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AN ACOUSTIC DATA ACQUISITION SYSTEM FOR
RESEARCH ON PELAGIC FISH SCHOOLS

D. V. HOIuday

University of California, San Diego

Marine Physical Laboratory of the

Scrippse Institution of Oceanography
San Diego, California 92152

ABSTRACT

This document describes a small, flexible acoustic data acquisition
system which was developed for studying the acoustic signatures of pelagic
fish schools. The hardware was centered about a PDP-8/L mini-computer.
Hardware interfaces to peripheral data gathering and display devices are
described in detail. A unique software system was developed for use with
the data acquisition system at sea. The software is an interpretive,
algebraic-like language with special high level functions and commands
designed to service the system hardware. A detailed description of the
major elements of this flexible software system and its operation are pro-

vided.

I. INTRODUCTION
1/

A recently completed research program— dealt with the use of under-
water acoustics as a tool to agsist in the remote identification of schools and
aggregations of marine fish. During the execution of this research, a data
acquisition system was developed for use at sea in conjunction with two exist-
ing sonar systems, The purpose of this document is to provide a relatively
short, but detailed description of the hardware and software developed for use
as a tool in conducting the fisheries research. A brief description of the re-

search program follows,
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Explosive acoustic sources were used to obtain echoes from aggre-
gations and schools of commercially important marine fish, Narrowband
spectral analysis of the echoes from these targets revealed significant struc-
ture in the frequency range from 200 Hz to 5 kHz. The targets were partially
captured after the acoustic tests; three ylelded northern anchovy (Engraulis
mordax), one consisted of a mix of anchovy and jack mackerel (Trachurus
symmetricus) and the last sample contained an aggregation of seven species
of rockfish (Sebastes), a whitefish (Caulolatilus princeps) and a striped sea-
perch (Embiotoca lateralis).

The results of the direct biological sampling were combined with theo-

retical predictions for the resonant swimbladder response and compared with
the experimentally observed resonances,

The results of the study indicated that it is feasible to demonstrate the
presence of swimbladder-bearing fish in a school by acoustic methods. Deter-
mination of the average swimbladder size was also shown to be practical.

Accurate acoustic observations of the movements of three pelagic fish
schools were made and are discussed in Reference 1. The motions observed
were divided into two classes.

The track and the swirnming speed of the school was interpreted in
terms of cruising speed and the magnitude and duration of high speed swim-
ming bursts, to give estimates of the average fish length in each school,

Internal school dynamics was investigated with the one-half second
acoustic pulses from a 30 kHz sonar. Echoes resulting from these trans-
missions were analyzed to determine the frequency distribution of echo energy.
The observed frequency distributions were interpreted as resulting from doppler
shifts due to motion in the fish school. Observed doppler structure was divided
into that caused by body and tail related swimming motions, near side aspects,
and to behavioral swimming characteristice, near tail or head aspect.
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Side aspect data were used to estimate fish length. The estimates so
derived were consistent with the estimates of fish length made on the basis
of school swimming speeds.

Tail and head aspect doppler structure data were correlated with echo
level, school dimensions and school swimming speed to demonstrate that the
observed doppler structure could have resulted from unique swimming be-
bavior. In two cases, the behavior changed the school dimensions and in a

third situation no change in school dimensions were observed.

II. HARDWARE
A, Data Acquisition System

In the course of planning the research summarized in the introduction,
it was apparent that the swimbladder resonance work could be carried out with
a substantial savings in time and effort if & computer were employed in the data
and signal processing phase of the work. In additon, it was determined that a
computer controlled data acquisition system was a highly desirable, if not
essential, tool for use in acquiring the data on doppler structure in fish school
echoes. The degree of flexibility, in both hardware and in software, provided
by such a system was of proven value at the end of the pfoject.

The principal elements of the final data acquisition system were a
Digital Equipment Corporation PDP-8/ L® mini-computer and a Federal Scientific
UBIQUITOUS® UA-10 Spectrum Analyzer with a Model UA 1010 Spectrum
Averager. Peripherals included an ASR-33 Teletype with a low speed paper tape
reader and punch, a Remex Model 3075 high speed paper tape reader/punch,
four single data track digital cassette tape recorders, an X-Y plotter, three
8 bit D/A converters, and a computer controlled 8 channel analog multiplexer.
Also included were a single 10 kHz 12 bit A/D converter, a computer driven
CRT display, three independent facilities for supplying pulses of both positive
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and negative polarity at two voltage levels and two pulse widths to external
devices, a hard copy display unit and 2 facility for interrupting the computer
from an external source.

