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CALCULATION OF ATOMIC-ENERGY-LEVEL VALUES

by

Leon J. Radziemski, Jr., Kay J. Fisher, and David W. Steinhaus

ABSTRACT

Two methods for solving the least-squares formulation of the atomic-
energy-level calculation problem have been coded. The matrix-inversion
method is capable of handling a 285 by 1000 level array with up to 19,000
classifications. An important advantage of this method is that the complete
variance-covariance matrix is calculated, which leads to the correct computa-
tion of calculated wave-number uncertainties. The iterative method is presently
capable of accepting a 1000 by 1000 level array with 20,000 transitions. It is
inherently capable of computing the least-squares answers to even larger arrays,
but has the disadvantage that the variance-covariance matrix cannot be easily
calculated. The Gauss-Seidel iterative method as applied to the level calculation
problem has been demonstrated to be a convergent iterative process.

1. Introduction

One of the classical tasks of experimental atomic
spectroscopy is the calculation of atomic-energy-level
values and uncertainties from experimental data on
classified lines. An atomic-energy-level array consists of
two sets of energy levels of different parity and the
transitions between them. We exclude transitions within
sets. There are wide variations in the accuracies of the
wave-number values corresponding to observed transi-
tions, and usually there are many more observed transi-
tions than energy levels. The problem then is to determine
the best values for the levels from this excess of data of
nonhomogeneous accuracy. The uncertainties in the level
values are also important quantities because these are used
to determine the accuracies of calculated wave numbers.

Reference 1 is an abstract of a preliminary report
on this work.

I1. Historical Background

Historically, some variation of the method of
common differences has generally been used to determine
level values. In this method, one starts with the lowest
two levels of one parity and finds all levels of opposite

parity to which common transitions are observed. Wave-
number differences for all such pairs are then combined
to find the average difference. The process is repeated for
successive pairs of levels, and the higher level values are
the consecutive sums of the lower differences. The first
set of level values and the transitions are then used to
calculate the second set and the cycle is repeated a few
times. If sufficient iterations are not carried out, cumula-
tive errors may exist within the array. Large amounts of
data are difficult to handle, and the relative accuracies
and effects of different combinations are difficult to
establish.

Bockasten? (1955) discusses the calculation of term
values (level value = limit — term value) from a network of
observed transitions by using the method of weighted
least squares. He derives the normal equations and
describes in detail how they can be solved by a method of
successive approximations. His is essentially the Gauss-
Seidel iterative method discussed in Sec. V. He correctly
deduced that weak links (levels or blocks of levels
connected to the rest of the array through only a few
transitions) slow the iterative convergence. Also, he
states that the question of convergence has not been
investigated theoretically but that rapid convergence is
favored if the levels are well connected by observed lines

and if the weights are not too different. Both of these
assertions have been confirmed by our experience.



Goldman® (1962) developed a different method for
solving the normal equations. He recognized that these are
a system of linear equations that can be expressed in a
matrix notation as

N, =Y,

The matrix N; contains weight and occupation informa-
tion, the vector § contains the level parameters to be
determined, and the column vector Y, contains the linear
combinations of the observed transitions. The form of
these matrices is shown on p. 10, App. A. The straight-
forward solution of the above equation is

B=N"Y, ;

however, because of the large number of parameters to be
estimated, which leads to an N; with order (T levels - 1),
it is difficult to invert N, with the required accuracy.
Goldman® divided the problem into two parts: one set of
levels is calculated by inverting a matrix whose order is
the number of levels in that set, and the other set is
computed by means of relations between the two sets.
This reduces the size of the matrix to be inverted to the
size of the smaller side of the array. In addition, the
variance-covariance matrix can be obtained. The elements
of the matrix are necessary to properly calculate level and
wave-number uncertainties. At the time it was developed,
Goldman’s method was coded on the IBM 7030
(STRETCH), but was not used extensively.

Brill* and Radziemski® independently coded an
iterative method (similar to Bockasten’s?) for the Univac
SS80 and for the IBM 7094, respectively, and reported
their work in theses (1964). Fisher and Steinhaus also
coded an iterative method for the IBM 7094 in 1965 and
used it to obtain the U I energy-level values reported in
Ref. 6.

A method similar to Goldman’s was developed
independently by Vander Sluis” (1966). A good descrip-
tion of the traditional iterative-common difference
method was given with a comment that iterative pro-
cedures do not give least-squares answers. This is not
completely accurate because iterative methods based
upon the normal equations can produce least-squares
answers,

Our concern with the problem of level calculation
arose because of the desire to calculate level values for
arrays with many levels and transitions, and because of
the question about convergence of iterative methods.

III. Least-Squares Formulation

One procedure for determining the best set of
energy-level values when an excess of weighted data is
available is the method of least squares. In this method,
the residual

M N

R=Z z nijWij(‘*i‘bj")’ij)2 0))
i=1j=1

is to be minimized. The symbols are defined as follows:

a; is a member of the set of M level values of one
parity. Qi is its least-squares estimate.

bj is a member of the set of N level values of the
other parity. bj is its least-squares estimate.

yj's are the experimental wave-number values of
classified lines between levels a; and b;.

n;j equals 1 if the transition is observed, but
equals O if it is not.

wj;j is the weight inversely proportional to the
square of the experimental error assigned to

Yij-

The quantity R will be a minimum when

This leads to the two sets of equations:

M
A .

Y nywy @b -y =0 G=1,...

i=1

N
IAY .
lnij wij (ﬁ\i_bj_)'ij)=0 (l=1,. ..,M). (3)

J:

Between these M + N equations there is one relationship:
the sum of Egs. (2) is equal to the sum of Egs. (3). This
constitutes a singularity, which means that the solutions
to Egs. (2) and (3) are not unique. This situation can be
remedied by setting one of the level values equal to a
constant and by removing the corresponding equation
from the problem. Physically, this is equivalent to setting
one level (usually the lowest) equal to a constant (usually
zero). The system of linear equations is then nonsingular
and can be solved for the unique level values, at least to
an additive constant. Two methods of solution of this set
of equations are described and evaluated in the following
sections.

IV. Solution by the Inversion Method

Goldman’s manuscript, presented as App. A, con-
tains the equations for solving the problem by means of
matrix inversion, and also gives the definitions of other



symbols. The code resulting from the programming of this
method uses the CDC 6600 computer, a 60-bit binary
word, and 64,000,, words of core storage. Table I
summarizes the amounts of data which the code can
handle and the expansion capacity for both this method
and the iterative method (Sec. V). Rounded floating-point
operations are used throughout the inversion code to
minimize the effects of round-off error.

The inversion code consists of three subroutines
called by a main program; the order and purpose of these
codes is shown in Fig. 1. The first of these subroutines
sorts the transitions according to classification and stores
them, along with other data associated with the “row”
levels (row defined below), upon magnetic tape in
separate records. The second routine computes the
elements in the matrix to be inverted, and inverts the
matrix to obtain the numbers necessary to evaluate the
level values and the variances. This information remains in
memory to be used by the third subroutine, which also

uses the data stored on magnetic tape to complete the
computation. These programs are discussed in detail
below.

SORTD is the first subprogram and has as input the
wave number, uncertainty, and classification for each
observed transition. Each wave number is the difference
between two energy levels: y;; = a; — b;, where a; is a level
of one parity, and b;isa levef of the other parity. The set
of levels {bﬂ j=1,...,N are called co}umn levels and
must contain the reference level. The {a;f i=1,..., M
are the row levels. The lowest energy level is commonly
used as the reference level, but this is not necessary for
the computation. Indeed, the smaller set of levels should
be used as the {b; ¢ to minimize the size of the matrix to
be inverted. SO '}‘D determines the number of levels and
their code names from the classifications, and the weights
for the transitions from the uncertainties. The data are
ordered according to the row level classification by using
the TORDER subroutine. For each row the quantities

TABLEI

AMOUNTS OF DATA THAT THE INVERSION AND ITERATION CODES ARE PRESENTLY
CAPABLE OF ACCEPTING, AND EXPANSION CAPABILITIES

Computer: CDC 6600

Core memory: 64,000,, words

Word size: 60 binary bits

Mode: Single precision with rounded floating point operations

Code Name Present Maximum Amounts of Data
Small Side Large Side Number of
of Array of Array Classifications
INVERSION 285 1000 19000

The inversion method may be reprogrammed to accommodate any number of
transitions and large-side levels. Increasing the small side increases the
inversion time by the cube of the ratio (N ew / No1g)-

ITERATION 1000

1000 20000

The iteration method may be reprogrammed to accommodate combinations
of transitions and levels which satisfy the relationship:

2 (number transitions ) + 3(small side number of levels) )
+ 4(large side number of levels) < 47,000.



PROGRAM CONTROL

;L SORTD .
go to SORTD > Read in wave numbers, uncertainties, and classifications,
Order the list of classifications and group by row levels,
N
For each row level determine: Wi z Wi
] j=1 3
N
Lz w..y.., and store on mag tape #1.
j:l 1)71)
M
Compute q_ and T w. fors=1, ..., N,
s =1 Is
Return to CONTROL
SINVR
go to SINVR > [ Compute elements of C malrix using daia on mag tape #1,

Compute inverse of C matrix, save in memory for later
use in subroutine VAR,

Compute/b\j, =2, . .+, Nusing data on mag tape #1.

Return to CONTROL

VAR
go to VAR > { Compuie®, , 1=1,. . ., M using data on mag tape F1
i
and C mairix inverse, Compute sigma squared.
N . -
For each Yijr calculate yij’ var yij} and print data
associated with yi]..
Compute var {ai} and var {bi} and print level values
and their variances, ‘
Return to CONTROL
STOP 7

Fig. 1.
Generalized flow diagram for the inversion code.



N
z Wijs %Wij}'ijs and q;(p. 14, App. A) are computed.
=] '=1
']I‘he runiling time and the storage required by this
subprogram increase linearly in proportion to the number
of transitions.

SINVR computes the elements of the C matrix
(p. 15, App. A) and inverts the matrix. The storage
presently allows for a 284 by 284 matrix placed in an
array dimensioned 143 by 284. Because C is symmetric,
only Cij» where i <j, is stored in memory. The elements
Cij» Where i > 143, are stored in positions C(286-i)(j-i+1)-
The c;; in the code refers to ¢4 q y(j+1) in App. A because

all the elements of the first row and first column of the C
matrix are 0. Because of the storage manipulations
mentioned above, the inversion method uses central
memory very efficiently. The algorithms used in the
inversion as well as a detailed example are contained in
App. B. On the CDC 6600, a 284 by 284 C matrix is
inverted in 55 sec and uses 64,000 words of storage. The
increase in inversion time is proportional to the cube of
the increase of the small side of the array (Fig. 2). The
storage requirement increases as the square of the small
side. A 400 by 400 matrix could be inverted in 2% min by
present techniques.

The accuracy of the inversion has been tested by
comparison with double-precision calculations for arrays
up to 172 levels on the small side. The single-precision
rounded floating-point calculations matched the double-
precision inversion results to 12 out of a possible 14
decimal digits. Inversion accuracy is sensitive to the
connection between the reference level and the remainder
of the array. This connection appears in the ordering of
the magnitude of the diagonal elements of the C matrix.
For the greatest accuracy, the matrix should be rear-
ranged so that ¢;; > C(j+1)(i+1)- The code at present does
not make provision for automatically ordering the levels
so that the above condition is met. The lowest level is
used as the reference level. The justification for this is
that in all cases so far investigated, the improvement in
the inversion accuracy acheived by performing the rear-
rangement has been in decimal places far beyond the
physical significance of the data. There is no indication
that the round-off error is increasing with increasing
matrix size, and we ascribe this peculiar result to the use
of the automatic floating-point, round-off procedure
available on the CDC 6600. However, a test of the
round-off error can be made if the automatic round-off
procedure is not used. A calculation is made by using all
available octal digits, and then repeating by masking
completely one octal digit throughout the calculation. If
the level values change significantly, then the round-off
error may also have affected the results of the first
calculation. If the level values do not change, it is safe to
assume that the effect from round off is negligible.

VAR is the subprogram to determine level values
and variances, and uses these to calculate wave numbers
and their variances. Although level values and their

oo l [ T J
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Fig. 2.

Inversion time as a function of matrix size as
determined from four calculations.

variances are dependent upon the choice of reference
level, the same quantities for the wave numbers are not
dependent upon reference level, basically because wave
numbers are differences of level values. The differences
(Yobs —Ycalc) are then computed, grouped into weight
classes, and the rms value for each weight class is
determined. The ratios of rms values to uncertainties
should be similar for all weight classes. A departure from
that condition is an indication that the uncertainties
should be reexamined.



The inversion method is attractive for many rea-
sons. There is no question of convergence as in the
iterative method, all the data are used simultaneously, and
the complete variance-covariance matrix can be com-
puted. This latter allows a mathematically correct calcula-
tion for the uncertainties of calculated wave numbers,
avoiding the question of relative and absolute level
uncertainties. The correct expression for the variance of
the calculated wave number, which we take to be its
uncertainty, is

var (yijcalc) = var a; + var bj —2cov(a;, bj)

The calculations of variances and covariances are describ-
ed in App. A.
A copy of the inversion code is contained in App.

V. Solution by the Iterative Method

Solution by the iterative method can be succinctly
described in matrix notation. The following development
is similar to that of Varga’s.® Once the normal equations
are obtained and the singularity is removed, the problem
can be written in the form Ax =k as stated in Sec. IL.*
The iterative method of solution is set up by splitting A
into three parts: a diagonal matrix D = (aj; 8;), a lower
triangular matrix E, and an upper triangular matrix F so
that

A=D-E-F . @)

All are of dimension n by n where n=M+N -1, The
matrix description of our iterative scheme is

O-B)x™*D=px(m 4 | 5)

where m is the iteration number and x is a vector
containing the a; and b; level values. Equation (5) is then

(m+1 N 1 3 (6)
+

aj; ;"D = Z apy ™D = ¥ ag™ vy

]=1 j=i+l

for m20 and 1 <i<n. This is called the Gauss-Seidel
(GS) iteration method. We first calculate the x; corres-
ponding to the {bj} and then, by using these, the x;
corresponding to the {ai . All the x(m+1) corresponding
to either set, {ai} or {bj} , are used at the same time

*The notation is changed from that followed in Secs. II through
IV to conform to the notation used by Varga.8 This will help
those who want more details as found in Ref. 8. The correspond-
ence between symbols is: Secs. Il - IV Sec. V

Ny A

Y: k

when we change from calculating levels of one parity to
computing levels of the opposite parity. In practice, only
the corrections are determined and added to the old
values. This reduces the round-off problem because, at
any stage, only small numbers (<0.1 cm!) are being
computed. The solution described above is the same
method developed by Bockasten.?

Using the matrix notation introduced above, we
now address ourselves to the question of convergence.
Equation (5) can be rewritten as

XD -p-E'Fx™+D-E)'k. (7

The matrix (D—E) is nonsingular so that (D—-E)™!
exists. The matrix

M=(D-E)"' F

is called the Gauss-Seidel iterative matrix associated with
A. According to Varga (Ref. 8, p. 59) the iterative
method converges if, and only if, M is a convergent
matrix. The proof that it is a convergent matrix in the
level-calculation problem is found in App. C along with
statements of the theorems involved.

Another iterative method we have used is that of
successive overrelaxation (SOR) (Ref. 8, p. 59). In this
scheme, the correction Ax to the old level value is
calculated, but «{Ax) is added. The object is to speed up
the convergence. In the cases we tried, convergence was
speeded up, but improvement factors were not calculated.
Varga shows that this process is convergent for
I<w<2

A disadvantage to using either the GS or the SOR
method is that it is not easy to obtain an estimate of the
speed of convergence. Stated in another way, the solution
cannot be easily guaranteed to approximate the least-
squares solution to a specified number of digits. However,
we have made several comparisons between inversion
solutions and iterative solutions for the same problems.
Specifically, we have looked at arrays of C1 I, Th I, CulJ,
U I. The results indicate that it is generally, but not
always, sufficient to iterate until the maximum change in
level value from successive iterations is less than 100 times
the maximum accuracy desired.

Round-off error is not significant because of the
small numbers used by the code. The time for running,
based on the speed of convergence, appears to depend
upon the number of weak links in the array; that is,
segments of the array that are only loosely connected.
Table II contains some of the results obtained in our
comparisons between iteration and inversion calculations
and may serve as a guide for other problems.

The present capability of the iteration program is
shown in Table I. A copy of the program is contained in
App. E.

A disadvantage of the iteration method is that it is
not easy to calculate the variance-covariance matrix,
which means that a statistically correct determination of



TABLE I

RESULTS OF SOME ITERATION CALCULATIONS

Total?
Number Iteration
of Time
Spectnm N = M Transitions (sec)

Ul 66 791 8850 21
Cll 112 124 1091 48
Cull 173 178 1688 8
Thi 285 409 12542 34

Largest
Iteration- Largest Number
Inversion Level Change of
Difference Last Cycle Cycles
0.8x 10%cm* 0.8x 10°%m* 23
110. 1. 516
3.6 0.8 44
0.7 0.7 27

3Each iteration calculation Was st:

to the next was less than 10 ~ cm

level and wave-number uncertainties is difficult. The
rms attached to level values derived from many lines is an
indication of the uncertainty, but this is based, in many
cases, upon the poor statistics of a few combinations.

V1. Conclusions

We have coded two methods for solving the
least-squares formulation of the atomic-energy-level cal-
culation problem. The matrix method of solution is
capable of handling a 285 by 1000 level array with up to
19,000 classifications. With suitable modifications, it can
probably be made to work on arrays up to 1000 by 1000
on computers with speeds equivalent to the CDC 6600.
An important advantage of this method is that the
variances can be used to calculate correctly the uncertain-
ties for calculated wave numbers, which is the ultimate
aim of any level calculation method. The iterative method
is inherently capable of computing the least-squares
answers to larger arrays, but has the disadvantage that the
variance-covariance matrix cannot be easily calculated.
The Gauss-Seidel iterative method as applied to the level
problem has been demonstrated to be inherently a
convergent iterative process.

alrted from integer level values. The iterations continued until the largest level change from one iteration
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APPENDIX A

EQUATIONS DESCRIBING THE INVERSION METHOD DERIVED BY A. S. GOLDMAN

This appendix contains the unpublished work of Goldman upon which
our matrix inversion code is based. The manuscript was written while
Dr. Goldman was an employee of Los Alamos Scientific Laboratory. It
is identical to a manuscript given to us by him, except that a few typo-
graphical errors have been removed, Our modifications for the introduction
of weighting are indicated by the column-wide boxes.

ESTIMATING THE PARAMETERS IN THE MODEL yijk =a - bj + e'ljk

Aaron S, Goldman

The problem of estimating parameters in the two-way classification
fixed-effects model is usually solved by adding a constraint to the singular
system of normal equations to make the equations independent so that a solu-
tion is obtained, Because there is a large number of parameters to be esti-
mated, it happens the matrix of coefficients formed by the normal equations
cannot be inverted with the desired accuracy; therefore, it is necessary to
reduce the size of the matrix, We shall present a procedure to find a ma-
trix whose dimensions are equal to the number of one of the two sets of
parameters. We will algo derive the technique of obtaining estimates of the
other set, The overall variance-covariance matrix will also be obtained.
The model to be used differs only slightly from the general two~way design;
however, the results are readily seen to be the same,

STATEMENT OF PROBLEM: It is desired to estimate the parameters in
the model

Yije ™ 34~ 5+ ey

where
i=1,2,3, ", m,
j= 1: 2: 3: .'.o n,
k=0, 1, , nij’
yijk is an observed random variable,
a= {31,32, ...; am}. b= {bl' bz: b3: coey bn}
are the set of parameters to be estimated, and eijk
is an independently distributed random variable

with mean 0 and variance 02.




NOTATION: In order to simplify the form of the equations, the following

notation will be used

V5. TEE Vi
Y. =L T Y.
i.. ik ijk
n, =X n,.
i. 51
j J
. =T n,.
% Bl b
Wi weight associated with ¥ij
M
Y. TE i3 My
N
Yi.. _321 Wis Yy
N
n, =% W,
i j=1 U
M
n .= w,.
dos 1
] if yij not given wij =0
= @1, ’a\z, ...,’a.\m , b= {/31,/32, ""%\n} are the least-

squares estimates of a’'and b,

NORMAL EQUATIONS: The normal equations are found to be

yr--=nr.@r'z.;nrj®j r=1,2, ..., m
J
= oS . A =
yos. Einis‘ai n.sbs 8 152‘ sees NN
N
= A N .=
r.. "r.%r ?=1 wrjbj r=1,2,...,m
M ~ 4
y-s. =i2=1 wisal-n.s s s=13 2, ees, .




In order to solve these m + n linearly dependent equations, it ia
necessary to use the constraint%l = 0, Thus, we may reduce the
system to n + m - 1 linearly independent equations, Since/l}1 is not an
estimable function, we are assured of the independence (see Graybill,
An Introduction to Linear Statistical Models, Vol. 1, McGraw-Hill,
1961),

SOLUTION: Let

— —
a’l-} n 00...0 |P12%13 *** Pin
AN
O 0n2.0...0 |“22"23"'n2
- r' 1 - . . . .
2 Ny 1 Nio 000...n.. |n..n_....n
N N mxm  mx@)f, Jo____ e mEms mn
= |By| N = 1 B 0 T
(m+n-1) x 1 min-l | Ny P Ny Bigigg - Bz [B,20 -o-
AS
- - - § -
by { min-1 (n-1) x m |(n(rlli;:)—J n13n23...nm3|0 ng...0
5 . : -
n
L Ny My ees O 0 cee n o,
’_y —_ - e r - o
1.. rl ..
Ya.. ag €2..
¥, = Y, . 8= 2m e= °m..
(mn=-1) x 1 y.g. (m+n-1) x 1 ~by (min-1) x 1}e 2
Ay .2,
) : €3
. - :
Y.n. L 7 '
I e




1
or
n -1
B = N1 Yl .
Since Y, =N,B+e,
then
A -1 ~
E (Bl =E N, "(NB+e)l =8,
and
v =var {N,"v] =N."IN,"lvar [N.8+e
ar B 1 1 N 18
-1, -1 2
a N1 Nl Nla
= Nl-l o2,

The following demonstrates why Var H = N;o",

Var H -E [[e][e]'} -

2

¢ €12
mxm m x (n-1)
E
€21 €22
(n-1) xm (n-1) x (n-1)
e (e1.,85..) """ ey e ) ey e g )ey e g) v (ej,.en,)
. 1,
. |
. 1 *
(em..el..) (em. 62..).” e::.. :(em..e.&)(em..e 3.)” (em.. .n.)
P T T €, 20 | ), legeg)t (ege )
. ',
] b
| 2
(e.n. e1..)° ceceaceninsoens (e'n em”) l(e.n. .2-)...... ..... ceeees €
|

1
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An example of the above is given in the special case when n;, = 1 for
alli and j.

In this case n,

Ny
mxm

n-1) xm

=n, n

2
{n-1) x (n-1)

J

i = m, and we may obtain

oI 1
mxm | m x (n-1)
- ' -
(n-1) x m | (n-1) x (n-1)
| I -

v
where N12 denotes the transpose of N12 .

I is the identity matrix

and J is a matrix composed of ones everywhere

Thus,

11
1

-
-

(n~1) xm

P |

P

i *
i N12
| m x (n-1)
- - -l ........ =
i Ny
{ (n-1) x(n-1)




Thus,

Var

and Cov

n-1
mn

m+n-1
mn

By

-1

m

-1 -1
' m
L
m
1 1
m soo o0 E
2 1
™m L AN ) 'ri
1 2
m es o0 E
el
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We have shown that in the two-way classification, the problem of
estimating parameters may be solved quite expediently as well as exact.
The difficulty lies in round-off errors when computing Nl-l. One way of
surmounting this difficulty is to solve the normal equations in a different
manner. To do this, we shall first of all solve for’d only, and then
solve for4a in terms of these results. The errors will also be derived.

From the normal equations, we obtain

a -y ’
. 8 1 is “i -N
A
PR P M 5
i n; ’
i. i,
NI n,. b,
n.sbs-)i.)nis (i.. +p 4 J)_y ,
g n, .S.
i. J 1.
~
A n.. b
n_b -Zn_ T ij “i\ = is Ji..
.88 § Tis Y ni) 217< m > YV, g. *9% »
n /Q -T T n, . n,. ’QI
-8 8 4 j n, =9
1e

and

2 ~
(M M w M N w. w..D
- is ] is 15 °5\ .
?=1 W, ? 'N__> 5, ?=1 ;331 Ig_—Ll Qg -
i R its 1




Summarizing the above in matrix notation, we obtain
cB:=q

where C is a symmetric matrix, ﬁis the estimate of B, and Q is a
vector composed of ag elements where s = 2, 3,°°°, n, They may be
written as follows: '

<,

22 ©23 ¢+ S9n

cC = €33 *-- C3n =
{(n~1) x (n-1)

n122 M M w122
nag - z n, - }3 Ve 72 N
1. i=1 i=1 ) w
n=p U
z ("12 niS) l‘g Wis Wi3
n, ~ N ’
i i. i=1 T w..




and

-1 -1 -1
022 023 PP czn
-1 -1 -1
C = c e c
(a-1) x (n-1) 33 3n
-1
eve cnn
[ P, pu——
N T o Vi, ]
b, 9 z( Y ) T Y,2
PN i i. M
A 3 Q= X . (“135'1..) - ¥.3
: . i n;,
) . .
b q p)] in Yi.. -y
n-l-')j Ln_ i ( n{ ) i
N
M M
T 2% T | Vie (z_ Yij yi) T W,
i C—*ni- ) Y2. ® i=1 Nl'l ! -y 1271
Ww..
o1
Thus,
faclq
E)ﬁ% = E;C le =C—1E§Q§ =clcp=
5
where 2
b
B= | 3
bn

i6




and

n,

n, .=% n. b,
E {nt =? 1t(ni. 3 i nIL]) - ? na, +n tbt
i.

- _ n..b,
APt Ty T
30y,

But these coefficients of the ﬁvector are the tth row elements in
the C matrix; hence

E ;QS =CB.
Also,

1

Var Qi EX ol ol of I o Bl m

ﬁf =clclvar

In order to obtain Var §Q$ , we will derive the resulting matrix by
examining the variances and covariances of the Q vector,

Var ?qsi = Var gﬁ(nis Yi. )% +Var ) (nis Vi, ) .y i
L 1S "1, . B2 .5,
1 n, 1 ni.

y.s'% -2 Cov

1.

2

2
n;_ n, n;
is i, 2 _ 9.2 lls
(.__2_..) +0 n-s 20 E\n__)
n; i \'1i.
2
<nis)] o2
; \Ai,

[}
Q
T4

n
'.:3
n

]
L3 v
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cov o = cov? (nislei-—) o) B () 2.

n,_ V. n,vy. n,_vy.
=C°v3z(i§‘11”) , .{:( itn-i..)i - Cov 3y.t z(is i..

i i i.

n, vy
- Cov iy.s” };J(_%_)i + Cov iy. 8.’ y't°§

n o n, n. n,
=czf(t:i"n) - az?(izi xt)_ az?(n;:u) +0

Thus,

Var

’B} =C-10'2.

For example, let nij =1 for alli and j. Then

ny, n i\

n, n n
n =m, Z(Lz.) =..n_1‘and 2(_12_.1_3) =£.
-8 i n




Also,

-y -1 “la..-1

(n-1) -1l...-1

m .

C n .

_

n n n

-1 2 1

C = n £z o9 0068 P 60O SO —

m n b

2

n

m™m m ™

2 1

m m

2

L_ m
Ifm=2andn=3

- 1 1/2

cl-

1/2 1

Var;%} = 02)

and

A) L 2
Covﬁ,byi (1/2) o% .
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In order to obtain@, we refer to the normal equations and obtain

n_. b,
ﬁ\=_yr“ +}3(__L_1r ) .
r n n
r. j T
N
A
T w_vV w_.b,
e rj Jrj N r,
/a\r = %—1 + 3T N_J_J—
=1 \S  w_,
F1 M g1
n_a n.b n.b
ool - 5 -5 () 3 (4
re j r. j r.
=a, .
y n_ b, y n_. b,
Var ;ﬁ\ri = Var% :" + Var ,E %j——-i +2 Cov;nr" ’ E( 1;3 J)‘
T. j r. r. j r.
2 2
[+ o -1
== 4+ - . . +0
N, nr.2 )J: 7{; (nrJ an cJP )
9 nrj N c.p'
=:— [1 +E. z ( nr »
r. Jp *
-1
2 N N w.. W c
Var gﬁ‘rs =Ny >— |1+ = H—e P .
=1 p=1 w
J=1 wrj jz=1 rj




Derivation of the separate variances is as follows:

n..b. n n.n
Var’ ) (__I.'.l_L)% =5 X Var)b +2 5 L ( rj ™ cov z/b\., /b\l)
- n b § B
] T, j on,2 P j\n,
P<]

n
= rj rp -1 2
['? (n—'z oy )23 ”( “ip )] °

r
p<}

1"
o}
—
—
=]
oo
[ W |
[ e |
[ v}
TN
=1 0=}
3|3
S—
.
(2]
Lz ]
Cde
'
—
[ ]
=]
=]
Land @
*
N
1
.('D
Cond
[
—_
N ———
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_ r.. -1 s S 0 -1

mlm] (3o TORY) 3070
2 Cpy~t rJ-l

=0 [?(:3:2' nrj nr.) ?(Qnr. nrj)]

=0 o

The covariance between ‘é\r andé}t is derived as follows:

o~ ~
y n_.b. y n.b
cov {8 = cov|(FEx - 5 Z), (e -p 2L
r. h] r. t. i t.
c ;yr.. yt..‘ c 5 nrj%j yt..‘
=Cov {—2., 23 - Cov R
np, N, ; h] ( oy, ) n,
~ o A
n.b n_.b. n
- Cov Vr. = —tj | +Cov (T (51 , U i I )
nr. b1 nt. j N, ] nt.




