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Abstract

This manual presents the Fortran programming codes for fitting
time series' models for irregularly spaced data which are: commonly
encouhtered in environmental work, especially water (quality
monitoring. Two sets of interactive programs are given and their use
is illustrated on data from Turkey Lakes Watershed. One of the
programs computes the autocorrelation and crosscorfeiation function
for time series with missing observations, while the other uses KALMAN
filtefing techniques for estimating the parameters iq the univariate
and multivariate models. Although the programs are written in
Fortran 5 for a CDC-180 computer system, they are easy to adopt for

other computer systems.



Résgunié

Dans ce manuel, on présente les codes de programmation Fortraﬁ
qui servent 3 ajuster les mod2les en série chronologique aux &onnées 3
espacetmient irrégulier courantes dans les travaux sur 1'environnement,
" surtout ceux ayant trait au contrfle de la qualité de 1'eau. On donne
deux énsembles de programmes d'interaction ainsi que leur utilisation
sur des données obtenues dans le bassin hydrographique de Turkey Lake.
L'un des programmes calcule la fonction d'autocorrélation et de
cross<corrflation des mod&les en série chronoiogique avec les
observations manquantes, tandis que l'autre utilise les techniques de
filtrage KALMAN pour estimer les paramétres des modéles 3 une variable
et 3 plusieurs variables. Les programmes sont &crits en Fortran 5 pour
“un ordinateur CDC-180, mais 1ils s'#daptent facilement 3 d4'autres

ordinateurs.




Management Perspective

Many irregularly spaced time series are collected for the purpose
of monitoring the changes in the status of aquatic ecosystems. One
major difficﬁlty is encountered at the stage of performing the
statistical analysis, namely most teéhniques available require qually
spaced observations. Damsleth (1987) extended the use of equally
spaced time series techniques to the case of irregular time series.
This manual describes the required 'Fortrén programs for modelling

irregular time series.




Perspective~gestion

De nombreuses donn€es en sérig chronologique espacées de facon
irréguliére sont prélevées ‘afin de contrbler les variations qui se
produisent dans les &cosyst@mes aquatiques. On se heurte & une
principale difficulté au moment d'effectuer 1'analyse statistique,
notamment le fait que la plupart des techniques actuelles nécessitent
des observations espacfes &galément. Damsleth (1987) a é&tendu
1l'utilisation des techniques de wmodflisation de donnfes en série
chronologique 3 espacement &gal aux donnfes 2 espacement irrégulier.
Ce manuel décrit les programmes Fortran n&cessaires pbur modéliser les

séries chronologiques irrégulilres.



1. Introdugtiqn,

In sampiing environmental time series, irregularly spaced data is the rule
@ore than the exeption. Irregularly spaced data can be regarded as a special
case of a time series with a (short) basic spacing between the observations,
but with a lot of observations missing. The analysis of time series with

missing data requires special tools, since all the standard techniques are

Two interactive Fortran programs, CORRCAL and KALMAN, have been developed

to perform the analysis of such series. CORRCAL computes the autocorrelation
and crosscorrelation function for time series with missingvobservations,
while KALMAN estimates the parameters in a univariate ARIMA-model or a multi-
input transfer function model, using the method of maximum likelihood. This

manual serves as a users guide to these two programs.

Section 2 describes the data input, which is common to both the programs.
Section 3 gives a short description of program CORRCAL and its use, while
Section 4 covers program KALMAN. The major part of this note consists of a
number of appendixes, which gives examples of the data files, examples of
the use of the programs and of the resulting output: A listing of the source

code ends the note.
The programs are written in standard Fortran 5 for a CDC-180 computéer opera-

ting under NOS 2.5, but they should be fairly portable and easy to transfer

to another computer.

2. Data input.

In addition to the interactive input supplied by the user during program exe-
cution, both programs require two input files. One contains a description of

the data structure, while the second contains the actual data values.

2.1 The description file.
The description file describes the data structure, and has the following

layout:

Line 1 : Identification heading. Up to 60 characters, left justified, which

will be used as heading in the printed output.



Line 2 : Number of time series in the data file, in free format.
" 3 : Name of the first time series. Up to 8 characters, left justified.

1" 4 " second ”" " "

m+2 . ”" m’ th " ” 1"

where m is the number of series given in line 2.

”

"  m+3: Fortran format for reading one data record, where a record contains

the values for all the m time series at a given point in time.

Appendix A.l1 gives an example of a descfiption file. The name of the descrip-

tion file must be supplied to the program by the user.

2.2 The data file.

The data file contains the actual data values. Each record contains the values
for all the time series at one point in time, and the records must be ordered
sequentially in time, so that the first record covers time point no. 1, the

the length of the time .series.

The records must be written to match the Fortran format given in the last line
of the description file. Missing values must be given aunique codé which is
less than all the observed values, since all values less than or equal to this

code will be regarded as missing.

Important. The present version of the programs restricts the number of series
to be ten or less, and the number of observations in each series must be less

than or equal to 1500, missing values included.

An example of (parts of) a data file is given in Appendix A.2. Note that in
the example each record contains a sequence number and the date, in addition
to the data values. This information is not used by the programs, and will be

skipped when the file is read according to the format in the description file.

The programs will prbmpt for the name of the data file.



3. Program CORRCAL.

3.1 Purpose.
Program CORRCAL computes the autocorrelation for a time series and/or the
corsscorrelation function between pair of time series, where the time series

may contain missing observations,

3.2 Method.

3.2.1 Autocorrelation function. .
Let {Xt}, t=1,...,n denote a time series, and define the inicator series {Ct}
1 if X >X,.
C e [ t lim . (1)
t . L
lo AEX SN
If Xlim

is observed or not. If Xlim equals zero then C, indicates whether a "real"

équals the missing value code, then Ct is an indicator of whether Xt

value is observed. If, for example, X is a series of daily precipitation,

C will 1nd1cate the rainy days if Xl = 0. The program computes the auto-
correlatlon functlon twice, once with X11m equal to the missing data code and
once with Xlim = 0, even if the result from the two computations may some

times be identical.
The lag k (k > 0) autocorrelation is computed as
- § ORI SICHINE BV (2)

k+1

where the mean and the sum of squares are given by

. |
% =(}C.C X +1CC )/(Zc +Sec )
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Note that the mean and variance is computed using only those values which

contribute to Ty This ensures that |rk| < 1.

3.2.2 Crosscorrelation function.
Let {Xlt} and {th} denote the two time series, and define the two indicator
series [Clé} and {CZt} as in the autocorrelation case, using (1). When k 2 O,

the lag k crosscorrelation is computed as




-1 CCo i X1 ey Ko = 2k)/“/51k 2k (3)

‘l', K k+1

where the means and sums of.squares are given by

n

=1cCC /ZCC
klttklt K+l t-k
n-k n-k

2 2 Ct+k t 2t / 2 Ct+k t

Xk

2 5
lk -kglct t k(xlt'xlk)
2 n-k

Z CearCe (Xoem 2k)

When k < O the same formulae applies, but with k replaced by Ikl and with
de and X2 interchanged.

3.3 Program file.
. The program is stored as symbolic code in the file CORRCAL, which contains
the program itself as well as the subroutine CCORR, which is called by the

program. The program requires no other routines.

3.4 Running the program.
The running of the program is best explained by the example given in Appendix

B.1, with explanatory comments.

3.5 Output from the program.

CORRCAL writes its output onto a file named CORRES, which is local to the

job. If the file does not exist prior to the execution, it will be created by
. the program. After the rUnvthis file may be inspected using an editor, and/or

routed to a suitable printer. The CORRES file generated by the example run is

shown in Appendix B.2.



4, Program KALMAN.

4.1 Purpose.
Program KALMAN estimates the parameters in a univariate ARIMA-model or a

single or multi-input transfer function model, using the method of maximum
likelihood. Standard deviations of the estimates are also given, as well as

the correlations between the estimates.

4.2 Model.
Let {Yt} denote the output series and {Xlt}’ {XZt}"'° the input series.

The model can then be written

pSi
t =) (v ot Vg B+ -er Vo B 1)X. it-b, +n, (4)
1—1 S5
»P _ — _ _ _ q
- ¢1B — ees - ¢pB )(nt W = (1 BlB e BqB )at (5a)
: & BPY(1-RrYd, = ’ q
or (1 - ¢1B — eee - ¢pB~)(l—B) n = a1 - 91B — eee — qu )at (5b)

where (5a) applies if the noise is assumed to be stationary, while (5b)

applies in the non=stationary case.

In (4), m denotes the number of input series. If m = O, then we have an
ordinary ARIMA-model. s; denotes the number of impulse response weights

for the i‘th input, while bi gives the delay. n, denotes a noise series

after the "regression" (4), where the noise is not neccessarily white,

but follows the ARIMA—ﬁodel given in (5a) or (5b). uis the mean of the

noise in the stationary case, and d_is the number of differences required

to obtain stationarity in the non-stationary case. p and q represents the
orders of the autoregressive and moving average part of the model, respec-
tively. In (4) and (5), B denotes the backwards shift operator which operates
on the time index, so that BkY =Y t—k*
Note that the transfer function model (4) is written on impulse response
weight form. Thus, the option to have the transferfunction parameterized
as the ratio of two polynomials in B, as advocated by Box & Jenkins (1974).
The reason is that the rational form approach creates a number of diffi-

culties in the case of missing data.



Restrictions. In the present version of KALMAN, the following restrictions
‘apply:

m
" ms5, p=10,qs10,}Y s;,+m+p+qs18,ds2.

i=1

)

4.3 Method.

For a given set of parameters, the likelihood is computed in two steps:

1. The noise series {nt} is calculated, using (4). The noise n_ is regarded

as nissing if any of the observations (output or input) invglved in its
computation are missing. In the univariate case {nt} = {Yt}’ with the same
missing values. _

2. The likelihood for the ARIMA-model (5) for the noise is then computed
using the method from Jones (1980) with the non-stationary extension

developed by Damsleth (1987).

The negative of the likelihood thus obtained is used as the objective function
to the IMSL library routine ZXMIN, which provides the optimal parameter

values.

