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ABSTRACT 

Long baseline interferometry software and data, 

developed by the Canadian L.B.I. group at York University, 

has been combined with a least squares adjustment package. 

The options have been implemented to accept an input of 

both weighted parameters and functional parameter constraints. 

The results are then analysed statistically, including a 

chi-square goodness-of-fit test on the residuals, a 

rejection criteria for residual outliers, and a chi-square 

test on the variance factor. 

The package has been developed with close regard to 

computer economy. Computer storage space has been reduced 

by 60% and processing time has been reduced by 96% compared 

with the previously used maximum likelihood adjustment 

routines. This increase in efficiency has resulted in an 

ability to input a large number of observations and, 

accordingly, in an improvement in accuracy. 
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CHAPTER 1 

INTRODUCTION 

This thesis describes a least squares adjustment 

package written for one specific geodetic method: long 

baseline interferometry (L.B.I.). The importance of 

L.B.I. to the determination of geophysical and geometrical 

properties of the earth has been extensively discussed 

by such authors as Jones [1969], Meeks [1976], Cannon 

[1978], and Shapiro [1978]. Only a brief description is 

thus given of L.B.I. principles sufficient to outline the 

L.B.I. process and the specific computational problems. 

The main concern has been to produce an efficient 

adjustment and statistical testing package to process 

L.B.I. observations. The routines developed from this 

work form a contribution to the Canadian L.B.I. software 

system [Cannon, 1978; Langley, 1979]. 

The initials V.L.B.I. will be encountered in some 

literature, the V standing for "very". There is no 

implied difference between V.L.B.I. and L.B.I. except 

that L.B.I. tends to be used by the Canadian workers 

centred at York University in Toronto. The other main 

groups v.;orking on L. B. I. are the "East Coast Group" which 

includes the Massachusetts Institute of Technology, in 
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Cambridge, Massachusetts, t:he Haystack Observatory, 

Westford, Massachusetts, and Goddard Space Flight Center, 

Greenbelt, Maryland. The "West Coast Group" is based at 

the Jet Propulsion Laboratory, Pasadena, California. A 

European group is centred at Bonn, West Germany. 

The historical background to the Canadian system is 

that radio astronomers at the Herzberg Institute of Astro

physics in Ottawa, the Appleton Laboratory in the United 

Kingdom, and the University of Toronto, have developed 

instrumentation to study compact extragalactic radio 

sources. These organisations are concerned mainly with 

astrophysics. Use of the Canadian observations as a 

geodetic tool was initiated by the Geodetic Survey of 

Canada [Jones, 1969], and was continued by a group at 

York University in Toronto. 

The group at York University have developed software 

to determine parameters of geodetic interest that uses a 

maximum likelihood adjustment. The maximum likelihood 

routines were considered very expensive to use on the 

computer. The central processor unit (C.P.U.) requirement 

in time and immediate access store space were restrictively 

high to the extent that from an observation period involving 

5,700 observations a sample of only 180 were processed to 

give results [Langley, 1979]. A more efficient adjustment 

package ~ould allow the economical use of the full set of 



observations. anrl correspondingly a decrease in the 

standard error of results, since accuracy of a set of 

independent observations is proportional to the square

root of the number of observations. 

3 

The aim of this thesis has been to produce an 

efficient least squares adjustment package. The options 

have been implemented to accept an input of both weighted 

parameters, and functional parameter constraints. 

Statistical analysis used includes a chi-square goodness

of-fit test on the residuals, a rejection procedure for 

residual outliers, and a chi-square test on the variance 

factor. 

A data set of 180 observations was processed at York 

University using the established computer package, 

including the maximum likelihood adjustment. This package, 

the data set of 180 observations, and the full data set 

of 5,700 observations were then transferred to the 

University of New Brunswick. The author reproduced the 

output computed at York with the maximum likelihood 

adjustment. A least squares adjustment was then used to 

produce the same results, but at a more economical level. 

As a result the immediate access store requirement was 

reduced by 60%, and C.P.U. time was reduced by 96%. The 

full data set of observations was then adjusted and 

standard errors were found to be reduced by a factor of 
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approximately five. The author's least squares adjustment 

routines were thus considered ready to be used in any 

subsequent L.B.I. observation set analysis. 

Chapter 2 describes the basic principles of L.B.I., 

showing the mathematical models used in the adjustment, 

and summarising the observing process. Chapter 3 shows 

the derivation of the least squares adjustment equations, 

and Chapter 4 outlines the statistical tests available 

in the routines. Chapter S comments on some attributes of 

the author's computer subroutines, especially those which 

have allowed the reported savings in computer storage 

space and C.P.U. time. A comparison of results between 

the maximum likelihood and the least squares adjustment 

routines, including results from a full observation set, 

is given in Chapter 6. Chapter 7 concludes with recommen

dations for future work. 



CHAPTER 2 

A BRIEF INTRODUCTION TO L.B.I. 

This chapter gives a summary of L.B.I. as used for 

geodesy. Some aspects of the radio sources are discussed. 

Definitions are given of the observables: delay and fringe 

frequency. Parameters which are typically resolved such 

as the baseline components, source directions, and clock 

polynomial .coefficients are outlined. Simplified descrip

tions are given of the L.B.I. models used in the adjustment 

process, and also given is a limited description of the 

L.B.I. observing and processing sequences. 

2.1 The Source of the Radio Signal 

In L.B.I. observations are made of the signal emitted 

from compact extragalactic radio sources which, for astro

physical purposes, can be classified into quasars, 

Seyfert galaxies, and BL Lac type objects. Definitions 

of these source types are beyond the scope of this thesis. 

The sources are situated at extragalactic distances allowing 

an assumption of being at infinity. Angular size and 

proper motion are negligible to the extent that the 

sources may be considered as points fixed on the celestial 

sphere. These sources can thus be useful to define a 

stable celestial reference frame. 

5 



Since the radio signal received is weak directional 

antennae of dimensions between twenty and forty metres 

6 

in diameter are commonly used for reception. The signal 

reaches the earth in the form of plane wave~fronts because 

of the sources being sited at such large distances. It 

is these plane wave-fronts which, on being received by 

pairs of antennae, give the L.B.I. observations. 

2.2 Definitions of Observations of Delay and Fringe 

Frequency 

An L.B.I. baseline, shown in Figure 2.1, is defined 

as the vector between two antennae which record the plane 

wave-fronts from a source. Delay is the time taken for a 

particular wave-front to pass between the two antennae. 

Because the earth is rotating both antennae will be 

moving and introducing a Doppler shift to the recorded 

signal at each station. Fringe frequency is the difference 

in Doppler shifts of the recorded signal at each station. 

Delay and fringe frequency are the observations of interest 

to geodesy and for the respective instant of time express 

a relationship between the baseline vector and the direction 

to the source. 

2.3 Resolvable Parameters 

Parameters which may be deduced from L.B.I. include 

the three dimensional baseline vectors, and the directions 

to the sources. The absolute position of the baseline 



Antenna at 
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Figure 2.1. L.B.I. Baseline Receiving Plane Wave-fronts. 
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vector cannot be resolved from L.B.I., so baseline results 

are usually given as differences in three dimensional 

cartesian coordinates of the respective stations. Source 

directions are conveniently expressed in the form of right 

ascension and declination. 

A third set of parameters are clock polynomial 

coefficients. A polynomial is used to model the difference 

in time as given by the clocks at each station. The in

corning signal at each station is recorded on magnetic tape 

with precise time marks given by a clock. These clocks 

will have errors, and these errors will not be constant. 

Absolute error cannot be detected, only the difference 

between the two clocks affect L.B.I. observations. A 

polynomial in time is thus used to represent the error 

difference between the two clocks: an epoch difference 

gives a zero order polynomial, a rate difference implies 

a first order polynomial, and a difference in acceleration 

gives a second order polynomial. The order of the clock 

polynomial should represent the instability of the clock 

mechanisms, but the exact modelling is unknown and either 

an order is assumed, or a search is made with varying 

orders of polynomial. The polynomial fit which forms a 

minimum of the sum of the squares of the weighted residuals 

can be accepted as the best model. 

Clock polynomial coefficients are not directly useful 

to geodesy, but their values do indicate the stabilities 
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of the clocks, and their correct modelling is important 

to yield parameters which are directly useful to geodesy. 

There are other parameters which can be determined 

by L.B.I. such as the earth's rotation, and polar motion, 

but these are held fixed in the model routines used by 

the author. 

2.4 The L.B.I. Models 

Models are mathematical relationships between sets 

of parameters and observations. They are used to derive 

the solution equations for the parameters. In L.B.I. 

there are two classes of models: a non-linear parametric 

model relating observations and parameters, and a linear 

model relating only parameters. 

The non-linear parametric class of model can be 

derived from Figure 2.2, showing a baseline of length 

1!1 between stations 1 and 2. The source is essentially 

at infinity in the direction of unit vector §. The angle 

e is between the directions to the source and of the 

baseline vector. 

In Figure 2.2 the wave path difference (cT) is the 

distance travelled by a wave-front between the two L.B.I. 

stations. This shows the delay observation. The speed 

of light is c and the value of delay is T. The formula 

for the geometric value of delay can be deduced: 



Station 1 

c:t 

Baseline 
vector 

10 

Station 2 

Figure 2.2. Two L.B.I. Receivers Observing a Source~ 
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CT 
cos·e = r~l (2.1) 

T :::: 1.&1 cose 
c ( 2. 2) 

The observed value of delay is measured from the 

difference in the times, as given by the two clocks, that 

the wave-front is received at each antenna. The measured 

delay thus involves a polynomial to model the clock's 

error difference. The same symbol T can be used for 

measured delay. 

( 2. 3) 

The argument of the polynomial is time (t), and the co-

efficients are ai, i = 0,1,2, ... 

Fringe frequency has been defined as the difference 

in Doppler shift of the received signals at the two stations. 

This is equivalent to the rate of change of cycles of the 

received signal along the wave path difference. The 

number of cycles of the received frequency along the wave 

path difference equals frequency multipled by delay: 

cycles ;::: fT (2.4) 

Measured fringe frequency (F) equals the rate of change of 

the number of these cycles. 
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F 
ClT 

fat (2.5) 

Differentiating equation (2.3) with respect to time 

f d8 
F = -c I !I sine at + f (a1 + 2a 2 t + ••• ) (2.6) 

The clock polynomial coefficients of the fringe 

frequency observation equation (2.6) are in theory functions 

of their respective coefficients in the delay observation 

equation (2.3). This could be implied as a constraint 

into the adjustment or could be allowed to vary, but 

subsequently checked to validify the adjustment. 

When three stations simultaneously observe a single 

source further constraints may be imposed on the adjust-

ment. The differences in clock errors around the three 

baselines sum to zero. This is implied by the summation 

around the three baselines of each respective order of 

polynomial coefficient to zero [Langley, 1979]. 

3 
L: 

j =1 
a~ 

1 
0 (2.7) 

The number of the baseline is j,. and i the order of the 

polynomial. 

Previous estimates of parameters can be introduced 

into the adjustment as parameter constraints. A source 
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position, for example, can be set equal to a pre-determined 

value with a weight representing the amount of confidence 

in the value. This is essentially an observation of a 

parameter. 

There are two models in the L.B.I. adjustment. The 

first describes the expressions for the measured observations 

of delay and fringe frequency. The second describes the 

constraints which may be imposed on the parameters. A 

relationship between parameters which is known to be true 

is termed a functional parameter constraint, while an 

estimation of a parameter with a weight is termed a weighted 

parameter constraint [Mikhail, 1970]. In the author's 

adjustment the functional parameter constraints are not 

rigorously applied, but are included as observations of 

parameter relationships with high weights. This is 

further discussed in Chapter 5. 

Equations (2.3) and (2.6) are simplifications of the 

equations used in the York L.B.I. software [Langley 1979; 

Cannon 1978]. The reduction phase of the process involves 

a tropospheric correction. The York software model 

includes the effects of the retarded baseline, precession, 

nutation, polar motion, solid earth tides and the variation 

of UTl-UTC. 

The constraints on the clock polynomials are only 

correct with perfect .instrumentation and a simplified 



earth model. The delay clock polynomials are due to a 

combination of the atomic frequency standard and the 

clock, while the fringe frequency "clock" polynomials 
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are due to a combination of the atomic frequency standard 

and the oscillator. The sum to zero around a three

baseline array is not always implied because of the effect 

of the retarded baseline. 

2.5 Ihe L.B.I. Observing and Correlation Process 

An L.B.I. observation period may last for several 

days with perhaps an observation every minute. There is 

thus a large number of observations and computer control 

and magnetic tape storage is required to process the data. 

Two antennae simultaneously record the signal from the 

same source. The received signal band at each antenna 

is translated to a lower frequency band to allow recording 

on magnetic tape together with accurate timing records. 
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Figure 2.3. The L.B.I. Process. 
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At a later date two tapes for each baseline are played 

back at the correlator facility. Using the recorded 

time signals one tape is delayed with respect to the 

other until obtaining a maximum correspondence between 

the two signals. The observations of delay and fringe 

frequency for an instant of observation time are abstracted 

and recorded on magnetic tape. The final processing stage 

is an adjustment using the delay and fringe frequency 

observations to resolve the parameters of baseline 

vector, source direction, and clock polynomial coefficients. 



CHAPTER 3 

LEAST SQUARES ADJUSTMENT 

In this chapter the least squares solution is derived 

from the two classes of L.B.I. models. The least squares 

solution gives estimates for the parameters which minimise 

the summation of the squares of the weighted residuals 

[Mikhail, 1976]. The true parameters cannot be deduced~ 

but least squares gives a best estimate of parameters. 

The derivation uses the Lagrange method. The covariance 

matrix of the results is deduced, and the expression is 

given for the variance factor. 

Symbols used in this chapter are underlined capital 

letters (e.g. ~) for a matrix, and underlined lower case 

letters for a vector (e~g. ~0 , !). 

3.1 Derivation of the Least Squares Equations 

3.1.1 Input for the adjustment 

A major input into the adjustment is the vector of 

observations pertaining to the first model of Chapter 2 

(2,3), (2.6), and its covariance matrix (_g_.Q)· The second 

model outlined in Chapter 2 involves the constraint obser-

vation vector (1) and its covariance matrix (C). 
-X -X 

The two mathematical models for L.B.I. relate the 

parameters and the observations. 

16 
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F (x, ~ ) "'' 0 -2 --X -
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(3. 1) 

(3.2) 

The observations will have errors, so the true 

observations (i,l ) are given as the observation plus the 
- -X 

residual. 

A 

~ ~ + v 

1 = ~ + v 
-X -X -X 

(3.3) 

(3.4) 

The a priori parameteT vector (~0 ) is the initial 

guess of the parameteTs. Added to the parameter increments 

(~) gives the coTTect parameters. 

X (3. 5) 

The adjustment will give an estimation of the parameter 

increment vectoT. 

3.1.2 A Taylor's expansion of the models 

The models are currently in a form expressing the 

true parameteTS and true obseTvations. The a pTiori 

parameters and obseTvations, and the paTameter increments 

and residuals, can be involved using a Taylor's expansion, 
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but neglecting second order terms. 

xo i - ,_ 

• v (3.6) 

The misclosure vector is 

(3.7) 

The first design matrix, sometimes termed the A matrix is 

~1 = .(3.8) 

The second design matrix, or B matrix is 

~1 (3.9) 

The model can thus be expressed: 

~1 + ~1 ~ + ~1 ~ 0 (3.10) 
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A similar expression can be derived for the second model. 

~2 + ~2 §.. + Q.2 ~2 0 . (3.11) 

Neglecting the second order terms in the Taylor's 

expansion can falsify the deri~ed equations. If the model 

is linear, then the second and higher order terms will be 

zero. With a non-linear model, but with ~ priori parameters 

selected as close to the true parameters, then the second 

and higher order terms will approach zero. In general 

one would continue iterations of the adjustment using 

updated parameter values until the iterations cease to 

significantly change the results. 

3.1.3 The least squares solution by the Lagrange 

method 

The sum of the weighted squares of the residuals can 

be expressed in matrix form for the two models: 

vt P v 
-X -X -X 

(3.12) 

(3.13) 

where In and P are the weights of the respective obser-
x.- -X 

vations. 

The variation function is formed: 
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<P 
t 

E_g, + v t p v v v 
- -X -X -X 

t 0 ~1 + ~1) + 2 ~1 (~1 + v 
-

t 0 ~2 + ~2) (3.14) + 2~z C~2 + v 
-X 

k1 and k 2 are column vectors of Lagrange correlates which 

will be determined. The extremal value of the variation 

function is found by differentiating with respect to the 

unknowns (~, ~x' ~' ~l and ~2 ) and equating each derivative 

to a zero vector. 

acp 2v t E_g, + 2kt ~1 0 av = = -1 

. . ~,Q, v + -
Bt 
-l k = 0 -1 - (3.15) 

a <P = 2v t P 2k t B o ay- -x -x + ~2 -2 
-X 

t 
~X ~X + ~2 ~2 = Q_ ( 3. 16) 

~i ~1 + ~i k2 = Q_ (3.17) 

a <P = s: a Rl ~1 u + ~1 v + ~1 = Q_ (3.18) 

(3.19) 
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Simultaneous solutioa to equations (3.15) through 

(3.19) is the least squares solution. The result gives 

the minimum of the sum of the squares of the weighted 

residuals since the second derivatives of (3.15) and (3.16) 

are positive through the definition of the weight matrices 

and P being positive definite. 
-X 

A hypermatrix expression is formed for the simultaneous 

equations to be solved: 

PR. 0 Bt 0 0 v 0 -1 -
0 p 0 Bt 0 v 0 

-X -2 -X 

~1 0 0 0 ~1 ~1 + ~1 = 0 (3.20} 

0 ~2 0 0 ~2 l !2 
~2 

0 0 At 0 0 0 -1 

The method of partitioning of matrices is used where, 

given 

0 (3.21) 

then 

-1 
~I = - Q c_g ~z + ~1 l (3.22) 

and 

(3. 23) 
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where matrix Dis not singular. Equation (3.20) is solved: 

[~J- -[ J-1 ( t J ~~ Q ~1 ~1 
0 ··. P Bt k 
~ · .. -X -2 -2 

(3. 24) 

" -1 Bt ~1 v = -P 
- -~ -1 (3.25) 

,., -1 Bt ~2 v = -P 
X -x -2 (3.26) 

Further partitioning will result 1n expressions for all 

the variable parameters. 

" M-1 A 

~1 = (~1 ~- + ~1) -1 (3.27) 

where ~1 = ~1 
-1 Bt ~~ -1 

(3.28) 

" -1 " 
k2 = ~2 (~2 i + ~2) (3.29) 

~2 = ~2 
-1 Bt p 

-x -2 where (3.30) 

A t 1 t -1 -l t -1 t -1 
~ = - C~1 ~i ~1 + ~2 ~2 ~2) C~1 ~1 ~1 + ~2 ~2 ~z) 

(3.31) 

The 'hat' symbol above the solution vectors signifies that 

these are only the best estimates as given by the least 

squares solution. Another defined solution might give 



different results, and neither may be the true results. 

The normal equation matrix (~~ ~ll ~l + ~~ ~2 1 ~2 ) is 

seen to be the summation of normal equations due to the 

two respective models. The vector of constant terms 
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(~~ ~~l ~l + ~~ ~2 1 ~2 ) is similarly the summation of the 

vectors due to the two models. 

3.1.4 Solution simplification of a parametric model 

Equation (3.31) is used in the author's adjustment 

routines, but 1.vi th some simplification. Both ~l and ~2 are 

negative unit matrices from their definitions of being the 

derivatives of the model with respect to the observations. 

The definition of a parametric model is that B I or 

B = -I. 

~1 -I (3.32) 

~2 -I (3.33) 

If the constraints are not used, or not all of the 

parameters are involved in the constraints, then there 

are some modifications to the contributions due to the 

second model. Without constraints, these contributions 

reduce to zero. When only certain parameters are involved 

then only additions corresponding to those parameters are 

added to the normal equation matrix and vector of constant 
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terms. Considering the addition of the second model in 

(3.31) and using _B2 =-I and C-l = P , the additions become -x -x 

and 

At P A 
-2 -x -2 

The problem of zero diagonal elements of P is not 
-X 

encountered: terms are added to the normal matrix and the 

vector of constant terms as defined by the parameters used 

in the constraints. 

3.1.5 The residuals 

The equation for the residuals from the first model, 

from equations (3.25), (3.27) and (3.32) is 

A 

v ~1 8 + ~1 (3.34) 

The residuals from the second model are derived from the 

computed value of the model misclos~re: 

(3.35) 

3.2 Covariance Matrix of Parameters 

The covariance matrix of the estimated parameters (f6) 

is deduced from the covariance matrix of the observations 

using the covariance law. The covariance law in matrix 
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form is given by 

(3. 36) 

where J is the Jacobian of transformation between the 

observations and the parameters. 

A 

0 = ~(~) (3.37) 

a~(~) 
J ::: 

at (3.38) 

It is cnnvenient to use equation (3.31) which has the 

vectors of constant terms, ~~ and ~2 , as the variables 

to be transformed. From equations (3.7) and (3.9) 

0 
,~) ~1 

::: ~~(~ 

a~l 
t 

c a~2 
(3.39) = ar g_t ar--wl 

c ~1 c Bt = ~1 (3.40) 
-wl -t -1 

0 ,t ) ~2 ~2 (~ -X 

a~z 
t 

c a~z 
(3.41) = -C rr--wz at -x 

-X -X 



B C Bt 
-2 -X --2 ::: ~2 

The covariance matrix of th~ parameters can be 
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(3.42) 

derived using equation (3.31) and the covariance matrices 

of the misclosure vectors (3.40) and (3.42). 

(3.43) 

This assumes zero correlation between the two misclosure 

vectors. Matrix manipulation can be shown to give 

(3.44) 

Noting that a covariance matrix is the inverse of the 

corresponding weight matrix, equation (3.44) is the 

inverse of the normal equation matrix, as given in equation 

(3.31). 

3.3 The Variance Factor 

The standard error of observations (f..Q.) may not be 

known, but for a solution relative errors of observations 

-1 
(f.Q.) must be known for substitution into equation (3.31). 

Then the covariance matrix is known only to a scale factor. 

(3.45) 
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This scale factor is termed the variance factor, and 

gives the standard error of an observation of unit weight 

as given by the weight matrix £1 . The variance factor 

does not affect the estimation of the results for the 

parameters or the residuals, but it does scale the co-

variance matrices of the results. 

It can be shown that the estimate of the variance 

factor equals [Mikhail, 1976] 

A A A A 

V _Pn V + V P V 
:tv -X -X -X 

degrees of freedom (3.46) 

The standard errors are known with observation sets 

used by the author [Langley, 1979], and present use of 

the variance factor, which is discussed further in Chapter 

4 has been to check the validity of these standard errors 

and of the L.B.I. models. 



CHAPTER 4 

STATISTICAL ASSESSMENT OF RESULTS 

Methods of statistical analysis of results used with 

the least squares routines are described in this chapter. 

The tests are based on the works of Hamilton [1964], 

Mikhail [1976], and Vanicek and Krakiwsky [1980], and are 

based on the confidence interval method. In general an 

hypothesis is made about a population and from a sample 

of this population a statistic is calculated which is 

tested at a particular confidence level. The confidence 

level is defined as (1- a), where a is the significance 

level. The significance level is the probability of a 

type I error: the rejection of a true hypothesis. 