The first term of the derivation is 0 because Ve and y, _are inde-
pendent, The next two terms were shown to be 0 in the derivation of
Var @i‘ . The derivation of the last term is as follows:

n_. b. n.b
cov {p (-Fii), z:(‘J j)!
ovij(nr-) i\ Mt

e nrp tq
=2(n—1—nl Var b.) +3 T+ cov 6.5
j r. t. J P q r. t. pa
p#q
-[z Tri Py o -1 . %rp Mg -1) o2
j\%e. By, p g \"r. M, Pq |
pta

Again, using the example nij =1foralliand j, m =2, andn =3, we
obtain

-1=1,c '1=1/2,n =n, =1, n. =n, =n, and {n - 1) = 2,

%5 Pq rj - Ptk re Ot

2
N - O (n-1)(n-2) -1, (n-1) -1
Var’a.t T [1 +_.n—_ cpq +.._r._ cJJ ]



nxn ch nxn

The covariance of Qr and '98 is found to be

-1
n (o]
. rt st 2
COVFr,%Si = +2 (“_'_‘nr ) .

The derivation is as follows:

o8] e[ 322 o
= Cov’z'r{:.—'- s /QSE + Cov%)]; (:lr—fii}i), ®s§ .

n S

y
Covi—r;'-, >
r.

Yr -1
Cov]l—==, Z ¢ q
3 nr. t st t‘

¥ -1 it Yy
Covi T, T ¢ [2(1 ")-y
3nr. t st i n; . t.

y - n,vy y
= Cov ___nr.. » T ocg > (———i:‘ i)‘ - Cov{-—=*=
r. t i i.




e n,e e
- r.. -1 it "i.. r.. -1
g petr i -] Bt
-1 -1
2 Cat  Ppt ) 2 (cst nrt)

=0¢" Z -0 Z

t ( nr. t nr.
=0'

From earlier work, we obtain

A -1
b n.c
Cov z(im_l),/g =2(rt st )02.
J . s t .

Thus,

r’ s ' N
t=1
z Wt
t=1

Referring to our example when nij =1, m=2, andn = 3, we obtain

Cov%’a\r,’f)\ss -+ (1_;3) =+}
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It is seen that throughout the special example when ng. = 1 that the
results are compatible with'the entire matrix solution. For example, in
this special case

. a2 rt St
Cov %ﬁ\r, 1}82 +o )2 (.n_nr___l) =

]
+
::‘QN,
04
[¢]

This result agrees when nij = 1 in the entire matrix solution,

ESTIMATING 0% The estimate of 02 will be obtained by using

2
(yijk - ?ijk)

~2
"= L T —xm-s
kK3 i B, m - n
where
=4 -9
?ijk a bj'
and y.., is the observed value.
ijk w A L2
s M N i (yi -yi.)
=L T
i=1 j=1 T T n1.~(M+N-1)
i=1j=1 M

Note: Denominator is the number of transitions less the number of
levels,

Var 3;;'\1].& = Var

@it +Var)®jf -2 Cov)’a\i, %Jf




APPENDIX B

METHOD OF INVERSION AND SIMPLE EXAMPLE OF THE INVERSION
PROCESS

The following steps are executed for each row i in the matrix. Capitalized
names refer to names used in the code (App. D).

- -1
1. DMULT = (cﬁ) » ¢y settol,

2., RMULT(k)=cki k=1, ...,1i-1
RMULT (k)=l=cii k=1
RMULT(k)=cik k=i+1, ..., N1

3. ROW (k) = - DMULT * RMULT (k) k=1,...,1i-1
ROW (k) = DMULT * RMULT (k) k=1, ..., N1

4, cki=0 k=1, ...,1i-1

cik=ROW(k) k=4 ..., N1
5. For rows IX, where IX #1i

cIX,J=cIX,J-RMULT (IX) * ROW(J) J=1X, ..., N1 ,

In the example which follows, the quantities in boxes are the quantities
stored in the array in the computer., After each series of operations, the
numerical arrays look like the arrays shown,

A 1 Computer Array C
N1 x N1 N1 x N1 N1 x N1

4 2] E 1 o0 o 4 -2 o0
-2 [z] ] o 1 o 2 -1

o-1|3 0 o0 1 3

1. DMULT= %, c, =1

2. RMULT (k) =1, -2, 0 k=1, 2, Nl
3. ROW (k)=% *1, % *-2, %0

=%, -3, 0 k=1, 2, NI
4. c(1, k) = ROW (k) k>1

. °rx,J = °rx,y - RMULT (IX) * ROW (J)
whereIX =1, ..., nandIX # i
where J = IX, ..., Nl

27
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£

[

—
.

w
.

[ 0
P2
=1 0 0

DMULT = 1/1, cyy = 1
RMULT (k) = -¥, 1, -1

ROW (k) = (-1) (-%), (1) (1), (1) (-1)

= tu lo -1
clk, 2)=0 k<i
c(2, k) = ROW (k) k>1i

°x, 3 * °x, 3 - RMULT (IX) * ROW (J)

IX#1

%
{21 I

H

DMULT = % =1

C33
RMULT (k) = -3, -1, 1

V]
0
1

ROW (k) = -(3) (-¥), -(®) (-1), (}) (1)

=3 % %
clk, 3)=0 k<3
(3, k) = ROW (k) k>3

°rx, 7% °Ix, 3 " RMULT (IX) * ROW (J)

s
/4 12

5/8

3/4
3/2

»
1]
o

1/4
1/2
1/2




APPENDIX C

DEMONSTRATION THAT THE ITERATIVE SOLUTION TO THE PROBLEM IS
CONVERGENT IN PRINCIPLE

In Sec. V, the Gauss-Seidel iteration matrix corresponding to matrix A is defined as
M=(D-E)'F,

where D is a diagonal matrix, D=(a;; §;j), and E and F are the lower and upper strictly triangular parts of A,
respectively. The iterative method converges if, and only if, M is a convergent matrix (Ref. 8, p. 59). The fact that Misa
convergent matrix follows from some properties of the A matrix. Theorem 3.4 (Ref. 8, p. 73) states in essence:

If A =(a;) is a strictly or irreducibly diagonally dominant n x n complex matrix, then both the point Jacobi and
point Gauss-Seidel matrices are convergent and the corresponding iterative methods of (3.5) and (3.8) for the matrix
problem Ax = k are convergent for any initial vector approximation x(®), .

But the A we described above in App. A (called N there) is an irreducibly diagonally dominant real matrix. QED.

Demonstration:

1. Definition 1.5 (Ref. 8, p. 18) defines irreducibility. By the graphical method indicated, our A satisfies this
criterion because we exclude unconnected “floating” arrays.

2. Definition 1.7 (Ref. 8, p. 25) defines irreducibly diagonally dominant. After we strike out one row and column
to remove the singularity from the normal equations, A has at least one row for which

n

= 2 lay]
j=1
i#j

so A satisfies Definition 1.7.
3. A real matrix is a degenerate case of a complex matrix.

29
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APPENDIX D

THE INVERSION CODE: INSTRUCTIONS AND LISTING

PROGRAMCCNTRCLEINPUT ,OUTPUT ,TAPE3=INPUT, TAPEL,TAPES »TAPES,

LTAPET)
C
c
C TAPE L IS USEL AS A STUORAGE MEDIUM TO PASS INFORMAT {ON FKOM SORTD
C T SINVR AMND VAR
C TAPE 5 IS USED TC STORE THE INVERTED MATRIX AND LEVEL VALUES AFTER
C CCMPLETION OF CCMPUTATICN.
C TAPE 7 IS USED AS A SCRATCH TAPE IN VAR AND NEEDED OMLY [F IF THERE
C AKE MORE THAN 170 ROW LEVELS.
C TAPE 9 1S A HCD TAPE CONTAINING CARU [MAGES OF THE INPUT DATA
C COMMON STORAGE CCNTAINS UATA NECESSARY FOR ALL THREE SUBROUTINES.
c
e
0C0002 DIMENSINMLIST(2)
000002 CCMMONLYIIR(41185)
000002 LIST(2)=0
000003 LFILE=3LLGO
000uv04 LIST(L)=SLPRCGL
000006 CALLSEGMENT (LFILE 1 ,LIST,0,1)
0CoolL2 CALLSORTD
000013 LIST(LY=5LPRCG2
000015 CALLSEGMUMT(LFILE L ,LIST,0,1)
000020 CALL SINVR
000021 LIST(L)=5LPRCG3
000023 CALLSEGMENT (LFILE 1L IST,40.1)
000u26 CALL VAR
000027 sSTar7
000031 END

PROGRAM LENGTH INCLUDING {/C BUFFERS
014251

FUNCTION ASS[GNMUNTS
STATEMENT ASSIGNMENTS

BLUCK NAMES ALD LENGTHS

- 120341

VARTABLE ASSIGNMUNMTS

LFILE = 000974 LIST - 000072 STCR - 000000COL

START OF COIISTANTS

000034

STAKRT OF TEMPURARIES

00007C

START OF [NDIRECTS

000072

UNUSED COMPILER SPACE

005400
SURROUTINFSCRITD

000001 DDURLEYI 4SNI,OTEMP, CTAB

000001 CUMMON 19 My WTUNC yWV(285) 4LEVC(285)+YV(285),WTJI(285),QTAB(285}),
ILAL19000) , [ WX(19000)

000001 LOGICAL ISQTCP

000001 DATAIXHAF/9SC1/ )



000001
000001
000001

000001
000001

000001
000011
000015
000017

000020
000040
000043

000045
000047
000051
000v52
000054
000057
000061
000061
000065
000070
000073

000075

000100
000100

0G0100

1 FORMAT(A7 ¢3X4F5.4)
2 FORMAT(F15.,4917,417T9F5.4,F7.3,Al)
8 FORMAT(1HO s [3% COLUNN LEVELS*/1HO,14% ROW LEVELS*/%0*[5
1% TRANSITIONS#*)
9 FURMAT(1X,[10,F15.2)
13 FORMAT(*ODUPLICATE CLASSIFICATION, 2ND ENTRY*
1% IGNORED#*#2110,2F1l4.4)

INPUT DECK

COMTROL CARD
CUL 1-7 (A7) ISCTOPE FOR 1SOTOPE SHIFT RUN
COL 1-7 (A7) .NE. ISOTCPE FOR WAVE NUMBER RUN
CUL 11-15 (F5.4) UNCERTAINTY ASSCCIATED WITH WEIGHT OF ONE

DATA CARDS

CuL 1-15 (F15.4) WAVE ANUMBER

COL 16-22 (17) ROW LEVEL CLASSIFICATION NAME
COL 23-29 (I7) CCLUMN LEVEL CULASSIFICATION NAME
COL 30-34 (FS.4) UNCERTAINTY CF WAVE NUMBER
ISOTOPE SHIFT UNCERTAINTY IS ASSUMED TO BE 1.
CUL 35-41 (F7.3) SIGNEL [SCTQPE SHIFT

CNL 42 (A1) S [F ISOTCPE SHIFT VALUE GIVEN

FUR EXAMPLE, WAVE NUMBER 25637.2066 IS THE TRANSITION BETWEEN
4h63,8815 (J-VALUE=2) AND 30301.0873 (J-VALUE=4) WITH THE
UNHCERTATNTY=.003 AND THE ISCTCPE SHIFT=-0.13. THE LEVEL NAME SHOULD
BE UNIQUE. 4663,8815 MAY BE REPRESENTED AS 466303 AND 30301.C873

AS 3030104. THE LEVEL NAME IS USEC ONLY TO CLASSIFY THE TRANSITON
AMD HAS MO EFFECT CN THE LEVEL ESTIMATE COMPUTED BY THE PROGRAM.
RESULTS ARE ORDERED BY THE LEVEL NAME.

CARD SPECIFIES LEVEL OR ISCTOPE SHIFT DATA AND MAY SPECIFY THE
UMCERTAINTY TC BE ASSCCIATED WITH WEIGHT ONE.
READLITYPE 4w TUNC
ISOTOP=1rYPELEQ.THISCTCPE
[F{WTUNC.EQeQ.)hWTUNC=1,
I1X=0
C READ IN DATA CARDS
170 READ(992)3WNsLRyLCH)UNC,SFT,SFTX
IF({EOF,9)22C,180
180 IF{1SOTOP)IGCTCLES
C TRANSITIONS AND THEIR UNCERTAINTIES ARE CONVERTED TO INTEGERS
C AND PACKED TNGETHER IN CNE WORU TC CONSERVE STORAGE.
IWN=WN*=10000.
TUNC=UNC%10000Q.
GOTOL90
135 IF(SFTXJNE.1HS)GNTO170
IWN=SF%1000.,+20000,
TUNC=10000
190 CONTINUE
[X=MINU(]X+1,19000)
CALLSHIFT(IWNIWX(IX),~17)
TWXEIX)=TWX{1X).OR, [IUNC
CALLSHIFT(LRyLR,=2T7)
C THE RUW AND COLULMN LEVEL CLASSIFICATIONS ARE PACKED IN ONE WORD
LA{IX)=LR.OR.LC
GUTO170
220 CUNTINUE

QOO COOONCOOOCOANOON N0 OO000NN

FHE OPDERING SUBRCUTINE REGUIRES ALOITIONAL STORAGE FOR SORTING.

[F MORE THAN 95C0 TRANSITIGONS ARE PRESENT, THE DATA IS STORED

UNTIL NEEDED AGAIN.

EXTENCED CORF STCRAGE [S USED, BUT DATA MAY BE STORED ON ANY MEDIUM,

oot

IF(IXeLT.IXHAF)GOTOR230
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Q00103
000106
000111
000114
000117
000120
000122
Cu0130
000131

000133
000141
000143
000145
00V146

000147
00015C
000152
000153
000157
000161
090164

000166
000171
000174
000175
000177
000205
000206
000210
000211
Q00212
000216
000220
000222
000222

000225
000230
000231
000233
000234
000236
000240
000242
000245
000251
000251
000255
000260
000261
000264
000267

000271
000273

000276
000301
000304
000306
000310
000311
000320
0Cco0321

OO0

c

c

CALLECHR({IWX10yIXy1ERR)
IF (1IERR.NE.0)STCP1
CALLECWR(LA,IX,IX,IERR)
IF({TERR.NE. Q) STAPL
GCT0250

230 JX=1X
DU2401=1,1X
JX=JgxX+1

240 IWUX(JIXI=LA{T)

EXTRACT THE CCLUMN LEVELS AND ORDER THEM.

250 DU260I=1,1X

260 LAL{IN=SLALI) JANDTTT7T27TT8B
CALLTORDER (LA 41 X)
KX=0
N=0Q

ELIMINATE DUPLICATICNS AND STCRE IN LEVC LIST.
DC360I=1,1X
IFILALTI) EQ.KX)GOTN360
KX=LA{L)
N=MINO(M+]1,2€5)
LEVC () =KX

360 CUNTINUE
IF{IX.LT. IXHAF)GOTN370

I+ NECESSAPY, RETURN CLASSIFICATICN  LIST TU CCRE MEMDRY.
CALLECRDI(LA,IX,1X,1ERR)
IF{TERR.NE.D)STCP2
6LTN390

370 JX=1IX
DL380I=1,1X
JX=J%+1

380 LA(T)I={WX(JX)

390 1XN=512
IXXN=LU

395 IF(N+2.GT.IXN)GCT0400
CALLSHIFT({IXN s IXN,1)
[XXN=1XXM=1
GOTN395

400 CALLSHIFN(N,JCN,~1)

FOR EACH CLASSIFICATION REPLACE THE CODLUMN LEVEL WITH JC (ITS
INDEX IN THE LEVC ARRAY) AND ALSO STORE I (THE INDEX OF THE
ASSOCIATED TRANSITICN IN THE IWX ARRAY)

004501=1,1X
LC=LAlI).ANC. 7777777778
LACT)=LA(I) dANDTTTTTTT 770000000008
KX=T XM
JC=JCN
DU430J=1,4 I XXN
CALLSHIFM{KX,KXy=1}
IF(LC-LEVC(JC))1410,440,420 |

410 JC=MAXO(1,JC-KX)
»0TC430

420 JC=MINU(N,JC+KX)

430 COUNMTINUE
JC=0

440 CALLSHIFT(JC,JC,=17)
LA(I)=1LA(I)«CR.JCLORWI

450 CUMTINUE

URDER THE LIST WHICH RESULTS IN GRCUPING BY RCW LEVEL.
CALLTURDER(LA,IX)
IF(IX.LTe I XHAF)GOTOS00

[F NECESSARY, RETURN LIST OF TRANSITONS TO CORE MEMORY.

CALLECRD{IWX,0,41X4I1ERR)
IF{TERR.NE.C)STCP2
CALLECFL(0)

500 REWINDL
NTRAM=0O
DUSOSI=1,N
WTJLI)=0.

505 OTAR([)=0.D




000324

000325
000327
00033¢C
00G331
00G333
000336
000337
0G0341
000344
000346
000351
000353
000354
000356
000360
000363
000364
000366
0006370

000373
000404
000413
000416

000425
000440
000442
000443
000444
000447

000451

000453

000461

000501
00CS504
000507
000510
000523
000534
000535

000537
000557

000560
000565

000567

000615
000617
000623
060623
000625
000625
000627
000635
0000637

506

1=0

KX CO:TALNS THE ROW LEVEL

510

511

KX=LA(1)«AND. 777777 T770000000C08
NXl=1

[=1

I1=1+1

IE{L.GT.IXIGCTOS1YL

LEVY=LA{1) cAND.T777777770000000008
IF(LEVT.EQ.KX)GATQ510
CALLSHIFTIKX,KX,2T7)

NX2=1-1

SHI=0.0

Y1=0.D

K=0Q

DUS540J=NX1yAX2

JX=LA(J).ANLC, 7774000008
CALLSHIFT(JXeJdX,17)
[F{JX.EQ.0)GCTUS40

K=K+1

LX=LA(J).AND.3777778
CALLSHIFT(IWX(LX) 41Y,417)

C YV CONTAINS THE WAVE NUMBER CR [SCTOPE SHIFT

IF(.NOT.ISOTCP) YV(K)=(ISIGN(IY,KX=-LEVC(JX)))/10000.
[F{ISOTOPIYV(K)=([Y=-200001/10C0,
YVIK)I=YV(K) cANDo («NCTL.TT7R)
IF{KeENsLleORe JXaNES JCX)GCTO539

C REMOVE DUPLICATE CLASSIFICATICH

(g e

e XX

[aXgl

o0 0od

539

PRINTL3 KXy LEVC (JX) oYV(K=1) ,YV(K)
K=K-1

GOTNS540

JCX=JX

TUNC=TWX{LX}eAND.3777778
UNC=1UC/10C00.

WV CONTAINS THE WEIGHT CF THE TRANSITION

SNI

WV{K)=(WTUNC/UNC) *%2
CONTAINS THE SUM OF THE WIGHTS IN THE ROW
SHI=SNI+WV(K)

Y! CONTAINS THE SUM OF THE WEIGHTED TRANSITIONS IN THE RUW

THE

540

YI=Y[+DBLE (WV(K))*DBLE(YV(K))

CULUMN LEVEL INCEX IS PACKEC WITH THE WAVE NUMBER IN YV
YVIK)=YV{K) «CReJX

CONTINUE

[F(K.EQ.N)GCTC585

DTEMP=Y[/SNI

DUSROJS=1,K

JX=YV(J).ANC.TTTB

YVEJ)=YV(J) ANDL (L LNCTL7T778)

GTAB CONTAINS THE QUI)sI=lyecerM

CAR)
580

QTAB(UX)=CTAB(JIX}+WV(J)*(CTEMP=-YV(J))
YV(JI=YV(J) CReIX

CUNTAI(S THE SUNM OF WELIGHTS IN THE COLUMN
WTJ(JIX)=WTJ(YX)+WV(J)
M=M+1

STORE ROW LEVEL DATA ON TAPE WITH A SEPARATE RECORD FOR EACH ROW

WRITE(LIK M oY o SHI 2 KXy (YVJ)9WV(J)9d=14K)

NTKAN CONTAINS NUMBER OF TRANSITICNS

585

590

NTRAM=HTRAN+K
IF11.6T.IX)GCTCS590
NXl=1

KA=LEVT

GuTaSL0

ENDFILEL

WRITE(L) (QTAB(L)I=1,N)
ENDFILLL

REWINDL
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000641
000653
000670
000671

PRINTB Ny My NTRAN

PRINTG (LEVC(I) WTI (1), I=1,N)

RETURN
END

SUBPRUGRAN LENGTH

001062

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS

1
13
190
360
4«00
440
511
590

VARIABLE ASSIGNMENTS

Dremp
ITYPE
I
184

START OF

000674

000675 2 = 000700 8
00C720 L70 - 000021 180
00062 220 - 000101 230
00QL62 370 = 000176 390
000223 410 - 000246 420
000262 500 - 000307 506
000342 539 - 000443 540
000626
BLUCK NAMES AilD LENGTHS

115441
001023 I - 001043 [ERR
goL027 TUNC - 001040 IVIN
QUl030 IXHAF - 001026 IXN
001069 J - 001051 Je
001061 JX - 001042 K
013261C01 LC - 001033 LEVC
00l032 LX - 001057 M
001052 NX1 - 001053 NX2
001035 SFTX - 001036 SNI
0ulo3t WTJ -~ 001532C01 WTUNC
Q01017 Yv - 001075C01

CONSTANTS

TEMPORARIES

START OF

000776

START OF INUIRECTS

001010

UNUSED CUMPILER SPACE

002600

000004
000004
000006
000007
00001C
000011
000012
000013
000015
000021
000022
000023
000024
000025
000027
000033
000035

C THIS SURROUTINE CRDERS THE ARRAY LA IN ASCENDING VALUES.

SUBRUUTINETCRDER{LA,L)

000704
000044
000121
000211
000252
000325
000505

001041
001037
001045
001050
001056
000440C01
000001C01
001055
001021
000002C01

185
250
335
430
510
585

Isarae
WX
IXXN
JCN

KX
LEVT

N

QTAB
UNC

WV

000715
00C0S53
00C134
000213
00C256
00C332
00C620

001025
05C351C01
001046
001047
001044
001054
000000COL
002167C01
001034
00C003C01

C THE PKUGRAM PEQUIRES LA TO RE DIMENSIONED GREATER THAN OR EQUAL 2%L

400

410

DIMENSIONLA(S)
IF(L.EQe.1)RETURN
LL=2%L

IPNS=0

JX=L

Lx2=1

I1X=JX

[1=1P0S+1
1POS=MUN(IPCS+L,LL)
JX=1P0S

LX=L X2

LX2=LX*%2

12=11+LX

11TOT=11+LX~-1
[12TOT=MINO(I2+LX~1, IX)
JX=JX+1
IF{LACILYLT.LA(I2)1}GOTC430




000041 LACIX)=LA(L2)

000043 12=12+]

000044 IF{I12.LE.[2TCTIGOTO410
000047 420 JIX=JdX+4

000051 LAGSXI=LA(IL)

000053 [1=11+1

000054 [F{I1.LE.I1TCTIGQOTO420
000056 G0TN450

000057 430 LA(IX)=LA(IL)

000062 [1=11+1

000063 IF(Il.LE.ILTCTIGOTO4LO
000066 460 IX=JX+l

000070 LAGUX)=LAL(12)

000072 [2=12+1

000073 [F{I2.LE.12TCT)GUTO440
000075 450 1l=T11+1X

000V77 [F{I1.6T.IX)IGCTC460
000102 [LTOT=MIMO(TILTCT+LX2,1X)
000105 [2=12+LX

000106 IF(12.6T.IX)5CTC420
000111 [2TO7=MINO( [ZTCT+LX2,1IX)
000114 GUTO4L0

000114 460 [F{LX2.LT.L)GCTC400
000116 IF{IPUS.EC.0)GCTO480
obolLl7? NC4701=1,1P(S

000125 IL=T+L

000126 470  LAlI)=LAL(IL)

000131 480 RETURN

000132 END

SUBPROGRAM LEMGTH
000L70

FUNCTION ASSIGNMENTS
STATEMENT ASSIGNMENTS

400 - 000013 410 = 000034 . 420 - 000050 430 - 00C060
440 - 000067 450 - 000076 460 -~ 000115 480 -~ 000132
BLOCK NAMES AND LENGTHS
VARIABLE ASSIGNMINTS
I - 0001606 v - 000167 IPCS - 000155 X - 000160
Il = 0001061 ILTOT -~ 000164 12 - 000163 [270T - 000165
JX - 000156 Lt - 000154 LX - 000162 Lx2 - 00C157
START UF CUNSTANTS
000135
START OF TEMPURARIES
000136
START OF INDIKECTS
000146
UNUSED COMPILER SPACE
005100
SUBROUTINES INVR

000001 DIMENSIQNC (143,284) yRMULT (284),R0W(284)
000001 DIMENSICMJIV(285),WV (285)
000001 DOURLEB(285),QTAB{285),SNI,CFB(285)
000u01 CCMMONSTOR(41185)
000001 DQuUBLELDLV
000001 EQUIVALEMNCE(STOR,N) 4 (STOR(574),C)
000001 EQUIVALENCE (CTAB, JV,RMULT ) » (QTAB{144),WV,ROW )}, (B(2),CFR)

€ NCX1 AND NLX2 ARE THE DIMENSICMS CF THE C ARRAY NCX1=NCX2/2+1
000001 DAYANCX1,NCX2/143,284/
000001 N1l=N-1
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000003
0C0007
000011
000012
000015
000024

000030
000056
000061
000067
000071
000072
000075
000101
000102
000104
000107
000137
000141
000142
0CO151
000153
000176
000201
000201
000203
000205
000234
000236
000240
000247
000251
000275
000300
000302
000311
000312
000336
000366
000367
000367
000370

000372
000373
000375

000400
000403
000413
000414

IF{N1.GCT.MNCX2)STOPL
CFR(1)=0,
DU4010J=1,NCX2
CrB(J+l)=0.C
DN40L10[=1,yNCX]L
4010 C(I,3)=0.
C COMPUTE ELLMENTS CF THE C NMATRIX
C C-MATRIX IS SYMMETRIC 'SC CNLY C{[,J) WHERE I.LE.Jdy IS KEPT IN STURAGE
C C(IoJ) CONTAINEC IN C(I,J) FCR l.LE.NCX1
C C(I¢J) CONTAINEC IN C(LXyMX) FOR [4GT.NCX1
C WHERE LX=NCX2~-1+42 ANC MX=[-J+1
4012 READ{LIL I TENPySNIoSNIJITEMPy (JVII) 4yWV(I),I=1yL)
[F(EQF,1)41C0,4015
4015 DU40161=1,L
4016 JV(I)=JVII)AND.7T77B
Ll=1
IF(IVIL).EQeLILY=2
IF(LL1.GTeL)CCTA4090
N4030I=L1,L
J=Jvil)-1
[F(JOTNCXLIGOTNA040
ClIsd)=Cldy N +uVI)#{1e=WV({I)/SNI)
IF(T.EQLILCTL4030

L2=1+1
DU4020K=L2,L
JI=JVI(KY =1

4020 C(J,33)=CUJ,JI)=-WVIL)*WVIK)/SNI
4030 CONTINUE
GOT04070
4040 DO&LOGUN=1,L
LX=NCX2-Jv{V)+3
CULX L)=CULX L) +WVIMI (L ~WVIMI/SNI)
IF(M.EL.LIGLTC4060
L2=M+1
DL4NSOK=L2,L
MA=IVIKI=JV NI+
4050 CILXsMXI=CILX,MX)-WV{M)*WV{K)/SNI
4060 CUNTINUE
4070 IF(L1.LC.1)GCTO4012
D0O40HOLI=2,L
J=Jvin)
4080 CFB(J)=CFR{J)+WV(L)*WV(I)/SNI
4090 CFBRULI=CFR(L)+WV(1)*(1.00-WV(1)}/SNI)
GLTN4012
4100 CONMTINUE
ASSTGN&110 TC LEXIT

CALLSECOND(TINME)
C
C INVERT C-MATRIX
C
C STEPS EXECUTED FCR EACH KCw I [N MATRIX
C le DMULT=1./C(I,1) C{I,1) SET 7C }.
C 2« RMULT(IX)I=C{IXy1) FOR [X=ljreeesl-1
c RMULT (IX)=C(I,0[)=1l. FOR IX=I
. RMULT(EIX)=ClI,IX) FUOR IX=I+lyeeeeNl
C 3¢ ROW(IX)==DMULT*RNMULT(IX) FCP IX=lyeeey -1
C ROW(T X) =DMULT*RMULT{IX)FORIX=1sees Nl
C 4o CUIXyI) SET TC O. FOR IX=ljpaaeyl-l
C CllIX)=RON(IX) FOR IX=1jeeeyNl
C 5« FOR ALL ROWS IX WHERE IXeME.I
S CUIXed)=CUIX3J)~RMULT{IX)*ROW(J) FOR J=IXypeoeyNl
c
1=0
4110 T=f+1

IF(I.GT.NCX1)GOTN4210
C WHEN C(1,1)=0., THE [+l COLUMN LEVEL IS NOT CONNECTED TO THE REFERENCE
c LEVEL.

IF(C(I,1).EC.04)DMULT=0,

IF(C(I,)eNE.O.)DMULT=14/Cl1y1)

clI,I)=1.

IXN=1-1




000415
00cale6
000426
030427
000430
00G432
000444
000445
000446
000447
000451
000454
000455
000456
000466
00Ca71
000474
0U04T4
000476
000477
0004500
000501
000503
000513
000515
000523
000526
000531
00C534
000535
000536
000540
000542
000545
000551
Ju0553
000561
000566
000570
000570
000572
000574
000575
000603
000605
000606
000612
000615
00062C
000632
000633
000635
000641
000642
000646
00GC647
00G6652
000653
Q00655
000663
000663
000671

000673
000676
00Cé677
000702
00C 705
000707
000720
000732

IF{IXN.EQ.0)GCCTQ4125
DC4120IX=1, [XN
RAULTLIXI=C (I X, 1)
ClIX,1)=0,.

