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1. Introduction

The original purpose for developing program ARRAY was to provide an
interactive environment for the application of array techniques (timing,
stacking, beam-forming, cross-correlating, displaying) to multi-trace
seismic data recorded and digitized by the Centipede data acquisition and
playback systems (P. Reasenberg, et al., 1977). The original intent was
to implement an automated teleseismic p-delay method, so that much of the
computation (Program Section U4) is specifically designed for that
application. However, other applications are easily accomodated, due to
the structured programming approach employed. Other applications of the
program might include Vibroseis or air-gun velocity studies, beam-
forming, noise studies, and other seismic studies which employ noise
reduction array fechniques.

The Centipede data acquisition system produces a large quantity (up
to 96 traces) of seismic data, with a common time-base. The USGS Eclipse
minicomputer system (P. Reasenberg, et al., 1976) stores, in event-
organized files, these data in multiplexed form along with digital time
code and station assignment information. In order to provide an
environment suitable for exploring the coherent information contained in
these array data, most of the data handling tasks have been automated so
that emphasis can be placed on data process techniques and modeling.

Four general areas of automated data handling are treated in the program:

1. Station list bookkeeping is handled automatically. The opera@or

may interactively edit the list to reconfigure sub-arrays and

delete stations interactively.



2. Event selection and data windowing is done interactively.
Selection of the working data segment is prompted by the
program, and checked for compatibility with buffer sizes.

3. Computational processes are performed array-wide, in the
sequential mode (trace by trace). Hardware array processors
have the advantage that they can perform many computations in
parallel over the array, thereby drastically increasing speed.
Computation times in the sequential approach, however, are not
prohibitive, and this approach allows relatively simple Fortran
programming of tasks to be performed.

4. Data I/0 (fetch and put buffer operations) are made transparent
to the user.

Alteration of program ARRAY for uses other than teleseismic P delay
studies will require some reprogramming. Because of the modular organiza-
tion of the program, modifying this program should be much easier than
rewriting it, and we expect that this version will be the first in a
series of evolving, special-function programs built around the modules

provided here.

2. Teleseismic P delay version

As mentioned above, while program ARRAY is intended to be a general
purpose program for application to a variety of seismic problems related
to signal coherence in array data, the current version was written for
the teleseismic P delay problem. Several investigators (Steeples and

Iyer (1976), Peake and Healy (1977), Press and Biehler (1964), Bolt and
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Nuttli (1966), Nuttli and Bolt (1969)), have approached this problem with
conventional methods. In the usual practice, seismogram timing is done
visually, based on one or more key features of the P wave (e.g., first
break, identifiable peak or trough, zero-crossing). Expected traveltimes
are then obtained for each station in the array, using the event
hypocentral location, occurrence time, station locations, and an
appropriate traveltime table (e.g., Herrin, 1968). Station residuals are
obtained by subtracting the expected traveltimes from those observed. To
remove the effects of errors in occurrence time and hypocentral location,
relative residuals are computed by subtracting the residual at a selected
reference station from each other residual.

We identify three possible problem areas associated with this
conventional approach. First, use of a global traveltime model cannot
account for inhomogeneties in the mantle. Known or postulated inhomo-
geneities, such as a down-going slab or ocean-continent crustal
transition zone, can steer the teleseismic ray, and introduce per-
turbations in both the azimuth and apparent velocity, with respect to the
traveltime model. The first order effect (on travel time) of such
defocusing is removed when traveltime residuals are reduced to relative
residuals between nearby stations. However, a second order effect must
remain, and be seen in the relative residual field as a broad trend
across the array in residual values. Such a trend in the residual field,
originating from a mantle refractor, might be misinterpreted as having
crustal origins. When it is desirable to eliminate such large-scale

structural effects from the derived residual field (as it is in the case



of upper crustal studies), the best-fit-plane-wave method is preferred.
This method has been previously applied by Iyer and Healy (1972), Davies
and Sheppard (1972) and others to the problem of teleseismic P delay
interpretation. 1In this approach, described in Section 3, the pattern: of
P arrivals is characterized as a plane wavefront, whose azimuth and
apparent velocity are parameters. Residuals may then be obtained at each
station with respect to the time expected for the plane wave arrival.

The second potential problem in conventional P delay method is
timing precision. Virtually all investigators have claimed teleseism
timing precision of 0.05 to 0.1 sec. For many studies, this precision is
sufficient, and relatively easily obtained. Several picking techniques
adequate for obtaining this precision are reviewed by Steeples and Iyer
(1976). However, in studying temporal variations in crustal velocity,
teleseismic timing precision of 0.01 seconds or better is required. In
local continuous source (Vibroseis) and repeated source (air-gun) studies
of crustal velocity, timing resolution to milliseconds is desirabie.

Such precision is not possible from conventional timing methods.

Associated with the problem of timing resolution is the problem of
obtaining a sufficiently large number of usable teleseismic events for a
particular study. With emergent teleseismic arrivals, conventional
timing techniques can introduce such large errors that often these
arrivals are eliminated from the data set. If a timing method were
employed which relaxed the criteria for acceptable P pulses, allowing
more emergent arrivals to be used without degrading the timing precision,

the effect would be to increase the size of the available data set.
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The third potential problem is timing repeatabilty. Timing methods
which rely on picking features of the seismogram visually are subjective,
and each reader has his or her own biases. We believe that systematic
errors of from a few hundredths of a second to a tenth of a second (in
the case of emergent arrivals) can be attributed to individual reading
spyle. While such errors may be constant over a short study involving
only one reader, long-term studies of temporal variations in crustal
velocity clearly must be free from reader bias, since many different
readers would presumably be involved over the time spanned by the study.
In order to improve both the precision and repeatability of
teleseism timing, the P pulse correlation method, suggested by Press and
Biehler (1964), is employed. This method uses the entire P pulse (or a
portion of it), and derives the relative delay between each trace and a
(pre-assigned) reference trace by cross-correlétion. The method is

described in detail in Section 4.

3. Plane wave model

In this model, the approaching teleseismic signal is assumed to have
a plane wavefront. Azimuth angle, THETA, of the ray is measured
clockwise from north. Angle of incidence, PHI, is measured from the
vertical. In Figure 1, it is seen that for each station i, there is a
(positive or negative) additional segment of ray path along which the
wavefront must travel, with respect to the reference station. The length

of the additional segment, S;, is given by

*

Si = X4 sin (PHI) + h; cos (PHI)



where X. js the component of the distance vector from the reference

station to station i, along the direction of the ray's azimuth, THETA.
The quantity h; ;5 the elevation of station i, relative to the
reference station. The distances between stations in the array are
computed using the short distance method of Richter (1958).

From the segments S; a1e derived the relative traveltime elements
corresponding to the spatial distribution of the stations in the array.
A constant (non-layered) velocity model is used. The velocity may be
interactively adjusted as a parameter, allowing a best-fit (minimum
rms-residual) average velocity to be determined. The result of an
unpublished work by W. Bakun® (personal communication) shows that the
delays produced by a layered crust with top layer velocity V are the same
as those produced by a half-space with velocity V, in the model shown in
Figure 1.

In the program, three input parameters of the model are
interactively set, and a search for the best-fit plane wave may be
iteratively made. These parameters are THETA, the ray azimuth, DTDDEL,
(dT/dA ), and V, the upper crustal velocity. Help is provided by the
program in fitting these parameters. Observed apparent velocity, VAPP,
is determined by a linear least-squares fit to the correlation-timed
relative arrivals across the array. This quantity, which is independent
of the model, is converted by the program to the corresponding value of

dT/dA and used as input parameter in the model on subsequent passes.

*U.S. Geological Survey, Menlo Park, California.



For best-fitting THETA and V, the RMS value of the relative
residuals over the entire array is used, based on the assumption that the
minimum in the RMS relative residual corresponds to the best-fit azimuth
angle and crustal velocity. The iterative use of this parametric model
warrants caution. Interpretation of the results must be put into
perspective, since this somewhat artificial method, while capable of high
resolution in delineating local delaying features, leads to a fictitious
gross crustal model. Furthermore, H. M. Iyer* (personal communication)
notes that the fitted plane wave method of relative residuals will not
work well in an area where the size of the crustal anomaly is comparable
to the array size. In these cases, the plane wave assumption is invalid;
a distorted wavefront predominates in the array. As a result, the
magnitude of the anomaly-induced delays will be underestimated. The
method is properly applied when the array is much larger than the crustal
anomaly, or when a subset of stations, laying over an area of normal

crust near the anomaly, is used to fit the plane wave.

y, Correlation timing

Press and Biehler (1964) have suggested that the entire P pulse
could be used to accurately deduce P wave delays. This refinement over
the convential method using discrete picks of discernable features of the
P pulse, is applicable when the waveform of the P pulse remains coherent

over the array. In these cases, the entire P pulse of the reference

*
U.S. Geological Survey, Menlo Park, California.
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station is used as a template, and relative delays are obtained by
"sliding" the template over each other P pulse, and searching for the
delay resulting in the best fit. Mathematically, this process is
cross-correlation. The cross-correlation between two input functions
(the reference trace and the other trace) produces a third function,
called the correlation function, valued between +1 and -1. The argument
of the correlation function represents relative offset in time between
the two input functions. The offset for which the correlation function
takes on its maximum positive value, corresponds to the time delay
between the two input functions. If the two P pulses are identical
(except for a relative delay, 1) their cross-correlation function will
take on the value +1 when its argument is t. When the two P pulses also
differ from each other due to incoherent noise, interfering signals, or
waveform distortions, the maximum positive value of the cross correlation
function will be less than 1.0, and the form of the correlation function
may become complex. The height and width of the maximum positive peak of
the correlation function are measures of the overall goodness of fit
between the two input functions, ignoring temporal offset. More complete
" discussion of cross-correlations may be found in Kanasewich (1973),
Beringtoﬁ (1969), and Lee (1960).

In the current program, the cross-correlation function is computed
(by subroutine CORR) for each pair of traces consisting of the reference
trace and one other trace. The data windowing limits, and amount of
correlation offset, are determined interactively earlier in the program.

Offset resolution is equal to the data sampling interval (0.01 sec in the
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examples below). The values of the correlation function are computed and
stored on disk for future plotting. A search is then performed, over the
correlation function to determine the offset having maximum positive
correlation. If things were simple, this offset would give the true
delay. However, one further computatiénal step is required. As
mentioned above, interference and noise in the input traces will result
in a complicated correlation function. To the extent that the input
functions differ from being identical waveforms offset in time, the
correlation function maximum peak becomes contaminated by "noise".
Figures 2 and 3 show relatively noise-free teleseismic P pulses, and
their corresponding cross-correlation functions. The upper trace is the
reference trace, in each figure. The 3-second window over which the
cross-correlation integral is computed is indicated by cross marks on the
traces. The resulting cross-correlation functions, shown in the center
of the figures, were computed for lags up to + 2 seconds. In each case,
the upper vertical line is the "y-axis" of the correlation function plot,
and its intersection (point "A") with the reference trace provides a lag
reference point on that trace. The lower vertical line is drawn through
the maximum positive point in the cross-correlation function. 1In Figure
3, this point is 0.42 seconds to the left of the axis, indicating that,
in this example, the lower trace is earlier than the reference trace by
that amount. Figure 2 shows a relative delay of 0.50 sec. The inter-
section (point "B") of the lower vertical line with the lower trace
represents the point which corresponds in phase to point "A" above it.

The cross mark on the upper vertical line indicates the value 1.0 on the
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correlation plot. C(Clearly, for data of this quality, the cross-
correlation function is "clean" and can easily be used to determine
relative delays.

Figures 4 and 5 show two more examples, involving weak teleseismic P
pulse arrivals. Arrivals such as these might be considered marginal at
best for use in determination of relative delay by conventional timing
methods.

Notice that the "picks" of the maximum positive point in the
correlation function appear to be in error, due to noise present in the
correlation function. The pick corresponding to the actual delay between
stations IWV and CFUV (Figure 4) is approximately 0.1 seconds late, while
in Figure 5, the pick on station ALE is approximately 0.1 seconds early.
In order to avoid these picking errors introduced by noise, a polynominal
regression is applied to the portion of the correlation function
surrounding the maximum. The degree of the polynomial (up to fifth
order), and the width of the fitted segment, are selected interactively.

A search is then performed on the_least-séuares best-fit polynomial
approximation to the correlation function, and this function is free from
the higher frequency noise present in the correlation function.
Application of filtering methods is considered inappropriate (as a
alternative to polynomial fitting) because of introduction of unknown
phase delays. Figures 6 and 7 show the resulting delay determinations
when polynomial fits are used on the data presented in Figures U4 and 5.
In these examples, a fifth-order polynomial was fit over a segment 0.8
seconds wide, centered on the maximum positive point in the correlation

function.
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The power of the correlation technique is clearly seen in Figures 6
and 7. The signal-to-noise ratio of these weak teleseismic P arrivals is
approximately 1, while that of the correlation functions is approximately
5. Because a cross-correlation derives information from the entire
segment of the P pulse, it results in this effective signal enhancement.

There are two important advantages inherent in this technique.
First, this method is (obviously) computer oriented, allowing automatic
timing of traces. Computation time for trace segments of 3 seconds, and
lags up to + 2 seconds, is less than 10 seconds per trace. However,
speed is not the primary objective. The accuracy of P pulse timing
depends upon objective, repeatable algorithms, not subjective visual
picks. Systematic or random errors which may be present can be
identified and corrected, to resolution exceeding the capabilities of
visual picks.

Secondly, weak arrivals, which would not be used at all in a visual
approach to P pulse delay determinations, may now be used, making more
data useable. The quality of the P delays derived for each trace is
indicated by the value of the maximum correlation coefficient, as well as
the plot of traces and pick. Hence, data decimation may be objectively
performed on data sets involving weak data, at the level of uncertainty
desired. Estimators of picking uncertainty have yet to be incorporated

into the program.



1L}

5. Organization of the main program

Program ARRAY is arranged in sections. Each section performs a
specific body of related work. Jumps from one section to another may be
interactively made, either forward or backward in the program, so that
the user may try various approaches to the ahalysis of the array data,
evaluate the results, make certain changes and recompute. Typical use of
the program relies heavily on the interactive ability of program ARRAY.
For example, a first pass through the array may indicate that the event
was windowed improperly, or that some stations should 5e eliminated from
the array. Later passes may suggest alteration of filter parameters,
crustal model parameters or ray parameter assumptions. Since a graphic
record is preserved showing all the interactively determined parameters
for each pass, as well as plots of data and picking results, one may work
through a sequence of passes interactively, with a hard copy record of
all important analysis parameters.

Program ARRAY relies heavily on program overlays. In general, each
overlay consists of one subroutine. In this way, program ARRAY is
designed to be expanded without striect limitations imposed by core space
for code.

Program ARRAY also makes use of program swapping (Fortran call
"FSWAP"), which allows one line of Fortran code in one program to
transfer control to another program. The starting program variables are
preserved during the swap, so that when control is returned to the
starting program, its variables remain unchanged. This technique allows
the larger modules (e.g., plotting programs) to be included, using the

disk
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as data scratch pad, and provides a second level of modular program
expansion.

A1l output is directed to the Tektronix 4014 storage display device,
either directly or to disk for later plotting on the 4014. Interactive
aids (prompts and intermediate results) are displayed throughout the
program. The final output "page" (Figure 10) is a one-page summary of
the entire pass, and includes all the information needed to reproduce the
same pass at a future time. This output form includes results of
teleseismic residual determinations and statistics derived therefrom.

