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H evtoAn ASSERT (1)

m H evtoAn ASSERT yoncuottoteltal yio tnv €IeTQopn
URVULATOV GTO TEQUATIKG KATA Thv TIpocgouoimon
B Me tnv ASSERT eAéyyetan wio guvbnkn: .y, av éva
SIGNAL éyel Adfel guykekouévn aiuntikin Tiun kdsolo
OTYUR KOTd Tn StdpKelo TnG TTEOGOUOlwoNg
m H ASSERT agtotedeiton aird telo tunpuoto
Tunuo cuvOrikng (condition)
H Tunuo avogoeds wnviuatog Tov Teoadlopitetal ad tn
Aéen kAewd! REPORT
Tunuo goPagdtntag Gto omoio yivetow SnAwcn tng
eTMIBEOONG TTOV €YEL N UNn IKAVOITOiNGNn TG GUVONKNG GTn
GUVEXELOL TNG TTROGOUOLMONGS. ZNUEL®VETOL Ue Tn AEEn kAeldi
SEVERITY
® H evtoMi ASSERT 8ev elvon GuvBéciun kot n xprion tng
TeELoEIgeTaL aITOKAELGTIKA Ge testbenches
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Ykiaypdenon tng Stdlegng

B Aopég eAéyyov/eTtaiifevuong AettouQylag TmV KUKAOUATOV
m H evtoAn ASSERT
B Kvkdopo eAéyxov/emtainfevong (testbench)
= ITapaywyh Stavuoudtomv avomods
B EmoAnBsuon KUKAGUOTOS ®S TTEOS SLavUGUATO avapoQds
m Apxelo otn VHDL
m Mnyovicuol €1668ou/e€660v kow to TTarkéTo STD. STANDARD

row STD.TEXTIO
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H evtoAn ASSERT (2)

m YUvrtagn tng evioMig ASSERT

ASSERT <condition>

[ REPORT "<message>"]

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

m Ta emimeda cofagdtntac eivar: onueiwon (NOTE),

Tmpocdomoinon (WARNING), opdAuo (ERROR), i amotuyia

(FAILURE)

m To uAvuya emioTEépeton dTav n WA Tng cuvinkng eival
FALSE

m [Topdderypa evtoirig 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 oe wa evtoAn ASSERT Apyela atn VHDL

O tdmog APXEIOY (FILE) mrpoc@épet éva foAMKSG TQOTTO Yo

O TapordTo Tivakag Guvowitel To POA0 TV eTtiTtedwv i X )
N ¢ wig ¢ nv emmkowvaovio wag mepyeaeng VHDL ue to wepifdArov

