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LIBRARY ieee;
USE ieee.std logic 1164.ATLL;
USE ieee.std_logic_arith.ALL;

ENTITY en turbo coder rtl IS

PORT {
-— General:
reset p : IN STD_LOGIC;
clk32m : IN STD LOGIC; =-- Clock

{(rising edge triggered)

input_ 8 : IN std logic_vector (7 DOWNIO 0);
input_4 : IN std _logic_vector (3 DOWNTO 0);
input_2 : IN std logic_vector(l DOWNTO 0);
input 1 : IN std logic;
—— turboCoding 2 bit parallel
output_38 : OUT std_logic_vector (7 DOWNTO 0);
output_4 : OUT std logic_vector (3 DOWNTO 0);
output 2 : OUT std logic_vector (1l DOWNTO 0);
output 1 : OUT std logic

i

END en_turbo coder rtl;

ARCHITECTURE rtl OF en_turbo_coder rtl IS
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SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

SIGNATL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

BEGIN

tc

sl_x1
sl_x2
sl x3
sl i

sl o

52 x1
52_X2
s2 X3
52 1

s2 o

sd4 x1
s4_x2
54 X3
sd4_1i

s4_o

s8_x1
s8 x2
$8 X3
s8_1

s8 o

C))

std logic;
std_logic;
std_logic;
std_logic;
std logic;

std logic;
std logic;
std logic;

JP 4713039 B2 2011.6.29

std_logic_vwvector {1 DOWNTO O);
std_logic_vector (1 DOWNTO 0);

std logic;
std _logic;
std_logic;

std logic_vector (3 DOWNTO 0);

std_logic_

std logic;
std_logic;
std_logic;

std_logic
std _logic_

1. PRCCESS (clk3Zm, reset p) -—-

BEGIN

IF reset p = '1' THEN

vector (3 DOWNTO O);

vactor {7 DOWNTO 0O)
vector {7 DOWNTO 0);

seriell building of
turbe coder block TCB
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sl _xl <= '0';
sl x2 <= '07;
sl x3 <= '0';
sl i <= '0%;

sl o <= 01,

ELSIF ¢lk32m'EVENT AND clk32m = '1' THEN

sl 1 <= input_1;

sl x1 <= sl_1 XOR sl_x2 XOR sl_x3;
sl x2 <= sl x1;

sl %3 <= sl _x2;

sl o <= sl 1 XOR sl_x2 XOR sl _x1;
END IF;
END PROCESS tc_1;

output 1 <= sl_o;

tc 2: PROCESS (clk32m, reset_p) -- 2bit parallel building

of turbo coder block

BEGIN

'1' THEN

IF reset p

s2 x1 <= '0';
s2_x2 <= '0';
52 X3 <= '0";
s2 1 <= (OTHERS => '0');
s2 o <= (OTHERS => '0');
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ELSIF clk32m'EVENT AND clk32m = '1' THEN

s2 i <= input 2:
s2_x1 <= s2 i(0) XOR s2 x1 XOR s2 x2;
s2 x2 <= s82_i{l) XOR s2_x2 XOR s2_x3;
§s2_x3 <= s52 Xx1;
s2 0(0) <= s2_i{0} XOR
$2_1(1}) XOR s2 X1 XOR s2Z x2 XOR s2_x3;
s2_o(l) <= s2 i(1) XOR s2 x1 XOR s2 x2;

END IF;

END PROCESS tc_2;

output 2 <= s2_o;

tc_4: PROCESS {clk32m, reset_p) -- 4bit parallel building

cf turbo coder block

BEGIN

IF reset p = '1' THEN
s4 x1 <= '07;
s4 %2 <= 10",
s4 %3 <= '0';
s4 i <= (OTHERS => '0');
s4 o <= {OTHERS => '0'):;

ELSIF clk32m'EVENT AND clk32m = '1' THEN
s4 i <= input 4;

s4 x1 <= s4 1{0) XOR s4_i(2) XOR s4_i{3)
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s4_x2

s4_x3
s4 o(0)

s4_o(1)

s4_o(2}

54_0(3)

END IF;

<= s4 i(l)
<= s4_i{(2)
<= s4_1i(0)
<= s4_i(1)
<= s4_i(2)

<= s4_1(3)

END PROCESS tc_4;

output 4 <= s4_o;

tc_8:

BEGIN

PROCESS

IF reset p

ELSIF clk32m'EVENT AND

s8_x1
s8 xZ2
s8_x3
s8 i

58_0

1)

XOR
XOR
XOR
XOR
XOR
XOR
XCR
XOR
XOR
XCR
XOR

{clk32m, reset_p)
'1" THEN
<= 'I'OI;
<= 1'Q7;
<= IOT’.
<= (OTHERS =>
<= (OTHERS =>

clk32m = '1'

s4 x1 XOR s4 x3;
s4_1(3) XOR s4 _xl1
s4 _x2 XOR s4_x3;

s4 x1 XOR sd_x2;
s4_i(l) XOR s4_i(2)
s4_1i(3) XOR s4 x3;
sd_i(2) XOR s4_1i(3)
s4_x1 XOR s4_x3;
s4_1(3) XOR s4 x1
54 x2 XOR s4 _x3;

s4 x1 XOR s4d x2;

~- 8bit parallel building
of turbo coder block

"0y
0"

THEN
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s8 i <= input 8;
s8 x1 <= s8 i(0) XOR s8_1i(2) XOR s8 i(3)
XOR s8 1{4} XOR s8_1i(7)
XOR 388 x2 XOR s8 x3;
sB x2 <= s8_1(1l) XOR s8_1(3) XOR s8_1i (4)
XOR s8 1i(5) XOR s8_x1;
s8 x3 <= s8_i(2) XOR s8_i(4) XOR s8_1i(5)
XOR s8 i(6) XOR s8 x2;
s8 o(0) <= s8 i(0) XOR s8_i(l) XOR s8_i(2)
XOR s8 1(3) XOR s8 1i(6)
XOR s8 _x1 XOR s8 x2;
s8 of(l) <= sB_i(l) XOR s8_i{2} XOR s8_1i(3)
XOR s8 i{4) XOR s8 _i(7)
XOR s8 x2 XOR s8 x3;
s8_o(2) <= s8_1(2) XOR s8_1i(3} XOR s8_1i (4)
XOR s8 i(5) XOR s8 x1;
s8 o(3) <= s8_1(3) XOR s8 _i(4) XOR s8_1i(5)
XOR s8_1(6) XOR s8 _x2;
s8_o(4) <= s8_1i(4) XOR s8_1i(5) XOR sB_1i(6)
XOR 58 i(7) XOR s8_x3;
s8 o(5) <= s$8_1i(5) XOR s8_1(6) XOR s8_i(7)
XOR s8_x1 XOR s8 x3;
s8 o(6) <= s8_i(6) XOR sB_i{(7) XOR s8_xl
XOR s8 x2 XOR s8 x3;
sB_o(7) <= sB 1(7) XOR s8 x1 XOR s8 x2;
END IF;
END PROCESS tc_8;
output_8 <= s8 o;
END rtl;
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x1 (t) = I(t-1) ® ap-xyjit-1) &
apxp(t=1) & ... &
anxy(t-1)
gboooog

gboobooooooobogoboboboooobooboboboobooooobobobaa
oooboooooobOocooooboooooboooao
oooooao

xq(t=~1) = I(t-2) @ opxy({t-2) & 10
opxp(E-2) ® ... @
oprxn(t-2)
(2.%7.1)

20
%1 (t-(n=-1)) = I(t-n) & ayx;{t-n) &
asxo(t-n) @€ ... @
appxy (E-n)
{2.%71.n-1)

uono
coooobOOoOO0OO0O0O000M=2,....N000000000O0DOOODODDDODOOO
ooooooooob,00o0bo0b0gg0b0b00001.x20,...,01.xNO00000A0O3

uo
O
g
ubooooboobobooodo 30
O
g
a

(OO0 0 5_,(t-1)

oood oo0o0o0ooooooooooooooooo0ooD oo oobOoooDoOoooaa
ood goooboobuoooao

(-0 0, ,(t-2)00000000 02.xi.10

L(E(n-1))0 0 ,_,(t-n)0 0000000 2.xi.n-10

0oooo

000000000000 0000000000000000O0O 40
000000000000 0000000000000@.Q)DOOON0ON0DN0OO

OO0 oDoooooooooogogo-g



(21) JP 4713039 B2 2011.6.29

05 () = B3oI(t-1) &
x1 (£-1)-[Byooy & By1] @

xN(E-1)-[B50-an @ ByN]
(2.Q.0) 10

gboboooooogobgoboboboooobobobobobooooobuobobao
gbooooooboobobaoao

05 (t-1) = BygI(t-2) &
x1 (£-2)-[Byoar @ By1] ©®

xy (£-2)-(Byo-an @ Byn] 20
(2.0.1)

