITd TO Un TLITOTTONUEVO
gtokéto IEEE.STD_LOGIC_TEXTIO (2)

procedure HREAD(L:inout LINE; VALUE:out STD_ULOGIC_VECTOR);
procedure HREAD(L:inout LINE; VALUE:out STD_ULOGIC_VECTOR; GOOD: out BOOLEAN);
procedure HWRITE(L:inout LINE; VALUE:in STD_ULOGIC_VECTOR;

JUSTIFIED:in SIDE := RIGHT; FIELD:in WIDTH := 0);
procedure HREAD(L:inout LINE; VALUE:out STD_LOGIC_VECTOR);
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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ITeprypapég eAéyxov/eTtarnBevong Asttovylog
(testbenches)

m Xe ulo oxedlaon, to testbench avtietorel Gto vYnAdTteEo
emimedo epapyiag

m H entity evdg testbench dev mepulaufdver kauio SnAmon
Dpag, urropel duws va TreQrlaufdvel generics

m Y10 testbench, SnAdvetor to COMPONENT touv GuvoAkoy
KUKAWUOTOS

m ‘Eva testbench uiropel va xoncyottomBel kot yia to €Enc:

m ITapaywyrn cnudtov Siéyepong yia tnv mpocouoiowaon

® Tnv vAoTtoinon TV WYOVIGULOV TOU KUKAMUATOS, OAAL GE
emizedo behavioral yia tn dnutoveyia Stavucudtov
avopods (reference vectors)

B Tnv gtodAAnAn (Lagt ue tnv epaguoyn elc68wv GTo
egeTagduevo KUKAwUA) VAoTtoingn Ttou ce eTtiTedo
behavioral yia tnv duecn GUYKQELON TOV OAVOULEVOUEV®OV UE TIC
TTEAYUATIKES TWES €£680V KATA TV TTROGOUolmGN
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Agrtovgyla evog testbench

m To testbench agrotelel €va elkovikKO KUKA®UO TO 0TTOL0
epaEUotel eladdoug TTEog (Btéyepon: stimulus) kol Aaufdvel
€€650VC (QITTOKELGN: TesSponse) aItd TO TTEAYULOTIKO KUKA®UA

Test Bench
control response
and generation
stimulus and
generation w

device under test (DUT)
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Opydvwon Tng Teplypagng evig testbench

m Tugtiki ogydvaon evig agyetov testbench

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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[Tapaywyn cnuoatog poAoyloy yia yencn ce testbench

m [a Tov éleyyo Tng Asttougylag GUyxEovmV KUKA®UAT®V
YQELACETAL N SnULOLEYIO ULOLG ELKOVIKIAG YEVVATELOS QOAOYLOU

m [IeQypdopeton Ge EexwELoTh diepyacia gto testbench oe
oxéon ue tn Siéyepon TV AAAOV €lGE3®MV TOU KUKADWOTOS

i) Xe opuouéves TEQUITTOCELS, e EexmwELoTh Slepyacio
TLQOYULOTOTTOLELTAL KO N YEVVIGN TOU GAUATOS reset

~
architecture tb_arch of counter is
component counter
port (
clk, reset : in std_logic;
q : out unsigned(3 downto 0)
);
end component;
signal clk: std_logic;
constant CLK_PERIOD : time := 50 ns;
begin
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-
CLK_GEN_PROC: process(clk)
begin
if (clk = ’U’) then
clk <= ’1’;
else
clk <= not clk after CLK_PERIOD/Z;
end if;

end process CLK_GEN_PROC;

end tb_arch;
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O Pacikég AettovQyleg 1600V Ko €€080V KEWEVOL

m O Pacikég Aettovgyles ue Trepiexoueva apxeiov otn VHDL
TeQloicovTon gtnv agopudeiatn (unformatted) elcodo ko
€£0d0 yapaktnpwv ASCII Trp0g KAl ATTO axela,
XONGLLOTIOLOVTAS TS dtadikacieg Tov Takétov TEXTIO

m To stokéto TEXTIO vitootneigel Toug TAQAKAT® TUTTOUS
dedouévov

m BIT, BIT_VECTOR

BOOLEAN

CHARACTER ko Ttivakeg yopaktripwv (STRING)

