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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 ^4) 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 techniques.

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, e_t jQ., 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 operator 

may interactively edit the list to reconfigure sub-arrays and 

delete stations interactively.
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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/O (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 

lyer (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
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of upper crustal studies), the best-fit-plane-wave method is preferred. 

This method has been previously applied by lyer and Healy (1972), Davies 

and Sheppard (1972) and others to the problem of teleseismic P delay 

interpretation. In 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 lyer 

(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 desirable. 

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 

style. 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-correlation. 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. t ± s given by
  

si = Xj_ sin (PHI) + hi cos (PHI)
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where X^ ^s ^e component of the distance vector from the reference 

station to station i, along the direction of the ray's azimuth, THETA. 

The quantity h± is 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± are 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.
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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. lyer* (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.

l

4. 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, T) 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)> 

Berington (1969), and Lee (I960).

In the current program, the cross-correlation function is computed 

(by subroutine CORE) 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 computational 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. In 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. Clearly, for data of this quality, the cross- 

correlation function is "clean" and can easily be used to determine 

relative delays.

Figures H 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 CF^V (Figure *l) 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-squares 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 H 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.



13

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.
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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 analysis 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 be 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 strict 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.

All 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 are 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 program (ARRAY) by swapping, 

or executable separately.

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

The data set for program ARRAY resides on disk "DP0". The program 

which generates this data set is the utility digitizing program called 

EVCON. Program EVCON produces two files on the DP0: 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 ( + 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)

All information pertaining to the seismograph stations (name, 

latitutde, longitude, elevation, component, orientation azimuth, 

attenuation) originates in a file on DP0, 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 those 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 a 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 3A)

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 Lament 

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 4)

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

is preformed. Refer to program comments.
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Column

1-4

5

6-7

8

9-13

14

15-17

18

19-23

24

25-28

29

30-32

33

34-80

69-70

Name

NSTA

IW

LAT1

LAT2

LON1

LON2

IELV

I COM

IAZ

As in

ATTN

Format

A4

Al

12

F5.2

13

F5.2

14

Al

13

Format 2 (Variabl

II

Explanation Example

Stn name ABC1

If IW = *, etc...

Latitude, degrees 37

Latitude, minutes 15.72

Longitude, degrees 121

Longitude, minutes 30.45

Elevation in meters 1250

Component H or V

Azimuth direction of 260 
horizontal geophone, 
in degrees, clockwise 
from North

e First-Layer Model), HYP071

Attenuation in decibels 18
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	APPENDIX A - PROGRAM ARRAY AND SUBROUTINES

ECLIPSE FORTRAN 5. VERSION 4.01 -- TUESDAY. NOVEMBER 13, 1977 10>38>11 AH

	ARRAY.FR

It C PROGRAM ARRAY -
2i C AN INTERACTIVE ARRAY PROCESSING PROGRAH FOR USE
31 C WITH DATA SETS ESTABLISHED BY PROGRAM EVCON .
4i C
Si C P. REASENBERG
6> C MARCH, 1977
7i C
 I C SUBROUTINES USED? RANGE, DELAY, STACK, FETCH, HCAH1, DIRCl,
9) C HLPNT, DELTA/ CORR, LGPAS, HIPAS, POLYFIT, SORT. CYCLE

lit C
121 C SECTION 1> INITIALIZE
13t C
141 DIMENSION A< 4 ,96 >, ELEVC 96 >,DEL Y(96 > , RANC< 96 >, DELT( 96>/
13' X ICOH<96)/IDEL(96),LIST(96>,IFILE(ll>/
Ui X COEFF(96),D£LCOR(96>,RES(96),LIN(3,2>, IPO INK 3/32) / ICARDC 40 >
17t COMMON COR(601)*B(«>
18i DOUBLE PRECISION TV*TE,TLA6,SEC
19i INTEGER TRACEC4>,T1ME<3>,SYH<96>,BUFK1500),BUF2<1500>/
201 X SYH1,ETIHE(3>/TIHE1(3>,EVNAH(20>,EVNT(160 >, BUFLEH,WLEN,EVNUH,
2H X TODAY<6>
22i COHMOH/EDIRC/JDUrt<4>/EVNT
23> DATA CC/111.11/
24i DATA IflL/JREF/2,1/
23) DATA IBLANK,IV,IN,IDEL/' '.'V','H'/96*99/
26i DATA SYH.SYN1/96*' ','RF'/
27: EQUIVALENCE < EVNUN , EVNT< 1 > >, (EVNAH( 1 >, EVNT< 2 » ,
28) X (EDELT,EVNT(24»,<EDUR,EVNT<26)>,<ETIHE<1 >,EVNT(28)>,
29 t X <ESEC,EVNTC33 »,<IMO, TODAYU ) >, < I DAY , TODAYC 2 » , < I YR , TODAY< 3 ) > ,
30 f X CJHR,TODAY<4)>,< JMIH, TODAY< 5 ) >/< JSEC , TODAY< 6 »
31 >
32t CALL RESET
33i CALL IHIT('DPO',0,IER>
341 CALL HCAH1
35i OPEN 10, '»TTOt'
36> OPEN 11, '$TTI1'
37i OPEN 9,  DPO>TRACE',LEN-8
38> CALL OVOPN < ARRAY.OL',IERT>
39i IF (IERT.NE.1) TYPE 'OVERLAY) IERT   '/IERT
40f CALL DIRC1
41t C
421 C
43t C    PRINT THE HEADING
44i 100 CALL FCDAY (IHO,IDAY/IYR>
4St CALL PGTIME <JHR,JHIH,JSEC>
46> VRITE (10/19)
471 19 FORMAT C<33)<14)'>
481 CALL FDELY(15>
49» WRITE (10,1) I«0,IDAY,IYR,JNR,JMIH
50t 1 FORMAT CT28,'PAULS TELESEISM ARRAY PROCESSOR',10X,
51» X 'DATE> '.I2/VM2, V , I2/T70,' TINE : ', 12, ' »', I2/ >
52t C
531 C

551 C
56J C SECTION 2At SPECIFY EVENT AND DATA WINDOW
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37:
58:
39:
60:
61:
62:
63:
64>
63:
66:
67 :
68 :
69:
70:
71:
72:
73:
74:
73:
76:
77:
78:
79:
80:
81:
82:
83:
84:
83:
86)
87:
88:
89:
90:
91:
92:
93:
94:
93:
96:
97:
98:
99:

100:
101 :
1021
103:
104:
103:
106:
107:
108:
109:
110:
111:
112:
113:
114:
113:
116:

C
Cc  

201
C
C   
C
C

C
C   

202
X

13
X
X
X
X

cc   -
c
c

X
4

40

C
C
C   
C
C
C
C
c
c
c
c
c

203

SELECT EVENT
ACCEPT 'SELECT EVENT: '/IEVENT

GET DIRECTORY INFO FOR THIS EVENT FRON EVDIR
DIRECTORY FILE (LENGTH-160) IS READ INTO ARRAY "EVNT"
BY SUBROUTINE HLPNT AND IS IN CGMHON/EDI RC/ .
CALL MLPMT< IEVEHT, IPOINT, LIM >

PRINT OUT DESCRIPTION OF EVENT
ISPS-1 ./EDELT
WRITE (10/13) EVNUH/EVNAH,ETINE(2)/ETIME(3>/ETIHE(

ETIME(4),ETI«E(3),ESEC,EDUR/ ISPS
FORMAT (' EVENT '/I3,' -  '/20A2/

DATE! ' / 12,'/', I2/ V,!2/
TINE' ' , 12,' » '/ 12, ' J ',F4. I/

' DURATION: ',F5.t,' SECONDS'/
SANPLE RATE* ',13,' SANPLES PER SECOND'/)

LOAD ARRAYS WITH DIRECTORY INFO
LIM(J/t )*FIRST CHAN/ PASS J
LIM(J,2)«LAST CHAN/ PASS J

1-1
DO 40 J-1,3
IF((LIN( J/l >.EQ.O).OR.(LIM(J,2>.EQ.O» GO TO 40
DO 40 K-LIH(J ,1 >,LIM< J,2>
IF <IPOINT( J,K).LE.O) GO TO 40
READ ( IHL, REC-IPOIHK J,K>,ERR«9G2 > ICARD
DECODE (ICARD, 4) TRACE( 1 > , TRACE( 2 ). A( i , I )  A(2 , I ) ,
AC 3, I >, AC4 , I >, ELEVC I >, ICOM( I >

FORMAT (2A2,1X,F2.0, 1X/F5.2, 1X/F3.0, 1X*F5.2, 1X,F4.
TRACE(3)«J
TRACE<4)«K-LINC J,l >+l
WRITE (9,R£C«I> TRACE
I-I + l
CONTINUE
N-I-1
N   TOTAL NUMBER OF STATIONS IN STATIONLIST

DEFINE DATA WINDOW

ETIME   BEGINNING OF DIGITIZED DATA ON DISK
TIME ' BEGINNING OF DATA WINDOW TO BE CORRELLATED
TIME1 « BEGINNING OF DATA WINDOW TO BE FETCHED FOR

CORRELLATION
TINE!   TIME - TLAC

1 )/

0/A1 >

WLEN   LENGTH (IN SAMPLES) OF CORRELLATION DATA WINDOW
BUFLEN- LENGTH (IN SAMPLES) OF BUFFER FOR FETCHED

TYPE ' (DATA WINDOW + 2*LAC) MUST NOT EXCEED 1300

DATA

SANPLES
ACCEPT ' ENTER DATA WINDOW WIDTH (SECONDS): '/WINDOW

204
X

C
C
C

WLEN-WINDOW/EDELT
ACCEPT ' ENTER STARTING TIME OF WINDOW ( HH MM SS . S

TINE(2)/TIHE(3)/SEC

TW   WINDOW START TIME IN SECONDS
TE   EVENT START TINE IN SECONDS
TW«3600.*TIHE(2)+60.*TIME(3)+SEC
TE«3600.*ETIMEM )+60 . *ETI ME( 5) + ESEC

>! ',
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1171 IF <TW GE.TE) CO TO 205
1181 TYPE ' START OF DATA WINDOW IS EARLIER THAH START OF
1191 X EVENT ! '
1201 GO TO 204
121> 205 TIKE(4>*SEC
122> TIHE(5>«(SEC-TIHE(4>>*1000
1231 URITE(10,9> W INDOW , WLEN,< T IME( K >, K«2.3 >
124> 9 FORMAT (' BEGINNING OF ',F5.2,' SEC DATA WINDOW (',
125» X 14,' SAMPLES) ISi ' , 12, ' i',I2/ ' »',12,' .' , 13)
126i ACCEPT ' ENTER MAXIMUM LAG (UP TO 3.0 SECONDS) OF CORRELLATION
1271 X > ',TLAG
128i C
129» C HAKE SURE THAT THERE IS ROOM OUTSIDE THE DATA WINDOW
1301 C AND INSIDE THE EVENT FOR THE CORRELLATION LAG.
13H IF ( (TW-TLAO.LT.TE) GO TO 210
132> IF «TU+VINDOU>.GT.(TE+EDUR» GO TO 215
133> GO TO 220
1341 210 TYPE ' OUT OF RANGE OF EVENT -- USE SMALLER LAG LIMIT,
133i X SMALLER DATA WINDOW, OR START DATA WINDOW LATER'
1361 GO TO 203
13?) 215 TYPE ' OUT OF RANGE OF EVENT -- USE SMALLER LAG LIMIT,
1381 X SMALLER DATA WINDOW. OR START DATA WINDOW EARLIER'
1391 GO TO 203
140> 220 LAGS'TLAG/EDELT
141> URITE(10,23) TLAG,LAGS
142t 23 FORMAT (' SYMMETRIC CORRELLATIONS WILL BE PERFORMED, WITH ',
1431 X 'LAGS UP TO ',F6.2,' SECONDS (',14,' LAGS)'/)
144> C
1431 C--- DETERMINE HOW MUCH DATA IS NEEDED TO BE FETCHED
146> TIME1(2)«( TW-TLAO/3600.
147» TIMEl(3>«((Ty-TLAG)-3600.*TIHEl(2»/60.
148) TIMEl(4>«<T«-TLAG>-3600.*TIHEK2)-60.*TIMEi(3>
1491 TIHE1(5>-((TW-TLAC>-3600.*TIMEK2)-60.*TIME1(3>-
150> X TIHE1(4»*1000.
131 i C
1321 BUFLEK-WLEN+2*LAGS
153i C
154> IF (BUFLEN.LE.1500) GO TO 221
1551 TYPE ' REQUESTED DATA EXCEEDS BUFFER SIZE!'
156» GO TO 203
1571 221 IRESM
1581 ACCEPT '<15><15> TYPE 1 TO CONTINUE/ 0 TO RE-SELECT
1591 X EVEHTi ', IRES
160) IF (IRES.HE.1> GO TO 201
1(1 i C
162) C