Qj(t—(n-l)) =
By0-1(t~n) &
x1(t-n)-{Bjo-a1 & le] @ 30

xy (t-n)- [Byoon © ByN)

(2.0.n-1)
oooooo
gooooooooboiboiboobo o000 ooooao
ooooooboooo 40
0000000000000 DO0D0O0D0D00DO0ODO0O0DO0ODO0ODO0OO0DOD0OODOOD
0000000000000 DO0D00O0D00DO0OD0O0O0D0ODO0ODO0OO0DODODOOaD
oo0oooooobooboibo o000 ooooDoobooooboooooao
00000000000 DO0OO
oooooo



(22) JP 4713039 B2 2011.6.29

Qj(t-D=f[1(t-1},..., I (t-1); x1(t-0),..., xN(t-0)]
for ie[0,...,0-1]
jell,....M
Qjim={[10(p-1),..., In-1(p-1); x1{p-D),..., xx(p-1)]
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int i, 3j, k;

/* parallelization of internal states */

for( k=1; k<=N; k++ )
{
/* consider internal state xp(t) */
tmax = t-1/
while( tmax > t-n )
{
scan representation of internal state xy(t)
for internal states with maximum time index

Emax/

for({ all internal states with maximum time

index )
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execute backward time index transition
from tpax to tmax—1 through state variable
substitution using eq. (2} above;

}

cancel double terms in representation of

internal state xy(t):;

tmax = tmax~1/

/* parallelization of output variables */

for({ j=1; Ji<=M; j++ )

{

fori{
{

i=0; i<=n-2; i++ )

/* consider output vector element Q5 (t-1) */
tmax = t"'i'_l;
while{ tmax > t-n )

{

scan representation of Qj(t~i) for

internal states with maximum time index;

for({ all internal states with maximum time

index }

{

execute backward time index
through state variable substitution

using eqg. {(2) above;
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} /* end procedure
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cancel double terms in representation of
Q4 (t-1)7
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x1(t) = I({t-1) @ xp(t-1) @ x3{t-1)
X2 () = x1(t-1)

x3{t) = xo(t-1)

Qlt) = I(t-1) @ x7(t-1) & xo(t-1)
000000

ugbooboooooooboboboooooboboboooobobooboon
ugboogood

x1(t) = I{t~1) ® xp(t-1) & x3(t-1) 10
<=> x1(t) = I(t-1) @ x;(t-2) ® x5 (t-2)
it FIE R DIZE :

=> x1({p} = I0(p-1) @ x1(p-1) @ x2(p-1)

xo{t) = x5(t-1)
<=> xo(t) = I{t-2) & xp(t-2) & x3(t-2)

BHEBOEE 20
=> X2 (p) = Il{p-1) & xo(p-1) & x3(p-1)

x3{t) = xo(t-1)
<=> x3{t) = x7(t-2)

I FEFRDIFE :
=>  x3(p) = x1(p-1)
30
Q(t) = I(t-1) & %1 {t-1) 5] %o (t-1)
<=> Q(t) = I{t-1) & [I(t-2) @ xp{t-2) ® x3(t-2)] ® xq (t~2)
I HEFRDIZE :
=> QO0(p) = I0(p-1) @ Il(p-1) @ x3(p-1) @ xo(p-1) © x3({p-1)
Qlt-1) = I(t=2) ® x1(t-2) @ xo(t-2)
I HEFRDIZE :
=> Ql(p) = Il{p-1) @ x1(p-1)} & x5(p-1) 40
ooOoooao
pgoooooooobooooooboooboobooboobDoDob oo oDoUooOog
Ofdo0oooooooooooooooooao
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x1(t) = I(t-1) @ xo(t~1) & x3(t-1)
xo(t) = xq1(t-1)
x3(t) X2 (t-1)
Q(t) = I(t-1) & xq(t-1) @& xo(t-1)

gboooog
ugbooboooooooboboboooooboboboooobobooboon

DooooaQ0
x1(t)

