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average.vhd (1/3)

library ieee;
use ieee.std_logic_1164.all, ieee.numeric_std.all;
--use ieee. fized_pkg.all;

entity average is

generic (WIDTH: natural:=4); -- width of a,b,c,avg
port ( clk : in std_logic;
a,b,c : in signed (WIDTH-1 downto 0);
avg : out signed (WIDTH-1 downto 0));
end ;

architecture combinational of average is
signal ab,abc : signed(a’length-1 downto 0);
begin
ab<=a+b;
abc<=ab+c;
avg<=abc/3;
end ;



average.vhd (2/3)

architecture pipeline of average is
-- outputs of combinational circuits
signal ab,abc,pre_avg : signed(a’length-1 downto 0);
--outputs of registers
signal saved_c,saved_ab,saved_abc
signed(a’length-1 downto 0);

begin
combinational_circuit_1: ab<=a+b;

regl:process (clk)
begin
if rising_edge(clk) then
saved_ab<=ab;
saved_c<=c;
end if;
end process;



average.vhd (3/3)

combinational_circuit_2: abc<=saved_ab+saved_c;

reg2:process (clk)
begin
if rising_edge(clk) then
saved_abc <=abc;
end if;
end process;

combinational_circuit_3: pre_avg<=saved_abc/3;

reg3:process (clk)
begin
if rising_edge(clk) then
avg<=pre_avg;
end if;
end process;

end ;



average_tb.vhd (1/3)

library ieee;
use ieee.std_logic_1164.all, ieee.numeric_std.all;

entity average_tb is
generic (t_WIDTH: natural:=4);
end ;

architecture behav of average_tb is
signal t_a , t_b , t_c, t_avg : signed(t_WIDTH-1 downto 0);
signal t_clk : std_logic;
begin
dut: entity work.average(combinational)
generic map (WIDTH=>t_WIDTH)
port map (a=>t_a, b=>t_b, c=>t_c, clk=>t_clk, avg=>t_avg);



average_tb.vhd (2/3)

--valid for all architectures (gtkwave)
abc_process: process
procedure apply_test
(p_t_a, p_t_b, p_t_c : in integer) is
begin
t_a<=to_signed(p_t_a,t_a’length);
t_b<=to_signed(p_t_b,t_b’length);
t_c<=to_signed(p_t_c,t_c’length);
wait for 1 ms;
end procedure;
begin
apply_test(1,1,1);
apply_test (6,0,0);
apply_test(-1,0,0);
apply_test (5,4,3);
apply_test(5,3,-5);
apply_test (7,7,-7);
wait;
end process;



average_tb.vhd (3/3)

--used tn combinational architecture
assert_combinational_process: process
--function returns boolean to use inside assert command;
--impure functions can use global wvariables
--watt not allowed inside a function
impure function f_boolean
(p_t_a,p_t_b,p_t_c,p_t_avg: integer)
return boolean is
begin
return t_a=to_signed(p_t_a,t_a’length)
and t_b=to_signed(p_t_b,t_b’length)
and t_c=to_signed(p_t_c,t_c’length)
and t_avg=to_signed(p_t_avg,t_avg’length);
end function;
begin
wait on t_a, t_b, t_c;
wait for 100 us;
assert
f_boolean(1,1,1,1) or f_boolean(6,0,0,2) or
f_boolean(-1,0,0,0) or f_boolean(5,4,3,4) or
f_boolean(5,3,-5,1) or f_boolean(7,7,-7,2)
report "bad,combinational,computation" severity warning;
end process;



average_pipeline_tb.vhd (1/3)

library ieee;
use ieee.std_logic_1164.all, ieee.numeric_std.all;

entity average_pipeline_tb is
generic (t_WIDTH: natural:=5);
end;

architecture behav of average_pipeline_tb is
signal t_a , t_b , t_c, t_avg : signed(t_WIDTH-1 downto 0);
signal t_clk : std_logic;
begin
dut: entity work.average(pipeline)
generic map (WIDTH=>t_WIDTH)
port map (a=>t_a, b=>t_b, c=>t_c, clk=>t_clk, avg=>t_avg);

--NOT used tn combinational architecture
clk_process: process
begin
t_clk <= ’0°’;
wait for 300 us;
for i in 1 to 20 1loop
t_clk <= not t_clk; wait for 500 us;
end loop;
wait;
end process;



average_pipeline_tb.vhd (2/3)

