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» Frequency
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2.3.2 M A Al ganad 2035 MeATnen (Digital Encryption Specch)
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Enciphered, ( Analog
Paraliel Data Strean ., ' Signal

voice l — J' l —
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2 adder FW3Fan0s L sznoUAUNNAUNABURBRYNINAY T3 Tmaes 1AT clock
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ﬂﬁﬁﬂﬂﬁgﬁnnn AISIDUNAIRIANTZLL
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5 25 31
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7
8
9
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2.4 Finite Field Fourier Transform
2.4.1 Finite Fields
o d' = L oo
mMIvANIa MSREYeIsIHaNaTniluuTug Ta2Modulo-2) Iaedoh 2 Wiy 0
v & uy e [V IS — o Uy
datiuez 181 + =0 uaz 1 =-1 daydnual 0 A 1 Wiauadomsuaniagail saufusuiiy
o o . 1 [4 ] o
Had (Filed) 392 Gon31 1u15Wan (Binary Filed) iauihy GFQ) iiluaddevvesiliadvns
1o <o = e =y 2 = Y o
GF2™) ludumeiiduilaa§instiesuiludiNadvo slansmugsdon nenviniS i m
{ 4 1 2 o
“ouag <17 Ndlupsaniiludalszaeuniisliimsvnsilan sxilumisuaad e
o ar o 1 1 [l H ] o w
doyanual il e ~whozd mulsznovnlituguln GER)awrsouanslagitaves
a uwnazaIulsenodInfinite Set “F” L’i‘lugﬁuuuTﬂﬂ;‘%‘mﬁuﬁnﬁquﬂﬁxﬂﬂu {01/ } ua

L l:ll ot &
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Fe= {Oa ]: a: 24 2: 5] a j: } = {0; a 03 24 13 o 2; LAY aj; } (1)

s

11/89 Finite Set vosdmsznouves GE2™) 91n F e ludsafmuauu F ash

a

UAIMUA
m ! L 4 o a d1 o3 s
uu 2" dautlsznousazimiludeu lunmsdamsavesiandnilsznoumsgautugauania
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+1=0 (2)
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a® P=1=q" 3)

1 Ind ludlsatisny yaqdaudsgneviimdumiunionndi 2" -1 awnsoanagl

auszneuduimasnan 2” -1 suauns

(2m +n}= o (2m 1) o n+1 - il (4)

v
A9y 9INAUNI(4) 4890 1931 uufIAD Finite F* 910 Infinite Sequence ATNAUMS

F*={0.1, a_)a b a /T 7 % -

Q 1 2 2m” 2 0 1 2
Fi={01 & o . /., [ s> 08 L.

(5)

4 =1 i { m:
ABUIL IS RING UL UENTG §9UYsEnoDVDY finite field GE(2™) iamm

GRE )= 100 @ Qe tog 0l ey ©
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ENTITY component_nhame IS
Input and output ports
Physical: and other parameters
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PACKAGE: BODY package_name IS
declarative part
END package .name;
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TYPE byte IS5 ARRAY {7 DOWNTO ) OF EIT:

PROCEDURE byte to_integer (ib: IN byte: oi : QUT INTESER) IS
VARTABLE result: INTESER =0
BESIN
FOR i INO.TQ 7 LOOP
IF ib(i) = '1' THEN

result = pesult + 2%

END IF;
END LOOP:
oi = result:

END byte_to_integer

s 221 M5 14 Ins dmes

FUNCTION f{a, b ¢:BIT) RETURN'BIT I
YARTABLE xiBIT.) ;
BEGIHN \ X . :
k= ((NOT a) ANDINOT b) AND )
RETURN) x:

END.;
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PREDEFIND OPERATORS

LOGICAL OPERATORS i NOT AND OR NAND NORXOR
QPERAND T¥PE - BIT BOOLEAN
RESULT TYPE ¢ BIT BOOLEAN

RELATIONAL OPERATORS : = /= « e=3x
OPERAND TYPE: awyhype
RESULT TYPE: Boolen

ARITHMETIC OPERATORS swtoms®ofet® AQD REM, ABS
OPERAND TYPE : INTEGER REAL Physieal.
RESULT TYPE : \ INTESERREAL Prysical

