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I

Correction for page 37, 1A 4402

[

. .

Replace statements numbered 553 through 570 with the following:

00553 D042401X=1QNCX1
00564 RMULT(IX)=C(IXtI)
00565 COO
00566 4240 ROW(Ix)=-
00570

OMULTQRMULT(IX)
IxN=I-1

.

, I
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CALCULATION OF ATOMIC-ENERGY-LEVEL VALUES

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 presentl y

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.

.. ... ... ..... ..... ... ... ... .... ... ... ... ..

L Introduction

One of the classical tasks of experimental atomic
spectroscopy is the calculation of atomic-ener~-level
values and uncertainties from experimental data on
classified lines. An atornic-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.

II. 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

panty 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.

Bockasten2 (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.

1



Goldman3 (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

N1/3=Y1 .

The matrix N, contains weight and occupation informa-
tion, the vector P contains the level parameters to be
determined, and the column vector Y1 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

however, because of the large number of parameters to be
estimated, which leads to an N1 with order (Z levels - 1),
it is difficult to invert N1 with the required accuracy.
Goldman3 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.

Bri114 and Radziemskis independently coded an
iterative method (similar to Bockasten’s2) 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 Sluis7 (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.

111. 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

MN

R= ~ ~ nijWij (ai- bj - yij)2 (1)
i=lj=l

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

ai

bj

Yij ‘S

‘ij

‘ij

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

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

are the experimental wave-number wdues of
classified lines between levels ai and bj.

equals 1 if the transition is observed, but
equals Oif it is not.

is the weight inversely proportional to the
square of the experimental error assigned to
Yij .

The quantity R will be a minimum when

~R Z)R t)R ilR ~R o—=— =. ..= —= —=. ..=— =
aal i3a2 ~aM dbl ab~ “

This leads to the two sets of equations:

M

~nijwij @i–~j– Yij)=OO=l> . ..> N.(Z)

i=l

; nijwij($i –~j-yij)=o (i=l,. ... M). (3)
j=l

Between these M + N equations there is one relationship:
the sum of Eqs. (2) is equal to the sum of Eqs. (3). This
constitutes a singularity, which means that the solutions
to Eqs. (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 deftitions of other

2



symbols. The code resulting from the programrning of this
method uses the CDC 6600 computer, a 60-bit binary
word, and 64,00010 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 fust 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: yi. = ai – bj, where ai is a level

{of one parity, and bj is a leve of the other parity. The set
of levels {bj} j= 1, . . . . N are called co umn levels and

\must contain the reference level. The {ai i = 1, . . . . M
are the row levels. The lowest ener~ level is commonly
used as the reference level, but this is not necessary for
the computation. Indeed, the smaller set of levels should

k’+
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

TABLE I

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

Computer: CDC 6600
Core memory: 64,00010 words
Word size: 60 binaxy 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 (NneW/ NoId).

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.



r SOR?ead in wave numbers, uncertamtles, and classlflcatlons

Order the list of classifications and

For each row level determine: w..,
lJ

N

group by row levels.

N
z Wij,
j=l

Z Wijyij, and store on mag tape #1.
j=l .

M
Compute qs and Z Wis for s = 1, . . . , N.

i=l

J
Return to CONTROL

SINVR
go to SINVR > Compute elements of C matrix using data on mag tape # 1.

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

Compute9 j,j= 2,..., N using data on mag tape #1.

~Return ‘0C“NTR”L
J VAR

go to VAR Computeai , 1 = 1, . . . , M using data on mag tape #l

and C matrix inverse. Compute sigma squared.

For each yil, calculate? varlj’ {1
Yij and print data

associated with y...
q

{}
Compute var ai. and var

H
i. and print level values

J
and their variances.

[

J
Return to CONTROL

STOP 7

Fig. 1.
Generalizedjlow diagram for the inversion code.



f ‘i~ ! WijYij > ad qj (P. 14, APP. A) are computed.
j=l j=l
The running 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,
Ody Cij> Where i <j, is stored in memory. The elements

Cij, where i >143, are stored in positions c(zs 6.i)(j-i+I J.
The cij in the code refers to c(i+~~d+~~in App. A because
all the elements of the first row and first column of the C
matrix are O. 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 cii > c(i+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

I I I I

It I I I 1
50 I 00 200 300 40

MATRIX RANK

Fig. 2.
Inversion time as a function of nyrtrix size as
determined from four calcukrtions.

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
bobs - Yc~I~) Me then COrn@4 grOU@ into W@@

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.

I
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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

VSI ~ijcalc)=vw ai + var bj -2 COV (ai,bj) .

The calculations of variances and covariances are describ-
ed in App. A.

A copy of the inversion code is contained in App..
D.

V. Solution by the Iterative Metliod

Solution by the iterative method can be succinctly
described in matrix notation. The following development
is similar to that of Varga’s.s Once the normrd equations
are obtained and the singularity is removed, the problem
can be written in the form Ax= k as stated in Sec. II.*
The iterative method of solution is set up by splitting A
into three p@s: a diagonal matrix D = (~i dij), a 10wer
triangular matrix E, and an upper triangular matrix F so
that

A= D–E– F . (4)

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

(D- E)x(m+l)=Fx(m) +k , (5)

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

i–1

~ix~m+l)= ~~jXj(m+l)- f aij~(m)+~ ‘6)

j=l j=i+l

for m >0 and 1 <i< n. This is called the Gauss-Seidel
(GS) iteration method. We first calculate the ~ corres-
ponding to the {bj} and then, by using these, the xi
corresponding to the {ai} . All the X(m+1J corresponding
to either set, {ail ‘r ~bj} Y~e ‘Seal at ‘he ‘me ‘ime

*The notation is changed from that followed in Sees. 11 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 corresuond-–.
ence between symbols is: S-. 11. ~ Sec. V

N1 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-l ) are being
computed. The solution described above is the same
method developed by Bockasten.2

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

X(m+l) = (D _E)-l F x(m)+ (D -E)-l k . (7)

The matrix (D – E) is nonsingular so that (D – E)’1
exists. The matrix

M=(D– E)-l 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 rdong 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 CO(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
1<6)<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 Cl I, Th I, Cu II,
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
d 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 H 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 II

RESULTS OF SOME ITERATION CALCULATIONS

Totala Largest
Number Iteration Iteration- Largest Number

of Time Inversion Level Change of

@K!!!Q. _N__K Transitions J.@_ Difference Last Cycle Cycles

UI 66 791 8850 21 0.8 x 10-6cm-1 0.8 x 10-6cm-1 23
cl I 112 124 1091 48 110. 1. 516
Cu II 173 178 1688 8 3.6 0.8 44
Th I 285 409 12542 34 0.7 0.7 27

.......-. -... —.. -. —_ ...._..---------- . . ... ....... . ... ... ... . . . .. .... ... . ...... ........... . . .......

aEach iteration calculation ~as st@ed from integer level values. The iterations continued until the largest level change from one iteration
to the next was less than 10-” cm-’.

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

VI. 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 moditlcations, 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.
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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 mat@x 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 = ai - bj + eijk

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 also 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 desigxx

however, the results are readily seen to be the same.

STATEMENT OF PROBLEhfi It is desired to estimate the parameters in
the model

Yijk = ai - bj + ‘ijk’

where

ixl, z,s, ”””, m,

j=l,2,3, ”””, n,

k=O, 1, ““”, ‘ij’

yijk is an observed random variable,

a=
{ } { }al’a2’ ““”” am” b= bl’ b2’ b3” ““”’ bn

are the set of parameters to be estimated, and eijk

is an independently distributed random variable

2with mean Oand variance u .

8



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

notation will be used

‘i.= ~ ‘ij

= weight associated with yij‘ij

=ifl ‘ij Yij‘. j.

‘i.= : Wij
j=l

.=; Wij‘oil .i,=l

if y.. not given w.. = 0lJ lJ

$=

{ /{

+*+$, . . ..m +
12

/

,9= 41,%2, . . ..sn are the least-

squares estimates of a and b.

NORMA L EQUATIONS: The normal equations are found to be

Y =n f2-r. . Z nrj ‘Bj rr. r = 1,2, . . . . In
j

Y.s. =Z nis&i-nos’Bs s =1,2 . . . ..n
i

N
Yr. , = nr, *r - ~=1 ‘r~j r = ‘.. 2 ,. ... m

M
Y =Zw. G.-n %

. s. 1s 1 .s s s=l, 2, . . ..n.
i= 1

..— —, —.. —



9“
(m+n-1) x 1

Y1 =

(m-l-n-l) x 1

In order to solve these m + n linearly dependent equations, it is

necessary to use the constraint%l = O. Thus, we may reduce the

system to n + m - 1 linearly independent equations. Since%’l is not an

estimable function, we are assured of the independence (see ‘Graybill,

An Introduction to Linear Statistical Models, Vol. 1, McGraw-Hill,
—.
1961).

SOLUTIOIW Let

‘A -al

+2

..

.

.

am

-%2

-%3

.

.

-%n.
,.

.Y1. .

Y2. ●

.

.

.

Ym.

y. 2.
y.3.

.

.

.

Y. n.

N1 =
m-l-n-1

x
m+n- 1

I
N11 I %2
mxm I m x @=l}----- ----

I
i

N21 ’22
(n-1) x m ~ (n-1) x

k

b=
(m-l-n-1) x

I

‘al

a2

.

.

.

am

b2

.

.

.
bn

(n- 1)

~ 00 ...0.
On2 O... O

●

.

.

.

‘12n13 “”” %

‘22n23 ““” %n
● ✎ ✎

✎ ✎ ✎

✎ ✎ ✎

OOO... nm Inm2nm3 . . . nm.
------- ------ ------

n12n22 . . nm2 in.20 . . . 0

10 n30..0
‘13n23 “”” ‘m3 .
.
. 1:
. 1“

10 .,O
‘lnm2n “” “ ‘mn

n .n

e=

(m-l-n-l) x 1

‘l..

‘2. .
.
.
.

em.,

‘.2.

‘.3.
.
.
.
e. n.. .

.-
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Thuti, Y1 = Nl@

or

E

Since Y1=N1@+e,

then

II IE? =E N1-l (Nl$’+ e)

I
‘b ~

and

The following demonstrates

‘arlel‘El[e]ce”t=
‘11

mxm

E

1

‘21
(n-1) x m

=N -1 -1 N ~i
1 *1 1

. N -1 ~20
1

why

1}

Var e 2= NIU .

’12

m x (n-1)

’22

1=(n-1) x (n-1)

2
‘1. . (el e2 ) ““” (elo, em ). . . . . . i %.. e.2. )(e100e03e) ““” (el., e.ne)
.
.
.

10
I
1’

e:
.

(em .eloo) (em e2 )“”” 1(e. . . . . . . e ~ )(emooeo30 )””” (em.oeone)
lm””””----- ----- ----- ----- ----- ---

ie~2.eloo) . . . . . . . . . . . . . . . . . (em e2 ) I e~2 ‘-(i~-e-3-)-:”;-~e~2-~jj.. . .. l“”””” . . .
. 1:
. 1.

(e ‘l.. ) ““””””””””””””””” ‘e. n,emO. ) ~ (eonoee2 ) 2
. n. . . . . . . . . . . . . . . . . . e. . n.

I

= N1U2 .



An example of the above is given in the SPecial case when nij = 1 for

all i and j.

In this case n. = n. n , = m, and we may obtain
1. ●J

r I
%1 I N12

mxm I 1m x (n-1)

1
1

1
---------------

*1 = I

i2 ~ (n ~1:: ~,
(n-1) x m - -

I
,.

where N12 denotes the transpose

[

nI
I

mxm IJ m x (n-1)
I

------ ------ ---
n 1 I

(n-;) x m 1 (n-1) ~l(n- 1)
I

‘f N12 “

I is the identity matrix

r100 . . .
7
0

010

I = .
.
.
0 . ...!

.0.

d
o

#

,.. 1

and J is a matrix composed of ones everywhere

J= H
11 . . . . . . . . . 1

1 l . . . . . . . . . 1
.
. ..
11 . . . . . . . . . 1

Thus,

-1 =
N1

—
*

N11
mxm

I *

I *12

I 1m x (n-1)

1
-----------------=

I
%? I ’22

(n-1) x m I (n-1) x (n-1)
—



m+n- 1 n-1 n-1
mn 7iiin ““””” 7iiFl I -: -~....~

I
n-1 nJ+n-1 n-1
iiiii -iiiii- ””””” E 1’
. 1°
.
. la

n-1 n-1
— I -+ ● *.*.*.*** -+..... m+n-1

iiiii iiiii mn
—— & ——. .—. . . . _

-1 -1 -1
E E ““””” i ~ +..:;iii

. I

.

. I 1 4“””””+5iii
-1 -1 -1

iii E ““””” iii
I ; ~“””””k

.

Thus,

HVar Q. = ‘~n- 102,
1

H

n- 1 =2
co” ai’at = = “

F

1

Cov ai,$. = - & U2,
.l

I
Var ~ = & IJ2,

H
and Cov ‘$~,%

q
= & c12.

If m = 2 and n = 3, we obtain

l’1
Var ai = ; a2,

I

COv ai,4’t

1

= + a28

Cov ai,$j = - ~ u2,

Var bj
\

= 1 U2,

and COV *
s’ q

I
= + =2”



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 N1-1. One way of

surmounting this difficulty is to solve the normal equations in a clifferent

manner. To do this, we shall first of all solve for% only, and then

solve for~ in terms of these results. The errors will also be derived.

From the normal equations, we obtain

14



Summarizing the above in matrix notation,

&=Q

we obtain

where C is a symmetric matrix, 8 is the estimate of B, and Q is a

vector composed of q~ elements where s = ‘2, 3, “””, n. They may be

written as follows:

(n- 1:x

C23 ”””

C33 ””” 1
c2n

c3n

●

.

.
c

~.z-:(-)]-’i(-) -?(-)- ?p+r
b -: (a -:-“””: (-)

●

✎

.

(
nin2

n.n
)

-x—
i ‘i.

1=-<)=‘1‘i2”1‘-)
;(-)= %+2:),

j=l ij



and

c-’
(n-1) x (n-1)

1

A
b2

63
Q=

.

.

.

bn

x

. .

qz

qs
.
.
.

qn
.-

—

-1
’22

a

-1
’23 ““” 1

-1
c2n

-1
c3i1 ““” c3n “

. . . C;l

()
ni2 Yi..

Zn - Y. 2.
i i.

()

ni3 Yi..
z— - Y*3.
i ‘i. .

r)
M

: iz Yi, ●

[u]

:
- Y020 = i~l

‘i2 .=l ‘ij Yij -;
n. i= 1

‘i2 Yi2
1.

z Wij
i= 1

Thus,

fi=C-l Q

~]~ . ~/c-lQ~ =++ =C-lCB=B

where

B=



nit(nio ai -~ nib.)
- f nitai + n. ~bt

n.
1.

= ‘. tbt -~nit Znijb~o
j ‘i.

*
But these coefficients of the ~ vector are the t row elements in

the C matrix; hence

HEQ =CB.

Also,

H H
Var & = C-l C-l Var Q = C-l C-l CU2 = C-l U2.

