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Optimisation using Binary Search of State Separator

START

determine : min_gap  ; minimun value of gap length
max_gap ; maximum valuc of gap length

from data file

search_s;iape =max_gap - min_gap
central_separator = search_space /2

top_scpai'ator = central_separator + (search_space /4)
bottom_separator = central_separator - (search_space / 4)

@

—
-

\

given_separator = either ccntral__scparétor or left_separator
or right_separator

determine : bad_gap ; the average gap length for the length
Iess than or equal to  given_separator
good_gap ; the average gap length for.the length
greater than  given_separator
and .
count : good_to_good, ; the number of the changing from present
good_to_bad, ; state to next state, giving the condition
bad_to_good, ; that: if a gap length is less than or equal
bad_to_bad ;10 given_separator, the state of
; channel is the bad state else the state
; is the good state
from data file

=

continue....
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g = [good_ gap + !f"

e = [bad gap+1] -

gy = good_to_good! [ good to_good + good to_bad |
G2 = l-a;3

%y = bad to_bad/[bad _to _bad + bad_to good ]

Q1 = 1-4p

Q1 = @l g + qyl

Q = 1-g

X X
O(x)_model = Qy(l-e; ) + O (l-e,)
SSQ = [Q(x) data - Q(x) model ] 2
Note : Q(x)_data = error-free run distribution of the data
sequence stored in buffer before
central SSQ = SSQ if given_separator = central_separator
left SSQ = SSQ if given_separator = left_separator

right SSQ = SSQ if given_separator = right_separator

Are model parameters corresponded
toeach given_separator obtained ?

central_SSQ <=top_SSQ and
central_SSQ <= bottom_SSQ

yes

central_separator = central_separator
central_SSQ = central_SSQ
central_parameters = central_parameters

=

©

continue.... .-



8%

bottom_SSQ <= central_SSQ  and
bottom_SSQ <=top_SSQ

yes
central_separator

bottom_separator

bottom_SSQ
central_parameters = bottom_parameters

ccntral_SSQ

central_separator

top_separator
central_SSQ

top_SSQ
central parameters = top_parameters

.

A
search_space = search_space /2

search_space <= 1

no
Model_State_Separator = central_separator
Model_SSQ = central_SSQ
Model_parameters = central_parameters
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Optimisation using Binary Search of Bad State Parameters

{  START

determine : Q(x)_data ; the error-freec run distribution of the data
ber ; the average bit error rate of the data

i

central_e2 = 0.25 ; the bit error rate of the bad state
; which 0 <= central_e2 <= 0.5
distance_e2 = 0.125 ; the halved value of the cither side
; of the search space

~—
-

\

left_e2 central_e2 - distance e2
right_e2 = central e2 + distance e2

oy

A

given_e2 = either central_e2 or left_e2 or right_e2

central_Q2 = 0.5 ; the unconditional probability of staying
; in the bad state after an error, so that
3 0 <= central_Q2 <= 1.0
distance_Q2 = 0.25 ; the halved value of the either side
; of the search space

conlinue
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2

lefi_Q2 = central Q2 - distance_Q2
right_Q2 = central Q2 + distance_Q2

given_Q2 = either central_Q2 or left Q2 or right Q2

el_search = (ber * given_e2) * (1 - given_Q2)
( given_e2 - ( ber * given_Q2) )

0<=el_search <=1

§8Q _inner = 10000

Note : set SSQ to be a large
number to avoid an
unreasonable number
of el_search

maxgap_bad = integer log 0.05
log {1 - given_e2)

Note ; this is an approximated maximum gap length
in the bad state with BER = given_e2

continue....
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determine : bad_to_good, : the number of changing state from the bad state
bad_to_bad - " to the good state and from the bad state to
: itself, giving the condition that if a gap length
: is less than or equal to maxgap_bad, the state
: of the channel is the bad state else the state is
: the good state.
from data file

\

q21_search = bad_to_good /(bad_to _good + bad_to_bad )
q12_search = given_Q2 * q21_search

(1-given_Q2)

0 <= ql2_search <=1

4

Note :
Q(x)_model = [ (1-given_Q2) (1-el_search) *]
' + [ given_Q2*(1-given_e2)* ]
S$SQ_inner = [ Q(x)_data - Q(x)_model ]

SSQ_inner = 10000

set SSQ to be
a large number
to avoid an
unreasonable
value of
ql2_search

continuc....
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S8Q_central_Q2 = SSQ_inner  if given_Q2 = central_Q2
S8Q left_Q2  =8S8Q inner ifgiven_Q2= left_Q2
S8Q _right Q2 =SSQ_inner ifgiven_Q2= right_Q2

Are these three SSQ obtained ?

SSQ_left Q2 <= SSQ central_Q2 and
SSQ_left_Q2 <= SSQ_right Q2

yes

central_Q?2 = left Q2
SSQ_central_Q2 = SSQ_left_Q2

(0]
SSQ_right_ Q2 <= SSQ_central Q2 an ;

SSQ_right_Q2 <= SSQ_left_Q2

yes

central_Q?2
SSQ_central_Q2

right_Q2
SSQ _right_Q2

e continue, ...
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central_Q2 = central_Q2

SSQ_central_Q2 = SSQ_central_Q2

distance_Q2 = distance_Q2 / 2

distance_Q2 < 1x10 -8

no

if given_e2 = central_e2
[ SSQ_central_e2 = SSQ_central_Q2

Q2_central_ e2 = central_Q2
e2_central e2 = given_c2 ]
else if given_e2 = left_e2

[ SSQ_left_e2 = SSQ_central_Q2

Q2 _left €2 = central_Q?2

e2 left e2 = given_e2 |
else if given_e2 = right_e2

[ SSQ_right_e2 = SSQ_central_Q2
Q2_right e2 = central_Q2
¢2_right_e2 = given_e2 ]

continue....
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Are these sets of $SQ, Q2, ¢2 obtained ?

SSQ _left_e2 <= SSQ_central_e2 and
§SQ left_e2 <= SSQ _right_e2

yes
central_e2 = left_g2
Final_c2 = left_e2
Final_Q2 = left_Q2
Final_8§Q = SSQ_left_e2

SSQ _right_e2 <= SSQ_central_e2
SSQ _right_e2 <= SSQ_left_¢2

yes

central_e2 = right_e2

Final_e2 = right_e2

Final Q2 = right_Q2 10
Final_SSQ =  SSQ_right e2

continue...
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central_¢2 = central_c2
Final_e2 = central_e2
Final_Q2 = central_Q2

Final_SSQ = §SQ_ceniral e2

distance_e2 = distance_¢2 [/ 2

distance_e?2 < 1x10 )

determine : bad_to_good, bad_to_bad

from data file

Final_Q1 = 1-Final_Q2
Final_el = ber * Final_e2 * Final_Q1

( Final_e2 - ( ber * Final_Q2))
Final_g21 = bad_to_good / ( bad_to_good + bad_to_bad )
Final_q22 = 1 - Final_g21
Final_q12 = Final_Q2 * Final_q21/Final_Q1
Final_q11 = 1 - Final_gl12
Final R1 = (ber * Final_Q1)/Final_el
Final R2 = 1 - Final_R1

END
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C Programs for Channel Modelling

Program Descriptions and Listings

We provide a functional explanation of the structure of each of the C programs

used for channel modelling in association with its listing.

