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Abstract: Based on FPGA a comparison between two distributed arithmetic algorithms (DA) of high-order FIR filters in
function and architecture (LUT-based DA and Proposed DA) has been made. Proposed DA needs less memory and
system resource than LUT-based DA due to a memory reduction technique. Recursive iteration of the memory reduction
technique significantly increases the maximal number of filter order implementable on an FPGA platform by not only
saving electronic devices, but also balancing hardware usage between logic element (LE) and memory. FPGA
implementation results confirm that the proposed DA can implement a 1024-tap FIR filter with significantly smaller area
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usage than LUT-based DA.
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Fig.1 LUT-based DA architecture (4-tap)
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library ieee;
use ieee.std logic 1164.all;
use ieee.std_logic_arith.all;
use ieee.std logic unsigned.all;
entity lut is
port
(
clk : in std_logic;
lut in : in std_logic_vector(3 downto 0);
lut_out : out std_logic_vector(7 downto 0)

);
end lut;
architecture behavior of lut is
constant w0 :

std_logic_vector(7 downto 0) :=X"40";
constant wl :

std_logic_vector(7 downto 0) :=X"08";
constant w2 :

std_logic_vector(7 downto 0) :=X"20";
constant w3 :

std_logic_vector(7 downto 0) :=X"10";
signal lut outl :

std_logic_vector(7 downto 0);
begin
process(clk)
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begin
if clk' event and clk ='0' then
case lut inis --E4kE
when "0000" =>
lut_outl <= "00000000";
when "0001" =>
lut_outl <=w0;
when "0010" =>
lut_outl <=wl;
when "0011" =>
Iut_outl <=w0+wl;
when "0100" =>
lut_outl <=w2;
when "0101" =>
Iut_outl <= w0+w2;
when "0110" =>
lut_outl <=wl+w2;
when "0111" =>
lut_outl <= wO+wl+w2;
when "1000" =>
lut_outl <=w3;
when "1001" =>
lut_outl <= w0+w3;
when "1010" =>
Iut_outl <=wl+w3;
when "1011" =>
Iut_outl <= wO0+w1+w3;
when "1100" =>
lut_outl <= w2+w3;
when "1101" =>
Iut outl <= wO+w2+w3;
when "1110" =>
lut_outl <= wl+w2+w3;
when "1111" =>
lut_outl <= wO+w1l+w2+w3;
when others =>
lut_outl <= "00000000";
end case;
end if;
lut_out <= lut_outl;
end process;
end behavior;
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Fig.2 Proposed DA architecture of a 4-tap FIR filter
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library ieee;
use ieee.std logic 1164.all;
use ieee.std_logic arith.all;
use ieee.std logic unsigned.all;
entity add is
port

(
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clk : .in st.d_logic; .
d-out ot idTogie vectorT downto 0y 4 PEREXTEL
fnd add; WAL o 25 AF 6 £ FPGA 256 45 10X

architecture behavior of add is
constant w0 :
std_logic_vector(7 downto 0) :=X"40";
constant wl :
std_logic_vector(7 downto 0) :=X"08";
constant w2 :
std_logic_vector(7 downto 0) :=X"20";
constant w3 :
std_logic_vector(7 downto 0) :=X"10";
signal ad_out1 :
std_logic_vector(7 downto 0);
signal ad_out2 :
std_logic_vector(7 downto 0);
signal ad_out3 :
std_logic_vector(7 downto 0);
signal ad_out0 :
std_logic_vector(7 downto 0);
signal add0 1 :
std_logic_vector(7 downto 0);
signal add2 3:
std_logic_vector(7 downto 0);
begin
process(clk)
begin
if(clk' event and clk = '0")then
if(add_in(3) ="'1"ythen --2 HIAJFK
ad_out3 <=w3;
else
ad_out3 <= "00000000";
end if;
if(add_in(2) ='1")then
ad_out2 <=w2;
else
ad_out2 <="00000000";
end if;
if(add_in(1) ='1")then
ad_outl <=wl;
else
ad_outl <="00000000";
end if;
if(add_in(0) ='1")then
ad_out0 <= w0;
else
ad_out0 <= "00000000";
end if;
end if;
end process;
add0 1 <=ad out0 +ad outl; --Jnikss
add2 3 <=ad out2 +ad out3;
add out <=add0 1+ add2 3;
end behavior;
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Table 1 Electronic device amount estimates for the two architectures
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