IT{t-1) @ xo(t-1) @ x3(t-1)
I(t-1) @ X1 {t~2) ) X9 (t-2)

1l

<=> X7 (t)

10
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<=> xp(t) = I({t-1) & I(t-3) @ xp(t-3) © x3(t-3) © x1(t-3)

<=> xq(t) = I{t=1}) ® I(t-3) @ x7(t-4) @ xp(t-4) &

I{t-4) @ xp(t-4) @ x3(t-4)
EFIEIRDZS
=> xj(p) = IO(p-1) ® I2(p-1) ® I3(p-1) ® x3(p-1) @ x3(p-1)

x5 (t) = xq(t-1)
<=> xso(t) = I(t-2) @ xp(t-2) & x3(t-2)
<=> xp(t) = I(t-2) ® x1(t-3) @ xp(t-3)
<=> xp(t) = I(t-2) & [I(t-4) © xo(t-4) ® x3(t-4)] & x1(t-4)

A B [E] R OGS
=> X5{p) = Il(p-1) ® I3(p-1) @ x7(p-1) & xp(p-1} & x3(p-1)

x3(t) = =xp(t-1)
<=> x3(t) = x;(t-2)
<=> x3{t} = [I(t-3) & xp(t-3) & x3(t-3)]
<=> x3(t) = I(t-3) @ x1(t-4) ® x(t-4)

Ik FIE FEDIFE :
=>  x3(p) = I2(p-1}) ® x3 (p-1} @ xp(p-1)

QlE) = T(t-1) @ x3(t-1) & xp(t-1)
<=> Qlf) = I(t-1) @ [I(t-2) @ xp{t-2) @ x3(t-2)] @ x1(t-2)
<=> Qlt) = I(t-1) ® I(t-2) & x1(t-3) ® x,(t-3) &

[I(£-3) @ =y{t-3) & =x3{t-3)]
<=> Qft) = I({t-1) © I(t-2) & I(t-3) &

[I(t-4) @ x(t-4) @ x3(t-4}] © xp(t-4)

S E FRDIZE -
=> Q0(p) = I0(p-1) & Il{p-1) @ I2(p-1) ® I3(p-1) @ x3(p-1)
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Q{t-1) = I(t-2) @ x1(t-2) & xXp(t-2)
<=> Q(t-1) = I(t-2) @ [I(t-3) & %o(t-3) @ x3(t-3)] &
x1{t-3)
<=> Qi{t-1) = I{t-2) @ I(t-3) © x7(t-4) @ %xy(t-4) @

[I(t-4) © x,(t-4) & x3(t-4))

I HIERDIFE - 10
=> Ql(p) = Il(p-1) © I2(p-1) @ I3(p-1) & x7(p-1) @ x3(p-1)

Q(t-2) = I(t-3) & x1(t-3) © xp(t-3)
<=> Q(t-2) = I(t-3) @ [I(t-4) & x5(t-4) @ x3(t-4)] @
x1 (t-4)
I FNEFROIFE
=> Q2(p) = I2(p-1) @ I3(p-1) © x1(p-1) & xp(p-1) @ x3(p-1) 20

Q(t-3) = I(t-4) ® x7(t-4) & xp(t-4)
IEFNEEEDIHS
=>  Q3(p) = I3(p-1) & x3{p-1) © x3{p-1)

oooooao
Ofddoooooooooooooooooobooobooob0ooboboboooooon
go0oooooooooooooooooaadn 30
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x1(E) = I(t-1) @ xp{t-1) @ x3({t-1)

xp(t) = X1 (t-1)

40
x3(t) = xp(t-1)

O(t) = I{t-1) @ x1(t-1) ® xp(t~1)

gbooooao
uyboobooooobooboboboooboobobobooooboboboo
oooooao
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xy(t) = I(t-1) © xp(t-1) & x3(t-1)
<=> xy(t) = I(t-1) @ x7(t-2) & xp(t-2)
<=> xq(t) = I{t-1) & [I(t-3) @ x5(t-3) @ x3(t-3)] & x3(t-3)
<=> xp{t) = I{t-1) & I(t-3) & xy(t-4) © xp(t-4) &
(I(t-4) @ x5 (t-4) & x3(t-4)]