INTEGER kow REAL

TIME
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To takéto STANDARD: 'evikol tuItol Kot vItoTVITOL

type BOOLEAN is (FALSE, TRUE);

type BIT is (’0’, ’1’);

type INTEGER is range -2147483647 to 2147483647;

type REAL is range -1.0E308 to 1.0E308;

type BIT_VECTOR is array (NATURAL range <>) of BIT;

subtype NATURAL is INTEGER range 0O to INTEGER'HIGH;
subtype POSITIVE is INTEGER range 1 to INTEGER’HIGH;
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To takéto STANDARD: Ouv tostor TIME kot SEVERITY

type TIME is range -2147483647 to 2147483647

units
fs;
ps = 1000 f£fs;
ns = 1000 ps;
us = 1000 ns;
ms = 1000 us;
sec = 1000 ms;
min = 60 sec;
hr = 60 min;
end units;

type SEVERITY_LEVEL is (NOTE, WARNING, ERROR, FAILURE);
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To takéto STANDARD: Ov tositor CHARACTER ko
STRING

type CHARACTER is (
NUL, SOH, STX, ETX, EOT, ENQ, ACK, BEL, BS, HT, LF, VT, FF, CR, SO, SI,
DLE, DC1, DC2, DC3, DC4, NAK, SYN, ETB, CAN, EM, SUB, ESC, FSP, GSP, RSP, USP,
S e e R T
gt 1r gr. s3e sgr vse sr 7o wgrs gl irl aae e el adet g
@ . AL BT TG DY ET. CET. G CH'. TT. 3. UR'. LY. WL UN'. 007,
Bl Qe RTL ST T Ut WL WL KT Y vz D A, ], e,
,
,

_,l
verl aar. tpr. tcr. tdr. te'. '£'. 'g’. 'h', i, '’ 'k, 17, 'm’, 'n’, 'o’,
pTLoTat. ¢t 'st. et 'w', 'v'. 'w', 'z’ 'y'. 'z', '{", '|"., '}"., ', DEL.

P,

-- Predefined operators for the CHARACTER type:
I D e N et

type STRING is array (POSITIVE range <>) of CHARACTER;
-- Predefined operators for the STRING type:
L A

- "&" (accepting CHARACTER, STRING in any of the four combinations)
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Xonowotowovtag to JTakeéto TEXTIO yio elcodo kot
€€0d0 aTd agyelo

m Avdyvwon ozt oyelo
H cguvdgtnon READLINE Swofdcel wio oelpd amd to apxelo
Kol Tnv astodnkevel e ula yetafAnti tiTtov LINE
B H cvuvdptnon READ avaktd to Sedouéva aird to x®eo
TEOGWEWNG OTTOBNKEVGNG TTOV TTROGPEEEL N UETAPANTIA
TUTov LINE
m Eyyoaopn ce agyelo
H WRITE ypdper Sedouéva ce uia uetapinti LINE

HE H WRITELINE ypdopel to TTeocwmevd astobnkevuéva dedouéva
Ttov Sratnpovvton gtn LINE, gto agyelo

B O guvopticelg READ kow WRITE Srafétouv TaQauéteoug
Srapdppwong yio To keiuevo €16é5ov ko €£650v
m Evpog mediov
B Aggld 1 apiotepn grolyion
m Aseikovigdpevn povdda tov xedvou (yia uetapAntég TIME)
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[Mopddeyua 1: Aiéyepon onudtov e16680v aItd process

@

m H mopoxdto entity aviiotoyel oe B Xnuotiko dudyeapua

KUKAwUa Stadeduov dedouévav yia
TOV VTTOAOYIGUS Tng ékpeacng (a
+ b) XOR (c AND d) ko Twv
UEQIKAV agtoTelecudtOv a + b
kow ¢ AND d

entity datapath is
port (
clk, reset : in std_logic;
inl : in std_logic_vector (7 downto |0);
in2 : in std_logic_vector(7 downto |0);
in3 : in std_logic_vector(7 downto |0);
in4 : in std_logic_vector(7 downto |0);
sel : in std_logic_vector(2 downto |0);
outp : out std_logic_vector (7 downtjo 0)