Two sets of plots aré generated during each run. One plot (option
"PF") displays the digital filter's effect on each trace (Figures 8 and
9). Another plot (option "PC") shows the details of the cross-
correlation "pick" (Figures 2 through 7). The plotting programs are
separate programs, accessable from the main progfam (ARRAY) by swapping,

or executable separately.

6. Event Selection and Data Windowing (Program Section 2A)

The data set for program ARRAY resides on disk "DP@". The program
which generates this data set is the utility digitizing program called
EVCON. Program EVCON produces two files on the DP@: EVDAT is a large,
contiguous file containing all the digitized data for N events; EVDIR is
a random file containing directory information about the data. Selection
of an event for use in program ARRAY is limited to events on one disk at
a time. Events are numbered from 1 to N, and it is necessary to know the

ordination of events on the disk in order to request them.
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Selection of the data window is done interactively. The data arrays
currently hold 1500 samples per trace. This space must accomodate both
the primarly data window and data immediately flanking both sides of the
window, used in the correlation integral. Hence, (for 100 sample per
second data), a full buffer would result from a primary data window of 9
seconds, with + 3 second correlation lag (i 3 sec lag is presently the
maximum allowable correlation lag). Checks on the data widths selected
are made, and incompatibilities with the buffer sizes, and with the

original data set bounds are reported.

7. Station List Editor (Program Section 2B)

A1l information pertaining to the seismograph stations (name,
latitutde, longitude, elevation, component, orientation azimuth,
attenuation) originates in a file on DP®, named MASTERLIST. This file is
created by program EVCON at the time the data are digitized. This file
is organized in card-image format records, described in Table 1. When
the stationlist editor section of program ARRAY is entered, a list of all
stations in the array is displayed. This list will include all stations
which were digitized for the selected event, including thosé station that
were not operating at the time. Typical use of program ARRAY includes
deleting some of these stations from the ensuing processes, thereby
forming é sub-array. A global command may be used to delete all
horizontal component traces. Further interaction may delete other
individual stations from this decimated "working list" of stations, until

a new stationlist is composed by returning to the beginning of this
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program section. Selection of one station to serve as a "reference"

station is also done in this section.

8. Wave and Model Parameters (Program Section 34)

This section is written specifically for the teleseismic P-delay
process. In it, the ray's azimuth and value of dT/d A are entered, as
well as a crustal model velocity. This section begins the output page
which contains all the process parameters, intermediate results, and

final results of the teleseismic P-delay process.

9. Digital Filter (Program Section 3B)

Two digital filter routines, written by Keith McCamy at Lamont
Geophysical Observatory, have been modified for integer data. Subroutine
HIPAS is a Butterworth response high pass recursive filter. Subroutine
LOPAS is a Butterworth response low pass recursive filter. The order of
the response is selected in the main program (non-interactively) to be 2
(corresponding to asymptotic response of 24 db/octave). Combinations of
the two filters produce a low-pass, high-pass, or bandpass response, with

corner frequencies interactively selectable in this section.

10. P delay Process (Program Section U4)

In this section, the bulk of the computation for the p-delay process

is preformed. Refer to program comments.
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Station List Format

Column Name Format Explanation Example
1-4 NSTA A4 Stn name ABC1
5 IW Al If IW = *, etc...
6-7 - LAT1 12 Latitude, degrees 37
8
9-13 LAT2 F5.2 Latitude, minutes 15.72
14
15-17 LON1 I3 Longitude, degrees 121
18
19-23 LON2 F5.2 Longitude, minutes 30.45
24
25-28 IELV 14 Elevation in meters 1250
29 ICOM Al Component HorV
30-32 IAZ I3 Azimuth direction of 260

horizontal geophone,
in degrees, clockwise
from North
33
34-80 As in Format 2 (Variable First-Layer Model), HYPO71

69-70 ATTN 17 Attenuation in decibels 18
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APPENDIX A - PROGRAM ARRAY AND SUBROUTINES

ECLIPSE FORTRAN S, VERSION 4.01 -~ TUESDAY, NOVEMBER 13, 1977 10:38:11 AN

11
F3)
3
41
- 4]
6!
t
8
L 3]
10!
11
121
133
141
1812
16
17
18!
19
20!
23
22!
23
24
2%
26!
27
28
29
30:
31
329
33
34
33
36
371
38!
39
40
41
42
43!
44
43
46!
473
481
49
S0
S1
S21
$31
sS4
$S1
$6:

ARRAY .FR

PROGRANM ARRAY -
AN INTERACTIVE ARRAY PROCESSING PROGRAM FOR USE

MITH DATR SEYS ESTABLISHED BY PROGRAM EVCON.

P. REASENBERG
MARCH, t977

SUBROUTINES USED!' RANGE, DELAY, STRCK. FETCH, MCAN1., DIRCH.
MLPNT, DELTA. CORR, LGPAS. HIPAS., POLYFIT, SORT, CYCLE
CISSEBE00EEEES5EE0SE0ENEORIERERIESERIATIEINEISEEEEEOITEEBOROORTSE

SECTION 1@ INITIALIZE

OO OOOOOD

DIMENSION R(4,96)> ELEV(96).DELY(96),RANC(96),DELT(96).
X ICOMC96)>,IDEL(96),LIST(96).IFILEC1IL),
X COEFF(96),DELCOR(S6)>,RES(36)>,LINC3,2), IPOINT(3,32),ICARD(40)
COMMON COR(601)>.B(6)
DOUBLE PRECISION TW.TE,TLAG, SEC
INTEGER TRACE(4).TIME(S), SYN(96)>,.BUF1(13500),.BUF2C(13500),

X SYN1,ETIME(S),TINELIC(T), EVYNANC20), EVNT( 1605 BUFLEK., VLEN, EYNUN,

X TODAYC(E)

CONMON/EDIRC/JDUNCA),EVNT

DATA CC/181.11/

DATA INL,JREF/2.1/

DATA IBLANK,IV.IN,IDEL/’ ',’V’,'H’ ,96%99/

DATA SYN,8YNL/96¢’ ','RF'/

EQUIVALENCE CEVYNUM,EVNTC1)), CEVNANCE D). EVYNT(2)),
CEDELT,EVYNT(24)),CEDUR,EVNT(26)), CETIREC1 ), EVNT(28)),
CESEC,EYNTC33)>),(INOD, TODARY(1)), (IDARY,TODRY(2)),CIYR,TODRY(3)),
CJHR , TODAYC4))>,CIJNIN, TODAY(S) ), CJSEC.,TODRY(6))

K XX

CAaLL RESET
CARLL INITC(*DPO*.0,1ER)
CRLL MCaNi
OPEM 10, ‘sTTOt’
QPEN t3., 's$TTIt’
OPEN 9, °DPO:TRACE",LEN=8
CALL OYOPN ("QRRAY.DL*®,IERT)
IF CIERT.NE.1) TYPE ‘OVERLAY!: IERYT = ’,lERY
CALL DIRCH
c
c
Crmee PRINT THE NEADING
100 CALL FGDAY (INO.IDAY.IYR)
CALL PGTINE C(JHR,JNIK,JSEC)
URITE (10,19
19 FORMAT (’<33)<14)>')
CALL FDELY(13)
MRITE (10.1) IMO,IDAY,IYR.JHR,IJNIN
1 FORMAT (T28.,'PRULS TELESEISH ARKARY PROCESSOR’, 10X,
X ‘DRTE: foI2.07°,12,'¢7,12/T70, TINE: tL12,01,127)
4
c
COPs0ttertesststtrtssssttsrtsesseessssssststtsssdtsnsntsnsedttans
c
c SECTION 2A: SPECIFY EVENT AND DATR WINDOW



$?1
S8
391
60!
611
621
63!
4
63
66
671
€8
691
70:
4 %)
72
73
74
3
76!
7?3
78!
79
80:
8t:
82:
83:
84:
s
86
8?7:
89
891
90:
91
92
93!
94
9351
96!
97:
98
991
100
101
102!
103
104:
10$:
106
1071
1091
109!
110!
111
1129
113
1143
113
1161t

(4
[
Cove
201
c
Ceem
|
c
[
c---
202
13
C
c---
¢
c
4
40
[
[
Comm
c
c
[
[
[
c
[
c
c
203
204
c
[
C

3 ¢ X X x

SELECT EVENT
RCCEPT ‘SELECT EVENT: ‘,IEVENT

GET DIRECTORY INFO FOR THIS EVENT FROM EVDIR
DIRECTORY FILE (LENGTH=160) IS READ INTO ARRAY “EVNT®
BY SUBROUTINE MLPNY AND IS IN COMMON/EDIRC/.

CARLL MLPNTCIEVENT. IPOINT.LIN)

PRINYT OUT DESCRIPTION OF EVENT
ISPS=1./EDELT
WRITE (10,13) EVYNUM, EVYNAN, ETINEC2), ETINEC(3),ETINEC(L),
ETIMEC4), ETINECS ), ESEC,EDUR, ISPS
FORMAT (' EVERT ‘.13, === ’,20R2/
‘ DATE: '.12,'/7*',12.°'7'.,12/
‘ TIWE: ',12,°’,12.73?,F4.1/
! DURATION: “,F3.1.,’ SECONDS’/
! SANPLE RATEY ’,13,’ SAWNPLES PER SECOWD’'/)

LOAD ARRAYS VITH DIRECTORY INFO
LIMCJ,1)=FIRST CHAN, PARSS J
LINCJ,2)aLAST CHRN, PASS J
=t
D0 40 J=1,3
IFCCLINCY, 15 . EQ.O).OR.CLINCJI,23.EQ.0)>) GO TO 40
D0 40 K=LINCJ, 1>, LINCJ, 2D
IF CIPOGINTC(J.KY.LE.O) GO TG 40
READ C(IML,RECaIPOINTCJ,K),ERR=902) ICARD
DECODE C(ICRRD,4) TRACE(1),.TRACEC(2), ACt, 1),R(2.1),
AC3, 1. RC4, T3, ELEVCT ), ICONCTY
FORMAT C(2R2,1X,F2.0,1¥,FS.2,1X,F3.0,1X,F5.2.1X,F4.0,41}
TRACE(3)=J
TRACE( 4)=K~LIN{J, 1541
VRITE (9,REC=I) TRRCE
I[nsl+f
CONTINUE
K=l-t
H = TOTAL NUMBER OF STATIONS IN STATIONLIST

DEFINE DRTR VIKDOW

ETINE = BEGINMING OF DIGITIZED DATR ON DISK

TIRE = BEGINNIMG OF DATA WINDOW TO BE CORRELLATED

TINE1 = BEGINNING OF DATR WINDOW TO BE FETCHED FOR
CORRELLATION

TIMEL = YIME - TLAG

YLEN = LENGTH C(IN SARMPLES) OF CORRELLATION DRTR VINDOW

BUFLEN= LENGTH (IN SAMPLES)> OF BUFFER FOR FETCHED DATH

TYPE ‘ (DATA VINDOW + 2¢LAC) NUST NOT EXCEED 1300 SAMPLES’

RCCEPT * EHTER DATA VINDOV VIDTH (SECONDS)! ‘. NINDOW

VLEN=VWINDOV/EDELT

RCCEPT ’ ENTER STARTING TIME OF WINDOVW (HH MM S§5.8): ‘.,
TIMEC(2), TINECT ), SEC

TV = YINDOV START TIME IN SECONDS
TE = EVENT START TIKE IN SECONDS
TU=3600.¢TIMEC2)+60.+TIME(3)+SEC
TE=3600.+ETIME{ 4)+60 . «ETINE(S)+ESEC

33



11?71
118!
119
120
1213
122
1231
124
129!
126
1271
128
129
1301
1311
132
1333
134
13$:
1361
1371
1381
139
140
1411
1421
143
144
1435
146
147
148
149
150
181
1321
153
154
1531
156!
18713
1881
1891
160}
161!
162!
163!
164
163
166!
167
169!
169
170
1741
172!
123
174:
1781
176

208

o000

210

218

220

23

C---

221

¢
[

IfF (TV.GE.TE) GO TO 203

TYPE ' START OF DATAR WINDOY 18 ERRLIER THAN START OF
EVENT ¢ /

GO TO 204

TIME(4)=SEC .

TIMEC(S )= (SEC-TIKEC4)>)+1000

WRITEC10.9)> WINDOV,VLEN,CTINEC(K) K=2,3)

FORMAT (’ BEGINMNING OF ‘,FS.2,’ SEC DATAa WINDOW (',
I4,’ SANPLES) I8: *,12,':+’,12,°:,12,'.',13}

ACCEPT ’ ENTER MAXIMUM LAG (UP TO 3.0 SECONDS) OF CORRELLATION

P 'LTLRG

HAKE SURE THAT THERE 1S ROOM OUTSIDE THE DRTR VIKOOW
AND INSIDE THE EVENT FOR THE CORRELLATION LRG.

IF ¢ (TW-TLAG>.LT.TE) GO TO 210

IF ((TU+NINDOW) . GT.(TE4EDUR)Y) GO TO 213

GO TO 220

TYPE ’/ OUT OF RANGE OF EVENT -- USE SMALLER LARG LIMIT,

SHALLER DATA VINDOW., OR START DATAR WIKDOW LATER’
GO 70 203

TYPE ’ OUT OF RANGE OF EVENT -- USE SMALLER LAG LINMIT,

SHALLER DATR WINDOU., OR START DRTA VINDOV EARLIER’
€0 T0 203
LACS=TLARG/EDELT
WRITE(10,23) TLAG,LAGS
FORMAT (' SYMMETRIC CORRELLATIONS VWILL BE PERFORMED.
'LAGS UP TO ‘,F6.2,' SECONDS (’,l4,’' LAGS)Y' /)

DETERMINE HOV MUCH DATA IS NEEDED TO BE FETCHED

TIME1C2)>=(TU-TLAG)/3600.

TIMEL(3)s((TU-TLRC)-3600.+TINEL1(2))/60.

TIMELC4)s(TU-TLAG)-3600 .« TINELI(2)-60 &TINEL(3)

TIMEL1(S)=( (TW-TLRG)-3600.«*TINEL1(2)-60.«TINEIC(3)-
TINE1(4)>)+1000.

BUFLEMN=WULEN+2¢LAGS

I1F (BUFLEN.LE.1300> GO TO 22%

TYPE '’ REQUESTED DATA EXCEEDS BUFFER SIZEY’

GO TO 203

IRES=1

ACCEPT "(C135>C135> TYPE t TO CONTINUE, O TO RE-SELECT
EVENT!: ‘', IRES

IF (IRES.NE.1)> GO TO 20t

VITH /.,

CrER RIS RSP RR R AT AT R ST RO NSE RN R SR RS SR RO SRR R X SE RS SRS RO KSR SIS S S

c
c
c

.