CONCANTENATION/OPERATOR : &
| _OPERAND TYPE ;| ARRAY of dyhpe
RESULT TYPE i anrayef diy typs = |
RESULT TYPE i array of aipbype =
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Unn 3
NINATIUTNNII Finite Field Fourier Transform 14 Matlab

E4 ]
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4
NAOUYIAUATS Finite Fourier Transform vz a0 I daygnandesraiion Tian
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3.2 @5 Finite Field Fourier Transform 71%11Msnaaey

3.2.1 gumsnlFlunsnageuisasdnsia
N-i _
Ve =D va™n fork=0,1,2,3,...N-1
i=0

3.2.1 AUMSN 1S UM NATOVNITNOATH A

N-1
Vs kaa“”"-" fori=0,1,2,3,%N=1

1
k=0

¥ [l
Taolunisnageusis9smalsden 1 dsunsudon Bluduse Jaa s apsunls

e o v g
nageunWeuten 1iluaaiiqiiae

3.3 Code Tilsunsaflaaneieg
3.3.1 Tlsunsudausnidousnm
clcar;
[y f5] =wavread(soundl.wav');
figure(1)
plot(y);

3.3.2 Tilsunsueau quantization
c=real(y);
sig=c;
mi=min(sig);
mx=max(sig);
partition = [mi:.14:mx];
codebook = [mi-.14:.14:mx];
[index,quants] = quantiz(sig,partition,codebook);
figure(2);

pldt(quants,'.');
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3.3.3 Tsunsudaumsenszauunu y
quants1= (quants +1)*7 ;
quants2=round(quants1);
figure(3);
plot(quants2,'.";

3.3.4 T1l5UnsuaIuNITHAe block

an
3.3.5 Tsuns uagia input i
"l“

ﬁi’.. I

T I

) -‘k.lqﬂ' -

vy,

elseif (vk(j,m)==4)
vk1(m)=2;
elseif (vk(j,m)==5)
vk1{m) = 8;
elseif (vk(j,m)=—=6)
vk1l(m) = 5;
elseif (vk(j,m)==7)
enansiiiuenansfianulidmsunslinudionsinwiniy leuanalihluliussTominunisé

ldnsdllag Msdu dnvviudlvdaudanioniasiesddiiuivetenarsynasaninisinldly
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vk1(m) = 10;
elseif (vk(j,m)==8)
vk1(m) = 3;

elseif (vk(j,m)==0)

vk1(m) = 14;
elseif (vk(j,m)==10)

3.3.6 lsunsudnudnsmd
al=[01234567891011121314];
vl=0;
e=0;
for z=1:1:1732
for k=1:1:15
enansiiiuenansfianulidmsunslinudionisinuini lieugnalihluliussTomiunisé
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for m=1:1:15
vn=¢ * al
vk2(z,m) = mod((vh(z,m) + vn(m)),15);
if (vk2(z,m) == 0)
vk3(m)=1;
elseif (vk2(z,m)==1)

elseif (vk2(z,m)==10)
vk3(m)=7;

elseif (vk2(z,m)==11)

vk3(m) = 14;

elseif (vk2(z,m)==12)

vk3(m) = 15;

elseif (vk2(z,m)==13)
nansiiiuenansfianulidmsunslinudionisinwini lieugnalihluliussTomisunisé
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vk3{m) = 13;

elseif (vk2(z,m)==14)
vk3(m)=19;

else

vk3(m) = 1000;

end

vl =bitxor(vl,

3.3.7 Tusus )i =
" p

(a3

ARATRA

wavplay(vo2);

wavwrite(vo2,fs,'work1.wav')

339 Tilsunsuaaumsui block feyafidrsiiaudy
d=1;
for e= 1:15:25980
vk(d,:) = vo2(e:e+14);
d=d+1;
enansiiduenansfianulidmsunslinudionisinuiniy lleugnalihluliussTominunisé
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end

3.3.10 Tsunsudaunassdeyaiidhsaudaiuaviigs ae
forj=1:1:1732
vo(j,:);
form=1:1:15
if (vo(j,m) ==1)

vol(m)=14;

elseif (vo(j,m)==10)

vol(m)=19;

elseif (vo(j,m)==11)

vol(m)=7;

elseif (vo(j,m)==12)

vol{m) = 6;
enansiiiuenansfianulidmsunslinudionisinwiniy lieugnalihluliussTomisunisé
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elseif (vo(j .m)==13)
vol(m)=13;

elseif (vo(j,m)==14)
vol(m)=11;

elseif (vo(j,m)== 15)
vol(m)=12;

