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ABSTRACT

Linear least squares estimation and regression analyses continue to
play a major role in orbit determination and related areas. In this report
we document a library of FORTRAN subroutines that have been developed to
facilitate analyses of a variety of estimation problems. Our purpose is to
present an easy to use, multi-purpose set of algorithms that are reasonably
efficient and which use & minimal amount of computer storage. Subroutine
inputs, outputs, usage and listings are given, along with examples of how
these routines can be used. The following outline indicates the scope of
this report: Section I, introduction with reference to background material;
Section 1I, examples and applications; Section III, a subroutine directory
summary; Section IV, the subroutine directory user description with input,
output and usage explained; and Section V, subroutine FORTRAN listings
The routines are compact and efficient and are far superior to the normal
equation and Kalman filter data processing algorithms that are often used

for least squares analyses.
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I. Introduction

= Techniques related to least squares parameter estimation play a
prominent role in orbit determination and related analyses. Numerical
% and algorithmic aspects of least squares computation are documented

2 in the excellent reference work by Lawson and Hanson, Ref. [1). Their
i algorithms, available from the JPL subroutine library, Ref. [2], are
very reliable and general. Experience has, however, shown that in
reasonably well posed problems one can streamline the least squares
algorithm codes and reduce both storage and computer times. In this

report, we document a collection of subroutines wost of which we have

written that can be used to solve a variety of parameter estimation

problems. i

The algorithms for the most part involve triangular and/or »
symmetric matrices and to reduce storage requirements these are stored

in vector form, e.g., an upper triangular matrix U is written as p

4 - - r N '8
I Ull U12 U13 U14 Uu(l) U(2) us) u(7) X
i Upp  Uyz Uy Ui UGy U@, i
‘E etc. = 6 9 ,,_”:
U x
Uy Uy, u(e) (9) E
% u(10
'i Thus, the element from row i and column j of U, 1 < j, is stored in
X ] Y
- vector component j(j-1)/2 + i. We hasten to point out that the engineer, }
ﬁ with few exceptions, need have no direct contact with the vector sub-

scripting. By this we mean that the vector subscript :clated operations

s

are internal to the subroutines, vector arrays transmitted from one

1

gt S P et e s Ky By’

LR

I



|

subroutine to another are compatible, and vector arrays displayed

using the print subroutine TRIMAT appear in a triangular matrix format.

Aside: The wmost nctable exception is that matrix problems are generally
fermulated using doubly subscripted arrays. Transforming a double
subscripted symmetric or upper triangular matrix A(.»:) to a vector

storea form, U(-) is quite simply accomplished in FORTRAN via
IJ=0
DO 1J = 1,N
DO1I=1,J
1J = IJ+1

1 U(1J) = A(1,J)

Similarly, transforming an initial vector D(*) of diagonal positions of

a vector stored form, U(*), is accomplished using

JJ =0 JJ = Nk(N+1)/2
DO1J=1,N or DO 1J = N,1,-1
JJ = JI+ U(IJ) = ()

1 U@J) = D) 1 JJ = JJ-J

The conversion on the right has the modest advantage that D and U can
share common storage (i.e., U can overwrite D). These conversions
are too brief to be efficiently used as subroutines. It seems that when
such conversions are needed one can readily include them as jn-line code.
End of Aside
This package of subroutines is designed, in the main, for the analysis
of parameter estimation problems. One can, however, use it to solve problems
that involve process noise and to map (time propagate) covariance or infor-
mation matrix factors. In the case of mapping the storage savings associated

with the use of vector stored triangular matrices is, to some extent, lost.
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Mathematical background regarding Householder orthogonal trans-
formations for least squares analyses and U-D matrix factorization
for covariance matrix analyses are discussed in references (1] and [3].
Our plan is to illustrate, in Section II, with examples, how one can
use the basic algerithms and matrix manipulation to solve a variety
of important problems. The subroutines which comprise our estimation
subroutine package are described in Section III, and detailed input/

output descriptions are presented in Section IV.

Section V contains FORTRAN listings of the subroutines. There are
several reasons for including such listings. Making these listings
available to the engineer analyst allows him to assess algorithm
complexity for himself; and to appreciate the simplicity of the
routines he i1-nds otherwise to use as a black box. The routines use
only FORTRAN IV and are therefore reasonably portable (except possibly
for routines which involve alphanumeric inputs). When estimation problems
arise to which our package does not directly apply (or which can be made
to apply by an awkward concatenation of the routines) one may be able to
modify the codes and widen still further the class of problems that can be

efficiently solved.
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II.

some of the problems that can be solved using this ESP.

APPLICATIONS AND EXAMPLES ®

Our purpose in

is section is to illustrate, with a number of examples,

The examples, in

addition, serve to catalogue certain estimation techniques that are quite

useful.

I}
2)
3)
4)
5)
6)
7)
8)
9)
10)

11)
12)
13)
14)

15)
16)
17)

18)
19)

20)
21)

22)

23)

To begin, let us catalogue the subroutines that comprise the ESP:

A2A1
COMBO
COVRHO
COV2RI
Cov2uD
c2c
INF2R
HHPOST
PERMUT
PRIU

RA
RANK1
RCOLRD
RINCON

RI2COV
R2A
R2RA

RUDR
SFU

TDHHT
THH

TTHH

TWOMAT

(A to A one)
(combo)

(cov rho)
(cov to RI)
(cov 10 U-D)
(C to ©)
(inf to R)
(HH POST)
(permut)
(PHI*U)

(R*A)
(rank 1)
(R colored)

(rin-con)

(R1 to cov)
(R to A)
(R to RA)

(rudder)
(S F U)

(TDHHT
(T H H)

(T THH

(two mat)

Matrix A to matrix Al

Combine R and A namelists

Covariance to correlation matrix, RHO
Covariance to R inverse

Covariance to U-D covariance factors
Permute the rows nd columns of matrix C

Information matrix to (triangular) R factor
Householder triangularization by post multiplication
Permute the columns of matrix A

Multiplies a rectangular PHI matrix by the vector
stored U matrix that has implicitly defined unit
diagonal entries.

R(upper triangular, vector stored)*A (rectangular)
Updated U-D factors of a rank-1l modified matrix
(SRIF)R colored noise time-update

R inverse along with a condition number bounding
estimate

R inverse to covariance
Triangular R to (rectangular stoced) matrix A

Transfer to triangular block of (vector stored) R
to a triangular (vector stored) RA

(SRIF)R to U-D covariance factors, or vice~versa

Sparse F matrix * vector stored U matrix with
implicitly defined unit diagonal entries

Two dimensional Householder matrix triangularization

Triangular vector stored Householder data processing
algorithm

Orthogonal triangularization of two triangular
matrices

Two dimensional labeled display of a vector stored
triangular matri-
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24) TZERO (T zero) Zero a horizontal segment ok a vectop
stored triangular matrix o®
25) UDCOL  (U-D colored) U-D covapiance factor coloreg molise wfdate
26) UDMEAS (U-D meas/Pemeng) 8-D covariance fgcwor fhasurement wpdawe
27) up2cov @-D to cov) U-D fagtoPs to covariance
28) UD2SIG (U-D to sig) U-D factogs to sigmas ®
* 29) UTIMV (U P inverse) ﬁpper triangular matrix inverse
30) UTIROW Uppet triangulat dwmverse, inverting only
the uppef xows
‘ 31) WGS (W G-S) U-D covardance factorizatien using a weighhed

Gram-Schmidt reduction
] L
Q

These routines.are described in succeedingly more detail in sections ﬁll, g
IV, and V. The examples to follow are chosen to demonstrate how these
various subroutines can be used to solve orbit determination and orher
parameter estimation problems. It is important te keep in mind that these

-

examples are not by any means all inclusive, and that th: package of

subroutines has a wide scope of applicability.
L]

II.1 Simple Least Squares

Given data in the form of an overdetermined system of linear
equations one may want a) the least sc;uares solution; b) the estimate
error covariance, assuming that the data has normalized errore; and
c) the sum of squares of the residuals. The solution to this problem,

using the ESP can be symbolically depicted as

o [A:z]ﬂl’.[fl:;], e )

Remarks: The array [A:z] corresponds to the equations Ax = z-v, veN(0,I);

the array [R:z] corresponds to the triangular data equation Rx = z-v,

veN(0,I) and e = Ilz-A;c||

o0, UTINV
——

® [R:z] L x :

[R T:x]

Reu.mark: x =R z
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‘ene wsy be concerned with the integrity of the computed inverse
and the estimate. If one uses subroutine RINCON instead of UTINV then
in addition one ohtains an estimate (lower and upper bounds) for the
condition number R. If this condition number estimate is large the
computed inverse and estimate are to be regarded with suspicion. By
large, we mean considerable with respect to the machine accuracy (viz.
on an 18 decimal digi’machine aumbers larger than 1015). Note that the
condition num&er es@te is obtained with negligible additional compu~

tation and stgyage.

~~1. RI2COV
® [R ] =———e[C]
‘ ~2] ~oT
Remarks: C = R R = estimate error covariance. Some computation can

be avoided in RI2COV if only some (or all) of the standard deviations

§e wanted 4§

11.2 Least Squares With A Priori

If priori information is given, it can be included as additional
equations%n i“2 A array) or used to initialize the R array in subroutine
THH (see the subvroutine argument description given .u section 1IV). One is
sometimes interested in seeing how the estimate and/or the formal
statistics change corresponding to the use of diff:rent a priori
condirions. In this case one should compute [fl:é] as in case I1.1, and

then include tae a priori [Ro:zo] using either subroutine THH, or

subrout.ne TTHH when the a priori is diagonal or triangular, e.g.,

- o
[R:z]}TTHH ok
—|[R:z]
[R:z ]

0O 0

*
The new result overwrites the old.
{« °
® °
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It is often good practice to process the data and form [R:z] before
including the a priori effects. When this is done one can analyze
* the effect of different a priori, [Ro:zo] without reprocessing the data.
1f a priori is given in the form of an information matrix, A,
(as for example would be the case if the problem is being init.alized
with data processed using normal equation data accumulation*) then one
can obtain Ro from A using INF2R;

INF2R R
(¢]

A

If there were a normal equation estimate term, z==ATL, then z ==R'Tz'
o o

I1.3 Batch Sequential Data Processing .
Prime reasons for batch sequential data processing are that many
problems are too large to fit in core, are too expensive in terms of core

cost, and for certain problems it is desirable to be able to incorporate

i

new data as it becomes availablc. Subroutines THH and UDMEAS are specially
designed for this kind of problem. Both of these subroutines overwritre

the a prieri with the result which then acts as a priori for the next

batch of data. If the data is stored on a file or tape as Al, 2. A2, Zpsees
then the sequential process can be represented as follows:

SRIF Processing**

a) Initialize [R:z] with a priori values or zero

b) Read the next [A:z] from the file

* T - T T
i.e., solving Ax = b-v with normal equations, A Axo = A'b; A= A"A
is the information matrix.

*x
The acronym SRIF represents Square Root Information Filter. The SRIF is

discussed at length in the book by Bierman, ref. [3].
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c)

d)

b”)

c”)

d”)

‘“"'}Jw.“;:;]*
[A:z]

If there is more data go back to b)

Compute estimates and/or covariances using UTINV and RI2COV
(as in example I1.1)

U-D** Processing

Initialize [U-D:x] with a priori U-D covariance factors and the
initial estimate

Read the next {A:z] scalar measurement from the file

(U-D:x] e
UDMEAS & 5"
[A:z]

If there is more data go back to b”)
Compute standard deviations or covariances using UD2SIG or

uD2Cov.

Note that subroutine THH is best (most efficiently) used with

data batches of substantial size (say 5 or more) and that UDMEAS processes

measurement vectors one component at a time. If the dimension of the

state is small the cast of using either method is generally negligible.

The UDMEAS subroutine is best used in problems where estimates are

wanted with great frequency or where one wishes to monitor the effects

0° each update. In a given application one might choose to process

data in batches fora while and during critical periods it may be

*
The new result overwrites the old.

%k

U-D processing is a numerically stable algorithmic formulation of the Kalman
filter measurement update algorithm, cf reference [3]. The estimate error
covariance is used in its UDUT factored form, where U is unit upper triangular
and D is diagonal.

8
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desirable to monitor the updating process on a point by point basis.

In cases such as this, one may use RUDR to convert a SRIF array to U-D

form or vice-versa.
Remarks: Another case where an R to U-D conversion can be useful occurs
in large order problems (with say 100 or more parameters) where after

data has been SRIF processed one wants to examine estimate and/or

¢ s A e T AT

covariance sensitivity to the a priori variances of only a few of the
variables. Here it may be more convenient to update using the UDMEAS
subroutine.

I1.4 Reduced State Estimates and/or Covariances From a SRIF Array

Suppose, for example, that data has been processed and that we have a

o &

A A
triangular SRIF array [R:z] corresponding to the 14 parameter names, a, a,

ay, Xy ¥s 25 Vs vy, Vo GM, CU41, LO41, CU43, LO43 (constant spacecraft

accelerations, position and velocity, target body gravitational constant,

o g, eyl on

and spin axis and longitude station location errors).

Let us ask first what would the computed error covariance te of
a model containing only the first 10 variables, i.e., by ignoring the
effect of the station location errors. One would apply UTINV and RI2COV
just as in example II.l, except here we would use N (the dimension of
the filter ) = 10, instead of N=l4.

Next, suppose that we want the solution and associated covariance
of the model without the 3 acceleration errors. One ESP solution is to

use

e g A R JRurroeCeC T S [P f— - - . PR

PR WA sy .



o (r:z] A4
HAME ORDER OF A
Xy, ¥y 2, V! Vy’ Vz’
GM, <41, LO4L, CU43, LO43,

*
RHS , ar, ax. ay,

Remark: One could also have used subroutine COMBO, with the desired

namelist as simply a, a_» ay. This would achieve the same A matrix

form.
T .
o [A]—HH—ﬂR]
Remark: R here can replace the original R and z.
UTINV ., -1 RI2COV
® [R] ——|[R 'xest] [COV.xest]
Remarks: Here, use only N=11, i.e., 11 variables and the RHS. xest is

the 11 state estimate based on a model that does not contain acceleration
errors a_, a_, or ay.

Note how triangularizing the rearranged R matrix produces the
desired lower dimensional SRIF array; and this is the same result one
would obtain if the original data had been fit using the 11 state model.

As the last subcase of this example suppose that one is only
intercsted in the SRIF array corresponding to the position and velocity
variables. The ditference between this example and the one above is

that here we want to include the effects due to the other variables.

*
z is often given the label RHS (right hand side)

10
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0.2 might want this sub-~array to combine with a position-velocity SRIF

i *ray obtained from, say, optical data. One method to use would be,

o R2RA .
. [R.Z] m—— [RA-ZA
INPUT NAMES: OUTPUT NAMES:
5r9 axo ay‘ Xy, ¥y 2, Vx’ Vyt Vz$ GM Xy ¥y 2, vxp Vy) Vz) GM
- U4l, LO41, CU43, LO43, RHS CU4l, LJ41, CU43, LO43, RHS

Remark: The lower triangle starting with x is copied into RA'

UR2A .. .
@ [RA.zA] fa 'ZA] (Reordering)
NAMES: GM, CU41, LO41, CU43, LO43,
‘ X, Ys 2o Voo Vo, V,, RES
THH .~ °
® (A .zA] -——-[RA.zA] (Triangularizing)

R2

S 2A .
[ [RA. zA] [Rx.zx] (Shifting array)

NAMES: x, y, 2z, v vy, vz, RHS

Remark: The lower right triangle starting with x is copied into Rx'

We rote that one could have elected to use COMBO in place of the first
R2RA usage 2" R2A; this would have involved slightly more storage, but
a less;* -amber of inputs. The sequence of operations is in this case,

o [R:z] S2BQ4:5

ORIGINAL NAMES DESIRED NAMES: x, y, 2, v vy, v, RHS

Remark: By using COMBO the columns of [R:z] are ordered corresponding to
thn r'mes a, a, ay,GM, CU41, LOA41, CU43, and L043, followed by the

desired names list.

11




[ ) [A:z]—mL[R:z]
Remark: The [R:z]} airay that is output from this procedure is
equivalent but different from the [R:z] array that we began with

° [R:z]-‘-‘-zl“-.(xx:le

Rcmark: As before, the lower right triangle starting with x is copied

To delete the last k parameiers from a SRIF array, it is not

necessary to use subroutines R2A and THH. The first N - k = N colums

of the array already correspond to a square root information mat

rix of

the reduced system. If estimates are involved one can simply move the

z cclumn left using:

R (N*(N + 1)/2 + 1) = R(N*(N +1)/2 + 1), i = 1,...,k.

- — - ——

Remark: We mention in passing that 1f one is only interested in estimates

and/or covariances corresponding to the last k parameters then one can use

RZRA to transform the lower right triangle of the SRIF array to an upper

left triangle after which UTINV and RI2COV can be applied.

II.5 Sensitivity, Perturbation, Computed Covariance and Consider

Covariance Matrix Computation

Suppose that one is given a SRIF array

Nx N 1
. S A
R R z }N
x xy x X
0 R 2 }N
y y y

12

(11.5a)
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in which the Ny variables are to be considered. (One can, of course, using
subroutines R2A and THH reorder and retriangularize an arbitrarily arranged
SRIF array so that a given set of variables fall at the end.) For various

reasons one may choose to ignore the y variables in the equation

Rxx + nyy =z -V vxeN(O,I) (I1.5b)
and take as the estimate xc = R;l zx. It then follows that
-1 -1
L -Rx ny y Rx Vi s (1I.5¢)

and from this one obtains

a(x-xc)

= ——— = -R_ R .
Sen " « Ry (11.5d)

"

(sensitivity of the estimate error to the unmodeled y parameters)

Pert = Sen * Diag (cy(l),...,ay(Ny)) (11.5e)

where oy(l),...,oy(Ny) are a priori y parameter uncertainties.

(The perturbations are a measure of how much the estimate error could be

expected to change due to the unmodeled y parameters.)

P =RIRT+genP Sen' (11.5f)
con X x y

= Pc + (Pert)(Pert)T if Py is diagonal+
where Pc is the estimate error covariance of the reduced model.

An easy way to compute Pc’ Pert and Pcon is as follows: Use subroutine

A
R2RA to place the y variable a priori [P:(O): yo]++ into the lower right

i

Pert = Sen P
y

The a priori estimate Yo of consider parameters is generally zero.

13
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corner of (II.5a), replacing Ry and zy, i.e.,

[R : 2] rR R z
R2RA x X %

Yooy . A I A
[Py(O) : yol 0 Py(Q) Y,

Now apply subroutine UTIROW to this system (with a -1 set in the lower right

corner*)
r— —— —— —
-1 *h
R R z R Pert X
X Xy x X c
I A |_UTIROW I A
0 PJO) Yy, | |0 P (0) Yo
0 0 -1 0 0 -1
L . — _

Note that the lower portion of the matrix is left unaltered, i.e., the purpose
of UTIROW is to invert a triangular matrix, given that the lower rows have
already been inverted. From this array one can, using subroutine RI2COV,

get both P and P
c con

-1 RI260V_ (p )

[R 7] computed covariance
X

RIZCOV_. (P ] consider covariance

[R_l : Pert]
X con

Suppose now that one is dealing with a U-D factored Kalman filter for-

mulation. In this case estimate error sensitivities can be sequentially

]

To have estimates from the triangular inversion routines one sets a -1 in the
last column (belowaHne right hand side).

Rk
Strictly speaking this is not what we call the perturbation unless Py(O) is
diagonal.

14
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calculated as each scalar measurement (z = aix + a;y + v) is processed,

T T
Sen, = Sen - K,(a_ C-or + a
3 7S T KA Ty Ay
where Senj_1 is the sensitivity prior to processing r@ (j~th) measurement,
and Kj is the Kalman gain vector.+

In this formulation one computes Pcon in a manner analogous to that des-

cribed in section I11.7;

Let Ul » Uj , D1 = Dj (filter U-D factors)

[sl,..., S, ] = Sen
y

(estimate error sensitivities)

3

then recursively compute

= = 2 RANK1 - -
Ue™Dy o Tpr Sy U1 P k=1,..c, ng

For the final U-D we have

Ut = G D

con _ o
j+1 ny+l ’

41 " “n 41
] ny

1f Py(O) =UD UT » instead of Py(O) = Diag (oi,..., oi ), then in the

y

yyy y

U-D recursion one should replace the Senj columns by those of Senj*Uy and
0; should be replaced by the correspon:iing diagonal elements of Dy'

I1.6 Combining Various Data Sets

In this example we collect several related problems involving data sets
with different parameter lists.

Suppose that the parameter namelist of the current data does not

correspond to that of the a priori SRIF array. If the new data involves

a permutation or a subset of the SRIF namelist, then an application of

+K = g/ where g and o are quantities computed in subroutine UDMEAS. !

15
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subroutine PERMUT will create the desired data rearrangement. If the data
involves parameters not present ‘n the SRIF namelist then one could use
subroutine R2A to mudify the SRIF array to include the :@mes and then
if necessary use PERMUT on the data, to rearrange it comﬁzéibly.

Suppose now that two data sets are to be combined and that each
contains parameters peculiar to it (and of course there are common para-
meters). For example let data set 1 contain names ABC and data set 2
contain names DEB, One could handle such a problem by noting that the list
ABCDE contains both name lists., Thus one could use subroutine PERMUT
on each data set comparing it to the mas%er lisé;zzBCDE, and then the
results could be combined using subroutine THH. An alternative automated
method for handling this problem is to use subroutine COMBO with data
set 1 (assuming it is in triangular form) and namelist 2. The result
would be data set 1 in double subscripted form and arranged to the name-
list ACDEB (names A and C are peculiar to data set 1 and are put first),
Having determined the namelist one could apply subroutine PERMUT to data
set 2 and give it a compatible namelist ordering.

The process of increasing the namelist size to accommodate new
variables can lead to problems with excessively long namelists, i.e.,
with high dimension, If it is known that a certain set of variables
will not occur in future data sets then these variables can be eliminated
and the problem dimension reduced. To eliminate a vector y from a SRIF
array, first use subroutine R2A to put the y names first in the namelist;

then use subroutine THH to retriangularize and finally use subroutine R2RA

to put the y independent subarray in position for further use; viz.

16
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The rows [Ry:Ryx:zy] can be used to recover a y estimate (and its covariance)

when an estimate for x (and its covariance) are determined. (Sec example
¢

[1.4). :

Still another application related to the combining of data sets involves
the combining of SRIF triangular data arrays. One might encounter such prob-
lems when combining data from different space missions (that involve common
parameters) or one might choose to process data of each type* or tracking.
station separately and then combine the resulting SRIF arrays. Triangular
arrays can be combined using subroutine TIHH, assuming that subroutines

R2A, THH and R2RA have been used previously to formulate a common parameter

set for each of the sub problems.

11.7 Batch Sequential White Noise

It is not uncommon to have a problem where each data set contains a
set of parameters that apply only to that set and not to any other, viz,

the data is of the form

Ax + B, =z, -V, j = 1,...,N
3 373 j b ] ’

where there is generally a priori information on the vector yj variaﬁies.
Rather than form a concatenated state vector composed of x, Yyoe-eaVy
which might create a problem involving exhorbitant amounts of storage and
computation we solve the problem as follows. Apply subroutine THH to

[Ble :21], with the corresponding R initialized with che v, @ priori. The

1
resulting SRIF array is of the form

*
viz. range, doppler, optical, etc.

17
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Copy the top N rows if one will later want an estimate or covariance of

the Y1 parameteis. Apply subroutine TZERO to zero the top Nyl rows and
using subroutine R2RA set in the y, a priori*. This SRIF array is now

ready to be combined with the second set of data [BZ:AZ:zz] and the procedure
repeated.

A somewhat analogous situation is represented by the class of problems

that involve noisy model -rariations, i.e., the state at step j+1 satisfies

=x, + G, w

*5+1 ] i3

where matrix Gj is defined so that wj is independent of xj and wjeN(O,Qj).
Models of this type are used to reflect that the problem at hand is not
truly one of parameter estimation, and that some (or all) of the components
vary in a random (or at least unknown) manner that is statistically

bounded. To solve this problem in a SRIF formulation suppose that a priori

for x, and wj are written in data equation form (cf ref. [3]),

3

R,x. =2, = v ; v, eN(0,I)

33 i 3 J
=12 _ ) (w)
Qj wj 0 vj ; Vj CN(O,In )
w
where Q;/Z is a Cholesky factor of Qj that is obtainable from COV2RI. Combining

these two equations with the one for xj+1 gives

*

In this example it is assumed that all of the Yj variables have the same
dimension. This assumption, though not essential, simplifies our description
of the procedure.

18
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where Q!;Qj = wj. Tais is the equation to be triangularized with sulroutine

THH, 1i.e.,
Dimw {| 1 o o | RO g0
n, THH ] k| 3
Dim x { -RjGjQ? RJ 2y 0 Rj+l 2441
When the problem is arranged so that Qj is diagonal one can reduce stiorage
and computation. Incidentally, the form of this algorithm allows one to use i
1
singular Qj matrices. . ;
When the a priori for xj and Qj are given in U-D factored form, .
one can obtain the U-D factors for xj+1 as follows: ;
3
Let Qj = U(q) D(q) (U(q))'I (use COV2UD if necessary) :
. !
see G =c, vl . (81sees 8 ) p{®) . Diag(d),...,d ) s

j w w

Apply subroutine RANKI n times, with I-JO = ﬁj . 50 = Dj

= = RANK1 - =

o e

k+1

k=1,...,n
- - -7 T - - T v
i.e. U0 U * dggy = UpyiDiglisr)
Then U =U ,D =D .
j+1 n, j+l n,
19 ‘
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Certain filtering problems involve dyna: ‘c models of the form
x =¢ x +G, w
® i+l 3 h
Given an estimate for xj, Qj’ the predicted estimate for xj+1, denoted
~ *
xj+l is simply

X,,.=0 x
@+l j
The U-D facters of the estimate err® corresponding o0 the estimate X

j+1
can be obtainec using the weighw#ed Gram-Schmidt triangularization subroutine
(9, WGsS = =
: Gl -
[¢j uj ]; Diag (Dj,D )————-—»(11j+1 Dj+1)
Subroutine PHIU can be used to construct ¢**Uj' Note that this -atrix multi-
& 3

plication updates the estimate too, because it is placed as an addended column
to the U matrix.

When the w and associated x terms correspond to a colored noise model,
pj_’_,!m pj + wj, then it is easier and more efficient to use the colored noise
update subroutine UDCOL. Note that here too the estimate is updated by the

subroutine calculation because the estimate is an addended column of U.

I1.8 Miscellaneous Uses of the Various ESP Subroutines

In certain parameter analyses we may want to reprocess a seat of data

suppressing different subsets of variables. In this case the origin:il data

should be left unaltered®and subroutige A2Al used to copy A into Al’ which
then can be modified as dictated by the analysis.
Covariance analysis s imes are initialized using a covariance

matrix from a different problem (or a different phase of the same problem).
In S:Lh cases it may be necessary to permute, delete or insert rows and
columns into the covariance matrix; and hat can be achieved using sub-
routine C2C.

If a priori for the problem at hand is given as a covariance matrix
then one can comPute the corresponding SRIF or U-D initialization using

*
In statistical notation that is commonly used, one writes

x(j+1]4) = J x(319)
20
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subroutines COV2RI or COV2UD. Of course, if the covariance is diagonal
the appropriate R and U-D factors can be obtained more simply. To
convert a priori given in the form of an information matrix to a corres-
ponding SRIF matrix one applies subroutine INF2R. To display covariance
results corresponding to the SRIF or U-D filter one can use subroutines
UTINV, RI2COV and UD2COV. The vector storéd covariance results can be
displayed in a triangular format using subroutine TWOMAT.