4120 RINIUIX)==DMULLT*RMULT(IX)

4125 DU41301IX=1,4N1
REULTIX)=C{T,1X)

SWIX)=DMULT*RMULT (IX)

4130 CUL,IX)=POWIIX)

4140 DO4160IX=1,A1
[F(IXehToNCXL)GCTO4170
IF{IX.ECeI)IGCTULL60D
[F{RMULT(IX).EQ.0.)GCTCA160
DUALI504=1 X,NL

4150 CUIX3J)=ClIXyJ)}-RMULT(IX)}%RCW(J)

4160 CUMNTINUE
COTN4200

4170 [X1L=tCXl+¢}
DU4190IX=IXL1lsN1
IF{IXEQG.IVGCTOG1I S0
[F{RMULT(IX)eEC.0.)GUTCL190
LX=NCXc=-1X+2
DL416UJ=1X,N1
MX=J=14+1

4180 CILXyMX)=C{LX$MX)=RNULT{IX)*RCWI(J)

4190 CCNTINUE

4200 1F(1.GE.MIIGCTO4300
GOTNLEXIT,(4110,4220)

4210 ASSIGN4220TCLEXIT
GOT4230

4220 1=1+1

4230 LX=NCX2=-1+2
IF(C(LXyLl).ECa0.)DMULT=0.
IF{C{LXs)1) e NEaOW) DMULT=214/C(LX,y1)
ClLX,1)=1,
DN4240IX=1,NCAL

4240 ROV{IX)=—=0MULT*RMULT(IX)

MULTOIX)=C{IX,I)}
C(i¥,1)=0,

IXN=]-1
IF(IXN.EC.MCX1L)GOT04255
IX1=NCX141
DU42501IX=1X1,IXN
LX=NCX2-IX+2

MX=T-1X+1 '
RMULTIIX)=C(LXy¥X)
ClLX,MX)=0,

4250 ROW(IX)==DMULT*RMULT(IX)

4255 DCa2601X=14N1
LX=MNCX2-1+2
MX=]X=1+1
RMULT{IX)=C{LXyNMX)
RIW(CIX)=DMULT#=RNULT (IX)

4260 C{LXsMX)=POW(LX)

G3aT04140

4300 BDIV=CFE(l)
CALLSECOMD(TIMET)
TIME=TIMET~-TINVE
PRINT3,TINE

3 FORMAT(*0QINVERSIUON TIME=%FT7.3)
READILI(GTAB(I) oI =1,4N)
RUWINDL

C COMPUTE CULUMN LEVEL VALUES.
8(11V=0.0D
D043301=1,N1
B(I+1)=0.D
IF(l1.CT.NCX1)GGCTU4340
IF(C(f,1).EGC.0.)G0TC4330
DU43101IX=1,I1

4310 BlI+1)=B(I+1)+C{IX, I)=CTAB(IX+1)
IF{Tl.Ei;eN1LICCTO4330
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000734
000736
000746
000760
V00776
000777
001001
001002
001005
001007
001011
Qulo22
001u3s
001036
001045
01047
001051
001066
001067
00107¢C
001073
001101
001103
001117
0ull3s
001157
001165
001165
001170
001176
001201
001201

4320
4330

4340

4350

4360

4370
4380
4590

4400

K={+l

OU43201X=K N1
BI+L)=B(I+)+C(IIX)*CTAR(IX+1)
B(L)=R(1)+B(1+1)*CFB(I+]1)
GUTN4390

[X1=NCX1+)

DE4380I=1X1 N1

B(I+1)=0.D

LX=NCX2-1+2
[F(C{LXAy1).EC.0.)GUTC43R0
VC43501X=1,ACX1
BUI+)=BLI+)+C(IX, 1)*CTAB( IX+1)
IX1=NCX1+1

DU4360IX=IX1,y1

LX=MCX2-1X+2

MX=T-IX+1

BII+1)=B{I+1)+C(LX, MXI*QTAR{IX+1)
IF(1.EQ.N1)GCTC4380

K=1+1

LX=NCX2=-1+2

0043701 X=KyNL

MX=1X=-1+1
BlI+1)=B{I+1)+C(LX,VMX)*CTAR(IX+1)
B(1Y=B{1)+B(I+1}5CFB(+])
B{L)=(bl1)+CTARB(L))/BDIV
PRINTL,B(1)
FURMAT{*0B(1)=%D14.8)

B(1)=0.D

D044001=1,4N

STOR(I+3)=B (1)

RETURN

END

SUBPROGRAM LEIGTH

003510

FUNCTIUN ASSIGNMENTS

STATEMENT ASSIGNMENTS

1

4030
4090
4140
4200
4255
4380

VARIABLE

8
OMULT
IXN
Jv

0v1242 3

anol 77 4040
000337 4100
000450 4160
000527 4210
000621 4300

]

001222 4012 -
000202 4060
000370 4110
000472 4170 -
000535 4220 -
000650 4330 -

[ S S B B |

001120 4390 001136
BLOCK NAMES AMND LENGTHS

120341

ASSIGNMENTS
002362 RLIV - 0034061 c -
003503 I =~ 003467 ITEMP -
0034504 X1 - 0035006 Jd -
001267 K ~ 003474 L -
C0o3477 Ll - 003472 L2 -
003500 N - 000000COL NCXL -
003465 QTAR - 001267 RMULT -
003457 STOR - 000000CO1 TIME
001725

CONSTANTS

START QOF

001204

START OF

001251

START OF

001257

TEMNPORARIES

INDIRECTS

000031
000276
000374
000475
000537
000761

001075C0OL
003471
003466
003470

003473

003463
001267

- 003502

4015
4070
4125
4190
4230
4340

000062
000301
000433
C0C524
00C541
001000

002364
003505
003475
003501
002476
003464
001725
003507



UMUSED COMPILER SPACE

001400

0u0001

000001
000001
000001
090001
000001

000001

000001

000001
000001

000001
000001
000001

000001
000001

000001
000u0o1

000001
0V0V02
000002
000003
000005

000006
000015
QQQ017
000017
000020
0000622
000022
000023

000024
000052
000055
000055
000057
000060
000Qu62
000063
000066
000071
000072
000073
000LT7
000100
000104
000105
000107
000121
000123

2

4
5
5]

7
H

9
lu

SUBRUUTINEVAR

DIMFMSIONB(285) sA(170) ,AVAR(170),C(143,284),LEVC(285),
1YV(285) 4HV{285) ,LEVR(170)

DIMENSIONWU(38) g TCLAS(38), WRNS{38) ,WS(38),NRMS(38)

DUURLEYI sSNI

LUGICALSTAPE
CUMMUNSTOR(41189)

EQUIVALENCE(STOR,N) , (STOR»#), (STOR(4)+8) 4+ (STOR(289),LEVC),
LISTOR(574) 4C) s {STOR(3) ,WTLIIC)

DATAWU/ 4000130002, «0003,.0004y.00054.00069.0007,
1. 00N84.0009,.0014.002,.003, ,004,.005y.006, 007,
2.008'.(’00100110021003100"1005’006' .07'.08!.09,.1’
362103904205 9069eT9e89:9414,100./

FORMAT(1HY 33X 4 SHLEVEL s 7X s SHLEVEL, 7X y 6FWE IGHT 45X
L113HNBSERVED LINE,2Xs15hCALCULATED L INE,3X,
2HIDFVIATIUN ¢S X99HSQRT (VAR) » 7X 9y L2HVAR/SIGMA%%2// )

FORMAT(1X31993X91993X9FLlle293X9F13.5¢3XyF1l4eb6y3Xy
LFO46 )A233X3F9.643X4EL9e14) .
FORMAT(LH1 43X ySHIL.EVEL 93Xy L6 HCALCULATED LEVEL, 3X,
19HSQRT(VAR) 48Xy 12HVAR/SIGMA%X%2//)

FORMAT(1X, 994X sF1l3e644X3F9.6,4X2E20414)
FORMAT(IX,17,4X,%NO DATA FOR THIS LEVEL*)

FORMAT(*0B (1) =%F12.9/%0SIGMA=2F10.6,4X,
1#SIGMA SQUARED=%F10.6/%0%[4* LEVELS*4X,[5,

2% TRANSITIONS*)

FORMAT(1X)

FORMAT(1HO/1HO s 1Xs5SHCLASS 37Xy EHHEIGHT 49X 4 3HRMS, TX,
L8AQUANTITY)

FURMAT (L X 3FBe4 44X FLlle294X2F9.694%,15)

FORMAT(LX,*GREATER THAN 1.%10X,F9.6,4X,15)

C STAPE =.TRUE. WHEN TAPE 7 HAS REEN USED FOR INTERMEDIATE STORAGE.

STAPE=.FALSE.
1 X=0

NX=170

N1l=N-1

NCNT=0

C CLEAR WFEIGHT STATISTICS STCRAGE

c

1010

0C10101=1,38
WTCLAS(I)=(WTURC/WU (L)) *%2
weMS (1) =0,

WS({T)=0.

MRMS (11=0

SIGMA=U.

NTRAN=0

NLEV=0

C FUR EACH RUW, DTEREKRMINE THE R(OW LEVEL VALUE IN AX AND THE
C VARTANCE TERM IN AVX

c

1035

1040

PREAD (L)L s TRCh YT, SNIyNAMES(YV(I)oWV(I)yI=14L)
IF{EOF+1)712Q0,1Q40
CCNTINUE

AX=Y]

AVX=0.

NCNT=NCHNT+1

DOl1080I=1,L
J=YVI{I[)AND.7778
AX=AX+WVII) %8B (J)

J=J-1

IF{J.EQ.0)GCTCLl080
1IF(J.LT.244)GCTUL060
LX=286-J
AVX=AVX+WV () *#2¢C(LX,1)
IF(I.E0Q.LIGCTCL1080
11=1+1

DO1NKVII=I1,L
JI=(YVITII)AND. 77788 )1
MX=JJ=Jd+1
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000125 1050 AVX=AVX+2. 2wV ([)=WV I} 2C(LX,¥X)

000133 GOUTN1080

900133 1060 AVX=AVX+WV({1)%%2%C(JyJ)
000140 IF(Y.EN.L)GCTC1080
000143 I1=1+1

000144 DULDTOII=I1,L

000156 JJ=(YV{IT)}.AND.TT77B)~1
00016C 1070 AVX=AVX+2. %WV ([)*WV(I])*C(J,yJJ)
000166 1080 CCNTINUE

000171 AX=AX/SNI

000203 AVX=(AVX/SNI+1l.)/SNI
000234 DOL090I=1,L

000236 J=YV(I).AND.T7778

C
C SUM THE SQUARES CF THE CIFFEREMNCES BETWEEN THE OBSERVED AND CALCULATED
C TRANSITIONS

000237 TCMP=(AX-B(J)-YV(I) )*x2%WV ()
000243 SIGMA=LIGMA+TENMP
000245 DCL1OBSLHX=1,37
000247 1085 IF(WVII).GE.nTCLAS({IWX))GCTCl088
000254 I'WX=38

c

C WPMS CCNTAINS THE SUM UF THE WLIGHFTED SQUARES OF THE DIFFERENCES
C BETWECN CALCULATED AND GCBSERVED TRANSITIONS FOR A GIVEN WEIGHT CLASS
L NPMS CONTAINS THE NUMRER OF TRANSITIONS IN A GIVEM WEIGHT CLASS

000256 1088 WRMS{IWX}=WRMS (IWX) +TEMP
000260 WSIITWX)=WS(IWX)+WV(])
000262 NRMS (I WX)=NRNS{IWX) +]1
000264 1090 CCOMTINUE
C
C NTRAN COMTAINS THE NUMBER CF TRANSITIONS
000267 NTRAN=MTRAN+L
000270 IX=1X+1
000271 IFT{IXeLTe171)G0T1095
c
C USE TAPE 7 FOR INTERMEDIATE STURAGE
000273 WRITE(7)NXs (A(T) s AVAR(T) o LEVR{I)y I=1,NX)
000313 STAPE=.TRUE.
0C0314 IXx=1
000316 1095 A(IX)=AX
000317 AVAR (I X)=AVX
000321 LEVR({IX)Y=NANE
000323 GOT01035
Qo323 1100 CONTINUE
000323 NLEV=NCNT
000324 [F(.NOT.STAPE)GCTOL105
000326 WRITE(T)IX,(A(I) 4 AVAR(L)}LEVR(I)yI=1,IX)
000346 ENDFILEY
000350 REWINODYT
000352 READ(TINX, (A(T) JAVARIT )4 LEVRII)» I=14NX)
000372 1105 IX=0
000373 NLEV=NLEV+NL
C
C CUMPUTE SICMA SCUARED
000375 SIGMA=SIGMA/(NTRAN~NLEV)
000400 REWINDL
000402 PRINTL
000406 1112 READ(L)LsIRCW YT o SNIoNAME, (YV(I)yWV(I),I=1,4L)
000434 IF(EQF,1)124C,1115
000437 1115 CCNTINUE
c

C FOR EACH TRANSITICN COMPUTE THE CALCULATED TRAMSITON AND ITS
C VARIANCE AND PRINT AtL THE DATA ASSOCIATED WITH THE TRANSITION

c
000437 IX=1X+1
000441 IF(IX.LT.1710G0TO1120
000443 READ(7INX, (A(1) JAVAR(I)SLEVR{ I}, I=1oNX)
000463 IX=1
000464 1120 CUNTIMUE
000464 L1=1

000465 DUL1230I=1,L




000467 VAR=AVAR(IX)

000472 CCM=zL
000473 J=YV (1) AND.7778
000475 . TEMPL=A(IX)-B(J)
000477 TEMP2=TEMP1-YV(I)
000501 IF(TEMP2.EQ.C)IGCTOL125
000502 TEMP={WTUNC/TEMP2 ) %%2
c
C IF THE DIFFERFENCE IS TWICE THE UNCERTAINTY STAR THE PRINTOUT
C [F THE DIFFERENMCE IS THREE TINES THE UNCERTAINTY DOUBLE STAR THE
C PRINTCUT
000503 [F(4.&TEMP.GE.WV(I)IGCTOLL125
000507 IF(Q. ¥TEMP. LT.WV(1))GOTOL1123
000512 CCM=1L=
000514 GOTN1125
000514 1123 CLM=2L%%
000s16 1125 COMTINUE
000516 IF{J.6T.1)GCTCLl130
000522 L1=2
000523 50701220
000523 1130 TVAR=U.
006524 J=J-1
006526 IF(J.5T.143)GCTCLL140
000531 VAR=VARSC(J,J)
000534 GUTNLL150
000537 1140 LX=286-4
000441 VAR=VAR+C (LX,41)
000544 1150 DUl200II=L1,L
000546 IF(11.6T.1)GCTC1160
000551 JJ={YV(1).ANC.TT78B) -1
000553 J=1YVI1I)eAND.T7778) -1
000555 GOTN1170-
000556 1160 JJ=(YV(II).ANC.777B)-1
000561 J=(YV(I)JANC. 7T7B)~1
000563 1170 IF(J.LT.144)GCTCL180
00056¢& LX=286-J
000567 MX=JdJ=J+)
000571 TCMP=C(LX,MX)
00057% GCTOLL?0
000575 1180 TEMP=C(J,JJ)
000601 1190 TVAR=TVAR+WV{IL)*TEMP
000604 1200 CONTINUE
000607 VAR=VAR=-2.*TVAR/SNI
000627 1220 VARRT=SQRT(VAR®*SIGMA}
000633 J=YV(1).AND.7778 i
000636 1230 PRKINT2,NAME JLEVC(J) yWV(I)YV(1)TEMPL,TEMP2,COM,
LVARRT, VAR
000667 PRINTT
0000672 DL1235]1=1,L
000702 WV{D) =V (D) sANDe(«NCT.7778)
000703 1235 WV(I)=WV{I)eCR.{YV{I)AND.TTTB)
000706 SPSNI=SNI
c
C STORE THE RESULTS CN TAPE 5
000710 WRITE({S)LIRCWySPSNIyNAMESA (LX) y AVARLIX)
1(WVII) s I=1,L)
000732 GOTO1112
000733 1240 CCNTI.JUE
000733 ENDFILES
000735 WRITE({S5IN,)M,SIGMA,84LEVC,C
000754 ENDFILES
00C756 PRINT3
000762 IFL.NOT.STAPE)IGCTOL250
000764 REWINDY
000166 1248 PREAD(TIIX, (A(L) JAVAR(I}HLEVR(I), [=1,I1X)
001006 IF(EQF,7)1261,1250
oololtil 1250 DOL2551=1,1X%
oolol3 A(IY=A(I)~-B (1)
001015 VARRT=SQRT (SIGMA®*AVARI(I))

c
C PRINT ROW LEVEL VALUES AND THE VARIANCES
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001022
001035
001040
001041
001041
001045
001050
001052
001054
001060
001061
001063

001064
001072

001072
001073
001076
001106

001105
001120
001123
0oll2s
001142

001146
001156G
0u1ll151
001156
0ol172
001174
001175
001202
001211
001211
001213

PRINTG,LEVR (T} 4A(I) yVARRT,AVAR(I)
125% COMNTINUE

[F(STAPE)IGOTC1248
1261 CUNTINUE

PRINT3

DC13001I=2,N
1270 B(I)=8(I1)-E(1)

J=i-1

IF(J.LT4144)GCTOL280

LX=286~J

Vf\R=C(LXyl)

[t (VAR.MNE.O)GCTUL290

SHUULD RE REMQOVEC

[a XN aNeNal

1275 PRINT1L,LEVC(T)

11 FORMAT(1X,1994X,*#THIS LEVEL NCT CONNECTED TO THE REFERENCE LEVEL.*®

COLUMN LEVELS THAT HAVE ZERQO VARIANCES ARE NOT CONNECTED TO THE
REFERLNCF LEVEL SIGMA IS INCORRECT SO THE UNCONNECTED LEVELS

1/14X*REMOVE THIS LEVEL ANC ALL ITS CONNECTED LEVELS AND RUN *

2%PROBLEM AGAIN.*)
60TN1300
1280 VAR=C(J,J)
IF(VAR.EQ.0.)G0TD1275
1290 VARRT=SQRT(SIGNMA*VAR)
C
C PRINT COLUMN LEVEL VALUES AND THE VARIANCES
c
PRIMT4,LEVC(I)B(T) ,VARRT VAR
1300 CCMTINUE
TEMP=SQRT(SIGNMA) ~
PRINV6,B({1) ,TEMP,SIGMA,NLEV,NTRAN

PRINTS
c
C PRINT WEIGHT STATISTICS
c

DOL13501=1,27
IF{NRMS(1).EC.0)GOTCL350
WEMS (1) =SQKT{WRMS(I)I/NWS (1))
PRIMTOyWULT ) g WTCLAS (1) WRNMS (1) 4NRMS(T)
1350 CCMTINUE
IF (NRMS(38) EC.0)GOTC1360
WRMS(38)=SQRT{WRMS(38)/UWS(38)}))
PRIMTLO,WPMS(38) 4 NRMS(38)
1360 CUNTINUE
RETURN
END

SUBPRUGRAM LENGTH

004064

FURCTION ASSIGNMEMTS

STATEMENT- ASSIGNMENTS

L

5

9

1040
1U95
1115
1130
1170
1240
1270
1300

BLOCK NAMES AID

001217 2 - 0vlz42 3 001254
oul2i4 6 - 001301 1 001321
0011334 10 - 001341 11 00137%
000056 1060 - 000134 1030 000167
000316 1100 - (000324 1105 0060373
C00440 1120 - 000465 1123 000515
000524 1140 - 000536 1150 000545
000564 1180 - 000576 1190 000602
000734 1248 - 000767 1250 001012
001050 1275 - 001065 1280 001074
o0tl2l 1350 - 001173 1360 001212
LENGTHS

120341

1035
1088
1112
1125
1160
1220
1261
1290

001267
001323
00C025
0CC256
00C407
00Cs517
00C587
0CC630
001042
001101




VARIABL
A

B

I

It
LEVC
M
NCNT
NX
SPSNI
TEMPL
VARRT
WTUNC
Yv

START O
00i216

START O
0C1415

START 0
0ul424

£

F

F

F

ASSIGNMENTS
001434
0920003C01
004047
004u46
C00440C01
000000C01
004032
04030
004063
004057
0040562
000002C01
002160

CONSTANTS

TEMPORARIES

INDIRECTS

AVAR
c
IROW
J
LLVR
MX
NLEV
N1
STAPC
TFEMP2
WhMS
WU

UNUSED COMPILER SPACE

001300

001706
001075C01
004040
004044
003252
014051
004036
004031
004026
004060
003640
003524

AV X
Cuw
IwX
JJ
LX

NRNMS
SIGMA
STOR
TVAR

WV

004043 AX

004056 I
004053 IX
004050 L
004045 L1

000000C01 NAME
003754 NTRAN
004034 SNI
00000GCO1 TEMP
004061 VAR
003706 WTCLAS
002615 Yl

004042
004033
004027
004037
004054
004041}
004035
004024
004052
004055
003572
004022

43




CURE MAP 15.39.26, SEGMENT 00. CCNTROL 000100 137012 016451 120341

~==T[ME~==LUAD MUUE ==L l==l2==ce=TYPEr=w=mnroenoeme— USER==—=44+==(ALl ~———r=cwe—ne— FWA LOAD--LWA LOAD=-BLNK COMN=--LENGVH--

FWA LOADER 152562 FWA TABLES 152416

«=PRUGRAM=~=~ADNRESS~ ~=LABELEN===COMMON--

CONTR.OL 000112

SYSTEM 014363 SCOPE2 014363

SEGMENT 015467

S10s v1s62C

==t RY=—mmm ADDRE $S- REFERENCES

CONTROL 00013

WENTRY 014364 CONTRCL 000114

SYSTEM 0lse661 SEGMENT 015563 015571

SYSTEMC 014621

SYSTCMP Olahal

' ND (14543 CONTRCL 000145

STUP 014574 CCHTRCL 000143

LXLT 0146566

ABNORML 016604 SEGNMENT 015572

SYSTHAC V14654

LIME. 015235

FETA. 015236

Y.EY. (15240

FHiNA uls24tl

HuvD. 015243

SEGMENT 015470 CCHTRCL 000124 000132 CCO0140

BKSPF.U. 016121

FIZBAK. 016132

POSFIL. 016167

ROPRUS ul6177

OAT. 016221

cliul. 016066

UPEN. 015622 SYSTEWV 015150

S1G. 015734

—e=={NSATISFIED EXTERNALS ===-~- REFERENCES

SOXTD 000125

SINVE 0Co133

VAR 0Co1l4l
CURE MAP 15.39.29. SEGMENT ol. 015556 14071700000000000204010€00070000000000C0 137071 144002 016451 120341

—e=T{ME——=LOAD MULE =--L1--12 TYPE UYSER—==44===CALL mmm=mmmmr——ee FWA LOAD--LWA LOAD~-BLNK COMN-=LENGTH--

FwA LUADER 152562 FwA TABLES 152057

—~PRUGRAM==~=ADDPESS~ ~=LABELED=~~COMMON-~

SURTUL 137071

TORDER 140153

INPUTC 140343

LFELLF 141477

SIEFTY 141524

ECSPW 141541

ECFL 141570

REVMIMNM 141632

uuTPYC 141714

HBLE 143261

uuTeTh 143265

CNuFIL 143362

GEreA 143432

C402v 143451

%S4020 14356C

XRCL 143775




Sy

~=tN[RY=~====ADDRESS=-
SUR (. 137072
TOKDER 140154
I1NPUTC 14034%
KRAKER 140447
1 FENDF 141500
SHIFT 141525
SHIFM 141536
ECWR 141541
ECRD 14155¢
t.CFL 141571
RLWINM 141633
OuTPTC 161716
KQDER 162063
NELE 143262
ouTPTH 143267
ENDFIL 143363
GETBA 143432
4020 143451
654020 143561
XRCL 143775

—~=~UNSATISFIED EXTERNALS

66 CCLUNN LEVELS

7492 ROMW LEVELS

8889 TRAMSITIONS

O

62005
383007
3864801
427506
445304
57620%
599104

I769725.00
13062395.47
11691361.11

9523400.00
14128294,11
12762590.11
10788274411

97229364.22

SCRTD
SCRTD

SCRTD
sorTD

SCRTD
SCRTD
SCRTO
SCRTO
SCRTD
SCRTD

SCRTO

SCRTD

SCKTD

INPUTC
TFENDF
REM INM
OUTPTC
ouTeTe
ENDFIL
854020
curere

C4020

854020

137236
137075
137122
137133
137161

137316
137177
137262
137377
137401
137520
137737
137761
137554

137662
137702

137720

140353
141503
141640
141724
143320
143370
143707
143256

14345¢

1437136

137364

137077
137124

137166

137333
137205
137372

137732

137522
137761

137557

137664
137706

1377130

1434672

REFEKENCES

137101
137126

137311

137524
137743

137666
137722

143502

REFERENCES

137102
137130

137355

137526
137744

137670
137725

143512

137114
137131

137435

137530
137747

137672
137726

143516

137116

137454

137531
137753

137674

137120

137464

137735
137755

137700



ob

624900
7C0504
710303
717102
732607
764508
786405
811807
813304
885602
887403
10064907
1008 00%
1010301
1020804
1025405
10238006
1034703
1045707
1054003
1055704
1068508
10381903
1084208
10937006
112900%
1139807
1140 304
1144403
1145706
1155404
1163305
116017017
1194354
119680%
1236204
1282647
1268405
1291006
1312709
1334607
133606
1340206
1353509
1356707
136320%
1441104
1450408

1454300

1479007
1484510
149700%
1535307
1545803
1571207
1604010
1624408
1188209

10215724467
11 1068249
25509100
2247321.67
9737340.11
71565475.00
7759068.78
12527751422
5900873.33
133707/.11
3068593.11
6106394.67
4603952.89
123560, 11
4203236489
32564 768,00
3758109.44
6849089.78
60697133
1055692 .44
2893215.89
5479589, 4%
2641236.00
91262.00
3855452.3
2019751.49
2839480.22
1594037.67
380925.22
3¢49336.56
2167274.11
2335560.00
3088962.89
747597.22
1652693.R9
426776.22
4268830411
4499001.00
1682026.00
2854277.44
2080069.00
20R443,00
1152936.56
1197387.89
189642.11
384386.11
179646, 11
1174535.67
1289221.56
944682444
50RBHS .64
325671.22
114134.00
£65507.22
7762449.33
4TR35K,33
£33532.56
26965.00



Ly

CURE MAP

I'IVERSION TIME=

B(l)= ,227626920~07

CORE MAP

15+61.43. SFGMENT 015556
~==T[ME-=-L0AD MOCE --LLl-=L2 TYPE
FWA LOALER 152562 FwA TABLES 152242
—PRAULRAN=~—ADI.ESE~ ~-LABELED--~COMMON-~
SR 137071
1§PUTH 142601
1 FENUF 142735
SECOND 142762
ACGCER 1430006
QuTPIC 143032
PEWTINM 1443717
GETEA 1446461
C4020 14450C
t: $¢020 1446017
XRCL 145024
—=tMTRY====~ADDRESS~
SINVK 137¢72
1NPUTB 142603 SIMVR 137123 137125
137143 137147
1FENOF 142736 SINVR 137151
SLCIND 142763 SIMVR 137463 137744
ACGUER 143007 SINVR 137624
gurTPTC 143034 SINVR 137751 137753
KODER 143201
PERINM 14440¢Q S IVR 137764
GETBA 144461 INPUT 1426173
1FENDF 142741
oureTe 143042
REWINY 144405
854020 144736
€4020 144500 OUTPTC 144374
354020 14461C C4020 144506 144521
XrCL 145024 BS4020 144765
~==—UNSATISFIED EXTERNALS~===~
« 660
15.42.29. SLCGMENT 015556
-—=TIME-=—LOAD MOCE --Ll-~L2 TYFE
FrA LOADER 152562 FWA TABLES 152040

~PROGRAM=-===ADDRESS~

VAn
LNPUTB
[ FENDF
uuTPTa
ENDFIL
KREWINM
ouTPTC
SQRT

137071
143155
163211
14333¢
163435
142503
143565
145132

14071700000000000204010€0007000000000000
USER=-~++—=CALL

14071700000000000204010¢0007000000000000

=-LABELED---COMMON-~

USER===+¢=-~=CALL

137071 145031

137133 137135
137762

140255 140256

144545

137071 145774
FWA LOAD--LWA LOAD==BLNK COMN--LENGTH=-

016451 120341

FWA LOAD~~LWA LOAD~-BLAK COMN=~LENGTH--

137141

016451 120341




8Y

GETBA 165212
4020 145231
QLrPTS 16534C
LABRT 145417
P s4020 145526
ACGUER 145743
YRCL 145761
==LMTRY===~==ADDRESS~
VAR 137072
INPUTB 143157
{FENNF 143312
oureTs 143340
ENDFIL 143434
REWINM 143504
JUTPTC 163567
RODER 143734
SQRT 145133
GCTIRA 145212
€ 4020 145231
nHyYreTs 145342
LARKT 14542C
B S4020 16455217
ACGUER 145744
XRCL 145767

