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PART I: OVERVIEW OF THE SYSTEM

Introduction

This paper is intended to fill several related purposes:

1) provide an overview of the Cal Net seismic data processing
system for those with a need to learn and use the system,

2) provide a clear description of how the system is used to process
Cal Net data,

3) provide an outline of the purpose and features of the programs
employed in data processing, and

4) provide a set of FORTRAN listings of those programs to encourage
users to learn how they work and to facilitate resolution of

problems that arise in their routine use.

In processing Cal Net seismic data "by hand", the 16 mm Develocorder
films are projected onto a digitizing table and "read" by means of a
cursor that determines the x-y coordinates of selected points on the
projected seismograms. A procedure for reading seismograms in this
manner and a computer program for interpreting the character stream
produced by the digitizer card punch were developed by Peter Ward, John
Lahr, and Bill Ellsworth. The interpretive program (digi3) was subse-
Quently amended and converted for use on MULTICS. This program has now.
been converted to run on the PDP 11/70 under UNIX, and it has been
renamed digix to distinguish it from earlier versions. digix produces

a phase-card list in the format required by HYPOT1.



HYPO71 was trimmed down and modified to run on UNIX by Sam Stewart
to provide a means of locating events detected by the Allan/Ellis
Real-Time Earthquake Analysis System. This diminished version of HYPOT1
has been modified further to simplify its use for daily processing of Cal
Net events. The resulting program has been renamed hypo71l to
distinguish it from earlier versions.

A number of problems arising from the relatively small size of the
11/70 memory or from differences between UNIX FORTRAN77 and MULTICS
FORTRAN66 were encountered during the conversion of digix and hypoT1l.
These problems were solved by several auxiliary programs for error-
checking, for presorting phase lists, for completing work left undone by
hypoT71l, etc.

To provide a convenient environment to permit a group of analysts to
work on Cal Net data processing, it was necessary to create an
appropriate set of directories in UNIX, to develop procedures to simplify
the use of the programs employed in the data processing, and to establish
conventions for naming data files whereby the file name specifies the
nature and contents of the file. The system that was adopted is similar
to the one that evolved over several years for processing Cal Net data in
MULTICS.

It is assumed here that the reader has at least an elementary
acquaintance with the UNIX operating system, such as is provided by "UNIX
for Beginners--Second Edition"™ by Brian W. Kernigan. That short paper

(14 pages) is reproduced as section UB2a (vol. 3) of the UNIX manual.



UNIX Directories for Cal Net Earthquake Data Processing

The directories and subdirectories for Cal Net data processing are

specified in the following pathname/structure diagram:
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Cal Net processing is carried out in various subdirectories of the

directory /db/ncal/calnet. The cards from the table-top digitizer for a

given day are read into the appropriate monthly subdirectory and



y
named d3.mmmdda, where "mmmdd" is the film "day off" (e.g., may23 for the
film day May 22-May 23) and the suffix "a" indicates the initial "pass"
in analysis. The complete first pass analysis, resulting in a hypo71l
printer output augmented by a list of missing stations, is carried out in
the monthly directory. Gross errors such as mixed events, large timing
errors, misidentified traces, etc., are corrected as part of the first
pass analysis. The phase-card list file, mmmdda, which is produced by
program digix and is corrected for large errors, is preserved in the
monthly directory until all additional work on day mmmdd is complete. A
list of preliminary locations, also, is saved in file "suma", which is
generated by adding each day's summary-card list to suma when it is
obtained.

Subsequent analysis, including rereads, addition of new stations,
etc., is carried out in the appropriate analyst's "private" subdirectory.
As successive groups of corrections are made to the phase-card list (in
the private subdirectory) it is renamed mmmddb, mmmddc, etc., to
distinguish the newly corrected list from earlier ones. When work on a
particular day's data is complete and the phase~card list is in its final
corrected form (e.g., mmmddg), the final phase-card 1ist is copied back
into the monthly subdirectory. Both the original and final phase-card
7 lists are retained until data for the entire month have been processed to

oompletion.



Naming of Data Files

The phase-card list for each day is designated by the film "day
off", e.g., may23 for the film day May 22-May 23, plus a one-letter
suffix to distinguish a current corrected version of the list from
previous versions of the list. Thus, the first version of the phase-card
1ist is named mmmdda (e.g., may23a) and subsequent versions are named
mmmddb, etc. This root is retained in the names of all (nontransient)
files that are based on the data contained in this phase-card list.

Names of these files and descriptions of their contents are as

follows:
d3.mmmdda = digitizer card list read into UNIX
mmmdda.dig = diagnostic file from program digix
mmmdda = original phase-card l1list, produced by program

digix

mmmdd (a=a,b,c,...) = phase-card 1list, original or corrected

f.mmmdd.a = sorted phase-card list, produced by program d80p

mmmddo . Smp = hypo711l hypocenter summary-card list

mmmdda . pch = hypo71l "punch-card output” list: epicenter
and station/phase data summary

mmmdda.prt = hypo71l printer output list: epicenter and
station/phase data summary

mmmdda . pchm = mmmdd&.pch augmented by missing station lists

mmmddg.prtm mmmddg.prt augmented by missing station list



Several transient files are created and then destroyed during a

"normal" processing run.

