
Lp-NORM ESTIMATION TECHNIQUES APPLIED 

TO MULTIPLE EMITTER LOCATION 

By 

CHARLES WILLIAM KRIEL 
1/ 

Bachelor of Science 
Oklahoma State University 

Stillwater, Oklahoma 
1975 

Master of Electrical Engineering 
Oklahoma State University 

Stillwater, Oklahoma 
1975 

Submitted to the Faculty of the 
Graduate College of the 

Oklahoma State University 
in partial fulfillment of 
the requirements for 

the Degree of 
DOCTOR OF PHILOSOPHY 

May, 1988 



Lp-NORM ESTIMATION TECHNIQUES APPLIED 

TO MULTIPLE EMITTER LOCATION 

Thesis Approved: 

Dean of the Graduate College 

i i 

1322612 



PREFACE 

An approach to Lp-norm based estimation of signal directions of arrival at 

an antenna array was developed. The Multiple Signal Classification (MUSIC) 

algorithm of R. 0. Schmidt served as the base for this work. The approach is 

capable of resolving directions of arrival which MUSIC fails to isolate in the pre -

sence of impulsive noise. The approach is the first of its kind in explicitly con

sidering values for p unequal to two. 

Application of the Lp model to other beamforming algorithms is also dis -

cussed, and such application appears promising. Extension of the techniques 

described herein to other direction of arrival approaches is therefore encour

aged. 
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CHAPTER I 

INTRODUCTION 

The problem of identifying the directions of arrival of signals from multiple 

emitters illuminating an antenna array is addressed. Use of the Lp norm, 

1 s; p s; 3, in estimating the arrival directions is considered. It is assumed that 

the emitters are in the far field with respect to the physical size of the sensor 

array, and that the received signals are narrow band. A signal is classified as 

narrow band if its bandwidth is small compared to the reciprocal of the 

transmission time of a wavefront across the array. Since the signals received 

by the sensors are produced by the emitters rather than the antenna elements, 

the direction finding system is considered passive rather than active. 

The problem of direction of arrival estimation has been a topic of con

tinuing interest to the engineering community for almost twenty years, having 

applications in areas as diverse as sonar, radar, radio-astronomy, seismology, 

and surveillance (Middleton, 1970) (Gallop, 1974) (Ouibrahim, 1986). 

The Antenna Array Analysis Problem 

Figure 1 shows a top view of an antenna array composed of N (six, in the 

case shown in the figure) receiving antennas, with M plane waves impinging on 

the array. Only one of the waves, the mlh, is shown for clarity of presentation. 

The system is to be used for azimuth-only direction of arrival determination (the 

antenna elements and wave propagation directions are coplanar). The anten

na elements are located at positions r1, L2· ... ,IN, and theM incident waves are 
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of m1h pi anew ave 

A. = received carrier wavelength 

Arriving 
Wavefronts 

Ln =position of the nth antenna element, n = 1, 2, ... , N 

N = number of elements in the antenna array 

L = unit position vector (y direction) 

.Y.m =unit vector in the look direction of the mlh plane wave, 

m = 1, 2, ... , M 

M =number of plane waves incident on the array 

em= angle of arrival of the mlh plane wave 

Figure 1. Geometry of an Antenna Array 
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impinging on the array at angles 91, 92, ... , eM from the abscissa of the (arbi

trarily chosen) coordinate system. All M waves are assumed to have the same 

wavelength, A. (the narrow band assumption). 

If the received waves are modeled as complex sinusoids, then the real 

part of the noise-free signal received by element n due to received wave m at 

timet is given by: 

Re{s(n,m,t)} = Amcos(27tfct + 'Jim(n) + am) (1 -1) 

where: 

s(n,m,t) = received signal as a function of n, m, and t. 

n = array element number; n = 1, 2, ... , N. 

m = incident plane wave number; m = 1, 2, ... , M. 

t = time. 

Am = (real) amplitude of the mlh plane wave. 

fc = carrier frequency. 

'l'm(n) = phase shift due to position of the nth antenna element. 

am = phase of s(n,m,t) measured at the coordinate system origin. 

The phase shift due to antenna element position is the projection of the 

distance vector from the origin to the element along the line of increasing phase 

of the incoming wave, and is expressed in Equation (1-2): 

(1- 2) 

where .!.!m is the unit vector in the look direction of the mlh plane wave, and rn•.lJ.m 

is the dot (inner) product of the vectors rn and !J.m· The negative sign in (1-2) 

arises from the fact that the direction of increasing phase of the incoming wave 

is opposite to the direction of .lJ.m shown in Figure 1. Incorporating the above 

expression into Equation (1-1 ), and expressing the result in phasor notation, 

gives: 
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( -21t! •u. ) . n m 
J +a. 

s(n, m) =A me A m (1- 3) 

The noise-free signal received at each antenna element is the sum of the contri -

butions from the M received waves: 

M . (21t ) . 
""" -J -;-r • u. Ja. 

s(n)= £..tAme ~~. n me m 

m=1 

Rewriting Equation (1-4) in vector form gives: 

~=Af 

where: 

s(1) 

s(2) 

s(N) 

;A= 

f= 

.21t .21t 
-J-r • u. -J-r • u. e A N 1 e A-N 2 

ja. 
A e 2 

2 

ja.M 
A Me 

(1- 4) 

(1 - 5) 

· .. 

The matrix A contains a complete description of the effects of antenna 

array geometry on the received signal vector~. The vector! completely de

scribes the effects of the transmitted signal characteristics on the received sig -

nal vector~. The columns of A, .am. express the effect of array geometry on each 
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of the M individual incident waves. Plainly, the dot products rn·l!m depend 

(albeit in a nonlinear fashion) on the incident wave arrival angles Sm. There -

fore, determining the entries in the vectors .am is tantamount to determining the 

angles of arrival of the incident plane waves. The vectors am= a(Sm) are called 

the signal subspace vectors or just the signal vectors. 

Although the matrix A depends on Sm, it of course also depends on an-

tenna element range from the origin and on the received signal frequency. Ad

ditionally, although the relationship is not shown in Equation (1-5), the received 

signal vector is affected by other characteristics of the individual antennae (po

larization, response pattern, etc.). Obviously, imperfect knowledge of these and 

other influences would result in errors in any attempt to determine emitter direc -

tion. Schmidt (1981) addresses the influence of polarization and other antenna 

characteristics on the matrix A (the "array manifold" of the antenna array). Ad

ditional research is currently in progress on the effects of variations in received 

frequencies and errors in sensor location information (Shaw and Kumaresan, 

1987) (Lo and Marple, 1987). Although these and other related issues are cer

tainly important concerns, the research addressed herein centers around the 

emitter location process itself. It will therefore be assumed that satisfactory 

descriptions are available of all such "extraneous" influences on the signal 

vector(~). 

The total signal from the antenna array is the sum of the received signal 

and noise. Representing the noise at the various array elements by a noise 

vector, w, the total signal observed by the antenna array is given by~. as fol -

lows: 
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w(1) 

w(2) 

w(N) 

~=§.+W 

~=Af+W (1 - 6) 

It can be seen from the form of Equation (1-6) that the emitter location 

problem is in fact a problem of system identification. In an "ordinary" system 

identification problem, one is given or postulates a (typically) linear structure for 

the unknown system's dynamics. This takes the form of a vector equation such 

as: 

(1 -7) 

where ~n is the system state, «l>n is the state transition matrix, and .b.n is the in

put vector, at time tn. The system identification problem consists of the attempt 

to determine the entries in «l>n (i.e. the system parameters) by suitable analysis 

of sets of known or measured system states (~n) and inputs (.tln). 

In comparing Equations (1-6) and (1-7), it is clear that the antenna array 

problem is posed in a form very like that of the "standard" linear system formula

tion, with the sensor output vector acting as a "system state" (at time tn+1), the A 

matrix corresponding to the state transition matrix, and the noise vector corres -

pending to the system "input" vector. Thus, determination of wave arrival direc

tion (i.e. the columns of A in Equation (1-6)) using sensor output vector samples 

and known or assumed noise characteristics is completely analogous to the 

"normal" system identification problem, if the system to be identified is driven by 

a pure noise input. Indeed, the "output-input correlation" method of system 

identification is based on using a psuedo-random noise sequence as input to 

the system to be identified (Graupe, 1976) (Goodwin and Sin, 1984). 
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Thesis Summary 

The remainder of this dissertation is organized as follows. Chapter II 

describes a number of historical approaches to the direction-of-arrival estima

tion problem. Techniques addressed are the Fourier method, the Maximum

Likelihood approach, the Adaptive Antenna method, and two methods based on 

linear prediction. The linear prediction approaches discussed are the Burg 

Technique and the Modified Forward-Backward Linear Predictor. The final tra

ditional method addressed is the Multiple Signal Classification (MUSIC) 

algorithm. Chapter II closes with a discussion of Lp approaches to direction of 

arrival estimation. 

The application of Lp-norm measures to the beamforming problem is dis -

cussed in detail in Chapter Ill. A development of the Iteratively Reweighted 

Least Squares (IRLS) algorithm is presented, followed by a discussion of 

methods for estimating the source covariance matrix. The approaches 

addressed are the enumeration method, the sum of powers method, and the L1 

selected rows method. Following this discussion, an expression for computing 

Lp estimates of directions of arrival (DOA) is proposed. Noise aspects are then 

addressed, followed by a discussion of adaptive approaches to the DOA 

problem. 

Chapter IV presents the results of experiments conducted during this re -

search, including DOA spectra for various values of p and the effects on DOA 

spectra of iterative DOA revision. 

The conclusions drawn from the described research are discussed in 

Chapter V, which also includes a presentation of areas which show promise for 

further research in the Lp-DOA problem area. 
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CHAPTER II 

PREVIOUS RESULTS 

A wide variety of approaches to the emitter location problem has been 

employed in the past. Haykin (1985) provides an excellent summary of many of 

these techniques. The historical approaches discussed here are the Fourier 

method, the maximum-likelihood method, the adaptive antenna method, the 

Burg technique, the modified forward-backward linear predictor method, and 

the MUSIC algorithm. 

Fourier Method 

In the Fourier method, the "angle spectrum" of the received "spatial se -

ries" (the entries in the received signal vector, taken as a sequence in space) is 

computed. The angle spectrum is defined in a manner similar to that in which 

the Fourier spectrum of a time series is defined, as follows: 

N 

X(<!>)= ~x(n) ejnq, (2- 1) 

n=1 

<1> = 21td sin e 
A. 

where x(n) is an output sample from antenna number n, <1> is the "electrical 

phase angle" for the array, d is the separation between array elements, A. is re

ceived signal wavelength, and e is angle of arrival. The separation d, above, 

refers to elements in a colinear array, and therefore the above expression for 

electrical phase angle applies to colinear arrays only. The square of the 
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magnitude of the angle spectrum is called the "periodogram". 

The essence of the Fourier method is to detect the maxima in a plot of the 

periodogram as a function of the electrical phase angle <j>. The angles <1> at 

which the periodogram attains a maximum are related to wave arrival angles, 

as can be seen intuitively by comparing Equation (2-1) to Equation (1-4). In a 

sense, one can say that the effect of forming the angle spectrum is to "remove" 

phase shifts due to the angle <j>, so that contributions to the periodogram from 

the separate antennas add "in phase" when <1> corresponds to a wave arrival 

angle. 

Some of the advantages of the Fourier approach are that it is simple in 

concept, and that it is non-parametric. By "non-parametric", it is meant that the 

method does not depend on the formulation of a model for the process gene rat -

ing the received data (apart from the model of the receiving array). On the other 

hand, it provides relatively poor resolution, even when only a single incident 

wave is present. This is due to a comparatively wide main lobe and the pre -

sence of side lobes in the periodogram of a received wave. The poor resolution 

of the Fourier approach makes it inappropriate for use in many situations, par

ticularly when multiple closely-spaced emitters are present. A related disadvan -

tage of the Fourier method is that resolution can be improved only by increasing 

the array aperture, which in turn requires increasing the physical size of the ar

ray. 

Maximum-Likelihood Method 

9 

This method involves postulating a model of the conditional probability 

density function for the received antenna output samples (Bohme, 1983) (Van 

Trees, 1968). The probability density function used is expressed in Equation (2-

2), below: 



2 

where S(~c)= L{xc(n)- :fqmsm(n)} 
n m=1 

(2- 2) 

In Equation (2-2), f is a conditional probability density function, K is a 

constant, k is the "in-phase" component of the observed sample vector, and g 

is a vector of values dependent on the incident waves' amplitudes, phases, and 

angles of arrival. The vectors~ and ~mare dependent only on the angles of ar

rival of the incident waves, and sm(n) is the nth element of vector ~m· The en -

tries of~ are the "electrical phase angles" of the various arriving waves, and are 

defined as in Equation (2-1 ). This implies that this development is valid for the 

coli near array case only. The vectors .§mare obtained from a Gram-Schmidt or-

thonormalization procedure (Haykin, 1983) applied to a matrix of functions of 

the elements of~· The value cr2 is the variance of the (assumed Gaussian) 

noise at each antenna element, M is the number of incident waves, n is the an -

tenna element number, and m is the incident plane wave number. The "in

phase" component of the sample vector is the real part of the complex sinusoids 

being received. 

The probability density function, f(kiQ.~), is the probability of a particular 

value for the in-phase component of the observed sample vector, given selec -

ted values of the vectors g and ~· The "particular value", given in Equation (2-

3), is the value which would result, in the absence of noise, from M plane waves 

as described by the selected g and~ impinging on the array. 
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where: 

M 

x c(n) = L,a m(cos 'I'm) cos (n<j> m) 
m=1 

M 

+ I, -am( sin 'I'm) sin(n<j> m) 
m=1 

xc(n), m, and Mare as defined above, 

<l>m is the electrical phase angle of the mth plane wave 

(the mth element of m). 

am is the complex amplitude of the mth plane wave, and 

'I'm is the phase of the mth plane wave. 

(2- 3) 

In the maximum likelihood approach, a likelihood function f(ml&;) is 

formed from the probability density function given in Equation (2-2). This likeli -

hood function is simply the probability that a selected output sample vector re -

suits from a given electrical phase angle vector. To determine the actual electri -

cal phase angle vector (and thus the actual angles of arrival of the incoming 

waves), the likelihood function is maximized. That is, initial values are guessed 

for <J>m, the likelihood function is evaluated based on the initial estimates, new 

estimates of <l>m are computed from the results, and the process is repeated until 

some iteration termination criterion is met. 

The maximum likelihood approach shows resolution generally superior 

to that possible with the Fourier method, however, it suffers from several disad -

vantages. One is that, in order to remove the effects on the likelihood function of 

the vector g (which embodies the transmitted waves' characteristics), it is neces

sary to assume a uniform joint probability density function form and g, which 

may not be justifiable in practice. Also, the development above applies to co -

linear arrays only, and a maximum likelihood approach for arbitrary array 
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geometry is likely to be considerably more complicated. Another disadvantage 

is computational complexity, since both a Gram-Schmidt orthonormalization 

procedure and a multi-variate maximization procedure must be performed at 

each iteration step (Fletcher and Powell, 1963) (Bard, 1974) (Bandler, 1973). 

This disadvantage is less important than it once would have been, since very 

sophisticated digital processing capabilities are now relatively inexpensive to 

obtain; however, computational complexity is still a consideration in selection of 

an approach to be used. A final disadvantage is that the surfaces over which 

the multi-variate maximization process must be performed are often ill

conditioned, resulting in numerical problems and possible loss of resolution. 

Adaptive Antenna Method 

This method applies directly only to the case of a colinear antenna array 

in a symmetric multipath environment (Kesler, 1981 ). When "symmetric multi

path" transmission is present, the array is receiving a single plane wave from a 

direction 8 from the normal to the array, along with a single reflection of the 

wave from a direction -8 from the normal to the array. 

In the adaptive antenna approach, a beam forming network and an adap

tive canceller are used to minimize a weighted difference between a "reference 

beam" and two "auxiliary beams". The reference beam is produced by forming 

a weighted sum of the received. antenna output samples, as shown in Equation 

(2-4): 

X = R 

N-1 
2 

L 
N-1 n=---

2 

(2- 4) 
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In Equation (2-4), XR is the output of the reference beam, N is the number 

of array elements, n is the number of the array element under consideration, 

{bn} is a set of real weights to be applied to the antenna outputs, and Xn is the 

output of the nth array element. The array elements are numbered such that 

element number 0 is in the center of the (coli near) array. The set of weights bn 

are constrained to be symmetric (b_n = bn), and a binomially weighted array has 

been found to yield good overall performance (Haykin and Kesler, 1983). 

The two auxiliary beams, X1 and X2, are formed by summing weighted, 

phase-shifted samples from each of the array elements, as shown in Equation 

(2-5): 

N-1 l 2 

X= L b x ejncp I 
1 n n I 

N-1 

f 

n=---
2 

(2- 5) 
N-1 

2 I 
X = L b x e- jncp I 2 n n 

J 
N-1 n=---

2 

The factor <J>, by which the samples are successively phase shifted in the 

auxiliary beams, is the electrical phase angle of the direction (relative to the nor

mal to the array) of the first auxiliary beam. 

In the adaptive antenna technique, the reference beam acts as a "desired 

response" for an adaptive controller. The controller adjusts a real weight, w, 

which is multiplied by the sum of the two auxiliary beams. The controller is con -

structed to minimize the mean square value of the "error", which is defined as 

the difference between the "desired response" (reference beam) and the sum of 

the auxiliary beams times the real weight, w, described above. The antenna is 

considered "nulled" when the mean square error is minimized. It can be shown 
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that, when the adaptive antenna is nulled, the weight w is a direct function of the 

angle of arrival of the primary wave, which can be estimated from a graph of 

weight versus arrival angle. 

The advantages to this technique are that it is comparatively straightfor

ward in implementation and does not involve a large computational burden. Its 

primary disadvantage is that it is limited in application, being restricted to sym

metric multipath environments and colinear arrays only. Another disadvantage 

is that it exhibits poor resolution for angles of arrival near the normal to the ar-

ray. 

Linear Predictive Methods 

In the linear prediction approach, the output, Xn, from antenna element n 

is "predicted" as a linear combination of the outputs from the T "previous" ele -

ments in the array, as in Equation (2-6): 

T 

~ n = ~ h x ; T < n ~ N (2 - 6) £... t n-t 
t = 1 

where ht are the "prediction filter coefficients" and T (the number of spatial sam-

pies used in the "prediction") is called the "order" of the prediction filter. 

The forward prediction error, or residual, is defined as the difference be

tween the observed (measured) output of the nt!l antenna element and its pre -

dieted value. The term "forward" is used because the "prediction" is made using 

samples that are considered to be "previous" (in space) to the nt!l element. This 

is an arbitrary distinction, and a completely analogous "backward" prediction er

ror will be introduced later. Evaluating the difference between the actual and 

predicted outputs yields: 
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T 

f (T, n) = "' r x t ; T < n ~ N £..i t n-
(2- 7) 

t = 0 

where: 

f(T,n) =forward prediction error using a filter of order Tat antenna ele

ment n, and 

{ 
1; t=O 

r = 
t - ht; t = 1, 2, ... , T } (2- 8) 

The spatial filter defined by the set of coefficients rt is called a prediction 

error filter of order T. If the vectors rand~ are defined as: 

ro xn 

r= 
r1 

x(n) = 
X 

n-1 (2- 9) 

rT X 
n -t 

then the mean-square value of the forward prediction error is: 

Et = E{ I f(T,n) 12 } = rHRr (2- 1 0) 

where R = E{ x*(n) x T(n) }, E{} denotes the expectation operator,* denotes com

plex conjugate, T denotes transpose, and H denotes complex conjugate trans

pose. Defining a similar filter in the "backward" direction produces: 

T 

b(T,n)= Lrbtxn-t; T<n~N 
t = 0 

{
- hbt; t = 0, 1, 2, ... , T - 1 

r -
bt 1; t=T 

rbO 

r = r b1 
-b 

rbT 

(2- 11) 

} (2- 12 I 

(2- 13) 
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Eb = E{ I b(T,n) 12} = fbHRfb (2- 14) 

The backward prediction error filter defined by the vector rb computes the differ

ence between the observed value of Xn-T and its predicted value (since rbT = 1 ). 

It can be shown that when the average power of the prediction error is 

minimized, peaks will occur at points corresponding to the angles of arrival of 

the incident waves in the power spectrum of an all-pole filter constructed from 

the prediction coefficients. That is, 

P(<j>) = __ ..:....:;K __ 2 

T 

1 + L rte -jt<J> 

t = 1 

where K is a constant and <1> is the electrical phase angle (Equation (2-1 )), 

exhibits peaks at values of <1> corresponding to the directions of arrival of the in

cident waves. This expression uses only the forward error coefficients (rt); it 

may be that a similar expression involving both the forward and backward coef

ficients would be of use as well. 

The matrix R is Hermitian positive semidefinite for any vector x(n), and is 

usually positive definite. Additionally, when the input vector ts.(n) is "spatially 

stationary", R is Toeplitz as well. By "spatially stationary", it is meant that the sta

tistics of the il.!:l output with respect to the jlh output depend only on the differ

~between i and j, not their actual values. 

When R is both Hermitian and Toeplitz, the minimum mean square error 

for both the forward and backward filters is obtained by setting: 

(2- 15) 

Rr = Ef,min.d. (2- 16) 
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R[b = Eb,min~ 
rbt = r*T-t; t = 0, 1, ... , T 

In this case, it is also true that Et,min = Eb,min = Emin· 

Burg Technique 

(2- 17) 

(2- 18) 

In the Burg technique, recursive relations are developed from Equations 

(2-15) through (2-18) for Toeplitz R to permit computation of the parameters of a 

prediction-error filter of order T + 1 given the parameters of a filter of order T 

(Burg, 1967) (Burg, 1975). The resulting relationships are: 

rt(T+1) = rt(T) + rT+1r*T+1-t(T); t = 0, 1, ... , T (2- 19) 

(2- 20) 

where rT+1 is a coefficient to be computed at each increase in filter order. 

Equations (2-19) and (2-20) are known as the Levinson-Durbin recursion 

(Levinson, 1947) (Durbin, 1960). Prediction errors at each order can be eval

uated using the prediction errors from the previous order by: 

f(T,n) = f(T-1,n) + rTb(T-1,n-1) 

b(T,n) = b(T-1,n-1) + rT*f(T-1,n) 

(2- 21) 

(2- 22) 

Equations (2-21) and (2-22) give rise to a lattice filter structure, permitting 

comparatively simple transition from one filter order to the next. The value of rT 

is computed by minimizing the sum of the mean square values of the forward 

and backward prediction errors for a filter of order T. That is, the quantity J(T) = 

E{ 1 f(T,n) 12 + 1 b(T,n) 12} is minimized. This produces: 

r =
opt, T 

2E{ f (T - 1, n) b * ( T - 1, n - 1 ) } 
2 2 

E{if (T- 1, n)l + lb(T -1, n- 1)1 } 

Equation (2-23) is known as the Burg formula. 

(2- 23) 
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The Burg technique for emitter location starts with a filter of order 0, 

wherein f(O,n) = b(O,n) = Xn for n from 1 to N and Emin(O) is the average of 1Xnl2. 

Filter order is then repeatedly incremented (computing rand Ib at each stage) 

until some desired threshold is reached in the mean-square error sum. The 

power spectrum of the all-pole filter constructed from the resulting prediction 

coefficients is then plotted, and the peaks in that spectrum are taken as the 

angles of arrival. 

The advantages to the Burg technique are that it exhibits improved reso

lution over the Fourier method and is more generally applicable than the adap -

tive antenna approach. Its disadvantages are that most of the work with it has 

been applied to coli near antenna arrays only, and that the sample vector must 

be spatially stationary. The spatial stationarity requirement is violated in the 

case of arbitrarily coherent arriving waves, which makes the method unsuitable 

for a number of environments (e.g. specular multipath). 

Modified Forward-Backward Linear Predictor 

The (standard) forward-backward linear predictor (FBLP) approach is 

based on the same principles as the Burg technique (i.e. linear prediction) 

(Uiriych and Clayton, 1976) (Nuttal, 1976). However, the prediction error 

energy to be minimized in the FBLP approach is defined to be: 

N 

E = L(l! (T, n)j2 + jb(T, n)j2) = r Her (2- 24) 

n=T+1 

where: 

N 

C = L [ ~*(n)~ T(n) + ~b(n)~~(n)J (2- 25) 

n= T + 1 
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and the vectors rand~ are defined in a manner analogous to that for the Burg 

technique. The matrix C in Equation (2-25) is, in general, non-Toeplitz. The 

standard FBLP approach exhibits improved performance over the Burg tech

nique, however, its performance is limited by the noise contributions to any esti

mate of the matrix C. 

In the modified forward-backward linear predictor (MFBLP) method, the 

estimate of Cis replaced by an estimateD, which is of the same dimensions but 

of lower rank (Kumaresan and Tufts, 1981) (Tufts and Kumaresan, 1982) 

(Eckart and Young, 1931 ). The matrix estimate Dis constructed using selected 

eigenvectors of a submatrix of the estimate of C. By discarding eigenvectors 

corresponding to "small" eigenvalues (which are introduced by observation 

noise), the selection process provides a means to effectively increase signal to 

noise ratio, permitting an increase in filter order and a corresponding increase 

in resolution. 

The advantages of the modified forward-backward linear predictor ap

preach are that it exhibits increased resolution over the Burg technique and that 

it works well even in the presence of arbitrarily coherent arriving waves (since it 

does not require that the covariance matrix be Toeplitz). Its primary disadvan -

tage is that most of the work using it has been applied to coli near antenna ar

rays only. 

The MUSIC Algorithm 

The MUSIC (MUltiple Signal Classification) algorithm of R. 0. Schmidt 

(1981) employs an eigenvector decomposition of the sample autocovariance 

matrix estimate to develop a function with peaks at the angles of arrival of the in -

cident waves (Speiser, 1985). The technique is also applicable to estimation of 

the frequencies of sinusoids present in noise. Eigenvector techniques have 
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shown improved performance over spectral approaches to this problem, such 

as autoregressive or Prony (1795), particularly with lower signal to noise ratios 

and in the presence of closely-spaced narrow band spectral components 

(Hildebrand, 1956). Development of the MUSIC approach to emitter location is 

discussed in this section. 

Recalling Equation (1-6), it can be seen that a sequence of samples ':t::l.s of 

the (time-varying) noise vector ~(t) can be considered to be the output of a ran -

dam process. Thus, samples~ of the total signal vector ~(t) can also be viewed 

as the output of a random process (actually the sum of a deterministic process 

and a purely random process). The covariance matrix associated with the total 

signal vector is (where E{} signifies expectation overs): 

Rx = E{~~H} = E{(Af + w)(Af + w)H} 

Assuming that the noise (w) is zero mean and independent of the incom

ing signals (Af): 

Rx = AE{ffH}AH + E{wwH} = R5 + Rw 

where: 

R = APAH· P = E{ffH}· R = E{wwH} s ' -- ' w --

Now Rx, R5 , and Rw are NxN matrices (where N is the number of anten -

nas), and are non-negative definite based on their form. Pis an MxM matrix 

(where M is the number of incident waves) of rank M, and is, in general, positive 

definite. Rw is also in general positive definite. The case where the number of 
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arriving waves is less than the number of antennas (M < N) is of primary con -

cern. Since P is of rank M and A is of rank N > M, R5 is of rank M. Rx and Rw are 

assumed to be full rank (rank N). 

If Rw is rewritten as /..Rb for tr{Rb} = rank{Rb} = N and some parameter/.., 

then Rx is expressed by: 



Rx = Rs +ARb 

Rx- ARb= Rs 

Since R5 is singular (being of dimension N and rank M < N): 

IRsl = IRx- ARbl = 0 

(2- 26) 

Plainly, the above equation can be true only for A a generalized eigenvalue of 

the matrix pair (Rx, Rb)· That is, A must be one of the solutions to Equation (2-

27): 

(2- 27) 

It is clear from their definitions that R5 , Rx, and Rb are Hermitian. It can be 

shown that, for Hermitian Rx and Rb, with either Rx or Rb or both positive defi -

nite, and any non-zero vector~. there exists a non-singular transformation rna

trix V such that, when r = V~: 

N N 

rHRxr = LAnl znl2' and rHRbr = Ll znl2 
n=1 n=1 

where the An satisfy Equation (2-27) (Hahn, 1964). A similar result holds for the 

"normal" eigenvalues of Rx. That is, for any non-zero vector y_, there exists a 

non-singular transformation matrix U such that, when r = Uy_: 

N 
H ~ 2 

! Rxr = .L..i~niYnl 
n = 1 

where the ~n satisfy lAx- ~nil= 0. Further, since Rx is non-negative definite, 

~n ~ 0, all n (> 0 for positive definite Rx)· Sylvester's Law of Inertia states that, 

regardless of the non-singular transformation used to reduce a Hermitian form 

to the form: 

g1lz1l2 + g2lz2l2 + ··· + gplzpl2 - gp+1lzp+112 - ·· · - grlzrl2, 

where the gi's are all positive, the integers p (the "index" of the matrix) and r (the 

rank of the matrix) are unchanged. That is, p and r do not change as a result of 

21 



using a different non-singular transformation. Thus, since lln ~ 0, it follows that 

An ~ 0 for all n. 

Recalling Equations (2-26) and (2-27), we have: 

R~n + A.R~ = Rx.e.n = A.nR~n 

or: 

R~n = (A.~ - A.)R~n 

That is, the eigenvalues of the matrix R5 in the metric of Rb differ from the eigen -

values of the matrix Rx in the metric of Rb (the A.n) by A. (from Equation (2-26)) in 

every case. Since R5 is non-negative definite, the quantities An - A. must all be 

~ 0 (using an inertia argument similar to that given above). Therefore, A. in 

Equation (2-26) must be the minimum of the generalized eigenvalues. Equa

tion (2-26) can thus be rewritten as: 

(2- 28) 

Now R5 is singular with a zero (normal) eigenvalue of multiplicity K 

(= N- M). Therefore, the same argument which shows that An~ 0 implies that 

the minimum generalized eigenvalue of Rx in the metric of Rb (A.min) must also 

have multiplicity K. That is, An- Amin must be 0 for precisely K of the An's. 

Since: 

Rs=APAH 

we have: 

APAH.e.n = (A.n- Amin)R~n 

Arranging the eigenvalues in descending order gives 

A.1 ~ A.2 ~ · · · > Amin,K = Amin,K-1 = · · · = Amin,1 = Amin· 

Thus APAH.e.n = Q for the K eigenvectors associated with Amin• and therefore 

.e.nHAPAH.e.n = (AH.e.n)HP(AH.e.n) = 0. Since P is positive definite, this in turn im -

plies that: 

AH.e.n = Q for the K eigenvectors (.e.n) associated with Amin· 
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The K eigenvectors associated with Amin are called the "noise subspace" 

eigenvectors (or just the noise eigenvectors), and the remaining eigenvectors 

(associated with the non-minimum generalized eigenvalues) are called the 

"principal" eigenvectors (Marple, 1987). It has just been shown, then, that the 

noise eigenvectors are orthogonal to the signal vectors (the columns of A). That 

is: 

.e.H.a(e) = _aH(e).e. = o; .e.= .e.M+1, .e.M+2• ... , .e.N; e = e1, e2, ... , eM 

The MUSIC algorithm uses a direction estimator, f(e), formed from the 

noise eigenvectors as follows: 

Since: 

E = [ .e.M+1 I .e.M+2 I ... I .e.N ] 

g(e) = _gH(e)EEH_a(e) 

1 1 f(e) = -= __ .;......____ 
g(e) _aH(e)EEH_a(e) 

N 

g(e) = I, [a H(e).e. J[.e.~a(e )] = 

(2- 29) 

n= M+ 1 

it is clear that (theoretically) g(e) = 0 and therefore f(e) is infinite for values of e 

corresponding to the directions of arrival of the M incident waves (e = e1, e2, ... , 

eM)· In practice, f(e) as defined in Equation (2-29) exhibits sharp peaks at the 

arrival directions. 

To summarize, the steps in the MUSIC algorithm for angle-of-arrival esti -

mation are: 
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1) Collect sample vectors ~ 

2) Estimate Rx = E{~~H} and Rw = E{w wH} = AminRb 

3) Solve the generalized eigenproblem: Rx_g_ = A.R~ 

4) Form an estimate, M', of the number of arriving plane waves, M, by 

subtracting the multiplicity of the minimum eigenvalue, Amin· from 

the number of array elements, N 

5) FormE from .§.M'+1• ..§.M'+2• ... , .§.N 

6) Evaluate f(8) = {s.H(8)EEH_g(8)}-1, and identify M' peaks at 81, 82 , 

7) Form an estimate, A', of A as follows: 

A'= [ a,(8d I .2.,(82) I ... I a,(8M-)] 

8) Estimate the source covariance matrix: 

P' = (A'HA')-1 A'H(Rx-AminRb)A' (A'HA')-1 

The principal advantage of the MUSIC algorithm is that it is the most ge

nerally applicable high-resolution approach, applying as it does to completely 

arbitrary array geometry and functioning well in the presence of coherent arriv

ing signals. Its disadvantages are that it requires a great deal of computation, 

and that its development is not straightforward (although its implementation is, 

at least conceptually). 

For some array geometries, it is possible to drastically reduce the amount 

of computation required while retaining the high resolution of the MUSIC alga

rithm. The ESPRIT method of Paulraj, Roy, and Kailath can be applied to ar

rays consisting of matching element pairs, and does not require a search to de

termine directions of arrival (Speiser, 1987). ESPRIT is expected to perform as 

well as or better than MUSIC, its primary disadvantage being the loss of gene

rality concerning array element placement. 
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Lp Methods 

In the approaches described so far, estimates of directions of arrival are 

based on the L2 norm; that is, the estimates produced are best in a "least 

squares" sense (although the quantities whose squares are minimized are dif

ferent for each method). This dependence on least squares is explicit in some 

of the approaches (Burg, MFBLP, Maximum Likelihood), and only implicit in oth

ers (MUSIC, Fourier). When the noise present is Gaussian, and the system un

der study is linear, least squares estimates are also maximum-likelihood esti

mates. Thus, in the linear/Gaussian environment, there is little point in pursuing 

other than least squares approaches. However, the beamforming problem in -

valves a highly nonlinear model (1-1 ). Also, it may not be reasonable to sup -

pose that the noise to which the antenna array is subjected is invariably Gaus -

sian. Geary (1947) states, "All texts should state: Normality is a myth, there has 

never been, and never will be, a normal distribution." Thus, least squares solu

tions may not be the ideal for the beamforming problem (at least not in all 

cases). 

Yarlagadda, et al. (1985) point out that the Lp approach, where 1 ~ p < 2, 

is less sensitive to aberrant noise than the L2 approach. That is, minimizing a 

sum of error terms raised to some power (p) between 1 and 2 can produce a 

more robust estimator than one based on a minimum sum of squares. For 

example, since L2 emphasizes all data equally, while L1 is robust against out-

liers, L1 generally produces superior results for impulsive noise. Lp measures 

can be used effectively to match the signal in a statistical sense. That is, if the 

density function has the form: 

-lrlp 
e 
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i.e. a p-Gaussian function, then Lp methods give maximum likelihood estimates. 

For example, p = 1 corresponds to the Laplacian distribution and the L1 mea

sure gives maximum likelihood estimates for this case. 

The Lp approach has been applied in a variety of areas including speech 

processing, seismic analysis, and geophysics (Denoel and Solvay, 1985) 

(Taylor, et. al., 1979) (Ciaerbout and Muir, 1973). On the other hand, very little 

work has been done in applying Lp methods to the direction of arrival problem. 

In fact, all the traditional approaches to the beamforming problem have been 

oriented toward obtaining L2 solutions. The research described herein involves 

the use of the Lp, 1 ~ p ~ 3, approach to estimation of directions of arrival and 

the source covariance matrix, P. 
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CHAPTER Ill 

Lp-NORM ESTIMATION APPROACHES 

The estimate of P given by step 8 in Chapter II, above, is a least-squares 

(L2) estimate. The direction estimators described in Chapter II (including MU

SIC) are L2 estimators as well. As discussed in Chapter II, the research ad -

dressed herein applies the Lp norm to the direction of arrival problem. 

Due to its ability to accommodate arbitrary array geometries, the MUSIC 

algorithm was chosen as the starting point for application of Lp norm based 

techniques. A number of Lp norm estimation algorithms exist (some of which 

are discussed in Chapter V), the most general being the Iteratively Reweighted 

Least Squares (IRLS) method. 

Byrd and Pyne (1979) develop global convergence properties of the 

IRLS algorithm as applied to estimating a vector f given the linear model: 

~ = Af + w; 

where ~is an N-element output vector, A is an NxM matrix of rank M, f is an M

element vector of unknown parameters, and w is an N-element zero-mean 

noise vector. The IRLS algorithm repeatedly evaluates: 

it+1 = [AHW(ft)A]-1 AHW(it).~ (3 -1) 

until f converges. The weighting matrix W depends on the loss function to be 

minimized by the estimation. If W =I, Equation (3-1) clearly produces the L2 es-

timate off; i.e. the loss function minimized is the sum of the squares of the esti -

mation residuals. 
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In the general form of the IRLS algorithm, W is a diagonal matrix with en -

tries: 

(3-2) 

In Equation (3-2), rn =.an!- Xn; .an is the nth row of A; Xn is the nth element of 2S,; 

and the objective function p is a positive, even, differentiable function. This defi

nition of W results in minimization of the loss function J, as defined below: 

N 

J = L,p(.a n1 - x n) 

n= 1 

(3- 3) 

That iteration of Equation (3-1) using Was defined in Equation (3-2) mini

mizes J, above, is shown in Appendix A. Global convergence of the IRLS alga

rithm is guaranteed for objective functions p such that: 

(1) p(r) is a differentiable, symmetric, positive function nondecreasing 

in lrl, 

(2) p(r) --7 oo as lrl--7 oo, 

(3) w(r) = p~(r)/r is nonincreasing in lrl, and 

(4) w(r) = p~(r)/r is bounded for all r. 

Application to the Lp minimization problem implies the use of the objec

tive function p(r) = lriP. This function, however, gives rise to unbounded w(r) as 

r --7 0 (violating condition 4). Huber and Dutter (1974) suggest the function: 

w(r) = lriP-2; lrl > E (3- 4) 

= eP-2; lrl ~ E 

for some small positive number E. This function has been shown to give results 

which differ only negligibly from exact Lp solutions. Initialization of the IRLS al

gorithm is generally accomplished by starting with the L2 estimate of f. How-
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ever, since the loss function J, and not the initial estimate, determines the nature 

of the estimate produced, other initial values off could reasonably be used. 



The weight function (3-4) meets the convergence conditions for values of 

p between 1 and 2, thereby assuring global convergence of the IRLS algorithm 

to (approximate) Lp solutions for 1 ~ p ~ 2. Additionally, local convergence of 

the IRLS algorithm using the function (3-4) is guaranteed for values of pup to 3 

(Fletcher, et. al., 1971 ). Of course, since only local convergence is guaranteed 

for this case, the freedom of choice of initial! may be lost. 

It may be that Lp estimates with p > 2 are of use in some situations; how -

ever, such estimates would emphasize outliers more than L2 estimates, so that 

the resulting estimators are likely to lack robustness. For p < 1, the problem 

space is not a normed linear space (the triangle inequality does not apply), so 

that the analysis breaks down. So, the emphasis during this research has been 

on p values between 1 and 2, with some effort directed toward values between 

2 and 3. 

Lp Estimates of the Source Covariance Matrix 

As mentioned in Chapter II, one objective of direction of arrival (DOA) 

estimation is to produce an estimate of the source covariance matrix, P. At least 

two distinct approaches to this problem are possible. The first involves esti

mating the signal vector samples and using those estimates to estimate P. The 

second approach is to attempt to estimate P directly from the problem parame -

ters, bypassing estimation of the signal vector samples. 

The second approach has the advantage of potentially requiring fewer 

computations, while the first approach leads to an algorithm for which Byrd and 

Pyne's (1979) analysis guarantees global convergence. 
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Enumeration Method 

Given the model x = Af + ':11. from Chapter I, the Lp estimate of the signal 

vector sample (fs) which gives rise to the sth array output sample (Xs) is (from (3-

1) above): 

fs = [AHW(fs)A]-1 AHW(fs)Xs (3-5) 

This expression is correct, of course, only when IRLS convergence has been 

achieved (the value of fs has stopped changing). 

The "enumeration" method uses the Lp estimates of all the signal vector 

samples to form an estimate of P. Recalling the definition of P, we may write: 

P = E{ ffH} 

s 
A 1 ~' H 
p = s £.Js!s 

S=1 

where S total samples are used to form the estimate. 

(3- 6) 

One potential disadvantage of this estimation approach is that, since nei -

ther the estimates fs nor the summation in (3-6) involves noise terms directly, no 

use is made of the known or assumed noise characteristics. Of course, this may 

not always be a problem, since no information about the noise characteristics 

may be available in a particular application. On the other hand, the "sum of 

powers" method, below, does take advantage of any available knowledge of 

noise parameters. 

Sum of Powers Method 

The estimate (3-1) can be improved by removing the noise from the ob

servation vector, if the noise is known, as follows: 

(3-7) 



where the oo subscript denotes the values produced upon IRLS convergence. 

Substituting (3-7) into the definition of P, and assuming that W is Hermitian and 

will be evaluated in a way that does not depend on f. one obtains: 

p = E{ f1H} 

= E{ (AHWooA]-1AHWoo(~- ~)(~- w)HWooA(AHWooA]-1 } 

= (AHWooA]-1AHWooE{ (~- w)(~- ~)H }WooA(AHWooA]-1 

P = (AHWooA]-1AHWoo(Rx- AminRb)WooA(AHWooA]-1 (3-8) 

Based on the form of (3-8), an iterative procedure for estimating P can be 

proposed that is similar to the iteration of (3-1 ): 

Pt+1 = (AHWtA)-1AHWt(Rx- AminRb)WtA(AHWtA)-1 (3-9) 

where Wt is a weight matrix to be determined from the minimization process, 

and Equation (3-9) is iterated (starting with the L2 solution) until some conver-

gence criterion is satisfied. 

For the above approach to be valid, the weight matrix Wt must be Hermi -

tian and must not depend directly on the individual samples of the source signal 

vector, fs· On the other hand, it is clear that estimates of the individual source 

signal vector samples must be computed based in some way upon Wt, since 

such estimates are the only source of residuals to be used in computing the 

weight matrix. Given these constraints, a reasonable approach is to make Wt a 

diagonal matrix based on a loss function formed from the sum (across samples) 

of estimation residuals raised to the p1h power: 

r n = {t)anfs-xn.l} 
1 
p 

(3- 10) 
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p'(r n) ~- 1 P- 2 
w n( r n) = r = p-r- = pr n 

n n 

(3- 11) 

where Xn,s is the nth element of the slh array output sample. In practice, the mul -

tiplicative constant p can be ignored in evaluating Wn, since it is common to all 

elements of Wand therefore cancels out in (3-1 ). Further, convergence is 

generally improved by normalizing the weights to a maximum value of 1. 

Additionally, since only the final value of W is needed in Equation (3-8), the 

iteration process need involve only equations (3-1) and (3-11 ), with the final 

(after convergence) value of W being used to form the Lp estimate of P. 

The sum of powers method (Equations (3-1 0) and (3-11)) has the advan

tage that knowledge of noise characteristics is used in the P estimate (through 

the use of AminRb); however, it has the disadvantage (compared to the enume-

ration method) that the analysis of Appendix A no longer applies (since an 

ensemble of vectors, rather than a single vector, is being estimated). On the 

other hand, experimental results using the sum of powers method indicate that it 

can be expected to converge at least as quickly as the enumeration method. 

For example, in the experiments described in Chapter IV, the average iteration 

count for the enumeration method was approximately 34, while the average 

iteration count for the sum of powers method was approximately 24, for a value 

of p = 1. 

11 Selected Rows Method 

In a system of N equations with M unknowns, where M < N, L1 solutions 

produced by the simplex algorithm in general satisfy M of the original equations 
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exactly. For the IRLS method, it is possible to produce a result which likewise 

satisfies M of the original equations exactly. Given this fact, it is reasonable to 

develop an approach which uses the exactly-sastified entries in (1-6) to form an 

estimate of P (for the L1 case). 

For example, the "sum of powers" approach described above produces a 

single N-element residuals vector (r) as a result of the estimation process. Fur

ther, this vector is produced before an estimate of Pis computed. An estimate of 

P, then, could be computed by solving the signal vector estimation problem for 

the M rows of A which correspond to the smallest M entries in the final residuals 

vector. This approach will, in most cases, yield an exact L1 solution to the 

selected M rows (Scales and Treitel, 1987). The desired estimate of P would 

then be formed using the selected M rows of A and W, and the corresponding 

M2 elements of R, which correspond to the smallest M entries in the final 

residuals vector, as shown in Figure 2. A similar approach could be applied to 

the "enumeration" estimation method by selecting entries in A, W, and R based, 

for instance, on the frequency (across the sample ensemble) with which a given 

set of M rows produces minimum residuals. 

Lp Estimates of Directions of Arrival 

As stated in Chapter II, MUSIC is a least squares, or L2 , estimator of di

rections of arrival. In order to take full advantage of the Lp norm, it is desirable 

to develop an Lp direction of arrival estimator based on a combination of the 

principals reflected in MUSIC and those embodied by the IRLS algorithms 

above. This provides an Lp solution to the complete DOA problem, rather than 

just an Lp-based modification to the last phase (estimation of P) of a solution 

based on L2 principals (MUSIC). 
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--signifies minimum M residuals (M=3 in the case shown) 
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~ : : • : =A s -s • 
• • • • 
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~: 
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·0· ·00· 
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The form of an Lp DOA estimator is suggested by the expression for MU -

SIC's DOA estimator (Equation (2-29)). The MUSIC algorithm estimates wave 

directions of arrival by locating the maxima of the function: 

f(S) = {,aH(S)EEH,a(S)}-1, or, equivalently, the minima of the function: 

g(S) = g_H(S)EEH,a(S). 

The expression for g(S) can be rewritten in the following form: 

N 

g(S) = L [ .aH(S)~ n][ ~~.a(S)] 
n = M+ 1 

N * 

= L [.aH(S)~nJ[.aH(S)~nJ 
n=M+1 

N 2 

= L j.aH(S)~ nl 
n=M+1 

Clearly, MUSIC DOA estimates are just those angles which minimize a 

sum of squares of magnitudes of the dot products shown above. Since this is 

the classic form of an L2 estimate (minimization of a sum of magnitudes 

squared), the proposed Lp DOA estimates minimize a sum of magnitudes raised 

to the p1.!l power, as follows: 

N p 

g P(S) = L /.a H(S)~ n/ (3- 12) 

n= M+ 1 

Some observations about (3-12) are in order. First, the angles 8 which 

minimize gp are plainly Lp estimates of direction of arrival, in the sense that 

those angles minimize the p-norm of the difference between the array manifold 

(.a(S)) and the signal subspace (~n• n = 1, 2, ... , M). Put another way, since sub

space~ (n = M+1, M+2, ... , N) forms a basis for the noise subspace, mini

mizing the sum of (3-12) minimizes (in the p-norm sense) the projection of the 



vector g_(S) onto the noise subspace. Further, since the noise subspace is the 

orthogonal complement of the signal subspace, the distance between the array 

manifold and the signal subspace is consequently minimized in the p-norm 

sense. That is, minimizing gp selects the angles that best fit the observed data, 

in the p-norm sense, subject to the constraints of array geometry. 

Second, no iteration is required to determine solutions of (3-12), as is ne

cessary in the case of estimating P. This implies that a P estimate based on Lp 

DOA estimates (which might be considered a form of Lp estimate of P) can be 

obtained with essentially no more computation than is required to obtain an L2 

estimate of P from the MUSIC DOA estimates. Also, since no convergence is -

sues are involved in minimizing gp, one could obtain Lp DOA estimates (and the 

associated Lp P estimate) for any value of p > 0 (although the interpretation for 

values of p outside the range 1 ~ p ~ 3 might be open to question). 

Third, since gp provides a measure of the p-norm distance between the 

array manifold and the signal subspace, it gives at least a relative indication of 

the success of the estimation process. For example, if additional data is taken 

following an estimation step, and incorporation of the additional data results in 

lower values of gp, it might reasonably be claimed that the estimates obtained 

using the additional data are in some sense "better" than the original estimates. 

Of course, such a qualitative discussion as that given requires considerable ex

peri mental or theoretical support if useful measures of goodness-of-fit are to be 

developed. 

Finally, for the case of N = M + 1 (the number of arriving waves is one 

less than the number of antenna elements), the angles which minimize gP are 

unchanged by varying p. This is because the sum in (3-12) consists of one term 

for this case, and, of course, the minimum of a single term occurs at the same 

point regardless of the exponent to which that term is raised (as long as the ex -
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ponent is positive). This implies that, when estimation of the directions of arrival 

of one fewer waves than array elements is attempted (a condition which we will 

call "array saturation"), Lp DOA estimates are exactly the same as L2 estimates, 

regardless of the (positive) value of p used. In this case the noise subspace 

consists of a line in N-space passing through the single noise eigenvector gN· 

Therefore, any local minimum of the projection of a vector (particularly the array 

manifold vector) onto the noise subspace (a line) can occur in only one direc

tion, regardless of the norm used. When array saturation occurs, therefore, L2 

DOA estimates are the only ones of interest (although Lp estimates of P may be 

of value). On the other hand, iterative DOA estimation (discussed later) may 

provide improved DOA resolution even in the presence of array saturation. 

Noise Aspects 

As mentioned in Chapter II, the L2 norm is the generally accepted basis 

for estimation techniques, and it is the starting point for the development of Lp 

techniques. It is also the only approach necessary for linear systems in the 

presence of Gaussian noise. For the direction of arrival problem, however, the 

basic model, as previously stated, is not linear (although the model on which 

the eigenvector decomposition is based is, of course, linear). 

In addition to the nonlinearity aspect of the problem, it is not reasonable 

to suppose that all noise to which an antenna array is subjected will necessarily 

be Gaussian (indeed, as discussed in Chapter II, it may be unreasonable to as

sume that Gaussian noise is present in any estimation environment). As an 

example, consider the case of an array in the presence of a jamming signal. It 

is highly unlikely that the jammer's modulation envelope resembles Gaussian 

noise, and yet it might be desirable to treat the jammer as a noise source rather 

than as an additional signal (to facilitate analysis of the other signals of interest, 
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for instance). If the jammer is in fact emitting periodic pulses of short duration 

and high intensity, the signal received by the array could resemble impulsive 

noise, rather than Gaussian noise. 

Another example of impulsive noise would be bursts of static either re -

ceived by the array or generated within the receivers themselves. Other noise 

distributions are also possible; for example, continuous static might give rise to 

a uniform noise distribution. Also, even if the underlying noise sources are 

Gaussian, the samples might not reflect this fact (due, for example, to small 

sample size). 

Since non-Gaussian noise is a distinct possiblity in the DOA determina

tion problem, the use of other than the L2 norm seems a potential area of bene -

fit. For example, the L1 norm gives generally superior (to L2) results in the pres -

ence of impulsive noise. Schroeder (1985) demonstrated that use of the Lp 

norm, 1 ~ p < 2 permitted resolution of more closely spaced spectral compo -

nents of a signal in non-Gaussian noise than did the L2 norm. Figure 3 pro -

vides some illustrations of the resolution improvement (over L2-norm per

formance) possible when the L1 norm is used rather than the L2 norm in the 

linear prediction approach to spectral estimation used by Schroeder. 

The research described herein considered Gaussian, uniform, and im

pulsive noise distributions. Results of DOA estimation using the L1 norm in the 

presence of impulsive noise were in general superior to results using the L2 

norm, as expected (Chapter IV). 

Adaptive Methods 

As mentioned above, the value of gp yields some information concerning 

the degree of success of the DOA estimation process. Other measures of algo

rithm performance can also be computed. For example, Schmidt points out that 
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Figure 3. Resolution of Spectral Components in Noise (Schroeder, 1985) 

it is possible for the MUSIC algorithm to indicate the presence of more arriving 

waves than can be resolved due to wave proximity. That is, if two waves are 

very closely spaced, it is possible for the MUSIC algorithm to be able to resolve 

the direction of arrival of only one of them, but still provide an indication that 

more are present. 

Two estimates of the number of waves arriving at an antenna array are 

given in Equations (3-13) and (3-14). Schmidt (1981) suggests a x2-based 

likelihood ratio test for the number of arriving waves, as shown in Equation (3-

13): 
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A. 
LRT(M) = S(N- M)ln -f,.. X~ 

g 

1 
d = 2[ (N- M)- 1][(N- M) + 2] 

where: 

S = number of antenna array output samples taken. 

N =number of antenna array elements. 

M = number of arriving waves hypothesized. 

(3- 13) 

A.a = arithmetic mean of the smallest N - M generalized eigenvalues. 

A.9 = geometric mean of the smallest N - M generalized eigenvalues. 

An alternate estimate, which provides better results in some situations, is ad -

vanced by Marple (1987). In this approach, the number of arriving waves is 

estimated as the value which produces a minimum in the Akaike Information 

Criterion (AIC) as modified by Wax and Kailath: 

1 
N-M 

AIC(M) = (N - M)ln ___ m_=_M_+_1 
N 

+ M(2N- M) (3 - 14) 

II -(N- M) 
A.m 

m= M+1 

where N and Mare as defined for Equation (3-13), and A.m is the m1h general-

ized eigenvalue (A.1 being the largest and AN the smallest). 
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The above expressions provide estimates only - there is no guarantee 

that either expression will produce an accurate incoming-wave count in a given 

situation. The question of how many waves are being received at an antenna 

array (or how many spectral components are present in a noisy medium) is one 

of continuing interest. However, since the research described herein addresses 

the direction of arrival estimation process itself, the number of arriving waves is 

assumed to be known or estimated in advance. 



Given a situation in which more impinging waves can be detected than 

can be located, it is important to investigate approaches which make use of per

formance measures of some sort to alter the behavior of the overall estimation 

process. Lansford (1988) investigated the use of kurtosis as a performance 

measure in the application of linear predictive models to the speech recognition 

problem. The nature of the measures used, as well as the specific modifications 

to be made to the algorithms, of necessity depend heavily on the application to 

be supported. Since each application involves its own engineering trade-offs, a 

modification that would constitute an improvement in performance in one appli -

cation might actually be a degradation in another. 

As an example, consider the jammer problem mentioned above. In one 

application, the DOA and signal characteristics of the jammer might be of in

terest, in which case the jammer should be considered an additional signal 

source. On the other hand, in a different application it might be desirable to 

treat the jammer as a noise source, in which case determination of its DOA and 

signal characteristics is unnecessary and might even interfere with problem 

solution. 

Although any adaptive method is subject to application constraints, some 

can be discussed which would likely find use in a number of different scenarios. 

Such techniques as iterative revision of eigenvectors or DOA estimates fall into 

this category. 

Iterative Direction of Arrival Revision 

The DOA spectrum produced using (2-29) typically exhibits a number of 

peaks corresponding to estimated directions of arrival. In the case of multiple 

closely spaced arriving waves, fewer peaks than arriving waves may appear. 

41 



An example is shown in Chapter IV wherein two arriving waves at ±3oo effec

tively suppress a third peak which should appear at oo. 

In such situations, an approach whereby the effects of previously located 

waves could be removed from the DOA spectrum might permit resolution of ad

ditional spectral peaks. Such a "spectral subtraction" can be accomplished by 

forming estimates of the array phase shift matrix (A) and the source signal co -

variance matrix (P) for the wave(s) to be removed from the spectrum, subtracting 

the product APAH from the original array output covariance matrix (Rx), and 

forming a new eigenvalue problem from the remainder. 

Unfortunately, the difference mentioned above is almost never positive 

semidefinite, which of course implies that it is not a valid covariance matrix. 

This can be explained by noting that, since only a subset of the arriving waves 

has been identified, the diagonal elements of the P estimate (which are 

estimates of arriving wave power) are very likely larger than the corresponding 

actual elements in P. Thus, the term A'P' A'H, where A' and P' are the 

estimates of A and P, respectively, tends to "overcompensate" for the waves for 

which the estimates were made, producing negative eigenvalues in the 

difference. 

In order to eliminate the undesirable effect of producing negative eigen -

values, some real fraction of the product estimate can be subtracted from the 

observation covariance matrix, as follows: 

R/ = Rx- yA'P' A'H; 0 < 'Y -5: 1 (3 -15) 

Naturally, the question arises, "What value should be used for'(?" Since 

positive semidefiniteness is required of any covariance matrix (including R/), 

the optimum 'Y is the maximum value for which the difference (3-15) remains 

positive semidefinite. In order to determine this optimum value in a theoretical 

sense, it is necessary to express all principal minors of the difference (3-15) in 
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terms of y. That is, the formation and solution of a polynomial in y of at least Nlh 

order (where N is the number of antenna elements), for an arbitrary matrix pair 

Rx, A'P' A'H, "suffices" to determine the optimum value of y. Of course, this in-

valves at least as much computation as did the original DOA estimation pro -

cess itself! 

This being the case, an alternative approach to determination of the opti -

mum y value is proposed. Although entirely empirical in nature, the alternative 

approach gives the optimum y value to whatever precision is desired. The 

method implements a numerical binary search over the interval (0, 1] for the 

largest acceptable value of y. That is, a value of 1 is tried, followed by 0.5, fol -

lowed by either 0.25 or 0. 75, and so on until the desired resolution is achieved. 

The value of the next "guess" at each stage is determined based on whether 

positive semidefiniteness was obtained at the previous stage. This approach 

requires a positive semidefiniteness test at each step. Although this can repre -

sent a considerable computational burden, the polynomial solution effort is 

avoided, which in itself is expected to reduce overall computational load. Ad -

ditionally, the procedure can be stopped at any point, providing for an ad

justable processing time (at the expense of low y resolution for short processing 

times). In practice, relatively little resolution for y may be required, since DOA 

resolution can be expected to improve to some extent with~ reduction in 

dominant spectrum peaks. The extent to which such peak reduction can be ex

pected to help depends strongly, of course, on the actual data involved. 

Several examples are provided in Chapter IV of the iterative DOA revision 

techniques discussed above. 

A second concern in implementing the spectral subtraction described 

above is the danger of introducing spurious peaks. As an illustration of how this 

is possible, consider the operation of a band-pass filter with white noise applied 
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to its input. Since white noise contains energy at all frequencies, the filter will 

produce an output signal at (about) its center frequency, even though no signal 

was present at its input. A similar process is possible in digital signal proces

sing, where false periodicities can be established using successive smoothing 

and differencing operations. Yarlagadda and Hershey (1987) point out that" ... 

the creation of a false periodicity in this manner is related to the Slutsky-Yule 

effect that predicts the period of the false oscillation based upon the smoothing 

and differencing operations." 

Other Adaptive Approaches 

Another iterative procedure suggested by the MUSIC eigenvalue prob -

lem (Equation 2-27) involves the estimation of Amin and Rb· The usual esti -

mates of these parameters are formed from noise samples (assuming they are 

available) as follows: 

s 
Rw= Lwsw~ 

S= 1 

Amin = tr{ Rw } I N 

Rb = RwiAmin 

(3- 16) 

Obviously, the accuracy of the above values of Amin and Rb depends on 

the number of noise samples available and how representative of the underly -

ing random process the available noise samples are. The effect of inaccuracies 

in the estimates (3-16) is to produce an Rb value which, when used in (2-27), 

yields a valule for Amin different from the above estimate. An adaptive approach 

which might improve the accuracy of the eventual eigenvalue problem solution 

is to compute the average of the Amin estimate from (3-16) and the actual Amin 

from (2-27), use the average to compute a new Rb estimate (using (3-16)), 
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solve (2-27) again, and so on until the Amin estimate from (3-16) is acceptably 

close to the estimate from (2-27). This approach might be particularly useful in 

the case of small sample size, where an Rb estimate is desired with relatively 

few 'ti..s samples. 

In another adaptive procedure, iterative revision of the eigenvectors for 

DOA estimation is proposed (Fuhrmann, 1987). This approach employs an 

iterative singular value decomposition algorithm to periodically update esti -

mates of the signal subspace vectors, and is most directly applicable to the case 

of time-varying directions of arrival. The subspace vector update is interleaved 

with both acquisition of new observation vector samples and DOA spectrum 

evaluation, the interleave ratios being determined by the application. The itera

tive DOA revision technique described above could be included directly into this 

procedure, allowing the decision concerning the number of waves to identify to 

be made dynamically. 
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CHAPTER IV 

EXPERIMENTAL RESULTS 

Several procedures described in previous chapters were implemented 

on a general purpose computer, and tested using simulated data sets. The 

approaches tested were the Lp DOA estimation algorithm, the iterative DOA 

revision approach, and the enumeration and sum of powers P estimation 

procedures. 

To solve the generalized eigenvalue problem (2-27), a generalized 

singular value decomposition algorithm due to Van Loan was employed 

(Appendix B) (Van Loan, 1985). Further, due to the similarity of the form of the 

matrix term in (3-1) to the Moore-Penrose psuedo-inverse, a modified Moore

Penrose psuedo-inverse algorithm (Appendix C) was employed to compute Lp 

estimates of source signal vector samples (fs) (Graybill, 1969). 

The program described in Appendix D was used to generate simulation 

data for arrays of arbitrary geometry illuminated by arbitrary wave patterns in the 

presence of either correlated or uncorrelated noise. Noise generators with 

fixed, uniform, Gaussian, and impulsive distributions were supported. 

Effects of Noise Power on DOA Resolution 

Figures 4 through 8 illustrate the effects of impulsive noise on the DOA 

spectra produced by the Lp MUSIC algorithm. Figure 4 shows the antenna 

array and impinging wave pattern simulated. Figures 5 through 8 show that, as 
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SNR is dropped progressively from 20db to Odb, DOA resolution fails for de

creasing values of p, until (Figure 8) p = 1 is the only value for which resolution 

is obtained. The impulsive noise was applied at an average of every 20 

samples in the experiments shown in Figures 5 through 7, and 25 samples in 

Figure 8. 
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Figures 9 and 1 0 illustrate DOA spectra for values of p between 2 and 3. 

Noise strengths (relative to maximum incoming signal strength) and average 

impulse intervals were -20db each 20 samples for Figure 9 and Odb each 20 

samples for Figure 10. Arrays as illustrated in Figure 4 were simulated in both 

cases. 
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Figure 10. DOA Spectra, SNR = Odb, 20-Sample Interval 

Figure 11 shows a second simulated array/wave combination, and 

Figures 12 through 14 illustrate a similar trend of progressive DOA resolution 

failure with decreasing SNR. 
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Effects of Noise Interval on DOA Resolution 

Figures 15 through 18 illustrate that, as the average interval between 

impulsive noise bursts is increased, DOA resolution shows a general 

improvement. The arrays simulated were as illustrated in Figure 11. 
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Iterative DOA Revision 

Figures 19 - 22 provide an illustration of the application of the iterative 

DOA revision techniques discussed in Chapter Ill. Figure 19 shows the antenna 

array/arriving wave geometry simulated. The array was subjected to simulated 

impulsive noise at -20db (relative to maximum wave arrival strength) and a 40-

sample average interval. As shown in Figure 20, resolution of the wave arriving 

from 350 is achieved only for values of p < 2.0. Figure 21 shows the DOA 

spectra which result from spectral subtraction of the effects of the wave arriving 

from oo. 

Figure 21 was produced as follows. The spectrum for p = 2 in Figure 20 

(which does not resolve the wave from 350) was used to estimate the angle of 

arrival of the wave from oo. This DOA estimate was used to generate estimates 

of the A and P matrices corresponding to the identified arriving wave (from oo). 
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These estimates were in turn used to revise the observation covariance matrix 

(Rx), and a new eigenvalue problem involving the revised Rx was solved to pro -

duce the spectra in Figure 21. Figure 22 is a more detailed view of the region in 

Figure 21 from 3QO to 650. 

Figures 21 and 22 illustrate both the benefits and some of the potential 

hazards of the iterative DOA revision technique. As can be seen from the 

figures, the previously unresolved wave from 350 is resolvable for 1 ::;; p ::;; 3 

following covariance revision; On the other hand, since covariance revision 

emphasizes .all peaks in the DOA spectrum (except those being used in there

vision process), the (less prominent) peaks at +140° and between -9oo and 

-150°, which do not correspond to actual wave arrivals, are emphasized as 

well. So, as mentioned in Chapter III, when applying iterative DOA revision one 

must use caution to avoid the introduction of spurious wave arrival indications. 

In producing the spectra shown in Figures 21 and 22, the optimum multi -

plier for the APAH estimate (yin Equation (3-15)) was resolved to 8 binary digits 

(bits). This implies that the value used was within 1% of the value which would 

have been available using infinite precision. As discussed in Chapter III, the 

use of a y estimate with lower resolution should produce some DOA resolution 

improvement, while saving computation time. Figures 23 through 25 illustrate 

the effects on DOA spectra of using a y estimate which is resolved to only 2 bits 

(within 50% of the value available using infinite precision). 

Figure 23 shows the antenna array/arriving wave geometry simulated.· 

The array was subjected to simulated impulsive noise at Odb (relative to maxi

mum wave arrival strength) and a 35-sample (average) interval. Figure 24 

shows that the two waves arriving from 350 and 7QO produce only one spectrum 

peak, at about 650. Figure 25 shows the result of revising the observation co

variance matrix using estimated DOAs (from the p = 2 spectrum) for the waves 
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arriving from -so and +11 oo. The revision was made using a y estimate which 

was correct to only 2 bits. As shown in Figure 25, DOA resolution for both in -

terior waves is achieved following covariance revision for values of p over the 

entire range from 1 to 3. 

The execution time required to obtain the value of y used to produce 

Figures 21 and 22 (eight bit precision) was 1.3 CPU seconds on a VAX 11/750 

processor. The eight-bit-precision value obtained was 0.82421875. To obtain 

a value precise to two bits (y = 0. 75) for the same problem required 0.92 CPU 

seconds, a 29% time savings. On the other hand, the time for computation of 

the P matrix estimate was 0.98 CPU seconds for p = 2, and 25.43 CPU seconds 

for p = 1. Thus, the time required to obtain even a comparatively high resolution 

estimate of y can be small compared to the time required to estimate P. For the 

experiment shown in Figures 23 through 25, estimation of the P matrix (p = 2) 
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required 1. 71 CPU seconds, and detemining y (to two bits) required 1.22 CPU 

seconds. 

Figure 26 shows values of y as a function of the ratio between the maxi

mum diagonal element of the P estimate and the maximum diagonal element of 

Rx. It is clear from the figure that, although there might be a tendency for yto 

drop as the mentioned ratio increases, the actual functional relationship is 

extremely complicated. 

"Optimum" Multiplier vs. Maximum Ratio 
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Figure 26. Optimum Multipliers 

DOA Spectrum Peak Sharpness Measure 

The Lp MUSIC algorithm is capable of determining directions of arrival of 

waves that are not resolved by the standard (L2) MUSIC approach. When the 
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DOA spectrum for a particular value of p exhibits a peak that is not evident in the 

spectrum of another p value, it is clear that the former value of pis "better", at 

least as a detector of the wave that was missed by the latter p value. On the 

other hand, it is possible for a particular wave to produce peaks in the spectra 

for a variety of p values, in which case the decision of which p is "best" is some -

what more complicated. 

One basis for comparison of competing values of p can be developed 

from the degree of sharpness exhibited by the various peaks in the DOA spectra 

under consideration. The degree of sharpness of a particular peak can be ex -

pressed as in Equation (4-1 ): 

q(p) = ~e log1o {t; (4- 1) 

where q(p) is the "sharpness" measure as a function of p, fp is the magnitude 

("height") of the peak being measured, and ~e is the angular separation be -

tween the two points in the spectrum (one on either side of the peak) at which 

the spectrum value is some fixed increment below the peak value. The quantity 

fp is the reciprocal of gp from Equation (3-12); i.e. fp is the "DOA Measure" that is 

plotted to obtain a DOA spectrum. 

Equation (4-1) incorporates all the visual aspects of a particular peak, 

and so can be expected to provide an objective measure of the "sharpness" of 

the peak (which, of course, is a subjective trait). For instance, higher peaks pro

duce larger values of qp (assuming the other terms in Equation (4-1) don't 

change), since fp is larger for higher peaks. Similarly, narrower peaks have 

larger qp values, since ~e is smaller for narrower peaks. Finally, taking the p1h 

root of the sum (of terms to the pth power) which comprises fp removes the 

direct effect of p variations, which is to produce larger fp values for larger p 

values. 
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Figures 27 and 28 provide examples of the variation of qp with p. The 

value for the "fixed increment" in these figures is 1 db; i.e. ~e is measured be -

tween the points at which the spectrum value is 1db below the peak value. The 

data used in generating Figures 27 and 28 was obtained from the experiment 

which produced Figures 19 through 22; with Figure 27 applicable before co

variance matrix revision and Figure 28 applicable after covariance matrix re -

vision. Figure 27 was produced using the spectrum peaks at about 350 in 

Figure 20, for p values ranging from 1 to 2.2. As can be seen from Figure 27, 

the peak sharpness measure decreases as resolution is lost (as p rises from 1 

to 2.2), soap value of 1 or 1.2 would be preferred for use in further estimation 

steps. Additionally, actual DOA error, as shown in the figure, generally rises as 

p increases from 1 to 2.2 and resolution is lost. Therefore, in this case selection 

of the p which produces the largest sharpness measure results in one of the 

best available DOA estimates (although this is not guaranteed in general). 

Figure 28 was produced using the spectrum peaks at about 350 in Figure 

21. As stated above, Figure 21 results from covariance matrix revision of the 

experiment which produced Figure 20. In the case of Figure 28, p = 3 provides 

the greatest sharpness measure, so would be preferred as the p value for use in 

subsequent estimation. A review of Figure 22 shows that the peak produced for 

p = 3 does appear to be the sharpest of the spectrum peaks in the neighbor

hood of 350. Although in this case the actual DOA error (shown in Figure 28) is 

larger for p = 3 than for p = 1, the difference in DOA error is very slight across 

the range of p values. 

Two other points of interest are evident from a comparison of Figure 27 

with Figure 28. First, all the sharpness measures plotted in the upper sharp -

ness curve of Figure 28 (after covariance revision) are larger than any of the 

sharpness measures shown in Figure 27 (before covariance matrix revision). 
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Thus, the sharpness measure accurately reflects the increase in peak sharp -

ness produced by the iterative DOA revision approach. 

The second point of interest is illustrated by comparing the upper sharp

ness curve with the lower sharpness curve in Figure 28. The upper curve is 

composed of the sharpness measures for the spectrum peaks at about 350 in 

Figure 22. The lower curve was produced for the spectrum peaks at about 

-1350, which do not correspond to an acutal arriving wave. As is clear from 

Figure 28, the spurious peaks at -1350 exhibit much lower sharpness values 

(and thus are much milder peaks) than do those at about 350, which correspond 

to actual arriving waves. So, in this case a comparison of sharpness values 

assists not only in selection of a value of p but also in selection of which spec -

trum likely correspond to actual arriving waves. 

Although the sharpest peak does not necessarily imply the most accurate 

DOA estimate (due to the complex interaction of the various influences on the 

DOA spectrum), qp does provide a method for choosing one p value (or a col-

lection of p values) over other values when problem constraints (e.g. available 

processing time) require such a choice. As mentioned above, qp can also 

assist in selection of the DOA peaks which correspond to actual arriving waves, 

although again it is not guaranteed to do so in every case. 

It is emphasized that Figures 27 and 28 are two examples out of many 

that may be produced. It is not true in general that p = 1 or p = 3 produces the 

best DOA estimates, nor that qp is invariably highest for values of p which pro-

duce best DOA estimates. Simulations conducted during this research reveal 

that values of p other than two can, in some situations, produce superior resolu -

tion to that of standard (L2) MUSIC, and that p < 2 is particularly useful in the 

presence of impulsive noise. On the other hand, the production of a DOA spec -

trum is an extremely complicated procedure, and it would be simplistic to claim 
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that any particular value of p (or of any other parameter used in Lp MUSIC) is 

best for all applications or even all possible data sets from a selected applica -

tion. 
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CHAPTERV 

CONCLUSIONS AND FUTURE RESEARCH 

Conclusions 

Two extensions were proposed to the MUSIC direction finding algorithm. 

The first, use of the Lp norm in the DOA spectrum expression (3-12), can pro-

vide improved DOA resolution in some situations, particularly where impulsive 

noise is present. 

In the proposed Lp DOA approach, angles e which minimize a sum (gp) 

of terms to the p1h power are determined. These angles are Lp estimates of 

direction of arrival, in the sense that they minimize the p-norm of the difference 

between the array manifold (.a(S)) and the signal subspace (.an, n = 1, 2, ... , M). 

The angle determination is accomplished by minimizing (in the p-norm sense) 

the projection of the vector _g(S) onto the noise subspace. Since the noise sub

space is the orthogonal complement of the signal subspace, this minimizes the 

distance between the array manifold and the signal subspace. That is, mini -

mizing 9p selects the angles that best fit the observed data, in the p-norm sense, 

subject to the constraints of array geometry. 

Additionally, no iteration is required to determine the Lp DOA estimates 

described above (as is necessary in the case of estimating P). This implies that 

a P estimate based on Lp DOA estimates (which can be considered an Lp esti -

mate of P) can be obtained with essentially no more computation than is re -

quired to obtain an L2 estimate of P (from the MUSIC DOA estimates). Also, 
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since no convergence issues are involved in minimizing gp, one could obtain Lp 

DOA estimates (and the associated Lp P estimate) for any value of p > 0 (al

though the interpretation for values of p outside the range 1 ::;; p ::;; 3 might be 

open to question). 

Further, since gp provides a measure of the p-norm distance between the 

array manifold and the signal subspace, it gives at least a relative indication of 

the success of the estimation process. For example, if additional data is taken 

following an estimation step, and incorporation of the additional data results in 

lower values for gp, it might be claimed that the estimates obtained using the 

additional data are in a sense "better" than the original estimates. 

For the case of the number of arriving waves being one less than the 

number of antenna elements, the angles which minimize gp are unchanged by 

varying p. This is because the sum to be minimized consists of one term for this 

case, and the minimum of a single term occurs at the same point regardless of 

the (positive) exponent to which that term is raised. Thus, when estimation of 

the directions of arrival of one fewer waves than array elements is attempted 

("array saturation"), Lp DOA estimates are exactly the same as L2 estimates, re-

gardless of the (positive) value of p used. In this case the noise subspace con

sists of a line in N-space passing through the single noise eigenvector~-

Therefore, any local minimum of the projection of a vector (particularly the array 

manifold vector) onto the noise subspace (a line) can occur in only one direc

tion, regardless of the norm used. 

It was also possible to improve MUSIC's DOA resolution capability using 

an iterative DOA revision technique. The approach is based on a spectral sub -

traction of the effects of previously estimated directions of arrival from the Lp 

DOA spectrum. This technique was helpful whether the L2 or the Lp norm was 

used, and provided the ability to resolve signals that are more closely spaced 
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than can be resolved with standard MUSIC. The technique involves empirical 

determination of a real multiplicative constant, and a numerical binary search 

procedure was proposed which permits determination of the constant's value to 

whatever resolution is desired. The search procedure allows for adjusting the 

resolution obtained based on application constraints such as computational 

burden. 

Finally, an objective measure was developed of the sharpness of peaks 

in DOA spectra. This measure can be used to select which value or values of p 

are to be used during the estimation process, based on the variation in the 

sharpness measure over the range of p values. 

Areas for Further Research 

During the conduct of the research described herein, a number of issues 

arose which deserve further investigation. Two major areas for productive fu -

ture research are alternatives to the algorithms used for DOA estimation, and 

implementation of these or other algorithms on multiple-processor computer 

systems. 

Alternatives to MUSIC 

The MUSIC algorithm was chosen as the basis for this research due to 

the fact that it is the most generally applicable of the high-resolution DOA esti

mation procedures. The Lp-norm DOA spectrum expression developed in 

Chapter Ill, however, could as easily have been developed for some other DOA 

estimation approach. For example, the sum-of-squares expressions used in the 

Maximum Likelihood, Burg, and Modified Forward-Backward Linear Predictor 

methods could be replaced by expressions involving sums of terms to the p1h 

power, with a possible improvement in DOA resolution similar to that shown by 
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the Lp MUSIC expression. Such revisions of existing techniques to accommo -

date Lp norm estimation could provide opportunities for improved performance 

with very little additional computational burden. 

A related area of potential improvement involves the "array saturation" 

case described in Chapter Ill. In this situation, only one noise eigenvector is 

estimated, so that L2 and Lp estimation produce the same results. The adaptive 

MUSIC method described in Chapter Ill, on the other hand, develops estimates 

of the signal subspace vectors rather than the noise subspace vectors. For the 

case of array saturation, then, it may be possible to apply the Lp norm to estima-

tion of the signal subspace vectors, thereby possibly improving the resolution 

abilities of algorithms based on such estimates. 

Use of Phase Information 

The MUSIC algorithm employs the phase of the antenna array samples 

in the determination of directions of arrival. However, the IRLS procedure for 

estimating P deals only with the magnitudes of the estimation residuals, thereby 

effectively ignoring potentially useful phase information. Use might be made of 

residual phase information, perhaps in an iterative procedure which alternately 

minimizes residual magnitudes and residual phases, to improve the perfor

mance of the overall estimation approach. 

Also, the IRLS algorithm is by no means limited to powers of residual 

magnitudes as cost functions. A more general criterion function, which could in -

elude phase information, may produce a superior estimation algorithm. For 

example, In( A ) = IAI + j arg( A ), where A is a complex number, embodies both 

magnitude and phase information. It may be advantagous to use, for instance, 

some function of In( ri ), where ri is an estimation residual, as the cost function 

for IRLS processing. 
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Alternatives to IRLS 

The IRLS algorithm is extremely computationally intensive. This is be

cause a matrix psuedo-inverse is required at each IRLS iteration step (since the 

weight matrix changes at each step). An alternative approach, the Residual 

Steepest Descent (RSD) algorithm, can usually be employed to considerably 

reduce the computational burden. The RSD algorithm requires the matrix inver

sian only once, at the beginning of the estimation process. Although the RSD 

algorithm does not guarantee convergence to an exact Lp solution under all 

circumstances, it is accurate enough for use in most situations. Therefore, an 

RSD based approach might provide the advantages of Lp estimation with a re -

duced computational load. 

For the case of L1 estimation, linear programming approaches are 

available; however, they are not very attractive (Lansford, 1985). Direct imple -

mentation of the simplex linear programming solution is usually prohibitive in 

terms of memory required; however, Karmarkar's (1984) algorithm, among 

others, can be used to circumvent this difficulty to some extent. Use of such 

linear programming algorithms for L1 estimation should therefore be investi -

gated. 

Adaptation to Multiple Processor Systems 

The simulation program mentioned in Chapter Ill was developed for a 

general purpose, single-processor system. Adaptation for multiple-processor 

computers of the various algorithms discussed can be expected to provide the 

opportunity for improved performance. Parallel implementations of some of the 

procedures required by MUSIC and the other estimation routines already exist 
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(e.g. matrix multiplication and singular value decomposition). Of course, 

parallel implementation of a complete DOA estimation system requires more 

than merely "stringing together" the parallel versions of the various routines 

employed, and is a subject worthy of intense study. 

As mentioned in Chapter Ill, Van Loan's generalized singular value de -

composition was used to solve the generalized eigenvalue problem of Chapter 

II. Although a parallel version of Van Loan's algorithm may be possible, 

another algorithm, due to Paige (1986), is available for computing the general

ized singular value decomposition. A parallel version of this algorithm has al -

ready been developed (Heath, et. al., 1986). 

Finally, the iterative DOA revision process described in Chapter Ill, al

though not apparently a ready candidate for parallel processing, may be well 

suited to a Multiple Instruction stream Multiple Data stream (MIMD) architecture. 

Research currently in progress at Oklahoma State University is directed toward 

exploiting the exceptional power of this architecture, as applied to problems in

volving multiple similar but not identical processes. 
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APPENDIX A 

CONVERGENCE OF THE ITERATIVELY REWEIGHTED 

LEAST SQUARES (IRLS) ALGORITHM 

The objective of the IRLS algorithm is to estimate a vector f given the 

linear model: 

~=Af+w; 

where ~is an N-element output vector, A is an NxM matrix of rank M, f is an M

element vector of unknown parameters, and w is an N-element zero-mean 

noise vector. The IRLS algorithm repeatedly evaluates: 

ft+1 = [AHW(ft)A]-1 AHW(ft)~ (A -1) 

until f converges. The weighting matrix W is a diagonal matrix with entries: 

(A- 2) 

where rn = .a,f.- xn; an is the nl.!J. row of A; Xn is the nth element of~; and the ob

jective function pis a positive, even, differentiable function. This definition of W 

results in minimization of the loss function J, as defined below: 

N 

J = LP(S! nf - x n) (A- 3) 

n=1 

That iteration of Equation (A-1) using Was defined in Equation (A-2) 

minimizes J, above, can be seen as follows. 

If p(r) is nondecreasing in jrj, then for J to be minimized, it is necessary 

only that: 
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N 

a~J = Lp'(anf-xn)anm=O; m=1,2, ... ,M 
m n =1 

where fm is the mth element of f. and anm is the mth element of the nth row of A. 

In vector form: 

(A- 4) 

where [p'(rn)] is theN-element vector of derivatives evaluated at rn; n = 1, 2, ... , 

N, and AT[p'(rn)] is an M-vector. Since w(rn) = p'(rn)/rn: 

W(rn) [rn] = [p'(rn)] 

where W(rn) is a diagonal matrix with elements w(rn) and [rn] is the N-element 

vector of residuals rn. So, from Equation (A-4), we have: 

AT W(rn) [rn] = .Q (A- 5) 

where AT W(rn) [rnl is an M-vector. 

Now consider the change in f at iteration step t, given by the difference 

ft+1 -ft. Using Equations (A-1) and (A-2) gives: 

ft+1- ft ={AT W(rn) A}-1AT W(rn) ~- ft 

={AT W(rn) A}-1AT W(rn) ~-{AT W(rn) A}-1{AT W(rn) A}ft 

=-{AT W(rn) A}-1AT W(rn) {Aft-~} 

Now when f converges, ft+1 - ft--? .Q. Thus, since [rn] =Aft-~: 

ft+1- ft = -{ATW(rn) A}-1AT W(rn) [rn]--? .Q 

implies that AT W(rn) [rnl --? .Q, which, from Equation (A-5), means that J is mini-

mized. 

This means that use of Equation (A-1 ), with Was defined in Equation (A-

2), minimizes the cost function given in Equation (A-3) if it (Equation (A-1 )) con

verges. Global convergence of the algorithm is guaranteed for objective func -

tions p such that: 
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(1) p(r) is a differentiable, symmetric, positive function nondecreasing 

in lrl, 

(2) p(r) ~ oo as lrl ~ oo, 

(3) w(r) = p"(r)/r is nonincreasing in lrl, and 

(4) w(r) = p"(r)/r is bounded for all r. 

For Lp estimation, the required objective function is: 

p(r) = !riP; lrl > e 

= !riP; lrl ~ e; e some small positive number 

Since this function meets conditions (1)- (4) for values of p such that 1 ~ p ~ 2, 

global convergence of the algorithm is guaranteed for p in this range. Addi -

tionally, local convergence of the algorithm is guaranteed for the above function 

for 2 < p ~ 3. For p > 3, the algorithm diverges (Byrd and Pyne, 1979). 
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APPENDIX B 

THE GENERALIZED SINGULAR VALUE DECOMPOSITION 

The MUSIC algorithm requires the solution to a generalized eigenvalue 

problem involving two covariance matrices. That is, estimates are sought of the 

generalized eigenvalues and eigenvectors of the matrix pair (Rx, Rb), associa

ted with a collection of S signal samples Xs and S noise samples ~- The signal 

and noise samples are generally "snapshots", or samples at various instants, 

from an antenna array. The matrices Rx and Rb are given by: 

Rx = E{xxH} (B -1) 

(B- 2) 

where A.min normalizes Rb such that tr{ Rb} = N, and E{} denotes statistical ex

pectation over s. 

In practice, direct solution of a generalized eigenvalue problem involving 

matrices of the form MHM or MMH is not only computationally intensive but also 

can lead to numerical difficulties. This is due to the fact that the condition num -

ber of either matrix product is the square of the condition number of the original 

matrix (M). It is therefore advantageous to devise a method whereby the 

generalized eigenvalue problem can be solved without requiring the actual 

formation of the matrix products listed. One approach to this problem is via a 

Generalized Singular Value Decomposition (GSVD) algorithm (Speiser, 1985). 

A GSVD algorithm applied to the matrix pair (A, B) computes matrices U, 

Q, Z, D A• and Ds such that: 
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UHAz = DA 

aHez = o6 

where: 

U and Q are unitary (UHU =I, QHQ = 1), 

Z is non-singular, and 

D A and 0 6 are real and diagonal. 

(8- 3) 

(8- 4) 

If the conjugate transposes of Equations (8-3) and (8-4) are evaluated 

and postmultiplied by their original forms, the following are obtained: 

zHAHAz = (DA)2 (8- 5) 

(8- 6) 

Now, multiplying Equation (8-6) by An and subtracting it from Equation (8-5) 

gives: 

ZH(AHA - A.nBHB)Z = (0 A)2 - A.n(Ds)2 (8 -7) 

Evaluating Equation (8-7) with An= dA,n2 I ds,n2, where dA,n and ds,n 

are the nth elements of DA and 0 6 , respectively, produces a singular matrix on 

the right-hand side. This is true because th~ difference on the right-hand side of 

Equation (8-7) is diagonal, with a zero entry at the n1!J. (diagonal) element. On 

the left-hand side, since Z is non-singular, the expression in parenthesis must 

be singular. Thus: 

IAHA - AnBHBI = 0 (8- 8) 

This can be true (for non-singular AHA and BHB) only for An a generalized 

eigenvalue of the matrix pair (AHA, eHB). Thus, the generalized eigenvalues of 

the matrix pair (AHA, sHe) are given by the ratios of the squares of the singular 

values dA,n and ds,m• above. 

Now consider the nth diagonal entry in Equation (8-7): 

z.nH(AHA - A.nBHB)Z.n = dA,n2 - A.nds,n2 (8- 9) 
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If this equation is evaluated with A.n = dA,n2 /d8 ,n2, the result is 0. This indicates 

that the generalized eigenvectors of the matrix pair (AHA, BHB) are the columns 

ofZ. 

Thus it is clear that an algorithm which computes a generalized SVD can 

also be used to produce the generalized eigenvalues and eigenvectors of a 

matrix pair of the form described above. 

It is, in fact, not even necessary to deal with the matrices A and B directly, 

if this is not desired. Such a situation could occur, for instance, if the matrices of 

interest had a very large number of rows but relatively few columns. In such a 

case it would be preferable to deal with matrices whose size was strictly deter

mined by the number of columns, rather than the number of rows, in the mat

rices of interest. 

Consider an S x N matrix A of rank N with S ~ N (that is, the columns of A 

are linearly independent). A QR decomposition can be applied to such a matrix 

to produce: 

As X N = as xN TN X N (8 -10) 

where the columns of Q are orthonormal and T is upper triangular and invert -

ible. Evaluating AHA gives: 

AHA= THQHQT = THT (8 - 11) 

(since QHQ is an N x N identity matrix). Thus, using Tin the generalized singu -

lar value decomposition is exactly equivalent to using the full A matrix (as far as 

concerns the generalized eigenvalue problem). 