Parameter estimation does not, in the main, involve matrix multipli-
cation. Certain agplications, such as coordinate transformations and time
propagation are important enough t. warrant inclusion in the ESP. For that
reason we have included RA (to post multiply a square root information
matrix) and PHIU to premultiply a U-covaricnce factor). Certain time propa-
gation problems involve sparse transition matrices, and for this we have
included the subroutine SFU. Other special matrix products involving tri-
angular matrices were not included because we have had no need for other
products ‘*o date), and they are generally not lengthy or complicated to
construct. We illustratz this pcint by showing how to compute z=Rx where

R is a triangular vector stored matrix aund x is an N vector,

I1=0

DO 2 I=1,N

SUM=0. @SUM is Double Precision
II=I1+1 @II=(I,1)

IK=11

DO i K=1,N

SUM=SUM+R (IK) *x(K) @IK=(1,K)

1  IK=IK+K

2 z(1)=SUM @z can overwrite x if desired

21
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Note that the II and IK incremental recursions are used to circumvent

the N(N+1)/2 calculations of IK=K(K-1)/2+4I.
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I1I. SUBROUTINE DIRECTORY SUMMARY
1, A2Al - (A to Al)

Reorders the columns of a vectangular matrix A, storing the
result in matrix Al. Columns can be deleted and new columns added.
Zero columns are inserted which correspond to new column name entries.

Matrices A and Al cannot share common 6tornga.

Example III.1

a B C B F G C H
1l 5 9 5 0 P 9 0
6 10 A2A1 6 0 0 10 0
7 11 7 0 0 11 0
4 8 12 8 0 0 12 0
L J I i
A Al

The new namelist (BFGCH) contains F, G and H as new columns and deletes

the column corresponding to name a.

Example II1I.2

Suppose one is given an observation data file with regression
coefficients corresponding to a state vector with components say,

Xo ¥ Zy Voo Voo V, and station location errors. Suppose further,

y
that the vector being estimated has components ‘:. ‘L. 5; ’
Xy ¥y T, Voo vy, vz. GM and station location errors. A2Al can be used

to reorder the matrix of regression coefficients to correspond to the
state being estimated. Zero coefficients are set in place for the

accelerations and GM which are not present in the original file.

17

in track and cross track accelerations
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2. COMBO - (combine R and A namelists)

The upper triangular vector stored matrix R has its colummns
permuted and is copied into matrix A. The names associated with R
are to be combined with a second namelist.

The namelist for A is arranged so that R names not contained in
the second 1list appear first (left most). These zre then followed by
the second list. Names in the second list that do not appear in the
R namelist have columns of zeros associated with them.

Example I1I1I.3

NAM2 list
a 3 C D C B E a F D‘
T | 4 2 0o 1 o0 7
0 3 5 8 5 3 0 0 0 8
e
0 0 6 9 6 0 0 0 0 9
0 0 0 10 0 0 0 0 0 10
- b -
R-Vector stored A-Double subscripted

A principal! application of this subroutine is to the problem of
combining eqnation sets containing different variables, and automating
the process of combining name lists.

3. COVRHO - (covariance to correlation matrix)

A vector stored correlation matrix, RHO, is computed from an
input positive semi-definite vector stored matrix, P. Correlations
corresponding to zero diagonal covariance elements are zero. To ec:rno-
mize on storage the output RHO matrix can overwrite the input P matrix.
The principal function of correlation matrices is to expose strong
pairwise component correlations (|RHO(1J) | .LE.1, and near unity in magni-

tude). It is uometimes erroneously assumed that numerical ill-conditioning

24
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of the covariance matrix can be determined by inspecting the correlation
matrix entries, While it is true that RHO is better conditioned than is
the covariance matrix, it is not true that inspection of RHO is sufficient
to detect numerical ill-conditioning. For example, it is not at all

obvious that the following correlation matrix has a negative eigenvalue.

—

1. 0.49999 0.49999

RHO = 1, -0.49999

L 1.

4., COV2RI - (Covariance to R inverse)

An input positive semi-definite vector stored matrix P is replaced
by its upner triangular vector stored Cholesky factor §, P= SST. The name
RI is used because when the input covariance is positive definite, S= R-l.
5. COV2UD - (Covariance to U-D factors)

An input positive semi-definite vector stored matrix P is replaced
by its upper triangular vector stored U-D factors. P==UDUT.

6. €2C - (C to C)

Reorders the rows and columns of a square (double subscripted)

matrix C and stores the result back in C. Rows and columns of zeros

are added when new column entries are added.

Example III.4

A B T r P B Q
[~ =
Al 4 7 r{g9 o 6 0
B | 2 gjcax pio0 0 O O
D e ol
3 6 Bj8 0 5 O
Qlo o o0 o

Names P and Q have been added and name A deleted. An important appli-

cation of this subroutine is to the rearranging of covariance matrices.

25
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7. INF2R ~ (Information matrix to R)

Replaces a vector stored positive semi-definite information matrix
A by its lower triangular Cholesky factor RT; A= RTR. The upper tri-
angular matrix R is in the form utilized by the SRIF algorithms. The
algorithm 1s designed to handle singular matrices because it is a
common practice to omit a priori information on param;ters that are
either poorly known or which will be well determined by the data.

8. HHPOST - (Householder orthogonal triangularization by post
multiplication)

The input, double subscripted, rectangular matrix W(M.N) (M.LE.N)
is triangularized, and overwritten, by post-multiplying it by an implicitly

defined orthogonal transformation, i.e.
[ WIT— 031

This subroutine is used, in the main, to retriangularize a wmapped covari-

ance square root and to include in the effects of process noise (i.e.

W= [ *P1/2: BQI/Z]) and to compute consider covariance matrix square
- 1/2 . * 1/2
roots (i.e. W [Pcomputed' Sen Py .

9. PERMUT

Reorders the columns of matrix A, storing the result back in A.
This routine differs from A2Al principally in that here the result over-
writes A. PERMUT 1is especially useful in applications where storage is
at a premium or where the problem is of a recursive nature.

10. PHIU - (PHI (rectangular) * U(unit upper triangular))

[ PHI ] = [ PHIU ]

The matrices PHI and PHIU are double subscripted, and U is vector sub-

scripted with implicitly defined unit diagonal elements. It is not

26




necessary to include trailing columns of zeros in the PHI matrix; they
are accounted for implicitly. To economize on storage the output PHIU
matrix can overwrite the input PHI matrix. For problems involving sparse
PHI matrices it is more efficient to use the sparse matrix multiplication
subroutine, SFU. When the last column of U contains the estimate, x, the
last column of W represents the mapped elements of PHI*x. The principal

use of this subroutine is the mapping of covariance U factors, where P==UDUT

" and estimates.

11. RA - (R(triangular) * A(rectangular))

Square root information matrix mapping involves matrix multipli-
cation of the form indicated in the figure, i.e. with the bottom portion
of A only implicitly defined as a partial identity matrix. Features of
this subroutine are that the resulting RA matrix can overwrite the input
A, and one can compute RA based on a trapezoidal input R matrix (i.e. only
compute part of R¥A).

12. RANK1 - (U-D covariance factor rank 1 modification)

Computes updated U-D factcrs corresponding to a rank 1 matrix
modification; i.e., given U-D, a scalar ¢, and vector v, U and D are
computed so that UD ﬁT =UD UT +Ccv vT. Both ¢ and v are destroyed during
the computation, and the resultant (vector stored) U-D array replaces
the original one. Uses for this routine include (a) adding process
noise effects to a U-D factored Kalman filter; (b) computing consider
covariances (cf Section I1.5); (c) computing "actual" covariance

factors resulting from the use of suboptimal Kalman filter gains; and

(d) adding measurements to a U-D factored information matrix.

27
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13. RCOLRD - (colored noise inclusion into the SRIF)

Includes colored noise time updating into the square root infor-
mation matrix. It is assumed that the deterministic portion of the time
update has been completed, and that only the colored noise effects are
being incorporated by this subroutine. The algorithm used is Bierman's

colored noise one-component-at-a-time update, cf ref. [3], and updates the

SRIF array corresponding to the model

_ . _ - _ - -
X, I 0 O x, 0
x
i Zd 41 -0 0 I_ -xz_ j 0-

M is diagonal and wj € N(0,Q). Auxiliary quantities, useful for fixed interval

smoothing, are also generated.

14. RINCON - (R inverse with condition number bound, CNB)

Computes the inverse of an upper triangular vector stored matrix R
using back substitution. To economize on storage the output result can
overwrite the input matrix. A Frobenius bound (CNB) for the condition
number of R is computed too. This bound acts as both an upper and a
lower bound, because CNB/N < condition number < CNB. When this bound is
within several orders of magnitude of the machine accuracy the computed

15 on an 18 decimal digit ®

inverse is not to be trusted, (viz if CNB2 10
machine R is ill-conditioned).

15. RI2COV - (RI to covariance)

This subroutine computes sigmas (standard deviations) and/or the
covariance of a vector stored upper triangular square root covariance
matrix, RINV (SRIF inverse). The result, stored in COVOUT (covariance
output) is also vector stored. To economize on storage, COVOUT can over-

write RINV.
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16. R2A - (R to A)

The columns of a vector stored upper triangular matrix R are per-
muted and variables are added and ‘>r deleted. The result is stored in
the double subscripted matrix A. In other respects the subroutine is

like A2Al.
Example III.5

a B C D E E F C B
2 4 8 14 227 22 0 8 4]
0 6 10 16 24 26 0 10 6
0 0 12 18 26 | R2A |26 0 12 0

D
0 0 20 28 28 0 0
0 0 0 30 30 0 0
R A

R is vector stored as R = (2,4,6,8,10,12,14,16,18,20,22,24,26,28,30)
with namelist (a,B,C,D,E) associated with it. Names a and D are
not included in matrix A, and a column of zeros corresponding to name

F is added.

One trivial, but perhaps useful, application is to convert a
vector stored matrix to a double subscripted form.” R2A is used most
often when one wants to rearrange the columns of a SRIF array so that
reduced order estimates, sensitivities, etc. can be obtained; or so that

data sets containing different parameters can be combined.

1‘see also the aside in the introduction
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17. R2RA - (Triangular block of R to triangular block of RA)

A triangular portion of the vector stored upper triangular matrix R

is put into a triangular portion of the vector stored matrix RA. The
names corresponding to the relocated block are also moved. R can coin-

cide with RA.

Examples 11I.6

/

i | : [ ]

-
-—

or

Note that an upper left triangular submatrix can slide to any lower
position along the diagonal, but that a submatrix moving up must go

to the upper leftmost corner. Upper shifting is used when one is

interested in that subsystem; and the lower shifting is used, for

example, when inserting a priori information for consider analyses.
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18. RUDR ~ (SRIF R converted to U-D form or vice versa)

A vector stored SRIF array is replaced by a vector stored U-D

form or conversely. A point to be noted is that when data is involved
the right side of the SRIF data equation transforms to the estimate in
the U-D array. ¢

19, SFU - (Sparse F *U(Unit upper triangular))

[Sparse F] =[ FU ) ;

A sparse F matrix, with only its nonzero elemerts recorded, multiplies

P o e T

U which is vector stored with implicit unit diagonal entries. When the

e M e o

input F is sparse this routine is very efficlent in terms of storage and
computation. When the last column of U contains the estimate, x, the last

column of FU represents elements of the mapped estimate F * x.

:
§
:
L3

20. TDHHT ~ (Two dimensional Householder Triangularization)
Implicitly defined Householder orthogonal transformations are used
to triangularize an input two dimeusional rectangular array, S(M,N).

Computation can be reduced if S starts partially triangular;

1
S=10
" .
JSTART b
Further, the algorithm implementation is such that (a) maximum trian- ”
gularization is achievable a
when M.LT.N s~+}]0 ¥

NS

AR
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0

vhen M.GT.N S~

and finglly when an intermediate form is desired

-
JSTOP
This subroutine can be used to compress overdetermined linear systems of
equacions to triangular form (for use in least squares analyses). The
chiagvplicat:ion, that we have in mind, of this subroutine, is to the
matrix triangularization of a "mapped' square root information matrix.
This subroutine overlaps to a large extent the subroutine THH whlich
utilizes vector stored, single subscripted, matrices. This latter rou-
tine when applicable is more efficient. The triangularization is adapted
from ref. [1].
21. THH - (Triangular Householder data packing)

An upper triangular vector stored matrix R is combined with a
rectangular doubly subscripted matrix A by means of Householder orthogoual
transformations. The result overwrites R, and A is destroyed .n the process.
This subroutine is a key component of the square root information sequential

filtav\ cf ref. [3]).
.

L .l _ i

*
The elements are not explicitly set to zero.
32
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22, TTHH - (Two triangular arrays are combined using Howseholder
orthogonal transformations)

This subroutine combines two single subscripted upper triangular
SRIF arrays, R and RA using Householder orthogonal transformations. The
result overwrites R.

- - - -

| AINIEAN
. Q ?

e — =1 B

23. TWOMAT - (Two dimensional print of a triangular matrix)

Prints a vector stored upper triangular matrix, using a matrix

format.

Example III.7

R(10) = (2,4,6,8,10,12,14,16,18,20) with associated namelist
(A,B,C,D) 1is printed as

A B c D

A 2 4 8 14
B 6 10 16
c 12 18
D 20

(The numbeis are printed as 7 columns of 8 significant

floating point digits or 12 columns of 5 significant floating
point digits.)

To appreciate the importance of this subroutine compare the vector

R(10) with the double subscript representation.

The elements are not explicitly set to zero.

KX}
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24, ®ZERO ~ (Zero a !urizontal gegment of a vector stored upper
friangular matrix)
Upper triangular vector stored matrix R has its rows between ISTART
and IFINAL set to zeng.

Example II1I.8

To zcxrovews 2 and 3 of R(15) of example III.S

R(15) = €2,4,6,8,10,2,1¢,%6,18,20,22,24,26,28,30) is transformed to

R(15) = (2,4,0,8,0,0,14,%20.22,0,0,28,30) i.e.,

- - -
F 2 4 8 14 22 2 4 8 i4 22
0 6 M 16 24 0O 0 O 0
0 0 12 18 26 | TZERO 0 v 0 0
0 0 20 28 0 0 0 20 o
o % o o 20 O 0 0 0 30
L i L _
R-vector stored R-vector stored
25. UDCOL - (U-C covariance factor colored noise update)

This subrogyfine updates the U-D covariance faciors corresponding

to the model

- = r N
N I 0 O Xy o
P - [0 M 0 p + wj
x 0 0 1 x 0
L 2.4j+1 s 102 3

where M is diagonal and wj‘ N(0,Q). The special structure of the transi-

tiom and process noise covariance matrices i®» exploited, cf Bierman, [3].
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26. UDMEAS - (U~D Measurement Update)

Given the U-D factors of the a priori estimate error covariance
and the measurement, z = Ax + V this routine computes the updated estimate
and U-D covariance factors, the predicted residual, the predicted residual
variance, and the normalized Kalman gain. This is Bierman's U-D measure-

ment vpdate algorithm, cf [3].

27. UD2COV - (U~D factors to covariance)
The input vector stored U-D matrix (diagonal D elements are stored
as the diagonal entries of U) is replaced by the covariance P, also vector

stored, P = UDUT. P can overwrite U to economize on storage.

28. UD2SIG -~ (U-D factors to sigmas)

Standard deviations corresponding to the diagonal elements of the
covariance are computed from the U-D factors. This subroutine, a restricted
version of UD2COV can print out the resultring sigmas and a title. The

input U-D matrix is unaltered.

29. UTINV - (" pper triangular matrix inversion)

An upper triangular vector stored matrix RIN (R in) is inverted
and the result, vector stored, is put in ROUT (R out). ROUT can overwrite
RIN to economize on storage. If a right hand side is included and the
bottommost tip of RIN has a -1 set in then ROUT will have the solution in

the place of the right hand side.
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30. UTIROW - (Upper triangular inversion, inverting only the upper rows)
INPUT OUTPUT
-1 ol g1
Rx ny Rx Rx xy ¥
——————— UTIROW e~
-1 ' -1
n 0 R 0 R
y y y

An input vector stored R matrix with its lower left triangle assumed to
have been already inverted 1s used to construct the upper rows of the
matrix inverse of the result, The result, vector stored, can overwrite
the input to economize on storage.

1f the columns comprising ny represent consider terms then taking
R;l as the identity gives the sensitivity on the upper right portion of
the vesult. If R;l - Diag(cy....,an ) then the upper right portion of
the result represents the perturbatizn. Note that if z (the right hand
side of the data equation) is included in ny then taking the corres-
ponding R;l diagor~l as -1 results in the filter estimate appearing
as the corresponding column of the output array. When ny is zero this
subroutine is algebraically equivalent to UTINV. The subroutines differ
when a zero diagonsl is encountered. UTINV gives the correct inverse
for the colums to the left of the zerc element, whereas UTIROW gives

the correct inverse for the rows below the zero element.
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3. WGS - (Weighted Gram-Schmidt U-D ma.rix triangularization)

An input rectangular (possibly sjuare) matrix W and a diagonal

weight matrix, D'. are transformed to (U-D) form; i.e.,

- T T

SD W =1UDU
w

where U is unit upper triangular and D is diagonal. The weights Dw are
assumed nonnegative, and this characteristic is inherited by the

resulting D.
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SUBROUTINE DIRECTORY USER DESCRIPTION

1. A2A1 (A to Al)

Purpose

To rearrange the columns of a namelist indexed matrix to

conform to a desired namelist.

| CALL A2A1(A,IA,IR,LA,NAMA,A1,IAL,LAl,NAMAL)]

Argument Definitions

A(IR,LA) Input rectangular matrix

IA Row dimension of A, IA.GE.IR

IR Number of rows of A that are to be
arranged

LA Number of columns in A; this also

represents the number of parameter
names associated with A

NAMA(LA) Parameter names associated with A
Al1(IR,LAl) Output rectangular matrix

IAl Row dimension of Al, IAl.GE.IR

LAl Number of columns in Al; this also

represents the number of parameter
names agsociated with Al

NAMA1 (LAl) Input list of parameter names to be
associated with the output matrix Al

Remarks and Restrictions

Al cannot overwrite A. This subroutine can be used to add
on columns corresponding to new names and/or to delete variables

from an array.

Functional Description

The columns of A are copied into Al in an order corresponding
to the NAMAl parameter namelist. Columns of zeros are inserted
in those Al columms which do not correspond to names in the input

parameter namelist NAMA.
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2, COMBO (Combine parameter namelists)
Purpose
To rearrange a vector stored triangular matrix and store
the result in matrix A. The difference between this subroutine
and R2A is that there the namelist for A is input; here it is

determin~d by combining the list for R with a list of desired names.

CALL COMBO (R,L1,NAM1,L2,NAM2,A,IA,LA,NAMA)

Argument Definitions

R(L1*(L1+1)/2) Input vector stored upper triangular matrix
Ll No. of parameters in R (and in NAM1)
NAM1(L1) Names associated with R

L2 No. of parameters in NAM2

NAM2 (L2) Parameter names that are to be combined

with R (NAM1 list); these names may or
may not be in NAM1

A(L1,LA) Output array containing the rearranged
R matrix L1.LE.IA

IA Row dimension of A

LA No. of parameter names in NAMA, and the

column dimension of A. LA=L1+1L2 -
No. names common to NAM1 and NAM2; LA
is computed and output

NAMA(LA) Parameter names associated with the out-

put A matrix ; consists of names in NAM]
which are not in NAM2, followed by NAM2

Remarks and Restrictions

The column dimension of A is a result of this subroutine.
To avoid having A overwrite neighboring arrays one can bound the

column dimension of A by L1412,
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Functional Description

First the NAM1 and NAM2 lists are compared and the names
appearing in NAM1 only have their corresponding R column entries
stored in A (e.g. if NAMI(2) and NAM1(6) are the only names not
appearing in the NAM2 list then columns 2 and 6 of R are copied
into colums 1 and 2 of A). The remaining ;olunns of A are
labeled with NAM2. The A namelist is recorded in NAMA. The
NAM1 list is compared with NAM2 and matching names have their R
column entries copied into the appropriate columns of A. NAM2

entries not appearing in NAM1 have columns of zero placed in 4.
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COVRHO (Covariance to correlation matrix, RHO)

Purpose

To compute the correlation matrix RHO from an input covariance

matrix COV. Both matrices are upper triangular, vector stored and
the output can overwrite the input.
CALL COVRHO(COV,N,RHO,V)

Argument Definitions

COV(N*(N+1)/2) Input vector stored positive semi-definite
covariance matrix
N Model dimension, N.GE.1l
RHO(N*(N+1)/2) Output vector stored correlation matrix
V(N) Work vector
Remarks

No test for non-negativity of the input matrix is made.
Correlations corresponding to negative or zero diagonal entries
are set to zero, as is the diagonal output entry.

Functional Descrintion

V(1) = 1A\/cOV(I,I) if COV(I,I).GT.O and O. otherwise

RHO(I,J) = COV(I,J)*V(I)*V(J)

The subroutine employs, however, vector stored COV and RHO matrices.

e Rkl
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4.

COV2RI (Covariance to Cholesky Square Root, RI)

Purpose

To construct the upper triangular Cholesky factor of a positive
semi-definite matrix. Both the input covariance and the output
Cholesky factor (square root) are vector stored. ' The output
overwrites the input. Covariance (input) = (CF)*(CF)**T
(output CF = Rinverse). If the input covariance is singular, the

output factor has zero columms.

CALL COV2RI(CF,N)

Argument Definitions

CF(N* (N+1)/2) Contains the input vector stored
covariance matrix (assumed positive
definite) and on output it contains
the upper triangular Cholesky factor

N Dimension of the matrices involved, N.GE.2

Remarks and Restrictions

No check is made that the input matrix is positive semi-definite.
Singular factors (with zero columns) are obtained if the input is
(a) in fact singular, (b) ill-conditioned, or (c) in fact indefinite;
and the latter two situations are cause for alarm. Case (c) and
possibly (b) can be identified by using RI2COV to reconstruct the
input matrix.

Functional Description

An upper triangular Cholesky reduction of the input matrix is
implemented using a geometric algorithm described in Ref. [3].

CF(input) = CF(output)*CF(output)T
At each step of the reduction diagonal testing is used and negative

terms are set to zero.
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5.

Cov2up (Covariance to UD factors)
Purpose

To obtain the U-D factors of a positive semi-definite matrix.
The input vector stored matrix is overwritten by the output U-D

factors which are also vector stored.

| CALL cov2uD(u,N)]

Argument Definitions

U(N*(N+1) /2) Contains the input vector stored covari-
ance matrix; on output it contains the
vector stored U-D covariance factors.

N Matrix dimension, N,GE.2

Remarks and Restrictions

No checks are made in this routine to test that the input U matrix
is positive semi-definite. Singular results (with zero columns) are
obtained if the input is (a) in fact singular, (b) ill-conditioned,
or (c) in fact indefinite; and the latter two situations are cause for
alarm. Case (c) and possibly case (b) can be identified by using UD2~
COV to reconstruct the input matrix. Note that although indefinite
matrices have U-D factorizations, the algorithm here applies only to
matrices with non-negative eigenvalues.

Functional Description

An upper triangular U-D Cholesky factorization of the input matrix

is implemented using a geometric algorithm described in Ref. [3].

U(input) -Uw'tmcuT , U-D overwrites the input U
at each step of the reduction diagonal testing is used to zero negative

terms.
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C2C¢ (C to C)
Purpose
To rearrange the rows and columns of C, from NAM1 order to NAM2

ordar. Zero rows and columns are associated with output defined names

that are not contained in NAM1,

CALL c2c¢(C,IC,L1,NAM1,L2,NAM2)

Argument Definitions

C(L1,L1) Input matrix

IC Row dimension of C
IC.GE.L = MAX(L1,L2)

L1 No. of parameter names associated with
the input C

NAM1(L) Parameter names associated with C on input.
(Only the first L1 entries apply to the
input C)

L2 No. of parameter names associated with the
output C

NAM2 (L2) Parameter names associated with the output C

Remarks and Restrictions

The NAM2 list need not contain all the original NAMl names and
L1l can be .GE. or .LE. L2, The NAM1 list is used for scratch and
appears permuted on output, If L2,GT.L1 the user must be sure that
NAM1 has L2 entries available for scratch purposes.

Functional Description

The rows and columns of C and NAMl are permuted pairwise to get
the names common to NAMl and NAM2 to coalesce¢. Then the remaining rows

and columns of C(L2,L2) are set to zero.
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HHPOST (Householder Post Multiplication Triangularization)

Purgose

To employ Householder orthogonal transformations to triangularize

an input rectangulrr W matrix by post multiplication, i.e.
W T = [ 6\\ S

This algorithm is employed in various covariance square root updates.

CALL HHPOST(S,W,MROW,NROW,NCOL,V)

Argument Definitions

S (NROW* (NROW+1)/2) OQutput upper triangular vector stored
square root matrix

Input rectangular square root covariance

W(NROW,NCOL)
matrix (W i{s destroyed by computations)
MROW Maximum row dimension of W
NROW Number of rows of W to be triangularized
and the dimension of S (NROW.GE.2)
NCOL Number of column of W (NCOL.GE.NROW)
V(NCOL) Work vector

Functional Description

Elementary Householder transformations are applied to the rows of W

in much the same way as they are applied to obtain subroutine THY. The

orthogonolization process is discussed at length in the books by Lawson

and Hanson (1] and Bierman [3].
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INF2R (Information matrix to R)
Purpose

To compute a lower triangular Cholesky factorization of an
input positive semi-definite matrix. The result transposed, is

vector stored; this is the form of zn upper triapgular SRIF matrix.

CALL INF2R(R,N)

Argument Definitions

R(N*(N+1) /2) Input vector stored positive semi-

definite (information) matrix; on output
it represents the trans_ osed lower

triangular Cholesky factor (i.e. the SRIF
R matrix)

N Matrix dimension, N.GE.2

Remarks and Resirictions

No checks are made on the input matrix to guard against negative
eigenvalues of the input, or to detect ill-conditioning. Singular
output matrices have one or more rows of zeros.

Functional Description

A Cholesky type lower triangular factorization of the input matrix
is implemented using the geometric formulation described in Ref. [3].
R(input) = [R(output)]T* [R(output)] ¢
At each step of the factorization diagonal testing is used to zero columns
corresponding to negative entries. The result is vector sggred in the

form of a square root information matrix as it would be used for SRIF

analyses.
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9. PERMUT (Permute A) .

Purpose

To rearrange the columns of a namelist indexed matrix to conrorm °

to a desired namelist. The resulting matrix is to overwrite the input.

CALL PERMUT(A,IA,IR,L1,NAM1,L2,NAM2

) Argument Definitions
A(IR,L) Input rectangular matrix, L=max(L1l,L2) .
- IA Row dimension of A, IA.GE.IR
. IR &, Number of rows of A that are to be
4 rearranged
% Ll Number of parameter names associated with’
§ the irput A matrix
i
3 NAM1(L) Parame“er names associated with A on input
3 (only the first L1 entries apply to the
; input A) ,
i i
¢ L2 Number of parameter names associated with |
5 the output A matrix .
i
4 NAM2 Parameter names associated with the output A
¥
; Remarks and Restrictions
F
2 This subroutine is similar to A2Al; but because the output matrix v

in this case overwrites the inrut there are several differences. The
NAM1 veccor is used for scratch, and on output it contains a permuta-

tion of the input NAM1 list. The user must allocate L=max(L1,L2)

R

elements of storage to NAMl. The extra entries, when L2 >Ll, are
* used for scratch.

Functional Description

s

The columns of A are rearranged, a pair at a time, to match the

PRRSREE

NAM2 parameter namelist. The NAMl entries are permuted along with the -
columns, and this is why dim (NAM1) must be larger than L1 (when L2>L1). A
i
4
Columns of zeroes are inserted in A which correspond to output names .
¥

that do not appear in NAMl. .
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» 10. PHIU (PHI-rectangulap*U-vhi® uppex ®riangular®
Purpose

To muleiply a rectangulaz two dimensBonal matrix PHI by a unit
uﬁpe! triangular vector stored mat€ix U, and s@ore the result in
PHIU.. The PI'TU iratrix can overwrite PHI #o economize on storage.