SECTION 28: EDIT THE STATIOMLIST

PRINT OUT THE STATIOKLIST DATA
URITE (10.19
CALL FDELY(13)
NLIMES=30
URITE (10.3)
FORMAT(?X,’NAME’ ,2X, LATITUDE’,
3%, LONGITUDE' ,3X, ELEV’,3X.'CONP’' . //)}
11=0
DO 30 I=1,N
I11=11+1%

34



1?27
1781
129
180!
1811
1821
183!
104
1851
106!
18?7
169
189:
1901
191
1921
1931
1941
198
196
1921
1981
199
200!
2011
202!
203
204
208
206!
207
208
209!
210!
211
212¢
213!
2141
2131
2161
217
219
2191
220
2211
2221
223
2241
2235
226!
2271
2281
2291
2301
2311
2321t
233
2341
233
2361

24
2%
30
é
c
c
Commm
33
34
c
¢
Commm
c
S3
56
c
c
Commm
357
70
c
c
Comme-
80
60
61

35

IF (11.LE.NLINES)> GO TO 2%

READ (11,24 JPAUSE

FORNAT (S1)

WRITE (10,19}

CALL FDELY(1S)

MRITE (10,952

Ileg

READ (9,REC=I} TRACE

MRITE (10,6)> SYWNCI)>, I, TRACEC1), TRACE(2),A(1.,1),08(2,1),

RCI, T, AC4, 1), ELEVCTI),ICONCT)

FORMAT(IX, R2,1X,12,1X,2A2,2X.F3.0,'-*,FS.2,24,F4.0,"~’,
F5.2,2X,FS.0,4X% 01}

EDIT THE STATION LIST

IHOR=0

ACCEPT '<18> TYPE 1 TO DELETE HORIZONTAL COMPONENT STATIONS
FRON THE ARRAY ’, IHOR

ID=0

RCCEPT ' TYPE 1 TO DELETE ANY OTHER STATIONS FROM
THE RRRAY *, ID

IF (ID.E@.1) GO TO 6O

Kas1

KB=0

I=}

=i

TEST FOR HORIZONTAL COMPOHEMT STATIOK AND DELETE IF
ITHOR . EG. 1

IF (CIHGR.EQ.1)>.AND.CICOMCI) EQ.IH))> GO TO 70

IfF (ID.KE.1> GO TO 37

10L=0

00 56 K=1,9¢

IF (1 .EQ.IDELCK))> IDL=t

IF (IDL.EG.1) GO TO 70

PUT STATION INTO THE “USE LIST®
LISTCJ =]

Juj et

Iwleg

IF (1.GT.H) GO TO 80

GO To S5

M I8 THE TOTAL MUMBER OF STATIONS IN THE °“USE LIST®

LEPES

GO T0 8S

Kani

KB=0

ACCEPT ° NOW MANY STATIOMS ARE TO0 BE DELETED? ’.NDEL
IF (NDEL.LY.{) GO TO 83

I1Ds1

KB=KB+NDEL

ACCEPT ’ ENTER STATION NUMBERS TO BE DELETED: <15>’,
CIDEL(K ), K=KA:KB)

KA=K8+ 1

GO TO S4

CONTINUE



237!
239
239%)
240)
2411
242
2431
244
243
246!
247
249
249
230
231!
2821
283
254!
23S
236!
25
2301
259
260
2611
262
263
2641
263
266!
267
260 ¢
2691
270
271
2721
273
274
273
276
27"
2791
2791
280
2811
2821
203
2041
288
286
287
289
289
2901
291
292!
2931
294!
293
296!

c

COOOOOHOHD

[x N X )

89
20

SPECIFY THE REFERENCE STATION
SYMCJREF )= [BLANK
ARCCEPT 'ENTER THE NUMBER OF THE REFERENCE STATION: ',JREF

PRINT OUT THE “"USE LIST®

SYNCJIREF =g YN1

VRITE (10,19>

CALL FDELY(13}

WRITE (10.7)

FORMAT (10X,’STATIONLIST SUBSET FOR THIS ARRAY:'’

LETX,'NANE . 2X., "LATITUDE’ , 3X,'LONGITUDE’ , 4X.,"ELEV’,

2X,'CONP’, /7

11=0

00 90 J=i. M

I=LIST(Jd)

11=11+1

IFCIT. LY . KLINES) GO TO 89

READ (11,245 JPAUSE

VRITE (10,19

CALL FDELY(13)

WRITE (10,73

11=1t

READ (9,REC=I) TRACE

MRITE (10,6)> SYMCID, I, TRACEC(1), TRACE(C2),ACL,13,R(2,1),

AC3 1),AC4, 1), ELEVCID), ICONCT)

TYPE M,’ STATIOKS’

ACCEPT 'C1S>TYPE 1 TO CONTINUE, O TO RE-EDIT STATIONLIST: ‘,
1Go

IF (1GO.EQ.0) GO TO 61

LR RRRRERESE R AR S S S AR ARSNGB RR RS EEE RSP RSN SR ESFSERETEE RO RERST S

300

SECTION 3A: SET PNYSICAL MODEL PARRAMETERS

VRITE (10,19

CALL FDELY(1S)

MRITE (10.,1)> IMO,EDAY.IYR,JHR,JNIN

VRITE (10,13) EVNUM,EVNAN,ETINEC2 > ETINE(3) . ETINEC(L),
ETINEC4),ETINE(S ), ESEC, EDUR, ISPS

VRITE (10,9) VINDOU,NLEN,(TINECK).K=2,9%)

VRITE (10,23) TLAG,LAGS

ACCEPT ' ENTER VALUE OF “OT/DDEL" OF INCIDENT VWaVE (SEC/DEG):
DTODEL

ACCEPT ’ ENTER RZIMUTH ANGLE “"THETA® C(IN DEGREES REASURED

CLOCKVISE FROM HORTH): ', THETR

ACCEPT ' EMTER CRUSTARL VELOCITY °*v*

CIN KM/SEC)Y: ', ¥

COMPUTE ANGLE OF IMCEIDENCE (PMI), IN DEGREES
CONSTAHT *=CC" CONVDRTS DTDDEL FROM SEC/DEG TO SEC/KM

PHI=57 . 2958+ASIN(DTODEL*V/CC)

TYPE ' ANGLE OF INCIDENCE (PHI) IS COMPUTED TO BE: ',
PHI, ' DEGREES. '

VASV/SINCPHI/ST . 2938)

TYPE ‘' RPPARREMT VELOCITY IS COMPUTED TO BE: ’.VR,

36
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2971
299
299
3001
3011
302
3031
3041
30851
306
307
308
309
3101
311
312y
313
314!
3151
316
317
319!
319i
320!
2N
322i
32N
324
323}
326
327
328!
320
330!
3311
332
33N
334
338
336
337i
338
339
340!
341
3429
343
344
3435
346
347
3481
34
350!
3311
3821
383
as4:
333
356

X ' KM/SEC’

c
c
c
Cret ettt atterastatatsstas ettt asttttat ettt st tieatttatesctene
c
c SECTION 3B SET UP DIGITAL FILTER
c .
c
308 ACCEPT ‘SELECT FILTER CO=HOME, 1=LOV-CUT, 2x=HIGH-CUT,
X 3=BAHD-PASS) ', IFILY
I0RD=2
ISLOPE=IORDst2
FREGQLCe0.
FREQHC=30.
IF CIFILT.EQ. 0> GO TO 310
If (IFILT.EQ.1) GO TO 307
ACCEPY 'ENTER HIGH-CUT CORMNER FREQUEMCY (HZ)» ‘,FREQGHC
FHCoFREQHC#EDELT»2.
TYPE ‘HIGH-CUT FILTER: ‘,FREQHC.,' HZ., ’',ISLOPE,’ DB/OCTAVE’
IF (IFILT.EQ.2) GO TO 310
307 ACCEPT 'ENTER LOU-CUT CORNER FREQUEMCY (HZ): ‘,FREQLC
FLC=FREQLC*EDELT»2.
TYPE ‘LOV-CUT FILTER: ’,FREQGLC,’ HZ., ’',ISLOPE,’ DB/OCTAVE’
310 COMTINUE
c
[4
COPERL AP ELRRERETERERRIREEEEIIRRNEEIR RSO RRASISERRILEESRRERERRS RS
c
< SECTION 4: ESTABLISH RELATIVE TRACE DELAYS
c
c
c ---SECTION ¢.11 COMPUTE THEORETICAL RELATIVE DELAYS USIKG
¢ CRUSTAL MODEL OF SECTION 3.
c

400 ACCEPT * EMTER *1® FOR STATION ELEVATION CORRECTIOMS.
X “0® TO ONMIT: ', JLEV

ACCEPT ' ENTER ORDER OF POLYMOMIAL FIT (2.3.,4 OR 3): ‘,NFIT
ACCEPT ' EMTER VWIDTH OF FIT SEGMENT C(UP TO 1.0 SEC): ', TFIT
NUIDE=TFIT#ISPS/2.
TYPE ' KUIDE = ’,NVIDE

401 CALL RANGECN, R, THETAR, JREF,RANG, DELT)
CALL DELAY(RANG,ELEYV.DELY.N,JREF, ILEV,V,PHI)

-=-=-SECTION 4.2: FILTER TRACES AND COMPUTE OBSERVED RELATIVE
DELAYS USING CROSS-CORRELLATION METHOD.

FETCH AND FILTER THE REFERENCE TRACE

AND STORE IN BUF2

CALL FGDAY(INMO,IDAY,IYR)

CALL FGTIMECJHR, JMIN, JSEC)

READ(9.REC=JREF) TRACE

IPASSeTRACE(3)

ICHAN=TRACE(4¢)

CALL FETCHCIEVENT., IPASS.ICHAN, TIMEL1 ,BUFLEN,BUF2, IER)

IF CIER.NE.O)> GO TO 901

IF CIFILT.EQ.0)> GO TO 408

IF (IFILT.EQ.1)> GO TO 403

CALL LOPASCIORD.,FHC,BUF2.BUFLEN,BUF2)
403 IF CIFILT.EQ.2)> GO TO 403

OO O0

37



387
3581
389!
360
3611
362
3631
364
363
366
3671
368
36919
3703
3711
3?2
3?3
3?74
378
376
3774

37ev

3?9
3801
301
382:
3831
384
3681
366
387
360!
309
390!
3ot
3921
393
3943
398
396
3971
399!
3991
400
40113
4021
403
404!
4081
4061
4071
408i
409
4101
4113
4121
413
414
41351
4161

OOOOOOHOOOOON

[ W N o)

4083

951

413
420

460

CALL HIPASCIORD.FLC,BUF2,BUFLEN.BUF2)

FETCH AMD FILTER EACH TRACE AND CORRELLATE VITH REFERENCE TRACE
USE BUF1 TO STORE TRACE

AFTER FETCHING EACH TRACE, WRITE THE DATA TO0 DISK FILE
‘OPO:PLOTAR’ USIHG SUBROUTINE WRBLK

AFTER FILTERING ERCH TRACE, WRITE THE FILTERED

DATA TO DISK FILE ‘DPO:PLOTB’ USIHG SUBROUTINE WRBLK

UNFILTERED DATA TO ‘DPO:PLOTA’
FILTERED DATA TO '‘DPO:PLOTB’
CORRELLOGRANM TO '0POI1COR’

NBLK=(BUFLEN/236)+1
HCBLK=((2¢LAGS+1)/128)+1

OPEN 7, "DPO:PLOTA"

OPEN 8, "DPO:PLOTE"

OPEN 3, "DPO:LABEL",LEN=66

OPEN 6. "DPO:COR"

REVIND 3

IRBLK=99

IVEIGHT=0

DO 4S50 J=f. M

I=LIST(d)

READ (9.REC=I)> TRARCE

IPASS=TRACE(I)

ICHAN=TRACE(4)

CALL FETCHCIEVENT, IPASS,ICHAN, TIREL,BUFLEN.BUFI, IER)
IF CIER.NE.O)> GO TO 901
I1SBLK=HBLK=(J-1)

IF (I .EQ.JREF) IRBLX=ISBLK

CALL VURBLK(?7,1SBLK.BUF1,.NBLK.IBLK,IERB)
IF (IERB.ME.1) GO TO 903

FORMAT (2A2,15,2F6.2,13.,12,612,13,219,2F6.2,13)
IF CIFILT.EQ.0) GO TO 420

IF CIFILT.EQ.1> GO TO 413

CALL LOPAS (IORD.FHC.BUF1.,BUFLEN,BUF1)
IF CIFILT.EQ.2> GO TO 420

CaLL HIPASCIORD,FLC,BUF1,BUFLEN,BUF1)
CALL VRBLK(SH,ISBLK,BUF1.KBLK.IBLK.IERB?
IFCIERB.NE.1)> GO T0 903

CALL CORR(BUF1,BUF2,COR,LAGS.BUFLEN)
KSBLK=NCBLK®C(Jd~-1)

CALL URBLK(6,KSBLK.COR, HCBLK.IBLK,I1ERB)
IF CIERB.ME.1) GO 7O 903

SEARCH FOR THE LAG CORRESPONDING YO GREATEST CORRELLATION
FIRST FIND MAX POS YALUE C(LMAX,CMAX) OF CORRELLATION FCH.
CHAK=0.

LMAX=0

DO 460 JJ=1,25LRGCS+1

IFCCORCIJIDI.GT .CHAX)> CHMAX=CORCIJ?

IFCCORCJIJI>.GE .CHAX)> LNAK=JJ

COEFF(I)=CHAK

MOV BEST-FIT POLYNOMIAL AROUND THIS PEARK...

Hi=LNAX-NVIDE

HDAT=NUIDE®2+1t

IFCCLEAX-NVIDE>.LT. 1) GO TO 464
IFCCLMAX+HVIDE+1)>.GT . (22LAGS+E)) GO TO 466

GO TO 468

38
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412 464 Ni=i

419 NDAT=LMAX+NUIDE+]

419 GO TO 469

4201 466 KisLMAX~-NVIDE

4211 NDAT=2¢LAGS-N1+2

4221 468 CALL POLYFIT(NL,NDAT, INEIGHT,NFIT)

423 [ SEARCH FOR MAXINMUM OF FITTED POLYMOMIAL. ..

424 JHAX=0

42 TESTN=0.

426! 00 433 K=1, NDAT

420 JinKeNi-1t

428 K=uK-1

429! X=%/100.

4301 TEST=B(1)+B(2)sX+B(I )X sX+B(4)sX0sI+B(S)sXssd+B(6)eXn0]
4311 IF (TEST.LE.TESTHN) GO TO 433

432! TESTR=TEST

43I0 JRAX=JJ

4341 455 CONTINUE

43381 [ NOW SUBSTITUTE JMAX FOR LMAX, THUS

436! [ SUBSTITUTING THE BEST-FIT POLYNOMIAL MAXIMUNM FOR THE FUNCTION MAXINUN.
4377 LEAX=JNAX

4381 IBEL=?K

439! MRITE (10> IBEL

440! DELCORCII=s(LMAX-LAGS-1)EDELTY

4411 430 WRITE (3,951) TRACE(C1), TRACE(2),BUFLEN,FREQHC, FREQLC., ISLOPE,
4421 X M, TODAY,ISPS,LAGS ,LXAX , DELCORCI>,COEFF( I, IRBLK

443 CLOSE ?

444 CLOSE 8

4437 CLOSE 3

446 CLOSE 6

44 c

448 [

449 c COEFFCI) = NAXINUN POSITIVE VALUE OF CORRELLATION OF TRACE
4301 c I VITH REFERENCE TRACE

481 c

4321 c LMAX = NUMBER OF LAGS FOR BEST CORRELLATION

43 c

434 C DELCOR(I)> = DELAY IM SECONDS GIVING BEST CORRELLATIONM
433 [ BETVEEM TRACE 1 ARKD REFERENCE TRACE

436 [

4371 c

43501 C -~--SECTION 4.3 CONPUTE RESIDUARLS., APPARRENT VELOCITIES:
4359 [ TABULATE DELAYS AND STATIOXK PRRAMETERS
4601 [4

4611 c

462 CALL SORTC(RAKG,LIST,N)

4631 WRITE (10,10}

464! 10 FORMAT(//77X,'STH’, 27X, ELEY’ ., 9X,'DELTA’,3X, 'RANGE’ , 3X,
463 X 'PREDICTED'.,4X, ‘OBSERVED’ ,3X,’RELATIVE’,6X, ‘CORR’/7X, 'NANE "',
4661 X 2X,’LATITUDE’ ,3X,’LONGITUDE’ ,4X,'(M)>’,3X,’CONP’,3X,’(KN)’, 6 4X,
4671 X ‘(KNM)’,4X,’REL DELAY'.4X,’REL DELAY'.2X, 'RESIDUARL’, 86X,
4681 X 'COEFF’/)

469 11=0

470 SUnt = 0.

4711 sUN2 = 0.

