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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 each 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 subclasses. 1In
particular, the clustering algorithm available through LARSYS
truncates the tails of the subclass distributions and so leads

to non-normal 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."

*This work was sponsored by NASA Contract NAS9-15466.




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 image 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



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 of classes K, the set of
classes {wj,i=1,...,K}, the class distributions {f(wj),i=1,...,K},
their means and covariances {ui and Zi,i=l,...,K}, the number of

channels p, and the class of every pixel in the scene.
From classifical statistics:

(1) Let X:pxl, A:pxp and b:pxl.
If X v N (0,I,), then Y = AX + b v N (b, AT AT = an’)

(where I, is the identity matrix having dimensionality p).

(2) Let I be a symmetric, positive definite matrix. Then there

exists A, such that

%)

AAT = X (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?)(+ Ui 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 U, and U, be two random variables independent and iden-
tically distributed Uniform (0,1).

o %
Then let Zl = (-2 1ln Ul)

cos ZTrU2

and Z. = (=2 1n Ul)% sin 21rU2

then 7, and 22 are independent and identically distributed

normal (0,1).

Proof:

1 0<U;<1, 0<U2<l
f(Ul'Uz) =
0 otherwise

is the probability density function of two independent uniforms.

= exp [-5(2,° + 2,7)]

Ul =
U, = 1 t Z2
2 = -2? arctan ZI

The Jacobian of the transformation is:

__ 2 _ 2 2
J=- 55 expl[ %(Zl + 2, ) ]

£(2,,2,) = £(U),Uy) - [J]

2

%Fexp [-%(z," + 222)] 0 < [exp -%(le + 222)] <1

Z
0] <-l—arctan —g <1

27 Z1

0 otherwise

. f(Zl) v N(0,1) f(ZZ) ~v N(0,1)



The side conditions give - « < Zy <@y — @< Z, < .
Strictly speaking, Zl cannot equal zero; however, prob (Zl = 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 xp2 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 were 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.

0
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FORTRAN A PURDUE / LARS 3031

SHRITE

FILE:
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PURDUE / LARS 3C3)

A

FORTRAN

SWRITE
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,/**********-K-**********%**************ﬁ********

*

# Read data from LARS Resulls Tare

# and simulate data from it

# uszinz Lhe EBox Muller relationzhie

#*

2463030 16 46 96 46 40 45 46 48 FE AL SHHE 26 4T 0T HE BRI S A0 AR B AL ST S R R S SR R

*

£ Swrite o hag been trapslated from

¥ the Larz Fortran Version of Sweile into

¥ tLhe lansuasae ‘o forr Lhe Unix =

# +un on the DEC PDP-11/45

*®

#

x Variablez wused in Swrile:

+*

¥* a Cogariance storaas forr factoring

¥* ) Covariance shom for multirlication
+* daLa Data roint sloraDe

3* noachan Mumber of - in Claszificalion
¥* noclas Number of in arizinal ztatisztics
* Mumber of Fooled claszes

#* Claszifications array

#* 2 == Stalictics storase

#*

A O 3 4 A AR B A A T AT O T A S S T SR S R

*

# comeile with co oswrite @ —1lrF —~1F Fusr/slibserdslib
*

4 A 0 R S R I R R I S S S S e R R

#*

# Initialize all wariables used in swrilae
# E=ternal wariabl are availabkle te all funclions
# within which they ate declared

tern int noclas nﬁchansnmwﬂolJfdl:nopntzznoline.recnum;
int 1ers
atn floal erg, uprrer[S1, LowerLS]:
J,k,Fetu~3E5],debuﬂ,info[l?]:rntalz[lDﬁD],JJ,iPoL

iis idone, iwv, mas mbs mas

nech, noceme, ietar, iend, ix ibeas
lnmrtaiz,icountsiz,iq;intdat;istat[&],ip;im,it,ninc,na,in
nosam, ros. FEdL;

int £d43, fdb, errD;

char buf[lSDO],*delim;*ell*02,*03,datout[ZlOD];obuf[ZlDO]i

char FPname(203, LL1L0A10;

char mufile[Bﬁ],cmFileESD],opnameEBOJ;

float 206103 rernl.