Interfaces for all devices except the teletype and the high speed reader/
punch were designed and fabricated during the course of the research. It is
not within the scope of this report to describe each device and its associated
interface in the detail available in the logic diagrams and wire-wrap lists.*
Rather, a general description of the function of each device will be attempted.
The sequence following the execution of each machine language external device
operation code will also be described. A narrative description of these two sub-
jects does not exist elsewhere and is presented here for the reference of future
system users. No attempt will be made to describe the method of interfacing
the external devices to the PDP-8/L computer as the standard procedures de-

scribed in DEC literaturez/ were generally followed closely.

The Computer

The PDP-8/L computer configuration used as the principal component
of the data acquisition system is a programmable data processor with 8192
12-bit memory words. Its memory cycle time is 1.6 microseconds. The
machine instruction set includes microprogramming capabilities and both
auto-indexing and program interrupt facilities are available.

Additions are performed in 2 machine cycle times or 3.2 microseconds
when one 12-bit number is already in the accumulator. Subtractions take 6.4
microseconds when the subtrahend is in the accumnulator. Multplication of two
signed 12 -bit words is performed by a software routine and results in a 24 -bit

* Complete logic diagrams and wire-wrap listings are available at the physical
location of the data acquisition system. This material is both sufficiently
specific to the system fabricated during this research and sufficiently bulky that

its interest to the general reader does not warrant its inclusion in this memo.

4.
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product in approximately 336 microseconds. Division of two signed 12-bit
numbers produces a 12 -bit quotient in the accumulator and a 12-bit remainder
in core in about 474 microseconds. The division is also a software function.
All numerical manipulations are performed in two's complement arithmetic.

Two modes of interfacing are available, programmed I/0 and direct
memory access {data break). In programmed I/O, control of each data transfer
or external operation is under the control of the program being executed, This
mode of interfacing was used for all but one of the peripherals in the data ac-
quisitdon system. The hard copy display unit (a modified Rosa depth sounder
recorder) uses the direct memory access channel.

The direct memory access channel provides a means of bidirectional
core access which is independent of the program currently being executed by
the computer. The transfer of data to and from core does not use either the
accumulator or the auto-index registers. Two sequential core locations in
memory field zero are used to control the location of reading or writing in core
and the mumber of words to be read or written. The location of the first of these
two words is selectable by switch register on the front panel of the data acquisition
gystem,

A high speed digital multiplexer is provided in the data break interface
for future expansion. The multiplexer is currently hard wired to channel 0.

The Teletype/Reader/Punch
The ASR 33 teletype is used as the principal input/output device in the

data acquisition system. Input may be either through the keyboard or through
a low speed (10 characters per second) paper tape reader. Output is either
typed or typed and punched at 10 characters per second. The interface for this
device is located in the computer main frame and is a serial-to-parallel con-

verter for teletype inputs to the computer and converts from parallel-to-serial
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format on computer output, All input and output is formatted in an 8-bit
ASCII code. The teletype uses device codes 03 and 04. A complete descrip-
tion is available in the Small Computer Handbook.i/
The High Speed Reader/Punch

The high speed reader/punch used in the data acquisition system was

a REMEX Model 3075. The interface for this device was purchased from the
mamfacturer and is located in the PDP-8/L main frame. The interface is
standard TTL logic, packaged on two double sized boards.

The optical reader operates at a maximum speed of 300 eight-bit
characters per second and bas a stop-on-character capabjlity. The punch
operates at a maximum speed of 75 eight-bit characters per second. The
reader/punch uses device codes 01 and 02. The interface is compatible with
the standard DEC hardware and software and is described in detail elsewhere.i/

Hard Copy Display Unit
A Ross Laboratories Fine-Line Model 400~A recorder originally built
for an echo sounding application was modified for use in the data acquisition

system.

The recorder stylus runs at a constant rate and travels from right-to-left
on the recorder paper. Four pulses are generated during each complete revo-
lution of the band which carries the stylus across the paper. Any combination
of these pulses can be selected for application to a single line which goes to
the computer interface by setting one or more of four range selector switches
on the recorder front panel, In normal applications the switch settngs used
should produce a single pulse at the time the stylus begins its traverse across
the paper. This pulse is transformer-coupled to a pulse shaping network and
then used to start a transfer of data from the computer core to a 3-bit D/A
converter via the data break channel. The data transfer is in 12-bit words and
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is unpacked in the interface into four 3-bit bytes. The transfer rate is con-

trolled by a simple oscillator built with a TTL NAND gate, two resistors and
a capacitor. One of the resistors is variable over a sufficient range to allow
an adjustment of output rate, This controls the length of mark for each data

point and thus the total extent of the data across the paper for a fixed number
of data points.