[PHI]= [PHIU]

CALL PHIU(PHI,MAXPHI,ZRPH?,JCPHI,U,N @HIU,MPHIU)

Argument Definitions

PHI (IRPHI, JCPHI) Iaput fectamgulaw matrix IRPHI.LE MAXPHI
MAXPHT Row dimemsiom of PHI

IRPHI aumber of rows of PHI

JCPHI numbe# cf columns & PHI

U(N*(N+1)/2) unit upper triangular vector stored matrix
N ) U-matrim dimenseion, JCPHI.LE.N

PHIU (IRPHI,N) output result PHI*U,PHIU can overwrite PHI
MPHIU taw ddmension of PHIU

Remarks and Restrictions

If JCPHI.LT.N it is assumed that there are implicitly defined
trailing columns of zeros in PHI, The umit diagonal entries of U
are implicit, i.e. the diagonal U en®eies are not exnlicitly used.

ei.
Functional Description

PHIU = PHI*U
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11. RA (R-upper triangular*A-rectangular)
Purpose
To post multiply a vector stored triangular matrix, R, by a

rectangular matrix A, and if desired to store the result in A.

- Nl o= [ ]

: |
- . ICALL RA(R,N,A,MAXA,TA,JA,RA,MAXRA, IRA)
K|
:
- Argument Definitions
f R(N*(N+1)/2) upper triangular, vector stored input
- N order of R
| A(IA,JA) Input rectangular right multiplier matrix
* MAXA Row dimension of input A matrix
- IA Number of rows of A that are input
3
) JA Number oi columns of A
RA(IRA,JA) Output resulting rectangular matrix
RA can overwrite A
MAXRA Row dimension of RA
IRA Number of rows in the output result
(IRA.LE .MAXRA)
Functional Description
¢ The first IRA rows of the product R*A are computed using the
vector stored input matrix R, and the output can, if desired,
* overwrite the input A matrix. When N.GT.IA (i.e. there are more
é columns of R than rows of A) then it is assumed that the bottom
ii N-IA rows cf A are implicitly defined as a partial identity matrix, i.e.
‘ A= " _(Input)_ _ | }1A
0 I IN-1A
-y
- 49
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RANK1 (Stable U~D rank one update)

Purpose

To compute the (updated) U-D factors of UDUT + CVVT.

CALL RANK1(UIN,UOUT,N,C,V)

Argument Definitions

UIN(N*(N+1)/2) Input vector stored positive semi-
definite U-D array (with the D entries
stored on the diagonal of U)

TIOUT (N*(N+1)/2) Output vector stored positive (possibly)
semi-definite U-D result, UQUT=UIN is

allowed.
N Matrix dimension, N.GE.2
C Input scalar, which should be non-negative.

C is destroyed by the algorithm.

v(N) Input vector for the rank one modification.
V is destroyed by the algorithm.

Remarks and Restrictions

If C negative is used the algorithm is numerically unstable,
and the result may be numerically unreliable. Singular U matrices
are allowed, and these can result in singular output U Matrices.
The code switches from a l-multiply to a 2-multiply mode at a key
place, based upon a 1/16 comparison of input to output D values.
Also, there is provision made to supply a machine accuracy epsilon
when single precision is specified.

Functional Description

This rank one modification is based o. a result published by
Agee and Turner (1972), White Sands Missile Range Tech. Report
No. 38 and improved on using a numerical stabilization idea due

to Gentlemen (1973). The algorithm is derived in the chapter,
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”UDUT Covariance Factorization For Kalman Filtering,"” C. L. Thornton,
G. J. Bierman, Vol. XVI of Advances in Control of Dynamic Systems,

Academic Press, to appear 1979.
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13.

RCOLRD (Colored noise time update of the SRIF R matrix)

Purggse

To include colored noise time updating into the square root

information matrix. It is assumed that the deterministic portion

of the time update has been completed, and that only the colored

noise effects are being incorporated by this subroutine.

CALL RCOLRD(S,MAXS,IRS,JCS,NPSTRT,NP,EM,RW,ZW,V,SGSTAR)

Argument Definitions

S(IRS,JCS)

MAXS

IRS

JCS

NPSTRT

EM(NP)

RW(NP)

Input rectangular portion of the square

root information matrix corresponding to

the nonconstant paramters. It is assumed
that estimates are included, i.e. the last
column represents the “right hand side",Z,
(but see JCS description). S also houses the
time updated array, and if there is smoothing
there are NP extra rows adjoined to S.

Row dimension of S. If smoothing calculations
are to be included then MAXS.GE.IRS+NP.

The number of rows of S, i.e. the number of
nonconstant parameters (including colored
noise variables). IRS.GE.2

The number of columns of S. If the vector
ZW is zero, then the right hand side of
transformed estimates need not be included.

Location of the first colored process noise
variable.

The number of colored noise variables
contiguous to and following the first.

Vector of exponential colored noise multipliers
(EM = exp (-DT/TAU))

Vector of positive reciprocal colored process

noise standard deviations, i.e.
= - * +w,, Rw =
pj+1 exp(-DT/T) pj wj W 1/0w

52




ZW(NP) Vector of normalized process noise a priori
estimates. ZW is generally zero.

V(IRS) Work vector.

SGSTAR(NP) Vector of smoothing coefficients. Needed
only if smoothing is to be done.

Remarks and Restrictions

There are three lines of code associated with smoothing, and
these are commented out of the nominal case. Therefore, if smoothing
is cuntemplated the comments must be removed. The vector SGSTAR is
involved only with smoothing. Last note: for smoothing, be sure
that S has NP extra rows to house the smoothing coefficients.

The ZW vector is generally zero. If ZW = 0 one has the option
of doing covariance only analyses and the last column of S (the
right hand side of normalized estimates) can be omitted.

Because of the large number of arguments appearing in this
subroutine, and because almost all of them are constant (i.e. with
succeeding calls only S, and possible EM, RW, ZW and SGSTAR change)
for a given problem, it is suggested that on: a) introduce COMMON,
b) use this as an internal subroutine, or c) write In-line code.

Functional Description

The model is
l'xl I 0 O X, 0 | INPSTRT-1
p = 0 M O P + vy INP
[xz 0 0 1 X, 0 |}N-(NPSTRT-1+NP)
j+1 |

where M is diagonal, with NP non-negative entries and w, is a white

3
1 R;T. The algorithm is based

noise process with w €N(w, Q), Q = R;

3

on Bierman's one component-at-a-time SRIF time update which economizes
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on storage and computation (see Bierman-Factorization Methods for
Discrete Sequential Estimation, Academic Press 1977).

When smoothing is contemplated, there is output a vector o*(NP)
and a matrix S*(NP,N+1); S* occupies the bottom WP rows of the
output S matrix. Smoothed estimates of the p terms can be obtained
from the o* and S* terms as follows:

Let X* be the previously computed estimates of the N filter
par aeters, then for J = NP, NP-1,...1 recursively compute

N
X*(NSTRT + J-1):= (S*(J, NM+1) = 3 S*(J,K)X*(K))/o*(J)
K=1

Note that the symbol ":=" means is replaced by, so that the old
values of X*, on the right side, are over-written by the new
smoothed colored noise estimates. Smoothed covariances can be
obtained from the S* and o* terms as well, but we do not go into

detail here; the reader is directed to chapter 10 of the Bierman

reference.
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14. RINCON (R inverse with condition number bound)

Purpose

To compute the inverse of an upper triangular vector stored

triangular matrix, and an estimate of its condition number.

CALL RINCON(RIN,N,ROUT,CNB)

Argument Definitions

RIN(N*(N+1)/2) Input vector stored upper triangular matrix
N Matrix dimension, N.GE.2
ROUT (N*(N+1) /2) OQutput vector stored matrix inverse

(RIN = ROUT is permitted)

CNB Condition number bound. If « is the
condition number of RIN, then
CNB/N.LE.x.LE CNB

Remarks and Restrictions

The condition number bound, CNB serves as an estimate of the actual
condition number. When it is large the problem is ill-conditioned.

Functional Description

The matrix inversion is carried out using a triangular back
substitution. If any diagonal element of the input R matrix is
zero the condition number computation is aborted. When the first
zero occurs at diagonal k the matrix inversion is carried out only
on the first k-1 columns. The condition number bound is computed

as follows:

NTOT
F.NORM R = Z R(J)>
J=1
NTOT
F.NORM R} = Z R (n?
J=1
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where NTOT = N*(N+1)/2 is the number of elements in the vector stored
triangular matrix. The condition number bound, CNB, is given by

CNB = (F.NORM R * F.NORM R‘l)l/2

F.NORM is the Frobenius norm, squared. The inequality

CNB/N < condition number R <CNB

is a simple consequence of tle Frobenius norm inequalities given in

Lawson-Hanson "Solving Least Squares," page 234.
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RI2COV (RI Triangular to covariance)
Purpose

To compute the standard deviations, and if desired, the
covariance matrix of a vector stored upper triangular square root
covariance matrix. The output covariance matrix, also vector

stored, can overwrite the input.

CALL RI2COV(RINV,N,SIG,COVOUT,KROW,KCOL)

Argument Definitions

RINV (N*(N+1)/2 Input vector stored upper triangular
covariance square root (RINV=Rinverse
is the inverse of the SRIF matrix).

N Dimension of the RINV matrix
SIG(N) Output vector of standard deviations

COVOUT (N*(N+1)/2) Output vector stored covariance matrix
(COVOUT = RINV is allowed)

[ .GT.O Computes the covariance and sigmas
corresponding to the first KROW variables
of the RINV matrix

KROW ¥ .LT.O Computes only the sigmas of the first
(KROW) variables of the RINV matrix.

.EQ.0 No covariance, but all sigmas (e.g. use
y all N rows of RINV)

KCOL Number of columns of COVOUT thai are
computed, If KCOL.LE.O, then KCOL = KROW.

Remarks and Restrictions

Replacing N by |KROW| corresponds to computing the covariance
of a lower dimensional system.

Functional Description

COVOUT=RINV¥RINV**T
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: 16. R2A (R to A)

Purpose

| To place the upper triangular vector stored matrix R into the

matrix A and to arrange the columns to match the desired NAMA para-

meter list. Names in the NAMA list that do not correspond to any

name in NAMR have zero entries in the corresponding A columns.

CALL R2A(R,LR,NAMR,A,TA,LA,NAMA)

Argument Definitions

R(LR*(LR+1)/2) Input upper triangular vector stored array
LR No. of parameters associated with R
NAMR(LR) Parameter names acsociated with R

A(LR,LA) Matrix to house the rearranged R matrix

IA Row dimension of A, TA.GE.LR.

LA No. of parameter names associated with the

output A matrix.

NAMA(LA) Parameter names for the output A matrix.

! Functional Description

The matrix A is set to zero and then the columms of R are copied

into A.
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17. R2ZRA (Permute a subportion RA of a vector stored triangular matrix)

Purpose
To copy the upper left (lower right) portion of a vector stored i§
upper triangular matrix R into the lower right (upper left) portion of " A
&
a vector stored triangular matrix RA. %

CALL R2RA(R,NR,NAM,RA,NRA,NAMA)

E

Argument Definitions b
4

R(NR*(NR+1) /2) Input vector stored upper triangular matrix 1

NR Dimension of vector stored R matrix' ig
NAM(NR) Names associated with R.

RA(NRA*(NRA+1)/2) Output vector stored upper triangular matrix

Vi S n gt

NRA If NRA=0 on input, then NAMA(1l) should have
the first name of the output namelist. In
this case the number of names in NAMA, NRA,
will be computed. The lower right block of
R will be the upper left block of RA.

If NRA = last name of the upper left block |
that is to be moved then this upper block 1
is to be moved to the lower right corner
of RA., When used in this mode NRA=NR on Y
output’,

o

NAMA (NRA) Names associated with RA. Note that NRA

used here denotes the output value of NRA.

i i 2 Ta L L Y B 4 4 e 3

Remarks and Restrictions

RA and NAMA can overwrite R and NAM. The meaning of the NRA=0

option is clarified by the following example:

A B C D E C D E INPUT
2 4 & 14 22 12 18 26 NAM = 'A','B', 'C','D','E’
NRA = 0
6 10 16 24 20 28 NAMA(1) = 'C'

_____ —— R

|12 18 26 30 OUTPUT -

' e - NAMA; 'C', th. va

| 20 28
- 30 RA

R

+see the concluding paragraph of Remarks and Restrictions
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When NRA = 0 and NAMA(1) = 'C' we are asking that the lower triangulisr

portion of R, begiraing at the column
first (in this case 3) columns of RA.

additional columns; these columns and

by the subroutine.

example;

o V>

B c'ln
4 8|l
6 10:16
1218
20

R

28

30

L}

labeled C, be moved to form the

Incidently, RA could have .

A B C,
l__-__ﬂ
8 14 22
10 16 24
:z 4 8
| 6 ;ﬂ

1 E
P12

. —

their names would be unalfered

The meaning of the other NRA option 1s illustrated by the following

INPUT

NR = 5

NAM = 'A','B','C','D','E'
NRA = 'C'

R

OUTPUT

NRA = 5

NAMA(3-5) = 'A','B','C’
RA

When NRA = 'C' we are asking that tbé’upper left block of R, up to the

column labeled C, be moved to thefiower right poriton of RA and the cor-

responding names be moved toof If RA overwrites R, as in the example,

¥,
then the first two rows o{’%.remain unchanged and since NAMA overwrites

NAM, the labels of the first two columns remain unaltered.

The remark that NRA=NR on output means, in this example, that the

coluun with name C in R is moved over to column 5.

If one wanted to

slide the upper left triangle corresponding to names ABC of R to columns

7-9 of an RA matrix (of unspecified dimension, 2 9), then one should set

NR=9 in the subroutine call.

Thus NR, when used in this sliding down

the diagonal mode, does not represent the dimension of R; but indicates

how far the slide will be.

B e T
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18. RUDR (R to U=D or U-D to R)
Purpose
To transform an upper triangular vector stored SRIF array to U~D

form or vice versa.

i . il
4 @ CALL RUDR(RIN,N,ROUT,IS)

Argument Definitions

RIN(NBAR* (NBAR+1)/2) Irput upper triangular vectour stored SRIF
or U-D array; NBAR = ABS(N) + 1

. ROUT (NBAR* (NBAR+1)/2) Output upper triangular vector stored
U-D or SRIF array (RIN = ROUT is
permitted)

N Matrix dimension, N.GT,0 represents an
R to U-D conversion and N.LT.0 represents
a U-D to R conversion. ABS(N).GE.?

18 @ If IS = 0 the input array is assumed not
to contain a right side (or an estimate),
and IS = 1 means an appropriate additional
column is included. 1In the IS = 0 case
the last column of RIN is ignored and
NBAR = ABS(N) is used.

s TR e e e P e s g -‘m~»—-- i -~

Stbroutine used: RINCON

< e un oy ik LA

Functional Description

Consider the N™0 case. RIN=R is transformed to ROUT = R inverse .

using subroutine RINCON with Jimension N+ IS. 1If IS=1 the subroutine

o

sets RIN((N+1)(N+2))/2) = -1, so that the N+lst column of ROUT will be

the X estimate followed by -1. R-1 = UDll2 so that the diagonals g

) are square root scaled U columns. This information is used to con- ?
struct the U-D array which is written in ROUT. %

) If N<O the input is assumed to be a U-D array. This array is §
converted to ROUT = UDl/2 and then using RINCON, R is computed and stored i

o

¥

in ROUT. 1If IS=1 the U~D matrix is assumed augmented by X (estimate),

PR

and on output the right side term of the SRIF array is obtained. When

TEvede

I1S=1, the initial value of RIN((N+1)(N+2)/2) is restuced before exiting

the subroutine.
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19.

SFU (Sparse F * yni% upner epivhgudar U)

Purpose

To efficiently form the produce F*U so ehat only the nonzero

.elements of F are employed and so that whe strucsure of the U

matrix is utilized (upper triangular with implicit unit Jdiag-

onal elements). When F Is sparse there are significant savings
'

i:&orage and comoutaton. Not that since we dea! only with

the nonzero elements ef F we are saved t®e time associated with

computing unnecessary F matrix element addresses.

CALL SFU(FEL,IPOW,JCOL,NF.U,N,FU,MAXFU,IFU,JDIAG;]

Argument Definitions

FEL (NF) Values of the non-zeto elements of the F matrix
TROW (NF) Row indices of the F elements
JCOL (NF) Column indices of the F elements

,F{IROW(K}, JCOL1K)) = FEL(K)

NF The number of non-zero elements of the F matrix

U{N*{N+1)/2) Upper triangular, vector stored matrix with
implicity defined unit d&iagonal elements. Note

. . that U(JJ) terms are not, in fact, unity.

N Dimension of the U matrrix

FU(IFU.¥) The output result

MAXFU - Row dimension of the FU materix

1FU . Number of rows in FU. TFU.LE.MAXFU, and IFU.GE.

Muax (TROW(K), K=1,...,NF); 1i.e. FU must have at
least as many rowvs as does ¥, Additional rows of
FU coul}d correspond to zero rows of F,

JD2AGAN} Diagonal element indices of a vector stored upper

triangulat mateix, &.e. JDIAG(K)=K*(K+1)/2=JDIAG(K-1)+X.

6z




Example:

F(3,12) with: F(1,1) = .9, F(2,2) = .8, F(3,3) = 1.1,

F(1,7) = 1.7, F(2,8) =-2.8 and F(3,11) = 3.11.

In this case F has NF = 6 (nonzero eleﬁents); and one may

take

IROW(1)
IROW(2)
IROW(3)
IROW(4)
IROW(5)
IROW(b)

wowonn

Remarks and Restrictions

Comments regarding

Functional Description

We write

Fe 2

i,j

1 JeoL(1) =1 FEL(1) = .9
2 JeoL(2) = 2 FEL(2) = .8
3 JCOL(3) = 3 FEL(3) = 1.1
1 JCOL(4) = 7 FEL(4) = 1.7
2 JCOL(5) = 8 FEL(5) =-2.8
3 JCOL(6) = 11 FEL(6) = 3.11

increased efficiency are included in the code.

where e, is the i-th unit vector. Then

:E: F (e R

The ccde is based on this equation.

i
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20.

TDHHT (Two dimensional Householder triangularization)
Purpose

To transform a two dimensional rectangular matrix to a
triangular, or partially triangular form by Householder orthogonal
matrix pre-multiplication. This subroutine .an be used to compress
overdetermined linear systems to triangular (double subscripted
form) in much the same way as does the subroutine THH (which outputs
a vector subscripted triangular result). For recursive applications
THH is computationally more efficient and requires less storage.
The chierf application, that we have in mind, for this subroutine
is to the matrix triangularization of '"mapped" square root

information matrices of the form S(m,n) with m less than n.

[;FALL TDHHT (S ,MAXS, IRS,JCS ,JSTART,JSTOP,V)

Argument Definitions

S(IRS,JCS) Input (possibly partially) triangular
matrix. The output (possibly partially)
triangular result overwrites the input.

MAXS Row dimension of S matrix

IRS Numter of rows in S (IRS.LE.MAXS), and
IRS.GE.2.

JCS Number of columns in S

JSTART Index of first column to be triangularized.

If JSTART.LT.] then it is assumed that the
triangularization starts at column 1.

JSTOP T-dex of last column to be triangularized.
When JSTOP is not between max(l,JSTART)
and JCS then the triangularization is
carried out as far as possible (i.e. to IRS
if S has less rows than columns, cor to JCS
if it has more rows than columns, .

V(IRS) Work vector
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Remarks and Restrictions

The indices JSTART and JSTOP are input for efficiency purposes.
When it is known that the input matrix is partially triangular one
can by-pass the corresponding (initial) Householder reduction steps.
Further, for certain applications it is not necessary to totally

triangularize the input array. For example if S(m,n) and m is

less than n, the system is in triangular form after only m elementary

Householder reduction steps, i.e

T [%]}m——-@é‘_]m

The code is set up so that it defaults to rhe largest possible
upper triangularization.

Functional Description

JCS

[ IRS

The dotted portion of the matrix and the block of zeros are not
employed at all in the computations. The input matrix is trans-
formed to (possibly partially) triangular form by premulti lication

by a sequence of elementary Householder orthogonal transformations.

IRS

755 Bt
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The method is described fully in the books by Lawson and Hanson -
Solving Least Squares Problems, and in Bierman - Factorization

Methods for Discrete Sequential Estimation.
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Lo un (Triangular Householder Orthogonalization)

Purpose
To compute [R:z]} such that
~ o~ A A
R z R =z
T = T - orthogonal
A =z 0 e

This is the key algorithm used in the square root information batch

sequential filter.

CALL THH(R,N,A,IA,M,RSOS,NSTRT)

Argument Definitions

R(N*(N+3)/2) Input upper triangular vector stored
square root information matrix. If
estimates are involved RSOS.GE.Q and R
is augmented with the right hand side
(stored in the last N locations of R).
If RSOS.LT.O only the first N*(N+1)/2
locations of R are used. The result
of the subroutine overwrites the input R

N Number of parameters

A(M,N+1) Input measurement matrix. The N+lst
column is only used if RSOS.GE.O, in
which case it represents th2 right side
of the equation v + AX = z. A is
destroyed by the algorithm, but it is
not explicitly set to zero.

1A Row dimension of A

M The number of rows of A that are to be
combined with R (M.LE.IA)

RSOS Accumulated residual root sum of squares
corresponding to the data processed
prior to this time. On exit RSOS repre-
sents the updated root sum of squares
of the .-esiduals 2|lz “A X ||2 1/2

{1 "1est ’
sumned over the old and new data. It
also includes the a priori term

NN O - e

e rivn e e
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“Ro L z°||2. Because RSOS cannot

be used if data, z, is not included
we use RSOS.LT.0 to indicate when data
is not included.

NSTART First column of the input A matrix
that has a nonzero entry. 1In certain
problems, especially those involving
the inclusion of a priori statistics,
it is known that the first NSTRT-1
columns cf A all have zero entries.
This knowledge can be used to reduce
computation. If nothing is known
about A, then NSTRT.LE.l gives a
default valua of 1, i.e. it is assumed
that A may have nonzero entries in the
very first column.

Remarks and Restrictions

It is trivial to arrange the code so that R output need not over-
write the input R. This was not done because, in the author's opinion,

there are too few times when one desires to have ROUT ¢ RIN.

Functional Description

Assume for simplicity that NSTRT=1. Then at step j, j=1,...,N
(or N+1 if data is present) the algorithm implicitly determines an
elementary Householder orthogonal transformation whiclh updates row j
of R and all the columns of A to the right of the jth. At the
completion of this step column j of A is in theory zero, but it is
not explicitly set to zero. The orthogonalization process is discussed

at length in the books by Lawson and Hanson - Solving Least Squares

Problems and Bierman - Factorization Methods for Discrete Sequential

Estimation.
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22. TTHH (Two triangular matrix Householder reduction)

Purpose
To combine two vector stored upper triangular matrices, R and RA

by applying Householder orthogonal transformations. The result over-

writes R.

N

‘ L . L

| CALL TTHH (R,RA,N)

7

L

P
TN VRN S: 3

Argument Definitions

. R(N*(N+1)/2) Input vector stored upper triangular
- matrix, which also houses the result
i RA(N*(N+1)/2) Second input vector stored upper

- triangular matrix. This matrix is
:} destroyed by the computation.

¥ N Matrix dimension

N less than zero is used to indicate
that R and RA have right sides
(|¥|+1 columns) and have dimension
[N|*(|N|+3)/2),

%g Remarks znd Restrictions

RA is theoretically zero on output, but is not set to zero.

Rt W

weoF

e ah e A ot ekt % o at Natmio
AN
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23.

TWOMAT (Triangular matrix print)

Purpose

To display a vector upper triangular matrix in a two

dimensional triangular format. Precision output corresponds to a

7 column 8 digit, double precision format. Compact output corres-

ponds to a 12 column, 5 digit single precision format.

CALL TWOMAT (A,N,LEN,CAR,TEXT,NCHAR,NAMES)

Argument Definitions

A(N*N+1)/2)

N

LEN

CAR(N)

TEXT (NCHAR)

NCHAR

NAMES

Vector stored upper triangular matrix (DP)
Dimension of A

Column format (7 or 12 columns). When LEN
is different from 7 or 12 the print defaults
to 12 columns.

Parameter nzmes (alphanumeric) associated
with A. When NAMES is false, CAR is not
used.

An array of field data characters to be
printed as a title preceding the matrix

Number of characters (including spaces) that

are to be printed in text( )

ABS (NCHAR) .LE.114. If NCHAR is negative there is
no page eject before printing. NCHAR positive
results in a page eject so that the print

starts on a fresh page.

A logical flag. If true then the names of
the parameters are used as labels for the
rows and columns. If false the output labels
default to numerical values.

Remarks and Restriccions

Using NCHAR nonnegative, and starting the print at the top of a

new page makes it easier to locate the printed result and is
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especially recommended when dealing with large dimensioned arrays.
Page economy can, however, be achieved using the NCHAR negative
option. 1In this case the print begins on the next line. The
alphanumerics in this routine make it machine dependent; it is

arranged for implementation on a UNIVAC 1108.

e A
L akenRi P A AV R o A e FS L "mfwms:awm%ﬂwﬁ

A
- wf‘é .

71

-y H
Che v AT S TTO T g 7 wams o ot o evurors et 1o g
B A i T——— R, T,



& W v st T n o e

24, TZERQ (Triangular matrix zero)

Purpose

To zero out rows l5(Istart) to 1F(Jfinal) of the vector stored

upper triangular matrix R.

CALL TZERO(R,N,IS,IF) |

———

Argument Definition

R{N*(N+1)/2) Input vector stored upper triangular
matrix

N Row dimension of vector stored matrix

18 First row of R that is to be set to zero

IF Last row of R that is to be set to zero

Functional Description

1S

IF

R(input) R(output)
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25. UDCOL (U~D covariance factor colored noise time update)
Purpose
To time update the U-D covariance factors so as to include

the effects of colored noise variables.

CALL UDCOL(U,N,KS,NCOLOR,V,EM,Q)

Argument Definitions

U(N*(N+1)/2) Input vector stored U-D covariance factors.
The updated result resides here on output.

N Filter matrix dimension. If the last columm
of U houses the filter estimates, then
N = number filter variables + 1.

KS Location of the first colored noise variable
(KS.GE.1.AND.KS.LE.N)

NCOLOR The number of colored noise variables
contiguous to the first, 'ncluding the
first. (NCOLOR.GE.1l)

V(KS-1+NCOLOR) Work vector ((KS-1+NCOLOR).LE.N)

EM(NCOLOR) Input vector of colored noise mapping terms
(unaltered by program)

Q(NCOLOR) Input vector of process noise variancec
(unaltered by program)

Remarks and Restrictions

When estimates are involved they are appended as an additional
column to the U-D matrix. When the subroutine fs applied to the
augmented matrix the estimates are correctly updated. When the
colored noise terms aie not contiguously located one can fill in
the gaps with unit EM terms and corresponding zero Q elements.

It is preferable, however, to apply the subroutine repeatedly to
the individual contiguous groups.
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Functional Description

The model equation corresponding to the timre update of this

subroutine is

1

[no 0 1 y
hhap! 3

where M is diagonal, with NP terms, and w, €N(0,Q) where Q is

3
diagonal with NP terms. The output U-D array associated with this
time update equation satisfies

ToT + nqn”

UDUT(output) = ¢ UDU
where ¢ and B are as above. The algorithm for obtaining U-D
(output) is the Bierman-Thornton one-ccmponent-at-a-time update

described in Bierman - Factorization Methods for Discrete

Sequencial Estimation', Academic Press (1977), pp 147-148.
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26, UDMEAS (U-D measurement update)
Purpose
Kalman filter measurement updating using Bierman's U-D measure-
ment update algorithm, c¢. 1975 CONF. DEC. CONTROL paper. A scalar
measurement z = ATx + v is orocessed, the covariance U-D factors
and estimate (when included) are updated, and the Kalman gain and

innovations variance are computed.