@®

<=> x3(t) = I(t-1) I(t-3) & I(t-4) &

[T{t-5) & xp{t-5) @ x3(t~5)]) & x(t-5)

<=> x7(t) = I(t-1) ® I(t~3) & I(t-4) ® I(t-5) & xp(t-6)

<=> xy(t) = I(t-1) & I(t-3) & I(t-4) @ I(t-5) & x;{t-7)

<=> x7(t) = I{t-1) & I(t-3) @ T(t-4) ® I(t-5 &
[I{t-8) ® xo(t-8) & x3(t-8)]

it FNEIBDIZE :

=> x1(p) = I0{p-1) @ 1I2(p-1) @ I3(p-1l) @ I4(p-l) &
17(p-1) @ x2{p-1) @ x3(p-1)

xo(t) = xq1(t-1)

<=> xXp(t) = [I{t=2) & x9(t-2) & x3{t-2)]

<=> xo{t) = I{t-2) & x7(t-3) & xo(t-3)

<=> xo(t) = I(t-2) ® [I(t~4) @ x2(t-4) @ x3(t-4}] ©



<=> Xp(t) =

<=> Xa(t) =

<=> Ky (b} =

<=> Xp(t)

IEFIEERDIZE :

x3{t) =
<=> xX3(t} =
<=> x3(t) =
<=> x3(t) =
<=> x3{t) =

<=> x3(t) =

<=> X3(t) =

<=> x3(t) =

IEFIEERDIZE :

= x3 (p} _

Q{t)
<=> Q(t}

<=> 0(t)

X3 (t—4)

I(t-2)

[(I{t-5)

I(t-2}

[I(t-6)

I{t-2)
I(t-2)

(31) JP 4713039 B2 2011.6.29

® I(t-4) @ x7(t-5) @ x,(t-5) @

3] X2 (t-5) @ x3(t-5})]
@ I({t-4) & I(t-5) @

© X5 (t-6) & x3(t-6)]1 @ x5 (t-6)

®

I(t-4) @ I(t-5) @ I(t-6) ® x5(t-7) 10
® I(t-4) @ I{t-5) @ I(t-6) @ xq(t-§)

Il{p-1) @& I3(p-1) @ I4{p-1l) & 1I5(p-1) & x;(p-1)

xp (t-1)}
x1 (£=2)

I(t-3)}
I{t-3)

I(t-3)

[I(t-06)

I(t-3)

[T({t-3) ® x5(t-3) & x3(t-3)] 2
® x1(t-4) @ xp(t-4)
® [I(t-5) @ xp(t-5) @ x3(t-5)] & xq(t-5)
& I(t-5) @ X1 (t-90) 3P] Xy {t-6) &
D xo(t-6) @ x3(r~6)]
@& I{t-5) & I(t-6) &
(3 X3 (t=-7) e ®¥3(£-7) 1] ® x> {(t-7) 30

[(I(x-7)

I(t-3)

@ I(t-5) @ I{t-6) © I(t-7) ® 2p(t-8)

IZ(p-1) ® I4(p-1) & I5(p-1) ® I6{p-1) & xp(p-1}

I(t-1) & I(t-2) @ x1(t-3) & xp((t-3) &

I(t-1) € x7(t-1) @ xo{t-1)
I{t-1) & {I(t-2) @ xp(t-2) @ x3{t-2}] @ x;(E£-2)

40
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[I(t-3) © xp(t-3) & x3(t-3)]

<=> Q(t) = I(t-1) @ I(t-2) & I(t-3) &

[I(t-4) @ x5((t-4) ® x3(t-4)] ® x,({t-4)
<=> Q(t) = I(t-1) @ I(t-2) & I(t-3) ® I(t-4) ® x5((t-5)
<=> Q{t) = I{t-1) © I(t-2) @ I(t-3) @ I(t-4) @ x1(t-6)
<=> Q(t) = I(t-1) @ I{t-2) © I(t-3) & I(t-4) &

[I(t-7) © xp(t=-7) @ x3(t~7))
<=> Q(t) = I(t-1) ® I(t-2) ® I{t-3) © I(t~4) & I(t-7) &

x1(t-8) @ xo(t-8)
EFIEIEDZS
=> QO0(p) = I0(p-1) @ Ii{p-1) @ I2(p-1) ® I3(p-1) ©

I6(p-1) & x1(p-1) & x3(p-1)

