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Abstract

A NERC Research Grant, in late 1978 permitted the Department
of Geological Sciences, at the University of Durham, to purchase a
pdp 11/34 minicomputer system. Together with a pdp 8/e, already
possessed by the Department, this system was intended to fulfill
two roles; provide a computer tool for research work into seismic
reflection methods and provide a system for production processing
of seismic reflection data acquired by the Department, mainly as a

result of marine geophysical investigations.

This thesis describes the design of Systems 1level software,
and its implementation, to allow the computer systems to be easily
used as a general research tool, and the design and implementation
of a suite of programs, to provide the basic facilities of a
seismic reflection processing system. At the end of this work it
was possible to reach a number of conclusions on how both the
hardware and software could be developed to provide a more

powerful system for the future.
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Chapter 1

Introduction

Introduction to Hardware

The Multichannel Seismic Reflection technique is probably the
most important single geophysical exploration tool in full time
use. However, in exploiting the method fully vast quantities of
digitally recorded data are produced. The basic aim of the method
is to produce a display from this mass of data which will enable a
geological interpretation. In order to produce a final section
from which geological information may be derived, several quite
sophisticated processing techniques are applied to the data, using

powerful computer systems.

The Department of Geological Sciences of the University of
Durham has interests in two aspects of the multichannel seismic
reflection technique. First, with an established program of
marine geophysical investigation, which in the past had utilised
single channel seismic reflection, it was only natural that the
department would want to employ the multichannel seismic
reflection method as a tool in its geophysical investigations.
Secondly, research into seismic acquisition and processing methods
had been undertaken in an attempt to improve the techniques

employed within the seismic reflection method.
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The main purpose of this project was to provide the basic
software for processing seismic reflection data. This software
package was to contain most of the basic techniques which would be
available on the commercial systems used in industry, so that it
would be capable of producing a geologically interpretable, final
section from field tapes. Most systems utilised by industrial
concerns employ considerably more powerful computers, and those
that are based on minicomputers, such as the TIMAP systems,
provide a very specialised operating environment, orientated
almost solely around seismic data processing.In this respect a
different set of design criteria had to be adopted from those
which would have been applied in developing a commercial seismic

processing system.

It was important that this system should retain much of the
flexibility of a general purpose computing system as well as being
capable of providing a reasonable data throughput when processing

seismic data.

As can be seen from Fig 1.1 an ultrasonic tank for producing
synthetic data 1is attached to the system, via an interface with
the pdp 8/e. It was envisaged that this and the other specialised
peripherals on the system, such as the Array Processor(AP) and the
electrostatic plotter, should be available as easily used tools,

to aid research work dealing with seismic reflection methods.

Therefore, once the computer hardware had been installed,
software was developed which would allow reasonably rapid
processing of seismic reflection data, while at the same time,

retaining all the flexibility and power provided by the basic
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minicomputer system. A final constraint on the design of the

software was that it had to be easily updated. The hardware in
existence is envisaged as only the starting point for what should
be a continually evolving system. lence the software design had
to take account of the desirability of minimbing software
modifications 1in the event of any hardware upgrades. It was

anticipated that the design of the software, on completion would

help 1indicate the areas where hardware upgrades could bring about
increase in speed and flexibility, with a minimum of software

effort.

Given the constraints mentioned above, it was obvious from
the outset that it was necessary to produce software of two quite
different types: systems level software and utilities to enable

efficient use to be made of all the peripherals attached to the

system and allow data transfers between the two minicomputers, and
software concerned solely with the processing of seismic data.
Although it was necessary for some of the systems level software

to be machine specific, the remaining software was designed to be

as machine independent as possible.

Scope of the work

This thesis documents the design and implementation of the
software which was developed for the minicomputer system as
described above. A brief description of the principles of seismic
reflection processing is given in chapter 2, in order to provide a
basic introduction to the techniques necessary in a seismic

processing system. Chapters 3 and U4 contain descriptions of the
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systems level and seismic software, respectively. A brief
description of how it is envisaged that the system should be used,
together with a description of two test runs is given 1in chapter
5. An objective appraisal of the system,as developed, with
suggestions for improvements and a possible evolution path for
both the software and the hardware is given in chapter 6.
Listings of the software, together with desaiptions of their input

parameters, are provided in the appendices.
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Chapter 2

Seismic Reflection Principles

The seismic reflection method is probably the most widely

used geophysical tool, and certainly produces the largest

quantities of data. As warrants such an important technique the
principles behind it are well explained in standard texts (Waters,
1978; Dobrin, 1977) and review papers (0’Brien, 1977). However,
it is well worth a brief consideratibn of some of the principles
of acquiring and processing modern seismic reflection data, 1in
order to introduce some of the considerations involved in
designing a basic processing system. Therefore a descriptive
account of seismic methods is given in this chapter and the theory

of the methods applied is given in chapter 4.

Although more and more data is being acquired using three
dimensional techniques, the vast majority of seismic reflection
data is still acquired in the form of two dimensional profiles,

and this 1is the type of data which will be considered in this

thesis.
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Data Acquisition

The advent of quick and flexible digital computers in the mid

1960°s was probably the main driving force behind the almost

universal acceptance of the Common Mid Point(CMP) method (less
accurately often referred to as Common Depth Point ,(CDP) method)

of seismic data acquisition.

The basic principle of the method is shown in Fig 2.1. In a

horizontally stratified medium, shots and receivers can be
arranged on the surface such that the seismic ray paths from the

shots to the receivers, have impinged on the same subsurface

point, below a common midpoint on the surface. After suitable
adjustment to take 1into account the different travel times of
primary reflections for different shot-receiver of fsets(NMO
correction), the seismic traces can be added together(stacked) to
produce a trace with improved signal-to-noise ratio, the primary
events having been reinforced relative to the noise. This stacked

trace can be displayed as a single trace at the Common Mid-Point.

The random noise on the traces, when summed over N traces
gives a reduction in amplitude of N¥#0.5, while the primary events
linearly reinforce. Therefore there is a resultant increase in
the signal to noise ratio of N/(N##(0.5) (Meyerhoff, 1966). An
added bonus of the method is that secondary reflections(Multiples)
are not aligned by the NMO correction used to align the primaries

and so they also tend to be reduced in amplitude by stacking.
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This method had been applied, to a limited extent, with the
manual manipulation of analogue recordings during the early
1960°s, but with the introduction and acceptance of digital
recording and processing techniques, the full potential of the
method was realised and it has since gained almost universal

acceptance.

The field acquisition layouts for the CMP method are
relatively straightfoward and really quite ingenious, especially
at sea(Figs 2.3,2.4). On land, a recording truck is linked to a
transmission cable which is made up from several shorter segments.
Arrays of geophones are attached to this cable at regular
intervals along the surface, each array providing one seismic
channel for recording. At the beginning of a line the source is
located off the‘ end of the line and the recording equipment is

connected up to the channels at the beginning of the cable. With

subsequent shots the source is moved forward to occupy previous
receiver positions, with the receiver nearest the shot being
disconnected and a new one being connected at the other end of the
line, usually by means of a "Roll Along" switch. This means that
the correct geometry for CMP acquisition can be easily maintained
and the recording truck only has to be moved when the "Roll Along"
switch reaches the end of its range. The segmented transmission
cable means that once the channels atta#%%d to a <certain portion
of the cable are no longer required for recording, this segment
can be disconnected and taken to the end of the cable, for
reconnection, enabling data acquisition to be reasonably

continuous.
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In the marine environment the acquisition of data in a CMP
geometry is even easier to arrange than on land. The usual marine
acquisition configuration is to have both source and receiver
being towed Dbehind the Dboat(fig 2.4). The receiver streamer
consists of "live" sections of hydrophones, each of which forms
one data channel, separated by inactive sections, hence providing
a means of keeping a constant receiver separation. CMP coverage
is obtained by steaming at a constant speed and synchronising this
with the firing rate, so that the source is activated at the point
when the streamer has moved forward to provide a new CMP position,
by occupying a previous shot position. That is the speed of the

boat for full coverage is given by:-

dV = 0.5dX/dS where

dV is the ship’s speed

dX is the receiver spacing

dS is the shot repetition time interval

Recording

The signals from the hydrophone or geophone arrays are
recorded by a digital acquisition system. The basic principle of
such a system is shown in Fig 2.5. The signal from each data

channel is amplified and then fed into an analogue multiplexer.

The multiplexing of the seismic channels in this way means that
only one Analogue to Digital (A-D) converter is needed in the

system. The output from the A-D converter is usually a 14 to 16
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bit integer value with an associated 4 bits of gain information,

although instantaneous floating point values are generated .

by some

systems. This output is written to 9 track digital tape in a

multiplexed order. The format used to write the data to tape

usually adheres to one of the accepted tape formats speci

the Society of Exploration Geophysicists (Barry et al,

fied by

1975;

Meiners et al, 1972), SEG-A, SEG-B, SEG-C or SEG-D, although there

are several accepted versions of each general format. Hence each

trecord

channels for a particular source position. These field

kﬁé&s on tape represents the multiplexed data for all the receiver

tapes,

together with the positional and other survey information are the

raw material from which a processing system has to produce a final

section which can be interpreted geologically.

Common Processing Techniques and their Aims

DemultiplexX.ss.e.ces...Get data in trace-sequential form

Amplitude recovery....Correct for geometric spreading

Sorteeseecsesseesssse.0Order into CMP gathers

Edit.veeeeeeeeeesaees.Keep only good data-correct polarity

Deconvolution.........Remove source signature
Filter.....ceee.......Remove noise frequencies
StaticSc.ceveecscce...Correct to datum
Velocity analysis

NMO correction

StacKeeesoeessoseesasesImprove S/N

Residual statics

Deconvolution

Time varying filtering
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2

Migration.cesceees....Image data to correct location

Processing

When field tapes are received at a processing centre the
first process applied to the data is demultiplex; that is the
data are taken from the SEG multiplexed format and rearranged into
a trace-sequential format. The trace-sequential format can be
SEG-Y , although this is mostly used for data exchange, or some
internal format designed for use only at the processing centre.
At the same time as demultiplexing of the data is taking place the
samples are formatted into a floating point format compatible with

their subsequent digital processing.

Once the data are in a trace-sequential format subsequent
operations are much more straightforward and it is usual at this
stage to apply a time-varying scale factor to the data, to correct
for the geometric divergence of the source energy and transmission
losses in the Earth, which result in a reduction in energy with
time, in each trace. Therefore amplitude corrections at this
point attempt to bring reflections at later arrival times up to a
strength comparable with those near the beginning of the trace.
The type of function applied is either one calculated to be
approximately correct for the losses the data has experienced, or
an empirical function which has has been found to work well in

practice.
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At this point in a processing stream the data can be plotted
to make an examination of data quality and to look out for
acquisitién errors, like channels with the incorrect polarity or
"dead" channels. This allows data editing to be performed, so
that bad traces can be zeroed or omitted and all the traces are

given the correct polarity.

In land data, differing station heights or the varying
thickness of a 1low velocity weathered layer can introduce time
delays which vary from trace to trace, and may pose a major
obstacle to successful processing by severely degrading reflector
continuity. It is therefore necessary to apply static corrections
to the data. These are time shifts calculated from survey
information to correct the traces so they appear as though they
were recorded on a common datum. There are usually residual
static errors, and sometimes these sufficiently degrade the data
as to require an gutomatic residual statics procedure to be run.
This package attempts to improve the continuity of an event by
applying small time shifts to the data, on the assumption that
these small time shifts are the errors left behind in the

evaluation of the static corrections.

Although static corrections are of major importance in
processing land data, they are of only minimal importance in
processing marine data. With the data having been recorded close
to the surface of a uniform layer of water, the only static
corrections which are wusually applied are those nezessary to
correct for the fact that the source and receivers are at a finite
depth and not sea level; although if the target 1is reasonably

deep these effects are negligible.
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After demultiplex the data is in shot order in Common Shot
gathers. However, before stacking is attempted the data have to
be reordered into CMP order in CMP gathers. This sort operation
is purely a reordering of the data based on the original
acquisition geometry, in order to get the data into the correct

configuration for CMP processing.

Once the data have been sorted into CMP gathers it is 1likely
that filters will be applied to increase the signal-to-noise
ratio, by eliminating noise in unwanted frequencies. From an
inspection of the data and its power spectrum, the frequency
characteristics of both the signal and the noise can be
determined. If the two occur at separate frequencies then
Bandpass or Bandreject filtering can be used to remove the
unwanted effects of the noise frequencies. The filters used in
this type of filtering operation are usually designed to be =zero
phase filters so as not to introduce time delays to the reflection
events. In this country it is quite usual to use this type of
filtering to remove the noise introduced by pickup of 50 Hz mains
electricity noise, which is usually at a higher frequency than the

source wavelet.

According to the convolutional model of the reflection
trace,(Fig 2.9) the seismic trace is composed of the reflection
coefficients of the geological horizons convolved with the source
wavelet and contaminated by additive noise. Hence, in order to
arrive at a trace which c¢onsists of just the reflection
coefficients it 1is necessary to remove the effects of the source
wavelet. The application of a filter to the data which compresses

the source wavelet into a spike, equivalent to the reflection
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coefficient, is known as deconvolution. If the source wavelet has
been recorded, or if the wavelet is deduced by averaging over many
traces, then an inverse filter can be designed to remove the
effect of the waveform from the trace. This ability to reduce the
effect of a known wavelet down to a pulse is one of the key
principles of the vibroseis method of data acquisition. At sea,
it is desirable to measure the far field signatures of airgun

arrays, if the water depth permits.

However, in the vast majority of cases the source wavelet 1is
unknown and so an attempt to remove its effect is usually made by
attempting to find an estimate of the wavelet from the statistics
of the trace(Robinson and Treitel, 1967). These methods are based
on the premise that as the primary reflection sequence and the
noise are essentially random, the autocorrelation function of the

trace is equivalent to the autocorrelation function of the source
wavelet. This information aﬁd the assumption that the wavelet is
minimum phase, which may or may not be true, is used to design a
Wiener spiking filter. This filter is the 1least squares
approximation to the filter which would exactly deconvolve the

source wavelet into a spike.

The spiking filter is a special case of a range of filters,
known as prediction error filters, which can be derived from the
statistics of the data. These filters record the error in a
prediction of the trace a certain distance ahead from the
statistics of the trace. This leads to predictable, events such
as multiples and airgun bubble pulse trains, giving small
prediction errors, wheras random events such as primary seismic

arrivals give high errors. The spiking filter is a prediction
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error filter with a prediction distance of 1(Peacock and Treitel,
1969), but these filters can be used with different prediction

distances to remove other unwanted effects.(Fig 2.10)

If the prediction distance is set up to be the same as the
period of a long period multiple, then the prediction error filter
can be used to dereverberate the trace. Also it can be wused to
compress an airgun wavelet, to improve resolution, by having a
prediction distance Jjust less than one wavelength of +the bubble
and filter of about the same size. When applied this would tend
to leave just the initial pulse and so later events would not be
obscured by the bubble pulse train. A compressed pulse so

generated could be further compressed using spike deconvolution.

By this stage in a processing sequence there should be an
improvement in both resolution and signal to noise ratio and the
data would be ready for stacking. However, before the NMO
correction can be applied to the data an estimate of the velocity
structure has to be made by performing velocity analyses (Taner

and Koehler, 1969).

One method of finding the stacking velocities is to produce a
range of constant velocity stacks for a portion of the data. It
is then possible to find the velocities which produced the best
stacks for different events down the trace, and hence derive a
stacking velocity function for that region of the data. Another
method is to make measures of coherency along hyperbolic scans in
a CMP gather, each hyperbola corresponding to a particular
velocity for that =zero offset travel-time. By repeating this

procedure down the traces it is possible to display the c¢oherency
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values as a function of velocity and time. Peaks in this
coherency function occur at positions where that particular
velocity would result in a good stack at that time, after

pefférming the NMO correction.

These velocity analyses are vrepeated at regular intervals
along the seismic profile so that a set of velocity functions are
defined for the entire data set. Using these veloecity functions
the Normal Moveout correction are applied to the data which are

then stacked to produce a CMP stacked section.

The application of the NMO corrections and the stacking
procedure are non-linear and produce some undesirfable filtering
effects, tending to result in a broadening of the primary pulse.
Therefore it is usually necessary to apply spiking deconvolution
after stack. Also, because of the high levels of broadband noise
which are wusually present on the pre-stack traces, deconvolution
before stack tends to be only partially effective. However, the
improved signal-to-noise ratio of the post-stack data provides an

opportunity to improve pulse compression.

The stacking process and deconvolution tend to change the
noise spectrum and so bandpass filtering of the post-stack data,
possibly time and space variant, is necesary to remove unwanted

frequencies.

In the case of simple geological structures, where the
horizons are near horizontally layered, the processed CMP stacked
section is adequate for a geological interpretation. However, 1if
the data are more complicated, a final procedure, migration, is

nece%%ry to produce an interpretable section.



rage 17

Migration is an attempt to image the reflection events on the
CMP section back to their correct spatial 1locations. A CMP
section is displayed as though each event recorded on a particular
trace was produced by a reflector perpendicularly below the
surface,at the Common Mid-point. It can be shown quite easily
that this assumption is untrue, for anything other than
horizontally layered horizons. Therefore it is important to apply
migration in order to display the horizons in their correct

spatial locations.

For the purpose of migration the CMP traces are considered as
being the recording of the wave field produced with a coincident
shot and receiver. 1In this mode of data collection, upward and
downward paths are coincident and so the recording is the same as
would be obtained by having a source at the reflector point in a

medium with half the true velocity.

Therefore, the CMP section can be regarded as being the
recording,at the surface, of the simultaneous initiation of
sources, with strength proportional to the reflector strength, at
every point in the medium, with the medium having half its true
velocity. Mathematical reconstruction of the source strength at
every point in space can be obtained by calculating the wavefield
at time zero for the entire medium from the wavefield recorded at
the surface at later times. Hence the geological structure would

be delineated.

This mathematical reconstruction is performed by solving
approximations to the acoustic wave equation. There are three

methods of approach which are most frequently used; Kirchhoff
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integral, Finite difference and Frequency wavenumber (F-K)
migration, each with its own difficulties. The F-K method of
migration provides an accurate solution to the wave equation for
all dips of the events 1in the data, but it 1is not weasy to
incorporate anything other than a constant velocity structure.
- Velocity variation can be accounted for to a certain extent in
Kirchhoff migration, and events of quite high dips are migrated
accurately, but this method tends to organise the noise 1in the
data into broad "smiles". The finite difference method is the one
in which it is easiest to incorporate velocity variations, but it
cannot easily be made to cope with events dipping at angles
greater than about Y45 degrees. The single most important problem
with obtaining an accurate result from migration, is in defining
an accurate velocity model for it to use. However, 1if a
reasonably accurate model of the velocity structure is available,
modern migration methods do produce a reasonable approximation to
the geological structure, and enable a reasonably confident

interpretation to be made.

Summarz

From the description of the seismic reflection method given
in this chapter, it is fairly obvious that most of the techniques
employed in a routine processing sequence would not be possible
without modern computing facilities. Scme processes, such as

migration, still take a few hours of processing time even with
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modern hardware. Also the amounts of data handled in producing a
final section are enormous and can only be processed in a

reasonable length of time by specialised systems.
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Chapter 3

Hardware and Systems Software

Hardware

A brief description of the hardware configuration(fig 1.1)
has already been given. This chapter gives a more detailed
description of the hardware and the Systems software provided with

it‘

The hub of the system is the Digital Equipment Corporation
pdp 11/34. This is a 16 bit word length minicomputer with
256Kilobytes (1kbyte = 1024 8 bit units), of MOS memory and an
integral memory management unit. Due to the 16 bit wordlength,
the processor has an address limit of 6UKbytes, and therefore the
full 256 Kbytes cannot be accessed directly. The UNIBUS on which
the pdp 11 series is based has an 18 bit addressing capability
which allows a full 256 Kbytes to be attached to the processor.
However, the memory mapping unit has to be wused to access more
than 64 Kbytes of memory. Also the architecture of the processor
is such that the highest 8 Kbyte addresses are reserved for the
input/output page, and so addresses in this range 56 to 64 Kbyte
always refer to these registers, which are used in accessing the
peripheral devices. The central processing unit of the 11/34 has
a full range of integer arithmetic instructions which take a few
microseconds to execute, but floating point arithmetic is

performed at a higher level, and so is much more time consuming.
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The main peripheral attached to the pdp 11 is the Floating
Point Systems AP120B floating point array processor. This is a
very fast floating point arithmetic processor, with a parallel
pipeline architecture, which allows vector operations to be
overlapped and hence completed very quickly. This processor haé a
separate program source memory and data memory, and also has a ROM
table memory containing cosine coefficients for FFT’s and other
useful constants. The particular AP bought for this system has 8
Kwords of 38bit data memory and a floating point add, subtract or
multiply can be initiated every 167 nanoseconds, making this a
very powerful processor of floating point data. The AP is
connected to the pdp 11 by a Direct Memory Access (DMA) interface.
This allows direct transfers of data from the pdp 11 memory to the
AP’s main data memory without processor intervention, once it has
been initiated by software. The conversion from pdp 11, 16 bit
integers or 32 bit floating point format to the 38 bit floating
point format in the AP is achieved by the interface hardware '"on

the fly", as the data passes through.

1]

The main storage wunit on the system 4is the Pertec 20
megabyte, moving head disc drive. This consists of 3 fixed
platters and a removable caftridge, and therefore has 8 read/write
heads. It 1is interfaced to the pdp 11 through a RK11 compatible
DMA interface, so that the drive emulates 8 RK05 disc drives, and
the removable cartridge is RKO5 compatible. This configuration
means that effectively the disc storage is split into 8, units of

2.5 megabytes .
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The Versatec electrostatic printer/plotter is 11 inches wide,
has 2112 nibs at a density of 200 nibs per inch and serves in the
dual roles of system line printer and high quality plotter, being
able ©o use fanfold paper for printing, and roll paper for
plotting, as well as film for final good <copies of plots. In
print mode it 1is driven by passing it ASCII characters, and in
plot mode 128 word wide rasterised data are used to drive the

plotter.

The final peripheral attached to the pdp 11 is a VDU which is
set up as the system console, and all interaction with the system

is made through this device.

The secondary computer in the system is a DEC pdp 8/e. This
is a 12 bit word minicomputer with 16 Kword of core memory, which
was originallj purchased by the department because its relatively
simple architecture allows interfaces to other equipment to be
designed and constructed fairly easily. An example of this is the
ultrasonic acquisition system, designed and built by Mr J H
Peacock, used in producing simulations of seismic reflection data,

which is interfaced to the pdp 8/e and runs under its control.

The system storage on this machine is provided by twin
Calcomp floppy disc drives, built to a format developed in the
department. Other peripherals include a 30 channel analogue to
digital converter, a Tektronix graphics screen, a fast paper tape

reader and a Teletype which is used as the system console.
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The most important of all the peripherals attached to the pdp
8, however, are the 3 Cipher 800 bpi tape decks. These are
interfaced to the pdp 8 through a DMA interface which has access
to 4 Kbytes of semiconductor memory, which acts as a buffer to

. bﬂﬁ-rec0nl
allow it to read uﬁgappedAéata formats from tape.

These two computer systems are linked by a DR11/L/M 16 bit
parallel interface, which allows data transfers between the two
machines under program control. Unfortunately, because the pdp
8/e is a 12 bit computer, unlike the pdp 11 with its 16 bit
architecture, the interface had to be set up to work on a common
data item. Consequently transfers take place 1 byte at a time,
with the other U4 bits in the pdp 8/e being used to control the

data transfer handshake.

The hardware is set up with the pdp 11/34 as the main
controlling computer. The pdp 8/e acts solely as an intelligent
peripheral controller when the tape decks are in use. The AP120B

is used as a very fast floating point "number cruncher"

Systems Software

A comprehensive package of systems level software was
purchased with the hardware, and this is briefly described in this

section.

The pdp 11/34 utilises the RT-11 version 3B operating system
(Digital Equipment Corporation, 1978d). This is a disc based
single user operating system and a side of one of the disc drive

platters 1is wused as the Systems Disc. This operating system
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provides a full suite of utilities, such as an Editor, Librarian,
Linker and file handling utilities, as well as a Macro-11
assembler and a Fortran compiler. The system console is the main
means of communicating with RT-11 and apart from command files all
operating system commands are entered from this terminal. This
operating system provides standard device drivers for the discs,
terminal and line printer on the system, but the other interfaces

are non-standard.

Communications with the AP120B  are via the AP
executive (APEX). This software provides a means of transferring
data and microcode to and from the AP and monitoring the execution
of AP microcode, in order to return error conditions and check for
microcode termination. A full library of microcode
routines(Flocating Point Systems Inc, 1977) was provided with the
machine. These routines have a Fortran callable intefface which
links into APEX to achieve transfer of the microcode to the AP.
This library provides a comprehensive suite of routines for vector
operations and it is rare to find an operation which cannot be
performed by using a combination of these routines. However
should the wuser find an application he wishes to perform, which
cannot be achieved wusing existing routines, a new microcode
routine can easily be developed using the software development
tools available for the AP, an assembler (APAL), linker (APLINK),
simulator (APSIM) and debugger (APDBUG). A full suite of diagnostic

programs were also provided with the AP.
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In order to drive the electrostatic printer/plotter as a
plotter, the Versaplot 1library(Versatec, 1978) of plotting
routines was purchased. This library provides a suite of Fortran
callable subroutines which emulate the standard Calcomp graphics
subroutines. They are used at a high level to produce vector type
plots, such as graphs and annotation. Also provided, as part of
the library, are programs to perform vector to raster conversion,
and an input/output package which takes the rasters produced and

outputs them to the plotter.

From this description it can be seen that all the peripherals
attached to the pdp 11, except the DR11 link to the pdp 8, had

systems software of some kind available from the outset.

The systems console on the pdp 8/e is linked into 0S/8. This
is a reasonably powerful disc based operating system developed for
the pdp 8 series of computers. Although it has a rather
rudimentary keyboard command language, it dces provide a useful
suite of utility programs for file and peripheral manipulation.
It also provides facilities for program development in pdp 8
assembler PAL-8, and Fortran IV, with a multiple pass Fortran
compiler. This compiler converts the Fortran into a
pseudo-assembly language RALF, and the RALF assembler is then run
to produce an object module. All the peripherals on the pdp 8/e,
such as the tape decks and the video screen have 0S/8 compatible
device drivers and so can be manipulated by the standard

utilities.
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The hardware link between the pdp 11 and the pdp 8 was the
only data pathway for which there was no controlling software once
the system was fully configured. All the other peripherals could
be manipulated; to a greater or lesser extent , using the
facilities of the two operating systems and the additional
software provided by the AP microcode 1library, APEX and the

Versaplot library.

Linking the Two Minicomputers

Before any attempt c¢ould be made to start planning the
seismic software, it was important that the systems software,
which it was based on, provided all the utilities necessary for

program development and operation.

The obvious starting point in the Software development was
therefore to establish a software 1link between the two
minicomputers, as without such a link there was no means of access

to the tape decks from the pdp 11.

A need for software 1links between the two machines was
recognised as existing in three different applications. The first
objective was to establish device drivers compatible with the
operating systems on both machines which would allow files to be
passed between them, thus allowing the resources of the two
machines to be shared. Secondly, it was most important that
software be provided which would allow pregrams running on the pdp
11 to perform input/output to the tapes as though they were

attached to the pdp 11. This would make the pdp 8 act as an
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intelligent tape controller for the pdp 11, and in this capacity
lowg-rece-oA
be able to handle theﬂ tape format produced by seismic

field recording equipment.

Finally, there was also a need to enable programs running on
the two machines to transfer floating point numbers across the
interface, with the conversion between the two floating point
formats being performed during the transfer. This was necessary
to allow data acquired on the ultrasonic tank, in pdp 8 floating
point format, to be used dn the pdp11 for display and processing

as necessary.

RT-11 to 0S/8 transfer

The link between the two operating systems was achieved by
installing new device drivers into them which could control the

interface between the two machines.

On the pdp 8 two new device drivers, PIN:, to take the data
from the pdp 11, and POUT:, to send data to the pdp 11, were
written by Mr J H Peacock in PAL-8 assembler and built into the
working version of 0S/8. These drivers expect transmissions, of
unspecified numbers of bytes, to continue until terminated by a

CONTROL Z or another recognised file terminator.

Under RT-11 the author constructed a bidirectional driver DR
in Macro-11, which is interrupt driven and follows all the RT-11
Version 3B standards for device drivers. This driver was not
built into the Monitor but installed into one of the free device

slots originally built into the Monitor. This installation is
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performed in the startup command file which is executed when the
system is bootstrapped, and so is transparent to the general user.
This procedure allows the driver to be updated, without having to

reassemble or relink the Monitor.

Having developed these device drivers it was then possible to
transfer files between the two machines using keyboard commands,
although one drawback is that commands have to be issued at each

machine s console to initiate the transfers.e.g.

RT-11 to 0S/8

RT-11.¢¢eeves..COPY DK1:MPDMXA.FOR DR:¥*.%
OS/BQQOOC.QO'OOR PIP

cveeaesasees  MMTAO:<PIN:/A

0S/8 to RT-11

0S5/8..4cevsee. R PIP
seveseeessss . ¥POUT:<DDO1:3SDS10.FT/A

RT-11¢cveeeees .COPY DR:# ¥ Lps¥ #

This software link allows files to be written to tape, in 512
byte blocks, using the standard 0S/8 magnetic tape drivers for

data transfers to other machines, as above.

Floating Point Transfer

The data acquired on the ultasonic tank are written to tape
in pdp8 floating point format, which consists 3 words, or 36 bits

per floating point value. However, in order to use the facilities



Page 29

on the pdp 11 to handle this data, it is necessary to transfer it
and simultaneously convert it to the 32 bit floating pecint

representation used on the pdpl1.

Therefore two subroutines IN11 and OUT11 were written in pdp8
assembler, which accept numbers in pdpi11 format and convert to
pdp8 format and vice versa. These two routines were used in a
program MPTP11, written in Fortran on the pdp8, which reads
ultrasonic data from a tape and then passes it to the pdpl1tl via
these subroutines. Three Macro-11 routines GETNO, GETDAT and
SENDAT were written for the pdpl11 to take Floating Point numbers
from the interface and put them into a memory array and vice
versa. One use of these routines was in the program MPUSTR, which
reads ultrasonic data from the pdp8, demultiplexes it and writes
it to a sequence of disc files in the internal seismic processing
data format. However, the assembler subroutines written for both
machines allow the transfer of Floating Point data between any two

programs running simultaneously on both machines.

Tape Handling

The most important part of the link between the two machines
was in providing access to the tape drives for programs running on
the pdp11.It was decided that, in order to provide the response
required, the pdp8 would have to be dedicated to tape handling
when any programs requiring tape usage were being run on the
pdpi1. The pdp8 would, therefore, become an intelligent tape
controller when seismic processing programs were in operation.

When design work was begun on this handler, it was realised quite
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quickly that there would only be memory space available for one
type of tape handling by the program. That is the tapes could
either be driven in gapless or a blocked format but not both. As
it 1is essential to be able to operate in gapless mode to be able
to read the field tapes, this capability had to be present.
Therefore it was decided that just one tape drive handler would be
long ~reced

produced and it would work in thengap;ess format.

As a result of these decisions a standalone tape system
monitor, SDS10, was written in pdp8 assembler by Mr J H Peacock.
It provided a set of tape manipulations commands, which can be
issued from the pdp!1 and are then executed by the pdp8. This
software also decodes the tape status conditions and returns a

status byte to the pdpl11 on completion of the tape function.

With the data being read from tape in a gapless format, it
streams off tape constantly at whatever tape speed is in operation
until end of file is reached. This means that the data has to be
moved to its destination at least as quickly as it comes off tape,

or data will be lost.

The system is set up on the pdp8 so that, when a read is
initiated, data from the tape is transferred by a DMA process into
a 4 Kbyte memory buffer. The transfer routine has to be able to
pass this data to the pdp11 fast enough to prevent data from the
tape overwriting data previously written into the buffer before it
has been transferred. There is a similar problem in reverse when
writing to the tapes in this mode. Here data must be in place 1in

the buffer before it is required by the tape for writing out.
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The software in the pdpl11 has to be able to keep up with the
tape transfer rate. However, experiments with the interface
device driver being used to control the transfers showed that the
system overhead was too large, and so the tape buffer was being
overwritten during large file transfers. Hence it was decided
that specialist 1low 1level routines would have to be written to

control the data transfers to and from tape.

It was realised that in most circumstances the volumes of
data being transfered to and from tape would be too large to fit
into the pdp11’s lower memory area, meaning that disc files would
have to be used as temporary storage. Therefore the transfer
routine would have to be responsible for transfers to and from
disc during interface transfers. However, there are situations,
such as when handling seismic data post-stack, when there is only
a small amount of data and it will easily fit into the pdp11
memory. Hence it was also decided to provide a set of routines

which could transfer data to and from buffers in pdp11 memory.

The first routine SDS10 was written in Macro-11 and provides
the basis for the tape handling. Besides incorporating the
capability to read from tape to disc and write from disc to tape,
it also passes other commands to the tape handler to allow rewinds
and file skipping commands to be executed. The transfers are
accomplished in blocks of 2048 bytes, which are buffered in memory
before being written to disk, or to the pdp8. This was done to
allow the 4096 byte buffer in the pdp8 to be used as though a

double buffered transfer were in operation.
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To supplement this general purpose routine, two other
subroutines, TREAD and TWRIT were written, in Macro-11, to allow
transfers to and from memory buffers in the pdp 11, with the tape

handler.

The first program to wutilise these routines was an
interactive program written to allow easy manipulation of the
tapes, MPTAPH. This gives the user the capability of extracting
files from the tapes and putting them onto the disk and vice
versa. This can be particularly useful when test data for filter
tests or velocity analyses is being selected and put onto disc.
This program also allows the tape to be spooled forwards and
backwards, to enable a file to be located on the tape, before it
is written to disc and then the tape can be rewound, all through a

series of keyboard commands.

Tape Archiving

After an early hardware failure on the disc¢ drive, during
which some programs were lost, the importance of a reasonable
archive system became apparent. Although, wusing the removable
cartridge, copies of programs and data can be put onto a separate
disk for archiving, a problem can arise when the disc drive
read/write heads are realigned, after a service or repair. Under
these conditions it is possible that a realignment of the heads
after the backup copies had been made would render these copies
unreadable. Therefore it is very important that there should be a

capability of archiving programs to tape for later recovery.
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It was decided to use the tape handling routines previously
described as the basis for a tape backup/restore program. The
program which was written MPTPSV, allows files to be written to
tape, and in doing so keeps a header block describing the name of
the file, its size, the date it was archived and its version
number. The version number allows an updated copy of a file to be
put onto tape with the same name as a file already present, while
preserving the ability to restore it by specifying the higher
version number. The program can provide a directory of the tape
by reading through the file headers, so the contents of the tape

can be easily verified.

In order to recover a tape file, just the name of the file
and its version number need to be specified. If the file is
already in the progrém's internal directory, it implies that the
tape is already past this file on the tape. Therefore this
request is queued until later. Otherwise it searches forward and
locates the file to be restored. At the end of a run any restore
requests in the queue are executed before the job 1is terminated.
This program is fully interactive and provides a very flexible and

easily used system of archiving files on tape for later recovery.

Processing System Tape Subroutines

It was realised that the programs in the processing stream
would need to have a tape handling capability and that this
capability would have to be consistent, from process to process,
in its treatment of errors and other processing conditions.

Therefore it was decided to produce two Fortran subroutines TAPRED
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and TAPSUB to handle the tape programs for the processing
routines. TAPRED assumes that the transfers are going to and from

the disc and TAPSUB to and from memory buffers.

These subroutines also provide all the error condition
handling from the tape drives. This ensures that a particular
error condition is treat consﬂistently by each of the processing
programs(Fig 3.1). These routines provide the programs with 3
commands: read, write, and wind forward, to allow the end of file
record to be skipped when reading. The error handling is based on

the expected data sequence being as shown in Fig 3.1.

All the functions necessary to manipulate the tape drives in
a seismic processing program are provided by these two routines,
and one of the two is used in any application which needs a tape
handling capability. Therefore, applications programs which need
access to the tape drives can be written without the programmer
having to understand how the drives are controlled, by calling one
of these two subroutines. Also, the only error handling which
need concern the applications programmer is how to treat the fatal
errors returned by the routines after retries on read and write
have failed. The usual course of action at this point is to close
down the job so that it can be restarted with a new tape. End of
tape errors are also returned to the user program for handling, so
that any special functions which are deemed necessary on an end of

tape can be executed.

Therefore these two Fortran subroutines, together with the
Fortran callable assembly language routines in the pdpi11 and the

tape monitor in the pdp8, provide a comprehensive tape
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manipulation service, which should provide a user transparent

means of handling the tape drives and their error recovery.

Memory Management

The pdp11/34 is a 16 bit minicomputer whose basic address
unit is the byte (8-bits). This means that the &ggi;égxaddress
capability of the processor is 64 Kbytes. As has been previously
mentioned, the UNIBUS has an 18 bit addressing capability which
allows up to 256 Kbytes to be accessed. In order to wuse this
capability, a memory mé?bﬁgement unit between the CPU and the
UNIBUS translates virtual addresses into physical addresses by
using the relocation information contained in the 8 page address
registers inside the unit. Each process’s virtual address space
is broken up into §¢ 4-Xbyte pages, each of v;mich are relocated
into physical addresses by one of the page address

registers.(Digital Equipment Corporation, 1978)

There are two sets of memory mapping registers. One applies
to programs running in KERNEL mode, such as the operating system
and device drivers, and the other for programs running in USER
mode. This allows the operating systems relocation information to

be kept separate from the user’s program.

It had been intended originally to operate the pdp11/34 under
the Extended Memory Monitor version of RT-11. Fortran programs
running under RT-11 are allowed to define a set of variables as
virtual. This implies that they are stored in memory other than

that directly addressable using the 16 bit word. This allows the
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full memory capability of the pdp11/34 to be used from a single
program. The Extended Memory Monitor is designed so that two
words of address information are passed to the device drivers in
order to make up an 18 bit address, so that DMA devices can put
their data straight into Virtual memory at the correct address.
However, it was discovered that in order to implement this
extended virtual address capability, the high 8 Kbyte addresses
which are usually mapped into the I/0 page are relocated elsewhere
in User mode and are only accessible to the system device drivers,
running in KERNEL mode. This seemingly minor problem has
important side effects. All the non-standard device handlers,
such as APEX, the pdp8 transfer routines and the plotter driver,
use the I/0 page addresses in user mode in order to access their
respective devices. This meant that when virtual arrays were in
use in Fortran programs under the Extended Memory Monitor,

communications with the AP, plotter and the pdp8 were lost.

As virtual arrays are also supported in the less
sophisticated Single Job (SJ) Monitor of RT-11, this monitor was
investigated. Under this monitor the relocation of the high
addresses to the I/0 page 1is unaffected by the virtual arrays
option being present, and so this problem is immediately overcome
in this environment. Addition%?y this monitor 1is much less
sophisticated and so has the advantage of occupying much less
space in memory than the Extended Memory Monitor. However on
further investigation major disadvantages were found in its

implementation of the virtual arrays principle.
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The Fortran compiler generates a reference to a set of
utility subroutines every time a virtual array element is
referenced in a Fortran program. These subroutines are given the
offset of the start of the virtual array from address 1600
octal(56Kbyte) in 64 Kbyte blocks, and the number of the array
element referenced. By dumping the machine code from memory when
such an operation was in progress, it was possible to decode the

method used to access the data at this extended address.

In normal running under the SJ monitor, the KT-11 memory
mapping unit is switched off and the virtual addresses upto
56Kbytes refer to the first 56Kbytes of physical memory. The high
8Kbytes are then mapped into the I/0O page which is at addresses
248 to 256 Kbytes in physical memory. In accessing a normal
Fortran array element, the address is found by calculating the
byte offset from the array’s base storage address. A similar

method is used in refering to a virtual array element.

As described above, a special subroutine is passed the base
address and element number of an array element on the stack when a
virtual array is referenced. However, this base address 1is an
offset, in 64 byte blocks, from 1600(Octal) the 56 Kbyte limit of
normal addressing. The subroutine manipulates the two values to
generate a byte offset between 0 and U4Kbyte as an element address,
while putting the rest of the address into the USER mode page
address register 0, which is the register referred to 1in
relocating addresses between 0 and Y4 Kbytes. At this point the
KT-11 memory mapping unit is switched on, and a special
instruction used to fetch the data element from the relocated

address and put it onto the stack. When this has been completed
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the memory management unit is switched off again, and the
subroutine returns to the mainline c¢ode which picks up the

required value from the stack.

From the example in Fig 3.3 it can be seen that this is a
very longwindeqﬂ process and so there 1is quite a large time
penalty incurred when using virtual arrays in calculations.
However, potentially more important than this was that
Input/Output with virtual arrays could only be performed via
buffers in the lower address memory. This problem is caused by
the fact that the device drivers in the SJ monitor are only passed
a single word memory address, and so even DMA transfers have to be
made into the lower 56 Kbytes of memory. The time penalty
involved in transferring data from I/0 buffers into data areas in
Extended memory would have been intolerably 1large in a seismic
system, where such 1large quantities of data are handled.
Therefore it was decided at this point that some solution to this
problem had to be found, whereby DMA transfers between virtual

arrays and the disc and AP would be possible

Virtual Memory Input/Qutput

A small test program using virtual arrays was single stepped
in execution and areas of memory dumped after each step. From
this it was possible ¢to determine that immediately after a
reference to a virtual array element, the page address register
and register 1 still contain the components of the full 18 bits
address. Therefore a Macro-11 routine would be able to access

these registers and save the 18 bit address of a virtual array
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element.

The technique used to get'a desired 18 bit address was to
explicitly reference the particular array element required in a
Fortran function call. It was found that this caused the Fortran
compiler to generate code which moved this element from virtual
memory into local storage. The function which was called was in
fact a Macro-11 routine and so at its entry point as the virtual
array element had just been referenced the users page address O
and register 1 still contained the components of the 18 bit
address. These two values could be accessed and put into
temporary storage within the routine as well as being put into
registers 0 and 1 before exiting. These registers are the ones
which take the result when a floating point function is called in
a Fortran program. Therefore this returned result can be put into

a local variable for storage.

This capability of being able to "steal™ the 18 bit address
from the Fortran system was a very important step foward, as it
meant that in principle the full 18 bit address could be given to
a DMA peripheral when initiating a data transfer. It had been
decided that the two areas where this capability had to be applied
to the task of actually transferring data, by DMA transfers, to

and from virtual arrays, were the discs and the AP.

The first one to be tackled was the AP as the transfers were
already under the control of a non-standard device driver. In
initiating data transfers to and from the AP, interface registers
were given a 16 bit memory address for the memory buffer. However

a further two bits in a different register were used to give the
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full 18 bit address. In the standard DMA handler these two bits
were just ignored. A Macro-11 function was written to extract the
full 18 bit address of the virtual array buffer required and put
it into the correct format for the interface registers, before
returning it to the calling routine for storage. The standard
APEX was then altered so that it always cleared the 2 extended
memory bits before it initiated a DMA transfer, so that transfers
using the standard routines would always go to lower memory
addresses. This allowed a new transfer routine to be written,
which expects a full 18 bit extended address as a two word
argument for use in intiating transfers to and from the AP. These
routines provide a full extended memory DMA transfer capability

for the AP.

Solving the same problem with respeét to the dise drive was
more difficult, because the operating system is based on this
device and so it uses the disc driver itself for transferring
operating system information in and out of memory. In the SJ
monitor disc device driver the two extended memory bits in the

interface register are cleared every time a transfer is initiated.

The first step was to stop these two bits being cleared by
the device driver by masking them off in the driver code. It was
considered necessary still to use the standard driver for
initiating the transfers, as the operating system was still in
charge of the file structure on the disc. Therefore the operating
system was relinked with the altered driver, and as the extended
memory bits are not set by any other routine in the system it was
considered reasonably safe not clearing them. Also error

conditions in the SJ monitor result in a reset instruction being
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issued which clears all the device interface registers.

Therefore a Macro-11 function was also written to get the 18
bit address 1in the correct format for the disc interface and
return it as the result of the function for storage. Read and
write routines were written which make calls to the system I/O
routines giving the low 16 bits as the supposed memory address.
However, Jjust before these system calls are made the two extended
bits in the interface register are set. On completion of the
transfer a completion routine, stated in the transfer call, is
executed and this then clears the two extended memory bits in the
interface. This call to the completion routine is completely
transparent to the user of the routine, which allows the data
transfers to be overlapped with program execution in the same way
as other DMA routines. Because they manipulate the interface
directly, these routines have to wait for all other disc transfers
to terminate before they can be initiated, which is not usually a

major constraint on their use.

Care has to be taken in the wuse of these disc transfer
routines with respect to the operating system. Usually only the
core of the operating system is resident in memory and it reads in
its service routines from disc as required. Obviously in this
case if the extended memory bits were set it could have disastrous
consequences. Therefore, when a program which uses these routines
is compiled, a switch has to be specified to the compiler which
causes the User Service Routines (USR) to be locked into memory.
This causes more space than usual to be taken up by the operating
system, but it does mean that besides having a disc DMA capability

into virtual memory, there is also a saving of time which would
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have been spent reading the USR in from disc. A similar problem
occurs with programs which are overlaid. However at least in this
case it is known that the overlay handler is not executed until a
certain subroutine call is made. Therefore the user has to ensure
that all DMA transfers using these routines have finished before

making a call to an overlaid routine.

In tests using these routines it was shown that the AP
routines work just as well as the normal APEX transfer routines
and are not constrained any more than the normal routines. Also
it was found that as long as the constraints mentioned above were
adhered to, the disc transfer routines ran faultlessly. Therefore
this piece of systems programming provided the machine with a
great deal more flexibility than it had previously, in allowing
DMA transfers to be made from the disc and AP to and from the full
248 Kbytes of useable memory. Also following the principles 1laid
down in writing these two sets of routines it would be possible to
provide this capability for any other DMA peripheral devices which

might be added to the system.

Plotting Software

The Versaplot software purchased with the electrostatic
plotter provides a set of Calcomp compatible graphical subroutines
and also some specifically electrostatic routines, which provide
the capability to produce shading and patterned lines. This
software produces a vector file which has to be processed by
vector to raster conversion software before being output to the

plotter. This rasterising software and the plotter driver are
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also supplied with the Versaplot package. This package is quite
sufficient for producing graph type displays and annotation, but
does have its drawbacks. It does not provide any high level'
graphic capabilities, such as contouring, and because of the huge
amount of data produced is totally incapable of producing seismic
wiggle trace or variable area type displays, the amount of machine
time wused to display even one or two seismic traces being
prohibitively high. Therefore it was decided that more software
would have to be developed to complement and add to the Versaplot

routines.

Contouring

A contouring package CONSYS, which was developed at the

University of Michigan, and is considered as being in the public

(Northumbrin  Univeryties * Mudbpls Accees Gomparter)

domain, was available on the NUMACAIBM 370/168. Although written
in Fortran it was not easily transferable to the pdpl11 as, besides
using several constructs wunique to IBM Fortran it also used
operating system calls to allocate dynamic memory for its work
space during execution. On the other hand the package produces
good quality contours and uses a reasonably time efficient
algorithm. Therefore it was decided to convert this package to
run on the pdpli. The dynamic memory allocation was rewritten to
use static work arrays passed to it by the calling program, in
virtual memory. Once this had been accomplished and other parts
had been rewritten in standard Fortran it was 1linked 1into the
Versaplot package for drawing the contour lines. This package

provides a full contouring capability, which can easily be used by
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any display program which requires contouring.

Seismic Displays

The production of seismic trace plots wusing normal graphic
subroutines is a very time consuming process. Each trace is made
up of about 2000, points and there may well be a few hundred
traces in a section. All these vectors would have to be produced,
sorted, and then rasterised by the normal graphical subroutines,

producing a very large intermediate plot file.

However, a seismic display is really a quite well ordered
dataset, and if the overlap between traces is restricted the
possible range of a single trace on the paper can be quite well
defined. Therefore it was decided to develop programs which would
produce seismic displays by going straight from the input data to

a raster output file.

The maximum swing of a trace was limited to plus or minus
twice the trace spacing and the maximum trace spacing was limited
to 0.1 inches, so that the rasterising buffer would easily fit
into memory. Also if the display is longer than 10.24 inches the
software produces a second strip later which corresponds to the

data off the sheet of paper.

In order to develop the software an interactive section
plotting routine was produced, which expected its input to be on
the disc and writes the raster output file back to disc. However
once developed this algorithm was incorporated into a full section

plotting program for the processing system.
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It was realised that once a file of rasters have been
produced, other plots could be merged with the seismic display,
before the rasters are transferred to the plotter, as long as the

other plot is also in raster form.

One of the drawbacks of the Versaplot system is that the plot
programs produce vector oﬁtput in particular named output files on
the systems disc, and these are then rasterised and put out to the
plotter in one run. It would be much more convenient, in case a
plot is to be replotted, to store a file of rasters for later
retransmission to the plotter. Also, this would allow the
Versaplot routines to be used to provide annotation and axes for
the seismic displays, 'which could be rasterised, saved and then
merged with the seismic raster file on output. Therefore a set of
subroutines were written which emulated the plotter handler
routines, but instead of putting the raster output to the plotter,
they are transfered to a specified disc file. When linked with a
modified version of the vector to raster conversion program
MPRASM, it Dbecame possible to store the raster images of vector

plots.

The next logical step was to develop a post processor which
took the raster input from up to 8 files and merges them according
to offsets and ranges specified by the user, and even reverses the
contrast if required, before using the plotter driver software to
put the final rasters onto the plotter. This software allows the
seismic image produced by the special display software ,to be
merged with axes, time scales and annotation which is produced by
a program using Versaplot routines, and so allows each approach to

be used solely in the mode in which it is most efficient.
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IBM Software

It was found that, in general, the inexperienced user found
more difficulty developing programs on the pdpl1l, with its limited
software development tools, than on the NUMAC IBM 370 under MTS.
Also a 1large modelling and synthetic seismogram package, AIMS,
which was aé;ired in order to provide an interpretation aid for
seismic reflection data, as well as high quality synthetic data
for research work, was much too large to fit onto the pdp11, and
so had to be installed on the IBM. Examples of the ouput from
AIMS are shown in Fig 3.5 and instructions on how to run it are

given in Appendix 2.

The installation of the package was reasonably straightfoward
as it 1is written in standard Fortran. The only alterations
necessary were to change the inpuﬁ// output unit wusage to be
compatible with MTS usage and to alter the plotting calls so as to
fit in with the *PLOTSYS system on MTS. This package provides a
very powerful raytrace modelling and synthetic seismogram tool for

use in conjunction with the seismic processing system.

As has already been explained, some users find the limited
program debugging facilities available with the RT-11 Fortran
extremely difficult after having become accustomed to more
powerful facilities on large mainframes such as the NUMAC IBM 370.
Hence program development could tend to take longer than usual at
first. With the pdp11 being run as a single user system it means
that while program development is taking place it cannot be used

for processing and vice versa. Therefore it was decided to
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provide development facilities on the NUMAC IBM so that the basic
algorithm of a new program could be developed offline from the
pdp11 and transferred to it, at a later date, for interfacing to

the processing system.

At this time FPS, the suppliers of the AP had a Fortran
simulator of their mathematics library under development. A copy
was acquired and developed to run on the IBM 370, while still
looking to- the wuser as though it was running on the pdpl11. By

(1 thie cdre ForTRAN 66 )
writing programs in as near standard FortranAas possible and using
this simulator, a program can be developed on the IBM which is
easily transferable to the pdp11 when complete. At this point
only the disc input/output needs to be changed and the tape access
software added to the program, before final tests can be run. In
practice this has proved to be an extre%?y valuable tool, having
allowed MSc students to develop algorithms on the IBM, while the
pdp11t is in use, transfer the programs to the pdpl11 and then run
them on the pdpl!! on large datasets, which could not be handled in

a reasonable time on the multiuser general purpose IBM system.

Summary

Quite a large proportion of the total development time of the
seismic processing system had to be spent designing, programming,
and testing the systems utility routines described in this
chapnter. However these routines provided a solid base from which
the system could be developed, and without which the processing

system would not have been feasible.
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Chapter 4

Seismic Processing Software

Overview

In a research project of this type it is important to realise
that the targets set for the project have to be accomplished in a
limited period of time. Also it is more useful to set realistic,
attainable goals than to overreach and 1leave an unfinished

shambles.

Once the systems software had been established, providing the
necessary tools for applications programming, the aims of the
project, from the seismic processing viewpoint, could be
realistically assessed. It was decided that a suite of programs
representing a complete seismic processing stream should be
attempted. Although this might seem quite ambitious, it was felt
necessary to establish software at all stages of the seismic
processing stream in order to establish the conventions and
standards for the data handling and processing throughout the

sequence.

Obviously, for there to be any chance of this grand hope
being accomplished, there had to be certain limitations and
compromises made in planning the details of the software. As the
University of Durham’s interests in seismic reflection work had
been almost entirely marine, then this original software suite was

based on the needs of processing marine data. Also as data

acquisition with different equipment and data exchange from
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outside was considered unlikely at this time, the input field data
was considered as being solely derived from the department’s SDS
10/10 digital acquisition system, and no attempt was made to
produce the final data in SEG-Y format for data exchange. Given
these relatively minor restrictions, the brief was to produce a

full and complete seismic processing system.

Overall Design Considerations

Most commercially available seismic processing systems have a
seismic monitor, which is responsible for taking menu type input
for a particular job, structuring the modules required into a run
stream and controlling the data flow through the system. This
possibility was considered for controlling the operation of the
Durham seismic procesing system, and a small amount of development
work was carried out to evaluate a rudimentary system, based on
the RT-11 batch stream monitcr. However, after experimentation
this idea was rejected, for several reasons. Possibly the most
important reason 1is that on a small 16 bit minicomputer, such as
the pdp11, dynamic memory is one of the most important of the
limited resources. Once the space taken up by the operating
system and input/output system has been taken into account, only
about 24 Kbytes of memory are left for program storage, as
instructions have to remain in the directly addressable portion of
memory, under RT-11. If a monitor system was developed it would
leave even less memory for the seismic programs and the lower
memory buffers they use. It was also felt that such a high level

of control on program execution would incur an unacceptably large
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time penalty and 1increase the complexity of the software
unnecessarily, with the treatment of error conditions in seveal
different types of program being a particularly difficult problem.
It is quite usual for large jobs such as demultiplex and migration
to be run as the only program in the processing stream, even in
commercial systems, and it was felt that those processes which
normally run together could still be arranged in- this way using
standalone programs. Finally, the type of wuser expected to be
using the system is more 1likely to be at home running a stand
alone program with a given function than attempting to construct
the menu type of input under a seismic monitor, which usually
involves quite complicated training courses to master. Therefore,
bearing in mind all these considerations, it was decided to build

the system as a suite of standalone programs.

Data Format

One of the first considerations in designing the processing
system was to decide on the internal format of the data. In this
case one constraint was placed on the design from the outset. The
tape control program running on the pdp8 has to be constantly
resident to be ready to answer any tape command which is issued by
the pdpt1l. However because of the size of the program, there is
not enough available memory to allow two types of driver for the
tapes. When reading field tapes it is necessary to be able to
read a gapless format, and so the software for this format has to
be used. As the blocked format driver cannct be resident at the

same time, any data written back to tape has to use the gapless
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format. Therefore it was decided to keep the data flow as simple

iong -~ record
as possible and adopt thé(gaglass format as being part of the

internal data format for tapes.

The data in disc files under RT-11 are stored in sequential
files, each comprising a sequence of 512 byte blocks. The data
exchange with the disc is most efficient when carried out in
multiples of 512 bytes, or 128 samples. Therefore it seemed
fairly logical always to keep the amount of data being processed
as an integer multiple of 128 samples, which is just over half a
second of data at Ums sampling rate. This is relatively easy to
achieve in the present system because the SDS 10/10 always
digitises its data so that the number of samples in 1 second is
always a power of 2. Hence this fits in well with the disc file

organisation.
1 SDS second at 4ms...256 samples...1.024 seconds

As a further aid to simplifying data transfers it was decided
to make the header block, containing information on the data,
consist of one 512 byte block, which would be written to block O
in a disc file. It was felt that 512 bytes would provide adequate
space for all present, and any foreseeable future, usage of the

header block, for storing data information.

It was decided that in order to keep the structure of the
data as simple and straightfd@ard as possible, logical units of
data would be separated by file marks on tape and put into
separate files on disc. Hence, before stack, common shot gathers
or CMP gathers would be contained in separate files and after

stack each trace 1is put into a separate file. This structure
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enables the header block to be kept quite brief as the channels
inside the gathers are stored sequentially in order of increasing
offset. Hence as long as the number of channels, the length of
the data 1in each trace and the acquisition geometry are recorded

there is no need for more than one header block per file.

The structure of the file format is shown in Fig 4.1 and it
can be seen that the header block 1s occupied from bytes 0 to 50,
with quantities describing the data and aquisition geometry.
Bytes 50 to 256 are used to store information provided by the
user, as an identifier or comment on the data. The second half of
the header block is used to keep a brief account of the processing
carried out on the data, by entering a set of predetermined
values, which wuniquely identify each process. This can be
valuable for data which has been archived for a 1long time, with
the original notes on its processing having been lost. This set
of header entries identify each process applied and the order in

which they were applied for a particular data file.

The header is also used to indicate a bad area on tape. When
a parity or CRC error is detected during a write, the tape program
backs up the tape and then writes 8 bytes with all bits set,
followed by upto 32760 padding zeros. During a file read, if this
sequence is found the file is assumed dead and the read routine

moves on to the next file for the data.

It is felt that 512 bytes should prove quite adequate for
future header block usage, but the possibility of changes in the
future to increase this amount was considered in programming the

system. Therefore the data references were structured, as much as
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possible, so as to allow the header block to be enlarged with only
minimal software changes, to data offsets in disc files, and

equivalence positions in memory references.

Data Input and Output

In order to keep the input to the processing programs orderly
and straightfé@ard, it was decided that each program would expect
its input parameters in a particular named disc file. This allows
the average user to input data to the system without having to
understand how to assign logical I/0 units in RT-11. It was also
decided that each user of the system should keep their files
separate by prefixing each filename by a two 1letter unique
identifier. Therefore a user’s input parameter files would be
created under his own identifier, and then copied across to the
correct input file name before the program is run. This has the
added advantage that each user has a copy of the job input

parameters under his own identifier.

If seismic data files are written to disc, the wuser is
allowed to specify the file names, so allowing these files to be
collected under the wusers identifier. This is obviously
especially wuseful if several users are running data tests on data

stored on disc.

It had been intended originally to keep the programs as
portable as possible by using Fortran, unformatted direct access
I/0 for manipulating the data traces. However this was found to

be much too slow and unwieldy, and so RT-11 DMA transfer routines
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were used, which access the data in block mode from the disc.
Although this means that this aspect of the system is operating.
system dependent, it would be relatively easy to convert the
programs to run under a different operating system, by just
replacing the RT-11 routine calls with their analogues in the
other operating system. One advantage of wusing these RT-11
routines is that once they have been initiated the CPU can
continue execution while the data transfer is completed by DMA

operations.

Seismic Processing System

Once the basic principles of the system, as described above,
had been decided upon it was necessary to identify the programs
which would be needed to produce the complete seismic processing
system. The suite of programs which, it was decided, would

fulfill the stated reiﬁrements of the system is shown below.

Synthetic Seismogram Package
Demultiplex

Sort

General Pre-Stack Processing
Fourier Data Analysis
Velocity Analysis

Gather Plotting

CMP Stack

General Post-Stack Processing
Post-Stack Mix

Section Plotting
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Header Block Analysis

Migration

It was felt that major processes such as Demultiplex, .Sort
and Stack should be separate, as they form a natural break in the
data processing. However, whenever possible, it is desirable ¢to
minimise data transfers by amalgamating functions into a single
program. Therefore it was decided that the general processing,
such as filtering and deconvolution, should be applied inside one
program, so that once the parameters had been decided they could
be applied to the data, in order, in one run, before being written
back to tape. Therefore these functions are bound into just two

programs, one for Pre-Stack application and one Post-Stack.

Synthetics

When implementing a new suite of programs it is essential to
have access to reliable synthetic data, which can be used to test
and evaluate the processes. Also it is wuseful to have the
capability to produce synthetic data so that new applications

programs can be easily tested.

It is hoped that eventually the ultrasonic tank, developed by
Mr J H Peacock,; could be used for the routine production of
synthetic seismic reflection data for various acquisition
situations. However at the time of this project the tank itself
was also being assembled, and so data derived from it could not be

used reliably. Therefore one of the first tasks was to generate
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programs capable of producing syntetic data.

It was decided that two small programs would provide an
adequate source of synthetic data; one to bs used to producs
simulated CMP gathers and the other synthetic CMP stacked

sections.

The CMP gather generator ANSEI was developed with A
Nunns(Nunns, 1980) and it generates a set of traces, each
displaying a specified number of primary reflections. Each
reflection 1is defined by an arrival time on a zero offset trace
and a stacking velocity, which is used to calculate the hyperbolic
trajectory of the seismic arrivals. No allowance is made for
inversion or transmission energy 1loss effects, so the seismic
pulses are always positive and of the same amplitude. A Ricker
wavelet (Ricker, 1953), with a specified frequency, represents the
seismic wavelet and band limited random noise is added to all the
traces. This noise is generated in the frequency domain by
constructing a unit amplitude with random phase, upto the cutoff
frequency. A fourier transform then yields a random noise trace
which can be added into the seismic trace. This program provides
a simple but effective method of producing pre-stack synthetic

data.

A more sophisticated program was required for producing
synthetic stacked sections, as these would be used as test data
for processes such as Migration where amplitude variations are
important. Therefore a program developed by C Godbold(Godbold,
1980), for use on the NUMAC IBM370 as a tool in investigating

Kirchhoff migration, was converted to run on the pdpi1 and produce
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output compatible with the seismic processing system.

This program allows plane dipping layers and point reflectors
to be specified with a vertical variation of velocity with depth.
It uses a simple ray tracing technique to evaluate the travel
times, ignoring multiples and refracted events, and calculates the
appropriate impulse response using an approximate wave equation
method. The synthetic is completed by convolving a Ricker wavelet
with the calculated impule response to give the seismic waveform
for each arrival and random noise is added using the same method

as described above.

These two simple programs are extremely useful in producing
different types of synthetic data for program testing and

evaluation.

Demultiplex

The demultiplex program was designed principally to handle
the SEG-A format produced by the departmental SDS 10/10
acquisition system. However the main data flow of the program,
and its general 1logical sequence was designed so that a new
version, to handle SEG-B or SEG-C, could be written, using it as a

template, around which to build the specific routines.

Demultiplex is fairly obviously a tape to tape process, and
so it wutilises a modified version of TAPRED to handle the tape
input/output. This routine had to be modified slightly because it
is necessary to send a byte swap command to the pdp8, to swap the

bytes in every 16 bit word, when transmitting the multiplexed
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data. This is because data on the tape are written out conforming
to IBM data standards, and in the IBM architecture the low address
byte is the most significant byte in a word, which is exactly the
opposite to the architecture on the pdpl11. By getting the byte
swap performed by the tape handler in the pdp8 during data
transmission, no overhead is incurred in subsequent processing in

the pdp1t1.

Although the demultiplex program is basically designed for
tape to tape operations, it is also possible to leave files on
disc, as well as putting them out to tape, if required for quality
control plots and data tests, and input can also be taken from the

disc if required.

The program was designed to operate in two modes; fast with
only minimal error checking, and slow with full error checking and
attempted error recovery capabilities. Either of the two modes
can be selected at the start of a demultiplex run and, if the fast
mode has been selected, another option is available which allows
the wuser to specify that it should revert to the slow mode if an

error is detected in fast mode.

As the demultiplex is the first program in the processing
stream, it 1is responsible for initialising the file header block
for each of the output files it generates. Some of the parameters
are extracted from the field tape header, but the geometry values
have to be entered by the user and are stored into each file

header by the program.
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With all the reordering of the data which is taking place
during demultiplex, it is a natural point at which to reorder the
traces in the output files into ascending order of shot-receiver
offset. Therefore the user specifies, in order, the channels on
the field tape which correspond to an increasing offset of the
receivers, to allow the program to sort the channels into this
order. Usually the channels are written out into a c¢ommon shot
point gather, and in fact this is probébly the most desirable form
for the data to be written back to tape, as these raw demultiplex
tapes can be easily used as the starting point for later
reprocessing runs if required. However a sorting ability was
incorporated(see  Sort), so that small datasets could be
demultiplexed directly into CMP gathers, to save time and the
amount of tape handling required. It was envisaged that this
option would be used to select records from the tape for data
quality examination and filter tests before the whole of the line

had been demultiplexed.

One option in the program which was added in the 1light of
experience at Durham occurs when a change of tape is requested.
The SDS 10/10 has twin tape decks so that when one tape is
finished the system can switch to use the second drive without any
data being lost. However if one tape deck is inoperative it is
possible that data will be 1lost during the tape changeover.
Therefore when a new tape is requested, the operator is asked if
blank files are required. By this means zeroed channels can be
written out to tape and it provides a simple way of padding the
data out to the correct lateral scale, from the start of the

processing. These zeroed trace would then be sorted into CMP
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gathers with "live" traces during the sort.

The basic design principle behind the operation of the
demultiplex programs operation, is to demultiplex cnough samples
in one pass to produce one disc block, 128 samples, of trace
sequential data for each trace. In this format 128 scans is
equivalent to 4 Kwords of multiplexed data, which is half of the
AP’s main data memory. Fortunately after demultiplexing this
reduces down to slightly less, and so there is also room available
for the gain codes. As it is possible to just fit one block per
trace of multiplexed data into the AP and demultiplex it, a
microcode routine was written for the AP to perform the
demultiplexing and the reformatting of the data into floating
point numbers from the 15 bit integers and their associated U4 bit
gain codes. While performing this operation the microcode routine
only checks the start of scan code and the submultiplexed gain
information for errors. However if an error is detected, the
routine exits and sets an error flag which can be picked up by the
main program. When the main program detects the error flag, it
can, if the option is set to allow it, restart demultiplexing the

file in slow mode in an attempt to overcome the error.

In conjunction with this fast microcode mode of operation all
the input and output operations are performed in a double buffered
manner, so that the disc and AP transfers are fully overlapped
with computations. Once a block of data has been demultiplexed it
is written out to its correct place in a disc file, used as
temporary storage. If the field data is error free this mode of

demultiplex allows the operation to be performed very quickly.
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However, there are occasions, when the field data contain
many errors, such as data lost or corrupted. In the university
environment it is important to use as much of the data as
possible. Therefore a lot of effort was put into a slow mode for
the demultiplex program which allows a significant amount of error
recovery, even from poorly recorded data. In this mode no attempt
is made to perform the operation very quickly; rather every piece
of information in the multiplexed format, such as the time code
and the submultiplexed gains, are checked to ensure no errors have
occurred. If an error condition is detected the demultiplex is
continued in an attempt to use the redundancy checks so that an
output trace may still be produced when a serious error has
occured. The number of errors and lost samples which the user is
prepared to tolerate in a trace, before it is declared "dead", is
an input parameter to the program. If the number of errors
exceeds these 1limits, or data recovery is not enabled in fast
mode, the traces for that shot are zeroed before they are written

out to disc.

While the error checking is being carried out in slow mode,
the data are also being put into trace sequential order.
Therefore when a block has been completed, all that remains is to
reformat the data. This operation is carried out in the array
processor. The data are transferred as integers and then
converted to a floating point integer representation in the AP. A
microcoded routine is then used to apply the gain factors to each
sample 1in turn to complete the reformatting. The data are then
retrieved from the AP and written to the temporary disc file. Log

files of any errors detected are also produced for each shot file.
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Once an entire field tape file has been demultiplexed, or as
much of it as has been requested, the temporary file is closed and
the data is written to tape, a copy being left on the disec for

later use, if requested.

The demultiplex program is responsible for producing the data
in the form in which they will be used during the remainder of the
processing. Therefore a great deal of effort was put into its
design and implementation, to provide the program with as much
flexibilty as seemed desirable. Also in implementing the fast
mode, the program was made to be as fast as data transfers would
allow, so that if the data was known to be virtually error free,
from preliminary tests, large quantities of data can be
demultiplexed very quickly. On the other hand, it is hoped that
the sophistication of the error recovery capability in the slow
mode will allow data of a reasbnable quality to be produced even

when acquisition malfunctions have gone unnoticed.

In designing the system it was considered that the sorting
capability in the demultiplex program should only really be used
in producing test CMP gathers on small data sets. When large
datasets are being demultiplexed, it is best to produce tapes of
common shot gathers so that the demultiplexed data correspond
closely to the field tapes. This is more convenient for referring

to the data at a later date.
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Sort

It was decided that during demultiplex all the data on the
field tape should be demutliplexed and written to tape as common
shot gathers, as mentioned previously, so that once it has been
completed the field tapes would not have to be refered to again.
Therefore, in order to select the segment of the data required and

reorder it into CMP gathers, a sort facility is required.

The main consideration in designing the sort program was to
be able to produce CMP gathers from common shot gathers easily, as
this is likely to be the most common sort operation performed.
However, it was realised that future work might require the data
in different configurations, such as common receiver gathers, and
that especially in the marine case, where accurate positioning and
speed over the ground can be difficult to control, the acquisition
geometry might be 1less than ideal, such that the shot spacing
would not give a true CMP configuration. For example, if the
speed over the ground at sea has been too fast or slow, instead of
being able to get a CMP gather by sorting as shown in Fig 4.6, a
smear, or footprint of midpoints is generated. In this case a
different sort procedure than is usual must be adopted in order to
minimise the size of the CMP footprint, so as to reduce the
distortion of the velocities and structures that would otherwise

result.

Therefore the sort program was designed to allow the
reordering of the data to be totally user specified. As is shown

in Fig 4.8 the repositioning of the input data into output files
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is specified by a coordinate pair for each input channel. At the
same time a starting and ending value for the data can be
specified, so that the amount of data in each trace can be reduced
while the sort is being carried out. As can be seen from the
example, almost any new data configuration can be generated,

entirely under the user’s control.

The input to the program is usually read from tape into a
temporary file on the disc, although input directly from disc is
possible. At the start of a run, a set of temporary sort files
are created on the disc to collect the output gathers. If a 12
fold CMP gather was being generated from common shot gathers, then
12 temporary files would be required to hold the gathers until all
the necessary data had been read in. The part of the data
required is then transferred from the input file to its correct
position in the correct output file. Once all the output channels
have been transferred, at least one of the gather files will be
complete, and so can be written to tape or to another disc file
for later use. This file is then deleted and another one created

in its place, and the process is repeated for the next input file.

It is possible that tape problems may cause the program to
close down. If this occurs, the last line in the Log file for the
job contains an index to the order of the temporary files which it
has written out before terminating. If the program is restarted
this can be input, along with the restart, flag and the job will
continue from the point in the sort at which it was interrupted,

so that the whole job does not have to be resubmitted.
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The major features of the sort algorithm were included in the
demultiplex program so that reordering into CMP gathers, for test

purposes, can be accomplished straight from the field tapes.

It was felt that this sort program provides sufficient
flexibility to allow marine data and most 1land data to be
reordered into any configuration desired. The only situation
which would be difficult for it to cope with would be in the
crooked 1line sorting of 1land data, where the optimum sort
configuration for CMP gathers, is contantly changing. This type
of data would probably prove very tedious to sort as it would need
to be performed 1in short segments, with constant operator
intervention. However apart from this, always complicated
situation, it should be possible to handle all the data

configurations likely to be encountered.

The sort program sets the header entries of the items it
affects, such as the gather type, number of channels, and data
start and end positions, so that the header block still carries up

to date information on the data.

Pre-Stack Data Analysis

It seems reasonable that once the data has been sorted into
the required configuration the user is going to want to examine
the gathers, in order to check data quality and determine data

characteristics, such as frequency content.
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Therefore a suite of interactive display programs was
developed in order to facilitate data examination. Two
interactive trace plotting programs were developed, using the
raster plotting algorithm, to display gathers. One produces plots
with the traces spaced at a maximum of 0.1 inch and with a maximum
deflection of 0.2 inch, so that reflection events can be picked
out by their continuity from trace to trace. The second module,
spaces the traces so that each individual trace can be amplified,
without overlapping other traces, S0 that the wavelet

characteristics and data quality can be examined more closely.

These programs are fully interactive and expect the input
data to be in disc files. They both produce raster output which
can be put out to the plotter using one of the postprocessor
programs, MPMERP with a merged timing line background, or MPPROC
with no merged in background. This alsc provides the user with a
quick method of examining the effect of different processes on the
data, by allowing displays on the data after filter tests and

other processes.

The other interactive display package is one which produces
spectral plots of data traces. This program MPFANL allows several
traces within a gather to be spectrally analysed, and a power and
phase spectrum to be displayed for each. The spectra are derived
by padding the data to a power of two in the AP and performing a
Fourier transform. The phase and amplitude spectra can then be
calculated from the real and imaginary parts of the transform.
This information is used to produce a vector plot using Versaplot
routines and once the program has been terminated the plot can be

displayed on the electrostatic plotter using the Versaplot post
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processing routine RASM.

This Fourier analysis package together with the gather
displays, allows the frequency characteristics of the signal and
noise to be determined, which c¢an be very useful, in later

processing, in allowing filters to be designed more easily.

Pre~Stack Processing

It was decided that all the processes usually applied to the
data before stack should be included in a single program, with
general subroutines being developed for the filter routines, so
that they could also be used in Post-Stack processing. The idea
behind this decision was that, once a trace from a gather had been
transferred to the AP, for a certain process to be applied, it is
more efficient to apply all the other processes to it before
returning it to the pdpl11, than to have several programs each
dedicated to one technique each putting the data in and out of the
AP. Similarly this approach cuts down the number of tape

transfers needed to carry out Pre-Stack processing.

Another important factor in designing this program was that
it must be able to accept input data from either the tape or the
disc, so that tests could be easily carried out on data files on

disc.

The processes which were included in the Pre-Stack processing

package are shown below:-

Edit
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Polarity reversal

Gain application

Muting

Bandpass filtering

Bandreject filtering

Spike deconvolution

Prediction error deconvolution

Trace normalisation

These processes can be selected as required and applied in
any order, with even the capability of a process being applied
more than once if required. The program was designed to be as
modular as possible so that other processes which may be required
at a later date can be easily slotted into the program. However
if many more processes were added, it would probably be necessary
to use overlays to provide sufficient room for the executable

image in lower memory.

Edit

The data editing capability is wused to zero very noisy
traces, or ones with spikes, which cannot be made useable by
further processing. Once a trace has been zeroed by the Edit
option it is not passed through the rest of the selected options,
and so this is normally the first option applied to the data. 1f
a data trace 1is known to have been zeroced by the demultiplex
program, then this option can be selected for these traces to

prevent them passing unnecessarily through the rest of the
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processes. This option is most likely to be used to kill traces
containing bursts of high energy noise at about the same frequency
as the source signal which precludes filtering to remove it. If
these traces were 1left in for further processing they would
contaminate the stacked results and so it is best to remove their

effect by editing them out at this stage in the processing.

Polarity Reversal

It is not unusual for a data channel to be connected into the
acquisition system with a different polarity to the other
channels. If this situation was not altered it would lead to the
stacked results being degraded. This option can be used to allow
data traces with the incorrect polarity to be reversed before

further processing.

Gain Application

Due to the spherical spreading of the source energy and
transmission losses on passage through the Earth, the amplitudes
of seismic arrivals decrease with increasing travel time.
Therefore it 1s necessary to make some correction to counter this
effect, so that reflection events at 1low travel times can be
compared with those further down the trace, and the same event on

traces with a greater offset.
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As spherical spreading occurs in a predictable 3-d
environment, it can be <calculated. However the effect of
attenuation losses can only be estimated. If 3-d spreading is
considered then the decay is directly proportional to the travel

in & homogoveow wedsun,
timei and so 4 function which is just a linear ramp in time can be
used to correct for this effect. Attenuation factors are usually

@/x's('—w)
exponential decay functions of the type Ae-a%u Therefore the
exp(at)
inverse functionAe+&t can be applied. In seismic studies a value
of 0.2 has been found empirically to be quite a good approximation
for marine data. Therefore two of the gain functions in the
program are of the form given below. It is relatively simple to
adapt these routines to change the value for the absorption
factor, and to apply only a T ramp if required.

exp@'lt) e+o2e

t QXP(O 2t) tewdrBb-..one usually applied

A third function of the type TV#¥2 is also available and this
has been shown to give good results for near vertical data
(Newman, 1973). Therefore this function can be wused if an

approximate velocity structure is already known.

Gain functions such as these have to be applied before such
operations as deconvolution, so that the energy of the wavelet
remains approximately constant down the record, in order to
preserve the assumption of stationarity of the trace statistics
with time.

In experiments with real data it was felt that the function

t exp(0°2+¢)
A§e+972b gave the best results, of the ones available, in producing

equalisation of amplitudes down the trace. It was also felt that
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these deterministic methods are preferable to AGC functions at
this stage in the processing because their effects can be easily
removed, which is not possible with AGC. 1In fact one of the
options in the program 1s to be able to remove one of the
specified functions, perhaps to replace it with an alternative, or

to remove the ramp after deconvolution.

The ramps are generated by subroutines at the beginning of
the run and are then stored in virtual memory, from where they are

transferred into the AP to be applied, or removed.

Muting

Often the direct arrivals from the shot and the refracted
arrivals from near surface events are so large that they tend to
swamp the early reflection events. Therefore it is desirable to
remove the effect of these unwanted events. This is accomplished
by arbitrarily zeroing the traces down to a predetermined level to
remove them. This is known as muting and is accompanied, in the
algorithm developed, by a tapering of the data from the point of

the last zero sample into the "live" data.

At the point where the mute ends there could be a large
sudden increase in amplitude, which is equivalent to introducing
high frequencies at this point. Therefore a cosine taper, of a
user specified 1length, 1is applied to the data at the end of the

mute zone, to smooth the transition from zero to live data.
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The capability of applying a mute to the end of the data is
also available in the program. This 1is done so that a small
cosine taper can be applied at the end of the data, to remove the
effect of the implied high frequencies generated by the sudden

cutoff in the data.

The range of the mute can be specified for each éhannel, but
the 1length of the taper is kept constant for all the channels. A
subroutine designs the cosine tapers and stores them in virtual
memory at the beginning of the run, and they are transferred into

the AP to be applied when needed.

Frequency Filtering

Although it is desirable to leave as high a frequency content
as possible in the data, quite often the data are dominated by
noise, which may well be at a diffeerent frequency from the source
wavelet. It is quite common for low frequency noise, such as
ground roll, or streamer snatch at sea, to swamp the data, and
probably the most common source of noise in this country is the
50Hz pickup from electrical supplies, which can completely corrupt

the data in some cases(e.a- ‘ﬁﬂ 4-10) .

Therefore it was considered necessary to have both Bandpass
and Bandreject filters available in this Pre-Stack processing

program.
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Bandpass Filter

The bandpass filter used in the program is a zero phase
filter with tapered ends to the pass region as shown in Fig 4.12.
It is specified by giving the ends of the all pass region and the
frequency range over which the end taﬁer is to be applied. A

cosine taper is used at each end. It is important that a zero

phase filter should be used so that reflection events are not time

shifted, by delays introduced into the phase spectrum. -#AFse—tiris

The filter is designed in the frequency domain at the start
of the run, and stored in virtual memory, and it is then applied
in the frequency domain in the AP for each trace. The input
traces are padded out to twice their original length before
transforming, so as to avoid the possibility of cyclical
convolution. Care should be taken not to design too narrow a pass
region, or too short an end taper, as these tend to 1lead to

instabilities in the rilter{ Oppeahesin aad Seafer, (975).

Bandreject Filter

The type of zero phase bandreject filter which is available
in this program is shown in Fig 4.13. The user specifies the two
points at which the reject region begins and a sine taper is
designed' between the two points, falling to zero midway between

these two points. Therefore only one frequency component is made
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identically equal to zero.

This filter is designed and applied in the frequency domain
by the same method as described for the bandpass filter. However,
when specifying a bandreject filter, which by its nature has a
long time-domain representation, the user must be careful not to
specify too narrow a bandreject region, as this would tend to
produce the equivalent of an infinite filter and so cyclical

convolution may be unavoidable.

In the case of both filters described, tapers are used at the
ends of the pass regions in order to avoid ringing at the cutoff
frequency being generated. The filter is applied in the frequency
domain, because with the speed of FFT's in the AP the
multiplication to apply the filter is much faster than the
convolution in the time domain, and it makes the process much more

understandable to the user.

Deconvolution

Two types of deconvolution were included in this program,
Wiener spiking deconvolution and Prediction error deconvolution.
Both have the aim of compressing the source wavelet to improve the

resolution of the data.
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Wiener Spiking Deconvolution

The aim of spiking decconvolution is to design a filter which
when convolved with the source wavelet produces a spike output on
the seismic trace. In order to do this exactly an infinite length
filter would be required, and so an approximate truncated filter
has to be designed using Wiener’s 1least mean square energy

criteria (Robinson and Treitel, 1967).

Consider the problem of designing a filter Ft such that when
it is convolved with an input wavelet Bt, it produces an output

Ct, which is an approximation to a desired output Dt.

M

eqn 1 Cb = _Z F; .%tos

S:zo

and the error energy is given by:-

(De-c)

~
t-0 €= 0O
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eqn 2 j{; =

i
—
o
(ag
{
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oS,
S

The error energy is at a minimum when the partial derivatives
with respect to the filter coefficients are equal to zero.

Therefore: -

eqn 3 B;L - O - ’?;Ol(Dt - :\% FS.gcs\ (*'Bt-;)

and this reduces to
M Mre Mend

eqn 4 Z Feo Z P\SM %c-¢ _ 2 D_t B

to t-c

S:=0
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now

Mo
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This 1s the autocorrelation function of the input

wavelet

Min

e ZODEE“ N $, )

This is the crosscorreg¢lation function of the input
wavelet with the desired output. Therefore the equations can be

specified in matrix form as(See, ﬁl’ evamfla-, Robrason a-d Trected, l%’?) .=

wr | ) [F1 2 L Bal

This set of equations can be solved wusing the Levinson
recursion as{:gqxﬁis a ¥deplitz matrix
In order to apply this to a siigmic trace several assumptions
have to be made. The purpose onggconvolution is to remove the
wavelet and leave behind just a spike at the time of the onset of
the wavelet. The assumptions which are made to allow this are:
1..The impulse response of the earth is assumed to be

white, stationary and random, as is the noise content.

2..The seismic wavelet is assumed to be minimum phase.

)

eqn 8 Teace = oc(t) = D) xcle) +n (€)

aere S@) v the seiswe waislet
(&) s th m p«/{ge respense df #o earth
n(t) & e nede content

and e astertsk davietes  Cconvolutron.
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The first assumption is necessary to allow us to assume that

a4 scalar Mlbt’e Z‘.
the autocorrelation of the source wavelet ! the

autocorrelation of the trace, &kcept fbf fﬁark73f°“é%7 C9$4Z616né.

Ni(\‘ My
veos ( >
= \b*‘sjyh\/ {\%';t St*n)] <o isgsﬂi

From this assumption it follows that the autocorrelation
values of the noise and reflection impulses can be considered to
be zero after the zero lag value, and the crosscorrelation of the
noise with the wavelet can be considered to be
negligible, (Robinson and Treitel, 1967). Therefore the
autocorrelation function of the trace, after the spherical
divergence correction has been made, can be assumed to be the

autocorrelation function of the source wavelet.

The other assumption was that the wavelet was minimum phase.
This 1is because the spiking filter will do the best job on the
minimum phase wavelet, of all the wavelets with the same

autocorrelation function.

Hr e
T - \-Zco~+;Cz

Ay

= | - LB, 2

eqn 10q

Because of the minimum error energy criteria, F must be
minimum phase, as any other filter with the same autocorrelation
function would have a smaller value for Fo which would increase

T
the error energy, Eﬂlc being a constant for B convolved with any
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0
filter having the same autoifrelation function.

In a seismic application the filter is derived as follows:-
ean 10y Egbxxx{ K] - L@yﬁ;&

[;Cézx] is the autocorrelation of the seismic trace for lags

0-M.
S;F;;X is the desired filter of length M+1.

[:gbz%a is the crosporrelation function between a spike at T=0

¥(e) feisme ttce
which is the desired output, and theAsoaree—waveTEt.
A

As the spike series can be represented by 1,0,0,0,0,...0 the
crosscorrelation can be seen to be A,0,0,0,0,...0 and so
1,0,0,0,..0 can be used and still be correct to within the scale

factor A.

In the processing system a subroutine SPIKE was written to
design and apply a spiking deconvolution filter for a particular
data trace. The method used was to first find the autocorrelation
function of the data trace. This was performed by padding the
trace to double its 1length with 2zeros, to avoid cyclical
correlation, and then Fourier transforming. The autocorrelation

inverse

function can then be calculated as the/\transform of the power

spectrum.
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A user-specified whitengfiing factor is added to the zero lag
contrel Acie amgﬁ.‘ﬁ'mt"‘cm, and & i alse

value of the autocorrelation function tqhstabilise the solution of

the equations. This is equivalent to adding a small value to each

of the frequency components in case any of them are zero.

The crosscorrelation function is generated as a spike at
position 0 followed by M zero values. This, together with the
first M+1 lags of the autocorrelation function, are input to the
Levinson recursion routine which produces the M+1 length desired

filter. This filter is transformed into the frequency domain

where it is multiplied with the transformed version of the trace.
The resultant is then transformed back into the time domain to
give the resultant deconvolved trace which can be used in further
processing. This procedure is repeated for each trace and the
user has the choice of giving the filter unit energy, keeping the

input and output trace energies the same or applying no scaling at

all.
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Prediction Error Deconvolution

A second deconvolution method hased on the statistics of the
seismic trace is prediction error deconvolution. The basis of
this method is the ability to predict the values of the trace at a
future position t+e¢ from the values at the present position t.
The error in the prediction between the actual wvalue and the

predicted value is then recorded.

In principle random events, such as reflection series, should
record high prediction errors, while multiples or bubble pulses
which are predictable should produce a low prediction error, if

the prediction distance is set to the period of the effect.

The prediction error filter can be derived from the
prediction filter, and this is the filter which when convolved

with the data predicts the data at a future time.

eqn 1 Z DC-bKPL'xS = Dfitx—d\

Once again the Wiener least squares criteria can be used to
minimise the error energy between the predicted and the actual
values. Therefore following the derivations of the previous
section the following equation can be derived which has to be

solved for Pm, the prediction filter.

can 2 @M] KPM - { Dy
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(;.gzs ﬂl is the autocorrelation of the input trace
X

Y;Qéy{é§is the crosscorrelation between the input and the
desired output. This represents just the alpha lag value of the

autocorrelation function, for a prediction distance of alpha.

RN Focechen
eqn 3 ’RD §Z>
2000 A
Therefore the prediction filter coefficients can be derived

using the Levinson recursion method. Once the prediction filter

has been derived the prediction error filter can be formed.
eqn U prediction filter= PO,P1,P2...Pm

eqn 5 prediction error filter= 1,0,0....-P0,-P1,-P2,...-Pm

where there are alpha-1 zeros for a lag of alpha.