If processing is interrupted, some of these

files may remain in the working directory. They should be removed before

a rerun is attempted.

calstn
data.err
data.c
hypo.input
hypo. smp
hypo.pch

hypo.prt

Such files are:

"

station 1list used by hypoT71, etec.

list of errors detected by digchk

corrected phase 1list produced by digchk

hypo711 input file

"

summary card output
punch-card output list

printer output list

When day-by-day processing is complete on all days of a month, the

appropriate monthly directory contains the set of corrected daily

phase-card lists for the whole month (mmmdda) plus the summary of

preliminary hypocenters (suma) for the month. The daily phase lists are

then combined in proper order into a single monthly phase-card list

called:

MMYY (e.g. SEP8O).



When this phase card 1ist is processed by "runhypoplus", there

results a set of monthly outputs:

MMMYY . smp monthly hypocenter summary list

MMMYY. pch monthly hypo71l "punch card" output

MMMYY.prt " " printer "

MMMYY. prtm monthly hypo71l1 printer output augmented by lists

of missing stations.

netlib

To conserve file space and to insure uniformity in Cal Net data
processing, the programs, station lists, parameter lists, etc., that are
required for processing are maintained in directory netlib
(/db/ncal/netlib). The programs, etc., in netlib are invoked by means of
executable files that reference their absolute addresses in netlib.
FORTRAN texts of the programs are stored in fortprog, a subdirectory of
netlib, and in hypofort, a subdirectory of fortprog.

The current contents of netlib, fortprog, and hypofort are listed

below.
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/db/ncal/netlib

total 1571

-rwirwit=1 1 eaton 187 Dct & 16:12 RMLN
~rwxrwir-x 1 eaton 8465 Oct 3 23: 2% RUNLN
—yrwirwit-x 1 lester 186 Oct & 09.47 catparam
—rwrrwir-x 1 eaton 48%68 Dct 3 22: 42 catprog
-rwxrwir-x 1 eaton 45 Oct 3 22:30 cve. lc
~rwrrwir-x 1 eaton 45 Oct '3 22:30 cvc. vc
-pwxrwar=z 1 eaton 44568 Dct 3 22 42 dBOp
-rwirwir-x 1 eaton 32494 Oct 7 10:43 digchk
-rwrrwir-x 1 eaton 62872 Oct 3 22: 42 digix
-rwxrwxr—-z 1 eaton 70 Oct 3 22.30 ¢
—pw-rw-r=-- 1 eaton O Dct 13 10:15 file
drwrrwir-x 3 eaton 464 Oct 13 10:01 fortprog
-rwiTwir-x 1 eaton 810 Oct @ 13:11 hyparO
—pw-rw-r=-- 1 lester 810 Oct 7 15:43 hyparO. 2
—rwirwir-z 1 eaton B10 Dct 3 22:26 hyparl .
-rwxrwxr-x 1 eaton 99342 Oct 3 22:45 hypo71l
-rwrxrwirT—-1 1 eaton 33948 Oct 3 22:43 lerck
-rwirwiT-x 1 lester 50846 Oct & 10:18 mivang
-rwrrwxr=x 1 eaton 80672 Dct 3 22:43 mizing
~rwirwir-1 1 lester 30294 Oct 7 15:48 nocastO
—rwxrwir-x 1 eaton 29545 Oct 3 22:27 nocast0. 2
-rw-rw-r=-- 1 lester 26001 Oct 9 13:23 nocastO. fh
—rw-Tw-r——= 1 lester 30131 Oct 7 15:43 nocastO. fh. 1
—rwrxrwixr-x 1 eaton 22194 Oct 3 22:27 nocastl
-rwrrwir—=x 1 eaton 18468 Dct 3 22:27 nocast?7
—rwrrwir-x 1 eaton 29160 Dect 3 22:27 nocasto
-rwxTwir-x 1 eaton 40286 Oct 3 22:43 pltfm
-rwrrwir-x 1 lester 98 Oct & 09:56 pltfmparam
—rwxrwir-x 1 eaton 35386 Oct 3 22:43 qrychk
~—rwxrwxr-x 1 lester 693 Dct & 09:47 qrylist
—rwxrwxr=x 1 lester 54480 Oct 6 09:47 quadlist
—rwrrwar-x 1 eaton 146 Oct 3 22:51 runcatprog
-rwxrwxr-x 1 eaton 84 Oct 3 22:55 rundigchk
~rwrrwxr-x 1 eaton 78 Oct 3 22:57 rundigix
-rwrTwiT—x 1 eaton 41 Oct 7 07:56 rundl
-rwitwxr-x 1 eaton 269 Oct 3 22:25 runerrchk
—rwixTwxr-x 1 eaton 543 Dct 3 2308 runhypoplus
-rwirwrr-x 1 eaton 112 Oct & 16:00 runinchk
-rwxrwir-x 1 eaton 38 Oct 3 23:12 runlerck
—rwirwir-x 1 eaton 84 Dct 3 23 33 runmising
-rwrrwir-x 1 eaton 84 Oct 3 23.10 runmizing
-rwxTwxr-x 1 eaton 110 Oct 3 23:11 runpltfm
~rwirwxr—-x 1 eaton 96 Oct 3 23:15 runqrychk
-rwirwir-x 1 eaton 52 Dct 3 23:17 runsrthyp
~rwxrwir=-1 1 eaton 443046 Oct 3 22:43 srthyp

