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A VHDL Simulation of Magnetic Disk

Signal Processing Circuits

Kenji TANIGUCHI*!, Takahiro YAMADA*' and Kenichi NAKASHI*

Abstract:
Operation of Viterbi decoder applied to magnetic disk under random bit pattern signals and random noises
is described and has been successfully simulated in VHDL. Besides digital functions, analog functions have been
realized utilizing arithmetic functions of VHDL, performing almost equally to its conventional C-language coun-

terpart, with an ease of adaptation towards hardware implementation.
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library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_arith.all;

use ieee.std_logic_signed.all;

use work.all;

— (A% entity & £ O AMIIE— b DER
entity viterbi is
port (x: in std_logic_vector(5 downto 0);

ck: in std_logic;
acc: in std_logic_vector(9 downto 0);
outl,out2: out std_logic;
accin: out std_logic_vector(9 downto 0)
detll,detl2: inout std_logic;

reglreg?2: inout std_logic_vector(19 downto 0)

%%
— LE2Coregl, reg2 (L TFHDFTHDL L T b
- LYAYHNOEET,
— viterbi 226 TN E RLHLOIZRIT K= |
end viterbi;

— entity DFEH N
architecture VHDL of viterbi is

signal refistd_logic_vector(9 downto 0):="0000010000";

signal inl,addl,subl,ctll ctl2,ctl3,ctld sell sel2:
std_logic_vector(9 downto 0);
signal slmsb,s2msb,xorout,dctl1,dctl2,notxorout,vain:
std_logic;
signal ONE:std_logic:='l";
signal ZERO:std_logic:='0";
component bitshift
port(x:in std_logic_vector(5 downto 0);
inl:out std_logic_vector(9 downto 0));
end component;
— LT 4D component i1 5
begin
— B OHLAAM, Bib L v 25 v AL,
= N5 D AR AT A G DRI &
— AL L 2 B
bs: bitshift port map(x,inl);
asl: addsub port map(ZERO,inl,refaddl);
= BUFR
— UTo# 70t AGNHFIITEE %54,
— PEIEO 7 0L ZEFNZIET S,
viterbi: process

— EBDITA
ref<= "0000001000";
wait; — Y Ialb—Yarpfkds
— 12D
end process;
initial: process
begin
wait for 2 ns; — Viterbi 7 0t AHATIRODIEEH]
—# B T EERBIET L7200 B Tl
end process;
end VHDL;
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library STD,ieee;

use STD.TEXTIO.all;

use IEEE.std_logic_textio.all;
use icce.std_logic 1164.all;
usc icee.std_logic_arith.all;
use icee.std_logic_signed.all;
use work.all;

entity Viterbi_TEST is
end Viterbi_TEST;

architecture VHDL of Viterbi_TEST is
signal Do: std_logic_vector(5 downto 0):= "000000";
signal x:std_logic_vector(5 downto 0):= "000000";
— DUTFREE, signal & L3872 @301 fi,
-- constant DE &
component viterbi
port(x: in std_logic vector(5 downto 0);
ck,ckl: in std_logic;
acc: in std_logic_vector(9 downto 0);
outl: out std_logic;
outZ: out std_logic;
acein: out std_logic_vector(9 downto 0);
detll,detl2: inout std_logic;
regl,reg2: inout std_logic_vector(19 downto 0)
&
end component;
component ADGbit
port(ck: in std_logic;
vmax,vmin,ain: in real;
Do: out std_logic_vector(5 downto 0)
);
end component;
component mpss15
port(ck: in std_logic;
p: out std_logic
);
end component;
component Noisegenerator
port (ck: in std logic;irn:in integer;
average,sigma:in real;noisel: out real
);

end component;

- D7 74 WES 2 E
file invectors:STD.TEXTIO.TEXT;
file outvectors:STD.TEXTIO.TEXT;
file outvectorsl:STD.TEXTIO.TEXT;
begin

DA YA v ADRE

mpss: mpssl5 port map(ck,DATA);

- A/D converting

AD:AD6bit port map (ckl,Vmax,Vmin,VAIN,x);