Program Structure

We provide a graphical description of the major procedures and their

inter—relationships.
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1.  Program Descriptions and Listings
All programs for channel modelling are written in C language,
The function of cach program is described in association with its listing as follows.
“tsaigen.c’
“interleave.c”
“pmn_anal.c”
“arrg_pmn.c”
“gapconv.c”’
“gap_erfr.c”
“burst_int.c”
“methl_par.c”
“meth2_par.c’”’
“erfr_cal.c”
“pmn_cal.”

“datsmgen.c”
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“tsaigen.c”

is a program to produce a synthetic data sequence in which ‘0’ represents .an
error—free bit and *1” represents an errored bit. This program uses a 3-state
partitioned Markov chain model, as in Tsai’s paper  , with parameter values
calibrated from the error behayiour of a real HF channel, in order to generate each
bit of data. To have a data sequence that long enough to ensure a statistical stability
of the error characteristics, we produce an original synthetic data sequence of 4x10°%
bits. In addition, the program employs a high quality uniform random number

generating fechnique to avoid biases in the {0,1} sequence inherited from the

underlying generator.

Note:  Before running the program, an output filename is essentially given.

In the listing of the program attached, an example of the output filename

is “data2.dat”.



M

Program to generate error seqence by using

3-state Partitioned Markov Chain Model

( Tsai, IEEE Trans. Comr:. vol. COM-17,
no. 1, Feb 1969.)

*****“;

Date :
By : Adisak Jaisilp

¥ % ¥ ¥ X

o*

* ¥ x ¥

#include <stdio.h>
#include <stdlib.h>
#include <math.h>

#define MAXDAT 4000000
FILE *fout;

int next_st();
float rannum(};

main(}

{ int st, next, datchar;
long iter;
float k;

srand(3);

fout = fOpen("datai.dat","a”);

st=1;

iter = Q;

while (iter < MAXDAT)
{ (st==1)

{ k= rannum{);
if(k>=0.9911)st=13;
datchar = '0";
fputc(datchar, fout);

)

else if (st==2)

{ k= rannum(};
if (k>=0,73644 ) st=3:
datchar = '0";
fputc(datchar, fout);

]

else

{ k= rannum(},
if (k<=0.36258)st=1;
else if (k>= 07768 1 1=3;
else

st=2;
datchar="1";
fputc(datchar, fout);

*/
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++iter;

}

fclosce{fout);

float rannum(}

{ floatdl, dz,d3,d4,r;
int d5;
d1 = rand{)/pow(2.0, 31.0);
d2 = rand(Q/pow(2.0, 31.0);
d3 = rand()/pow(2.0, 31.0);
d4 =dl1 +d2 +d3;
ds =d4;
r=d4 -ds;
returi r;
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“interleave.c”

Note:

is a program to simutate interleaving an original data sequence of ‘0’s and ‘1°s.
The input parameters for the program are packet size ( n) and interleaving

depth (/). The program reads data n bits from the original sequence and stores in
the firstrow of an array size lxn.. The process of reading and storing is continued until
the array is filled with / Tows of n data bits. The stored data are then read out by
columns. During read—out from the array, the order of the data sequence will be
rearranged from 1,2, 3,4y tobe I, ntl, nt2, n+3,.......and so on. The program
continues the process until all of the original data are rearranged. Since the process
reads data in and out as block of data /xn bits, the program will discard the last block
if its size is not /xn bits. The reason is that we can not simularte the error behaviour
since the block contains “blanks” which are notknown either ‘0’ nor *1°. This might
cause the average BER of the interleaved data to be slightly different from the

original one.

Before running the program, two variables and input/output filenames are
essentially given. The two variables are “code_size” refers to a block length
of the interleaver and “depth” refers to an interleaving depth.

In the listing attached, an example of the input filename is “datal.dat” and that

of the output filename is “n012 1005.datl”.
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/*

*

* Program o simulate the interleaved data sequence
*

* Date

* By . Adisak Jaisilp

#include <stdio.h>

FILE *fpin;
FILE *fpout;

main{)
{ intn,l, dat[390][165], code_size, depth;

code_size=12;
depth=35;

fpin = fopen(“datal.dat”, "r");
fpout = fopen("n012_1005.dat1”, "a™);

while ( (dat[n][l] = fgetc(fpin)) = EOF)
{ if (l<depth)
{ if (n <code_size ) ++n;
else
{ n=1
++1;
}
)
else if (1 == depth && n < code_size ) ++n;
else
{ n=l=1;
while ( n <= code_size)
{ while (1<=depth)
{ fpute( dat[n}[1], fpout );
++1;

fclose(fpin);
fclose(fpout);

*/
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“pmn_anal.c”

WNote:

is the program to determine block error statistics P(m,n) of the (0,1} data sequence.
The algorithm of the program is as follows. The data sequenceis divided into blocks
each size n bits and the number of blocks which contain m errors is counted. The

probability of P(m,n) is the ratip of the number of blocks containing m errors to the
total number of divided blocks.‘ We set the parameters of the program to determine

P(m,;n)form=0,1,2,3,4,5and n =m, m+I, m+2, ....., 30.

Before running the program, one variable and two input/output filenames are
essentially given. The variable is “ber” refers to the average bit error rate of the
data sequence. In the listing attached, an example of the input filename is

“dsto_si}"ni.dat” and that of the output filename is “dsto_siml.pmn”.
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/* *®
* *
* Program Lo determine the probability of m errors in *
* block of data lengthn......... P(m,n) *
* *
* Date : *
* By : Adisak Jaisilp *
* *
* *f

#include <stdio.h>

{

FILE *fpir;
FILE *fpout;

main()

int n, m, max_err, nof_err, 1, j, ¢;
long tot_blk, blk(30}:
float ber, q, pmn{30}, acc_pmn;

ber = 0.031158;
q= 1.0-ber;

fpout = fopen("dsto_siml.pmn”, "a™);

fprintf(fpout, "#The probability of m errors in data block length n \n\n");

fprintf(fpout, "#n m P(ra, n)
n=1;

m=0; -

pmn[Q] = 1.0 — ber;

pmnf1] = ber;

ace_pmn = 0

while{m <2)

{ acc_pmn=acc_pmn + pmn[m];
fprintf(fpout, "%2u  %2u %10.9f
++m; :

}

n=2;

while (n < 31)

{ . fpin = fopen("dsto_sim1.dat”, "r'™;
max_err = nof_err=0;
tot_blk = Q;
i=n
i=0
while (j<=1)

{ bk(j)=0;
++J;

)

i=0
while (( ¢ = fgelc(fpin) ) '= EOF )
{ if(c=="1"llc=="0")
[ if(i<n)
{ if{c=="1")++nofl_err;

accumuiative P(m, n) \n\n"};

%10.9f\n", n, m, pmn{m], acc_pmn );



+;
}

else
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{ if ( max_err < nof_crr ) max_err = nof_crr;

++blk[nof_err];
++to1_blk;
i=nof crr=(:
}
)

}
fclose(fpin);

i=0;
acc_pmn =0;

while ( 1 <= max_err)

{ pmnli] = (float)blk({i) / (fioat)tot_bli;
acc_pmn = acc_pmn + pma[i];
forintf(fpout, *%2u0  %2u %10.9f
i

)

++0;

fclose(fpout);

%10.9f\n", n, i, pmn(i], acc_pmn );
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“arrg_pmn.c”
is the program to rearrange the output file from “pmn_anal.c” in which the P(m,n)
are inthe mixedform(n=0,1,2,3,4, 5Sand n=m, m+1, m+2, ....., 30). Theoutput

file of the “arrg_pmn.c” is a P(m,n) with a specific value of m for example P(2,n).