3
CALL UDMEAS(U,N,R,A,F,G,ALPHA) i
3
i
Argument Definitions §
INPUTS ?
:
U(N*(N+1)/2) Upper triangular vector stored input matrix. 2
D elements are stored on the diagonal. The g
U vector corresponds to an a priori covariance. Z
If state estimates are involved the last column 2
of U contains X. 1In this case Dim U = (N+1)*(N+2)/2 %
and on output (U(N+1)*(N+2)/2= z-A**T*X(a priori est). %
N Dimension of state vector, N.GE.2 %‘
R Measurement variance %
A(N) Vector of Measurement coefficients; if data é
then A(N+1) = z ’
F(N) Input work vector. To economize on storage ¥ :
* can overwrite A
ALPHA If ALPHA.LT.zero no esiimates are computed f
(and X and z need not be included). “
. L
3
OUTPUTS =
U Updated vector stored U-D factors. When ,%
A"PHA (input) is nonnegative the (N+1l)st 3
column contains the updated estimate and 4
the predicted residual. -g
i
ALPHA Innovations variance of the measurement 4
residual,
F Contains U**T*A(input) and when ALPHA(input)

is nonnegative F(N+1) =(z-A**T*X(a priori est)y/ALPHA.
75
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C(8) Véctot 6} unveighted Krlman gajins,
K = G/ALPHA

Remarks and Restrictions

One can use this a’:;urithm with R negative to delete a
previously processed data point. One should, however, note that
Jdata delet.'n is numerically wunstable and sometimes introduces
anymerical errors.

The algorithms holds for R = 0 (a perfect measurement) and
the code has been arranged to include this case. 5Such situations
arise when there are linear constraints ind in the generation of
certain error "budgets'.

Functional Description

The algotrithm updates the columns of the U-D matrix, from
left to right, using Bierman's algorithm, see Bierman's
"Factorization Methods for Discrete Sequential Estimation,"

Acacemic Press (1977) pp 76-81 and 100-101.
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27. up2cov {U-D factor to covariance)
Purpose
Tc obtain a covariance from its U-D factorization., Both matrices
are vector stored and the output covariance can overwrite the input

U-D array. U-D and P are related via P = UDUT.

[ 4
i ~ALL UD2COV(UIN,POUT,N)

Argument Definitioms

UIN(N*(+1) /2) Input vector stored U-D factors, with D
entries stcred on the diagonal.

POUT (N*(N+1)/2) Jutput vector stored covariance matrix
(POUT = UIN is permitted).

N Dimension of the matrices involved (N.GE.2)

i e Bt e e gl S, St aclien: i S NRETIL bl il ety e R

PRI R Q52
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28. UD2SI1G (U-D factors to sigmas)

Purpose

To compute variances from the U-D factors of a matrix.

} CALL uD2SIG(U,N,SIG,TEXT,NCT)

Argument Definitions

U(N*(N+1)/2)

N
SIG(N)

TEXT ()

NCT

Remarks and Restrictions

The user is cautioned that the text related portion of this subroutine

Input vector stored array containing
the U-D factors. The D (diagonal)
elements are stored on the diazonal
of U.

Dimension of the U matrix (N.GE.2)

Output vector of standard deviations

Output label of field data characterr,
which precedes the printed vector cf
standard deviations.

Number of characters of text,
O.LE.NCT.LE.126. If NCT = 0, no
sigmas are printed, i.e. nothing is
printed.

may not be compatible with other computers. The changes that may be

involved are, however, very modest.

Functional Description

If U and U are represented as doubly subscripted matrices then

N

3
$1G(J) = (D(J,J) + Z D(K,K)IU(J.K)IZ)

K=J+1

If NCT.GT.0 a title is printed, followed by the sigmas.
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UTIKV (Upper triangular matrix inverse)
Purpose

To invert an uppnr triangular vector stored matrix and store
the result in v - tor form. Th: algorithm is so arranged that the

result can overw1 te the input.

CALL UTINV(RIN,N,ROUT

Argument Definitions

RIN(N*(N+1)/2) Input vector stored upper triangular
matrix

N Matrix dimension

ROUT(N*(N+1)/2) Output vector stored upper triangular
matrix inverse (ROUT = RIN is permitted)

Remarks and Restrictions

I11 conditioning is not tested, but for nonsingular systems the
result is as accurate as is the full rank Euclidean scaled
singular value decompostiion inverse. Singularity occurs if a
diagonal is zero. The subroutine terminates when it reaches a
zero diagonal. The columns to the left of the zero diagonal are,
however, inverted and the result stored in ROUT.

This routine can also be used to produce the solution to RX = Z.
Placec Z in column N+1(viz. RIN(N*(N+1)/241) = Z(1l), etc.), define
RIN((N+1)(N+2)/2) = -1 and call the subroutine using N+1 instead
of N. On return the first N entries of column N+1 contain the
solution (e.gx. ROUT(N*(N+1)/2+1) = X(1), etc.). When only the
estimate is needed, then it is more efficient to use the code

described in section to I1.8 to obtain X, directly.
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Because matrix inversion is numerically sensitive we recommend
using this subroutine only in double precision.

Functional Description

The matrix inversion is accomplished using the standard back
substitution method for inverting triangular matrices, cf. the book

refarences by Lawson and Hanson, [1] or Bierman [3].
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30.

UTIROW (Upper triangular inverse, inverting only the upper rows)
Purpose
To compute the inverse of a vector stored upper triangular

matrix, when the lower right corner triangular inverse is given.

CALL UTTROW(RIN,N,ROUT,NRY)

Argument Definitions

RIN(N*(N+1)/2) Input vector stored upper triangular
matrix. Only the first N - NRY rows
are altered by the algorithm.

N Matrix dimension.

ROUT (N*(N+1)/2) Output vector stored upper triangular
matrix inverse. On input the lower
NRY dimensional right corner contains
the given (known) inverse. This lower
right corner matrix is left unchanged.

(ROUT = RIN is permitted.)

NRY Number of rows, starting at the bottom,
that are assumed already inverted.

Remarks and Restrictions

The purpose of this subroutine is to complete the computation
of an upper trianguiar matrix inverse, given that the lower right
corner has already been inverted. Part of the input, the rows to
be inverted, are inserted via the matvix RIN. The portion of the

matrix that has already been inverted is entered via the matrix ROUT.

It may seem odd that part of the input matrix is put int. RIN and
part into ROUT. The reasoning behind this decision is that RIN
represents the input matrix to be inverted (it just happens that
we do not make use of the lower right triangular encries); ROUT
represents the inversion result, and therefore that por’ion of the

inversion that is given s3hould be entered in this array.
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I11l conditioning is not tested, but for nonsingular systems the

-§ result is accurate. Singularity halts the algorithm if any of the

first N-NRY diagonal elements is zero. If the first zero encountered

moving up the diagonal (starting at N-NRY) is at diagonal j then the

rows below this element will be correctly represented in ROUT.

To generate estimates do the following: put N+l into the matrix

dimension argument; in the first N-NRY rows of the last column of

RIN put the right hand side elements of the equation Rxx + nyy =z

(i.e., Rx’ ny, and z, make up the first N-NRY rows of RIN); in the

next NRY entries of ROUT, beginning in the (N-NRY+l)st element, put
_l .

Yest (i.e., Ry and Yest make up rows N-NRY+l,...,N of ROUT); and

ROUT ((N+1) (N+2)/2) = -1. On out~ut, the last column of ROUT will

: in x and -1.
conta est’ Jest

When NRY = 0 this algorithm is equivalent to subroutine UTINV.

Functional Description

The matrix inversion is accomplished using the standard back

substitution method. The computations are arranged row-wise, starting

at the bottor (from row N-NRY, since it is assumed that the last NRY

rows have already been inverted).
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31.

WGS (Weighted Gram-Schmidt matrix triangularization)

Purpose

To compute a vector stored U-D array from an input rectangular

matrix W, and a diagonal matrix Dw so that W Dw wl = UDUT.

CALL WGS(W,IMAXW, IW,JW,DW,U,V)

Argument Definitions

W(IW,JW) Input rectangular matrix, destroyed by
the computations
IMAXW Row dimension of input W matrix,
IMAXW.GE.IW
I Number of rows of W matrix, dimension of U
JW Number of columns of W matrix
DW (JW) Diagonal dnput matrix; the entries are

assumed to be nonnegative. This vector
is unaltered by the computations

U(IW*(IW+)/2) Vector stored output U-D array

V({IW) Work vector in the computation

Remar'.s and Restrictions

The algerithm is not numerically stable when negative DW weights '

are used; negative weights are, however, allowed. If JW is less than
IW (more rows than columms), the output U-D array is singular; with

IW-JW zero diagonal entries in the output U array.

Functional Description

A Dw-orthogonal set of row vectors, ¢1, ¢2,..., ¢IW’ are cou-
structed from the input r-ws of the W matrix, i.e., W=1U ¢, , ¢DW¢T = D,

The construction is accomplished using the modified Gram-Schmidt
orthogonal construction (see refs. [1] or [3]). This algorithm is

reputed to have excellent numerical properties. Note that the ¢
vectors are not of interest in this routine, and they are overwritten;
The V vector used in the program houses vector IW~j+1 of ¢ at step j of

algoricthm. The fact that the computed ¢ vectors may not be D orthogonal

i> of no import in regard to the U and D computed results.
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V. FORTRAN Subroutine Listings
i The subroutines use only FORTRAN IV, and are therefore essentially
portable. The one notable exception is subroutine TWOMAT, which prints

triangular, vector stored matrices. It employs FORTRAN V FORMAT state-

i
H
£

ments and six character UNIVAC alphanumeric wordlength, and thus is UNIVAC

dependent. Subroutine UD2SIG also involves text, and it too is therefore
¢ to some extent machine dependent. Comment statements appear occasionally

to the right of the FORTRAN code, and are preceded by a "@" symbol. The

subroutine user can, if necessary, transfer or remove such program %
commentary. ]

A1l of the subroutines employ “implicit double precision" statements.

They are, however, constructed so as to operate in single piecision, and
the user has only to omit or comment out the implicit statements. If the
sutroutines are to be used in double precision on a machine that does not
have the implicit FORTRAN option one should explicitly declare all of the
non-integer variable names appearing in the programs as double precision

variables.

R s U

I1f these subroutines are to be used in production code and computa-
tional efficiency is of major concern one should replace the somewhat H

lengthy subroutine argument lists by introducing COMMON, and including

Paa—— TR

those terms in the COMMON that are redundantly computed with each sub-

. routine call.
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70
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100

SUBROUTINE A2AY (AsTA2IRILAWNAMA AL, 1AL,LALINAMAL)
SUBROUTINE TO REARRANGE THF COLUMNS OF A(IRsLA)» IN NAMA ARNFR
AND PUT THE RESULT IN AL1(IR.LA1) IN MAMAY ORNER., ZERD COLIMNS
ARE INSERTED IN Al CORRESPONDING TO THE NEWLY DFEINFD NAMFS,

ACIR'LA) INPUT RECTANGIILAR MATRYX

IA ROW DIMENSION OF A» IR,LF,IA
IR MOs OF ROWS OF A THAT ARF TO BE PEARRPANGED
LA NOe COLUMNS IN A» ALSO THE

NO. OF PARAMETER NAMES ASSOCTATFN WITH A
NAMa (LA) PARAMFTER NAMES ASSOCIATED WITH A
At ({IR'LALl) OUTPUT RECTANGULAR MATRIY
A AND A1 CANNOT SHARE COMMON STDRAGE
IAl ROW NIMENSION OF Ales IRLLFE.1A!
LAL NO. COLUMNS IMN A1, ALSO THE
NO. OF PARAMETER NAMES AGSOCTATEN WITH Al
NAMaAL1(LAL1) INPUT LIST OF PARAMETER NAMES TO BE ASSOCIATFR
WITH THE OUTPUT MATRIX Al

COGNIZANY PERSONS:! 6G,J.BIERMAN/M«W.MFAD (UPL+» SFPT. 197F)

DIMENSION A(IA»1)» MAMA(L) ), AL(TAY,1)9NAMAL(])
IMPLICIT DOUBLE PRECISION (A=H¢0=7)

ZERO=0,
DO 100 J=1rLAL
DO 60 I=1+LA
IF (NAMA(I),.EQ.NAMAL(J)) GO TO AO
CONTINUE
DO 70 K=1+]IR
Al (K2 J)=ZERO
G0 To 100
DO 99 K=1r1IR
AL(KeJIZA(KI) i COPY COL, ASSOC, WITH DLD NAMF
CONTINUE

P 2ERO COL. CORRES: TO NFW NAME

RETURN
END
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A2A10N010
A2AL10n20
A2A10030
A2a10N040
A2A1005%0
APAL10060
A2A10070
A2A10080
A2A10090
A2A101N00
A2A10110
A2A10120
A?A10130
A2A10140
A2A10150
A?A10160
A2A10170
A2A10180
A2A10190
A?A10200
A2A10210
A2A10220
A2A10230
A2A10240
A2A10250
R2A10260
A2A10270
A2A10280
A2A10290
A2A10300
A2A10%10
A2A10%20
A2A10330
A2A10340
A2410350
A2A10360
A2210%70
A2AL0RA0
A2A10390



SUBROUTINE COMBO (R,L1/NAM1,L2/NAM2,A,TAsLAINAMA) comMponpn

c
C TO REARRANGF A VFCTOR STOREN TRIANGULAR MATRIX AND STORF coMpontn
. c 'HE RESULT IN MATRIX A, THE DIFFERFMCF BETWEEN THIS SURe COMRON2N
C ROUTINE AND R2A 1S THAT THERE THE NAMELYST FOR A IS TNPUT, COMRON30
c HERE IT IS DETERMINED RY COMAINTHG THE LIST FOR R WITH caMponan
C A LIST OF DESIRFD NAMES, componsn
. c COMRONGD
c RIL1*(L141)/2) INPUT VECTOR STORED LIPPER TRTIANG!ULAR MATRYIY coMBRONTO
c Lt NO. OF PARAMFTFRS IN R (AND TN NAMI1) COMBONAN
c NAM (L1) NAMES ASSOCIATFD WITH R coMponan
C L2 NO. OF PARAMETERS IN NAM2 comvBO1G0
¢ NAM2 (1L2) PARAMETFR NAMES THAT ARF TO RE COMRIMED WITH R COMRNTLD
c (NAM1 LIST). THEGE NAMES MAY OR MAY NOT RE IN CNMRN120
C NAM1, coMpO130
c A(LLsLA) NUTPUT ARRAY CONTAINIMG THE REARRANGED COMRO1Y4D
c R MATRIX, L1.LF.TA, £rMpo15n
C IA ROW DIMENSION OF A £oMBO16AN
C LA NO. OF PARAMETER NAMES IM NAMA, AND THF COMRO1 7O
c COLUMN DIMENSTON OF A. LASL141L2-NO, NAMFS COMRO1ARN
c COMMON TO NaMi AND NAM2, LA 1§ COMPUTED AND  COMRO190
o OUTPUT CNOMRO200
C NAMA (LA) PARAMFTER NAMES ASSOCTATED WITH THE ouTPUY A COMBO210
C MATRIX.» CONSISTS OF NAMFS TN NAMI WHICH ARE COMRO220
( NOT IN NAM? FOLLOWED RY NAM?, CNMRO23N
o COMROSUN
C COGNIZANT PERSONS! GoJ.BIERMAN/M«w NFAD (JUPl ¢+ SFPT, 1976) COMRO2S0
c COMROZK0
IMPLICIT DOUBLE PRECISION (A~H.0=7) COMRO270
DIMENSION R(1)s A(TAs1)e NAMIC(1)s NAM2(1), NAMA(Y) COMROZPRN
c CNMRO290
2ER0=0,0 COMRO30NDO
K=1 COMRO3LN
DO 100 I=1+13 comMpOR2n
DO Sp J=1.L2 COMROZZ0
IF (NAM1(I).EQ vAM2(J)) GO Tn 100 COANEO3LN
50 CONTINUE COMBO3ZSN
NAMA (K)=NAM1 (1) COMROXEN
. Jusl=(1=1})/2 CNMBO3TO
DO 6p L=1,1 COMRO3AN
60 A(L'K)TR(JJ+L) compo3an
IF (1.EQ.L1) GO TO a0 CoMROLO0
. IP1 = 1+1 COMRNY410
DO 70 L=IP1,L1 COMROU20
70 AlL+K) = ZERO COMROL30
8o K=K+1 comMpouyn
100 CONTINUE CNMBOLSN
c NAMES UNIQUF TC NAM1 ARF NOW TN NAMA CNMROUKD
D0 200 J=1rL2 CNAMROYTO
DO 150 I=1,L1} COMROULAN
IF (NAM2(J).EQ.,mAMI{T)) GO YO 170 ~ AMAOL9N
150 CONTINUE _OMROSO0
NAMA (K)=NAM2(J) COMROSION
DO 160 L=1sL1 coMpOs2N
160 A(LvK)=Z2ERO coMrNe3ln

O REES




NAMES UNIQUE TO NAM2 ARE NAW IM NAMA coMpOSsLn

60 To 190 CNAMROSKSN

170 NAMA (K )=NAM2 (J) COMBOSEN
LOCATE DIAGONAL OF PRECFDING CnLumM coMpnNs70
Jus1=(1=-1)/2 coMgosan

DO 180 L=1/1 CNAMANSI0D

180 AlLLK)IZRIJUHL) COMROAND
iF (xlEQOLl, 6o TOo 19n COMBAKLIN
IP1=1+1 CcOMROK2N

D0 185 L=IP1.L1 coOMROK30

185 A(LeK)=2ERO COMROAUD
190 KZK+1 COMROAS0
200 CONTINUE COMRNOKED
LASK=1 COMBORTN
NAMES MUTUAL TO NAM1 AND NAM2 ARE NOW TN NAMA CNVR0A80

RETURN COMBORAN

END COMRO7NN

88



*

*
%5,
Al

g%

)
2
0.

s
k.
£
£

~3“. e s+ Al S S TSR PTR TRy PR TR :e?:sdw %MUJ?‘@ »

vﬂir‘ o
w

2 XaXaXaXaXaXnisXaXaXa s Nalal

(2] OO0

10

20

SUBROUTINE COVRMHO(COVeNIRHO,V)

TO COMPUTE THE CORRFLATION MATRIX RHO» FROM AN INPUT COVARIANCE
MATRIX COV. BOTH MATRICES ARE UPPFR TRIANGULAR VECTNR STOREN,

THE CORRELATION MATRIX RESULT CAN OVERWRITF THE INPUT COVAPYAMNCF
COVIN®(N+1)/2) INPUT VECTOR STORED POSTTIVF SFMI-NFFINITF

COVARIANCE MATRIX

N NUMBER OF PARAMFTERS? N.GE,1

RHO(N(N+1)/2) OUTPUT VECTNR STORED CORRELATINM MATRIX,
RHO(IJIZCOVITIJIZ7(SIGMA(T)SSIGMA(J))

V(N) WORK VECTOR

COGNIZANT PERSONS: GoJ,RTERMAN/MeW,NEAD

IMPLICIT DOUBLE PRECISION (A=H,0=2)
DIMENSION ~0V(1)es RHO(1)¢ V(1)

ONE=1.D0
220.D0

JUu=0
NO 10 J=1'N
JU=Jytd
vig)=2
IF (COVI(JJ) «GTe2Z) VIJIZONE/ SORT(COV(UJi)

sss% SOME MACHINES RFQUIRE DSGRT FOR NOUBLE PRFCISINN
CONTINUE

1J=0
020 J=1eN
S=VLY)
DO 20 I=1l.J
1U=1J+1
RHO(IJ)=COVI{IJ)#Say(T)
RETURN
END
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{UPL/FER,.1978)

COVRHNIN
COVRMN20
COVRHAZN
COAVRHNUD
CNOVYRPHNSO
rOVRHNAN
COVRHATN
COVRHNAD
COVRHNIA
COVRKY OO
COVRHIIN
COVRH120
COVRH130
COVRHIUO
CNYRH1SO
COVRH160
COVRH1T70
COVRH180
COVRH19N
COVRH200
COVRH210
€NVRH220
COVRH?30
CHVPHRPED
Covr4250
COVRH260
COVRH27N
COVRHIE "
CAVRHNOI
CNVRHINO
COVRH3I10
cova4320
COVRH330
COVRHZ4D
COVRHISN
COVRHZED
CAVRHITN
COVRH3BO
COVRHZ90
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SUBROUTINE COV2RI(U,M)

TO CONSTRUCT THE UPPER TRIANGULAR CHNALESKY FACTOR OF A
POSITIVE SEMI-DEFINITE MATRIX, BnTH THE INP!IT COVARTANCF
AND THE OUTPUT CHOLESKY FACTOR (SQUARE ROOT) ARE WECTNR
STORED. THE OUTPUT OVFRWRITES THE INPUT,

COVARIANCE (INPUT)I=U=Us*T (1) 1S olUTPUT),

IF THE INPUT COVARIANCE 1S SINGULAR THE OUTPUT FACTOR '1AS

ZERO COLUMNS,

UINs(N+1)/2)

N

CONTAINS TVE INPUT YECTOR STOPFD COVARIANCE
MALTRIX (ASSUMED POSITIVE DFFINITE) AND OM OUTOUT
IT CONTAINS THE 1IPPER TRIANGULAR SAUARE RONY
FACTOR,

DIMENSION OF THS MATRICES INVOLVED

COGNIZANT PERSONS! GeJ RIFRMAMN/MW MEAD (JPLe FFR, 1977

IMPLICIT DOUBLE PRECISION (A=H»0=2)

DIMENSION U(1)
2ERO=0,0
ONE=1.
JJI=Ne{N+1) /72

DO S JzNe20¢ =)

IF (ULJJ) LT 2ERD) UIUYI=ZFRO
UlyJdr= SERT(UIJYY)

ALPHAZ=ZERO

IF (U(JJ) «GT+ZERD) ALPHAZONF/U ()

KKz=0
JIN=JJ=J
JMizy=1

@ NEXT DTAGONAL

DO 4 K=1,uM1

U(JINSK) =

ALPHLsU(Jyn+K) @ JUN+K={K» )

SSUIJUNK)
DC 3 1=1/K
UIKK+I)SUKK+T1)=SalI{JUN+T) Q KK4+1z(IsK)

KK=KK +K
JU=JUN

IF (u(1).LT.2ERO) U(1)=ZERD

Uiz sQARTULI(1))

RETURN
END

COYIRNLN
cnovern2n
CAV2RN3IN
COVIRNYN
rcovaPnNsnH
cnvzn%in
CNAV2RNTN
CNV2RNAN
covaRnAGN
CAVARION
COVPRELIT
covzaled
COV2RI 3N
CnVaRIug
cAveRIK0
COHV2R160
CNVPRITO
COV2R1AD
CNV2R1O0
covarann
CAV2R2IN
COVPR220
CNVRAR230
CNVY2R24N
CnV2R25N
CNY2R260
COVPROTN
COV2R2AN
CNV2R290
CNVIRZND
CNAV2RY¥IN
covanrs2n
CAY2RYN
CAVI2R3UN
cny, R38N
COV2RIEDN
CNV2R%TO
rAV2R3AN
CAV2R290
CNAVZR400
cov2ru1n
CAV2RL2N
2AyAu30
SAV2R .40
cOvItuSn
COVIRLEGD
CAvADe T
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SUBROUTINE CcovauD (usN) covaunio

c CovaUN20
c T0 OBTAIN THE U=D FACTORS OF A POSITIVE SEMY=DEFINITE MATRIX. CoOv2UN3O
. c THE INPUT VECTOR STORED MATRIX IS OVFRWRYTTEN BY THE fUTPUT covaunuo
c UsD * ACTORS WHICH ARE ALSO VECTOR STNRED, covaunso
c cavaunen
c Ule (N+11/2) COMTAINS INPUT VECTOR STORED COVARIANCE MATRIX., COV2UNTO
R c ON OUTPUT 1T CONTAINS THE VECTNR STORED U=D cov2uoso
c COVARIANCE FACTORS. cov21nso
c N MATRIX DIMENSIONs NeGE,.2 covauyian
c covaun 1o
c SINGULAR INPUT COVARIANCES RESULT IN OUTPUT MATRICFS WITH ZERO Cov2U120
¢ COLUMNS covaus 30
c covauluo
c cAV2UL50
c COGNIZANT PERSONS: G.J,ATERMAM/R.A.JACORSOM (UPLe FFR, 1077) Covaun60
c . covau170
IMPLICIT DOUBLE PRECISION (A=He0=2) covay1a0

c covauioo
. NIMENSION U(1) covay20n
c covau210
2=0.00 covays20
ONE=1.p0 covau230
NONE=1 covausuo

c cnvV2U250
JUSNs(N+1) /2 Covau260
NP2=N+2 covay270

DO 50 L=2¢!N covayssn
JENP2=L covay29n

ALPHA=Z cova2usoon

IF (UlJJ)«GE.2) GO TO 10 covausio

WRITE (6:100) Jru(JJ) cnvaui2o

[VINN -4 cov2uz3o

10 IF (ULUJ) «6Te2) ALPHASONE/U(JJ) COvV2U340
JJzJy=J cOv2u3s0

KK=0 covous6e0

KJ=JJ covausTo

. NI NS cnvau3so
DO ug K=1,uM1 cnva2ur90

KJzKJ+l covaunon
BETA=U(KY) covaugln

U{KJ) SALPHASU(K ) covayu2l

- 1Jy=J covauu3o
IK=KK covauuuo

DO 30 I=1.K covauusa

IK=IK+} crva2Uu60

[J=1J+) covaus70

30 ULIK)=U(IK)=BFTARU(TIY) cnvauusn

40 KK=KK+K covauu90

S50 CONTINUE covauyson

IF (U(1)+6E«2) GO TO 60 covausio

WRITE (6+100) NONE» U(1) covauys2n
ui1y=2z cnvaus3o

60 RETURN cOov2US40

¢ o COV2URS0
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ol 1H0+20Xe* AT STEP',14s *DIAGANAL FNTRY 20,F12,4)
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SUBROUTINE C2C (CoICeL1oNAMLL20NAMD) cacoonn0
caconnin

SUBROUTINE TN REARRANGF THE POWS AND COLUMNS OF MATRIX cacoan2n
ClL1sL1) IN NAM1 NRDER AMD PUT THFE RESULT TM c2connln
ClL2+L2) IN NAM2 ORDER. 25RO COLIIMNS AND ROWS ARF cacoonun
ASSOCIATFD WITH QUTPUT NFFINED MAMES THAT ARF NOT CONTAINMFD €¢2c00050

IN NAME. c2c00060
c2conn7o

clLyell) INPUT MATRIX cacoonan

1¢ ROW DIMENGION OF fy» IC.GFeL=mAX (L 1L 2) £2c00090

L1 NO, OF PARAMETER NAMES ACSOCTATFD WITH THF INPLY C C2CON1ND
NAM] (L) PARAMETER NAMFS ASSOCIATED WTTH C ON INPHT. (ANLY €2C00110
THE FIRST L1 ENTPIFS APPLY TO THF INOUT () czconian

L2 NO. OF PARAMETER NAMFS AGSOCTIATFD WITH THE OUTPUT CC2C00130
NAM2 (L 2) PARAMFTER MAMES ASSOCIATED WITH THE OUTPUT C coCcOntuo
¢c2cnn150

COGNIZANT PERSONS: G.,J.,RIERMAN/M.W,MEAD (JUPLe SFPT, 1076) €2c00160
C2C0017TH

IMPLICIT DOUBLE PRECISION (A=Hi0=7) C2C00180
DIMENSION C{ICe1)» NAMLI(1), NAMD(]) c2ceni1an
coconano

2ER0=0, c2C00210
L=MAX (L 1.L2) 200220
IF (L.LF.L1) GO TO s c2c00230
NM=L1+1 C2C00240
DO 1 K=NMeL c2c00250
NAMI(K)= Z2ERO @ ZFRC RFMATMING NAM1 LNCNS C2C00260
No 90 J=1.L2 c2con2T0
DO 1p I=1sL c2c00280
IF (NAMI(1),.EQ.NAM2(J)) GO TO 3n c2¢co0n290
CONTINUE c2conz00

60 To 90 c2co031n
IF (1.€£Q.J) 60 TO 90 c2c00320

DO 4g K=1sL c2¢00130
HZC (K Jd) P INTERCHAMGE COLUMNS T AND J CoCOo03U0
CiKeJI=CIK»Y) c2co0350
clkrl)zH €2C00360