====UNSATISFIED EXTERNALS=~==~

VAR

VAR

VAR

VAR
VAR

VAR

LABRT
QurtPeTs
VAR

INPUTE
TFENOF
QuUTPTE
ENDFIL
REW INM
QuUTPTC
854020

UUTPTC
SCRT

SCRT
C4020
LABRY

854020

137117
137137
137463
137517
137550
149077

137145

137366
137423
140007
1400130
140045

137441
137443

137476
137744
137763
140125
140200
140222
140237
140275
145453

145345
137724
143247
143315
143371
14344]
1435114
143575
145655

145127
145153

145162
145237
145436

145704

137121
137143
137501
137521
137554

137527

137370
137427
140011
140032

140026
137473

137477
137746
140052
140126
140202
140224
160252
140277
145456

145362
140112

145155

145252

REFERENCES

137123
137445
137503
137525
140061

140101

137374
137431
140013
140034

140047
140057

137732
137750
140053
140135
140204
140226
140254
140301
145460

140175

145157

145262

REFERENCES

137125
137447
137505
137536
140063

137376
137433
140015
140036

137734
1377152
140115
14C136
140206
140230
140256
140302
145461

140215

145160

145272

137127
137453
137507
137540
140067

137400
137437
140017
140040

137736
137754
140117
140160
140210
140232
140260

140246

145276

137131
137455
137511
137544
140071

137404
140003
140022
140042

137740
137755
140121
140162
140211
140233
140262

140272

137135
137457
137513
137546
140073

137421
140005
140023
140044

137742
137762
140123
140163
140220
140236
140263




6v

LEVEL

1150206
1150206
1150206
11502006
1150206
1150206

1161305
1161305
1161305
1161305
1161305
1161305
1161305
1161305

1203504
1203504
1203504
12035064
1203504
1203504

1264306
1264306
12643006

1346305
134€305
1346305
1346305
1346305
1346305
1346305

1371004
1371004
1371904
1371004
1371004
1371004
1371004

1382504
1382504
1382504
1382504
1382504
13825u4
1382504

1464306
14643006
14643C6
1464306

LEVEL

6
42005
427506
516205
624906
700506

6
L2005
47506
445304
576205
599104
624906
700506

42005
346803
445304
576205
5499104
710303

6
624906
700506

6
62009
427506
445304
576205
599104
626906

384R03
445304
5499104
710303
786405
813304
ay7803

L2008
386R03
576205
710303
136405
813304
837803

6
62005
380007
427506

WEIGHT

25.00
4.00
25.00
100.00
100.00
6.00

100.00
25.00
4.00
25.00
25.00
100.00
25.00
100.00

100.00
100.00
25.00
100.00
4.00
10000

400.00
4.00
4.00

400.00
400.00

4.00
100.00
100.00
100.00

4.00

100.00
100.00
&5.00
25.00
4.00
4.00
100.00

400.00
100.00
25.00
100.00
4.00
4.00
25.00

400.00
400.00
25.00
25.00

Typical output pages follow:

OBSERVED LINE

11502.57900
10882414000
7226.93000
5140.52000
5253.62000
4496.30000

11613.92000
10993.58000
7339.04000
7160.51000
5851.84000
5022.64000
5364.94000
4608.46000

11415.23000
8167.03000
T582.17000
6273.53000
6044.26000
4931.72000

12643.40990
6394.30000
5637.81000

13463.39400
128642,11700
Q187.61000
Q009.90990
7701.30000
7472.06000
7214435000

9841.69000
9256.83000
7719.04000
6606.37000
5846.15000
5577.14000
4831.77000

13205.10000
9956.85000
£063.27000
6721.51000
5962.16000
5692.43400
£946.85990

14643.83100
14023.52390
10843.00000
10368.21990

CALCULATED L INE

11502.588718
10482.267523
7226.8953C8
5740.528631
5253.579128
4497.078344

11613.943182
10993.4621987
73284249771
7160.538315
5851.883095
5622.648873
5364.933591
4608.432808

11415.244929
8167.093016
7582.161258
6273.506038
6044.271816
4931.667729

12643.408039
6394.396448
5637.R97665

13463.397154
12843.075958
Y187.703743
9009.992287
7701.337067
7472.102845
T214.387563

9841.768705
9256.836947
T7718.947504
LL0h.343418
5846.063199
5576.9/6984
4831.724111

13205.085271
9956.933357
8063.346379
6721.508070
5961.227851
5692.141637
4946.888764

14663.835728
14023,514532
10843.018432
103684142317

DEVIATION

«018714
«127523
=.034692
.008631
=.0640872
« 778344

023142

«041987
-.790229
«028315
043095
«003873
+ 006409
«027192

«014929
«063016
=.008742
=+023662
011816
~«052271

~.001861
« 098448
« 087665

=+000846
«041042
093743
.082387
-037067
« 042845
«037563

-078705
«006947
« 092496
026582
086801
«163016
045889

«014729
.083357
«076379
.00193C
«932149
«2848363
«028864

+004728
~.009368
«018432
-.077583

SQRT (VAR)

«061432
«061431
«061431
«061431
061431
«061431

049092
«049092
« 049092
«049092
«049092
«049092
«049092
«049092

+047640
«047640
«047640
» 047640
«047641
« 047641

+«048450
«04H852
«048852

«029644
«029644
«029645
«029645
«029645
.029646
«029646

«052151
«052151
«052152
«052152
052152
052152
«052152

038467
-038468
-038468
038469
«038469
«038470
038472

«027326
«027326
«027327
«027327

VAR/SIGMA®e 2

«3876117198285TE-02
«387610656688TTE-02
+38760717856480E~02
«38760350965607E-02
+38760343411261£-02
«3876107368935TE-02

«24753449078416E~02
«264753584280681E-02
«24753564339080€-02
«24753683956320E-02
«264753709212583E~-02
«247535126466801€-~02
«24753815439107E-02
«24753325727686E~02

«23311003144564E-02
«23311198039975€-02
«23311214396872€-02
+23311038961631E~-02
023311622264687€-02
«23311901164577E-02

245098046814 72€-02
«24512282129966E-02
024512211131923€E~02

«90259884239621 E-03
«90258421238695€6-03
«90265045327692E~03
+90265347334240E-03
«90265609053691€-03
«90268241570883€E-03
«90269194777736€-03

«27934086843991E-02
»27933935002225E-02
«27934598083732€-02
«27935816665295€~02
«27935285841006 £~02
«27935545171594E-02
«27935298029691t-02

«15197873537618E-02
«151991717965%0E-02
«15199097439194E-02
«15200091965039€-02
«15199626334918E-02
«15200122785321E-02
«15201978030596 E~-02

«76694848406544E-03
»76693831036859€E-03
«T6700499859756E~03
«T6697775731271€-03




0s

14643C6
1464300
1464306
1464306
1464306
1464306
1464306

1483905
1483905
1483905
1463905
1483905
1483905
1483905
1463905
1483905

1500703
1500703
1500703
1500703

1563107
1563107
1563107
1563107
156310¢
1563107
15631G7
1263107
1563107

15638006
1563806
1563806
15638006
1563806
1563806
1563806
15638C6
1563806
1563400
1563806
15638006
1563806
1563806
15638900

1572005
1572005
1572005
1572005
1572008
1572006
1572004
1572005
1572005
1572005
1572005

1573202
15673202
1573202

624906
700506
132607
811807
1006907
10C8005
1028806

3

62005
445304
599104
700506
813304
1058005
1020804
1055704

386803
445304
885602
1055704

o
320007
624900
7305006
732601
811807

1034708
1098706
1145706

6
62005
380007
576205
624906
700506
732607
786405
8lleo7
1006907
1ou8005
10.8806
1098706
1129005
1145706

o

L2005
427506
445304
576205
700506
10€8005
1020804
1055704
1140304
1163305

386R03
885602
837803

100.00
100.00
25.00
25.00
100,00
100.00
«.00

400.00
400.00
100.00
25.00
100.00
4.00
25.00
25.00
4.00

100.00
4.00
25.00
25.00

400.00
25,00
100.00
25.00
100.00
25.00
4.00
4.00
100.00

400.00
400.00
100.00
4.00
100.00
100.00
100.00
25.00
25.00
100.00
4.00
25.00
4.00
25.00
25.00

1C000.30
400.00
25400
100.00
100.00
25.00
100.00
25.00
4.00
100.00
25.00

100.00
100.00
4.00

8394.73000
7638.31000
7317.71000
6525.27000
4574.73600
#562.89000
4354.85000

14839,74600
14219.43400
10386.21000
tH48.39000
7834,22000
6706.43000
4758.74000
4631.26000
428274000

11139.38000
10554.19000
6149.94000
4450.34000

15631.79500
11830.99G00
9382.78000
R626.26000
#305.68000
7513.19000
5284 .51000
40643.45000
4174.67000

15638.32400
15018.06400
11437.46990
9477.09000
Q349.27000
8632.77000
#312.20000
7774.10000
T519.73000
5569.17000
5557.31000
5349.71000
£651.49000
434E.15000
4181.109%0

15720.68%50
15100.38400
11444.93000
11267.21000
9958.55000
8715.24000
5639.64000
$5%12.20000
5163.59000
4317.27000
4087.58000

11863.71000
6875.17000
6£853.64000

8394.826137
7638.325353
7317.740933
6525,.230324
4574.690752
4562.837235
4355,251406

14839.733330
14219.412135
10386. 3284064
8848.439022
7834.222956
67064468502
47584734838
4631.278329
4282.730750

11138.941131
10554.009373
6150.452716
4450.411659

15631.806693
11830.989397
9382.797102
8626.296319
8305.711898
7513.201290
52R4.494147
46444254969
£174.530911

15638.334365
15018.013670
11837.517570
9876.274778
9389, 325275
80632.824491
8312.240070
T774.156251
7519.729462
5569.189890
5557.336372
5349.750544
4650.783142
4348.105731
4181.059084

157204684513
15100,36331¢8
11444.991103
11267.279647
9958.624420
8715.174139
5639. 686020
$512.229512
5163.681933
4317.256680
4087.558995

11463.686114
6875.197703
6853.641525

«096137
.015353
.030933
.039676
.039248
.052765
. 401406

«01267C
+021865
+118464
« 049022
« 002956
«038502
«005162
018329
009250

«138869
. 180627
«512716%
«071659

«011693
«000603
«017102
.036319
«031898
«011290
015853
« 804970
« 139089

010865
«050330
«047670
.815222
«055275
+ 054491
«040070
«056251
- 000538
«019890
026372
2040544
« 706858
« 044269
«0504816

« 000987
«020682
«061103
« 0067647
« 074426
« 0658061
«046020
«029512
«091933
+013320
»021005

-023882
«027703
«001525

«027327
.0271327
.027328
027327
«027329
«027330
027331

«029984
«029984
«029985
«0294986
«029985
029987
«029389
+029989
«029991

«079512
«079513
«079518
079515

«035263
«035264
035264
«035264
035265
«035264
«035266
035267
«035267

«026031
«026031
«026032
+026032
«026032
«026032
«026032
026033
«026032
026033
«026035
«026036
«026036
«026041
«026U36

«009449
«009459
«009459
«009462
«009461
«009461
«009471
.009473
+«009480
«009496
+«009485

«067770
«067771
«06T773

« 766999455647289€-03
«76699153093769E-03
«76703863987258£-~03
+767013T76769062E~03
«76709492658025E~03
e 76715104448462 E-03
«7672166T387556E-03

«92342970629660E-03
«92341799472379E-03
+92349117819118E-03
©92353724695964E~03
«92349336412156€E~03
+92361990893600E-~03
«92368345815840€-03
«92370566035577TE~03
«92386649670885E~03

«64935673999468€-02
- 64937020420309E-02
«64944242160323E~02
649392852742 718E-02

«127718561374T74E-02
«12772797688515E-02
«12772676943146E-02
«12772833056462E-02
«12772892676987E~02
«12772880698403E~02
«12774044121745E-02
«12774930290015€-02
«12774408314422E-02

+69597532480393£-03
«69596495465885E~03
+«69601059452045€E-03
«69603546760760E-03
«69601810194436E-03
«69601052731222€E~03
+«69604065209563£-03
«69607227377173E-03
«69602809819003€E-03
«69611097163058€-03
«69621097531117€-03
«69622481948281E-03
«69623003305103E-03
«69649705065408E-03
«69624754440522E-03

«91710671354433E-04
«91904727424970E-04
«919049699724T2E~04
«919486852258T9E-04
«91943738925428€E-04
«91936267960194E-04
+92125688357063 E-04
«92160839052516E~04
+92312029859868€-04
«92613826356542E-04
«92396772743917E-04

+6T172953434217£-02
«47173436377984E-02
«4T7176690373965E-02




IS

1573202
1573202

1583103
1583103
1583103
1583103
1583103,
1583103
1583103
1583103
1583103

1612104
1612104
lel2104
1612104
1612104
1612104
1612104
1612104
1612104
1612104
1612104
1612104
1612104
1612104

1619506
1619506
1619506
1619506
1619506
1619506
1619506
1619506
L6195006
1619506
1619506
1619506
1619506

1625405
1629405
1629405
1629405
1629404
16294085
1629409
1625405
1629405
1629409%
1629404
1629405
1629445
1629405
162940%
1629405
162940%
1629405

1650506
1650506
1650506

1081903
1144403

386803
445304
599104
710303
719102
885602
8ETRU
1140704
1155806

L2005
445304
576205
599104
710303
786405
813304

1004005
1020804
1054003
10557u4
1081903
1144403
1194304

6
380007
427506
576205
700506
722607
786605
811807

1006907
1008005
1025405
1145706
1167707

6

L2005
427506
445304
576205
5499104
624906
7100506
736405
813704
108005
1020804
1025405
1023806
1055704
1140304
1155804
1163305

6
62005
380007

4.00
4.00

100.00
100.00
4.00
4.00
4.00
4.00
100.00
4.00
4,00

400.00
100.00
25.00
25.00
100.00
25.00
4.00
100.00
100.00
25.00
100.00
25.00
4.00
4.00

10000.00
100.00
100.00

4.00
4.00
25.00
100.00
25.00
100.00
4.00
4.00
100.00
4.00

111111.11
10000.00
100.00
400.00
4.00
100.0u
25.00
100.00
100.00
100 .00
4.00
25.00
4,00
4.00
100.00
4,00
25.00
4.00

L00V0.00
10000.00
40000.00

4912.270600
4287.66000

11962.57000
11377.65000
9839.65990
8727.24000
#639.42000
6974.10000
6952,54000
4427.71000
4273.24000

15501.58700
11668.45000
10359.88000
10130.57000
9017.96000
8257.71990
7988.68000
6040.87000
5913.42000
5581.69000
5564.88000
5301.99000
4676.79000
4178.03000

16195.36670
12394.55000
11919.63000
10433.21990
9190.64000
8869.21000
8331.08000
$076.68000
6126.14000
6114.24000
5940.59000
4738.,07000
4518.35990

16294.02580
15673.70620
12018.21990
11440.630090
10531.86000
10302.64000
10044.92000
9282.40000
K429,83000
8160.65200
6$213.05000
6085.49000
6038.94000
6005.37000
5736.96000
4A90.57000
4735.32000
4660,26000

16505.78280
15885.46350
12704.97390

4912.259378
4287.573561

11962.590625
11377.658867
9839.769424
B127.165338
8639.404931
6974.102209
6952.546031
4427.5635900
4272.404031

15501.565112
11668.481441
10359.826220
10130.591998
9017.987912
8257.707693
TI9RB. 621478
6040.887814
5913.431306
5581.654518
5564.A83727
5301.986458
4677.300642
4177.980551

16195.364248
12394. 546952
11919.670838
10433.304161
9189.853874
8869.269453
8331.185633
8076.758845%
6126.219273
6114.365755
5940.399078
4738.088466
4518.363619

16294.025466
15673, 704270
12018.332055
11840.620599
10531.965379
10302. 731157
10045.015875
9288.515091
8429.840851
8160.760637
6213.026973
6085.570464
6039.060295
6005.441144
5737.022885
4890, 597633
4735,365763
4660.899947

16505.788127
158854466931
12704.970831

-<010622
~.086439

«020625
-008867
«109524
-+074662
~+015069
002209
-006031
-«07410C
~+835969

-.021888
«031441
-.053780
021998
027912
-+012207
~.058522
«01l78Ll4
.0L1306
=.035482
003727
-.003542
«510642
= +049449

—+002452
-+003048
«040438
- 084261
~e786126
« 059453
105633
«078845
079273
« 125755
-.190922
«018466
«003719

~.000334
-.001930
«112155
~.009401
«105379
« 091157
+095875
«115091
«016851
«110637
-.023027
« 080464
« 120295
«071144
062885
«02/633
«045763
«639947

- 005327
«003431
=+003069

067774
«067801

«054819
«054819
«0543819
«054821
«054824
«054829
-054820
«054825
«054824

«030642
«030643
«030643
«030644
«030645
030644
«030645
«030645
030645
030659
«030647
030650
«030717
«030668

009597
«009609
«009608
009610
«009609
«009611
«009612
« 009610
«009615
«009619
«009623
«009621
«009626

.002823
4002556
+002656
+002864
.002863
+002869
.002863
.002861
+002870
.002883
.002894
+002900
.002907
.002899
.002925
.002977
.002952
.002939

004023
.004021
004008

«47178352932891E-02
«4T215497091586E-02

«30865330168925€-02
«30865217831760E~02
«30866075018926E-02
«308676458798377€-02
«308713T78291706E-02
«30876560202615E-02
«30866396905479E-02
+30872253821762£E-02
+30870822382464E-02

«96437964998832E-03
«96442973337666E~03
«96445741157241€-03
«96447394301557€E-03
+96458953725034£-03
«96449896697564£-03
+96455790699526€-03
«96459180187177TE-03
964583880551 7TE-03
«96545093340073E-03
«96471169780285E~03
«96490146117289E-03
«96910454265605£-03
«96602501554458€-03

«94607893266599E-04
«94836149061471E-04
«94807779243852€E~04
«94851703745599E-04
«94840545095150£~04
«94879911280510£E~04
«94891349640906 E-04
«94856748809565L-04
«94963388961796 E-04
«95035630045233£~-04
«95110872291233E-04
«95078260381098E-04
«95176873520935E-04

«81843356645887E~05
«83683214276436E-05
«83781781136065E-05
«84226599274120E-05
«841852112295/0€E~-05
+864571719029222€-05
«84175882465560E-05
«84096233856325€E-05
«84612455953213E-05
«85354263445981€-05
«86043511693832€E-05
«86356973738242E-05
«86T789967177669E~05
«86307747175186£-05
«87856525256063E-05
«91014836413623E-05
«89495713156785E-05
«88732921289302E-05

«16619143617429E-04
«16610153925268E~04
«164987597126T0E-04




[43

16505006
1650506
1650506
3748904
3748904
3748904
3748904

37596006
3759606
3756606
3759606
375960¢

3162410
3762410
3762410
3762410
3762410

3763109
3763109
3763109
3763109

3777909
37177909
3777909
37779C9
3777909
3777909
37771909
37719C9

3833807
3833807
3333807
3833807

3871209
3871209
3471209
3871209
3371209
3871209
3871209

427506
576205
624906
445304
710305
1055704
1497005

[
1006907
11290V5
1163305
1282607

1120809
1312709
1353509
1484510
1604010

1130809
1312709
1545808
1624404

704508
1048508
1130809
1312709
1484510
1545R08
1604010
1624408

RL1H07
1034708
1282607
1479007

1068508
1130R09
1312709
1484510
1545808
1604010
1748209

100.00
25.00
100.00
400.00
400.00
10000.00
400.00

400.00
400,00
40000
400,00
111111.11

10000.00
111111.11
11111211

400.00
400.00

10000.00
111111.11
10000.00
10000.00

400,00
40000.00
10000.00

111111.11

400.00

400,00

400.00

111111.11

400.00
400,00
4£00.00
10000.00

400.00
400.00
4£0000.00
10000.00
111411.11
10000,00
400.00

12230.08000
10744.12000
10256.65000
33035.66900
30385.35000
26932.12810
22518,50000

37596.65400
27527.51000
26306.42000
25963.47000
24770432900

26316.40280
24496,64500
24089.389200
221779.23000
21584.11000

26323.76060
24504.00120
22173.43910
21387.44810

30133.58000
27093.39800
26471.03670
26651.27450
22933.92000
22320.64000
21738.67000
21534.71710

30219.70000
27990.97700
25511.931990
23547.37460

28027.09000
27404.76000
25584.95630
23867.56040
213254440490
2£672.39830
20829.90000

12230.094716
10743.728039
10256.778536
33035.726000
30385.232471
26932.124286
22518.555876

37596.606083
27527.461108
26306,376949
25963, 410564
24770.329465

26316.412081
24496.646434
24089.386782
22779.246026
21584.,079722

26323.766244
24504.000601
22173.441041
21387.447163

30133,533321
27093.400842
266471.037591
246514271945
22933.871537
22320,.712385
21738.705233
21534, 718507

30219.706274
271990.999131
25512.035059
23547.3696517

28027.091200
27404.727950
25584.962304
23867.561895
23254.402744
22672.395591
20829.959734

«014716
-+391961
128536
+05700C
-.117529%
«000186
055876

~-.047917
-.048892
-.043051
-010564
. 000465

009281
«001434
-.002218
«016026
-.030278

«005648
-.00059%
«001942
-+000637

~« 046679
-002842
«000891

-.002555

-.048463
072385
.035233
001407

«006274
022131
«095159
-.004943

.00120C
~.03205¢C
« 006004
001495
-.002156
-.002709
«059734

004021
«004027
004025
«009348
. 0091357
009324
«009561

.003016
«003015
.003085%
.003078
«002939

«002221
002121
002127
.002588
«0020653

«002752
«002634
«003095
002905

002027
«002015
.002072
«001986
«002484
«002590
002512
«002037

.009383
009388
009393
«009324

«002670
002710
«002656
002975
«002459
.003028
«006592

«16609848042989E-04
«16658746051048E~04
+16642746803585E-04
«897495L79T506TE-D4
«89927005534362E-04
- 89296809039708€E-04
«9388215977519TE-04

«93421340943759E-05
+93388426875028 E-05
«97781208329576E-05
«97292188436561E-05
-88723207576606E-05

+«50662048040896E-05
«46203956371579E-05
«46488283218441£-05
«68812704471178E-05
«72284288920204E-05

« 777615890087 24E-05
«71281178642392E-05
+98383358021875€-05
«86695728736144E-05

«42302384972083E-05
«41722603107309€£~05
«44113036047676E-05
«40506292727240E~05
«63393016794561£-05
«68924727406252E-05
+64798971337966E-05
«42604921874298E-05

«90426845028333E-04
«90521372013058€-04
+«90613896665184E-04
«893016505296 39E-04

«73222946532638E-05
+75420196812950£~05
« 124728924556 14E-05
«90930975255184E-05
«62082280245504E-05
+94155699398797€E-05
«44632874921356E-04



LEVEL

1150206
1161W0%
1203%04
12641306
1346305
1371004
1382504
1464306
1483908
1500703
15631C7
15631306
1572005
1573202
158303
lel2104
14195uU¢
1629405
165050¢
1688802
1690007
1692405
17070006
1715403
1736106
1736905
1746804
1789304
179080%
1796803
1818504
1825306
1826002
La29s5u7?
1829904
Lu3g 304
1840605
1R53003
1660704
1824903
1875700
18796404
1383907
1893205
1711503
1911902
1912704
1919204
1930702
1947105
1944708
1955204
1964003
19641707
19868U3
1978306
19826006
1982802
1986403
1488507
2011405
2014405
2021806
2025003
203C604
203110%
2039103
2042004
2045202
2046407
2152505
2052408
2056904
2062105
2065102
2066104
2ut1208
2071904
2u76607
2080503
25445
20943006
2101102
2106203
21074805
2118504
2123202
2126504
2132105
214C703
2140904
21426C7
2164804
2153603
215360%
21545V4
21584006
21613605
2175304
2176006
2116707
2183093
2194003
2195805
2197604
2198005

CALCULATED LFVEL

11502.588718
1LL613,943182
12035.506125
12443,408039
13463.3917154
13710,241813
13025.406466
14043 R28T28
14839.733330
19017.4146240
15631 . 606693
15¢3R,334R65
15720.634513
15732.1%9227
1%831.,00L8733
lei21.8006307
16195.3662486
1694025466
16505.768127
164A8.290897
16900.3869%4
16729, Ta67106
LICT0.475776
17154,821034
17361.901343
11369,555759
17146R, 224032
17893,8K829C7
L790R.175960
17968, 719902
181R5.99937¢
18253,472911
18240,644332
18295, 777796
182949,502338
18383.243423
1840/,523982
18530, 799217
18607.802283
Lu749.849185
187%9.140102
1B794,8c08048
18839.263353
19932, 767689
19115,499404
19119,755714
19127.211527
12192.4v12497
19307.749994
19471.849700
1948a,037531
19552.519510
164N, 147633
19647.908040
1906R, 423943
19783,333932
19826.669448
19828.41:4700
198464 ,52055]
19888,.512543
20114,296918
2014R.U26295
2021R.827021
2025R. 142730
20306 .855622
20311.548955
20391.508958
20620,5129734
20452, 197504
204464 ,520473
20525.390449
2052R.8%1031
20569,222327
20621.292023
20651.205277
20641 .5u7083
20712.175R09
20719.050672
20766,499304
2080%. 792900
20851 .514227
20963 421544
21011.055371
21uh2.337688
21078, 724499
21185 .846449
21232.876806
21265.047132
21329.915565
21407,8%4339
21409,967637
214246,477068
2144R,952R00
2153h,.840110
21536.071126
21545.13953¢6
21584.616727
21636,9477Q2
21753.03774¢
21766,5219C7
21767112404
21830,3672174
21940,630494
2195R.1¢82107
21576.020628
21980, 104483

SORT (VAR)

«06l432
« 0449092
06701
+04H8YS0
«029044
+052152
«03R&69
«027326
0299484
079514
+035263
«026031
2009449
007772
+054820
«030046
+009597
+002623
«004023
«136292
+Q04uA1L
«002%3%
«002529
026909
+N02%32
002100
«004095
«002901
«002094
«023210
«00690H
.0021C0
«0 36549
002946
002932
«002989
+002532
028950
+002978
<030169
002097
+002976
002742
+0024959
«032103
«041010
+002972
«a02971
«03385%0
+002814
«009647
+002u467
009466
«0048¥6
09240
«001726
+002053
«0064914
+003006
~002522
«002051
«002647
101900
«002890
+002860
+002855
«0064409
«001635
006962
002456
«002082
«0C4879
+001841
«002563
003017
« 001945
«002993
«00229¢
«00l935
«002148
«002039
«001924
«003011
.002580
+002040
«002906
003017
«001506
Ooull2y
«002145
«002993
«002098
+002048
«00214n
«002230
+0Ul701
001903
+O01507
«J01713
+001490
«0019215
«002581
«002300
+001452
«001538
+001452

VAR/S [GMAve2

#3876117198285TE~02
2247534490784 16E-02
+23312007138032E-02
22650980608 L0 T2E-02
«90259884239621F-03
02793541504 2794E-02
«15199495578246LF~02
«76694A4B40LG44E=-03
«92342970629C60F-03
204938148532004E6-02
«12771856137474E-02
6959 /532480393E-03
W1710671354433€-04
% l1151346685928E-02
30806 71253409E-02
«96449969321100€6-03
«966ITB9I266YINE-VU S
«H1R43356665BETE-05
21661914361 164 29604
S 1H522986157261€-01
«26266921465T65TE-04
57619911421 L2E~05
+65639485263979E-0%
«T437121067556T9€-03
65R2RT122581H2E~05
«45282680262778L-05
02661209656 7C41F-04
Y1BOH415288122E-05
45199 166149046E-05
+55331564255967€-03
224739786453237E-04
24528489861 338105
«137206155753296-02
«B919523078I661E-05
913315232153 74E-05
«91761684568308E-05
«65859577178330E~05
860ULTOLT04606E-0Y
291036294525 124E~05
«93412029994033E-03
W45177215262019€~05
29099288696 7203E~05
288849381 7924617F=05
+H9928244029490E~05
<105H5195134462E-02
«l7214087702976€6-02
.90703818534205E-05
#906557632100115-05
«127688128507026-02
%13263729862196-05
9559434 14251198 =04
832476437482154E-05
959589643554 10F~04
«24519629240338E-04
HT68864T3T4LBTE~04
«30598414220151E-05
£43274277025830F-05
«24839675648784E~04
92TR68L13916774E-05
«65307357246469E~05
«431851692215156-05
T1975274659190€-05
W37072855114155%E=05
W8Y7731953996T4E-05
#014031723512379E-05
+837313973777105-05
«19943049986275E=04
«27457530907762E-05
$252163TH549%22F 06
26191004008 2442E~0%
<44537466756253E-05
226456229173101E-04
+34828643584110E-05
6T4H2659270699F-05
«93492508475304E~05
+396404811890ULE-0S
+91997912645247E-0%
<540 325200242 14E-05
.38473614036852E-05
«47336153527361£-05
042063394 T66911IE~0%
+3U417870h42:42TE-05
«73142395596159E-05
6835992956 71 53E-05
1427152236245928E-05
«91577048483376£-05
«934 7500940 1274E-0%
«23242779990429€-05
+300641497151073E-06
«4 726690610 5044E-05
«92024489871242€~05
,45229106251031£-05
«46711676592940F-05
«47369177475636E-05
«51063529743071E-05
«31450289352171E-05
«37175956183216E-05
«23336456416977E-05
«30121881487581E-05
W228140147721356-05
<384 057353241626-05
«68414T07617d439E-06
+56322366044U226~05
.21648332616238E-05
2243097102244 T26-05
+21641278946337E-05

LEVEL

2199306
2203404
2205606
22248304
2236R07
22311705
2238304
2246203
2242105
2244406
22576402
22582006
2258404
2259901
2262403
2263307
2263604
2269103
2270004
22715212
2219406
2278605