Note: Before running the program, two inpuiloutput filenames are essentially given, In
the lisﬁﬁg attached, an exampie of the input filename is “‘dsto_siml.pmn” and
that of the output filename is “dstq_siml.p()h”. In addition, four points in the
program have to be set according to the value of m. Examples of these points
corresponding to m =0 are the ‘0s’ in line numbers 37, 41, 42 and 43 of the listing

FS

respectively. e
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r* *
* *

*  Program to rearrange the P(m,n} *

® for plotting *

* *

*  Date : *

* By : Adisak Jaisilp e

* *

* */

#include <stdio.h>

#define MAXLINE 100

FILE *fpin;
FILE *fpout;

main(}

{

inti, m, m; ‘
float pmn, acc_pmn, p_m_n[35];
char line[MAXLINE], *Ip;

fpin = fopen("dsto_sim1.pmn”, *r*);

i=0;

while (i< 4)

{ if ((Ip = fgets(line, MAXLINE, fpin) ) = "\0" ) ++i;
}

n=1;

while (n <=30) .

{ p_m_n[n]=0;-
++n;

}

while ( ( Ip = fgets{line, MAXLINE, fpin)) 1= "0" )

{ sscanf(line, "%d %d %f %f", &n, &m, &pmn, &acc_pmn );
if (m==0)p_m_n[n) = pmn;

)

fclose(fpin);

fpout = fopen(”dsto_sim1.p0n”, "a");

Eprintf(fpout, "# P(0, n ) \n\n"™);

fprintf{fpout, "# n P( 0, n)\n\n”);

n=1;

while (n <=30)

{ fprintf{fpout, "%u %10.9f\n", n, p_m_n[n]); .
++1;

)

fclose(fpout);
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“gapconv.c”

is the program to convert the (0,1} data sequence to another form more convenient
tor the determimation of other error statistics and model parameters. The new form
of data is as follows:

0 674

11

0 53

12

0 192

11 and so on.
This is a compressed form of the original data employing \“run length encoding”.
The first.column indicates whether the data bit is ‘0’ or ‘1’ and the second column

is the number of repetitions before a change occurs.

Note: Before running the program, two input/output filenames are essentially given.
In the listing attached, an example of the input filename is “dsto_siml.dat”” and

that of the output filename is “dstosiml_gap.dat™.
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r*
*
*  Program L0 convert a scquence of 0 and 1 characters
* into a list of 2 columns which indicates
* the amount of consccutive data
*
*  Date:
* By : Adisak Jaisilp
*
*

#include <stdio.h>

FILE *fpin;
FILE *fpout;

main)
( intdat, zero_acc, one_acc, last_dat;

fpin = fopen("dsto_sim1.dat”, *r");
fpout = fopen("dstosim1_gap.dat”, "a");

zero_acc =0;
one_acc =0;
last_dat = fgetc(fpin);
if (last_dat=="0") ++zero_ace;
else if ( last_dat=="'1") ++one_acc;
while ( ( dat = fgete(fpin) ) 1= EOF ),
{ if(dat=="0"lldat=="1")
{ if (dat=="0")
[ ++zero_acc;
if (last_dat=="1")
{ fprintf{fpout, ™1 % 10u\n”, one_acc);
one_acc =(;
)
last_dat = dat;
1
else
{ ++one_acc;
if ( last_dat=="0")
{ fprintf(fpout, "0 % 10u\n", zero_acc);
zero_acc=0;
}
last_dat = dat;
)
}
}
if ( zero_acc==0)
{ fprindf(fpout, *1 % 10u\n”, one_acc);
one_ace = 0;

j

else if { one_acc ==0)
{ fprintf(fpout, "0 % 10un", zero_acc);
zero_acc = 0;

}

*
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fclose(fpin);
fclose(fpout);

}
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“gap erfr.c”
is the program to determine the average bit error rate, the gap distribution and the
error—free run distribution of the data. T'he input data is the compressed form of the

original data provided by “gapconv.c” described above.

Note: Before running the program, three input/output filenames are essentially given.
In the listing attached, an example of the input filename is “dstosim1_gap.dat”
and those of the output filenames are “dsto_sim1l.gap’’ refers to the gap
distribution data file and “dsto_siml.erf” refers to the error—free run distribution

data file.
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’*

* .

*  Program to determine the gap distribution and the ecror—free run
. distribution which are ready for plotting graphs

*

*  Date :

* By : Adisak Jaisilp

*

*

#include <stdio.h>
#include <math.h>

FILE *fpin;
FILE *fpgap; :
FILE *fperf; -

main(}

( int fr_arg, bk_arg, gap_len{10])(5], 1, j, k;
int sig_nal;
long int totdata, amt, totgaps, toterror, acc_gaps, gaps, x, erfr_len;
float ber, acc_prob{10][51, v, erfr_tun[10]{5], erfrbase, z;

fpin = fopen("dstosim1_gap.dat™, "r");
fpgap = fopen("dsto_sim1.gap”, "a");
fperf = fopen(*dsto_sim1.erf”, "a");

fprintf(fpgap, "#The Gap Distribution\n\n™);

totdata = totgaps = toterror = 0;
for(j=0;j<=4;+)
{ for(i=1;i<=9;++)
{ gap_len[il[j] = acc_probli](j] = 0;
)
}
while ( fscanf(fpin, "%u %u ", &sig_nal, &amt ) = EOF)
{ totdata = totdata + amt;
if (sig_nal==1)
toterror = toterror + amt;
clse _
{ if(amt<10)
{ frarg=amy
bk_arg=0,
)
else if (amt>= 10 && amt <= 90 )
{ z=(amt+9.0)10.0;
fr_arg =z;
bk_arg=1;
}
else if (amt>90 && amt <= 900 )
{ z=(amt+99.0)100.0;
fr arg=2z
bk_arg = 2;
)
else if ( amt > 900 && amt <= 9000 )
{ z=(amt+999.0)/1000.0;
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fr arg =1z,
bk_arg =3;
J
else if (amt> 9000 && amt <= 90000)
[ z=(amL+9999.0)/10000.0;
fr_arg = z;
bk_arg =4;
}
else
( frarg=1;
bk_arg = 5;
)
++gap len[fr_arg][bk_arg];
totgaps = totgaps + 1;
}
]

ber = (float)toterror/{floatitotdata;

fprintf(fpgap, "#The average bit error rate ( BER ) = %10.8f\n\n™, ber);
fprintf(fpgap, "#Gap length  Cumu. rel. freq.\n\n™);

=0

i=1;

acc_gaps =0;

while (j<35)
[ while{i<10)
{ acc_gaps =acc_gaps + (long)gap_lenfil{jd;
acc_prob(il[jl = (float)acc_gaps / (float)totgaps;
gaps = (long)i * (long)pow(10.0,(floak)(j+1)) / (fong)10;
fprintf(fpgap, "%8u %20.6f\n”, gaps, acc_probl[i][j1);
i3

i=1;
++j;
}
x = 100000;
y = 1.000000;
fprintf{fpgap, "%8u %20.60\\n", X, y);
fclose(fpgap);

erfrbase = (float)totgaps / {float)toterror;
fprintf(fperf, "#The Error-free Run Distribution\n\n”);
fprintf(fperf, "#Error—free run length  Cumu. rel. freq\i\n™);
i=0; '
i=1;
acc_prob[0][0] = 0;
while (j<5)
{ while (i<10)
{ f(j==0)k=i-1;
elsek=1;
erfr_run(i}{j} = ( 1.0 — acc_prob[k]{j] } * erfrbase;
erfr_len = (long)i * (long)pow(10.0,(Moat)(j+ 1)) / (long)10;
fprintf{fperf, "% 15u %20.60\n", erfr_len, erfr_runfi][j});
iy
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i=1
++]j;
)
erfr_run[1][5]1=0;
erfr_len = 100000;
{printf(fper(, "%15u %20.60\", erfr_len, erflr_runf1][5]);

felose(fperD);

felose(fpin);
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“purst_int.c”’

is the program to determine the burst and burst interval distributions of the data for
the error density (4,) currently equal to 0.1. However, the value of parameter 4,

can be reset inside the program. The input data is also the compressed form of the

original data.