When the obtimal pafameter values are found, we use a finite difference
technique to approximate the information matrix in the solution point. The
inverse of this information matrix provides estimates of the covariance
matrix, which in turn gives the standard deviations of the estimates as well
as their correlation matrix. Occasionally the parameter estimates are so
closely correlated that the information matrix becomes too near singular to
be inverted. In this case the standard deviations are given as -1, and a .

warning is given.

4.4 Program file.

The program is stored as symbolic code in the file KALMAN, which contains the
program and the subroutines CNOISE, DDIV, DMULT, DTRAN, FM, FM1, HCAL, INIT,
DALREC, RESOUT, SETUP, STABTRA and ZINIT, which are required by the program.

In addition the program requires access to the routines in the IMSL-library.

4.5 Running the program.

Before starting the program, the IMSL-library must be attached and made a
library. It is further recommended to set the "stop on full secreen" option
to no, using the (ESC)PG=N conmand, where (ESC) denotes the escape character.
It is also recommended to set the time limit to a fairly large value, using

the SETTL command, to avoid frequent interrupts during execution.



The actual running of the program is best described via the example, with

comments, given in Appendix C.1.

4.6 Output from the program.

KALMAN writes its output onto a file named ESTRES, which is locgl to the job.
If the file does not exist priof to the execution, it will be created by the
program. After the run this file may be insepcted using an.editor; and/or
routed to a suitable printer. The ESTRES file generated by the example run

is presented in Appendix C.2.
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'Appendix A.l

Example of a description file.
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Appendix A.2

Example of a data file.
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Appendix B.1l

Screen communication, program CORRCAL.,



Appendix B.2

Printout of the output file CORRES
from program CORRCAL.
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Appendix C.1

Screen communication for program KALMAN.
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Appendix C.2

Printout of the output file ESTRES
from program KALMAN.
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Appendix D.l1

Listing of program CORRCAL

with its associated subroutines.
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Appendix D.2

Listing of program KALMAN

with its associated subroutines.



PAGE

QUND=_A7 'S/ M/=Dg=D ‘ ETN 5.1¢670 71057274 11.67.29
ER e TxeD . 0be870%, Ll-enri}o/-pHO/-sr.-gt.rf-gobo erhe

x>

vy

wo ov
oz Lo
ow Ox
Tn e 333438 % 2 ]
W -—tlld % &0 * % %N
L.{- 4 - A XX XX X3
o ¢ =D 22850 8.8 8]
- O =z A A X2 X X X X )
W Wl * % * % L
- aTon ) * % *% RHEwa
-2 oW * (2 2 X 4 X 3
w O *n =z *4 HENN
-Z»n 0O L. . B *% SHuen
aqets T o oe " h SHReN
(=] - e N *h & -«
& oX oz *8  wa *n @ -
g0 WO * 8 S & -*
D e * % =wn a8 » o«
O e * % ja . o o
ZO0X aa *e D o & 4
DEA > #& DO &4 @ *
a X &8 ow %% & *
qCZTA ODw L £.4 I *eE » *
En *s WO “*e & &
F{al- ST -] & TC o 48 & <«
-y O SE = o8 & L.
Q= « * % -0 S8 & *
NZal O i D= ¢ & &
[ o=l ] z L g Lol d “* & L
(YT - - WD = * -
- ) = naw & @ -«
waeZ own “Z OO W TR & *
g Ot < [TV 2 ¢ * % Ir~-0
- QLT oKX ¢d ONL dé RO
O &nd -~ * DD * SWow
v qFq I W QEW = Wit
* ogx = % o & %N @
o o St #x NIOD xé S X ot
W TR #® WOL.  * Sadme
|l 40 =i D& & O
DX bmbmi=  on & =T 0 * » »
ag D oW %o Ox: s #O>-8#
—-F A e -~ *. O o * BHZaw
De WZN ax *E WwWaD E@ 4=~xs»
OO FZ we & (% * #> &
0O WO WAL #ee o il G reee
=0 T O & ZTaw * Bwze
Drt b= DWM G# AXT R # (=2
Al id DE| 6 O LA K X1t 3
ZZ D> > we *® B>
U WEQX eD % dJiD 88 G @
-~ Ww Ww m &% it 468 & >
Zx Zwwn L X3 -l &% SZws
Cd D et B N> S® K E
EE oo *s «CEX GG S @
PN L | 4 Xth e #& Ore Q& -8
=1 WA WD RE O & #E &rne
Xa XNZ LiZ &4 Dwod #¢  Sxas
- wWwo 8 T @ S BIS
E Fd XON ¢ O 68 & &
-« - TN & -« *
EE XZw SRBERGBERE HRn
O O=T s o SOSFRILAR RENS
Cx O NE ol HEXBEBRES SR N
xd G AXD FEREFHEGRRE HORD
QA0 000D OUA> SRS RBESHR L2 2 X J

ﬂNthOFQOOﬁNM#hohﬂoQHNmthQFﬂQOﬁNm?mOFDOOﬁNM
FUI et e N N NN NN O NM M MM OO MO M @ F F

YoNP(5)
XSER)*BySNR(5)#4,DATAF#7, DESCFe?
1?5 '

Calu aZIWE wid & oI
Ot e 3 A0 =t WO &
- o AETZTZEZEN I W e
AOOC asmilZi=" o
Attt Z e b=t & pd |
B D T Nt | N
aaxaqau xe
ZAADDZO &b aswiin
OCRAEEDO UL > O O b=
[tttk Lt a4 =] 3
NZZZIZTZOOLANIX
ZOOCOOOOxda

WEFEZEFYwaxaaoaad
TEELLEITEE - oo
—“DO0DOD0OXITw4daa
OUULLLLWLLODOO

INTITIALTIZATION stteessans

00N eRRdtt S T AR T

xz
(LY 4 (]
wo a O
T (=] (o] z =2
St w -y
wa " ° (-]
- D © -« .
o -4 w
ow W e oo
- O e ~
) < [
D o Em wo
[ - Xa Zu
o - Do -
wI x W -t -
[ % 1] ~ < [%¢]
w T w> b )
ou O W e .
(=] - e w 7]
L I ul ZX -
| g = WE * of L= z
=D . >z w
[=]=} « e g -
> L1 4 [L1-4 z
(TR § o smag - o
-l < uX [ S (%)
Z - (%) w
[=]"] [T wdbis (7]
[ o [ ol -] oxX -
| ot o « Ly o -
-t o oo LW W
X e ) [ &V X o
acex o w AT A - <
[=]"T] - o E ol S STV w
w.» -2 ot x [3
zD & w2 w
- - TUE ¢ B O I Z o -
w . - (B} - z [
wX w XZO U W - <
(e - W M= -t >
% - W o W Z e - z
o> - g EeaI O u w -
.-} - oz ol o -d -
< Zz« - Z — [
wo X -~z EE & O “w (]
b TV) O «xO WD st o o
[=1=) i S IO & w=in Z -
e = omi= —lul O O =] [ ]
> <p— - [N = - -
=} [S}-[TH ] NZO W - - o
ox A D=L o e imdax O O a -l
33 S ' [-4 =2 (7 ' Ll TV 4
w [l 40 ] 0 W we & WaxeE
e&w =0 T X DG O CFgax
@ X oz WO = o aw » a=>>0
x WWE W [- {18 N L {=] W WeZeu
- - [} o=T=} W W X o o
(- 47%] St pun X ut T wZ O otoama et sten, g o
DD e TREZO W a~fd W WS NN
ODEN w wewe + o awr T a0t aid
X = - NS N ™ = g = DN -
ax . o Wdea -
OW W Wi wow E ~LOE Z ZOoOOOW
W~y 22 ZZx z Z O ~xaa W Wagaad
- 4= L T [ ] x OWD O O ik
Bl o adedad - ) e uauw O Ooxaav

VOLOLLLVULVDLLOVDLLVOLOL ™ NUOL

O OP- 0 0O r I M T 1O 00 0 Ot (4 (T 100D P00 00 O i 3 1A
#t¢tethmnnnmmnnmooo&gocooohbhhhh



PAGE .

