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A MULTISPECTRAL DATA SIMULATION TECHNIQUE®*

Marwan J. Muasher and Philip H. Swain

For remote sensing data analysis, several assumptions are
commonly made. These assumptions are usually that the data are
class-conditionally distributed multivariate normal and that the
data used to train the classifier are representative of the area
of interest. This second assumption actually has several parts.
The assumption is made that in the process of training, all
classes present in the scene are found, and all spectral sub-
classes of ecch class are also represented in the training data.
Furthermore, the parameters of the distribution of each subclass
are also assumed to be known from the training data. Each pixel
is assumed to come from one of the training classes, and also is
assumed to be entirely of one cover type.

In actual practice, these assumptions are not met. The number
of spectral classes in the area is not known and clustering or
some other method is used to determine the number of subclasses,
in addition to estimating the statistics of those subclasses.

Some of these methods also lead to non-normal subclasse.. In
particular, the clustering algorithm available through LARSYS
truncates the tails of the subclass distributions and so leads

to non-normai distributions.

There are also questions relating to a single picture element.
A single pixel in Landsat data covers an area approximately 80
meters by 50 meters. More than one cover type may be present in
this area and result in a "mixture pixel" observation. It is not
clear how the distribution of the spectral response of mixture
pixels can be related to the distribution of the spectral response

of "pure pixels."

*1his work was sponsored by NASA Contract NAS9-15466.
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There has been much speculation in the remote sensing commu-
nity as to the effect of the non-satisfaction of the basic assump-
tions. Whenever new algorithms are brought forth, the old ques-
tions are raised again, indicating that there is insufficient
understanding of the interaction of the real attributes of the
data and the theory of the algorithms. At times it is not clear
whether a particular result is due to aspects of the algorithm
or to the extent the data set deviates from the assumptions.

In testing new algorithms, deviations from the assumptions
may obscure the action of the new process. One way to clarify
the situation is to apply the algorithm first to a data set
satisfying the assumptions.

Such a data set could be obtained artificially, through
simulation. The analyst could then know: how many classes
exist in the data; the true distributions of the classes, in-
cluding normality if desired; the observations could really be
independent; and no pixel would be a "mixture pixel." New algo-
rithms could be studied on such a data set with the knowledge
that any "strange" effects are indeed algorithm rather than data
problems.

In many cases where simulated data have been used in the
past, the data were too artificial, in the sense that all
aspects of the iinage were controlled, removing the natural
variation in object size, position, and relationship which
occur in real data. This limited the use of the simulated

data sets in testing new algorithms.

The natural spatial information occurring in multispectral
data could be retained in a simulated image by spatially basing
the simulation on a classification. It would be even better to
base the simulated data on a digitized "ground truth"” map if the
spectral characteristics of the cover types were known. By
basing the simulation on a classification, the number of classes,
their exact distributions, and the class of each pixel in the
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area are known. If the classification was sufficiently accurate,
then the spatial information held in the classification map will
be close to the actual cover type map and actual spatial content
of the original data. For each pixel in the area, a random
vector distributed according to the pixel's class statistics
could be generated. This becomes the simulated data vector.

Statistical Background

From the classification chosen as a basis for the simulation,
the following are known: the number < f classes K, the set of
classes {wj,i=1,...,K}, the class distributions {f(wj),i=1,...,K},
their means and covariances {p; and £;,i=1,...,K}, the number of
channels p, and the class of every pixel in the scene.

From classifical statistics:

{1) Let X:px1l, A:pxp and b:pxl.
If X v N (0,Ip), then Y = AX + b v N (b, AIpA" = AA")
(where Ip is the identity matrix having dimensionality p).

{2) Let I be a symmetric, positive definite matrix. Then there
exists A, such that

AAT = Z (A is denoted I

%)

To simulate a pixel which was a member of class i in the base
classification, N(O,Ip) {the random vector for each pixel is
indepedent of other vectors) is generated. (See Appendix I.)
Next Y = Z?)(+ uj is calculated; it is then a random vector from
the population N(uj,Zj). This process is repeated for each pixel
of the base classification and the random vectors thus generated
are stored appropriately, i.e., so as to correspond to their

simulated spatial location.