/db/ncal/netlib/fortprog
total 163

-rwrrwyr-x 1 eaton 6291 Oct 3 22:25 catprog.
~rwxrwxr=x 1 eaton 260 Oct 3 22:25 dBO. £
-rwiTwiT-x 1 eaton 3752 Oct 3 22:25 dBOp. £
~rw-r--r-- 1 eaton 1745 Oct 7 10:456 digchk. f
-rwrrwir-x 1 eaton 41301 Oct 3 22:25 digix. ¢
-rwirwxr=-1 § eaton 625 Dct 3 22:25 dstaz. ¢
~rwirwiar=z 1 eaton 70 Oct 3 22:25 ¢
drwirwir-x 2 eaton 416 DOct 13 09: 546 hypofort
-rwrrwir—x 1 eaton 1738 Dct 3 22°25 lerck. f
~rwrrwxr-x 1 eaton 45617 Oct 3 22: 25 mising. f
-rwirwir-x i eaton 4469 Oct 3 22:25 mizing. f
~rwrrwxr-x 1 eaton 2788 Oct 3 22.25 pltfm ¢
-rwitTwir-x 1 eaton 3031 Oct 3 22:25 qrychk ¢
~rwirwxr—-2x 1 eaton 3150 Oct 3 22:25 srthyp.

/db/ncal/netlib/fortprog/hupofort

total 226

~rw-r=-r-- 1 eaton 2349 Oct 13 09:54 hypind. ¢
wrw-r--r-- 1 eaton 7011 Oct 13 09:54 hypo71. ¢
-pru-r-=-t-= | eaton 11965 Oct 13 09 54 input!. §
—rw-r=-r—= 1 eaton 9736 Oct 13 09 5S4 input2. f
~r@-r=-r-= 1 eaton 2%9 Oct 13 09: 54 makefile
—rw-r=-r—— 1 eaton’ 22835 Oct 13 09 54 output. f
-rw-r--r—— 1 eaton’ 37285 Oct 13 09:54 single.
~-ry-r--r—— 1 eaton, 2106 Oct 13 09:54 sort. ¢
-rw-r——r— 1 eaton, 16396 Oct 13 09:54 swmreg. ¢
—tw-r——r— 1 eaton: 13957 Oct 13 09:54 trvdrv. §
~rw-r--r—— ] saton’ 7974 Oct 13 09: 55 xfmags. f



Executable Files

UNIX employs a control language, called the "shell", which permits
very flexible manipulation of files, direction of input and output,
invocation of user's programs, etc. The set of instructions that would
be "input" at a terminal to carry out some procedure can be written onto
a file and stored in the directory. This file can then be given
"execute" status (by the command, without quotes, "chmod +x filename");
If the name of the file is typed on the terminal and the "return" struck,
the set of statements contained in the file are then executed by the
shell.

Most of the executable files that we shall use have names beginning
with "run", such as "rundigix".

The shell provides for passing parameters through the statement that
invokes an executable file into the file that is being invoked. These
parameters, which are typed after the name of the executable file to be
invoked are represented in the file by $1, $2, etc., meaning the first,
second, etc., parameter to be passed.

In the shell language, the symbols <, >, and >> are used to direct
input and output to and from files. The command "prog <input >output"
invokes the (c-compiled) program "prog" and instructs it to attach a file
named "input" to the standard system input (unit 5) and to write its
output from the standard system output (unit 6) into a file called
®output". The commands cat filel, >input; cat file2 >>input cause a file
called "file1" to be written into a file called "input" and then a file

called "file2" to be added to the end of "input".
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The simple commands like

"rm filei" to remove a file called "filel",

"mv file1 file2" to change the name of a file from "file 1"

to "file 2", and

"ep /db/ncal/netlib/filel filei" to copy a file named "filel"

from netlib to a host directory,
have the same effect when they appear in an executable file as when they
are given directly through the terminal.

Let us use the command "runprog input output™ to invoke an
executable file called "runprog" that consists of the single line of text:

prog <$1 >$2.
The shell would execute the single command "prog <input >output" having
passed (or substituted) the first and second parameters (following the
command "runprog") to their symbolic counterparts in the text of the
executable file.

