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-- This is an inconplete adder. For n-bit input, regular adders have
-- 2”n possible inputs of addends, here only 27(n-1) possibilities.

-- The n-bit inconplete adder in inplemented with (n-1)-bit adder and
--- nultiplexer.

library ieee;

use ieee.std _logic_1164. all

use ieee.std logic_arith.all
use ieee.std | ogic_unsigned.all
library work;

use wor k. CDMA pkg. al |

entity adderinc is

generic (
width : positive);

port (
addenl : in std_logic_vector(wi dth-1 dowto 0);
adden2 : in std_logic_vector(wi dth-1 dowmto 0);
sum . out std_logic_vector(wi dth dowto 0));

end adderi nc;

architecture behavioural of adderinc is
signal |owersum: std _|ogic_vector(width -1 dowto 0);
signal zeros : std_logic_vector(wi dth-1 dowto 0);
signal sel : std_logic_vector(l dowmto 0);

begin -- behavioura

zeros <= (others =>'0");
sel <= addenl(w dth-1) & adden2(w dth-1);

sel ects: process
begin -- process
case sel is
when "00" => sum <= '0" & | owersum;
when "01" => sum <= "01" & addenl(w dth-2 downto 0);
when " 10" => sum <= "01" & adden2(wi dth-2 downto 0);
when "11" => sum<='"1" & zeros;
when ot hers => nul |
end case;
end process;

| ower sum <= addenl(w dth-2 downto 0) + adden2(w dth-2 downto 0);
end behavi our al
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-- Synchroni zer. vhd

-- the binary pattern correlator with four stages of pipelines;

library ieee;

use ieee.std logic_1164. all

use ieee.std logic_arith.all
use ieee.std_| ogic_unsigned.all
library work;

use wor k. CDMA_pkg. al |

entity synchronizer is

generic (
code_width : positive := 32);

-- sanple at 4 times the transnitted bps

port (
reset, clock : in std_logic;
devi ce_en : in std_logic;
Rx . in std_logic;
frame_bit . out std_logic;
bit_ready . out std _logic);

end synchroni zer;

architecture m xed of synchronizer is
constant adden2 : std_l|logic_vector(code_w dth-1 dowmto 0) := x"0fffO00f0";

signal bit_in, flag : std_|l ogic;

si gnal ones,zeros : std _logic

signal addenl :std_|ogic_vector(code wi dth-1 downto 0);
signal bit_ready_internal : std_logic;

signal distance : std_logic_vector(5 downto 0);

signal tempO : std_logic;

signal d_delayed : std_logic_vector(2 downto 0);

signal weight _vec : std_logic_vector(code_w dth-1 downto 0);

begin -- m xed

ones <= '1';
zeros <= '0';

-- s2preg is an N-bit serial _to_parallel shift register
seri al 2paral lel: s2preg generic map (

W DTH => code_wi dt h)
port map (
cl ock => cl ock
reset => reset,
enabl e => device_en, -- shift in enable
bitin => RX

frameout => adaenl);

-- correlating two sequences
nodul 02: process
begin -- process



wei ght _vec <= addenl xnor adden2;
end process;

-- four stages of pipelines;
-- pipelineneter is the sunm ng network that contains the pipelined
-- inconepl ete adders;

measure : pipelinedneter port map (

reset => reset,
cl ock => cl ock
wei ght _vector => wei ght_vec,
di st ance => di stance);

-- decision unit that decides whether frane has been synchroni zed;

deci si on: process

begin -- process

if reset = '1" then
flag <= '0';

el sif distance = X"20" then
flag <= '"1';

el se
flag <= '0';

end if;

bit _ready_internal <= flag;
end process;

-- the handshaki ng signal indicating the frame has been synchroni zed is
-- synchroni zed with the system cl ock
| at chout : dff_en port map (

clock => clock,

reset => reset,

enabl e => ones,

d => bit_ready_internal

q => bit_ready);

-- because four pipeline stages are used, the output frame bit is the
-- fourth bit of the serial _to_parallel register

frame_bit <= addenil(3);

end behavi our al

-- pipelined signal distance finder. four pipeline registers are
-- inserted after every inconplete adder bank

library ieee;

use ieee.std logic_1164. all

use ieee.std logic_arith.all
use ieee.std_| ogic_unsigned.all
library work;

use wor k. CDMA_pkg. al |

entity pipelinedneter is



generic (

width : positive : =
port (

reset in

cl ock in

wei ght _vector : in

di st ance . out

end pi pelinedneter;

architecture m xed of pi

32);
std_| ogi c;
std_| ogi c;

std_logic_vector(width -1 downto 0);
std_l ogi c_vector(5 downto 0));

pel i nednmeter is

si gnal ones,zeros : std_logic;
signal x : std_logic_vector(113 downto 0);
signal y : std_logic_vector(87 downto 0);

begin -- m xed
ones <='1';
zeros<='0";