The program requires as an input a classification map stored
on a results tape. The results tape has the class statistics




for p~dimensions also stored on it. The program, then, uses

the results map and the stored statistics to generate a p-dimen-
sional data set, which is stored on a user specified output tape
in LARSYS format.

Appendix I provides a mathematical derivation related to the
generation of normally distributed samples. Appendix II provides
the Fortran program listing for the simulation program. Appendix
III provides the C program listing for the same program.
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APPENDIX I

Let Ul and U2 he two random variables independent and iden-
tically distributed Uniform (0,1).

a (- b
Then let z1 (-2 1n Ul) cos 21rU2

and 22 = (=2 1ln Ul)’5 sin 21rU2

then Zy and 22 are independent and identically distributed
normal (0,1).

Proof:
1 0<Up<l, 0<U,<1

0 otherwise

is the probability density function of two independent uniforms.

U) = exp [-!5(212 + z?_z)]
23

1
21—‘: arctan ﬁ

a
1]

The Jacobian of the transformation is:

J = - %; exp[-%(zl2 + 222)]

£(2,,2,) = £(U;,U,) - [J]

2 )
%;exp [-%(le + 222)] 0 < [exp “k(2," + 222)] <1

Y/
1 2
0 < 7Earctan T <1

1

0 otherwise

" f(Zl) ~v N(0,1) f(Zz) ~ N(0,1)



The slde conditions give = = < z1 < w, ~® < Z

< ™

2

Strictly speaking, zl cannot equal zero; however, prob (Zl= 0)=0

as we are working with continuous densities.

To test the effectiveness of the pseudo random vectors in
the multivariate case, random vectors distributed N(O,Ip) were
generated and then tested with a Kolmogorov-Smirnov test. Since
the multivariate normal cdf is difficult to evaluate, the sum
of squares was calculated and compared to the sz distribution.

For sample sizes greater than 100, the pseudo random vectors
were distributed properly. For sample sizes less than 100, the
K-S test is not valid. Since we would generally (over an entire
area) be working with more than 100 points per class, this was
not pursued further.

In addition, the sample covariance matrices wcre tested for
homogeneity against the true class statistics. For sample runs
of up to 2000 points, there were not significant differences
at the a = 0.10 level.
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SRR A0 000000000 0000000 0090000000 36 000 S0 0040 00 01 00 0 0 0

Read data from LARS Recultls Tare
and simulate data from it
using the Box Muller relationshir

* ¥k 2 ® &

SRR B A A0 TG0 A 45 AR 45 T 116 I IE AR89 0 S0 0 40 48 35 36 904000 08 90 S0 6 00 4

»

# Swrite ¢ has been translated from

* the Lars Forlran Version of Swrite inte

# the lansuase "¢’ for the Unix 0 S

# run on the DEC PDP-11/45

*

ETIT YT AT 2T IY X IR LI T LR ANy Sy ey

*

# Variables used in Swrile

»

* a Covariance storase for facloring

* b Covariance storase for mullirlication
* data Data roint storase

* nochan Number of channels in Classification
* noclas Number of clatses in origsinal ztlatistics
* nofroal == Number of rooled clacses

* eatels —= Classifications arraw

* 2 == Stalislics storasgse

*

TR R TR YT Y Y Y X I I T XN Y

%

% comrile wilh ¢ zwrile ¢ -1lp =1fFr Fusr/libs/erdzlibd
*

Iy Y s S ey Yy

»

# Initializo all wariables uscd in zwrile

# External wardiables are availatle Lo all functlions
# within which thev are declared

®/

maind){

extern int neclas, nocharn norool. fd1. norntls, noline rechnum;
extern int ier, 42
extern float erz, urrer(S1, lower(S);
int .k, fetlun3(S), debun, infoli7), rntel s01000D, b, iral;
int ii,idone, iv, ma. mb, mg;
int noch, nesomr, iztor, iend, i, 1bhes;
int Yo, 12, joount, i2. 19, intdat, ictatlél, ip, 1o, it ning no, in
int nozam, ros, FFAL;
int £d2, fd4, errS;
char bufl{ 15001, #delim, #cl, #cZ, #¢3, datoult{ 21001, obut[21001];
char rname(201, L1101 1
char mefilel30), emfilel301, ornamel20];
float 204101, rernt, r;
float bL&ILE]D:
double rmeanf211L&1;
float datal13], 22[41013;
float clarnt{35];
float mobufl301;
double iwvarl{212061C6]: revar, imeanl211L41, tifloatl, t24lo0atl, remean, semean:
double temrl, temr2, LempO, al201. 2a2061];
doyble sart{), 1logal), cos(), fmod(), s, L, ¥,
/% basin waln ProNam
# 1§ debug i: sel Lo minuz one the followinw 1o
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rrinted outl for verification on usr terminal:
nochan, norool, fetvcl, info, rntels, nornts, noline, 2, uerer. lower;