The significance level can be varied, being an 

input value for a program run. The tests carried out by 

the program and described here are a test for normality 

of the residuals, a test on the variance factor, and a 

detection of outliers. The standard error of the unweighted 

delay and fringe frequency residuals, and the covariance 

between them are also evaluated by the program. 

4.1 Test for Normality of the Residuals 

The test for normality of the residuals is carried 

out because subsequent tests rely on the residuals being 

28 
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normally distributed. Different residuals will in general 

have different standard errors, and cannot be described 

as from the same normal distribution. Standardization 

will imply that all residuals have the same distribution 

and is achieved by division by the respective residual's 

standard error. The standardized residual is defined by 

d 
~ 

where v. ~ n(O,l). 
1 

v. 
1 

v. 
1 

a. 
1 

( 4.1) 

The standardized residuals are grouped into classes 

according to value. From the standardized normal proba-

bility distribution function (p.d.f.) can be estimated 

the number which should be in that class. The summation 

of the squares of the difference between these values, 

divided by the estimated value is defined as the chi-

square statistic [Hamilton, 1964]. 

n 
l: 

i=l 

2 (a. -e.) 
1 1 

e. 
1 

( 4. 2) 

The observed number in the class is ai' ei is the expected 

number from the p. d. f., and n is the number of classes. 

The chi-square statistic is obtained at the a significance 

level with (n-1) or (n-2) degrees of freedom. The degree 

of freedom is (n-1) if the computation results (~) were 
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computed from the set of observations. A second degree 

of freedom is lost, giving (n-2) if the standard errors 

of observations are unknown. In this second case the 

variance factor has been estimated from the set of obser-

vations and used to scale the weight matrix (section 3.3). 

Hamilton [1964] writes that e. should be at least five. 
1 

The subroutines group the class intervals at the limits 

of the normal curve together until e. is greater than 
l 

five. 

As a visual aid for checking the normality of the 

residuals the histograms of the standardized residuals of 

both delay and fringe frequency are printed, overlaid 

with the standardized normal p.d.f. (Figure 4.1). 

Vanicek and Krakiwsky [1980] write that the distri-

bution of the residuals will depend on what components of 

that curve are estimated from the observations. If the 

results (~) are estimated then the residuals have a 

t-distribution, while if also the variance factor (8 2) 
0 

is estimated then the residuals have a tau (T) distribution. 

For large numbers of observations both these distributions 

approach a normal distribution. The author's routines 

thus compute the estimated numbers in each class from a 

normal p.d.f. This is considered acceptable because L.B.I. 

observation sets are usually in large numbers. The actual 

computation of the estimated standard error of a residual 

is computationally expensive, but Pope [1976] concludes 
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that for large numbers of observations it can be approxi-

mated by the standard error of the observation. 

4.2 Chi-square Test on the Variance Factor 

A2 . A check is made on the variance factor (0 , sect1on 
0 

3.3), or as it is also termed, the quadratic form of the 

residuals. When the observation standard errors are 

considered known, then the ~ posteriori variance factor 

should equal one. Discussed as from the least squares 

equations in section 3.3, the variance factor can also be 

deduced from the definition of the chi-square statistic. 

Hamilton [1964) writes that the sum of the squares of 

random variables each having a standardized normal distri~ 

bution has a chi-square distribution. 

v. d 

2 
xdf = 

since 1 + n(O,l). 
(J. 

1 

n 
l: 

i=l 

2 v. P. 
1 1 

n v. 
l: ( --2:.) 

. 1 cr. 1= 1 

2 

( 4. 3) 

The ith residual is v. and its weight is P .. The number 
1 1 

of observations is n. Observations include those of 

constraints. The degrees of freedom (df) equal the total 

number of observations from both models, minus the number 

of estimated parameters. Th~ expected value of this 

statistic is the degrees of freedom. Failure of this test 
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implies that the residuals·do not have a normal distri

bution and can suggest that either the ~ priori standard 

errors of observations are incorrect, or that the L.B.I. 

models have errors. 

At the (1-a) confidence level the l posteriori 

variance factor (& 2) is compared with the l priori 
0 

variance factor (cr 2) by the bounds given by Vanicek and 
0 

Krakiwsky [1980): 

df "2 cr 
0 2 

< cr < 
0 

(4.4) 

~ 2 is the abscissa value of the x2 statistic corresponding 
X 

to the degrees of freedom, and the respective probability. 

4.3 Detection of Residual Outliers 

A detection of residual outliers is carried out by 

the author's routines. The residuals are hypothesised to 

have a normal distribution and a residual not complying 

with a normal distribution can be rejected. The normal 

p.d.f. (Figure 4.2) shows that the probability of a 

residual plotting within the limits given by the critical 

values (+c,-c) is (1-a). The probability is a of the 

residual lying outside this confidence region. Rejection 

of an observation whose residual plots outside the confi-

dence region would only have an a probability of loosing 
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a good observation. At this expense~ all gross errors 

should be eliminated. 

In the test each residual is standardized by dividing 

by the standard error of the observation and compared 

with the critical value abstracted from a standardized 

normal p.d.f. at the a significance level. All residuals 

are plotted as a function of time of observation, and 

residuals that may be rejected are shown with an asterisk 

(Figure 4.3). 

Outlying residuals may be specified within the 

context of the other residuals (max-test) or out of 

context [Krakiwsky, 1978; Vanicek and Krakiwsky, 1980]. 

The difference is outlined as the probability of one 

residual being within certain limits, compared with the 

probability of a large number of residuals being within 

the same limits. If the probability of one observation 

being \vithin certain limits is the confidence level (1-a)~ 

then the simultaneous probability of n such occurrences 

equals 

n (1-a) ~ 1-na ( 4. 5) 

In the routines, if the probability of all n obser-

vations being within the confidence interval is required 

to be defined under the significance level then each 

residual is tested individually at a lower significance 
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4.4 Standard Err~r, and Covariance Between, Unweighted 

Fringe Frequency and Delay Residuals 

The standard errors of the unweighted delay and fringe 

frequency residuals are evaluated using the £ormula 

where j = 1, 2, ... , n 

A 

(j ~ = 
l 

2 
~ v .. 
j lJ 
df. 

l 

b f h .th f b . n = num er o t e 1 type o o servat1on 

( 4. 6) 

j_ :;: 1, 2 (delay and fringe frequency observations) 

df. 
l 

= degree of freedom of the ith type of observation. 

The correlation between the two types of observation 

residual obtained for the same instant of time is calculated: 

k ( 4. 7) 

where i, j = delay, fringe frequency 

k number of time points with delay and fringe 

frequency observations 

1 1,2, ... ,k. 
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These statistics were -evaluated 1n the maximum 

likelihood adjustment. The standard error of the residuals 

can be compared with the l priori standard errors, and the 

covariance should approach zero. 





CHAPTER 5 

PROGRAMMING APPLICATIONS 

The aim of this chapter is to assist in an under

standing of the author's routines so that future users 

may be able to adapt and improve the present adjustment. 

This is achieved by outlining some specific computing 

methods used by the author. Most are applied to increase 

efficiency of the routines: compressing the A matrix, 

storing the A matrix on a sequential file, the iteration 

requirements, the use of station coordinates as parameters, 

and the method of imposing parameter constraints. An 

efficient method of detecting singularities in the normal 

equation matrix is also described. 

5.1 Compressing the First Design (A) Matrix 

There are many zeros in the A matrix because the 

partial derivatives of the model with respect to some of 

the parameters will be zero. This means that full storage 

of the A matrix, and numerical manipulations on that 

matrix will be wasteful on two accounts: much of thci 

computer space will be storing zero, and there will be 

manipulations and additions involving zero. In the 

present form of the routines the maximum number of non

zero elements in one row of the A matrix is thirteen, 
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while the number of columns in the A matrix is typically 

greater than thirty. This assumes a fourth order clock 

polynomial, six parameters corresponding to the two 

station positions, and two source parameters. Storing 

only non-zero elements in each row of the A matrix, as 

done in the least squares routines, is thus given the 

phase "compressing the A matrix". 

An integer value for each observation gives the 

number of non-zero elements in the row of A pertaining to 

the observation (Figure 5.1). An integer vector contains 

a number for each non-zero element corresponding to the 

correct position in the row if the zero elements had been 

stored. Additions and multiplications can then be carried 

out efficiently manipulating with only non-zero elements. 

The true array position of the results are indicated by 

the integer vector of element positions. 

5.2 Storing the A matrix 

For a large number of observations, a few thousand 

of which is possible after only a few days of observations, 

the storage of even the compressed A matrix would be 

prohibitively expensive. Thus the A matrix is not stored 

in immediate access computer store. At first, in the 

author's routines each time that a row of the A matrix 

was required the row was again computed. This lvas found 

to be expensive in time, as the routines used to evaluate 
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ith observation, row of A matrix 

0 • · ·· O, ail7' ail8' 0 • · ·· 0 • ai29' ai30' O, O] 

Compressed row of A matrix 

integer integer vector 

10 [1, 2, 3, 7, 8, 9, 17, 18, 29, 30) 

Compressed row 

FIGURE 5.1. The Compressed A Matrix. 
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the partial derivatives ang computed observations consume 

large amounts of time. 

The final procedure adopted was to store the partial 

derivatives in the compressed form with the integer 

vector of positions, the computed observations, and other 

necessary logistic information on a sequential disc file. 

An iteration, of course, requires complete re-evaluation 

of the A matrix, but comments on this are given in section 

5.3. The residuals however, are computed very efficiently 

using the formula (3.34): 

5.3 Iteration Requirement for a Solution 

The first mathematical model (equations 2.3, 2.6) is 

nonlinear, and iterations of the computation with updated 

parameter values should be required until the absolute 

values of the increments approach zero. The author found, 

however, that a second iteration was never required. 

(For the definition of the ith iteration it is considered 

that the first approximation (~0 ) on being updated by the 

first set of increments consistutes the first iteration.) 

The sensitivity of the model to ~ priori station coordinates 

and clock polynomial coefficients is low. The source 

positions are usually well known so often 
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one iteration will suffice.to give good results. 

It is thus suggested that C.P.U. time can be 

economically decreased by using only one iteration. The 

ability for any defined number of iterations, or until 

the increments approach zero, is available in the author's 

routines. 

5.4 Station Positions Used as Parameters Instead of 

Baseline Components 

The maximum likelihood routines use the baseline 

components as parameters in the adjustment. The least 

squares adjustment uses the station coordinates, with one 

station fixed in space. This reduces the number of 

parameters, allowing savings in computer space and time, 

since for any number of baselines there is always an 

equal or lower number of adjustable stations. For example, 

with five stations, one is fixed giving four adjustable 

station sets of parameters. Using baselines, five 

stations would imply ten baseline sets of parameters. 

A set in each case would be the three-dimensional (X,Y,Z) 

coordinates. 

The results are the same from either parameter 

definition used in the adjustment. L.B.I. can only 

detect coordinate differences, which are in effect the 

baseline components, so the least squares routines print 

out the differences in station coordinates for all 



44 

combinations of baselines. 

The covariance matrices of all baselines are evaluated 

applying the covariance law to the parameter covariance 

matrix(~, equation 3.44). 

The parameter covariance matrix can be considered as 

composed of sub-matrices corresponding to parameter types, 

and their covariance sub-matrices. 

c c c -s -s,q -s,c 

C" c c c (5.1) 
~ -q, s -q -q,c 

c c c -c ,s -c ,q -c 

The parameter subsets: 

s station coordinates 

q source directions 

c clock polynomial coefficients. 

Baseline components can be deduced as a function of 

the station coordinates. 

b (5.2) 

where b vector of baseline components 

s vector of station coordinates. 

The covariance law (equation (3.36) is applied as in 

section 3.2 to give the covariance matrix of the baseline 

components. 



45 

5.5 Weighted Parameters and Functional Parameter Constraints 

In section 2.4 are derived the two classes of constraint 

which may be implied in an L.B.I. adjustment: functional 

parameter constraints, and weighted parameter constraints. 

Mikhail [1976] gives the standard method of rigorously 

imposing the former class, using the notation of Chapter 3: 

(5.3) 

The standard method of imposing weighted parameter 

constraints is to use an observation: 

X = Q, 
-x 

A weight reflects the amount of confidence in these 

parameter observations. 

The least squares routines impose the functional 

(5.4) 

parameter constraints in a method similar to the weighted 

parameters, but with a high weight reflecting the fact 

that these constraints are known to be true. The observa-

tion is of the form 

Q, 
·-X 

( 5. 5) 
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since these constraints inyolve more than one parameter. 

Both classes of constraint can thus be included in the 

second model (equation 3.2) in the least squares adjustment. 

The main reason for applying the constraints in the 

above manner is computer economy. Equation 5.3 is 

relatively uneconomic in the adjustment. Another reason 

is that the normal equation matrix C!ir in equation 5.3) 

is inverted without the constraints. It is possible that 

the normal equation matrix is ill-conditioned without 

imposing the functional parameter constraints. When 

observing to a single source for a long period the clock 

polynomial coefficients become highly correlated with the 

other parameters. This is a consequence of the information 

content of the observables [Shapiro, 1978]. The functional 

parameter constraints may reduce these correlations. 

5.6 The "Googe Number" as an Indicator of Singularity 

The normal equation matrix used in L.B.I. can be 

ill-conditioned. The various parameters have different 

scales, in that unit changes in different parameters will 

not cause similar changes in the variation function [Adby 

and Dempster, 1974]. Computer round-off errors may then 

affect the result. There may also be high correlations 

between parameters as the observing programme may have 

been designed for astrophysics, which involves observations 

to a single source for long periods of time. This can 
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cause high correlations between parameters [Shapiro, 1978]. 

The problem of an ill-conditioned normal equation matrix 

may not be readily apparent, and computer round-off may 

even produce apparently good results. 

The author has not completely resolved this problem, 

having experimented with scaling the matrix, and calculat-

ing the determinant, but an economical ans~er, giving 

directly the poorly·determined parameter is the method of 

the Googe number [Schwarz, 1978]. This facility has been 

incorporated into the inversion routine. 

The Googe number for each parameter expresses the 

dependence of that parameter with respect to the sub-space 

defined by the previously determined parameters. It is 

calculated by dividing the respective diagonal element of 

the normal matrix into the corresponding diagonal term of 

the Cholesky decomposed upper triangular matrix before 

this latter number has been square-rooted. 

In the Cholesky inversion the normal matrix is de-

composed into the upper triangular matrix ~. where 

ut u :; N 

The Googe number for the ith parameter is defined as 

2 
u .. 

11 

n .. 
11 

(5.6) 

(5. 7) 
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To appreciate the geometric evaluation of the Googe 

number of the ith parameter one considers the first design 

(A) matrix, 

where u = total number of parameters. 

Since the sub-space corresponding to the u-i parameters 

beyond the ith are not involved, the normal matrix can be 

expressed, with convenient disregard of the weights: 

N a~ 
--l A. J -l- -

A . A. l --u -1 -1-

~L1 ~i 
t a. 

-:l 
a. 
-l 

A . a. 
--u -1 -1 

~~-1 ~u-- i 

t a. 
-l 

A 
-U-1 

A . A . 
-u-l -U-l 

( 5. 9) 

In the process of the Cholesky decomposition up to 

the ith column 

where 

u. 
-l 

0 

A- 1 a. 
-l- -l 

u.
ll 

(5.10) 



since 

2 t t -1 t 1 t u . . = a . a . - a . A . 1 u.. 1 ( U . ) - A - 1 a -11 -1 -1 -1 -1- -1- . -1-l -1- -1 

-1 
. ~i-1 

a .. 
-1 
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(5.11) 

(5 .. 12) 

(5.13) 

The matrix in the square brackets of equation (5.13) 

is recognised as idempotent. Where ~i-l equals this 

idempotent matrix, multiplication will show 

= s. 1" -l-
(5.14) 

~i-l 1s thus a projection operator. Some projection 

operators annihilate spaces [Jacobson, 1953]. Multiplication 

of 

S. 1 A. 1 -1- -1-
0 (5.15) 

shows that this projection operator annihilates, at least, 

the i-1 sub-space. Multiplication of any vector, for 

example ~i' by ~i-l' would result in the component of ~i 

which is the orthogonal complement to the i-1 sub-space. 

Thus 



so 

2 t s. 1 (5.16) u .. = a. a. 11 -1 -1- -1 

2 t st s. (5.17) u .. - a. a. 11 -1 -i-1 -1-1 -1 

since ~i- 1 is symmetric. 

(5.18) 

Equation (5.18) is recognised as the dot product of 

the vector component of a. which is orthogonal to the 
-1 

i-1 sub-space. The square of the complete length of the 

a. vector is given by 
-1 

n .. 
11 

t = a. a ... 
-1 -1 

(5.19) 

The Googe number can thus be interpreted as the square of 

h . f h 1 f h . th . h h t e s1ne o t e ang e o t e 1 parameter vector Wlt t e 

i-1 parameter sub-space. 

The Googe number should ideally equal one. The ith 

parameter vector is then orthogonal to the i-1 sub-space. 

If 1 h h .th . equa to zero, t en t e 1 parameter vector 1s 

dependent on some previously determined parameters. The 

author's routines compare each Googe number to a tolerance 

value, and prints a warning if the parameter is ill-

determined. Schwarz [1978] uses a comparison with 
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-5 -3 0.1 x 10 , but the author"found a value of 0.1 x 10 

was required to detect an ill-conditioned L.B.I. adjustment. 





CHAPTER 6 

RESULTS 

The objectives of this thesis have been achieved, 

and an economical least squares adjustment of L.B.I. 

observations, with statistical evaluation of the results, 

has been developed. This chapter gives results of 

computations involving a full data set, and a 180 

observation sub-set of that set. The 180 observation sub

set had been selected from the full set by Langley [1979] 

previous to being supplied to the author, and all obser

vations with large residuals had been deleted. The full 

data set was reduced by the author, and observations with 

residuals greater than three times the standard error 

have been rejected to leave 4,300 from the original 5,700 

observations. 

Results are given in tabular form. The 180 data 

sub-set results from both the maximum likelihood adjust

ment and the least squares adjustment are shown in each 

table. This shows that the same results are produced, 

but more efficiently, by the least squares adjustment. 

Each table also gives the results of using the 4,300 

data set, showing the increased accuracy of results 

obtained economically. Table 6.1 gives the comparison of 
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computer space and C.P.U. time from the three adjustments. 

Table 6.2 shows the corresponding baseline results, 

Table 6.3 compares the source position results, and 

Table 6.4 gives the clock polynomial coefficients. 

The parameters used in these adjustments are the same 

as used and described by Langley [1979]. The three antennae 

are at Algonquin Park (AR) Ontario, Owenrs Valley (OV) 

California, and Chilbolton {CH) England. The baselines 

can thus be described by the initials AROV, ARCH, and OVCH. 

The sources are listed in Table 6.3, except 3C 273B which 

was held fixed. The fringe frequency clock polynomials 

were two first order on AROV, one second and one first 

order on ARCH, and one first order on OVCH. The delay 

polynomials were the same in number and order as the 

fringe frequency polynomials. For the reasons described 

in 2.4 independent coefficients were used for delay and 

fringe frequency. 

The standard errors as shown for the 4300 observation 

set are not correct. The author assumed that the standard 

errors of observations were correct, while they should have 

been scaled by the variance factor. Too many outlying 

observations were rejected thus giving standard errors of 

parameters which were too optimistic. The differences in 

results shown between the 180 and 4300 observation sets 

do, however, agree at the two sigma level. 



Table 6.1 

Comparison of Computer Space and C.P.U. Time 

Adjustment 
Number of 

Observations 

Compiler 

Link region 

Link C.P.U. 
time 

Go region 

Go C.P.U. time 

Maximum Likelihood 

180 

Fortran G 

652 K 

2.66 seconds 

464 K 

298.16 seconds 

Least Squares Least Squares 

180 4,300 

Fortran H Fortran H 

652 K 652 K 

2.65 seconds 2.64 seconds 

180 K 196 K 

14.26 seconds 332.01 seconds 

Computer: IBM 370/3032 with the VS2 operating system using almost 

completely double precision. 

t.n 
.j;:. 



Table 6.2 

Baseline Component Comparison 

Adjustment Maximum Likelihood Least Squares Least Squares 
Number of 

Observations 180 180 4,300 

Baselines 

AROV 

X -3 327 634.75 ± 0. 36 m - 3 3 2 7 6 34 . 7 3 ± 0 . 3 3 m -3 327 635.20 ± 0.07 m 
y - 132 217.45 ± 0.30 m - 132 217.45 ± 0.31 m - 132 217.77 ± 0.06 m 
z - 723 369.12 ± 3.96 m - 723 369.13 ± 3.67 m - 723 369.09 ± 0. 79 m 

ARCH 

X 3 090 274.89±0.41 m 3 090 274.89 ± 0.40 m 3 090 275.36 ± 0.08 m 
y 4 245 482.03 ± 0.40 m 4 2 4 5 48 2. 0 3 ± 0. 41 m 4 245 482.17±0,09 m 
z 381 826,39 ± 4. 22 m 381 826.37 ± 3.85 m 381 821.70 ± 0. 78 m 

OVCH 

X 6 417 909.63 ± 0.89 m 6 417 909.62±0,51 m 6 417 910.56±0,11 m 
y 4 377 699.44 ± 0. 78 m 4 377 699.49 ± 0.66 m 4 377 699.94 ± 0,14 m 
z 1105 195.49±5.20 m 1 105 195.50 ± 4.19 m 1 105 190.79 ± 0.87 m 

c.n 
c.n 



Table 6.3 

Source Position Comparison 

Adjustment Maximum Likelihood Least Squares Least Squares 
Number of 

Observations 180 180 4,300 

Source 

OJ Z87 

Right ascension 08h 5lm 57~Z517 ± 0~0013 08h 5lm 57~Z517 ± 0:'0014 0 8 h 51 m 5 7 : Z 5 Z 9 ± .0 :' 0 0 0 3 

Declination zoo 17' 58'.'37Z ± 0'.'03 7 20° 17 1 58'.' 3 7 3 ± o'.' o3s zoo 17 1 58'.' 399 ± o'.' oos 

4C 39.25 

Right ascension 0 9 h 2 3m 5 5: 3 21 5 ± 0 :' 0 0 18 09h 23m 55:'3Zl5 ± o:oo1s ogh 23m ss:3205 ± o:'ooo4 

Declination 39 ° 15' 23'.' 603 ± o'.'o24 39 O 15 I 23'.'603 ± o'.'o24 39° 15 1 23;.' 60 5 ± o'.' oo5 

3C 34 5 

Right ascension 16h 4lm 1?:6100 ± o:oo12 16h 4lm 17:'6100 ± o:oo13 16h 41m 1776104 ± o:ooo3 

Declination 39° 54' 1 0 '.' 8 0 3 . ± 0 '.' 0 16 39° 54' 10'.'804 ± o'.' 016 39° 54' 10'.'8 Z3 ± o'.'oo3 

BLLAC 

Right ascension 22h oom 39:'3636 ± 0:'0014 22h oom 39:3636 ± 0:'0014 22h oom 39:3636 ± o:'ooo3 

42° o2' os'.' 56 2 ± o'.'o14 42° 02' os'.'s62 
II I " II 

Declination ± 0. 014 42° 02 08.519 ±0.003 
VI 
0\ 



Table 6.4 

Clock Polynomial Coefficient Comparison 

Adjustment Maximum Likelihood Least Squares Least Squares 
Number of 

Observations 180 180 4,300 

Parameter No. 