So it is evident that, except for an initial QR decomposition step, it is pas -

sible to deal exclusively with comparitively small matrices and still solve the 

generalized eigenvalue problem for the matrix pair (AHA, BHB) without forming 

the actual matrix products. 
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To apply the above approach to the matrices used in the MUSIC alga -

rithm, it is only necessary to form the matrices X and W from the signal and 

noise vector samples as follows: 

(8- 12) 

Application of a generalized SVD approach as described above (either 

with or without a preliminary QR decomposition step) determines the general

ized eigenvalues and eigenvectors of the matrix pair (XHX, WHW). From Equa

tion (8-12) it can be seen that: 

(8- 13) 

s 
H 1 ~--· H 

'A.minW W = S £..li.sW s (8-14) 

S=1 

That is, XHX === Rx and WHW === Rb. Thus, the approximations desired can be ob -

tained using a generalized SVD approach. 

At least two generalized SVD algorithms are available, a comparatively 

older one due to Van Loan and a more recent one by Paige (Van Loan, 1985) 

(Paige, 1986). Van Loan's approach, when applied following a QR decomposi

tion, has the possible advantage of producing an identity matrix for DA. Howev-

er, it also involves an explicit matrix inversion, which could lead to numerical 

difficulty. Although the approach due to Paige is less straightforward, it does not 

involve any explicit matrix inversions, and so is likely to be the more robust 

algorithm. Also, a parallel implementation of Paige's algorithm has been de -
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veloped by Heath, et. al. (1986). Paige's method uses a preliminary QR decom

position step. 

Van Loan's approach was implemented in the simulation program de

scribed in Appendix D. It can be applied to the MUSIC algorithm's generalized 

eigenvalue problem using the following steps: 

1) Perform QR decompositions of X and W (defined above): 

X= Lx T x; LxHLx =I; T x upper triangular, invertible. 

W = Lw T w; LwHLw = I; T w upper triangular, invertible. 

2) Compute (normal) singular value decomposition of T w T x-1: 

TwTx"1 = QD8UH; QHQ =I; UHU =I; Ds real, diagonal. 

3) Set Z = T x-1U. 

The matrices U, Q, and Z computed above perform the desired general -

ized singular value decomposition, which can be seen as follows: 

UHT xZ = UHT x T x-1 u = uHu = 1 (which is real & diagonal). 

QHTwZ = QH(TwTx-1)U = QH(QD8UH)U = (QHQ)Ds(UHU) = Ds 

Thus, the computed U, Q, and Z comprise a generalized singular value 

decomposition of the triangular matrices T x and T W· This, as shown above, suf-

fices to determine the generalized eigenvalues and eigenvectors of the matrix 

product pair (XHX, WHW), which is the desired result. 
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APPENDIX C 

THE MINIMUM NORM ESTIMATE OF A VECTOR 

In applying the Lp norm to the estimation problems addressed in this dis

sertation, it becomes necessary in several situations to evaluate expressions of 

the form (AHWA)-1AHW, where W is real, nonsingular, and diagonal. In order to 

avoid an explicit matrix inversion in the evaluation of the above expression, a 

procedure based on the Moore-Penrose psuedo-inverse is used. The ap

preach proceeds as follows: 

-1 

(AHWA)-1AHW = (AHWiW~ A) AHWiW~ 
and, since W is real and diagonal: 

-1 

(AHWAf1AHwJ(wiS W~A) (w~s wi 
Defining: 

gives: 

1 

(AHWA)-1AHW = (BHB)-1BHW2 

Now (BHB)-1 eH is the Moore-Penrose psuedo-inverse of 8, and com put -

ing the square root of W requires little more work than would computing W itself, 

since the elements of W are generally exponentials. This implies that, except 
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for the addition of one initial and one final diagonal matrix multiply at each itera -

tion, the same operations can be used to form Lp estimates as are used to form 

L2 estimates. 

Actual evaluation of the Moore-Penrose psuedo-inverse of 8 is accomp -

lished using an algorithm based on the singular value decomposition. Although 

proofs that such an algorithm produces minimum-norm vector estimates are 

fairly common for the real case, the more general case for complex vectors and 

matrices is covered only rarely (Graybill, 1969). Therefore, a proof for complex 

data is included here. 

Problem Statement 

It is desired to find the minimum (L2) norm solution to the equation: 

A~=ll 

where A is N x M, N :;::: M, of rank r::;; M. That is, the solution ~ = ~0 is sought such 

that: 

(A~ -ll)H(Ax -ll):;::: (A~o- b)H(A~o -ll), all x in eN; and 

~H~ > ~0H~ for~#: ~O and (A~- .Q)H(A~- .Q) = (A~o -Q)H(A~o - .Q). 

Solution 

The singular value decomposition of A yields A= ULVH with UN x N, 

UHU = UUH =IN x N; V M X M, VHV = VVH = IM x M; and L N X M, real, diagonal, 

as follows: 



0'1 0 ... ... ... 0 

0 0'2 
. 

· .. ·. 
· .. crr . 

0 · .. 
·. 0 
·. 0 

0 

0 ... ... ... ... .. . 0 

The desired minimum norm solution is xo =A- .b., where A-= vxTuH, 

and the N x M matrix X is: 

-1 
0'1 0 0 

0 -1 ·. 0'2 . 
.. . . . . 

-1 
crr ··. 
. 0 

·. · .. 0 
··. 0 

0 

0 ... ... ... . ..... 0 

Proof 

First, the proposed A- will be shown to have the following properties: 

1) AA- is Hermitian, 

2) A-A is Hermitian, 

3) AA-A=A 

4) A-AA- =A-

To demonstrate the above properties, note that: 
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r.xT = (I.XT)T = N x N real diagonal matrix containing r ones:. 

1 0 0 
~) 

0 1 (2) 
.. 

·. . 
.. 

1 (r) 

··. 0 
·. 0 

0 0 0 (N) 

xTr, = (XTr.)T = M x M real diagonal matrix containing r ones: 

1 0 0 
~) 

0 1 (2) 
. .. · . 

.. 
1 (r) 

. 

·. 0 ·. 
· .. ·. 0 

0 ... . .. 0 o(M) 

r, (X T r, ) = I, ; (X T r, ) X T = X T . 

To prove property (1 ): 

[AA-]H = [(UI.VH)(VXTUH)]H 

= [UI.VHVXTUH]H 

= [U (I.XT)U H]H 

= U(I.XT)TUH 

=AA-

To prove property (2): 

[A-A]H = [(VXTUH)(UI.VH)]H 

= [VXTUHUI,VH]H 

= [V(XTI.)VH]H 
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= V(XTL,)TVH 

=A-A 

To prove property (3): 

AA-A = U :EXTU H U L.VH 

= U L. (X T L.) V H 

= ur.vH 

=A 

To prove property (4): 

A-AA- = VXTL.VHVXTU H 

= V(XTL.)XTUH 

= vxTuH 

=A-

Properties (1) - (4) can be used to prove that the proposed solution is the 

minimum norm solution as follows: 

(A~- Q)H(A~- Q) = (A~- AA- Q + AA- Q- Q)H(A~- AA- Q + AA- .Q - .Q) 

=[A(~- A- b) + (AA-- I)Q]H[A(~- A- .Q) + (AA-- I).Q] 

=[A(~- A- .Q)]H[A~- A- .Q)] + [A~ -A- .Q)]H[(AA- - I).Q] 

+ [(AA·- I).Q]H[A(~- A- .Q)] + [(AA-- I)Q]H[(AA-- I).Q] 

=[A~- A- b)]H[A~- A- b)]+ [(AA-- I)Q]H[(AA-- I)Q] 

+ (AA- Q- I .Q)H(A~- AA- .Q) + (A~ - AA- .Q)H(AA -.Q- I .Q) 

=[A(~- A- .Q)]H[A(~- A" .Q)] + [(AA-- I).Q]H[(AA-- I).Q] 

+ (AA- Q)HA~- (AA- Q)HAA- Q - QHA~ + .QHAA- Q 

+ (A~)HAA- .Q- (A~)H.Q- (AA- .Q)HAA- Q + (AA- .Q)H.Q 

=[A(~- A- b)]H[A~- A- ,b)] + [(AA-- I).Q]H[(AA-- I).Q] 

+ .QH(AA·)HA~- .QH(AA·)HAA- Q - .QHA~ + _QHAA- .Q 

+ ~HAHAA- .Q- ~HAH.Q- .QH(AA·)HAA- Q + .QH(AA-)H.Q 
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= [A(4- A- .Q)]H[A(4- A- .Q)] + [(AA-- I).Q]H[(AA-- I).Q] 

+ .QHAA-AA- .QH(AA-A)A- .Q- .QHA4 + .QHAA- .Q 

+ ~HAH(AA-)H.Q- ~HAH.Q- .QH(AA-A)A- .Q + .QHAA- .Q 

= [A(4- A- .Q)]H[A(4- A- .Q)] + [(AA-- I).Q]H[(AA-- I)Q] 

+ .QHAA- .QHAA- Q - .QHAA + .QHAA- Q 

+ AH(AA-A)H.Q- AHAH.Q- .QHAA- .Q + .QHAA- .Q 

= [A(A- A- .Q)]H[A(A- A- .Q)] + [(AA-- I).Q]H[(AA-- I).Q] 

+ AHAH.Q - 4HAH.Q 

(A4- .Q)H(AA- .Q) = [A(4- A- .Q)]H[A(4- A- .Q)) + [(AA-- I).Q]H[(AA-- I).Q] 

(AA - .Q)H(AA- .Q) ~ [(AA-- I).Q]H[(AA- - I).Q] 

(A4- .Q)H(AA- .Q) ~ (AA- .Q- .Q)H(AA- .Q- .Q) 

For AO =A- b: 

(AA- b)H(AX- b)~ (AXo- Q)H(AXo- .Q) (all X in CN) 

Further: 

(Ax- !2)H(Ax- b) = (Axo - .Q)H(Axo - 12) 

iff [A(A- A- .Q)]H[A(A- A- !2)] = 0; i.e. A4 = AA- .Q 

Consider the product: 

[A- .Q + (1- A-A)A]H[A- .Q +(I- A-A)X] 

=[A- .Q +(I- A·A)4]HA- .Q +[A- .Q + (1- A-A)A]H(I- A-A)A 

=(A- .Q)HA- !2 +[(I- A-A)4]HA- .Q 

+(A- .Q)H(I- A-A)A +[(I- A-A)A]H(I- A-A)A 

= (A- .Q)H(A- .Q) +[(I- A-A)A]H[(I- A-A)A] 

+(A- .Q)H(A- A-AA) + (4- A-AA)HA- Q 

=(A- .Q)H(A- .!2) + [(1- A-A)A]H[(I- A-A)A] 

+ .QH(A·)H4- .QH(A·)HA-Ax +AHA- Q- xH(A-A)HA- Q 

=(A- .Q)H(A- .Q) +[(I- A-A)A]H[(I- A·A)4] 

+ .QH(A·)HX- .QH(A·)H(A-A)HA + xHA- .Q- 4HA- .Q 

(C- 1) 
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=(A- .Q)H(A- .b)+ [(I- A-A)x]H[(I- A-A)X] 

+ _QH(A·)HX- _QH(A-AA-)HX 

=(A- .Q)H(A- .b)+ [(I- A-A)x]H[(I- A-A)X] 

+ _QH(A·)HX- _QH(A-)HX 

[A- .Q +(I- A-A)x]H[A- .Q +(I- A-A)X] 

=(A- .Q)H(A- .b)+ [(I- A-A)x]H[(I- A-A)X] 

For AA- .Q =Ax, we have A- .Q =A-Ax, so for equality (C- 1) to hold: 

(A-Ax+ X- A-Ax)H(A-Ax +X- A-Ax)= xHx 

=(A- .Q)H(A- .b) +(X- A- .Q)H(X- A- .b) 

(all X in CN) 

So, for all x in eN such that equality (C- 1) holds, l(HX > x0Hx0 if 2( * x0. 

Q.E.D. 
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APPENDIX D 

SIMULATION PROGRAM DESCRIPTION 

The experimental results given in Chapter IV were produced using a 

simulation program developed for the OSU ECEN VAX 11/750. This program 

permits direction of arrival (DOA) determination experiments to be performed 

using computer-generated data. The program was developed in FORTRAN-77, 

for the VMS operating system (Version 4.5), and consists of an interactive rou -

tine and four batch routines. User interface functions are performed by the inter

active routine, while the four batch routines perform various estimation functions 

associated with DOA estimation. 

The five routines communicate information concerning DOA estimation 

experiments in progress by way of two index files and multiple direct and se

quential files on disk. The MUSIC index file records information concerning in -

dividual experiments, such as number of antenna elements, arriving waves, and 

noise generators to simulate, the number of samples to process, sample inter

val, IRLS parameters, and the range of p values to support. The "spawn" index 

file records the status of the various batch routines used to perform the esti

mation. The other files (sequential and direct) used for communication record 

information about each experiment in progress, such as antenna element posi -

tions; wave strengths, angles of arrival and modulation envelope characteris -

tics; noise generator strengths, distributions, and correlation coefficients; esti -

mated directions of arrival; observation and noise sample vectors and 
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estimates; and computed values such as eigenvalues, eigenvectors, and co

variance matrices. 

Experiments recorded in the MUSIC index file can be linked in a fashion 

which permits one experiment to produce a number of related experiments. In 

the comment lines contained in the routines, an experiment which produces 

another experiment is called a "parent" experiment, and an experiment pro -

duced from another experiment is called a "descendant" experiment. This link

ing can encompass multiple levels of "descendancy", such that one experiment 

can produce a collection of descendant experiments, which in turn can each 

produce descendant experiments of their own, and so on. When an experiment 

gives rise to multiple levels of descendant experiments, the original experiment 

is called the "ancestor" experiment for each of the experiments in its de -

scendancy chains. 

The ancestor-descendant linkage mechanism is used to perform the 

iterative DOA revision described in Chapter Ill of this dissertation. This is ac -

complished as follows. Once the generalized eigenvalue problem is solved for 

a particular experiment, the operator is given the opportunity to select estimated 

directions of arrival from the experiment's DOA spectra. Once estimated DOAs 

are determined, the operator can initiate processing of new experiments which 

use the original experiment's basic parameters (number of antenna elements, 

etc.), but whose generalized eigenvalue problems are adjusted using the esti

mated DOAs just obtained. Each new experiment so initiated is a descendant 

of the original experiment, and is linked to it in the manner described in the pre

vious paragraph. This process can be repeated for each of the descendant 

experiments if desired, and so the multiple levels of descendancy described 

above can be produced. 
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Routine DO_MUSIC 

Program DO_MUSIC is designed to run in an interactive environment, 

and provides the operator interface to the Lp MUSIC algorithms. Lines 1 - 3117 

contain comments and INCLUDEd declaration files. Setting the process name 

for coordination with the batch routines, obtaining logical unit numbers, opening 

the required index files, and other initialization are performed in lines 3118 -

3199. Lines 3200- 3208 submit batch routines to perform sample generation, 

eigenproblem solution, or P matrix estimation as necessary. An index of active 

experiments is produced in lines 3209 - 3220. Lines 3221 - 3256 present the 

user with a menu of activities from which to select, and accept the operator's 

input selecting the activity to perform. Actions which can be performed are dis -

cussed in the following paragraphs. 

If the operator selects generation of an index of active experiments, lines 

3257- 3264 set an indicator that an index is desired, and return to accept fur

ther operator input. 
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Lines 3265- 3594 process a user command to d~termine DOA estimates 

for an experiment. User selection of the experiment for which to plot DOA 

spectra is handled in lines 3265 - 3322. Lines 3323 - 3350 locate the selected 

experiment's ancestor, if necessary. Lines 3351 - 3408 allocate arrays required 

for storage of the information necessary to plot DOA spectra, and obtain the 

necessary information from the appropriate sequential data files. A direct

access scratch file for DOA accumulation is opened in lines 3409 - 3416. Actual 

DOA estimation is accomplished in lines 3417-3547. Lines 3420-3438 

accept the number of noise eigenvectors to use and the range of p values for 

which to plot spectra. Spectra plots are produced by subprogram MUSIC_

PLOT_SPECT called at line 3443, and peak location is accomplished by 



subprogram PICK_MUSIC_PEAK invoked at line 3447. Lines 3453- 3528 

initiate descendant experiments as necessary using the estimated DOAs. 

Finally, lines 3529- 3594 process operator selections for the disposition of the 

experiment for which DOAs were estimated, discard space allocated for DOA 

information storage, and handle any file 1/0 errors that may have occurred 

during the DOA estimation process. 

Printing of a selected experiment's output file is accomplished in lines 

3595 - 3624, if selected by the operator. 

Processing of the operator's selection to estimate a source covariance 

matrix is accomplished in lines 3625- 3819. Lines 3625- 3762 accept the 

operator's selection of which experiment to process, and accumulate the DOA 

estimates associated with that experiment, its parent, its parent's parent, and so 

on up to the ancestor experiment. Lines 3763- 3799 accept the user's choice 

of the estimation type to be used, and spawn a batch job (MUSIC_PEST) to 

evaluate the source covariance matrix estimate. File 1/0 errors are handled in 

lines 3800 - 3819. 

An experiment selected by the operator can be marked for deletion (from 

the index of experiments) in lines 3820- 3895, while lines 3896 - 3998 actually 

delete the index entry and data files for an experiment that has been previously 

marked for deletion. 

Display of results for an experiment is accomplished in lines 3999- 4579. 

Lines 3999 - 4130 accept the operator's choice of what results are to be dis -

played, and the experiment for which to display the selected results. An array 

picture is generated in lines 4131 - 4199; lines 4200 - 4303 plot any combina

tion of array output, source signal vector, source vector estimate, or noise vector 

samples; lines 4304- 4425 plot selected DOA spectra; and lines 4426- 4579 
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plot an operator-selected combination of array output samples, estimated 

source vector samples, noise vector samples, and DOA spectra. 

Lines 4580 - 4626 permit operator re-initializing of an experiment that 

was accidentally marked for deletion. 

If the user wishes to re-run an experiment that was previously entered 

(creating a new "trial"), this is accomplished in lines 4627- 4778. 

A new experiment is activated by the operator in lines 4779- 5119. 

Lines 4779- 5017 assign default values for the experiment. Default values can 

be taken from an already existing experiment, or may be set to "standard" de -

fault values, at the operator's selection. Operator adjustment of default values is 

accomplished in lines 5018 - 5039. The experimental parameters under opera

tor control are antenna array geometry, arriving wave characteristics, and noise 

attributes. 

The antenna array to be simulated can consist of any number of antenna 

elements arranged in any desired locations about a common origin. No con -

straints are placed on antenna locations; however, all simulated antenna ele -

ments are identical and omnidirectional. Once the receiving array has been 

described, the operator can specify any number of arriving waves. Wave 

characteristics under operator control are angle of arrival (azimuth only), signal 

strength, carrier wavelength, and modulation characteristics. The program sup

ports both amplitude and phase modulation of the received signals, and permits 

operator selection of modulation envelope types, lengths, duty cycles, and 

relative phases. 

The final simulation aspect under operator control is sample noise 

characteristics. Gaussian, uniform, and fixed noise generators of operator

selected intensities are available, the outputs from any number of which may be 

applied to any combination of antenna elements. The noise generators may be 
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used on either a continuous or intermittent basis, permitting simulation of noise 

or interference bursts impinging on the array. Two separate noise models are 

maintained by the program. One model is used in the estimation routines (e.g. 

DOA determination), and the other is used in actual sample generation. The 

two models may be identical or different, at the operator's option. 

After operator adjustment of default experiment values, the new experi

mentis actually initiated in lines 5040 -5107. Lines 5108- 5119 handle file 1/0 

errors that may occur during experiment generation. 

An operator command to exit to the operating system is processed in 

lines 5120 - 5128, and lines 5129 - 5135 handle an invalid operator selection. 
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Lines 5136- 5164 are used at various points in DO_MUSIC to update an 

experiment's index file entry. 

File 1/0 errors not handled elswhere are processed in lines 5165 - 5260. 

Several subprograms are included in the DO_MUSIC source file to ac

complish various tasks needed by the operator interface. Function P _INDEX 

finds and displays records for selected experiments in the experiment index file; 

function NEXT _REC is used by P _INDEX to locate the next selected index 

record; batch jobs to be initiated are spawned by subroutine SUBMIT_JOB; and 

PRINT _EXPM initates printing of output files for selected experiments. 

Routine SAMPL_MUSIC 

Routine SAMPL_MUSIC, which was designed to run as a batch program, 

performs the sample generation function for experiments in progress. Lines 1 -

610 perform required initialization functions. Line 483 selects an experiment for 

which sample generation is required. Input of experiment definition data is ac

complished in lines 611 - 660. Lines 661 - 743 compute the observation and 

noise vector samples, write the samples to the appropriate data files, and print 



the problem definition information to the experiment's output file. Lines 744-

812 compute covariance matrices and the minimum eigenvalue estimate, per

form QR decompositions of the array output and noise sample matrices, write 

the results of the QR decompositions to the appropriate data file, and print the 

covariance matrces to the experiment's output file. Lines 813- 863 update the 

experiment's index file entry and initiate the eigenvector solution routine if 

necessary. Lines 864 - 875 terminate processing if no more experiments re -

quire sample generation, and lines 876- 912 process any file 1/0 errors. 

Routine EIG_MUSIC 

Routine EIG_MUSIC performs the eigenvector decomposition required 

by the Lp MUSIC approach. It is designed to run as a batch procedure. Lines 1 

- 464 perform required initialization. Selection of an experiment for which to 

perform eigenvector decomposition, and input of the data necessary to accom

plish the decomposition, is performed in lines 465- 565. Lines 566 - 597 solve 

the generalized eigenvalue problem, write the results to appropriate data files, 

perform a check of the results, and print various computed quantities to the ex -

periment's output file. Lines 598- 643 update the experiment's index file entry, 

and terminate processing if no more experiments require eigenvector decem

position. Finally, lines 644- 708 process any file 1/0 errors which may have oc

curred. 

Routine FIN_MUSIC 

This routine, designed to operate as a batch routine, obtains estimates of 

source signal vector samples using observation vector samples and DOA esti -

mates determined in DO_MUSIC. Initialization is performed in lines 1 - 482. 

Lines 483 - 734 select the experiment to be processed and obtain the data 
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necessary for the estimation process from the appropriate data files. Lines 735 

- 746 evaluate the sharpness measures for the DOAs being used, and estimate 

the antenna array phase shift matrix from the estimated DOAs. Lines 747- 788 

estimate the source signal vector samples and source covariance matrix using 

the estimation type selected by the operator (in routine DO_MUSIC). Updating 

of the observation covariance matrix for iterative DOA revision is accomplished 

in lines 789- 827. Finally, results are printed to the experiment's output file and 

written to the appropriate data files in lines 828- 883. Lines 885- 938 initiate 

the eigenvector decomposition routine, update the experiment's index file entry, 

and terminate processing if no more experiments require sample estimation. 

File 1/0 errors are handled in lines 939 - 985. 

Routine MUSIC_PEST 

This routine, which operates as a batch program, estimates the source 

covariance matrix for an experiment and evaluates the performance of the esti

mation process. Performance is evaluated by comparing the source covariance 

matrix estimate with the actual sample source covariance matrix. The actual 

sample source covariance matrix is computed by approximating the definition: 

where: 

S is the number of samples, and 

fs is the s1b. sample of the source signal vector. 

The performance comparison is made using an error measure produced 

from the Frobenius norm of the difference between the matrix estimate and the 

actual sample source covariance matrix. The error measure used is: 
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where: 

p 1 k is the (j, k)lh element of the covariance matrix estimate , and 

Pj,k is the (j,k)lh element of the actual sample source covariance matrix. 

Lines 1 - 467 perform initialization, and lines 468- 494 obtain an imput 

file if any is available. If no input files are available, indicating that no experi

ments require performance evaluation, line 487 terminates execution. Lines 

495 - 677 read the information required for the estimation process from the ap -

propriate data files. Actual estimation and performance evaluation are con -

ducted in lines 678- 746. Results are written to the selected experiment's out

put file in lines 747- 762. Finally, lines 764- 770 delete the processed input 

file, and lines 771 - 824 process any errors that may have occurred during the 

estimation process. 

Other Routines 

Various subprograms are used by the above-described routines to ac

complish the estimation functions required in the Lp MUSIC process. The 

purposes of these subprograms are listed below. 

BRACKET _DOA: 

C16_VACHOL: 

C8_NOISE: 

DCV_IRLS: 

RESIDUALS: 

Evaluates DOA peak sharpness measures. 

Performs Cholesky decomposition of updated Rx· 

Generates noise vector samples. 

Performs IRLS estimation of a COMPLEX*16 vector. 

Used by DCV_IRLS to compute estimation residuals. 
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DC_MPPSINV: Evaluates the Moore-Penrose psuedo-inverse of a COM

PLEX*16 matrix using singular value decomposition. 

DCSV_VSIGM1: Used by DC_MPPSINV to evaluate a matrix product. 

DUMP _VA: Discards all storage allocated by the Virtual Array system 

(copyright 1987 by Dr. Dwight Day). 

EIG_FROM_SV: Converts results of generalized singular value decem -

position to generalized eigenvalue problem solution. 

ENDSPAWN_IF: Terminates program execution if all criteria for doing so 

have been met. 

EXIT_VA: 

FREE_ VA: 

Processes status conditions returned by Virtual Array rou -

tines (copyright 1987 by Dr. Dwight Day). 

Releases specific portions of memory allocated by the 

Virtual Array system (copyright 1987 by Dr. Dwight Day). 

GET _MUSIC_DEF: Obtains experiment definition values from the user. 

GET _W_HALF: 

MAKE_NOISE: 

MODULATED: 

MOD_ VAL: 

MOD_PHASE: 

MUSIC_INIT: 

MUSIC_L2P: 

Evaluates the square root of a diagonal weight matrix. 

Computes a COMPLEX*16 noise sample vector. 

Returns the complex amplitude of the modulation envelope 

of an arriving wave at a specified sample instant. 

Used by MODULATED to obtain amplitude. 

Used by MODULATED to obtain phase. 

Computes complex amplitudes of arriving waves and 

initializes noise counters. 

Computes an L2 estimate of the P matrix. 

MUSIC_LPP _EACH: 

Computes Lp estimates of signal vector samples. 

MUSIC_LPP _SPEIS: 

Computes Lp estimate of P using sum-of-powers method. 
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MUSIC_LPW_ YAR: 

YAR_ESTS: 

YAR_RESIDS: 

Computes square root of diagonal weight matrix for sum-of

powers method. 

Used by MUSIC_LPW_YAR to compute signal vector 

estimates. 

Used by MUSIC_LPW_YAR to compute estimation 

residuals. 

YAR_WEIGHTS: Used by MUSIC_LPW_ YAR to compute weights. 

MUSIC_PLOT _SPECT: 

VALUE_AT: 

Plots DOA spectra for various p values. 

Used by MUSIC_PLOT_SPECT to return a selected vector 

element. 

MUSIC_POWER: Evaluates a DOA spectrum value. 

MPWR_FL5, MPWR_DPDTRM, MPWR_FL 1, MPWR_DPDSUM, 

MPWR_PWRTRM, MPWR_FL3, MPWR_PWRSUM: 

Used by MUSIC_POWER to evaluate spectrum value and 

handle floating-point exceptions. 

MUSIC_SPECTRUMX: 

Evaluates abscissa values for a spectrum plot. 

MUSIC_SPECTRUMY: 

Evaluates ordinate values for a spectrum plot. 

NOISE_ COMBINE: Combines noise generator outputs to form antenna noise 

vector sample. 

OBSVEC: 

OPEN_ VA: 

Computes observation vector sample. 

Dynamically allocates storage for FORTRAN programs; part 

of the Virtual Array system (copyright 1987 by Dr. Dwight 

Day). 

103 



PICK_MUSIC_PEAK: Determines the location of peaks in DOA spectra. 

READ_ANTENNAE, READ_LP, READ_MMISC, READ_NOISE, READ_WAVES: 

PR_NTYPE: 

PR_MTYPE: 

SIGMAT_ESTM: 

SIGMAT_FORM: 

SIGVAL: 

SIGVEC: 

SPAWN_IF: 

SPECT _PEAK: 

SQ_VLGSVD: 

Obtain experiment definition values from the user. 

Used by READ_NOISE to prompt for noise type. 

Used by READ_WAVES to prompt for modulation type. 

Form estimate of array phase shift matrix. 

Form actual phase shift matrix. 

Compute phase shift vector for an incoming wave. 

Compute source signal vector at a selected sample instant. 

Initiates a selected batch job if it is not already active. 

Determine the location of a peak in a DOA spectrum. 

Compute generalized singular value decomposition using 

Van Loan's method. 

VA_DC_QR: Compute QR decomposition of a COMPLEX*16 matrix. 

VA_DC_SQSVD: Compute singular value decomposition of a square COM -

PLEX*16 matrix. 

VA_DC_TRINV: Compute the inverse of an upper triangular COMPLEX*16 

matrix. 
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APPENDIX E 

SIMULATION PROGRAM LISTING 

This appendix provides computer listings of the routines which comprise 

the simulation program described in Appendix D. A scaled-down version of the 

simulation program listed herein is in development for use on personal 

computers. 
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( 

' 

~ 
• 
• 

·•' 

~ .... 

c****************************************************************************** 
c 
c 
c 
c 
c 

c 
c 

c 

<0 

c 

c 

c 

c 
c 

c 
c 
c 

c 
c. 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c. 

(0 

<0 

c 
c 

c 
c 
c 
c. 

c 
<0 

<O 

" c 
c 

This program segn~nt defines various vai~Jes for use in 
accessing a MUSIC exper-irr.ent index file. A MUSIC experlrne.nt index file 
has the following characteristics (note that the description below can 
be inserted into an ''open'' statement if the 1st columns are cleared): 

8 
4 

5 

f•:.'lrn.~' UNF0Rt'1ATTED' , rec•:>rdtype~' FIXED' , rec I =64, 
•:wganizat ion=' INDEXED' ,access=' KEYED', 
key=(1•4• INTEGER,5•5•CHARACTER,6•9• INTEGER>, 

d I sp·~se=' KEEP' , SHARED> 

(The l<eyw·~rd '3HARED may be replaced by READONLYl. A n•ad /write from 
/ to this fl le takes the following form: 

8 
4 

read ( ... ) 
mi_pltey, mi stat, ml_parl~, mi_lerr, mi_eerr, mi_serr, 
ml_dtim, rni_a.nts, mi_waves, mi_noises, mi_smp, ml_sint, 
mi~begp, ~i_endp, mi_delp, ~i_peps, ml_nor~, ml_wlen, 
mi_tol, mi_which, mi_ofJ le, ml_anoises, roi_irlsl irn, 
mi_zeigsj mi_doa~, ml_estypej ml_parp 

The fields in a MUSIC experiment index fl le record are defined 
as f,;:.'lflows: 

Byte Positions Description 

1 - 4 tTti_pkey: 

5 - 5 rrai stat: 

6 - rtti _pal'" h.: 

10 - 11 mi i er··r~: 

Primary key value, INTEGER*4 (unique record 
nutnb~r). 

Experiment status, CHARACTER*!: 
new ex peri rn@n t , no f I I es ere a ted 

(or input file creation 
fa I led> . 

new ex peri rr.ent, input f i let (but 
no sample files) created. 

'I' tnitiatlz~d, s.an1ple files 
created (ready for eigenvalue 
problem co~plAtations). 

'E' e- r ge.nva I ue prob I em s•:.l ved C r·Mady 
for DOA selection). 

'D' DOA selections made (ready for Lp 
estimation process) (Note that 

this is the same status for 
"descendant" experiments as ' 
is for ''ancestor~ experiments>. 

'R' experirnent C•::"Jtnplete; results 
displayed (at l~ast once). 

'X' e>-~perin.ent failed; corhputa.tional 
error encountered. 

IN"fEGER*4 ''mi_pkey'' of the ''parent'" 
e~<periment (the e:<periment which 
produced the reziduals which are used 
as observ8tions in this record's 
e>-~periment) (-1 f•::-1·· an "•::,riginal"' ctr 
"ancestor'" exper~iment (o::)ne with no 
"parent")). 

INTEGER*2 number of file r·~~d failures 
encountered by the batch sample 
generator job t~ach failure causes 
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" c 12 - 1:3 

c 
c 
c 
c 14 - 15 
c 
c 
c 
c 16 - 84 
(0 :35 - 8:3 

c 
c. :39 42 
c 
c 4:3 - 46 
c 
(:. 

c 47 - 50 
c. 51 - 5:3 
c 59 - 62 
c 6:3 - 66 
c 

67 - 70 
c 71 - 78 
c 

79 86 

G 87 - 94 
c 95 - 102 
c 
c 10:3 - 106 

c 
c 107 - 186 
c 

c 187 - 190 
(0 

c 191 - 194 
(0 195 19:3 
c 
c. 

c 
c 
c 
c 
c 199 - 202 
c 
c 
c 
c 

l • 
(.: . 
c 
c 

• c 
c 
c 

203 - 206 

c 

c 

mi_eet~r: 

rni set~r: 

rni dt irn: 

mi ant:s: 

rni_waves: 

rni n•::•l ses: 

status to change from' to '-'l. 
INTEGER*2 number of fl le read failures 

enc.::)untered by the batch eigenvalue 

problem solver job (each failure causes 
status to change fr·•:tl11 'I' b:;) ' '). 

INTEGER*2 number of file read failures 
encountered by the batch Lp estimation 
job (each failure causes status to 
change front 'D' to 'E' ). 

CHARACTER*19 date/ time of experiment. 
I NTEGER*4 nun1ber of antenna e I ements in the 

experiment. 
INTEGER*4 number of arrivir1g waves In the 

ex peri me.n t. 
I NTEGER*4 nun.ber of no i ~:;a s•:.urces used In 

the EST I ~lAT I ON noise mode I for the 
e>-~periment. 

mi_srnp: INTEGER*4 number of samples in the experiment. 

nti_sint: RE~lL*:3 sarr.ple Interval fcJr· the e>'~periment. 

mi_begp• REAL*4 starting value of p for Lp estimation. 
nd_endp: REAL*4 l!!!!nding value of p for Lp estimation 

mi_delp• 
ml_peps• 

rni norm: 

mi_wler.: 
rrd ted 

(( ml_begp for no Lp estimation). 
REAL*4 p incren.ent value f•:.r· Lp estln.atlon. 

REAL*8 minitnt.Jm residual value f•:.r Lp 
est i mat ion . 

REAL*8 va I ue to whIch to non1'ta I I ze Lp 
residuals (Q for unnormal lzedl. 

REAL*S carrier wavelength for the experiment. 
REAL*S value to be taken for zero 

("tolerance"). 

n•l which: INTEGER*4 selector which detern•ine:s whether 
estimat~rs use actual (mi_which = 0) or 
model <nei_which > 0) noise :santpfes. 

mi ·~f i I e: CHARACTER*90 name of the f.!>"~ peri ment 's output 
f i I e. 

mi anolses: INTEGER*4 number of noise sources used in 
sarrople GENERATION. 

mi i rlsl im: 
rr•i _ze i gs: 

INTEGER*4 IRLS iteration I imit. 
I NTEGER*4 nurr•ber of "n•J i se" e i genvec t•;:)rs 

used (in the '"parent" experiment) to 

de:tertnl ne the oor.:~s which give rise to 
the residuals which serve as 
observations in this record's 

experiment (0 for "anc.estot-" 
experiment). 

mi_estype: 

INTEGER*4 number of OOAs determined (in the 
"parent" e>'~perin.ent>, which are used to 

produce the residuals which serve as 
observations in this record's 
experiment (0 for ~ancestor'' 

e .... ~pel'" intent) . 

INTEGER*4 value: specifying the type of 

estimation used to produce the 

residuals which serve as observations 
in this record's e>'~perin.ent (-1 f•:.r 

''ancestor'' experiment): 

1: E:numer·a t i •=•n ~1ethod 

Z: Sum-•:•f-Po::>wers t·1ethod 

:3: Con.per.sated Enun•erat ion 
4: Surn-of-P•:::-wer-s Loss t•1ethod 
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\ 

• 
• 

·:. ... 

c 
c 
c 
c 
c; 

207 - 210 trei _parp: 

5: Compensated Sum-o-f-Powers 
6: Comp'd Sum-of-Powers Loss 

REAL*4 value of p used in the ''parent'' 
experiment to prodlJCe the residuals 
whic~~ serve as -obs~r,lations for this 
n?.cord's expet~ime.nt (0.00 f•:>r 
"ancestor" experiment). 

integer·*2 roi-_ierr, mi_eerr, mi serr 
int~ger*4 mi_pkey, mi_park, mi_ants, mi_waves, mi_noises, ml_smp 
lntegRr*4 mi_which, mi_arloises, mi_irlsl im, mi_zeigs, mi doas 
integer*4 mi_estype 
real*4 mi_begp, mi_endp, mi_delp, ml_parp 
reaf*8 mi_slnt, mi_peps, mi_norm, mi_wlen, mi tol 
character*1 mi stat 
character*19 ml dtim 
character*SO ml_ofi le 

c 

c****************************************************************************** 
c 
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( 

( 

' 
• 
• 

c 
c. 

c 
c 

c 

c 

This program segment contair)s the declar·ations used by the 
MUSIC / Lp main progra~. 

intrins c da.te, time 

i~trins c index, char 
exter··na init_va 
e,.~ tern-a 
ex ter·na 
exter·na 
ext@rna 
externa 
externa. 

I ib'$get_lun, I ib't>st.:.p, I ib$delete_fi le, I ib$getjpi 

libSflnd_file, lib$find_flle end 
cap, mreaddoas 
open_va, exit_va, durnp_va 
in i t_mus i c...,.def, ge. t_tr,us i c_de.f, av I b l_pr i key 

writearr, readarr, skiparr 
ex ter·na read_antenr.ae, read_ waves, r~ead_no i se, read rntT•I sc, read_ I p 

externa dr coif• II 
externa I ib$wait 
external type_eigs 
external muslc_plot_inps, music_picture, music_plot_spect 
extet~nal rnusic_plot_e:sts, rnusic._plot_trial, collect doas 

external pick_music_pea~t. pr·ange 

logical writearr, readarr, skiparr 
logical music_plot_spect, music_plot_ests, ~uslc_plot_trial 
logical collect doas 
integer*4 I ib$get_lun, avlbl_prlkey, I ib$getjpl, type_eigs 
integer*4 I ib$find_fi le, I ib$~ind_fi le_end 
character*1 cap, pick_rnusic_peak · 

I og i ca I d i sp_ i nde>-~, haven t _ i rec, pi nf•::JI_sh:;:,wn, o 1 ns t shown, dunii'Yty 
logical ancestor 
i nteger*2 terrtp i 

i nteger*4 e..-r _return Statement =It for return fr•::.m data 1/0 error. 
integer*4 old_ants, old_waves,·old_noises 
lnteger*4 old_anoises, old_which, old_smp 
integer*4 
integer*4 
i nteget-*4 
I nteger·:t4 
i nteget-*4 
integer*4 
integet'·*4 
integer*4 
i nteget·*4 
integer*4 
i r.teger-*4 
integer*4 
integer*4 
integer*4 
i nteger·*4 
integer*4 
integet-*4 
integer*4 
lnteger*4 
i r.teger*4 
lnteger*4 
i rrteger*4 
integet-*4 
i nteger·:t:4 
integer*4 

vstatus, status, pname_len 
data_unit, index_unit, read_unit1, read_unit2, spawn_unit 
data_unit2 
a.nts_lin( 
waves_ I in< 

l, ants_sqr( 2 l, ants_by_2( 2 l 
1 ), waves_by_9( 2 ) 

waves_by_2( 2 ) 
n•:- i s_by_Z ( 2 ) , nc.~ i s_by_S ( 2 ) 
ants_by_nois( 2 ) 
smp_by_ants( 2 ), ants_by_smp( 2 ) 
wavs_by_s~p( 2 ), doas_l in( 1 
anols_by_2( 2 ), anois_by_8( 2 ), ants_by_anois( 2 ) 
ant_add 
wave_add, mtype_add 
ndef_add, npars_add, correl add 
obsmat_add, nolsemat add 
sigvrn_add 
clnmat_add 
andef_add, anpars_add, acorrel add 
eig_add, eigv_add 
pvrrr_add 
r·esrl'l_add 
yvn,_a.dd, yresn._add, d·:-a_add, e>-;nm_add 
i , count, f skip, i skip, rl• .. un_ze i gs, num_dC•.;!.S 
nun,_acc, nl .. Ufr_e:--~ps 
vs~l, e.lsel, sele.~·~p, selpar, I tert•p, estype/ ·.=. / 

real*4 r_answer, p 
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• 
• 

chaJ-acter*1 psel, tch 
character*1 ~;parrow( 3 )/ 27, '[', 'A' /, spaces( 70 )/ 70*' ' / 
character*3 chsel 
chal'"acter'*5 ptstat( :3 ) / IEDR', 'IEOR/', 'IEDH/', 'IEDR/', 

'IEOR/', 'IEOR/', 'ER///', 'ER///' / 
character*10 answer 
charscter*13 ptypes( 8 ) / 'array picture', 'signal-in-spc', 
1 
2 
:3 

4 
5 
6 

'clean observ.', 'noisy observ.', 
'•:.bserv. noise', 'all ir.put val', 
'dir. of arrlv', 'all trial val'/, 

p_etype< 6 I/ '[EJ/P/N/L/8/C', 'E/CPJ/N/L/8/C', 
'E/P/CNJ/L/8/C', 'E/P/N/CLJ/8/C', 
'E/P/N/L/[8]/C', 'E/P/N/L/8/[CJ' / 

character*15 pn::.cname 
character*25 wot"k file 
character*80 msg, ti_ofi le 
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0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
001:0;) 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 

pr•:;,gr-a.m do_mt..as i c 

18-Apr- 198:3 14:00: 27 
13-Apr-1988 15:15:49 

·! MAIN program for MUSIC/ Lp exercises. 
c 

c****************************************************************************** 
c 
c 

c 
c 
c 
c 
c 

This C•:lt'l'tment section describes the Virtual Art'·ay Systam vect.:.rs 
and matrices used by th&. MUSIC/ Lp algorithrn. The name •:)f each vector 
(matri>'~) address is the "name" of the vector (matrix) with the 
characters '_add' appended to it. Thus, the vector ant starts at 
memory l.:)ca t i ·~n ant_add, and so on. 

The \Jirtu~l Array System has been copyrighted by Dwight Day in 
19:37. 

c 

<:****************************************************************************** 
c 
c 
c 
c 
c 
c 
c 
c 

ant: ants x 2 REAL*8 matrix whose first column is the vector 
of antenna ranges from the origin, and whose 
seo:.nd coluntn is the vector o.f antenna angles 
from the .ab5c I S5a (RADIANS) . 

wave: waves x 9 RE.AL*B matt""ix whose c.:>lurnns are as follows: 
1) vector of sourCe signal strengths In db. 
21 vector of source signal carrier ~tartlng 

phases IRADIANSl. 
0023 c. :3) vector •:>f actual angles of arrival of the 
0024 c 
002.5 c. 

0026 c 
002'7 
0028 
0029 
00:?.0 
0031 
0032 
00:38 
0034 
0035 
0036 
00:3"7 
00:3:3 
00:39 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
0053 
0054 
0{)55 

0056 
0057 

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

c 
c 

4) vector of 

5l vector of 

Incoming waves. 
Incoming wave m•:>du I at I on cycle 

lengths, in carrier cycles. 
Incoming wave m.::rdu I at I on duty 

cycles, as a fraction from 0 to 
1 . 

6) vee tor of Incoming wave modu I at I or1 
(envelope) start phas~~ 
(carrier cycles). 

7) vector of incoming wave amplitude modulation 
ratios <maximum ampl ltuds / 
minitnurn an.pll tudel. 

8) vector of phase modulat i•=>n total phase 
shifts for the incoming waves 
IRADIANSl. 

9) vector o.f carrier wavelengths of the 
Incoming waves. 

ccat'I'•P: waves-e 1 etr.ent COJ"1PLEX* 16 vector of St:)Urce eornp l•x 
amplitudes (in ~rectangular'' form). 

mtype: waves;< 2 INTEGER*4 rnatri>-~ whose first colun,n is the 
vector of amplitude modulation types for 

ndef: 

andef: 

i nc,:;,rni ng waves, and whose second co I un1n Is the 
vector of phase modulati•='r• types for the 
i nc•:lrni ng waves. 

noises x 2 INTEGER*4 matrix whoge first column I~ the 
vec.t,:.r of noise types, and whose second column 
is the vector of noise counters (for 
ir,termittent noisel. This matrix Is used for 
the ESTIMATION noise model. 

an•:)ises >-~ 2 INTE.GER:t4 rr.atrix whc,se first C•:lluron Is the 
vector o¥ noise types, and whose second column 
is the vect•=>r o·F noise counters (for 
intermittent noise>. This n.atrix is used for 
ACTUAL SAt1PLE GENE RAT I ON. 
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005:3 c 
0059 c 
0060 c 
0061 c 
0062 c 
0068 c 
0064 c 
0065 c 
0066 c 
006'7 c 
ooc::1:3 c 
00()9 c 
0070 c 
0071 c 
00'72 c 
007:::: c 
0074 c 
00.75 c 
0076 c 
0077 c 
0078 c 
0079 c 
0080 c 
00:31 c 
0082 c 
00:3:::: c 
OOflil c 
00:35 c 
oo:::G G 

00:37 c 
00:3:3 c 
0089 c 
0090 c 
0091 c 
.0092 c 

( 0093 c 
0094 c 
0095 c 
0096 c 
0097 c 
0098 c 
0099 c 
0100 G 

( 

0101 c 
0102 G 

0108 c 
( 

0104 c 
0105 c 
0106 c • 
0107 c 
010:3 c 
0109 c • 
0110 c 
0 1 11 c 
0112 c 
0 1 1 :=: c 
0114 c 

.... 
;. .. ·. 
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18-Apr-1988 14:00:27 ~ 

npa.rs: 

anpars: 

corre I : 

18-Apr-1988 15: 15:49 [ 

noises x 9 REAL*4 matrix of noi-se parameters <mean, 
std. dev. ~ave. rep. rate). This matrix is 
used for the EST I MAT I ON n:) i se mode I . 

anolses x :3 REAL*4 matri)'~ of noise parameters (nu'!~an, 

std. dev., ave. rep. rate>. This matrix is 
us"'d for ACTUAL SAMPLE GENERATION. 

ants x noises REAL*S matrix of noise multipl lers for 
the antenna array. This I'T•a.trix Is used for the 

ESTIMATION noise m·~del. 
acorrel: ants x anolses REAL*8 matrix of noise multipliers f•:::.r 

the antenna array. This matrix Is used for 

ACTUAL SA~1PLE GENE RAT I ON. 
•::.bS1Y1at: smp x ants COMPLEX*16 matt-iX whose ROWS are the 

samples of the antenna array output <Including 

n•:>isel. 
no i sema.t: sn1p >-~ ants COMPLEX* 16 mat r l x whose RO\,JS are the 

noise salf•P I es used in t ha EST I NAT I ON process. 

rb: ants x ants noise covariar,ce matrix, norn.allz~d such 

that its trace is ants. This matrix Is 

•:>bs: 

noise: 

robs: 

pr•:.duced from no i serr,at; that t s, the noise to 

be used for ESTIMATION. 
ants-elen.ent C0l"1PLEX*16 vector san.ple •:l'f antenna array 

output (including noise). 

ants-elenent COMPLEX*16 vector noise sampl~. 

ants Y~ ants COMPLEX* 16 observatIon < Inc I udt ng noIse) 

covariance matrix. 

rnoise: ants ~ ants COMPLEX*16 noise covariance matriK <not 
trace norn1a I I zed). ThIs Is the covar i a nee 

matrix of the noise produced from the 
EST I MAT I ON noIse noode I 

ar1ts x ants COMPLEX*16 noise covariance tn&trtx (not 

trace normalized). This Is the covariance 

matrix of the noise actually used In GENERATING 
the antenna array output samples. 

ants_di ants x ants COMPLEX*16 work matrl:.-~. 

sigvm: waves x sn.p COMPLEX*16 matrix whose COLUMNS are the 

clnl'hat: 

actual or estimated signal-in-space (source 

a~pl I tude & ~hasel vector samples. 

ants x smp COMPLEX*16 matrix whose COLUMNS are the 
samples of the anterlna array output (without 

noise). 

sspc: waves-element COMPLEX*16 signal-in-space (source 

amp I i tude and phase> vect•::.r sample. 

sgrr.t: ants x waves COMPLEX*16 signal coefficient ("A") tt1atrix 
(actual). 

cln: ants-elen.ent COI"'1PLEX*16 anter.na array •:l'Utput sample 
(without n•:-ise). 

obst: ants,, ants C0~1PLEX*16 upper-triangular result of QR 
de compos i t i ·~n •:>f ·• obsma t " , 

noiset: ants x ants COMPLEX*16 upper-tr·iangular result of QR 
decomp.~s i t ion of "no i sema t" . 

eig: ants-·elen•ent REAL*S vector •Jf genP-rat i:zed eigenvalues. 

e i gv: ants ~"~ ants COMPLEX* 16 tr1a. tr i x Wh•:::.se COLUMNS ar~ the 

generalized eigenve~t·:..rs c•:>rresponding to ''eig .. 
entries. 

ants x waves C01"'1PLEX*16 estimate •:::tf the signal 
coefficient c~A"l matrix. 



01 15 
01 16 
01 17 
01 1>3 
01 19 
0120 
0121 
0122 
0123 
0124 
0125 
0126 
0127 

012:3 
0129 
01:30 
01:31 
014:3 
0221 
0:310 
0451 
0494 
05:30 
0698 

'"' 1 
18 

81 19 
8120 
8121 
8122 

8123 
:'::124 
:3125 
8126 
::::127 

:3128 
,, 129 

::=:130 
:c:: 1:31 

:31:32 
~: 1:3:3 

:31:34 
::::1:35 

:31:36 
:::: 1:37 

' 
:31:38 
81:39 
:0>140 

• :3141 
3142 
:';:143 

• :3144 

8145 

:3146 
::::147 

:3148 
"0!149 

3150 

c pma t: 
c 
c pl2: 
c 
c pip: 
c 
c yarw: 
c 
G 

18-Apr-1988 14:00:27 
18-Apr-1988 15: 15:49 

waves x waves CONPLEX*16 source cova.riar.ce matri~< 
<actual). 

waves x waves COMPLEX*16 least-squares estimate of the 
source covariance ~atrix. 

wav.P.!s x waves COt1PLEX*16 "Lp" estimate <using L2 "A") of 
the source covariance matrix. 

ants-element REAL*8 vector of final weights produced 
by the ''Yarlagadda" P-matrix IRLS algorithm. 

c*****************************************************************************' 
c 

c 

c 

c 
c 
c 
c 

c 
c 
c 
c 

c 

c 
c 
c 

itttplicit nc)ne 

external p_index, submlt_job, print_exprn 

integer*4 p_index 

Inc I ude '6000~RT: [CHUCK. RESEARCH. FORTD I R J\IATYPE:3. TXT' 
Include '6000$RT:CCHUCK.RESEARCH.FORTDIRJVL_MUSIC DECL.FOR' 
inc I ude '6000~RT: [CHUCK. RESEARCH. FORTD I RJMUS I C_MEA:3URES. FOR' 
include '6000~RT:CCHUCK.RESEARCH.FORTDIRJMUSIC INDEX_DEF.TXT' 
inc I ude '6000~RT: [CHUCK. RESEARCH. FORTO I RJSPA~JNED_DEF. TXT' 
include 'SYS~LIBRARY:FORIOSDEF' 
include 'tsystem_sy~bols)' 

Include 'I$SYSSRVNAMl' 

Get current process na~~, and change process name to 
"Chuck t1USIC Drv". 

status- llb~getjpil JPif_PRCNAM, 
If !.not. status) call llbfstopl Xv;r.l( 
status ~ sys$setprn( 'Chuck MUSIC Drv' 
if !.not. statusl call lib$stopl Xvall 

, procname, 
status l l 
) 

status 

pname_len l 

Get logical unit nun.bers and Indicate that the progran1 "just 
woke up". 

status = I ib$get_l•...ln( 

if I. not. status) cal I 

status = I ib$.get_lun( 

if I. not. statl.1s l cal I 

status = I ib$get_lun( 

if (.not. status> ca I I 
status = I I b$get_ I t...ln ( 

if (.not. status> cal I 

status = I I b~get_l un ( 
if (.not. statusl cal I 
status = llb$get_lunl 
If (.not. status) eat I 

pi n.f•:>_shown 
.::. ins t shown 

d i sp_ i nde>'; 

.false. 

.false . 

.true. 

data unl t ) -
llb$stop( Xval ( 

data uni t2 ) -
llb$stopl Xval ( 

index unit ) 

lib$stop( Xval ( 
read_unit1 ) 

I i bfstop I Xval ( 
read uni t2 ) -

I i b$stop( Xval ( 
spawn_unlt ) 

I ib~stop( ':f.val ( 

Open the t-1USIC index f lie. 

statl.ls 

status 

status 

status 

status 

status 

open (unit= I nde>; "" i t, f i I e~ '6000$RT: [CHUCK. PARAt·1SJt·1U:;l I C_l NDEX. OAT' , 
1 f•::wm=' UNFCJRt'1ATTED' , record type=' F I )<ED' 1 rec I =64 1 
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oo_r·1u:; 1 c 

:3151 
~:152 

315:3 
:::154 
3155 c 
8156 c. 
3157 c 
:::158 

~:159 

3160 
:::161 
3162 
:::16:?. 

:30000 

:3164 G 

8165 
:3166 
3167 
3168 
:';1169 
3170 
3171 
8172 
817:3 
8174 
:::175 
8176 

8177 

:?.178 
:::179 
i':1:'30 
:3181 

:318:3 
8184 
:3185 
81S6 
31:37 
3188 

:s 1:39 
::0190 
:3191 
:3192 
:319:3 
:::194 
3195 
:::196 
319.7 

319:3 
8199 

c. 
G 

c. 
:30001 

G 

c. 
c 

c. 
G 

G 

:30100 

c 
20000 

:3200 c 
:'3201 
8202 
::::20:=: 

8204 

3206 
8207 

··~~- . ···: 

G 

G 

8 
4 

18-Apr-1988 14:00:27 
18-Apr-1988 15:15:49 

organizatIon=' I NOEXED' , access=' KEYED' , status=' OLD' , 

key=(1:4: INTEGER,5:5:CHARACTER,6:9: INTEGER), 
dtspose='KEEP',S~~AREO,err=80000) 

go to 30001 

Error openirlg the MUSIC index fi le 1 create a new one. 

c•:.nt i nue 
open <unit= I ndex_un it, f i I e=' 6000$RT: [CHUCK. PARAI·1:3JMUS I C_l NOEX. OAT' , 
1 forrt•= 'UNFORMATTED' , record type= 'FIXED' , rec I =64, 

2 ·~rgani:z.ation=' INDEXED' ,access='KEYED' ,status='NEI.IJ', 

3 key=(1:4: INTEGER,5:5:CHARACTER,6:9: INTEGER), 
4 d i spose=' KEEP' , SHARED) 

f'\1USIC lnde>~ .file open, open again on a separate LUNs for 

display routines. 

continue 
open (unl t=read_uni t1 ,f i le='6000$RT: [CHUCK.PARAM:3Jr1USIC_INOEX.OAT', 
1 f •:;)rm=' UNFORMATTED' , rec•:rrd type=-' FIXED' , rec I =64, 

2 
:3 

4 

organ i :zat I on=' INDEXED' , ac·cess=' KEYED' , stat•.Js=' OLD' , 
key=<1:4: INTEGER,5:5:CHARACTER,6:9: INTEGER), 

dispose='KEEP' ,SHAREO) 
•:.pen ( un i t=read_un I t 2, f i I e=' 6000$RT: [CHUCK. PARAMSJr1US I C_l NOEX. OAT' , 

form='UNFORMATTED' ,recordtype='FIXED' ,retl=64, 1 
2 •:rrgan I zat l•::on=' I NDEXEO' , access .. ' KEYED' , s tat•....ts= 'OLD' , 

8 key=(1:4: INTEGER,5:5:CHARACTER,6:9: INTEGER!, 
4 dispose='KEEP',SHARED) 

Open the t'-lUS I C spawned processes Index f i I e. 

•:;.pen (unit=spawn_unit,fi le='6000$RT:CCHUCK.PARAMSJSPAWNEO. lOX', 
forn~'UNFORMATTED' ,recordtype~'FIXED' ,recl=26, 
organization=' INDEXED' ,access='KEYED' ,status='OLD', 2 

3 
g•::> t•::> 

key=(1~4: INTEGER,5:8: INTEGERl,dlspose='KEEP',SHAREO,err=30100l 
20000 

Error opening spawned-processes Index fi I e. Give up. 

c•:.nt i nue 

type * 
type *• 
type *• 
type * 

'Cou I dn' ' t •=>pen f i I e 6000$RT: [CHUCK. PARAI·1SJSPAWNEO. I OX. 
'Have you run ti-H?. right version of MAKE_SPAWN_I OX.?' 

status = sys$setprn< procname( : pname_len ) 
iJ <.nc•t. statr . .1sl call lib$stop< Xval( status l 

stop 

c•:rnt i nue Branch f•:>r not first time through program. 

if 
1 
if 
1 

If 

Submit any required batch job~. 

p_lndex( 

p_i nde,.;( 

p_i nde:>".;( 

lndex_unit, read_unit1, read_unit2, 
.ge. 0 ) cal I submit_jobC 

index_ur1it, read_unit1, read_unit2, 
.ge. 0 ) cal I submit_job( 

index un1t, read_unit1, read_unit2, 

. fa I se. 

spawn_•..1nl t, 
'1', . fa I se. 
spa.wn_unit, 2 ) 
' D ' , . f a I se . ) 
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oo_nu:c:t c 

320:?. 

:::210 c 
:3211 c 
8212 

~<214 

3215 
::t216 
:3217 
::::21::::: 
3219 
:;:,?20 
:3221 

3225 
8226 
:3227 

3229 

:32:31 

323:~ 

82:3:?. 

:=.:2:35 

:3240 
~<241 

:3242 

8244 
3245 
:3246 
::<247 
8248 
82.£~9 

8250 
8251 
:3252 

3254 

:3256 

c 
c 
c 

c 

8257 c 

18-Apr-1988 14:00:27 
1:3-~>pr-1988 15:15:49 

.ge. 0 > cal I submit_job( spawn_unit, a > 

Display the MUSIC index fl le if selected. 

if ( dlsp_index ) then 
disp_index = .false. 
mi_pkey = p_index( index_unit, rend_unit1, read_unit2, '*', .true. 
if ( mi_pkey .eq. -1 ) then 

type * 
type *• 'No active MUSIC experiments. 

type * 
end if 

end if 

A I I .:JW user b:. choose the actIvity he wishes t•:. perform. 

type * 
type 
type 
if ( 

*• 'Please tel I me what you wish to do:' 
*• N (or n) to initiate a new experiment.' 
p_index( index_unit, read_unlt1, read_unit~, '-X', .false. 

1 

2 
if 
1 

.ge. 0 ) type *• Cor I) to re-start aborted or failed 
'ex per I rnant. ' 

p_lndex< index_unit, read_unit1, rend_unit2, 'ER', .false. ) 
.ge. 0 ) then 

type *• 
type *• 

end If 

d) t•::. determina OOAs ft:)r active eKperlment.' 
P <or p) to print output fl lefor completed experiment.' 

if ( p_index< index_unit, read_unit1, 
C (or c) 

read_unit2, 'IEDR', .false. 
to evaluate performance for ' 1 .ge. 0 l type *• 

2 
if 
1 
2 
if 
1 
2 
if 
1 
2 
if 
1 
2 
type 
type 

'contp I eted experIment. ' 
p_lndex( lndex_unit, read_unit1, read_unlt2, IEDR', .false.) 

.ge. 0 ) type *• L Cor I> to display data for active', 
'experiment.' 

p_index( lndex_unit, read_unlt1, read_unit2, '-ER', .false. ) 
.ge. 0) type *• M (or m) to mat·k active experiment for 1 

'deletion.' 
p_indexC lndex_unit, read_unit1, raad_unit2, '-RX', .fal5e. 

.ge. 0 ) type *• K Cor kl to delete completed or failed 
'experil'l'l@nt.' 

p_inde>-~( lndex_unit, read_unit1, read_unit2, IER', .false.) 
.ge. 0 ) type*' R Cor r) to re-run an initial l~ed 1 , 

'experiment (new "trial").' 
S <or s) to display current status •:.f all experiments. 
X (or x) to exit to the operating system.' 

type * 
type 900QO,' What does the master command? 
accept 90010, answer 
psel = cape answer( 1 1 ) 

C!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! I I I!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

:=:259 c 
3260 c 
3261 c 
8262 
326:::: 

:3264 

-~··' . 

if 

Status of active experiments selected. 

( psel .eq. ':3' ) then 
disp_index = .true. 
go to 20000 

VA; 
[CI 
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18-Apr-1988 14:00:27 
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:?.265 

:::;~66 C! It!!!!!!!!! I I!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
:3267 
826:3 

c 
c 

:=:269 c 
:=:2"70 

::::2"76 
:3277 

:3279 
82:30 
:=:2:31 
82:32 

82:34 

8287 

3289 

:3291 

::::294 

:3295 
2:296 
8297 
8298 
8299 
3:?.00 

:=mo 1 

s:ao:c 

2:304 

60420 

G 

60430 

60000 

8:305 c 
8:306 
8:307 
8:308 
:=::')09 
:3:310 
::0':;311 
:3:=: 1 ;e> 

::::31_:::: 

3314 
8815 
8:316 
:=::-317 

:::::319 

:3:320 
~::321 

{.'. 

60410 

Determine DOAs of active experi~ents selected. 

else if ( ps.el .eq. 'D' then 

2 
8 

4 

5 

type * type *· DOA SPECTRUM PEAK SELECTIONS' 
type * if ( . not. pi n·f,:t_sh•::.wn ) then 

C•:>nt i n•~e Print plot lnfc•. 
pinfo_shown = .true. 
type *,'During plotting, the computer types an appropriate ', 

'"ready t.:::. p l•::~t" tT1essage,' 
type *,'then waits for a <CR> before proceeding with the plot. 

1 When a p I •:l t I s ' 
type *•'finished, the computer waits for an•:lther <CR> before', 

'eontln,Aing with the next' 
type *•'program step.' 
type * 

@nd if 

'Ent@r experltr1ent :tt- f•::>r which to deterrrdne OOAs,' 
CCR> to see a I ist of av•l lable experiments,' 

type *· 
type *• 
type 90000, ? for information about plotting: 
accept 90010, answer 
if ( lnde>:( answer, '?' .gt. 0) go to 60420 
read ( •.Jn I t=.a.nswer, fmt=* ,err=60480) m i _pkey 
if ( mi_pkey .ge. 0 l go to 60410 

contInue 
mi_pkey 

Error In accepted~. 

= p_index( index_unit, read_unit1, 
If ( rni_pkey .eq. -1 l then 

c•:.nt i nue 

type * 

read_unit2, 'ER', .true. 
None ava.l I able. 

type *' char( 7 ) , 'Can'' t pi•Jt OOA spectrum.' 
type * 
go to 20000 

and if 
If ( tni_pkey 

c..ont i nue 

I t. 0 l go to 20000 Operator cancel led. 

read ( un i t= i nde:--~_un i t, keyeq=-m i _pkey, key i d=O, I •:.s t a. t:as tat us) 
mi_pkey, ml_~tat, mi_park, mi_ierr, ml_eerr, mi_serr, 
mi_dtim, mi_ants, ml_waves, mi_noises, mi_smp, ml_sint, 
mi_begp, mi_endp, mi_delp, mi_peps, n.l_nc•rm, mi_wlen, 
mi_tol, mi_which, mt_ofi le, Mi_anolses, ml_irlsl im, 
mi_zeigs, mi_doas, mi_estype, mi_parp 

unlock (unit=incJex_unit) 
i f ( status .eq. FOR$10S_SPERECLOC 

type *, 'Re<:.•:.l'"d #' , tTl i _pkey, I ocked. 
ca I I I I b$wa it< 1 . 0 l 

type *' spaces, uparrow 
g·~ t·~ 60410 

else if ( ( stat,.Js .ne. 0 
. .:;.F. index( 'ER', rol stat 

go to 60000 

tl ... ,en 

lrJa it i ng 
Wait 

I e. 0 ) 

sec.', uparrow 
1 second. 

l then 
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:3'8:22 

8823 
8324 
.:3:325 
:::.::320 

::::327 

3329 

:3:?.:30 

::::3:34 

:3SZ::5 
33:';::6 

ss:::r? 
:=:8:3::0: 

:=::340 

8341 
S342 
:3:34:3 
:=::344 
:?.::::45 
::::346 

:;:,347 
384::::: 

3349 
:2:350 
:3351 

8852 

c 
c 
c 
c 

60440 

c 

" 335:9 c 
S:354 
8:.355 
3356 
:3:357 
8:35:3 
8:=:59 

8360 
8:361 
3862 
::::363 

:3864 

:=::365 

8366 
986"7 
886>3 
8369 
:=:870 
3:371 
::0::372 
837:3 

3374 
3375 
8:376 
8:377 

c 

c 
c 
c 
c 

c 

c 
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end if 

E:Kperiment f•:~t·· which to pl•::.t th~ OOA spectrt"t'Y' has prln1ary key 
value mi_pkey, and it is a valid 000 spectr•.Jm candidate. Oeterrnine the 
location of the antenna array descr-iption, according to whether it is 
a ''descendant'' or an ''ancestor'' experim~nt. 

if ( mi_park .eq. -1 ) then "Ancestor''. 

sele.xp mi_pkey 
else ''Descendant". 

selexp 

c•:.n t i nue 
r·aad (unit=index_unlt,keyeq=selexp,keyid=O, iostat=statusl 

selexp, tch, selpar 
unlock 
if 

type 
cal I 

(unit=index_unit) 
< stato~s .eq. FOR$10S_SPERECLOC 

* 1 'Rec•::trd :It' , se I exp 1 

I I b$wa I t ( 1 . 0 J 

type *• spaces, uparrow 
go to 60440 

else if ( status .ne. 0 ) then 
mi_pkey = selexp 
g•:> to 60700 

end If 
if ( selpar .ne. -1 ) then 

sele>-~P = selpar 
go to 60440 

end if 

end If 

then 
Waiting 1 sec.', uparrow 

~Ja i t 1 second. 

Error reading index. 

Now create the required Virtual Arrays. 

cal I I nit va 
e.nts_by_2<1) 
ants_by_2<2> 
ants lln(1) 
ant~_sqr(1) 

ants_sqr<2> 

call open_ va< 
call exit va< 
cal I open_ va( 
cal I exit VB( -
cal I open_ va.< 
cat t ex i t_va< 

mi ants 
2 
mi ants 
mi_ants 
mi ants 

ant_add, ants_by_2, 2, dr_type, vstatus, ~sg > 
vsta.t•...1s, msg ) 
eig_add, ants_lfn, 1, dr_type, vstatus, msg) 
vstatus, msg ) 
elgv_add, ants_sqr, 2, dc_type, vstatus, msg ) 
vstatus, tnsg ) 

Retrieve the antenna array description matrix and the 
eigenvalue problem sol•...1t ions from the appropriatP- lnterrnediat@! files. 

assign 20000 to err_return 

work_fl le = 'MUSIC_INPUT __________ .DAT' 
write <unit=work file( 12: 21 ),fmt=90020,iostat=status,err=60510> 

selexp 

open <unit=data_unit,fi le~·eooo~RT:(CHUCK.PARA~1SJ'//wor~c_fi le, 
status='OLO',organization='SEQUENTIAL' ,access='SEQUENTIAL', 



3:379 

:=::381 

'="'::';<;) 
8.390 
:::::391 
3:?.92 

:":8<;):3 
3:394 

3895 
8396 
:::::397 
:::::-398 

3899 
2:400 

8401 
3402 
:=:408 

8404 
8405 
:=:406 

:3:407 

:S:·~OB 

:3409 
::;:41 0 

:3411 

c 
c 
c 

:=:412 c 
:=:4t:=;: 

8414 

8·!1.15 

:3416 
::::417 

8418 
:<;::419 
:3420 
::;:42 'I 

c 

c 
c 

:3422 G 

842'3 
:3424 

3426 
::::427 
842:3 
::0:429 

c 
c 

:34.3:3 c. 
8434 
34:35 

-~~'·, 

18-Apr-1988 14:00:27 
18-Apr-1988 15: 15:49 

2 f·:>rm= 'UNFORI'1ATTED' , record type=' F I ){EO' 1 t·ec I =64, d I sp•:.se=' KEEP' , 
:3 READONLY, lostat=stab,s,err=60560) 

2 

read <unft=data_unit,iostat=status,err=60500) 
if (.not. ( 

readarr( "Xval( ant add>, dr_type, rtd __ ants, 2, data_unlt, :32) 
l ) go to 60500 

close (unit=data_unlt) 

worl< f i I e ( 7 : 1 1 ) = 1 E I G\IS' 
write <unit=work file( 12: 21 ),fmt:=90020,iostat=sta.tus,err2::60510) 

mi_pkey 
open (unlt=data_unit,fi le='6000$RT:tCHUCK.PARAMSJ'//work_fi le, 

status~'OLO' ,organization~'SEQUENTIAL' ,access~ 1 SEQUENTI~L', 

2 form=' UNFCJRt·1ATTEO' , record type=' F 1 XED 1 , r~c 1 =64, d I spose= 1 KEEP' , 
8 REAOONLY,Iostat=status,err=60560l 

2 

d•:'l i temp :::: 1 , 5 
1-f ( .not. ( skiparr( ml_ants, ml_ants, data_unit, 16)) 

end do 
If ( ( mi_park 

if ( . not. ( 

end If 
if ( . not. 

. eq. -1 . and. 
skiparr< mi_ants, 

ml_whlch .gt. 0 l 
~i_ants, data_unit, 

go to 60500 

then 
16 ) 
go to 601500 

readarr( XvaiC elg_add ), dr_type, ml_ants, 1, data_unit, :32) 
> > go to 60500 

if I . not. 
readarr( %val ( eigv_add J, dc_type, mi_a'nts, ml_ants, 

data_uni t, 16 l l l go to 60500 
close (unit=data_unitl 

Now open scratch file for O£?A st·~rage 1 pl•:.t OOA :!Spectra and 
allow peak selection. 

•:>pen ( un I t=data_un it, f i I e='6000-.RT: [CHUCK. PARAMSJ:3CRATCH. OAT' , 
form= 1 UNFORJ"I1ATTEO' , record type=' FIXED' , reG 1=2, 
organization='RELATIVE' ,access='DIRECT', 
status= 1 NEW',dispose= 1 0ELETE', lostat=status,err=60890) 

psel = 'C 1 

do while r psel .eq. 'C' Until operat•:>r tires •:>f OOA finding. 

Accept number of ''noise'' eigenvectors to use. 

num_zeigs = type_eigs( Xval( elg_add ), 
if ( num_zeigs . lt. 0 ) then 

close tunit=data_unlt> 
cal I dump_va< vstatus, msg 
cal I exit_va( vstatus, msg 
mi_stat = 'X' 
go to 60600 

end if 

Get range o·f p values to cover. 

nli_ants, ml to I 
For 0 eigenvalue. 

cal I prange( mi_begp, mi_endp, ml_delp, fskip, cot~nt 1 I skip ) 
rnJrrt_doas = 0 
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84:37 
:34:::::3 c 
84:39 
:3440 

":441 

60450 
c 
c 

8442 c 
3443 
:3444 
:?,445 

:3446 
::::447 

:3448 
~:449 

3450 
3451 

:3452 

8455 

3457 
::::45:=: 
:3459 
:=:460 
3461 
:=:462 
:346:3 
:::464 

8465 
:::466 

60480 

c 
c 

3467 c 
846:::: 
8469 
3470 
:=:471 
8472 
847:?. 
3474 
3475 
:3476 
8477 
347:3 

60460 

60470 

8479 c 
c 

:34:31 c 
::::4:::~2 

34:3:3 

"'4:34 
3485 
84:::(6 
848.7 
34:38 

3489 
8490 
3491 
:=:492 

-::~,' .. 

c 
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2 
3 

write (unit=data_unit,rec-1,iostat=status,err=60820) 
nunt_dc•as In it i a I i :ze # OOAs found. 

continue Branch for replot selected. 

Plot spectra and pic.h. scmae peaks. 

If < muslc_plot_sp~ct( Xval ( ant add ), mi_ants, ml_wlen, 
Xval( eigv_add ), num_zeigs, 

psal 

mi_begp, mi_delp, fskip, count, fsklp 
) go to 60800 

pi ck_rm.1s i c_peaJ< ( Xva I ( ant_add ) , rrd _ants, nd _wl en, 
%val( eigv_add ), num_zelgs, 
data_unlt, mi_begp, mi_delp, 

fskip, count, lsklp ) 
If l psel .eq. 'X' 

if psel .eq. 'R' 
l go to 60800 
go to 60450 Replot selected. 

Peaks se I ec.ted, initiate new ex per Intents us I rtg peaks as DOAs l f 
that is the operator's whim. 

2 

c.ont inue 
read (unit::adata_unit,rec=1,1ostat.-status,err=60820) num_doas 
If ( num_doas .gt. 0 J then 

type 90050, 'Do you wish to start', count, 
new experiments with', num_doas, 
OOAs each ([yJ/nl? 

accept 90010, tch 
if< cap< tc.h) .ne. 1 N 1 ) then 

~3elect type o·f estimation for the new experintents. 

continue 
type *I 'Use Enunterat I on, Sun•-of -Powers I Contpensated 1 , 

'Enumer&t ion, 1 

type *, 'Su111-•:>f-Powers Loss, Contpensated Sl.mt-of -Powers, 1 

type 90000, ' or Compensated Sum-of-Powers Loss estimation(' 
// p_atype(estypel // ')? 

read (unit=*,fmt=90010,err=60470l tch 
!temp= index( 'EPNLSC', cap( tch) ) 
i f ( i temp . g t . 0 ) est ype = i tamp 
continue 

If ( estype . le. 0 ) go to 60460 

Initiated the selected new e>"~perin.ents. 

doas_l in ( 1 ) = nurn_doas 
cal I op~n_va( doa_add 1 doas_l In, 1, dr_type, vstatus, msg ) 
cal I exlt_vac vstatus, msg) 

tch = 'D' 
tempi = 0 
elsel = Z 

Indicate estimates needed. 
No file errors yet. 
Start with 1st DOA. 

t i of I I e = '6000$RT: tCHUCK. PARA~1SJt·1US I C_OUTPUT ----------.OAT' 
worJ<_ f l I e = '1'1U'31 C_SAMPL _________ _ OAT' 
do i = 1, count 

selexp = avlbl_prikey( index_unit, 0 l 



349:3 
;:494 

3495 
3496 
3497 
?.49:3 
~:499 

3500 
)50 1 

::502 
150:3 
':504 

3505 
:506 
~507 

:508 

~509 

i5JO 
::511 
:512 

514 
:515 
:516 
:517 
:518 
519 
:520 
521 
:522 
528 
524 
525 
526 
527 

c 
c 
c 

2 
8 
4 

2 

c 
c 
c 

2 
:3 

4 
5 
6 

If < selexp lt. 0 ) then 
close <unit=data unit) 
g.;:, tc• 50000 

end if 

18-Apr-1988 14:00:27 
18-Apr-1989 15: 15:49 

write (unit=ti_ofi le( 85 : 44 ),fmt=90020,iostat=status, 
err=60820) selexp 

write (uni t:=w•::,rJ<. file( 12 : 21 ) ,ft1'tt=90Q20, iostat=status, 
err=60820) selexp 

Transfer the per·tinent DOAs t•:> the appr•::lpr·iate sarnples file. 

op~n (unit=data_unit2, 
fi te~'6000$RT:tCHUCK.PARAMSJ'//work_fi le,st&tus='NEW', 
•:argan i za. t ion=' SEQUENTIAL' , access=' SEQUENTIAL' , 
fo::.rrA= 'UNFORt-lATTED' , record type=' FIXED' , rec I =64, 

dispose='KEEP',Iostat=status,err=60820) 
c. a I I mreadd•::oas ( da t a_un i t 1. e I se I , Xva I ( d•:.a_a.dd ) , num_doas ) 
If ( .not. 

wrlteartwC %val( doa_add >, dr_type 1 num_doas, 1, 
data_unit2, 82 ) ) ) go to 60910 

close (unlt=data_unit2) 

Rec.•::.rd the existence of the new experlntent. 

write (unit=index_unlt,err-60920) 
sele.xp, tch, mi_pkey, tempi 1 tempi, tempi, ml_dtim, 
mi_ants, mi_waves, mi_noises, mi_smp, mi_slnt, ml_begp, 
ml_endp, mi_delp, rni_peps, mi_norm, ml_wlen, ml_tol, 
mi_which, ti_oflle, m·l_anolses, mi_irlsl im, num_zelgs, 
num_doas, estype, mi_begp + 

( f skIp + ( I - 1 l * ( i skip + 1 l * m l_de I p 
unlock Cunit=index unit) 

end do 
cal I free_va( doa_add, vstatus, msg ) 
cal I exit_va( vstatus, msg l 

528 end if 
529 c. 
5:30 
5:31 
.5:32: 

5:33 

534 
535 
586 
5:37 
5:38 
5:39 

540 
541 
542 
543 
544 
545 
546 
547 
548 

c 
G 

60490 
549 c 

-~· ' . 

All selected new experiments started. Asl< for further 
Ins true t i •::tns. 

type *• 'Do you wish to start additi•::onal new e>'~perinu!!nts ', 
'with current DOAs,' 

type 90000, ' deternti ne n•ore OOAs 1 or stop DOA pr•::ocess i ng ' 
// 'for this experiment (N/0/CXJ>? 

read (unitz*,fmt=90010,err=60490l tch 
tch = cap( tch l 
if ( t ch . eq '0' then 

psel = 'C' 
else if ( tch .eq 'N' 

go to:> 60480 
else 

psel = 'X' 
"'nd If 

end If 
end do 

then 

c•::ont i nue Finished OOA pn:~cessing -f,:;., ... this experin.ent. 
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• 
• 

::~550 

::.=::551 

:3554 
::::555 

c 
c 
c. 

::;:556 G 

:::::55"7 

8558 
:=::559 

"3::'.i60 

~:::5c5 1 
::::S62 
::::.563 

3564 
::::565 

60495 

::::566 c 
c 

356:3 c 
:=:569 
·:;:570 

8571 

:3572 
357:3 

60800 

::::574 G 
::::575 c 
3576 c 
:?.577 
8578 

60810 

3579 c 
35t30 
:::::5:31 

:35:32 

:3584 
85:35 

60820 

c 
60830 

:3586 c 
:=:587 

:=:589 

:3590 
:=:!591 

60840 

c 

18-Apr-1988 14:00:27 
13-Apr-1988 15:15:49 

Discard space used for Virtual Arrays, and update th@ 
e>-~per i n.ent 's i nde:< reco_rd if des I red by the opera t•:.r. 

close (unit=data unit) 
c~l I dump_va( vstatus, msg 
cal I exit_va( vstatus, msg 

type 90000, 'Do Y•JU wish to mark this experirr•ent finished' 

read (unit=*,frot=90010,err~60495) tch 
if C cap( tch ) .eq. 'Y' ) th12n 

rnl stat = 'R' 
go to 60600 

end If 
C•:lnt I nue 
go to 20000 

Branch -for operator c.anc.el of OOA pnJcessing. 

continue 
close (untt~data unit> 
call dun.p_va( vstatus, t11Sg 

cal I exit_va( vstatus, msg 
go to 20000 

// '(Y/[NJl? 

Branch for f I I e I /0 error during DOA detern'd nation. 

continue 
close (unit=data unit2l 

continue 
close (unit•data unit> 

contlnu@ 
cal I dump_va( vstatus, msg 
call exit_va( vstatus, msg 

contInue 
type * 
type*' char( 7 ), 'Error accefislng temporary data -fi 1@(5),' 
type 90030, char·( 7 ) // 'Experiment tt', ml_pkey, '. 
type 90040, 'FORTRAN ~rror code:~', status, (hex>.' 
type *• char( 7 ) , 'File: work_flle 

type * 
go to 20000 
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::::59:3 
:3594 
::::595 

3596 C!!! I I I I!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! I I I J I!!!!!!!!!!!!!! I I I I!!!!!! 

8597 c 
c 

:=::599 c 
:3000 
:::a3Q 1 

:::602 
:::•Jo::.:: 
3()04 
::;::605 

:3606 

c 

Print output file selected. 

else if ( psel 
assign 20000 

.eq. 'P' then 
t•:r err return 

type *• 'Enter nun1ber rJf the .e>-~perlntent for which t•:r print ~, 

'the output file,' 
type 90000, <CR> to see a I ist of ' 

// 'printable experiments: 



DO_f'1U:31 C 

;:::60"7 

:::~)0:3 

:::609 
:::a:; 1 0 
:361 1 
:::a.:> 1 2 
-:::6 1:3 
·;:;() 14 
'36 1 5 
86 16 

:36 17 
86 ,,,, 
:36 19 
::.=::620 
:302 1 
:::a:>22 
3G23 
:=:624 
:=a525 

:3626 
:::a527 
'3628 
::;:629 
:3680 
36:3 1 
-~:632 

::::t5:33 
8634 
8~3:35 

36:36 
:;::13:37 

86:3:3 

;0:6:39 

8640 
S64 1 
8•342 
:364:3 
8644 
:::J645 
·:::646 
:?.647 

;0:64:3 

:::649 
::;:G50 
:~a:, 51 
::::~552 

:365:?. 

• Bt354 
:?.655 
·:.::656 

• '3657 
::::65:3 

3659 
31360 

:366 1 
8662 
866:3 

·~;.·. 

624:30 

62000 

accept 90010, answer 

18-Apr-1988 14:00:27 
18-Apr-1988 15:15:49 

read (unit~answer,fmt=*,err=62430) mi_pkey 
if ( m i _pkey I t. 0 l then 

c•;:,nt i nue 
mi_pkey 

= p_lndex( index_unit, read_unitl, 
if ( mi_pkey eq. -1 ) then 

c•:;:,nt i nue 
type liC 

type *, char ( '7 ) , 'Can' 't print. ' 

type * 
go to 20000 

end if 
If I ml_pkey . lt. 

end If 
0 > go to 20000 

cal I prlnt_expm! mi_pkey l 

go to 20000 

Error In accepted#. 

read_unit2, 'ER', .true. 
No printable experiments. 

Operator cancel led. 

c 
c!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

c 
c 
c 

c 

68480 

68000 

c 
68410 

Compute perf•::.rrnartce l'rleasure:s selected. 

else if ( psel .eq. 'C' > then 
assign 20000 to err return 

type *' 'Enter nun1ber of the experiment for which to evaluate ', 

type 90000, 
'performance, ' 

<CR> to see a I 1st of applIcable 

accept 90010, answer 
read <unit=answer,fmt~*,err=634SO) ml_pkey 
if ( mi_pkey lt. 0 ) then 

c•::.nt I n.,e 
111i_pkey 

// '~xpsrlm .. nts: 

Error In accepted*· 

= p_lndex( index_unit, ~ead_unit1, 

If ( mi_pkey .eq. -1 l then 
read un1t2, 'IEOR', .true. 
No valid experiments. 

continue 

type * 
type *, chal'" ( 7 ) , 'Car•' 't ccm.pute perf•:.rmance n•easures. ' 

type * 
go to 20000 

end If 
If ( ml_pkey lt. 0 l go to 20000 Operator cancel led. 

end if 

continue 
read (unit=irldex_unit,keyeq~mi_pk~y,keyid=O,iostnt=status) 

1 mi_pkey, mi_stat, ml_park, mi_ierr, mi_e~rr, mi_serr, 
2 rni_dtim, ml_ants, mi_waves, mi_noises, mi_smp, mi_sint 1 

3 n.i_begp, mi_endp, mi_delp, mi_peps, ml_norm, mi_wler., 
4 mi_t•=>l, ml_whlch, mi_ofi le, rni_anoises, n1i Iris I im, 
5 mi_zeigs, mi_doas, mi_@styp@, mi_parp 

unlock (unit=index_unit> 
if ( stat us . eq. FOR$1 OS_SPERECLOC 

type *• 'Record#', mi_pkey, ' 
ca I I I i b$wa i t ( 1 . 0 ) 

locked. 
then 

Waiting 
lJa i t 

sec.', uparrow 
1 second. 
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oo_r··ny; 1 c 

:::664 
:=a36::'i 

:3666 
:::667 
366:?. 
:=:669 
:?.670 
:::6'71 
::::672 

867:?. 

3674 

8675 
:;:t376 
:=.a377 

G 

c 

:=:67:3 c 
:::679 
:36}30 

::::681 

3682 

86134 
:3685 
:::6:36 
:3687 

8689 
2:690 

3691 
8692 
869:3 
:::694 
8695 
:::69t-} 
8697 
:::aS98 
8699 
:::700 

:3701 
3702 
:370:3 
8704 

370.5 
8706 
3707 
870:3 
:3709 
3710 
8711 

8712 
371:3 
:S:714 
:3715 

8716 
:3717 

3719 
:S:720 

c 

68440 

2 

type *' spaces, uparrow 
9·~ t·~ 68410 

else if ( (status .ne. 0 
.•:tr. 
.or. 

go t·~ 6:3000 
er1d If 

mi_par~t .eq.· -1 ) 
i ndex < 1 I EDR' , m i _stat 

18-Apr-1988 14:00:2'7 
13-Apr-1988 15:15:49 

I e. 0 > ) then 

Ex peri naent f.:;~r· which to eva I ua.t ion perfctrrr,ance has pr· i n.ary key 
value mi_pkey, and it is a valid candidate. Create required virtual 
arrays. 