0!
St
}.||'.||

W\ U

'\

vn=e *a2
vk2(z,m) = mod((vh1(z,m) + vn(m)),15);
end
if (vk2(z,m) == 0)
vk3(m)=1;
elseif (vk2(z,m)==1)
vk3(m) = 2;
enansiiiuenansfianulidmsunslinudionisinuiniy ieugnalihluliussTaniinisé
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elseif (vk2(z,m)==2)
vk3(m) = 4;
elseif (vk2(z,m)==3)
vk3(m) = 8;
elseif (vk2(z,m)==4)

vk3(m) = 3;

if (vk2(z,m
‘Ev (z &

“R@gryn e

vk3(m) = 13;

elseif (vk2(z,m)==14)
vk3(m) =9;
else
vk3(m) = 0;
end
vl = bitxor(vl, vk3(m));
enansiiiuenansfianulidmsunslinudionisinwiniy lieugalihluliussTominunisé
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end
vo3(zk) = vi;
vl=vI*0
e=e-1;
end
end

J3
»
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4.1 Finite Field Fourier Transform

4.1.1 aunsilglumsidsfa
"3%‘miﬁziWz“lﬁfs“luﬂﬁﬂﬂ%ﬁ'mgmwmﬁuwmﬁxsﬁ"m%'wmifu 15192 15@uAT Finite

Field Fourier Transform u11%"1um3°ﬁw11?’;?’1:9@1m%uwﬁm%’mﬁmufuﬁmmﬁmﬁau T4/

1) ¥ ¥
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¥
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N=l
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i
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= (@0 e W@ v ) H B ) @) e v,

l_._; ;J [
| a* Register ——— ® —| Reg B,V I———a——

517 4.1 block diagrat 43015 Finite Field Fourier Transform
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4.1.2 aumshlFlumsoonsia
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4.4 Code 1993TIUANY

4.4.1 Code 2995180 8 bit 131U 4 bit

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
use IEEE.STD LOGIC ARITH.ALL;

use IEEE.STD_LOGIC UNSIGNED.ALL;

entity reg 2 is

signal state : state_type

begin

process(clk)
begin

if (clk'event and clk ='1") then

- 259 8bit (31 4bit
al <= a(3) & a(2) & a(1) & a(0);
a0 <= a(7) & a(6) & a(5) & a(4);

‘&j 3 4‘ 2 9 o k%4 ‘ﬂl =2 1 gj 1 ¥ o k% L ;3
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- !fc!;’t]u 4bit low
a2 <=a0;
a4 <=a2;
a6 <=a4;
a8 <=a6;
al0 <= a8;

al2<=al0;

al4<=al2;

- 01 4bit high
a3 <=a

when s1 =>
state <=s2;
trF<='1";
when s2 =>
state <= s3;
trF<="1";
when s3 =>
state <= s4;
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trF<="1";
when s4 =>

state <=s5;

trF<='1";
when s5 =>

state <= s6;

trF<="1";

when s6 =>

state <=s

AAN
0) 4_“"“_'_5“'4
AITAAL

ANAAAAA S

v10<=a8;

v11<=a9,
v12<=al0;
vl3<=all;
vld<=al2;
v15<=al3;
end case;
‘Qj 3 4‘ 2 9 o k%4 ‘ﬂl =2 1 gj 1 V.o k% L E 4
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end if;
end process;
tr <= not((not trf) and clk);
q0 <=v0;
ql <=vl;
q2 <=v2;

q3 <=v3;

q4 <=v4;

i A
ai ARANA

library IEEE;
use IEEE.STD_LOGIC 1164.ALL;
use IEEE.STD LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity vitovl5 new is
Port ( a0,al,a2,a3,a4,a5,26,a7,a8,a9,a10,a11,a12,a13,a14,a15 : in std_logic vector(3
downto 0);
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q :out std logic vector(3 downto 0);
tr :in std_logic;
ctr: in std logic vector( 3 downto 0));

end vlitovl5_new;

architecture Behavioral of v1tovl5 new is

signal v0,v1,v2,v3,v4,v5,v6,v7,v8,v9,v10,v11 : std_logic_vector(3 downto 0);

begin
process(tr,ctr)
begin
if (tr<="0"