AROV a 2 (F) -(0.62 ± 0.03) X 10 -8 
-(0.61 ± 0.03) X 10 

-8 -(0.651± 0.005) xlo"' 8 

a 2 (F 2nd) -(0.50 ± 0.02) X 10 -8 . -8 -(0.50:!: 0.02) X 10 -(0.521 ± 0.003) X 10- 8 

ARCH a 2 (F) -(0.38 ± 0.05) X 10-S - (0.38 ± 0.05) X 10 -8 -(0.445 ± 0.009) X 10- 8 

a 3 (F) -(0.44 ± 0.07) X 10 -10 -(0.44 ± 0,08) X 10- 10 - (0. 247 ± 0,014) X 10- 10 

a 2 (F 2nd) -(0.51± 0.02) x10 
-8 

-(0.51 ± 0.02) X 10 -8 -(0,499 ± 0,004) X 10- 8 

OVCH a 2 (F) -(0.75 ± 0.61) X 10 
-9 

-(0.76±0.33)xl0 
-9 -(0,166 ± 0.061) X 10- 9 

AROV a 1 ('r) (0.87 ± 0.03) X 10 
-6 

(0.87 ± 0.03) X 10 
-6 (0.863 ± 0,005) X 10- 6 

a 2(-r) -(0.58 ± 0.09) X 10 -8 
- (0.58 ± 0.09) X 10 

-8 -(0.573 ± 0.018) X 10- 8 

a1 (T 2nd) 
. -6 

(0.63 ± 0.01) X 10 (0.63 ± 0.01) X 10 -6 (0.628 ± 0.002) X 10- 6 

a 2 (T 2nd) -(0.54 ± 0.02) X 10- 8 -8 -(0.552 ± 0.004) X 10- 8 -(0.54 ± 0.02) X 10 
IJ'1 

-6 -6 -(0.342 ± 0.010) X 10"' 6 
'I 

ARCH a 1 (-r) -(0.44 ± 0.05) X 10 -(0.44 ± 0.05) X 10 



Adjustment 
Number of 

Observations 

Parameter No. 

a 2 ('r) 

a 3 (-r) 

ARCH a 1 (-r 2nd) 

a 2 (-r 2nd) 

OVCH a1 (-r) 

a 2 (-r) 

Table 6.4 - Continued 

Maximum Likelihood Least Squares 

180 180 

-(0.82 ± 4.05) X 10 -9 
-(0.83± 3.95) xlO 

-9 

-(0.12 ± 0.08) X 10- 9 -(0.12 ± 0,08) X 10- 9 

-(0,65 ± 0.01) X 10 
-6 -(0.65 ± 0.01) X 10- 6 

-(0.51 ± 0.02) X 10 
-8 -(0.51 ± 0.02) X 10- 8 

-(1.18 ± 0.01) X 10 
-6 

-(1.18 ± 0.01) X 10 -6 

-(0,75 ± 0.27) X 10 -9 -(0.75± 0.26) x10- 9 

Least Squares 

4,300 

- (0. 906 ± 0. 079) X 10-S 

(0.558 ± 0.152) X 10-lO 

-(0.644 ± 0.002) X 10- 6 ' 

-(0.545 ± 0.004) X 10- 8 

-(1.178 ± 0,002) X 10- 6 

-(0.772 ± 0.050)x 10- 9 

U"1 
00 





CHAPTER 7 

CONCLUSIONS AND RECOMMENDATIONS 

An efficient least squares adjustment package has 

been produced and it is recommended that future analysis 

involves these routines. There are undoubtably changes 

that can be made to improve the routines and to suit 

specific customer requirements. 

7.1 Analyse Full Sets of Observations 

It is suggested that previous data sets in which 

only a small proportion of available observations were 

processed should be re-analysed. The author has carried 

out some experimentation with the full data sets and has 

found that the standard errors of results has decreased 

in proportion to the increase in number of observations. 

Lack of time has limited these experiments, but initial 

results do give cause for optimism with respect to 

accuracies which can be obtained using the full data 

sets. 

7.2 Consistency in Accuracy Throughout the Model 

Improvements in accuracy from the adjustment may 

cause some parts of the L.B.I. models to be deficient 

in attaining these accuracies. Langley [1979] reports 
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the model to be accurate to the order of 10 centimetres. 

Polar motion is currently given a single set of values 

for a three or four day observation period. It is suggested 

that full sets of observations may cause such model 

parameter errors to be above the error level of the 

least squares adjustment. A thorough analysis of the 

model is thus required to ensure consistency in error 

level in the L.B.I. model. 

7.3 Interactive Process Mode 

The author's routines were processed in batch mode, 

but it might be more efficient to use a video display 

unit (V.D.U.), and possibly a fully interactive computation 

and stor~ge process. While experimenting with data sets 

of 5,000 observations the author found the task of in

specting the residual plot and deleting outlying observa

tions time consuming and prone to errors. To delete an 

observation cards had to be punched, and the reduced data 

set stored on disc. Problems were also found with the 

paper plot residual scale. Use of a V.D.U. should thus 

be able to improve efficiency in analysing data. 

7.4 Data Storage on Direct Access File 

The present use of a sequential file to store the 

data is a main cause for inefficiency in deleting outlying 

observations. A direct access file would allow an outlying 

observation to be marked while the residual is being 
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computed, or, in an intera~tive process~ on deletion 

from the V.D.U. screen inspection~ Possibly a value over

printed in a particular column would show deletion. This 

could be involved with an ability of subtracting the 

effect of that observation from the current adjustment. 

Subsequent adjustments would check the deletion column 

of the observation storage line. An original copy of 

the unedited data would, of course, be stored, probably 

on a tape. 

7.5 Permanent Storage of the A Matrix 

Permanent storage of the first design (A) matrix 

coefficients, with observations and logistic information, 

could be combined in an interactive process. The author's 

routines, having compressed the A matrix, could be 

adapted, and lead to even greater C.P.U. time efficiency. 

In an L.B.I. analysis many of the computer runs vary only 

in their use of different orders of clock polynomials. 

Time could be greatly reduced since this implies that 

exactly the same computations are carried out in each run 

to form most of the coefficients of the A matrix. 

7.6 Comparison of Doppler Satellite and L.B.I. Coordinate 

Systems 

Langley [1979] compared L.B.I. results with those of 

Doppler satellite and was able to deduce scale and 
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orientation differences between coordinate systems as 

defined by the Bureau International de 1'Heure (B.I.H.) 

and the United States Navy Navigation System. This 

comparison should be repeated with a re-evaluation of the 

L.B.I. observations using the least squares adjustment 

routines and the full set of observations. 

7.7 L.B.I. Observing Programme for Geodetic Results 

Observations used for L.B.I. using the Canadian 

observation system have been designed for the needs of 

astrophysics. This involves continued observations to 

a single source for many hours. This situation is not 

ideal for geodetic use of the observations, causing high 

correlations between parameters. Observations to sources 

in various positions on the celestial sphere for short 

periods provides better resolution for geodetic results. 

This is mainly a financial problem, but it is suggested 

that the full advantages of the whole L.B.I. system for 

geodesy can only be realised from a specifically geodetic 

observing programme. 

7.8 Spectral Analysis of Residuals 

Initial computations of full data sets shows the 

plots of residuals to display sinusoidal tendencies. 

It is suggested that a spectral analysis of the residuals 

might lead to an improvement of the L.R.I. model. 



Atmospheric and oscillator .effects in particular have 

possibilities for model improvements. 
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APPENDIX 1 

JOB CONTROL FOR I.B.M. 370/3032 AT U.N.B. 

An example of the J.C.L. to run the least squares 

routines at U.N.R. The observations of delay and fringe 

frequency are stored on disc. 

IILBIJOB , S=33S,R=704,L=l3,LC=O,ANAME 

/*SETUP DISK=SEGEOM 

1/ EXEC FORTXCLG,RG=320K,RL=704K, 

II PARM.LKED='LIST,MAP,LET,SIZE=(650K,l28K)' 

IIFORT.SYSIN DD * 

I* 

MAIN ROUTINE 

AND BLOCK DATA 

IILKED.SYSLIB DD DSN=DAVIDSON.LBI.X,DISP=SHR 

II DD DSN=DAVIDSON.ETIDE.X,DISP=SHR 

II DD DSN=SYSl.FORTXLIB,DISP=SHR 

II DD DSN=UNBl.FORTLIB,DISP=SHR 

II DD DSN=UNBl.IMSL.LOAD&LIB,DISP=SHR 

1/LKED.SYSUTl DD SPACE=(TRK, (100~10)) 

IIGO.FT06FOOl DD SYSOUT=S 

IIGO.FTllFOOI DD DSN=&&TEMPA,DISP=(NEW,PASS),UNIT=SYSDA, 

II SPACE=(TRK,(50,10)),DCB=(RECFM=VBS,LRECL=l40, 

BLKSIZE=7004) 
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IIGO.SYSIN DD * 

CONTROL DATA 

I* 

IIGO.FT05F002 DD * 
EARTH TIDE DATA 

I/GO.FT09F001 DD DSN=DAVIDSON.MAY77.REJ3PO,DISP=SHR 

II 
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APPENDIX 2 

INPUT DATA 

Control data cards 

The data cards and the variable names are described 

in the position order of the input pack. 

1. Variables: MD, NPARAJvt, NUSED, NFIXED, NVARBL, NPLNS, 

MXEPOC, NCONS, INTS, NUPDT, NCDIM 

Format: (26I3) 

Definitions: 

MD Model number. Used to reference the 

NPARAM 

NUS ED 

NFIXED 

NVARBL 

NPLNS 

program run. 

Maximum parameter reference number. 

Parameter reference numbers are allocated 

according to parameter type. 

1 - 30 station coordinates 

31 - 50 source coordinates 

51 - NPARAM clock polynomial coefficients. 

Total number of fixed and variable parameters 

used in the adjustment. 

Number of fixed parameters. 

Number of variable parameters. 

Number of clock polynomials 

(Note: NPARAM =50+ (NPLNS*5). 
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MXEPOC 

NCONS 

INTS 

NUPDT 

NCDIM 
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Maximum num~er of epochs in any baseline. 

An epoch is the start point of a clock 

polynomial. 

Number of constraints 

Number of class intervals in histogram 

of residuals. 

Number of updated parameters. 

Dimension value for arrays used in connection 

with constraints. 

Read in MAIN routine 

Example card 

001100036005031010003000020006020 

2. Variables: ((IPARAM(K), I STAT (IPARAM(K)), K=l, NUSED) 

Format: (13(14,12)) 

Definitions: 

IPARAl\1 Vector of all used parameters. Values 

stored are the parameter reference numbers. 

I STAT Vector of status numbers for each parameter 

stored in reference value element, e.g., 

1st . d. b . stat1on coor 1nate status num er 1n 

ISTAT(l) 

1 st . h . b . source r1g t ascens1on status num er 1n 

ISTAT(31) 

Status number 1 implies fixed parameter. 

Status number 3 implies variable parameter. 



Read in RDWRT 

Example card 

000101000201000301000403000503 r 

004301004401004503004603 

007703008103008203 ... 009703 

3. Variables: MTYPE, ITIDE, ISIGMA, IMAX~ ISAME, ICORR 

Format; (3(Il,lX),I2,1X,Il,lX,Il) 

Definitions: 

70 

MTYPE Model type, signifies types of observations 

used in adjustment. 

I TIDE 

I SIGMA 

IMAX 

3 fringe frequency and delay observations. 

2 delay observations. 

1 fringe frequency observations. 

Signifies use of earth tide corrections. 

0 no earth tide corrections. 

1 earth tide corrections are applied. 

Indicates whether standard errors are used 

with observations. 

0 no standard errors applied. 

1 standard errors applied. 

Number of iterations (update of a priori 

parameters constitutes first iteration). 

0 .. any number, until increments approach 

zero. 

1 one iteration only 

n n iterations, or until increments 

approach zero. 



I SAME Indicates whether delay clock polynomial 

coefficients are to be equal to their 

respective fringe frequency coefficients. 

0 coefficients are equal. 

1 coefficients are not equal. 
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ICORR Corrects time of observation by +1 second. 

0 corrects by +1 second. 

n any other number does not correct time. 

Read in RDWRT 

Example card 

3 1 1 1 1 

4. Variables~ (XTRASM(K,l) K=l,8) 

(XTRASM(K,2) K=1,8) 

Format: 8 F 10.5 

This set of cards apply extra standard errors, 

according to baseline (K) and observation type (1 or 2), 

which have been estimated using the variance factor. 

If !SIGMA equals 0, then these cards are omitted. 

Fringe frequency increases are given on the first card; 

delay increases are given on the second card. If only 

delay observations are used, then only the delay in

creases card is used. 

Definition: 

XTRASM Array of increases to standard errors of 

observations. 



5. 

Read in RDWRT 

Example card 

0.0018 0.0016 0.0025 

0.01 0.01 0.01 

Variable: SESION 

Format: (2A8) 

Definition: 

SESION Observation session name, using up to 

16 letters. 

Read in RDWRT 

Example card 

MAY 1977 
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6. Variables: OBSFRQ, JDJANO 

Format: (FlO.S,TlS,IlO) 

Definitions: 

OBSFRQ 

JDJANO 

Observing frequency (MHz) 

Julian Day January 0 at beginning of the 

yea~ of the observations. 

Read in RDWRT 

Example card 

10680.0 2443144 

7. Variable: TOBSl 

Format: FlS.S 

Definition: 

TOBSl Day of year immediately prior to all obser

vations. Used as epoch day for the first 
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clock polynomials of each baseline, and to 

initialise the earth tide routines. 

Read in RDWRT 

Example card 

133.0 

8. Variables: XPOLE, YPOLE, OMEGA, UTPOLY(K), K~l,3) 

Format: (3D20.5/3D20.5) 

Symbol I denotes card skip. 

Definitions: 

X POLE 

YPOLE 

OMEGA 

UTPOLY 

X coordinate of polar motion, in seconds 

of arc. 

Y coordinate of polar motion, in seconds 

of arc. 

Rotation rate of earth, in radians per U.T. 

second. 

UTl-UTC polynomial coefficients. 

These values are taken from external infot

mation, e.g., B.I.H. [Langley, 1979]. 

Read in RDWRT 

Example card 

-0.139 

2.330175D-04 

0.482 7.292114897D-05 

-1.557534D-06 2.738229D-

9. Constraint cards. If NCONS equal 0, then none of these 

cards are used as input. 

A. Variables: (NCONP(I), I::ol, NCONS) 

Format: (2613) 



74 

Definition: 

NCONP Vector of number of constrained parameters 

in each constraint. 

Read in RDWRT 

Example card 

3 3 3 1 1 

B. Variables: ESTCON(I), SGMCON(I) 1 (ICONS(I,J), J=l, 

NCONP (I)) 

Format: (D25.16,Dl0.3,9I5) 

One card for each constraint equation. 

Definitions: 

ESTCON 

SGMCON 

Estimation of constraint. 

Standard error of constraint. 

ICONS Each row gives the defined parameter numbers, 

and signs, used in a constraint. 

Read in WDWRT 

Example cards 

0.0 

-0.24096185 D+0.4 

10. A priori station coordinates. 

O.lD-8 

O.SD-4 

52 -62 

4 
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Input in the form of ellipsoidal coordinates on a 

local geodetic datum. The first card gives the number 

of stations, followed by three cards for each station. 

A. Variable: NSTNS 

F o Tma t : ( Il ) 



Definition: 

NSTNS Number of stations 

Read in STNGEO 

Example card 

3 

B. Variables: STNAM(I), RSURFl(I), RSURF2(I), DELTX(I), 

DELTY(I), DELTZ(I) 

Format: (1X,2A8,3X,4A8,3(2X,F7.2)) 

Definitions: 
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STNAM 

RSURFl ') 
RSURF2 

Vector (COMPLEX*l6) of station names. 

Vectors (COMPLEX*l6) which, when together, 

DELTX 

DELTY 

DELTZ 

give the geodetic reference surface of each 

station. 

X(m) 

Y (m) 

Z(m) 

geoc~ntric coordinates of 

origin of geodetic reference 

surface. 

Read in STNGEO 

Example card 

ARO 46M CLARKE ELLIPSOID OF 1866 N.A.D. 

-27. 0 +160.0 +180.0 

C. Variables: EQTRAD(I), FLAT(I), SGN, IDLAT(I), 

IMLAT(I), RSLAT(I), IDLONG(I), 

IMLONG(I), RSLAT(I), HEIGHT(!) 

Format: (1X,Fll.6,5X,Fl0.6,5X,Al,I2,1X,I2,1X,F7.4, 

5X,I3,1X,I2,1X,F7.4,5X,F8.3) 
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Definitions: 

EQTRAD 

FLAT 

Vector of equatorial radii of ellipsoids (Km) 

Vector of inverse of ellipsoidal flattenning 

( 1/ F) 

SGN 

IDLAT 

IMLAT 

RSLAT 

IDLONG 

Sign of latitude (+ or -) 

degrees 

minutes 

seconds 

degrees 

vectors of latitude 

IMLONG minutes vectors of longitude 

RSLONG seconds 

HEIGHT Vector of heights above ellipsoid (m) 

Read in STNGEO 

Example card 

6378.2064 294.978698 

281 55 37.055 

D. Variable: OFFSET(I) 

Format : F 8 . 2 

Definition: 

+45 57 19.812 

260.42 

OFFSET Vector of offsets of antennae axes (m) 

Example card 

0.0 

11. Variable: FOFSET(L) 

Format: (Fl0.4) 
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Definition: 

FOFSET Vector of frequency offsets for each base-

line (Hz). One card for each baseline. 

Read in RDWRT 

Example card 

0.0 

12. Clock polynomial data 

A set of cards for each baseline gives the number 

of clock polynomials for that baseline and if the 

number is greater than 1, the starting time epochs 

for the subsequent polynomials. The epoch of the 

first polynomial is TOBSl. The end card of this set 

gives the order of each polynomial. Polynomials are 

arranged first into fringe frequency and delay, then 

into baseline number, and finally into time of epoch. 

A. Variable: NCP(L) 

Format: (II) 

Definition: 

NCP Vector of number of clock polynomials in 

each baseline. 

Read in RDWRT 

Example card 

2 

B. If NCP for the baseline is 1, there is not any 

following epoch card. 



78 

Variable: (EPOCHS(L,J), J=2, NCP(L)) 

Format: (4D20.10) 

Definition: 

EPOCHS Zero time for Jth polynomial on Lth baseline. 

Read in RDWRT 

Example card 

134.7291666666667DOO 

C. Variables: (NPOLY(L), 1=1), NPLNS) 

Format: (2613) 

Definition: 

NPOLY Vector of the order of the polynomial for 

each of the polynomials. 

Read in RDWRT 

Example card 

1 1 2 1 1 1 1 2 1 1 

13. A priori source positions. 

First card gives the number of sources, followed 

by 1 card for each source. The maximum number is 10 

sources. Not all input sources need be used in the 

adjustment: those used are defined as such by the 

input card of used parameters. 

A. Variable: NSORCE 

Format : (I 2 ) 

Definition: 

NSORCE Total number of source positions. 



Read in SOURCE 

Example card 

10 

B. Variables: SCNAivlE (JSORCE), 

IHOURA, IMINRA, SECRA, 

SGNl, IDGDEC, IMNDEC, SECDEC 

Format: (1X,A7,7X,I2,1X,I2,1X,F6.3,1X,Al,I2,1X, 

Definitions: 

NSKIP Number of observations at the beginning 

of data file to be skipped. 
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NOBS Number of observations to be used from 

the data set. 

NOBSLN Vector of number of observations for 

each baseline. 

Read in RDWRT 

Example card 

4607 

15. Update of parameters 

1770 1834 1003 
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If NUPDT=O, the following cards are not included. 

An input card is used for each parameter updated. 

Variables: K, X(K) 

Format : (I 5 , 5 X , D 2 5 . 16 ) 

Definitions: 

K 

X 

Defined parameter number 

e.g. K = 1 30 station coordinates 

K = 31 50 source coordinates 

Vector of parameter values. 

Units X ( 1) - X ( 3 0) km 

X(31) - X(50) degrees 

Read in RDWRT 

Example card 

4 -0.2409618078849968D +04 

16. Statistical information 

A single input card with all variables as REAL*4. 

Variables: AMAXl, A.MAXZ, ALPHA, XFIRST, YFIRST, YINC, 

CRIT 



81 

Format: (2A4, F7.4, ·6Fl0.6) 

Definitions: 

AMAXl Word definiting method of rejecting outliers. 

AMAX2 i.e., DICTATED stated rejection criteria 

ALPHA 

XFIRST 

YFIRST 

YINC 

CRIT 

MAX max text 

NON-MAX non-max test. 

Probability of a type I error, i.e., 

significance level of all statistical tests. 

Addition to TOBSl, in hours, to give start 

time for each residual plot. 

Left-hand side of residual plot scale. 

Increment of residual scale per printer 

column. 

Defined criteria for outlier rejection. 

This value is used if AMAXl = DICT, other

wise CRIT is statistically computed. 

Outlying residuals are denoted with an 

asterisk, but not subtracted from the 

solution. 

Read in RDWRT 

Example card 

MAX 0.01 12. -0.06 0.0012 

17. Delay and fringe frequency observations 

Observations are inputted after the GO.FT09 

J.C.L. card in the form of card images. A card, or 

a line in the storage file, exists for each observation 



time point. 

Variables: IDYOBS, UTH, UT.f\1, SNAME, BNAME, OBDLY, 

SGMDLY, OBFF, SGHFF 

Format: (3X,I3,2F3.0,1X,A8,1X,A4,Dl8.10,F6.3, 

Dl8.10,F7.4) 

Definitions: 

IDYOBS 

UTH 

UTM 

SNAME 

BNAME 

OBDLY 

SGMDLY 

OBFF 

SGMFF 

Day of observation. 

Hour of observation. 

Minute of observation. 

Source name. 

Baseline name. 

Observed delay value (micro-seconds). 

Standard error of delay (micro-seconds) 

if equals 0.0, denotes rejected delay 

observation. 

Observed fringe frequency value (Hz). 

Standard error of fringe frequency (Hz) 

if equals 0.0, denotes rejected fringe 

frequency observation. 
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APPENDIX 3 

CANADIAN L.B.I. ANALYSIS PROGRM~ (MAY 1980) 

A flow chart is shown of the fringe frequency and 

delay analysis program which uses the U.N.B. least squares 

adjustment. Card images are given of the routines which 

have been developed mainly at U.N.B. The remaining 

routines used in the Canadian L.B.I. analysis are the 

property of York University and are not produced in this 

appendix. 
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CANADIAN FRINGE FREQUENCY AND DELAY ANALYSIS PROGRAM 

LEAST SQUARES ADJUSTMENT (MAY 1980) 

--:.:.;: --i BLKCON I 
RDWRT 

[ MDN:I: I -, T:: ,- ' I L~~~ I SO;RCE I ~ ~~;~ -
_ I ll I BLNOUT r 1 t 
~ TSPLOT ~ XSUNV FF$DLY 
L~ ,_ _____ . ~ f-TNVERS-- - PDERTV--

RSPLOT f- lNVERT- - - ANGLES- -
~~ L_ . . - -~~~-=== ~ 

;~Q~ = g · I urTIME ] I G;~TRx] ABER ~ WM:TRx. I 1 RMATRX 
TIDEDP ~ . 1 ~. 
~=--- =-TIDEU-;- - - -· - - - I s . !'----. 

t =EJ:IQ~ -= l DAYNUM PMATRX J I CLOCKS I 
~ _QlSP __ . 

