Last updated 1/28/21




* Manual Testbench
* Results checked by hand

e Simulation results in waveforms or output file
* Check expected results to actual results by hand
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e Automated Testbench

* Results checked automatically

e Code results into the test bench
e Enumerated

e Calculated
* Check expected results to actual results in the testbench
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e Design Verification

* Enumerated results
* Explicitly list the expected results

-- counter_nbit_ud_tbhl.vhdl
--  by: johnsontimoj

-- created: 6/28/2016

-- wversion: 0.0

-- test bench for 3 bit counter
-- using enumerated results

-- inputs: none

-- OUTpUts: count

-- sim run time = 370 ns

Tibrary ieee;
use jeee.std_logic_l1l164.all;
use ieee.numeric_std.all;
entity counter_nbit_ud_tbl is
generic(
NN: integer := 3
bE

-- no ports - th
end entity;

architecture testhench of counter_nbit_ud_thl is

constant per: time = 20 ns;
constant t_delay: time := 5 ns;
constant t_reset: time = per®2;

signal clk_th: std_logic;
signal rsth_th: std_logic;
signal dir_th: std_logic = "07; -- dir=0 is up

signal count_th: std_logic_vector((NN-1) downto 0);
signal count_chk: std_Tlogic_vector ((NN-1) downto 0);

component counter_nbit_ud is

generic(N: integer := 3);

port ( d_clk: in std_logic;
i_rsth: in std_logic;
i_dir: in std_logic; --— dir=0 is up
o_count: out std_logic_vector(N-1 downto 0)

)Y
end component;

dut: counter_nbit_ud
generic map(

> N => NN

ort map(

P P i_clk == clk_th,
i_rsth => rsth_th,
i_dir == dir_th,

count => count_th

-- Clock Process
clk: process
begin
clk_th <= '0°;
wait for PER/2;
Toop
clk_th <= not clk_th;
wait for per/2;
end loop;
end process;

-- Reset process (active Tow)
rsth: process
begin
rsth_th <= '0°;
wait for t_reset;
rsth_th <= "1°;
wait; -- only executes once
end process;

-- Direction process
dir: process
begin
wait for t_reset;
wait for per®g;
dir_th <= not dir_th;
end process;
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* Design Verification

 Enumerated results
* Explicitly list the expected results

-- generate expected results

count_chk <=  "000" after t_reset-per/Z + per*®0 + t_delay,
"001" after t_reset-per/2 + per®l + t_delay,
"010" after t_reset-per/2 + per®2 + t_delay,
"011" after t_reset-per/2 + per®3 + t_delay,
"100" after t_reset-per/2 + per®i + t_delay,
"101" after t_reset-per/2 + per®5 + t_delay,
"110" after t_reset-per/2 + per®c + t_delay,
"111" after t_reset-per/2 + per®7 + t_delay,
"000" after t_reset-per/2 + per®2 + t_delay,
"111" after t_reset-per/2 + per*9 + t_delay,
"110" after t_reset-per/2 + per*l0 + t_delay,
"101" after t_reset-per/2 + per®ll + t_delay,
"100" after t_reset-per/2 + per®l2 + t_delay,
"011" after t_reset-per/2 + per®l3 + t_delay,
"010" after t_reset-per/2 + per®ld + t_delay,
"001" after t_reset-per/2 + per®l5 + t_delay,
"000" after t_reset-per/2 + per®l6 + t_delay,
"111" after t_reset-per/2 + per®l7 + t_delay;
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rocess
egin
-- delay for reset
if (now < per®2) then
wait for per/z;
-- run to end of sim
elsif (now < 20%per) then
assert (count_th = count_chk)
report "ERROR at t= " & ti”e'image(nm;) &
", count_th = & integer image(tm_integer(Lnsigned(count_tb)))
", count_chk = " & integer’'image(to_integer (unsigned{count_chk)
severity failure;

" &
»
else
assert (false)
report "no errors found at t=" & time image(now)
severity note;
end 1if;
wait for per;
end process;

end architecture;




e Design Verification
* Enumerated results
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& Jcounter_nbit_ud_th1fck_tb .|/ [ I I Y Y
4 jcounter_nbit_ud_tb1frsth_th )
4 jcounter_nbit_ud_tb1/dir_tb
B’ Joounter_nbit_ud_thijcount_tb
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143 ns

0" foounter_nbit_ud_th1fcount_chk

IE Cursor 1

add wawe ¥

view structure
.Main_pane.3tructure.interior.cs.body.struct
view signals

.main pane.ckjects.interior.cs.body.tree

run 400 _n3

¥% Note: no errors found at t=400000 ps
# Time: 400 ns Iteration: 0 Instance: fcounter nbit ud

WSIM 2 |
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e Design Verification