HIn order to obtain Var Q , we will derive the resulting matrix by

examining the variances and covariances of the Q vector.

n2 n.

()=02~ --=-+ +a2n.s- 2.2 z@
n.
1. di i.

~2

‘k’ ( )1
-z * U2.s i ni .

= CBS(J2.

17



=C St cr2.

Thus,

17Var B = C-l U2 .

For example, let n.. = 1 for all i and j. Thenlj

n.
n

()

12=m, Z— m

()

‘i2 ‘i3 . ~
.s dX—=~,an

i ‘i. i ‘i.
n“

18



Also,

c=:

C-l = n
iii

G 1)

-i
ii

—

-1 -1 . . . -i

(n-1) -1 ...-1
.
.
.
●

(n-l]

—
1 . . . . . . . . . . . . . 1
ii ii

2 . . . . ...0... . . 1
ii ii*

i
ii

1 . . . . . . . . . . . . . 1-
iii i5

2
iii

1
Fl

.

.

.

2
i’ii

—

Ifm=2andn=3

[

C-L = ‘
1/2

and

Var
PI

j
= a2.

r~

COV b.,$ = (1/2) U2 .
JY

#

●

11/2
J

1
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In order to obtain ~, we refer to the normal equations and obtain

Yr.●e =— ()+x@.
rn r. j r.

N

? ~ ‘rj ‘rj Wr.%.

()

er=&_, + ; #J-

?2W “j=l w.

j=l rj j=l ‘3

=a
r“

a2 2=—
n (+ %2 Z Z nrjnrpcjp

)
-1 +0

r. r. jp

n .

.2
[(

rj ‘rp Cjp
I+zz n ]

#
nr. r.

jp

20



Derivation of the separate variances is as f ol.lows:

21



The covariance between 4?r and @t is derived as follows:

covla”’~l ‘Covlre - ; %)” r& -7 $!1

1
Y“ Yt, .=Cov ~,—
n 11-Cov x

r. ‘t. j

{

Yr
A

-coV&. 123A +’OV
r. j ‘t.

. [( ) (o-o-o+ z y!ic..-l +~ 2. ~‘rp ‘tq -1 2

j r. ‘t. JJ P q r. ‘t. )1
CMU”

P#q

22



The first term of the derivation is Obecause yr,. and Yt are inde-

pendent. The next two terms were shown to be O in the deriva%on of

HVar @i . The derivation of the last term is as followm

‘%%‘arlw‘: : (5’5covby)p+q

p+q

‘gain’‘sing‘he‘xample‘ij =lforall iandj, m=2, andn =3, we

obtain

-1 =1, C ‘1 = 1/2, nrj = ntk
Cjj

=1, nrc=nt =n, and(n-l) =20
Pq ●

.2

0
3 a2 .

23



Also,

[ 1(n-1) -l+(n-l)(n -2) -1
Cov br,a = U2 —

14
nxn cjj nxn cPq

()‘; =2”

The covariance of ~r and ‘$~ is found to be

CovFr’%s\=‘?VT-l)“2”
The derivation is as follows:

covpr,as~ =cov~ ~~ +@’)] 4

‘Covl%” ‘S1 ‘coV{?(*) 64”

cov]~,y. cov{~ ~ : =.;’%/

1

Y
= Cov +, z cst-l

. t [X+) -Y.t.l

\

Y

,; )1 1

nit Yi.. Y
= Cov +, 72 Cst-l z — -coV*, zest-lyt

r. t ‘i. r. t . .
1

24



‘E

= o.

From earlier work, we obtain

Thus,

Referring to our example when n.. z 1, m = 2, and n = 3, we obtain
lJ

COvpr,y =+(q.+ =+*

25



It is seen that throughout the special example when nij = 1 that the

results are compatible with “the entire matrix solution. For example, in

this special case

PI
Cov ar, ‘$s =+~ 273

r)-

rt Cst . + U2 z Cst- 1
t ‘r. ‘t

This result agrees when nij E 1 in the entire matrix solution.

ESTIMATING U2: The estimate of U2 will be obtained

#=zzz
&ijk - ~ijk)2

kji ‘.. -m-n

by using

where

and y. .k is the observed valUe.
lJ

MN20 =2 z
r=l ;=1 z z

‘ij
-(M + N-1)

i=l j=l

Denominator is the number of transitions less the number of
levels.



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. DMULT = (Cii)-l , Cii set to 1.

2. RMULT (k) = Cki k=l, . . .. l-l

RMULT (k) = 1 = Cii k=i

RMULT (k) = Cik k=i+l, . . ..Nl

3. ROW (k) = - DMULT * RMULT (k) k=l, . . .. l-l

ROW (k) = DMULT * RMULT (k) k=i, . . ..Nl

4. cki = 0 k=l, . . .. l-l

Cik = ROW (k) k=i, . . ..Nl

5. For rows IX, where IX # i

3X, J = CIX, J - RMULT (IX) * ROW(J)

In the example which follows, the quantities in

J= IX, . . ..N1.

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 I Computer Array C

N1 X N1 N1 X N1 N1 X N1

10 0

01 0

4 -2 0

2 -1

0 ❑-1 3 00 1 3

1. DMULT= +,c1l=l

2. RMULT (k) = 1, -2, 0 k=l,2, Nl

3. ROW(k) =~*1, ~*-2, ~*0

=*, -**o k=l,2, Nl

4. C(1, k) = ROW (k) k>i

5. CIX, J = %X, J - RIvRJLT (IX) * ROW (J)

where IX=l, . . ..nand~ #i

where J= Ix, . . . . N1

27



i=l

1

0

0

i=2

1

0

0

EHZl
Ella
-’ El

❑ oll

*1O

o 0 1

0

1

0

1. DMULT = 1/1, C22 = 1

2. RMULT (k) = -~, 1. -1

3. ROW (k) = (-1) (-~), (1) (1), (1) (-1)

=*, 1, -1

4. c(k, 2) = O k<i

c(2, k) = ROW (k) k~i

5. = c= ~ - RMULT (IX) * ROW (J)
CIX, J ,

I.x#i

o

0

1

1, DMULT = ~ C33 = 1

2. RIvRJLT (k) = -~, -1, 1

3. ROW (k) = -(~) (-~), -($) (-1), (~) (1)

=~,?hh

4. c(k, 3) = O k<3

k>3c(3, k) = ROW (k) _

5. CIX, J = CIX, J - RMULT (IX) * ROW (J)

i=3

100 ~ ~ ~ 5/8 3/4 1/4

010 3/4 ~ ~ 3/2 1/2

001 1/4 1/2
n
1/2 1/2
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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)-l F,

where D is a diagonal matrix, D = (aii 8$, 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 M is a
convergent matrix follows from some properties of the A matrix. Theorem 3.4 (Ref. 8, p. 73) states in essence:

If A = (~j) is a strictly or irreducibly diagonally dominant n x n complex matrix, then both the point Jacobi and
point Gauss-Seldel 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(o).

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

Demonstration:

1. Deftition 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

Iaiil= f Iaijl

j=l

29
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so A satisfiesDeftition 1.7.
3. A real matrix is a degenerate case of a complex matrix.



APPENDIX D

THE INVERSION CODE: INSTRUCTIONS AND LISTING

0COO02
000002
000002
000003
000004
000006
0COOL2
000013
000015
oooo21J
000021
000023
000u26
000027
000031

PI<OGRANCCNTRCL( I!JPUT,OUTPU T, TAPE3=INPUT, TAP El, TAP E9,-l_APE5,
LTAPE7)

c
c
C fAPE 1 IS uS.EU AS A STORAGE ME(JIIJY TO PASS INFORMATION FKOM SORT(I
C TO SI?i VR A(JD VAX
C rAPE 5 1S IJSEII TC STn RE THE INVERTED $!ATRIX A:Jil LEVEL VALUES AFTER
C LCMPLCTILJN OF CCFPti TAT ICNa
C rAPE 7 fS USED AS A SCRATCH TAPE IN VAR AND NEEDED 0NL% IF IF THERE
C ARE MORC TIIAN 170 ROW LEVCLS-
c TAPE 9 IS A RCD TAPE CONTAINING CtIRQ IMAGES OF THE INPUT OATA
c cONMO:J STIIRAGE CCtiTAINS I)ATA NECESSARY FOR ALL THREE SUBROUTINES-
c
1;

131AENSII?ILIS112)
CC}!::ON>!I!R( 411B5)
LIST(21=0
LFILE=3LLGU
L[ST(LI=5LPRCG1
CP.LLSCLMEFIT (LFILE*l,LIST?O, L)
CALLSfl}!TD
L[ST(LI=5LPRCGZ
CA1.LSEG14EF:T (LFILE,l,LIST~0, 1)
CALL SItJVR
LIST(L)=5LPNCL3
CALLSEGMEN”r (LFILE,l,LXST,Ot 1)
CALL VAR
STOP7
Ewll

PR17GRA)I LENGT}{ INCLUIIING I/C 13UFFEKS
014251

FUNCTION ASS[f,NMLNTS

SfATEME:JT ASSIGNNENrS

HLIJCK :iAME2 A::17 LENGT:IS
li?o.$4L

VARIAL!LE A5SIGNNL)1TS
LFILE - 000{) 74 LIST - 000072 STCR - 0000OOLO1

STAKr (JF C,U::STA:ITS
000034

SfAKT (IF fEr!PIJRARIES
09(J07C

SrAKT OF INJIRECTS
000072

UNUSEO CCJ$!PILLR SPACE
005400

SURROUTINFSCRTO
000001 D11U13LEYI, SNI,0TEMP,CTAB
000001 CUMMO!l’JtMI NTUNC,WV(285J sLEVC(285),YV( 285),kJTJ( 285),QTA8(285),

lLA(19000), IhX(19000)
000001 L(JGICAL ISOTCP
000001 oATAIxllAF/95cl/

30



000001
000001
000001

000001
000001

000001
000011
000015
000017

000020
0CO040
000043

000045
000047
000051
0001J52
000054
000057
000061
000061
000065
0000-/0
000073

000075
000100
000100

Ocoloo

1 FORMAT(A7,3XtF5.41
2 FCRMAT(F15,4? 17,17,F5 .4tF7.3fAll
8 FURMAT(1H0,13$ CflLUPN L!3/ELS*/LH0,14* ROW LEVELS*/*0*15

1* TRANsITIuhs$)
9 FuIU?AT(lX,[ L0,F15.2)

13 FOt?MAT(*OOUPLICATE CLASSIFICATION, 2ND ENTRY*
1* IGNOREO*21L0,2F14.4)

c
c

~ INPUT OECK
c
C CONTROL CARD
C CUL 1-7 (A7) ISCTOPE FOR ISOTOPE SHIFT RUN
C C(IL 1-7 (A7) ●NE. ISOTCPE FOR WAVE NUMBER RUN
C CUL 11-15 (F5.4) uNCERTAINTY ASSCCIATEO WITH WEIGHT OF ONE
L

C OATA CAI?OS
C cUL 1-15 (F15.4) WAVE tdJMBER
C CIIL 16-22 (17) ROW LEVEL CLASSIFICATION NAME
C COL 23-29 (17) CCLUMN LEVEL CLASSIFICATION NAME
C COL 30-34 (F5.4) UNCERTAINTY CF WtIVE NUMBER
C ISOTOPE SHIFT UNCERTAINTY IS ASSUFEO TO BE 1.
C CGL 35-41 (F7.3) SIG:JEU lSCTOPE St-.tFT
C CIIL 42 (Al) S [F ISOTCPE SHIFT VALUE GIVEN
L

c=
C FUR EXAMPLE, WAVE NUMBER 25637.2066 IS THE TRANSITION BETWEEN
C 4663.8815 (J-VALUE=?) ANO 30301.0873 (J-VALUE=4) WITH THE
C u!ICERTAINTY=.003 ANO THE ISOTCPE SHIFT=-O.13. THE LEVEL NAME SHOULO
C 5E UN1OUE. 4663.8815 MAY BE REPRESENTED AS 466303 ANO 3(J301.C873
C AS 3030104. THE LEVEL NAME IS USEI) ONLY TO CLASSIFY THE TRANSITON
C Ar10 HAS NO EFFECT GN THE LEVEL ESTIMArE COMPUTEO BY THE PROGRAM.
C RESULTS ARE OROERED BY THE LEVEL NAME.
c
c
c
C CARO SPECIFIES LEvEL OK ISGTOPE sHIFT OATA ANO MAY SPECIFY THE
C (JrlCERTAINTY TC BE ASSOCIATED WITH WEIGHT ONE.

REAnl,ITYPE,hTUNC
IsoTc)P=I rYPE.EQ.7H1scTcPE
IF (W fUNC.ELl.O. )hTUNC=l.
1X=9

C REAO IN DATA CARDS
170 kEAD(9,2) hN,LR,LC,UNC,SFT ,SFTX

IF(EOF,9)22C,180
180 [F (I SOTOP)GCTC185

C TRANSITIONS A$!ll THEIR UNCERTAINTIES ARE CONVEf(TEO TO INTEGERS
C ANO PACKECJ TflCETHER IN CNE WORIJ TC CONSERVE STORAGE.