o
« .
L ]
~
-
L ) :
- :
-t
L J
~ "
~N A
~ x
[ o R4
=) - aty [
- - B w w & '
~ < KJ < V¥ -« a
® w - > wz (%) L. o
> < o ) & - -
- 3 w —c z * o - a o
w oo I3 [ wa » [~} w [
- (=] - w w » T o a ['% w
- el w o -« » <aE w n ~
LOX.4T i . > axa ~ Zz -~
Q0L ot b z ['% wo z [1.1-2 - -«
= w =] el L 3 o i (=1 . x [
[=] qOUN ¥ > - * ; o [~4=] © -
"~ QWD - [-3 wo &*- w o >
L] XD © w w - : - e o > w -
+ [T L [V m ("1 «» (7] Q w - © I e
- Twau w x =] «* [% 4 Tw e »v [ ww
. —I>a0 X = [ =] & -3 w oW &
o - o 3 =z o * z " n - x 2D z =]
o oW N o +* i w o -d () aad
Zz WWZox [=] w -0 o V] Zu o o na
o -l > - X Z0 = o L {=] x > - x>
“w ot ) (Y ok e - [ =] = v o w w z w
wLINT« © 3 o (=] (] a - o - —ar
At z - ° b 42 - zZ W e - [y
- £ - > w W - [ ow r w [ 7] zw
o e o0 o z o Q0 =in L ¢ =2 [l < T - 4 X
O saxu. (4 - -eo O D - 2 o il x - o [
[ AL o - O T = < - “<X -« [¥] -
o WZ W (3} [ aZ s xw L a 2 = e o -~ [ Y1
] ITOUDT (X} -3 =i » 3T [ o - - 1 2 [ 4
- © - L4 o o o L ~ z - | oot & = . Z -«
[~} i - &xn « W - w -] n« L ¢ <
A aX =T O - - O W o> (] . - I < w - [ ] tw -
~ L8Pt (X o e - - O o -] (7] - L) [ D on w = on
x ol b=y .3 ~ w - -l B L4 Wz T @ QO - Zax
- O o +* W A I w - O - Tui w Z O w w
- e aoZ (7] < O =w < 0O e [ 2 w - w W - o e =
[ Wk ey w @ o B w U e [} LY x W - (1)
xoaIZTO X Q « © u ) w >0 [V T = w oz =
~ W euiar . o= z 00 O Vi 0 = Fm VY4 e u W -4 o
L Io D w - Z W e, [ z O —r— " x [Th - (=] N
— 00 X = o > Wie o v O E ot -« & W e W w xaS
" [l P} JU o W L4 -~ 00 <« »Z (o] [=] T 0O ane - 4 Ww an O WG =
[~ Zodo« zZ = w D e i E & man A e L ™ [ - a
z - - -4 - xd 9 « z . a anw ED O W &xe W = a d W -~
2 [ 1- 4" KN w z © wo o Zw w -~ ab X O E a€a< O © | = - b & o ]
[=) £ Ooo - =] [} k4 e [ “ O e W e o L (=] z - -
-3 Owu.Dar - w Zz o Er W - (=] Z woOw - .o W & W [- 3 - [ 4TRE X
L3 axZ b [ V) - (-4 = O w- = D &« anm w 0 €@ Oa w O s - - O~
o~ Lo O - [7Y] T - I v w T -« I =~ 6 = o -~ [ Qe
[] [TS[TTIV] - w " o~ e VI X = w [ B Zeo O 0O | =~ ¥ x ax z LK Sd
- OXIDDx ¢ = Ww uw o© [T TV Y] @ D -0 &x D [ O & W D w [Tl =] o o«
a A edad W O -  » Lt D X b= (- 4 L E Qe W < M- F o W=t F> Eow
o Wt at «X = ol L = = —x £ OO0 »n & W e D Nad = ru x O We X -
AZIIO~ W dd U <« T w D xx w o L4 T aedD ww © W Dw w o T T « WD
] I O @@ & w NN T Uud = < 8 -MDO . e X Zea I X WD p—em IZa
o WO WD — cd = 9 a z CJ xz 8 Z (4 wmeZ Od W = oo = oD & =t — O
- XWIZaZ D o W et LY} VI W - W -t -t St L I VT N Y (]
© WNFERUD X - O o e AE -~ 0 oo oW (%] A R " &~ X o' wn O e e
~ = N0 O e~ - Own |t B | ] N - Qe OO = D s D et W O gt =i (=L
- AZVNNW- UL e W U LD & T s Du W @ . w an af O D W e u . [TRg N ]
~ Lot Aal- 19 #a I a a0 n B * a o & ® D B = dwd e > D & «
COME = i - AONZhw OW w W o & * O T s o Q - —-d - o i
Ca ox O e - el W I W &Y « & ® ek W WU B Z A We o O
OF-<00 £ =0 Z ZrOKHOow Ve = O T e * - 8 N ETED WW ~ F =D K -0
W Z X D ~ad W woador-O o e W #® T & W Omaed XD w D G O O«
IO & & o A0WODD DZ & IT & @ ® O & o xDaw < bW O oW o [. ¥- "™
ot o Fx 0O OZxZOo = B ~E DO & # L & 6 BUBX G ~ A B QA [-%- 1.2
. . ) -4 . L
LLULLLLOLLL LU ~ VOLOU LOLL VLOLLULOLVVLL & VLLL VLW LW [SE18 1] (1818

Uneuin KALMAN

ohcooﬂ~ncnowQooﬁﬁmcmoheaoamncnosoQOﬂNncnonooo~~m¢hohooon~n¢nosooo~~menobooc~~
bhhhnoopooocwmpooooooooovoooopoogc_ vy VNI (NN O AN e M OO EF T F T T T F OO

‘r lalalal s Vrtririmirire - ol ”




PAGE '

11.47.29

87705727,

74/810 ODPT=2,ROUND= A7 S/ M/-D,~DS ’ FTN 5.14670

.GPM" KALMAN

X w
wn - w -3
(=) w .2 (=] [ 7}
[~ 4 = * » 1} . X
. w [ 3 . * & 4 = . -
= W [T} w o - [ ol - e
[=] < o [} - o - uw -t w oy
[- 4 r Ao [T - . & w axE [
o -t - [ g o * Q Lol ] e Al
=] = = & = - -~ - o
o v xoa o a =) * » » a on
Y] w oW =z w -d o - - w o
e XN - @ w z -t z = =z
> W e x [} - [l w g« Lhio=e
- ) x > (=] wa = axn Tu
[ wo [} z (%] L [ L] q< . & e Lo
» QD sa < o - b (8 ) o L £7%) 3 . x
[TV] - > w - b= [ or O b o ot Zu
Cuad d -d " b ] (=3 b0 Ll
-4 v o (44 | g < ) [l ol z0 . - '
w x Wi z [ =] > (%] a [ ]%] D e -
e [TV 2% - - (7] we <am - [y
o - w B - | - w o [~ [= I ] [ 5 g
W Qe = o w - Zws ~z = ap= o
[ %] E Zad - (] x « w Z ax Tuiex QO -~
- o e (1) a - [ [ia W (4T -
e X o o D w - o [ [ <> xexr
[*Y] o« o0 a [ 4 - z -l o - . <z —_y o Z D0
[ I -} G = ZF b= - e L] () St [=17] LIV Ie=e >NE
Z 2 w (] b4 a L L4 2 Zus - -~
< W Tus =] z - Led [ o W (8 - 4 wuo wo
- . — - u e = z o a Toa - Tz
x an < a © - [=} wen « = W - - O
. Dme= - O -t - (=] [ = land Z | Zn wx -
> G x Tx - ¥ o ox = Iw —— ——> —t
o> < gd WA & < e~ > o [ - o0 O Dao
o et > > xXZ D e z -l %) [ —vat oz L2 - [ I8 13]
O a« o (Nt e WL 4 - [ wa b 1-4 xw wo.o -
x Oz Z =2 O0OZ zZ w = < [N z ad = < L] < wz
& ox<a D OO0 Z e O - z - -0 wo. e w ow ZWZ NI o
w a e =t [ [l - [ 4 w »n 2 Z T itn =-I0 [- 1
o w = . w " u > [ 1=} owo 23 ) Ll w N
(= 41 <o O oy et T W e R a =ty o w QX e [l =] N = e | il ]
Z aX o~ < Na - VD -~ -d Z I o . ot Oz o et O WL~
w O o & WZT e X - ™ - =] O w =] " a - o WZ e T
X o [ W O O W W a ¢ =t w O w [ 4 =] -0 © e
W a o O a- O - > > .3 Ix O < - [LU,1=] [T - % 34
& U - rE o ZTZ Lo ~ag o [ (%] o Z n oy E-w o -ttt
b= =] L] D WD e r Oea (=] > [T5Y OO e «qx = (-
Vi ZD e e Zz @ [ = - QX T =z < x| O ('S =T [ NN, ] aND o [-%
« Z Ne OF EZ uzZ a o o= - P (=] z L e — - - Q= Az OOWw
W e XN Sl o) Dt O Z - aa W «a el b [ =] D L TV OaXZ oaw Z o
E WO ax = a Z -~ a ot o O o -l o X on - oL ¢ Lt . T
OZ Ne X ¢ = " oa [ =L2T-N [ =] Wes == AN ) ot = Wi [ Tt
W oW oxe € O W OO & O W Z aw w W O BT in a a =20 - ITao Z @ n
I a =N ey = X ETZT 0O T I o a - I ow X X - N -] =0 D aOw
- Ww_ e -~ L et I T S aZz « Z - S Qw ox T - ¢ W e QDzZ o
-+ - e W - z z o2 o 4 —-— X0 > a — Wy w MO~ o UL
X Dda o~ 00 I &I o= B o O M arn + x ™ oD -~ w o T Wwoo -] XIw a0 &xXo
O X i ot = D gton D i O ol am D X O edem QO e _ - TFTO 200 OrE D WeZ
U 49O o4 =¢ '8 ol O 8 U ewwZ W 9 U s e it - % =z T g o ke IO«
. W # a Wa a 8 a o - e aZ - O * a > @ a * % 0 O O NI CZO wx =Zm
- Lo e Stnd bt pethH B = ol N L Z e e JZ R * B W o aE B D [l T VT4 [ 4
[ o WeoOHs Qb We p N O Wl E 8 O We b e @ % - NN <D a n a uwna
r v D & ED D X ™ RO e & E D < -0 # B X V=GO O OV i DOZ ST ke
O sl mdNed € DA wa o O ade G G O mda T ea @ % W e e | | = e
& IX xwxulb o &Z X = O & &x0Cws o< o o o L - YY) ® % N =TV N NNZ B WA
8 - EXe=mZ 2 Ak Ry N O o UuaxZ o Z o BX uE o U B T U e Zee 2 AD U
’ s () " )

ncmohmoOHNﬂemoheoouwﬁcnaheoo~~neno~Qoo~Nmfnoneoo~~mehoﬁbobummem05900ﬁwﬂ¢mohco
mmmMmmnoooocogooo&bhhhhhhhhmwnopomgamoooeoooooooodoooopoﬁ et el O O U N VU O U O

3 VTN OV OO TV N 0N W 0N 0V 0000 00 O 0% 0\ B\ U O BN O
b MV EWSNE NN MO RO

- o | v =t -ty - r-te-ie NN



PAGE I .