4221 S§UN3 = 0.

4738 SUn4e = 0,

474 syM = 0,

473 SUMRR = 0.

4761 NLINES = 33



47?71
478
4791
480!
481
4821
483!
484
403
466!
487
488)
40691
490
491
4921
493
494
493
496!
4971
498
499}
$00:
S011?
302!
$03!
S04t
S0
$06!
sSo?)
S08:!
$09
$101
Sits
S$i121
Si3
S141
S18:
$163
S171
$16:
$19!
820!
s211
$22!¢
sa23
S24!
$23:
$26!
§271
826
$29
$30!
$31)
3321
$33:
534!
$38i
$36!

DO 462 J=t. N
1=l IST(J)
READ (9,REC=I) TRACE
IIsll+l
IF CIT.LT.MLINESY GO TO 461
READ C11,24) JPAUSE
WRITE (10.19)
CALL FDELY(1S5)
WRITE (10,10)
I1=g
NLINES=S0
461 RESCI>=DELCORCI Y-DELY(I)
SUNMRR=SUMRR+RESC(I)
SUR=SUN+RESCI )®RES(I
SUMA=SUME+RANGS I )*RANGC )
SUM3I=SUN3+DELCOR(I)
SUM2=SUM2+RANG( I
SUN1I=SUML+RANGC I )*DELCOR(?
462 URITEC10,18)> SYNCI), I, TRACEC1Y, TRACEC2),ACY.1),
X AC2,13.,AC3,1>,RC4, 1>, ELEYCI), ICONCTI ), DELTCL ), RANGCI >, DELY(I),
X DELCORCI),RESCI), COEFF(ID
1t FORMAT (lx:az:‘x:‘20‘!!2“202“0"3.0:"' FS.2,.2X,F4.0,'~",
X FS.2,IX,FS.0.4%X,R1,3IX.F5.1,2X.F€.1,.5X,.F6.2,.6X,F6.2,5X.F6.2,
X SX.F?7.3>
VAPP=((HaSUN4 )-SUN2«SUN2)/(NeSUNL-SUNIsSUNZ)
DTDDAP=CC/VAPP
RMS=SQRT(SUN/N)
RREEAN=SUNRR/N
VRITEC10,25) VAPP,DTDDAP, RMNS,RRHEAN
23 FORMAY (/' APPARREMT VELOCITY (BEST-FIT-PLANE-VAVE) =’,
X F?7.2,' XKW/SEC = ’,F6.2,' SEC/DEG'.4X,’'RMS RESIDUAL =',
X F35.2,' MEAN RESIDUAL =’ ,F5.2)
IF (KB.LT.1> GO TO 470
WRITE (10,99) KP.CIDELCK).K=1,KB}
99 FORMAT (12,’ VERTICAL STNS MOT USED: ’,C3013/)»
470 CONTINUE

G0 TOo 700
c
L Y R R R T Y P TR P P T YLy I
c
c
c SECTION S STACK
c
Cees DELETED FROM THIS LINE WAS THE STATEMENT:
c CALL STACK(IEVEWT.TIME, TRACE,LIST.DELY,BUF1 ,BUF3 . N. N}
c AMD THIS STATENMENT WAS NUMBERED S00. ALSO, REMEMBER
c TO RESTORE BUF3(2048)> IN THE DIMENSION STARTEMENT.
500 COMTINUE
GO To 700
c
c
COSIBEREOEEOEERIRSIRRIUIRIEISRNSREIPAEIE SN ENRRSEOENNIREEERES
c
¢ SECTION 6» OISPLAY TRACES ONW 4014

600 CALL FSUAP("JPLOT.SV")
URITE (10,19)
CALL FDELY(1S)
Go 1o 701

601 CALL FSVAP(*IPLOT.SV®)
VRITE (10,19

40



$371
$30
$399
340
Se1
542!
543
S44)
45
S46!
$47
S48
S497
3307
ss11
$821
3532
S54!
S35
8386
587
389!
$89:
560
Sé1!
Sé2!
S631
S64:
563

AOOOONN

700
701

c

41

CALL FDELY(1S)
GO0 TO 701t

CEERERELRERRESE LA LBERR AP ESE S BE RSN SS B ERE B R ES RS RRBBE R esRs R

SECTION 7' RE-CYCLE

CONTINUE

READ (11,24) JPAUSE

VRITE <(10,19)

CALL FDELY(13)

CALL CYCLE($53,$300.,88S5,8100.,$202.,4%00.%600,4500,4601)

COICEEBELE2C2¢0SCCRESEREESIE RSP RERPIRN B EEBERGRSSEARKEEREESNES P S EE

c
c
c
203

202

901
900

SECTION % EXIT

TYPE ’ IERE = /,JERB.’IBLK = ’,IBLK
G0 T0 900

TYPE 'MASTERLIST READ ERROR’

GO TO 900

TYPE 'FETCH: JER =’,IER

CALL RESET

sToP

Cereeetesnt et s oottt ststtas ¢ttt et Nt et s st tettit ettt ttstessdtss

END



ECLIPSE FORTRAN S, VERSION 4.01 -- VEDNESDAY, APRIL 13,
MLPHT . FR

1: SUBROUTINE MLPNTCIEVINT,IPOYNT,ILIN?
H INTEGER EVENT,.PASS,.CHANNL

3 DIMENSION IPOYNT(3,32> ILINCI,2), IREK(1€0)

4: COMMON /EVPAZ/ EVENT,PASS, CHANNL

LR COMMON /EDIRC/ IDUNC4 X, IREK

6: DPATA MAXPASS/3/,IED/L/

7 RERDC IED. . REC=IEVINT+1» IREK
: EVENT=[REK( 1)

91 ILINCL,1)=[REKC42)>

10: ILINCE,2)=IREK{43)

111 ILINC2,1)=IREK(8B3)

12: ILINC2,2)=IREK{B4)

13: ILINC3., 1)=IREK( 124

14: fLINC3,2)=IREK(125}

13: DO SO0 M=i,32

16: IPOYHT(1,m)alREK(43+ 1)

17: IPOYNT(2,M)aIREK(E84+M}

18: IPOYNT(3 , M)=IREK(125+M)

19: S0 CONTINUE

20! RETURN

211 END

1977

2:25:24 PN

42



43

ECLIPSE FORTRAN S, VERSION 4.01 -- VEDNESDAY: JUNE 29, 1977 9:35:15 AN
RANGE .FR
11 SUBROUTINE RAMNGE(N,A, THETA,JR,RANG.DELTY
: c
3: c N = CINPUT) NUMBER OF STNS, INCLUDING REFERENCE STN
4 ¢ R = (INPUT)> ARRAY OF LATITUDES AND LGNGITUDES OF STNS
S: c THETA = (INPUT) AZIMUTH ANGLE OF RPPROARCHING TELESEISH IN
6 [ DEGREES
7 c JR = (INPUTXINDEX IDENTIFYING REFERENCE STH 4
|- B} C RANG = (OUTPUT)RRRAY OF RANGES., IN KK., OF STNS MITH RESPECT
9 C TO REFERENCE STHN
10: c DELT = (QUTPUT)ARRAY OF DISTANCES (IN KM BETWEEN STATIONS
11 C AND REFERENCE STN
12: C
13: DIMENSION AC4.96 ), RANG(I€).DELT(96)
14: R&4D=0 . 017453
15: 00 100 I=fi,N
16 IFCI.EQ.JR) GO TO 90
171 CHLL DELTACACL,JRI/RCZ,IRIACIL IR AC4, 4RI AR(1,1),
18 RC2,1),4¢(3,1>,RC4,1),DEL, R2)
19: DELT(I> = DEL
20: RANG(I 3=a-DELT(I )«COS((THETA-AZ )*RAD >
21 GO T0 100
221 °0 PELT(I =0,
23: RANGC I =D
24! 100 CONTINUE
23! RETURK
26: END



ECLIPSE FORTRAM 3, VERSION 4.01 ~-- TUESDRY, AUGUST 16, 1977 10:38:43 an
DELTR.FR

13 SUBROUTINE DELTAR (LATRD.LATRM, LONRD, LONRM,LATD,.LATN,

2! X LOND,LONN.DELT,R2Z)

3: c

4 c LATRD = LATITUDE., REFERENCE STKM., DEGREES

S c LATRM = LATITUDE, REFERENCE STH, MINUTES

[ 3] c LONRD = LONGITUDE. REFERENCE STX, DEGREES

7t c LONRM = LONGITUDE, REFEREMCE STN, MINUTES

8 c LATD = LATITUDE, OTHER STARTION, DEGREES

9 o LATM = LATITUDE, OTHER STATION, MINUTES R

10 o LOND = LONGITUDE, OTHER STRTION., DEGREES

i c LONM = LOMGITUDE, OTHER STATIONM, MIMUTES

12 4

131 c THIS SUBROUTINE COMPUTES THE DISTAWCE IM KILOMETERS BETUEEM

141 c THE 'REFERENCE STATION’ AND THE ’'OTHER STATION‘, USING

15: [ RICHTERS METHOD. THE DISTARNCE IS RETURNED IN VARIABLE

16: c DELY. AZIMUTH CIN DEGREES) BETWEEN THE LINE CONNECTING

17 [ THE STATIONS AND NORTH IS RETURNED IN VARRIABLE RZ.

18: c

19: DOUBLE PRECISION DX.DY,.LAT,.LON,LATR,LONR,RAD.,

20t X CA(713.CB(71)

21 REAL LATRD LATRM,LONRD, LONRN.LATD,LATN . LOND LONN

221 INCLUDE ’PS$DATA’

23 DATA Ca/ 1.8355365.1.855369,1.0855374,1.855383,1.0855396,1.0855414,
24 1 1.835434,1.85%5458,1.855487,1.855520,1.833555,1.835395.,1.855639,
23: 2 1.85%683,1.833733,1.855706,1.9855842,1.855902,1.0855%6¢6.1.8356031,
26! 3 1.856100,1.856173,1.856248,1.856323,1.856404.,1.056488,1.836573,
27: 4 1.856661,1.856750,1.836843,1.836937,1.857033,1.857132.,1.8357231,
201 S 1.857331.,1.837435,1.857538.,1.857643,1.8577350,1.8357858,1.837%64.
29 6 1.858074.,1.858184,1.08508294,1.838403,1.858512,1.8508623,1.838734,
30: 7 1.8508842,1.858951,1.839061.1.8%59170.,1.839%9276.,1.859384,1.85%9488,
31 8 1.899592,1.85%2695,1.859798.,1.859896,1.859995,1.860094.1.860187,
32: 9 1.860279,1.860369,1.08604359.,1.8603544,1.860627.,1.860709.,1.860787.
33: R 1.860861,1.860934/

341 DATA CBr 1.8420808.1.842813,1.842830,1.042858,1 .842898.,1.9842950,
33: 1 1.843011,1.9843085.,1.043170.1.843263,1.843372.,1.843488.,1.0843617,
36 2 1.843755,1.843903,1.844062.1.844230,1.844408,1.844595,1.844792,
37 3 1.844998,1.0843213,1.8435437,1.0843668,1.845907.,1.846133,1.846408,
381 4 1.846670,1.846938.1.847213.,1.847495.,1.847781,1 .848073,1.848372,
3%: 5 1.848673,1.048990,1 .84%290.,1.849603.,1.849922.,1.850242,1.835095685,
401 6 1.85089%90.,1.851217,1.851543,1.851873,1.6%2202,1.852531,1.852860,
411 7 1.8531868,1.0853515,1.853842.,1.0854165,1.854487,1.8548095,1.0835122,
422 8 1.859433,1.08353742,1.856045,1.856343,1.836640,1.8%56%28,1.857212,
43¢ ? 1.857490.1.837762.1.858025.,1.838283,1.838533,1.858775,1.859008.,
441 & 1.859233,1.859432/

431 RAD=0.0174353

46! RAD10=0.0017433

47! LATR=60.¢LATRD4LATRM

49 LONR=60.*LONRD*LONRK

491 LAT=60 . *LATD+LATH

S0 LON=60.«LOND+LONN

S1¢ c AVL 183 AVERARGE LATITUDE IM DEGREES

521 AVL=(LATR+LAT)/120.

33 Mis=QvL+1.8

341 H2=AVL=10.+1.S

3% DX=-(LON-LONR)I®CA(M]1)>aCOS((N2~1)*RAD10D)

36! DY=C(LAT-LATR)*CB(M1> ¢+ 0.000001

44



s
S8
591
60
6t:
621
631
64
[3-3]
66

[ Nz Ny Nz Ny]

DELT=DSQRT(DX«DX+DY*DY) ¢ .00000%

COMPUTE THE AZIMUTH OF THE LINE FROM THE REFERENCE STN

TO THE OTHER STATION. WHEN STATION IS NORTH OF REFERENCE.
R2=0. WHEN STATION IS EAST OF REFERENCE, AZ=90. VHEN
STRTION IS SOUTH OF REFERENCE, AZ=180. WHEMN STATION IS
WEST OF REFERENCE. AZ=270.

RZaDATHN2(DX,DY)/RAD

IF (AZ.LT.0.) RZ=A2+360.

RETURNM

END

45



ECLIPSE FORTRAN S5, VERSION ¢.01 -~ TUESDAY. JUNE 14, 1977 3:00:358 PM

11
21
3
41
83
[ 3]
I 4]
[ X}
91
104
111
121
i
14
181
16
174
181
191
201
21
223
23
241
2381
26)
271
281
291
309
31
2
n
3
35

OO OHOBIOHDIOHOOON

DELAY.FR
SUBROUTINE ODELAY (RANG,ELEV,DELY,N.JREF., ILEV,V,.PHI)>

INPUTS!
RAKG - ARRAY(N)>. RANG(I)> = ‘RANGE’ IN KILOMETERS OF STATION
I MITH RESPECT TO REFERENCE STATIONM.
ELEV - ARRAY(H). ELEV(I) = ELEVATION C(IN METERS) OF STATION I
JREF - INDEX IDENTIFYING THE REFEREMCE STATION.
v ~ CRUSTAL SEISHIC VELOCITY (KM/SEC).
PHI ~ ANGLE OF INCIDENCE (DEGREES) OF TELESEISN.
C(PMI=0 FOR VAVE COMIKG STRAIGHT UP.)
ILEV -~ SVITCH TO INCLUDE OR OMIT ELEVATION CORRECTIONS.
ILEV.EQ.Q OMITS ELEVATION CORRECTION:
fLEV.ME.O INCLUDES ELEVATION CORRECTION.
QUTPUTS!

%0
100

DELY <~ ARRAYC(N). DELY(I)> = DELAY (IN SECOKDS) DUE TO
EXTRA PATH LENGTH OF VAVE ARRIVING AT STATION
I, VITH RESPECT TO REFERENCE STATIOM. FOR THE
EARLIEST ARRIVALS, DELY < 0. FOR THE LATEST
ARRIVALS, DELY > 0. DELY(JREF)I=0.