Q(t-1) = I{t-2) ® x1(t-2) & X5 (t-2)
<=> Q{t-1) = I(t-2) @ [I(t-3) ® xo{t-3) & x3(t-3)] &

xl(t-3)
<=> Q(t-1) = I{t-2) @ I(t-3) & x7(t-4) @ xp((t-4) &

@

(I(t-4) @ xo(t-4) ® x3(t-4)]

®

<=> Q{t-1) = I(t-2) I(t-3) & I{t-4) &

[I(t~-5) @ xp(t-5) @ x3(t-5)] @ x(t-5)
<=> Qf{t-1) = T(t-2) @ I(t-3) & I(t-4) ® I(t-5) @ xo{t-6)
<=> Q{t-1) = I(t-2) @ I(t-3) & I(t-4) & I(t-5) & x7(t-7)
<=> Q(t-1) = I(t-2) ® I(t-3) @ I(t-4) @ I(t-5) &



[I{t-8)
WHEFROIZE
=> Qli{p) = Il{p-1)
I7T{p-1)
c{t-2) = I(t-3)
<=> Q(t-2) = I{t-3)
x1{t-4)
<=> Q(t-2) = I{t-3)
[I(t-3)
<=>» Q(t-2) = I(t-3)
[I(t-6)
<=> Q{t-2) = I(t-3)
<=> Q(t-2) = I(t-3)
S [ERRDIZES -
=> Q2(p} = I2(p-1)
Q{t-3) = I{t—-4)
<=> Q(t-3) = I{t-4)
%1 (£-5)
<=> Q{t-3) = [(t-4)
[I(t-6)
<=> Q{t-3) = I({t-4)
{T(t-7)
<=> Q{t-3) = I(t-4)

©

®

@

@
&

57
e
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%5 (t-8) © x3(t-8)]

I2(p-1} @ I3(p-1) & I4{(p-1) &
xp (p-1) @& x3(p~1)

%71 (t=-3) ® xo(t-3)
[I{t-4) ® xp(t-4) ® x3(t-4)] &

I(t-4) ® x1(t-5) @ xp(t-5) &

xp(t=5) ® x3(t-5})
I(t-4) ® I(t-5) &

X (t-6) © x3(t-6)] @ xp(t-6)
I(t-4) @ I(t-5) @ I(t-6) @ x,(Et-T7)
I{t-4) © I(t-5) © I(t-6} @ x(t-8)

I3{p-1) & I4(p-1) @ I5(p~1l) © x1(p-1)

x1(t=-4) ® x5 (t-4)
(I(t-5) ® xo(t-5) & x3(t-5)] &

I(t-5) @ x1(t-6) @ x5 (t-6) @

%5 (t=6) ® x3{t-6)]
I{t-5) & I(t-6) @

%9 (E-7) @ x3(t-T)]1 @ %o (t=7)
I{t-5) @ I({t-6) @ I{t-7) @ xo(t-8)
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i HEFRDIZE -
=> Q3{p) = I3(p~-1l) ® I4(p-1) @ I5(p~1l) & I6(p-1) & x5 (p-1]

Qt-4) = TI{t-5) & x3(t-5) & x,(t-5)
<=> Q{t-4) = I(t-5) @ [I(t-6) & xp(t-6) & x3{t-6)} @
x1 (t-6)
<=> Q(t-4) = I(t-5) & I(t-6) & xq (E=7) & X2(t-7) &

[I(t-7) @ x2(t-7) @ x3(t-7)]
<=> Q{t-4) = I(t-5) & I(t-6) @ I(t-7) &

[I(t-8) ® xp(t-8) @ x3(t-8)] & x5(t-8)
I FE ROIEE
=> Q4(p} = I4(p-1) ® IS(p-1) © I6(p-1) © I7(p-1) & x3(p-1)

Q{t-5) = I({t-6) @ X1 (t=-06) & X2 (£-6)
<=> Q(t-5) = I(t-6) @ [I(t-7) & X9 (E-T7) @ x3(t~-7)1] &
xq (t-7)
<=> Q{t-5) = I(t-6) © I(t-7) & X1 {(t-8} @ xo(Lt-8) &
[I{t-8) © x5(t-8) ® x3(t-8)]
W FEIEDIZS :