Note: Before -running the program, three input/output filenames are essentially given.
In the listing attached, an example of the input filename is “dstosim]l_gap.dat”
and those of the output filenames are “dsto_siml.brst’ refers to the burst
distribution dada file and “dsto_sim1.intv” refers to the burst interval

distribution data file.
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/* *
% *
*  Program Lo determine the burst distribution *
* and the burst interval distribution *
* *
*  Date : *
* By : Adisak Jaisiip *
* *
* *f
#include <stdio.h>
#include <math.h>
FILE *{pin;
FILE *fpout;
FILE *{pintv;
main()

{ intsig_nal, tot_er, fr_arg, bk_arg, round, i, j, k, m, n, bi;
long 1, tot_bit, burst, brst_In{10](4], tot_brst, amt;
long tot_intv, interval, intv, interv_In{101[6];
float denst, brst_dis, brst_pro, intv_pro, intv_dis;

fpin = fopen("dstosim1_gap.dat”, "r");

fpout = fopen("'dsto_sim1.brst”, "a");

fpintv = fopen("dsto_simL.intv”, "a");

fprintf(fpout, "# The burst distribution of DSTO_SIM1.DAT \n™);
fprintf(fpintv, "# The burst interval distribution of DSTO_SIM1.DAT \n");

tot_err=0; )
tot_brst = r = tot_bit = burst = tot_intv =0;
n=bi=0;

for(i=1;i<=6;++)

{ for(j=1:j<=9:++j)
{ brst_In{jl{i] = interv_In[jlfi] = 0;
}

)
while ( fscanf(fpin, "%u %u \n", &sig_nal, &amt ) != EOQOF)

{ if(bi>0)intv=intv+amt
if (sig_nal==1)
{ ~n
tot_bit = tot_bit + amt;
tot_err = tot_err + amt;
denst = (floattot_err / (float}tot_bit;
if (denst< 0.1)
{ if (r>(long)2)
{ if ( burst < (long)10)
{ fr_arg = (ind)burst;
bk_arg=1;
)
else if { burst >= (long) 10 && burst <= (long)90)
{ fr_arg = (int)( (burst + (long)9 H(long)10);
bk_arg = 2;
j
else if ( burst > (long)90 && burst <= (long)900 )
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{ fr_arg = (int){ { burst + (long)99 )/(long)100 );
bk_arg = 3;
}
clse
{ frarg=1
bk_arg=4;
)
++brst_In[{r_arg}{bk_arg];
++tot_brst;
intv = tot_bit — burst;
++bi;
} .
tot_bit = amt;
tot_err = amt,
r=1;
)
else
{ if(r> (long)l)
{ burst = tot_bit;
if (r=(long)2)
{ if(bi>0)
{ interval = intv — tot_bit;
bi=0;
if ( interval < (long)10)
{ fr_arg = (int)interval;
bk_arg=1;
} |
else if (interval >= (long)10 && interval <= (long)90 )
{ fr_arg = (int)( ( interval + (long)9 )/(long)10);
bk_arg=2;
)
else if  interval > (long)90 && interval <= (long)900)
{ fr_arg=(int)( (interval + {long)99 )/(long)100 );
bk_arg=3;
}
else if  interval>(long)900 && interval<=(long)3000 )
{ frags= (int){(interval+(long)99%)/(long) 1000} '
bk_arg = 4;
)
else if ( interval>{long)9000 && interval<=(long)90000 )
( fr_arg = (int)((interval+(long)9999)/(long) 10000);
bk_arg = 5;
}
else
[ frarg=1;
bk_arg = 6;
}
++interv_In[fr_argj[bk_arg],
++lot_intv;
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)

else
[ if{r>=(long)l) tot_bit = tot_bit + ami,
}

}

fclose(fpin);

m=k=0;

brst_dis=0;

fprintf(fpout, "# Burst density >= 0.1 \n\n");

fprintf(fpout, "# Burstlength  Cumu. rel. frequency \n\n");

for(i=1;i<=3;+)
{ for(j=1:;j<=9:+)
( A++m;
k = (int)( {float)j * pow(10.0, (floaf)i)/10.0 );
brst_pro = (float)brst_n[j](i] / (float)tot_brst;
brst_dis = brst_dis + brst_pro;
fprintf{fpout, "%8u %10.96\n", k, brst_dis);

}
)

brst_dis = brst_dis + { (ficat)brst_In{1][4] / (floathot_brst );
k = 1000;

fprintf(fpout, "%8u %10.9f \n", k, brst_dis);
fclose(fpout);

intv_dis=0;

fprintf{fpintv, "# Burst density >= 0.1 \n\n"");
fprintf(fpintv, "# Burstinterval length  Cumu. rel. frequency \a\n™);

for{i=1;i<=5;++H)
{ for(j=1;5j<=9;+)
{ - k= (int){ {float)j * pow(10.0, {float)i}/10.0 );
intv_pro = (float)interv_In[j1[i] / {floantot_intv;
intv_dis = intv_dis + intv_pro;
fprintf(fpintv, "%8u %10.9f\n", k, intv_dis);
)
)

intv_dis = intv_dis + ( {float)interv_{n[{1][6] / (float)tor_intv );
k = 100000;

fprintf(fpout, " %8u %10.9f\n”, k, intv_dis);
fclose(fpintv);
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“methl_par.c”
is the program to determine the model parameters by means of the optimisation
algorithm which uses the state separator, as described in Appendix This
program requires two input data files: the error—free run distribution and the

compressed form of the original data.