DIMENSION RANG(OMN).ELEV(N).DELY(N)
RAD = 0.017433

00 100 I={,N

IF CILEV.NE.O)> GO TO 90

RELEV=0.

G0 T0 100
RELEYSELEVC(I)~ELEVC(JIREF)
DELYCI)e(RANG(CIDI*SIN(PHI®RAD )+ . CO1=RELEVeCOS(PHI®RAD))I/V
DELY(JREF) = 0.

RETURNM

END

46



47

ECLIPSE FORTRAN S, VERSION 4.01 -- TUESDAY, APRIL 26, 1977 12:15:49% PH
FETCH.FR

1: SUBROUTINE FETCHCIEVENT,IPNUM, ICNUM, ISTRRT, ISIZE,[BUFFR.IEFLAG)

2: [

3: INTEGER EPISEC,OFFSET,.EVINT, EYNT

4: INTEGER NCHAN.SEGSZ.,REMDR,LTBUF,.FIRST

S: DIMENSION [START(1 ), IBUFFRC(1 >, ICHANSELC(L

6! COMMON /IOPDR/ INIT,HNSEC, ISEC,LSEC.EPISEC.OFFSET.IFNO.EVINT

?: COMMON /IDBDA’ NLHAN, SEGSZ.REMDE,LTBUF,FIRST

8: COMMON /EDIRC/ LOUM{ 4, EVNT(160)

9: EQUIVALENCE (EVHNT(33),T2SECONDS ), (E¥NT(26 3, DURATION)

10 EQUIVALENCE (EYNT(24)3,TBS)

i1 DATA NUCS/1/7,MAXERNUN/S/

12¢ c

13: DO 20 K=1.,[SIZE

14: 20 IBUFFR(K)=0

15: [»

16: IEFLAG=MAXERNUN

17 IRETF=0

18: c

19: CALL THINGCIEVENT, IPNUM.IFCN.ILCKN.IRETF)

20 IF (IRETF.NE. O3 GO TO 7?9

21: c

22: T2ZHOURS=FLOATCEVYRT(3L )

23: TZHINUTES=FLOATCEYNRT(32)3)

24: TZERO=(TZHOURS*3600.0) + (TZHINUTES#*€0.0> + TISECONDS

25! c

261! TIHOURS=FLOATCISTART(2))

27: TIMINUTES=FLOATC(ISTART(3))

28: TISECONDS=FLOARTCISTART( 4))

29: TIMEI=(T1HOURS*3600.0)> + (TIMINUTES*60.0)> + T1SECONDS

30 c

38 TOELTR=TINEL1-TZEROD

32: IF(TOELTA . LT. 0.0 .OR. TDELTR .GT. DURATIOK> GO TO 80

33 IEFLAG=IEFLARC-1

3¢ ENDTIME=TZERDO + DURATION

35: DURLIM=FLOAT(ISTIZEX/(1.0/TBS)

36 c

37: IFCENDTINE-TINES .LT. DURLIN) GO TO 80

38: c

39: ISCAN=(TDELTA/TBS)+1 . C

40 ICHANSEL(1 ¥»=ICNUNM

41: c

42 CALL FRAMDCISIZE.,ICHANSEL . NOCS.ISCAN,LERR)

43 c

44: {FCIERR)Y 70,50,70

45 50 CALL GETFHCIBUFFR, M, LEND)

46 [EFLAG=LEND

47: c

48 GO TO 80

49 c

50: 70 IEFLAG=((IERR+1)/2) + 2

51 GO T0 80

52 7e TYPE ' %« ERROR RETURNED BY THING »«¢ [RETF = ', [RETF

REBREEETI RN G RE R R LA EY S RSO PR LR EC R R C R PR KK SRR RE X RER LS RE XL R

c
c

55: C ERROR RETURN CODES FOR SUBROUTINE FETCH
C 5: STARTING TIME QUT OF RAMNGE



57
98
591

61:
62!

64:
65
66:

OO0

4: SIZE REGUEST T0O0 BIG OR START TIME 70O CLOSE TO END OF EVENT
3: INVALID FILE POSITION C(ISCAN HOT THERE)

2: INVALID ARGUMENTS IN FRAMD CALL

1: END-OF-FILE RezARCHED => BUFFER NOYT COMPLETELY FILLED

0: NORMAL RETURN (FROM GETFHM)D

CPEEEREERNEREEERRF R EKIRE XA RERRE KRR KSR R KN ER R EEREE RN R R KR Kk EEX

80 RETURN
END

48



ECLIPSE FORTRAN 5.

°

15
16:
17
18:
19:
20:
21
221
23:
24:
25:
26
27:
28:
29
30:
J1:
32:
33:
34:
35

37:
38
39:
40:
41:
42!
43:
44:
45
46:
47
48
491

S2:
53
S4:
35
56:

Coxxee

C *ex

C seo»

Iz N gl

*tEx

C *x#

Cesee
Chexe

Coexn

VERSION 4.01 -~

MONDAY,

THING.FR

APRIL 18, 1977

SUEBROUTINE THING(TEVTNUM, IPASSHNUM, [FURST,ILAST, IRF)

EYENT DIRECTORY OFFSETS

DIRECTORY RECORD SIZE
PARAMETER RECSIZ = 160

RECORD 0

PARGMETER ENX = 1
PARAMETER DML = ENX+1
PARAMETER DOF = DML+1
PARAMETER DSZ = DOF+1
PARAMETER DHX = DS2Z+1t
PARAMETER CTE = DN¥X+1l
PARAMETER MPL = CTE+S
PARANETER EPL = NPL+9S
RECORD N:

PARAMETER EHO = 1
PARAMETER ENAR = ENO+1
PARAMKETER EIB = ENA+20
PARAMETER ENB = EIB+1
PARAMETER DLT = ENB+1
PARAMETER DRR = DLT+2
PARANETER EYR = DRRA+2
PARAMETER ENO = EYR+1!
PARARMETER EDa = EMO+1
PARAMETER EHR = EDA+1
PARAMETER EMI = EHR#1
PARAMETER ESE = ENI+1
PARAMETER EP1 = ESE+2
PARAMETER EP2 = EP1+1
PARAMETER EPJ = EP2+1
PARAMETER ETH = EYR
PRRARETER EPP = EP1-1t
PASS N:

PARAMETER ENP = 0
PARAKETER PNO = ENP+1
PARAMETER PIB = PNO+1
PARAMETER PNB = PIB+t
PARAMETER PFC = PNB+1
PARANETER PLC = PFC+1
PARAMETER PLS = PLC+1
PARAKETER PSW = PLS+32
PARAMETER PFS = PSVU+1
PARARETER PAD = PFS+1

FORTRAN FILE NOS.
PARAMETER IED = |
PARAMETER INL = 2

P S U S T

e me Mo me N we e e e e me e

~ s~

Mo e e e wme M ne s S e

.
’
Iy
H

HEXT EVENT C(LAST+1)

HO. OF MASTERLIST ERTRIES
DATABASE FILE OFFSET

FILE SIZE [N SECTORS

NERT BLOCK NO.

CURRENT EVENT SAVE ARE4
MASTER POINTER LIST

END OF POINTER LIST

EVENT HO.

EVENT NAME

INITIAL BLOCK NO.
TOTAL WUMBER OF BLOCKS
DELTA-T (SECS?»
DURATION (SECS)

YEARR

MONTH

DRY

HOUR

HINUTE
SECONDS
EVENT. PASS 1
EVENT. PASS 2
E¥VEHT., PASS 2
EVENT TIME
EVENT, PASS POINTER

ASSOCIATED EVENT HO.
PRSS HO.

INITIAL BLOCK NO.

NUMBER OF BLOCKS

FCN (FIRST CHANNEL WO .}
LEN (LAST CHANNEL NO.)
POIHTER LIST

TRACK SELECT SWITCH
FILTER SELECT SWITCH

A/D ERROR STATUS

FOR DIRECTORIES

EVERY DIRECTORY
MASTERLIST DIRECTORY (¢ CRRD

1:42:34 PN

INAGES)
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70:

v8:
79:
80
81:
82:
83:
84:
85:
86:
87:
88:
89:

91:

92:

94

95:

96

97:

98

99:
100:
101
{oe2:
103:
104:
105!
106
10?:
108
109:
110:
111
112:
113
114:
115
116:

50

Cxxee REQUEST LIST PARAMETERS

¢

C

€
c
c

PAR
PAR
PAR
(22 X
INP
1

AMETER NSTAR = 2
ANETER LSZ = 32+NSTRR
ARETER LST = 1

VIDTH OF LIST ERTRY (IN WORDS)
LIST SIZE
START OF LIST

- we we

LICIT INTEGER (A-2)
NTEGER PAX(3)

COMMON /EDIRC/ IDUM&(4), REC(RECSIZ)

COMMON /EVPRZ/ EYENT, PASS, CHANKL

COMMON /IOPDA/ IDUMI(3)», LSEC, EPISEC., OFFSET., [DUM2(2:
COMMON /I0BDA/ NCHAN., IDUM3I(4)

DARTA MAXFASS /3/

I

NSERT MODIFIED CODE FROM RQEVT HERE

C--- FIND WHICH PASSES EXIST AND INTERPRET RS R PASS COUNT
B0 2 J=1,MRYPARSS

C--- CLEAR PASS MEMORY

FAX(J )=0

C--- POINT TO PaSS. SEE IF IT EXISTS

PNT=RECCEPP+J)

OO0

H

F ({REC(PHT+PFC). EQ.0) . OR.CRECC(PHT+PLCY.EQ.0)>) GO TO 2

PAX(Jd >=d

2 c

ONTIKUE

END OF MOOIFIED CODE FROM RQEV¥T

IFURST=0
ILAST=0
IRF=3

--=- CHE
If

K EVENT AND PASS FOR VARLIDITY
(IEVTNUN _NE. EVENT) RETURNM

IRF=2

PRS
IF
IRF
If
--- PO!
PRT

--- SET
EPI

S = IPASSHUN
¢ (PASS.LT.1)> .OR. CPASS .GT MAXPASS)> ) RETURN
=l
(PAXCPASS)> .EQ. 0) RETURK
NT TO PASS
= RECCEPP+PAX(PASS )

"MCAM® PARAMETERS
SEC = REC(PNT+PIB)-OFFSET

LSEC = EFISEC+REC(PNT+PNB)-1

FCH
LCH
NCH

= REC(PNT+PFC)
= RECCPHNT+PLL)
AN = LCH-FCH+l

IFURST=FCHR

ILa

ST=LCN

IRF=0

SeREERE

ERROR
3

2:

COEREFE RS NSRRI S ENE TR RS EERRKE SRR DI E SRR R XA REEX S

RETURN CODES FOR SUERQUTINE THING

IE¥YTNUM DOES NOT MATCH THE COMMON VARIABLE "EVENTY,
SET IN CALL TO SUBROUTINE MLPNT

IPASSNUM BUT NOF BOUNDS



117:
118
119
120
121
122:
123

e K Nx Nz 2]

1: PRXCIPASSHUM) = O
0: HORMARL RETURK

(2 XS 2 LR ER LRSS RSN EA R RAR AR S A RS RS R RSN E R R R R 2]

RETURN
END
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ECLIPSE FORTRAN §, VERSION 4.01 -- MOMDAY, JULY 25, 1977 9:59:12 aM

11
t 3
31
4
L 3]
61
71
8
"
101
111
128
131
14
181
161
179
181
191
201
21
2
23
24
a8
261
2"
28
291
30:
311
3218
331
34
35
36!

37

307
N
401
411
421
43
441
45
461
471
491
491
S0
St
$21
31
Sé1
SS1
g6

OO OHOOAODDDDOOOODOOOOHO

10

12

1220

1221

LOPARS.FR
SUBROUTINE LOPRS (M.F2,X,NL,Y)

BUTTERUORTH LOV-PASS RECURSIVE FILTER

-=~WRITTEN BY KEITH NC CAMY AT LAMONT OBSERVATORY.
---DORROVED FROM JOE FLETCHER’S PROGRAM LIDRARY

0N MaY 23, 1977,
~-=-MOODIFIED TO USE INTEGER ARRAYS FOR INPUT AND OUTPUT.

CSEEEE RS PSSP S ER LSRR PRECE LIRS SR E SV EE N SRR EET NS EISE LSS SEEENOES

M.GT.0 DESIGNS FILTER AND STARTS WITH MNEVW DATA
M.EQ.0 USES LAST DESIGKED FILTER AKD CARRIES ON
M.LT.0 USES LAST FILTER BUT STARTS VITH NEW DATA

M = FILTER ORDER (ROLLOFF=N»12DB/0CTAVE)

F2 = CORNER FREQUENCY I WNYQUIST UWNITS (FNY=2¢DToFCPS)
X = SQURCE ARRRAY

NL = NUMBER OF POINTS

Y = DESTINATION ARRARY (CAN BE THE SAME A8 X)

DIMENSION ALRCS)Y,ALICSI, RO0(S), RL1(T),.B1(T),B2(5)
INTEGER X(1),¥(1>
DIMENSION Z2¢S5>,21¢(8).,22(S>
IF <(n) 10.2.1%

LTS ]

G0 T0 20

=N

FNuNe2

RT=3.1415926/FHK

Fi=s-RT/2.

VUax(t)

00 12 I=35, N

21(1>=0

22¢1)=0

FI=FI+RT

ALRCII=-COS(FI)
ALICI)=SINCFID

DO 122 K=1, N

PR=0.

PI=2 ¢ALICK)
PRK=ALR(K)s#2-ALI(K)*e2

DO 1221 I=f,N

IFCI-K) 1220,1221,1220
ODRaPRK-ALRCKISALR(I)e2 +1 .
DI=2. s ALR(K)I*ALICK I~ALIC(K)®ALRCI)e2.
TPR=PReDR-PIeDI]
PI=PReDI+P[eDR

PR=TPR

CONTINUE

DR=PRePR+PIsP]

AR=PR/DR

Al=-PI/DR

RICKI=2 sQR

ROC(K)=2, s(ALRCK I*ARFALIKK)®AI)
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7
S8
89
60
611
62!
63
64!
(1.3
661
67
681
[ 2]
70!
148
721
kg 2]
41
31
%)
771
78
79
801
811
821
8
L 1 3
831
861
87
89!
a9
901

CoOOONn

122

13
20

201

21
22

B1(K)=-2 ¢ALRCK)

HERE ENDS ALL GENERALIZED FORMS.
BUILD HIGH PAsSS

POO=F2+3.1413926/2.

¥U=2. +8IHCPOO)/COSCPOO)

00 13 K=1, ¥
OR=4./WU/VU+BIC(K)I®2. /WY1 .
TAsCR1(K)*2./¥U-AOCK) /DR
ALCKY==-(ALC(KIn2 . /¥U+A0CK))I/DR
AO(K)=TR
B2(K)=(4./WU/WU-BI(K)s2 /WU+1.)/DR
BI(K)I=(2.-8./VU/4U)/DR
CONTINUE

VU=X(1)

D0 201 I=1.,M

21(1)=0.

22¢1)=0.

00 22 I=1,ML

Z2=XC 1+ Wy

XX=0.