=>  Q5(p) = IS(p-1) @ I6(p-1) ® I7(p-1) ® %1 (p-1) & x3(p-1}

Qit-6) = I(t-7) ® x1 (t-7) @ x5 (t-7)
<=> Q(t-6) = I(t-7) & [I(t-8) ® x,(t-8) @ x3(t-8)]) &
X1 (t-8)
i FE REDIZE :

=> Q6{p) = I6(p-1) ® I7(p-1) ® xq{p~1) @ xo(p-1) & x3(p-1}
Q(t-7) = I(t-8) @ xy1(t~8B) @ x,(t-8)

T HNEEDES :

=>  Q7(p) = I7{p-1) @ x1(p-1) & xp(p-1)

gboooog

ugbooboooooboobooboboobobooobooboboboobooooobobobaa
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LIBRARY ieee;
USE ieee.std logic 1164.ATLL;
USE ieee.std_logic_arith.ALL;

ENTITY en turbo coder rtl IS

PORT {
-— General:
reset p : IN STD_LOGIC;
clk32m : IN STD LOGIC; =-- Clock

{(rising edge triggered)

input_ 8 : IN std logic_vector (7 DOWNIO 0);
input_4 : IN std _logic_vector (3 DOWNTO 0);
input_2 : IN std logic_vector(l DOWNTO 0);
input 1 : IN std logic;
—— turboCoding 2 bit parallel
output_38 : OUT std_logic_vector (7 DOWNTO 0);
output_4 : OUT std logic_vector (3 DOWNTO 0);
output 2 : OUT std logic_vector (1l DOWNTO 0);
output 1 : OUT std logic

i

END en_turbo coder rtl;

ARCHITECTURE rtl OF en_turbo_coder rtl IS

10
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SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

SIGNATL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

BEGIN

tc

sl_x1
sl_x2
sl x3
sl i

sl o

52 x1
52_X2
s2 X3
52 1

s2 o

sd4 x1
s4_x2
54 X3
sd4_1i

s4_o

s8_x1
s8 x2
$8 X3
s8_1

s8 o

37

std logic;
std_logic;
std_logic;
std_logic;
std logic;

std logic;
std logic;
std logic;

JP 4713039 B2 2011.6.29

std_logic_vwvector {1 DOWNTO O);
std_logic_vector (1 DOWNTO 0);

std logic;
std _logic;
std_logic;

std logic_vector (3 DOWNTO 0);

std_logic_

std logic;
std_logic;
std_logic;

std_logic
std _logic_

1. PRCCESS (clk3Zm, reset p) -—-

BEGIN

IF reset p = '1' THEN

vector (3 DOWNTO O);

vactor {7 DOWNTO 0O)
vector {7 DOWNTO 0);

seriell building of
turbe coder block TCB
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sl _xl <= '0';
sl x2 <= '07;
sl x3 <= '0';
sl i <= '0%;

sl o <= 01,

ELSIF ¢lk32m'EVENT AND clk32m = '1' THEN

sl 1 <= input_1;

sl x1 <= sl_1 XOR sl_x2 XOR sl_x3;
sl x2 <= sl x1;

sl %3 <= sl _x2;

sl o <= sl 1 XOR sl_x2 XOR sl _x1;
END IF;
END PROCESS tc_1;

output 1 <= sl_o;

tc 2: PROCESS (clk32m, reset_p) -- 2bit parallel building

of turbo coder block

BEGIN

'1' THEN

IF reset p

s2 x1 <= '0';
s2_x2 <= '0';
52 X3 <= '0";
s2 1 <= (OTHERS => '0');
s2 o <= (OTHERS => '0');
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ELSIF clk32m'EVENT AND clk32m = '1' THEN

s2 i <= input 2:
s2_x1 <= s2 i(0) XOR s2 x1 XOR s2 x2;
s2 x2 <= s82_i{l) XOR s2_x2 XOR s2_x3;
§s2_x3 <= s52 Xx1;
s2 0(0) <= s2_i{0} XOR
$2_1(1}) XOR s2 X1 XOR s2Z x2 XOR s2_x3;
s2_o(l) <= s2 i(1) XOR s2 x1 XOR s2 x2;

END IF;