Some of the programs used in processing Cal Net data read input from
more than one input file and write output to more than one output file.
These programs contain file "open" statements that associate particular
"logical units" with particular file names. On input, the named files
(which must exist) are attached to the indicated logical unit; and on

output, the output from the indicated logical units are written into the
named files. Such files are read and written directly by the program
without intervention by an executable file, which might be used to invoke

the program and to direct input or output to or from the standard logical

units (units 5 and 6).
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The executable file can be used, of course, to manipulate the
program-generated files (like changing names, deleting, etc.) once they
exist.

netlib contains a number of executable files that invoke appropriate
station lists, parameter lists, and data lists as well as the programs
used for data processing. References to station lists, programs, etc.,
in these executable files employ their absolute addresses; so these
executable files can be used in any of the working directories. The
special executable file RUNLN can be copied into a host directory and can
then be run to copy (from netlib) the entire set of executable files,
etc., needed to process data in the host directory. Another special
executable file, RMLN, can be copied from netlib to the host directory to
provide a simple means of deleting the entire set of files copied by

RUNLN.



RUNLN
cp
ep
cp
cp
cp
cp
cp
cp
ep
cp
cp
cp
cp
cp

cp

/db/ncal/netlib/runinchk runinchk
/db/ncal/netlib/rundigix rundigix
/db/ncal/netlib/runerrchk runerrchk
/db/ncal/netlib/rundigchk rundigchk
/db/ncal/netlib/runhypoplus runhypoplus
/db/ncal/netlib/runmizing runmizing
/db/ncal/netlib/runpltfm runpltfm
/db/ncal/netlib/runlerk runlerk
/db/ncal/netlib/rungqrychk runqrychk
/db/ncal/netlib/runcatprog runcatprog
/db/ncal/netlib/runsrthyp runsrthyp
/db/ncal/netlib/rundl rundl
/db/ncal/netlib/hypar0 hypar0Q
/db/ncal/netlib/pltfmparam pltfmparam

/db/ncal/netlib/catparam catparam

12



RMLN

runinchk
rundigix
runerrchk
rundigchk
runhypoplus
runmizing
runpltfm
runlerck
runqrychk
runcatprog
runsrthyp
rundl
hypar0

pltfmparam

a4 4 8 4 8 4 3 8 & &8 8 4 3 4

catparam

The executable files in netlib that are copied and erased by RUNLN
and RMLN are listed below. Absolute pathnames are used for the programs
and for several data lists that are stored in netlib. Note, however,
that the three files that are copied into the host directory by RUNLN
(i.e., hypar0, pltfmparam, and catparam) are not taken from netlib at
execution time by the run... executable files. Thus, these files can be
modified in the host directory for flexible control of the processes that

they govern.
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In the executable files listed below, the argument passed as $1 is
the name (date) of the phase-list file being processed, unless otherwise
specified. For the daily lists, $1 = mmmdd (e.g., May 28). For the

monthly 1ist $1 = MMMYY (e.g., MAY80).

runinchk ($1)
grep -n y "\ ;' d3.$1
grep -n y "\n' d3.$1
grep ~n y "\w' d3.$1

grep -n y '\,' d3.$1

This program checks the file d3.$1 for the occurrence of the
following characters: ";", " ", "y", and ",". The output appears on the
terminal and consists of the lines containing the search symbols. The
argument -n causes the line number (in d3.$1) to be printed and the
argument -y causes a match to be made for either lower- or upper-case
characters.

If any of the search symbols occurs and indeed represents an error

in d3.$1, the error should be corrected before running program digix.

L]



rundigix ($1)
/db/necal/netlib/cve.uc<d3. $1
/db/ncal/netlib/digix <d3.$1> $1.dig

mv pherd $1

This executable file first converts the digitizer card file to upper
case and then runs program digix with the converted file as input. Digix
outputs a diagnostic file, $1.dig, and a phase-card list file, pherd,

which is renamed $1 by rundigix.

15
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runerrchk ($1)

grep -n -y warning $1.dig
grep -n -y accurate $1.dig
grep -n -y slash $1.dig
grep -n -y expected $1.dig
grep -n -y assume $1.dig
grep -n -y illegal $1.dig
grep -n -y letters $1.dig
grep -n -y error $1.dig
grep -n -y delete $1.dig

grep -n -y identifier $1.dig

This program checks the digix diagnostic file for the occurrence of
warnings that indicate possible inaccuracies or errors in the phase-card
list (pherd or $1) produced by digix. The output appears on the computer
terminal. These possible errors should be checked (and corrected) before

further processing of the data is undertaken.
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rundigchk ($1)
/db/ncal/netlib/digehk <$1
/db/ncal/netlib/d80p <data.c> f.$1
rm data.c

rm data.err

This executable file first calls digchk to verify that phase cards
in the phase-card list produced by digix contain only digits or a decimal
in columns 10 through 24 (read by hypo71l under I and F formats). It
then calls d80p to replace embedded blanks in the integer time field
(columns 10 through 19) of phase cards with zero's and to sort the phase
cards in order of increasing time. It then removes two files generated
by digehk. digehk flags errors with a message to the terminal. If any
are found, digchk should be run separately (by the command digchk <$1) to
regenerate the data.err file, which indicates which lines in $1 contain
errors.