D-type register

)
end datapath;

J
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[Mopddeyua 1: Aiéyepon onudtov e16680v aItd process

@)

library IEEE; )
use IEEE.std_logic_1164.all;
use IEEE.numeric_std.all;
entity datapath_tb is
end datapath_tb;
architecture tb_arch of datapath_tb is
component datapath
port (
clk, reset : in std_logic;
inl, in2, in3, in4 : in std_logic_vector (7 downto 0);
sel : in std_logic_vector (2 downto 0);
outp : out std_logic_vector (7 downto 0)
bH
end component;
signal clk, reset: std_logic;
signal inl, in2, in3, in4: std_logic_vector(7 downto 0);
signal sel: std_logic_vector(2 downto 0);
signal outp : std_logic_vector(7 downto 0);
constant CLK_PERIOD : time := 50 ns;
begin
J

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



(&)

/7 7 V4 7 7
ITapddeyuo 1: Atéyepon onudtwv €1l6080v ATt process
uut : datapath
port map (
clk => clk, reset => reset,
inl => inl, in2 => in2, in3 => in3, in4 => in4,
sel => sel, outp => outp);
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;
end tb_arch;
J
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[Mopddeyua 2: Eyypaen astotedecudtov ce apxeio
egddov (1)

B KikAoupa sopaueteikot) abBpolgth ce ertimtedo RTL

~
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;
entity add is
generic (
DW : integer := 8
)
port (
a : in std_logic_vector (DW-1 downto 0);
b : in std_logic_vector (DW-1 downto 0);
sum : out std_logic_vector(DW-1 downto )
H
end add;
architecture rtl of add is
begin
sum <= a + b;
end rtl;
J
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[Mopddeyua 2: Eyypaen astotedecudtov ce apxeio
egddov (2)

m ITeouypaen tou agpyelov testbench

library ieee;

use ieee.std_logic_1164.all;
use ieee.std_logic_textio.all;
use std.textio.all;

entity add_tb is
generic (Dw: INTEGER:= 8);
end add_tb;

architecture TB_ARCHITECTURE of add_tb is

component add
generic (Dw: INTEGER:= 8);
port (
a : in std_logic_vector (Dw-1 downto 0);
b : in std_logic_vector (Dw-1 downto 0);
sum : out std_logic_vector (Dw-1 downto 0)
);
end component;

signal a : std_logic_vector (Dw-1 downto 0);
signal b : std_logic_vector(Dw-1 downto 0);

signal sum : std_logic_vector(Dw-1 downto 0);

file output_log : text open write_mode is "add.log";
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[Mopddeyua 2: Eyypaen astotedecudtov ce apxeio
egddov (3)

begin output_log_proc: process
UUT : add variable out_line : line;
generic map (Dw => Dw) begin
port map ( write(out_line, NOW, left, 8);
a=>a, b=>0b,
sum => sum write(out_line, string’(" a:"), right, 4);
); hwrite(out_line, a, right, 4);
write(out_line, string’(" b:"), right, 4);
process hwrite(out_line, b, right, 4);
begin write(out_line, string’(" sum:"), right, 4);
a <= X"FF"; hwrite(out_line, sum, right, 4);
b <= X"10"; writeline (output_log, out_line);
wait for 10 ns; wait for 10 ns;
a <= X"10"; end process output_log_proc;
b <= X"89"; end TB_ARCHITECTURE;
wait for 10 ns; J
a <= X"E5";
b <= X"9A";
wait for 10 ns;
a <= X"FD";
b <= X"01";
wait for 10 ns;
a <= X"FE";
b <= X"07";
wait for 10 ns;
end process;
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[Mopddeyua 2: Eyypaen astotedecudtov ce apxeio
€gddov (4)