278908

2862064
2289103
2290802
2291807
2296409
2305104
23051C7
23006906
2316403
2318504
2319607
2321202
2321205
2321203
2332509
2337506
2337802
2343004
2343205
2346403
2348605
2353405
23563017
2354004
2357200
231CH02
23713006
2373404
2375303
2375502
2317901
238206
2384309
2384407
2387303
2392604
2393205
2391204
2490208
2402203
2402606
2406607
2406902
2408205
2411103
2415402
2411206
2414507
2419504
2420703
2422005
26426304
2432204
2433102
2433307
2446003
2443306
2444405
2444904
2445108
2451704
2453505
2455503
2456007
2458104
2459102
2466904
2461404
24654105
2467106
2474105
2475104
2476004
2488407
2489203
2490606
2493807
2496944
2496003
24973064
2500406
2501704
2506402

CALCULATED LEVEL

21993,138642
2203R.026040
22056.291232
22283.6413539
2236R.465T7T102
22377.753096
22393.4%2402
22409,613/175
22421.7501467
22464.232780
22574 . 8B8FH0G
22982 .442935
22584,540301
22599.947265
226246 ,305962
2263%,145144
226L34.130794
224691 .4690039
22100.4240495
22752.416556
22754 .04 7640
22786.594730
22789.776224
22362.438113
22391.6964542
2290R.791458
22918.543224
2266 .541277
23051.151759
23U57.0601699
23069,709907
231A5,6133163
2318A.925997
23196.,796096
23212.0672¢3
23212.461182
23272.51142%
23325.1 16404
2331715.,447038
23378.72633¢
23430.161935
23432, Tu0atb
23464,155296
23436.,680589
23534,50198
23543,49255¢
23560.6186H2
23472.070121
23104.032202
23718.274%465
23734.718011
23153 .441054
23755.5799R8
23779.2641024
231125, 367651
21043, 1250496
23848609698
23373.443699
23926.768291
239132,835485
23)12.504498
24002 ,425H14
24022 .066275
24026,158095
240K06,549077
26405H9,399325
24CH2,355230
2411B.245190
264154.350321
24172.3%50957
24185, THH6K83
24195, 703698
24207.0364646
26220.6321428
24¢63,100057
26322.920585
24331.751499
24333.7754818
24400,643662
24431,241795
Q4446R.015026
26449,372322
26451 . Th6642
24517.2495504
24535,2063540
24555.717R44
24560,395210
24581.184729
26531 . 194654
240604,517211
2461%.738R91
24650400752
2LL71.309%66
24141.228190
24757.29219]
247604012921
24884,1579113
24592.,606008
24906,84.1130
2493A.4691%6
26940.520027
2L946.5608H8
269130946221
25000, 710677
25017.0415%09
25068 706137

SQRT (VAR)

.001617
.001821
001434
D0LT75A
001728
.0013¢25
2001540
002871
001618
2001406
+004919
00135
.001519
2034949
002574
.001726
.001810
«002578
.002127
002946
0Ul276
.001396
002972
.001241
002048
002782
002036
2027529
001586
001616
JOUl4TH
001177
001644
+001449
.005723
001254
2001605
OU1340
001543
002596
001644
001166
001412
001308
001436
001279
001411
LOullre
.003022
«001209
001940
001786
002324
2001241
001333
«0094K5
001300
001676
001672
.001096
002047
002100
001619
001461
001247
.034893
001161
001675
002348
<001359
001170
001462
001736
.001321
001417
001566
.002896
.001353
«001697
.001136
001245
2001654
002484
.003013
001184
002107
001103
2001541
009560
001329
001210
.0012¢0
001177
.nCl212
«001431
.001600
0Ul44aT
HG1797
001098
001601
OV1236
«001668
001258
001617
.001383
003u33

VAR/S [GM A®e2

026839645739726E-05
«364062140938160E-05
«21113379914153£-05
«31746610141444E-05
+30676223469C51E-05
«18040775656594€-05
«264368155773451€-0%
«B4666320780191€-095
«20892890182380E-05
+20290630178(65E~05
«24854825278001E-04
«19690505216599€-05
+23696516209659E-05
+125450972405426-02
+68934334748104E-05
«30587356648979F=-05
«33634450366403E-05
«6825134331512%F-05
«4640L0H12165337€-05
«921476412300262E-05
«16712726780273E-05
«200043628046544E-05
-90/42225196510E~05
015826368064 AN4LE-0S
«4520464673T695E-05
«79466956551002E-05
446T9T71635T0T4E-05
«77838917332629F-03
<25837503980054€-05
«26826823712789€-05
«2242R11483841TE-0S
«32445442270305F-05
227771896000546F-05
«2156624178R967£-05
«33646941099518E~04
«16142569%20968F-05
«26452551808048E-05
o LH44574 1620085E-05
«24447431385574E-05
+69226906250054E-05
2271752838764A98E-05
«13967120912862€-05
20471729696 449E-05
17574814903483E-05
211707931180U26F-05
+16793110015756€-05
+20%53205196473E-05
«16272943236303E-0%
«93801456513499E-05
« 150223196011 73E-0%
«3866873147178dE-05
2405160153761 72E-05
554499775653 76E-05
«16363053102780F-05
+182%5726523524E-05
2924611334387664E-04
« 1735474 1321R98E-05
«2835589355 1322E-05
+28713250409262£-05
©12335719634(:63E-05
«430541057T7480E-05
«453i5785169443E-05
«269337023109826-05
«21909010561096E-0%
2 1576607694 01:44E-05
«12505238970588E-02
«13448296801385E-09
228327208615331E-05
«56590712973V93E~05
-18975025104735€-05
«14051174900731E-05
«219435393BR225E-05
«30943726633150E-05
«17642499699223E-DS
«20636802019151E~05
L2519684109519T7E~05
.B6117892177810E-05
«18811557671311€-05
«29592633568297E-05
«1324T615929848E-05
+15918422656323€-06
«2B091995334596E-0%
«63396217327396E~05
.93225910060G03E-05
0 14371146913359€~0%
«45526822793992E-06
+12505663779736E-05
+24343962460084€-0%
«938046968R5505E~04
18145738UL12044F-05
.15026215384213€-0%
«168 358354393319E-05
164232067 1866589€-05
«15071629969029€-05
«21032195590/03F-05
+26207417791205F-05
«21513100176550E£~0%
«33172101830531E-0%
«12311108488289E-05
26323158986 5026E-0%
«15693003313129£-05
.28575063742036F-05
. 1617635503 38206-05
<20616426985L91E-05
«196%3034532431E-05
«94478345206309E-05

53



3279600
3280206
326C900
3284218
32852403
3288002
328910%
3z29020¢/
3292504
32924Cn
3293209
3294405
3295506
329107
3299102
34997006
33500804
3304105
3107205
3309003
3309907
33117%¢a
33126404
3313600
33150495
3315406
3317504
3317602
3321401
3322994
3326102
33282006
34309406
3332009
3334106
3334404
3335309
3335702
3337307
3341206
3345104
3347494
3351206
3357007
3358Q05
3359509
3363406
3370304
3370209
3371907
31472304
3373206
3373304
3373803
33769C¢
3377400
3379705
3332903
diacz2uue
3187601
ERLLATIY
3391606
3391K%U3
3392104
3396209
3394100
3398703
3400006
3401404
3404100
3406603
34053C1T
Je0 7003
3407505
36408009
3410508
36410743
3411405
3414302
3415504
3416606
3420103
3420505
3421504
3423004
3429304
34306072
3431508
3433806
34344006
3440702
3440705
3442905
Jabk 306
34463409
3468600
3450709
3453304
3455004
34064408
3466204
3410409
3670707
3471507
3473904
3476202
3481206

54

32796.3K3020
32002.3LKHAY
32409, 114637
J2842.3.:0455
323524186807
320RN,20264Y
32891.1245a8
32902.91 7981
32925 9THRAO
3292R.653797
32932.845915
32946.917771
324958,055280
32977.452034
32491.4226906
32997.517240
3300K8.424105
33041446153
33077.441653
33090.613794
33099,.175698
33117.972837
33126.932622
3313A.209580
33150.0685904
3154, Taliba)
33175.108185
331764734272
3321%.2011438
33029.000849
BR LY YA DOYY]
332A2.442067
3330%.003659
33320.6011172
33341.791527
313366,4118%42
33353, 795705
31357.500596
33373.914166
33412.204015
33451.916035
334674, 765961
33512.596044
335704619835
33580.6u8849
33595.009234
33¢39.5173/0
33103029152
33707.4636024
33749081786
$3723,444610
3373n,735080
33731.4302490
JITIRLTAGRD]
33769.973073
33TTR.77T1713
33797.471945
33829.162201
33829, 827655
338 74.4939P8
33ua. 48107
3300610889
33ILR, 368302
331921.6463835
3362.1943 06
32941.603889
98T 64391y
36000463000
364U1A,2115460
36041 J9GRVLY
36046,403307
364059. 860018
340700609951
3AUTH LG KA
34CAN. 912104
3420%5.363353
34109.06582659
JellR, 167627
34143.628310
3415%.U14571
36164.723T164
36201421661
34205,9524841
3602154262206
3623R. 697915
3640930453212
343064773041
363154413759
343AR.529037
34246.807532
36407.110127
34407, 791889
364429.57927¢
36430.307530
36434 ,952158
344862771
34507,27H214
36535,499689
34550.%561974
34444 .026700
34062 .8U3STL
34706.428023
36107.725732
34715.459178
34739.430902
34 162.934307
34¢12.222372

001863
«00Ll607
«002639
004370
005610
2034893
002486
002025
«003316
«001511
«001393
004408
+01705
.001702
006873
«002630
+002324
.003703
«003724
0U6937
001087
+00L6HKG
«U02029
0u2507
002454
002321
+0V3709
006955
<0060
QU400
009719
DU2442
.002894
001486
2002573
002715
«002594
«009699
001782
«002183
005544
005565
002604
001510
004862
001498
0017491
.002039
006382
.002110
0042134
2002769
.003976
«0C9143
003207
002612
2001754
«002623
001804
034889
00Lyrl
002340
«0USHHG
009027
GOL517
02507
SOULUHY
V04371
005616
002027
003767
«001549
«00ILH3
0CH6R5
001627
OU2168
006872
.006822
.003079
2009034
u2321
.006888
«002668
«005655
005652
004031
OUaIeS
001564
2005638
$004793
005313
«0U6T07
022076
006743
.002119
«002632
2002319
«004417
«006860
«001790
S0260HO
«001959
001564
002107
009295
«034906
«202880

«35642033022458E-05
2653289594 6096E-05
115431134220 86E-05
+19615299229974E-04
+32323264702315E-04
«12505364274577E-02
«6364T72392248584E-05
«42100783050566E-05
«1127211689250624E-04
«23457072984165E-05
«19934444413201€~05
«19937601856245E-04
29N6567UB36240E6-05
29753847656 35H0E-05
«485219830021H0E-04
«7106370067811TE-0S
«55551670812210E~-05
«14017651030956F-04
«14278064025R00E-04
+49430381262069F~-04
«36578291765(2BE-05
0291262149623 79E-05
«42298379278614F-05%
«645623733487125-05
«62063031190322€E-05
«533117675247568F-05
«164127001797616F-04
«406T76726832413E-04
+22551022130423¢£-04
Lot #2240 15H425E-04
+9T01501 399 T724E-04
«63251553466%01E-05
«86040023111411E-0%
2269346349 35331€E-05
«620622567316LT7E~05
«15716235664291£-05
«64381318920910€-05
9661560 T1571464E~04
+32629403270347€-05
+48736812964T64E-05
«316179424464561E-04
+31410886224441E-04
+6963006 100 3052E-05
+2340B503428678E~-05
«24278783359956E-04
«230607497853181F-05
«32930251999433E-05
«42696T73590725E-05
«1972483420419RE-04
457368672230240E-05
1841306397 7657E-04
«78740375193337¢~05
«162396594660697€-04
«8661357/854592E-04
+10563768535444E=-04
«700%5T7A30I1IHIE-DS
«39105957918553E-05
« 7066551 7959699E=-05
+33415213089573E-0%
+12502485785374F-02
«403034674001633E-N8
«562179661T72254F-08
«32047191987109E-04
«BITUOTSON2 5IOVE-1D4
«25533099940761E-05
«646545007343454E-05%
LBH995T51401L4E-04
19K 2146171 5540E-04
+32389451196304E-04
+42201033111¢35F-05
«164577355994083F-06
«24317865386515F-0%
«d6OHLSLTITHTIAIE-~04
3296080931 6954E~04
«ZBHILLSLLT40CRE~NY
«48235305066251E-05
+%B505339216225F-0%
«4T801666524500E-04
+97393405126572E-0%
«H3827355426531E-04
«55325103308353E-05
«4B7311321156482F-04
«73049088023977E-05
«32B842634592212E-04
-328N8916622047%~04
«16672220119029E-04
495 3LUGGH224N06F-04
226593638067 14TIE-Q05
«32653967d06%21E-04
+23595318876130E-04
«289960973902 19£~-04%
462001965681 LBE-04
+500%37683846.06LE-03
«%6T06972497U81F-04
4613158 3674605E-05
«T1196596899320F-05
«55241 134RBHL1BTE-QS
+«20038926276231E-04
«483364909301236E-04
232715148930168E-05
«62%633778737956-013
+394298%1087359E-05
«251265633560650F-05
+ 4560408059 L199FE-05
«H8716015328786LE-034
«12514489012202E6-02
«85200254873404E-05

3482707
3484208
3684609
3486902
3488109
34943046
3497607
3506407
3502902
3403210
350348405
3504804
35tennr
3521704
3553607
3558509
3561204
3580000
3585001
3587700
3568704
3993009
3593103
3598103
360 TOVG
3050167
36519201
3652808
3655101
3668407
36753C7
3715410
3729409
3167501
374P4904
37596Q6
3162610
3763109
3777109
358334807
3871209

620NS
3gonu?

386803
©“27506
445304
576205
999104
624906
700500

710303
ERS A
132607

164504

186408

aLinav
8133y¢
385692
CEXETVE
1006907
O LTV
10103ul
1492CA04
1025405
1028806
1034 7u
1065707
1054003
1Us5704
1168508
181703
1034208
ovp7ue
1129009
1130409
11403954
1144403
1145704
1155864
1163305
1167707
1194304
1196Mu%
1236204
1282647

288405
1291006
1312709
13344007
1336106
1360206
1353509
1356107
1363205
1451104
1450108
1454366
179507
1484510
14970u%
1535307
1545408
1571207
1604010
1624408
1788209

36527.817285
34842.875301
34046,858763
34169, HIR549
J4LALl.840T63
34963.607736
367TH L5204
350044114057
3%027.944478
35032.604572
35030, 796554
35048.171502
35128727554
35217.624002
355 16,9011 3
35585.941407
35612,865629

ASEOTL6UNGTY

35450, 197265
355792374622
35URTL 240618
35930, 003059
35931.233435
35981,147227
3607064400610
365001.0.00040
365194922020
36520, 114058
36551.278°02
36LBR.63027
36758.648656
37154, 724596
37296.631067
37475.845163
374R9, 130867
37596.606083
370626.529380
37631.A13547
37779.194891
38338311811
38712.845249

$20.321195
3I800.H1T298
38R .LT73109
427%.06'2410
4453.404K67
5762.06008 1
591126309

269,00959]
7005.5i03 74
7103.898495
7191 .658R0LZ
T326.04946795
1665.6:1570
4641 IR614
8118.61%4603
8133,264H29
B8U56.981524
#@I13.517702
10049144475
10CH0,918493
10103405727
1020R.45%5002
10256.765170
10288,544322
10347.312546
106457.787213
10540.231789
10557.0u2501
1068%5.754049
10819.8 19149
lu342.755990
10987,.541723
112490.24913%
11308.1172099
116403.427R33
114446 .50560%
L1657.215782
L155R.659703
11¢633.125519
11617.000629
11943, 9U5756
11961612625
12362.4%4954
12826.206618
128H%. 156115
12910 .46HRO0
13L27.dapadt
1334h. 060542
13341.6460434
13602.4%439
13535.142%99
13567.94%56010
13632.,085633
l4411.380282
14501.74,4123
L4563, 127593
14790.942020
14245.283354
14970.574990
15353, 788383
15458.442505
15712.81045]
16040,449658
lh2446.436384
17882.885515

«002020
001870
.001872
«034892
«001930
004912
+001895
+001446
«U286492
.001534
+003034
+002440
«005615
«006025
.002795
.00157%
«302787
«002696
«034949
«005592
OVLTL4
«002152
+028490
003074
«001744
~O0324%1
+003159
002450
«049345
«005449
006894
0U%46T9
+002160
«0364496
2009352
+003016
«002198
+002737
002044
+009388
+002675
+000446
+000v489
+000584
+000459
+000S0R
+000502
<0003
+000499
+0004%2
«Q0usdS
000942
000531
+00060U
+000542
«0L0S09
«000606
001186
000775
+000605
+000658
<00401%
«000642
.000721
«000676
«00UG11
+«00l403
«001149
J000782
000046
«0008L9
«003349
000673
000854
«000840
<00u9sse
002204
000693
0008717
000833
«000756
.001353
«000934
«001803
000684
001561
«000935
+0008%4
«000B&A
002350
00L0ve
001145
+0U2555
001921
002635
001119
001042
001212
001626
002176
.003123
+00175%
001324
«001725
+001348
+006088

.41915359804053E-05
+35200929246637E-0%
+35981¥041485156~05
+125046522342126-02
.382616331900356-05
.26754121022091E-04
.36RB67091851926-056
L2146311283B62E-05
L833/9958042452F-03
.24158395172437€-05
«94520614954960F-05
.61168726529250£-05
+32337849332034F~04
450 7T2hH355555E-04
.80231935726567F~05
+254R165994 3167E-05
. 19760909286 182t ~05
o T&B685085261H14F-0S
©12565097240,62E~02
+32123301225501E-04
L46T20391094536E-04
4756322544 T7607E-0S
.83367738623414E-03
+97032834233200E-05
« 3122995401 6V50F-1)5
e LlULN 16422 7942F-04
< 10247804940224F =04
+6163575 7917110605
.25009123218283E-02
.30492163003016E-04
.265)5612025152E-04
206U T0650207IE-04
+47928 16740 1120E-05
«12597325%637T409E-02
+8Y832947750078E~04
19342134094 3759£-05
+49620292919514F~05
LT69586R96204A7E=05
+42098491052330F-05
W90527518486007E-04
+73491096904960E=05
.22290612156122E-0h
2659331274301 TE-06
.34991748044186E-06
.21660350910440E=04
«264b611 34556256-06
+25906569079167E-06
2986503665 T146F~06
+25556686504053E-06
+24#32506463175E-06
.4B201167920527€=06
W1232182831017F-04
L2B923412570925F =04
036945864026C40E-04
+30166846446603E-06
«266231613046K0E-04
23773135360 3537E-06
1644547091 75A0E-05
«61716227602922E-06
«376528371590264E8-06
$44641825672125E-0h
< 1655636096 5LH2E-04
$4T72998 3010328606
.51953383193694F~0h
.470060156 162056-04
+38162093207045E~06
202069380562 [8F-0%
.13553329402462€6-05
L627570R92812396-06
+42833874958 SKRF =05
STT56539 345 3282E-06
SLLT9H330735704E=04
V46501400186 5BE-Uh
148372349180 77F=06
.72610337006742E-06
W94272946122334F-0h
4987975257 5603E~D5
4934209 TBTTHSTE=06
1908604 T493163E-0h
L71353262414373E-04
LSHTOJ0H7433197F=06
< 185003425764 38E-0%
HIALAGOSSIH2BOLF-06
+3334960U085141F =05
c4T173411H213103F-06
,26376622852261F=0%
UITLS50T6140LRTE-OO
JT496265HT6B/9TF=00
«TINOLOSUUSG0VTLE-0h
S6T61512577652E-05
11233460199 7564E-05
W13467672636791E-05
+6706695361904TE~05
+40294956200954E~05
. 11271873273430E-05
< 128566523904 34E-US
.11151492581026E-05
«15097760346104€-05
.2716580279T458E-05
+4B653011455124E6-05
+10016359274204E-04
«31636028416357E-0%
+18118070371749E-05
+30561929433813E-05
+18657486600607E-05
+38070727554236E~04




gll)= 0.000000000

SiGMA=  .946718 SIGMA SCUAREDs
857 LEVELS U8R9 TRANSITICAS
CLASS HETGHTY RMS
+003C 111112 .001974
«0050 40000, Y «003707
«0100 10000.00 « 008701
«0500 400.00 £ 062667
+1000 100. 00 083967
«2000 25.00 161689
«5000 4.00 +347499

END OF FILEL TAPE 2

«973613

QuanNTITY
1759
1019
1562
2783

336
620
134
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000002
000002
000002
000002
000002
030002
0C0002
000002

000002
000002
000002
000002
000002
0C0002
000002

000002
000002
000002

000002

000002

0000v02
000302
000002
000002
000002
0C0002
000002

I}

CGoOCON OO0 OO C oD

APPENDIX E

THE ITERATIVE CODE: INSTRUCTIONS AND LISTING

PRAGRAM I T(INPUT,QUTPUT »TAPES)
DIMENSICNTCC(1000),TRC(1000},TC{1000),TR(1000)
DIMENSTONSNJ(L000) 9 SNI{2000),LEL(1000),COHT(8)
DIMENSICNWT (20000) 4 WUN(20000 Y, IWN(20000), ICT(20000)
DIMENSICNWU(38) yWC (38) yWRMS (38),NRMS(38),WS(38)
COMMOMHIMyNT s TCOy TRCoy W g UIN
EQUIVALENCE(WTHICT) o (WNyIWM)

DATAIXHAF/1C000/

DATA(WUCL)} 4[=1+¢37)7/.0001,.0002,.,0003.00049.0005,.0006,
1.00074.0008,.0009,.001,.002,.003,.004,.0059.006,.0074.008,
2009400194027 ¢0370049.05,.0694079.08s+0910l6e2ye3rc47e5706y:75.8,
3.9,1./

LUGTCALISCTCP

FCRMAT(F15.4421TyF544,F7.3,AL)

FUORMAT(8AL0)

FORMAT(IS yFlO0e99F10e24915,F5.443X,A7)

4 FURMAT(1X,15% ITERATICNS®*SX*DELTA=%F16.9)

FOPMATILX,15,F19e8,2F15e54F174.5)

6 FURMAT(LIHO,2XA3,13X%#LLVEL*3X*INITIAL VALUE®

15X=DIFFERENCE*4 X*¥WE IGHT SUM#)

7 FORMAT(3(LX,8F16.8/1/)

8 FORMAT(LX3F15e83F10e5,F12424F14.242F1645)

9 FUPMAT(LIIO,IS5* COL LEVLOLS*[S5% ROW LEVELS=*

116% TRANSITICNS*)

L0 FORMAT(*1CALCULATED LINE CBSERVFED L INE®

12X¥DIFFERENCE*7 X¥WE [GHT *T X% RUW LEVEL*
2TX*COL LEVEL#*)

11 FORMAT(1X*¥MAXIMUM NUMBER CF ITERATION CYCLES=%]5/
11X*CUTUFF VALUE FOR DELTA=%F10.9/
LIXeMULTIPLICATICN FACTNR=%F10.2/

L1X*PRINT CYCLE=*[5/

LLX«UNCERTAINTY ASSUCIATED W ITH WEIGHT OF UMNE=%F10.4)
12 FORMAT(#0SIGNA=#%F10.6,4X,%* NORMALIZEC SIGMA=%*F10.6)
13 FURMAT(#CUNCERTAINTYS7X*JETGHT# L 1X4RMS%SX#QUANK)

14 FURMAT(4X 1F6.4,6X,Fl2.294X,F8.404Xy14)

15 FURMAT (% GREATER THAN L U*15X,F8.4,5X,13)

16 FORMAT(LX®[SCTUPE SHIFT DATA%*)

L7 FUPMAT(1X*HWAVELENGTH CATA®)

13 FURMAT(L1HL,8AL0)

wWN -

wn

[MPUT DECLK

CUMMENLT CAKRD
COL 1-80 (8A10)Y COMMENTS USEC AS A HEADING FOR QUTPUT LISTING

CONTR3L CARD

COL 1-8 (1%) MAXIMUM NUMBER UF LVERATION CYCLES

COL 6-15 (¥F10.9) CUTOFF VALUE FUR DELTA

DELTA IS THE MaXiMUM CORRCCTIC! THAT OCCURED IN THE LEVELS FOR THE
ITERATION CYCLE

COL 16-25 (F10.2) MULTIPLICATION FACTOR OF CORRECTION TO A LEVEL
COL 26-30 (I5) [INTERVAL GF PRINT CYCLE OF LEVELS DURING ITERATION
LOL 31-35 (F5.4) UNCERTAINTY TC EE ASSOCIATED WITH A WEIGHT OF ON
CUL 39-45 (A7) ISCTOPE FOR ISOTIPE SHIFT DATA

COL 39-45 (A7) .NE. ISOTCPE FCR WAVE HUMBER RUN

DATA CARDS

CLOL 1-15 (F1lS.4) WAVE NUMBER

CUL 16-22 (I7) RCw LFVEL CLASSIFICATION NAME
COL 23-29 (17) CCLUMN LEVEL CLASSIFICATION NAME
COL 30-34 (F5.4) UNCERTAINTY CF WAVE NUMBER
[SIITUPE SHIFT UNCERTAINTY IS ASSUMED TO HBE 1.
COL 35-41 (FT7,3) SIUNEC ISQTCPE SHIFT DATA



000002
000010

000016
000036
000040
000044
000062
000067
000074

0000675
000115

000120
000122
000123
000127
000132
000132
000134
000136
000143

000144
000150
0COl153
000155
030160
000163
C00L165S

000166
000171
000174

cooocoonc o000 cCO

(2N el g

OO0

¢
C
c

COL 42 (Al) S IF ISQTOPE SHIFT VALUE GIVEN

FUR EXAMPLE, WAVE NUMBER 25637.2066 IS THE TRANSITION BETWEEN
4663.3815 (J-VALUE=3) AND 30301.0873 (J-VALUE=4) WITH UNCERTAINTY
=,003 AND ISQTOPE SHIFT=-.13. THE LEVEL NAME MUST BE UNIQUE.
4663.,8815 MAY BE REPRESENTED AS 46633 AND 30301.0873 AS 303014. THE
LEVEL NAME IS USED TO CLASSIFY THE TRANSITION. THE FIRST SIX DIGITS
OF THE LEVEL NAVME ARE USED AS AN INTEGER INITIAL ESTIMATE UF THE LEVEL
OR ITS ISOTOPE SHIFT.