2 

call init_va 
waves I i n ( 1 ) 

cal I open_ va( 
call exit va( -
c"l I open_ va( 

cal I exit _va< 

mi_waves 

wave_add, 
vstatl.JS, 

exnm_.add, 
vstat•..As, 

waves_ I in, 1, dr _type, vstatus, msg 
msg ) 

waves_l in, 1, dl _type, vsta.tus, n•sg 
msg ) 

lnitlaltze counters, •:lpen work file, and collect DOA estimates. 

p ml_parp 
nurn_acc 0 
nurr._exps 0 
selexp ml_pkey 
i ten•P 0 
w•~rk_ f I I e = 'MUS I C e.TDOA __________ . DAT' 

Value for P matrix estimate. 
No C.•:)llected estimates. 
N.o ex peri rr•ents used yet. 
For first sample fl le sel. 
For find fl le cal I. 

write (uni t=-work_f i le( 12 : 21 ) ,frr.t=90020, lostab==~status.,erra69930) 

if ( I ibSfind_flle( '6000$RT:tCHUCK.PARAMSJ'//w•:>rl<_fi le, 
msg, ltemp) ) then 

if .not. llbSfind_file_end( itemp l >then 

cont i n•-Ae 
call dump_va( vstatus, msg 
cal I exit va( vstatus, m~g 
go to 6:3000 

end If 
char( 7 ) 

selaxp 

F i I e •x I g ts. 
Error. 

type *' 
type *• 

type *• 

'Performance evaluation control file exists for this ', 
'ex peri tttent. ' 

'This may indicate that perfor~ance evaluation Is in ', 
'progress. 

type 90000, 
accept 90010, 
if ( cap( tch 

Do you wish to delete the file !Y/tNJ>? 
tch 
) .r-u;!. ,..._,, go to 69440 

type 
type 
i·f ( 
cal I 

else 

if 

end if 

*• char( 7 l 
90000, Are you sure CY/CNll? 
cap( tch ) .ne. 'Y' ) go b:l' 6:3440 
libSdelete file( '6000SRT:CCHUCK.PARAr1SJ' // w·~rk file 

// , J*' 

.not. libt.find_file_end( iterr.p) go to 6:3440 ! Error. 

open (unlt=data_unit,fi le='6000~RT:tCHUCK.PARAMSl 1 //work_fi le, 
stat~..ts= 'NEW' ,•:)rgan i zat ion= 'SEQUENTIAL' , access= 1 SEQUENTIAL', 
fori'Y•='UNFORMATTEO' ,rec.ordtype='FIXED' ,recl=8,dispose='KEEP', 
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• 
• 

-~·-' 

::::721 

8726 

3728 
:3729 
::.::7:30 
3781 

:3'7::::5 

::::7:36 

c 

·;.:737 c 

'3789 
::::740 
:c:741 
::::742 

"374:3 

:=:744 

:3745 

:3746 

·=:747 
·=:748 
·c:749 
:?.750 
::-=:7:5 1 
:::=:752 

::.::75:3 

:3754 

8756 
37:57 
::::758 
::.:759 
::::760 
::::·761 
::::762 
:';:76:,: 

3764 
::::765 

c 
63420 

c 
c 
c 
c 

:::767 c 
:::::768 
·:::76g 

::.::770 
8"771 
~:772 

8774 
::::775 
::::776 
3777 

c 
63450 

18-Apr-1988 14:00:27 
13-Apr-1988 15:15:49 

a iogtat=status,err~63830) 

2 
8 

3 
4 

3 
4 
5 

wc .. rk_f i leC 7 : 11 > = 'SAt·1PL' 
do while ( roi_park .ge. 0 ) 

doas I inC1) = mi_doas 
C•:>l lect OOA estimates. 

cal I open_vaC doa_add, doas_l in, 1, dr_type, vstatus, msg ) 
cal I ex~t_va( ''status, msg ) 
write Cunit=work_fi leC 12 : 21 ),fmt=90020, iostat=status,err=63820) 

selexp 

open (unit=data_unlt2,fl le='6000~RT:[CHUCK.PARAMSJ'//work_fl le, 
s ta t•-4s=' OLD' ,organ i .::::at i •::;)n:a 'SEQUENTIAL' , actess==' SEQUENTIAL' , 
for·t'YI= 'UNFORMATTED' , recordtype= 'FIXED' , rec I :::64, dispose=' KEEP', 

READONLY,iostat=status,err-60550) 
if .n•:jt. ( l"""eadarr( Xval( doa_add ), dr_type, rni_doas, 1, 

data_unit2, 32 l ) ) go to 63810 
close Cunit=data_unit2) 

if ( . not. c•J I I ect_doas ( tTd _waves, num_acc, num_eKps, 
XvaiC wave_add >, XvaiC exnm_add >, 
data_unit, 111i_doas, Xvat( doa_add ), 
selexp, mi_zeigs, mi_estyp~, mi_parp 

l go to 6:3820 
cal I free_va( doa_add, vstatu5, msg 
cal I exit_vac vstatus, msg > 

Go up one I n ancestor cha I r •. 
Ct:>nt i nue 

read Cunit=index_unit,keyeq=mi_park,keyld=O,iostat•status) 
selexp, mi_stat, ml_park, mi_ierr, mi_eerr, ml_serr, 
mi_dtim, ml_ants, mi_waves, mi_notses, mi_smp, mt_sint, 
mi_begp, ml_endp, ml_delp, mi_peps, mi_norm, mi_wl•n, 
mi_tol, mi_which, mi_ofi le, mi_anoises, mi_lrlsl lm, 
~i_zeigs, ml_doa5, mi_estype, ml_parp 

unlock (unitcindex_unlt) 
if ( status .eq. FOR~IOS_SPERECLOC 

type *• 'Record #', mi_park, locked. 
ca I I I i b~wa i t ( 1 . 0 > 
type *• spaces, uparrow 
go t•::> 63420 

else If C status .ne. 0 ) then 
go to 68820 

end If 
end do:) 

tnen 
t.Ja it i ng 

Wait 

OOA estitr,a.tes for evaluati•:>n are all ca:d lecte:d. 

sec. ' , uparr•:>W 

1 second. 

Identify 
observatl•:>n and noise sample matrices, and spawn performance measure 
con•putation job. 

if ( mi_waves .gt. nunt_ncc ) then 
close Cunit=data_Unlt) 
cal I dump_va( vstatus, msg 
cal I exlt_vac vstatus, msg 
type * 

Not enough estimates. 

type *• 'Notal I arriving waves have been identified.' 
g•::> to 63000 

end if 

continue 
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' 
• 
• 

DO_MUSIC 18-Apr-1988 14:00:27 
18-Apr-1988 15:15:49 

:3778 
8779 
3"780 
8781 
3782 
8788 
3784 
3785 
:3786 
8787 
:3788 
3789 
8790 
~:791 

8792 
:::793 
3794 
:::795 
3796 
3797 
3798 
3799 
3800 
:::801 
8802 
3~(08 

3:304 
8>305 
8806 
3807 
8808 
3809 
8810 
8811 
8812 
381:3 
8814 
:::815 
3816 
S:917 
8818 
:::819 
3820 
:3821 
:;:822 

382:3 
8824 
:3825 
8826 
3827 
8~328 

:3329 

3880 
88:31 
:::832 
:3833 

8884 

·' -..;, . ., ~-

63460 

c 

c 

c 
c 
c 
68810 

c 
63820 

c 
6:9880 

c 
68840 

type *• 'Use Enumeration, Sum-of-Powers, Compensated Enumeration,' 
type *, 'Sum-of -P~:~~wers Loss, Conapensa ted Sun•-of -Powers, ' 

type 90000, ' or Compensated Sum-of-Powers Loss estimation (' 
// p_etypelestypel // 'I? 

read (unlt=*,fmt=90010,err=684601 tch 
ltenap =index< 'EPNLSC', cap< ten l 
if ( ltemp .gt. 0 ) estype m ltemp 

continue 
If I estype . le. 0 I go to 68450 

write <unit=data_unlt,err=68820) 
ml_park, ml_pkey, selexp, num_exps, estype, p 

if .not. writearr< Xval( wave_add l, dr_type, 
ml_waves, 1, data_unit, 4 l go to 6S920 

if .not. writearr< Xval< exnm_add ), di_type, 
mi_waves, 1, data_unit, 8 > go to 69920 

close (unlt=data_unit> 

call subml t _job( spawn_unit, 4 ) 

call dun.p_va( vstatus, msg ) 

call exlt_val vstatus, msg ) 

go to 20000 

Fl le 1/0 error - perfo~manca evaluation. 

cont lnue 
close <unlt=data_unlt21 

continue 
close <unlt=data_unl11 

continue 
cal I dump_va( vstatus, msg 
cal I exit_va< vstatus, msg 

C•:lnt l.nue 
type *• char( 7 ) 
type *• 'Performance evaluation: 
type *• 'Experiment *'• ml_pkey, 

type *• char( 7 ) 
go to 20000 

Error accessing data files.' 
Performance evaluation ', 

'abandoned. ' 

c 
c!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

c 
c 
c 

c 

81480 

Mark active experiment for deletion selected. 

e I se I f < pse I . eq . • M ' ) then 
assign· 20000 to err_return 

type *• 'Enter number of the experiment to r.ha.rk for deletion,' 
type 90000, <CR> to see a I 1st of deletable experiments: 
accept 90010, answer 
read (unit=answer,fmt=*,err=814S0) mi_pkey 
if I ml_pkey . lt. 0 ) then 

contInue 
mi_pkey 

Error In accepted *· 
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:3:3:35 
:::::::::36 

::::~3:38 

S:840 
::::841 

8842 
2:84:3 

8844 
s:845 
:3846 
8847 
3848 
s:849 
:3:350 
2:851 

8852 
885:?. 

:3854 
8855 
:3856 

:3857 
3858 
3859 

3860 
8861 
:3'862 
886:3 
s:864 
:3865 
:3866 
8867 
8868 
:3869 
8870 
3871 
:::::872 

8873 
S874 

3875 
s:876 
3877 
887:3 
3879 

3:381 
88:32 
388:3 
s:884 
88:35 
3886 
:=:8:37 

3888 
$}3:39 

3890 
8891 

81000 

c 
:31410 

c 
c 
c 
c 

c 

c 
c 
c 
c 

81520 

3 
4 
5 

= p_index( index_unit, read_unit1 1 

if C mi_pkey .eq. -1 ) then 
c•::.nt i nue 
type * 

18-Apr-1988 14:00:27 
18-Apr-1988 15: 15:49 

read_unit2, '-ER', .true. 
No deletable experiments. 

type *• Chat·( 7 ), 'Can''t mark for deletion.' 
type ll< 
g•::. to 20000 

end if 
i f ( rrd _pkey . I t . 

end if 

C•::.nt i nue 

0 ) go to 20000 Operator cancell@d. 

read (unit=lndex_un!t,keyeq=mi_pk@y,keyid=O,iostat=statu5l 
mi_pkey, mi_stat, ml_park, mi_ierr, ml_eerr 1 ml_serr, 
mi_dtirn, rnl_ants, mi_waves, mi_noises, mi_smp 1 mi_slnt, 
ml_be.gp, ml_endp, ml_delp, mi_peps, mi_norm, ml_wlen, 
ml_tol, mi_whlch, ml_oflla, mi_anoises, 
ml_z~igs, ml_doas, mi_estype, mi_parp 

unlock 
if 

type 
call 

tunlt=indti!x_unitl 
! status .eq. FOR$IOS_SPERECLOC l 

*~ 'Record:»' 1 ml_pkey, locked. 
I i b$wa I t .( 1 . 0 ) 

type *• spacP-s, uparrow 
9·~ to 81410 

else If ( ( status .ne. 0 

then 
Waiting 

Walt 

nli_lrlsl irn, 

S4!!!!C. ' , uparrow 
1 second. 

.or. ( index( '-ER', mi_stat 
go to 81000 

. I e. 0 l l then 

end If 

Ex peri r11er•t t•::. be n.arked for de I et I on has prImary key va I ua 
mi_pkey, and It is a valid candidate. 

type ll< 
type 90080, char( 7 ) // 'Mark experiment #', mi_pkey, 

type 90000, !Y/CNJl? 
accept 90010 1 answer 
psel = cap( answer( 

if ( psel .eq. •y• ) then 

' f•::.r DELETION?' 

type 90000, ' // char( 7 ) // 'Are you sure (Y/CNJ)? 
accept 90010, answer 
pse I = cap ( answer ( 1 1 l ) 
if ( psel .ne. 'Y' l go to 91520 

Operator has given assurance that he wants the selected 
experiment ~lARKED FOR DELETION. 

tni_stat = 'X' 

type * 
type 90030, char( 7 ) // 'Marking experiment #' 1 mi_pkey 1 

type ll< 
g·~ to 60600 

alse 

c':>nt i nue 
type ll< 

' f•::lr DELETION! 1 

Operator changed his mind. 
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' 

• 
• 

3:392 
<;:::39:?. 

:3894 
::::::95 

c 

18-Apr-1988 14,00,27 
13-Apr-1988 15,15,49 

type 90030, 'Experiment#', mi_pkey, ' not altered.' 
type * 

end if 
go t•=> 20000 

=::396 
·=::397 C!! I I I I!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! I I I I 
::;a398 c 

G 

3900 c 
3901 
:::902 
::3£~0"3 c 

"''904 
2:905 
::::906 

YJ07 

::3C..l09 

"'910 
3911 
~.!912 

::391::3 
:'0:914 
:::':91 s 
:3916 
3917 

:='9"''' 
:?.919 

::::920 

::3921 
:=.:922 
:~92:3 

:3:924 
:3925 
::::926 
8927 
~:928 

a gao 

:=:9:32 
::::9::3:3 

:;::g.:37 

:::9:?.::::: 
:39::39 
:c:940 
::::941 
3942 
:=:94:=: 

8944 
3945 
:;;946 
:::.:947 

'3948 

80480 

80000 

c 
80410 

c 
c 
c. 
c 

Delete completed or fal led experiment selected. 

e I se if ( pse I . eq. 'K' ) then 
assign 20000 to err_return 

1 
2 
3 
4 
5 

type *' 'Enter number of 
type 90000, 

the e>-~periment f•::tr which to DELETE files,' 

<CR> to see a 1 ist of deletable ' 

accept 90010, answer 
read ( un i t=answer· 1 fn•t=*, err==904:30) m l_p,(ey 
if ! mi_pkey lt. 0 l then 

cc,nt i nue 
mi_pkey 

// 'e;r~per I n.ents: 

Error in accepted~-

= p_index( index_unit, read_unit1, 
If ! rni_pkey .eq. -1 l then 

read_unit2:, '-RX', .true. 
No deletable experiments. 

continue 
type * 
type*' char( 7 l, 'Can''t delete.' 
type * 
go to 20000 

end If 
If { ml_pkey . lt. 0) go to 20000 

end if 

cant i nue 

Operator cancel led. 

read (unit=i.ndex_unlt,key•q=mi_pkey,keyid=O,iostat~statusl 

un 1•::-ck 
if 

type 
cal I 

mi_pkey, mi_stat, mJ_park, ml_lerr, mi_••rr, mi_serr, 
mi_dtirrt, n.i_ants, -rni_waves, nti .. _noises, ml_:smp, mi_sint, 
mi_begp, mi_andp, ml_delp, mi_peps, ml_norm, mi_wlen, 
rrti_b::tl, t11i_whlch, m.i_ofi le, mi_an•::tlse:s, ml_irlsl im, 
mi_zeigs, ml_doas, mi_estype, mi_parp 

(unit=index_unit) 
< st,.tus .eq. FQR$10S_SPERECLOC J then 

*• 'Record*', mi_pkey, locked. Waiting sec.', uparrow 
I i b$wa i t ! 1 . 0 > Wa I t 1 second. 

type*' spaces, uparrow 
go to 80410 

else if ( ( status .ne. 0 
.or. ( Index( '-RX', ml stat 

go to 80000 
end if 

le. 0 l l then 

Experin.ent to delete has primary key value mi_pke:y, and it is a 
valid deletion candidate. 

type * 
type *• char( 7 ), 'Delete ALL intermediate files I, 

'AND output file AND Index entry ' 1 

'f•:>r ex peri men t ' 
type 90090, 1 #', rni_pkey, '?' 
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8949 
3950 
8951 
8952 c 
3~15:3 

8954 
3955 
S956 
8957 
895:::; 

:3959 
8960 
8961 
8962 
3963 
8964 
3965 

c 
80580 

c 
c 
c 
c 

80520 

c 
80540 

c 

18-Apr-1988 14:00:27 
13-Apr-1988 15:15:49 

type 90000, CY/tNll? 
a':.cept 900 10, answer 
psel = eap( answer< 

'Y' ) then 

) ) 

I f < pse I . eq. 
type 90000, ' //chart 7 ) // 'Are you sur~ (Y/[NJl? 
accept 90010, answer 
pse I = cap ( answet• ( 1 l l 
If ( psel .ne. 'Y' l go to 80520 

continue 
r·ead (unit= i ndex_un it, Jc;.ey=ml_pkey, key i d=O, I os tat=status) 
if ( status .eq. FOR$10S_SPERECLOC l then 

unlock (unit=index unit) 
type *• 'lnde~ record locked by another program 
ca I I I i b$wa i t < I 0 . 0 l Wa I t 1 0 seconds . 
type *• 'Trying again.' 
go to 80530 

else if ( status .ne. 0 l then 
unlock (unit=index_unitl 
go to 60700 

end if 

Operator has given assurance that he wants all flies associated 
with the selected experiment DELETED. 

worl<_flle = 'MUSIC_*----------·DAT' 
write <unlt=work_file( 8: 17 J,fmt=90020,err=80540J ml_pkey 
call I ib$delete_fi lei '6000$RT:tCHUCK.PARAMSl' // work_fl le 

delete (unit=index_unit,lostatestatus,err=60700) 
unlock (unit=index_unlt) 

type * 

// I I*' 

type 90030, char< 7 l // 'ALL flies for experiment ••, ml_pkay, 
' DELETED!' 

type * 
else 

continue 
type * 
type 90030, 'Experiment *'• ml_pkey, ' not altered.' 
type * 

end if 
go to 20000 

continue 
type * 
type 900~0, char( 7 l // 'Unable to form data fl le name for • 

// 'experiment 0', ml_pkey, 
go to 80520 

:::966 
8967 
8968 
8969 
:::970 
3971 
:::972 
8978 
8974 
:::975 
8976 
8977 
8978 
8979 
8980 
8981 
8982 
8988 
8984 
:3985 
9986 
89~37 

3988 
3989 
3990 
8991 
3992 
3998 
3994 
8995 
8996 
8997 
8998 
3999 
4000 
4001 
4002 
4008 
4004 
4005 

c!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
c 
c 
c 
c 
c 

Results display for active experiment selected. 
ava i I ab I e are: 

Plots 

ll 
2) 

Picture of radar array with arriving waves. 
Elen.ents of the signal In space, .:;,bservation, noise, 

128 

VAX 
tCHl 



4006 
4007 
400:3 
4009 
4010 
4011 
4012 

c 

c 
c 

401 :;: c 
4014 
4015 
4016 
4017 

4018 

4019 
4020 
4021 
4022 
402.3 
4024 
4025 
4026 
402'7 

4028 
4029 
40:30 
40:':;:1 
4032 
40:38 
4084 
4085 
40:36 
40:37 

403:3 
4089 
4040 
4041 
4042 
404:=: 
4044 
4045 
4046 
4047 
4048 
4049 
4050 

4051 
4052 
4058 
4054 
4055 
4056 
4057 
4058 
4059 
4060 
4061 
4062 

10420 

61440 

18-Apr-1988 14:00:27 
13-Apr-1988 15: 15:49 

Lp ~ignal in space estimate, and residual 
vectors. 

3) 1'1USIC dit-ection-of-arrival <DOA> spf;!ctra and 
sharpness measur·f!!s. 

e I se if ( pse I . eq. 'L' ) then 
assign 61500 to err return 

vsel = 
do whl le ( vsel .ne. 9 ) 

type * 
if ( oinst shown ) then 

if p_index( index_unlt, read_unltt, read_unlt2, 
' ER ' , . fa I se . ) . g-e . 0 ) then 

type*' 'c = P, S, C, 0, N, 0, I 1 A, X, or ?. ' 
e I se If ( p_ i ndP->-~ ( i ndex_un it, read_un it 1, read_un I t2, 

'10', .false. ) .ge. 0 > then 
type *• 'c = P, S, C, 0, N, I, X, or ?. ' 

else 
type *• 'P, X, or ?. ' 

end if 
else 

continue 
oinst_shown 
if ( p_index( 

_true. 
index_unlt, re~d_unlt1, read_unit2, 

' I EOR' , . fa I se . .ge. 0 l then 
type*' 'Selections are of the form cnnn, where c Is:' 
type*' P(p): array picture;' 

else 
type *• 'Enter· P or p to plot array picture, 

go to 61440 
end if 
if ( p_index( 

type *' 
type ll<, 

type *• 
type *• 
typ& *· 

end if 
if ( p_index! 

type *• 
type *• 

end if 
i f ( p_l ndex( 

type *• 
type *• 

type *• 
else 

type *' 
end if 
continue 

'X or x to stop plotting.' 

index_unit, read_unlt1, read_unit2, 
' I EDR ' , . fa I se . .ge. 0 J then 

S< s l: 
C<cl: 

Q(,:>J: 

N(n): 

I( i)' 

signaf-in-space (or estimate) entrys' 
noise-free observat ic)n vector entry ', 

•c··ancestors" only);' 
noisy obsarvation <or residUal) entryJ' 
noise vector entry ("ancesb:Jrs•• onlyl 1 ' 

all "Input" vector entries <S, C, 0, N) 1 ' 

index_unit, read_unlt1, read_unit2, 
'ER', .false.) .ge. 0) then 

0(d): direction of arrival spectra;' 
A(a): all trial vector entries CO, N, 0) 1 ' 

index_unit, read_unlt1, read~unit2, 

' I EDR' , . fa I se. 
X(x): end pictures;' 

. ge. 0 l then 

and nnn is an Integer C<= 8 digits) choosing 
'the vector entry* to plot' 

(applies only to selections S, C, 0, and N)_ 

end pi ctur·es. • 
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0Ll_t•1U:3 I C 

40cE: 
4064 
4065 
406() 

4007 
406:::1 
40f)9 
4070 
4071 
4072 

407:?. 
4074 
407!:'i 
4076 
4077 
407:3 
4079 
4080 
4081 
40:32 

40:3:3 
4084 
40:35 
40:36 
4087 
4088 
40:c:9 
4090 
4091 
4092 
4093 
4094 
4095 
4096 
4097 
4098 
4099 
4100 
4101 
4102 

4103 

4104 
4105 

4106 
4107 
410(': 
4109 
4110 
4111 
4112 
4118 
4114 

c 

c 

614:90 

61010 

c 
61410 

c 
c 
c 

4115 c 
4116 
4117 
4118 
4119 

·~~· .. :· 

61090 

130 
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1 

2 

4 
::; 

type * 
type *• 'N•:tte: Entering? repeats this e>-~planatlon.' 

end if 

type * 
type 90000,' Please select the activity to perform (cnnn): 
accept 90010, answer 
chsel = answer( 2 : 4 ) 
vsel = index< 'PSCONIOAX', cap< answer( 1 ) 
If ( vsel . I ,e. 0 } g•:. t•:. 10420 

if ( vsel .eq. 9 ) go to 61500 
type *· For· what experiment # shal I 

II ptypes(vsel) II ' be computed?' 
type 90000, ((CR> for a I 1st of applIcable ' 

// 'experiMents): 

accept 90010, answer 
read ( un I t=answer, fn•t=*, err=614:30) n.l_pkey 
if ( ml_pkey I t . 0 ) then 

continue Error in accepted*· 
mi_pkey = p_lndex( index_unit, read_unit1, read_unit2, 

pt:stat (vsel), . true. 
if ( mi_pkey .eq. -1 ) th~n No outputabla exp's. 

continue 
type * 
type*' char( 7 ), 'Can''t plot.' 
type * 
go to e1::;oo 

&nd If 
If ( ml_pkey . it. 0 l go to 61500 

end If 

continue 

Operator eancelled. 

read (unit=index_unlt,keyeq=~i_pkey,keyld=O,Iostat#statu5) 
mi_pkey, mi_stat, ml_park, mi_lerr, ml_eerr, mi_serr, 
mi_dtim, ml_ants, mi_waves, rrti_nolses, rrtl_smp, mi_slnt, 
mi_begp, mi_endp, mi_delp, ml_peps, mi_norm, mi_wlen, 
~i_tol, mi_which, ml_ofile, mi_anolses, mi_irlslim, 
mi_ze.lgs, mi_doas, ml_estype, mi_parp 

unlock (unit=ind~x_unitl 

if ( status .eq. FOR$10S_SPERECLOC then 
type*' 'Record#', mi_pkey, locked. Waiting sec.', uparrow 
ca I I I I b$wa i t ( 1 . 0 ) \Ja i t 1 second. 
type *• spaces, uparrow 
g·~ to 61410 

else if ( ( stah.1s .ne. 0 

go to 61010 
end if 

index( ptstat(vsel ), mi_stat le. 0 ) ) then 

Experiment for which to display results has p~imary key value 
mi_pkey, and it is a valid results display candidate. 

if ( .not. pinfo_shown ) then 
cc.~nt I nue 
pi nfo_sh•:>wn 

type * 
. true. 



4120 
41 ;~ 1 
4 1 ;~:! 
412:3 

4124 
4125 

4126 

4127 
4128 
4129 
4180 
4 1:~ 1 
41':2 
4 1 :en 
4134 
41:35 
41:::6 
4187 

4188 

4139 
4140 
4141 
4142 
4148 
4144 
4145 
4146 
4147 
4148 

4149 
4150 
4151 

4152 
415:3 
4154 
4155 
4156 
4157 
415:3 
4159 
4160 
4161 
4162 
416:3 
4164 
416.5 
4166 

• 4167 
4168 
4169 

• 4170 

4171 
4172 
417:3 

4174 
4175 
4176 

·-.~·· .... 

c 
c 
c 
c. 
c 

c 
c 
c 
c 

61470 

c 
c 
c 

c 

18-Apr-1988 14o00:27 
13-Apr-1988 15: 15:49 

type *• PICTURES' 
type * 
type *,'During plotting, the C•Jrl'lputer types an appropriate 

' .. rec~dy to pI •=• t" message, ' 
type *•'then waits for a <CR> bef·~re proceeding with the', 

'plot. When a plot Is' 
type *,'finished, the computer waits for another <CR> before 

'continuing with the next' 
type *' 'pro:;.grarn step.' 
type * 

end If 

Now plot the selected results. 

... Operator select@d picture of antenna array ..... . 

if ( vse: I . eq. l then Picture chosen. 

Find antenna. array de5crlption, which n1ay be part of the 
se I eeted ex peri men t 's ··ancestor" ex:per I men t. 

if ( mi_park .~q. -1 ) then 
se I exp n•l _pkey 

else 
:;;elexp mi_par~k 

continue 

"Ancestor". 

"Descendant'". 

read <unit=index_unit,keyaq=selexp,keyld=O,Iostat=status) 
selexp, tch, selpar 

unlock <unit=index_unit) 
i f I stat ''S . eq. FOR1' I OS_SPERECLOC l then 

type*' 'Rec•:"Jrd :It', sel~,.~p, locked. Waiting 1 sec.', 

ca I I I I bf•wa i t ( 1 . 0 l 
type*' spaces, uparrow 
go t•::> 61470 

else If I status .ne. 0 ) then 
mi_pkey = selexp 
go to 60700 

end if 
If I selpar .ne. -1 ) then 

selexp = selpar 
go:> t•:> 61470 

end If 
@nd if 

Now create the req~Jired Virtual Arrays. 

call inlt_va 
ants_by_2(1) 
ants_by_2<2> 
waves_by_9 ( 1 l 
waves_by_9<Zl 

mi ants 
2 

mi_waves 
9 

up&rrow 
Wa I t. 1 second . 

Error reading Index. 

call open_va( ant_ndd, ants_by_2, 2, dr_type, vstatus, msg ) 
cal I exlt_va( vstatus, msg) 

call •:aperl_va( wave_add, waves_by_9, 2, dr_type, vstatus, ntsg 
cal I exit_va( vstatus, msg) 
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4177 
4178 
4179 
4180 
4Hl1 
41:32 
418:3 
41:?.4 
41:35 
41:36 
4187 
41:38 
41:39 
4190 
4191 
4192 
419:3 
4194 
4195 
4196 
4197 
4198 
4199 

c 

c 

c 

4200 c 
4201 
4202 
4203 
4204 
4205 
4206 
4207 
4208 

c. 

61200 
4209 c. 

4210 
4211 
4212 
421:3 
4214 
4215 
4216 
4217 
4218 

c 

4219 c 
4220 
4221 
4222 
4223 
4224 
4225 
4226 
4227 
4228 
4229 
42:30 
42:31 
4232 

62470 

2 
3 
4 

1 

2 

1 
2 

2 
a 
4 
5 

1:;:-(.lpr·-198:3 14:00:27 
18-Apr-1988 15:15:49 

work file= 'NUSIC_INPUT __________ .OAT' 
wt·ite (unit=w.::;,r-·k file( 12:21 >,fmt=90020,iostat=status, 

err•=60510) seleKp 
r::,pen ( un i t=da t a_un i t , f i I e=' 6000$RT [CHUCK PARAns J '//work f I I e, 

stat lJS=' OLD' , organ i :za. t i •Jn= 'SEQUENT I ~1L' , 

acc~ss='SEQUENTIAL' ,form~'UNFORMATTED', 

recordtype='FIXED' ,recl=64,dispose='KEEP', 

read 
if ( 

REAOONLY,Iostat=status,err=60560J 
(unit=data_unit,err=60500) 
. n•::.t. c 

readarr( %val ( ant add), dr_type, mi_ants, ~. 

data_unit, :32 >>)go to 60500 
if ( . not. 

readarr( Xval< wave add ), dr_type, mi_wav@~. 9, 
data_unit, :32 l ) ) go to 60500 

close (unit=data_unit> 

call music_pictur~( Xval( ant~add ), ~i_ants, 

cal I dump_va( vstatus, msg 
cal I exit_va( vstatus, msg 

Xval( wave_add ), mi_waves 

..... Operator selected plotts) of Input vector<s) ...... . 

else If ( vsel . le. 6 ) then 
if ( vse I . ne. 6 ) the..-, 

elsel = -1 
read(unit=chsel ,fmi=*,err=61200) elsel 

end If 
cent i nue 

ancestor = ( ~i_park .eq. -1 
if ( ancestor ) th~n 

wavs_by_str1p < 1) n• i _waves 
ants_by_smp(1) ml ants 
ants_by_smp<2l rnl_sntp 

else 
if ( < vsel .eq. 8 J .or. < vsel 

True for ''ancestor~ exper. 
"Ancestor". 

"Descer•dant ... 
.eq. 5 > > go t•:) 61010 

Get nun1ber o·F accctruulated DOAs including this e>-~periment. 

num d•;:,as 
selexp 
e•:.r-.t i nue 

rni d•:oas 
rt• i _pat""k 

read (unit=indax_unit,keyeq=selexp,keyid=O,iostat=status) 
selexp, tch, selpar, mi_lerr, mi_eerr, mi_serr, 
mi_dtim, mi_ants, mi_waves, mi_noisas, mi_smp, mi_sint, 
mi_begp, mi_endp, mi_delp, mi_pe.ps, mi_norm, mi_wlen, 
mi_tol, mi_which, mi_ofi le, mi_anoises, mi lrlsl im, 

unlock 

if 

mi_zelgs, itemp, ml_estype, mi_parp 
<unit=index_unit) 

status .eq. FOR$10S_SPERECLOC J then 
type *• 'Record#', selexp, locked. Waiting 1 sec.', 

uparrow 
\rJa i t 1 secr:.nd. ca I I I i b$wa it ( 1 . 0 J 
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42:34 
42:35 
42:::<6 

42<37 
423:3 
42:39 
4240 
4241 
4242 
4243 
4244 
4245 
4246 
4247 
424:;: 
4."49 
4250 
4251 
4252 
425::;:: 

4254 
4255 
4256 
4257 
425E: 

4259 
4260 
4261 
4262 
426:=: 
4264 
4265 
4266 
4267 
426:?. 
4269 
4270 
4271 
4272 
427:3 
4274 
4275 
4276 
4277 
42"78 
4279 

42:31 
4282 

42:34 
4285 
42:3(5 

42:37 

4289 
4290 

c 

c. 

c. 

2 

3 
4 

2 

2 

type * 1 spaces, uparrow 
g·~ t·~ 62470 

else if ( status .ne. 0 ) then 
mi_pkey = selexp 
go to 60700 

end If 
If ( selpar .ne. -1 then 

num_doas = num_doas + ltemp 
se I exp = se I patH 

go t•::. 62470 
end if 

wavs_by_smp(1) = num_doas 
end if 
wavs_by_smp(2) mi_smp 
smp_by_ants(1) mi_smp 
smp_by_ants(2) mi ants 

call lnit_va 

18-Apr-1988 14:00:27 
13-Apr-1988 15: 15:49 

Error reading index. 

call open_va< sigvnt_add, wavs_by_smp, 2, dc_type, vstatus, msg ) 
call exit_va< vstatus, m.sg ) 
calf open_va( obsmat_add, smp_by_ants, 2, dc_type, vstatus, msg) 
call e)<i t_va< vstatus, msg ) 
if ( ancestor ) then ''Ancestor''. 

cal I open_va( c.lnmat_add, ants_by_smp, 2, de_ type, vstatus, 
msg 

cal I exit va< vstatus, msg) 
call open_va( noisemat_add, smp_by_ants, 2, dc_type, vstatus, 

msg ) 
cal I exit_va( vstatus, msg ) 

end if 

work f i I e = 'MU:31 C_SAMPL __________ . OAT' 

write <unlt=w,::.r·k_file( 12:21 ),fmt=90020,iostat=status, 
err=60510l ml_pkey 

•:>pen ( un i t=da ta_un it, f i 1 e~' 6000$RT: [CHUCK. PARA~1SJ '//work_ f I le, 
status='OLD' ,organi:zat ion='SEQUENTIAL', 
access=' SEQUENTIAL' , form=' UNFORt·1ATTEO' 1 

recordtype='FIXED' ,recl=64,dispose='KEEP' 1 

READONLY,Iostat=status,err=60560l 
if ( . not. ances t•:>r l then "Desc.endan t" . 

if .not. < skiparr< ml_doas, 1, Skip DDAs. 

end if 
if < . not. 

data_unit, 32 ) ) ) go to 60500 

readarr( %val ( obsmat_add ), dc._type, mi_smp, mi_ants, 
data_unit, 16 ) ) ) go to 60500 

if < anc.e•tor ) then "Ancestor". 

if . not. 

end if 
if ( . not. 

readarr( Xval ( nolsemat add), dc_type, ml_smp, 
mi_ants, data_unit, 16 l ) ) go to 60500 

readat·r ( %va I< s i gvrn_add ) , de_ type, wavs_by_smp< 1), 
mi_s111p, data unit, 16 >))go to 60500 

if < ancestor ) then "Ancestor". 

if . not. 
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oo_r1L"31 c 

4291 
4292 
4298 
4294 
4295 
4296 
4297 
4298 
4299 
4300 
4:301 
4302 
4:30:3 
4:304 
4:305 

c 

c 

G 

'-· 
4806 c 
4:307 
430:3 c 

" c 
4311 c 
4312 
4:318 
4:314 
4815 
4316 
4:317 
4:318 
4319 
4:320 
4321 
4:322 
4:328 
4:324 
4:325 
4:326 
4327 

4:329 
4:330 
4331 
4:3:32 
4:333 
4884 
4985 
4:386 

48::38 
4889 
4940 
4841 
4:34.c 
4848 

61450 

4944 c 
4945 
4:346 
4:347 

2 

3 

4 

end if 

18-Apr-1988 14:00:27 
18-Apr-1988 15:15:49 

readarrC Xval( clnmat_add ), dc_type, mi_ants, mi_smp, 
data_unit, 16 l l l go to 60500 

close (unit~data unit) 

call music_plot_inps( vsel, elsel, 
%val( sigvM_add ), Xval( elnmat_add ), 
X'val( ob5mat_add ), 'Xvai( noiserttat_add ), 
mi_which, mi_ants, wavs_by_smp(1) 1 rnl_smp, 

cal I dump_va< vstatus, msg 
cal I exit_va( vstatus, msg 

.Operat·~r selected DOA spectrum pt.:;t(s). 

else if ( vsel .eq. 7 ) then 

ancestor ) 

Find antenna ar·ray description, which may be part of the 
selected experim&~nt's "ancestor" experiment. 

if ( mt_park .eq. -1 ) then 
selexp 

else 
selexp 
continue 

mi_pkey 

ml_park 

"Ancestor••. 

"Descendant". 

read Cunit=index_unit,keyeqaselexp,keyid=O,iostat~status) 

selexp, tch, selp&r 
(unit=index_unlt) unlock 

If stat•"s .eq. FORSIOS_SPERECLOC l then 
type *• 'Record#', selexp, 

ca I I I I b$wa i t ( 1 . 0 l 

type *• spaces, uparrow 
go to 61450 

e I se if < stat us . ne. 0 ) then 
roi_pkey = salexp 
g•:. to 60700 

end if 
if ( selpar .ne. -1) then 

se I e>~P = se I par 
g•:> to 61450 

end if 
end If 

locked. Waiting 1 sec.', 
uparrow 

t,Ja I t 1 second. 

Error r@ading ind@X. 

N•JW open required \1 i r tua I Arrays. 

call ini t_va 
ants_by_2 ( 1) 

ants_by_2<2> 
ants_sqr(1) 

ants_sqrC2> 
ants_ I in( 1) 

mi_ants 
2 
l'ni ants 
111 i ar.ts 
tn i ants 

call open_va( arlt_add, ants_by_2, 2, dr_type, vstatus, msg ) 
cal I exlt_va( vstatus, msg ) 
cal I open_va( eig_add, ants_l in, 1, dr_type, vstatus, msg l 
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DO_I'1USI C 

4:=:4:3 
4:349 
4:3!;i0 

4:35 1 
4:352 
4:35:3 

4:354 
4355 
4:356 
4:35'7 
435:::: 

4::::~;9 

4:360 
4::.::6 1 
4:362 
4:o<6:3 
4:364 

4:c:65 
4:366 
4:367 
486:::: 
4:369 
4:370 
4:371 
4:372 
4:37:o: 
4:374 
4:?.75 

4:376 

4:377 
4:37:::~ 

4:3"79 

4:='80 
48:3 1 
4:o::":2 
4:3:33 
4:::::34 

4:3:35 
4:o::36 
4:3::::7 

4::::88 

48:39 
4390 
4:39 1 
4:392 
4:39:c: 
4:=:94 

• 4895 
48~16 

4897 

» 4:39G 
4::::99 
4400 
440 1 
4402 
440:3 
4404 

·~· .. 

c 

c 
c 
c 

c 
c 
c 

c 

cal I exlt_va( vstatus, msg) 

18-Apr-1988 14:00:27 
18-Apr-1988 15:15:49 

cal I open_va( eigv_add, ants_sqr, 2, dc_type, vstatus, msg ) 
cal I exit va( vstatus, rnsg) 

W•:.r~< f i I e = 't'1US 1 C INPUT----------. OAT' 
write (unit=w•::.rk file( 12: 21 l,fmt=90020,ir::.stat=status, 

err=60510l selexp 
open <unit=data_unit,fl le='6000$RT:[CHUCK.PARAMSJ'//work_fi le, 

status='OLD' ,organization='SEQUENT_.IAL', 
2 access=' SEQUENTIAL' , f•:.rrr•= 'UNF0Rl"1ATTED' , 
3 recordtype='FIXEO',recl=64,dispose='KEEP', 
4 READONLY, iostat=status ,err=60!560) 

2 

1 
2 

4 

2 

2 

2 

read (unit~data_unit,err=60500) 
if ( . not. ( 

reacJarr( Xval ( ant add ), dr_type, mi_ants, 2, 
data_unit, 82 > > ) go to 60500 

close <unit=data unit) 
work f I I e < 7 1 1 l • 'E I GVS' 
write (unit=wot~~( file( 12: 21 ) 1 fmt=90020 1 lostat=status, 

err=60510l ml_pkey 
open <unit=data_unlt,fi le='5000$RT:[CHUCK.PARAMS]'//work_fl le, 

status='OLO',organizatlon='SEQUENTIAL', 
access='SEQUENTIAL' ,form='UNFORt"1ATTED' 1 

rec•::wdtype=' FIXED' 1 rec I =64, dispose=' KEEP' , 
READONLY,iostat=status,err-=60560) 

do i temp = 1 1 S 
If ( .n,:.t. skiparr( nd_ants, nd_ants, data_unlt, 16)) 

go to 60500 
end do 
If ( ( noi_parl< . eq. -1 . and. 

If ( .not. ( skiparr( rni_~~onts, 

end if 
if ( . not. 

mi_whlch .gt. 0 l l then 
mi_ants, data_unlt, 16) 

go to 50500 

rea.darr( Xval( eig_add ), dr_type, mi_ants, 1 1 

data_unit, 82 l l l go to 60500 
if ( . not. 

readat'"r·( %val< elgv_add ) 1 de_ type, n1i_ants, mi_ants 1 

data_uni t, 16 ) > ) go to 60500 
close <unit=data unit) 

Accept number of ''noise'' eigenvectors to use. 

num_zeigs = type_eigs< %val ( eig_add ), mi_ants, mi tol 
i f ( n urn_ze i g s I t . 0 > then 

cal I dump_va( vstatus, msg 
call exit_va( vstat•..IS 1 msg 
go to 61500 

end if 

Open scratch file f•:tr DOA storage. 

open <unit=data_unit,fi le='6000$RT:CCHUCK.PARAMSlSCRATCH.DAT', 
form='UNFORMATTEO',recordtype='FIXED' ,rec1=2, 
org~\nizatlon='RELATIVE' ,access='DIREC-r', 
status='NEW' ,dispose='DELETE', iostat=status,err=60880) 
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' 

' 
• 
• i 

DD_t·1U81 C 

4405 
4·~06 

~407 

440:3 
4409 
'1410 
•>411 
4412 
4413 
4414 
4415 
4416 
4417 
4418 

4419 
4A20 
4421 

4·~22 

442:3 
4424 
4425 
44·2\3 

4427 
442:3 
4429 
44-:30 
'14:31 
4482 
4488 
44::14 
4485 
4436 
44:37 
4438 
44:39 
4440 
4441 
'1442 
444:3 

'1444 
4445 
4446 
4447 
4448 
4449 
4450 
L1451 

4452 
4458 
4454 
4455 
4456 
4457 
4458 
4459 
4460 
4461 

G 

G 

G 

G 

G 

G. 

G 

G 

G 

c 
c 

61460 

c 
c 
G 

2 

2 
3 

Do pI •:t t < s > < f 1 r.a I I y! > . 

18-Apr-1988 14:00:27 
13-Apr-1988 15:15:49 

psel = 'R' 
do while ( psel .eq. 'R' Until operator tires. 

call pt-ange( mi_begp, ml_endp, mi_delp, fskip, count, iskip 
durnrny = tw.Jsic_plot_spect( Xval ( ant_add l, rr•i_ants, n•l_wlen, 

Xval( eigv_add ), num_zeigs, 
mi_begp, mi_delp, fskip, count, iskip 

num_d•:>as = 0 
write <unit=data_unit,rec=1,iostat=status,err=60820) 

num_doas In it i a I I ze 1ft OOAs found. 
psel = pick_music_peak< Xval ( ant_add ), mi_ants, mi_wlen, 

Xval ( eigv_.add ) , nurr._:zeigs, 
data_unit, mi_begp, rni_delp, 

fsklp, count, lsklp ) 
end do 

close <unit=data unit) 
cal I dump_va( vstatus 1 msg 
cal I exit_va( vstatus, msg 

.Operator selected plots of ''al lp vectors for a trial 

else 

136 

Find arltenna array description, which may be part of the 
sel@cted e~perimen~'s uancestorp experiment. 

ancestor = < mi_park .eq. -1 
if < ancestor ) then 

selexp 

else 
s@lexp 
c•=>nt i nue 

mi_pkey 

ml_park 

True for ''ancestor" axper. 
''Ancestor". 

"Descendant". 

read ( un i t= i ndex_un I t, keyeq=se I e>'~P 1 key I d=O, I r:)S t a t=-s ta tus l 
selexp, tch, selpar 

unlock Cunit=index_unitl 
if stat ·~s . eq. FOR$ I OS_SPERECLOC 

type *' 'Record #' 1 sele>'~p, l•:lc.ked. 

ca I I I i b~wn i t ( 1 . 0 ) 

type *' spaces, uparrow 
go t·~ 61460 

else if ( status .ne. 0 ) then 
mi_pkey = selexp 
go t.::. 60700 

end if 
if < selpar .ne. -1 ) then 

se I e>'.:p = se I par 
go~ to 61460 

end if 

erld if 

Now open required Virtual Arrays. 

call i nl t_va 

) ther-. 
I,Ja It I ng 1 SeC. r 1 

uparrow 
Wait 1 second. 

Error reading inde~. 



DO_t1U:31 C 

4462 
4468 
4464 
4465 
4466 
4467 
4468 
4469 
4470 
4471 
4472 
4478 
4474 
4475 
4476 
4477 
4478 
4479 
44130 
44:31 
4482 
448:S: 
44:34 
4485 
4486 
44:37 
448:3 
44:39 
4490 
4491 
4492 
4498 
4494 
4495 
4496 
4497 
449:3 
4499 
4500 
4501 
4502 
450:3: 

4.504 
4505 
4506 
4507 
4508 
4509 
4510 
4511 
4~12 

451:3 
4514 
4515 
4516 
4517 
4518 

c 

G 

8 
4 

2 
3 
4 

18-Apr-1988 14:00:27 
18-Ap~-1988 15:15:49 

ants I In( 1) mi ants 
ants_by_2 ( 1) 11d ants 
ants_by_2(2) 2 
ants_sqr(1) mi_ants 
ants_sqr(2) ml ants 
if ( ancestor ) then 

ants_by_smpl1l ml ants 
ants_by_smp(2) 

end if 
wavs_by_smp<2> 
smp_by_ants(1) 
st11p_by_ants(2) 

= n1i _smp 

mi_sntp 

mi_smp 

mi_ants 

"Ances t•::.r". 

call 
call 

open_va< 
exit vaC 

.nnt_add, ants_by_2, 2, dr_type, vstatus, rm~g ) 
vstatus, rnsg ) 

ca I I open_ 
cat t exIt 

val 
va( 

elg_add, ants_l In, 1, dr_type, vstatus, msg) 
vstatus, msg ) 

ca I I 
ca I I 

open_ va( 
exl t_va( 

eigv_add, ants_sqr, 2, dc_type, vstatus, msg ) 
vstat1...15, msg ) 

cal I open_ val obsmat_add, smp_by_ants, 2, dc_type, vstatus, msg 
vstatus, msg ) 

if ( ancestor ) tt,en 
call exit val 

"Ancestor". 
call open_va( n•:.isemat_add, smp_by_ants, 2, dc_type, vstatus, 

msg I 
cal I exit_va< vstatus, msg ) 
cal I open_va( cln~at_add, ants_by_smp, 2, dc_type, vstatus, 

msg 
cal I exlt_va( vstatus, ~sg) 

end if 

w•::.rk -f I I e = 'MUSIC INPUT----------. OAT' 
write (unit=work file( 1'2: Zl ),fmt=90020,i•:>stat=status, 

e~r~60510 l selexp 
open ( un i t=da ta_un i t, f i I e=' 6000SRT: [CHUCK. PARAt1SJ '//work_ f i I e, 

status='OLD' ,organizatlon~'SEQUENTIAL', 
access=' SEQUENTIAL' , fot·m= 1 UNFOR~1ATTED' 1 

record type=' FIXED' , rec la64, d I sp•::.se==' KEEP' , 
READONLY,Iostat=status,e~r=60560l 

read Cunlt=data_urlit,err=60500) 
if ( . not. ( 

readarr( Xval( ant add ), dr_type, mi_ants, 2, 
data_unit, 32 ) ) ) go to 60500 

close (unit=data_unit) 
work_f i le( 7 : 11 ) = 'EIG\JS' 

write (unit=wol .. k_file( 12:21 ),fmt=90020,iostat=st.atus, 
err=60510 l mi_pkey 

open Cunit=data_unit,fl le='6000$RT:[CHUCK.PARAMSJ'//wo~k_fl le, 
status='OLD' ,organization='SEQUENTIAL', 
access=' :3EQUENT I AL' , f·~rn•=' UNFOR~1ATTED' , 
recordtype='FIXED',rec1=64,dispose='KEEP', 

RE~lOONLV, iostat=stat1 . .1s ,err=60560) 
d•;:J I temp = 1, 5 

if ( .not. ( sh,ipar·t-( mi_ants, mi_ants, data_unit, 16 

end do 
If ( ( mi_parh. 

if ( . not. ( 
. eq. -1 .and. 
skiparr( mi_ants, 

go to 60500 

ml_which .gt 0 
mi_ants, data_unit, 

then 
16 ) 
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oo_r·1u,;; 1 c 

4519 
4520 
4521 
4522 

4524 
4525 
4526 
4527 
4528 

45~9 

4580 
45.31 
458.~ 

45:3:3 
45:34 

4585 
45:36 
45:37 
45:38 
45:39 
4540 
4541 
4542 
4548 
4544 
4545 
4546 
4547 
454:0• 
4549 
4550 
4551 
4552 
4558 

c 
c 

4ei54 c 
4555 
4556 
4557 
455:~ 

4559 
4560 
4561 
4562 

c 
c 

4568 c 
4564 
4565 
4566 
4567 
456E: 
4569 
4570 
4571 
4572 
457:~ 

4574 

c 

61500 

4575 c 

2 

2 

8 
4 

2 

2 

2 

2 
8 
4 

end if 

if ( . nc•t. 

18-Apr-1988 14•00•27 
13-Apr-1998 15:15:49 

go to 60500 

readarr( Xval ( eig_add ), dr_typej ml_ants, 1, 
data_uni t, :32 ) ) ) go to 60500 

if ( . not. 
readarr( %val ( eigv_add ), dc_type, mj_ants, mi_ants, 

data_uni t, 16 l l l go to 60500 
close (unit=data unit) 
work fi Ia( 7 11 ) = 'SAMPL' 
open (un i t=data_un It, f I I e= '6000$RT' ECHUCK. PARt4NSJ '//work_ f I I e, 

status::::::'OLD' ,organiz.ation='SEQ\JENTIA1-', 
access= 1 SEQUENTIAL' , for-m=' UNFORt·1ATTEO' , 
recordtype='FIXED',recl=64,dlspose='KEEP', 

READONLY, i os tat=s ta t•...ts, err=60560) 
if ( 

If 
.not. ancestor) then 

. not. < skiparr( ml_doas, 

end if 
If ( . not. 

"Descendant ••. 
1, Skip OOAs . 
data_uni t, 32 ) ) go to 60500 

readarr( %val ( obsmat_add ), dc_type, mi_smp, mi_ants, 
data_unit, 16 l l l go to 60500 

if ( 
If 

ar.ces tor ) then 
. not. 

"Ancestor''. 

readarr< %val( nolsemat_add ), dc_type, mi_smp, 
mi_ants, data_unit, 16 ) l ) go to 60500 

If .not. skiparr( ml_waves, mi_smp, Skip slgvm_add. 
data_uni t, 16 l l l go to 60500 

If· ( . not. 

rendarrC %val( clnmat_add ), dc_type, ml_ants, mi_smp, 
data_unlt, 16 l l l go to60500 

end if 
close (unlt=data unit> 

Accept nun.ber •:-J'F .. n•J i se" eigenvectors to use. 

num_zelgs = type_elg!-l( Xval ( eig_add l, n•i_ants, n•i to! 
if ( num_zelgs . lt. 0 l then 

call durr.p_va( vstat,.~s, ntsg 
cal I exit_va( ''status, msg 
go to 61500 

end if 

At last do plots. 

call music_plot_trial( %val( obsn.at_add ), ';'t;val( noisamat_a.dd ), 
'%val ( clnrflat_add ) , m·i_ants, mi_smp, mi_begp, 
mi_endp, nd_delp, %val ( a.nt_add l, mi_wlen, 
%val ( eigv_add ~, nurn_zeig:s, trti_whlch, 

call dun.p_va( vstHb.As, 11'tSQ 

cal I exit va( vstatus, msg 
end If 

<:.•=>F•t i nue 

end do 

ancestor ) 
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4576 
4577 
4579 
4579 
45:30 
4581 
45:32 
4583 
45:34 
4585 
4586 
4587 
45:38 
4589 
4590 
4591 
4592 
459:3 
4594 
4595 
4596 
4597 
4598 
4599 
4600 
4601 
4t302 
460:3 
4604 
4605 
4606 
4607 
4608 
4609 
4610 
4611 
4612 
4613 
4614 
4615 
4.:516 
4617 
461:';:: 

4619 
4020 
4621 
4622 

~ • 
462:3 
4624 
4625 

= • 4626 
4627 -
4628 
4629 
46:30 
46:31 
4632 

-~~·. 

c 
c 
c 

c 

18-Apr-1988 14:00:27 
13-Apr-1988 15: 15:49 

139 

Operat•:Jr finished viewing results for the· selected experirnen1 
return to ask the operator what to do next. 

g•:> to 20000 

C! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ~ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! I I I I ! ! ! ! ! ! ! ! I I ! ~ ! ! ! ! ! ! ! ! ! ! ! 
c 
c 
c 

c 

704:30 

70000 

c 
70410 

c 

c 

Input file re-creation selected. 

erse If< psel .eq. 'I' l then 
assign 20000 to err_return 

type*' 'Please enter the number of the e>-~perintent to be restarted' 
type 90000, <<CR> for a I ist of applicable • 

// 'experiments): 
accept 90010, answer 
read (unit~answer,f~t=*,err~70480J mi_pkey 
if ( ml_pkey it. 0) then 

contInue 
mi_pkey = p_index( lndex_unit, 

Error in accepted 
read_unit1, read_unit2. '-X', 

.true. 
if < mi_pk~y .eq. -1 l then 

c.ont i nue 

type * 
type *· c.har( 7 ) , 'Can'' t re-start.' 
type * 
go to 20000 

end if 
If < mi_pkey . lt. 

end If 

continue 

0 l go to 20000 

No restartable expa. 

Operator cancelled. 

read tunit~lndex_unlt,keyeq=ml_pkey,keyid=O,Iostat~status) 
mi_pkey, mi_stat, ml_park, mi_ierr, ml_eerr, mi_serr, 

2 lfli_dtim, mi_ants, n-•l_waves, lfli_noi-ses, mi_smp, ml_sir 
3 mi_begp, ml_endp, mi_delp, mi_peps, ml_norm, ml_wlen, 
4 m~_tol, mi_whlch, mi_ofi le, mi_anolses, mt irlsl lm, 
5 mi_zeigs, mi_doas, mi_estype, mi_parp 

unlock (unit=index_unlt) 
If ( status .eq. FOR$IOS_SPERECLOC then 

type *, 'Rec•:>r-d #' , l'l'•i_pkey. I ocked. VJ.a it I ng 1 see. ' , uparrow 
ca I I I I b$wa I t < 1 . 0 ) ~Ja I t 1 second. 
type *• spaces, uparrow 
g•:> to 70410 

else if C ( status .ne. 0 

go t•=> 70000 
end If 

havent I rec 
go to 51200 

. •Jr. ( index ( '-X' , m i stat 

.false. 

le. 0 l l then 

G!! I I I!! It I It It! I! I! I!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!: 
c 
c 
c 
c 

New "tt~ial" (rerun of ini·tial ized a~-:per·iment) selected. No:tte 
that each "trial" will result in a NEI..:J output file with the name 
6000$RT: [CHUCK. PARAto1SJI'1US I C_OUTPUTnnnnnnrw'lnn. 0(-lT, where nnnnnnnnnn I :s 



4683 
4634 
46:35 
4t3:~6 

46:?.7' 
4638 
4639 
41540 
4641 
4~142 

4154:3 
4644 
4645 
4154·6 
4647 
4648 
4649 
4650 
4651 
4t352 
465.3 
4654 
465S 
465G 
4657 
4t.:158 
4659 
41360 
4661 
4662 
4668 
4664 
4665 
41'i6G 
4667 
4t568 

41369 
4670 
4671 
4f)72 

4678 

{ 
4t3"74 
4675 
4676 

' 
4677 
4t378 
4679 

• 4680 
4081 
4682 

• 4683 
46>:<4 
4085 
4686 
46:37 

46:38 

4689 

c 
c 
c 
c 

c 

514:30 

51000 

c 
51410 

c 
c 
c 
c 

18-Apr-1988 14:00:27 Vt 

13-Apr-1988 15: 15:49 t• 

the (new> experiment number. Note also that, since each new "trial'' 

implies the generation of a new set of noise samples, this option 
makes sense only for "ancestor'' experiments. 

else if C psel .eq. 'R' >then 
assign 20000 to err_return 

type *• 'Please enter 
type 90000, 

the nun1ber of the experiment to be rerun' 
<<CR> for a I 1st of applIcable • 

accept 90010, answer 
read Cunit=answer,fmt=*,err=51430l mi_pkey 
If ( ml_pkey . lt. 0 l then 

// 'experiments): 

contInue Error In accepted *. 
mi_pkey = p_indexC index_unlt, read_unlt1, read_unit2, ' IER', 

.true. 
If ( ml_pkey .eq. -1 l then 

c.ontlnue 
type * 
type *• charC 7 >, 'Can''t ~e-~un.' 
type * 
go to 20000 

end If 

No rerunnable experiments. 

if ( ml_pkey . lt. 0 l go to 20000 Operator cancel led. 
end If 

continue 
read Cunlt=lndex_unit,keyeq~mi_pkey,keyld=O,Iostatmstatusl 

ml_pkeY, mi_stat, ml_park, ml_ler~, ml_ee~~. ml_serr, 
2 ml_dtlm,·mi_ants, ml_waves, ml_nolses, ml_smp, ml_slnt, 
S ml_begp, mi_endp, ml_delp, ml_peps, ml_norm, ml_wl~n. 
4 mi_tol, mi_whlch, ml_ofl le, rni_anoises, ml_l~tsl lm, 
5 mi_zeigs, mi_doas, ml_estype, mi_parp 

unlock (unlt~index unit) 
if ( status .eq. FOR$IOS_SPERECLOC l then 

type *• 'Record#', mi_pkey, locked .. Waiting 1 sec.', uparrow 
ca I I I i b$wa i t ( 1 . 0 l Wa I t 1 second. 
type *• spaces, uparrow 
g·~ to 51410 

else If ( ( status .ne. 0 
.or. ( Index( • IER', ml_stat I e. 0 l 

2 .or. mi_park .ne. -1 ) 

go to 51000 
end If 

l then 

Ex per I men t t•:> rerun has prImary key va I ue rr1 i _pkey, and I t is a 
valid rerun candidate. Now create required Virtual Arrays. 

call lnit_va 
ants_by_2(1) 
ants_by_2(2l 
waves_by_9< 1 l 
waves_by_9<2l 
waves_by_2 ( 1 l 
waves_by_2<2> 
r'o i s_by_2 ( 1) 

mi_ants 
2 
mi_waves 
9 
mi_waves 

2 
mi noises 
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4690 
4691 
4692 
469:0: 
4694 
4695 
4696 
4697 
469:3 
4699 
4700 
4701 
4702 
470:3 
4704 
4705 
4706 
4707 
470::0: 
4709 
4710 
4711 
4712 
471:3 
4714 
4715 
4716 
4717 
4718 
4719 
4720 
4721 

4722 
472:'3 
4724 

c 

4725 c 
4726 
4727 
4728 
4729 
4780 
47:31 
47:'32 
47:38 
47:34 
47:35 
47:::;6 
47::i7 
47::;;8 
4789 
4740 
474"1 
4742 
474:3 
4744 
4745 
4746 

-~~- . 

c 
c 
c 

c 

no::a i s_by_2 (2) 
n·~is_by_8( 1) 

2 

18-Apr-1988 14:00:27 
18-Apr-1998 15:15:49 

n•:') i s_by_8 ( 2) 
ants_by_nois(1) 

n1i n•;:) i se:s 
:?. 
rt~i_ants 

ants_by_nois<Z> mi noise~ 

If ( mi_which .gt. 0 ) then 
anois_by_2<1> 
anois_by_2(2) 
anois_by_8( 1) 

anois_by_3(2} 
a.nts_by_a.n,;:, is ( 1) 
ants_by_anols(2) 

ml anc•l ses 
2 
m1 ano1ses 
8 
mi ants 
n.i_anoise&s 

end if 

call opan_ va( 

cal I exit val -
call open_ va( 

cal I exit va( 

call open_ va( 

ca I I exit va( -
call open_ va( 
call exit va< -
cal I open_ va( 

call e><it val -
cal I •:>p4Bn_ va( 
cal I exit va( -
if ( nli_whl ch 

ant_add, ants_by_2, 2, dr_type., vstatus, msg ) 
vstat•.-~s, trtsg ) 
wave_add, waves_by_9, 2, dr_type, vstatus, ~sg 
vstatus, msg ) 
rntyp~_add, wavf!-s_by_2, 2, di_type, vstatus, n.sg 
vstatus, msg ) 
ndef_add, nois_by_2, 2, dt_type, vstatus, msg ) 
vstat1..1S, msg > 
npa1'·!1_add, nols_by_:3, 2, sr_type, vstatus, mag 
vstatus, msg ) 
correl_add, ant5_by_nois, 2, dr_type, vstatus, Msg 
vs ta tcrs, msg ) 
. gt. 0 l then 

call open_va( andef~add, anois_by_2, 2, dl_type, vstatus, msg ) 
vsta.tus, msg ) cal I 

call 
call 
ca II 

a>"~ It va( -
open_va( 
exit val -
open_ va( 

anpars_add, anol5_by_9, 2, sr_type, vstatus, msg 
vstatus, ntsg ) 

acorrel_add, ~nts_by_anois, 2, dr_type, vstatus, 
msg 

cal I exit_va( vstatus, msg 
end If 

Get problenr definition from Input file, lnitlall:ze the noise 
counters, and form the array phase shift matrix. 

2 
8 

2 

2 

s 

worJ( f I I e :::::1 'MUS I C INPUT----------. OAT' 
write 

open 

read 
if ( 

if ( 

if ( 

(unit=work_fi Je( 12: 21 l,flflt=90020,Jost&t=status, 
err~60510l ml_pkey 

( unl t=data_un it, f i le=' ei00.0$RT: CCHUCK. PAR~lMSJ '//work_ f I I e, 
:stat us=' OLD' ,or·gan I zat i on::a 'SEQUENTIAL' , acc.e5S=' SEQUENTIAL' , 
form='UNFORt'1ATTED',recordtype='FlXEO',recl=64,dlspose='KEEP', 

READONLY,Iostat=status,err=60560) 
<unit=data_unit,err=60500) 

. not. ( 
readarr( Xvnl( ant add), dr_type, mi ants, 2, data_unlt, 32 ) 

l ) go to 60500 
. not. 
readarr( Xval( wave add), dr_type, mi_waves, 9, data_unlt, 

32 ) 
) go t•:> 60500 

. not. 
readarr( %val( mtype_add ), di_type, mi_waves, 2, data_untt, 
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00_~1VS I C 

4747 

474'"' 
4749 
47~50 

47'51 
4752 
475:3 
4754 

4756 
4757 
4758 
4759 
4760 
4761 
4762 
476:::: 

4764 
4765 
4766 
476.7 
4768 
4769 
4770 
4771 
4772 
4778 
4774 
4775 
4776 
4777 
477:3 
4779 

c 

2 
a 

2 
a 

2 
8 

if ( 

i f ( 

. n•:>t. 

18-Apr-1988 14o00o27 
18-Apr-1989 15o 15o49 

64 ) 
l go to 60500 

readarr( Xval( ndef add), di_type, mi_noi~es, 2, data_unit, 
64 ) 

l go to 60500 
.net. 
readarr( Xval ( npars_add ), sr_type, mi_noises, 3, data_unit, 

64 ) 
l go to 60500 

if < . not. 
readarr( 'Xval ( c•::orrel add ) , dr_type, rtd __ a.nts, t't•i_noises, 

2 data_unit, 32 > 
a ) ) go to 60500 

2 
:3 

2 
3 

2 
:3 

if ( mi_whlch .gt. 0 ) then 
if ( . not. ( 

i f 

i f 

end If 

readarr( %val ( andef add ) , dl_type, mi_anoises, 2, 
data._unit, 64 > 

l l go to 60500 
. not. 

readarr( 'Xval( anpars_add >, sr_type, ml_an•;,ises, S, 
data_unit, 64 

l l go to 60:500 
. not. 

readarr( Xval ( acorrel add), dr_type, ml_ants, mi_anoises, 
data_unit, 32 ) 

) l go to 1!10500 

close (unit=data_uniti 

havent_lrec. 
go to 51210 

.true. 

4780 
4781 

c!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !.! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

4782 
c 
c 

47:38 c 
4784 
4785 

4786 
47:37 

47:38 
47::::9 
4790 
4791 
4792 
479:3 
479lf 
4795 
4796 
4797 
4798 
4799 
4800 
4801 
4802 
480:3 

·' -~·. 

c 
s 1100 

New experiment selected. 

e I se i f ( pse I . eq . 'N' ) then 
assign 20000 to err_return 
havent irec =.true. 

c~~nt i nue 
type * 

Branch to restart a failed experiment. 

type*' ' Take defaults from which experiment nun.ber?' 
if ( hav~nt irec ) then 

type *' (-1 for "standar·d" defaul tsl' 
else 

type *• (-1 for cur·rent values)' 
end if 
type 90000, I<CR> to see a list of available e,;perlments): 
accept 90010, answer 
read (unit=arlswer,f~t=*,err=51100) selexp 
g•>to51110 

continue 
selexp = p_lndex( 

Error in acc@pted *· 
index_unit, read_unit1, r·ead_uni t2, 

IEDH', . tru@. 
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4804 
4805 c 
41306 

4807 
480:3 
4809 
4810 
4811 
4812 
481:3 

4814 
4815 

4816 
481"7 

4818 
4819 
4820 
4821 
4822 
4823 
4824 
482~1 

4826 
4827 

4829 
48:30 
48:31 

48:32 

48:=:6 
48:37 
48:3:3 
4839 
4840 
4:341 
4:342 
4843 
4844 
4845 
4846 
4847 
4:948 

4849 
4850 
4851 

4852 
485:::: 

4854 
4855 

4:356 
4857 
485:3 

4859 
4860 

51110 

51120 

51150 

51140 

c 

2 
8 
4 

if < selexp I t . - 1 ) go to 20000 

C•::rnt i nue 
if ( selexp .ge. 0 ) then 

cont i nu@ 

18-Apr-1988 14,00:27 
18-Apr-1988 15: 15:49 

Operator cancel led. 

Defaults specified. 

read (tJnit=index_unit,keyeq=selexp,keyid=O,iostat=status) 
selexp, rni_stat, rni_park, mi_ierr, mi_eerr, mi_serr, 
~i_dti~, ml_ants, mi_waves, mi_noises, ml_smp, ml_sint, 
mi_begp, mi_endp, mi_delp, mi_peps, mi_norm, mi_wlen, 
mi_tol, mi_whlch, ml_ofi le, ml_anoises, ml_irlsl lm, 
mi_zeigs, mi_doas, mi_estype, mi_parp 

unlocl( (unit=index unit) 
if (status eq. FORSIOS_SPERECLOC 

type *, 'Record :tJ:' , se I exp, I ocke.d. 
ca I I I i b$wa i t ( 1 . 0 ) 

type *• spaces, lAparrow 
g•::. to 51120 

else if ( (status .ne. 0 

t he.r1 
Waiting 1 sec.', uparrow 

l.oJa i t 1 :second. 

.•::)r. index( IEOR', mi stat . I e. 0 l l then 

cant i nue 

type * 
type *• char( 7 ), 'Can''t use that experiment for defaults.' 
type *• 'Setting "standard" defaults.' 

type * 
se I e>"~P = - 1 
go:) to 51130 

end if 

Ex peri rrtent f n:m1 which to obtain def au It va I ues haa prImary key 
value selexp, and It is a valid defaults candidate. Replace It with 
its ''ancestor'' if it is a ''descendant'' experiment. 

s 
4 
5 

do while ( mi_park .ne. -1 ) 
S!!!lexp = mi_park 
c.::tnt i nue 

"Descendant". 

read Cunlt=index_unit,keyeq=:selexp,keyid=O,iostat-statusl 
selexp, mi_stat, mi_park, ml_lerr, mi_eerr, ml_serr, 
rni_dtim, mi_ants, ml_waves, mi_noises, mi_smp, mi_slnt, 
mi_begp, mi_endp, mi_delp, ml_peps, mi_norm, ml_wlen, 
mi_tol, mi_which, mi_ofi le, mi_anolses, ml_lrlslim, 
mi_zeigs, mi_doas, ml_estype, mi_parp 

Cunit=index_unltl unlock 
if ( status .eq. FOR$10S_SPERECLOC 

type*' 'Record#', selexp, 
ca I I I i b$wa i t ( 1 . 0 ) 

type *' spaces, uparrow 
go:> to 51140 

@lse if ( status .ne. 0 ) then 
go to 51150 

end if 
end do 

else if ( havent irec l then 
mi_park :c:a: -1 
rr•i ants - 5 
mi waves :::1: 3 
111 i no i ses == 5 

locked. 
) then 
Waiting 1 sec.', uparrow 

Wait 1 second. 

Error reading Index. 

No defaults spec'd. 

143 

IJAX 
tCHl 



DO_t·1U:31 C 

4861 
4862 
4868 
4864 
4865 
4866 
486"7 

4:368 

486f~ 

4870 
4871 

487:~ 

487:::.: 

48;'4 
4875 
4f376 

4877 
4~378 

4879 
48:30 
4:3:31 
4882 
48:3:3 
4:3:34 
4885 
4:3!3() 

488'7 
488:3 
4889 
4890 
4891 
4892 
489:3 
4894 
4895 
4896 
4897 

4899 
4900 
4901 
4902 
490:3 
4904 
4905 
4906 
4907 
490:3 
4909 
4910 
4911 
4912 
4913 
4914 
4915 
4916 
4917 

c 
51180 

c 

c 
c 
c 

c 

ml_smp == 101 
rrai slnt .25 -
roi_begp 1. 5 
111i _ertdp 2.0 
mi_delp 0.5 
l'hi_peps 0.01 
mi_norm 1. 0 
tTii wlen :3.0 -
rtti t•::d = 1 .Oe-10 
nti which = 1 -
mi anoises 
mi irlsl im 

"'I _:ze I gs = 0 
n1i doas == 0 
mi_estype 0 
rr•i _parp 

end if 

continue 

0.0 

6 
100 

call date( tni_dtirrd 1:9 

mi dtim( 10:11 ) a:::' 

call ti....,( ml dtitTo! 12:19 

old_ants • mi ants 
old_waves = ml waves 
otd_noises = mi noises 
old_anoises = ml anois~s 

old_whlch ~ mi_which 
old_smp = ml_smp 

18-Apr-1988 14:00:27 
1:3-Apr-1998 15:15:49 

cal I get_music_def( mi_ants, rnl_waves, ml_noises, 
ml_anoises, mi_whlch, mi_smp ) 

Now create required Virtual Arrays. 

call i ni t_va 
an ts_by_::! ( 1 J 
ants_by_2!l!l 
waves_by_9( 1) 

waves_by_9(2) 
waves_by_2(1l 
waves_by_2(2) 
n·~ i s_by_2 C 1) 
nois_by_2(2) 
no i s_by_:3! I l 
n•:>ls_by_8(2l 
ants_by_n,:tl sC 1 l 

tni ants 
2 
mi_waves 
9 

mi waves 

mi nol!ies 
2 
tr1i n,:>Jses 
:3 
rr. i ants 

ants_by_nois(2) mi noises 

if ( mi_which .gt. 0 J then 
anois_by_2t1l 
anois_by_2<2l 
a no I ,.;_by _:3! 1 l 
ano I s_by_:3 ( 2 l 
ants_by_nnois(1) 
ants_by_an•::t is ( 2 l 

end if 

rni anolses 
2 
mi_anoises 
8 
nri ants 
mi a.noises 

cal I open_va( ant_add, ants_by_2, 2, dr_type, vstatus, msg ) 
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DO r1USI C -

491:3 

4919 
4920 
4921 
4f:l22 

492:3 
4924 
4•_"325 

4926 
4927 

492:?. 
4929 
49:30 
4·.~·::~ 1 

49:?.2 
49:33 
49::'\"1 
49:35 
49:~~6 

49:37 
4988 c 
4'-':J:39 c 
'1940 c 
4941 c 
4942 c 
4943 
4944 
4945 
4946 
4947 
4948 
4949 
4950 
4951 
4952 
495:3 
4954 
4955 
4~56 

49ci7 
4'1S:3 
4959 
4900 
4961 

' 
4962 
496:3 
4'.;)64 

• 4905 
4966 
4'.)67 

• 4968 
4969 
4970 
4971 
4972 
49/'3 

4974 

18-Apr-1999 14:00:27 
18-Apr-1999 15:15:49 

cal exi t_va( vst3.tus, rnsg ) 
cal open_va( wave_add, waves_by_9, 2, dr_type, vstatus, msg ) 
cal exlt_va( vstatus, msg > 
cal '::~pen_va( rntype_add, waves_by_2, 2J di_type, vstatus, msg 
cal exit_va( vstatus, msg ) 
cal open_vaC ndf!·f_add, nois_by_2, 2, di_type, vstatus, msg ) 
cal exlt_vaC vstatus, msg ) 
cal open_va( npars_add, nois_by_3, 2, sr_type, vstatus, msg 
cal exit_va< V5tatus, msg) 
ca.l open_va( corr·el_add, ants_by_nois, z, dr_type, vstatus, msg 
cal exit_va( vstatus, msg ) 
if ml_which .gt. 0 l then 

cal I open_va( andef_add, anois_by_2, c, di_type, vstatus, msg ) 
cal I exit_va( vstatus, msg) 
call open_va( ar.pars_add, anols_by_~, 2, sr_typ~, vstatus, msg 
call exlt_va( vstatus, msg l 
cal I open_va( acorrel_add, ants_by_anois, 2, dr_type, vstatus, 

msg 
cal I exit_va( vstatus, msg 

end if 

Get antenna pr:>s It ions, wave characteristics, noIse def In f t ions, 
sample interval, tolerance, and parameters for Lp estimate c.alculatior •. 
First get values fron• selected default e>;periment, if any. 

if ( sel.exp .ge. 0 l then If default was selected. 
work f i I e = '1"'1US I C_l NPUT ----------.OAT' 
write (unit=work_f.ile( 12: 21 ),fmt~90020,iostat•status, 

err=51310l selexp 
open ( un I tzda t a_un i t, f i I e=' 6000$RT: [CHUCK. PARAM,'OJ '//work_ f I I e, 

st-atus= 'OLD' , organIzation= 1 SEQUENTIAL~ , access= 1 SEQUENTIAL', 
2 f•::>rnr-= 'UNF0Rt>1ATTE:O' , r-ec.ordtype=' FIXED' , rec I =64, d i sposecr:: 1 KEEP 1 , 

:3 READONLY, iostat=status,err•5191.0> 
read (unit=data_unlt,err*51S00) 
if C old_ants .eq. ml_ants ) then 

if ( .not. ( readarr( Xvalt ant_add l, dr_type, 

mi_ants, 2, data_unft, 82 > > > go to 51SOO 
else 

if 

end If 

. not. skiparr( old_ants, £, data_unit, 32 

If ( old_waves .eq. ml_waves ) then 
If C _not. 

i .f' . not. 

else 
if 

if 

end if 

. not. 

. not. 

readarr( Xval C wave_add ) . dr _type, 
mi_wa.ves, 9, data unit, 82 ) ) 

readarr( 'Xva I C mtype_add ) . di _type, 
mi_waves, z. data_unit, 64 ) ) 

s~~ i parr C old_waves, 9, dat:a_\.lnit, 32 

sJ\ i parr ( old _waves, ~. data l.ln it, 64 

if ( old_noises .eq. mi_noises l then 
if . not. readarr ( "Xva I ( ndef _add l , d t _type, 

if 

mi_noises, 2, data_unit, 64 ) 
re~~darr( Xvaf( npars_add l, sr_type, 

mi_noises, 8, data unit, 64 ) ) 

l go to 51300 

go to 51300 

go to 51800 

go to 51:300 
) 

go tc• 51300 

go to 51300 

go to 51800 
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.. •· 

4975 
4976 
4977 
497:?. 
49.79 
4980 
49:31 
41):32 
49::;3-.:: 
49!34 
4985 
4986 
49:37 
4988 
49:c<9 
4990 
4991 
4992 
499::;: 
4994 
4995 
4996 
4997 
499:3 
4999 
5000 
5001 
5002 
5oo::;: 
5004 
5005 
5006 
5007 
5008 
5009 

c 
c 
51300 

5010 c 
5011 
5012 
501:3 
5014 
5015 
5016 
5017 
501:';: 
5019 
50ZO 
5021 
5022 
502:=: 
5024 
~025 

5026 
5027 
5028 
5029 
50:30 
5081 

~~· ... 

51810 

c 
51820 

2 

If ( •:.ld_ants 
If . not. 

else 

if . not. 

end if 
e.lse 

if . not. 

if . not. 

if . not. 

end if 
if ( ( rrd _which 

.eq. mi ants ) then 

18-Apr·-1988 14:00:27 
18-Apr-1988 15:15:49 

n=~tidarr( 'Xval( correl_add l, dr·_type, rni_ants, 
mi_noises, data_unit, 32 ) ) ) go to 51800 

skiparr( old_ants, old_noisas, data_unit, 64 ) 
l go to 51300 

sl<. i parr· ( mi_noises, "-• data _unit, 64 
go:> to 51300 

s~< l parr ( "" _noises, 8, data _unit, 64 ) 

go to 51800 
readarr( Xval ( correl_add l, dr_type, ml_8nts, 

mi_noises, data_unlt, 32 > l > go to 51300 

. gt. 0 ) 
.and. ( old_whlch .gt. 0 l 

if 

.and.< •:)ld_anoises .eq. rni a.nolses l) then 
. not. ( readarr ( Xva I ( andef _add ) , d 1_ type, 

mi_anolses, 2, data_unit, 64) ) go to ~1300 
l f .not. readarrC Xval( anpars_add ), sr_type, 

mi_anoises, 8, data_unit, 64 ) ) go to 51900 
If old_ants .eq. mi ants ) then 

;. f . not. readarr ( %va I ( ac.orn~ l_add ) , dr _type, l'fli _ants, 
rni_anoises, data_unlt, 32 > ) > go to 51300 

end if 
end if 
close (unl t=data_ynit> 

end if 
g•:t to 51820 

Error reading defaults branch- abandon defaults. 

c•:Jnt I nue 
close (unit=data_unit) 

c.ont I nue 

selexp = -1 
type * 
type *' 
type *• 
type * 

'Error accessing defaults definition file.' 
'Setting ''standard~ defaults.' 

C•::>nt i nue 
cal I read_antennae( %val ( ant_add ), ml_ants, old_ants, selexp) 
cat I read_waves( mi_waves, old_waves, salexp, Xval ( wave_add ), 

'Xva I ( 1'1"1type_add ) 
if ( mi_which .gt. 0 ) then Get actual noise? 

call read_noise( selexp, mi_ants, old_ants, m1 anoises, 
old_anoises, %val( andef_add ), %val ( anpars_add ), 

2 Xval< ac•::>rrel __ add ), -1, old_which 
end if 
cal I read_noise( selexp, mi_ants, old_ants, mi __ noises, 

o I d_n•:) i ses, X:va I ( r·•def _add ) , %va I ( npars_add l, 
2 %val ( correl_add l, rni_which, old_which l 

if ( h-2.vent i t-ee l tl-".<""~n New, not r-ecreate. 
cal I read_mmisc( selexp, mi_wlen, mi_sint, mi tol 
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DO NU'31 C -

5082 
so:::-::3 
:;_iQ:34 

50:35 c 
50:-::::6 c 
50:37' c 
50:3:::: c 
5039 
5040 c 
5041 c 
50'~2 c 
504Z:t c 
5044 c 
5QL~5 51210 
5046 
5047 
5048 
504G'I c 
5050 
5051 

5052 
505:::: 
5054 c 
5055 
5056 
5057 c 
505:3 

5059 
5060 
5061 
5062 
506D 
5064 
5065 
50GG c 
5067 
50G:3 

5069 
5070 c 
5071 
5072 
507'3 
5074 
!5075 

i 5076 

'· 5077 
5078 

• 5079 
5080 
50:31 

• 50!32 

5088 
50:34 

50C5 
5086 
50<37 
5088 

·-~~- .. 

18-Apr-1988 14:00:27 
18-Apr-1988 15,15:49 

cal I read_lp< selexp, mi_begp, mi_endp, mi_delp, 
mi_peps, mi_norm, mi irlslim 

F-~nd if 

Convert input scalar wavelength t·~ vector of (identical) 
wavelengths. 

cal I dr colfi I I( %vall wave_add l, mi_waves, 9, mi_wlen, 9 ) 

Obtain an (~Jn,Jsedl experin.ent nun1ber, create a (hopefully) 

unique output file narrre, and enter the Initial experiment description 
in the i nde:Y;. 

C•:>ntinue Branch t•:J cr-eate new trial or experln.ent. 
if ( ha.vent \rae ) then New, not recreate. 

mi_pkey = avlbl_prikey( lndex_unit, 0 ) 
if ( mi_pkey . lt. 0 l go to 50000 

mi stat 
ml ierr 0 
ml_eerr 0 
rrli serr 0 

nol_ofi le = '6000$RT' rCHUCK.PARAMSlMUSIC_OUTPUT __________ .DAT' 

write (unlt=ml_ofl le( 85 : 44 l,fmt=90020,er~=60510l ml_pkay 

write lunit=index_unit,err~soooo> 
mi_pkey, mt_stat, mi_park, mi_ierr, mi_eerr, ml_serr, 

2 mi_dtim, mi_ants, mi_waves, ~i_nolses, ~l_smp, mi_sint, 
:3 mi_begp_, mi_endp, mi_delp, mi_peps, ml_norrn, mJ_wlen, 
4 mi_tol, mi_whlch, ml_ofl le, mi_anoises, ml_lrlsl im, 
5 mi_zeigs, ml_doas, mi_estype, mi_parp 

unlock (unit=index unit> 
end If 

worh._ f i I e = 'MUSIC INPUT----------. OAT' 
write (unit:::;work_file( 12:21 l,fmt=90020,iostat=sta.tus, 

err=60510l ml_pkey 

call lib$delete_file( '6000$RT:I:CHUCK.PARAt'13]' // w':.rk_file // ';*' 
1Jpen ( ·~n i l:::::edata_ur• it, f i I e=' 6000$RT: tCHUCK. PARf~MSJ '//work_ f i I e, 

status~ 'NEI.ol' ,ol"gan i za.t ion= 'SEQUENTIAL' , access= 'SEQUENTIAL' , 
2 f•:'lrm='UNFOR!•1ATTEO' ,recordtype='FIXED' ,recl=64,dispose='KEEP', 
3 iostat=status,err=60510> 

4 
5 

write (unit=data_unit,err~60500) 

if . ,....,:.t. 

if . n•::.t. 

if . not. 

if .not. 

roi_plt~y. mi_stat, ~i_park, ml_ierr, mi_~err, ml_serr, 
mi_dtim, mi_ants, mi_waves, mi_noises, mi_smp, mi_sint, 
mi_begp, mi_endp, ml_delp, mi .. 4 peps, mi_norrr,, mi_Wii!!!n, 
mi_tol, mi_which, mi_ofi le, mi_anoises, mi_lrlslim, 
mi_zeigs, ml_dons, ml_estype, ~i_parp 

writearr( Xval( ant_add l, dr_type, 
mi_ants, 2, data_unit, 32 ) 

writearr( Xval( wave_add ), dr_type, 
ml_waves, 9, data_unit, 32 l 

wr I teat~r ( %-va I ( rntype_add ) , d i _type, 
mi_waves, 2, data_unit, 64 ) 

writearr( Y.val( ndef add ), di_type, 

l go to 60500 

go to 60500 

go to 60500 
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DD_t·1USI C 

50:39 
5090 
5091 
5092 
5098 
5094 
5095 
5096 
5097 
509~:3 

5099 
5100 
5101 
51 o::c 
510:?. 
5104 
5105 
5106 

5107 
5108 
5109 
5110 
5111 
5112 
5113 

5114 
5115 
5116 
5117 
5118 
5119 
5120 
5121 
5122 
5128 
5124 
5125 
5126 
5127 
5128 
5129 
5180 
5181 
5132 
51:3:=:: 

5134 
5135 
51:36 
51:37 

5188 
51:39 
5140 
5141 
5142 
5143 
5144 
5145 

148 

18·-Apr-1988 14:00:27 \lA:< 
18-Apr-1988 15:15:49 cc~ 

2 

c 

; f 

; f 

if 

if 

if 

. not. 
ml_nolses, 2, data_unit, 64 ) 

writearrt Xval< npars_add), sr_typ~, 

g.:> to 60500 

mi_noises, 3, data_unlt, 64 l go to 60500 
.r-.ot. writean--( ~4;val( correl_add >, dr_type, rr•i_ants, 

mi_no~ses, data_unlt, 82 ) ) ) go to 60500 
mi_which .gt. 0 ) then 
( .not. ( writearr( Xval( andef_add l, di_type, 

. nat. 
mi_anoises, 2, data_unit, 64 ) 

writearr( Xval( anpars_add ), sr_type, 
go to 60500 

mi_anoises, 8, data_unit, 64 ) go to 60500 
wrltearr< Xval< acorrel_add l, dr_type, mi_ants, 

mi_anoises, data_unit, S2 ) ) ) go to 60500 
end if 
close (unit=data_unitJ 

c Update index file entry to reflect creation of the Input fl le. 
c 

c 
c 
c 
50000 

c 

rrd stat = ' 
g·~ to 60600 

Special fl le 1/0 error path for creating a new e:Kperil'f.ent. 

C•:)nt i nue 
call dump_va( vstatus, msg 
cal~ exit_va( vstatus, msg 
type * 
type *• 'Error inlttalizlng experin.entJ new trial/ experiment', 

'not created.' 
type*' '(And y•:.u can''t do a thing about it!l' 

type * 
go to 20000 

c ~ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ~ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

c 
c 
c 

c 

Exit to operating system selected. 

else if ( psel .eq. 'X' then 
status = sys$setprn( pt~oc.name( : pnarne_1en ) 
if (.not. status> call libi>stop( 'Xval( status) 
st•:rp 

c!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! '!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
c 
c 
c 

c 

No legitimate selection made. 

end if 

g·~. t·~ 20000 

C ! ! ! ! ! ! ! ! ! ! ! I ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ~ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

c****************************************************************************** 
c 

60600 

Branch to rewrite the curr@ntly selected experiment's index 
record with a revised status (ml_stat set to desired new value). If 
the rewrite is success·fl..ll, this pr•::ogra111 segment l'"eturns t·~ staten.ent 
number 20000, otherwise index-record 1/0 error processing is initiated. 

cc.nt i nue 
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( 

( 

( 

( 

( 

( 

• 
• 

.. ·· 

oo_r·1u,; 1 c 

5146 
5147 
5148 
5149 

5150 
5151 
5152 

5153 
5154 
5155 
5156 
515'7 

515;::: 

5159 
5160 
5161 

18-Apr-1988 14:00:27 
18-Apr-1988 15• 15•49 

read (unit=index_unitfkey~mi_pkey,keyid=O,iostat~status) 
if ( status .eq. FOR'$1QS_SPERECLOC ) then 

unlock <unit=index_unit> 
type *, 'Index rec•:>l'"d l•Jch.ed by another pr.:.gr·an& 

ca I I I i b$wa i t ( 10. 0 ) lda i t 1 0 seconds. 

type *' 'Trying ag~in. 
9·~ t.::> 60600 

else If ( status .ne. 0 
unlock (untt=tndex unit) 
go:> to 60700 

end if 

then 

rewrite (unlt=index_tJnit,lostat=status,err=60700l 
mi_pkey, n.t_sta.t, rni_park, mJ_ietMr, mi_eerr, mi_serr, 
mi_dtim, mi_ants~ mi_waves, mi_noises, ml_smp, ml_sint, 

8 mi_begp, mi_endp, mi_delp, mi_peps, mi_norm, ml_wlen, 
4 mi_tol, n•i_whlch, mi_ofi le, mi_nnoises, ml_irlsl im, 
5 mi_zeigs, ml_doas, mi_estype, mi_parp 
unlock (unit=lndex unit) 
go to 20000 

5162 
51():::: 

5164 
5165 
5166 
5167 
5168 

c 

c****************************************************************************** 
c 
c 

5169 c 
5170 c 
5171 c 
5172 c. 
517::3 60550 
5174 
5175 c. 
5176 
5177 
5178 

5179 
5180 
51:'31 
5182 

5184 
51 ~35 

60560 

c 
60570 

5186 c 
51:37 
5188 

5190 
5191 
51q2 
519::::: 
5194 

5195 
5196 
5197 
5198 
5199 
5200 
5201 

5202 

c 
c 

60500 

c 
60510 

c 
60540 

File error processing branch&s. 