IWN=WN*1OOOO.
IUNC=UtiC*10000.
GOTD190

ld5 IF (sFTx.NE oltis)GnTo170
IWN=SFW1OOO.+2OOOO.
IUNC=1OOOO

190 CO!JTINIJE
IX=MINJ(IX +1,19000)
CALLSHIFT( IhN,IWX(IX),-17 )
IwXIIX)=INX(l X).OR. lUNC
CALI.SHIFT (LR,LR,-27)

C THE RUW ANl~ COL(YN LEVEL CLASSIFICATIONS ARE PACKEO IN ONE WfJRO
LA(IX)=LP..UR.LC
GIJTC1170

220 CUNTINUE~ .-
C rHE OP.DEKING SU@RCUTINE RECUIRES ACOIIIONAL STORAGE FUR SORTING.
C IF MORE THAN 95C0 TRANSITIONS ARE PRESENT* THE DATA IS STOREO
C UNTIL NEEOED AGAIN.
C EXTEXCECI CORF STCR4GE IS USEO, BUT OATA MAY BE STOREO ON ANY MEOIUM.
c

IF(IX.LT. IXHAF)GOT0230
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000L03
000106
000111
000114
000117
000120
000122
000130
00013L

000133
000141
000143
000145
00 L1146

000147
00015C
000152
000153
000i57
000161
0JOL64

000166
000171
000174
000175
000L77
000205
000206
00021LI
000211
000212
000216
000220
000222
000222

000225
000230
00023~
000233
000234
000236
ooo.f4cJ
000242
000245
000251
000251
000255
000260
000261
000264
000267

000271
000273

000276
000301
000304
000306
000310
000311
000320
000321

CALLECdR( IWX,O, IX,IERR)
IF (IEKR.NE.O)STCP1
CALLECWR( LA,IX,IX,IERR)
IF(IERR.NE.O) ST(IP1
GOT0250

230 JX=IX
DU2401=1,1X
JX=JX+l

240 IWX(JX)=LA(II
C EXTRACT TtlE CCLUPN LEVELS ANO OROER THEM.

250 0L12601=1,1X
260 L&( Il=LA(I ).AkO.777777777B

CALLTOROEI?(LA*l X)
KX=O
N=O

C ELIMINATE LNJPLICATICNS AND STCRE IN LEVC LIST.
DG3601=1,1X
IF(LA(I ).EQ.KX)GOT0360
KX=LA(l I
N=}!INO(N+I ,2e5)
LliVC(I’41=KX

360 CONTINUE
If(IX.LT. IXHAF)GOT0370

C It- NcCESSAP.Y, RETURN CLASSIFICATICNLIST TLI CCRE MEMORY.
CALLECRD(LA, IX,IX,l ERR)

3-ru

IF(lERA.NE.0)STCP2
GGT(13q0
JX=IX
0U3801=1,1X
JX=JX+l
LA(I)=iWX(JXl
IXN=512
lXXN=LLI
IF (N+i?*GT. IxA)GcTo400
CALLSIIIFT( IXA,IXN,l)
lXXN=IXKN-1
GOTl)3Y5
CALLSHIFN(N,JCN,-1)400

c
C Fl_ll? EACH CLASSIFICATION REPLACE TkE COLUMN LEVEL .WITH JC IITS
C INDEx IN T}iE LEVC ARRAY) AhO ALSO STORE I (THE INDEX OF THE
C ASSOCIATE TRANSITIC!V Ih THE IWX A~RAY)
c

D04501=L,1X
LC=LAII ).ANC.777777777H
LA(I) =LA(I).AAL).777777777000000000B
KX=I XN
JC=JCN
DU430J=1,1XXA
CALLSHIFN(KX,KX,-1)
IF(LL-LEVC (JC)14L0,440,420

410 JC=PAXCI(l,JC-KX)
i;(lTC430

420 JC=MINu(N,JC+l(X)
430 CUAITINUE

JC=O
440 CALLSHIFT (JC,JC,-L7)

LA(II=I.A( I).CR.JC.OR. :

450 CUNTINUE
c uRoER THE LIST hHIcti RESULTS IrJ GRCUPING BY Row LEVEL.

CALLTLIIU)ER(LA, IX)
IF (I x.LT. [xHAF)G0T0500

C IF NECESSARY, RETURN LIST OF TRANSITIONS TO CORE MEMORY.
CALLECKLI(I MX,O,IX,lERR)
[F (IERK.NE.C)STCP2
CALLECFL(0)

500 RLWIND1
tJrRA?l=[)

005051=1,8!
WTJII)=O.

505 OTAR(I)=O.LI
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000324

090325
000327
00033C
00C331
00G333
000336
000337
000341
030344
000346
900351
000353
000354
000356
000360
000363
000364
000366
000370

000373
000404
ooo413
000416

000425
000440
000442
000443
000444
000447

000451

000453

000461

000501
00C504
000507
000510
000523
000534
000535

000537
000557

000560
000565

000567

000615
ooo617
000623
0C0623
000625
000625
000627
000635
003637

596 /4=0
C KX CCl~iTAI:lS THE ROW LEVEL

KX=LA(l ).AND.7777777770000000COB
NXL=l
[=1

510 1=1+1
IF (I .GT.IX)GCf0511
LEVT=LA( I) .AAD.777777777000000000N
IF(LEVT.EQ. KX)GOTO51O

511 CALLSHIF1(KX,KX,27)
!JX2=I-1
S:JI=O.O
YI=O.D
K=O
Dd540J=NXl,AX2
JX=LA(J) .ANC.’7774OOOOOB
CALLSHIFT (JX,JX,17)
lF(JX.EQ.0)GCTU540
K=K+ 1
LX=LA(J) .ANO.377777JJ
CALLSHIFT( [hX(LX),[Y,L-( )

C YV CONTAINS THE hAVE NUKBER CR ISCTOPE SHIFT
IF(.NOT. lSOTCP)YV(K)= (ISIGN(IY,KX-LEVC(JX) ))/10000.
IF(IS(ITOP)YV(K)=( IY-20000)/10CO.
YV(K)=YV(K) .ANO. (.NCT.777P )
IF(I(.Eu.l.OR. JX.NE.JCX )GCT0539

C REMOVE DUPLICATE CLASSIFICATIC?:S
PK1NTL3,KX, LEVC(JX) ,YV(J(-1) sYV(K)
K=K-l
GoTn541J

539 JCX=JX
IU}lC=I\iX(LX ).AND.377777B
u:lc=Iu:ic/locoo.

C WV CONTAINS THE hEIGHT CF THE TRANSITION
idV(K)=(WTUNC/UNC)**Z

C SN1 CUNTAI?JS TIIE SUM OF THE WIGHTS IN THE ROW
StJI=SNI+hV(K)..

L

C YI CONTA1:4S THE SUM OF THE WEIGHTED TRANSITIONS IN THE RIJW

~

C THE

540

c

YI=YI+Ol\LF (hV(K))*D8LE( YV(K))

C(JLIJMN LFVEL lNUEX IS PACKEC WITH THE WAVE NUMFJER IN YV
YV(K)=YV(K).CR.JX
co?qTIfIluE

lF(K.EO.0)GCTC51J5
DTEMP=YI/SNI
r)u5fJo.f=l,K
JX=YV(J).ANC.777B
YV(J)=YV( J) .AhD. [.NCT.777t! )

C QTAB CnNTAINS THE Q(I)*I=l,...,A
QTAU(”JX).=CTA13 (JX)+WV(J)*( CTEMP-YV(J))
YV(J)=YV(J).CR.JX

c
C WTJ CtiNTAI(lS THE SUM OF WEIGHTS IN THE COLUMN

5430 WTJ(JX) =WTJ(JX)+WV(J)
Fl=t.1+1

c
C ST(IRE Rnil LEVEL DATA ON TAPE WITH A SEPARATE RECORD FOR EACH ROW

kRITE(l) K,R,YItS)lI,KX, (YV(.J) ~WV(J)~J=l*K)
c
C NIIJ.AN C(’li’{TAINS hLvt3ER OF TRANSITIONS

NTRAN=:ITRAN+K
585 lF([.GT.Ix)GcT~590

?;X1=l
Kx=LEvr
CUTO51O

590 E?:OFILEL
WI<ITE(l) (IJTAB(II,I=l,N)
ENi3F1LLl
REWINJ-11
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006641 P;<1NT13, N, M, NT RAN
000653 P171NT9, (LEVC(I )$ WTJ(I)?I=l, R)
000670 RL TURN
000671 EMI

SUBPR(JGRAH LENGTtl
001062

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS

L-
13 -
190 -
360 -
400 -
440 -
511 -
590 -

000675 2
ooc7.20 1-/0
000,~62 220
000162 3“(0
000223 410
000262 5C)0
000342 53Q
000f>26

BLLICK NAMES A:ll) LENGTHS
115441

V?*RIABLE ASSII;NMENTS
DrEMP - 001023 I
IrYPE - 001027 I IJNC
Ix - 001030 I XtiAF
IY - 001060 J
JCX - 001061 JX
LA - 0U3261C01 LC
LR - 001032 LX
NrRAN - 001052 NX1
SFT - 001035 SFTX

000700
000021
000101
O(JOl 76
000246
000307
000443

001043
001040
001026
001051
001042
001033
001057
001053
001036

8
180
230
390
420
506
540

IERR
IWN
Ixh
JC
K
LEVC
R
hX2
srtx

WN - OU1O3L WTJ - 00L532C01 kTUNC
Y[ - 001017 Yv - OO1O75CO1

START OF CONSTANTS
000674

STAItT (IF TENPIIRAKIES
090776

START OF lNIJIRECTS
001010

UNUSED CUMPILER SPACE
002600

SUBRUUTINETCKOER( LA,L)

000704
ooorJ44
000121
000211
900252
000325
000505

001041
001037
001045
001050

9- 000715
165 - OOC053
250 - 00C134
395 - 000213
430 - 00C256
510 - 00C332
585 - OOC620

ISOTOP - 001025
Iwx - 05C351C01
IXXN - 001046
JCN - OOL047

001056 KX - 001044
00044.OCO1 LEVT - 001054
0000OICO1 N - Oooooocol
001055 QTAB - 002L67C01

- 001021 UNG - 001034
- 000002C(J1 Wv - 00CO03C01

000(J04
000004
000006
000007
Oooolc
000011
000012
000013
000015
000021
030022
000i)23
000024
000025
000027
000033
030035

C THIS StiRROIJTINE CROERS THE ARRAY LA IS ASCENOING VALUES.
C THE PI<(IGKAM RECILIRES LA TO r3E DIMENSIONED GREATER THAN OR EQUAL 2*L

D1MFNS1ONLA(5)
IF(L.EQ.l)RETL!ltJ
LL=2*L
IPI-IS=O
JX=L
LX2=1

400 IX=JX
I1=lPOS+L
IPOS=MIID( IPCS+L,LL)
JX=IPOS
LX=LX2
Lx2=L@2
12=11+LX
IITOT=I1+LX-1
12TrlT=RINo (12+Lx-1, Ix)

410 JX=JX+l
IF(LA(I L) .LT. LA(12))GOTC430
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000041
030043
000044
006047
000051
000053
000054
000056
000057
000062
000063
000066
000070
000072
000073
000075
000077
000L02
000105
000106
000111
000114
0001L4
000116
Obolll
000125
000126
00’0131
000132

LA(JX)=LA( 12)
12=12+1
IF(12. LE. I2TCT)GOTO41O

420 JX=JX+L
LA(JX)=LA(I1)
11=11+1
IF(IIOLE. I1TCTIGOTO42O
GOT0450

430 LA(JX)=LA(l L)
1:=11+1
Ir-(IL.LE. IlrcT)GoTo4Lo

440 JX=JX+l
LA(JX)=LA(12)
12=12+1
IF(12. LE.12TCT)GLIT0440

450 ll=I1+LX
IF(I1.(;T. IX)GCTU460
IIT(lr=lYINO (ILTGT+LX2,1X )
12=12+LX
IF (12.GT.IX)GCTC420
I2T(IT=M1?1O( [ZTCT+LX2,1X)
GUT(141(~

460 IF(LX2.LT. L)GCTC400
IF(l PUS.EC.0)GCT0480
rlu4701=l,IlJcs
IL=I+L

47(J LA(I)=LA(IL)
480 RLTUIGN

EMl

SUBPROGRAM LEi.!GTH
000170

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS

400 - 000013 410 - 000034 420
440 - 000067 450 - 000076 460

BLOCK NAMES ANO LENGTHS

VARIABLE ASSIGNNENTS
I- 000166 IL - 000.167 lPCS
11 - 000161 IITUT - 000164 12
JX - 000156 LL - 000154 LX

START UF CONSTANTS
oorJ135

STAKT OF TENPIIRARIES
000136

START OF INOIRECTS
030146

UNUSED COMPILER SPACE
005100

SUfiKIIJTINESIAVtl

000050 430 - 00C060
000115 480 - 000132

- 000155 Ix - 000160
- 000163 12TOT - 000165

000162 LX2 - 00C157

0000CJL
000001
000001
000001
000001
000001
000001

fJ]()(Jcll
000001

OIMFNSIONC (143,284) ,RMULT(2H4),ROW (284)
OIF!ENSICF!JV (2e5),WV (285 )
[~OlJi3LEi\ (285),CTAB(285 ),SNI,CFE(285)
CCMNONSTCIR (41185)
0131JI+LEF,DIV
EGU1~/ALEOICE(STOR,N) ,(STOR(574),C)
EQUIVALENCE (CTAf3,JV,RMULT) ~(QTA8( 144),WV,ROW)S(B( 2),CF13)

C NCX1 ANI) NLX2 ARE THE DIMENSICNS CF THE C ARRAY NCXL=NCX2/2+L
DATA?JCXL,NCX2/143,284/’
IN1=,N-L
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000UU3
0COO07
000011
OOO(J12
000015
000024

000030
006056
000061
000067
000071
000072
000075
000101
000102
ogolo4
000107
oooi37
000141
000142
0C015L
000153
000L76
030201
000201
0iJ0203
000205
000234
000236
000240
000247
000251
0d0275
000300
000302
000311
000312
000336
000.366
000367
000367
000370

000372
000373
000375

000400
000403
000413
000414

lr(r4L. bl. riLxLJ51uw L

CF13(L)=0.
DU401OJ=1?NCX2
CFt![J+l)=O.C
I304O1OI=1SNCX1

4010 C(ItJ)=O.
C CUI’!PIJTE ELUMENTS CF THE C MATRIX
C C-MATXIX IS SYMP’ETKIC “SC CNLY C(I,J) NHERE I.LE.Js IS KEPT IN STORAGE
C C(I,J) CO:JTAINEC IN C(I,J) FOR I.LE.NCX1
C C(I,J) CONTAINEC IN C(LX,NX) FfJ17leGToNCXl
c MHLRE LX=NCX2-1+2 ANC MX=I-J+l

40L2 REA[)(L) L,ITEPP,SNI,SN1 ?IrEMP~(JV( I),WV(I), I=l~L )
IF (EOF,L)41C0,4015

4015 Dt140161=l,L
4016 JV(II=JV( I).AAD.777B

Ll=l
IF(JV(l I.EQ.L)L1=2
11- (Ll.[iT. L)GCT04090
I)(140301=L1,L

4020
403CJ

4040

4050
4060
407U

4oflo
4U90

41O(J

c

J=.JV(I)-1
[F(J.GI’.NCX1)GOTO4O4O
C(J,J)=C (J, J)+hV(I)*(l.-WV( 1)/SNI)
IF (l .Eu.l.)bCTC4030
L2=I+1
I)U4020K=L2S L
JJ=JV(K)-1
C(J, JJ)=CIJ,JJ)-WVI I)*WV(K) /SNI
CCNTINIJE
GcTLJ4u”fo
i_)(1406utl=I,L
LX=NCX2-JV(P)+3
C(LX,l) =C(LX,l)+WV(KI*( l.-WV(P.)/SNI)
IF(M.E[,.L)GCTC4060
L2=M+L
01:4n50K.=L2tL
MX=JV(K)-JV(P)+l
C(LX,MX)=C (LX,MX)-WV(M) *WV(K)/SNI
CLJNTI-tUE
IF (L1oLC.1)GCTO4O12
(Jl140HOl=2jL
J=JV(I)
CFB(J)=CFB (J)+kV(l)*WV( 1)/SNI
CF!3(l)=CFt3 (l)+hV( l)*(l.DO-WV( 1)/SNIl
GcTrJ4012
coNT1)~uE

ASSIGN411O TC LEXIT
CALLSECOND(TIPE)

C INVERT C-MATP.IX~

C STEPS EXECUTED FCR EACH KCh I [N PATRIX
c 1.
c 2.
c
c
c 3.
c
c 4.
c
c 5.
(;
c

DMULT=l./C(I,I) C(I,II SET TC J.
RMULT(lX)=C{IX,I) FOR lX=lr. ..;l-l
RMULT(I X)=CII,I)=l. FOR 1X=1
RMuLT(lX)=C(I,IX) FLJR IX=I+lS...~Nl
RLIW(IX) =-DNLJLT*KF’(JLT (1X1 FCR IX=l~..., l-l
R13K(IX) =D!4(JLT*RMULT( IX)FIYRIX=I,oe-tNl
C(IX,I) SET TC 0. FOR I.K=l,==o,I-1
C(I,IX)=ROK( IX) FOR IX=It... ,Nl
FOR ALL ROWS IX NHEKE IX.NE.I
C(IX?J) =C(lX?J)-RMULT( IX)*ROW(J) FOR J=IXt...tNl

I=Q

4110 1=1+1
IF (I.GT*NCX1)GOTO421O

C WHEN C(I,I)=O. , THE 1+1 COLUMN LEVEL IS NOT CONNECTEO TO THE REFERENCE
c LEVEL.