The input to rundigchk is the daily phase-card 1ist ($1) produced by
digix.

The output of rundigechk is the sorted phase-card list (f.$1)

produced by d80p.



runhypoplus ($1)
/db/ncal/netlib/cve.uc<$1
echo 'digchk running'
db/ncal/netlib/digchk <$1
/db/ncal/netlib/d80p <«data.c> f.$1
rm data.c
rm data.err
echo 'digehk completed'
cat hypar0O >hypo.input
cat f.$1 >>hypo.input
cp /db/ncal/netlib/nocast0 calstn
echo 'hypo711 running'
/db/ncal/netlib/hypo711
mv hypo.print $1.prt
mv hypo.pch $1.pch
mv hypo.smp $1.smp
rm hypo.input
echo 'hypo71l completed'
echo 'mizing running'
/db/ncal/netlib/mizing <$1.prt >$1/prtm
rm calstn
echo 'mizing completed'’
cat $1.smp >>$1.prtm

echo 'hypoplus completed'

18



This executable file carries processing of earthquake data through
several steps and employs several programs. First, it invokes digchk and
d80p to check for format errors, replace embedded blanks in the integer
time field with zeros, and sort the phase card 1ist according to
increasing time. It then sets up the input file, hypo.input, and station
list file, calstn, that are required by hypo71l. Next, it invokes
hypo711. Then it renames the three hypo71l output files to conform with
the file name system outlined earlier. Next it invokes mizing to examine
the hypoT71l print output file ($1.prt) and to identify needed missing
stations, whose names are included in an augmented version of the hypo71l
print output file ($1.prtm). Finally, it appends the short hypocenter
summary file $1.smp to $1.prtm. In addition, it deletes a number of
temporary, no-longer-needed files to avoid clutter in the directory and
it sends messages to the terminal to indicate the stage of processing

currently underway.

The input files are:
$1 the corrected earthquake phase-card list,
produced by digix
hypar0 the parameter list containing the reset tests,
model, and control card required by hypoT71l
(station delay mode)

nocast0 the station list (station delay format);
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and the output files are:

f£.$1 the ordered phase list generated by d80p

$1.smp the hypoT1l hypo.smp summary card output

$1.pch the hypo71l punch-card list output

$l.prt the hypoT1l printer output

$1.prtm the hypo71l printer output augmented by lists of

missing stations and the summary card list.

runmizing ($1)

cp /db/ncal/netlib/nocast0 calstn
/db/ncal/netlib/mizing <$1.prt >$1.prtm

rm calstn

This executable file invokes program mizing to examine the hypo711
print output file ($1.prt) to determine which missing stations should be
read, and it adds these names in the appropriate places to $1.prt and
writes out the new list as $1.prtm. It also sets up the station list
file required by mizing before invoking the program and removes it after

execution is completed.
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runpltfm ($1)

cat pltfmparam >pltfm.input
cat $1.pch >>pltfm.input
/db/ncal/netlib/pltfm <pltfm.input >$1.fm

ro pltfm.input

This executable file sets up the input file required by pltfm (plot
first motion), invokes the program, and then removes the input file.
Inputs to runpltfm are 1) the list of parameters (pltfmparam) that govern
the action of the program and 2) the hypo71l "punch card" output file
($1.pch) for one or more quakes. The output ($1.fm) is the $1.pch file,
augmented by a list of plotted symbols, plus a printer plot of first

motions on the lower half of the focal sphere.

runlerck ($1)

/db/ncal/netlib/lerck <$1.smp >$1.ler

This executable file invokes program lerck (large error check) to
examine the monthly summary card list ($1.smp - e.g., MAY80.smp) for
large errors. Information on errors is output to file $1.ler (e.g.,

MAY80.ler).
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runqrychk ($1)

cp /db/ncal/netlib/qrylist qrylst
/db/ncal/netlib/qrychk <$1.smp >$1.qrt
mv qrycds $1.qch

rm qrylst

This executable file invokes program qrychk to screen the monthly
hypocenter summary list for quarry shots. It sets up the file grylst
(1ist of quarries and their coordinates) before invoking the program and
deletes it after execution. The input to rungrychk is the monthly
sumary card list ($1.smp - e.g., MAY80.smp). The output consists of two
files: $1.qrt, which identifies quarries and points out
misidentifications, and $1.qch, a list of corrected "cards" for

substitution in $1.smp to correct errors in quarry identification.



runcatprog ($1)
cp /db/ncal/netlib/quadlist quadlst
cat catparam >cat.input
cat $1.smp >>cat.input
/db/ncal/netlib/catprog <cat.input >$1.cat
rm cat.input

rm quadlst

This executable file invokes program catprog to prepare a standard
format catalog from monthly (or yearly) lists of earthquake summaries in
hypo711 summary card format. It first prepares the input files required
by catprog:

1) quadlst, a list of map quadrangles is copied from file quadlist

in netlib

2) the parameter file catparam and the summary card file, $1.smp

(e.g., MAY80.smp), are combined into cat.input.
Next it invokes catprog, which oyputs the catalog on file $1.cat (e.g.,

MAY80.cat). Finally, it removes the files cat.input and quadlst.