cofagdtntag . , , P
TOV UNYOVALATOG-EEVIGTA (O UTTOAOYLGTAS GTOV 0TTolo yiveTow
Emtiaredo copagétntas | Xenon n avAITTUEN KoL 0 AEYXOC AELTOVQEYIOS TNG TTEQLYQAPNGS)
NOTE Teviki TTANQEOQOELC, Yol TNV KATAG- m H SnAwon evéc agyelov emitpémel e kwdiko VHDL va
TAGN [1€QOVG TOU KUKAMUATOG yiver kdgrowa xenon Touv agyelou
WARNING Evnugooon yia mbavd meofifiuata m ‘Eva apyelo urtopel va avorytel yio avdyvoon i eyypagn
KATH amd oplouéveg Guvlnikeg Aet- ‘ . . ;
. . B Amd o TedTtuvTto VHDIL-93 kat €merta, ot Aettovpyieg
TOUEYLOS TOU KUKADUOTOG . ) . ,
ERROR Evnuépmon yia cuvlrikes Aertougylog avolyuatog kol KAEGipatog evog apyetov
TOU  KUKAGUOTOG TOU  UItogel vol Teayuatogtolovvton ue g Stadikacieg FILE_OPEN() ko
TEOKAAEGOUY GEAALATA FILE_CLOSEQ)
FAILURE Evny.s@wcﬁn Y/LOL GUVONKeS ASLTOUQYLOL? m Xtn BipAtodrikn STD
ue  EVOEXOUEVA  KOTAOTROPUA m To maxéto STANDARD opicel Bacikés poutiveg yia eiGodo
QITOTEAEGUOTOL . . , .
kot €€080 (I/0) avtkewévmwy twv Bactkoy Tty tng VHDL
m To makéto TEXTIO opltel o 1GvEES povtiveg yia To
XEWLOUO apyelwv Keweévou
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/7 Z / /7 Zz /7
Ogptauol yia to xerpioud axetwv atn VHDL (1) Ogptauol yia to xerpioud axetwv atn VHDL (2)
m Opwouds tou agyelov kewévou (rraxéto TEXTIO) m TUTog katdotacng evog apxelov (Twaxéto STANDARD)
(type FILE_OPEN_STATUS is ( A
type LINE is access STRING; OPEN_OK ,
STATUS_ERROR,
type TEXT is file of STRING; NAME_ERROR ,
MODE_ERROR) ;
J
® Ta eokaBogioueva agxeta kewévov INPUT kar OUTPUT m Atadikacies yia To xelpiopd agyelov kewévov (TEXTIO)
(‘JTOLKSTO TEXTIO) (procedure FILE_OPEN (file F: TEXT; External_Name; in STRING; h
Open_Kind: in FILE_OPEN_KIND := READ_MODE);
procedure FILE_OPEN (Status: out FILE_OPEN_STATUS; file F: TEXT;
file INPUT: TEXT open READ_MODE is "STD_INPUT"; External_Name: in STRING;
file OUTPUT: TEXT open WRITE_MODE is "STD_OUTPUT"; Open_Kind: in FILE_OPEN_KIND := READ_MODE);
- J procedure FILE_CLOSE (file F: TEXT);
procedure READ (file F: TEXT; VALUE: out STRING);
2 / £ / 4 procedure WRITE (file F: TEXT; VALUE: in STRING);
u TQOTCO]' O'VOLY!’.LOLTOQ SVOQ OLQX«SLOU (TCOLK’STO STANDARD) function ENDFILE (file F: TEXT) return BOOLEAN;
( i 1
D Nope e 18 ¢ m O tUmog SIDE kou o viotumog WIDTH
WRITE_MODE, ' ™\
APPEND_MODE) ; type SIDE is (RIGHT, LEFT);
S
subtype WIDTH is natural;
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Poutiveg e16660v (avdyvwong) yio apxeio Kewévou
(makéto TEXTIO)

(frocedure 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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Povutiveg €16680v katl €£68ov Ao TO Un TLITOTTONUEVO
Ttokéto IEEE.STD_LOGIC_TEXTIO (1)

m X710 7akéto STD_LOGIC_TEXTIO TteQlyd@ovial 0QLeUEVes
XONGUES GUVOQTAGELS yiaL TNV £{G080 KoL £€5080 AVTIKEWEV®V
Tov TUTTov STD_LOGIC_VECTOR

m ITeprypdpovtal emiong Kol GUVOQRTAGELS Yol Thv €(G0S0 KoL
€€000 aQbuwdv dekacgadikng pdaong (hexadecimal)

(e

To mwakéto avtd cuvnBwg elvol LETAYAWTTIGUEVO GTn
BupAobrikn IEEE ywelg duwes vo avikel G aUTRV

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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Poutiveg €€6dov (eyypapng) yia apxela keywévou
(Ttaxéto TEXTIO)

(ﬁrocedure 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 := O0;
UNIT: in TIME:= ns);
- J
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Povutiveg €16680v katl €£68ov Ao TO Un TLITOTTONUEVO
Ttokéto 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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ITeprypapés eAéyyov/eTtaAnbevong Aettovpylog Agrtovpyia evog testbench

(testbenches)
m Xe ula oyedlaon, to testbench avtigtolel Gto vYnidtepo m To testbench amotelel €va €1kOVIKO KUKA®UO TO 0ITOl0
emtimedo wepapylog eQapuotel etaédoug Tteog (Biéyepon: stimulus) kow Aappdvet
m H entity evdg testbench Sev megiiapfdver kaula dninon £§0680UG (ATTOKQELON: response) Ao TO TEAYUOTIKO KUKAwU
YUpag, urropel dumg va repriaupdvel generics
m XT0 te’:stbench, onAwvetonw to COMPONENT touv GuUVOALKOV Test Bench
KUKA®UOTOG

m ‘Eva testbench pitopel va yoncwogtondel katl yio Ta €ERG:
m ITapaywyn cnudtov Siéyepong ylo Tnv Teogouoiman
B Tnv vAoToinon TV WNXOVICUOV TOU KUKADWOTOS, AAAG oe
emizredo behavioral yia tn Snuiovgyia Stavuoudtov
avapoedg (reference vectors)