It can be shown (Peacock and Treitel, 1969) that when the
prediction distance is 1, that the prediction error filter
corresponds to the Wiener spiking filter, except for a constant

scale factor. Therefore the Wiener spiking filter is a special

case of the more general prediction error filter. It —fhes—been

The design of the filter in this program follows similar
lines to the spiking filter. The routine written, PRDICT,

generates the autocorrelation function from the transform of the
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power spectrum. The 1lag value and the length of the filter are
specified by the user, and from this the input to the Levinson
recursion routine is the autocorrelation function from 0 to M and
the autocorrelation function from t to t+M, for a filter lag of t.
The prediction filter so formed is turned into a prediction error
filter by negating the coefficients and inserting the correct
number of zeros between the wvalue of 1 and the negated
coefficients. This filter is then transformed into the frequency
domain and applied to the input trace. The result is then

transformed back into the time domain and scaled if required.

The prediction error filter is 1likely to be wused before
stack, to compress the source wavelet, if a spiking filter cannot
be used successfully because the input wavelet is not minimum
phase, as in the case of a single airgun source. If the filter
length and filter lag are well chosen this method can be wused to
reduce the bubble pulse effect of an airgun and so compress the

wavelet.

Trace Normalisation

The facility was provided for the data to be normalised to
unit energy or unit maximum amplitude so that all the traces in a
gather would be at about the same energy. This option would not
normally be used, as it tends to obscure amplitude variations.
However, if such variations have occurred for some reason during
acquisition, this option can be used to remove that effect by

allowing each trace to have unit energy.
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Pre-Stack processing - Summary

Any of the processes previocusly described can be applied to
pre-stack data in any order specified by the user, and processes
can be repeated if required. For example bandpass filtering could
be applied both before and after deconvolution if specified by the

user.

The program reads data from tape to a temporary disc file, or
straight from a disc file, for tests, and reads in and operates on
one trace at a time from the gather. Once the trace has ben
passed to the AP by a process, a flag is set to show other
processes that the trace is in the AP, so each process then acts
on the data in the AP. When the last process has been applied the
trace is retrieved from the AP and put into another temporary disc
file. When a complete gather has been processed it is written

back to tape using TAPRED, or left on disc if necessary.

A complete record of each process being applied is recorded
in the header block for each gather, so that the processing
carried out on the data can be deduced from the data, without the

need of independent records.

The filter, ramp and taper generators were all written as
general purpose subroutines so that they could be used in a

Post-Stack program too without having to make any changes.
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Velocity analysis and Stacking

Pcssibly the mest important step in producing a CMP  stacked
section 1is the determination of stacking velocities. If this is
not performed correctly then the resultant stack will be poor and

all the other processing will have been wasted.

The basic principle of CMP stacking is that a set of
reflection traces derived with different shot-receiver offsets,
but with a common mid point, also have a common reflection point
on horizontal subsurface horizons. It is trivial to show that for
a single, homogeneous, horizontal layer the trajectory of a

primary reflection across the CMP gather traces is given by:-

T

eqn 1 \QV = \o + X/\/L

\:o is the observed time on the trace

< 1s the arrival time on a common shot receiver trace
>< is the shot-receiver offset

\/ is the stacking velocity of the event

In the case of horizontal reflectors overlain by beds of
differing velocities the stacking velocity approximates to the RMS
velocity(Dix, 1955), and so is often referred to by this name.
The difference in the onset time on a particular trace with

respect to the zero offset trace is known as the normal moveout.
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Therefore if the stacking velocity is known or c¢can be
determined, the normal moveout can be calculated and the normal
moveout correction applied to the traces in a gather. This leads
to a reflection event occurring at the same time on all the traces
in a gather. If this is repeated for all the primary relections
in a gather and the traces are then summed (stacked) to give a
single output trace, the multiple reflections should be attenuated
and the primary reflections enhanced with respect to the
background noise. However for this to be achieved the value of
the stacking velocity for each event on the trace has to be
determined. This information is usually derived from the trace
itself by velocity analysis. There are three common methods of
velocity analysis, constant velocity stack panels, constant

velocity gather panels and coherence scan analysis.

In the constant velocity stack method of analysis, several
CMP gathers centered on the point of interest are taken, a stack
is produced for each gather for a particular constant stacking
velocity, and the resultant panel of about 20 stacked traces is
displayed. This is then repeated for a range of different
constant velocities. The intention is that when a primary
reflection is stacked at its correct stacking velocity, it will
show up most clearly on the stack panels. Therefore a time
velocity function is picked by finding the stacking velocities at

which the reflection events give the largest stacked amplitude.
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A similar approach is used with constant velocity gathers.
In this case a single gather is displayed after the NMO correction
has been applied for a particular constant velocity. This is
again - repeated for a range of velocities to produce a range of
gathers all with NMO corrections corresponding to different
velocities. When the correct stacking velocity for a primary
reflection is reached, the event should appear horizontal after
NMO correction. Therefore a time velocity function can be derived
by picking the velocities at which the relection events appear

horizontal on the NMO corrected gathers.

The methods described above rely on the primary reflections
being c¢learly recognisable, and the correct velocity being one of
the ones chosen for the panels. A method which produces a map of
goodness of stack for a range of velocities and timeg would
obviously be desirable, and this is what the coherence methods of
velocity analysis attempt to do (Taner and Koehler, 1969). At all
times down the section a scan along the stacking hyperbolae
corresponding to a predetermined range of velocities is made.A
measure of the success of stacking along these trajectories is
calculated, and can be displayed as function of velocity and time,
allowing the stacking velocity function to be picked at the points

where this measure is a maximum.

It was decided that the capability of using all three of the
methods described should be developed for use within the

processing system, for determining stacking velocities.
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Coherence Velocity Analysis

In the velocity analysis program designed for use in the
processing system it was decided to use semblance as the measure
of stacking coherency. It is computed by calculating the moveout
trajectory over the CMP gather at a particular velocity V for each
T, at the centre of an N+1 point gate. Therefore an N+1 point gate
is derived for each of the M traces, of amplitude A, in the
gather, from which a value of the semblance S(v,t) for that time
and velocity can be calculated.

\
N1 M
Z Z ALH‘(,_“

eqn 1 S{v,t)= Ken/e

P« ﬁiﬁg— /\jkg

K;‘VLJ;‘

The semblance is a measure of the ratio of energy after
stacking to the total signal energy prior to stacking, normalised
in the range 0 to 1. These principles are implemented in the

program written for the system MPVEL.

This program expects its input, a CMP gather, to be resident
on disc, and it produces an unformatted Fortran output file
containing the results of the semblance calculation for later
display. The user specifies the gate width and gate step size to
be used in the semblance calculation, as well as the time and
velocity ranges over which the analysis is to be performed. These
parameters are checked in the first part of the program for
consistency and modified, if necessary, to prevent things like the

moveout trajectory going off the end of the data at later analysis
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times.

The obvious way to calculate semblance is to perform the
calculation for a full range of velocities at a given zero offset
time, and then to move to the next timergate position and repeat
the procedure. However it was found that due to the limited pdp11
and AP memory, this algorithm was not possible without placing
undue restrictions on the number of channels which could be used
in an analysis. Therefore a slightly reworked algorithm had to be

used.

In the method adopted all the data required from a particular
channel for the full range of velocities specified is read into
pdp11 memory from the disc, and then put into the AP in a double
buffered scheme allowing calculations and data transfers to be
overlapped. The partial semblance contributions, from this
channel are then calculated for each velocity. This is repeated
for all the c¢hannels, and when all the partial semblance
contributions are complete, the final semblance S(t,v) vector for
the range of specified velocities can be calculated in the AP.
These can then be written out to disc, and the time gate moved to
the next zero offset time for the procedure to be repeated. All
the indices to AP positions, disc positions and data sizes for
transfer are calculated in the AP at the beginning of a new time
gate, and are used from storage in the pdpl11 memory for the rest

of the calculation.

The double buffered data transfers allow the program to run
at a reasonably quick rate. However the method used means that

data is often read in from disc and transferred to the AP more



Page 89

than once during the analysis. On the other hand no constraints
are placed on the number of traces in the analysis wusing this
algorithm. With a larger AP data memory the algorithm could be
largely restructured so that each point in trace would only be
read in once, by allowing the partial semblance calculations to be

carried out on larger segments of the data at once.

Velocity Analysis Display

The output from the velocity analysis program is in
unformatted standard Fortran output and is used as the input to
the display program MPVCON, which gets all its input from this
file. All the control parameters needed by MPVCON are written out
to the front of the unformatted output file by MPVEL before the
initiation of the semblance calculation, so thét the display

program can be run without any need for user input.

MPVCON is written using the Versaplot graphical subroutines,
and the CONSYS contouring package to produce a vector plot file.
This file can be displayed on the plotter using the Versaplot post
processor RASM or it can be converted to rasters and stored for
later replotting, by using the vector to raster intercept routine

MPRASM.

The program produces a contoured display of semblance on a
grid of time against velocity, and it also marks the position of
the maximum semblance for each time gate with a small square.
Annotation at the side of the display shows all the parameters

used in the velocity analysis program to produce the results, so
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that the plot is self documenting.

NMO corrected gathers

A program MPCDP was written to produce NMO corrected gathers
for wuse in constant velocity gather production and to examine the
quality of stack produced by a particular velocity function. 1t
expects 1its input to be an N channel CMP gather and it oé?uts N
moveout corrected channels, using a wuser specified velocity
function and the resultant stack channel, so that in total N+1

trace are output from the program.

The seismic trace is composed of g suite of samples with a

sample interval DT such that:-

Ti = (i-1)DT for i=1...length of trace

The moveout corrected trace is generated by removing the
moveout delay on a trace of a particular offset, due to a
particular velocity. Therefore for a time Tj on a moveout
corrected trace, the data sample to be placed at this point comes
from a position in the original trace defined by the moveout

trajectory.

Therefore for a sample Tj on NMO corrected trace,

sample on original trace is Ti where i is given by:-
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i = 1 + INT(SQRT(Tj*¥2 + Xk*#2/Vj##2)/DT)

That 1is, the nearest saumple Lo the moveout hyperbola

intersection 1is wused to represent the new sample on the NMO

j corrected trace. Once the NMO correction has been performed for
all traces the stack is simply obtained by summing all the traces

and scaling them.

eqn 1 stacked value TSS = :Ei_ (;d ﬁl;3/44

NE
™ 2 \-\
eqn 2 for constant energy stack - - ( 2_ /’\,5
J - J:\ ‘
MM T -
eqn 3 for diversity stack C;J 2 < Zi_ ﬁ&; -j
3= 4

The problem with this approach is that the removal of the NMO

delay ,as described, is a time varying non-linear process and it
(c f. dunkin exd Levin  1473). Ruthermire,

tends to distort the trace,Aas the correction can only be made to

the nearest sample, it X can be shown that the moveout corrected
signal suffers a power loss which varies with frequency, given

by:-

1 - (sin@xFdt)/~<Fdt)¥*%2

The 1lost power, from all frequencies, is distributed
throughout the spectrum as white noise. With a 4 ms sampling rate
the cutoff of the acquisition systems anti-aliasing filters is set
at 62.5Hz and the power loss calculated for this frequency can

amount to about 20%.
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A solution to this problem is to increase the sampling rate
| prior to applying the NMO correction by resampling the data using
interpolation. It can be shown that if the sampling rate is
increased to 1ms the loss of energy at 62.5Hz is reduced to only
1.3%, and if the resampling is taken to 0.25ms it is reduced to a

negligible 0.1%.

Therefore an interpolation, resampling technique, based on

the approach of Lu and Gupta(1978), was implemented as a part of

the NMO correction algorithm. This interpolation is performed in
the frequency domain, and allows the original trace to be
resampled at an arbitrary rate without altering the frequency
content of the trace. This is accomplished by Fourier
transforming the original trace and multiplying by the factor
Qxf» (- 2nF dt)

Ke—&ﬁFét, where dt= DT/2 1is the time shift needed to generate
another sample half way between two previous samples. If this is
transformed back into the time domain and merged with the original
data a trace with twice the origianal sampling rate will be
produced. This can be continued to higher levels in a

'r
straightfoward manner. If the rate is to be increased by a factor
A exp(- 2T FOTAN)
of N the transformed trace is multiplied by the factorAe-ﬂHFB?TN.
The resulting trace can be transformed back into the time domain

and the process repeated N-2 times with the resulting traces being

merged to give the data with the increased sampling rate.

In this program, therefore, the first step is to set up the
complex interpolation array in the AP, to allow the interpolation
specified by the user, up to 16 times, to be repeatedly applied to
the data. Each trace is read from disc into pdp11 memory, and an

index array of samples required after interpolation from the
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uncorrected trace, to form the NMO corrected trace, is computed in
the AP from the velocity information supplied. The trace is then
transferred to the AP where it is scaled, muted if required, and
has its mean 1level removed, before it is interpolated. The
interpolated portions are returned to the pdp11 memory and the NMO
corrected trace is then composed, using the index array previously
calculated. This NMO corrected trace is both written out to disc
and put into the AP, where it is added into the running stack
which 1is permanently resident in the AP. When all N traces have
been NMO corrected the stack trace is returned from the AP and is

also written to the output file as the M+1th trace.

These traces can be displayed by wusing one of the gather
plotting programs, allowing the NMO correction and stack quality
to be examined. If this is performed for several consecutive
gathers, with different constant velocities, the stacked traces
can be selected for use in constant velocity stack panels, while

the gathers are used in constant velocity gather analysis.

Standalone Interpolation

A program ANINT was written to apply the interpolation
algorithm, described in the previous section, in a standalone
mode, so that data c¢an be interpolated to a higher rate,
independent of the stacking programs. It takes its input from a
disc file one channel at a time, produces the interpolated traces,
using the AP as described previously, and then writes them out to

a user specified output file.
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This program can be used to interpolate the data to a higher
rate before the semblance velocity analysis is performed. However
it was found that the improvements in the semblance output
produced are only marginal. The reason for this is probably that,
in the velocity analysis, rounding the moveout trajectory to the
nearest sample causes the semblance gates to be misaligned by upto
one sample, but this tends to occur on a random basis from trace
to trace. This effect 1is then averaged out in the semblance
calculation and so the improvement to be derived from resampling
is only small. However the program provides the user with a

resampling tool if required, for this and other processes.

The basic algorithms for the Velocity analysis, interpolation
and NMO correction program were developed in conjunction with A.

Nunns (Nunns, 1980).

CMP Stacking

Once the Pre-Stack processing has been carried out and the
velocity functions have been determined, the data on the line is
ready for stacking. The main stacking program, MPSTAK, was
developed from the algorithms described in the previous section,

and it allows an entire line to be processed in one run.

The important capability of the stacking program is that it
can interpolate velocity functions between points at which they
are defined. Velocity analysis produces velocity functions at
intervals of 20 to 50 CMP positions along the line. At a point in

between two defined functions the velocity function has to be



Page 95

interpolated wusing the values on either side. The user defines
velocity functions at a set of CMP positions along the 1line, and
the program interpolates the time and velocity of a particular
event from those on either side, by 1linear interpolation.
Therefore adjacent velocity functions must have the same number of
layers defined. However if another layer has to be introduced at
some point this can be accommodated by having two functions at
consecutive CMP positions, as interpolation is not performed in
this case and the program will continue after the second function
with the new set of layers. The interpolation of velocities can
be turned off if required, when the prafam continues to use the
last defined value until an update position is reached. This can
be wuseful in producing a brute stacked section, using some

approximate velocity function for the whole line.

The program was designed as a tape to tape operation, but
input and ouput to disec was also provided so that test stack
panels could be easily produced without having to continually read
the tapes. Data is read from tape to disc using TAPRED and then
each trace in the gather is read into the pdpl11 one trace at a
time. The NMO correction is applied as in the NMO gather program,
except that the NMO corrected traces are only added onto the
running stack and are not written out. Once a stacked trace has
been accumulated it is written to a temporary file on disec and
then transferred back to tape as a single trace and a header block
in the internal Post-stack format. The header block is updated by
the program to indicate that the file now only contains 1 CMP
stacked trace, and to record some of the stacking parameters, such

as the number of input channels and the level of interpolation
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used.

Therefore once the velocity analyses have determined a suite
of velocity functions for the line. this program can be run to

produce the stack for the whole line in just one process.

Post-Stack Processing

A Post-Stack processing program capable of applying several
different processing options to the post-stack data was designed
along similar lines to the Pre-Stack processing program, with the
user again having complete flexibility in the choice of processes
and the order in which to apply them. The processes decided upon

for this package were:-

1..Edit

2..Gain Ramp Application

3..Mute

4,.Spike deconvolution
5..Prediction error deconvolution
6..Bandpass filtering

T..Normalisation

Edit

It may have been that on displaying the CMP stacked section,
that various traces were seen to be very noisy, and to interfere
with events on either side to such an extent as to degrade an

interpretation. Therefore this option allows the user to zero
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selected traces, and having done so they are not passed through

the remaining processes selected.

Gain Ramps

The Same range of gain functions which were available in the
Pre-Stack program are also included in this program. Therefore if
desired the function applied before stack can be removed and
another one, which 1is considered to be more suitable, applied.
Therefore the type of gain function required and whether it is to

be applied or removed, can be selected by the user.

Mute

In this post stack phase, a space variant early mute can be
specified by the user, along with the length of a fixed length
cosine taper. This can be useful with marine data, allowing any
noise before the sea bottom to be muted out and the front of the
data tapered. This should reduce the effects of any noise
introduced during stacking, if the mute was not applied low enough

prior to stacking.

Deconvolution

Stacking is a non-linear process, and as such leads to a
distortion of the frequency spectrum of the data, which in turn

can lead to a broadening of the seismic pulses forming the
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reflection events. Therefore spiking deconvolution is usually
applied to the data after stack in order to reduce the pulse width
as much as possible. This type of deconvolution may also be more
successful after stack because of the improvement in the signal to
noise ratio brought about by the stack. If multiples are present
"in the post-stack data it may be possible to attenuate them using
a prediction error filter, with a suitable gap and length. Also
if the source pulses have been broadened and do not respond to
spike deconvolution, it may be that a suitable prediction error
filter can be found to compress the wavelet, and often this

followed by a spike deconvolution produces better results.

Frequency Filtering

It is usual to perform as 1little frequency filtering as
possible before stack so as to leave the data with as broad a band
of frequencies as possible. As the stack process distorts the
frequency content of the data it is possible that noise will be
put into frequencies previously filtered, and increase the noise
levels in unwanted frequency components. Therefore the unwanted
frequencies are usually removed by bandpass filtering after stack,
although care must be taken not to remove too much energy by

filtering or the resolution of the primary wavelet can be reduced.
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Normalisation

If amplitude variations across the section are such that the
events are difficult to follow, and the absolute amplitudes are
not considered important, or the variation is known to be caused
by some acquisition malfunction, then it can be useful to
normalise each of the post stack traces to unit energy. This will
tend to minimise amplitude variations across the section making it
easier to follow events laterally. Of course this must not be

applied if the data is to be migrated.

Post-Stack program:- Summary

The post-stack processing program MPPOST uses the subroutines
for frequency filter design, gain ramp design, and deconvolution
design and application, which were designed for the pre-stack
program. It also uses a similar type of data flow with only the

tape transfers being really different.

As the post-stack data comprises only one trace per CMP
bosition, with 1less than 2048 samples, it can be read straight
into the pdp11 memory using TAPSUB, with no need to use temporary
disc files. Input and Output to the disc is designed into the
program as well, to allow processing tests to be carried out on

data on disc.
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Once the data has been read into memory, its header block is
updated to give a record of the processes which are to be applied.
Thé trace is then passed to the first process, which puts it into
the AP, and éll sﬁbéequent processes check and find that the data
is in the AP, and so0 operate on it in place in the AP, as in the
pre-stack program. This procedure cuts data transfers to a
minimum, as only when all the processes have been applied 1is the
trace retrieved from the AP. The processed trace, together with
its updated header block are written back to tape using TAPSUB, or
put on disc if required. The use of tape to memory transfers and
the absence of dise reads in a production run, means that the
post-stack program processes data at about the maximum throughput
rate of the system, with the tape transfer times being the

dominant factor.

Post-Stack Mix

A program MPTMIX was developed to provide a simple spatial
filtering capability, in order to c¢lean up sections for

interpretation if migration was not going to be performed.

The design of the program is quite straightfoward, in that it
brings data into memory from disc, or tape, using TAPSUB, and
mixes three input traces in the ratio 1 to 2 to 1, to produce a
single output trace, which is then written back to tape or disc.
This procedure tends to reinforce horizontal events while limiting
steeply dipping events, such as refractions and diffractions, and
so produces a more easily interpretable section with greater event

continuity.
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It was envisaged that this program could be easily ~upgr'aded
to apply more complicated spatial filters if they are required.
However in most cases of sub horizontal primary horizons and
steeply dipping noise, even this simple process can produce a

significant improvement in data quality.

Stacked Section Plotting

The interactive program MPSPLI can be used to plot sections,
if the data are collected into one large gather type file on disec,
and this is often a useful way of producing quick plots of small
parts of a section when processing tests are being performed.
However for producing the final section plot a more general

package had to be designed.

The program MPSPLT was developed using the raster plotting
algorithm to produce raster images of the final stacked section,
from data on tape. The traces are read from tape using TAPSUB,
into pdp11 memory and buffers of rasters, containing the seismic
plot, are written back to tape. The program allows the time scale
to be such that two strips of paper are needed to form the plot.
This is accomplished by writing the rasters for the two portions
of the plot to different tape drives. These can then be combined

Q
later or left on sea¢rate tapes for later processing.

The background grid for the section plot is produced by a
program MPPLBK, which runs interactively, to get the parameters
controlling the formation of the grid, and reads annotation and

velocity functions from a disc file if they are required. The
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plot output is generated using Versaplot routines, and this can be

written either to disc or tape as rasters using MPRASM.

The raster images produced by MPSPLT and MPPLBK can be merged
and put out to the plotter, from disc or tape, using the post
processor MPMERG which expects just one background and one seismic

plot as its input.

Header Interrogation

All the main processing stream programs, besides updating the
fixed header values to reflect the changing state of the data,
also put a set of codes into the free part of the header block,
showing the type of processes which have been applied to the data,
and the order in which they were applied. In order to convert
these codes into an understandable format it was necessary to
write a program to interrogate the header block and translate the

processing codes.

The program MPHIST is run interactively, and expects 1its
input to come from a disc file, whose name is specified by the
user. The header block is read from the file and decoded. The
program then produces an output listing giving all the acquisition
parameters, as put into the header block by demultiplex, and all
the processes applied to the data during the processing run.(Fig

4.16)
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Migration

In most cases where the reflecting horizons are relatively
horizontal, and there 1is 1little faulting or folding to produce
digractions, a stacked section is usually of a good enough quality
to be used for interpretation. However if there are dipping beds,
faults and other disturbances producing diffraction events, then
it is probably necessary to migrate the final section, in order to

collapse the diffraction patterns and image the dipping events to

their correct spatial locations.

The aim of migration is to produce a display corresponding to
the subsurface geoclogy from the seismic reflection data. The most
useful model on which to base the migration process is that put
f%bard by Loewenthal (Loewenthal et al, 1976). It is assumed that
the CMP stacked traces represent coincident shot-receiver
recordings and that reflection coefficients are small encugh for
multiple events to be neglected. The recorded traces can then be
considered to be the same as those which would be recorded if a
series of shots were simultaneously exploded, with strengths equal
to the respective reflection coefficients, at every subsurface
point, with the medium having half its true velocity. Hence a
reconstruction of the wavefield for all depths at time zero, the

shot instant, would give the geological structure.

If the two dimensional wavefield produced by the experiment
described is represented by U(x,z,t) where x is the horizontal
location, z is the depth and t is the time from the shot instant,

then the seismic trace can be considered to be, U(x,0,t), the
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recording of the wavefield at the surface z=0 for all time. The
migrated section can therefore be considered as U(x,z,0), the

wavefield at all depths at the time t=0.

In all modern applications it is considered that the

wavefield U(x,z,t) satisfies the scalar wave equation, given by:-

Ara S NC U YD LI\
eqn 1 — * G T T —=
a dx dz S

The task of migration is to obtain the values U(x,z,0) from
the recorded values of U(x,0,t) by solving the acoustic wave

equation.

It was decided to design algorithms for and implement
migration for two different approaches to the problem, Kirchhoff
summation, and Finite Difference Migration. These methods use
solutions to the wave equation to perform migration, but approach

this solution from two different viewpoints.

Kirchhoff Migration

Starting from the scalar wave equation it is possible to
develop the mathematics from several approaches. It 1is
instructive to first cconsider the development of a solution to the
problem in the Fourier domain. Therefore if we consider

=

U'(Kx,f,Wt) to be the Fourier counterpart of U(x,z,t), then the
»

scalar wave equation can be written as:-
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n " + / - \)\;

o v

This can be solved in the case of upgoing waves to give the
solutions in equation 2. The second of the two solutions is for
evanescent waves, and as can be seen this is an exponential
function which would tend to blow up under downward continuation.
Therefore the evanescent energy has to be trea%\as noise and just
the first equation used for the wave energy. This equation is in

fact the basis of F-K migration.

’ 12849 “(‘O)L/‘ Ky
O (K2, W) = Q (Kx, 0w > < for (o) >V K|

eqn 2 . \ya

A (K, o
fee \“l\é‘vr\K\

Now if one considers the solution to the wave equation from
the integral approach, the starting point is Kirchhoff's integral

solution to the scalar wave equation. It can be shown from this

equation that the solution for U(x,z,t) is given, in integral

formulation by (Godbold, 1980):-

E
Ul x 2¢) & (o)) 0, (o)) M, Bes) o’ de

ch‘v/w%

eqn 3 WHERE MZ" ?EH(—'C F/\, ]M%

(G-f/

H () \ t>o
o L0

ri - (9cfl+21)\/L
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It is interesting to transform the operator Mz into the

Fourier domain and examine its counterpart M z, which is given

below.
032 1)‘/2
, 2 s (A o > VIK|
MZ: 2 1 )‘\/
1 o/t i o ‘
o b o Z \wolevix]

It is interesting to note that this operator now has the same
form as the phase shift operators used in the F-K solution to the
wave equation. Therefore the Kirchhoff approach can be seen to be
providing the same type of solution to the wave equation, but is
expressing it in the time distance domain rather than in the F-K
domain. The Kirchhoff representation can be developed to allow
the wavefield to be downward continued, to recoH}ruct the wave
values in the earth at time T=0, which according to our model

should provide an illumination of the geological structure.

U (2.0) ,( Lo 0, () M, AxoE

-F -8
eqn 5 r\’\} . /I-_Cl‘ Hkt‘fto) ]
7ot (ee

to = r}V

It is usual not to actually migrate from time into depth
coordinates, but rather to wuse a migrated two-way travel time
coordinate, so that errors in velocity estimation do not result in
too large a distortion in the migrated data. Therefore a %3%—way

travel time T is defined as'T:E/v and so the migration equations
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can be couched in terms of x and % rather than x and z.

L2 I ,
Um(xv%i » g u('\aux), O,(:,'> M’t é)c‘ah’

2 -3

i CX A\ kt"ftaj\}

"

eqn 6 M — < A
R F [ B

b - (20T

Y

In practice, of course, the data is not continuous in time
and space, but defined over a grid of surface and time positions.
Therefore the integral formulation of the equations has to be
replaced by finite sums and the operator M& must also be
digitised. In order to derive a digital representation of the
operator it has to be expressed in terms other than the ones shown
above in order to avoid the singularity inherent in the
expression. This reevaluation of the operator can be performed

following the treatment by Berryhill (Berryhill, 1979), as

follows.
T\ Ve
Lo - {(\szfjk -
to (,/f‘.K = H (k/_\c‘to\) ko [&%)” l}"/v_
eqn 7 ké = <%§>
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this gives the alternative

My = & " [HU‘-@\ (U-té)"‘]%‘%
oL’

Tf\/(:o

using the standard central difference notation this allows it

to be expressed in discrete terms by :-

eqn 8 '\/\r\r\" ( ILP,\K - t\)n/,(-; _L\)n\léﬂ) K/A\;

/'\(:o 4—\5

Hence the discrete expression for the Kirchhoff migration

expression is given by:-

T o
m g o

!

h=o

The above equation was used as the basis for an
implementation of Kirchhoff migration for the processing system,
and it was implemented as two separate routines. One program
MPOGEN 1is responsible for generating a series of migration
operators, for a particular migration model, according to the
definitions in eqns7 and 8, and the second program MPKMIG uses the
operators generated by the previous program to perform the

migration, as defined in eqn 9 on the data.

In designing the implementation of this procedure for the
processing system, the results of work performed by C
Godbold(Godbold, 1980), on the effect of approximating the
operators used in the migration, was wused to allow realistic
limits to be placed on some of the migration parameters, so that

the programs could be designed to run within the limited memory
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and disc resources of the pdpll. As a result of this work it was
decided to limit the operator to 5 samples, as this had been shown
to provide quite adequate accuracy in the migrated output. It was
also decided to use the operator upgrade criteria in order to
limit the number of operator values which have tobecalculated.
This basically works out the positions at which the previously
defined operator is no longer a reasonable approximation to the
actual operator at a particular point, given a certain acceptable
percentage error in the operator evaluation. It was found that
with a specified acceptable error of about 1% quite reasonable
results were obtained and the number of calculated operators was
quite drastically reduced. If a new operator had to be calculated
at each sample position, then for an 8 second record the operator
would have to be recalculated 2000 times, whereas with only 0.5%
allowable error this number is reduced to about 350, which is
obviously a considerable saving. However the update has to be
faster at low travel times than at later ones, and so with deep
marine data with the water bottom a few seconds deep even larger

savings can be made with only about 50 operator calculations being

necessary.

The constraints on the migration parameters were determined
from the amount of available disc space and AP memory . The
operator values obviously have to be written out to a disc file
once they have been calculated, and this file is limited in size
by the storage available on a single disc platter. Also from an
evaluation of how the algorithm could be programmed to use the AP,
it was decided that in order to fit into the AP memory the

half-width of the operators, assuming a 5 sample operator, would
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have to be limited to 512 traces. A suitable wvalue for the
operator halfwidth can be calculated from an estimate of the dip
of the events at the deeper part of the section, or even at
shallower positions if the dips are larger, using the relation

given below:-

migration aperture = X = Ztang where z=depth, @= angle of dip

Obviously for a particular application the half-width may well be
less than the maximum value and the number of operators which can
be calculated will be a function of the halfwidth, so that it will
fit in the available disc space. If a reasonably large half-width
is specified for the operator, then a full trace migration would
be 1limited to about 1% error in the operator update calculation.
However the top and bottom of the data could be migrated
separately in two passes so that the operators weré calculated at

separate times, if a greater degree of accuracy were required.

The user inputs the operator half-width, its time range for
application, and a velocity model of RMS velocity against two-way
travel time to the operator generation program. Given the
percentage acceptable operator error, the program evaluates the
operator update positions necessary for this degree of error
inside the specified migration time range. The progam uses this
information to evaluate the 5 point migration operator at each of
the update positions, over the specified half-width. This is
written out, with its associated positioning information to the

user specified disc file in the format shown in Fig 4.17.



NOFP | NRANGE NLEAD OFPVAL

Each differemnt set of wal ues starts on a disc bl ock boundary

NOFP = Number of coperators to be appl ied

NRANGE = Range of val idity of the operator as a saomple val ue

on the cemntral trace:— Number of val ues = Number of Operators
NLEFAD = Starting posltion for each operator om each trace

Number of val ues = Operator hal fuwidth * Number of operators
OPVAL = Operator val ues :— Number of val ues = Number of operators *

Operator Length *x Operator Hal fuwidth

Fig 4.17 : Kirchhof+ Migration Operagtor storage
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The operator data can then be used to migrate any data with
this particular structure. By giving the migration program MPKMIG
the data files and the operator file, the operator can be
convolved with the input data one trace at a time, in the AP,
across the full width of the operator to produce an output trace,
fully migrated in the specified time range, which is written out

to another disc file.

The input data are expected to be in a trace sequential form
in a single disc file and are put back to another disc file in the
same form. These files can be easily generated by reading data
onto disc using MPTPDK and MPSORT can be used to put the data back
to tape. The number of traces which can be handled in one pass is
dependent only on the number of traces which can be put into a
single file. If it was necessary to migrate a 1long 1line, this
would have to be performed in short sections as a roll on roll off
type of sequence, with enough traces at each side of the active

block to accommodate the half-width of the operator.

This type of migration 1is very useful, as its range of
application can be easily limited, allowing it to be applied only
in regions of interest, rather than over the entire section. If
the dips of events on the section can be estimated the aperture of
the operator can often be limited as well, again reducing the
number of calculations to be performed. Therefore these programs
allow the user to tailor the migration to his own particular

needs.
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Kirchhoff migration has been shown to be often quicker than
the finite difference approach and it tends to migrate even high
dips relatively accurateiy. However, on the other hand it does
tend to produce organised noise, thch iﬂ areas of low signal to
noise ratio can make interpretation after Kirchhoff migration

quite difficult.

Finite Difference Migration

The finite difference approach to migration, first
popularised by Claerbout (Claerbout and Johnson, 1971), is the one

undergoing the most research at the present.

ng -\-BZM :\/Z‘B—LLA

This method is also based on the scalar wave equation; but
here the aim is to represent the equation by a finite difference
formulation to allow the wavefield to be downward continued. For
computational purposes, to keep the wavefield on the computational
grid, it is usual to express the equation in terms of a retarded

time system as shown below:-

g’zt—&ié

eqn 2
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For small dips it is possible to neglect the terms in
bluw/az? and so we are left with the well known 15 degree

approximation to the wave equation.

v/*aiu, . o
Z ox deot

eqn 3

i
O

If there are larger dips in the data than about 15 degrees
then this approximation is too severe and a 1less limited
approximation must be developed. Therefore by differentiating eqn

QLZ'with respect to z and substituting for E%U/ézf' we can derive!

a}/U\ + Qéi— = ag * 63
eqn 4 az':’ja-;_ o2 c}x@t V @E&k«

Again a further approximation can be made by dropping the

term in 5‘J/anf to give the following:-

S _ O O
X

\C4
cw\
o
e
e
Q

o

N i

This is known as the U5 degree approximation to the scalar
wave equation. Once again, as the migration in z depends on
knowing the velocity model reasonably accurately, is is better to
use a migrated two-way travel time & which is not so susceptible
to errors in the velocity specification. Hence the equations

below can be formed.
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T 2 .
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45 degree equation

These equations can be used to derive the finite difference

representations which will allow the wavefield to be downward

continued.
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It can be seen that this equation is a tridiagonal matrix
n
equation in which the solution for L&H.T-can be found if the
J

right hand side is known. The right hand side can be determined

by specifying boundary conditions, that the wavefield is zero at

all points outside the recorded data area.

Similarly for the Y45 degree equation:-

The difference operators:

A= 0239VAE = VAC

4 px™ 4 At
B = Viacat o yaeeE
SlA?CL 7 A2t
.C)/x} A x,l(‘_r_ +bT)¢) O’ At?
0 7 '(Et*‘i‘) PRI G
- —_— -2
e ar \ (e ok

The centering of the time time difference operator is
different in this case to provide stability in the solution of the
equations. Using the above difference operators it is possible to

derive the following for the 45 degree equation:-

45 degree finite difference expression
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Once again given the boundary conditions the factors on the
right hand side of the equation can be evaluated and so we are
left with an tridiagonal matrix equation with the vector in x

ENR

WA as the unknown.
ket S

From the equations it can be seen that the downward
continuation formula is expressed in terms of vectors in the x
plane. Therefore before finite difference migration can be
performed the data must be multiplexed into x vectors, or "time
sliced". Two programs, MPSLIC and MPUSLC, were written to perform
the "time slicing" and trace sequential sorting respectively. So
as to keep the data in integer numbers of disc blocks the traces
are padded, equally on either side, with zero traces to make an
integer number of 128 traces. This has an added advantage of
providing a zone at the edge of the real data for the edge effects
of the migration operation to be dispersed into, tending to
prevent reflections from the side of the computational grid. The
trace sequential resorting program assumes the number of traces
specified will be padded on either side by zero traces so that

this is all transparent to the user.

Once a time sliced data file has been produced this can be
used as the input to one of the two finite difference programs.
Both the 15 and 45 degree algorithms were implemented because, for
shallow dips the 15 degree algorithm works quite adequately and
takes about half the time to run as the 45 degree approximation.
On the other hand when large dips are present in the data the 45
degree algorithm has to be used if a reasonable result 1is to be

produced.
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In order to fit the algorithms into the AP, it was decided to
limit the number of traces which can be migrated in one run to
1024, An LU factorisation method was wused to solve the
tridiagonal matrix equation. This is a two pass algorithm which
factorises the left hand side coefficient matrix in the first pass
before wusing the factorised results to solve the equation in the
second pass. This algorithm has distinet advantages over the

method proposed by Claerbout (I1976).

If we have an N length vector

Claerbout approach...3N mult, 2N div, 3N add/subtract

LU factorisation step 1...N mult, N div, N sub

step 2...2N mult, N div, 2N add/sub
Total...3N mult,2N div, 3N add/subtract

It can be seen that the two methods involve the same number
of calculations in solving for one vector. However in the case of
downward continuation the 1left hand side coefficient matrix
remains constant for a particular AT step and so the factorisation
need be performed only once, for each downward step. This results
in a considerable saving over the other method which has to
perform the complete solution at each step. Therefore the LU
factorisation algorithm was microcoded fof the AP into two Fortran
callable subroutines to provide a quick solution of the -equations

at each step.
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A velocity model can be input to the programs, which can vary
in velocity with two-way travel time, and small lateral variations
are also allowed, but these must be made to be gradual in their
nature or else the solution to the equations can become unstable.
The functions can be defined at different trace positions and are
then interpolated in a similar way to the stack program. The
depth variation is not constrained in the same way, although
velocity variations, greater than one downwards step are averaged

out by the program.

The user has to specify the downward continuation step size
AT and also how many downward steps to perform. The program
converts the velocity functions, which are input as RMS
velocities, into interval velocities for each depth step
internally. The program then downward continues the entire
dataset one AT step at a time to determine the values of
U(x,naT,0) for each value of n down the section. The downward
continued x vectors are written back to the input file so that at
any stage this file contains a mix of fully migrated data and that

t
which has been downward continued to po%Fion nat.

This method of migration is very time consuming as the
remaining non-migrated data is handled for every downwards step,
although, of course the number of remaining non-migrated data
samples is reduced at each AY step by M, where M is given by

M=AT/at, as the step &T can be larger thanat .

The two algorithms give good results, although neither can
migrate data containing large dips as well as the Kirchhoff

algorithm. On the other hand the finite difference approach tends
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to cause noise to be dissipated rather than organised, so that the
results are often clearer, with 1less background noise than a
comparable Kirchhoff output. The choice of migration approach has
to be based on several criteria, dips, signal to noise and run
time. The Kirchhoff program takes less time to execute than the
45 degree finite difference algorithm but is slower then the 15
degree method and so for simple low dip structures the 15 degree

finite difference algorithm is probably the best choice.

Summary

With the descriptions in this chapter it has been shown, that
a full suite of seismic processing programs have been developed,
fulfilling the original aims. Also, perhaps more importantly, a
working data structure has been developed, which makes the system
more than just a collection of programs. In addition the basis
behind the entire structure has been to provide a template for
future development, a foundation on which further procedures can
be built. Although there are, no doubt, some areas where
improvements could be made, a working, complete seismic processing
system has been designed and implemented, fulfilling the original

design aims.
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Chapter 5

Using The System

In order to assess the system and to show others how it was
intended that it should be used, two pieces of real data were
processed by the Author. The first 1line from the Norwegian
Sea-Jan Mayen area was acquired with the departments SDS10/10
system in SEG-A format in 1977, and consists of 11 channel, 7
second data recorded at Y4 milliseconds sample interval. This line
was processed when the system was partially complete in order to
fully test those components thought to be working and to indicate
any shortcomings in the system at that stage. The second line was
from the 1980 Caribbean experiment, and was also recorded using
the SDS10/10. This 1line was processed when the system was
virtually complete. Unfortunately, the migration programs were
still undergoing their final development at this time, and could
not therefore be included in the trial. The processing of this
line, besides acting as a thorough test for the system, was
basically designed as a demonstration for future users of the

capabilities of the system, and how it should be used.

A brief description of the processing of these two pieces of
data is included, in order to illustrate the data flow through the
system, as well as the geophysical factors which have to be

considered when processing seismic reflection data.
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Data Flow

The programs within thc processing system are basically set
up for tape to tape processing operations. That is data is read
from tape, processed, perhaps using temporary files on the disc,
and the final product 1is written back to tape for storage.
However, all of the programs allow data input and output to be
directed to the disc, so that small amounts of data, such as those
being used in filter tests or velocity analyses, can be easily
accessed without having to use the tapes all the time. Data can
"be extracted from the tapes and put onto the disc by utility

programs, such as MPTAPH (see Appendix 2), for use in this mode.

It was envisaged that the data flow through the system would
be very much 1like that shown in Fig 5.1, and this was in fact
confirmed by the experience gained in processing the two test
lines. After Demultiplex and Sort, which are both definitely tape
to tape processes, data are frequently dumped to disc to allow
data tests to be performed before the next tape to tape process is
initiated, using the parameters decided upon during the tests. It
is important to realise that a lot of time must be spent
performing thorough tests on a wide range of data segments along
each 1line, if the best possible final section is to be produced.
When the input parameters have been determined for a particular
process, they can be put into its input file, and once it is
started the only interaction with the operator will be for tape

changing and error reports.



Field
Taopes

Common
St

Gathers

CMP
Gathers

Processad

CMP
Gathers

Stacked
Sectiom

Post—Stac
Processed
Sectiom

Migrated
Sectiom

Fig 5

DEMUX

SORT

\ 4

PRE-STACK
TESTS

VELOCITY
ANALYSIS

PRE-STACK
PROCESSING

STACK

SECTION
PLOT

////¥//<:j§lblot Tape

POST-STARCK
TESTS

NN ANAS

FPOST-STARCK
PROCESSING

AN

MIGRARTION

SECTION
PLOT

=1 =

( }PIot Tape

Processing System data ! ow




Page 122

Jan Mayen Data Processing

The Jan Mayen data were recorded with an 11-channel streamer,
each channel separated by 100m and with a 228m offset from the
seismic source. The source was composed of three airguns, two of
16dcuin, and one 300 cuin. Data records of 7 seconds in length
with a sampling rate of 4 milliseconds were recorded, with a 62.5
Hz antialiassing filter applied before digitising. These data
were recorded in SEG-A on 9 track magnetic tape using the

SDS10/10.

As it was a test run, the data were demultiplexed and sorted
at the same time, so that CMP gathers were written back to tape.
The fast mode of the demultiplex program was used, as earlier
tests had shown that there were no obvious problems with the field
tapes. About 600 shot points were demultiplexed, although only
the first 300 or so CMP points were intended for the final
display, this being the most interesting portion of the 1line on
the monitor displays. However, it was decided to put the whole
dataset into the processing system, to see how well it stood up to

handling large quantities of data.

Data were chosen for tests and velocity analyses and brought
down onto disc from the CMP gather tapes. These were spaced at
about every 40 CMP positions over the first part of the 1line and
then about every 100 over the area of lesser interest at the end
of the line. When these gathers were displayed it was found that
channel 9 was dead on some of the records, presumably due to some

acquisition fault, and channel 10 had been recorded with the wrong
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polarity with respect to the rest of the data. On the whole, the
data quality was quite reasonable with only minimal noise

corruption.

The gathers on disc were used as the input to the pre-stack
processing program, and different filter and deconvolution
parameters were tried out until the best results were obtained.
Velocity analysis was then performed on each of these gathers,
after the pre-stack processing had been applied. These analyses
allowed the velocity functions to be determined at every 40th CMP

point along the zone of interest.

At this point, a stream of processing was set wup which
attempted to minimise the amount of tape access. The pre-stack
processing was performed on short segments of data read from tape,
and its output was written to the disc. These pre-stack processed
gathers were then used as the input to the stack program, whose
output was written back to tape. Although this was quite quick in
terms of processing time, in comparison with two tape to tape
operations, it required much more operator intervention, and it
cannot be recommended as a viable method for anything other than

small datasets.

After the stack was complete, a display of the stacked
section was produced. The section was reasonably good and had a
high signal to noise ratio, with very good suppression of
multiples. However, the bubble pulse of the airguns was still
present as two distinect pulses, and this was hindering the
resolution of the structure. Therefore, prediction error

deconvolution was applied to the data followed by a bandpass
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filter to produce the final display seen in Fig 5.2b. It can be
seen that the post-stack deconvolution has improved the resolution
of the data, and the bandpass filter has helped to keep the signal

to noise ratio at reasonable levels.

The processing of this line showed that single tape to tape
operations are far easier than complicated sequences which use the
disc as temporary storage between different modules. It also
indicated the need for the spectral analysis program which was not
available at the time, and without which bandpass filtering was
difficult ¢to setub. However, the system in its then still
rudimentary form coped relatively easily with the processing of

this dataset and produced a reasonably high quality final section.
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Jan-Mayen Processing Details

1...Demultiplex and Sort into 11 channel CMP gathers
2...Amplitude correction- te##(0.,2t
3...Polarity reversal channel 10
4...150ms Spike Deconvolution, 5% prewhitening
5...Bandpass filter 5-10/40-U45 Hz
6...Velocity analysis, every U4Oth CMP
T...NMO correction with 8 fold interpolation
8...Stack, 11 fold CMP
9...Prediction error deconvolution, 100ms gap,

100ms filter 5% prewhitening

10..Bandpass filtering 5-10/40-45
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Caribbean Arc 1980

The data from the Caribbean region were acquired aboard RRS
Discovery on cruise 109 during April 1980. The seismic reflection
data were acquired using a 12-channel streamer with a 3-airgun
array composed of two 160cuin and one 300cuin guns, used as the
seismic source. The data were recorded in SEG-A using the
departmental 3SDS10/10 recording system, and over the area in
question 12 seconds of data was recorded, due to the fact that
there was over 6 seconds of recording before the water bottom

arrival was received.

As well as acting as a demonstration of the systeds
capabilities, the processing of this line was a very good test for
the system in its nearly-finished form. Only the migration
algorithms in their final stages of testing could not be applied

to this data.

As the data were recorded in such deep water, it was decided
to setup the demultiplex to only keep the last 6 seconds of data.
Therefore, 460 shot points were demultiplexed into 12-channel
common shot point gathers and written back to tape. The first
field tape was processed with the demultiplex in the fast mode,
but it became apparent that the program was frequently switching
to the slow mode because of inconsistencies in the redundanfby
checks. Therefore, the remainder of the line was demultiplexed in
the slow mode, with very lenient error allowances. Even so
several files were declared dead, and zeroed by the program when

it was unable to recover from serious data errors. An analysis of
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the detected errors indicated that a malfunction in the timing
code generator probably caused by dropping a bit, was the cause of
most of the problems. The files where several errors occurred
also had parity errors recorded even after three retries, so these

were most likely caused by a bad piece of tape.

From the monitor record it could be seen that the sea bed was
quite undulating, and so it was decided that velocity analyses
would be carried out every 20 CMP positions in order to give as
good a stack as possible. Therefore the data were sorted into CMP
gathers in a tape to tape operation, aﬁd then every 20th file was
brought down ¢to disc for data tests and velocity analyses. On
examining the CMP records, the data were seen to be of a very poor
quality. All the channels were contaminated by high frequency
noise, with channel 7 being completely immersed. Also on some
records several of the channels contained quite large amounts of
low frequency nocise, especially channel 2. On the other hand the
two noisy channels, 2 and 7, were the ones with the most recorded
energy, implying that the pre-amplifier gains on the recording
system had not been set correctly. Also, on further examination
it was possible to see that on the remaining channels the waveform
had a clipped appearance, which was presumably caused by a fault

in the acquisition system’s gain ranging logic.

Spectral analysis plots showed quite clearly that the high
frequency noise was at 50Hz, presumably due to pick up from the
ship’s electrical supply. The low frequency noise was centered on
about 11Hz, and may have been due to the ships propellors or cable
snatch on the streamer. The clipped data showed the presence of

energy in the traces well above the 62.5uzcutoff of the
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antialiasing filter, indicating that the clipping of the data and
the high frequencies it produces in the data were introduced
during digitising. In order to analyse this problem, sample shot
points were completely demultiplexed and displayed. The high
amplitude first break events were correctly digitised, implying
that the 1low amplitude response of the acquisition system was at

fault or that the A-D converter was losing gain information.

From this preliminary analysis of the data it was fairly
obvious that bandpass filtering had to be applied before any other
processes, because in its raw state the signal to noise ratio of
the data was so poor. The filter chosen was one with a complete
cut below 10Hz and above U45Hz, with a 5Hz taper at each end. This
filter succeeded in diminishing both major sources of noise.
Because of the wide range of amplitudes across the channels it was
decided to normalise the traces to unit energy after applying the
exponential gain recovery curve. At this point, there was just
sufficient detail to allow deconvolution tests to begin. However
with the distortion of the waveform on most channels and the quite
heavy filtering which had been applied, little hope was held for
good results from the deconvolution. After many trials it was
felt that the best results were given by a 200ms spike
deconvolution with 5% prewhitening, which seemed to sharpen up the

waveform to an acceptable level.

Once decided upon, this suite of pre-stack parameters was
applied to the test gathers on disc and then to the data on tape,
in one tape to tape operation. The results of this processing
were seen by sorting out channel 2 for a single channel display of

the pre-stack data.
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The velocity analyses were carried out on the data on disc to
produce a contour plot for each test point. Using these displays
and the single channel section it was possible to pick a set of
velocity functions for the line. In performing the velocity
analyses several different gate widths were tried in order to give
as clear a contour display as possible. In the end a reasonably
large gate of 18lUms was used, which was very similar to the length
of the deconvolution filter, suggesting that this was the

effective length of the airgun waveform.

The set of picked velocity functions were put into the stack
program and the data for the whole line was stacked in one tape to
tape operation. The stack tape was then wused to produce a
display, which was also saved to tape. A segment of the stacked
data was put onto the disc from the tape to enable testing of
post-stack processing parameters. It was found difficult, even
after a full range of tests to find a deconvolution operator which
would édequately improve the data. In the end a short spiking
deconvolution operator was used in an attempt to increase the
resolution of the data as much as possible. A bandpass filter
with the same cutoff as in the pre-stack processing was applied
after deconvolution to provide an improvement in the signal to
noise ratio in the post-stack data. Once again, these parameters
were entered into the program and the entire line was post-stack

processed in one tape to tape operation.

Due to the large number of diffractions on this line it would
normally have been desirable to perform migration, and probably
because of the depth of the data, Kirchhoff migration applied over

the 7 to 9 seconds range of the traces with an aperture of about
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50 traces would have sufficed with very few operator updates being
required. Probably about 40 operators would be required and the

limited time range would allow it to be applied quite quickly.

However, the migration programs were not available and so a
three-trace mix was run, again tape to tape, in order to clear up
some of the diffractions and reinforce the subhorizontal events in
order to aid interpretation. In fact, the two major dipping
events were rendered much clearer by this process and a major part
of the diffraction energy was removed, making the display much

clearer than before.

The final sections present a very clear picture of oceanic
crust dipping under an acretionary prism, and considering the
original data quality the final results are very pleasing. It was
felt that the ability to process data to this standard indicated
the flexibility and capability of the processing system, and,
apart from the migration programs not being available, there was
probably no other process which could have been applied to

significantly improve the data quality of the final sections.
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Caribbean Processing Parameters

Shot-receiver spacing 304m/297m
Channel spacing 100m
Array Depth 10.Tm
Source Depth . 7.3m

1...Demultiplex SEG-A to 12 channel 6-12 seconds
common shot gathers for U460 shots.

2...30rt, common shot to CMP gathers

3...Amplitude correction tE0.2t

4,..Mute 200ms with 80ms cosine taper

5...Bandpass filter 10/15-40/45 Hz

6...Spiking deconvolution, 240ms operator, 5% prewhitening

7...Velocity analysis, every 20

8...NMO correction with 8 level interpolation

9...CMP stack

10..Spike deconvolution, 72ms, 5% prewhitening

11..Bandpass filtering 10/15-40/45 Hz

12..Three trace mix

131
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Summary

From Uhe experience gained processing these two test lines,
one method of use of the system can be recommended as the easiest
and most flexible. It was found that by far the most
straightforward method of working was to carry out all major
processing runs as tape to tape operations, and only to use the
disks as temporary storage for test data. It is also fairly
obvious that this means a reasonable amount of time has to be spent
running tests on the data before embarking on a major processing
run. It is advisable to pick representative data from many
positions on a 1line, and if the parameters required to process
them are very different, to break the tape runs at certain points
to enter a new set of parameters, rather than trying to process

the entire dataset with the same average values.

In its present state of development, the processing system
should allow the routine processing of marine seismic reflection
data without any further additions to the software suite.
However, further developments might be necessary to accommodate
other types of data. At the time of writing, the system 1is 1in
routine use for the processing of the main bulk of the Caribbean

seismic data.
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Chapter 6

Conclusions

As this project was the first one involved with the
development of the Durham University Seismic Processing System, it
was very important that, while the basic system was under
development, the possibilities for future improvement, in both
hardware and software, should be critically assessed. Also the
software was developed throughout with the concepts of flexibility
and portability uppermost, so that if the operating hardware of
the system should change, the number of software changes required
would be small, and those that were necessary would be
straightforward to make, which should also allow new programs to
be added to the system fairly easily. The first part of this
chapter is an attempt to evaluate those software elements which
could be added to the processing system in order to complete it in
its present configuration, and the second part is an evaluation of

the hardware upgrades considered necessary to improve the system.

Future Software Developments

Due to the project being constrained by a time limit, several
restrictions were placed on the aims of the system at its
conception. The system as designed and implemented was intended
for processing marine data acquired in SEG-A using the
departmental acquisition system, and be able to handle data in the
processing stream’s internal format. However, it was always
envisaged that these restrictions would be purely temporary, and

would be removed by the addition of further software to the system
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by other projects in the future. Therefore, 1in designing the
system this was taken into account so that the addition of further
modules, allowing the above limitations to be removed, should be
relatively easy. Also as the structure of the system, its data
format and data handling conventions are well established, the
development of newer and possibly more sophisticated techniques
for inclusion in the system should be relatively straightfoward.
New techniques could be developed on the NUMAC IBM 370, while the
system is being used for processing, and, once tested and refined,
tied into the processing system using the data handling
subroutines already present, and following the conventions used by

the other modules already in the system.

Demultiplex

In any future project one of the first items which should be
considered 1is the development of a demultiplexing capability for
SEG-B and SEG-C. The existing demultiplex program for SEG-A could
be easily used as the basis for two new programs, one for each
format, as the basic pattern of data flow should be the same. The
header blocks of the 3 formats are virtually identical, as
according to the format specifications the first 16 bytes for each
format should be the same, and this would contain all the
information that would need to be transferred into the internal
format trace header, as is done for the present SEG-A demultiplex.
All three formats are based on 30 channel recording blocks which

should also simplify the conversion.



Page 135

SEG-C would probably be the easier to produce a new program
for, as the data is in 4 byte IBM floating point format. As one
of the capabilities of the AP is to convert IBM floating point
numbers 1into its own internal format "on the fly" through the
interface, the data converéion would be straightfoward once the
demultiplex had been performed. Most of this logic would also be
shared with the SEG-A program, as the two share the same 3 byte

start of scan code.

SEG-B is a slightly more coﬂlicated format, but the samples
are in the same representation of a 15 bit mantissa and a 4 bit
gain code as SEG-A, and so the same data conversion routines could

be utilised.

It should be realised that even if these two routines were
produced, it may be necessary to produce slightly altered versions
from time to time to suit the exact format of any data received,
because most recording equipment, though remaining close to the

standard, usually uses a variation on one of the three standards.

Data Exchange Format

Another drawback of the system is that, at the present, there
is no capability for reading or writing data in SEG-Y, which is
the accepted data exchange format. However one problem with SEG-Y
is that it 1is a gapped format, having inter-record gaps between
traces on tape. With the present hardware configuration it would
be a quite longwinded process to read or write SEG-Y tapes. The

method employed would basically have to be a two pass method,
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involving storage of quite large quantities of data on disc

between the passes.

It weould be possible toc produce a program tLo run on the pdp
8/e under 0S/8, which would transfer data to and from the tape
drives, from and to the pdpl1 respectively, in a gapped format. A
program of this type 1is already in existence to allow blocked
transfers of ultrasonic tank data. However this program could not
run at the same time as the gapless read/write program, used for
the seismic systems internal format, because of memory
limitations, as previously mentioned. Therefore two programs
would be needed. In the case of producing SEG-Y tapes from
internal format tapes, data would have to be transferred from tape
into a program for converting to SEG-Y, and written to disec. On
filling the disc, a gapped tape write program could be run on the
pdp8 to allow the data to transferred to tape in the correct
format. Obviously the procedure could be reversed for reading
SEG-Y tapes. However it is clear that this slower procedure is a

consequence of hardware limitations.

Land Data

Although the system was designed with marine processing as
the primary target, a conscious effort was made not to exclude the
possibility of processing land seismic data. It would be quite
feasible to process land data on the system, especially if the one
glaring omission from the normal suite of 1land processing
techniques were added to the system. This is, of course, the

capability to handle static corrections.
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In processing marine data, the importance of static effects
is negligible, However, in order to successfully process land data
the ability to apply static corrections to the data 1is of
paramount importance, if a section of interpretable quality is to

be produced.

The writing of a static correction module should not prove
too difficult if a need to process land data arises. The basic
principle of static corrections is to apply a time shift to
each trace, so that the revised start-time is that which would
have been observed had source and receiver both been on a chosen
datum, assuming that the seismic velocity in the region below the
datum is the elevation velocity. The implementation of a static
correction module would not be too different from the application
of the NMO correction, except that the time shift is constant for
the entire trace. As in the NMO correction, the data should be
interpolated up to a higher sampling rate, using the same routine,
and then once the time shift has been converted to a sample shift
at this new rate, the correct samples can be extracted, to reduce
the trace back to the original sample rate, with the static shift

applied.

Also useful in the processing of 1land data would be a
residual statics package. However, the problem of determining
residual statics is probably a large enough problem to be dealt

with as a full project in its own right.
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Other Possible Software Additions

The improvements in the system proposed in the previous
sections, especially the improved demultiplex and statics
capability, are necessary to complete the all round capabilities
of the system. However, as well as these it is possible to
identify several techniques which could be added to the system in
its present form, and so increase the range of possible techniques

in the system available for processing data.

Vibroseis

Vibroseis is of increasing importance in the acquisition of
land data. After the data has been demultiplexed the Vibroseis
sweep has to be removed by performing a correlation between the
recorded sweep and the data trace, which can be up to 30 seconds
in length if a long source sweep has been used. At present a
Vibroseis correlation capabilty is not available within the
system. However research work into Vibroseis sweeps has been
carried out within the department, and so it may become desirable
to design a tape to tape process to perform Vibroseis correlation

on the data after demultiplex.
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Improved Filtering

The application and design of filters within the system is an
area where greater flexibilty could be provided, both in

deconvolution and frequency filtering.

Due to the selective attenuation of high frequencies in the
source wavelet on 1its passage through the earth, the frequency
spectrum of the trace at longer travel times tends to have less
high frequency components than the earlier arrivals, and because
of this the source wavelet is usually a slightly different shape.
This effect is clearly seen in 1land data where the change in

frequency charcteristics down the record can be quite marked.

As a result of this phenomenon, a band-pass filter designed
for the trace as a whole tends not to remove enouéh of the high
frequency noise at longer travel times, while leaving unwanted low
frequency effects in the trace at early arrival times. One way to
get round this problem would be to enable time variant band- pass
filtering to be applied. This could be done , in the system, by
allowing, say, 3 different bandpass gates to be specified which
relate to 3 different areas down the trace. The actual
application of the 3 different filters could be performed in
either the frequency or time domain, but the method basically
consists of applying the filters separately and merging the
resultant, filtered traces with appropriate scale factors, to give

the final resultant time variant filtered trace.(Fig 6.1)
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A similar effect 1is evident in the effectiveness of
deconvolution operators if designed on the trace as a whole, and a
better result may be obtained if deconvolution operators are
designed over different time gates, to allow for the differing
characteristics of the source waveform down the trace. The
resulting filters could then be applied in the same manner as

described above for the time-variant bandpass filters.

The successful deconvolution of seismic data, to remove the
effects of the source wavelet, is always a problem because the
assumption of a minimum phase waveform for the source wavelet is
often not valid in practice, especially in the case of reverbatory
sources, such as maxipulse or airguns. This 1is the reason why
attempts to remove the source wavelet due to airguns are often
unsuccessful, and why so much effort is expended on the design of
airguns and airgun arrays, in order to try to produce an impulsive

minimum phase waveform.

Therefore, a particularly useful addition to the Durham
system, as it is biased towards marine work with only small airgun
arrays, would be a wavelet estimation package, to allow
deterministic signature deconvolution. The ability to perform
signature deconvolution would also be useful in experiments where

the far field source signature was actually recorded.

One method of wavelet estimation, homomorphic deconvolution,
has 1in fact been investigated by MSc research projects in the
department and so could probably be implemented reasonably easily.
However, reasonable success at wavelet estimation is possible by

simple methods, such as stacking together time gates, identified
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as containing the wavelet, such as the sea bed arrival on a marine
seismic record(Stone, 1979). Once the wavelet is known, the
wiener shaping filter can be designed to turn the source wavelet
into a spike, as both the source autocorrelation function and
source/desired output cross correlation function can be directly
calculated. If the source wavelet is estimated for different time
gates down the trace the method can be applied as for the time

variant bandpass filter.

Amplitudes

Although it is desirable to display the seismic section with
a minimum of amplitude manipulation, other than the application of
a spherical divergence correction, so as to allow comparisons in
the amplitude of vafious events down the trace, this can lead to
small, low-amplitude events being missed. Therefore it is
probably desirable to have the capability to apply some form of
AGC (Automatic Gain Control) to the data before display, in order
to produce a more even amplitude down the trace so that even small

events can be easily detected.

Summary

The Software improvements described above fall into two
categories, those which are necessary in order for the system to
be viewed as complete, and those latter suggestions which, based
on the experience gained in processing the test lines, it would

have been desirable to add to the system in order to improve its
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performance. It 1is felt that these are software improvements
which could readily be included in the present system with the

present hardware configuration.

Hardware Evolution

During the course of the project the possibility of futgﬂre
hardware upgrades was continually assessed. Three reasons for

hardware changes were identified.

1)..Necessity- Some hardware changes were viewed as
necessary for the future development of the system to remain
viable, in terms of the volume of data processed.

2)..Desirability~ Some hardware changes would allow
algorithms already produced to run more efficiently, with
restructuring where necessary. Other algorithms could then be be
performed on larger quantities of data, and some algorithms which
are not realistic at the present time could become possible with
future hardware upgrades.

3)..Long Term Evolution- Developments in electronics are
continually bringing more sophisticated pieces of equipment within
the budget range even of bodies such as Universities, and at the
same time older equipment becomes obsolete and difficult to
maintain. Therefore a long term hardware evolution path has to be
identified and updated in the light of new product announcements.
At all times, however, hardware upgrading must be considered only

in the light of software compatibility.
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The hardware evolution of the system which was envisaged as
being the best compromise between necessity, software
compatibility and cost is shown in Fig 6.3. It can be seen from
this diagram that the provision of a tape subsystem attached
directly to the pdp11 is the most important hardware upgrade, and
is probably the only one which could be described as being

absolutely necessary.

The total reliance on the pdp8 for access to the tape drives
makes the reliability of the system wholly dependent on the pdp8,
which is the oldest and least reliable component in the system.
Also, the passage of data to and from the two processors to the
tape drives places two major constraints on the system. Firstly,
as the transfer is performed under processor control, the tape
read/write time is the limiting factor on how fast any processing
module can execute, because computations cannot be overlapped with
the data transfers. Secondly the implementation, of the tape
read/write program on the pdp8 dictates that the tape format is

Jong ~reco v
alwayﬁ( , which prevents SEG-Y being generated easily and
prevents the data being input to general purpose computer systems,

such as the NUMAC IBM3T70.

hnﬁ~f€¢ond
Ideally, a tape subsystem which allowi(gap;ees reads should

be purchased to allow field tapes to be read, using these drives,
so that the pdp8 woulq no longer need to be an integral part of
the processing system. However, if this solution proved to be
initially too expensive, the drives and formatter of a system,
which could 1later have the gapless facility added, could be
purchased. This would allow the drives on the pdp8 to be used

solely for reading the field tapes, all subsequent tape
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manipulation being performed on the drives interfaced to the

pdp11.

The soliware changes needed to accommodate such a change
would be small, assuming the device driver for the tapes was
provided by the vendor. If a gapless read facility was provided,
the transfers would still be performed much as they are at
present, with the transfers being to and from disc and tape.
Hence this tape routine would be modified to accept data from the
tape interface and put it to disc, rather than from the pdp8

interface.

The main software difference would be that the internal
format would be changed to be the same as the format on disc.
That is, the contents of the format would remain the same, but the
files written to tape would be in blocks of 512 bytes, just like
the disc files. The tape handling routines would then be changed
tc perform the skipping and error checking functions for the new
interface directly, while the read and write functions in the
subroutines would be performed using the tape read/write functions
in RT-11, allowing the data transfers and computations to be
ovelapped, as 1is done in accessing disc files, resulting in a

massive reduction in processing time.

A secondary gain from this upgrade would be that a more
flexible file transfer capability in RT-11 and other standard
formats would be possible, and the tape backup/restore facilty

would be much simpler to use.
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This improvement in the system is possibly more important
than any other foreseeable update, and any resources available to
the system should really be used to get the system to stage 2 in

Fig 6.3 before further upgrades are considered.

Once the system is fully independent of the pdp8, with its
own tape subsystem, the next most important upgrade would be to
the plotting hardware. The final output of all the time and
effort spent in a processing system is always a plotted section
used for visual interpretation, and so iﬁ is only sensible to
produce plotted output of as high a quality as possible. In the
present system the plotter is only 11 inches wide, and so a
stripping algorithm has to be used to display most sections at a
reasonable scale. It is therefore proposed that a 36 inch, 200
dots/inch electrostatic plotter be added to the system, which
would be used to produce final sections which would not have to be
stuck together. The 11 inch printer/plotter would still be used
as the line printer and for small plots, and the 36 inch plotter

need not have a printer capability.

The only changes needed to the software would be to make the
number of dots at which stripping is to occur an input parameter
to the section plotting program, to allow plotting on both
devices. As stripping involves the use of more than one output
tape drive, this would also reduce the number of tape drives
needed in plotting operations. This upgrade would produc7é vast
increase inthe quality of final plots, and make the management of

plot tapes much easier, with very 1little alteration to the

software already present.
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An upgrade which is desirable rather than necessary, and
would not effect the system configuration, would be to add more
Main Data Memory to the AP to bring it upto 32 Kwords, with a
corresponding upgrade in the Table Memory to allow bigger FFT  s.
This would involve no immediate software changes, but it would
remove the 2048 sample data length restriction for single channel
filtering operations. However, by increasing the amount of data
which c¢an be held in the AP at any one time, programs can be
restructured so that the number of data transfers in programs such
as demultiplex, velocity analysis and Finite Difference Migration

could be drastically reduced.

The most important gain derived from this upgrade would be
that the algorithms used by processes such as velocity analysis
stack, and migration are based on the assumption that only 8
Kwords of memory are available. This makes the method used a
little convoluted and long winded, with many data transfers to and
from the AP. With a larger AP memory the algorithms could be
rewritten to use the AP more efficiently, and would probably make
it worthwhile for more algorithms to be microcoded to run almost
entirely in the AP, which would result in a vast improvement in

data throughput

The final upgrade envisaged, of equal merit to the increase
in the AP memory, is to attach a bigger disc system to the pdpi1.
The 1limiting factor on processes such as finite difference
migration is the size of the largest disc file it can create.
Therefore if a disc system with more overall storage, and more
importantly a bigger maximum file size, could be added to the

system, it would enable processes such as finite difference
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migration to be applied to bigger working sets. Also it would
enable the processing of larger pieces of data to be carried out
from disc for filter tests, and perhaps allow small lines to be
processed almost entirely from disc. The present disc drive would
be retained for data file and program storage, and for such things
as velocity analysis files. The software changes would only
involve altering the disc driver and producing virtual memory
read/write routines as was done for the present disc drive. The
actual total size of this disc subsystem need not be enormous as
long as the maximum file size is appreciably larger than the
present system’s disc, although a very large disc would obviously

vastly increase the flexibility of the system.

Future Evolution path

The upgrades described above are about as far as it is
reasonable to go while retaining the basic configuration of the
system. Once the system reaches the stage of advancement
described, it is no longer the peripherals which are the limiting

factor but the controlling processor, the pdpl1.

Fortunately, recent developments in computing hardware
provide the logical upgrade from the pdp1l1 at a comparatively low
cost, as shown in Fig 6.4. The obvious development is to replace
the pdp11 with a VAX system. The VAX is manufactured by DEC and
is fully compatible with the pdp11. In fact VAX-11 is an acronym

for Virtual Address eXtension to the pdpll.
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The VAX is a 32-bit word computer and, depending on model,
has uﬂko 4 Megabytes of physical memory. However, the virtual
address limit is that provided by the 22 bit word, which iz about
ﬁ+ Gigabytes, and 1is unlikely to be exceeded by present data
processing requirements. One of the great advantages of the VAX
is that it uses the same peripheral buses as the pdp11 family, and
so the peripherals on the pdp11 could be put straight onto the
VAX. Also pdp11 Fortran is compatible with VAX Fortran and even
Macro-11 instructions can be executed in compatibility mode,
although the native mode Macro-32 is similar enough for
conversions to be trivial, with the VAX using the same conventions
for 1its data types. Hence the processing software would require
no conversion, other than to replace the RT-11 system calls with
their VAX/VMS analogues, which should be reasonably easy. Device
drivers for the peripherals to allow them to run on the VAX should

be available from the original suppliers.

The Virtual memory system on the VAX means that there are no
realistic 1limits to data length or number of channels per gather,
or window width for migration, due to the main processor, although
these things would still be regulated by the AP limitations. With
the purchase of a machine as powerful as the VAX, it would be
sensible to provide a reasonable amount of disc space to allow
full use of its facilities to be made by processes such as

migration.

As the VAX is a multi-user machine, several terminals could
be attached to it to allow it to perform an educational function
as well as seismic processing. So, although it may seem to be a

rather extravagant upward step, a machine such as this could
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easily provide a service for the whole department as well as
performing seismic processing. Program development could also
take place at the same time as processiﬁg in this sort of

environment .

At present there are two machines in the VAX family. The
VAX11/780, which is the most powerful and expensive, is probably
out of reach economically and unnecessary from a power point of
view. Therefore the VAX 11/750 would seem to be the one to
choose. However, a smaller VAX 11/730 is about to be released

which would have adequate performance for this application.

Summary

In summary, it is felt that this project has provided a
working system which forms an easily useable tool for the
processing of seismic refl%?ion data. Alsc, with the simulator
capabilities on the NUMAC IBM, along with the capability of AIMS
in providing synthetic data, program development for the system

r
should be reasonably straightfeyard.

An assessment of the system has shown those areas where
future work could be usefully directed, and from the experience
gained working on the project a critical assessment 1is given of

the evolution of the system considered most apt for the future.

With more development the system should be able to provide an
even better educﬂational service, by producing demonstrations of
data processing techniques in action, and form a starting point

for future research projects. Hopefully, if the work begun in
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this project is continued, the department can continue to be at

the forefront of seismic reflection experience in Universities.
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Appendix 1

This appendix contains the description of the input
parameters, and the source 1listings for each of the main

processing programs.
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Demultiplex:- MPDMXA

Input file.sees...DK1:MPDMXD.SPF

Log file.coose.s...DK1:MPDMXD.LOG

Input Parameters

READ( 1, 1001) NCHAN ,NFILES, ITSIZ,IHSTRT ,NROW,TPDRR, TPDRW, VELNUM

1001 FORMAT(1215)

NCHAN....Number of channels to demultiplex
NFILES...Number of input files to demultiplex
ITSIZ....Last half second to be demultiplexed
IHSTRT...First half second to be demultiplexed
NROW.....Number of rows in sort matrix..at least 1
TPDRR....Input tape drive number

TPDRW....Qutput tape drive number

VELNUM. ..Number of files to save on disc

READ( 1, 1001) USEFLG,OUTFLG, INFLG , IERFLG , NRECOV,NUERR , NALOW

USEFLG...New start/Restart flag

0- new job

1- restart of old job with old sort files
OUTFLG...Output flag

0 - output to tape

1 - output to disc
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INFLG....Input flag
0 - input from tape
1 - input from disc
IERFLG...Demultiplex mode switching flag
0 - fast mode demultiplex
1 -« slow mode demultiplex
NUERR....Number of different logged demultiplex errors allowed
before a file is declared dead
NALOW....Number of consecutive frames in error allowed before

a file is declared dead

READ(1, 1000) FNBUF

1000 FORMAT(3A4)

FNBUF....Input file name
If INFLG=0.....Temporary file for tape read

If INFLG=1.....NFILES input files to demultiplex

READ(1,1001) (INDEX(I),I=1,NROW)

INDEX....Sequence of sort buffer files
If USEFLG=1....Input sequence from 1last line of
previous log file

If USEFLG=0....Input sequence, 1....NROW

READ(1,1001) (ICHAN(I),I=1,NCHAN)

ICHAN....Position of output channels in order of increasing
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offset, on input to demultiplex

READ(1,1001) (FPOS(I),I=1,NCHAN)

FPOS.....Qutput sort position for each input channel

READ(1,1001)(VELAN(I),I=1,VELNUM)

VELAN....File numbers to be saved on disc

READ( 1, 1000) (FNBUF(I),I=1,NROW)

FNBUF....File names for sort file buffers, always at least 1

READ(1,1000) (VELNAM(I),I=1,VELNUM)

VELNAM...File names for files to be saved on disc

READ(1, 1001)NOCHAN, IGCODE, IUNITS, ISCODE

NOCHAN...Number of active channels recorded in field data
IGCODE...Qutput gather code

0 - Common shot gather

1 - CMP gather
2 - Single channel stacked
3 - Single channel unstacked

JUNITS...Units of measurement

1 - Metres

2 - Feet
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ISCODE...Acquisition source code

0 - Airgun

1 - Explosives

2 - Vibroseis

3 - Weight drop/Hammer

READ(1, 1003) SROFF, RSPAC, SLSPAC, STSPAC, SDEPT, RDEPT

1003 FORMAT(6F10.0)

SROFF....Shot to channel 1 offset
RSPAC....Receiver spacing
SLSPAC...Shot spacing(distance)
STSPAC...Shot spacing(Time at sea)
SDEPT....Shot depth

RDEPT....Receiver depth

READ(1,1000) (HSBLK(I),I=51,254)

HSBLK(51)....HSBLK(254)....Free area of header block, used for

user comments
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DEMULTIPLEX PROGRAM
THIS PROGRAM TAKES DATA OFF TAPE(VIA PDP-8), OR DISC
IN THE MULTIPLEXED FORMAT USED AT DURAM UNIV
AND DEMULTIPLEXES THE CHANNELS AND REFORMATS THE DATA
VALUES. THESE ARE THEN WRITTEN TO DISC FOR STORAGE
BEFORE BEING ASSEMBLED INTO A STACK POINT GATHER.
THEY ARE THEN EITHER LEFT ON DISC FOR A VELOCITY ANALYSIS
OR WRITTEN (VIA THE PDP-8) TO TAPE FOR STORAGE.

2891
Aye2
G983
agoe4

@ Ll &
i & @ @R
g el

N 0N e

ne DI G N CY O

ey

OOOOOOO00O0a000000

c

DATA STORAGE DECLARATIONS.

VIRTUAL BUFF(8448),FNAMES(30),VELNAM(ED},RTNAM(EL)

REAL*8 FNAMR,FNAMES,VELNAM,DBLK(2),FMBUF,RTNAM

REAL*4 DEVNAM,BUFOUT(256),FNBUF (3}

INTEGER®*2 FNUM,CHOFF(32),FPOS(39),NBLKOF(3#),IBLKOF(3g),INDEX(31),
JUSEFLG,QNUM,VNUM,BLK,BSST,EGAINS{38},GCNT,
%SPOS,FST,BSST1,BLST,OLAP,RST, ICHAN(38),
%GSAVE(30),EOFFLG,MASK,SYNC,BUFF,HSBLKW({9},VELAN(BZ),GAINS(3848),
SOUTFLG, INFLG,FLEN,VELNUM

LOGICAL*]1 STATUS,RC,ITLEN,IGCODE,IUNITS,NOCHAN,
NTLEN,TPDRR,TPDRW,HSBLK(256)

COMMON /SUBS/GAINS,GSAVE,NSMPIN,EOFFLG,IFDIR,IERR,

#IERFLG,SPOS,RC

COMMON /DECOM/BUFOUT,CHOFF,ICHAN,FPOS,NCHAN,NBLKOF, INDEX,GCNT,
#IHSTRT,IHSEC

COMMON /BUFCOM/FBSST!,FBLST,F256,F256D,FBSST,F1,F4897,
#BSST!,BLST,.OLAP,RST,BLK

COMMON/BUFS/NUERR, NALOW,ITIC

EQUIVALENCE(HSBLKW{1)},HSBLK({1})},(
A{SLSPAC,HSBLK{29)),{STSPAC, HSBLK(
S{RDEPT,HSBLK(41)),{NOCHAN,HSBLK(1
B{TUNITS,HSBLK(28)),( ISCODE,HSBLK(
4{RASPAC,HSBLK(251})

DATA DEVNAM/3RDK /

DATA CHOFF/,/4352,4480,4608,4736,4564,4992,
#5129,5248,5376,5504,5632,5760,56888,6916,6144,6272,
15499,6528,6653,6784,6912,7044,7168,7296,7424,7552,
57639,7348,7925,8064/

DATA MASK,SYNC/"17,"177777/

DATA HSBLK(49)/"377/,HSBLK(5H)/"377/,HSBLXL255}/"377/
FHSBLKL256:/"277/

{SDEPT,HSBLK(37})
IGCODE,HSBLK(19})
47)

SR
33
2)
45 (IBFREE,HSBLK(

OFF ,HSBLK(21)},
3,
P
Y,

’
s
),

C CONSTANTS USED IN PROGRAM

c

KWy Mmma

T Tt et
-



FORTRAN IV Vo2 .94 THU @8-JAN-81 G@:41:42 PAGE 282

9322 VNUM=1
9923 F1=ADGET(BUFF(1))
gy24 F4097=ADGET{(BUFF(4897))
JB25 FBSST=ADGET(BUFF(IAD))
1928 F256D=ADGET(BUFF(257))
gg27 F256=APGAD(BUFF(257))
C
T SET UP THE RT-11 INPUT-OUTPUT PROCEDURES
~
5923 IF{ICDFN(59).NE.O)STOP' INSUFFUCIENT CHANNEL FREE SPACE’
C INITIALIZE THE AP
gcacio) CALL APINIT
C READ IN THE MECESSARY INPUT DATA
c
5431 CALL ASSIGN(1,'DKi1:MPDMXD.SPF',14)
ag3z CALL ASSIGN(2,'DK1:MPDMXD.LOG',14)}
8433 READ(1, 1091 NCHAN,NFILES,ITSIZ,IHSTRT,NROW,TPDRR,TPDRW,VELNUM
GF34 1281 FORMAT(1215)
5435 READ(1,10@1 YUSEFLG,OUTFLG, INFLG, IERFLG,NRECOV,NUERR,NALOW
gI36 IF(INFLG.NE.2)GOTO 1
5938 READ(1,18g2)FNBUF
g339 1082 FORMAT{3A4)
HGA CALL IRADS5#{12,FNBUF,FNAMR)}
q541 G070 2

1 DO 3 IRD=1,NFILES
READ(1,1902)FNBUF
CALL IRADSY(12,FNBUF,FMBUF}
RTNAM(IRD )=FMBUF

3 CONTINUE

2 CONTINUE
READ(1,i@81)CINDEX(I),I=1,NROW)
READ(1,1491)(ICHAN(I),I=1,NCHAN)
READ(1,1981)(FPOS({I),I=1,NCHAN)}
READ( 1,801 (VELANCI),I=1,VELNUM}

20 5 IPL=1,NROV

READ(L, 1OO2)FNBUF

CALL TRADS#(12,FNBUF,FMBUF)
5 FHAMZS(IPL y=FMBUF
DO 6 ILP=1,VELNUM
READ(1,100U2)YFNBUF
CALL IRADSg{12,FNBUF,FMBUF)
VELNAMCILP }=FMBUF

o

READ IN HEADER INFO

OO0

READ(1,1901 }NOCHAN,IGCODE,IUNITS,ISCODE

READ(1,1903)SROFF,RSPAC, SLSPAC,STSPAC,SDEPT,RDEPT
1533 FORMAT(GF1T.0)

READC1,1904)(HSBLK(I1),1=51,254)
1354 FORMAT(BIAL)

HSBLKW(7)=NCHAN

HSBLKW(B)=THSTRT*128-128

HSBLKW(9)=1TS12Z*128
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4675
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SET UP CONSTANTS AND REST OF RT-11
INPUT OUTPUT ROUTINES.

ITSIZO=ITSIZ-THSTRT+1
IBLKOF(1)=1
DO 14 J=2,NCHAN

15 IBLKOF(J)=IBLKOF(J-1)+ITS1Z0
LSTBLK=(ITSIZO*NCHAN)
IFSIZ=LSTBLK+1
ITLEN=ITSI1Z0/2
QNUM=NCHAN+2Z
IF(IQSET(QNUM).NE.Z)STOP 'QSET ERROR'
IFET=IFETCH{DEVNAM)
IFCIFET.NE.O)TYPE 1889,IFET

1399 FORMAT(' FETCH RETURN=',12}

IFCIFET.NE.@)STOP ° BAD HANDLER FETCH'
STACK FILE ORGANISATION

IF{USEFLG.NE.£}GOTO 28

DO 15 JJ=1,NROW

FMBUF =FMAMES(J3J)

IF(IENTER(Z2+JJ,FMBUF,IFSIZ).LT.Z)STOP' ENTER ERROR'
IF{IWRITW(Z256,BUFOUT,LSTBLK,22+JJ).LT.ZISTOP'WRITE ERROR’
CALL CLOSEC(22+JdJ)

CONTINUE

DO 38 L=1,NROW

FMBUF=FNAMES(L?}

25 IF{LOOKUP(22+L,FMBUF).LT.Z)STOP'LOOKUP ERROR'

N t=a
[

START OF THE MAIN DEMULTIPLEX LOOP

DO 999 I=1,NFILES
TERR=g
IFHUNM=1

-7

m

ORGANISATION ON A NORMAL RUN

v

2 23 M=1,NCHAN

BLXOF(M)=IBLKOF{M)}

INDZM{NROW+1)=INDEX(1}
00 48 MM=1,NROW

47 INDEX{(MM}=INDEX{MM+1)

-

SEE IF FILES TO BE ZEROED
IF{IPADNO.GT.J)GOTO 199
IFCINFLG.NE.Z)GQTO 45

THE DATA IS TO BE READ FROM TAPE THE ROUTINE TAPRED
USED IM ORDER TO COMMUNICATE WITH THE PDP-8 AND ALSO
> DO A FAST FILE TRANSFER BOTH 8->11 AND 11->8.

TAE ROUTINE ALSO RETURNS THE STATUS BYTE FOR ERROR

TN (PP
DwTm
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C AMNALYSIS BY THE ROUTINE TAPRED.
c
c
C OPEN FILE ON CH2Z FOR SDS1%
~
2114 IN=IENTER(29,FNAMR,~-1)
7111 IFCINLLT.OIWRITE(7,*)IN
J113 IF(IN.LT.@)STOP 'FNAMR ENTER ERROR'
c
C CHECIC ARNT AT EOT
c
7115 IF(IEOTR.GE.Z)GOTO 43
117 WRITE(7,1069)TPDRR, IFNUM

118 1969 FORMAT(' EOT ENCOUNTERED ON DRIVE:',I2,' FILE NO:',14)
119 WRITE(7,1061)
F128 1961 FORMAT(' ENTER NEW READ DRIVE NO:',S)

7121 READ(5, 1062 )TPDRR
2122 1962 FORMAT(I1)
5123 TEOTR=0
ai24 IF(TPDRR.GT.2)GOTO 265
¢
C CHECK IF ZERO FILES TO BE ADDED AT END OF TAPE
o
9125 WRITE(7,1063)
9127 1563 FORMAT(' ENTER NO OF ZEO FILES TO BE ADDED(I2):',$)
#5128 READ(5, 1064 ) IPADNO
3125 1054 FORMAT(I2)
3134 IF{ IPADNO.GT.Z)GOTO 108
c
¢ DO A READ
3132 43 CALL TAPRED(-1,TPDRR,STATUS,TLEN,FLEN,IFNUM, IEOTR)
G123 TF{STATUS.LT.0)WRITE(2, 158} IFNUM
5135 1058 FORMAT(' WARNING FILE NO '.14,' RETRIES FAILED')
¢ DO A WIND
7136 IF(IZ0TR.LT.G)GOTO 46
7123 CALL TAPRED(J,TPDRR,STATUS, , ,IFNUM,IEDTR)
¢ START OF MAIN BUSINESS
¢
7139 46 CALL IWAIT(28)
a1a5 CALL CLOSEC(29)
F141 45 BLY=9
@142 GCHT =0
011 THSEC=0
G144 EOFFLG=8
143 RC=.FALSE.
3145 TF(INFLG.EQ.9)IOPEN=LOCKUP( 20, FNAMR )
G143 TFCINFLG.NE. S)FMBUF=RTNAM( FNUM)
3155 TFCINFLG.NE.O)TOPEN=LOOKUP( 20, FMBUF )
4152 iFCIOPEN.LT.A)WRITEC7,*) IOPEN

154 IFCIGPEN.LT.O)STOP'FNAMR LOOKUP ERROR'
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2196
7197
7198
g199
7281
o203
vzo5
7206
9207
9208
#2089
6218
9212
g213
9214

2215
B2le
az217
8219
@221
9223
2224

2226
8227
g228
2229
a239
@231
8232
2233
0234
7235
8236
2238
#239
248

C

- e
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COME HERE IF WANT TO DEMUX ALL THE FILE
C WITHOUT FULL ERROR CHECKING SWITCHED ON?