The D/A converter was specially designed and fabricated to allow in~
dependent adjustment of the voltage at each of the eight levels. This was done
in order to allow compensation for the non-linear marking density of the special
paper used in the recorder.

The number of words transferred from the computer core to the inter-
face is controlled by a memory register in memory field zero. The location
of this register, called the word count register, is selectable by setting a binary
switch on the front panel of the interface cabinet, The word count register
must contain one less ﬂlan the two's complement of the number of 12-bit words
to be transferred before the transfer and must be reset to the proper mumber
before each line of data is written to the recorder, The contents of the word
address counter are incremented during the transfer of each word during the
data break operation.

The word in core memory immediately following the location of the
word count address is designated the current address register. This register
initially contains the 12-bit address, in either memory field zero or memory
field one, of the first word to be transferred. The contents of this register are
automatically incremented during the block transfer and must be reset before
each new transfer.

The memory field from which data is taken to be displayed is controlled
by the command issued. The Ross recorder hard copy display uses device code
15. Execution of the instruction 6151 causes the computer to skip the next

7.
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instruction if the Ross recorder is running and is ready to accept 2 new com-
mand. Execution of the computer instruction 6152 causes a single line of data
to be written on the recorder from a sequence of addresses starting with the
memory field zero address specified by the current address register. The
instruction 6154 performs the same function in memory field 1. The write
instructions are singly buffered, that is a new write instruction may be issued
before the previous line has been completed. This buffering is only effective,
however, if the conditions tested by the skip command 6151 are met. The use
of the microprogrammed instructions 6153 and 6155 are therefore recom=-
mended to insure that conditions for a successful write operation have been
met. Since the stylus moves from right-to-left, the data must be loaded into
memory in reverse order for normal left-to-right display.

Spectrum Analyzer
The Federal Scientific UBIQUITOUS
device, employing both digital and analog technology. The instrument em-

® spectrum analyzer is a hybrid

ployed in the data acquisition system was Model UA-10. This model computes
200 point Fourier transform in real-time for selectable frequency bands vary-
ing from 20 Hz to 20, 000 Hz. The system frequency resolution varies with the
analysis bandwidth selected. The instrument employs a ime-compressed, re-
circulating, 8-bit digital shift register memory for storage and an analog
stepping-scan filter processor for the frequency analysis. The current con-
tents of memory, the magnitude, magnitude squared and log;arithm of the
Fourier transform of the input signal are each available as analog signals

from the analyzer., A transient hold mode allows capture and recurrent analysis
of transient signals, This mode must be initiated and cancelled by externally
applied signals,
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The computer interface to the spectrum analyzer is built from series
7400 TTL logic and is located in the main interface cabinet. A computer com~-
mand summary follows.

Most devices interfaced to the PDP-8/L computer must have a status
flag, This flag is used to indicate that the device is ready to accept and execute
a new command or requires servicing by the computer. The method of check~
ing the device status is the execution of a computer command which checks the
device flag. If the flag is set (logic 1) the device is considered ready, the com-
puter skips the next instruction (usually a jump command), sets the flag to
logic 0 and proceeds to service the device. This command is frequently micro-
programmed with device service commands to save program storage space and
to speed program execution. The "skip on ready” command for the spectrum
analyzer is 6102, The flag is set by the initialize pulse when the start switch
is depressed on the computer. The flag can also be set by the computer instruc-
tion 6104, The instruction 6101 is used to clear the flag under program control.