_SCOORO_ . I ' 

EARTH 

l 

ANTGEO 
I V\ I 

I 
"':N AST 

t-- POS r------- _--J l 
I I 

!~ J. 

-·-- _ _j 
l_!:: LGNDR FACT1 MULPLY CENT ROT 

~------



c 
c 
c 

01AIN 
\11\YN 

C CARD YNPU1 TO START LEAST SQUARES ADJUSTMENT OF LeBel• OATA• 

M ~lN 
Q.iAIN 
CM 4.1 N 
Ct~ <\ l N 
CMAIN 
CM ~ lN 
CMA!N 
CMA IN 
CMAlN 
CM o\ IN 
CMA IN 
CM A l N 
CMAIN 
CM A lN 
C!>'IA!N 
CM ~lN 

C COM~ON /ADJUST/ USED TN RDWRT LSU~DJ 
C ~IMCNSI~NS ARPAYS QF VAqJABLE SIZ~. CALLS R.UwRT ,.. 
'-
C Ol~E~ST~~S ~UST·MATCH INPUT CARDS: 
C XCNPARAM), ·CLPOLY(S,NPLNS), EPOCHS{!uoMXEPOCJ, !COL ( NPARAM); 
C ISTAT(NPARAM), NPOLY(NPLNSlo 
C IVARRL( ), DfLT4( ), -\TRW( ) 9 ANS ( ) t ANORM( • ), PACC( ) 9 

C 1\LL DIMENSIONED NV,RAL 
C IPARAM(NUSED), . 
C TCC'NS(N(;)fM,5), NCONP( NCDIM), SGMCON(NCDIM), ~STCON{NCDlM). 
c 
C De 
c 

4. DAVIDSON MAY 1980 

lVPLlCll REAL*8(A-H,O-Z) ~AlN 
~·':AL*.:. XFlP5T,YFiqST,YI"JC I<IAlN 
COMMON /ADJUST/ FOFSET{\Q),CBSF~Q,XTRASM(1Q,2)t MAIN 

&~C"JA~C(1C),V8N4~E(l0), MAIN 
S XFIRSToY~I~ST,YINCo Mo\IN 
1 N'lf1SLN( 10), NCONS, MAIN 
? \ITYPC.olSIG~'A,NY,NSTI\S,NSKIP,ICORk 1-~!\lt'-.1 
3 • ~ <\ " L! ( 4 n ) . 1>1 A I N 

D T '-'~ E t'-.1 S 1 G N X ( 1 ·) 0 ) • C L P 0 L Y { 5 • 1 0 ) • E P '.) C H 5 ( 1 0 ~ 3 ) , 1 C U L ( 1 .) 0 ) , I S T AT ( 1 0 v ) • M A l N 
1 NPOLY( 10), MAlN 
2 IV4f~dL(3l)oDELTA(31),A.TRW(31).ANS(.;3l)oA.Nl.JRM(31,.H)tPACC(31)• MA.lN 
:'! TPAR~\1(3(), MAIN 
4 1Cf1N3(20o5) ,Ncr·NP(2C) ,SGMCC'N(2C).f;.STCON(20) NA!N 

F Q U I V A L E" N C t;: ( X ( 5 1 ) , C L P OL Y ( 1 ~ 1 ) ) /-I A l N 
R~<\n(5,50JC) ~D,NPARAM,NUSED.NFIXEDeNVARDL,NPLNS,MXEPOC,NCONSv MAlN 

1 l~TS,NUPDT,NCDIM MAIN 
50 •) 'j F 0 h '-1 4 T ( 2 6 I 3 ) I~ 4 L N 

CALL PDWRT(XoCLPOLY.EPOCHSoTCOLoiSTAT,N~OLY.NPA.RAMeNPLNS• M~IN 
1 IV4R~L,DELTA,ATR~,ANS,ANOPMoPACCt NV~RBLt M41N 
2 t P fl R A ,_, • . M A I N 
3 JC0NSoNCUNP,SGVC0NoESTCQN, NCDIMt MAIN 
5 "1XF.PQC,t-1D,NUSED,NFIXED.INTS,NUPDT MAIN 

STOP MAIN 
E~D M'IN 
BLOCK DATA MAIN 

C----------------------------------------------------------------------LMAIN 
C fl'; ITI4LTZ4TION OF CONST4.NTS IN COMMON BLOCK, ~LI(.CCN CMAIN 

1 
2 
3 
4 
:;; 
6 
7 
8 
9 

10 
11 
12 
1.3 
14 
15 
16 
17 
18 
1'.; 
20 
21 
22 
2.3 
24 
25 
2o 
27 
2d 
29 
30 
;:ll 
.32 
3..3 
34 
35 
.36 
.37 
38 
.39 

.40 
41 
42 
43 00 
44 V1 



C CMAIN 
C C 2997!";2,.5 K~/S CMAlN 
C TW~PJ 6o21'13lf'530717S'586 CM~IN 
C DEGPAD 0.0174~3~925199~329 CM~lN 
C J;~DDEG 57.29577951308232 CMAIN 
C Q l.OOOC,?.09flc:'"D496 <:.MAIN 
C ~PCLE f35t,.7747 KM C.M~lN 
C F'=CTOR 637€\oln:J K..., CCVoo\IN 
C FLAT~G O.COC335289l9 CMAI~ 
C CMAlN 
C Q,.e,. LAI\IGLEV- 1 DECE.W'3ER 1977 CMAlN 
C-------------------------------------------------------------.-------C.,'.\AI N 

I~PLICIT F[Al*~(,-H,O-Z) MAIN 
rnvunN /OL~CON/ CoTWOPI,OEGRAD,kA0UEGtO,~POLEtREQTURtFLAT~G MAIN 
D~TA C,T~UPI,DF~RAD,RAODEG,Q,kPuLE.~lUTOk,~LATNG/2i97~2.50Q, MAIN 

1 ~.?~Jl85307l795H6~0, lo74532~2519~432~D-Olt 57o2~~77951J0~232DO. MAIN 
2 1 o0oJ)020980~\3496L>t), ~'356o7747DOt b37U.lbJL)uw 3.3~2d9190-:J3/ MAIN 

ENO MAIN 

SUPQGUTINE HISTGM(MTVPE,NVoNH!~T.VALoiNTSoNOU,IS[GMA,ALPHA) rilST 
C------------------------------------------------------------------~--CHIST 
C ~H!ST 
C HI STG~~ ~LOTS THE: HISTOGRAMS OF STANDAf<O!LED UELAY f., FkiNGE Ff'.EOUCNCV CHlST 
C P~SIDU~LS UVCFLAID WITH A NORMAL CU~VEo A CHI-SQUARE GG~UNESS-UF-FlT CH!ST 
C TLST IS PEki-OF?MCD., TT IS OA5ED ON 'GClOfiT' BY R.k.STEEVl:.S IN 'GCDPAN 1 CHISl 
C CALLED 8Y LSO~DJ CALLS MuNQR MOCHl CHIST 
C IN~UT PA.Rtt.tv!F.TERS C.HIST 
C VTYPf DC:NJTES flf3SE.=PVATIC1NS 1"=FF92;DLY,. 3=FF ANI) OLY CHLST 
C >4Y . ~W)~fJ!:'.R ClF OOSt.::RVA TI ON .TYPES I Ew l OR 2 CH 1ST 
C ~JHIST Tw~ VL.CTC1QS OF CLASSES FOR DLY ANU FF STANOARDIZEO RESIDUALS. Cl-dST 
C MAXI~UM CLASS NU...,BCR:::: 40o CriiST 
C Vt\L VALUE QF CL<\SS WIDTHe 0-i!ST 
C !NTS ~UMnER or CLASS INTFRVALS FUh HISTOGRAM. G~00NE5S-OF-FlT TEST CHIST 
C ~ILL GkGUP CLil.SSES ~T LIMITS QF CURVE UNT!L lXPECTLU ~UMtiER UtiST 
C GT. 5, AND THEN USE THE Hl~TO~RAM lNTt:;kVALS . ChlST 
C N01 NUMOl:.R OF OBSERVATIONS OF OLY AND FFe CHIST 
C ISJ(jMA wHE.THEr. ST.\~>.!DMH) EPROqs APPL..lt.D (.::C NO STuo t::RR, -=1 STD ERR CH!ST 
C ALP~A PHG~~BILITY CF REJECTING 4 TRUE HYPOTHt::SlS CHlST 
C THERf" ~RE N(J GUTPUT PI\RI\o'..-!ETERSo . CHIST 
C ~!~Fl:f.-E'JCE D. Ao 01\VlUSON MoSCoi:.e THCSI5 UoNodo Ct1lST 
C De '• D&.VIDSON MA.V l<i~U·,) CHlST 
C CHIST 
c--- -------------------------------------------------------------------~HI ST 

45 
40 
47 
4d 
49 
50 
51 

• 52 
53 
54 
55 
56 
57 
su 
59 
60 
61 
62 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1.3 
14 
15 
16 
17 
!d 
lY 
20 
21 
22 
2.3 
24 

00 
0\ 



PC Ill_* t1 EST N { ;~ I , CHI S cl( 2 ) • VAL , Y , P, 1\N U ;.t, U tJT lJ • UF , CJ i>lt= , CHI H 1 S T 
I~:TFuf:P ~JOP{;::>),NV"C(53),ITrTI(2),1TlJT0(2),,\ITYPE,NV,lNTS H&ST 
JNT!""G::R NFfH?o·~''l,NHIST{2,40) HIST 

I_ n (; f C ~ L * l S T II I 'J l~ ( l ') l ) , V L 1 N F: S ( 1 0 l l , S V ( 3 4 ) H 1 S T 
Lr<.rC4L*t VLINC/' 1 '/,r:<LANK/ 1 0 /,uuT/•. '/,HLlNE/ 1 -'/ HIST 
OAT' SV/4*" •,•P•,•c•,•L•,•A•,•r~,•I•,•v•,•E•,e 1 , 1 F•,•R•e 1 E 1 ,•Q•,Hl~T 

&'U', 1 E 1 ,'N'•'·C'o'Y',2*' 1/ HlST 
oAT A N vr: c / "2 * ') • 4 * 1 • 2 • 2 • 3 , 4 • 4, s. o. e. 9, 1 o • 1 2, 1 4. 1 6" 1 7 • 19. 21 , 23, 2 5, 2 7H I s r 

& •? R • ~q , .3 1 • 3 1 , 3 * 3 2 , 3 l / H l S T 
C zc..-;o 1"f"1TALS OF EXTFJ:NI\L HJSTOGI<AM CL<\SSESS WHII...H ~RE GROUPEU TO HA.VE 011ST 
C <\LL FXF't:CTcD CL<\SS NU'·H.lERS GRE<\TER THil.N 5 CH./.ST 

Orl 1 J=l,NY h1ST 
TTOTI{J):, HlST 

1 fT:-'ITI](J)=O H!ST 
C F 11\0 CJUT Sl DE CLASS TO SUM TO > 5 CH 1ST 

I=C HIST 
~ I=I+l HlST 

Y=-5.:+VAL*FUlAT{l) HlST 
Ci\LL '•1D~JO:?(Y,P) H!ST 
EST N { 1 } =P * FL C1 1\ T { N ,l t1 ( 1 ) ) H 1 S T 
I f- ( I" S T N ( l ) • L T • 5 • <) l G 0 T 0 2 H 1 S T 
IF(NY.EOo2) ESTNI~)=P*NGA(~) HIST 

C H[STC~P~M CLASS HFIGHT OF ;OUTER• CL~SS~S ~NO GRUU~S THESE CL~SSES FO~tlST 
C CHI-SOUA~L:: G-D-f- TESTe COMPUTES Clil-SQuARE STATISTIC FOR De OF FhEEDGMHIST 

on 3 .JJ=l,I HlST 
JCJJ=[N1S-JJ+1 HIST 
on l J=l,NY HlST 
I\ Nl J '"' = F L U <\ T ( Wi! '5 H J ~ J J ) * S 0 ) / f L 0 <\ T ( N G d ( J ) ) / V 4-L H 1 5 T 
l\!f-D(J,JJ):.~~JUM+f"y 0 5 H[ST 
!T(lTl(J)=lTllTl(J)+NHlST(J,JJ) HlST 
A "J ~ J ~~.: F L 0 AT ( 1\ H l S T ( J , 1 0 J J } * 8 0 ) IF J,.Q AT ( N 0 6 ( ,)) ), /VAL H L S T 
N r (~ ( J ~ l 0 J J ) = •\ f\: U M + ? o 5 1-1 l 5 T 

3 ITnTU(J)=lT<ITCJ(J)+NHIST(JtlOJ.J) HIST 
~(LASS=INTS-2*1+2 HIST 
DF=~'=UJI:\T(NCI. <\SS-1) H!ST 
TF( tSIGMA.NCol) Dt==DF-le0 H!ST 
lf (f)foLTol .0) GO TO 7 HI ST 
(Tf\•F-=1.:-J-ALPI-'A HlST 
CALL .~\.)CHI (CO'JF,DFeCHI, IER) HlST 
DQ 4 J=t,NY HlST 
CHTSO( J):( ITOTI(J)-ESTN{J) )**2/t::STN(J) HlST 

4 CHISQ(J)=CHISQ{J}+(!TOTO(J)-ESfN(J})**2/ESTN(J) h!ST 
G0 TO 7 HlST 

C HISTOGRI\~-1 CLA.SS HT. OF OINNER' CLA.S!::iESe SUI-15 CH1-SQUA.Rf;:. SiATXSTIC,. OilS! 

25 
2o 
27 
28 
2CJ 
30 
31 
32 
33 
34 
35 
36 
37 
38 
.39 
40 
41 
42 
4.3 
44 
45 
46 
47 
4b 
4<; 
50 
51 
52 
t>3 
54 
::s 
!:>b 
57 
~8 
59 
60 
61 
c2 
63 
64 
65 
t.o 
67 
68 co 

-.....] 



5 1=1+1 
JI"'JJ=IOJJ-1 
t..;PTr1:P 
Y=-"i.C+VA.L*FLOI\T(I) 
(' J\ L l .'-I D N fl ~ ( Y , D ) 
UPTn::">-UPTG . 
D'"' 6 J=ltNY 
F.ST~J(J)=UPTO*FLOI\T(NCB(J)) 
AN U .,, =FLO AT ( N HI S T ( J , I ) * 8 (l ) / FL 0 .&. T ( NO 0 ( .J ) ) / V 1\L 
NFf~( J, I )=ANUM+0.5 
CHISQ{J)=CHISO(J)+(NHIST{J,I)-ESTN{J})$*2/~STN(J~ 
lF( tOJJ,EO. I) Gn TO 6 
A~U~=fLCAT(NHIST(J,IOJJ)*80)/fLOAT(N00(JJJ/V4L 
NFP( J, IOJJ)=Ar--!UM+0,5 
CHJ~U(Jl=CHI5Q(J)t(NHIST(J,fOJJ)-LSTN(J)J**2/~STN(J) 

c (('NT 1!\JUf:: 
7 JF(tll:2,LT.II'!TS) GO TO 5 

C PLCTS HISTOGRAM, NORMAL CURVE, FRUM TOP OF P~GEe PRINTS STI\TSe 
A=~ • 4 
f='> •. 3 
C= 1 • 2 
C= " • 1 
I ! I:: 1 ) 0/ IN T S-2 
lFCIII.LT.li III=l 
Of"' ?2 J=l, NY 
I"<\X=5'J 
Kl< = 1 
1-'<\XIM=::> 
I= 'i t 
on 20 JJ=l .101 
VL l~'>'t:S( JJ)=PLANK 

20 ST~tNG(JJ)~BLANK 
I\RITEC6,6'JOC') 

6 t' ~ 0 F G r= '·' AT ( ' 1 t ) 
OG Q JJ=l, INTS 
L = ~~F R ( J , J J ) 
If' ( L oLE • M 4 X) G 0 T 0 8 
TI = < J J- 1 l * l•) 0/ I "JT S + 1 
VLINCSfti)=VliN~ 
VL TN ES ( I 1 + I I I+ 2 ) = VL I 1\E 

8 I~(L.~T.MAXI4) MAXIM:L 
!F(UAXJ~.GE.MAX) GO TO 10 
IF('-AAXI""•LT .. 3?.l. MAXI~=32 
L= "l f. X- M4X I M 

HI5T 
HIST 
HI5T 
HI$T 
Hl~T 
~i 1ST 
H 1ST 
H 1ST 
H 1ST 
H 1ST 
HI ST 
H!ST 
H 1ST 
HIST 
Hl ST 
HI ST 
1-l!ST 

CHI ST 
HlST 
H [ ST 
HIST 
HI ST 
H 1ST 
HiST 
H 1 Sl 
H 1ST 
H 1ST 
ri 1ST 
HIST 
HI ST 
H!ST 
H 1ST 
HI ST 
h!ST 
H l ST 
H tST 
H 1ST 
HIST 
H l !:>T 
H L ::.r 
HlST 
HIST 
H!ST 
H 1ST 

6Y 
7C 
7! 
72 
73 
74 
75 
76 
77 
78 
79 
ac 
81 
82 
d,J 
84 
85 
Bo 
b7 
cd 
8Y 
90 
91 
92 
93 
94 
liS 
S.b 
~7 
S.d 
<;c; 

lOJ 
1 0 L 
102 
10.3 
1 04 
105 
106 
107 
108 
10~ 
1 1 0 
l 1 l 
112 00 

00 



Cn Q JJ=l,L HlST 
~ ~RITE(6,6JCtl HlST 

6C'C'l Frr•~AT(' 1 ) HlST 
~AX=~~X-L HIST 

1 ') lf.PJTC(6,b')C'2)(VL!"J'::S(JJ)oJJ=ttl01) H!ST 
f,flr)~ f(1F'AAT(' '•'cXolJl<\1) HlST 

C'"' ? 1 J J= l .t n l H IS T 
21 ST~TNG(JJ)=PLA.NK HIST 

JF(MAXoGTo32) Gr TO 12 HISl 
lF(NV!:Cll).NCoi-AAX) GC TO l2 H!ST 

1 1 I< = 1 ':· 2- I H l S T 
STOTNG(Il=OCT HlST 
ST~ING(K)=DOT HIST 
I=T-l HlST 
Jf'('JVEC(I+l).FO.NVf.:C(I)) GO TOll ~il~T 

12 CO 14 JJ=l.INTS HlST 
IFCNF;-.'{J,JJ).NF.MI\X} GO TO 14 hlST 
Y I = ( J J- 1 ) * 1 'J 0/ I NT S + 2 H I S T 
ITP=llt-I!I HIST 
en 13 L==lloiiP HlST 

13 STFING(Ll=HLINE HIST 
VLP•ES(II-l}=VLTNE HlST 
VL.l":~S(ll+I!It-l}=VLII\E HlST 

I 4 Cr ~ T I~! UE HIS T 
T~(~AX,GTo3?.GR.MA.XeLT.8) GO TU 15 H!SI 
1>.PJT[(6,6J03) SV(I<.Kl.CSTRtNG(JJ)oJJ=l~lOl) Hl:ST 

61)03 Fnf~''AT ( 1 t-' • tXo A.l,4X, 10141) MIST 
KI<'.=KK+l HIST 
IF(U~X.EOo3?) WPIT[(6,6004) A H!ST 
IF(~AX.E0.24) WR!TE(6,6004) d HlST 
TFP'<\X,t:.O.l6) WRITE(6,6.)04) C HlST 
lF(~AX.EOoS) WRITE(6,~104) D HIST 

6 ~ o " n. r; ._, ~ r c 1 + • • 3 .x. F 3 .t • '- • > H 1 s r 
G'l Tl) 16 HlST 

. 15 \J.PJTf::(6,6J05)( STRING(JJt,JJ=lolOl) li!ST 
6'105 FrPMAT('+ 1 ,6X,l01Al) HIST 

16 ~AX=~AX-1 HlST 
IF ( '·1 4X • G T • 0 ) G n T u 1 I) H 1 S T 

V.' r, I T t~ ( 6 , t " 0 2 ) ( VL I 1\l E S ( J J ) , J J = l • 1 0 l ) ti l S T 
~RITE(6,6)C6) HlST. 

6 C 0 f) F n P ~· AT ( 1 + 1 , f: X • 2 0 ( • l - --- ' ) • ' I 1 / • 1 • 5 X • 1 - 5 • 1 8 X , 1 - 4' , 8 X • 8 -.3 1 • 8 X • •- 2 ° , h l 5 T 
r. nx,•-t•,gx,•o•,gx,• 1'.9X.'2 1 s9X.•.3•"9Xe'4'e9X,•5•) H!ST 

IF(MTYPE*J/NY.GE.2) GO TO 17 HlST 
WRITE(6,fiJ07) HIST 

113 
1 14 
1 l 5 
1 16 
l l 7 
l 1 d 
1 19 
120 
1 2 1 
1<::2 
123 
124 
125 
126 
127 
12d 
129 
1 -, • 

.J..J 

1 3 1 
132 
133• 
134 
l.J5 
l Jt 
137 
lJe 
l.J9 
1 4C 
1 4 1 
l42 
!4.J 
144• 
145 
146 
147 
148 
14<) 
1 50 
151 
1 52 
! 5.3 
154 
155 
156 co 

(,!) 



c 

6007 F~~VAT( 1 0 1 o21Xo 1 HISTOGPAM CF STANUARDlLEU F~INGE FR~UUENCY 
&LS',/' 1 t2lX,5?('-')) 

RE Sl DvArll ST 
HIST 
HIST 
H 1ST 

G'1 TU 18 
17 ~.rnTE(b.t;11JP) 

6))E fr>n',hT('O'o21Xo 1 HISTfJGRI\M 
f, ?IX,•+IP-•)) 

0.F STANDARDIZED DELAY kE~IDUALS 1 e/ 1 

1 >; 1'. PI T E ( 6, 6 ') 0 9 )( ( J J , N H IS T ( J , J J) ) • .J J= 1 , I NT S) 
6.'~Cc; Ff't<'~A.T(2Xo'·t-.U'~PFI'<S TN JNTF.RV4L~:•,(/' 't10(I2tl7 9 1 / 1 ))) 

TF(nr.LTwloCl Gt1 TIJ 19 

'• HIS T 
1-i 1ST 
HI ST 
til ST 
H 1ST 

IF(CHJ5Q(J).LE.CH1) WRITE(6,6010) CHISU(J)~CHloNCLASS,UF 
601~ FO~~AT(' Chi-SQUARE STATISTIC! J< 1 ,F7.3, 1 <= 1 ,F9.3,• PASSES. 