control [T response
generation

and H
stimulus J _:D and
B Tnv stadAAnAn (Lagi ue tnv e@aguoyn eieé8wv oTto

generation ;DJ—H w
egetacduevo KUKA®wUA) vAogtoinen Ttov Ge emimedo

behavioral yia tnv dueon GUYKQLON TOV AVAUEVOUEV®OV UE TIC device under test (DUT)
TQAYUOTIKES TWES €£680V KATA TNV TTEOGOUOiwaN
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Opydvwon Tng JreplyQa@ng evog testbench [Tapaywyn cnuatog goAoylov yia xenen ce testbench

m o Tov €leyyo tng Aettouylag GUYXEovmY KUKAWUAT®OV
YQELATETOL N SnULOVEYIOL LOG ELKOVIKAG YEVVATELAS QOAOYLOU
g m IleQuypdpetal ae EexwELoTn Slepyacio oTo testbench ce
ENTITY testbench IS oxéon ue tn Siéyepon Twv JAA®VY €1663mV TOU KUKAMUATOG
[i] Xe oplopuévec TeQUITTOOELS, 0 EexwELoTh Siepyacio
TrEOyUaToTTOlE{TOL KAl . yévvnan Tou GAUOTOG reset

B Tumikn opydvwon eviég agyelov testbench

END testbench;

ARCHITECTURE example IS testbench
COMPONENT entity_under_test

PORT(...) N b b of N
architecture tb_arch of counter is
END COMPONENT; component counter CLK_GEN_PROC: process(clk)
BEGIN port ( begin
Generate_waveforms_for_test; clk, reset in std_logic; if (clk = 'U’) then
Instantiate component ; q : out unsigned(3 downto 0) clk <= '1’;
- h ); else
Monitoring_statements; end component ; clk <= not clk after CLK_PERIOD/Z;
END example; “es ) end if;
g ) signal clk: std_logic; end process CLK_GEN_PROC;
constant CLK_PERIOD : time := 50 ns; end tb_arch;
begin

.
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O1 Bacikég Aettovgyles €16080v ko €€680V KeEWUEVOU

m Ot Bacikég Aettovgyleg ue Teplexdueva apxeiwv atn VHDL

TreQuoQicovtal atny apoeudelotn (unformatted) elGodo ko
€€0d0 yapaktnpwv ASCII mog kot agtd apyxela,
XONooIolwvtas T dtadikacies Tov Jrakétov TEXTIO

m To mtaxétro TEXTIO vmootnQitel Toug TTOQAKAT® TUTTOUS
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To takéto STANDARD: Ot tomtor TIME kouw SEVERITY

dedousvav
m BIT, BIT_VECTOR
m BOOLEAN
m CHARACTER kat mivakes xopoktipwv (STRING)
m INTEGER kar REAL
m TIME

TA®ocoeg IeQryoapng YAtkov

units
fs;
ps
ns
us
ms
sec
min

r
type TIME is range -2147483647 to 2147483647

1000 fs;
1000 ps;
1000 ns;
1000 us;
1000 ms;
60 sec;

hr = 60 min;
end units;

type SEVERITY_LEVEL is (NOTE, WARNING, ERROR, FAILURE);
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TAdcoeg MeQryeapng YAtkov

To
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TtokETo STANDARD: I'evikol toItol

KOl 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 ©® to INTEGER'HIGH;
subtype POSITIVE is INTEGER range 1 to INTEGER'HIGH;