Error opening intermediate data file- could be locked. 

c•::.nt i nue 
close (unlt=data_unitJ 

continue 
call duntp_va( vstatus, msg 
cal I exit_va< vstatus, Msg 

continue 
type * 
type *• char( 7 ), 'Can''t open required data file.' 
type *, 'F i 1 e may be in use by another progrant. ' 

type * 
go to err _returr• 

Error reading an open IntermedIate data f i I e - must be son•e 

problem with the file itgelf. 

continue 
close (unit=data_unit) 

c•:Jnt i nue 
cal I dump_va( vstatus, msg 
call exit_vaC vstatus, tT15Q 

cent i nue 

type * 
type *• char( 7 ), 'Err-t:~r finding or accessing data file(s).' 
type 90030, char( 7 ) // 1 Experiment *', mi_pkey, 
type 90040, 'FORTRAN ~rror· c·~de #', status, <hexl. 

type *• chat·( 7 ), 'File: work_flle 
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oo_t1U'3 1 c 

5203 
5204 
5205 
5206 
5207 
520!?J c 
5209 
5210 
5211 
5212 
521:3 
5214 
5215 
5216 

5217 
521:::: 

5219 
5220 
5221 
5222 

5224 
5225 
5226 
5227 

5229 
52:30 
5281 
5232 
5238 

605:30 

5235 c 
52:36 
5287 

52:39 
5240 
5241 
5242 
5248 
5244 
5245 
5246 

60520 

5247 c 
5248 
5249 
5250 
5251 
5252 
525:;>, 
5254 
5255 
5256 

c 
c 
60700 

18-Apr-1988 14:00:27 
19-Apr-1988 15:15:49 

type * 
type 90000, 
1 

Mark ALL intermediate files for that experiment ' 
// 'f•:>r DELETION lY/[NJl? 

accept 90010, answer 
pse I cap ( answetM ( ) ) 

if< psel .eq. 'Y') thel"'' 
typ@ 90000, ' // ch~r( 7 ) // 'Are you sure (Y/[NJJ? 
accept 90010, answer 
psel = cap( answer( 1 
if ( psel .ne. ''l'' ) g•::> t.:::. 60520 

c•::.nt i nue 
read (unit=index_unit,key=mi_pkey,keyld~O,Iostat=status) 
if ( stato..1s .eq. FOR$IOS_SPERECLOC ) then 

unlock (unit=index_unit) 
type *, ' Index record 1 ocked by another progt'·arn 
""" llb$wait! 10.0 l ~Jalt 10 seconds. 
type *• 'Trying again. 
go to 60!.i:30 

else if < status .ne. 0 then 
unlock (unit=index unit) 
g·~ to 60700 

end If 

trti stat = 'X' 
rewrite (unit•index_unit,iostat~status,err=60700) 

1 mi_pkey, mi_stat, mi_park, mi_ier·r, mi_eerr, mi_serr, 
2 mi_dtlm~ mi_ants, mi_waves, mi_noises, mi_smp, mi_aint, 
9 mi_begp., _mi_e.ndp, ml_d@lp, mi_peps, mi_norm, mi_wlen, 
4 ml_tol, mi_which, ml_ofl le, mi_anoises, mi irlsl lm, 
5 mi_zeigs, mi_doas, ml_estype, mi_parp 

unlock (unit=index_unit) 

type * 
type 900:30, char( 7 ) // 'Experlntent #', mi_p~<.ey, 

type * 
else 

c•:>nt i nue 
type * 

marked for ' 
// ' DELETE I ON ! ' 

type 90030, 1 lnde>-~ r·ec•::.rd for experlrnent #', mi_pkey, 1 not changed.' 

type * 
end if 

g•::t b:'l err returr-1 

c•:)nt i nue 

type * 

Failed access to inde>( record- not a l•:>t we can do about it. 

type *• char( 7 ), 'React or· write failure accessing index r~cord!' 
type 90030 1 char ( 7 ) // 'E><per I ment :tt' 1 m i _pkey, 
type 90040, 'FORTRAN er·t-or code#', status, (he>"~). 

type*' char·( 7 ), 'Status of that index record is uncertain. 

type * 
9•:'1 to 20000 5257 

5258 
5259 

c 

c****************************************************************************** 
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. •' 

oo_r1u:; 1 c 

5260 
5261 
5262 

f cq··n·a t ( '$a ) 

f·~rmat( a10 ) 
f•:•nTtat( i10.10 

18-Apr-1988 14:00:27 
13-Apr-1988 15:15:49 

151 

l)f', 

[( 

526:=: 
5264 
5263 

c 
90000 
90010 
90020 
90030 
90040 
90050 
c 

f•:on·11at( 1x, a, i 10. 10, a ) 
f•::.rmat( 1>"~, a, z8.8, a) 

5266 
526"7 

f•::~t .. roat( t, 1>-~, 2( a, i6 ), a) 

526:3 end 

PROGR(.>t·1 '3ECT IONS 

0 '·CODE 
$POATA 

2 <J>LOCnL 
:3 r1U:31 C_MEASURES 

Total Space AI located 

ENTRY POINTS 

Address Type Name 

0-00000000 

VARIABLES 

2-00000888 
2-000001AO 
2-ooooo:=:6c 
2-00000354 
2-00000:390 
2··00000:300 
2-0000089C 
2-00000:3F4 
2-00000400 
2-00000404 
2-000002FO 
2-000002E:3 
2-00000:3EC 
2-ooooo:::Fo 
2-00000:?.60 
8-0000006:3 
2-·00000:388 
2-0000082C 
2-00000:::24 
2-000003:3C 
:3·-0000006C 

·~~· ' 

I *4 ACCIRREL_ADD 
CHAR ANS~IER 
1*4 CORREL_ADD 
1*4 DATA_UNIT2 
I *4 E I G~I_ADD 
1*4 ESTYPE 
1*4 
I *4 t'li_ANOI SES 
I *4 1•1 I _DOAS 
I *4 1·11 _ESTYPE 

1•1 I NORM 
r1 I PEPS 
MI_SMP 
1'1 I_WHI CH 
r1TYPE_ADO 
NON_TRI CYC 
NUrl_EXPS 
OLD_ANOISES 
OLO_WAIJES 
PNAI1E_LEN 
QPSI_LrlARG 

Bytes 

25984 
5492 
6808 

120 

37904 

Attributes 

PIC CON REL LCL SHR EXE 
PIC CON REL LCL SHR NOEXE 
PIC CON REL LCL NOSHR NOEXE 
PIC 0\.IR REL GBL SHR NOEXE 

RO NOWRT LC 
RO NOWRT LC 
RD WRT Ql 

RO WRT LC 

Address Type Nan~ Address Type Nan~ 

2-00000818 
2-00000:358 
2-00000:3AO 
2-00000:308 
2-ooooo3ec 
2-00000:398 
2-00000344 

L*4 ANCESTOR 
1*4 ANT_ADD 
1*4 COUNT 
L*4 OISP_INOEX 
1*4 EIG_AOO 
1*4 EXNM_AOO 
1*4 INOEX_UNIT 

2~000008EO 1*4 rli_ANTS 
2-00000273 CHAR MI_OTIM 
2-00000206 I *2 r11 I ERR 
2-00000286 
2·-00000:308 
2-00000272 
2-000002Ft3 
2·-00000864 
2-00000:36:3 
2-00000:3AC 
2-·00000:320 
2-00000880 
2-·00000 1AA 
:3-00000074 

CHAR r11 _OF I LE 
1*4 Ml PKEY 
CHAR MI_STAT 
R*8 rli_~!LEN 

1*4 NOEF_ADO 
1*4 NPARS_ADO 
1*4 NUrl_ZEIGS 
1*4 OLO_ANr3 
I *4 OLO_l•!H I CH 
CHAR PROCNAI·1E 
1*4 QPSI_L_ZCYC 

2-00000880 
2-00000190 
8-oooooooc 
2-00000:394 
2-000008CO 
2-00000:3A4 
2-·000008A8 
2-00000408 
2-00000208 
2-00000:3F8 
2-0000030C 
2-0000020A 
2-00000:300 
2-00000:3FC 
2-00000874 
2-00000,384 
2-00000870 
2-00000:328 
2-00000804 
2-00000198 
2-00000:348 

1*4 ANDEF 
CHAR CHSEL 
1*4 CYCLE 
1*4 OOA_f' 
I *4 ELSEL 
1*4 FSKII' 
1*4 ISKII' 
R*4 r11 BE 
1*2 MI_EE 
I *4 rll I Fl 
I *4 MI_P~·-

1*2 rli_SE 
R*S MI_TC 
I *4 r11_ZE 
1*4 NOISE 
I *4 NUr1_A 
I *4 OBSrlP. 
1*4 OLD_N 
R*4 P 
CHAR PSEL 
1*4 READ_ 



0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
001:3 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0029 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
00:32 
0038 
0034 
003'5 
0036 
0037 
0038 
0089 
0040 
0041 
0042 
004:3 
0044 
0045 
0046 
0047 

• 0048 

~ 0049 
0050 . ·~ 
0051 . ~-N"" • - 0052 
0053 
0054 
0055 
0056 
0057 

c 

c 

18-Apr-1988 14•00 
13-Apr-1988 15:15 

integer*4 function p_index( index_unit, read_unlt1, read_unit2, 
1 keyrange, show ) 

c=================================*=====================•=~==~==z-~-===-= 

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

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 

c 

This function finds and (optional lyl displays records fro 
MUSIC experiments index fl le open on logical unit numbers index_u 
read_unltt, and read_unit2 (ALL LUNs attached to the SAME fl le). 
parC!t.meters i ndex_un it, read_un it 1, and twea.d_un i t2 are I NTEGER*4, 
keyrange is CHARACTERl<(l<J, and show Is LOGICAL. 

If show is .true., the records to be displayed are select 
keyra.nge as f•=.. I 1•::-ws: If key range is '*' 1 a I I records from the se 
I'-1US I C i nde>-~ f i I e a.re d i sp I a.yed. Otherwise, the records whose 
''statuses'' (first alternate key field) match the characters In th 
string keyrange are displayed, in the order of the characters in 
keyrange. F·~r e>-~ample, if keyranga Is 'SR', all 'S' records are 
displayed, f,:..,llowed by all 'R' records. 

If show is .true. 1 the function returns the number the op 
enters in response to a MUSIC_INOEX_DISPLAY routine prompt, or -1 
matching records exist (no records at all if keyrange • '*'l, or 
one or more records are displayed but the operator makes no recor 
select l•:l'n. 

If show Is .false., the function simply tests for the pre 
of matching records Cany records If keyrange = '*'l In the select, 
MUSIC index file. If any matching records are found, the functlo1 
returns 0, otherwise it returns -1. 

The three LUNs index_unit, read_unit1, and read_unlt2 ar• 
hand I ed as f•=- I I O"'.!'S: If key range = '*' , rea.d_un it 1 and rea.d_un I t2 
used to read the f I I e In SECOND ALTERNATE / PR I ~1ARY key HE I RARCHY 
order; otherwise r~ad_unit1 is used to read the fi I• In FIRST ALT: 
key ASCENDING order. The LUN I nde>-;_un it is used by routIne 
MUSIC_INDEX_DISPLAY !if show Is .true.), to read the file In PRI~1o 
key order •:l'n I y. 

i mp I I c i t n•Jne 
intrinsic len, index, char 
external riext_rec, muslc_lndex_display 

logical ne>-~t_rec 

integer*4 music_index_display 

l•:l'Q I ca I shc•w 
integer*4 lndex_unit, read_unit1, read unlt2 
character*<*) keyrange 

logical notal I, son•e_found, tlc•g 
integer*4 ikey, status, slen, chno, lskey 
character*1 ch 

S•:l'me_ found = . fa I se. 
tlog = next_rec( read_unit1, rea.d_unit2, 
notall = inde>-~( keyrange, '*' ) le. 0 
if C notal I ) the.r. 

chn•::> = 1 

Nc• r·ecords found yet. 
i key, char ( 0 ) , i skey 

Not alI statuses seleci 
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P I NDE>~ 

0058 
0059 
0060 
0061 
0062 
006~; 

0064 
0065 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
0078 
0074 
0075 
0076 
0077 
0078 
0079 
00t30 
0081 
00:32 
0088 
0084 
0085 
00>36 
00:37 

c 
10000 

c 
10010 

c 
10100 

10190 

10110 

10120 

c 
c 

0088 c 
0089 
0090 
0091 
0092 
009:3 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
010:3 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
0113 

c 
10200 

c 

c 

" 
c 
c 

" 

c 
c 

c 
0114 c 

slen ~ len( keyrange l 
else 

ch = '*' 
end if 

continue 

18-Apr-1988 14:00:27 
18-Apr-1988 15:15:49 

if< n·~tall ) ch keyrange< chno chrro ) 

continYe 

i·f <.not. n~xt_rec( r,~ad unitl, read_unit2, !key, ch, lskey) 

g•::a b:. 10500 

then 
cc•nt i nue 
if ( Sh•::>W 

C·~nt i n1.Ae 
p_lndex :=l. music_ i nde>'~_d I sp I ay ( I nde)';_un it, i key, . true. 
sc)rne_found . true. 

if ( p_l nde>< . eq. -1 ) then Display not full 
c•::>rrt i nue 
if . not. next rec.( 

go to 101:30 

read_un I t 1 , read_un I t 2, lkey, ch, 
go to 

lskey ) 
10200 

else If ( p_index .eq. -2 ) then User wants next pg. 
C•::>nt i nue 
if .not. ne>-;t rec( r·ead_unit1, read_unit2, lkey, c.h, lskey) 

go to 10800 
go:> to 10180 

else User entet··ed a nurr,ber ( s I nee <CR> on non

existent record is handled by status 
checks). 

tlog =next rec( read_unlt1, read_unit2, ikey, char( 0 ), lskey) 
return 

end if 
else Find only; a matching record found. 

p_index = 0 
t l•:.g = nef~ t_rec. ( re.;:~d_un It 1 , read_un 1 t2, i key, char { 0 ) , I sh.ey ) 

return 
end if 

c•:.nt i nue 

End •:>f se I ec ted index rec.•Jrds, < n.a,.~ i muna records current I y 
displayed. 

if ( nota I I . and. ( chncJ lt. slen > ) then 

Multiple seconda~y key values specified, and values remain to 
be pr•::.cessed. 

chno = chno + 1 
go to:> 10000 

end if 

AI I secorldary key values processed, or primary key search was 
perfot·med, and display was selected. 
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P INDEX 

0115 
0116 
0117 
0 11>3 
0119 
0120 
0121 
0122 
012:3 
0124 

c 
10:0:00 
c 
c 
c 
c 

0125 c 
0126 
0127 
0128 
0129 
01:30 
0131 
0182 
01:3:3 

G 

c 
c 

01:34 c 
0135 
0136 

01:37 
01:38 
0189 
0140 

c 
c 
c 

0141 c 
0142 
014:3 
0144 
0145 
0146 
0147 
0148 
0 1"~9 
0150 
0151 
0152 
015:::: 
0154 

0155 
0156 
0157 
015:3 
0159 
0160 
0161 
0162 
016:3 
0164 
0165 
0166 

·~'' . 

c 
c 
10500 

c 
c 
c 
c 

c 
c 

c 

18-Apr-1988 14:00:27 
18-Apr-1988 15:15:49 

p_index = muslc_indei<_display( index_unit, -1, .true. 

if ( p_index lt. 0 ) p_index = -2 Indicate operator cancel led. 
t I og = next_rec ( read_un it 1, r~ad_un i t2, I key, chat~ ( 0 ) , i skey ) 

l-et urn 

c1~n t i nue 

End of selected index records, with maximum currently 

displayed, operator has solicited the next page, and display was 
selected. 

i-f notall .and. ( chno .lt. slen ) ) then 

Multiple secondary key values specified, and values remain to 
be p1·-ocessed. 

chn•:. :c chn•:. + 1 
go to:> 10000 

end if 

A I I secondary ~(.ey va I ues processed, or· pr i rr•ary key search was 
performed, and display was selected. 

p_index = -2 
tlog =next rec( read_unit1, 
return 

Indicate operator cancel led. 
read_uni t2, ikey, char( 0 ) , iskey ) 

Error on read of initial record with the current selected key. 

c•:>nt I nue 
if ( n•::.tall .and. ( chnc:;. .lt. slen)) the1,.1 

Multiple secondar·y ~tey values specified, and values remain to 
be pr·ocessed. 

chno = chr.o + 1 
go:> to:> 1 0000 

end if 

A I I sec.:~ndary J(ey values processed, •::.r pr i 111ary key search was 
pet~f,:wmed. 

end 

if ( some_found .and. show ) then 
p_inde.x = music_inde>'~_display( index_unit, -1, .true. 
if( p_index lt. 0 l p_lndex = -2 Indicate operator cancel led. 

else 

p_ i nde>; = - 1 

end if 

Indicate nothing avai I able. 

tlog =next rec( read_ur~it1, read_unit2, ikey, char( 0 l, lskey ) 

r·eturrl 
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0001 
0002 
000:3 
0004 
ooos 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
001:3 
0014 
0015 
0016 
0017 
0018 

0019 
0020 
0021 
0022 

002:3 
0024 
0025 
0026 
0027 
0028 
0029 
00:30 
0031 
00:32 
00:33 
0034 
00:35 
00:36 
00:37 

0088 
0089 
0125 
0126 
0127 
0128 
0129 
0130 
0131 
0132 
0133 
0134 
0135 
0136 
0137 
0138 
0139 
0140 
0141 
0142 

c 

c 

18-·Apr-1988 14:00:27 
13-Apr-1988 15:15:49 

logical function next_rec( unit1, unit2, pkey, skeyt, skey2 J 

c===;=-=========================================-=~=================-====---=== 

c 

" c 
c 
c 
c 
c 
c 
c 

c 
c 
r.: 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

This function deterntines the key values for the next MUSIC 
i nde>"~ record meeting a search criterIon. The NUS I C index f i I e to be 
seal"·ched Is asst..anted to be open on Log i ca I Unit Nun,bers unit 1 and un i t2 
C BOTH LUNs open on the SAt·1E f i I e J . 

'fhe search criterion to be used depends on the CHARACTER*1 
value skey1 on entry. If skey1 is not '*', records whose first 
alternate key values (''statuses'') are equAl to sJtey, ~re sought. If 
skey1 = '*', records are sought In ''heirarchical'' order. When 
''heirarchical'' order .js ~Jsed, an ''ancestor" record is returned first, 
followed by its ''descendant" records, followed by the next "ancestor'' 
record, and so on. ''Descendant'' records are presented In a similar 
order-; i.e. each rP-co~~d is f·:.llowed directly by its "degcendant•• 
recor·ds, followed by the ne~<t record which is at the sarM:! level of 
"descendancy" as th~ first "descendant .. record. 

Since this rol~tine Is designed to be cal l~d repeatedly to 
perf•::-rm a p,;articular sea~"ch, a reset MUST BE PERFORt·1ED when the desired 
search has been co::•tT•pleted. A reset of this routir.e is accomplished by 
lnv•:>king the fur,ction with skey1 set to ASCII NULL !ASCII value of OJ. 

The parameters unlt1, unit2, pkey, and skey2 are INTEGER*4, 
while skeyl Is CHARACTER*1. The primary key value of the next 
applicable record (If any) Is returned In p~<ey, and Its second 
alternate key value <Its ''par~nt'' primary key value) Is returned In 
sl<ey2. NOTE that the parameter sl<eyl Is NOT written <value NOT 
change.d > . 

The function return value Is .true. If a matching record wa:s 
found, and .false. If not. It is also set to .true. when a reset Is 
perf•:.rmed. 

c=======~=================--==================~==•==•a=============---==a-a=---

c 

c 

i mp I i c I t none 
intrinsic ichar 
e,..~ternal llb.get_lun, I ib$:stop, llbt.free_lun, I ib$wai t 

Include 'SYS~LIBRARY,FORIOSDEF' 

lnteger*4 I ib$get_lun 

integer*4 unit1, unit2, pkey, »key2 
character*1 skey1 

lnteger*4 sort_unlt, status, sort_open/ 
integer*4 old_sk1/ -1 /, rd_ptr, ls_ptr, 
integer*4 tpkey, tskey, parkey 

character* 1 tch 

.false. /, stage/ -1 / 
lns_ptr, shf_ptr· 

character*1 uparrow( :3 )/ 2·7, '[', 'A'/, spa.ces( 70 )/ 70*' '/ 

save s•:.rt_unit, s•:lrt_open, stage, old_sk1, rd_ptr, ls_ptr, ins_ptr 

If ( i char! skey1 l .eq. 0 J then 
if ( sort_open ) then 

close (unit=sort_unit> 
call liblfree lun£ sc·r··t unit 

Reset to be perf,:)rmed. 
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NEXT_REC 

0148 
0144 
0145 
0146 
0147 
0148 
0149 
0150 

0151 
0152 
015:3 
0154 
0155 
0156 
0157 
0158 

0159 
0160 
0161 
0162 
016:3 
0164 
0165 
0166 

c 

0167 
0168 c 
0169 
0170 
0171 
0172 
0178 
0174 
0175 
0176 
0177 
0178 
0179 
0180 
0181 
01:32 
0189 
0184 
0185 
0186 
0187 
0188 

0189 
0190 
0191 
0192 
0198 
0194 
0195 
019l> 
0197 
0198 
0199 

10000 

·~· ' .. 

sort_open 3 .false. 
end if 
old sk1 = -1 
stage = -1 

next rec = .true. 

18-Apr-1988 14•00:27 
18-Apr-1988 15• 15•49 

return 
end if 

if C stage .eq. -1 I thew. 

2 
3 

if ( ( skey1 .eq. '*' ) .and. .n.~t. sort_open then 
status= 1 ibSget_lun( so~t unit ) 
if (.not. status) call lib$stop( %val( status 

~>pen ( un i t=sot· t_un it, f i I e=' 6000$RT: [CHUCK. PARAt-1SJSORT _FILE. OAT' 
·forn1== 'UNFORMATTED' , rec•:>rdtype=' FIXED' , rec I =2, 

•:.rgan i za t 1 on=' REL,::,T I \IE' , access=' D 1 RECT' 1 st at us=' UNKNOWN' , 
dl sp.:;.se='DELETE' l 

sort_open = .true. 
end if 
stage = 0 

end if 

If ( sl<ey 1 
•:-I d_sk 1 

stage = 0 
end if 

. ne. '*' 
Iebar< skey1 

if ( stage .eq. 0 l then 
c•:>nt i nue 

.and . 
) 

i f I skey 1 . eq. ' *' I then 

lcharl skey1 . ne. c.dd sl<.l I then 

read (unit=unit1~keyeq=-1lkeyid-2,1ostat=statusl pkey, tch, skey2 
else 

read (unit~unit1,keyeq=skey1,keyid21,iostat=statusl 

end if 
unlock 
if 

( un i t=un I t 1 > 
I status .eq. FOfH>IOS_SPERECLOC I 

type *' 'Record, statt.-1:5 •' 1 , .skey1, 

ca I I I I b$wa i t ( . 0 I 
type *• spaces, uparrow 
9·~ to 10000 

else if ( status .n@. 0 ) then 

pkey, t ch, skey2 

then Record lock. 
locked. Waiting 1 sec. 1 , 

uparr·~w 

if I ( skey 1 . eq. '*' l . and. I sor t_open 
close (unlt=sort unit) 

Error initial read. 
then 

cal I I ib$free_lun( scrt unit 
sor·t_open = .false. 
stage = -1 

end if 
next_rec = .false. 

else 
if ( skey1 .eq. '*')then 

rd_ptr = 1 
ls_ptr = 
write (unit=sort_unit,rec=rd_ptr) pkey 

end If 
stage 
next rec . true. 

Success first read. 
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• 
• 

1-!El<T _REC 

0200 
0201 
o:~o2 

0208 
0204 
0205 
0206 
020"7 
020:3 

0209 
o.~ 10 
0211 
0212 
0,';! 1:3 
0214 
0215 
();~16 

0217 
0,''!1:0: 
0219 
0220 
0221 
0222 
0228 
0224 
0225 
0226 
0227 
022:3 
0229 
o:~3o 

02"31 
02::::2 
028:3 
02:34 

0236 
0237 
02:0<:c: 

o2::g 

0240 
0:241 
0242 
0.';!4::1 
0244 
0245 
0246 

02'1:3 
00~49 

o2~;o 

0251 
0252 
0258 
0254 
0255 
0256 

c 

10100 

c 

10200 

1:3-Apr-19:39 14:00: 2"7 
13-Apr-1988 15:15:49 

end if 

return 
end if 

if C stage .eq. 2 ) then 
read Cunlt=soFt_unit,rec=rd_ptr) parkey 
continue "Do while records". 

read Cunit=unit2,iosta·t=status) pkey, tch, skey2 
unlock Cunit=unit2) 
if C stat,_.as .eq. FOR$10S_SPERECLOC ) then Record 

type *• 'lnde:< record locked. Waiting 1 sec. 1 uparrow 
c. a I I I i b$wa i t ( 1 . 0 ) 

type *• spaces, uparrow 
Q•=> to 10100 

else if ( ( status .eq. 0 .and. ( skey2 .eq. parkey ) l then 
shf_ptr = ls_ptr 
ls_ptr = ls_ptr + 1 
do while < shf_ptr .ge. in,._ptr > 

read Cunit=sor·t_unit,rec~shf_ptr) tpkey, tskey 
write Cunit=sort_unit,rec=shf_ptr+1l tpkey, tskey 
shf_ptr = shf_ptr - 1 

end do 
write Cunit=sort_unlt,rec•ins_ptr) pkey, skey2 

lns_ptr = ins_ptr + 1 
go to 10100 

end if 

rd_ptr - rd_ptr + 
stage 111 1 

end if 

if < stage .eq. 
If ( skey1 .eq. 

C•Jnt I nu~ 

) then 
'*' ) read Cunit=sort_unit,rec=rd_ptrl tpk~y 

if ( skey1 .eq. '*' then 
read ( un i t=un I t2, J(eyeq=tpkey, key i d=Z, i ostat=s tat us) 

unlock (unit=unit2) 
else 

pkey, tch, · skey2 

read (tAnlt=unit1,jostat=status) pkey, tch, skey2 
unlock (unit=unit1l 

end if 

lock. 

if < stat"s .eq. FOR$IOS_SPERECLOC ) then Record lock. 
type *, ' Index r-ecord I ocked. Waiting 1 sec. 
ca I I I I bSwa i t < 1 . 0 > 
type *' spaces, uparrow 
go to 10200 

else if ( status .eq. 0 ) th@n 
If ( skey 1 . eq. '*' ) then 

ins_ptr rd_ptr + 1 
shf_ptr = ls_ptr 
ls_ptr = ls_ptr + 
d•=' while ( shf_ptr .ge. lns_ptr ) 

uparrow 

read Cunit=sort_unit,rec=shf_ptrl tpkey, tskey 
write (unit=sort_unlt,rec=shf_ptr+1) tpkey, tskey 
shf_ptr = shf_ptr - 1 

end do 
write (unit=sort_unlt,rec=ins_ptr) pkey 
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NE}{T _REC 

0~57 

0259 
0260 
0261 
0262 
026:3 
0264 
0265 
0266 
0267 
0268 
0269 
02'70 
0271 
0272 
027:3 
0274 
0275 
0276 
0277 
0278 
0279 
02:30 
0281 
02:0:2 
028:3 
02:34 
02~35 

0286 
0287 
02:3:3 
02€':9 
0290 
0291 
029.~ 

029:3 
0294 
0295 

10:300 

c 
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ins_ptr = ins_ptr + 1 
stage = 2 
next rec , tn.Je. 

el:s:;e 

next rec 
end If 

tch .eq. skey1 

else 

if ( skey1 .eq. '*' l then 
if I rd_ptr lt. ls_ptr I then 

rd_ptr = rd_ptr + 1 
read (unit=sort_unlt,rec=rd_ptr) pkey, skey2 
ne>'.t rec . t• ... ue. 

else 
c.::.nt i nue 
read Cunit=unit1,iostatmstatus) pkey, tch, skey2 
unlock (unit=unlt1) 
If ( status .eq. FORfiOS_SPERECLOC I troen Record lock. 

type*' 'Index record locked. Waiting 1 sec. , uparrow 
c;al I I i bfwa i t ( 1 . 0 I 

type *' spaces, uparrow 
g·~ to 10:300 

else if ( (. status .eq. 0 
rd_ptr = 1 
ls_ptr = 1 

. and. ( skey2 . eq. -1 I I then 

write Cunlt=sort_unlt,rec=rd_ptr) pkey 
next_ree = .true. 

else 
stage = -1 
n•xt rec 

end if 
end If 

else 

. false. 

next rec 
end If 

.false. 

end If 
return 

end if 

end 



0001 
0002 
000:3 
0004 
0005 
0006 
0007 
000:3 
0009 
0010 
001 1 
0012 
00 1:'3 
0014 
0015 
018:?. 
0176 
0262 
026C:: 
0264 
0265 
0266 
0267 
0268 
0269 
0270 
0271 
02'72 

027:?. 
0274 
0275 
0276 
0277 
027:=: 
0279 
0280 
02:31 
02:?.2 
028~: 

02:34 
0285 
0286 
02:37 
02:3;3 
02:39 
0290 
o.o91 

t 0292 
029:3 

0294 

• 0295 
0296 

0297 
029:::: 
0.'~99 

0:300 
0:301 

c 

c 

c 
c 
c 
c 

c 
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s'~broutine submit_job( log_unlt, prog_num ) 

This subroutirle uses function SPAWN_IF to submit, if necessary, 
the batch job I isted in the record whose primat-y key is prog_nr.Jm In the 

index-organization file opan on logical unit ntJmber log_unit. Th@ 
par-cuneters 1 og_un it c~nd pt .. ag_num a.re I NTEGER*4. 

c==~======================================~=======================~============ 

c 

c 

c 

c 

c 

c 
10000 

i mp I i c. i t none 

e~< terna I I i b•wa. i t. sp<!!Wt'"•_ i f 
inc I ude ' ( sys terr._symb.:) I s) I 

inc I ude '6000~RT' C CHUCK. RESEARCH. FORTD I RJSPA~JNED DEF. TXT' 
inc I ~Jde 'SYS$L I BRAR'J': FOR I OSDEF 1 

in tege-r*4 spawn_ i f 

integer*4 log_unit, pn:lg_num 

i nteger*4 statusJ los 
charactetM*1 uparrow( 3 )/ 27, 1 [', 'A'/, spaces( 70 )/ 70*' '/ 

status~ spawn_lf( 
~f ( status .eq. 0 

cont tnue 

log_unlt, 
) return 

prog_num ) 

read Cunit=log_unit,keyeq=prog_num,keyld=O,Iostat=ios) 
1 sp_nun., sp_stat, sp_flle 
unlock 

if 
type 

Cunit:zlog_unitl 
< los .eq. FOR~IOS_SPERECLOC I 

* 1 'Spawn rec.o1··d :M: 1 1 prog_num 1 

ca I I I I b$wa It ( 1. 0 l 

type*' spac@s, uparrow 
go to 10000 

else if ( los .ne. 0 l then 
type * 

then . 
locked. ~Ja it i ng 1 

Record lock. 
see.', 

uparrow 
Walt 1 sec. 

Error read. 

type *• 'Error reading spawned-processes index file, code ', los, 
type *• 'Couldn''t read record with primary key value prog_num, 

type * 
return 

end if 

type * type 
type 

*' 
*• 

'Couldn''t execute file:' 
sp_f i I e 

type * if 

type *• 
else if ( 

type*· 

status .eq. 1 ) then 
~Error reading spawned-processes 
status .eq. 2 l then 
'E~ror spawning subprocess.' 

else if ( status .eq. 3 ) then 

I nde>"; f i I e _ 1 

type*' 'Error rewl~iting spawned-processes index file.' 



SUBr·11 ,-_.JOB 

el :se 0:302 
0:308 
0:;)04 
0:305 
0:306 
0:307 

type*~ 'Impossible error, nu~ber 

end if 

status, 

c 

PROGR?>r·1 :7.ECT IONS 

0 $C!JDE 
f·PDI'lTA 

2 .LOCf~L 

Total Space AI located 

ENTRY POINTS 

Addt .. ess Type Name 

0-00000000 :3UBMI T .JOB 

VAR I ~lBLE:3 

Ad<h-ess Type Nan.e 

** 1*4 lOS 
2-0000009C 1*4 SP NUM 

ARRAYS 

~~ddr·es s Type Name 

2-00000003 CHAR SP~lCES 

2-00000000 CHAR UPARROW 

LABELS 

Addres:::; Label 

0-000000.~:3 10000 

.. • 

Bytes Attributes 

600 PIC CON REL 
297 PIC CON REL 
:=:12 PIC CON REL 

1209 

Address Type Nan~ 

AP-00000004@ 1*4 LOG_UNIT 

** CHAR SP_PROC 

Bytes Dln~nslons 

70 (70) 
8 (8) 

LCL 
LCL 
LCL 

18-Apr-1988 14:00:27 
18-Apr-1988 15• 15•49 

SHR EXE RD NmJRT 
SHR NOEXE RD NOI.JRT 

NDSHR NOEXE RD WRT 
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LONG 
LONG 
LONG 

Address Type Name 

AP-00000008@ 1*4 PROG_NU~ 

2-000000AO 1*4 SP_STAT 



0001 
0002 
ooo:;; 
0004 
0005 

0006 
0007 
0008 
0009 
0010 
0011 
0012 
00 1~: 
0014 
0015 
0016 
0017 

oo 1'"' 
0019 

0020 
0021 
0022 
002:3 
0024 
0025 
0020 
002'7 
0028 
0029 
oo:;;o 
0081 
00:32 
00::33 

00<':4 
oo::.~5 

0086 
0037 
oo-=~:3 

00:39 
0040 
0041 

0042 
0048 
0044 
0045 

0046 
0047 

• 004:?, 

0049 

• 
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G 

subro{Atine prlnt_expm( exp_num ) 
G 

C=========================================~====================-:=D~===~===~=== 

G 

G 

G 

G 

This subroutine spawns a subprocess which prints the output 
file for the ~1USIC e:•:periment selected by the INTEGER*4 value exp_num. 

c==~=============D-====================:==========================~=========--= 
G 

c 

G 

G 

G 

10000 

c 

G 

c 
90000 

G 

Imp I i c i t non@ 

external llbSfind_fi le, lbSflnd_file_end, I lbSspawn 

integer*4 I ibSfind_fi le, i b$f I nd_ f i I e_end, I i b1>spawn 

i nteger*4 e>'~p_nurr. 

integer*4 status~ scratch 
character*10 expm_sel 
character*25S scr_str 

scratch s- 0 
write (unit=expm_sel ,fmt=90000) ~xp_num 
status= llbSflnd file( '6000$RT,[CHUCK.PARAHSJ~1USIC_OUTPUT' 

1 // expm_sel // '.OAT', scr_str, scratch 
if ( status ) then 

status= llbSspawrd '$print 6000SRT:CCHUCK.PARA~1SJ~1USIC_OUTPUT' 

if ( .n•:>t. status ) go to 10000 

else 
c.':>nt i nue 
type * 

// expn._sel // '.OAT' 

type*' char( 7 ), 'Can''t print an output file f,:;.r eKperlme:nt ••, 
expm_sel, J.' 

type*' '(Output ·file in use by another program?)' 

type II< 
end if 

if ( .not. llb1ifind f!le_end( scratch) ) then 
type II< 
type II<, char( 7 ) , 'Err•:>r on call to LIBi>FIND_FILE_ENO.' 

type * 
end if 

return 

f•:.rrr.at( i10.10) 

end 



0001 
0002 
ooo:=: 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0028 
0024 
oo;~s 

0026 
0027 
002:3 
0029 
0030 
00:31 
00:?,2 

00:38 
0084 
00:35 
0086 
0037 
003:3 

00::<9 
0040 
0041 
0042 
0048 
0044 
0045 

' 0057 
0146 

~ 
• 02:;;7 

o·;::ao 
0416 

• 0·'117 
0418 
0419 
0420 
O·q21 
0'122 
042:'7: 

.. · 

c 
c: 
G 

G 

G 

c 
c 
c 

c 
c 
c 
c 

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

c 
G 

c 
c;: 

c 

c 

c 

c 

c 

program sampf_music 

18-Apr-1988 14:06:48 
2-Apr-1988 14:48: 17 

This program lurks in the SYS.SLOWBATCH queue (usually), and 
pounces on any record with a status of ' in MUSIC e~periment Index 
file 6000$RT:CCHUCK.PARAMSJMUSIC_INDEX.DAT. When it finds such a 
record, It reads the information necessa~y to generate saMple sets frat 
the appr•::tpria.te dat~1 files, and generates sarr.ples f•:>r the exp~rlrnent 
specified in the selected index fl le record. The program then writes 
its results t•::> •:.• . .atput files (selected by the e>~perirl'lent number), and 
updates the MUSIC ~xperiment Index record to a status of 'I'. The 
above sequer,ce is t·epeated unt I I no "tOre ' status records .are f,::.und 
AND n•:;l pr,:.cess narf'1ed "Cht..Jck l'lUSIC Orv·• can be f1::.und on the VAX. 

The above description applies ~~actly to ~rror-free operation 
only. If a computational error occurs during sample generation, or a 
file error occurs during writing of the solutions, the program changes 
the Index record's status t.:. 'X' inst.ead of '1'. If a fll• error 
occurs during reading •::.f the Input data, the program Increments the 
value tni ierr (f..::>urth field In the index file t·ecord). If the mi lerr 
value then exceeds 10, the index record's $latus is changed to 'X' 
rather than 'I'. If th@ mi ierr value does not exceed 10, the index 
record's status Is changed to '-' rather than 'I' (and the index 
record's mi_ierr value is updated). 

NOTE that 1 since 1:tnly "anc~stor" experln1ents are ever given th4! 
status ' ', only "ar1cestor" experitT1ents wi II ever be processed by this 
prograro. 

::::;:::;; 

I rop I i c I t none 
intrinsic dsqrt, dble 

:-:::::::; 

e><ternal libSget_lun, libSstop, llbSwalt, llb$delete file. 
external init_va, ope.n_v~, exit_va, dump_va 
external rendarr, writ~arr 
external music_init, sigmat_form, music_lnp_rep, slgvec, obsvec 
external c16_vec_tns, c16_col_ins, dc_matcopy, c16_mat_dr_l@ftmul 
external sqdc_matclr, dc_diad, sqdc_matadd, c16_sel_mdlff 
exterr,al c16_vec_normsq, sqdc._mat_intdiv 1 d<:._rr,athermn•PY 

external c16_mat_dr_leftdlv, music_out_re.p, dc_matconjg, va_dc_qr 
external endspawn_if, spawn_if 

real *8 c16_vec_norrYtsq 

include '6000$RT:CCHUCK.RESEARCH.FDRTDIRlVATYPES.TXT' 
inc I ude '6000SRT: CCHUCK. RESEARCH. FORTD I Rlt·1US I C_t1EASURES. FOR' 
include '6000SRT:CCHUCK.RESEARCH.FDRTDIRlMUSIC_INDEX_DEF.TXT' 
i rtc I ude '6000SRT: CCHUCK. RESEARCH. FORTD I RlSPAl•!NED_DEF. TXT' 
inc I ude 'SY,3SL I BRARY' FOR I OSOEF' 

logical readarr, wrltearr, endspawn_lf 
integer*4 I ib$get_lun, spawn_lf 
i nteger*4 "1y_prog, ne>-: t_pra::.g 
pat·ameter <my_pr-c•g == t) 

par ante ter (next _pr•;:,g =: 2) 

integer*4 status, inde>-~_unit, data_unit, spawn_unit 
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0424 
042!5 
0426 
0427 
0428 
0429 
0480 
04:31 
0432 
04:33 
0484 
04:35 
0436 
0·~:37 

0489 
0440 
0·~41 

0442 
0448 
0444 
0445 
0446 
0447 
0448 
0449 
0450 
0451 
0452 
0458 
0454 
0455 
0456 
0457 
045:?. 
0459 
0460 
0461 
0462 
046:3 
0464 
0465 
0466 
0467 
0468 
0469 
0470 
0471 
0472 
0478 
0474 
0475 

c 

" c 

c 
c 

10000 

c 
c 
c 
c 
10100 

c 
c 
c 
c 
10110 

0476 c 
0477 
0478 
0479 
0480 

c 
c 
c 
c 

integer*4 waited, wait_! im/ 4 /, vstatus 

18-Apr-1988 14:06:48 
2-Apr-1988 14:48:17 

integer*4 ants_by_2( 2 ), waves_by_9< 2 ), waves_by_2( 2 ) 
·nt~ger*4 nois_by_2< 2 l, nois_by_S< 2 ), ants_by_nois< 2 ) 
nteger*4 waves_! in( 1 l, ants_by_wvs( 2 ), ants_! in( 1 l 
r~teger*4 smp_by_a.nts( 2 ) , wavs_by_smp( 2 ) , ants_by_smp( 2: 
nteger*4 anois_by_2( 2 l, anois_by_S< 2 ), ants_by_an•:)is( 2 
nteger*4 ants_sqrC 2 l, robs_add, rb_add, ants_di_add, rnoise_add 
nteger*4 arnoise_add, anoise_add, obst_add, nolset_add 
nteger*4 ant_add, wave_add, mtype_add, ndef_add, npars_add, corr@l_add 
nteger*4 cc.antp_a.dd 1 sgn.t_add, sspc_add, c I n_add, .::tbs_add, noise add 
nteger*4 obsmat_add, nolsemat_add, sigvm_add, clnmat add 
nteger*4 andef_add 1 anpars_add, &correl add 
nteger*4 

rea.t*:3 sun._norn.sq, larnbda min 
character·*25 work file 
character*SO ntsg 

Get logical unit numbers 

status = I lb$get_lun! lndex_unlt 
if (.not. stat•~!ll call llb$stop( Xv&l( status 
status a llb$get_lun( data_unlt ) 
if (.not. status> call llb$stop( XvaiC status 
status= I ib.get_lun( spawn_unlt ) 
if (.not. status) call llb$stop< Xval! status 

Open the MUSIC inde~ file. 

C•::tnt i nue 
open ( un i t= i ndex_un i t, f i I e=' 6000$RT: [CHUCK. PARA~1S JMUS I C_l NOEX. OAT' , 
1 form= 1 Ul'IF0Rt·1ATTED' , recordtype:.' FIXED' , t~ec I ==64 1 

2 organl:zation=' INDEXED' ,access-'KEVED' ,status='OLO', 
8 key=(1:4' INTEGER,5:5:CHARACTERl,dlspose='KEEP' ,SHARED, 
4 err=10100l 
go t.::. 10110 

Error opening the MUSIC index file or MUSIC spawned-processes 
index f i I e; aband•Jn hope. 

c•::.nt i nue 

type * 
type *• •Error opening MUSIC index file or spawned·-processes fl le.' 
9·~ to 60620 

MUSIC index fi Ia successfully opened. Open MUSIC spawned
processes Index file. 

cc,nt i nue 
open ( un I t=spawn_un i t, f i I e=' 6000$RT: [CHUCK. PARAr•1SJ,3PAWNEO. I OX' , 
1 form='UNFORMATTEO',recordtype='FIXEO' ,rec1=26, 
2 organiz:a.t ion=' INOE><ED' ,access='KEYED' ,status='OLO', 
8 key=(1:4: INTE6ER,5:8: INTEGERl,dispose='KEEP' ,SHARED,err=10100l 

t-1US I C index f i I e and MUSIC spawned-processes index f i I e 
successfully open~d. Start lurking, waiting to pounce on unsuspecting 
status ' ' records. 

163 

VAX 
[CHI 



.'' 

SAt·1PL_NUS I C 

0481 
0482 
0·!188 
0484 
0485 
0486 
04:37 
0488 
0489 
0490 
0491 
0492 
049:0: 

0494 
0495 
0496 

0497 
0498 
0499 
0:500 
0501 
0502 
0508 
0504 
0505 
0506 
0507 
0508 
0509 
0510 
0511 
0512 
051:::: 

0514 
0515 
0516 
0517 
0518 

0519 
0520 
0521 
0522 
0528 
0524 
0525 
0526 
0527 
0528 
0529 
05:30 
05:31 
0532 
0588 
05:34 
05:35 
0536 
0537 

·-~~- .. 

10120 

c 
c 
c 
c 
20100 

20120 

c 
c 
c 
c 
c 
c 
c 
20110 
c 

waited = 0 
cant i nue 

18-Apr-1988 14:06:48 
2-Apr-1988 14:48:17 

read (un1t=index_unit,keyeq=' ',-keyid=1,iostat~status,err=20100l 

ml_pkey, ml_stat, mi_park, mi_ierr, ~i_eerr, ml_serr, 
2 mi_dtim, mi_ants, mi_waves, mi_nolses, mi_amp, ml_sint, 
3 mi_begp, mi_endp, mi_de,p, mi_peps, mi_norm, mi_wlen, 
4 n.i_tol, mi_whlch, Mi_ofi le, mi_anoises, mi_lrlslim, 
5 mi_zeigs, mi_doas, ml_estype, mi_parp 

unlock (unit=lndex_unit) 
waited = 0 
go to 20110 

Error reading stAtus • records. Could be that the first such 
record Is locked, no such records exist, or some other error. 

continue 
unlock (unit~index_unltl 
if < status .eq. FOR.IOS_SPERECLOC l then Locked. 

type*' 'Record locked, statu~ '' Waiting 5 min.' 
waited • 0 
cont lnue 
ca I I I i b•wa I t ( 300. 0 ) 
go to~ 10120 

else if < status .eq. FOR.IOS_ATTACCNON 
go to 70000 

~lse 

type * 
type 
ca I I 

*• 'Failed reading status '' 
1 lb•stop< %val< status l l 

end If 

Branch t.:::. wa.i t then read. 
Hibernate for ~ minutes. 

then ! No record. 

! Son•e other 8rror. 

Index records. ' 

Suecessful ly read a status ' ' record Into the batch of 
variables 1 lsted In the read statement above. Commence s~mple 
generation. 

Start by beating the Virtual Array system (c•:::.pyright 1987 by 
Dwight Day) to death. 

continue 

call lnlt_va 
ants_by_2(1) 
ants_by_2<2l 
waves_by_9 < 1 l 
waves_by_9(2) 
waves_by_2(1) 
waves_by_2(2) 
waves_ I In< 1 l 
ants_by_wvs(1) 
ants_by_wvs<2l 
ants_lin(1) 

ants_sqr(1l 
ar1ts_sqr<2> 
s111p_by_ants< 1) 
smp_by_ants(2) 
wavs_by_smp ( 1) 
wavs_by_smp<2) 
ants_by_srr.p( 1) 

n•i ants 

nti _waves 
g 

ml_wavf!!!!S 

11ti_waves 
mi ar.ts 
rr•i waves 
mi _ar•ts 
nti ants 
mi ants 
n•i _smp 
mi_ants 
Mti_w.aves 
mi_smp 
tT•i ants 
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05:38 
05:39 
0540 
0541 

0542 
0 ~54::::: 
0544 

0545 

05~6 

0547 
0548 
0549 
0550 
0551 

0551? 
0558 c 
0554 
0555 
0556 
0557 
055:::: 

0559 
0560 
0561 
056.~ 

056:3 
0.564 

0565 
0.566 
0567 
0568 
0569 
0570 
0571 
0572 
057•3 
0574 
0575 
0576 
0577 

os7:o· 
0579 
05:'30 

05:31 

0582 
os:::c::: 
05:34 

t 05:35 

0586 
0587 

t 0588 
05:39 

0590 
0591 
0592 
059•3 
0594 

·~.;.·' 
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ants_by_smp(2) 
nJ;)is_by_2< 1) 

r••::O i s_by_2 < 2) 
nois_by_3( 1) 
,.,.;:. i :s:_by_:3 ( 2) 
ants_by_nois(1) 

mi_smp 
mi no:- i ses 

2 
mi_noises 
·~ 

rt1i ants 

ants_by_noisC2> mi_nois~s 

if ( mi_which .gt. 0 ) then 
anols_by_2C1> rni anoises 
an•:> i s_by_2 ( 2) 
an•:'lis_by_8C 1) 
ano i s_by_:3 ( 2) 
ants_by_anois(1) 
ants_by_an.:;,l s(2l 

end if 

rrti anoises 
:3 
mi ants 
rni anoises 

2-Apr-1988 14:48:17 (CI 

cal open_va( ants_di_add, ants_sqr, 2, dc_type, vstatus, msg 
cal exit_vaC vstatus, msg) 
cal open_va( ant_add, ants_by_2, 2, dr_type, vstatus, msg ) 
cal exit_va< vstatus, msg > 
cal open_va( wave_add, waves_by_9, 2, dr_type, vstatu5, msg 
cal exlt_va< vstatus, msg) 
cal open_va( mtype_add, waves_by_2, 2, dl_type, vstatus, msg 
cal exlt_va< vstatus, msg > 
cal open_vaC ndef_add, nois_by_2, 2, dl_type, vstatus, msg ) 
cal exit_vaC vstatus, msg > 
cal open_vaC npars._add, nois_by_3, 2, sr_type, vstatus, msg 
cal exit_va< vstatus, msg ) 
cal open_va( C•:>rrel_add, ants_by_nofs, 2, dr_type, vstatu:s, msg 

cal exlt_va< vstatu~, msg ) 
if ml_which .gt. ~I then 

call open_va< ar,def_add, anols_by_2, 2, di_type, vstatus, msg ) 
cal I exit_va( vstatus, msg) 

cal I open_v•< anpars_add, anols_by_3, 2, sr_type, vAtatus, msg ) 
cal I exlt_va( vstatus, msg > 
call open_va( acot·rel_add, ants_by_anois, 2, 

dr_type, vstatus, msg ) 
cal I exit va( vstat•As, msg -
ca I I •:-pen_ va( anoise _add, ants_l in, 1, dc_type, vstatus, msg 
call exit va< vstatt...ts, msg ) -
call open_ va( in-no i se_add, ants _sqr, 2, dc_type, vstatus, msg > 
call exit va( vstatus, msg ) -

end if 
call open_ vat 
ca. I I exit V&( -
ca I I open_ val 
call exit va( -
cal I open_ val 
call exit val -
cal I open_ va< 
call exit val -
call open_ va< 
cal I exit va( -
<:.a I I open_ va( 
ca. I I exit val -
ca I I open_ va< 
call e~" i t va< -

ccamp_add, waves_l1n, 1, dc_type, vstntus, msg ) 
vstatus, msg ) 
sgrnt_add, ants_by_wvs, 2, dc_type, vstatus, msg 
vstat•...1s, msg ) 
sspc_add, waves_! in, 1, dc_type, vstatus, msg 
vstat•...ts, msg ) 

cln_add, ants_l In, 1, dc_type, vstatus, msg 
vstatus, rnsg ) 
obs_add, ants_l in, 1, dc_typ@, vstatus, msg 
vstatus. msg > 
robs_add, ants_sqr, 2, dc_type, vstatus, msg 
vstatus, rnsg ) 
obst_add, ants_sqr, 2, dc_type, vstatus, msg 
vstab...ts, msg ) 



r 0595 
0596 
0597 
0598 .r 
0599 
0600 
0601 f 
0602 
0603 
0604 f 
0605 
0606 
0607 
060E: 

0609 
0610 
0611 c 
0612 G 

061:3 c f 
0614 c 
0615 
0616 
0617 c 
0618 
0619 f 
0620 
0621 
0622 

rf 
062:3 
0624 
0625 
0626 
0•327 
0628 
0629 
0680 
06:31 
0682 
0638 
0634 I 
06:35 
0636 
06:37 
0638 
06:39 
0640 
0641 
0642 
0643 
0644 
0645 
0646 
0647 
0648 
0649 
0650 
0651 

·~· .. 

18-Apr-1988 14•06•48 
2-Apr-1988 14•48• 17 

cal open_va( noise_add, ants_tin, 1, dc_type, vstatus, msg ) 
cal exit_va( vstat\~s, msg ) 
cal open_va( rnoise_add, ants_sqr, 2, dc_type, vstatus, msg 
cal exit va( vstatus, msg ) 
cal open_va( rb_add, ants_sqr, 2, dc_typ@, vstatus, msg 
cal exit_va( vstatus, msg ) 
cal open_va( nolset_add, ants_sqr, 2, dc_type, vstatus, msg 
cal exit_va( vstat\~s, msg ) 
cal open_va( obsmat_add, smp_by_ants, 2, dc_type, vstatus, msg 
cal exit_va( vstatus, msg > 
cal open_va( noisemat_add, smp_by_ants, 2, dc_type, vstatus, msg 
cal exit va( vstatus, rosg) 
cal open_va( sigvm_add, wavs_by_smp, 2, dc_type, vstatus, msg ) 
cal exit va( vstatus, m$g ) 
cal open_va( clnmat_add, ants_by_smp, 2, dc_type, vstatus, msg ) 
cal exit va( vstatus, msg ) 

Get pr•:.blem definition frot1'1 input file, initialize the noise 
counters, and form the array phase shift matrix. 

2 
3 

2 

2 
3 

2 
3 

2 
:3 

2 

·=-

work f I 1e = '~1US 1 C_1 NPUT ----------.OAT' 
write <unit=work file( 12 : 21 ),fmt=90020,err=60S10) ml_pkey 

open 

read 
if ( 

If 

if 

if ( 

if ( 

< un i t~data_un It, f i I e=' 6000$RT: [CHUCK. PARA~1SJ '/ /worl<_ f I 1e, 
statu:s=' OLD •-, organ i zat I on•' SEQUENTIAL' , access:s' SEQUENTIAL' , 
form='UNFORMATTED' ,recordtype~'FIXED' ,recl=64,dispos@~'KEEP', 

READONLY,err~60510l 

(uni t=data_unl_t ,err=_60S00) 
. n•:.t. ( 
readarr( Xval ( ant_add ), dr_type, mi_ants, 2, data_unit, 32 ) 

l l go to 60500 
. not. 
readarr( Xval (wave add), dr_type, ml_waves, 9, data_unit, 

32 ) 
) go to 60500 

. not. 
readarr( %val( n.type_add ), di_type, nti_waves, 2, data_unlt, 

64 ) 
) go to 60500 

. not. 
readarr( Xval ( ndef add), di_type, ml_noises, 2, datn_unit, 

64 ) 
) go to 60500 

. not. 
readarr( Xval ( npars_add ), sr_type, mi_noises, 3, data_unit, 

64 ) 
) go t•:> 60500 

if < . not. 
readarr( Xval ( correl_add ) , dr_type, m1 ants, mi_noises, 

2 data_unit, 32 ) 
3 ) ) go to 60500 

If < mi_which .gt. 0 > then 
if ( . not. ( 

readarr( Xval ( andef add ), dl_type, mi_anolses, 2; 
2 data_uni t, 64 
3 ) ) go to 60500 

if ( . n•:>t. 
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( 

( 

( 

f 

( 

( 

( 

( 
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• 

.. 

0652 
065:3 

0654 
0655 
0656 
0657 
0658 
0659 
Ot"::>60 

0661 
0662 
066:3 
0664 
0665 
01566 
0667 
066::?. 
0669 
0670 
0671 

0672 
067:::: 

0674 
01375 
0676 
0677 
0678 
0679 
06:30 
013:31 
o6:o<2 
06:3::::: 
06:34 
06:35 
0686 
0687 
0688 
01389 
0690 
0691 

0692 
069~: 

0694 
0695 
0696 
0697 
0698 
0699 
0700 
0701 
0702 
0703 
0704 
0705 
0706 
0707 
0708 

··~.;,··, ··: 

c 

c 
c 
c 

c 
c 
c 
c 

c 

c 

1 

2 

2 

2 
·:> 

1 
2 
8 
4 
5 
6 

18-Apr-1989 14:06:48 
2-Apr-1988 14:48:17 

readarr ( Y.va I ( anpars_add ) , sr _type, m i _ant:> i ses, 3, 
data_unit, 64 

) ) g1:- to 6050C 
If . not. 

end if 

readarr( X:val( acorrel add ), dr_type, rni_ants, ml_anoises, 
data_unit, :32 ) 

l l go t•:> 6050C 

close Cunit=data_unit> 

ca I I rrtus i c_l nit ( 11'1 i _.waves, Xva 1 ( wave_add ) , ':l.va I ( ccan.p_add > , 
ml_noises, Xval ( ndef_add ), Xval ( npars_add ), 
mi_an·~ises, %val ( andef_add ), Xval ( anpars_~dd >, 

rnl_whlch l 
call signtat_fornd Xvaf( ant add>, nti_ants, 

'Xval( w.a.ve_add ), mi_waves, %val( sgntt_add 

Print •::>l..lt input pararr.eters (converted as a.pp..-opriatel. 

cal 1 music_inp_rep( data_unit, rnl_pkey, mi_ofl le, mi_dtim, 
Xval( ant_add ), mi_ants, Xval ( wave_add ), %val ( mtype_add >, 
mi_waves, Xval ( ndef_add >, Xval ( npars_add ), 
Xval( correl_add l, mt_noises, mi_which, %val( andef_add ), 
Xval( anpars_add >,%val( ac.orrel_add ), nti_anolses, mi_smp, 
mi_sint, mi~begp, mi_endp, mi_delp, mi_peps, ml_norm, ml_tol, 

ml irlsl im ) 

Collect noise and observation san.ple vectors lnt•:) their 
respective matrices, ~and accumulate the actual noise covariance 
matrix if necessary.~ 

st~m_nor~sq = O.OdO-
if ( rtti_which .gt. 0 l 

cal I sqdc_matclr< Xval( arnoise_add >, ml ants ) 

do i = 1, mi_smp 
cal I slgvec( mi_waves, Xval( ccamp_add ), "val( wave_add >, 

XvaJ( mtype_add l, i, mi_sint, Xval ( sspc_add 
cal I obsvec( %val ( sgmt_add >, mi_ants, ml_waves 1 

Xval ( rldef_add ), Xval ( npars_add ), 

2 Xval ( correl_add ), mi_noises, Xval ( andef_3dd ), 
9 Xval( anpars_add ), Xval ( acorrel_add ), mi_anolses, 
4 %va I ( s-spc_add >, X:va I ( c I n_add ) , %va I ( obs_add ) , 
5 Xval( noise_add ), ml_which) 

cal I c16_vec_ins( %val( obs_add), mi_ants, %val< obsmat_add ), 
mi_smp, mi_ants, t 

cal I c16_vec_ins( %val( noise add>, mi_ants, 

Xval( nolsetT.at_add ), mi_stT•P• ml_ants, 
ca I c 16_co I ins ( %va 1 ( sspc_add ) , mi _waves, %va 1 ( s i gvm_add ) , 

rtti _waves, ml_sn.p, 
cal c16_col ins< if.val < cln add ) , ml ants, %val ( clnmat .add ) , 

mi_ants, mi_sn.p, 

if ( ml_whlch .gt. 0 l then 
call c16 sel_mdiff( %val( obs_add ), 1, 1, %val( cln_add ), 

1, l, mi_ants, Xva.l( anolse_add) 
cal I de diad( %val( anois~ add>, mi_ants, 
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• 

0709 
0710 
0711 
0712 
071:3 
0714 
0715 
0716 
0717 
0718 

0719 
07'20 
0721 
0722 
072:3 
07:~4 

0725 
0726 
0727 
0728 
0729 
OTSO 

0731 
0732 
07:3:3 
07:34 
0735 
07:36 
07:37 
0738 
0739 
0740 
0741 
0742 
074:2) 

c 

c 
c 
c 

c 

0744 c. 
0745 
0746 
074"7 
0748 
0749 
0730 

c. 
c 

0751 c 
0752 
075:? 
0754 

c 
c 
c 

0755 c. 
0756 
0757 
075:3 
0759 
0760 
0761 
0762 
076:3 
0764 
0765 

':• 

c 

18-Apr-1988 14:06:48 
2-Apr-1988 14:48:17 

%val< ants_dl add 
cal I sqdc_matadd( Xval ( arnoise_add >, Xval ( ants_di_add ), 

ml_ants > 
end If 

surr._norn,sq sun._n•:.rmsq 

+ c16_vec_normsq( %val< noise_add >, ml_ants 
end do 

Write the generated vector samples to the ~samples'' file for 
this e.xper i ri1en·t. 

2 
s 

2 
s 

2 
3 

2 
8 

1 
2 
3 

w·~rk f i I e < 7 : 1 1 > = 'SAI"'lPL' 
call llb$delete_file< '6000$RT:[CHUCK.PARAMSJ' // w•:>rk_flle // ',*' 

< un i t=data_o.m it, f I I e=' 6000SRT: [CHUCK. PARAMSJ '//work_ f I I•, open 

if ( 

If ( 

if ( 

if ( 

status= 'NEW I ,organizatIon= 'SEQUENT'! AL, 'access= I SEQUENTIAL' ' 
form=' UNFORI"'1ATTED 1 , record type= 1 F I XED' , rec I =64, d I spos@=' KEEP 1 , 

arr~605:30l 

. not. 
writearr( %val ( obs~at_add ), dc_type 1 mi_smp, mi_ants, 

data_unlt, 1e 
> > go to 60e 

. not. 
wrltearr( Xval ( noisemat add l, dc_type, ml_smp, mi_ants, 

data_unl t I 1e 
l l go to 60~ 

. not. 
wr I tearr ( ~Va I { 

. not. 

s I gvtn_add ) 1 de_ type 1 n•l_waves, nd _srnp, 
data_unlt, 1€ 
) l go to 60~ 

writearr( Xval ( clnmat add l, dc_type, mi_ants, mi_smp, 
d.a.ta_unit, 1E 
l ) go to 60!" 

clo~e (unlt=data unit) 

Compute ml n i tT1Utn genera 1 i zed e I genva I ue est i tTta te a.nd covar i anc 
matrices. 

lambda_min = st..nn_n•:>rtrt:Sq / ( nd_ants * mi_srr1p ) 
if ( ml_whlch .gt 0 ) 

call sqdc_rnat_intdiv< Xval ( arno1se add ) , mi_ants, mi_smp ) 

Form norntal ized contplex c•:>njugates of •::.bserva.tion and noise 
sample matrices, then perform QR decompositior-, o::of normalized complex 
c•:>n juga tes . 

call dc_matconjg( Xval ( obsmat_add l, mi_smp, ml_ants ) 
cal I c16_mat_dr_leftdiv( Xval ( obsmat_add ), mi_smp, mi_ants, 

dsqrt( dble( mi_smp ) ), mi_ants 
cal I va_dc_qr< %vat( obsmat add), mi_smp, mi_ants, 

%val ( obst_add 

cal I dc_matconjg( Xval ( noisemat_add ), mi_smp, mi_ants l 
cal I c16_mat_dr_leftdiv( %val< noisemat_add ), mi_smp, ml_ants, 

dsqrt( su~_normsq / roi_ants ), ml_ants ) 
call va_dc_qr( %val( n.::.dsemat add l, ml_stnp 1 mi_arlts, 
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• 

I 
I 

··' 

0766 
0767 
0"1'68 

0769 
0770 
0771 
0772 
077:=: 
0774 
0775 
0776 
0777 

c. 
c 
c 
c 

0778 
0779 c 
07:::::0 
07:31 
0"7:32 
0"7:38 
0784 
0785 

G 

c 

07l36 
0787 c 

0789 
0790 
0"791 
0792 
079:3 

0794 
0795 
0796 
0797 
0798 
0799 
0800 
o~:o 1 

0802 
0:30:3 

0>304 
o:c:os 

0806 
0€107 

0:30:3 

o:c<09 

0:'310 
0811 
0812 
0813 
0•314 
081:'; 

0>316 
0:317 
081:3 
Q:319 
0:320 

0:321 
0822 

c. 
G 

c 
c 

c 
c. 
c 
c 
c 

G 

1:3-Apr-1988 14:06: 4E 

2-Apr-1988 14:48: 17 

Xval C noiset_add ) 

C•:n·npute •Jbs~rvation, normal iZc'!:t!d <m•::>d~l) noise, and (m•:>del) 
noise covariance matrices. 

call dc_n,athermmpyC 'XvaiC obst_add l, mi_ants, tni_ants, 
~val ( obgt_a.dd ) , rni_ar~ts, %val ( robs_add 

call dc_mathe:rmmpy{ %val( nolset_add l, nai_ants, rnl_ants, 

XvaiC noiset_add ), mi_ants, Xval( rb_add 
call dc_n,a.tcopy( %val( rb_add >," nti_ants, n.i_ants, 

%val( rnoise_add ) 
call c16_n~at dr leftmul ( Xval ( rn•:>ise add l, trd_ants, nli_ants, 

lambda_min, ml_ants 

Print •:>Ut accun.ulated observation and noise covariance 
matrices. 

cal I mUsic_out_repC data_unit, mi_pkey, mi_park, mi_parp, -e, 
mi_whJch, mi_ofi 1~, %val( robs_add ), 

2 %vatC rnoise_add l, %val( arnolse_add ), 
:3 mi ants, lambda_mln, ml_dtlr 

Create the experiment's "elgenvect•::~rs" file, and write 
covariance matrices and triangular matrices fnJm QR decomposition:s 
it. 

2 
:3 

worh. 
call 
open 

if 

if 

If 
if 

f i I e ( 7 : 1 1 l -= 'E I GVS f 

llbt.delete_fllel '6000$RT:CCHUCK.PARA~1Sl' // work_flle // ',, 
lun i t=data_"uni t, f I le=' eOOOt.R·r: CCHUCK. PARAMSJ '//work_ f i I e, 

status~'NE~I' 1 0rg~nization-'SEQUENTIAL 1 ,access•'SEQUENTIAL', 
forn1=- 'UNFORNATTED' 1 recordtype= 1 FIXED' , rec. I =64, d I sposa- 1 KEEP' 

err=60590l 
.not. writearr( Xval( robs_add ), dc._type~ nd_ants, mi_ant~ 

data_tmlt, 16))) go to6( 
.not. writearr( %val( rn•:l'i$e_add ), dc_type, mi_ants, 

ml_ants, data_unlt, 16 ) ) ) go to 60520 
mi_whlch .gt. 0 ) then 
(.not. C writearr( Xval( srnoise_add ) 1 dc_type, ml_ar.ts, 

~i_ants, data_unit, 16 ) ) ) go to 60520 
end If 
If ( . not. 

if .not. 

writ~arrC Xval( rb_add ), dc_type 1 mi_ants, mi_ants, 
data._unit, 16 ) ) ) go to 6C 

wrl tearrC Xval C obst_add ) 1 de_ type., mi_ants, nd_ant!' 
data._ur.it, 16))) go to6C 

if .not. writearrC Xvnl ( noiset_add ) 1 dc_type, mi_ant~, 
~i_ants, data_unit, 16 ) ) l go to 60520 

close (unit=data un1tl 

Update index file entry to reflect creation of the ''samples'' 
and .. eigenvectors" f i I e:s, discard memory used f,:.r Vi rtua I Arrays, ar 
exit if there Is nt:;,. ntr:H .. e work to do. 

call dump_va( vstatus, msg 
cal I exit_va( vstatus, Msg 
tTli_stat ='I' 

status- spawn_if( spawn_unlt, next_prog l Start e•genvalues 
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f 

( 

( 

( 

( 
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SA~1PL ~1US I C 18-Apr-1988 14:06:48 
2-Apr-1988 14:48:17 

0>328 
0824 
0825 
082~3 

0827 
082>3 
0829 
0880 
08:31 
0832 
0~338 

08:34 
08:35 
0836 
08:37 

08:38 
0889 
0840 
0841 
0842 
0>348 
0844 
0845 
0846 
0847 
0848 
0849 
0850 
0>351 
0852 
0853 
0854 
0855 
0856 
Q:S:57 
0858 
0859 
o:360 
0861 
0862 
01368 
0864 
0865 
0866 
0867 
0868 
0869 
0870 
0871 
0872 
0878 
0874 
0875 
0876 
0877 
0:378 
0879 

60620 

c; 

60600 

60610 

c 
c 
c 
70000 

if ( status 

type * 
type *• 

.ne. 0 l then Spawn fa I led. 

I ·f 
'Error initiating eigenvalue solver. 

status .eq. 1 ) then 

type *• 
else If ( 

typ .. *· 
else if. C 

type *• 
else 

type *• 
end If 

'Read error on spawned-processes index file.' 
status .eq. 2 l then 
'Error spawning subprocess.' 
status .eq. 3 ) then 
'Error rewriting spawned-processes index file.' 

'Impossible error, code status, 

c·~nt I nue Error exit. 
type *• 'Sample generation abandoned.' 
type * 
stop 

end If 

continue 
read lunit=index_unit,key~ml_pkey,keyld~O,iostat=statusl 
if .( statys .eq. FOR.IOS_SPERECLOC l then 

type*' 'Record to rewrite locked,~~. ml_pkey, 

unlock (unlt•index_unitl 
ca I I I i b•wa I t ( 1 0 . 0 l 
go to 60600 

else if ( status .ne. 0 l then 
contInue 
unlock <unlt•lndex_unitl 

type * 

Waiting 10 sec.' 

Walt 10 seconds. 

Error r@adlng lnd@X. 
Index access error branch. 

type *, 'Error acc-es:a i ng MUSIC ex peri tt•ent Index, c•:.de ' 
go to 60620 

status 

end If 
rewrite (unlt~lndex_unlt,iostat~status,err-60610) 

mi_pkey, mi_stat, ml_park, mi_ierr, mi_eerr, ml_serr, 
2 ml_dtin., mi_ants, mi_waves, n•l_n•:.lses, ml_smp, m!_slnt, 
:3 mi_begp, mi_endp, 
4 nai_tol, mi_which, 
5 mi_zeigs, ml_doas, 

unlock (unit=index_unitl 
g•o t.o 1 0 1 20 

mi_delp, mi_peps, mi_norm, ml_wlen, 
mi_ofi le, mi_anolses, mi_lrlsl lm, 
mi_estype, mi_parp 

No n .. :.re status ' ' records avai table. 

continue 
if (waited .ge. wait_l I~ l then 

wal ted = 0 
if ( ends pawn_ If ( spawn_un it, n,y_prog 

else 
waited= waited+ 1 
ca I I I I bSwa I t ( 800. 0 

end if 

g•::. to 10120 

Already waited ZO minutes. 

l st•::>p 

Wait 5 minutes & try again. 

c 

c****************************************************************************** 
c 
c File error processing branches. 
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SAMPL_t1US I C 

G 

18-Apr-1988 14:06:48 
2-Apr-19:38 l4:4:3: 17 

0880 
0881 
0882 
0:3:3:8 
0884 
08:35 
0:386 
08:37 

c***************************~*************************************************' 

0:3:38 
08:39 
0890 
0891 
0892 
0:398 
0894 
0895 

G 

G 

G 

G 

60520 

c 
60.'5:30 

G 

60540 

0:396 G 

0897 
089:3 
0899 
O~lOO 

0901 
0902 
0908 
0904 
0905 
0906 
0907 
090:3 
0909 
0910 
0911 
0912 
09·18 
0914 
0915 
0916 

c 
c 
60500 

c 
60510 

c 

c 
90020 
c 

Computation e~ror, or error opening o~ writing sa~ples output 
or eigenvectors output fl le. 

ccrnt I nue 
close (unit=data_unit) 

cont i nu~ 
call dump_va( vstatus, msg 
cal I exit_va( vstatus, msg 

continue 
rt• i _stat = ' X ' 
go to 60600 

Error reading inpYt data file. 

continue 
close (unit=d&ta_unit) 

contInue 
call dun1p_va( vstatt.as, msg 
call exlt_va( vstatus, msg 

if ( ml_lerr .ge. 10) then 
nai stat 'X' 

else 
nd ierr 
tni stat 

end if 
go to 60600 

ntl ierr + 

forrroat( 110. 10 

end 
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0001 
0002 
ooo:c: 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
00 1::' 
00 1:=: 

0014 
0015 

0016 
0017 

0018 
OOICJ 
0020 
0021 
0022 
002:=: 
0024 
OOZ5 
0026 
0027 
0028 
0029 
00:30 
0081 
oo:;;2 
00:33 
00:~:4 

0035 
oo:?-6 
OO:c:7 

00:3:::.: 

oo·39 
0040 
0041 
005:3 
0142 
028:3 
0:326 
0412 
041::3 
0414 
0415 
0416 
0417 
041:o: 
0419 
0420 
0421 
0422 
042:3 

c 
c: 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c: : : : : 

c 

c 

c 

c 

c 

program eig_music 

; ::::::::::::::: ..... 

18-Apr-1988 14:08:24 
2-Apr-1988 14:41:20 

ThIs progr·ano I urks in the SYS$SLOWBATCH queue ( usua I I y l , and 
pounces on any record w i th a stat us of ' I ' In MUSIC experiment 1 nde:< 
f i I e 6000$RT: [CHUCK. PARA~IS JMUS I C_l NDEX. OAT. When i t f I nds such a 
rec.::,rd, It reads the i nf.:,nrta t ion necessary fo so I ve the genera I I zed 
e(genvalue problem from the appropriate data files, and proceeds to 
solve the problem for the experiment specified In the selected index 
file record. The program th~n writes Its results to an eig~nvalue dai 
output file (selected by the experiment number), and updates the MUSI< 

Th~ above sequence is 
repeated unti I no more status 'I' records are found AND no process 
na11u~d ··chlJtk MUSIC Ot-·v" <;an be found on the "''AX. 

T~~e above description applies exactly to error-free operation 
only. If a computational error occurs during eigenvalue problem 
solution, or a file error occurs during writing of the solutions, th• 
program changes the index record's status to 'X' Instead of 'E'. If 
file et"ror. •:.ccurs durirtg reading of the inpt..at data, the program 
increments the value rrd_eerr (fifth field In the lnde>'; file record). 
If the mi_eerr value then exceeds 10, the tndex record's status is 
changed to 'X' rather than 'E'. If the mi_&err value does not exceed 
10, the 1 ndex record's stat us 1 s changed to ' (for "anc.es tor'' 
e>::periments) or 'D' (for "descendant'" experiments> rather than 'E' (ar 
the index record's mi eerr value is updated). Finally, the program 
changes the Index record's status to 'I' If a data file can't be open~ 
<the assumption being that the file Is In use by another programl. 
Status 'i' recoYds are processed after alI status 'I' record operatior 
have been completed. ~ 

::::::::::::::::::: 

i "'P I i c i t none 
external I ibt.get_lun, I ib$Stop, I ib$wal t 
external open_va, exit_va, dump_va 
external readarr, writearr, skiparr 
external sq_vlgsvd, sort_eig, music_eig_rep, vi check 
external endspawn_lf 

include '6000$RT: [CHUCK.RESEARCH.FORTDIRJUATYPES.TXT' 
inc I ude '6000$RT: [CHUCK. RESEARCH. FORTD I RJ~1US I C ~IEASURES. FOR' 
include '6000$RT:[CHUCK.RESEARCH.FORTDIRJMUSIC_INDEX_DEF.TXT' 
include '6000$RT:[CHUCK.RESEARCH.FORTDIRJSPAWNED_DEF.TXT' 
include 'SYSl>LIBRARY:FORIOSDEF' 

integer*4 my_prog 
par-an.eter (my_prog = 2) 

l•:.g i ca I readarr, wr I tearr, ski pa.rr, endspaw"!"- if 
integer*4 I lb$get_lun 

logical ancestor 
integer*4 status, lndex_unlt, data_unit, spawn_unit 
intager*4 waited, wait_l im/ 4 /, vstatus 
lnt~ger*4 ants_sqr( 2 ), ants_lin( 1 l 
integer*4 robs_add, rb_add, obst_add, noiset_add, eig_add, elgv_add 
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EIG NU:31C 

,. 
0424 
0425 

.( 0426 
0427 
0428 

( 0429 c 
0430 c 
0431 c 

I 0432 
04:38 
0434 

( 04:35 
04:36 
0437 

( 
04:38 c 
0439 c 
0440 c 

( 0441 10000 
0442 
0443 

f 0444 
0445 
0446 

( 0447 
0448 c 
0449 c 

( 0450 c 
0451 c 
0452 10100 

( 0453 
0454 
0455 

( 0456 c 
0457 c 
0458 c 

c 0459 c 
0460 10110 
0461 

( 0462 
0468 
0464 

( 0465 c 
0466 c 
0467 c 

( 0468 c 
0469 c 
0470 

• 0471 
0472 10120 
0478 

• 0474 
0475 
0476 
0477 
0478 
0479 
0480 

.. • 
·:;.• .. ··:· 

integer*4 panic 
reai*S condlt 
character*1 sch_stat 
chal'"acter*25 work file 
character*BO rnsg 

Get logical unit numbers 

status= llb$get_lun< 
If <.not. status! cal I 

lndex_unlt 
I lb1lstop< Xval( status 

status= I lb$get_lun< data_unlt l 
if <.not. status! call lib1lstop< Xvall status 
status'= I lb$get_lun( spawn_unlt l 
If (.not. status! call llb$stopl Xvall status 

Open the PIUS I C Index f i I e. 

continue 

18-Apo--1988 14: oa: 24 
2-Apr-1989 14:41:20 

open <unit=lndex_unlt,flle='6000$RT:[CHUCK.PARAMSlMUSIC_INDEX.OAT', 
1 form='UNFORMATTED',recordtype•'FIXEO',recl=64, 
2 organization='INDEXEO',access•'KEVED',status='OLD', 
3 keya(1:4:1NTEGER,5:5:CHARACTER,6:9: INTEGER!, 
4 dlsposea'KEEP' ,SHARED,err•10100l 
go to 10110 

Error opening the MUSIC Index file or MUSIC spawned-processes 
Index fl le 1 abandon hope. 

continue 

type * 
type *• 'Error opening MUSIC 'lndax fl le or spawned-processes file.• 
go to 60620 

MUSIC index file successfully opaned. Open MUSIC spawned
processes Index fiLe. 

continue 
open <unlt=spawn_unlt,fl le='6000$RT:[CHUCK.PARAMSlSPAWNED. lOX', 
1 form~'UNFORMATTED',recordtype='FIXED',recl=26, 

2 organization=' INDEXED' ,access•'KEYED',status='OLO', 
3 key=l1:4: INTEGER,5:9: INTEGERl,dlspose='KEEP',SHARED,err=10100l 

MUSIC index file and MUSIC spawned-processes index file 
successfully opened. Start lurking, waiting to pounce on unsuspecting 
status 'I' records. 

wal ted 0 
sch_stat ' I ' 
continue 

read (unit=lndex_unit,keyeq~sch_stat,keyid=1,1ostat=status,err=20100l 
mi_pkey, mi_stat, mi_park, mi_ierr, mi_eerr, ml_serr, 

2 rni_dtim, n•l_a.nts, ml_waves, ml_noises, mi_SI'f•P• ml_sint, 
·s ml_begp, mt_endp, mi_delp, mi_pe.ps, mi_norm, ml_wlen, 
4 mi_tol, mi_whlch, mi_ofi le, mi_anolses, mi_lrlsllm, 
5 mi_zeigs, mi_doas, mi_e.stype, mi_parp 

unlock (unlt~lndex_unltl 

sch_stat ='I' 
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0481 
04:32 
04:3:3 
0484 
0485 
0486 
0487 
04:3'"' 
0489 
0490 
0491 
0492 
049:3 
0494 
0495 
0496 
0497 
049:3 
0499 
0500 
0501 
0502 
050:3 
0504 
0505 
0506 
0507 
050:3 
0509 
0510 
0511 

0512 

051:3 
0514 
0515 
0516 
0517 
0518 

0519 

0520 
0521 

0522 
0528 
0524 
0525 
0526 
0527 
0528 
0529 
0.580 
0531 
05:32 
05:33 
05:34 
0535 
0586 
0!587 

·~;.· . ·-':· 

c 
c 
c 
c 
20100 

20120 

c 
c 
c 
c 
c 

c 
c 
21110 

c. 

c 

c 
c 
c 
c 

1:3-Apr-1988 14:08:24 
2-Apr-1988 14:41:20 

waited = 0 

go to 21110 

Error reading status 'I' records. Could be that the first such 
r~ecord is l•::;.cked, n•;) :r.•...1ch reC•::)rds exIst, or sc•me •:>ther ert-or. 

co:;,nt i rn.&e 
unlock (unit=index_unit) 
if ( stat•~s .eq. FOR$10S_SPERECLOC Locked. 

waIted ~ 0 

type *, 'L•:tcJu~d record, status 

cont i nto~e 
call lib$wait< :300.0 l 
gr:• to 10120 

sch_stat, Waiting~ min.' 
Branch to wait then read. 
Hibernate for S minutes. 

else If ( status .eq. FOR$IOS_ATTACCNON I then 
If C sch~stat .eq. 'I' l then 

No record. 
! May be ' I ' s . 

sch_stat = 'i' 
go:> t.:> 10120 

else 
go to 70000 

end if 

Neither 'I 's nor 'I 's. 

else ! Some other error. 

* type 
type 
cal I 

*• 'Failed reading status ''I'' index rec•::.rds. ' 
I ib$stop( %val( status ) l 

end If 

Successfully read a status 'I' record into the batch of 
variables listed in the read sta.tetrtent above. Conn1'1e.nce eigenvalu• 
problem solution. 

Start by beating the Virtual Array system (c•::.pyright 1987 by 
Dwight Oayl to death. 

continue 
ancestor = ( mi_park .eq. -1 

ca I I in it va -
ants I in! 1 l -
ants _sqr( 1 l 
ants_sqr(2) 

call open_ val 
call exit vaC -
cal I open_ va( 
call e.}(it_va( 
ca. II open_ vaC 
call exit va! -
cal I open_ va( 
ca I I exit va( -
call open_ va( 
call exit_va( 
call open..._v.a( 
ca I I exit va! -

rr1i ants 
ttd ants 
mi ants 

robs_add, ants_sqr, 2, dc_type, vstatus, msg 
vstab...1s, msg ) 
rb_add, ants_sqr, 2, dc_type, vstatus, ~sg ) 
vstatus, msg ) 
obst_add, ants_sqr, 2, dc_type, vstatus, msg 
vstatus, rnsg ) 
noiset._add, ants_sqr, 2, dc_type, vstatus, msg 
vstat•.As, msg ) 
eig_add, ants_l In, 1, dr_type, vstatus, msg) 
vstatu::;, msg ) 
eigv_add, ants_sqr, 2, dc_type, vstatus, msg ) 
vstatus, msg ) 

Get covariance rt~atrices and their QR dec.•::.mposi tions frorr• the 
experiment's "e i genvec t>:ws" f i 1 e, LEAVING THE: FILE CJPEN f•:-r subs~quent 

wr·ite of eigenproblem solutions. 
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05:3:3 c. 
05:39 

0540 
0541 c 
0542 
054::3 
0544 
0545 
0546 
0547 
054::::: 

0549 
0550 
0551 
0552 
055:3 
0554 
0555 
0556 
055'7 

055:3 
0559 

0560 
0561 
0562 
056::3 
0564 
0565 
0566 c 
0567' 
056:3 
0569 
0570 

0571 
0572 
057:3 
0574 
0575 

c 
G 

c 
c 
c 

0576 c. 
0577 
0578 
0579 
05:30 
0581 
05:32 
058:3 
0584 

0585 
05:36 

0587 
0588 
0589 

0590 
0591 
0592 
0598 
0594 

c 
G 

c 

c 
c 
c 
c 

18-Apr-1988 14:08:24 
2-Apr-1988 14:41:ZO 

w•:lrk_ f i I.!! = 'MU~3 I C_E I G\IS __________ . OAT' 

write (unit=work_fi le( 12 : 21 ),fmt=90020,et·r=62510) rnl_pkey 

open ( un I t=data_un it, f i I e= '6000.RT: [CHUCK. PARA~1:3J '//work_ f I I e, 
statU:~?=' OLD' , organ I za t i c•n= 'SEQUENTIAL' , access=' SEQUENTIAL' , 

2 for·rn==' UNFORl'1ATTED' , record type=-' FIXED' , rec:.l =64, dispose=' KEEP' , 
8 iostat=status,err=61510J 

If ( . not. ancestor- ) ) then Descendant. 
if < • not. ( skiparr( mi_ants, mJ_ants, 

data_unit, 
end If 
if < . not. 

16 go to 60501 

( readat~r( %val ( robs_add ) , de.._ type, rrd_ants, mi_.ants, 
data_unit, 16))) go to6050 

if anc@stor ) then Ancestor. 
If ( .not. ( skiparr( mi_ants, ml_ants, 

data_unit, 16 ) l go to 60:50• 

if ml_which .gt. 0 l then 
if ( .not. ( sh;iparr( mi_ants, mi_ants, 

data_unit, 16) ) ) go to 6050 

end if 
end If 
if ( . not. 

if . not. 

if . not. 

readarr( 

readarr( 

readar·r ( 

%val ( 

%val ( 

%val ( 

rb_add ), dc_type, mi_ants, mi_ants, 
data_un it, 16 l ) ) go to 6050 

obst_add ), dc_type, mi_ants, ml_ants, 
data_un it, 16 ) ) ) go to 6050• 

nolset_add ), dc_type, mi_ants, 
ml_ants, data_unlt, 16)) l g•:> to60500 

Solve th@ general I zed eigenvalue / eigenvector problem for th& 
•:-bservation covarianc-e and normalized noise covariance. Solution of 
the eigenvalue/ elg8nvector pr•::wblem Is via general izad singular va.lus 
decomposition of the normal lzed observation and noise vector matrices. 

call sq_vlgsvd( %val ( •:•bst_add ) , Xval ( nolset_add ) , ml_ants, 
1 ml_tol, %val< elg_add l, %val ( eigv_,.dd ) , 

2 condlt, panic 
cal I sort_eig( %val( eig_add ), Xv~l( elgv_add ), mi_ants ) 

f i I e. 

if 

i·F 

Write rest..Aits to eigenvalue problem output file, and close the 

. not. 