YUmXCI)

DO 21 J=1, M

(I ImZ2-B1(J>e21(J)-B2(J)*22(J)
XX=XK+A0CJ 3o2CdI+ALCJDIZICY)
22C4)>=21¢d)

21¢4)=2(d)

YCII=XX

Pi=N

FP=F2

RETURN

END
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EcLIPSE FORTRAN 3, VERSION 4.01 -~ TUESDAY, JULY 26, 1977 1:31:25 PN

11
a1
31
41
$:
61
73
]
9
101
11
123
1310
14:
151
16:
171
183
191
201
211
22
23!
241
as:s
26!
2713
28
an
301
31
321!
33
34
38i
36!
371
38!
39
40
4“1
423
43
44
45
46
47
48
491
S07s
S1:
LY 3}
$3¢
841
83!
S6:

OO OOOANOOOHOOONOD

10

12

1220

1221

HIPAS .FR
SUBROUTIME HIPRS C(M.F2.X,HL.Y}

BUTTERUORTH HIGH-PASS RECURSIVE FILTER

~-~WRITTEN BY KEITH NC CAMY AT LAMONT OBSERVATORY.
---BORROWED FROM JOE FLETCHER’S PROGRAM LIBRARY

ON NAY 23, 1977,
~--NODIFIED TO USE INTEGER ARRAYS FOR INPUT AND OUTPUT.

CEEREFRE P RTECRSEE SRS S S S S EEEPEEEEEP RS E TS S EE S ERERR SRS E RS EEES

M.GY.0 DESIGHS FILTER AND STARTS VITH REV DATA
M.EQG.Q USES LASY DESIGCNED FILTER AND CARRIES ON
M.LT.0 USES LASTY FILTER BUT STARTS WITH NEV DATA

H = FILTER GRDER (ROLLOFF=N#120B/0CTAVE)

F2 = CORNER FREQUEKCY I[N HYQUIST UNITS (FHY=2+DT«FCPS)
X = SOURCE ARRAY

ML = NUMBER OF POINTS

Y = DESTINATION ARRAY C(CAN BE THE SANE AS X)

DIMENSION ALR(CS),ALICS),A0CS) A1(S>,B1(S),B2(S)
INTEGER X(13, Y(1)}
DIMENSION Z2(8),21(5),22(S)
IF <n) to0.2,1

Hm-H

G0 70 20

H=h

FN=H»2

RT=3. 1415926/FY

FI=-RY/2.

WU=X(1)

DO 12 I=t.,NM

21(1>=0

22(1)=0

FlsFI+RT

ALR(I »=-COB(FI)
ALICI)=SINCFI)

D0 122 K=i,N

PR=Q.

PI=2. ¢ALICK)
PRK=ALR(K)®e2-ALICK)®s2

DO 1221 I=i,N

IFCI-K> 1220,1221,1220
DRaPRK-ALRCK)®=ALR(I)e2. +1.
DIs2. ¢ALRC(K)ICALICK)-ALICK®ALR( I )2,
TPR=PR+«DR-PleD!
P1=PReDI+PIeDR

PR=TPR

CORTIKUE

DR=PR&PR+PI=pP]

RR=PR/DR

RI=-P1/DR

A1(K3=2, eAR

AOCK)=n2 o(ALRCKI®AR+ALI(K)I*AI)
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L 141
39:
$9:
601
61t
62
€3
64!
[3-%]
66:
(Y4
681
69!
70
te 8
2
3

.

3
76
te &)
781
(4 X}
90!
ot
821
03!
84
[ 11]
86!
871
88
891
%01

AN

122

13
20

201

21
22

BI(K)=-2 ¢ALR(K)

HERE ENDS ALL GENERALIZED FORMS.
BUILD HIGH PASS

POO=F2+3 .1413926/2.

WUm2. +SINCPOO)/COSCPOO)

00 13 K=1,H
DR=UUeWU/4 . +B1(KI®WU/2. +1.
TA=(AL1(KIsWU/2. ~ROCK))I/DR
AL(K>=(AL(K }*sWU/2. +A0(K))/DR
AO(K)=Ta
B2(K)=(UWUsWU/ 4, ~BLCK)oWU/2. .41, )/DR
BI(K)=(WUSVU/2.-2. )/DR
CONTINUE

VU=X}(1)

00 201 Is1.NW

21(1)=0.

22¢1)=0.

00 22 Ist,NL

Z2=UC 1)~ w¥

XX=0.

Yu=XC15

00 21 J=1,NW
2(4)I=T2-81C3)eZ21(J>-82(J)022048)
KXaXX+A0(JISZ(II+R1(JI021CJ)
22(4>=2104)

23CdH>=2( )

Y(l)=XX

Pi=H

FP=F2

RETURK

END
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ECLIPSE FORTRAN 3, VERSION ¢4.01 ~-- SUNDAY, APRIL 17, {977 7:13:16 PH

13
2t
3
4
S
6
7
B!
L 2
101
111
12
13
143
131
16!
171
18
191
20
211
22!
231
24
253
26
27
28
29
301
311
321
331
34
335
36!
37!
38
39
40
41
421
43
44:
431
46
47
48
491
S0
St
S2:
33
sS4
s
$6!

c

CORR.FR
SUBROUTINE CORR (INt,IN2,COR,LAGS,LEN)

CEICEECCCEEEISEESP S SECEE SRS UREEES L UL CERPERUESEEEEEEE SR EXRREEES

c
c
c
c

P. RERSENBERGC
HARCH, 1977

CHILELES S CE SRS L EINEE SIS ER UG EEES S EEEAS RS ES SR EEERB S UGS S oS

OO0 NOOOOONOAOOONAO0

‘CORR’ IS A GENERAL PURPOSE SUBROUTINE VHICH COMPUTES

THE CROSS-CORRELLATION FUNCTION FROM THE TWO INPUT TIME-
SERIES INiI AND IN2. THE CORRELLATION FUNCTION IS DEFINED
BY

SUM ¢ IN2CT) & INICTeTAU) )
COR (TAU) =  —=---e-ee et Sttt T T -
2 2
SQRTC SUMCINL (T)) & SUMCINZ (T)) )

WHERE TNE SUMMATIONS ARE CARRIED OUT OVER °*“T", BETVEEN
THE LINITS GIVEN BELOW.

INPUTS?

INS = ARRAY COMTAINING INPUT 1

IN2 = ARRAY CONTARINING INPUT 2

LAGS = MAXIMUM NUMBER OF LAGS (IN SAMPLING INTERVALS)
FOR UHICH THE CORRELLOGRAN IS COMPUTED.

LEN = LENGTH CIN SAMPLING INTERVALS> OF INPUT ARRAYS.

QUTPUTS:

THE CORRELLOGRAM [S RETURNED IN ARRRAY °COR"

IMIN = LOVER INDEX OF SUm ON T
IMAX = UPPER INDEX OF SUM ON T

CORCJI)> CONTRINS VALUE OF CORRELLATION FURCTIOR OEFINED
ABOYE FOR TAU=(J-LAGS-1>¢DT

CORC1)> CONTAINS VALUE OF CORRELLATION FUNCTION FOR

TAU = -LAGCS

CORCLAGS+1)> CONTAINS VALUE OF CORRELLATOM FUNCTION FOR
TAU = 0

COR(2+LAGS+1)> CONTAINS VALUE OF CORRELLATION FUNCTION FOR
TAU = LAGS

AT ST R R R R 233 S A A A T AT L L X R3S 22122 1]

DINEMSION COR(C2+LAGS+1)
INTEGER INI1CLEN)>, IM2CLEN)

INIH = LAGS+1
IMAX = LEN - LAGS
N=2¢LAGS*1



37
S8
59
60!
611
621
631
64
63
66
671
68
691
70
711
7213
3
74
781
76
7
701

100

200

300

00 300 J=i.N
LAG=J-~LAGS-1

CALCULATE DENONINATOR

SUMI=0.

SUN2=0.

DO 100 I=IMIN.INMAX

SUNI=SUMI+FLOATCINSCI+LAG) )*FLOARTCINLICI+LAG))
SUM2=SUM2+FLOATCIN2C I ))eFLOATC IN2CT DD
DENOK=SQRT(SUNL )*SQART(SUN2)

CRLUCLATE MUMERATOR

SUK=0 .

DO 200 I=IMIN,IKAX

SUM = SUM +FLOATCIN2(TI))eFLOATCINICI+LAG))

CALCULATE QUOTIENT
COR(J)> = SUMN/DENOM
RETURM

END
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ECLIPSE FORTRAN S,

24
251
26
27
28
29!
30:
31:
32:
33
34
3S:
36
37
38:
39
40
411
@2
431
44:
45
46
471
48
491
$0:
511
521
$3:
541
35
86

STACK.FR

SUBROUTINE STACK CEVENT.TIME,TRACE,LIST.DELY,BUF1,BUF3.N,N}

COEBSPPL S0 SRS 0P RPPREPE RN ERE VS SIS RIB LR RERRERXQRESSRRNERE QR R RS

¢

c

¢ FE® 28,
c

c

c INPUTS:
c

c EYENT
c

c TIME
¢

c

c

c

c

¢ LIST
[

[

c

[

c

c TRACE
[

c

c

4 DELY
¢

c

c L}

14

c N

C

[

¢

c

¢ QUTPUT:
c

[

c

c

<

c BUF1
c

[

4 BUF3
[

[

c

[

c

c

c

P. REARSENBERG

19727

INTEGER SPECIFYING THE EVENT NUMPER ON THE DISK
(FILE EYDAT) TO BE USED FOR DARTA.
INTEGER ARRAY (LENGYH 5> CONTRINING THE REQUEST TIME
OF DATA. TIMEC(! }»=DAYS

TIMEC2 =HOURS

TIME(3)=MINUTES

TIME(4>aSECONDS

TIME(S)=KILLISECONDS
INTEGER ARRAY (LEHGTH M) CONTRINING THE INDEX
CORRESPONDING TO A TRACE YO BE INCLUDED IN THE
STARCK. IN GENERAL, THERE ARE N TRACES IN ARRAY
TRACE., BUT ONLY M TRACES (M.LE.H) BEING USED 1IN
THE STACK.

INTEGER ARRAY C(4,H). TRACEC1,I)> AND TRACE(2,I)
CONTAIN THE FOUR-CHARACTER NAME OF TRACE 1.
TRACE(3.,1) CONTAINS THE PASS NUMBER FOR TRACE I.
TRACE(4,1) CONTARINS THE CHARN NUNMBER FOR TRRCE I[.
ARRAY C(LENGTH N)>. DELY(I)> CORTRINS THE DELRY

IN SECONDS THART TRACE I SHOULD BE SHIFTED BEFORE
STRCKING.

INTEGER SPECIFYING THE NUMBER OF TRACES TO BE USED
IN THIS STACK.

INTEGER SPECIFYING THE NUMBEK OF TRACES IN THE
STATIONLIST, AND THUS, THE LERGTH OF ARRRYS
TRACE AND DELY.

NG OUTPUT IS RETURNED VIA THE SUBROUTIME CALL PARAMETERS.

INPUT DATA BUFFER. LENGTH=2048. TYPE=INTEGER.
DATA IS TRANSFERRED., USING SUBROUTIME FETCH, INTO
THIS BUFFER. TRACE BY TRACE.

RCCUMULATOR BUFFER. LENGTH=2048. TYPE=RERL.
DRTA POINTS &RE RDDED INTO BUF3 aND THE Sum IS
STORED IN BUF3. WHEN THE STRCKING IS FINISHED,
THE “STACKED WAVEFORM® IS IH BUF3., IN REAL FORNM.
THUS., BUF3 IS THE OUTPUT DATA BUFFER.

(A2 2222 A XA R R AR AR TS RS AR RN IR ISR IR SR R R LSRR ] L]
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8?7
$8:
59!
60
61}
62!
63
641
631
66!
67!
681
691
701
71
72
73:
74!
7?51
76:
72!
78
791
80:
81
821
83
84
89
86
871
88:
89
90
91
921
931
94:
95:
96!
9?71
981

100
101:
102:
103
104:
10S:
106!
107
1081
109
110
111
1121
113
114:
1181
116!

[x N ¥ )

[x N s N x]

10

11

12

12

14

13

16

17
18

DIMENSION DELY(N),LIST(N)

DIMENSIDN BUF3{1)

INTEGER START(S), TIRE(3), DELS, DELNS , EVENT,TRACE(C4, N>
INTEGER BUF1(1)

ZERO OUT ACCUMULATING BUFFER
DO S0 J=1,2048
BUF3(J )=0.

00 100 J=1.,X
IsLIST(J)

COMPUTE THE DATA-STARTING-TIME., INCLUDING DELARY

DELS=DELY(I)
DELMS=1000.*(DELY(I)-DELS?
START(S)=TINE(S )+DELMS
IFCSTRRT(S)Y.GE.1000> GO TO 7
IF(START(S)>.LT.0) GO To 8
START(4)=TIMNE(4)>+DELS

GO T0 9
START(S5)=START(S$)>-1000
START(4)=TIME(4)+DELS+1

Go 7o 9
START(3)=START(S5)>+1000
START(4)=TIHE(4)+DELS-1
IFCSTART(4)>.GE. 60> 60 TO 10
IF(START(4>.LT. 0> GO TO 11
STRART(3)>=TIME(3)

G0 7O t2
START(4)>=START(4)3-60
START(3)=TINE(I >+l

Go 70 12
START(4)>=START( 45460
START(3>=TINE(I)-1
IF(START(I)>.CE. 603 GO TO 13
IF(START(IX.LT.0) GO TO 14
START(2)=TIME(2)

Go T0 1S
START(3)>=START( I )-60
START(2)=TINE(2)+1

60 T0 1S5
START(3)=START( I 3+60
START(2)=TINEC2)~1
IFCSTART(2)>.GE. 24> GO TO 16
IF(START(2).LT.0) GO TO 17
START(1)>=TINE(L)

GO TO 18
START(2)>=STARRT(2)-24
START(1)=TINE(] )+t

GO To 18
START(2)=START( 25224
START(1)=TIME(1)~1
IFCSTART(1>.GE. 366> START(1)=START(13-363
IFCSTART(1>.LT.0) START(1)=2START(1)+36S

FETCH THE DARTR FOR TRACE [ AND PUT IT INTO BUF1
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117
116
119
120
1211
122!
123
124
12951
126!
1271
128
1291
130
1311
132

OO0

30
100

IPARSS=TRACE(I.I)
ICHAN=TRACE(4.1)
CALL FETCHCEVENT,IPASS, ICHAN,START,2048,BUF1)

CONVERT THE DATA IN BUF1 FROM INTEGER TO REAL RND
ADD TO SUM IN BUF3

DO 30 K=1,2048
BUF3(K)=BUF3(K}+BUF1(X}
CONTINUE

DIVIDE VALUES IN BUF3 BY N
DO 110 K=, 2048
BUF3(K)>=BUF3(K)X/N

RETURN

END
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ECLIPSE FORTRAN S, YERSION 4.01 -- VWEDNESDAY, DECEMBER 14, 1977 1:159:54 PN
SORT .FR

13 SUBROUTINE SORT (RANGE,LIST.MN)

2! [

33 [ P. REASENBERG

4 c JUNE, 1977

S c

6! COXB PR IELERESE R LI CR PR EEEEEEDEEE PSR EE B EEE LR S EEBEE RS ER KSR EERRREEEEESE
: [

- ] c ROUTIME MILL SORT THE ARRARY *LIST® ACCODING TO THE VALUES

9 C RANGECLIST(1)), I=t.,N.

10 C THRT 1S, UPON RETURN,

11: [ RAUNGECLISTCIIX(RANGECLIST(2))( .. . {RANGCECLIST(N))

12 c

13: [ THE ARRAY “RANGE® IS RETURNED UNCHANGED.

