























-- declare a file type in the architecture declarative regi on

type IntegerFileType is file of iInteger;
process is
file data_in: IntegerFil eType; -- declare the file handle

variable fstatus: file open_status; -- declare file
-- status variable of file open_status type

-- other decl arati ons
begi n

file open(fstatus, datain, “nyfile.txt”, read_node);

body of process; reading and witing files and
-- perform ng conputations
end process;
-- termnation inplicitly causes a call to FILE CLOSE




-- declare a file type in the architecture declarative regi on

type IntegerFileType is file of iInteger;

process is
-- inplicitly open a file in file declaration
file data_in: IntegerFil eType open read node is
“my file.txt”;

-- ot her declarations

begi n
-- body of process; reading and witing files and
-- perform ng conputations

end process;

-- termnation inplicitly causes a call to FILE CLOSE




» The standard VHDL subprograms

— procedure READ(file file_handle: FILE_TYPE, value:
out type);

— procedure WRITE(file file handle: FILE TYPE;
val ue: in type);
— function ENDFI LE(file file_handle: FILE TYPE)
ret urn Bool ean;
+ The read/write functions can be used after the file is
opened.

+ The language supports reading and writing from files of
the predefined types of the language.

For other types, you need to write your own I/0
procedures built on these basic procedures.
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entity 1093 is
end entity i093;
architecture beh of 1093 is
begi n
process is
type IntegerFileType is file of integer;
file data _out: IntegerFil eType;
vari abl e fstatus: FILE OPEN STATUS;
vari abl e count: integer:= 0;
begi n
file open(fstatus, data out, “nyfile.txt”

for i in1to 8 |oop
wite(data out, count);
count := count + 2;

end | oop;

wai t ;
end process;
end architecture beh:

write node);




» A standard package supported by all VHDL
simulators.

+ It provides a standard set of file types, data
types, and I/0 functions.

» TEXTIO is in the library STD;

* The library STD does not have to be explicitly
declared.

* However, the packages must be declared in
order to use the package content
— use STD.textio.all;
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* LI NE serve as a buffer area for reading and
writing
—read() and wite() procedures access and
operate on this buffer

- They are overloaded and defined for bi t
bit _vector,and string.

—readline() andwiteline() procedures move
the contents of this buffer to and from files.
» Access types are similar to pointers in Pascal
and C languages.

+ There are two special file handles called
| nput and out put that are defined in the
package TEXTIO.

16






use STD.textio.all:

entity formatted io is
end entity;

architecture beh of formatted io is
begi n
process is
file outfile: text;
variable f_status: FILE OPEN STATUS;
vari abl e count: integer := 5;
vari abl e value: bit_vector(3 dowmnto 0) := x"6";
vari abl e buf: LINE, -- buffer between the programand file
begi n
file open(fstatus, outfile, “nyfile.txt”, wite_node);

end process;
end architecture beh:




process is
begi n
file open(f_status, outfile, “nyfile.txt”, wite_node);
L1: wite(buf, string ("This is an exanple of formatted 10"));
L2: witeline(outfile, buf);
L3: wite(buf, string ("The first paranmeter is="));
L4: write(buf, count);
L5: write(buf, ' ');
L6: wite(buf, string ("The second paraneter is="));
L7: wite(buf, value);
L8: writeline(outfile, buf);
L9: wite(buf, string (“... and so on"));
L10: writeline(outfile, buf);
L11: file _close(outfile);
wai t ;
end process;
end architecture beh;




A common error when calling
-~-WRITE (L, "hello"); or
—WRI TE (L, "010111");

- will cause the following error
— ERROR: Subprogram "WRI TE" 1 s anbi guous.