11.47.29

87705727,

747810 CPT=2,RO0UND» A/ S/ MI-D-*D’ FTN 5.14670

‘RUGPAH KALMAN

L ]
z
(=]
>= [
-l =
- w - hd
o = ~ [=] t < o W
w oW [d - o =T
= - r o [=] EXh-
EOO o - o [l
et 4k SR VT I - % (7] z ENZ
xXw - 0 [ -« (=T
<ax - o a =)
a - X = X - -DD
wo x O - (8-
-ZZ [= I 4 or [ g ZEOQ
v = L4 > o20Z
= o W a. o e ot
e T =~ - X .
[ o] - Z | ol Lol &
aou r oD o L IxTn
o v w > O = [ g VY- 4
M a xox O w
wIrx«a D DOw a WU o=
T < - e o Oxw
- & = N - .
wna O Ax o Y Zowa
V> e ) X < o
=] v n - =] -z <t
ZX W [ (TR 8 - Ll -
- X w0 F -4 td
[T T X o e wow
Kl - N X -8 ITxX
TxZ o [L TS ¢ [TV
[ a N - wz [TV
xa X a s F Dt L i
> = - > - - [ W]
~NZ N »ZF X a aa
[~ " VO x >w b O
w 0O C qdOu N o (= {78
ZXrC O o D ap
- —_tu T N Do o [TV L] W
-4 =T o= - LW o4 e -z
- = d - LY « wZo a0
= Qo w - aqF O Eors a P 2 ]
w xnY o o < o — -
- W < Ox - {1 O
o > a We e awva A2
-t xO T D ™m O = Wt D
a o « W o <o [T
- AT E a - - Zu
[ © = u X ltht a»ne. afa
- —_ L= DX e Lo ~
a —wZh Z A mm =D O »nZn
=z tu — = i - WD«s
- -l - E WER -ty BOed N =t
= VI ag x X x=o LEXa+ » OO
° Endde N = X €DK ~ VD e
Dz @ Do Weib-@ & EZOW
-l DO = WD =Z TITXWAmd DODIQ
-t Waded ad tE et —ENZ sa Wz
™ Taam «a wruw > Wz ]
Qi =>00 O L et ¥ IEOw K=
© ] o QWi o wo
P wZ 2 qIdana Uuvimd
w -0 w QOZmo. T qa>
-t
LLLLLL LLOLL LLLW

Or it M WD I 0 OO M 1IN
MEOOOMNOOMMMNEIITITST T

TO GET THE
L ]

SS1A
STIAATES

Tw

CALL HCAL(FM1,NPAR,; PARIHESSoFMIN)

NV3P{HESS» GRAD»1sNPAR, IER)

e
-
]
-0
-
-

WLLLLLW VLWL

LLLOLL

IND#J)=HESSUTIND#J)/GRADITI)/GRAD(J)

T1INO+I
#sdé2ee END O F

-
-
—
+*
[~ ]
z
(]
-
S
v
wy
at
z X
w hod
x -
k- o s
< e~ O
Qoo | Ied
ZON aw
- S o L
LI et e
B wOuw
-0 LNV
xd « th
N & L
N O (DO Tt
- [=]
Ou b4
O W w

S E S S I ON #sxeen

ESTIMATION SESSTION®eors
oVTPUT
8
»

o e el &

ar awe
Do Owet
e o e
Wilud g -
EaIO —-Z
XOXOme &
X R~ B

stk S T ART ODF
WRITE PAGE HEADING

0

1}

‘5

&

[ ) ~0 N
NOLODOLLOLUNMN M LLLVL

-
-
-
*
o
[ o]
<+

-

——

CALL RESOUT(' *,"MEAS . VARG!»LINDsIR2505050sR2,GRAD(TINDY))

THE MEASUREMENT ERROR OPTION IS PRESENTLY NOT INCLUDED

LLLLL

00 0000OOOONMFNMFNFQQQEOQQOQQOO‘OOOOD‘O‘O‘O‘UOOOC ocC

T DOININID I
O TN AU O N VORI O\

N N O AU OO OV O SR O O D NN TN O



39vd

I
(6°213¢,23) 1 -
e= x«azo~#z~:u .mn .

*d0lS D1 Y0 NOISS3IS ¥IHLONY 13viS 0L T8 138V 01 09
#3335 NN ¥ NOT LV UWILSI INO 30 GN3I eesesnss
6984 NOD I S S 3 S i10d 1n 0O 40 0N 3 sssaases

(6°213°¢:3) 1 s97/)1vdd0d
mlxcnzo~¢z~:u —sn-o.whnuz

(J1V) NOTW3ILTYI NOILVWYOINI INIVIV 3JHL 340 INIVA 3IHL ILTUA SATVIVNIS

410N3

3NNT INDD

(9302421 X3} L VHuO]

(1€T=re(P+ONTTISSIHI €] 15609 35} aR

UVANST=I €§ 00

0=aNII

(91024X%)1vid04

(AydNsTeri0d (TG 0a) 311 oM
+ +¢sSILVWILSI 3HL 30 XIWLvW NOILVI3d30D, seeo)aitun

. ...mzc_h<dw¢¢ou ON = ¥VINONIS WVIN 001 NVISS3IHs (G€€9)3IL]ui
E N3IHL (0°3N*¥IIN4I
_ _ *3YINONIS 0L 3S072 OL_AON SYA NVISS3H
3H1 030IA0¥d “Savwrisa oo xTHavRongr T i oNos SutT ISRy
((T+ONII)AVEI“ZOIS 0900 TS T+ANLI “4 *4VA°SIU4 ¢, 11400838 11v)
vor GESIH
‘JONVINVA TVNOIS3¥ IHL I1I1dA
FIN+ONII=ONLI
. (LT+aNIT)ay 4D
..ﬁ.ozﬂu.a<g..qam~.o.oeanz.a.ozuﬂ...x«g.nz<¢>... 1110834 13¥D
“UFIBIC000¢s 4+ ¢ (TPIMVNUVA/ZLF)IANS/ /4 “ON LNANT4DINOSIE T11VD
(F)dN=FdN
. (F)NIONI=1p
. dNIN‘I=F -0¢ 0a
*ANV 41 €INdNI HIV3I 304 S¥3L3WVAVd NOILINNS 333SNVAL 3IHL 311K

62°LH°TT *L2/60/L8

- -

oot

©
[ )

~
NN VLWL NLLLLLLOD

N

e

LLOLL

NDLOLO

3

0L941°G Nid ’ §0-¢€0-/W /S IV =QNND¥°Z=1d0 018/%2 NVYW TV :cuw‘

WD 000 O et 1 KN D PO O O +4N o 1N

OO Ot N TINO M OO Owt M T i

PO O rit\im 1N O
O 0 C Pt rt Pt b i ey

o

O T & ET T T T FONININNK,

Mmem

OO VS U U N Tt m

VL D00 CFHT EVHON (3N €3 1) C 01 090 CVH0

IS MO N,




®
1

PAGE

o
S8/7-SL

D

25ROUND= A/ S/ M/=Dp-
SO R e Thedloblzter

NZ Ow
W BN
TOT ey
0
Z «
TO axn
O b
xXXwax
LoD
20
[ R 4 *4an
S W O ”* "
[ e -2~ 4 o* % 5
x Oga % %%
Wi ®»%ea
N W * *
2= * *
o «X ' ot f * L 2
DaDOT » -«
.0l T <« *.
— W * *
2 &« O @ -+
Owilid * *
. Tuo * «*
Wi=tr a * «
I ZOx L4 L.
0w » *
- * *
U =l * -
O «* «*
QI DO & *»
o~ VOZ * L
L {2 L * &
aOmax Y < 3
o WO & =0
wZ - * WO
w  Qwon * it
L g =l k- 7Y X o
Ta o * Qi
NE o ~D »* 00
XOWNL o & *
WD N & O>8
U =@ #ZaH
NZWND wa & H
- XA #> &
& A OZunl & med
q AP R WEZH
[- N o * O
- WCOLLLILILLY b ot i
W WHWTI N e
O AXC = O
ol it =R -1
O O«UDuDZ #Zwe
Z ZIET Do LAV X
L S e I e T
ZWWNDIDT &% =imgp
W OO O- & =-nae
Z Z-DO *oras
[l el g AT ITTI7 W WY
= a WwTZ » -
- DW= » *
O DaXuw <« #48a
& W Er e W
£ o WEZ #os&e
D DOUID #dad
Vi N0 *tass

LU LIV

e TOODOO NG

-
oW -
«x & D <z
WV =TT -
[T TN ] ol
Z WwaXx [=1- 2]
X Lire -
[ (3] 1=
-0 =D [y
OO0 >0
[=] =00 4 1 Dw
(5] x >
Zax W o
os0uXI WX
M O -
Ao - W
Z Qo b ==
- o el [=]=l
n Dk xn -
- ZOCWa wz
a o N e
Z O Ow -y
& -xXOX N [. =171}
- Oox == -0
- N Wka I 18 =]
K w X - T o
W o Wwooa e 1w
A = ITD>TF F Q »I0u
M oa b e e pare—
« e~ odD war
T~y & 4D e O XI>x
- e JUWAZ N = W
O MWZ W) Q O
- AN OF Do O EZTZ
WO O wka ot
* O€YZ TOX O o= &
W DEM™ [ N N
) Vae W VY o (=t
X  aFh (=XINZ O N
o LD AU o T
E VD =D DA o muul
& MO Xt OF O &Xi=
O EZAZ AQCiNWE W Wik
O XEwi >E miAD o » X
N awa =ID O= =z [P ]
- AU EIeODu e =0
L X D DZe
Z Tnnx Wl Z adg
WaFow «AIw IO A =Ix
S DO =naDZ o DO
b atat T 4 4 W € - O >
g awsw DENin ° ("
EQX <~ OrstdO O WEW
k-2 WX DDO W T
MKNE. LT ZZ et ® P
XZOQOZT « L W
WD UKL fad = XWE
Pt S S =00 W & WEe
WNZZZ We &2 W wa
EZOCO IOow o » v
QUEEE = Dored ZT Z O
[ % = ¢ = & Wl - AL
4=000 ZIACIOD W XIX
SO0 Stheli==  sd b=

LLLLLLVLL LLWLL

-

0

Z O

(=4

]
10N —wDuD
O G5 X O~
Tt Qe
[ o=l Ve -4-%
=

& OO0 O
nmammme

LLVLLL

NPLJ)eORI.GT NOBS+IB(J)] THEN

START LOCP TO COMPUTE THE TOTAL EFFECT OF THE JTH INPUT SERIES.