AN
vll<=all;
v12<=al2;
v13<=al3;
vl4<=al4,
vls<=al$5;

end if;
case cir is

‘Qj 3 4‘ 2 9 o k%4 ‘ﬂl =2 1 gj 1 ¥ o k% L E 4
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when "0000" => q <= v0;
when "0001" => q <= vl;
when "0010" => q <=v2;
when "0011" => q <= v3;
when "0100" => q <= v4;
when "0101" => q <=v5;
when "0110" => q <= v6;

when "0111" =>q<=v

when "1000" => g v8;
when "1001"

when "1010

end case;
end process ;

end Behavioral;

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity rom_3 is

Port (  address : in std_logic vector(3 downto 0);

data : out std_logic_vector(3 downto 0) );
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end entity rom_3;

architecture behavioral of rom_3 is
type mem is array ( 0 to 2**4 - 2) of std_logic_vector(3 downto 0);
constant my rom : mem := (

0= "1111",

—

= I|0001 " i

=>"0100",
=>"0010",

N = = T . T~ VS R S
|

begin
process (address)

begin
case address is
when "0001" => data <= my_rom(0);
when "0010" => data <= my_rom(1);
when "0011" => data <= my rom(2);
when "0100" => data <= my_rom(3);
when "0101" => data <= my_rom(4);
when "0110" => data <= my_rom(5);
nansiithionansfianilidmsunslinudionisinwini lleugnalihluliussTomidunisé
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when "0111" => data <= my rom(6);
when "1000" => data <= my_rom(7);
when "1001" => data <= my_rom(8);
when "1010" => data <= my_rom(9);
when "1011" => data <= my_rom(10);
when "1100" => data <= my_rom(11);

when "1101"

LY

. (]
B AAAAAN
SARARATA

data : out std_logic_ve

end entity rom_2;

architecture behavioral of rom_2 is
type mem is array ( 0 to 2**4 - 1) of std_logic_vector(3 downto 0);
constant my Rom : mem := (
0 =>"0001",
1 =>"0010",
‘&/ 3 4‘ 2 9 o k%4 ‘ﬂl =2 1 gj 1 ¥ o k% L E 4
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2 =>"0100",
3 =>"1000",
4 =>"0011",
5 =>"0110",
6 =>"1100",
7 ="1011",
8 =>"0101",

9 =>"1010",
10 =>"0111",
11 =>"1110:

begin

when "0100"
when "0101" => data <= my_rom(5);

when "0110" => data <= my_rom(6);

when "0111" => data <= my_rom(7);

when "1000" => data <= my_rom(8);

when "1001" => data <= my_rom(9);

when "1010" => data <= my_rom(10);

when ">101 1" => data <= my_rom(11);
onansiiduenansfianulidmsunslinudionisinuiniy lieugnaliiluliussTominunisé
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when "1100" => data <= my rom(12);
when "1101" => data <= my_rom(13);
when "1110" => data <= my_rom(14);
when "1111" => data <= my_rom(15);
when others => data <= "0000";

end case;

end process;

end architecture behavioral;

4.4.5 Code 79935 OR Gat

library IEEE;
use IEEE.STL
use IEEE.STD
use IEEE.STD, LOGI

entity or_gate is

Port (

architecture Behavioral of or

begin
outq <= inl orin2;

end Behavioral;

4.4.6 Code 3935 Half adde_r

library IEEE;

use [EEE.STD_LOGIC_1164.ALL;
wnastduenasianulidmiunislidnudionisinemity bisygielinhl s ledamunisen
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use IEEE.STD LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC _UNSIGNED.ALL;
entity half adder is
Port ( a:in std logic;
b:in std_logic;

sum : out std_logic;

carry : out std_logic);
end half adder;

architecture Behavioral
begin

process(a,b)
variable x,y : st

begin

end process;

end Behavioral;

4.4.7 Code 1993 Full adder 1 bi

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use [EEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD LOGIC_UNSIGNED.ALL;
entity full adder is

Port ( ain:instd logic;

bin : in std_logic;
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cin : in std_logic;

sum_out : out std_logic;

arry_out : out std_logic);
end full adder;

architecture structural of full_adder is

--component declaration

component half adder
generic(gate delz

end component;