»/

debus = 1,
ers =  00001;

/% raead records 2,4,5 %6 off recultls larews
/% skip records 1,3 */

readitoS(buf, fetueo3, 2z, info);
noch = ({((nochan+l)/2)#2);
nocome = (nochan®({nochan+l)/2);
istor = nocomr % nopool;
iend = nochan # norool + istop;
nosam = 4 # ({(nornls + 9)/%);
ifinochan>3) {
rrintf("Number of channel:z is “d bul internal”, nochan);
printf(" storase only allows S\n");
rrintf(“Execution terminaled abnornally \n");
exit();
3
ifinoro0l>29) £
printf{"Number of rFooled clacses is %d bul internal", norool);
Frinte(" ctoraze only allows 29\n"});
rrrintf("Execulion Lerminatled acnormally \n");
exit();
&
ifinorPntlsl>=1000) <
Frintf ("Number of rointz per line iz %d butl internal', nornts);
rrinté{" sterazc aonly allowe 1000NN");
erintf¢"Execution terminalted abrormally \n");
exit();
Frintf (" nochan=%d, norool=%dyn", nochan. noronl);
if{debus == =1)
fardk=C; kinocharn; ++1)
printf (" fetuc(%d] ~ Zd \n", bk fetucilkl);
for-(k=0; k<iend; k = k+10) &
forli=k HPImk+Y, ++i)
erintd (" NEE, 200l
FrintEéCnny;
>
erinté (" nField cize: )
Frinlfiwn line %d to %d with interval %d",
intol4l, infolS), infolll);
Frint¥("\n nels ¥4 Lo %d wilh inlerval Zd\n",
infol7), infolR]), infal?1);
rrintf ("Number of line:s clacsified iz Xd\n", noline);
Frintf("Number of rFointsz clazcified rer line i3 Xd\n", nernls),
for(i=0; Jd<nochan; ++i) I
printft urrert%d) = %¢ ", J, urrerlil);
Prints(” lower(%dl = %§¢ wn", i, lower{il);
2

p
readérecibuf, patels);
if{dabus == -1) {
rrintéi"\unFirst line of record %“d follows\n",recnum);
for{i=0; i<=noents; ¥=Ji+10) <
for(k=J; ki=i+9; ++1k)
printf(” %“d", patelslCi1);
printé( "~ n");
)

HUIN
G . L P \
POOR QU‘?G; 18
Iy
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3
% make a vory of statiztics array 2 #/

E For{ixm1; ix<=iond; ++ix)
22041 = 201=—11;

4 /% Creale outrul file &/

3 getst"\vnSrecity lincrranter outruyt file rathpame: ., orname);
; g td42 ~ oreat{orname, 0777},
7 i 1¥({Fd2L0)
£ rrintéd{"Cannot orcat 1r outleut $file X2\n", orname);