214

215
1938

216

o0O0O0

c
c
C
C

CONTINUE

IHSEC=THSEC+1

CALL DMX

IF(IERR.NE.#)GOTO 215
IF(IHSEC.GE.ITSIZ)GOTO 239
IF(EOFFLG.EQ.2)GO TO 238
CALL DBLBUF(BUFF)

GO TO 214

CALL IWAIT(20)
WRITE(2,1030)IFNUM
FORMAT(' ERROR ON FILE:',I4,' FOUND GOING INTO RECOVERY MODE')
IF(NRECOV.EQ.2)GOTO 100

DO 216 LLZ=1,NCHAN
NBLKOF(LLZ)=IBLKOF(LLZ)
GOTO 46

COME HERE IF WANT TO DEMUX ALL THE FILE
WITH FULL ERROR CHECKING SWITCHED ON

228

CONTINUE

IHSEC=IHSEC+1

IF (IHSEC.GE.IHSTRT)CALL DEMUX
IF(IHSEC.GE.ITSIZ)GOTO 23&
IF(EOFFLG.EQ.2)GOTO 238

CALL BUFSCN(BUFF,1,IFNUM)
IF(IERR.GE.Z)GOTO 224

C BLANK PARTS OF FILES WITH FATAL ERRORS

109

1920

125

o

CALL VCLR(#®,1,128)

CALL APWR

CALL APGET(BUFOUT,?,128,2)
WRITE(2,1928)IFNUM

FORMAT(' FILE. NUMBER ',I4,' DELETED')
CALL APWD

DO 125 JZ=1,NCHAN

NCH=INDEX({FPOS(JZ))

IBLK=IBLKOF{J2Z)

DO 125 LZ=1,ITSIZO
IF(IWRITW(256,BUFOUT,IBLK,22+NCH).LT.&)STOP 'CLEAR ERR'
IBLK=IBLK+1

CONTINUE

IPADNO=IPADNO~1

C WRITE OUT HEADER BLOCK AND CLOSE DOWN COMPLTED GATHER FILE
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c
#9241 230 FMBUF=FNAMES(INDEX(1))
g242 IF(IWRITE(128,HSBLK,&,22+INDEX(NROW)).LT.Z)STOP 'HSBLK ERROR’
g244 IF(USEFLG.EQ.Z.AND.FNUM.LT.NROWIGO TO 998
g245 CALL CLOSEC{22+INDEX(1))
g247 IF(OUTFLG.NE.Q)GOTO 248
I
C WRITE OUT GATHER FILE TO TAPE
"
#2409 FLEN=LOOKUP{21,FMBUF)
9259 IF(FLEN.LT.2)STOP' FMBUF LOOKUP ERR®
9252 CALL TAPRED(1,TPDRW,STATUS,TLEN,FLEN,IFNUM,IEOTW)
§253 CALL CLOSEC(21)
B254 IF(IEQOTW.GE.O)GOTO 235
32586 WRITE(7,1080)TPDRW, IFNUM
g257 1080 FORMAT(' EOT ON ORIVE:',12,' FILE NO:',I4)
g258 WRITE(7,1281)
g259 1981 FORMAT(' ENTER NO OF NEW WRITE DRIVE:',S)
#2685 READ(5,1962)TPDRY
G261 IEOTW=0
gze2 IF(TPDRW.GT.2)GOTO 265
g264 235 IF(STATUS.GE.Z)GOTO 249
9285 WRITE(2,10879)IFNUM
g257 1974 FORMAT(' WRITE ON FILE ',14,' FATAL ERROR')
g253 GOTO 265
F260 247 IF(FNUM.NE.VELAN{VNUM))GOTO 25%
r
C SET UP A VELOCITY ANALYSIS FILE
¢
5271 DBLK{(1)=FMBUF
9272 DBLK{( 2)=VELNAM(VNUM)
g273 IF{IRENAM(21,DBLK).GT.2)STOP 'RENAME ERROR‘
F275 YHUM=YHUM+ 1
H276 TF(IENTER(22+INDEN(1),FMBUF,IFSIZ).LT.#)STOP 'ENTER ERROR'
#2782 IF(IWRITE(256,BUFOUT,LSTBLK,22+INDEX(1)).LT.8)STOP 'WRITE ERROR'
7237 CALL CLOSEC(22+IMDEX(1))
J091 259 CONTINUE
g282 IF(LOOKUP(22+INDEX(1),FMBUF).LT.#)STOP'LOOKUP IND ERROR'
c
C CLOSE DOWN FILE 22 AND GO TO NEXT INPUT FILE IF REQU'D
c

328 FNUM=FNUM-+1
CALL CLOSEC(249)
3 CONTINUE
5 DO 2649 LL=1,NROV
Y CALL CLOSEC(22+LL)
WRITE(Z,10T1)0INDEX(I), I=1,NRCW?
STOP? 'MORWMAL TERMINATION'
END
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gz
2882

7983
ey pa
geas

7985

D

[ EPEw]

097
2533
7999
9911
9912
ae14
15
2916
9917

FO
Fo
oy
EA

OGOOO0OO0
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SUBROUTINE DEMUX

INTEGER*2 CHOFF(38),GANADD,FPOS(38),NBLKOF(38),
%EOQOFFLG,GAINS(384%),ICHAN(38),GSAVE(39), INDEX{31),GCNT

REAL*4 BUFOUT(256)

LOGICAL*1 RC

COMMON /SUBS/GAINS,GSAVE,MSMPIN,EOFFLG,IFDIR,IERR,
#IERFLG,ISPOS,RC

COMMON /DECOM/BUFOUT,CHOFF,ICHAN,FPOS,NCHAN,NBLKOF,INDEX,GCNT,
#IHSTRT, IHSEC

O DEMUX AND BRING IN THE SAVED GAINS

NCH=%

NIN=128
IF(EOFFLG.EQ.2)ININ=NSMPIN
NOQUT=2*NIN
IF{(NOUT.EQ.2}RETURN

CALL APWD

CALL VFLT(4352,1,4352,1,3849)
CALL APWR

CALL APPUT(GAINS,Z,3844,1)

RM THE DEMUXED NOS INTO R*4 RERPRESENTATION

R EACH CHAMMEL IN TURN AND THEN WRITE THEM

T TO DISC. THIS IS DONE FOR 128 SAMPLES OF

CH CHANNEL WHICH ARE EXPECTED TO BE IN THE A.P.

CALL APWD

DO 15 NJ=1,NCHAN

[ICHADD=CHOFF(ICHAN(NJ)?}

ZANADD=NCHADD-4352

CALL VBINSC(NCHADD,1,NCHADD,!,GANADD,1,NIN}
CALL APWR

CALL IWAIT(22+NCH)

MCH=INDEX(FPQOS(NJ))}

CALL APGET(BUFOUT,NCHADB,NIN, 2}

CALL APWD
IF{IWRITE(NOUT,BUFOUT,NBLKOF({NJ}»,22+NCH)}.LT.F3ISTOP 'DEMUX ERROR’
NBLKOF (NJ)=HNBLKOF(NJ)+1

CCONTINUE
CALL TWAIT(2Z+NCH)
RETURN

END
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2091 SUBROUTINE DMX

a8g¢e INTEGER®2 CHOFF(38),FPOS(3%),NBLKOF(30),GCNT,EOFFLG,
%GAINS({3842),ICHAN(308),GSAVE(30), INDEX(31)

BHg3 REAL*4 BUFOUT{256)

gF54 LOGICAL*! RC

goes COMMON /SUBS/ GAIMNS,GSAVE,NSMPIN,EOFFLG,IFDIR,IERR,
SIERFLG,ISPOS,RC

Z50% COMMON /DECOM/BUFOUT,CHOFF,ICHAN,FPOS,NCHAN,NBLKOF, INDEX,GCNT,
#IHSTRT, IHSEC

DO DEMUX AND BINARY SCALING

OO

NCH=g

NIN=128
IF(EOFFLG.EQ.2)NIN=NSMPIN
NOUT=2*NIN
IF{NOUT.EQ.Z)RETURN

CALL APWD

CALL APPUT{GSAVE,49%6,34,1)
CALL APWD

CALL DMH{A(4996,4352,128,GCNT,IFDIR,NIN)
CALL APWR

CALL APGSP(IERR,15)
IF{IERR.NE.Q)IERR=]
IF(TERR.NE.ZIRETURN

CALL APGSP{GCNT,3}

CALL APGSP{IFDIR,4)

CALL APGET(GSAVE,4996,39,1)
CALL TWAIT(28)
IF{IHSEC.LT.IHSTRT)GOTO 24
NCHADD=CHOFF{ ICHAN{1 )}

CALL APGEZT{(BUFOUT(1),NCHADD,NIN,2}
TIN=129

100T=1

IF{NCHAN.EQ.1G0TO 29

XTRACT EACH WANTED CHANNEL AND PUT ON DISC

(SRS RS
v

DO 14 NJI=2Z,NCHAN
H3l=NJ~1
HCHADD=CHOFF (ICHAN(NJ})
CALL IVAIT(22+HCH)
CALL APGET{(BUFOUT{(IIN),NCHADD,NIN,2?
HCH=INDEX(FPOS{NJI1)}
IF{IWRITE(HOUT,BUFOUT{IOUT},NBLKOF{NJ1},22+NCH).LT.Z)STOP 'DMX"’
NBLKOF(NJI)=NBLKOF{(NJ1)+1
IT=I1IN
TIN=10UT
IoUT=IT
19 CONTINUE
27 MNCH=INDEX{FPOS{(NCHAN))
CALL APWD
IF{IWRITE(NOUT,BUFOUT(IOUT),NBLKOF(NCHAN),22+NCH)}.LT.Z)STOP 'DMX"’
NBLKOF ( HCHAN Y=NBLKOF ({NCHAN)+1
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goed I RC=.NOT.RC

G¥s3 CALL IWAIT{22+NCH)
gE52 ETURN

a7 END
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a1 SUBROUTINE DBLBUF(BUFF)?
goge VIRTUAL BUFF(8448)
29493 INTEGER®*2 BUFF,EOFFLG,BSST,BLST,SPOS,BSST!,
%RST,SYNC,OLAP,BLK,GSAVE(38@),GAINS(3844)
ogga LOGICAL*1 RC
THOE COMMON /SUBS/GAINS,GSAVE,NSMPIN,EOFFLG,IFDIR,IERR,
ZIERFLG,ISPOS,RC
496 COMMON /BUFCOM/FBSST1,FBLST,F256,F256D,FBSST,F1,F4897,
#%BSST1,BLST,OLAP,RST,BLK
ogn7 DATA SYNC /"177777/
c
C THIS ROUTINE CONTROLS THE DOQUBLE BUFFERING SCHEME USED
C TO TAKE DATA FROM DISC AND PUT IT IN TO THE AP
C WHEN IT IS NEEDED. IT IS ALSO RESPONSIBLE FOR CHECKING
C THE SYNC WORDS AND EXTRACTING THE GAINS AS INTEGERS FOR USE
C
c
T CSET UP THE START OF THE BUFFER
c
9588 SPOS=BSST1
28999 IF{.NOT.RC)SPOS=BLST
C
C DO A BUFFER SCAN WHEN THE INPUT PROCEDURE HAS NOTIFIED EOF
C
go11 IF(EOFFLG.LE.Z)GOTO 5%
ggi3 ISMPIN=g
g914 IPOS=SPOS
o915 DO 42 L=1,NSMPIN
9913 IF(BUFF{IPOS).NE.SYNC)GO TO 68
g913 IPOS=1IP0OS+32
ggia IF(IPOS.GT.8448)IP0OS=IP0S-8192
7521 ISMPIN=ISMPIN+1
4922 47 CONTINUE
9823 GOTO 5%
U224 €7 NSMPIN=ISMPIN
g925 BF CONTINUE
C
C. PUT A BUFFER INTO THE A.P. AND START THE READ TO FILL
C THE ScCOND BUFFER FOR USE NEKT TIME
C
IF{RCICALL APPUTA(H,4096,1,FBSSTI1}
TFC.NOT.RCICALL APPUTA(Y,OLAP 1 ,FBLST)
TFL.NOT.RC)ICALL APPUTA(OLAP,RST,1,F256)
IF(EOFFLG.GT.@)YEOFFLG=2
IF(EOFFLG.GT.Z)RETURN
IF(EOFFLG.LT.J)EOFFLG=
IF(EOFFLG.GT,.OIRETURN
FINP=F255D
IFC.NOT.RCIFINP=FBSST
IIH-1?EADA(75 44096,BLK,FINP)
BLK=BLK+16
c
C CHECX INFO RETURNED FROM INPUT ROUTINE
< FOR ERRORS AND Ajl EOF SITUATION
SCRTRAN IV Vo2.94 THU 98-JAN-81 90:43:51 PAGE 982
c
IF(IIN.EQ.4296)RETURN
IF(IIN.GT.RST)GOTO 148
IF(IIN.EQ.-1)IIN=Z
IF(IIN.LT.@)WRITE(7,*)IIN,BLK
IF(IIN.LT.@)STOP " READ ERROR'
EOFFLG=1
PSIPIN (OLAP+TIIN)/32

“ P iy

Lo
o
=

OFFLG=-1

{IN=TIMN-RST

NSMPIN=IIN/22
RETURY

_HD
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3091
2992z

4993

g804
AT

fofifos2

3597
3598
LEGT
I3

(e RSN @]

OO

(SN RS

O

SUBROUTINE BUFSCN(BUFF,ICODE,FDONE)
VIRTUAL BUFF(B8448)

INTEGER»*2 BUFF,GAINS(3848),GSAVE(30),SPOS,EQFFLG,DMXBUF(3842),
ZFRAME(33),FDONE

LOGICAL*1 RC,IF(2},IBYT(2),IBYTE(2),FRAMEB(66),IBSYNC
EQUIVALENCE (IWORD,IF(1}),(IWORDF,IBYT(1}},(IWORDB,IBYTE(1)),
#(FRAME(1},FRAMEB(1))

COMMON /SUBS/GAINS,GSAVE,NSMPIN,EOFFLG,IFDIR,IERR,
ZIERFLG,SPOS,RC

COMMON/BUFS/NUERR,NALOW,ITIC

DATA ISYNC/"177777/,1BlAS/15/

DATA IBSYNC/"377/

IF(ICODE.GT.Z)GOTO 1

ICHCK=1

ICD=9

LPINT=0

FRAME(33)=BUFF{SPOS+1)

SPOS=SP0OS+2

ITBIAS=BUFF{(SPQOS+z24}/2%*2

ITCONT=¢

NERR=#

GSAVE(38)=38¢

CALL FRAMFL{(BUFF,FRAME,1,33,-1}

DATA CHECKX AND GAIN PREPARATION SUBROUTINE

S

1 IGSCHK=GSAVE{ICHCK)
LDONE=g
5 LDONE=LDONE+1
IF(LPINT.GT.0)GOTO 199
FRAME(1}=FRAME(33)}
CALL FRAMFL(BUFF,FRAME,2,33,ICD}

YNC TEST

£EQ.2)GO0T0 99

2).ME.ISYNC)GOTO 29
66).EQ.IBSYNC)IGOTO 38

19)FDONE

ILE NO:',I4,' ERROR DETECTED')

il
BN Ny I

[
Syt

1Y

= (1)~ ()

LD e bt

Q3 A

PRSP
T M
> mzc 2O
-~
-~

£3T FOR TYPE OF DATA CORRUPTION

24 IF(LDOMNE.EQ.128)GOTO S84
IF{NERR.GT.MUERR)GOTO 160
HERR=NERR+1
NFER=9

25 DO 49 [=1,32
TVORDB=FRAME(I)
IF{IJORDB.NE.ISYNC)GOTO 58
IWORDE=FRAME(TI+1)
IFCIBYTE(2).NE.IESYNC)GOTO 54

ETECT PATTERN OF BYTES LOST
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9353
7951
a952
7953
gg54
G355
Fgs7
gg52
ggga
SECISH
3H62
9054
Y65

c

[e¥eXe]

[PEeNY]

OO

(]

v vE2.o4 THU #8-JAN-81 £8:44:17

IND=1
DO 68 L=1+1,33
FRAME(IND)=FRAME({L}
IND=IND+1

62 CONTINUE
IF{ICD.EQ.3)GOTO 86

65 CALL FRAMFL(BUFF,FRAME,IND,33,ICD)
ICD=g
IF(EOFFLG.EQ.2)GOTO 8¢
GOTO 6

54 TF(IBYTE{(1).NE.IBSVYNC)GOTO 79
IWORDF=FRAME(I+1)
IF{IWORDF.NE.ISYNC)GOTO 7¢&

ODD BYTE LOSS OR GAIN DETECTED

IND=1
IF(I.EQ.32)GOTO 85
DO 88 L=I+2,33
IWORDB=FRAME(L)
IF(23=1IBYT(1)}
IF(1)=1IBYTE(2)
FRAME(IND)=IWORD
IWORDF=IWORDB
IND=IND+1

88 CONTINUE

33 IF(ICD.EQ.3)ICD=1
IF(ICD.EQ.1)GOTO 65

35 CALL FRAMFL(BUFF,FRAME,IND,33,2}
1CD=3
IF(EOFFLG.EQ.2)GOTO 99
GOTO 6

79 IF(IBYTE(2).NE.IBSYNC)GOTC 44
IWORDF=FRAME(I+1)
IF(IBYT(1).NE.IBSYNC)IGOTO 44

COMMUNICATICN ERR POSSIBLE
WRITE(Z2,1024)FDONE
- AT(

CHECK TO SEE IF OK TO SEARCH FURTHER
AHEAD IN ATTEMPTING TO REESTABLISH CONTACT

47 CONTINUE »
IZ{NFER.GT.NALOW)GOTO 169
NFER=NFER+1
FRAMZ(1)=FRAME(33)

CALL FRAMFL(BUFF,FRAME,2,33,0)
IF{EOFFLG.EQ.2)GOTO 158
GOTO 25

POSSIBLE COMMUNICATION LOSS FILE NO:',I4)

PAGE 2822
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Is)spopt SUBROUTINE FRAMFL(BUFF,FRAME,IST,IFIN,ICODE)
pae2 VIRTUAL BUFF(8448)
gga3 INTEGER*2 FRAME(33),SPOS,BUFEND,EOF,BUFF,GAINS(38448),GSAVE(32),
%EOFFLG,BSST1,BLST,OLAP,RST
g554 LOGICAL*1 RC,IF(2),IBYT(2),IBYTE(2)
P55 EQUIVALENCE (IWORD,IF(1)),(IWORDB,IBYTE(1}),(IWORDF,IBYT{1)})
Jo886 COMMON /SUBS/GAINS,GSAVE,NSMPIN,EOFFLG,IFDIR,IERR,
ZTERFLG,;SPOS,RC
azp7 COMMON/BUFCOM/FBSST! ,FBLST,F256,F256D,FBSST,F1,F4997,
%BSST!,BLST,OLAP,RST,IBLK
9993 IF(ICODE.GE.Z)GOTO 1
aoly BUFEND=8449
#y11 IBEG=4097
agiz2 EOF =4
913 RETURN
c
C FILL FRAME IN NORMAL CIRCUMSTANCES
c
914 1 IF{EQFFLG.EQ.2)RETURN
ngie iF(ICODE.GT.1)GOTO 14
F318 IF(ICODE.EQ.1)FRAME(IST)=IWORDF
Jg24 IF(ICODE.EQ.1}IST=IST+1
Y22 DO 24 I=IST,IFIN
g523 FRAME(I»=BUFF(SPOS)
Fg24 SPOS=SPOS+1
1923 IF{SPOS.LT.BUFEND}GOTO 29
8927 IF(EOF.GT.2)GOTO 54
4329 IBEG=4096-1BEG+2
Y3 FINP=F1
o931 IF{IBEG.EQ.4097)FINP=F4097
JH33 IN=1READA( 24,4096, IBLK,FINP)
Ji34 CALL IWAIT(28)
gy3s IBLK=IBLK+16
1386 SPOS=IBEG
2937 BUFEND=SPOS+IN

EOF =g
IF(IN.EQ.4596)G0TO 28
IN=IR+1
SIFCINLLT.Z)STOP 'READ ERRS
EOF=1

23 CONTINUE
RETURN

BYTE LOST PATTERN FRAME FILL

TOO

17 IF{ICODE.EQ.2}IWORDF=FRAME(33)
D3 44 1=IST,IFIN
IWORDB=BUFF(SPOS)
IF{2=1IBYT(1)

IF(1)=1IBYTE(2)
FRAME(I)=TWORD
IWVORDF=1WORDB

$P0S=8P08S+!1
IF(SPOS.LT.BUFEND)GOTO 49

v V@2.94 THU 88~JAN-81 pQ:45:082 PAGE gO2

IF(EOF.GT.0)GOTO 5¢&
I1BEG=40G66-1BEG+2
FINP=F1
IF(IBEG.EQ.AQ97)FINP=F4g97
IN=IREADA(2H, 4996, IBLK,FINP)
CALL IVWAIT(20)
IBLK=IBLK+15
SPOS=IBEG
BUFEND=SPOS+IN
EOF=j1
IFCIN.EQ.4996)GOTO 48
IN=IN+1
IFCIN.LT.Z)STOP' READ ERRW'
ENF=1

47 CONTINUE
RETURN

RETURN
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JgG1 SUBROUTINE TAPRED(ICOM,IDRV,ISTAT,ITLEN,ILEN,IFNUM,IEOT)

TAPE HANDLING SUBROUTINE

1COM IS THE COMMAND SIGNAL

-1 IS A READ,Z IS A WIND,1 IS AWRITE

IDRV IS THE DRIVE BEING USED

ISTAT IS THE STATUS ON RETURN

ITLEN IS THE TIME LENGTH OF A FILE READ

ILEN IS THE BLOCK LENGTH OF A FILE READ OR WRITTEN

OGO GO0O0N

IMTEGER*2 MASK{3),ESTATI

LOGICAL*1 ISTAT,COM(4),SDSCOM(8),IDRV,ITLEN,ECOM(4),
SIFLEN,ESTAT,ERRS(8)

Ly DATA MASK/"1,"2,"4,"10,"28,"490,"1908,"209/
. BBE5 DATA sDscom/"@,"1,"2,"3,"4,"5,"6,"7/

Agge DATA ERRS/"377,"377,"377,"377,"377,"377,"377,"377/

bsgofsmy ITRY=¢

grI8 IF(ICOM) 10,398,289

uE

O wWw
(R

O

ECTION CONTROLLING A READ

CHECK THAT ONLY A FEW RETRIES ARE ATTEMPTED

OGOOaOO0

TAGY 19 ITRY=ITRY+1

SET UP CCMMAND FOR READ

OO

COM{1)}=SDSCOM( 4)

coMi2l=9g

COM{3)=IDRV

COM(4)=-1

CALL SDS1J(COM,ISTAT,ITLEN,ILEN)
IF(ISTAT.EQ.¥)RETURN

ZRRCR DETECTED ON READ

(e EeNe]

[N ONS]
-
K}

=ISTATI.AND.MASK(6?
THP.RE.Z)GOTO 18
P=ISTATI.AND.MASK(2)
ITMP .EQ.JIRETURN

IF CRC ERROR FOUND REWIND TAPE AND RETRY

GO0

VRITECZ,2019 ) 1FHUM
2913 FOhMaT(‘ FILE NO ',14,' CRC ERROR REWINDING')
IFCITRY.GE.2)GOTO 130
ECOM{1)=SDSCOM(5)
ECOM(2)=1
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Fg31 ECOM(3)=IDRV
8832 ECOM{4)=0
JE33 CALL SDS10(ECOM,ESTAT, ,
B34 GOTO 1@
C
C WRITE SECTION
C

29 ITRY=ITRVY+1
IF{ITRY.GT.3}G0TO 1384
COM{ 1)=SDSCOM( 7}
TFLEN=(ILEN+3)/4
COM(2)=IFLEN
COM(3)=IDRV
COM(4)=1
CALL SDS1g(COM,ISTAT, , ?
IF{(ISTAT.EQ.Z)RETURN

C
C WRITE ERROR DETECTED
C
ggie ISTATI=ISTAT
HO47 GOTO 44
Sgas 79 1TMP=1STATI.AND.MASK(6}
ggace ITMPI=ISTATI .AND.MASK(2)}
jog-yag IF(ITMP .EQ.Z.AND.ITMPI.EQ.Z)RETURN
c
C REPORT AND RETRY
c

WRITE(2,2028)IFNUM
2425 FORMAT(' FILE NO ',I4,' WRITE CRC ERR RETRY PROPOSED')
ECOM(1)=SDSCOM({6)
ECOM{2)=2
ECCM{3}=1DRV
ECOM(4)=0
CALL SDS1G(ECOM,ESTAT, , ?
NBUF =8
IFLENE=L®
IPAD=327060
CALL TWRIT(ERRS,NBUF,ESTAT,IPAD,IFLENE,IDRV)

GOTO 29
c
2 WIND FOWARD ONE FILE
c

25 COM{1)=SDSCOM(5)

CoM{zZ)=1

COM(3)=1DRV

CoM{4)=0

CALL SDS1G(COM,ISTAT, , )
C
C CLEAR IRRELEVANT BITS FROM ERROR BYTE
p

ISTAT=ISTAT.AND..NOT.MASK{(E)
IFCISTAT.EQ.2)RETURN
ISTATI=ISTAT
IF(ISTAT.NE.Z)GOTO 40
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¢
C IF ISTAT=g REWIND AND SET UP FOR NEXT READ
¢
¢ AS THIS WAS A DATA FILE NOT A SHORT RECORD
¢ .
9073 ECOM(1)=SDSCOM(6)
9876 ECOM(2)=1
577 ECOM(3)=1DRV
7978 ECOM( 4)=8
3973 CALL SDS1@(ECOM,ESTAT, , )
3085 35 RETURN
C IN THIS SECTION THE MAIN TAPE ERRORS ARE
C HANDLED SUCH AS:= TAPE BUSY,TAPE OFFLINE
C BOT,EOT
¢
C TAPE BUSY SECTION...AFTER CLEARING BOT FLAG
5581 47 WRITE(2,1018)ISTATI, IFNUM
5982 1515 FORMAT(' STATUS=',I3,' FILE NO=',14)
5433 ISTATI=ISTATI.AND..NOT.MASK(4)
5384 ITMP=ISTATI.AND.MASK(5)
593t IFCITHP.EQ.Q)GOTO 84
5987 99 ECOM(1)=SDSCOM(1)
7538 ECOM( 2 }=9
7530 ECOM(3}=1DRV
99z ECOM( 4)=0
5091 CALL SDS10(ECOM,ESTAT, , )
¢
C HAVING EMAMINED STATUS IF TAPE STILL
C BUSY, LOOP AGAIN,IF NOT TRY COMMAND AGAIN
C
5992 ESTATI=ESTAT
2732 ITMP=ESTATI.AND.MASK(5)
3954 IFCITMP . NE.9)GOTO 99
979z IF(ICOM)Y 18,39,20
c
C TAPE OFFLINE
3297 2O ITMP=ISTATI.AND.MASK(1)
7595 IFCITHP.EQ.9)GOTO 100
LRV TYPE 1901, I0RV
F15° 1081 FORMAT(' TAPE DRIVE '.I1,' OFFLINE')
c
A 4AVING ANNOUNCED ETRROR SKIP UNTIL CORRECTED
R SCOM( 1)
(ECOM,ESTAT, .
ESTATT—ESTAT
ITMP=ESTATI.AND.MASK(1)
TFCITHP . NE.U)GOTO 119
FORTRAN 1V vo2.94 THU £8-JAN-81 0@:45:28 PAGE 9774
G111 IFCICOM) 18,234,280
¢ EOT
c

Z11iz 19 ITMP=ISTATI.AND.MASK(3)
@113 IFCITMP.EQ.Q)GOTO 128

2115 TYPE 1422, IDRYV

a116 1092 FORMAT(' EOT ON DRIVE ‘,I1)}
2117 TEOT=-1

Fi14a HETURN

gris

o

TRy IFLICOM) 54,35,78

T2

ZIRROR EXIT RETURN

(@]

125
24

LN *2]

ATi=
TURN

21
= s e,

71737 e



LTITLE  ISWAP
.GLOBL ISWAP,IGCHK,IGAIN,IDIRG

ISWaP: MOV 82(R5),RH
SWAB REZ
RTS PC
IGCEK: MOV @2{R57,RH
TSTB RY
BPL i35
MY #1,04(R5)
IR 28
ig: Moy #~1.,,@4(R5)
23 31C #177768 ,RY
RTS PC
INIRG TST @2(RS5)
BPL 33
MoV #1,RE
RTS pC
3% MoV #-1.,R@
RTS PC
IGAIN: MoV @2(R5),RH
ASR RE
BCC 43
ADD @6{(R5),B4(R5)}
45: TST RA
3P 53
ADD #1,RY
Eaen ASL 1)
TS pC

L2MND
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Page 167

¢—- MPSORT

Input file€......DK1:MPSORT.DAT

Log file..se.s...Dk1:MPSORT.LOG

Input Parameters

READ(1, 1000)NFILES,NCHANI,NCHANO,NROW, TPDRR, TPDRW

1000 FORMAT(12I5)

NFILES...Number

NCHANI...Number

NCHANO. . .Number

NROW.....Number

of

of

of

of

input files for sorting
channels in input files
channels to be output

rows in sort matrix

TPDRR....Input tape drive

TPDRW....Output tape drive

READ( 1, 1000) ISECIN, ISBLKO, IFBLKO,USEFLG, INFLG,OUTFLG, IGCODE

ISECIN...Number of half second(128 sample) blocks in

data

ISBLKO...First half second block to output

IFBLKO...Last half second block to output

USEFLG...New run, restart flag

0 - New run

1 - restart of previous run using old temporary

files

S0

"
Y

input

t
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INFLG....Input flag
0 - Input from tape
1 - input from disc
QUTFLG...OQutput flag
0 - output to tape
1 - output to disc
IGCODE. ..Gather code for type of gather formed by this sort

run

READ(1, 1000) (INDEX(I),I=1,NROW)

INDEX....Sort file sequence

If USEFLG 0 input sequence 1...NROW

If USEFLG 1 Input sequence from last 1line of

previous log file

READ( 1, 1000) (ICHANO(I),I=1,NCHANO)

ICHANO...Input channels which are to correspond to the output

channels 1 to NCHANO in order.

READ(1,1000) (IPOS(I),I=1,NCHANO)

IPOS.....Sort position of each of the output files

Can take values from 1 to NROW

READ( 1, 1001)FBUF

1001 FORMAT(3Al4)




FBUF.....If INFLG

0 Temporary file for tape input

INFLG 1 Input files from 1 to NFILES

READ(1, 1001)FBUF

FBUF.....If OUTFLG

0 Not present

OUTFLG 1 Qutput files from 1 to NFILES

READ(1,1001) (TPNAM(I),I=1,NROW)

TPNAM....Temporary files for sort
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C
C M J POULTER OCT 88
C MPSORT.FOR... THIS IS A
C GENERAL PURPOSE SORTING PROGRAM FOR
C SEISMIC DATA FILES
~
Ecpifopd VIRTUAL RDNAM(280),WRTNAM(288),TPNAM(24)
apBRe REAL *8 FSPECR,FSPECW,FMBUF,RDNAM,WRTNAM, TPNAM
5£H3 REAL*4 DEV,FNBUF(3),SEIS(2948)
G384 INTEGER*2 IHBLK{256),IBLKO(24),IBLKI(24),ICHANO(24),
#IPOS(24),USEFLG,INFLG,OUTFLG, INDEX(25),FLEN
G295 LOGICAL>*1 ISTAT,TLEN,TPDRR,TPDRW,LBLK{(512),1GCODE
JE8Y5 EQUIVALENCE (LBLK(1),IHBLK(L}}
d5GF7 DATA DBEV/3RRK /
c
C SET UpP 1/0
C
ga598 IFCICDFN(58).NE.Z)STOP' CHANNEL SET ERROR'
71y IFCIFETCH(DEV).NE.Z)STQP'FETCH ERROR'
agl1z CALL ASSIGN{1,'DK2:MPSORT.DAT',14)
7913 CALL ASSIGN(2, 'DKZ2:MPSORT.LOG',14)
FI14 IRD=22
4518 IWRT=21
ga1s IEOTR=8
aYY7 1E0OTW=8
C
C READ INPUT DATA
C
Bgl3 READ(1,190UINFILES,NCHANI ,NCHANO,NROW, TPDRR, TPDRW
4719 1959 FORMAT(1215)
ag29 READ(1,1990)YISECIN,ISBLKO,IFBLKO,USEFLG, INFLG,OUTFLG, IGCODE
gg2t READCL, 1808 INDEX(1),I=1,NROW)
gza2 READ(L, 1889 (ICHANOCT ), I=1,NCHANO)
gFy2s READ(1,19083(IPOS{1),1=1,HCHANO)
I
C READ FILEZ GPECS
c

IFCINFLG.NE.J)GOTO 19
READ(L,1001)FNBUF
1791 FORMAT(3A4)
CALL IRADSH(12,FMNBUF,FSPECR?
GOTO 15
19 DO 2% J=1,NFILES
READ(L,1901)FNBUF
CALL IRADSO(12,FNBUF,FMBUF)
RDOMAM{J )=FMBUF
CONTINUE
IF{QUTFLG.EQ.Z)GOTO 3%
00 35 J=1,NFILES
YEAD( 1, 1981 YFNBUF
CALL IRADSZ(12,FHBUF,FMBUF)
VRTNAM{ Iy =FMBUF
35 CONTINUE
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READ ARRAY SORT FILE SPECS

i
c
342 32 DO 44 J=!,NROW
ae43 READ(1,1001)FNBUF
gy44 CALL IRADS5H(12,FNBUF,FMBUF)
JI45 TPNAM{ J }=FMBUF
FYAS 49 CONTINUE
c
C SET UP DATA CONSTANTS
c
Bg4a7 1Sv=g
Tg438 NBLKR=(NCHANI*ISECIN)+9
gg4s HBLKW=IFBLKO-ISBLKO+!
9354 IFSIZ0=( NBLKW*NCHANG)+1
9851 LSTBLK=IFSIZO~1
gas2 NSAMPW=NBLKW*256
JH53 NBEG={( ISBLKO-1)*128
F554 NFIN=(IFBLKO*128)
C
C SET UP BLOCK POSITIGONS IN FILES
C

DO 45 J=1,NCHANO

45 IBLKI{(J)=(ICHANO(J)-1)*ISECIN+ISBLKO
IBLKO(1)=1
DO 548 J=2,NCHANO

53 IBLKO{J}=IBLKO(J-1}+NBLKW

UP ARRAY SORT FILES

[2XsXs)
%)
i
~{

IF(USEFLG.NE.ZJ)GOTC 68
DO 65 L=1,NRQW
FMBUF=TPNAM(L)
ITCH=22+L
TF{IENTER(ITCH,FMBUF,IFSIZ0).LT.Z)STOP'ENTER ERR'
TF{IWRITW(256, IHBLK,LSTBLK,ITCHY.LT.)YSTOP'"WRITE ERR’
CALL CLGSEC(ITCH)

53 CONTIHUE

34 DO 79 L=1,NROV
ITCH=22+L
FMBUF=TPHNAM(L}
IFCLOOKUP(ITCH,FMBUF).LT.g)STOP'LOOKUP ERR!

77 CONTIMUE

€

C START OF MAIN WORK LOOP

~
3377 DO 989 IFIL=1,HFILES
58738 IFNUM=IFIL
3979 INDEX(NROW+1)=INDEX(1?
Fa8H DO 1g7 J=1,1R0OW
FHG1 197 INDEM(I)=INDEN{(J+1)

3382 IF{INFLG.NE.JGOTO 105

TAPE READ CONTROL

OO0
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132 ITBLKO=IBLKO{ICH)
9123 IF{IREADW{NSAMPW,SEIS,ITBLKI,IRD}.LT.Z)STOP 'READ ERR®
133 IFCIWRITWONSAMPW,SEIS,ITBLKO,ITCH).LT.Z)STOP 'WRITE ERR'
4137 298 CONTINUE
7138 IF{USEFLG.EQ.9.AND.IFNUM.LT.NROW)}GOTO 218
F14H ITCH=INDEX(1)+22
Fi41 FMBUF=TPNAM( INDEX{ 1))
142 IF(OUTFLG.NE.®)GOTO 228
c
C TAPE QUTPUT
I'ed
F144 CALL CLOSEC{ITCH}
145 IFLEN=LOOKUP( IWRT,FMBUF)
J146 IFCIFLEN.LT.@)STOP 'FMBUF LOOKUP ERR'
J148 CALL TAPRED(1,TPDRW,ISTAT,TLEN,IFLEN,IFNUM,IECTW)
2149 CALL CLOSEC(IWRT)
9134 IF(LOOKUP{ITCH,FMBUF).LT.Z)STOP'LOOKUP ERR’
c
L EOT DETECTION
c
a1z2 IF(IEOTW.GE.Q)}GOTO 238
184 WRITE(7,184F)TPDRW, IFNUM
155 1949 FORMAT(' EOT ON WRITE DRIVE:',I2,' FILE NO:',I5)
J188 WRITE(7,10858)
4187 1958 FORMAT(' ENTER NEW WRITE DRIVE NO:',S)
g158 READ(S,1@34)TPDRV
153 IEOTW=9
5i8d IF{TPDRW.GT.2)STOP 'EOTW TERMINATION’
4162 239 IF{ISTAT.GE.Z)GOTO 218
#1864 WRITELZ,1068)IFNUM
Fles 1569 FORMAT(*® FATAL WRITE ERROR ON FILE:',I5)
4135 STOP'WRITE ERROR TERMINATION®

STORAGE ON DISC

(SRS EY]

2272 18V=ISV+l
FSPICUW=WRTNAM(ISY)
! IFCIENTER(IWRT,FSPECW,IFSIZO).LT.J)STOP 'ENTER ERROR'
Ji7 IFCIREADW( 256, IHBLK, ¥, ITCH).LT.O)STOP'TR READ ERR'
J172 TE{IWRITW(256, THBLK,8,IWRT ). LT.H)STOP'TR WRIT ERR®
7173 Do 2449 J—I,N”HANO
$176 ITBLKO=IBLKO{J)
g177 IFCIREADW(NSAMPW,SEIS,ITBLKO,ITCH)Y.LT.J)STOP'TR READ ERR'
F1749 IFCIMRITW(NSAMPYW,SEIS,ITBLKO,IWRT).LT.9)STOP'TR WRIT ERR'
F1a! 24T CONTINUE
gigz CALL CLOSEC(IVWRT)
N
¢ END OF MAIN LoOP
gige 217 CALL CLOSEC(IRD)
FIT4 933 CONTINUE
s CLOSE DOWM CODE
FORTRAN IV v32.94 THU #8-JAN-81 p@:40:39 PAGE 285

DO 258 J=1,NROVW

234 CALL CLOSEC(22+3)
WRITE(Z, 1099 INDEX(1),
STOP ' NORMAL TERMINATIO
o 3]

=

I=1,NROW?}
t L}




Pre-Stack Processing :- MPPRST

Input File.....DK2:MPPRST.DAT

Log File.......DK2:MPPRST.LOG

Input Parameters

READ(1, 1000)NFILES,NCHAN,NSAMP,NSTART, INFLG,OUTFLG

1000 FORMAT(12I5)

NFILES...Number of files to process
NCHAN....Number of channels per file
NSAMP....Number of samples per channel
NSTART...Starting sample number, from time O
INFLG....Input flag

0 - Tape input

1 - Disc input
QUTFLG...Cutput flag

0 - Tape output

1 = disc output

READ(1, 1000) TPDRR, TPDRW

TPDRR....Input tape drive

TPDRW....Qutput tape arive

READ(1, 1100)FSAMP

1100 FORMAT(F10.0)
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FSAMP....Sampling frequency, samples per millisecond

READ(1, 1200)FBUF

1200 FORMAT (3A4)

FBUF.....If INFLG = 0, Temporary file for tape read

INFLG

1, Input files, from 1 to NFILES

READ(1,1200)FBUF

FBUF....If OUTFLG = O, Temporary file for tape write

QUTFLG = 1, Output files, from 1 to NFILES

READ(1, 1000)NPROC

NPROC....Number of processes to be applied. Including any

process applied twice.

READ(1,1000) (UTLFLG(I),I=1,NUTIL)

UTLFLG...On/0ff flag for each process
1 - Process is to be applied

0 - process not to be applied

READ(1,1000) (IORD(I),I=1,NPROC)

IORD.....0Order in which processes to be applied
Input code number for process in position in which it

is wished to apply it
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For each of the processes which is to be applied, the

specific input is input next, in the UTLFLG bit set order.

1....Trace Edit

READ(1, 1000)NFILED

READ(1,1000) (IFILED(I),ICHAND(I),I=1,NFILED)

NFILED...Number of channels to be edited out
IFILED...edit channel file number

ICHAND...edit channel, channel number in above file

2....Polarity Reversal

READ(1, 1000) NCHANP

READ(1,1000) (ICHANP(I),I=1,NCHANP)

NCHANP...Number of channels in each gather with
polarity

ICHANP...Number of channel with incorrect polarity

3....Gain Ramps

e0.2t Ramp

READ(1, 1000) TAPLX

IAPLX....Application flag
0 - apply ramp

1 - remove ramp

incorrect
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te0.2t Ramp

READ(1,1000)IAPLTX

IAPLTX...Application f{lag
0 - apply ramp

1 - remove ramp

TV*#2 Ramp

READ(1,1000) IAPLTV,NLYR

READ(1,1100) (TOLYR(I),VLYR(I),I=1,NLYR)

JAPLTV...Application flag

0 - apply ramp

1 - remove ramp
NLYR.....Number of time/velocity pairs
TOLYR....Zero offset two-way travel time

VLYR.....RMS velocity at above time

4,...Mute

READ(1, 1000)NTAP

READ(1,1000) (MUTE(I),I=1,NCHAN)

READ(1,1000) (MUTET(I),I=1,NCHAN)

NTAP.....Number of points in cosine taper
MUTE.....Sample value at which to end mute, for early mute.

MUTET....Sample value to mute from, for late mute

5....5piking Deconvolution




READ(1, 1000)NFILT,ISPIKE, INORM

READ(1, 1100)WHITE

NFILT....Number of samples in the filter
ISPIKE...Spike position
INORM....Normalisation flag

0 - no normalisation

1 - Filter unit energy

2 - constant input/output energy

WHITE....Fractional pre-whitening

6....Bandpass Filtering

READ(1, 1100)FL,FU

READ(1, 1100)FTPR1,FTPR2
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FlL.......Starting frequency for lower cutoff position Hz

FU.......Starting frequency for upper cutoff position Hz

FTPR1....Length of lower cosine taper Hz

FTPR2....Length of upper cosine taper Hz

7....Bandreject filtering

READ(1, 1100)FLR,FUR

FLR......Lower frequency cutoff position Hz

FUR......Upper frequency cutoff position Hz

8....Prediction Error Deconvolution
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READ(1, 1000)NPFILT,NLAG, IPNORM

READ(1,1100)PRWHIT

NPFILToo.Filper Length in samples
NLAG.....Prediction distance, samples
IPNORM. ..Normalisation flag
0 - no normalisation
1 - Filter normalised to unit energy
2 - Constant input/output energy

PRWHIT...Fractional prewhitening

9....Normalisation

READ(1, 1000)NRMFLG

NRMFLG...Normalisation flag
0 - normalise to unit energy

1 - normalise to unit maximum amplitude
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PRE STACK UTILITY PROGRAM
THIS INVOLVES THE FOLLOWING
VHEDIT

2:POLARITY REVERSAL
StEXP(@Z.2T) AMP RECOVERY
sT*EXP(@.2T) AMP RECOVERY
:TV2*2 AMP RECOVERY

:MUTING

:DECONVOLUTION

:BANDPASS FILTERING
:BANDREJECT FILTERING
TZPREDICTION ERROR FILTERING
11 :NORMALISATION TO UNIT ENERGY OR AMPLITUDE

(RTINS IRT I 4 ) RS

REAL*8 FSPECR,FSPECW, FNAMR,FNAMO

VIRTUAL FNAMR(1808),FNAMO(192) ,EXPT(2948),TEXPT(2048),
%TVSQ(2g48),TAPER(512),BPASS(2049),BRICT(2049)

REAL*4 FBUF(3),TOLYR(28),VLYR(20),CONST(3),S5EISM{2048)
INTEGER*2 IORD(11),UTLFLG(11},IFILED(19@),ICHAND(182),
%I1CHANP(24),MUTE(24),MUTET(24),IHBLK(256},0UTFLG
LOGICAL*1 TPDRR,TPDRW,ISTAT,ITLEN

DATA DEV/3RRK /

SET UP VIRTUAL ADDRESSES

1EOTR=4
1IEOTW=8
ATAP=APGAD(TAPER(1
ATBP=APGAD(BPASS(1
ATVSQ=APGAD(TVSQ(1
ATEXPT=APGAD(TEXPT
AEXPT=APGAD(EXPT(1
1

)
)
)
(
)
ATBR=APGAD(BRJCT( 1)

)
)
)
DD
)
)

SET UP I/0 CHANNELS AND READ IN CONTROL DATA

IFCICDFN(25).NE.@)STOP'CHANNEL OVERFLOW'

CALL ASSIGN(1l,'DK2:MPPRST.DAT',14)

CALL ASSIGN(2,'DK2:MPPRST.LOG',14)

IDCH=2g¢

IDCH1=21

READ( 11,1092 )NFILES,NCHAN,NSAMP ,NSTART, INFLG,QUTFLG
18875 FORMAT(1215)

READ(1,19Rd)TPDRR, TPDRW

READ(1,1108)FSAMP
1199 FORMAT(2F10.8)

“EAD IN FILE SPECS FOR INPUT

IF{INFLG.NE.@)GOTO 1@
READ(1,1288)FBUF

1299 FORMAT(3A4)
CALL IRADS@(12,FBUF,FSPECR)
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3231 GOTO 2¢

FHIT 17 DO 3% I=1,NFILES

JH3& READ(1,1289)FBUF

3yl CALL IRADS®(12,FBUF,FSPECR)
##38 FNAMR(I)=FSPECR

BE3E 35 CONTINUE

READ IN FILE SPECS FOR OQUTPUT

[S¥ o Rt

& IF(OUTFLG.NE.?)GOTO 4¢
READ(1,1299)FBUF
CALL IRADS@(12,FBUF,FSPECW}
GOTO 5¢

49 DO 68 I=1,NFILES
READ(1,1208)FBUF
CALL IRADS@(12,FBUF,FSPECW)
FNAMO(1)=FSPECW

59 CONTINUE

READ IN JOB SPECIFIC DATA AND SET UP
THE FILTERS TO BE USED

OO0

£ NUTIL=11
ITi=92
CONST{(1)=FLOAT(NSTART)
CONST(2)=g7.2
CONST(3)=1.4/{ 1000 .9*FSAMP)
CALL APINIT
NSAMP2=2

51 IF(NSAMP2.GE.NSAMP}}GOTO 52
NSAMP2=NSAMP2*2
GOTD 51

52 CONTINUE

READ IN FLAGS FOR PROCESSES AND EXECUTION ORDER:

[P NS

READ(1,1888)NPROC
READC1,10@8@)(UTLFLG(I),I=1,NUTIL)
READ(1,198@)CIORD(I), I=1,NPROC)

N

TRACE EDIT DATA

Oy

IF(UTLFLG(1).EQ.Z)GOTO 65
READ(1,1000NFILED
READ(1,10@0@)( IFILED(I),ICHAND(I},I=1,NFILED)

POLARITY REVERSAL DATA

<

65 IF(UTLFLG(2).EQ.F)GOTO 79
READ( !, 1009 )NCHANP
READ(1,190@)( ICHANP(1),I=1,NCHANP)

EXPLO.2T)Y RAMP DATA

OO
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FA7e 73 IF(UTLFLG(3).EQ.0)GOTO 84
9a7: READ(1, 1888 )IAPLX
g973 CALL TEXRMP(EXPT,®,ITX,NSAMP,CONST,AEXPT)
9974 ITX=1
¢
C T*EXP(0.2T) RAMP DATA
[l
9575 87 IF(UTLFLG(4).EQ.0)GOTO 98
2877 READ( 1, 1008)IAPLTX
ag7e CALL TEXRMP(TEXPT,1,ITX,NSAMP,CONST,ATEXPT)
FH70 ITX=1
¢
£ TY**2 RAMP
3gs7 97 IF(UTLFLG(5).EQ.7)GOTO 109
g8 READ(1, 1000 )IAPLTV,NLYR
#983 READ(1,110@)(THLYR(1),VLVR(T),I=1,NLYR)
9584 CALL TVRMP(TVSQ,TOLYR,VLYR,NLYR,ITX,NSAMP,NSTART,CONST,
%FSAMP ,ATVSQ)
¢
C MUTE DATA
c
7985 153 IF(UTLFLG(6).EQ.¥)GOTO 119
sea; READ( 1, 1GG9)INTAP
Jage READ(1,1000)(MUTE(1),I=1,NCHAN)
330 READ{1,1088){MUTET{1),I=1,NCHAN)
3895 CALL COTAP(TAPER,NTAP,ATAP)
c
C TEZON INPUT
F73: 118 IF(UTLFLG(7).EQ.4)GOTO 128
G593 READ(1, 1889 )NFILT, ISPIKE, INORM
2291 READ( 1, 1188 )WHITE

BANDPASS FILTER

O Y

498 128 IF(UTLFLG(8).EQ.9)GOTO 138

LHg7T READ(1,1188)FL,FU
893 READ(1,11@4)FTPR1,FTPR2
ggs3 DFI=FLOAT{NSAMP2/2+1)/(FSAMP*50%.9)

FL1=FL-FTPR1

FU4=FU+FTPR2

CALL BANDPS(ATBP,BPASS,FL!,FL,FU,FU4,DFT,NSAMP2)
NTRANF=2*NSAMP2

NBFILT=NSAMP2+1

NBEXP=(2*NSAMP2}+2-NSAMP

BANDREJECT FILTER

[N

137 IF(UTLFLG(9).EQ.Z)GO0TO 148
READ(I,LI1@8)FLR,FUR
DFI=FLOAT{NSAMP2/2+1)/(FSAMP*50%.9)
NTRANF=2*NSAMP2
NRFILT=NSAMP2+1
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NBEXP=(2*NSAMP2)+2-NSAMP
CALL BANDRJ(ATBR,BRJCT,FLR,FUR,DFI,NSAMP2}

PREDICTION ERROR FILTER

143 IF(UTLFLG(12).EQ.O)GOTO 159

READ(1, 1082 )NPFILT,NLAG, IPNORM
READ{1,118@)PRWHIT

TRACE NORMALISATION

158 IF(UTLFLG(11).EQ.2)GOTO 16#&

READ(1, 1209 )NRMFLG

BLOCKING PARAMETERS

163 CONTINUE

IFED=1
NBLKW=NSAMP/128*NCHAN+1 -
NBLKR=NBLKW+5
NBLKTR=NSAMP /128

START OF LOOP ON OIFFERENT FILES

DO 222 IFNUM=1,NFILES
IFIL=IFNUM
IF{INFLG.NE.2)GOTO 219

TAPE INPUT HANDLING

") i
[AV] )
(51} -}

[SF N V]

AN
wQ~

27
1-11,-01

1392

IF{IENTER(IDCH,FSPECR,NBLKR).LT.@)STOP'ENTER ERROR’
iTRY=1

CHECK

IF(ITRY.GT.3)GOTO 227

IF(IEQOTR.GE.@)GOTO 229
WRITE(7,180@)TPDRR,IFIL

FORMAT(' EOT ON DRIVE:',I12,' FILE NO:',14)
WRITE(7,1881)

FORMAT(' ENTER NEW READ. DRIVE NO:',3)
READ{5,1882)TPDRR

FORMAT(I1)

IEOTR=%

IF(TPDRR.GT.2}STOP' EOT TERMINATION'

REZAD FRCM TAPE

2z

HcoG)

CALL TAPRED(-1,TPDRR,ISTAT,ITLEN,IFLEN,IFIL,IEOTR}
IF(ISTAT.LT.@)WRITE(2,158@)IFIL

FORMAT(' RETRIES ON READ FAILED ON FILE',I5)
IF{IEOTR.LT.®)GOTO 239

WIND OVER EOF MARK

PAGE

294
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CALL TAPRED(®Z,TPDRR,ISTAT, , ,IFIL,IECTR)

CALL IWAIT(IDCH)

IERR=8

ITRY=ITRY+1
[F(IREADW(1,IERR,&,IDCH}.LT.@)STOP ‘ERR READ. ERR'
IF(IERR.EQ."177777)GOTO 225

CALL CLOSEC(IDCH)

EN UP READING FILES

IFCINFLG.NE.Z)FSPECR=FNAMR( IFNUM)
I1F(LOOKUP( IDCH,FSPECR).LT.Z)STOP'LOOKUP ERR"

N UP OUTPUT FILES

IF(QOUTFLG.NE.J)FSPECW=FNAMO(IFNUM)
IFCIENTER(IDCH1,FSPECW,NBLKW).LT.#)STOP'ENTER ERR2'

DER BLOCK MANAGEMENT
IF(IREADW( 256, IHBLK,®,IDCH}.LT.Z)STOP'READW ERR'
IN CORRECT ORDER OF PROCESSING

IBFREE=IHBLK(24)
THBLK(129+IBFREE)=1
IBFREE=IBFREE+1
IHBLK(129+IBFREE }=NPROC -
IBFREE=IBFREE+1

DO 215 J=1,NPROC
THBLK(12S+IBFREE)=T0RD(J)}
IBFREE=IBFREE+1

CONTINUE

IHBLK(24)=1BFREE

TE OUT UPDATED HEADER

IF(IWRITW(256,IHBLK,&,IDCH1).LT.2)STOP'WRITW ERR'
JBLK=1
DO 389 ICHNUM=1,NCHAN
IF(IREADW(2*NSAMP,SEISM,JBLK,IDCH).LT.2)STOP 'READW ERR2’
CALL APPUT(SEISM,d,NSAMP,2)
CALL APWD
DO 484 IPCNUM=1,NPROC
GOTO(419,420,430,449,450,46Q,470,489,

%494 ,508,518)I0RD( IPCNUM)

CESS EDIT COMMAMDS

IFCIFED.GT.NFILED)IGOTO 499
IF(IFILED(IFED).NE.IFIL)GOTO 490
IFCICHAND(IFED).NE.ICHNUM)GOTO 408
IFED=I1FED+1

285
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CALL VCLR(@,1,NSAMP)
CALL APWR
CALL APGET(SEISM,®,NSAMP,2)

CALL APWD
GOTO 318

FOLARITY REVERSAL

42% DO 421 IP=1,NCHANP
IF{ICHANP{IP).EQ.ICHNUM)GOTO 425
421 CONTINUE
GOTO 49/
+25 CALL VYNEG(®Z,1,0,1,NSAMP)
CALL APWR
GOTO 499

AMP RECOVERY FILTERS APPLICATION AND REMOVAL

EXP(&.2T) FILTER

439 IAPL=IAPLX
CALL APPUTA{NSAMP ,NSAMP,2,AEXPT)
G0TO 455

THREAP(H.2T) FILTER

437 TAPL=TAPLTX
CALL APPUTA(NSAMP,NSAMP,2,ATEXPT)
GOTO 455

T/**2 FILTER

458 ITAPL=TAPLTV
CALL APPUTA(NSAMP,NSAMP,2,ATVSQ)}

COMMON CODE

435 CALL APWD

IF(IAPL.EQ.@)CALL VMUL(@,1,NSAMP,1,8,1,NSAMP}
IFCIAPL.NE.OICALL VDIV(NSAMP,1,2,1,8,1,NSAMP)

CALL APWR
GOTO 497

I MUTE APPLICATION

467 CALL APPUTA(NSAMP,NTAP,Z,ATAP)
CALL APWD
LMUT=MUTE(ICHNUM}
CALL VCLR(Z,1,LMUT)
CALL VMUL(LMUT,1,NSAMP,1,LMUT,1,NTAP)
CALL APWR
LMUT=MUTET{ICHNUM)
IF(LMUT.GE.NSAMP )GOTO 480

PAGE 226
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#233 NMUT=NSAMP -LMUT
9235 CALL VCLR(NSAMP-1,-1,NMUT)
2237 | CALL VMUL(LMUT,-1,NSAMP,1,LMUT,~1,NTAP)
7235 CALL APWR
2239 GOTO 498
.C
C DECON
c
o242 ' 475 CALL SPIKE(NSAMP,NSAMP2,NFILT,WHITE, INORM,ISPIKE)
g241 GOTO 480
‘e
. C BANDPASS FILTER
c
924z . 480 CALL APPUTA(4108,NBFILT,2,ATBP)
7242 CALL APWD
9244 CALL VCLR(NSAMP,1,NBEXP)
324t CALL RFFT(@,NTRANF,+1)
#246 CALL RFFTSC(@,NTRANF,3,1)
247 CALL VMUL(@,2,410%,1,8,2,NBFILT)
o248 CALL VMUL(1,2,418%,1,1,2,NBFILT)
24 CALL RFFTSC(#,NTRANF,=-3,9)
5250 CALL RFFT(@,NTRANF,-1)
2251 CALL APWR
425L GOTO 488
c
C BANDREJECT FILTER
C
5253 495 CALL APPUTA(4100,NRFILT,2,ATBR)
3254 CALL APWD
3255 CALL VCLR(NSAMP,1,NBEXP)
A756 CALL RFFT(®,NTRANF,1)
#257 CALL RFFTSC(@,NTRANF,3,1)
2250 CALL VMUL(2,2,4109,1,8,2,NRFILT)
9752 CALL VMUL(1,2,4108,1,1,2,NRFILT)
326 CALL RFFTSC(®,NTRANF,-3,8)
525° CALL RFFT(@,NTRANF,-1)
3252 CALL APWR
2052 GOTO 499

FREDICTION ERRCOR FILTER

S KN

W54 S&d CALL PRDICT(NSAMP,NSAMP2,NPFILT,PRWHIT, IPNORM,NLAG}
N GOTO 499

Z MORMALISATION

5268 513 IF(NRMFLG.EQ.Z)GOTO 515

¥268 CALL MAXMGV(Z,1,2052,NSAMP}
NS GOTO 5186

H270 515 CALL SVESQ(®,1,2958,NSAMP)

A271 CALL VSQRT(2052,1,2050,1,1)
LETL =13 CALL VDIV{(2059,.8,2,1,9,1,NSAMP)
w274 CALL APWR

274 GOTO 409
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CONTINUE I ' '
OF PROCESS LOOP

CALL APWAIT

CALL APGET(SEISM,d,NSAMP,2)

CALL APWD

IF(IWRITW(2*NSAMP,SEISM,JBLK,IDCH1 }.LT.Z)STOP'WRITW ERR2"
JBLK=JBLK+NBLKTR

CONTINUE

OF CHANNEL LOOP

CALL CLOSEC{IDCH)
CALL CLOSEC{IDCHI1)}

CJTPUT TO TAPE

IF(OUTFLG.NE.Q)GOTO 298

IFLEN=LOOKUP{( IDCHL,FSPECW)}
IFCIFLEN.LT.Z)STOP'LOOKUP ERR3'

CALL TAPRED(1,TPDRW,ISTAT,ITLEN,IFLEN,IFIL,IEOTW)
CALL CLOSEC(IDCH1)

CHECK FOR ERRORS

IF({IEOTW.GE.2)GOTO 25&
WRITE(7,1600)TPDRW, IFIL

FORMAT{(' EOT ON DRIVE:',kI2,' FILE NO:',I14)
WRITE(7,1681)}

FORMAT{' ENTER DRIVE NO FOR NEW WRITE TAPE:',S)
READ(5,1882)TPDRW

IEOTW=0

IF(TPDRW.GT.2)STOP ' EOT WRITE TERMINATION'
IF(ISTAT.GE.Z)GOTO 249

WRITE(2,1704) IFIL

FORMAT(' FATAL ERROR ON WRITE FILE NO',IB)
STGP' WRITE ERROR'

CONTINUE

CALL CLOSEC(IDCH)

CALL CLOSEC{IDCH1)}

STOP 'NORMAL TERMINATION'

END
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cra SUBROUTINE TEXRMP(FILT,IFTYP,IFLG,NSAMP,CONST,AFILT,FS)
& IF ITYP=# THIS ROUTINE PRODUCES AN EXP(Z.2T) ARRAY
¢~ NSAMP LONG IN FILT
C IF ITYP=1 T*EXP{(Z.2T)PRODUCED
: CONST(1)=NSART
¢ CONST(2)=g.2
¢ CONST(3)=1.0/( 1088 .0*FSAMP)
o)
e VIRTUAL FILT(2048)
guan DIMENSION CONST(3)
Jaga IFCIFLG.NE.2)GOTO 1#
c
2 FORM THE T RAMP
¢
2g9e CALL APWAIT
Jags CALL APPUT(CONST,8189,3,2)
FH3 CALL APWD
Ty CALL VCLR(S,1,NSAMP)
TR CALL VRAMP(8189,8191,8,1,NSAMP)
¢ FORM EXP(H.2T)
¢
X1 CALL VSMUL(Z,1,8192,NSAMP,1,NSAMP )
4012 CALL VEXP(NSAMP,1,NSAMP,1,NSAMP)
7913 IE(IFTVP.EQ.8)GOTO 28

FORM T*EXP(D.2T)

Crim

SEIR 14 CALL VMUL({NSAMP,1,d,1,NSAMP,1,NSAMP)

RERS 29 CALL APWR

‘g17 CALL APGETA(NSAMP,NSAMP,2 ,AFILT)

TH13 RETURN

P END

FORT LN IV Vg2.04 THU @8-JAN-81 0@:26:11 PAGE 971

ST N SUBROUTINE COTAP(TAPER,NTAP,ATAP) - -
é THIS ROUTINE PRODUCES A COSINE TAPER NTAP
C SAMPLES LONG

LEL VIRTUAL TAPER{(512}

e CALL APWAIT

Cagd CALL APPUT(1.4/FLOAT{(NTAP),®,1,2)

JHBE CALL VCLR{1,1,NTAP)

FEPE CALL VTSADD(1,1,2386,1,1,1)

7387 CALL VTSMUL(®,1,2306,08,1,1)

IZAs CALL VRAMP(1,P,0,1,NTAP)

CALL VvCOS(#4,1,0,1,NTAP)

CALL VTSADD(®P,1,2049,2,1,NTAP)
CALL VTSMUL(®@,1,2327,8,1,NTAP)
CALL APWR

CALL APGETA(Z,NTAP,2,ATAP)
CALL APWD

RETURN

END
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HaBl . SUBROUTINE TVRMP(FILT,THLVR,VLVR,NLVR.IFLG,NSAMP.NSTART,
XCONST,FSAMP,AFILT)
C
C THIS ROUTINE PRODUCES A TV**2 RAMP
C FROM VELOCITY INFO IN TALYR,VLYR
C
Jeqz VIRTUAL FILT(2948)
FoH3 DIMENSION TOLYR(22),VLYR(29),CONST(3}
C
C CHIZICK IF T RAMP ALREADY FORMED
C
PN PN IF(IFLG.NE.2)GOTO 18
096 CALL APWAIT
a7 CALL APPUT(CONST,8189,3,2)
Ryge CALL APWD
g9 CALL VCLR(@,1,NSAMP)
A5 CALL VRAMP(8189,8191,2,1,NSAMP)
C
~ C FORM VELOCITY RAMP IN FILT
- C

1¥ N1=1
NZ=IFIX(FSAMP*TALYR(1))}~-NSTART
V1=VLYR(1)
DO 15 I=N1,N2

15 FILT(I)=V1
IF(NLYR.EQ.1)}GOTO 48
DO 28 J=2,NLVYR
Ni=N2+1
N2=1FIX(FSAMP*TOLYR(J})-NSTART
DELV=(VLYR(JI)I-VLYR(JI=-1)}/{N2-N1+2)
V=VLYR(J-1}
DO 34 I=N1,N2
FILT(I)=V
V=V+DELV

33 CONTINUE

2% CONTINUE

47 Ni=N2+1

NZ2=NSAMP

VN=VLYR(NLYR)

DO 58 I=N1,N2

FILT(I)=VN

wl
1S

C FUT V RAMP IN AP AND FORM TV*=*2

C
4333 CALL APWAIT
234 CALL APPUTA(NSAMP ,NSAMP,2,AFILT)
FE5E CALL APWD
e CALL VSQ(NSAMP,1,NSAMP,1,NSAMP)
T3 CALL VMUL(@,1,NSAMP,1,NSAMP,1,NSAMP)
SOz CALL APWR
FEZ CALL APGETA(NSAMP,NSAMP,2,AFILT)
PaRay Y5 CALL APWD
T4l RETURN

AL END
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SUBROUTINE BANDPS(ATBP,BPASS,F!,F2,F3,F4,DFI,NSAMP)Y

SUBROUTINE WHICH CREATES A BANDPASS FILTER
F1=BOTTOM CUT OFF FREQUENCY

F2=START OF FULL PASS

F3=END OF FULL PASS

F4=TOP CUT OFF FREQUENCY

BETWEEN F1,F2 AND F3,F4 A COSINE TAPER IS APPLIED
VIRTUAL BPASS(2849)
SET UP CONSTANTS

N1=2*F1*DF1I
NZ2=2*F2*DF [
N3=2*F3*DF 1
N4=2*F4*DFI
NFILT=NSAMP+1
NTP1=N2-N1
NTP2=N4-N3
NOK=N3-N2
CALL APWAIT

SET UP THE FILTER IN THE AP

DO 1o I=1,2

NTAP=NTP1 .

IF(I.EQ.2)NTAP=NTP2

RNTAP=1.8/FLOAT{NTAP?

CALL APPUT(RNTAP,&,1,2)

CALL VCLR(1l,1,NTAP)}

CALL VTSADD(1,1,2396,1,1,1

CALL VTSMUL(®,!,239856,8,1,1

CALL VRAMP(1,9,2,1,NTAP)

CALL VCOS{#,1,8,1,NTAP)}

CALL VTSADD(#,1,2049,8,1,NTAP)

CALL VTSMUL(#,1,2327,8,1,NTAP)

[F(I.EQ.1)CALL VMOV(#®,1,2058,1,NTAP)

IF(1.EQ.2)CALL VMOV(Z,1,4100,1,NTAP)
19 CONTINUE

}
)

NOW HAVE TAPERS FORM REST OF FILTER

CALL VCLR(Z,1,NFILT)

CALL VADD(N1,1,2859,1,N1,1,NTP1)
CALL VADD(N4,-1,4108,1,N4,-1,NTP2)
CALL VTSADD(NZ2,1,2249,N2,1,NOK)
CALL APWR

CALL APGETA(O,NFILT,2,ATBP}

CALL APWD

RETURN

END
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FORTAN 1V

989

agaz

BaZT
Fage
$995
any:

agic
4519
qgzx
2921
dacs
TE23
7324
4328

OGO OO00

TCTO

¢

OO0

[aXe X2l

SuB

f
A
B

SET

vaz.a4 THU 98-JAN-81 90:26:52
SUBROUTINE BANDRJ(ATBR,BRJCT,F1,F2,DFI,NSAMP)
ROUTINE TO CREATE A BANDREJECT FILTER

F1=LOWER CUTOFF POSITION"
F2=UPPER CUTOFF POSITION

HE FILTER TAKES THE FORM OF
SINE BELL CENTERED ON THE FREQUENCY TO
E REMOVED COMPLETELY

VIRTUAL BRJICT{(2849}
UP CONSTANTS

N1=2.g*F1*DFI
N2=2 .0*F2*DF1I
NTAP=N2-N1
CALL APWAIT

UP FILTER IN AP

CALL VCLR(®,1,NTAP)}
NFILT=NSAMP+]
FTAP=1.0/FLOAT(NTAP)}

CALL APPUT(FTAP,1,1,2)

CALL APWD

CALL VTSMUL(1,1,2317,1,1,1)
CALL VRAMP(9,1,@,1,NTAP)}

CALL VCOS(#,!,7,1,NTAP)

CALL VTSADD(®,1,2049,8,1,NTAP)
CALL VTSMUL(g@,1,2327,9,1,NTAP)
CALL VMOV(@,1,4096,1,NTAP)

UP FULL FILTER NOW TAPER FINISHED

CALL VCLR(®,1,NFILT)

CALL VTSADOD(&,1,2949,4,1,NFILT)
CALL VMUL(N1,1,40896,1,N1,1,NTAP}
CALL APWR

CALL APGETA(#,NFILT,2,ATBR)}

CALL APWD

RETURN

END

PAGE 281
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ag951 SUBROUTINE SPIKE(NSAMP ,NSAMP2,ILENTH,WHITE,IFLAG,ISPIKE)?
C
C WIENER SPIKING FILTER ROUTINE
C NSAMP=DATA LENGTH
T NSAMP2=NEAREST POWER OF 2 TO NSAMP
C ILENTH=FILTER LENGTH
C IFLAG=TRACE NORMALISATION FLAG
C 2 NO NORMALISATION
c 1 FILTER UNIT ENERGY
c 2 EQUAL INPUT-OUTPUT ENEREGY
C ISPIKE SPIKE POSITION
2772 MTRAN=Z*NSAMP2
LR E N NCLR=NTRAN-NSAMP
x99 NFCLR=NTRAN-ILENTH
2HYE NTRAN2=NTRAN+2
739 NMI=NSAMP2~1
E3F7 16=NTRAN+ILENTH
4986 I7=16+ILENTH
sage 18=17+ILENTH
DEDY ] ISP=16+ISPIKE
c
C HAVING SET UP CONSTANTS GET INPUT TRACE
C ENERGY IF REQGD FOR NORMALISATION
C
J911 IFCIFLAG.NE.2)GOTO 1@
2412 CALL SVESQ(#,1,8191,NSAMP)
Sg14 CALL VSQRT(8191,1,8191,1,1)
FI1L5 CALL APWR
7g1e CALL APGET(EN,8191,1,2)}
JALT CALL APWD

GET AUTOCORRELATION FUNCTION

PO

413 12 CALL VCLR(NSAMP,1,NCLR?

Jers - CALL RFFT(@,NTRAN,1)

aFx20 CALL VMOV(#Z,1,NTRAN,1,NTRAN)

ST CALL VMUL(NTRAN,1,NTRAN,1,NTRAN,1,2)

CALL CVMAGS(NTRANZ2,2,NTRAN2,2,NM1}
CALL VCLR{NTRAN+3,2,NM1)

CALL RFFTSC(NTRAN,NTRAN,-1,-1)
CALL RFFT(NTRAN,NTRAN,-1)

AUTO FUNCTION NOW 2N LONG FROM NTRAN
CRIGINAL FUNCTION TRANSFORMED @-NTRAN

NOW WHITEN

OO

CALL APWR
CALL APPUT{(WHITE,8191,1,2)
CALL VSMA(NTRAN,!,8191,NTRAN,1,NTRAN,1,1)

3

[}

SET UP SPIKE CC FUNCTION
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CALL VCLR(IG,I,ILEN%H)
CALL VTSADD(ISP,1,2849,ISP,1,1)

SOLVE EQNS

CALL WIENER{ILENTH,NTRAN,I6,17,18,1)
CALL APCHK(IER)
IFCIER.NE.Z)STOP'LEVINSON FAILURE'
CALL VMOV(I7,1,NTRAN,1,ILENTH)

HORMALISE FILTER IF ASKED FOR
IF(IFLAG.NE.1)GOTO 29
CALL SVESQ(NTRAN,1,I6,ILENTH}
CALL VSQRT(I6,1,I8,1,1)
CALL VDIV(I6,Z,NTRAN,1,NTRAN,1,ILENTH)
APPLY FILTER

29 CALL VCLR(I&,1,NFCLR)}
CALL RFFT(NTRAN,NTRAN,1}

CALL VMUL(®,1,NTRAN,1,0,1,2}
CALL CVMUL(Z2,2,NTRAN2,2,2,2,NM1,1)
CALL RFFTSC(@,NTRAN,&,-1}

CALL RFFT(@,NTRAN,-1)
DO SCALING IF REQD

IF(IFLAG.NE.2)GOTO 3%

CALL SVESQ(®Z,1,8191,NSAMP)

CALL VSQRT(8191,1,8191,1,1)

CALL APWR

CALL APPUT(EN,B8194,1,2)

CALL APWD

CALL vDIv(sl9l,!,81990,1,8189,1,1)

CALL VvSMUL(%,1,81992,0,1,NSAMP)
38 CALL APWR

RETURN

END

PAGE 282
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Iyl " " SUBROUTINE PRDICT(NSAMP,NSAMPZ,ILENTH,WHITE,IFLAG,NLAG)
c
C THIS ROUTINE DESIGNS AND APPLIES
C A PREDICTION ERROR FILTER
C NSAMP=DATA LENGTH
c NSAMP2=NEAREST POWER OF 2 TO NSAMP
C ILENTH=FILTER LENGTH
c WHITE=SFRACTION PREWHITENING
c IFLAG=g NO NORMALISATION
< =1 FILTER UNIT ENERGY
c =2 INPUT/OUTPUT TRACE ENERGY CONSTANT
c NLAG= LAG OFFSET OF PREDICTION
C
TeaZ NTRAN=2*NSAMP2
IBLZ NCLR=NTRAN~-NSAMP
gIYL NM1=NSAMPZ-1
YT NTRAN2=NTRAN+2
g6 NLG=NTRAN+NLAG
3907 NFILT=ILENTH+NLAG
Jva8 I7=NLG+ILENTH
grge 18=17+ILENTH
c
€C GET INPUT TRACE ENERY
c
fadc 8 K IF(IFLAG.NE.2)GOTO 1@
gar: CALL SVESQ{@,1,8191,NSAMP)
Sula CALL VSQRT(8191,1,8191,1,1)
£X1a CALL APGET(EN,8191,1,2)
CELE CALL APWD
~
T GET AUTOCORRELATION FUNCTION
gINzc 1@ CALL VCLR(NSAMP,1,NCLR}
a1 CALL RFFT(@,NTRAN,1)
gri3 caLL VMOV(Z,1,NTRAN,1,NTRAN)
F¥Le CALL VMUL(NTRAN,1,NTRAN,1,NTRAN,1,2)}
my2 CALL CVMAGS(NTRAN2,2,NTRAN2,2,NM1)?
CALL VCLR(NTRAN+3,2,NM]1)
CALL RFFTSC{NTRAN,NTRAN,-1,-1)
CALL RFFT(NTRAN,NTRAN,-1)
C dNOW WHITEN IT
FE24 CALL APWR
I52% CALL APPUT(WHITE,8191,1,2)
Xa2¢E CALL VSMA(NTRAN,1,B8191,NTRAN,1,NTRAN,1,1)
C
C J0OW SOLVE EQNS
“

T52T CALL WIENER{ILENTH,NTRAN,NLG,17,I8,1)
£ CALL APCHK(IER)
IF(IER.NE.@)STOP'LEVINSON FAILURE'
IF(IFLAG.NE.1)GOTO 24

CALL SVESQ(17,1,18,ILENTH)}
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CALL
CALL

V@2 .m4

VSQRT(I8,1,18,1,1)
vDiv(ils,#,17,1,17,1,ILENTH)

APPLY FILTER

28

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

VCLR{(NTRAN,1,NFILT)
VTSADD(NTRAN,1,2049,NTRAN,1,1)
VSUB(I7,1,NLG,1,NLG,1,ILENTH?
VCLR({I7,1,NTRAN=-NFILT)
RFFT(NTRAN,NTRAN,1)
VMUL{#&,1,NTRAN,1,0,1,2)
CVvMUL(2,2,NTRANZ2,2,2,2,NM1, 1)
RFEFTSC{@#,NTRAN,Z,-1)
RFFT{J,NTRAN,~1)

DO SCALING

39

IF(IFLAG.NE.2)GOTO 38

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

SVESQ(Z,1,8191,NSAMP)
VSQRT(8191,1,8191,1,1)

APWR

APPUT(EN,8194,1,2)

APWD
vDIV{(gl191,1,819%,1,8190,1,1)
VSMUL(#,1,8199,.8,1,NSAMP )
APWR

RETURN

END

THU #8-JAN-81 g#:27:38
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SUBROUTINE TAPRED(ICOM,IDRV,ISTAT,ITLEN,ILEN,IFNUM,IEOT)

TAPE HANDLING SUBROUTINE

ICOM IS THE COMMAND SIGNAL

-1 IS A READ.,Z IS A WIND,1 IS AWRITE

IDRV IS THE DRIVE BEING USED

ISTAT IS THE STATUS ON RETURN

ITLEN IS THE TIME LENGTH OF A FILE READ

ILEN IS THE BLOCK LENGTH OF A FILE READ OR WRITTEN

INTEGER*2 MASK(8),ESTATI

LOGICAL*1 ISTAT,COM(4),SDSCOM(8B},IDRV,ITLEN,ECOM(4),
%ZIFLEN,ESTAT,ERRS(8)

DATA MASK/"1,"2,"4,"10,"20,"48," 1980, 298/

DATA SDscom/"@,"1,"2,"3,"4,"5,"6,"7/

DATA ERRS/"377,"377,"377,"377,"377,"377,"377,"377/
ITRY=42

IF(ICOM) 198,349,298

SECTION CONTROLLING A READ

CHECK THAT ONLY A FEW RETRIES ARE ATTEMPTED
1@ ITRY=ITRY+1
SET UP COMMAND FOR READ

COM(1)=SDSCOM(4)

CoM(2)=1

COM(3)=1DRV

CoM(4)=-1

CALL SDS1@(COM,ISTAT,ITLEN,ILEN)
IF(ISTAT.EQ.Z)RETURN

ZRROR DETECTED ON READ

ISTATI=ISTAT
GOTO 44

I¥ SHORT RECORD FOUND REREAD TAPE

59 ITMP=1STATI.AND.MASK(6)}
IF(ITMP.NE.Z)GOTO 18
ITMP=ISTATI.AND.MASK(2)
IF(ITMP.EQ.Z)RETURN

IF CRC ERROR FOUND REWIND TAPE AND RETRY

WRITE{(2,2018)1FNUM
2719 FORMAT(' FILE NO ',I4,' CRC ERROR REWINDING')
IF(ITRY.GE.2)GOTO 13#
ECOM(1)=SDSCOM(6)
ECOM({2)=1
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6831 ECOM{ 3)=1DRV
9937 ECOM( 4)=@
232 CALL SDS1#(ECOM,ESTAT, , )
7934 GOTO 18
c
C WRITE SECTION
7035 20 ITRV=1TRY+1
9034 IFCITRY.GT.3)GOTO 130
FED COM(1)=SDSCOM(7)
am3o IFLEN=( ILEN+3)/4
BT COM(2)=IFLEN
841 CGM(3)=1DRV
842 COM(4)=1
2943 CALL SDS1#(COM,ISTAT, , )
844 IFCISTAT.EQ. 8 )RETURN
¢
S WRITE ERROR DETECTED
Jg46 ISTATI=ISTAT .
g4y GOTO 49
3845 7@ ITMP=1STATI.AND.MASK(§)
2345 ITMPI=I1STATI.AND.MASK(2)
3953 IF(ITMP.EQ.9.AND. ITMPI.EQ. B )RETURN
C
~ RTPORT AND RETRY

20952 WRITE(2,2020 ) IFNUM :
Tgs2 2920 FORMAT(' FILE NO ',I4,' WRITE CRC ERR RETRY PROPOSED')
JI5-< ECOM(1)=SDSCOM(6)

gds5 ECOM{2)=2
43545 ECOM(3)=1DRV
JIsT ECOM({4)=0
2458 CALL SDS1@{ECOM,ESTAT. , )
JI58 NBUF=8
Jasy IFLENE=16
a76: IPAD=32764
yaez CALL TWRIT(ERRS,NBUF,ESTAT,IPAD,IFLENE, IDRV)
JI3% G0TO 24
T WIND FOWARD ONE FILE
~
ALESTA 3J COM{1)=SDSCOM(5)
coM{2)=1
COM{3)=1DRV
COoM({4)=4

CALL SDS1@{(COM,ISTAT, , )

I

CLZAR TRRELEVANT BITS FROM ERROR BYTE

YA ISTAT=ISTAT.AND..NOT.MASK{(6)
ST IFCISTAT.EQ.2)RETURN
ISTATI=ISTAT
IFCISTAT.NE.Z)GOTO 49
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1¥ I1STAT=£ REWIND AND SET UP FOR NEXT READ
AS THIS WAS A DATA FILE NOT A SHORT RECORD
ECOM(1)=SDSCOM(6)
ECOM{2)=1
ECOM{(3)=1DRV
ECOM(4)=0
CALL SDSI1Z{(ECOM,ESTAT, , }
35 RETURN

IN THIS SECTION THE MAIN TAPE ERRORS ARE
HANDLED SUCH AS:= TAPE BUSY,TAPE OFFLINE
307,EO0T

TAPE BUSY SECTION...AFTER CLEARING BOT FLAG

49 WRITE(Z2,121@)ISTATI, IFNUM
1919 FORMAT(' STATUS=',I3,' FILE NO=',I4}

ISTATI=ISTATI.AND..NOT.MASK(4)
ITMP=ISTATI .AND.MASK(5}
IFCITMP.EQ.2)GOTO 88

9% ECOM{1)=SDSCOM(1)
ECOM(2)=¢
ECOM{3)=1DRV
ECOM(4)=2
CALL SDS1@(ECOM,ESTAT, , )

HAVING EXAMINED STATUS IF TAPE STILL
8USY, LOOP AGAIN,IF NOT TRY COMMAND AGAIN

ESTATI=ESTAT
ITMP=ESTATI.AND.MASK(S)
IF{ITMP.NE.Z)}GOTO 94
IF(ICOM) 12,394,209

TAPE OFFLINE

37 ITMP=ISTATI.AND.MASK(1)
IF(ITMP.EQ.2)GOTO 188
TYPE 1841, 1DRV
12X FORMAT(' TAPE DRIVE ',I!,' OFFLINE')

HAVING ANNOUNCED ERROR SKIP UNTIL CORRECTED

11 ECOM(1)=SDSCOM(1)
ICOM{2)=0
ECCM{3)=IDRV
ECOM{(4)=0
CALL SDSIQ(ECOM,ESTAT, , ?
ESTATI=ESTAT
ITMP=ESTATI.AND.MASK(1)
IF(ITMP.NE.Z)GOTO 119

LAY va2.04 THU 98-JAN-81 99:28:09
IF{Icomy 19,39,29

1% 1TMP=ISTATI.AND.MASK(3)}
IF(ITMP.EQ.Q)GOTO 128
TYPE 1902, IDRV

1992 FORMAT(' EOT ON DRIVE *‘,Il1}
IEOT=-1
RETURN

i2% IF(ICOM) 584,35,78

ZRROR EXIT RETURN
134 [STATI=-1

RETURN
END

PAGE 203
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Interactive Spectral Analysis Program :- MPFANL

MPFANL is totally interactive, an data
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to be in a disc file in the processing system internal format.

Plots are produced on the electrostatic plotter by running

RASM after this program terminates.

Input Parameters

NSAMP(I4)...Number of samples/ﬁrace

NCHAN(I2)...Number of channels to analyse

ICHAN(I),I=1,NCHAN(I3)...Channel numbers of those to be
analysed

TSEC(F10.0)...Sampling period of data in seconds.