TA®coeg IeQryoapng YAkov

To takéto STANDARD: Ot tostor CHARACTER ko
STRING
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( 7
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,
P L L B T D I B S S S I S
197, 1%, '2%, '3, '4’, 'S5', "6, 7, '8’, '9', 'i', 'it, ', =t st 7,
'@’, 'A’, 'B’, ’C’, 'D’, 'E', 'F', 'G’, 'H’, 'I’, '3', ’K’, 'L’, 'M’, 'N’, ’'0’,
'pr, 7Q’, CR’, 'S, 'T', 'U’, V', W', 'X’, 'Y', ’Z', [, '\ ', '1’, ', 0.7,
vesrar, b’y vcr, 'd’, ’e’, '£', 'g’, ’h’, 'i’, 'j’, ’k’, '1l’, 'm’, ’'n’, 'o’
p’, ’q’, 'r’, ’s’, 't’, ‘u', ’'v’, 'w’, 'x’, 'y’, ’'z’, '{’, '|’, '}, ’’, DEL,
);
-- Predefined operators for the CHARACTER type:
B S D I R
type STRING is array (POSITIVE range <>) of CHARACTER;
-- Predefined operators for the STRING type:
Pt
-- "&" (accepting CHARACTER, STRING in any of the four combinations)
- J
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Xoncwottowwvtag to TTakéto TEXTIO yio eicodo ko
€€000 agrd apxeia

® Avdyvoon amd apxelo
H cuvdptnon READLINE SwaBdger uio oelpd amd to apyelo
KoL Tnv amwodnkevel oe ula uetafintii tvstov LINE
H cuvdptnon READ avaktd to dedouéva aird 1o xodeo
TIEOGWEWNAG AITOONKEVGNG TTOV TEOGEEEEL N LETARANTA
ToTrov LINE
m Eyypoon ce apxelo
H WRITE ypdger SeSouéva e uio petapfinti LINE

HE H WRITELINE ypdopel ta Teocmevd astobnkevuévo dedouéva
Tov Satnpovvtan atn LINE, gTto agyelo

m Ot guvaptncels READ kot WRITE StaBétouv TTaQauéToous
SLapdeEmong yio To kelievo e16édou kot €€680u
m Evpoc mediov
B Aggld N aplotepn grolyon
B Amewovigéuevn povdda tou xeoévou (yio uetafintés TIME)
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[Mapddetyua 1: Aréyepon cnudtov elGodov amd process

@)

(iibrary 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)
);
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
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[Mapddetyua 1: Atéyepon onudtwmv el6odov amd process

@

® H wopoaxdte entity avtiotoxel oe

end datapath;
-

B Iynuatiko Sidyeouuo

KUKRAwua Stadeduov dedouévwv yia

TOV VTToAoylGUo Tng €kpeacng (a

+ b) XOR (c AND d) ko Twv
UeEAOV attotedecudtov a + b
kot ¢ 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 downto 0)

N
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[Mapddetyua 1: Atéyepon cnudtmv elGodov amd 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 <= '9’;
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;
end tb_arch;
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[Mapddetyua 2: Eyypapn agtoteAeGudtov Ge ayelo [Tapddetyua 2: Eyypapn astoteAecudtov Ge ayelo
egddov (1) €g€600v (2)

m [leprypapn tou apxelov testbench

’ ’ ’ ; :
m KiUkAwua stagapetpikol afpolgtii ge emimedo RTL library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_textio.all;
library IEEE; use std.textio.all;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all; entity add_tb is
generic (Dw: INTEGER:= 8);
entity add is end add_tb;
generic (
DW : integer := 8 architecture TB_ARCHITECTURE of add_tb is
)
port ( component add
a : in std_logic_vector (DW-1 downto 0); generic (Dw: INTEGER:= 8);
b : in std_logic_vector (DW-1 downto 0); port (
sum : out std_logic_vector(DW-1 downto ) a : in std_logic_vector (Dw-1 downto 0);
); b : in std_logic_vector (Dw-1 downto 0);
end add; sum : out std_logic_vector (Dw-1 downto 0)
H
architecture rtl of add is end component;
begin
sum <= a + b; signal a : std_logic_vector(Dw-1 downto 0);
end rtl; signal b : std_logic_vector(Dw-1 downto 0);
J
signal sum : std_logic_vector(Dw-1 downto 0);
file output_log : text open write_mode is "add.log";
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[Mapdderyua 2: Eyypapn astoteAecudtov Ge ayelo [Mapddetyua 2: Eyypapn astoteAecudtov Ge ayelo
€g€660v (3) €gddov (4)