164» C
163) C SECTION 2B' EDIT THE STATIOHLIST
166) C
l(7i C    - PRINT OUT THE STATIOHLIST DATA
168) 53 WRITE (10,19)
169> CALL FDELYdS)
170) NLINES-30
171i WRITE (10,5>
1721 5 FORHAT(7X,'NAME',2X,'LATITUDE',
173> X 3X,'LONGITUDE',3X,'ELEV,3X,'COHP',//>
174» II«0
173) DO 30 ! !.N
176> 11*11+1
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177> IF (II .LE.NLINES) GO TO 29
178> READ (li/24> JPAUSE
1791 24 FORMAT (Si >
180t WRITE (10/19)
181i CALL FDELY(13)
1821 URITE (10,3)
183) 11*1
184» 29 READ (9,REOI> TRACE
18S> 30 URITE < 10, 6 > SYNC I >/ I . TRACE( 1 > , TRACE(2 >, AC 1,1 >, A(2, I >,
18*1 X AC3,I>,A<4,I>,ELEVU>,ICON<I>
187> 6 FORNATdX, A2, IX, I2,IX,2A2,2X,F3.0,'-',F3.2,2X,F4.0,'-',
188> X F5.2,2X,F5.0,4X,A1>
189> C
1901 C
19H C    EDIT THE STATION LIST
1921 IHOR-0
193r ACCEPT '<13> TYPE 1 TO DELETE HORIZONTAL COHPONENT STATIONS
1941 X FROM THE ARRAY ', IHOR
195) 33 ID-0
196) ACCEPT ' TYPE 1 TO DELETE ANY OTHER STATIONS FRON
197r X THE ARRAY ', ID
198> IF (ID.EC.1> GO TO 60
199> KA-1
200r KB-0
2011 54 1-1
202' J«l
203> C
2041 C
20S> C---- TEST FOR HORIZONTAL CONPONENT STATION AND DELETE IF
20*i C IHOR.EC.1
207) 53 IF « IHOR. EQ.l). AND. < ICOH< I>.EQ.IH» GO TO 70
208! IF (ID.HE.1> GO TO 57
209) IDL-O
2101 DO 3* K-1,96
21H 56 IF (I .EQ.IDEL(K» IDL-1
212» IF (IDL.EQ.l) GO TO 70
213> C
2141 C
2l3t c  -- POT STATION INTO TNE "USE LIST- 
2161 57 LIST(J>«I 
217> J-J+1
218) 70 1-1*1
219) IF (I.CT.M) GO TO 80
220) GO TO 35
22D C
222> C
223) C    M IS THE TOTAL NUMBER OF STATIONS IN THE 'USE LIST- 
224) 80 M-J-1 
225> GO TO 85
226) 60 KAM
227) KB-0
228> 61 ACCEPT ' NOW HANY STATIONS ARE TO BE DELETED? '*NDEL
229> IF (NDEL.LT.l) GO TO 85
230> ID-1
231) KB-KB+NDEL
232t ACCEPT ' ENTER STATION NUHBERS TO BE DELETED: <15>',
233) X (IDEL(K),K-KA,KB)
2341 KA-K8+1
235) GO TO 54
236) 85 CONTINUE
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237 >
238)
239)
2401
241)
242)
2431
244)
245)
246)
247)
248)
249)
250:
251)
252>
253:
254>
255!

257)
258)
259)
260)
261)
262)
263)
264)
265)
266)
267)
268 f
269)
270)
271 >
272!
273)
274)
275 >
276)
277T
278i
279 t
280)
281)
282!
283 >
284 t
28Si
2861
287)
288)
289)
290)
291)
292)
2931
294)
295r
296)

C
Cc----

c
cc   

7
X
X

89
90

X

X

C
C
c*****
c
c
c
c

300

X

X

X

X
c
c
c

X

SPECIFY THE REFERENCE STATION
SYH(JREF)«IBLAMK
ACCEPT 'ENTER THE NUMBER OF THE REFERENCE STATION: JREF

PRINT OUT THE 'USE LIST*
SYHUREF >»SYH1
WRITE <10ii9>
CALL FDELY<15)
VRITE (10,7)
FORNAT <lOX.'STATlONLIST SUBSET FOR TNIS ARRAY)'
//7X,'NAHE',2X,'LATITUDE',3X,'LONGITUDE' ,4X,'ELEV,
2X,'COHP',//>
11*0
00 90 J-l.N
I-LIST(J)
II-II+l
IF< II.LT.MLINES) CO TO 89
READ (11,24) JPAUSE
VRITE (10,19)
CALL FDELY<15)
VRITE (10,7)
11*1
READ (9,REC>I) TRACE
VRITE (10,6) SYNCI>,I,TRACE<1>,TRACE(2),A(1,1 ),A<2,I),
A(3/I>,A(4,I),ELEV(I),ICON(I)
TYPE N,' STATIONS'
ACCEPT '<15>TYPE 1 TO CONTINUE, 0 TO RE-EDIT STATIONLIST:
IGO 

IF (ICO.EQ.O) GO TO 61

SECTION 3A> SET PHYSICAL MODEL PARAMETERS

VRITE (10,19)
CALL FDELY(IS)
VRITE (10,1) INO/IDAY,IYRiJHR/JHIN
VRITE (10,13) EVNUN,EVNAH,ETINE(2),ETIHE(3),ETIHE(1>,

ETIME(4),ETINE(5),ESEC,EDUR, ISPS 
VRITE (10,9) VIMDOV,VLEN,(TIHE(K),K>2,5) 
VRITE (10,23) TLAG/LAGS 
ACCEPT ' ENTER VALUE OF "DT/DDEL" OF INCIDENT VAVE <SEC/DEG»
DTDDEL

ACCEPT ' ENTER AZIMUTH ANGLE "THETA" (IN DEGREES MEASURED 
CLOCKVISE FROM NORTH): '.THETA 
ACCEPT ' ENTER CRUSTAL VELOCITY *V" 
( IN KM/SEC » '.V

COMPUTE ANGLE OF INCIDENCE (PHI), IN DEGREES
CONSTANT -CO' CONVORTS DTDDEL FROM SEC/DEC TO SEC/KM
PHI-57.2958*ASIN<DTDOEL*V/'CC>
TYPE ' ANCLE OF INCIDENCE (PHI) IS COMPUTED TO BE> ',
PHI, ' DECREES. ' 

VA-V/SIN(PHI/S7.2958> 
TYPE ' APPARRENT VELOCITY IS COMPUTED TO BE> ',VA,
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298>
299)
300)
3011
302)
303)
304)
305)
306)
307)
308)
309)
310)

312)
313)
314)
315)
316)
317)
318)
319)
320)
32U
322)
323)
324 >
3251
326 )
327 )
328)
329i
330)
331)
332)
333)
334)
335)

337)
338)
339!
340)
3411
342)
343)
344i
345)
346)
347)
348)
349)
350)
3Sli
352)
353)
354)
355)
356)

C
C
C
c**»»»
C
C
C
C

308
X

307

310
C
C
c****»
C
C
C
C
C
C
C

400
X

401

C
C
C
C
C
C

403

KM/SEC

SECTION 38) SET UP DIGITAL FILTER

ACCEPT 'SELECT FILTER (0-NONE, 1-LOW-CUT, 2-HICH-CUT,
3-BAHD-PASS)) '/IFILT
IORD»2
ISLOPE>IORD*12
FREQLC-0.
FREQHC*30.
IF (IFILT.EQ.O) CO TO 310
IF (IFILT.EQ.l) GO TO 307
ACCEPT 'EHTER HIGH-CUT CORNER FREQUENCY (HZ)i '/FREQHC
FHC-FREQHC*EDELT*2.
TYPE 'HIGH-CUT FILTER) '.FREQHC/' HZ.. ' , ISLOPE,' DB/OCTAVE'
IF (IFILT.EQ.2) GO TO 310
ACCEPT 'ENTER LOU-CUT CORNER FREQUENCY <HZ» '/FREQLC
FLC-FREQLC*EDELT*2.
TYPE 'LOU-CUT FILTERi '/FREQLC/' HZ., ',ISLOPE/' DB/OCTAVE'
CONTINUE

SECTION 4i ESTABLISH RELATIVE TRACE DELAYS

  SECTION 4.t> COMPUTE THEORETICAL RELATIVE DELAYS USING 
CRUSTAL MODEL OF SECTION 3.

ACCEPT ' ENTER M" FOR STATION ELEVATION CORRECTIONS.
 0* TO OMIT)  ,ILEV

ACCEPT ' ENTER ORDER OF POLYNOMIAL FIT (2/3/4 OR 9» '/NFIT 
ACCEPT ' ENTER WIDTH OF FIT SEGMENT (UP TO 1.0 SEC» '/TFIT 
HUIDE>TFIT*ISPS/2. 
TYPE ' NUIDE » '/NUIDE 
CALL RANGE(N,A/THETA/JREF,RANG/DELT> 
CALL DELAY(RANG/ELEV.DELY.N/JREF/ILEV/V/PHI>

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

FETCH AND FILTER THE REFERENCE TRACE
AND STORE IN BUF2
CALL FGDAY(IHO/IDAY,IYR)
CALL FGTIHEUHR/ JHIN, JSEC )
READ(9,REC-JREF> TRACE
IPASS«TRACE(3)
ICHAN«TRACE<4>
CALL FETCHCIEVENT,IPASS/ICHAN,TIHE1/BUFLEN/BUF2/IER>
IF (IER.NE.O) GO TO 901
IF (IFILT.EQ.O) GO TO 405
IF (IFILT.EQ.l) GO TO 403
CALL LOPAS(IORD/FHC/BUF2/BUFLEN/BUF2)
IF (IFILT.EQ.2) GO TO 409
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337t
35ii
359 >
360i
36t)
362 1
363 i
3641
365 »
366i
3671
368 1
369i
3701
3711
3721
373f
3741
375 »
376 1
377*
378)
379 »
380 I
38ii
382 >
383 I
3841
3851
386 >
3B7f
388>
389t
390)
391)
392 1
393 i
394)
3 95 >
396)
397)
398)
399)
400)
4011
402 i
403)
404)
405 »
406)
407)
408)
409)
410)
411)
412)
413)
414)
415>
4f6)

C
C
C
C
C
C
C
C
C
C
C
C

C
C
C

C

CALL HIPftS(IORD/FLC/8UF2,BUFLEN,BUF2)

FETCH AND FILTER EACH TRACE AND CORRELLATE WITH REFERENCE TRACE
USE BUFi TO STORE TRACE
AFTER FETCHING EACH TRACE, WRITE THE DATA TO DISK FILE
 DPOiPLOTA' USING SUBROUTINE WRBLK
AFTER FILTERING EACH TRACE, WRITE THE FILTERED
DATA TO DISK FILE 'DPO»PLOTB' USING SUBROUTINE WRBLK

UNFILTERED DATA TO 'DPOiPLOTA* 
FILTERED DATA TO 'DPOiPLOTB 1 
CORRELLOGRAH TO 'DPO>COR'

405 HBLK*(BUFLEN/25t>+i
NCBLK»«2*LAGS*i >/128>+l
OPEN 7, "DPOJPLOTA"
OPEN 8, "OPOJPLOTB-
OPEN 3, 'OPO;LABEL",LEH"66
OPEN i> "DPOJCOR'
REWIND 3
IRBLK-99
IWEIGHT-0
DO 450 J-1,H
I-LISTU)
READ C9,REC«I> TRACE
IPASS"TRACE<3>
ICHAN*TRACE(4>
CALL FETCHClEVENTiIPA8S,ICHAH,TIHEi,BUFLEN/BUFIiIER)
IF (IER.NE.O) GO TO 901
ISBLK-NBLKKJ-i>
IF (I.EQ.JREF) IRBLK-ISBLK
CALL WRBLK<7, ISBLK ,BUFi *HBLK, I BLK, IERB )
IF CIERB.NE.i) GO TO 903 

951 FORNAT <2A2,15,2F6.2,13,12,612<13*215, 2F6.2/13>
IF UFILT.EC.O) GO TO 420
IF (IFILT.EC.l) GO TO 413
CALL LOPA8 <IORD*FHC,BUFI*BUFLEN/BUFI) 

413 IF (IFILT.EC.2> GO TO 420
CALL HIPAS(IORD,FLC,BUFiiBUFLEN,BUFi > 

420 CALL VRBLKC8,ISBLK,BUFI,HBLK,IBLK,IERB>
IF(IERB.HE.1> GO TO 903
CALL CORR(BUF1,BUF2,COR,LAGS,BUFLEN>
KSBLK-NCBLKXJ-1 >
CALL WRBLK<6/KSBLK,COR,NCBLK,IBLK/IERB>
IF (IERB.HE.i> CO TO 903

SEARCH FOR THE LAG CORRESPONDING TO GREATEST CORRELLATION 
FIRST FIND MAX POS VALUE (LHAX.CHAX) OF CORRELLATIOH FCH. 
CHAX-0. 
LHAX-0
DO 460 JJ"l,2*LAG8+l 
IF(COR(JJ).GT.CNAX> CMAX*COR<JJ> 