DO 8n K=1sL coCcooNT0
H=c(JrK) R INTERCHAMGF ROWS 1 AMD J c2conxs0
ClJeKI=C(Iok) €2C00390
ClT+K)=H €2c004n0
NM=MAMY(T) R TMNTFRCHANGF LARELS T AND c2C00u10
NAME (T)=NAMI () cocnou20
NAMI (J)=NM caconyso
CONTINUE cacoouun
c2¢0NusS0

FIND NAM2 NAMES NOT IN NAM1 AMD SET CORPESPONDING ROWS AND c2C00u60
COLUMNS TO ZERO ca2Cc00u7Th
C2CO00UA0

D0 120 J=1.L2 c2co0u490
DO 190 I=1.L c2c00500
1F (NAM1(1),EQ.NAM2(J)) GO TO 120 c2co00s10
CONT INUE c2c00%2n

DO 110 K=1,L2 C2C0Ns30
ClJrK)=2EROD C2C0o0=un

» drmrn
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110 C(K?JI=2ERO
120  CONTINUE
c
RETURN
ENO
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€2€00550
200560
€2C00870
c2¢00%80
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SUBROUTINE HHPOST(S,WeMROW )NPOWeNCOL ¢ V) HHPASHLN

C HHPOSN20

. C TRIANGULARIZES RECTAMGLLAR W RY POST MU TIPLYING TT RY An HHPOSNEN

C ORTHOGOMAL TRANSFORMATIOM Y. THE RESULT 1S IN S HHPAGNLD

o HHPOSNSN

C S{NROWs (NROW+1)/72) aUITPUT UPPER TRIANGUL AR VECTNR STORED SAPY HUPOSNAN

. C COVARIANCF MATRIY HHPASNATN

(o WI{NROW,NCOL) INPUT RECTANGULAR SQPT COVARTIANCF MATRIX HHPNASNAN

C (W 1S DESTROYEN RY COMPHTATTONS) HHPOS NN

C MROW ROW DIMENSIOM NF W HHPOSTI NN

C NROW N'IMRER OF RNAWS OF W TO RF TRTANGIHILARIZFD HHPOS1 1D

o AND THE DTMFMNSION OF S (MROW,GT,1) HHPASI 2D

C NCOL tUMBER OF COLUMMG OF W (MCOL GF AROW) HHPOS 13N

C VINCOL) WORK VFCTOR HHPNS 140

o HHPOS TS0

C COGNIZANT PERSOMS: GeJ.RIFRMAN/M, W NEAD (JPLe NOV.1977) HHPOSI 6N

C HHPOSI TN

IMPLICIT DOUBLE PRECISION (A=H10=2) HHPOS T RO

NOUBLE PRECISION SUMsBETA HHPOS1 AN

DIMENSION S(1)+WIMROWINCOL) VINCOL) HHPOS 20N

C HHPOS210

ZERO=0,D0 HHPOS 22N

ONE=1.DD HHPOS2 XD

C H4POSOu0

JcoL=ncOoL HHPOS 250

é MSYMZHROW® (MROW+1) /2 HHPOS 26D
1 JC=NROW+2 HHPOS2 TR
3 NO 150 L=2+MROW HHPOS2AN
14 IROW=JC=-L HHPOG 20N
. SUM=ZERO HHPOS AN
DO 100 K=1,JCOL HHPOS D

VIK)SW({IROWeK) HHPOAS2 20

100 SUMZSUM+V(K) *32 HUPNAC RN

SUM=DSAQRT (SUM) HHPOS TN

IF (V(JCOL) «GT+ZERN) SUM=-SUM B DTAGOMAL FMTRY (JCOL»JCOL) HHPOSRSN

(o HHPOS 26N

. S{NSYM) =SUM HHPOSYTN

; NSYM=NSYM=IROW HHPOSIAD
Vv(JCoL)=VIJCOL) =SuM HHPOS1Q0

IF (gUMJ.NE +2ERO) RETAS=ONE/ (SIMey(JCOL )) HHPOSUON

C T(ORTHOGs TRANS,)=I~BF TA*V*VexT HHPASHLN

* IROWMI=IROW=1 HHPOSU2D
JeoLmi=JcoL=-1 HHPOSHE D

DO 140 I=1,IRNWM1 HHPOSL YN

' SUM=ZERO HHPOSHSN
DO 110 K=1,JC0L HHPOASHAD

110 SUMESIIM$Y (K) %W (T ,K) HHPOSUTN

SUM=BE TA*SUM HHPASLADN

i DO 120 K=1,JC0LM1 HHPOSY AN
120 WITrKIZW(T 1K) =SUMRV (K) HHPOSSND

140 GINSYM+T) =W (I, IROW)=SUMsV{TROW) HHYPOSSEN

150 JCOL=JCOLMY HHPOSR2D

C HHPOG KRN
JCTNCOL=-NROW+1 HHPOCKH0

SUM=ZERO HHPAGRRN
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160

NO 160 J=10JC
SUMZGUM*W (T v J) #82
S(1)=DSGRT (SUM)

RETURN
END

96

HHPOSS60
HHPOSE 70
HHPOSSAN
HHPOS%90
HHPNSAND
HHPOSALN
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SUBROUTINE INF2R (R,M)

TO CHOLFSKY FACTOR AN INFORMATIAN MATRIYX

Raaac IR TRl

INE2RNALN
IMF2RN2N
INF2RN3D
IMF2RNALN
IMF2RASO

COMPUTES A LOWER TRIANGULAR VFCTNR GTORFN CHOLFSKY FACTORIZATINN IMF2PNKD
OF A POSITIVE SFMI=NFFINITE MATRIY, RZR(*%T)Ry P UPPFR TRTAMABULAR,INFARNTN

BOTH MATRICFS ARE VFCTOR STOREN AMD THE RESULT OVFRWR.TFS
THE INPUT

RIN®(N+1)/2) OM INPUT THIS 'S A POSITIVF SFMI=NEFIMITE
(INFORMATION) MATRPIX, AND ON OUTPUT T IS THF

IMF2RNBN
THF2RNGO
IMF2R100
IMF2R110
IMFOR120

TRANSPNSED LOWER TRIANGULAR CHOLFSKY FACTOR. IF THF INFPR130

INPUT MATRIX IS SINGULAR THE AUTPUT MATRIX WILL
HAVE 7FRO NTAGONAL FNTRTFC
N DIMENSTION OF MATRICES TMVOLVED» M,GE,.2

COGNIZANT PERSON: G,J.RIERMAM/M W NFAD (JPL,FFR,1977)
IMPLICIT DOVUBLE PRECISION (A=He0=~?)
DIMENSION R(1)

2=0.N0

ONE=1.0n0

JJu=0

NN=N* (Ny+1) /72

NM1zN={

DO 10 J=1,NM}
NELNNLN R W=ty )
IF (R(JJ)GE.2) 6N TO S
WRITE (6020) JeR(YJ)
R{JU)=2
RUJ)= SERTI(R(JY))

C #*x¢2x SOME MACHINES RFEQUIRE DSORT FNR NOURLE PRECISTON

c

TR, e et ek TR s sk 11 S ia oot Meiods o et enerbaidonr o . et o s ad o HASL

ALPHA=Z
IF (R(JUJ)eGT42) ALPHASONE/R (JJ)
JK=NN+J R JK=(JrK)
JP1zZ+1
JIS= UK M JIS=(JrI) START
NPJP1=N+JPY
DO 10 L=JP1.N
K=ENPJPL=L
JK=JK=K
R{UK)I=ALPHASR(UK)
RETASZR{JUK)
K I=NN+K
JI=Jls
NPK=N+K
NO 10 M=KeN
1=NPK=M
KI=K]=1
JIsJl-1
97

INF2RI40
IYF2R160
IMNF2RI60
INF2RY TN
TMF2R1A0
IMF2R19D
INF2R200
INFPR210
!MF?DQ?O
IMF2R2 30
INF2R2UN
IMF2ROS0
IMNF2R260
INF2RP70O
TNF2R280
TINF2R290
INF2R300
INF2R3IN
INF2R=®20
INF2R230
IMF2R3YN
IMF2R3S0
IMF2RYA0
IMF2R®70
IMF2R280
THIF2PRAN
IMF2RUON
INF2RU1IN
TMF2RY20
TMF2RU30
INF2PRu440
IMF2RUSNO
IMF2RU60
IMF2RYTO
IMF2RYBN
1MF2RU90
IMF2R&NN
INF2RS10
INFORE2N
IMF2RR3N
INFIRSEY0
IMF2R850

ik 10y,

NPT



10 RIKI)=R(KI)=R(JI)*RETA

IF (RINN).GE.2) GO TO 15
WRITE (6+20) NoR(NN)
RINN) =2

15 RINN)= SQRT(R(NN))
RETURN

20 FORMAY (1HO+20X»' AT STEP's+TUrs *DTAGONAL ENTRY S09E12.4,

1 *s 1T IS RESET TO 2ERO")
END

98

IMF2R%60
1MF2RSTN
INF2R5A0
INF2R%90
IMF2RA0ON
IMF2R61N
INF2R&20
INF2R&30
INF2R640
INF2R&50
IMF2RE6N
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SUBROUTINE PERMUT (AeTA»IR,L1eMHAMI, L 29NAM2) peaMint N

£ PERMUINAD
- C SUBROUTINE TO REARRANGF PARAMETENS OF A(TR,L1)s» NAMI ORDFR PEAM N3N
c YO A(IR¢L2)» NAM? ORDER, ZFRO COLUMNS ARF TNSFRTFD PERMIINGD
o CORRESPOMDING TO THE NEWLY NEFINFD NAMES, PERMLINSN
c PERMIINGN
. < ACIROL) INPUT RECTANGULAR MATRIX, 1 =MAXY(L1,L2) PFRMUNRTO
C 1A ROW DIMFNSIOMN OF Ae TALGF.IR PERMUINAN
C IR NUMBER OF ROKS OF A THAT ARE TN RF REARRANGED PFRMUINSN
C L1 NUMBER OF PARAMFTER NAWMES ASSOCIATFD WITH THF TNPUT  PFRMUINN
c A MATRIX PERMUJI LD
C NAM] (L) PARAMETFR MAMES ASSNCIATFND WITH A ON TNPUT PFRMU1120
c (ONLY THE FIRST L1 EMTRIES APPLY TN THF INPUT A) pPEPMLIY 30
o NAML 15§ DESTROYFD RY PFRMUTY PERMUL 40
c L2 NUMBER OF PARAMFTFP MAMES AGSSOCIATFD WITH THF OUTPRUIT PERMLITSO
o A MATRIX PFRMUITED
c NAM2 PARAMETFR NAMES ASSOCIATED WITH THF OUTPUT A PEPMULTO
C PFRMI)1 BN
ot COGNTZANT PERSONS: GesJRIFRMAN/MW NFAD (JPL» SFPTY, 10746) prem)10n
C PFRMU20ON
IMPLICIT DOUBLE PRECTSION (A=H»0=?) PFRMIZ10
DIMENSION A(IAs1)e NAMI(1), NAMD()) PERMI22N

C PERMUIZ3N
ZERO=0, PFRMUZ4N
L=MAX(L1,L2) PFRMIIZSO

IF (L+.|E.L1) GO TO &N PFRMII260
NM=L1+1 PERMU2 TN

NO 40 K=NMelL PFRMU2AN

40 NAML (K) =0 R ZERO RFMAINING NAMY LOCS PFRM2GN

50 DO 100 J=1.L2 peRMUIINN

DO 6p I=1,L praMyT10

IF (NAMI(I).EQ.,MAM2(J)) GO TO 65 PFRMUR20

60 CONTINUE PERMIIRID

G0 TO 100 PFRMUITUN

65 CONTINUE PFRMU3GN

IF (1.EQeJ) GO TO 100 PFRMUXE"

, 00 7p K=1,IR A INTERCHANGE CoLS 1 AND U PFRMURT70
wW=a(KedJ) PFRMUZAN
A(KoJIZA(K,T) PFRMURAN

70 AlKeI)=W PFRMULNO0
NM=NAM1 (1) P INTERCHAMGE T AMD J COL, LARFLS PEFRMULLO0

b NAML (T )=NAME (D) PFRMUL2N
NAML (J)=NM PFRMUL 3N

100 CONTINUE PFRMIJG 40

C REPFAT TO FILL NFwW cOLS PFRMIILSO
DO 200 J=1.,L2 PFRMULAN

DO 160 I=i,sL PFRMULTO

IF (NAML(T).EQ0.NAM2(J)) GO Tn 200 PERAMUILAN

160 CONTINUE PERMULON
DO 170 K=1,IR PFRMUSON

170 AKrJIZ2ERD PFRMUSLN
20n CONTINUE PFRMUS2N

c PFRMIIS 30
RETURN PERMUIRYN

END 99 PERMUISSD
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SUBROUTINE PHIU(PHI+MAXPHI» TRPHI» ICPHT »UsNsPHTUMPHTLI) PHIUNALN

Ere

PHTLION2D

THIS SLBROUTINE COMPUTES W=pPHI#lU) WHERE OHI 1S A RFCTANGIILAR MATRIXPHILION3N
WITH IMPLICITLY DEFINED COLUMNS OF TRAILING ZERPNAS AMD ) IS A PHIUNNGD
VECTOR STORED UPPER TRIANGULAR MATRIX PHILNNSD
PHTIUONGD

PHI (IRPHI+ICPHI) INPUT RECTANGULAR MATRIX?: TRPHT LFE +MAXPHI PHIUONTO
MAXPHI ROW DIMENSION OF Pyl PHIUONBD
IRPHY NO. ROWS OF PHI1 PHIUNONSO
ICPHY NO, COLS OF PHI! PHTILININD
U(N*(N+1)/2) UPPER TRIANGULAR VFCTOR STORED MATRIX PHIUNILO
N DIVENSION OF 1} MATRIX (ICPHILLFN) PHTLI0120
PHIU(IRPHI#N) OUTPUT* RESULT oF PHT=lis PHIII CAN PHTI110130
OVERWRITE PHI pPHILOIUN

MPHIU ROW DIMENSION OF PRIl PHIUO0150
PHIU0160

COGNIZANT PERSONS: GoJBIFPMAN/M,WeNEAD (JPL» FFR,1978) PHTII0170
PHIU01 AN

IMPLICIT DOUBLE PRFCISION (A=Hy0=2) PHTIUNL OO
DIMENSION PHI(MAXPHY »1)+tJ(1) e PHTIHIMPHTIU, 1) PHILON200
NOUBLE PRECISION SuMm PHIUD21D
PHIUOD?2N

NO 10 1=1:IRPHI PHTILINS 30
PHIU(I 1)=PHI(TI1) PHIUOSUN
PHIUN2S50

NP2=N+2 PHILIO260
KJS=N#® (N+1) /2 PHIUN2TO
NO 40 =2!N PHIUD2A0
JENP2=L PHIU0290
KJS=KJS=J PHINIOZND
JML=J=-1 PHIUIN®LO
D0 30 1=1r1IRPHI PHTUOR20
SUM=PHI(I,J)} PHIUOR3N
IF (JoLE+ICPHI) GO TO 15 PHIUOZYD
SUM=0.D0 PHILONSN
JMLIZ1CPHI pPHILIONG0
DO 20 Kx=1r,JM} PHILORTO
SUMSSUM+PHI (19K ) *U(KJIS+K) PHILIOXA0
PHIU(TI J)SSUM PHININSA0
CONTINUE PHIUO4ND
PHTIULIOU10

RETURN PHTUNG 20
END PHIUOLSN

100
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SUBROUTINE RA (ReNsA'MAXAITA»JAYRAIMAXRAJNRA)
Y0 COMPUTE RA=p*A

prooOntn
RADONNDO
RANONNZN
RANONNG

WHERE R IS UPPER TRTANGULAR VECTOR SURSCRIPTED AND OF DIMFNSYON NMiRANONNSO

A HAS JA COLUMNS AND IA ROWS, IF JALT,JA THEN THF ROTTOM JA=lp
ROWS OF A ARE ASSUMED TO BE TMPLICITLY NEFINED AS THF

BOTTOM JA=IA ROWS OF THE JA DIMENSION INENTTTY MATRTX.

ONLY NRA ROWS OF THE PRODUCTY R#2 ARF COMPIITFD.

RIN*(N41)/2) UPPER TRIAMGULAR VECTOR STORFD TMPUT "MATRIX

N DIMENSION OF R

A(IA»JA) INPUT RECTANGULAP MATRIY

MAXA ROW DIMENSINN OF A

1A NUMBER OF R wS IN THE A MATRIX (TAJLF.MAXA)

JA NUMBER OF COLUMNS IN THE A MATRIX

RA (NRA,N) QUTPUT RESULTIMG RECTANGIN-AR MATRIX,
RAZA 1S ALLOWFD

MAXRA ROW DIMENSION OF PA

NRA NUMBER OF ROWS OF THE PRONMUCT R*A THAT ARF COMPUTFD
{NRALF+MAXRA)

COGNIZANT PFRSONS: GeJ,RIERMAM/M W, NEAD (JPLy FER,I9TPR)

IMPLICIT DOURLE PRECISION (A=H:0=2)
DIMENSION R(1},A(MAXAS1)IRA(MAXRA,Y)
NOURLE PRECISION SuMm

TUSTIA®(TA+1) /2 R TJd=JJ(IA)
DO 30 JU=1rJA
11=0 @ TO AE REMAVED IF JJ(I} Yt USFEN
DU 20 I=1sNRA
11=11+¢1 R 1I=(1,.1Y=0J(1)

1T IS MORF EFFTCIENT TO USE A PRESTORFD VFCTOR OF NIAGANALS
WITH JU(I)=1#(141)/72, AND TO SET 1I=00(1) AND TJz0.'(J)

SUMzZ0.D0
IF (1.6T.IAY GG TO 1S
IK=11
DO 10 KZI»IA
SUMS=SUM#R { TK) A (K )
IKSIK+K
IF (JeGT,TALANDT+LE.J) SUMSSUMER(TU+T)

RA(I,J)=SUM
IF (JeGToIA) TUSTU4Y R 1I=0Jtd)

RETUAN
END

101

R v Y P - - - B RO

RAOONDAD
RAANONTO
RANODONAN
RAOONONAN
RANDDINN
RAONOYILO
RANON120
RANDOY30
RADNNILO
RANDN1S0
RANONIGN
RAODN1TD
RANNOTAN
RAOONTION
RANOOZ2ND
RA000210
RAQOO0220
RAGON23N
RANOOZUN
RANCO250
RANDOP6N
RADONZ70
RANON2AL
RAMONPS0O
RADONRON
RAD0ON10
RANON320
RAOOONZ3N
RANOOI4D
RAOD035S0
RAD00360
RAOONSTO
RADONAN
RA000290
RADDOLON
rRAONOLILID
RAO00420
RANONL3ID
RADOOLYLN
RANOOLSO
RANOOUED
RAOOO4LTO
RADOOUAD
RANONLAO
RADOOSND

r Ao nea i W e 4~

h M AR W -



Lo -

JRusees

QOO OOOOONOOD

OO0 O

10

20
30

SUBROUTINE RANK1 (UIMstJOUTyNeCoV)
STABLE U=D FACTOR RANK 1 UPDATF
(UOUT) *DOUT* (UOUT) s TSLUIIN) *DIME (UIN) 4 TH+CoVEVaeT
UIN(N*(N+1)/2) INPUT L 'CTOR STORED POSITIVF SEMI=DFFINITE (=D
ARRAYr WITH D ELEMENTS STOREN ON THF DIAGONAL

UOUTIN=(N+11)/2) OUTPIT VECTOR STOREN POSITIVE (POSSYALY) SEME=-
DEFINITE Uen RESULT, UOUTSUIN Y§ PERMITTFD

N MATRIX DIMENSIONs N.GE,?
c INPUT SCALARs SHOULD RE MOM=NEGATIVE
C IS DESTPOYFD DNURPING THE PROCFSS
VIN) IMPUT VECTOR FOR RANK ONE MODIFTCATTON.

V 1S DESTROYFD DURING THE PROCFSS
COGNIZANT PERSONS: GeJsRIERMAN/M W, NEAD . (UPL/SEPT,1977)

IMPLICIT DOUBLE PRECTSION (A=H,0=2)
DIMENSJION UIN(1), uouti(ty, vl
DOUBLE PRECISION ALPHA,» RFTA» S¢ Dy EPS, TST

NDATA EPS/0.D0/¢ TST/+0625D0/
IN SINGLE PRECISION EPSILON IS MACHINE ACCURACY

TST=1/16 IS USED FOR RANK1 ALGORITHM SWITCHTNG

2=0.D0
JJUzNe(nN+1) 72
IF (CoGT.Z’ GO TO 4
DO 1 Jz1ledd

UOUT (JI=VUIN(D)
RETURN

MP2=N+2
DO 70 L=2'N
JENP2=L
s=v(y)
BETA=C*S
SUIN(JJ) +BETA®S
IF (D+GT.EPS) GO TO 30
IF (DeGE«Z) GO TO 10
WRITE (60100)
RETURN
JIsJdy=J
WRITE (6:110)
D0 20 K=1,J
UOUT (JJU+K) =2
GO0 To 70
BETA=BETA/D
ALPHAZUIN(JU) 7D
C=ALPHA®C
uouT (JJ) =D
JusJdy=J

JMLIZ =1 102

RANKINID
RANMK1IN2N
RANK1IN3O
RANK 1NU4N
RAMK1NSN
RAMNKINGD
RAMKINTN
RANK 1080
RAMK1NON
RAMK1100
RAMK111N
PAMK1120
RAMNK113N
RANK1140
RANK1150
RANK 1160
RANK1170
RANK1180
RANK 1190
RANK 1200
RANK 1210
RANK 122N
RANK 1230
RANK 1240
RANK 1250
RANK1260
RANK 1270
RANK 1280
RANK 1290
RAMK 1300
RANK 110
RANK 1320
RANK 1330
RANK] 340
RANK 135N
RANK 1360
RANK 1370
RANK1380
RANK 1390
RANK14AN
RANK 1410
RANK 1420
RANK1GL3O
RANKIUGLO
RANK1450
RANK 1460
RANK 1470
RANK1480
RANK 1490
RANK1500
RANK1510
RANK 1520
RANK1530
Ra, .X1840
RANK1850
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IF (ALPHA.LT.TST) 60 YO S0 RANK 1860
D0 4o I=1sJyMmi RAMK 187N
VII)SVII) ~S2UIN(JJI+]) RANK 1 RRD 5
“ 40 UOUT(JJ4II=RETACV (I +UINIJJI+T) RANK 1RG0 :
60 To 70 RAMK1ANN i
{ 50 DO 60 I=1,JuMi RAMKIALN :
! D=V (1) =SsUIN(JU+T) RAMK 1620 :
. UOUT(JJ+T)SALPHASUIN(J I+ T) +RFTARVIT) RANK1A30
60 v(,)=D RANK 1A4N
;i 70  CONTINUE RANK 1450
R c RANK 166D
g UOUT(1)SUIN(1)+CeV (1) ee2 RANK1ATD
i RETURN RANK 1680
v C RANK 169N
> 100 FORMAT (1HO»10X»'* % = FRROR RFTURN PUE TO A COMPUTFD NEGATTVF CNMRAMK1TNN
1PUTED DIAGOMAL TN RANK] # & *!) RANK:, ?IR
110 FORMAT (1HO»10Xe's & * NOTE: U~D RESULT 1S SINGRLULAR * % *') RANK 1720
) END RANK]1T73N
¢
-4
¥
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SUBROUTINE RPCOLRD(S,MAXS» IRS»JCSINPSTRT NP IFMIRWe2ZW Ve SGSTRT) REOLRNID
REOLRN20

TO ADD IN PROCESS NOISE FFFECTS INTA THF SOUARE ROOT RCOLRN3N
INFORMATION FILTFRe AND TO GFNERATE WEIGHTING CNEFFYCIFMNTS REOLRAYN

FOR SYOOTHIMG. IT 1S ASSUMED THAT VARIARLES X(NPSTRT). RCOLRNSO
XINPSTRT#1) ¢4, o XINPSTRT*NP=1) ARE COLORED NOISF AND THAT RCOLRNGN
FACH COMPONENT SATISFIES A MODFL EQUATION OF THF FOAM RCOLRNTO
X(gUB) (JU+1)ZEMX (SUB) (J)+W(SUR) (), FOR DFETAILSs SEE RCOLRNAN
*FACTORIZATION METHONS FOR DYISCRETE SEQUENTIAL FSTIMATION', RCEOLRNAGN
G+J«BIERMANs ACADEMIC PRESS (1977) RCHLR1INO

FOR SMOOTHING» RFMOVE THF COMMENT STATEMENTS ON THF 3 L'MFS  R. OLR11N

OF *SMOOTHING ONLY* CODEe+ THF STGMIFICANCE OF THE SMNOTHING RrOLR120
MATRIX IS EXPLAINFD TN THE FUNCTIONAL DFSCRIPTION. RCOLR130
REOLR1IUN

S(IRS+JCS) INPUT SQUARE RONT INFNRMATION ARRAY. OUTPUT COLNRED  RCOLR1S0
NOISE ARRAY HOUSFD HERE T0O. IF THFRE 1S SMOOTHING, RCOLR160

NR ADDITIONAL ROWS ARE THMCLUNED IN S RCOLR170

AAXS ROW DIMEMSION OF Se. IF THERF ARF SMOOTHTNG COMPl!ITA=  RCOLR1RO
TIONS IT IS NECESSARY THAT MAXS.GF«TRS+NP BRECAUSE RCOLRIOO

THE BOTTOM NP ROWS OF § HOUSE THFE SMOOTHING RCOLR2NN

INFORMATION RCOLR21N

IRS NUMRER OF ROWS OF S (.LFs NUMBER OF FILTFR VARIAALFS) RCOLR220
{IRS+GE,2) RCOIR230

Jcs NUMRER OF COLUMNS OF S (EQUALS NUMRER OF FILTFR RCGLR240
VARIABLES + POSSIBLY A RIGHT SIDE)s WHICH CONTAINS RCOLR250

THE DATA EQUATION MNORMALIZEN ESTIMATE (JUCS.GF.1) RCOLR260N

NPSTRY LOCATION OF THE FIRST COLORFD NOISE VARTABLE RCOLR270
(1.LE.NPSTRT.LE,JCS) RCOLR280

NP NUMBER 0OF CONTIGUOLIS COLOREN NOTSE VARIABRLES (NP,GE.1)RCOLR290
EM(NP) COLORED NOISE MAPPING COEFFYCIENTS RCOLR30N
(OF EXPOMENTIAL FORM» EMSEXP(=DT/TAIN) RCOLRM10

RW(NP) RECTIPROCAL PROCESS NOISF STANDARD NPEVIATTIONS RCOL.R320
(MUST BE POSITIVE) RCOLR330

ZWiNP) ZWN=RWEW-FSTIMATE (PROCESS NOISF ESTTMATFS ARF RCOLR34N
GENFRALLY ZERD MEAN), WHEN 7Ww=0 ONF CAN OMIT THF RCOLR3%0

RIGHT HAND SIDE COLUMNM, RCOLR360

VIIRS) WORK VECTOR RCOLR370
SGSTAR(NP) VECTOR OF SMOOTHING COEFFICTENTS. WHEN THE SMOOTHING RCOLR3SN
CODE 1S COMMEMTFD OUT SGSTAR IS NOT USED, RCOLR390

RCOLR4O0N

COGNTZANT PFRSONS! G.J.RIEPMAN/M W,NEAD (UPLs FEB.197R) RCOLRu10
RCOLRu20

IMPLICIT DOUBLE PRECISION (A=Hs0=2) RCOLR430
DIMENSION S{MAXS»JCS) rEMINP) rRWINP) »ZWI(NP)» V(TRS),»SGSTARI(L) RCOLRY4N
DOUBLE PRECISION ALPHA»SIGMA*BETA»GAMMA RCOLRUSO
RCOLRu60