IO it

ot (=X Rl

Qu. Zeia

(=1 ] Wz
(S 1% 8]

R4
(7]
-
-
-«
(&)
-
z
™
2
[~
- w
-t v
- ©
o =
-t 7]
»®
- >
> o
z - [
w - -
x % o
- + =
(=] o]
- z L]
w -
o o [ =]
- ] (o
£ -
= « -
] L -3 w
- o a o
D [} z (=]
ax e - & 3
Zi~0 [ (=]
amedDO o -4 o
—-TU X T =
G~ a8 f wow
HDedmD & DD Z
[l < FH I 3 P-4 wg
O wewl) wiLtiOrs b DO
NI MO W et Z = W OD
[ N DZm-2 N ZrO
(=g 8 - Z0al Ww WuZ
[~F <] W WO &« Zaow
[ =
Q00 =]
NITTOOL -t

NVEU DOP- 00 O et NI F INOP- B T O i (NGt O DO O it
W T T T T DD OO DN N IO OO 00O OO0 e



¢

39vd

aN3
IER
JNNILINGD
(1- u.cqo.wwqca.~.<<
ofefof 8¢ B9
.*~< a(1)Vy
. Né¢I=I 0T Q0
(TIVVS(TIV NUISNIWIQ
Mbtohtadad il 22l T Y L L L Ll T ronru
T2 L8061 °T2 AVW SNOISIAIY LISVY  sesas
2T H131SWva ONIATT 348 NILITdN  sesse
A L L L T T T I I e epad
((T+N)#38)D + .z..a..z.<<1...uwﬁqno_-<<omo.~"<<|~_
= Qlawl8=1) 7 (Ne2Ba(NIV~***~24sin(2 qcmm.mm«mm«axu
TVIWONAIOG 3HE NI SIN3IJI44300 1Sd314 N 3IHL SANI4 AIQ0 INILNOYENS
i (YVYOINSYIAIOQA ANTLNO¥EBNS
0006=1d%1V=-9}1¢S \o:g 0l=/843=-/1S~185=/ 40¢03XId4=-/43SN = .owxa.mwnmmmmwua
-} ' - - -— - - - - - -
62°Ly°11 o-~mo e m * Nid moommo\: m v -nzmc 2= wac omm\cn

o0
N

o
-

LOLVLLLLVOLILL

NP INO 00O mAIMNT INOMD O O

-4



T

39vd

an3
NdnL 3N
0l0V~-=(NN)VYV
T+NNsNN
: 1Sv=010V
QI0V=-4SV=(I) VYV
1)vy=iSy
zz..e* $1_0a
*1-s070V
aIftsf 02 OQ
N=NN
PSR LIV
i . N°l=s1 01 0@
(IVVI{TIVY NODISN3WIG
Metsanadad il Ll L 2 L L A I LAttt LIt T,
12311 L4861 *T¢ AVW INOISIAIY ISV weses
o0k HL3TSWYQ ONIATI 248 NILITAN  2sses
hadA A AL A LA 2 L L R L I T LTI ITITIT e
.hznzu SV N3AI9 ¥V A GNY NV 3d3HA
.zz;.n;.zu“<<ﬂm.mw~.omu.~t<«zm«.mw««NM.n (2)V=-85( 1) V=1)
» ssl@- » s58s - -2%sls * -
i NOLAVILINAILINK
TVIKONAIOd 3HL NI Vv SIN3ITI144300 3HL SONIJ LINWG INILNCHENS
te (NNCYVEQI NV LTINWG INTILNDYENS
(] Ny =-¢1S=~/0Wd~- T/ VS=185=/ BA¢QIXT d~/u. ‘Q3x .Nmnm Wmd
- - - - - -0
62°Ly°1l omm\mm\su cso *q mnlmm ~/W \m uq =0NNO wao mwmses

02
st

o
-

[ EIETSTE STETSTETS 8 8y

HAUME N ON OO0 Ot FINOMD

NN




PAGE q

15528m0s-s1,-RT/ 82180501147+ 29

9!?“8’.’{;3’5?2&91’;%953!085957%&&1%?

4/
CUHHEN!
=LIST,0PY=2,

Gac

TIN
VN
=KALMAN, L

SUBROUTINE OTRAN(P,CsMsK,10)

B -]
o . -
w -
> - [7¢]
[} > & z W
[ il =] [=]
Tuw SN L E X X3 o
=T wawo W Seee .

=T DOID Z 44w w [
ZO === ol .2 2 X ] 4 w
(] (=] [~ 2 X X 3 - [- 3

W NS-Z o % o b= w
X =~ D [~ 2 .3 = ° -

-0 axTO @ ® [ [<] " [
X WEZ-W ) * L. & x
- O O * (-4 (=] n
X0 WD Zz & L. W = z
= LLIND - * x - [}
aTax v T -d & * - - >~
Ll a -l +* -t ol

NV -< & & o o L
WX = XA [S ) * (%] (%} -t
=0 OO . - * - =
- 4T [T [ o 3 o
qrn bt~ X = * o o w-d
it Al W - * w <
[-2 B T) L. & & o w o
< ZudXIw ZzZ & & et ) -

S Oul=T - - * D Ld w
BLUXZH o * I om x
WE=WZO N O %o Wt z >
qOX - W Swos [ o] [ 2 (7]

[l o] AN b= Sadeidt o w

T sl D &0 & © nNZ o o
C=ULTI>ED A X ot »4 s w

DT bttt X &Lt @ > ©r o [
VODO0 =i O 0N © T P} -4 z
EOD ez O * * - Ow < (=]
o O W SO># - e W [
OZX00 wWinT o #Za® I = ) © o
Uad YW > #=~Es a ati (=3 v
nZ o > < #> ¢ -~ §T [=] - w

OWeaadd>> o Grdoodt od b= [ %)
QLN =T del O #WZTE (=] - O
& FTEXZO>Z O% O W O Xx w O o~
=0=Dxm O L Rad el ] a N N 0

— ZE D > BIAR e~ F o« a
T Z wqZO & FOFE o KT O = - D
ML el @ # D8 e KO = « -
ENNTAXNN o) SZWE O = D X O 0 =
Edd WD o X e x O - o
QU Wi - - 8 e DX -1 [ =] (]

. WOMEN X -8 o T o o1 O - X
W O = D & rune « O W= I
s Z - qd XA X OO o O e = o °
=a TOOmX & B D © O J mo C u -~
b Z O X | Z & & = e W " 0w DO
20Z >y e «w & * 0 W ° EY4
Crm N o~ w KAANEE ZT O O - O 8 - -
QWL D ) $#ESE W & = ) N = e O w
CAZNENUL = $#ké# £ 0O w o - ~ Qe
Db bat al e O & CRHEE -~ LT W Ow w u # g
MNEXOODCE> O S84 O mu = T O m - v ]

AN O DO O mNME N O D

O Omi M I OP- OO0 O ri\M TN O
N NN NN NN N MM MMM e

-—

-

-

-

" [ %]

* «

- L]

- [}

-y *

[ -

- -

- <+

« a

- -

-y -

* 1

Lo - - o emd

- o [} N~

-t -1 - + ¢
* *= +* O r—tn
- oun -8 a b 17e
- a o -4 - e - | o o~
(-4 -5 - - ol —— - Q. Nvd

- o & (51 3 (8 O -~ |
- - o o o* o~ ® | L L - 3
- et - ey e o~et - i Rl | Srondod

[ - i - [-N | [ -1 [ L d L 2--2
. a a Tao oy e DOR® " RO
- e ™ ARINE Eew Eomm o EoagpsE OD~—
TR e Ty admen Med® ™D Mewted o MoedomDUY "3 v )
TEA arith afd SrdQriet Obam o ad ¢ O bt o olF 4
SOARNSRNE NE=4 ¢ mOwNl OO =5 rMO*#N D0~
NPL IO N A~NIORTAE =)0 A" 8 ST~ 0 ¥ | e
RESODELE OO Owma O O Owswrs OreN
OIS~ D@D 1DV DD D™ S| @ =
U et Yrd =T T T (ol - 4 ——ry * rion
DXOO0 |Ow | O # Owifneww Owad w0 e | O sinNFiwry
| $DOTI SNt E NS+ O ¢ SN 68 S ¢ 8O N4 ¢ OO+ &
— - T _wE N NO AN O N O AN~ a8 ns
ltDOlD[IDj&O:D.IlD.!OIQ!ugoquunnoacﬂlv

CE OO D NN ONTID NN OBNE NG NN-IDRCNNNONONT

noo
O

"no
L 43

no

o
-t 0o

OO0 Ort N & 1) OP DO O+ MNF MO =0 O O et M T UV O P00 O O ,t UM T 10
NI TETC LT T O OIDINVN D O KOO O OO0 C PP P



[0 et
et 0D

Hetad
*d NI LT 3401S3¥ °*H NI G3404S MON SI XIdtvw cw:a—.:.wz«
*NOISS3S T = Q1 4

(T=16T=P)H=-(T~ TSPIHM( T T=PDH+ (T *Pha=(
Wéldfal O

1+

{

o

N
ua..-z m
0
]

X I OOD=wz
w - oo aw

01

00X

e -

:l-.-ul_..:l.-&nl::omo.s.ﬁ.na

NOISS3S T = OI 30 Luvis
05T 0409
*0ST 138Y1 0L dWNF NOISSIS 2 = GI 3IHL 30 ON3I

Ot O
oX

39vd . 62%LY°TT *l2/60/L8 - 0l9+1°S N1d Qmal-ocsz /S /Y sQONNDW*Z=440 OTB/ 4L NVualaQ mzah:'.vm

[t antand a1 -1 3 LT DY P oo o000

W@ OO ittuen



PAGE l

87705/27¢ 11447429
STo-RL 00 8030t o472

5.14670
GERI:}D?ZPHDI-

®..
B/~SL/

747830 (OPTs2sROUND= A7 S/ M/-Dp=DS
Ans-cnnnUN/-}xxeg.c§-'u;EP/-FxxED,na-T§/-§
sL=LIST,0PT=2,