-- Viterbi decoding ---

vit: viterbi port map (x,ck,ckl,ACC, outl,out2,
ACCIN,detl],dctl2,regl,reg2) ;

-- Noise Generation

NG: Noisegenerator port map (ck,irn,average,sigma,noisel);

“U T 7ot ADitik
initial:process

begin

-- for ADC and noise genecration
Vmax<= 2.0;
Vmin<= -2.0;

— L7 - h vy, ELERIE,
- T OMELE Lk

Enum<= (;
nl<= 0;
n2<= (;
im<= b;

average<= 0.0;
sigma<= (.1;
reset<<= "0}
wait;
end process;

- 2y Y ckekl FEK
clock:process begin
ck<= "0,
wait for STEP/100;
ck<="1
wait for STEP/100;
ck<='0"
wait for 5 ns;
end process;
clockl:process begin
ckl<= "0,
wait for 5 ns;
wait for STEP/100;
ckl<= "1
wait for STEP/100;
end process;
process (ck)
variable Dotemp:std_logic_vector (5 downto 0);
variable VA,VAZ VA10,VA20:integer;
variable VAIN(:real;
variable DATAQ:std_logic;
variable Lo,Lol,Li:Line;
begin
count<= count +1; --FEW N —F X E TR/
- DAY
FILE OPEN (invcctors,“viterbi.in",READWMODE) .
FILE_OPEN (outvectors,"viterbi.out",WRITE_MODE);
FILE_OPEN (outvectors],"viterbil.out", WRITE_MODE);

7 7 A4 WAH D 720 5E
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if(ck'event and ck='1") then
if(reset='1') then
ACC<= "0000000000";
else
ACC<= ACCIN;
end if}
VAl(:=VAI;
DATAO := DATA(0);
VAZ = CONV_INTEGER (DATAOQ);
VA20:= VA2;
VA = VA2-VAI,
VAl<= VAZ;
VAIN<= real (VA);
VAINO:= rcal(VA);
VAIN<= VAINO+noisel;
-- MPSS Hi /10—t
for 1 in 49 downto 1 loop
reserve (i) <= reserve(i-1);
end loop;
reserve (0) <= DATAD;
if( (count>50) ) then

- EFEFI-FZ7-DHhT b
if (reserve(21)/= outl) then
Enum<= Enumtl;

end if}

end if;
write (Lo,count, RIGHT,6) ;
write (Lo,NOW RIGHT,6);
write (Lo,DATA (0) ,RIGHT,5);
write (Lo,DATAO,RIGHT,5) ;
SUF R 7 7 4 VL ol
writcline (outvectors,Lo); -7 7 4 LD
end if;
end process;
end VHDL;
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use ieee.std_logic_arith.all;
use icee.std_logic_signed.all;
entity mpssld is
port (ckiin std_logic; p: out std_logic_vector(14 downto
0);
end mpssld;
architecture VHDL of mpssl5 is
signal i: integer; -HERE LTOEREE
signal pO:std_logic vector(14 downto
0):="111111111111111";
=15 P D std logic &EHKL, DM %
—ITNT 1" IZLTWA,
begin
initial: process begin
wait;
end process;
randombit: process (ck)
-0 =7 N B B E R
variable ptemp:std_logic_vector(14 downto 0);
variable x1:std_logic;
begin
ptemp = pl;
if(ck'event and ck='1") then
x1 = ptemp(0) xor ptemp(14);
for i in 14 downto 1 loop
—1 A4 H 6 1 T TOMEST
ptemp(i) := ptemp(i-1);
end loop;
ptemp(0) := x1;
p<= ptemp;
p0<= ptemp;
end if
end process;
end VHDL;
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VA M4 ELESEES (Noisegenerator) @ VHDL Rgilt