2ER0=0,00 RCOLR4T0
ONE=1.D0 RCOLR4BO
NPCOL=NPSTRT @ COL NO OF COLORED NOISE TERM TO BE OPFRATED ON  RCOLRuQN
RCOLRSOO

00 70 JCOLRD=1,NP RCOLRS1N
ALPHA==RW (JCOLRD) »FM{JCOLRN. RCOLR®20
SIGMA=ALPHA®»? RCOLPS30
DO 10 K=1/+IRS RCOLRSA0
VIK)=S{KeNPCOL) R FIRST IRS FLEMEMTS OF HOUSEHOLDER RCOLRSSN

104

)




TSI SRR (VU ONE S O I et o R P AT DAY e i A S SREPNEY FIUR T

2 X aNa) (2] OO0

OO0

O 000N OO0

10

*

TRANSFARMATION VFCTOR

SIGMAZSIGMA+V(K) *2
SIGMAZDSQRT(SIGMA)
ALPHAZALPHA=SIGMA  Q LASY ELFMENT OF HNUSFHOLAFR
YRANSFORMATION VFrTOR
* & %

SGSTAR(JCOLRD)I=SIGMA @ USFN FOR SMOOTHING ONLY
* % ¥ 3
BETA=ONE/ (SIGMASALPHA) B HOUSFHOLNER=T+RFTASYeyeaY

RO} PSRN
RCOLR&TN
RrOLRRRC
RCOLRSQN
RCOLRAOD
RCOLRAK1D
RCOLRA20
RECOLRGIN
RCOLRAUO

HOUSEMOLDER TRANSFORMATION DEFINEN, MOW APPLY TT TO Se I.E.60 LOOPREOLRESO

DO 60 KOL=1,JCS
IF (KOL.NE.NPCOL) GO To 30
GAMMAZ= RW(JCOLRN) *ALPHA®RETA
® & v 5

S(IRS+JCOLRD*HPCOL)=RW(JCOLRN) +GAMMA®AL PHA R SMOOTHIMG ONLY

¢ ¥ & g
DO 20 K=1,IRS
S (K s NPCOL ) SGAMMARV (K)
60 TO 60
GAMMA=ZEROD
IF (KOL.EQeJCS)! GAMMA=2W(JCOLRN) #ALPHA

IF ZwW ALWAYS ZERO» COMMENT OUT THE AROVF IF TEST

DO 40 K=1+IRS
GAMMAZSGAMMA+GS (Ko KOL ) 2y (K)
GAMMAZ= GAMMASRFTA
DO 50 K=1+IRS
S{KeKOL)=G(KsKOL ) $+GAMMARYIK)
x % & 9
S{IRS+JCOLRD»KOL ) =GAMMA SAL PHA @ FOR SMAOTHTIMG oMLY
5 % &
CONT INUE
L R I
S{IRS+JCOLRN JCSIZSIIRS+JCOLRN» JCS) +ZW(JCOLRD)
THE ABROVE IS FOR SMOOTHING nNLY
tF 2W 1S ALWAYS 2ERO, COMMENT OUT THE ABOVE STATEMFNT
® X ¥ ¢
NPCSL=NPCOL +1

RETURN
END

105
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RCOLREEN
RCOLRETN
RCOLRABN
RCOLRAAN
RCOLR700
RCOLR710
RCOLR720
RCHLR730
RFOLR740
RCOLR7SN
RCOLR760
RCOLR770
PCOLR7AN
REOLP7AN
RCOLRANN
REOLRALN
RCOLRA2N
RFOLRA30
RCOLRALD
RCOLRASO
RCOLRAGO
RCOLRAT7
RCOLRAAD
RCOLRA90
RCOLRO00
RCOLROLN
RCOLRO20
RCOLRA30
RCOLROUN
RCOLROSN
REOLRAGN
RCOLRATN

. d
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SUBROUTINE RINCON (aIMsNsROUTCHRA)

TO COMPUTE THE INVERSF OF THF UPPFR TRIAMGIN AR VECTOR STOREN
INPUY MATRIX RIN AND STORF THF RESILT Im ROUT. (RIN=ROUT IS
PERMITTED) AND TO COMPUTFE A COMDITION NIMBER ESTIMATE .
CNB=FROB.NORM(R) *FROR.NORM(R*%=1) ,

THE FRORENIUS NORM IS THE SQUARF RONAT OF THF Sim OF SOUARES
OF THE ELEMENTS. THIS CONDITION NUMRER nQUNP 1S USEN AS

AN UPPER BOUND AND 1T ACTS AS & LOWFR BOUND ON THE ACTIHAL
CONDITION NUMRER OF THE PRORLEM. (SFF THF BNOK 'SOLVING LEAST
SQUARES's BY LAWSON AND HANSON)

IF RIN IS SINGULARs RINCON COMPUTES THE TNVFRSF TO THF LFFT AF
THE FIRST ZERO DIAGONALe A MESSAGE IS PRINTFD AND THE CONDITYON
NUMRER BOUND COMPUTATION IS ARORTEN.,

RIN(N®(N+1)/2) INPUT VECTOR STOREN UPPFR TPIAMGINLAR MATRIX

N DIMENSIOM OF R MATRICES, MN.GF,2

ROUT (N» (N+1)/2) OUTP!IT VFCTOR STORFN MPPER TRTANGIHLAP MATRIYX
INVFRSE (RINTROUT IS PERMITTED)

CNB CONDITION NUMAFP ROUMND. TF € TS THE COMDITIOM
NUMRER OF RIMs THFN CMR/MJLF.CoLE.CMNR

COGNIZANT PERSOMS: 6eJ«BIFRMAM/M W, HFAD (UPLFFR.197R)

IMPLICIT DOUBLE PRECISION (A=Hes0=7?)
OOUBLE PRECISION RNMsDINVeSUMeRNMOUT
DIMENSION RIN(1)e ROUTI(1)

2=0.00
ONE=1. Do
NTOT=N«(N+1)/2

RNMz2
00 10 JU=1.NTOT
RNM=QNM+RIN(J) *22

REPLACE CALL UTINV (RINeN,ROUT) RY UTINV CODE

IF (RIN(1)«NEL2Z) GO TO 20
J=1

WRITE (6+100) JoJ

RETURN

ROUT(1)=ONE/RIN(1)

Ju=1
DO 50 u=2:N
JUOLD=JJ
JIRJytd
IF (RIN(JJ).NE+2) GO TO 30
WRITE (6¢100) Joy
RETURN
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RYMCOOIN
RYNCNO20
RYNCONIO
RYMNCONUD
RTNCAASA
RTNCNNGD
RIMCOONTN
RINCONAD
RTNCONGN
RTMCO100
RYMCO110
RINCO120
RTNCO130
RINCNI4D
RTNCO150
RTNCNIAD
RTNCOYTN
RTMCNTIBN
RINCO190
RINCOD2NN
RINCO21N
RINCO®20
RTNCN23N
RINCO240
RINCO2S0
RTNCN26N
RINCO2TO
RINCO2A0
RTNCN>90
RINCO®O0
RTNCO310
RINCN®2N
RINCO330
RINCNUD
RINCNISO
RINCO%60
RTNCOYT7O
RINCORAD
RTNCORON
RINCO4OO
RINCOUL1D
RINCNU20
RTNCOW30
RINCOSYN
RTINCO4SO0
RINCO460
RINCO470
RTYNCO4AN
RTNCOUAN
RINCNSOO0
RINCHRLN
RINCOS20
RINCNS3N
RTNCOSUD
RINCO&SO
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30 DINVZONE/RIN{JJ) RYNMCOS6N
ROUT (JJ) =DINV RINCNSTO
11=0 RTMCOSAO
- 1k=1 RTINCOKON
M1z =1 RTNCOGOD
D0 50 I=1l,uMi RINCNALIO
11=11+1 RYNCOAR2D
. IXK=1t RYNCOR3N
sum=Z RTNCORUN
DO 40 K=JouMi RINCORSN
SUMSSUMSROUT ( TH ) *RTN(JJOLP#K) RYNCQARKQ
40 IKSIKeK PINCORTO 5
50 ROYT (JJOLD+I ) ==Sl1IMENTHY RINCOARRD
C RIMCOEON
o RTNCNTON
€ RINCNH?LD
2uMOyT=2 RTINCHTY20
DO 60 J=1.R70T RYNCOT73N
60 RNMOUTZRNMOUT+ROUT (J) #=2 AaTMEATLE
c RINCO?SN
- RNM=DSQRT (RNMSRNMOUT) RINCOTHO
CNB=RNM RINCOTTO
C STNCN7ARN
WRITE (6¢110) RNM RTINCO™?9N
RETURN RIMCOAND ﬁ
RINCNBLIOD 3

: 100 FORMAT (1H0s10X¢'s # & MATRIX INVERSE COMPUTED ONLY UIP TO 8T MAT RINCOA20
g 1INCLUDING COLUMN®e1ae® ® & & MATRIX DIAGONAL *¢7G»¢ IS 2ERO * » #°*RINCOA3D ]

2) RINCNAGD
110 FORMAT(1HO+5X»s *CONDITION MUMBER ROUND=Z® ,N18.1002Xs *CNB/NSLE « CONDITRTNCORSN
110N NUMRERLE+CNRB?¢/) RINCOAGO
END RINCORTO ;
.
i
i
i
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SUBRCATINE RIZ2COV (RINVeMIQIGeCOVOUT I KRAWIKCOL )

OO OOOOOOONHD

1

R

RY2cONngn
RY2CON20

T COMPUTE THE COVARIANCE MATARIX AND/OR THF STANNARD NFVTATIOMSRT2CON3N
¢ A VECTOR STOREN UPPER TRIAMGULAR SQUAPE RNOOT COVARTANCF
VATRIXs THE OUTPUT COVARIANCF MATRIX IS ALSO VECTOR STNREN,

RINVINS®(N¢1)/2)

N
SYG(N)
C VOUT(N*(N+1)/2)

K Ow +GT.0

«LT.0

+EQ.0

HeAL

COG6IZANT PERSONS:?

INPUT VECTOR STORED UPPER TRIANGULAR
COVARIAMCE SOUARE ROOT, (RINV=PINVFRSF

IS THE INVERSE OF THE SRIF MATRIX)
DIMFNSION OF THE RINV MATRIX: MN,.GF,2
OUTPUT VECTNR OF STANDARD DEVIATIONS
OUTPUY VECTNR STORFD CNAVARTIANCF MATRIX
(COVOUT = RINV IS aLLOWED)

COMPUTES THF CNOVARTANCF AND SIGMAS
CORPREFSPONDING TO THF FIRST KROW VARTARLFS
OF THE RINV WMATRIX,

COMPUTFES ONLY THF SIGMAS OF THF FIRST ¥ROw
VARIARLES OF THE RIMV MATRIX,

RINV.

MO COVARIANCF» RUT ALL SIGMAS (FeG, USF

N ROWS OF RINV).

NOes OF COLUMNS OF roVONT THAT ARF COMPUTFN
IF KCOL<LE+O0 THEN KCOL=KRNW., IF KROW.LF,O0
THIS INPUT TS IGNORED,

GeJATERMAN/MW ,NEAD (JPL» MARCH 1978}

IVPLICIT DOUBLE PRECISION (A=Hs0=2)
DC JBLE PRECISION SUM
DI EMSION RINVI1)» SIG(1) s COVOUTI])

ZERO=9,D0
LIM=N
KKQL=KCOL
IF (KNOLQLEQO) KKOL =KROW

IF (K20WNE.Q) LIM=TARS(KROW)
st COMPUTE SIGMAS

IKS=0

0o

2 Jzl.LIM

IKSZ 1K 34J
SUM=ZERO
IK=1KS

DO 1 KuUeN
SUM=SUr INVIIK) *#2

IK=TK4K

2 SIG(.+»<DSERT(SUM)

1F

(. J0W.LE.0) RETURM

st COMPUTE COVARIANCE

[P
NM1ZLIM
IF (KRONOEOON’ NMlzN-l

Do

10 US1+NM|

JUSJ Y
covorrtaI=s16ly) we2
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R12CONYU0
RY2c0ONSN
RY2CONAKN
RY2CONTN
RY2CONAN
RY2C0ON90
RY2C010Q
RT2CO110
RY2C0120
RY2C0130
RT2CO140
RY2C0150
RIZCO160
RY2COL1T7D
RY2CO180
RY2¢0190
RT2CNP0N
RYI2C0210
RT2C0220
R12C0230
RI2CO240
RY2C0250
R12C0260
RY2C0>70
RY2C02A0
RY?2C0290
RT2CO3N0
RT2C0%19
R12€03%20
RI2CNHSTO
RT2cO3u4N
RY2COXSN
RT2CO%60
RY2C0O37N
RY2CO3AN
R12C0390
RY2CO4ND
RY2CO41N
RY2CO420
RI2C0430
RY2CO44N
RY2C0uS0
R12COU46N
R12C047N
RT2C0u80
R12CO4Q0
R12C0500
RY2C0%10
RY2C082N
RY2C0S30
R12COS40
RY2C0OS5N
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IJSSyJ+J
JPiz+}
DO 10 I=JP1e.xKKOL
IK=1JS
. M= =J
SUM=ZERO
DO S K=I.N
TJKIK4 Iy
. SUMSSUMSRINV(IK)sRIMNY (TUNK )
S IKSIK K
COVOUT(1JS)=Sum
10 1JST1JS+)
IF (KROWJEGeN) COVOUT(JJHMI=STIGIN) 22

RETURN
END
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RY2C0OS6N
RT2COS7N
RY2COSAN
RTY2C0OS9N
RT2CO600
RY2COALD
RY?2C0OA2N
RY2CNA3N
RY2CNAYN
RT2COKS0
RY2COARN
RT2CORTN
RY2COARO
RT2C0OAQN
RY2CO70N
RT2C0710



]

OO0 OOOOON

ic
20

30
40

SUBROUTINE R2A(PILRINAMRIA,TArLAINAMA)

T0 PLACE THE TRIAMGULAR VFCTOR STORED MATRIY R INYO THE
MATRIX A AND TO ARRANGE THE COLUMNS v0O MATCH THE DFSIRFN
NAMA PARAMETFR LIST. MAMFS TN THE NAMA LIST THATY DO NOT
CORRESPOND TO ANY NAME IN NAMR HAVF ?ERO ENTRIES IN THF
CORRESPONDING A COLUMN,

R(LR*(LR+1)/2) INPUT UPPFR TRTYANGULAR VFCTOR STHRED ARRAY

LR NTMENSION OF R

NAMR (L) PARAMETER MAMES ASCOCTATFD WYTH n

A{LR*LA) MATRIX TO HNUSF THF REARRANGFD R MATRIX

1A ROW DIMENSION OF As» TAGGF.LR

LA N0, OF PARAMETFR NAMFS ASSOCTATEN WITH THF
OUTPUT A MATRIX

NAMA (LA) PARAMFTER NAMFS FOR THE OUTPUT A MATRIX

COGNIZANT PERSONS: G.J,RTEPMAN/MeW.NEAD (JPLe SFPT, 1976)

IMPLIC1T DOUBLE PRECISIOM (A=H»0=2)
DIMENSION R(1))NAMR(1)rA(TA»1) s MAMA(])

ZEROZ( .
DO 5 J=1,LA
DO 5 K=1eLR
A(K+J)=2ERO @ ZERO A(LRoLA)
DO 40 J=1.LA
DO 190 I=1/LR
IF (NAMR(I).EQ.,NAMA(U)) GO TO 2n
COMNTINUE
GO To 40
JJsi(1~1)/2
DO 39 K=1.1]
A{K e JISRIJY+K)
CONT INUE

RETURN
END
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R2A0001N
rR2AONON2O
R2AQ0ON3N
R2AOONLD
R2aQNNSA
R2ADNNAN
R2A0QONTN
R2AQONAN
R2A00ONS0
R2AGNYON
R2A00110
R2AON120
R2ANO1 30
R2AD0141
R2AONISN
R2ANN160
ROAQNTTO
R2A0N1AN
R2A00190
R2A0N200
R2AOO21N
R2A00220
R2ANN23N
R2ANO2UD
R2A0025N
R2A0026N
R2A002T0
R2AQNPAN
R2AON2ON
R2A00300
R2AQ0310
RoANNZ2N
R2AND23N
ROAQNIYN
RPAONZSO
R2A00360
R2AO0O%TN
R2A003%80
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SUBROUTINE R2RA (RsNRoNAMIRA¢NPA)NAMA)

T0 COPY THE UPPER LEFT (LOWFR PIGHT) PORTION OF A VFCTOR
STORED UPPER TRIANGULAR MATRIX R INTA THF LOWER RIGHT

(UPPER LEFT) PORTION OF A VFCTOAR STORED TRIANGLILAP

MATRIX RA,.

RINR*(NR+1)/2) INPUT VFCTOR STOREND UPPER TRIANGULAR MATRYX
NR DIMENSION OF R

NAM(NR) NAMES ASSOCIATFD WITH R

THIS INPUT NAMELISY 1§ NDESTROYFD
RA(NRA®*(NRA+1)/2) OUTPUT VECTOR STORED UPPEFP TRIAMGULAR MATRTX
NRA IF NRA=O OM INPUT, THFN NAMA(1) SHOULD MAVF
THE FIRSY NAME OF THE OUTPUT NAMFLIST.
IN THIS CASE THE NUMBER OF NAMES IN MAMA AND
NRA WILL RE COMPUTEN. THF LOWER RIGHT RLOCK
OF R WILL R THE UPPER LEFT RLNACK OF PRA,
IF NRAZLAST MAME OF THF UPPFR LEFT RLOCW
THAT 1S TO RE MOVENs THEN THIS UPPFR
BLOCK IS TO BF MOVED TO THFE LOWFR RIGHY
CORNER OF RA. WHEN USED IN THIS MODF NRASNR
ON OUTPUT.
NAMA (NRA) NAMES ASSOCIATEDN WITH RA

IF NRA=0 ON INPUT» THEN NAMA(1) SHOIILD HAVE THE FIRST NAME OF THE
OUTPUT NAMELIST AND THE NUMRER OF NAMES IN NMAMA IS COMPUTED.
THE LOWER RIGHT BLOCK OF R WILL BF THE UPPER LFFT BLOCK OF RA.

IF NRAZLAST NAMF OF THE UPPER LEFT RLOCK THAT 1S TO BF MOVFN,
THEN THE UPPER RLOCK IS TO RF MOVFD TO THE t OWFR RIGHT POSITIOM.

WHEN USED IN THIS MODE NRA=MR OM ouTPUT,
THE NAMES OF THF RELOCATED RLOCK ARF ALSO MOVED., THE RESILT
CAN COINCIDE WITH R AND NAMA WITH NAM,
COGNIZANT PERSONS: G.J.BTERMAN/MW NFAD (UPLe SFPT, 1976A)
IMPLICIT DOUBLE PRECISION (A=Hj)n=?)
DIMENSION R(1)sRACL)» NAM(1), NAMAL(YL)
LOGICAL ) 43
IS=.FALSE.
LOCN=NAMA (1)

IS=FALSE CORRESPONDS TN MOVING "WPFR LFT, CORNER OF R TO
LOWER RT. CORNER OF RA
IF (NRA+EG.0) GO TO 1
LOCN=NRA
1S=.TRUE »
ISSTRUE CORRESPONDS TO MOVING LOWER [ FT., CORMER OF R TO
UPPER RT« CORNER OF RA
1 DO 3 I=1+NR
IF (NAM(1).EQ.LOCN) GO TO 4
3 CONTINUE
WRITE (6:100)
100 FORMAT (1HO»20Xs» *NAMA(1) NOT IN NAMFLIST OF R MATRIX!')
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RP2RANNLO
R2RAON2N
R2PANN3O
R2RANOUN
R2RANNS0
R2740060
R2RANNTN
R2RAONAD
R2RANNSO
RoPADION
R2RAD110
R2RAD120
R2RAD130
R2RAO14N
R2RANISO
RPRANIAO
R2RANI 7O
R2RANIAN
R2PAD190
RP2RAD2N0Q
R2RA0210
RAPANS2N
R2RA0230
RORANDYUN
R2RA0250
RPRAN260
R2RAD270
RZ2RA0280
RPRAD290
R2RANZNN
R2PA0310
R2RANZ20
R2PANTZ3N
R2RANIUN
RPRADS0
R2RA0360
R2RAN370
R2RAN3A0
R2RANO0
R2RA0LNO
RPRANUL1O0
RPRAO420
R2RANUL3N
R2RAO4LO
RPRANUSO
R2RANUGKD
R2RAOUTO
R2RAOUBO
R2RA0490
R2RA0OS0O0
RPRAOS1N
RPRA0S20
R2RA0530
RPRAOSUO0
R2RAOSSN
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RETURN

4 K21
KM1zKel
IF (1S) GO TO 15

TJSSK*(K+1)/2-1
NRAZNR=K+1

1JAZO

KOLA=0

DO 10 kOL=K/sNR
YOLA=KOLA+}

NAMA (KOL=KM1)=NAM(¥OL)
DO S5 IR=1,KOLA

TJASTIJA+L
5 RA(IJAIZR(TIJUS+IR)
10 IJS=1JS+KOL
RETURN

15 TUsK*(K+1)/2
TJA=NR*{(NR+1) /2
L=NR=kM]

KOL=K
DO 25 KOLA=NRiL =1
TJS=IJA
NAMA (KOLA) =NAM(KOL)
DO 20 IR=KOLAsLr=}
RA(TIUS)=R(1Y)
1JS=1US~-1
20 IJ=1Jd=-1
TJASIJA=KOLA

25 KOL=KOL~1

NRA=NR

RETURN
END

TR et - AR S A SRR (Ao B BTR Te ee weto
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% ¥

RORANEARN
RO2PANKTN
R2RAO0SAN
R2RAQRON
RPRANKON
RORANALO
RO2RADEPD
RA2PAOAZND
RORANAYLD
R2RA0ASN
R2RANAGN
RORAOATO
R2PADKAN
R2RANRON
R2RAQ70D
R2A0710
RPRANT20
RPRAO73N
ROPAQT74D
RPRAD7S0
RPRAQ760
R2RAQTTD
R2RA07AN
RPRAQ7Q0O
RPRANADN
RP2RAQRILO
RPRAOR20
R2RAOA3N
R2RANAUN
R2RADAS0
RPRADRG0
RORAQRTN
RO2RANAAN
R2RA0RQ0
R2RANQNO
RO2RANQLD
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SUBROUTINE RUDR(RIN»NIROUT,IS)

FOR N+GT+0 THIS SURROUTINE TRANSFORMS AN UPPER TRIANGULAR VFETNR
STORED SRIF MATRIX TO U=n FORM, AND WHEN NJLT+0 THE =P VFCTOR
STORED ARRAY 1S TRANSFORMED TO A VFCTOR STAPED SRIF ARRAY

RINC(N+1)*(N+2)/2)
ROUT((N+1) #(N+2)/2)

INPUT VFCTOR STORED SRYF NR tJ=n ARRAY
oUTPUT IS THE CORRFSPONDTMG =N OR SRIF
ARRAY (PIMZROUT 1S PERMITYFD)

N ABS(N)= MATRIY DIMENSION +GE,.2
MNeGTe0 THE (INPUT)Y SRIF ARRAY IS (OUTPUT)
IN U=D FORM
NeLTeD THE (INPUT) U=n ARRAY 1S (nuUTPUT)

IN SRIF FORM

IS = ¢ THERE IS NO RT, SINF OFr ESTIMATF STOREN 1IN
COLUMN N+1» ANN RIN NFFD HAVE ONLY
N COLUMNS: T.E, RININ=®(N+1)/2)

IS = THERE IS A RY, SIDF INPUT TO THF SRTF AND

AN ESTIMATF FOR THF U=D ARRAY, THESF RFGInF
IN COLIIMN N+1,

THIS SUBROUTINF USES SURROUTINF RINCON
COGIZANT PERSONS G,J.BIFRMAN/M.W,MEAD (JPLe FFR,1978)

IMPL1CIT DOUBLE PRECTISION (A=~H»0=2)
DIMENSION RIN(1)r ROUT(1)

ONE= 1,DD
NP1Z 15 + TABS(N)
Ju=1 M TNITTIALIZE NTAGONAL INDFY

IDIMR= NP1*(NP1 +1)/2
IF (1S,EQ.0) GO TO 5
RNN=RIN(IDIMR)
RIN(IDIMR)==ONF

IF (M«LT+0) GO TO 30

CALL RINCON(RIN/NP1,ROUT,CNR)
ROUT(1)= ROUT(1)*%2

00 20 y=2!N

S=ONE/ROUT (UJ+J)

ROUT (JUtJ) = ROUT(JU+J) %%2
JMizy=-1

DO 10 I=1,UM}

ROUT(JJ*+1)= ROUT(UU+T) %S
NNENNT N

60 T0 70

NNZ=N R NN=MFGATIVE N
ROUT(1)= SQRT(RINI(1))

*#% SOME MACHINFS REQUIRE DSORT FOR DOURLE PRFCISION
N0 50 J=2+NN

ROUT (JJ+J) = SQRTI(RIN(JU+UN)
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RINRONLO
RUDRON2N
RIDRONZO
RINRANLD
RUDRNONSO
RUDRONGN
RUDRONATN
RUNRONAN
RIDRANON
RUPRNYON
RIINRO110
RUDRN 2N
RUDRN1 3N
RIDROT 4N
PUNROY5N
RUIDRN1EN
RUIDPO1 70
RUNRO1AN
RUIDRO1 90
RINRN2NN
RUDRE21N
RIMNPN220
RUDROP 30
RUDRN24D
RUDROPSO
RUDRO26D
RINRN2TH
RIINRNDAN
RUDRN290
RIINPAXNO
RIIDRO1N
RIIDRO 220
RIIDRO=30
RUNRO3LD
RUDRN3SO
RUNROZ60
RIIDRO3ZTO
RIIDROIBO
RUDROZON
PIIDAOLOO
RIIDRO41O
RIIDRNG20
RIUPROL3D
RUDRNGHN
RUDROUSO
RUDROUKD
RIIDROL TN
RUDROUAN
RIIDROUAD
RUNROSOD
RIIDRNS10
RINRAK2N
RUINDPOSIO
RUPANRLN
RIINROSSO

Bt L T T

ek v e

o RIRPAOEE BB 2

A e s TN

T bukastes o e -

D, & 3 P

B, vy, ol Lo B



40
60
70

SROUT (JJ+J)
NUTENTTY
DO 40 1=1eJM}
ROUT(UU*I)= RIN(JI+T)aS
NNENNLN
CALL RINCON(ROUT NP1 ROUTICMR)

IF (IS.EQ.1) RINUIDIMR)SRMN
RETURN
END
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RUDROSAN
RUNRNASTN
RIINROSBN
RINPNRAN
RUDROAON
RIDROALN
RURROA2D
RUNROAIN
RUNROAUN
RUDRNESN
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SUBROUTINE SFU(IFFELyTROWIJCOL oHIF vl 1o My FLLaMAXF I TR  UNTAG)

TO COMPUTE FULTIF!eN)=Fal) WHFRE £ IS SPAPSE AND AMLY THF

NON=ZERO ELEMENTS ARF DFFIMFD AND ) 1S VECTNAR STORFN,
UPPER TRIANGULAR WITH TMPLTICITLY DEFINFPN UMTT DIAGONAL
ELEMENTS

FEL(NF) VALUES OF THF MON=2FRO ELFMENTS RE THF F MATRTY

TROW (NF) ROW INPICES OF THE F FLEMFNTS

JCOL (NF) COLUMN INDICFS OF THF F F| EMENTS

FLIROW(K) s JCOL (K ) =FEL (K)
NF NUMRER OF NON=ZERD FLFMFNTS OF THFE F MATRIX
UIN®(N+1)/2) UPPER TRIANGULAR: VFCTOR STORFD MATRIX WITH
IMPLICITLY DEFINED UNTT DYAGOMAL FLEMENTS
(11(JeJ) ARF NOTe IN FACT, UNITY)