m To Tmapayduevo agyeio €g6dov add. log

0 ns a: 00 b: 00 sum: 00
10 ns a: FF b: 10 sum: OF
20 ns a: 10 b: 89 sum: 99
30 ns a: E5 b: O9A sum: 7F
40 ns a: FD b: 01 sum: FE
50 ns a: FE b: 07 sum: 05
60 ns a: FF b: 10 sum: OF
70 ns a: 10 b: 89 sum: 99
80 ns a: E5 b: O9A sum: 7F
90 ns a: FD b: 01 sum: FE
100 ns a: FE b: 07 sum: 05
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[Tapdderypa 3: Anyn Siéyepong Kol GUYKQELON Ue
Sravvcpata avopoeds amd agyeio (1)

B XxeSloouog Kol €AeYX0S KUKAMUATOS TO oTtoio vAoTtolel Tov
€Aeyxo €voc BpOxov GTO VMKO

m ITodyer Tov emtduevo deiktn Pedyxov (next ix) yvweitovtog
TIC TTAEAUETEOUS TOv Pedyov (initial, step, final) kow Tnv
Teéxovca Twn tov Selktn. Emiong onuatodotel Tov
Tepuatiowd Tov Beodyov (loop_end)

m To kUkAwpa uiogel va yonoiwototndel yia tov €Aeyyo
ATTADV, Un OMOGUEVOVY Sou®Vy BEOXOV TG LOQENG:

for (ix = initial; ix<=final; ix+=step)
{ statements; }
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[Topddeyua 3: Anypn Si€yepong kol GUYKQELON UE
Sravvcpata avopods amd agyeio (2)

Iyxnuatikd didyeauua
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[Topddeyua 3: Anypn Si€yepong kol GUYKQELON UE
Sravvcuata avopods amd agyeio (3)

[eEryapri ToU KUKADUATOS VITOAOYIGUOV SelkTn

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

entity hwloop is

generic (
DW : integer := 8

)

port (
initial : in std_logic_vector (DW-1 downto 0);
step : in std_logic_vector (DW-1 downto 0);
final : in std_logic_vector (DW-1 downto 0);
current_index : in std_logic_vector (DW-1 downto 0);
next_index : out std_logic_vector(DW-1 downto 0);
loop_end : out std_logic

DH

end hwloop;

architecture rtl of hwloop is
signal add_out : std_logic_vector(DW-1 downto 0);
signal loop_end_t : std_logic;
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[Topddeyua 3: Anypn Si€yepong kol GUYKQELON UE
Sravvcuata avapods amd agyeio (4)

Ieprypaprt Tou KUKADUATOS VITOAOYIGUOU SelkTn (GUVEXELQL)

begin
process (initial, step, final, current_index, add_out, loop_end_t)
begin
if (current_index = initial) then
add_out <= initial + step;
else
add_out <= current_index + step;
end if;
if (add_out > final) then
loop_end_t <= ’'1’;
else
loop_end_t <= '0’;
end if;
if (loop_end_t = '1’) then
next_index <= initial;
else
next_index <= add_out;
end if;
end process;
loop_end <= loop_end_t;
end rtl;
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[Topddeyua 3: Anypn Si€yepong kol GUYKQELON UE
Sravvcuata avamods amd agyeto (3)

Apxelo testbench yio To KUKA®WLO

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;
use ieee.std_logic_textio.all;
use std.textio.all;

entity hwloop_tb is
generic (
DW : INTEGER := 8
H
end hwloop_tb;

architecture tb_arch of hwloop_tb is

constant CLK_PERIOD : time := 10 ns;
begin
UUT : hwloop
generic map ( DW => DW )
port map (
initial => initial,
step => step,
final => final,
current_index => current_index,
next_index => next_index,
loop_end => loop_end
DH
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[Topddeyua 3: Anypn Si€yepong kol GUYKQELON UE
Sravvcuata avopoeds amd agyeio (6)

Apxelo testbench yia To kUkAwuo (Guvéxeta - 1)