440 IF(COR(JJ>.GE.CMAX> LHAX-JJ 
COEFFC D-CMAX
NOW BEST-FIT POLYNOHIAL AROUND THIS PEAK... 
Ni*LNAX-NWIDE 
HDAT*HWIDE*2+!
IF((LHAX-NWIDE>.LT.l> CO TO 4(4 
IF«LMAX + HWIDE+i>.CT.(2*LAGS*l )) GO TO 4it 
GO TO 468
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4171
4101
4191
4201
42H
4221
4231
4241
4251

4271
420!
429i
4301
4311
4321
4331
434!
435!
436!
4371
4381
4391
440 i
4411
442!
4431
4441
445?
4461
4471
440t
4491
4501
4511
452 i
4531
4541
455i
456>
4571
4501
4591
460i
4611
4621
4631
464!
4651
466t
4671
4601
4691
4701
47U
4721
4731
4741
475t
4761

C

C
C

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

464

466

468

455

450
X

10
X
X
X
X

HIM
NDAT'LHAX+HVIDE+1
GO TO 460
Ml'LHAX-HMIDE
NDAT»2*LAGS-Nl+2
CALL POLYFIKNl, NDAT, IWEI GHT , HF IT >
SEARCH FOR HAXIHUH OF FITTED POLYNOMIAL.
JHAX-0
TESTH-0.
DO 455 K«1,NDAT
JJ-K+M1-1
X«K-t
X-X/100.
TEST'Bd >+B<2>*X+B(
IF (TEST.LE.TESTH) CO TO 455
TESTH-TEST
VHAX-JJ
COHTIHUE
HOW SUBSTITUTE JHAX FOR LHAX, THUS
SUBSTITUTING THE BEST-FIT POLYHOHIAL HAXIHUH FOR THE FUHCTIOH HAXIHUH
LhAX-JMAX
IBEL-7K
MRITE <10) IBEL
DELCORd )*(LHAX-LAGS-1)*EDELT
WRITE (3,951) TRACEC1>,TRACE<2>,BUFLEH.FREQHC,FREOLC,ISLOPE,

H,TODAY,ISPS,LAGS,LHAX,DELCOR<I>,COEFFCI>,IRBLK 
CLOSE 7 
CLOSE 0 
CLOSE 3 
CLOSE 6

COEFFCI)   HAXIHUH POSITIVE VALUE OF CORRELLATIOH OF TRACE 
I VITH REFEREHCE TRACE

LHAX   HUHBER OF LAGS FOR BEST CORRELLATIOH

DELCORd>   DELAY IK SECOHDS GIVING BEST CORRELLATIOH 
BETWEEN TRACE I AHD REFERENCE TRACE

  SECTION 4.3i COHPUTE RESIDUALS/ APPARREKT VELOCITIES) 
TABULATE DELAYS AHD STATIOH PARAMETERS

CALL SORT<RANG,LIST,H>
WRITE U0,10>
FORMATC//7X,'STN',27X,'ELEV,9X.'DELTA',3X,'RANGE',3X.
'PREDICTED' ;4X, 'OBSERVED' . 3X ,' RELAT IVE ' . 6X, 'CORRV7X. 'HAKE'/
2X,'LATITUDE',3X,'LONGITUDE',4X/'(H)',3X,'COHP',3X,'(KH>' / 4X
'(KM)',4X,'REL DELAY',4X.'REL DELAY '. 2X.'RESIDUAL' , 6X,
'COEFFV)
II-O
SUH1   0.
SUH2   0.
SUH3   0.
SUH4   0.
8UH » 0.
8UHRR   0.
HLINE8   33
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477)
478) 
479*
480)
481) 
4821 
483! 
484) 
483) 
48O
487)
488)
489) 
490>
491)
492)
493)
494)
493)
494)
497)
498)
499)
300)
301)
302)
303)
304) 
3031 
304) 
3071
308)
309)
310) 
3111
312)
313)
314) 
313) 
314!
317)
318)
319)
320)
321) 
3221
323)
324)
323)
324)
327)
328)
329)
330)
331)
332)
333)
334)
333)
334)

DO 442 J-1,M
I-LIST(J)
READ (9.REC-I) TRACE
II-II+l
IF (I I.LT.MLINES) GO TO 441
READ (11,24) JPAUSE
WRITE (10,19)
CALL FDELY<13)
WRITE (10,10)
11*1
HLINES-30

441 RESCI )-DELCOR(I)-DELY(I ) 
SUHRR-SUHRR+RESCI> 
SUH«SUH*R£S<I>*RES<I > 
SUH4«SU«4+RANG< I >*RANG< I > 
SUM3-SUM3+DELCQRU > 
SUH2-SUH2+RANGC I) 
SUH1-SUH1+RANG< I>*DELCOR<I>

442 WRITEC10,11> SYH< I >, I, TRACE< 1 > , TRACE<2 >, AC 1 ,1 > ,
X A<2,I >,A<3, I>,A<4, I>,ELEVC D.ICOHCI >,DELT<I >,RANG< I >,DELY( I), 
X DELCORC I>,RES< I),COEFF<I >

11 FORRAT <1X,A2,1X,I2,1X,2A2,2X,F3.0,'-',F3.2,2X,F4.0/'-', 
X F3.2,3X,F3.0,4X,A1,3X,F5.1,2X,F4.1,3X,F4.2,4X,F4.2,3X,F4.2, 
X 3X,F7.3>

VAPP-CCR*SUR4>-SUH2*SUR2>/CR*SURl-SUH3*SUR2> 
OTDDAP-CC/VAPP 
RMS-SQRT(SUH/M) 
RRMEAM-SUMRR/H
WRITEC10,23> VAPP,DTDDAP,RHS,RRHEAN

23 FORNAT < /" APPARREHT VELOCITY <BEST-FIT-PLANE-WAVE ) 
X F7.2,' KM/SEC » ',F4.2,' SEC/DEC', 4X, ' RHS RESIDUAL >', 
X F3.2,' REAN RESIDUAL -',F3.2) 

IF CKB.LT.1> GO TO 470 
WRITE (10,99) KB,(IOEL(K),K-l,KB)

99 FORHAT (12,' VERTICAL STNS NOT USED: ',<30I3/>> 
470 CONTINUE

CO TO 700 
C 
C*********<
C
c

300

SECTION 3i STACK

DELETED FRON THIS LINE WAS THE STATEMENT?
CALL STACKC IEVEHT,TIME,TRACE,LIST,DELY,BUF1,BUF3,M,H) 
AND THIS STATEMENT MAS NUMBERED 500. ALSO, REMEMBER 
TO RESTORE BUF3(2048 ) IN THE DIMENSION STATENENT. 
CONTINUE 
GO TO 700

SECTION 4i DISPLAY TRACES ON 4014
400 CALL FSWAPC'JPLOT. SV ) 

WRITE (10,19) 
CALL FDELYC13) 
GO TO 701

401 CALL FSWAP( MPLOT.SV ) 
WRITE (10,19)
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537)
538)
539 )
540)
3411
542)
543)
544)
545)
546 )
547)
548)
S49T
550T
551)

553)
5541
555)
556)
557)
538)
559)
560>
561)
562)
563 »
564>
565)

C
C
C'
C
C
C
C

C
ftfc  

C
C
C

C'

»***

700
701

»***!

903

902

901
900

»***<

CALL FDELYU5) 
GO TO 701

SECTION 7) RE-CYCLE

CONTINUE
READ < 11,24) JPAUSE
WRITE (10,19)
CALL FDELY(iS)
CALL CYCLE<$33, $300,$83,$100,$202,$900,$600,$300,$401>

i************

SECTION 9) EXIT

TYPE ' IERB   ',IERB,'IBLK   ',IBLK
GO TO 900
TYPE 'HASTERLIST READ ERROR'
GO TO 900
TYPE 'FETCH: IER -',IER
CALL RE8ET
STOP

END
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ECLIPSE FORTRAN 5, VERSION 4.01 -- WEDNESDAY, APRIL 13, 1977 2:25:24 PM

	MLPNT.FR

1> SUBROUTINE HLPNT(IEVI NT,IPOYNT , ILIH>
2: INTEGER EVENT,PASS,CHANNL
3> DIMENSION I POYNT< 3 , 32 >, IL I H< 3, 2 >, IREK< 160 >
4J COMMON /EVPAZ/ EVENT,PASS,CHANNL
S> COMMON /EDIRC/ IDUMc4>,IREK
6: DATA MAXPASS/3//IED/1/
7> READ(IED,REC«1EV1NT*1> IREK
8: EVENT*IREK< 1)
9> ILIH< 1/1 >-IREK<42>

10: ILIM<1,2>«IREK(43>
Hi ILIM<2,1 >»IREK(83>
12: ILIH(2,2>*IREKC84>
13: ILIHC3/1 >«IREK< 124)
14: ILIH<3,2)*IREK<125>
15: DO SO MM,32
16: IPOYNTU,M!

18: IPOYNT<3,M)«IREK<125+H>
19: SO CONTINUE
20) RETURN
21> END
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ECLIPSE FORTRAN 5/ VERSION 4.01 -- WEDNESDAY. JUNE 29, 1977 9.35s15 AN

	RANGE. FR

ll SUBROUTINE RANGE<N/A,THETA,JR,RANG.DELT>
2: C
3s C N - (INPUT) NUMBER OF STNS, INCLUDING REFERENCE STN
4: C A « (INPUT) ARRAY OF LATITUDES AND LONGITUDES OF STNS
5: C THETA * (INPUT) AZIMUTH ANGLE OF APPROACHING TELESEISH IN
61 C DEGREES
7i C JR « (INPUTMNDEX IDENTIFYING REFERENCE STN
8t C RANG * (OUTPUT)ARRAY OF RANGES, IN K«., OF STNS WITH RESPECT
9t C TO REFERENCE STN

10: C DELT   (OUTPUT) ARRAY OF DISTANCES (IN KM> BETVEEN STATIONS
11: C AND REFERENCE STN
12: C
13: DIMENSION A( 4 ,96 >, RANGC 96 ) , DELT( 96 )
14: RAD«0 017453
IS: DO 100 I«i,N
U: IF( I.EQ.JR ) GO TO 90
17: CALL DELTA( A( 1 / JR ) , A< 2, JR > / A( 3 / JR >/ A< 4 , J R >, A< 1 . I >/
18: X A(2,I>/A(3/ I>,A<4,D^DEL,A2>
19: DELT<I ) » DEL
20: RANG( I>--DELT([ )*COS((THETA-A2 )*RAD>
21 : CO TO 100
22> 90 DELT(I>-0.
23: RANG(I>«0.
24) 100 CONTINUE
23: RETURN
26: END
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ECLIPSE FORTRAN 3/ VERSION 4.01 TUESDAY. AUGUST 16, 1977 10>38»43 AH

11
2>
3!
4:
51
6>
7»
81
91

10:
IH
12:
13:
141
15:
16 :
17 :
18:

20:
21 i
22)
23 »
24:
23:
26:
27:
28)
29:
30 :
31 !
32:
33:
341
33:
361
37:
38:
39:
40<
41 :
42:
43 >
44 I
431
46:
471
48i
49:
501
51 :
S2i
33i
54:
35:
36:

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C

DELTA.FR

SUBROUTINE DELTA (LATRD,LATRH,LONRD,LONRH,LATD,LATH, 
X LOND,LONH,DELT,AZ>

LATRD « LATITUDE, REFERENCE STN, DEGREES 
LATRH   LATITUDE, REFERENCE STN. MINUTES 
LONRD   LONGITUDE. REFERENCE STN, DEGREES 
LONRH « LONGITUDE. REFERENCE STN, HINUTES 
LATD « LATITUDE, OTHER STATION, DEGREES 
LATH » LATITUDE, OTHER STATION/ HINUTES 
LOND   LONGITUDE, OTHER STATION, DEGREES 
LONH * LONGITUDE, OTHER STATION, HINUTES

THIS SUBROUTINE CONFUTES THE DISTANCE IN KILOMETERS BETWEEN 
THE 'REFERENCE STATION' AND THE 'OTHER STATION'. USING 
RICHTERS HETHOD. THE DISTANCE IS RETURNED IN VARIABLE 
DELT. AZIHUTH <IH DEGREES) BETWEEN THE LINE CONNECTING 
THE STATIOHS AND NORTH IS RETURNED IN VARIABLE AZ.