23
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runsrthyp ($1)

/db/ncal/netlib/srthyp <$1 >sumaa
rm $1

mv sumaa $1

This executable file invokes srthyp to sort a set of hypo71l
hypocenter summary cards in order of increasing time. The sorted output
file has the same name as the original input file. Normally, this
program is used to sort a set of concatenated daily summary-card files,

sSuma.

rundl ($1)

ro $1.dig
rm $1.pch
rm $1.prt

rm $1.prtm

This executable file deletes the set of output files that are
generated by runhypoplus. It is normally run after a daily phase card
file has been corrected for errors and before the corrected phase card

1ist is rerun by runhypoplus.
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PART II: PROCESSING OF DATA

The procedures described in this write-up carry processing of Cal
Net data from Develocorder film "readings" in the form of card decks
produced by the table-top digitizer to finished monthly catalogs of
earthquakes and monthly archive tapes of phase card lists and hypocenter
summary card lists. The work is divided into two stages: production of
corrected phase card lists for each day of the month, and production of
final monthly catalogs of hypocenters and monthly archive tapes of phase
card lists and hypocenter lists. Most of the work is associated with the
first stage, primarily with checking and correcting the daily phase card
lists. Stage 1 processing, itself, is divided into two parts: first
pass processing of daily phase card lists from the digitizer cards to
hypocenter locations (carried out in the appropriate monthly
directories), and error detection, seismogram rereading, reprocessing,
etc., of daily phase card lists to produce the final corrected phase card
lists (carried out in the "private" directories of the analysists).

The first pass processing is accomplished in five steps, each
carried out in the computer by means of its own executable file run...
command. These steps are:

l. read the digitizer card deck into the appropriate monthly

subdirectory,

2. check the digitizer card deck file for obvious, frequently

occurring errors,

3. convert the digitizer card deck file into a phase-card list file,
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4. check the output of program digix for warning messages that
indicate possible errors, omissions, etc., in the phase-card list
file, and
5. process the phase card list to obtain hypocenter solutions.
These five steps are summarized in the following table, which
indicates the command that executes the step, the programs that carry it

out, and the input and output files that are employed with it.
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Outline of Commands to Process One Day's Data

tep (command) programs input and output files

1 (cat/dev/crr d3.mmmdda)® Read card deck from digitizer into

appropriate monthly subdirectory

2 (runinchk mmmdda) grep d3.mmmdda input

[%ist of probable punch

errors, output to terminal| Output

d3.mmmdda input
3  (rundigix mmmdda) CVe.UC f(pmmdda.dig diagnostic file | output
digix | mmdda phase-card file "
mmmdda.dig input
4  (runerrchk mmmdda) grep list of lines containing
warning messages, output

output to terminal

digechk mmmdda corrected phase card list input

d8op (mmmddg.smp hypo71l summary card list

(S, ]

(runhypoplus mmmdda) hypo71l1 |mmmdda.pch hypo71l punch card output
mizing |mmmdda.prt hypo711 printer output
mmmdda.prtm hypo71l printer output plus

lists of missing stations

and summary card list

.mmmdd = film day off '(e.g., may23)

|
i
{
t
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To complete the first pass analysis the file mmmdd.prtm is examined
for evidence of gross errors: "mixed" events, large timing errors,
misidentified stations, etc. The phase card 1ist is then corrected to
resolve such errors, and it is then reprocessed to obtain new hypocenter
solutions.

Reprocessing is accomplished by the commands:

(rundl mmmddo) remove mmndda.* files
(rundl mmmddg) process updated phase list.

The second part of Stage 1 processing requires skill in detecting
phase card errors by the consequences they produce in the station
residuals of the hypocenter solution. It also requires rereading (from
film) suspected stations, requesting and analyzing Siemens playbacks for
missing stations, etc. Corrections or additions to the phase card lists
required by rereading some stations or adding others are accomplished in
the private directory of the analyst. The reprocessing commands listed
above are then executed to remove unnecessary old files and to obtain a
new set of hypocenter solutions. These new solutions are then examined
to determine whether they meet acceptable standards. When this process
is complete, the final corrected phase card l1ist (mmmddg, say) is copied

back into the monthly directory. .
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Short Description of Programs Used to Process One Day's Data

Program digix

This program is a UNIX version of the program digi3 (MULTICS),
written by Peter Ward, John Lahr, and Bill Ellsworth for the CDC1700,
originally., It converts the cards output by the digizer table into
standard HYPO71 phase-card format.