float BL&ILED:

double rmeanf31IL&T;

floatl datal133, 2Z[&£1013;

float clarntl35]:

float mobuff30);

double iuaw[?l][é]tb].reuaw.imean[ﬂl][&],tlfloat,thloat,remean.semean;

double templ.Lempz,tempo.aEZDJ,aztbl;

double sqrt(),las().cos(),fmod(),s,t.ﬁ
/% basin main Fromam
#  if debus iz sel to minus one Lhe followins 13
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# printed out for verification on usr terminal:
*/ nochan, nopoel, fetue®, info, Patcls nornts, noline, 2, urrer, lower;
#*
debuys = 1:
ers = . QDDOL;
/% read records 2,4,5, %6 off results laren/
s%  zkip records 1,3 *®/
readltoS{buf¥, Felucd, 2, info);
noch = {({({npochan+l)/73)#3);
nocaomp = {nochan®{nochan+l) s 2);
istor = nocomr ¥ noFool;
iend = pochan ¥ noroal + isztor;
naosam = 4 % {inarnts + 9)/74);
ifinochan>%) £
Frintf("NMumber of channels iz %d bul internal', nochan);
FrrinLlfi" storaze onlv allows S\n");
Frintfl"Execntion terminated abnornally \n");
exit{);

-
v

ifinoroolH29) £

Frinte"Number of pooled classes iz %d bul internal®, norool)ds

printf (" starase only allows ZFwWn");:
Frintf{"Execution terminatad abnormally \n");
CES RSN

;

ifinopntsl=1000Y O

FrinLel "Number of roints eer line iz %d but internal®, nornts);
Frintfi" storase onlyvy allows 100GONN");

Frintf({ "Execution Lerminated abnormally wn')i

exit{);

-~

23

erintf("n
if(debua
far(k
Feint ¥l

For (k=05 kle
fordi=k
Frintf "
FrintEotun);

van=nd, nopool=Xdun", nochan, nopoal);
-1 £
o kSnochans ++R)
20wdl = wd wn b fetuc3lkl);
= k+10)
+ 0

i $

+

printfi"wnField siza: )

printfin line %d Lo %d with interyval Xd",
intoldl, infalSl, infol&d);

rrintf("un colzs %d Lo %d with interwal Xd\n",

infol73, infol3d, infol?1);
printf "Mumber of lines classified is Zd\n”, noline);
Frintf("Number of ePoints classified Por line i3 %dvn', nornte);
for(i=0; J<nochan: ++5) &

rrinti{"urrerl%dl = X§¥ " b uprerlil);
Frint (" Tomer[%dl = XF s, @, lowerD43);
>

>

readérect(buf, Patcls);
if(daebus == =1)
printf("\nFirst line of tecord %d follaws\n', recnumd;
for-(i=0; i<=noents; J=i+10) {
for-(k=d; kao=.i+9; ++k)
erintfi" %d"s FatclsCid);
printeEd"\n");

&
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of ctatisties areaw 2 #7
iend: ++im)

Cim=17;

mtrut File #5

L Cteezat e
ceify linerrinteor outegl file rathpams: ", orname)d;

zol:
fd2
iF ¢ FdECD)

printel!
rfdl

Lo name, Q777

annot creat e autreut File wnown's arnamel;

cimulated data FDS file ralhname: Y, oenamed;
char Litle:wn', WL1Y:

nowector file rathname: vomutfiled;

E [ pignce mateix file rathname: v,omEiled;
rdsorend rfdl, Pname

rutfmt{rydl, 1. no vme Aol e 2o nochan) s

FpulLLliefdl, TL10

At imuafile Q777

mefile Xz (MOIRMINR", mefilel:

1§ Fda
proant¥ cmfile
S oaei e ouleogl poao onee 7
= M +++++++++++++++++++++++++++++++++++++++++++++++";
i zina Bom—-Muller Felationshipt";
wn', delims ol delim);

IMAIMY R, cmfiled;

x5 " +[tata
P phF O F AT T n e i e g
print ¥ £dd " Lime %d Lo lins %d with intoerwal %d wn”
infolAl, infolSl infoladd:
print ¥ OFad, " Calumn %d to column Xd with interwal %d wn',
infol7d, infol2d, infol®1):
Frintf i Fdd "n channel s
fFordix=liid movcharn ++im)
preint i FdE, o vy o= MEunt, fetu
urrerDix—173);
¥ outrpul new rase chara cler B0
print el FdE, "N014M )
s Factor ariance matrices £
ibaz
£ oo cnorool; ++ix) L
idone = ibea + nocomE — 1;
ko= 0
foriiv=ibea; 1w
=k + 1;
[kl = 20iv-11

3Cix—13, YowerLix—13,

idone; ++iv) 4

i
b
a
/# call funpction Lo Fertorm factorinn &4
mfsdial:
iftier == —1) .
Frintf(fd2, "Error —ivn');
if(ier>=1)
erintf£d2, "Erras 3t 1wn")i
ifllier == —1) 11 (ier o= 1))
exit(l);
k = O
For(iv=ibes;iv{=idane;++iv) £
k= k + 1;
2Civ-11 = alkl;

hs
&

ibea = ihes + nocomF;



~

e initi
srand{l
/% initi

for-{ma=
clarntimal

Foar(
i

-
£

1= 25

lrwt-t =

% this

mhile(r
11,

2 = 1
§ =
ifL¥

¥
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alize randoem number seneratlor #7

)

alize arravs #7

Limad=noclas; ++ma)

O.0;

mb=1; mbi=nocharn: ++mb)

meanimalimbl = O O

meanfmalimbl = O 0O;

ardme=1; mel=nocharn ++ma) 4
ivarimalimbIimed = 0O 0;
k3

O

0Q;
while 1 2
e crum =3
= Truwr-t + 1:
[ kA
mod( s, T
== {1 0)

trepeated for gach line

V%
3]

JURPR

¥

FeintFe"%d Lines oul of Xd are comeplete
Trr-t, malined:
iZ =
icount = &4

o (i

i ivdm=norntls: ++ix)

ifwount T iocount + 1

Fordiv=1; i

ertelslis—10:
i ¥ pachan
= AiE~1) o nocomes;

= ihea;

charn: ++iv) <
ivi++iz) L

For-(1z=1;
b= k o+ 1
BLiv3Liz]) = z[k-11;
ifiiv '= iz)

BLiz]0ivd = 0O

ok ++iv)  f
rand )

aliv]l = rand{);
aZfivl = aZliv]
alivl = alivl £

clarntli2l = clapntliX] + 1. Oy

Forlisv=1; i

nochan: ++iv)
dataliv] = 0. 0;
iqa = poroal # nocome + ifroel + i

Ffor(iz=1; izi{=nochan; ++iz)

datalivy]) = datalivd + z20ia-11;
intdat = dataliv]l + . 5

ifdintdatl0) intdat = O;
ifiintdat>255) intdat = Z55;
iztatliv]l = intdat;

pos = (iv=-1)*nosgam + icount — 5
iflroz>2100) prints{("datoul internal

in Lhe

d.\n r‘ " 2

bu¥fer

classification

2218 # alivl);

fullxn");