DOUBLE PRECISION DX,DY,LAT,LON,LATR,LONR,RAD, 
X CA(71>,CB<71>

REAL LATRD,LATRH,LONRD,LONRH,LATD,LATH,LOMD,LONH 
INCLUDE 'P*DATA' 

DATA CA/ .855363,1.853369,
1 1.855434. .855458,1.833487,
2 1.855683. .855733.1.855786
3 1.856100, .856173.1.836248.
4 1.856661, .856750.1.856843,
5 1.857331, .857433,1.857338.
6 1.858074, .858134,1.858294.
7 1.858842, .858951.1.859061,
8 1.859592, .859693.1.859798
9 1.860279, .860369.1.860439, 
A 1.860361, .8&0934/ 

DATA CB/ .842808,1.842813,
1 1.843011. .843033,1.843170.
2 1.843733, .843903, .844062.
3 .844998. .845213, .845437.
4 .846670, .846938, .847213,
5 .848673, .848990, .849290.
6 .850890, .851217, .851543,
7 .853188. .853513. .853842,
8 .853433. .855742, .836043.
9 .837490, .837762, .838025. 
A .859233. .8594S2/

RAD-0.017433
RADIO-0.0017433
LATR«60.*LATRD*LATRH
LONR-60.*LONRD*LONRH
LAT-60.*LATD*LATH
LOH«60.*LOND*LONH
AVL IS AVERAGE LATITUDE IN DEGREES
AVL»(LATR+LAT>/120.
H1«AVL*1 .5
H2«AVL*10.»1.5
DX--(LON-LOHR>*CA<H1 >«COS«H2-1 >*RAD10>
DY-<LAT-LATR>*CB(H1> * 0.000001

1.835374, 1
1.855520, 1
.855842, 1
.856323, 1
.856937, 1
.857643, 1
.858403, 1
.859170, 1
.859896, 1
.860544, 1

.842830, 1

.843265, 1

.844230, 1

.845668, 1

.847495, 1

.849605, 1

.851873, 1

.854165, 1

.856345, 1

.858283, 1

.855383,

.855555,

.855902,

.856404,

.857033,

.857750,

.858512,

.859276,

.859995,

.860627,

.842858,

.843372,

.844408,

.845907,1

.847781,1

.849922,1

.852202,1

.854487,1

.856640,1

.858533,1

.855396,

.855595.

.855966,

.856488,

.857132,

.857358,
858623,
.859384.
.860094,
.860709,

842898,
843488,
.844595,
.846153,
.848073,
850242,
.852531,
.854805,
856928,
.858775,

1.855414,
1.855638,
I. 856031,
I. 856573,
I. 857231,
.857964,
.858734,
.859488,
.860187,
.860787,

.842950.

.843617,
844792.
.846408.
.848372,
.850565,
.832860,
.835122,
. 857212,
.859008,
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571 DELT-DSQRT<DX*DX+DY*DY> * .000001
981 C COMPUTE THE AZIMUTH OF THE LIKE FROM THE REFERENCE STN
S9> C TO THE OTHER STATION. VHEN STATION IS NORTH OF REFERENCE,
601 C AZ«0. VHEN STATION IS EAST OF REFERENCE/ AZ'90. WHEN
611 C STATION IS SOUTH OF REFERENCE, AZ'180. WHEN STATION IS
62t C WEST OF REFERENCE- AZ*270.
£3> AZ*DATN2(0X.DY>/RAD
64> IF (AZ.LT.O.) AZ-AZ+360.
63i RETURN
66» END
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ECLIPSE FORTRAN 3, VERSION 4.01 -- TUESDAY. JUNE 14. 197? 3)00:38 PH

DELAY.FR 

SUBROUTINE DELAY (RANG,ELEV,OELY,N,JREF,ILEV,V,PHI>

ARRAYCH). RANG(I> - 'RANGE' IN KILOMETERS OF STATION
I WITH RESPECT TO REFERENCE STATION.
ARRAY(N). ELEVCI)   ELEVATION (IN METERS) OF STATION
INDEX IDENTIFYING THE REFERENCE STATION.
CRUSTAL SEISMIC VELOCITY (KM/SEC>.
ANGLE OF INCIDENCE (DEGREES) OF TELESEISH.
(PHI-0 FOR WAVE COMING STRAIGHT UP.)
SWITCH TO INCLUDE OR OMIT ELEVATION CORRECTIONS.
ILEV.EQ.O OMITS ELEVATION CORRECTION)
ILEV.HE.O INCLUDES ELEVATION CORRECTION.

ARRAY(N>. DELY(I) - DELAY (IN SECONDS) DUE TO 
EXTRA PATH LENGTH OF WAVE ARRIVING AT STATION 
I. WITH RESPECT TO REFERENCE STATION. FOR THE 
EARLIEST ARRIVALS, DELY < 0. FOR THE LATEST 
ARRIVALS, DELY > 0. DELY(JREF )-0.

DIMENSION RANG(N).ELEV(N).DELY(N> 
0.017433
I-l.N

IF (ILEV.NC.O) GO TO 90 
0. 
100

RELEV»ELEV(I >-ELEVCJREF>
DELY( I >-(RANG(I >»8IN( PH I*RAD >+ . OOl*RELEV*COS( PHI*RAD»/V 

 F> - 0.

It
2>
31
41
Si
«t
71
81
9t

10i
Hi
12>
131
14T
13 i
U»
17*
181
19i
20 >
21 1
22 1
23 i
24 1
23t
2ft
27 1
28*
291
30 i
31 r
321
33)
34 >
3St

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

SU8RI

INPUTS!
RANG

ELEV
JREF
V
PHI

ILEV

OUTPUTS!
DELY

DINEI
RAD
DO 11
IF (
RELE'
GO Tl

90 RELE 1
100 DELY'

DELY
RETUI
END



47

ECLIPSE FORTRAN 5, VERSION 4.01 -- TUESDAY, APRIL 26/ 1977 12:15:49 PH

	FETCH.FR

1: SUBROUTINE FETCH<I EVENT,IPNUM, ICNUM,ISTART, IS IZE,IBUFFR, IEFLAC>
2: C
3: INTEGER EP I SEC,OFFSET,EVINT, EVNT
4: INTEGER NCHAN,SEGSZ,REKDR,LTBUF,FIRST
5: DIMENSION ISTARTCI ),IBUFFR<I>, ICHAHSEL<I>
6: COMMON /IOPDA/ INIT,NSEC, I SEC,LSEC , EPI SEC,OFFSET,IFNO,EV INT
7: COMMON /IOBDA--' NCHAN,SEGSZ,RENDR/LTBUF/F IRST
8! COMMON /EDIRC/ LDUMv 4 >, EVNT< 160 >
9: EQUIVALENCE ( EVNT( 13 ), TZSECONDS ), < EVNT< 26 )/ DUR AT ION )

10: EQUIVALENCE (EVNT(24>,TBS )
lit DATA NOCS/l/,MAXERNUM/'5/
12: C
13: DO 20 K-l,ISIZE
14: 20 IBUFFR(K>*0
IS: C
16: IEFLAG-MAXERHUH
17: IRETF-0
18: C
19: CALL THINGCIEVENT,IPNUH,IFCN,ILCN,IRETF>
20: IF (IRETF.NE.O) GO TO 79
21 : C
22: TZHOURS»FLOAT<EVNT(31 »
23: TZHINUTES»FLOAT(EVNT<32»
24: TZERO-<TZHOURS*3600.0> + <TZMINUTES*60.0> + TZSECONDS
25: C
2 i T1HOURS«FLOAT<ISTARTC2))
27: T1HINUTES»FLOAT( ISTART<3»
28: TISECONDS«FLOAT< ISTART<4>>
29: TIME1«<T1HOURS*3600.0> + <TlHINUTES*60.0 ) + T1SECOHDS
30: C
31: TDELTA-TIHE1-TZERO
32: IF(TDELTA .LT. 0.0 .OR. TDELTA .GT DURATION) GO TO 80
33: IEFLAG*IEFLAG-1
34: ENOTIHE-TZERO * DURATION
35: DURLIH«FLOAT(ISTZE)/<1.0/TBS >
36: C
37: IF(ENDTIHE-TIHE1 .LT . DURLIH) GO TO 80
38: C
39: ISCAN-(TDELTA/TBS)+I.0
40: ICHANSEK1>*ICNUH
41 : C
42: CALL FRAHD< ISIZE/ICHANSEL,NOCS , ISCAN,I ERR>
43: C
44: IF(IERR> 70/50,70
45: 30 CALL GETFHC IBUFFR,H, I END>
46: IEFLAG*IEND
47: C
48> GO TO 80
49: C
50: 70 IEFLAG-<(IERR+1>/2> + 2
51 : GO TO 80
52: 79 TYPE ' *** ERROR RETURNED BY THING *** IRETF * ',IRETF

54: C
55: C ERROR RETURN CODES FOR SUBROUTINE FETCH
56: C 5: STARTING TIME OUT OF RANGE
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37
98
39
60
61
62
63
64
65
66

C
C
C
C
C
C
C
C

4:
3:
2:
l:
0:

* * ** **

80

SIZE
INVAL
INVAL
END-0
NORHA

******

RETURN
END

SIZE REQUEST TOO BIG OR START TIME TOO CLOSE TO END OF EVENT
INVALID FILE POSITION USCAN NOT THERE)
INVALID ARGUMENTS IN FRAUD CALL
END-OF-FILE REACHED »> BUFFER NOT COMPLETELY FILLED
NORMAL RETURN (FROM GETFM)

F*******************************************
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ECLIPSE FORTRAN 5, VERSION 4.01 MONDAY, APRIL 18, 1977 1:42:34 PM

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

C
c
C
c

c
c
c

c
c
c

c

c
c
c

c
c

c

THING.FR

SUBROUTINE TH ING< IEVTNUM, IPASSNUM, I FURST, [LAST, IRF ) 

**** EVENT DIRECTORY OFFSETS

*** DIRECTORY RECORD SIZE 
PARAMETER RECSIZ « 160

*** RECORD 0!

PARAMETER EHX 
PARAMETER DML 
PARAMETER DOF 
PARAMETER DSZ 
PARAMETER DNX 
PARAMETER CTE 
PARAMETER HPL 
PARAMETER EPL

*** RECORD N:

PARAMETER ENO 
PARAMETER EHA 
PARAMETER EIB 
PARAMETER EHB 
PARAMETER DLT 
PARAMETER DRA 
PARAMETER EYR 
PARAMETER EMO 
PARAMETER EDA 
PARAMETER EHR 
PARAMETER EM I 
PARAMETER ESE 
PARAMETER EP1 
PARAMETER EP2 
PARAMETER EP3

PARAMETER ETM 
PARAMETER EPP

*** PASS H!

1
ENX+1
DML+1
DOF+1
DSZ+1
DNX+1
CTE+5
MPL+95

 

S

 s

X

3

S

E

 

 

S

S

S

E

 

E

 

E

1
ENO+1
ENA+20
EIB+1
ENB+1
DLT+2
DRA+2
EYR+1
EMO+1
EDA+1
EHR+1
EHI+1
ESE+2
EP1+1
EP2+1

EYR
EP1-1

NEXT EVEHT CLAST+1)
NO. OF MftSTERLIST ENTRIES
DATABASE FILE OFFSET
FILE SIZE IN SECTORS
NEXT BLOCK NO.
CURRENT EVENT SAVE AREA
MASTER POINTER LIST
END OF POINTER LIST

EVENT NO.
EVENT NAME
INITIAL BLOCK NO.
TOTAL NUMBER OF BLOCKS
DELTA-T CSECS)
DURATION <SECS)
YEAR
MONTH
DAY
HOUR
MINUTE
SECONDS
EVENT, PASS 1
EVENT, PASS 2
EVENT, PASS

EVENT TIME
EVENT, PASS POINTER

ASSOCIATED EVENT NO.
PASS NO.
INITIAL BLOCK HO.
NUMBER OF BLOCKS
FCN < FIRST CHANNEL NO. >
LCN (LAST CHAHNEL HO. >
POIHTER LIST
TRACK SELECT SWITCH
FILTER SELECT SWITCH
A/D ERROR STATUS

C**** FORTRAN FILE HOS. FOR DIRECTORIES
PARAMETER IED « 1 ; EVEHT DIRECTORY
PARAMETER IML   2 J MASTERLIST DIRECTORY «CARD IMAGES) 

C **»*

PARAMETER 
PARAMETER 
PARAMETER 
PARAMETER 
PARAMETER 
PARAMETER 
PARAMETER 
PARAMETER 
PARAMETER 
PARAMETER

EHP 
PHO 
PIB 
PNB 
PFC 
PLC 
PLS 
f»SW 
PFS 
PAD

E

* 

  