FNAMR(3A4)....Name of data file containing the data to be

analysed
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REAL*8 FSPECR

REAL®4 SEIS(2060),FNAMR(3)}
INTEGER*2 ICHAN(24)}

DATA DEV/3RRK /

THIS IS A SPECTRAL ANALYSIS PROGRAM

Loge
1391
1992

1987

WRITE(7, 1080}

FORMAT{' ENTER NO OF SAMPLES(I4}):',$)}
READ(5,1081 INSAMP

FORMAT(1I4)

WRITE(7,1002)

FORMAT( ' ENTER NO OF CHANNELS{(I2):',$)}
READ(5,1907 )NCHAN

FORMAT(12)

WRITE(7,1408)

PAGE 4@l

FORMAT(' ENTER CHANNELS REQGD IN ORDER(12I13)',/,*' >',%)

READ(S5,12089)( ICHAN(I},I=1,NCHAN)
FORMAT(1213)

WRITE(7,18083)

FORMAT( ' ENTER SAMPLING PERIOD(F1Z.#):',$)
READ(5,1@@4)TSEC

FORMAT(F19.98)

WRITE(7,1085) '
FORMAT{* ENTER FILE NAME:',8)
READ( 5, 1886 )F NAMR

FORMAT(344)

caLt IRADS@(12,FNAMR,FSPECR)

UP READ IN

ICHR=IGETC()

IF(IFETCH(DEV).NE.Z)STOP' FETCH ERR'
IF{LOOKUP{ICHR,FSPECR).LT.Z)STOP'LOOKUP ERR®
NWDS=2*NSAMP

NBLKS=NSAMP /128

PROCESS FIRST CHANNEL

MBELKST=(ICHAN{1)-1)*NBLKS+1

I[7{ IREADW(NWDS,SEIS,NBLKST,ICHR).LT.2)STOP'READ ERR'
[FLAG=+]

TALL SPEC(SEIS,NSAMP,IFLAG,TSEC,ICHAN(1))
IF{NCHAN.EQ.1)GOTO 18

2C MOST OF CHANNELS

50 28 J=2,NCHAN
HBLKST=( ICHAN(J )-1)*NBLKS+1

IF{IREADW(NWDS,SEIS,NBLKST,ICHR).LT.Z)STOP 'READW ERR'

IFLAG=-1
CALL SPEC(SEIS,NSAMP,IFLAG,TSEC,ICHAN(J})
CONTINUE

IFLAG=9

Va2 .34 THU @g8-JAN-81 99:13:29

CALL SPEC{(SEIS,NSAMP,IFLAG,TSEC,ICHAN(1)}
5TOP ' HORMAL TERMINATION'

=ND

PAGE 992
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aRF SUBROUTINE SPEC(AVAL,INUM,IPLOT,TSEC,ICHAN)
Ao 1 DIMENSION AVAL(1)
Jage DATA MASK/01@24218/
(7 030 P e 0 A e B e 6 A3 e T I IR TR Y 5 T O 0T e 3 e ok e e ST e
R L T L e g s

AVAL=SOURCE DATA TO BE PADDED TO NEAREST 2**N
INUM=DIMENSION AVAL
IPLOT=DISPLAY CONTROL
IPLOT>@ NEW OR FIRST PLOT
IPLOT<Z SUBSIDIARY PLOT
IPLOT=¢ TERMINATE PLOT
TSEC=SAMPLE PERIOD
ICHAN=CHANNEL NO BEING ANALYSED
THIS PROGRAM USES PEPLIB AND FPSLIB.
THE DISPLAY OF AMPLITUDE SPECTRUM IS NORMALISED
TO UNITY WITH THE INDICATED SCALING FACTOR.
PHASE SPECTRUM STILL CONTAINS THA SAMPLING RAMP
XOGOOGOOOEEX YR XXX YRR RHRXHAA KRR ARKKN
EXPAND INUM TO 2**N
HARRRXX WX HHRRKHRXKHKOOOHUHHUK KA RRXAKK
IF(IPLOT.EQ.Z)GOTO 999
N=2
ICNTRL=0
128 CONTINUE
IF(N.GE.INUM) GOTO 99
N=N=*2
GOTo 109
M=LOWEST 2**N GT INUM
xoy 39 IF(N.GT.4996) STOP'AP OVERFLOW ON SPECTRUM®
i THIS FOR AP'S SAKE
gLl DELF=1.8/(N*TSEC)
~ DELF IS RETURNED TRANSFORM FREQUENCY
C PAD OUT AVAL WITH ZEROS
IF(INUM.EQ.NY GOTO 1911
ISTART=INUM+1
DO 1J1 I=ISTART,N
LD AVAL(II=R. ¥
{811 FLIM=0.5*DELF*N
FLIM=MAX TRANSFORM FREQUENCY
SEEZK FREQUENCY DECADE OF PLOT
rBASE=#.1
IBASE=~1
{2 TONTINUE
{F(FLIM.LE.FBASE) GOTO 183
FBASE=FBASE*1g.
IBASE=1IBASE+1
GCTO (@2
g3 FBASE=FBASE*#.1
[BEASE=IBASE-1
FAAX=FLIM/FBASE
ITMAX=IFIX{FHMAX)
IFMAX=IFMAX+1
FMAX=FLOAT({ IFMAX)
FMAX=NEXT HIGHEST INTEGER DECADE=1 TO 9

AT PTTTO OGO

GO OO 0

2

[ N ep]

(]



TORT L TV VI2.084 THU #8-JAN-81 2@#:12:80 PAGE fg2

< FORM PLOTTING MASK
YSIZE=9.8
ASPECT=0.75
XSIZE=YSIZE*ASPECT
XOFST=XSIZE/208.4
YOFST=YSIZE/2%.4
1721 CSIZE=YSIZE/80.8
DELX=XSIZE/100.4
IF{ICNTRL.NE.@) DELX=XSIZE/36.4
Y=FMAX*10.9
IY=TFIX(Y}
DELY=YSIZE/1Y
IF(IPLOT.GT.®) CALL PLOTS(2,9,%}
IF(IPLOT.LE.B) CALL PLOT(P.,%.,-999)
CALL SETMSG(®)
NX=108
IFCICNTRL.NE.Z) NX=36
CALL GRID(XOFST,YOFST,NX,DELX,IY,DELY,MASK)
CALL PLOT(XOFST,YOFST,3}
CALL NEWPEN(3)
X=XOF ST+XSIZE
Y=YOFST+YSIZE
CALL PLOT(X,YOFST,2)
CALL PLOT(X,Y,2)
CALL PLOT(XOFST,Y,2)
CALL PLOT(XOFST,YOFST,2)
CALL NEWPEN(1)
CALL PLOT(X,YOFST,-3}
° RE-ORIGIN THE PLOT
XINC={SIZE/10. 8
IFCICNTRL.NE.Z) XINC=XSIZE/36.0
XNUM=g .8
IF(ICNTRL.NE.Z) XNUM=-180.2
¥=-CSI1ZE
IF(ICNTRL.NE.2) v=-4.9%CSIZE
DELK=1.0
IFUICNTRL.NE.Z) DELX=18.0
NX=10
IF(ICNTRL.NE.Z) NX=37
K=d. U
DC 194 I=1,N¥
IFCICNTRL.NE.Z) GOTO 1241
CALL PLOT{(X,2.,3)
CALL PLOT(X,YSIZE,2)
1a4i CALL NUMBER(Y,Y,CSIZE,XNUM,98.9,-1)
ANUM=XNUM+DELX
i2s M=U-XINC
Iv=1V¥*g,1
VINC=YSIZE/IY
I¥=1Y+1
YHUM=g .2
V=0.8
X=1.5>CSIZE
AINC=-RSIZE
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BZ9: DO 185 I=1,1Y

gEg9s CALL PLOT(Z.9,Y,3)

2195 CALL PLOT(XINC,Y,2}

4149 CALL NUMBER(X,Y,CSIZE,YNUM,99.9,-1)

YNUM=YNUM+1
1% ¥=Y+YINC
SSIZE=CSIZE*1.5
K=X+2 , @*SSIZE
Y=YSIZE*®.5-7.%SS1ZE
CALL SYMBOL(X,Y,SSIZE,12HFREQUENCY*19,90.4,12)
V=yY+12.0*SSIZE
A=X-SSIZE
DELX=FLOAT{IBASE)
CALL NUMBER(X,Y,CSIZE,DELX,20.8,-1)
¥Y=§.65*YSIZE
X=X+SSIZE
SSIZE=SSIZE*1.33
CALL NEWPEN(4)
IFCICNTRL.EQ.9) CALL SYMBOL(X,Y,SSIZE,lSHENERGY SPECTRUM,99.9,15}
IFCICNTRL.NE.@} CALL SYMBOL(X,Y,SSI1ZE,1SHPHASE SPECTRUM,92.%,15)
FEND=FMAX*FBASE
DFPLOT=YSIZE*DELF/FEND
IF(ICNTRL.NE.Z) GOTO 1851
DFPLOT=PLOT UNITS PER FREQUENCY SAMPLE

1:.-*.1!!!***#Nik***********iﬂ*‘*ﬁ****‘*iﬂ*****#***'**'******ﬂ*"*‘

2 PROCESS TIME SERIES
‘:*7'('kt*******'k*‘#***********"*******i**ﬂ***‘***’***********’
AVAL(N+1)=-XSIZE
AVAL(N+2)=-XSIZE*7.0/44 .8
AVAL(N+3)=-@.5*XSIZE
NX=N+3
EXPAND AVAL TO CONTAIN DISPLAY CONSTANTS
DO AP PROCESSING
LG MN=N+2
‘127 NN=MN/2
LN=MN+1
NNN=NN-1
Call APCLR
CALL APPUT(AVAL,®,NX,2)
CALL APWD
CALL VMOV(N,1,8189,1,3)
2 HOLD DISPLAY CONSTANTS IN HIGH MEMORY
g Reld CALL RFFT(E,N,1)
Skh CALL RFFTSC(#,N,3,1)
NN=COMPLEX TRANSFORM LENGTH
CALL POLAR{#,2,8,2,NN)
CALL MAXV(,2,MN,NN)
c NCRMALISE AMPLITUDE SPECTRUM
CALL VFILLCMN,LN,1,NNN)
CALL VDIV(MN,1,9,2,8,2,NN)
2 SCALE SPECTRUM FOR PLOTTING
soas CALL VSMUL(%,2,8189,8,2,NN)
° SCALE PHASE FOR PLOTTING
S CALL VSMUL(1,2,8194,1,2,NN)
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CALL VSADD(1,2,8191,1,2,NN)

CALL APWR

CALL APGET(AVAL,Z,LN,2)

CALL APWD .
AVAL(]1,MN)=AMPLITUDE :PHASE
AVAL{LN)=SCALING FACTOR FOR AMPLITUDE
PLOT AMPLITUDE SPECTRUM

CALL PLOT{(g.,%.,3)

CALL NEWPEN(3)

Y=0.9

ISTART=1

IFCICNTRL.NE.@) ISTART=2

DO 196 I=ISTART,MN,2

CALL PLOT(AVAL(I),V,2)

Y=Y+DFPLOT

IFCICNTRL.NE.Z) GOTO 298

MARK IN SCALING FACTOR

CALL MEWPEN(1)

XK=4 ,B*CSIZE

=g,

FLOAT SCALING FOR DISPLAY
ASCALE=1.4

BSCALE=4.

BINDEX=9.

IFCAVAL(LN).LT.1.0) ASCALE=19.9
IFCAVAL(LN).GT.1.8) ASCALE=#.1
IF(ASCALE.EQ.12.9) BINDEX=-1.8
IF(ASCALE.EQ.@.1) BINDEX=1.9
CGNTINUE
TFCAVAL(LN).GE. 1. . AND . AVAL(LN).LT.12.8}) GOTO 227
AVALILN)=AVAL(LN)*ASCALE
3SCALE=BSCALE+BINDEX

GOTO 246

CALL SYMBOL(X,V,CSIZE,21HSCALING FACTOR= *19,99.8,21}
1=Y+15,@*CSIZE

CALL NUMBER(X,Y,CSIZE,AVAL(LN),99.0,1)
Y=Y¥+6 0*CSIZE

DELX=0.5*%CSIZE

X=%-DELX

CALL NUMBER(X,Y,DELX,BSCALE,98.4,-1)
ICNTRL=1

CALL PLOT(@.,#.,-999)

GOTO 1431

X=4 ,5*CSIZE

¥Y=9.8

CALL SYMBOL(X,Y,CSIZE,'CHANNEL NUMBER = ',998.9,17)
Y=Y+15.0*CSIZE

RCHAN=FLOAT(ICHAN)

CALL NUMBER(X,Y,CSIZE,RCHAN,89.8,-1)
ICNTRL=g

I7(IPLOT.EQ.Q) CALL PLOT(Z.,08.,999)
RETURN

TMD



Velocity Analysis :- MPVEL

Input file.....DK2:ANINV.DAT

Output file....DK2:ANOUTV.DAT

Input Parameters

READ(1, 1000)L ,NCHAN,NSTART ,M

1000 FORMAT(I5)

Leeseose.Number of Samples per trace
NCHAN....Number of Channels in gather
NSTART...Starting sample number, from time zero

Meesos...Level of interpolation carried out on data

READ(1, 1200)FBUF

1200 FORMAT(12X,3A4)

FBUF.....Input data file name

READ(1, 1100)XSTART ,XSTEP, FSAMP

1100 FORMAT(6F10.0)

XSTART...Shot/First receiver offset
XSTEP....Receiver spacing

FSAMP....Sampling frequency, samples/millisecond

Page 177
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READ(1,1100)T01,T02,TOSTEP, TGATE

TOl......Start time for analysis, milliseconds
TO02......End time for analysis, milliseconds
TOSTEP...Gate step size, milliseconds

TGATE....Semblance calculation gate size, milliseconds

READ(1,1100)VSTEP,V1,V2MIN, V2MAX,VICPT, VGRAD

VSTEP....Velocity step in semblance calculation
Vlieeeooo.Start velocity in analysis

VZ2MIN....Minimum value of end velocity

VZMAX....Maximum value of end elocity

VICPT....Intercept on V-axis of line joining VZ2MIN and VZMAX

VGRAD....Gradlient of line joining VZMIN and V2MAX
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D DIMENSION NMOFS(4096),T8SQ(512),NV(512),VINSQ(174),SMBLCE(179),
! 159(1224),81(1024),XsQ(24),
£ISTCH(24),JST(24),NWDS(24) ,NEL(24),IBLK(24),CONST(7)},FBUF(3)
LOGICAL*1 SW
REAL*8 FSPEC
DATA K1,K2,KNCHIN,KBLK,KBLKIN,KADD2,KADDI ,KHF ,KFS,NBUF
1s71,2,8185,8186,8187,8188,8189,819¢,8191, 1924/
TS DATA DEV/3RDK /

ASSIGN INPUT AND OUTPUT CHANNELS
CALL ASSIGN(1,'DK2:ANINV.DAT',13}
CALL ASSIGN(Z"DK2=ANOUTV.DAT‘,14)
IFCIFETCH(DEV).NE.Z)STOP'FETCH ERROR'
IDCH=IGETC()
READ IN REQUIRED INPUT PARAMETERS
READ(1,1008) L,NCHAN ,NSTART,M
EZT  FORMAT(415)
READ(1,1268) FBUF
READ(1,1108) XSTART,XSTEP,FSAMP
11#2 FORMAT(1BFl14.d)
READ(1,1108) T@1,TA2,THSTEP, TGATE
READ(1,1188) VSTEP,V1,V2MIN,V2MAX,VICPT,VGRAD
1282 FORMAT(12X,3A4)
Vai IDATE DATA AND CALCULATE REQUIRED ARRAYS AND CONSTANTS.
FORM ARRAY JSTCH CORRESPONDING TO THE BEGINNING BLOCK
HiMBERS FOR EACH TRACE ON DISK.
AT SAME TIME FORM ARRAY XSQ OF SQUARED SHOT RECEIVER SEPARATIONS
A% JSTCH(1)=1
Ik NREAD=L*M/128
K=XSTART
XSQ(1)y=X**2
DG 14 JCHAN=2,NCHAN
JSTCH{JCHAN)I=JSTCH{JCHAN-1)+NREAD
I X=X+XSTEP
SE XSQUICHAN }y=X**2
R [ CONTINUE
TALCULATE FSAMPM,THE SAMPLING FREQUENCY AFTER INTERPOLATION
FSAMPM=FLOAT(M)*FSAMP
- ZALCULATE TSAMP THE SAMPLE INTERVAL
PSR TSAMP=1.,4/FSAMP
T TALCULATEI TSTART,THE BEGINNING TIME
TI00 TSTART=NSTART*TSAMP
T CALCULATE NSTM THE INITIAL SAMPLE NUMBER AFTER INTERPOLATION.
I HETM=M*NSTART
TOURUNCATE TOSTEP TO BE INTEGRAL MULTIPLE OF TSAMP
TYSTEP=TSAMP*IFIX(TUSTEP*FSAMP)
C =QUND TGATE TO BE EVEN INTEGRAL MULTIPLE OF TSAMP
2aTz IS THE NUMBER OF ELEMENTS IN GATE(BEFORE INTERPOLATION?
cuTMZ IS THE NUMBER IN HALF OF GATE,AFTER INTERPOLATION.
oyl MGATE=TFIX(TGATE*FSAMP+1 .8)/2*2

[

Cras Ay

()

T TGATE=FLOAT{NGATE ) *TSAMP
BENcH NGATE=NGATE+1

san NGTH2=M* ( NGATE/2)
T INSURE THAT T@1 IS A LEAST TSTART+TGATE/2
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TE1=AMAX1(TZ1 , TSTART+Z.5*TGATE

L ROUND TA1 UP TO BE INTEGRAL MULTIPLE OF TSAMP

TE1=TSAMP*(IFIX(THL*FSAMP ) +1)}
TRUNCATE T@2 IF NECESSARY SO THAT THERE IS SUFFICIENT

> DATA TO DO VELOCITY ANALYSIS AT T@2

TH2MAY=SQRT({TSTART+(L~1)*TSAMP-@.5*TGATE Y *%*2~
THSQINCHAN)/V1**2)
TH2=AMINI(TR2,TAZMAX)

CALCULATE NTO,THE NUMBER OF TWO WAY TIMES CONSIDERED
HTI=[FIXR((TH2-TOL )/ THSTEP ) +1
TR2=TA1+{NTG-1)*TASTEP
IF(NTH.LE.Z)STOP'NTH NOT POSITIVE'

FORM ARRAYS TOSQ (SQUARED TWO WAV TIME) AND NV (NUMBER

OF VelLOCITY POINTS AT EACH TWO WAY TIME)

T83=TH1

DC 29 JT@=1,NT®

TISQ(ITH )=THI**2
V2=VICPT+VGRAD*THJ
VZ2=AMAX1{(V2ZMIN,V2)
V2=AMIN1(V2,V2ZMAX)
NV{ITE)=IFIX((V2-V]}/VSTEP )}+1
THI=THI+THSTEP

L3 CONTINUE
< VINS@ IS THE ARRAY OF INVERSE SQUARED VELOCITIES

.

NVMX=RV(NTZ)
IF(NVMX.GT.17)STOP 'NVMX GT 178
V=V1

DO 38 JV=1,NVMX
VINSQ{IV)=1.8/V**2

V=V+VSTEP

= CONTINUE

HOYW CALCULATE NWMX,AN UPPER BOUND ON THE SIZE OF THE

CATA WINDOW.IF THIS EXCEEDS NBUF PROGRAM STOPS.
NWMX=TFIXK{FSAMPM*SQRT{(THSQ(1)+XSQA(NCHAN)*VINSQ(1))+2.5)
I-IFIX(FSAMPM*SQRT(THSQ(1)+XSQ(NCHAN)I*VINSQINVMX))}+Z.5)+2*NGTM2Z2+]
IFCMWMX.GT . NBUF-127)STOP 'NWMX TOO LARGE'

> ZONST IS ARRAY OF CONSTANTS USED IN AP

CONST{1)=1.4/FLOAT(NCHAN)

CONST{2}=-128.
CUMNST{3)=1.8/128.
CCHST{4)=FLOAT{NGTM2-NSTM+1)
CONSTI{S)=-FLOAT{NGTM2+NSTM)
CONST(6)=0.5

CONST(7)=FSAMPM
INITIALISE AP AND PLACE CONSTANTS IN TOP 7 LOCATIONS
CTALL APINIT
CALL APWR
CALL APPUT(CONST,KNCHIN,7,K2}
T CZULATZ THOSE ADDRESSES WHICH ARE CONSTANT IN NMO
LA SEMBLANCE COMPUTATIONS.
IVINSQ=NCHAN+1
ISSO=HWMX
TEN=135Q+1
_IIKUR FILE TO BE READ FROM
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CALL IRADS®(12,FBUF,FSPEC)
IF(LOOKUP(IDCH,FSPEC).LT.@)STOP 'LOOKUP ERROR'
WRITE(Z2) L,NCHAN,NSTART,M
WRITE{2) XSTART,XSTEP,FSAMP
WRITE(2) TH1,TA2,TYSTEP,TGATE
WRITE(2) VSTEP,V1,V2MIN,V2MAX
WRIT: 2) NTH
L DO 508 JTﬂ 1,NTH
e HVD=NV(JITE?

ﬁUXILIARV INFORMATION NECESSARY TO CALCULATE THE SEMBLANCE FOR
© THE REQUIRED RANGE OF VELOCITIES AT A GIVEN VERTICAL INCIDENCE
= TIME.

PP YRS I N
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MMOFS IS ARRAY CONTAINING ALL THE REQUIRED NORMAL MOVEOUT OFFSETS.
ALTHOUGH IT IS A LINEAR ARRAY IT IS USED IN A 'TWO DIMENSIONAL®
MANNER TO STORE ALL THE OFFSETS AS A FUNCTION OF BOTH SEISMIC
CHANNEL NUMBER AND VELOCITY.THUS THE FIRST NVD VALUES ARE

THE OFFSETS FOR CHANNEL 1,IN ORDER OF INCREASING VELOCITY,THE NEXT
IvD YALUES THE OFFSETS FOR CHANNEL 2 AND SO ON.THE OFFSETS

ARE ROUNDED TO THE NEAREST (INTERPOLATED) SAMPLE AND,FOR A GIVEN
SEISMIC CHANNEL,ARE RELATIVE TO THE BEGINNING OF THE DATA WINDOW
TAAT IS TO BE TAKEN INTO THE AP TO DO THE PARTIAL SEMBLANCE
TALCULATIONS FOR THAT CHANNEL ,AT TIME JT#O.

YOO

AT A TIME JT@,AND FOR A CHANNEL JCHAN THE DATA WINDOW THAT IS
TAKEN INTO THE AP (IN ROUTINE SEMB) MUST COVER ALL TIMES FROM
HE CROSSING OF THE SHALLOWEST ARRIVAL TRAJECTORY (VELOCITY OF
MVD )70 THE CROSSING OF THE STEEPEST ARRIVAL TRAJECTORY
JELACITY OF VINV{1)).IN ADDITION A HALF GATEWIDTH OF DATA IS
ZOUIRED AT EITHER END.
SET UP INITIAL ADDRESSES
?}?2 NVNC=NVD*NCHAN
g7 ATOT=NVNC+4*NCHAN
INMC=IVINSQ+NVD
[1=INMO+NVNC
12=11+NCHAN
13=12+NCHAN
14=[3+NCHAN
i5=T4+NCHAN
B {ADD=I5+NCHAN
i T TRANSFER TASQ TO £
TgET ZALL APPUT(TASQ(JTZ)Y,H,K1,K2)
; TOTRANSFER XSQ TO (1,NCHAN)
£ CaLL APPUT(XSQ,!,NCHAN,K2)}
i T OTRANSFER VINSQ TO (IVINSQ,NVD)
PR CALL APPUT(VINSQ,IVINSQ,NVD,K2)
|

Cror T s S Cres g

2T UP INITIAL ADDRESSES FOR RESULTS
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IRES=INMO
IRNVI=IRES+NVD-1
[13=11
I 129=12
EFFR CALL APWD
TERATE THROUGH CHANNELS
FIaT DO 45 JCHAN=1,NCHAN
T FORM XSG(JCHAN)*VINSQ(JV)+T08Q(JTB) IN (RES,NVD)
FLE CALL VSMSA(IVINSQ,KI1,JCHAN,®,IRES,K1,NVD)
¢ FORM SGRTI{RES.NVD)
T CALL VSQRT(IRES,K1,IRES,K1,NVD)
T O7CRM INT(FSAMPM*SQRT(TASQ(JITII+XSQ(ICHAN)*VINSQ(JIV))}+8.5) USING FSAMPM
- IN KFS AND #.5 IN KHF
CAL. VSMSA(IRES,K1,KFS,KHF,IRES,K1,NVD}
CALL VINT(IRES,K1,IRES,K1,NVD)
- 7ilLL TADD WITH VALUE FROM IRNV! AND NEGATE IT
TUlk CALL VFILL(IRNV1,IADD,K1,Kl1)
oo CALL VNEG(IADD,K1l,IADD,K1,K1)
FILL I1J9 WITH VALUE FROM IRNVI (VELOCITY V2)
C AdD 129 WITH VALUE FROM IRES (VELOCITY V1)
P CALL VFILL(IRNV1,I1J,Ki,Kl1)
e CALL VFILL(IRES,I12J,K!,K1)
ToADD YALUE IN IADD TO (IRES,NVD),I.E. SUBTRACT MOVEOUT FOR VELOCITY V2
7 T3 GIVE NMOFS
Xl CALL VSADD(IRES,K1,l1ADD,IRES,K1,NVD)
I REDEFINE ADDRESSES SO THAT RESULTS FOR NEXT CHANNEL FOLLOW ON
A IRES=IRES+NVD
40 IRNVI=IRNV1I+NVD
S 11d=11J+1
R 120=12J+1
S Y CONTINUE
2 ADDB -NSTHM-NGTM2 TO (I1,NCHAN) USING VALUE IN KADD!
CALL VSADD(I1,K1,KADDI,I1,K1,NCHAN}
C ADD -NSTM+NGTM2+1 TO (I2,NCHAN) USING VALUE IN KADD2
N CALL VSADD(IZ2,K1,KADD2,I2,K1,NCHAN)
© TU3ITRACT (I1,NCHAN) FROM (I2,NCHAN) TO FORM (13,NCHAN)
590 ZALL vsUs(Il,K1,I2,K!1,I3,K1,NCHAN?
S MILTIPLY (I1,NCHAN) BY 1.@/NSBLK FROM KBLKIN TO FORM (I14,NCHAN)
CALL VSMUL(I1,K1,KBLKIN,I4,K1,NCHAN)
T O TRUNCATz (14,NCHAN)Y TO INTEGER VALUES
Il CALL VINT(I4,K1,14,K1,NCHAN)
MALTIPLY (14,NCHAN) BY -NSBLK FROM KBLK TO FORM (15,NCHAN)
TR CALL VSMUL(TI4,K1,KBLK,IS,K1,NCHAN)
T oADD {I5,NCHAN) TO (I11,NCHAN)
z- CALL VADD(I1,K1,I5,K1,I1,K1,NCHAN)}
2 ADD 1.8 FROM TM TO (I1,NCHAN)
Tl CALL VTSADD(II1,K1,2049,11,K1,NCHAN?}
T ADD (IB,NCHAN) TO (I2,NCHAN) AND MULTIPLY BY 2.2 FROM TM
CALL VADD(IZ2,K1,15,K1,12,K1,NCHAN)
CALL VTSMUL(12,K1,2858,12,K1,NCHAN?}
*o4ALL VALUES FROM INMO TO IS5 PREPARATORY T
SNSFER TO HOST
SALL VFIXCINMO,K1, INMO,K1,NTOT)
T TRAHZFER TO HOST ARRAYS

~

;:g »
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CALL APWR
CALL APGET(NMOFS, INMO,NVNC,KI1}
caLll APGET(JST,I1,NCHAN,K1?
CALL APGET(NWDS,I2,NCHAN,K1)
CALL APGET(NEL,I3,NCHAN,K1)
CALL APGET{(JBLK,I4,NCHAN,K1)}
ET UP IMITIAL ADDRESSES FOR SEMBLANCE CALCULATIONS
ISEMB=TEN+NVD
ISEMB1=ISEMB-1
ISMAX=TSEMB+NVD
ISMAX1=TSMAX+1
ISTH=1SMAX+2
CALL APWD
CLEAR SEZCTIONS OF AP MEMORY THAT WILL HAVE DATA ADDED.
CALL YCLR(IEN,K1,NVD)
NVNG=NVD*NGATE
CALL VCLR(ISTK,K1,NVNG)}

FILL BUFFER S# WITH DATA WINDOW FOR CHANNEL 1
IF(IREAD(NWDS(1),S8(1),dBLK(1}+1,IDCH).LT.2}STOP'READ ERROR’
CEFINE INITIAL VALUE OF BUFFER SWITCH;
SW=,TRUE.,READ FROM S&,INTO S1
SW=.FALSE.,READ FROM S1,INTO S#&.
SW=.TRUE.

TTERATE THROUGH CHANNELS
JNME=1
DO 220 JCHAN=1,NCHAN
JCHAN1=JCHAN~+]
TRANSFER DATA FROM BUFFER TO AP
CALL APWR
CALL IWAIT(IDCH)
1F{SW) CALL APPUT(SA{JST(JCHAN)),@,NEL(JCHAN),K2)
IF(.NOT.SW) CALL APPUT(SI1{JIST(JICHAN)),&,NEL(JCHAN)},K2}
TF{JCHAN1.GT.NCHAN)GOTOS5S
TRAMSFER NEW DATA FROM DISK TO BUFFERS
TE(SW)IERR=IREAD(NWDS{JCHAN1),S1(1),JSTCH(JCHANI1 }+JBLK{JCHAN1),
LIDCH)
IF(.NOT.SW)IERR=IREAD(NWDS{JCHAN1),S@(1},JSTCH{JCHAN] )+
1JELK{JCHANL),IDCH)
TF{IERR.LT.®)STOP'READ ERROR'
SW=.NOT.SW
MCW D0 SEMBLANCE CALCULATIONS ON DATA WITHIN AP

© CALL APWD

20 179 JvV=1,NVD
L33 APPROPRIATELY MOVED OUT GATE ONTO STACK USING ONLY EVERY MTH
DaYA POINT
CALL VADD(ISTK,K1,NMOFS{(JINMO},M,ISTK,K1,NGATE?}
TORM SUM OF SQUARES OF ELEMENTS ADDED ONTO STACK
CALL SVESQ{NMOFS{(JNMO),M,1SSQ,NGATE)
JENJ=ISSQIV
CALL VADD(IENJ,K!,ISSQ,K1l,IENJ,K1,KI1}
TCDEFIHZ ISTK SO THAT MEXT STACK FOLLOWS ON
ISTK=1STK+NGATE
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JNMO=JNMO+1

LI CONTINUE

[STK=TSMAX+2

14 CONTINUE

~

[

MOW ACCUMULATE SEMBLANCE
DO 398/ JV=1,NVD

T 7{4D MEAN SUM OF SQUARES FOR EACH STACK

CALL SVESQ(ISTK,K1,ISEMB1+JV,NGATE)
ISTK=ISTK+NGATE

LEF CONTINUE

DIVIDE MEAN STACK ENERGIES BY SUMMED ENERGY
CALL VDIV(IEN,K!,ISEMB,K1,ISEMB,K1,NVD)
FIND MAXIMUM VALUE OF SEMBLANCE
CALL MAXV(ISEMB,K1,ISMAX,NVD?
DIVIDE BY NCHAN TO NORMALISE SEMBLANCE AND ITS MAX VALUE
NY1=NVD+1
CALL VSMUL(ISEMB,K1,KNCHIN,ISEMB,K1,NV1)
WRITE OUT SEMBLANCE AND ITS MAXIMUM VALUE TO SMBLCE
CALL APWR
CALL APGET(SMBLCE,ISEMB,NVi, K2}
WRITE OUT ADDRESS OF MAXIMUM VALUE TO IMAX
CALL APGET(IMAX,ISMAX!,Kl,Kl)?
CALCULATE JVSMX,VALUE OF JV FOR WHICH SEMBLANCE IS MAXIMUM
JVSMX=IMAX-ISEMB1
WRITE QUT SEMBLANCE TO QUTPUT DEVICE 2
WRITE{(2) NVD,JVSMX,{SMBLCE(JV},JV=1,NVD)

Eagad CONTINUE

CALLL CLOSEC(IDCH?
s5TOP
ZND
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READ(1, 1000) INDEN, INDMUT

INDEN....Scaling flag

<0 - no scaling

=0 - Unit RMS energy

>0 - Inverse energy scaling, diversity stack
INDMUT...Mute flag

>0 - apply mute

<0 - no mute

If INMUT is set for a mute option then read the following

READ( 1, 1000) (MUTE(I),I=1,NCHAN)

MUTE.....Sample position to mute down to for each channel

READ( 1, 1300) FSPECR

1300 FORMAT (3A4)

FSPECR...File containing data for input

READ(1, 1300)FSPECW

FSPECW...Output file, to contain NCHAN NMO corrected channels

and 1 stacked trace



FOR™ AN IV vp2.84 THU Z8-JAN-81 @2Q:94:12 PAGE 291
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C MAIN PROGRAM

REAL*8 FSPECR,FSPECW
VIRTUAL TOASQ(2848),VINSQ(2048)
DIMENSION MUTE(24),XSQ(24),FBUF(3)
COMMON /LAYER/TALYR(99),VLYR(99)
DATA DEV/3RRK /
CALL ASSIGN(1,'DK1:ANCDP.DAT',13)
IFCIFETCH(DEV).NE.@)STOP'FETCH ERROR®
IDCH=IGETC(?
IDCHI=IGETC( )}
READ(1,1080)L,NCHAN,NSTART,NLYR, M
1597 FORMAT(1215)
READ(1,110@)XSTART,XSTEP,FSAMP
1’09 FORMAT(3F18.8)
READ(1,1288)(TOLYR(I),VLYR(I),I=1,NLYR)
1207 FORMAT(2F198.0)
READ(1,10@@)INDEN, INDMUT
IFCINDMUT.GE.O)READ(L, 1008 )(MUTE(I),I=1,NCHAN}
READ{(1,1302)FBUF
130 FORMAT(3A4)
CALL IRADS®(12,FBUF,FSPECR)}
READ(1, 1308 )FBUF
CALL IRADS@(12,FBUF,FSPECW)
IF(LOOKUP(IDCH,FSPECR).LT.Z}STOP'LOOKUP ERROR'
NBLKS=L*(NCHAN+1)/128+1
IFC(IENTER({IDCH]1,FSPECW,NBLKS).LT.&)STOP'ENTER ERROR'
L2INT=2
DO 5 K=1,1008
IF(L2INT.GE.L) GOTO 1@
L2INT=2*L2INT
£ CONTINUE
) X=XSTART
DO 24 JCHAN=1,NCHAN
XSQUJCHAN Y=X**2
X=H{+XSTEP
3 CONTINUE
TSAMP=1./F SAMP
TI=NSTART*TSAMP
DO 3¢ JT@=1,L
TASQLITAY=TA**2
TI=TY+TSAMP
) CONTINUE
CALL SETAP{(LZ2INT,M)
CALL INVSQ(FSAMP,NSTART,NLYR,L,VINSQ)
CALL CDP(L,L2INT,NCHAN,M,NSTART,FSAMP,MUTE,
LINDEN, INDMUT,IDCH,IDCH1,T@SQ,VINSQ, XSQ?}

5,

STOP
END
FlaxT LIV vaz.g4 THU @8-JAN-81 28:94:53 B PAGE #91
» !’A R A A AA L E R R A d 0 2 b b A2 3 8k EREE b b £ 2 R 23 3 ok £ 5 it ko
N i BLOCK DATA
C _______________________________________________________________________
et} ¢ IMPLICIT INTEGER*2{I-N)
R COMMON /KONST/ KIM,K#,K1,K2,K3,K4,K5,K6,K7,K8,K9,K14,
ITALIBL,IC,ID,ITOP
ey DATA KIM,K#,K!,K2,K3,K4,K5,K6,K7,K8,K9,K19,IA,I1B,1C,ID,ITOP

1/-1,#,1,2,3,4,5,6,7,8,9,10,0,2048,4996,6144,8191/
ERCIEN END
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SUBROUTINE INVSQ(FSAMP, NSTART NLYR,L,VINSQ)
USES INPUT DATA TO GENERATE ARRAY OF INVERSE SQUARED VELOCITIES
VELOQCITIES ARE CONSTANT UP TO FIRST REFLECTOR AND BEVOND
LAST AND ARE LINEARLY INTERPOLATED IN BETVEEN.

VIRTUAL VINSQ(2948)

COMMON /LAYER/TOLYR(99),VLYR(99)

Ni=1

N2=IFIX(FSAMP*T@LYR(1)})-NSTART

VINSQl=1.8/VLYR(1)**2

DO 14 I=N1,N2

VINSQ(I)=VINSQ!l

) CONTINUE

IF(NLYR.EQ.1) GOTO 48

DO 38 J=2,NLVR

N1=N2+1}
N2=IFIX{FSAMP*TOLYR(J))-NSTART
DELV=(VLYR{(J}-VLYR(JI-1))}/(N2-N1+2)
V=VLYR(J-1}

DO 2& I=N1,N2

VINSQ(I)=1.8/V¥**2

V=V+DELV

28 CONTINUE
k1 CONTINUE
EY) Ni=N2+1

2=\
VINSQN=1.8/VLYR{NLYR)*=2
DO S¢ I=N1,N2
VINSQ(I}=VINSQN

g CONTINUE ~

RETURN
END

v v32.84 THU @8-JAN-81 2@:85:12 PAGE 221
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SUBROUTINE SETAP{L2INT,M}

IETS UP COMPLEX EXPONENTIAL TABLE IN D+1
AN PUTS 1.9 IN ID
CCMMON /KONST/ KIM,K#,K1,K2,K3,K4,K5,K6,K7,K8,K3,K14,
1{A,IB,I1C,ID,ITOP
INITIALISE AP
CALL APINIT
SET UP REQUIRED STARTING ADDRESSES AND CONSTANTS.
ID1=1D+1
1D2=1D+2
L2I21=L2INT/2~1
TRANSFER 1.Q/(LZ2INT*M)} TO K& AND MULTIPLY BY 2PI FROM TM.
CONST=1.4/FLOAT{L2INT*M)
CALL APWR
CALL APPUT(CONST,K#&,K1,K2?
CALL APWD
FORM VECTOR RAMP AND TAKE SIN AND COS OF IT
CALL VTSMUL(K®,K1,2317,K#,K1,K1}
CALL YRAMP(KZ,Kg,I1B,K1,L2I21)
CaLL VCOS(IB,K1,ID1,K2,L2I21)
CCALL VSINCIB,K1,ID2,K2,L2121)
ST L.y IN ID
CALL VCLR(ID,K1,K1)}
CALL VTSADD(ID Kl 2ﬂ49 ID,K1,K1)
- RETYRN - - -
END
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R SUBROUTINE CDP(L,LZINT,NCHAN,M,NSTART,FSAMP,MUTE,
L INDEN, INDMUT, IDCH, IDCH1,T@SQ,VINSG, XSQ)

paaz VIRTUAL SEISM(32767),TOSQ(2048),VINSQ(2948)

03 DIMENSION INDEX(2048),MUTE(24),STACK(2948},
IDUM(12),CONST(1@),FSTAP(20),XS5Q(24}

s COMMON /KONST/ K1M,K#,K1,K2,K3,K4,K5,K6,K7,K8,K9,K18, -

11A,1B,IC,ID,ITOP

)

SET UP REQUIRED STARTING ADDRESSES AND CONSTANTS

IB1=1IB+1

IC1=IC+1

I1C2=IC+2

101=1D+1

Li=L+1

L2121=L2INT/2-1
FEL CONST(2)=M*FSAMP
Jads iy CONST(3)=0.5
FEis CONST(4)=-M*NSTART
EESE! CONST(5)=0.9
5817 CONST(6)=L*M
gl CONST(7)=L+1

CONST(8)=1.#
CONST(S)=1.9/M
CONST(1g)=(L+1)*M-1
JBLK=1
NBLKTR=L/128
FSTD=ADGET(SEISM(1)})}
FTOSQ=APGAD(TASQ(1}))
FVINSQ=APGAD(VINSG(1))
13TART=1
DO 5¢ K=1,M
FSTAP(K)=APGAD{(SEISM(ISTART}}
ISTART=ISTART+L1
5% CONTIMUE
T OSET SEISM(L+1) TO £.2 TO COPE WITH TIME OVERFLOW AND CLEAR A IN AP
g SEISM{LLl)=0.2
Y3 CALL VCLR{IA,K1,L)

T ITERATE THROUGH CHANNELS

Bsche DO 508 JCHAN=1,NCHAN

SEAD IN TRACE SEISM FROM UNIT 2

CALL IWAITUIDCH1)
IF{IREADA(CIDCH,2*L,JBLK,FSTD).LT.@)STOP'READA ERROR'
CALL IWAIT(IDCH)}

o COMPUTE INDEX ARRAY

CONST{1)=XSQ{JCHAN}

(@]

JETC
FT3E CALL APWR
T TRANSFER (K1,K18) TO HOST DUMMY ARRAY DUM AND REPLACE BY CONST
FOo3: CALL APGET(DUM,K1,K1Z,K2)
TELT CALL APPUT(CONST,K1,K18,K2)

" TRANSFER T#SQ TO B AND VINSQ TO ICl
CALL APPUTA(IB,L,K2,FTOSQ)}

A CALL APPUTA(IC1,L,K2,FVINSQ)

L TALL APWD

SOF0RM O XSQA{JCHANI*VINSQ IN C1
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CALL VSMUL{IC1,K1,K1,IC1,K1,L)

FORM SQRT(TESQ+XSQ(JCHAN)*VINSQ) IN B

CALL VADD(IB,K1,IC1,Kl,IB,K1l,L)
CALL VSQRT(IB,Kil,IB,Kl,L)

FORM IFIX{FSAMP*M*SQRT(T@SQ+XSQ(JCHAN)*VINSQ)}+Z.5)~NSTART*M IN B

CALL VSMSA(IB,K1,K2,K3,IB,K1,L)
CALL VINT(IB,Kl,IB,Kl,L)
CALL VSADD(IB,K!,K4,18,K1,L)

CLIP B BETWEEN &.2 AND L*M

CALL VCLIP(IB,K1,K5,K6,IB,K1,L}

MULTIPLY B BY L+1 ,ADD 1.8 AND PLACE RESULT IN C1

CALL VSMSA(IB,K!1,K7,K8,IC1,K1,L)

MULTIPLY B BY 1.8/M AND TAKE INTEGER PART

CALL VSMUL(IB,K!,K9,IB,Kl1,L)
CALL VINT(IB,K1,IB,K1,L)

MULTIPLY B BY (L+1)*M-1

CALL VSMUL(IB,K!,K1#&,IB,K1l,L)

SUBTRACT B FROM Cl1 AND PUT RESULT IN B

FIR

CALL vsuB(IB,K!,IC1,K1,IB,K1,L}

B AND TRANSFER BACK AS HOST ARRAY INDEX
CALL VFIX(IB,KI1,IB,KIl,L)

CALL APWR

CALL APGET(INDEX,IB,L,Kl)}

TRANSFER DUM BACK TO K1

CALL APPUT(DUM,K1,K18,K2}
CALL APWD

HAVING COMPUTED INDEX ARRAY NOW START INTERPOLATION OF TRACE

CLEAR B IN AP

CALL VCLR(IB,KI1,L2INT)

TRANSFER TRACE TO 8

CALL APWR
CALL APPUTA(IB,L,KZ,FSTAP(1})
CALL APWD

FIND MEAN VALUE OF TRACE AND PLACE IN AP(ITOP)

SUB
IF
iF

USE

iF
oo

CALL MEANV(IB,K1,ITOP,L)

TRACT MEAN FROM TRACE

CALL VNEG(ITOP,K1,ITOP,KI1,K1)}

CALL VSADB(IB,K1,ITOP,IB,KI1,L)
INDEN IS NEGATIVE,NO SCALING OF TRACE

INDEN IS ZERO SCALE TO UNIT R.M.S VALUE
INDEN IS POSITIVE,USE INVERSE ENERGY SCALING (DIVERSITY STACK)
IFCINDEN.LT.®) GOTO 194

CALL RMSQvV(IB,K1,ITOP,L}

IFCINDEN.GT.@) CALL VSQUITOP,K1,ITOP,K1,K1)
1.0 RESIDING IN ID (FROM SETAP)

CALL vDIV(ITOP,K1,ID,K1,ITOP,K1,K1)

CALL VSMUL(IB,Kl,ITOP,IB,K1,L}

INDMUT IS NEGATIVE USE NO MUTING
IFCINDMUT.LT.D) GOTO 289

CALL VCLR(IB,K1,MUTE(ICHAN)

TRANSFER MODIFIED TRACE BACK TO SEISM

2

CALL APWR



THU O8-JAM-01 gg:05:35 PAGE 003

D mCTVADP T N

PUT TH €
) z.,rw>
HT, K&, 110

ARRAY

H FORM BY COMPLEX EXPONENTIAL
2121,K0)

TR IQ“,K7,TD1;V2,IEZ,L27
oA TAKE N PLACE IFFT
VTG JTLLZ2INT)
K‘N‘
ACK TO SEISH

L,K2,FSTAP(K)

SLEMENTS QUT OF SEISM AND PLACE IN STACK

r MOINDER{ 1)) ,
\ ACK O THTO B AND ADD TO STACK IN A
APR
. APPUHT(STACK,IBL,L,K2) ‘
- VLN . . .
i) ; CTE (2%, STACK,JBLK,IDCH1).LT.#)STOP'WRITE ERROR'
v . K+NBLKTR
: : WODCTAL KL, IBL, KL, TA, KL, L)
- BY 1.H/HCHAN
: : LG /NCHAN o
: DALY R ‘
o Al ARPUT(FNCINY, ITOP,KL,K2) -
il CALL APWD
P T

CALL VSMUL(IA,K1,ITOP,TA,Kl1,L)
TRANSFER SCALED STACK BACK TO STACK
e CALL APWR

yIDCHIDYLLT.Z)STOP "WRITE ERROR 2'
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READ(1, 1000) (IVELAN(I),I=1,NVEL)

IVELAN...File positions at which velocity functions are

defined

READ(1, 1100)XSTART,XSTEP, FSAMP

1100 FORMAT(3F10.0)

XSTART...Shot/First receiver offset
XSTEP....Receiver spacing

FSAMP....Sampling rate in samples per millisecond

READ(1,1200) (TO2LYR(I),V2LYR(I),I=1,N2LYR)

1200 FORMAT(2F10.0)

TO2LYR...Two=way travel time in milliseconds

V2LYR....RMS velocity at the above two-way travel time

READ(1, 1000) INDEN, INDMUT, INFLG,OUTFLG

INDEN....Scaling flag

<0 - no scaling

=0 - Unit RMS energy scaling

>0 - Inverse energy scaling:- Diversity stack
INDMUT...Mute flag

>0 apply mute

<0 no mute applied

INFLG....Input flag
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0 = Input from tape

1 - Input from disc
OUTFLG. ..Output flag

0 = Qutput to tape

1 - Output to disc

IF (INDMUT.GE.O)READ(1,1000) (MUTE(I),I=1,NCHAN)

MUTE.....Sample position to mute down to for each channel

READ(1, 1300)FSPECR

1300 FORMAT (3A4)

FSPECR...If INFLG

0 Temporary file for tape read

INFLG 1 Input files..! to NFILES

READ(1, 1300)FSPECW

FSPECW...If OUTFLG

0 Temporary file for tape write

OUTFLG 1 Output files..1 to NFILES

There are then NVEL velocity functions in the following format:-

READ( 1, 1000)N2LYR

READ(1,1200) (TO2LYR(I),V2LYR(I),I=1,N2LYR)

N2LYR....Number of pairs in following analysis

TO2LYR...Two-way travel time in milliseconds
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V2LYR....RMS velocity at the above two-way travel time
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C MAIN PROGRAM
c
C THIS IS A STACK PROGRAM CAPABLE OF VELOCITY INTERFOLATION

C
C-...__. _________________________ - p— - -
r08 REAL*8 FSPECR,FSPECW,FNAMR,FNAMO
gIaL VIRTUAL T@SQ(2048),VIN3Q(2048),FNAMR(108),FNAMO(127),
XTOLYR(20),VLYR(28),TOINT(29),VINT(22),IVELAN(19Q),
XTH2LYR(24),V2LYR(29)
By o DIMENSION MUTE(24),XSQ(24),FBUF(3),IHBLK(256)
294 INTEGER*2 OUTFLG
LYYE LOGICAL*1 TPDRR,TPDRW,STATUS,ITLEN,LBLK(512)}
AgYe EQUIVALENCE (IHBLK(1),LBLK(1))}
2837 COMMON/STK/ L,L2INT,NCHAN,M,NSTART,FSAMP ,MUTE, INDEN,
XINDMUT, IDCH, IDCH1,XSQ
gags DATA DEV/3RRK /
c
C SET UP I/0 CHANNELS AND READ IN CONTROL DATA
C
209¢ IF(ICDFN(25).NE.Q)STOP 'CHANNELS FULL®
611 CALL ASSIGN¢1,'DK1:MPSTAK.DAT',14)
ag1z CALL ASSIGN(Z2, 'DKI:MPSTAK.LOG',14)
2913 IFCIFETCH(DEV).NE.@)STOP'FETCH ERROR'
o018 IEOTR=¢
Ig1e IEOTW=4
@17 IDCH=28
ga18 IDCH1=21
ga19 READ(1,100F)NFILES,NVEL,L,NCHAN,NSTART,N2LYR M
ag2g 1953 FORMAT(1215) '
g2l READ(1,18¢2)TPDRR, TPDRW, INTSW
Fgeacz READ(1,1882)( IVELAN(I),I=1,NVEL?}
ag2z READ( 11,1189 )XSTART,XSTEF,FSAMP
8824 1189 FORMAT(3F10.£)
ag2s READ( 1,120 )(TA2LYR(I),V2LYR(1),I=1,N2LYR)}
7826 1289 FORMAT(2F19.2)
Jgev READ(1,1000)INDEN, INDMUT, INFLG,QUTFLG
pg28 IF(INDMUT.GE.Z)READ(L, 1008 )(MUTE(I),I=1,NCHAN)
c
C READ IN FILESPECS FOR INPUT DEPENDING ON
< IF IT IS FROM TAPE OF DISC
3238 IFCINFLG.NE.2)GOTO 44
J932 READ(1,130@)FBUF
2033 1389 FORMAT(3A4)
9534 CALL IRADS@(1i2,FBUF,FSPECR)
4838 GOTO 58
FHZE 44 DO 6& I=1,NFILES
2937 READ(1, 1260 )FBUF
ga38 CALL IRADS5®(12,FBUF,FSPECR)
gg3e FNAMR( I )=FSPECR
g4z 68 CONTINUE
C
C RIAD IN OUTPUT FILE SPECS AGAIN THIS
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2041
LS
2944
£ais
746
147
ag4n
g4¢
9050

2951
a5z
883
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IS DEPENDANT ON IF IT GOES TO TAPE OR STAYS ON DISC.
54 IF(OUTFLG.NE.Z)GOTQ 78&

78

SET
8g

SET UF AP COKRSTANTS AND CDP SUBROUTINE
CUTSIDE OF LOOP

START OF MAIN PROCESSING LOOP

Vo2 .84 THU @g8-JAN-81 @@:29:43

READ(1,1392)FBUF

CALL IRADSQ(12,FBUF,FSPECW)

GOTO 88
DO 98 I=1,NFILES
READ(1,1308)FBUF

CALL IRADS58{(12,FBUF,FSPECW)}

FNAMO{ I )=FSPECW
CONTINUE

UP CONSTANTS ARRAYS

L2INT=2
DO § K=1,1908

IF(L2INT.GE.L) GOTO 18

L2ZINT=2*L2INT
CONTINUE
X=XSTART

DO 28 JCHAN=1,NCHAN
XSQA(JICHAN j=X**2
X=X+XSTEP
CCONTINUE
TSAMP=1./FSAMP
TA=NSTART*TSAMP
DO 38 JTg=1,L
TISQUITH)=TP**2
T@=TH+TSAMP
CONTINUE

CALL SETAP(LZ2INT,M)

CALL CDP(T@SQ,VINSQ,D)

IVEL=1
NBLKR=L*NCHAN/128+6
NBLKW=L/128+1

DO 999 IFNUM=1,NFILES

IFIL=1FNUM

IFCINFLG.NE.O)GOTO 100

COME HERE IF INPUT FROM TAPE
IF{IENTER(IDCH,FSPECR,NBLKR).LT.Z)STOP'ENTER ERR'
EOT CHECK

ITRY=1

208 IF{ITRY.GT.3)GOTO 214
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OO,

IF(IEOTR.GE.Z)GOTO 185

218 WRITE(7,180K)TPDRR,IFIL

1809 FORMAT(' EOT ON DRIVE:',I2,' FILE NO:',14)
WRITE(7,18£1)

1881 FORMAT(' ENTER NEW READ DRIVE NUMBER:',$)
READ(5,1862)TPDRR

1802 FORMAT(I1)
[EQTR=#
IF(TPDRR.GT.2)STOP' EQOT READ TERMINATE'

DO A TAPE READ
195 CALL TAPRED(-1,TPDRR,STATUS,ITLEN,IFLEN,IFIL,IEOTR)}
FATAL ERROR DETECTION

IF(STATUS.LT.OIWRITE(2,1580)IFNUM
1508 FORMAT(' WARNING FILE ',I3,' RETRIES FAILED'}
IF(IEOTR.LT.#)GOTO 196

WIND OVER EOF MARK

CALL TAPRED(®,TPDRR,STATUS, , ,IFIL,IEOTR)
196 CALL IWAIT(IDCH)
IERR=Q
ITRY=ITRY+1
IF(IREADW(1,IERR,¥,IDCH).LT.Z)STOP' ERR READ ERR’
IFCIERR.EQ."177777)GOTO 244
CALL CLOSEC(IDCH»

OPEN UP FILES FOR READING IN

10% IFCINFLG.NE.@)FSPECR=FNAMR(IFNUM)
IF(LOOKUP{IDCH,FSPECR).LT.Z)STOP'LOOKUP ERR'

OPEN UP OUTPUT FILES

IF(OUTFLG.NE.@}FSPECW=FNAMR{ IFNUM)
IF(IENTER(IDCH] ,FSPECW,NBLKW).LT.2)STOP'ENTER ERR'

HEADER BLOCK MANAGEMENT
IF(IREADW(256, IHBLK,&,IDCH).LT.Z}STOP 'HBLK ERR"
UPDATE HEADER

[BFREE=IHBLK(24)>
ITHBLK(7)=1

LBLK(19)=3
[HBLK(129+IBFREE}=2
IBFREE=IBFREE+1
THBLK(129+IBFREE )=NCHAN .
IBFREE=IBFREE+1
IHBLK(129+IBFREE)=NVEL

PAGE
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IBFREE=IBFREE+]

IHBLK(129+IBFREE)=N2LYR

IBFREE=IBFREE+1

IHBLK{(129+IBFREE =M

IBFREE=IBFREE+1 T
THBLK(129+IBFREE }=INTSW.

IBFREE=IBFREE+1

THBLK(24)=1IBFREE

WRITE OGUT BLOCK
IF(IWRITW(286,IHBLK,Q,IDCH1).LT.Z)STOP'HBLKW ERR'
SEE IF NEW VELOCITY ANALYSIS REQUIRED

IF(IVELANCIVEL).NE.IFNUM}GOTO 198
IVEL=IVEL+1
NLYR=N2LYR
DO 11& I=1,NLYR
TALYR(II=TH2LYR( )
YLYR(I)=V2LYR(I)

118 CONTINUE

SET UP NEW VINSQ TABLE

CALL INVSQ(FSAMP,NSTART,NLYR,L,VINSQ,TOLYR,VLYR)
IF(NVEL.LT.IVEL)INTSW=0"
IF(NVEL.LT.IVEL)GOTO 1289

READ IN NEXT ANALYSIS AND SET UP INTERPOLATION

READ{(1,12@8)N2LYR

READ(1,1208)(TA2LYR{I),V2LYR(I)},I=1,N2LYR)

IF(INTSW.EQ.Q)GOTO 129

INT=IVELAN(IVEL)-TIVELANCIVEL-1}

IF(INT.LE.1)GOTO 129

RINT=FLOAT(INT)

DO 138 I=1,NLYR

THINTCI)=(TH2LYR(I }-TOLYR(I)}/RINT

VINT(I)=(VZLYRCI}-VLVYR(I)}/RINT
139 CONTINUE

GOTO 12#

COME HERE WHEN NOT A NEW ANALYSIS

128 IF(INTSW.EQ.2)GOTO 129

ADD OM INTERPOLATING PARAMETERS
DO 1404 I=1,NLVYR
TOLYR(ID)=TALYR(I)+THINT(I)

VLYR{I)=VLYRCI)I+VINT(I}
143 CONTINUE

PAGE 994
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SET UP VINSQ TABLE AND THEN DO STACK

CALL INVSQ(FSAMP,NSTART,NLYR,L,VINSQ,TOLYR,VLYR)
127 CALL CDP{(T#SQ,VINSQ,1)

CALL CLOSEC(IDCH)

CALL CLOSEC(1DCH1)}

IF(OQUTFLG.NE.Z)GOTO 999

COME HERE If OUTPUT TO GO TO TAPE

IFLEN=LOOKUP{ IDCH1,FSPECW?}
IFCIFLEN.LT.Z)STOP'LOOKUP ERR’

D0 A TAPE WRITE

CALL TAPRED{1,TPDRW,STATUS,ITLEN,IFLEN,IFIL,IEOTW)
CALL CLOSEC(IDCH1)

IF{IEOTW.GE.&)GOTO 158

WRITE(7,1680)TPDRW, IFIL

1604 FORMAT(' EOT ON WRITE DRIVE:',I2,' FILE NO:',I4}

WRITE(7,16081)

1601 FORMAT(' ENTER NUMBER OF NEW DRIVE:',$)

READ(5,1882)TPDRW
1EOTW=0
" IF(TPDRW.GT.2)STOP'WRITE EOT TERMINATE'
159 IF(STATUS.GE.@)GOTO 168
WRITE(2,1708 ) IFNUM

1709 FORMAT(' FATAL ERROR ON WRITE FILE ',13}

STOP' FATAL ERR'
164 CONTINUE
939 CONTINUE
CALL CLOSEC(IDCH)
CALL CLOSEC(IDCHL)
STOP' NORMAL TERMINATION'
END
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C====================-=-—==—====_========—===================z-==s=====z=
gy SUBROUTINE INVSQ(FSAMP NSTART NLVR L, VINSQ TKLVR VLYR)
C USES INPUT DATA TO GENERATE ARRAV OF INVERSE SQUARED VELOCITIES
C VELOCITIES ARE CONSTANT UP TO FIRST REFLECTOR AND BEYOND
C LAST AND ARE LINEARLY INTERPOLATED IN BETWEEN.

VIRTUAL VINSQ(2848),TOLYR(20),VLYR(2Q)

Nl=1

N2=IFIX(FSAMP*TOLYR(1)}-NSTART

VINSQl=1.8/VLYR(1)**2

DO 1& I=N1,N2

VINSQ(I)=VINSQl
iz CONTINUE

IF(NLYR.EQ.1) GOTO 48

DO 38 J=2,NLVYR

N1=N2+1

N2=IFIX(FSAMP*TOLYR(J})-NSTART

DELV=(VLYR(J)-VLYR(JI-1))/(N2~-N1+2}

V=VLYR(J-1}

DO 2& I=NI1,N2

VINSQ{I)=1,0/V¥**2

V=V+DELV
29 CONTINUE
3 CONTINUE
i9 N1=N2+1

NZ2=L

VINSQN=1.8/VLYR{NLYR)**2

DO 58 I=N1,N2

VINSQ{I)=VINSQN

1% CONTINUE
RETURN
END
SORT AR IV vV@g2.24 THU #8-JAN-81 22:31:99% PAGE 921
Czzz=szosssScsossssSsRsssoassIRasSSSSSSSSSS SRS o= Tama== e 2L P ]
el BLOCK DATA
C-——_——_-_-—____—_—..__—_....___——.—-_...-_____-—v__..—_,—__.——-_---_.—_—__--__—_

IMPLICIT INTEGER*2(I-N)

COMMON /KONST/ K1M,K#,K1,K2,K3,K4,K5,K6,K7,K8,K9,K14,
1IA,1B,IC,ID,ITOP

J5ys DATA KIM,K#,K1,K2,K3,K4,K5,K6,K7,K8,K9,K19,1A,IB,IC,ID,ITOP

1/-1,8.1,2,3,4, 5 6,7,8,9,18,9, 2ﬂ48 4%96,6144, 8191/
JHOE END
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SUBROUTINE SETAP(LZINT,M)

SETS UP COMPLEX EXPONENTIAL. TABLE IN D+1i
AND PUTS 1.2 IN ID

COMMON /KONST/ KI1M,K#,K1,K2,K3,K4,K5,K6,K7,K8,K9,K1H,

11A,IB,IC,ID,ITOP
INITIALISE AP

CALL APINIT
SET UP REQUIRED STARTING ADDRESSES AND CONSTANTS.

ID1=1D+1

ID2=1D+2

L2I21=L2INT/2-1
TRANSFER 1.9/(L2INT*M) TO K@ AND MULTIPLY BY 2PI FROM TM.

CONST=1.4/FLOAT{L2INT*M)

CALL APWR

CALL APPUT{(CONST,K#,K1,K2)

CALL APWD
FORM VECTOR RAMP AND TAKE SIN AND COS OF IT

CALL VTSMUL(K#,K1,2317,K#,K1,K1)

CALL VRAMP(K@,K#,IB,K1,L2I21)

CALL VCOS(IB,K1,ID1,K2,L2I21)

CALL VSIN(IB,K1,ID2,K2,L21I21)
PUT 1.4 IN ID

CALL VCLR(ID,K1l,Kl)

CALL VTSADD(1D,K1,2949,1D,K1,K1)

RETURN

END
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SUBROUTINE CDP(T@SQ,VINSQ,ICODE)
MAIN STACKING SUBROUTINE

VIRTUAL SEISM{32767),TOSQ(2048),VINSQ(2048)

DIMENSION INDEX(2£48),MUTE(24),STACK(2048),

10UMC 1) ,CONST(18),FSTAP(28),XSQ(24)
COMMON/STK/L,L2INT,NCHAN,M,NSTART, FSAMP ,MUTE, INDEN,
XINDMUT,IDCH, IDCHL,XSQ

COMMON /KONST/ K1M,K#,K!,K2,K3,K4,K5,K6,K7,K8,K9,K1d,.
11IA,IB,IC,ID,ITOP

SET UP REQUIRED STARTING ADDRESSES AND CONSTANTS

IF{ICODE.GT.Z)GOTO 28
IB1=1B*1
IC1=IC+1
ICZ2=1C+2
ID1=1D+!
LlsL+l
L2121=L2INT/2~1
CONST( 2 )=M*F SAMP
CONST(3)=4.5
CONST(4)=-M*NSTART
CONST(5)=0.8
CONST(6)=L*M
CCNST(7)=L+1
CONST(8)=1.8
CONST(9)=1.4/M
CONST(18)=(L+1)*M~-1
NBLKTR=L/128
FSTD=ADGET(SEISM(1))
FTZSQ=APGAD(TASQ{1})
FVINSQ=APGAD{(VINSQ(1
ISTART=1
DO S5¢ K=1,M
FSTAP{K)}=APGAD(SEISM(ISTART))
ISTART=ISTART+L1

53 CONTINUE
RETURN

SET SEISM{(L+1) TO @.%4 TO COPE WITH TIME OVERFLOW AND CLEAR A IN AP

28 JBLK=1
IBLK=1
SEISM(L1)=0.9
CALL VCLR(IA,K1,L)}

ITERATE THROUGH CHANNELS
DO 504 JCHAN=1,NCHAN

READ IN TRACE SEISM FROM UNIT 2
IF(IREADA(IDCH,2*L,JBLK,FSTD).LT.Z)STOP'READA ERROR'
JBLK=JBLK+NBLKTR
CALL IWAIT(IDCH)

COMPUTE INDEX ARRAY
CONST(1)=XSQ(JCHAN)

)
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CALL APWR
TRANSFER (K1,K18) TO HOST DUMMY ARRAY DUM AND REPLACE BY CONST
CALL APGET(DUM,KI,K1Z,K2)
CALL APPUT(CONST,K1,K18,K2?
TRANSFER T@SQ TO B AND VINSQ TO IC1
CALL APPUTA(IB,L,K2,FTESQ)
CALL APPUTA(IC1,L,K2,FVINSQ)
CALL APWD
FORM XSQ{JICHAN)*VINSQ IN C1
CALL VSMuL(iCl,K1,Kl,IC1,K1,L)
FORM SQRT(TOASQ+XSQ(JCHAN)*VINSQ) IN B
CALL VADD(IB,K1,IC1,K1,IB,K1,L)
CALL VSORT(IB,K1,IB,Kl,L)
FORM IFIX(FSAMP*M*SQRT(TZSQ+XSQ(JCHANI®*VINSQ}+@.5)~NSTART*M IN B
CALL VSMSA(IB,K1,K2,K3,IB,K1l,L)
CALL VINT(IB,K1,IB,K1,L}
CALL VSADD(I1B,K1,K4,IB,KI1,L)
CLIP B BETWEEN 9.8 AND L*M
CALL VvCLIP(IB,K!,K5,K6,IB,Kl,L)}
MULTIPLY B BY L+l ,ADD 1.8 AND PLACE RESULT IN C1
CALL VSMSA(IB,K1,K7,K8,1C1,K1,L?
MULTIPLY B BY 1.9/M AND TAKE INTEGER PART
CALL VSMUL(IB,K1,K9,IB,Kl1,L)
CALL VINT(IB,K1,IB,K1,L)
MULTIPLY B BY (L+1)*M-1
CALL VSMUL(IB,K1,K12,1B,K1,L)
SUBTRACT B FROM C1 AND PUT RESULT IN B
CALL vsSUB(IB,K1,ICl,K1,IB,K1,L}
FIX B AND TRANSFER BACK AS HOST ARRAY INDEX
CALL VFIX{(IB,K1,IB,K1,L)
CALL APWR
CALL APGET(INDEX,IB,L,Kl1)
TRANSFER DUM BACK TO Kl
CALL APPUT(DUM,K!,K1#,K2}
CALL APWD

HAVING COMPUTED INDEX ARRAY NOW START INTERPOLATION OF TRACE

CLEAR B IN AP
CALL VCLR(IB,K1,L2INT)
TRANSFER TRACE TC B
CALL APWR
CALL APPUTA(IB,L,K2,FSTAP(1))
CALL APWD
FIND MEAN VALUE OF TRACE AND PLACE IN AP(ITOP)
CALL MEANV(IB,K1,ITOP,L)
SUBTRACT MEAN FROM TRACE
CALL YNEG(ITOP,Kl,ITOP,K1,Kl)
CALL VSADD(IB,K!,ITOP,IB,KI1,L)
IF INDEN IS NEGATIVE,NO SCALING OF TRACE
IF INDEN IS ZERO SCALE TO UNIT R.M.S VALUE
IF INDEN IS POSITIVE,USE INVERSE ENERGY SCALING (DIVERSITY STACK)
IFCINDEN.LT.Z) GOTO 18%
CALL RMSQV(IB,K!,ITOP,L)
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2981 SUBROUTINE TAPRED(ICOM,IDRV,ISTAT,ITLEN,ILEN,IFNUM,IEOT)
c
C TAPE HANDLING SUSROUTINE
C ICOM IS THE COMMAND SIGNAL
C -1 IS A READ,® IS A WIND,! IS AWRITE
C IDRV IS THE DRIVE BEING USED
C ISTAT IS THE STATUS ON RETURN
C ITLEN IS THE TIME LENGTH OF A FILE READ
C ILEN IS THE BLOCK LENGTH OF A FILE READ OR WRITTEN
c
ggez INTEGER*2 MASK(8),ESTATI
Fe4a3 LOGICAL*1 ISTAT,COM(4),SDSCOM(8),IDRV,ITLEN,ECOM(4),
XIFLEN,ESTAT,ERRS(8)
ATa4A DATA MASK/"1,"2,"4,"18,"28,"40," 108 ," 208/
2235 DATA SDscoM/"#,"1,"2,"3,"4,"5,"6,"7/
p3a6 DATA ERRS/"377,"377,%377,"377,"377,"377,"377,"377/
2087 ITRY=0
ogge IF{ICOM) 12,349,228
c
C SECTION CONTROLLING A READ
c
c
C CHECK THAT ONLY A FEW RETRIES ARE ATTEMPTED
c
2893 17 ITRY=ITRY+!
' C
C SET UP COMMAND FOR READ
C
" F: BO% COM(1)=SDSCOM(4)
8g11 coM(2)=1
2812 COM(3)=IDRV
I3 COM(4)=-1
agia CALL SDS19(COM,ISTAT,ITLEN,ILEN?
gg1c IF{ISTAT.EQ.ORETURN
C
C ERROR DETECTED ON READ
C
ge17 ISTATI=ISTAT
2018 GOTO. 4g
o
C IF SHORT RECORD FOUND REREAD TAPE
c
Jgie 5¢ ITMP=ISTATI.AND.MASK(6)
AG2L IF(ITMP .NE.Z)GCTO 19
gg22 ITMP=ISTATI.AND.MASK(2Y
8823 IF(ITMP.EQ.Z)RETURN
C
C IF CRC ERROR FOUND REWIND TAPE AND RETRY
C
8925 WRITE(2,2010)IFNUM
$9286 2018 FORMAT(' FILE NO ',I4,' CRC ERROR REWINDING')
2327 IFCITRY.GE.2)GOTO 138
2929 ECOM(1)=SDSCOM(6)

1934 ECOM(2)=1
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C
C
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ECOM( 3 )=1DRV
ECOM( 4)=0
CALL SDS1@(ECOM,ESTAT, , )
GOTO 18

WEITE SECTION

ITRY=ITRY+1
IF{ITRY.GT.31GOTO 134
COM{1)=SDSCOM(7)
IFLEN=CILEN+3)/4
COM(2)=IFLEN

COM{2)}=1DRYV

CoOM{4)=1

CALL SDS1@(COM,ISTAT, , )
IF(ISTAT.EQ.Z)RETURN

WRITE ERROR DETECTED

ISTAT1=ISTAT

GOTO 49

ITMP=ISTATI.AND.MASK(6)
ITMPI=ISTATI.AND.MASK(2)

IF(ITMP . EQ.H.AND.ITMPI.EQ.Z)RETURN

REPORT AND RETRY

WRITE(2,2020)IFNUM

PAGE 9292

FORMAT(' FILE NO ',I4,' WRITE CRC ERR RETRY PROPOSED')

ECOM(1)=SDSCOM(6)
ECOM(2)=2

ECOM(3)=IDRV

ECOM(4)=0

CALL SDS1@(ECOM,ESTAT, , )
NBUF =8 :
IPAD=(IFLEN®*2048)~NBUF

CALL TWRIT(ERRS,NBUF,ESTAT,IPAD,IFLEN,IDRV)

GOTO 29

WIND FOWARD ONE FILE

COM{1)=
COM(2)=
COM(3)=1DRV

COM(4)=9

CALL SDS1@(COM,ISTAT, , }

SOSCOM(S5)
1

CLEAR IRRELEVANT BITS FROM ERROR BYTE

ISTAT=ISTAT.AND..NOT.MASK(GE}
IF(ISTAT.EQ.2}RETURN
I[STATI=ISTAT
IFCISTAT.NE.2)GOTO 49
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C IF ISTAT=@ REWIND AND SET UP FOR NEXT READ
c
C AS THIS WAS A DATA FILE NOT A SHORT RECORD
c
ag74 ECOM{ 1)=SDSCOM(6)
875 ECOM(2)=1
3876 ECOM(3)=1DRV
8377 ECOM( 4)=0
g7 CALL SDS19(ECOM,ESTAT, , )
ge79 35 RETURN
' c
C IN THIS SECTION THE MAIN TAPE ERRORS ARE
C HANDLED SUCH AS:= TAPE BUSY,TAPE OFFLINE
C BOT,EOT
C
C TAPE BUSY SECTION...AFTER CLEARING BOT FLAG
c
:§:4:72] 43 WRITE(2,181@)ISTATI,IFNUM
ag8l 1219 FORMAT(' STATUS=',13,' FILE NO=',614)
ags2 ISTATI=ISTATI..AND. .NOT.MASK(4)
2483 ITMP=1STATI.AND.MASK(5}
3434 IFCITMP.EQ.2)GOTO 84
2936 9g ECOM(1)=SDSCOM(1)
2887 ECOM(2)=8
9985 ECOM(3)=IDRV
2489 ECOM(4)=0
ga9y CALL SDS!Q(ECOM,ESTAT, , )
C

C HAVING EXAMINED STATUS IF TAPE STILL
C BUSY, LOOP AGAIN,IF NOT TRY COMMAND AGAIN

C
2331 ESTATI=ESTAT
gg3z ITMP=ESTATI.AND.MASK(5)
2992 IFCITMP.NE.Z)GOTO 94
898 IFCICOM) 19,358,249
c
C TAPE OFFLINE
ag96 89 ITMP=I1STATI.AND.MASK(1)
8997 IF(ITMP.EQ.2)GOTO 189
ggo2 TYPE 18@1,IDRV
2198 1781 FORMAT(' TAPE DRIVE ',Il,' OFFLINE')
c
C HAVING ANNOUNCED ERROR SKIP UNTIL CORRECTED
c
aim 119 ECOM(1)=SDSCOM(1)
192 ECOM(2)=0
21923 ECOM(3)=IDRV
2144 ECOM(4)=9
7195 CALL SDS1@(ECOM,ESTAT, , }
@136 ESTATI=ESTAT
g197 ITMP=ESTATI.AND.MASK(1)
a198 IF(ITMP.NE.?)GOTO 1189
2%Y4 IF(ICOM) 19,39,29
FORTRAN IV Vaz.p4 THU #8-JAN-81 gg:32:38 PAGE 094
c
C EOT
C
Zli. 193 ITMP=ISTATI.AND.MASK(3)
112 IF(ITMP.EQ.Z)GOTO 128
gr14 TYPE 1992,1DRY
#115 1582 FORMAT(*® EOT ON DRIVE ',I1)
g11¢ IEQT=-1
8117 RETURN
@118 129 IF(ICOM) 50,35,78
C ERROR EXIT RETURN
C

g 139 ISTATI=-1
2 RETURN
Fia1l END
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Post-Stack Processing :- MPPOST

Input file..coo. DK2:MPPOST .DAT

Log file........DK2:MPPOST.LOG

Input Parameters

READ( 1, 1000)NFILES,NSAMP,NSTART, INFLG,QUTFLG

1000 FORMAT(1215)

NFILES...Number of files to process
NSAMP....Number of samples per trace
NSTART...Starting sample number of trace -
INFLG....Input flag

0 - Input from tape

1 - Input from disc
OUTFLG...Output flag

0 - Output to tape

1 - Qutput to disc

READ( 1, 1000) TPDRR , TPDRW

TPDRR....Input Tape drive

TPDRW....Output tape drive

READ(1, 1100)FSAMP

1100 FORMAT(2F10.0)




FSAMP....Sampling rate in samples/millisecond .

If INFLG = 1 READ(1, 1300)FSPECR

1300 FORMAT(3Al4)

FSPECR...NFILES input files

If OUTFLG = 1 READ(1,1300)FSPECW

FSPECW...NFILES Output files

READ(1, 1000)NPROC

NPROC....Number of processes to be applied

READ(1, 1000) (UTLFLG(I),I=1,NUTIL)

UTLFLG...Flag showing if each process is to be applied
0 - Do not apply

1 - do apply

READ(1,1000) (IORD(I),I=1,NPROC)

IORD.....Process numbers in order of application

This is then followed by input data to each chosen process

UTLFLG order

1....Edit

READ(1, 1000)NFILED
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READ(1,1000) (IFILED(I),I=1,NFILED)

NFILED...Number of stacked traces to edit
IFILED...Trace numbers of traces to be edited,

order.

2....Gain Ramps

e0.2t Ramp

READ(1,1000) IAPLX

JAPLX....Application flag
0 - apply

1 - remove

te0.2t Ramp

READ( 1, 1000) IAPLTX

IAPLTX...Application flag
0 - apply

1 - remove

TV¥%2 Ramp

READ(1, 1000) IAPLTV,NLYR

READ( 1, 1000) (TOLYR(I),VLYR(I),I=1,NLYR)

IAPLTV...Application flag

Page 187
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0 - apply

1 - remove
NLYR.....Number of Time/Velocity pairs to be entered
TOLYR....Two=way travel time in milliseconds

VLYR.....RMS Velocity down to specified time

3....Mute

READ(1, 1000)NTAP,NMPTS

READ(1,1000) (MNPOS(I),MSAMP(I),I=1,NMPTS)

NTAP.....Number of points in the cosine taper
NMPTS....Number of defined mute positions
MNPOS....File number of defined mute

MSAMP....Sample number to mute down to

4,..,.Spiking Deconvolution

READ(1, 1000)NFILT, IDUM, ISPIKE, INORM

READ( 1, 1100)WHITE

NFILT....Number of filter points
ISPIKE...Spike position
INORM....Scaling flag

0 - no scaling

1 - unit filter energy

2 - equal input/output energy

WHITE....Fractional pre-whitening
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5....Bandpass Filtering

READ(1,1100)FL,FU

READ(1,1100)FTPR1,FTPR2

FL.......Lower cutoff frequency Hz
FU.:.v....Upper cutoff frequency Hz
FTPR1....Length of lower cutoff taper Hz

FTPR2....Length of upper cutoff taper Hz

6....Bandreject Filtering

READ(1,1100)FLR,FUR

FLR......Lower cutoff frequency Hz

FUR......Upper cutoff frequency Hz

7....Prediction Error Deconvolution

READ(1, 1000)NPFILT,NLAG, IPNORM

READ(1, 1100) PRWHIT

NPFILT...Number of samples in filter
NLAG.....Prediction distance, in samples
IPNORM...Scaling flag

0 - no scaling

1 - Filter unit energy

2 - equal input/output energy

PRWHIT...Fractional prewhitening

189
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8....Trace Normalisation

READ(1, 1000) NRMFLG

NRMFLG. . .Normalisation flag
0 - normalise to unit energy

1 - normalise to unit maximum amplitude
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ST STACK UTILITY PROGRAM
IS INVOLVES THE FOLLOWING
DIT

XP{@.2T) AMP RECOVERY
*EXP(2.2T) AMP RECOVERY
V**2 AMP RECOVERY

UTING

ECONVOLUTION

7:BANDPASS FILTERING
2:BANDREJECT FILTERING

9:p
14

SET

)51

REA

1227

REDICTION ERROR FILTERING
NORMALISATION TO UNIT ENERGY/AMPLITUDE

REAL*8 FSPECR,FSPECW,FNAMR,FNAMO

VIRTUAL FNAMR(184),FNAMO(100),EXPT(2048),TEXPT(2248?),
XTVSQ(2948),TAPER(512),BPASS(2049),BRICT(2049) ,MUTE( 22022}
REAL*4 FBUF{(3),TOLYR(2&),VLYR(28),CONST(3),SEISM(2048)
INTEGER*Z IORD(8),UTLFLG(8),IFILED(190),DBUF(4352),
XIHBLK(256),0UTFLG,MNPOS{34),MSAMP(32),MINC(32}

LOGICAL*]1 TPDRR,TPDRW, ISTAT

EQUIVALENCE (IHBLK(1),DBUF(1)),(SEISM(1},DBUF(257})

DATA DEV/3RRK /

UP VIRTUAL ADDRESSES

IEQTR=8

IEOTW=4

ATAP=APGAD(TAPER(1)}
ATBP=APGAD(BPASS(1)}
ATBR=APGAD(BRJCT(1))
ATVSQ=APGAD(TVSQ(1))
ATEXPT=APGAD(TEXPT(1
AEXPT=APGAD(E¥PT(1))

3}

UP 1/0 CHANNELS AND READ IN CONTROL DATA

IF{ICDFN{25).NE.&)STOP 'CHANNEL OVERFLOW'
CALL ASSIGN(1,'DK2:MPPOST.DAT',14)

CALL ASSIGN(2Z,'DK2:MPPOST.LOG',14)

IDCH=2¢

IDCH1I=21

READ(1,18@8INFILES,NSAMP,NSTART, INFLG,OUTFLG
FORMAT(1218)

READ(1, 1092 )TPDRR, TPDRW

READ{(1,1188)FSAMP

11929 FOCRMAT(2F10.8)

D IN FILE SPECS FOR INPUT

FORMAT(3A4)
IF(INFLG.EQ.Q)GOTO 24
DO 38 I=1,NFILES
READ(!,1299)FBUF
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¢

C PREDICTIVE DECONVOLUTION

¢

143 IF(UTLFLG(9).EQ.#)GOTO 152

READ{1,1@88)NPFILT,NLAG, IPNORM
READ(1,1122)PRWHIT

¢ TRAGE NORMALISATION

T 158 IF(UTLFLG(1#).EQ.Z)GOTO 168
READ( 1, 1898 )INRMFLG

C BLOCKING PARAMETERS

¢

158 CONTINUE

IFED=1 :
NBLKTR=NSAMP /128
NBLKW=NBLKTR+1
NBYTR=NBLKW*512
NWDR=NBYTR/2

¢

C START OF LUOP ON DIFFERENT FILES

c
DO 208 IFNUM=1,NFILES
IFIL=1FNUM
IF( INFLG.NE.Z)GOTO 219

c

C TAPE INPUT HANDLING

¢

c

C EOT CHECK

c
ITRY=1

211 IF(ITRY.GT.3)GOTO 212
IF(IEOTR.GE.Z)GOTO 229

212 WRITE(7,.1408)TPDRR,IFIL

1448 FORMAT(' EOT ON READ DRIVE:',I2,' FILE NO:',I4)
WRITE(7,14841)

1421 FORMAT(' ENTER NEW DRIVE NO:',$)}
READ(5,1492)TPDRR

1492 FORMAT(Il)
IEOTR=H
IF{TPDRR.GT.2)STOP' EOT TERMINATION'

READ FROM TAPE TO MEMORY

[eXwX ]

22#% CALL TAPSUB(-~1,TPDRR,ISTAT,IFLEN,IFIL,DBUF,NBYTR,IEOTR)}
IFCISTAT.LT.Z)WRITE(Z,15890)IFIL
1ZP¥ FORMAT(' RETRIES ON READ FAILED ON FILE',IB)
IF(IEOTR.LT.@)GOTO 23#
c
C WIND OVER EOF MARK

CALL TAPSUB(®,TPDRR,ISTAT, ,IFIL, , ,IEOTR)
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239 ITRY=ITRY+1
IF{IHBLK(1).EQ."177777)GOTO 211
GOTO 288

OPEN UP READING FILES
219 FSPECR=FNAMR{IFNUM)

CALL CLOSEC(IDCH)
IF(LOOKUP(IDCH,FSPECR).LT.2)STOP'LOOKUP ERR"

IFCIREADW{NWDR,DBUF ,@.IDCH).LT.Z)STOP 'READW ERR'

2849 CONTINUE
HEADER BLOCK MANAGEMENT

IBFREE=IHBLK{24)
IHBLK{(129+IBFREE )=3
IBFREE=IBFREE+1
IHBLK(129+IBFREE)=NPROC..
IBFREE=IBFREE+1
GO 215 J=1,NPROC
IHBLK(129+IBFREE)}=IORD(J)
IBFREE=SIBFREE+]

215 CONTINUE
IHBLK(24)=IBFREE

OPEN UP OUTPUT FILES

IF(GUTFLG.EQ.Z)GOTO 399
FSPECW=FNAMO( IFNUM)

IFCIENTER(IDCH1,FSPECW,NBLKW).LT.@)STOP'ENTER ERR2'
IFCIWRITW(256, IHBLK, &, IDCH1).LT.9)STOP 'WRITW ERR'

JBLK=1
387 CALL APPUT(SEISM,g,NSAMP,2)
CALL APWD
DO 49% IPCNUM=1,NPROC
GOTO(419,430,440,450,460,479,489,
X499,509,518)I0RD{ IPCNUM)

PROCESS EDIT COMMANDS

419 IF(IFED.GT.NFILED)GOTO 498
IFCIFILED(IFED).NE.IFIL)GOTO 499
IFED=IFED+1
CALL VCLR(Z,1,NSAMP)

CALL APWR
CALL APGET{(SEISM,Z,NSAMP,2}
CALL APWD
0T0 314

AMP RECOVERY FILTERS APPLICATION AND REMOVAL

EXP{O.2T) FILTER

PAGE #@5
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9197 438 IAPL=IAPLX

g9t CALL APPUTA(NSAMP,NSAMP,2,AEXPT)
7199 GOTO 455
-
C T*EXP(@.2T) FILTER
o4
o208 545 IAPL=IAPLTX
8281 CALL APPUTA(NSAMP,NSAMP,2,ATEXPT)
3292 GOTO 455
C
2 TV**2 FILTER
C
9282 £50 IAPL=IAPLTV
288 CALL APPUTA(NSAMP,NSAMP,2,ATVSQ)
¢
C ZOMMON CODE
*20% 455 CALL APWD
a2g¢ IF(IAPL.EQ.Z)CALL VMUL(®Z,1,NSAMP,1,%,1,NSAMP)
a2E IF(TAPL.NE.G)CALL VDIVI(NSAMP,1,0.1..1.NSAMP)
3218 CALL APWR
2211 GOTO 447
r
¢ MUTE APPLICATION
<
nyz 460 CALL APPUTA(NSAMP,NTAP,2,ATAP)
9215 CALL APWD
#2714 MNCLR=MUTE( IFIL)
9715 CALL VCLR(@,1,MNCLR}
2216 CALL VMUL (MNCLR,1,NSAMP,1,MNCLR,1,NTAP)
2217 CALL APWR
3218 COTO 489
¢
C SPIKE DECON
C

B21¢% 47L CALL SPIKE(NSAMP,NSAMP2,NFILT,WHITE, INORM,ISPIKE)
228 G0TO 499

~
C SANDPASS FILTER

221 487 CALL APPUTA(4189,NBFILT,2,ATBP)
J22z CALL APWD
=222 CALL VCLR(NSAMP,1,NBEXP)
JZ24 CALL RFFT{(@,NTRANF,1)
JZ27 CALL RFFTSC(#,NTRANF,3,1)
5205 CALL VMUL(®,2,4100,1,8,2,NBFILT?
J227 CALL VvMUL(1,2,4108,1,1,2,NBFILT)
gz2z2e CALL RFFTSC(#,1,NTRANF,-3,0)
gz2z% CALL RFFT(®,NTRANF,~-1)

CALL APWR

GOTO 449

SANDREJECT FILTER

[e X8 ER



FORT

g232
3233
2234
£2356
4236
8237
2234
g23¢°
g24%
g24:
g24z

g24C
EYy 4

SENC TV
439

OO0

g 3 emy e ez el B e v e et —m vk 5 N yenget A e e s Awen e e

va2. 4 THU @8-JAN-81 24:17:19 PAGE 287

CALL APPUTA{4199,NRFILT,2,ATBR)}
CALL APWD

CALL VCLR{NSAMP,1,NBEXP}

CALL RFFT(@,NTRANF,1:

CALL RFFTSC(#,NTRANF,3,1)

CALL VMUL(9,2,41098,1,8,2,NRFILT)
CALL vMUL(1,2,41080,1,1,2,NRFILT)
caLL RFFT;C(H NTRANF, -3 ﬂ)

CALL RFFT(E,NTRANF -1)

CALL APWR

GOTO 449

PREDICT GECON

S@¢ CALL PRDICT{NSAMP,NSAMP2 ,NPFILT,PRWHIT,IPNORM,NLAG)
GOTO 48¢
c
C MORMALISATION
o
518 IF(NRMFLG.EQ.Z)GOTO 515
CALL MAXMGV(9,1,2058,NSAMP)
GOTO 516
515 CALL SVESQ(&,1,205&,NSAMP)
CALL VSQRT(285¢,1,28508,1,1)
316 CALL VDIV(205¢,8,2,1,7,1,NSAMP)
CALL APWR
488 CONTINUE
C
< END OF PROCESS LOOP
C
CALL APWAIT
CALL APGET(SEISM,Z,NSAMP,2)
CALL APWD
317 IF{OQUTFLG.EQ.2)GOTO 328
IFCIWRITW{2*NSAMP ,SEISM,JBLK, IDCHI).LT.Z)STOP 'WRITW ERR2'
CALL CLOSEC(IDCH!)
GOTO 209
C
< QUTPUT TO TAPE
o
329 IFLEN=NBILKW
CALL TAPSUB{1,TPDRW,ISTAT,[FLEN,IFIL,DBUF,NBYTR,IEOTW)
C
C CHECK FOR ERRORS
’ IF( 1EOTW.GE.Z)GOTO 258
WRITE(7,16@8)TPDRW, IFIL
1689 FORMAT(' EOT ON DRIVE:',l12,' FILE NO:',I4)
WRITE(7,1681)
16801 FORMAT(' ENTER NEW WRITE DRIVE NO:',S)
READ(5,1452)TPDORW
IE0TW=2
IF(TPDRW.GT.2)STOP'EOT TERMINATE'
258 IF(ISTAT.GE.®)GOTO 298
~AN IV vo2.984 THU #8-JAN-81 @@:17:19 PAGE 998
WRITE(2,1788) IFIL h
177 FORMAT(' FATAL ERROR ON WRITE FILE NO',I5)
STOP' WRITE ERROR'
2% CONTINUVE

CALL CLOSEC{IDCH)

CALL CLOSEC(IDCHI1)

STOP *NORMAL TERMINATION'
END
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'SUBROUTINE TEXRMP(FILT,IFTYP,IFLG,NSAMP ,CONST; ;AFILT,FS)

If ITYP=g THIS ROUTINE PRODUCES AN EXP(Z.2T) ARRAY

NSAMP

LONG IN FILT

IF ITYP=1 T*EXP(Z.2T)PRODUCED

CONST(1)=NSART
CONST(2)=0.2
CONST{(3)=1.0/( 1908.8%F SAMP )

VIRTUAL FILT(2848)
DIMENSION CONST(3}
IF(IFLG.NE.Q)GOTO 19

FORM THE

CALL
CALL
CALL
CALL
CALL

T RAMP

APWAIT
APPUT(CONST,8189,3,2)

APWD

VCLR(Z,1,NSAMP )}
VRAMP(B189,8191,4,1,NSAMP)

FORM EXP{(2.2T)

CALL
CALL

VSMUL(#,1,8198,NSAMP, 1,NSAMP)
VEXP (NSAMP,1,NSAMP, 1 ,NSAMP)

IF(IFTYP.EQ.Z)GQTO 24

FORM T*EX;(E,ZT)

19 CALL
2% CALL
CALL

VMUL {NSAMP,1,2,1,NSAMP, ! ,NSAMP)
APWR
APGETA(NSAMP ,NSAMP,2 ,AFILT)

RETURN

END
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SUBROUTINE TVRMP(FILT,TOLYR,YLYR,NLYR,IFLG 6 NSAMP,NSTART,
ZCCNST ,FSAMP ,AFILT)

THIS ROUTINE PRODUCES A Tve#2 RAMP
FROM VELOCITY INFO IN TALYR,VLVR

VIRTUAL FILT(2@48)
DIMENSION TALYR(20),VLYR(20),CONST(3)

CHECK IF T RAMP ALREADY FORMED

IF(IFLG.NE.Z)GOTO 1@

CALL APWAIT

CALL APPUT(CONST,8189,3,2)

CALL APWD

CALL VCLR(#,1,NSAMP)

CALL VRAMP(8189,8191,#,1,NSAMP)

FORM VELOCITY RAMP IN FILT

17 N1=1
N2=sIFIX{FSAMP*TOLYR{1))-NSTART
Y1i=VLYR(1)
DO 15 I=N1,N2

16 FILT(I)=V1

» [F{(NLYR.EQ.1)GOTO 4¢

DO 22 J=2,NLYR
N1=N2+1
NZ2=1F IX{FSAMP*TOLYR(J))-NSTART
DELV=(VLYR(J)-VLYR(JI~1)}/(N2-N1+2)
V=VLYR(J-1)
DO 34 I=NI1,N2
FILT{I)=V
V=V+DELV

34 CONTINUE

22 CONTINUE

49 N1=N2+1
N2=NSAMP
VN=VLYR(NLYR}

DO 5& I=N1,N2
5¢ FILT(I)=VN

C PUT V RAMP IN AP AND FORM TVw*2

CALL APWAIT

CALL APPUTA{NSAMP,NSAMP,2,AFILT)
CALL APWD

CALL VSQ(NSAMP,1,NSAMP,1,NSAMP)

CALL VMUL(®,1,NSAMP,1,NSAMP,1 ,NSAMP)
CALL APWR

CALL APGETA(NSAMP,NSAMP,2,AFILT}
CALL APWD

RETURN

END
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SUBROUTINE COTAP(TAPER,NTAP,ATAP)
<
C THIS ROUTINE PRODUCES A COSINE TAPER NTAP
C SAMPLES LONG
c
VIRTUAL TAPER(512)
CALL APWAIT
CALL APPUT(1.8/FLOAT(NTAP),?,1,2)
CALL VCLR(1,1,NTAP)
CALL VTSADD(1,1,23086,1,1,1
CALL VTSMUL(®,1,2306,#,1,1
CALL VRAMP(1,#2,#,1,NTAP)
CALL vCOS(#,1,d,1,NTAP)
CALL VTSADD(#2,1,2049,4,1,NTAP)
CALL VTSMUL(#®,1,2327,94,1,NTAP)
CALL APWR
CALL APGETA(D,NTAP,Z,ATAP)}
CALL APWD
RETURN
END

)
)

PAGE £81
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SUBROUTINE BANDPS(ATBP,BPASS,F1,F2,F3,F4,DFI,NSAMP)
SUBROUTINE WHICH CREATES A BANDPASS FILTER

F1=BOTTOM CUT OFF FREQUENCY

F2=START OF FULL PASS

F3=END OF FULL PASS

F4=TOP CUT OFF FREQUENCY

BETWEEN F1,F2 AND F3,F4 A COSINE TAPER IS APPLIED
VIRTUAL BPASS(2049)

SET UP CONSTANTS

OO0 OO OOOO0

N1=2*F1*DF!
N2=2%F2*DF1
N3=2*F3*DF1
N4=2*F4*DF ]
NFILT=NSAMP+1
NTP1=N2-N1
NTP2=N4-N3
NOK=N3-N2
CALL APWAIT

SET UP THE FILTER IN THE AP

OO0

DO 1# I=1,2

NTAP=NTP1

IF(I.EQ.2)NTAP=NTP2

RNTAP=1.9/FLOAT{NTAP)

CALL APPUT(RNTAP,&,1,2?