IF (C (I, I).EC.O. )I)MULT=O .
IF(C(l, I).NE.O.)DMULT=l ./C(IsI)
C(I, IJ=l.
IXN=l-1
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000415
00C416
000426
000427
000430
00C432
000444
000445
000446
000447
odt1451
000454
000455
000456
00G46(I
ollc471
000474
0U(J474
LIO0476
000477
000!300
090501
00(J503
000513
000515
000523
000526
000531
00 C534
000535
000536
0U0540
000542
000545
000551
JU0553
000561
000566
000570
000570
000572
020574
000575
000603
000605
000606
000612
000615
0d0620
000632
000633
000635
000641
000642
000646
00 C647
00 G652
000653
000655
000663
000663
000671

000673
000676
00C677
0CI0702
00CI05
000”107
000720
000732

IF (IXN.E().0)tiCT0412S
0L)41201x=1,1XN
R:?ULT([X)=C(IX,l)
C(IX,I)=O.

4120 R2W(IX)=-OMLLT*RMULT(l X )
4125 0[;413GIX=I,NL

RHIJI.T(lX)=C(I,IX)
R2W(IX)=DF’.ULT*RMULT (IX)

4130 C(I,IX)=P.C)W[lX)
4140 D94160[X=1,N1

[F (IX.6T.ACX1)GCT04170
11-(IX.F:Q.I)GCTU4160
[F(RMULT(IX).EQ.O.)GCTC,4160
DU4150J=1X,N1

4150 CIIX,JI =C(l X,J)-RMULT (IX)*P.CW(J)
4160 CCNTIf:UE

COTI142G0
4170 Ixl=:lcxltl

0[)419G1X=IXL,NL
If (I X.E(:. I)GCT04190
[F (RMULT( IX). EC.O.)GUTC4190
LX=NCX.-IX+2
DL416(IJ=IX,N1
Mx=J-IA+l

4LH0 C(LX,MX) =C(LX,F’X)-RMJLT (IX)*RCW(J)
4190 CCNTINIJE
4201) IF (I .GE.N1)GCT04300

GUTIILEXIT, (411O,422O)
4210 ASSIGN4220TCLEXIT

G(IT04230
4220 1=1+1
423(J LX=NCX2-!+2

IF(C(LX~l ).EC.O.)OMULT=O.
IF(C(LX,l )OAE.O.)UMULT= 10/C(LXfl)
C(LX,l)=l.
ou42401x=l,rKxl

4240 ROW(IXI =-[IM(JLT*RMULT(lX )
R}:IJLT( IX)=C(IX,I)
C(IX,I)=O.
IXN=I-1
IF (lXN.Ec. NCXL)GOT04255
IX1=NCX1+l
01J42501X=IX1,1XN
LX=NCX2-IX+2
MX=I-IX+l
RMIJLT[l X)=C(LX,PX)
CILX,MX)=O.

4250 RLIW(fxl =-nMULT*RMULT(IX )
4255 0C42601X=1,NL

LX=NCXZ-1+2
MX=IX-1+1
RXULT(IX)=C (LX,F!X)
R2W(IX)=DMULT*RMULT (IX)

4260 C(LX,MX)=P.Llh(l X)
GOT04140

4300 UUIV=CFEI(l)
CALLSECON@(TIMET)
TIME=TIMFT-TIPE
PRINT3,TIPE

3 FORMAT(*CIINVERSIIIN TIF!E=*F7.3)
REA@(ll (GTA8(I)t1=l,N)
RCWINl)l

C COt!PUTE CIILUMN LEVEL VALUES.
I?(l)=o.[)
O043301=1,N1
R(x+l)=o.n
IF(I.Gr.NCXl)GGTU4340
IF(C(I, II.EC.O. IGOTC4330
D[I431OIX=1,I

4310 B(I+l)=B( I+l)+C(IX, I)*CTAB (1X+1)
It_(l.Eii.Pll)GCT04330
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090734
000736
000746
006160
000776
000777
001001
0!31002
001005
001007
001011
Ou 1022
O01U34
001036
001045
OJ1O47
001051
001066
001067
OO1O7C
001073
001101
001103
001117
001135
001157
001165
o(>L165
001170
001176
001201
001201

K=f+L
rlu43201x=r.,NL

4320 t3(I+l)=ll (I+l)+C(I,IX) *CTAe(lX+l)
4330 B(1) =13(1 )+B(I+1)*CFB(I+1)

GuTn4390
434(J IXL=NCXl+l

UU43801=IX1*N1
$l(f+lj=o.rl
LX=P/CX2-1+2
If (C (LZ,l). EC.O.)GUTC4380
UC43501X=1,NCXL

4350 B(I+l)=U( I+ L)+C(IX, I)*GTAB( 1X+1)
IXl=hcxl+l
Dt143601X=1XLSI
LX=SICX2-IX+2
1:X=1-1X+1

436(J f3(1+l)=B(I+L)+C(LX,PX) *QTAR(IX+l)
IF(l.EQ.N1 )GCTC4380
K=l+L
LX=NCX2-1+2
004370[X=K?AL
MX=IX-1+1

4370 B(I+l)=II(I+l)+C.(LX,PX )*CTAll(IX+l)
4380 B(1) =B(1)+B(I+L)*CF8( 1.+1)
4390 B(l)=(l$ll)+CTAB(l))/BDIV

PRINTl,tI(l)
1 FGI{MAT(*OR (1)=*D14.8)

B(l)=O.D
DU44001=1JN

4400 STOR(I+3)=B(I)
RETIJRN
END

SUBPROGRAM LEIIGTII
003510

FUNCTIUN ASSIGNMENTS

STATEMENT ASSIGNMENTS
1- 001242 3
4030 - 0(JU177 4040
4(190 - 000337 4100
4140 - 030450 4160
4200 - 000527 4210
4255 - 0D0621 4300
4380 - 001120 4390

13LK3CK NAMES A:ID LENGTHS
120341

VARIABLE ASSIGNMLNTS
R- 002362 Hlllv
U\\uLT . 003503 I
IXN - 003504 1X1
JV - 001267 K
LX - C03477 L1
Mx - 003500 N
NL - @~l~465 QTAR
Sill - 003457 STOP.
Wv - 001725

START OF CONSTANTS
001204

STAKT OF TEtiPtlRA:~.IES
001251

START OF INDIRECTS
001257

001222 4012
000202 4U60
0C)0371J 4110 .
0004’/2 4170
000535 4 Z20
000650 4330
0[)1136

003461 c
003467 ITENP
i)(l35 06 J
003474 L
003472 L2
O(JOOOOCO1 Acxl
001267 RMULT
000tlOOCOL TIME,

000031 4015
- 000276 407(J

000374 4125
000475 4190

- 000537 4230
- 000761 4340

- OO1O75COL
003471
003466
003470
“003473
003463
001267
003502

CFB
Ix
JJ
LEXIT
M.
?JCX2
Row
TIMET

00C062
000301
000433
COC524
00C541
001000

002364
003505
003475
003501
003476
003464
001725
003507
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UNUSED COMPILER SPACE
0C11400

Ouoool

000001
000001
000001
000001
000001

000001

090001

000001

000(JO1

000001
000001
000001

000001
000001

000001
000(JO1

000001
000002
900002
000003
0[)000!5

o(Jooo6
000015
000U17
000017
000026
000022
000022
000023

000024
000052
000055
000055
000057
000060
000u62
0iJOL163
000066
000071
000072
oooiJ73
0001J77
O11o1oo
000104
000105
000107
000121
000123

S(JBRULJTINEVAR
DIt4FNSIONR(285), A(170), AVAR (170 ), C(143,284), LEVC(285 1,

lYV(285),Hv(2t35 ),LEVR(170)
DiME:4SION4JU (38\,WTCLAS(38 ),kiRPS(38),WS(38) ~NRMS138 )
[lU(JRLEYI,SN!
LUGICALSTAPE
CCMMUNSTUP. (41185)
EC(JIVALENCE ISTOR,N) ,( STI’IR,l\), (STOR(4),t3), (STOR(289),LEVC)~

l(STOR157~) ,C) ,( STOR(3),!4TUIICI
OATAWU/.0001,.OOO2, .0003, .0004,.0005, .0006,.00079

1.00n8,.0009,.00L~ .002 v.003v.004, .005v.006v .007v
2.008 ?.~JO~>.O1, .02;.03 ?.049.059.06,.07,.08, .09v.ls
3.2v.3, .4v.5,.6,.7,.8v .9,1.?100./

1 FOKMAT(1H1,3X,511LEVEL ,7X,5t{LEVEL, 7X,6t-WEIGHT ,5X,
l13tin13SERVED LINE,2X,15hCALClJLATErJ L1NE,3X,
2711rJFVI t\TIUN,5X,9HSQRT( vAR),7X,12HVAR/SIGMA**2// )

2 FOkMAT( lX,19,3X~19,3X*Fll .2 ?3X~F13.5* 3X~F14.6j 3X8
LF9.(>,A2,3X,F9.6,3X, EL9. 14)

3 FORPAT( LH1,3X*5}ILEVEL,3X, 16HCALCULATE0 LgVELi3Xs
1911SQRT(VAR) ,8X?12HVAR/SIGP!A**2//)

4 FCRMAT(lX, 19,4X,F13.6,4X,F9 .6,4X,E20.14)
5 Ff)RNAT(lX$17,4X,*NL) DATA FOR THIS LEVEL*)
6 FORF!AT(*OB(l)=*F12.9/*OS 1GNA=*F1O.6,4X,

l*SIGtiA SOUAREO=*FIO.6/*0*14 * LliVELS*4X,15,
2.$ TRANs:TIoAs~)

7 FCRMAT(lX)
H FORMAr(ltiO/lH0,1X,5HCLASS ,7X,6HWEIGHT,9X,3HRMS, 7X,

18rlQlJANrITY)
9 FURF!AT(1X,F6.4,4X,F LL.2,4X, F9.6,4X,15)

lo FUR$!A”r (lX,*GREATER THAN 1.*10X,F9.6,4X, I5)
C STAPE =.TltUE. h’HEh TAPE 7 HAS BEEh USED FOR INTERMEDIATE STORAGE.

SrAPE=.FALSE.
I X=o
NX=170
N1=N-1
NCrJT=O

C CLEAR WFIGliT STATISTICS STCRAGE
DC101O1=1,38
WTCLAS(I)=(hTUNC/WU (1))**2
hAMS(I.)=0.
KS(I )=~j.

1010 N.RMS(14=0
SIG!lA=U.
NTRAN=O
?lLEV=O

c
C FUR EACtl RUW, 13TERERMINE THE R(1W LEVEL VALUE IN AX AND THE
(. VAKIA:4CE TERM IN AVX
,.
L

1035 P.EAD(i) L, IRCh,YI, SNI,NAF!E, (YV(I),hV (I),I=l,L)
ll-(EL)F,l )11Q0,1Q40

1040 CCtJTIiYIJE
AX=YI
AVX=O.
NCNT=NL?!T+l
OU1O8O1=1,L
J=Yv(I).ANLl.777rl
AX=AX+WV(I)*fl(.Jl
J=J-l
II- (J.E[!.0)GCTC1080
IF(J.Lr.144 )tiCTU1060
LX=286-J
AVX=AVX+WV (I)**2*C(LX ,1)
:F(I.E[).L)GCTC108O
11=1+1
OOl135011=ll,L
JJ=(YV( II ).ANO.77713)-1
MX=JJ-J+l
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000125
000133
~lJo133

000140
000143
000144
000156
OO016C
000166
000171
000203
000234
000236

OiJ0237
000243
000245
000247
000254

00~256
000260
00(J262
000264

030267
000270
000271

000273
000313
000314
000316
000317
000321
090323
000323
000323
000324
000326
000346
000350
000352
0(J0372
000373

000375
000400
000402
000406
000434
000437

000437
000441
oao443
0i)0463
0d0464
000464
000465

1050 Avx=Avx+.2 .*hv(Il*l’lv (I I)*c(Lx, Px)
GLITolOdO

1060 AVX=AVX+hV( I)**2*C(J,J)
IF (I .E(I.L)GCTC108O
11=1+1
DU11)7011=11, L
JJ=(YV(I I).AND.777B)-1

1070 AVX=AVX+2. *hV(l)*WV(II) *C[JSJJ)
1080 CCNTI:JIJE

AX=AX/SNI
AVX=(AVX/SNI+l.)/SNI
DOIOqO1=l,L
J=Yv(I).ANcl.777fJ

c
C SUM T}IE SQUARES CF THE CIFFERENCFS BETWEEN THE OBSERVEO AND CALCULATE
C TRANSITItlNS

TCMP=(AX-8(J)-YV( 1) )**2*HV( 1)
SIGMA=51G&?A+TEMP
0G10d51WX=l ,37

1085 IF (KV(I).GE.hTCLAS( IWX ))GCTC1OB8
I’\4x=38”

.
L

C wP.MS CCNTAINS THE SUM LIF THE kllIG1-TED SQUARES OF THE DIFFERENCES
C BETWECN CALCIILATED AND GBSERVEII TRANSITIONS FOR A GIVEN WEIGHT CLASS
L NP.MS CCINTAINS THE NUM8ER OF TRANSITIONS IN A GIVEN WEIGHT CLASS

lC88 WRMS(IWX)=WRPS (IWX)+TENP
WS(IWXl=WS( IhX)+WV(I)
NRMS([WX) =NRPS(IWX)+l

1090 CONTINIJE
c
C NTRAN CONTAINS THE NUMBER CF TRANSITIONS

NTRAN=NTRAN+L
1X=1X+1
Ir(IX.LT. 171)tiOTO1095

L

C IJSE TAPE 7 FnP. IATERMEOIATE STORAGE
wiRITE(”/)NX,(A(I),AVAR (I ),LCVR(I), I=l,NX)
STAPE=.TP.UE.
1~=1

1095 A(IX)=AX
AVAR(lX)=AVX
LEVR(IX)=NAPE
GOTO1O35

1100 CUrJTINUE
NLEV=NCNT
[F(.NIJr.STAPE )GCTOl105
WRITE (7)IX,(A(I),AVAR (l ),LEVR(I)?I=lt IX)
ENDFILt7
f?LwItJDf
READ (7)NX, (A(I),AVAR(I )?LEVK(I), l=l,NX)

1105 IX=o
NLEV=NLEV+N1

L

C CUMPUTE SIC!!A SCUAREII
SIGKA=SIGMA/(NTRAN-NLEV )
REWIW)l
PRINT1

1112 READ (l)L~IRCK~YI~SNI ~NAME, (YV(I),WV( I), I=i,L)
IF(EOF,1)124C?LLL5

1115 CCNTI:JIIE
c
C FOR EACH TRArlSITICN COMllJTE TkE C6LCULATE0 TRANSITON AND ITS
C VARIA;iCF AND PRIAT ALL THE DATA ASSOCIATED WITH THE TRANSITION
L