END PROCESS tc_2;

output 2 <= s2_o;

tc_4: PROCESS {clk32m, reset_p) -- 4bit parallel building

cf turbo coder block

BEGIN

IF reset p = '1' THEN
s4 x1 <= '07;
s4 %2 <= 10",
s4 %3 <= '0';
s4 i <= (OTHERS => '0');
s4 o <= {OTHERS => '0'):;

ELSIF clk32m'EVENT AND clk32m = '1' THEN
s4 i <= input 4;

s4 x1 <= s4 1{0) XOR s4_i(2) XOR s4_i{3)
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s4_x2

s4_x3
s4 o(0)

s4_o(1)

s4_o(2}

54_0(3)

END IF;

<= s4 i(l)
<= s4_i{(2)
<= s4_1i(0)
<= s4_i(1)
<= s4_i(2)

<= s4_1(3)

END PROCESS tc_4;

output 4 <= s4_o;

tc_8:

BEGIN

PROCESS

IF reset p

ELSIF clk32m'EVENT AND

s8_x1
s8 xZ2
s8_x3
s8 i

58_0

(40)

XOR
XOR
XOR
XOR
XOR
XOR
XCR
XOR
XOR
XCR
XOR

{clk32m, reset_p)
'1" THEN
<= 'I'OI;
<= 1'Q7;
<= IOT’.
<= (OTHERS =>
<= (OTHERS =>

clk32m = '1'

s4 x1 XOR s4 x3;
s4_1(3) XOR s4 _xl1
s4 _x2 XOR s4_x3;

s4 x1 XOR sd_x2;
s4_i(l) XOR s4_i(2)
s4_1i(3) XOR s4 x3;
sd_i(2) XOR s4_1i(3)
s4_x1 XOR s4_x3;
s4_1(3) XOR s4 x1
54 x2 XOR s4 _x3;

s4 x1 XOR s4d x2;

~- 8bit parallel building
of turbo coder block

"0y
0"

THEN
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s8 i <=
s8_x1 <=
s8 x2 <=
s8_x3 <=
s8_o(0) <=
s8 ofl) <=
s8_o({2) <=
s8 o(3) <=
s8_o(4) <=
s8_o(5) <=
s8 o(6) <=
sB8_o(7) <=
END IF;
END PROCESS tc_8;
output_8 <= s8 o;
END rtl;
000000
oooooOoooooood
0000000000000
0000000000000
000000
ocooooOoooooood
0000000000000

input_8;

s8_i(0)

58 _i(1)

s8_i(2)

s8_1i{(0)

s8_1(1)

s8_1(2)

s8_1(3)

s8_1i(4)

s8 i (5)

s8_i(6)

s8 i (7)

gboboboo
gbooobooobaoao

gooobooogao
oooobooooo

(41)

XOR
XOR
XCR
XOR
XOR
XCR
XOR
X0R
XOR
XOR
XOR
XCR
XOR
XO0R
X0OR
XOR
XOR
XOR
XCR
X0OR
X0OR
XOR
XO0R
X0OR
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s8_1(2) XOR s8_ i({3)
s8_i(4) XOR s8_i(7)
88 x2 XOR sB8 x3;

s8 1(3)
s8 1i(5)
s8 1(4)
s8 i(6)
s8_1i(1)
s8 1(3)

XOR
XOR
XOR
XOR
XOR
XOR

s8_1i{4)
s8_x1;
s8_1i{(5)
s8 x2;
s8_1i{(2)
s8_1i (6}

sB_x1 XOR s8 x2;
s8_1i(2) XOR s8_1i(3)
58_1(4) XOR s8_1i(7)
s8 x2 XOR s8 x3;

s8 1(3)
s8 1{5)
s8 1i(4)
s8_1(6)
s8 1i(5)
58 1(7)
s8 1(6)

XOR
XOR
XOR
X0OR
XOR
XOR
XOR

s8 1(4)
s8_x1;
58 1i(5)
s8 x2;
s8 i(6)
s8_x3;
s8_i(7)

s8_x1 XOR s8_x3;

s8 1(7)

XCR

sB8 xl

58_x2 XOR 58_x3;
s8_x1 XOR s8_x2;

gbobooooobooboboboboog

O

oooboooooboocoooooboooao
ooooooooboboooooobooo
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