Note: Before running the program, three input/output filenamc; are essentially gi.vcn.
In the listing attached, examples of the input filenames are “dsto_gap.dat”
refers to the reformatted data file and “dsto.erf” refers to the error—free run
distribution file and that of the output filename is “dsto_ml.par”. There are three

points in the program needed to fill in with the filename “dsto_gap.dat”.
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#include <stdio.h>
#include <math.h>

#define MAXLINE 100

© FILE *fpin;
FILE *fperf;
FILE *fpout;

main()

{

inti, ¢, j, m

mts:g_nal cur_st, next_st, fcur_st, bcur -_st, fnext_st, bnext_st;

long erfr_len, max_gaps, amt, totdata, toterror, serspace;

long cent_sep, gap_stl, gap_st2, nof_gaps, cent_qil, cem_q12 cem_q22
long cent_q21, distance, frt_sep, back_sep, fgap_stl, fgap_st2

long bgap_stl, bgap_st2;

long frat_ql11, fmt_q22, frnt_q12, fint_q21, back_qll back_q22, back_q21;
long back_q12; _

float erfr[47], ber, ber_stl, ber_st2, k, cql1, ¢q22, cq21, cql2;

float qlc, q2c, cqx, censq_er, fsq_er, bsq_er, fber_; stl, fber_st2;

float fq11, fq12, fq22, fq21, q1f, q2, fgx, bax, bber_stl, bber_st2; :
float bqll, bal2, bq22, bq2l, qlb, g2b, p1, p2;

fioat q_stl, q_st2, Isq_err, fq_stl, fq_st2, bq_stl, bq_st2;

float flsq_err, bisq_err, ber_cal;

char line]MAXLINE], *Ip;

fperf = fopen(“dsto.erf™, "r"};

i=0;

while (i<4)

{ if ( (p = fgets(line, MAXLINE, fperf)) 1="N0" ) ++i;
) ’ .

i=1;

while (i< 47)

{ if ( Op = fgets(line, MAXLINE, fperD)) 1= D)
{ sscanf(line, "%d %f", &erfr_len, &erfr[i]);
}
++i;

)

fclose(fperf);

fpin = fopen("dsto_gap.dal”, "},
max_gaps = 0;
totdata = toterror = 0,



123

while ( fscanf(fpin, "%u %u”, &sig_nal, &amt} '= EOF )
( totdata = totdata + amt;
if ( sig_nal == 1) toterror = toterror + aml,
if ( sig_nal == 0 && amt > max_gaps )
max_gaps = ami;
}
fclose(fpin;

ber = (float)toterror / (float)totdata;
cent_sep = max_gaps / (long)2;
fpin = fopen("dsto_gap.dat”, "r");
cur_st=1;
nof_gaps ={;
gap_stl =gap_st2=0;
while ( fscanf(fpin, "%u %u”, &sig_nal, &amt) != EOF )
{ if (sig_nal==0)
{ if (amt>cent_sep)
[ next_st=1,
gap_stl = gap_stl + amt;
if { cur_st==1) ++cent_qll;
if (cur_st==2)+tcent_q21;
}
else
{ next st=2;
gap_st2 = gap_st2 + amy;
if (cur_st==1) ++cent_ql2;
if ( cur_st==2) ++cent_q22;
)
++n0f, _gapsf
}
else
{ if(amt>1)
{ next_st=2;
cent_q22 = cent_q22 -+ amt — (long)1;
nof_gaps = nof_gaps + amt - (long)1;
)
)
cur_st = next_st;

)
fclose(fpin);

ber_stl = 1.0/ ( 1.0 + ( (float)gap_stl / (floatynof_gaps } );
ber_st2 = 1.0 /( 1.0 + { (float)gap_st2 / (float)nof_gaps ) );
cqll = (floatycent_q11 / ( (float)cent_q11 + (float)cent_q12);
cql2 =1.0-cqll;

cq22 = (float)cent_q22 / { (float)cent_q22 + (float)cent_qg21 };
cq21 = 1.0 - ¢cq22; .
qlc=c¢q2l /(1.0-cqll +cq2l);

q2c = 1.0 —qlg;

i=j=m=1;
censq_er = O;
while (i< 6)
{ while (j<10)
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{ k= (floar)j * pow(10.0,(Moat)i} / 10.0;
q_stl = 1.0 — ber_stl;
q_st2 = 1.0 —ber_st2;
cqx = qlc * pow(q_st1,k) ) + ( q2¢ * pow(q_s12 k) );

Isq_crr = erfrlm]} - cyx;
censq_er = ¢ensq_er + pow(lsq_crr,2.0):
-,
+4js
}
i=%
++i;

)

Serspace = max_gaps;
distance = serspace / (long)4;

fpout = fopen("dsto_m1.par™, *a"); .

fprintf{fpout, " The actual Bit Error Rate (BER } = %10.9f\a\n", ber};
fprintf(fpout, "The state separator Summation of Square Error\n\n™);
fprintf(fpout, *%10u %9.8f\n", cent_sep, censq_er);

while ( serspace> 1)
{ frnt_sep=cent_sep + distance;
back_sep = cent_sep — distance;

fpin = fopen("dsto_gap.dat”, "r");

nof_gaps =0;

feur_st= bcur-_,:st =1;

fgap_stl = fgap_st2 = bgap_stl = bgap_st2=0;
frt_qll = frnt_g21 = frmt_q12 = fmt_q22 =0;
back_q11 = back_q12 = back_q21 = back_q22 = 0;
fsq er="bsq er=0:

while { fscanf(fpin, "%u %u”, &sig_nal, &amt) != EOF)
{ if(sig_nal==0)
{ if (amt> frnt_sep)

{ fnextst=1;
fgap_stl = fgap_stl + amg;
if ( feur_st== 1) ++fmt_q1l;
if ( four_st==2) ++frat_q21;

}

else

{ fnext st=2;
fpap_st2 = fgap_st2 + amt;
if ( feur_st==1) ++fmt_gl2;
if ( four_st == 2 ) ++fmt_q22;

}

if { amt > back_sep )

{ bnext_st=1;
bgap_stl = brap_stl +amy;
if ( beur_st== 1) ++back_gll;
if ( beur_st == 2 ) ++back_q21;

}

else
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{ bnext_st=72;
bgap_st2 = bgap_si2 + amt;
if { beur_st== 1) ++back_q12,
if ( beur_st == 2 ) ++back_q22;
)
++nof_gaps;
}
else
{ if(ami>1)
( fnext_st=bnext_st=2;
frnt_q22 = fmt_q22 + amt ~ (long)1;
back_q22 = back_q22 + amt — (long)1;
nof_gaps = nof_gaps + amt — (long)1;
}
)

fcur_st = fnext_st;
becur_st = bnext_st;
}
fclose(fpin);

foer_stl = 1.0/ ( 1.0 + ((float¥fgap_st1 / (float)nof_gaps ) );
fber_st2 = 1.0/ ( 1.0 + ( (float)fgap_st2 / (float)nof_gaps) );
fq11 = (float)fmt_g11/ ( (float)frmt_q11 + (float)mt_q12 );
fq12= 1.0 - fqll; '