 Enumerated results
* Changed expected result 4 from 3 to 7

e e |

4 Jeounter_nbit_ud_th1jdk_tb

4 Jeounter_nbit_ud_th1/rstb_th

#  Jcounter_nbit_ud_thi/dir_tb
- jeounter_nbit_ud_th1fcount_tb
B Joounter_nbit_ud_th1/count_chk

fooo 7 " Yoor T Yoo [T {011

L]

0 ps to 128951 ps

# add wawve *
$# view structure

# .main pane.structure.interior.cs.body.struct

# view signals

o
# %% Failure:

# .main pane.obiechs dll ek ik

ns

Time: 120 ns Iteration: 0

ERRCE at t= 120000 ps, count_tbh = 4, count_chk = 7

_nbit_ud_thl/lin /M50E/19 Q1 EE3921/Frojects,/Class_Examples/counter_nbit_ud_thl.vhdl

L2333 11ne  1AU &

VSIM 2=




* Design Verification @ ————

-- 3 bit counter prototype

component counter nb'|t ud 1is

e Calculated results generictn: Tnzoer = 7

'i_rstb: in std_logic;
i_dir: in std_logic; -- dir=0 is up
o_count: out std_logic_vector (N-1 downto 0)

)i
--  counter_nbit_ud_tbh2.vhd]l end component;

--  by: johnsontimoj

-- «created: 6/28/2016

-- wersion: 0.0
- dut: counter_nbit_ud
generic map(

N == NN
- )
-- test bench for 3 bit counter port map{
- ) i_clk => clk_tbh,
-- wusing calculated results i_rsth => rsth_th,
-— i_dir => dir_th,
-- inputs: none o_count => count_th
-- outputs: count L e
-- sim run time = 370 ns -- Clock Process
_— clk: process
__________________________________ begin
clk_th <= '0";
Tibrary ieee; wait for PER/Z;
use ieee.std_logic_1164.al1l; Toop .
use ieee,numeric_std.all; clk_th <= not clk_th;
wait for per/2;

entity counter_nbit_ud_tb2 is end Toop;

generic( end process;

NN: integer := 3 .

): = -- Reset process (active low)

H .

-2 no ports - tb rsth: process

begin

end entity; rsth_th == "0°;

wait for t_reset;

architecture testbench of counter_nbit_ud_tbh2 is rsth_th <= "1°

H
signal clk_tb:  std_logic; wait; -- only executes once
signal rsth_th: std 'Im_rgc, ) ) end process;
signal dir_tb: std_logic = "0"; -— dir=0 is up !
signal count_th: std_logic_vector ((NN-1) downto 0); __ Direction process
signal count_chk: std_Togic_vector ((NN-1) downto 0); dir: pr‘gcelss P
o begin
constant per: time = 20 ns; wait for t_reset;
constant t_delay: time 5 ns; wait for per¥g; ’
constant t_reset: time = per®2; dir_th <= not dir_th;

end process;
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e Design Verification
* Calculated results

rocess
egin
if (rsth_tbh = "0°) then
count_chk <= {(others => "0");
wait for per#®3/4;
else if (dir_th = "0') then
] count_chk == std_Tlogic_vector{unsigned{count_chk) + 1);
else
count_chk <= std_logic_vector(unsigned{count_chk) - 1);
end if;
end if;
wait for per;
end process;

rocess
egin
-- delay for reset
if (now < per®2.5) then
wait for per/2;
-- run to end of sim
elsif (now < 20%per) then
assert (count_th = count_chk)
report "ERROR at t= " & ti*e'image(nm;) &

, count_chk =
severity failure;
else
assert (false)
report "no errors found at t=" & time image(now)
severity note;
end 1if;
wait for per;
end process;

end architecture;

", count_th = " & integer image(to_integer (unsigned(count_th)
& integer 'image(to_integer (unsigned{count_ch

)
k))

&
)
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e Design Verification
* Calculated results

[Ty T

# Jeounter_nbit_ud_th2/dk_th
4 Jeounter_nbit_ud_th2/rsth_th
Joounter_nbit_ud_th2/dir_th

B Jjoounter_nbit_ud_thZfcount_tb | 110 000
B Jjoounter_nbit_ud_thZfcount_chk | 110

K

0 ps to 420 ns Joounter_nbit_ud_th2/dir_th

F
# add wawve *
# view structure

# view signals

# .main pane.structure.interior.cs.body.struct

# .main pane.objects.interior.cs.body.tree

eIl 410 N3

o
< # Y% Note: no errcrs found at t=400000 ps
MEe. Time: 400 na TIteration: 0 Instangesertounter nbit ud tha

WVSIM 2

Mow: 400 ns Delta: 2

sim: foounter_nbit_ud_th2

CE 1911

10

© tj