E 

E

S

m 

a 

s 

a

0 
EHP+1 
PHO+1 
PIB+1 
PNB+1 
PFC+1 
PLC+1 
PLS+32 
PSU+1 
PFS+1
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57» c-------------------------------------------------------------------
58: C
59: C**** REQUEST LIST PARAMETERS
60 PARAMETER NSTAR - 2 i WIDTH OF LIST ENTRY (IN WORDS)
61 PARAMETER LSZ » 32+NSTAR ; LIST SIZE
62 PARAMETER LST » 1 J START OF LIST
63 C****
64 IMPLICIT INTEGER <A-Z>
65 INTEGER PAXC3)
66 COMMON /EDIRC/ IDUM6C4), REC(RECSIZ)
67 COMMON /EVPAZ/ EVENT, PASS, CHANNL
68 COMMON ,'IOPDA/ IDUI11C3), LSEC/ EPISEC, OFFSET, IDUM2<2>
69 COMMON /IOBDA/ NCHAN, IDUM3C4)
70 C
71 DATA MAXPASS /3/
72 C
73 C INSERT MODIFIED CODE FROM RQEVT HERE
74 C---
75 C--- FIND WHICH PASSES EXIST AND INTERPRET AS A PASS COUNT
76 DO 2 J«l,MAXPASS
77 C--- CLEAR PASS MEMORY
78 PAX(J)«0
79 C--- POINT TO PASS. SEE IF IT EXISTS
80 PNT-REC<EPP+J>
81 IF «RECCPNT+PFC>.E8.0).OR.<REC<PNT*PLC>.EQ.0» GO TO 2
82 PAXU)-J
83 2 CONTINUE
84 C---
85 C END OF MODIFIED CODE FROM RQEVT
86 C
87 IFURST-0
88 ILAST-0
89 IRF=3
90 C
91 C --- CHECK EVENT AND PASS FOR VALIDITY
92 IF CIEVTNUM .NE. EVENT) RETURN
93 IRF«2
94 PASS - IPASSNUM
95 IF l (PASS.LT.l) .OR. CPASS.GT MAXPASS) ) RETURN
96 IRF»1
97 IF (PAXCPASS) .EQ. 0) RETURN
98 C --- POINT TO PASS
99 PNT » REC<EPP*PAX<PASS ))

100 C
101 C --- SET -MCAM" PARAMETERS
102 EPISEC » RECCPNT + PIB )-OFFSET
103 LSEC » EPISEC+REC<PNT+PNB>-1
104 FCN « REC(PNT+PFC)
105 LCN » RECCPNT+PLC)
106 NCHAN - LCN-FCH+1
107 IFURST»FCH
108 ILAST-LCN
109 IRF-0
110 C

112 C
113 C ERROR RETURN CODES FOR SUBROUTINE THING
114 C 3: IEVTNUM DOES HOT MATCH THE COMMON VARIABLE "EVENT",
115 C SET IN CALL TO SUBROUTINE MLPNT
116 C 2: IPASSNUM OUT OF BOUNDS
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117: C 1: PftXC IPASSNUM >
118: C 0: NORMAL RETURN
119: C
120: C
121 : C
122: RETURN
123: END
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ECttPSE FORTRAN 5, VERSION 4.01   MONDAY, JULY 23, 1977 9J59U2 AH

LOPAS.FR 

SUBROUTINE LQPAS <H, F2,X,NL,Y>

BUTTERUORTH LOW-PASS RECURSIVE FILTER

  WRITTEN BY KEITH HC CAHY AT LANOHT OBSERVATORY.
  BORROWED FROH JOE FLETCHER'S PROGRAN LIBRARY 

OH HAY 23, 1977.
  MODIFIED TO USE INTEGER ARRAYS FOR INPUT AND OUTPUT.

H.CT.O OESICHS FILTER AHD STARTS WITH HEW DATA
N.EQ.O USES LAST DESIGNED FILTER AND CARRIES ON
H.LT.O USES LAST FILTER BUT STARTS WITH NEW DATA

1)
2i
3)
4)
Si
61
7)
Bi
9 1
10)
11 i
12>
13)
14)
IS)
14)
1?>
IB )
19)
20?
21)
22)
23)
24)
231
26 >
27)

29)
30)
31)
32 i
33)
34)
35i
36 J
37)
3BI
39 1
40)

42)
43)
44)
43i

47 *
4SI
49)
SO)
SI)
32i
S3)
341
33i
56 1

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

10

1

12

1220

1221

N
F2
X
HL
Y

FILTER ORDER <ROLLOFF»H*12DB/OCTAVE)
CORHER FREQUENCY IN HYQUIST UHITS <FNY«2*DT*FCPS>
SOURCE ARRAY
NUHBER OF POIHTS
DESTINATION ARRAY <CAN BE THE SAHE AS X)

DIMENSION ALRC3>,ALI<3>,AO<3>,AK3>,B1<3>,B2<5>
IHTEGER X<1),Y(1)
DIMENSION Z<3),ZK3),Z2<3)
IF (M) 10,2,1
H   N
60 TO 20
N-M
FN-H*2
RT-3.1415926/FN
FI RT/2.
VU-XC1)
DO 12 I-l.N
ZHI)-0
Z2(I)«0
FI-FI+RT
AL8(I>  COS(FI)
ALIU >«SIN<FI>
DO 122 K-1,N
PR-0.
PI«2.*ALKK>
PRK-ALR(K>»*2-ALICK>»»2
DO 1221 I-i,N
IF(I-K> 1220.1221.1220
DR-PRK-ALR<K>*ALR<I>*2.+1.
D!»2.*ALR(K>»ALKK>-ALI<K>*ALR( I>*2.
TPR-PR*DR-PI*DI
PI-PR«DI+PI»DR
PR-TPR
CONTINUE
DR-PR*PR*PI*PI
AR-PR/DR
AI--PI/DR
A1(K)-2.*AR
AO(IC>-2. *( ALR(K
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S7i 122 BiCK>-~2.*ALR<K>
SB I C
391 C HERE ENDS ALL GENERALIZED FORMS.
601 C BUILD HIGH PASS
611 C
621 POO-F2*3.1413926/2.
63t MU-2.*8IH<POO)/COS<POO)
641 DO 13 K-l/H
63i Dft-4./tfu/tfu+Bi<K>*2./vu*i.
661 TA-<AKK>»2./'tfU-AO<K»/'DR
671 Ai<K>--<Al<K>»2./VU+AO(K»/DR
681 AO<K)-TA
69i B2<K>-<4./VU/'VU-Bl<K>*2./tfU+i. >/DR
701 13 81<IO-<2.-8./yU/yU>/DR
711 20 CONTINUE
721 yy-x<i>
73» DO 201 I-ltN
741 Zi(I)-0.
731 201 Z2(I>-0.
761 2 DO 22 I-l/HL
771 zz-x<r>+yy
7§i XX-0.
791 yy-x<i>
BOt DO 21 J-1,H
Bit Z(J >-ZZ-Bl< J)«21(J )-B2(J)*Z2(J >
82) XX-XX + ftO(J )«Z(J)*A1(J )*Z1(J)
83) Z2(J>-ZHJ>
B4i 21 ZKJ)-Z(J)
831 22 Y(I>-XX
861 PN-N
87i FP-F2
881 RETURN
891 END 
901



54

ECtlPSE FORTRAN 9. VERSION 4.01 -- TUESDAY. JULY 26, 1977 H31:23 PH

HIPAS.FR 

SUBROUTINE HIPAS CH,F2,X,HL,Y>

BUTTERUORTH HIGH-PASS RECURSIVE FILTER

  WRITTEN BY KEITH HC CAHY AT LAHONT OBSERVATORY.
  BORROWED FROH JOE FLETCHER'S PROCRAH LIBRARY 

OH HAY 25, 1977.
  HODIFIED TO USE INTEGER ARRAYS FOR INPUT AND OUTPUT.

H.CT.O DESIGNS FILTER AHD STARTS UITH NEW DATA 
N.EQ.O USES LAST DESIGNED FILTER AND CARRIES OH 
H.LT.O USES LAST FILTER BUT STARTS WITH HEW DATA

it
2f
3 1
4!

31
6i
7i
  i
91

10 >
in
12»
13i
141
13J
16»
17 >
18i
19J
20t
211
221
23 »
24 >
231
26t
271
28 f
291
30 r
31 >
32 r
33i
341
33 i
36 >
37)
38t
39t
40 >
41 1
421
431
441
431

47 f
48 1

30 f

32 f
33 »
34)
33 i

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

10

1

12

1220

1221

H 
F2
X
NL
Y

FILTER ORDER <ROLLOFF-N*!2DB/OCTAVE)
CORNER FREQUENCY IH NYQUIST UNITS <FNY-2*DT*FCPS>
SOURCE ARRAY
NUMBER OF POINTS
DESTINATION ARRAY (CAN BE THE SAHE AS X)

DIMENSION ALR(5>*ALIC3>,AO<5>, Al( 5) , Bl ( 5 ),B2< 3 >
INTEGER X( 1 >,Y<1 >
DIMENSION Z<S>,ZK3>,Z2<3>
IF CM) 10,2.1
N   N
GO TO 20
N-H
FN«N»2
RT*3.1413926/FN
FI RT/2.
Vtf»X(l)
DO 12 I-t,N
Z1(I>*0
22CI>-0
FI-FI+RT
ALRO >  C08<FI>
ALKI >-9IH(FI >
DO 122 K-1,N
PR«0.
PI»2.*ALI(K>
PRK-ALR<K>*«2-ALKK>**2
DO 1221 I-l.N
IF(I-K) 1220/1221*1220
DR-PRK-ALRCK>*ALRCI>»2.+1 .
DI»2.*ALR(K>*ALI(K>-ALKK>*ALR( I>»2.
TPR-PR*DR-P!*DI
PI-PR*DI+PI*DR
PR-TPR
CONTINUE
DR-PR»PR*PI*PI
AR-PR/DR
AI  PI/OR
A1(K)»2.*AR
AO(K>«2.*(ALR(K)*AR^ALI(K)*AI>
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371 122 B1(IC>--2.»ALR<IC>
Mi C
39» C HERE ENDS ALL GENERALIZED FORMS.
fOj C BUILD HIGH PASS
(It C
621 POO»F2»3. 14 13926/2.
«J» WU-2. *3IN<POO>/'COSCPOO>
<4l DO 13 K-l/H

66 > TA»(AKK>*tfU/2.-AO(K»/DR
<7l Al(K>»(Al<K>*tfU/2.+AO(K»/DR
68 » AO(K)*TA
49 f B2(tC)-CyU*WU/4. -BlCK)*yU/2. + l. >/DR
?0i 13 Bl(K>»(tfU»VU/2.-2. >/DR
71 1 20 CONTINUE
721 wy-X(l)
73t DO 201 I»1,H
74) ZKD-0.
75f 201 Z2CI>-0.
7«« 2 DO 22 I-l/ML
77t ZZ»X(I>-VV
7fr XX»0.
79i VU-X(I>
80 » DO 21 J-l/H
Oil Z(J )-Z2-BlC J)*Z1(J )-B2( J)*Z2(J >
02) XX«XX + AO(J )«Z(J
83> Z2(J)«Z1(J)
84> 21 Z1(J)«Z(J>
83 » 22 Y(I)-XX
8$> PH»H
07 » FP»F2
801 RETURN
89 t END
90 1
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ECLIPSE FORTRAN 3, VERSION 4.01 -- SUNDAY, APRIL 17, 1977 7:13:16 PH

	CORR.FR

1> SUBROUTINE CORR <INI . IN2,COR/LAGS,LEH>
21 C
31
41 C
3t C P. REASENBERG
6> C MARCH, 1977
7i C
8>
9> C

10> C 'CORR' IS A GENERAL PURPOSE SUBROUTINE VHICH COMPUTES
111 G THE CROSS-CORRELLATION FUNCTION FROM TNE TUO INPUT TIHE-
12! C SERIES INI AND IN2. THE CORRELLATION FUNCTION IS DEFINED
13> C BY
14> C
131 C SUH < IN2CT) * INKT+TAU) >
U> C COR <TAU> -                                
17! C 22
18> C SQRTC SUHCINl <T» * SUN< IN2 <T» >
191 C
20i C
2H C WHERE TNE SUMMATIONS ARE CARRIED OUT OVER "T", BETWEEN
22! C THE LIMITS GIVEN BELOV.
23! C
24 > C
23» C INPUTS*
26> C INI   ARRAY CONTAINING INPUT 1
27! C IN2   ARRAY CONTAINING INPUT 2
28i C LAGS   MAXIMUM NUMBER OF LAGS (IN SAMPLING INTERVALS)
29! C FOR WHICH TNE CORRELLOGRAH IS COMPUTED.
30i C LEN   LENGTH CIN SAMPLING INTERVALS) OF INPUT ARRAYS.
3H C
32! C OUTPUTS!
33! C THE CORRELLOGRAH IS RETURNED IN ARRAY 'COR'
34 > C
33» C IHIN - LOWER INDEX OF SUH ON T
36> C IHAX   UPPER INDEX OF SUH ON T
37i C
38! C CORCJ) CONTAINS VALUE OF CORRELLATION FUNCTION DEFINED
39i C ABOVE FOR TAU-CJ-LAGS-1)*DT
40! C
41» C CORC1) CONTAINS VALUE OF CORRELLATION FUNCTION FOR
42« C TAU   -LAGS
43i C CORCLAGS+1) CONTAINS VALUE OF CORRELLATON FUNCTION FOR
44: C TAU - 0
4Si C CORC2*LAGS+l> CONTAINS VALUE OF CORRELLATION FUNCTION FOR
46» C TAU * LAGS
47 J C
48i C 
49«
SOI C
31i DIMENSION CORC2*LAGS*I>
52! INTEGER INKLEN), IN2CLEN)
S3i C
S4i IHIN * LAGS+1
531 IHAX - LEN - LAGS
3*! N-2*LAG8*1
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57> C
38) DO 300 J-1'N
39> LAG-J-LAGS-1
60> C
61) C CALCULATE DENOKINATOR
62t SUM1-0.
631 SUH2-0.
(41 DO 100 I-IHIN,IHAX
63t SUK1»SUK1 + FLOAT< INK I+LAG »»FLOAT< INK I + LAG»
66> 100 SUH2»SUK2+FLOAT(IH2<I»*FLOATCIN2U»
67 I DEHOH-SflRT(SUHl )*SflRT(SUH2>
68) C
69t C CALUCLATE NUMERATOR
70) SUK«0.
7H DO 200 I-IHIN.IKAX
72) 200 SUM - SUN +FLOATCIN2CI)>*FLOAT<INKI+LAG»
73) C
74» C CALCULATE QUOTIENT
73) 300 COR(J) * SUK/DENON
76) RETURN
77) END
78)
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ECLIPSE FORTRAN 3, VERSION 4.01 -- WEDNESDAY. DECEMBER 14, 197? 2?04:47 PH