CALL VCLR{1,1,NTAP)

CALL VTSADD(1,1,2386,1,1,1)

CALL VTSMUL(®,1,2306,2,1,1)

CALL VRAMP(1,8,9,1,NTAP)

CALL VCOS(9,1,92,1,NTAP)

CALL VTSADD(#®,1,2049,0,1,NTAP)

CALL VTSMUL(#,1,2327,9,1,NTAP)

IF(1.EQ.1)CALL VMOV(#2,1,2050,]1,NTAP)

IF(1.EQ.2)CALL VMOV(Z,1,4180,1,NTAP)
1@ CONTINUE

C NOW HAVE TAPERS FORM REST OF FILTER

CALL VCLR(®,!,NFILT)

CALL VADD{(NI1,1,2058,1,N1,1,NTP1)
CALL VADD(N4,-1,41489,1,N4,-1,NTP2)
CALL VTSADD(NZ,1,2949,N2,1,NOK)
CALL APWR

CALL APGETA(Z,NFILT,2,ATBP?

CALL APWD

RETURN

END
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Fgen SUBROUTINE BANDRJ(ATBR,BRJICT,F1,F2,DFI,NSAMP)
c
¢ SUBROUTINE TO CREATE A BANDREJECT FILTER
C
c F1=LOWER CUTOFF POSITION
¢ F2=UPPER CUTOFF POSITION
[
2 THE FILTER TAKES THE FORM OF
C A SINE BELL CENTERED ON THE FREQUENCY TO
¢ BE REMOVED COMPLETELY
saEs VIRTUAL BRJCT(2049)
¢
C SET UP CONSTANTS
¢
5702 N1=2.0*%F1%DFI
1§gd N2=2.Q*F2%DF I
2925 NTAP=N2-N1
AL CALL APWAIT
~
C SET UP FILTER IN AP
c
se97 CALL VCLR(®,1,NTAP)
PrEE NFILT=NSAMP+1
283% FTAP=1.8/FLOAT{NTAP}
Pt CALL APPUT(FTAP,1,1,2)
Er A CALL APWD
7812 CALL VTSMUL{1,1,2317,1,1,1)
yg17 CALL VRAMP(®,1,8,1,NTAP)
Pre CALL VCOS(#,1,2,1,NTAP)
3915 CALL VTSADD(®,1,2049,8,1,NTAP)
2916 CALL VTSMUL(#,1,2327,4,1,NTAP)
ga17 CALL VMOV(@,1,4896,1,NTAP)
¢
C SET UP FULL FILTER NOW TAPER FINISHED
C .
318 CALL VCLR(®&,1,NFILT)
g19 CALL VTSADD(®,1,2049,8,1,NFILT)
nyad CALL VMUL(N1.1,4996,1,N1,1,NTAP)
PRI CALL APWR
arar  CALL APGETA(@,NFILT,2,ATBR)
; CALL APWD
RETURN

END
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SUBROUTINE SPIKE(NSAMP,NSAMP2,ILENTH,WHITE,IFLAG,ISPIKE)

WIENER SPIKING FILTER ROUTINE

NSAMP=DATA LENGTH
NSAMP2=NEAREST POWER Of 2 TO NSAMP
ILENTH=FILTER LENGTH
IFLAG=TRACE NORMALISATION FLAG

2 NO NORMAL ISATION ‘

1 FILTER UNIT ENERGY

2 EQUAL INPUT-OUTPUT ENERGY
ISPIKE SPIKE POSITION

NTRAN=2*NSAMP2
NCLR=NTRAN-NSAMP
NFCLR=NTRAN-ILENTH
NTRAN2=NTRAN+2
NM1=NSAMP2-1
I16=NTRAN+ILENTH
17=16+ILENTH
18=17+ILENTH
ISP=16+ISPIKE

HAVING SET UP CONSTANTS GET INPUT TRACE
ENERGY IF REQD FOR NORMALISATION

IF(IFLAG.NE.2)GOTO 14

CALL SVEsSQ{(®#,1,3191,NSAMP)
CALL VSQRT(8191,1,8191,1,1)
CALL APWR

CALL APGET(EN,8!191,1,2)
CALL APWD

GET AUTOCORRELATION FUNCTION

2 CALL VCLR(NSAMP,1,NCLR}
CALL RFFT(@,NTRAN,1)
CALL VMOV(@,1,NTRAN,1,NTRAN)
CALL VMUL{(NTRAN,1,NTRAN,1,NTRAN,1,2)
CALL CVMAGS{NTRANZ,2,NTRAN2,2,NM1)
CALL VCLR(NTRAN+3,2,NM1)
CALL RFFTSC(NTRAN,NTRAN,~-1,-1}
CALL RFFT{(NTRAN,NTRAN,-1)

AUTO FUNCTION NOW 2N LONG FROM NTRAN
ORIGINAL FUNCTION TRANSFORMED @-NTRAN

HOW WHITEN
CALL APWR
CALL APPUT(WHITE,B8191,1,2)
CALL VSMA(NTRAM,1,8191,NTRAN,1,NTRAN,1,1)}

SET UP SPIKE CC FUNCTION
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3991

DI
4380
AgP .
wdGH
BOEG
gz
BRI
aegz

agL7
dI2s
REkas
ve3
43T

ODOOOOOOO0O000

OO0

[ N

OO

[ XN

SUBROUTINE PRDICT(NSAMP,NSAMP2,ILENTH,.WHITE,IFLAG,NLAG)

THIS ROUTINE DESIGNS AND APPLIES
A PREDICTION ERROR FILTER
NSAMP=DATA LENGTH
NSAMP2=NEAREST POWER OF 2 TO NSAMP
ILENTH=FILTER LENGTH
WHITE=FRACTION PREWHITENING
IFLAG=¢ NO NORMALISATION
=1 FILTER UNIT ENERGY
=2 INPUT/OUTPUT TRACE ENERGY CONSTANT
NLAG= LAG OFFSET GF PREDICTION

NTRAN=Z2*NSAMP2
NCLR=NTRAN-NSAMP
NM1=NSAMP2~1
NTRANZ=NTRAN+2
NLG=NTRAN+NLAG
NFILT=ILENTH+NLAG
I7=NLG+ILENTH
I18=17+ILENTH

o
m
-4

INPUT TRACE ENERY

IF{IFLAG.NE.2)GOTO 18

CALL SVESQ(@,1,8191,NSAMP)}
CALL VSQRT(8191,1,8191,1,1)
CALL APGET(EN,B191,1,2)
CALL APWD

GET AUTOCORRELATION FUNCTION

id CALL VCLR({NSAMP,!1,NCLR)}
CALL RFFT(&,NTRAN,1)}
CALL VMOV(®,1,NTRAN,1,NTRAN)
CALL VMUL(NTRAN,1,NTRAN,1,NTRAN,1,2)
CALL CVMAGS{NTRANZ2,2,NTRAN2,2,NM1)
CALL VCLR{NTRAN+3,2,NM1)>
CALL RFFTSCINTRAN,NTRAN,-1,~1)
CALL RFFT(NTRAN,NTRAN,-1}

HOW WHITEN IT

CALL APWR
CALL APPUT(WHITE,8191,1,2}
CALL VSMA(NTRAN,1,8191,NTRAN,1,NTRAN,1,1)

NOW SOLVE EQNS

CALL WIENER(ILENTH,NTRAN,NLG,17,18,1)
CALL APCHK(IER)
IF(IER.NE.P)STOP'LEVINSON FAILURE'®
IF(IFLAG.NE.1)GOTO 24

CALL SVESQ(17,1,I8,ILENTH)
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963
FEcE

p2B3E
wE37
JdI3%
43¢

228 34

T4
JG4z
A@4:
DFde

4948
RB4T
8948
Fgas

AEHE

8931
e
S

NGz

d754
Fige
dABH

YOy

OO

Ty

CALL
CALL

vVgz. x4 THU 28-JAN-81 g@:21:91

VSQRT(I18,1,18,1,1)
VDIV(IS8,®s,17,1,17,1,ILENTH)

EPPLY FILTER

2y

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

VCLR(NTRAN,1,NFILT)
VTSADD(NTRAN,1,2049,NTRAN,1,1)
vsuB(17,1,NLG,1,NLG,1,ILENTH)
VCLR(I7,1,NTRAN-NFILT?
RFFT(NTRAN,NTRAN, 1)
VMUL{(#&,1,NTRAN,1,#d,1,2}
CVvMUL(2,2,NTRANZ,2,2,2,NM1, 1)
RFFTSC(@,NTRAN,&,-1}
RFFT(@,NTRAN,-1)

D0 SCALING

32

IF(!
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
RETU
END

FLAG.NE.2)GOTO 3%
SVESQ(Z,1,8191,NSAMP }
VSQRT(8191,1,8191,1,1?
APWR
APPUT(EN,8190,1,2)
APWD
vDIv(g191,1,8199,1,8199,1,1)
VSMUL(@,1,8194,8,1,NSAMP)
APWR

RN

PAGE 202
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gam SUBROUTINE TAPSUB(ICOM, IDRV,ISTAT,ILEN,IFNUM,BUF,NBYT, IEOT)
c
~ TAPE HANDLING SUBROUTINE
2 1COM IS THE COMMAND SIGNAL
2 -1 IS A READ,# IS A WIND,1 IS AWRITE
C IDRV IS THE DRIVE BEING USED
¢ ISTAT IS THE STATUS ON RETURN
C ILEN 1S THE BLOCK LENGTH OF A FILE READ OR WRITTEN
ge9z INTEGER®2 MASK(8),ESTATI,BUF(1)
SGH3 LOGICAL*1 ISTAT,COM(4),SDSCOM(8),IDRV,ECOM(4),
XIFLEN,ESTAT,ERRS(8)
2094 DATA MASK/"1,"2,"4,"18,"28,"A8, " 100, " 204/
FEES DATA SDSCOM/"#,"1,"2,"3,"4,"6,"6,"7/
996 DATA ERRS/"377,"377,%377,"377."377,377,"377,"377/
957 ITRY=0
90% IFCICOM) 19,30,20
i3
S SECTION CONTROLLING A READ
¢ CHECK THAT ONLY A FEW RETRIES ARE ATTEMPTED
C
A99° 18 ITRVY=ITRY+1
& SET UP COMMAND FOR READ
C
ag1n NBUF=NBYT
g% CALL TREAD(BUF,NBUF,ISTAT,IDRV)
ag12 IFCISTAT.EQ. 2 )RETURN
¢ FRROR DETECTED ON READ
C
I ISTATI=ISTAT
gr15 ] GOTO 49
C IF SHORT RECORD FOUND REREAD TAPE
c
A716 58 ITMP=ISTATI.AND.MASK(E)
N7 1F{ITMP.NE.2)GOTO 12
3701 ITMP=1STATI.AND.MASK(2)
IFCITMP .EQ.Z)RETURN
c
T IF CRC IRROR FOUND REWIND TAPE AND RETRY
C
v WRITE(2,20812)IFNUM

graz 2913 FORMAT{' FILE NO ',I4,' CRC ERROR REWINDING')
IF(ITRY.GE.2)GOTO 134

ECOM{1)=SDSCOM(6}

ECOM{2)=1

ECOM(3)=1DRV

ECOM{4)=0

CALL SDS1Q(ECOM,ESTAT, , )

GOTO &




FOR™ Y

4

iy va2.94 THU 28-JAN-B1 Z8:21:32 PAGE Z@2

WRITE SECTION

OO

293° 29 ITRY=1TRV+1

2920 IF(ITRY.GT.3)GOTO 139

2835 NBUF=NBYT

rg3: IFLEN=(ILEN+3}/4

xA3T IFCIFLEN.LT.2)IFLEN=2

230 IPAD=(IFLEN*2848)-NBUF

AF4E CALL TWRIT(BUF,NBUF,ISTAT,IPAD,IFLEN,IDRV)
ga4: IF(ISTAT.EQ.Z)RETURN

WRITE ERROR DETECTED

(SNSRI

aras ISTATI=ISTAT

JE4 - GOTO 492

FE45 7% ITMP=ISTATI.AND.MASK(6)

2946 ITMPI=ISTATI.AND.MASK(2)

ggazv IF(ITMP.EQ.¥.AND.ITMPI.EQ.Z)YRETURN
C
C REPORT AND RETRY
c

2840 WRITE(2,2020)IFNUM
2658 2927 FORMAT(®' FILE NO ',I4,' WRITE CRC ERR RETRY PROPOSED')
331 ECOM( 1 )=SDScaM(6)

5432 ECOM(2)=2

AY3T ECOM{3)=IDRV

grse ECOM( 4)=8

§553 CALL SDSIZ(ECOM,ESTAT, , )

L5 NBUF =8

g7 IPAD=( IFLEN*2848)-NBUF

51 CALL TWRIT(ERRS,NBUF,ESTAT,IPAD,IFLEN,IDRV)
3 GOTO 29

WVIND FOWARD ONE FILE

ety

IFSE 3% COM(1)=SDSCOM(5)
Y CoM(2)=1
COM(3)=1IDRV
COM{ 4)=84

CALL SDS1g(COM,ISTAT, , }
CLEAR IRRELEVANT BITS FROM ERROR BYTE

YO

Iy ISTAT=ISTAT.AND..NOT.MASK(6)
HHE IF(ISTAT.EQ.2)RETURN
AYRR ISTATI=ISTAT
YHB T IFCISTAT.NE.Z)GOTO 44
C
C IF ISTAT=0 REWIND AND SET UP FOR NEXT READ
c
T AS THIS WAS A DATA FILE NOT A SHORT RECORD

g7 ECOM(1)=SDSCOM(6)
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297z
ag73
g7 <
g7t
a9g75

Jg77
JG756
P72
FFLY
2g381
Ize
284
3983
RIS
ay87

aI8E
o489
S79

7997

PR,

OO0 00

A0 0O0D

R R

IV Y

RSN

[SESN el
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ECOMi2)=1

ECOM(3)=IDRYV

ECOM(4) =8

CALL SDS1@(ECOM,ESTAT, , }
23 RETURN

IN THIS SECTION THE MAIN TAPE ERRORS ARE
HANDLED SUCH AS:= TAPE BUSY,TAPE OFFLINE
80T,EQT

TAPE BUSY SECTION...AFTER CLEARING BQOT FLAG

47 WRITE(Z,1918)ISTATI,IFNUM
1918 FORMAT(' STATUS=',13,' FILE NO=',I4)

ISTATI=ISTATI.AND..NOT.MASK(4)
ITMP=ISTATI.AND.MASK(5)
IF(ITMP .EQ.Q)GOTO 80

99 ECOM(1)=SDSCOM(1)}
ECOM(2)=0
ECOM{3)=1DRV
ECOM(4)=0
CALL SDS1Q(ECOM,ESTAT, , )

ZAVING EXAMINED STATUS IF TAPE STILL
BUSY, LOOP AGAIN,IF NOT TRY COMMAND AGAIN

ESTATI=ESTAT
ITMP=ESTATI.AND,MASK(5}
IF(ITMP.NE.®)GOTO 92
IFCICOM) 19,349,289

TAPE OFFLINE

87 ITHMP=ISTATI.AND.MASK{1)}
IF(ITMP.EQ.Z)GOTO 1084
TYPE 1941,I1IDRY
13¢1 FORMAT(' TAPE DRIVE ',Il,' OFFLINE")

HAVING ANNOUNCED ERROR SKIP UNTIL CORRECTED

119 ZCOM(1)=SDSCOM(1)
LCOM({ 2 ) =0
ECOM{3)=IDRV
ECOM(4)=0
CALL SDS1Q(ECOM,ESTAT, , )
ESTATI=ESTAT
ITMP=ESTATI.AND.MASK(1)
IF{ITMP.NE.Z)GOTO 118
IF{ICOM}) 14,390,290

187 ITMP=ISTATI.AND.MASK(3)
IFCITMP.EQ.Q)GOTO 128

v ve2.04 THU 98~JAN-81 ££:21:32

TYPE 19882, 10RV
1902 FORMAT(' EOT ON DRIVE ',I1)
IEOT=~1
RETURN
123 IF{ICOM) 54,35,79

ZRROR EXIT RETURN
139 ISTATI=-1

RETURMN
END

PAGE 293
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FSPECW...output files, 1 to NFILES
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2881
BEg2
deB3
2884
a23ns
2086

aea7
20498
pea9
Ay
2a11
pa13
2914

oS
ap16
2817
2819
9920
4821
ga22
@923
9824
po2s
Bgg27
gy28
2829
2439
31
ga32

2233
2934
Y35
8836
2437
2938
2939
2948

Mg

QOOOO0O0O0

SET

OO0

GET

OO0

1993

1891

28
15

Va2 .m4 THU #8-JAN-81 gZ:38:37

POULTER OCT 88

MPTMIX
THIS IS A PROGRAM WHICH PRODUCES
A WEIGHTED MIX OF THREE INPUT
TRACES TO GIVE ONE OUTPUT TRACE

REAL*8 FSPECR(288),FSPECW(20#),FBUF

REAL*4 SEIS(2048),FNBUF{3}

INTEGER®2 BUF(4352),IHBLK(256),IHBLKS(256),0UTFLG
EQUIVALENCE (BUF(1),IHBLK(1)),(BUF(257),SEIS(1)}
LOGICAL*1 ISTAT,TPDRR,TPDRW

DATA DEV/3RRK /

up I/0 PARAMETERS

IEQOTR=#

IEOTW=4

IRD=IGETC({)

IWRT=IGETC{ )
IF(IFETCH(DEV).NE.Z)STOP'FETCH ERR’
CALL ASSIGN(1,'DKZ2:MPTMIX.DAT',14)
CALL ASSIGN{Z,'DKZ:MPTMIX.LOG',14)

INPUT DATA

READ{(1,1088) NFILES,NSAMP,TPDRR,TPDRW,INFLG,OUTFLG
FORMAT(615)} .
IF(INFLG.EQ./)GOTO 184

DO 24 J=1,NFILES

READ(1, 1081 }FNBUF

FORMAT(3A4)

CALL IRADS@(12,FNBUF,FBUF)

FSPECR(J)=FBUF

CONTINUE

IF(OUTFLG.EQ.2)GOTO 34

DO 44 J=1,NFILES

READ(1,1281)FNBUF

CALL IRADSZ(12,FNBUF,FBUF}

FSPECW{(J)=FBUF

CONTINUE

CONTINUE

UP CONSTANTS AND INIT AP

CALL APINIT

CALL VCLR(g,1,3*NSAMP)
NBLKTR=NSAMP/128
NBLKW=NBLKTR+1
NBYTR=NBLKW*512
NWDR=NBYTR/2
NOPS=NFILES+1

10UT=8

PAGE #01
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g4l
2ga2
BBa3
gga4
ga45

4046
Bg47

2048
29439
2058
#2951
2053

2058
2256
2058
2062
2961
gg62
2363
0g64
2965
7966
o867

2969
878
8972
g873

297S
2976
og?7
9979

a8y
2@81
o982

C SET UP AP ADDRESSES

IAl=0
1A2=NSAMP
IA3=1A2+NSAMP
1A4=1A3+NSAMP
CALL APWR

MAIN OPS LOOP

Qo0

DO 188 IFIL=1,NOPS
IFNUM=IFIL

SWITCH VECTOR POSITIONS IN AP

[eXeXe]

CALL VMOV(1A2,1,IA1,1,NSAMP)
CALL VMOV(IA3,1,IA2,1,NSAMP}
CALL VCLR{IA3,1,NSAMP)
IF(IFNUM.GT.NFILES)GOTO 118
IFC(INFLG.NE.Z)GOTO 122

TAPE READ INPUT

[aXgKe]

ITRY=1
169 IF(ITRY.GT.3)GOTO 165
IF(IEOTR.GE.&)GOTO 178
165 WRITE(7,1688)TPDRR, IFNUM
1609 FORMAT(' EOT ON READ DRIVE:',I2,' FILE NO:',IB)
WRITE(7,1605)
1645 FORMAT(' ENTER NEW READ DRIVE NUMBER:',$)
READ(5,1614)TFDRR
1618 FORMAT(I1)
IEOTR=8&
IF(TPDRR.GT.2)STOP' EOT TERMINATE’
c
C READ TO MEMORY
c

PAGE Ag2

172 CALL TAPSUB{(~-1,TPDRR,ISTAT,IFLEN,IFNUM,BUF ,NBYTR,IEOTR?}

IFCISTAT.LT.OIWRITE(Z2,1628)IFNUM
1628 FORMAT{(' RETRY FAILED ON READ FILE NO:',I5)
IF{IEQOTR.LT.2)GOTO 184

WIND OVER EOF MARKER

OO0

CALL TAPSUB(@,TPDRR,ISTAT, ,IFNUM, , ,IEOTR)
189 ITRY=ITRY+1

IF(IHBLK(1).EQ."177777}GOTO 164

GOTO 130

INPUT FROM DISC

OO0

1289 CONTINUE
CALL CLOSEC(IRD}
FBUF=FSPECR{IFNUM?
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2983 IF(LOOKUP(IRD,FBUF).LT.Z}STOP'LOOKUP ERROR'
2985 IF{ IREADW(NWDR,BUF ,&,IRD).LT.Z)STOP'READ ERROR'
ag87 130 CONTINUE
c
C HEADECR BLOCK MANAGEMENT
c
go8s IPOS=IHBLK{(24)
Ze89 IHBLK(129+1P0S}=5
oL IPOS=IPOS+1
2291 IHBLK(24)=IPOS
c
C PUT DATA IN AP
c
2892 CALL APPUT(SEIS,IA3,NSAMP,2)
c
C SAVE HEADER BLCCK AND REPLACE WITH PREVIOUS ONE
c
ge93 119 DO 135 J=1,256
2094 ITMP=IHBLK(J)
2995 THBLK{J)=IHBLKS{(J)
8396 THBLKS(J)=1TMP
2897 135 CONTINUE
998 IF(IFNUM.LE.1)GOTO 108
c
C DO WEIGHTED MIX IN AP
c
109 CALL APWD
2121 CALL VTSMUL(IA!,1,2329,11,1,NSAMP)
2182 CALL VTSMUL(1AZ2,1,2327,1A4,1,NSAMP)
8193 CALL VADD(IAl,1,IA4,1,IA1,1,NSAMP)
" o104 CALL VTSMUL(IA3,1,2329,1A4,1,NSAMP)
a14as5 CALL VADD(1IAl,1,IA4,1,IA1,1,NSAMP}
aig6 CALL SVESQ(IAl,1,IA4,NSAMP}
8147 CALL VSQRT(1A4,1,IA4,1,1)
2198 CALL VDIV(IA4,4,1IA1,1,IA1,1,NSAMP)
2149 CALL APWR
2119 CALL APGET(SEIS,IAl,NSAMP,2)

c
C OUTPUT RESULTATNT TRACE
[od

g1l IF(OUTFLG.NE.Z)GOTO 1484

#113 IFLEN=NBLKW

g1i4 CALL APWD

#2115 CALL TAPSUB(1,TPDRW,ISTAT,IFLEN,IFNUM,BUF,NBYTR,IEOQOTW)
c
C CHECK FOR ERRORS
c

2116 IF(IEQTW.GE.2)GOTO 158

g118 WRITE(7,1708)TPDRW, IFNUM

2119 17069 FORMAT(' EOT ON WRITE DRIVE:',I2,' FILE NO:',15)
a124 WRITE(7,1719)
121 1714 FORMAT(' ENTER NEW WRITE DRIVE NUMBER:',$)}

g122 READ(5,1628)TPDRW
123 1EOTW=8 ] L
FORTRAN 1V va2.04 THU 98-JAN-B81 PP:38:37 PAGE 2984
#2124 IF(TPDRW.GT.2)STOP' EOT TERMINATE'
2126 158 IF(ISTAT.GE.Z)GOTO 104
s1ze WRITE(2,1728)IFNUM
#4129  172% FORMAT(' FATAL WRITE ERROR ON FILE NUMBER:',15)
8130 . STOP' WRITE ERROR TERMINATION'

€ DISC OUTPUT

c
9131 149 10UT=10UT+1
132 FBUF=FSPECW( IOUT)
9133 IFCIENTERC IWRT,FBUF ,NBLKW).LT.#)STOP 'ENTER ERROR'
2135 CALL APWD
92136 IFC IWRITW(NWDR,BUF , 8, IWRT).LT.8)STOP 'WRITE ERROR'
2138 CALL CLOSEC{IWRT)
9135 168 CONTINUE
2149 CALL CLOSEC(IRD)
B141 CALL CLOSEC(IWRT)
g142 STOP' NORMAL TERMINATION'

g143 END



Trace sequential-Time slice :- MPSLIC

Input file......DK2:MPSLIC.DAT

Input Parameters

READ(1, 1000)NCHAN, NSAMP

1000 FORMAT(21I5)

NCHAN....Number of input channels

NSAMP....Number of samples per channel

READ(1,1100) FSPECR

1100 FORMAT (3A4)

FSPECR...Input File - Trace sequential

READ(1, 1100)FSPECW

FSPECW...Qutput File - Time sliced

Page 193
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c
C M J POULTER DEC 8%
c
€ THIS PROGRAM TAKES TRACE SEQUENTIAL DATA
C AND TIME SLICES IT FOR INPUT TO
C THE FD MIGRATION PROGRAM MPFMIG
c
o155 VIRTUAL BUFFER{(16384)
2ea2 REAL*4 BUFFER,INBUF(128),0UTBUF(128),FBUF{3?}
4833 REAL*8 FSPECW,FSPECR
8084 INTEGER*2 IAD(128),IWRTB(128)
2925 DATA DEV/3RRK /
c
C INPUT SET UP
C
2086 IF(IFETCH(DEV).NE.2)STOP'FETCH ERROR’
2948 IRD=IGETC()
aea9 IWRT=IGETC( )
21 8%°) CALL ASSIGN(1,'DK2:MPSLIC.DAT',14)
c
C READ IN DATA
c
011 READ( 1, 1000 )NCHAN , NSAMP
412 1987 FORMAT(2I15)
8a13 READ(1,1001)FBUF

/g1 4 1081 FORMAT(3A4)

#8015 CALL IRADS@(12,FBUF,FSPECR)
#9916 READ(1,1021)FBUF
gu17 CALL IRADSZ(12,FBUF,FSPECW)
c .
C SET UP CONSTANTS
c
go18 NCHANW=2
go19 18 NCHANW=NCHANW+128
2023 IF(NCHAN.GT.NCHANW)GOTO 12
2822 NBLANK=NCHANW-NCHAN
8023 NBST=NBLANK/?2
8024 ITIM=NCHANW/128
2925 NBLKR=NSAMP/128
2926 NFILW=( NCHANW*NBLKR)+1
c
C SET UP BUFFER ADDRESSES
c
gp27 IT=1
9625 DO 28 J=1,128
2029 IAD(J)=1IT
2038 28 IT=1T+128
c
C CLEAR STORE BUFFER
c .
gr31 DO 30 J=1,16384
o932 38 BUFFER(J)=8.8
¢
C SET UP 1/0 FILES
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C
o33 IF(LOOKUP(IRD,FSPECR).LT.&)STOP'LOOKUP ERROR"®
2938 IF(IENTER(CIWRT,FSPECW,NFILW).LT.Z)STOP"ENTER ERROR'
C
C START OF TRANSFER LOOP
c
ve37 DO 182 J=1,NBLKR
7938 IBLKR=J
#8939 IST=NBST
c
C SET UP OUTPUT DISC ADDRESSES
C
qoLy DO 11§ J9=1,128
041 118 IWRTB(JJI)=({J-1)*(128%ITIM) }+((JJI-1)*ITIM)+1
C
C SORT coODE
c
pR4a2 DO 202 L=1,NCHAN
2843 IF{ IREADW{ 256, INBUF,IBLKR,IRD).LT.2)STOP'READ. ERROR'
4S5 IBLKR=IBLKR+NBLKR
c
C PUT DATA IN INT STORE
C
2046 DO 398 ISW=1,128
9347 IPOS=TAD(ISW}+IST
ag48 BUFFER(IPOS)=INBUF{ISW?
2349 329 CONTINUE
o5y IST=IST+1
aas51 IF(L.EQ.NCHAN)GOTO 210
80953 IF(IST.LT.128)G0TO 294
C
C OUTPUT CODE
C
g955 218 CONTINUE
2956 I1ST=9
2857 DO 220 LL=1,128
2858 IPOS=IAD(LL}
2859 IBLKW=IWRTB(LL)
2969 DO 239 Ls=1,128
99861 OUTBUF(LS)=BUFFER(IPOS)
ga62 BUFFER(IPOS)=0.2
2963 IPOS=IPOS+1

2964 239 CONTINUE
c
C WRITE OUT
C

8065 IF(IWRITW(256,0UTBUF,IBLKW, IWRT).LT.2)STOP 'WRITE ERROR'
28667 IWRTB(LL)=IBLKW+1

2068 228 CONTINUE

#3do6¢ 299 CONTINUE

9978 198 CONTINUE

ga71 CALL CLOSEC(IRD}

e8g72 CALL CLOSEC(IWRT)

2873 STOP 'NORMAL TERMINATION'

FORTRAN 1V Va2.g4 THU @8-JAN-81 g@:46:09 PAGE 283

gB74 END



Time Slice to Trace Sequential :- MPUSLC

Input file......DK2:MPUSLC.DAT

Input Parameters

READ(1, 1000)NCHAN, NSAMP

1000 FORMAT(2I5)

NCHAN....Number of channels

NSAMP....Number of samples per channel

READ (1, 1100) FSPECR

1100 FORMAT(3A4)

FSPECR...Input file - Time sliced

READ(1,1100) FSPECW

FSPECW...OQutput file - Trace sequential
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2og1
2882
283
o994
2025

2006
2098
ge99
ey

2911
o112
ge13
2914
2918
7216
2817

918
2419
oe2e
2022
Bg@23
2024
BBZS
226

2827
0328
2929
o934

ge31
3932

OO0O00O00O0O0

OO0

\
C

MJ
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POULTER DEC 8#

THIS PROGRAM TAKES THE OUTPUT FROM FD MIGRATION
AND PUTS IT BACK INTO TIME SEQUENTIAL DATA

VIRTUAL BUFFER(16384)

REAL®4 BUFFER,INBUF(128),0UTBUF(128),FBUF(3)
REAL*8 FSPECW,FSPECR

INTEGER*2 IAD(128),IWRTB(128)

DATA DEV/3RRK /

INPUT SET UP

IF(IFETCH(DEY).NE.Z)STOP'FETCH ERROR'
IRD=IGETC()

IWRT=IGETC( )

CALL ASSIGN(1,'DK2:MPUSLC.DAT',14)

Cl READ IN DATA
C

1929

1841

QOO0

GO0

[sXeXe]

SET

19

SET

20

READ( 1, 1009 )INCHAN , NSAMP
FORMAT(2I5)
READ(1,1001)FBUF
FORMAT(3A4)

CALL IRADS®(12,FBUF,FSPECR)
READ(1,1891)FBUF

CALL IRADSZ{12,FBUF,FSPECW)

UP CONSTANTS

éCHANw=H

NCHANW=NCHANW+128

IF (NCHAN.GT.NCHANW)GOTO" 12
NBLANK=NCHANW-NCHAN
NBST=NBLANK/2
ITIM=NCHANW/ 128
NBLKW=NSAMP /128

NF ILW=( NCHANW*NBLKW)+1

UP BUFFER ADDRESSES

IT=1

DO 2@ J=1,128
TAD(3)=1IT
IT=IT+128

CLEAR STORE BUFFER

34
SET

DO 3¢ J=1,16384
BUFFER(J)=8.9

UP 1/0 FILES

PAGE 9291



FORTRAN

2733
@935

237
2938
2939
9048
2541
2942
Ri344a

2245
2d46
9047
oa4as

2049
BASY
2952
2983

2954
2455
#9586
pg57
2958
2059
12521

2862
0263
2064
2A65
g966
2067
0968
3869
an7a
8a7z
8973
go74
2875
o876

FORTRAN

pg77
#4878
pa79
28
gg8z
2983
J984
o35
29886

C

aoOO

[eXeXe] (eXe Xyl

OO0

aoo

v Vg2.94 THU 28-JAN-81 g@:46:48 PAGE 9292

IF(LOOKUP(IRD,FSPECR).LT.&)STOP'LOOKUP ERROR'
IFCIENTER(IWRT ,FSPECW,NFILW).LT.Z)STOP'ENTER ERROR'

START OF TRANSFER LOOP

INST=NBST+1

NCHLST=#0

NCHANO=128~NBST

I1ST=8

NLEFT=NCHAN
IF(NLEFT.LT.128)NCHANO=NLEFT
NLEFT=NLEFT~NCHANO

LOOP ON CHANNELS

DO 107 JL=1,ITIM
IBLKR=JL
DO 114 JJ=1,NCHANO
118 IWRTB(JI)=({JJ=-1)*NBLKW)+(NCHLST*NBLKW)+1

LOOP ON SAMPLES

DO 298 L=1,NSAMP

IF{IREADW( 256, INBUF,IBLKR,IRD).LT.2)STQP'READ ERROR’
IBLKR=IBLKR+ITIM

IOUT=INST

SORT DATA

DO 342 LL=1,NCHANO
IPOS=TAD(LL}»+1ST
BUFFER(IPQOS)=INBUF(IOUT)
[OUT=I0UT+1

398 CONTINUE
IST=18T+1
IFCIST.LT.128)GOTO 22#%

WRITE OUT CODE

DO 21l® Js=1,NCHANO
IPOS=IAD(JS)
IBLKW=IWRTB(JS)
DO 22#/ LS=1,128
OUTBUF (LS }=BUFFER(IPOS?
BUFFER(IPOS)=0.8
IPOS=1IPOS+1

224 CONTINUE
IFCIWRITW(256,0UTBUF, IBLKW, IWRT)}.LT.@#)STOP'WRITE ERROR'
IWRTB(JS)=IBLKW+1

214 CONTINVE

18§T=¢
208 CONTINUE
INST=1
v Va2.04 THU @8-JAN-81 99:46:48 PAGE 923
NCHLST=NCHANO+NCHLST
NCHANO=128

IF(NLEFT.LT.128 )NCHANO=NLEFT
NLEFT=NLEFT-NCHA{C
109 CONTINUE
CALL CLOSEC(IRD)
CALL CLOSEC(IWRT)
STOP 'NORMAL TERMINATION®
END
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Finite Difference Migration :- MPFD15 and MPFD45

Input files......DK2:MPFD15.DAT or DK2:MPFDU45.DAT

Input Parameters

READ(1, 1000)NSAMP ,MSAMP,NTRACE,NV,NVELS

1000 FORMAT(10I5)

NSAMP....Number of time samples per channel
MSAMP....Sample number to migrate down to
NTRACE...Number of "live" data traces
NV.......Number of velcity definition points

NVELS....Number of time/velocity pairs

READ(1,1001)DX,DT,DTOR

1001 FORMAT(3F10.0)

DX.......Distance in km between traces
DT.......Interval in seconds between samples

DTOR.....Migration interval in seconds

READ(1,1000)(IV(I),I=1,NV)

IV.......Positions at which velocity functions are defined

READ(1, 1002)FSPECR
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1002 FORMAT (3A4)

FSPECR...Data file, used in both input and output

There are then NV sets of velocity functions each with NVELS

layers

READ(1,1003) (TLYR(I),VLYR(I),I=1,NVELS)

1003 FORMAT(2F10.0)

TLYR.....Two-way travel time

VLYR.....RMS velocity to this point



FORTRAN

OOOO0O0

831
2882
9883
seR4
2335
29R6

a0

9087
a8
a9
g1l
@12

[eXe K]

2313
2914
2815
2916
17
2a18
28189
2329

C

c

c
4921
8822
2923
924
2425
2926
g027
8928
£g29
HA3D
831
fae32
2033
04834
L35

v

M J

THI
15

Va2.a4 THU @8-JAN-81 @F:47:23

POULTER NOV 8%

S IS A PROGRAM FOR
DEGREE FINITE DIFFERENCE. MIGRATION

VIRTUAL ASAVE(1£24),BSAVE(1924),CSAVE(1024),

#RHS(6144),APSAVE(2048),1BLK(2048),VSAVE({2048),
#XSTOR( 4496)

SET

REA

1989
1821

1892

SET

15

REAL*8 FSPECR,FSVEL ‘

REAL*4 VINT(199),ADXST(4),V(100),VRMS(28),FBUF(3),
#ADRHS(6),ADAPSV(2),ADXDIS{ 4

INTEGER*2 1V(10#),IST{(6),AQ,A1,A2,A3,A4,A5,AB,A7,
#1T(28)

DATA Ag/&/,AL1/18247,A2/2048/ ,A3/3072/,A4/4896/,
#A5/51208/,A6/6144/,A7/7168/

DATA DEV/3RRK /,FSVEL/12RDK4MPVTMPDAT/

UP CONSTANTS AND READ IN DATA

CALL APINIT

CALL ASSIGN(1, 'DK2:MPFMIG.DAT',14)}
IFCIFETCH(DEV).NE.@)STOP'FETCH ERROR'
IVRT=IGETC()

IRD=IGETC()

D IN DATA

READ(1,190@) NSAMP,MSAMP,NTRACE,NV,NVELS
FORMAT(1@15)

READ{(1,1481)DX,DT,DTOR

FORMAT(3F10.4)
READ(1,108@)(IV(I),I=1,NV)
READ(1,1982)FBUF

FORMAT(3A4)

CALL IRADSQ(12,FBUF,FSPECR)

UP VM ADDRESSES

IPOS=1

DO 12 J=1,6
ADRHS(J)=APGAD(RHS{IPOS))
IPOS=1POS+1924

CONTINUE
ADVEL=ADGET(VSAVE(1)}
ADAPSV(1)=APGAD{APSAVE(1)}
ADAPSV(2)=APGAD{(APSAVE(1825)}
ADASV=APGAD(ASAVE(1}))
ADBSV=APGAD{(BSAVE(1))
ADCSV=APGAD(CSAVE{1}}

I18=1

DO 15 I=1,4
ADXST(1)=APGAD(XSTOR(IB)?}
ADXDIS{(I)=ADGET{XSTOR(1B))

PAGE 721
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29386 IB=1B+1924
9937 15 CONTINUE
c
C SET UP CONSTANTS
c
2938 NCHANW=#2
4939 28 NCHANW=NCHANW+128
sl I[F{NTRACE .GT.NCHANW)GOTO 22
8@42 IF(NCHANW.GT.1824)STOP' TOO MANY TRACES TO MIGRATE'
2ea4 ITIM=NCHANW/128
45 NBST={ NCHANW-NTRACE}/2
BgA6 NEND=NCHANW-NTRACE-NBST
c
C SET UP CONSTANTS FOR LOOPS
c
aga47 ITOR=DTOR/DT
2048 ITORLM=MSAMP/ITOR
2049 LIMIT=NSAMP
2858 NVM=NV-1
251 ACOF=(@.518*DTOR*DT)/(16.8*DX*DX)
aes2 IBLK{1}=1
2852 DO 38 L=2,NSAMP
2054 3% IBLK(L)}=IBLK(L-1)+ITIM
d955 NVSIZ=g
28586 47 NVSIZ=NVSIZ+128
2857 IFCITORLM.GT.NVSIZ)GOTO 49
2959 NVSIZ=NVS1IZ/128
2068 NCHWM1=NCHANW-1
9961 NCHWR2=NCHANW*2
ge62 ITRLMZ2=TTORLM*2
9963 [AD1=AQ+1
2964 IA31=A3+1
2865 TA41=A4+1
c
C SET UP FILES
: C
066 IF(LOOKUP(IRD,FSPECR).LT.Z)STOP 'LOOKUP ERROR'
2p68 IFILV=NV*NVSIZ
2969 IF(IENTER(IVRT,FSVEL,IFILV).LT.@)STOP'ENTER ERROR'
c
C SET UP I AND I/12
C
2871 CALL VCLR(A4,1,NCHANW)
2972 CALL VTSADD(A4,1,2049,A4,1,NCHANW)
9873 CALL VMOV(A4,1,A5,1,NCHANW)
374 CALL VTSMUL(A4,1,2331,A4,1,NCHANW)
2878 CALL VTSMUL(A4,1,"4427,A4,1,NCHANW)
o876 CALL APWR
8o77 CALL APGETA(A4,NCHANW,2,ADAPSV(1))
o4p78 CALL APGETA(A5,NCHANW,2,ADAPSV(2})
c

C SET UP INT VELOCITIES AT EACH
C DTOR VALUE BY INTERPOLATING
C THEN CONVERTING THE RMS VALUES



FORTRAN

ag79
a8y
2981

9982
2283
2984
2985
2986

2887
P88
2983
aase
2321
2393
2894
8995
aa96
/sB97
2998
2999
2199
3101
2192
9193
2194
g125
2198
2197

2138
199
211e
glil
gliz
g1tz
g114
2118
2117
a118
2119

OO0

C

Iv

AND

vVe2.94 THU Z8-JAN-81 £0:47:23
THEN WRITE OUT TO A TEMP FILE
IBLKV=g
DO 58 LV=1,NV
IV(LV)=IV(LV)+NBST

READ IN VELS

64

DO 64 LL=1,NVELS
READ(1,1893)T,VRMS(LL)

1923 FORMAT(2F102.8)

ITCLL)=T/DTOR+1
CONTINUE

C DO LINEAR INTERP ON RMS VELS

c

OO0

C

55

75
79
65

89

N1l=1

N2=1T(1)

DO 65 LI=N1,N2
VSAVE(LI}=VRMS(1}
IF(NVELS.EQ.1)GOTO 65
DG 74 LJ=2,NVELS
N1=N2+1

N2=IT(LJ)
VT=VRMS(LJ~1)}
DELV=(VRMS(LJ)~-VT}/(NZ2-N1~-1)
DO 75 LT=N1,N2
VSAVE(LT)=VT
VT=VT+DELV

CONTINUE

CONTINUE

CONTINUE

N1=NZ+1

N2=ITORLM+1

DO 88 Li=N1,NZ
VSAVE(LL)=VRMS(NVELS)

CHANGE INTO INT VELS

sg

58

VTP1=0.0
VTP2=VSAVE(1)}*VSAVE(1)
DO 90 LINT=1,ITORLM
VTP1=VTP2

VTP2=VSAVE{LINT+1}*VSAVE(LINT+1)»®(LINT+1)

VSAVE(LINT)}=SQRT(VTP2-VTP1)}
CONTINUE

PAGE @83

IFCIWRITACIVRT, ITRLMZ2, IBLKV,ADVEL).LT.Z}STOP'WRITV ERROR'®

IBLKV=IBLKV+NVSIZ
CALL IWAIT(IVRT)
CONTINUE

C START MAIN LOOCP

c
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g128
/121

a122
g123
g124
2125
g126
g127
g128

2129
g13%
2131
g133
J134
2135
21386

137
2138
#4139
21489
2141

2142
g142
g144
@145
g146
g147
g148

al14s
gl15g
2151

152
1563
gic4
#1565

(2 XaXe!

OO0

OO0

GO0 OO0

OO0

v Vaz.g4 THU A8-JAN-81 f@F:47:23 PAGE g@4

DO 18/ ITORCT=1,ITORLM
LIMIT=LIMIT~-ITOR

ZERO X ARRAYS

CALL VCLR(AZ,1,NCHANW)

CALL APWR

DO 119 I=1,4

IST(I)=1

FAD=ADXST(I)

CALL APGETA(AS,NCHANW,2,FAD)
119 CONTINUE

READ IN VELOCITIES

IBLKV=g
DO 124 L=1,NV
IFCIREADACIVRT, ITRLM2, IBLKY,ADVEL).LT.Z)STOP "READV ERROR'
IBLKV=IBLKV+NVSIZ
CALL IWAIT{IVRT}
V(L }=VSAVE(ITORCT)

129 CONTINUE

GEN .V SLICE

CALL APPUT(V,AZ,NV,2}
DO 134 I=1,NVM
138 VINT(I)=(V(I+1)-V(I))/(IV{I+1)-1IV(I))
CALL APPUT(VINT,Al,NVM,2)
CALL APWD

DO 148 I=1,NVM

NVD=IV(I+1)=-IV(I)}+]

CALL VRAMP{Ag+I-1,Al1+I-1,A2+IV(I)-1,1,NVD)}
143 CONTINUE

CALL VFILL(A2+IV(1)-1,A2,1,NBST)

CALL VFILL(A2+IV(NV)-1,A2+IV{(NV},1,NEND)

CALL VSQ{AZ2,1,A2,1,NCHANW)

GEN A
CALL APPUT(ACOF,AZ,1,2)
CALL APWD
CALL VSMUL(AZ,1,AQ,Ad,1,NCHANW)
SET UP NECESSARY COEFFS FROM SAVE
CALL APWR
CALL APPUTA(A1l,NCHANW,2,ADAPSV{(1))
CALL APPUTA(AZ,NCHANW,Z2,ADAPSV(2))
CALL APWD

GEN COEFFS
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C

C (I+{(B~-AIT)

C
2156 CALL vsUB(AZ,1,Al,1,A3,1,NCHANW)
2157 CALL VTSMUL(AZ3,1,20850,Ad4,1,NCHANVW)
2158 CALL VNEG(A4,1,A4,1,NCHANW}
2159 CALL VADD(A2,1,A4,1,A4,1,NCHANW)

c

C (I+(A+B)T)

C
2168 CALL VADD(AZ,1,Al,1,A5,1,NCHANW)
glel CALL VTSMUL(A5,1,2950,A6,1,NCHANW)
162 CALL VNEG(A6,1,A6,1,NCHANW)
#2163 CALL VADD(A2,1,A6,1,A6,1,NCHANW)
#1164 CALL APWR .
2165 CALL APGETA(AB,NCHANW,2,ADRHS(3)}
2166 CALL APGETA(AB6,NCHANW,2,ADRHS(4})
g167 CALL APGETA{A5,NCHANW,2,ADRHS{(51})
2168 CALL APGETA(A6,NCHANW,2,ADRHS(6)}
g169 CALL APWD
2178 CALL VNEG(A3,1,A5,1,NCHANW)
171 CALL VNEG(A4,1,A6,1,NCHANW)
172 CALL APWR
2173 CALL APGETA(AB,NCHANW,2,ADRHS{(1)}
2174 CALL APGETA(AG6,NCHANW,2,ADRHS{(2))
2175 CALL APGETA(A3,NCHANW,2,ADCSV)
2176 CALL APWD
2177 CALL VMOV(A3,!,A5,1,NCHANW)}

c

C PARTIALLY SOLVE AND SAVE RES

c
2178 CALL FACTOR(A3,1,A4,1,A5,1,A6,1,A7,1,NCHANW)
2179 CALL APWR
A184 CALL APGSP(15,IER}
7181 IFC(IER.NE.@)STOP'FACTOR ERRCR'
#183 CALL APGETA(AG6,NCHANW,Z,ADASV)
2184 CALL APGETA(A7,NCHANW,2,ADBSV)
7185 CALL APWD

c

C START ON RHS

c

C

C LOOP ON SAMPLES

c
A186 ISTB=NSAMP
2187 DO 288 ITR=1,LIMIT
/188 IBLKR=IBLK(ISTB}
2189 FAD=ADXDIS{IST(3)}
g199 CALL IWAIT(IRD)
g191 IF(IREADA(IRD,NCHWR2,IBLKR,FAD).LT.#)STOP READ ERROR'
2193 CALL VCLR(A7,1,NCHANW)
2194 IAl=-1
2195 1A2=0

g196 CALL IWAIT(IRD)
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2197 Do 21g 1-1,3
g198 IA1=1A2+1
2199 1A2=1A1+1
¥ 440) CALL APWR
oze1 CALL APPUTA(AZ,NCHANW,2,ADRHS{IA1)}
pzpe CALL APPUTA{A1l,NCHANW,2,ADRHS(1A2))
2283 FST=ADXST(IST(I))
n2p4 CALL APPUTA(A3,NCHANW,2,FST)
22085 CALL APWD
#2456 CALL VMUL(Al,1,A3,1,A4,1,NCHANW)
2287 CALL VMA(TAZ1,1,A3,1,1A41,1,1A41,1,NCHWML)
2208 CALL VMA(AZ,1,IA31,1,A4,1,A4,1,NCHWML)
8249 CALL VADD(A4,1,A7,1,A7,1,NCHANW)
P21y 219 CONTINUE
c
C DO SOLUTION TO EQN
c
#2211 CALL VCLR(A3,1,NCHANW)
2212 CALL VCLR(A4,1,NCHANW)
#9213 CALL APWR
2214 CALL APPUTA(AZ,NCHANW,Z,ADASV)
2218 CALL APPUTA(Al,NCHANW,Z2,ADBSY)
2216 CALL APPUTA(A2,NCHANW,2,ADCSV)
2217 CALL APWD
2218 CALL SOLVE(A®,1,A1,1,A7,1,A2,1,A3,1,A4,1,NCHANW)
f219 CALL APWR
8229 CALL APGSP(IER,15)
2221 IF(IER.NE.Z)STOP'SOLVE FAILURE'
0223 FST=ADXST(IST(4))
o224 CALL APGETA(A4,NCHANW,2,FST)
2225 FAD=ADXDIS(IST(41}))
#8226 CALL APWD
2227 IF(IWRITA(IRD,NCHWRZ,IBLKR,FAD)}.LT.Z)STOP 'WRITE ERROR’
c
C TURN AROUND VECTORS
c
2229 IST(8)=1IST(1)
2239 IST(6)=IST(2)
#9231 DO 228 1I=1,4
8232 229 IST(1)=1ST(1+2)
8233 1STB=1STB~-1
c
C END OF LOOP
c
2234 208 CONTINUE
8235 CALL IWAIT(IRD)
#2386 128 CONTINUE
g237 CALL CLOSEC(IRD)
p238 STOP 'NORMAL TERMINATION®

239 END
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C
C M J POULTER NOV 89
c
C THIS IS A PROGRAM FOR
.C 45 DEGREE FINITE DIFFERENCE MIGRATION
c
2821 VIRTUAL ASAVE(1924),BSAVE(1224),CSAVE(1824),
#RHS(10240) ,APSAVE(2948), IBLK(2048),VSAVE(2048),
#XSTOR(6144)
ang2 REAL*8 FSPECR,FSVEL
o83 REAL*4 VINT(102),ADXST(6},V(190),VRMS(292)},FBUF(3),
#ADRHS(14) ,ADAPSV(2),ADXDIS(6)
aea4 INTEGER®2 IV(18%),1ST(8),AP,Al,A2,A3,A4,A,A6,A7,
#1T(28)
gRas DATA AB/8/,A1/10824/,A2/2048/ ,A3/3872/,A4/4896/,
#A5/51208/,A6/6144/ ,A7/7168/
#8806 DATA DEV/3RRK /,FSVEL/12RDK4MPVTMPDAT/
C
C SET UP CONSTANTS AND READ IN DATA
c
a8o7 CALL APINIT
2948 CALL ASSIGN(1, ‘DK2:MPFMIG.DAT',14)
2939 IF(IFETCH(DEV).NE.Z)STOP'FETCH ERROR'
2911 IVRT=IGETC(}
o812 IRD=IGETC(}
C
C READ IN DATA
c
4913 READ(1,1P00) NSAMP,MSAMP ,NTRACE,NV,NVELS
aala 1098 FORMAT(1@1S)
2915 READ(1,1221)DX,DT,DTOR
2416 1881 FORMAT(3F14.8)
ag17 READ(1,1082)CIVII),I=1,NV)
24918 READ(1,1882)FBUF
ga19 1892 FORMAT(3A4)
ogR24 CALL IRADS5g@(12,FBUF,FSPECR}

c
C SET UP VM ADDRESSES
C

2821 [POS=1

2922 DO 19 J=1,19

2923 ADRHS(J)=APGAD(RHS(IPOS))
@24 IPOS=IPOS+1424

4925 19 CONTINUE

2026 ADVEL=ADGET(VSAVE( 1))

2927 ADAPSV(1)=APGAD(APSAVE(1))
2928 ADAPSV(2)=APGAD(APSAVE(1825)?
2229 ADASV=APGAD(ASAVE(1)})

2938 ADBSV=APGAD{(BSAVE(1))

2231 ADCSV=APGAD(CSAVE(1))

@32 IB=1

7933 DO 15 I=1,6

2934 ADXST(1)=APGAD{(XSTOR(IB})
2335 ADXDIS(I)=ADGET(XSTOR(IB})






goss
2081
2982

983
o284
20985
go8e
8087

2988
2989
2899
2891
2992
2894
p89s
2096
@97
2098
#4299
gLaq
2181
182
2143
g1484
ai1es
7196
g187
2108

129
g1ie
a111l
gliez
113
2114
#1115
2116
118
a119
fr2e

aad

C

v

va2.g4 - - THU #8-JAN-81 09:48:35

THEN CONVERTING THE RMS VALUES

AND

THEN WRITE OUT TO A TEMP FILE

IBLKV=2
DO 58 LV=1,NV
IVILVI=IV(LV)+NBST

READ IN VELS

1993
64

DO 62 LL=1,NVELS
READ(1,1883)T,VRMS(LL}
FORMAT(2F18.0)
ITCLLY=T/DTOR+1
CONTINUE

C DO LINEAR INTERP ON RMS VELS

C

c

55

75
79
65

84

N1l=1

N2=IT(1) \

DO 58 LI=NI1,N2
VSAVE(LI)=VRMS(1)}
IF(NVELS.EQ.1)GOTO 65
00 78 LJ=2,NVELS
N1=N2+1

N2=1IT{(LJ)
VT=VRMS(LJ~-1}
DELV=(VRMS(LJ)}~VT)/(N2-N1~1}
DO 75 LT=N1,N2
VSAVE(LT)=VT
VT=VT+DELV

CONTINUE

CONTINUE

CONTINUE

N1=N2Z+1

N2=1TORLM+1{

DO 8@ LL=N1l,N2
VSAVE(LL )=VRMS(NVELS)

C CHANGE INTO INT VELS

c

c

99

58

VTP1=¢.8
VTP2=VSAVE(1)}*VSAVE(1)
DO 99 LINT=1,ITORLM
VTP1=VTP2

VTP2=VSAVE{LINT+1)}*VSAVE(LINT+1)*{(LINT+1)

VSAVE(LINT}=SQRT(VTP2-VTP1}
CONTINUE

PAGE £83

IFCIWRITACIVRT, ITRLM2,IBLKV,ADVEL).LT.2)STOP "WRITV ERROR'

IBLKV=1BLKV+NVSIZ
CALL IWAIT(IVRT?
CONTINUE

C START MAIN LOGP
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gl1z1
g122

#2123
g124
2125
2126
ai27
g128
2129

2138
g131
2132
g134
2135
7136
137

2138
@139
2145
g141
g1az

2143
f144

2145°

146
2147
g148
¥149

@159
7151
7182
2183
2154

U155
J1586
g157
g158

C

GO0

(e XpXe]

OO0

OO0

OO0
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DC 120 ITORCT=1,ITORLM
LIMIT=LIMIT-ITOR

ZERO X ARRAYS

CALL VCLR{AZ,1,NCHANVW)

CALL APWR

DO 119 I=1,6

IST(I)=1

FAD=ADXST(I)

CALL APGETA(A®Z,NCHANW,2,FAD)
119 CONTINUE

READ IN VELOCITIES

IBLKV=2
DO 128 L=1,NV
IFCIREADA{IVRT,ITRLM2,IBLKV,ADVEL).LT.2)STOP 'READV ERROR'
IBLKV=IBLKV+NVSIZ
CALL IWAIT(IVRT)
V(L)=VSAVE(ITORCT)

128 CONTINUE

GEN V SLICE

CALL APPUT(V,Af,NV,2}
DO 138 I=1,NVM
132 VINTC(I)Y=s(VCI+1)=V(IXI/ZCIV(I+1)~IV(I})
CALL APPUT(VINT,Al,NVM,2)
CALL APWD

DO 149 I=1,NVM

NVD=IV(I+1)-IV(I)+1

CALL VRAMP(Ag+I-1,A1+1-1,A2+IV(I)=~1,1,NVD)
149 CONTINUE

CALL VFILL(AZ2+IV{(1)-1,A2,1,NBST)

CALL VFILL(AZ2+IV(NV}-1,A2+IV(NV}),1,NEND)

CALL VSQ(A2,1,A2,1,NCHANW)

GEN A,B

CALL APPUT(ACOF,AZ,1,2}

CALL APPUT(BCOF,Al,1,2}

CALL APWD

CALL VSMUL(AZ,1,Ad,Ad,1,NCHANW)
CALL VSMUL(A2,1,Al1,Al,1,NCHANW)

SET UP NECESSARY COEFFS FROM SAVE

CALL APWR
CALL APPUTA(A2,NCHANW,Z,ADAPSV(1))
CALL APPUTA(A3,NCHANW,2,ADAPSV(2))
CALL APWD
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g159
gley
a161
glez
#1623

2164
7165
a166
2167
2168

#1689
217w
2171
o172
/173

2174
2178
J1735
2177
g17¢g
9.79
189
gigl
p1ez
2183

7184
a185
Jiee
2187
7188
gl189
2197
g191
a19:2

OO00O0000

(g XeXe] OO0

aoon OO0

Qo

GEN COEFFS

(2+(2B+ACOF)T)

CALL VTSMUL(A2,1,2959,A4,1,NCHANW)
CALL VADD(A®Z,1,Ad4,1,A4,1,NCHANW)
CALL VNEG(A4,1,A5,1,NCHANW)

CALL VADD(A3,1,A5,1,A5,1,NCHANW)
CALL VTSMUL(A5,1,2050,A5,1,NCHANW)

(I1+(B+BCOF)T)

CALL VADD(Al,l1,A2,1,A6,1,NCHANW)
CALL VNEG(A6,1,A7,1,NCHANW)

CALL VTSMUL(A7,1,2059,A7,1,NCHANW)
CALL VADD(A3,1,A7,1,A7,1,NCHANW}
CALL APWR

SAVE CALCD COEFFS

CALL APGETA(A4,NCHANW,2,ADRHS(?7
CALL APGETA(AS5,NCHANW,2,ADRHS(8
CALL APGETA(A6,NCHANW,2,ADRHS(9
CALL APGETA(A7,NCHANW,2,ADRHS(1
CALL APWD

})
})
})
ar}

GET -VE OF ABOVE COEFFS AND .SAVE

CALL VNEG(A4,1,Ad,1 ,NCHANW)
CALL VNEG(AS5,1,AS5,1,NCHANW)
CALL VNEG(AB,1,A6,1,NCHANW)
CALL VNEG(A7,1,A7,1,NCHANW)
CALL APWR

CALL APGETA(A4,NCHANW,2,ADRHS(
CALL APGETA(A5,NCHANW,2,ADRHS(
CALL APGETA(AG6,NCHANW,2,ADRHS(
CALL APGETA(A7,NCHANW,2,ADRHS(
CALL APWD

&~ WU

(I+(B-BCOF)T)

CALL VSUB(Al,1,A2,1,A4,1,NCHANW)
CALL VNEG(A4,1,A5,1,NCHANW)

CALL VTSMUL(AS5,1,28508,A5,1,NCHANVW)
CALL VADD(A3,1,A5,1,A5,1,NCHANW)
CALL APWR

CALL APGETA(A4,NCHANW,2,ADRHS(1
CALL APGETA(AS5,NCHANW,2,ADRHS(2
CALL APGETA(A4,NCHANW,2,ADCSV}
CALL APWD

»)
)}

PARTIALLY SOLVE AND SAVE RES

PAGE 98%
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c
a193 CALL VMOV(A4,1,A6,1,NCHANW)
2194 CALL FACTOR(A4,1,A5,1,A6,1,A3,1,A7,1,NCHANV)
a195 CALL APWR
a196 CALL APGSP(15,1ER}
g197 IF(IER.NE.Z)STOP'FACTOR ERROR'
g199 CALL APGETA(A3,NCHANW,2,ADASV)
2288 CALL APGETA(A7,NCHANW,2,ADBSV)
g2g1 CALL APWD
C
C START ON RHS
o
C
C LOOP ON SAMPLES
C ‘ .
2282 ISTB=NSAMP
9293 DO 288 ITR=1,LIMIT
22484 IBLKR=IBLK(ISTB)
7285 FAD=ADXDIS(IST(5))
2296 CALL IWAIT(IRD?
2297 IFCIREADA({IRD,NCHWRZ,IBLKR,FAD).LT.#)STOP 'READ ERROR'
2209 CALL VCLR(A7,1,NCHANW)
@219 I1Al=-1
p2il IA2=9
g212 CALL IWAIT(IRD)
2213 Do 212 I=1,5
2214 [Al=1A2+1]
2215 IAZ2=1A1+1
2216 CALL APWR
g217 CALL APPUTA(AZ,NCHANW,2,ADRHS{IAL))
2218 CALL APPUTA(A1l,NCHANVY,2,ADRHS{IA2))
#2189 FST=ADXST(IST(I))
2229 CALL APPUTA(A3,NCHANW,2,FST?
9221 CALL APWD
a222 CALL VMUL(A1l,1,A3,1,A4,1,NCHANW)
g223 CALL VMA(IAZ1,1,A3,1,1A41,1,1A41,1,NCHWML)
7224 CALL VMA(AQ,1,1A31,1,A4,1,A4,1 ,NCHUML)
g225 CALL VADD(A4,1,A7,1,A7,1,NCHANW)
2226 213 CONTINUE

-~
i

C DO SOLUTION TO EQN
C

g227 CALL VCLR(A3,1,NCHANW)

4228 CALL VCLR(A4,1,NCHANW)

#2289 CALL APWR

2238 CALL APPUTA(AQZ,NCHANW,2,ADASV)
2231 CALL APPUTA(A1l,NCHANW,2,ADBSV)
2232 CALL APPUTA(AZ,NCHANW,2,ADCSV)
9233 CALL APWD

g234 CALL SOLVE(A®,1,A1,1,A7,1,A2,1,A3,1,A4,1,NCHANW)
8235 CALL APWR

2236 CALL APGSP(IER,15}

237 IF(IER.NE.B)STOP 'SOLVE FAILURE'

2239 FST=ADXST(IST(6))
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g249
g241
p242
g243

QOO0

2245
g2486
8247
2248
4249

[aXe Xzl

g258
2251
gas2
#2653
2254
2255

v
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CALL APGETA(A4,NCHANW,2,FST}

FAD=ADXDIS{IST(E))

CALL APWD
IF(IWRITA(IRD,NCHWR2,IBLKR,FAD).LT.2)STOP 'WRITE ERROR'

TURN AROUND VECTORS

228

END
298
19¢

IST(7)=1ST(1}
IST(8})=1ST(2)}
DO 229 1=1,6
IST(I)=IST(1+2)
ISTB=18TB-1

OF LOooP

CONTINUE

CALL IWAIT(IRD)

CONTINUE

CALL CLOSEC(IRD?

STOP 'NORMAL TERMINATION'
END
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Kirchhoff Migration Operator Design :- MPOGEN

Input file.....DK2:MPOGEN.DAT

Input Parameters

READ(1, 1000)TSTEP,XSTEP

1000 FORMAT(2F10.0)

TSTEP....Sample interval in seconds

XSTEP....Trace spacing in kms

READ(1, 1001) NHLFWD,NINC, NSAMP ,NSTEP, IFRNGE , NVEL

1001 FORMAT(6I5)

NHLFWD...Half-width of migration operator

NINC.....Step between operator traces

NSAMP....Number of samples per trace

NSTEP....Operator update step

IFRNGE...Update flag
<0 calculate update using allowed percentage error
>0 use NSTEP to update operator

NVEL.....Number of velocity layers

READ(1, 10G2)FSPECO

1002 FORMAT(3A4)
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FSPECO...0Operator output file

READ(1, 1000)TMIN, TMAX

TMIN.....3tart time for migration, seconds

TMAX.....End time for migration, seconds

READ(1,1000) (TLYR(I),VLYR(I),I=1,NVEL)

TLYR.....Two-way travel time

VLYR.....RMS velocity at this time

READ(1,1000)D

Dievsess..Percentage error allowed in calculating operator

update positions.
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2841
Bz
2983

e84
oaY5

2996
2037

2008
9914
2a11

gg12
2813
2a14
ga15
2216
2817
2218
2819
pR2a
2921
a2z
2923
pa24
2025
4926

o827
@28
ga29
232

M J POULTER DEC 82

THIS PROGRAM CALCULATES A SET OF
MIGRATION OPERATORS FOR A GIVEN
EARTH MODEL
THIS DATA IS THEN USED AS INPUT
TO MPKMIG

OO0 0O000

REAL*8 FSPEC

REAL*4 OPVAL(2568),FBUF(3),VEL(20),DZ(28@)

INTEGER*2 AQ,Al,A2,A3,A4,A5,A6,A7,AB,A0,A1H,
#A11,A12,A13,A14,A15,AI0P ,A(5),NRANGE(512),NLEAD(512),
#17(28),10P(20%),AC(5),AS,ACON

DATA DEV/3RRK /

DATA A@,Al1,A2,A3,A4,A5,A6,A7,A8,A9,A10,A11,A12,A13,A14,
#A15/9,512,1924,1536,2048,256%,3072,3584,4996,46408,
#5129,5632,6144,6656,7168,7680/

DATA A/5632,6144,6656,7168,7680/

DATA AC/"40@1,"4002,"4441,"4442,"4443/

SET UP SYSTEM 1/0

aoo

IFCIFETCH(DEV).NE.Z)STOP'FETCH ERROR'
IRD=IGETC()
CALL ASSIGN(1, 'DK2:MPOGEN.DAT',14)

READ IN DATA

QOO

READ(1,1@8@0)TSTEP ,XSTEP
1999 FORMAT(2F1gZ.0)
READ(1,1821 )NHLFWD,NINC,NSAMP ,NSTEP, IFRNGE ,NVEL.
1991 FORMAT(6I15)
READ(1,1002)FBUF
1g22 FORMAT(3A4)
CALL IRADS5®#{12,FBUF,FSPEC)
READ(1,1000)TMIN, TMAX
ITMIN=TMIN/TSTEP
ITMAX=TMAX/TSTEP
DO 14 J=1,NVEL
READ(1,1289)TPOS,VEL(J}
IT(J)=TPOS/TSTEP
VEL(J)=VEL(J)/2.8
14 CONTINUE

c

C SET UP CONSTANTS

c
PI1=3.141592
CONST=-1.8/(PI*TSTEP)
NBUF=NHLFWD*5
NBUF2=2*NBUF

c

C SET UP RANGE OF EACH OPERATOR +NO
C OF OPERATORS NECESSARY
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2031
7932
de33
2935
4236
aa37
ae38
#4839
9949
g4l
g842
4943
g345
2046
9947
2048
Q848
9058
951
2953
2454

2055
AAS6
ae57
2058
2959
29648
2061
2362
2963
gg64

2965

2867

2369

aa71
ag72
2973
ga74

c

C

[eNeXs] OO0 OO0 OO0

18T=8

5 IST=IST+1
IFCITMIN.GT.IT(IST))GOTO S
1A=1IST
ITMI=@
ITMA=SITMIN
NOPTOT=¢4
IPNOP=1
IVS=g8

15 ITMI=ITMA
ITMA=IT(IA)
IF(ITMA.GT.ITMAX ) ITMA=1TMAX
CALL OPCALC{ITMI,ITMA,NRANGE,IPNOP,NSTEP, IFRNGE,NOP)
NOPTOT=NOPTOT+NOP
IVS=1VS+i
IOP(1VS)=NOP
DZ(IVS)=VEL(IA)}*TSTEP
[A=1A+1
IF(ITMA.LT.ITMAX)GOTO 15
NRANGE{( IPNOP-1)=1TMAX
NOUT=(NOPTOT+1)}

SET UP 1/0 CONSTANTS

I1BNOP=g
NBRNG={NOUT+255)/256
NINLD=(NHLFWD+255)/256
IOPINC=(NBUF+127})/128
NBLO=NOPTOT*NINLD
NBOPS=NOPTOT*IOPINC
NFILS=NBOPS+NBLD+NBRNG+1
INRNGS=1

INLDST=1+NBRNG
INOPST=INLDST+NBLD

OQPEN OUTPUT FILE

IF(IENTERCIRD,FSPEC,NFILS).LT.2)STOP'ENTER ERROR'
WRITE OUT NOPTOT

IFCIWRITW(! ,NOPTOT,2,IRD).LT.2)STOP 'NOPWRITW ERROR'
WRITE OUT NRANGE

IFCIWRITW(NOUT,NRANGE,1,IRD).LT.Z2)STOP 'WRITW ERR'
CALC Xsa

CALL APINIT

CALL VCLR{AZ,1,NHLFWD)

CALL APWR
CALL APPUT(XSTEP,AQ+1,1,2)

PAGE 282



FORTR

2975
2976
2a77
2078

2879
298y
2g81
aa82
2883
2984

2A85
22886
2987

. @988

2989
oasy
2891

2292
2893
7394
2895

2996
8997
2293

2499
2108
2191
2182
21083
a1e4

2185
1886

AN

Q00 [eXeXel QOO0

OO0

oo NeXe]

[eXeXe]

OO0

GET

Loop

GET

LOOP

CALC
USED

FAC!

FAC2

VE2.94 THU Z8-JAN-81 g0:58:86

CALL APWD

CALL VRAMP(AZ ,Ag+1,AQ,1,NHLFWD)
CALL VSQ(AgZ,]1,AQ,1,NHLFWD)

CALL APWR

IT VECTOR

CALL APPUT(NRANGE,A8,NOPTOT+1,1)
CALL APWD

CALL VFLT(A8,1,AB,1,NOPTOT+1)

CALL VADD(A8,1,A8+1,1,A7,1,NOPTOT)
CALL VTSMUL(A7,1,2327,A6,1,NOPTOT)
CALL APWR

ON DIFFERENT VELOCITIES

IADD=-1
IBLKNL=INLDST
IBLKOP=INOPST"
D0 28 1v=1,1VS
IAOP=-1

NOP=I0P( IV}
DZINV=1.8/D2(1IV}

(IT*DZ)%*2

CALL APPUT(DZ(1V),A7,1,2)
CALL APWD

CALL VSMUL(A6,1,A7,A7,1,NOP)
CALL VSQ(A7,1,A7,1,NOP)

ON OPERATORS

DO 34 IL=1,NOP
IADD=IADD+!
IAOP=1A0P+1

OTHER INTERMEDIATE FACTORS
IN OPERATOR CALCULATION

CALL VSADD(AZ,1,A7+1A0P,ALl,1,NHLFWD)
CALL VSQRT(A1l,1,Al1,1,NHLFWD}

CALL APWR

CALL APPUT(CONST,Al15,1,2)

CALL APWD

CALL VSMUL(AB+IADD,1,A15,A3,1,1)

CALL VFILL(A3,A3+1,1,NHLFWD-1)
CALL VDIV(Al,1,A3,1,A2,1,NHLFWD)}

FAGE

Gg3
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7197 CALL APWR °
7198 CALL APPUT(DZINV,A15,1,2)
2189 CALL APWD
2118 CALL VSMUL{A1,1,A15,A3,1,NHLFWD)
C
K
¢
g1 CALL VINT(A3,1,A5,1,NHLFWD)
c
C DELTA
c
g112 CALL VSUB(A3,1,A5,1,A4,1,NHLFWD)
¢
€ NLEAD
o
g113 CALL VSADD(AS,1,A8+IADD,A5,1,NHLFWD)
2114 CALL VSUB(A6+IADD,#,A5,1,A5,1,NHLFWD)
#4115 CALL VTSADD(AS5,1,2249,A5,1,NHLFWD)
@116 CALL VFIX(A5,1,A5,1,NHLFWD)
2117 CALL APWR
g118 CALL APGET(NLEAD,A5,NHLFWD,1)
g119 CALL APWD
2128 IF(IWRITW(NHLFWO ,NLEAD, IBLKNL,IRD).LT.Z)STOP ‘NLWRIT ERR'
g122 IBLKNL=IBLKNL+NINLD
¢
C GEN OPERATOR FROM INTERMEDIATE VALUES
C
2123 DO 48 I=1,5
7124 AS=A(1)
g125 ACON=AC(1)
2126 CALL VTSADD(A4,1,ACON,AS,1,NHLFWD)
g127 CALL VDIV(A3,1,AS,1,AS,1,NHLFWD)
g128 CALL VTSADD(AS,1,2059,A9,1,NHLFWD)
2129 CALL VMUL{AS,1,A9,1,AS,1,NHLFWD)
2138 CALL VSORT(AS,1,AS,!,NHLFWD)
7131 CALL VMUL{AS,!,A2,1,AS,!1,NHLFWD)
2132 4% CONTINUE
c
c oP1
c
7133 CALL VNEG(Al1l,1,A2,1,NHLFWD)
C
c op2
C
7134 CALL VTSMUL{A11,1,2958,A3,1,NHLFWD)
g135 CALL VSUB(A12,1,A3,1,A3,1,NHLFWD)
¢
C 0P3
c
#1356 CALL VTSMUL({Al2,1,2858,A9,1,NHLFWD)
#137 CALL VSUB(Al1l,1,A9,1,A9,1,NHLFWD)
2133 CALL VSUB(A13,1,A9,1,A8,1,NHLFWD)
c
C OP4
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Kirchhoff Migration :- MPKMIG

Input File......DK2:MPKMIG.DAT

Input Parameters

READ(1, 1000)NTRACE,NO,NSAMP,NHLFWD

1000 FORMAT(UI5)

NTRACE. . .Number of traces in data file

NO.«.....Sample number of first sample in each trace
NSAMP....Number of samples per trace

NHLFWD...Half-width of operator

READ(1, 1000) ISTART ,NSTART,NSTOP,NINC

ISTART...First sample to migrate
NSTART...First trace to migrate
NSTOP....Last trace to migrate

NINC.....Trace increment in migration

READ(1, 1001)XSTEP,TSTEP

1001 FORMAT(2F10.0)

XSTEP....Trace spacing in kms

TSTEP....Sample interval in seconds

READ(1, 1002)FSPECO
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1002 FORMAT(3A4)

FSPECO...Operator input file

READ(1, 1002)FSPECR

FSPECR...Data input file

READ(1, 1001)FSPECW

FSPECW...Migrated data output file



FORTRAN 1V

geal
4882

8983
2394
2x95

2306
2098
2489
agLy
2911
g2

2913
2914
215
216
f8a17
ag18
2g19
a028
agai
8922
o223
fg24

gr25
2426
ge27
9928
9929
2938

2931
@33
235

N\

M J

OO OOO0O0
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POULTER DEC 88

MPKMIG-THIS IS A KIRCHHOFF MIGRATION
PROGRAM WHICH USES THE OPERATOR
DESIGNED IN MPOGEN TO PERFORM
CONVOLUTIONAL MIGRATION

REAL*B FSPECR,FSPECW,FSPECO
INTEGER®2 NLEAD(512),NRANGE(512},AQ,Al,A2,

#AQST ,ATRI ,AOP ,ASUM,NLEADI(512}

SET

OO0

OO0

15930

1881
1982

C SET

c

REAL*4 FBUF(3),0PBUF(2568),TRACE(25642)
DATA DEV/3RRK /
DATA Ag,Al,A2,ASUM/D,2048,40996,6704/

1/0 CALLS

IF(IFETCH(DEV).NE.2)STOP'FETCH ERROR'
IRD=IGETC( )}

IWRT=IGETC( )

IROP=1GETC(?

CALL APINIT

CALL ASSIGN(1,'DK2:MPKMIG.DAT',14)

READ IN DATA

READ(1, 1922 INTRACE, N, NSAMP , NHLFWD
fORMAT(415)

READ(1,10999)ISTART ,NSTART,NSTOP,NINC
READ( !, 1801 YXSTEP,TSTEP
FORMAT(2F18.0)

READ(1,1082)FBUF

FORMAT(3A4}

CALL IRADS#{12,FBUF,FSPECO)
READ(1,1822)FBUF

CALL IRADS®(12,FBUF,FSPECR)
READ(1,1992)FBUF

CALL IRAD58(12,FBUF,FSPECW)}

UP CONSTANTS

NBLKR=NSAMP /128
NFILO=NBLKR*NTRACE+1
NW=NHLFWD-1

NW2=NW+2
NA=NTRACE+NHLFWD
NWIDTH=2*NHLFWD-1

C OPEN UP 1/0 FILES

c

IF(LOOKUP{IROP,FSPECO).LT.2)STOP 'LOKKUP ERR"
IFCLOOKUP(IRD,FSPECR).LT.Z)STOP'LOOKUP ERROR'
IF(IENTER(IWRT,FSPECW,NFILO) . LT.Z}STOP'ENTER ERROR®

[ P
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c
C GET OPERATOR CONSTANTS
C
2237 IF(IREADW( 1 ,NOP,Z,IROP).LT.2)STOP'READ ERROR'
8R39 IF(IREADW(NOP+1,NRANGE,1,IROP).LT.&)STOP 'READ ERR'
agal NBRNG=(NOP+255)/256
agaz NBUF=sNHLFWD*5
ag43 NBUF2=2*NBUF
g044 NBUFAP=5*NOP
245 IOPINC=(NBUF+127})/128
946 NINLD=(NHLFWD+255)/256
ag47 NBLD=NOP*NINLD
A48 INLDST=1+NBRNG
an49 INOPST=INLDST+NBLD
8959 1BLKO=1
ag51 ISTOP=NRANGE(NOP+1)
c
C START MAIN LOOP
C
2052 DO 14 ITR=NSTART,NSTOP,NINC
9983 IBLK={(ITR-1)}*NBLKR})+1
: c
C READ IN OUTPUT TRACE
c
apsa IF( IREADW(2*NSAMP ,TRACE, IBLK,IRD}.LT.@)STOP'READ ERR2Z®
4056 CALL APPUT{TRACE,AZ,NSAMP,2)}
2957 CALL APWD
2958 CALL VCLR(AZ+ISTART,1,ISTOP-ISTART}
a4us9 IMIN=MAX@{NW2-ITR,1)
agen IMAX=MIN@{NA-ITR,NWIDTH)
2961 IBLKR=({ITR-NW+IMIN=-2)*NBLKR)+1
c
C LOOP ON OPERATOR APPLICATION
c
gre2 DO 28 IT=IMIN, IMAX
2963 10P=1T-NW
2864 IF(IOP.LT.1)IOP=2-10P
ga66 AGST=Ag+[START
aege7 IF(IREADW(2*NSAMP,TRACE, IBLKR, IRD}.LT.2)STOP 'READ ERR3'
o968 IBLKR=IBLKR+NBLKR
1.8 CALL APPUT(TRACE,Al,NSAMP,2)}
ag71 LSTOR=1
ge72 NSTOR=1
C
C GET OPERATOR AND LEADIN VALUES FROM FILE
C
2973 IBLKLD=INLDST
aa74 IBLKOP=INOPST
2875 DO 40 J=1,NOP
2976 IFCIREADW(NHLFWD,NLEADT, IBLKLD,IROP).LT.Z)STOP 'READ ERR4'
2878 IF(TREADW{(NBUF2,TRACE,IBLKOP,IROP).LT.2)STOP ‘READ ERR4’
1:4:7%) IBLKLD=IBLKLD+NINLD
gg81 IBLKOP=IBLKOP+IOPINC

2382 IOFF=IQP
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2083
e84
@85
4985
ae8?
2988
2089
2999
2991
g9z
2993

2I94
2495
2296
2997
20998

2899
188
2121
2192
#1483

g1o4
219%
2186

g197
2109
2118
2111
alie
112

[eXaXg] OoOao0

[zXeXe!

OO0

58

49
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ILD=10P

DO 5& JJ=1,5
OPBUF(LSTOR)}=TRACE(IOFF)
LSTOR=LSTOR+1
IOFF=10FF+NHLFWD
CONTINUE

NLEAD(NSTOR }=NLEADI(ILD)}
NSTOR=NSTOR+1

CONTINUE

CALL APPUT(OPBUF ,A2,NBUFAP,2)
CALL APWD

DO CONVOLUTIONAL MIGRATION

DO 62 ILP=1,NOP
ATRI=NLEAD(ILP)+Al
LIMIT=NRANGE(ILP+1)}
AOP=A2+(5*(ILP~-1))
NRES=LIMIT-A@ST+1

DO CONVOLVE

69
28

GET

CALL CONV(ATRI,l,AOP,1,ASUM,1,NRES,5?
CALL VADD(AQST,1,ASUM,1,AQST,1,NRES)
AQST=LIMIT+1

CONTINUE

CONTINUE

MIGRATED TRACE OUT OF AP
CALL APWR

CALL APGET(TRACE,AZ,NSAMP,2)
CALL APWD

WRITE MIGRATED TRACE TO DISK

19

IFCIWRITW(2*NSAMP, TRACE, IBLKO,IWRT).LT.2)STOP'WRIT WRR'
IBLKO=1BLKQO+NBLKR

CONTINUE

CALL CLOSEC(IWRT)

STOP 'NORMAL TERMINATION'

END
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Stand Alone Interpolation :- ANINT

Input filec.......DK2:ANINV.DAT

Input Parameters

READ(1, 1000)L ,NCHAN,M,NTAP, INDEN

1000 FORMAT(6I5)

Looososo.Number of samples per channel
NCHAN....Number of channels
Mc.eoooo..Level of interpolation
NTAP.....Number of samples in cosine taper
INDEN....Normalisation flag
' <0 no scaling
=0 scale to RMS energy

>0 inverse energy scaling

READ(1, 1100) FBUFR,FBUFW

1100 _FORMAT (2(3A4))

FBUFR....Input file

FBUFW....Output file
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33 VIRTUAL 8@(23552),81(23552)

DIMENSION DUM{2848)

DIMENSION FBUFR{3),FBUFW(3),FSTAP(23)

REAL*8 FSPECR,FSPECW

DATA K1M,K1,K2,KTOP,IA,IB,IB1,IB2,IC,IC1,ID!
1/-1,1,2,8191,9,2948,2049,2054,4296,4097,6145/
FTATE DATA DEV/3RDK /

(]

CALL ASSIGN(1,'DK2:ANINV.DAT',13)
IFCIFETCH(DEV).NE.@)STOP'FETCH ERROR'
IDCHR=IGETC()

IDCHW=IGETC()

C READ IN REQUIRED INPUT PARAMETERS

¥

IFLE READ(1,1580) L,NCHAN,M,NTAP, INDEN
J913 1284 FORMAT(215,5X,315)
difia READ(1,1189) FBUFR,FBUFW

J518 0 1199 FCRMAT(2(3A4))
C VALIDATE DATA
C NREZAD IS THE NUMBER OF BLOCKS READ IN/TRACE

Jrieé NREAD=L/128
C 3TQP IF L IS NOT AN INTEGER NUMBER OF BLOCKS
FH17 IF(L.NE.128*NREAD)STOP'L NOT INTEGER NO. OF BLOCKS'
C L2 IS NUMBER OF WORDS READ/TRACE
JEle L2=2*L
C IAL IS POINTER NEEDED FOR COSINE TAPERING
Jozz IAL=1A+L~1
C FIND L2I,INTEGER POWER OF TWO G.E. THAN L.
IS L21=2

Do 5 I=1,1008€
IF(L2I.GE.L) GOTO 1@

L2I=2*L21
8 CONTINUE
C STOP IF L2I 1S GREATER THAN 2948
F2T 18 IF(L21.GT.2848)STOP'L2T1.GT.2048"
TS2% L2zizi=L21/2~1

Y

STOP IF M.GT.23
ATE IF(M.GT.23)STOP'M.GT.23"
LM IS NUMBER OF INTERPOLATED SAMPLES/TRACE
IIL LM={
C STOP IF LM.GT.23552
AT IF{LM.GT.23552)8STOP 'LM.GT.23552"
LM2 IS THE TOTAL NUMBER OF WORDS WRITTEN QUT/INTERPOLATED TRACE
3L LM2=2%{ M
C NWRITE IS THE NUMBER OF BLOCKS WRITTEN/TRACE
SRS . NWRITE=LM/128
C F3TH IS ADDRESS NEEDED FOR DISK READ INTO Sg¢1)
TALE FSTA=ADGET(SH{1))
C F3T1 IS5 ADDRESS NEEDED FOR DISK WRITE FROM S1
JE3e FSTi=ADGET(S1{1))
¢ FITAP IS ARRAY OF ADDRESSES NEEDED FOR AP TRANSFERS
KL=1
DO 28 K=1,M
F3TAP(KI=APGAD(SI(KL))

" O

@]
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Ki=KL+L

2 CCONTINUE

GPEIN READ FILE
CALL IRADSA(12,FBUFR,FSPECR)
IF{LOOKUP(IDCHR,FSPECR).LT.Z)STOP'LOOKUP ERROR'
APEN WRITE FILE
CALL IRADS®(12,FBUFW,FSPECW)
IF(IENTER(IDCHW,FSPECW ,NWRITE*NCHAN+1)}.LT.Z)STOP'ENTER ERROR'

THIS PART OF THE PROGRAM SETS UP THE AP FOR INTERPOLATING THE TRACES.
A COMPLEX EXPONENTIAL VECTOR IS FORMED IN REGION C,TO BE USED IN
THE NEXT PART OF THE PROGRAM TO PRODUCE TIME SHIFTS OF TSAMP/M BY
MULTIPLICATION IN THE FREQUENCY DOMAIN.
INITIALISE AP

CALL APINIT
PUT 1.8/FLOAT(M*L21) IN IC AND 1.8/FLOAT(NTAP) IN KTOP

CALL APWR

CALL APPUT(!.@/FLOAT(M=*L21),IC,Kl,K2)

CALL APPUT(1.8/FLOAT{(NTAP),KTOP,K1,K2)

CALL APWD
MULTIPLY BY 2*PI FROM TM

CALL VTSMUL(IC,K1,2317,1C,K1,K1)
FORM VECTOR RAMP IN IA USING STARTING VALUE AND RAMP INCREMENT
BOTH EQUAL TO VALUE IN IC.TAKE SIN AND COS OF RAMP AND
PLACE IN C.