£q22 = (float)frnt_q22 / ( (float)frnt_q22 + (float)frnt_q21 );
fq21 = 1.0 - fq22;

qlf=fq21/( 1.0~ fqll + fq21 );

q2f=1.0-qlf;

bber_stl = 1.0/ (1.0 + ( (float)bgap_st1 / (float)nof_gaps ) );
bber_st2 = 1.0/ ( 1.0 + ( (floatybgap_st2 / {float)nofl_gaps ) );
bqll = (float)back_q11/({floahback_qil + (float)back_ql2);
bql2 = 1.0-bqll;

bq22 = (float)back_q22 / ( (fioat)back_q22 + (float)back_g21);
bq21 = 1.0~bq22;

qlb=bq21/(1.0-bqil +bq21);

g2b=1.0-glb;

i=j=m=1
while (i<6)
[ while(j<10)
{ k= (float)j * pow(10.0,(float)i) / 10.0;
fq_stl = 1.0 - fber_stl;
fq_st2 = 1.0 - fber_st2;
bg_stl = 1.0 - bber_stl;
bq_st2 = 1.0 - bber_st2;
fqx = (qlf* pow(fq_stl.k) }+(q2f * pow(fq_s2.X) )
bgx = ( qib * pow(bq_st1 .k} }+(q2b * pow(bq_st2,k} );
fisq_err = erfr{m] - fgx;
blsq_err = erfr[m} ~ bax;
fsq_er = fsq_cr + pow(flsq_err,2.0);
bsq_cr = bsq_er + pow(blsq_err,2.0);
++m;
++i;
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if ( [sq_er < censq_cr && fsq_cr < bsq_er)
{ ber_stl = fber_stl;
ber_st2 = [ber_st2;

cqll =fqll;
cqlZ =fql2;
cq22 = fq22;
cq2l = fq21;
qlc=qlf;
q2c = q2f;

censq_er = fsq_er;
cent_sep = fint_sep;
}
if (bsq_er < censq_er && bsq_er < fsq_er)
{ ber_stl = bber_stl;
ber_st2 = bber_st2;
cqll =bqll;
cql2 =bql2;
cq22 = bq22;
cq2l = bq2l;
qle=qlb;
q2¢c =q2b;
censq er =bsq_er;
cent_sep = back_sep;

serspace = serspace / {long)2;
distance = serspace / (long)4;

fprintf(fpout, "%10u %9.8f\n”, cent_sep, censq_er);
}

ber_cal = 1.(_) /((qlc/ber_stl) + (q2¢/ber_st2) ),

fprintf(fpout, "n\nThe parameters of 2-state Markov chain model are as follow N\na\n™);
fprintf(fpout, "The State Separator = %10u\n”, cent_sep);

fprintf(fpout, "The Summation of Square Error = %9.8f\n", censq_er);

fprintf{fpout, "The average Bit Error Rate  calculated BER ) = %10.9f\n”, ber_cal);
fprintf(fpout, "The BER in good state (el } = % 10.90\n", ber_st1);

fprinif(fpout, " The BER in bad state (e2) = %10.90\n", ber_st2);

fprintf(fpout, "The transition probability from good state lo itself (ql1 ) = %10.90\n", cqll);
fprintf(fpout, "The transition probability fron bad state to itself { q22 } = %10.9f\n", cq22);
fprintf{fpout, "The transition probability from good to bad state (q12 ) = %10.90n", cql2);
fprintf(fpout, "The transition probability from bad to good state { q21 ) = %10.9f\n", cq21);
fprintf{fpout, "The probability of being in good state after error ( Q1 ) = %10.90\n”, qlc);
fprintf(fpout, "The probability of being in bad stale afier error (Q2 )} = %10.9Mn", q2c);

pl = ber_cal * glc / ber_stl;
p2Z = ber_cal * g2¢ / ber_s12;
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fprintf(fpout, "The unconditional probability of being in good state (R1) = %10.90\n", pl);
fprintf(fpout, "The unconditional probability of being in bad state (R2 ) = %10.90\n", p2);

fclose(lpout);

}
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“meth2_par.c”
is the program to determine the model parameters by means of the optimisation
algorithm which uses the bad state parameters, as explained in Appendix . This

program also requires two input data files as in the case for “methl_par.c”.

Note: Before running the program, oné variable and three input/output filenames are
essentially given. The variable is “ber” refers to the average bit error rate of the
data sequence. In the listing attached, examples of the input filenames are
“dsto.erf” refers to the error-free run distribution file and “dsto_gap.dat” refers
to the reformatted data file and tI;at of the output filename is “real.par”. There

are four points in the program needed to fill in with the filename “dsto_gap.dat”.



£ % ¥ % X % ¥ % * ¥

129

*

Program to determine the parameters of 2-state Markov
chain model by using optimization methad
associated with binary scarch technique

»*

Date :
By : Adisak Jaisilp

x X X ¥ ¥

*/

#include <stdio.h>
#include <math.h>

#define MAXLINE 100

FILE *fpin;
FILE *fperf;
FILE *fpout;

main{)

{

char line[MAXLINE], *1p;

intf,j, kL

int sig_nal, cur_st, next_st;

long erfr_len, amt, mx_gpst2, gap_q21, gap_q22;
fleat erfr[47], ber, x, ql, frst_ssq, 42, €1, e2;

float tot_ssq, 421, g22, q12, q11, ber_cal, p1, p2;
float cpt; Ipt, pt, distance, erf_cpt, erf_Ipt;

float erf_rpt, ssq_cpt, ssq_lIpt, ssq_rpt; |

float e2_ser, el_cpt, el_Ipt, el_1pt;

float center, left, right, dist_out, cent_ssq, cent_q2;
float cent_e2, left_ssq, left_q2, lefr_e2, right_ssq;
float right_g2, right_e2, q21_ser, q12_ser;

ber = 0.02088542;
fpout = fopen(’real.par”, "a”);
fperf = fopen("dsto.erf”, "r");

i=0;
while (i<4)
{ if ((Ip = fgets(line, MAXLINE,fperf) ) 1= 0" ) ++i;
}
i=1;
while (i< 47)
{ if ((lp = fgets(tine, MAXLINE,fperf) } 1= 0"}
{ sscanf(line, "%d %", &erfr_len, &erfrfil);
}
b
}
fclose(fperf);

tot_ssq = 10000.0;

center = 0.25;
dist_out = 0.125;
while ( dist_out >= 0.00000001 )
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{ left=cenler —dist_out;
right = center + dist_out;
for (i=1;i<4;i++)
{ if (i==1)c2_scr=cenler,
elsc il {i==2)c2_scr=lely;
else ¢2_ser = right;

cpt=0.5;
distance = 0.25;
el_cpt= (ber*e2_sery*(1.0-cpt)/((e2_ser-(ber*cpy)));
if (el_cpt>0)
{ x=(log(0.05)/log(1.0-e2_ser)) + 0.5;
mx_gpst2 = (long)x;
gap_q21 = gap_q22 =0;

fpin = fopen("dsto_gap.dat”, "r");

fscanf(fpin, "%u %u”, &sig_nal, &amt);
if (sig_nal==0)
{ if (amt> mx_gpst2)cur_st=1;

else cur_st=2;

) .
while  fscanf(fpin, "%u %u”, &sig_nal, &amt) |= EOF)
{ if(sig_nal==0)
{ if (amt>mx_gpsi2)
[ next_st=1;
if (cur_st==2)++gap_q21;
o
else
{ nextst=2;
if ( cur_st==2) ++gap_q22;
)
}

else
{ if(amt>1)
{ next_st=2;

if (cur_st==12) gap_q22 = gap_q22 + amt— (long)1;
}
} o
cur_st = next_st;

J
fclose(fpin);

q21_ser= (floatygap_q21/({float)gap_q2 1+(float)gap_q22);
q12_ser = cpt * q21_ser/ (1.0 —cpt);

if (ql2_ser>0 && ql2_ser < 1.0)
{i=L
1=1;
ssq_cpt=0:
while { j<6)
{ k=1
while (k< 10)
{ x={floak* pow{10.0,([oat)j)/10.0;
erf_cpt= ((1.0-cpyy*pow((1.0-e1_cpt).x)) + (cpt*pow((1.0-e2_ser),x});
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ssq_cpt = ssq_cpt +pow((erfl_cpt—erft{1]),2.0):
++[;
++k;
}
++j;
}
}
else ssg_cpt = 10000.0;