Ffdl = 15

actz(“Specify simylated data FOS f1le rathpame: “, rname);
aetlsienter a A0 char Litlo:xn", LL1):
: aetz(" '\ nSrecify mean veclor file rathhame: ", mufile);
P ) agtz{"\nSrecity couvariance matrix file rathname: ", cmfiled;
: rdsoren(r§dl, rname);
; : rulfmtirfdl, 1, nozam nolinpce, 2, nochan):
- rulttlirfdl, LL1);
; fd2 - oreatd(mefile, O777);
164 Fd300)
rrintf("Cannatl croat mefile X (MOINDNA", muefile);
94 ~ crcatioeméile 777}
1 ¥4 §daon
Frantfi"Cannot oreal omfile %o (MOAINIAWA", cméiled;
e oyt Le outral pade ong #B5
delim = B N Bk o L S S e s
cl = " +Mata Simulation Veina Roes-Muller Relationshie+";
Frintf (a7, "vevphpintnoanioekennt, delime ol delimd g
Printe 42, "\ Line %d Lo lioo %ad with intoreal %4 Wn",
intolA), infolS), infolald);
rranlfifdZ, "\n Colump %2d to column %d with interval %Xd \un",
infol7), 1infol2), infol9l);
Frintf(£d2, "\n channels: wzed "),
tor(ixsl; ixTnochan: ++1ix)
rrintfiFds, " *d e - nENnt, fetuc2lix—11, lomerl{ix-11,
yreer-lix-11);
e outrul new padc characler #0
Frintél £d42, “~014");
/% Factor covgriance malricezs #/
ibez = 1;
fortix=1; ixd{=norool; ++ix) £
idone = ibea + nocomp - 1
k = 0Q;
for(iv=ibaa; ivi~idone; ++iv) +
k= k + 1;
afkl) = 20iv-11;
>
/7% call function to rerform faclorins %/
mfsd(a);
iflier == ~1) .
printf(¢dZ, “Error —-1\n");
if(ier>=1)
rrintf(£d2, "Error 3t 1\n"l;
ifi(ier == =1) |1 (ier >= 1))
exit(1);
k = 0;
fort{iv=ibes; ivi=idone; ++iv) <
k= k +1;
20iv—-11 = alkd:
b
ibes = ibes + nocome;
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b
/% initialize random number senerator #/
srand(l);
/% initialize arravse */
foarimaxl; mal=noclaz; ++ma) ¢
clarntimal = 0. 0;
for{mb=1; mbl{=nochan; ++mb)
imeantmallmbl = O 0O;
rmeanimalimbl = O 0;
for{mec=1;mcl~nochan; ++mg)
ivarimalimbitmecl = O 0O;
3
3
>
L= 25 0;
lowrt = O;
% this while lowe iz rereated tor ¢ach line 1n Lhe clacsification
while{recnum == &) {
Inrt = lnurt + 1;
£ = lnurt;
¥ = fmod{s L),
Lf(F == O N)
erantf{"%d Lines out of %d are caomrleled\n”,
lnwrt, noline),
i2 = O;
icount = 4.
fordix=1; iximnornto ++10)
toount < 1count, 4+ 1
i = fatelzlin—-1Y;
iral = (iZ-1) # nochan;
tbhea = (13-1) & nocomr;
o= ibes;

fortiv=1; ivimnochan ++1v) {
for-{iz=1; 127=iv;: ++12) £
k= bk + 1,
bLivlCizd - =zfk-1);
ifliv '~ 13)

bLi23fiv] = O 0;

for{iv=1; 1w noch +41v)
aXliv] ~ rand();
aliv] = randt),;
azlivd = a2liv) / 22767,
alivd = aliv] / 32747
aliv] = sartt =2 0 # los(aZliv])) # costéd 28318 * alivl);
»
clarntfiz2d = clarptli2] + 1.0
Foriiv=1l;iviTnachan ++iv) £
datalivl = 0.0
14 = poronl * nocome + irol 4+ v
for(iz=l120=nochan; ++4i2)
dataliv) = dataliv) + bLivlCi2] # alizl;
dataliv] = dataliv) + =20ia~-1];
intdat = dataliv] + 5
tt(intdatid) intdat = O,
iflintdat-25%) intdat = XI55
iztatlivl = intdat,
Foc = (iv-1)#nocam + icount -~ 5
if(pros2100) printf("datoul internal buffer full\n");

L7
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datoutlros) = intdat & 0377;
for(izm]; { 2{m§; ++{ 2)
datoutlros+iz) = O;
b .
for{iimi; {i<mnochan ++i{) ¢
imeanfi121Cii) = imeanli23014) + istatliid;
fortiimii; Ji<=noohan; ++iJj) ¢
temrO = jstatfiil;

g P 1 A IS, 1A

temer]l = fgtatliild;

1varli2104430J0) = 1varli2)C1i43L40) « temerO # tempri;

)

b

: pJ
! if = O a
p for(iv=0; iv<{nosam; ++iv) ¢ {
i for(i2w0; i 2<nochan; ++iz)
; obuflii++] = datoutlnosameiz + iv);
H 2
: rdslros(pfdl, lnwrt-1);
R if(rutline(rfdl, 1nwrt-1, obuf. nosam#nochan) !'= 0)
¢ erintf(“Putline to PDS outrutl failed\n");
£ readérec{buf, rntcle);
M )
: /# end of while loor «/