STACK.FR

SUBROUTINE STACK (EVENT/TI HE/TRACE,L1ST,DELY/BUF1 , BUF3,H,N>

1977

INTEGER SPECIFYING THE EVENT NUMBER ON THE DISK 
(FILE EVDAT) TO BE USED FOR DATA.
INTEGER ARRAY (LENGTH 5> CONTAINING THE REQUEST TIHE 
OF DATA. TIHEU >-DAYS

TIME(2>-HOURS
TIHE(3>-HINUTES
TIHE(4 >*SECONDS
TIHE(5 )»HILL ISECONOS

INTEGER ARRAY (LENGTH H) CONTAINING THE INDEX 
CORRESPONDING TO A TRACE TO BE INCLUDED IN THE 
STACK. IN GENERAL/ THERE ARE N TRACES IN ARRAY 
TRACE. BUT ONLY H TRACES (H.LE.N) BEING USED IN 
THE STACK.

INTEGER ARRAY <4/N>. TRACEC1/I) AND TRACEC2/I)
CONTAIN THE FOUR-CHARACTER NAHE OF TRACE I.
TRACE(3,I> CONTAINS THE PASS NUMBER FOR TRACE I
TRACEC4.I) CONTAINS THE CHAN NUMBER FOR TRACE I.
ARRAY (LENGTH N). DELY(I) CONTAINS THE DELAY
IN SECONDS THAT TRACE I SHOULD BE SHIFTED BEFORE
STACKING.
INTEGER SPECIFYING THE NUMBER OF TRACES TO BE USED
IN THIS STACK.
INTEGER SPECIFYING THE NUMBER OF TRACES IN THE
STATIONLIST, AND THUS. THE LENGTH OF ARRAYS
TRACE AND DELY.

NO OUTPUT IS RETURNED VIA THE SUBROUTINE CALL PARAMETERS.

INPUT DATA BUFFER. LENGTH-2048. TYPE-INTEGER 
DATA IS TRANSFERRED/ USING SUBROUTINE FETCH/ INTO 
THIS BUFFER/ TRACE BY TRACE.
ACCUMULATOR BUFFER. LENGTH-2048. TYPE-REAL. 
DATA POINTS ARE ADDED INTO BUF3 AND THE SUM IS 
STORED IN BUF3. WHEN THE STACKING IS FINISHED/ 
THE -STACKED WAVEFORM" IS IN BUF3/ IN REAL FORM. 
THUS/ BUF3 IS THE OUTPUT DATA BUFFER.

ti
2!
3i
4i
5:
61
7s
8:
9:

10:
It :
12:
13:
14:
15!

16i
17s
18:
19:
20:
21 :
22i
23 >
24 i
25i
26 t
27:
28:
29:
30>
31 :
32:
33:
34:
35:
36:
37:
38:
39)
40:
41 i
42:
43:
44:
45:
46:
47:
48:
49:
50:
51 :
52i
53:
54:
55:
56:

C

C
C*<
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
c*«
C

SUBRO

l*******«*«

P. RE
FEB 2

INPUTS:

EVENT

TIME

LIST

TRACE

DELY

H

N

OUTPUT:

NO OU

BUF1

BUF3

i**********
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571
58 J
59>
60>
61 >
62:
63>
64i
65i
66>
67 >
681
69i
70 J
71 »
72:
73:
74 »
75 »
76:
77:
78:
79:
80:
81 >
82:
83:
84)
85:
86:
87:
88:
89 >
90:
91 >
92:
93:
94:
95:
96:
97:
98:
99:

100:
101:
102:
103:
104:
105:
106)
10?)
108:
109:
110:
111:
112:
113:
114:
115:
116t

C
C

C
C

so
C

C
C
C

7

8

9

10

11

12

13

14

15

16

17

18

C
C
C

DIHEHSION DELYCN >,LIST(H>
DIMENSION BUF3< 1 >
INTEGER STARU5 >,T IHEC3 >, DELS, DELHS , EVENT , TRACE< 4, N )
INTEGER BUFK1)

ZERO OUT ACCUMULATING BUFFER
DO 50 J-1,2048
BUF3C J )-0.

DO 100 J-l, M
I-LIST(J >

COMPUTE THE DATA-STARTING-TIME, INCLUDING DELAY

DELS-DELYC I >
DELHS- 1000. *< DEL Y< D-DELS)
STARKS>»TIflEC5>+DELHS
IF( ST«RT<5 > .GE. 1000) GO TO 7
IFCSTARK5>.LT.O> GO TO 8
STARTC 4>-TIHE(4 > + DELS
GO TO 9
STARK5)-START(S>-1000
STARK4>-TIME(4>+DELS + 1
GO TO 9
STARK5>»START<5>+1000
STARK4>-TIHE(4> + DELS-1
IF(START(4 ).GE. 60) GO TO 10
IF(START(4>.LT.O> GO TO 11
START( 3)-TIMEC3 )
GO TO 12
STARK4>»START<4>-60
STARK3>«TIHEC3>M
GO TO 12
STARK4>-START<4>+60
STARK 3>«TIMEC3 >-l
!FCSTART(3>.GE.60> GO TO 13
IF(START(3>.LT.O> GO TO 14
START(2>-TIHEC2>
GO TO 15
START( 3)«START<3 )-60
STARK2>»TIHEC2> + 1
GO TO 15
START(3>-START(3>+60
START(2)«TINEC2>-1
IF<START<2).GE.24> GO TO 16
IF(START(2).LT.O> GO TO 17
START<1>»TIHEC1 >
GO TO 18
STARTC 2)«START< 2>-24
STARK l)-TIME(l >+l
GO TO 18
START( 2>-START< 2)*24
STARK 1)»TIHE(1 )-l
IFCSTARTC1 >.CE.366> STARK 1)-START< 1 >-365
IF(8TART<1 ).LT.O> STARTC I )«START< 1 > + 365

FETCH THE DATA FOR TRACE I AND PUT IT INTO BUF1
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net
1191
120)
121 I
122)
123)
1241
123!
1261
127>
128>
129i
130 t
131 i
132!

C
C
C
C

C
C

30
100

110

IPASS-TRACEC3, I > 
ICHAN-TRACEC4,I > 
CALL FETCHCEVENT I PASS.1CHAM,START, 2048 /BUF1 >

CONVERT THE DATA IN BUF1 FROM INTEGER TO REAL AND 
ADD TO SUM IN 6UF3

DO 30 K-1,2048
BUF3(K>-BUF3(
CONTINUE

DIVIDE VALUES IN BUF3 BY H
DO 110 K-l ,2049
BUF3(K>-BUF3(K>/H
RETURN
END



61

ECLIPSE FORTRAN 5, VERSION 4.01   WEDNESDAY, DECEMBER 14, 197? 1:59:54 PH

SORT.FR

1 1
21
3:
4<
5>

7:
8:
9:

10:
11:
12:
13:
14:
15:
16'
17 »
18 :
19  
20:
21 t
22:
23:
24:
25 t
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:

C
C
C
C
c**»*»<
C
C
C
C
C
C
C
C
C
c ******
C

50

200
100

SUBROUTINE SORT < RANGE, LI S T . M >

P. REASENBERG
JUNE/ 1977

i**********************************************************

ROUTINE KILL SORT THE ARRAY -LIST' ACCODIHG TO THE VALUES
RANGE<LIST< I>>, IM.H.
THAT IS, UPON RETURN,
RANGE(LIST< 1 »<RANGE( LI ST< 2»< . . . <RANGE< L IST< H »

THE ARRAY "RANGE* IS RETURNED UNCHANGED.
THE ARRAY "LIST* IS RE-ORDERED UPON RETURN.

t**********************************************************

DIMENSION RANGE(9O,LIST<96>,RAHK(96>
DO 50 K*t,96
RANK<K>*RAHGE<K>
J 1*H- 1

DO 100 J»1,J1
Kl-J+t
DO 200 K«K1,H
LJ«LIST( J)
LK«LIST(K>
IF<RANK<LJ >.LE.RAHK<LK» GO TO 200
LEHP"LIST< J >
LIST< J >«LIST<K>
LIST<K>«LEMP
CONTINUE
CONTINUE
RETURN
END
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ECLIPSE FORTRAN 3, VERSION 4.01 -- TUESDAY, NOVEMBER IS, 1977 10)22:27 AH

	POLYFIT.FR

it SUBROUTINE POLYFITCN1,NDAT,I WEIGHT,NFIT>
2) DIMENSION X<101>,Y(101>,VU01>
3l DIMENSION AA<6,t>,SPARE(6*6>,Z<«>
4l COMMON COR(601>*B(t>
3t DATA W/10l*0./
61 HSIZE-6
7J NDEGREE-NFIT
8» LOWDEG-NFIT
9) NNIOEG-NDEGREE

10i 00 40 I-l/MDAT
lit II-Nl*I-l
12i XCD-I-1
13t X(I >»X( I )/100.
14i 40 Y(I>»COR(II>-COR(Nl)
13: IF(IUEIGHT.NE.1>CALL UHIT(HDAT,W>
U) CALL NORNAL<AA/NDAT.NDEGREE<ltSIZE<X/Y<U>
17) NEUSIZE'NDEGREE^l
18) C...SOLVE FOR COEFFICIENT8.UPON RETURN DET CONTAINS DETERMINANT OF AA
19> NEVSIZE-NEVSIZE+LOUDEG-NDECREE
20> NDEGREE-LOVDEG
21> DO 80 I-l/NEWSIZE
221 DO 80 J-l.NEVSIZE
23) SPftREd , J>»AA( I,J )
241 80 CONTINUE
231 DET-1.
26» NOK-LINQF<HSIZE,NEWSIZE*SPARE.DET*Z>
27) RETURN
28i END
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ECLIPSE FORTRAN 5* VERSION 4.01 -- TUESDAY. NOVEHBER 8. 1977 9:09:27 AH

UNIT.FR

It SUBROUTINE UN ITIZECNDAT/B> 
2: C...SETS WEIGHTSCy(I ) ) TO UNITY
3> DIMENSION V<1 )
4i 00 1 I-l/NDAT
5> «(I>«1.0
6i 1 CONTINUE
7: RETURN
8: END
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ECLIPSE FORTRAN 5* VERSION 4.01 -- SUNDAY, NOVEMBER 13. 1977 7i28>54 PH

	NORMAL.FR

II SUBROUTINE NORHAKA,NDAT«NDEGREE.MM,X , Y,W)
2> C...THIS COMPUTES NORMAL EQUATIONS FOR LEAST SQUARES SOLUTION FOR
3> C...COEFF.IN EXPANSION Y-A<I>+A<2>X*A<3>***2.. . . .
4: DIMENSION X< 1 >, Y< 1 >/ V< 1 >/ A< 6 ,6 >
5> COMMON COR(601><B(6>
61 NDG«NDEGREE*1
7> C...COMPUTE AC1,1>,B(1>
8> AC1«1>>0.
91 B(l>-0.