& P r F c L A s s r s : 1 1 I 5 , • , o E G R E E 5 OF F f~ E Eo oM : • , F 5 • 1 i 

til ST 
NUMtJEH! ST 

HlST 
H!ST IF (CHI SQ ( J ) • GT • CHI ) 'o\ P [ TE ( n, 6 0 l .!. ) <.:HIS Q ( J ) u CH 1 , NCL .o\S S • OF 

(,)1 l FQh!l~l\T(' 011-SQUI\RE STI\TtSTlC! 0<' ,F7 .3, 'NOT <=• tF9e3t' 
&~n~P OF CLASSCS: 1 ,I5•'• DEG~~~S OF F~EEUUM: 1 ,F5.1) 

GO TO 22 
19 ~PITE(6,6012) DF 

FAlLS. NUiilST 
Hz sr 
HIST 
HIST 

6012 Fn~~AT( 1 CHI-SQUARE GUODNESS 
&fS ~F FREEDCM=•,F6,3) 

Of FIT TEST WAS NOT PEkFORMED: OEGRcl1 L ST 

~ 2 CC,._T INUE 
~r: TlJR~~ 
FND 

SUrPUUTINE LSDADJ(X,ICOL,rSTATe 
1 ANORM,AT~W,QELT4,P4CC,ANS,IV4~8Lo 
? [PI\RAM, 
3 I~nNS,NCONP,SG~CONoESTCON, 
5 CLrOLYoNPOLYo NPLNS, 
6 tNT S 

EPOCHS • 

NP.o\kAM., 
NVARBLo 
NUSED • 
NCDlMt 
MXEPOC • 

) 

HIST 
HI ST 
HlST 
I·HST 

LSOA 
L SuA 
LSQ4 
L SCot A. 
LSQA 
LSl<A. 

C LSCADJ PEQFORMS A LCAST SQUARES ADJUSTMENT OF L·B~Ig OtJSERVATIONSo 
C li~S ADILlTY OF CONSTR~INTS ON PAR4~ETEkS. ~ESULTSe STAND4RD E~RUkSe 
C A~D STATISTICAL ANALYSIS ARE PRINTcU 

Q..SQA, 
CL.SQA 
CL 5~<~4. 
CLSuA 
CLSQA 
CL SuA 
CLSQA 
CL Su4 
CLS-.JA. 
CL Su~ 

C ~ALLED BY PDWRT 
C CALLS FF$DLY PDEPIV 
C RSPLOT MDCHt 

XSLINV 
HI STGM 

INVERT 

C QCFE~ENCE 0, A. DAVIDSON 
C WRITTF.N OY D. A. DAVIDSON 

MeSCoEe THESlS UeNe8e 
roiAY 1980 c . 

J~PLICIT PEfiL*~(A-H,O-Z) 
REAL*4 VSCALE(6),YFIRSTtYINC,XFLHSToWR4(2) 
P~lL*4 STDoVAL,CRIT,4LPH4tPwST~TLoST4T2 
INTEGCR*2 SlAR1oSA882oS.o\AB 

T SPL.JT 

1980 

LS"'A 
LSQA 
LSQA 
LSUA 

157 
l!:l8 
159 
16J 
161 
lb2 
16.3 
164 
ltJ5 
166 
167 
168 
lo':t 
170 
1 71 
1 72 
173 
174 
175 
176 
117· 
178 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 \.0 

0 



U1GTC.\L*1 F.[JCT(2) LS...JA 21 
L Cr. I C.\ L * 1 S T !\>-' I • * 1 I, P.L 1\ 'l K / ~ 1 I L S ll <\ 22 
C'"'''MG'l /A[,JL;ST/ f-C'FSET( 10) ,nuSFI~.J,XTF<ASM( l0o2) • LSl.IA. 23 

~ S C 1'. 1\ '>'\ C ( l 0 ) , V C t-J A"' E ( 1 i) ) , L S Q A 24 
S xrrRST,Y~I~ST,YINCo LSUA 25 
1 "! n n SL N ( 1 C ) , N C r.l 1\! S , L S 0 A 2b 
2 ~TYP~oiSIGM~.NYoNST"S,~SKIP,ICO~R LS~~ 27 
I,<:AHH4C) LSuA ~b 
cn~MCN /LBTVAR/ LSU~ 2') 

1 P 1\ ( I 0 l t D LC ( I 0 ) , X Ci ~ S ~ C 1 0 ) , Y A 1\ SE:. { 1 0 l • l BASE ( l 0 } , OFFSET ( 5 ) • HE l GHT ( 5 ) , L SuA 3C 
2UTDnLY{3),XPOLF,Y~OLEoOMEGA,TOBS1, LS~A .n 
3 1\;f"P(lr}) ,JOJI\N),r\HI\.SE,NSORCC.ITluE,I::.I\MEoNOOSolM<\X LSOA 32 

(n'-'~1(j,"J /STI'IA'3niS<\dHl,SI\JR?. LSl.iA 33 
crv>.~C~; /ST ATS/ CRI T, 1\LI~Ho\ L SU!l. 34 
l"!TC"GC:R NH!ST(?,40),NOL\{2) LSuA 35 
D l ~·>= f'<S I UN X ( 1\0 1\r.' A ~1) , CLr=>fJL Y { 5, N PL .~S) , t::Pu CHS ( 1 0, M XEP LJC ) , NPUL Y ( N PLN S) L SUA 36 

1 , I C n L ( N fJ 1\ P ~ ~· ) • I S T L\ T ( N PAR AM } , L SUA 37 
3 ANnk~(NVARGL,NVI\RGL),ATRW(NVAR8L)oDELTA(NVAR~L),PACC{NVAR8L), LSQA 
4 P n ( 1 3 ) , P ~. ( l ~ ) • N ~ C l 1 L D ( I 3 ) , N f\ C U L F ( 1 :;) ) , I F RUM ( 3 ) , 1 T U ( .3 ) , CU V AR C 3 o 3 ) L .3 u <\ 

38 
39 

S, I rUT( 2), IY( ?) tSIS\10{3) ,SMU'W(2) • LSO<\ 40 
6 A I\ S ( t~ V Ar< [-, L) , I 'II\ r. :1 L ( 1\V .'\ R R L ) • l P Ak .;:~ ( NUS ED) , L S u !\ 41 
7 ~C~~P(NC01M),I(O~SCNCDIM,S),SGMCON(NCDIMJ,ESTCONCNCDIM) LS~A 42 

crUTV·\LLNCE (Pt\:AME,SA.BE1l) LSuA 43 
C<\T<\ t.:O.:)DLG /~7.295779tl1308232/ LSvA 44 
ISlGN(I)=I/IARS(Il LSQ<\ 45 
ITI':tl=.J LSQ<\ 4b 
VAl'::'lCoC'/FLC:AT( INTS) LSl.iA 47 
or 10 I=t.6 LSQi\ 43 

l, YSCO.L[{f)=YFIP5T+YINC*20o*CI-l) LSvA 4Sl 
1\AXIS=MTYPE/2+2 LSQA 50 
LrCP=3*NSTNS LSQA 5 l 
Ct)? II=l,NVAF'RL LSU4. 52 
!K={V<\PRL{II) LSUA. 53 
P<'.CC(l I )=3o37'17P65l6D-l0 LSuA t4 
! F ( I K • L £ "3 0 ) PAC C ( I I ) = 1 • D- 5 L S Q A ~5 
IF(IK.GT.30ei\ND.IKoLEa51}P,CC{IlJ=2e8D-7 LSQA 5b 

2 CrNTINUE LS~A 57 
2 ITCHEK=O LSu<\ 5c3 

ITNn=ITNO+t LSOA 59 
DOS li=l,NVAR8L LSUA 60 
4T~W(l!)=~.DO LS~A 61 
CO 4 JJ=loL80P LSGA 

4 hNfPM(!I,JJ)=CeDO LSU' 
C'l 5 J.)= Ir, NVA~OL LSW~ 

62 
63 
64 <.0 ,_. 



!: liN C I?"'' ( I I • J J ) =(I o DC 
c 
C JI\;CPE'-1f::NlS TH[ I':('"DM~L MATRIX AND CONSTANT VECTOR fGk PAf.I.AMCTER 
C CO ~S T ~A. TNT S 

c 

JF("IC1NS.£Q.-,) GO TO 57 
C'"' "' I =1 ,NCCNS 
~CCN=J.ODO 
1\.r>f>.rt=NCC~JPt I) 
Sf~VSU=SGMCnNt1l**2 
DO t J == 1 , .N P 6. ~~ l 
1 r = r coNs c 1 , J > 
~CCN=~CON+DFL~AT(ISIGN(IJ))*XllAdS(Il)) 
\l.ln'\'=wCfJI'J-FSTrC'I''{ I) 
rn r, J=l,N~·Ar~I 

JJ=ICGL( Ill.f>SCTr:CNS( I ,J))) 
C S (; "l J= 0 f L C t. T ( 1 S l G "J ( I CONS ( I , J) ) ) 
AT~W(JJ)=AT~~(JJ)-DSGNJ*WCON/S!GMSQ 
on "' 1 K= 1, J 
l 1 = t C.u L ( I A [~ S ( f C C'1 l'.i S ( I , 1 K ) ) ) 
DSGN1=DFL041(ISIGN(ICONS(I,IK))) 

n A.NnRM( It, JJ )=ANr·f~'vl( I I, JJ )+DS~!'III*iJSGNJ/SIGMSQ 
S7 IFCNSKlPef:'OoClGC TO 9 

en n I= 1 , N SK I P 
11 ~r-~n(9,5JQ1} J.UNK 

C P~~FCQWS A LOCP FOR EACH 03SERVATI0No <OMPRESS~iJ A MATRIX COMPUTEO 
C AND 5TOr>ED. 1\lORI'o'.l\t_ M<\TRIX AND CONSTANT VECTDr~ INCREMENTEO. 
C N~. 1\;FGATIVE VALUC OF CONST~~T VECTG~ FOR SOLUTION XN XSLINV 
c 

Q on 10t I=l ,NORS 
12 ~EAn(Y,5001) lDYOBStUTH,UTM,SNAME.BNAM~,OBULY•5GMOLYeO~fF,SGMFF 

5,01 F~PV~T(3Xtl3o2F~o0tlX,A3,1XwA4tOlB.l0eF6e3tiJl8elO,F7.4) 
LTf=UTH+UTM/60e00 

C rrr.>RECTION FOR 6~1US TIMING E~ROR ~~ PL,YtiACK 
UT C= UT C- 60 3 e D- "-/ 3 60 0 eO I) 
IFCTCOR~.f0.1)UTC=UTC+l.D0/3bJOoDO 
D'l L3 J=l ,Nsnr.>n=: 

13 TFCS~\ME.LO.SCN4ME(J))JSORCE=J 
CC1 2'5 J=l,NO.II.SE 

~5 JF(ON\ME.EOeVANA~E(J))lBASE=J 
Jflo\St::=IB~Sf*l')() 
00 ?6 J=l,NSTNS 
IFCSA8Bl.EO.SABR(8*J-7))J8ASE=JdASE+J*10 

26 IFCSA~02eEOeSABD(8*J-7))J~ASE=JOA~E+J 

LSUA f:5 
CLSOA t;6 
CL SUA 67 
CL!.>UA &8 

LSUo\ 69 
LSUA 70 
L Su4. 71 
LSQA 72 
L~UA 73 
L5uA 74 
LSUA 75 
L S<..i A. 76 
LSQA 77 
L SUA 78 
L !)UA 79 
L~'-iA tjl,) 

L SUA BL 
LSUA 82 
L SUA 83 
LSQA 84 
LSOA o5· 
LSJA 86 
L~i..lA b7 
L S\.J 4. l:B 

CL S 114 89 
u.. suA. 9·.) 
CLSQA 9 l 
CLSOA. 92 
CL SGIA. 93 

LSUA 94 
L S(..l4. s;:, 
LSQA 96· 
LSGlA 97 
LSuA c;a 
LSI..iA ~9 
L Sl.tA lOO 
LSUA 1 0 1 
LSOA loJ2 
LS.JA 10.3 
L S<..>\ . 1 04 
LSU4. 105 
LSQA 106 
L SUo\ 1J7 
LSOA 108 lO 

N 



( 1\ L L F F :h DL Y ( X , r P 0 C H S , C L P 0 L Y , FlJ F S t:: l ( 1 !J A S E ) • 0 US f ,~ Q , U T (. , N ;3Q L Y • l C 0 L • L S U 1\ 
T S T t\T , J Sli h c C, J t1 <\ S E, [ DY Ll8S, NP IH< ·~ i•lo M T Y P t:: • N PL i'li 5, N A X 1 S, MXEP OC ~Iii-< A NGL , L S Q A 

2 F F '·lCJDL, f>Y .'-~llDL l L SUA 
CALL P)l~Ivcno,~F,N<\COLD,NACUL~ol~COLolACULF) LSGA 
If ('HYPt_.LCl.?.nr .c;.-;MFF,f::Q.!).u0)C,LJ TO 2til LS\.l~ 
I<F =-F"f MCOL-l'!iH- LS"4 
IFCISIG~A.~C.0)GO TO 2B LSUA 
S r, '-' F F = [l S 0 r' T ( S c; 'A F" f-' * * 2 + X T R A S 1J ( 1 B A S C , 1 ) * * 2 } L S Q A 
~f-=V.'F/:iGMI-'F LSQA 
C!J :->7 K:: t, I 1\CnLF LSUA 

27 PF{V.)=Pf(K)/SG'-lFF LSUA 
2101 CTI'<TINUE LSUI\. 

en ?c< ll=l.It..CnLF LSQA 
I<=NI\CllLF(I!) LSUA 
ATRW(K)=ATP~(K)-PF(li)*WF LSQA 
DG ?9 JJ=I!,[ACOLf LSQI\. 
L=~.1 ACJLF(JJ) LSQA 
II N f' f- ~~ ( K , l ) = ArHl R I~ ( K , L ) + P F ( I I ) * P F ( J J } L S \J A 

2<:; CCI'<TP-JUE LSQA 
2R! IF(~TYPE.CO.I.OP.SGMDLY.Ea.O.OOlGO TO 3011 LSUA 

wr=-~Y~ODL-C~DLY LSU~ 
IF([SIGMA.EQ.~)GO TO 3l LSUA 
SG~OLY=DSUPT(SG'-~OLY**2+XTRASM(lLASE,NY)**2) LSQA 
~~=WD/5GMDLY LSUA 
r.r; ~0 K= 1 • I A.C'JL LSOA 

31 PO(K)=PD(K)/SGMDLY LSQ' 
31 CrNTlNUF LSUA 

DC: ~2 11 =1, l A.COL LSOA 
!<=~'\COLD(T!) LSQA 
~TFW(K)=~TR~(K)-PDCIIl*WD LSUA 
DO 32 JJ=ll,I~COL LSOA 
L=NACOLD(JJ} LSQA 
1\"H'"'''(K.L)=t\NOR'-'(K,L)+PD( [l)*PD{JJ) LS'-l<\ 

32 C0~TINUC LS~A 
3.0l1 \AR!Tc( 11) IDY0'3S,UTrl,UTMoUTC~JSGRCE, IBASCv LSQA 

1 v. F, S G~. F F ti A CCL F ,( ( PF { J ) , 1\ ACOLF ( J ) ) , J = 1 , I ACOLF ) i L S QA 
2 i'.D,SG~"DLY, IA.CCLt ((PO( J} • NACOLl}(J)) o.J=l~ lACOL) LSOA 

301 rr~TI~UL LSQA 
nr~TNO 9 LSuA 
r. r -, I MJ 1 1 L S U A 
on 45 ll=i oLOOD LSOA 
JlP1=l!+l LSQA 
DO 45 JJ=IIPl,NVARBL LSO~ 

4~ ANOPM(((,JJ)=A.NnR~(lltJJ)+ANORM(JJ,II) LSQA 

l09 
1 l J 
1 1 1 
1 12 
1 L 3 
i. 14 
1 1 5 
1 16 
1 1 7 
1 l 8 
1 19 
1.20 
1 2 l 
122 
123 
124 
12~ 
126 
127 
12d 
129· 
130 
l.Jl 
132 
133 
134; 
135 
1.36 
1,2)7 
138 
LJSI 
140 
1 4 1 
142 
143 
14 4 
145 
146 
147 
148 
149 
150 
151 
152 '-0 

lN 



c 
C Hlh<~I\TTC'N Of- THL snt!JTICI' VECTOr. (ut.LTA.) 

!'!C'"'nt:=2 

CL S.;A 
CLSL.iA 

LSUA 
L Se<A 
L SQA 

C~Ll XSLINV(\Nn~~.~TRw,NVA.R8L,NVA.k8LeNCOJE,A.NSouETelUEXP,UELT4) 
~RIT~(6,bJCG)nFT,IDCXP 

60Cf Fnr.·~'liT ( IH0, 'DfTU~·~INA.NT=' ,F15.b, 'LJ • .. 15,/•' IN{.REMENTS') 
\'' Q I Tt.: ( 6 , t, '\ 0 2 l ( DEL T 1\. ( I I ) , I l -= 1 , NV 4. r-< o L ) 

~~0? Fn~MAT(5024olh) 
C n ll 6 I I = 1 , NV A. I' H L 
L = T V I\. I~ LlL { I I ) 
X(L)=X{L)+DELTA(!I) 
1\. "'-' ~. ( I I ) = X ( L ) 
T r ( f' Afl S ( D [ L T 1\ ( I l ) ) • G E "P A C C ( Il ) ) l T C ~it:. t<.= I T C HE K + 1 

4f C'lNTI"!UE 
.... P T T E ( 6 , 6 ') 0 I ) I T ,._I 0 

6 0 0 1 F 0 h ,..., AT ( 1 riO • ' ITEr:: AT Y 0 I\' • I 5 , ' P A. R A. ME T E R S • , / ) 
IJ.'JC;ITE((>,6)0?)( 1\.NS( II )eii=ltNVAHbL) 
nn 47 J=l,NSOhCL 
K=3l t2*( J-1) 
R/I(J)=X(K) 

~~ 7 [)F"' I ( J) =X ( K + 1 ) 
\o. D I T [ ( 6, tJ Cl J ) I TC HF K • l '.A A X 

60JJ rnr.v~1 ( lHJ,' ITC~'ll"~• • I5o 0 !"'AX', 15} 
· I F ( I T C H f:: K • G E • 1 • 1\. N,) ~ ( I M A. X o E Q ., 0 • 0 l-1 ,. 1 TN 0 .. L T • I 1'4 t;. X } ) GO T 0 3 
Wh'ITE:(6,6COC) 

6·1')1) FO~..,AT( !Hl) 
CALL INVCRT(ANOR~) 
\I.PlTE(A.t'.-017) 

6017 FC'f;'.'I\T{lli0,Tl5o°CIJRRCL4TlON Ml\TfdX 
& rNLY SINCE SY~METRIC'///) 

DO 77 I=loNVI\rt[ll 
7 7 AT R W ( I ) = D s·a R T ( !\NORM ( I , l ) ) 

DO 56 I= 1 , NV AD RL 
on 78 J=I.NVAPRL 
A~S( J)=ANDRM( I ~J)/( 1\.TRWC I )*<\TRW(.n) 

••oceUPPER HALF 

LSY~A 
L SUA. 
LSuA. 
L Sl.l t\ 
LSQA 
LSOA 
LSUA 
L S\..1 A 
L SUA 
LSUA 
LSQA 
L SuA 
LSUA 
L SU<\ 
LSl.IA 
LSOA 
LSUA. 
L SUA 
L SQ.A 
LS...;A 
L Sut.. 
LS '..lA 
LSQA 

0 !A GO NALL 5(J>\ 
LSUA 
LSU4. 
LSi..J4 
LSi...iA. 
L SuA 
LSQ4 7'3 

")6 
1'1011:3 

>If~ ITEC 6, 60 lR) I VARSL{ I) • !I.NOF<M( I oll, ( ll.NS(J) ,J=I, NII<\RI:)L) 
FC~~AT('OVARIANCE 1 sl5.Dl5e6elOX,•CURREL4TlONS:•,t(' •.20F6.2)) 
SUI..'\I.=J oD:) 

LSUA 
LS<..l.l\ 
L SuA. 

SSOPl=::l.DO 
5SQr>2=0oDO 
5 '). U W ( 1 ) = 0 • D 0 
Sf>-' U\1.' { 2 ) ;: 0 • DC' 
1\:CA(ll=O 
NO P ( 21 =0 

LSUt\ 
LSQA 
L SiJA 
LS'..JA 
L S<J 4. 
LSUA. 

153 
l:J4 
155 
156 
157 
1~8 

l ~·~ 
16C 
1 c l 
162 
163 
lt.4 
165 
1C.6 
167 
1 tld 
lbY 
1 7·J 
1 7 1 
1 72 
173 
l 74 
11'::; 
176 
177 
l 7tl 
l 79 
l c.:: 
1 e 1 
ld2 
183 
lo4 
lc~ 
ld6 
lb7 
HJa 
189 
l90 
l <; 1 
192 
1St3 
194 
195 
1<;6 1-0 

.p. 