library icee;
use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all;
use ieee.std_logic_signed.all,
entity Noisegenerator is
port (ck:in std_logic;im:in integer;average,sigma:in
real;noisel: out real);
end Noisegenerator;
architecture VHDL of Noisegenerator is
begin
random:process (ck)
variable ix: integer;
variable ix0: integer:=5; - FLEOEDWMMMZ 5
= ZRETE -
variable ox,a: real;
begin
if (ck'event and ck='1") then -- 7T v/ S ADFAE
a = 0.0; — am00IZF%E
ix = ix0; - ix % ix0 IZEOE
for i in 1 to 12 loop
x = ix*48828125; - ¥EMHTOKE R
G/ VA
if(ix<0) then - BB OFHE -
ix = (ix+2147483647)+1;
end if;
ox := real(ix) *0.4656613e-9;
a:=at ox;
end loop;
noisel <= (a-6. 0)*sigma+avcragc - i,
PR 75 2 FE O A 8
ix0 = ixy - ix & ix0 LA L. KOO
- LEOAEOMET %
end if:
end process;
end VHDL;
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Ly b3y = BEAGE (MPSS) HIIIMEEAIND -
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7 a7 5E &AL D1 real, integer DV
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P LTWBEIAILTERNH D,

')A b 512 AD #1870 VHDL itk %77 ¥,

A N5 AD %8R VHDL it

begin

initial:process

variable max :real := 2.0; - IKfH % 2.0125%5E
begin

me<= max*2.0/64.0; - Hil% me iZftA
wait;

end process;
conversion: process (ck)
variable a(,aZtemp:integer;
variable arcall:real;
variable dl,d2,h:std_logic_vector(5 downto 0);

begin

if(ck'event and ck='1') then —Z W v 7 « 2NV ADIEH:
h := "100000"; - B bit DI EI2IEE
areall := ain/me; - areall #FEFUILE
a0 := integer(areall); -- a0 % ¥5%% areall |Z5%5E
aZtemp = a0;

if( (a2temp>=32)) then
aZtemp = 32;

elsif( (a2temp<=-33) ) then
aZtemp = -32;

end if;
altemp = atemp + 32; - HEHITHIT DI

- 2% MR B
a2<= altemp;
dl := CONV_std_logic_vector (a2temp,6);

d2 = dl+h; - Hli%EEH
Do<= d2;
end if}
end process; - TOEADHT
end VHDL
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o Lkdtbhs,
K2IZADERGEMERERDY I 2 b—Va Yy
T7 7 ANV LR 2 IR, RETVAINOIZT
Fusflil LTATILAMETH D noise 1 IFHEH TS A7
WATHD VAINILIRSEFEE LD TH S,

D0 (X, VAINZ AD ZE# L TR 6 € v PRIETS



< UH - R T A MYF RGO T

1 A7

EFLEEEED VHDL itk 3 alb—ay —61 —

BT ®h #2 ADEHBREHTEEROY I a2 b -0 3 ViR
ek sk NOW | VAINO VAIN noisel Do
ns UUDUUBUUUUUUUUUL
20 ns VUDUTUTTUUUUUUY 0 ns 0.000000 0.000000 0.000000 { 000000
40 ns 111111111111110 BG60 ns 010101010011001
60 ns 111111111111110 860 ns 101010100110011 40 ns 1.000000 0.000000{ 0.132091 000000
80 ns 111111111111101 900 ns 101010100110011 \\>
100 ns 1111111131111101 920 ns 010101001100110 80 ns 1.500000 1.132091 0.130582 000000
120 ns 111111111111010 940 ns 010101001100110 o ﬁ;ﬁo\o\;‘\ﬁﬁs’,{ﬁe 010010
140 ns 111111111111010 960 ns 101010011001100 20 ns Z. D 630582 .13679¢ 1001
160 ns 111111111110101 980 ns 101010011001100 R“:ﬁ?’}/
180 ns 111111111101011 1000 ns 010100110011001 160 ns | —1.000000 2.136799 0.133836 011010
200 nx 111111111101010
_ . 200ns | —1.500000 | —0.866164 | 0.134745| 100000
2 WHHRE (FyaEy b3y =)
240 ns | —2.000000 | —1.365255 | 0.134372| 110010
L - 7
A/D T
100ns 200ns 300ns 400ns 500ns B00ns
acc=38 e e S U N L U E R D L e B LMD Sy
accin-3E8 ) L o s o e e e S D K D e
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DATA=TFFD FFFEFFLFF P FEAFOEITS Ermpﬁﬂw g T A DT e ik
Enum=0 1
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