READ CCMMENT CARD

RLADZ2,CCMT
PRINT18,CCMT

READ CONTRUL CARD

READ3yMAXIT,DELTA,FACTOR,MUDPRT yWTUNC,ITYPE
IF{NTUNC.FEQ.0.) WTUNC=1.
ISOTOP=ITYPE.EQ.7THISOTCPE
PRINT11,MAXIT,DELTAFACTORy MOCPRT yWTUNC
IF(ISOTOP)PRINTL6

IF(.NOT.ISOTCP)}PRINTLY

NT=0

READ CATA CARDS

900 READ(921)WNNyLRyLCyUNC,SFT,SFTX
[F(EQF,9)940,910

THE WAVE NUMBERS (OR ISCTQPE SHIFTS) AND THE UNCERTAINTIES ARE
CONVERTED T0O INTEGERS PRIOR TC PACKING IN ONE WQORD.

c
910 [IF(ISOTOP)GCTCI20

2N sNeNeYaNalal

cocCconc

coD

NT=NT+1
LANINT)=WNN#10000.+ .5
TUNC=UNC*10C00.+.5
GUTN930

920 I1F(SFTX.EQ.1lH )GOTO900
NT=NT+1
TWN(NT)=(SFT+20.)*1000.+.5
IUNC=10000

IWN CONTAINS THE WAVE NUMBER IN BITS 58-17 ANC THE UNCERTAINTY IN
IN BITS 16-0

ICT CONTAINS THE ROW CLASSIFICATYICN IN BITS 58-37, COLUMN
CLASSIFICATION IN BITS 36-15 AND INDEX OF WAVE NUMBER STORAGE

IN BITS 14-0

930 CALLSHIFTUIWN(INT) I WNINT) ,—=17)
TUNINTI=TIWNINT) cOR TUN
CALLSHIFT(LR, ICT{NT),-22)
ICTINTI=ICT(AT).OR.LC
CALLSHIFT(ICT(NT) ICT(NT),-15)
ICTUNT)=ICT(NT).ORAT
GOTN90G

THE ORDFRIKNG SUBROUTIME TORDER REQUIRES ADDITIUNAL STORAGE FOR
SURTING. [F MORE THAN 10000 TRANSITIONS ARE PRESENT, THE DATA IS
STURED UNTIL NEECED AGAIN. EXTENCED CORE STORAGE IS USED, BUT DATA
MAY BE STORED UN ANY MECIUM

940 IF(MT.LE.IXHAF)(;UTO950
CALLECWR(IWN,04NT,IERR)
IF{IERKMNE.O)STGPL

SCRT ACCORDING TC RUW CLASSIFICATIONS

57




000177 950 CALLTORDERCICToNT)

000201 M=0
000202 KX=0
000203 DESTOL=1,4NT
0CCl04 KAT=ICT(I} e AND {«NOTLLTIT7TTTITTITTTITIR)
030206 IF (KXT.EQ.KX)GOTN960
000210 KX=KXT
000211 M=M+]
000212 CALLSHIFT(KXT KXT,37)
c
C STURE ROW LEVEL INIFIAL GUESS
C
000215 TRO(M)=KXT/10
000222 960 ICT(I)=ICT{I) .ANDLLTTTTTTITITTIT8
000225 CALLSHIFTUICT(I)ICT(I),-10)
C
C REPLACE RUW LEVEL CLASSIFICATIDN NAME WITH INCEX OF ROW LEVEL STORAGE
C
000230 ICTOL)=ICY([}).0R. M
000233 970 COUNTINUE
c
C SURT ACCORDING TC CCLUMN LEVEL CLASSIFICATION
C
000235 CALLTAORDER(ICT,NT)
cacz237 N=0
00C240 KX=0
000241 DUY9Y[=1,NT
000242 KAT=1CT(I) o ANL. (o NQTL 177777 7778)
000244 [F(KXT.EQ.KX)GCTU980
000246 KX=¥ XT
000247 N=N+1
000250 CALLSHIFT{KXT 4KXT425)
C
G
C STURE COLUMM LEVEL INITIAL GUESS
.
000253 TCOIN)=KXT/10
000260 980 ICT(L)=ICT(I) AND.1777777778
000263 CALLSHIFT(ICT(I),ICT(1),-10)
C
C KEPLACE COLUMN LEVEL CLASSIFICATICN NAME WITH INDEX OF COLUMN LEVEL
C STURAGE
C
00C266 ICTILI=ICT(I).0RN
0CcCca71 990 CCONTINUE
c
C SURT ACCORDING TC WAVE NUMBER STORAGE INDEX
C
000273 CALLTORDFRUICT4NT)
C
C KETURN DATA FRUM EXTENDED CORE STURAGE
C
000275 It (NT.LE.IXHAF)GOTOL000
000400 CALLECED(TIWA,04NT, [ ERR)
00C303 IF(IERRLNE. 0} STCPL
C CLEAR WEIGHY STATISTICS STCRAGE
000306 1000 DULO25(=1,38
00031C WRMS ([)=WC (§)=0.
000313 w3{I)=v.
000313 1u25 NRKS (1)=0
L
C SAVE INITIAL GUESSES
C
0001316 1039 DUL0&0I=1,N
00C324 TC(I)=TCOLD)
00GC 325 1040 SNJ(I)=0,
0006326 DL10S0t=1,M
000334 TRIT)=TRO(I)
00C335 1050 SHI(1)1=0,
000336 DULOLOTI=1,MT
000341 JUNC=TUNLT ) JAND.3TT77778
000342 UiC=10../710000.
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000344
00G34¢
00035¢C
000352
0001353
00C354
0C0356

000363
000365
0C0366
000372
000375
0C0377
000402
000406
000407
000413
000416
000417
000424
000426
000427
000427
000434
000436
000437
0C0437
000440
000443
00C444
0C0446
V00453
000454
000462
000464
000466
0G0467
000472

000475
000477
000500
000502
000503

000510
0CQO516
000516
00052¢C
000522
000523
000530
000536
00CS44

000546
000552
000553

c
r

o

C
[

C
c
c

WT CONTALMS THE WEIGHT IN BITS $9-20, THE INDEX TU THE ROW LFVEL [N
BITS 19-10, AMD THE INDEX TC THE CULUMN LEVEL IN BITS 9-0

SUM

1055
1060

1065
1070

1080
1090

1100
1101

1119
1139

DEL

THE
1140

1150

1160

1170 60TO(1080,2C00),1X

2000

C

TEMP=UATUNC/UNC ) %22
TEMP=TLMP.AND . (JHNOT .37777778)
ICTOII=ICT(I).AND32777778
WTLII=ICT(I).CR.TEMP
JC=WT(1).ANC. 17778
Ih=WT(I).ANC.37760008
CALLSHIFT(IR,IR,10)

THE WEIGHTS CF THE TRANSITICMS CONNECTED YO EACH LEVEL

SNICIR)Y=SNI(IR)+TEMP
SNJULJC)=SNJ(JC)Y+TEMP
CALLSHIFTULIWNII}, IWN(ID 41T
[F(ISCTOP)GCTCLOSS
wilI)=1WN(I)/10000.
TEMP=TRO(IRI-TCC(JC)
[F{TEMP.LT.0)WN{L)=-WN(I)

GUTO1060

WN{T)=IWN(I)/1000.-20.

CCNTINUE
14AC=0

DULO70I=14+M

OEL(IV=0.
[ X=1
GuTall00

DULO90I=1,N

pEL(1)=0.
[X=2
GUTN1lol
DELMAX=0,

DC11301=1,NT

JC=WT{I).ANC.17778
[R=WT{I).ANL.37760008
CALLSHIFT(IR,IR,10)

TOMP=WT(1)s ANDLCTTTT7T777777 774000000
TEMP={TR(IR)-TC(JC)-WN(I))%TENP
IF{IXetQel}GCTOLL10
DELTJC)=DEL(JC)+TEMP

GOT01130

DELUIRI=DEL(IR)-~TEMP

CUNTLHVE

CONTAINS THE CURRECTICN TC THE LEVEL FOR THIS [TERATION CYCLE

I+ (IX.EC.1)GCTO1150

DUL140UC=1,N
1F(SNJUJC)Y.EC.0.1GOTCL140
DEL(JC)=DEL{JCI/SNJ(JIC)
DELMAX=AMAX1 (DELMAX,ABS(LEL (JC)))

CORRECTION

IS MULTIIPLIED HY A GIVEN FACTCR TO SPEED THE ITERATION

"TC(JC)=TC (JC)+DEL(JCI*FACTOR

GUTD1Ll70

DU1160IR=1,V
IF(SNI(IR).EC.0.)GOTCL1160
CELOIRI=DEL(IR}I/SNI(IR)
DELMAX=AMAXL(DELMAX ABS(DEL(IR)))
TROIR)=TP(IR)+DEL(IR)*FACTUR

[XC=IX(.+1

C UON A PRINT CVCLE, THE INTERMELIATE LEVEL VALUES: ARE PRINTED

C

2010

TF(MOD(IXC MCOPKTI.EQ.Q)IGCTC20L0
[FIXCeNEL1)G0TH2020
PIRINT4, I XC,LELMAX
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0C0563 PRINTT.(TC(I),1=1,N)

000572 PRIMNTT,{(TR{I),1=1,M)
C
C IF THE MAXIMUM ALMBER OF CYCLES HAS BEEN REACHED, STOP ITERATION
c
00C601 2020 IF(IXC.EQ.MAXIT)COTC2025
C
C IF THL CORRECTICN HAS BEEN SUFFICIENTLY REVDUCLD, STOP ITERATION
C
000603 IF(DELMAX . LE.DELTA)GCTC2025
CJ0606 GOTOL065
0C 0606 2025 PRINT4, [XC,yCELNMAX
000616 HEAD=3LCNL
G
C PRINT COLUNN LEVEL CATA
C
00C620 PRINT64HEAD
C
C ADJUST LEVEL VALUES SUCH THAT THE FIRST CCLUMN LEVEL IS ZEROD
c
0CC6H25 TOME=T( (1)
00Co627 D020501=1,N
00C630 IF(SNJ(T) oNE«O.)TC(I)=TC(I)-TCNE
000633 TCD=TC(1Y-TCC(I)
000636 2050 PRINTS,1,TC(1),TCO(I),TCO+SNI(I)
000656 HCAD=3LROW
000657 PRINTO,HEAD
C
C PRINT ROwW LEVEL CATA
c
000665 0020601=1,M
000667 IFISNI(I)«NE.OJ)TRITI=TRII)-TCNE
000672 TCO=TR{I)-TRG(I)
000675 2060 PRINTS,[,TR{IV,TRO(I),TCD,SNI(I)
000715 PRINTLO
000720 WTSUM=y
000721 SIGMA=0.
000722 0020651=1,37
000731 WC LT )= (WTUNC/WU (D)) ¥%2

000732 2065 WLUI)=WC(I)«AND(NCT.37777T78B)

C
¢ PEINT TPANSITIOCN DATA
C DETERMIND VEIGHT STATISTICS

G

00C/134 pL2090 =1, NMT

000736 JU=HTLIY«ANCL1T777R

0001737 HEWT(I)eANC.37760008

0cCral CALLSHIFT (IR, [K,10)

000745 PuT=WI{1) ANC.Q7777T777777774G00000
006747 CALC=ABSITRIIR)I=-TC(JC))

000754 Pul=ABRS (WL (1))

000755 DEV=CALC=PWA

0001757 NU2070J=1,37

00C761 2070 IF(PWT.GE.WC{J))IGOTC2075

0cec76¢ J=3¢

000771 2075 TEMP=DEV=%2%2PwT

00C772 SIGMA=SIGNA+TENP

000774 WitMS (J)=WPMS L J) +TEMP

00077% WS () =vS(J) +PWT

ouC777 HEMS(J)=NENS{J) 4]

021000 WTSUM=WTSUM+PWT

0C1002 2000 PRINTS,CALC PWN,DEVyPHT ,TRIIR),TC(JC)
001025 PRINTY,NsMyNT

001036 NLEV=N+M~-1

001040 SIGI=SUGRT(SIGNA/{NT=NLEV))

0C1046 SIG2=SURT{ [ SIGMARNT )/ (WTSUM*(NT=-NLEV) )}
001057 PRINTLI2,SIGLySIG2

001066 PRINT 13

001072 D021001=1,37

001074 IF(NRMS(1).EC.0)GO TC 2100
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001075
031102
001116
001120
oCc1l121
Q01126
001135
001135
001137

WRMS(I)=SQRT(WRMS(I/WS (L))
PRINTL4sWULI) yWCLI) yWRMSI1),NRMSI(])
2100 CCNTINUE
IV (NRMS$(38) .EC.0)GOTUR110
WRMS (38)=SQRT(WRMS(38)/WS(38))
PRIMTLS +WPMS(38),NRVS(38)
2110 CUNTINUE
RETURN
END

PROGRAM LENGTH INCLUDING I/C BUFFERS

021733

FURCTIOM ASSIGNMENTS

STATEMENT ASSIGNMENTS

1

5

9

13
17
920
950
1055
1100
1140
2000
2075

VARIABLE

cAaLC
DELTA

WTUNC

aotisl 2 - 001155 3 -
Oull7l 6 - 001175 7 -
aulz220 1o - 001231 11 -
001320 14 - 001326 15 -
001344 13 - 001350 900 -
Qu0133 920 = 000145 940 -
000223 980 - 000261 1000 -
00v410 1060 - 000414 1065 -
000440 1101 - 000441 1110 -
0u0H1l 1150 - 000517 1160 -
000545 2010 - 000554 2020 -
000770 2100 - 001117 2110 -
BLOCK NAMES AND LEMNGTHS
122023
ASSTUNMENTS
Ul13636 cuMT - 0l3271 ctL -
013602 DEV - 013640 FACTCR -
013620 ICT - 003723C01 [ERR -
013600 ITYPE - 013606 [UNC -
013626 I[xC - 013625 IXHAF -
013623 KX - 013617 KXT -
013610 M = 000001CQL KMAXIT =~
000u00C 0l NLLV - 013642 NRMS -
0130637 PAT - 013635 SFT -
Q13434 SIG1 - 013643 SI1G2 -
005401 TC ~ 001461 TCC -
0L3622 TUNE - 013631 TR -
0l3612 we - 013347 Wil -
013415 WS - 013531 WY -
013605 WU - 013301
CUONSTANTS

START OF

001142

START OF

001426

START UF

001447

TEMPQORARIES

[NUIRECTS

UMUSED COMPILER SPACE

111100

000004

030004
000006
000007

SUBROUTINETCRDERILA,L)
DIMENSIUNLA (5]

e NeNeXal

[F{L.EQ.1)RETURN
LL=2%L
1POS=0

C LA MUST BE DINMENSIONEL 2%L CR GREATER
LA IS SORTED INTC INCREASING I[NTEGER VALUES

001157
001210
001251
001333
000076
000167
000307
000420
000470
000531
000602
001136

0l1321
013603
013616
013615
013577
013621
013601
013463
013613
013644
013632
003431
052763C01
003723C0l

12
16
QLo
950
1030
1080
1130
1170
2025

DELMAX
HEAD
IR

IWM

J

Lc
MODPRT
NT
SFTX
SN
TCO
TRO
WNN

WT SUM

0N1164
001213
001312
001340
occlzal
00C200
00C317
00C430
000473
0CC537
0CC607

013627
013630
013624
052763C01
013641
013611
013604
00C002C 01
013614
007351
000003C01
001753C01
013607
013633
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o00ulo
ogoull
000012 400
000G1L3
0uouls
o00u21
00C022
000023
ouoL24
000025
000027
000u33 410
000u3s
000C41
000043
000u44
0C0047 420
030051
00Gus53
000u54
000056
0G0V57 430
00V0V62
000163
0000606 440
020v7¢C
000072
0N0v73
000u7s 450
on00u7T7
0CCid2
000105
000106
0001l1l
000114
V00114 460
00GlL16
0co117
000125
o0vl26 470
000131 480
000132

JdX=L

LX2=1

I1X=JX

[1=1P0S5+]
170S=MUD(IPCS+L,LL)
JX=1p0S

LX=L X2

LX2=LX*2

[12=11+LX

[1LT0T=11+4LX~1
[2TOT=MINO({ [24LX=1y [X)
JX=JdX+1
IFCLAGTLYSLTLLALI2))60T0430
LatdXi=LA(]2)

12=12+1
IF{12.LE.12TCT)ICOTO410
JX=JIX+L

LACIXI=LA(IL)

rl=11+1
IF(I1lsLE.IL1TOT)GOTU420
GUTrN4SG

LAGIX)=LALI L)

Ii=11+1

IF(I L LE.ILTCTIGAOTO4LO
JX=JX+1

LA(JX)Y=LA(]12)

I.=12+1
TF(I2.LE.12TCT)IGUTN440
[L=114LX
IF(I1.0TIX)SOTCA60
IITOTr=MI{NO(ILTOI+LX2,IX)
[2=12+LX
IF(12.0T.IX)GCTC420
[2TOT=MINO(I2TCT+LX2,1X)
vTC410
IT(LX2.LT.L)IGCTC400
[FLIPOS.EC.0)GCTU4BQ
DC&4701=1,1PCS

fL={+L

LACT)=LA(IL)

RETURN

END

SUBPROGRAM LEMNGTH

000170

FUNCTION ASSIGNMENTS
STATEMEMT ASSIGNMENTS
430 - 000013 410 - 000034 420
440 - 000Vo67 450 - 000076 460

BLOCK NAMES AMD LENGTHS

VARIABLE ASSIGNMENTS

I .= 000166 IL - 000167 IPcs
Il - 000161 11TOT - 000164 12
JX - 000156 LL - 000154 LX

START UF CUNWSTANTS

000135

START UF TEMPURAKIES

000136

START OF INDIRECTS

000146

UIIUSED CUMPILER

115000

62

SPACE

000050
000115

000155
000163
000162

430
480

Ix
2707
LX2

00C060
000132

00C160
000165
00C157
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CUORE MAPp 09.17.43. KROKRMAL CCNTROL 000100 151637 027614 122023

=-==TIME~==LOAD MUDE ——=Ll=-={2-===- TYPE-—m—mm e mm e USER===tteeCALL~ommmmemm e FWA LOAD~~LWA LOAD~=BLNK CCMN-<~LENGTH-~
FwA LUADER 152462 FWA TABLES 151¢45
=PKUCRAN~=~=ADDPESS~ ==LABELED~==COMMON--
r ud0jocC
fURDLR 022033
SYSTIM 022223 SCOPE2 022223
LHPyte 023327
ouTePTC 0124463
LFENDF 026030
SHIFTY v26055
FCSAN 026012
ACGUER 026121
SURT 026145
Slus 026225
GETBA 027056
C4020 027075
auTeTS 027204
LAERT 027263
1184020 027372
XRCL 027607
==ENIRY==w=<ADDPE SS~ REFERENCES
iT oo0101
TORDER 022034 17 000301 000337 000375
QBNTRY 022224 17 000102
SYSTEM 022521 INPUTC 023366 024255
QuTPTC 024477 025636
LFENDEF 026045
ACGCER 026134
CuTers 027251
PS4 020 027560
SYSTEMC 022461
SYSTEMP 022507
[{I]V] 022403 17T 001237 001241
TCRLCER 022167
LABRT 021351
STOP 022434 1T 000277 000406
eXIT 022426 LARRT 027333
ABNUORML 022444 INPUTC 023367 024254 024256
ouTeTC 024500 025637
TFENDF 0260406
ACLCER 026135
UUTHIS 021252
854020 027561
SYSTHAC 022514 INPUTC 024253
L INE. 023075 ‘C4020 027120 027104 027102 027144 027145 027150 027151
FETA. 023076 AS4020 027400 027523 Q217527
V.EY. v2310¢C 854020 027402 027505
FNMAS 023101 OUTPTC 024504 024502
854020 027520
HUMB . 023103 RS$4020 027414 027435 027457 027417 027420 027543 027466

027441 027453




Lipurc

KRAKLR
ouTerc

F.OUER
IFENULF
SHIFT
SHIEN
tCwe.
ECRD

ACGUER

SQRT

HRSPRU.
t 12BAK.
PUSFIL.

POPEU.
DAT.

Clul.
{UPEN.

Slue

GETHA

C4020
nyrprs

LABRT
H$4020

XKCL

n23331

023433
V26465

1024632
026031
V260506
V26067
026G72
026101

26122

026146
026526
(26537
U26574

u26604
V26626

026473
026227

026341

U27056

y27C75
627206

027264
027373

027607

17

IT

LABKTY
QUTPTS
17

IT

a3
17

1T
LABRY

1)

GUTY PTC

Inpurc
curevc
C4n20

OQUTPTS

SYSTEN
INPUTC
QuTPTC

INPUTC
ouTeTC
IANPUTC
CUTPTC
LFEANDF
HS$4 020

CUTPeTC
SQRY

SCRT
C4020

854020

~===UNSATISFIED EXTERNALS-—===—

000105
00u131
000206

000113
000157
000650
000675
000722
000759
001001
ool02v
o0l121
oo0l161
001207
001234
027317

027211
0ou217
000250
000461
000274
000403

Q0V6 42
027302

001146

024523

023376
024526
027146
0272417

023010
023351
024513

023401
024563

0233137
0246473
026034
027521

026025
026166

026175
027103

027550

000107
000133
0nn21o

000115
onnlel
000660
000700
000724
000752
001003
0N110s
00l1l22
001163
001211
001235
027322

027226

000255
000472

001156

023353
024550
027109
027222

026170

027116

0C0110
000135
000212

000116
ccol62
0C0662
000701
0C0725
0C0753
001005
ocL107
ccl127
001165
001213

027324

cco263
CCo551

0C1201

023405
024564
027117
027232

026172

027126

REFEKENCES

000121
000t36
000214

000147
000166
000663
000711
000740
000762
001007
001111
001131
001166
oolais

027325

000315
0C1044

0C1225

027156

026173

027136

000123
000200
000215

000151
Qo067
000666
000713
000742
000764
001011
001113
001133
Q01171
oo1216

000330

027142

€00125
000202

000153
000173
000671
000715
000744
000765
001012
001115
001135
001172
001230

000353

000127
000204

000155
000174
000672
000716
000746
000777
001017
ooL11?
001136
001205
001232

000366




$9

Typical output follows:

TEST
MAXIMUM NJONBER OF TTEPATIUN CYCLES= 300
CUTOFF VALUE FCR DELTA=,00C001000

MULTIPLICATION FACTUR= 1.50
PRINT CYCLE= 10
UNCERTATHTY ASSOCIATED WITH WEIGHT CF QONes 1.0000
WAVELENGTH DATA
1 ITEHATIUNS DELTA= 2.172483904
~e27406223 620.07272444 3800456425358 3868 .02232159 4275.44083C75
6248.60916013 1005.24547329 7103.42189354 7191.07018742 7325.62659985
813287459036 H856.45058688 6878.05446118 10068.59188276 10080.63419382
10283.15215649 10366.89144282 10457.31433992 10539.79362963 10556.59511522
10987.146C819725 11289.75209745 11307.58910251 11403.00397803 11443.80695557
11676452203459 11943.44565465 11966.18548625 12362.21272183 12825.92724468
13346.614092940 13361.12161218 13402.23453006 13534.66229858 13567.31785873
14543.33224193  14(90.47964390 14844.55627672 14970.06919601 15353.42688370
16244.02553126 17852.99149198
11502,72244186 11614.03184406 12035.19681818 12643.60455882 13463.31521661
14839.73326255 15006.91C00000 15632.03800766 15638.14797495 15720.57694103
1l6195.51250473 16293.99390128 16505.28912082 16887.46111111 16900.55280234
17362.22104074 17369.59018497 17467.85056421 17893.34191305 17908.C1963355
13259.73%8560 18296.15747135 18299.27087445 18382.A8257143 18406.65480214
18759.0263%351 18794.75631634 18839,34264655 18932.67134761 19114.75877778
19307.26073529 19472.24199838  19487.84317202 19552.27898286 19639.48673264
19826.71921593 1982R.00830374 19864.06911342 19885.43974830 20114.16782812
2030679112106 20311.294674061 20371.07392981 20420.18545095 20452.468499102
20568. 77939188 206:0.51773531 20650.594823389 206060,72946293 20711.C3975372
20851.14C38778 20943.26841554 21010.37097546 21061.82319555 21078.31439718
21329.92982457 21407.62284362 21409.22709634 21426.19423156 21448.90463R83
21584.3739684T 21636.88953280 21752.47512117 21766.10963323 2176 7.8166589C0
21975.54881631  21979.66954349 21992.50132125 22037.48638011 22055.81104463
22353.11905210 22409.36483943 22421,688621646 22463.82117393 22574.61455882
22623.97386262 22632.48154244  22633.83272845 22691.24951319 22700.34615900
22788.94668953  228062.17733896 22891.36812394 22908.40762373 22617.91294599
23069.62871299 22165.118C5092 23186.90065227 23196.90712672 23211.C3556146
23374.853395063 23378.21097500 23429.75311710 23432.68002620 23463,41468121
23560.39593584  23571.67682019 23707.60500791 23714.951711064 23734.25671116
23824.97257412 23843.17623550 23848.37233425 238712.67132685 23926.37086469
24021.17495386 240:25.88111219 24066.2592C052 24068 .43000000 24082.16322383
24185.59471058 24195.72905824 24206.38257554 24220.55826378 24262.48272322
2640013506559 24633.06714255 24447.66886784 24448.83114259 24451.18584958

4453.04059090
7645.15415301
16102.41989119

10685.41399330
11456.85354917
12884.55795274

13631.56707403
15458.01451421

13709.64557263
15731.16707547
16930.017361 84

17968.40329093
18530.42707401
19119.24196891

19646.54505099
20147.54543618
20464,41108073

20718.44566816
21185.66201250
21536.60184858

21829.85235R48
22283.19300922
22582.47171161

22751.91000591
22963.7624592)
23212.32378235

23486.70758862
23753.09705869
23932.79213150

24117.67319088
24322.87686284
26516.51004353

5761.66769338
7863.78972913
10207.99357118

10819.37703175
11558.26970166
12910.09268124

14410.98148614
15712.51453571

13824.96719605
15830.37722222
17070.57884924

18186.01374519
18607.72145376
19126.83035726

19667.91640236
20218.82476459
20524.79882800

20766.07131446
21232.60260481
21535.31603659

21940.34975105
22368.26995755
22584.39829917

22753.52510878
23C50. 73694995
23271.95897615

23534.14985914
237564,73289608
23972.40792573

24153.52032451
24330.83578625
24534,96220892

5990.87191459
8118.25691756
10254.70817054

10842.51778406
11632.75593685
13127.53743279

14501.48993787
16040.05415552

14643.84823620
16121.67413211
17154.58711896

18254.06660677
18749.59310280
19192.11639361

19782.93300764
20257.51318949
20528.12734037

20805.53127342
21264.44492758
21544.60917198

21957.96539371
22317.64021465
22599.62250000

22786.41632550
23057.30225472
23324.82211334

23563,13864106
23778.74263149
24002.08429776

24171.82937372
24333.69539776
24555.51207697




99

24559.96441008
24756.70849390
24973.85330477

25177.469540016
2545846232510
25729 .49599714

25825.15139381
26066.54607202
26241,27351359

26390.8061 3055
26630.94124436
26760.04369832

26971.39717166
271467.22863501
27324.06607946

276477.10492143
27609.617464178
271752.46584408

27940.T7L 725183
281 14.42361841
20261.52013261

28644.218062865
28541.960855369
28635.200630339

28798.41,5644109
289264 70029068
249036.31581618

29125.5<177102
29249.85747730
29459.60 144140

299584 129524650
29672.761024850
2979682942459

299CR. 4597959
30076.58432311
30261.72071054

30407.10299213
30499.49612537
30588.96209158

24580.476146%4
24759.351761174
25009.65135349

252000.N1655133Y9
25452.60446772
25745.10105034

25905.67382303
?26098.07301640
26274.58G557609

26444.76478948
26649.54139019
26791.06925697

26978.62692040
27149,99388988
27349.25170357

27492.47459526
27615.595028489
2T117.67258898

27965.62516037
28110, 54784359
2821,8.22110000

284%0.67628128
285642.73542195
28650.27427839

28E11.6076383¢4
2r931.18641751
29071.46122756

29158.56825886
29254.66691868
29473.83171727

249 12. 91428078
29673.93659186
29801.12055721

29913.80306682
30116.49129048
30266.80193580

30416.32393828
30504.79320717
305469.19985119

24589.87777778
24883.53966599
25016.64 389634

25235.72798851
25533.90526675
25787 ,44051365

25709.90350590
26103.33909331
26287.23275845

26453.40 602469
26651.442811725
26840,467 368445

26783.65954029
271R3.55682671
27366.14954632

27499.47830331
27632.12387362
27790.39326712

27969.39915044
28151.5026C695
28285.46194214

28453.48442066
28562.18936876
28068.55819468

28816.49616841
289356.45755082
29097.36212024

29173.47397668
29284.36743902
29475.75878410

294603, 662809971
296RL 4 B4Y39970
29809.42221428

29957.53195009
30137.101322167
30245.98454190

30432.12022988
30510.16681973
30621.18T15744

24609 .42882708
24892 .25666913
25067.71366082

25233.44368340
25577.53241276
25788.26805424

25917.38608450
26125.25218985

26304.43761782

26569 .71906235
26705 .74553665
26855 .06964029

26996.83377745
27219.23833687
27368.99308444

27520.25718459
27650.38789902
27818.03278754

27972.73123354
28152.184017294
28340.89718195

28469.71864528
26565.77851889
28673.17083344

28840.83943985
28942.35455824
29099.20376403

29184.823576K1
29312.80023826
29480.80223801

29604.060364376
29748 .24077762
29824.39180865

29985 .66363397
30142.49813242
30244.74127414

30435.72931145
30538.94390419
30636.32644384

24613.55226548
24906.82074122
25095.35529894

25319.€6209304
25580.49041290
25791.38878124

25937.81050660
26207.70969429
26312.72608049

26561.83208423
26712.69671059
26858.79578571

27034.81867374
27251.93751690
27394.60936598

27547.€1362121
27681.63289494
27829.52805944

28043.83930097
28187.83162775
28341.95734316

28499.64387617
28596.14619094
28739.69615495

28860.55288821
28986.85683048
29105.46411215

29193.54118653
29338.53404891
29483.42868597

29609.32819421
29752.74738870
29837.224466084

30032.32646305
30168.85028248
30334.72282129

30451.24374029
30545.08615597
30642.48643933

24650.19517440
24938.,95650878
25098.30046238

25348.99446172
25626.03650797
25793.34549389

25961.32442726
26206.72111463
26324.38116218

26566.42116522
26715.05788032
26891.85124356

27060.46717431
27266.93262343
27440.18983559

27600.59123784
27691.53818528
27886.85090056

28052.28135217
28193.68279805
26354.99468314

28502.85102070
28613.63889550
28744.97207338

28874.66893432
28995.62903030
29106.52170206

29232.43656953
29400.733748019
29486.83103054

29612.34326240
29756.23449361
29865.28R55215

30034.14972036
30221.95293145
30353.35989714

30489.76374601
30546.40493257
30681.64194108

24671.08589128
24940.29012292
25104.82664401

25388.49853649
25654+95361557
25805.85846469

25975.721928178
26208.42464320
26348.06276792

26583.11863922
26758.71226802
26920.39680819

27071.73153061
27285.14285000
27442.75146200

27603,21395713
27728.73785563
27890.27393735

28067.30388245
28227.61595861
28387.65606861

28516.15677696
28619.76149215
28761.20257178

28893.42429188
29012.64135739
29109.56428967

29235.32556433
29412.67033380
29502.31803123

29644.07592957
29790.75703746
29881.48207186

30047.08752033
30226.35500564
30364.63545157

30489.74077867
30586.47170878
30686.03130375

24740.95256095
24966.04240401
2516033949501

25445.49870262
25671.99706646
25817.76700746

25997.10580654
26225.03948822
26348.42087607

26607.96973285
26759.55321191
26963.57192205

27085.,79735117
27322.82998256
27475.03354672

27605.26876842
27743.65363113
27937.38390552

28098.80462534
28255.64101777
28435.61662463

28522.41356329
28626.79469712
28784.02544047

28895.11942620
29033.37158804
29119.51429107

29236.08016110
29441.93004365
29530.22057401

29664.90811444
29790.55311984
29884.19560521

30068.50668884
30239.65463818
30395.12772059

30498.63380622
30588.01347272
30687.37134538
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30702.39129929
3uU877.7U905941
30965.u3004813