53 

!"'liT ( l ) =0 
TnUT(2)=0 
en '5 S I= 1 t NY 
r.n c;e J= l, INTS 
"HlST( I,J)=~ 

LSJA 
L Sub. 
LSQA 
LSu.X 
LSu~ 

C CLS~.,oA. 
C Cn'JPUTI\THH~ CF klSTnuo.LSe LtJOP PEM; bASELINE; l•>INER LOOP FGR El\.c.t-1 CLSi..i<\ 
C 0F3E~VATlfJNo PESJ')lJI\LS ARE PLOTTEUo HISTOGRAM C.1..AS!:>ES ARE INC.REMENTEO.LSLIA 
C SUt,~ '#.FJGHTFD f<ESIDUI\LS 1\.NO SUM UN\1\'E!<.iHTl.:D FESIOUALS A.RE INCREMENTED CLSOA. 
C CLS\.JA 

I~=0 LSOA 
DC lfJ L=l,NOASE LSC.A 
l''l=IK+l LS\.<A 
IK=IK+NOBSLN(L) LSOA 
!F(•.qy,JE.f-_0.2) GlJ TO 60 LSOA 
\OI':JT[(6,60ll) LeVBNAMF(L} LSI..l<\ 

6 01 1 r Cr.··~ AT ( 1 H 1 , T !"0 • 'HE S I DU <\L S' /T50 e 9 ( 1 = 1 ) • /TSIO, '* • • RES 1 DUAL • GT oCR ITER lL SQ A 
t A* c; T D • E rw or 1 II J X, ' T I ~E t , T l 05, • SOURCE' , l X , • F F ( H l) 1 , .3 X, 1 DL ¥ (US ) 1 // L S Q A. 
P' -:lAYHRoMN',T!"·O,'BASELINE No.•,I5,2X,A4o///) LS~A 
G~ T~ 61 LSOA 

6 !) \1! R ! T [ ( G , 6 J 2 7 ) L , V f3 N A '-'· F { L ) L S Q A. 
6 0? 7 F C P'-1lH ( 1 ti 1 • 1 5 ~ • 'P E 5 I DU 1\ L S' /T 50 • 9 { '.::. • ) , / 1'=>' v • • * o e i-o~CS l DU II.L,. GT., Ct! ITER IL S. OA 

1 A*ST[.;. ERf-<Of<'I/3X, 'TIM'::' ~T10o, •SJUHCE' o3Xo'OLY(USi 8 // L.;)"'A. 
P' r'<\YHRoMN' ,TC,'J.'FJA.SELINE ~~C.• ol~t2Xo4.4,///) L~.JO. 

b 1 "- f:' 1 T [ l 6 , 6 ) t 2 ) ( Y SC ALE ( I ) o I = t , 6 } L S >J.\ 
6J12 FD~~AT(9Xo 0 ~RINGE FREQUENCY PLUT SCAL~ SMALLER UY TEN'/4X~ LSQA 

I fl ( 1 P[ I 0 • J • I 0 X } /9 X • ' +' , l 0 ( q ( 1 - • ) , • + • ) » L S ..1 A 
CALL TSPLDT(YFI~ST,YlNC,MTYPEoNY) LS~A 

['n 1 5 I = N 1 , I K L S u 4. 
f...FM)(ll) lOYf1RS,UTHoUTM.UTC~JSLNCE.IBASE, LS-.;A 

1 '1\F,SGMFF:-, I ACOLF, ( ( PF( J) ,f\iAC.QI..,F (JJ) eJ=lt lA.COLF ), LSI..olA. 
2 \IJ 11 , S G T-' D L Y , I A C r L • ( ( P D ( J ) • N A C 0 L D ( .J ~ ) • J = 1 , I A C 0 L ) L S 0 A 

Cn 11 JJ=l ,NY LSQA 
Ir.t;T(JJ).::.') LSUA 
IV( JJ)=O LSQA 
J:;fJCTCJJl=BLANK LSCH 

t 1 v.R4(JJ)=Co LSC.<\ 
C TO UC:T TI\l[ INTErVAL DIFFERENT FRUM l MINUTE USE 60o/(TIME INT)+lo5 <..LSc.~A. 
C CH 1\NGFS RC::OUIPED I "l TSPLOT TO HAVE 2 OR MORE OBS lN AN lNTt::R\IAL CLSuA 

!X=C(FLO~T(XDYOPS)-TOBS1)*24o~UTC-XFIRST)*6Jo+le5 LSQ4 
Ir(!X.LTol) IX=-=1 LSI..lA 
It(MTYPEoC0.2.0R~SGMFFeEOeO~DO)GO TO .39 LS~A 
NOP(l)=NOO(l)+l LSul\ 
en 79 J=l,IACCLF LSQ4 

197 
l"' 8 
1 <;. 9 
2CO 
201 
2 02 
203 
204 
2C5 
206 
207 
2.16 
2C<; 
2 l ·J 
2 l 1 
212 
213 
211+ 
215 
216 
2 1 7· 
2lo 
219 
22J 
221 
222 
22.3 
224 
22::> 
226 
227 
22t.· 
22., 
230 
2Jl 
232 
2.33 
234 
235 
2.36 
237 
238 
2.39 \.0 
240 Vl 



79 ~r=Wf+PF(Jl•DFLTA(NA.COLF(J)) 
T F ( ! S l (; M ll • [ 0 o I ) \'.' F = W F * S G 1\\F F 
V. 1.\ .:: '.~f-* NF 
Y-P·~( 1) =SNGL (WF l 
~ H U 'I ( l ) : S '<1 U~· ( 1 ) + :: II 
I T = ( Wh 4 ( 1 ) - Y F IRS T ) / Y INC+ 1 e 5 
!F{HTYPEoNE.~l ll:::(WR4(1 )*10o-YriRST)/YlNC+le5 
IF(!l.LT.l) ll=t 
lF(II.GT.ll)l) 11=101 
YV(ll=II 
rnuTCll=l 
l F ( I 5 I G ~., '< • E 0 • J ) G 0 T D 3 8 
S T D = '.~; < .:. { 1 ) / S 1'-1 r, L ( S ; \1 F F ) 
1 F { h '.3S { S T D ) • G T • O, l T ) r.< E J C T ( 1 ) = S T A.R 
lFCSTU.LT.-5.~) STD=-5.0 
IF(STD.jE.5.0) STD=4.9Q9 
THIST=(5.C+SlD)/V,L+t.O 
NHTST( l, JfllST)=~HiiST{ l, IHIST)+l 
~F=WF/(SG~Fr*SG~FFJ 
"'~=W~/(SGVFF*SGM~F) 

3P ~tH' ''!:::SlJ'.I W-!- \< f
S~CP I= .;Sol<! ~'II-'/ 

39 f"'i!\TINUf. 
If'('.1JYPE.EG.l,Qh'oSGMOLYoEQ.O.,Q:)) GO TO 14 
Nnf(NY)=NQH(NY)+l 
en P.O J= l, I A.Ct'L 

~~') l<fl=,'olJ+PD{ J )*DELTA( NACOLD(J)) 
IF"( TS!C,Mt>.oEC..el) WO=WD*SGMDLY 

\1· \<I= w L''' v.· D 
\\'!-; 4 ( 1'\Y } =Sf'.! GL ( W 0} 
S "'U \1.' ( :-,J Y ) = S W Ll \'.' ( NY l +i'i W 
cnv=COV•D0LE{WP4(l)O~R4(2,) 
ti=CAh4(NYJ-YFJRSTJ/YINC+lo5 
IFOlsLTol) II=l 
JF(TieGTolC'l) 11=101 
IVC"JY)=l I 
I'lUT(NY)=l 
!F(TSIGMAoEOoO)GO TO 40 
STO=W~4(NV)/SNGL(S~MDLY) 
IFChHS(STD)oGT.C~lT) HCJCTCNY)=ST4R 
IFC~TD.LT.-5.01 STD=-5.1 
YFlST0eGE.5.C) ST~=4.9Q9 
lH!ST=(5.0+STDJ/VAL+l.0 
~HIST{NY.IH1STl=NHIST(NY.IHIST)+1 

LSUA. 241 
L SUA 242 
LSUA 243 
LSU'- 244 
L S~A 24S 
L SuA. 246 
L Si..l4. 247 
L 5 tJ A. 24d 
LSU4 24<;. 
L~QA 250 
L S QA. 251 
LSU4. 252 
LSi..l4 25.J 
L SJil. 2~4 
LSOA 255 
LS(lt. 256 
LSQA 257 
LSUA 2::,/:i 
L St-t. 25'7 
LSUA. 2b0 
LSuA 2tl 
LSuA 262 
L 5,)4 263 
L Su<\ 264 
LSU.C. 2t.5 
L SG/4. 2t.6 
LSOA 267 
L 5-.J<~, 268 
LSQA 2t9 
LSOA 2 70 
L SU <\ 271 
LS...!A 2 72 
LSOA 2 73 
L SUA 2 74 
L~UA 275 
L 504. 276 
LSQA 217 
LS~ll. 278 
LSQA 27S. 
LS04.280 
LSQA .:::n 
L~UA 282 
L 51.44 263 <.0 
L5uA 2d4 0\ 



4'1 

~ [' -:=\',' i)/ ( s G'll) l y ~' :,-; fAI)L y} 
\1 \1. -== \~ \1./ ( S G 1-1 D l Y * S (; r~') L Y ) 
<;lJ'''•=SUMV..+WD 
S c; (l p 2= S S U f. 2 + 1\11~ 

1 4 c r "' r 1 ~' u c= 
CALL 1-.SPLC:T( IX,JY,ItlUT) 

LSQ.; 
L S\JA 
LSOA 
LSuA 
LSu~ 

~ ~ T 1 F ( 6 , (; 0 1 ~, ) I D Y lll:\ S , U TI-l, U T ~ • J S u 1K C • ( ( 'It R4 { K l , RE JC T ( K ) ) e K= 1 , NV ) 
t:>Ol S t=r!->VAT ( 1 +•, I 3o2FJ.') ,Tlll 1 I 2,2( lPE:9,2,Al )} 

LSU.\ 
L SUo\ 
LSUA 

1'5 C\1~;ru~uF.. 
.,_ P I T t: ( 6, 6 J 1 4 ) ( Y SC l\ L F: ( I ) , I= 1 • 6 » 

6 r> 1 4 F C' P f.• •\ T ( 9 X , ' + • • l 0 ( 9 ( ' - ' ) , • + • } / 5X , 6 ( i PE 1 0 "3 , 1 I) X J / 9 X t ' FRINGE 
1 Y DLLJT SCA.LE S'-11\LLCI~ BY TEN 1 ) 

tc cr'\:TI"JUE 
~ s n "' T = o • Do 
IF{~CJNS.EO.OI GO TO 49 
v ~;I TE((,, bl) •)4 l 

6C04 FCRM4Tl'OWEIGHT~O CO~STR,INTS RCSIDU,LS'} 
[)!1 48 I= 1, tKONS 
v.=~.o:, 
f'-DAri=NCGNP{ I) 
5 I G ·~ SQ = S G ~~ C 0 t-.J ( I )11' * 2 
C'J 7 J=l 0 NP4PI 
li=ICDNS(!,J) 

7 \t, = W + l>17 L U A. 1 ( I S I c; N ( I I } ) *X ( I ll. 8 S ( I Z ) ) 
\\='1.-FSTC:ON( I l 
'1. r:> I T E: { 6, ti J 0 5 ) W • ( I C 0 N S ( T 9 J ) • J= 1 • NP ·\R .0 

6005 FOP~~T(T40,Dt6.6,T4,515) 
~ U '; h = S I H 1 i'i + w / S l (; "-' S (l 

48 ~SGWT=SSQ~T+W*W/SIGMSQ 

LSU~ 
LSUA 

FRE QUE:.~CL SUA 
L $(.) 0. 
L SuA. 
L S-14 
L SQA 
LSGIA 
L SQA 
LSuA 
L so a. 
LSuA 
L SQA. 
LSQA 
LSGi>\ 
L S-lt.. 
LSutl. 
L Sol\ 
LSOA 
L SuA. 

C CH I-SG\Jt\f~C TEST C't-1 VI\R! ANCF F<\CTCJR~ 
C CH 1-S'JUI\f,.i:.' GU~JD"~E">S-OF -F! T TEST 

P~uTS HISTOGkAM Or kESXDUALSe 
L S~..i•\ 

G.. SOA 
CL Svl\ 

L SO A 4G nF~nM=DFLCAT(NnP(l)+N00(2)+NCONS-NVARBL) 
s~· II.( 4P= ( SS OP 1 + SSOR2 + SSQWT) /DENUM 
't· P I T E ( 6 • 6 J ') 0 ) 
~~ITE(6,6007) SMACAP,DENCM 

~)~7 FOr~\T(•QlST!M•TED VARIANCE F4CTUR: •,F17.7/ 5 UEGR~ES OF 
&,Fl"ol) 

£T 0= SNGL ( 01:::1'<0"'1) 
P=t.O-ALPHA/2.~ 
C~LL MDCHI(P,STDoSTATl,!E~) 
r'= IILPH4/2o 0 
CALL MDCHI(P,STD,ST~T2,IER) 
5TO=STD*SNGL(SMAC4P} 
STATl.,STD/STATl 

'- SQA 
LSOA 
L SuA 

FRE:.t 00 M: 1 L Su4 
LS~A 
L SQA 
LSUA 
L SG.A 
LSOA 
LSUA 
LS0"
LS<..A. 

265 
2tH::: 
267 
268 
2o9 
290 
2St 
292 
2<:.3 
294 
2S.5 
2~6 
2~ 7 
2S.Cl 
2S.9 
300 
.301 
302 
303 
304 
3C5· 
3C6 
307 
303 
309 
31..) 
J 1 l 
312 
313 
J!4 
315 
316 
.317 
318 
.319 
320 
321 
.322 
.J23 

.324 
325 
326 
327 tO 
328 '-o,J 



STA1'2=STO/STI\T~ 

lF'CSlo\TloLTol.·').<\\J,J,STAT2oGT.1.0) uO TO o2 
\1, r n T !': ( f > , t • .) 2 6 l S T.\ T l , S T A T 2 

6.)?6 Ff 1 !'."VAT('IJCHI-Sf) 1JAf~F n:c:.r ON VJ\1~{4,'-H .. E F4ClU~: 1 // 1 0 1 oFloeoo• <leO 
[, •,Ft6.6,' FAILS'////) 

(n TO G3 
6? ~RlT[{~,6C?8) STATl,STAT2 

6)?f-l ff'f'~'AT(':)CHJ-SrHJM<F-. TEST ON VARlAN<.c FACTOf<{: 1 / 1 0 1 oF16,.6"' < 1.0 < 
&'.Fl~.6~• P<\SSES'////) 

(, 3 C ,-, f, 4 I = 1 , NY 
~4 SYUV(Il=DSORTC~MU~( [)/(DFLOAT(NUJCI)+NWTP~M+NCUNS-NVAkdL))) 

en V= CDV /OF u- AT (NO '1 { 1 ) +NW TPR M+NCU .\IS- NV 1\kBL) 
TFC""TYr>F.FO.?) r.t) TtJ 65 

\1, r: I T E ( 6 , 6!) 2 c; ) 
602q Fr-1rH1AT( !H0,?7X,•Ft<INGE FREQUt:.NCY',.30X9 'DLLAY') 

CJ T :J 1:> (, 
t c:: v. n I T F:: c c , t. o :FJ 1 

f:.. (' ~ 0 F r r:: '·' AT ( l H ~ , 3 ~ X , ' DE L A. Y ' ) 
•, fl w r~ T T c c ;" , t> 13 1 > c N r. d < I l • r = 1 • 2 l , t s M u ~~ < J > • J = 1 • ~ ) , co v 

LSQA 329 
LS.;A 330 
LSuA 331 

<L S..J4. 332 
LSQA .J33 
LSuA 334 
LS<..l4 33::, 
LSl.iA. 336 
LSQA 337 
LSQA 338 
LSuA 339 
L SuA 340 
LSUt.. 341 
LSUA 3'+2 
LSuA .343 
LSUA 344 
LSQA 345 
LSui\ J4b 
LSul'o 347 

6'JJl Fnf.t-Ji\T(lH0,'"1U'-1:lC'~ OF OF~SERVATICN.:it,SXollOoJOX.,Il0// 8 

f,CP nF- 1 / 1 UN\'E..IGHTEO RES1DUALS'.9X..lJl3e6o2lX,i..H3.6,//' 
P J 4 X , 0 l 3 • (• ) 

JF(!SIGMA.t:.0.0.CF<.NOBS.LE.tl) GG lU t>9 

STAND4RO EkkLSuA 348 
COVARIANCE'oLSQA 34~· 

LSI..ll\ 35C 
L SOA J5 1 

c~.tL HISTGMCMTYPE,NY.NH!ST.v4L,INTs.Nos.IsiGMo\,c.LPH4.) 
C TPA~S~rR~ATinN CF SUB-MAT~IX OF COV4~1ANCE Mb,.T~IX FOk STATIONS INTO 
C CDV4~1~NCC MATPICFS OF BASELlNES 

5 ~ L= 0 
CCI?! I=l.3 
GO ? l J = 1 , I 

cl CnVAR( I,J)=0.DO 
V.RTTE(6,681::') 

60t 3 FCP'.~ -<1 ( ll-il o43X, 'BASELINE ERP0!-1! ANALVSI S 1 /44X,23{ •-•)) 
on 24 JJ=2,NSTNS 

23 

I K = J J- 1 
Ct'J 2 4 1 I= 1 • I K 
L=L+l 
0~ ?J lAXIS=t,NAXIS 
TFPtW( I AX! S)=I 1*3-{3-IA.XIS) 
ITr(IA.XIS)=JJ*3-(j-!AXIS) 
C"G 1\ T U.JUE 
f:r) 72 J=l ,NAXI S 
rT J= ICOL ( I TO ( J) ) 
IFJ=ICOL(JF~O~(J)) 
80 7 2 I= 1 • J 

LSJ~ 352 
CLSLiA ~!)J 

CL 3UA 3S4 
LSuA 3:':5 
L SCI4. 3 5b 
l.SllA 357 
LS;..;A. 35b 
LS04 J59 
LSI..lf\ .JcO 
LSu~ Jcl 
LSuA 362 
LSC.A 3o3 
L SOli. 364 
l.SvA 3L5 
LSI..lll. Jt,t,; 
i...::OI.lA 367 
LSuA. .3b8 
LSQA Jb~ 
LSuA. 370 
L Su .0. 3 7 1 
LSvA. 372 

t.D 
co 



C"V=C.DC LSU~ 373 
ITI=lCnLCITrC! l) LSU~ 374 
IFI=ICCL(lrf.:'J'.-I(TJ) L.SU,\ 37:, 
T r C t T I • E C~ • 0 ) G fJ T 'l 6 A L S ;.,~ '\ .J 7 tJ 
T >=' t ! T J • t. C~ • ': ) G ('. T D 2 2 L S .J 4 J 7 7 
!FCITI.GT.ITJl GO TO 76 LSuA 376 
C n V = CU V + AN 0 r: M ( [1 I • I T J ) L S.;,., 4 3 7 ~ 
c,n TC 22 LSUA 380 

76 (nV=CllV+<\Nfli.M( lTJ,lTil LSQ~ 381 
? 2 I F C I f J • L 0 • 0 ) G C· T U 6 8 L 5 U A J d 2 

IF{!l!.GT.[FJ) GD TO 67 LSUA .jiJ;j 

crv=CUV-AWJR~H IT!, IFJ) LS...iA Jd4 
en TO oB LSU~ 3E5 

67 COV=CGV-ANO~MCirJ.IT[) LSQA 38D 
68. IF( If-'! oEO.O) Gr TO 72 LSI..IA 3f.J7 

JF{ITJ.tO.C) GO TO 7C LSQA ..idb 
IFCIFI.GT.ITJ) GC TO 6Q LSUI\ Jcl~ 
(I,V:::CJV-ANCR"-1( lFI, ITJ) LSuA 3SiC 
Gn TU 70 LSUA 391 

6() C0 V=CQV-I\'~CrnJ( IT J, IF I) LSQA ~<;;2 
7') IF{IFJ~EQ.tl) GG Trl 72 LSuA. .3<;.3• 

IF(!FI.GT.IFJ) GO TO 71 LSQA 394 
COV=COVi-ANnF~( IF I dFJ) LS(.,A 395 
GO TC 72 LS-.14. .3~6 

7! CrV=COVtANOf.'M( IFJ.IFI) LSUA 3<:,7 
72 cnv4R(!,J)=COV LSO~ 3C,8 

lF(MIYPE.NLol) GO TO 74 LSUA J~~ 
en 73 X=lo2 LSU4 400 

73 COVi!~~( h3l=C.n0 LSU<\ 4Jl 
74 c~ 75 l=!,NAXIS LSUA 402 
75 AI\S([)=OSORT(CGVI\R(l.l)) LS-.14 40.3 

\O.'PJT({6,60!9)L,(((C'JVAR(I .. J},J=l•J),ANS{IJJ.l=loNAX1.S) LSOA 4C4 
n')19 Ff'~'.qT( 1 -FIASLLfi'JC 'ol6/' COVARIANCE MATRlX 1 o17X. 1 X 1 .l9X.'Y'•19X,. LSQA 405 

P 'l 9 el5X,'ST~ND~R'J E~RORS 1 //28X.3(Ul5.6,5X),JX,•X: 1 ,F13~10//28X, LSUA 4JG 
0 3C01S.6,5X},<X,•Y: 1 ,F\3ol0/28X, 'SYlA1-1ETklC t>IATklX 1 /28Xo3(D15~6o5X}LS'..14 407 
P,3x,•z:• .F-13.10) LSCJ6. 4J8 
GACFl=DSQ~T(XRASE(L)**2+YBASE(L)**2} LSUA 4C~ 
SVL~NG=( YRASECL)**2*COVAR(lol) + XBASE(L)**2*COVAR(2.2J - 2oDO * LSUA 410 

P XP-\~F(L)*Yflt.SF(L)*CDVA.1Hl 9 2) ) LSOA 4ll 
S '-1 L n J\:.:; = f< A') !l f G * 0 S c:J R T ( S M L n N G ) * 3 6 J 0 .. D 0/ B A S t:. 1 * * 2 L 5 Cl A 4 1 2 
<;MFOL=l)S\.lf-<T( ( XU4.SE(L)**2*CuV4.Fdlo1J + Yl.:I4SECL)**2*CUV.&.R(2,2) + LSua. 413 

P ?.DO*XbASE(L)*YBASE(L)*COVAk{l,2) )/8ASEl**2 ) LSUA 414 
~PITE(6e6~20) S~LONGeS~EOL LSQA 415 

6J2J rrP'AAT(lH0.2tX,'L'JNGITUDE {St:CONUS ARC) t:UUATCRZA.L LENGTH (KM) DLSUA 4l6 
\.0 
\.0 



c 

f.rct.Tf\:ATlCN (5;:-Cr!'DS ARC) TrTAL LCNGTH (KM) 1 //' STANUAi-10 t:..kH.O~S:•,LS:JA. 
P 4Xo2{5x,rt~.t~.5X)) LSUA 

r r c .,,. Y P E.. • E: a • 1 > r. C:' To 2 4 L s .J A 
~SLNGT=DSOHT(Xnas~tL)~*2+YAA.SE(L)**2+ZBAS~(L)**2) LS~A 
S'~f)f-"C=C (ZHliSE(L)/UA.SCl >**;> * ( XU4.St:.{L)**2*CLIV4.i-1(1,l)+Yll4.Sc(L)**2LSu~ 

P *CrVAR(?,2) ) t t3<\5El**2*CI'1Voi\K(.J,3) + 2el>lHLtJASC::{L) * ( XBA.Sc(L}*L!::>'-'4. 
0 Y~A.S~(L)*ZHAS~(Ll*CGVAR(1,2)/tJ4.S~l·*2- Xt34.St:..{LJ*CUV4.R(lo3)- LS~' 
R YPA~C(L)•CrVAR(2,3) ) ) L!:>JA 

S•ICJ:CC:o hAf)DrG*DS<~FH ( SI'I.OEC) *36JO.DI)/uSLNGT~-lr2 I.. SuA 
~'-ITnTL=DSt.;h:TC (XHASC(L)**?*COVC.R<l tl} + Yt3A~E(L}.V:$2*COVAR(2o2) + LSvA 

P 7rASC(Ll**2*CnV4.~(3,3) + 2.l>O*( XbASE(Ll*Y~4SE{L).V:COVAR{l,21 + LSQ~ 
Q XP~SE"(L):<o7fA5r(LI*COVAR(1,3) + Yb.O.St::(L)*Ld4.Sc(L)*COV4.R(2,3) ) ) LS(...A. 
R /P'>Lf':GT**2 ) LSQA 

\'.Pt TE( ,.,,6021) SIIDEC, SMTOTL LSCltt. 
6'"~21 fr'r·~•AT('+'o65X,2(10X 9 Fl!'i•l0)/) LS·JA 

24 CrNTINUE LSU4 
r.CTUhN LSUA 
END LS~~ 

Surr~OUT I NF: f< fWRT (X, C LPOL Y, EPOCHS t L CUL, I ST ~~, NPuLY, NP4k4M, NPLNSt 
1 V 1\ r, H l , D L L l ll., 1\ HHV , ~ N S , 4. N 0 P. M , i-> ll. C C , N V 4. H! tJL e 

? JPII.~AM, 

R Dv.:R 
r<Utit< 
i--D\'iR 

3 ICONS,NCONP,SGVCDN,ESTCON, NCJIM, Ruf..k 
t YX~P~C.MD,NUS~D.NFIXED.INTS,NUPUTJ k0JIIt.( 

C RD~RT Prc.os AND WRITES II.OJUSTMENT 
C WRTTTFN GY R. Ro LANGLEY. 