1X=1X+1
IF (I X.LT.171)GOT01120
READ(7)HX,(A(1 ),AVAR(I ),LEVR(I),.I=ltNX)
1X=1

1120 CCNTINIJE
Ll=l
DU12301=1,L

40



000467
000472
000473
000575
000477
000501
000502

000503
OOC1507
000512
000514
000514
000516
000516
000522
000523
000523
000524
000526
OO053L
000534
000537
09054i
000544
000546
000551
000553
000555
000556
000561
000563
000566
000567
000571
000575
000575
Oocbol
000604
000607
000627
000633
000636

000667
00C672
000702
000703
000706

0007L0

000732
000733
000733
000735
000754
00G756
000762
000764
ooof66
001006

001011
001013
001015

VAR=AVAR(IX)
CCN=2L
J=YV(l).AND.77713
TCMP1=A(IX)-B (J)
TEMP2~TENP1-YV(I)
IF(TEMJ~2.EQ.C )GCTOl125
TEMP=lwTur;c/TEFtP2)**2

L

C IF THE nIFFERFNCE IS TWICE THE UNCERTAINTY STAR THE PRINTOUT
C [f THti DIFFERENCE IS THREE TIFES THE uNCERTAINTY DOUBLE STAR THE
C PRINTCUT

1123
1125

1130

1140

1150

1160

1170

1180
1190
1200

1220

IF(~.*rEMP. GE.hV(I))GCTOl125
IF (O. *TEt{P. LT.hV(I))GOTOl123
CCH=lL*
GOT01125
CCM=2L**
CCNTXYUE
lF(J.GT.1)GCTC1130
Ll=2
GOT01220
TVAR=O.
J=J-l
IF(J.GT.143 )GCTCL140
VAR=VAP.+C[J,J)
GoTnllso
LX=286-J
VAR=VAK+C(LX,ll
DLIL20011=LL,L
IF(II.GT. 1)GCTC1160
JJ=(YV(I ).AAC.777B)-1
J= IYVIII) .AAO.7778)-1
GLlTfll170.
JJ=(yV( II).AAC.777Li)-l
J=(YV(I )*ANC0777R)-L
IF(J.LT.144)GOT01180
LX=7ti6-J
NX=JJ-J+l
TCMP=C(LX,MX)
GcTOIL’?O
TLF!P=C(J,JJ)
TVAR=TVAR+hV( [I)*TEPP
CCNTINLJE
VAR=VAN-2.*TVAR/SNI
Vt.RRf=SQRT( VAR*SIGMA)
J=YV(l).AND.777B
PkINT2,NAME,LEVC(J) ,WV(IlrYV( I)1TEMPltTEMP2J COMS1230

LVARRT,VAR
PKINT7
I)U12351=1,L
WV(I) =WV(I).AtiD. (.NCT. 7778)

1235 WV(I) =WV(I). CR.(YV(I ).AND0777M)
SPSNi=StJI

c
C STORE THE RESULTS CN TAPE 5

MP.ITE(5)L, IRCW,SPSN1 ~NANEsAtlX)t AVAR(IX)*
l(WV(I)?l=l,L)

GuTnll12
1240 CCNTI,WE

ENDFILE5
WRITF(5)NSF!,S1GMA,8 $LEVc~c
E:IOFlLk5
PRINT3
IF[.?KJT.STAPE IGCTOL250
REW1*I07

124t? P.EA(!(7) IX, (A(11,AVAR(I I,LEVQ(I), [=l,IX)
IF(E(IF,7) 126L,1250

1250 0012551=l,lX
A(I)=A(I )-Is(l)
VARRT=”SCRT (SIGP!A*AVAR( I))

c
C PRINT KllW LEVEL VALUES AND THE VARIANCES
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001022
001035
00 LU4G
001041
001041
011L045
orJlo50
OO1O5Z
001054
OO1O6G
001061
OCI1O63

001064
001072

001072
001073
001076
OOL1OG

001105
1)01120
001123
001125
001142

001146
00115G
001151
001156
001172
001174
001175
001202
001211
001211
001213

c
PRINT4,LEVR (I ),A(I),VARRT,AVAR( 1)

1255 CONT1:/IIE
[F(STAPE)GOTC1248

1261 CUNTINUE
PNINT3
0C13001=2,P!

1270 B(Il=b(I)-fi (l)
J=l-1

IF (J.LT.144)GCTU1280
LX=?B6-J
VAR=C(LX$l)
II” (VAR.NE.O. )GCTU1290

L
c CrILUFVI LEVELS THAT HAVE 2ER0 VARIANCES ARE Nor cONNEcTEO To THE
C REFERLNCF LEVEL SIGMA IS INCORRECT SO THE UNCCINNECTEO LEVELS
C SHUULtJ RE REF’OVEC
L
1275 PI?INT1l,LEVC(II
11 F(lRMAT(lXs 1994X~*THIS LEVEL NCT CONNECTED TO THE REFERENCE LEVEL.*

l/14X*REMOVli THIS LEVEL ANC ALL ITS CONNECTED LEVELS AND RUN *
2*PROBLEM AGAIN.*)

COTI-113U0
1280 VAR=C(J,J)

IF (VAR.E(I.O. )GOT01275
Li?qt) VARP.T=SQRT ISIGMA*VAR)

,-
(.

C PRINT C17LUMN LEVEL VALUES ANO THE VARIANCES
c

PKINT4,LEVC (I),U(I) ,VARRT,VAR
1300 CCNTINUE

TCMP=S(JRT(SIGVA) “
PRIN16,R(1) ,TEF!P, SIGMA,NLEV,NTRAN
pRlh!r8

L

C PRINT kiEIGllT STATISTICS
c

0013501=1 ?37
IF(NP.MS( I).EC.0)GOTCL350
kikMS(l)=SQkT(WKNS(I)/WS (1))
PRINT9,WU (I),hTCLASlI ),WRPS(I),NR14S(I)

1350 C.CNTI:4UE
IF (NKMS(38) .EQOO)GOTC1360
wXMS(3U)=SQRT(MRMS(38)/WS (38))
PI{IP!TI0,WP.MS(313) FNRPS (38)

1360 CUNTINUE
RETURN
END

SUOPRCGRAM LEP!GTH
004064

FUNLTILJN ASSI~;NNINTS

Statement” ASSIGNMENTS
1- 001217 2
5- 01]1274 b
9 0(11 i34 10
1040 - 000056 l(160
1U95 - 00CIJ16 1100
1115 - CO044(J 1120
1130 - 000524 1140
li7CJ - 000564 1180
1240 - 000734 1248
1270 - 001(J50 li75
1300 - 001121 1350

BLOCK NANES Ai10 LENGTHS
120341

091242
(JC11301
001341
000134
000324
(100465
000536
000576
000767
001065
001173

3
7
11
1090
1105
1123
1150
1190
1250
1280
1360

001254
001321
001375
000167

- 060373
000515
000545
000602
001012
001074

- 001212

4
8
1035
10IM!
1112
1125
1160
1220
1261
1290

001267
001323
rJOC025
0CC256
00C407
00C5L7
OOC557
0CC630
001042
001101
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VARIABLE ASS IGNNLNTS
A 0U1434 AVAR
B 0:) OO03C01 c
11 - oo4(~47 I Kow
11 - 004u46 J
LtVC - 000440C01 Lt_Vl?
t4- 000L)OOCO1 MX
NCNT - 0iJ4032 NLEV
NX - C04030 N1
SPSNI - 004063 STAPE
TEMP1 - 004057 TFNP2
VARR1 - 304062 WKMS
WTUNC - O(loflozcol Wu
Yv - 002160

STAKT OF CIJSSTANTS
001216

START OF TEMPORARIES
001415

001706 AVX
OO1O75CO1 CUE
004040 Iwx
004044 JJ
b03252 LX
0(14051 N
004036 kRF!s
004031 SIGMA
004026 STOR
004060 TVAR
003640 Ms
003524 kiv