The primary conversion problems stemmed from the program's use of
"R" format for alphameric characters. In this format, the high order
byte of all alpha characters is NUL, not BLANK as in A format. Alpha
characters encoded in R format can be read and manipulated as integers.
When printed under A format, the alpha characters appear; but when
printed under I format, the integer "value" of the characters appear. By
utilizing R format, digi3 is able to store both alpha and integer
characters in the same integer array.

In digi3, the input stream of characters is read in R format. 1In
digix, the input stream of characters is read in A format and then
converted to R. Both alpha (R representation) and numeric characters are
treated as integers thereafter until the outpﬁt "WRITE" statements. The
write FORMAT specifies the integers in I format and the alpha characters
in A format.

Two output files are produced by digix: the first is the phase-card
file (pherd) and the second is the file (on unit 6, standard output) thét

traces the work of the program and presents diagnostics to flag problems.



digix is invoked by the executable file:

rundigix ($1)

eve.uc >d3.$1
digix <d3.$1 >$1.dig

mv pherd $1

30
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Program digchk

The present configuration and performance of the table-top digitizer
and its card punch and of the UNIX card reader lead to a significant
number of errors in the phase card list produced by digix. If any
character other than integer or blank occurs in the integer fields of the
phase card or other than integer, blank, or decimal occurs in the fixed
point real fields of the phase card, the program fails on execution when
these fields are read under the appropriate I or F formats. Program
digchk examines each character in columns belonging to I or F fields of
the phase cards to verify that it is an integer, blank, or decimal (for F
fields). If an inappropriate character is found, it is replaced with a
blank.

digchk uses the standard system input file.

The "corrected" file (data.c) and a file that identifies the errors
and where they occur (data.err) are output by the program. digchk also
returns a message to the terminal if errors are detected.

digchk is invoked, along with d80p, by the executable file rundigchk.
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Program d80p

This program operates on the phase~list file being prepared for
hypo71l. It modifies the phase cards, but not other cards, by changing
all blanks in columns 10-19 (date:year-min) to zero, and by inserting a
zero in column 80. hypo71l reads the date (year-hr) in I8 format; but
the FORTRANT7 compiler, with the default option for treatment of imbedded
blanks in integer fields, eliminates the blanks by shifting all nonblank
characters to the right to close up the blanks under this reading
format. It appears that the file "open" option that should cause blanks
in integer fields to be read as zeros is defective in the old FORTRAN
routines that must be used to compile hypoT71.

The program also sorts the stations for each event on the phase list
in order of increasing arrival time. Ordering stations by arrival time
is necessary because hypo71l uses no more than the first 100 arrivals on
the phase 1list for each event; the rest are simply skipped.

d80p outputs a formatted, sorted phase list. It uses the standard
system input (unit 5) and output (unit 6) files.

d80p is invoked, along with digechk, by the executable file:

rundigehk ($1)
digehk <$1
d80p <data.c >f.$1
rm data.err

™ data.c



Program d80

This program inserts a "O" in the 80th column of each line of a
file. It is used to fill out the lines of the station list invoked by
hypo71l. The station list file is read as a formatted direct access file
(by hypoT71l) with record length 81 (80 characters plus end file). If the
original lines do not contain the full count of 80 characters plus end
file, the read/write formats in hypo71l don't match the "station cards"
and the program fails with a format error when the direct access file is
read during execution

d80 uses the standard system input and output files and is invoked

directly.

d80 <oldlist >newlist
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Program hypoT7il
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This program is a variant of the version of HYPO71 that was adapted

to run on UNIX by Sam Stewart. It consists of the following:

hypoT1
hypind
input1
input2
output
single
swmreg
trvdrv
xfmags

sort

main program

parameter input

input of model and station list, etec.

input of phase cards, etc.

output of "print", "punch", and "summary punch" files
calculates solution for one event

stepwise multiple regression

traveltime and derivatives

computes amplitude and duration magnitudes

sorts output files.

In this shortened version of HYPO71 the following subroutines of the

original program were deleted:

AZWTOS
FMPLOT
MISING

SUMOUT

azimuth weighting by quadrants
first motion plot
identify needed missing stations

output summary of time and magnitude residuals.

Subroutines MISING and FMPLOT have been modified to run as

independent programs, mizing or mising and fmplt, that use the hypoTil

outputs hypo.print and hypo.punch as input. It is convenient to run

mizing immediately after hypo71l by use of an appropriate executable file.
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Besides its shorter length, hypo71l differs from HYPOT1 principally

by its treatment of the "station"list: in hypo711 this file is read as a
direct-access formatted disc file; and a station name (match list) array
that is indexed to the disc file "records" is used to identify the
station data required for a particular earthquake.

Because of limited core space, the number of stations used for a
single earthquake is limited to 100. Since the arrivals are ordered
according to increasing time (by d80p) on the phase list, the 100

stations retained are the earliest ones.