CALL VRAMP(IC,IC,IA,K1,L2121)

CALL CVEXP(IA,K1,IC1,K2,L21I21)
FORM COSINE TAPER NTAP LONG STARTING AT IDI

caLl YCLR(ID1,K1,K1)

CALL VTSADD(IDI!,K!,2386,I1D1,K1,KL)

CALL VTSMUL(KTOP,K!,2386,KTOP,K1,K1)

CALL VRAMP(ID1,KTOP,ID1,KIl,NTAP}

CALL VCOS(ID1,K1,ID1,K1,NTAP}
VTSADD(ID!,K1,2049,1ID1,K1,NTAP)
VTSMUL(ID!,K1,2327,ID1,K1,NTAP)

IN THIS PART THE SEISMIC TRACES ARE READ IN ONE AT A TIME OFF DISK.
EACH TRACEZ HAS ITS MEAN REMOVED,IS SCALED(IF REQUIRED),IS PADDED OUT
WITH ZEROES FROM L TO L21 SAMPLES AND THEN IS INTERPOLATED SO THAT THE
NC. OF SAMPLES BECOMES LM.THE INTERPOLATED TRACES ARE STORED ON DISK.
LKR IS THE DISK BLOCK ABOUT TO BE READ
38U IS THE DISK BLOCK ABQUT TO BE WRITTEN

JBLKW=1

JBLKR=
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¥0W ITERATE THROUGH CHANNELS INTERPOLATING THE TRACES.

HHR7 DO 8#P JCHAN=1,NCHAN

C READ IN TRACE FRCM UNIT 2
58 IfCIREADA{IDCHR,L2,JBLKR,FST2).LT.Z)STOP'READA ERROR'
R F JSLKR=JBLKR+NREAD

C CLEZAR A AND TRANSFER TRACE INTO IT
i CALL VCLR(IA,K1,L21)
2 CALL APWR
3 CALL IWAIT(IDCHR)
174 CALL APPUTA(IA,L,KZ,FSTAP{1))
4775 CALL APWD
: T FIND MEAN VALUE OF TRACE AND PLACE IN AP(KTOP)
#4786 CALL MEANV(IA,K1,KTOP,L}
T SUBTRACT MEAN FROM TRACE
JETT CALL VNEG(KTOP,K1,KTOP,K1,Kl1)
JA7 0 CALL VSADD(IA,K!1,KTOP,IA,Ki,L}
T OMULTIPLY ENDS OF DATA BY COSINE TAPER
ST S CALL VMUL(IA,K1,ID1,K1,I1IA,K1,NTAP)
gHes CALL VMUL(IAL,KIM,ID1,K1,T1AL,KIM,NTAP)
: INDEN IS NEGATIVE,NO SCALING OF TRACE
INDEN IS ZERO SCALE TO UNIT R.M.S VALUE
INDEN IS POSITIVE,USE INVERSE ENERGY SCALING (DIVERSITY STACK)
sl IF{INDEN.LT.®) GOTO 358
52 CALL RMSQV(IA,KI1,KTOP,L)
24 [F(INDEN.GT.®) CALL VSQ(KTOP,K1,KTOP,K!,K1)}
FLACE 1.4 FROM TM IN IC
G5 CALL VCLR{IC,K1,K1)
37 CALL VTSADD(IC,K1,2@449,1IC,K1,K1)

T USE THIS VALUE TO CREATE RECIPROCAL IN KTOP
358 CALL VDIV(KTOP,K1,IC,K1,KTOP,K1,K1)}
MULTIPLY TRACE BY RECIPROCAL
3739 CALL VSMUL(IA,K1,KTOP,IA,K1,L)

C TRANSFER MODIFIED TRACE BACK TO sS&
azx9E 257 CALL APWR

2 et e
ot bt e d
M

]

339 CALL APGETA(IA,L,K2,FSTAP(1))
TG CALL APWD
qTU53 [F(M.EQ.1}) GOTO 500

(]

TAKE TRANSFORM CF TRACE AND PUT IN B
CALL RFFTB(IA,IB,L2T,K1}
CALL RFFTSC{IB,L2I,K2,K1)
C ITERATE FROM 2 TO M
i DC 499 K=2,M
MULTIPLY TRANSFORM BY COMPLEX EXPONENTIAL VECTOR
7.:98 CALL CcvMuUL(IB2,K2,ICl,K2,IB2,K2,L2121)
C MOVE B TO A AND TAKE IN PLACE IFFT
739 CALL VMOV(IB,KI,IA,KLl,L21)
J17% CALL RFFTCIA,L2I,KIM)
I TRANMSFER SHIFTED TRACE BACK TO S#&
CALL APWR
CALL APGETA(IA,L,K2Z2,FSTAP{K))
TR CALL APWD
BRSNS 1131 CONTINUE
T TNTERPOLATED TRACE IS NOW IN Sg& IN SCRAMBLED ORDER.
¢ HNSCRAMBLE INTO S1 SO THAT RECORD IS IN CORRECT TIME SEQUENCE.

[0
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LAY cl=1
DT 788 JL=1,L
Jg=JdL
DU 643 JIM=1,M
S1(J1)=S3(J9?
Jg=J8+L
Jl=J1+1
@8  CONTINUE
7 CONTINUE
C NOW WRITE OUT INTERPOLATED TRACE ONTO DISK
IFCIWRITA(IDCHW,LM2,JBLKW,FST1).LT.#)STOP ‘WRITA ERROR'
JBLKW=JBLKW+NWRITE
CALL IWAIT(IDCHW)
SED CONTINUE
ZALL CLOSEC(IDCHR)
ZALL CLOSEC(IDCHW)
STOP
END

)
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Internal Header Interrogation :- MPHIST

This is a fully interactive program which expects the input
data to be on disc. The output listing is put onto the screen or
the printer. The only input required is the name of the data

file.EG.

enter name of file to be examined: DK3:MPDATA.DAT
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~
C THIS IS A PROGRAM WHICH INTERROGATES
C A DATA FILE TO GIVE ALL OF ITS
C PROGRAMMING PARAMETERS TO THE USER
T8 REAL*8 FSPECR,RUNITS(2),SOURCE(4)
HEIL REAL*4 FNAMR(3)
agys INTEGER*2 HBLK(256)
aga4 LOGICAL*! HSBLK(512),NOCHAN, IGCODE,IUNITS,ISAMP
o935 EQUIVALENCE (SROFF,HSBLK(21)),(SLSPAC,HSBLK(29)1?,
%(STSPAC,HSBLK(33)),(SDEPT,HSBLK(37)}),(RDEPT,HSBLK(41)},
X(RSPAC,HSBLK(25)),(NOCHAN,HSBLK(12)),(IGCODE,HSBLK(191),
Z{(IUNITS,HSBLK{(2&)),(1SCODE,HSBLK{(45)}),( IBFREE,HSBLK(47)),
%¥(NCHAN,HSBLK(13)),(NBEG,HSBLK(15}),(NFIN,HSBLK(17})},
%X(ISAMP,HSBLK(9)),(HBLK{(1),HSBLK(1))
FIg5 DATA DEV/3RRK /,RUNITS(1)/'METRES '/,RUNITS(2)/' FEET v/
anaI7 DATA SOURCE(1)/'AIRGUNS '/,SOURCE(2)/'EXPLOSIV'/,
ZSOURCE(3)/'VIBROSEI'/,SOURCE(4)/'WEIGHTS '/
o~
C GET NAME OF INPUT FILE
(9
JFoBE WRITE(7,5)
g8@9 5 FORMAT(' ENTER NAME OF FILE TO BE EXAMINED:',$)
I8 READ(S, 18 )FNAMR
2011 lZ FORMAT(3A4)
gl CALL IRADS5Z(12,FNAMR,FSPECR)
C
C SET UP I/0 PARAMETERS
c
BY S SON ICHR=IGETC( )
SRS IFCIFETCR(DEV).NE.Z)STOP'FETCH ERR’
AG1E ILEN=LOOKUP(ICHR,FSPECR)
IGL7 IF(ILEN.LT.Z)STOP'LOOKUP ERR'
o919 IF(IREADW(256,HSBLK,®,ICHR).LT.Z)STOP 'READ ERROR’
c
T DECODE HEADER AND PRINT OUT

WRITE(7,20)FNAMR, ILEN

25 FORMAT{(' FILE ',3A4,' TO BE ANALYSED, LENGTH=',I15,' BLOCKS')
WRITE(7,38)(HSBLK(I),I=1,8)

37 FORMAT(' FILE NO:',3Al,' TAPE NO:',5Al
WRITE(7,48) HSBLK(9),HSBLK{11),HSBLK(1

4% FORMAT(' SAMPLING INTERVAL SET AT ',Il
%' AND RECORDING LASTED ',I2,' SECS',/,
#' ON ',12,' ACTIVE CHANNELS')

}
2}
,' MSEC',/,

Fezv GOTO (59¢,68,692,80)IGCODE
4428 53 WRITE(7,118)

FB20 GOTO 198

I9386 29 WRITE(7,129)

g3l GOTO 10@

B O 78 WRITE(?7,138)

FE3c GOTO 190

qy34 38 WRITE(7,148)

gase 149 CONTINUE
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113 FORMAT{(' THE FILE CONTAINS A SHOT POINT GATHER')
129 FORMAT(' THE FILE CONTAINS A COMMON MIDPOINT GATHER')
133 FORMAT(® THE FILE CONTAINS A STACKED TRACE')
142 FORMAT(' THE FILE CONTAINS AN UNSTACKED TRACE')}
WRITE(7,99)NCHAN,NBEG,NFIN
9% FORMAT(' CONSISTING ',12,' CHANNELS,STARTING AT SAMPLE NO:'
%,15,/,' AND ENDING WITH SAMPLE NO:'I15)
WRITE(7,158)SOURCE(ISCODE),RUNITSTIUNITS)
i53 FORMAT(' TYPE OF SOURCE= ',A8,/,
Z' AND THE UNITS OF LENGTH USED= ',A8)
WRITE(7,160)RDEPT,SDEPT,SROFF ,RSPAC,SLSPAC,STSPAC
169 FORMAT(' RECIEVER DEPTH=',FlH@.2,/,
' SOURCE DEPTH=',Fl1#.2,/,
' SOURCE-RECIEVER OFFSET=',fl198.2,/,
' RECIEVER SPACING=',F1g8.2,/,
' SHOT SPACING=',Flg.2,/,
‘ SHOT REPITITION RATE=',Fl@.2,' SECS')
WRITE(7,178)(HSBLK(I),I=51,254)
179 FORMAT(' USER INFO PUT INTO HEADER BLOCK',/,
X' 1S GIVEN BELOW',/,3(1X,80Al,/,))
IF(IBFREE.EQ.2)GOTO 999

L

PROCESS DECODE AREA

WRITE(7,184)
189 FORMAT(/,/,' THE FOLLOWING PROCESSES HAVE BEEN
% PERFORMED ON THE DATA',/)
IPOS=¢
199 CONTINUE
GOTO(209,219,228,238,240)HBLK{129+1P0OS)

PRE STACK DECODE

299 IPOS=IPOS+]
ICNT=HBLK(129+IPQS)
IPOS=1POS+1
WRITE(7,388)ICNT
223 FORMAT(' PRE-STACK PROCESSING CONSISTING OF',/,
#13,' OPERATIONS IN THE FOLLOWING ORDER')
DO 318 J=1,ICNT
ICD=HBLK{129+IP0OS)
IPOS=IPOS+1
G0TO(311,312,313,314,315,316,317,318,319,329,321)ICD
311 WRITE(7,488)
499 FORMAT(' TRACE EDITING')
GOTO 314
312 WRITE(7,4981)
4J1 FORMAT(' POLARITY REVERSAL')
GOTO 317
WRITE(7,482)
FORMAT(' EXP{(Z.2T) AMP RECOVERY')}
GOTO 3189
314 WRITE(7,4083)
453 FORMAT(' T*EXP(@.2T) AMP RECOVERY')

S ()

[
[SNEN]
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GOTO 314

WRITE(7,404)

FORMAT(' Tx»vw®®*2 AMP RECOVERY')
GOTO 318

WRITE(7,425)

FORMAT{(' MUTING')

GOTO 318

WRITE(7,406)

FORMAT(' SPIKE DECONVOLUTION')
GOTO 318

WRITE(7,487)

FORMAT(' BANDPASS FILTERING')
GOTO 3189

WRITE(7,408)

FORMAT(' BANDREJECT FILTERING')
GOTO 312

WRITE(7,409)

FORMAT{(' PREDICTION ERROR DECONVOLUTION')
GOTO 319

WRITE(7,418)

FORMAT(' AMPLITUDE/ENERGY NORMALISATION')}
CONTINUE

IF(IPOS.LT.IBFREE)}GOTO 199

GOTO 999

CKING DECODE

WRITE(7,429)

FORMAT(/,' NMO CORRECTION AND CDP STACK'}
IPOS=IPOS+1

NCHST=HBLK(129+IP0S}

IPOS=IPOS+1

NVST=HBLK(129+IPOS)

IPOS=1IPOS+1

NLYRST=HBLK(129+IPOS)

IPOS=1IPOS+1

MST=HBLK{(129+IP0OS}

I1POS=IP0OS+1

INTSWS=HBLK(129+IPOS?

IPOS=IPOS+!

WRITE(7,421 )NCHST,MST

FORMAT(' WITH',13,' CHANNELS AT A LEVEL OF',/,
#14,' TIMES INTERPOLATION')

WRITE(7,422 )NVST,NLYRST,INTSWS

PAGE 083

FORMAT{(I5,' VELOCITY ANALYSES WERE USED EACH WITH,',/,

#13,' LAYERS AND THE INTERPOLATION SWITCH=',Il)
IF(IPOS.LT.IBFREE)GOTO 198&
GOTO 999

T STACK DECODE"
IPOS=IPOS+1

ICNT=HBLK(129+IPOS)
IPOS=1IPOS+1
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q:22 WRITE(7,438)ICNT
g:iz4 43% FORMAT{' POST STACK PROCESSING CONSISTING OF',/,
ZI3,' OPERATICNS IN THE FOLLOWING ORDER')
gi12t DO 338 J=1,ICNT
J12¢ ICD=HBLK(129+IP0S)
Jia2c IPOS=1POS+!1 :
Fiare G0T0(331,332,333,334,335,336,337,338,339,3448)ICD
Yiaeg 331 WRITE(7,400)
J13% GOTO 338
Ji21 332 WRITE(7,402)
Fii2 GOTO 338
733 333 WRITE(7,403)
*13s GOTO 338
g1zt 334 WRITE(7,404)
7136 GOTO 3390
>137 335 WRITE(7,405)
G138 GOTO 33¢
F13¢ 335 WRITE(7,4086)
142 GOTO 339
Ji41 337 WRITE(7,487)
J142 GOTO 33%
1432 338 WRITE(7,408)
J144 GOTO 334
g14% 339 WRITE(7,409)
F146 GOTO 338
o147 340 WRITE(7,418)
A48 33F CONTINUE
gi4¢9 IF(IPOS.LT.IBFREE}GOTO 198
g151 GOTO 999
c
¢ MIGRATION
c
Fizz 234 WRITE(7,458)
Fise 455 FORMAT(' MIGRATION'}?
ST IPOS=IPQS+]
IF(IPOS.LT.IBFREE)GOTO 198
7187 GOTO 999
c
C THREE TRACE MIX
3153 249 WRITE(7,468)
y138% 467 FORMAT(' THREE TRACE MIX'}
7.84 IPOS=IP0OS+1
4151 IF(IPOS.LT.IBFREEIGOTO 198

5182 599 STOP' NORMAL TERMINATION'
J164 END
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1200 FORMAT(2F10.0)

TOLYR....Two-way travel time of reflection on zero offset
trace

VLYR.....RMS velocity down to the event
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REAL*8 FSPEC

DIMENSION SEISM(2248),TALYR(99),VLYR(99),WAVE(SIY),CONST(4)
DATA KIN,K®,K1,K2,K4,KAMP,KSN,KTWOPI ,KSEED,KU/-1,9,1,2,4,8187,
18188,8189,819#4,8191/

DATA NWDBLK,DEV,FSPEC/256,3RDK ,12RDK2ANOUTSDAT/
CALL ASSIGN(1,'DK1:ANINS.DAT',13)
IFCIFETCH(DEV).NE.@)STOP'FETCH ERROR’
IDCH=IGETC()}

READ{1,1008) L,NCHAN,NSTART,NLYR
FORMAT(415)

READ(1,1180) XSTART,MSTEP,FSAMP,FRICK,FNOISE,SN
FORMAT(6F198.9)

READC1,1260) (TOLYR(ID),VLYR{I),I=1,NLYR)}
FORMAT(2F12.8)
NBLTR=[FIX(Z2.0*FLOAT(L)/FLOAT(NWDBLK)+2.5)
L=NWDBLK*NBLTR/2

HOLTOT=NBLTR*NCHAN
IF(IENTER(IDCH,FSPEC,NBLTOT+1).LT.2)STOP'ENTER ERROR'
JBLAOCK=1

CALL RICKER(FSAMP,FRICK,NBEGIN,NWAVE ,WAVE)
L2INT=2

GG 5 K=1,11

IF(L2INT.GE.L) GOTO 1@

LZINT=2*L2INT

CONTINUE .

CONST(1)=1.8/SN

CONST{(2)=8.9*ATAN(1.2)

CONST(3)=0.2519638

CONST(4)=1.2

CALL APINIT(IDUM,IDUM,IDUM)

LALL APPUT{CONST,KSN,K4,K2)

CALL APWD

ISEISM=1

IWAVE=ISEISM+L2INT+NWAVE-1

IWAVER=IWAVE +NWAVE-1

IRANC=IWAVE+NWAVE

NRAND=LZ2INT*FNOISE/FSAMP
INOISE=IRAND+NRAND

INOISZ=INOISE+2

INOIS3=INOISE+3

MRAND2=2*NRAND

CALL APPUT(WAVE, IWAVE ,NWAVE,K2)

CALL APWD

AICHAN=XSTART

HOFFS=NSTART-HBEGIN

20 445 JCHAN=1,NCHAN

KEQ={SCHAN**2

HJICHAN=XJCHAN+XSTEP

TALL VCLR{KH,K1,IWAVE)

o 38 JLYR=1,NLVYR

MT=1F IXC(FSAMP*SQRT(TOLYR(JILYRI**2+XSQ
SVELYRUJLYRI**2)+ . 5)-NOFFS
Lo vADD(ONT,K1,KU,K1,NT,K1,K1)

¥ OCOHTINUE
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CALL ZONV(ISEISM,K!, IWAVER,KIN,ISEISM,K1,L2INT,NWAVE}
CALL VRAND(KSEED, IRAND,K1,NRAND)

“aLi VSMUL(IRAND,K1,KTWOPI,IRAND,K1,NRAND)

CALL YCLR{INOISE,K1,L2INT)?

CALL VYCOS(IRAND,K1,INOIS2,K2,NRAND)}

CALL VSIN(IRAND,K1,INOIS3,K2,NRAND)

CALL RFFT(INOISE,LZINT,KIN)

CALL RMSQV{INOISE,K1,KAMP,L2INT}

CALL VDIV(KAMP,K1,KSN,K1,KAMP,K1,K1}

CALL VSMUL(INOISE,K!,KAMP,INOISE,K1,L2INT)

CALL VADD(ISEISM,K!,INOISE,K1,ISEISM,K1,L2INT)

CALL APWR

CALL IWAIT(IDCH)

CAL. APGET(SEISM(1),ISEISM,L,K2)

CALL APWD

IFCIWRITE(2%L ,SEISM,JBLOCK, IDCH).LT.2)STOP 'WRITE ERROR'
J2L0CK=JBLOCK+NBLTR

: Lo
CET Y W Gy
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Cr
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74 g COMTINUE

IET CALL CLOSEC(IDCH)

776 sTR?

Tty B

CRATRAN IV voz .04 THU B98-JAN-81 g9:01:21 PAGE 241
LB SUBROQUTINE RICKER(FSAMP,FRICK,NBEGIN,NWAVE,WAVE)
R 4 IMPLICIT INTEGER®2(I-N)
ARZ3 DIMENSION WAVE(5049)

ER'S N=[FIX{FSAMP/FRICK)
Y WAAVE=2%N+1

Tl NBEGIN=N+1

7 WAVE{NBEGIN)=1.

R - TF{EN.EQ.9) RETYRN
Y IPLUS=HBEGIN

Co IMINUS=NBEGIN
PR Kag.

113 DELX=3.14159265*FRICK/FSAMP

L4 DO 1@ I=1,N

5 1PLYS=IPLUS+]

g IMINUS=IMINUS-1

7 H=Y+DELY

L WAVZIIPLUS)=B.5%( 1. +COSIX) )*( 1. -2 *X*=2 ) *EXP (~X**2)
P90 VE{ IMINUS)=WAVE( IPLUS)

Y S NTIHUE

iz ETURA

22 i
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Synthetic Sections :- MPSYNS

Input file.......DK2:MPSYND.DAT

Input Parameters

READ( 1, 1000) TSTEP,XSTEP, FRICK , FNOISE, AMP

1000 FORMAT(10F10.0)

TSTEP....Sampling rate of data in seconds
XSTEP....Trace spacing in kms
FRICK....Frequency of source wavelet
FNOISE...Upper limit to background noise

AMP......Scale factor for noise

READ(1, 1001)NTRACE,NSTART,NSTOP,NINC,NC,NSAMP, IFLAG

1001 FORMAT(1015)

NTRACE...Number of output traces

NSTART...First trace to output

NSTOP....Last trace to output

NINC.....Trace output increment

NO.«.+...Number of first sample on the trace relative to time
zZero

NSAMP....Number of samples per trace

IFLAG....Scaling flag

<0 3 Dimensional scaling

>0 2 Dimensional scaling



READ(1,1001)NPLANE,NPOINT,NLAYER

NPLANE. . .Number of plane reflectors <6
NPOINT...Number of point reflectors <6

NLAYER...Number of velocity layers <10

The input for each of the above cases then follows:

IF (NLAYER.GT.0)

READ(1,1002) (VEL(I),THICKN(I),I=1,NLAYER)

READ(1,1002)VEL (NLAYER+1)

VEL......Velocity of layer Km/s
THICKN...Thickness of layer Km
VEL(NLAYER+1)..Velocity of remaining half-space benea

layer

IF(NPLANE.GT.O)

READ(1,1003)(X0(1),X1(I),X2(I),DIP(I),I=1,NPLANE)

1003 FORMAT (4F10.0)

X0.......X coordinate of surface intersection of
projection. Depth for horizontal layers.

X1.......Beginning of reflector

X2.......End of reflector

DIP......Reflector dip in degrees
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IF(NPOINT.GT.O)

READ(1,1002) (XP(I),ZP(I),I=1,NPOINT)

AP.......Lateral position of reflecting point Kms

ZPesos.o..Depth of reflecting point Kms

READ(1, 1004) FBUF

FBUF.....output file
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C
C PROGRAM SYNTH...MODIFIED FROM
C A PROGRAM BY C GODBOLD BY M J POULTER
C NOV 8%
C
2381 REAL*8 FSPECW
28832 DIMENSION X#(5),X1(5),X2(5),DIP{(S),SINDIP(5),COSDIP{(5),
SXP(18),ZP(18),FBUF(3)
2903 COMMON/AA/TRACE(2848),TSTEP,NSAMP, IFLAG1
ag84 COMMON/BB/AUX(2048)
bofcfohs) COMMON/CC/VEL(11),THICKN(18},NLAYER
29086 EQUIVALENCE(DIP(1),COSDIP(1))
2887 DATA KN1,K#,K1,K2,PI/-1,2,1,2,3.141593/
9008 DATA DEV/3RRK /
4999 CALL ASSIGN{(1l,'DK2:MPSYND.DAT',14)
2918 IWRT=IGETC(}
2411 IFCIFETCH(DEV).NE.Z)STOP'FETCH ERROR'
2913 IBLK=1
c
C READ IN PARAMETERS
c
2014 READ(1,19@@)TSTEP,XSTEP ,FRICK,FNOISE,AMP
2815 1008 FORMAT(LIGF1Z.2)
2916 READ(1,1081)NTRACE,NSTART,NSTOP,NINC,N&,NSAMP, IFLAG!
217 1% FORMAT(1815)
ag18 READ(1,10@1)NPLANE,NPOINT,NLAYER
P19 IF(NLAYER.LE.®)GOTO 1@
2021 READ(1,1902)(VEL(I ), THICKN(L),I=1,NLAYER)
aga2 lg READ(1,1002)VEL(NLAYER+1)
2923 13g2 FORMAT(2F14.4)
ag24 IF(NPLANE.LE.Z)GOTO 20 »
2826 READ(1,10@3)(X@(1),X1(I},X2(I),DIP(I),I=1,NPLANE)
2927 1993 FORMAT(4F1d.8}
3928 DO 38 J=1,NPLANE
2929 SINDIP(J)=SIN(DIP(I)*PI/180.98)
BF38 35 COSDIP(J)=SQRT{1.Z-SINDIP(I)**2})
31 24 IF(NPOINT.LE.®)GOTO 48
2833 READ(1,1882)(XP(1),2ZP(1),1=1,NPOINT)
2834 A% NVEL=NLAYER+1
@935 READ(1,1@04)FBUF
2836 1294 FORMAT(3A4)
2837 CALL I1RADSZ(12,FBUF,FSPECW?
g233 NBLKR=NSAMP /128
2839 NBLKF=(NTRACE*NBLKR)+1
ga4L IF(TENTER(IWRT,FSPECW,NBLKF).LT.Z)STOP'ENTER ERROR'
c
C CONVERT TSTEP TO MSEC
c
gg42 TSTEP=INT(TSTEP*1008.0+0.5)

EVALUATE RICKER WAVELET

G433 CALL RICKER(TSTEP,FRICK,N)}

O OO0
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2544
2248
agae
2347
49
2958
2852
2853
2854
2455
2456
2857
2058
2959
pg6Y
g6l
age2

2963
ga64
2965
ge66
2867
Ro6e

286%
2971
2872
9474
2875
20876
2878
7479
oy pct)

2981
7983
J934
2885
gg8s

ge87
JP88
g589

c
C

[aXoKe]

OO0

OO0

s NeNe]

SET UP AP AND GET CONSTANTS

CALL APINIT
KNSAMP=NSAMP
KNOISE=2
IF(AMP.LT.Q.Q)GOTO 54
69 KNOISE=KNCOISE*2
IF{KNOISE.LT.KNSAMP )GOTO 68&
KRAND=FNOISE*TSTEP*KNOISE/2098.8
58 KWAVE=2*N+1
KWAVE3=KWAVE+3
KB=N
KA=8192-KWAVES
KC=KB+KNSAMP
KD=8189
AUX(KWAVE+1)=2,.08*P1
AUX(KWAVE+2)=0.2510638
AUX(KWAVE3 )=AMP
CALL APPUT(AUX,KA,KWAVE3,2)}

START TRACE GENERATION LOOP

DO 182 L=1,NTRACE
K={L-1)*XSTEP

CALL VCLR(¢(®,1,KNSAMP)

CALL APWR

CALL APGET{(TRACE,?,KNSAMP,2)
CALL APWD

EVALUATE ARRIVAL FOR EACH REFLECTOR

IF(NPLANE.LE.Z)GOTO l1ig
DO 288 J=1,NPLANE
IF(X.LT.X1(J).0R.X.GT.X2(J))GOTO 299
KA=ABS(X-X@(JI )} )*SINDIP(J)**2
ZA=ABS(X-XZ(J)I*SINDIP(J)I*COSDIP(J}
IFC(ABS(SINDIP(J)).LT.2.801)ZA=XZ(J)
CALL NEWTON(XA,ZA,T#)
CALL IMPULS(TZ)

299 CONTINUE

EVALUATE FOR EACH POINT REFLECTOR

119 IF(NPOINT.LE.®)GOTO 128
DO 218 J=1,NPOINT
CALL NEWTON(ABS{X-XP(J}),ZP(J},T&)
CALL IMPULS(T®)

219 CONTINUE

CONVOLVE SERIES WITH WAVEFORM
129 CALL VCLR(Z,1,KB)?

CALL VCLR(KC,1,KB)
CALL APPUT(TRACE,KB,KNSAMP,2)
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2ea1 SUBROUTINE IMPULS(TE}
C
C SUB TO CALC BANDLIMITED IMPULSE RESPONSE
c
2032 COMMON/AA/TRACE(2048),TSTEP,NSAMP, IFLAG
pRI3 DATA FRAC1/1.4/,FRAC2/108.8/
2oa4 TP=FRACI*TSTEP
2295 I=(T@-TP)/TSTEP
o806 T=1*TSTEP
a8a7 I=I+1
2098 IF(IFLAG.GE.@)GOTO 12@
2918 129 1=1I+1
2211 IF(I.GT.NSAMP )RETURN
2813 T=T+TSTEP
2214 IF{I.LT.1)GOTO 180
8216 IF(T-TO-TP.GE.Z.F)RETURN
. B@18 IF(T-TO+TP.LE.@.Z)STOP'ERROR 1'
gy TRACE(I)=TRACE(I)+1J00.8/TH
g@21 GOTO 128
2922 129 VALMIN=FRACZ/SQRT(TA*TP)}
2923 Cl=SQRT(T@/2.8)
6924 C2=588.9/(C1*TP)
2925 149 1=1+1
2926 IF(I.GT.NSAMP )RETURN
2928 T=T+TSTEP
@29 IF(I.LT.1)GOTO 140
2231 IF(T-T@~-TP.GT.¥.4)GOTO 180
2833 IF(T-TY+TP.LT.9.9)STOP'EROR 2'
aa35 TRACE(I)=TRACE(I)+C2*SQRT(T-TA+TP)
@36 GOTO 149
237 168 TRACE(I)}=TRACE(I)+VAL
#8338 I=1+1
20839 IF{I.GT.NSAMP)RETURN
2241 T=T+TSTEP
@42 189 VAL=C1/(SQRT(T-T@+TP)+SQRT(T-TRH-TP))
g43 IF{VAL.GT.VALMIN)GOTO 168
2g45 RETURN

2o486 END



FORTRAN

2091

o882
geg3
2004

geas
agR7
2998
23g9
Ad11
ga12
4813

ga15
ga16
a1y
918
pB19

2821
ggzz
2a23

2925
ge25
ge27
2328

go3%
2831
fE32
2832
7834

24935
#5436

OO0

[eXeXel

OO0 [aNeXe] OO0

OO

OO0

v Va2.%4 THU @28-JAN-81 29:53:34
SUBROUTINE NEWTON(X,Z,T)

SUBROUTINE TO EVALUATE TRAVEL TIMES THROUGH
A SERIES OF CONSTANT VELOCITY LAYERS
USES NEWTON - RAPHSON (N-R) TECHINQUE

COMMON/CC/VEL{11),THICKN(18),NLAYER
COMMON/DD/N,D(11)
IF(NLAYER.LE.Z)GOTO 168

FIND N

TH=0.8

DO 1988 I=1,NLAYER

N=1

IF(Z.LE.TH+THICKN{I})GOTO 11®
123 TH=TH+THICKN(I)

N=N+1
118 IF(N.EQ.1}GOTO 164

SET VALUES OF D(1I)

I1=N-1
DO 124 1I=1,11

129 D(I)=THICKN(I}
D(N)=Z-TH
IF(X.LE.P.2)GOTO 179

FIND N-R STARTING VALUE

Co=3.9*VEL(N)
138 CO=(CO+VEL(N)I*@F.5
IF{A(CZ,1).LE.X)GOTO 134

FIND C BY N-R

Cl1=CH4

149 C@=Cl
Cl=CO+(A(CH,1)-X)/{(COH*A(CP,3))
IF{ABS((C1-C2)/C1).GT.4.1E~-23)GOTO 148

EVALUATE T

T=X
DO 158 I=1,N
158 T=T+D(I)*SQRT((CLl/VEL(I)}**2-1.4)
T=T*10098.8/C1
RETURN

NO VELOCITY INTERFACE BETWEEN SOURCE AND RECIEVER

160 T=SQRT(X**2+Z**2)* 1988 .F/VEL(1)
RETURN

i
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C VERTICAL RAYPATH

C
@37 179 T=0.2
2938 DO 18¢ I=1,N
2239 18 T=T+D(I}/VEL(I)
2oag T=T+100@ .8
2g41 RETURN
gpaz END
FORTRAN 1V V@2z2.94 THU #8-JAN-81 P@:54:04 PAGE 291
281 FUNCTION A(C,M)}
c
C ANCILLARY FUNCTION FOR NEWTON
C
pRR2 COMMON/CC/VEL(11), THICKN(1@},NLAYER
9083 COMMON/DD/N,D(11)
2094 A= .9
AEAG B=1.4
2946 DO 108 I=1,N
ega7 IF{(M.EQ.1)GOTO 108
GEE9 IF(M.LT.1)STOP 'ERROR 3°'
ggll B=VEL(I)**(M~1}
agi2 109 A=A+D(I}/(B*SQRT({(C/VEL({I))**2-1 g)**M)
2813 RETURN

214 END
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Velocity Analysis Display :- MPVCON

This routine 1is comletely self contained. All the
information required by the program is contained in the output

from the velocity analysis program.

Once the program has been run then it can be put onto the

plotter using RASM or rasterised and saved using MPRASM.

Input file..... DK2:ANOUTV.DAT, unformatted fortran data file.



ooOan

o X e Xyl [gXgXe] aoon OO0

aoa

OO0

VELOCITY ANALYSIS CONTOUR PROGRAM!:

THI

S TAKES UNFORMATTED INPUT

FROM OUTPUT OF VELOCITY ANALYSIS

PRO

ZER

2

1

REA

REA

GRAM AND CONTOURS AND ANOTATES IT

VIRTUAL 2(129,256)

REAL*4 X(256),Y(128),CZ(28),2.

INTEGER*2 PTR(28&),NMAX(256)

LOGICAL*1 SWCHES(S)

COMMON /PPEPLl/ IX1,1V1,IX2,1Y2,ISCAN,NSCAN,NBAND,NIPS,NIPD,

1 NIPM1,LYNES,NIBSX,MSGLVL,XDOTS,YDOTS,PREF(2),
2 RORG(2),PORT(2,2),IEND(4),ALMT,FACT,JPEN, XOFF,
3 XFAC,YOFF,YFAC,NBITS,NBITM1 ,NBYTES,NBYTM1 ,MSK,LMSK

DATA C2/1.9,9.95,0.9,9.85,9.8,90.75,90.7,9.65,9.6,8.55,2.5,0.45,
%9.4,9.35,9.3,9.25,0.2,9.15,9.1,4.085/

DATA SWCHES/.TRUE.,.TRUE.,.TRUE.,.TRUE.,.FALSE./

DATA NC/18/

O CONTOUR ARRAY

po 1 1=1,256

DO 2 J=1,1248
2{(9,1)=0.2
CONTINUE

CALL PLOTS(#,2,8)

D IN CONTROL DATA

CALL ASSIGN(Z, 'DK2:ANQUTV.DAT',14)
READ(2) LNUM,NCHAN,NSTART,M
READ(2) XSTART,XSTEPR,FSAMP
READ(2) T&1,T@2,THSTEP,TGATE
READ(2) VSTEP,V1,VZMIN,VZMAX
READ(2) NT®
XSTEP=18.8/FLOAT(NTZ~1)
IXPOS=NT@+1

D IN THE SEMBLANCE DATA

DO 1@ JT@=1,NTZ

IXPOS=1XP0OS-1

READ(2) NPT,NMAX(JT@),(2Z2(J,TXP0OS),JI=1,NPT)
IF(NPT.GT .MYPT)IMYPT=NPT

17 CONTINUE

SET

YSTEP=4.0/FLOAT{(MYPT-1)
UP COORDINATES OF CONTOUR ARRAY

¥(1)=4.3
DO 24 L=1,MYPT

28 ¥Y(L)=Y{L-1)+YSTEP

XH1)=8.8
DO 3@ LL=2,NT#&

37 X(LL)=X(LL-1)+XSTEP

USE

PLO

CONSYS CONTOUR PACKAGE

CALL CONTUR(Y,MYPT,X,NT®,Z2,128,CZ,NC,PTR,SWCHES,
z , , ’ b )

T TIME GRID

THLEN=TH2-TH1
TUNIT=1280 . 8*(X{(NTH)-X(1))/THLEN



TTUNIT=TUNIT/12.2
TOBEG=FLOAT(IFIX(T1+1092.9)/1000)
XOFF=( T@BEG~(T@1/1980.9))“TUNIT

PLOT SECOND GRID

OO0

TNUM=TZBEG
XPT=X{NT@)-XOFF
5% CALL PLOT(Y(1},XPT,+3)
CALL PLOT(Y{(MYPT),XKPT,+2)
CALL NUMBER(Z.#,XPT,2.05,TNUM,2.2,1)
XPT=XPT-TUNIT
TNUM=TNUM+1 .8
IF(XPT.GT.X{(1})GOTO 59

PLOT TENTHS OF SECONDS GR1ID

OO0

LMSK="14923
MSK=+1
XPT=X(NT@)-XOFF

60 CALL PLOT(V(1),XPT,+3)
CALL PLOT(Y(MYPT),XPT,+2)
XPT=XPT-TTUNIT
IF(XPT.GT.X(1))GOTO 68
XPT=X{NT@)-XOFF

78 CALL PLOT(Y(1),XPT,+3)
CALL PLOT(Y(MYPT),XPT,+2)
KPT=XPT+TTUNIT
IF(XPT.LT.X(NT#})GOTO 79

VELOCITY GRID

OO0

VLEN=V2MAX-V1
VUNIT=(Y(MYPT)-¥(1))/VLEN
VTUNIT=VUNIT/1g.0
VBEG=FLOAT(IFIX(V1+1.8))
YOFF=(VBEG-V1 )*VUNIT

PLOT KM/S GRID

OOon

LMSK=-1
MSK=#&
YPT=Y(1)+VYOFF
VNUM=VBEG
88 CALL PLOT(YPT,X(NTE),+3)
CALL PLOT(YPT,X(1),+2)
CALL NUMBER{YPT-9.85,X(NT®),2.05,VNUM,2.2,1)
YPT=YPT+VUNIT
VNUM=VNUM+1 .9
IFCYPT.LT.Y(MYPT))GOTO 8%

c
C PLOT TENTHS GRID
c
LMSK="14983
MSK=~1

YPT=Y(1)+YOFF

94 CALL PLOT{(YPT,X(NTZ},+3)
CALL PLOT(YPT,X(1),+2)
YPT=YPT-VTUNIT
IF(YPT.GT.Y(1}))GOTO 9%
YPT=Y(1)+YOFF

139 CALL PLOT(YPT,X(NTZ),+3)
CALL PLOT{(YPT,X(1),+2)
YPT=YPT+VTUNIT
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Section Plotting :- MPSPLT

Input fileécssos..DKT13sMPPLTD.DAT

Log filesescos...DK1:MPPLTD.LOG

Input Parameters

READ(1, 1000)NTR,NPT,NINT,NDSTEP, ISBEG, ISFIN

1000 FORMAT(6I5)

NTR......Number of traces to plot

NPT......Number of samples per trace
NINT.....Interpolation factor, number of dots per sample.
NDSTEP...Trace spacing in dots, 4,8,10,16,20
ISBEG....First sample to plot

ISFIN....Last sample to plot

READ(1, 1000)TPDRR, TPDRW 1, TPDRW2, INFLG, OUTFLG

TPDRR....Input tape drive
TPDRW1...First output tape drive
TPDRW2...Second output tape drive
INFLG....Input flag

0 - Input from tape

1 - Input from disc
OUTFLG...Qutput flag

0 - Output to tape
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1 - Qutput to disc

READ(1, 1001)XSF

1001 FORMAT(F10.0)

XSF......Plot Scale factor

IF(INFLG.NE.O)READ(1, 1002) FSPECR

1002 FORMAT (3A4)

FSPECR....Input data file

IF(QUTFLG.NE.O)READ(1, 1002)FSPECW

FSPECW....Raster output file
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I
89?
2983
o954

995
9696

2987
o9ae
2939

go18
gLl
gs12
g1z
ggic
Paie

gg17
g5z
JL19
9£28
g925
ggez

agzz
ga24d
28
fdg2e
JG2¢8
£g2y
gy31
2832
2833
2934
f2a3¢e
JT3E
G337
gI38
$A39
Jody
g4l

M J POULTER SEPT 79

PLOTTING PROGRAM FOR SEISMIC SECTION DATA

THIS PROGRAM TAKES IN SEISMIC TRACES AND
DISPLAYS THEM IN A NIB IMAGE FORM IN AN OUTPUT
FILE IN A FORM READY FOR POST PROCESSING.

VIRTUAL IPBUF(256,88)

REAL*8 FSPECR,FSPECW

REAL*4 XBUF(2248),FBUF(3}

INTEGER*2 OUTFLG,MASK(16),IDOT(4096),IHBLK(256)},
X BUF(5376),JROW(80Q)

LOGICAL*1 TPDRR,TPDRW1,TPDRW2,ISTAT

EQUIVALENCE (BUF(1),THBLK(1)),(BUF(257),XBUF{1)})},
%(BUF(257),1D0T(1))

COMMON /IO/NBLKBF,NWDBF,NBYTBF, IWRT

DATA DEV/3RRK /

DATA MASK/"2R@,"104,"48,"2P,"18,"4,"2,"1,
X" 100000, " AQARY, "29000," 18088, "4A0Q0, 2000, " 1080, 4TR/
IEOTR=#

IRD=IGETC()

IWRT=IGETC()

IFCIFETCH(DEV).NE.Z)STOP'FETCH ERR’

CALL ASSIGN(1,'DK1:MPPLTD.DAT',14)

CALL ASSIGN(Z,'DK1:MPPLTD.LOG',14)

OOO0OO000

DATA READ IN SECTION

OO0

READ(1,1228) NTR,NPT,NINT,NDSTEP,ISBEG,ISFIN’
1999 FORMAT(BIS)
READ(1,1092)TPDRR, TPDRW1,TPDRW2, INFLG,OUTFLG
READ(1,10@1) XSF
1991 FORMAT(F12.2)
1992 FORMAT(3A4)

-

L SET UP CONSTANTS AND FILE ACCESS

NPTS=ISFIN-ISBEG+!
NPINT=(NPTS*NINT)-1

NTIM=1
IF(NPINT.GT.2048)NTIM=2
IF(NPINT.GT.4096) STOP' ERROR IN INTERPOLATION SPECS'
NBLKR=NPT/128

NWDR=NPT*2
NBYTR=NWDR*2+512
NBLKBF=NDSTEP/2
NBLKW=(NTR+24 )*NBLKBF*NTIM
NWDBF=NBLKBF*256
NBYTBF=NWDBF *2
IOFF=2*NDSTEP

IBLKR=1

IBLKWIl=1

IBLKW2=NBLKW/NTIM

1AG=9









FORTRAN IV

fF1ag
138
g131
132
134
#1358
8137

c

C

C
Ag
55
45
64

c

c

c

54

79

3%
97

vVg2.94 fHU #8-JAN-81 P@:33:25 PAGE F84

IBITL=IBIT
IWORDL=IWORD
IBIT=IBIT-1
IF(IBIT.GT.@) GOTO 49
IWORD=IWORD-1
IF(IWORD.EQ.&)GOTO 97
IBIT=16

SECTION WHERE POSITIVE (SHADED) LOBES ARE PLOTTED

IFCIDOT(IP).LT.2)GOTO 5¢

IDOT(IP)=IDOT(IP)+IOFF

IDT=IDOT(IP)

IFCIDOT(IP-1).GE.IOFF )GOTO 45

IROW=IDOT(IP-1)}

IPBUF( IWORDL ,JROW( IROW) }=IPBUF ( IWORDL ,JROW( IROW) ) .OR.MASK(IBITL)
IROW=IROW+1

IF(IROW.LT.IOFF)GOTO 55

IROW=IOFF

IPBUF{ IWORD,JROW(IROW)})=IPBUF(IWORD,JROW({ IROW)).OR.MASK(IBIT)
IROW=IROW+1

IF(IROW.LT.IDT)GOTO 6@

GOTO 34

SECTION WHERE NEGATIVE (UNSHADED) LOBES ARE PLOTTED

IDOT(IP)=IDOT(IP)+IOFF
IFCIDOT(IP).LT.1.0R.IDOT(IP-1),LT.1)GOTO 32
IF(IDOT(IP).GT.IDOT(IP-1}))}GOTD 79
IDT3=IDOT(IP)

IDTE=IDOT(IP-1)

MSKB=MASK(IBIT)

MSKE=MASK(IBITL)

IWORDB=IWORD

IWORDE=IWORDL

GOTO 8%

IDTB=IDOT(IP-1)

IDTE=1DOT(IP)

MSKB=MASK(IBITL}

MSKE=MASK(IBIT)

IWORDB=IWORDL

IWORDE=IWORD

IDTM=(IDTB+IDTE }/2

IROW=IDTB

IPBUF( IWORDB,JROW( IROW))=IPBUF( IWORDB,JROW( IROW)).OR.MSKB
IROW=IROW+1

IF(IROW.LE.IDTM)GOTO 98¢

IROW=IDTM

IPBUF( IWORDE,JROW(IROW))}=IPBUF { IWORDE ,JROW( IROW) ) .OR .MSKE
IROW=IROW+1

IF(IROW.LE.IDTE)}GOTO 95

CONTINUE

JST=JROW( 1)

JFIN=JROW(NDSTEP}
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g187

g188
189
Ji8&Z
7191
a192
g1¢3
194

71958
gi97
g198
199
J2ga
rzgl
Jeae
J2%3
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228%
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TV

Vg2 .94 S THU 28-2AN-81 £R:32:285
LIN=1

FILL OUTPUT BUFFER

150

DO 158 L=JST,JFIN

DO 158 J=129,256

IDOT(LINY=IPBUF(J,L}

IPBUF(J,L)=8

LIN=LIN+!

CONTINUE

CALL BUFOUT(BUF,OUTFLG,TPDRWI,IBLKWL1}

DO SECOND SLICE IF NECESSARY

160

IF{(NTIM.LT.2)GOTO 1784

LIN=1

DO 168 L=JST,JFIN

DO 168 J=1,128

IDOT(LINY=IPBUF(J,L)

IPBUF(J,L)=0

LIN=LIN+1

CONTINUE

CALL BUFOUT(BUF,OUTFLG,TPDRW2,IBLKW2)

SORT JROW ARRAY

178

129

CALL APPUT(JROW,Z,88,1)

CALL APGET(JROW,NDSTEP,8&-NDSTEP,1)}
CALL APGET{(JROW(B1-NDSTEP),#,NDSTEP,1)
CALL APWD

CONTINUE

FLUSH BUFFER AT END OF A STRIP

IRBEG=1
IRFIN=NDSTEP

DO 199 IF=1!,3
JST=JROW( IRBEG)
JFIN=JROW(IRFIN?

DO FIRST BUFFER

290

LIN=1

DO 20@ L=JST,JFIN

DO 259 J=129,256

IDOT(LINY=IPBUF(J,L)

LIN=LIN+1

CONTINUE

CALL BUFOUT(BUF,OQUTFLG,TPDRW1,IBLKWI)}

20 SECOND BUFFER IF NECESSARY

IF(NTIM.LT.2)GOTO 195
LIN=1
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DO 218 L=JST,JFIN
DO 218 J=1,128
IDOT{LIN}=IPBUF(J,L)}
LIN=LIN+1
21@ CONTINUE -
CALL BUFOUT(BUF,OUTFLG,TPDRWZ,IBLKWZ)
195 IRBEG=IRBEG+NDSTEP
IRFIN=IRFIN+NDSTEP
198 CONTINUE

PUT OUT EXTRA LINES TO HELP WITH TONER PROBLEM

DO 228 ICL=1,NWDBF
229 1D00T(ICL)=0

SEND OUT EXTRA LINES

DO 238 ISEN=1,20

CALL BUFOUT(BUF,OUTFLG,TPDRWI,IBLKW1)

IF(NTIM.GE.2)CALL BUFOUT(BUF,OUTFLG,TPDRWZ,IBLKW2)
239 CONTINUE

CALL CLOSECU{IWRT)

STOP 'NORMAL TERMINATION'

END

v Vo2.94 THU #8-JAN-81 @2@:34:49

SUBROUTINE BUFOUT(IBUF,QUTFLG,TPDRW, IBLK)

THIS A ROUTINE FOR PUTTING OUT THE BUFFERS FROM
THE PLOTTING PROGRAM MPSPLT

INTEGER*2 IBUF(1),0UTFLG

LOGICAL*]1 TPDRW,ISTAT

COMMON /10/ NBLKBF ,NWDBF,NBYTBF, ICHAN
DATA ICOUNT/g/

KEEP A COUNT OF NUMBER OF BUFFERS WRITTEN

ICOUNT=ICOUNT+1
IF(OUTFLG.EQ.Z)GOTO 14
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IFCIWRITW(NWDBF, IBUF(257),IBLK,ICHAN}.LT.9)STOP 'WRITE ERROR'

IBLK=IBLK+NBLKBF
RETURN

DO TAPE OUTPUT
10 NBYT=NBYTBF+512

IFLEN=NBLKBF +1
IEOTW=#&

CALL TAPSUB(1,TPDRW,ISTAT,IFLEN,ICOUNT,IBUF,NBYT,IEQTW)

CHECK FOR ERRORS

IF(IEOTW.GE.@)GOTO 29
WRITE(7,1988)TPDRW, ICOUNT

199 FORMAT(' EOT ON WRITE DRIVE:',I2,' BUFFER NUMBER:'15)

WRITE(7,1108)
1109 FORMAT(' ENTER NEW WRITE DRIVE NUMBER:',$)
READ (5,1200)TPDRW
1208 FORMAT(I1)
1E9TW=0
IF(TPDRW.GT.2)STOP' EOT TERMINATE'
2% IF(ISTAT.GE.®)GOTO 390
WRITE(7,1300)ICOUNT
1398 FORMAT(' FATAL WRITE ERROR ON BUFFER:',IS)
STOP' WRITE ERROR TERMINATION'
37 RETURN
END
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Section Plot Background :- MPPLBK

Input file.....DK2:MPVDAT.DAT

Input Parameters

This program is interactive in its first stage, but input
such as velocity functions and annotation comes from the input

file.

Interactive input

TSEC.....Trace length in seconds
TDELAY...Time delay to first sample
TSPACE...Trace spacing in plot dots
ISTART...First trace number
IEND.....Last trace number
ISCANS...Interpolation factor used in trace plot
IBKFLG...Background grid flag

0 - dordt plot

1 - plot background grid
IDSCAN...Documentation flag

0 - no documentation for plotting

1 - documentation in input file for plotting
IVSCAN...Velocity Boxes flag

0 - No velocity information for plotting

1 - Velocity information in input file
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The input to the velocity and documentation parts of the
program sheculd be present in the input file, in the format shown

below.

READ(1, 1000) IVCNT

1000 FORMAT(12I5)

READ(1,1000) (IVEL(I),I=1,IVCNT)

For each velocity function the format is as below:

READ(1, 1000)NVEL

READ(1,1001)(T(I),VINT(I),VRMS(I),I=1,NVEL)

IVCNT....Number of velocity functions

IVEL.....Trace positions at which velocity functions are
defined

NVEL.....Number of layers in a velocity function

Teesevewo.Time value to be written in velocity box

VINT.....Interval velocity value to be written in velocity box

VRMS.....RMS velocity values to be written into velocity box

READ(1,1002)TITLE

READ(1,1000)ILINES

READ(1,1002) (LINE(I),I=1,ILINES)

1002 FORMAT (80A1)
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TITLE....Title to be put into documentation box
ILINES. . .Number of lines of annotation

LINE.....80 characters of annotation per line
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PLOTTING PROGRAM TO GENERATE THE TIME AND
POSITION BACKGROUND GRID FOR SECTION PLOTS

(3OO

J891 DIMENSION IVEL(208),ATIMEL(20),AVINT1(28),AVRMS1(28}

2367 COMMON /PPEPL1/IX1,IY1,1K2,1¥Y2,ISCCN,NSCCN,NBAND,NPIS,NIPR,
>NIPML,LYNES,NIBSX,MSGLVL, XDOTS,YDOTS,PREF(2},
>RORG(2),PORT(2,2),INND(4),ALMT,FACT,JPEN, XOFF,
>KFAC,YOFF,NBITS,NBITMI,NBYTES,NBYTM1 ,MSK,LMSK

DATA LMASK1/"104218/,LMASK2/"177777/

CALL ASSIGN(1,'DK2:MPVDAT.DAT',14)

CALL PLOTS(#,0,8)

DATA INPUT

[ X RN

WRITE(7,1008)

1909 FORMAT(' ENTER TRACE LENGTH IN SECS(Fl1@.8):',$)
READ(5,18081) TSEC

1981 FORMAT(F10.2}
WRITE(7,1011)

4911 1911 FORMAT(' ENTER TIME DELAY TO START OF TRACES(Fl1@.£2):',S)
Jgi2 READ(5,1281)TDELAY
is i B WRITE(7,1882)

Jals 1982 FORMAT(® ENTER TRACE INTERVAL IN INCHES(Fl@g.&):',$)
F5lz READ(S5, 1001 )TSPACE

agL e WRITE(7,10203)

317 16543 FORMAT(' ENTER START TRACE NO(I5):',8)
FELIS READ(5,1904)ISTART

Iy 1984 FORMAT(IS)

WRITE(7,1085)

1255 FORMAT(' ENTER LAST TRACE NUMBER(IS5):',S)
READ{(5,1084)IEND
WRITE(7,1006)

1996 FORMAT(' ENTER THE SCAN AMPLIFICATION FACTOR(I1}):',$)
READ(5,1829)1SCAN

1399 FORMAT(I) '
WRITE(7,1810)

214 FORMAT(' ENTER 1 FOR GRID PLOTTING & IF NOT(I1):',$)
READ(5,1009)IBKFLG
WRITE(7,10087)

1297 FORMAT(' ENTER ! IF WANT DOCUMENTATION @& IF NOT(I1}):',$}
READ(S5, 1009 )IDSCAN
WRITE(7,1088)

1208 FORMAT(' ENTER 1 IF VELOCITIES TO BE PLOTTED @& IF NOT(I1):',$)
READ(5, 1009)IVSCAN

ZASIC PROCESSING PARAMETERS

[aEeES!

J03€ TPAPER=14.56
37 THMAX=8.192
a7v3e TLENTH=14.24
DSHIFT=1.8
TSHIFT=1.6
DS1ZE=7.25
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VMAX=6.8
VBOX=1.4

EXPLANATION OF VARIABLES:
TPAPER=BASIC PAPER WIDTH
TSPACE=TRACE INTERVAL IN INCHES
TSEC=TRACE LENGTH IN SECONDS
TMAX=MAX SCAN IN SECONDS
TLENTH=DISPLAY WIDTH IN INCHES FOR TRACES
TSTART=FIRST TRACE NUMBER
TEND=LAST TRACE NUMBER
iSCAN=1,2,4,8~TRACE AMPLIFICATION

IDSCAN=COSMETICS FLAG,1=0ON,&=0FF
DSHIFT=X SHIFT FORM ORIGIN
TSHIFT=SEPARATION OF T SLICES
DSIZE=DECLARATION SIZE
IVSCAN=@-NO VELOCITIES

1-VELOCITY DISPLAY
VMAX=MAX VELQCITY
VBOX=VELOCITY BOX SIZE

FORM DISPLAY CONSTANTS AND FIND NO OF TIME SLICES

IPAD=1
TSTART=TMAX
TEQ=TSEC*ISCAN

18 IF(TEQ.LE.TSTART) GOTO 11
IPAD=1PAD~+1
TSTART=TSTART+TMAX
GOTO 1%
IPAC=IPAD*ISCAN

11 TSTART=TMAX/FLOAT(ISCAN)

IPAD=NO OF TIME PADS
TSTART=NO OF TRUE SECONDS PER PAD

DITIM==-TLENTH/TSTART
DIgTIM=DITIM*g.1

STEPS FOR 1 AND 1/12 SEC INTERVALS

ITRACE=IEND-ISTART+1
ITR1G=ITRACE/1#

HO OF TRACES AND DECADE POINTS
IT1=1START/1%
[T2=1T1*148
ISTI=1T2+15-ISTART
IF(ISTART.EQ.IT2)ITR18=ITR1Z-1

ZET TRACE AND DECADE STARTING POSITIONS

PAGE 982
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AMND REDUCE NO OF DECADES BY 1 IF STARTING ON A DECADE

#0572 XPOPST=TSPACE*g.5
2964 XPOP 10=XPOPST+TSPACE*FLOAT(IST1)
¢
C STARTING POSITIONS FOR TRACES AND DECADES
c
3953 TWIDTH=FLOAT( ITRACE )*TSPACE
23656 T1@SPA=TSPACE*14.0
¢ WIDTH OF DIPLAY AND DECADE TRACE INTERVAL
2557 ITNUM=1T2+10
¢
¢ STARTING DECADE NUMBER
¢
3966 TUPPR=TPAPER-Z.01
c
¢ UPPER DISPLAV LIMIT
gg60 TSLICE=£.3
3370 TSIZE=TSLICE*Z.5
2671 PSIZE=(TUPPR-TLENTH)*g.25
C ANNOTATION PARAMETERS
¢
997z TOTAL=DSHIFT+FLOAT( IPAD)*( TWIDTH+TSHIFT )+
SELOAT( IVSCAN)*( TWIDTH+TSHIFT)+DSIZE
3672 PORT(1,1)=TOTAL
c
¢ TOTAL DISPLAY SIZE
ag7a XSTART=DSHIFT
SETS VSTART=0. 4
A07E 1F( IBKFLG.EQ.Z)GOTO 201 )
~ by
: !
C BEGIN MAIN DISPLAY LOOP ¥
C SWITCHING OUT VELOCITY PLOTS WHEN
¢ NOT REQUIRED g
C !
ag7R DO 288 1SCNT=1,I1PAD il
Gr70 CALL PLOT(XSTART,YSTART,-3)
3930 X1=-TSLICE
S8t ¥2=TWIDTH+TSLICE
G982 IF( ISCNT.NE.1)GOTO 101
S DRAVW BORDER FOR FIRST FRAME
ol

CALL NEWPEN(3)

CALL PLOT(X1,9.4,3}
CALL PLOT{X1,TUPPR,2)
CALL PLOT(X2,TUPPR,2)}
CALL PLOT(¥Z2,8.98,2)




FORTEAN [V Ve2.04 THU @g8-JAN-81 @@:22:18 PAGE 994

#9839 IF(IPAD.EQ.1)CALL PLOT(X1,7.8,2)
¢ DRAW INSIDE MARGIN
C
#8591 CALL NEWPEN{1)
2997 CALL PLOT(0.8,8.9,3)
3793 CALL PLOT(G.8.TUPPR,2)
TEY CALL PLOT(X1,TLENTH,3)
go9E CALL PLOT(XZ.TLENTH,2)
IBE CALL PLOT(TWIDTH,TUPPR,3)
za97 CALL PLOT(TWIDTH.@.8,2)
C ANNOTATE MARGIN
C
7095 YA=TLENTH+PSIZE*Z.8
F3S X=-TSLICE*®.33
Py CALL SYMBOL(X,YA,PSIZE,3HSEC,98.8,3)
101 K=X+X2 .
5192 CALL SYMBOL(X,YA,PSIZE,3HSEC,90.9,3)
W
¢ ALL SURROUND PLOTTED NOW
C INSERT SHOT-POINT LOCATIONS
¢
7193 X=XPOP 10
716t V=TLENTH+#.33*{ TUPPR-TLENTH)
¥1gE COUNT=FLOAT( ITNUM)
5196 JLIM=ITR1G-1
@197 DO 128 I=1,ITR1Z
9148 CALL NUMBER(X,Y,PSIZE,COUNT,2.2,-1)
o1 g¢ X=X+T10SPA
Trig 189 COUNT=COUNT+12.8
~
¢ VELOCITY ANALYSIS POSITIONING IF REGD
<
gii IF(IVSCAN.EQ.#)GOTO 31
E115 READ(1,25) IVCNT
gi14 25 FORMAT(1215)
G113 [F(IVCNT.LE.#)GOTO 31
~
C IVCNT=NO OF VELOCITY SCANS
a1 READ(1,25)(IVEL(I),I=1,IVCNT)
c
C PZAD IN VEL POSITIONS
Aiie XBASE=#.5*TSPACE
Ti1e YBASE=TLENTH
o124 DO 29 I=1,IVCNT
W12 ISHIFT=IVEL(I)-ISTART
122 SHIFT=FLOAT(ISHIFT)*TSPACE+XBASE-%.5%PSIZE
2129 29 CALL SVMBOL(SHIFT,YBASE,PSIZE,14,0.9,-1)
12 G0TO 31

[ X el

BORDER FOR OTHER DATA PADS THAN FIRST
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191 CALL NEWPEN(3)

CALL PLOT(X1,0.9,3)

CALL PLOT(X1,TUPPR,2)
CALL NEWPEN(1)

CALL PLOT(®.%,TUPPR,2)}
CALL PLOT(0.9,8.9,2)

CALL PLOT(TWIDTH,®.2,3)
CALL PLOT(TWIDTH,TUPPR,2)}
CALL NEWPEN(3)

CALL PLOT(X2,TUPPR,3}
CALL PLOT(X2,0.4,2)
IFCISCNT.EQ.IPAD)ICALL PLOT(X1,9.2,2)}

INSERT SHOT POSITION LINES

21 ITR=ITRACE~-1

CALL GRID(XPOPST,d.#,ITR,TSPACE,-1,TLENTH,LMASK1)
ITR=ITR19~1
CALL GRID(XPOP1#,9.4,ITR,T19SPA,-1,TLENTH,LMASK2)

INSERT TIMING LINES

TBASE=(FLOAT(ISCNT-1)*TSTART*1Z.&)+{ TDELAY*18.8)
ITL=IFIX(TBASE)

Tl=FLOAT(ITI1)

TERR=TBASE-T1

TBASE=TBASE*®.1

ITl=IFIX(TBASE)

T2=FLOAT(ITI1)

TERR1Z=TBASE-T2
IF(TERRIZ.GE.!.@)TERRIG=TERRIZ-1.0
TI@ST=TLENTH+D1OTIM*(1 .H-TERR)}
TIST=TLENTH+DITIM*(1.4-TERRLD)
TINT=(TSTART+TERR}*17.0

ITR=IFIX{TINT?

CALL GRID{(Z.9,T18ST,~1,TWIDTH,ITR,D10TIM, LMASK])
I1=IFIX{TSTART)?

ITR=[1-1

CALL GRID(Z.#,TIST,-1,TWIDTH,ITR,DITIM,LMASK2)

INSERT ANNOTATION ON SECONDS

X=-F.66*TSLICE
X1=TWIDTH+g.33*TSLICE

¥=TIST

TIMT=IFIX(Q.1*T1+1.8)
TIM=FLOAT(TIMT)

CALL NEWPEN(1)

Do 118 I=1,11

CALL NUMBER(X,Y,TSIZE,TIM,8.8,-1)
CALL NUMBER(X1,Y,TSIZE,TIM,9.8,-1)
TIM=TIM+1 .0

117 ¥Y=Y+DITIM
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XSTART=TWIDTH+TSHIFT
Y=0.4
CONTINUE

VELOCITY ANALYSIS PLOT PROGRAM

g1

286

IF(IVSCAN.EQ.Z)GOTO 641

CALL PLOT(XSTART,YSTART,-3)

DO 64 I=1,IVCNT

READ(1,25)NVEL
READ{(1,26)(ATIMEL1{(J)},AVINTL1(J),AVRMS1(J},J=1,NVEL)
FORMAT{(3F18.4)

IVELI=IVEL(I)

VBSIZE=£.22*VBOX

VBLINE=#.11*VBOX
VBSTX=VPLT1-@.5*VBSIZE*3.9
VBSTY=TLENTH*(9.5-AMARK*®Z,25)-23.9*VBLINE

ORAW BOXES FOR VELOCITY PICKS

CALL PLOT(VBSTX,VBSTY, 3}

CALL GRID(VBSTX,VBSTY,3,VBSIZE,22,VBLINE,LMASK2)
SIZE=0.24*VBOX

COFFST=0.925*VBOX
Y=TLENTH*(@.5~-AMARK*2.25)-VBSIZE+COFFST
XK=VPLT1-2.8%SI1ZE

AV=FLOAT(IVEL1)

CALL NUMBER(X,Y,SIZE,AV,%.92,-1)}
¥Y=Y-VBLINE

X=VBSTX+g.1*VBSIZE

XST=X

DO TITLES

PUT

CALL SYMBOL(X,Y,SIZE,4HTIME,Z.8,4)
A=K+VBSIZE

CALL SYMBOL(X,Y,SIZE,4HVINT,2.2,4)
X=XK+VBSIZE

CALL SYMBOL(X,Y,SIZE,4HVRMS,2.2,4)
Y=Y-VBLINE

XK=KST

IN THE NUMBERS

DO 63 JJ=1,NVEL

CALL NUMBER(X,Y,SIZE,ATIME1(JJ),9.0,3)
X=X+VBSIZE

CALL NUMBER(X,Y,SIZE,AVINT1(JJ),%.4,3}
K=X+VBSIZE

CALL NUMBER(X,Y,SIZE,AVRMSI{(JJ),2.2,3)
A=AST

¥=Y~-VBLINE

IF(AMARK.EQ.O.9)GOTO 632

AMARK=0 .8
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GOTO 64
5§22 AMARK=1.84
64 CONTINUE
641 CONTINUE

PLOT COSMETICS

IF(IDSCAN.EQ.Z)GOTO 73
XSTART=TWIDTH+TSHIFT
YSTART=0.0

CALL PLOT{XSTART,YSTART,-3}

KEORIGIN

X2=DSIZE

Y2=TLENTH

CALL NEWPEN(4)

CALL PLOT(R.Z,¥2,2)
CALL PLOT(X2,¥2,2)
CALL PLOT{(X2,2.4,2)}
CALL PLOT(P.£,&.8,2)
X1=9.65

K2=X2-X1

Y1=X1

ya=y2-vl

CALL NEWPEN(1}

CALL PLOT(X1,Y1,3)
CALL PLOT(X1,Y2,2)
CALL PLOT(X2,Y2,2)
CALL PLOT(XZ2,Y1,2)}
CALL PLOT(X1,Y1,2?
CALL PLOT(Z.92,0.9,3)

SURROUND DONE

SIZE1=0.4
S1ZE2=4.3
SIZE3=8.2
SIZE4=4.1
XMID=g.5*DSIZE
Y=TLENTH
X=XMID-8 ,9*SIZE1
¥Y=¥-1.5*SIZE1}

DRAY IN THE HEADER

CALL NEWPEN(3)

CALL SYMBOL(X,Y,SIZEl,17HDURHAM UNIVERSITY,9.90,17)}
K=XMID-9,@*SIZE2Z

¥=¥Y~-1.,5*SI1ZE2

CALL NEWPEN(1)

CALL SYMBOL(X,Y,SI1ZE2,18HSEISMIC PROCESSING,Q.8,18)
CALL NEWPEN(1)}

X=DSIZE*g.1
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Y=Y~1.5%SIZE3

XEAD IN TITLE AND PLOT

g

READ{(1,7@)(IVEL(I1),I=1,48)
FORMAT(48A2)

CALL SYMBOL(X,Y,SIZE3,IVEL,0.9,882)
Y=Y-0.2*SI1ZE3

K=0 .0

CALL PLOT(X,Y,3?

CALL PLOT(DSIZE,Y,2)

Y=Y-1.5%SIZE3

X=XMID-8 . 9*SIZE3

CALL SYMBOL(X,Y,SIZE3,17HSYSTEM PARAMETERS,9.4,17)
X=@.1*DSIZE

¥y=Y-1,5*SIZE3

READ(1,25)ILINES

c
C FILL IN PROCESSING PARAMETERS

C

~d~d

w Ny

DO 72 I=1,ILINES
READ(1,7@)(IVEL(J},d=1,48)

CALL SYMBOL(X,Y,SIZE4,IVEL,2.0,84)
Y=¥-1.5*SI1ZE4

CONTINUE

CALL PLOT(P.5,0.8,999)

STOP

END

PAGE pd8



Section Plotting Merge and Post-Process :- MPMERG

Input file.....DK2:MPMERG.DAT

Log file.......DK1:MPMERG.LOG

Input Parameters

READ(1, 1000)LPLT ,NSTRIP,NDSTEP, IBKFLG, IPLFLG

1000 FORMAT(5I5)

LPLT.....Number of rasters in total plot
NSTRIP...Number of strips to be plotted
NDSTEP...Number of dots between traces
IBKFLG...Background flag

0 - No background to plot

1 - Plot a background
IPLFLG...Trace plot flag

0 - No trace plot

1 - Plot raster trace plot

READ(1,1000)LSTP,LENP, IOFLGP,ITPDR1,ITPDR2

Page 214

LSTP.....Output raster position of first raster in trace plot

LENP.....Output raster position of last raster in trace plot

IQOFLGP...Input flag for trace plot
0 - read from tape

1 - read from disc
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ITPDR1...Input Tape drive number 1

ITPDR2...Input tape drive number 2

IF(IOFLGP.NE.O)READ(1, 1002) FBUFP

FBUFP....Input file for trace plot

READ(1, 1000)LSTB,LFINB, IOFLGB, ITPDRB

LSTB.....Qutput line position for first 1line of background
plot
LFINB....Output line position of last line in background plot
IOFLGB...Input flag for background plot
0 - input from tape
1 - input from disc

ITPDRB...Input tape drive for background plot

IF(IOFLGB.NE.O)READ(1,1002)FBUFB

FBUFB....Input file for background plot
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J.POULTER OCT 89

POST PROCESS AND MERGE PROG FOR
SEISMIC PLOT SYSTEM

INTEGER*2 IPBUF(2112),LBUF{132}
REAL*4 FBUF(3)

REAL*8 FSPECP,FSPECB

LOGICAL*1 ITPDR1,ITPDR2,ITPDRP,ITPDRB
DATA DEV/3RRK 7/

SET UP AP TO USE FOR ZEROCING ARRAYS

CALL APINIT
CALL VCLR(H,!,2112}

SET UP 1/0 DEFINITIONS

IF(IFETCH{(DEV).NE.Z)STOP'FETCH ERR"
CALL ASSIGN({(1,'DK1:MPMERG.DAT',14)
CALL ASSIGN(2,'DK1:MPMERG.LOG',14)

INPUT PARAMETERS

READ(1,l999)LPLT,NSTRIP,NDSTEP, IBKFLG,IPLFLG
FORMAT(S5I5?

IF{IPLFLG.EQ.Z)GOTO 19
READ(1,1000)LSTP,LFINP,IQOFLGP,ITPDR1,ITPDR2
IF{IOFLGP.EQ.&)GOTO 14

READ(L,1941)FBUF

FORMAT{3A4)

CALL IRADSH(12,FBUF,FSPECP?}

ICHP=IGETC()

IF(LOOKUP(ICHP ,FSPECP).LT.J)STOP'LOOKUP ERROR’
IF(IBKFLG.EQ. J)GOTO 29
READ{1,1098)LSTB,LFINB,IOFLGB,ITPDRB
iIF(IOFLG3.EQ.Z)GOTO 204

READ{1,10H81)FBUF

CALL IRADSH{12,FBUF,FSPECB)

ICHB=IGETC( )
IF(LCOKUP(ICHB,FSPECB).LT.Z)STOP'LOOKUP ERROR'
CONTIMNUE

P MATRIX FOR MAIN LOOP

CALL MTHSET

CALL WTHIIPBUF,Z,1)
LNUM=g

NTIM=0

I8T=1457
MBYTP=NDSTEP®*236+512
NBYTB=4653

LiMp=4608
NWOP=NDSTEP/2*256
IF(IOFLGP .EQ. 3L IMP=2568+NWDP
LIM3=2304

PAGE 281
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2948
2049
2059

8451
2852
2@53
2954

p@s55
ABSE
2857

2058
Boel
20862
ps064
2865
2067
o968

20858
2979
2071
9972

2973
pa75
877
Baa79
28y
2082
ao83
0984
/P85
2888
2987
P88
ge8s

ITPORP=ITPDR1
LEOFP=4
IEOFB=0

C
C ZERO THE PLOT ARRAY
c
49 IST=1056~IST+2
CALL APGET(IPBUF(IST),7,1856,1)
IPSV=IST
CALL APWD

START OF MAIN LOOP

eNeXe]

po s5# I =1,8
LNUM=LNUM+1
EOFFLG=1

THIS LOOP FILLS ONE LINE OF PLOT BUFFER
WITH INPUT FROM EACH PLOT MASK

DO SEISMIC SECTION FIRST

OQOOOO0O0O0O0

IFC(IPLFLG.EQ.&)GOTO 64
IF(LNUM.GT.LFINP)GOTO 6#
IF(IEQFP .NE.Z)GOTO 68
EQFFLG=#
IF(LNUM.LT.LSTP)GOTO 64
IPOS=IPSV

I1CD=1

FILL LINE BUFFER

aaon

CALL LINFIL(LBUF,ICD,IEOFP,ITPDRP,IOFLGP,NBYTP,LNUM,ICHP,LIMP)
DO 72 J=1,132
IPBUF(IPOS)=IPBUF(IPOS).CR.LBUF(J)}

78 IPOS=IP0OS+1

DO BACKGROUND

a0

64 IF(IBKFLG.EQ.Q)GOTO 84
IF(LNUM.GT.LFINB)}GOTO 88
IF(IEOFB.NE.S)GOTO 8¢
EQFFLG=8
IF(LNUM.LT.LSTB)GOTC 84
IPOS=1PSV
ICD=2
CALL LINFIL(LBUF,ICD,lEOFB,ITPDRB,IOFLGB,NBYTB,LNUM,ICHB,LIMB)
DO 89 J=1,132
IPBUF{IPOS)=IPBUF({IPOS).OR.LBUF(J)

99 IPOS=IPOS+1

88 IPSV=IPOS

50 CONTINUE
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20988
2991
a2
20994
2996
22397
4998
2999
9190
2181
g192
2183
2124
2125
Z21086
2187
a199
2118

c
C

Ve2.04 THU g8-JAN-81 gP@:39:35

WHEN A PLOT BUFFER IS FULL COME HERE TO EMPTY IT

199

118

CALL MWAIT

CALL MTX(IPBUF(IST),1856,2)
IF{EOFFLG.NE.Z)GOTO 184
IF(LNUM.LT.LPLT)GOTO 4%
CALL MWAIT

CALL APGET(IPBUF,&,2112,1)
DO 117 J=1,20.

CALL MTX(IPBUF,2112,2)
CALL MWAIT

CONTINUE

CALL MTX(IPBUF,#&,1)

CALL MWAIT

NTIM=NTIM+1

LNUM=g

ITPDRP=ITPDR2
IF{(NTIM.LT.NSTRIP}GOTO 4@
STOP 'NORMAL TERMINATION"
END
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JgaL SUBROUTINE LINFIL(LBUF,ICD,IEOF,IDRV,IOFLG,NBYTR,IFIL,ICHAN,NLIM)
2832 INTEGER*2 LBUF(1),INBUF(5129),ITPST(2},18T(2}),NPTS(2),
XIBLKS(2),IP0SS(2)
2083 LOGICAL*l IDRV, ISTAT
2084 DATA ITPST(I)/2355/ ITPST(2)/1/,18T(1)/25861/,
AIST(21)/257/, NPTS(I)/IZS/ NPTS(Z)/ISZ/ IP0OSS(1)/5129/,
%IPOSS(Z)/SIZB/,IBLKS(1)/1/,IBLKS(Z)/I/,IEOTRIE/
C
€ CLEAR LINE BUFFER
c
22885 CALL APGET(LBUF,®,132,1)
20886 NPT=NPTS(ICD}
2987 IPOS=IPOSS(ICD)}
2208 IBLK=IBLKS(ICD)
o998 ITST=ITPST(ICD?
291y IBEG=IST(1CD)
2g11 CALL APWD
C
C FILL BUFFER
c
P12 DO 1@ J=1,NPT’
4913 IPOS=1IPOS+1
go14 IF(IPOS.LE.NLIM)GOTO 39
2916 IF(IOFLG.EQ.F)GOTO 48
c
C DISC INPUT
c
ga18 IN=IREADW(2#48, INBUF(IBEG),IBLK, ICHAN)
2419 IBLK=IBLK+8
8928 IPOS=IBEG
2921 IF(IN.EQ.2048)GOTO 34
@23 IEOF=1
grz4 NLIM=IN+IPOS
ga25 IFCIN.LT.-1)STOP'READ ERROR'
eg27 IFCIN.LE.Z)RETURN
2929 GOTO 34
c
C TAPE INPUT
c
a938 47 1TRY=1
2831 57 IF{(ITRY.GT.31)}GOTO 69
2833 IF(IEOTR.GE.Z)GOTO 74
L35 60 WRITE(7,1000)IDRYV
2236 1999 FORMAT{(' EOT ON READ DRIVE:',I2,/,
%' ENTER NEW DRIVE NUMBER:',$)
2937 READ(5,1001 }IDRV
2938 1991 FORMAT(IL}
2939 IEOTR=8&
2940 IFCIDRV.GT.2)IEQF=1
29942 IF(IEOF .NE.Z)RETURN
A4 77 CALL TAPSUB(-1,IDRV,ISTAT,IFLEN,IFIL,INBUF(ITST)},NBYTR,IEQTR}
20845 IFCISTAT.LT.Z)IWRITE(2,1082)IFIL
J047 1992 FORMAT(' WARNING RETRIES FAILED ONREAD FILEI'NO:'IS)
048 IF(IEOTR.LT.Z)GOTC B2
FORTRAN IV Va2.04 THU #8-JAN-81 B0:49:99 PAGE 0282
2058 CALL TAPSUB(#,IDRV,ISTAT, ,IFIL, , ,IEOTR)
2d51 84 ITRY=ITRY+1
2452 IFCINBUF(1TST).EQ."177777)GOT0O 58
BaI54 IPOS=IBEG
g@55 33 CONTINUE
BFS6 LBUF(J)=INBUF{IPOS}
2057 12 CONTINUE
2958 IBLKSCICD}=IBLK
2859 IPOSS(ICD}=IPOS
pRes RETURN
Bg61 END
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Gather Plotting(Small Trace separation) :- MPSPLI

This program is interactive, it expects the data to be on
disc and the output rasters are put back to a user specified disc

file.

The following parameters have to be input.

NTR......Number of traces to plot

NPT......Number of samples on each trace
NDPT.....Interpolation factor, number of dots per trace
NDSTEP...Trace separation in dots

XSF......Plot scale factor

FSPECR...Input data file

FSPECW...Output raster file
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M J POULTER SEPT 78

PLOTTING PROGRAM FOR SEISMIC SECTION DATA

THIS PROGRAM TAKES IN SEISMIC TRACES AND
DISPLAYS THEM IN A NIB IMAGE FORM IN AN OUTPUT
FILE IN A FORM READY FOR POST PROCESSING.

OO0

G DIMENSION IPBUF{(128,8#),JROW(88),FBUF(3),
»IDOT{2/48),XBUF(2052),MASK(16),NSAVE(2%)

P ] REAL*8 FSPECR,FSPECW

I3 EQUIVALENCE (XBUF(1),IDOT(1))

iY%e DATA DEV/3RRK /

JUIB DATA MASK/"20%,"108,"49,"20,"10,"4,"2,"1,
K" 1OPGRD, " ADURRY, " 20080, " 1000Y, " "A00Y, " 2000, " 1989, "ARB/

ODATA READ IN-SECTION

OO0

Y1 4 WRITE(7,10885)
Fx7 IO83 FORMAT(' ENTER NO OF TRACES',/,
%' NO OF POINTS PER TRACE',/,
%' NO OF TIMES TO EXPAND',/,
%' AND STEP SIZE (415)')
READ(S5,1980) NTR,NPT,NDPT,NDSTEP
1997 FORMAT(415)
WRITE(7,10806)
19956 FORMAT(' ENTER SCALE FACTOR:',$)
READ(5, 1281 ) XSF
1281 FORMAT(F10.4)
WRITE(7,108087)
iZJ7 FORMAT(' ENTER INPUT FILE NAME:',$S)
READ(S, 1802 )FBUF
1682 FORMAT(3A4)
- CALL IRADSO(12,FBUF,FSPECR)
WRITE(7,10808)
1393 FORMAT(' ENTER OUTPUT FILE NAME:',$)
READ(5,1892)FBUF
CALL IRADSZ(12,FBUF,FSPECW)

SET UP CONSTANTS AND FILE ACCESS

OO,

ICHR=IGETC()

ICHW=IGETC()
IF(IFETCH(DEV).NE.Z)STOP'FETCH ERR'
IER=LOOKUP(ICHR,FSPECR)
IFCIER.LT.ZIWRITE(7,*)IER

31 IF(IER.LT.Z)STOP'LOOKUP ERR'

3L NF IN=NPT*NDPT-1

T3 N3LKR=NPT/128

B NWDR=2*NPT

. MBLKW=(NTR+4)*{(NDSTEP/2)
e NBLXBF=NDSTEP/2
a7 NWBUF=NBLKBF*256
ISFF=2*NDSTEP
IBLKR=1
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IBLKW=1
NTIM=1
NSTRIP=g
IBOFF =4

SECTION WHICH SETS UP PARAMETERS TO ALLOW
STRIPPING OF PLOT IF REQUIRED

IF{NFIN.GT.2048)GO0TO 1
IF(IENTER(ICHW,FSPECW,NBLKW).LT.#)STOP 'ENTER ERR'
NSTRIP=1
G0TO 2
NS=NFIN
3 NSAVE(NTIM)=2047
NS=NS-2048
NTIM=NTIM+1
IF(NTIM.GT.20)STOP*'TOO MANY STRIPS®
IF(NS.GT.2048)GOTO 3
NSAVE(NTIM)=NS
NBLKW=NBLKW*NTIM
IFCIENTERCICHW,FSPECW,NBLKW).LT.#)STOP'ENTER ERR'

s

START OF LOOP IF STRIPPING NECESSARY

4 NSTRIP=NSTRIP+1
NFIN=NSAVE(NSTRIP)
NPT=(NFIN+1)/NDPT
NWDR=2*NPT
IBLKR=1+IBOFF
NBOF=NPT/128
IBOFF=IBOFF+NBOF

SET UP ROW COUNTER FOR BUFFER USAGE
2 P05 I 84
1

1
5 JROW(I1)=

y=1
SZT UP AP AND CLEAR PLOT BUFFER

CALL APINIT

CALL VCLR(#,1,5128)

CALL APWR

CALL APGET(IPBUF(1,1),9,5120,2)

4AIN LOOP FOR PLOTTING DIFFERENT TRACES

D0 18 I=1,NTR
IFCIREADW(NWDR, XBUF ,IBLKR,ICHR).LT.2)STOP ‘READW ERR’
IBLKR=IBLKR+NBLKR

KBUF{NPT+1)=1.8/FLOAT{NDPT)
ABUF(NPT+2)=-FLOAT{IOFF-1)

ABUF(NPT+3)=FLOAT(I0OFF)

XBUF (NPT+4)=XSF
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SECTION WHICH DEALS WITH INTERPLOATION
ARD SCALING OF DATA BEFORE PLOTTING

CALL APPUT(XBUF,2048,NPT+4,2)
CALL APWD '
CALL VMOvV(2248,1,8,NDPT,NPT)
IF(NDPT.EQ.1)GOTO 25
CALL VSUB(2948,1,2049,1,6144,1,NPT~-1)
CALL VSMUL(6144,1,2048+NPT,6144,1,NPT-1)
1BEG=4
IFIN=1
DO 28 J=2,NDPT
CALL VADD(IBEG,NDPT,6144,1,IFIN,NDPT,NPT-1)
IBEG=IBEG+1
IFIN=IFIN+1

2@ CONTINUE

25 CALL VSMUL(Z,1,2051+NPT,8,1,NFIN?}
CALL VTSADD(9,1,"4427,4,1,NFIN}
CALL VCLIP(@,1,2049+NPT,2058+NPT,&,1,NFIN)}
CALL VINT(Z,1,0,1,NFIN}
CALL VFIX(@,1,8,1,NFIN)
CALL APWR
CALL APGET(IDOT,#,NFIN,1}
IBIT=16
IWORD=128
CALL APWD
IDOT{(1)=IDOT(1)+IOFF
DO 3% 1IP=2,NFIN
IBITL=IBIT
IWORDL=IWORD
IBIT=IBIT-1
IF(IBIT.GT.4) GOTO 48
IWORD=IWORD-1
IF{IWORD.EQ.2)GOTO 128
IBIT=16

SECTION WHERE POSITIVE (SHADED) LOBES ARE PLOTTED

4% TF(IDOT(IP).LT.@)GOTO S¥
IDOT(IP)=IDOT(IP)+IOFF
IDT=IDOT(IP)
IFCIDOT(IP-1).GE.IOFF)GOTO 45
IROW=IDOT(1IP-1)}
55 IPBUF{IWORDL,JROW(IROW})=IPBUF(IWORDL,JROW(IROW?}).OR.MASK{IBITL)
IROW=IROW+1
IF(IROW.LT.IOFF)GOTO 55
45 JROW=IOFF
24 IPBUF{IWORD,JROW(IROW)}=IPBUF(IWORD,JROW(IROW))}.OR.MASK(IBIT)
IROW=1ROW+1
IF(IROW.LT.IDT)GOTC 6%
GOTO 38

SECTION WHERE NEGATIVE (UNSHADED) LOBES ARE PLOTTED
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g13% 5% IDOT(IP)Y=IDOT(IP)+IOFF
J136 IFCIDOT(IP).LT.1.0R.IDOT(IP-1).LT.1)GOTO 32
J:1386 IF{IDOT{(IP).GT.IDOT(IP-1))GOTO 72
LEwYsy IDTB=IDOT(IP)
wial IDTE=IDOT(IP~1)
3140 MSKB=MASK(IBIT)
a147 MSKE=MASK(IBITL)
wadi IWORDB=IWORD
J14% IWORDE=IWORDL
Fido GOTO 84
gi47 74 IDTB=IDOT(IP~1)
Jide IDTE=IDOT(IP)
Fi4y MSKB=MASK(IBITL)
A58 MSKE=MASK(IBIT)
215: IWORDB=IWORDL
g152 IWORDE=IWORD
#4153 85 IDTM=(IDTB+IDTE)/2
Jia¢ IROW=IDTB
Z15¢ S IPBUF(IWORDB,JROW(IROW))=IPBUF{IWORDB,JROW({IROW)).0OR.MSKB
F1356 IROW=IROW+1
gis" IF(IROW.LE.IDTM)GOTQ 94
23535 IROW=IDTM
J18% ig3 IPBUF{IWORDE,JROW{IROW))=IPBUF( IWORDE,JROW(IROW)).OR.MSKE
8151 TIROW=1ROW+1
Y162 IF{IROW.LE.IDTE)GOTO 189
d:64 39 CONTINUE
J16% 128 JST=JROW(1)
C
2T WRITE OUT PART OF BUFFER AND INITIALISE
C FOR A NEW TRACE
~
REN-1:) IF(IWRITW(NWBUF,IPBUF(1,JdST),IBLKW,ICHW).LT.Z)STOP ‘WRITE ERR®
.33 IBLKW=IBLKW+NBLKBF
3l CALL APPUT(JROW,Z,88,1)
378 CALL APGET(JROW,NDSTEP,B89~-NDSTEP,!)?
J171 CALL APGET(JROW(81-NDSTEP),&,NDSTEP.1?}
23172 CALL APWD
gvic CALL VCLR{(Z,1,NWBUF)
g7 CALL APGET(IPBUF(1,JdST),@,NWBUF,1)
giTE 14 CONTINUE
L7 IROW=1
€ FLUSH BUFFER AT END OF A STRIP
=
FiTT DO 119 [F=1,3
X Tn IF(IWRITW{NWBUF ,IPBUF(1,JROW{IROW)),IBLKW,ICHW).LT.Z)STOP 'WRT ER’
ioet IBLKW=IBLKW+NBLKBF
S .8. IROW=IROW+NDSTEP
518, 113 CONTINUE
7 CHECK IF MORE STRIPS TO BE DONE
c -
TU3% IFCNSTRIP.LT.NTIM)GOTO 4
Bt

CALL CLOSEC(ICHW)

TOHAT T I vVg2.44 THU @8-JAN-81 £02:99:96 PAGE 905

- STOP 'NORMAL TERMINATICN'
330 END
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Gather Ploting(Large Separation) :- MPGPLI

This program is interactive, and it expects the seismic data
to be in a disc file. The output rasters are written to a user

specified disc file. Interactive input consists of the following.