N DIMENSION OF ) MATRTIX
FULIFUNN) OUTPUT RESULT
MAXFU ROW DIMENSION OF Fi) MATRIY

1FU NUMBER OF ROWS TN Fi),
('FUchoMAXFUoANn"CHQGFOMAX(IROV(K,)0 K:l'..oONF'
1.E+s FII MUST HAVF AT LEFAST AG MANY ROWS AS DOFE F,
ADDITIONAL ROWS OF Fu COULLD CORPFEPAND YO ?FRN
ROWS oF Fe

DIAGOMAL ELEMEMT INNICES nf A VFCTOR STORED

UPPER TRIANGULAR MATRIX,

1€ UNIAGIK)IZK*({K$1)/22UDPTAGIK=1) #K

JDIAGIN)

COGNIZANT PERSONS! G J,RI%Z nrAN/MeW NEAD (JPLe FFR.IOTA)
IMPLICIT DOUBLE PRECISION (A=MHe0=2;
DIMENSION FEL(NF)oUI(1) o FUL(MAXFIIoN) o IROWINF) ¢ JCOL INF) ¢ UNTAGIN)

ZERO=0,0D0
* & INITIALIZ2E FU)
DO 10 JU=1N
00 1n I=1e1FU)
FU(IeJ)=2ERO
IF MAXFUSIFUe IT IS MNRF FFFICIENT YO RFPLACE THIS LOOP RY
00 10 I1J=1+1FUN R IFUNZIFUSN
1p FU(IJe1)=?ERO

NO 3n NEL=1oNF
NEL REPRESENMTS THE FLFMFNT MIMRER OF THF F MATRTX
ISIROWINEL)
J=JCOL (NEL)
FIJ=FEL (NEL)
FULTWJISFUCT U 4FTJ
THIS ACCOIUNTS FOR THFE IMPLYICIT IINTT DIAGONAL U MATRIX
ELEMENTS, WHEN NON=INIT NTAGONALS ARE ISFDe DFLETFE
THE AROVE LINF AND USF J INSTEAD afF JP1 RFLOW

IF (UsEQeN) GO TO MO
WHEN IT IS KNOWN THAT THE LAST COLUMN OF F IS 2FRn
THIS 'IF' TEST MAY RF OMITTED

NS ENLSY
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SEUONNTD
SFuUONN20
SFuoonln
SELnONGN
SFL00NSH
SEHonngn
SEUARNTA
SFLI00NAN
SFU0NNSN
SFunaLnn
seungtLn
SFUNN12n
SFUIN0Y 3N
SFU00140
SFUINN1SO
SFU0N16N
SFI00170
SELIO01 80
seppngQn
sSELnaNnn
SFu11I00210
SFuo022n
SKFU00230
SF1I00240
SFUN0250
SFU0N260
SEUON270
SFUNO2AN
SFU0N290
SFuON 30N
SFUNOTL0
SFuUont2n
SFUI00330
SFLI0OJN0
SFU00 S0
SFLI00360
SFLI00X70
SFLI00 AN
SFU0n3an
SFuonuNn
SFUoONUlLN
SFLI0NL420
SEUO0L30
SFUIoouan
SELONUSH
SFUO0L&N
seyonaTn
SEHIO0UR0
SEUONLIN
SFUNOSNO
SFYON%10
SFUNOR20
SEU00RIN
SFU00%uN
SFUO0NRSD

R T L eV PNy

* R Ik
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AR e st

IXK=JpIAG(U) ¢y
DO 20 K=JP3i!N
FUCT»K)SFU(T oK) 4FTJ*U(IK)
20 IK=IK#+K
30 CONTINUE

RETURN
END
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SFUONS60
SFUONSTN
27U00%A0
SEI1IANKG0
‘THO0ALN

tnoRLD

JNNK20
5 09630
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SUBROUTINE TOHHTIS,MAXGeIRS»JCS+ JSTART, ISTOP» V)

S IR

MAXS
IRS
Jes
JSTA

JSTO

V(IR

TMPL
DIME
nous

OME=
7ERO
JSTT
JSTP
TF
IF (
IF (
IF

S PO 4

TOHHT TRANSFORMS A RECTANGUILAR NOURLF SIIRSCRIPTEN MATRIY §
TO AN UPPER TRIAMGULAR OR PARTIALLY 1PPFR TRIAMGINLAR FOPWM

RY THE APPLICATTION OF HOUSFHOLNFR ORTHOGANAL TRANSFORMATIOMNS.
1T IS ASSUMED THAT THF FIRST 1'JSTART'=1 COLIMNS OF S ARF
ALRFADY TRIANGULARIZFN, THE AILGORTTHM I6 NFECRIAFN IN
'FACTORTZATION MFTHONS FNAR DISCRETE SEQUENTYAL FSTIMATION?

RY 7,J.RIERMAN, ACADEMIC PRFSS, 1a77

S»JCS)  INPUT (POSSIRLY PARTTIALLY) TRIAMGIUILAR MATRIX, 1HF
OUTPUT (POSSTIZLY PARTIAILY) TRIANG!H AR RFSULT
OVFRWRITES THE IMPLIT,

ROW NIMzMSINN OF S
NUMRER OF ROWS IN S  (IRS,LF.MAXS,AMNDIRS.GE.?)
NUMRER oF COLUMNS TN €

RT INDFX OF THE FIRST ColUMN TO BF TRTIANGULARIZED, TF
JSTART,1.Tel IT IS ASSIMFED THAT USTART=1, T.F.
START TPTANGULARIZATION AT €OLUMN 1,

P INDFX OF LAST COLUMN Tn RF TRTIAMGULARIZED.

IF JSTOP«LTeJSTART.OR.JCTOP,.6T.JCS THEN
IF IRSLEWJCS JSTOP IS SET FQUAL TO IRS=)
IF IRG.GT+JCS JSTOP IS CEY EQUAL TO JCS
I.E« THF TRIAtIGU! ARTZATION 1S CNAMPI FTED AS FAR
AS POSSIALE
S) WORK VEFTOR

COGNTIZANT PFRSONS: G J,RIFRMAN/MW NFAD (JPLy FFB,1978)

1C1T DOUBLE PRECISION (A=He0Ne?)
NSION S{MAXSrJCc)e VIIRS)
LE PRECISIONM SUmMe DFLTA

1.n0

=0,D0

=JSTART

=JgTOP

JSTT.LT.1) USTT=I
JSTP.GE+JUSTT«ANNJUSTPWLF.JCS) GO TO S
IRSeLE«JCS) JSTPZIRS=-1

TRG«GT«JCS) JSTP=UCS

0 JUSJSTTPJSTP

SUMZZFRO
DC 1p I=JrIRS

10
IF

vi1)=s(TI,J)
S(1+J)=2ERO
SUMSSUM+V (1) **2
(GUMLF.ZERO) GO TO 40
1IF SUMZZEROe» COLUMN J 1S ZFRO AND THIS STEP OF THF
ALGORITHM 1S OMTITTED

SUM=PSART (SUM)

1F
St
vi

(V) e6T«2FRC) SUMZ=6(M
JeJ)sSUM
JI=V () =SUM

TPRHHTN1N
TAHHTNA2N
TRHI'TA3N
TRHHTALN
TAHHTAKN
TAHKTAEN
TAHHMTA?O
TAHHTNAG
THHHTNON
TOHHTIONN
TAHKTILO
THRHHTI20
TNHHT 1 30
TRHHTIYN
TNHHT160
TRHHT 60
TPrHHTLTO
TNHHT1AN
TOHHT1Q0
TRHYT2NN
TRHHT?210
TAHHT220
TAHHT 23D
TNHHT 240
TAHHT250
TNHHT260
TPHHTAT0
TAHHTZ RN
TRHHT 200
TAHNT NN
TPHHT10
TNHHT®20
TAHHT 230
TOAHKHTIUN
TAHHT2S0
TNHHT AN
TNHHT2TO
TNHHT3A0
TAHHT QN
TAHHTLO0
THHKMTU10
TAHHTL DN
TRHHTL 3O
TAHHTLLO
TAHKTLSN
TAHHTU6D
TRHMTLUTO
THHHTUAD
TRHHTYAN
TAHNTSON
TAHHTRID
TNHHTS20
TOAHHTS 3N
TOHHTRYN
TRHHTRA0



C

20

30
80

SUM=ONE/Z{SUMsV (J))
Jngs’rOUSEHOLDER TRANSFORMATION TS T=I=SUMsVsVasT
IF (UP1.6T.JCS) 60 YO &N
D0 30 K=JP1.JCcsS
DELTAZZERO
DO 20 I=Je]IRS
DELTAZDELTA+S(IsK)eV( T}
DELTAZDELTASSUM
DO 30 I=J,»IRS
S(IIKI=S. FoK)+DELTASY(Y)
CONTINUE

RETURN
END

118

TAHHTRGE0
TNHMTST70
TOHNTSAN
TRHNTEON
TOHNTAON
TRHHTALD
TRHHTE2N
TAHHTA3O0
TRHHTEA0
TPRHHTES0
TAHNTAGD
TRHNTETO
TNHHT&AN
TRHHTAGO
TOHHTTAO
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SUBROUTINE THH(R'NeA?IAIMeSOSeHSTRT) THHODNIN
THHONN20

THIS SUBROUTIME PEPFORMS A TRTAMGILARTZATION NF A PFCTANG'M_AR  THHOON3O0
MATRIX INTO A SINGLY=-SUBSCRIPTED ARRAY AY APPI ICATION OF THHONOGN
HOUSEHOLDER ORTHONORMAL TRANSFARMATIONS, THHONNSA
THHOO 060

RIN®(N+3)/2) VECTOR STORENR SCUARE ROOT INFORMATION MATRIX THHONOTN
(LAST N LNCATIONS MAY COMTAIN A RIGHT HAND STAF) THHOONAN

N DIMENSION OF P MATRYY THHONNOO0
AlMen+1) MEASIIRFMENT MATRIX THHON 10N
IA ROW DIMENSION OF A THHONT 1IN
M NUMBER OF ROWS OF A THAT ARF TN RE COMRINED WITH R THH00120
(M.LFE.IA) THHNO01 30

$0S ACCUMHLATFD ROOT Sum OF QQUARES OF THE RESIDVALS  THHOO140
SART(7=A*X(ESTI*e2), INCLUDES A PRIORI THHONISO

S0S MUST RE THNPUT AS A VARIARLE* NOT AS A THHAN1 60

NUMERICAL VALUE. IF INPUT S0S.LT.0¢ MO SOS THHONY 70

COMPUTATION OCCURS. THHON1AD

NSTRT FIRST COL OF THF INPUT A MATRIX THAT HAS A NONZERO THHN0190

FNTRY. IF NSTRT.LE.1le IT IS SET YO 1. THIS OPTION THHON200

IS CONVENIENT WHFEN PACKINE A PRTORT RY BATCHFS AND THM00210

THE A MATRIX HAS LFANING COLUMNS OF ?FROS. THHN0220

THH00230

THHON24N

ON ENTRY R CONTAINS A PRIORT SNOUARE ROOT INFORMATION FILTER (SRIF)THH00250
ARRAYe AND ON EXIT IT CONTAIMS THE A POSTERIORI (PACKED) ARRAY.THHON260

ON ENTRY A CONTAINS OPSERVATIOMS WHICH ARE PESTROYEN RY THF THHO0270
INTERNAL COMPUTATIONS. THHON2R0

ON ENTRY IF S0S IS LY. 7ERO ¢PROGRAM WTLL ASSUME THFRE IS NA THHON290
RIGHYT HAND SIDE DATA aMp WILL MOT ALTER SOS AR USF LAST N THHOD 300
LOCATIONS OF VECTOR R, THHONR10
THHO0320

COGNIZANT PERSNANS Ge.JBIERMAN/M HAMATA (JUPLs MARCH 1978) THHON 330
THHOO3U0

IMPLICIT DOUBLE PRECISION (A=Hs0=7) THHONYSO
NIMENSION A(IAf1)¢R(1) THHONXAN
DOUBLE PRECISION Suve ONEe RETE: DFLTA THH00370
THHON®BN

fPS=~1,0-200 8 MACHINE DPEPFNDEMT ACCURACY TERM THHON390
ZERO=0,D0 THHOOWNN
ONE=1.D0 THHOO410
NSTART=NSTRT THHOOB20
THHOOUL 3N

IF (NSTART.LE.0) NSTAPT=1 THHOO4UO
NP1ZN+1 R NO. COLUMNS OF R THHOOUSO
IF (S0S,LT.ZERO) NP1=N R NO COLSe = N IF SOCSLT.0 THHONL6N
KK=NSTART*(NSTART=1)/2 THHOOW?N
NO 100 J=NSTART.N R J=TH STEP CF HOUSFHOLNFR RFDUCTION THHNNOGARO
KKSKK+y THHO0490
SUM=2ERO THHO0S00
NO 20 I=1:M THHO0S10
SUM=SUM*A (T J) 222 THHOOS2N
IF (SUM,LE+ZERO) GO TO 100 R IF J=TH COLs OF A«FQR.0 GO TO STEP J+1THHOOSIN
SUMZSUM4R (KK) *¥»2 THHOOSAN
SUM=DSQERT (SUM) THHONSSD
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30

35

100
105

110

TFIRIKK) 6T 2ERD) SuMs=SHyM

DELTAZR (KK ) =Sim

R{KK)=gUM

JPI=JU+)

IF (JUP1.6T.NP1} GO TO i0S

BETAZSUMSDELTA

IF (BETA.GT.EPS) 60 TO 100

BETA=OMNE/BETA

JU=KK

L=y
28 READY TO ARPPLY J=~TH HOUSFHOLDFR TPANS,

NO 40 Kk=JUP1/NP}

JUsSJJHL

L=Le}

SUM=DELTAS*R(JJ)

DO 30 1=1/M

SUM=SUM*A(I o J)sA (T ,x)

IF(SUM,EQ.ZFRO) 60 TO &0

SUM=SUMSBETA .
RETA DIVIDE USED HFRE TO AVOIN OVERFLOW IN
PROBLEMS WITH NEAR COLUMN COLLINEAPITY. IN THAT FASE
COMMENT OUT LINE 630 AND CHANGF & TO 7 IM LINE Ta0

RUJJIZR(JJ) +SUMCDEL TA

DO 35 1=1/M

ACToK)=A(TPK) +SUMRA (T J)

CONTINUE

CONTINUE

IF(SO0S.LT.ZFRO) RETURN

CALCULATE SOS

SUM=ZERO

0O 110 I=1»M
SUM=SUM+A (1 oNPL) %22
SOS=D0SQERT(SOS*#24Sym)

RETURN
END

THHONSEN
THHONRTO
THHONKAN
THHONKON
THHONANN
THHOORIN
THHONK20
THHOO0630
THHOO0GRD
THHOO0KS50
THHOOARN
THHOOKTC
THHOO0KBN
THHO0A90
™-0oveo
T™H00710
THHONY2D
T™HHON TS0
THHOO 780
THHONTSO
THHOO?EN
THHON?T0
THHOO78D
T™HH00790
THHOORAON
THHONB1D
THHOOR20
THHOOA3D
THHOOARLD
THHOORSO
THHOOR60
THHOORTO
THHONRAN
THHO0A90
THH00900
THHO0910
THHO0020
THHO0Q3N

P

RN 34157 i i B A SN SISO Ao
)




OO ONO

(2N a)

P St PN M Y Mot & w4 e 3 s B s LI B Soaes B

10

20

-

SUBROYUTINE TTHH(R.PA¢N)

THIS SUBROUTINE COMBRINES TWO SINGLFE <1IBSCRIPTEN SRTIF ARRAYS
USING HOUSEHOLDER ORTHOGNAMAL TRANSFOPMATIONS

R(Ne(N+1)/2) INPUT VECTOR STORFD UPPER TRTANGILAR MRTRTY,
RFSULY IS IN P

RA(N®IN®1)/2) TWE SECOND INPUT VFCTAR STOREN 1IPDER TRTANRULAR
MATRIX. THIS MATRIX 1S DESTROYED RY THF
CAMPUTATINM

N DIVENSTION OF THF FSTIMATED PARAMETER VECTN®,

A NEGATIVF VALUF FOR § 1S USFN TO NOTFE THAY
R AMD RA HAVF RT. HANN SINES INCL!IDFD AND
HAVE DIMzARS(MY= (ARG (M) +3)/2.

ON EXIT RA IS CHANGED AND R COMTAINS THE RESULTING SRIF ApRAY

COGNIZANT PERSOMS GeJJRTERVMAN/MW MEAD (UPLs JANL1076)

IMPLICIT DOUBLE PRFCISION(A=H:0=2)
DIMENSION RA(1)r R(1)
DOUBLE PRECISION SyM @ FOR USF IN SINGLE PRECYISINN VFRSIOM

2ERO=0,
ONE=1.
NP1=N

1F ‘NOGTOO) 60 10 1n

N==N
NP1=N+]
1Js=1
KK=0

00 100 J=1/,N
KK=KK+J

R TUISTART)

0 J=TH STEP AF HOUSFHOLNFR RFDUCTINN

SUMZR (KK) #%2

DO 20 I=IJSKK
SUM=SUM+RA (1) %2
IF (SUM.LE.ZERO) 60 TO 100
SUM=SQRT (SUM)

IF (R(KK)+GT+ZERO) SUMZ=SUM
DELTA=R(KK)=SuM

R{KK)=SUM

BETASQNE/ (SUM*DELTA)

JU=KF,
L=J

N JENTS]
IKS=Kx+1

* * & JeTH HOUSFHOLNFR TRANS., DEFINFD

40 LOOP APPLIES TRAMSFORMe T0 COLS. J*t TO MPI

DO 40 K=JUP1,NP1

JJU=JJ+L
=L+
IK=IKS

SUM=DELTA®R(JJ)
D0 30 I=IJS!KK
SUM=S1M+RA(IK ) =PA(T)

121

TTHHONL A
TTHHOOZ
TTHHON 3O
TTHHONUD
TTHHANSO
TTHHONGN
T'HHOﬂ’“
TTHHONR)
TTHHOQEQN
TTHHO100
TYHHO11D
TTHHNL2(
TTHHO130
TYHHO 140
TTHHO150
TTHHOIAN
TTHHNY 70
TTHHN1AN
TTHHO190
TTHHO2ON
TTHHO210
TTHHND 2N
TTHE 0230
TTYHHO2G0
TTHHN2S0
TTHHO260
TTHHO2TO
TTHHN2A0
TTHHO2Q0
TTHHO2NO
TTHHO®10
TTHHOR20
TTHHO330
TTHHO34O
TTHHN 350
TTHHN RGO
TTHHOX70
TTHHO AN
TTHHO®ON
TTHHO4ON
TTHHOW1D
TTHHO420
TTHHOU3O
TTHHOUUO
TTHHNGS0
TTHHOLAN
TTHROLTN
TTHHOUWRO
TTHHNUON
TTHHOSON
TTHHOS10
TTHHOR2N
TYHHOS3O
TTHHNRLN
TTHHORSO

AR
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30 IKSIK+l
IF (SUMJEQ.ZERN) Go TO &N
SUM=SYMSBETA
RJJ)=REJJ) +SUMSDELTA
IK=1IKS
DO 35 I=TJS KK
RACIX)=RACIN) +SUMSRA(T)
35 IK=IK+s
40 IKS=IvseL
100 1JUS=Kh+1

RETURN
END
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TTHRASEN
TTHHORTA
TTHHOSA0
TTHHORQD
TTHH0600
TTHHOALO
TTHHNA20
TTHHOAJN
TTHHOSGL T
TTHHO650
TTHHOAGED
TTHHOATO
TTHHOAB0
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SUBROUTINE TWOMAT (AsNsLEMNICARTEYTHNCHAR P NAMES) TWwOoNMONLN

(o TWOMAN2D

L C T0 DISPLAY A VECTOR STORFN UPPFR TRIAMGULAR MATRIY IN A TWOMNNAZD

o TWO=DIMENSIONAL TRIANGULAR FORMAT TWOMOOUD

c TWOMONSD

c A(N®(N+1)/2) VECTOR CONTAINING UPPER TRIANG!N AR MATRIX {NP)  TWOMONGN

. c 3] DIMFENSION OF MATRIX (1) TWOMNNATD

c LEN NUMRFR OF CoOLUMMS T RE PRINTFNs 7 OR 12 (1)  TWOMNNARDN

C CAR(N) PARAMETER NAMES (1) TwOMNN9ON

c TEXT( ) AN ARRAY OF FIFLDATA CHARACTERS TO RF PRIMNTFMA AS  TwOMOIND

C A TITLF PRECFDING THF MATP,TY TWOMO110

C NCHaAR MUMRER OF CHBARACTFRS* IMCLUNING SPACES, THAT TWOMO120

c ARE TO RF PRIMTEN IN TEXT( ) TWOM0130

C ABS (MCHAR) LE<134, NCHAP NFGATTYVE IS USFD TWOMO140

C TO AVOID SKIPPING To A NFW PAGF TO STARY TWOMD150

c PRINTING TWOMO 16N

c NAMES TRUF TO PRINT PARAMETFR NAMFS TWOMOLTD

c TWoMN18N

c COGNIZANT PERSON: M.W,NFAN (JPL! OCTe1Q7T) Twomnian

C TWOMO2NN

PARAMETER J12=12» J7=7 TWOMA21N

: DOUBLE PRECISIOM A(N) TWOMO220
g INTEGER CAR(N)» TEXT(1)r L(U12)e LIST(U12) TWOMN2 30
: LOGICAL NAMES TWOMNOUO
5 INTEGER VI(8) o VEMT(U12) e VTMT(JT) » VIDMT(U12) TWOMNO250
9 DATA  y/'(2Xs ' tA601Xe e 1,E10,5) /s (VI2MTL(T)»IZ1,17) TWOMN2A0
z 1 /%120,710Xe1109°20Ye10"»"30X20%,0040%,0%9t05NX, 7, TWOMN2 TN
¢ 2 V060X 61 T070Xe S tNBOXIL, 000X eI INOXe2 9 110Xs1/ TWOMDPRD
1 1 VIMTZ 070001 7Xe60 0 0034XsS,'051Xs42 0 *0RBX s3Iy YARSY 2% *102X,1¢/ TWOMN2ON
5 DATA KONT/Z'D17.8)1/7, KON12/1E10.5) /7 TWOMDINO
i o TWOMN310
; c M1 M2 ROW LIMITS FOR EACH PRIMT SFQUENCE TWOM0 220
P C N1eM2 COL LIMITS FOR EACH LINF OF PRINT TWOMN 33N
i c L(n LOC OF FACH COLUMN IN A Row TWOMAZLO
é c KT ROW COUNTER TWOMO 30
4 c TWOMN 36N
- C * % % % x INITIALIZE COUNTERS TWOMQO3TN
: C TWOMD AN
, IF (LENJEG+JO) GO TO S TWOMN 390
! IF (LEN.EQ.7) GO TO 1 TWOMNUNN
' IF (LEN.EG+12) GO TO 2 TWOMOUL10

{ WRITF (60230) LFN TWOMOU20
LEN=12 TWOMNLU 3N

GO TO 2 TVOMOLYD

1 VI4)ZKONT? J0=73 JomM1=J0=13 JOP1=n+l) TWOMOLSN

1 REPEAT I=1,J03 VFMT(I)=VIMTIT) TWOMNLED

GO TO 5 TWOMOL 70

2 VI4)=KpoMN12$ J0=123 gnmisJn=13 Jnpi=yf+1; TwOoMOu 8N

1 REPEAT I=1,J035 VFMT(I)=V12MTI(]) TWOMNYQ0

5 M1=1 TWOMOS00

M2zJ0 TWOMOS10

N1=1 TWOMOK20

KT=0 TWOMNS30

V(2)=1p601X0? TWOMOSULO

IF (JNOT.NAMES) V(2)='15,2x" TWOMORSD
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A ¢ s 57y

10

20

3o

50

60

70

8o

90

180
190

c
200
205

NC=IABRS (NCHAR) 76
IF (MOD(NCHAR?6) +NE,0) NCENC*+1
IF (NCHAR.GE,.0) WRITF (6+200) (TEXT(T),121,N7)
IF (NCHAR.LT.0) WRITE (6+205) (TEYT(I)oT=1oMC)
IF (M2,6T.N) M2=N
IF (.NOT.NAMES) GO TO 20
IF (LEN.EQ¢7) WRITE (6+210) (CAR(T),I=N1:M2)
IF (LEN.EQ.12) WRITE (60211) (CAR(I)rI=N1eMD)
60 TO 40
M=N1
L2=M2=N1+1
00 30 1=1.L2

LIST(I)=M

M=M+y
IF (LEN+EQ.7) WRITE (6+220) (LISTI(I)eI=1sL2)
IF (LEN.EQ«12) WRITF (60221) (LIST(1)oI=1eL2)
CONTINUE
* & & 5
D0 190 IC=M1,M2

K=1

IF (1C.LE.(KT*JO)) GO TO 60

JJ=0

DO Sg J=i1elC

JJ=JJd+d

LK) =UJ

11=1Cc=-KT*J0

IF (11.EQ.J0) GO TO 90

60 To 70

CONTINUE

I1=1

LIK)=L(K)+]

CONTINUE

DO 8p I1=11l.J0M1
K=K+l
TI=14KT*J0
LIK)=LIK=1)+11

CONTINUE

123MINO (JOP1 s (M241=KT#J0) ) =11
V(3)=VFMT(I1)
IF (,NOT.NAMES) GO TO 1R0
WRITE (6¢V) CARCIC)» (A(L(Y))eT=1,12)
60 To 190
WRITE (60V) TCe(A(LCI))oT=10T2)
CONTINUE
IF (M2,EQ.N) RETURN
N1=M2+1
M2zM2+ 40
KTSKT+1
IF (NCHAR.GE,0) WRITE (6+201) (TEXT(I)s7=1,NC)
IF (NCHAR.LT.0) WRITE (6,206) (TEXT(I),121,NC)
G0 TO 10

FORMAT (1H1:2X,21A6) e TITLE
FORMAT (1HO0»2X»21A6) R TITLE

124

? OBTAIN CoL INDEX FOR ROW

TWOMNRAD
TWOMDS TN
TWOMNSAD
TWOMORAN
TWOMOAND
TWOMDALD
TWOMNA20
TWOMNA3N
TWOMOGLOD
TWOMOASO
TWOM0660
TWOMOATO
TWOMO&KAN
TWOMDOKO0
TWOM0700
TWOMOT10
TWOM0720
TWOMD?30
TWOMOT40
TWOMNT7S0
TWOMO 760
TWOMOT7T70
TWOM0780
TWOM0790
TWOMOROO
TWOMOR10
TWOMOA20
TWOMOR30
TWOMOARLO
TWOMOARS0
TWOMOAGD
TWOMOATO
TWOMOASH
TWOMOA90
TWwOM09n0
TWOM0010
TWOM0Q20
TWOM0Q30
TWOMOQ4O0
TWOM0950
TWOMDS60
TWOM0O70
TWOMOOS80
TWOM0990
TWOM1000
TWoM1010
TWOM1020
TwomMin3o
TWOMIN4O
TWOM1050
TWOM1060
TWOM1070
TWOM1080
TWOM1N90
TWOM1100
TWOM1110
TWOM1120
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201
206
210
220
211
] 221
230

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

END

(IH1 22X * (CONTINUF) ' 1946) A TITLE
(1HO2X» * LCOMNTINUF)  '910A6K) N TITLF
(1H0eSX e 7(11X2AG)) R HORIZONTAL MAMES
(1HO»3X»7(11¥e16))

(1HO»SXr12(4XrAE)) R HORIZONTAL NAMES
(1H0e3Xs12(0X016))

(1HO»20X» *TWOMAT CALLED WITH LFNGTH = '»13)

125

TWOMY 130
TwoOmi4n
THAM11%0
TWOMI 160
TwAM1170
TWOM1 180
TWOMl 100
TWOM1200
TWOM1Z21N
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SUBROUTINE TZERO (RsN2IS»IF)

T0 2FRO OUT ROWS 1S (ISTART) YO IF (IFINAL) NF A VFCTOR
STORED UPPER TRIANGULAR MATRIX

R(N*(N+1)/2) INPUT VECTOR STORFD UPPER TRIANGULAR MATRIY
N DIMFNSION OF R

1S FIRST ROW OF R THAT 15 TO RE SFT Tn 2ERO

IR LAST ROW OF R THAT IS 0o RF SFT YO ZERO

COGNIZANT PERSONS: G.J,RIERMAN/CF.PETERS (JPL» NOV, 197S)