lNFORM~T lONe lT IS BA.SED ON UER 
(.f.i u \\K 
0< ();ld-( 

Cfd)wH 
(.l< L) ·~-~ 
Cf.i OW H. 
Ck.J wR 

C (ALLfD ~y ·MAIN 
C CII.LLS ~11\JGEO SCUP.CE 
C fll"'UUT 
C CC~~rN /L~lVC.~/ US~D IN 
C C')tvMi)~J /STNAi3R/ USED IN 
C C 0 "' V. C N / ST AT S / lJ '3 F D I N 
C D. Ae DAVJDSCNe 
c 

TAUPE 

LSOo\DJ 
LSO AOJ 
LSOAO.J 

Ml>NRIS TIUES 

FF$DLY STl'IIGEO 

LSQA.DJ 

Cf<i)WR 
CKJ wR 
Q<l) llll< 
CkOWk 
CkD wR 

lVJ:'LlCIT REi\L*8(11.-I·i.D-Z) RUI'ik 
CCMPLEX*l6 SESION . kD•I< 
F;f 1\l *4 XFI RST, YFI RSToY INC, 4.MC..Xle 4:.4<\X2o 4M4.X, 4.LPH4.,CRI TePo 1\L.PH, .\OlCTRD<n< 
lNTcG~R*2 SARDl,SARB2,SABB hDwR. 
C~W~Cf\J /ADJUST/ FOFSET(lO},OdSFRQ,XTRASM(l0,2lt ROYik 

&S~~II.MEC10),VPN4.ME(10J, RO\Iik 
S XFIRST,YFl~SToYINC, RD~R 
l I\: 0 8 SL N ( 1 0 ) e NC 0 N S • f< D 111 ;.c 

417 
418 
41<.; 
42u 
4~1 
422 
423 
424 
425 
426 
427 
42o 
429 
430 
431 
432 
433 
434 

1 • 
2 
3 
4 
5 
b 
7 
8 
c; 

10 
11 
12 
1.3 
14 
15 
ltJ 
17 
18 
1<; 
2C 
21 
22 1-' 
23 0 
24 0 



2 ~TVP:.::,JSIGMt..,NY,NST"S•NSI<TP,ICU . .(t-i F<D11u~ 25 
3oSM1 U{4C) R;)v.f.< 26 
cr~M~~ /LRIVAR/ R~~~ 

I PA ( t ')) , OF(; ( I 0) , l< <3 A SC ( 1:; ) o Y £1 ASL ( 1 J) • ZbA SE ( l 0) , Or FSET ( 5) , HEIGHT ( 5) , R J ~R 
2 L ,.. P 'l L Y ( 3 ) , X P CL "'" , Y PC L E , 0 ~~ f G A , T u lJ 5 1 , k J "'f.< 

27 
28 
29 

3 NO' ( 1 J) ; JD J t. N0 • Nf3 4 SE, NSOR C E, 1 TIDE • 1 S 3,ME, t~Ot3S, l MAX K. 0 wR .30 
cn~~G~ /STN~~8/~~3AloSO.Dn2 kU~R 31 
crv~LN /ST~lS/ CRIT,~LnH' ~D~~ 32 
CI~F~;SJON RLAT(5),1~LONG('5) 1 ~DV.R 

I X(NPO.RAI-'),(.LPf1LY("i,NPLNSl,EPuCHS(lO.MXEPuC)oNPOLY(NPLNS), kt)v.f< 
2 IC!'L(NPAPA~·l.IST4T(NPARA'vl), f.<DV.~ 
3 t..Nrh~(NVAk8LoNVA~8L)oATRW(NVARHL),D~LTA(NV4R~LJ.PACC(NVARtiL), k~wk 

3.3 
34 
35 
j(. 

6 1\f'o.·S ("'VAf.<l'L), I V<\Rf 1 L( NV<\f<OL l olP<\1, A.M( NU5lD), k0wR 
7 N(f'~P(NCPII'v'), fCJNS(NCf)fM,5),S<;M<;ON(NCUlM),ESTCONCNCDIM) RD~./-~ 

37 
38 

n<\TA ~MAX/'MAX 1 /oA~ICT/'DlCT 1 / k0~R 
WPTTE(6,t~~f) ROWk 

6000 f"(lP.'AT('l'oC:,5Xo 1 C<\NADII\N Lf11 P~LiGRA-IMt::"/ 1 •,55Xe22(•-•),/,•J 1 ,49X,fd..>~~>t< 
1 •F~JNG~ F~tQUENCY O.ND OELA.Y ANALYSJS 1 /50Xt35( 1 - 1 )/ 1 0 1 tb4X, RJ~~ 
2 'L~AST SQUA~CS ADJUSTMENT 1 /b~X,24{ 1 -')I'O',~~Xo H~Wk 

3~ 
40 
4 l 
42 
43 

:l 'Vf'"t-<SION: U."'.fl. ~~y 19"l0'/~oX,24( 1 - 1 )) i-<0.-R 44 
D'l t K= 1 ,r~PARAM kDWt< 4::>' 
ISTAT{K)=C kO~R 
ICnL(K)=O RJ~f< 
~FAn(5,5u01 )(( IPARAM(K), ISTA.T(lPot\RAM(K))),K=l,NI)SED) t<J\\k 

5':101 ff)R.'-"O.T(l3(14.12)) kJ\Ni..C 

46 
47 
48 
49 

C THIS LrnD DF.f.<IVfS "COMORESSED A MATf.<IX" COLUMN NUM8ERS OF ALL CRJ'.I.k 50 
C VIIRI Af:1LE PA.r\<\METERS Ch:DI'IK 

!=0 hDWH 
On 2 K=l,NUStO k~"R 

5l 
52 
53 

L = T fJ A:~ AM ( K ) R (.) 'fi i< 
JFCTST4T(L)oLT.,?)GO TO 2 H.vv.H 

54 
55 

I=T+I kDWk 
I~rL(L)=I kD.~k 
IVA~8L(I)=l kDwk 

. 2 CniiHINUE k.lJ\111-l 
lFCI.NE.NVA.RBL)GU TC S9A kU~R 

56 
57 
se 
59 
e;~ 

I~({NFIXCD+NVO.RHL)eNE.NUSED) GO TO 999 kO~R c! 
PFft~C~o5002) ~TYPE,ITIDE,ISIGMA.,IMA.XoiSAMEe!CO~R RD~R 

'5 C Q 2 F C ~ ·~ A T ( 3 ( 1· l , 1 X ) • I 2 , 1 X o 1 1 , 1 X e I 1 ) t< 0 'It R 
62 
(:;3 

~V=\+MTYPE/3 k.DWk. 64 
JF ("IY.E.Q.l) IS<\MC=O kD~~oH 

C THIS P..PUT SET SHGULD BE AFTER NdASE COMP;JTED, THf::N LOOP TO NE.sA5E(6) CRD.rrf.< 
t;5 
66 

I F C I S I G I>' A • E 0 • 1 l R E A 0 ( 5 • 50 0 3 ) ( X T R o\ ;ji-.1 ( I( , 1 l , K= 1 , 8 ) k U WI H. 
JF(~TYPE.EOe3e<\ND.ISIGM-.EGel)R~~U(5a500J)(Xlk'S~(I<t2)tK=lt8) ROw~ 

67 .... 
68 0 .... 



'1')1~3 Ff'r'<HT(F:3F!C.51 R0¥tR 
f-::: 11 t"' c ~ , s -::- r- 4 l s c s r ;J ~ t< C) w ~ 

S)J4 Fr~~fiT(?A~) HU~~ 
P'"A~"'l(C:C ,SCI:''::>) r"lSFRQ, JDJI\"Jf' k.lJ\'It<. 

"> ') 0 5 F (' r: M AT ( F 1 ') , S , T 1 c,, l 1 ,) ) k 1.) Art 
t c:: t\ 0 ( :3 , 5 :' ; (, } T r r) S 1 R 0 "'k 

5006 Fn~VAT(Fl5o5) R0w~ 
r:E~0(5,5~C7)XPf'L[,YPCLE.CMEG4,(UTPQLY(K),K=L,3} RO"'R 

5'(.'7 Fnh·''<lT(3D20.5/"'If"120e5l kUII<k 
~PTTE(6,6101 ISCSION,UBSFRO,XPULE,Y~LL~.OMCG~e(UTP~LY(K),K=lo3J kJ~k 

6 1 •) 1 F (' r· \-1 AT ( ' - ' , ' n r' S r R V I N r; SF. S S I (' N : ' , 2 A 8 • / 1 - ' , 1 0 uS i::. R V l N G F N: E Q IJ!:: N C Y ( ~·- HK 0 ~H.( 
17): '•Fl0.3/•-•,•cucRtHNI\TES GF l-'GLL'/"0'•' X("); 1 ,Fo.3/'0 4 ,' Y("S.J>'iR 
:'): •,F6,3/ 1 - 0 .''-'.0TO.TIQN ~AT:': (RA0IANS PER UT St.COND}: ~.lPD25.,t5/,k0t\R 
3'-'•'Ull-UTC POLY\JO~~IAL COEFFIClt:.I>ITS: •,.lP302~.16) RL>o~<k 

rr-f'ICGNS.CO.-;) GU TO 10 kOM~ 
~PTT~(t,6Cl6) kD~H 

6)16 Fr~~I\T(lH0,'P~P6~~TER CONSTRAINTS USED:•) ku~~ 
JF(NCDI~.LT.NCONSl WRITE(6 9 ~030) NL~IM,NCUNS RO~~ 

603J roF~6T(• *WARNING* DIMENSION (•9zs~•) LESS THAN NUMBER ( 1 ,ISo')') R0~~ 
F; C A f) ( 5 , 5 ') ) 0 ) { N C (; N P ( I ) • I-= 1 , N CU N S ) K 0 11. ~ 

sc~a Fn~~"T<26IJl kDwR 
OC a I=l ,NCCNS kD~k 
K="-'CC'\JP( 1) kD"'R 
~~AQ(S.5011) ESTCON( I),SGMCON(l),(lCONS(l,JltJ=l&Kl ~D*R 

<; ~RTTE(6,501l) ESTCON(I)oSGMCUN(l),CICONSlloJ),J=loKJ RO~R 
~Ol 1 F0hYAT(D25.16,Dl0.3o9I5} RO~R 

10 CONTINUE KDWR 
Cl1 Sf"f~O= OE\SFP 0* i oD6 k DoH~ 
CALL STNGEO(X,NPARAM.NSTNS,RLAToRLONG,SAJ~eVBNAME) kiJ~K 
r~ ~ L=loNRAS~ RO~R 

3 r:;EAD(5,5008l FnFSET(L) kD*R 
5 j ~ C F 0 f< '·1 <\ T ( F l 0 o '+ ) R D "' R 

Cn 4 L=l,N8ASE ~D~k 
~FA~(5,5CJ91 NCP(L) kOwR 

5-:t"'' <; FrRMI\T ( [ l) r..UwR 
K=~C~(L) RO~R 
IF(~.GT.l)~EA~{5,5010)CEPOCHS(L•J)eJ=2oKJ RDWR 

'501 I') n-r~'IAT (402Col0) k~,.)ll.f~ 
4 [PGChS(L.l)=TllRSl kUih~ 

~EA0(5,5C0C)(NPrLYCL)eL=1•NPLNS) ~O~k 
DO 5 L=l,NPLNS kO~H 
j:NPCLY(L)+l kDW~ 
CO !1 Il=l,J R0\111-i. 

5 CLPnLY(IloLl=~~DO R0~R 

69 
70 
71 
72 
73 
74 
75 
76 
77 
76 
7<; 
t.J:J 
bl 
82 
dJ 
8 .. 
e5 
86 
b7 
68 
as.· 
s;o 
<;;t 
<:i2 
Y.3 
<i4 
95 
~6 
C,7 
sa 
"'~ 100 

l 0 i 
102 
10.3 
lJ4 
105 
106 
1C7 
!08 
109 
l l 0 
111 J-1 
l 12 0 

N 



C~LL SOURCF(NP~~~M,SCN~ME,k~,UCL,X,NSORCLJ R~~k 1 13 
~RJTE(6 0 60C2) RO~~ ! 14 

fo c J 2 F r_:: r; .,, ~ T ( • 1 I ) k D .. K 1 1 5 
I=" k0ft~ 1 l 6 
rnA KK=l,NV ~0~~ l 1 7 
JF(~JYPE.~E.2oANDoKKoEO.t )WR1TL(b,6J03) RO~~ 1 1 a 

f) Co C 3 F G f. V AT ( • - 1 , 52 X , ' F ,.( IN G [ F R C Q UC. N C Y 1 > R J 1'. k 1 1 'i 
IF((~TYPE,EQ,?.~N~.KK.EQ.t).Uko(MTYPE.EQ.3.~NUeKKeEUo2))~RITE(6,b0~0w~ 1~0 

104) hD~k 12 1 
6 o o 4 F r r ,, A. r < • - • • 5 11 x , 1 D F: L 1\ v • ) i-< !J w f.< !22 

~RTTF(6,GJ05) kDWR 123 
''C·1S fnn~t'\T(' ',!'"·?X,'CLOCK POLYNnMlALS'/'0' t30Xo 1 tiASELINE 1 tl0Xo'P0LYNUMkuwk 1~4 

1 T 1\ L ' , 1 ~X , ' F P GC H' , 1 ')X, • 1\ V 1\ l L t\ dL L ' / d '~X, • PAR <\M~ T E. k S 1 /) k l) ~~ ~~ 12t) 
J=SI Ru .... k l2b 
IFCKK.EOo2oAN~oiSA~E.EOe!J J=~l+~*NPLN~/2 RD .. k 127 
rnA K=l,NRASE kU~R 128 
LL:N(P(K) Rl)~R 12~ 
~RITE(G,bJ06)VON~~E(K) k0~R L30 

~C0~ Fn~MAT(33X,A4) kD~~ l 3! 
CG o L=l.LL kD~R 132 
I=I+l kOw~ 133 
t I = N PCJ L Y ( I ) k lJ o11 K. 134 
JJ=Jtii ROW<-< 1.;s 
V' R T T E ( 6 , 6 ·) 0 7 } L • F P OC H S ( K • L) • J, J J k u n r< 136 

6 <J ~ 7 F C1 '~'A ~ T ( 1 + 1 o 5 2 X • ! 2 , !. I) X 0 F 1 3 • 9 • 5 X • l 4 ~ ~ - e , l 4/ l X } k D 11< R 137 
6 J=JJ+:':-1[ k0Wk 1J6 

v.fiJTE(t..C.JOf)( IPAR4M{K),K=l.NUSt,\J) klJiltK 13<:; 
nCJ8 F0r.:MAT('l 0 ,'PARAMCTERS l.JSFD IN A,'.JALYS1S 9 //(' 8 ,20!5)) k0Wk !4C 

! F { "-' 1 Y 1J E o F C/ • 1 ) Vi P I T E ( 6, ti J!) 9 ) k 0 ;. f< 1 41 
IF(MTYPE.E0.2)W~ITE(6.6010) k0~~ 142 
IF(~TYPfoE0.3)WPITE(6o6Jll) kUWK 

f.,D9 rnrmAT(I-·,,,FRP!GC FREQUENCY DATA ONLY') i<i)l'lk 
143 
l44 

6010 f"CFMAT ('-' ,•or::LA.Y DI\TI\ ONLY') R01l<K 145 
6011 FIJfi'~4T(•-•,•FRINGC FREQUCNCY AND DEL<\Y D~Til. 8 ) fq)...,f~ l4u 

IF(I:.3IGMA..Nf::ol)G0 TO 7 f.<Oot.K 147 
~r;tT~(b,bOl2) K0~K l48 

6012 rnR\1AT('- 0 o 8 WC:IGHTED DATA'} RlJ,;;k 149 
IF{PITYPE~EO.l.OR.MTYPE.E0.3)wklTE(6,6013)(VBNAME(K).XTRASM(K.l)~K=ku~R 1 5.J 

&t,N~A.SE) kD~K 1 5 1 
601J FO~~A.T( 1 0°/(1Xo'INPUT FRINGE FRE~UENCY VARIANCES FOR BASELINE •. kJWR. 152 

1~4,• INCRCI\SED RY ("~015 .. 7~'>**2')~ ~c<Ol:lt~ l53 
J=MTYPE-l kO~R 
IF ( "-" TY P[ o t: 0 ~ 2 • OR • MTY PE • EO • 3) WRIT t::, ( 6, oO 14) ( V 8NA.ME ( K ) • XTRA SM ( K,. J) , K=.t<. 0 w R 

&t,NtlASE) kuWR 

1:'.:>4 
155 ~ 
t5o c 

lN 



A)l4 F 0 m'AT(•C•/C!X.'I'\JPUT DCLI\Y VA~IANCE.S FOk bASELINE •eAih' 
f:('. flY (',~15.7,')*'~2')) 

7 (('~T INUF. 
I F { I T I ,J r • t: 0 • I ) vi b' I T i-: ( .-, , A 0 t "i ) 

61!'5 FnF\11\T('J','{t,PTH TfUC ClHH~f:O:CTll.d-. lNCLUl)L;.l) IN MODEL') 
Pc: A1)( 5, 5S. t t) N")l( I p, NOBS, ( NOnSLN ( ;<.. ~, K= l • NdASl::. ~ 

~ 9 l 1 F r F "l :. T ( H I l () ) 
TFC~U~DT.LQ.O) GO TO 28 
'.\RTTE(u,6r:'?f>) 

6):?H f(H~"14T( 1 OUPD4T[!~ P4Rt..MF.TEf~S!'/' ,..4.R4METE~• tllX , 0 VI\LUE 8 ) 

C 1J '?.7 J= 1 • NUPDT 
r r f.":' ( ~l 9 5 G l f, ) K • X ( K ) 
wn T T [( 6, ~'>C' t 6) K, X ( K) 

') 0 I l> f Cl P.l 4T ( I 5 , 5 X , I)?~~ • 1 f) ) 

I~(K.LC.J•':'o(:f'•K•GC.51) GO TO 27 
J J = { K- 3 0 ) / 2 
IF(K/2*2•Nf.Kl ~0 TO 26 
CE'C( JJ l=X( K l 
c;n TO 27 

26 Pto (JJ+ 1 )=X(K) 
2 7 en r-.:T INUE 

C Cf1~PvTFS UUTLYiNG RESIDU4L CRYTER!boe .,.,(.kiT 
2 8 ~ c A•) ( 5 • 5 C t C: l A'·l AX l • AM AX2 • ALPH4., Xf- l ~ S T,. Y F l foiST o 't 1 NC • CR IT 

'5 ') 1 5 F 0 F '~ A l ( 2 A 4 , F 7., t~ , 6 F 1 () ~ 6 ) 
IF(AMAXloEO.ADTCT) GC TO ~5 
K=~CUS-NVARPL+N~TP~M+NCCNS 
JF(4Mt.X\eFO.AMAX) GO TO 23 
IF ( T S I GM f\ • i'J E' ~ l ) GO T 0 2 2 
P= 1 • (j- o\L PH f:l /2 •; 
CALL. MDNh!S(P.CPlT.IER) 
GO TC 25 

22 DALDHA=DRLE(ALPHA} 
Cll.LL lAURC.:{loK.DALPHAoDCRIT) 
CRIT=SNGLCDC~ITI 
c,n TO z:, 

23 6.LPH=ALPH4/FLO!IT(N08Sl 
TF{ISIG~A.I':E .. ll GfJ TO 24 
F=le0-ALPH/2m') 
CALL MDNR!S{P,CPTToiER) 
Gil TO 25 

2 4 C4LPHA=D8LE.( A.LPH) 
CALL TAUREC1~K~OALPHA.oDCRITJ 
C~lT=SNGL(OCPIT) 

25 ~QITE(6,6027) ALPHA.A~AX~oAMAX2oCR[1 

lNCREASE.RJwR 157 
1-..;~R l5d 
t<u .~R lSS. 
H L) "'k 160 
k u I'H< 1 L 1 
k Llr~tR 162 
ROIIIR Lb3 
kDWI~ l 6 '• 
ku~'>i"-< 165 
KDb>R Lt6 
hOI'<r< 167 
k u ~.;~ 168 
f.< Lhd-< 1 6S. 
f<J~~<R 1 7J 
f<U'-"•'< 1 7 1 
f<;)~i71. 172 
kOWk 113 
k 0 t~H 174 
RO,.;~ 175 
RUwR 176 
i-<0 .vR 177 

Ck I) tii~ 17.8 
R;);;R 179 
h.DwR 180 
F, D r<1-< l 8 1 
f<.O··~R ld2 
kOIJH 183 
kO ;,r< lb4 
f<l)~l~ 13S 
k0111K 166 
k\)A,..(, tt7 
k U\loh! 188 
f-<J'hR 189 
f-<Oillr~ l'J; 
1-<L) .uR l ~ 1 
k011'1k 1c.t2 
k l>\ld~ 193 
HDwR 1':.4 
kl> o'JR !"-;5 
kO""R. 1S.6 
R 0 -"k 197 
k l) "'"k 1'.16 
kOIIIk !':iSi ..... 
k .:>wR. 200 0 

+-



~0?7 Fn~~AT('CALL STATISTICS 8ASEO ON PkOBAUlLlTY U~ 
&H~l: ',FJ0.5/' ~ESIDUAL OUTLIERS JLlECTEO US!NG 
r. r- A c T J P : • , r 1 f .• r l 

!F{ITIDC.E..O.nlr,r L) 17 
T:) I:::: (~f LC ·\ T ( J OJ AI'); l +T(;pc; t -'). 5LlC 
~F~~(5,~0~?.FNO=l~l JUNK 

If. CAlL TIDFS<"TDl ,f\'STNS,RLAT,F<LGNG) 
17 Cl'f'~T I"JUE 

JF(~UUS.LE.50l INTS=INTS/2*2 
IFITNTS.GT.40) INTS=40 
~~JT[(6,6C29l MD 

A TYP[ I t:.!-!h,JR( l\LPn.DWr< 201 
1 v2A4t 1 <.fdTCIHAe KJ.l!K 2·J2 

r<uwR 203 
RO,.,R 2J4 
hJ111k 2J:.) 
h 0\'.k 20b 
k0.'11k 2J7 
Ru\lik 2C8 
kOWR 2J':1 
RDwk 210 
Rut\k 211 

6J?Q Fl'~MAT(lHlt'LFAST SQUAPES Pll.Ril.~ETRlC ll.DJJSTMENT 1 // 4 MUDEL 
~-.,Tl") 

NUM8ER:'k.Hk 212 
kDiu< 21~ 
RO'tOr< 214 
RL>.vH. 2L5 
RDIIIF~ 216 
kDI•H 217 
hOI~R 218 
RO'i.k 219 

C i\ l L L S 0 A,) J ( X , J r c; L o I S T A T • 
1 ~ h!n k~ , AT I~'.\ , Df L T A , r> A CC , AN 5, 1 V AR bL ~ 
2 J r' A r: AM, 
::' ICC't<SoNCCNF,SGfJCON,ESTCON, 
": ct PU_Y,NPOLV, NPLNS, 
6 II\TS 

C PRINTS ~ARAMElEP RESULTS AND STANDAR~ E~RORS 
Y.RITE(6,b0l7) 

EPOCHSt 

f'.JPA RAM, 
NVARBL, 
NU5t:Do 
NC.DIMo 
MXEPOCw 

) 