. not. 

writea1 .... rt X.val( eig_a.dd ), dr_type, rrd_ants, 1, 
data_un It, 32 ) ) ) go to 6052 

writearr( Xval( elgv_add ), dc_type, ~i_ants, ml_ants, 
data_unit, 16))) go to 6052 

close (unlt=data unit) 

Print results, check for errors in Van Loan algorithm, and 
discard space used by Virtual Arrays. 

cal I muslc_eig_rep( data_unit, ml_pkey, mi_park, mi_parp, 
mi_ofl le, %val( eig_add ), %val( elgv_add ), 

2 mi_ants, mi_dtim ) 
cal I vl_check( data_unit, mi_pkey, mi_park, ml_parp, mi_ofile, 

%val ( robs_add ), %val ( rb_add ), mi_ants, 
2 %val( eig_add ), %val( eigv_add ), 
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0595 
0596 
0597 
0598 c 
0599 
0600 c 
0601 c 
0602 c 
0608 c 
0604 
0605 
0606 
0607 
060:3 
0609 
0610 
0611 
0612 
061:'01 
0614 
0f315 

0616 
0617 
0618 
0619 
0620 
0621 
0622 
0628 
0624 
0625 
0626 
0627 
062:3 
0629 
06:30 
06:31 

06:32 

60600 

60610 

60620 

c 
c 

06:33 c 
70000 

3 
call dump_va( vstatus, msg 
call exit va( vstatus, msg 

If ( panic .ne 0 l go to 60580 

18-Apr-1988 14•08: 
2-Apr-1988 14•41: 

condit, panic, mi dtlm 

Mark for delete if fal 1 

Update the e>'~per i ment 's i nde>~ record, and exit If there is 
more work b:J do. 

rnl stat = 'E' 
c•:.nt I nue 

read (unit~index_unit,key=mi_pkey,keyid=O,iostat=status) 
If ( stato~s .eq. FORSIOS_SPERECLOC l then 

type*' 'Locked record to rewrite, *'• mi_pkey, 

unlock <unit~index_unitl 

call libSwait( 10.0 l 
go to 60600 

else If ( status .ne. 0 l then 
cont fnue 
unlock <unit=inde~_unltl 

type * 

Waiting 10 sec 

l!Ja. I t 1 0 seconds 

Error reading i 
Index access error br&r 

type *, 'Err•=>r accessIng MUSIC experiment I nde:>;, code ', statt.: 
contInue Error ext t. 
type *• 'Eigenvector problem processing abandoned.' 
type * 
stop 

end If 
rewrite (unit=lndex_unit,lostat=status,err=60610) 

1 mi_pkey, mi_stat, ml_park, mi_lerr, ml_eerr, ml_se 
2 mi_dtlm, ml_ants, ml_waves, ml_nofses, ml_smp, ml_ 
3 mi_be.gp, rni_endp, mi_delp, rrtl_peps, ml_norrn, rnl_wl 
4 ml_tol, rnl_whlch, ml_ofile, mi_anoisas, ml irlsl In 
5 mi_zeigs, ml_doas, mi_estype, mi_parp 

unlock (unit=irldex_unit) 
go to 10120 

N•::. more stat~.as 'I' or 'i' rec•:>r·ds avai I able. 

c•::.nt i nue 
sch_stat = 'I' 
if ( waited .ge. wait I im ) then 

waited = 0 
if < endspawn_if( spawn_unit, my_prog 

else 
waited= waited+ 1 
ca I I I i bSwa i t ( :300. 0 

end if 
go to 10120 

Revert to main search. 
Already waited 20 mJnut 

Wait 5 minutes & try a~ 

06:34 
06:35 
06:36 
06:37 

06:38 
06:39 
0640 
0641 
0642 
0648 
0644 
0645 
0646 
0647 
064:3 
0649 
0650 
0651 

c 

c************************************************************************* 
c 
c Fl le error processing branches. 
c 

c************************************************************************* 
c 
c Computation error, or error writing eigenvalue solutions f 
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0652 
0653 
0654 
0655 
0656 
0657 
0658 
0659 
0660 
0661 
0662 
066:::: 
0664 
0665 
0666 
0667 
066:3 
0669 
0670 
0671 

0672 
067:3 

0674 
0675 
0•376 
0677 
0678 
0679 
0680 
0681 
06:32 
0688 
06:34 
0685 
0686 
06:37 
06:3:3 
06:39 
0690 
0691 
0692 
069:3 
0694 
0695 
0696 
0697 
0698 
0699 
0700 
0701 
0702 
0708 
0704 
0705 
0706 
0707 
070:3 

·~;;;, ·C; 

c 
60520 

c 
60530 

c 
60540 

c 
c 
c 
60500 

c 
60510 

c 

c 
c 
c 
c 
61510 

c 

c 
c 
c 
62510 

c·~nt i nue 
close <·unlt=data_unit) 

c•::ont i nue 
cal I dump_va( vstatus, m:sg 
cal I exlt_va( vstatus, msg 

cc•nt i nue 

rr.i stat ::2 'X' 
go to 60600 

Error rending input data fl le. 

continue 
close <u~it=data_unit) 

cc•nt inue 
cal I dump_vaC vstatus, msg 
cal I exlt_va< vstatus, msg 

If ( ml_eerr .ge. 10 l then 
mi stat 'X' 

else 
~l_eerr ml_eerr + 1 
if < ancest~r ) then 

ml stat 18 

else 

nal_stat '0' 
end if 

end if 
9·~ to 60600 

18-Apr-1988 14:08:24 
2-~lpr-1988 14:41:20 

Error opening inpt~t data file- could be in use by another 
program. 

cont i nYe 
call dun.p_va( vstatlJs, msg 
cal I e~lt va( vstatus, msg 

if ( status .eq. FORSIOS_OPEFAI l then 
ml stat 'i' 

else 

type * 
type *• 'Failed •:.penlng Input data fl I~ 

type * 
11d_stat 'X' 

end if 
9·~ to 60600 

Probably locked. 

s~:m11!:~ other error .. 

w•:>r·~< file~ ', ·error :tt•, 
status, 

Mark for deletion . 

Error performing internal write- abandon efforts. 

C•:>nt I nue 

typ<!! * 
type *• 'Failed performing internal write.' 
9·~ to 60620 
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EIG_NUSIC 

0709 
0710 
0711 
0712 

c 
90020 
c 

PROGRAt·1 SECTIONS. 

l'lUiiiE: 

0 ~CODE 

f•PDATA 
2 $LOCAL 

end 

:=: ~1V:5 I C_MEA:3URES 

Total Space AI located 

ENTRY PO 11'-ITS 

Address Type Name 

0-00000000 EIG_MUSIC 

VARIABLES 

f-lddr·ess Type Nanae 

** L*4 ANCESTOR 
2-00000178 1*4 EIGV_ADD 
2-00000118 1*4 Ml ANTS -
2-00000000 CHAR Ml DTI~1 -
2-000000DA 1*2 ~11 I ERR -
2-00000020 CHAR Ml DFILE -2-00000110 1*4 Nl PKEY 
2-0000000C CHAR Nl :3TAT -
2-000000F8 R*8 ~11 ~JLEN -
S-00000060 R*S NON _TRI 
8-0000006C R*8 QPSI_U1ARG 
2-00000070 CHr~R SCH STAT -

** 1*4 SP NUt1 -
:;o:-000000 10 R:t-8 S\1 1~1ERR -
:;:-00000020 R*:3 UPHI S~1ARG -
3-0000008C R*8 \JPS 1 LMARG -
2-00000160 1:1<4 VSTATUS 

** 1*4 ~JAIT LIM -

Bytes 

2165 
500 

1296 
120 

4081 

Address 

2-00000108 
2-00000174 
2-00000140 
2-000000DC 
2-00000180 
2-00000114 
2-000000DE 
2-00000100 
2-00000184 
3-00000068 
:3-·00000074 
3-00000008 

** 
3-00000000 
3-·00000084 
3-00000054 
8-0000004C 
2·-00000071 

Attributes 

PIC CON REL LCL 
PIC CON REL LCL 
PIC CON REL LCL 
PIC OVR REL GBL 

Type Nante 

R*8 CONDIT 
1*4 EIG_ADD 
R*4 Ml BEGP -
1*2 Ml_ EERR 
'*4 Ml IRLSLIM 
1*4 Ml PARK -
1*2 Ml SERR -
R*8 Nl _TOL 
1*4 Ml ZEIGS -
1*4 NON_TRI_CYC 
1*4 QPSI L ZCYC - -
1*4 :5CORR 
CHAR SP PROC -
R:l<8 TOL 
1*4 UPHI _s_ ZCYC 
1:1<4 VPSI _L_ ZCYC 
R*8 v _UN I ERR 
CHAR WORK _FILE 

18-Apr-1988 14:08:24 
2-Apr-1988 14:41:20 

SHR EXE RD NOWRT 
SHR NOEXE RO NOWRT 

NOSHR NOEXE RD WRT 
SHR NOEXE RD WRT 

Address Type Na• 

3-0000000C 1*4 CY 
2-00000154 1*4 IN! 
2-00000148 R*4 Ml 
2-00000144 R*4 ~11 

2-00000120 1*4 Ml 
2-0000014C R*4 Ml 
2-000000EO R*8 Ml 
2-0000011C 1*4 Ml 
2-0000008A CHAR MS 
2-0000016C 1*4 DB 
2-00000168 1*4 RB 
2-0000015C 1*4 SP 

** 1*4 SP 
3-00000018 R:lc8 UP 
:3-·00000028 R*8 u -
3-00000044 R*8 VP 
:3-000000SC 1*4 v 
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0001 

0002 

( ooo:=: 
0004 
0005 

( 0006 
0007 
000:3 

' 
0009 
0010 

0011 

I 0012 
0018 

0014 

f. 
0015 
0016 
0017 

( DO 1:3 

0019 
0020 

( 0021 
0022 
00221 

( 0024 
0025 
0026 

( 002'7 
002:=: 

0029 

( 
oo:;:o 
0081 
0082 

( 00:3:3 
00:34 

00=35 

( 00:36 
00:37 
00:3~: 

( 00:39 

0051 
0140 

( 0281 
0:324 
0410 

( 041 1 
0412 
D·~ 1'=: 

• 0414 
0415 
0416 

• 0417 

0418 
0419 
0420 
0421 

0422 
042:3 

> .•· 

{·. 

c 
c:: 

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c:: 

c 

c 

G 

G 

c 

program fin_music 

18-Apr-1988 14:09:42 
16-Apr-1988 10:13:54 

This program I urJ<.s In the SYS$SLOWBATCH queue ( usua 1 I y) J and 
pounces on any record with a status of 'D' in MUSIC experiment index 
f I le 6000$RT: E CHUCK. PnRA~1SJMUr31 C_l NDEX. OAT. Wher> It fInds 5>~ch a 
record, it reads the information necessary to solve the Lp estimation 
pr•:tblem fr•::.m the appl .... •:>priate data .files, and pr·oc.eeds to generate the 
required Lp estimates for the experiment specified in the selected 
Index fl le record. Th~ program then writes its results to an estimates 
data file (selected by the e}';pertrn&nt number), and updates the MUSIC 
e::-~perlntent inde>-: r·ecr:w-d to a status of '1 •. The above sequence Is 
repeated unti I no m•:)re status '0' record!5 are for...1nd AND no proce:ss 
named "Chuck MUSIC Drv'' can be: found on the VAX. 

The above descrf~tion applies exactly to error-free operation 
only. If a C•:)mputat!Qnal err•:>r occurs during the estimation process, 
or a file error occurs during reading pf input data or writing of the 
solutions, the program changes the index record's status to 'X' Instead 
of 'I'. Finally, the program changes the index record's status to 
'd' if a data fl le cnn 1 t be opened (the assumption being that the file 
is In use by another pt4 ogram). Statt.Js 'd' rec•;:.rds are processed after 
alI status '0' record operations have been completed. 

:::::::::::::: 

none I tT•PI i cit 
e>'~terna I 
external 

I lb$get_lun,~ I ib$stop, llb$wal t, 

I lb$1nit_timer, I lb$stat~timer 

I ib$delete_fi le 

external lnit:..,.va, open_v.a., free_va, exlt_va, dun,p_va 
external readarr, wri~earr, ~klparr 

external c16_sel_vdiff, sigmat_estm, ~uslc_lpp_each 
external music_lpw_yar, rnuslc_est_rep, endspawn_if, spawn_lf 
e>-~terna I accum_doas, mreaddoas, dc_n.atmpyherm 
external sqdc_mat_intdiv, musie_lpp_speis, music_out_r•p 
external dc_matc•:)njg, dc_mather~py, dc_n,atrrrpy, c16_vachol, dc_rnateopy 
exter·nal bracket_doas, c16_mat_dr_leftmul, dc_enfherm 

inc I ude '6000$RT: [CHUCK. RESEARCH. FORTD I RJ\IATYPES. TXT' 
Inc I ude '6000$RT: [CHUCK. RESEARCH. FORTD I R JMUS I C_t1EASURES. FOR' 

include '6000$RT:[CHUCK.RESEARCH.FORTDIRJMUSIC INDEX_DEF.TXT' 
inc I ude '6000$RT: [CHUCK. RESEARCH. FORTD I RJSPA~JNED_DEF. TXT' 
include 'SYS$LIBRARY:FORIOSDEF' 

i nteger*4 11'ty_pr,:;~g, ne>~t_prog 

parameter (my_prog = 3) 
pa.l""an•eter (next_pr·r:)g = 2) 

logical readarr, writearr, skiparr, endspawn_if 
integer*4 llbt-init_ti!'fter, libt-stat_timer, lib$get_lun, spawn_if 

logical la5t, have 
integer*4 status, index_unit, data_unit2, d.ata_unit, spawn_untt 
integer*4 waited, wait_l im/ 4 /, vstatus 
integer*4 tstatus, ptics, gtics 
;nteger*4 mnltl im, atitl im 
integer*4 ants_by_2( :~ ) , ants_by_wvs( 2 ) , waves I in( 1 ) 
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FIN_MUSIC 

0424 
0425 
0426 
0427 
0428 
0429 
04:0:0 
0·'131 

04:32 

O·~'"""' 
04:;<4 
0·!1.::::5 
04:=;6 
0·~:'::7 

04:38 
0489 
0440 
0•'141 
0442 
0443 
0444 
0·~'15 

0446 
0447 
044:3 
0449 

c 

c 
c 

0450 c 
0451 

0452 
045'8 
0454 
0455 

0456 
0457 
0458 
0459 
0460 

c 
c 

0461 c 
Qfl-(")2 

046:::::: 

0464 
0465 
0466 
0467 
04G:::: 

0469 
0470 
0471 

0472 
047:3 
0474 
0475 
0476 

10000 

c 
c 
c 
c 
10100 

0477 c 
0478 
0479 
0480 

c 
c 
c 

18-Apr-1988 14:09:42 
16-Apr-1988 10:18:54 

nteger*4 smp_by_ants< 2 ), W&vs_by_smp< 2 ), ants_! in( 1 ) 
nteger*4 wavs_sqr( 2 ), ants_sqr( 2 ) 
nteger*4 ant_add, doa_add, ~mat_add 

nteger*4 •Jbsm.at_add, noisen,at_add, pvnt_add, resnt_add, rescj_add 
nte.ger*4 yarw_add, plp_add, robs_add, rnoise_add, rb_add 
nteger*4 obst_add, noiset_add, rescov ~dd, ap_add, apah_add 
nteger*4 eigv_add, doaperf_add 
nteger*4 ai_pkey, rec_num 
nteger*4 iters, robscop_add, apahcop_add 

t"'eal*8 n.in_del, coradit, down 
real*8 smul, ami im, amul, omul 
character*1 sch_stat 
character*25 work fl le 
character*SO msg 

integer*2 ti_lerr, ti_eerr, ti_serr 
lnteger*4 ti_pkey, tl_park, ti_ants, tl_waves, ti_noises, tl_smp 
integer*4 ti_which, ti_anoisas, ti_irlsllm, ti_zelgs, ti doas 
integer*4 ti_estype 
real*4 tl_begp, ti __ endp, ti_dalp, ti_parp 
re&l*9 ti slnt, ti_peps, tJ_norm, ti_WI@n, ti tol 
character*1 tl stat 
character*19 ti_dtim 
ch&racter*80 ti_ofi le 

Get logical unit numbers 

status~ I ib.get_lun( Index unit 
if <.not. status) call llb$stop( Xval< status 
status= llb$get_lu~< data_unlt l 
if <.not. status! c~ll llb$stop< Xval< status 
status • llb$get_lun( data_unlt2 l 
if <.not. status! call llb$stop< Xval< status 
status~ I lb.get_lun( spawn_unlt l 

if <.not. stat<.osl call llb$stop< Xval< status 

Open the MUSIC index fl le. 

continue 
opan (unit=index_unit,fi le='6000.RT:CCHUCK.PARAMSJMUSIC_INDEX.DAT', 
1 forrrr-' UNFORt·lATTED' , record type•' FIXED' , n~c 1 =64, 
2 

4 

organ I za t i •::.n=' I NOEXED' , access=' KEYED' , status=' OLD' , 
key~<1:4: INTEGER,5:5:CHARACTER,6:9: INTEGERJ,disposec'KEEP', 

SHARED,err=10100l 
gc•to10110 

Error opening the MUSIC index file or MUSIC spawned-processe: 
Index fl leJ ~bandon hope. 

contInue 

type * 
type *• 'Error opening MUSIC lnde>'~ flit!!! or spawned-processes fi Ia. 
go to 60620 

MUSIC index file successfully opened. 
processes index file. 

Open MU:3 I C spawned-
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• 
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F I N_1'1U:31 C 

0481 
0482 
048:3 

0484 
0485 
04:36 
04:37 
048:3 

0489 
0490 
0<~91 

0492 
o,19c: 
0·194 

0495 
Q .. '196 

0497 
049:": 
0499 
0500 
0501 
0~502 

0503 
0504 
0505 
0506 
0507 
0508 
0509 
0510 
051 1 
0512 

0513 
0514 
0515 
0310 
0517 
0.'51:::: 
0~519 

0'520 

0521 

0522 
0523 
oc:24 
0525 
0526 
0527 
0528 
0529 
0!5:30 
05:~ 1 

0532 
0533 
05:34 
05:35 
0536 
05:37 

10110 

c 
c 
c 
c 
c 

10120 

c 
c 
c 
c 
20100 

20120 

60830 

20110 
c 
c 
c 
c 
c 
c 

C•:)nt i nue 

18-Apr-1988 14:09:42 
16-Apr-1988 10:13:54 

•:-pen ( un i t=spawn_un it, f i I e=' 6000$RT: tCHUCK. PARA1'1SJSPAWNED. I OX' , 
1 f•:~~rm='UNFDRMATTED' ,r~cordtype='FIXED' ,recl:::26, 
2 or·ganlzat i•::.n=' INDEXED' ,accessCIC 1KEYED' ,status='OLD', 
8 key=(1:4: INTEGER,5:8: INTEGER),dispose='KEEP',SHAREO,err=10100> 

MUSIC indax fl le and MUSIC spawned-processes Index file 
successfully opened. Start lurking, waiting to pounce on unsuspecting 
status 'D' records. 

wa.i ted 0 
sch_stat ·o• 
c•::.nt i nue 

read (unit=index_unit,keyeq=sch_stat,keyid=1Jiostat=~tatus,erra20100) 
mi_pkey, mi_stat, ml_park, mi_ierr, mi_eerr, ml_serr, 

2 mi_dtim, ml_ants, mi_waves, mi_noises, mi_smp, mi_sint, 
9 mi_begp, mi_endp, mi_delp, mi_peps, mi_norm, ml_wlen, 
4 rr.i_t.:;.l, n.i_whlch, ml_ofile, mi_an•:>ises, ml_irlslim, 
5 mi_zeigs, ml_doas, ml_estype, mi_parp 

unlock (unit=index_~Jnitl 

sch_stat = 'D' 
wal ted = 0 
go to 20110 

Error reading·status '0' records. Could be that the first such 
record is locked, no such records exist, or some other •rror. 

!unlt~lndex_unltl 

contInue 
unlock 
If I status .eq, FOR.IOS_;SPERECLOC l then Locked. 

type *• 'Record locked, status 
waIted =z 0 
c•:>nt i nue 
ca I I I i b•wa i t I SOO . 0 l 
go to 10120 

Sch_stat, Wa I t I ng ~ m I n. ' 

Branch to walt then read. 
Hibernate for 5 minutes. 

else If I status .eq, FOR$10S_ATTACCNON l then ! No record. 
if ( sch_stat .eq. '0' ) then 

sch_stat = 'd' 
go to 10120 

else 
go to 70000 

end If 
else 

continue 
type * 

! May be 'd's. 

Neither 'D's nor 'd's. 

! S•JMte other error. 

type*' 'Failed reading index records or accessing scratch fi I@.' 
call llb$stopl %val I status l 

end if 
cont i nYe 

Successfully read a status '0' <or 'd') record Into the batch 
of variables I isted in the read statement above. Now determine the 
current e>-~per i n•ent 's ancestor's key number. A I so co I I eet DOA estimates 
to scratch disk file. 

call init_va 
open !unit=data_unit2,fi le='6000$RT:[CHUCK,PARAMSJFMSCRATCH.DAT', 

v 
[ 
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F I N_t·l\.JS I C 

05:3:3 
0539 
0540 
0541 
0542 
0548 
0544 
0545 
0546 
0547 
054E: 
054':'=.l 

0550 
0551 
0552 

c 

0554 c 
0555 
0556 
0557 
0558 
0559 
0560 
0561 
0562 
0568 
0564 
0565 c 
0566 
0567 
056::;:: 

0569 
0570 
0571 
05"72 

057:3 

0574 
0575 
0576 

21120 

0577 c 
0578 
0579 

c 
c 

05~30 c 
05:31 

0582 
0583 
05:34 
0585 

05:36 
0587 
05:38 

0589 
0590 
0591 
0592 
059:3 

21100 

21180 

c 
21110 

0594 c 

2 
3 

2 
3 

2 
:3 

4 
5 
6 

18-Apr-1988 14:09:42 
16-Apr-1988 10:18:54 

form~'UNFORMATTEO' ,recordtype='FIXED 1 ,recl=2, 
organization='RELATIVE' ,access='OIRECT', 
status='NEW' ,dispo5e='DELETE',iostat=status,err=60830) 

ti_doas = 0 
write (unit=data_unit2,rec=1,1ostat~status,err=60830l tl_doas 
al_pkey mi_pkey 
ti_doas ml_doas 
ti_park ml_park 
w.;:,rh. f i I e 'MU'31 C_'3A1'1PL __________ OAT' 

do while ( tl_par•( .ne. -1 ) Until we find the "ancestor". 
write Cunlt=work file( 12 : 21 ),fmt-90020,err=60510) al_pkey 
•open ( un I t=da t a_un i t, f i I e=' 6000t.RT: [CHUCK. PARAMSJ '//work_ f i le, 

status= 1 OLD 1 , 1:"Jrgan I zat ion=' SEQUENTIAL 1 , access= 'SEQUENTIAL' , 
form='UNFORMATTEO' ,recordtyp@~'FIXED 1 ,recl=64,dlspose•'KEEP', 

lostat=status,READONLY,err=61500) 

waves_lin(1) = ti doas 
cal I op~n_va< doa_add, waves_! in, 1, dr_type, vstatus, m~g ) 
cal I exlt_va( vstatus, msg) 
if (.not. ( readarr( 'Xval( doa_add >, dr_type, ti_doas, 1, 

data_unit, 32 ) ) ) go to 60500 
close (unlt•data_unit) 

call accum_doas( tl_doas, %val( doa_add ), data_unit2 
cal I free_va< doa~add, vstatYs, msg ) 
call exlt_va( vstatus, msg) 

al_pkey = tl_park 
contInue 
read (unit=lndex_,J~it,keyeq•al_pkey,keyid=O, iostat=status, 

erra21100l 
ai_pkey, ti_s,tat, tt_park, ti_ierr, ti_eerr, ti_serr, 
tl_dtim, ti_ants, tt_waves, ti_nolses, tl_smp, tl_slnt, 
ti_begp, ti_endp, ti_delp, ti_peps, ti_norm, ti_wlen, 
ti_tol, ti_which, ti_oflle, ti_an·~ise.s, tl_lrlslim, 
ti_2eigs, tl_doas, tl_estype, ti_parp 

untock (unit~lndex unit) 
9·~ t·~ 2 1 1 1 0 

Error reading status '0' reco~d ancestor chain. 
a r~cord is locked, or some other error. 

Could be that 

(unit=lndex_unit) 
contInue 

unlock 
If ( statys .eq. FOR~IOS_SPERECLOC ) then Locked. 

type *, 'Rec•:.rd #', a I _pkey 1 

continue 
ca I I I I b~wa I t I 300 . 0 ) 
go to 21120 

else 
go to 60880 

end If 

locked. Waiting 5 min.' 
Branch t.::> wait then read. 
Hibernate for 5 minutes. 

! ~3•::>1f•e •:.ther error. 
Abandon program. 

Successful read. c•:.nt i nue 
end do End o~ loop to ~ind "ancestor", 
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0595 
0596 
0597 
059:::: 

0599 
0600 
0601 
0602 
060:3 
0604 
0605 
0006 
0607 
060:3 

0609 
0610 
061 1 
D612 
061:=: 
0614 
0615 
0616 
0617 

061:3 
0619 
0620 
0621 
0622 
062c:J 
0624 
0625 
0626 
062"7 

0628 
0629 
06:30 
06:31 
06:32 
06::~:::: 

06:34 
01-3:35 
0636 
00:37 

06::::8 
06:39 

0640 
0641 
0642 
064::3 

0644 
0f>45 
0646 
Ot147 

0648 
0649 
06~)0 

0Cl51 

·' ....... 

C 

C 

C 

c 
c 
C 

C 

18-Apr-1988 14•09•42 
16-Apr-1988 10• 13•~4 

Get acc•.Jm•.Jiated OOA e.stimates from sct-atch file, then close 
(and, as a result, delete) the fl le. 

read (unit=data_unit2,rec=1) waves I Jn(1) 
cal I open_va( doa_add, waves_! in, 1, dr_type, vstatus, msg 
cal I exit_va( vstetus, msg ) 
cal I open_va< do~perf_add, waves_l in, 1, dr_type, vstatus, msg 
cal I exlt_va( vstatus, msg ) 

t-ec_num = 2 
call n.r·eaddoas( data_u:rlt2, rec_nun•, %val( doa_add ), waves_lin(1)) 
close (unit=dat~ unit2l 

Cc•ntt'l•enr..e est i n•a t I on pr·ocess. 

wavs_sqr < 1 ) 
wavs_sqr.( 2 > 
ants 1 in( 1l -
ants_sqr( 1) 
ants _sqr(2) 
ants_by_wvs ( 1) 
ants_by_ wVs(2) 
ants_by_2(1) 
ants_by_ 2(2) 
wavs_by_smp(l) 
wavs_by_smpl2) 
smp_by_antsll) 
sn.p_by_ ants<::!> 

cal I open_ val 
call exit_va( 
call open_ val 
call e.x I t_ va( 
call open_ val 
call exit_va< 
call open_ va( 
call exit val -
cal I open_ val 
call exit val -
cal 1 open_ va< 
cal I ex i t val -
cal I open_ val 
cal I ext t_va( 
call open_ va( 
cal I exit va( -
call open_ val 
cal I exit val -
call open_ val 
call exit val 
call open:.,..va( 
call exit val -
call open_ val 
call exit _va( 
call open_ val 
call exit val -
cal I open_ val 
cal I exit val -
call open_ val 

waves I i n ( 1 ) 

waves_ 1 in< 1 > 
nti ant~ 

mi ants 
n•i ants 
rni_ants 
waves I i n ( 1 ) 
mi ants 
2 
waves I I n < 1 ) 

ml_smp 
mi_smp 
rrd ants 

ant_add, ants_by_2, Z, dr_type, vstatus, msg ) 
vstatus, msg ) 
an1at_add, ants_by_wvs, 2, dc_type, vstatus, n1:sg 
vstatus, msg > 
obsmat_add '· smp_by_ants, 2, de_ type, vstatus, msg 

vstatus, msg ) 
pvrr._add, wavs_by_:smp, 2, dc_type, vstatus, m:sg ) 
vstatus, msg ) 
resrn_add 1 sn-tp_by_ants, 2 1 de_ type, vstatus, msg ) 
vstatus, msg ) 
rescj_add, smp_by_ants, 2, dc_type, vstatus, msg 
vstatus, msg ) 
plp_add, wavs_sqr, 2, dc_type 1 vstatus, msg ) 
vstatus, msg ) 
robs_add, ants_sqr, 2, dc_type, vstatus, m:sg ) 
vstatus, msg ) 
rescov_add, ants_sqr~ 2, dc_type, vstatus, msg 
vstatus, msg ) 
rb_add, ants_sqr, 2, dc_type, vstatus, msg 
vstatus, msg ) 
obst_add, ants_sqr, 2, dc_type, vstatus, msg 
vstatus, msg ) 
noiset_add, ants_sqr, 2, dc_type, vstatus, msg 
vstatus, msg ) 
eigv_add, ants_sqr, 2, dc_type, vstatus, msg ) 
vstat•..as, msg > 
.a.p_add, ants_by_wvs, 2, dc_type, vsta.tus, msg ) 
vsta.t1..ts, rnsg ) 
apah_add, ants_sqr, 2, dc_type, vstatus, msg ) 

183 

VAX 
[CH 



F I N_1·1U:?. I C 

0652 
0658 
0654 
065e; 
0656 
0657 
065:3 
0659 
0660 
0661 
0662 
066::::: 

0664 

06C16 
0()67 

06613 
0669 
0670 

0671 
Ot_T72 

06?·::: 

0674 
0675 
0676 
0677 
0678 
0679 
0680 
06:31 
0682 
06138 

0684 
Qt::;85 
06:~6 

00::.::7 
06:3:?. 
06:::::9 

0690 
0691 
0692 
Q(j9:3 

0694 
0695 
OG96 
0697 
069$ 
0699 
0700 
0701 
0702 

c 
c 
c 
c 

c 
c 
c 
c 

070<:: c 
0704 
0705 
0706 
0707 
o7o:=: 

-~~' ... · 

c 
c 
c 
c 
c 
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16·-(4pr-19:38 10:1:3::54 [CHI 

2 

cal I exit_va( vstatus, msg 
cal I open_va( robscop_add, 
cal I e.xit_va( vstatus, msg 
cal I open_va( apahcop_add, 
cal I exit_va( vstatus, msg 

ants 
l 
ants 
l 

_sqY, 

_sqr, 

21 de_ type, vstatus, 111SQ 

2. de_ type, vstatus, n.sg 

if ( tTJi_estype .ne. 1 ) .and. ( t1d_estype .ne. :3 ) ) then SPwr. 
cal I open_va( yarw_add, ants_l in, 1, dr_type, vstatus, msg 
call e,.~it_va( vstatus, n.sg) 
cal I open_va( rnoise_add, ants_sqr, 2, dc_type, vstatus, msg 
cal I exit_va( vstatus, msg ) 

end if 
if ( mi_estype .eq. 8 

_,:.r. < mi_estype .eq. 5 
.or. ( ml_estype .eq. 6 ) then Contpensated estlm. 

cal I open_va( noisemat_add, smp_by_ants, 2, dc_type, vstatus, msg 
call exit va( vstat~As, msg ) 

end if 

Get observation (and, for ''compensated'' Qstimatlon types, 
noise) samples from the ''ancestor'' experiment's ''samples~ file. 

2 
·~ 

z 

write (uni t=w,:rrk_f i leC 12 : 21 ) ,frnt=90020,err=60530) al_pkey 
open ( un I t=data_un it, f I le=' 6000$RT: [CHUCK. PARA~1SJ '//work_ f I le, 

if 

If 

sta.tus='OLO' ,organi zat ion=·'SEQUENT IAL 1 , access='SEQUENTIAL', 
f ':>rns= 1 UNFORNATTED' , record t ype:a 'F I XED' , rec I =64, d I spos•=' KEEP' , 

lo5tat~status,READONLY,err~e1510l 

.not. ( readarr( Xval( obsrnat_add >, dc_type, ml_smp, ml_ants, 
data_unlt, 16 l l l go to 60:520 

( mi_estype .eq.:a l 
.or. ( mi_estype .eq. ~ 

.•~r. ml_estyp<l> ... q. 6 l th"'n 
if .not. ( readarr( "val ( noisentat_&dd ) , dc_typal rnl_sn•p, 

ml_ants, data_unlt, 16 l l l go to 60520 
cal I c16 s"'l vdiff( Xval( obsmat_add J, 1, 

%val< nolsemat_add ), 1, mi_smp * ml_ants, 
Xval ( obsmat add ) 

end if 
close <unlt=data_unit) 

Get antenna a1"ray def In J t I on frorre the "ances to:tr" ex per I neent' s 

•• i npu t ·• f I I e . 

w·~rk_ f i I e ( 7 : 1 1 ) = ' INPUT' 
open ( un i t=da ta_un it, f i I e='6000fRT: [CHUCK. PAR(4MSJ '//work_ f I I e, 

statu~='OLD' ,organization~'SEQUENTIAL' ,access='SEQUENTIAL 1 , 

2 form=' UNFORI>lATTEO' , record type=' FIXED' , rec I =64, dispose= 1 KEEP' , 
8 lostat=status,READONLY,err=61510) 

read <unit=data_unit,err~60520) 

if ( .not. ( tMeadarr< %val( ant add), dr_type, mi_ants, 2, 
data_unit, 92 ) l ) go to 60520 

close <unit=data_unitl 

Get observati,:ln, noise (for "sun1 ~~f P'~wer'' .estimation types), 
and n•:.rma I i :zed noise covariance mat r i c.es, and .QR de compos I t ion t~esu I t 
matrices from the "ancestor" experin.ent's "eigenvectors" file. 

Also get eigenvectors. 



0709 
0710 
0711 
0712 
071:3 
0714 
0715 

0716 
0717 
07 n:: 
0719 
0720 
0721 

0723 
0724 
0725 
07.?6 
0727 
0728 
0729 
07::::0 

07:31 
07:32 
07:3:3 
07:34 
07:35 
07:36 
07:3'7 

c 

07:'""' c 
07:39 
0740 
0741 
0742 
074:3 
0'7L~4 

c 
c 

074~; c 

0746 c 
0747 c 
0748 
0749 
Oi'50 c 
0751 
0752 

c 
c 

075:::: c 
0754 
0755 
0756 
0"757' 

0759 
0'760 
0761 
0'762 

076:::: 

0764 
0765 

2 
8 

18-Apr-1988 14:09:42 
16-npr-1968 10:1:3:54 

wo• .. ~< file( 7 : 11 ) = 'EIGVS' 
•=-pen ( un i t=da t a_un i t , f i I e=' 6000$RT: [CHUCK. PARAI"'1SJ '//work_ .f 1 1 e, 

status= 'OLD' , OrfJan I :z.at ion-' SEQUENTIAL' , access=' SEQUENTIAL' , 

f•:>rtr•= 'UNFORP1ATTED' , record type=' FIXED' , rec I =64, dispose::::.' KEEP' , 

iostat=status,READONLY,err=61510) 
if 

if 
If 

else 

if 

.not. ( readarr( %val( robs_add ), dc_type, ml_ants, mi_ants, 

data_•.Jni t, 16 ) ) ) go to 60:520 

mi_estype .ne. .and. ( mi_estype .ne. 3 ) ) then 
.not. ( readarr< Xval ( rnoise_add ), dc_type, mi_ants, 

mi_ants, data_untt, 16 ) ) ) go to 60520 

. not. skiparr( mi_ants, mi_ants, data_unlt, 16 ) 
go to 60520 

end if 
if ( ti_which .gt. 0 ) then 

if ( .not. ( skiparr( ml_ants, mi_ants, data_unit, 1e > 

end if 
if < . not. 

if . not. 

if . not. 

if . not. 

if . not. 

go to 60520 

r~adarr( Xval( rb_add l, dc_typa, ml_ants, ml_ants, 
data_un it, 16 ) ) ) go to 60520 

sklparr( ml_ants, ml_ants, data_unit, 16 ) ) 
go to 60520 

readarrt Xval ( nolset_add >1 dc_type, ml_ants, ml_ants, 
data_unlt, 16 ) ) go to 60520 

ski par·r ( mi _ants 1 1, data_un It, 82 ) ) go to 60520 

readarr( Xval( eigv_add ), dc_type~ mi_ants, ml_ants, 
data_uni t 1 16 ) l l go to 60520 

close (unl bz:data_uni r-> 

Get DOA estimate ''peakedness" n.easures. 

d.::;.wn = 1. OdO 
cal I bracket doas( %val( doa_add ), waves_l in(1l 1 Xvaf( ant_add l, 

ml_ants, ml_wlen, Xval( eigv_add ), mi_zeigs 1 

2 nil _parp, Xva I ( d•:>aperf _add l , down ) 

Form estimate of A matrix. 

call sigmat_est11d ':(:val( ant_add ), nli_ants, %val( doa_add ), 

waves_ I in( 1) 1 ml_wlen, %val ( amat_add ) 

Form estimates of signal and residual vectors and P matrix as 

selected by the estimation type specified for the experiment. 

2 

4 

2 

tstatus == 
if . not. 
if 

I i b$ in i t_ timer ( ) 
tstatus) <;all llb$stop( %val( 

( mi_estype .eq. 1 ) 
t:status 

Enumera t i orr. 

Conrp' d enunr. 
cal 

.or. ( mi_estype .eq. 8 ) then 

music_lpp_ll'~ach( X.val ( •Jbsmat_add ) , mi_smp, mi_ants, 
%val( anrat_add ), waves_lin(1) 1 nri_parp, 

ml_peps, nrl_norrn, mi_t.:»l, "XvaiC pvrn_add ), 

%val( resm_add ), n•i_irlslinr, nrnltllrn 1 

atitl im, min_del 

Gall dc_matmpyhen'l'r( ';(val( pvm_add ) 1 waves_lin(1), nri_snrp, 

%va I ( pvnr_add ) , waves_ I in ( 1 ) , 
%val ( plp_add ) 
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0766 
0767 
0768 
0769 
0770 
0771 
0772 
0773 
0774 
0775 
0776 
0777 
0778 
07"79 
07:30 

07:31 
0782 
07:33 

07:34 
0785 
07:36 
07:37 
0788 
07:39 
0790 
0791 
0792 
0798 
0794 c 
0795 
0796 
0797 
079:3 
0799 
0800 
0801 
0802 
0808 
0804 
0805 
0806 
0807 
oeo:;: 
0809 
0810 
0811 
0812 
081:3 
0814 

c 
c 

c 

0815 c 
0816 
0817 
0818 
0819 
0820 
0821 
0822 

·~-·. 

c 
c 

40000 

1 
2 
8 
4 

2 
8 

2 
8 
4 

2 

18-Apr-1988 14:09:42 
16-Apr-1988 10: 18:~4 

cal I sqdc_mat_intdiv( %val( plp_add ), 
else if ( ( rnl_estype .eq. 2 ) 

waves I in(1), ml_smp ) 
Sum powers. 

.or. ( mi_estype .eq. 5 ) then C'd sum pwr. 
cal I music_lpw_yar< Xval( obsmat_add), ~l_sn.p, mi_ants, 

%val( amat_add ), waves_! in<l), mi_parp, 
mi_peps, mi_norm, mi_tol, Xval ( yarw_add ), 
%val ( pvm_add ), Xval( resm_add ), 

mi_lrlsl ina, mnitl im, min_del, 
cal I music_lpp_speisC %\1&1( amat_add ), mi_ants, waves_l lnC1>, 

Xvn I ( yarw_add ) , %va I ( r•:;.bs_add ) , 

if 

else 

cal 

%val ( rn•:>ise_add ) , trJI_tc•l, 

Xval( plp_add l, status 
( stat us . ne . 0 ) mn i t I 111'1 mn I t I I m - 1 
if ( ( mi_estype .eq. 4 ) 

.or. < nti_estype .eq. 6 ) ) then 
S. pwr loss. 
C. SPw loss. 

l rrtusic_lpw_yar< Xval ( obsrnat_add ) , nd_sntp, nai_ants, 

XvaiC amat_add ), waves_l in(1), ml_parp 1 

mi_peps, mi_norm, mi_tol 1 Xval ( y&rw_add ), 
%val( pvm_add ), %vAl ( resm_add ), 

ml_irlsliM, mnitl im, min_del 1 2 ) 
call muslc_lpp_speis( %val( am&t_add ), mi_ants, waves_! ln(1), 

Xval( yarw_add ), Xval( robs_add ), 
Xval ( rnoise_add ) 1 ml_tol, 

Xval! plp_add ), status 
if ( status .ne. o-> mnitl im a- mnltl lm- 1 

else 

go to 60~80 
end If 

Invalid n.ethod. 
Mark for deletion. 

Co111pu te res I du.a l s · C·~var i anee matrix, updated observation 
covartanca matrix, and Cholesky decomposition of updated covariance 
trtatr I}(. 

tstatus = llbt.stat_tir(ter( 2, ptics) 
if ( .n.::.t. tstatus ) call llb•stop( "val ( tstab..ts 
tstatus = llbt.lnlt titt~ertl 

if ( .not. tstatus l call llb$stop< %val( tstatus 

cai I dc_matcopy( Xval ( resrr._add ) , mi_srnp, mi_ants, 
%val( rescj_add 

c:.nll dc_ntatconjgC %val< rescj_add ), mi_sntp, mi_ants) 
call dc_rnathet~rnmpy( %val( rescj_add ), mi_smp, rrd_ant.s, 

'Xval( resc.j_.add ), mi_ants, Xval( resco:Jv add 

cal I :sqdc_mat_lntdlv( %val( rescov_add), ml_ants, mi_smp) 

call dc_rr•atrrtpy< %val( an,at_add ) 1 mf_ants, wavez_lin(1), 
%val ( plp_add ), w~v~s_l in(1), Xval( ap_add 

call dc_matntpyhernt( 'Xval( ap_add ), mi_ants, wa.ves_lln(1), 
%val( amat_add ), rni_ants, XvaiC ap.ah_add) 

Determine ··almo:)st optintum" ntul tlpl ier for A P A-c•:>nj-transp. 

iters = 0 
Stt!U I 1. OdO 
have= .false. 
last = .fal:se. 
contInue 
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0823 
0924 
0925 
0826 
0827 
0828 
0829 
0830 

0882 
os:oJ:3 
08:34 
08:35 
08:36 
0:3:37 
08:38 

0:339 
0:340 
0841 
0842 
0843 
0844 
0845 
0846 
0847 
0848 
0849 
0850 
0851 
0852 
0853 
0854 
0855 
0856 
0857 
0858 
0859 
0860 
0861 
0862 
086:3 
0864 
0865 
0866 
0867 
0868 
0869 
0870 
0871 
0872 
0873 

40010 
c 

c 
c 
c; 

0874 c 
0875 
0876 
0877 
0878 
0879 

cal I de _matc,:.pyC %val ( robs add 

cal I de _mat copy( %val ( apah_ add 

) . ml _ants, 

) . ml _ants, 

18-Apr-1988 14:09:42 
16-Apr-1988 10:13:54 

mi_ants, 

'?f.val ( robs cop_ add 
mi_ants, 
'%val ( apahcop_add 

cal I c16_rnat_dr_leftmul (%val( apahcop_add ), mi_ants, 
mi_ants, smul, mi_ants ) 

call c16_sel_vdiff( %val( rob:sc•:.p_add ), 1, %vale apahcop_add ), 

1, mi_ants * n.i_ants, '%val ( robsc•:.p_add ) 
call dc_enfhP-nr,( %val( robscop_add ), mi_ants, ml_t,:.l > 
cal I c16_vacht:.l ( %val ( robscop_add ), ml_ants, 

i f ( 

if ( 
last l go to 40010 
have ) then 

%v~IC obst_add ), condit, status 
JtAst re-did last working. 

if ( status .eq. 0 l then 
C>l'llUI 

else 

smul 
end If 

smul 

omul 

If ( amu I . ge. am I i m J then 
amul arnul * O.~dO 
smut smul + an,ul 

else 

last 
end If 

else 

.true. 

if ( status .eq. 0 l then 
amll111 = srroul * 0.007812:Sd0 
amul smul * O.SdO 
omul 
smut 
have 

else 

sn.ul 
smul + amul 
.tl"'ue. 

lters = iters + 1 

If < i ters .gt. 2:5 l then 
St'I'IU I 0' OdO 
last 

else 
srnul 

end If 
end If 

end if 
9·~ t·~ 40000 
continue 

srnul * 0.5d0 

tstatus = 
if < . not. 

lib•gtat_timer( 2, gtics) 
tstato's ) call llb$stop( %val ( 

Have a working multlpl ier. 
Chol@sky succeeded. 

Cholesky failed. 

Insufficient resolution. 
Up the resolution soma. 
Try sl lghtly larger mult. 
Sufficient resolution. 
Set last tinte through. 

Don't have W•:>rk i ng yet. 
Cholesky succeeded. 
Set res•:>lutlon llrnft. 
Set first mult. add term. 
Save worh. i ng rnu I tIp I i er. 
Try sl lghtly larger mult. 
Indicate we have working 111. 
Cho I esky f &I I ed. 
Indicate another pass. 
Triad alI we care to. 
Don't subtract any. 
Indicate last attempt. 
Haven't tried too many. 
Try ha If ·~f prevIous mu I t. 

Try again. 

tstatus ) 
call dc_matc•~py( Xval( robscop_add ) 1 mi_ants, mi_ants, 

%val C robs_add ) 

Print estimation results, and- cancel further processing If a 
computation failure has occurred. 

call tTtuslc_est_rep( data._t.Jnit, mi_ofile, ml_dtint, mi_ph.ey, 
mi_park, Xval ( doa_add ), Xval( doaperf_add ), 

2 Xval ( plp_add ), waves_! in{1), smut, down, 
3 
4 

Xval( amat_add ), mi_ants, mi_p&rp, mi_estype, 
n• i irIs I i m, mn i t I i "', at I t I i m, tT• in de I , cond it, 
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08:30 
08:31 
0:382 
08:3:::: 

0:384 
0885 e 

18-Apr-1988 14:09:42 
16-Apr-1988 10:13:54 

5 status, ptics / 100.0d0, gtics / 100.0d0 ) 
call n.usic_1:JUt_rep( d&ta_unit., mi_pkey, nti_par·h., ml_parp, ai_pkey, 

mi_which, mi_ofi le, %val ( robs_add ), 
2 0, 0, mi_ants, O.OdO, mi_dtim 1 

if < < status .ne. 0 J .or. mnltl lm lt. 0 ) ) ga to 60530 

0886 
08:37 

o8:38 
0889 
0890 
010:91 
0892 
089:3 

0894 

c Write signal and residual vector estimates to output file. 

0895 
0896 
0:397 
0898 
0:399 
0900 
0901 
0902 
090'3 
0904 
0905 
0906 
0907 
0908 
0909 

0910 
0911 
0912 
091:=: 
0914 
0915 
0916 
0917 
091:3 

0919 
0920 
0921 
0922 
092:3 
0924 

c 

c 
c 
c 
c 

c 
c 

0925 c 
0926 
0927 
0928 
0929 
09:30 
09:31 
09:32 
0938 
0934 
09:35 
0936 

c 

work fi I~( 7 : 11 > = 'SAMPL' 
write Cunit=work_fi le( 12 : 21 ),fmt~90020,err=60530) mi_pkey 
·~pen ( un i t=data_un i t, f I I&= '6000~RT: CCHUCK. PARA~1SJ '//work_ f I Ia, 

stat us=' OLD' ,•:>rgan I zat ion::~ 'SEQUENTIAL' , 
2 access='SEQUENTIAL' ,forni='UNF0Rt"1ATTED', 
3 

i f . not. 
recordtype='FIXED',recl=64,dlspose='KEEP',err=60590) 

skiparr( mi_doas, t, data_unit, 82 ) ) ) go to 60520 
if .n>:Jt. wt·iteart-( XvaiC resm_add ), dc_type, mi_smp, 

mi_ants, data_unit, 16) ) ) go to 60520 
If .not. writearr< Xval( pvm_add >, dc_type, waves_ltnCll, 

mi _sn•p 1 data_un It, 16 ) ) ) go to 60~20 
close (unit=data_unit> 

Create e i genvect·~rs f i I & for the current e>-~per Intent, and wrIte 
the covariance and factored covariance matrices to the ffle. 

2 

3 

work file( 7 11 ) = 'EIGIJS' 
ca I I I I b$de I e te_ f I IE>! 

open 

If 

if 

if 

H 

if 

cl,:;:.se 

'6000$RT:CCHUCK.PARA~1SJ' // work_file // ',*' 
C un i t=da.ta_un it, f I I e='6000$RT: CCHUCK. PARA~1SJ '//work_ f I I e, 

s tatu:s= 'NEl..J' , •;)r-gan I zat ion=- 'SEQUENTIAL' , access=' SEQUENTIAL' , 
forn•= 'UNFOR~1AT~TED' , record type=' FIXED' , reel =64 1 dIspose-' KEEP' , 

err•60530) 
. not. 

. not. 

. not. 

. not. 

writear~( Xval( rescov_add ), dc._type, mi_ants, 
mi_ants, d&ta_unl t, 16 ) ) l go to 60520 

wrltearr( Xval( robs_add ), dc_type, mi_ants, 
mi_ants, data_unlt, 16) l) go to60520 

wri tearT( Xval ( rb_add ) , de_ type, mi_ants, 
mi_ants, data_unlt, 16 l ) J go to 60520 

writearr( Xval( obst_add ), de_type, ml_ants, 
ml_arots, data_unl t, 16 J ) ) go t•:> 60520 

.not. writearrC Xval( noiset_add ), dc_type, mi_ants, 
~i_ants, data_unit, 16 > ) ) go to 60S20 

(unit=data_unitl 

Discard space used by Virtual Arrays, update the experin,ent's 
i nde.:..; record, and exIt if there is no more work to do. 

cal I dump_va( vstatus, msg 
catl exit_va( vstatus, msg 

rtd_stat = 'I' 

status= spawn_if( 
if C status .ne. 0 

type * 
spawn_unit, 
) then 

next_prog J Start eigenvalues. 
Spawn fal l.,d. 

type *• 'Error initiating eigenvalue 
status .eq. 1 ) then 

s•:.lver. 1 

type *' 
else If ! 

'Read error on spawned-processes 
status .eq. 2 ) then 

i nde,.; f i I e. ' 
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F IN_~1USI C 18-Apr-1988 14:09:42 
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O~i:?.7 

09:3:;: 
0989 
0940 
0941 
0942 
094::: 
0944 
0945 
0946 
0947 
0948 
0949 
0950 
0951 
0952 
0958 
o•.;:l54 
0955 
0956 
09~)7 

095:3 
0959 
0960 
0961 
0962 
O~i6:3 

0964 
0965 
0966 
0967 
096:3 
0969 
0970 
0971 
0972 
0973 
0974 
0975 

o·.~r76 

0977 
0978 
0979 
09:30 
Q<;)81 

0982 
09:3:3 
09:34 
09:35 
0986 
09S7 
09:38 
09:39 
0990 
0991 
0992 
099:3 

c 
60600 

60610 

60620 

c 
c 
c 
70000 

2 

4 

type *• 'Error spawning subprocess.' 
else if ( stat\~S .eq. 8 ) then 

type *• 'Error rewriting spawned-processes index fl le.' 
else 

type *• 'lrnpossibleern:lr, code', status, 

end if 

g·~ t•:> 60620 
end if 

continue 
read Cunit=index_unit,key=mi_pkey,keyld=D,iostat=st~tusl 

if C stat•As .eq. FORSIOS_SPERECLOC J then 

type *• 'Locked record to rewrite, #', ml_pkey, 

unlock (unit=index_unitl 
ca I I I I bSwa it c 1 o. 0 

go t•:> 60600 
else if ( status .ne. 0 ) then 

Wa I t i ng 10 sec. ' 

Wait 10 seconds. 

Error reading Index. 
c.:.~nt I nue Index access error branch. 
unlock (unit=index unitl 
type *· 
type *• 'Error· accessing MUSIC e>".;perln,ent 
contInue 
type *• 'Lp estimation abandoned.' 

type * 
st•::>P 

end if 

index, code '• status 
Error exit. 

rewrite (unit=index_unlt,iostat=status,err=60610l 
mi_pk~y, ml_stat, ml_park, mi_ierr, mi_eerr, ml_serr, 
mi_dtlmJ mi_ants, ml_waves, mi_nois~s, mi_smp, mi_slnt, 
mi_be.gp, mi_endp, mi_delp, mi_peps, mi_norm, ml_wlen, 
mi_tof, ml_whlch, mi_lrlsl im, 

5 mi_zelgs, mi_doas, 
ml_ofi le, n,i_anoises, 

ml_estype, rni_parp 
unlock tunlt=index_unltl 

g•:) to 10120 

No n • .: .. re status '0' records avai I able. 

continue 
if ( waited .ge. wait I im) then 

wa I ted == 0 

if ( endspa.wn_if( spa.wn_unit, my_prog 
else 

waited= waited+ 1 
ca I I I i bSwa i t ( 800. 0 

end If 
Q•:J to 10120 

Already waited 20 minutes. 

J stop 

Walt 5 minutes & try again. 

c 

c****************************************************************************** 
c 
c File error processing branches. 
c 

c****************************************************************************** 
c 
c 
c 
60500 

Computation o~ file access error. 

continue 
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FIn f•1U31 C 

0994 
0995 
0996 
0997 
099::3 

0999 
1000 
1001 
1002 
100'.3 
1004 
1005 
1006 
1007 

1008 
1009 
1010 
1011 
1012 
101:3 
1014 
1015 
1016 
1017 
1018 
1019 
1020 
1021 
1022 
1028 
1024 
1025 
1026 
1027 

102:3 
1029 
10:30 
10:31 
1032 
10:3:3 
1034 

c 
60510 

c 
60520 

c 
60:5:30 

c 
60540 

c 
c 
c 
c 
61500 

c 
61:510 

c 

c 
90020 
c 

close (unit=data unit) 

cc•nt; nue 
close Cunit=data unit2l 
Qt:l t.:> 60580 

cont i nt.1e 

close (unit=data unit) 

cant i nue 
cal I dump_va( vstatus, msg 
call exit_va( vstatus, msg 

c·~nt i nue 
mi stat = 'X' 
go to:> 60600 

18-Apr-1988 14:09:42 
16-Apr-1988 10:18:54 

Error opening input data file- could be in use by another 
program. 

c.ont I nue 
close (unlt~data unlt2l 

c•::.nt i nue 
c&l I dt...tmp_va( vstatto~.s, msg 
cal I exit_va( vstatus, msg 

if ( status .eq. FOR•ros_OPEFAI l then 
mi_stat 'd' 

elsA 

type * 
type *• 'Failed •:>penlng input data file 

type * 
..,., stat 

end if 
go to 60600 

for,...atl 110.10 

end 

'X' 

Probably locked. 

w·~rJ<_fi le, ', error 4t', 
status, 

M&rk for deletion . 
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0001 
0002 
ooo:;, 
0004 
0005 
0006 
0007 
000:3 
0009 
0010 
0011 
0012 
001 :": 
0014 
0015 
0016 
0017 

001:3 
0019 
0020 
OO:c 1 
0022 

002:": 
0024 
0025 
0026 
002"7 
0028 
0029 
0030 
00:31 
0092 
00:38 
0045'1 

0 1:=:4 
0275 
0:31:0:: 
0404 
040.5 

0406 
0407 
040:3 
0409 
0410 
0411 
0412 
0418 

• 0414 
0415 
0416 

• 0417 
0418 
0419 
0420 
0421 
0422 
0428 

c 
c: 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c: 
c 

c 

c 

c 

c 
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program music_pest 

:::::::::::::::: ::::::::::::::::;: 

This program lur·ks in the SYS$SLOVJ8i=\TCH queue (usually), and 
pounces on any ~I le matching the specification 
6000.RT: [CHUCK. PAR(4~1SJMUS I C_STDOAXX':O:X%%%:0:%. DflT. ~Jhen I t finds such a 
file~ it reads the lnf,:::>rrnatlon necessary to solve the Lp estimation 
pro:>blem frorn the appr,::>prlate data files, and pr•:.ocaeds to generate the 
required Lp estimates of the P matrix for the experiment which 
created the fi Ia. The program then writes its results to the 
appropriate output file. (selected by the experiment number), and 
deletes the Input file. The above sequence is repeated untl I no more 
input f I I es at·e fot..Jnd ~~NO no pr•:>Cess named "Ch1...1ck 1"'1US I C Drv" can be 
found on the VAX_ 

imp I I cit 
external 
e:~terna I 
external 

none 
llb.get_l•"n, llbS:stop, llbSwait 
lib .. lnit_tirr•er, llbt.stat timer 
I lb$flnd_fi le, I ib$flnd_fl l•_end, 

external inlt_va, open_va, ~xit_va, dump_va 
external endspawn_if, readarr, sklparr 

llbSdelete_flle 

externa I c 16_se l_vd i f_f 1 s I gmat_estm, dc_matrr1pyherm, sqdc_mat_ i ntd I v 
ex terna I mus i c_l 2:p, must c_l pp_ea."ch, mus i c_l pw_ya.r, mus I c_l pp_spe is 
external music_p_rep 

I •::>g i ca I ends pawn_ If, r.:eadarr, skI parr 
integer*4 I ibSinit_timer, llbSstat timer 
integer*4 I ib$get_lun, I lb$flnd_flle, I lbSflnd_fl le_end 

Inc I ude '6000$RT: [CHUCK. RESEARCH. FORTD I R JVATYPE:3. TXT' 
inc I ud"' '6000SRT: [CHUCK, RESEARCH. FORTD I RJMUS I C_MEA:3URES, FOR' 
include '6000SRT:[CHUCK.RESEARCH.FORTDIRJMUSIC_H'IDEX_DEF.TXT' 
include '6000SRT:[CHUCK.RESEARCH.FORTDIRJSPAWNED_DEF.TXT' 
include 'SYS$LIBRARY FORIOSDEF' 

i nteger*4 rr•y_pr•:.g 
parameter (my_prog 4) 

l•::>g i ca I four1d 
integer*4 index_unit, data_unlt1, data_unit2:, spawn_unlt 
integsr*4 status, vstata...1s, 12status, flnda.dd, waits, waits lim/ 4/ 
integer*4 fai Is, fai Is_ I lrn/ 100 / 
lnteger*4 parent, experiment, &nc~stor, ants, waves, e~ps, estim 
i r.teger*4 waves_l i r~ ( 1 ) , do a_ add 1 expnun._add 
integer*4 waves_by_9( 2 ), waves_sqr( 2 >, ants I in( 1 ) 
i nteger*4 ants_by_wvs< 2 ) , ants_sqr( 2: )., ants_by_2( 2 ) 
integer*4 wavs_by_srnp< 2 ), smp_by_ar.ts( 2) 
integer*4 wave_add, ant_add, amat_add, obsmat_add, .nolse~at_add 
integer*4 pvm_add, resm_add, pl2_add, plp_add, pmat_add, sJgvm_add 
i nteger*4 r':tbs_ndd, rno i se_add, yarw_add 
integer*4 mnitl im, atitl im, tstatus, 12tics, lptics 
real *4 p 
t~ea.l*S min_del 
charac.ter*ZS work file 
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0424 

0425 
0426 
042'7 

042:3 
0429 
04:30 
04:31 
04:?.2 
04:o=::o: 

04:34 
04:35 
04:::";6 

0437 
04:3:3 
04:?.9 
0440 
0441 
0442 
044:~; 

0444 
0445 
0446 

0447 
044:o: 
0449 

c 
c 
c 

c 
c 
c 
10000 

c 
c 
c 

0450 c 
0451 
0452 
045:::: 
0454 
0455 

0456 
0457 
045:3 

0459 
0460 
0461 

0462 
0468 
0464 
0465 

0466 
0467 

10100 

60620 

c 
c 
c 
c 
10110 

046:=: c 
0469 
0470 
0471 

0472 
0·!\78 
0474 
0475 
0476 
0477 

0478 
0479 
0480 

c 
c 
c 
c 

20000 

21000 

192 
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character*BO msg 
character*255 found_fi le 

Get logical unit numbers 

status= libSget_lun( lnde>-~_unit 

If (.not. st·atus) call I ibfstc.p( Xval! status 

status= I ibS.get_lun( data_unlt1 ) 
if <.n•:'lt. status) call lib$stop( %.val( stat1. . .1s 
status= I ib$get_lun( data_unit2 ) 
If (.not. status) call llbfstop( Xval! status 
status= I ibtget_lun( spawn_unit ) 
if <.not. status) call libt.stop< Xval< status 

Open the MUSIC ind•x fl le. 

cont lnue 
open ( un i t= i ndex_un i t , f i I e= '6000fRT: t CHUCK. PARA~1S lMUS I C_l NDEX. OAT' , 
1 forrr.z:' UI'IFORt·1ATTED' , record type•' FIXED' , rec I :::::64, 
2 
8 

organization=' INDEXED' ,accessc'KEYEO',status='OLD', 
key=!1o4: INTEGER,5:5:CHARACTER,6:9: INTEGERJ,dispose•'KEEP', 

4 SHARED,err•l0100) 

9·~ to:> 10110 

Error opening the MUSIC index file or MUSIC spawned-processes 
index fl le; abandon hop~. 

continue 

type * 
type *• 'Error opening MUSIC index fl le or spawned-procasses file.' 

continue 
type *• 'Lp @Stimation abandoned.' 
type * 
st.;:,p 

Error e>-~ it. 

MUSIC Index ·file successfully opened. Open MUSIC spawned
processes index file. 

cc•nt i nue 
open 
1 

2 

( un I t=spawn_un i t , f i I e-' 6000.RT; [CHUCK. PARf:\MS ]SPAWNED- I OX' , 
fortJt= 'UNFORMATTED' , record type= 'FIXED' , n!!!C I =-=26, 

organization=' INDEXED' ,access='KEYED' ,status='OLO', 
8 key= (I: 4: INTEGER, 5:8 o I NTEGERJ, dIspose=' KEEP' ,SHARED, err~ 10100) 

MUSIC index file and MUSIC spawned-processes ind~x fila 
successfully opened. 
input data fl les. 

waits = 0 

fai Is = o 
continue 
findadd = 0 

.false. 

Start lurking, waltirlg to p•::aunce on unsuspecting 

found 

cont i n'..le 
status I i b$f I nd f 1 I e ( 
I '600011RT: [CHUCK. PARAMSl~lUS I C_STDOA%X%%XXXXXX. OAT 1 *' , 



04:=: 1 
04:32 
o4:o::?. 
04:=:4 
04>3:0 
04::::6 

04:::7 
04:3:'0: 
04::::9 
0·~90 

0491 
0492 
0·~9=: 

0494 
0495 
0496 
0497 
049:3 

c 
c 
c 
G 

0499 c 
0500 
0501 
0502 
oso::::: 
0504 

0505 
0506 
0507 
050;3 

0509 
0510 
0511 
0512 

051:3 
0514 
0515 
0~516 

0517 
051:3 

0519 

23000 

c 
80000 

0520 c 
0521 
Q.522 

052:~ 

0524 
0525 
0526 
0527 
052:3 
0529 
05:30 

80010 

c 
c 

05:31 c 
0532 
05:3::=: 

05:=:14 

05::::5 

05:36 
05:':::7 

22000 

2 
if .not. status ) then 

st.a.t,.Js = I ib$find_fi le_end( findadd 

if ( .n•:.t. foto~nd ) then 
if (waits .ge. waits_lim) then 

waits= 0 

18-Ap~-1988 14: 10:36 
2-Ap~-1988 14:46:06 

found_fi le, findadd 
No i npu t f i I es . 

Complete file search. 
Found no files before. 
Already waited 20 minutes. 

If ( ends pawn_ if ( spawn_un it, my_prog ) ) s tc•p 

else 
waits= waits + 1 

ca 1 I I I b•wa it I ·300. 0 J 
end if 

end if 
g•::r to 20000 

e.rld i f 

Walt 5 ~inutes & try again. 

Start rleW file search. 

Found an input fi l~. Get exp@r i n.ent nun•ber, ancestor nun.ber, 
number of experiments in ancestor chain, estimation type to use, and 
vai~Ae of p to use for· estimation·. 

found= .true. 
waits = 0 
continue 
•:.pen 
1 

(uni t=data_uni t 1 ,f i le-=found_f i le,status='OLD', 
organ i za t i Ol'l= '.SEQUENTIAL' , access• 'SEQUENTIAL' , 

2 
8 

f•JrtT•:= 'UNFORfolATTED 1 , record type= 1 FIXED 1 , rec I =8, d i spos~:z~~' KEEP' , 
READDNLY,iostat=status,err•SOOOOJ 

go to 80010 

c•::.nt i nue 
i ·f ( waits . ge. wai ts_l in. ) then 

type * 
type *• 'Failed opening Input fl le~' 
type *• found fi-le 
type*· waits_l it11 1 tin•es in a row.' 
g•J to 60620 

else 
ca I I I I b•wa i t ( 800. 0 J 
go to 23000 

end If 

c•=•n t i nue-

Already tried for 20 min. 

Haven't tried for 20 min. 
Wait 5 minutes & try again. 

call lnlt va 
w.aits = 0 
paJ-ent -= 1 

Prepare for VA operations. 

do while I parent .ge. 0 l Find definitions record. 
read <unlt=data_unit1,err=50000) 

parent, experiment, ancestor, ~xps, estlm, p 
end do 

C•:rllect e>-~pe1··Jment definition frorrt ancestor's Index record. 

continue 
read (unlt~index_unit,keyeq=ancestor,keyid~O,iostat=status) 

2 

4 

mi_pkey, mi_~tat, mi_park, mi_ierr, mi_eerr, mi_serr, 
rni_dtirn, mi_arlts, mi_waves, mi_noises, mi_smp, ml_sint, 
mi_begp, mi_endp, mi_delp, ml_peps, mi_norm, mi_wlen, 
mi_tol, mi_whlch, mi_ofl le, mi_anoises, mi lrlslim, 
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05:38 
05:39 

0540 
0541 
0542 
0.54:3 
0544 
0545 

0546 
0547 
054:3 
0549 
0550 
0551 
0552 
055:3 

0554 
0555 
0556 
0557 
055:3 
0559 
0560 
0561 
0562 
0568 

0564 
0565 
0566 
0567 
0568 
0569 
0570 
0571 

0572 
057:3 
0574 
0575 
0576 
0577 
057:3 

0579 
05:30 
0!5:31 

0582 
05:3:3 
05:?.4 
05:33 

0586 
0.5:::~7 

05t3:3 
05:39 
0590 
0591 
0592 
059:3 

0594 

c 
c 
c 
c 
c 

c 

c 

c 
c 
c 
c 
c 
c 

c 

18-Apr-1988 14:10:36 
2-Apr-1988 14:46:06 

unlocl;; 

if 

mi_zeigs, ml_doas, mi_estype, mi_parp 
(unit=index unit) 

< status .eq FORSIOS_SPERECLOC > then Record locked. 
type *• 'Record#', ancestor, 
ca I I I i b$wa i t ( :?.00. 0 > 
g•:> to 22000 

else if ( status .ne. 0 ) then 
close <unit=index_unit) 
cl•:.se (unlt=data·_unlt1) 

type * 

locked. LJa i t i ng 5 m i n. ' 
~Jalt 5 minutes. 

Error reading index. 

type *• 'Error reading Index file, experiment #', ancestor, 
g•:> to 60620 

end if 

Ancestor experiment definition read into wad of variables 
I isted above. Open virtUal arrays for DOA estimates and corresponding 
ex peri rnent nuntbers, and get DOA est i ntate and experIment number arrays. 

waves I ln(ll = mi_waves 

call open_va( doa_add, waves_l in, 1, dr_type, vstatus, msg) 
cal I e.xit_va< vstatus, msg) 
call open_va( e>-~pnurn_add, waves_lln, 1, di_type, vstatus, msg 

cal I exit vaC vstatus, msg ) 

If 

if 
1 

. not. 

. not. 

readarr( %val( doa_add ), dr_type, mi_waves, 1, 
data_unlt1, 4 > ) ) go to 50000 

readarr<:Xval( expnum_add l, di_type, mi_waves, 1, 
data_unit1, 8 l l >go to 50000 

close (unit=data unit1) 

Now collect antenna array descripti•Jn, wave descriptions, 
obser~Jati•Jn samples, noise samples, and covariance matrices as 
required. Finally, form estimate of P matrix as selected by estimation 
type. 

waves_by_9(1) 
waves_by_9(2) 
waves_sqr(1) 
waves_sqrC2) 
ants_ I in( 1) 
ants_by_wvs(1l 
ants_by_wvs(2) 
ants_sqr<1l 
ants_sqrC2> 
ants_by_2(1) 
ants_by_2(2) 
wavs_by_srrtp ( 1) 

wavs_by_smp(2} 
sntp_by_ants ( 1) 
smp_by_ants(2) 

nti_waves 
9 

mi waves 
mi_waves 
mi ants 
mi ants 
mi_waves 
rni _ants 

mi ants 
mi ants 

2 
rrti waves 
rr• i _sr~p 
rrti _sntp 
rrd ants 

call open_va{ wave_add, waves_by_9, 2, .dr_typa, vstatus, msg 
cal I exit_va( vstatus, msg) 
cal I open_va< ant_add, ants_by_2, 2, dr_type, vstatus, msg ) 
cal I exit va( vstatus. msg) 
call open_va( amat_add, ants_by_wvs, 2, dc_type. vstatus, n•sg 
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0595 
0596 
0597 
0598 
0599 

0f500 
or:)o 1 
0602 
060:3 

0604 
0603 
0606 
0607 

0608 
OC.09 
0610 
001 1 
0612 

061.'' 
0614 

0615 

0016 
Q() 17 

06H:: 
0619 
0620 
0621 
0622 
062:;::: 
0624 

0625 
06:~6 

0627 
Of32:3 
0629 
00:30 
06:31 
00:32 

06::::?. 
0f>::::4 
06:::::5 

00:::::6 
06<37 

or~::::s 

06:39 
Of)40 

0641 

0642 
06~::: 

0644 
0645 
0646 
06~7 

0648 
0649 
0650 
0651 

c 
c 
c 
c 

c 
e 
c 
c 

18-Apr-1988 14,10:36 

2-Apr-1988 14:46,06 

cal I exit_va( vstatus, msg ) 
cal I open_va( obsmat_add, smp_by_ants, ,, dc_type, vstatus, msg ) 
call exi t_va( vstab.As, msg ) 
cal I open_va( noisemat_add, smp_by_ants, 2, dc_type, vstatus, msg 
cal I exit va( vstatus, msg) 
call open_va( pvm_add, wav~_by_smp, 2, de_type, vstatus, msg ) 
call exit_va( vstatus, msg ) 
cal I open_va( resm_add, smp_by_ants, 2, dc_type, vstatus, msg 
call exit va.( vstat1...1s, rosg) 

cal I open_va( pl2_add, waves 
cal I exit_va( vstatus, rosg ) 

cal I open_va( plp_a(1d, waves 
call exi t_va( vstat1...1s, msg ) 

_sqr, 

_sqr, 

2. de _type, vstatus, M'ISQ 

2, de _type, vstatl.I:S, msg 

call open_va( pmat_add, waves_sqr, 2, dc_type, vstatus. ~sg) 
call exit_va( vstatus, msg) 
cal I open_va( sigvm_add, wavs_by_smp, 2, dc_type, vstatus, msg 
cal I exlt_va( vstatus, rnsg) 
call open_va( robs_add, ants_sqr, 2, dc_type, vstatus, msg 
cal I exit va( vstatus, msg) 
call 
call 
if ( 

open_va( rnoise_add, ants_sqr, 
exit_va( vstatus, msg) 

2, dc_type, vstatus, msg 

estlm .ne. 1 l .and. ( estlm . n~. 9 ) ) then Spwr . 
cal I open_va( yarw_add, ants_l in, 1, dr_type, vstatus, msg) 
call exit_va( vstatus, msg) 

end if 

type. 

Get observation, noise, and signal vect•Jr samples from the 
ancestor experiment's "samp I es" f i I e. 

W1:)rk f i I Q z:: 'MUS 1 C :3AMPL __________ . OAT' 
write (unit=w•.Jrk_file( 12:21 ),fmt:::~9002"0,err=50200l ancestor 
open <unit=data_unit1,~i lec'6000SRT:tCHUCK.PARAMSJ'//work_fl le, 
1 status::=::.'OLD' ,•::.rganizatlon=r'SEQUENTIAL' ,access:z:'SEQUENTIAL', 
2 form='UNF0Rl'1ATTED' ,recordtype~~:~'Ft><ED' ,recl=64,dispose-'KEEP', 
3 lostat=status,REAOONLV,err~soo10) 

if 

if 
1 
if 
1 

.not. 

. not. 

. not. 

readarr( 'Xval ( obsma.t_add ) , de_ type, mi_smp, 111l_ants, 
data_unlt1, 16 l) l go to 50100 

readarr( %val ( noisemat_add >, de_ type, mi_!UTlp, ml_ants, 
dafa_uni t 1, 16 l l l go to 50100 

reada~r( %val ( slgvm_add l, dc_type, mi_waves, mi_smp, 
data_unl t 1, 16 l l l go to 50100 

close (unit=data_unit1) 

Get antenna. array and wave definitions frorv• the ancestor 
experiment's "input" fi I e. 

w•:>r-k f I I e ( 7 1 1 l = ' INPUT ' 
·~pen ( un I t=data_un it 1, f i I e=' 6000$RT: [CHUCK. PAR~\MSJ '//work_ f I I e, 
1 status= 'OLD' , organ i za t I on='SEQUENT I AL' , acce.ss:z' SE,QUENT I AL' , 
2: forn1= 'UNF0Rt·1ATTED' , record type=' FIXED' , rec I =64, d i spose=x-' KEEP' , 
3 iostat=status,READONLY,err=50010l 
t-ead 
if 

1 
if 

(unlt=data_unit1,err=50100) 
.not. ( readarr( %val ( ant_add ), dr_type, mi_ants, 2, 

data_unlt1, 82 l l l go to 50100 
.not. readart'· ( %va I ( wave_ add ) • ~r _type, 

data._unlt1, ::::2) 
mi_waves, 9, 

l go to 50100 
close (unit=data unit1> 
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0652 c 

06~.55 

0656 
0657 
0()5:3 
0~359 

Ot160 
0661 
0662 
Of')6::;: 

0664 
0665 

0067 
0(")6!3 

0f)69 

c 
c 
c 

c 
e 
c 

0670 c 
0071 
0672 
067:::: 

0674 
0675 
0670 
0()"77 

0678 
06"79 

c 
c 

0680 c 
0681 
0(•:32 
06:3:3 
06:34 

06:36 
0687 
00:38 

c 
c 
c 
c 

0689 e 
0690 
0691 
0~.59.~ 

0()9:3 

0694 
0695 
0696 
0097 
069:3 
0699 
0700 
0701 
0702 
070:3 

0704 

c 

c 
c 
c 
c 

0705 c 
0700 
0707 
0708 

·' ·~· . '"·:· 

18-Apr-1988 14: 10:86 
2-Apr-1988 14:46:06 

Get observation and noise covariance matrices from the ancestor 
experiment's "eig~nvalues" file. 

w•:-rk file( 7 11) = 'EIG\.IS' 
open ( un i t=da t a_un i t 1 , f i I e= '6000$-RT: [CHUCK. PARAl""1:3 J '/ /wor\(_ f I I e, 
1 stat us=' OLD' , organization=-' SEQUE.NT I AL' , access=' SEQUENTIAL' , 
2 f•:rrnt='UNFORI'1ATTED' ,recordtypea:r.'.FIXEO' ,recl=64,disp•:>se='KEEP', 
·~ I ostat=sta tus, READONLY ,err=500 10 l 
if 
1 

If 
1 

. not. readarr( %val( robs_add l, dc_type, ml_ants 1 ml_ants, 
data_unit1, 16 l l l go to 50100 

readarr·( Xval ( rnolse_add ) , dc_type, mi_ants, mi_ants, 
data_• ... mlt1, 16))) go to ~0100 

close (unlt=data urlit1l 

For co~pensated estl~ation types, subtract the noise samples 
from the observation samples (replacing the observation samples with 
the differences). 

If ( ( 

1 
2 

cal I 

est In• .eq. 3 ) 

.or. ( est im 

.•:>r. ( est i rr. 
c16_sel_ vdiff( 

... q. s 

.eq. 6 l then 
%va I ( obsm& t_a.dd ) , 1, 

Xval( nois~mat add), 1, t1tl_smp * mi_ants, 
%val( obsmat_add ) 

end if 

F•:ortT• estimate-of A matrix. 

call slgmat_estml Xval( ant add 
1 

>, ml_ants1 Xval ( doa_add >, ml_wav•s, 
mi_wlen 1 Xval ( amat_add ) ) 

Compute act•...,al sal'flple P matrix from •:>rlginal signal v•ctor5 1 

ar~d L2 P matrix estimate_ 

tstatus a libfinit timer() 
if (.not. tstatus l c"ll llb$stop( Xval( tstatus l 

call 
1 

dc_matn.pyherm( %val ( sigvm_add l, mi_waves 1 mi_stTtp, 
%val ( sigvm_add ) 1 mi_waves, %val( pmat_add) 

cal I sqdc_mat_intdiv( 
cal I music_12p( Xval ( 
1 

';(val ( pmat_add ) , mi_waves, nti_smp ) 
amat_add ), mi_ants, mi_waves, 

%va I ( robs_add ) , Xva I ( rn•:. i se_add ) , 
ml_tol 1 Xval( pl2_add ), 12status 

tstatus I I b$stat t i noer ( 
If ( .not. tstatus l call 

C. I 12t i CS 

I ib$stop( Xval ( tstatus ) 

Form estimates of signal and residual vectors and P matrtx as 
selecteod by the estif'nati•::.n type specified f.:>r the experlt11ent. 

tstatus = lib$init_timer() 
if ( .not. tstatus ) call I ib•stop( %val ( tstat•.Js ) 

; f ( 

If 
12status .eq. 0 ) then Go on •:.nly 

( < estlm .eq. 1 l 
.or. ( estim .eq. 3 ) J then 

if L2 estimate succeeded. 
Enumeration. 
Compensated enuM. 
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0709 
0710 
0711 
0712 
071:3 
0714 
0715 
0716 
0717 
071:::: 
0719 
0720 
0721 
0722 
072:3 
0724 
0725 
0726 
0727 
0'728 
0729 
0730 
07:31 
0782 
07:::<:::: 
07:;':4 
07:35 
07:36 

07:37 
073:3 
0789 
0740 
0741 
0742 
074:3 
0744 
0745 
0746 
0747 
074>';: 
0749 
0750 
0751 
0752 
075:~ 

0754 
0755 
0756 
0757 
0758 
0759 
0760 
0761 
0762 
0763 
0764 
0765 

-~~- ' 

c 

c 
c 
c 

c 

" c 

18-Apr-1988 14:10:86 
2-Apr-1988 14:46:06 

call music_lpp_each( %val ( •:>bsmat_add ) , nti_smp, mi_ants, 
%val( antat_add l, mi_waves, p, ml_peps, 

2 mi_norm, mi_tol, Xval< pvm_add ), 
8 Xval( resm_add ), mi_irlsl im, mnitl im, 
4 a.titlim, min_del 

2 

else if ( ( estim .eq 2 ) 
. or. ( estim .eq. 5 ) ) then 

Surn •Jf p•:>wers. 
C•::.mpensa ted sr..1rn pwr . 

call ntusic_lpw_yal'"( Xval ( obsmat_add ) , mi_sn•p, tTti_ants, 
%val ( atnat_add ) , rni_waves, p, mi_peps, 
mi_norm, rttl_t.,l, Xval ( yarw_add ) , 
Xval( pvm_add ), Xval ( resm_add ), 

4 f'fli_irlsllnt, ntnitlint, ntin_d@l, 1) 

2 

else if < < estim .eq. 4 l Sum of pow~rs loss . 

. or. ( estlm .eq. 6 ) l then Comp'd sum pwr loss. 
call rm.aslc_lpw_yat~( %val ( obsmat_a.dd ) , ml_smp, 111i_ants, 

else 
go to 50300 

end if 

%val< amat_add l, mi_waves, P1 ml_peps, 
rni_norrn, mi_tol, %val ( yarw_add ) , 
'X.va I ( pvm_add ) , '%va I C resn._add ) 1 

mi_irlsl im, mnitl im, min_d•l 1 2 ) 
Invalid n•~thod. 

if ( ( estim .eq. .or. ( estlm .eq. 3 ) ) then Enum. type. 
cal I dc_matmpyhermC %val( pvm_add ), ml_waves, rnl_smp, 

Xval( pvm_add ), mi_waves 1 XvaiC pfp_add 
cal I sqdc_mat_intdlv( %val( plp_add ), ml_wave.s, mi_smp) 

else Sum of powers type. 
call music_lpp_speis( %val ( arnat_add ) , rnl_ar-.ts, ml_wav•s, 

Xva I ( ya.rw_add ) , %va I ( r·::.bs_add ) 1 

2 Xval( rnoi~e_add ), ml_tol, 
::: Xval( plp_add l, status 

i f ! ! stat us . ne . 0 l . and. ! mn i t II m . g t . 0 l l 

end if 
end if 

n•nitl im •- rnnltl irn- 1 

tstatus = I ibS.stat timer ( 
i f C • not . t stat us ) c a I I 

2, lptics 
llb$stop< %val! tstatus ) 

Finally report results (even if L2 estimate fal led). 

•Jpen (uni t=data_u-ni t1,f lle=found_f i le,status='OLD', 
organ i :::at 1 on=' SEQUENTIAL' , access- 1 0 I RECT 1 , forrrt=' UNFORMATTED' , 

2 rec•::.rd type= 1 FIXED' , rec I =8 1 dispose= 1 KEEP' , RE(.:,OONLY, 
3 lostat=-statu:s) 
call n•usic_p_rep( 12status, status+1, Xval< doa_add ), 
1 %val( expnum_add ), data_unit1, data_unit2, 

2 

4 

5 

mi_ofi le1 mi_dtim, experi-ment, ancestor, exps, 
%val( pmat_add ), Xval ( pl2_add ), ml_waves, p, 
mi_irlsl im, mnitl im, atittim, Xval( plp_add ), 

12tlcs / 100.0d0, lptlcs / 100.0d0, estlm, min del 
close (unit=data_unit1l 
call dump_va( vstatus, msg 
call exit_va( v~tatus, msg 

Succeeded processing input file. Clear error indicator, 
delete used input file, and continue search for more input~~ les. 
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MUSIC_PEST 

0766 
0767 
076:3 
0769 
0770 
0771 

c 
50130 

c 

continue 
fails= 0 
call llbSdelete_flle( found_flle 
go to 21000 

18-Apr-1988 14:10:86 
2-Apr-1988 14:46:06 

Failed rending data file. 

0772 c***************************** Error branches. ****************************** 
0773 
0774 
0775 
0776 
0777 
0778 
0779 
0790 
0781 
0782 
078:9 
0784 
0785 
0786 
0787 
0788 
0789 
0790 
0791 
0792 
0793 
0794 
0795 
0796 
0797 
0798 
0799 
0800 
0901 
0902 
0803 
0804 
0805 
0806 
0807 
0808 
0809 
0810 
0811 
0812 
081::: 
0814 
0815 
0816 
0817 
0818 
0819 
0820 
0821 
0822 

\~" . .. :· 

c 
c 
c 
50000 

c 
50010 

c 
50020 

c 
c 
c 
50100 

50110 

c 
c 
c 
50200 

c 
c 
c 
50:900 

c 

Error opening data fl le. It may be in use by another program. 

c•=-nt i nue 
close !unlt=data_unit1l 

contInue 
cal I dump_va( vstatus, msg 
cal I exit_vat vstatus, msg 

continue 
If ( falls .ge. fails_lim > then 

type * 

Data 1mit 1 & VA open. 

VA open. 

Nothing open. 
Failed too many times. 

type *• 'Failed opening input data fi Jets) ', falls_llm, ' tiMes.' 
go to 60620 

else 
fails~ falls+ 1 
go to 21000 

end if 

Haven't fal lad too many. 

Error reading oPened Intermediate data file. 

continue 
close Cunlt=data_unit1f 
call dul'hp_vat vstatus, n.sg 
call exlt_va( vstatus, msg 

type * 
type *• 'Failure reading data file: 
cont lnue 

type *• 'while processing Input file:' 
type *• found_fl le 
type * 
type *• 'Deleting the input fl le. • 
go t•:> 501:30 

work f i Ia 

Failure performing internal write. 

continue 
type * 
type*' 'Failed performing internal write.' 
go to 60620 

Invalid estimation method. 

continue 
call dump_va( vstatus, msg 
cal I exit_va( vstatus, msg 

type * 
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v 
[ 

082:3 
0>324 

type*' 'lnval id estimatl•:1n mE!thod encountered 1 

go t·~ 501 10 
0:325 

0:327 

Name 

c 
90020 
c 

0 $CODE 
!I>PDATA 

2 $LOCAL 

f Ol"'"l11a t ( i 1 Q . 1 Q ) 

end 

::0: r·IU$1 C_~1EASURE:3 

Total Space AI located 

ENTRY POINTS 

Address Type Name 

0-00000000 NUSIC_PE:3T 

\H4RIABLES 

f.Hidress Type Name 

2-00000204 1*4 ANAT_ADD 
2-00000808 1*4 ATITLIM 
2-000002C4 1*4 DOA_ADD 
2-0000028C 1*4 EXPS 
2-00000288 L*4 FOUND 
2-00000SOC 1*4 L2TICS 
2-00000250 1*4 NI_ANTS 
2-00000041 CHAR MI_DTIM 
2-0000020C 1*2 Ml IERR 
2-00000054 
2-00000248 
2-00000040 
2-00000280 
2-000002DC 
2-00000:314 
2-0U0002FO 
.~-000002E4 

2··000002F4 

** 
:~-00000000 

:3-00000020 
:=:-oooo003C 
2-000002AO 

** 

CHAR NI_OFILE 
1*4 Ml PKEY 
CHAR ~11 _STAT 
R*:'l M I_ ~ILEN 
1*4 NOISEMAT ADO 
R*4 P 
1:4<4 PMAT_AOO 
I *4 RESt1 ADD 
I *4 S I GV~I_ADD 
CHAR SP_PROC 
R*8 TOL 

UPH I _:3t·1ARG 
\IPS I _L~1ARG 
VsTATUS 
WAIT:3_LIM 

Bytes 

8041 
616 

2660 
120 

6487 

Attributes 

PIC CON REL LCL SHR EXE 
PIC CON REL LCL SHR NOEXE 
PIC CON REL LCL NOSHR NOEXE 
PIC OVR REL GBL SHR NOEXE 

RD NOWRT 
RO NOWRT 
RO ~JRT 

RD WRT 

Address Type Nan~ Address Type Na~ 

2-00000288 
3-0000000C 
2-000002CO 

** 
2-00000100 
2-00000310 
2-00000278 
2-0000020E 
2-00000268 
2-0000024C 
2-00000210 
2-00000288 
2-0000026C 
:3-00000060 
2-00000280 
2-000002EO 
2-000002FC 
2-00000299 

** 
** 

:3-00000034 
:3-00000054 
·o:-0000004C 

** 

1*4 ANCESTOR 
1*4 CYCLE$ 
1*4 ESTIM 
1*4 FAILS 
CHAR FOUND_FILE 
1*4 LPTICS 
R*4 Ml BEGP 
1:4<2 MI_EERR 
I *4 M I I RL:3L I ~1 
1*4 NI_PARK 
1*2 Ml SERR 
R*8 ~11 TOL 
I *4 ~11 ZE I Gs 
R*8 NON_TRI 
1*4 PARENT 
I *4 PI.IM_ADO 
1*4 RNOISE_ADD 
I *4 SPmJN_UN IT 
1*4 SP_STAT 
1*4 TSTATU:3 

UPHI_s_zcvc 
VPSI_L_ZCYC 
V_UNIERR 
WA\.IES 

·** 
2-00000290 
2-00000284 

** 
2-0000029C 
2-00000240 
2-00000280 
2-0000027C 
2-00000258 
2-00000284 
2-00000218 
2-00000254 
2-00000304 
:3-00000069 
2-000002E8 
3-0000006C 
2-000002FS 

** 
2-0000029C 
:3-000000 19 
:3-00000028 
:3-00000044 
3-0000005C 
2-000002CC 

I *4 ANT~ 

I *4 OAT• 
I *4 EX PI 
1*4 FAll 
1*4 INOI 
R*8 NIN 
R*4 Ml_l 
R*4 Ml_l 
1*4 Nl_l 
R*4 Ml_r 
R*9 Ml_: 
I *4 ~11_1 

I *4 MNI. 
1*4 NON 
1*4 PL2 
R*:3 QPS 
1*4 ROB 
CHAR SP_I 
I *4 STA. 
R*8 UPH 

u_u. 
VPS 
v_u. 
WAVI 



0001 
0002 
000:3 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 

0018 
0019 
0020 
0021 
0022 
0028 
0024 
0025 
0026 
0027 
0028 
0029 
00:30 
00:31 
0032 
00:32: 
00:34 
00:35 
0036 
0087 
oo::-:::3 
00:=:9 
0040 
0041 
0042 
0048 
0044 
004.5 
0046 
0047 
004·8 
0.049 
0050 
0051 
0052 
005:3 
0054 
0055 
0056 
0057 

.. 
·-~~- ' 
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subrc•utine bracket_doa( doa, apars, num_ants, wa.vele.n, elgvec, 
rnJm_ze i gs, p, down, pwr, l•:.wer, upper, per-f ) 

c 

c------------------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

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

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

ThIs routine cornputes the sharpness mea.:s•.Jre for a peak In a 

MUSIC "power'' spectrum. 