M
ﬁ

- a
WNE O
X eotwunn °
DT - a
- s LIS
EF « »
ol 00 e ey
[l =X [ I
" ared WX WX |
wX [=f=2=1 2 Ll
(=3 O (L1
<4 & & 4% -0 w Er Zz =z
< [ XX Zun ~Z O [
[T XX 4 XU Xz oo
» % % % [- 4. w Oga xzZ
L A2 X 3 xOa Nt X [t
+* * qun [ (TR
* * a.vn =N o
* - zOo DT et o«
* * - 4.0 axoQX Z>
-*» * =t O p 0L U 2 - [=]=]
*» * -td 0 S &) Ll =
* s Y 0 x © [
& «* wiwe W=t [- 27}
* * ot WTuo =15
< *» -t Th=t" «a (X7 ]
* -« o W - Zox w
*» * > [=2 TV] [ 4 ~]
-« » - o [T YT 4
«* L d [- -4 T 0O e Z<
L 3 * W =T > -~ <
& L 3 - N b L iy ==11-] m~
* * (=] OX WE = [®)-4 -
. - g EAD LS L ] <o
* I~ ol NE da=r o t 4=
S O8 epy o KXo O (SN =) -
*LWoOE Oa N> Qe WSNZE - [ ]
L Ll Da a Ok X Owwm p- 4TV
N # 8O =il weax —Z e -2
SE ob - VO wIaw =L 1Y
-~ L. Sal BNTEN ot TN NEC o v
Z HONE D L) = - < © e [ Lt
- * *» N oa et e WO & e N
b o SO»E oqIw ®n Viww O LUQWIN o o=
w #ZaH Xa AN NEFRO & ) =00 N
LY % —E % - a ONEd OMWZ i ZZOD e «
[-2 #> % Ome &F AdeFEd o A=TANE o =W
-« Bt OOm X o0 @ & O OZWiL o WT
a GUWZH  Nedvrom o0 ZUWEI d =P Orri? @ e
- # O  dismdin DX O o 5 zT Z -
o ot BOUE QA+ & WXXWWW D mx >
- >N ZaekrdE OV & & WINAL T O x
a - GO WAl aZ D Od HEY O - e UL o«
3 * R dett D) EWLIZ 8 O D) o e (L)
- #ZUWk Xe=aoXZ WIND Z ZADUDZ a ZA -
x HLaEt CxXOOCCa N~ D O Do a = o
[78 [ 2ol I < T4 - T P o ot =
S whnwmnd, Dead w WEWADT W Do N
™ - % QRIN Hdie O ZOORUE 1 +] w
-4 xRNt ZISOm NN O O [nd > -
bt -odtk WOATED o ot = oW D oW [l
| g * # NSNS Jua W Dw uT T aded TN
= & 4 WNZTTITF A-FL N O>Wiki-m O da  sn
o 4Esd EZOOOD LwWDa T (S [and
& RESd QUEEIE -d Wik - o = .dX
[ HERE CETTIET WA o W WOZ o W Iz
> #had QA~O0D00 TWIZ < ITOUWIGD <« IZ <0
[ %] RRESE OOV e O O LO O - W02

FHINMTIN OO0 OmNME N O OO0 OFNM I IN OM MO O rtUH G 10 O O O Ot
T e et e e U O OO U N D O M N (7 8

5162=0,
VS=0.

VS'STEP) UPDATING 2 AND P
L ]

START LOOP OF KAUMAN RECURS TONS THROUGH ALL THE OBSERVATIONS
A
N
V>0 IMPLIES THAT THE ASSOCIATED OBSERVATION IS NON=MISSING

00 30 I=KVeN
TIN
MPU
ALR
IF{V.GT,0,) THEN

VLU QL0 O VLY

- JERMINAL, SO THE USER CAN FOLLOW
ATION,

AxélIE.'UE OF THE LIKELIHOOD, MINIMIZED WITH RESPECT TO

w
- &)
z
<
g
- 4
el
>
-l
-
b4
(=]
-
[
u
o
o
e d
I *»
[ 3 -
(7]
o -
=] =
TS W
O X
w Z =x
- L4 (]
o  Ze
= > 0a
- +* [ =]
- -~z
v N w
w O EI
- -
-t v
- - W
x W= O O
- o ITox O
= e o W
a £ > < DD
0O Z w * i
O Tt n «aAn
W Z eed e D
v X ™ ®|D X ('
- N D Z oW
[T O = O IO
= ¥ = 0On Z &
Z " N O e &
-t [} @x N A
= &N N Z Zz Z
Z O O s e ey
O = = EXI £ ol
O N - W A

(=4 P
MU0 LLLL VLV

Yy FMIN

YENIN

%)

-z
[or=3
-2
——
]

NOT N OO0 O NME INOM © 0 O it M N O M0 0 O rifI M & i
¥ T I T T T TN NN O O LD D0 OO TP

L 4

Lol



2

39vd

62°Ly°11 *L2/60/L8

0L5+1°6 Nid ‘ol.olxz /S IV =QNNDU231d0 0T8/%L

ana

L E] wz:.:c'w

9




PAGE q

ROUND= A/ S/ M/=Dp= F 67 '
uggﬁleLxeg.DB£-¥§/9§81-SLflgn?l}ﬁ?zgnol-St,-Engffgzboll"7'29

&
o
w S o
x wnNzZo [T z
[ ToOwuwnw z <
-0 X" -
W =g - ~ =
ZXm EZ «aU 3 (=}
Wi o OO0 axx < [ -
> w ~— [ T [ z (L] -l
—-Z o [T [T . 7] [ - z [=]
Dra [={=}=F . =z - [ (TS
o DV [ Y o o 7
=1 * 6L [ ol W za - o [ 2] z
KA YY) *ooee z -F Oz - - a - <
XD o L . 3.5.0 (] L iat 4 4] [=} - =] x (54
[==1-"4 * 4% & w O« o4 > ]
e XL X3 o« X X —0r @ o z o
s oa * * b -t - w o o w
oz - +* a b= (LAY -t (73 'Y -4 el
(=14 <% * AT tx ¥ (-] L ot 2
(=] .3 * x axDOXT [=) [ [%)
X, & s - [ 1T ow . - w
[l - * o0t O ) w w> X
-l W o » [ ] O « O nz x > z -
[YTTTT -4 - o« w (T ) @< - =au [=] .
WO * «* > WwIim Dt [ el 2] [ [=]
—_T0 » -« = TN = e -t [- &4 - [ [}
=1 o & +* - - FOX wex -d =14 o o
- aw * * > Daw x> - L=t > [=] -
WXL & « - T Tt 4 wo [ ] [=] -t
Iqaxa & & @ o« e O z0 - o xa w T n «
[ TV]- & wow -~ o [T > w LTI
-t * -4 - N = qECOO n = < -t %
e * »* (-] WO W Lt > 4 -l [=] T o w e=
Daro « +* -4 g X LSS - -4 L ¥ N &
DA #IT~" - " « O x X bt o - O w
WEK e & =0* oni aw of o Lo (=] - < w -l
D=l FLWOE O e N o WSNZ - wez : x0o [ 4 (%]
—SNAE Gl e Wa a X Owwn I [ < w o~ w
- g «a ¢ & 10 ihd [ o 4273 - z weg ~ X N X
~ Dl HE ot ored u (= e (1Y ~ =] X [S] - N -
< Sdetde W e —o I nNi«a o (%] - - (<] -+
~— Wui-0 #0QNE NC e b= . EXD we w o w »n Zz
r XTI * * e N e - WOWW. ¢ = ND [- 4 Ned [ %) 0 > -t
e =0 *0>eE A x»m e UOOwIU om i 2 g - * z
o Wiy #Z<e Xa an X o O =D e L © [l W = ey (=
& NZE- #=~IEé aa Nt O -t ZZWVD = ¢ Aaw w [=1=T1] w DN Z x
o WLDO #> % Ome X « LY LT ONAK o > - 4 et o X - O e o
O =Te frdend OOm X & o & DZWW o = N> ot o - ¥ -
& DBNX HMUZH Nmiwmaea Z < QR O - 4 W o > n ow -
& O A & OF et D a E T -~ - aoa«a - -
T Ea 10 e BOULwT - L WNEUWUW O g D> t < - o w o W
& DNETW #>NE Z aapax a 4 LT NN X - e Lwo. x I O e m
T LOXUX SOEE WeAuw aZ D LS = Q= - =y e S W e T - - - 3 N Z
- * D8 ettt a Qe D & (2] 14 b W =2 <@ WE
v ot e BFZUE Ne adalZ W e ZHADUDZT Q€@ Zw o od & T N e " & DC E
E Eurb #uwWaéd gaood e » 2 OUX Oo a &= o [T D = W N E O em W
b LUl M ¢ ey Z<q - U e - a D ¥ X2 - R0 - bt L o
QAL - wdAsuww O -0 WZWnD w o ~ .- A T I a ¥ >a
W o e X - OZ ZOOrOF N = o O > Wk e O «agu -~ ZT -
Z Z9AxlD #nde aZxAOD e Dwr iDL [ [~ g O X ZIDX © X ¢« Z O wd @«
= AWL X% WORrT O -h® X =T O it O O 8 wma e = N WD ZF TU e
— - =0 # rNNNS L WG Dd WIZ Z Ze - et mEdd N> D W o o @
> DuZ » ¥ WANZZZZ Q= N0 OFWkitt O QOO =N PO0Y & © a8 X [] o -z
O ODE«4d #4#d EZOODO OW # XYW «a (X777 —oe = O DW ® A NI o = PO Wi
X & dor #EwF AQWETEX -ty W = wEOC X M & J > D> D Z T -5
M D=0 #%BW XTTFTILE W= O W WoZ o ad WHFZTO N o OO = OZ it e il D
2 DWEZ SEes QA=O000 U w= TouXasO <« T« aonnNn = © DZa u ZO0 X £ T xwzZ
O ANBD e w AOVLUL = OV EDELWY O _2 GZN> N B KO ~ W W W Ak EBow

ﬁmncmchQOOﬁNﬁemchooomuncmoscoq—wm;mochOﬁNnenobqocuwﬁemohmoaanncmohmo
DT NEVERDNT PN Wy ¢ MMEOMMOOTT F T & L F DI DD ININIR U IND 10 © 000 OO O




PAGE 1

o 11467429
00

0/=PMD/~ST,~

DN ™ +670
28r-s1 i THe7zlse?