The spectrum analyzer has a provision for either internal or external
stepping through the analysis frequency range. In the internal address mode,
the analyzer will run automatically. The frequency analysis rate will be con~
trolled by a clock in the apnalyzer. To enable the internal address, the command
6632 must be executed. To clear the spectrum analyzer status flag before en-
abling the internal address, one may use the microprogrammed code 6633.
If it is desired, one can clear the status flag, enable the internal address and
set the status flag after a 4 microsecond delay by executing the instruction
6637, This facility is useful but must be handled with extreme care. Any input/
output pulse number 4 (IOP4) resulting from execution of input/output transfer
(IOT) commands using device codes 10, 63, 67, 70, 71, 72, 76 or 77 will cause
an input/output skip (I0S) if the spectrum analyzer status flag is set during the
interval from 4 to 4.5 microseconds after the IOP4 pulse. In general, I0T's
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for this interface and for the A/D converter interface cannot follow any IOT
which generates IOP4 by less than two 1.6 microsecond memory cycle times
without cansing a potentially erroneous skip of a program instruction.

To enable the external address, the command 6672 must be executed.
In normal operations, a command (6702) 18 executed first to reset the analysis
frequency to 0 Hz. The A/D converter is enabled and the voltage representing
the spectral level at DC is digitized by the command 6772. The mumber can be
read into the computer accumulator by the command 6774 as soon as the status
flag has been set to logic 1. The flag is tested by the skip~-on-ready command,
6102, which was previously discussed. Normally, the analysis frequency is
then stepped by the instruction 6712 and the sampling sequence indicated above
is repeated until all 200 apalysis frequencies have been sampled. All of the
commands discussed in this paragraph except the skip-on-ready command can
be microprogrammed to clear the device status flag before execution by adding
the mumber one to each command. To set the flag after a 4-microsecond delay
add the number 4, except for commands 6772 and 6774. To clear the flag,
execute the command and set the flag after a delay of 4 microseconds, add the
number 5 to any of these instructions except 6102, 6772 or 6774. The restrictions
discussed in the preceding paragraph apply to all of these microprogramming
combinations.

Two further instructions are needed to operate the spectrum analyzer
under program control. The first, 6772, cs‘Luses a transient hold pulse to stop
memory updates and hold in a recirculating mode the current memory contents
for the anslysis of transients. The second instruction, 6762, releases the
transient capture mode and returns the memory to a contimous update mode.
Both pulses are longer than 4.5 microseconds in duration. Both of these com-
mands can be microprogrammed to clear the status flag before execution of
the command (add 1) and/or to set the status flag after the command is

10,
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executed (add 4). The timing restrictions previously discussed must be re-
speécted in microprogramming these two instructions.

Analog-to-Digital Converter
The analog-to-digital (A/D) converter is a 12-bit CYCON Model 3235

converter. The maximum conversion rate is 10 kHz. The A/D converter

interface is integrated with the spectrum analyzer interface and is located in
the main interface cabinet. The converter has three input ranges, *5 volts,
%10 volts and O to 10 volts. These ranges are selectable by a switch on the
interface cabinet front panel. The A/D converter may be used with the spec-
trum analyzer or independently. An analog multiplexer, to be described later,
allows up to eight inputs to be computer switched to a single output line. This
line is normally connected by an external patch cable to the A/D converter in-
put. The A/D converter input is buffered by a high slew rate, wideband, non-
inverting, unity gain operational amplifier.

The A/D converter utilizes the spectrum analyzer device status flag.
This flag can be cleared by executing the instruction 6771, The instruction
6102 can be used to test the flag. The command 6772 will enable the A/D con-
verter and digitize the voltage appearing at the converter input. The converter
will set the device status flag when the conversion is complete, If the voltage
at the converter input is overrange, the converter digital output is set to all
zeroes and the overrange light on the interface cabinet front panel will be 1it
for 1 millisecond. To transfer the digital number to the computer, the instruction
6774 must be executed, This results in a jam transfer of the A/D converter out-
put into the computer accumulator. Microprogrammed instructions 6773, clear
flag and enable A/D, and 6775, clear flag before transferring digital number to
the accumulator are legal, The codes 6776 and 6777 are illegal since no test
for conversion completion is performed between A/D enable and the accumulator

jam transfer.

11;
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Computer -controlled Analog Multiplexer
An eight line-to-one line MOS analog multiplexer is used in the data

acquisition system. The address of the input line which appears at the out-
put of the multiplexer is controlled by a 3-bit latch, The latch is loaded with
the computer accumulator bits 9, 10 and 11 by the instruction 6511. Input
capacitance is 3 pf at each channel. The channel own-resistance is less than
500 . Multiplexer bandwidth is from DC to a frequency of 1 MHz. Crosstalk
between channels has been measured and is better than -60 dB between 1 MHz
and 1} KHz. Crosstalk is -70 dB or better at 100 Hz. The range of input volt-
ages is from +15 volts to -5 volts. Exceeding these values may damage the
device.