/%
for(i2=1; i2<{=18; ++i2) (
printf(£d2, "\n %d \n", 12);
for(ii=1; {i<=nochan; ++i1) ¢
for{ii=ii; ji<=nochan;++,j) {
printlfifd2, " %¢ ) dvarli2LiilliJ));
b
rrintf(£d2, "\n");
>
3
for(i2=1; 12<{=1Q; ++12) (
printf(£d2, "\n"),
for(ii=1; 1i<=nochan; ++ii) <{
printf(fd2, " %¢ \n", imecanli2]Ciil);
3
>
“/
for(ip=l; ir{=noclas; ++ip) ¢
fortio=1; io{=nachan; ++i0)
if{clarntl{irl>0. 0) <
tifloat = imeanlirlliol;
1Zfloat = clarntlird;
rmeanlirlfiol = tifloats/L2float;
2
for(it=io; it<=nochan; ++it) <
if(clarntlirl>1 0) <
repnt = clarntlirl;
revar = ivarlirlliollit);
remean = imeanlirlliold;
semean = imeanlirlCitl;
temprO = revar/(reernt~1. 0);
temrl = remean/rernt;
temr2 = semean/(rernt—1.0);
ivarfierlCiollit) = temrO ~ (lemri®tlemp2);
tvarlirllitlfiod = ivarlirlliollit);
)

- e
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>

b
oulrul resultls o/
for(isel; ip{mnoclas; ++ip) ¢

/%

rrintfifdz, Class number %d xXf rotntz\n\n\n",

ir, clarntlirl);
printfisrda, " Aotual Simylated\n")
rrinté(¢d2, " Mean mean\n”");

for(ix=1; ix<=nochan; ++ix) ¢
nine = pocome # noclas + (ip - 1) # nochan;
printf(Fd2, " Channel %d ( %é6 3¢ - %&. 3¢ ) %6, 3¢ %&. 3f\n",
fetuo3lix-1), lower{ix~1), urrerlix=11, 22Cninc+ix],
rmeanfirdCix));
mobuflix=1) = rmeanlirllix];
>
errS = writel €43, mobuf, denochan);
if(arr3<0)
rrinlf(“Error octcurred writings Mean Veclor file (MAIN) \n");
erintf(£d2, "n\n\n\n\n Actual Covariance Matrix\n");
for(no=1; no<-nocomr; ++no) <
nine = (ir-1) & nocomr;
alnoed = 22[nminc+nol,
2
wrtmbx(a, fotued);
erintelFd2, "\ n\nin\n Simulated Covariance Matrix\n");
no = 0O,
for{io=tl, io<{=nochan, ++i0) <
for{in~liini~ic:++1n) <
no = po o+ 1
alnoed = ivarlirlfiocldlind;
mubuflno=13 = jearlicrllicellind;

*

3
wrtmlx(a, fetve?);
errS = wrilel(fdd mobuf, A%nacomr),
1 (errS70)
Frinte("Error accurred weiting om file (MAIN) \n");
Frintffd2, "N0OL14");
*
/% cexit Lterminates activities on oren filas and €luchecs
* tLhe outrul butter cexit 1z rart of the o libkrary &/
prantf(tzwrite ¢ 12 tiniched\n");
erinté("vn The simulated data {in PDS formal) is al % \n", rhame);
Frintf("The liner~inter oulrutl file 12 @b X2 \n", orhame);
il "Tha Mean wector file 1z at %z “n", mufile),
printf("The Covaridance Matrix file ic at %z \n", cmfile).
pdsclosel{rfdl);
cexit{);
)
/% end of main fFroaram w/
/Q&ﬁ#**fﬁ*i*ﬁ*ﬁﬁﬁfﬁ*%*#*ﬁﬁ*li*&&*ﬁ*t‘**ﬁﬁ**iﬂ***&*.***ﬁ/'
/% function Lo read records 1 thru 5 tollows */
readl LoS(buf, fetue2, word, info)
int #fetuc2, #info,
char #buf;
floatl #word;

exlern int noclas, nochan, norool, §41, nornts, noline;
extern float urprer(S], lower(%];