* In the TextIO package, the WRI TE procedure
is overloaded for the types STRI NGand
BI T VECTOR

— procedure WRI TE(L: 1 nout LINE, VALUE: In
BI T VECTOR, JUSTIFIED: in SIDE:= Rl GHT;
FIELD: in WDTH : = 0);

— procedure WRI TE(L: 1 nout LINE, VALUE: In
STRING JUSTIFIED: in SIDE = Rl GHT;
FIELD: in WDTH : = 0);
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use STD.textio.all:

entity formatted io 02 is
end entity;

architecture beh of formatted io 02 is
begi n
process is
fileinfile, outfile: text; -- two files
variable f_status: FILE OPEN STATUS;

variable buf _in, buf out: LINE, -- buffers between the
-- programand file

vari abl e count: i nteger;

begi n
file_open(f_status, infile, "STD INPUT", read_node);
file open(f_status, outfile, "STD QUTPUT", wite_ node);

end process;
end architecture beh:




process is

begi n

L1: wite(buf _out, string ("This is an exanpl e of
formatted 10"));

L2: witeline(outfile, buf out);
L3: wite(buf _out, string ("Enter the paraneter"));
L4: witeline(outfile, buf_out);
L5: readline(infile, buf _in);
L6: read(buf _in, count);
L7: wite(buf _out, string ("The paraneter is="));
L8: write(buf out, count);
L9: witeline(outfile, buf_out);
L10: file close(outfile);
wai t ;

end process;

end architecture beh;
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use STD.textio.all;
entity formatted io 02 is
end entity;

architecture beh of formatted io 02 is
begi n
process is
vari abl e count: i nteger;

variable buf _in, buf out: LINE, -- buffers between the
-- programand file

begi n

end process;
end architecture beh:




vari abl e count: i nteger;
vari abl e buf _out, buf _in: LINE
begi n
L1: wite(buf _out, string ("This is an exanpl e of
formatted 10"));

L2: witeline(output, buf out);
L3: wite(buf out, string ("Enter the paraneter"));
L4: witeline(output, buf out);

L5: readline(input, buf_in);
L6: read(buf _in, count);
L7: wite(buf _out, string ("The paraneter is="));
L8: write(buf_out, count);
L9: witeline(output, buf_ out);
wai t ;
end process;
end architecture beh;




i brary | EEE;
use | EEE. std | ogic_1164. al | ;

use STD.textio.all:

package classio is
procedure read vid(file f: text; v: out std |ogic vector);
procedure wite vld(file f: text; v: in std |ogic _vector);
end package cl assi o;

package body classio is

end package body cl assi o;




package body classio is
procedure read vid(file f: text; v: out std |ogic vector) is

variable buf: line; variable c: character;
begi n
readline(f, buf); -- conplete line is read into buffer buf

for i in v'range |oop
read(buf, c);
case c is
when ‘X => v(i)
when ‘U => v(i)
when “Z° => v(i)
when ‘0 => v(i)
when ‘1" => v(i)
when ‘-’ => v(i)
when ‘W => v(i)
when ‘H => v(i)
when ‘L' => v(i) :
when ot hers => v(i
end case;
end | oop;

end procedure read vid;

)




package body classio is

procedure wite vld(file f: text; v: in std |logic_vector) is
variable buf: line; variable c: character;
begi n
for i in v’ range |oop
case v(i) 1Is
when ‘X => wite(buf, *X);
when ‘U => wite(buf, *U);
when ‘Z => wite(buf, *Z);
when ‘0" => wite(buf, character’
when ‘1" => wite(buf, character’
when ‘-’ => wite(buf, *-");
when ‘W => wite(buf, *W);
when ‘H => wite(buf, ‘H);
when ‘L’ => wite(buf, ‘L");
when others => wite(buf, character’ (‘0));
end case;
end | oop;
witeline(f, buf);
end procedure wite vld,

end package body cl assi o;
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i brary | EEE;
use | EEE. std | ogic 1164. all;
use STD.textio.all;

use WORK. cl assio.all; -- the package classio has been conpiled in
-- the working directory
entity checking is
end entity;
architecture beh of checking is
begi n
process is
file infile: TEXT open read node is “infile.txt”;
file outfile: TEXT open wite node is “outfile.txt”;
vari abl e check: std |ogic vector(15 downto 0) := x”0008";
begi n
while not (endfile(infile)) |oop
read_vid(infile, check);
write vld(outfile, check);

end | oop;
file close(outfile);
wai t ;
end process;
end architecture beh;
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| i brary | EEE;
use | EEE. std |l ogic 1164. all;
use STD.textio.all;

entity filenane is
end entity;

architecture beh of filename is
begi n
process is
file thefile: text;
vari abl e buf _out, buf _in: LINE
vari able fnane: string(l to 10);
variable f_status: FILE OPEN STATUS;
begin ...