14: c THE ARRAY *LIST®" IS RE-ORDERED UPON RETURN.

15: c

168 Ct.‘tt‘#““"“ttt#tlt“ttt CEE RS R EERE R A SRR AR E LB RA KA N RS RS SRR ER EEE

1?7 c

18: DIMNENSION RANGE(963,LISTC(926).RANK(96)

19! DO SO0 K=1,9%6

20: S0 RAUNKCK >=RANGECK )

21 Ji=h-1

22: DO 100 J=i,d1

23 Kindet

24: DO 200 K=Ki.,M

25 Lé=LISTCY)

26 LK=LIST(K)

27 IFCRANKC(LJY }.LE.RANKC(LK))Y GO TO 200

28 LEMPaLIST(J

29: LISTCII=LIST(K)

30 LISTCK =LENP

31 200 CONTINUE

32 100 CONTINUE

33: RETURK

34 END

35



62

ECLIPSE FORTRAN S, VERSION 4.01 -- TUESDAY. MOVEMBER 1S, 1977 10:22:27 AN

POLYFIT.FR
13 SUBROUTINE POLYFITC(NI,.NDAT,IVEIGHT, NFIT)
23 DIMENSION X(101)>,Y(10t),¥M(101)
31 DIMENSION AACE.6),.SPARE(6.6),2(6)
41 COMMON CORC601)>.B(6)
33 DATA ¥/101#0./
6! NS I12E=é
7 NDEGREE=NFIT
8: LOVDEG=NFITY
9 HNIDEG=NDEGREE
10 DO 40 Is=i,MDAT
11 II=Nie]-1
123 LIS RLEES!
13: XCII=sX(IX/100.
142 40 YCI)=COR(CII)-CORCHN1)
13 IFCIVEIGHT .KE.1)CALL UNIT(KDAT,.V)
16 CALL NORMALCAA,NDAT,NDEGREE,NSIZE.X.Y.¥)
1713 NEWSIZE=NDEGREE+1
183 C...SOLVE FOR COEFFICIENTS .UPOK RETURN DET CONTRINS DETERMINAWT OF RA
193 NEWSIZE=NEWSIZE+LOUDEG-NDEGREE
201 NDEGREE=LOVDEG
211 DO 80 Is=1,NEWSIZE
221 DO 80 J=1,NEUSIZE
a3 SPARE(I.J)=RACL.J)
241 80 COMTIMUE
231 DET=1.
26! NOK=LINQF(MSIZE HEUSIZE,SPARE,DET,2Z)
27 RETURM

28: END



ECLIPSE FORTRAN S, VERSION 4.01 -- TUESDAY,
UNIT.FR

13 SUBROUTINE UNITIZE(KDAT.W)

21 C...SETS VWEIGHTS(WC(I))> TO UNITY

k3] DIMENSION ¥(1)

4 DO 1 I=1,HDAT

3 U(ir=1.0

(] 1 COMTINUE -

7 RETURMN

.

END

NOYEWBER 8,

1977

9:09:27 AN

63



64

ECLIPSE FORTRAN S, VERSION 4.01 -~ SUNDAY, NOVEMBER 13. 1977 7:28'54 PN
NORMAL .FR
11 SUBROUTINE NORMALCA,NDAT,NDEGREE MN,X,Y,¥)
2! ..THIS COMPUTES NORMAL EQUATIONS FOR LERST SQUARES SOLUTION FOR
3 .COEFF . IN EXPANSION Y=R(1)+A(2)K+A( T )ees2 .
: DINENSION XC1), ¥(1), (L), ACH,6)

3 COMMON COR(C601)>.,B(6)>

[ ] NDG=NDEGREE+1

t & .CONMPUTE AC1,13,BC1)

8 ACt1,1)=0,

91 B(1)e0.

10! DO 49 Iei,NDAT

111 ACL,1)eACL ., 1)+0CTD

128 BCL¥=BCLI*NC T deY(L D)

131 49 CONTINUE

14: IFCNDG.EQ.1)> RETURN

13 ..COMPUTE ELEMENTS OF A ON AND JUST PELOVW DIAGONAL AND ELEMENTS OF B
16 D0 61 L=2,NDG

17: LieL-1

181 PO S1 Meit,lL

191 NEXPeL+N-2

201 ACL,N)=Q.

21 DO SO I=1,NDAT

22 ACL, MISACL,M)+UCT deX(I Yo NEXP

23: S0 CONTIKUE
24 St CONTINUE
23 BC(L )=0.

26 DO 61 I=1,NDAT

27 BCLY=BCL P UCII®Y( I deXC(I)on(L -1

28: 61 CONTINUE
29 ...COMPUTE REST OF ELEMENTS OF A BELOW DIAGONAL
301! IFCNDG.EQ.2) GO TO 63

31 D0 62 L=3.KDG

32: M22e[-2

33: DO 62 M=1,M22

34 AL, M)ep(L-1,M+1)

33 €2 CONTIHUE

36 . .CONMPUTE ELEMERTS OGF A TO RICHNT OF DIAGONRL BY SYMMETRY
37 €3 DO 70 L=1.KDGC

38: Lisiet

39 00 70 M=L1,NDGC

40 ACL MIeA(K.L)

41 70 CONTINUE

42 RETURN

433 EKD



ECLIPSE FORTRAN S, VERSION 4.01 -- TUESDAY, NOVEMBER 8. 1977 9:134:56 AN
LINGF .FR

13 FUNCTION LINEQF(M,.N,A,B,DTRMHT,Z)

2: C..SOLVES SIMULTANEGUS LINEARR EQUARTIONS BY GAUSSIAN REDUCTION.

N C.. CDC 6400 VERSION OF F¢ BC LNGF

4 REARL ACH, M), B(N), Z(N)

S EPS = 1 .0E-30

[ 3] ¥DSU=0

7 NHl=N-1

9! DO 40 J=1.,mNQ

9: dinjday

10! LEax=J

1 RMAXSABSCARLI,J))

121 PO 8 K=di.¥

13: RNEXT=ABSCACK,J))

14 IF (RMAX .GE. RMEXT> GO 70 8

13: REAX=RNEXT

16: LUAX=K

1?2 8 CONTINUE

18: IF (LMaX .ME. J) GO TO0 10

191 IF (ABS(RCJ.J)) .LT. EPS) GO TO 94

201! GO T0 20

21 10 20 12 L=Jd,N

22 ¥=QdJd.L)

23: ACJ L)I=ACLNAX.L)

24! ACLMAK, L)=W

251 12 CONTINUE

26! ¥ = BCJ)

2?7 B(J) = B(LNAX)

28: 14 B(LMRX)> = ¥

291 DTRMNT = -DTRMNT

30: 20 2CJd)r)=1 . /ACd.d)

31: PO 30 K=J1.,M

32 IF (ACK,d) .EQ. 0.) GO TO 30

33 Vs=2CJ)eA(K, 4>

34 DC 24 LaJt. . ¥

35! ACK. . L)=Weald, L)*alK, L2

36 NOTH = 1

37 24 CONTINUE

38 26 B(K) = ¥ & B(Jd)> ¢ BCK)>

391 30 CONTINUE

40 40 CONTINUE

411 IF CABSCA(N.N))Y LY. 1.0E-30) GO TO 94

42 42 2(N)>=1 . AN, N

43 BCN) = ZC(N) & B(N)

441 DO 60 K=1,NNi

453 Jul-K

4% Jingai

471 ¥=0.

48! B0 S6 I=Jd1.HM

49 ¥ = ACJd, I3 &« BCI) ¢+ ¥

50! 56 CONTINUE

S1: S8 B(J) = (B(J) - ¥)> & 2(4)

82: 60 CONTINUE

53¢ KDSU=1

54! IF CDTRMHTY .E¢. 0.0) GO Y0 74

$S: 7?0 DO 72 Jst. N

$é61 72 DTRHENT=DTRHNT*A(J,J}

65



$7:
S8
39
601
61:
62!
€3

74 LINEQF = {
RETURN
CONTINUE HERE FOR SINGULAR OR NEAR-SINGULAR CASE
94 LINEQF = 2
DTRMNT=0.
RETURN
END

...................
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ECLIPSE FORTRAN S,

1
2!
3
L X}
$:

!

91

9:
10
11
12
13
14!
18:
16
171
18:
191
20
211
22!
23
241
25
26!
27!

?0S

710
22

€ 3 3¢ 3¢ 3 K XX K XK

VERSION ¢.0% -~

CYCLE.FR

WEDNESDAY,

AUGUST 3,

SUBROUTINE CYCLE ($,%.,%,8.,8,%,8%,8.,8%)
INTEGER TARGET

TYP

REA

FORMAT (A2}
EQ.
EQ.
€Q.
EQ.
EQ.
EQ.
EQ.
EQ.

IF
IF
iF
IF
IF

LF

E 'CHOOSE ONE OF THE FOLLOYING:

{CRY(CR>

ED = EDIT STATION LIST AND CONTINUE (CR)

PA =

m
<
[ I I B B I ]

=
b (11

CICY.
1cy.
CIcy.
CIcy.
CIcY.
CICy.
CIcy.
cIcy.
CICcY

ALTER CRUSTAL PARAMETERS AND CONTINUE <CR)
CHANGE REFERENCE STATION ARND CONTINUE <CR>

1977

3:58:18 PH

ALTER YINDOV ON CURRENT EVENT AND CONTINUE <CR>

CHOOSE ANOTHER EYENT <(CR>
EXIT FROM PROGRAM (CR?
PLOT FILTER RESULTS <(CR>

PLOT CORRELLATION RESULTS <(CR>

STACK TRACES (CRX(CR>

1225 ICY

‘ED’ )
‘PR’
‘RF')
‘EV’' )
‘ML)
‘EX' )
‘PC)
‘ST
‘PF')

TYPE ' HUM? '
€0 TO 710

END

RETURN
RETURN
RETURN
RETURN
RETURN
RETURN
RETURN
RETURN
RETURN

CONOASE NN -

67



APPENDIX B - PLOTTING PROGRAMS

ECLIPSE FORTRAN S, VERSION 4.0% -- VEDMNESDAY., AUGUST 3, 1977 2:59:33 PK
JPLOT.FR

11 c PROGRANM JPLOT.FR

21 c

3 c P. REARSENBERS

4 [ AUGUST 1§, 1977

5: c

6! CC.'tttO#t#.#tOttttt'tQOﬁt#tttt-tv.tttto#ttttttrtrtr.ttt.‘tttt.tv

7 [

8: c

L X [ PROGRANM TO PLOT TWO TRACES C(REFEREHCE TRACE AND ONE OTHER

10 c TRACE ), AKD ALSO THE CORRELLOGRAM ON A SINGLE PLOT.

11 c

12¢ [ PROGRANR EXPECTS TO FIND

13: [ UNFILTERED DATA IK "DPO:PLOTA"

14 [ FILTERED DATA IK °DPO:PLOTE"

15 c CORRELLOGRANS IN °DPOICOR"

161 c

171 C.tt.t.#O‘#‘...tl“t."#lt‘.ttttt"tt..t#s.l‘ttttt#ttt##t.--t.ttl

18 c

191 INTEGER AC1536),B(1536),.DATE(6 ), TRACE(2)

20! DIMENSION LARP1¢(12),LAB2(21),LAB3(18),JPLOT(96)>,COR(E0L)

21 DATR COR/601%0.8/

221 OPEN 7., ’DPO:PLOTAR’

23 OPEK 6, 'DPO:COR’

24 OPEMH 3, 'DPOLABEL’,LEN=6E

2S: OPEK 8, ’'DPO:PLOTE’

261 REVIND 3

27 OPEN 10,'$TTO01’

28! OPEK f1,’8TTI1’

291 OPEN S5, ‘$TTI1’

30: c

31 CALL SETUP

32 100 WRITE (10.19)

33 CALL FDELY(1S)

341 REARD (3,50.REC=1)> TRACE , NPYS.FREQHC, FREQLC., ISLOPE. N,

3S: X DATE, ISPS,LAGS . LXAX,DELCOR. COEFF,IRBLK

361 READ (3,S0.REC=M)> TRACE,NPTS,FREQHC,FREQLC, ISLOPE. M.,

37 X DATE, ISPS.LAGS, LXAX.DELCOR,COEFF,IRBLK

381 WRITE ¢10,101)> C(DATECK?),K=1,S5)

39: 101 FORMAT (¢’ PROGRAM JPLOT - PLOTS CORRELLATION RESULTS FRON'/

40 X * RRRAY PROCESSOR SESSION DRTE: ‘,12,°'¢7.,

411 X 12,°72°, 127734, TIRE: ',12,':',12/7)

42 TYPE 'THERE ARE ’.M.’' TRRCES.’

43: RCCEPT 'ENTER MUMBER OF TRACES TO BE PLOTTED: ’‘,NPLOY

44 IF (NPLOT.LE.OC> GO TO 900

451 IF (NPLOT.NE.K)> GO TO 110

46 PO 103 K=t. M

471 108 JPLOTCK) =K

48 G0 TO 11S

491 110 RCCEPT 'ENTER TRACE NUMBERS DESIRED: <133/,

S0 X CIPLOTCK ), K=1, NPLOT )

S11 c

S2: 115 ARRINX=1

83 ARNGX=NPTS

Se¢: ANINY=-512

$S: ARNGY=1024

56! CHINX=0.

68



$7:
S8
59:
60
61
621
63!
64!
[ 3]
66!
671
68!
691
70
711
72:
23
74!
751
76:
7?7
78
79
80!
81
821
83!
841
83
86!
87
88:
891
90
91
921
93
%4
95
96!
97:
98
99:
100:
101:
1029
103
104:
105
106!
107
108
109}
110}

450

S50
31

32
$3

19

500

24
900

CRNGX=2+LAGS+1

CHINY=-1.

CRNGY=2.

NLABL =24

NLAB2=42

NLABI=36

NPTC=2+LAGS+1

LC=1

NBLK=(NPTS/256)5+1
NCBLK=((26¢LRGCS+1)3/128)+1

REVIND 3
B0 450 J=i.M
ISBLK=NBLK*(J~1)

READ (3,50,REC=J)> TRACE , NPTS,.FREQHC,FREQLC, ISLOPE, IDUNM, DATE,

ISPS, LAGS ,LMAX,DELCOR, COEFF,IRBLK

IF (ISBLK.EQ.IRBLK> ENCODE (LAB1.353) TRACE(1)>,TRACE(2)

REVIND 3

DO S00 JJst,NPLOT

IJ=dPLOT(JdJ?