"'u‘)\_:
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int erri, i, k,reacnum, statsize;
char tbufl4);
floal ibmdec();
fdl = oeen("/dav/rat0", 0);
1 £(Fd1<0)
rrintf("Cannotl oren 9 Urk %are file (READITOS) \n");
/% gkir record i &/
errl = read(fdl, buf, 1500);
iflerrl == -~1)
rrintlf(“Error occurred in readind raecord 1 (READ1TOS) \n");
/% read record 2 #/
errl = read(fdl, buf, 1500);
if(errl == «1)
rrintf(“Error occurraed reading record 2 (READITOS) \n");
noclas = bufl19);
nochan = bufl23).
norool = bufi311;
for(J=0, k=23; J{nochan; ++i, k—k+4q)
fetvo3lJd = buvlk]);
for(k=32+4nnochan, im0; J<2¢nochan; ++i, kmk+4)
LouflO) = bufli];
tbufl1) buffi+1];
tbuf(2] bufll+2):
thufl3) ~ buflk+3];
ift{iZ<nochan)
lower{ 1] = ibmdec(tlbuf);
elce urrerfi-nochanl = ibmdcecitbue);
>
/% skiF record R &/
errl = read(fdl, bus, 1500,
1f{errl —— —-4)
FrAALECYErtor accurr od recading record 2 (RENDITOS) wn*).
recnum = butlil),

L B ]

while(recnum —= 3 {
errl = readitdl, bus, 1500),
tflererl = =1)

reeintf("Error accurred readins record Lhree (RENDITOS)\n");

recnum =~ buél1id,
>
/% Handle record 4 &/
stalzite = noechanvrnorceol + (nochant(nochan+l)s/7Z)enorool,
for(k—0, 1—14, Elztlatoize ++l a=ied4) L
Lbuf (0] — butla],
tbus¢ll) = butli+l);
LbuffZ) - bufla+21;
tbutl(3] = butl1+2].
wordlf k]l — ibmdec(tbuf),
>
errl = read(fdl, buf. 1900);
iflerrl r= =1)
erinti(“Error occurred reading record 3 (READITOS) \n™);
nopnts = (butl123<78 | (butli¥yd & O377));
noline = (bufl22178 1 (bufl23] & 0377));
intold4) = (buflZ8) 18 (bufl 391 & 0377));
&

|
1nfol%] = (bufl423CI8 | (buflaz) 0377));
infoléd = (butlasd<z 1 (butlAT) & 0377)),
infol71 = (buflB017<8 | (but{S11 & 0377) 5,
infolB8l = (buslSAJ<I8 | (buf(S3) & 0377));
infFol9) = (LusISBIC8 | (buf(S9] & 0377)),
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int noclas, nopool. nochan, fd1, nornts, noline:
float urrariS), lowertS);
float ibmdec(bduf)
ohar #buf;
L4
int k., l,m tint;
char nbuf(2], tohar. temr3, bytlel4d, sien;
float word;
me= 0;
£i9n = 0000,
ifC(butlOd < O)
sisn ~0200;
Lint=(((buflO) & 0177) = &64) = 4);
while(buflll > 0) (
buflf1l=C((buyl13<41) & 0376
S+m;
)
k = 8~=m;
nbuflOI~bufl2];
nbufl1l-bufl2];
for(l=~1; 1<={; ++1)
nbuffOI=((nbutl: 1+>1) & 0177);
nbufl13-C(nbufl1d1) & 0177);

E

for(l=1, 1<~m; ++}l) {
ol d=Cibusl2171) & 0376,
bosT3I~(Cbus(3)071) & 03760

>
bufl11=(buéC1) 1 nbutl0):
buflZ)-ibutli] t nbuf(1d);
tint - tint-m+1.8;
1fitint < 0) Lchar - OLOO;
elre it tint -~ 23%) tohar — OR77;
e€lge Lehar = Lipy;
buflil~ibufl1] & 0177y,
temer® -~ Lchar <7
temr3 =~ teme3 & OJO0;
bufl{1d = temrZ t bysllld,
buélC) ~ Loharii-l,
buflOl = butl0) & 0L77,
buflO) - byflOY | ca3n
brtel0] = buflid & 0377,
pvtell) = buflC) &% O377;
bytel2) - bufl3d & 0377,
briel 2] = putl2] & 0377,
rackibyie kword);
return(word):
)
e Lhe function racl takes the 4 8~-bi1t characler
* Lhal hawe been rcarransed by 1bmdes and rack:s
# them into a floatins roint word &/
rack(bvtle, cword)
char #bvtle. #oword, {
1nt 4
for( im0, <A, ++,)
cwordl i) ~ bvlels],
b