begin output_log_proc: process
UUT : add variable out_line : line;
generic map (Dw => Dw) begin
ort maj write(out_line, NOW, left, 8); , , ,
P a => ;’,(b = b, Cout- ) m To mwopayduevo agyelo £566ov add. log
sum => sum write(out_line, string’(" a:"), right, 4);
bH hwrite(out_line, a, right, 4); ) ) .
write(out_line, string’(" b:"), right, 4); ?QH:S :: gg E: ?g 23:: gg
process hwrite(out_line, b, right, 4); 20 ns a: 10 b: 89 sum: 99
begin write(out_line, string’(" sum:"), right, 4); 30 ns a: ES b: 9 sum: 7F
a <= X"FF"; hwrite(out_line, sum, right, 4); 40 ns a: D b: o1 sum: FE
b <= X"10"; writeline (output_log, out_line); 50 ns a: FE b: 07 sum: 05
wait for 10 ns; wait for 10 ns; 60 ns a: FF b: 10 sum: oF
a <= X"10"; end process output_log_proc; 70 ns a: 10 b: 89 sum: 99
b <= X"89"; end TB_ARCHITECTURE; 89 ns a; ES b; 9 sum; 7F
:aiz §°;5m ns; 90 ns a: FD b: 01 sum: FE
waan 100 ns a: FE b: 07 sum: 05
b <= X"9A"; L
wait for 10 ns;
a <= X"FD";
b <= X"01";
wait for 10 ns;
a <= X"FE";
b <= X"97";
wait for 10 ns;
end process;

J
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[Mapddetyua 3: Anyn Si€yepong ko GUYKELON Ue
Sravvcuata avaeopds agtd apxeio (1)

B Xxedlaouds Kol EAEYX0S KUKAMUATOS TO 0TTolo vAoTTolel TOV
€Neyyo evog BpOxov GTO VAMKG

m I[Topdyel tov emtduevo delktn BEoxov (next ix) yvweitovtog
TG TTORAUETEOVS Tov Pedxov (initial, step, final) kow Tnv
TEé€xovca TN Tov deiktn. Emiong onuatodotel Tov
TeQUATIGUS Tov Pedxou (loop_end)

m To kUkAwUa witopel va yencwoTttonBel yia tov €Aeyyo
ATTAOV, Un EOMAGUEVEOY douwv PEOXOV TG LOEENG:

for (ix = initial; ix<=final; ix+=step)
{ statements; }
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[Maeddetyua 3: Anyn Siéyepong ko GUYKELON Ue
Sravvcpata avamopds agtd apxeio (3)

ITepryapn ToU KUKRAWUATOS VITOAOYIGULOY SelkTn

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

entity hwloop is

generic (
DW : integer := 8

bH

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

bH

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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[Mapddetyua 3: Anyn Si€yepong ko GUYKELON Ue
Sravvcuata avaeods agtd apxeio (2)

Tynuotiko Sidyeouua
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[Mapddetyua 3: Anyn Si€yepong kol GUYKELON Ue
Sravicpata avaeoeds aitd apxeio (4)

ITeEyapn Tou KUKRAWUATOS VTTOAOYIGUOU SelkTn (GUVEXELD)

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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[Mapddetyua 3: Anyn Si€yepong ko GUYKELON Ue
Sravvouata avamoeds aitd apxeio (5)

Agyetlo testbench yo To kUkAwua

r
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
DN
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
H
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[Maeddetyua 3: Anyn Siéyepong ko GUYKELON Ue
Sravicpata avamoeds agtd apxelo (7)

Apyxelo testbench yio to kUkAwua (Guvéxela - 2)

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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[Mapddetyua 3: Anyn Si€yepong ko GUYKELON Ue
Stavvcuata avaeopds agtd apxeio (6)

Apyxetlo testbench yia to kUkAwpo (Guvéxela - 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(1l to 5) "finl="
variable current_index_str: string(l to 8)

variable next_index_str : string(l to 8) := "next=";
variable loop_end_str : string(l to 9) := "loop_end=";
variable scolon_str : character =757

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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[Mapddetyua 3: Anyn Si€yepong kol GUYKELON Ue
Sravicpata avaeopds agtd apxeio (8)

m To apyelo ue ta Swavdouato avapopds (hwloop_ref.vec)

(ﬁnit:0®000000;step:@@&@@@@@;finl:@@@@@@@@;curr:@&@@@@@@;next:@@@&@@@@;1oop_end:@
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; fin1=00001010; curr=00000100;next=00000101; loop_end=0
init=00000000;step=00000001; fin1=00001010; curr=00000101;next=00000110; loop_end=0
init=00000000;step=00000001; finl=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; finl=00000000; curr=00000000; next=00000000; loop_end=0
init=00000001;step=00000010; fin1=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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