6 '": 1 7 F n P 'A AT ( ' l R E S U!_ T S 9 / 9 3 ~ 7 ( e - • ) / e P~RAMETER 1 viOX, 0 ESTIMATEe~l7Xe 
1 'STA~DA~D ERROR',/) 

DO ?0 !I=l,NUSFP 
l = T P t. >;: A '-I ( I I ) 
IFIL.GT.30) GO TU 18 
~QJT[(6,6Cl8JL.X(LJ 

6 0 1 Cl f f' r. \I AT ( I H 0 , I 5 • 5 X , F l 5 o 6 , 8 K IV ' ) 
lF(YSTqfLlaLTo?>GO TO 20 
~TDfh.=DS(Jhl ( ANOPM{ !COL(L), ICCJL(L))) 
~PJTE(6,6~2~J STOEP 

60::'2 F'IP~A1( 1 + 9 9T4~,Fl0.,6, 9 

GO T 0 20 
18 IFCL.GT.~:.J)GQ T!l l<; 

IF(L/2*2eEOoL)G!l TO 21 
HRS=X(L)/15.DO 

KM') 

I HP=HR S 
t.~I~S=UAHS{HRS-DFLOAT(lHR) )*60o00 
I MIN S= R MIN S 
FSrX=(~MINS-DFLOATClMINS))*60.D~ 
\\ P 1 T E ( 6 , () C 2 1 ) L • I H R • I M I N S • R SEX 

6021 rn~MAT(lHt:~r::;,<:x.rs,• HR •,Is.• :-1!NasF8e4·•' SEes> 
JF(ISTAT(L)oLTo2)GO TO 20 
STDE~=DSQRT(ANORMCICGL(L),ICCLCLJJJ/I5eD0*3b00eOO 

CkOwr< 22C 
RJ,;k 22! 
RDWR 222 
f<L)wf.i 223 
k.Jtio~t 224 
l-<0\l.ik 225 
kJwk 226 
Ri')'"'R 227 
r<Or.i~ 228 
kUwF< 22':it 
f( 0 vo-\ 2 3 0 
N:vwk 231 
KUI'<t< 232-
f.i0¥.R 2.33 
f~l).vk 234 
f<U~~ok 237;> 
RD~i< 236 
kU'.IIR 2.:>7 
t-<D:..tr< 2313 
RO~JR 23<:; 
ku01tR. 240 
RUi!oiR 241 
kuWR 242 
H.()Wr< 243 
klhk 244 

f-.' 
0 
VI 



c 
c 
c 
c 
c 
c 
c 
c 

~niT~(t,6C?3) STn?R 
b023 FGr''Al ( 1 + 1 ,Tt~f ,rJ')o6, 1 SEC') 

cr ro 20 
21 cr1r•TINUC 

(f)[G:::X ( L) 
F '~ I N S= D A f3 S ( )I ( L l- Dl Ul AT ( I DC G ) ) * b 0 o D 0 
l~,l';JS=P."1[f\;S 

PS~X~(RMINS-DFLnAT(!MlNSl)*60oDC 
I\~TTE(6,6019 )L, I!)~G, IMINS,f;SEX 

6"'1'1 FCf<>.A4T(IHOo15,"lX.IS,• DEG',I!:>•' MlN'ef7o3o 0 St:C•) 
IFCTSTAT(L}.LT.?)GO TO 20 
STD"-:k=DSOfH( t.NCJr:"~( ICCL(L), ICLL(L)) l*36JOoDO 
~PITC(6,fC24) STO~R 

6 02 4 F r r.·.~:. T c • + • , r '1::. • r 1 ) • ~ • • sr:: c • > 
G0 TO 20 

19 ~r-ITE(6,6020) L,X(L} 
60 2 ') F C' f~: ~· 4 T ( l H 0 • I ">, "5 X , D 1 7 • 7 ) 

!F(ISTAT(L).LT.2lGQ TO 20 
srr,rR=DSOFH( 1\NQR,'J.( ICCL(L) • ICUL(L)) J 
~PTTE(6,6025) STDER 

6 02 5 f C' P.< f\ T ( ' +' , T 4f • D 1 0 • 3 ) 
~:J (TNT INUE 

C~LL BUWUT 
f.;FTUk\1 

~~8 ~PIT[(6,6992) 

k D ot~F< 
k~)l/f.< 

HJ\\t-< 
k J ,¥1< 
kD~<R 

h LJ nk 
RJ~<k 
l·q)"'H 
k..) t~R 
f~D Wk 
RDI'tH 
KD l'lf( 
f.< DWK 
kUilit< 
ku'f<K 
kuWR 
RD~R 

k L) wR 
kDwR 
k ul!liR 
R0~~tt< 

k D "'k 
k0~R 
r<OWR 
r.: o .... r<. 

6992 FQ~MAT(•- 8 •'PARAMETERS GIVEN AS VARI~BLE STATUS DO NOT S0M TO 
&PL') 

NV 4Kk lJ ~·R 
.kDI'IR 

GC TC 99qq 
~~ '"J .:; ;. f.l ! T E: ( 6 , 6 G Q 1 ) 

6GC1 fflf;''-'1AT( '-', 1 NFTXED+NVARBL DOl::S NUT E.QUAL NUSf:.OO) 
<;<;q<; Cr'i'TINUE 

f:E TUR"J 
END 

~UI:'ROUTIN[ 
COM~'UTE'S THf. 
CGSr:~VAT IONS 

P A. n 1\ .v.r- n:: f.i s 

TAURE( NTeNU,ALPH,CRTA0 J 
~EJECTION LEVEL FUR NORMALISED HESIDUALS FOR A 
, OFGR~ES OF FREEO~M 4ND DESlk~U LEVEL OF TYP~ 

~·T- NU1~f1U? CF nsSERVATION!> 
NU - OE~FEES OF FREEDCM 
A.LrH- DESJPFO PRnDABILfTY OF TYPE ! E~HOH 

f:<D111R 
kuwR 
k01!tR 
RDY.t.< 
kDWR 
RO~~<R 

T AUR 
GIVEN f'.<u1 AUt< 
I E f'.~CJR T AiJ;-:< 

l' '\UR 
TAUk 
T 4.uR 

CPT~U- C~!TY(AL V~LUE ( MAX-T4U ) PRuvUCCD BY THE SUB~OUTlNE 
~EFEPENCE : 4eJo POPE (1976) - "TH~ ST,TISTICS Of RESIDU4LS 4ND THE 

T AUR 
T 4vR 
1 AUk 

245 
246 
247 
24o 
24<:1 
.250 
251 
252 
253 
2~4 
255 
256 
2'.::,7 
258 
259 
260 
<::61 
262 
2oJ 
264 
2t.5 
2U.J 
267 
268 
269 
27J 
271 
2 72 
273 
274 
275 
276 
277 

l 
2 
3 
4 
5 
6 
l 
6 
<; '"'"' 0 

01 



C l>f-H·CT!l'~ CF r:JUTLIC.kS" , vo5• OEPT. OF COMMEHCE • NOAA 
C r-FP:--'f:T ~:JS 6"l NGS 1 .. 

c 

c 

IW~LICIT ~C~L*8{~-Y.8-Z) 
f1ATA i>I/ 3,l~l\c::q?5535R9'3 / 
FO :: ? • /P l 
s = 1. . 
\\NU = NU 
U = 't\NU -1 • 
IF( u.EOa0o ) Gn TO 72 
IF ( ALPH.EG.~. ) GO TO 7? 
I r { A L P H • t T • t • ) ·~ C T 0 1 C 
(PTAU-= O. 

FF TUhN 

I 0 0 = 1\iT 
IF ( ALPH.GTe0e5 ) GC TO 19 
A A = ALPH / 0 
cr-L T = A A 
on 1 s r = 1 • 11 o 
X I :: I 
Dr::-tT = DELT * ALPH * (( XI*O- lod.IU XI+-le)$iJ)) 
!F { DE::LT.LT.t ,l)-14 ) GO TO 20 

19 AA. = AA + DLLT 
19 <\A = l., - ( 1 o-ALPH)**( lo/0) 
2C P = le - AA 

IFCU.[Qcl. ) GO TO 71 
F = 1.3862943611199- 2e*DLOGlAA) 
G = DSQPT(f) 
X= G- (2.515517 + C.802g53*G + OeOL032~*F) 

1; / (1 .. + £e4.327'38*G + F*(Oe!89~o9 + Oe00l30d{<-Gn 
·y = X* X 
A = X* ( 1 o + Y) /4 o 

fl = .X* ( 3 o + Y* ( 1 6 o + 5 • * Y) ) I' 96 ~ 
C = X* (-15. + Y*( 17o + Y*( l9e + .J.*Y) J )/3tl4c 
F = X*(-~45e + Y*{-1920. + Y*(l4~2e + V*l776o + 79e*Y))J)/92160. 
V = le/U 
T =X+ V*(A + V*(B • V*(C + E*V))} 
5 = T/DSQRT(U +.T*T) 
lJ'-.1 = U - 1 e 

DELL = 1 • 
DO 70 M = 1 ~50 
H = 1. - S*S 
R = Q.O 

TT AUt-< 1 0 
TAUf-< l l 
TAut-< 12 
TAUt-< 1.:> 
T AUk 14 
T AUr< 15 
l AUR 16 
T AUR 1 7 
T AUk 18 
T AUk 1 9 
TA.vh. 20 
T AUF.: £: 1 
l AUK 22 
T AUf< 2J 
T '\Uf{ 24 
TAU<-< 25 
TAUr< 26 
TAUt'< 27 
T AUR 28 
T AUR 29 
T AUR 30 
T <11 UH Jl 
T AJf~ .32 
TAvR 33 
1 Aut< 34 
T t.UR 35 
T AUR .36 
T AUf< 37 
r 11. ur< 35 
T AUk J<j 
TAUK 41.) 

T AUR 41 
r ~u"' 42 
T A..Jk 43 
T AUk 44 
T AUR 45 
TAUR 46 
TAUR 47 
T AJR 4d 
T AUK. 49 
T~UR 5J 
TAU~ 5 l 
T AUR 52 I-' 
TAUK :';13 0 

--1 



c 

IF C DMCD(U,2eD~).EQ.O.O ) GU TO 49 
CD= DSORTCH) 
1\ = v•5*UM 
C'"' 4 5 1 = 1 t 1\ 
Z = 2'+' I 
r. =f./ +·0[) 
C = DD 

45 rD = JO * H * (Z/(Z+le)) 
R = PO*(P*S + DARSIN(S)) 
D. = PD*D*UM 
Gf' TO 61 

4 <:> ro = 1 • 

}!: 

6 1 

70 

7 1 
72 

N : Oo5*U 
en r. 5 I = t, N 
z ':: 2* 1 
P = R + DO 
C = DD 
en = )D*H*((Z-l.l/Z) 
f: = "*5 
C = D*UM 
Cf'l-.lf !NUE 
CJ:'"L : CP-n)/D 
IF( DH3SC DEL/DELL ) .C;T.0.5} GO TO 12 
Cf:::l L = DEL 
~ = S + DtL 
IF< DA8SCDEL) eLT .. lo0-8) GO TO 72 
CCI'\T INUE 
GC1 TO 72 
5 :I)SINCP/PO) 
CRT~U = S*DSORT(~NU) 
~ETURN . 
END 

SUBPOUTINE TSPLQT(YFIRST.Y1NC9~TYPE,NY» 

C TS~LOT PL~TS DLY ~Nn FF hESIOUALS ~GAXNST TIME FOR EACH B~SELINE, 
C TI~F SC,LE IS DOWN THE P4GE;RESIDU4L SC4LE 4C~05S THE P~GEe 
C IT IS RASED ON TSPLf1T BY H.B.LANGLEY 19 NOV~Mdt~ 1979e 
C CALLrD IN LSQADJ -TSPLOT lNITlALlSES FOR A BAS~LINE, 
C -ENT~Y RSPLOT PLOT~ RESIDUALS FOH EACH OBSN. TIME 
c 
c ·c 

~~~UT PARAMETEPS 
YF{RST EXTREME NE~4TlVE VALUE OF h~SlOUALS TO BE PLOTT~D 
YtNC INCREMENT PERe PRINTER SP~CL A~ROSS PAGE 

TAU~-< 54 
TAUt( 55 
T <\UR 56 
T A.Uk 57 
T A.UR 58 
T AUR 5Sl 
l A.uR 60 
T <\uR 6 l 
T t..UK 62 
T ~. ui-< t.:.3 
TAuR 64 
T.o\U;:( 65 
T AUR (,6 

T AUk 67 
T~Uk ca 
T AUf~ 6~ 
T .o\UR 7C 
TAUR 71 
T AuK. 72 
T <\UR 73 
TAUR 74 
TA.uf~ 75 
T Auk 76 
T AUR 77 
T t..IJI'( 78 
T Auh. 79 
T AUI< sc 
T AuR tll 
T 4uR 8C: 
T 1\Ui-< (jJ 
TAUR 84 
T o\UR 85· 

T 5)-)L 1 
CTSPL 2 
C.TSPL .3 
CT .SPL 4 
CT ::;.::>L 5 
CT5i->L c 
CT Sr>L 7 
CTSPL 8 
CT SPL 9 I-' 
<.TSPL 10 0 

Oo 



C ~qypr= TYPf rr npr,~'PV<\Tlfl'\15 l=FT , 2=0LY • J=FF t.!-.u uLY CTSPL 
C "~Y NU"-Ill[t.' cr l'liS[PVII.TH1N lYI-'l:.~~ lt.: .. LlTHl:.:.k ~ Uk 2 ClSPL 

1 1 
12 

C t )( l. INE ~JU~M!rP li~Of'l ST.<\~T T [MI: (Jf- i->LOf C.f .::>PL 1.3 
C l'Y PGSITICN ACI·OSS PI\GE Fnf.< c.AUi RE.SlDU<\L C.TSPL 14 
C !OUT 0~N~TES nrrsc~CE rF OLY AND FF RESIOUALS FOR TIME POINT ClSPL 
C D • · 1\ • 0 A V I [) S ,J N M 4 Y 1 ~ d U C 1 S P L 
C CT SPL 

15 
lb 
1 7 

~EAL*4 YF1~ST,YINC TSPL 18 
LDGIC!\L*l STRP·Il,(l:;l) TSPL 
LIJGJCAL*l LlNC/"j 1 /oP.LANKI 1 '/ TSPL 

19 
21) 

Lnr,rc"L*l SYM80L(3)/ 1 F', 1 0'•'~ 0 / TSPL 21 
INTF:G~~~ IC1UT(2).1Y(2),IXOLD.lYll:.t-10tlX TSPL 22 
I Xfil D= l 1 SPL 23 
IY?FRU=t.S-YFI~ST/YINC lSPL 24 
JF(VTYPE.LUo2l SVI.1tl0L( l)=SYMI30L(2) T:>PL •) {" c.;, 
~ETtJH:N TSPL 26 
E~TRY RSPLGl(fX,lY.ICUT) TSPL 
lF(IX.LE.IXOLO) GO TO 2 TSPL 
IFCIX-IXOLO.LT.20).GC TO 5 TSPL 
IXrLI).=IX-3 TSPL 
~PITE(b,6J03) TSPL 

600~ F~R~AT(/////) TSPL 
~ !XMl=IX-1 TS~L 

27 
28 
2~ 
JO 
.31 
32 
.3.3 

CC' 1 K=IXC'LII.TXM1 TSPL 34 
1 I.<.RITE(6,6:)01) LINE TSPL 3~ 

6 0 0 1 F C" R ,_, AT ( T 1 0 • 4 l) T S P L 3f.J 
2 CONTINUE TSPL 37 

~Tr:-ING(l)=LINF TSPL 38 
STRIN..:i( lOl I=LINE TSPL .39 
STRING(lYZERO)=LlNE TSPL 40 
00 3 K=l,NY TSPL 
!F(IOUT(Kj.EQ.C) GO TO 3 T~PL 

41 
42 

ST ~ING ( l Y( K) )= SYMGOL (K) T SPL 4.;) 
2 CrNTINUE TSPL 44 

IF(IUUT(l)*lOVTC2)eEO~le~NDe!V(lJ~Eu~lY(2)) STRlNG(lV(l)J=SYMBOL\JTS?L 4S 
C) TSPL 46 
~RITE(6,6002)(STRING(K).K=l•101) TSPL 47 

6002 FfPM~l(TlO.l!')!o\1) TSPL 48 
DO 4 K=l,NY TSPL 49 

4 STRING(lY(K)J=GLo\NK. TSPL. 50 
IX0LO=IX+l TSPL 51 
~ETURN TSPL 
END TSPL 

52 
53 

"""' 0 
'.0 



c 
SUPOOUTINL XSLI~V(T,~,N,NDI~,NCUJ~,Q,QET,ID~XP,XJ 

C CHCLESKY INVERSinN AND SOLUTIO~. 
C P.\SFD fl~l VA.M!llUS JNV[r~SIC.N h.OUTINC:S OF f.<. R, STt::i:.V£5 
C G!V~S SrLUTlCN T~ AX:u, WHILE LS~ADJ ~LUUlkLS ~ULUTION TO AX=-B 
C Ht!:~[Fr.RE NfGo\TIV:-' V<\LUE Of e VEC.TUt.: ll\oTERLD !NTu RI.JUTIN£ 
C T N I= U l P A I< A ME T !:: P S 
C T ~AT~IX TU 8E INVERTED OH SOLVEU 
C B CONSTANT VCCTO~ 
C ~ SI7E OF T , NPARAMETEN5 fO dE SDLVt~ 
C 1'\Dl._. Dl ~ENSirNF;) SI 1E OF 1 tUoUoXe NulM >= N 
C NC(D[ =l GIVES INV[RSE nF T 
C =2 GIVFS SCLUTJON VECTOk(X) 
C =3 GIVCS SJLUTICN A~U INVERSE 
C D ~nRK VECTOR 
C OUTPUT PARA~ETfRS 
C T INVEPSF ~ATRIX IF NCOOC=l OR J 
C X SOLUTI()N VECTOR 
C '1ET,IDEXP DE.TER~<~INANT CF INPUT MA"ffUX T•OUTPUT AS (Fl0e5•'D'tl6) 
C FNTRY INV~PS INVERSE O~LY REOUIR~u 
C INVERT GIVES INVERTED 1 IF XSLINV PREVlU~SLY GAVE X 
C D. Ae DAVIDSON Ml\Y 198J 
c 

I~PLlCIT RCAL*B(A-H,C-Z) 
I NT r-: GE R N D I M 
OI~F~SrON T(NOIM,~DI~),D(NDIM),BCN~JM),X(NDlM) 
FNTPY INVERS(T,N,NOXMoNCODE.DETtiOEXP) 

C FI~O SOU'R~ HOOT 
DET=CeOO 
DO 4 J= 1 , N 
GrCG:::T(J,j) 
DO 4 l::: 1, J 
If"(T,LQ.t) GO TO? 
~·= 1- l 
SU'-'=J.'JDO 
on l K= 1 , M 

1 SU~=SUM+T(K,I)~T(KoJJ 
T C I o J) =T (I , J )-SUM 

2 lF(JoCO.J) GO TO 3 
T ( r • J) =T (I • J) /T( I, I) 
GO TO 4 

3 ('flNT INUE 
GOOG=T (I d) /GOCJG 

XSLl 1 
CXSLI 2 
CXSLI 3 
ex .;>L! 4 
CXSL l :) 

Cx SLI 0 
CXSL l 7 
CXSLI 8 
CXSL l 9 
ex .::.Ll lu 
CXSLI 1 1 
CXSL 1 12 
CXSLl 1.3 
CXSLJ. 14 
CX3LI 15 
CXSLl 16 
CXSLl 17 
ex SLl 18 
CXSL l 1<; 
CXSLl 2J 
CX SL I 21 
CXSL! 22 
C.X.SL I 23 

XSLI 24 
XSLI 2~ 
XSLI 26 
XSLl 27 
X::>i..I 28 
XSLl 29 
XSi..l 30 
XSLI .. :H 
XSLl 32 
XSLl 33 
X SLI 34 
X SLl 35 
XSLl 36 
XSLl 37 
XSLl 38 
XSL! 39 
X SLI 40 
XSLI 41 
XSLI '•2 ...... 
XSL! 43 I-' 

0 



TFCGGOG.LT,O.tn-3) ~RITEC~o60JJ) 
6.'))-) Fflf:' 1 •H (' *liAr.<~ Tr--;G* GCOGE NUr-1t.H:.h 

f.GUL~h'ITY: •.Dth.h) 
f:FT=Ct::T+DLOGli"(T( Io I)) 
TCT,ll=DSORl(T(l.I}) 

4 CCH·-,:T INU[ 
ICfXP=DET 
Rn AI<T=DET-Iorxp 
AP flf.< T=!) AllS ( RPART) 
IF(I\PART.G~olo0-2J)G0 TO Q 
Of"T=t.fiC 
GC T [ 2 l 

Q C~T=IJ.DO~*h'PI\RT 
21 (1'1\'Tl.'JU[ 

IF{NCCDE.EQ.l} (,Q TO lJ 
C F~~APn SUGSTITUTION ••• 

D(l)=Q(l)/T(l,t) 
f:'l 6 I=2,N 
SU'-'=0.000 
K=J-1 
On S J=loK 

5 SU~=SUM+T(J.I)OO{J) 
6 C( f):('H I)-SUM)/T(l.X) 
C P.~CK~ARO SU8STITUTIONaee 

X(Nl=D(N)/T(N,N) 
1-1= N- l 
C'"~ Fl I=l eM 
5\JM= c. CDc 
J=N-I+l 
L=l':- I 
0(1 7 K=J 9 N 

7 SU~=SUM+T(L,Kl*XCK) 
A X(L)=(D{L}-SU~l/T{L~L~ 

Ir-(NLODE.EQ.2)GO TO 20 
ENTRY lNVERl{T) 

1 o r.n 1 7 J= 1 • N 
on t 1 1 = 1 • J 
IF(loLT.J) GO TO 15 
T(J, J)=l .. ODO/TCJoJ) 
G'J TO 17 

! 5 SUI.'= O. 000 
M=J-1 
DO l 6 K= I, M 

16 SUM=SUM-T(I.K~*T(K~J) 

I, C:iOOG XSLl 44 
FOk PARAM~TEk 1 tlb 6 9 SIGNIFIES SlN.XSLl '~5 

X.:>Ll 46 
X SLl 47 
t. SL l 48 
XSL.l 49 
X ::iL! 50 
XSLI 51 
XSL 1 52 
X SLI 53 
XSLl 54 
X Sl_ I ~s 
X.SL I S6 
X .;>LI 57 
X .:>L 1 ~) d 
XSL! SY 
X SL I 6·) 
XSLl 6L 
X ::iLl 62 
XSLI 63 
XSLi c4 
X SLI c5 
XSLL 66 
XSLI 67 
XSL I 6B 
XSLl 6S.. 
XSLI 70 
XSL! 71 
XSL L 72 
XSL! 73 
XSL! 74 
xsu: 75 
XSLX 76 
X SL. i: 77 
xs'-1 78 
XSLl 7~ 
XSL! ac 
XSLl 81 
X SL I 82 
XSL! 83 
X SL 1 84 
XSLI 85 
XSLI 86 )-1 
XSL! 87 )-1 

)-1 
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