31129.28786646
31204.27998008
31278.69274905

31367.27264047
31467.41925573
31633,6937%937

31756.03551614
31919.83900000
31994.56919180

32141.04251923
32309.97047248
32392.16400056

32495.21844081
32590.459124836
32730.21120105

32851.56567308
32954,28761031
33098.52160909

33212.31511628
33352.97338726
33580.04523077

33732.99214172
33898.94899141
34015.72586538

34109.470649712
34238.527348636
34429.4%900000

34662.85125000
34442.53023254
35032.41995707

35807.37432352
36501.4.3446659
37475.11250000

10 ITERATIUNS
~235976792
6248.6%008976

30716.32216292
308456.10731220
30979.29179898

31134.29836153
31205.55341403
31284.13761357

31373.40625360
21479,23315689
31649.13171718

31776.26%66532
31922.34973815
32016.10505495

32141.70142480
32317.80302049
32412.92263727

32523.68548077
32603.71383824
32742.51359852

32879,805C0000
32976. 58282172
33117.68125786

33228.11595588
33356.42183654
33594,30740431

337:8.39284443
33916.42513475
34042.08C457860

34117.22622641
34292.39764118
34429.3£329545

24705.847C4060
348646.42547878
25039,17731971

35850,3975C000
36519.823833¢6
37469.09222321

LELTA=
619.96148556
7005150540664

30747.63624586
3089R.65458428
30985.72088595

31165.6616691H
31215.74 142987
31295.37282266

31400.45700991
31487.734829807
31678.29513178

31798.11187289
31933.56456944
32043.54241577

32158.92715517
32326.35235294
32413.21613773

32536.68142862
32610.38759143
32773.55909401

32890.49468724
32991.17228365
33124.46651699

33267.05812500
33373.6405C023
33639.123¢1276

33769.69967885
33917.66031646
34045.34205110

34142.59498804
34306.16463235
34434,02258899

34707.43308263
34¥69.15000000
35047.800216539

35878.27998125
36520.02645458
37596449742863

- 004348414
3800.45750467
7103.53878777

30766.24841805
30918.19703804
30993.08668178

31178.27134539
31220.57339939
31300.39995247

31408.06989071
31517.564871306
31687.59349056

31804.C2159954
31945 .78594295
32058.66352990

32179.52913083
32330.68601499
32417.31095924

32545.339140668
32614.93717085
32780.49369855

32902.78515808
32997.22901417
33135.£2975034

33241.72864164
33411.68845684
33703.25724934

337718.85128711
33920.61254500
34059 .7647160%

34154.91599500
34315.19545135
36485,54163184

34715.85476724
34891.54740670
35128.25216346

35886 .52534444
36550 .43000000
37623.55627217

3868.11373462
7191.29929033

30829.35044286
30931.56566959
30994.53048173

31179.52436274
31232.14574189
31321.62739465

31434.73408821
31551.C9778842
31690.80737200

31837.13248768
31954.80610595
32C096.74246880

32192.67249251
32367.37018787
32461.23355769

32545.63657233
32648.17496429
32795.78551408

32925.49306718
33007.75451392
33150.24038800

33303.64883658
33457.51464062
33706,64979651

33796.67563504
33962.46346408
34069.79656897

34164.37180926
34338.13144231
34506.52877051

34738.985427586
349642.94014423
35217.55847946

35930.17379703
36688.62781176
37631.17657717

4275.23368515
T7325.73529887

30831.92137142
30936.32946644
31024.59661136

31179.54162288
31243.37350401
31339.73879668

31441.83708105
31579.74014552
31721.38944442

31853.20735290
31970.49721574
32097.44747475

32255.53545649 -

32378.43825898
32469.36716126

32574.06780882
32669.79238396
32802.19025363

32928.05438289
33042.11031250
33154.80826312

33320.39170829
33474.32681250
33718.46236628

33828.40993125
33981.59068558
34075.31962662

34200.32002404
34344,76089252
34535.38537791

34762.60750000
34976.02453381
35537.27887408

35930.33500000
36758.17297857
37778.25809467

4453.04533133
7645.26183109

30840.47044699
30936.48082840
31097.68081789

31182.25390553
31269.89120953
31358.35712039

31441.58087383
31602.66933225
31728.06582652

31871.52358294
31973.60743641
32107.46250539

32270.50136341
32381.56892045
32472.71267662

32582.22500000
32709.11503310
32808.34752310

32933.08339394
33077.85177669
33174.77718750

33341.40547368
33512.67789230
33722.74012987

33829.62505189
33987.09490385
34080.61955357

34205.06382107
34406.291941175
34549.94144231

34810.76016742
35003.47853958
35585,87005212

35979.93789515
37153.49217000
38337.14189286

5761.70029195
7863.81876007

30875.20542749
30944.98155945
31099.79898668

31198.68947500
31275.97719018
31360.80013487

31444,.80368589
31630.26865462
31744.05519790

31909.06000000
31986.91249194
32108.09405702

32288.40835669
32387.56932806
32490.54349182

32545.18704811
32723.08930317
32841.63889205

32944.67251968
33089.67654412
33176.43264706

33345.40153223
33570.31413710
33729.81638272

33874.08250000
33999.88590116
34104.96447076

34214.35904221
34407.60095455
34643.21632898

34827.38070546
35029.37000000
35613.15205402

36070.41042026
37294.17904924
38712.63659176

5990.93472901
8118.24564889
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8132.90530173

10288.22508637
10967.19229958
11676+64123031

13346.50859146
14543.36874063
16244.07727151
11502.22H61493
16839.37336716
16195.00422252

17361.54099876
18260.0351 04944
18758.,82064745

19307.39034705
1982630964298
20306.49569679

20568, 84307082
20851.21473843
21329,62543317

21584.326065742
21975.6614T416
22383.,09289942

22623.95637927
22789.41715517
23069.31994324

23375.04769018
23560.245895478
23824.98816H90

24021.6:3727068
24185.,42673394
2440028408697

24560.03569084
264756.89259040
264973.62426592

25177.69149210
25458.35523228
25729.479044861

25825.1%318303
260664 32060587

856060249032

10346.95319966
11289, 8¢ 963265
11943.54663087

13361.10114925
14790.58279770
178£2,52738448
11613.5829¢6883
15067.05500516
16293.66583734

17369.19593723
18295.41737048
18794.46834577

19471.49926822
19828412513744
20311.18952982

20620.932R254%
20943.06191073
21407.49448908

21636.58770249
21979.74513875
22409.27743828

22632.7867731¢
22862.07854114
23165.27356387

233/8.36663110
23571.71082136
23863, 36461564

24025.H28648029
24195.234378882
24432.88238107

24540.82533488
24759.65375998
25009.35080150

2520010992710
25462.28187364
25T744.H86981182

?25905. 76914755
26098.06739398

8878.15838156

10457.35747931
11307-75807511
1196R.25306730

13402.13552806
14844,92357143

12035.20647666
15631,44620528
1650542872584

17467.86492200
18299, 146295640
16838.90353055

19486.67917714
19864.16095084
20391.14939706

20650.84598215
21010.69622349
21409.60839077

21752.67874156
21992.77954208
22421.39029182

22633.77141187
22891.33485786
23186.56599017

23429.80266410
23708.27287042
23848.24912159

24066. 18920672
242L36.067738039
24447.65572614

264590.83619880
24833.79856410
25016.73258945

25235.36624123
25533.82228286
25787.71131685

25909.98600342
26103.27598415

10068 .78567016

10539.,87233588
11403.C6808091
12362.09581899

13534.78239579
14970.21522036

12643.C4807322
15637.97517528
16837.93292358

17893,52315583
18382 .88429905
18932.40804102

19552.16009190
19835.15273543
20420.15337056

20661.14795690
21061.97830612
21426.11731858

21766.16244056
22037.66752192
22463.92345522

22691.130337R9
22908.43163912
23196.63604151

23432.42050294
23714.91707141
23672.88439574

24069.03998105
24220.27222262
24449.01310681

240609.15736108
24892 .30636759
25068.34673593

25294 .C7309864
25577.34561841
25748 .65261808

25917.15750272
26125.24138801

10080.63879260

10556.£4271359
11444.22588573
12825.61732840

13567.59631R23
15353.42999663

13463.C3748235
15720.32421743
16900.,£2690497

17907.81650824
18406.16400646
19115.14024591

19639.78820698
20113.93736566
20452.43763091

20711.81733209
21078.36484106
21448.59292049

21767.60240827
22C55.93193415
22574.52884789

22700.06437926
22918.18398419
23211.70836984%

23463.79626315
23734.35840468
23926.40825656

24081.99565046
24262.74188154
26451.38720745

24613.37910560
24906.50104158
25095.83576949

25318.89557255
25580.37057114
25791.21977368

25937.85212742
26207.60993703

10103.04605079

10685.39436834
11456.91588460
12884.39580829

13631.72653980
15458.08223864

13709.88284001
15731.80039086
16929.40650465

17968.36037185
18530.43945323
19119.39600291

19647.14923339
20147.66T31799
20464.16068094

20718.67168001
21185.48667983
21536.48027209

21829.99787409
22283.05390772
22582.28342205

22752.05706353
22964.18111064
23212.12146781

23486.32062540
23753.13142339
23932.47545233

24117.88588569
264322.56059070
24516.93532864

24650.04120079
24938.48895R66
25098.25456271

25348.59800084
25626.28372722
25793.50229791

25961.34839551
26206.95614669

10208.09575035

10819.54017640
11558.30006014
12910.10946877

14411.02056059
15712.45100677

13825.04717979
15830. 70498453
17070.11585038

18185.63951392
18607.44260706
19126.85243133

19668. 06446035
20218.46708936
20525.03111589

20766.13984003
21232.51485740
21535.71211269

21940.27082772
22368.09749413
22584.22059759

22753.68848758
23050.79248998
23272.15193860

23534.04246802
2375%5.22060880
23972.20489879

24153.99114074
24331.39202863
24534.90410181

24671.00988537
24940.16033608
25104.60298563

25388.490590406
25654.93677579
25805.46282833

25975.36114410
26208.42063318

10254.60523924

10842.39624420
11632.76555496
13127.52371923

14501.40461701
16040.08832589

14643.47550069
16121.52638595
17154.46133296

18253.51277911
18749.48921873
19192.04201275

19782.97465095
20257.78355939
20528.53182455

20805.43318894
21264.72810676
21544.78042690

21957.82264668
22377.39317553
22599.58832157

22786.23494941
23057.30207449
23324.81721615

23543.13295087
23778.88152301
24002.06562004

24171.99155702
24333.41581485
24555.35816633

24T40.86879458
24966.20746525
25160.39536566

25445.32316666
25672.08578959
25817.83947627

25997.40789023
26225.18807662
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26241.41523974

26390. 683663485
26631.03020332
26759.98707057

26971 .399834892
27147.61C85945
21324.13992862

274177.16960353
27609.50110142
27752.74830666

27940, 86648847
28114.41258127
28261473049210

28444.12812496
28542.07839497
28635,04567644

28798.449702355
28927.25804769
29036.16736505

29125.7%203450
29250.03709546
29459.51697749

29558.45774195
29672.61632606
29796.81334645994

299093 14755601
30076.72331584
3U261.:8481K8152

30406.93MAR797
30699.76:3455157
30589.31361531

30702 .45E06916¢
30877.90780032
30964.98619834

31129.07916693
31206.44403387
31278.173407313

20274 .48C62070

26464,.612646778
26650.00C04466
26791.27416552

26918.90023106
21150.15113048
27349.27164104

27492.41376831
27615.41053322
27777.62057077

27965.53652332
28118.45525014
23267.89418463

28450.68349022
28543.00607775
28649.90707105

28811.56CH86355
28931.25 304423
29072.03595884

79158.43837593
29254.61946722
29473.935080485

295/3.06785490
29673.61428401
29801.29636546

29913.87636044
30006.71034935
30266,47428197

304164106560091
30504.50102753
30589,24 /82868

30716.19619243
30886.08982230
30979.26T11 164

31124.50937186
31205.60955%42%
31283.90201884

26287.264R68332

26453.72116367
2665t.72824536
26840,44761293

26983,56101355
27183, 171641890
27366,25755346

27499,15264881
27633,04913715
27790,756409647

27969.32469725
28151.50136665
28285.39660118

28453.61400390
28562.24034640
28668.92820672

28816.72011049
28935.67304921
29097.71982656

29173441877841
292R84.901720036
29475.60317874

29603.89856797
29682.33607775
298Q09,75059078

29957.69251826
30137.72643097
302485,99964307

30431.61455312
30510.70351295
30621.83099626

30747.49903752
30898.88628528
30985.90175714

31165.83975010
31215.4906C613
31295.81353069

26304 .73722317

26550.C4631001
26705.42309103
26855.0/097482

26976 .968693 6%
27219.31432973
27369 .68238264

27520.75808710
27650.259950 32
27518.10610137

27972.460916 34
28152.26673547
28341,.16121127

28469.19227804
28565 .99502633
28673.22452782

28840.54725040
28942.80104/788
29099,18941391

29184.61612635
29313.07809570
29481 .00522294

29604 .75092641
29748 . 81265546
29324.75708890

29985.92531117
30142.76573045
30286.03510363

30435.51671835
30539.01442209
300636.27404537

30766 .68472061
30918.101960 3¢
30992.61122686

31178.36213651
31220.82034687
31300.€7826308

26312.91198465

26561.95453580
26712.66521358
26859.14767573

27045.06518520
27251.58376L279
27394.45205937

27547.82635349
27681.83992970
27829.53805936

28043.99863362
28187.96755995
28342.18388732

28499.47181135
28596.22095792
28739.52297078

28860.48169752
2¥987.01301660
249105.82809526

29193.89381908
29338.92305910
29483.79133644

29609.74326571
291752.88323083
29837.25267191

30032.30226801
301068.59296068
303364.57091655

30451.02401031
30544.€0190720
30642.38473971

30829.49063395
30931.29332070
30994.45013933

31179.43799007
31232.11523388
31321.85962746

26324.36603007

26566.53780677
26715.09477453
26892.11748539

27060.44883225
27266.89276932
27440.217241910

27600.50767361
27691.34118181
27886.60596484

28052.67300270
28193.92119652
28355.057621 86

28503.06194061
286146.02002306
28745.25680841

28874.54081779
28995.98602267
29106.70114929

29232.26627547
29400.51240%06
29487.17464533

29612.37423305
29756.39807970
29865.15683377

30034.31447261
30222.01356984
30353.16984209

30489.91091605
30546.28194871
30681.22302577

30831.96091741
30936.26252826
31024.40071284

31180.22597579
31243.14849105
31339.36338563

26348.,65552121

26563.08407397
26758.50194860
26920.33598229

27072.00349677
27284.50822392
27442.93345479

27603.43058426
27728.84432913
27890.34205866

28067.25948439
28227.81090322
28387.55221409

28515.98571757
28619.63156496
28761.27984703

28893.74687430
29012.87870503
29109, 44764664

29235.68521251
29412.89737187
29502.8268215¢4

29644.25982369
29790.3464001460
29881.36482474

30047.00732627
30226.32501020
30364.95811413

30489.77237401
30586.28014653
30686.49729808

30840.76887380
30937.13047603
31097.71825946

31182.19891182
31269.93912206
31358.25434263

26348.70493768

26608.10075573
26759.47373746
26963.66306857

27086.03813487
27322.95569939
27475.13531505

27605.368591598
27743.55786299
27937.66425419

28098.52183925
28255.89937508
28435.53249603

28522.68701370
28627.03770774
28784.03095227

28895.20202432
29033.25555347
29119.30301906

29236417743965
29441.80452867
29530.04608469

29664.97753913
29790.36765361
29884.28379939

30068.82087192
30239.79416366
30395.25428863

30498.75982946
30587.89436499
30687.24504306

30875.18942385
30944.93571086
31099.62685551

31199.01549978
31275.58365691
31360.99911324



oL

31367.43711994
31467.226761062
31633.57453423

3175689491725
31920.69474304
31994, 74890403

32140, 7868484931
32309.913151791
32392.29734160

32495.33344195
3259065911791
32730.7336C779

3285171774325
32954.69602819
33098.21638064

33212.84160603
33353.43691138
33580. 32835076

33733.07097066
33899.43943011
34015.85189191

341C9.249323153
364238.537u8859
34429,21974%528

34662.5413L4541
34842.51527414
35032.24565247

35807.24717623
36501.40612015
376475.52576050

20 [TERATIUNMS

-+35960535
6245464993497
8132.90521997

10288.22471611
10987.19212063
11676.64102736

13346.50893335
14543.36797527

31373,465984321
31479.84224625
11649.28586141

31775.99384867
31922.R0116557
32016.31477103

32161.68932407
32317.43115761
32412.42861983

32524.64300633
26U3.6724061063
32742.15904971

32879.86404915
12917.09319745
33117.61310306

332:68.70123¢283
33357.14137832
33594.65038936

33738.37645841
33916.39657334
34041.60743986

34117.78836237
342493.09390091
34429.943806134

34706.06837175
34846.47923192
35028.43553241

35850.43846805
36319.56259281
37488.717225511

LELTA=
619.96158355
T005.15076716
RH56.60192354

10346.95293554
11249.86952043
11943.54615082

13361.10C82042
14790.58241745

31400.90508975
31487.83035028
31678.05981592

3179R,06586514
31934, 1952161
32043.73393295

32158.56971381
32326.,55575705
32413.11038689

32537.0N754704
32610.74058094
32773.88811372

32690.76535113
32991.46338987
33124.57253067

33267.33089245
33373.55369152
33639.15829491

33769.61280609
33918.00954284
34046.04431705

34143.26862086
34306.41406376
34436,59206555

34707.365635496
34869.51896706
35047.83159700

35874.87676186
36527.75612425
37596.24851134

000005176
33C0.45769309
7103.53879258
BYTA, 15809477

10457.35761167
11307, 75769175
11968.25281451

13402.13479431
14844,92375705

31408 .059501 30
31517.73157002
31687.40166965

31804 .09405205
31945.57845315
32058.74921473

32179.85864246
32331.C065%490
32417.49862324

32545.97107L06
32614.8844874K7
32780 .49959456

32902.55713911
32997 .21762573
33135.84931626

33282.10308713
33411.84502860
33703.06975376

33778.41825166
33921.30291362
34059.50633522

34154 .65615066
34315.25398066
34486.06940477

34715.50019679
34481.52087982
35128.26838456

35836 .¢8119837
36550.91969054
37624.17104980

3868.11349845
7191.29919943
10068 .78537405

10539.87218391
11403.06822241
12362.09531670

13534.78299819
14970.21538859

31435.00528317
31551.14343468
31690.58427119

31837.3706496217
31954.65484516
32096.65902193

32193.11229733
32367.28964059
32461.24802316

32546.C1327388
32648.41601103
32196.€2321589

32925.61909333
33C08.06526080
33150.22598437

33304.66356652
33457.55664292
33707.27522014

33797.11152795
33962.43538640
34070.33055242

34164.36346871
3433£.16985406
34506.91910871

34739.07351502
34943.24791075
35217.26491449

35929.64276509
36688.60306805
37631.52417935

4275.33380443
7325.73518517
10080.63888475

10556.64297238
11444.22602214
12825.51700437

1356 7.59606917
15353.42877647

31441.89173330
31579.8249443%
31721.70578138

31853.28837543
31970.52112566
32097.76953444

32255.58043320
32378.38337686
32469.25428189

32574.21041990
22669.60362393
32802.029227 34

32928.29426108
33041.48589061
33154.38664032

33320.24131012
33474.40628123
33718.72242470

33828.80381863
33981.32363387
34075.33908748

34201.06847281
34344,53838509
34535.34060168

34762.57415168
34976.13679752
35536.55345548

35930.87432664
367158.28910790
37778.79645796

4453.04525697
7665.26196974
10103.04621612

10685.39444002
11456.91617917
12884.39650401

13631.72604933
15458.08286712

31441.68940993
31602.85104927
31728.11449633

31871.17172896
31973.95389146
32107.78645927

32270.69030086
32381.43809486
32472.55303631

32582.26340518
32709.18077328
32808.82530316

32932.505948116
33077.48160198
33174.74602401

33341.43199018
33512.23678549
33723.08384524

33829.46837262
33987.08582861
34080.56046641

34205.59159136
34406. 75051095
34550.18157947

34811.76217784
35003. 75453490
35585.58137474

35950.82797386
37154.36637362
38337.95188080

5761.70048151
7863.81900385
10208.09539285

10819.54023123
11558.30009539
12910.10927150

14411.02068242
15712.45084774

31444.88826071
31630.34076502
31743.87823148

31909,08549342
31986.78406912
32108.06743497

32288.10052158
32387.27241775
32490.25263841

32585.00451949
32723.03238432
32841.97189982

32944.55733842
33090.31423988
33176.37548315

33346.05895586
33570.26029295
33730.37424009

33874.13448836
34000.10402690
34105.00390863

34214.90316390
34407.43203610
34643.72789467

34827.45751308
35029.58483216
35612.50629545

36070.33541397
37294.27214211
38712.48562504

5990.93469886
8118.24579345
10254.60555610

10842.39639946
11632.76591153
13127.52334045

14501.40452659
16040.09003621
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16244,07678160
11502.22911194
14839.37372127
16195.03464165

17361.54173523
18260.08473676
18758, 82049311

19307.39038705
19826.300992638
20306.49581032

20568.862171638
20851.21461859
21329.62595766

21584.32672210
21975.66104432
22383.07219197

22623.95663%202
22787.41662138
23069. 35030085

23375.08742973
23560.2590936%
23824.94804331

24021 .6166T866
24185.42704652
24400,2H4U34 71

24560.05571651
246756.064258241
24973.62461944

25177.6 1121627
29458.35568704
25729.41916105

25825.18313560
26066.32096979
26241.41539475

26390. 81867640
206631.,030101735
26759.986876T0

26971.40031827
27167.670531133

17d882.52551360
11613.58357340
15007.05463215
16293.46585925

17369.190614985
18295.41 818907
18794.46843375

19471.,50010117
19828.1250894%4
20311.18934391

20620.93241619
20943.06193535
21407,49472879

21636.58811821
21979, 74418324
226409.27756523

22632.78623996
22862.07852363
23165.27362134

23378.36672593
23571.71C52892
23843.36549303

24025.R2 848943
24195,344C9678
26432.88238665

24510.82514914
26759 65331649
250u9.3510u898

252N0,10649565
25462.28219454
25764.869691¢9

25905.76863310
26098.006 744114
26274.48116690

26444.61298720
26649.99354115
20791.27474178

26978,90C26501
27150, 15160868

12035.20651694
15631.44708622
16505.42852186

17467.80442093
18299.16272607
18838.90384511

19488.67793153
19864,16094121
20291.14934745

20650.84566736
21010.69576111
21609.60803441

21752,67b17189
21992.774903690
22421.39055301

22633.77118560
224891.33493200
231H6.56639698

23429.80232557
23708.27259900
23848.24949028

24066.18947160
24206.67663817
24447,65545062

24590.83505483
248813,79830903
25016.73199246

25235.36666141
25533.82217706
25787.71093711

25709,986525927
26103.27649726
26287.264871278

26453,72109769
26651.72851149
26840.44747635

26983.56178205
27183.77636391

12643.04853042
15637.97526621
16887.93133668

17893.52329451
18332.88381197
18932.40807736

19552.15989842
19885.1529375¢4
20420.15332680

20661.14749263
21061.97807796
21426.11746229

21766.16230057
22037 .66708045
22463.92317415

22691 .13042909
22908.43184838
23146.63649059

23432,42085228
23714.91698878
23872.88409093

24069.03971537
24220.27254062
26449,01271437

2460915760941
26892 .30644292
25068.34653405

25294 .07224182
25577 .34569043
25788.65238080

25%17.75728233
26125.24165506
26304.73697760

26550.04675313
26705.42288842
26855,07051527

26996 .98829365
27219.31393697

13463.03755391
15720.32490639
16900.£2732769

17907.81635097
18406.16437454
19115.13979509

19639.78782288
20113.93730909
20452.43789380

20711.81620734
21078.36489119

21448.59318865

21767.60287811
22055.93162546
22574.52919387

22700.06448682
22918.18363668
2321170771141

23463.79578906
23734.3584034C
23926.40868588

24081.99562143
24262.74134951
24451.38703738

24613.37930242
24906.50154621
25095.83514209

25318.89546393
25580.37072791
25791.21988770

25937.85199238
26207.€1017793
26312.61219233

26561.95403376
26712.66478603
26859.14765641

27035.06545360
27251.98401776

13709.88220446
15731.79962202
16929.40710831

17968.36037289
18530.43964290
19119.39610483

19647.14843832
20147.66668480
20464.16086816

20718.67106243
21185.48683869
21536.48049972

21829.99766451
22283.05393047
22582.28332921

22752.05694624
22964.18168191
23212.12157337

23486.32099836
23753.13144456
23932.47587693

24117.88558230
24322.56160236
24516.93590334

24650.04116117
24938.48959037
25098.25451744

25348.59860745
25626.28463221
25793.50220818

25961.34837786
26206.95575123
26324.36661451

26566.53843408
26715,09490518
26892.11743790

27060.44 885440
27266.89260377

13825.04685993
15830.70412594
17070.11616826

18185.63976427
18607.44267091
19126.85191523

19668.06433356
20218.46741269
20525.03084178

20766.13969904
21232.51519547
21535.71151830

21940.27088383
22368.09749712
22584.22071577

22753.68804017
23050.79214907
23272.15181802

23534,04238218
23755.22038321
23972.20492067

24153.99073671
24331.39189556
24534.90394605

24671.00987272
24940.16041902
25104.60340202

25388.49092728
25654.93642212
25805, 46325119

25975.36145328
26208.42100535
26348.65543672

26583.08408161
26758.50253141
26920.33618641

27072.00334711
27284.50833710

14643.47615192
16121.52669978
17154.46142816

18253.51330199
18749.48957321
19192.04168535

19782.97432591
20257.78317024
20528.53142961

20805.43337011
21264.72752645
21544.77992549

21957.82252191
22377.39348768
22599.58770452

22786.23512165
23057.30209374
23324.81707702

23543.13298371
23778.88141949
24002.06620890

24171.99136965
24333.41621065
24555.35825221

24740.86859740
264966.20728094
25160.39528259

2544532343578
25672.08581697
25817.83917549

25997.40777119
26225.18845341
26348.70444863

26608.10090482
26759.47425514
26963.,66282453

27086.03838364
27322.955%31977
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27324.14000154

21477.16957037
21609.49935574
27752.764777241

2719640, 86617222
28114.43325025
2826176047390

28644,125286178
26542.07865338
28635.0490617435

28798.49722154
2H927.258311146
29036, 16686509

29125.7%1%4298
29250.0806H9715
29459.51709518

29558.4%8406H14
29672.61632403
29796, 84258065

29909.14 743322
30076.72640005
30261.84 784690

30406.939724885
30499. 76329625
30589.31331515

30702.4588792%
30877.90741198
30964.9866T941

31129.07858169
3120444402052
31278.73393439

31367.43819122
31464671.22700994
31633.57502566

31756.87427806
319204693993893
31994, 74989086

27349.27193192

27492.41372557
27615.41196327
27777.0209985:5

27965.53681821
2R118.4£555946%
282067.89334877

2u450,68337719
28543.000616156
28649.90717566

23811.56190845
28931.25335100
29072.03580753

291»8.43846490
29254.61579040
29473.93469554

29513.08€C4304
29L73.61471130
298Ul,29619989

29913.87616460
3010670971714
30206.47472595

30416.14968664
30504.50132057
30519,24 799850

30716.19586444
308u6.08591904
30979.26£8H913

31134.50988114
31205.60668775
31213.90212053

31373.96538642
31479.84254008
31649.28654297

31775.99369549
31922.80C81100
32016.31417608

27366425813530

27499,15329718
27633,04911742
27730.75616743

27969.32463467
28151,50166116
28245,39703174

28453.61457557
268562.24030035
28668.92792580

28816.72037371
28935.67223015
29097.71955250

29173.41918944
29284.90684335
29475,60355881

29603.89784798
290682.33625620
29809.75017942

29957.6919¢767
30137.72548883
30245.99991021

30431.61447465
20510.70270565
30621.83011317

30747.49905455
30898, 68562289
30945.90 182907

31165.83915184
31215.49112620
31295.81 390655

31400.90:469385
31487.83020073
3167/8.05999109

3179R.06566499
31934.19006454
32043.73360141

27369.68228909

27520.75839370
27650 .26044006
27H18.100616882

27972 .46218409
28152.26688081
28341.16111625

28469.79196347
28565.994482420
28673.22401209

28840.564769381
26942.79876679
29099.18918045

29184.61627800
29313.07770149
294381.00424705

29604 .75081902
29748.81205213
29824.715658134

29985.92517678
30142 .76523244
30286 .,03354354

30435.51676528
30539.01417732
30636.27451182

30766 .68424426
30318.10151943
30992.61216031

31178.36253886
31220.81962780
31300.67811550

31408 .£5908189
31517.73138614
31687.40167813

31804 .69446578
31945.57909648
32058 .74839226

27394.45274507

27547.82618227
27681.83990875
27829.53819095

2n043.99824707
28187.96799202
28342.18403083

28499.47219150
28596.22105101
28739.52337783

28860.48223576
2b987.01261333
29105.82766181

29193.89384686
29338.92255639
29483.79100259

29609.74284937
29752.8829818C
29837.25280221

30032.30260974
30168.59340727
30334.57153942

30451.C2397775
30544.60279077
30642.38496267

30829.49054006
30931.29361275
30994.45096922

31179.43804423
31232.11560769
31321.85935277

31435.00520485
31551.14343247
31690.58455256

31837.37643336
31954.65420183
32096.95751517

27440.27244128

27600.50802556
27691.34059525
27886.60671909

28052.67292506
28193.92081522
28355.05739905

28503.06190440
28614.01989398
28745.25681002

280874.54122609
28995.985875 T4
29106.70118918

29232.26682124
29400.51202574
29487.17432841

29612.37397521
29756.39725679
29865.15666786

30034.31481059
30222.01325705
30353.17012721

30489.91060850
3C546.28118458
30681.22319444

30831.95977612
30936.26262995
31024.40108330

31180.22523651
31243.14870908
31339.36350711

31441,89209070
31579.82464640
31721.70551480

31853.28796120
31970.52134046
32097.76900617

27442.93334895

27603.43073518
27728.84425018
27890.34225550

28067.26010088
28227.81012367
28387.55247115

28515.98598924
28619.63204297
28761.28025445

28893.74666219
29012.87887844
29109.44776432

29235.68489733
29412.89668990
29502.82601527

29644.25988110
29790.34032852
29881.36505796

30047.00758692
30226.32515889
30364.95828533

30489.77198227
30586.27979286
30686.49722405

30840.76818246
30937.13004256
31C97.71796369

31182.19925771
31269.93880845
31358.25368345

31441.68838817
31602.85095403
31728.11390483

31871.17193782
31973.95360302
32107.78618783

27475.13543627

27605.38645811
27743.55805739
27937.664046727

28098.52315352
28255.89876525
28435.53313519

28522.68699166
28627.03796184
28784.03079123

28895.20230076
29033.25534421
29119.30306789

29236.17738928
29441.80391729
29530.04634358

29664.97752913
29790.36782868
29884.28364136

30068.82027208
30239.79375720
30395.25353456

30498.75951928
30587.89411104
30687.24520137

30875.18975422
30944.93482055
31099.62746140

31199.01459924
31275.58372612
31360.99872350

31444.88824737
31630.34097883
31743.87786978

31909.08525685
31986,78387971
32108.06791591
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32140.73705028