NTR......Number of traces to be plotted
NPT......Number of samples per trace
NDPT.....Interpolation factor, dots per sample
XSF......Plot scale factor

FSPECR...Input data file

FSPECW...Output raster file
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PLOTTING PROGRAM FOR SEISMIC GATHER DATA
THIS PROGRAM TAKES IN SEISMIC TRACES AND
DISPLAYS THEM IN A NIB IMAGE FORM IN AN OUTPUT
fILE IN A FORM READY FOR POST PROCESSING.

vaz.94 THU #8-JAN-81 £0:12:15

J PQULTER SEPT 79

DIMENSION IPBUF(128,808),JROW(8BZ),FBUF(3),
X1DOT(2048),XBUF(2052),MASK(16),NSAVE(2%)

REAL*8 FSPECR,FSPECW
EQUIVALENCE (XBUF(1),IDOT(1))
DATA DEV/3RRK 7/

DATA MASK/"20%,"180,"48,"28,"10,"4,"2,"1,

X" 100009, " ABRRY, "20000," 190088, " AQ0D ,"2000," 10080, 4808/

DAT

1235
b4
%
t3gy
13406
Ll
{ng7?

1232

1983

SET

A READ IN SECTION

WRITE(7,1085)

FORMAT(' ENTER NO OF TRACES',/,
' NO OF POINTS PER TRACE',/,

' NO OF TIMES TO EXPAND')
READ(5,1988) NTR,NPT,NDPT
FORMAT(415)

WRITE(7,1206)

FORMAT(' ENTER SCALE FACTOR:',$)
READ{(5,1081) XSF

FORMAT(F18.8)

WRITE(7,1887)

FORMAT(' ENTER INPUT FILE NAME:',S3)
READ(5,19082)FBUF

FORMAT(3A4)

CALL IRADS@{(12,FBUF,FSPECR)
WRITE(7,1008)

FORMAT(' ENTER QUTPUT FILE NAME:',$)

READ(S5,1002)FBUF
CALL IRADS®(12,FBUF,FSPECW)

UP CONSTANTS AND FILE ACCESS

ICHR=IGETC()

ICHW=IGETC()
IF(IFETCH(DEV).NE.Z)STOP'FETCH ERR"
IER=LOOKUP({ ICHR,FSPECR)
IF(IER.LT.@IWRITE(7,*}IER
IF(IER.LT.Z)STOP'LOOKUP ERR'
NDSTEP=28

NBUFSZ=88

NBSPAC=NDSTEP/2
NWSPAC=NBSPAC*256
NFIN=NPT*NDPT-1

NBLKR=NPT/128

NWDR=2*NPT
MBLKW=(NTR*NBUFSZ/2)}+{NTR*14)
NBLKBF=NBUFSZ/2

PAGE 291
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NWBUF=NBLKBF¥*256
I0FF=2%NDSTEP
IBLKR=1

IBLKW=1

NTIM=1

NSTRIP=g

IBOFF=¢

CTION WHICH SETS UP PARAMETERS TO ALLOW

STRIPPING OF PLOT IF REQUIRED

1
3

ST
4

<
g

St

M4

IF(NFIN.GT.2048)GOTC 1
IFCIENTER(ICHW,FSPECW,NBLKW}.LT.#)STOP'ENTER ERR'
NSTRIP=1

GOTO 2

NS=NFIN

NSAVE(NTIM)=2047

NS=NS§-2048

NTIM=NTIM+1

IF(NTIM.GT.20)STOP'TOO MANY STRIPS'
IF{NS.GT.2848)GOTO 3

NSAVE(NTIM)=NS

NBLKW=NBLKW*NTIM
IFC(IENTER(ICHW,FSPECW,NBLKW).LT.2)STOP'ENTER ERR'

ART OF LOOP IF STRIPPING NECESSARY

NSTRIP=NSTRIP+1
NFIN=NSAVE{NSTRIP)
NPT=(NFIN+1}/NDPT
MWDR=2*NPT
IBLKR=1+IBOFF
N3OF=NPT/128
I20FF=1BOFF+NBOF

T UP ROW COUNTER FOR BUFFER USAGE

T UP AP AND CLEAR PLOT BUFFER

CALL APINIT
CALL VCLR(Z,1,5122)
CALL APWR

CALL APGET(IPBUF(1,1),%,512%,2)
IN LOOQP FOR PLOTTING DIFFERENT TRACES

DO 1@ I=1,NTR

IF{IREADW(NWDR,XBUF ,IBLKR,ICHR).LT.2)STOP'READW ERR'
IBLKR=IBLKR+NBLKR

HBUF(NPT+1)=1.0/FLOAT(NDPT)
XBUF(NPT+2)=-FLOAT(IOFF-1)

PAGE g22
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Fé3E XBUF(NPT+3)=FLOAT(IOFF)
G585 XKBUF (NPT+4)=XSF
C
~ SECTION WHICH DEALS WITH INTERPLOATION
C AND SCALING OF DATA BEFORE PLOTTING
c

CALL APPUT{(XBUF,2048,NPT+4,2}
CALL APWD
CALL VMOV(2@48,1,&,NDPT,NPT}
IF(NDPT.EQ.1)GOTO 25
CALL VSUB(2248,1,2049,1,6144,1,NPT-1)
CALL VSMUL(6144,1,2048+NPT,6144,1,NPT-1)
I1BEG=9
IFIN=1
DO 20 J=2,NDPT
CALL VADD(IBEG,NDPT,6144,1,IFIN,NDPT,NPT-1?
IBEG=IBEG+1
IFIN=IFIN+1
29 CONTINUE
25 CALL VSMUL(®Z,1,2061+NPT,d,1,NFIN)
CALL VTSADD(®,1,"4427,8,1,NFIN)
CALL VCLIP(Z,1,2049+NPT,2058+NPT,4,1,NFIN)
CALL VINT(Z2,1,8,1,NFIN)
CALL VFIX(#2,1,4,1,NFIN)}
CALL APWR
CALL APGET(IDOT,d,NFIN,1)
IBIT=16
i : IWORD=128
Al CALL APWD

i IDOT(1)=IDAT(1)+IOFF
4 DO 38 1P=2,NFIN

) IBITL=IBIT

IWORDL=IWORD

IBIT=IBIT-1

IFCIBIT.GT.@) GOTO 44

IWORD=IWORD-1

EPR R IF(IWORD.EQ.#)GOTO 122
LT IBIT=16

1

11
1

(Y]

SECTION WHERE POSITIVE (SHADED) LOBES ARE PLOTTED

I

44 IFCIDOT(IP).LT.2)GOTO 59
IDOT(IP)=IDOT(IP)+IOFF
IDT=IDOT(IP)
IF(IDOT{IP-1).GE.IOFF )GOTO 45
TROW=IDOT(IP~-1)
55 IPBUF(IWORDL,JROW(IROW))=IPBUF{IWORDL,JROW(IROW)).OR.MASK(IBITL)
IRCW=IROW+1
IFCIROW.LT.IOFF)GOTO 55
45 IRCW=IOFF
84 I1P3UF{IWORD,JROW({IROW))=I1PBUF(IWORD,JROW(IROW)).OR.MASK(IBIT)
TROW=IROW+1
IFCIROW.LT.IDT)GOTO 6&
GOTO 34

e
;
2
2
-

Sinm e

PO SV

-
LG o Gt
TS



OO0

s

¥

SEC

57

WR

FQ

Vg2.94 THU @8-JAN-81 g@:12:15 PAGE 994

TION WHERE NEGATIVE (UNSHADED) LOBES ARE PLOTTED

IDOT(IP}=IDOT(IP)+IOFF
LFCIDOTCIP)Y.LT.1.OR.IDOT(IP-1}).LT.1)GOTO 3@
IF{IDOT(IP).GT.IDOT(IP-1})GOTO 79
IDTB=IDOT(IP}

IDTE=IDOT(IP~1)

MSKB=MASK(IBIT)

MSKE=MASK(IBITL)?

IWORDB=1WORD

IWORDE=IWORDL

GOTO 89

IDTB=IDOT(IP~-1)

IDTE=IDOT(IP)}

MSKB=MASK{IBITL)

MSKE=MASK(IBIT)}

IWORDB=IWORDL

IWORDE=IWORD

IDTM=(IDTB+IDTE}/2

IRCW=IDTB

IPBUF( IWORDB,JROW(IROW)}=IPBUF ( IWORDB,JROW(IROW) }.OR.MSKB
IROW=IROW+1

IF(IROW.LE.IDTM)GOTC 9@

IROW=IDTM

IPBUF{ IWORDE,JROW{ IROW))=IPBUF( IWORDE,JROW(IROW) }.OR.MSKE
IROW=IROW+1

IF(IROW.LE.IDTE)GOTO 128

CONTINUE

JST=JROW( 1)

YITE OUT PART OF BUFFER AND INITIALISE

R A NEW TRACE

IF(IWRITWINWBUF,IPBUF(1,J3ST),IBLKW,ICHW).LT.Z)STOP'WRITE ERR'
IBLKW=IBLKW+NBLKBF

CALL APWR

CALL VCLR{(Z,1,NWBUF)

CALL APGET{(IPBUF(1,JST),o,NWBUF,1)

CALL APWD
IF(IWRITW{NWSPAC,IPBUF(1,JST),IBLKW,ICHW).LT.Z)STOP 'WRITE ERR'
IBLKW=1BLKW+NBSPAC

CONTINUE

IROW=1

SHECK IF MORE STRIPS TO BE DONE

IF(MSTRIP.LT.NTIM)GOTO 4

CALL CLOSEC(ICHW)

3TCP 'NORMAL TERMINATION'
D
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Quick Raster Plot Processor :- MPPROC

This program is interactive and is designed to put out

rasterised trace plots onto the electrostatic plotter.

Only input parameter is the disc file containg the rasters to

be plotted.
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DIMENSION IBUF(132,8),IBUFC(1956),INBUF(1924),FBUF(3)
REAL*B FSPECR
TQUIVALENCE(IBUF(1),IBUFC(1))

DATA DEV/3RRK /

WRITE(7,10801)

FORMAT(' ENTER FILE NAME TO BE PROCESSED:',$)
READ(5, 1009)FBUF

FORMAT(3A4)

CALL TRADS5@{12,FBUF,FSPECR)
IF(IFETCH(DEV).NE.Z)STOP'FETCH ERR’
IDCH=IGETC()
IF(LOOKUP{IDCH,FSPECR).LT.&)STOP'LOOKUP ERR"
CALL MTXSET

CALL MTX(IBUF,d,1)

IBLK=1
IN=IREADW( 1824, INBUF,IBLK,IDCH}
IBLK=IBLK+4

IFCIN.EQ.1824)GOTO 28
IF(IN.LT.~1)STOP'READ ERR'
IF{IN.LE.Z)GOTO 4%

1P0OS=1

IRQW=1

NROW=IN/128
IFCCIN-(NROW*128)).NE.J)INROW=NROW+1
NWORD=NROW*132

CALL MWAIT

DO 5 I=1,1056

IBUFC(I)=8

DO 37 I=1,IN

IBUF(IPOS, IROW)I=INBUF(I?
IPOS=IPOS+1

IF(IPOS.LE.128)GOTO 39

IPOS=1

TROW=IROW+1

CONTINUE

CALL MTX(IBUF,NWORD,2)
IF(IN.EQ.1224)G0T0 18

ZALL MWAIT

TALL MTX(IBUF,-1,1)

CALL MWAIT

STOP "NORMAL TERMINATE'

END

581
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General Purpose Raster Merge and Qutput :- MPMERP

Input File......DK1:MPMERD.DAT

Input Parameters

READ(1, 10)NPLT,LPLT,NSTRIP

10 FORMAT(3I5)

NPLT.....Number of images to be merged
LPLT.....Length of output raster image

NSTRIP...Number of strips

For each of the NPLT images the following input is needed

READ(1,10)LST,LFIN

READ(1,10) ICOM, ILOG

READ(1, 10)NPLIN

READ(1,30)FBUF

30 FORMAT(3AH4)

LST......Qutput raster line number for first input line
LFIN.....Qutput raster line number for last input line
ICOM.....Data complement flag

0 - Merge in data as it is

1 - complement data before merging



Page 220

ILOG.....Logical merge flag
0 - use an OR to merge the data
1 - use an AND to merge the data
NPLIN....Number of words per raster, 128 for seismic, 132 for
others

FBUF.....Input raster file
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(o]

M.J.POULTER SEPT 79

POST PROCESS AND MERGE PROG FOR

SEISMIC PLOT SYSTEM
TIEE INTEGER*2 IPBUF{2112),INBUF(8192}),LBUF(132),I0FF(8),
%LST(8),LFIN(8),IBLK(8),NBUF(8),NPLIN{(B),ISPOS(8),ICOM(8),
2IL0G{(8), ICHAN{(8),EQF (8}

REAL*4 FBUF(3)

REAL*B FSPEC(8)

COMMOM /LFIL/ INBUF,IOFF,LBUF,IBLK,NBUF,NPLIN,ISPOS,EOF,ICHAN,ICOM
DATA 10FF/1,1825,2049,30973,4897,5721,6145,7169/

DATA DEV/3RRK /

[ X

SET UP AP TO USE FOR ZEROING ARRAYS

(S NSRS

CALL APINIT -
CALL VCLR(#,1,1856)

SET UP 1/0 DEFINITIONS

DR RS

IFCIFETCH(DEV).NE.@)STOP'FETCH ERR'
IFCICDFN(3Q).NE.Z)STOP'CHAN DEF ERR®
CALL ASSIGN(1,'DKI1:MPMERD.DAT',14)

[
'Y
[}
-

INPUT PARAMETERS

[

READ{1,18}) NPLT,LPLT,NSTRIP
1d FORMAT(315}
IF{(NPLT.GT.8)STOP'TOO MANY MASKS'
BO 24 I=1,NPLT
READ{(1,10LST(I),LFINCI)
READ(1,10YICOM(I),ILOG(I)
READ(1,14)INPLINCI)
READ(1,30)FBUF
: 23 FORMAT(3A4)
r24 WRITE{7,*) NPLT,LPLT,LST{ID},LFIN(I},ICOM(I),ILOG(I)
172% WRITE(7,*INPLINCI)
2726 WRITE(?,30)FBUF
27 CALL IRADSH(12,FBUF,FSPEC(I})
" ICHAN( I )=28+1
IBLK{I)=1
EOF{1)=84
NBUF(IN=1023+I0FF(1}
TSPOS{I)=NBUF{(I}
273 IF(LOOKUP(ICHAN(I),FSPEC(I»).LT.@)STOP'LOOKUP ERR’
Y 2% CONTINUE

0Ty

SET UP MATRIX FOR MAIN LOOP

@

"T3€ CALL MTHSET

137 TALL MTHCIPBUF,&,1)
.1 LaUM=g

39 T IM=¢

Y 1ST=1457
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JERQ THE PLOT ARRAY

# 1ST=1£56-18T+2
CALL APGET(IPBUF(IST),%,1056,1)
IPSV=1IST
CALL APWD

START OF MAIN LOOP

Do 858 I =1,8
LENUM=LUNUM+]
EQFFLG=1

THIS LOOP FILLS ONE LINE OF PLOT BUFFER
WITH INPUT FROM EACH PLOT MASK

D0 68 J=1,NPLT
IF{LNUM.GT.LFIN{J))GOTO 68
IF(EOF(J).NE.Z)GOTO 609
ctQFFLG=g
IF(LNUM.LT.LST(J))GOTO 680
IPOS=1IPSV
1D=J
CALL LINFIL(ID)
IF(ILOG(J).NE.#)GOTO 7%
DO 88 L=1,132
IPBUF(IPOS)=IPBUF(IPOS}.OR.LBUF(L)}
&2 1P0S=IPCS+!
G070 &8
7¥ DO 88 L=1,132
IPBUF(IPOS)=IPBUF(IPOS}.AND.LBUF(L)}
97 IPGS=IPOS+1
8% CONTINUE
1?8VY=1P0OS
5% CONTINUE

WHEN A PLOT BUFFER IS FULL COME HERE TO EMPTY IT

CALL MWAIT

CALL MTX(IPBUF(IST),1056,2}

IF(EQGFFLG.NE.Z)GOTO 189

IF(LNUM.LT.LPLT)GOTO 48
LI OCALL MWALT

CALL MTX(IPBUF,Z,1)

CALL MWAILIT

AT IM=NTIM+1

LMUM=8

IFI{MTIM.LT.NSTRIP)IGOTO 409

STOP 'NORMAL TERMINATION'

END

[
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SUBROUTINE LINFIL(J)

INTEGER*2Z INBUF(8192),I0FF(B),LBUF{(132),IBLK(8),NBUF(8},
XNPLIN(8),ISP0OS(8),EQF(8),ICHAN(B),ICOM(8)

COMMON /LFIL/ INBUF,IOFF,LBUF,IBLK,NBUF,NPLIN,ISPOS,EOQOF, ICHAN,ICOM

G LINE ARRAY

CALL APGET(LBUF,#,132,1)
CALL APWD

LL LINE BUFFER FROM INPUT BUFFER

NPT=NPLIN(J)
IPOS=1SP0OS(J)
NLIM=NBUF(J)
IFCICOM{J).NE.P)}GOTO 29
DO 1& I=1,NPT
1POS=1P0OS+1
IF(IPOS.LE.NLIM}GOTO 38

FILL BUFFER FROM FILE WHEN EMPTY

IN=IREADW( 1824, INBUF(IOFF(J3)),IBLK(J),ICHAN(I))
IBLK(J)Y=IBLK(J)+4
IPOS=10FF (3}
IF(IN.EQ.1224)GOTO 384
EQF(J)=1

MLIM=IN+IPOS
IF(IN.LT.-1)STOP'READ ERR'
IFCIN.LE.@)RETURN
LBUF(I)=INBUF(IPOS)
CONTINUE

GOTO 948

00 4@ I=1,NPT

1P08=1P0DS+1
IF{IPAOS.LE.NLIM}GOTO 58

SFTLL BUFFER FROM FILE WHEN EMPTY

IN=TREADW{ 1824, INBUF(IOFF{(J}),IBLK(J)},ICHAN(3))
IBLX(J)=1IBLK(J}+4
IPOS=I0FF(J)
{F(IN.EQ.1824)GOTO 54
EOF{(J)=1

NLIM=IN+IPOS
IF(IN.LT.-1)STOP 'READ ERR’
IFCINLLE.@IRETURN
LBUFCI)Y=.NOT.INBUF(IPOS)
CONTINUE

HBUF{J:=NLIM

I5P0OS{J)=1IPOS

RETURN

EMD
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Appendix 2

Contained in this appendix are brief descriptions of the main
subroutines, and their arguments, which were produced in the

course of this work.

Also presented are some utility programs, which were found to

be useful, in handling data on the system.



Tape Subroutine Descriptions

TREAD

CALL TREAD(BUFFER,NBUF,ISTAT,IDRV)

Purpose:~ To read from tape into a specified memory buffer

Arguments:

BUFFER...Integer...Buffer to read into
NBUF.....Integer...Number of bytes to read
ISTAT....Byte......Returned tape status

IDRV.....Byte......Tape drive to read from

TWRIT

CALL TWRIT(BUF,NBUF,ISTAT,IPAD,IFLEN,IDRV)

Purpose:- To write data to tape from a memory buffer

Arguments:

BUF......Integer...Buffer to write from
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NBUF.....Integer...Number of bytes to write from the buffer

ISTAT....Byte......Returned tape status
IPAD.....Integer...Number of zero bytes to transfer at

data

end of

IFLEN....Integer...Total transfer length in 4kbyte blocks

IDRV.....Byte......Tape drive number to write to
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SDS10

CALL SDS10(COM,ISTAT,ITLEN,ILEN)

Purpose:- Utility tape control subroutine, allowing drive

manipulation and reads and writes to tape from the disec.

Arguments:

COM......Byte......4 Byte command buffer sent to pdp8/e

COM(1) Tape command

0

Read tape status

1 Rewind

2 - Rewind offline
3 - Read
4 - Space foward
5 - Space reverse
6 - Write
7 - Return to 0S/8
COM(2) File length, or number of records
when spacing
COM(3) Tape drive number
COM(4)  SDS10 command
<0 Read from tape into file on
unit 20
=0 Tape wind operation
>0 write to tape from file on
unit 21

ISTAT....Byte.......Returned tape status
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ITLEN....Byte.......Returned file length in seconds for
field file

ILEN.....Byte.......Returned file length in blocks on a read

TAPSUB

CALL TAPSUB(ICOM,IDRV,ISTAT,ILEN,IFNUM,BUF,NBYT,IEOT)

Purpose :- General purpose tape handler for memory/tape transfers

Arguments:

ICOM.....Byte.......Command flag

<0 - read data

=0 - wind on tape one record

>0 - write data
IDRV.....Byte.......Tape drive number
ISTAT....Byte.......Returned tape status
ILEN.....Integer....Number of UKbyte blocks in transfer
IFNUM....Integer....File number of transfer(for log)
BUF......Integer....Data buffer
NBYT.....Integer....Number of bytes to transfer, on write
IEQOT.....Integer....End of tape flag

0 - tape 0K

-1 - End of tape mark encountered in last

operation
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TAPRED

CALI. TAPRED(TICOM,IDRV,ISTAT,ITLEN,ILEN, IFNUM, IEQT)

Purpose:- General prupose tape handler for transfers to and from

the disc.

Arguments:

ICOM.....Byte.......Command flag
<0 read data from tape to disc file on
unit 20
=0 Wind tape foward one record
>0 write data to tape‘from disc file on
unit 21
IDRV.....Byte.e.....Tape drive number
ISTAT....Byte.......Returned status
ITLEN....Integer....Returned file length in seconds, on read.
IJLEN.....Integer....File length of transfer, in blocks
IFNUM....Integer....File number of operation
IEOT.....Integer....End of tape flag
0 - no end of tape problem encountered

-1 - end of tape encountered on read/write



.TITLE

.GLOBL
DR3CSR=154404
DRB=154002
DOSCSR=1649149
DOB=164812
sREAD FROM TAPE TO PDP11 MEMORY
; CALL TREAD(BUFF,NBYTE,STATUS,IDRV)

MEMTAP
TREAD,TWRIT

TREAD: MOV

$sGET MEMORY ADDRESS OF TARGET
$sGET NO OF BYTES REQUIRED

;sMOVE DATA FROM BUFFER TO TARGET
sEXIT LOOP IF COUNT COMPLETE

sTEST IF 8 IS FINISHED ALSO
:+IF NOT GO TO TAKE REST OF DATA
+IF YES GET STATUS OUT OF DATA ARRAY

sGOTO EOF TRANSFER COODE -

;+IF YES MOVE SAVED STATUS

;GOBACK AND TAKE MORE DATA
sRETURN NO OF BYTES LEFT

s TAKE LAST CLEAN UP BYTE

2{(R5),R1
MoV G4(R5),RH
MOV RDLST,ARGLST $SET UP SDS14 COMMAND
MOVB ®8.(R5),ARGLT2
JSR PC,MSG s SEND COMMAND
sMAIN TRANSFER LOOP
18: TSTB @#DRSCSR sWAIT TILL 8 READY
BPL 13
Move ©#DRB,(R1)+
DEC RZ
BEQ 2%
TST @#DRSCSR ;TEST FOR END -OF DATA
BMI 38 sFROM TAPE
BIS #1 ,@#DRSCSR ;KEEP ENABLE BIT SET
BR 13 ;1 LOOP BACK
sEXIT FOR COUNT COMPLETE
2%: MOV RZ,@4(RS) sRETURN ZERO COUNTER
TST @#DRSCSR
BPL 43
DEC R1
MOVB (R1),P6(RS}
BR 68
4%: MOVB (R1),R2 3+SET UP STATUS SEARCH
78: TSTB @#DRSCSR sWAIT FOR 8 READY
BPL 73
TST @#DRSCSR ;TEST FOR EOF
BPL 5% ; IF NOT TRANSFER DATA
MOVB RZ2,86(R5)
MOvE O#DRB,R2 sAND CLEAR BUFFER
BR 68 ;BEFORE EXITING
5%: MOVB @#DRB,R2 : TAKE BYTE FROM 8
BIS #1,0#DRSCSR
BR 73
;EXIT FOR EOF SIGNALLED
33: MOV R@,@4{R5)
DEC R1
MOVB (R1),06{(R5?} sRETURN STATUS
; COMMON EXIT
6S: TSTE @#DRSCSR
BPL 63
MOVB @#DRB,R2
RTS PC ;AND EXIT

;ROUTINE TO GO FROM MEMORY TO TAPE
; CALL TWRIT(BUFF,NYTE,STATUS,IBYTEPAD,NBLK,IDRV)

TWRIT: MOV
MOV
MOVB
MOovE
MOVB
JSR

$SET UP CODE

193: TSTB
BPL

2(R5B),R1
B4(R5),RP

WRTLST,ARGLST
@1@.(R5),ARGLT!
@12.(R5),ARGLTZ

PC,MSG

@#DOSCSR
19s

sGET DATA ADDRESS
$GET NUM OF BYTES
sSET UP COMMAND

tWAIT FOR SYNCHRONISATION



BIC

#4098 ,6#D0OSCSR

;sMAIN TRANSFER LOOP

11s: BIS #1,8#DOSCSR
MOVB (R1)+,0#DOB
12%: TSTB @#DOSCSR
BPL 128
DEC RA
BNE 118
+ZERO PASSING LOOP
MOV @8.(R5},R2
BEQ EOFT
148: BIS #1,@0#DOSCSR
MoV #2,04D08B
158: TSTB e#DOSCSR
BPL 15%
DEC R2
BNE 148
EOFT: BIS #4099 ,0#DOSCSR
MOV #0,0#D08B
sSTATUS REPLY LOOP
168: TSTB G#DRSCSR
BPL 168
MOVB @#DRB,@6{R5)
MOV #2,R%
178 TSTB @#DRSCSR
BPL 178
MOVB @#DRB,R2
DEC RE
BNE 178
RTS PC

;MESSAGE SENDING SUBROUTINE

MSG: BIC
MOV
MOV
MLOOP: BIS
CLR
MOoVvB
MOV
9¢: TSTB
BPL
DEC
SNE
BIS
MOV
RTS
; STCRAGE AREA
ARGLST: .BYTE
ARGLT1l: .BYTE
ARGLT2: .BYTE
WRTLST: .BYTE
LEVEN
.WORD
.EVEN
.END

RDLET:

#4089 ,0#DOSCSR
#ARGLST,R3
#3,R4
#1,0#DOSCSR
R2

(R3)+,R2
R2,@#D0B
@#DOSCSR

9s

R4

MLOOP

#4090 ,0#D08CSR
#3,60#D08B

PC

(S RSR RS

493

sCLEAR EOF BIT

sSET ENABLE BIT

s TRANSFER BYTE

sWAIT TILL

;ACCEPTED

sDEC COUNTER

+GO BACK FOR MORE

s IF COUNT OF ZEROS=g EXIT

;PASS ZEROS AS PADDING
sWAIT TILL ACCEPTED

sDEC COUNTER

sSET EOF BIT
;SEE IF REPLY READY
$sGET STATUS

sCLEAR SYNCH ZERQS

;CLEAR EOF BIT
sGET ARGLIST ADDRESS

;SET ENABLE BIT

;GET COMMAND INTO R2
sMOV TO BUFFER

sWAIT TILL ACCEPTED

;SET EOF BIT
s RETURN



L.TITLE

.GLOBL

.MCALL
DRSCSR==164000
DOSCSR==164010
DRB==164992
DOB==164812
ERRBYT=52

sbS19:
MOV
MOV
MOV
18: MOVB
DEC
BNE
TSTB
BMI
BEQ
JMP
ARGLIST:.BYTE
.BYTE
.BYTE
FLAG: .BYTE

SDS1@
SDS1#
.READW, .WRITW, .EXIT, .PRINT

;COMMON ENTRY POINT
2(R5},R! ;MOV ADDRESS OF COMMAND->R1
#ARGLIST,R2 ;PUT ARGLIST IN R2
#4 RO sPUT COUNTER IN RO
(R1)+,(R2)+ ;MOV COMMANDS TO ARGLIST
RY
13
FLAG sTEST TYPE OF COMMAND
READ 3;GOTQO APPROPRIATE SECTION
WIND
WRITE
)

2
i)
2

sEND OF COMMON ENTRY POINT
sNEXT SECTION IS TAPE FAST READ

READ: CLR
WRITW
JSR

RESTRT: MOV
MOV

DRLCOP: TSTB
BPL
MOVB
DEC
BEQ
TST
BMI
BIS
BR

DRDCNE: .WRITW
8CS
ADD
BR

DRECF:
TSTB
BPL
MOVB
DEC
MOVB
MOVB
ADD
MOVB
SuB
ASR
BCC
i{NC

2%: SWRITW
BCsS

BLKN $1CLEAR BLOCK COUNTER
#AREA,#20. ,#BUFF ,#256. ,BLKN
PC,MSG ;SET UP DISC POINTER
;AND SEND MESSAGE
#BUFF,R4 sPUT ADDR BUFF IN R4
#20648. ,R3 ;PUT COUNTER IN R3
@#DRSCSR sTEST IF BYTE READY
DRLOGP ; IF NOT GO BACK AND TRY AGAIN
@#DRB,(R4)+ 1PUT BYTE FROM INTERFACE TO BUFFER
R3 sDEC THE COUNTER
DRDONE ;IF @ BUFFER FULL
6#DRSCSR s TEST FOR EOF
DREOF
#1,8#DRSCSR ;KEEP ENABLE BIT SET
DRLOOP s IF GOT HERE GO BACK FOR MORE
#AREA,#20. ,#BUFF , #1824, ,BLKN
WERR sWRITE OUT BUFFER AND TEST FOR ERRORS
#4 ,BLKN ;BUMP BLOCK COUNTER
RESTRT ;GO BACK TO FILL ANOTHER BUFFER
sCOME HERE ON EOF
@#DRSCSR ;TEST IF BYTE READY
DREOF
@#DRB,R! :+MOVE OVER LAST TWO BYTES
R4
~(R4),84(R5) $MOVE STATUS
~(R4}),06(R5) sAND TIME LENGTH TO RETURN ARGLIST
#2.,R4 ;RESET R4 POINTER
#0,(R4) sAND ZERO THE LAST BYTE IN BUFFER
#BUFF ,R4 sGET NO OF BYTES
R4 ;GET NO OF WORDS
2% ;s IF C CLEAR NO EVEN WRITE OUT
R4 ;:0DD ADD ONE ON

#AREA,#20. ,#BUFF ,R4,BLKN
WERR



3%: INC BLKN tNOW BY A ROUND ABOUT METHOD

SUB #512.,R4 :FIND THE NO OF BLOCKS
BGT 38
Mov BLKN,@8.(R5? sWHEN FOUND RETURN TO CALLING PROGRAM
RTS PC ;sRETURN FROM SUB
WERR : .PRINT WMSG
LEXIT

sNEXT SECTION RESPONSIBLE FOR WINDING THE TAPE ON
sWHEN THERE IS A SHORT FILE TO JUMP OVER

WIND: JSR PC,MSG sTELL 8/E WHAT IS REQUIRED
REPLY: TSTB G#DRSCSR sAND GO THROUGH PROC

BPL REPLY sFOR RECEIVING A REPLY

Move G#DRB,@4(R5) sWHICH IS RETURNED TO CALLING PROG

MOV #2,RE sTAKE LAST TWO SYNCHRO BYTES
58: TSTB @#DRSCSR

BPL 5%

MOVB @#DRB,R1

DEC RE

BNE 58

RTS PC

s THIS SECTION IS RESPONSIBLE FOR THE FAST TAPE WRITE
s IN CONJUNCTON WITH THE B8/E

WRITE: CLR BLKN sCLEAR BLOCK COUNTER
CLR EOFW ;CLEAR EOF FLAG
JSR PC,MSG s SEND MESSAGE
93: TSTB @#DOSCSR sTEST MESSAGE RECIEVED
BPL 93
BIC #4009 ,0#DOSCSR sCLEAR EOF
‘BR DODONE s START TRANSFER
WRSTRT: MOV #BUFF,R4 ;s MOVE. BUFFER ADDR->R4
ASL RY sFIND NO OF BYTES TO TRANSFER
BEQ DODONE sIF & FINISHED
DOLCQOP: BIS #1,0#DOSCSR +SET ENABLE BIT
MOVB (R4)+,@#DOB ;yMOV FROM BUFF->DOB
53 TSTB @#DOSCSR ;TEST IF READY FOR NEXT BYTE
BPL 6%
DEC RO :+DEC THE COUNTER
BNE DOLOOP ;s IF @ GOTO FINISH
DODGNE: TST EOFW sTEST INTERNAL EOF FLAG
BMI DOEFLP s IF SET GOTO EOF AREA
-READW #AREA,#21.,#BUFF,#1824.,BLKN
BCsS RERR :READ IN A FULL BUFFER AND CHECK FOR ERRORS
ADD #4 ,BLKN sBUMP UP BLOCK COUNT
CHMP #1024, RO ;SEE IF GOT A FULL BUFFER
BEQ WRSTRT +YES THEN TRANSFER
BIS #190048 ,EO0FW sNO THEN SET EOF FLAG
MoV #1424 . ,R1 $sSET UP COMPLETION COUNTER
SUB R#,R1
ASL R1 ;CONVERT WORD TO BYTE COUNT
BR WRSTRT ;AND WRITE OUT AMOUNT OF BUFFER REQUIRED
DOEFLP: BIS #1,0#DOSCSR
MoV #0,0#DOB sMOVE ZEROS TO OUTPUT
8%: TSTE @#DOSCSR sTEST IF OK FOR MORE
BPL 8% s IF NOT WAIT
DEC R1 ;DEC THE COUNTER
BEQ DOEOF ;1F @ GOTO END

BR DOEFLP



DOEOF: BIS
MOV
BR

#4008 ,04#DOSCSR
#0.0#DOB
REPLY

;SET INTERFACE EOF FLAG
s+CLEAR INTERFACE BUFFER
;GET REPLY

+THIS SECTION IS THE MESSAGE SENDING
sSUBRQUTINE MSG AND THE BUFFER AND ERROR MESSAGE BLOCKS

MSG: BIC
MOV
MOV
BIS
CLR
MOvVB
MOV
TSTB
BPL
DEC
BNE
BIS
MOV
RTS

MLOOP:

78%:

RERR: TSTB
BEQ
.PRINT
LEXIT
BIS
Mov
JMP
.ASCIZ
.ASCI1Z

8%:

WMSG:

RMSG:

;STCRAGE AREA
AREA:
BLKN:
BUFF:
EOFW:

.BLKW
.WORD
.BLKW
.WORD
.END

#4020 ,6#D0SCSR
#ARGLIST,R]
#3,RE
#1,08#DOSCSR
R2

{(R1)+,R2
R2,@#DOB
@#DOSCSR

7%

R&

MLOOP

#4040 ,0#D08CSR
#9,0#D0B

PC

G#ERRBYT
8%
#RMSG

#4080 ,0#D08CSR
#8,6#D0B

REPLY

/ WRITE ERROR/
/ READ ERROR /

134
1924.

sCLEAR QUTPUT EOF FLAG
sMOV ARGLIST ADDR TO Rl
;MOV COUNTER ->RH

sSET ENABLE BIT

;CLEAR INTER BUFFER

{MOV FROM ARGLIST TO R2
MOV RZ2->INTERFACE

;SEE IF OK FOR NEXT BYTE

;DEC THE COUNTER

;AND GO BACK FOR MORE IF NONgZ
3OR IF & SET EOF FLAG AND
;FLUSH THE BUFFER

; RETURN

;TEST FOR TYPE OF ERROR

+SET UP ERROR FINISH
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SUBROUTINE TAPRED(ICOM,IDRV,ISTAT,ITLEN,ILEN, IFNUM,IEOT)

Oy

TAPE HANDLING SUBROUTINE

ICOM IS THE COMMAND SIGNAL

-1 IS A READ,® IS A WIND,I IS AWRITE

IpAY IS THE DRIVE BEING USED

LSTAT IS THE STATUS ON RETURN

ITLEN IS THE TIME LENGTH OF A FILE READ

C ILEN IS THE BLOCK LENGTH OF A FILE READ OR WRITTEN

[ G N A A

Tran INTEGER*2 MASK(81),ESTATI

L LOGICAL*1 ISTAT,COM(4),SDSCOM(8),IDRV,ITLEN,ECOM(4),
%ZIFLEN,ESTAT,ERRS(8)

SR DATA MASK/"1,"2,"4,"18,"20,"4Q,° 104,208/

RITAC A DATA SDscoMs"g,"1,"2,"3,"4,"5,"6,"7/

L3R DATA ERRS/"377,"377,"377,"377,"377,"377,"377,"377/

FEHT ITRY=0

gogn IF{ICOM) 14,30,29

SECTION CONTROLLING A READ

CHECK THAT ONLY A FEW RETRIES ARE ATTEMPTED

OO ;e

AL 1¢ ITRY=ITRY+!
SIT UP COMMAND FOR READ

YR O

a9 CoM{1)»=SDSCOM{ 4)
Ty CoOM{2}=1

S COM{3)=IDRV

£ COM{ 4)=-1

CALL SDS!1@(COM,ISTAT,ITLEN,ILEN)
IFCISTAT.EQ.2)RETURN

ERROR DETECTED ON READ

[

ST ISTATI=ISTAT
Tae GCTO 48

IF SHCRT RECORD FOUND REREAD TAPE

N

5% [TMP=ISTATI.AND.MASK(6)
IFCITHP.NE.Z)GOTO 1@
ITMP=ISTATI.AND.MASK(2)
IFCITMP.EQ.QY)RETURN

IT CRC ERROR FOUND REWIND TAPE AND RETRY

[ W

WRITEC2,2010)IFNUM

2918 FORMAT{(' FILE NO ',I4,' CRC ERROR REWINDING')}
TF{ITRY.GE.2)}GOTO 138
SCOM{1)=SDSCOM(6)

gEn ECOM(2)=1




FOR™ ¢

2031
I83C
93z

533

EVRTS
G0
7535
439
e4n

A O A

CPOY O

O Y

[N & Nyl

O

[N

Iv Ve2.84 THU p8-JAN-81 @@:16:34
ECOM{3)=IDRV .
ECOM(4)=9
CALL SDSIg(ECOM,ESTAT, , )

GOTO 19

“RITE SECTION

o4 ITRY=ITRY+1
IF{ITRY.GT.3)GOTO 138
COM(1)=SDSCOM(7)
IFLEN=(ILEN+31}/4
COM{2)=IFLEN
COM{3)=IDRV
COM(4)=1
CALL SDS1@(COM,ISTAT, , }
IF(ISTAT.EQ.Z2)RETURN

wRITE ERROR DETECTED

ISTATI=ISTAT
GOTO 40

7% 1TMP=ISTATI.AND.MASK(6)
ITMPI=ISTATI.AND.MASK(2)
IF(ITMP.EQ.Z.AND.ITMPI.EQ.Z)RETURN

REPORT AND RETRY
WRITE(Z2,2020)1FNUM

ECOM(1)=SDSCOM( &}
ECOM{2)=2

ECOM(3)=1IDRV

ECOM(4)=0

CALL SDS1Q{ECOM,ESTAT, , )
NBUF=8

IPAD=32764

IFLENE=16

CALL TWRIT(ERRS,NBUF,ESTAT,IPAD,IFLENE,IDRV)
G0TD 28

“WI4D FOWARD ONE FILE

27 COM{1)=SDSCOM(5B)
COM(2)=1
TOM{3)=IDRV
COM{4 )=
CALL SDS1@(COM,ISTAT, , )

CLZAR IRRELEVANT BITS FROM ERROR BYTE

ISTAT=ISTAT.AND..NOT.MASK{(6}
[r{ISTAT.EQ.2)RETURN
ISTATI=ISTAT
IF{ISTAT.NE.Z)GOTO 49
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2829 FORMAT(' FILE NO ',14,' WRITE CRC ERR RETRY PROPOSED')






SUBROUTINE TAPSUB( ICOM,IDRV,ISTAT, ILEN,IFNUM,BUF,NBYT,IEQT)

c
C TAPE HANDLING SUBROUTINE
C ICOM IS THE COMMAND SIGNAL
C -1 IS A READ,® IS A WIND,l IS AWRITE
C IDRV IS THE DRIVE BEING USED
C ISTAT IS THE STATUS ON RETURN
C ILEN IS THE BLOCK LENGTH OF A FILE READ OR WRITTEN
C
INTEGER*2 MASK(8),ESTATI,BUF(1)}
LOGICAL*1 ISTAT,COM{4),SDSCOM{(8),IDRV,ECOM(4),
XIFLEN,ESTAT,ERRS(8)
DATA MASK/"1,"2,"4,"18,"28,"49,"108,"208/
DATA SDSCOM/"g,"1,"2,"3,"4,"5,"6,"7/
DATA ERRS/"377,%377,"377,"377,%377,"377,%377,"377/
ITRY=8
IFCICOM) 19,30,29
c
C SECTION CONTROLLING A READ
c
c
C CHECK THAT ONLY A FEW RETRIES ARE ATTEMPTED
c
1 ITRY=ITRY+1
c
C SET UP COMMAND FOR READ -
c

NBUF=NBYT
CALL TREAD(BUF,NBUF,ISTAT,IDRV}
IFCISTAT.EQ.Z)RETURN

ERROR DETECTED ON READ

OO0

ISTATI=ISTAT
GOTO 44

IF SHORT RECORD FOUND REREAD TAPE

OO0

5 ITMP=ISTATI.AND.MASK(6)
IFCITMP.NE.Z)GOTO 18
ITMP=ISTATI.AND.MASK(2)
IFCITMP.EQ.Z)RETURN

OO0

IF CRC ERROR FOUND REWIND TAPE AND RETRY

WRITE(2,2018)IFNUM
2019 FORMAT(' FILE NO ',I4,' CRC ERROR REWINDING'?

IF(ITRY.GE.2)GOTO 138
ECOM(1)=SDSCOM(6)}
ECOM(2)=1
ECOM(3)=IDRV
ECOM(4)=0
CALL SDS19(ECOM,ESTAT, , }
GOTO 1&g

C

C WRITE SECTION

c

2@ ITRY=ITRY+1
IFCITRY.GT.3}GOTO 134
NBUF=NBYT
IFLEN=(ILEN+3)/4
IF{IFLEN.LT.2)IFLEN=2
IPAD=(IFLEN*2048)-NBUF



CALL TWRIT(BUF,NBUF,ISTAT,IPAD,IFLEN,IDRV)
IFCISTAT.EQ.ZIRETURN

c
C WRITE ERROR DETECTED
c
ISTATI=ISTAT
GOTO 40
78 ITMP=ISTATI.AND.MASK(6}
ITMPI=ISTATI.AND.MASK(2)
IFCITMP.EQ.Z.AND.ITMPI.EQ.QIRETURN
c
C REPORT AND RETRY
c

WRITE(2,2028)1FNUM
2028 FORMAT(' FILE NO ',I4,' WRITE CRC ERR RETRY PROPOSED')
ECOM(1)=SDSCOM(6)
ECOM(2)=2
ECOM(3)=IDRV
ECOM(4)=0
CALL SDS19(ECOM,ESTAT, , )}
NBUF =8
IPAD=( IFLEN*2248}-NBUF
CALL TWRIT(ERRS,NBUF,ESTAT,IPAD,IFLEN,IDRV}

GOTO 292
C
C WIND FOWARD ONE FILE
o

3% COM(1)=SDSCOM(5)

COM(2})=1

COM(3)=1IDRV

COM(4)=0

CALL SDS19(COM,ISTAT, , ?}
c
C CLEAR IRRELEVANT BITS FROM ERROR BYTE
c

ISTAT=ISTAT.AND. .NOT.MASK(6}
IF{ISTAT.EQ.2)RETURN
ISTATI=ISTAT
IF(ISTAT.NE.®)GOTO 42

c
C IF ISTAT=¢ REWIND AND SET UP FOR NEXT READ
c
C AS THIS WAS A DATA FILE NOT A SHORT RECORD
o
ECOM(1)=SDSCOM{6)
ECOM(2)=1
ECOM(3)=IDRV
ECOM(4)=0
CALL SDS18(ECOM,ESTAT, , )}
35 RETURN
c
C IN THIS SECTION THE MAIN TAPE ERRORS ARE
C HANDLED SUCH AS:= TAPE BUSY,TAPE OFFLINE
C BOT,EOT
c
C TAPE BUSY SECTION...AFTER CLEARING BOT FLAG
C

49 WRITE(2,1818)ISTATI,IFNUM
1919 FORMAT(' STATUS=',13,' FILE NO=',I4)
ISTATI=ISTATI.AND..NOT.MASK(4)
ITMP=ISTATI.AND.MASK(5)
IF(ITMP .EQ.2)GOTO 8J
99 ECOM(1)}=SDSCOM(1)
ECOM(2)=0



ECOM(3)=IDRV ~
ECOMi4 =0
CALL SDS1Q(ECOM,ESTAT, , )}
c
C HAVING EXAMINED STATUS IF TAPEt STILL
C BUSY, LOOP AGAIN,IF NOT TRY COMMAND AGAIN

c
ESTATI=ESTAT
ITMP=ESTATI.AND.MASK(5?}
IF(ITMP .NE.Z)GOTO 99
IF(ICOM) 19,390,208

c

C TAPE OFFLINE

c.

8@ ITMP=ISTATI.AND.MASK(1)
IF(ITMP.EQ.Q2)GOTO 190
TYPE 19081,IDRV
1921 FORMAT(' TAPE DRIVE ',I1,' QFFLINE'}
C
C HAVING ANNOUNCED ERROR SKIP UNTIL CORRECTED
c
119 ECOM{1)=SDSCOM(1)
ECOM(2)=8
ECOM(3)=IDRV
ECOM( 4)=0
CALL SDS1O(ECOM,ESTAT, , }
ESTATI=ESTAT
ITMP=ESTATI.AND.MASK(1}
IF(ITMP.NE.Z)GOTO 114
IF(ICOM) 19,390,208
c
C EOT
c

120 ITMP=ISTATI.AND.MASK(3)
IF(ITMP.EQ.Z)GOTO 128
TYPE 18082, 1DRV
1#¥2 FORMAT(' EOT ON DRIVE ',Il)
1EQT=-1
RETURM
129 IF(ICOM) 58,35,78
c
C ERROR EXIT RETURN
c
139 ISTATI=-1
RETURN
END
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Floating Point Transfers

GETNO

CALL GETNO(RNUM)

Purpose:- to find the number of floating point numbers to be

transfered from the pdp8/e to the pdpl1.

RNUM.....Floating point.....Number of values to follow

GETDAT

CALL GETDAT(NUM, BUFFER)

Purpose :- To get a set of floating point values from the pdp8/e

NUM......Integer...........Number of values to

expect (IFIX(RNUM))

BUFFER...Floating Point....Buffer to put values into

SENDAT

CALL SENDAT(NUM,RNUM, BUFFER)

Purpose :- To send a set of floating point numbers to the pdp8/e

NUM.«o...Integer..cc.......Number of values to transfer

RNUM.....Floating point....Floating point equivalent of the



Page 227

above
BUFFER...Floating Point....Buffer containing the values to

transfer



LTITLE FPTR
.GLOBL GETNO,GETDAT,SENDAT"
DRECSR=164400

DRB=164882

DOSCSR=164014

DOB=164012

GETNO: MOV {R5)+,RE
MOV (R5}+,R1
MoV R1,R2
MOV #4 ,RE

1$: TSTB @#DR3CSR
BPL is
MOVB @#DRB,(R1)+
BIS #1,0#DRSCSR
DEC RQ
BNE 18

SWAB (R2)+
SWAB (R2)+

RTS PC
GETDAT: MoV (R5}+,RO
MOV {R5)+,RE
MOV (R5)+,R1
Mov R1,R2
ASL @RI
28: TSTB @#DRSCSR:
BPL 2%
MOVB @#DRB,(R1)+
BIS #1,0#DRSCSR
3$: TSTB ©#DRSCSR
BPL 3%
MOvVB @#DRB,(R1)+
BIS #1,6#DRSCSR
SWAB {R2)+
DEC @RY
BNE 2%
RTS PC
SENDAT: MOV (R5)+,R&
MOV (RS)+,RE
MoV (R5)+,R1
MOV (RG}+,R2
MOV #2,R3
CLR R4
ASL GRY
433 SWAB (R1}
BIS #1,0#DOSCSR
MOVB (R1)+,R4
MOV R4,0#D0OB
58 TSTB @#DOSCSR
B2L 5%
BIS #1,8#DOSCSR
MOVB (R1)+,R4
MOV R4,8#D0B
63 TSTB @#DOSCSR
BPL 6%
DEC R3
BNE 43
7%: SWAB (R2)
BIS #1,@#D0OSCSR
MOVE (R2)+,R4
MOV R4,8#008B

8% TSTB @#DOSCSR



9s%:

BPL
BIS
MOvB
MOV
TSTB
BPL
DEC
BNE
RTS
.END

8%
#1,@#D0SCSR
(R2)+,R4
R4,@#DOB
@#DOSCSR

98

GRY

78

PC
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Extended Memory Input/OQutput

AP to Memory

FAD = APGAD(VM(I))

Purpose:- To get a full 18 bit address for a virtual memory

element

FAD......Floating point....Returned 18 bit address

VM(I)eeeoANYeroascssceness.Virtual memory element

CALL APPUTX(APAD,WCNT ,FORMAT)
CALL APGETX(APAD,WCNT,FORMAT)
Purpose:- To transfer data to(PUT) and from(GET) the AP using the

18 bit address stored internally by an immediately preceeding call

G
to APAD.

CALL APPUTA(APAD,WCNT,FORMAT,FAD)

CALL APGETA(APAD,WCNT,FORMAT,FAD)

Purpose:~ To exchange data with the AP as above except the data is

provided by the value FAD which has been stored previously.

APAD......Integer.....AP memory address
WCNT......Integer.....Number of elements to transfer

FORMAT....Integer.....AP data transfer format
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Disc to Memory

FAD=ADGET (VM(I))

Purpose:- To get a full 18 bit address for the virtual memory

element in the format for a disc transfer.

IWRITX(CHAN,WCNT,BLK)

IREADX (CHAN,WCNT, BLK)

Purpose :- To transfer between disc and virtual memory using the
18 bit address calculated in an immediately preceeding call to

ADGET.

IWRITA(CHAN,WCNT,BLK,FAD)

IREADA(CHAN,WCNT , BLK , FAD)

Purpose:- to transfer data between disc and virtual memory as

above but with the 18 bit address being provided by FAD.

FAD......Floating point.....18 bit address of virtual memory
element

VM(I)eeeANVeossanconeaees.sVirtual memory element

CHAN.....Integer....cecs....1/0 channel to be used in transfer

WCNT.....Integere.cceeso.....Number of words to transfer

BLK......Integer............3tarting block in fiie for

transfer
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DAPEX = HOST DEPENDENT APEX FOR PDP-11 RT-11 = REL 2.7

FOR PDP-11 RT-11 OR DOS

NOV 77

RARANST

CONFIGURATION PARAMETERS
POP~11 DEPENDENT

- v e -y at e e

DOS = @ sSET TO 1 FOR DOS, OR & FOR RT-11
AP-129B DEPENDENT

FPS = 176008 sAP BASE DEVICE ADDRESS

.TITLE DAPEX

.GLOBL SPLDGO,ABORT,RUNDMA,RUNAP,TSTDMA,TSTRUN,WTDMA ,WTRUN,APIN

.GLOBL APIENA,APIDIS,TSTINT,APWI
.GLOBL APOUT,APWD,APWR,APRSET,APASGN,APRLSE

PDP-11 DEFINITIONS

RE = X9
R1 = X1
R2 = %2
R3 = %3
R4 = X4
RS = X5
R6 = %6
SP = %6
R7 = %7
PC = X7

AP-DEVICE ADDRESSES

FMTH = FPS

FMTL = FPS + 2

WC = FPS + 108
HMA = FPS + 182
CTRL = FPS + 104
APMA = FPS + 106
SWR = FPS + 110
FN = FPS + 112
LITES = FPS + 114
ABRT = FPS + 116

.MACRO CALL X

MOV RB5,-(SP) $SAVE RS
.IF EQ,<DOS-1>

JIFT

JSR RG,X

BR .+2

.IFF

MOV #ZERQO,RS

JSR PC,X

IFTF



MOV (SP)+,RS :RETRIEVE RS

i

Py

]

ENDC
ENDM

MACRO RETURN
1F EQ,<DOS-1>

IF (NSPADS.EQ.Q) GOTO 28
DO 12 1 = 1, NSPADS

CALL APOUT(I-1,1)}

CALL APOUT(513,2)

CALL APOUT(SLIST(I),1)
CALL APOUT(517,2)

LIFT
RTS RS
JIFF
RTS PC
.ENDC
.ENDM
ic
s/®**xxx SpI DGO = S-PAD LOAD AND GO = REL 2.8 , NOV 77 *RARArArtrdtddAXrARARRRAN
:C
3 SUBROUTINE SPLDGO(SLIST,NSPADS,STRT,BRKLOC)
; INTEGER SLIST(16),NSPADS,STRT,BRKLOC
;1 C
;C FIRST WAIT FOR THE LAST PROGRAM STARTED B8Y 'SPLDGO' OR
;C 'RUNAP' TO BE COMPLETED, THEN:
;C LOAD *'N' VALUES INTO S-PAD FROM 'SLIST'
;C AND START THE AP AT LOCATION 'STRT' WITH A BREAKPOINT
;C SET AT 'BRKLOC'
;C
;C ROUTINES USED: APWR, APOUT
;C
$Commmmme LOCAL STORAGE
; INTEGER I
s C
;C 1. WAIT FOR RUNNING DONE (APWR)
3 C 2. FOR EACH S-PAD PARAMETER:
;C A. PUT S-PAD PARAMETER ADDRESS INTO SPD (CALL WREG(I-1,513))
;1 C B. PUT PARAMETER VALUE INTO S-PAD (CALL WREG(SLIST(I1),517))
;C 3. PUT PROGRAM STARTING LOCATION INTO TMA (CALL WREG(STRT,515)
s C 4. CALL RUNAP TO START AT LOCATION 8 OF THE BOOTSTRAP, WITH
;C THE SPECIFIED P.S. BREAKPOINT SET
3 C
3 CALL APWR
SPLLGO: CALL APWR
;C
; C LOAD PARAMETERS INTO S-PAD (IF ANY)

LDSP:

TST (R5)+

MOV (RB)+,R2 ;GET S-PAD VALUE POINTER
MOV @(RS5)+,RE ;GET NSPADS

BEQ SBRGO

CLR R1 sINITIALIZE S~-PAD ADDRESS

MOV R1,B8#SWR ;SET S-PAD ADDRESS

MOV #513.,8#FN ;INTO SPD

MOV @R2,@#SWR ;SET PARAMETER VALUE

MOV #517.,@#FN ;INTO S-PAD

TST (R2}+ ;BUMP PARAMETER VALUE POINTER
INC Rl ;3 AND S-PAD ADDRESS



DEC RE $sSEE IF DONE??
BNE LDSP

c .
;C PUT THE STARTING ADDRESS INTO TMA, START BOOTSTRAP AT 4,
;C WITH BREAK ON PSA ENABLED AND BREAK IN SWR

1 28 CALL APOUT(STRT,1)}

3 CALL APOUT(515,2)

3 CALL RUNAP(4,2,BRKLOC,B8448)

; RETURN
5

BRGO: MOV @(R5)+,@#SWR $sSET STARTING ADDRESS INTO TMA

MOV #515.,@#FN

MOV #8.,0#SWR sPUT STARTING ADDRESS OF BOOT-STRAP STARTER:
MOV #512.,@0#FN s INTO PSA
CLR @#SWR 3sZERQ APSTAT, CLEAR PARITY ENANLE
MOV #518.,8#FN ;DEP TO APSTAT

MOV @(RS5)+,@#SWR $SET PSA BREAKPOINT

MOV #8448.,0#FN 1AND GO

RETURN

ZERO: a
END

- e e

;C

j/%%%%% ABORT = ABORT AP-EXECUTION = REL 2.8 , NOV 77 **swwssmmknwiduknssnssuw
;/***** APRSET = RESET THE AP = REL Z.B , Nov 77 WP W W R AW R P deve e e W de ke e e Wl W T R
iC

SUBROUTINE ABORT

STOPS ANY TRANSFER, AND/OR RUN IN PROGRESS, RESETS INTERFACE AND
CLEANS UP ANY SOFTWARE STATE INDICATORS

ROUTINES USED: APOUT
1. DO AN INTERFACE RESET (ORESET)

2. CLEAR THE CONTROL REGISTER (OCTRL(&)}
3. DO AN INTERNAL RESET (OFN(2248))

OOO0OOO00000

CALL APOUT(Z,18)
CALL APOUT(Z,7)
CALL APOUT(2848,2)
RETURN

we we we we ws wh w4 w4 ws as ws 4s ws we as e we e

APRSET:

ABORT: CLR @+#ABRT
CLR @#CTRL
MOV #4000 ,@#FN
CLR @#LITES
RETURN

H

; END
3 C
i/**%%%* RUNDMA = START A DMA TRANSFER = REL 2.8 , NOV 77 #*®esaaxsxaxsssasssns



(g4

SUBROQUTINE RUNDMA(HOST,APMA,N,CTRL)
INTEGER HOST,APMA,N,CTRL

ic

iC WAIT FOR ANY PREVIOUS DMA TRANSFER STARTED BY 'APPUT', 'APGET', OR
iC "RUNDMA® TO COMPLETE, THEN:

:C START A DMA TRANSFER WITH THE ADDRESS OF 'HOST' AS THE INITIAL

iC HOST MEMORY ADDRESS, 'APMA' AS THE INITIAL AP-128B MAIN DATA MEMORY
iC ADDRESS, 'N‘ AS THE NUMBER OF DATA ITEMS TO BE TRANSFERED,

iC AND 'CTRL' AS THE CONTROL REGISTER SETTING (WITH INTERRUPT CONTROL
iC BITS MASKED OUT) TO USE.

iC

iC ROUTINES USED: APWD, APOUT, ILOC, IAND16, IRSH1E

sC

{Cmmmmmmm NOTE: THE DETERMINATION OF 'WC‘' FROM 'N' BELOW DEPENDS ON THE

:C HOST WORD LENGTH AS IF AFFECTS THE NUMBER OF MOST WORDS PER

iC AP-120B MEMORY WORD. THIS CODE IS APPROPRIATE FOR A 16-BIT COMPUTER.
;C

i{Commmmmm LOCAL STORAGE

X INTEGER WC

;s C

:C 1. WAIT FOR DMA DONE

:C 2. SET HOST ADDRESS (OHMA)

:C 3. SET AP ADDRESS (OAPMA)

iC 4. SET WORD COUNT (OWC)

iC 5. SET CONTROL REGISTER (OCTRL)

:1C

: CALL APWD

RUNDMA: CALL APWD

CALL APOUT(APMA,4)
CALL APOUT(ILOC(HOST?,S?

et ar we we e we we ws w

WC = N
TST (RG}+
MOV (R5)+,@#HMA +SET PDP-11 ADDRESS
MOV #¢,@#LITES ;CLEAR EXTENDED PDP11 ADDRESS
MOV @(R5)+,@#APMA $SET AP MEMORY ADDRESS
MOV @(R5)+,R1 ;GET DATA COUNT
c ISOLATE FMT FIELD AND ADJUST WC ACCORDINGLY

IF(IANDIB(IRSHIS(CTRL,1),3).NE. 1) WC=2%*N
CALL APOUT(WC,6)

ws we ws ws se we we s wa

MOV @(RB5)+,RE sGET CONTROL WORD
BIT RO,#4 sTEST 'FMT' FIELD FOR A 2
BNE 18
BIT RA,#2
BNE 23
18: ASL R1 sDOUBLE COUNT UNLESS FORMAT #1

28%: MOV R1,@#WC sSET WORD COUNT






RETURN

S e e e e

OLCAD: CLR @#SWR sCLEAR SWR

MOV #1038.,0#FN sCLEAR PARITY ERROR ENABLE
MOV @(RS5)+,0#SWR sPUT '"SWR' INTO THE SWITCHES
MOV @(R5)+,RH sCLEAR ALL BUT POSSIBLE BREAKPOINT
BIC #17736%,RQ
BIS #8192.,R% sSET CONTINUE BIT
MOV R@,Q@#FN ;+AND GO
RETURN

] END

:C
s /umwax TSTDMA = TEST DMA TRANSFER COMPLETE = REL 2.8 , NOV 77 *#adkddtkkadkkix
;C
: SUBROUTINE TSTDMA(I)
INTEGER I

SET 'I' TO ONE IF THE LAST DMA TRANSFER STARTED BY 'APPUT'
'"APGET' OR ‘RUNDMA' IS DONE; SET 'I' TO ZERO IF THE TRANSFER IS
STILL IN PROGRESS

ROUTINES USED: APIN, NAND1S6

OO0 aOan

READ CTRL AND MASK TO .NOT. LOW BIT
CALL APIN(I,?7}

I=NAND16(1,1I)

5 RETURN

STOMA: MOV #1,R1

BIC @#CTRL,R1 ;DO NOT.CTRL.AND.!
MOV R1,@2(RS)?

—f ae ae @e e wr we us we ws Wt we we =

RETURN
; END
; C
{/*xxx% TSTRUN = TEST RUN COMPLETE = REL 2.8 , NOV 77 ®®Naassasartaakansasxss
H
; SUBROUTINE TSTRUN(I)
; INTEGER I
sC
iC SET 'I' TO ONE IF THE AP-128B IS STOPPED AFTER THE LAST RUN
:C STARTED BY 'SPLDGO' OR 'RUNAP'; ELSE SET 'I' TO ZERO IF THE AP-120B
;€ IS STILL RUNNING.
;1 C
.C ROUTINES USED: APIN, NEGCHK
;C
iC READ FN AND SHIFT DOWN TO LOW BIT
; CALL APIN(I,2)
: T=NEGCHK( 1)
: RETURN
TSTRUN: CLR R1
TST @#FN
BGE 1S
INC R1 sRETURN A 1 IF THE HIGH BIT OF 'FN' WAS ON
18: MOV R1,@2(R5) :

RETURN



ONO

.
]
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N
]
y
L
.
s
H
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3 C
;C
H

’
'
I3
’
s
’
’

WTRUN:

18

;/#t*f:‘k*

END

whuew YTDMA = WAIT FOR DMA TRANSFER COMPLETE = REL 2.8 , NQV 77 »wewwaawanaq

SUBROUTINE WTDMA(IERR)
INTEGER IERR

WAITS FOR DATA TRANSFER COMPLETE, 'IERR' SET TO ONE IF A DATA LATE
ERROR WAS DETECTED BY THE HARDWARE, ELSE SET TO ZERO.

ROUTINES USED: APIN, IAND16, IRSHI16

SPIN WHILE THE LOW BIT OF ‘CTRL' IS ON
CALL APIN(IERR,7)
IF (IAND!6(IERR,1).EQ.1) GO TO 19@

SHIFT THE 'DATA LATE' ERROR BIT DOWN TO THE LOW END
IERR=IRSH16( IAND16¢(IERR,256),8)
RETURN

B1T @#CTRL,#1

BNE WTDMA ) sWAIT FOR THE LSB TO GO OFF
MOV @#CTRL,RQ $GET CONTROL

BIC #177377,RA

SWAB RO ‘
MOV R&,82(R5} sRETURN THE DATA LATE BIT
RETURN

END

;C
frewws WTRUN = WAIT FOR RUN COMPLETE = REL 2.8 , NOV 77 R maauiaswiataaanins

SUBROUTINE WTRUN(IERR)
INTEGER IERR

WAIT FOR AP RUN TO FINISH (HALT) , SET IERR TO ONE IF AN SRAO ERROR,
TWO IF PARITY, ELSE ZERO.

TST @#FN

BGE WTRUN 1WAIT FOR THE SIGN BIT TO GO ON
CLR R1 :

MOV #1038.,0#FN sGET AP~STATUS

BIT @#LITES, #2408 sCHECK FOR PARITY OR SRAO ERROR
BEQ 1S ; IF NO ERRORS

MoV #2,R1 ;ASSUME PARITY ERROR

BIT @#LITES, #2008 ;CHECK FOR PARITY ERROR

BNE 1% ; IF PARITY ERROR

DEC R! ;ELSE SRAO ERROR

MOV R1,@2(RG}

RETURN

END

APASGN = ASSIGN THE AP = REL 2.8 , NOV 77 #eeswwtsswanawanwsarannsnas



SUBROUTINE APASGN(APNUM,ACTION,STATUS)
INTEGER APNUM,ACTION,STATUS

H
; APASGN IS A 'NOP' ON RT-11
; RETURN A 1 IN STATUS TO INDICATE THE AP IS ASSIGNED
APASGN: MOV #1,06(R5)  ;SET THIRD PAPARAMETER TO 1

RETURN
{/#ssxks APRLSE = RELEASE THE AP = REL 2.0 , NOV 77 #wwwasaawasssmasssssssssns
APRLSE IS A 'NOP' UNDER RT-11

PRLSE: RETURN

o s ee e

j/*xwwkx APIENA = INABLE INERRUPT = REL 2.8 , NOV 77 #%watsiuanesswnatsns

'

H NO OP UNDER RTII
APIENA: RETURN

’

;/*****’ APIDIS = DISABLE INTERRUPT = REL 2.8 , NOV 77 whadkswrkddnwrsis
; NO OP UNDER RTI11

APIDIS: RETURN

§

;/****** TSTINT = TEST FOR INTERRUPT = REL 2.8 , NOV 77 *akkikxikkkaknknss
; NO OP UNDER RT11
TSTINT: RETURN

)

;/***”** APWI = WAIT FOR INTERRUPT = REL 2.8 , NOV 77 w@wdkdkwwdidnnk
: NG OP UNDER RTI11
APWI: RETURN

*

;/***** APIN = INPUT AN AP-128B INTERFACE REGISTER = REL 2.8 , NOV 77 =##®#mwxxw
;C

SUBROQUTINE APIN(DATA,NUM)

INTEGER DATA,NUM

;C

;C READ THE CONTENTS OF INTERFACE REGISTER NUMBER 'NUM' INTO 'DATA

;C

;C PARAMETERS:

3C DATA - RECEIVES THE CURRENT CONTENTS OF REGISTER 'NUM'

3 C NUM -~ SPECIFIES WHICH AP-12¢B INTERFACE REGISTER IS TO BE READ:
;C 1. SWR SWITCH REGISTER

;3 C 2. FN FUNCTION REGISTER

;C 3. LITES LITES REGISTER

s 4. APMA AP DMA MEMORY ADDRESS REGISTER

;C 5. HMA HOST DMA MEMORY ADDRESS REGISTER

;C 6. WC DMA WORD COUNT REGISTER

;C 7. CTRL DMA CONTROL REGISTER

;C 8. FMTH FORMAT HIGH REGISTER

;C 9., FMTL FORMAT LOW REGISTER

;C 1. RESET DO AN EXTERNAL RESET (NO-OP FOR APIN)

sC 11. IFSTAT INTERFACE STATUS REGISTER (APIN READS, APOUT NO-0OP)
;C 12. MASK MEMORY PROTECTION AND I/0 BITS



:C 13. APMAE AP PAGE SELECT
i C 14. MAE DMA PAGE SELECT
s C
:C ROUTINES USED: NONE
;C
{Commmmmn NOTE: THIS ROUTINE WILL TVPICALLY BE IN ASSEMBLY LANGAUGE
iC SINCE FORTRAN CANNOT OUTPUT DIRECTLY TO AN I/0 DEVICE
;:C .
; RETURN
APIN: MOV @4(R5),R1 sGET REGISTER NUMBER
MOV R1,R2 :CHECK FOR EXTENDED MEMORY REGISTER READ
SUB #11.,R2 ;LOOK FOR 12,13 OR 14
BLE APINI sIF LESS THAN 12
SUB #4,R2
BLT IMASK s1IF EXTENDED MEMORY REGISTER READ
APINL:  ASL Rl sCONVERT TO BYTES
MOV @TABLE(R1),@2(R5) :GET FROM APPROPRIATE DEVICE ADDRESS
RETURN )
; READ MASK OR APMAE OR MAE
; THE EXTENDED MEMORY REGISTERS(12,13 AND 14 - SEE ABOVE) CAN NOT BE
; READ OR WRITTEN INDIVIDUALLY. A READ OF THE RESET REGISTER WILL
; RENDER THE MAE(BITS #-3),APMAE(BITS 4-7) AND THE MASK(BITS 8-13).
' A WRITE OF THE LITES REGISTER WILL SET THE MAE,APMAE AND THE MASK.
: THE WRITE FORMAT IS THE SAME AS THAT OF THE READ.
: UPON ENTRY OR EXIT THE VALUE OF MASK OR APMAE OR MAE ARE RIGHT
; JUSTIFIED, ZERO FILLED.
IMASK: MOV G#ABRT,R2 sREAD MASK,APMAE ,MAE
CMP #12.,RI ;CHECK FOR MASK
BNE IAPMAE ;IF NOT MASK
SWAB R2 {RIGHT JUSTIFY MASK
BIC #177788,R2 :CLEAR ALL BUT MASK
MOV R2,@2(R5) RETURN VALUE
RETURN
IAPMAE: CMP #13.,R1 sCHECK FOR APMAE
BNE IMAE sIF MAE
ASR R2 sRIGHT JUSTIFY APMAE
ASR R2
ASR R2
ASR R2
IMAE : BIC #177768,R2 ;CLEAR ALL BUT MAE OR APMAE
MOV R2,@2(R5) sRETURN REGISTER VALUE
RETURN
; END
;1 C
TABLE: & :
FPS+118 s SWR
FPS+112 LEN
FPS+114 SLITES

FPS+106 sAPMA



FPS+1@2 + HMA

FPS+108 sWC
FPS+104 ;CTRL
FPS+Q sFMTH
FPS+2 s FMTL
FPS+116 sRESET

;/%%%x% APOUT = WRITE TO AN AP-12¢B INTERFACE REGISTER = REL 2.8 , NOV 77 wwww
;C
; SUBROUTINE APOUT(DATA,NUM)
: INTEGER DATA,NUM
:C
:C PUT THE CONTENTS OF 'DATA’' INTO INTERFACE REGISTER NUMBER ‘'NUM'.
;C :
:C PARAMETERS:
;C DATA - DATA TO BE PUT INTO AN INTERFACE REGISTER
:C NUM - NUMBER OF THE DESTINATION INTERFACE REGISTER, SEE 'APIN'
iC FOR THE NUMBERING
;s C
;C ROUTINES USED: NONE
;C
{Cmmmmmmm NOTE: THIS ROUTINE WILL TYPICALLY BE IN ASSEMBLY CODE.
;3 C
; RETURN
3
APOUT: MOV @4(RS5),RI ‘
MOV R1,R2 sCHECK FOR EXTENDED MEMORY REGISTER WRITE
SUB #11.,R2 ;LOOK FOR 12,13 OR 14
BLE APOUTI sIF LESS THAN 12
SUB #4,R2
BLT OMASK sIF EXTENDED MEMORY REGISTER WRITE
APOUT1: ASL RI ;CONVERT TO BYTES
MOV @2(R5),@TABLE(RL) ;STORE INTO APPROPRIATE REGISTER
RETURN

WRITE MASK OR APMAE OR MAE

SEE COMMENTS IN APIN FOR EXTENDED MEMORY REGISTERS(MASK,APMAE,MAE)

G oos e me o we

MASK: MOV @#ABRT,R3 s READ MASK,APMAE ,MAE

MOV @2(R5),R2 ;FETCH REGISTER VALUE
CMP #12.,R1 ;CHECK FOR MASK
BNE OAPMAE s IF NOT MASK
BIC #37404,R3 sCLEAR MASK, KEEP APMAE AND MAE
SWAB R2 sPOSITION MASK TO BITS 8-13
BIS R2,R3 ;ADD NEW MASK TO OLD APMAE AND OLD MAE
MOV R3,@#LITES ;WRITE TO AP
RETURN

OAPMAE: CMP #13.,R1 ;CHECK FOR APMAE
BNE OMAE s IF MAE
BIC #36#4,R3 sCLEAR APMAE, KEEP MASK AND MAE
ASL R2 +POSITION APMAE TO BITS 4-7
ASL R2
ASL R2
ASL R2
BIS R2,R3 ;ADD NEW APMAE TO OLD MASK AND OLD MAE
MOV R3,@#LITES i{WRITE TO AP

RETURN






JMCALL
.MCALL
V2.,
-REGDEF

..v2.., .REGDEF, .DRBEG, .DREND, .FORK
.DRAST, .DRFIN, .QELDF

LIIF NOF TIMSIT,TIMSIT=#

LIF EQ MMGST
LIFTF

MOV
RETRY: &
MOV
MOV
MOV
ASR
ASR
ASR
SWAB
BIC
BR
ADD
ASR
ASR
ADD
MOV
BIC
BIC
BNE
CMP
BGT
ADD
ADD
MOV
Mov
Mov
MoV
MOV
DISKAD: &

CMP

18:

2%:

3s:
AGAIN:

.1IF NDF MMGST, MMGST=g
+IIF NDF ERLSG, ERLS$G=8@
.QELDF
.GLOBL DPSYS, DSSYS, DXSYS, DMSYS
-GLOBL RKSYS, RFSYS, DTSYS
DTSYS = g
DSSYS =g
DXSYS = g
DPSYS =g
RFSYS =2
DMSYS = 8
RKDS = 177489
RKER = 177482
- RKCS = 177444
RKWC = 177446
RKBA = 177418
RKDA = 177412
RKCNT = 17
RKSTS = 100008
RKDSIZ = 11388
RKIDEN = g
RKIOS = 377
RKRCNT = 4908
RKNREG = 7
RKREGA = 177409
.DRBEG RK,229,RKDSIZ,RKSTS

#RKCNT, (PC)+

RKCQE,R5
@RS ,R2
2(R5),R4
R4

R4

R4

R4
#CL160008> ,R4
23

R2,R4

R2

R2

R3,R2
R2,R3
#1777690,R3
R3,R2

18
#12.,R3
33

#4,R3
R3,R4

R4 ,DISKAD
RKCQE,RS
#103,R3
#RKDA,R4
(PC)+,@R4

(R5)+,(RE}+



MoV
.1FF

JSR

MOV
CIFTF

MOV

BEQ

BMI1

NEG

ADD
58:

MOV

BIC

BIS
.IFF

BIS
.IFTF
63 MOV

RTS
738 MOV

BR

.DRAST

MoV
MOV
TST
BPL
TST
BMI
BIT
BEQ
.FORK
RKRETR: CLRB
BR
HORMAL: CMP
BEQ
TST
BPL
.FORK
.IF NE ERLSG
BIT
BNE
Mov
ADD
MOV
MOV
MOV
RKRREG: MOV
DEC
BNE
MOV
ADD
MOV
MOVB
DEC
JSR
MoV
Mov
.ENDC
RKERR: MOV
3%: TSTB
BPL
DECB
BEQ

(R8)+,-(R4}

PC,@SMPPTR
(SP)+,-(R4)

{R5)+,-(R4}
73

5%

@GR4

#2,R3

@#RKCS,-(SP)
#177717,(SP?}
(SP)>+,R3

(SP)+,R3
R3y_(R4)
PC

#111,R3
5%

RK,5
#RKER,RS5
{R5)+,R4
RETRY
NORMAL
@RS
NORMAL
#200089 ,0R5
RTSPC
RKFBLK
RETRY+1
AGAIN
@RS5,#310
RTSPC
@RS

DONE
RKFBLK

#623A0,R4
RKERR

PC,R5
#RKRBUF-. ,R5
R5,R2
#RKREGA,R3
#RKNREG,R4
{R3)+,(R5)+
R4

RKRREG
#RKNREG,R3
#RKRCNT,R3
RKCQE ,R5
RETRY,R4

R4
PC,OSELPTR
#RKER, RS
{R5)+,R4

#1,6R5
@R5

3%
RETRY
HERROR



31T
BEQ
MOV
MOV
BIS
RTSPC: RTS
HERROR: MOV
BIS
.IF ME ERLSG
BR
DONE : .FORK
MOV
MoV
JSR
JIFF
DONE
.ENDC
RKEXIT: CLR
.DRFIN
.ENDC
RKFBLK: .WORD
.IF NE ERLSG
RKRBUF: .BLKW
.ENDC
.DREND

.END

£#1109009 R4
RKRETR
DISKAD,@#RKDA
#115,0R5
#1000 ,RETRY
PC

RKCQE,R5
#1,0-(R5)

RKEXIT
RKFBLK
#RKIDS,R4
RKCQE,RS
PC,@88ELPTR

RETRY

RK
9.,2,8,%
RKNREG
RK



.TITLE MPAPEX
.ENABL GBL
.GLOBL APGAD,APPUTX,APGETX,APGETA,APPUTA

USP@=177644
AP=176000
WC=AP+108
HMA=AP+102
CTRL=AP+104
APMA=AP+106
LITES=AP+114

APGAD: MOV @#USPZ,RP $GET PAR # BLOCK OFFSET
ASL RA
ASL RO sGET HIGHBITS INTO PLACE
ASL RO
ASL RE
MOV RO ,HIGHBT $SAVE INTO HIGHBITS
BIC #37777 ,HIGHBT sCLEAR OTHER BITS
ASL RO $sSET UP 16 BIT PART
ASL RZ
BIC #177788,R1 sCLEAR UNWANTED BITS
BIC #77 RO
BIS R1,RP sFORM 16 BIT PART
MOV R&,LOWBIT sAND SAVE IT
MOV HIGHBT,R® sRETURN FUNCTION VALUES
MoV LOWBIT,R1 sIN RO + R1
RTS PC sRETURN
APPUTA: MOV 8.(R5},R¥ $sGET ADDRESS OF- STORE
MOV {(R@)+,HIGHBT ;GET HIGHBITS FROM STORE
MOV (RE),LOWBIT $GET LOWBITS
APPUTX: MOV RE,~-(SP) : SAVE RS
JSR PC,APWD sCALL APWD
MOV (SP)+,R5 sRESTORE RS
MoV #193.,RO :SET UP CONTROL WORD
BR COMMON ;FOR A PUT AND GOTO COMMON
APGETA: MOV 8.(R5),RP sGET STORE ADDRESS
MOV (R@)+,HIGHBT $GET HIGHBITS
MOV (RO),LOWBIY ;AND LOWBITS
APGETX: MOV RS,-{SP} 3 SAVE RS
JSR PC,APWD ;+CALL APWD
Mov {SP)+,R5 ;RESTORE RS
MOV #225. ,R% $SET UP CONTROL WORD
iFOR A GET
COMMON: MOV @2(R5),G#APMA 3SET AP ADDRESS
MOV @4(R5),R1 :GET WORD COUNT
ADD ®6(R5),RO ;SET UP THE FORMAT
ADD @6(R5),RH ;FOR THE TRANSFER
BIT R&,#4 ;AND SEE
BNE 13 ; IF THE WORD COUNT
BIT RO, #2 sNEEDS DOUBLING
BNE 2% ;AS FOR THE REAL*4
18: ASL R1 i TRANSFERS
28: MoV R1,8#WC ;THEN PUT IN WORD COUNT
MOV LOWBIT,@#HMA sPUT IN LOW 16 BITS
MOV HIGHBT,@#LITES ;THEN HIGH 2 BITS
1OF PDP11 ADDRESS
BIC #174000 ,RH +DISENABLE INTERRUPTS
MOV R ,Q#CTRL ;SETUP CTRL TO START PROCESS
RTS PC

LOWSIT: .WORD 2
HIGHBT: .WORD g
.END



.MCALL .READC,.WRITC,.EXIT,.PRINT
.GLOBL ADGET,IREADX,IWRITX,IREADA,IWRITA
USP=177644

RKCS=177444
ADGET: MOV G#USPO,RO sGET EXTENSION IN RO
ASL RE $GET HIGHBITS INTO PLACE
ASL RZ :
MOV R&,R2 $SAVE IN R2
ASL RO $GET LOWBITS INTO PLACE
ASL RA
ASL RO
ASL RE
BIC #177780,R1 sCLEAR UNWANTED BITS
BIC #77,R9 sIN R1 + Rg
BIS R1,RE
MoV R#,LOWBIT s SAVE LOWBITS
SWAB R2 ;GET HIGHBITS INTO
BIC #177717,R2 ;CORRECT PLACE
MoV R2,HIGHBT ;SAVE IN HIGHBITS
MOV HIGHBT,R® sPUT HIGHBITS IN RO
MOV LOWBIT,R1 sLOWBITS IN R1 TO REURN FUNCTION
RTS PC
IREADA: MOV 8.(R5),RE sGET ADDRESS OF STORE
MOV (RO)+,HIGHBT
MOV (RE),LOWBIT sAND GET ADDRESS BITS
IREADX: MOV ®2(R5),R1 sGET ARGUMENTS INTO
MoV @4(R5),R3 s INTO REGISTERS -
MOV @6(R5),R4
MOV LOWBIT,R2
BIS HIGHBT,@#RKCS sSET EXTENDED BITS
.READC #AREA,R1,RZ,R3,#XMMCMP ,R4 s INITIATE READ
BCS ERROR
RTS PC
IWRITA: MOV 8.(R5}),R@
MOV (RFY+,HIGHBT
MoV (RE),LOWBIT
IWRITX: MOV @2(RB},R1
MOV @4(R5),R3
MOV @6(R5),R4
MOV LOWBIT,R2
BIS HIGHBT,®#RKCS
.WRITC #AREA,R1,R2,R3,#XMMCMP, R4
BCS ERROR
RTS PC
XMMCMP: BIC #64,0#RKCS
RTS PC
ERROR: NEG R& 31GET ERROR INTO STANDARD FORTRAN TYPE
SUB #1,R%
RTS PC
.EVEN
AREA: .BLKW 19

LOWBIT: .WORD 2
HIGHBT: .WORD ¥4
.END
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Microcode Routines

Demultiplex Microcode

CALL VBINSC(A1,I1,A2,12,G1,IG1,N)

Purpose:- To binary scale an input vector using a vector of binary

gain values

Al.e......AP address of input vector

I1.......AP address increment for each element
A2.......AP address of output vector

A2.......AP address increment for each output element
GleessoesAP address of gain vector

IG1......AP address increment for gain values

Neeeveos.Number of vector elements to apply the gains to

CALL DMXA(A1,A2,I2,A3,AH4,N)

Purpose:- To demultiplex and reformat a frame of SEG-A field data

Al.......AP address of running gains vector

A2.......AP address of Field data

I2.......AP address increment per data element
A3.......AP address of submultiplexed gain check
Ab4.......AP address of Gain switch direction to use next

NeeesesoeoNumber of points to demultiplex form the frame

Tri-Diagonal Matrix equation solver

CALL FACTOR(A1,I1,A2,I2,A3,I3,A4,IH,A5,I5,N)



Al.......AP
IMeees...AP
A2.......AP
I2..00...AP

A3.......AP

I3eenn.. AP

A4.......AP
I4.......AP
AS5.......AP

I5.......AP

Purpose:- To factorise a tri-diagonal matrix

address of the 1st diagonal, vector A
increment of the above

address of the major diagonal, vector B
increment of the above

address of the 3rd diagonal, vector C
increment of the above

address of the output L vector
increment of the above

address of the output U vector

increment of the above

Neeeoooo.Number of elements in the major diagonal
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CALL SOLVE(A1,I1,A2,I2,A3,I3,Ad,I4,A5,15,A6,I6,N)

Purpose:- to solve the Tri-diagonal matrix equation given the

factorised input

Al.......AP
IMeees.s AP
A2.......AP
I2.......AP
A3.......AP
I3.......AP
AU, ... AP
I4. .. .. AP
AS5.......AP

I5.......AP

address of the Factorised L vector
increment of the above

address of the Factorised U vector
increment of the above

address of the RHS vector
increment of the above

address of the C vector

increment of the above

address of workspace vector

increment of the above
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AbG.......AP address of X result vector
I6.c...+.AP increment of the above

Neceoooo.Number of elements in the major diagonal



STITLE DMXA
SENTRY DMXA,6

“ THIS PROGRAM DOES A FAST DEMUX

“ OF SEG A FORMAT DATA PRESENTED AS A 4K
" BLOCK STARTING AT ADDRESS ZERO WITH THE
" PREVIOUS GAINS ELSEWHERE IN MEMORY

" THE GAIN ADDRESS THE DEMUXED OUTPUT ADDRESS AND INCREMENT ARE INPUT
“ TO THE ROUTINE ALONG WITH THE NO OF THE GAIN CHECK AND THE
" GAIN CHANGE DIRECTION

"END OF
DMXA:

PUSH:

GUTLP:

SET:

ERR1:
ERRZ:

ERR3:

GAIN SEQU #
DBASE SEQU 1
DINC 3EQU 2
GCNT SEQU 3
DIR SEQU 4
N1 SEQU 5
DADR $EQU b
DIRCK SEQU 7
DATA SEQU 7
TIADR SEQU 18
TEMP SEQU 11
N SEQU 12
N27 $EQU 13

SYNC SEQU 14
BIAS SEQU 15

TWO SEQU 16
MASK SEQU 17
ERR SEQU 17

REGISTER ASSIGNMENTS START OF CODE
LDSPI BIAS;DB=15.;FADD ZERO,ZERO

LDSPI TWO ;DB=2. ;FADD
LDOSPI N27 ;0B=27.
LDSPI SYNC;DB=-1.
LDSPI MASK;DB=209

MOV GAIN,GAIN;SETMA
SUB DINC,DBASE;LDDPA;DB=1.
LDSPI N;DB=32.