RW_VECTORS: process
variable line_in : line;
file input_vec_file : text open read_mode is "hwloop_ref.vec";

variable errordet : boolean;
variable initial_iv : std_logic_vector (DW-1 downto 0);
variable step_iv : std_logic_vector (DW-1 downto 0);
variable final_iv : std_logic_vector (DW-1 downto 0);
variable current_index_iv : std_logic_vector (DW-1 downto 0);
variable next_index_ov : std_logic_vector (DW-1 downto 0);
variable loop_end_ov : std_logic;
variable initial_str : string(l to 5) := "init
variable step_str : string(l to 5) := "step=";
variable final_str : string(l to 5) := "finl=";
variable current_index_ str string(l to 8) := "curr=";
variable next_index_str : string(l to 8) "next=
variable loop_end_str : string(l to 9) := "loop_end=";
variable scolon_str : character =77

begin

while not (endfile(input_vec_file)) loop

readline (input_vec_file, line_in);
read(line_in,initial_str);
read(line_in,initial_iv);
read(line_in,scolon_str);
read(line_in,step_str);
read(line_in,step_iv);
read(line_in,scolon_str);
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[Mopddeyua 3: Anypn Si€yepong kol GUYKELGN
Sravicuata avapods amd agyeto (7)

Apxelo testbench yia To kUkAwua (Guvéxela - 2)

ue

read(line_in, final_str);
read(line_in, final_iv);
read(line_in,scolon_str);
read(line_in, current_index_str);
read(line_in, current_index_iv);
read(line_in,scolon_str);
read(line_in,next_index_str);
read(line_in,next_index_ov);
read(line_in,scolon_str);
read(line_in,loop_end_str);
read(line_in, loop_end_ov);
read(line_in,scolon_str);

initial <= initial_iv; step <= step_iv; final <= final_iv;
current_index <= current_index_iv;
wait for CLK_PERIOD/2;

if (next_index /= next_index_ov) then
assert errordet REPORT "next_index: vector mismatch";
end if;
if (loop_end /= loop_end_ov) then
assert errordet REPORT "loop_end: vector mismatch";
end if;
wait for CLK_PERIOD/2;
end loop;
wait;
end process RW_VECTORS;
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[Topddeyua 3: Anypn Si€yepong kol GUYKQELON UE
Sravvcuata avopods amd agyeio (8)

m To agyelo ue ta Stavicuata avaeoeds (hwloop_ref.vec)

~
init=00000000;step=00000000; finl1=00000000; curr=00000000;next=00000000; loop_end=0
init=00000000;step=00000001; fin1=00001010; curr=00000000;next=00000001; loop_end=0
init=00000000;step=00000001; fin1=00001010; curr=00000001;next=00000010; loop_end=0
init=00000000;step=00000001; finl=00001010; curr=00000010;next=00000011; loop_end=0
init=00000000;step=00000001; finl=00001010; curr=00000011;next=00000100; loop_end=0
init=00000000;step=00000001; finl=00001010; curr=00000100;next=00000101; loop_end=0
init=00000000;step=00000001; finl=00001010; curr=00000101;next=00000110; loop_end=0
init=00000000;step=00000001; fin1=00001010; curr=00000110;next=00000111; loop_end=0
init=00000000;step=00000001; fin1=00001010; curr=00000111;next=00001000; loop_end=0
init=00000000; step=00000001; fin1=00001010; curr=00001000;next=00001001; loop_end=0
init=00000000; step=00000001; fin1=00001010; curr=00001001;next=00001010; loop_end=0
init=00000000; step=00000001; fin1=00001010; curr=00001010;next=00000000; loop_end=1
init=00000000; step=00000000; fin1=00000000; curr=00000000; next=00000000; loop_end=0
init=00000001;step=00000010; finl1=00000101; curr=00000001;next=00000011; loop_end=0
init=00000001;step=00000010; fin1=00000101; curr=00000011;next=00000101; loop_end=0
init=00000001;step=00000010; fin1=00000101; curr=00000101;next=00000001; loop_end=1
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