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library ieee;

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

entity multiplier
generic (WIDTH:
port ( clk,reset
input_rdy

is

natural :=5);
in std_logic;
in std_logic;

a_r,a_i,b_r,b_i: in signed(WIDTH-1 downto 0);

p-r,p_i
end;

out signed (2*WIDTH-1 downto 0));

architecture arch of multiplier is

-- datapath

signal a_operand, b_operand : signed(WIDTH-1 downto 0);

signal pp, ppil,

pp2, sum : signed(2*xWIDTH-1 downto 0);

-- control seection
signal a_sel,b_sel,
ppl_ce, pp2_ce,

sub, p_r_ce,

p_i_ce : std_logic;

-- control section (finite state machine)
type multiplier_state is (stepl, step2, step3, step4, stepb);
signal current_state, next_state : multiplier_state;
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begin
-- datapath
a_operand <= a_r when a_sel=’0’ else a_i;
b_operand <= b_r when b_sel=’0’ else b_i;

pp <= a_operand*b_operand;

ppl_reg : process(clk) is
begin
if rising_edge(clk) then
if ppl_ce=’1’ then
ppl <= pp;
end if;
end if;
end process;

pp2_reg : process(clk) is
begin
if rising_edge (clk) then
if pp2_ce=’1’ then
PP2 <= Pp;
end if;
end if;
end process;
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sum <= ppl + pp2 when sub=’0’else ppl-pp2;

p_r_reg : process(clk) is
begin
if rising_edge(clk) then
if p_r_ce=’1’ then
p_r <= sum;
end if;
end if;
end process;

p_i_reg : process(clk) is
begin
if rising_edge(clk) then
if p_i_ce=’1’ then
p_i <= sum;
end if;
end if;
end process;
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-- control section (implemented with a finite state machine)

state_reg process (clk,reset) is

begin
if reset=’1’ then
current_state <= stepl;
elsif rising_edge(clk) then
current_state <= next_state;

end if;
end process;
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next_state_logic
begin

process (current_state,

input_rdy)

case current_state is

when stepl =>

if input_rdy = ’0’ then
next_state <= stepl;
else
next_state <= step2;
end if;
when step2 =>
next_state <= step3;
when step3 =>
next_state <= step4;
when step4 =>
next_state <= stepb;
when stepb =>
next_state <= stepl;

end case;
end process;

is
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output_logic : process (current_state) is
begin
a_sel <= ’0’;b_sel <= ’07;
ppl_ce <= ’0’;pp2_ce <= ’0’;
sub <= ’0’; p_r_ce <= ’0’;p_i_ce <= ’07;
case current_state is
when stepl =>
ppl_ce <= ’17;
when step2 =>
a_sel <= ’1’; b_sel <= ’1°;
pPp2_ce <= ’17;
when step3 =>
sub <= ’1’; p_r_ce <= ’17;
b_sel <= ’17;
ppl_ce <= ’17;
when step4 =>
a_sel <= ’17;
pPp2_ce <= ’17;
when stepb =>
p_i_ce <= ’1’;
end case;
end process;

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

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

architecture behav of multiplier_tb is
signal t_a_r, t_a_i, t_b_r, t_b_i : signed(t_WIDTH-1 downto 0);
signal t_p_r, t_p_i : signed(2*xt_WIDTH-1 downto 0);
signal t_clk, t_reset, t_input_rdy : std_logic;
begin
dut: entity work.multiplier (arch)
generic map (WIDTH=>t_WIDTH)
port map (clk=>t_clk, reset=>t_reset, input_rdy=>t_input_rdy,
a_r=>t_a_r, a_i=>t_a_i, b_r=>t_b_r, b_i=>t_b_i,
p_r=>t_p_r, p_i=>t_p_i);
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-- clock of the system
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;

-- reset signal
reset_process: process
begin
t_reset<=’1’;
wait until rising_edge(t_clk);
wait for 100 us;
t_reset<=’0";
wait;
end process;
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-- dnput_rdy signal
input_rdy_process: process
begin
t_input_rdy<=’0’;
for i in 1 to 3 loop
wait until rising_edge(t_clk);
end loop;
wait for 100 us;
t_input_rdy<=’1’;
wait until rising_edge (t_clk);
wait for 100 us;
t_input_rdy<=’0’;
wait;
end process;



multiplier_tb.vhd (4/5)

-- (a_r, a_%) and (b_r, b_%i) signals
ab_process: process
procedure apply_test
(p_t_a_r, p_t_a_i,p_t_b_r, p_t_b_i : in integer) is
begin
t_a_r<=to_signed(p_t_a
t_a_i<=to_signed(p_t_a
t_b_r<=to_signed(p_t_b
t_b_i<=to_signed(p_t_b_i,
end procedure;
begin
for i in 1 to 3 loop
wait until rising_edge(t_clk);
end loop;
wait for 100 us;
apply_test(2,1,1,3);
wait;
end process;

_a_r’length);
_a_i’length);
_b_r’length);
_b_i’length);
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-- wverification
assert_process: process
procedure p_assert
(p_t_p_r, p_t_p_i: in integer) is
begin
assert t_p_r=to_signed(p_t_p_r,t_p_r’length)
report "badyp_ry computation" severity warning;
assert t_p_i=to_signed(p_t_p_i,t_p_i’length)
report "badyp_igcomputation" severity warning;
end procedure;
begin
for i in 1 to 8 loop
wait until rising_edge(t_clk);
end loop;
wait for 100 us;
p_assert(-1,7); --5th rising_edge clk after input_rdy
wait;
end process;

end architecture;



Makefile

#Top-Level Entity

TLE = multiplier_tb

STOP_TIME = 200ms

GHDL_SIM_OPT = #--stop-time=$(STOP_TIME)
FORMAT = wave

EXTENSION = ghw

GHDL_SIM_RES = --$(FORMAT)=$(TLE).$(EXTENSION)
WAVEFORM_VIEWER = gtkwave

.PHONY: clean
all: compile elaborate run view
compile:
ghdl -a *.vhd
elaborate:
ghdl -e $(TLE)

run:

ghdl -r $(TLE) $(GHDL_SIM_OPT) $(GHDL_SIM_RES)
view:

$ (WAVEFORM_VIEWER) $(TLE).$(EXTENSION)
clean:

rm *.$(EXTENSION) work-o0bj93.cf x~
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