004043 AX -
004056 I
004053 Ix -

- 004050 L -
004045 L1 -
0000OOCO1 NAME -

- 003754 NTUAV -
004034 SNI -
0000OOCO1 TEMP -

- 004061 VAR -
003706 WTCLAS -

- 002615 YI -

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

START OF INDIP.ECTS
0U1424

~~~~~~ cOPlpILER SPACE
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. 1251.5097240 .42E-02

.32123301225,J01 E-04

.4672 U391.394536E-04

.47569225447607 E-05

.833 b71313b23+L+E-03

.97032 !134.J33200E-05

.312.! ’3>54016.351F-05

.1105816422 19,12F-04

.1024786 W4O224F-O6

.6 L635787)17110E-05

.25009123218283 E-02

.304 Y216L3003U1(, E-04

.245 )5412025152E-04

.’O(,IJ 3704502073 E-04

.47926167401120 E-05

.125’J7325437409 E-02

.8983294775 D078E-04

.93421340963759,5 -05

.49620292919514 E-05

.7695316 B96204137E-0%

.4209B49 105233 OF-O5

.9052751841J6(,07 E-04

.73491096904960~

.222q061,? 15 H12217-06
.#15Q331214 T61f E-06
.3490174004 +1866-06
.21660350910440 E-06
.264h611 3455625 E-06
.25q0G569079167 E-06
.29116503 t.65 7146F-06
.2555 bbU65040513E-U6
.L4ti325064h 3175 E-Oh
.$82(11167920 S27E-06
.9 I2321U2831OI7F-O6
.21392341259 n925F-Oh
.36945 d64026C40E-06

.301668464461,03 E-Ob

.21.623161304660 E-06

.37t31353603537 E-06

.14k45+70V 17580E-05

.6171 b227602,J22F-06

.376> 28375 q0264F-06

.44 G41ti256r2r25E-oh

. 1655436 d9651. H2E-04
.4772998 3U10i320E-06
.51q Z33n3193n94F-06
.4702401541 A205E-06
.3011.2 u9>213704’3E-06
.,?0706931311562 fL!F-05
. 13553329402462E-05
.62 J570R92E! 12396-06
.421133874 v5b3w?F-06
.779h539J4532M2 E-06
. L17,JH333735 (U4E-04
.4650140 uIL36’IMJE-u6
.14 HJ72349113017F-06
.724103J 1006’7421i-06
.9477296 (,122334 [-06
.4v13(9752575603 E-05
.493426 Q787765rF-06
.7 VOV6U47493163E-UI)
.71353262414373 E-06
.5117,WJO117433 tq7F-06
. 101JU034J5V6638 K-O$
.ii9h6490553 H2$J6E-06
.333* V60W155141F-OS
.47 QW.1111213W3E-(36
.243r6422L152261 E-05
.u9715C1761 +OL137C-IJ6
.749(, Z65M768/q17F-0(,
. 731!6(l .,uu5(n0071 k-Oh
.>67415125 r7652E-05
.123 j4601997564E-05
. LJ467b72b36791E-05
.67366 Y536L9047E-05
.4’32*4956200954 E-O 5
. t12978t32173430 E-OS
. 121156652390634 E-u5
.l1151492>.S 1026’i-05
.15097760346104 E-05
.271 E.58132797458E-05
.4a6530L 1455124C-05

.1001435927 Q04E-04

.316’3602841635’7 E-05

.18 Lla07U37Lf49E-05

.30561929433813 E-05

.18657 WJ6600601E-05

.38070727554236 E-04



8111- 0.000000000

$IIMIA= .986118 SIGMA SCUA8EO= .973613

L!57 LEVELS UUR9 ribwsi71cw

CLASS
.003C
.0050
.0100
.0300
.11200
.2UO0
.s000

&E IGNT
111111.11

40900. w
100 JO. OO

400.00
100.00

25. Lw
4.00

UPS
.001974
.00>707
.oof1701
.062667
.08>961
. 1416#9
.’347499

ENO OF FILt’ TAPE 2

QW:IIY

10II9

151,2
27113

3>b
62(I
734

55



APPENDIX E

THE ITERATIVE CODE: INSTRUCTIONS AND LISTING

000002
000002
000002
000002
000002
000002
0COO02
000002

000032
000002
000002
00 CJO02
000002
0COO02
000002

000002
000002
000002

000002

000002

Ooodoz
000302
000002
000002
00(J(J02
0COO02
000002

Pl<fJGRAM I r( [A PUT, CIUTPUT, rAPE9)
DIME NSICNTCC( LO1)O), TRC(1OOO ), TC(LOOO), TR(1OOO)
oIMfNs[(lNsNJ (looo)lsNI (1000 ), CEL[lOOO),cO:.:T( 8)
DIt4ENSICNhT (20000),WN(20000 ),[wN120000), ICT(20000)
01MFNS[CNhlJ(3ti) ,WC(3LI )? WRMS(38),NRMS(38 ),WS( 38)
CGFl}!OPli4,M,NT,TCU, Tt(C,WrtWk
ECIJIVALENCE (hT, ICT) ,(WNtIKN)
OAi’h[XHAF/lCOOO/
DATA(tiu(I),[=l,371/.00~1 1,.0002,.0003,.0004,.000 5? 00006,

1.0007?.0008,. 1)009,.00 1, .0132 j.003, .004,.005~ .006?.0079.008s
2.CJO~S.CIl,.02, .03y.04V .05,.06v .07,.08v.U9V .l~.2T.3~=4s .5t.6s=7s .Ue
3.’3,l./

LLJGICALISCTCIJ
L FG2MAT(F15.4,217,F5.4 ,F7.3, AL)
2 F;)Rt.!t\r(8ALo)
3 Fil*.PAT( 15,F10.9,F10.2 ,15,F5.4,3X,A7)

4 f-l;P.NlAT(lX,15* ITERATICNS*5X*OELT4=*F.16.9 )
5 FOPMAr(lX, 15,F19.8,2F 15.5,FL7.5)

6 FURMAT( LII0,2XA3,13X*LLVEL*3X* INITIAL VALUE*
15X*DIFFERENCE*4X*WE IGFIT SUM*)

7 FOkMAT(3(lX,[lF16.8/)/)
d F(7KMAT(1X,F15.8,FL6.5 tF120.?tF14.2,2F16.5)
Y FtiP.t?Ar(ll10 ,15* COL LEVCLS*15* ROW LEVELS*

116* TP.fl.)lSITICNS*)
11) FuRMAT(*lcALcuLATFo LINE C13SERVF0 LIIX~*

12X*DIFFERENCE*7X*WE lGllT*7X*ROh LEVEL*
27X*CUL LEVEL*)

11 F3N.MAr(lX*MAX I’4UPl NUMIJER CF [TERArION CYCLES=*15/
llX*CUTL:FF VALUE FOR OELTA=*FIO.9/
lIX*YULTIPLILATICN FACTCR=*FIO.2/
llx*IJRINT CYCLE=*15/
llX*!JNCERTAINTY ASSOCIATED WITF WEIGHT OF UP4E=*F10.4)

12 FCRMAT[*OSIGYA=*FIO.6 ,4X,* NORMALIZE SIGJ+A=*F1O.6)
13 FGRKAT(*CUFJCERTAIXTY*/X*klE I(;I!T*11X*RMS*5X*;JUAN*)

14 FUR,YAr(~+X,F6.4,t,X,F12.2 ,4X, Fti.4,4X, [4)
15 FcRMAT(* GREATER THAN L.U*15X,F8.4, 5X,13)

16 FORMAT(lX*ISCTLIPE SHIFT DATA*)
1/ FURMAT( lX*WAVELENGI’I-I CATA*)
14 FUP.}IAT(1H1,8A1O)

,-.
L

L l:lPUr OE(.K
r,
C :(!MME?:T CAkO
L CIIL 1-80 (UAICII CCJVMENTS USEC AS A HEAOING FCIR OUTPUT LISTING

C L(IL 1-5 (ll;l MAXIP(JP NIJPBCK UF lIENATILIN CYCLES
C. C(JL 6-15 (F1O.9) CUTOFF VALIJE FUR OELTA
C L)fLTA [S TIIC PAXIPUN CORKCCTIC:I THAT OCCUttEO IN THE LEVELS FtlR THE
C lTtlkATION CYCLE
C CUL 16-25 (F1(3.2) MULTI PLICATIIIN FACTOK OF CORRECTION TO A LEVEL
C L(IL 26-30 (15) INTliRVAL OF PRINT CYCLE OF LEVELS OURING ITERATION
C LOL 31-35 [F5.4) uNCERTAINTY T(! RE ASSOCIATED WITH A WEIGHT OF ONE
C CU1. 39-45 (A7) IS(!TOPE FOR ISOTIIPE SHIFT DATA
L CUL 39-45 (A7) .NE. ISOTCPE FCR WAVE :iUMBER RU.N
c
C IJATA CARI)S
C. LOL 1-15 (FL5.4) WAVE NUM13ER
C C(JL 16-22 (17) RCki LFVEL CLASSIFICATION NAME
c C(IL 23-Z9 (17) CCLUF!N LEVEL CLASS1FIC4TIilN NA!.!E

C CI;L 30-34 (F5.4) UNCERTAINTY CF WAVE NUtl13ER
C ISI)TLJPE SHIFT’ UNCERTAINTY 1S ASSUMED TU BE 1.
C C(lL 35-41 (F7.3) SIGNEC ISCJTCPE SHIFr OATA
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000002
000010

000016
000036
000040
000044
000062
000067
000074

000G75
000115

000120
000122
000123
000127
000132
000132
000134
000136
000143

000144
000150
000153
000155
000160
000163
COOL65

000166
000171
000174

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

c
c
c

c
c
c

COL 42 (Al) S IF ISOTOPE SHIFT VALUE GIVEN

FUR EXAMPLE, NAVE NUNBER 25637.2066 IS THE TRANSITION BETWEEN
4663.8815 (J-VALUE=3) ANO 3030L.0B73 (J-VALU’E=4) WITH UNCERTAINTY
=.003 AND ISOTOPE SI{IFT=-.13. THE LEVEL NAME MIJST BE UNIQUE.
4663.8815 MAY BE REPRESENTED AS 46633 ANO 30301.0873 AS 303014. THE
LEVEL NAME IS USEO TO CLASSIFY THE TRANSITION. THE FIRST SIX OIGITS
OF THE LEVEL NAPE ARE USEO AS AN INTEGER INITIAL ESTIMATE CJF THE LEVEL
OR ITS ISOTOPE SHIFT.

READ CCMMENT CARD

!lLAD2vCC14T
PRINTL8,CCMT

READ CONTRUL CARC

REAl_)3,MAxIT,0ELTA,FACTOR,RLIOPRTsWTUNCS ITYPE
IF(WTUNC.EQ.O. )WTUNC=l.
ISUTLJP=ITYPE. EQ.7HISOTCPE
PRINT1l,MAX IT?DELTA*FACTORS MOCPRTSWTUNC
1F(ISOTOP)PRINT16
IF(.NOT. ISOTCP)PRINT17
NT=O

READ CATA LARDS

900 READ (9,1) WNN,LR,LC,UNC, SFT,SFTX
II:(EUF,9)940,910

c
C THE WAVE NlJMt3ERS (Ok ISCTOPE SHIFTS) ANO THE UNCERTAINTIES ARE
C CONVERTED TO INrEGERS PRIOR TC PACKING IN ONE WCJRO.
L

910 IF(ISO”I’0P)GCTC920
NT=NT+l
[WN(NT)=WNN*1OOOO.+.5
lUNC=UNC*l(JCOO.+.5
GL)Tn930

920 IF(SFTX.EQ. lH )G(IT0900
NT=NT+l
IWN(NT)=[SFT+20. )*1OOO.+.5
IUNC=1OOOO

c
C lwN CUNTAI~lS THE WAVE NUMBER IN BITS 58-17 ANC THE UNCERTAINTY IN
C IN BITS 16-0
C lCT CONTAINS THE ROW CLASSIFICATION IN BITS 58-37, COLUMN
C CLASSIFICATION 1A BITS 36-15 AND lNOEX OF WAVE NuMBER STORAGE
C IN BITS 14-0
L

930 CALLSHIFT (Ihh(VT), IhN(NT) $-17)
IklN(NT)=I KN[hT).UR. I(J:JC
C,fLLSHIFT (LR,ICr(NTl, -22)
ICT(NT)=ICT (AT) .OR.LC
CJ\LLSHIFT( lCT(NT),ICT(NTl ,-15)
ILT(:JT) =ICT(NT).(lR.hT
GOT(190(J

~

C THE (JkDFP.ING SUBROUTINE TORflER REIXJIKES ADDITIONAL STORAGE FOR
C SllitTI)lG. [F MORE TIIAN 10000 TRANSITIONS ARE PRESENT, THE OATA IS
C STllRED IINTIL NEECED AGAIN. EXTbNCED CORE STORAGE IS USED* BUT OATA
C NAY BE STOkEL) UN ANY MECIUN
c

940 IF (F!T.LE. IXHAF)(;OT0950
CALLEC’dR( IWh,O,NT,IERR)
lF(IERK.NE.OISTCP1

L
C S[:RT ACCORDING TC R(JW CLASSIFICATIONS
L
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000L77
0C0201
000202
000203
OCC204
0GOL06
000210
000211
000212

000215
000222
000225

000230
000233

000235
COC237
00C240
000241
000242
000244
000246
000247
000250

000253
000.?60
000263

00C266
OCC271

000273

000275
000-300
00C303

000306
0003L0
000313
000’313

0.J0316
00C324
00C325
006326
000334
0.0C335
000336
000341
00’0342

58

950 C:, LL TUI:[IER[ ICT!NT)
M=o
K X=O
[)(;970[=1, NT
KxT=lc7(I). ANO. (. Ntl T. L777777777777Bl
IF(KXT. CQ. KX)COTOq60
KX=KXT
M=r’.r+1
CALLSHIFT(KXT,KXT,37)

c
C STURE ROW LEvEL fNIrIAL GUESS
1.

TR[l(N)=KXT/10
960 ICT(I)=ICT (I) .AND.177777777777713

CALLSHIFT (ICT(I), [CT(I) ,-10)
c
C REPLACE RUX LEVEL CLASSIFICATION NAME WITH INCEX
c

ILT([)=ICT(I).OR. M
9“70 CUNTINIJE

OF ROW LEVEL STORAGE

.
1.

C SUP.T ACC.f)R[)II’:G TC CCLUMN LEVEL CLASSIFICATION
L

CALLT(lK[)ER IICT,NT )
14=0
Kx=cl
D[lq901=l,NT
KXT=ICT (I).AAL. (.NO T.17-1777”177tJl
I}” (Kxf.EfJ.Kx)GCfU980
KX=YXT
N=Nt L
CALLSliIrT( KXr,KXT,25)~

/.
1.

L ST(:KE COLIJMN LEVEL INITIAL GUESS.t.
TC(.)(N)=KXT/LO

960 lcT(Il=IcT( I) .ANo.1777”f77”1713
CALLSHJFT( ICT(II,ICTIII ,-10)

.
1.

C kE1’LACE CULUMN LEVEL CLASSIFICATION NAME WITH INDEX (JF COLUMN LEVEL
C STURAffE
c

ICT(l I=ICT(I).OR.N
990 CCNTI?lIJE

c
C SURT ACCOtWING TC hAVE NUMBER STORAGE INDEX
.
L

CALLTORL)FR (ICT,NT)
L

L KETUR:J DATA FIUIP’ EXTENDEU CORE STCRAGE
c

It (Nf.LE.IXHAF )GOTUl(JOO
CALLFCP.13( 1WA,0,NT,IERR)
IF(IEP.K.NE.01 STCP1

C CLEAR !4F1GIIT STATISTICS STCRAGE
1000 Du1025[=1,38

WRNS(I)=WC(I)=O.
Ks(r)=u.

1025 NNRS (11=0
t.
C SAVE INIrIAL GUESSES
L

1030 OLJ1O4OI=1,N
TC(I)=TCII.(1)

1040 S:JJ([)=O.
OL)1O5O[=1,M
TI{(.I )=WOII)

105(J Si41(Il=0.
II(JL0601=I,NT
IUPJC=[I:N( I).AND.377777B
u::c=lu.6c/loooo.



L

C #T CO.’iTAl;.IS TI!6 hEIG}i T IN II ITS 59-20, THE INDEX TU THE ROW LEVEL IN
c tJITS 19-10, A)!D THE INDEX TO THE CGLUMN LEVEL lri BITS 9-o

000344
06ti346
OO035C
000352
000353
OOC354
OC0356

000363
LJO0365
OC0366
000.j72
000375
000377
000402
000406
000407
000413
000416
0(J0417
000424
000426
000427
000427
000434
OO(J436
000437
OC0437
000440
000443
OOC444
OC0446
000453
000454
000462
000464
000466
OG0467
000472

000475
090477
000500
000502
000503

ooo510
OC0516
000516
OO052C
000522
000523
000530
000536
OOC544

000546
000552
000553

c

L

C SUM
~

1055
1060

106’5
1070

10}?0
~()’ao

1100
1101

111(J
1139

c
C DEL
(;

c.
C fHE
c

114(J

115(J

1160
1170
2000

c

TENP=(xTIJF:C/UhC)**2
rLMP=TLMP. Ard:. (.:doT.377777713)
ICr(Il=ICT(I1.ANl).37/7777B
WT(I)=[CT (I).CR.TEY.P
JC=WT(I ).ANC.1777[)
lI:=WT( I).ANC.3776000B
Cl\LLSHIFT( lR, IR,lO)

THE kEIGHTS CF THE TRANSITICNS CONNECTED TiJ EACH LEVEL

SNI([R)=SNI( IR)+TEMP
S?:JIJC I=$NJ(JC)+TEMP
CALLSHIFT (lhA(I), [wA(I) ,17)
IF (1SUTOP)GCTC1O55
w:i(I)=lWN(I)/100CIO.
TEMP=rRo( !R)-TCC(JC)
lF(TEMP. LT.O)hN(I)=-wN (I)
GuTo1O6O
wN(I)=[wN(I)/Looo.-2o.
CCNTINIJE
I kc=o
DCL0701=l~M
OEL(lI=O.
Ix=l
GIJTfllLoO
lJG10901=Ltft
DLL(l)=O.
I x=2
Gurnll{ll
DELMAX=f).
DC11301=1,NT
JC=WT(I).ANC. L777B
lI:=WT( I1.ANL.3776000B