MOV DBASE ,DADR; INCMA
DEC N;INCDPA;DPY<MD
INCMA;BGT PUSH

MOV GAIN,GAIN;DPY<SPFN
CLR TADR;:SETMA

MOV MASK, TEMP

INC TADR;SETMA

LDSP1 DATA;DB=MD

SUB SYNC,DATA

LDSPI GAIN;DB=MD;BNE ERRI
AND GAIN,TEMP

LDSPI DIRCK;DB=1.:;BNE SET
MOV SYNC,DIRCK

LDSPI TEMP;DB=31.

AND TEMP,GAIN

SUB GAIN,TEMP

ADD BIAS,GAIN;BEQ NEW
INC GCNT;SETDPA

LDSPI TEMP;DB=DPY

SUB GAIN,TEMP

SUB DIR,DIRCK;BNE ERR2
LDDPA;DB=1.,;BNE ERR3
BR SKIP

LDSPI ERR;DB=1.

RETURN
MOV GAIN,GAIN;DPYLSPFN
JMP SKIP

COM DIR

"SET UP ERROR

"SET UP CONSTANTS

"SET UP SAVE ON DPY
"SET UP BASE ADDRESSES
"MD-DPY SAVE LOOP

"“SAVE GAIN ADDRESS
"SET UP MEMORY ACCESS

"PUT MASK IN TEMP

"CHECK SYNC BITS
"GOTO ERROR IF NE

"CHECK DIRECTION BIT

“CLEAR UNWANTED SYNC BITS
"ADD BIAS TO GAIN

"GET GAIN TO CHECK
"CHECK GAIN AND SUBMUX GAIN

"CHECK DIRECTION BIT
"SET UP FOR NEXT LOOP



NEW:
SKIP:

CONT:

SAME :

NMT :

FIN:

POP:

INC DIR

JMP SKIP

CLR GCNT;LDDPA;DB=1.
INC TADR;SETMA

LDSPI N;DB=3#.

LDSPI GAIN;DB=DPY
LDSPI DATA;:DB=MD
MOVR DATA,DATA

BZC SAME

ADD DIR,GAIN

MOVL DATA,DATA;DPX<DB;DB=SPFN

BGE NMI
ADD TWO,DATA;DPX<DB;DB=SPFN
MOV N27,N27;FADD ZERO,MDPX

"HERE EVERY 34 TIMES

“START OF MAIN LOOP
"SHIFT DATA WORD R

MOV GAIN,GAIN;DPY<DB;DB=SPFN;FADD

DPX<FA

LDSPE TEMP;DB=DPX

SUB GAIN,TEMP;FADD ZERO,MDPX
INC IADR;SETMA;FADD

DEC N;INCDPA

ADD DINC,DADR;SETMA;MICFA;BGT CONT

COM DIR

INC DIR

INC DBASE

DEC N1

MOV DBASE,DADR;BEQ FIN
JMP OUTLP

LDDPA;DB=31.

LDSPI TEMP;DB=DPV

CLR ERR;LDDPA;DB=1,

"TURN ~1 TO +1 AND VvV

MOV TEMP,TEMP;SETMA;MI<KDB;DB=DPY; INCDPA

LDSPI N;DB=29,

INCMA;MI<DB;DB=DPY; INCDPA;DEC N

BGT POP
RETURN
SEND.

STITLE VBINSC
SENTRY VBINSC,7

* THIS IS5 A PROGRAM WHICH

" REDUCES THE EXPONENT OF A
" FLOATING POINT NUMBER BY A
" SPECIFIED AMOUNT

" S-PAD DEFINITIONS

YBINSC:

LOOP:

A SEQU & "YECTOR BASE ADDRESS

1 SEQU ! “INC OF VECTOR A

C sEQU 2 “BASE ADDRESS OF RESULT
K SEQU 3 "INC OF VECTOR C

G SEQU 4 "GAIN ADDRESS

J SEQU 5 "GAIN INCREMENT

N SEQU 6 “NO OF VECTOR ELEMENTS
FACT SEQU 7 "GAIN VALUE

RES 3EQU 8 "NEW EXPONENT

MOV G,G;SETMA;FADD ZERO,ZERO
MOV A,A;SETMA;;FADD

SUB K,C

LDSPI FACT;DB=MD

LDSPE RES;DPX<DB;DB=MD

ADD J,G:SETMA

SUB FACT,RES;FADD ZERO,MDPX
ADD 1,A;SETMA

LDSPI FACT;DB=MD

DEC N;FADD

ADD K,C;SETMA:MICFA;BGY LOOP
RETURN

SEND

"GET GAIN AND INIT FADDER
"GET A(Z) :

"SET UP RESULT ADDRESS FOR LOOP
“GET GAIN ON S-PAD

"GET VECT ELEMENT EXPONENT
"INIT ACCESS TO NEXT G

"PUT NEW EXP ON THE NO.
"INIT ACCESSTO NEXT A

"GET NEXT GAIN ONTO S-PAD
“DEC COUNTER AND PUSH FADDER
"STORE RES AND GO FOR MORE



$TITLE FACTOR
SENTRY FACTOR,13
SEXT D1V

" MPFACT.APS

" THIS IS A ROUTINE TO DO FACTORISATION

" OF A TRIDIAGONAL MATRIX
" CALL FACTOR(A,AINC,B,.BINC,C,CINC,L,LINC,U,UINC,N)

" WHERE A,B,C ARE THE THREE DIAGONALS OF THE
" TRIDIAGONAL MATRIX AND L AND U ARE THE FACTORED

" RESULTS
A SEQU B
AINC SEQU 1
B SEQU 2
BINC SEQU 3
C sEQU 4
CINC SEQU 5
L SEQU 6
LINC SEQU 7
U $EQU 193]
UINC SEQU 11
N SEQU 12

" END OF ASSIGNMENTS
" BEGINNING OF MAIN CODE

FACTOR:

MOV B,B;SETMA;FADD ZERO,ZERO
SUB CINC,C;FADD
ADD AINC,A;SETMA

MOV U,U;SETMA;DB=MD;MI<DB;DPX<DB

DEC N
OF MAIN CALCULATION LOOP

ADD CINC,C;SETMA;DPY<MD

JSR DIV

FMUL DPX,MD;ADD BINC,B;SETMA
FMUL

FMUL;ADD LINC,L;SETMA;MIKDPX
FSUBR FM,MD;ADD AINC,A;SETMA
FADD;DEC N

"INIT C

ADD UINC,U;SETMA;MICKFA;DPX<FA;BGT LOOP

" END OF MAIN LOOP CHECK FOR ERRORS

CLR 17;BFPE ERR
RETURN
INC 17
RETURN

"GET B(1) AND CLEAR ADDER
“SET UP C ADDRESS

"GET A(2)

“GET U(1) AND SAVE ON DPX
"DEC COUNTER

GET DO A/U

"L*C GET NEXT B8

"PUSH MULTIPLIER

"SAVE L

"B-L*C GET NEXT A

“PUSH ADDER AND DEC COUNTER
"SAVE U IN MEM AND DPX



STITLE SOLVE .
SENTRY SOLVE,15
SEXT DIV
SEXT SPUFLT
" MPSOLV.APS
" THIS IS A ROUTINE TO SOLVE A TRIDIAGONAL
" MARIX SET OF EQNS ONCE THEY HAVE BEEN FACTORISED
" BY MPFACT.APS
" CALL SOLVE(L,LINC,U,UINC,RHS,RHSINC,C,CINC,Y,YINC,X,XINC,N}
" L AND U ARE THE FACTORD .COEFFICIENTS
" RHS IS THE RIGHT HAND SIDE
"C IS THE TOP DIAGONAL OF ORIG MATRIX
" ¥ 1S TEMPORARY STORAGE
" AND X ARE THE RESULTS

L SEQU 2
LINC SEQU 1
U SEQU 2
UINC SEQU 3
RHS sEQU 4
RHSINC SEQU 5
c SEQU 6
CINC SEQU 7
Y SEQU 19
YINC SEQU 11
X SEQU 12
XINC SEQU 13
N SEQU 14

" END OF ASSIGNMENTS BEGINNING OF MAIN INTRO

SOLVE: MOV N,17 "GET N ONTO SPAD 15
JSR SPUFLT " FLOAT IT
MOV RHS,RHS;SETMA " SET UP STARTING. ADDRESSES
ADD LINC,L;sSETMA;FSUBR TM,DPX(1) "MANIPULATE COUNTER
ADD RHSINC,RHS;SETMA
MOV Y,Y;SETMA;MI<KDB;DPX<DB;DB=MD "GET RHS(1)}

" START FIRST MAJOR LOOP

LOOFA: FMUL DPX,MD;ADD CINC,C;FADD “INC C ADDR MANIP COUNTER
FMUL s DPY<MD;ADD UINC,U "PUSH MULT GET RHS
FMUL;FSUBR TM,FA;ADD LINC,L:;SETMA "GET NEXT L
FSUBR FM,DPY3ADD XINC,X "RHS=-L*Y
FADD ZERO,FA;ADD RHSINC,RHS;SETMA "PUSH ADDER GET NEXT RHS
ADD YINC,Y;SETMA;MIKFA;DPX<{FA;BFGT LOOPA " GET NEXT ¥ CHECK FOR LQP END

" END OF LOOP ONE NEXT SET UP FOR CALC
" WHICH FINALLY GET US X

MOV U,U;SETMA;FADD ZERO,ZERO "GET U{N) ZERO ADDER

SUB CINC,C;SETMA;FADD "GET C(N-1)

DEC N;DPV<DPX * DEC COUNTER GET Y{(N)
DPX<MD;ADD XINC,X ) “ SET UP X(N)

JSR DIV

FMUL DPX,MD;SUB YINC,Y;SETMA "X(N)}*C(N-1) AND GET NEXT Y

" START OF LAST LOOP

LOOPB: FMUL "PUSH MULTIPLIER
FMUL ;SUB UINC,U;SETMA "GET NEXT U
FSUBR FM,MD;SUB CINC,C;SETMA "Y-REST NEXT C
FADD;SUB XINC,X;SETMA;MICDPX "SAVE X{N}
DPY<FA;DPX<MD;JSR DIV " GET X{N-1)/U(N-2)
DEC N

BGT LOOPB;FMUL DPX,MD;SUB YINC,Y;SETMA "DO MULT X=C/U
" END OF LOOP TIDY UP HERE

SUB XINC,X;SETMA;MI<DPX “"SAVE X(1)}
" CHECK FOR ERRORS

CLR 17;BFPE ERR

RETURN

ERR: INC 17
RETURN
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Plotting subroutines

CONSYS

Consys was implemented from the version resident on MIS at
Newcastle, and full documentation is available ferom this source.

Basically it is a general contouring subroutine.

CALL CONTUR(X,IX,Y,IY,Z,IDX,CZ,NC,PTR,SWCHES,MINDIS,

NXL,XLOC,NYL,YLOC)

Arguments:-

X.....Floating point...Grid positions in X direction
IX....Integer..........Number of X grid points
Y.....Floating point...Grid positions in Y direction
IY....Integer..........Number of Y grid points
Zessoo..Floating Point...Virtual array containing values to be

contoured

Z(I,J)= Function of (X(I),Y(J))
IDX...Integer..........Declaration of column size for Z array

Z(IDX,IDY)
Cl....Floating point...Values at which to have contour lines
NC....Integer..........Number of contour values
PTR...Floating point...Work array of size NC
SWCHES.Logical.cceoes..5 element array of logical switches

1 - draw XB,YB XT,YB border

2 - draw XB,YB XB,YT border

3 - draw XB,YT XT,YT border
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4 -~ draw XT,YT XT,YB border

5 = label contours
MINDIS.Floating point..Minimum distance between contour labels
NXL...Integer..........Number of constant X points for labels
XLOC..Floating point...Constant X positions for labels
NYL...Integer..........Number of constant Y values for labels

YLOC..Floating point...Constant Y positions for labels

Rasterising Interception

The rasterising interception program MPRASM picks wup the
active vector plot file from the system disc and then is fully
interactive for the remaining options. The wuser is asked 1if
output is to disk or tape. If it_is to disc he is then asked for
an output file name, or if it is to tape the drive number. The
plot 1is then rasterised and saved to the chosen medium. At the
end of the program the total number of raster lines generated is

written out for later use with the merge programs.
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I SUBROUTINE CONTUR(X, IX, ¥, IY, Z, 1DX, C2, NC,PTR, SWCHES,

+ MINDIS,NXL,XLOC,NYL,YLOC)

£ CONTUR PRODUCES COORDINATE PAIRS FOR DRAWING A PICTURE

C WHICH 1S A CONTOUR MAP OF THE DATA IN THE ARRAY Z. 2Z IS A

T DATA SURFACE, T.E., Z{(I, J) = F(X{I), Y(J)),

¢ THE BASIC ALGORITHM FOR THIS ROUTINE WAS SUGGESTED BY:

< G. W. HARTWIG, "CONTUR ~- A FORTRAN IV SUBROUTINE FOR PLOT-

C ING CONTOQUR LINES,” BALLISTIC RESEARCH LABORATORIES MEMO-

< RANDUM REPORT # 2282, ABERDEEN PROVING GROUND, MARYLAND,

£ MARCH, 1973. (NTIS ACCESSION NUMBER AD-768 437).

THIS ROUTINE COMPRISES THE FIRST HALF OF HARTWIG'S ALGORITHM;
iT HAS BEEN MODIFIED TO REFLECT THE FACT THAT THE MOST COM-
FPUTATIONALLY EFFICIENT PROCEDURE IS TO QUICKLY REJECT SURFACE
TELLS WHICH CONTAIN NO CONTOURS. IF A CELL DOES CONTAIN ONE
OR MCRE CONTOURS, SUBROQUTINE CTQQ IS CALLED TO COMPLETE
HARTWIG'S PROCEDURE, I.E., ACTUALLY FORM THE COORDINATE PAIRS
FOR THE CONTOUR LINES.

THE FOLLOWING CODE IS FOR VERSION 1.2 OF CONSYS, PRODUCED
15 MAY, 1976. GNC

OO OOG O,

VIRTUAL Z(IDX,1Y)

REAL Z, X(IX), Y(IY), CZ(NC)

REAL MINDIS, XLOC(NXL), YLOC(NYL)

L OGICAL*] SCRTED, SWCHES(5)

LOGICAL*! LBLLOC, DISTOK

INTEGER*2 PARERR, CONCNT, CCP1l, NTEMP
INTEGER*2 PL, PH

INTEGER®*2 PTR{NC)

&}

TP TCMMON /CONCOM/ LOWER, UPPER, XL, XR, XC, YL, YU, YC,
+ ZLL, ZUL, ZLR, ZUR

INTEGER*Z LOWER, UPPER,ERRUNT

DATA IGMAX/16/,ERRUNT/7/

2 O

CHEZK FOR OBVIOUS ERRORS IN THE PARAMETERS.

CYa )

AR CARERR = g

Tl IFC IX .GT. IDX ) PARERR = PARERR + 1

: IFE IX LLT. 2 ) PARERR = PARERR + 1
iFOIY LLT. 2 ) PARERR = PARERR + 1
TEOIDY LLT. 2 PARERR = PARERR + 1
IFO NC LLT. 1) PARERR = PARERR + 1
IF{ PARERR .NE. & ) GO TO 986
iFC.NOT. SWCHES{(5})GOTO 1994
IF{MINDIS.LT.Z) PARERR = PARERR+1

NRL .LT. ZIYPARERR=PARERR+1
TFONYL JLT. Z)PARERR=PARERR+1
HL+NVL LT .1)PARERR=PARERR+1
JARERR.NE.Y)IGOTO 1993

(Al ]

—~ e -
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¢
C CHECK X AND Y TO ENSURE THEY ARE IN STRICTLY ASCENDING
¢ ORDER. NOTE THAT THE ERROR MESSAGE WHICH IS WRITTEN IF THEY
C ARE NOT SCARES THE USER INTO CHECKING BOTH ARRAYS, EVEN
C THOUGH THE CODE DOESN'T CHECK Y IF X IS BAD.

g435 1994 DO 888 I = 2, IX

2839 IFC X(I) .LE. X(I-1) ) GO TO 988

ap4l 980 CONTINUE

geAL DO 881 I = 2, IY

843 IF( Y(I) .LE. Y(I-1) } GO TO 988

2g4% 331 CONTINUE
c
C SORT THE ARRAY OF CONTOUR VALUES.
c

2846 IF( NC .EQ. 1 ) GO TO 5

g48 DO I M=1, NC

9849 : PTR(M) = M

9055 1 CONTINUE

2951 M = NC-1

gesz 2 CONTINUE

2053 SORTED = .TRUE.

g954 DO 4 K =1, M

GI55 PL = PTR(K)

#9156 PH = PTR(1+K)

3g30 IF( CZ(PH) .GT. CZ(PL) ) GO TO 3

UGS PTR(K) = PH

e PTR(1+K) = PL

F861 SORTED = .FALSE.

757 3 CONTINUE .

gg53 4 CONTINUE

GH6 IF( SORTED ) GO TO 6

285: M=M -1

2557 IF(M .GE. 1 ) GO TO 2

gE5S GO TO 6

575 3 CONTINUE

87 OFS = @

ac7e PTR(1) = 1

g7 GO TO 6

ep7: 8 CONTINUE

#7s © CZMAX = CZ(PTR(NC))

0T CZMIN = CZ(PTR(1 ))
w
- BEGIN THE CONTOURING PROCESS BY LOOKING AT EACH CELL IN THE
£ SURFACE IN TURN. FOR EACH CELL, WE ASK THE QUESTION, “DOES
€ THIS CELL CONTAIN ANY CONTOUR LINES AT THE USER-SPECIFIED
C VALUES IN THE CZ ARRAY?" IF THE ANSWER IS NO, WE IMMEDIATELY
¢ PROCEED TO THE NEXT CELL. IF THE ANSWER IS YES, WE FIND
¢ THE LOWER AND UPPER LIMITS IN THE SORTED CZ ARRAY OF CONTOUR
€ VALUES WHICH INTERSECT THIS CELL, AND PASS THIS INFORMATION
= AND THE CELL COORDINATES TO SUBROUTINES CTQQ (VIA CONCOM)
C WHERE THE COORDINATES FOR THE CONTOURS ARE PRODUCED.
e

aTT7 IYML = IV - 1

o« Cneipa e 7
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YU = Y(1)
DO 38 J = 1, IYMI
YL = YU
YU = Y(J+1)
YC = @.5%(YL + YU)
XR = X(1)

ZLR = Z(1, J)
ZUR = Z(1, J+1)
DO 37 I = 2, IX

XL = XR

XR = X(I)

ZLL = ZLR

ZUL = ZUR

ZLR = Z(I, J)
ZUR = Z(I, J+1)

ZMIN = AMINI(ZLL, ZUL, ZLR, ZUR}
IF{ ZMIN .GT. CZMAX ) GO TO 37
ZMAX = AMAX1(ZLL, ZUL, ZLR, ZUR)
IF{ ZMAX .LT. CZMIN ) GO TO 37
IFC ZMAX .EQ. ZMIN ) GO TO 37
DO 12 CONCNT = 1, NC
2% = CZ(PTR{CONCNT))
IFC 2@ .LT. ZMIN }» GO TO 12
IFC 2 .GT. ZMAX ) GO TO 37
LOWER = CONCNT
UPPER = LOWER
IF( UPPER .EQ. NC ) GO TO 14
CCP1 = CONCNT + 1
DO 11 II = CCP1, NC
IFC ZMAX .LT. CZ(PTR(I1l)} )}
+ GO TO 14
UPPER = II
CONTINUE
GO TO 14
CONTINUE
CALL CTQQ(CZ,PTR,NC)

iFf THE USER SPECIFIED VIA SWCHES(5) THAT LABELS ARE TO BE
DRAWN, FIND OUT HERE IF THIS CELL IS A CANDIDATE FOR
LABELING, AND IF IT IS, CALL LABELR TO ODRAW THE LABEL.

IF( .NOT. SWCHES(5) ) GO TO 29
LBLLOC = .FALSE.
IF( NXL .EQ. & ) GO TO 23
DO 22 M = |, NXL
IFC .NOT.(XL .LE. XLOC(M) .AND.

+ : XLOC(M) .LT. XR}) ) GO TO 22
LBLLOC = .TRUE.
GO TO 27
CONTINUE
CONTINUE

IF( NYL .EQ. & ) GO TO 27
DO 26 M = 1, NYL
IF{ .NOT.(YL .LE. YLOC(M) .AND.
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+ YLOC(M) .LT. YU} ) GO TO 26
313 LBLLOC = .TRUE.
4138 GO TQ 27
7129 g CONTINUE
grar 2 CONTINUE
aAidi IFC .NOT. LBLLOC ) GO TO 28
1143 IF( DISTOK{XC, YC,MINDIS) ? .
+ CALL NUMBER(XC, YC,p.!, Z#,8.9,4)
2B CONTINUE
23 CONTINUE
37 CONTINUE
33 CONTINUE

Z DRAW BORDER LINES, IF THE USER INDICATED VIA THE SWCHES
VeCTOR THAT THEY ARE WANTED.

XL
KR
YL
YU
IF(

il

X(1)

XOIX)

Ye1)

Y(IY)

.NOT. SWCHES(1)
CALL PLOT(XR,
CALL PLOT(XL,
Tood2 CONTINUE

E IF{ .NOT. SWCHES{(2) !}

}
YL,+3)
YL,+2)

GO TO 42

GO
3}

TO 44

oA
<t

CALL PLOT(XL,
CALL PLOT(XL,
CONTINUE
IFC .NOT.
CALL PLOT(XL,
CALL PLOT(XR,
CONTINUE
IF( .NOT.
CALL PLOT(XR,
CALL PLOT(XR,
CONTINUE
RETURN

HANDLE BAD PARAMETERS IN THE

CONTINUE
WRITE(ERRUNT,
WRITE{ERRUNT,

CONTINUE

sTOoP

CONTINUE
WRITE{ERRUNT,
WRITE{ERRUNT,

CONTIMNUE

STGP

YL, +
YU, +

SWCHES(3) )

2}

GO TO 46

YU,+3)

YU, +

SWCHES(41}) )

YU, +
YL, +

997)

998)

994)
$99)

2)

GO
3)
2)

TO 48

CONTUR CALL HERE.

PARERR, IX, IV, IDX, NC

FORMAT STATEMENTS FOR CONTUR ERROR COMMENTS.
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J.%4 394 FORMAT( ' w*xx ERROR: SUBROUTINE "CONTUR" HAS BEEN CALLED',
+ 'WITH EITHER THE X OR',/,6X,'THE Y VECTOR (OR ',

‘BOTH) NOT IN STRICTLY ASCENDING ORDER.')}

Ji38 547 FORMAT{ ' »wwx* THERE ARE ',Il,' ERROR{(S) IN THE PARA',

+

+ ‘METERS IN A CALL',/,6%,'TO SUBROUTINE "CONTUR".',
+ ' DIAGNOSTIC INFORMATION FOLLOWS:',/,6X,'IX = ',
* I18," 1y = ',I158,/,6%,'1DX = ',I15," NC = ',

+ 1158}

A.36 330 FORMAT( ' »»®* DUE TO THE ABOVE ERROR, CONTUR WILL NOT ',
+ ‘DRAW A CONTOUR MAP,',/,6X,'BUT WILL INSTEAD ',
+ "IGNORE THE CALL.')

Sy L

HANDLE ERRORS IN PARAMETERS TO CONLBL HERE.

e (Y YO

$187 993 CONTINUE
Yiim WRITE(ERRUNT, 1598) PARERR, MINDIS, NXL, NYL
&189 WRITE{ERRUNT, 1999)
jiog CONTIMNUE
2:rm sToP
< FORMAT STATEZMENTS FOR CONLBL ERROR COMMENTS.
ht .
£192 1337 FORMAT{' =*** ERROR: SUBROUTINE "CONLBL" HAS BEEN CALLED',
+ ' WITH NO',/,6X, 'PRECEDING INITIALIZATION CALL ',
+ ‘TO SUBROUTINE "CONSET".')
493 1293 FORMAT( ' *xxx THERE ARE ',I1,' ERROR(S) IN THE ',
+ 'PARAMETERS IN A CALL TO',/,6X, 'SUBROUTINE ',
- ""CONLBL*. DIAGNOSTIC INFORMATION FOLLOWS:',/,6X,
: ‘MINDIS = ',G13.6,/,6K, NXL = ',I15,' NYL = ',I15)

JL34 1335 .FORMAT(' *#%k% DUE TO THE ABOVE ERROR, CONLBL WILL NOT
R "INITIALIZE THE',/,6X, 'CONTOUR LABELING ROUTIN
+ " BUT WILL INSTEAD IGNORE THE CALL.')

2195 END

o
i
’
’

ES

5
+
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GHgl LOGICAL FUNCTION DISTOK(X, Y,MINDIS)

CJINTUR CALLS DISTOK TO SEE WHETHER A CONTQUR LABEL CAN

BE PLACED AT (X, Y) AND BE MORE THAN MINDIS UNITS AWAY
FROM ANV OTHER LABEL PREVIOUSLY PLACED ON THE CONTQUR MAP.
IF A LABEL CAN BE SAFELY PLACED ON THE MAP, DISTOK RETURNS
THE YALUE .TRUE. AFTER SAVING THE VALUES OF X AND Y IN A
DYNAMICALLY ALLOCATED LOCAL ARRAY. IF THE LABEL WOULD

FALL WITHIN MINDIS UNITS FROM A PREVIOUS LABEL, DISTOK
SIMPLY RETURNS THE VALUE .FALSE.

Oy

YT YT OO

THE FOLLOWING CODE IS FOR VERSION 1.2 OF CONSYS, PRODUCED
i5 MAY, 1876. GNC

(o]

TH52 REAL X, Y, MINDIS

Ja3 REAL COORD(18%)

. INTEGER*2 CURLEN

DATA CURLEN/@/,NCOORD/198/

DISTOK = .FALSE.
IF{ CURLEN .LT. 1 )} GO TO 9
IF(CURLEN.GE.NCOORD)RETURN
Do 8 I = 1, CURLEN, 2
X1 = COORD(I)
IF({ ABS(X-XI) .GT. MINDIS » GO TO §
YI = COORD(1+I)
IFC SQRT{(X-XI1)1**2+(Y-YI)**2) .LE. MINDIS )
+ RETURN
CONTINUE
CONTINUE
CONTINUE

Cros 3 en

DISTOK = .TRUE.
CCORD{1+CURLEN)
TCORD(2+CURLEN)}
CURLEN = CURLEN
RETURN

END

+ 0 i
N < X
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SUBROUTINE CTQQ(CZ,PTR,NC)}
CTQQ IS CALLED FROM CONTUR TO PRODUCE CONTOUR COORDINATE
VALUES FOR THE GRID CELL BOUNDED BY XL AND XR, YL AND YU, AND
ZLL, ZUL, ZUR, AND ZLR. COORDINATE PAIRS THUS PRODUCED ARE
DISPOSED OF VIA CALLS TO THE USER-SPECIFIED ROUTINES PLOT
AND CKVA. THE Z VALUES TO BE CONTOQURED ARE STORED IN
CZ(PTR(LOWER}), ... ,CZ(PTR{UPPER)}).

THE ALGORITHM FOR THIS ROUTINE WAS TAKEN FROM:
G. W. HARTWIG, "CONTUR - A FORTRAN IV SUBROUTINE FOR
PLOTTING CONTOUR LINES," BALLISTIC RESEARCH LABORATORIES
MEMORANDUM REPORT # 2282, ABERDEEN PROVING GROUND,
MARYLAND, MARCH, 1873, (NTIS ACCESSION NUMBER AD-764 437).

THE FOLLOWING CODE IS FOR VERSION 1.2 OF CONSYS, PRODUCED
15 MAY, 1976. GNC

REAL CZ{NC}

LOGICAL KCHK(8), CENTER

REAL PX(8), PY{8), PTEMP

EQUIVALENCE (PX(1), PX1), (PX(2), PX2), (PX(3), PX3),
+ (PXC4), PX4), (PX{(5), PX5)}, (PX{(B}), PX6),
+ (PX(7), PX7), (PX{(8), PX8)

EQUIVALENCE (PY(1), PY1), (PY(2), PV2), (PY¥(3), PY3)},
+ (PY(4), PY4), (PY(5), PY5), (PY(&), PY6),
+ (PY(7), PY7), (PY{(B), PY8B)

INTEGER*2 PTR({NC)

COMMON /COMCOM/ LOWER, UPPER, XL, XR, XC, VL; Yy, YC,
¥ ZLL, ZUL, ZLR, ZUR
INTEGER*2 LOWER, UPPER

HE = Z.5* (XL + XR)

RLMXR = XL - ¥R
XLHWXC = XL - HC
ARMMC = ¥R - X
YLMYC = YL -~ ¥YC
YLMYU = YL - YU
YUMYC = YU - ¥YC
ZC = F.25*(ZLL + ZUL + ZLR + ZUR)
DO 124 LEVEL = LOWER, UPPER
Zg = CZ(PTR{LEVEL}Y)
TLL = ZLL - Z8
TUL = 2UL - 28
TLR = ZLR - 20
TUR = ZUR - Z&
TC = 2C - 20
IC =¥

CENTER = .FAL
20 11 M =1,
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KCHK(M} = _FALSE.
CONTINUE

SEGMENT 1:

IF( TLL®*TLR .GT. #. ) GO TO 19
KCHK{1}) = _TRUE.
IF{ TLL*TLR .EQG. #. ) GO TO 12
IC = IC + 1
PXCIC) = TLL * XLMXR/(ZLR-ZLL) + XL
PY(IC) = VYL
GO TO 18
CONTINUE
IF(C TLL .EQ. #: ) GO TO 18
IC = IC + 1
PX(IC) = XR
PY(IC) = VYL
GO TO 17
CONTINUE
IC = IC + 1
PRCIC) = X
PYCIC) = ¥
IFC TLR .NE.
IC = IC +
PX{IC) = XR
PY(IC) = YL
CONTINUE
GO TO 17
CONTINUE
GO TO 18
CONTINUE
CONTINUE

Z. ) GO TO 16
i

SEGMENT 2:

IF{ TLL*TC .GT. B. ) GO TO 29

KCHK(2) = .TRUE.

IF(C TLL*TC .EQ. &. ) GO TO 22
IC = IC + 1
FAC = TLL/(ZC - ZLL}
PX(IC) = ¥LMXC*FAC + XL
PY(IC) = YLMYC*FAC + VYL
GO TO 28

CONTINUE
IFC TC .NE. #. } GO TO 25

CENTER = .TRUE.

IC = IC + 1
PXCIC) = XC
PY(IC) = YC
CONTINUE
GO TO 28
CONTINUE

CONTINUE
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SEGMENT 3:
IF(C TUuL*®*TLL .GT. @. ) GO TO 39

KCHK(3) = .TRUE.
IF(C TUL*TLL .EQ. &. ) GO TO 32

IC = IC + |
PX(IC) = XL
PY(IC) = TLL »* YLMYU/(ZUL-ZLL) + YL
GO TO 38
CONTINUE
' IF( TUL .NE. #. ) GO TO 35
IC = IC + 1
PX{IC) = XL
PY(IC) = YU
CONTINUE
GO TO 38
CONTINUE
CONTINUE

SEGMENT 4:

IF{ TUL*TC .GE. #. ) GO TO 49
KCHK{(4) = .TRUE.
iC = IC + 1
FAC = TUL/(ZC - ZUL)

PX{1C) = XLMXC*FAC + XL
PY(IC) = YUMYC*FAC + YU
CONTINUE

SEGMENT 5:

IF{ TUL*TUR .GT. #. } GO TO 59

KCHK(B) = .TRUE.

IF( TUL*TUR .EQ. #. ) GO TO 52
IC = IC + 1
PX(IC) = TUL * XLMXR/{ZUR~-ZUL}) + XL
PY(IC) = YU
GO TO 58

CONTINUE
IF(C TUR .NE. 8. } GO TO 55

IC = IC + 1

PX(IC) = XR
PYCIC) = YU
CONTINUE
GO TO 58
CONTINUE

CONTINUE
SEGMENT 6:

IF{ TUR*TC .GE. #. ) GO TO 69
KCHK(6) = .TRUE.
IC = IC + 1
FAC = TUR/{ZC - ZUR)

PAGE @A#3
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PX{IC) = XRMXC®FAC + XR
PY(IC) = YUMYC=*FAC + YU
CONTINUE

SEGMENT 7:

IF( TLR*TUR .GE. #. ) GO TO 79
KCHK(7) = ,TRUE.
IC = IC + 1
PX(IC) = XR
PY(IC) = TUR * YLMYU/(ZUR-ZLR) + YU
CONTINUE

SEGMENT B:

IF( TLR*TC .GE. #. ) GO TO 89
KCHK(8) = .TRUE.
IC = IC + 1
FAC = TC/(ZC - ZLR)
PX(IC) = XRMXC*FAC + XC
PY{IC) = YLMYC*FAC + ¥C
CONTINUE

NOW DERIVE THE LINE SEGMENTS TO BE DRAWN FROM THE CONTENTS
OF THE PX AND PY ARRAYS.

IFC IC .LE. 1 }» GO TO 117
IF( IC .GE. 6 .OR. :
o+ (IC .EQ. 5 .AND. CENTER) ) GO TO 19%
IF( .NOT. KCHK{(8) ) GO TO 95
DO 94 L =1, 7
LsS=L
IF{ .NOT. KCHK{L) ) GO TO 93
PXCIC+1) = PX(1)}
PY(IC+1) = PY(1l)}
DO 92 M = 1, IC
PX(M) = PX(M+1)
PY(M) = PY(M+1)
CONTINUE
IF( MOD(LS, 2) .EQ. 1 } GO TO 95
CONTINUE
CONTINUE
€0 TO 97
IFC .NOT. CENTER .OR. KCHK(1}) ) GO TO 97
PTEMP = PX1
PX1 = PX2
PX2 = PTEMP
PTEMP = PVl
PYl = PY2
PY2 = PTEMP
GO TOo 97
CONTINUE
CALL PLOT(PX1, PY1,+3)
DO 98 M = 2, IC
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PXM = PX{(M)
PYM = PY(M)
CALL PLOT(PXM, PYM,+2)
CONTINUE

GO TO 149

CONTINUE

IFC IC .GE. 6 » GO TO 124
PX6 = PX5
PY6 = PY5
PX5 = PX2
PYS = PY2

CONTINUE

IF( KCHK(2) } GO TO 185
CALL PLOT(PX5, PY5,+3)}
CALL PLOT(PX6, PY6,+2)
CALL PLOT(PX1l, PY1l,+2)}
CALL PLOT(PX2, PY2,+3)}
CALL PLOT(PX3, PY3,+2)
CALL PLOT(PX4, PY4,+2)
GO TO 148

CONTINUE
CALL PLOT(PX1l, PY1,+3)
CALL PLOT(PX2, PY2,+2}
CALL PLOT(PX3, PY3,+2)
CALL PLOT(PX4, PY4,+3)
CALL PLOT(PXS5, PY5,+2)
CALL PLOT(PX6, PY6,+2)
GO TO 198

CONTINUE

GO TO 189

CONTINUE
CONTINUE
CONTINUE
RETURN

END

PAGE 995



1
m 4

OO0 0OO0OO00OO0O0000N0O00
[}
o

PROGRAM RASM

MAIN PROGRAM FOR VECTOR TO RASTER CONVERSION - MAPPED ALGORITHM

COPYRIGHT C1976, VERSATEC INC., SANTA CLARA, CALIFORNIA 95851

THE CONTENTS' OF THIS DOCUMENT ARE PROPRIETARY TO VERSATEC, INC.,

AND ARE

NOT TO BE DISCLOSED TO OTHERS OR USED FOR PURPOSES OTHER

THAN INTENDED WITHOUT THE WRITTEN APPROVAL. OF VERSATEC.

CALLS: DOPEN,DREAD,DWAIT,MWAIT,PREAD, INVECT,CYCLER, IRZERO
CALLED BY: -NONE-
COMMON VARIBLES USED: /PPEP2/ ISCAN,NWORD,LYNEND,IQ,MAXQ,NEPL,

MSGLVL,LOST,IX@,IY1,NDLTX,IVY2,
IBUFG,I2FLG,IR2,MXSTEP,IM

/T10COM/ LBLK,NBLK,LREC,JUNIT,LUNIT, IPARM,
MUNIT

ASSUMPTIONS: WHEN THE 'IM' OR 'INBUF' ARRAYS ARE DIMENSIONED

OTHER CHANGES ARE AS FOLLOWS: IF IM{'I') THEN SET
'IMD' = 'I' 3 IF INBUF('J') SET 'INBUFD' = 'J°',
'J' MUST BE AN INTEGER MULTIPLE OF AND GREATER
THAN OR EQUAL. TO 2*{NBLK*LBLK).

S@A30-285/83 REV. A - PART NUMBER

RT-11

~ OPERATING SYSTEM

© AUTHOR: M.D. DOBERVICH p7/87/76

PROGRAM RASTER

COMMON /PPEP2/1SCAN,NWORD,LYNEND,IQ,MAXQ,NEPL,

=Z b Wi

NBITS,IBT(16),KBT(16),JBT(16),MSGLVL,LOST,
IXg,1¥1,NDLTX,1Y2,

NDW,NDB,NRUN, ISUM,NDLTY,
IBUFG,I2FLG,IR2,MXSTEP,

IM(3504)

COMMON /10COM/ LBLK,NBLK,LREC,LVEC,IUNIT,JUNIT,KUNIT,LUNIT,MUNIT,

1

IPARM, IPCTR,IPREC, IPBUF(2586)

DIMENSION INBUF(S12)

DATA
DATA

Q= WNN -

IMD/3508/,INBUFD/S512/ ,MAPEND/6RQ/
IREC/8/,10LD/1/,MAPKEY/ 182/

FORMAT (25H FILE/ALGORITHM MISMATCH ,16)

FORMAT (21H IX&,IYL,NDLTX,IV2 = 4(1X16))

FORMAT (21H IX®,IY1,NDLTX,IY2 = 4(1X16))

FORMAT (44H IM OR INBUF ARRAY NOT PROPERLY DIMENSIONED )}
FORMAT (21H MAP BUFFERS EXCEEDED)

FORMAT (1XI16,13H VECTORS LOST /

1XI6,18H ACTIVE LINES USED /)

. ATTACH THE MATRIX TO THIS J08B.

. FORM

OPEN
CALL
CALL
CALL

FEED AT PLOT/FRAME START.

MAP/PARAMETER FILE.
DOPEN (IPARM,-1,1)
MTXSET

MTX(IM{IBUFG),o,2)

CHECK ALGORITHM KEY.



7918

CALL PREAD (KEY,1)}

IF {(KEY.EQ.MAPKEY) GO TO 7/1¥
WRITE (MUNIT,1) KEY

sTOP

CALL PREAD (NSCAN,1)
CALL PREAD (IR1,1?}
CALL PREAD (IR2,1)
CALL PREAD (ISCAN,1)
CALL PREAD (NWORD,1)
CALL PREAD (I2FLG,1)
CALL PREAD (IOUT1,1?
CALL PREAD (MXSTP,1)
CALL PREAD (MSGLVL,1)}
CALL PREAD (IWORD,1)?
CALL PREAD (LYNES,1)
CALL PREAD (NBLK,1?

LREC = LBLK * NBLK
IBLKSZ = 2*LBLK*NBLK

INPUT AND QUTPUT BUFFERS DIMENSIONED PROPERLY?
IF (MOD(IBLKSZ,INBUFD).EQ.9.AND.IBLKSZ.LE.INBUFD.AND.IWORD.LE.IMD}
1 GO T0 7411
WRITE (MUNIT,3)
sTOP

INEW = LREC + 1

OPEN MAPPED VECTOR FILE
CALL DOPEN (JUNIT,-1,NBLK}

INPUT MAP ENTRIES FOR CURRENT ' PLOT AT START OF THE IM ARRAY.

ALLOW DYNAMIC MAP SIZE ALLOCATION ONLY IF VECTOR QUEUING IS :USED.
IF (LYNES.NE.®) MAPEND = (IWORD-(NEPL*LY¥YNES) - (I2FLG*ISCAN)})
MAPSZ = 1

CALL PREAD (IM(MAPSZ),2)

END OF MAP FOR THIS PLOT?
IF (IM{(MAPSZ).LT.@) GO TO 7942
MAPSZ = MAPSZ + 2

DOES MAP SIZE FIT WITHIN THE MAXIMUM MAP ALLOCATION AREA?
IF (MAPSZ.LT.MAPEND) GO TO 7938

MAP BUFFERS EXCEEDED.
WRITE (MUNIT,4)
STOP

CHECK FOR END OF ALL PLOTTING.
IF (MAPSZ.EQ.1) GO TQO 7749
MMAXX = IM(MAPSZ+1)

IQNDX = MAPEND

IF VECTOR QUEUING IS USED THEN MAP ALLOCATION BECOMES DYNAMIC.
IF (LYNES.NE.@) IQNDX = MAPSZ

CALCULATE NSCAN , NWORD AND ALLOCATE BUFFERS IN IM ARRAYV.
NSCAN = (IWORD - (NEPL*LYNES) -~ IQNDX)/(I2FLG*ISCAN)
NWORD = ISCAN*NSCAN

LYNEND = IWORD-IQNDX-(I2FLG*NWORD) - 1

IBUFG = LYNEND + IQNDX

IRZ = IBUFG+NWORD+1
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INITIALIZE ASSEMBLY LANGUAGE ROUTINES
CALL INIT (IM(IBUFG),IM(CIRZ),IM{IQNDX))

CONVERT IQUT1 AND MXSTP VALUES TO TOUT AND MXSTEP BAND VALUES.

MXSTEP = MXSTP/NSCAN
IOUT = IOUTI1/NSCAN

INITIALIZE JREC AND MAP SEARCH POINTERS.
NREC = ((MAPSZ+1)/2) - 2

JREC = NREC + IREC + 1

NDXFTR = MAPSZ - 4

NDXPST = MAPSZ - 2

RESET INITIAL BAND LIMITS AND: COUNTERS.

IXSTR = &

IXEND = NSCAN-1
IXSTRP = IXSTR
NBANDS = #&

READ INITIAL BUFFER’
CALL DREAD (JUNIT,INBUF(IOLD),JREC)
CALL IRZERO (IM(IBUFG))

WAIT FOR LAST READ OPERATION COMPLETE
CALL DWAIT (JUNIT,IERR)

IOMP = 1
GO 7O 71248

NDXFTR = NDXFTR - 2
NREC = NREC - 1

HAS ENTIRE MAP BEEN SEARCHED?
IF (NDXFTR.LT.Q) GO TO 7138

DOES MAXIMUM{VECTOR) START BEFORE CURRENT BAND?
IF (IMCNDXFTR).LT.IXSTR) GO TO 71149

DOES MINIMUM (VECTOR) START AFTER CURRENT BAND?
IF (IM(NDXFTR+1).GT.IXEND) GO TO 71148

VALID VECTOR DATA FOUND. (INCREMENT MAP AND BLOCK INDEX)
NDXPRS = NDXFTR

NDXFTR = NDXFTR - 2

JREC = NREC + IREC

NREC = NREC - 1

GO TO 7158

END OF BAND. (RESET MAP AND BLOCK INDEX)
NDXFTR = MAPSZ -2

NREC = ((MAPSZ+1)/2) - 1

NBANDS = NBANDS + 1

IJMP = &

INCREMENT CURRENT BAND LIMITS.
IXSTR = IXSTR + NSCAN
IXEND IXEND + NSCAN

MORE BANDS IN THIS PLOT?
IF (IXSTR.LE.MMAXX) GO TO 7128



1IMP = -1
GO TO 72809

START INPUT OF NEXT BUFFER
CALL DREAD (JUNIT,INBUF(INEW),JREC}

RESET END OF ‘OLD' BUFFER,BUFFER INDEX,AND CURRENT MAPP MINIMUM.

IBEND = LREC + IOLD - 1
JDX = IOLD - 4
IM{(NDXPST+1) = IM{NDXPST?

SEARCH FOR VALID VECTORS IN THE CURRENT BUFFER
GO TO 7254

UPDATE 'NEW' MAP MINIMUM IF VECTOR IS LESS THAN CURRENT MINIMUM.
IF CINBUF(JDX).LT.IM(NDXPST+1)) IMI(NDXPST+1) = INBUF(JDX)
JDX = JDX + 4

END OF 'OLD' BUFFER?
IF (JOX.GT.IBEND) GO TO 7278
IX@ = INBUF(JDX}) -~ IXSTRP

DOES 'RELATIVE' VECTOR START BEFORE BAND?
IF (IX@.LT.4) GO TO 7268

DOES 'RELATIVE' VECTOR START AFTER BAND?
IF (IX@.GE.NSCAN) GO TO 722#

VALID VECTOR LOCATED WITHIN BAND FOR VECTOR/RASTER CONVERSION.
IYL = INBUF(JDX+1)

NOLTX = INBUF(JDX+2)

I¥Y2Z = INBUF(JDX+3)}

IF (MSGLVL.GE.6) WRITE(LUNIT,2} IX&,IVY1,NDLTX,I¥2

IF (MSGLVL.GE.6) WRITE{(LUNIT,2) IX®&,IY1,NDLTX,IY2

CALL INVECT (IMCIQNDX),IM(IBUFG))

TEST FOR POSSIBLE END OF BUFFER (DATA)
IF (INBUF{(JDX).GE.®) GO TO 72549
NDXPST = NDXPRS

END OF CURRENT VECTOR INPUT BLOCK.
IS STATUS - END OF PLOT,END OF BAND,BAND NOT COMPLETE?

EOP, EOB, BNC
IF (IJOMP) 7358,74089,750%

CALL CYCLER (NBANDS,IM{IQNDX})

LOOP UNTIL ACTIVE LINE TABLE IS EMPTY
NBANDS = 1
IF (IQ.GT.1) GO TO 7358

OUTPUT LAST BAND OF CURRENT PLOT.
CALL CYCLER (1,IM(IQNDX})

ACTION CHECK: FORM FEED ONLY, NO ACTION , IOUT AND FORM FEED?
FFO, NA, IFF
IF (IOUT) 737@,7388,73648
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7488

C...
7508

C...
7798

CYCLE IOUT TIMES TO MOVE PLOT/FRAME PAST TONER.
CALL CYCLER (IOUT,.IM(IQNDX)?

FORM: FEED AT END OF PLOT/FRAME:

CALL MTX (IM(IBUFG),®,2)

MAXQ = MAXQ/NEPL

IF (MSGLVL.GE.1} WRITE (MUNIT,6) LOST,MAXQ
LOST = #

MAXQ = 2

ADJUST CUMULATIVE PLOT (RECORD) POINTER.
IREC = IREC + ({(MAPSZ+1)/2) - 1
CALL MWAIT

CHECK FOR NEXT PLOT
GO TO 7929

END OF BAND
CALL CYCLER (NBANDS,IM{IGNDX))
NBANDS 2

IXSTRP

IXSTR

SWAP INPUT BUFFERS
IS = INEW

INEW = IOLD

IOLD = IS

GO TO 71989

END OF ALL PLOTTING:

CALL MTX (IM(IBUFG),-1,2)
STOP

END
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¢ THIS IS A SUBROUTINE
C PACKAGE WHICH IN CONJUNCTION WITH

C MPRASM INTERCEPTS PLOT DATA INTENDED FOR
t THE PLOTTER AND PUTS IT TO DISC OR TAPE

JEE SUBROUTINE MWAIT
DUMMY ROUTINE

oy

G2 RETURN
33 END
FORTRAN IV vg2. 94 THU #8-JAN-81 #9:15:47 PAGE 991
FFE SUBROUTINE MTXSET
c
¢ SET UP ROUTINE
<
3732 REAL*8 FSPECR
4593 REAL*4 FBUF(3)
2794 LOGICAL*1 ITPDRW
1595 COMMON /MPMTX/ICH, IOFLG,IBLK, IWD, ITPDRW

I GET DATA PARAMETERS

g6 IBLK=1

Y AT [WD=1

T8 WRITE(?7,1080)

<. 39 178% FORMAT(' ENTER A & FOR TAPE OUTPUT,',/,
%' OR A 1 FOR DISC OUTPUT:',$)

EEARY-J READ(5,1891)I0FLG

Tt 1EED FORMAT(IL)

¢ SET FILE NAME IF REQD

Y2 IF{IOFLG.EQ.8)GOTO 14
SRRV | WRITE(7, 1882}
IRY. LG FCAMAT(' ENTER FILE NAME FOR OQUTPUT:',$)
AP READ(5,1083)FBUF
.17 1053 FORMAT(3A4)
<18 CALL IRADS&(12,FBUF,FSPECR)
JI19 ICH=IGETC()
SR 4 IF(IENTER(ICH,FSPECR,-1).LT.2)STOP'ENTER ERROR’
W22 RETURN

SET TAPIZ NO

O WRITE(7.10084)

¢ FCRMAT{' ENTER TAPE DRIVE NUMBER:',$)
READ{5,1991)ITPDRW

RETHRN

ENMD
[k B
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SUBROUTINE MTX(IPBUF,NWDS,IFLAG)
“AIN TRANSFER ROUTINE

INTEGER*2 IBUF(2948),IPBUF(1),BUF(2324)
LOGICAL*1 ISTAT,ITPDRW
COMMON /MPMTX/ICH,IOFLG,IBLK,IWD,ITPDRW
EQUIVALENCE (BUF(257},IBUF(1))
DATA NBYTBF/46@8/,NBLKBF/9/,ICOUNT/3/
DO B J=1,14

5 BUF(J)=@

LHECK FOR OPERATION TYPE

IF{NWDS.EQ.Q)RETURN
ICOUNT=ICOUNT+1
IF({NWDS.LT.2)GOTO 589

SWCP DATA TO OUTPUT BUFFER

DO 14 J=1,NWDS
IBUF(IWD)=IPBUF(J)
IWD=1WD+1
IF(IWD.LE.2Q48)GOTO 19
IF(IOFLG.EQ.2)GOTO 28

DISC CUTPUT

IFCIWRITW(2048, IBUF,IBLK,ICH).LT.#)STOP'WRITE ERROR'
IBLK=IBLK+8 )
IWwd=1

GOTO 19

TL?PE OQUTPUT

2% IFLEN=NBYTBF
NEYT=NBYTBF
120TW=4
CALL TAPSUB(1,ITPDRW,ISTAT,IFLEN,ICOUNT,BUF,NBYT,IEOQTW)
tWd=1

CH42CK FOR ERRORS

IF{IEOTW.GE.®}GOTO 32
WRITE(7,1000)ITPDRW, ICOUNT

1395 FORMAT(' EOT ON WRITE DRIVE:',I2,' BUFFER NUMBER:',IS)
WRITE(7,1081)

1981 FORMAT(' ENTER NEW WRITE DRIVE NUMBER:',$)
READ(B,1002)YITPDRW

1§42 FORMAT(IL)
IEOTW=8
IF(ITPDRW.GT.2)STOP' EOT TERMINATE’

¥ IF(ISTAT.GE.Z)GOTO 18

WRITE(7,10G3)YICOUNT



Fa59
a¥es
e

JEY

IA6L
3863

YO Y

REERES]

OO

vaz. g

18£3 FORMAT('

COME

RETURN
HERE TO

55 CONTINUE
DC 49 J=NWD,2048

1BUF(J)=9
IF(IOFLG.

IF(IWRITW(2048, IBUF,IBLK,ICH).LT.2)STOP'

CALL CLOS

4 THU g8-JAN-B81 FF:16:96

FATAL ERROR ON WRITING BUFFER NUMBER:',I5)
STOP' FATAL WRITE ERROR'
12 CONTINUE

FLUSH BUFFERS

EQ.2)GOTO 58
EC(ICH)

WRITE(7,1818)ICOUNT

RETURN

FLUSH TO TAPE

59 TFLEN=NBLKBF

NBYT=NBYT
IEQTW=04

BF

WRITE ERROR'

CALL TAPSUB(1,ITPDRW,ISTAT,IFLEN, ICOUNT,BUF,NBYT,IEOTW)

IF(IECTW.

LT.2)GOTO 69

AS ONLY FLUSHING BUFFERS IGNORE ERRORS

-

o)
g

BUF{1)="E
B3UF{(2)='0
BUF{3)='D

CALL TAPSUB(1,ITPDRW,ISTAT,IFLEN,ICOUNT,BUF,NBVT,IEOTV)
WRITE(7,1912)ICOUNT

FORMAT( !
RETURN
ZND

BUFFERS WRITTEN=',I5)
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Utilities

File Save/Restore Utility:~- MPTPSV

This program is completely interactive and the user is
proﬁ}ed for most of the required input. When in command mode the
program puts a "?" on the screen and awaits one of the 4 commands

shown below. Any other input required is then promted.
SAVE

This causes a file to be written to tape. The program
prompts the user for the file name and version number.

REST

This command causes a file to be brought and put back onto
disc. The user is prompted for the file name and if necessary the

version number.

TDIR

This command causes the program to compile a directory of the
files on tape and put the output to either the printer or

terminal.

STOP

This command causes the program to execute any queued restore

Jobs and then terminate the execution.
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M J POULTER JUL 1989
TAPE/DISC SAVE RESTORE PROGRAM
VERSION |

REAL*8 FSPECR,FSPECW,FSPEC(1408),DATE(1090),NBUF,DBUF,FSBUF,
%EQTCOD,QSPEC(24),TPNUM, TODATE

REAL*4 FBUF{3),COM(4),CBUF

INTEGER*2 VNUM(1009),SI1ZE(1880),VBUF,SBUF,
ZIVNUM(18),IFNUM(12),QNO(22),BUF(1224)

LOGICAL*1 EOT,EOR,HBLK(24),ANS,YES,NO,IDRV,ISTAT

EQUIVALENCE (HBLK(1),NBUF),{(HBLK(9),DBUF),{HBLK(17),VBUF},
X(HBLK(19),SBUF) .
COMMON/SERCH/FSPEC,DATE,VNUM,SIZE ,HBLK,IFILE .

DATA DEV/3RRK /,FSBUF/12RDKAMPTPSVDAT/,YES/'Y'/ ,NO/'N'/

DATA COM(1)/'SAVE'/,COM(2)/'REST'/,COM{3)/'STOP'/,COM(4)/'TDIR"'/

DATA EOTCOD/12REOTEOTEOTEOT/

SET UP I/0 CHANNELS
IFCICDFN(25).NE.@)STOP'CHAN OVERFLOW'®

IFCIFETCH(DEV).NE.Z)STOP'FETCH ERR'
ITR=IGETC()

IRD=2%
IWRT=21
IFILE=9
IQNUM=g
EOR=.FALSE.
EOT=.FALSE.

GET TODAYS DATE
CALL GDATE(TODATE)
TYPE 19

19 FORMAT(' TAPE SAVE/RESTORE PROGRAM VERSION 1°')

TYPE 15

15 FORMAT(' ENTER TAPE NAME AND DRIVE NUMBER')
ACCEPT 16,TPNUM, IDRY

15 FORMAT(ASB,I2)
TYPE 17

17 FORMAT(' IS THE TAPE TO BE INITIALISED VY/N:',$)
ACCEPT 18,ANS

18 FORMAT(AL)
IF{ANS.EQ.NO)GOTO 19

TAPE INITIALISATION CODE
NBUF=TPNUM
DBUF=TODATE
ILEN=1
CALL TPHAND(4,IDRV,ISTAT, ,ILEN,IFILE,HBLK,28)

WRITE EOT BLOCK AND REWIND TO BEGINNING OF BLOCK
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>

NBUF=EQTCOD

ILEN=1

CALL TPHAND(4,IDRV,ISTAT, ,ILEN,IFILE,HBLK,28)
CALL TPHAND(6,IDRV,ISTAT,2,ILEN,IFILE, , }
EOT=.TRUE.

GOTO 1

NORMAL INTRO TO A SESSION

[N S}

13 CALL TPHAND(2,IDRV,ISTAT, ,ILEN,IFILE,HBLK,28)
IFCTPNUM.NE.NBUF)TYPE 11

{1 FORMAT(' WARNING TAPE NAME DIFFERENT TO INIT VALUELLlIl')
CALL TPHAND(5,IDRV,ISTAT,1,ILEN,IFILE, , )

START OF MAIN SOFTWARE LOOP
1 TYPE 28
27 FORMAT(' ?2',%)
ACCEPT 3&,CBUF
30 FORMAT(A4)

AFTER COMMAND RECEIVED DECODE IT

Sy

DO 49 I=1,4
4 TF{CBUF.EQ.COM(I))NCOM=I
GOTO (1094,2008,3088 ,45003YNCOM

CODE FOR SAVEING A FILE

VYO Oy

18T TYPE 1918

&1 FORMAT(' ENTER FILENAME TO BE SAVED,WITH VERSION NUMBER')
ACCEPT 192#,FBUF ,NVNO

Q2% FORMAT(3A4,12)
CALL IRADS@(12,FBUF,FSPECR)}

GET TO END OF TAPE TO SAVE THE NEW FILE

[N

Y IF(.NOT.EOT)CALL FSERCH(EOTCGD,IDRV,EOT)
9754 EOT=.TRUE.
> QFIN FILE TO BE SAVED

I1SIZE=LOOKUP( IWRT,FSPECR)}
IF(ISIZE.LE.Z)GOTO 9481

IF(ISIZE.GT.4) GOTO 19547

NWDS=ISIZE*256

N2YTS=NWDS*2
IFCIREADW(NWDS,BUF , &, IWRT).LT.#)GOTO 9892

F3ET UP INTERNAL DIRECTORY

Y (Vv )

s

"7 AT IFILE=IFILE+!
o FSPEC(IFILE}=FSPECR

a+
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DATE( IFILE )=TODATE
VNUM( IF ILE )=NVNO

SIZE(IFILE)=ISIZE
UP HEADER BLOCK
NBUF=FSPECR

DBUF =TODATE
VBUF=NVNO
SBUF=ISIZE

WRITE HEADER BLOCK

ILEN=]
CALL TPHAND(4,IDRV,ISTAT,
WRITZ OUT THE FILE

ILEN=ISIZE

IF(ILEN.GT.4)CALL TPHAND(3,IDRV,ISTAT,
IFCILEN.LE.4)CALL TPHAND(4,IDRV,ISTAT,

“Q
v

&

i
5
i
&

sILEN,IFILE,HBLK,2#)

,ILEN,IFILE, , )
,ILEN,IFILE,BUF,NBYTS?

SEZ IF MORE SAVES RTO BE DONE
CALL CLOSEC(IWRT?
TYPE 10930
33 FORMAT(' MORE FILES TO BE SAVED Y/N 2',$)

ACCEPT 1040,ANS

L4 FORMAT(AL)

IF(ANS.EQ.YES)GOTO 1999
WRITE EOT FILE IF NO MORE
NBUF=EQTCOD

ILEN=1
CALL TPHAND(4,IDRV,ISTAT,

e
I
L
4

ND TO BEGINNING OF EOT FILE

CALL TPHAND(B,IDRV,ISTAT,2,
GOTO |

,IFILE, ,

CGDE FOR A RESTORE
252 TYPE 2418
J1Y FORMAT(® ENTER FILE TC BE RESTORED')
ACCEPT 202#,FBUF

FORMAT(3A4)

ALL IRADSP(12,FBUF,FSPECW}

IVER=2

SIARCH TO SEE IF FILE ALREADY PASSED
bo 2334 I=1,IFILE

oILEN,IFILE,HBLK,28)

)
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g1as IF(FSPECW.NE.FSPEC(I))GOTO 2034

Filt IVER=IVER+]

art! IFNUM{IVER =]

gi1r IVNUM{IVER )=VNUM(I}

il 2932 CONTINUE

(I IF{IVER.LE.1)GOTO 2949

IF MORE THAN ONE VERSION FIND WHICH ONE REQUIRED

D S W)

S TYPE 2854
g11a 2p54 FORMAT(' ENTER VERSION NUMBER REQUIRED:',$)
siis ACCEPT 2068&,NVNO
“rIr 2g6% FORMAT(IZ)
512! DO 2@65 I=1,IVER
22 2065 IF(NVNO.EQ.IVNUM(I})IFNUM(1)=IFNUM(I}
C
C FIND QUT IF NEED TO QUEUE OR CONTINUE
4124 2044 1F(IVER.NE.®)GOTO 29874
21z TYPE 2854
w127 ACCEPT 296#,NVNO

Ji2z 2942 CALL FSERCH(FSPECW,IDRV,EQT)

: IF(EQT)GOTO 2999
CALL TPHAND(2,IDRV,ISTAT, ,ILEN,IFILE,HBLK,29)}
CALL TPHAND(5,IDRV,ISTAT,!,ILEN,IFILE, , ?}
IF(NVNO.NE.VBUF }CALL TPHAND(5,IDRV,ISTAT,2,ILEN,IFILE, , }
IF{NVNO.NE.VBUF)GOTO 2042
IS1ZE=SBUF+16
IF(IENTER{IRD,FSBUF,ISIZE).LT.2)GOTO 9983
CALL TPHAND(1,IDRV,ISTAT, ,ILEN,IFILE, , }
CALL TPHAND(5,IDRV,ISTAT,!,ILEN,IFILE, ,
CALL RBQASC(12,FSPECW,FBUF)}
TYPE 2941,FBUF .

2g41 FORMAT{*® ENTER NEW NAME FOR TAPE FILE: ',3A4)
ACCEPT 2828,FBUF
CALL IRADS@(12,FBUF,FSPECW)
ISIZE=SBUF
IF(CIENTER(ITR,FSPECW,ISIZE}).LT.2)GOTO 9283
IBLK=0
DO 2045 I=1,ISIZE
[F(IREADW(256,BUF ,IBLK,IRD).LT.Z)GATO 9874
IF(IWRITW(256,BUF,IBLK,ITR).LT.#)GOTO 9495
IBLK=IBLK+1

2945 CONTINUE
CALL CLOSEC(IRD?
CALL CLOSEC(ITR)
GOTO 1

ST A

e, AN
]

T fy e

S fm B 4w Ba P L) 0 L
-

PUT NAME IN THE QUEUE

[ e Y

P 2478 IQNUM=1QNUM+1

A TGSPEC(IQNUM)=FSPECW
Tl QNO{ IGNUM)=IFNUM(1)
SLEe 278% IF(.NOT.EOR)IGOTO 1
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COME HERE AT END OF RUN

e Ne N

ST CALL TPHAND(7,IDRV,ISTAT, , ,IFILE, , )
£.87 Q=8

1158 IFILE=1

BT CALL TPHAND(S,IDRV,ISTAT,2, ,IFILE, , ?
g7 f2=1

SORT QUEUE INTO ORDER

<y O

2i7 IGAP=1QNUM

- 2931 IF(IGAP.LE.1)GOTO 2198
IGAP=1GAP/2
IMAX=T1QNUM-IGAP

2085 1EX=8 :

DO 2886 I=1,IMAX

IPLUSG=I+1GAP

IF(QNO(I).LE.QNO(IPLUSG))GOTO 2486

ISAVE=QNO(I)

FSPECW=QSPEC(I)

QNO(1)=QNO(IPLUSG)

QSPEC(1)=QSPEC{IPLUSG)

QNO( IPLUSG)=1SAVE

QSPEC({IPLUSG)=FSPECW

TEX=TEX+!

CONTINUE

IF(IEX.GT.2)G0TO 24865

GOTO 2481
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219 CONTINUE
1Q=1Q+1
N1=N2
N2=QNO(1Q)}
NSEP=N2-N1
IFILE=IFILE+NSEP
NFILE=NSEP™4

YIND FOWARD TO CORRECT FILE
J15% IF(NFILE.GT.@)CALL TPHAND(S,IDRV,ISTAT,NFILE,ILEN,IFILE, , ?
RZAD HEADER BLOCK AND CHECK IF FOUND CORRECT FILE

O S

CALL TPHAND(2,IDRV,ISTAT, ,ILEN,IFILE,HBLK,298)
IFINBUF.NE.QSPEC(IQ))GOTO 2898

CALL TPHAND(S5,IDRV,ISTAT,1,ILEN,IFILE, , }
FSPECW=NBUF

ISIZE=SBUF+16

3

[ IR

READ ONTO TEMPORARY FILE
anaT IF(IENTER(IRD,FSBUF,ISIZE).LT.2)GOTO 8003
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CALL TPHAND(!,IDRV,ISTAT, ,ILEN,IFILE, , )
CALL TPHAND(5,IDRV,ISTAT,1,ILEN,IFILE, , !}
CALL RBOASC(12,FSPECW,FBUF)

TYPE 2@41,FBUF

ACCEPT 282#2,FBUF

CALL IRADSA(12,FBUF,FSPECW)
IFCIENTERCITR,FSPECW,SBUF).LT.2)GOTO 9993

TRANSFER TO APPROPRIATE PERMANENT FILE

211

IBLK=8

DO 2141 I=1,SBUF
IF(IREADW(256,BUF,IBLK,IRD).LT.Z)GOTO 9094
IFCIWRITW(256,8UF, IBLK,ITR).LT.2)GOTO 9985
IBLK=IBLK+1

CONTINUE

CALL CLOSEC(IRD?

CALL CLOSEC(ITR)

IQNUM=TQNUM-1

NZ=N2+1

IFILE=IFILE+1

IFCIQNUM.NE.Z)YGOTO 2108

CALL TPHAND(7,IDRV,I1STAT, , ,IFILE, , )}
STOP' NORMAL TERMINATION'

WRONG FILE FOUND

289% CALL TPHAND(7,IDRV,I1STAT, , ,IFILE, , )

2319

2328

FILE

CALL RBEASC(12,NBUF,FBUF)

TYPE 2819,FBUF

FCRMAT(' FILE FOUND ON TAPE= ',3A4}
CALL R52ASC(12,QSPEC(I1Q),FBUF}

TYPE 2822,FBUF

FORMAT(' FILE REQUIRED = ',b3A4)
STOP' WRONG FILE FOUND FOR RESTORE'

NCT FOUND

2239 TYPE 2949
2943 FORMAT(' FILE NOT FOUND')

GOTO 1

CODE FOR STCP COMMAND

357

o5

EOQOR=,TRUE.

IFCIQNUM.NE.Z)GOTO 2888

CALL TPHAND{7,IDRV,ISTAT, , ,IFILE, , ?
CALL CLOSEC(IRD)

CALL CLOSEC(IWRT)

CALL CLOSEC(ITR)

STOP' NORMAL TERMINATION'

CQDE FOR DIRECTORY

PAGE 286
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N3 s07% TF(.NOT.EOT)}CALL FSERCH(EOTCOD,IDRV,EQT}
LB EQT=.TRUE.
*25a - TYPE 4070
@757 4579 FORMAT(' DIR ON TERMINAL Y/N:',3)
ACCEPT 4084,ANS
472848 FORMAT(AIL)
LUNIT=6
IF(ANS.EQ.YES)LUNIT=7
FEST 4012 WRITE(LUNIT,A4Qg28)TPNUM, IDRV
H254 4329 FORMAT('1l TAPE NO= ',A8,' DRIVE NO',13,' FILE DIRECTORY')
THT WRITE(LUNIT,49380)
B 49349 FORMAT(' FILE NAME ',5X,' DATE SAVED ',5X,' VERSION ',
A5X,' SIZE')
~e8” DO 4948 I=1,IFILE
GZ6% CALL RBOASC(12,FSPEC(I),FBUF)
a26y 1948 WRITE(LUNIT, 4958 )FBUF,DATE(I),VNUM{I),SIZE(I}
9275 4952 FORMAT(1X,3A4,3X,A8,14X,12,10X,15)
Fz7 WRITE(LUNIT,4960)IFILE
J277 4262 FORMAT(' TOTAL NUMBER OF FILES ON TAPE=',13)
~n73 GOTO 1

ERROR FINISHES

[ 2 X VER!

74 39F1 NBUF=EOQOTCOD
7Z ILEN=1
7¢ CALL TPHAND(4,IDRV,ISTAT, ,ILEN,IFILE,HBLK,29)
77 CALL TPHAND(7,IDRV,ISTAT, , ,IFILE, , }
7 CALL CLOSEC{IRD)
7= CALL CLOSEC(IWRT)
S5 CALL CLOSEC({ITR}
STOP 'LOOKUP ERROR'
S@52 NBUF=EQTCOD
ILEN=1
CALL TPHAND(4,IDRV,ISTAT, ,ILEN,IFILE,HBLK,28)
CALL TPHAND(7,IDRV,ISTAT, , ,IFILE, , 1}
CALL CLOSEC(IRD)
CALL CLOSEC(IWRT)
CALL CLOSEC(ITR)
STOP'READ ERR FOR SAVE'
5993 CALL TPHAND(7,IDRV,ISTAT, , ,IFILE, , ?
CALL CLOSEC(IRD)
CALL CLOSEC(IWRT)
CALL CLOSEC(ITR)
T3 STOP' ENTER ERR FOR RESTORE °
3 98454 CTALL TPHAND(7,IDRV,ISTAT, , ,IFILE, , )
©198 CALL CLOSEC(IRD}
CALL CLOSEC(IWRT)
CALL CLOSEC(ITR)}
STOP' READ ERR ON RESTORE TRANSFER'
9945 <ALL TPHAND(7,IDRV,ISTAT, , ,IFILE, , }
CALL CLOSEC(IRD}
CALL CLOSEC(IWRT)
CALL CLOSEC(ITR)
STOP' WRITE ERR ON RESTORE TRANSFER'

G R R

(GO FITIMIMI I N
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J3TD END
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SUBROUTINE FSERCH(FNAME,IDRV,EOQOT}

SUBROUTINE WHICH SEARCHES FOWARD TO SPECIFIED
FILE NAME ON THE TAPE

REAL*8 FNAME,FSPEC(1029),DATE(100%),NBUF,DBUF,EQTCOD
IMTEGER®2 SIZE(100%),VNO{ 108D Y,VBUF,SBUF
LOGICAL*1 HBLK{(2#),IDRV,EQT,ISTAT
COMMON/SERCH/ FSPEC,DATE,VNO,SIZE,HBLK,IFILE
EQUIVALENCE(HBLK(1),NBUF),(HBLK(9),DBUF),(HBLK(17},VBUF),
%Z(HBLK(19),SBUF)

DATA EOTCOD/12REOTEOTEOTEOT/

13 CALL TPHAND(2,IDRV,ISTAT, ,ILEN,IFILE,HBLK,28)
IF(NBUF.EQ.EQOTCOD)GOTO 15

STICK HEABER INFO IN DIRECTORY

IFILE=IFILE+!L
FSPEC{IFILE Y=NBUF
DATE(IFILE )=DBUF
VNO(IFILE)=VBUF
SIZE(IFILE)=SBUF

IF{NBUF .EQ.FNAME )GOTO 27

POSITION TAPE NEXT TO NEXT HEADER

CALL TPHAND(S5, IDRV,ISTAT,3,ILEN,IFILE, , }
GOTO 19

REWIND TO BEGINNING OF FOUND HEADER

15 EOT=.TRUE.

2J CALL TPHAND(&,IDRV,ISTAT,1,ILEN,IFILE, , )
RETURN
END
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SUBROUTINE TPHAND(ICOM,IDRV,ISTAT,ITLEN,ILEN,IFNUM,BUF , NBYT)

TAPE HANDLING SUBROUTINE

ICOM IS THE COMMAND SIGNAL

ICOM IS THE COMMAND SIGNAL

1=READ FROM TAPE TO DISC

2=READ FROM TAPE TO MEMORY

3=WRITE TO TAPE FROM DISC

4=WRITE TO TAPE FROM MEMORY

3=WIND FOWARD

5=WIND REVERSE

7= REWIND TO START

IDRV IS THE DRIVE BEING USED

ISTAT IS THE STATUS ON RETURN

ITLEN IS THE NO OF TAPE FILES TO MOVE PAST
ILEN IS THE BLOCK LENGTH OF A FILE READ OR WRITTEN
BUF IS THE MEMORY AREA USED BY TWRIT AND TREAD
M3YT IS THE SIZE OF BUF

INTEGER*2 MASK(8),ESTATI

LOGICAL*1 ISTAT,COM(4),SDSCOM(8),IDRV,ITLEN,ECOM(4),
XIFLEN,ESTAT,BUF( 1)

DATA MASK/"1,"2,"4,"14,"29,"44,"108,"2008/

DATA sDscoM/"®,"1,"2,"3,"4,"5,"6,"7/

ITRY=4

G0TO (1909,2000,3000,4000,5099,5809,509%9)I1COM

CECTION CONTROLLING A READ

CHECK THAT ONLY A FEW RETRIES ARE ATTEMPTED
1998 ITRY=ITRY+1
SET UP COMMAND FOR READ

COM{1)=SDSCOM(4)

CoM{21=1

CCM(3)=IDRV

COM{4)=~1

CALL SDS1Q(COM,ISTAT,ITLEN,ILEN)
IF(ISTAT.EQ.Z)RETURN

SRROR DETECTED ON READ

ISTATI=ISTAT
GOTO 44

3EAD FROM TAPE TO MEMORY

2979 NBUF=NBYT
CALL TREAD(BUF,NBUF,ISTAT,IDRV)
ITRY=1ITRY+1
IF(ISTAT.EQ.Z)RETURN
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FE23 ISTATI=ISTAT

aNZ4 GOTO 49
c
C IF SHORT RECORD FOUND REREAD TAPE
C

CE25 53 ITMP=ISTATI.AND.MASK(6)

TE2G IFCITMP . NE.Z)GOTO (1008,2009)I1COM
ITMP=1STATI.AND.MASK(2)
IFCITMP.EQ.Q)RETURN

IfF CRC ERROR FOUND REWIND TAPE AND RETRY

YO

5a31 TYPE 2814, IFNUM
£932 2213 FORMAT(' FILE NO ',I4,' CRC ERROR REWINDING'?}
£a33 IF(ITRY.GE.2)GOTO 138
¥938 ECOM{1)=SDSCOM(6)
£223¢ ECOM(2)=1
237 ECOM(3)=1DRY
¥938 ECOM({ 4)=0
2832 CALL SDS12(ECOM,ESTAT, , )
EEESS GOTO (1909,22089)ICOM
C WRITE SECTION
r~
ZH4AC 359 ITRY=ITRY+1
FEal IF(ITRY.GT.2)GOTO 139
TF4L COM{1)=SDSCOM(7)
3348 IFLEN=(ILEN+3)/4
£548 COM(2)=1FLEN
Jd47 COM{3)=1DRV
HY4E COM(4)=1
xi4¢ CALL SDS19(COM,ISTAT, , ?
FISH IF{ISTAT.EQ.#)RETURN
C WRITE ERROR DETECTED
“dTT ISTATI=ISTAT
JEST GOTO 48

MEMORY TO TAPE WRITE

MO

234 4039 CONTINUE

TALE NBUF=NBYT

IFLEN=(ILEN+3)/4

IFCIFLEN.LT.2)IFLEN=2
IPAD=(IFLEN*2948)-NBUF

CALL TWRIT(BUF,NBUF,ISTAT,IPAD,IFLEN,IDRV}
IF{ISTAT.EQ.Z)RETURN

ISTATI=ISTAT

GOTO 44

EZROR RETURN POSITION

[ Ne X

79 ITMP=ISTATI.AND.MASK(6)
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ITMPI=ISTATI.AND.MASK(2)
IFCITMP.EQ.Z.AND.ITMPL.EQ.Z)RETURN

REPORT AND RETRY
TYPE 2828, IFNUM

2829 FORMAT(' FILE NO ',I4,' WRITE CRC ERR ")

RETURN
WIHD FOWARD ONE FILE

5989 IF(ICOM.EQ.5)}COM(1)=SDSCOM(5?
IF(ICOM.EQ.6)COM(1)=SDSCOM(6}
IF(ICOM.EG.7)}COM(1)=SDSCOM(2)}
COM(2)=ITLEN
COM(3)=1IDRV
COM(4)=9
CALL SDS1O(COM, ISTAT, , )

CLEAR IRRELEVANT BITS FROM ERROR BYTE

ISTAT=ISTAT.AND..NOT.MASK{(6)
ISTAT=ISTAT.AND..NOT.MASK(2}
IF(ISTAT.EQ.2)IRETURN
ISTATI=ISTAT
GOTO 49

25 RETURN

i¥ THIS SECTION THE MAIN TAPE ERRORS ARE
HANDLED SUCH AS:= TAPE BUSY,TAPE OFFLINE
82T ,EQT

TAPE BUSY SECTION...AFTER CLEARING BOT FLAG

43 TYPE 1@190,ISTATI,IFNUM
Y14 FORMAT{' STATUS=',13,' FILE NO=',14)

ISTATI=ISTATI.AND..NOT.MASK(4)
ITMP=ISTATI.AND.MASK(5)}
IF(ITMP.EQ.Z)GOTO 84

8F ECOM(1)=SDSCOM(1)
ECOM(2})=0
ECOM(3)=1DRV
ECOM(4)=9
CALL SDS!O(ECOM,ESTAT, , ?

Ims

HAVING EZNAMINED STATUS IF TAPE STILL
8U3Y, LOOP AGAIN,IF NOT TRY COMMAND AGAIN

ESTATI=ESTAT
ITMP=ESTATI.AND.MASK(5)}

IF(ITMP .NE.Z}GOTO 94
ITMP=ESTATI.AND.MASK(4?}
IF(ITMP.EQ.O.AND.ICOM.EQ.7)GOTO 98
IF(ICOM.EQ.7)GOTO 35

PAGE 923
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B134
2131
4132

GOTO (1899,2000,3008,4908,50099,5008,5889)1COM
c

C TAPE OFFLINE
c
84 1TMP=ISTATI.AND.MASK(1)}
IF(ITMP.EQ.Z)GOTO 108
TYPE 10@1,IDRV
1541 FORMAT(' TAPE DRIVE ',Il1,' OFFLINE')

HAVING ANNOUNCED ERROR SKIP UNTIL CORRECTED

(SN Xe)

119 ECOM(1)=SDSCOM(1)
ECOM{2)=0
ECOM(3)=IDRV
ECOM( 4)=0
CALL SDS10(ECOM,ESTAT, , }
ESTATI=ESTAT
ITMP=ESTATI.AND.MASK(1)
IF(ITMP.NE.Z)}GOTO 119
GOTO (1900,2008,300%,4090 ,50088 ,5008,58088)I1COM

EQT

OO0

126 ITMP=ISTATI.AND.MASK(3)
IF(ITMP.EQ.Q)GOTO 128
TYPE 1#882,IDRV
igd2 FORMAT(' EOT ON DRIVE ',I1)
IDRV=3
RETURN
i25 GOTO(52,5¢,74,79,35,35,35)ICOM

2

-

<.

ERAROR EXIT RETURN

GO0

139 ISTAT=-1
RETURM
END

PAGE @984



Page 236

Tape Handling Utility:-MPTAPH

perform any tape function from the keyboard, giving the user total
control of all tape functions. The command sequence is completely
prompted by the program, with the command menu being presented

every time.

Tape to Disc Transfer Utility:- MPTPDK

This program allows files to be read from tape to disec and
seismic channels to be selected for putting into a trace

sequential file, for migration or plotting.

Input file....DK2:MPTPDK.DAT

Log file......DK2:MPTPDK.LOG

Input Parameters

READ(1, 1000)NFILIN,NBLKS,IBLKST,TPDRR

1000 FORMAT (4I5)

NFILIN...Number of files to read from tape
NBLKS....Number of blocks to select from each file
IBLKST...Starting block for selection

TPDRR....Tape drive



Page 237

READ(1, 1001)FSPECW

1001 FORMAT(3A4)

FSPECW...output file

READ(1,1001)FSPECR

FSPECR...Temporary file for tape to disc read
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Fgg REAL*B FSPEC

yea2 REAL*4 DEVNAM,FMBUF(3)

BFA LOGICAL*1 SDSCOM(4),COM(8),LUN,HBLK(L1Z),FNUM,ITYP
2934 INTEGER*2 STATUS,TLEN,FLEN

IBI5 DATA COM/"P,"1,"2,"3,"4,"5,"6,"7/

gang DATA DEVNAM/3RRK /

eI IFCIFETCH(DEVNAM).NE . #)STOP'FETCH ERROR’

#gaa IF{ICDFN(32).NE.Z)STOP'CDFN ERROR’

agl 1 CONTINUE

I TYPE 14

7813 1# FORMAT(' ENTER TEST OPTION ',/,

X' @ FOR A READ',/,

%' 1 FOR A WRITE',/,

¥' 2 FOR UTILITY COMMANDS',/,
X' 3 TO LEAVE THE PROGRAM :',$)

a1ty ACCEPT 27 ,IOPT
Gegik 29 FORMAT(I!)
yJ16 IF(IOPT.EQ.3)STOP'EXECUTION TERMINATED'
sple IF(IOPT.EQ.2)GO TO 68
JE2X TYPE 3%
gg21 3% FORMAT(' ENTER THE FILE SPEC,NO COLONS OR DOTS',/,
X' BUT WITH IMPLIED BLANKS INCLUDED:',$)
o322 ACCEPT 4&,FMBUF
gATT 47 FORMAT{3A4)
£a24 CALL IRADSZ(12,FMBUF,FSPEC)
TH2E IFC(IOPT.GT.Q)GOTO 54
c
€ READ

o

IENT=I1ENTER(24,FSPEC, 400}
IF{IENT.LT.Z)TYPE 45,IENT
45 FORMAT(' ENTER ERROR IENT=',13)
IF(IENT.LT.2)STOP
TYPE 78
7.7 FORMAT(' ENTER TAPE UNIT TO BE READ FROM :',S}
ACCEPT 28,LUN
TYPE 71
71 FORMAT(' ENTER @ FOR FIELD TAPE 1 FOR INTERNAL:',S$}
ACCEPT 28,ITYP
SCSCOM(1)=COM(4)
SCSCOM(2)=1ITYP
SDSCOM(3)=LUN
SDSCOM(4)="288
CALL SDS1@(SDSCOM,STATUS,TLEN,FLEN)
TYPE 35,STATUS,FLEN
3% FORMAT(' STATUS EQUALS...',I3,'FILE LENGTH= ',I3)
IF(ITYP.EQ.1)GOTO 91
IF{IREADW(5,HBLK,Z,28).LT.Z)STOP ‘READ HBLK ERROR'
DO 392 I=1,18
€8 HBLK{I)=HBLK(I)}+"6&
TYPE 9&,HBLK(Z),HBLK(1),HBLK(4},HBLK(3},HBLK(B},HBLK(S),
XHBLK(B8),HBLK(7),HBLK{ 18}, TLEN
5555 99 FORMAT(' TAPE HEADER INFO',/,
i#' FILE NO = ',3Al1,/,
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%' DATA CONSTANTS = ',BAl,/,
%' SAMPLING PERIOCD = *,Al,/,
¥' DATA TIME LENGTH = ',12)

91 CALL CLOSEC(28)
G0 TO 1
¢ WRITE
¢

OO0

5% FLEN=LOOKUP{21,FSPEC)

WIN

84

19734

134

114

IF(FLEN.LT.®)STOP'LOOKUP ERROR'
FLEN=(FLEN+3)/4

TYPE 35,STATUS,FLEN

TYPE 95

FORMAT{' ENTER THE TAPE UNIT TO BE WRITTEN TO:',S$)
ACCEPT 28,LUN

SDSCOM{ 1 }=COM(7)

SDSCOM(2)=FLEN

SDSCCM{3)=LUN

SDSCOM( 4)=1

CALL SDS1@(SDSCOM,STATUS,,FLEN)
TYPE 35,STATUS,FLEN

CALL CLOSEC(21)

GOTO 1

D

FNUM=g

LNUM=g

TYPE 180

FORMAT(' UTILITY COMMAND TABLE:',/,
%' mmmmmmm—m e e "l
%' 1:-STATUS',/,

%' 2:-REWIND',/,

%' 3:-REWIND OFF LINE',/,

%' 5:~FORWARD WIND N FILES',/,
%' 6:-REVERSE WIND N FILES',/,
%* 8:-RETURN PDP-8E TO 0S8',/,
%' ENTER YOUR OPTION :',S)

ACCEPT 29,NOPT

IF(NOPT.EQ.8)GOTO 1184

TYPE 120

FORMAT(' ENTER TAPE UNIT NO:',S$)

ACCEPT 24,LUN
IF(NOPT.EQ.5.0R.NOPT.EQ.6)TYPE 138
FORMAT(' ENTER NO OF FILES TO BE WOUND PAST :',83}
IF(NOPT.EQ.5.0R.NOPT.EQ.B)ACCEPT 20,FNUM
SDSCOM(1}=COM{NOPT )

SDSCOM(2)=FNUM

SDSCOM(31)=LUN

SDSCOoOM{ 4)=0

CALL SDS1@(SDSCOM,STATUS,,)

TYPE 25,STATUS,FLEN

GOTO 1

EMD



REAL®8 FSPECR FSPECY
REAL®4 FBUF(3),SEISM(2048)
LOGICAL*1 TPDRR,ISTAT,ITLEN
DATA DEV/3RRK /
IFCICDFN(2S).NE.@)STOP 'CHAN ERR'
IFCIFETCH(DEV).NE.Z)STOP'FETCH ERROR'
CALL ASSIGN(1,'DK2:MPTPDK.DAT",14)
CALL ASSIGN(2,'DK2:MPTPDK.LOG',14)
IRD=20
IWRT=21
READ(1,108F)INFILIN,NBLKS, IBLKST,TPDRR
1868 FORMAT(415)
READ(1,1200)FBUF
1203 FORMAT(3A4)}
CALL IRADSQ(12,FBUF,FSPECW)
READ(!,1208)FBUF
CALL IRAD5@(12,FBUF,FSPECR)
NWDS=NBLKS*256
IBLKOT=1
IBLKSZ=NFILIN*NBLKS+!
IF(IENTERCIWRT,FSPECW, IBLKSZ). LT . #)STOP'ENTER ERR'’
00 204 I=1,NFILIN
IFIL=1
IF(IENTER(IRD,FSPECR,3800).LT.Z})STOP'ENT2 ERR'
IF(TPDRR.LE.2)GOTO 3¢
WRITE(2,1400)IFIL
1489 FORMAT(' FILE NO ',I5,' EOT '}
CALL CLOSEC(IWRT)
STOP'EOT’

3% CALL TAPRED(-1,TPDRR,ISTAT,ITLEN,IFLEN,IFIL}

IF(ISTAT.LT.Z)WRITE(2,1508)IFIL

1502 FORMAT(' FILE NO ',I5, 'RETRIES FAILE D LAST READ USED')
IF(TPDRR.GT.2}GOTO 40
CALL TAPRED(Z,TPDRR,ISTAT, , ,IFIL)

48 CALL CLOSEC(IRD)
IF(LOOKUP(IRD,FSPECR).LT.2)STOP'LOOKUP ERR'
IF(IREADW(NWDS,SEISM,IBLKST,IRD).LT.Z)STOP'READ ERR’
IFCIWRITW(NWDS,SEISM, IBLKOT, IWRT).LT.&)STOP' WRITE ERR'
IBLKOT=IBLKOT+NBLKS
CALL CLOSEC(IRD}

28 CONTINUE
CALL CLOSEC(IWRT)

STOP ' NORMAL TERMINATION'
END
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IBM NUMAC MTS Software

The two pieces of software put onto the IBM have their own
manuals describing their operation, mentioned here are their

locations and manner of execution.

MATHSIM

To use the AP maths library simulator the program is written
in the normal manner except any references in AP calls must have

the variables defined as INTEGER*2 to be compatible with the pdp.

$RUN PROG+GPT9:MTHSIMLIB

AIMS

Aims is fully documented in its own manual. Shown below is
the run command with the file, logical unit assignments which have

to be made.

$RUN GPT9:AIMS+¥PLOTSYS

Logical Units

5..Input Deck
6..output listing
7,8....Temporary files
9..Plot output

10 to 18...Temporary work files in different jobs