IMPLICIT DOUBLE PRECISION (A=H:0=2)
DIMENSION R(1)

ZERO=0,D0

TJS=1S* (1S=1) /2
D0 10 I=IS»IF
1JS=1JS+]
1J=1JS

DO 10 J=IsN
R(IJ)=ZERO
TJ=1u+d

10 CONTINUE

RETURN
END

126

Y?ERONOD
TZERON10O
T?ERON2D
T?ER0N30
T2FROOUN
TZERONSN
T?ERON60
T2FRONTD
T?FRODAN
T?FRONSD
T?ER0100
T?ERO110
T?ER0120
T7ER0130
T?ERO140
T?ER0150
T?FRO160
TZERO170
TZER0180
T?ER0190
T2ER0200
TZER0210
T?ER0220
T?ER0230
T2ERO0240
T2ER0250
TZER0260
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SUBROUTINE UDCOL (UaMaKSINCOLOP sV FMy Q) uncoLnin
uncoLn20

COLORED NOISE UPNATIMG OF THF ULl=D COVARTANCF FACTORS) 1.F. uncoLnin
UsD% (U%T)«OUTPUT=PHI*U*D# (U T) 2 (PHTIexT) 4Q uncoLnyo
PHIZDIAG(O(KS=1) sEM(1) 00 oo PEMINCOLOR) s O(N=(KS=1+NFOLOR) )) uncoLnsn
WEDIAG(O(KS=1)+sQ(1) 900 e?QINCOLOR) »O{N=(KS=1+NCH OR))) uncoLneo
0(K) Is A VECTOR OF ZEROS uncoLn70
uncoLneo

THE ALGORITHM USED 1S THE BIFRMAM=THORNTON ONE COMPANENT uncoLo90
AY=A«TIME UPDATE: CF.BIFRMAN BFACTORIZATION METHON uncoL1nn
FOR DISCRETE SEQUENTIAL ESTIMATIONE, ACADEMIC PRESS (1977) uncoL110
PP.147=148 uncoL120
uncoL130

U(N*{N+1)/2) INPUT U=D VECTOR STORED CHVARIANCF FACTORS, uncoLun
THF COLORED NOISF UPDATE PESULT RFSIDES uncoL150

IN U ON OuTPUT uncoL160

N FILTER DIMENSION. IF TME LAST COLUMN OF U unpcoLy N
HOUSES THF FILTER ESTIMATFSs THEN UNCOL1RD

N=NUMRER FILTFR VARIARLES + 1 tuncoL19n

Ks THE LOCATION OF THE FIRST COLNRED NOISE TFaM uncoL200
(KSeGE 41 ANDN(KS,LE«N) uncoL»10

NCOLOR THE. NUMBER OF COLNRED NOISE TERMS (NCOLORGE.1) UNCOL220
V(KS=1+NCOLCR) WORK VECTOR uncoL23n
EM{NCOLOR) INPUT VECTOR OF COLORED NOISE MAPPING TERMS uncoL2un
(UNALTERED RY PROBRAM) uncoL250

QiNCOLOR) INPUT VECTOR OF PROCESS NOISE VARTIANCES uncoL260
(UNALTERED BY PROGRAM) uncoL270

uncoL28o

SUBROUTINE REQUIRED! RANK1 ncoL290
uncoL3on

COGNIZ2ANT PERSON: G.J«RIERMAN (JUPL» JAN. 197AR) uncoLsin
DOUBLE PRECISION TMP+S uncoL320
IMPLICIT DOUBLE PRECISION (A=H»0=?) uncoL330
DIMENSION U(1),v(1),EM{L)eq(1) uncoL3u0
uncoL3so

* & % » INITIALIZATION yNCoOL 360
NMi=N=1 uncoL3?o
KSM1=KG=] uncoL xso
JJOLD=KS*KSM1/2 uncoL39n
KOL=KSM? uncoLuno
x X 2 % uncoLul0
uncoLu2n

00 50 K=1¢NCOl OP uncoLu3n
KOLM1=KOL uncoLuun
KOL=KOL+1 uncoLuso
JIZJJOLD+KOL uncoLuan
TMPIY(JJ) *EM(K) uncoLu70
(S YOS VINN}] uncoLu4RN
SSTMP*EM(K) +Q(K) RD(J)Y UPDATE uncoLuon
vy =s uncoLsnn
uncoLs10

IF (KOL+GF.N) GO TO 20 uncoLs20
1JsJJ uncoLs3n
DO 10 J=KOLNM1 uncoLsun
1Js1J+J upcoLss0
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20

30
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45
50

U(1J)SULTJ)sEM(K) R UPDATING ROW KOL FNTRIFS
IF (JJJEQ.1) 60 TO 50 P (wHEN KS=1s M=1)
IF (S.LE.0.D0) GO TO 30
TMP=TMP/S @ TMP=EMIK)*D{KOL)=0LD/D(XOL)=NEW
c=¢/s R C2R(K) 2N IKOLY=OLN/DIKOL) =NFW
DO 40 I=1lsxOLM1
vi11=ulJuoLn+1)
U JJOLD+T)=TMPey(])
IF (KOLM1.,GT«1) GO TO uS
VELIZUCL) +CaV L) o022
60 To 50
CALL RANK1(UrUs)KOLM1+C,yV)
JJoLD=JJ
RETURN
END
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UnCoLsAN
UNCoOLS7"
uncoLsao
uncoLs9n
uncoLa00
uncoLein
uncoLe20
uncoL&sn
uncoLe40
UNCOLASO
uncoL660
HUNCoOL670
uncoL &80
UNCoOLA90
upcoL700
uncoL710
uncoL72n
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SUBROUTINE UDMEAS (11eN)ResAsFeGrALPHA)

COMPTES FSTIMATE AHND =D MEASIIRTMENT UPDATEN
COVARIANCF» P=U*DalLixsY

*x% [NPUTS »a2»

U UPPER TRIAMGULAR MATRIXy» WITH N ELEMENTS STORED AS YHE
DIAGONAL. t) IS VECTOR STORED AMD CORRESPONNS To THF
A PRIORI COVARIANCF. IF STATE FSTIMATFS ARF COMPUTFM,
THFE LAST CoLUMN OF ti CONTAINS ¥,
N DIMENSION OF THE STATE ESTIMATF. N.GTe1
R MEASUREMENT VARIANCE
A
A

B e T L TN g e T

UNMEADLO
UNMEAN20
URMEAN3O
URMFANYN
UNMEANSD
UAMEADGN
UNMEANTN
tINMEADRDN
UPMEANSN
UNMEA1 00
UNMEA110
UNMEAY 20
UNMEAL 30

VECTOR OF MEASUREMFNT COFFFICIFNTS, IF DATA THEM A(N+1)ZZUNMFA1IY40

LPHa IF ALPHA LESS THAN ZERO NO FSTIMATES ARE CNMPUTFD
(AND X AND 2 NEED NOT RF INCLUNED)

%% OUTPUTS axx

V] UPDATFD» VECTOR STORED FACTORS AND ESTIMATE AND
UCIN+1) (N+2)72) CONTAINS (ZapAxxTHYX)

ALPHA INNOVATIOMS VARIANCE OF THE MFASUREMENT RFSIDUAL
G VECTOR OF {INWEIGHTED KALMAN GAINS, THF KALMAM
GAIN K IS FQUAL TO G/ALPHA
F CONTAINS tixsTeA AND (Z=pAxaTaX)/ALPHA
ONE CAN HAVE F OVFRWRITE A TO SAVF STNRAGF

COGNIZANT PERSOMS: GeJde, BIERMAMN/M,W. NFAD (JPLe FFR.197A)

IMPLICIT DOUBLE PRECISION (A=H:0=7)
DIMENSTON U(1), Al1)r F(1), G(1)
DOUBLE PRECISION SUM/BETA»GAMMA
LOGICAL 1ESY

2ER0=0,D0

1EST=.FALSE.

ONE=1.D0

NP1=N+}

NP2=N+2

NTOT=NsNP1/2

IF (ALPHACLT.ZERO) GO TO 3

SUMSA(NP1)

D0 1 Jz1N
SUM=SUM=A () *UINTOT+J)

U(NTOT+NP1)=SUM R 2=7=pAreTEY

TEST=TRUE,

JUN=NTOT

00 10 | =2/N
J=NP2-L
JJSJIN=
SUMZA(J)
JMp=J=~1
DO S K=1 M1
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UPMEAL150
UNMEAY 6N
LINMFAY 70
UNMEAY 80
UnNMEA190
UNMEA200
UNMEA210
UNMFA220
UNMEA230
UPMEA2L0
UNMEA250
LIPMEA260
UNMEASTO
LNMEA2A0
UNMEA2ANO
UNMEA3OD
UNMEA3LO0
UNMFAX20
UNMEAR3ZN
UNMEA3LD
UPMEAZSN
LIDMEAEN
UNMEAXTN
{INMEA 380
tINMEAZQN
UNMEALO0
UNMEALLN
UNMEAL20
UNMEAL30
UDMEALUD
UNRME A4S0
UNMEALROD
UNMEALTO
YNMEALRN
UNMEAGY
UNMEASON
UPMEASL.
UNMEAS20
UNMEAS 3N
UNMEASKT
tINMEASSN
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10

15

20

30

SUMSSUMEY (JJ4K) *f ‘K)
FlJ)=SUM
G (J)=SyMaU (UUN)
JUNSJJ
Flil)=A(1)
6(1)=U(1)=F (1)
FSyssT*A AND G=n*(U*sTsA)

SUMSR+G(1)*F (1) [~]
GAMMA=Q

IF (SUM«GT+ZERO) GAMMAZONE/SIM

IF (F(1)NEJZERO) U(1)2U(1)+ReGAMMA

KJ=2
DO 20 J=2+N
RETASSUM n
TEMP=6 (L)
SUMSSUM+TEMP*F () N
ZaF (J) *GAMMA n}
JMi=Jel
DO 15 K=1,uMl
S=U(KJ)
UIKJ)I=S+P G (K) R
G(KISG(K)+TEMPES ~]
KJSKJ+1
IF (TEMP.EQ+2ERO) G0 TO 20
GAMMAZ=ONE /SUM n
ULKJI 2U(KJ) *BETASGAMMA "]
KJ=KJ+1
ALPHASSUM

Sum(1)
R FOR R=0 CASE
® FOR R=0 CASE
@ D(1)

RETA=SUM(J=1)

Sum(J)
Pzap (J)s(1/5UM(J=1)) EQM(21)

Ean(22)
FON(23)

W FOR R=0 CASE
GAMMAZ] /SUM(J)
D(Yy goN(19)

€GN+ NOS. RFFER TO BIFRMAN'S 1975 CNC PAPER, PP, 13137=-3u46,

IF (JNOT+IEST) RETURN

FINP1)=UINTOT+NP1) 2GAMMA

D0 30 J=1N
UINTOTHJ)ISUINTOT+UI G (J) xF (NPT

RETURN
END
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UNMEASAD
UNMEAR TR
UPMEASRN
UNMEAS9N
UNMEARDD
HUNMEARKLN
UPRMFAR20
UNMFAR3N
UNDMFA&LD
UNMEAESO
LIPMEAGRKD
UNMEAKTO
UNMEARAN
UNMEA690
UNMEAT00
UPMEATIN
UNMEAT2N
UNMEA73N
LINMEATLN
UNMEATS0
UNMEAT60
UNMEAT?7N
UNMFAT80
UNMEATAN
UNMEAAND
UNMEARLD
UNMEAA2N
UNMFARZO
UNMEAALD
UNMEARSD
UNMEARGD
UPMEARTO
UNMEARRAN
UPMEARSD
UNMEAQQDD
INMEAQLD
UNMEAQ2D
UYNME AQ3N
UNMEAQLO
UNMFAQSD
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SUBROUTINE UD2COV (11 INePAIT, M)

TO ORTAIN A COVARIANMCE FROM ITS t1=N FACTARIZATIONM, ROTH MATRICFS
AZE VECTOR STORFD ANN THE OUTPUT COVARIANCF CAM OVFRWPITF THE
INPUT y=D ARRAY. UINZI=D IS RELATED TO POUT VIA POUT=UNUI(%+T)

UIN(N®(N+1)/72)  INPUT U= FACTORS» VFECTNR STORFN WITH THF N
ENTRIES STORFD ON THF DTAGOMAL OF UTIN

POUT (N*(N+1)/2) OUTPUT COVARTAMCE, VECTAR SYORFN.
(POUTZUIN 15 PERMTITTED)

N DIMENSION OF THF MATRICFS TMVOLVED, MeGT.!

COGMIZANT PERSONS: GeJ.RTIERMAN/M W.NEAD (UPL» FFR., 1977)
IMPLICIT DOUBLE PRECISIOM (A=H¢0w?)
DIMENSION  UIN(1), POUT(1)

POUT(1)=UIN(1)
Ju=1
DO 20 J=2+N
Jdl=gd R (Y=11Je=1)
SNENELN
POUT (JJ)ISUIN(JJI)
SSPOUT(JJ)
11=0
JM1Z =1
00 20 I=l.UM}
111141
ALPHASS*UIN(JJL+T) AENNIES 18 PN}
IK=11
DO 10 K=1ryml
POUT(IKI=POUT(TK) +ALPHAXUIIN(JJL+K) R JUL+K=(K )
IKSTK+K
POUT (JJL+1)SALPHA

RETURN
END

131

unacnntn
Hp2con2n
tn2con3in
unsconun
una2consn
UnaCcnnkn
ynacon7n
un2conan
yp2conan
Un2Ccn1no
un2co11n
una2cot2n
HyN2Ccn1 30
tmnacorgn
n2enysn
un2co160
un2en1Tn
N2C01 &N
1JN2¢nN190
tn2cn2nn
nmha2co21n
HN2cn220
un2cn23n
unpcooun
una2co2se
HA2CO2K0
uyp2e52INn
vr2¢cn2An
yna2coran
HN2¢cosnn
pna2coxtn
R2eo32n
un2¢ox3n
Jiak-To R T Tt
UN2CN1KN
HN2CORKN
(Uak-Tkt A
UN2C O3RN0
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SUBROUTINE UD2STIG(UsNeSIGITEXTeNCT)

COMPUTE STANDARD DEVIATIONS (S16MAQ) FRAM U=D COVARTANCE FACTNRS

UIN®(N+1172) INPUT VECTOR STORFD ARRAY CONTATMING THE U=N
FACTORS: THF n (DIAGONAL) FLEWENMTS ARF STORED
ON THF DIAGONAL

N U MATRIX DIMENMSIONs N,GT,.9

SI6(N) VECTOR OF OUTPUT STANNARD DEVIATIONS

TEXT( )* ARRAY OF FIELDATA CHARACTFRS YO RF PRTNTEN
PRECENTING THE VECTOR oF SIGMAS

NCT NUMBER OF CHARACTFRS M TFYTe 0.LF«NCT.LE.126

IF NCT=0» NO SIGMAS ARE PRINTED

COGNIZANT PERSONS: Ge«J.BIERMAN/W, ¥, NEAD

IMPLICIT DOUBLE PRECISION (A=Hr0=2)
INTEGER TEXT(1)
DIMENSION U(1), SI6(1)

Ju=1
S CISREUIS R
DO 10 J=2+N
=JJ R (U=1,J=1)
2JJtJ
s=yiyd)
s16(y)=sS
JMi=y-1
DO 10 I=1.UM1
SIGIINISSIGITI) 4SsUlJJL+T) ##2

WE NOW HAVE VARTAMCES

00 20 J=1+N
SIG(J)=SART(SIG(J))

IF (NCT.EQ.0) GO TO 30

NC=NCT/6

IF (MOD{(NC*6) «NE+DQ) NC=NC*1

WRITE (€s40) (TEXT(T)sI=1¢NC)

WRITE (6+5C) (SIG(I)eI=1yN)

RETURN

FORMAT (1H002X¢21A6)

FORMAT (1HO» (6D18.310))
END

132

(UPLe FEB. 1977}

un2sInin
tN251020
UN2€1n30
tN2S1N40
un2s1aso
un2s1InN6N
1N2SINTD
UN2S10R0
un251090
un2sT10n
un2s1110
un2sT120
yn2sT 130
UN2sT180
uUN2s1150
uUn2s1160
un2s1170
un2sI1An
N2s1190
unas120n
1n2s1210
UN251220
un2s1230
UN2s1 280
un2s125n
UnN2s1260
un2s1270
un2s128t
un2s1290
un2s1300
unN2s1310
up2s1320
Un2s1330
Un2s1340
un2s1350
un2s1360
un2sI370
un2s1380
un2s1390
un2s1400
un2s14lo
un2s1420
un2s1430
un2siuuo
un2s1450
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SUBROUTINE UTINV(RINsNesROUT)

TO INVERT AN UPPFP TRIANGULAR VECTOR STORED MATRTIX AND STARF
THE RESULT IN VECTOR FORMe THE ALGORTTHM 1S €0 ARRANGFD THAT
THE RESULT CAN OVERWRYTE THE INPUT,

IN ADD. TION TO SOLVE RX=Z¢ SFT RININSIN®1)/241)=2(1)e FTC,.,
AND SEY RIM((N+1)*(N+2)/2)=<1, CALL THE SUBROUTINF USING N+1

INSTEAD OF N. ON RETURN THE FIRST N FNTRTES OF CoLiMy M+?
WILL CONTAIN X,

RIN(MN®(N+1)/2)

N MATRIYX DIMENSTON

ROUT(N*(N¢1)/2) OUTPUT VECTOR STORFD UPPFR TRIANGULAR MATRIY
INVERSE

COGNIZANT PERSONS! 6G.J,RIERMAN/M.W,MEAD (JPLs JAN,.1078)

DOUBLE PRECISION RIN(1)» ROUT(1)s 2ERO, b!NVo ONE,» SUM

ZERO=0,D0
ONE=1.D0

5F (RIN(1) «NE+2FRO) 60 TO 5
=1

WRITE (60100) Jr»J

RETURN

ROUT (1)=ONE/RIN(1)

Ju=1
DO 20 J=2.N
JJoLD=JY
JJI=Jytd
IF (RIN(JJ) «NF<ZERO) GO TO 1N
WRITE (60100) JoJ
RETURN

DINV=ONE/RIN(JJ)
ROUT (JJ)SDINV
11=0
1K=1
NUJENTI|
00 20 1=1,uMi
11=11+1
IK=11
SUM=ZERO
DO 15 K=IeuMml
SIUM=SUM+ROUT (1K) xR TM( JJOLNHK )
IKSIK+K
ROUT (JJOLD+TI ) ==GlIMED TV

RETURN

INPUT VECTOR STORED '!WPPFR TRTANGULAR MATRYX

wrpgans ¥ ey v

UTINVOIO
UTINVNAZO
UTINVA30
UTINVNGN
UTINVASH
UTINVAAN
UTINVNT70O
UTIMVORD
UTINVOQQD
UTINVION
HUTIMVILN
UTINVEZN
UTIMNVIO
UTINVIGO
UTIMVISO
UTIMVIEN
uTIMNVLTO0
HYINVIARO
UTINVIOO
UTINV200
UTINV210
UTINV220
UTINV23D
UTINVOUF
UTINV2SN
UTINV260
UTINV2TN
UTIMNV2R0
UTINV?90
UTINV3ZO0OD
UTINVRID
UTINVI20
UTINV33D
UTINVILO
UTINVISO
UTINVI6N
UTINV2TO
UTINV3EN
UTINV3ON
UTINVHON
UTINVL10
UTINV42D
UTINVLARD
UTINVLLO0
UTINVUSH
uUTIMNVLED
UTINVYTN
UTINVUBD
UTINVY4Q0
HTINVSQN
UTINVSIO0
UTINVE2N
UTINVS30

100 FORMAT (1HCs10Xe'* = = MATRIX TNVERSE COMPUTED ONLY UP TO BUT NOT UTINVS4D

1INCLUDING COLUMN®»Tus® * * & METRIX DIAGONAL *214s* IS ZFRO & # »'|TINVSSNH
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SUBROUTINE UTIRPOW (RINeN'pPOUTINRY)

TO COMPUTE THE INVERSE OF AN UPPEP TRIAMGULAR (VECTOR STOARFN)

MATRIX WHEN THE LOWFR PORTION OF THF INVFRSF JS GIVFN

ON INPUT?
RX RXY * » RY RYY
RIN= ROUTS WHFRF P
* L 0 RYss={ 0 RrRY

ON OUTPUT: RIN IS UNCHANGED AMD ROUT=R%*#¥«]
THE RES JLT CAN OVER=WRITE THE INPUT (1.F. RINZRNUT)
RIN(NS(N+1)/2) INPUT VECTOR STORED TRIANGULAP MATRTX
THE ROTTOM NRY RnawS ARF. 1ANORFD
N MATRIX DIMENSION
ROUT (N2 (N+1)/2) OUTPUT VECTOR STOREDN MATRIX. ON INPUT THE
BOTTOM NRY ROWS COMTAIM THE LOWER PORTION
OF Rx%=1, ON OUTPUT RAUT=R*s=1
NRY DIMENSION OF LOWER (ALREADY TMVERTEN)
TRIANGULAR R. IF NRYZAs ONDINARY MATRTX
INVERSTION RESULTS,.
COGNIZANT PFRSONS!? GoJRIERMAN/M WeNEAD (JPL MARCH 1977)
DOUBLE PRECISIOM  RIN(1)s ROUT(1), SUM, ZFROs» ONE» DINV
DATA  ONE/1.D0/¢ ZFRO/0.N0D/

INITIALIZATION

P Nn, ELEMENTS IN R

@ FIRST ROW TO RE INVERTED
R IRLSTSPRFVIONS TROW INDEX
P TT=DIAGONAL

NR=N*(N+1)/2

ISTRT=N-NRY

IRLST=1STRT+}

11=1STRT*IRLST/2

DO 40 IROWSISTRT*1/,-1
IF (RINCII).NF+ZEPO) GO TH 10
WRITE (6+50) TROW
RETURN
DINVZONE/RIN(TI)
ROUT(II)I=DINV
KJS=NR+IROW
IKS=11+1ROW

R KJISTART)
R IK(START)

IF (JRLST.GT.N) 60 TO 35
DO 30 J=NrIRLSTr=}
KJS=KJS=J
SUM=ZERO
IK=IKS
KJ=KJS

DO 20 K=IRLST»J
KJ=KJ+1

SUMZSUM+RIN(Ix ) *ROUT (KJ) 135
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UTIRNAND
UTIRONLOD
UTIRON2N
UTIRAN3N
uTIPONLN
TIRONSD
HYIRONGN
UTTRONTO
UTIRONAD
YTIRONON
UTIRO100
UTIRN11D
yTIPO120
UTIRO130
UTIROI4N
UTIR0OIS0
UTIRO160
UTIROYTD
UTTRO1A0
UTIRO190
UTIRO200D
UYIRO210
UTIR0O220
UTIRO230
UTIRO240
UTIRO?S0D
UTIRO260
UT1IRO270
UTIRO2R0N
HTYIRO29N
UTIRO300
UTIRO™O
UTIRO320
UTTIROA3N
UTIPORLD
UTIRO3SO
UTIROZ6N
UTIRO3TN
UTIROXBN
UJTIRO390
UTIROUNO
UTIROULO
UTIROW2N
UTIROUL3O
UTIROULN
UTIROLSO
UTIRO4KD
UTIROLTN
UTTRO48N
UTIROLON
HUTIRORNN
UTIRORLN
UTIROS2N
UTIR0O530
UTIRNSULO

e N x5
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; 20 IKSIKSK UTIPOSSN
i ¢ UTTROREN
3 30 ROUT (KJS) ==SUMsn TNV UTIRNSTN
" 35 IRLST=IROW UTIROSAN
{ 40 Il=Ir~-IROW UTTIRORON
‘ RETURN UTIROAON
50 FORMAT (1HO+10X»*RIM DIAGONAL'eIG,*1S 2FROY) UTIR0610

END UTTIROA20
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SUBROUTINE WGS (WeIMAXWe TH, JWeNWyI11,Yy) wesonoln
MODIFIED GRAMM=SCHMIDT ALGORTITHM FOn RENUCIMG WRW(xxT) TOH UNti(x*TIWrSan02N
FORM WHERE U IS A VFCTOR STORFD TRTANGULAR MATRIX WITH THF wasonn3in
RESULTING D ELEVMENTS STORE OM THF NTAGOMAL wasaonun
WGSO0NS0

WiIWeJy) INPUT MATRIY TO BF RFNDUCFD TN TRTANGIILAR FORM, WGSNNNAKD
THIS MATRIX 1S DFSTROYFD RY THE CALCULATION wWaso0Nn70

IWoLE « IMAXW ,AND ( TW.GT o WGSN0NA0

IMAXW ROW NIMENSION OF W MATRTY WES00N90
Iw NOes ROWS OF W MATRIXe NIMENSION OF U WGSNNto0
Jw NO, COLS OF w MATRIX WAaS00110
oWl w) VECTOR OF NON=NFGATIVE WFIGHTS SOR THFE waS00120
ORTHNGONALIZATION PRACFSS. THE N'S ARF UNCHANGEN  wWGSO0130

RY THE CALCULATION, . WASo014n

U(IWe(fw+1)/2) oUTPYT UPPER TRIANGULAR VFCTOR STORED OUTPUT WGS00150
ViJuw) WORK VECTOR WGS00160
WGS00170

(SEE ROOK WGSO01A0

* FACTORIZATION METHODS FOR NISCRFTE SEAUENTIAL ESTTIMATIOM ¢, WARS00190
BY G.J.RIFRMAN) WwRSoN2Nn

ESTIMATION Ww6S00210
wGS00220

COGNIZANT PERSONS: GeJ.BIERMAN/M W.MNEAD (JPL» FEB.1978) WGS0N230
WRSOoNPU0

IMPLICIT DOUBLE PRECTISION (A-H:0e7) WaSON2S0
DOUBLE PRECISION SumMsZsDINV WGSNN26N
NIMENSION W{IMAXWe1)s DW(1), U(1)y v(1) WGS0027N
WGS00280

Z2=0.D0 WGS00290
ONE=1.D0 w6S00300
Iwp2=1w+2 WGS00310
DO 100 L=21W WGS0NT®20
J=IWp2-L W6500330
SUM=2 wesooun
DO 4p K=1ruw waSN03S0
VIKY=W(JIK) WRSON260
U{K)=DWIK) *v (K) PU) HEPF 1S USFD AS A WORK VECTORWASON3TO

40 SUMZV (K) iy (K) 4S5 M WGS003A0
WiJry)=Sum ® EQell.9) OF BOOK» NFW DW(J) WAS0039N
DINV=SUM WGS00N400
JM1Zg-1 WASNOL10
IF (gUM.GT.2) GO TO 45 wasoou20
W(Jro)=0e WHEN NINV=N (DINV=MORMIW(J? ) %%x2)) WaSNOu30
DO 4y K=1eJIM1 WES0NLL0
44 WiJrK)=2 wWGS0Nus0
GO0 Yo 100 W6S00460
45 DO To K=1leuMi WGS00470
SumM=2 WGS00uan

DO S0 I=1eUwW WwWGS0N490

S0 SUMSW(Ks» 1) 2U(T)+SUM WGSONSON
SUM=SUM/DINV W6S0NS1N
NIVIDE HERE (IN PLACF OF RECIPROCAL MULTIPLY) To AVOID WGS00%20
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DO 60 I=1.uW
WiKeI)=WIKe D) =SUMSYI(])
W(JrK)SSUM
CONT INUE

N FR,(4e10) NF RONK
R UlKeJ) STORFD 1N WJeK)

THE LOWER PART oF W 1S U TRANSPOSE

SuM=2
00 105 K=1ruw
SUM=DWIK) sW (1 9K) 2x224SUM
u(l1)=syv
1J=1
DO 110 J=2v1IW
DO 110 I=1,.J
1J=1J+}
UCTJI=WideI)

RETURN
END
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