CALLSHIFT( lR,IR,LO)
TCP!P=NT (I ). AhD.C77777777?77774000000
TEM?=(TF?( IR)-TC(JC)-WN (I))*TEPP
If (I X.t.Q.l)GCTCJll10
OiiLIJC)=@EL(JC)+TEMP
GOT(1LL30
UIL(IKl=[~EL IIR)-TEMP
CLX’ITI” IIIE

CONTAINS TtlE CURKECTICN TG THE LEVEL FOR THIS ITERATION CYCLE

Il(IX.Fc.l )GCTOl150
CJU1140JC=1,N
lF(SNJ( JC). EC.O.1GOTC1140
l)EL(JC)=OEL(JC)/SNJ(JC)
DELVAX=ANAX1(O ELMAX,AL3S (12EL(JC)))

CORRECTION IS MULTI IPLIED fJY A GIVEN FACTCR TO SPEED THE ITERATION

TC(JC)=TC (JC)+OCL(JC) *FACTIIR
GLJTIILL7(I
DU11601R=1,P
IF(SNI( Ik).CC.O. )GOTCL160
C:kL(lKl=L~EL(IR)/SNI(I RI
IJELPAX=AI!AX1 (CELMAX,ABS (DEL([R)) )
TIJ.(lR)=T?. (I R)+DEL(IR)*FACTUR
GUTfl(lU80,2COO) ,1X
lXC=IX[.+1

C UN A PRINT CVCLE, THE INTERMEDIATE LEVEL VALUES-ARE PRINTEO
c

IF (tiOD(IXC, PCOPKT).EQ.CI )GCTC2(IL0
Ir(Ixc.NE. l)GoTo2020

2dlo PI;INT4,1XC,EELMAX
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0C0563
000572

000601

000603
CaUh06
0C0606
000616

00C620

0CC625
00C627
00C630
000633
000636
000656
000657

000665
000667
000672
000675
ooo715
000720
000721
000722
000731
000732

00 C134
000736
000137
odc141
000745
00G747
000754
000755
000757
ooc761
occ-76&
oorJ771
00C772
oooi’”f4
000775
00G777
Ozlooo
OC1OO2
001025
001036
001040
0CL046
001057
001066
001072
001074

Pl; Ihlf7, (TC(I), 1=1, N)
PRINT7,(TR(I) ,I=l,M)

,.
L

L IF r}{c PAXIMUM ALvniiR oF cYcLEs HAS BEEN REAcHED, sruP ITERATION
L

2020 IF(Ixc.EQ.14AXIT)COTC2025
#.
L

C [F THU CUltRECTICN HAS BEEN SUFFICIENTLY REIXJCEO, STOP ITERATION
c

IF(DELMAX. LE.DELTA)GCTC2025
CCJTO1O65

2025 PRINT4,1XC,CELF!AX
HiAr)=3LcrlL

(,

c pRINT CCILIJNN LEVtL CATA
c

PRINT6,11EALI
c
C AD.JUST LEVEL VALUES SUCH THAT THE FIRST CCLUMN LEVEL IS ZERn
c

T:lNE=T(:(l)
D020501=1,N
IF (SNJ(I) .NE.O. )TC(I)=TC( 1)-TCNE
TLL)=TC(l)-TCCII)

2050 PI{INT5, l,TC(l),TCO( I),TC0,SNJ ([)
HCAD=3Lf{llM
PKINT6,11EJ.LI

c
C PRINT ROM LEVEL CATA
c

[]fJ206(Jl=l,M
IF I$!41(I ).NE.O. )TRII)=TR [1)-TCNE
TCtl=TR(I)-TRG(I)

2060 PRINT5, 1,TR(I),Tl10( l),TCD,SN[(l)
PI:INT1(I
WTSUV=O
SIGMA=O.
D020651=lj37
tiC(I)=(WTUNC/kiU(I))**2

2065 WL(II=WC( l) .AND.(O NCT.3777777B )~

C PI?[NT T.P.ANSITIC!A OATA
C OErEKi.!lh!C I!EI(;}iT STATISTICS
(;

[)l120~OI=l,NT
JL=Wr(l J.ANC.1777tl
IK=WT(l ).ANC.3776000H
C:ILLSlllFr (Ill? IR,lO)
P;,T=Wr(I).AAC.n777777777”77-/74GOLJOO0
CALC=Al\S (TP.([K)-Tc(Jc ))
P;{F:=A[{S(W[:([I I
DLV=CALC-PWA
DU2070.J=1,37

2070 IF(P’dT.GE.h’C( J))GOTC2075
J=3P

2075 TLN?=Dt\/**2*PhT
SIGMA=SIGYA+TEMP
tii<MS (J)=WP.XS( J)+TEMP
h!$(J)=~!S(J)+PhT
!jf,,,ys(J)=>/y.,~ls{ J)+l

wTSUN=NTSUF!+PkT
2r)qiJ PI;I~JTij,cALc,PWN,LIEV,PWT ,TR(lR),TC(JC)

PRINTYjN~itthT
NLEV=N+M-1
SIGI=S~JRT(SIG~A/(NT-NLEV) )
SIG2=S(it:T((SIGPA*NT)/(hTSUM*( NT-NLEV)))
lJl<INr12,sIGl?sIG2
PKINT 13
Dn2100[=l,37
IF (NRMS(I).EC.O)GO TC 2100



oo1o75 WRMS(I) =SQRT(hRF!S(I)/WS( 1))
0$)1102 PR1NTL4,MU (I),WC(1) ,WRWSII), NRF!SII)
0CIL116 2LOCI CCNTINUE
Oilllzo It” (NXMS(381.EC.0)GOTu21 10
0C112A WKMS(3iJ)=SQKr (i4R.MS(38) /WS[31j))
001126 PRIfilT15,KP.Fls(3&),NRPs(:38)
001135 2110 CUNTINUE
001135 kCT[lKX
001137 E):o

PROGRAN LENGTH ItiCLUDING
021733

FUNCTIrlN ASSIl;NMENTS

STAI’EMENT ASS[GNNENTS
L- 0ULL5L 2
5 001171 6
9 (l~ll~zo 1 u
13 : oti1320 14
17 - OceL344 18
920 - 0LJ0133 9? o
9s0 - 000223 980
L955 - 000410 1 CJ60
1“100 - 000+40 1101
L14U - 000511 ~150
2oorJ - 000545 2010
2975 - ooof7G 210(1

131-OCK NAMES ANO LENGTtlS
1.?2t~23

VARIABLE ASSIGNMENTS
CALC - U13636 C(IMT
DELTA - il13602 DkV
I- oi3b20 lLT
ISOTOP - 013600 ITYPE
Ix - 013626 1 xc
JC - 013623 KX
LR - o13bli3 M
td oi)o(JooLol NLEV
PWN - 013637 PIIT
SIGMA - 013634 SIG1
S’iJ - 005401 TL
TEr;P - 013622 TI)NE
U!JC - 013612 WC
WKNS - 013415 Ws
wTuNC - 013605 Wu

START OF CONSTANTS
001142

START OF TEMPORARIES
001426

STANT UF [:WIRECTS
001447

U!IUSEO CONPILER SPACE
111100

I/G BUFFERS

001155
001175
001231
001326
oo135rJ
000145
000261
000414
000441
000517
Oclos 54
001117

013271
U13640
C03723C01
013606
013625
013617
Ooooolcol
013642
013635
013643
001461

3
7
11
1$.
900
gt+o
1000
1065
1110
1160
2020
2110

001157
001210
001251
001333
000076
000167
000307

- 009420
000470

- 000531
000602
001136

CEL - 011321
FI’,CTCR - 013603
IERR
Iuhc
IXHAF
KXT
KAXIT
~l:~s

SFT
SIG2
TCC

013616
013615
013577
013621
013601
013463
0136!3
013644
013632

4
8
12 -
16 -
Qlo -
950 -
1030 -
1080 -
1130 -
1170 -
2025 -

OELMAX -
HEAD “-
IR -
INN -
J
LC -
KUOPRT -
NT -
SFTX -
SNI -
TCO -

001164
001213
001312
001340
0CCL2L
00C200
ooc317
00C430
000473
0CC537
00C607

013627
013630
013624
052763C01
013641
013611
013604
00CO02C01
0~3614
007351
000003C01

013631 TK - 003431 TR(3 - 001753C01
01334”/ Mll - 052763C01 WNN - 013607
013531 WT - 003723COL WTSUN - 013633
013301

SUI)I?OUTINETCRDEKI LA,L)
030004 OIMENS1l;NLA(SI

1,

C C LA MUST BE I)IPCNSIUNEC 2*L CR GREATER
c LA Is snRrEo INTC InCreaSing I:ITEGER VALUES
L

030004 IF(L.E(J.l)RETURN
000006 LL=2*L
000007 IPns=o
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ooolJ1o
Odooll
000012
000G13
000015
000021
OOC022
000023
0UOU24
i) OO025
UOO027
000U33
000U35
oool)41
0UOU43
O~C)iJb4

0COG47
030051
OOGU53
00005+
000U56
ooud57
000U62
0001)63
000066
Oooo”lc
000072
000073
000U75
O!)O(. )77
occlo2
00(3105
OOC1O6
000111
000114
000114
OOCl16
13C0117
000125
000126
000131
000132

400

410

420

43U

440

450

46U

470
4t?o

JX=L
LX2=1
IX=JK
IL=l P(IS+l
IVOS=NiJO (I PCS+ L,LL)
JX= I PUS
LX=LX2
LX2=LX*2
12=11+LX
I LTOT=l l+LX-1
12 TnT=tiI) 10(12 +LX-l,l X)
JX=JX+L
IF(LA(I1) .LT. LA(12))GOT0430
LA(JXI=LA( 12)
12=12+1
Ir(12.LE. 12TCT)(XlT0410
JX=JXtL
LA(JX)=LA(ILI
11=1 1+’1
lF(I1.LE. 11TOT)GOT(1420
GLlrn45r’,
L&(Jx)=LA(Il)
lL=I1+l
li(ll.LE. IlTcT)GrlTrr4Lo
JX=JX+l
LA(JX,)=LA(12)
12=12+1
IF(12.LL. 12TcT)GOT11440
[L=ll+Lx
ll”(ll.C,T. IX)G(?TC460
IlT[ll=tlI?40( llTOr+LX2,1X )
[2=12+Lx
Ir(12.GT. IxIGcTo420
IzTOT=NINO (I.ZTCr+LX2,1X)
ti:l Tt’410
Ir(LX.2.LT.L)GCTC400
lr[IPilS.EC. 01GCTU480
DC4701=1,1PCS
lL=[+L
L&(I)=LA(IL)
RZ TURN
Er;o

SUIIPROGRAM LE)iGTli
0U0170

FUNCTIIJN ASSI(;NNCNTS
SrATEMENT ASSIGNMENTS
4iYrl - 000013 410 - 000034 420 - 000050 430 - 00C060
4*O - CIOOU67 450 - 000076 4(>U - 00C11L5 480 - 000L32

MLOCK NANES AND LENGTHS

;&RIAIJLE ASSIGNMENTS
,- 000166 IL - 000167 IPCS - 000155 Ix - 00C160

IL - 000161 llTIIT - 000164 12 - 000L63 12T(IT - 000165
J< - 000156 LL - 000154 LX - 000162 LX2 - 00C157

STAKT UF CUiJSTANTS
000135

START Of TExPIIRAKIES
000136

STAI?T Of [$@lItECTS
000146

U:IUSED CUtiPILER SPACE
115000
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I ilPU fC

KRAKCR

IIUTP rc

F.(31JER

lFENLIF

Stll FT

ECKV

,fcGUER

Scn T

llh SPI<(J.

t IZL$AK.

PUSF [L.

CILJL.
[l PEP/.

Sill.

GE TttA

n23331

023433
u24465

024632

026031

0260s6

u26067
026672

L7261OL

(.12612,?

026146

u2h526
(82653 1
026574

026341

027056

IT

IT

Lb13KT

OUTPTS

IT

11

11

IT

IT
LAURT

IT

IA PUTC

cLJrPTc
c4n20
OUTPTS

SY$TEP
[N P(JTL

OUT PIC

INPUTC
OUTPTC

IAPuTC
I!UT PTC
IFEMIF
HS4020

C4U2U u27C75 CUTPTC

l)uTprs 027206 SCRT

LAMi{ r 027264 SCRT

Hs/,o~o 027373 C4020

YKCL 027607 8s4020

----Ij~SATI SF! L?D ~ xT~R~ALs----_

fJ(yJlcI~

009131
000206

000113
000157
000656
00LJ675
000722
000750
001001
aolo2u
001121
001161
001207
001234
027317

027211

00 L1217

000250
00J461

000274

000403

01Ju642
027302

001146

0245?3

023376
024526

027146
027247

023011J
023351
024513

023401
024563

023337
024473
026034
027521

026025

026166

026175

027103

027550

uorJlo7
000133
000210

000115
000161
000660
000700
000724
000752
01)1 L)(J3
001105
001122
001163
001211
001235
027322

027226

000255
000472

001156

023353
024550
027105
027222

026170

027116

Ocollo
0001-35
ooo2i2

000116
CC0162
0C0662
000701
OC0725
nco753
001005
OCL1O7
CC1L27
001165
001213

027324

CC0263
CC0551

0CL201

023405
024564

027117
027232

026L72

027126

REFERENCES

000121
fJOO136
000214

000147
000166
000663
000711
000 f40
000762
001007
001111
001131

001166
001215

027325

000315
OC1O44

0C1225

027156

026L73

027136

000123
000200
000215

000151
000167
000666

000713
000142
000764
001011
001113
001133

001171
001216

000330

027142

000125
000202

000153
000173
000671
000715
000744
000765
001012
001115
001135
001172
001230

000353

000127
000204

000155
000174

000672
000716
000746
000777
001017
001117
001136

001205
001232

000366
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23 1 TERATI(INS bELTA= . 000000603
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29

30
31
32
33
34
35
$6
Jr
.38
.+9
40
41
-%2
43
44
45
46
47
48

49

50
51
52
53
54
55
56
57
58
59
ho
61
62
63
64
65
66

RL:ki
1
2
3
4
5
6
7
8
9

LO
11
12
13
14
15

l. EVt:L
o. 001300(JU0

620.321 18V15
3900. u1729r63

3$Jbn. t*7310”49’3
4275.6 <)3411]14
44*i3.404v624n
571,2 .UOC-!I)8?(J2
5c)91 .29630446
6249. on959c73

7tJo5. 5103729-7
/l(J3. t;~ti39t#,l
71ql.658Jiu522

1326.09479uQ”I
lti45.62157502
-ttJ(84. 17H60~a31

ti118. L.0539<J27
uL33.2641J2565
R13!i6. LJ6152tJ72

htJ”18.51”rrO034
lut169. L449795Q

locl!o.’>9n4Y(l?(J
ldl(J3.405L?2t102
lo~l-)Lt.454wt172

10254 .S6516209
lo.2t18.5t?432154
llJ347.31?54111
10457 .71721 ”I3Q
1054 O.23I 7U.?l-!
1<1557. oo257’{70

106Y5. 7540+589
1(JH19. Li99tJ3(,60
10*I42. ?5Aoo44rl
10 Qu7.55I /2(,43

112<10.229121,35
ll%Jb.l1729f25
llt,(]3.42.fu2/67

li444.5t1562666
11457 .27G !8!,07
115~f3. L5Q73106
1L633. L2551690
11677 .UOO(>3301
lLQ43. 90575690

119(> M.61742L12”I

i231,2.4549i?734
12 U26.27661028
12UM4. 7561 LOZ”I
121110.46887744
1.31 Z7. tllJ294570

13346 .3!)853’)39
13461 .46n42/n3

13402.49640(,18
13535 .14?60379
i3567. CJ55674?.3
13632.08565472
l&411 .3!i02tJ,;(,6

14501 .76413?20
14 S43. 72758123
14790 .<)4202323
L4H.,5.28?36216

i4910.574Q9+21
15.\5j.713H.4Lt216

1G458.44?L7221
15712 .S1045?67
1(1043. 44 Q641(3n
lb244.43f>3nb95
lltJ!J2.titi551>J64

LLVCL
i15(12.’;f397l:,l’i

11613.943114377
lc?i)35.5h61227@
li!643.+08131>131
134(] 3.3[)715977
L311O.241(JO’)94
13tJ25. LtOA46552
14643 .u3575828

14839.73332146
150 V7.4L42.37(t4
L5t831.8nh L.9284
L563tJ.336c7zoh
L5720.6t14512Q9
15732 .15~22605
15831.0637311/3

INITIAL VALUE
0.00000

6?0. 00000

3800.00000
3868.000(10
4275.000no
4453.00060
57fi2.COO(JO
SW41.oocrlo

6249. OOGOO
“{OC15. OCILIUO
7103.00000
7191.00000

7326.00000
7645.00000

7Jt64. 00000
H118.000(JO
8133.00000
t3tJ56. COOO(l
8878. uoooo

10069. OL3000

Loouo.000no
10103.00000
10200.00000
10254.00000

102HIJ.OOOOO
10347.00000
10477 .OOOI3O
lo540.oonno
10557.00000

10685.00000
10819.00000
10842.00000
lo9m7.000no
lL290. oolwo
1L3LJ8.OCJOOO
11403.00000
11444.000no
11457 .oL)oon

11558.00000
11633.00uCIO
11677.00000
11’443.00000
11968.00000
12362.000(10
12826.00000
128t34. 00000
1291O.OOO[J(J
15127.0000U

13346 .coono
13361.000no
1341!2. 00000
l=i535.000no
13567.00000
13632.00600
14411.oonno
145(,1 .0000CI
14543.00000
L4790. (JOLJUO