--valid for all architectures (gtkwave)
abc_process: process
procedure apply_test
(p_t_a, p_t_b, p_t_c : in integer) is
begin
t_a<=to_signed(p_t_a,t_a’length);
t_b<=to_signed(p_t_b,t_b’length);
t_c<=to_signed(p_t_c,t_c’length);
wait for 1 ms;
end procedure;
begin
apply_test(1,1,1);
apply_test (6,0,0);
apply_test(-1,0,0);
apply_test (5,4,3);
apply_test(5,3,-5);
apply_test (7,7,-7);
wait;
end process;



average_pipeline_tb.vhd (3/3)

--used in pipeline architecture
assert_pipeline_process: process
procedure p_assert
(p_t_avg: in integer) is
begin
wait until rising_edge(t_clk);--3rd clk of nth data
wait for 100 us;
assert t_avg=to_signed(p_t_avg,t_avg’length)
report "badypipeline computation" severity warning;
end procedure;
begin
wait until rising_edge(t_clk); --1st clk of 1st data
wait until rising_edge(t_clk);--2nd clk of 1st data
p_assert(1); --3rd rising_edge clk of 1st data
p_assert(2); --3rd rising_edge clk of 2nd data
p_assert (0); --3rd rising_edge clk of 3rd data
p_assert(4); --3rd rising_edge clk of 4th data
p_assert(1); --3rd rising_edge clk of 5th data
p_assert (2); --3rd rising_edge clk of 6th data
p_assert(2); -- repeating 6th data
p_assert(3); -- repeating 6th data; error on purpose
wait;
end process;

end architecture;



ghdl : average_tb.vhd, width=4

bonet@bomber: /mnt/TERA/SVN/sd/sd_curs_2020/average

File Edit Vie

bonet@bomber:/ / f d/ urs_202
tb.vhd;ghdl -e average_tb;ghdl -r average_:
average_tb.vhd: 50 (assertion warning
bonet@bomber: / ] A curs \

GTKWave Analyzer v3.3.86 (w)1999-2017 BSI

[0] start time.
56000000000000] end time.




gtkwave : average_tb.vhd, width=4

E Search Time Markers

AEE &

¥ SsT

To: 6 ms = Marker: - | Cursor: 19 us

& .5 average_tb

Type Signals
reg a[3:0]
reg ab[3:0]

reg abc[3:0]
reg avg[3:0]

reg b[3:0]

reg ¢[3:0]

reg clk
Filter:

Append | | Insert | | Replace



ghdl : average_tb.vhd, width=>5

bonet@bomber: /mnt/TERA/SVN/sd/sd_curs_2020/average

File Edit Vie

bonet@bomber : /mnt/ / urs fave s ghdl -a average.vhd average_
tb.vhd;ghdl -e a\/erage tb;ghdl -r av:rag verage_tb.vecd

bonet@bomber : /mnt/ ! /sd/ 0 gtkwave average_tb.vcd

GTKWave Analyzer v3.3.86 (w)1999-2017 BSI

] start time.
000000000000] end time.




gtkwave : average tb.vhd, width=>5

E Search Time Markers

AEE &

¥ SsT

To: 6 ms = Marker: - | Cursor: 0sec

& .5 average_tb

t avg[4:0]
Type Signals
reg a[4:0]
reg ab[4:0]

reg abc[4:0]
reg avg[4:0]

reg b[4:0]

reg c[4:0]

reg clk
Filter:

Append | | Insert | | Replace



ghdl

average_tb_pipeline.vhd, width=>5

bonet@bomber: /mnt/TERA/SVN/sd/sd_curs_2020/average

File Edit Vie Terminal HPlp
bonet\ahomber. / f / { [ S ghdl -a average.vhd average_
th vhd;ghdl -e average_| plp:lln: th ghdl -r average_pipeline_tb --vcd=av

: bad pipeline computati

rage$ gtkwave average_pipeline_tb.

GTKWave Analyzer v3.3.86 (w)1999-2017 BSI

[@] start time.
i10300000000000] end time.




gtkwave : average_tb_pipeline.vhd, width=>5

GTKWave - average_pipeline

E¢

search Time Markers v Help

AER 8- &l € » Fromfosec To:[10300 us
¥ ssT Signals

& average_pipeline_tb

Type Signals =
ey a[#y]
reg ab[4:0]

reg abc[4:0]
reg avg[4:0]

reg b[4:0]
reg c[40]
reg clk

reg pre_avg[4:0]
reg saved_ab[4:0]
reg saved_abc[4:0]
reg saved_c[4:0]

Filter:

Append | | Insert | | Replace