*®/
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datoutleos]l = intdat & 0377;
for(iz=1; iz2{=6; ++i2)
datoutleos+izl = O
> .
for(ii=1; ii<{=nochan; ++ii) <
imeanfi2]CLiil = imeanfiZILiil + istatfiild;
fordidi=ii; dif=nochan; ++ij) {
temrd = istatliil;
temrl = istatliils
jwarfiZlfiilCid) = ivarfiZILiil0443 + temrO # Lemrl;
x>
b
>
ii = 0;
fortiv=0; iv<nosam; ++iv) {
for(iz=0; iz<nochan;: ++i2)
obufCii++] = datoutlnosamkiz + ivl;
3
pdslros{pfdl, lnwrt—-1);
if(Putline(PFdl,lnwrt—l.obuf,nosam*nochan) = Q)
erintf("Putline to FDS oculrul failed\n");
readérec(buf, Frtcls);
)
/% end of while loor  #/
/%
for{iz=1; i2I=18; ++i3) <
print#l{£dZ, "\n %d \n", 1235
for{ii=1; ii<=nochan; ++ii) <
For-(ddi=ii; ddt=nochars ++id) £
print¥(Fd2, " XK¥ v ivarfiZICiidfiil);

b

erinte{£d2, "\n");
>
>
for{iz=1; i24=18, ++i2) &
printe(Fdd, "wn");
for(ii=1; ii<=nochani ++ii) {
rrintf{fdz. " xf ', imeanfiZILiil):

™

*/
far{ir=1; ird=noclasz; ++ir) &
for{io=1; ied=nochan; ++io) <
iftelarntlirl>0 0) <
t1float = imeanfierlliold;

1Zfloat = clarntlirls
rmeanlirlliol = tifloat/s/tZfloatl;
>

For(it=io;it{=nochan5++it) <
iflelaprntlirl>1. O0) £
repnt = clarnLlirl;
revar = iwarlirlCiolCitld;
remean = imeanfiplCiol;
cemean = imeanfirlLills
tempO = revar/(reent—1 0);
temrl = rem=zan/treprnt;
tempZ = semeans(rernt—1. 0);
jvarfiplfiol[itl = temerO — (Ltempl®tempP2);
ivar[iPJ[it][iol = juarlipllicllitl;
>
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-
&
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7% outrutl results /7
forlie=1; ipd=noclas; ++if) I

print¥ifdz " Class number %d ne pointa\nhnan®,
ip, claentlierl);

printf(fd, " Actual Simulated\n")
FrintfFdz, " Mean ) mean\n");
Forlix=l; ixd=nochan ++1i:2) ¥

ninc = nocomp ¥ noclas + (iF — 1) # nochan;

printelfdd, " Channel %d ( %& 3§ - %K& 3 ) %G 2 ARCL AN

Fetuw '[ix—l],1&wer[ix—1];urwer[ix—1],zi[ninc+ix],

rmeanfiedlixd);
mobutlix—11 = rmeanlirllixd;
arrD = mrite(fd?;mobuf,4*nochan);

i ¥ ¢ eSO

Frinh ¢ Error ooourtad writing Mean VeolLor file (MAINY ~n");

pinLEl FdZo e nn Actual Covariance Matrixin");
for-(no=li no
ninc = {ifr—1) ¥ nocomrd

atnol = z2lninctnol;

1

snocomE Fnnd) 3

w m e das et )i
print el FAZ e n Simulated Covariance Matriz=\n');
no = 0;

hani ++io} £

For-f lmemls LT lo ++in) i
o o= no 1
alnol = jrrarfielliaclfind;

mobuflno—11 = jrrarfierllicllind;

(a, fatw ;
a5 write(fdﬂ;mmhuf:ﬂ*nocmmw);
i (ereSo0)

erin L OUERT o coomered weiting om file (MAIM) rn');
printel FA4Z, "N014M)

wr-tmt

e ocexil terminales acltiwvities on aran filwes and fluzhes

# the oulpul budfer 1 iz fpart of the o libeary *®s
Erintf("ameite o 12 finizshedun™);
grintti®sn The simulated data (in FDS Format) iz al X= wn", pname);
printf{"The lineerint: sutpul file is at %= ', oFname);
Frintf (" The Maan wector file iz at % st mefile)s
printf{"The Covariancs Matlriz file iz al Xs= ', omfile)s
Fdscloselefdl);

cexit{);