}
else ssq_cpt = 10000.0;

while { distance >=0.00000001) .
{ Ipt=cpt— distance;
pt = cpt + distance;
el_lpt = ber*e2_ser*(1.0-Ipt)/(e2_ser—(ber*lpy));
el_rpt = ber*e2_ser*(L.0-rp0)/(e2_ser—(ber*rpt));
if (el_Ipt>0)
{ x={(log(0.05)/log(1.0-€2_ser))+0.5;
mx_gpst2 = (long)x;
gap_q21 =gap_q22=0;

fpin = fopen("dsto_gap.dat”, “r");

fscanf(fpin, "%u %u”, &sig_nal, &amt);
if (sig_nal==0)
{ if (amt>mx_gpst2)cur_st=1;
else cur_st=2;
} .
while-(.fscanf(fpin, "%u %u"”, &sig_nal, &amt) != EOF )
{ if(sig_nal==0})
{ if (amt>mx_gpst2)
[ next_st=1;
if {cur_st==2) ++gap_q2l;
)
else
{ nexi_st=2;
if (cur_st==2}++gap_q22,
)
] P
else
{ if(amt>1)
[ next_st=2;
if (cur_st==2)gap_q22 = gap_q22 + amt — (long)!1;
} .
)
cur_st = next_st;

}
fclose(fpin);

q21_ser = ([loat)gap_q2t / { (float)gap_q21 + ({loalygap_q22 )
qi2_ser=Ipt*q2i_ser/ (1.0 - Ipt);

if(q12_ser>0&&ql2_ser< 1.0)
{i=k
1=1;



132

ssq_lpt=0;
while (j<6)
{ k=1,

while (k< 10}

{ x=(foatk * pow(10.0,(Moa)Hp/10.0;
cri_Ipt = ((1.0-1py*pow{(1.0~c1_lpt},x)) + (Ipt* pow((1.0—c2_ser),x));
ssq_lpt = ssq_lpt +pow((erf_Ipt—er{r{i]),2.0);
++1;
++k;

]

++j;

)
}
else ssq_lpt = 10000.0;
}
else ssq_lpt = 10000.0;

if (el_mpt>0)

[ x=(log(0.05)/log(1.0-¢2_ser) )+ 0.5;
mx_gpst2 = (long)x;
gap_q2l =gap_q22=0;

fpin = fopen("dsto_gap.dat”, "r™);

fscanf(fpin, "%u %u”, &sig_nal, &amt);
if (sig_nal==0) N
{ if (amt> mx_gpst? ) cur_st=1;
elsecur_st=2;
} -
while ( fscanf(fpin, "%u %u”, &sig_nal, &amt) 1= ECF}
{ if(sig_nal==0)
{ if(amt> mx_gpst2)
{ next_st=1;
if (cur_st ==2} ++gap_q21;
}
else
{ next_st=72;
if (cur_st ==2 ) ++gap_q22;
)
]
else
[ if(amt>1)
{ nexi_st=2; )
if (cur_st ==2) gap_q22 = gap_q22 + amt - (long) 1;
}
)
cur_st = nexi_st;

}

fclose(fpind;
q21_ser = (floatygap_q21 / ( (float)gap_q21 + {float)gap_q22 );
ql2_ser=rmpt* q2l_ser /(1.0 -rp1);

if(ql12_ser>0&&ql2_scr<1.0)
{j=Gh
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I=1;
ssq_mpt =0;
while (j<6)
{ k=1;

while (k< 10)

{ x=(floadk * pow(10.0,(floar)j)/10.0;
erf_mt = ((LO-rpy*pow((1.0-c1_mp1),x}) + (rpt¥pow((1.0—e2_scr),x));
$sq_rpl = ssq_rpt +pow({erf_mt—erlr(1]},2.0);
++;
++k;

}

++j;

)
}
else ssq_rpt = 10000.0;

}
else ssq_rpt = 10000.0;

if ( ssq_lpt <=ssq_cpt && ssq_Ipt <ssq_ipt )
{ ept=Ipt;
$sq_cpt=ssq_lpt;
)
else if ( ssq_rpt <=ss5q_cpt && ssq_rpt < ssq_lpt)
{ ept=rmpy;
$8q_cpt = ssq_rpt;
} . .

else
{ ept=cpl;
$Sq_cpt = ssq_cpt;
)
distance = distance / 2.0; ‘
} .
if{(i==1)
{ cent_ssq=ssq_cpt;
cent_q2 = cpt;
cent_e2 = e2_ser;
l r
if(i==2)
{ left_ssq=ssq_cpt;
left_q2 =cpt;
left_e2 =e2_ser;
)
if(i==3)
{ right_ssq =ssq_cpt;
right_q2 =cpt;
right_e2 =e2_ser;
}
)

if (lefi_ssq <= cent_ssq && left_ssq < right_ssq )
{ center = left;

cent_e? = left_e2;

cent_q2 = lefi_qg2;

cent_ssq = left_ssq;
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}

else if ( right_ssq <= cent_ssq && right_ssq < lefi_ssq )

{ center =right;
cenl_e2 = right_¢2;
cent_q2 = right_g2,
cent_ssq = right_ssq;

}

else

{ center = center;
cent_e2 = cent_g2;
cent_q2 = cenl_q2;
cent_ssq = cent_ssq;

)

dist_out = dist_out/2.0;

}

e2 = cent_e2;

q2 =cent_q2;

ql =1.0-q2;
el=ber*e2*ql/(e2-(ber*q2));
tot_ssq = cent_ssq;

x = (log(0.05) / log(1.0-¢2) ) + 0.5;
mx_gpst2 = (long)x:
gap_q21=gap_q22=0;

fpin = fopen("dsto_gap.dat”, "r");

fscanf(fpin, "% %u”, &sig_nal, &amt);
if (sig nal==0)
{ if (amt> mx_gpst2)cur_st=1;
else cur_st=2;
)
while { fscanf(fpin, "%u %u”, &sig_nal, &amt) != EOF )
{ if(sig_nal==0)
{ if(amt> mx_gpst2)
[ next_st=l;
if (cur_st==2) ++gap_q21;
] .
else
{ next st=2;
if (cur_st==2) ++gap_q22;
j
}

else
{ if(amt>1)
{ next_st=2;
if (cur_st ==2)gap_q22 = gap_q22 + aml — (long)1;
)
J
cur_st = next_st;

}
fclose(fpin);

q21 = (floatygap_q21 / { (Noat)gap_q21 + (floagap_q22 );
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q22=1.0-q2l;
ql2=q2*q2t/ql;
qll=1.0-ql2;

ber_cal = 1.0/ ((qlfel )+ (q2/e2));

fprian(fi)out, "Binary search technique :\i\n");
fprint{(fpout, "The actual BER = %9.3f\n\n", ber);

fprintf{fpout, “The parameters of 2-state Markov Chain Model are as following : \m\n™);
fprintf(fpout, "The calculated BER = %9.8fn", ber_cal);

fprintf(fpout, "The BER in good state el ) =%9.8(\n", el);

fprintf(fpout, "The BER in bad state ( ¢2)= %9.8f\”, €2);

fprintf(fpout, "The transition probability from good state to itself (ql1 )= %9.8f\n", q11);
fprintf(fpout, "The transition probability from good to bad state  ( ql2) = %9.8\n", qi2);
fprintf(fpout, "The transition probability from bad state to itself q22 ) = %9.8f\n", q22);
fprintf(fpout, "The transition probability from bad to good state (q21)=%9.86\n", q21);
fprintf(fpout, "The probability of being in good state after error ( Q1) = %9.8f\n", ql);
fprintf(fpout, "The probability of being in bad state aftererror  (Q2) = %9.86\n", q2);

pl = ber_cal * gl fel;
p2=1.0-pl;

fprintf(fpout, "The unconditional probability of being in good state (R1 }= %9.8(\n", pl);
fprintf(fpout, "The unconditional probability of being in bad state (R2)= %9.8f\n\n", p2}
fprintf(fpout, "SSQ = %9.8f\n", tot_ssq); ’

fclose(fpout); -
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“erfr_cal.c”

is the program to calculate the error—free run distribution of the model using the

mode!l parameters obtained from the optimisation method.

