Module 6
Test Benches




Test Bench Information

A test bench is a model used to exercise and verify that your
VHDL model is working as you expect

Most of the debugging will occur as you are testing your VHDL
design against the test bench

It is most ideal to have a separate party develop the test
bench



Test Benches

Test Benches consist of:
Entity
Contains no ports or generics

Architecture

Declares, instantiates, and wires together the driver model and the model
under test

The driver model provides stimulus and verifies the response of the model
under test



Test Bench Outline

1 T—— Example Test bench outline 25 -—- (To Do) create signals used in your test bench

2 —— Libraries 26

g library IEEE; 27 begin

4 use IEEE.STD LOGIC 1164.ALL; 28 -— Sometimes this 1s called UUT (Unit Under Test)

. use IEEE.numeric std.all: 259 H dev _to test: [name_of_entity_tested] port map (

7 —— libraries that are only supported 31 -— Define inputs and outputs here

: —-— test benches (these libraries will not 2

g __ synthesise) 33 © expected proc : process(inputs)
1C use std.textio.all; 34 begin
11 use ieee.std logic textio.all; 35 H -— Place code here that gives you the results you want
12 N N -— For example for every input you will specify what the
17 Tentity [test bench entity] is 37T -— output should be
14 end - 36 = end process expected proc;
16 ﬁarchitecture test of [test bench entity] is ‘f = Stlmulu? - Process
17 H-- Instantiate component of the VHDL entity vyour o begin ) _ _ _
- | __ testing 42 [H -— Place your code that goes through and applies

) 43 —-— a stimulus to the dev to test also known as
2 ﬁccmpcnent [name of entity tested] . 4 ___””i (Unit Under Test)
- - - i 4= - en rocess stimulus;

21 H-- Instantiate component of the design i P

) de end test;
22 r—— your testing here
23 ~end component;




Test Bench Block Diagram

Apply — _ Verify

Stimulus to be Responses
tested >




Example — Universal Shift Register

—-— Test USR

library IEEE;

use IEEE.STD LOGIC 1164.ALL;
use IEEE.numeric std.all;

use std.textioc.all;
use ieee.std logic textio.all;

use work.sim mem init.all;

entity test USR is
end;

Harchitecture test of test USR is

Eccmponent USSR
generic (

data width : integer = B);

Eport (
L : out std logic vector(data width - downto () ;
I : in std logic vector(data width - downto 0);
5 : in std logic;
reset : in std logic;
clk : in std logic);

end component;



Example — Universal Shift Register

constant data width : integer :=

signal data in : std logic vector(data width - downto ) ;
signal data out : std logic vector(data width - downto ) ;
signal expected : std logic vector{data width - downte 0} ;
z2ignal sel : std logic vector(l deownto 0);

zignal clk : std logic := "1

signal reset : std logic := '1"

constant in fname : string := Y

constant out fname : string := G5V

file input file : text;

file ocutput file : text;

begin

dev_to test: USR
generic map(data width)
peort map(data out, data in, sel, reset, clk);

E stimulus: process
variable input line : line;
variable WriteBuf : line;
variable in char : character;
variable in slv : std logic vector(7 downto 0);
variable out slwv : Std_;ogi:_ve:to:{ downto ) ;

variable ErrCnt : integer :=



Example — Universal Shift Register

begin
file open(input file, in fname, read mode);
file open(output file, out fname, read mode);
E while not(endfile(input file)) loop
readline (input file, input line);

E for i in to loop

read(input line, in char);
in slv := std logic vector(te_unsigned(character'pes(in char), £));

—— 1 15 the column number of input file

E if(i = 2) then

data in(7 downte 4) <= ASCII to hex(in slv);
E elsif(i = 4) then

data in(3 downto 0) <= ASCII to hex(in slv);
E elsif(i = ¢) then

sel <= in slv(l downte 0);

end if;
end loop;

readline (output file, input line);

clk <= "0';
wait for ns;




Example — Universal Shift Register

E for i in to loop
read(input line, in char);
out slv := std logic vector(te_ unsigned(character'pos(in char), £));

—— 1 15 the column number of the output file

c if(i = 3) then
expected(’/ downto 4) <= ASCII to hex(out slwv);
E elsif(i = 4) then
expected(3 downto 0) <= ASCII to hex(out slwv);
end if;
end leoop;
clk <= '"1"';
wait for ns;
E if (expected /= data out) then
write (WriteBuf, string' ( ))
write (WriteBuf, string' ( )

write (WriteBuf, expected);
write (WriteBuf, string' ( V)
write (WriteBuf, data out);

writeline (Output, WriteBuf) ;
ErrCnt := ErrCnt +
end if;

- end loop;



Example — Universal Shift Register

file close(input file)
file close(output file);
if (ErrCnt = U) then
report
else
report severity warning;
end if;
end process stimulus;
end test;




Testing Purposes Only

Test benches are used for testing purposes only
A test bench cannot be synthesized and placed onto an FPGA

or CPLD
A test bench can reference from or pull in values from outside

files such as text files




Developing Test Benches

Test benches can be coded completely from scratch

Xilinx ISE tool set will get you a Test Bench skeleton to work
from

You can code the test benches using Notepad++, Quartus,
ModelSIM, or Xilinx ISE

Look at the test benches located in the reference section for
some examples of different styles of test benches



Summary

Test benches are used to test aVHDL design

Tools such as Altera’s ModelSIM and Xilinx's ISE allow you to
run your test bench

Test benches cannot be placed onto a FPGA or CPLD

Test benches can be written using several different tool sets