A/ SI M/=Dp=
FikeD onezRas

T=25ROUND=.
CS= USER/-

ap
Dy

w

-l

(3]

° - 4

a <

. (o

W oo

Tt otpem
ZWwXor L i L. 2 ]
, BWWT W e Eaw
- O>—ax .- %"
Kadl =] * % %%
ZOW * 9% % %
< e * »
bl - AV ] L .4 *»
AWT =T * »
N Wi » *
waor * *
IZTZITO -* &
-2 * *
W - &
ot e = * *
Ok e * *
OO« - &
Lo GO i * -*
z » [
T @ *
W= o  » &*
= * &
qII > - -
x -0 » &%
ot ZZ s e * T8
[ 778 () * =08
N2> L S WO
IOt e > & bt it
aa *n &
-z Wit X ol
Z aQw e - Cridy
L Ia o * ONS
E i~ wa L4 L.
w wzg &+ Q>
a ZeinZ *ZTaAR
T == Dw -, =%
A o D> > »
a Du O & ttee g
& WK O & WwZ e
Z LZOu. ¢ De
A WO O e & eruss
W OsW R % e
- =DX O * e
- DOl # e
o« AZdax *Zwe
U VOO #lae
T Tu «CZo #+ «
WwE i
W W R X 7YY
Z Zo-OalO #Xaw
= D O & B
= e » »
D Dii-NS & &
O O ey S ad®
& XQAZTOIX # 40
@ (Al & %8
D DI bt R *
N NZLXDON S Hew

LULLLLOULLLLL

-

o

o~

-

o

L)

-

-4t

-

a -

-« X

- gy
- X
-

I a
we a
E & o
OJZ &

L]

-

w

*

boed
w -
- N
“~ *
- *
z [
- - >y [T9)
" w - -
(=] (=] ['9 -~
(=4 o 3 -
o © - -4
o Py -y -
- - - o
~ - [~ <+
(=4 o ! 4
(=4 (-} - -
L - - =
L 4 * - Iy
- e - =Y Y
- o - -} -y
[ a et -y
w g o i o
" O X Vv uw [V ]
D & = 0 aw M g
€|qmn o AT R emaD
wrill & od Wil aen f=17E] [y g
eZ 0 =HEZ™ ZIZ e

VNZUO ~aa.l | - LW T ALY

Ut ek £ 00
L= >

OWUmO

L § NOwX s

QR emat 0 NG

Zoes Teox

O d St Dy ) it e T

{ O 0 mdadot W W D bt =P bttt bt O
SR D rtit e AL =) D wr o e bt o e s 2

O LUA Lm0 e wWwo.

@M & 1N O D

L Ta A Ta e w

o ©
o~ ™

O Ord NI 1V O O

NOME N O DO O M

NOr OO

IO IO N O

NOMMOMMEmmmMe




PAGE '1

'.‘1:3,e--cun,n8&iﬁé?xszgf%;S'ﬁ??'d'}!F%{58502529579%,4L',‘IE‘R 7215928 m0s-57,-87198 1801 4729

ALMAN, L=LIST,O0PT=2,

Sof

N
/

T
i
=K

89==
FTNSy I

w .
v o .
WZ  we
> >l

adws wn
S>> WRE R
LDEMID
WO b= W a8
S T aaes
OWWiNe & #& &
WWT o e o o % %
ThetmiirdZ S #E*
< T érs & - A~
T O * * o~
O n * -
08 Zww * * o .
LD w ® T - o~
NULZ & * © e <
NAED=T i # * ¥ w ®
W o o« * a [ - ©
DWID> W * * -~ =] - W
—STZxNU . O [ o ©
<= WU # * o~ (= [TV
> A = e * - w - e
AmOxXO & * O > -
[3.} oW » [ 2 =z O - W e
ZaX O @ * = [=] [Tn " o Z »
SUOWZO % ¢ o N - - o ow -
[t ptant” Ll * * O (1. (%] (g ® ]
AT~ o # * - o a o D -
Q=T W I e " w x [3) 0O w
7 ULTE 08 - - > - - &« x
V D= #Woe © [\Y] [ ] S ? o« ey
-0 D et < > = - - 0 o =1
WL XNE #0V) & w - o -3 * -~ P
o S IE T SE o8 w ~ - (L] - - - N al
O W G o (] z =z - ] < a T
DT T BFONE - L [- 4 [=] [ [T - > O -
NZ ==Y —- * & - o~ [=] = - ] - o a - o
- LI BO>% [- 3 - [ o - O w oo - any
> - W e #ZaE O Y © -t - - * - ot
¥ AULTrs #=E8 o ~N w b= - * - o O LIS
O ST d=0x > & e g > w - (7] o - o - St
O D AD & etoodt  gded =t = z - [T ot @
A O sk W A o W e= o (] K ~ - - Z e - P~
B DA ®* O% Ostrid= - 0 o - a - - w -~ ¢ (Y] *
LR (o b= W oo mmide il < Z z - ] - o - & & e -
NOO AIOX #>NE el - - o [ o b od=} - * ] —Zlue & -0
- N NI #DO-E QA e = ¢ ¥ D T - Lol . - - [ VR NTFNT ] - o
= = T DI K > At = e [ = a - xn = -t -2 ot B =X = | om
= e ODX SGTZWH maal ¢ W E O -y [ ] bty @& +* a W <+ abmom oy ZzI
Z T ZIX SUxd ~O0E O T o W - o - gt X X o emg I - - O g -
L SLNGI A e b St et = N D> [ - Lo [ el E> ¢4 @ AriOImOl ¢ o ) e el wa
Lt ZE - NwweS o - -y TExW O E ot ottt = O N LO an as [ g
W Wed NANGO & e 0.0 v W o W E o= e "Me > o & amamidamy @ e )~ -0
T Z=OZTT #HXAE TxaOoOn ~No- N a Wl O o am NE et vl SO st O Don e W e e N
= U DO B DAEL i o T 0= N D 8 OmDW Mad CF BORS ENZ N ol o i T OOWCW S New'at
e e a8 F NN ) e L et om s T hwD AT Mrt oINS ¢ DD b W eI -Xa ¢+OX
2 DTXANAND> * ® NZZZOO A N @ D™D ™ mOZ A0 € O = o =« & Uit = T wl XD OZ
O O~ #8a% ZODOMIX M =8 DEe LI f rie EO U OO OO s ottt W W GO O b =
& GIADDOW S#4# WETTEC b= o & oud §SOWO L Mmim - Rrdomrd QNG O 0 ¢ ODOWO = D XL XL 8 X 8
D OI=OON REFF TETEE o o b4 et v D Oomd TBZ T X e e e O e ) OZZ o e oz ¥ x
= DECLWEG #Eed ~=O00A N Z o T wOXL o ZIO~0 Zk AOwOwOwDZ~Du o ZOO O «CQuw Zri>aq
N NXTHAD #&Rd OOLVOHT = O = OO W WIOVO WmMN TOUDH DOO—E G- U WOL ¥ O WEXE
o . § ’ - o © (=1~ -
LLLLLLLLOLLLLIWL LLL VLU [ L 8 STETE] - [ MLV o

ﬁmmfnobooomwncnohoocu~ncmqscoo~~n¢pdhooo~~mcnonooouwncnohooommmemonc@éumn#m
! - VNN ANN NN M OM M@OMM OO G F F $ 8 33 2T D DNDIDININ NN OO 0 O G0 O O G TP P P I

P L] e ala) Fiptet el et oo




nee @

11.47.29

87705727,

74/810 OPT=2,ROUNDs A/ S/ HI-D.-OS‘ FIN 5.14670

su...mue INTT

TRANSFORN ARRAYS Py, FI AND G TO INCLUDE DIFFERENCING

-t - -t
Ld ] a.
- - -
] - -a
= - - ol 3
[] (L] (L] [ =] o a
— -« * o > 3o
- - - ~ o D
(&) -t o - ae
* ] -~ (=] Tap
> -~ - - © - ]
< T XM - ] [=] W aa
L w oy * edemem O -
A8 EW ET T Qo
Zrilh. I e @l Naa - —wtd &
ot A "I et O Ep—wr oo
Evdrmgitdon @ Qo e o RudD> N
L lal d lel e le SR W W WV [ T L
04 Te O Yr D Wit B DL —E0200
O QZOO= | mamZ o oooZZZ
OO 0O # IO mpimiS lmipl-
DO X Peompmrtodt & O O Gpmbt o ad k= D
-t T =trd =t T e adadadZ B =03
Q0> % O~0DL OwEOwwDu qAQO> W2
COLMIDLLORAOAA WM LLVLX W
(=44 [~
(-} (=T OO ©
L ] ~e it OO ~N

OR-0 0 O rt N M O 5.0 Ot N F D DO 0 0 et
MO DOOVOCDO 00000000
[ ]



noe @

11:67.29

1057271
1T

514
11}0913nol-sr.-2
(222 %]
L2133

FTN
/-ER

8/-StL

1907
thl*ttt‘t‘ﬁ‘#.#‘tt""“##!##

IVIND DAMSLETH
MAY 21,

*BSENT e Hed o lzRs73

st hkhbhgd

1.ON:

~
"

S=
.f“"“‘."‘..“"‘"“""."““.“.“!
BYs E
1S
L1

EERRRERRAARNRRS
WRITTEN

LAST REV

Ty

*eedk

¢eBkd

SUBROUTINE KALRECUIND»Z2sPyAsVseG)
FIRARERAS

UPDATE Z 7O GET 2(T+1/T)

[ S =TS SISTUT S + 3

LOLLLVLLOLLLIW

NI OVOP- DO Ort N T INDOM D O T N O M DO O it
T et eyt e N U N S ORI N

[ ]

-—

[

-

- e

© o+

-

- -

- o
-y

- -

I w

Eq O
g

[=]

[

a

“w

=3

-

[ <]

a

b=

0 Low o

JIEFI(N-1)
I¢FI(N=-1)

)
M
MI4PLI=1,MIXFT(M4Y=J)

i :FI(H+1-J)

}0P(I’
1
sMIEPU Y,

JM
M

B ar3rmi § = O et @) bt

=

20

& N O 0 O Ot N N O
MOOINOMET ITITIT S

D) IS MISSING

0 -1,
41) AND

11+GLJD%GLT)
N
1
S
I

e RaONAANO . 0A WO
DU QT T
- e

POOHOIMNIOCLIOIEOCLOO™ O wed
Conrird &N a B rd AV & 0 a o AV 6 OZ X ¢
_ ™ T D TE EX X
Crl0wDwE Ow D wll wwllw OO
DIOOA0A=000000000000 Wikt

" U -
- L

IF(XLINDY

4 } .
POLLVLL

N DO O T IN O OO0 O NI O MO0 Ot T I
F 2 F DA DIN O N OO OO0 00 WO O P

oLE.CODE) THEN
UPDATE Z TO GET Z(T+1/T+1)

A=Q,




®"

39vd

62°LY° 1T

°le/e0/L8

oOl
dsl]e .:._6:.-:;..:«_.:-”

)

M.