ISBLK=NBLK=(J~1)

CALL RDBLK(S, IRBLK,A,NBLK,IBLK, IERB)

iF (IERB.ME.1)> TYPE ‘A [ERB = ', IERB,’IBLK = ’',IBLK

CALL RDBLK(S,ISBLK.B.,NBLK, IBLK.,IERB)

IF CIERB.KE.1)> TYPE ‘B: [ERB = ', IERB,’'IBLK = ’,IBLK

KSBLK=HCBLK*(J~1)

CALL RDBLK(6,KSBLK,COR,NCBLK.,IBLK,IERB)

IF (IERB.NE.1) TYPE 'COR: IERB = ', [ERB,’'IBLK = ’,IBLK

REARD (3,50,REC=J)> TRACE.NPTS.FREQHC,FREQLC, ISLOPE, M,DRTE,
ISPS,LAGS, LMAX, DELCOR.COEFF, [DUN

ENCODE (LARB2,51)> TRACE(1),TRACE(2), FREQLC,FREQHC

FORMAT (242,15,2F6.2,13.12,612,13,2185,2F¢.2,13)

FORMAT (2/2,12X,.F6.2,’ - '.,F6.2,’ HZ. FILTER')

ENCODE (LAB3.52) DELCOR.COEFF

FORMAT (’DELRY = ',F6.2.' SEC., COEFF = ’',F6.2)

FORMAT (2R2,’ - REFERENCE STATIOR’)

¥RITE (10.19)

CALL FDELY(1S)

FORMAT (*'(332<14>')

TIiCsIsSP8

CALL JPLT3CA,B,COR, NPTS NPTS, NPTC.AMINX, ARNGX , AMINY,
ARNGY , CHMINX, CRNGX . CHINY, CRNGY, TIC,LAB1,LAB2,LAB3,
NLAB1, NLAB2,NLAB3,LC,LHAX)D

REARD (3,24) JPAUSE

GO 10 100

FORMAT (S1)

CLOSE 3

CLOSE S

CLOSE &

CLOSE 7

CLOSE 8

sT0P

END
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ECLIPSE FORTRAN S5, VERSION 4.01 -- VEDNESDARY, AUGUST 3, 1977 3:41:13 PH
IPLOT.FR
11 c PROGRAM IPLOT.FR
H c
3 [ P. REASENBERG
41 [ AUGUST 3, 1977
-} c
61 COPPPRRL RN LR NS LSRR RN S A RE PR RU R AR RS SRR RL R AN SIS AR NS SE QAP RR O NE
7 c
8 c PROGRAM FOR USE WITH PROGRAN “"QARRAY“.
9 c
10: [ PROGRARM TO PLOT ONE TRACE BEFORE FILTERING, AND THE
113 c SAME TRACE AFTER FILTERING, BOTH ON THE SAME PLOT.
121 c
13 c PROGRANM EXPECTS TO FIND:
14} < UHFILTERED DATA IN *“DPO:PLOTAR"
15 c FILTERED DATR IN “DPO:PLOTB®
16 [
17 Creess st eest e e st sd et SRt QR QR EEE RN RS R RE RSP ERRR R REFFERR R RO NE Y
18 c
19 c
20! INTEGER R(1536).8(1536),DATECE?
21! DIMEHSION LAB1(2)>,LAB2(16)>,JPLOT(96)
22 OPEN 7, ‘DPO:PLOTR’
23: OPEN 3, ’'DPO:LABEL’,LEN=6¢
24! OPEN 8, ’'DPO:PLOTE’
2% OPEN 10,'$TT01L’
26 OPEN 131,°8$TTIY’
27 OPEN S, “$TTIt’
291 REVIND 3
29 c
30: 100 URITE ¢10,19)
311 CALL FDELYC(1S)
323 READ (3,50.REC=1)> LABL1,NPTS,FREQHC, FREQLC.,ISLOPE N,
33: X ODATE. ISPS,LAGS ., LMAX,DELCOR, COEFF.IDUN
34 WRITE (10,101) (DATE(K},K=1,3)
33 101 FORMAY (° [PLOT - PLOTS FILTER RESULTS FROM'/
36 X ! ARRAY PROCESSOR SESSION DARTE: ’,12.,'/’,
37 X 12,'/7°,12/T34,'TINE: ’,12,°':',12/7?
39 TYPE ’'THERE ARE ', M.’ TRACES.’
39 ACCEPT ‘ENTER MUMBER OF TRARCES TO BE PLOTTED: '’,MNPLOT
40! IFf (NPLOT.LE. 0> GO TO 900
411 IF (NPLOT.NE.N> GO TO 110
42 00 108 K=1,n
431 105 JPLOT(K)>=K
44 GO TO 119
43 110 ACCEPT ‘ENTER TRACE NUMBERS DESIRED: <1S)>‘,
46! X CJPLOT(KY,K=1, KPLOT )
47 C
48 113 KNIN=1
9 MLEN=NPTS
S0 ANIN=-S512
St ARNG=1024
S2¢ NLABl =4
S3: NLAP2=32
34 LC=1
335 NBLK=C(NPTS/256)+1
Sé: c

70



LY A

S9:
$9:
60
611
621
63
64
[3-3]
66
67
68!
691
701
1
2
73
742
’3:
761
77
70
79
-1 B
811

So
St

19

24

900

71

CALL SETUP

DO SO0 JJ=1,NPLOT

J=JPLOT(JI)

ISBLK=NBLK*(d-1)

CALL RDBLK(7,ISBLK.A,NBLK, IBLK.IERB)

IF (IERB.NE.1) TYPE ‘A IERB = ', lERB.‘IBLK = ,IBLK
CALL RDBLK(9,ISBLK,8,NBLK,IBLK,IERB}

IF CIERB.NE.1) TYPE *‘B: IERB = ‘,IERB,’'IBLK = *,IBLK
READ (3.50,REC=J) LABL1,NPTS,FREQHC,FREQLC,ISLOPE.N,DATE, ISPS
ENCODE (LARB2,51) LAB1I(L) LAB1(2),FREQLC,FREQHC
FORMAT (2A2.15.,2F6.2,13.12.612.13,215,2F6.2.13)
FORMAT (2R2,2X.F6.2,.* - ’,F6.2,’ HZ. FILTER'}

WRITE (10.19)

CaLL FDELY(1S5)

FORMAT (’<{33><14>’')

TIC=[SPS

CALL ITUPLCA,B.HPTS . NPTS HMIN.MLEN. AMIN, ARNG, TIC.LABL.LAB2,
sNLABL1,NLAB2.LC)

READ (95.24) JPAUSE
GO T0 t00

FORMAT (S1)

CALL RESET

STOP

END



ECLIPSE FORTRAN S, VERSION 4.01 -- FRIDARY, JULY 8, 1977 1119:39 PN
ITUPL.FR

11 SUBROUTINE ITUPL(AR.,B,NPTS,.NPTS,.HMIN,NLEN ANIN,ARNG,
21 sTIC.LAB1.LAB2,NLAB1, NLARB2.LC)

31 C

4 c TUO-TRACE PLOTTING ROUTINE FOR INTEGER DATA
S c

6! COMMON /SCAL/IX.LX,1Y,LY,ITERM,ISCAL, JCHAR
73 COMMON /SCAL1/CHVID(4)

8 INTEGER AR(13.B(1)>

9 DINENSION LABIC1), LaB2(1)

104 THINSNMIN

111 TLENSKLEN

12: CALL SVINDOC10.,1000,385.,363)

13 CALL VVIMDOCTMIN, TLEW, AMIN, ARKG)
14 CALL ITRCE(R.NPTS)

18¢ CALL SVUINDO(1G,1000.,20,363)

161 CALL ITRCE(B.NPTS)

17 CALL S¥(10.1000.20,730)

18 iC=1

19: IFCLC.GE . O ALL FRAMECTMIH, TLEN, AMINK, ARNG, TIC,I1C)
20! c

211 C PUT OM LABELS

223 c LCCO NO FRAME
23 ¢ LC=0 NO LABELS

24 c LC=1 TOP QAND BOTTONM
235 c LC=2 LABEL START OF TRACES
261 c LC=3 LABEL EWD OF TRACES

an c
28 LCC=1ABS(LC)*1
29! G0TO0(S,1.2,3),LCC
30¢ 1 HX1=IX+LX/2

3 HY1alY+LY+2%CHVIDCJCHAR)

32: MX2=MX1
331 NY2=1Y-25CHUID(JCHAR)

34: COTO 4

331 2 MX$=IX+2+CHVID(JCHAR)
36: HYislY+3eL Y/ 4
371 HX2=uX1

38! NY2slyYeLY/4

39: GOTo 4

40: 3 MA1=IX+LX-CHLAB1+2)*CHVIDCJCHAR)
41 NYL1=s[Ye3aLY/4

421 UX2=IX+LX-(HLAB2+2)>+CHUIDCJICHAR)
433 HY2sIYsLY/4

44 4 CALL MOVYABS(MNX1,MY1)

43! CALL ROUTST(MLAB1.LABL)

46 CALL MOVABS(MNX2,MY2)}

471 CALL AOUTST(KLAB2,LAB2)

48 ] CALL TSEND

49 RETURN
30: END
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ECLIPSE FORTRAN S, VERSION 4.01 -- FRIDARY, JULY 29,

11
!
31
41
S
61
7
8
[ 3
101
111
121
13¢
141
15
16!
171
18

SETUP.FR

SUBROUTINE SETUP
COMMON /SCAL/IX.LX,IY,LY,ITERM,ISCAL. JCHAR
COMMON /SCALL1/CHVNID(4)
JCHAR=4
ITERN={
[SCAL=1024
CALL INITT(D)
CALL SETBUF(3)
CALL CHRSIZ(JCHAR)
CaLL S¥(10.,1000.,20.730)
C INITIALIZE CHARACHTER VIDTH VALUES
CHVUID(1)=13.8
CHVID(2)=12.6
CHUID(3)>=8.S
CHVID(4)=7.7
CALL TSEND
RETURN
END

1977

3:137:28 P
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ECLIPSE FORTRAN S. VERSION 4.01 -~ VWEDMNESDAY. AUGUST 3, 1977 2:32:43 PN
JPLTI.FR

11 SUBROUTIKE JPLT3C(R.B,C.NPTA . NPTB,.NPTC ANINX, ARNGX,
2! ARNINY, ARKGY. . CHINX.CRNGX, CHINY, CRNGY.TIC,LAB: ,LAB2.,LABY.,
3 NLAB1,NLAB2,NLABI,LC,LMAX)

41

St [

6! C THIS ROUTINE IS THE VORK NORSE ROUTINE TO BE
7 c USED VITH PROGRAM JPLOT.

81 c

L 2] c

10! COMMON /SCAL/ZIX,LX.IY,LY,ITERM,ISCAL.JCHAR
111 COMMON /SCALI/CRVIOD(4)

121 INTEGER AC1).B(1)

131 DIMENSION LAB1C1)>,LAB2C(E),.LAB3(1)>.C(1)
14: EDGE1=AMINX+(NPYC~-1.)/2.

15 EDGE2=ANINX+ARNGX-CHPTC-2 . )/2.

161 c

171 c DRAY TOP TRACE

191 CALL SVINDOC10.,1000,385,36%)

19 CALL VWINDOCAMINX., ARNGX.AMINY, ARNGY)

201 CALL ITRCEC(A.NPTR)

21 CALL MOVERC(EDGEL1.0.)

22 CALL MOVREL(O0.,30)

23 CALL DRUREL(O,-~60)

24 CALL MOVERCEDGEZ2,0.)

281 CALL MOVRELCO,30)

26 CALL ORVREL(O.,-60)

an [ 4

281 [ 4 DRAV BOTTOM TRACE

2% CALL SWINDO(10.1000.20,36%)

30 CALL ITRCE(B.MPTB)

31! CALL MOVEARCEDEE1.O0.?

329 CALL MOVYREL(O., 30>

33 CALL DRVREL(Q.,-60>

34! CALL MOVEACEDGEZ.0.)

3351 CALL MOVREL(G, 30}

36 CALL DRVUREL(O.~60)

371 KC1=300.-C(NPTC~-1.)/HPTA)*S500.+10.

381 KC2=C(NPTC-1.)/(NPTA+*1 .)>+1000.

k{ }} CALL SVINDO(KC1,KC2,29S5,180)

401 CALL VUINDOCCMINK,CRNGX,CMINY.CRNGY)
41 [

421 [ DRAYW CORRELLOGRAM AXIS
431 CALL MOVEA(CMINX.0.)
44 CALL DRAVR(CRMGX.0.)

43 ZMARK=(NPTC-1.)/72.

46! CALL MOVER(ZMARK.1.)

47 CALL MOVREL(-10,0)>

40 CALL DRWREL(20,0)>

491 c

S0 [ 4 DRAM VERTICAL LINES

St VHARK=LMAX

821 CALL MOVEA(ZNMARK.O0.)

831 CALL MOVREL(O0.,36S)

S41 CALL DRVREL(G,-42%)

831 CALL MOVEA(VMARK,D.)

861 CALL MOVREL(O0.-365)

74



S71 CALL ORWREL(O, 433)

-1 X c

391 c DRAY CORRELLOGRAM

60! CALL TRACE (C,MNPTC)

811 CALL S¥(10.1000,20.,730)

621 CALL VHINDOCAMINX,ARNGX, AMINY, ARNGY )
63! IC=t

64! [FCLC .GE.OXCALL FRANECAMINX, ARNGX , ANINY, ARNGY,TIC,IC)
631 c

66! € PUT ON LABELS

671 [ LCKO NO FRAME

681 c LC=0 NO LABELS

(1 3] c LC=3 TOP AND BOTTOM

701 4 LC=2 LABEL START OF TRARCES
1 c LC=3 LABEL EMD OF TRACES
723 C

3 LCC=IABSC(LL)I*Y

743 COY0(S,1.,2,3).,LCC

?3: 1 HX3sIXeLX/2

76 HY1=]Y+LY+2eCHVIDCJCHAR)

tg 4] HKX2=MX1

78! HY2=IY-2«CHVIDCJCHAR)

79 GOYO0 4

80! 2 MX1=IX+2«CHVIDCJCHAR)

8t NYi=sIYe3elY/4

821 HX2=NX1

83: HY2sIvYsLY/4

841 GOTO 4

83: 3 HXL=IX+LX-(HLABL+2)sCHMIDCJCHAR)
86! HYi=IY+JeLY/4

871 HA2=IX+LX~-(NLAD2+2)=CHMIDCJCHAR)
881 HY2=IY+L Y/ 4

89! 4 CALL MOVABS(NXi, nY1)

80: CALL ADUTST(MLABL,LABL)

91! CALL MOVARBS(NX2,HMY2)

921 CALL ROUTST(HLAB2,LAB2)

931 HX3I=]1X+10

841 NY3=1Y-2¢CHVIDC(JCHAR)

931 CALL MOVABS(MX3I,.NYI)

9% CALL ADUTST(RLABI.LABI)
971 S CALL TSEND

98: RETURNM

99 END



APPENDIX C

76

Below are the load-line and overlay map required for loading of

Program ARRAY on the D.G.C. Eclipse S/200 computer (using the Relocatable

Binary Loader).

A mapped operating system (MRDOS), with at least 21K available core

space is required.

LOCNODE ©

LOCNODE

LOCEND

GSYSIDELETE/Y ARRAY.MP34

LocovLy
LocovLy
LocovLy
LocovLy
LocovLYy
1

LocovLy
LocovLY
LocovLy
LocovLy
LocovLy
LocovLy
LOCOVYLY
LocovyLy
LoCoVvLY

RLDR/N/P 15/¢C

[ RANGE, DELAY, CORR.

[DELTA, FETCH,

RANGE. 1
DELARY.1
CORR, 1
SORT.1

POLYFIT.1

DELTA.1
FETCH.1
LOPRS .1
HIPRS.1
MLPNT.1
CYCLE.1
UNIT.1

NORNMAL .1

LINGF.1?

RRRAY DIRC1 THING DEMUX FBLN +

LOPRS.,

SORT,POLYFIT] +
HIPAS,
LOCO @MFLIB@ ARRAY.MP/L

MLPNT,

CYCLE,.UNIT,NORMAL.,LINGF] MCAM.LD *