14u46.onono
1[,.-).fo.ocJLJ(]o

1535.1.00000
15458.r3f3137Jo

15712.00000
16041.00000
16244. OO(lfi O
17002.000uo

[A[T[AL VALUE
115tJ2. 00000
11613.00000
12035. 0@OOt3
12643.03000
13463.u[)uon
1371 (J. COOO(J
lms.oouon
14643.00000
14839. 0000U

15007.00000
15631 .000no
15638.00000
15720.COOOO
15732.00000
15 JJ31. 00000

C[FFERENCE
0.00000

.32119

.81730

.473113

.69341

.40466

.OLOOY

..2943,3

.00959
.51037

.89040

.65H8L

.09479
.62158
.17961
.60540
.26483
.96153
.51770
. 1449a

.991149

.40582

.4550G

.96516
.58432
.31254
.71722

.23179

.00258

.75405

.89984

.75600

.5’i173

.22913

.117 “30

.42183

.58563

.27579

.(/5970

.12552

.00063

.90576

.6 L242

.45492

.2766i

.75611

.46899

.88295

.86854

.46043

.49440

.14260

.95561

.08565

.38029

.764L3

.7275I3

.94202
-.71664

.57499

.78038

.44247

.81045
-.55036

.43639

.8 LJ552

CIFFEKENCE
.5H872
.94318
.56612
.40914
.39716
.24181
.40647
.L3357.6
.73333
.4i424
.80669
.334.87
.68451
.15923
.06373

liEIG}lT SUM
9769724.97$303

130623 Q5.6381t3
11691361.08643

95233V9.91JC47

14128294.08154
127625q0.08390
lu7f18273.09131

9722934.20459

10215724.64551
11106825.8A719

5255090 .9v023
2241.328.66260
973734fJ.09131
7165474 .9h535
7759068.76367

~202r751. 19727
5900873.32275
1337077.10840
30685Q3. 10596
6106394.65527

4603952.88184
12?.540. 11084

4203236.8L31L34
3254767.99512
3758109 .4384tJ
6849089.76367

606978.33252

10556Q2.44336
2JJq32L5.L3ti428

56795/39.43359
2641235.99512

912/>2.00000
3f355852.32764
2019751.86672
293941!0.21680
159403 r.66504

3HOq2fJ.22168
3849336.54932

216I275.1ou4o
2335559.99756
3080962.88428

747597.22168

1652h93.8LJ6t2
426776.22168

4268830.10352
499001.00000

16tJ2025.99756
2854277.43848
2tJt30068.99756

208443 .OUOOO
1152938.55420
Ll~73tJ7.lJtJ672

1U9642.11OLJ4
3843 U6.11C84

179646.11084
1174535.66504
1289221.55420

944682.44336

508885.44336
325611 .2216J3
L14L34.000uo
465507.22L68
776249.33252

478358.33252
833532.55420

26965.00000

WE IGtlT SUM
25 M. UUO(JO
404.0(3000
429.00000
408.00000

11 CJ8. OUOOO
358.000cJO
65a. o130(30

1304.00CCJO
1083.00000

154.00000
783.00C0O

1437.00000
loqo4.000oo

212.00000
324.00000

74



L6
11
18

;:
21
22
23
26
25
L6
27
2e
29
30
31
32
.33

34
35
36

37
38
39
40
41
*2
43
44
45
46
47
48
69

50
51
52
53

-54
55

56

57
58
59
{. (J

61
62
(,3

64
65
66
u?
68
69

70
71

(2
13
74
15
76
77
78

lh121. u8630565
lhLs)+.361*24fQ7
1/,.2.)4.02546517

lh5v5.7~R121(14

16 Hti H.2YnW19’l
10’)00. 20693404”
16’129. r667L407
L70ro.4757r450
11154 .y21033t)0

173(21.90134193
17%69.55575599
L !466.22402628
L18(13. J8290[158
11908 .1”/5Y5670
17 S68.71QV.7C71
1{11 H5.79q37045
ld.?53.872YOti47
lH26i3.4443$lqQ

Iw295. 17179586
192’) 9.50? 33173
lh383.~4~41735
lb4U6. 52398[184
18530. 79924uQ~
11;607. 00227689

18749.8+417914
lt1759.1ti O09Y84
lf17,14. d2ti03976

1HN3Y.26T4513S
lt, q32. 767(> 8”)31
lql15.4f+’+40072
1.)11’). 75571(86H
19127 .21152 (,5t3
1’/1<)2.40129091
19307.74999342

194?1.35970798
LY40Y.03753620
1Q552. 51~50410
1Y(,40.14742H1P

L’JW7. SOPG43!51
L9668.42393914
197113.33393151
lvt126. (,6q!i3L6P
19 WH.4H469S1O

19dl*4. 52056690
1’)}) 05. 51?54374
26114..?~/><1l4q3
c!OL43. L12f>29\lon
2U21h. !;2/Gl,.’)/>

ZJZ’iti. 14277552

zoJ,)6. i15541636

2i13 11. 54a94962

2J391.5f3R95 113
J“t,~~.51?,)326h

.?0452. 79749q78

20464.52047429

20525.39044732

2(J~28. CY103522

2056 V.22?32170
213h21. 2920215<4

20651.20527271
20661 .507 LJ9f107
20712.17581216

20719.03-066156

CA LCULArEl) LIIIE
4087.55399(,09
4135.24, )154(J5

4156.(,3(,52637
416C.0Uf,8VlU6
4172. 7(J20J106
4174. 53’)q(lr77
4177.98054875
41H1.U5’)UH69H
4220. 0t140tllJ34

4221. M2L2SII>7LI
4272.4U4031113
4276.09030198
4282.73,)74L)76
4234.45464qL7
4287.57j5)939

4293. 71~66135
4i17.2566h!i.\2
4337.4v93L915
4338.46$189049
4348. lu5745tl
4355. t5143(*74

16121.00000
16195.00000
162’)4. 00000
16s[!5.00000
1688H.00000
16[)(30. 0(,000
16VZ9.MOUCI
1707(3. 00000
17154.00000
173(>1.00000
1731> 9.00000
11468.00000
17803. 000nO
17w8.00000

17S68.COUOO
181s5.oclouo
lt{253.00U0O

18260.00000

182’35. 000(10
ltJ.299.000oo
1S383.00000

18406. Ooono
ld530. OCJOOO
ldb07.00U0O
ld749.00C@O

1Y759.00000
18794.00900

18H39.00LJOO
18932.000(10

19115.00000
1911q. Ooouo
19177.00000
19192.00000
19307.00000

19471.00000
194139.000(lo

19552. fJOUOO
1Q640. 000(30
19647.000UO
1961>8.00000

lq783.ouooo
19826.00000
19wR.000(i13

lqL!64.OLJOOO

198u5.000on
20114.00000
20148.00000
Zozlt1.000!)o

202s8. Coooo
20306.00000
20311.00000
203~)l.oocJoo
~(3420. 00000

21j452.000oO

204A4.00000
20525.00000
20528.00000

20569.00000
20621.00000

20651.00000
20661.00000
20712.00000
20719.00000

II MS ERVFO LINE
L087.5HOO0
4135. 31000

4156.72000
41150.c4000
4172.71000

4174.67uo0
4178.r330d0
61H1. L1OOU

4’?20.07000
4221.2/000
4273.2400u
4276. 1600u

42$2. 14000
4284.72000
42117. &6001)
42Q3. 77000

+317.27000
4337.52000

433e.i5400(l
4348. 150f30

4354. U500(J

.88631

.36425

.02547

.788L3

.29094

.36693

.76671

.47577

.02103

.99L34

.55576

.22403

.80290

.L7596

.7L998

.999>7

.87291

.44434

.77780

.50233

.24342

.52398

.7’3925

.80228

.84918

.18010

.82804

.26345

.76768

.49940

.7557L

.21152

.40129

.74q99

.a5971

.03754

.519w

.L4743

.50804

.42394

.33393

.66953

.43470

.52025

.51254

.296-?L

.02629

.t32702

.14278

.135542

.54895

.50HY5

.51293

.rv150

.52047

.39045

.B9104

.22232

.2q202

.20527

.51J710

.175t31

.03067

OIFFEREtiCE

-.02
-.[16
-.08
-.nj

-.01
-.14
-.05
-.05

.01

.56
-.ti4
-.L17

-.01

-.21
-.09

-.05
-.(J1
-.02
-.17
-.04

.40

. --- --- .-
LU31.UUUUU

10570.00000
122210.11084

6UIX17.00000
54.00000

41212.00C0Il

152419.11084
152602.11084

L345.0i10130
152277.ILOH4
223592.22168

40995.000.00

111552.11084
224013.22160

iHn8.000oo
40783.OCIOOO

223580.22168
729.00000

112164.11084
112210.11084

111681.11084
152206.11OI44

1162.00000
l12~L4.11084

1070.00000
224121.22168
112631.11084
112494.11084
113956.11084

945. COOOO

57Y.00000
112W3. 1108+
113052.11084

850.00000

122989.1LO134
L0487.OLJOOO

123231.11084
10458.00000
411a7.000130

11445.00000
335415.33252

234142.22168
40}]25.00000

111969.11084
153544.11084

234h46.22167!
14231O.11O(I4

274200.221bfl
121177 .L1OI34

122048.11084
122443.11084

50837.00000

375136.33252
4U104. OOOOO

162010.11084
233542.22L68

412<~9.00000

303917.22168
152426.11084
lllllq.11084
263+80.22168
111673.11084
192456.11084

tiE’ltiHT

.25.00
4.00

4.00
4.OU

25.00
100.00

4.00
25. OU

4.00

4.00
4.00
4.00
4.00

25.00
4. 0(1

25.00
100.00
100.00

25.00
25.00

4.00

I(OW LEVEL

15”f20.68451
19489.0375+
L~127.21152
17070.47577

lq885.51254
1563 i.tJ0669

16121.88631
15638.33487
20464,52047

19192.40129
15831.06373
17900.17596
14839.73333
20528.89104
15732.15923

19647.50804
15720.68451

lf183Y.26345
18749.849113
15638.33487
14643.83576

COL LEVEL
11633.12552
L5353.78838
149ro.57499
12910.46888
15712.81045
11457.2757q
11943.90576
11457.27579

16244.43639

14970.57499
11558.65970
13632.08565
1055?.00258
16244.43639

11444.58563
15353.78838
L1403.42783
14501 .764L3
14411.38029
11290.22913
LC2813.5L1432

75



4383.4477511LI
4427.070071S3

442 i. f,3590.4’i 1
4429. 54!,54-~36
445(1 .4 LL65~33

4451.43246449
4459. oYl*!37a55
4404. 19<)645?2
44)7.07834518
4505.6 d15S652
4506. 01(> ’i6629
4518. 36)6 L4S17
4521. 3ti?j~4L6
4522.06291889
4!i31.7241(, l!i8

4553. 91.J7L514
45h2.8312(,l!f18
4561. 3iL79253
4574. b907fljh9

4581.9445f3Q09
45t43.4b791t.OL
460a. 432u0679
441?.1.27M3214(4

4644...!549(lh4l
465C. rt:314’-lt,3

4L6G.J39[)94827
4671..%0061400
4704. 11.) LL206

4727. lJ22121b4
4735.36516411
4733.CIJ94(,2’10
4158.734Z.47.?6

4812. 75.j9$7.%Ll
4d2t!. 7d749464
4t131. 7241 f)9J9

4ti51.37050t4!9
4b56. c)9453839
4072. tJb2Li074
4890.59763750
4892.4 L248L44
4906.U9070820
4912.25,)31i944
4931.66772430
4934. 317 J68c4
4946.lJL497b5L8
4948. 90’)2St>48
4992. 391 CI01328

5007. 10: J03.3fJ5
5049.51234257
5070.%05L.4(J1
5d81. t,557b5t14
5101. I!6335423
>105. 76Qlo4~4
5110. 7320 C)214
5127. C.1444413
514’3.721V?Ot2

5163.6tIL95Cl:”/
5175. 1026 S{!]6

5.?l G.11152{11J0
5230. 6L1w859
5239. 6uf>.35028
5253.3/912742
5257.04.!h5fJ6Ll
5211. 30777102
5282.94195136
5284.49415173

5296.64118 $7’*7
5301.943646905
530e.05f, t132(}3
534i. f84Clb.?!i0
5349. t5n55052
5364. 93 J.5dwJ

5371. 107 O13I41

S412. iL155946
5412. ?1’’)9.221>9
5425.6497.J.)09
5437. 35n.?5760
5443. L1114H?7
5+69.5i)llti558
5472. 4.) UC);! ’+19

5512. 22’)51/t714
5523.526w85il

5526. 33~1 Uti720
5545.72103436

5S52.Lr067Q1J7
555/. 33/,3 :il,i’j
5564.Ud\727115

4302. 15000

4427.46000
4427. 7Loa(J

4429./>7000
44513. 34130(J

4451.4500U
445Q. 100I3O

44114. E2000
4496.3oooo

45[15.!32000
4505.$9000
451)4.36000
45?1.50000
6522.C6UO0

4531. 7UUO0
4553.6COO0
4562.89UO0
1.567. 3200U

4574. 73000
4587.51000
45U3.430(J0
66ne.4(20uo
4631.26000

4643.45000
4651.49000

4660.26000
4A76. 79000

4703.16000

k7?7.’lOUOO

~.735.321200
4731!.C700U
4758. 74uon

4Hli!.6300Ll

482d. /4000
4e31. 77900
4!75L.51OLIU
6856. 1800!)

4872.630U0
4t3cjn. 5700u
4892.56000
4Ql16.84000
&912.2700u

4931.72000
4Q34. 3&o13L)
494~.f16000

4%8.904)00

+9$J2.76LI00
5n[)7. btjoo(l

5048.41(30U
:,0-10. !60GU
)081.61000
5102.78000
5105.72000
5110. 71 OL3O
5L27. L7d0u
51!..?.4ILOO[)

5163.59000

5175. 1C071U
5211. 7dUOtJ
5231.5700fJ
5240.21000
52S3.6200U
5257.59000
5272.lIOOU

5?@2.8700U
5284.51000
52Q6.5700a

5301.$900U
5307.950U0
5341. 72000
534q. /1000
5364. ;4000
!i371. C5C100

5412.24000
~/,12.6boo13

5424. 7400U
5437.30000
5443. C60i_I0
5469. CC(JOU
>473.15000

5512.20000
s523. 413,)13(1

55 ZtI.2YOOU
55/.5.69000
5572.24000
55’i”f. 3100(3

5564 .88 UO()

.70
-.39

-.0?
-.12

.07

-.02
-.01
-.02

.78

-.14
.(1 3
.(IO

-.11
.I)u

-.(16

.31
-.U5
-.01
-.0/,

-.57

.04
-.03

.02

.80
-.71

.64

.51

.96

‘.08
.05
.02

-.01

-.07
.f)!i

‘.(J5
-.13
-.09

.433

.33
-.15

.05
-.01
-.(J5
-.[)4

.03

.01
-.3t
-.56

.04

.09

.C,.5
-.,)2

.(15

.().?

-.OH

-.09
.09
.00

‘.86
‘.96
-./>0

-.04
-.55
-.U6

.07
-.02

.07
-.00

.11

.06

.04
-.7)1

.06

.07

.65

.91

.05

.05

.50
-.(>6

.03

.05

.U5

.U3

.{)4

.03

.00

4.00
4.00
4.00
4.od

25.. ao

25.00
25.00

25.00
4.00

4.OU
4.00
4.00

100.00
25.00
25.00

4.00

LOO. Oti
25.00

1(30.03
4.00
4.f30

100.00
25.00

+.(30
4.OU
4.00
4.OU

4.00

25.00
25.00

100.00

25. OU
25.00
25.00

100. OU
4.00

25.00
Lou. oo

4.00
4.00

25.00
4.OU

1130. oG
+.06

25.00
25.00

4.OU
4.OU

25. OC
4.00

25.00
4.00
4.OIJ
4.00
4.0L3
4.0[1
4.oiJ
4. Otj

4.OU
4.00
4.00

100.00
4.00
4.o13
4.O(J
4.00

25.00

25.00
4.00

25.00
25.00
25.00
25.00

4.00
4.00

4.00
25.00
25.00

4.00
4.00

25.00
25. OC

25.00
4.00

4.0(!
4.00

100. OU

1879$.82804
19885.51254
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