L

/% end of main Fro3ram L
f***********%**%%%%%%**%%**********%*%*******%********/
S# function Lo read recards 1 thru 3 tollows #®/
readltoS{buf, fetwod wor-d, info)

int #feluc?, #infoi

chat #buf;

float #word;

extern int naclas.nnchan.nopool,Fdl,nopnts,nolin&
extern floatl uprer[S1, lower[31;
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int ertrl, d, kK recnum statsize;
char tbhufl4);
float ibmdec();
fd1 = eren{"sdews/rmtO", 0);
if{§fdi<0)
Frintf{"Cannot oren ¥ Lrk tare file (READ1TOS) \n');
/% zkie record 1 #/
errl = read(fdl, buf, 1500);
iflertrl == —1)
Print$("Error occurtred in readine record 1 (READITOS) \n");
£ read record 2R/
ertl = read(£dl, buf, 1500);
iflerrl == -1}
erintf{"Error occurted reading recard 2 (READITOS) \n");
noclaz = bu¥l1¥9l;
nechan = butlZ32];
noronl = butl31d;
For{.i=0, c Jitnaocharn; ++.4, E=k+4)
fate = buflkl;
for-(k=32+denachan, i=0;
thutl0] = butlkl;
tbufl1l = butffk+1):
thufl2) = buflk+2];
tbofL3l = buflk+31;
if¥Cisnochan)
lowger-Lil = ibmdes{Lbuf);
else uprerli-nochand = ibmdec(Lbuf);

JTZenachan; i, kek+4) L

Iz - pecord 3OS
a1l = teaad{ Fdl, buf, 15000
ifiaerrl == o~1)
erintfEreor scourred teading record 3 (READLTOS) “n™)i
recnum = buffi1d;

whilel{recnum == 3) <
gl ® tread{ Fdl, bu¥, 1500
iFCarrl = ~1)

Frint ¥ Ere o occurted readins record Lheee (READLTOSOINNR"),
recnum T bBufL113;
¥ Handle record 4 8/

statzize frochangnoraal + (nochan®dnochan+l) 7Z2Y*norool;

Feprl gm0, imle: kostalsizer 4k I=i+d)
LbutL[01 = butLids
thutl1] = bufli+ld;
thuffZ1 = butli+Zl:
thufl21 = bufli+321;
wordlkl = ibtmdec{tbhuf):

erri = read{fdl, but. 1500);
iflerrl == -1)

erintfl "Error cccurred reading record S (READLITOS) \n");
ropnts = (buff1831<52 | (bufl1?]1 & 0377));

rnoline = (buflZI | (buflLZ31 & O3771);

infol4l (bufl= I (bufl3%] 0377

infal5l {butflAZ< I (buflAZ] O277));

inteslé] (buff4&3448 | (bufL47] 03771

infol7] (But S0 I (butlS51] 02772
|
1

infol&] (buflS41- (bufl35] Q27735
infel®] (buf[S214<8

-

[ i il g o

I I B

(buflS9] 03773);
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int noclas, norool, nochan, 41, nornts, noline;
fleoat urpaerl3Y lower[S1;
floatl ibmdec{buf)

chat #hut;

int k,l:m: Lint;

chatr nbutflZ1, tochar, Ltemes, bvteld]d, s1an;

fFloat word;

m = 0;

sian = Q000

if{huffO]

zian =0I0O0;

tinLl={{{(hu¥tl0] & Q177) ~ &4 # 4);

whilelbusL1d > Q) &
buffid=({bu¥L1I000) & Q274D
+4+mi

fo o= B—mi
nbuflCI=bufl
nhutl1d=buf
faor{ 1=l 1 ¥
b f L0 =0 0nbuf L0505 1)
phufl 1= {nbufl1]

Z3;

Farklﬂlilifm;++l)
bufLZd=00but 2]
bt l CLbut Dzl

={hutlid t mbufLOIY;
BuffZ] 1 onbutD13):
Lintl-m+1Z8:

L0t

bl
btk
tint

Lamps
b1l
[CINE A

ufL0d = hafDod
butLCl = bufLO]
= hutLl]
= hutlol
=1
b tel3] = butflZ]
£ { by st Y
[ I (I o

¥ Lhe funothion Fa 4 S=bilt charad
* thatl hawe baaen e ks w ibmdec and Fack
#  them into a fleatina point word  #£7
Fack( by Le, cword)
chat #bv e, fowords L
int i

For{ i=0; Fih; ki)

[ L0 d[ .j ] = tl"," T, l-'_'[ ] ] 3

-

f********%%*%%*%**%%**%*%%%%*%*%****ﬁ**********ﬁ***%**/
/% function Lo read record & fallows /7
treadérec(buf, pntaels)
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int #pntcls;
char #buf; <
extern intl norntis, recnum, ¥di;
int J.n, errl; k;
n=0;
errl=read(fdi, buf, 1500);
if(errl == -1)
erintf("Error cccurred readina record é\n");
recnum=bufL113;
far(i=20, k=0, kinorntlz; k++, i=i+2Z) L
patclzlnl=(bufli+1] & O377);:
++1;

3

int trecnum
£ IR I A I I A A R 16 36 2RI P 2 1046 S R I I I AT S S S RN S
/8% Misd factors Lhe malrices razsed bv Lhe main erosram
# M¥fsd iz a direct tranzlation from the Lars
#  fortran versian of Lhe same name #/
mfzd{a)

double #a;

extern int nochan, ier;

extern floal apsz;

int keiw, ko ind, lend, i: lanf. 1, lind;

double tal, dsum. drive v, fabs();

double done, L), =

daone = 1. 0;

ier = 0

keiw = 0

for(k=1; nocharn; ++k) £
kri Fiwtlo

ind = kriw
lend = k-1
w = apstallkeiwvd;
tol = fabs(v);
ford{i=k; i<=nochan; ++1) %
dzum = O 0
if{lend '= ) {
fordl=1; l<=lend; ++1) &
lant = kriw-1;
lind = ind-1;
dsum = {(dzum+fallanfl#*allindl));

;

dzum = alindl-dzum;
ifFlli=-k) == 0O) I

ift({dzum~tel) <= 0. 0) &% (dzum » O 0) && (ier<=0))
ier = k—1;

if¢{l{dsum—tol) <= 0. 0) &% (dsum <= 0.0)) <
ier = —1;

printf ("Error —1wn");
exit(1);
*

o= dsum

driv = sartix);

alkriv] = driw;

deriv = danesdriv;

b

if(Ci-k) '= 0)
alind]l = dsum#drivi
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L¥oLhe wred Lo mateis

*

ind = inmd+i;

int 1er;
¥Float erF

function weit
fal £ ot Lhe noo

¥ile Lhe

#  which Lhe-ouah Lhe rarameber
wreLm e a
int #faelu
double ¥a; 4
Lo int 3
terrn F1oa
int b mi
mo= G
FrintflfdE "y

,,"'ﬁ-%*%'ﬁ-*{-ﬁ%%%:ﬁ'%‘ﬁ-%ﬁ-)‘H‘I-*«Z-*ﬁ“!ﬁ-%%%*%*%ﬁ%ﬁ%%ﬁﬁﬁ%%**%%ﬁ*%#%%*%%ﬁ%,"

2

Lo

Fop (b=l
Frint
Freintfi ¥
For(
Freint
Ford dmts
el E
rrint il
LT ’

"o lowmer-Dil);

)

Yeuprar-Lid);

int fdi:

als(r,
hat #F, ¥
char o, ¥FL
Frintfie);
F1 = =
while{{: = aetchar{)) '= "\n’)
i+t =
#el = O

[=H

“eal++ml);

=

Lo Lhe ouleygl
n¥nochan

covariancs
®s

CEF = lowerDdl):
surrerL i35

ma L i