-- the bits are xor 'ed in pairs;

first _stage: for i in O towidth/2 -1 generate
constant index0O : positive := 2*i;
constant indexl : positive := 2*i+1
begi n

first_stage: half_

a => x(index0),
b => x(indexl),
¢ => y(indexl),
s => y(index0));

adder port map (

end generate first_stage;

reg : latchreg generic map (
wi dth => 32)
port map (
cl ock => cl ock
reset => reset,
enabl e => ones,

parallel _in

paral | el _out

-- every two bits are

=> y(31 downto 0),
=> x(63 downto 32));

operated |ike they are sumed;

sums: for i in 1 to 4 generate
begin
conl: if i = 1 generate
constant stage_x_start : positive := 32;
constant stage y start : positive := 32;
constant adder_size : positive := 2;
constant adder_queue : positive := 8;
begin
adderqueuel: for j in O to adder_queue-1 generate
constant blocks : positive := adder_size+l

begin

adderi : adderinc generic map (



wi dt h => adder _si ze)
port map (
addenl => x(stage_x_start+(2*j+1)*adder_size-1 downto stage_x_start+
2*j *adder _si ze),
adden2 => x(stage_x_start+2*(j +1)*adder_si ze-1 downto stage x_start +
(2*j +1) *adder _si ze),
sum => y(stage_y_start+(j+1)*bl ocks-1 downto
stage_y_start+j *bl ocks));
end generate adderqueuel

reg : latchreg generic map (
wi dth => 24)
port map (
cl ock => cl ock,
reset => reset,
enabl e => ones,

parallel _in => y(55 downto 32),
paral l el _out => x(87 downto 64));
end generate conl;

con2: if i=2 generate

constant stage_x_start : positive := 64,
constant stage_y _start : positive := 56;
constant adder_size : positive := 3;
constant adder_queue : positive := 4;
begin
adder queue2: for j in O to adder_queue-1 generate
constant blocks : positive := adder_size+l
begi n
adderi : adderinc generic map (
wi dt h => adder _si ze)
port map (

addenl => x(stage_x_start+(2*j+1)*adder_si ze-1 downto stage x_start+
2*j *adder _si ze),

adden2 => x(stage_x_start+2*(j +1)*adder_si ze-1 downto stage_x_start +
(2*j +1) *adder _si ze),

sum => y(stage_y_start+(j+1)*bl ocks-1 downto
stage_y_start+j *bl ocks));

end generate adderqueue?2;
-- insert pipeline regsiter;

reg : latchreg generic map (
wi dt h => 16)
port map (
cl ock => cl ock,
reset => reset,
enabl e => ones,

parallel _in =>y(71 downto 56),
parall el _out => x(103 downto 88));

end generate con2;

con3: if i=3 generate

constant stage_x_start : positive := 88;
constant stage_y start : positive := 72;
constant adder_size : positive := 4;
constant adder_queue : positive := 2;
begin

adderqueue3d: for j in O to adder_queue-1 generate



constant bl ocks : positive := adder_size+l

begin

adderi : adderinc generic map (
wi dt h => adder _si ze)

port map (

addenl => x(stage_x_start+(2*j+1)*adder_si ze-1 downto stage x_start+
2*j *adder _si ze),
adden2 => x(stage_x_start+2*(j +1)*adder_si ze-1 downto stage_x_start +
(2*j +1) *adder _si ze),
sum => y(stage_y_start+(j+1)*bl ocks-1 downto
stage_y_start+j *bl ocks));
end generate adderqueue3;

--insert pipeline register

reg : latchreg generic map (
wi dt h => 10)
port map (
cl ock => cl ock,
reset => reset,
enabl e => ones,

parallel _in => y(81 downto 72),
paral l el _out => x(113 downto 104));
end generate con3;

cond: if i=4 generate

constant stage_x_start : positive := 104;
constant stage_y start : positive := 82;
constant adder_size : positive := b5;
constant adder_queue : positive :=1
begi n
adderqueue4: for j in O to adder_queue-1 generate
constant blocks : positive := adder_size+l
begin
adderi : adderinc generic map (
wi dt h => adder _si ze)
port map (

addenl => x(stage_x_start+(2*j+1)*adder_size-1 downto stage_x_start+
2*j *adder _si ze),

adden2 => x(stage_x_start+2*(j+1)*adder_si ze-1 downto stage_x_start +
(2*j +1) *adder _si ze),

sum => y(stage_y_start+(j+1)*bl ocks-1 downto
stage_y_start+j *bl ocks));

end generate adderqueue4;
end generate con4;

end generate sunms;

x(31 downto 0) <= weight_vector;
di stance <= y(87 downto 82);

end m xed;