101 DO 49 I-1,NDAT
Hi AC 1*1 >»AU,1 ) + W(I )
121 B( 1>"B< 1 )*«< I >*Y(I>
131 49 CONTINUE
14: IFCNDG.EQ.l) RETURN
151 C...COMPUTE ELEMENTS OF A ON AND JUST BELOW DIAGONAL AND ELEMENTS OF B
16t DO 61 L-2.HDG
17» Ll-L-1
18: DO 51 H-L1/L
191 NEXP-L+M-2
20i A(L,M>»0.
21> DO 50 I-l.NDAT
221 ft(L,H)-A(L,H ) + tfC I >*X(I >*«>NEXP
23: 50 CONTINUE
241 51 CONTINUE
25: B(L>-0.
26: DO 61 I-l/NDAT
27 : BC L >«B( L >*W( I >«>Y( I >*X( I >*» ( L-l >
28> 61 CONTINUE
291 C...COMPUTE REST OF ELEMENTS OF A BELOW DIAGONAL
30: IFCNDC.E8.2) GO TO 63
31: DO 62 L-3/NDC
32: H22-L-2
33: DO 62 NM.M22
34: ACL,N>'A(L-1*N+1>
35: 62 CONTINUE
36: C...COMPUTE ELEMENTS OF A TO RIGNT OF DIAGONAL BY SYMMETRY
37: 63 DO 70 L-l,NOG
38: Ll-L+1
39: DO 70 N-L1,HDG
40: A(L.M)'A(M.L>
41: 70 CONTINUE
42: RETURN
431 END
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ECLIPSE FORTRAN 3, VERSION 4.01 -- TUESDAY/ NOVEMBER 8/ 1977 9»34»36 AH

LINQF.FR

li FUNCTION LINEQF(H,N,A,B,DTRHHT,Z>
ONS BY CAUSSIAK REDUCTION.2:

3i
4:
3»
6 i
7!

8:
9>

10:
11 :
12!

13:
14:
15:
16 1
17:
18:
19i
20>
21 :
22:
23:
24:
251
26:
27:
28:
29:
30:
31 :
32:
33:
34:

C.. SOLVES SIMULTANEOUS LINEAR EQI
C.. CDC 6400 VERSION OF F4 BC LI

REAL A(H,H>, B(H>, Z(H>
EPS - t .OE-30

HDSy«0
NHl-H-i
DO 40 J-1.HH1
Jl-J+1
LHAX-J
RHAX»ABS(A< J , J »
DO 8 K»J1,H
RNEXT-ABS(A(K,J»
IF <RHAX .GE. RMEXT) GO TO
RHAX'RHEXT
LMAX-K

8 CONTINUE
IF CLHAX -ME. J) GO TO 10
IF CABSCA(J,J» .LT. EPS)
GO TO 20

10 DO 12 L-J.N
U«A(J,L)
A< J/L>«A<LHAX*L>
A<LHAX.L>«y

12 CONTINUE
U « B(J>
BCJ> « B(LHAX>

14 B(LHAX) « y
DTRHNT « -DTRHNT

20 ZC J >-l./ACJ, J >
DO 30 K'Jl.N

IF <A(K,J > .EC. 0. > GO TO
y«-Z< J)*A(K,J )
DO 24 L«J1,H

GO TO 94

30

35! ACK/L
361 NOTH « 1
37: 24 CONTINUE
38! 26 BCK> - W » B(J> * BCK>
39i 30 CONTINUE
40: 40 CONTINUE
41! IF (ABS(A(N,N» . LT . 1. OE-30) GO TO 94
42! 42 Z(N>«t./A(N,N>
43: B(N>   ZCN> » B(N>
44! DO 60 K-1.NH1
45 » J-M-K
46! Jl-J+1
47i W"0.
48) DO 56 I-J1.N
49: W - A( J , I ) * B( I ) + y
50: 36 CONTINUE
51! 58 BCJ) - <8(J> - W) * Z(J)
52: 60 CONTINUE
53: HOSy-1
54! IF (DTRHNT . EQ . 0.0> GO TO 74
55: 70 DO 72 J-l.N
56! 72 DTRHNT-DTRKHT*ACJ, J >



66

37» 74 LINEQF « 1
58: RETURN
39) CONTINUE HERE FOR SINGULAR OR NEAR-SINGULAR CASE
60i 94 LINEQF " 2
61» DTRHNT-0.
62: RETURN
63: END
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ECLIPSE FORTRAN 5, VERSION 4.01 -- WEDNESDAY. AUGUST 3. 1977 3:58:13 PH

CYCLE.FR

1 >
2i
3 >
4i
3!

t:
7i
81
9 i
10!
11:
12 i
13!

14:
15 J
16 >
17 »
18 >
19 '
20 »
21 »
22 »
23!
241
23!
261
27 >

C
703

X
X
X
X
X
X
X
X
X

710
22

INTEGER TARGET

TYPE 'CHOOSE ONE OF THE FOLLOWING) <CRXCR>
ED   EDIT STATION LIST AND CONTINUE <CR>
PA   ALTER CRUSTAL PARAMETERS AND CONTINUE <CR>
RF » CHANGE REFERENCE STATION AND CONTINUE <CR>
VI   ALTER WINDOW ON CURRENT EVENT AND CONTINUE <CR>
EV   CHOOSE ANOTHER EVENT <CR>
EX   EXIT FROM PROGRAM <CR>
PF - PLOT FILTER RESULTS <CR>
PC   PLOT CORRELLATION RESULTS <CR>
ST - STACK TRACES <CRXCR> '

READ <11,22> ICY
FORMAT (A2>
IF UCY.EQ. 'ED' > RETURN 1
IF UCY.EQ. 'PA' > RETURN 2
IF UCY.EQ. 'RF' > RETURN 3
IF UCY.EQ. 'EV > RETURN 4
IF UCY.EQ. 'VI' > RETURN 5
IF UCY.EQ. 'EX' > RETURN 6
IF UCY.EQ. 'PC' ) RETURN 7
IF UCY.EQ. 'ST' > RETURN 8
IF UCY.EQ. 'PF' ) RETURN 9
TYPE ' HUH? '
GO TO 710
END
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APPENDIX B - PLOTTING PROGRAMS

ECLIPSE FORTRAN 3, VERSION 4.01 -- WEDNESDAY, AUGUST 3, 1977 2:59:33 PK

JPLOT.FR

it
2i
3)
4)
St

7)
ft)
9)

10)
11)
12 )
13)
14)
13)
16)
17 !

18)
19t
20)
21 t
22)
23)
24)
23)
26)
27)
28)
29)
30)
31 )
32)
33 >
34)
33:
36)
37)
38)
39)
40)
41)
42)
43)
44)
43)
46)
47)
48)
49)
30)
3D
32)
33)
34)
33)
36)

C
C
C
C
C
c******
C
C
C
C
C
C
C
C
C
C
C******

C

C

100

X

X

101
X
X

103

110
X

C
113

PROGRAM JPLOT.FR

P. REASENBERG
AUGUST i/ 1977

**********************************************************

PROGRAM TO PLOT TWO TRACES (REFERENCE TRACE AND ONE OTHER
TRACE)/ AND ALSO THE CORRELLOGRAM ON A SINGLE PLOT.

PROGRAM EXPECTS TO FIND)
UNFILTERED DATA IN "DPO'.PLOTA'
FILTERED DATA IN 'DPO>PLOT6*
CORRELLOGRAMS IN 'DPO>COR"

**********************************************************

INTEGER A<1336>,B( 1536) ,DATE< 6 > , TRACE< 2 >
DIMENSION LAB 1C 12)'LAB2C21 >,LAB3( 18 > , JPLOT< 96 > ,COR< 601 >
DATA COR/601*0.3/
OPEN 7, 'DPO:PLOTA'
OPEN 6/ 'DPOCOR'
OPEN 3/ 'DPO>LABEL',LEN»66
OPEN 8, 'DPOJPLOTB'
REWIND 3
OPEN 10, '*TT01'
OPEN 11, '*TTI1'
OPEN 3, 'tTTIl'

CALL SETUP
WRITE (10,19)
CALL FDELYC 15)
READ <3,30,REC»1> TRACE/NPTS/FREQHC , FREQLC, ISLOPE/ M ,

DATE/ ISPS,LAGS,LMAX,DELCOR,COEFF,!RBLK
READ (3,50/REC'H) TRACE/NPTS /FREQHC , FREQLC, ISLOPE/ M ,

DATE/ ISPS,LAGS,LHAX,DELCOR/COEFF,IRBLK
WRITE (10,101) (DATE(K>,K»i, 5)
FORMAT (' PROGRAM JPLOT - PLOTS CORRELLATION RESULTS FROM'/

ARRAY PROCESSOR SESSION DATE: ' , 12 , ' < ' ,
12,'/' , I2/T34, 'TIME) ',I2/ ': ' /I2/V)

TYPE 'THERE ARE ',H,' TRACES.'
ACCEPT 'ENTER NUMBER OF TRACES TO BE PLOTTED) ', NPLOT
IF (NPLOT LE.O) GO TO 900
IF (NPLOT. HE. H> GO TO 110
DO 103 K-l.M
JPLOT<K>«K
CO TO US
ACCEPT 'ENTER TRACE NUMBERS DESIRED: <13>',
(JPLOTdO, K«l, NPLOT >

AHINX-1
ARHCX-HPTS
AHIHY--S12
ARMCY-1024
CMIHX-0
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57 J 
38i 
39:

63 > 
641 
65> 
66> 
671 
68> 
69> 
70>
71 J
72 : 
73i
74 »
75 >
76:
77:
78:
79:
80:
81:
82 >
83:
84:
83:
86:
87:
88:
89>
90>
91 :
92:
93:
94 i
95:
96:
97:
98:
99:

100:
101 :
102:
103:
104:
103:
106:
107:
108:
109:
110:

FREQLC, ISLOPE,I DUN, DATE,

CRNGX»2*LAGS+1
CHINY--1.
CRNGY-2.
NLABl-24
NLAB2M2
NLAB3-36
NPTC»2»LAGS+1
LC-1
NBLK»<NPTS/256)+l
NCBLK-<(2*LACS+1)/128>+1

REMIND 3
DO 430 J«1-H
IS8LK»NBLK*<J-l >
READ <3,50,R£C»J> TRACE/HPTS.FREQHC 

X ISPS,LAGS,LMAX/DELCOR,COEFF,IRBLK 
450 IF USBLK.Efl. IRBLK) ENCODE (LAB1.53) TRACE(1 ) ,TRACE(2 )

REWIND 3
DO 500 JJ«1,NPLOT
J-JPLOK JJ )
ISBLK-N8LK*<J-1>
CALL RDBLK<8,IRBLK,A/NBLK.IBLK,IERB)
IF (IERB.HE.1) TYPE 'A: IERB - ',IERB,'IBLK «
CALL RDBLKC8,ISBLK>B/NBLK.IBLK/IERB>
IF (IERB.HE 1) TYPE 'B: IERB « ',IERB,'IBLK  
KSBLK»NCBLK*<J-l)
CALL RDBLK(6,K5BLK,COR,NCBLK,IBLK,IERB)
IF (IERB.HE.1) TYPE 'COR: IERB « ',IERB,'IBLK   ',IBLK
READ (3,50,REOJ> TRACE, NPT3, FREQHC / FRE8LC, ISLOPE/H .DATE 

X ISPS, LAGS, LHAX, DELCOR.COEFF, IDUfl
ENCODE (LAB2-51) TRACE<1 ) /TRACE(2>,FRE8LC,FREQHC

50 FORNAT (2A2,I 5,2F6.2,13,12, 612, 13,2 I 5,2F6.2,1 3>
51 FORNAT C2A2,12X/F4.2,' - '.F6.2,' HZ. FILTER') 

ENCODE (LAB3.52) DELCOR/COEFF
52 FORNAT ('DELAY - '.F6.2/' SEC., COEFF   ',F6.2>
53 FORMAT <2A2,' - REFERENCE STATION') 

yRITE (10.19)

IBLK

IBLK

CALL FDELY(15> 
19 FORNAT ('<33)<14)') 

TIC-I8P3
CALL JPLT3(A,8,COR,NPTS,NPTS,HPTC,AHINX,ARNGX,AHIHY 

X ARNGY/CHINXiCRNGX,CNINY,CRNGY . TIC,LABi LAB2.LAB3, 
X NLAB1,HLAB2,HLAB3,LC,LHAX> 

500 READ (3,24) JPAUSE
GO TO 100 

24 FORHAT (SI) 
900 CLOSE 3 

CLOSE 5 
CLOSE 6 
CLOSE 7 
CLOSE 8 
STOP 
END
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ECLIPSE FORTRAN 9, VERSION 4.01 -- WEDNESDAY, AUGUST 3, 1977 3:41:13 PH

	IPLOT.FR

11 C PROGRAM IPLOT.FR
2: C
3> C P. REASENBERG
41 C AUGUST 3, 1977
5> C

7« C
9> C PROGRAM FOR USE UITH PROGRAM "ARRAY".
9! C

10i C PROGRAM TO PLOT ONE TRACE BEFORE FILTERING, AND THE
111 C SAME TRACE AFTER FILTERING/ BOTH ON THE SAME PLOT.
12> C
13> C PROGRAM EXPECTS TO FIND:
14> C UHFILTERED DATA IN *DPO:PLOTA"
15i C FILTERED DATA IN 'DPO'PLOTB'
Ui C