begi n
write(buf _out, string ("Enter file nane:"));
writeline(output, buf out);
readl i ne(i nput, buf _in);
read(buf _in, fnane);
file open(f_status, thefile, fnanme, read node);

readl i ne(thefile, buf _in);
writeline(output, buf _in);
wai t ;
end process;
end architecture beh;
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Model

Tester under test

tester.vhd model.vhd

testbench.vhd




| i brary | EEE;
use | EEE. std logic 1164. all;
entity asynch dff is
port (r, s, d, clock: in std_| ogic;
g, qbar: out std |ogic);
end entity asynch_dff;

architecture beh of asynch dff is
begi n
out put: process (r, s, clock) is
begi n
if (r =°0") then
g <= '0 after 5ns; gbar <= ‘1’ after 5 ns;
elsif(s = °0") then
g <= ‘1 after 5ns; gbar <= ‘0" after 5 ns;
el sif(rising_edge(clock)) then
g <= d after 5ns; gbar <= not d after 5 ns;
end if;
end process out put;

end architecture beh:







i brary | EEE;

use | EEE. std | ogic 1164. all;
use STD.textio.all;

use WORK. cl assi o. al | ;

entity asynch _dff tester is
port(r, s, d, clock: out std _|ogic;
g, gbar: in std logic);
end entity asynch dff tester;

architecture beh of asynch dff tester is
begi n
cl ock_process: process is
begi n
clock <= "1', '0' after 10 ns;
wait for 20 ns;
end process cl ock process;




architecture beh of asynch dff tester is

| O_process: process is
file infile: TEXT open read node is “infile.txt”;
file outfile: TEXT open wite node is “outfile.txt”;
vari abl e buf: |ine;
variable nsg: string(1l to 20):="This vector failed!”;
vari abl e check: std logic vector(4 downto 0);

begi n

end process i 0_process;
end architecture beh;




begi n
while not (endfile(infile)) |oop
read vl1d(infile, check);
r <= check(4);
s <= check(3);
d <= check(2);
wait for 20 ns;

1 f(q /= check(1l) or qgbar /= check(0)) then

wite(buf, nsg);
witeline(outfile, buf);
wite vid(outfile, check);
end if;

end | oop;

file close(outfile);

wait ;

end process i 0_process;
end architecture beh;




use WORK. cl assi o. al | ;
entity asynch _dff testbench is end entity;
architecture beh of asynch _dff testbench is

conponent asynch_dff is

port (r, s, d, clock: in std logic; q, gbar: out std |ogic);
end conponent asynch_dff;
conponent asynch _dff tester is

port(r, s, d, clock: out std logic; q, gbar: in std _|ogic);
end conponent asynch _dff tester;

for T1l: asynch _dff tester use entity WORK asynch dff tester;
for ML: asynch _dff use entity WORK. asynch_dff (beh);
signal tb _set, tb reset, tb d, tb q, tb_gbar, tb _clk: std | ogic;

begi n
T1l: asynch dff tester port map (r=>tb reset, s=>tb_set,
d=>tb_d, clock=>tb _clk, g=>tb_q, qgbar=>tb_qgbar);

ML: asynch_dff port map(r=>tb _reset, s=>tb _set, d=>tb_d,
cl ock=>tb _clk, g=>tb_qg, qgbar=>tb _qbar);

end architecture beh;
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begin
wait for 5 ns;

while not (endfile(infile)) | oop
read vid(infile, check);
r <= check(4);
s <= check(3);
d <= check(2);
wait for 20 ns;

i f(gq /= check(1l) or gbar /= check(0)) then
write(buf, nsq);
witeline(outfile, buf);
wite vid(outfile, check);
end if;
end | oop;
file close(outfile);
wai t ;
end process i 0_process;
end architecture beh
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| O_process: process is
file infile: TEXT open read node is "infile.txt";
vari abl e check: std logic vector(4 downto 0);
begi n
wait for 5 ns;
while not (endfile(infile)) |oop
read vl1d(infile, check);
r <= check(4);
s <= check(3);
d <= check(2);
wait for 20 ns;

assert Q = check(1l) and Cbar = check(0)
report "Test Vector failed!*®
severity ERROR;

end | oop;
wai t ;
end process i 0_process;
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| i brary Lib1;
| ibrary Lib2;
use Libl. package nane. al | ;
use Li b2. package nane. al | ;