- 32309.91 349462

32392,249734192

32498.33424270
32590.60612247
32730.73381380

32851. 77727770
32954.69567283
33098.81610371

33212.8415%0916
33353.43611003
33580.32926656

33733.C7069833
314899.03909761
34015.45201530

34109.29305201
34238.53834009
34429.219666T1

3466254396413
34842.51569386
35032,24496570

3580742490545
36501.46653741
37475.52556181

32141.68882350
22317.43189659
3241242938577

A2524.064747352
32603.617221302
32742.15856996

32879.86284173
32977.09243332
33117.61322994

33228.7007409¢
33357,14099284
33594.64965095

33738.371722479
339164396262 74
34041.60871203

346117,78106838
342493.0936059¢
34429,94790817

34706.06841615
34B846.49639304
35038.43504925

35850.43770467
36519.56261113
37438.77126038

32158.57034885
32326.55484135
32413.11022494

32537.00688187
32610.73967481
32773.u8808992

32890, 76498104
32991.46313332
33124.57301747

33267.33080601
33373,55456402
33639.15776009

33769.61345699
33918.00869725
34046.04370153

34143.26609322
34306.41423561
34434.59254899

34707.36613414
34869,51899521
35047.83189530

35878.87781202
36527.75525304
37596.24647084

32179.85851198
32331.00667414
32417.49774677

32545.97067133
32614 .38460164
32780.49983020

32902.55838415
32997.21763321
33135.84997621

33282.10335327
33411.84440681
33703.07014664

33778.41810471
33921.30422728
34059.50643362

34154.,65496358
34315.25415270
34486.06R809918

34715.499584485
34881,52115679
35128.36794842

35886.88100820
36550.91919872
37624.16977826

32193.11273491
32367.28991628
32461.24778212

32546.01393198
32648.41644456
32796.C2346342

32925.61924985
33008.06449430
33150.32629641

33304. 66414309
33457.55645868
33707.27641668

33797.11238051
33962.43481828
34070.33034760

34164.36410980
34338.16941816
34506.91862845

34739.C7135907
34943.24813010
35217.2¢6445388

35929.64348831
36688.60342557
37631.52393783

32255.58046703
32378.34341561
32469.25303338

32574.21113800
32669.60482630
32802.02926245

32928.29420297
33041.48654587
33154.348710320

33320.24156457
33474.40634240
33718.72218219

33828.80259453
33981.32398040
34075.33922182

34201.06790573
34344.53791943
34535.34007952

34762.57475962
34976.13569740
35536.55353241

35930.87363004
36758,28907510
37778.79528660

32270.69011610
32381.43655234
32472.55350803

32582.26349810
32709.18099616
32808.82502815

32932.50630998
33077.48204445
33174.74560331

33341.43191880
33512.23644321
33723.08500713

33829.46786041
33987.08435572
34080.560097 14

34205.59323305
34406,75048570
34550.18236880

34811.76278444
35003.75445217
35585.58180193

35980.82761033
37154.36498978
38337.95207930

32288.10054919
32387.27244689
32490.25268270

32585.00414491
32723.03224626
32841.97085053

32944.55815969
33090.31418363
33176.37466799

33346.05872788
33570.26024986
33730.37548026

33874.13437751
34000.10345982
34105.00374575

34214.90259545
34407.43232768
34643.72709318

34827.45768843
35029.58487377
35612.50602263

36070.33443962
37294.27145897
38712.48562177



¢3 ITERATIONS DELTA= « 000000603

coL LEVEL INITIAL VALUE CIFFERENCE WEIGHT SUM
1 0. 00000000 0.00000 0.00000 9769724.97803
2 620.32118915 62 0. 00000 «32119 13062395.638L 8
3 38N00.81729¢A3 . 3800.00000 81730 11691361.08643
4 346847310793 348638,00000 47310 9523399.98C47
5 4275.693410u14 4275. 00000 69341 14128294.08154
[ 444 3.,4046p6240 4453, 00000 «40466 12762590.08398
7 $762.06C08702 5762. 00000 «04600Y 107A8273.09131
8 54991.29430446 54991.00C00 «294730 9722934.20459
9 £249.00959073 6249. 060600 .009%9 10275724, 64551
10 7005.51037297 7005. 00000 «51037 11106825.84719
11 1103, 59439641 7103.00000 «89840 ~ 52%5090.99023
12 7191445840522 7191. 00000 «65H81 2241328.66260
i3 132609479097 7326400000 «09479 9737340.09131
14 645.62157502 T645. 00000 «62158 7165474,96535
15 THO4 . LTHLOVIL TH64. 00000 «17861 7759068.76367
16 ti118.060539927 #118. 00000 «60540 12027751.19727
17 H1l33,266H2565 8133.00000 26483 5900873.32275
18 AR56.96152872 8856.CNO00 «96153 1337077.10840
19 H878.51770034 8¥78. 00000 «51770 3068593.10596
20 LU069. 14497959 10069. 00000 14498 6106394.065527
21 10C£0.99R 49020 10080. 00000 99849 4603952,88184
22 10103.40582002 10103. 00000 «40582 123560.11084
23 10208.45499472 10208. 00000 455900 ©203236.88184
24 . lU254.565106209 10254. 00000 « 906516 3254767.99512
25 10288.58432154 10288. 00000 «58432 3758109.4384H
26 10347.31254111 10347.00000 31254 6849089.76367
27 1068T.71721737 10457.00000 «71722 606978.33252
28 10%40,.231 78911 10540.00000 «23179 1055692.44336
29 10857.00257770 10557. 00000 .00258 2893215.818428
30 10685, 75404%89 106854, 00000 « 75405 5679589.43359
31 10819.£9983660 10819.00000 «89984 2641235.99512
32 10842, 15600445 10842.00000 75600 91262.00000
33 10987.551 72043 10987. 00000 «55173 3355852. 32764
34 11290.22912035 11290, 00000 «22913 2019751.8R672
35 11308411729 125 11308, 00000 <1170 2839480.21680
16 LL403.42782170617 11403, 00000 421783 1594037,66504
37 L1444.58562666 11444,00000 «58563 380928,.,22168
a8 11457.275 18407 11457.00000 27579 3849336.54932
i9 11558, 659701006 115%8. 00000 «65970 21A71275.10840
40 11633.12551690 11633, 00000 «12552 2335559.99756
1 11677.00063301 11677.00000 «00063 3088962.88428
42 11943.30575690 11943,00000 «90576 T47597.22168
43 11968.061242027 11968. 00000 61242 1652693.88672
44 12362.45492734 12362.00000 «45492 426776.22168
45 12826.27661028 12826.,00000 «27661 4268830.10352
46 128BH4. 75611027 12884.00000 «75611 499001 .00000
47 12910.46887744 12910, 00000 .46898 1682025.99756
48 13127.148294570 13127.00000 «8R295 2854277.43848
49 13346.36853139 13346,C0000 «86854 2080068.99756
50 133561.460462/03 13361.00000 «4604643 208443.00000
51 13402.49440ulA 13402.00000 +49440 1152938.55420
92 13535.14260379 13535.000N00 14260 1197347.88672
53 13567.95567433 13567. 00000 9556/ 189642.11084
54 13632.,08565472 13632.00000 .08565 384386.11C84
55 14411.38028:466 14411.00000 «38029 179646.11084
56 14501.76413220 14501.00000 -76413 1174535.6650¢
57 145643.72758123 14543.00000 «72758 1289221.55420
58 16790.94202323 14790.00000 «94202 9446H2,44336
59 lana5.28336216 164846,00000 —.T1664 5088R5.44336
&0 149/0.57499421 14979. 00000 «57499 325671.22168
6l 15353, 78838216 15353, 00000 «78838 114134.00000
w2 16458, 44247221 15458.00000 64247 465507.22168
63 15712.51045267 15712, 00000 -81045 776249.332%2
64 16040, 44964100 16041.00000 ~.55036 4781358.33252
65 Lu244.43638595 16244,.00000 436139 B833532.55420
66 L78382.85485513864 17882. 00000 .88552 26965.,00000
RUNW LEviL INLTIAL VALUE CIFFERENCE WEIGHT SUM

1 11502.58871n1S 11502.00000 «5H872 258.00000
2 11613.94317977 11613, 00000 «94318 404.00000
3 1203%.56612270 12035, 00000 «506612 429.00000
4 12643.40813681 12643.00000 «40814 408.00000
5 13463,39715977 13463.00000 39716 1108.00000
[ 13710.24160994 13710.C0000 24181 358.00000
7 13482%.40046552 13425.00000 «40647 658.00000
8 14643.83575K828 14643.00000 83576 1304.00C00
9 14839.73332/746 14839,003800 «73333 1083.00000
10 15007.41423704 15007.00000 41424 154.00000
11 15631.80469284 15631.00000 80669 7A83.00C00
12 15638.3346467206 15638. 00000 «33487 1437.00000
13 15720.65451299 15720, C0000 «68451 10904.00000
14 15732.15922605 15732.00000 «15923 212.00000
15 15831.06373118 15431. 00000 «06373 324.00000




16

18
19
20

22
23
24
25
L0
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
“2
43
&4
45
46
47
48
4“9
50

53
54
55
56
57
S8
59
[2Y
33
62
L3
L4
65
66
o7
68
69
70
71
12
13
74
75
76
77
78

16121.88630565
1614994 36424197
16294,02546517
LASUS. T8R12164
16R88.29094199
16900. 28693404
16929, 16671487
17070.675717450
17154.82103390
17361.90136193
17369.55575%99
L16h8.22402028
L7R93.3829N058
17908. 17595670
17668. 71997671
181K85.29937045
16253, 87290847
1B260.44434190
18295, 17179586
18299.50233173
15343.2434173%
1b6Ub, 52398184
185304 79924399
16607. 830227689
18749, 84917914
18759,18009184
1R 7964, 82803976
1HKIY, 26345118
16932, 76768331
19115.49940072
191194 755 T1UbR
19127.21152088
19192.40129091
19307, 749992342
19471 .385970798
19689.03753620
19562,51960410
L9640.14762418
L9667,.50R041351
19668.42393914
14783.33393151
LY826. 66953260
L94828.48469510
19464, 52054690
19885.51256374
20114.29691493
20148. 02629000
20218.82701096
202%8.16277552
20316.35541636
20311.54394962
23391.50895113
204.0.51293266
206%52.79749978
20664,520467629
20525.39044732
20528.89103%22
2056%.22232170
20621.2920215%9
20651.20527271
20661.50709907
20712.17581216
20719.030661756

CALCULATED LIUE
4087.55399609
4135.24915405
4156463052637
416C. 00089706
4172.170209106
4174453990777
L1717.98054R7S
4181.05790%698
4220,084085H834
4221482029670
4272.40403013
4276,09030198
4282,73914976
4284.45464927
4287.57359)939
4293471966135
4317.2566H8%32
4337.49931915
4313H, 46889049
4368410574571
4355425143674

16121.00000
16195. 00000
16214, 00000
16505, 00000
16888, 00000
16900. 00000
16929. 00000
17070. 00000
17154.00000
17361.00000
17369.00000
1 7468, 00000
17893, 00000
17908, 00000
17568, COV0O
18185. 00000
14253, 00000
18260. 00000
18295. 00000
18299. 00000
1%383.00000
18406.00000
18530, 00000
16607.00000
18749, 00000
141759, 00000
18794.00000
18539, 00000
18932. 60000
19115. 00000
19119, 00000
19127, 00000
19192, 00000
19307.00000
19471.00000
19489. 00000
19552. U0VOO
19640, 00000
19647. 00000
19668, 00000
19763.00000
19826. 00000
19828, 00000
19864. 00000
19885. 00000
20114.00000
20148. 00000
20218.00000
20258.CU000
20306. 00000
203211, 00000
20391.00000
20420400000
20452. 00000
2046400000
20525.00000
20528. 00000
20569. 00000
20621.00000
20651, 00000
20661, 00000
20712, 00000
20719. 00000

OBSERVED LINE
&087.54000
4135.131000
41564172000
4160,C4000
4172,71000
4174.67000
4178.03000
#181.11000
4220.97000
4221.21000
4272.24000
4276. 16000
4282, 14000
4284.72000
4287, 66001
4293, 77000
4317.27000
4337,.52000
4338,64000
“348,15000
%354, 85000

886131
«36425
«02547
.78813
29094
«38693
« 76671
47577
.82103
«90134
555706
22403
.88290
-17596
«71998
«99237
«87291
06434
«77780
«50233
«24342
52398
« 79925
80228
.84918
18010
«82804
«26345
«T6708
«49940
«75571
«21152
«40129
«74999
«35971
«03754
<5195
«14743
+50804
042394
«33393
«66953
«43470
52055
«51254
«29691
02629
«82702
14278
«85542
«54895
«50899
«51293
« 79150
52047
«3904°¢
«39104
022232
.29202
«20527
«50710
«17581
«03067

DIFFERENCE
-.02
-.06
-.08
=-.03
=01
-.14
-.05
~s 008

«0L

«Hb
—eH b
.07
-.01
=217
-.UQ
-.05
=01
-.02
-.17
—+04

«40

1037.00000
10570.00000
122210.11084
6UHA87.00000
54.00000
41212.00C0N
152419.11084
152602.11084
1345.00000
152277.11084
223592.22168
40995.00000
111552.11084
224013.22168
1408.00000
40783.00000

223580.22168

729.00000
112164.11084
112210.11084
1114681.11084
152206.11084

1162.00000
112514.11084
1070.00000
224121.22168
112631.11084
112494.11084
113956.11044
945.C0000

579.00000
112993.11084
113052.11084

850.00000
122989.11084

10487.00000
123231.11084
10458.00000
41137.00000
11445.00000
335415.33252
234142.22168
401825.00000
111969.11084
153544.11084
234h466.22168
142310.11084
274200.22168
121177.1108%
122048.11084
122443.11084
S0A/37.00000
375136.33252
40104 .00000
162010.11084
233542.22168
41299.00000
303917.22168
152426,11084
111119.11084
2634R0,22168
111673.11084%
192456.11084

WE'IGHT
« 25.00
4,00
4.00
4400
25.00
100.00
4,00
25.0uU
4.00
4.00
4.00
4,00
4,00
25.00
4,00
25.00
100.00
100,00
25,00
25.00
4400

ROW LEVEL
15720.68451
19489.03754
19127.21152
17070.47577
19885.51254
15631.80669
16121.88631
15638.334R7
20464.52047
19192.40129
15831.006373
17908.17596
14839.73333
20528.89104
16732.15923
19647.50804
15720.68451
18839.26345
18749.84918
15638.33487
14643.83576

COL LEVEL
11633.12552
15353.78838
14970.57499
12910.46888
15712.81045
11457.275%79
11943.90576
11457.27579
16244.43639
14970.57499
11558,65970
13632.08565
10557.00258
16246.43639
11444.58563
15353.78834
11403.42783
14501.76413
14411.38029
11290.22913
1C288.58432

75




76

4383,44775110
4427,07007153
442 (.43590451
4429, 54556936
445041165933
4451.43246449
4459,04803785%
4484, 79964512
4437.07434518
450%. 638155652
4506,0165662Y9
4518.3863614497
4521.38739406
4522.06291889
6531724106158
4953.9137L5 74
4562483726808
4%67.31179253
45T74,69707780L9
4581.94450249
4583,46791601
4608.432L0679
4631.274532814
L4644.254%60])
465C. Tu314563
4660.89994427
4671430067300
4704.11911206
4727.822121%4
4735.365 16411
4733.033946290
4158.73423726
4812475493730
Gu28. TaT749464
4831.726410%99
4851437850829
4556419453839
4372.66261074
489059763750
4892.41248144
4906. 89070820
4912.25138944
4931.66772430
4934.31736884
4946, B83T65L8
4948.90725648
4992.391490828
$007.1083365
50468.51234287
5070+ 44156301
SUB L. 655T76%u84
5101.86335423
51054 769104494
5110.73209214
5127.C9644413
5143.721920172
5163,68193509
517%.1026% 06
521G.91%271100
5230. 61108359
5239.60435028
5253.91912742
5257.04 3650648
5271, 30777702
5282.94195136
5284449415173
529646411077
5301, 98646905
530L.05013263
5341, 18446250
$349. 15N%50%2
53644,933548%03
5371,10701341
5412. 31155946
5412411139269
5425.64779909
5637, 35025760
5443.11114897
5469.5011n558
5472,490929179
5512.2215146248
5523.526U48458
5526433188720
55645,72103436
55%52.2 1667907
553 17.33638L8%
5564, 88172795

%382, 15000
4427,46000
4427T. 71000
©429.67000
4450434000
46%1.45000
4659,10000
L4846, 82000
4496430000
4505.82000
4505, $93000
4513,36000
4521.50000
«522.C6000
4531, T¥000
45%3.6C000
4562.839000
4567, 32000
4574, 73000
4582.51000
&583.43000
4hNE.HH000
%631.26000
4643.45000
4651449000
£660, 26000
4676479000
4703, 16000
4T727.490000
#735.32000
4738,C7000
4758, 14000
4812463000
4828, 714000
4831, 77000
4851,5L000
L4856, L8000
4872.63000
©“890,57000
©892.56000
4906, 84000
4912.27000
4931472000
4934, 34000
4946, 86000
4948,90000
494924, 76000
5N 7.68000
50648, 41000
0070636000
5081.61000
5102, 78000
5105, 72000
5110, 71000
5127.17000
51423, 41000
5163.59000
5175.1C000
8211.73000
9231.51000
5240,21000
52%3,62000
5257. 59000
5272.11000
5282.,87000
5284,51000
5296457000
5301, 69000
5307.950U0
5341.172000
5349, 11000
5364.,54000
%371,.C5000
5412.24000
5412.66000
5424, 74000
5437, 30000
5443.C6000
5469, CCO00
%471,1%000
©%512.20000
$523.48000
5526,29000
5545.69000
$5%52,24000
556 7. 31000
4564, 38000

«70
~«39
=07
-.12

.07
=02
=.01
-.02

L]
-.14

«03

00
-1l

<00
=06

«31
-.05
=.01
—.04
~e57

04
~.03

02

-840
=71

N

51

96
-.08

«05

<02
=.01
~-.07

0%
=.us
=13
=.09

«03

«J3
-.15

«05
=.01
=-.05
=04

.03

01
=37
~.58

04

.09

NJA
-.()2

05

N2
-.0n
-.09

.09

00
=86
~e96
=60
=.04
=55
=6

07
~e02

«07
=.00

o1l

D6

.04
-.01

U6

.07

NG

91

N

08

«50
~ehHr 6

03

.09

5

.03

o114

.03

00

4400
4.00
4.00
4.00
25%.00
25.00
25.00
25.00
4.00
4,00
4,00
4,00
100.00
25.00
25.00
4.00
100.00
25.00
160.00
4.00
4.00
100.00
25.00
4.00
4.00
4400
4400
4.00
25.00
25.00
T 7100.00
25.00
25.00
25.00
100.00
4.00
25.00
100.00
4.00
4.00
25.00
4,00
100.00
4.00
25.00
25.00
4.00
4,00
25.0C
4.00
25.00
4400
4,00
4,00
4.00
4,00
4.00
4.00
4.0V
4.00
4,00
100.00
4.00
4.00
4000
4.00
25.00
25.00
4,00
25.00
25.00
25.00
25.00
4.00
4.00
4.00
2%.00
25.00
%.00
4,00
25.00
25.0¢C
25.00
4,00
4,00
4.00
100.00

18794,.82804
194885.51254

15831.06373 .

19783,33393
15007.41424
17361.90134
17369.5557¢
173649.5557¢
11502.58872
17908.1759
20218.82702
16195.36425
18932, 76 768
20766.4993C
19885.51254
18185.99937
14643.83576
16929, 76671
14643.83576
19552.5195C
17468.22403
11613.94318
14839.73333
15631.80669
15638.33487
16294.025417
16121,88631
19115.49940
18295, 7778C
16294.02547
16195.36425
14839.73333
19783, 33393
16505,78613
13710,24181
16253.87291
19826.66953
16505.788613
16294.02547
18253.87291
22789.77623
15732.15923
12035,56612
18295.7778C
13825.40647
18295,.7774C
17783.33393
17369.55576
16305.78813
20528.89104
22964.54128
17070,47517
17468.22403
20464,520647
18753, 140LC
20116,29691
15/20.68451
20528.89104
17154.82103
20943.42154
19783.33393
11502.58872
19668.42 394
19839,26345
19826.66953
15631.80669
16929.76671
16121.88631
20766.49930
19885.51254
15638.33487
11613.94 318
16929.76671
18059,1801C
20766.4993C
17369.55576
11070.47577
16900, 38693
18295.77766
16929.76671
15720.68451
21767.96248
16929. 76671
17908,17596
21265.08 713
15638. 33487
16121.88631

14411.38029
15458.44247
11403.42783
15353.78838
10557.00258
12910.46888
12910.46888
12884.75611
7005.51037
13402.49440
15712.41045
11677.00063
14411.38029
16244443639
15353.78838
13632.08565
10010.99849
12362.45492
10069, 14498
14970.57499
12884.75611
7005.51037
10208.45500
109187.55173
16987.55173
11633.12552
11444.58563
14411.38029
13567.95547
11558.65970
11657.27579
16080.99849
14970.57499
11677.00063
8878.51770
13402.49440
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25.00
4.00
4.00
4,0uL
100.00
4.00
4.00
100.00
4.00
4,00
4.00
25.00
25.00
4.00
4,00
4.00
4.00
100.00
100.00
100.00
10G.00
4.00
4,00
25.00
4,00
25.00
25.0C
4,00
4.00
4.00
4.00
4.00
100.00
25.0Q
4.00
25.00
100.00
4,00
4.00
4,00
25.00
4.00
100,00
25.00
4,00
4.00
25.00
4.00
4.00
4.00
100.00
4,00
4.00
25.00
40U
4400
4,00
100.00
4.00
4.00-
4.00
4.00
400
4.00
4.00
4.00
25.00
4.00
4.00
100.00
4.00
25.00
100.00
25.0C
4.00
4.00
4.00
4.00
100.00
100,00
100.00
25400
25,00
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15638.33487
13710.241%1
16121.88631
20943,42154
20569.22232
179686,.71998
11613.94318
20420.51293
126%3,40814
145720.68451
20621429202
20464.52047
20218.82702
17361.90134
20661.5071C
13825.40641
20114.29691
17054.82103
21426.477017
17361.90134
17369.55576
16294.025417
11502.58872
20311.54895
17070.47577
17369.5557¢
13710.26181
15759.1801C
11613.94318
21534.68633
18759.18010
20420.51293
20306.85542
20311,54895
17361.90134
17468.22403
17369.5557¢
16900.38693
16121.R8631
206464.52047
196489.03754
18839.26345
18299.50233
16195.36425
16929.76671
17893.8829C
23843,72510
13825.40641
20464.52047
17369.55576
216426.47707
20943.42154
20766.47930
20391.50895%
16294.02547
18932.76 768
17968.71998
20528.159104
16294.025417
16121.846%1
18406.52398
12035.56612
18932. 76 T48
16505, 76813
21766.52191
21767.96248
21409.96 764
16900. 38693
17468.22403
19471.85971
17361.90134
21426.47707
17369.55576
19647.50804
17070.47577
16294.,025417
21076.7245C
19471.85971
20525.39045
16195.36425
24002.42581
16195.36425
19489.03754
15007.41424
20943.,42154
20569.22232

10069.14498
8133.26483
10540,23179
15353.70838
14970.57499
12362.45492
5991.29430
164790.94202
7005.51037
10080,99849
14970.57499
14790,94202
14543.72758
116/7,00063
14970.57499
8133,26483
14411. 38029
11444.58563
15712.51045
11633,12552
11633.12552
10557.00258
5762.06009
14543, 12758
11290,22913
11558.65970
7864.17861
12910.46888
5762.C6009
15712.81045
12884.75611
14543, 72758
16411.38029
14411.38029
11457.27579
11558.65970
11457,27579
10987.55173
10208.45500
14543,72758
13567.95567
12910.46888
12362.45492
10254.96516
10987.55173
11943.90576
17882.88552
7864,17861
14501.76413
11403.42783
15458.44247
14970.57499
147906202
14411.38029
10288.58432
12910.46888
11943.90576
14501, 76413
10254.96516
10080.99849
12362.45492
5991.29430
12884, 75611
10457.71722
15712.81045
15712.41045
15353.78838
10842.75600
11403.42783
13402.49440
11290,22913
15353. 74838
11290.22913
13567.95567
10987.55173
10208.45500
14970.57499
13361.46043
14411.38029
10080,99849
17882.88552
10069.14458
13346.86854
8856.496153
14790.94202
14411.38029
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16294.025647
16900.38693
21185.84644
20766.49930
21534.68633
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16505.78811
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17693.8829¢
20766.49930
12035.56612
17908.17596
21993.13864
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21265.08713
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20851.57422
21767.96248
19835.51254
18299,50233
17154.82103
22056429123
16888429094
17908.1759¢
21329.98556
19489.03 754
16929.76671
17361.90134
19783.33393
17369.55576
15749.84918
22633.14585
12643.40814
20943.42154
1796R.71998
21766.52191
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16383243642
19783.33393
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17893.84290
17908.17596
18406452398
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178913.8829C
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30965.34628
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31275.94333
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31995.10950
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15353.78838
13402.49440
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5762.06009
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13361.46043
14970.57499
13346.46854
14543,72758
15458.44247
13567.95567
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1C819.89984
15712.81045
10540.23179
11558.65970
14970.57499
13127.88295
10557.00258
10987.55173
13402.49440
109487.55173
12362.45492
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6249.,00959
14543,72758
11558.65970
153%3.78838
15353.78838
1196R.061242
13361.46043
1C069.14498
11968.61242
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11444.58563
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0.00000
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0.00000
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0.00000
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315204 82546644 31520, 94900 -.11
31601,54600842 31603,67000 -.13
31744.231747521 31744,22990 01
319454935 20228 31946,01000 -.07
12016.67378140 32016, 76000 -.q9
32026.45686124 32028, 33900 12
32062, 1611331489 32062, 78000 -.02
32098, 121461161 32098, 10100 -.03
32226. 132132017 32226,22000 -et19
3225%.94000361 32255.81000 .13
32317.7915033%y 32317.835000 -.ub
32324.59651H09 32124,64000 -04
32334.73406932 32334.1900C -.06
32377.256049038 3.377.4GC00 -.14
32490L. 61220805 3.490. 73000 -.12
32495, 693184779 326495.83C00 -.l4
32530. 364670248 32520624000 12
32934.42550017 32534, 36700 006
1257451170304 3.2674.5300u Ny
320464 TI6D5038 32648, 83000 -.08
32731.09341890 3:731.13000 -.04
32733.67645:609 3:733.43000 02
327642.51117489 32742464000 -.12
32/91.8828.260 32791.97300 EN Q]
32409, 16463302 32809,20000 ~.02
33019. 19617637 33019.19400 00
33035, 72600144 33035, 66900 06
33113.10011427 33113.16000 -.U5
3313642095028 33136.29500 -.09
332964 43669905 33296.55000 -.12
33341.79152434 33341,.84500 -.05
3338014187573 333%0.28000 -l4
33412.20604174 33412.29000 -.09
33570. 61985566 33570.67000 -5
33639.51736551 33639,60000 -.08
34059, 86603972 34059, 87000 -.00
34164, 72371508 34164,86000 -.14
34827.811729412 34827.87000 -.05
350060 11405757 35004.21300 ~-.10
37596+ 60607548 375%6. 65400 -5
66 COL LEVELS 792 ROW LEVELS 8889 TRANSITIONS
SIGKA= . 9E6T03 {ORMALLZED SIGMA= . 0USBLYT
UNCERTAINTY REILHT RNS QUAN
0030 11l11l.11 .0020 1759
0050 40000.00 0037 1689
0100 10000.0GC 0087 1562
. 0500 400,00 L0627 2783
.1000 100.00 .0840 336
« 2000 25.00 1617 626
« 5000 4,00 .34175 734
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400.00
400,09
400.00
400.00
400,00
400.00
400,00
400.00
400.00
400.00
400.00
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31945.9387C
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32317,7915¢
32964.91777
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32997.57724
32490.61229
32495.69385
33150.6859C
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32574.57074
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33353.79572
32742.51817
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32809.18463
33639,51737
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33733.43030
33136.20958
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33341.79152
34000.46306
33412.20401
33570.61986
33639.51737
34059.86604
34164.72372
34827.81729
35004.114C6
37596.60608

620.32119
4275,69341
0.00000
0.000C0
0.00000
620,32119
3868.47310
0.00C00
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0.00000
0.€00C0
620.32119
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620.32119
04490000
0.00000
620.32119
620.32119
0.00000
0.00000
0.00000
620.32119
0.00000
620.32119
" 0.00000
620.32119
4453.40486
620.32113
0.00000
620.32119
€. 00000
620.32119
0.00000
0.00000
0.00000
0.00000
0.000060
0.00000
0.00000
0.00000
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