Note:  Before running the program, one output filename and four variables are
essentially given. In the listing attached, an example of the output filename is
““dsto_meth2.erf_cal” and the four variables are g1, g2, €1 and e3 (the model

parameters).
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/*  Program Lo printout the calculaled *
* Error—{rce Run Distribution *f

fiinclude <stdio.h>
#include <math.h>

FILE *fpout;

main()
{ inti,j, m;
float erfr, q1, g2, el, e2;
long k;
fpout = fopen("dsto_meth2.erf_cal”, "a™);
i =j =M= 1;
ql = 0.12269402;
q2 = 0.87730598;
el = 0.00478297;
e2 = 0.03946850;
while (i<6)
{ while(j<10)

[ k=(ong)j* (long)pow(10.0,{float)i) / (long)10;
erfr = (q1*pow((1.0-e1),(float)k)) + (q2*pow((1.0-e2),(floatik));
fprintf(fpout, "%15u %20.6f\n", k, exfr);
+H]
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“pmn_cal.c”
is the program to calculate the block error statistics of the model using equation

in Chapter 3 and the model paramcters obtained from the optinusation method.

Note: Before running the program,.one output filename and four variables are
essentially given. In the listing attached, an example of the output filename is
“pmn_cal.real” and the four variables are q12, 21, €1 and ez (the model

parameters).
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*
¥
Program (o calculale P{m,n) *
for 2—state Markov chain model *
{ McCullough’s model #
*
Dawe : *
By : Adisak Jaisilp *
*

*/

#include <stdio.h>
#include <math.h>

FILE *fpout;

main(}

{

int m, n, mm, an;

float el, e2, q1, q2, r1, 12, av_ber;
float ql1, q12, q22, q21;

float al[81[32], a2[8)(32], p[81(32];

fpout = fopen("pmn_cal.real”, *a");

el = (0.004783; -
e2 = 0.0394685;
q12 = 0.66278541;
q21 = 0.09269264;

qll=1.0-qi2;"

q22 =1.0-q21;
ql=q21/(ql2 +q21);
q2=10-ql;

av_ber = 1.0/ ((ql/el)+{q2/e2));
t1 = av_ber * gql/el;
2=1.0-rl;

pl11{1] = av_ber;
al{l][1] = (rl*el*ql1)+(r2*e2*q21);
a2[1]{1} = pf11(1]} - al{1](1];

n=1;

while {n<=30)

{ alf0)n] = r1*pow({1.0-el),(float)n);
a2[0][n] = r2*pow((1.0-¢2),(float)n);
p(0}{n] =al[0](n]} + a2(0][n];
++0;

)

n=12;

while {n<=6)}

{ nn=n-1;
al[n)[n] = (al{an][nn)*e1*ql 1)+{a2[nn][nn]*c2*q21);
a2{nl{n] = (a2{nnlinn]*c2*q22)+(al{nn][nn]*cl*ql2);
plnj(n] =al(n)(n} +a2{n](n];

++0;
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m=1,;
while(m<=6)
[ n=m+1;
while ( n <= 30)
[ nmm=n-1;
mm=m-1;
alim](nl = @1[m]{nn]*{1.0-c)}+(@l[mm]{nnl*cl*ql D+{2[mm][nn]*c2*q21);
a2[m][n] = (@2[m])[nn]*(1.0-c2))+(a2[mm){nn]*c2*q22)+(al[mm](nn]*e1*q12);
plm}(n] =al[m](n] + a2[m][n];

++0;

}

+4+m;
}
fprintf(fpout,™n  m  P{m,n)\n");
n=1; '
while (n <=30)
{ m=0;

while(m<=n&& m<=3)

{ fprintf(fpout, "%2u  %2u  %9.8£\n",n, m, p[m]{n});
++m;

}

+40;

}
fclose(fpout);
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“datsmgen.c”
is the program to generate simulated data using the 2—state Markov chain model
with parameters obtained from the optimisation method. The output of this program
isa {0,1} sequence whose error characteristics can then be examined in the same way

as the original or interleaved data.

Note:  Before running the program, one output filename and four variables are
essentially given. In the listing attached, an example of the output filename is
“dsto_siml.dat”’ and the four variables are ¢y, 21, e; and e3 (the model

parameters).
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Program Lo generale crror Sequence by using
2_state Markov Chain Moede! with the paramcters
from 1he optimization wechnigue

Date : )
By : Adisak Jaistlp

*/

#include <stdio.h>
#include <stdlib.h>
#include <math.h>

#define MAXDAT 4000000

FILE *fpout;

float rannum(Q;

main()

{

)

int state, dat_bit;
long iter;
float q12, q21, el, e2;
fpout = fopen("dsto_sim1.dat”, "a");
state = 1;
iter = 0
el =0.060901914;
e2 =0.030817812;
q12 = 0.789473653;
g21 = 0.022838056;
while (iter <« MAXDAT)
[ if(state==1)
{ if (rannum(}) > el ) dat_bit="0";
else
{ dat_bit="1"
if (rannum() < q12) state =2;
}
}

else

{ if (rannum{) > ¢2 ) dat_bit="0";
else
{ dai_bit="1"

if ( rannum{) < q21 ) state = L;

)

}

fputc(dat_bit, fpout);

++iter;

}

fclose(fpout);

float rannum()
{ floatal,a2,a3,ad,r;

int as;
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al = rand()/pow(2.0, 31.0);
a2 = rand()/pow(2.0, 31.0);
a3 = rand()/pow(2.0, 31.0;
ad =al + a2 + a3;

a5 = ad;

r=ad —aj5;

relurn f;
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Program Structure

The program processing sequence for channel maodelling is shown

"tsaigen.c”

original data sequence ‘0’ and ‘1"

original data sequence ‘0’ and ‘1" .......00000100001001 1001 100000

"interleave.c”

interleaved data sequence ‘0’ and ‘t’

below.

......

.....

continug



Original data sequence ‘0" and ‘1°
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"pmn_anal.c"

P{m,n)

"gap_erfr.c”

* gap and
error-free run
distribution

associated with - |-
state separator

"methl_par.c"

"gapconv.c”
0 23
reformatted 1 1
data 0 167
1 2
0 394
\ and so on

"burst_int.c"”

burst and

burst interval
distribution

model parameters

model parameters

l

¥

"erfr_cal.c”

v

calculated error-free

run distribution

“meth?2_par.c”

associated with
bad state parameters

v

model parameters

model parameters

l

"pmn_cal.c"

v

calculated P(m,n)

model parameters

"datsmgen.c”.

v

simulated data
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