:.N-... 5
: 1

A

i

< el oaa
c =ted

A1+41/T+1)d 139 01 d 3

0L9+1°S Nid ‘mol-ol\t 4S /v =QNNOY¥’2=1d0 0T8/%9L

- Z

O QD -y o
: vaoDa A =D

[l g =)
ZTwE

on
~~

2
3

2347Vy wzréw

PP P G0 80500 80 @ 00 ©

bt ek Gl ot ot Pt =t et



5.*0670
ER/~-ID/=PMD/=ST s~

-3B/-5L/-

7 MI=D -ns. FTN
»DB2=Th7

8

1.Y4
FIXE

LIl
w W
T - -+ 4
[ - ]
[ LY
x L 2 88,3 - - —lod
B - - % * L) 0O L]
ar - & 5 % » [t TZ
[ % ¢ & » o ZZ Ll
* %w - Setbes an
o -« .4 - LX) o~om
w * “+ * Laand -t~
) L J & > LK e
ad - * w ZTZ aa
- - 3 [} Ll A
[5) -+ * ° oo -
* -« g - Lo
[ < +* 7] ded Ot g
W » * - - -
-~ z * » - a.a ao
[ 1 ) - » 77 - a
B - - - n - -~
-« D * L 3 [ L] [ L)
a * -» - L -
o X * L 2 w w-w -~ a0
(=1 * * > aa &N N
bt * * =) aa 0 ww
- Z - * e -~ O LY
(- * L= . > el od emem
-t O * =% [--1--] - e L et
- o & WO & ) [N aa a wees
- & cdeith z aa » wn ¢ aa
Z W sV * “w o o -} - e aa
o - S E ob T [ B ] Ly B e e
zZ n * it - - -
& o« * O* > & et W
‘of * * - L ¢ -4 o s o S
z @O © X et o aa ¢ OO
W G Zae ° oo Wi -4 o & e
N I T % -~ o zZ [~1=1 -0 00 N aa
- - *e> & ® w - o LX) L Ottt vl reird
- S rtoodt . LY LI [ I B aa W |9
- SWZE dem Ordrd el [ala] a Do o e
- - * O% ONet tpepe P - -z WEZZ ~ <&
- Gl - e W w ae Zeoaa N ey
- - L 3 1%L A UIOmem T amem I b -4 NN . PP
2 2D # O NI ZO00 =00 =00 Mna - & aa
[= B =] ® > O o Frte ] ot A ZF e - e
v o n SZWH wem s00 maoa mas Ao goll ema o
W We #UWEH FrdmOO# OO# OO NN adX OOO N oo
X oL i & eiwr fwaw  Garer  ewenr el MR OO v
. @ B =0 UL =W WU e e =D o6 QCFemem
[TVRRN T X T TS o Wikp= et Zh— O# artm SO# o6 a0
Z ZO SXQAE XT o o=t ot iibu ww W AO Swrw OO
D SRIE WOWOKKULOXNW KWL s o iU O8N aa
- - % * T T ERZ BBt E R wrarp  gmpebe et O W
- Da & * VN e O O Ottt - o pm (D gt et bt G e E
[ = = o, RSN A7 et Zl -4 LxxiLCa s O XXUCOWWN
O XZ S84 S¢ Okt it (Y10 WEREX ZONBEME =D
D D HBBY WAF OO0 O wr il O  tmtmipy
- D SE4ed T ’ ZDOoWZuU. ZODax w2
N NE SeRR OO froTng = WLOX XX W
omn o o
LLLLLLLLL et N ™



nee @

. QPT=2,ROUND= A/ S/ M/=Dp=DS ETN 5014670 77057274 11.447.29
?xeg.EE-’ugsn/:Frxsg.on-t5/-§ar-sg/-snll}o?zvno/-sr.-ZL.vt-ézbo 47,2

comnd/ 2}
L=LIST,0PT=2,

P
HGx-

—ag -

SUBROUTINE SETUPINPAR,PAR,»INDs10)
p
T
E
N
*
B
1
3

1=} X XX

INTO ONE ARRAY
A
R
*
*
*
P

M

0

L
ERRE G RRRRRRREL S
FEXEC LR TR R

1
M
R
*
H
7
*

WRI
t
*

R

14

u

C

1
ShktakE e
(a1 1]

L2 A2 2]
L2222 ]

YsIR2,R2, 1S162,S162

1
M

)
3
i

LOULLVLLLLOVOLL

w |
< -
- 4 [=}
] w x .
w < = [t oL
[ S z [ w
- ° w = -
a Q> > o
n Ze z o z
- [ = (=] «
(-] - (%] [ 4
[TV I ° X <
- xm (L) [ - [
L) <X z Q L
- [ () > = >
& we F4 o
- i (%) o - -
V> « - o z
w z o o < [
[ ] z [ 4 a o
z O 2 [T} [ 4
= Lo - ~ o o
z - b= - -
w Ta -4 [ 2] z a
X o <+ =4 © Lo x
- Ot - -
| S < - o °
E G - o - -4 - (%] e
C o - w <+ - Ow
& x< o ¢ z > - w [~
w Oz o o =] x w [T
o o L o= o & - L w z0n
o -4 OWZi= a= a < * w [ [~}
< &> O A - = o [- 4 (=]
a o Lol Aodi N e -4 Lol -« - 3= [
o dqO =) aa £ =] +* - - <p
= ¢ v~ o w e [ w o xO
o a & L Wwel a A -t o ] O o=t
ar Oty ad o 4 - w T - [ =154
[T WXTID =~a a « ar - [=] ot [rires
[ Nt it X -3 L w [ < AN
O o« ZZ Z ww w - a = uw -} ZWw
zZ o QA XX N -~ - [ «<or
- xox aa o [=) -~ % (L] + xZz
x > —axxo aa o z ¢+ o g z a. | =]
o QW n ou qq -~ N At -~ } - x -l W
a T Wik e x&x O W ettt © - [T XX WwT
& b I W - e - eawalX e E < L. g -
=2 -] -lb-O O - - O e o aes a |
. o= O <a O a sdgsa © O = t 4 - a0
N =0 TOA= b L E osOrugn L) Z = a o N0 ~0 X~
W e mixuw NN o = N -~ N < o x xX e Wt O e =
- oW - oY = O oy - B e BO - ety w
-t Pmad OXUDMA  wdad O+ © SN O | o O e ol e O
O E o VORUX duili~ A - X Ot B o~ Qe vVa
E €D Og-< Can O O™DWNLL @ XéOmé O EX o0 Da
St babn DA DLW = O O O e O NN o 0 Pt =
O wu -l Z W IO CWw o «du.
A e w W N EXOUXYOI-W VE e
[=) - N Od -
-4 4 - E W
- p=-] W s ey
n o o [ -]
VLW LLLLOU LOL ™ N LW - ¥ oLV LWL

ﬁwmcnohnoodwmtmONQQOnNncndbéoéﬂwmv

amo
Ll
aw o
it el
[ 'Y ]
-

=0
fr 200
P
(==}
cao

»
?
+

10>0 IMPLIES NO TRANSFORMATION, JUST PACKING.

[\
WOW W

OFOODﬂNﬂthOFQOORNM#“ONQOOﬂNthONQQOﬁNmtm

)
NN MM M mnmmmvctvqc‘ce-tcnnnhmmmu\mmoooooooooophhhhh

N O\ O\ A NV IO O\ N2 N BN 200 1 AN A 3 ok

PPNy P Oy vy



YA L AR R

°L2/50/L8

Nin
CUI+ANVYI+0I¢+d =t

SUILINVIVE (ISTON) ILVIWVAINA 30 Y3IGWNAN Tvi0DL IHL SNIVINOD ¥

41

wn 3

Qs (T+AWVI+DI+dINIVd (O°
(113l

049+1°¢ Nid .mvol.nl\z /S IV sANNDUY¢2s1d0D 0T8/ 4L

aNg
13
vd
vd
anN

w ¥ Zaw

WLLW

9y

dnli3s wz~»:(aw

oo oo

NN N e etrtr=t



1

Te . 47.29 PAG
%00011. 2 GE

DI=PMD/=5T,~

O
~
Ly
+
——
L&
Al
-3
Zu
-1
e~
-
v

Dnaxa
OZ >
. >T oy

SUBROUTINE STABTRA(U,A»N,IND)
A
N
L
?
S
A

1

0

S
RBIN-LEVISON ALGORITHM,

*EhEk
Eekh

REERERUERA RS EERRNRL kA%
EREEERNRRA AR A IR NS Gt hR )

* R it

L2223 21
xkdk

P e
T T T

LOVLLVLLLLLLW

LW

FROM U INTO A, WHEN IND > O,

ULJ+1)8UCI+1-K) D/ (1=UlJ+1)2e2)

Lad
-
- -
o -
L3 -
- " >
] v ]
- -
- - o -
- f4 z -~
- ] (2] -
~ - -
> - k-4 -t -
] - s [} -
- it X - >
a - = - +*
et 'S -t
W Ees - F ~ ¢ Z -
Z+ M4 2 a X o= a (34
ard o] & Loindii 4ot < Lo Ti}
e gudan pufam O ™ gEawOn D
B #x ¥ b Mt DX~ DY
D i e X D 2 < - OF
Nl =« oz = NIZOoONO O 8
ONDDOE U 0+ T N $ - O o
o § ofomn pmfom - I lal X XZT = 2
et ¥ %2 O« E DD O~ O0~ua
O>ZO~Cw0w £ ODZ [=]=]at ol TEY Fu LT
o<o0Qaun O o=
-l 4752
W [VE- vy
o no 0 © OO0 ©
™~ N OV & ™ N O

SOIOLO NI, R,

CO=NME INOM OO Om M I
NAOMMOMEOOMOEE T T2




PROGRAMS FOR THE ANALYSIS OF TIME SERIES
WITH MISSING OBSERVATIONS.

User manual for the programs CORRCAL and
KALMAN |

Eivind Damsleth