The main program and subroutines were compiled with the aid of

program makefile:

makefile

OBJECTS

FFLAGS

LFLAGS

hypoT1:

The finished product

hypo71.0 inputi1.0 input2.o0 output.o
single.o sort.o swmreg.o trvdrv.o
xfmags.o hypind.o

-i -I2 -0

=10I77 =1oF77 =-lm

$ (OBJECTS)

size hypoT71il
€echo "hypoT71l is ready"

is named:

hypoT711.

36
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Executable file runhypolO (and runhypol1)

HYPO71 was originally written to run in batch mode and to take its
input from cards: reset parameters, station list, model, control card,
and phase lists. hypo71l requires two input files with prescribed
names: "calstn" for the station list and "hypo.input" for the rest of
the input. It is convenient, also, to separate the phase lists from the
other lists in hypo.input and to establish naming conventions and
procedures so that the names of the hypo71l output files identify the
content and character of the data they contain. These objectives are met
with the executable file runhypolO.

The station list is maintained on a file named "nocastO0", which has
been processed by program d80 to insert a 0 in column 80 of each "card".
The parameter list, which consists of the reset parameters, the
station-card format code, the model and the control card, is maintained
on a file named "hyparO". The phase-card list, which has been processed
by digix, digchk, and d80p, is named f.$1. runhypolO appends f.$1 to
hypar0 and names the combined file hypo.input. It then copies nocast0
into calstn. Next, it invokes hypo71l to operate on hypo.input and
calstn. Next it renames the three output files: hypo.print becomes
$1.prt; hypo.punch becomes $1.pch; and hypo.smp becomes $1.smp. Finally,
it removes files calstn and hypo.input.

The foregoing setup runs hypo71l in the "station delay model" mode,
for which the station-card format code is 0. To accommodate the
"variable layer model" mode, for which the station-card format code is 1,

analogous files runhypoli1, hypari, and nocast1 are employed.
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The executable file runhypolO (and runhypoli1) is used to run hypoT7i1l

by itself.

runhypol0 ($1)

cat hypar0 >hypo.input

cat $1 >>hypo.input

cp nocast0 calstn

echo "Now executing hypoT711"
hypo711

echo "Finished with hypo711"
mv hypo.print $1.prt

mv hypo.punch $1.pch

mv hypo.smp $1.smp

rm hypo.input

rm calstn
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Program mizing

Program mizing checks each station on the station list against the

set of stations that recorded an event and determines whether stations
that were not read should be read on the basis of:
1) magnitude of the earthquake and epicentral distance of the
station
2) reduction in "gap" that would result from the inclusion of
the station.

Inputs to the program are the station l1ist and the hypoT71l
hypo.print output file.

The output of the program is the hypo.print file augmented by the
list of additional stations that should be read for each earthquake and
the tape channel and Develocorder assignments of the missing stations.

Parameters that determine the operation of the program are contained
in a data statement. They are:

1) tdz and tde, for the calculation of the test distance;
tdelz=tdz®XMAGH#®t de
2) gptst, the "gap reduction" required for inclusion of a

station in the "missing" list.



The executable file runmizing is used to run mizing by itself.

runmizing ($1)

cp nocast0 calstn

mizing <$1.prt >$1.prtm

rm calstn

where the input files are

nocast0, the station list, and

$1.prt, the hypo.print output of hypo71l;

and the output file is

$1.prtm, the $1.prt file augmented by the list of missing

stations.

40
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Program mising

Program mising is the same as mizing with one exception: mising
uses the hypo.punch file as its input instead of the hypo.print file; so
its output is much abbreviated and consists only of the hypo.punch file
augmented with the list of missing stations and their tape track and
Develocorder assignments,

The executable file runmising is used to run mising by itself.

runmising ($1)

¢p nocast0 calstn

mising <$1.pch >$1.pchm

rm calstn

where the input files are

nocast0, the station 1ist, and

$1.pch, the hypo.punch output of hypo711;

and the output file is

$1.pchm, the $1.pch file augmented by the list of missing

stations.
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Program pltfm

Program pltfm is modified substantially from the original FMPLOT to

permit control of the plotted symbols on the basis of a number of test

parameters, including:

1)
2)
3)
L)

pltfm also

onsets are

As input,
1)
2)

3)

As output,
1)

2)

type of phase onset, e or i
phase weight,
phase residual, and

epicentral distance to the recording station.

accepts a 1list of "reversed" stations, for which the signs of

corrected (reversed again) before plotting.

this program requires:
a list of test parameters
a list of reversed stations

hypo711 hypo.punch file for one or more earthquakes.

this program produces:
hypo.punch file augmented by the symbols actually plotted
equal area projection (lower hemisphere) of the first-motion

plot on the focal sphere.



The executable file runpltfm is used to run pltfm.
runpltfm ($1)
cat pltfmparam >pltfm.input
cat $1.pch >>pltfm.input
pltfm <pltfm.input >$1.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>