Parameters: 

nun._ ants: INTEGER*4 number o-f antenna elements. 
num_ze i gs: I NTEGER*4 number of e i genvec b::trs to use in 

G•:tmputing the MUSIC p•:.wer spectrum. 

p: REAL*4 value of the exponent to which to rals., the t'"r"'" In 
the 1"1USIC power spectrum @Xpression 

doa: 

( 1 (a p (= 3 ). 

REAL*S direction of arrival estimate (RADIANS) of the 
peak for which the sharpness ~easure Is 
to be con.puted. This need not actually 
identify a peak location, th• routine 
I ocates the l'::.we:r and upper ang I es 
which produce MUSIC spectrum values 
th<llt are (down)db d1JWn fn:.m tha value 
at angle doa. 

apars: num_ants row REAL*EI array of antenna elerr.ent 
pararnet&u·s. The first column of' apars 
contains element ranges from th• origin 
and the second C1::>tumn contains element 
angles (In RADIANS) from the abscissa. 

wave len: REAL*:3 carrier wavelength to be used In COrhputing the 
MUSIC power spectrun.. This must be in 
the same units as the antenna distances 
from the origin <apars<*,111. 

down: REAL*8 number of db down from the 1"1USI C spectrum peak 
value at which the lower and upper 
'"bracket'" angles are to be Identified. 

eigvec: num_ants x nun._ants COMPLEX*16 n.atrix whos~ first 
num._zelgs columns are the '"noise .. 
eigenvectors to be used for computing 
MUSIC power spectrum values. 

pwr: REAL*:3 1::tutput value •::.f the MUSIC spectrunt at angle doa. 
J,::>;Wer: RE~lL*8 o::>utput value of the lar·gest angle (RADIANS) l•ss 

upper: 

perf: 

than doa (but >= - pi l at which th@ 
MUSIC spectrum value is (downldb down 
from pwr. 

REAL*8 output value of the sn•allest angle !RADIANS) 
greater than doa (but <= pi) at which 
the MUSIC spectr·um vai•.Ae Is (down)db 
down from pwr .. 

REAL*S •::.utput va I ue of the sharpr.es::. rneasura for the 
peak at doa. 

c----------------------------·--------------------------------------------------
c 

irr.plicit n•::tne 
intrinsic dl.:•g10 

external open_va, exit_va, free_va 



BRACKET_OOA 

0058 
0059 
0071 
0122 c 
0123 
0124 
0125 c 
0126 
0127 c 
0128 
0129 
01:30 
01:31 
01:32 
01:33 c 
0134 
01:35 
01:36 
01:37 c 
01:38 
01:39 
0140 
0141 c 
0142 
0148 
0144 
0145 c 
0146 
0147 
0148 
0149 
0150 
01:51 
0152 
0153 
0154 10000 
0155 c 
0156 
0157 
0158 
0159 
0160 
0161 
0162 
0163 
0164 10010 
0165 c 
0166 
0167 
0168 
0169 
0170 
0171 c 
0172 

0173 
0174 G 

0175 

.. 
·~~· ' . 

external mus i c_p•::lWer, s i gva I 

18-Apr-1988 14:12:16 
14-Apr-1988 08:40:56 

include '6000.RT:CCHUCK.REBEARCH.FORTDIRJVATYPES.TXT' 
include '(real constants)' 

reca I *:3 d•::.ade I 
paral'fle ter ( do a de I <'"ad_p_deg:3 l 

rea I *:3 mus I c_p•::.wer 

integer·*4 nunt_ants, nurtt_zeigs 

real*4 p 
real*8 doa, apars( nu~_ants, 

real*8 wavelen, upper, p~rf, 

), pwr, 
down 

c.on•plex*16 eigvec( nun._ants, nun._ant:s l 

integer*4 steerv_add, I inear(1), status 
real*8 dpwr 
character*:30 msg 

I inear(1)- num_ants 

lower 

cal I opQn_va( steerv_add, 
cal I exlt_va< status, msg 

I inear, 
) 

1, dc_type, status, msg ) 

call sigval ( apars, nun._ants, doa, wave: len, 'Xval ( steerv_add l 

pwr = music_power( eigvec, %val ( ste&rv_add l, num_af)ts, num_zeigs, p) 
dpwr = pwr * ( 10.0d0 ** ( - down/ 10.0d0 l l 

lower = doa - doadel 
do wh i I e ( I ower . gt. - pi 8 J 

c:a I I 
if ( 

slgval ( apar·s, num_ants, lower, wavelen, 

m•.Aslc_power( elgvec, Xval ( steerv_a.dd ) , 

1 
2 

l•:lwer 
end do 

continue 

le. dpwr go to 10000 
lower - doadel 

upper = doa + doadel 
do while (upper lt. pi8 l 

%val( steerv_add l 

num_ants, 

nun._ze i gs , p 

call sigval ( apars, nutn_ants, upper, wavelen, %val ( steerv add l 
If ( music_power( eigvec, %val ( stearv add ) ,· n•.Am_ants, 

upper 
end do 
continue 

le. dpwr go to 10010 
upper + d•:~ade I 

if ( upper .gt. towe.r ) then 

perf dlog10( pwr l / ( p * ( upper - !ower l 

else 

perf 

end if 
-1. OdO 

cal I frQe v&( steerv_add, status, msg ) 
call e!{i t_va( status, msg 

retur·n 

num_:zelgs, p 
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0001 
0002 
0003 
0004 
0005 
0006 
0007 
000:3 
0009 
0010 
0011 
0012 
OOE: 
0014 
0015 
0016 
0017 

001:3 
0019 
0020 
0021 
0022 
002:3 
0024 
0025 
0026 
OO:o::3 
00:39 
0040 
0041 
0042 
004:3 
0044 
0045 

0046 
0047 
004:3 
0049 
0050 
0051 
0052 
0058 
0054 
0055 

( 0056 
0057 
0058 

• 0059 
0060 
0061 

• 0062 
0063 
0064 
0065 
0066 
0067 
006:3 

202 

18-Apr-19:38 14• 12•53 V 
28-Mar-1988 20:34:40 C 

SI.Jbroutine c16 vach•::.l< inmat, size, outmat, c•:H)dit, status) 

c 

c---------------------------·---------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

This subroutine uses LINPAC routine ZPOCO, and routines from 
the Virtual Array system (copyright 1997 by Dwight Day), to perform a 
Cholesky decompositi•Jn •:Jf the COMPLEX*16 size>-~ size input matrix 

inmat. The Cho:.lesky factor is t~eturned in the size x size COMPLEX*16 

outpyt matrix outmat. If ·the factorization succP-eded (in'mat is 

p•:.sitive definite), the INTEGER*4 paran1eter stat1..1s is set to 0 and the 

REAL*8 parameter condit is S@t to an estimate of the Inverse of the 
condition number of inmat. If factorization failed, status Is set to 
a value > 0 (size of the leading submatrlx of inmat that Is not 
positive definite), and cond.it Is not changed. 

The Cho I es~(.y decon1pos It I on of I nmat produces an upper 
triangular matrix outmat such that: 

inmat = outmat-conjugate-transpose * out~at. 
Since lnmat is Het-mitian, the strictly lower triangle of lnmat 

is NEVER REFERENCED. The strictly lower triangle •:of outmat Is SET TO 
ZERO. The input matrix lnmat Is NOT CHANGED by this routine. 

c------------------------------------------------------------------------------
c 
c 

c 

c 

c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 

i tT1p I i c i t n·~ne 

external zpoco, open_va, exlt_va, free_va 
Include '6000$RT•[CHUCK.RESEARCH.FORTD1RJVATYPES.TXT' 

integer*4 size, status 
•-ea I *8 cond I t 
complex*16 inmate size, size), outmat( size, size l 

integer*4 i, j 
integer*4 work_add, size_l In( 
character*:30 msg 

>, vstatus 

Copy Input upper triangle to output upper triangle, since 
ZPOCO puts its output in itg input. 

d•::. i = 1 , s i ze 
doj=1,i

outmat( I, j) 

end do 
do j = I, size 

( O.OdO, O.OdO l 

outmat(i ,jl = lnmat(l ,j) 
end do 

end do 

Make a worJ< vector .for ZPOCO. 

size_l in(1) =size 
cal I open_va( work_add, size_l in, 1, dc_type, vstatus, msg > 
cal I exit_va( vstatus, msg ) 

Now let ZPOCO do the real work. 

call :zpoc·~( outmat, size, si::ze, condit, 'Xval( wori( add), status) 



0001 
0002 
0003 
0004 
0005 
0006 
0007 
000:3 
0009 
0010 
0011 
0012 
OOE: 
0014 
0015 
0016 
0017 

001:3 
0019 
0020 
0021 
0022 
002:3 
0024 
0025 
0026 
OO:o::3 
00:39 
0040 
0041 
0042 
004:3 
0044 
0045 

0046 
0047 
004:3 
0049 
0050 
0051 
0052 
0058 
0054 
0055 

( 0056 
0057 
0058 

• 0059 
0060 
0061 

• 0062 
0063 
0064 
0065 
0066 
0067 
006:3 
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SI.Jbroutine c16 vach•::.l< inmat, size, outmat, c•:H)dit, status) 

c 

c---------------------------·---------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

This subroutine uses LINPAC routine ZPOCO, and routines from 
the Virtual Array system (copyright 1997 by Dwight Day), to perform a 
Cholesky decompositi•Jn •:Jf the COMPLEX*16 size>-~ size input matrix 

inmat. The Cho:.lesky factor is t~eturned in the size x size COMPLEX*16 

outpyt matrix outmat. If ·the factorization succP-eded (in'mat is 

p•:.sitive definite), the INTEGER*4 paran1eter stat1..1s is set to 0 and the 

REAL*8 parameter condit is S@t to an estimate of the Inverse of the 
condition number of inmat. If factorization failed, status Is set to 
a value > 0 (size of the leading submatrlx of inmat that Is not 
positive definite), and cond.it Is not changed. 

The Cho I es~(.y decon1pos It I on of I nmat produces an upper 
triangular matrix outmat such that: 

inmat = outmat-conjugate-transpose * out~at. 
Since lnmat is Het-mitian, the strictly lower triangle of lnmat 

is NEVER REFERENCED. The strictly lower triangle •:of outmat Is SET TO 
ZERO. The input matrix lnmat Is NOT CHANGED by this routine. 

c------------------------------------------------------------------------------
c 
c 

c 

c 

c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 

i tT1p I i c i t n·~ne 

external zpoco, open_va, exlt_va, free_va 
Include '6000$RT•[CHUCK.RESEARCH.FORTD1RJVATYPES.TXT' 

integer*4 size, status 
•-ea I *8 cond I t 
complex*16 inmate size, size), outmat( size, size l 

integer*4 i, j 
integer*4 work_add, size_l In( 
character*:30 msg 

>, vstatus 

Copy Input upper triangle to output upper triangle, since 
ZPOCO puts its output in itg input. 

d•::. i = 1 , s i ze 
doj=1,i

outmat( I, j) 

end do 
do j = I, size 

( O.OdO, O.OdO l 

outmat(i ,jl = lnmat(l ,j) 
end do 

end do 

Make a worJ< vector .for ZPOCO. 

size_l in(1) =size 
cal I open_va( work_add, size_l in, 1, dc_type, vstatus, msg > 
cal I exit_va( vstatus, msg ) 

Now let ZPOCO do the real work. 

call :zpoc·~( outmat, size, si::ze, condit, 'Xval( wori( add), status) 



0001 
0002 
ooo::: 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
001:01 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
002'7 
0028 
0029 
oo:Jo 
00:?.1 
0032 
00:3:;: 
0084 
0085 
0036 
00:37 
0038 
0039 
0040 
0041 
0042 
004:3 

0044 
0045 
0046 
0047 

t 
0048 
0049 
0050 

• 0051 
0052 
005:3 
0054 
0055 
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subroutine c8_noise( noise, size, defs, pars ) 
G 

c------------------------------------------------------------------------------
c 
c 
c 
c 
c 
G 

c 
c 
c 
c 
c 
c 
c 
c 
c 

This subr•=:tut i ne corrtputes a CQI't1PLEX*:3 noise "scJurces" vector. 

Paran.eters: 

n•::>ise = C01'1PLEX:+::3 size-element output n•::.lse vect•:J:r. 
s 1 :z:e I NTEGER*4 number of noise sources in ·~se. 

defs = INTEGER*4 size x 2 ntatrix wh_ose first c•::;,luntn ls the 
vector of noise 5ource types (see subroutine 
READ_NOISE), and whose sec.•:>nd coiUI'ftn is the 
vector of counts ~or intermittent noise 
s1::.urces. 

pars c REAL*4 siZe. x 3 matrl)( of noise S•:>urce parameters (see 
subroutine READ_N01SE). 

c-----------------------------·-------------------------------------------------
c 

c 

c 

c 

c 

c 

i tr1p I I c i t none 
i r. t. r i ns i c ctnp I J< 1 j I shf t 1 j I ar1d 

external gauss, unl 

rea.l*4 uni 

integer*4 size, defs( size, 
real*4 pars( size, 1 ) 
cc•mplex*8 noise( size l 

I nteger*4 ·1, It 1 

real*4 rnolse, lnolse 

d•::- i = 1 , s I ze 
lt1 z jlshft( defs< I ,1>, -16 
i f < ( ( i t 1 . ne. 0) . and. defs( I ,2> .eq. > > .or. 

< I t 1 .eq. 0 > ) then 

2 

lt1 = jlandl defs<l,1>, 65586 > 
i f ( I t 1 . "'q . 1 > then 

nolse(i) = cmpl:v:( pars<i,1), pars(i,2> 
else if (· it1 .eq 2 ) then 

noise(i) • cmplx( pars(i,1> + pars(i,2) * 
pars(J,1) + pars<l,2) * 
) 

else 

uni ( 10571 
uni ( 10571 

call gauss( rnoise, inolse, pars(i,2), pars(l,1l, 0) 
nolse(i) = cmptxC rnoise, inolse) 

end if' 

else 
nolse(i) ~ < 0.0, 0.0 l 

end if 

end do 

r·e turn 
end 

- 0.5 ), 
- 0.5 
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0001 
0002 
ooo:=• 
0004 
0005 
0006 
0007 
0008 
0009 
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subroutine dcv_irls< a, n, m, x, p, eps, norm, 
to I , i t I i tt•, f , res I d, de I 

c 

c------------------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

This subroutine forms an approximate Lp estimate of a vector 
f which satisfies the equation x =a f + ndise. The IRLS algorithm 
is used to determine the f estimate. 

Paran.eters: 

n• 
n x n• CONPLEX*16 coefficient matrix. 
INTEGER*4 number of rows in the coefficient matrix Cusual ly 

the number of observations obtained). 
m: INTEGER*4 number of elements in the vecb:;.r to be estimated 

( prob I en. order l . 
x: n-element C0t1PLEX*16 observati.:.n vector. 
p: REAL*4 pc•wer of error magnitudes t•:l be mlnized (an Lp 

estimate Is computed). 
eps: REAL*8 minimum residual ~agnitude to be used (see 

subroutine get_w). 
norm• REAL*8 valu~ to which to normal lze the SQUARE ROOT OF 

to I' 

It I im• 

the maxi mum weight. If norm <- O.OdO, 
no normallzatl•:.n occurs. Otherwise, 
all weight SQUARE ROOT values <w<lll 
are divided by a vaiU@ which results In 
a maximum weight SQUARE ROOT of norm. 

REAL*:3 value to be taken for zen:l. The rOutine exits 
when the SQUARE of the norm of the 
difference between successive f 
approximations drops below tol. NOTE 
that tol expresses a FRACTIONAL 
tole~anceJ that is, :I difference I I / 
II sutt1 II <= ted is tha exIt crl terion. 

INTEGER*4 number of Iterations permitted. This 
varlalble Is COUNTED DOWN at ear.h 
Iteration, and the routine exits if It 
reaches zero (regardless of 
convergence). Also, the variable Is 
SET to the negative of its current 
value minus one and the routine exits 
I ~1~1ED I ATELY If the routIne DC_MPPS I NV 
fal Is (''Info'', below, returned with a 
non-zero va I ue l . 

f: m-elernent COt•1PLEX*16 computed estimate vector. 
res i d: n-e I e:rnent vector of residua Is fn:•m the I ast computed 

estimate. resid = x- a f. 
de I : REAL*8 e>~ it va I ue of the square of the n•:.rm of the 

difference between succP-ssive estimates 
of f. 

NOTE that an L2 estimate of f is produced if this routine Is 
cal led with it I lm = 0 (regardless of the passed value of p). 

c----------------------------·--------------------------------------------------
c 

imp I I c i t n•:.ne 
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0058 

0059 
0060 
)061 c 
0062 
J06S c 
0064 

J065 
0066 
)067 

:>068 
)069 

:>070 
)071 

:l07Z 
l07S 
)074 

1075 c 
)076 

1077 
)078 

1079 
J080 

10:31 
)082 c 
10:33 t 

)0:34 c 
1085 
1086 
1087 

1088 
1089 

1090 
•091 
)092 
1098 
1094 

•095 c 
1096 G 

•097 c 
098 
i099 

100 
101 
102 
10:3 

104 
105 

106 c 
107 ,, 
108 c 
109 ,, 
110 

111 
112 c 
113 
114 

external open_va, free_va, exit_va 

1~-Apr-1988 14• 13•58 
16-Mar-1988 09•90• 14 

external dc_mppsinv, dc_matvmpy, r~siduals, dc_veccopy, get_w_half 
external drdi_dc_mmpy, drdi_dc_vmpy, dc_vdel_nmsq 

real*8 dc_vdel_r.msq 

lntege~*4 n, m, itl im 
real*4 p 
real*8 eps, norm, tol, del 
contple;-~*16 a( n. rr. ) , x< n ) , f ( m ) , resid< n ) 

integer·*4 prevf_add, ~I in( ) , dc_type/7/, status 
lntege.r*4 w_add, nlin( 1, dr_type/5/ 
int@ger*4 pslnv_add, m_by_n( 2 ) 
lnteger*4 wx_add, wa_add, n_by_m( 2 ) 
I nteger·*4 info 
character*80 msg 

mlln< 11 m 
nil n( 11 n 
m_by_n( 11 m 
m_by_:n(21 n 
n_by_m< 1 1 n 

n_by_m(21 ITo 

Get space f•::.r various workIng arrays. 

c• I I open_ va( 
call exit val -
call open_ va( 
call exit va( -
call open_ va( 
c .. ,, e><lt va( -
call •Jpen_ val 
cal I exit_va( 
cal I open_ val 
call ex! t_ val 

prevf_add, ml in, 1, dc_type, status, msg 
status, msg l 

w_add, nl in, 1, dr_type, status, msg 
status, msg l 

psinv_add, tT•_by_n,. 2, dc_type, status, msg 
status, msg ) 
wx_add, nl in, 1, dc_type, ~tatus, msg) 
stat•..ts, msg ) 
wa_add, n_by_~., 2, dc_type, status, msg 
status, msg l 

Co~pute L2 estimate of f, and residuals therefor. 

del= t·~l + .5 
cal I dc_mppsinv( a, n, m, 
If I i nf·~ . ne. 0 1 then 

ltlim =- ltlim- 1 
go to 10000 

end if 

tol, X.val ( psinv_add ) , info ) 
Error In ps•.Aedo- inverse:. 

call dc_rnatvn•py( ):val ( psinv_add ) , m, n, x, f ) 

cal I residuals< x, n, a, m, f, resid) 

~xit if L2 solution desired tltlim = OlJ otherwise start 
iterating to Lp solution. 

do wh i I e ( ( del . gt. t•::ol . and. i t II m . g t . 0 1 1 

cat I dc_veccopy< f, m, %val( pl'"evf_add) ) 

call get_w_half( resid, r1, p, eps; norm, Xval( w_add l 
Note using SQRT( weights ). 
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0115 
0116 
0117 
o 1 n;;, 
0119 
0120 
0121 
0122 
0128 
0124 c 
0125 
0126 
012.7 
012:3 c 
012.9 c 
01:30 c 
01:31 10000 
01:32 
01:38 
01:34 
01:35 
01:36 
01:37 
01:38 
01:39 
0140 
0141 
0142 c 
014:3 
0144 

··' 

18-Apr-1988 14• 1:3•58 
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cal I drdi_dc_mmpy( %val ( w_add >, n, a, m, %val( wa add ) 
call dc_ntppsinv< %val ( wa_add ) , n, "'' to I, Xval ( psinv_add ) , info 
if ( Info .ne. 0 I then Error In psuedo-lnverse. 

itlin• =- itlin•- 1 
g·~ to 10000 

end if 
cal I drdi_dc_vmpy( %val< w_add ), n, x, Xval ( wx_add ) 
call dc_matvmpy( %val( psinv_add >, m, n, X.vaiC W>'~ add), f) 
cal I residuals( x, n, a, m, f, resld ) 

itlin•= itlim-
del = dc_vdel_nmsqC f, Xval C prevf_add ), m, tol 

end do 

Ountp the W1:>rh. i ng array space. 

continue 
cal I free va( -
call exit va( -
call free_va( 
call exit 
call free 
call exit 
call free 
call exit 
cal I free 
call exit 

return 
e.nd 

va( -
va( -
va( -
va( -
va( -
vaC -
va( -

prevf_add, status, msg 
status, n.sg ) 
w_~dd, status, msg 
status, msg l 

pslnv_add, status, msg 
status, I'T•S9 ) 

wx_add, status·, msg 
status 1 tTISQ ) 

wa_add, status, msg 
status, n.sg ) 
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c 
subroutine residuals( x~ n, a, m, f, resid ) 

c 

c------------------~-----------------------------------~-----------------------
c 
c 
c 
c 
c 
c 
c 

This subroutine calculates the n-elentent CONPLEX*16 vector 
(n:;:'1sid) ,:;~f residuals for an estimate of f. xis rr-element C01"1PLEX*16, 
a is n x m COMPLEX*16, nand tTt are INTEGER*4, and f Ism-element 
COrlPLEX*16. 

The formula used is resid = x - a f. 

c----------·--------------------------------------------------------------------
c 

c 

imp I I c I t none 
eKternal dc_matvmpy 

integer*4 n, m 
complex*16 x( n ), a( n, m ), f( m ), resid( n ) 

0021 c 
0022 
OOZ8 
0024 
002!'.i 
0026 
0027 
002:3 

·' ·~··· .. :· 

c 

call dc_naatvmpy( a, n, n1, f, resid) 
do i = 1, n 

resid(i) = x(i) - resld<l l 

end d•:l 

t·eturn 
end 
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subroutin@ dc_mppsinv( a. n, m, fuzz, psinv, info ) 
c 

c------------------------------------------------------------------------------
c 
G 

c 
c 
c 
c 
c 
c 
c 

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

This subroutine forms the Moore-Penrose psuedo-inverse of a 
C0~1PLEX*16 matt·ix. A Singular Value Decompositicon !SVD) algorithm 
is used, so that n•:;, e>-~pl ic'it Inversion is required; thus the 11'1atr.lx b:> 
be ''inverted" need not be of full rank (or, for that matter, square). 
ThP- Moore-Penr•::.se psuedo- inverse of a 1 s C•:)rnputed as: 
psinv = ( a_conjugate_tran·spose * a )-inverse * a._c.::>nj•..o~ga.te_transpose. 
Parameters: 

a: n x m C0~1PLEX*16 matrix for which the psuedo-lnverse Is to 

n, m: 

fuzz: 

psinv: 
info: 

be computed. 
I NTEGER*4 nuntber of rt:lW!i and co I umns, respectIve I y, in 

the a matrix. 
REAL*8 value to be taken as zero (''tolerance'') (used 

to determine when a singular value is 
"'aln.ost'' zer,:l). 

rn :< n COMPLEX* 16 computed psuedo- inverse. 
INTEGER*4 status Indicator (outputl 1 0 for successful 

psuedo-inversion, non-0 on f&i lure of 
sIngular va I ue decort~pos i t I on. 

c------------------------------------------------------------------------------
c 

c 

c 

c 

c 

i ntp I I c I t none 
intrinsic jndnO 
e>'~ternal open_va, free_va, exi t_va 
external zsvdc 
extern~l dc_matcopy, dc_matmpyher~, dcsv_vslgml 

integer*4 n, m, Info 
reai*S fu:z:z 
co~plex*16 a( n, m ), pslnv( m, n) 

integer*4 dc_type/7/, status 
ir~teger*4 n_l in( 1 ) , n_sqr< 2 ) , m_l in< 
lnteger*4 n_by_m( 2 l, m_by_n( 2 )J slen( 

1 ) 1 m_sqr< 2 
1 ) 

integer*4 aa_add, s_odd, e_add, u_add, v_add, wkl_add, wk2_add 
c.haracter*SO msg 

n_l in( 1) n 
n_sqrl1l n 
n_sqrC2l n 
m lin! 1 l m -
m_sqr( 1 l ... 
m_sqr(2) m 
n_by_ min n 
n_by_l1,(2) m 
rn_by_ n( 1 l "' M_by_n12l n 
si<>n( 1) jmlnO! n + 1, "' ) 

call open_va( aa add, n_by_m, 2, dc._type, status. msg ) 
cal I exit_va( status, msg ) 



• 
• 

DC ~1PP:31 NIJ 

0058 
0059 
0060 
0061 
0062 
006:3 
0064 
0065 
0066 
006'7 
006:3 
0069 
0070 
0071 
0072 
007:0: 
0074 
00'75 

c 

0076 c 
0077 
0078 
0079 
0080 
00:31 
oo:;-,2 
00:3:3 
0084 
00:35 
00:36 
00:37 
008:3 
0089 
0090 
0091 
0092 
009:3 
0094 
0095 
0096 
0097 
0098 

c 
10000 

c 

cal open_va( 
cal e)'~lt_vaC 

cal •:.pen_va< 
cal exit va ( 

cal open_va( 
c. a I e>"~ I t_ va ( 

cal •:.pen_va( 
cal exit_vaC 

s_add, 
status, 
e_add, 
status, 
u_add, 
status, 
v_add, 
status, 

slen, 
rr.sg ) 

m_lln, 
msg ) 

n_sqr, 
n.sg ) 

m_sqr, 
rtiSQ ) 

1. de_ type, stat1.,.s, 

1, de_ type, statc~s, 

2, de_ type, status, 

2, de_ type, stat•...1s, 

18-Apr-1988 14: 1~: 16 
17-Nov-1987 08:45: 17 

msg ) 

t'fiSQ 

msg 

msg 

cal open_vaC wk1_add, n_l in, 1, dc_type, status, msg 
cal exit va( status, msg ) 
cal open_va( wk2_add, m_by_n, 2, dc_type, status, msg ) 
cal exlt_vaC status, msg) 

call dc_n.atc.opy( a, n, m, 'Xval C aa_add ) 

cal zsvdc( %val< aa add l, n, n, m, 'Xval< s_add ), Xval( e_add ), 
Xval C u_add ), n, XvaiC v_add ), m, 

2 Xva I ( wk 1 add ) , 11, info ) 

if info .ne. 0 l g•::> to 10000 

call 
1 

dcsv_vsigm1( %val( v_add ), m, Xval ( s_add ), n, fuzz, 
Xv&l( wk2_add) ) 

call dc_rnatmpyherm( Xval( wk2_add ), "'' n, %val( u_add ), n, psinv 

continue 
call free -
call exit -
cal I free -
call exit -
call free_ 
call exit 
call ft·ee 
call e:xit 
call free 
call e:xit 
call free 
call exit 
ca II free 
call exit 

return 
end 

-
-
-
-
-
-
-
-
-

val 
va( 
va( 
va( 
va< 
va( 
va< 
va( 
va< 
va< 
va( 
va( 
va( 
val 

aa_add, status, msg ) 
status, msg ) 
s_add, status, msg 
status, rnsg ) 
e_add, status, msg 
status, msg ) 
u_add, status, msg 
status, n1sg ) 
v_add, status, msg 
status, msg ) 
wk1_add, status,, msg 
status, msg ) 
wk2_add, status, msg 
status, msg ) 
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subroutine dcsv_vsigm1( v, m, sig~a. n, zero, product ) 

0004 
0005 

c<><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><> 

0006 
0007 
0008 
0009 
0010 
0011 
0012 
001:3 
0014 
0015 
0016 

c 
G 

c 
c 
c 

c 
c 
c 

c 
c 

This subroutine for~s the product v * sigmal. v is an m x m 
C0~1PLEX*16 IT!"trix which is generally produced by a single value 
deCI::)ttJposltion algorithrr• (vis usually the left singular vectors). m 
is INTEGER*4. sigma is a min( m, n ) - etem~nt COMPLEX*16 vector, 
also generally the result of an SVO (sigma Is usua~ ly the singular 
va llAes), n is I NTEGER*4. zero is the REAL*8 va I ue to be taken for 

zero (''tolerance). The result o4 the routine is returned in them x n 
C0~1PLEX*16 matrix product. 

The product v * sigma1 Is evaluated as follows: 
product= v * < r<IJ > 

where * > Is an m x n matrix with (main) diagonal entries *• 
r(i) 1 /sigma(!) if : sigma(i) I > (passed) zero, 

= 0 otherwlsa. 
0017 
001E1 

0019 
0020 
0021 
0022 

c 
c<><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><> 
c 

002:3 
0024 c 
0025 
0026 
0027 
0028 c 
0029 
00:30 
00:31 
0032 
00:33 
0034 
0035 
0036 
00:37 
0038 
00:39 
0040 
0041 
0042 
004:3 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 

~ •.... ·, 

c 

c 

c 

i n•p I I c i t none 
intrinsic cdabs, jminO 

inte.ger*4 m, n 
real*8 zero 
c.omple>:*16 v< rn, m ) , sigma( l, product< m, n ) 

lnteger*4 nurn_slg, I, 

num_slg = jrninO( m, n ) 

d•:~o i = 1 , num_s I g 
if ( cdabs( sigma(i) 

do J = 1, m 
. gt. zero ) then 

product< j , I ) = v ( j , 11 / s I gnoa II ) 
end do 

else 
doj-1,m 

product(j,l) = ( O.OdO, O.OdO ) 
end dl:l 

end if 
end do 
d•::t i .=. num_s I g + 1 , n 

doj=l,m 
product(j,l l = ( O.OdO, O.OdO J 

end do 
end do 

return 
end 
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subr•:)Utine eig_ft-om_sv( svb, n, fuzz, eig ) 

c 

18-Apr-1988 14:17:03 
22-Jun-1997 20:01:56 

c---------------------------·---------------------------------------------------
c 
c 
c 
c 

This subroutine completes the operatior1s started by subroutine 
sq_vlgsvd, producing the g~nerallzed eigenvalues for the rrtatrlx pair 
(a, bl. 

000:3 c 
0009 
0010 
00 II 
0012 

001 '"' 
0014 
0015 
0016 
0017 
001:3 
0019 
0020 
0021 
0022 
002:3 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
00:31 

00:32 
003:3 

0084 
0085 
00:36 
0087 
0088 
00:39 
0040 
0041 
0042 
004:3 

c 
c 
c 
c 
c 
c 
c 

·c 
c 

Paraneeters: 

svb: n-elerrtent COMPLEX*16 vector of singular values of 

b * a_inv (alI entries should be real>. 
n: I N'TEGER*4 nun1ber of e I etT1ents In svb and e I g. 
fuzz: REAL*8 value to be taken for zero ("tolerance"). 
ei g: n·-elernent REAL*8 result vect•:.r of ger.eral ized 

eigenvalues. 

c------------------------------------------------------------------------------
c 

c 

c 

c 
c 
c 

c 

implicit none 
intrinsic dreal 

i ntegl!!r*4 ,.., 
reai*S fuzz, eig(n) 
cornplex*16 svb(t"",) 

lnteger*4 I 
real*8 svsqb 

Compute general lzed eigenvalues. 

do i = 1, n 
svsqb = dreal< svb(i) 
svsqb = svsqb * svsqb 
If ( svsqb le. fuzz ) then 

e i g ( i l 0. OdO 
else 

elg< I> 
end if 

end do 

return 
end 

1 . OdO / svsqb 
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logical function endspawn_if( log_unit, prog_num 

c 

c------·------------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

This function reads (and locks) the record with primary key 
value prog_num in the Indexed-organization fl le open on logical unit 
number log_unit. If the specified record Is locked when tha read 

attempt is mnde, the function exits returning a value of .false .. 
If the desired rec•::.rd has been r·ead and I•:>CI(.ed, the functIon 

chec:ks that the pn:>cess named In the record i·s n•::>t present on the VAX, 
and if it is present exits returning the value .false.. If the 
process is not present, the function sets the ''spawned~ indication in 
the record to 0, rewrites (and unlocks) the record, and returns .true. 

If an error occurs during any of the system cal Is, the function 
prints an error message and returns .true. 

The FORTRAN pro£) ran: ~1AKE_SPAWN_I OX can be used to create a f I I e 
of the required forn.at. The text fl le 
6000$RT:CCHUCK.RESEARCH.FORTOIRJSPAWNED_DEF.TXT contains the 
definitions required to access such a fl I e. 

and prog_num at-e I NTEGER*4. 
The parameters log_unit 

c------------------------------------------------------------------------------
c 

i rr.p I i c I t none 
external llb$getjpl llb$wal t 
Include 'Csysten•_syn.bolsl' 
include 'SYS$LIBRARY:FORIOSOEF' 
Include '6000$RT,CCHUCK.RESEARCH.FORTOIRJSPAWNED_DEF.TXT' 

027:3 c 
0274 
0275 
0276 
0277 
027E: 
0279 
02:30 
02131 
02132 
o213:c1 
02:34 

02:35 
02=36 
02:37 
021~::3 

02:39 

0290 
0291 
0292 
029:3 
0294 
0295 
0296 
0297 
029:3 
0299 
0800 
0301 

c 

c 

c 

c 

integer*4 I lb$getjpi 

integer*4 log_unlt, prog_num 

integer*4 status, out_int 
character*80 err_type 

read (unit=log_unit,keyeq~prog_num,keyid=O,Iostat=status) 

1 sp_num, sp_stat, sp_fl le, sp_proc 
if ( status .eq. FORSIOS_SPERECLOC l then Record lock. 

unlock (unit=log_unit) 

endspawn_if = .false. 
return 

else if ( status .ne. 0 ) then 
type * 
type *• 'Error during read, code: 
type * 
unlock (unit=log_t~nitl 

endspawn_if .true . 
return 

end if 

status 

status= I ibt.getjpi ( JPI$_PID, , sp_prtjC, out_int ) 
If < ( status .@q. SS$_NORMAL 

.or. ( status .eq. S$$ SUSPENDED 
unlock (unit=log_unit) 
endspawn_if .false. 
return 

Read error. 
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( 

' 
I • 
I • ,. ... 

··' 

0802 

0303 
0:304 
0:305 
0:306 
0:307 
0:308 
0:309 
0:310 
0:3 1 1 

0812 
0:31:3 
o:=< 14 
0815 
0:316 
0:317' 
0:318 
0'319 
0:320 
0:3;~ 1 
0:322 
0:'123 
0:324 c 
0325 
0:326 

0327 

0829 
0:3:0:0 

08:31 
0::3:32 
0:3:3:?, 

os:=:4 
0:3::::5 

0:3:36 
0:~::37 

03:38 
0:3:39 
0:340 
o:~,~ 1 

o:=-:4:~ 

0:344 
0:345 
o:346 
0:347 
0:34>3 
Q:31J.9 

0:350 

-~.·' 

c 
10000 

c 

c 
20000 

c 
90000 

else if' C .status eq. SSS._NONEMPR ) then 
go to 10000 

else if ( status .<'q. SS$_BAOPARAM ) thero 
ur~lock (unit=log_unlt} 
err_ type :: 'Bad paran.eter.' 

else If ( status .eq. SS$_ACCVIO ) then 
unlock Cuni t~Tog_uni t> 
err_type = 'Access violation.' 

else If C statt~s .eq. ~.S$ IVLOGNAM ) then 
unlock (unlt=log_unit) 
err_ type = ' I nva I i d ptMocess name I ength. 

else if< status .eq. s:3$_NOMOREPROC l then 
unlock Cunit=log_unit> 
err_type = 'No "tt••:.re" processes.' 

else if < status .eq. SS$_NOPRIV J then 
\Anlock (uni t=log_uni t) 
err_type = 'No pt-ivi lege. 

els~ 

unlock (unit=log_unltJ 
err_ type ,. 'C·:>de: hex.' 

18-Apr-1988 14:17:89 
2-Apr-1988 16:47:00 

write (unit=err_type( 8 
end if 

15 ),fmt~90000> status 

type * 
type *• 'Fa I led checking 
type * 
endspawn_lf a .true. 
return 

Cc•nt i nue 
sp_,.tat 0 

, sp_proc, err_type 

rewrite Cunlt=log_unlt,err=20000,iostat=status) 
1 sp_num, sp_stat, sp_fl le, sp_proe 
unlock <unlt~log_unit> 

endspawn_if 
r·eturn 

continue 
unlock (unit=log_unit) 
typ .. * 
type*' •Error during rewrite, code: 
type * 
er.dspawn_if 
r·eturn 

f•:>-rmat( z8.8 ) 

end 

. tn.Ae. 

Rewr i te error. 

status 
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0001 
ooo:~ 

0003 
0004 
0005 
0006 
0007 
000:3 
0009 
0010 
0011 
0012 
001:0: 
0014 
0015 
0016 
0017 
0018 

0019 
00.?0 
0021 
0022 
ooz:::: 
0024 
0025 
0026 
0027 
002:3 
0029 
00:30 
00:31 
0032 
oo:;J:'O: 
00:34 
00:35 
00:36 
00:37 
oo:=:s 
00:39 
0040 
00'11 
0042 
004:3 
0044 

( 0045 
0046 
0047 

I • 
004:3 
0049 
0050 

• 0051 
0052 
005:3 
0054 
0055 
005U 
005"7 

.. • 
-~~-' . .-

c 

18-Apr-1988 14:18:06 
25-Feb-1988 18:45:56 

subroutine ge t_m•.Js i c_def ( num_an ts, num_wave.s, noises, ano i ses, 
which, nun,_sn.p ) 

c-----·-----------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

This subroutine sets the nu~ber of antennae, waves, samples, 
and n•::aise genet~a.tot~s t•:a •..1se Tor the I'TUSIC / Lp alg•::.rithm based on 
on operat•::.r input. The def au It va I ues are ass•..1111ed to be the va I ues o 

entry to the routine. 

Pa.rametet·s: 

nun._ ants: I NTEGER*4 nun1ber of antenna array e I ements. 

num waves: INTEGER*4 number of arriving waves. 
noises: INTEGER*4 nurnber of (notninally) independent noise 

anoises: 

which: 

num_smp: 

S•:>ur ces used i n the EST I MAT I 01'1 model . 
I NTEGER*4 number of ( norrd na I I y) Independent no I :se 

sourc~~ used in sample GENERATION. 
INTEGER*4 selector for using "model" !which > Ol or 

.. actual'' (which ::::1 0) noise for 

estimation. 
INTEGER*4 number of samples to process (in the 

current exper i rr1ent). 

c----·------------------------------------------------------------------------
c 

c 

c 

c 

c 
10010 

c 
10020 

ltT'P I I c i t none 
intrinsic Index 
external caps, cap, nonblank 

logical nonblank 
character*l cap 

integer*4 num_ants, nun._waves, noisas, anoises, which 

integer*4 num_smp 

i nteger*4 I I nerll...lm, it 1, i t2 

character*5 ianswer 

cor)t inue 
assign 10010 to I iner)UM 
type 90010, 'Nurr.ber of antennae(', num_ants, ')? 
accept 90020, ianswer 
if ( nonb I ank ( i answer ) ) then 

read (unlt=ianswer,fmt=*,errs20000) it1 
if < it1 .le. 0 ) g•:. to 20050 

n•...1m_ants = it1 
end If 

c•:.nt i nue 
assign 10020 to I inenum 

type 90010, 1 Numbat" •';)f arriving waves(', nun,_waves, ')7 
accept 90020, i answer 
if ( nonblank( ianswer ) ) than 

read (unit= i answer, frnt=*, et~r=20000) it 1 
if ( it1 . le. 0 ) go to 20050 

num_waves = itl 
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0058 
0059 
0060 
0061 
0062 
0068 
0064 
0065 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
007:3 
0074 
0075 
0076 
007'7 
00713 
0079 
0080 
0081 
0082 
00:33 
0084 
0085 
00:36 
0087 
ooas 
00:39 
0090 
0091 
0092 
0098 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
010<: 
0108 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
0113 
0114 

.. 

-~··' 

c 
10025 

c 
10120 

c 

10125 

c 
100:30 

end if 

c.ont i nue 
assign 10025 to I lnenum 

1:3-Apr-1988 14:18:06 
25-Fab-19:38 18:45:56 

type 90010, Nurn.ber of noise generators f,::llr sample GENERATION(', 

accept 90020, !answer 
if ( n•:::>nb I ank ( i answer l then 

read ( un i t= i answer, frr, t;;:* 1 er~r=20000) I t 1 
if ( it1 le. 0 l go to 20050 
anoises = it1 

end if 

c•:>nt I nue 
If ( which .gt. 0 l then 

!answer= 'A/(f"1J' 
else 

I answer 
end if 

'[AJ/M' 

a noIses, ' ) ? 

type 900:30 , Use actual or (different) model noise san•ples ' 
// 'for ESTI~1ATION <' // I answer // • J? 

accept 9002.0, I answer 
i f ( nonb I ank ( i answer ) ) ther. 

call caps( !answer ) 
Jtl = index( l.&nswer, 'A' 
I t2 ::::11 Index( i answer, 'M' 
i f ( ( I t 1 . eq. 0 . and. 
if < it1 .gt. lt2 l then 

lt2 .eq. 0 l l go to 10120 

which 0 
else 

which 
end if 

end if 

if ( which .gt. 0 J then 
C.•:;)nt i nue 

assign 10125 to I lnenum 
type 90010, Nuntber ,:_,-f noise generators for E:3Tit>1ATION 

// 'noIse mode I ( ' , n•:> i ses, ' ) ? 
accept 90020, ianswer 
if ( nonblank( ianswer then 

read (unlt=ianswer,fmt=*,err~20000) it1 
If ( I t 1 . I e. 0 l g•:• to 20050 
noises= it1 

end if 
else 

no:) i ses = ant:) i ses 
end if 

cont i n\.ae 
assign 10030 to I lnenum 
type 90010, ' Nuntbe:r ·~f san•p I es per tria I to process ( 1 , nurr,_smp, 

, )? 

accept 90020, lanswer 
if ( nonb I ank c i answer J then ' 

read 
if ( 

<unIt= I answe•··, frr.t=*, err=20000) 
it1 le. 0 > gQ t.:, 20050 

i t 1 
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( 

( 

( 

( 

( 

• 
• 

GET ~IUS I C_OEF 

0115 
0116 
0117 
0118 
0119 
0120 
0121 
0122 
012:3 
0124 
0125 
0126 
0127 
012:3 

0129 
01:30 
01:31 
01:32 
01:33 
01:34 
01:35 
01:36 
01:?.7 

c 

c 

c 
20000 

c 
20050 

c 
90010 
90020 
90080 
c 

nto~m_:smp = i t 1 
end If 

typ ... * 

18-Apr-1988 14,18,06 
25·-Feb-·1988 19,45,56 

type 90080, ' Above values OK ([YJ/N)? 
accept 90020, i answer
if ( cap( i answer( 

continue 

1 ) .eq. 'N' 

type *• char< 7 l, 'Error on input. 
go t•:) I I nenum 

continue 

go to 10010 

Please re-enter.' 

type *• char( 7 ) , 'f'lust be > 0. 
g·~ to I I nenum 

Please re-enter.' 

f•:.rmat • a, 15, " ) 

for111at a5 ) 

f•:>rmat ... ) 

end 

PRDGRA~1 :3ECTIONS 

N.an1e B'ytes Attributes 

0 $COOE 1196 PIC CON REL LCL SHR EXE RO NOWF 
$POATA :990 PIC CON REL LCL SHR NOEXE RD NOWF' 

2 $LOCAL 194 PIC CON REL LCL NOSHR NOEXE RD WF 

T•:>ta I Space AII•:Jcated 1760 

ENTRY POINTS 

•~ddress Type Name 

0-00000000 GET MUSIC DEF -

VI·)R lo'1BLE:3 

(.~ddtwess Type Ns.nae Address Type Nan.e Address Type " 
AP-00000010@ 1*4 ANOISES 2-·00000000 CHAR IANS\JER 2-00000009 1*4 I 

** 1*4 LINENU11 AP-·OOOOOOOC@ 1*4 NOISES AP-00000004@ 1*4 " AP-00000009@ 1>1<4 NUM WAVES AP-00000014@ 1*4 WHICH -
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0001 
0002 
ooo:~: 

0004 
0005 
0006 
000? 
000:3 
0009 
0010 
0011 
0012 
00 1:':0: 

0014 
0015 
0016 
0017 

001:3 
0019 
0020 
0021 
0022 
002:3 
0024 
oo:~5 

0026 
0027 
002:3 
0029 
00:3() 
00:31 
00~32 

00:''''' 
oo:34 
()0:35 
oo:::.:n 
00:37 
OO:?.E: 

( 00:39 
0040 
0041 

( 0042 
004:3 
0044 

~ 
0045 
0046 
0047 

I • 
0048 
0049 
0050 

I • 0051 
0052 
005:3 
0054 

0055 
0056 
0057 

.. 

c 

1:3-Apr-1988 14:18:26 
25-Aug-1987 14:27:25 

sr..1brout i ne get_w_ha.l f < res i d, sl :ze, p, eps, t"'l.:·t-fTI, w ) 

c----------------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

This subro~"tlne computes the SQUARE ROOT OF the weighting 
''matrix" <Wl for the IRLS algorithm. W Is a diagonal matrix, so the 
result is returned in the VECTOR w. 

Paran.eters: 

resld: slze-elenu!i!nt COMPLE.X*16 ve(~t.Jr of residuals for whict
the weight matrix is to be computed. 

size: INTEGER*4 n'Jmber of residual elements (problem order). 
p: REAL*4 value of power of residuals to minimize. That Is 

an Lp mintmization Is to b@ p~rforn~c 
eps: REAL*8 va I ue •=>f mIn I mun, resIdua I rr.agn I tude to be used 

norm: 
(see bei•:)W). 

REAL*8 value to which to normal lze the SQUARE ROOT OF 
the maximun. weight. If norm (=r O.OdC 
no normal lzation occurs. Oth~rwise, 

all weight SQUARE ROOT values lwllll 
are divided by a value which results 
a ~axl~um weight SQUARE ROOT of nor~. 

w: size-~lement REAL*S vector of the SQUARE ROOTS OF the 
computed weights. 

The e I en•en t s o.f w are con•puted as fo I I ows: 
res i d I i l : .~ I I p - 2. 0 l / 2 . 0 

l eps : • ( ( p - 2.0 l / 2.0 
If norm O.OdO, w(i) Is than divided by norm/ 

if I res i d( i) 

•:>ther·wise. 
( max w( I> ) . 

I > ep! 

c---------------------------------------------------------------------------~ 
c 

c 

c 

c 

c 

i mp I I c t t none 
intrinsic cdabs 

lnteger*4 size 
real *4 p 
real*S eps, norm, w< size 
complex*16 resid( size > 

inte:ger*4 i 
r-eal *4 pm2 
real*S epm2, wmult 

ptT12 
epm2 
wmult 

0.:5 * p - 1.0 
e.ps ** pm2 
-1. OdO 

do i = 1, size 
w!f) = cdabsl residCil 
if ( w<i) . lt. eps ) then 

w( i > 
elsP

wC I l 

e.pm2 

w< I ) ** prn.2 
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( 

( 

( 

I • • 

0058 
0059 

0060 
0061 
0062 
006::0: 
0064 
0065 
0066 
0067 
0068 
0069 
0070 
0071 
0072 

PROGR(4~1 

c 

c 

SECTIONS 

end If 
if ( norm .gt. O.OdO ) then 

i f ( w ( I ) . g t . wmu I t l wmu I t = w < i > 
end if 

@nd da::. 

if ( riorm .gt. O.OdO l then 
wn•u 1 t = n•::.rm / wm•.A I t 
d•:> i = 1 , s i ze 

w(i) = w(i) * wn1ult 
end do 

end If 

return 
end 

Narr.e Bytes Attributes 

0 $CODE 228 PIC CON REL 
2 f•LOCAL 96 PIC CON REL 

Total Space AI I .:>cated 324 

ENTRY POINTS 

Address Type Natne 

0-00000000 GET w HALF - -

\.IARIABLES 

Address TYP"' Nan.e Address Type Nan~e 

** R*8 EP~12 AP-00000010@ R*S EPS 
14P-OOOOOOOC@ R*4 p ** R*4 PM2 

ARRAYS 

(4ddress Type Name Bytes 0 i naens i o::.ns 

AP-00000004@ C*16 RESID ** <*l 
~)P··-000000 1:3@ R*8 ~) ** ( *) 

·.'.·, 

LCL 
LCL 

18-Apr-1988 14:18:26 
25-Aug-1987 14:27:25 

SHR EXE RD NOlo 
NOSHR NOEXE RO 

Address Type 

** 1*4 
AP-00000008@ 1*4 
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0001 
ooo.~ 

000:'3 
0004 
0005 
0006 
000"7 
000:3 
0009 
0010 
00 I 1 
0012 
001:3 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
002~3 

0027 
002:=: 
0029 
oo:Jo 
00:31 
0082 
00:3::: 
00:34 
oo:c:5 
0047 
004:'0: 
0049 
0050 
0051 
0052 
005:3 
0054 
0055 

\ 
0056 
0057 

I 
0058 

• 0059 
0060 
0061 

• 0062 
0068 
0064 
0065 
0066 
0067 
0068 

c 

18-Apr-1988 14:19:09 
19-Dec-1997 09:14:81 

subroutine rnake_noise( out, n~ defs, pars, corr, size ) 

e-----------------------------------------------------------------------------· 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
<O 

c 
c 

This subroutine computes a COt-1PLEX*16 noise vector. 

Paranteters: 

out= COt•1PLEX*16 n-eleme~t output nQise vect•::>r. 

n = INTEGER*4 number of element~ in the •:::.•...1tput vector. 
defs = INTEGER*4 size x 2 matrix whose first column is the 

pars 

corr 

size 

vector of nois@ source types (see subroutine 
READ_NOISE>, and whose second c•:-lurr.n Is th'2 
vector of counters for intermittent and burst 
noise. 

REAL*4 ~ize x 3 matrix of noise source parameters <se@ 
5Ubroutine REAO_NOISEl. 

REAL*8 n x size matrix of noisa source multipliers for 
each output elen.ent ("c•:>rrelatlon" n.atrlxl. 

INTEGER*4 number of noise sources In usa. 

NOTE: lnterrt.ittent and bur5t noise sources are controlled by 
the paran.eter defs, ab•:-ve. If the dafs<*,2) entry for an lntermitten 
or burst source Is 1, the source is activated for the current output 
vectc•r. A f 1 Intermit tent and burst source counts at-e decremented aft 
•::.utput generation, and S•Jurces whose counts reach zero are then 
suppl led with new counts (based on the approrlate entries in pars). 

c---------------------~------------------------------------------------------
c 

c 

c 

c 

c 

c 
c 
c 
c 

c 
c 
c 

i mp I I c i t none 
lntr·in~ic jlshft 
~xternal open_va, free_va, exlt_va 
e)<ternal ce_nOise, n•:>ise_combine, unl 
include '6000.RT:tCHUCK.RESEARCH.FORTOIRJVATYPES.TXT' 

real*4 uni 

lnteger*4 n, siz~, defs( size, 
real*4 pars( size, 
real *9 cor·r( n, s lz.e 
complex*16 out( n 

integer*4 linear·( ), va_status, source_noise add, 

character*80 va_msg 

I inear(1) • size 

Get space f•:.l'"' s.::;,urce noise vector, then generate size COt>1PLEX 
noise values in the vector. 

call open_va( source_nolse __ add, I inear, 1, sc_type, va_status, va_msg 
call exit_va( va_status, va_msg 
call c8_n•Jlse( %val( sc•urce_noise add), size, defs, pars) 

Now multi ply the res• . .al t noise s•:.urce vect•:or by c•:-rr (see 
subroutine NOISE_COMBINE>, and discard the space used by the sourc~ 
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[, 

; . 

. 

• 
• 

··~~-. 

I'IAKE NOI:3E -

0069 c 
0070 c 
0071 
0072 
007:3 
0074 
0075 c 
0076 c 
0077 c 
0078 c 
0079 
0080 
0081 
0082 
008:3 
0084 
0085 
0086 
0087 c 
0088 
0089 

n•;::. i se vee tor. 

18-Apr-1988 14o 1 
19-Dec-1987 09o 1 

ca I I no i se_c~:.mb i ne ( c•:.rr 1 n, s I :e, Xva I < source no i se_add ) , def 

1 
cal I free_va( source_nolse_add, va_statl~s, va_msg ) 
cal I exit va( va_status, va_msg) 

Finally, re-trigger lnterntittent and but"st noise sources 

appropriate. 

do I= 1, size 
if ( )lshft( defs(i ,11, ~16 J .ne. 0 J then 

defs( I ,2) = defsC i ,2) -
If ( def s C I , 2 > • I e _ 0 

defs( I ,2) = pars( i ,8) 

end If 
end if 

end do 

return 

end 

then 

* ( 0.5 + unl! 10571 ) ) + 0. s 

PROGRAM :5ECT IONS 

N.ame 

0 $CODE 
1 $POATA 
2 $LOCAL 

Total Space AI located 

ENTRY POINTS 

Address Type Narne 

0-00000000 ~1AKE NOISE 

\Jt~R I ABl-ES 

Addt·ess Type Natne 

** 1*4 
AP-00000018@ 1*4 SIZE 

2-00000004 CHAR VA MSG -

Bytas Attributes 

3H5 PIC CON REL 
12 PIC CON REL 

412 PIC CON REL 

740 

LCL 
LCL 
LCL 

SHR EXE R 
SHR NOEXE R 

NOSHR NOEXE R 

Address T 

AP-00000008@ 
2-00000058 
2-00000054 
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0001 
0002 
000:3 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
00 1:o: 
0014 
0015 
0016 
0017 

001:3 
0019 
0020 
0021 
0022 
002:3 
0024 
0025 
0026 
0027 
002:3 
0029 
00:30 
00:31 
0032 
0033 
00:34 
0035 
00:36 
00:37 

00:3:3 
0039 
0040 
0041 
0042 
0043 
0044 

( 
0045 
0046 
0047 

I • 
004:3 
0049 
0050 

• 0051 
0052 
0058 
0054 

0055 
005<5 
0057 

c 

18-Apr-1988 14:20:47 
9-Sep-1987 17: 14:46 

complex*16 function modulated( wave, num_waves, carr_camp, wpars, 
1 nttypes, santp_nunt, samp_lnt 

c---------------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

This funct i •::tn returns the COI'T•P I ex arnp I i tude •:Jf wave nuntber 

wave based •:.n the wave's modulation characteristics and carrier 
amplItude and phase. That is, this routine ret,Arns the wave-th @le~ 
of the "signal-in-space'' vector at sample number samp_num. 

Parameters: 

wave: INTEGER*4 number of the wave for which to compute the 
complex amplItude. 

nun._ waves: INTEGER*4 number of waves present. 
carr_ca.mp: num_waves-al ement COI"lPLEX* 16 vecb::.r of carrIer 

complex amplItudes (from SNRs and ''starting" 
phases). 

wpnrs nun._waves x 9 REAL*S m.a.trl,.~ wh·=..sol!! colun•ns Include: 
4) vector of modulation cycle lengths, in 

number •=..f carrier eye I es par modu I at 
cycle. 

5) vector of modu I at i •:.n duty eye ll!!!ls (e)(press~ 

as fractions of modulation cycle 
lengths, 0.0 < n~d_duty!l) <- 1.0) 
(apply only to ramp and rectangular 
naodu I a. t ion) . 

6> vector of "starting" modulation phases, 
number of carrier cycles. 

7) vector of amplItude modulation ratios 
(nrax I mun1 / ml n I n.unt). 

9) vector of phase modulati•::>n total phase 
shifts !in RA01ANSl. 

mtypes n•...1ro_waves x 2 INTEGER*4 matrix wh•:>se first column 
the vector of amplitude modula.tlo~ types and 
whose second column is the vector of pha5e 
modulation types (see below). 

samp_n1...1ro: INTEGER*4 number of the sample for which the com.p 
amplItude Is to be computed. 

samp_ i rlt: REAL*S number ,:;,f carrIer eye I es bl!!tween sam.p I es. 

Modulatlc'n types: 1 =sine, 2 =triangle, :3 :a Increasing rat 
4 = decreasing ramp, 5 = rectangular. 

c----------------------------------------------------------------------------
c 

c 

c 

c 

I tnp I I cit none 
intrinsic dcmplx, dcos, dsln 
externa I mod_va I , rnod_pha:se 

rea I *8 n1od_va I , naod_phase 

I nteger*4 wave, nutn_wave~, santp_num, mtypes ( nun,_wa.ves, 
reai*S wpars< num_waves, 1 l, samp_lnt 
complex*16 carr_ca•'•P< num_waves ) 

rea I *:3 temp, na,:.d_phs 
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t"IODUL(.lTED 

0058 
0059 
0060 
0061 
0062 
006:;;: 
0064 
0065 
0066 
0067 
0068 
0069 
0070 

c 

c 

c 

PROGRA~I SECTIONS 

N-':\111~~ 

0 $CODE 
2 $LOCf4L 

Total Space 

ENTRY POINTS 

18-Apr-1988 14:20:47 
9-Sep-1987 17: 14:46 

rrt•;:)d_phs = nr~:;,d_phase ( wave, nun._ waves, wpars, sarl'tp_nUt'l't, sarr.p_ i nt 

ten•p = mod_val ( mtypes{wave,1), ttC~:ld_phs, wpars(wave,:Sl 

n•odul a ted carr _c.amp(wavel * 
1 ( temp+ ( I 1.0d0- temp ) / wpars(wave,7) ) l 

tentp = 2.0d0 * wpars(wav~,a> * 
1 mod_val< mtypes<wave,2l, mod_phs, wpars<wave,S> l - O.~dO > 
tJ•ocjulated = rrt•::tdulated * dcrrtplx< dc.os( temp ) , dsin( terl'lp ) 

retul"·n 
end 

All·~cated 

Bytes 

308 
192 

500 

Attributes 

PIC CON REL 
PIC CON REL 

LCL SHR EXE 
LCL NO:;!HR NOEXE 

RD NOioJRT 
RD WRT 

Addn;:~ss Type Name 

0-00000000 C*16 MODULATED 

VARIABLES 
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Q\ 

(4ddr·ess Type Name Address Type Nan.e Address Type NanK!t 

2-00000000 R*8 MOD - PHS AP-OOOOOOOCGl 1*4 NUtl -WAVES AP-00000020@ R*8 SAMP 

** R*S TEtiP AP-00000008@ 1*4 WAVE 

ARRAYS 

(4dd• .. ess Type Name Bytes DintE!!ns Ions 

AP-00000010@ C*16 CARR CA~IP ** I *l -
AP-00000018@ 1*4 ~!TYPES ** 1*, 1 J 

AP-00000014& R*8 ~I PARS ** 1*, 1 J 



0001 
0002 
000:3 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
00 1:=: 

0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
002:=: 
0024 
0025 
0026 
0027 
0028 
0029 
00:30 
0031 
0082 
00:33 
0084 
00:35 
0086 
0087 
0088 
0089 
0090 
0091 
0092 
009:3 
0094 
0095 

\ 0096 
009'7 

' • 0098 ; 0099 
01()0 

• 0101 
0102 
010:3 
0104 
0105 
0106 
0107 

. .' 

....... 

c 
reai*B function mod_val ( type, phs, duty ) 

c 

18-Apr-1988 14•20o4: 
9-Sep-1987 17: 14:~ 

c< > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

This func.ti·~n returns the modulati•:Jn valt..Je selected by the 

passed modulation type, current phase, and duty cycle. The value 
returned Is between 0.0 and 1.0, and Is the fraction •=>f ITtt::)dulati•Jn 

be appl led. 

Parameters: 

type: INTEGER*4 value selecting the type •:>f w.odulation bei· 
appl led (see below). 

phs: REAL*S value specifying the current t1todulatlon pha:!5e, 
expressed as a fractl•:.n of the modulation 

cycle (phs- 0.0 => start of modulation eye 
phs c 1.0 =>end of modulation cycle). 

duty: REAL*8 value spE!!clfying the duty cycle for rarrtp and 
rectangular MOdulation <Ignored for other 
m~:ldulatlon types). E>-~pressed as a fraction 

the Modulation cycle (see ''phs">. 

Modulation types: 1 ~ sine, 2 = triangle, 3 • Increasing r 
4 = decreasing ramp, 5 = rectangular. 

c 
c<><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><> 
c 

c 

c 

c 

c 

c 

c 

imp I I c i t none 
intrinsic dsin 
Include '<real constants>' 

integer*4 type 
reai*S phs,' duty 

i nteger*4 Smod/ 1/, Tr'l't~::.d/2/, ln.od/:3/, Onaod/4/, Rn .. :~d/5/ 

if ( type .eq. Smod l then ! Sine. 
mod_val = 0.5d0 + 0.5d0 * dsin( phs * pi8t2 ) 

else If ( type .eq. Tn~d ) then 
if ( phs . It. 0. 25d0 > then 

mod_val = 0.5d0 + 2.0d0 * phs 
else if ( phs . it. 0.75d0 then 

n.od_va I 1. 5d0 - 2. OdO * phs 
else 

n~d_val -1.5d0 + 2.0d0 *phs 
end if 

else If ( type .eq. lmod ) then 
If ( phs . le. duty ) then 

mod_val phs / duty 
else 

ITt~:ld_val 

end If 
O.OdO 

e I se if ( type . eq. 0•-t••:ld ) then 

! Tr i a.ng I e. 

I ncreas l ng rarrap. 

! Decreasing ramp. 
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~100 VAL 

010:''' 
0109 
0110 
0111 
0112 
0 11:;;: c 
0114 
0115 
0116 
0117 
0 11~: 
0119 
0120 c 
0121 
0122 
0128 c 
0124 

PROGRAI1 SECTIONS 

if < phs . I e. duty ) then 
mod_val 1.0d0 - ( phs / duty l 

else 
mod_val O.OdO 

end if 

else 
If (phs le. duty) then 

mod_val 1.0d0 
@ISe 

1111::>d_val 
end if 

end if 
return 

end 

O.OdO 

Bytes Attributes 

18-Apr-1998 14:20:47 
9-Sap-1997 17: 14:46 

! Rectangular. 

0 SCODE 
2 $LOCAL 

204 
24 

PIC CON REL LCL SHR EXE 
PIC CON REL LCL N03HR NOEXE 

RD NDWR 
RD ~IR 

T•:.ta.l Space Allocated 

ENTRY POINTS 

Address Type Name 

0-00000000 Rli:B ~100 _VAL 

VARIABl-ES 

Address Type Natr•e 

2-00000014 lll:4 D~10D 

** lll:4 R~10D 

229 

Address Type Nan~ 

AP-OOOOOOOC@ Rli:B 
2-00000009 lll:4 

DUTY 
SMOO 

FUNCTIONS AND SUBROUTINES REFERENCED 

Type Na.nte 

{-·, 

Addre~s Type N 

2-00000010 
2-0000000C 

I 

T 
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I 

18-Apr-19:38 14,20,47 VJ 
9-Sep-1987 17' 14,46 M! 

0001 c 
0002 
000:3 
0004 
0005 
0006 
0007 
OOOE: 

real*:3 functl•:..n n.od_phase( wave, nunt_waves, wpars, sample, san•p_lntvl 
c 
c< > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > < > 
c 
c 
c 
c 

This functic•n r·eturns the m·~dulation phase of wave nuntber wave 
at sample number sample, as a fraction of modulation cycle length 
( 0 0 <= m•::.d_phase < 1. 0 l . 

0009 c 
0010 
0011 
0012 
001:3 
0014 
0015 
0016 
0017 
001E: 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 

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

Paraa,.teters: 

wave: INTEGER*4 number of the wave for which to evaluate the 
rr1•::tdu I at ion phase. 

num_waves: INTEGER*4 number of Incident waves. 
wpars: num_waves x 9 REAL*8 matrix whose fourth column i~ th• 

vect•:lr of neodu I at I on eye I e I engths, In nuntber 
of carrier cycles par modulati•:ln cycle, and 
whose sixth column is the vector of "starting~ 

rtu:>du I at ion phases, In number of carr I ar eye I es. 
sanap I e: I NTEGER*4 number of the samp I e for which ~:ldU I at I on 

phase is to be computed. 
santp_l ntv I : REAL*S nuntber of carr lar eye I es between samp I es. 

c 
c<><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><> 
c 

l n•p I i c i t none 
intrinsic dmod 
include '(real constants)' 

0079 c 
00:30 
0081 
00:32 
00:3:3 
0084 
00:35 
00136 
0087 
00:38 
00:39 

G 

c 

c 

in teger*4 wave, nurn_waves, santp I e 
real*8 wpars(nurn_waves,1>, samp_lntvl 

real*8 carr_cycnm 

carr_cyenna = ( sample - 1 ) * sarnp_intvl + wpars(wave,6) 
rt11::.d_phase :z dmod( carr_cycnrn, wpars<wave,4) ) / wpars<wave,4>. 

returrt 
end 

226 



( 

( 

( 

( 
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0001 
ooo:c 
000:3 
0004 
0005 
0006 
0007 
000:3 
0009 

c 

18-Apr-1988 14:21:88 
18-Dec-1987 17:42:08 

subroutine music initC waves, wpars, ccamp, 
noises, ndefs, npars, 

2 anoises, andefs, anpars, which ) 

c------------------------------------------------------------------------------
c 
c 
c 
c 

This subroutine computes the complex amplitudes of the" carriers 
of the waves incider1t on an antenna array, and initializes counters fo1 
use by Intermittent noise generators. 

0010 c 
0011 
0012 
0013 
001"1 
0015 
0016 
001"7 
0018 
0019 
0020 
0021 
0022 
002:3 
0024 
0025 
002e"> 
0027 
00::~8 

0029 
oo:~o 

oo::;: 1 
0032 
OOZ<:'O: 
00:')4 
00:35 
00:36 
oo:::J7 
00~:8 

0039 
0040 
0041 
0042 
00"1:'0: 
0044 
0045 
0046 
0047 
004:3 
0049 
0050 
0051 
0052 
005:=: 

0054 
0055 
0056 
0057 

c 
c 
c 
c 
c 

.c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

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

Para111eters: 

waves: INTEGER*4 number of waves incident on the array. 
wpars: waves x 9 REAL*B matrix whose first col•..1mn Is the 

vector of Incident wave strengths, In db 
(referred to an arbitrary unit amplItude), and 
whose second column Is the vector of carrier 
starting phases, In RADIANS. 

ccan•p: waves-elen.ent COMPLEX*16 output vect•:Jor of carrier 
complex amplItudes (from SNRs ~nd ''startingp 
phases). EKpressed in ''rectangular'' 
coordinates !I .e., A* exp! j *phi l l. 

noises: INTEGER*4 number of noise generat•:>rs In use In the 
ESTIMATION noise model. 

ndefs: noises>"~ 2 INTEGER*4 matrix whose first colun•n is the 

npars: 

anolses: 

andefs: 

anpars: 

which: 

vector of noise types (see subroutine 
READ_NOISE), and whose sec•::.nd colun•n is the 
vector of counts-to-output for Intermittent 
noise generators. This matrix appl las to the 
ESTI~1ATION noise model. 

n•=' I ses x :3 REAL*4 arrAy of noise parameters (see 
subroutine READ_NOISEl. This matrix applies 
to the EST I ~1AT I ON noIse rroode I . 

INTEGER*4 number of noise generators In use for 
ACTUAL SAMPLE GENERATION. 

anoises x 2 INTEGER*4 matrix whose first column Is th~ 

vector of noise types (see subroutine 
READ_NOiSE), and whose second column is the 
vector of counts-to-output for Intermittent 
noise generators. This rt1atrlx applies to 
ACTUAL SAMPLE GENERATION. 

an•=-' i ses x 3 REAL*4 array of noise parameters <see 
subroutine READ_NOISEl. This noatrlx applies 
t•:> ACTUAL SAMPLE GENE RAT I ON. 

INTEGER*4 value which determines whether the actual 
noise samples used in ger.erating the 
observations are to be t~sed in the estimation 
routines (which= 0), or a separ~te estimation 
noise rw:)del is to be used (which> 0). Note 
that If which is > 0 then anolses, andefs, and 
anpars are used; otherwise qnly noises, ndefs, 
and npars are used. 

c------------------------------------------------------------------------------
c 

imp I I c i t none 
intrinsic dcmplx, jishft 
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• 
• 

1·1U:3 I C_ IN I T 

005:3 
0059 
0060 
0061 
0062 
0063 
0064 

0065 

0066 
0067 
006:3 
0069 

G 

0070 c 
0071 
0072 
00'73 

0074 
0075 G 

0076 
0077 
007$ 
00'79 
00:30 

0081 
00:32 
008:3 

00•34 
0085 
0086 
0087 
00:38 
00:39 
0090 
0091 
0092 
009:3 
0094 
0095 
0096 
0097 

G 

c 

external rect, uni 

real*4 ur.i 
c.on,p I ex* 16 rec t 

integer*4 waves, 
integer*4 ndefs( 

noises, anolses, which 
n•:.ises, 

real*4 npars( noises, 1 ), 
rea I *S wpars ( waves, ) 
co~plex*16 ccamp( waves ) 

i nteger*4 i , i t 1 

do i = 1, waves 

), andefs( anoises, 
anpars( anolses, 

1:3·-Apr- 1988. 14: 21::3:: 
18-Dec-1987 17:42:0~ 

ccamp(l) = rect< dcmplx( 10.0d0 ** ( wpars(i ,1) / 20.0d0 ), 
wpar:!l( i ,2) 

end do 

do i = 1, noises 
It I a jlshft( ndefs<l ,ll, -16 
If ( ltl .ne. 0 l then 

nd8fs(l,2l npars(l,3l * < 0.5 + urol( 10571 
else 

ndefs( 1,2) 

end If 
end do 

0 

if ( which .gt. 0 l then 

do i • 1, anolses 
ltl ~ jishft( andefs<l,ll, -16 l 
If ( It I . ne. 0 l then 

) + 0.5 

andefs(i,2l anpars(l,3l * ( 0.5 + uni( 10571 ) ) + 0.5 
else 

a.ndefs( i ,2) 
end if 

end do 

end If 

return 
end 

0 
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• 
• 

·'· 

0001 
0002 
000:3 
0004 
0005 
0006 
0007 
0008 
OOOCI 

0010 
0011 
0012 
001:3 
0014 
0015 
0016 

0017 
00 1,;, 
0019 
0020 
0021 
0022 
002:3 

002·~ 

0025 
0026 
0027 
0028 
0029 
00:30 

c 

18-Apr-1988 14,21:58 
17-Nov-1987 07:59:22 

subroutine mu5lc_l2p( a, ants, waves, rx, rw, fuzz, p, info 

c----------------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 

This subroutine computes the L2 estimate of th@ P matrix, giv. 
the <L2 estimate of the) A matrix (from the MUSIC algorithm). 

Paran,ters: 

a: ants,..~ waves CONPLEX*16 (L2) estitT•ate .:;.f the A n•atrix. 
a.nts: INTEGER*4 number of antenna array elements. 
waves: INTEGER*4 number of Impinging waves. 
rx: ants x ants COMPLEX*16 Rx matrix estimate (signal 

covariance matrlxl. 
rw: ants x ants COMPLEX*16 Rw m!!.trix estfnta.te <n•:JI'!!U!! 

covariance tn~trix). NOTE tha 
rw must NOT be normal lzed by 
l.an.bda-mln. 

fuzz: REAL*8 va I ue to be take.n for zero < •• to I et-ance .. >. 
p: waves x waves COMPLEX*16 output P matrix estimate (source 

Info: 
covariance matrl~). 

INTEGER*4 status Indicator (output), o for successful 
est i mat i •:l'n, non-0 on fa i 1 ure < 
singular value decomposition. 

c----------------------------------------------------------------------------· 
c 

I tT•P I i c I t none 
external open_va, free_va, exit_va 
e>-~ terna I dc_mpps i nv, sqdc_n.a td If , dc_ma ttT•PY, dc_ma tmpyhern. 

00:31 c 
00:..~2 

00'3:3 
00:34 
00:35 

0036 
00:37 
00:3>3 
00:39 
0040 
0041 
0042 
004•3 

0044 
0045 
0046 
0047 
004,3 
0049 
0050 
0051 
0052 
0058 
0054 
0055 
0056 
0057 

c 

c 

c 

c 

integer*4 ants, waves, info 
reai*S fuz:z 
compl~x*t6 a( ants, waves ), rx( ants, ants ), rw( ants, ants ) 
complex*16 pC waves, w~ves ) 

integer*4 dc_type/7/, status 
integer*4 ants_sqr< 2 ), waves_by_ants( 2 ) 
integer*4 prod_add, diff_add, wk1 add 
c.haracter*80 tTtsg 

ants_sqrC1) 
ants_sqr(2:) 
wa.ves_by_ants(1) 
waves_by_ants<2> 

ants 
ants 
waves 

ants 

call open_ val 
ca I I exit vaC -
cal I .;:.pen_ val 
ca I I exit va( -
call •:)pen_ val 
cal I ex I t_va< 

prod_add, wav~s_by_ants, 2, dc_type, status, msg 
stat1....15, rnsg ) 
diff_add, ants_sqr, 2, dc_type, status, ~sg 
status, msg ) 

wk1_add, waves_by_ants, 2, dc_type, status, msg 
status, msg ) 

ca I I dc_mpps I nv ( a, ants, waves, fuzz, Xva I ( pr•:rd_add ) , i n·fo 
cal I sqdc_matdif( rx, rw, ants, %val( diff_add ) ) 
call dc_mattr.py( %val( prod_add >~waves, ants, Xval( dlff add), ants, 
1 %val ( wk1_add ) ) 
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a • • 

f'IUS I C_L2P 1:3-Ap•·-1988 14:21:5 
17-Nov-1987 07:59:2 

0058 
0059 
0060 
0061 
0062 
006::: 
0064 
0065 
0066 
0067 
0068 
0069 

call 
1 

dc_rnatmpyhen7•( %val< wk1_.a.dd ), waves, av-,ts, 
Xval ( prod_add ), waves, p) 

c 
call free -va( pr•::.d_add, status, msg 
call exit -va( status, msg ) 

call free va( diff _add1 status, msg 
call exit - va( status, msg ) 

cal I free -va( WI< 1 _add, status, ntsg ) 
ca I I exi t_vaC status, m.sg ) 

c 

PROGRAM SECTIONS 

Name Bytes Att ... lbutes 

0 $CODE 414 PIC CON REL LCL SHR EXE RD I' 
$PDATA 4 PIC CON REL LCL SHR NOEXE RD N 

2 $LOCAL 524 PIC CON REL LCL NOSHR NOEXE RD 

T•:>ta I Space Allocated 942 

ENTRY POINTS 

Address Type Name 

0-00000000 MUSIC L2P -

\11'\R I ABLES 

Addl"ess Typa Name Addres!5 Type Name Addres~ Type 

AP-00000008@ 1*4 ANTS 2-00000060 1*4 DC TYPE 2-0000006C 1*4 -AP-00000020@ 1*4 INFO 2-00000010 CHAR r1SG 2-00000068 I *4 
AP-OOOOOOOC@ 1*4 WA\IES 2-00000070 1*4 WK1 ADD -

f-=~RRAVS 

Address Type Name Bytes Dimensions 

AP-00000004@ C*16 A ** <*. *l 
2-00000000 1*4 ANTS :3QR 8 (2) -

AP-0000001C@ C*16 p ** <*' *l 
I'IP-000000 14@ C*16 RW ** <*' *l 
AP-00000010@ C*16 RX ** <*, *) 

2-00000008 1:1<4 lJJA\IES BY ANT::> :3 (2) - -
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0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0018 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
oozs 
0024 
0025 
0026 
0027 
0029 
0029 
0030 
0031 
0032 
0033 
0034 
0085 
0036 
0037 
00:38 

00:39 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 

;; • 0048 
0049 
0050 

. • 0051 
l 

0052 . 0053 
0054 
0055 
0056 
0057 

c 

18-Apr-1988 14:< 
16-Mar-1998 09:< 

subroutine music_lpp_each< obsmat, samps, ants, a, waves, p, ep~ 

norm, tol, pvn1, resm, mxitl im, 
2 rnn i t I i ro, at i t I i tn, min_ dE 

c-----------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

This subroutine forms Lp estimates of each of the signal 
vector samples which produce a· col teet ion of observation vector 
f rcrn a" antenna array. Est I mates are f•:.rn1ed usIng the I RLS a I g.: 

Parameters: 

obsmat: samps x ants COI'1PLEX*16 mat1i>-~ whose ROWS are 1 
n•:.isy 1~bservati•:JFtS frc•nt the antenna arr.(; 

sarr.ps: I NTEGER*4 nutr.ber of •:>bserva t ion samp I es. 
ants: I NTEGER*4 number of e I eme.nts In the antenna arra~ 
a: ants x waves COMPLEX*16 phase shift matrix for the 1 

array and the arriving waves (the columr 
are the "signal vectors"). 

w~ves: 1NTEGER*4 number of arriving waves. 
p: REAL*4 power of the residuals t•::. be minimized (Lp 

estimAtion to be used). 
eps: REAL*S mini mun. residua I magnitude t•:. be us ad. 

norm' REAL*e va I'-"'' to whIch to n·~nnal i za the SQUARE ROC 

to I 
pvnt: 

resm: 

the maxi rr1Ut'fl I RLS weight. If norltl <• 0. C 
normalization occurs. Otherwise, all w. 
SQUARE ROOT values (w(ill are divided b~ 
value which results in a maximr .. .nn weight 
ROOT of norm. 

REAL*S value to be taken for ze-n:. ("tolerance"). 
waves x: sanrps C0t'1PLEX*16 output matrix: whose COLUJV 

the estimates of the signal-ln-spac~ vee 
samples. 

samps x ants COt'1PLEX*16 output matrix whose ROWS 
residuals fr•:::.H,., the above estimates. 

mxi t I irn: INTEGER*4 number of iterations to permit fort 
algor I thno. 

rnnitlim: 

at It I im: 

min_del: 

INTEGER*4 minimum nun-1ber t•::t which the iteratic 
counter was decremented by the IRLS algc 
Not~: mxitl im- rnnitl im Is usually the 
number of iterations used In any IRLS ~5 
however, since roi.Jtine DCV_tRLS can plac 
NEGATIVE value in mnitl lm, this possibl I 
should be checked. 

I NTEGER*4 number of the sanop I e to whIch mn it I I 
applies. 

REAL*B -square of the nornr of the dl fference bE 
two subsequent estimates of the same vee 
This variable is set to the difference ~ 

by subroutine OCV_IRLS for sample number 

at it I i "'· 

c-----------------------------------------------------------------------
c 

i "'PI I c i t none 
external open_va, free_va, exlt_va 
external c16_vec_ext, dc.v_irls, c.16_col_ins, c16_vec. Ins 
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0060 
0061 
0062 
006:::: 
0064 c 
0065 
0066 
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006:3 
0069 
0070 
00?1 c 
0072 
007:~: 

0074 
0075 
0076 
0077 
007:3 

0079 
00:30 c 
00:31 
OOE"<2 
00:38 
0084 
00135 
0086 
008'7 
OO:c<:": 

0089 
0090 
0091 
0092 
009:3 
0094 
0095 
0096 
0097 
009:3 c 
0099 
0100 
0101 
0102 
0103 
0104 

• 0105 
0106 

c 

01 0'7 

• 

.. • 

18-Apr-1999 14:22:20 
16-Nar-1988 09•26:50 

integer*4 samps, ants, waves, mxitlirrt, rr.nitlim, atitlim 

rea.l*4 p 
reai*B eps, norm, tol, min_del 
cornplex*16obsmat( sarnps, ants), a< ants, waves) 

complex*16 pvm< waves, samps ), resm( samps, ants l 

integer*4 status, obs_add, sspc_add, resid_add 
integer*4 ants lin( 1 ), waves_lin( 1) 
integer*4 di_type/8/, sr_type/4/, dr_type/5/, dc_type/7/ 
i n t egat· *4 I , i t I I m 

real*8 del 
character*80 msg 

ants_lln(1) ==ants 

waves_lin(1) =waves 
cal I open_va( obs_add, ants_l In, .1, dc_type, status, rnsg) 
cal I exlt_va( status, msg ) 
call 

call 

call 
call 

opt!l!n_va( sspc_add, waves_ lin, 
ex I t_va( status, 11tSQ 

open_ 
exit 

min_del 
mnl t I im 
at it I ItT• 

-
va< resid_add, 
va( status, 

O.OdO 

mxi t lim 
0 

tT1Sg 

l 
ant:s _lin, 

l 

1' de_ type, S t i\ t1..15 1 msg 

1, de_ type, :s t a t•..rs, msg 

do I • 1 , sarnps 
ltlim = m)'~itlitTt 

call c16_vec_ext< 
call dev Iris( a, 

•:.bsma.t, samps, &nts, i 1 'Xval ( obs add ) ) 
ants, waves, XvaJ( obs_add l, 

2 
if ( it I i m 

mnl t I lm 
at It I I m 

p, ep:s, normJ tol, itl im, 
"va 1 (_ sspc_add ) 1 %v& I ( res i d_add ) , dal 

I t. non I t I i m l then 
it I lm 

min_del del 
end if 
ca I I c 16_co I ins ( %va I ( sspc_add ) , waves, pvtn, waves, samps, 
cal I c16_vec_ins( %val( resld_add l, ants, resm, samps, ants, 

end do 

call frae va< 
cal I exIt va( 
cal I free va( -
call exi t_v.a< 
cal I free va< -
cal I ext t_vaC 

t-eturn 
end 

obs_add, status, n.sg l 
status, msg l 
sspc_add, status, msg l 
status, rnsg l 
resld_add, status, msg l 
status, msg l 
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0019 
0020 
0021 
0022 
002::: 
0024 
0025 
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0027 
0028 
0029 
0080 
0031 
00:32 
00:3:3 
00:34 
0085 
0036 
00:37 
0088 
00:39 
0040 
0041 
0042 
004:3 
0044 
0045 
0046 
0047 

• 0048 
0049 
0050 

• 0051 
0052 
005:3 
0054 
0055 
0056 
0057 

"' 

18-Apr-1988 14:22:44 
17-No::.v- 1987 08: 86: 18 

subroutine muslc_lpp_speis( •• n, m, w, robs, rnoise, 
fuzz, pmat, Info ) 

c------------------------------------------------------------------------------
"' 
"' 
"' 
"' c 

"' 
"' 
"' 
"' 
"' 
"' c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

This subroutine computes an Lp estimate of the P matrix, given 
the <L2 estimate of th~) A matrix (from the MUSIC algorithm). The 
approach used is due to Speiser, as follows: 

pmat = ( a* w a >- a* w ( robs - rnoise > w a ( a* w a )-, 
where * signifies conjugate transpose and ( )- is matrix inverse. 

Paran.ters: 

a: n x m COMPLEX*16 (L2> estimate of the A matrix. 
n: INTE6ER*4 r1umber antenna art·ay elements. 
m: INTEGER*4 number of Impinging waves. 
w: n-element REAL*S vector contalnlr.g the (non-zero) elements 

of the I RLS weight matrIx (from r1US I C_LPW_ YAR, 

robs: 

rnoise: 

fuzz: 
pn.at: 

Info: 

usually). 
n x n COMPLEX*16 Rx matrix estin.ate (signal covariance 

matrIx>. 
n x n COt'1PLEX*16 Rw matrix astlmat@ <nolsa covariance 

matrix). NOTE that rnolse must NOT b~ 
n•::>rmal i zed by I antbda-m In. 