-- signal declarations

signé:l n_sum,n_carryl,n_carr

begin

-- component instantiation
ul : half adder
generic map (gate_delay => 2 ns)
port map ( a=> ain,
b => bin,
sum =>n_sum,
‘&/ 3 4‘ 2 9 o k%4 ‘ﬂl =2 1 gj 1 ¥ o k% L E 4
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carry =>n_carryl);
u2 : half adder
generic map (gate delay => 2 ns)
port map ( a=>n_sum,
b => cin,
sum => sum_out,

carry =>n_carry2);

u3 :or_gate

port map (

end structural;

sum : out std_logic_vector(3 downto 0));

end add4par;
architecture archl of add4par is

-- component declaration
component full_adder
‘Qj 3 4‘ 2 9 o k%4 ‘ﬂl =2 1 gj 1 ¥ o k% L E 4
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port ( ain:instd logic;
bin : in std_logic;
cin : in std_logic;
sum_out : out std_logic;
carry_out : out std_logic);
end component;

-- define signal for internal carry bit

signal c1,c2,¢3,c4: std_logic;

begin
-- Four Component
adderl: full ¢

A'A'N
AANN

AP
f "".m 1}.;:-.7.‘.7;....

adder3: full adder

port map ( ain => a(2),
bin => b(2),
cin =>¢2,
carry_out => ¢3,
sum_out => sum(2));
adder4: full adder
nansiiiuenansfianulidmsunslinudonisinwiini lieugalihluliussTominunsé
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port map ( ain => a(3),
bin =>b(3),
cin => ¢3,
carry_out =>c4,
sum_out => sum(3));

end archl;

4.4.9 Code 3925 Latch

library IEEE;

N T 7T

>

end latch;

architecture Behavioral o
begin
process(en,reset)
begin
if (reset="'1") then
aout<="0000";
elsif (en='1") then
aout <= ain;
end if}
end process;
enansiiiuenansfianulidmiunslinudionisinuini lleugnalihluliussTominunisé
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end Behaviorél;

4.4.10 Code 3997 XOR Gate

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.A!

entity plus is

Port ( ain :in s =

end plus;

architecture Be

begin

process (ain,bin)

begin

end process;

end Behavioral;

i
4.4.11 Code M955WNINUA

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity gaga is
Port ( addressl : in std_logic_vector (7 downto 0);
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address2 : in std_logic vector (3 downto 0);
address3 : in std_logic vector (3 downto 0);
ctr  :in std_logic_vector (3 downto o);--n?in
ck 2 :in std_logic;--amﬁuﬁmm
clkl :in std_logic;

resetl :in std_logic;-a09NUNULOY

sum_out : inout std_logic_vector(3-downto.0))

end gaga;

architecture Behavioral of gaga is
--component declaration
component rom_3
port ( / address ; in'std legic vector(3idownto 0);
data__ : out std logic ,vector(3 downto 0));

end component;

component add4par
port( ' ‘a:instd logic vector(3 downto 0);
b nin std. logic vector(3‘downto 0);
sum :out std logic vector(3:dewnto.0));

end component ;

3 v
—iusou Inugoannay
component rom_2

port ( address : in std_logic_vector(3 downto 0);

data : out std_logic vector(3 downto 0) );—signal declaration

end component;

WY latch

component latch
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Port ( ain :in std logic vector (3 downto 0);
en :in std logic;
aout :out std_logic_vector (3 downto 0);
reset : in std_logic);

end component;

—-IWY xor

component plus

~-4i 8bit
component.

Po:

end component;

signal datal,data2,data3,data:

begin

-- component instantiation

ul :rom 3
port map ( address => data2,
data => data3);
u2 :rom 3
port map ( address => address3,

‘Qj 3 4‘ 2 9 o k%4 ‘ﬂl =2 1 gj 1 ¥ o k% L E 4
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data => datad);

u3 : adddpar
port map ( a =>data3,
b => data4,
sum  => data5);
ud :rom 2
port map ( address => data5

u5 : latch

port map (

A0
| 8'a'a'6's
po: 3 > data AN

AN
NN NN
< ; P

ap,
-

end Behavioral;

‘Qj [ 4‘ 2 9 o k%4 ‘ﬂl =2 1 gj 1 ¥ o k% L E 4
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