entity test _bench nane is end entity;
architecture arch_nanme of test bench nanme is

conmponent tester_nane is
port (input signals: in type; output signals: out type);
end conponent tester_nane;
conponent nodel nane is
port (input signals: in type; output signals: out type);
end conponent nodel nane;
signal internal signals : type:=initialization;
begi n
T1l: tester _nanme port map(port=>signall, ...);
ML: nodel nane port map(port=>signall, ...);
end arch_nane;




|ibrary ieee;
use i eee.std | ogi c_package. al | ;

entity counter is
generic (n: integer);
port(clock, reset: in std_|ogic;
count: inout signed(n-1 downto 0));
end entity;




library ieee;
use ieee.std logic 1164. all;
use ieee.std logic arith.all;

entity counter is
generic (n: integer);
port(clock, reset: in std_|ogic;
count: i1nout signed(n-1 downto 0));
end entity;

architecture beh of counter is
begi n
counter: process(clock, reset)
begi n
if reset ='1" then
count <= (others => "0");
el sif(rising_edge(clock)) then
count <= count + 1;
end if;
end process;
end beh;




library ieee;
use ieee.std logic 1164. all;
use ieee.std logic_arith.all;

entity counter _tester is
end entity;

architecture beh of counter tester is

conmponent counter
generic(n:integer: =6);
port(clock, reset: in std_| ogic;
count: inout signed(n-1 downto 0));
end conponent ;

signal clock, reset: std | ogic;
signal count: signed(2 downto 0);
type test vector is record

cl ock: std | ogic;

reset: std | ogic;

count: signed(2 downto 0);
end record;




type test _vector _array is array(natural range <>) of test vector;

constant test_vectors: test _vector_array := (

-- reset the counter

(clock =>"'0", reset =>"1', count => "000"),
(clock =>"1', reset =>"'1', count => "000"),
(clock => '0", reset =>"'0', count => "000"),
-- clock the counter several tines

(clock =>"'"1', reset => "'0', count "001"),
(cl ock 0", reset 0", count "001"),
(cl ock 1", reset 0", count "010"),
(cl ock 0", reset 0", count *010"),
(cl ock 1", reset 0", count "011"),
(cl ock 0", reset 0", count "011"),
(cl ock "1, reset 0", count *100"),
(cl ock 0", reset 0", count *100"),
(cl ock "1, reset 0", count "101"),
(cl ock 0", reset 0", count "101"),




(clock =>"1",

(cl ock
(cl ock
(cl ock
(cl ock
(cl ock
(cl ock
(cl ock
(cl ock

-- reset the

(cl ock
(cl ock
(cl ock

-- clock the

(cl ock
(cl ock
(cl ock
(cl ock

= '0",
= '1'
' 0
L
' 0
1
' 0"
= '1

=> 1 Ol
:> 1 1I
=> 1 Ol

= "1
= '(Q
= "1
= 'Q

reset
reset
reset
reset
reset
reset
reset
reset
reset

counter

reset
reset
reset

counter

reset
reset
reset
reset

= '0'",
= '0",
' 0"
e}
' 0"
o}
e}
' 0"
e}

1
1
0,

sever al

= '0",
0,
0,
0,

count
count
count
count
count
count
count
count
count

count
count
count
times
count
count
count
count

=> "110"),

"110"),
"111"),
"111"),
"000"),
"000"),
"001"),
"001"),
"010"),

"000"),
"000"),
"000"),

"001"),
"001"),
"010"),
"010")




begi n
-- Instanti ate counter under test

counter generic map(3)
port map(cl ock=>cl ock, reset=>reset,

-- apply test vectors and check results
verify: process is

vari abl e vector: test _vector;

vari abl e errors: Bool ean: =f al se;
begi n

for i in test vectors'range | oop
-- get vector i
vector := test vectors(i);

-- schedul e vector i
cl ock <= vector. cl ock:
reset <= vector.reset;

-- wait for circuit to settle
wait for 20 ns;

count =>count) ;




-- check out put vectors
I f count /= vector.count then
assert false
report "counter mnul functioning";
errors : = true;
end if;
end | oop;

-- assert reports on false

assert not errors
report "Test vectors failed."
severity note;

assert errors
report "Test vectors passed.”
severity note;

wai t ;

end process;
end beh;
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