REAL*9 value to be taken for zero (''tolerance"). 
m x m CONPLEX*16 output P matrix estimate (sourc• 

covariance matrix). 
INTEGER*4 status Indicator (output), 0 for successful 

estimation, non-0 on failure of singular value 
decomposition. 

c------------------------------------------------------------------------------
c 

c 

c 

c 

imp I i c I t nona 
external open_va 1 free_va, exit_va 
external dc_mppslnv, sqdc_matdlf 
e~< terna I drd l_dc_tvrtnpy, dc_drd i _mmpy 1 dc_ma tmpy, dc_ma tmpyhet·m 

i nteger*4 n 1 m, info 
reai*S fuzz, w< n ) 
complex*16 a( n, m ), robs( n, n ), rnolse( n, n ), pmat( m, m > 

lnteger*4 dc_type/7/, status 
i nteger*4 n_sqr ( 2 > J tT1_by_n ( 2 >, n_by_m( 2 > 
integer*4 prod_add, diff_add, wk1_add, wk2_add 
chcu .. acter*BO 111sg 

n_sqo· ( 1) n 
n_sqr<2> n 

n_by_m( 1 > = n 
n_by_n.C 2 > m 
m_by_n( 1 > "' m_by_ n(2) n 
cal I •:.pen_ va( 
cal I exit va( 
call open_va( 
cal I exit va( -

prod_add, m_by_n, 2, dc_type, status, msg ) 
status, rftsg ) 
dlff_add, n_sqr, 2, dc_type, status, msg ) 
statc.ts, rnsg > 
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0058 
0059 

0060 
0061 
0062 
006:3 
0064 
0065 
0066 
0067 
006:3 
0069 
0070 
0071 
0072 
0073 
oo·74 
007~j 

0076 
0077 
0078 
0079 
00:30 
00:31 
00:32 

PRl1GRAt1 

Narr.e 

c 

c 

c 

c 

SECTIONS 

cal I 
call 

call 

cal I 

call 

cal I 
cal I 

call 
call 
1 
cal I 

call 
call 
cal I 
call 
call 
call 
call 
call 

1:3-Apr-1988 14:22:44 
17-··N·~v- 1987 08: 36: 13 

r::>pen_ val wk1_add, n_by_m, z·, dc_type, status, msg 
e>-~ I t va( stat•.Js, MISQ ) 

open_ va( wk2 _add, trt_by_n, 2, dc_type, status, msg 
e)'~ I t -va( status, msg ) 

dr·di_dc_n.rr.py( w, n, a, r11, Xval ( wk1 add ) 

dc_mppsinv< %val< wk1_add ), n, m, fuzz, %val( wk2 add ), 
dc_drd i _mmpy ( Xva I ( wk2_add ) , "', n, w, Xva I ( prod_ add ) 

sqdc_matdif( robs, rnoise, n, Xval ( diff_add l 
dc_rnatmpy( %val( ptw.:rd_add ), m, n, %val( diff add ) 1 n, 

Xva I ( wk2_add 

Info 
) 

dc_ma trnpyherm ( %va I ( wk2_add ) , m, n, Xva I ( prod_ add ) , m, pma t 

free _va( prod_add, status, m:sg 
e:< it va( status, msg ) 

free - va( dlff _add, status, lflSQ 

exit _va( status, msg ) 

free _va( wk1 _add, status, lflSQ 

exit_va( status, msg ) 

.free -va( wk2 _add, status, n•sg 
e.xit_va( statt..1s, m:sg ) 

ret•..1r1 ... 
end 

Byt"s Attributes 

0 $CODE 561 PIC CON REL LCL SHR EXE RD NOW 
$PDATA 4 PIC CON REL LCL SHR NOEXE RD NO..' 

2 $LOCAL 644 PIC CON REL LCL NOSHR NOEXE RD 1.; 

T•::.tal Spac.e All•:.cated 1209 

ENTRY POINTS 

Address Type Nan•e 

0-00000000 MUSIC -LPP -SPEIS 

\.Jf~R I ABLES 

Address Type Name Address Type Narne Address Type 

2·-00000068 1*4 DC TYPE 2-00000074 1*4 DIFF ADD AP-0000001Cl< R*8 - -
HP-OOOOOOOC@ 1*4 M 2-00000018 CHAR ~1SG AP-0000000:3@ 1*4 

2-0000006C 1*4 STATUS 2-00000078 1*4 ~JK 1 ADD 2-0000007C 1*4 

-.· ... 
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0007 
0008 
0009 
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0011 
0012 
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0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
002:0: 
0024 
0025 
0026 
0027 
002:3 
0029 
0080 
0031 
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00:33 
00:34 
00:35 

0086 
0087 
00:38 

( 00:39 
0040 
0041 

( 0042 
004:3 
0044 

( OO<f5 

0046 
0047 

• 0048 
0049 
0050 

• 0051 
0052 
0058 
0054 
0055 
0056 
0057 

··' 

,~~-· ... 

c; 

18-Apr-1988 14: 2:3: 0:3 
16-Mar-1988 10:16:26 

st..o~brou t i ne rnus i c_ I pw_yar ( obs, samps, ants, a~ waves, p, eps, 

2 
norm, ta::-1, weights, sspace, 
resids, itl im, minit, del, wtfun 

c-------------------~---------------------------------------------------------~ 
c; 

c; 

c; 

c; 

c; 

c 
c 
c 
c 
c 
c 

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

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c; 

c 
c 
c 
c 

This subroutine forms a "contblned" Lp weight matrix and usf!!i 
it to compute estimates of ~ach of the slgnaf vector samples which 
produce a collection of observation vector samples from an antenna 
array. The weight matrix is formed via the IRLS alg•:>rithm using the 
weight function selected by the INTEGER*4 value wtfun. If wtfun ~ 1, 
the WEIGHT function used Is one over the p-th root of the sum <across 
the sample~) of the residuals raised to the p-th power (I have label lee 

this appr>:>ach the "Yarlagadda" algorithm!. If wtfun • Z, the LOSS 
funct.ion used Cto contpute the weight function) is the p-th root of the 
sr.-1m (across the samples) of the residuals raised to the p-th power (I 

have labelled this th@ ''sunr •Jf powers l•:>ss" appr•:>ach). NOTE that the 
actual ''weight" matrix returned I~ composed of the SQUARE ROOTS of the 
c•:>mputed weights. 

Parameters: 

obs: samps x ants COMPLEX*1ES matrix whose ROW!3 are the 

noisy observatlons•from the antenna array. 
san.ps: I NTEGER*4 number of observa t i •:tn samp I es. 
ants: INTEGER:I<4 number of .,l,.ments In the Antenna array. 
a: ants x waves COI"1PLEX*16 phase shift matrix for the antenna 

array and th~ arriving waves <the columns of a 
are the "signal vectors"). 

waves: INTEGER*4 ~umber of arriving waves. 
p: REAL*4 p•:rwer of the residuals t•:r be mlnitttlzed (Lp 

estimation to be used). 
eps: REAL*8 mlnlwoum r .. sidual rnagni tude to be used. 
n·~rm: REAL*8 va I ua to whIch to norma I I ze the SQUARE ROOT OF 

the tn.ax I n1U111 we I ght. If norm<~ O.OdO, no 
-normal lzatlon occurs. Otherwise, &I I weight 
SQUARE ROOT values (w(lll are divided by a 
value which results In a maximum weight SQUARE 
ROOT of norm. 

to I: REAL*'~ value to be taken for :zero ("tolerance"). 
weights: 

sspace: 

res ids: 

it lim: 

ml nit: 

ants-elerr.ent REAL*:3 vector ·~f SQUARE ROOTS of the 
cr::>mputed W#!J i ghts ( d i ag•:::>na I e I ements of the 
weight matrix). 

waves x samps COMPLEX*16 output matrix whose COLUMNS 
are the estimates of the signal-In-space vectot 
samples. 

s.a.t'I'IPS x ants COMPLEX* 16 output n1atr i x whose ROWS are 
the residuals from the above estimates. 

INTEGER*4 nun•ber of iterations to perndt for the IRLS 
algorithm. NOTE that cal I ing this routine wit~ 
It I im = 0 wi I I result in a least squares <L2l 
estimate, regardless of the valu@ of p. 

INTEGER*4 minimum number to which the Iteration counter 
wag decremented by the IRLS algorithm. Note: 
It I im- minlt is ordinarl ly the number of 
iterations used in the IRLS estim<!.te; however, 
if an error occurs In n::n..&tine DC_MPPSINV 
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0073 
0074 
0075 
0076 
0077 
007:3 
0079 
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0091 
00•3~ 

0093 
0094 
0095 
0086 
00:37 
00:38 
00:39 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
0108 
0104 

~ 
• 0105 

0106 
0107 

• 0 10•3 
0109 

. 
0110 
0111 
0112 
0113 
0114 

c 
c 
c 
c del' 
c 
c wtfun: 
c 
c 
c 
c 

18-Apr-1988 14,~8'' 

16-t1a.--1999 10' 16,; 

(uinfo'"• b~low, returned with a non-zero 
value), this routine sets ~inlt to the neg 
of its current vaiYe minus one, and exits. 

REAL*S exit va l_ue of the square of the norn. of the 
difference between subsequent weight vecto 

INTEGER*4 value selecting whether the suw•-of-power 
<wtfun = 1) or the sum-of-powers-loss <wtf 
zj method Is to be t•sed t•::l compute the wei 
(diagonal elements of the weight matrix). 

c-------------------------------------------------------------------------
c 

c 

c 

c 

c 

c 

c 
c 
c 

i ntp I i c i t none 
intrinsic cdabs 
external open_va, free_va, exlt_va , 
external dr_vecfl II, dr_veccopy, drdi_dc;_mmpy, dc_mppslnv 
externa I dc_drd i _nimpy., yar _ests, yar _res ids, dr _vde·l_nmsq 

lnteger*4 samps, ants, waves, it I lm, mlnlt, wtfun 
.-eal*4 p 
ren1*8 eps, norn., tol, weights( ants l, del 
complex*16 obs( samps, •nts ), a( ants, waves 
con,plex*16 sspace( waves, sarr•ps ), reslds< samps, ants) 

lnteger*4 status, antsl In< ), antswaves< 2 ), wavesants< 2 ), i, 
integer*4 oldw_add, wa_add, psJnv_add, in-f•:J 
lnt~ger*4 dl_type/S/, sr_type/4/, dr_type/5/, dc_type/7/ 
real*4 wexp, pinv 
rea I *8 m-axwe I ght, wnorrr• 
character*SO mssg 

ants lin( 1 l 
antswaves ( 1 ) 
antswaves(2) 
wavesants(1) 
wave.sants(2) 
call open_va< 
call exit_va( 
call open_va< 
call exi t_va< 

ants 
ants 
waves 
waves 
ants 

oldw_add~ antsl in, 1, dr_type, 
stab..o~s, msg ) 
wa_add, antswaves, ~. dc_type, 
stat 1...15, msg ) 

status, rnsg 

status, msg 

call open_va( psinv_add, wavesants, 2, dc_type, status, msg 
cal I exit_va< status, msg ) 

pinv=1.0/p 
if ( wtfun .eq. l then 

wexp - 0.5 * plnv 
else 

wexp 
end if 

p / ~.0 ) - 1.0 

ma,.:we i ght = eps ** wexp 

Surr, •:.-f powers. 

Su111 of power~ I oss. 

Ci:>n•pute in it i a I <L2) estimate and residua Is therefor. 

del = tol + . .J 

call dr_vecflll( weights, ants, 1.0d0 l 
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0115 
0116 
0117 
0118 
0119 
0120 
0121 
0122 
0 12~~ 

c 
c 

0124 c 
0125 
0126 
0127 
012:3 
0129 
01:30 
0181 
0182 
o 1:o:a 
01:34 
0135 
0186 
0137 
01:38 
01:39 
0140 
0141 
0142 
014:3 
0144 
0145 
0146 
0147 
0148 
0149 
0150 
0151 

0152 
015:3 
0154 
0155 
0156 
0157 
0158 
0159 
0160 
0161 
0162 
0168 
0164 
0165 
0166 
0167 
0168 
0169 
0170 
0171 

c 

c 

c 

c 

c 
10000 

18-Apr-1988 14:23:08 
16-Mar-1988 10: 16:26 

call dc_mppsinv( a, ants, waves, tol, %val( psinv_add ), Info > 
If ( Info .ne. 0 ) then Error in ps~edo-lnverse. 

minit =- it I im- 1 
go to 10000 

end if 
call yar_ests( obs, sat1'1ps, ants, Xval ( pslnv_add ) , waves, sspace 
cal I yar_resids< obs, samps, ants, a, waves, sspace, res ids ) 

Iterate to the "Lp" solution, or exit if I tlln, :l 0. 

n1inlt = itlint 
do wh i I e · ( C de I . g t . to I . and. ( m I r. I t . g t . 0 

cal I dr_veccopy< weights, ants, %val( oldw_add 

d•:. I == 1 , ants 
weights! I l = O.OdO 
do j ~ 1 , s.amps 

welghts(i) =weights! I)+ cdaba( residsCj,l > l ** p 
end do 
if ( wtfun .eq. 2 l weights!ll a weights!ll ** plnv 
I f ( we I gh t s C il . I t . eps l then 

weights( I l maxweight Note using :3QRTC weights l .. 
elsa 

weights! I) 
end if 

end do 

weights!il ** wexp 

if ( norm .gt. O.OdO l then 
wn•:;,rm =- WI!! i ghts ( 1 l 
d•::) i s 2, ants 

Note using SQRT( weights l. 

if ( weights<i) .gt. wnorm) wnorm =weights< I> 
end do 
if C wnorm .gt. O.OdO l then 

do i :a 1, ants 
weights<ll = welghts(l) / wnorm 

erld do 
end if 

end if 

call drdl_dc_nlt'f•PY( weights, ants, a, waves, )';val ( wa._add 
call dc_mppsinv( Xval ( w~_add l, ants, waves, tol, 

if C info .ne. 0 l then 
~inlt =- mlnit- 1 
go to 10000 

end If 

Xval( psinv_add ), inio 

call de...:..drdi_rY•n•py( Xval( psinv_add ), waves, ants, Wf!!!ights, 
Xval( psinv_add 

cal I yar_ests( obs, samps, ants, %val ( psinv_add l, waves, sspace 
cal I yar_reslds< obs, samps, ants, a, waves, sspace, resids l 

mlnit = minit - 1 
del= dr_vdel_nn.sq( weights, Xval( oldw_add l, ants, t·~l 

end do 

continue 
call free_va( oldw_add, status, msg) 
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0172 
0173 
0174 
0175 
0176 
0177 c 
0178 
0179 

PROGRAM SECTIONS 

Natf•e 

0 $CODE 
$POATA 

2 $LOCAL 

T•::>tal Space 

ENTRY POINTS 

call exit va( -
call free va< -
call exit va( -
call free_va( 
call exit 

return 
end 

Allocated 

va( -

Address Type Naroe 

stat•..1s, msQ ) 
wa_add, status, msg > 
status, msg ) 
pslnv_add, status, msg 
status, msg ) 

Bytes Attributes 

1079 PIC CON REL 
16 PIC CON REL 

724 PIC CON REL 

1819 

0-00000000 MUS I C_LP~J_ YAR 

VARIABLES 

Address Type Name Address Type Narr.e 

AP-OOOOOOOC@ 1*4 ANTS 2-00000088 1*4 DC_ TYPE 
2-00000084 1*4 OR_ TYPE AP-0000001C@ R*8 EPS 

AP-00000084@ 1*4 ITLIM ** 1*4 J 
2-00000014 CHAR MSG AP-00000020@ R*8 NOR~1 

** R*4 PI NV 2-0000007C 1*4 PSI NV ADO 
2-00000070 1*4 STATUS AP-00000024@ R*8 TOL 

** R*4 WEXP ** R*8 WNORI1 

ARRAVS 

Address Type Nan.e Bytes 0 I tnens ions 

AP-00000010@ C*16 A ** <*· *l 
2-00000000 1*4 ANTSLIN 4 ( 1) 
2-00000004 '*4 ANTSWAVES 8 (2) 

AP-00000004@ C*16 OBS ** <*· *l 
AP-00000080@ C*16 RES IDS ** <*· *l 
AP-0000002C@ C*16 SSPACE ** <*· *l 

2-0000000C 1*4 lrJA\.JESANTS 8 (2) 
AP-0000002:3@ R*8 ~JEIGHTS ** <*l 

LCL SHR EXE RO NmH 
LCL SHH NOEXE RO NOO! 
LCL NOSHR NOEXE RO ~JI 

Address Type 

AP-0000003C@ R*8 
** 1*4 

2-00000066 R*8 
2-00000074 1*4 

AP-00000008@ 1*4 
AP-00000014@ 1*4 
AP-00000040@ 1*4 
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0010 
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0012 
0018 
0014 
0015 
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( 0018 
0019 
0020 
0021 
0022 
002:;:: 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0081 

( 

( 

• 
• 

c 

18-Apr-1988 14•28:03 
16-Mar-1988 10:16:26 

stJbroutine yar_ests( obs, samps, ants, psinv, waves, sspace l 
c 
c<><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><>< 
c 
c 
c 
c 
c 
c 

This subroutine uses the "psuedo-lnverse~ psinv (computed by 
MUSIC_LP~!_YAR, abo:we) to replace the COLUt1NS of sspace with e5tlmate5 

of signal-ln-spac~ vector samples. The ROWS of obs are used to form 
the estimates. The matrix pslnv is waves x ants COMPLEX*16. 

c () <> < > < > < > < > <> < > < > < > < > < > < > < > <> < > < > <> < > < > < > < > <> < > < > < > < > < > < > < > <> < > < > < > < > < > < > < > < 
c 

c 

c 

c 

i "'PI i c i t none 

integer*4 samps, ants, waves 
compl~x*16 obs< samps, ants ), psinv( waves, ants ) 
complex*16 sspace( waves, samps ) 

integer*4 I, j, k 

do I .ae 1 , satr1ps 
do j Sl 1, waves 

s5pace(j,ll = O.OdO, O.OdO l 

do k a 1, ants 
sspaee(j,i) sspace(j,il + pslnv<j,k) * obs(i,k> 

end do 
end do 

end do 

return 
end 
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1:3-Apr-1988 14:2:3:0:3 
16-Mar-1988 10: 16:26 

0001 G 

0002 
000:9 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0018 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 

·: ..... ··;· 

subroutine yar_resids( obs, samps, ants, a, waves, sspace, reslds J 

G 

c<><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><> 

" c 

" 
" 

This subroutine con.putes i;he residuals due to estimates of 

the signal-in-space vector sampl·es, for the "Yarlagadda'" algorithm. 

c<><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><> 

" 
" 

G 

" 

c 

I rnp I I c I t none 

integer*4 samps, ants, waves 
complex*16 obs( samps, ants ), &( ants, waves ) 
complex*16 sspace( waves, samps J, reslds( san•ps, ants ) 

integer*4 I, j, k 

do I = 1, sarnps 
do j = 1, ants 

resids(l ,j) s obs(l ,j) 
do k = 1 , waves 

res I ds I I , j l ~ res I ds ( I , j l - a I j , k l * sspace ( k, I l 

end do 
end do 

end do 

ret•..1rn 
end 
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0001 
0002 
000:3 
0004 
0005 
0006 
0007 
000:3 
0009 
0010 
0011 
0012 
001:;3 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0028 
0024 
0025 
0026 
0027 
0028 
0029 
00:30 
00:31 

00:32 
00:3:3 
00:34 
00:35 
00:36 
00:37 
00:38 
0089 
0040 
0041 

i 0042 

' 004:3 
0044 
0045 

! .. 0046 I 

~ 
0047 

• 004:3 
0049 
0050 

• 0051 
0052 

005:3 
0054 
0055 
0067 
0118 

c 

logical 
1 
2 

function 
music_plot_spect{ 

18-Apr-1988 14:28:• 
21-Mar-1988 16:87:• 

apars, nu~_ants, wavelen, eigvec, select 
rni_begp, mi_delp, fsklp, c•:>unt, is~ 

c-------------------------------------------------------------------------· 
c 
c 
c 
c 
c 
c 
c 
c 

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

This function plots MUSIC "power" spectra according to the 
user's instructions. The function returns .tru@. if the operator 
enters X (to stop DOA spectrum plots) in response to the "do you w 
a replot?'' prompt, and .falsQ. otherwise. 

Parameters: 

apars matrix whose first column is the vector of ranges 
the origin) •:lf arr~ay antenna elements and 11. 

second column is the vecto~ of angles (fror 

"x'' axis) •:lf array antenni!. elements (In 
RADIANS>. nun,_ants x 2. REAL*8. 

Note: the position of the ith antenna element Is 
apat .. s(i,1) *cos( apars(i,2l) <x position>, 

a.pars(l,1) *sin( apars(i,2)) Cy position). 
nun&_ants = number of elements in antenna array. INTEGER*4 
wavelen = wavele.ngth of the Incident waves. REAL*S. CNott 

that the units of wavelength must be the s~ 

eigvec: 

select: 

mi_begp: 

mi_delp: 
fskip' 

count: 
I skip: 

as those In which the array_range<*> are 
expressed.} 

nun._ ants x num_ants COMPLEX* 16 matr I>< whos• co I um1 
are th• applicable generalized elgenv•ctor~ 
The eigenvectors are ASSUMED to be arrange< 
ascending elg@nvalue order, with the 
eigenvector corresp•:-ndlng to the smallest 
e i genva I ue occupying c.o I un•n 01 , and so on. 

INTEGER*4 number of eigenvectors (columns of •lgvf 
to be used In the computation (number of 
''noise" eigenvector3). 

REAL*4 minlmun. permitted value of the power (p) 
which to rais& the individual terms of the 
which makes up the rec i pr•:>ca I of a MUSIC 0( 
spectrum point (p = 2 in "ordinary" MUSIC) 

REAL*4 minimum increment value for p. 
INTEGER*4 number of p values to skip befor• th& fir 

value for which to plot. 
INTEGER*4 total number of p values for which to pi< 
1 NTEGER*4 nuntber of p va I ues to sl<. i p between va I ue! 

which to plot. 

c-----·--------------------------------------------------------------------p 
c 

i n1pl i cit 
external 
external 
external 
external 
e::-~terna I 
include 
include 

c 

none 
mus i c_spectrun•>'~, mus i c_spectrumy, vece::-~t, I og_sca I e 
cap, r4_col_ins, r4_col_ext, value_at 
open_va, exit_va, free_va 
tek_start, tek_grid, tek_title, tek_plot, tek_vec2, tek fi 

tek_point, tek_label 
'6000$RT:[CHUCK.RESEARCH.FORTDIRl\JATYPES.TXT' 
'(real_constants)' 

241 



t'IU"31 C_PLOT _SPECT 

0119 
0120 

{ 0121 c 
0122 
012:3 

( 0124 
0125 
0126 

( 0127 
012:3 
0129 

( o 1:=:o 
01:31 
01:32 

( 01:::::3 
0 1:=:4 
01:35 

( 01:36 
01:37 c 
0 1:=:8 

f 0139 
0140 
0141 

( 0142 
014:3 
0144 

( 0145 
0146 
0147 

( 014:3 
0149 

10000 
c 

0150 

( 0151 
0152 
015:3 

( 0154 
0155 10100 
0156 c. 

( 0 15"7 
0 1::'i8 

0159 

( OHiO 
0161 10200 
0162 c 

( 016:3 
0164 
0165 

• OH">6 
0167 10:300 
016:3 c 

• 0169 
0170 
0171 
0172 
017:3 
0174 
0175 

.... 

character*1 cap 
r·eal*4 value_at 

integer*4 nun,_ants, st=~lect, fskip, c.•::.unt, !skip 
rea1*4 mi_begp, mi_delp 
real*-:3 apars(nurn_ants,1), wavelen 
comp I ex* 16 e i gvec (nun._ ants, nt.un_ants) 

logical replot 
integer*4 ch_spc/ 12 / 

1:3-Apr-198:3 14:2:3:41 
21-Mar-19:38 16::37:45 

integer*4 points/ 101 /, x_add, y_add, x_tics/ 5 /, max_tlcs/ 21 / 
integer*4 y_tics, lin.ea.r( 1 ), status, pt:s_by_ct( 2 ), plots_add 
i nteger*4 i, i xat, i yat 
real*4 phi_start/- pi4 /, phl_end/ pi4 /, ymln, yn•.:':v~ 

real*4 deg_start/ -180. /, deg_end/ 190. /, p, ypeak, yvaly, yat 
character*5 nurolab 
char-acter* 10 answer 
character*:3o msg 

save points, phl_star·t, deg_start, phi_end, deg_end, x_tlcs 

replot =- . true. 
do whl le ( replot 

type * 
type 90040, 1 Plot MUSIC spectrum from what starting angle(', 

d~g_start, ') (degrees>? 
accept 90000, answer 
read (unlt=answer,fmt=*,err~10000) deg_start 
phl_start = deg_start * rad_p_deg4 
c•::.nt lnue 

type 90040 I I to what ending angle(', 
deg_end, ') (degrees)? 

accept 90000, answer 
read Cunlt~answer,fmt~*,err=10100) dMg_end 
phi_end ~ deg_end * rad_p_deg4 
cont lnue 

type 90030, ' Number of points (angles) at which to plot C', 
points, '>? 

accept 90000 1 answer 
read (unlt=answer,fmt~*.err210200l points 
continue 

type 900:30, Number of vertical grid lines to place on the plot C', 

accept 90000, answe1" 

read ( un I t=answer 1 frr1t=*, err= 10800) x_ tIcs 
c•:.nt I nue 

if phl_start .ge. phi_end ) go to 2000 
if points .lt. 6 l go to;, 2000 
if x tics . lt. 0 ) go to 2000 
if x_tics .gt. max tics ) go to 2000 

I inear< 1) 

pts_by_ct(ll 
p•:.' i nts 

pel i nts 

x_ tics 1 ' >? 
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t·1U:31 C_PUJT _SPECT 

0176 
0177 
0178 
0179 
01:?.0 
01:31 
0182 
01:?.3 

01:34 
01E:5 
01:?.:6 

01:")7 
0 1:3(': 

o no:9 
0190 
0191 
0192 

c 

c 

01 g~~ c 
0194 
0195 

0196 
0197 

0198 
0199 
0200 
0201 
0202 
0203 
0204 c 
0205 
0206 
0207 
0208 
o;<09 
0210 
0211 
0212 
0218 
0214 
0215 
0216 
0217 
021:3 
0219 
0220 
0221 
0222 
022:=: 
0224 
0225 
.0226 
0227 
022:3 

c; 

c 

c; 

0229 c. 
02:30 
02:31 

2 

18-Apr-1988 14,28,41 
21-Mar-1988 16:87:45 

pts_by_ct(2) = count 
cal I open_ va( x_add, I I near, 1' sr_type, status, rr.sg 
cal I exit_vaC stab..ts, msg ) 

cal I •:.pen_ va( y_add, I i near, 1' sr_type, status, I'YISQ 

call exit va( - S t.?.ti..IS 1 msg ) 

cal I open_ va( p l•:.ts_a-dd, pts_by_ct, 2, sr_type, status, msg ) 

call exit_vaC status, msg ) 

cal I muslc_spectrumx( phl_start, phl_end, points, Xval( x add l 
d•::. i = 1 , count 

p = mi_begp + ( fsklp + ( i - 1 l * ( iskip + 1 
type 90060, 'p =', p, 

l * ml_delp 

call music_spectrurr,y( points, apars, nun,_.ants, wavelen, 

elgvec, select, p, %val C x_add ), 
Xval( y_add l 

call r4_col ins( XvaiC y_add ), points, Xval( plots_add ), I > 

cal I vecext( %val ( y_add ), points, ymax, ymin ) 
If < • eq. 1 l then 

ypf!:ak yn.ax 
yva.ly ~ ymir• 

else 
If ( yrnax .gt. ypeak 
If ( ymin lt. yvaly 

end if 
end do 

ypeak 
yvaly 

ymaK 
ymln 

call log_sca.le( ypeak, yvaly, ymax, yn•in, y_tlcs 

type 90050, Ready to plot for phi frono 
deg_start, to 

accept 90000, answer 

call tek start 

deg_end, 1 dagrees. 1 

call tek_grid( 200, 150, 922, 691, deg_start, yndn, 

deg_end, ymax, x_tlcs, y_tics, x_tics, y_tics, 0, 
cal tek_title( 'Arrival Angle', 1 00A 1"1easure', 

'DOA SPECTRUM FOR SELECTED p' 

cal I vecscale( Xva.l ( x_add ), points, deg_p_rad4 
d•::. I = 1 , count 

call r4_col_ext( %val( plots_add ), points, I, Xval( y_add 

call tek_pl•::.tC %val( x_add ), %val( y_add ), p•::.lr.t:s, 1) 

yat • value_at( Xval ( y_add l, points, .4 
call tek_point( deg_end, yat, ixat, iyat ) 

p = ml_begp + ( fskip + ( i - 1 l * ( iskip + 1 * ml_delp 
write(unit=numlab,fmt:90010) p 
call tek label( numlab( 2: 5 l, 4, ixat, iyat- 4, ch_spc, 0 

end do 
call tek_vec2( 1, 1·, 1, 1, 0) 

ca I I tek fInIsh ( . fa I se. 
accept 90000·, answer 

call free_va( x .add, status, n1sg 
cal I ex I t_vaC stati..-'S, msg ) 

cal I free_va( y_add, status, msg 

243 



( 

• 
• 

MUSIC_PLOT_SPECT 18-Apr-1988 14:23:41 
21-Mar-1988 16:37:45 

02:3:3 
02:34 

02:36 
02:37 

o2:=;g 
o.c4o 
0241 
0242 
024:3 
0244 
0245 
0246 
0247 
024>3 
0249 
0250 
0251 
0252 
025:=: 

0254 
0255 
02~.i6 

0257 
025f; 
0259 
0260 
0261 
0262 
026:3 
0264 

~-· . 

c 
2000 

c 
1000 

c 

c 
90000 
90010 
90020 
90030 
90040 
90050 
90060 
c 

cal I exit va( status, msg ) 
call free_va( plots_add, status, msg) 
cal I exlt_vaC status, msg ) 

9·~ to 1000 

c•::J~nt i nue 
type *• char( 7 l 
type*· 'Couldn''t plot OOA spect~um using the selected', 

'parameters.' 
type *• 'Check for insane phi rang~ o~ number of points.' 

c.•::.nt i nue 
type * 
type *· 'Enter X (•:>r >-:) to abort DOA plotting:' 
type 90020, Do you wish a replot (new phi range) 

// '!y/tnJ/><1? 
accept 90000, answer 
replot = ( cap( answer( 

end do 
1 ) ) . @q. •y. 

music_plot_spect = ( eap( answer( 1 
return 

f•::trrns t < a120 
f.::.rrnat C f5.2 
format! $a ) 

f•:arn.at ( .... i 1 1 ' " ) 

format ( ••• f7.2, a ) 

f•:llrma t ( • 2( a, f6. 1 ) . a 
format( 1x, a, f5.2, a ) 

end 

) l .eq. 'X' 
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0001 
0002 
000:3 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
00 1::< 
0014 

( 0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
002:3 
002'1 
002:5 
0026 
0027 
002G 
0029 
0080 
0081 
oo:=:2 

I 

I • • 
. ,' 

c 
real*4 function value_at( vee, ents, frac l 

18-Apr-1988 14:23:41 
21-Mar-1988 16:87:45 

c 
c<><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><>< 
c( 

c< This funct ir:.n returns eletT•ent nutnber , + ( ents - 1 ) * i'r<ll.c 

c< of the REAL*4 vectc,r vee. The Index ents is I NTEGER*4, and the 

c< paran•eter frac Is REAL*4. Obviously, the expression Is truncated to 
c< an integer before being used to select the element to be returned. 
c< If truncation W•:tuld result In .a value<= 0, the first element Is 
c< retyrned; and if it would result in a vai•.Ae > ent:s, tM ents-th 
c< elentent is returned. 
c< 
c<><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><>• 
c 

c 

c 

c 

c 

i mp I I c I t none 

integer*4 ants 
real*4 vee( ents ), frac 

sel - + ( ents -
If ( sel . le. 

sel 
else if sel .gt. 

sel c ents 
end If 

value_at ~ vecCsell 
return 
end 

* frac 
0 then 

ents ) th"'n 
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0001 
0002 

1 
ooo:;o: 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0018 

, 
0014 
0015 
0016 

, 
0017 
0018 
0019 
0020 
0021 
0022 I 
002:3 
00.~4 

0025 
, 

0026 
0027 
002:3 

0057 
005:3 

0059 ' 0060 
0061 
0062 
0068 
0064 
006.5 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
0073 
0074 
0075 
0076 
0077 

, 
007:3 
0079 
0080 
0081 
0082 
0088 
0084 
0085 

.. 
t• .. 

18-Apr-1988 14•24: 15 VA 
20-Feb-1988 14:83:56 MU 

r·eai*S function music_power( eigvec, steer, n, m~ p ) 
c 

c-----------------------------------------------------------------~------------
c 
c 
c 
c 
c 
c 
c 
c. 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

This function retur·r.s the MUSIC '"power spectrun•" san•pla 
selected by steering vector steer and "power" e>-;p.:.nent p. Division by 
zero and floating-point underflow and overflow are handled, and the 
value returned rnay be inverted without encountering division by zero or 
floating-point underflow or overflow. 

Paran•eters: 

eigvec: 

steer: 

n x n COt'1PI_EX* 16 1T1atr i x whose F I R8T m co I U1T1ns are the 
"n•:. i sa" genera I i zed e i genvect.::.rs defIned In the 
MUSIC algorithm. 

n-element COMPLEX*16 steering vector (for the chosen 
I•"Joh. d i rec t I on) . 

n and m: INTEGER*4 Index values. 
p: REAL*4 power t•"J which t."J r.a I se the tertTrs used In 

accumulating the OOA sp@ctrurn sample (p- 2 for 
"ordinary" MUSIC). 

c----------------------------·--------------------------------------------------
c 

c 

c 

c 

c 

c 

c 

c 

i "'PI i c i t none 
external llb$establlsh, mpwr_fl.5 
external mpwr_dpdtrm, mpwr_dpdsum, mpwr_pwrtrm, mpwr_pwrsum 
include '(fortran_ I inrl ts)' 

lnteger*4 lib$establ Ish 
lnteger*4 mpwr_dpdtrm, mpwr_dpdsum 
reai*S mpwr_pwrtrm, mpwr_pwrsum 

rea I *4 pb2 I I m 
parameter (pb21 im 

integer*4 n, m 
real*4 p 

2. 0 * n• i nrec i p4) 

con.plex*16 eigvec(n,n), steer(n) 

integer*4 I, j, old_handler 
real*8 pb2, pwr_term 
complex*16 dpd_term, dotprod 

If C p .ge. pb21 im 
pb2 p / 2.0d0 

else 
pb2 O.OdO 

end If 
music_power O.OdO 

then 

do I = 1, m 
dot prod O.OdO, O.OdO l 

do j 1, n 

if mpwr_dpdtrm( eigvec(j,i ), steer(j), dpd_term) 
10000, 10010, 10020 
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00:36 10000 
00:37 

( 00:38 
oo:~9 10020 
0090 

( 009'1 
00~~2 10010 
009:'0: c; 

( 0094 
0095 11000 
0096 

( 0097 
009::': 

11010 

00S)9 c 

( 0100 
0101 
0102 

( 010:3 
0104 

c; 

0105 

( 0106 
0107 
010<3 

( 0109 
0110 
0111 

( 0112 
0 1 1:3 
0114 

( 0115 

( 

( 

( 

( 

• 
• 

··~·' . 

C•;,nt i rH.&e 

dpd_term = I O.OdO, O.OdO l 

go to 10010 
continue 

mus i c_p.;,wer 
return 

C•:.nt i nue 

trtinrec.ip4 

if ( mpwr_dpdsum( dotprod, dpd_term 
c•;,nt i nue 

dotprod = I O.OdO, O.OdO 

C•:.nt i nue 
end do 

mpwr_pwrtrro( dotprod, pb2 

18-Apr-1988 14:24:15 
20-Feb-1988 14:88:56 

Underflow. 

Overflow. 

Error EXIT! 
No error. 

11000, 11010, 10020 
Underflow. 

No error. 

pwr _ ternt 
music_power 

end do 
rnpwr _pwrs•.Am( mus I c_power, pwr _ terrn 

old_handl~r = I lb$establ ish( mpwr_fl~ 

mus i c_p•:.wer = 1 . OdO / mus I c_powar 
call I ib$.establ ish( •:>ld handler ) 

If ( muslc_power . lt. minreclp4 
muslc_power = mlnrecip4 

else if { music_power .gt. maxreclp4 
rnuslc_pow~r - rnaxrecip4 

end If 

return 
end 

then 

then 
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( 
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·•' 

0001 
0002 
000:3 
000·'1 
0005 
0006 
0007 
OOOE: 

0009 
0010 
0011 
0012 
001:3 
0014 
0015 
0075 
0117 
0 14C\ 

0147 
014B 
0149 
0150 

0151 
015.'2 
015:3 
0154 
0155 
0156 
0157 
0158 
0 1~)9 
0160 
0161 
0162 
016::> 
0164 
0165 

0166 
0167 
016B 
0169 
0170 
0171 
0172 

017:3 
0174 

c 
integer1C4 function rtapwr_fl5( slgarg:s, n.echargs ) 

c 

18-Apr-1988 14:24:15 
20-Feb-1988 14o:3:3:56 

C.!!!! I I!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

c 

c 
c 
c 
c 
c 
c 

c 

c 

c 

c 

c 

c 

This is the condltl•:.n.h.andler In effect during the divide 

in function MUSIC_POI..tJER, above. If floating po::.int underflow occurs, 
this t"O:)utine f•:;,rces 1'1U:31C_POWER to e)'dt returning the mlnitftum REAL*4 
value which can be inverted. If floating point overflow or division 
by :zero •:.ccurs, this routine forces ['o1USIC P01.t1ER t•:. e>dt returning the 
ma>-:imum invertible REAL*4 vaiYe. 

i mp I i c i t none 
external ~ys•unwind, iib$match_cond, s_to_dr 
include 'SYS$LIBRARY:SIGOEF' 
inc I ude 'SVS$L I BRARV: ~1THDEF' 
include '(fortran limits>' 

lnteger*4 I ib$match_cond 

integer*4 sigargs< * l, mecharg~( * l 

I ibSmatch_cond( sigargs(2), 
SS$_UNW1ND, 

2 SS$_FLTUNO, 
::;! ';iS$_FL TUND_F, 
4 SSS_FLTOVF, 
5 SS$ _FLTDIV, 
6 SS$ _FLTOVF_F, 
7 '3S$_FL TO I V_F 
8 ) 

if .eq. 0 ) then 
mpwr _ f I 5 = SS$ _RE:SI GNAL 

else if ( .eq. 1 l then 
else If < lt. 4 l then 

cal I s_to_dr< mechargs(4), mlnrecip4 
call sys$unwtnd< , > 

else 
call s_to_dr( t'flechargs<4), maxrecip4 
call sysSunwlnd( l 

end if 

return 

! unwind In progress. 
! floating underflow trap. 

floating underflow fault. 
floating overflow trap. 
floating div. by zero trap. 
floating overflow f~ult. 

! floating dlv. by zero fault. 

Unknown condition 

Unwinding. 
Underf I•:JW. 

Overflow. 

0175 c 
0176 
0177 
017:3 

C! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ~ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! I I ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 
c 

end 
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' 

~: 

0001 
0002 

c 

c 

18-Apr-1988 14:24:15 
20-F~b-1988 14::33:56 

int@ger*4 functior' mpwr_dpdtrm( eigvec_ete~, steer·_elem, result ) 
000:3 
0004 
0005 
0006 
0007 
0008 
ooog 
0010 
0011 
0012 
001:3 
0014 

C!!!!!! I 1!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! I I 1 I I!!!!!!! I I I 

c 
c 
c 
c 
c 
c 
c 
c 
c 

0015 
0016 
0017 c 
001:3 
0019 
0020 
0021 
0022 
002:3 

0024 
0025 
0026 
0027 
0028 
0029 
00:30 
00:31 

···'-,· 

c 

c 

c 

c 

c 

This function places the product 
dc•;:,njgC eigvec_elem) * steQr_elem in the COr·1PLEX*16 variable 
result. Arithrttetic exceptions are pr•:-cessed by the function 
NP~JR_FL1. The par-ameters eigvec_elem and steer·_elem are COMPLEX*16. 

The function returns -1 if arIthmetic under·f I .::.w occurr@d, 0 
if no arithtnetic er-t-ors c•ccurred, and +1 If ar··ithn.etic overflow or 
divide by zen:. occl..arred. 

I mp I I c i t ncine 
i rltr ins i c dC.t::lnjg 
external llb$esta.bllsh, mpwr_fl1 

cotTiplex*16 eigvec_elena, steer_elerra, result 

lnteger*4 old_handler 

old_handler- I tb•establ ish( mpwr_fl1 l 
result~ dconjg( eigvee_elem) * steer_elem 
call I ib$establlsh( old_handler I 

mpwr _dpdtrna :Q 0 
return 

end 
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0001 
0002 

r ooo::: 
0004 
ooos 

( 0006 
OOO'i' 

0008 

( 0068 
0110 
0111 

{ 0112 
011:3 
0114 

( 0115 

0116 
0117 

{ 01 1 '"' 
0119 

0120 

{ 0121 
0122 
012:3 

{ 0124 
0125 
0126 

{ 0127 
0 12E: 
0129 

( 0130 
0131 
01:32 

( 018a 
0184 
0185 

{ 01:36 
0187 
013G 

{ 0139 
0140 
0141 

( 0142 

( 

• 
• 

··' 

·~;.·. 

c 

c 
c. 
c 

c 

c 

c 

c 

18-Apr-1988 14=24: 15 
20-Feb-1988 14•93•56 

irlt~ger*4 function ~pwr_fl1( sigargs, mechargs J 

Condition handler for MPWR_DPDTRM and MPWR DPDSUM. 

i n1p I i cit none 
external sys$unwlnd, I lb$match cond 
include 'SYS$LI8RARY:SIGDEF' 
include 'SYS$LI~RARY•MTHDEF' 

integer*4 I ib$match_cond 

integer*4 sigargs( * ), mechar·gs( * ) 

1 

2 
8 
4 
s 
6 
7 

I ibSmatch_cond( sigargs(2), 
SS$_UNWINO, 
SS$_FLTUNO, 
8S$_FLTUNO_F, 
SS$_FLTOVF, 
S~5$_FL TO IV, 
SS$_FLTOVF_F, 
SS$_FLTOIV_F 

if .eq. 0 l then 
ntpwr _ f I 1 = SS$ RES I GNAL 

else if (I .eq. 1 l then 
else If ( . It, 4 then 

mechargs(4) ::z -1 
cal I sysfunwind( , ) 

unwind in progress. 
floating underflow trap. 
floating underflow fault. 

! floating overflow trap. 
floating div. by z8ro trap. 
floating overflow fault. 
floating dlv. by zero fault.! 

Unknown condition 

Unwinding. 
Underflow. 

else Overflow. 
trtec.hargs ( 4) = 1 

call sysSunwind( 
end if 

return 

C!!!!!!!!!!!!!!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! J!! ! ! ! ! ! ! ! ! ! J J J! I I J J ! I I I I ! ! J ! ! ! ! ! ! 
c 

end 
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··' 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 

0013 
0014 
0015 

0016 

0017 
00 1:=: 
0019 
0020 
0021 
0022 
002:3 
0024 
0025 
0026 
0027 
0028 
0029 
00::10 
00::11 

c 

18-Apr-1988 14:24:15 
20-Feb-1988 14:88:56 

ir-.teger*4 function rnpwr_dpdsurrd dotprod, dpd __ tern•) 
c 
C!!!! I I I I l I I I I I!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

c 
c This function places the sutTt •:>f the C01"1PLEX*16 values 
c. dot prod and dpd_ term in d.:dprod. Arithmetic. except i •:tns are 
c processed -by the ct"_:.nd it ion handIer MPl..JR_FL 1 , above. 
c The function returns -1 If floating point underflow occurred, 
c zero if no errors occ\Arred, and +1 if floating point overflow or 
c division by zero occurred. 
c 

c 

c 

c 

c 

c 

implicit n•::;ne 

e>~ternal llb$e:stabl ish, mpwr_fl1 

comptex*16 dotprod, dpd_term 

integer*4 old_handler 

old_handler • I lb$establish( mpwr_fl1 
dotprod • dotprod + dpd_term 
call I lb$establlsh( old_handler 

rt1pwr _dpdsum = 0 
return 

c 
c.!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
c 

end 
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~: 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
001:3 
0014 
0015 
0016 
0017 
oo IE: 
0019 
0020 
0021 
0022 
002:3 
0024 
0025 
0026 
0027 
0028 
0029 
oo:;;o 

-~~· ... 

c 
reai*S function ~pwr_pwrtrm( dotprod, pb2 ) 

c 

18-Apr-1988 14:24:15 
20-Feb-1988 14:33:56 

C! I I I I I I I I I I I!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 

c 

c 

This function returns the value of the expression 
dreal ( dotprod * dconjg( dotprod ) ) ** pb2, where dotprod Is 
COMPLEX* 16 and pb2 is REAL*9. Ar i thn.et i c e>-~cept i ':lns are process~d 
by the c•:•nditlon handler ~1PWR_FL3, below. If floating point 
und~rflow occurs, the function return value is corrected to zero. 
floating point overflow or divide by zero occ• .. w, the maximutn 
invertible REAL*4 value is returned as the function result. 

i ntp I I c 1 t n•Jne 

intrinsic dreal, dconjg 
external I ib•establ ish, mpwr_fl3 

lnteger*4 I ib$establ ish 

real*8 pb2 
complex*16 dotprod 

integer*4 old_handler 

old_handler = I lb$astabl Ish( mpwr_fl3 ) 
mpwr_pwrtrm = dreal ( dotprod * dconjgl dotprod 
cal I lib$establ Ish( old_handler ) 

return 
end 

) ** pb2 

If 
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• 
• 

.. • 

0001 c 
0002 
000:3 
0004 

c 
c. 

0005 c 
0006 
0007 
ooo:c: 
006:3: 

0110 
01:39 
0140 

c 

0141 c 
0142 
0143 
0 1'~4 
0145 
0146 
0147 
0148 
0149 
0150 

0151 
0 15.~ 
015:3 
0154 
0155 
0156 
0157 
o 15E: 
0159 
0160 
0161 
0162 
016:3 
0164 
0165 
0166 
0167 
016:3 

c 

c 

c 

18-Apr-1988 14:24:15 
20-Feb-1988 14:83:56 

lnteger*4 function mpwr_f1:3( sigargs, t'nechargs l 

Condition handler for MPWR_PWRTRM and MPWR PWRSUM. 

i trtp I i c i t n•::.ne 
external sys$ynwind, I ibSmatch_cond, s_to_dr 
inc I ude 'S'\'SS.L 1 BR~'tRY: S I GDEF' 

Include 'SYS$LIBRARY:MTHDEF' 
i nc I ude ' ( f rJr t ran_ I i tY• i t s ) ' 

integer*4 lib$match_c·~nd 

integer*4 sigargs< * ), mechargs< * ) 

2 
:3 
4 
5 
6 
7 

I ib.match cond( sigargs<2l, 
SS$_UNWIND, 
SS$_FLTUND, 
SS$_FLTUND_F, 
SS$_FLTOVF, 
SS$_FLTOIV, 
SSf_FLTOVF_F, 
SS$_FLTOIV_F 

if .eq. 0 l then 
mpwr_fiS = SS$ RESIGNAL 

else if (I .eq. 1) then 
else If ( . it. 4 l then 

cal I s_to_dr< mechargs<4l, 0.0 ) 
call sysfunwindC l 

@lse 
cal I s_to_dr( mechargs<4l, maxrecip4 
cal I sys•unwind( ) 

end If 

.. -eturn 
end 

unwind in progress. 
! floating underflow trap. 
! floating underflow f•ult. 
! floating overflow trap. 

floating dlv. by zero tr&p. 
floating overflow fault. 
floating dlv. by zero fault. 

UnJ<nown C•:>nd I t I on 

Unwinding. 
Underfi•:>W. 

Overflow. 
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• 
• 

000 I c 
0002 
000:3 
0004 
0005 
0006 
0007 
0008 
0009 
0() 10 

c. 
c .. 
c 

c 

c 

subroutine s_to_dr( destination, source ) 

18-Apr-1988 14•24• 15 
20·-·Feb-1988 14•:38•56 

Executes destinatiow ~ source, REAL*8 destination, 
REAL*4 sout~ce. 

i mp I i c i t none 

rea I *4 s•:.urce 
real*8 destination 

destination= source 
return 

0()11 
0012 

001:3 
0014 
0015 
0016 
()017 

c!!!!!!!!!!!!!!!!!!!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 
c 

end 

PROGRA~1 SECT I OMS 

Bytes Attributes 

.. ! 

' 

a PIC CON REL LCL SHR EXE RD NOWRT 

Total Space AI located 8 

ENTRY POINTS 

f.lddrass Type Name 

0-00000000 S_TO_DR 

VARIABLES 

Address Type Nan~ Address Type: Nan1e 

~)P-00000004@ R*8 DESTINATION AP-00000008@ R*4 SOURCE 
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0001 
0002 
000:3 
0004 
0005 
0006 
0007 
0008 
0009 
0010 

255 

18-Apr-1988 14•24• 15 VAX 
20-Feb-1988 14:33:56 MU~ 

c 
r·eai*S function ntpwr_pwrsunt( pwr_surrt, pwr_term ) 

c 
C! I I I!!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

c 
c 
c 
c 
c 
c 

This function returns the sum •=>f the REAL*8 values pwr_sum ! 

and pwr_term. Arithmetic exceptions are processed by condition 
handler MPWR_FL3, abQve. Arithmetic underflow car..tses the function 
t,:- return 0.0, and arithmetic overflow al"'d divlsi,.:m by ze.ro cause the 

function t•::. return the largP-st invertible REAL*4 value. 
0011 c 
0012 i ntp 1 I c i t none 
001:3 external I ib$establlsh, mpwr_f19 

·oo 14 c 
0015 
0016 
0017 
0018 

0019 
0020 
0021 
0022 
002:3 
0024 
0025 
0026 
0027 
0028 
0029 

'~- ' ·-: 

G 

c 

c 

integer*4 I lb$establ ish 

reai*S pwr_sr.Jm:, pwr_tP-rm 

lnteger*4 old_handler 

oid_handler m I lb$establ Ish( mpwr_f18 
mpwr _pwrsum ,.. pwr _surn + pwr _term 
cal I llbSestabl ish( oid_handler ) 

return 
c 
c!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

c 
end 
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18-Apr-1988 14:24:39 VA: 
5-Jan-1988 08:14:47 MU: 

subroutine music_spectrumx< phi_start, phi_end, phi_num, x_sp~ctrum ) 
c. 

0001 
0002 
000:3 
0004 

c----------------------------·--------------------------------------------------
.0005 

0006 

c 
c 
c 

0007 c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

This subroutine produces abscissa values fr:.r· the 1'1USIC "power 
spectrum" for arrival angles between phi_start and phi_end, inclusive. 

Parameters: 

phi_start: REAL*4 minimum angle of arrival for which to 
compute the "power" spectrum. 

phi_end: REAL*4 maximum angle of arrival for which to compute 
the ··power" spectrum. 

phi_num: INTEGER*4 nu~ber of spectrum samples to compute. 
Samples wil I be computed at intervals Of 
< phi_end- phl_start ) / < phi_num- 1 l. 

x_spectrum: phi_num-element REAL*4 output vector of abscissa 
(phi) values. 

ooo:?. 
0009 
0010 
0011 
0012 
001:3 
0014 
0015 

OOH> 
0017 
001:3 
0019 
0020 
0021 
0022 

c------------------------------------------------------------------------------
c 

0023 c 
0024 
0025 
0026 
0027 
0028 
0029 
OO:c:O 
0031 
OO:S2 
00:3:3 
00:34 
00:35 
OO:c:6 

·-~-·' 

c. 

c 

c 

i mp I i c I t none 

integer*4 phi_num 
real*4 phi_start, phi_end, x_spectrum(phl_num> 

integer*4 I 
real*4 phl_del 

phl_del = ( phi_end - ~hi_start 

do i = 1, phi_num 
x_spectrum(l) = phi_start + ( 

end d•::) 

return 
end 

/ phi_nunr - 1 

- 1 l * phi_del 



( 

• 
• 

.. • 

0001 
0002 
000:3 
0004 
0005 
0006 
000"7 
ooo:=: 
0009 
0010 
001 1 
0012 
00 1f: 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
002::::: 

0024 
001~5 

0026 
0027 
0028 
0029 
00:30 
0031 
00:32 
00:?.:3 
00:34 
0035 
00:36 
oo::=;7 
00:38 
00:39 
0040 
0041 
0042 
004:0 : 

0044 
0045 

0046 
0047 
0048 
00'~9 

0050 
0062 
006f: 
0064 
0065 
0066 
006"7 

0068 

c 
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1:3-(4pr-19SS 14: 24:51 V1 
20-Feb-1988 14:35:00 N,.. 

:subn:)Ut I ne mus i c_spec t rumy ( phi _n•.Jm 1 apars, num_ar, t s, wave I en, e i gvec, 

num_ze i gs, p, x_spectrunt, y_speetrum ) 

c------------------------------------------------------------------------------
c 
c 
G 

G 

G 

G 

G 

c 
c 
c 
c 
c 
G 

G 

G 

G 

G 

c 
c 
c 
c 
G 

c 
G 

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

This subroutine produces .::•rdina.te values for the MUSIC "power 

spectrum" for arrival angles in vector x_speetrum, given the appl icabl~ 
generalized eigertvectors and the desired power t•=> which to raise the 
spectrum point magnitudes. 

phl_nul'h: 

apa.r$ 

INTEGER*4 nu~ber of spectrum samples to compute 
(number of elemer.ts in x_spectrurn and 
y_spectrutn). 

matrix whose first column is th@ vector of ranges (froM 
the origin) of array antenna elements, and 
whose second column is the v~ctor of angles 
(frol'l'l the .. x" axis) of array antenna •l@tnents 
(in RADIANS!. num_ants x 2. REAL*S. 

Note: the position of the lth antenna Mlement Is 
apars ( i 1 1) * cos ( apar:s ( I 1 2 > ) {x p•:tS It I on), 
apars(l,1> *sin( apars(l 1 2l) Cy position). 

num_ants = number of elements In antenna array. INTEGER*4. 
wavelen = wavelength of the Incident waves. REAL*8. CNote 

that th~ units of wavelength must be the same 
as those in which the array_range(*) are 
ex:pre:ss.ed.) 

el gvec: nutv•_~ants x num_ants COMPLEX*16 matrix whose FIRST 

num_zeigs: 

p: REAL*4 

x_spectrurn: 

y_spectrurr•= 

- num_zelgs columns are the appllcabl• "noise'' 
general lzed eigenvectors. 

INTEGER*4 number of zero generalized elg~nvalues 
<number of eigenvectors to use In the 
computat lonl. 

pt:lwer to which to r-aise the naagnitudes of the tern•s 
which make up the reciprocal of a MUSIC DOA 
spe-ctrUITI point (p a 2 f,:.r "ordinary•• MUSIC). 

phi_num-element REAL*4 vector •:tf abscissa (phi) 
values f•Jr which to corrap1..1te the OOA spectrun1 
values. 

phi_nun.-element REAL*4 output vector t:)f ordinate 
("power" spectrum sample) vai•.Jes. 

c------------------------------------------------------------------------------
c 

c 

c 

i tv•P I i C i t none 
intrinsic sngl, dble 
e>-~ terna I mus i c_power, s i gva I 
e~~ternal .open_va, E!!>'~i t_va. free_va 
inc I ude '6000$RT: [CHUCK. RESEARCH. FDRTD I RJVATYPE:3. TXT' 

real*8 music_power 

integer*4 phi_num1 nut'rt_ants, nurn_zeigs 
t~eal *4 p, x_spectrurfl(phi_nt .. un), y_spectrum<phi_nurh) 

real *S apars(nunt_ant~:;., 1), wave len 
comp I ex* 16 @ i gv@c ( nw'f',_ants, nurn_ants) 
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t1US I c_:3PECTRUMY 18-Apr-1988 14o24•51 VA: 
20-Feb-1988 14o85•00 M~ 

0069 
0070 
0071 

G 

0072 c 
007:3 
0074 
0075 
0076 
0077 
007:CO 
0079 
QO:o:O 

0081 
00:32 
0088 
00:34 
00:35 
oo:::o 
oo:37 
OOE:E: 

PROGRAM 

Na1'T1e 

G 

c 

c 

SECTIONS 

integer*4 i, steerv_add, linear(1), status 
character*SO msg 

lir1ear(l) = num_ants 
cal I open_va( steerv_add, 
cal I exit_v~( status, msg 

1, phi_nutn 

I I near, 
) 

1, dc_type, status, msg) 

cal I sigval ( apars, num_ants, dble( x_5pectrum<i) ), wavelen, 
%val ( steerv_add 

y_spectrum(i} = sngl ( music_power( eigvec, Xval ( steerv_add ), 
num_ants, num_zelgs, p > 

end do 

cal I free_va( steerv_add, status, msg ) 
cal I exit va( status, msg > 

return 
end 

Bytes Attributes 

0 1,COOE 270 PIC CON REL LCL SHR EXE RO NOWRT LOf 
$POATA 8 PIC CON REL LCL SHR NO!OXE RO NOWRT LOf 

2 $LOCAL 868 PIC CON REL LCL NOSHR NDEXE RD WRT LOI 

T·~tal Space All·~cated 646 

ENTRY POINTS 

(-tddress Type Name 

0-00000000 ~1USI C SPECTRU~1Y -

V~)R I (.ISLES 

Address Type Name Address Type Na.nte Address Type Name 

** 1*4 2-00000004 CHAR ~1SG AP-OOOOOOOC@ 1*4 NUM AI -
AP-0000001C@ R*4 p AP-00000004@ 1*4 PHI NUM 2-00000058 - 1*4 '3TATU' 
AP-00000010@ R*8 ~JAVEL EN 



0001 
ooo.o 
0008 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
00 1:;:;: 
0014 
0015 
0016 
0017 
001:3 
0019 
0020 
0021 
0022 
oo2:=: 
0024 
0025 
0026 
0027 
0028 
0029 
00:30 
0031 
0032 
0038 
0034 
0035 
00:36 
00:37 
00:38 
00:39 
0040 
0041 
0042 
004:3 
0044 
0045 

18-Apr-1988 14:25:09 
24-Sep-1987 14:59:07 

subroutine noise_combine< mat, n, m, vee, defs, oyt ) 

c------------------------------------------------------------------------------
c 

c 
c 
c 
c 
c 

This subroutine tTtultiplie:s then,.~ t11 REAL*:3 111atri>-~ mat by the 

m-e I emer. t COMPLEX*8 vee tor vee to produce the r.-e I ement COMPLEX* 16 
vect•:.r •:)Ut. The ntultiplicatlc•n INCLUDES elen.ents of vee whose 

c.::•rrespondlng types (high wcn·'"ds of first G•:>lumn of n x Z INTE:GER*4 
matr·iK defs) are 2 (indicating "burst•• noise). These elentents are 

AL:30 added to rand•:ltrtly selected elements of ()l...tt, s•:> the sources are 
"bul·st" s•::.urces ONLY IF THE APPROPRIATE ENTRIE:3 IN mat ARE ZERO. 

c-------------------------------------------------------------------------------
c 

c 

c 

c 

c 

c 

imp I i c. i t none 
intrinsic jishft 
e;-~ terna.l un I 

real *4 uni 

integer*4 n, m, defs( m, 
reai*S mat< n, m ) 
con.p I ex*8 vee ( m ) 
complex*16 out< n > 

integer*4 i, 

do i = 1, ,.., 
out!ll =! O.OdO, O.OdO 
doj:w:t,m 

out(i) = out(i) + matti ,jl * vec(j) 
end do 

end do 

de• i 1, m 
if ( jishft( defs(i ,11, -16 ) .eq. 2 

.and. (vee! I J .ne. ( 0.0, 0.0 J 
j = 1 + n * un i ( 10571 ) 
if ! j .gt. n ) j = n 
out(j) = out<j> + vec(i) 

end if 
end dr:> 

return 
end 

) then 
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0001 
0002 
000:3 
000·~ 

0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
00 14· 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
002:3 
0024 
0025 
0026 
0027 
0028 
0029 
00:30 

0031 
oo:;:2 
00:3:3 
oo:;;_4 
00:35 
00:36 
00:37 
0038 
00:39 
0040 
0041 
0042 
004:3 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 

c 
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18·-Apr·-1988 14:25:31 VAX 
19-Dec-1987 09:16:11 OBS 

subrc•ut i ne t=:.bsvec. ( s i g_ma t, num_ants, num_wave.s, ndefs, npars, 
corral, noises, andefs, anpars, acorrel, 

2 an•:>ises, slg_vec, clean, •::lbs, n•::.ise, se!ect 

c-------------------------------------------------------·-----------------------
c 
c 
c 
c 

" ,, 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

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

This subroutine computes a noisy observation vector fro~ an 
array of antenna elements in the presence of multiple Incident radar 
waves. 

Pal'"al1aeters: 

sig_l'l'lat num_ants x nun-,_waves COMPLEX*16 matrix of phase 
shifts due to antenna position (~signal 
matr i K"). 

n•.Ji-fl_ants c: nurnber of antenna elements in the array. INTEGER*4. 
nun._ waves = l NTEGER*4 nun.ber of wav@S present. 
ndefs =-noises x 2 INTE6E·R*4 matrix whose .first column is the 

vector of noise types (see subr•:lll.atlne 
READ_NOISEI, and whose second column Is the 
vector o·f counters for intern•i tt@nt noise. 
This matrix appl les to the ESTIMATION NOISE 
t·10DEL. 

npars = noises x 8 REAL*4 array of noise parameters Csee 
subr•::>utlne READ_NOISEl. This matrix applies to 
th• EST I MAT I·ON NOISE MODEL. 

corrt!!l = nun._ants x noises REAL:~S matrix of noise source 
multipliers for each antenna element. This 
matrix applies to the ESTI~1ATION N01SE MODEL. 

n•::.ises 

andefs 

INTEGER*4 number of noise sources used in the 
EST I ~1AT I ON NOISE MODEL. 

a.n•::li·ses x 2 INTEGER*4 matri)( whose first column Is the 
vee tor of n•:) i se types (see subrou t I ne 
READ_NO I SE), and whose second co l•...tmn is the 
vector of counters for intermittent nol5e. 
This matrix appl les to ACTUAL SAMPLE 
GENERATION. 

a.npars = a noises ;< 3 REAL*4 array ,;:,f n•J i se parameters (see 

acorrel 

anoises 

sig_vec 

subroutIne READ_NOI SE I. This matrIx app I las to 
ACTUAL SA~1PLE GENE RAT I ON. 

nurn_ants x a no 1 ses REAL*S mat r 1 x of noise source 
ntu It i pI Iars for each antenr•a e I ement. This 
mat r I x app I i e" to ACTUAL :3At·11>LE GENE RAT I ON. 

INTEGER*4 number of noise sources used in ACTUA~ 
:3AMPLE GENE RAT I ON. 

nut'tl_waves-element COMPLEX*16 vector of "signal-ir•
space'' values (complex amplitudes and phases 
of signal sources, noise-free, expressed In 
''rectangular'' coordinates). 

clean= num_ants-elernent C01"1PLEX*16 ·~bservatitJn vector, before 
corruption by noise. 

obs = computed observation vector. nurn_ants elements. 

noise 

COI>1PLEX*16. Includes r'oise as determined by 
the value of select, below. 

c•:•mptAted noise vector. nun,_ants elernents. C0t'1PLEX*16. 
The entries In this vector may be those 
actually added to the noise-free observation 



c 
c 
c 
c select 
c 
c 
c 
c 
c 
c 
c 
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to pt~oduc8 "t.."lbs", ':w they may be produced by a 
separate noise n~del, as determined by 
"select", bel·~w. 

indicator to choose what values of noise are placed in 

the noise vect,:::>r. INTEGER*4. Selects 
''actual'' noise values if= 0, selects values 
from a different ("estirllatlon") noise model If 
> 0. Note that the parameterg "andefs", 
''anpars", ''acorrel", and ''anoises'' are not 
referenced unless select > 0. 

005:3 
0059 
0060 
0061 
0062 
0068 
0064 
0065 
0066 
006'7 
006:3 

0069 
0070 
0071 

c---------------------------·---------------------------------------------------

0072 
007:::: 

0074 
00:::6 
00:37 
008:3 
00:39 
0090 
0091 
0092 
009:3 
0094 
0095 
0096 
0097 
009:3 
0099 
0100 
0101 
0102 

c 

c 

c 

c 

c 

0103 c 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
011::: 
0114 
0115 
0116 
0117 

{;·, 

c 

c 

c 

i rnp I i c i t none 
e>-~ terna I dc_matvmpy 1 dc_vecs•..1m 1 ma.ke_no I se 1 dc_veccopy 
external open_va, free_va1 exit_va 
include '6000$RT:CCHUCK.RESEARCH.FORTDIRJVATYPES.TXT' 

integer*4 nun,_ants, nunt_waves, noises,_ anoises, select 
integer*4 ndefs( noises, 1 ), andefs( &noises, 1 ) 
real*4 npars( noises, 1 ), anpars( anoises, 1 ) 

real*9 correl( num_ants, noises >, acorr•l< num_ants, anois•s ) 
c•:t11•plex*16 sig_naat( nuna_ants, nul'h_waves ) , sig_vec( num_waves ) 
complex*16 clean( num_ants ) 1 obs( num_ants ) 1 noise( num_ants ) 

integer*4 nolsevec_add, va_status, linear( 
character*SO va_msg 

I lnear(1) = num_ants 
cal I open_va( noisevec_add, linear, 1, dc_type, va_status, va_msg) 
cal I exlt_va( va_status, va_msg) 

call dc_naatvmpy( slg_naat 1 num_ants, num_waves, sig_vec, clean) 
ca I I make noise ( noise, n•..1m_ants, ndefs 1 npat~s, corre I , noIses ) 

if <select .gt. Ol then 
call naake_nolsa( %val( nolsevec_add ), nun._ant:s, 

andefs 1 anpars, acorrel 
else 

cal I dc_veccopy( noise, num_ants, Xval( noisevec_add 
end if 

anolses 

cal I dc_vecsum( clean, num_ants, Xval( nolsevec_add ), obs ) 

cal I free_va( noisevec_add, va_status, va_msg > 
cal I exit_va( va_status, va_msg ) 

ret•.Arn 
end 



0001 
0002 
ooo:=: 
0004 
0005 
0006 
0007 
000:3 
0009 
0010 
001 1 
0012 
001:0J 

0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
002:3 
0024 
0025 
0026 
0027 
002<': 
0029 
00:'0:0 
00:31 
00:32 
00:3:3 
00:34 
oo::::~; 

00:36 
00:?.7 
00:3:3 
0089 
0040 
0041 
0042 
004:3 
0044 
0045 
0046 
0047 

• 004:0: 
0049 
0050 

• 0051 
0052 
005:::: 

0054 
0055 
0056 
0057 
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character* 1 funct i (Hr 

pI ck_mus i c_peaJt ( spars, nurr1_ants, wave I en, e i gvec, 

2 select, lunit, mi_begp, mi_delp, 
3 fskip, nurn_this, lsklp) 

c 

c------------------------------------------------------------·------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

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

This function records peaks in MUSIC ''power'' spectra according 
to the user response to the add / delete / replot prompt. During a 
particular function cal I, peaks are recorded for ntAm_this values of p, 
and num_this may be less than or equal to the total nuMber of p values 
used In the problem. 

Pa! .. an.eters: 

apars z: matrix whose first coluntn is tht"! vector of ranges (from 
th• origin) of array antenna elements and whose 
second column Is the vector of angles (from the 
"x" axis) of array antenna elements Cln 
RADIANS). nun._ants x 2. REAL*9. 

Note: the position of the ith antenna elemPnt Is 
apar·s(i,1) *cos( apars(i,2l) (,.~position), 

apars( i, 1) * :sin( apars( I ,2) ) Cy posi tlon). 
nun._ants = rHAI11ber of elements in antenna array. INTEGER*4. 

wavelen =wavelength of the incident waves. REAL*9. CNote 
that the unl ts o-f wavelength ntust be the same 
as those in which the array_range(*) are 

~expressed. > 
eigvec: 

select: 

I unit: 

nurt._ants x num_ants COMPLEX*16 matrix whos• FIRST 
se I ect co I umns are the app I I cab I e ''not sa" 
generalized eigenvectors. 

INTEGER*4 number of "noise" eigenvectors (columns o-f 
eigvec) to be used In the computation. 

I NTEGER*4 Log I ca I Unit Nurrober of the f I le In whIch to 
record the estimated angi@S of arrival <the 
locations o-f the detected spectru~ peaks). 
This must be an UNFORI1ATTED, FIXED record 

I ength, 2 quadwords/rer..•Jrd, RELATIVE 
organization, DIRECT access file. The first 
record holds the number of spectrum peaks 
detected <updated by this routine). 

REAL*4 rt•inimum value of the p•::.we,.- <pl to which to 
raise the terms used in accumulating a DOA 
spectrum sample (p = 2 for ''ordinary" MUSIC). 

rt1 i _de I p: REAL*4 mini rAum increment for p. 
fskip: INTEGER*4 number of p values to skip before the first 

p va I ue f•::>r which to rec•:.rd the peaks. 
nun•_ this: I NTEGER*4 nuntber of p va I ue.s f·:~r wh i ~h to record 

peaks during the currant function call. 
i skip: I NTEGER*4 nun1ber of p values to skip between va I ues for 

which to record peaks. 

c---------------------------·---------------------------------------------------
c 

i t11p I I c i t n•:.ne 
external cap, spect_peak, readdoa, bulge_doa, crunch_doa, bracket_doa 

include '(real_constants)' 



0 1 Q:') c 
0109 
0110 
0111 c 
0112 
01 1:3 
0114 
0115 
0116 c 
0117 
011::0: 
0119 
0120 
0121 
0122 
012:3 c 
0124 
0125 c 
0126 
0127 
0128 
0129 
01:30 
01:31 
0132 
01:3:3 
0 1:=:4 
01:35 
01:36 

01:37 11000 
01:38 c 
01:39 
0140 
0141 
0142 
014:3 
0144 
0145 c 
0146 
0147 
014:3 c 

( 0149 
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0151 

' 
0152 
0153 
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0156 

0157 

• 015:3 

0159 c 
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0161 
0162 
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rea I *:3 spect_pea'(, readdoa 
character*1 cap 

integer*4 nut'l'l_ants, select, lunit, fsklp, num_this, isklp 
real*4 mi_be.gp, mi_delp 
real*8 apars( nurr1_ants, ) , wave len 
cc,mplex*16 eigvec( num_ants, num_ants 

logical first 
real*4 p 
integer*4 num_picked, p_num, rec_num, I, I left 
real*8 lower/ - piS/, upper/ piS/, t•::-1/ .01 /, doa 
real*8 down/ 9.0d0 /, pwr, langl, uangl, perf 
character*l3 answer 

save I ower, upper, tc1l , down 

pick_music_peak = ' 
do while ( ( plck_music_peak 
1 

.ne. 'X' 
.and. 

2 .and. 
read <unlt~lunit,rec=1) num_picked 
type * 
if ( num_plcked .gt. 0 ) then 

pick_music_peak 
pick_mYsic_peak 

.ne. 

.ne. 
'R' 
'C' 

type 90070, -Use what* of db down to compute sharpness (', 

accept 90010, answer 
read <unlt•answer,fmt-*,err•11000) down 
continue 

down, 'db)? 

type *• 'DOA spectrum peaks currently specified at the following ', 
'angles (In degrees):' 

type 90060, down 
I left - 19 
first= .true. 
t~ec_num = 2 

d•::t p_num = 1, num_ this 
p = mi_begp + ( fskip + ( p_num- 1 > * ( isklp + 1 > ) * ml_delp 

do I = 1 , nutT•_P i eked 
If ( II eft I e. 0 > then 

accept 9.0010, answer 
type 90060, down 
!left 20 
first 

else 
I I eft 
first 

end if 

.true. 

I left -
.·fa I se. 

do a = readd•:Ja ( I un i t ·, rec_num ) 
call bracket_doa( doa, apars, nurn_ants, wavelen, elgvec, 

select, p, down, pwr, langl, uangl, perf 
if ( first .or. < i .eq. 1 ) ) then 

type 900201 p, do a * deg_p_rad8, pwr·, I ang I * deg_p_rad8, 
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0165 
0166 
0167 
016:3 
0169 
0170 
0171 
0172 
017:0: 
0174 
0175 
0176 
0177 
0178 
0179 
01:30 
0181 
0182 
018:3 
01:34 
0185 
0186 
0187 
0188 
0189 
0190 
0191 
0192 
0198 

0194 
0195 
0196 
0197 
0198 
0199 
0200 
0201 
02.02 

0208 
0204 
0205 
0206 
0207 

c 

c 

10000 
c 

10010 
0.'~0:3 c 
0209 
0210 
021 1 
0212 
0218 

0214 10020 
0215 c 
0216 
0217 
0218 
0219 
0220 
0221 
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uangl * deg_p_radS, perf 
else 

type 90050, d.:.. a * deg_p_rad:3, pwr, I ang I * deg_p_radS, 
uangl * deg_p_t-ad8, perf 

end if 

end do 
end do 

else 

type *• 'No DOA spectrlJm peaks currently specified.' 
end if 

type * 
if ( num_plcked .eq. 0 l then 

type 90000, 'Add a peak set, replot, c•:.ntin•Je' 
// 'with procedure, or give up (a/r/c/xl1 

accept 90010, pick_muslc_peak 
pick_music_peak =cap( pick_music_peak > 
if C pick_music_peak .eq. 'D' l pick_music_peak = ' 

else 

type *• 'Add or delete a peak set, replot, continue 
'with procedure,' 

type 90000, 
// 'or give up (a/d/r/c/x)? 

accept 90010, pick_music_peak 
plck_muslc_peak = cap( plck_muslc_peak 

end If 

type * 
if plck_muslc_peak .eq. 'A' > then 

type 90040, ' Lower end of peak search Interval (degrees) (', 
lower* deg_p_radS, '>? 

accept 90010, answer 
read Cunit=~nswer,fmt=*,errD10000J lower 

I•:)Wer ::z I •:>wer * rad_p_deg8 
c.·~ntinue 

type 90040, Upper end of peak search I nterv.a I (degrees) (' , 
upper* deg_p_rad9, ')7 

accept 90010, answer 
,..·ead (uni t=answer,fmt=*,err=10010) upper 

upper = upper * rad_p_deg:3 
continue 

type 90040, Loc.ate peak to wl thl n how many degr·ees ' 
// ' ("tolerance"> (', t•=>l * de.g_p_rad8, ')7 

accept 90010, arlswer 
t-ead ( un i t=answer, frnt==*, err=-= 10020) to I 

tol = tol * rad_p_deg8 
contInue 

num_picked = num_picked + 1 
dca = spect_peah.C upp9r, lower, tol, mi_begp + fsh.ip * mi_delp, 

apars, num_ants, wavelen, aigvec, select ) 

d•::~ while ( rec 
if ( do a . It 

num . I e. num_picked > 
readdoa( lunit, rec num ) ) then 
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0222 
0223 
0224 
0225 
0226 
o.~27 

0228 
0229 
0230 
02:31 
0232 

0235 

023:3 
02:S9 
0240 
0.';'41 
0242 
0243 
0244 
0245 
0246 
0247 
0248 
0249 

0250 
0251 

0252 
025:=.: 

0254 
025.5 
0256 
0257 
0258 
0259 
0260 
0261 
0262 
026:3 
0264 
0265 
0266 

10040 

c 

c 

100:30 

c 

c 
90000 
90020 

90010 
900:30 
90040 
90050 
90060 

90070 
c 

r~ec_nurn = rec_nurt1 - 1 

go to 10040 
end if 

end d•:. 

c•:.nt i nt.Ae 
cal I bulge_doa( I unit, rec_nurn- 1, num_this 
write (unit=lunit,rec=rec_nurn) doa 
rec num = rec_nurrt + nurr._p I cJ<.ed 

do i = 2, num_this 
write <unit=lunit,rec=rec_num) 

18-Apr-1988 14:26:08 
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2 
spect_peak( upper, lower, tot, mi_begp + 

< fskip + < i - 1 l * < iskip + 1 l * ml_delp, 

rec_nr.Am 
end do 

apars, nun._ants, wavelen, elgvec, select 
rec_num + num_plcked 

else if ( pick_music_peak .eq. '0' ) then 
type 90000, 'Delete which peak (integer) (0 b:::) cancel'// 

'deletlonl? 
accept 90010, answer 
read ( un I t=answer, frr•t=* ,errc::~1 00:30) rec_num 
if ( rec num . gt. 0 ) ca I I crunch_doa ( I unit, rec_n• .. un', nuM_ this 
c•:.nt i nue 

end if 
end do 

return 

forl'rtat ( t.a ) 
format( 1x, Opf5.2, 4x, Opf9.4, 
1 
forrl'lat ( a8 ) 

f•:>rrr•at( a, f5.2 
f•:wt'l'lat( Sa, 1pg11.4, a) 

1x, 1pg11.4, 
2( lx, Opf9.4 l, 1x, 1pg11.4 ) 

fortToat< 10x, Opf9.4, 1>:, 1pg11.4, 21 1x, Opf9.4 ), 1>;, 1pg11.4 
format( AtMrival Peak ---', Opf5.2, 

, db D•:.Wfl --, 

2 / p Angle Height Lower Upper 
:3 'Sharpness' 

4 / --------- ----------- --------- ---------
5 ·-----------' 
formate $a, Opf7.2, a ) 

end 
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0001 
0002 
ooos: 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
001:? 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
oo2:c: 
0024 
0025 
0026 
0027 
0028 
0029 
00:30 
0031 
oo:-::::2 
00:3:3 
00:34 
0085 
OO:o:6 
00:37 
00:38 
OO:o:9 

0090 
0091 
0092 
0093 
0094 
009:5 
0096 
0097 
oo9:c: 
0099 
0100 
0101 
0102 
0103 
0104 
0105 

0106 
0107 
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s•~broutine read_antennae( ant_pars, num_ants, old_ants, def_exp ) 
c 

c------------------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
G 

c 

c 
c 
G 

e 
c 
c 

c 
c 
c 
e 
c 
c 
e 
e 
c 
c 

This subroutine sets a group of antenna array elentent position 
values, allowing the operator to change the positions If desired. 
D~;dault values are determined as f•:.llows: If •:>ld_ants <> num_ants or 
if def_exp < 0, ''standard" defaults are assJgnedJ otherwise default 
va I ues are ass•...&tr,ed to be present in array ant_pars .;:)n entry. 

If necessary, the routine converts operator entries to polar 
C•Jord Ina tes. 

Paran.eters: 

ant_pars: ntJI1t_ants x 2 REAL*S output rr.atrlx whose first column 
is tt-·•e vee. tor of antenna array element rangf!!s from the 
origin, and whose :second C•::>lurr.n is the vector of 

anter·•r.& array element ang I es from the x &K Is. 
num_ants: Nun.ber of entries in the ant_range and ant_angte 

vectors. Also the number of element positions read ln. 
I NTEGER*4, Input. 

old_ants: Nc~mber of antenna elements in the experiment from 
which default values (if anyl were obtained. 

I NTEGER*4, Input. 
def_exp: M ... maber o·F the experiment frorn which default values 

(if any) ware obtained. INTEGER*4, input. 

c------------------------------------------------------------------------------
c 

c 

c 

c 

c 

I tnp I i c I t none 

external ck_polar, cap, nonblank 
intrinsic dreal, dlmag, dc~plx 

include i(real constants)' 

I •:o~g i ca I n•:)nb I ank 
integer*4 ck_polar 
charactet·* 1 cap 

integer*4 num_ants, old_ants, def_exp 
reai*S ant_pars( num_ants, 1 ) 

integer*4 I, j, ant_num, status 
real*8p1,p2 
complex*16 position 
character*1~ instr 

type * 
if ( ( old_ants 

type 90000, 
.eq. nurfl_ants) .and. ( def_e>-~p .ge. 0 
Use old antenn~e positions <CYJ/N)? 

else 
p2 = p18t2 / num_ants 
do i = 1, num_ants 

ant_pars< i, 1) 1. OdO 
ant_pars( I ,2:} = I -

end d•::. 
l * p2 

type 90000, • Use default antennae positions ((YJ/N}? 
end if 

l then 
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010:3 
0109 
0110 
0111 
0112 
0118 
01 14 
01 15 
0116 
01 17 
01 Hl 
0119 
0120 
0121 
0122 
012:::: 
0124 
0125 
0126 
0127 

0 12'"' 
0129 
01:30 
01:31 
01:~2 

01 :3·3 

0 l:C: 4 

0135 
0 1:3("~ 

0 1:3"7 

o 1:o:t:: 
01:39 
0140 
0141 
0142 
014:3 
0144 
0145 
0146 
0147 

0 14:": 
0149 
0150 
0151 
0152 
015:?. 
0154 
0155 

0156 
0157 
0158 
01 !;=jg 

0160 
0161 

0162 
016:0:: 
0164 

G 

20000 

G 

30000 

G 

30010 

G 

:90020 

G 

G 

c 

continue 
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accept 900 1 0, ins t r 
if ( cap( instr( .ne. 'N' ) go to 40000 

i = 1 

continue 
type 90020, ' Antenna number (', i, ')? 
aqcept 90010, lnsty· 

i·f C n•:::.nblank( instr)) then 
read <unlt=instr,fmt=*,err~30000) ant num 
if ( ( ant_num It. 1 ) . or. ( ant num . gt. nuw._a.nts ) ) then 

type *' char( 7 ) , 'Antenna nuw.ber out of range.' 
go to 30000 

end if 
else 

ant num = I 
end If 

c•:::.nt I nue 
type 90030, ' Range or x (', ant_pars<i,1), ')7 
accfOpt 90010, lnstr 
if ( nonblankC instr ) then 

re&d (unlt=instr,fmt=*,err:a30010) p1 
else 

p1 • ant_pars(i ,1) 
end if 

contInue 
p2 ~ ant_pars<i ,2) * deg_p_rad8 
type 900:30, 'Angle IOEGREESJ or y (', p2, ')? 
accept 90010, instr 
if ( nonblank( instr ) l then 

read (unit=instr,fmt=*,err=80020) p2 
end if 

type 90000, ' Above in polar or rectangular coordinates ([PJ/Rl? 
accept 90020, instr 
if (cap( instr( .eq. 'R' l then 

status= ck_p•:-lar( dcmplx< p1, p2 ), positi•::on 
if (status .ne. Ol then 

type *, char ( 7 ) , 'Overf I ow converting to poI ar coordInates. ' 
go to 30000 

end if 
ant_pars(ant_num,1) 
ant_parsCant_nurn,2) 

else 
ant_pars<ant_nurn,1) 
ant_pars(ant_num,2) 

end if 

drea I ( pos i t I on 
dlmag( position 

p1 
p2 * rad_p_deg8 

i = I + 1 i f 
If ( 

ant_nutn .eq. 
.le. nurn_ants J g·~ to :90000 

type * 
type 90000, 'Entered antenna positions OK C[YJ/Nl? 
g•:l to:. 2QQQQ 
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0165 " 016G 40000 continue 
0167 return 
0168 " 0169 90000 fornaa t ( $a ) 

0170 90010 fortTaat ( a15 ) 

0171 90020 format ( 
0172 900:30 fon·na t C 

$ 

$ 

a, 
a, 

i5, a ) 

1pg15. 7. " ) 
0 1·?:3 " 0 17LI end 

PRDGRA~1 SECTIONS 

f'tljl1ae Bytes 

0 $CODE 1061 
t•PDATA :921 

2 $LOCAL 264 

T•:Jta I Space Afl,::lcated 1646 

ENTRY POINTS 

(.\ddress Type Name 

0 ·-00000000 READ_ANTENNAE 

VARIABLES 

Address Type Nat'!'~ Address 

2-000000:30 1*4 ANT NUM AP-00000010@ -
** 1*4 .J AP·-00000008@ 

2-00000018 R*8 P2 2-00000020 

ARR~)YS 

Address Type Name Bytes 

>>P-·00000004@ R*8 ANT PARS ** -

LABELS 

Addt-ess Label Address Label 

0-·000000CC 20000 0-00000118 ~wooo 

1-0000012F 90010' 1-00000132 90020' 

··~· ' 

Attributes 

PIC CON REL LCL 
PIC CON REL LCL 
PIC CON REL LCL 

Type Nan.e 

1*4 OEF _EXP 
1*4 NUM_ANTS 
C*16 POSITION 

0 I ruens Ions 

<*· 1) 

Address Label 

0-000001E4 :90010 
1-000001:38 900:30. 
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SHR EXE RO NOWRT LC 
SHJ~ NOEXE RO NOWRT LO 

NOSHR NOEXE RO WRT QU 

Address Typa Nan.e 

** 1*4 
AP-OOOOOOOC@ 1*4 OLD A 

** 1*4 STATU 

Addres!S Label 

0-0000026C 80020 



0001 
0002 
ooo:=: 
0004 
0005 
0006 
0007 
000:'3 
0009 
0010 
001 1 
0012 
0018 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
002:,: 
0024 
0025 

0026 
0027 
002''' 
0029 
00:30 
00:31 
oo:::!2 
00:3:3 
00:34 
0085 
00:36 
oo:o:7 
oo::::::=: 
00:39 
0040 
0041 
0042 
004:3 
00il4 
0045 
00.tH3 
0047 

• 004Et 

0040 
0050 

• 0051 
005.? 
005:3 

0054 
0055 
0056 
0057 

18-Apr-1988 14:27:86 Vf 
27-Feb-1988 10:21:08 Rl 

subr·~ut i ne re-ad_ I p ( def _exp, begp, endp, de I p, e.ps, n•::.rrn, It 1 i m ) 

c 

c------------------------------------------------------------------------------
c 
c 
G 

c 
c 
G 

c 
c 
c 
c 
G 

c 
c 
G 

c 
c 
c 
c 
G 

c 
c 
c 

This subn;:~utine sets paranteters f•::.r Lp estimation C•:.ntrol, and 
allows the operator to change the values if desired. if def_exp )c 0, 
the values of begp, endp, de~p, eps, norm, and it I im on entry are 
assumed to have been obtained from a previous @.Xperime.ntj oth@rwlse 
are assumed to be ''standard'' default values. 

Par·ameters: 

def_exp: N'.1n1ber of the experiment (if anyl from which defaults 

were obtained. INTEGER*4, input. 
begp: REAL*4 starting po.wer of residual n.agnitudes to be 

~i-nimized CLp e~timation). 
endp: 

delp: 

REAL*4 ending power of residual magnitudes to be 
minimized (Lp estimation). 

REAL*4 i ncren.ent f•:>r power of residua I magnitudes to be 
minimized. 

eps: REt!~L*8 lf•inin,um residual magnl tude to use. 
norm: REAL*l3 value to which to normal lze IRLS weight5 (0.0d0 

for non-norn•.alized IRL~3). 

INTEGER*4 maximi.Jm number of IRLS iterati·~ns to perform. 

c------------------------------------------------------------------------------
c 

c 

c 

c 

G 

c 
20000 

c 
80000 

irnpl lei t n•;:,ne 
external cap, nonblank-

logical nonblank 
c.haract•r*1 cap 

integer*4 def_exp, 
real*4 begp, endp, 
reai*S eps, norm 

in teger*4 C•:>unt 
real*8 temp 
character*15 instr 

type * 

it I I tr• 
delp 

count = ( endp - begp ) / delp + 1 
if I def_exp .ge. 0 l th~n 

type 90040, 'Use old Lp estimation pararnetet~s (', 
count, iterations) ([Y::I/N>? 

else 
type 90040, 'Use default Lp estimation parameters (', 

end if 

c.;;ntinue 

accept 90010, instr
i-f ( c:.ap( lhstr( 

continue 

count, Iterations) ([YJ/N)? 