brtles

[ORBRBBRRBRERRRERERRBOREARREERRRRRERNROERSERERRR RO RRRE /

/e  functyon Lo read record A tollow Ly
readbrecibuf, rntcl:)
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int epntols;
char ebuf; ¢
extern int norntls, reonwus $41;
int b, el ki
ne 0
erri=read( fdl, buf, 1500);
if(err] == =1)
erantf("Error occurred reading record 4\n");
rechumabuf{il);

OR———— St R e S

H . for{Jm20, ke0; k<nopnts; kee, imje2)
H ratolsCnl=(bufliel] & 0377):
*+n;
>
>

int rechum;
I.QQQQQQQ.Q.Q’QQQQQOQQQQQl.l.ﬂ..”h.ﬂ.."!’.QQQ’.QQQ.QI
/7% Misd factlors the matrioces racced by the main rrosram.
* Mfzd is a direct tranclation from the Lars
® fortiran version of Lhe same name o/
mfsdla)
double ®a; (
extern int nochan, ier;
extern floatl ars;
int kriv, k, ind. lend, i, lanf, 1, lind;
double tol, dsum, driwv. v, fabe();
doudble done, sart(), x;
done = 1 O;
ier = O;
keiv = O;
for(kel; kimnochan; ++k) ¢
kriv = kprueks
tnd T keiy;
lend = k-1,
vy = erctalkriv),
tol ~ fabecivy),
for(izk; i<mnochan; ++i) ¢
dsum = 0. 0.
1f(lend '~ 0) ¢
ford{l=l, 1<-lend, ++1) (
lanf = kriuv=1,
lind ~ ind-);
desum ~ (dzum+(allanflwallindl)).
)
>
dsum = alind)-dzum;
{f(Ci=k) »~= O) (
if(((dsum=t0]1) <m 0. 0) && (dsum > 0. 0) L& (ier<mO))
fer = k-1,
ifFC((dsum=t . 1) < 0. 0) &k {(dzum <= 0. 0)) (
ier = -1,
printe( "E. ror =1\a%);
exi (1),
b
X = dsum;
driv m gart(x);
afkriv) = dgrivy;
driv = dones/driv;
)
ifiti~k) '= O)
alind) = dsumtdrivi

IN,
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ihd = fndey;
>
>
>
int fer;
fioat ers;
/QQQQ*QOQQQ%Q%!‘QQQQF19QQ”QQQ90QQQQ%QQQQQQQQQQQQQQQQQQQGI
7% Lhe writle mulra functi .n wrilaz to Lhe outeytl
* file the lower half of L. nochahPnochan covariance matrix
* which 12 ractccd Lhrouah Lhe raramateor a. ./
wrimix(a, fatyvo?)
int sfetuvel;
double #3; <
extarn int €42, noohan:
extern float urraer(Si, owert%),

it J, k.o

mn -0

Prantf(fdl, "\ n “reotral "),
for(i=0; i nochan; «+1)

FRAINLECIAZ, "N7 Be = "5 Yowert i),
rrinteifdl, "\n Band )
for-(i=0;, i-‘naochan; *+* 1)

FAnLECeal, "7 "¢ “surrceelsd),
for(i=v. i nochan, ++4) 4

reanteiedl. " %W7.%¢ =\n". lowerl41).

reinteCfas, %7, B “suererls)),

ford{i=0; 1i~), e*eb) £
rrinlededl. "7 3¢ “saf+emd));
>

b
)
int ¢4z,

a’.Q.QQOQQOQOQO00000000000‘?00.0QQQQOQQQOGQOQ'QQQQ...QQQ/
satlzie, o)

char #s, »1;,
char ¢, ®pl;
rrsnle(e),;
el = 2,
whilet(c = setchar()) '=m "\n")
wriee » o
apy » O;
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