18! C
19: C
20i INTEGER A(1536),B(1536),DATE<6>
2i> DIMENSION LABK 2 >, LAB2C 16 > . JPLOTC 96 )
22> OPEN 7/ 'DPO:PLOTA'
23: OPEN 3, 'DPOJLABEL',LEN-66
24J OPEN 8, 'DPOJPLOTB'
251 OPEN 10,'$TTOI'
26> OPEN 11.'STTIl'
27i OPEN 5/ '*TTI1'
28> REWIND 3
29i C
30> 100 WRITE (10,19)
31> CALL FDELY<15)
32> READ <3,50,REC-1> LAB1 , NPTS,FREQHC,FREQLC , I SLOPE,H,
33i X DATE/ISPS,LAGS,LHAX,DELCOR,COEFF,IDUH
34! WRITE (10/101) <DATE(K><K*1'3>
33i 101 FORMAT C IPLOT - PLOTS FILTER RESULTS FROM'/
36i X ' ARRAY PROCESSOR SESSION DATE: ',I2,'/',
37» X 12, V, I2/T34,'TIME? ' > 1 2.' «',I2//>
38: TYPE 'THERE ARE '>«,' TRACES.'
391 ACCEPT 'ENTER NUMBER OF TRACES TO BE PLOTTED: ' , NPLOT
40: IF (NPLOT.LE.O) GO TO 900
411 IF (NPLOT.HE.M) GO TO 110
42> DO 109 K-l,fl
43: 105 JPLOT(K)»K
441 GO TO 115
451 HO ACCEPT 'ENTER TRACE NUMBERS DESIRED: <15>',
46: X (JPLOT(K),K»l,NPLOT)
47 > C
481 115 NHIN-l
49: HLEH-NPTS
50i AHIM--512
Sil ARMC-1024
521 NLAB1-4
53i NLAB2-32
S4i LC-l
551 NBLK*CNPTS/256)+l
56> C
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37i 
38 t 
391 
60> 
611
62 >
63 >
64 I 
63 > 
66 > 
67» 
68» 
69 > 
701 
71> 
72i 
731 
74» 
73» 
761 
77» 
78> 
79» 
80> 
8H

CALL SETUP

00 300 JJ-1'NPLOT
J-JPLOTC JJ )
IS8LK-NBLKXJ-1 >
CALL R&8LKC7,ISBLK,A,NBLK,IBLK
IF (IERB.NE.1) TYPE 'A» IERB *

IERB) 
', IERB. IBLK   ', IBLK

CALL RDBLK<8,ISBLK,8,NBLK,IBLK,IERB >
IF (IERB.NE.1) TYPE 'B: IERB   ',IERB,'IBLK - ',IBLK
READ <3,50,REC«J) LAB!,MPTS,FREQHC,FREQLC .I SLOPE,H . DATE,ISPS
ENCODE (LAB2,51> LABi ( 1 >, LAB 1( 2 >, FREQLC, FREQHC

30 FORHAT (2A2,IS,2F6.2,13,12,612,13,213,2F6.2,1 3)
31 FORHAT (2A2,2X,F6.2,' - ',F6.2,' HZ. FILTER') 

WRITE (10,19) 
CALL FDELYC15) 

19 FORHAT <'<33><14>'>
TIC-ISPS

CALL IT«PL<A,B,NPTS,NPTS,NHIH,HLEH,AHIH,ARHC,TIC,LAB1,LAB2, 
*NLAB1,NLA82,LC) 

300 READ <3,24> JPAUSE
CO TO 100 

24 FORHAT <S1> 
900 CALL RESET 

STOP 
END
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ECLIPSE FORTRAN S/ VERSION 4.01 -- FRIDAY, JULY B, 1977 U19J59 PH

	ITyPL.FR

It SUBROUTINE ITUPLCA,B/NPTS/HPTS/NH IN/NLEN,AH IN/ARNC/
21 *TIC,LA81/LAB2/NLAB1/NLAB2/LC>
31 C
41 C TUO-TRACE PLOTTING ROUTINE FOR INTEGER DATA
5i C
(I COHNON /SCAL/IX/LX/IY.LY/ITERN,ISCAL,JCHAR
7) COMMON /SCAL1/CHWIDC4)
8i INTEGER A(1>,B(1>
9t DIMENSION LABK 1>,LAB2( 1)

101 TMIN-NNIN
111 TLEN-HLEH
12» CALL SWINDO<10/1000/385/365)
131 CALL VWINDO(THIN,TLEN,AHIM,ARNG>
14i CALL ITRCE(A,NPTS>
19> CALL S«INDO<10,1000,20/3(9)
ICl CALL ITRCE(B,NPTS>
171 CALL SW(10/1000/20/730)
18> IC-1
19) IF(LC.GE.O)CALL FRAHE( THIN, TLEN, AKIN, ARNG, TIC , 1C >
20 1 C
21< C PUT ON LABELS
221 C LC<0 NO FRAME
23> C LC-0 NO LABELS
241 C LC-1 TOP AND BOTTOM
29t C LC-2 LABEL START OF TRACES
26i C LC-3 LABEL END OF TRACES
27> C
28: LCC-IABS(LC>+1
29i GOTO(5, l/2/3)/LCC
301 1 HXl'lX+LX/2
3H MYl-IY+LY*2*CHWID<JCHAR>
321 MX2-HX1
331 MY2'IY-2*CH«ID(JCHAR)
34: GOTO 4
351 2 HX1-IX+2*CH«ID<JCHAR)
3(» MYl»IY+3»LY/4
371 HX2-HX1
38> HY2-IY+LY/4
39: GOTO 4
40! 3 HX1-IX+LX-CHLAB1+2>*CHVID(JCHAR>
41» HYl-IY+3*LY/4
421 HX2'IX+LX-<KLAB2+2)*CHUIDUCHAR>
43> HY2-IY+LY/4
44: 4 CALL HOVABSCHX1/MY 1>
49t CALL AOUTST(NLAB1/LAB1)
4«> CALL MOVABSCHX2/HY2)
471 CALL AOUTST(NLAB2/LAB2)
48> 9 CALL TSEND
49> RETURN
50> END
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ECLIPSE FORTRAN 5, VERSION 4.01   FRIDAY, JULY 29. 1977 3»37s28 PN

	SETUP.FR

11 SUBROUTINE SETUP
2l COMMON /SCAL/IX,LX,IY,LY,ITERH.ISCAL,JCHAR
31 COMMON /SCAL1/CHWIDC4)
4> JCHAR-4
Si ITERM-1
61 ISCAL-1024
7> CALL IHITT(O)
8) CALL SETBUF(3)
9> CALL CHRSIZCJCHAR)
10J CALL SVC10/1000,20,730) 
11> C INITIALIZE CHARACHTER WIDTH VALUES
12> CHWID<1)-13.8
13J CHWID(2)-12.6
14> CHUIDC3)-8.3
13) CHUID(4)-7.7
U> CALL TSEND
171 RETURN
18) END
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ECLIPSE FORTRAN 5/ VERSION 4.01 -- WEDNESDAY, AUGUST 3. 1977 2:32:45 PH

	JPLT3.FR

It SUBROUTINE JPLT3CA,B>C/NPTA,NPTB,NPTC,AMINX/ARNGX,
21 X AHINY,ARNGY/CHINX/CRNGX,CHINY»CRNGY,TIC,LAB1,LAB2,LABS,
3i X NLAB1,NLAB2,NLAB3,LC,LHAX>
4i
5t C
«i C THIS ROUTINE IS TNE UORK HORSE ROUTINE TO BE
7: C USED WITH PROGRAM JPLOT.
81 C
9i C

10> COMMON /SCAL/IX/LX/IY/LY/ITERK/ISCAL/JCHAR
Hi COMMON /SCAL1/CHVIDC4)
12i INTEGER A<1)/B(1)
13i DIMENSION LAB!<1)/LAB2C1>/LAB3(1>/C(1>
141 EDGEl-AHINX+CNPTC-1. >/2.
15i EDGE2-AHINX+ARNGX-(HPTC-l.)/2.
Iti C
I7i C DRAtf TOP TRACE
18: CALL SWINDO<10/1000/385*365>
19i CALL V«IHDO<AHINX/ARNGX/AHINY,ARMGY )
20J CALL ITRCECA/NPTA)
2H CALL HOVEA<EDGE1/0. )
22t CALL HOVREL<0»30)
23> CALL DR«REL<0,-60>
24i CALL MOVEA<EDGE2,0.>
25i CALL HOVREL(0/30)
26 > CALL ORVRELCO/-60)
27i C
28i C DRAW BOTTOM TRACE
29> CALL SWINDO<10/1000/20,365)
30! CALL ITRCECB/NPTB)
3H CALL MOVEA(EDGE1/0. >
32> CALL MOVRELCO/30)
33> CALL DRURELCO/-60)
34> CALL MOVEA<EDGE2/0. )
35i CALL MOVREL(0/30)
36> CALL DRURELCO/-60)
37i KC1-500.-((NPTC-1.)/NPTA )*500.*10.
38 > KC2-«NPTC-1 . )/(NPTA*l . »*1000.
39> CALL SWINDO<KC1,KC2,293,180)
40i CALL VUINDO(CHINX/CRNCX/CMINY/CRNGY)
41 i C
42i C DRAV CORRELLOGRAM AXIS
43< CALL HOVEACCHIKX/O.>
44i CALL DRAWRCCRNGX/0. )
45t ZMARK-(NPTC-1.)/2.
46> CALL HOVEACZNARK/1.>
47t CALL HOVREL(-lOiO)
48> CALL DRWREL(20,0)
491 C
50> C DRAV VERTICAL LINES
511 VMARK-LMAX
52) CALL HOVEACZMARK/0.>
S3i CALL MOVRELC0/365)
S4i CALL DRWREL<0,-423>
551 CALL MOVEA(VHARK/0. )
S6i CALL MOVREL( 0/-365)
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371 CALL DRVRELC0.433)
38i C
Sfi C DRAW CORRELLOGRAH
60 > CALL TRACE (C.HPTO
(it CALL SW<10,1000,20,730)
42 > CALL V«IHDO<A«IHX,ARNGX,AHIHY,ARHGY>
43» IC-l
Ml IFCLC.GE.OCALL FRAHE( AHIHX, ARNGX . AHIHY, ARMGY, TIC/ 1C )
43! C
44) C PUT OH LABELS
47i C LC<0 HO FRAME
68> C LC-0 HO LABELS
69 r C LC-1 TOP AKD BOTTOH
70> C LC«2 LABEL START OF TRACES
711 C LC-3 LABEL EHft OF TRACES
721 C
73t LCC»!ABS(LC>+1
741 COTO(5,1,2,3>,LCC
73« I MX1-IX+LX/2
7(1 HYI-IY*LY*2»CHVID<JCHAR>
77) HX2-HX1
78t HY2-IY-2*CHVID(JCHAR>
79> GOTO 4
80> 2 HXl»tX*2*CHV!0(JCHAR>
Bit HYi»IY^3*LY/4
821 HX2-HX1
83i HY2«IY*LY/4
841 GOTO 4
83t 3 HX1-IX*LX-(NLAB1*2)*CH«ID<JCHAR)
861 HYl-IY+3*LY/4
871 HX2*IX^LX-(HLAB2-»2»CHUIO(JCHAR>
881 MY2-IY+LY/4
89i 4 CALL HOVABS(HX1,»Y1)
90: CALL AOUTST(HLABi/LABi>
911 CALL HOVABSCHX2*MY2>
921 CALL AOUTST<HLAB2<LAB2>
93t HX3MX+IO
94> HY3*IY-2«CH«IO(JCHAR)
93i CALL ROVABS(HX3,HY3>
9C> CALL AOUTST<HLAB3/LAB3>
97 i 3 CALL TSEHB
98< RETURN
99i EHD
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APPENDIX C

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.

LOCHODE

LOCNODE

0
LOCOVLY
LOCOVLY
LOCOVIY
LOCOVLY
LOCOVLY
i
LOCOVLY
LOCOVLY
LOCOVLY
LOCOVLY
LOCOVLY
LOCOVLY
LOCOVLY
LOCOVLY
LOCOVLY

RANGE, 1
DELAY, 1
CORR/1
SORT/1
POLYFIT/1

DELTA/
FETCH,
LOPAS/
HIPAS/
HLPKT,
CYCLE/
UNIT/1
NORMAL, 1
LINQF/1

LOCEND

CSYS;DELETE/V ARRAY.HP)*
RLDR/H/P 13/C ARRAY DIRC1 THIHG DEMUX FBLH *

CRANGE, DELAY/ CORR/ SORT/POLYFIT] *
(DELTA* FETCH/ LOPAS/ HIPAS/ KLPHT/ CYCLE/UHIT/HORHAL/LIHQF1 HCAH.LB
LOCO 0HFLIB8 ARRAY.HP/L