.ne. 'N' ) go to 40000 

type 90050, 'Lp estimates starting at what p <>= 1) (', begp, 1 )? 
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READ 

005:3 
0059 
0060 
0061 
0062 
0063 
00(>4 
0065 
0066 
0067 
006:": 
0069 
0070 
0071 
0072 
007:3 
0074 
0075 
0076 
0077 
0078 
0079 
oo:=:o 
00:31 
0082 
0083 
OOE:4 
0085 
00:36 
OOS7 
00:38 

0089 
0090 
0091 
0092 
009:3 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
010:3 
0104 

• 0105 
0106 
0107 

• 0108 
0109 
0110 
0111 
0112 
011:3 
0114 

LP -

c 

c 
30010 

c 
:30020 

18-Apr-1988 14:27:96 VA~ 

27-·F.,b-1988 10:21:0:3 RE? 

accept 90010, i nstr~ 
if ( nonblank( instl'· ) then 

read (unit=instr,fmt=*,err=80000) temp 
if ( ( te11'1p lt. 1.0 >.or. ( ten•p .gt. 3.0 l) then 

type *• char( 7 ) , 'Limits on p are 1 <= p <= 2:. 
go t.;:, :30000 

end if 

begp = ten•p 
end if 

type 90050, ending at what p <<= 3) <', endp, ')? 
accept 90010, instr 

if ( nonbla.n•<.( inst1"' then 
read <unlt=instr,fmt=*,err=30000) temp 
If<< terrop it. begp l .or.< temp .gt. 9.0 l l then 

type *• char< 7 ), 'Ending p must be>= beginning and <• 3.' 
go to 9oooo 

end If 
endp = ter11p 

end If 

ther. if ( endp .gt. begp 
type 90050, Incrementing by what p < > Ol (', 

accept 90010, lnstr 
I f ( nonb I ank ( I ns t r l then 

read <unlt=instr,f11'tt=*,err•30000) temp 
if ( temp . le. 0.0 ) then 

delp, ')? 

type *, chaa .. ( 7 ) , 'I ncren1ent for p tTIUSt be > 0.' 

g•:> to 30000 
end if 
delp = temp 

end if 
else 

delp 9.0 
end If 

continue 
type 900ZO, 'Minimum residual Magnitude to use(', eps, ')? 
accept 90010, instr 
I f ( ncnb I ank ( I ns t r l ) then 

read (unit=instr,fmt=*,err=30010) temp 
if ( tel'lop .le. O.OdO ) then 

type *• char( 7 ), 'Value for epsilon must be greater than 0.' 
go to:> 90010 

end if 
eps = tentp 

end if 

contInue 
type 90090, Normalize weight SQUARE ROOTS to:• what value (', norrr•, . ) . 
type 90000, <O for 

// 'unnormal ized)? 
accept 90010, instr 
i f ( nonb I ank ( i ns t r l then 

read <unit=instr,fmt~*,err~ao020) temp 
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.. · 

READ_LP 

0115 
0116 
0117 
0 1 1 El 

0119 
0120 
0121 
0122 
012:3 
0124 
0125 

0126 
0127 

012:3 
0129 
0130 
0131 
0132 
01:3": 
01:34 
0135 
0 12•6 
0187 
013:3 
01:39 
0140 
0141 
0142 
0 14~J 
0144 
0145 
0146 
0147 
014:3 
0149 
0150 
0151 

-~- ... :· 

c 
:300:30 

c 

c 
40000 

c 
90000 
90010 
90020 
90030 
90040 
90050 
c 

if ( temp . lt. O.DdO ) then 

18-Apr-1988 14:27:86 
27-Feb-1988 10:21:08 

type *, char< 7 > , 'Norma I i :z:a t ion va I ue r11us t be > = 0. ' 
go to 80020 

end if 
norm. = temp 

end If 

c•:>nt i nue 
type 90040, 'Maximu•n number of IRLS iterations to permit (', 

it I I m, '>? 
accept 90010, instr 
i f ( nonb I ank ( i ns t r- J then 

read <unit=instr,fmt=*terr=30030l count 
i f < c•:>un t . I t . 1 l then 

c.ount scratch. 

typS *'char< 7 l, 'Iteration limit must be>= 1.' 
go to 80030 

end If 
It I lm count 

end if 

type * 
count = ( endp - begp ) / delp + 1 
type 90040, 'Entered paramet<!!:r~ OK (', 
1 
go to 20000 

c•:>nt I nue 

return 

format( $a ) 
forrr.a t ( aBO l 
format( f a, 1pg15.7, a 
f,::trn•at( a, 1pg15.7, a 
f•:.rmatC f., 1x, a, i4, a ) 
format( • a, f5.2, a ) 

end 

count, 
lter.ations) C[YJ/Nl? 

\.lAX 
REA( 
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( 

( 

• 
• 

··' 

0001 
0002 
000:3 
0004 
0005 
0006 
0007 
000:3 
0009 
0010 
0011 
0012 
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s•...1br-•::.ut i ne read_mm i sc ( def _e:<p, carr I en 1 smp_ in t, to I 

" c------------------------------------------------------------------------------
c 
c 
c 

" c 
c 
c 

" 
" 

This subroutine sets mlscel laneous para~eters required by the 
t-1US.IC / Lp algorithms, allowing the operato;:,r to change the valu@s if 
desired. If def_er~p is >= 0, defaults fn::.m a previ•:>Us experinaent are 
assumed to be present in the vaiYes carrlen, smp_int, and tol on entry. 
If def_exp is< 0, "standard" ~efaults are assumed to be present in the 
values. Note that the value of def_exp serves only to select what 
prompt is used, ar~d that defaults are ASSUMED to be supplied regardless 
of the value of def_exp. 

001:3 " 
0014 
0015 
OOlt-::> 

0017 

0018 
0019 
0020 
0021 
0022 
002:3 
0024 
0025 
0026 
0027 
0028: 
0029 
OO:c:O 
00:31 
00:32 
00:?,:3 
00:34 
00:35 
oo:;:6 
00:37 
00:3:3 

oo:::9 
0040 
0041 
0042 
004:3 
0044 
0045 
0046 
0047 
0048 
0049 
oo~;o 

0051 
0052 
005:3 
0054 
0055 
0056 
0057 

c 
c 
c 

" 
" G 

G 

c 
c 
c 

Pat~ameters: 

def _e,.~p: 

ca.r·rlen: 

Nwnber of the e>~periment (if any) from whl ch defaults 
ware obt& I ned. I NTEGER*4, Input. 

REAL*9 carriQr wavelength of Incident waves. Units 
MUST be the same as those in which antenna 
ranges are n~asured. 

smp_int: REAL*8 sample lnt@rval, In carrier wav~lengths. 
tol: REAL*:3 "t•:dera.nce" 1 value to be tal<.e.n for zero. 

c------------------------------------------------------------------------------
c 

c 

G 

" 

G 

20000 

" 80000 

:30010 

imp I I c i t none 
external cap, nonblank 

logical nonblank 
character*1 cap 

integer*4 def_exp 
real*8 carrlen, smp~int, tol 

character*1 nsel 
character*90 instr 

type * 
if < def_exp .ge. 0 ) then 

type 90000, ' Use old wavelength, sa~ple interval, and tolerance ' 
// '< [Yl/1'1)? 

else 
type 90000, ' Use defa~lt wavelength, sample interval, and ' 

// 'tolerance <CYJ/N)? 
end if 

c.ontin~e 

accept 90010, lnstr 
if (cap( instr·( 1 

continue 

. ne. 'N' ) go t•:. 40000 

type 90020, ' Carrier wavel@ngth (', carrlen, ')? 

acc'ept 90010, instr 
if ( nonblank( in:!-ltr) ) read (unit=ir.str,-fr·nt:===t;,err::::80000) carrlen 

c•:-nt i nue 
type 90020, ' Samp I e i nterva I (', smp_ i nt. 



READ_I'1~11 :3C 

00513 
0059 
0060 
0061 c 
0062 
0063 
0064 
0065 
0066 
0067 
006:3 
0069 
0070 
0071 
0072 
007:3 
0074 
0075 
0076 
0077 

007:3 

:30020 

c 
40000 

90000 
90010 
90020 
c 

PROGR(4~1 SECTIONS 

Naa"he 

0 $CODE 
$POr4TA 

2 $LOCAL 

Tot a I Spac.e 

ENTRY POINTS 

18-Apr-1988 14:28:11 
27-Feb-1988 10:13:28 

') (Carrier Wavelengths)? 
ar:,(:;.ept 90010, instr 

if ( nonblank( instr 

CQnt i nue 
type 90020, 'Toleran(:e (value to take for zero) (', tot, 'l? 
accept 90010, instr 
if ( nonblani(( lnstr ) ) read <unit=lnstr,fn•t=*·er·r=:30020l tol 

type * 
type 90000, ' Entered parameters OK CCYJ/N)? 
go to~ 20000 

t•:>nt i nue 
return 

format( Sa ) 
f•:•rtt•at( aBO ) 
f orrr.a t ( $ a, 1 pg 1 !5. 7 , a ) 

end 

All•:>cated 

Bytes 

609 
292 
188 

1079 

Attributes 

PIC CON REL 
PIC CON REL 
PIC CON REL 

LCL SHR E><E RO 
LCL :3HR NOEXE RD 
LCL NDSHR NOEXE RO 

NOI.JRT 
NOWRT 

WRT 

Add1~ess Type Narne 

0-00000000 READ M~11SC -

\Jt4R I t'li3LE:3 

\lAX F 
READ. 

LONG 
LONG 
LONG 

Address Type Nan•e Address Type Nal'lle Address Type Name 

AP-00000008@ R*8 CARRLEN AP-00000004@ '*4 DEF -E><P 2-·00000000 CHAR INSTR 
AP-OOOOOOOC@ R*8 S~1P - INT AP-00000010@ R*B TOL 
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0001 
0002 
OOO:;"J 
0004 
0005 
0006 
0007 
000:';1 
0009 
0010 
0011 
0012 
001:3 

0014 
0015 
0016 
0017 
00 1:=: 
0019 
0020 
0021 
0022 
002:~ 

0024 
0025 
0026 
0027 
0028 
0029 
0030 
00:31 
00:32 
0033 
oo:::4 
00:35 
()0:3() 

00:37 
oo:=::=: 
0039 
0040 
0041 
004:~ 

004:': 
00·~4 

( 0045 
0046 
0047 

• 0048 
0049 
0050 

• 0051 
0052 
005:::: 
0054 
0055 
005J3 
0057 

.. 

{:. 

c 
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subroutine r~ad rloise< def_exp, ants, old_ants, noises, old_nolses, 
defs, pars, correl, prompt_sel, old_which l 

c------------------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
.c 
c 
c 
c 
c 
c 
c 

This subroutine sets a group of noise characteristic values, 
permitting the operator to change the characteristics, if desired. 
The value prompt_sel determines whether "actual" (pr•:m.pt_sel < Ol or 
"m•::.del .. (prornpt_sel >= 0) noise generators are being defined. 

Defaults are determined for ''actual" noise generators as 
follows: If def_exp > 0, noises = old_noises, and old_which > 0, then 
default values are assumed to be present In the arrays defs and pars. 
If, In addition, ants= old_ants, then default values ar& assumed to be 
prP-sent in array C•:>rl'"el on entry as well. If default values are not 
assumed t•::t be present in .an at:"ray, then ••standard" defaults are 
assIgned. For "rr.o:>de I" noise generat,::.rs, def a~A Its are estab I I shed In 
th~ sa.rne way e>-:cept that old_which Is Ignored (since all experiments 
use ''mode I " noIse genet'" a tors) . 

Paranaeters: 

def_t!!xp: INTEGER*4 number of the expat'"in,ent from which default 
values <If any) were obtained. 

ants: I NTEGER*4 nun1ber of e I errtents in_ the antenna array. 
old_ants: INTEGER*4 nuMber of antenna array elements In the 

experiment from which default values 
<if any) were obtained. 

noises: I NTEGER:«4 numbl!r of noIse ge:nerators to ba used. 
old_nolses: INTEGER*4 number of noise generators used In the 

experinrent from which de-fault values 
<If any) were obtained. 

defs: noises x 2 INTEGER*4 matrix whose first column is the 
vector of generator nols~ type~ (see 
bel owl. 

pa.rs: 

C•:>rrel: 

no i SP-s x :3 REAL*4 array of noIse parameters for eaeh 
antenna (rrrean, std. dev., ave. rep. 
rate>. 

ants>-~ noises REAL*S matt'"ix •=>f noise source 
multipliers f•=>r each antenna element 
(noise cot'"relation matrix). 

promp t_se I : INTEGER*4 value Indicating whether the noise 

old_whlch• 

N•=> i se types: 

sources being defined are those for 
actual sample generation (prompt_sel 
< 0), th•::tse for the estin•at•=>r noise 
model <prompt_sel > 0), •:>r both (I .e. 
I!!'Stimators use actual noise) 
<prompt_sel = 0). 

ll'ffEGER*4 value indicating whether actual 

hh 

(•:>ld_whlch = 0) or model (,:.Jd_whic.h > 
0) noise genera t•:.rs were used In the 
estimation routines of the experiment 
froiTI which defa~.alt values (if any) were 
•::.bta I ned. 

high word (16 bitsl, II= low word. 



0058 
0059 
0060 
0061 
0062 
0063 
0064 
0065 

0066 
0067 
006:3 
0069 
0070 
0071 
00?2 
007::::: 

0074 
0075 
0076 
0077 
007:3 
0079 

0080 
0109 
OHiO 
0161 
0162 
0 16:?. 
0164 
0165 

0166 
0167 

0Hi:3 
0169 
0170 
0171 
0 1?.':' 
017:3 

( 0174 
0175 

0176 

( 0177 
017:3 
0179 

' 
01:30 
01:31 
01:32 

• 018:3 
0184 
0 1:=:5 

• 0186 
01:37 
0188 
0 ll:l9 
0190 
0191 
0192 

c. 
c. 
c 
c. 
c. 
c. 
c. 
c. 
c. 
c. 
c. 
c 
c 
c 
c 
c 
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1 I = 1 => fixed noise (constant amplitude and phase) 1 

pars( i, 1 ) = re.!!.l pa.rt of noise. 
pars( i, 2 ) = imaginary part of noise. 

II 2 => unifcwm noise, pars( i, 1 ) = n1ean <real & ln•ag.l. 
pars( I, 2) =width (real & lrnag.). 

I 1 S => gaussian noise; pars< as for uniform. 

II 
hh 
hh 

hh 

pars( i 1 2 ) = std. dev. <real & i.). 
·~thers => not used. 
0 => noise type determined by I I 

=> in.pulsive noise, type determined by, f I J 

pars( i 1 3) =average repetit. rate. 
2 => b~Jrst noise, type determined by IIi 

<appl led to randomly selacted anten. >, 
(all multlpl iers = O.OdOl, 
pars( I, 3 ) ; average repetlt. rate. 

c---------------------------·---------------------------------------------------

c 

imp I i c I t none 
intrinsic jishft, jiand, jior, dct'nplx, dble 
intrinsic sngl 1 dreal, ditt1ag, atog1_0, jmod 
external cap, -nonblank, pr_ntype, rect, ck_polar 
include '(fortran_lit'l'litsl' 
include 'Creal_constantsl' 

logical nonblank 
integer*4 ck_polar 
C•:.'lmple>-;*16 rect 
char.acter*1 cap 

integer*4 def_exp, ants, old_ants, noises, old_noises 
integer*4 defs( noises, 1 ), prompt_sel, old_whlch 
real$4 pars( noises, 1 
reai*B correl( ants, noises ) 

logical have_one 
integer*4 I, j, noise_nun1, it1 1 lt2, ant fnoise 
rea I *4 t 1 , t 2 
con•p I ex* 16 z 1 
character*15 instr 

type * 
if ( prompt_sel It. 0 l then 

type *•' Noise sources to be used in 
'ACTUAL :3A~1PLE GENERAT I ON ' 

else If < prompt_sel .eq. 0 ) then 
type *•' Noise s·~urces for BOTH actt.J&I santple ', 

'generation AND estimation noise model' 
else 

type *,' Noise sources to be used in the ', 

end If 
type * 
if 

2 

'EST I 1·1AT I ON NOISE MODEL' 

def_exp lt. 0 > 
.or. ( noises .ne. old noises 
.•~r. < prompt_sef lt. 0) .and. ·~1d_whlch . le. 0 ) 
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• 
• 

-~.;' . 

READ_NOISE 

019:3 
0194 
0195 
0196 
0197 
0198 
0199 
o.~oo 

0201 
o.~o2 

020:3 
0204 
0205 
0206 
0207 
o.~os 

0209 
0210 
021 1 
0212 
021:3 
0214 
0215 

0216 
0217 
0218 
0219 
0220 
0221 
0222 
0223 
0224 
0225 
0226 
0227 
0228 
0229 
0280 
0.~:31 

02:32 
02:33 
0234 
02:35 

02:36 
0237 
02:38 
02:39 

0240 
0241 
0.~42 

o.o43 
0244 
0,'~45 

0246 
0247 
0248 
0249 

10000 

G 

20000 

G 

30000 

G 

30010 

18-Apr-1988 14:28:25 
27-Feb-1988 10:00•08 

) then 
do i = 1, noises 

d .. fs(l,1l :=: 
pars(i ,11 
pars(J,2l 
pars<i,:3l 

end do 
go t•::> 10000 

else 

0.0 
0. 0:3162278 
0.0 

if ( ants .eq. old_ants ) then 
type 90000, 'Use old noise generab:>rs (['l'J/Nl? 

else 
continue 

do i = 1, a."ts 
do j = 1 , n•::~ i ses 

if ( i . eq. j l then 
corre I < i , j) 1 . OdO 

else 
correiCi,jl 

end If 
end do 

end do 

O.OdO 

type 90000, ' Use default noise generators C[YJ/Nl? 
end if 

end if 

continue 
accept 90010, i ns-t r 
if c· cap( instr< :_1 

I ~ 1 
continue 

. ne. 'N' l go to 40000 

type 90020, 'Noise source number (', i, 'l? 
accept 90010, i nstr 
If ( nonblan~<.( instr)) then 

read Cunit=instr,fmt=*,errE90000) noise_num 
if ( (noise nun• .lt. 1 ) .or. (noise nun• .gt. noises 

type *, char ( 7 ) , 'Source number out •::>f range. ' 
go to 30000 

end if 
else 

n•:>i se_nu~ 
end if 

continue 
defs(i,1), -16) 

.eq. 0 l then 

l then 

I t 1 = j i shf t ( 
if ( it 1 

type 90000, 'Continuous, Intermittent, •::>r Burst noise' 
//'(Continuous) (C, I, or 81? 

e I se if ( it 1 
type 90000, 

else 

.eq. ) then 
' C·:::.nt i nuous, 

type 90000, ' Continuous, 

er•d i ·r 
accept 900 10, i r.s t t-

Intermittent, or Burst noise 
// '(lntet~mittent) CC, I, or 8>? 

Intermittent, or Burst noise 
// '(Burst) CC, I, or Bl? 

276 



• 
• 

.. ·· 

0250 
0251 
0252 
0.'~53 

0254 
0255 
0256 
0257 
025=3 
0259 
0260 
0261 
0262 
026:3 
0264 
0265 
0266 
0267 
0268 
0269 
02"70 

0271 
0272 
0278 
0274 
02'75 

0276 
0277 
0278 
0279 
02:30 
02:31 
02:32 
02:38 
0284 
02:35 
02:=:6 
02:37 
02:38 

02:39 
0290 
0291 
0292 
0298 
0294 
0295 
0296 
0297 
0298 
0299 
0300 
0:301 
0802 
030:;;) 
0:?.04 
0:305 
0:306 

-~--. 

c 
30030 

c 

:30040 

c 
30050 

instr< ) ~ c~p( 

if ( nonblank( instr l 
if ( ins t r ( 

it1 = 0 
else If lnstr< 

It 1 = 
e I -se. i f i ns t r < 

it 1 = 2 
else 

instr< 

then 
) .eq. 

. eq. 

. eq. 

•c· 

'I' 

'8' 

thel"'t 

ther • 

ther • 

18-Apr-1988 14:28:25 
27-Feb-1988 10:00:08 

type *, char ( 7 ) , 'PI ease enter C<CR>, c<CR>, I <CR>, 
'i(CR>, B<CR>, b<CR>, or <CR).' 

go to~ 30010 
end if 

end If 

c1::.nt 1 nue 
it2- jland< defsCi ,1>, 6S585 > 
call pr _ntype( i t2 l 
accept 90010, lnstr 
If ( nonblank( 

it2. ==index< 
end if 
If ( i t2 . eq. 0 

defs (no I se_nun., 1) 

i nstr ) then 
'FUG', cap( lnstrl 1 l 

go to 30080 
jior( jlshftl it!, 16 l, 

i f ( i t 2 . eq. then 

lt2 ) 

if ( ck_polar< dclnpfx( dble( pars(i,1) ), dble< parsCI,2>) ), z1 
. ne. 0 l z 1 ~ ( 1 . OdO, 0. OdO l 

t 1 !lng I ( drea I ( z 1 l 
If t1 . lt. mlnrecip4 t1 1.0 
t2 sngl( dlmag( z1 l * deg_p_rad4 

else 
t 1 pars( i, 1 > 

pars( I ,2> .ge. minreclp4) then 
par!<( I ,21 

if ( 
t2 

else 
t2 

end if 
end if 

continue 

1. 0 

if ( i t2 . eq. ) theF• 
type 90080, 'Noise magnitude(', 20.0 * alog10( t1 l, ') (dbl? 

else 
type 900:30, 

end if 
Distribution tT1ean (', tt, ')? 

accept 90010, insta"" 
if ( nonblank( ir,str >then 

read <unit=instr,f~t=*,err=30040) pars(noise nu~,1) 
if < it2 .eq. 1 ) pars(noise_num,1> 

10.0 ** ( pars(noise_num,1) / 20.0 ) 
efse 

par-s (no i s~_num, 1 ) t 1 
end if 

cont 1 nue 

if ( lt2 .eq. 
type 900:30, 

l th'en 

Noise phase (', t2, 'l <DEGREES!? 
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R!":AD_NIJISE 

0807 
0308 
0809 
0:310 
0:31 1 
0:312 
081:3 
0:314 
0815 
0:316 
0:317 
0:31<3 
0:319 
0:320 
0:321 
0:322 
0:32:3 
0:324 
0:325 
0826 
0:327 
0:328 
o:::29 

0:3:30 
0:3:31 
0332 
0338 
0:334 

0335 
0:3:36 
0887 
033E: 
0:3:39 
0:340 
0:341 
0842 
034:3 
0:344 
o:345 
0:346 
0:347 
0848 
OS49 
0:350 
0351 
0852 
0859 
0:354 

0:355 
0856 
0857 
0:358 
0859 
0:360 
0861 
0862 
0368 

c 
'30060 

c 

:30070 

else 

1<3-Apr-1988 14,28,25 
27-Feb-1988 10:00:08 

type 900:30, 'Noise p•:.wer (', 20.0 * alog10C t2 >, ') (dbl? 
end if 
accept 90010, instr 
if ( nonblank( instr)) tner, 

read <unlt=instr,fmt=*,err=80050) pars(noise_num,2l 
if ( 1t2 .ne. 1 ) pars<nolse_num,2l 

10.0 ** ( pars(noise_num,2) / 20.0 ) 
else 

pars(noise_num,2l 
end if 

if ( it2 .eq. ) then 

t2 

zt = rect( dcmplx( dble( pars<nois~_num,1) ), 
rad_p_deg8 * pars(notse_num,2l l 

pars(n61se_num,1l sngl ( dreal ( z1 ) ) 
pars(nolse_num,2) = sngl ( dimag( z1 

end if 

continue 
I f ( i t 1 . ne . 0 l then 

type 900:30, 
'Average repetition intervai (', pars(i ,31, ') <samples>? 

accept 90010, instr 
if< nonblank! instr l) th,.n 

read (unit~lnstr,fmt=*,err=30060l pars(noise_num,9) 
else 

pars(noise_num,8) =pars( I ,8) 

end if 
end if 

if ( I t 1 . n.,. 2 l then 
have_one ~ .false. 
C•:>nt i nue 

then If ( have_one 
type 90000, Apply this ~ource at which antenna <<CR> for ' 

// 'next sourcel? 
else 

ant_fnoise = jmod( nolse_nunt, ants ) 
if ( ant_fnoise .eq. 0 ) ant fnoise =ants 
type 90020, 'Apply this source at which antenna(', ant_fnoise, 

'l? 
end If 
accept 90010 1 i r,s t r-

i f ( nonb I anl"<. ( i nstr ) then 
read (unit=instr,fmt=*Jerr-80075> 
If ( ( j lt. 1 l .or. < j .gt. ants 
If ( have_one ) then 

type 900:30, 

else 

l go t.::. 80075 

~1u1tlpller !', 
cor·rel(j,i), ')? 

type 900:30, 
end If 

t>1u It I pI i er (' , C•:)rre I ( j, i ) , ')? 

accept 90010, instr 
i f ( nonb I a.nk ( i ns t r l then 

read (unit=instr,fmt=*,err=80075) correl (j,nolse_num> 
else 

c•:>rre l ( j 1 no i se __ nun,) == corns I ( j, I ) 

VAX F 
READ_ 
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READ_NOI SE 

0:364 
0:365 
0:306 

0:36::0: 
0:369 

0::370 

0371 
0872 
037:3 
o:374 
0375 
0376 
0377 
0878 
0879 
0380 
0381 
0:3:32 
0:3:3:3 
0:384 
0885 
0:3:=:6 
0:3::"17 

:30075 

o:=:s:::: c 
0:?.89 
0:390 
0391 
0392 
0393 
0394 
0395 
0396 
0397 
0398 
0399 
0400 
0401 
0402 
040:3 
0404. 

-~ ....... :· 

c 

c 
40000 

c 
90000 
90010 
90020 
90030 
c 

end If 
have_ one 
Q•=> to 30070 
c.•:.nt i nue 

. trtJ~. 

typ@ *• char( 7 l, 'Error on input. 

go to 30070 
else if ( .not. have_ona 

j = ant_ fn•::t i se 
then 

18-Apr-1988 14:28:25 
27-Feb-1988 10:00:08 

Please re-ent@r ', 
'from :5tart. 

type 90080, Mu I tip I i er ( ' , c•:;.rre I ( j, I ) 1 ' ) ? 
accept 90010, lnstr 
if ( nonblank( instr then 

read (unit= ins tr, frnt=* ,.err=3007'5) corre I ( j, no i se_nurra) 
else 

correl (j,noise_nurra) • correl(j,i) 
end if 
have_one = .true. 
go to 80070 

end If 
else 

do j = 1, ants 
correl(j,noise_nl .. mt) = O.OdO 

end do 
end If 

if 
if ( 

type * 

noise_num .eq. I ~ J + 
. le. noises l go to 90000 

type 90000, ' Entered norse para .... tars OK ( tYJ/N l? 
go to 20000 

continue 
return 

fon11at ( t-a ) 
f·~rmatC a15 ) 

f •:>rn•a t ( t. a, i 5 , a l 
f •::H"'ma t ( • a, 1 pg 15 . 7 , a. ) 

end 
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j 
• 
• 

. ·' 

·::~-. 

0001 
0002 

c 

c 
subroutine pr_ntype( ntype ) 

18-Apr-1988 14,28,25 
27-Feb-1988 10,00,08 

0008 
0004 
0005 

0006 
0007 
0008 
0009 
0010 
0011 
0012 
001::: 

c****************************************************************************** 
c 
c 
c 
c 
c 
c 

This subroutine prompts for noise distrib(Ation type. The type 
o.f noise distributi•:>n included in the prompt (the default type) is 
selected by the INTE6ER*4 value ntype (1 =fixed (constant magnitude 
and phase), 2 =uniform, 3 =gaussian) 

c****************************************************************************** 
c 

integer*4 ntype 
0014 c 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0028 
0024 
0025 
0026 

character*21 head/' Noise distribution ('/ 
character*17 tai I/') (F, U, or G)? '/ 

c 
if ntype 
if ntype 
if ntype 

c 
return 

c 
90000 f•:)rrnat ( $a 
c 

end 

PROGRA~1 SECTIONS 

Nattte 

0 $CODE 
$POATA 

2 $LOCAL 

T•:>tal Space Allocated 

ENTRY POINTS 

Address Type Name 

0-00000000 PR_NTYPE 

IJt~R I ABLES 

Address Type Na1ne 

2-00000000 CHAR HEAD 

.eq. 

.eq. 2 

.eq. 3 

) 

type 90000, head// 'Fixed' //tall 
type 90000, head// 'Uniform' // tal I 
type 90000, head// 'Gaussian' // tal I 

Byt<!ls Attributes 

226 PIC CON REL LCL SHR EXE 
15 PIC CON REL LCL SHR NOEXE 
48 PIC CON REL LCL NOSHR NOEXE 

289 

Address Type Nante Addres"s 

AP·-00000004@ 1*4 NTYPE 2-00000015 

RO NOl.JRT 
RO NOWRT 
RO WRT 

Type Na" 

CHAR TAl 
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0001 
0002 
000:3 
0004 
0005 
0006 
0001 
000:3 
0009 
0010 
0011 
0012 
001:3 
0014 
0015 
0016 

0011 
001('1 
0019 
oo;~o 

0021 
0022 
002:?.: 
0024 
0025 
0026 
002.7 

0028 
0029 
00:30 
00:31 
00:32 
008:?. 
00:34 
00:35. 

00:30 
0087 
00:38 
00:39 
0040 
0041 

( 0042 
004:3 
0044 

' 
0045 
0046 
0047 

• 004:3 
0049 
0050 

• 0051 
0052 
oos::;: 
0054 
0055 
0056 
0057 

18-Apr-1988 14:28:55 VA 
26-Feb-1988 12:03::0::6 RE 

subroutine read_waves( num_wav@s, old_waves, def_exp, 
wave_pars, mtypes l 

c 

c------------------------------------------------------------------------------
c 

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

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

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

This subroutine sets a group of wave characteristic values, 
all•:lWing the o:,pet~ato::>r to change the values If desired. Default values 
are detern•i ned as f•:l I I ows: If o I d_waves < > nurr,_waves or def' _exp < 0, 
"standard'' defacd ts are assignedJ otherwise defayl t values are assumed 
to be present in arrays wave_pars and mtypes on entry. 

Parameters: 

nun,_ waves: Number of rows In the outptAt matrices. 
number of wave parameter sets read 
INTEGER*4, Input. 

Also the 
ln. 

old_waves: Number of incident waves in the e.xperfment /rom 
which default values !If anyl were obtained. 
INTEGER*4, Input. 

def_~xp: Nun1ber of tha experiment fr,~m which dAfault values 
(If any) were obtained. INTEGER*4, Input. 

wave_pars: nurn_waves x 9 REAL*8 matrix whose first 9 columns 

mtypes: 

are &s follows: 
1> vector of strengths of the waves, expressed 

in db !referred to arbitrary unit 
anopl I tude). 

2) vector of starting carrier phases of the 
arriving waves, RADIANS. 

-a) vector of wave angles of arrival, from th• x 
axis, RADIANS. 

4) vector of mcdulatl•:;,n cycle lengths, In 
nunaber of carrier cycles per modulation 
cycle. 

5) vector of naodulati•Jn duty cycles <expressed 
as fractions of modulation cycle 
length, 0.0 < m•:od_dutyl I l <• 1.01 
(applicable only to ramp and 
rectangu I ar ""Jdu I at ion) . 

6) vector of "starting" modulation phases, in 
number of carrier cycles. 

7) vector of amplitude modulation ratios 
(ni&XimUI'TI / minimum). 

8) vector of ph•se modulation total phase 
shifts lin RADIANS). 

n~m_waves x 2 INTEGER*4 matrix whose first column is 
the vector of amplitude rt••.Jdulatlon types (see 
below), and whose second c•Jiumn is the vector 
of phase n~dulatlon types (see below), 

Modulati•::.n types: 1 =sine, 2 =triangle, :3 = lncr4!!!aslng ramp, 
4 = decreasing ramp, 5 = rectangular. 

c------------------------------------------------------------------------------
c 

imp I i c I t none 
i n t t~ Ins i c Index 
external cap, nonblank, pr_mtype 
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) 

'j 

,.. ' 
(J 

(I 

( . 

0 

'· ' 
' . 

READ_ v!A\IES· 

0058 
0109 c 
0110 
0111 
0112 
01 1<!: 
0114 
0115 
0116 
0117 

0118 
0119 
0120 
0121 
0122 
012:3 
0124 
0125 
0126 
0127 
0128 

0129 
01:30 
01:?.1 
01:92 
0 1:9:3 
0134 
0185 
0186 
0187 
0138 
0189 
0140 
0141 
0142 
014:?. 
0144 
0145 
0146 
0147 
014:3 
0149 
0150 
0151 
0152 
0158 
0154 
0155 
0156 
0157 
015:3 
0159 

c 

c 

c 

c 
20000 

c 

30000 

0160 c 
0161 
0162 
0163 
0164 

-~~- .. 

30010 

18-Apr-1988 14:28:55 
26-Feb-1988 12:03•36 

include '(real_constantsl' 

I og i ca I ntJnb I ar.k 
c.hara.cter*1 cap 

integer*4 num_waves, old_waves, d~f_exp 

integer*4 mtypes( num_waves, 1 ) 
real*8 wave_pars( nuro_waves, 

In teger*4 i , j, wa.ve_nurn, I t 1 
rea I *8 t 1. t 2, t8 
character*15 instr 

type * 
if ( ( old_waves .eq. num_waves > .~nd. ( def_exp .ge. 0 

type 90000, Use old wave characteristics ([YJ/Nl? 
else 

tl l.OdO / num_waves 
t2 30.0d0 * t1 
t3 pi8t2 * t1 
do = 1 , nun,_waves 

wave_pars< t, 1) I * t2 
wave_pars(i ,2) O.OdO 
wave_pars < i , 8 > 

wave_pars (I ,4) 
wa.ve_pars(l ,5> 
wave_pars( i ,6) 
wave_pars(l,7) 
wa.ve_pars(i ,8) 
mtypes( I ,1) 

( i - 1 ) * t3 
:30. OdO 
t 1 
( i - 1 ) * t2 
100.0d0 
O.OdO 
5 

mtypes(l ,2) ~ 

end do 

type 90000, Use default wave characteristics ([YJ/N)? 
end If 

continue 
accept 90010, instr 
if ( cap( lnstr( 1 : 

I = 1 
continue 

l .ne. 'N' l go to 40000 

type 90020, 'Wave number (', I, 'l? 
accept 90010, instr 
if ( nonb1ank! lnstr ) ) then 

read (unit•lnstr,fmt=*•err=SOOOOl wave_num 
if ( < wave_num . It. 1 ) . or. ( w.ave_num . gt. num_waves 

type *• char( 7 l, 'Wave number out of range.' 
g.:;, t•:> 30000 

end if 
elsa 

wa.ve_nun1 
end If 

c.:tnt i nye 
type 900SO, 'Wave strength (', wave_pars(i ,1), ') (db)? 
accept 90010, instr 
if ( nonblank( instr ) l then 

) then 

l then 
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( 

.f 

f 

( 

( 

f 

f 

f 

( 

( 

( 

f 

( 

( 

( 

( 

• 
• 

··' 

0165 
0166 
0167 
0168 
0169 
0170 
0171 
0172 
017:'3 
0174 
0175 
0176 
0177 
0178 
0179 
0180 
0181 
01:32 
018:3 
01:34 
0185 
01:36 
0187 
01:38 
0189 
0190 
0191 
0192 
019:3 
0194 
0195 
0196 
0197 
0198 
0199 
0200 
0201 
0202 
020:3 
0204 
0205 
0206 
0207 
020~: 

0209 
0210 
0211 
0212 
0213 
0214 
0215 
0216 
0217 
0218 
0219 
0220 
0221 

-~~- . 

c 
:30020 

c 

30030 

c 
30040 

c 
:30050 

18-Apr-1988 14:28:5~ 

;~6-Feb-1988 12:0:3:36 

read (unlt=instr,fmt=*,err=30010) wave_pars<wave_num,1) 
else 

wave_pars(wa•Je_num,1) = wave_pars<l ,1) 
end if 

c•:>nt i nue 
type 900:30, Carrier start phase (', wave_pars(i ,2) * deg_p_rad8, 

') <DEGREES>? 
accept 90010, lnstr 
if ( nonblank( instr ) then 

read CunitQinstr,fmt=*,err=90015) wave_pars(wave_nu~,2) 
wave_pars(wave_num,2) wave_pars<w~ve_num,2) * rad_p_deg8 

else 
wave_pars(wave_num,2) 

end If 

c•:.nt i nue 

wa.ve_pars ( I , 2) 

type 90080, ' AngIe •:>f arr Iva I (' , wave_pars ( i , :3) * deg_p_rad8, 
' ) <DEGREES l? 

accept 90010, instr 
if < nonblank< instr l then 

read <unit=lnstr,fmt**••rr=90020) wave_pars(wave_num,3) 
wave_pars(wave_num,:3> wave_pars<wave_nurn,3> * rad_p_dege 

else 
wave_parsCwave_num,8) 

end if 
wave_pars ( I , :3) 

t1 = wave_pars(i ,6) / wave_pars(i ,4) 
continue 

type 900:30, Modulation l@ngth (', wave_pars(i ,4), 

accept 90010, instr 
i f ( nonb I ank < i ns t r ) then 

read (untt~tnstr,fmt~*,err=30030J t2 
else 

t2 = wave_pars(l ,4) 
end If 
if < t2 . lt. 1.0d0 > go to 80030 
wave_pars<wave_num,4> tZ 

continue 

') !Carrier Cycles> D-1>7 

type 90030, ' Modulation starting phase (', t1 * 860.0d0, 

accept 90010, lnstr 
if ( nonblank( instr > then 

') !DEGREES>? 

read <unit=instr,fmt=*,err=30040) wave_pars(wave_num,6) 
wave_pars(wave_num,6) = 

( wave_pars(wave_num,6) / 360.0d0 ) * wave_pars(wave_num,4) 
else 

wave_pars(wave_num,6) = tl * wave_pars(wave_num,4) 
end if 

C•:•nt i nue 
type 900:30, Modulation duty cycle (', wave_pars(i ,51, 

') <>O, <=1)? 
accept 90010, instr 
i f ( nonb I ank ( i r.s t r > then 

283 



• 

.! 

I 
I 
I 

( 

.. • 

RE~lD_o,JAVES 

02Z2 
0223 
0224 
0225 
0226 
0227 
0228 
0229 
02:30 
0231 
0232 
0283 
0234 
0235 
02:36 
0237 
0238 
0239 
0240 
0241 
0242 
0248 
0244 
0245 
0246 
0247 
0248 
0249 
0250 
0251 
0252 
0258 
0254 
0255 
0256 
0257 
025:3 
0259 
0260 
0261 
0262 
0268 
0264 
0265 
0266 
026'7 
0268 
0269 
0270 
0271 
0272 
027S 
0274 
0275 
02'76 

0277 

c 
30060 

c 
30070 

c 
3ooeo 

c 
30090 

c 

c 

02"78 c 

-~ .... 

read Cunlt=instr,fmt-*,err=S0050l t1 
else 

t1 = wave_pars(i ,5> 
end if 
if ( ( t1 . le. O.OdO l .or. ( t1 .gt. 1.0d0 l 
wave_pars(wave_num,Sl = t1 

contInue 
cal I pr_mtype( 
accept 90010, 
If ( nonblank! 

lt1 index! 
else 

'Amplitude', mtypes<1,1l 
instr 

I nstr l l then 
'STIOR', cap( lnstr( 

I t 1 mtypes( I, 1 l 
end If 
if ( lt1 .eq. 0 l go to 30060 
mtypes(wave_num, 1 l it 1 

continue 

1 ) 

18-Apr-1988 14•28• 
26-Feb-1998 12•03• 

l go to :30050 

type 900:30, 
1· 

Amplitude modulation ratio(', wave_pars(i ,7), 
'l (max / min)? 

accept 90010, lnstr 
if ( nonblank( ln.str then 

read (unit=instr,fmt~*,err•80070l wave_pars(wave_num,?l 
elsa. 

wave_pars(wave_num,7l a wave_pars(l ,?l 
end If 

continue 
ca I I pr _mtype ( • Phase • , mtypes ( I , 2 l 
accept 90010,- instr 
If ( nonblank! lnstr l l then 

it1 index( 'STIDR', cap( lnstr( 
else 

It 1 mtypes(l,2l 
end If 
if 1 lt1 .eq. o l go to 30090 
mtypes(wave_num,2) 1t1 

continue 

1 ) ) 

type 900:30, Phase modulation total shift (', 
wave_pars!I,Sl * deg_p_rad8, 'l !DEGREES!? 

accept 90010, instr 
if ( nonblank( lnstr ) then 

read (unlt=instr,fmt=*•err=80090) wave_pars<wave_num,S) 
wave_pars ( wave_num, a l wave_pars ( wave_nun•, 8') * r ad_p_deg8 

else 
wave_pars<wave_num,Sl 

end if 

wave_pars( i ,8) 

if 
If ( 

type * 

wave_num .eq. 
. I e. n1..n11_waves 

= I + 1 
l go to 30000 

type 90000, • Entered wave characteristics OK !tYJ/Nl? 
go:> to 20000 
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0279 
0280 
0281 
02132 
029:3 
oz::r4 
0285 
0286 
0287 
02•3E: 
0289 
0290 
0291 
o.~92 

029:~: 

0204 
0295 
0296 

0297 
0298 
029~l 

0:300 
0801 
0:302 
0308 
0304 
0305 
0306 
0:307 
0308 

{.··, 

c 
c 
40000 

c 

c 
90000 
90010 
90020 
900:30 
c 

18-Apr-1988 14:28:5~ 
26-Feb-1998 12:09:8( 

Sort entered wave parameters Into ascending DOA order. 

continue 
do i = 1 , nun._wa.ves - 1 

wave_nurn = I 
do j = i + 1, num_waves 

if C wave_pars(j,3J lt. wave_pars(wave_num,S> 
end do 
if < wave_num .ne. then 

doj=1,8 
t 1 = wave_pars ( i , j > 
wave_pars(i ,j) = wave_pars(wav~_num,j) 
wave_pars(wave_num,j) = t1 

end do 

d1J j = 1 1 2 
it 1 = mtypes (I , j} 
mtypes(i ,J> ~ mtypes<wave_num,j> 
mtypes(wave_num,j) = it1 

end do 
end If 

end do 

retr..1rn 

format( ta ) 

f,:'lrmat( a15 ) 

f·~rma.t ( • a,. 
fo& .. mat ( • a, 

end 

15, .. ) 

1pg15.7, a ) 

wave_num 
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0001 
0002 

r 0008 
0004 
0005 

( 0006 
0007 
0008 

( 0009 
0010 
0011 

( 0012 
001:3 
0014 

( 0015 
0016 
0017 

( 0018 
0019 
0020 

( 0021 
0022 
0028 

{ 0024 
0025 
0026 

{ 0027 
0028 
0029 

( 00:30 
00:31 
00:32 

( 00:38 
0034 
0035 

( 

( 

( 

I ( • 
• 

··' 

·~~· . 

c 
subroutine pr_mtype( kind, ptype I 

18-Apr-1988 14:28:55 
26-Feb-1988 12:0;3:36 

c 
c***************************************************************************" 
c 
c 
c 
c 
c 
c 

This subroutine pronopts for no•::>dulatlon type. The CHARACTER* 
strir>g kind Is preper>ded to the prompt, and the type of modulation 
included In the prompt (the default typel Is selected by the INTEGER 
value ptype (1 =sine, 2 =triangular, a= Increasing ramp, 
4 ~decreasing ramp, 5 =rectangular). 

c 

c*************************************************************************** 
c 

c 

c 

c 

c 
90000 
c 

integer*4 ptype 
character*(*) kind 

character* 18 head/' rr10du I at ion type ( '/ 
character*2S tat 1/'l <S, T, I, D, orR>? '/ 

if ptypa .eq. type 90000, 
1 . // kind // head // 'Sinusoidal' 
if ptype .eq. 2 type 90000, 
1 . // kind // head // 'Tr i ar-.gu lar' 
if ptype .eq. 9 type 90000, 
1 . // kind // head // 'Increasing Ramp' // 

if ptype .eq. 4 type 90000, 
1 . // kind // head // 'Deereasing Ramp' // 
if ptype .eq. 5 type 90000, 
1 . // kind // head // 'Rectangular' 

return 

format ( •a > 

end 

// tall 

// tall 

tall 

tal I 

// ta I I 
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0001 
0002 

.t 000:?, 
0004 
0005 
0006 
0007 . ' 
0008 
0009 
0010 

. I 

0011 
0012 
001:3 
0014 
0015 

0016 I 
0017 
0018 
0019 
0020 
0021 
0022 
0028 
0024 
0025 
0026 
0027 
0028 

.. t 
0029 
0080 
0081 

rt 
00:32 
00:3:3 
00:34 
00:35 
00:36 
oo::::7 
00:3:3 
00:39 
0040 0 
0041 
0042 
004:3 

( I 
0044 
0045 
0046 0 
0047 
0048 
0049 
0050 
0051 
0052 
0058 
0054 
0055 
0056 
0057 

.. • 

-~ ... ··l· 

c 

18-Ap~-1988 14•30:50 
11-Mar-1988 08:81:27 

subroutine sigmat_estm( apars, num_ants, doa, t'HAm_doas, wavelen, 

slgmat l 

c------------------------------~----------------------------------------------
c 

" 
" c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 

c. 
c 
c 
c 
c 
c 
c. 
c 

This subroutine ~orms an estimate of the ''signal matrix'', whos 
columns are the "~lgnal vectors" determined by subroutine SIGVAL, .fror, 

estimated angles of arrival. 

PaY"ameters: 

a pars matrix whose first column Is the vector of ranges (frc 
the origin) •=>f the antenna array elements, anc 
whose second coluntn is the vect•::.r •:)f angles 
(from the "x" axis) of the antenn~ array 
elerhents (RADIANS). nt.nn_a.nts x 2. REAL*8. 

Note that the position of the ith antenna element Is 
apars(l,1l *cos( apa.rs(l,2) <x position), 
apars(i,1) *sin( apa.rs(i,2) ) Cy position). 

nUI1t_ants = number •=>f antenna elentents In the array. INTEGER*.c 
doa =vector of estimated angles of arrival of the incoming 

waves. nunt_doas e I enaent s. REAL*8, 
num do as = rlurnber of est i tTt& ted ang I es of arr Iva I . I NTEGER*4. 
wavelen =-wavelength of the lnclder.t waves. REAL*S. CNote 

that the units of wavelength are assumed to b@ 

sigmat 
those In which the array ranges are express@dJ 

computed signal matrix. num_ants rows, num_doas 
co I umns. C0~1PLEX* 16. 

c-----------------------------------------------------------------------------
c 

c 

c 
c 
c 

c 
c. 
c 
c 

i trtp I i <~ i t none 

ext~rnal sigval, dc_colfi 1 I 

external open_va, free_va, exlt_va 

I nte.ger*4 nurfr_ants, nurn_d•;:)a:S 
rea I *8 apars ( num __ ant s, 1 ) , do a ( num_doas ) , wave I er·· 

complex*16 sigmat( num_ants, num_doas ) 

intege.r*4 dc_type/7/, I inear<1l, va_status 
character*90 va_msg 

integer*4 sigvec_add, 

Make a place to receive computed signal vectors. 

I i near· ( ) = nutT•_ants 
ca I I t=:~pen_va ( s i gvec_add, I i near, 1, de_ type, va_s tat us, va_msg ) 
cal I exit_va( va_status, va_msg) 

Now compute signal vectors in turn, placing the results into 
the columns of sigmat. 

dt::;. i = 1 , num_doas 
cal I sigval ( apars, rllAm_ants, doa(i ), wavelen, Xval ( sigvec_add ) 

call de colfi II ( sigmat, num_ants, num_doas, i, Xval ( sigvec_add ) ) 
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'1 
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<) 

• 

"'·I GI1AT _ESTI1 

0058 end do 
0059 c 
0060 " 0 i sca.rd work a! .... ray and exit. 
0061 c 
0062 
0063 

cal I fr@e_va( sigvec_ad~, va_status, va_msg ) 
cal I exit va< va_status, va_msg l 

0064 
0065 
0066 

c 
raturr. 
end 

PROGRAt·1 SECTIONS 

0 $CODE 
f·PDATA 

2 $LOCAL 

Total Space AI located 

ENTRY POINTS 

Address Type Nan~ 

0-00000000 SIGMAT_ESTM 

IJARIABLES 

Addr·ess Type Nan.e 

2-00000054 1*4 DC TYPE -
2-0000005C 1*4 S I GIIEC_ADO 

ARRAYS 

(4ddress Type Name 

AP-00000004@ R*8 ~~PARS 

AP-OOOOOOOC@ R*8 DOA 
2-00000000 1*4 LINEAR 

AP-00000018@ C*16 SIG~1AT 

Bytes Attributes 

225 PIC CON REL 
4 PIC CON REL 

360 PIC CON REL 

589 

Address Type Nan~ 

2-00000060 1*4 
2-00000004 CHAR IJA_MSG 

Bytes 0 i mens i t;:)ns 

** <*. 1) 
** (*) 

4 ( 1) 

** <*. *> 

FUNCTIONS AND SUBROUTINES REFERENCED 

Type Name Type Narr.e 

DC COLFILL EXIT IJA FREE_IIA 

LCL 
LCL 
LCL 

18-Apr-1988 14•80•50 
11-Mar-1988 08•81•27 

SHR EXE RO NOI.Ji 
SHR NOEXE RO NOI.J· 

NOSHR NOEXE RD 

Address Type 

AP-00000009@ 1*4 
2-00000058 1*4 

OPEN_IJA 

w· 
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I ( 

• 
• 

.. • 

0001 
0002 
ooo:c: 
0004 
0005 
0006 
0007 
OOO::'J 

0009 
0010 
0011 
0012 
00 1:=: 
0014 
0015 
0016 
0017 
001(': 
0019 
0020 
0021 
0022 
002:3 
0024 
0025 
0026 
0027 
002:'0: 
0029 
00:30 

00"31 
00:32 

00:34 
00:35 
00:36 
00:37 
oo:;~:o: 

00:39 
0040 
0041 
0042 
004:3 
0044 
0045 
0046 
0047 
004:3 
0049 
0050 
0051 

0052 
005:3 
0054 
0055 
0056 
0057 

·~· ... 

c 

18-Apr-1988 14:31: 
10-Se.p-1987 08:58:: 

subroutine sigmat_form( apars, num_ants, wpars, num_waves, sigmat 

c-------------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

This subroutine forms the ''signal matrix'', whose columns a 
the ''signal vectors'' determined by subroutine SIGVAL. 

apars = matrix whose first column Is the vector of ranges (from th 
origin) of the antenna array elements, and whose s 
coi~Amn Is the vector of angles (fro~ the ''x" axis) 
the antenna array elements <R,:~DIANS). num_ants x 

REAL*:3 
Note that the position of the lth antenna element is 

apars(i,1) *cos( apars(i,2l l {x position}, 
apars(i,1) *sin( apars(i,2)) {y position). 

n1...1111_ants = number ,~f antenna elements In the array. INTEGER*4. 
wpars =matrix whose third column Is the vector of angles (from th 

a:-; is) ,::>f arr Iva I of the inc. i dent waves, and whose 
column is the vector of wavelengths of the lnciden 
waves. nun._waves x 9. REt'\L*8. <Note that the un 
of wavelength are assumed to hi!!! those in which the 
array ranges are expressed.) 

num_waves = number 1:1f inc i de.nt waves for which the signal rnatr I x i 
t•~ be f·~rmed. I NTEGER*4. 

sigmat = computed signal matrix. num_ants rows, num_waves columns 
COMPLEX*16. 

c-------------------------------------------------------------------------
c 

c 

c 

c 

c 

c 
c 
c 

c 
c 
c 
c 

imp I i c i t none 

external slgval, dc_colfi I I 
external open_va, free_va, exlt_va 

integer*4 num_ants, num_wave$ 
reai*S aPar·s( num_ants, 1 ) , wpars( num_waves, 
complex*16 sigmat( num_ants, num_waves ) 

lnteger*4 dc_type/7/, I inear(1), va_status 
character*80 va_msg 

integer*4 sigvec_add, 

Make a place to receive computed signal vectors. 

1 irlear( ) = nun._ants 
cal I open_va( sigvec_add, I inear, 1, dc_type, va_status, va_msg > 
call exit_va( va_~tatus, va_msg) 

Now compute signal vectors In turn, placing the results in 
the columns of sigmat. 

do i = 1, num_waves 
cal I sigval ( apars, n'~m_ants, 

wpars(i ,3), wpars(i ,9), Xval ( sigvec_add > 
call dc_c•:.lfiiiC sigrnat, num_ants, num_waves, i, ~;(.val( slgvec_ad 

end do 
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"''I G~1AT FORM 

0058 c. 
0059 c. Discard work array and exit. 
0060 c 
0061 
0062 

cal I free_va( sigvec_add, va_status, va_msg ) 
call exit vaC va_status, va_msg ) 

0068 c 
0064 
OOC)5 

PROGRAM SECTIONS 

NCU1te Byte" Attributes 

0 $CODE 248 PIC CON REL 
$PDATA 4 PIC CON REL 

2 $LOCAL 872 PIC CON REL 

Total Space Allocated 624 

ENTRY POINTS 

f.Htdress Type Name 

0-00000000 SIGMAT FORI1 -

\JAHIABLES 

Address Type Name Address Type Nan1e 

2-00000054 1*4 DC TYPE 2-00000060 1*4 -
:c -oooooosc 1*4 SIG\JEC -ADD 2-00000004 CHAR VA - ~1SG 

(~RRAYS 

Address Type Name Bytes 0 I tnens ions 

"P-00000004@ R*8 A PARS ** <*, 1) 
2-00000000 1*4 LINEAR 4 ( 1 ) 

AP-00000014@ C*16 SIGMAT ** <*· *l 
l'lP-OOOOOOOC@ R*:3 ~JPARS ** <*, 1) 

FUNCTIONS AND SUBROUTINES REFERENCED 

Typ.~ Name Type Natru•~ Type Nan.e 

DC COLFILL EXIT ~.lA FREE VA - -

LCL 
LCL 
LCL 

18-Apr-1988 14•31 
10-Sep-1987 08:58 

SHR EXE RD 
SHR NOEXE RD 

NOSHR NOEXE RD 

Address Ty 

AP-00000008@ 
2-00000058 

Type Narrte 

OPEN VA 
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,. 
0001 
0002 

·' 000:3 
0004 
0005 

f 0006 
0007 
00[):0) 

f 0009 
0010 
0011 

( 0012 
0018 
0014 

( 0015 
0016 
0017 

( 0018 
0019 
0020 

( 0021 
0022 
002:'3 

( 0024 
0025 
0026 

{ 0027 
002!3 
0029 

( 0080 
0081 
00:32 

( 00:3:S: 
0084 
00:35 

( 0086 
0087 
0038 

( 0089 
0090 
0091 

( 0092 
0098 
0094 

I ( 0095 
0096 
0097 

• 0098 
0099 
0100 

• 0101 
0102 
010:3 
0104 
0105 
0106 
0107 

.. 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c. 

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

18-Apr-1988 14:91:25 
9-Sep-1987 16:22:11 

subroutine sigvaiC apars, num_ants, arriv_angl, wav~len, sig_vec_val 

This subt""•::;,utine c.:omputes the value of the signal vector fron• 
array of receivers due to an incident wave, as a function of the angl 
of ar·rival of the incident wave. 

Paran.e ters: 

spars= matri>'~ who::.se first column is the vect•:ar •:.f rang~s (fF 

the origin) of array antenna elements, and 
whose sec•:>nd column is the vect.:.r of angl@~ 
(from the "x" axis) of arTay antenna elements 

(RADIANS l. nuno_ant" x 2. REAL*S. 
Note: the position of the lth antenna alem~nt Is 
apars!l,1l *cos( apars(l,2l l <x position>, 
apars<i,1) *sin( a.pars(J,2)) Cy position), 

num ants = nun1her of elements In anb!!nna array. INTEGER*4. 
arrlv_angl = angle (from the "x" axis) of arrival for which 

signal vector value is to be computed. 
Expres5ed In RADIANS. REAL*8. 

wavelen "' wavelength of the Incident wave. REAL*S. <Note tt 

sig_vec_val 

the units of wavelength must be the same as 
those In which the array_rang@(*) are 
e:.-~pressed. J 

con1puted signal vector value. num_ant:s efen.ent 

COI"lPLE:X*16. Each element is a cotnpl~>< value 
expressing the phase shift due to the positlc 
of the corresponding array antenna element, 
based on the incident wavelength and the angl 

c----------------------------------------------------------------------------
c 

c 

c 

c 

c 

c 

c 

i t'fiP I i c I t none 

include '(real constants)' 

intrinsic dcos, dsin, dc~plx 

integer*4 num_ants 
t~e.ai*S apars( num_ants, 
complex*16 sig_vec_val ( 

i nteger*4 cond_cQde 1 i 
real*8 phase, phase_rate 

), arriv_angl, waveiP-n 
nurr._ants ) 

phase_rate = p19t2 / wavelen 

do i = 1, num_ants 
phase = phase_rate * apars ( i 1 1) * dcos ( a pars ( i 12) - arr i v_ang I 
sig_vec_vaiCi) = dcmplx< dcos( phase ) 1 -dsin< phase ) 

end do 

t"eturn 
end 
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0001 
0002 
000:3 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
001:3 
0019 
0020 
0021 
0022 
oo;~:3 

0024 
0025 
0026 
0027 
002:0) 
00;~9 

oo:;o:o 
00:31 
00:32 
oo:3:3 
00:34 
00:35 
0086 
00:37 
003:?, 
00:39 
0040 
0041 
0042 
004:3 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
OO!'i1 

005.~ 

005:3 

0054 
0055 
0056 

c 

18-~lpr-1988 14:31 :3t 
9-Sep-1987 16:53: 1' 

subroutine slgvec( num_waves, carr_camp, wpars, mtypes, 
saiTtp_nunt, san•p_int, sig_vec. 

c---------------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 

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

c 
c 

This subroutine computes the ''signal-In-space'' vector, 
C•:)ns i stIng •=>f the "c•:orrtp I ex amp I i tudes" (amp I i tudes and phases, 
expressed in ''rectangular'' coordinates) of the arriving waves for 
samp I e number samp_nunt. 

Pat-ameters: 

n\.ltTI_waves 

carr _can1p 

I NTEGER*4 nun.ber of waves impingIng on the antet 
array. 

nun._waves-element COMPLEX*16 vector of carrier 
complex amplitudes (from SNRs and ''starting' 
phases>. 

wpars nu~_waves x 9 REAL*8 matrix whose columns Include: 
4) vector •=-'* nredulatlon cycle lengths, In 

mtypes 

number of carrier cycles per modula· 
cycle. 

5> vector of modulation duty cycles <e~pres! 

as fractions of modulation cycl• 
lengths, 0.0 < mod_duty(l) (m 1.0) 
<apply only to ramp and rectangular 
modu I at I on l . 

6) vect•:.r of "starting" n.odulation phases, 
number of carrier cycles. 

7) vector of an•plltude t'fl•::lodulatlon ratios 
(maximum/ minimurnl. 

8> vector of phase tTtOdulatlon t•:::)tal phase 
shifts <In RADIANS). 

num_waves x 2 INTEGER*4 matrix whose first c.olun1n 
the vector of amplitude modulation types an• 
whose second co I un•n is the ver..t•:.r of phase 
1'1"1•::-du I at I on types (see be l•;,w). 

san1p_nunt INTEGER*4 number of the sample f•:>r which the com! 
amplItudes are to be computed. 

sarr,p_ i nt REAL*B number of carrier eye I es between samp I es. 
sig_vec = num_waves-element COMPLEX*16 output vector of com1 

an1p I I tudes . 

1"1odulatlon types: 1 :z::r sine, 2 triangle, :3 increasIng r. 
4 = decreasing ramp, 5 = rectangular. 

c--------------------------------------------------------------------------· 
c 

c 

c 

i tT•P I i c i t none 
e).;ternal modulated 

cotnp I ex* 16 n1odu I a ted 

i nteger*4 nun,_ waves, n.types ( nurt•_waves, 
integer*4 samp_num 
rea I *:3 wpars ( nut'l'l_waves, l , san1p_ i nt 
ceomple>;*16 cart·_camp< num_waves ) , sig_vec( n1...1tn_waves 

0057 c 

-~-- . 
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:; I GIJEC 

c. 
d•:) I = 1, num_waves 

13-Apr-1968 14:31: 
9-Sep-1997 16:5:3: 

005:3 
0059 
0060 
0061 
0062 
0068 
0064 
0065 
0066 

sig_ve:c( i) = nK•dula.ted( i, num_waves, carr·_carr.p, wpars, tt•types, 
sarnp_num, samp_in~ 

c. 
end do 

return 
end 

PROGR(4~1 :5ECT IONS 

Name 

0 $CODE 
2 $LOCAL 

Total Space AI located 

ENTRY POINT:; 

Address Type Name 

0-00000000 :; I GIJEC 

\.JAR I ABLES 

Address Type Name 

:e-oooooooo 

ARf1AY:3 

Address Type Na""" 

~\P-00000009@ C*16 CARR CAMP -
flP·-000000 1 Oil! 1*4 ~HYPES 

f\P-000000 1 CG! C*16 SIG _VEC 
~)P-- OOOOOOOCG! R*S ~I PARS 

Bytes Attributes 

PIC CON REL LCL SHR EXE 194 
228 PIC CON REL LCL N0:5HR NOEXE 

RO 
RO 

412 

Address Type Nan~ 

AP-00000004@ 1*4 NUM_WAVES 

Byt@S Oln~nsions 

** <*l 
** <*, 11 

** <*l 
** <*, 1) 

Address Ty1 

AP-000000 19@ R: 

FUNCTIONS AND SUBROUTINES REFERENCED 

Type Name 

C* 16 ~100ULATED 
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0001 
0002 
ooo:=: 
OD04 
0005 
0006 
0007 
000:3 
0009 
0010 
DD11 
DD12 
DO 1:3 
0014 
0015 
0016 
0017 
DO 1:Ct 

0019 
0020 
OD21 
0022 
0023 
002~ 

0025 

0026 
0027 
002:3 

0029 
00:30 

014:3 

0284 
0277 
0278 
0279 
o;c:3o 
02:31 
02132 
ozs::.:: 
0284 
02l35 

02:36 
0287 
02:3:'' 
0289 
0290 
0291 
0292 
029:~ 

0294 

0295 
0296 
0297 
029:3 
0299 
0:300 

0:301 

integer*4 function spawn_if( log_unit, prog_num 
c 

18-Apr-1988 14:38:26 
2-Apr-1988 17:00:57 

c---------------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 

This furlction reads (and locks) the record with primary key 
value prog_num in the indexed-organization fi 1~ open on logical unit 
rtu~ber log_unlt. If the specified record is locked when the read 
attempt is made, the function loops until the read (and lock) is 
successful 

Once the desired record has been read and locked, the functi 
check5 the "spawr-,ed" indication In the t~ecord and, if It Is 0, spawn 

a subpr•:.cess wh i c.h e>~t~=~~c•...etes the conlt'rtand f i I e narned in thP- rec•Jrd, se 
the "spawned" indica. t i •:>:n to -1, and rewrites (and un I •:rcks) the recor 
If the ''spawned'' Indication is already -1, the function returns with 
taking any action. 

The value returned by the function Is 0 if alI operations 
succeeded (whether the sybprocess was spawr1ed t:lr n•Jt), 1 If the read 
failed, 2 If the read succeeded but the spawn failed, and 3 if both 
read and spawn suc~eeded but the rewrite fal led. 

The FORTRAN pr•:>gram MAKE_SPAWN_1DX can be used to create a f 

•:>f the requ1red format. The text file 
6000$RT:tCHUCK.RESEARCH.FORTOIRl8PAWNED_DEF.TXT contains the 
definitions required to access such a file. 
and prog_num are INTEGER*4. 

The parameters log_unit 

c----------------------------·-----------------------------------------------
G 

c 

c 

c 

c 
10000 

c 

imp I i c. i t none 

ex terna I 1 i b$spawt""•, I i b•wa I t 
Include '(systen._5Yrt•bols) ~ 

include '8YS$LIBRARY:FOR10SDEF' 
inc I ude '6000-RT: [CHUCK. RE8EARCH. FORTD 1 RJ8PA~JNED_DEF. TXT' 

integer*4 libSspawn 

integer*4 log_unit, prog_num 

integer*4 out lnt 
character*1 uparrow( 3 )/ 27, '[', 'A'/, spaces( 70 )/ 70*' ' / 

c•:;.nt I nue 
read (unit=log_unit,keyeq=prog_num,keyid~O,iostat=spawn_lfl 
1 sp_num, sp_stat, 5p_fi le, sp_proc 
if l spawn_ if eq. FOR$1 08_:3PERECI_OC l then Record I o 

unlock (unit=log_unit) 
type *• 'Spawn: Record *'• prog_num, locl(ed. Waiting sec. '• 

upar 
ca I I 1 I b$wa I t ( . 0 l 
type *• spaces, uparrow 
go t•:> 10000 

else if ( spawn_if .rle. 0 ) then 
unlock (unit=log_unitl 
5pawn_if = 1 
t·eturn 

and if 

if ( sp_stat .eq. 0 l then 

Error rea 

Batch pr·ogram not started 
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SPA~!N - IF 

0 3 0 2 
0 :30 ::: 
0:304 
030S 
030(') 

0307 
0 3 0:3 
0 :309 c. 
03 10 
0 :3 1 1 
o:~ 12 
0 3 13 c. 
0314 
0:315 
0 3 16 
0317 c. 
031 8 20000 
0319 
0320 
0321 
0322 c. 
0 3 23 

19-Apr- 1989 14 : 38 · 2 
2-Apr-1989 17 : 00 : 5 

spawn_lf a I ib-~p~wn( , sp_flle, •eooO.RT : CCHUCK . PARAMSlSPAWN ' , 
out I nt l 

If ( spawn_lf . ne . SSS_NORNAL I then 
unlock (unit•l o g_unlt) 
spawn_lf • Z 
return 

end if 

sp_stat • -1 
rewrite (un l t•log_unit,err•20000) sp_num , sp_stat, sp_flle, sp_pr 

end If 

unlock (unit•log_unlt) 
spawn_lf • 0 
return 

continue 
unlock (unlt•log_unit) 
spawn_ If • 3 
return 

end 

Rewr I te error . 

PROGRAM SECTIONS 

Na""" Bytes Attributes 

0 •cooE 3es PIC CON REL LCL SHR EXE RD 
1 •PDATA 72 PIC CON REL LCL SHR NOEXE RD 
2 .LOCAL 300 PIC CON REL LCL NOSHR NOEXE RD 

T·~tal Space Allocated 737 

ENTRY POINTS 

Address Type Nanae 

0-00000000 1*4 SPAWN - IF 

VARIABLES 

Addr•ss Typ" Name Addresn Type Na""" Address Typt 

AP-000000041!! 1*4 LOG_ UNIT 2 -00000084 1*4 OUT _I NT AP-00000009E! I*' 
2-000000AC 1*4 SP_NUN 2-00000049 CHAR SP_PROC 2 -00000090 I*' 

-~~-~ ' . . 
' •• ,"\; ·'! ~ . 

. ' -''" ·~· . . .. 
~ ~ , . ~. 
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0001 
0002 
ooo:3 
0004 
000!1 
0006 
0007 
0008 
0009 
0010 
0011 
001 2 
001 ::0 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
ooz:s 
0026 
0027 
0028 
0029 
0030 
00:31 
0032 
0033 
0034 
00:35 
0036 
0037 
0031~ 

00:39 
0040 
0041 
0042 
004:3 
0044 
0045 
0046 
0047 
0048 
0049 
coso 
0051 
0052 
005:":=; 

0054 
005.~ 

0056 

c 

18-Apr-1988 14 : 38 : 46 
20-Feb-1988 19 : 22 : 34 

real*8 function spect_peak( tu, I I, tot, p, apars, num_ant5 1 
1 wave I en, e I gvec., nu.,._:zel QA 
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c---------------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c. 
c. 
c 
c 
c 
c 
c. 
c 
c 
c 
c 
c. 
c 
c 
c. 
c. 
c 
c. 
c. 
c. 
c 
c. 
c. 
c. 
c. 
c. 
c. 
c. 
c. 
c. 

This function returns the angle, In RADIANS, at which a peak 
occurs In th• MUSIC I'JOA spactrum, given an Interval to ••arch for th 
peak . The method used Is cal led the "golden section search" (see 
Hayk in, SImon, '"RI!.dar Array ProcessIng for AngIe of Arr Iva I 
Estimation··, ARRAY SIGNAL PROCESSING, S. Haykln, Editor·, Prentlca-Ha 
frrc . , Englewood Cliffs, New, ~•rsey, 199:5, pp . 21:3-21~) . 

Pararnet•rs : 

II : 
lu : 
tol : 

p: 

REAL*9 lower I lmlt of Interval to sMarch, In RADIANS . 
REAL*8 upper I lmlt of Interval to search, In RADIANS. 

REAL*8 value of desired resolution, In RADIANS. When 
Interval being ••arched Is reduced to <• tol 
radians, or when the ••arch Interval stops 
changing betw.en Iterations, the routln• exl 
with a result of the midpoint of the currant 
search Interval . 

REAL*4 power to which to raise the terms used In 
accumulating a OOA spectrum sample (p • 2 fa 
"ordinary" MUSIC! . 

apars : matrix whose first column Is the vector of ranges (f 
the origin) of array antenna elements and w~ 
second column Is the vP-ctor of angles (from 
"x" axis) of array antenna elements <In 
RADIANS!. num_ants K 2 . REAL*8 . 

Nota : the position of the ith antenna •len•nt Is 
apars(l,ll * cos( apars(l,21 I C>< position), 
apars(l,11 *sin( apars(i,21 ICy position) . 

num_ants : number of •lements In antenr)a arr~t.y , INTEGER*4. 
wavelen : wavelength of the Incident wave . REAL*8 . <Nota t 

the units of wavelength must be the same as 
those In which the array_range( * ) are 
axpr•ssed . ) 

e I gvec : nun._ ants x nu"'_ants COMPLEX* 16 matr I>< whose FIRST 
num_zelgs columns are the "noise .. general lze 
eigenvectors definftd In the MUSIC algorithm . 

INTEGER*4 number of Mnolse" eigenvectors to be~ 
In eva I uat I ng the MUSIC DOI'I "oeasura . 

c---------------------------------------------------------------------------
Imp I I c I t none 
ext~rnal open_va, •xit_va, free_va 
extftrnal n.usl c_power, slgval 

integer*4 num_ants, num_zelgs 

real*4 p 
reAI*8 II, lu, tol, apars( nurn_ants, 1 ) , waveten 
complex*16 elgvec( num_ants, num_ants ) 

00!17 c 



:O.PECT_PEAK 

0058 
0059 
0060 
0061 c 
0062 
006:3 
0064 
0065 c 
0066 
OOG7 
0068 
0069 
0070 
0071 
0072 
0073 
0074 
0075 
0076 
0077 
0078 
0079 
0080 c 
0091 
0082 
0083 
00:34 c 
0085 
0086 
0087 
0088 
0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 

( 0099 
0100 
0101 
0102 
0103 
0104 
0105 c 
0106 
0107 
0108 c. 
0109 
0110 
0111 
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18-Apr-1988 14 , 39 , 46 
20- Feb-1999 19 , z2 , 34 

integer*4 staerv_add, linear<1>, status, dc_type/ 7/ 
real *:3 u, 1, a, b, fa, fb, lvl, oldivl, tau/1 . 61903:3989?4099~/ 

charact•r*80 msg 

linear(1) • nu~_ant~ 

calf open_va( steerv_add, linear, 1, dc_type, status, msg l 
call exit_va< status, ~sg) 

If ( lu 
u ~ lu 
I - II 

else 
u - II 

lu 
end If 

. gt . 

lvl =- u -

II l then 

a - u - lvl / tau 
cal I slgval( apars, nut'h_ants, a , wav•len, )(val( steerv_add) 
fa~ music_power( eigvee, Xval< st••rv_add ) , nuM_ants, num_zelga, p 
b • I + lvl / tau 
call slgval( apars, nu~tt_ants, b, wavel•n, XvaiC steerv_add) 
fb • muslc_power( elgvec, Xval( st•erv_add ), nu~_ants, num_zelgs, p 

oldlvl • tau* lvl 
do while 1 1 lvl . gt . tol 

oldlvl • lvl 
. and . I vi . It . oldlvl 

If 1 fa . it . fb l then 
• a 

lvl u -
a b 

fa fb 
b I + lvl / tau 
cal 1 slgval ( apars, num_ants, b, wavel•n, Xval( steerv_add 
fb • mualc_pow•rC elgvec, XvaiC steerv_add J, 

num_ant~, num_z•lgs, p 

else 
u b 
lvl u -
b & 
fb fa 
a u - lvl / tau 
call stgval( apars, nu~_ants, a, wavelen, Xval( steerv_add 
fa • muslc_powerC etgvec, Xval( steerv_add J, 

"'nd If 
end do 

cal I frae_va( steerv_add, status, mag l 
call exlt_va( status, msg) 

spect_peak • ( u + I l / 2 . 0d0 
return 
end 

num_ant s , num_zelgs, p 
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19-Apr-1999 14 , 39 , 09 VAl 
27-Mar-1999 15 ' 10 , 03 SQ 

subroutine sq_vlgsvd( a, b, n, fuzz, •lg, vee, eondlt, Info 
G 

0001 
0002 
0003 
0004 
0005 
0006 
0007 

c------------------------------------------------------------------------------
c; 

c. 
G 

c 
0009 G 

G 

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

This subroutine uses V&n Loan's siMpl if led algorlth~ for the 
general lzed singular value decomposition <SVO) to compute th• 
generalized atgenvalu•s and •lg•nvectors of the matriK pair (a, b) . 

ParatT.eters 

a, b 

n 

fu%z 
elg 
vee 

condlt 

Info 

n x n COMPLEX*16 UPPER TRIANGULAR, non-singular 
matrices . 

I NTEGER*4 nutT~ber of rows / co I un.ns I n a and b . 
REAL*S tolerance value (''closeness to zero" l . 
n-el en.ent REAL*S vee tor of general I zed eIgenvalues . 
n x n COMPLEX*1e matrix of general I zed eigenvectors 

<columns of vee are eigenvectors) , 
REAL*S estiMate of the lnv•rse of tne condition number 

of "'atrlx a . 
INTEGER*4 success indicator . 0 If routine succeaded, 

> 0 If a or b is singular, -1 If any 
singular value nas a significant 
l~aglnary part, < -1 If any coMputed 
singular values / vectors are In error . 

0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0029 

c------------------------------------------------------------------------------

0029 
0030 
0031 
0032 
0033 
0034 
00:35 
0036 
0037 
0038 
003Q 
0040 
0041 
0042 
0043 
0044 
0045 

c 

e 

c 

c 

0046 G 

0047 c 
0048 G 

0049 
0050 
0051 
0052 
0053 
OOS4 
0055 
0056 
0057 

Imp I I c I t none 
axt•rnal de_~at~py, va_de_trlnv, va_dc_sqsvd, de_~atcopy, de_vec"'axlm 
external op•n_va, extt_va, eig_from_sv 

lnteger*4 n, Info 
reat•a fuzz, elg(n) , condlt 
complex*16 a(n,n), b(n~n), vec(n,n) 

lntager*4 status, I lnear(1), square(2), sv_err 
lnt•g•r*4 b&l_add, sv_add, lmt_add, al_add, rmt add 
lnteger*4 dr_type/5/, dc_type/7/ 
cnaract•r*SO msg 

II near( 
square( 
square( 2 

n 
n 
n 

Cr•ate working space . 

call open_va< al_add, square, 2, de_ type, status, msg 
call exit -v&( atat•.1s 1 msg ) 

call open_va( bai_add, square, 2, de_ type, status, rnsg 
call ex I t_va( st.11.tus, msg ) 

G&ll ·~pen_va( sv_add, I I nll!ar, 1, de_typ•, status, 11t&g 

call exIt_ va( stat•.1s I msg ) 

eat t open_ va( lmt_add, square , 2. de_ type, stutus, rTttiQ 

cal I exlt_va( status, msg ) 

cal I open_va( rmt_add, square, 2, de_ type, status, ntsg 

) 

) 

) 

-. - . . . . ~ 

. ;; ; ~· . 

. ·:. ~ ., - .. . :' - - . ~.:.,..,... 



• 
8 SQ_\ILGS\10 

• 0058 
0059 C 

0060 C 

0061 C 

0062 
006:3 
0064 
OOE").S C 

0066 C 

0067 C 

006:3 
0069 
0070 
0071 

• 0072 
0073 C 

0074 C 

0075 C 

0076 C 

0077 
007:3 
0079 C 

00$0 C 

0081 C 

0032 10000 
008:3 
0084 - 0085 
00:36 

• 0087 
oo:.::~8 

0089 
0090 
0091 
0092 
0093 C 

0094 
0095 

18-Apr-1988 14 : 39 : 08 v. 
27-Mar-1988 15 : 10 : 03 • 

call exit_va( status, msg) 

Compute a inverse. 

cal I dc_matcopyC a, n, n, Xval( at add) 
cal I va_dc_trlnv( Xval( al add), n, condlt, Info) 
If ! Info .ne . 0 l go to 10000 

Do SVO of b * a-Inverse . 

cal I dc_matmpyC b, n, n, Xval ( al_add ), n, Xval( bal_add) 
cal I va_dc_sqsvdC Xval( bal_add ), n, XvaiC sv_ftdd ), Xvalt lmt add), 
1 XvaiC rmt add), sv_err ) 
if de_vecmaxlmt Xval( sv_add ), n l . gt. fuzz ) Info • -1 
If sv_err . gt . 0) inf•::> •- 1- sv_err 

Compute eigenvalues and eigenvectors from a Inverse and SVD of 
b * a-Inverse . 

call dc_matmpyC Xval( al_add ), n, n, Xval( rmt_add l, n, vee ) 
cal I elg_from_sv( Xval( sv_add ), n, fuzz, elg) 

R~lease working space and exit . 

continue 
call fr•• -va! 
call exlt_va( 
cal I fr•e_va( 
call exit -va! 
call free_va( 
call •><It -va( 
cal I fr••-va( 
call e><lt -va! 
call free - va( 
call e><lt va( 

return 
end 

al_add, status, msg ) 
statua, msg ) 
bat_add, status, msg ) 
status, msg ) 
sv_add, status, msg ) 
status, msg ) 
lmt_add, status, mag 
status, msg ) 
rmt_add, status, mag 
status, msg ) 
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SQ - VLGSVO 

PROGRAM SECTIONS 

Name 

0 SCOOE 
1 SPOATA 

Bytes Attributes 

PIC CON REL LCL 
PIC CON REL LCL 

1G-Apr-198a 14 : 39 : 0a 
27-Mar-1988 15 : 10 : 03 

SHR E><E 
SHR NOEXE 

RO NOI.JRT 
RO NOWRT 

2 SLOCAL 

590 
a 

64a PIC CON REL LCL NOSHR NOEXE RO ~JRT 

T•,tal Space Allocat•d 

ENTRY POINTS 

Address Type Nan .. 

0-00000000 SQ_VLGSVO 

VARIAALES 

Address Type Na,.... 

2-00000070 1*4 AI_AOO 
** 1*4 OR_ TYPE 

2-0000000C CHAR MSG 
2-ooooooee 1*4 SV_ADO 

ARRAYS 

Address Type Na,. 

AP-00000004<!1 C*16 A 
AP-00000008<!1 C*16 B 
AP-00000014(!1 R*8 EIG 

2-00000000 1*4 LINEAR 
2-00000004 1'114 SQUARE 

AP-00000019(!1 C*16 VEC 

LABELS 

Address Label 

0-000001F3 10000 

124e! 

Address Type Name 

2-00000064 1*4 
AP-00000010<!1 R*a 

BAI_AOO 
FUZZ 

AP-OOOOOOOCGI 1*4 N 
2-ooooooeo 1*4 SV_ERR 

Byt•s D I n.mns ions 

"'* ('11, *' 
** <*. *' 
** <*I 

4 (11 
a (21 

"'* <*· *' 

FUNCTIONS AND SUBROUTINES REFERENCED 

Typ,. Na...., 

OC_MATCOPY 
OPEN_ VA 

Typ'" Na".e 

OC_~1ATMPY 

VA_DC_SQS\10 

Type Na".., 

R*8 DC_VE01AXIM 
VA_OC_TRIN\1 

Address Type Na 

AP-0000001CGI R*a 
AP-00000020& 1*4 

co 
IN 

2-00000074 1*4 RM 

Typ• Na""' 

EIG_FROM_SV 
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c 

18-Apr-1989 14 : :39 : 57 
11-Nov-1997 09 : 13 : 34 

subroutine va_dc_qr( Matri~, rows, cola, out_mat ) 0001 
0002 
ooo:;; 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
00 ) ~; 

e------------------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 

This subroutine us•• subroutines from LINPAK and the ~lrtual 
array system (copyright 1987 by Dwight Oayl t•:> perf •:>rm a QR 
decornpos I t I on of the rows K co I s COMPLEX* 1 e nta t r I x rna t r i x . The I ndeces 
rows and cols are INTEGER*4 . 

On •xit, the cols x c.ols COMPLEX*16 matrix out Mat contall"'tS 
the upper triangular result of the deconoposltlon (the R part of the QR 
decomposItIon l . 

Note that r•:>WS MUST BE GREATER THAN OR EQUAL TO cols . If th is 
is not the case, the routln• EXITS WITHOUT DOING ANY COMPUTATION! . 

c------------------------------------------------------------------------------
0014 c 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0029 
0029 
0030 
0031 
0032 
0033 
00:34 

c 

c 

c 

c 

00:35 c 
00:36 
00:37 
0038 
0039 
0040 
0041 
0042 
0043 
0044 

c 

0045 c 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
00~3 

0054 
0055 
00~6 

0057 

c 

I mp I I c I t none 
external zqrdc, op•n_va, free_va, •Kit_va 

lnteg•r*4 rows, cols 
compleK*1& matriK(rows,cols), out_matlcols,coiA) 

int•g•r*4 I, j, status 
lnteger*4 dlnt_type/9/, dc~p_type/7/, llnearl1l 
lnteger*4 work1, work2, workS 
charact•r*SO msg 

If ( rows . lt. cols l return 

linear( 1 l -cols 
call open_ V&( work1, linear, 1, dcmp_typa, status, 
call a>< It_ val status, msg ) 

ca I I opan_va( work2, linear, 1, dint_ type, status, 
call a><lt_va( status, mag ) 

ca I I open_va( work:3, linear, 1, demp_type, status, 
call •Kit_va( statu5, msg ) 

msg 

mag 

msg 

call zqrdcl 
1 

matriK, rows, rows, cols, 
Xval( work1 ), Xval( work2 ), Xval ( work3 ), 0 ) 

call free_va( work1, status, msg 
call exlt_va( status, n•sg ) 

cal I frae_va( work2, status, msg 
call •Kit_va( status , msg ) 

call fra•_va< work:3, status, msg 
call eKit_va< status, mag ) 

do I 1, cols 
do - 1, cols 

If ( j . I t . I ) then 
out_mat( I , j) 

else 
out_~atCI,jl 

end If 
end do 

end do 

return 
end 

( O . OdO, O . OdO 

ma tr I>< ( I , jl 
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0001 
G 

18 -Apr-1988 14 : 40 : 22 
23-~un-1987 08 : 56 : 18 

subroutine va_de_sqsvd( mat, n, sv, left, rig~~t , info ) 
0002 
000:3 
0004 
000.5 
0006 
0007 
0008 
OOOC) 

0010 
001, 
0012 
001 $ 
0014 
001~ 

0016 
0017 
001 8 
0019 

c------------------------------------------------------------------------------
G 

G 

c 
c 
c 
G 

c 
c 
c 
c 
c 
c 
c 

This subroutine uses subroutine ZSVOC from LINPAK and 
~ubroutines from the virtY&I array system (copyright 1987 by Dwight 
Oay) to p•rfor~ the singular valu• deco~position of then x n 
COMPLEX*16 matrlk mat . The lnd•k n Is 1NTEGER*4 . 

NOTE THAT THE INPUT MATRI~ mat IS OVERWRITTEN . 
Rmsults of the decomposition are returned in the n-•l•m.nt 

COMPLEX* U~ vector sv ( s i ngu I ar va I ues) and the n K n COMPLEX* 1~ 
matrices IBft (left-hand result matrlkl and right (right-hand result 
n1atr i K) . 

The INTEGER*4 value Info Is 0 If the SVD sueceed•d, > 0 If sonoe 
of th• singular values and singular vectors were uncomputable . 

c------------------------------------------------------------------------------
c 

0020 
0021 c 
oozz 
002S 
0024 G 

002!5 
0026 
0027 
ooze 
0029 
0030 
0031 
0032 
00"33 
0034 
00:35 
00:36 
0037 
00:38 
00:39 
0040 
0041 
0042 
004:3 

c 

c 

c 

c 

I mp I I c i t none 
external zsvdc, open_va, eKit_va, fr•e_va 

lnt•g•r*4 n, Info 
co~pleK * 16 ~&t(n,n), sv(n), lefttn,n), rlghttn,n) 

intag•r*4 dcmp_type/7/, llnear(t), status, errv_add, wk add 
character*BO msg 

I i near ( 1) • n 
cal I opan_va( •rrv_add, I lnear, 1, dc~p_typa, status, msg 
cafl eKit_va( status, mag) 
call open_va( wk_add , I lnear, 1, dcmp_typa, status, msg) 
call aklt_va( status, msg l 

call 
I 

zsvdc( mat, n, n, n, sv, Xvall errv_add), 
left, n, right, n, Xval( wk_add ), 

call frea_va( errv_add, status, ~sg 
cal I eKit_va( status, msg) 
cal I free_va( wk_add, status, msg ) 
call aKit_va( status, msg) 

11, Info l 
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18-Apr-1989 14 : 39 : 31 VP 
27-Mar-1988 14 : 52 : 52 v~ 

0001 subroutine va_dc_trinv( matriK, slz•, eondlt, panic ) 
c 0002 

000:3 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
001 3 
0014 
0015 
0016 
0017 
0018 

c------------------------------------------------------------------------------
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

This subroutine uses the routines ZTRCO and ZTRDI fro"' L.INPAK, 
and subroutines from the Virtual Array system (copyright 1997 by Dwight 
Day) to estimate the: condition nun.ber and co"'pute th• Inverse of the 
size x size COMPL.EX*16 UPPER TRIANGUL.AR matrix matrix . The Index size 
Is INTEGER*4 . The REAL.*9 value condlt Is set to an estimate of the 
Inverse of the conltlon numb•r of matrix . The INTEGER*4 value panic Is 
set to 0 If the Inversion is aucc•ssful, panic> 0 If matrix Is 
singular . 

NOTE that thR Inverse REPL.ACES the Input matrix (except that 
the strictly lower triangle of th• matriK Is never referenced) . 

c------------------------------------------------------------------------------

0019 
oozo 
00:32 
0033 
oo:34 
0035 
00:36 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 

c 

c 

c 

c 

c 

0045 c 
0046 
0047 
0048 c 
0049 
0050 
0051 
0052 

c 

Imp I I c I t none 
ext•rnal ztrco, ztrdl, open_va, exlt_va, frea_va 
Include '6000.RT : [CHUCK . RESEARCH . FORTDIRlVATYPES . TXT' 

integ•r*4 size, panic 
real*9 condlt 
complax*16 matrix( size, size 

lnteg•r*4 slze_l In( 1 l, work_add, vstatua 
character*SO msg 

slze_l ln(1) • size 
cal I open_va< work_add, slze_lin, 1, dc_type, vstatus, mag l 
cal I axlt_va( vstatus, msg l 

call ztrco( matrix, size, size, condlt, Xval( work_add l, 1 

cal I frae_va( work_add, vstatus, mag l 
cal I exlt_va( vstatus, msg l 

call :ztrdl ( matrix, size, slz•, 0, 011, panic l 

return 
•nd 

0 
~ r,f ~Jv:- 0 ' • ' 

. . ·: "'~t _, ., ~ l : 
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