Spectrum Averager
A Federal Scientific spectrum averager, Model 1010, was interfaced

to both the computer and to the spectrum analyzer. The spectrum a.verager
normally operates under the control of the spectrum analyzer, accumulating
a preset number of independent spectra, normalizing the resulting "ensemble”
average and presenting the average for display in analog form. In the data
acquisition system developed for use in the research reported in this document,
an option to control the spectrum averager was implemented and located in the
main interface cabinet. The interface is unique in the absence of a device
status flag. Deletion of this flag was possible since all operations are per-
formed in less than one computer memory cycle,

Six instructions are assoclated with the spectrum averager interface,
They are: averager reset (6532), averager start trigger (6531), averager
start (6534), averager erase (6571), set averager sweep gate (6572) and reset
averager sweep gate (6574). Set averager sweep gate forces the averager
sweep gate signal to a logic one and reset produces a logic zero on that line.
The six instructions indicated above control the transfer of data from the

12,
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spectrum analyzer to the averager. These signals and their functions are

described elsewhere in great detnil.§-’—6-/

Magnetic Tape Cassettes

Four dual track magnetic tape cassette recorders also make up a part
of the data acquisition system. One of the tracks is used for serial recording
and playback of digital data while the other contains a prerecorded digital code
used for synchronization of recording and playback of the data track. Data can
be written to tape and is read from tape at the same rate, 300 eight-bit bytes
per second. Data must be in block or file format since there is no stop-on-
character capability. Packing density is 550 bits per inch. The units were
designed and manufactured by International Computer Products (ICP). The
hardware necessary for the parallel-to-serial conversion in write operations
and the hardware for the serial-to=parallel conversion used in read operations
wag supplied by the mamufacturer and is mounted in the cassette drive enclosure.
The drive control, electronic servo control and command decoding logic was
also supplied by ICP and 1s located in the tape deck. A partial description of
these circuits are found in the maintenance and the operations manuals.Zﬁ/
ICP has discontimied mamfacture and support of these devices.

Since the existing part of the interface to the tape decks was designed
to work with 8-bit bytes of data, the tape format most easily made compatible
with DEC software was the binary format used for punched paper tape. With
a slight modification, the binary loader used for paper tape handling was con-~-
verted to handle either punched paper tape or magnetic tape. Likewise, the
standard binary punch was also easily modified to handle both magnetic tape
and paper tape. A good description of the binary format can be found in
DEC-08-LBAA-D, a PDP-8 library document. A checksum system rather than
a byte oriented parity check is used for error detection.

13,
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The tape cassettes are packaged two decks per unit. Simultaneous
reading and writing can be performed on 2 maximum of one deck per unit at
any time., Rewind can be in progress on any deck at any time. There are
two device status flags, one per unit. At the completion of a rewind or back-
space operation, the unit flag will be set if the deck address is currently set
to the deck just rewound. If the other deck is currently addressed, the flag
is not set unti] the deck is addressed. The deck address cannot be changed
on a unit during a read or write operation without terminating the operation.

At least a 100 millisecond programmed delay must be provided before any
command which starts tape forward. Pre-rewind and pre-backspace delays
are hard wired.

Execution of the instruction 6122 loads a 4-bit latch in the tape deck
interface from bits 0, 1, 2 and 3 in the computer accumulator. Bit O specifies
the unit address. Bit 1 designates the deck in the unit addressed, Bits 2 and 3
control the rewind and backspace functions respectively. Binary ones in both
bits 2 and 3 will result in a rewind.

There are three commands used to write data to tape from bits 4 through
11 of the accumulator, The first is instruction 6121, This instruction causes
a program skip if the tape flag for the unit and deck addressed by the address
Tegister in the interface is set to logic one. The second command, 6122, is
discussed in the preceding paragraph and is used to transfer the tape address
and a function code to the address register in the interface. In addition, this
command is used to clear the tape flag and the write buffer register. The re-
maining write command, 6124, clears the tape flag, loads the write buffer from
bits 4 through 11 of the accumulator, writes the character to tape and sets the
tape flag to indicate that the operation is complete.

If another write command does not occur within 4 milliseconds after the
flag has been set for the first write operation,- the operation will be terminated,
a record gap will be written and the tape transport will stop.

14,
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There are three read commands. These commands are supplemented
by the command 6122, which as discussed above, is used to clear the tape flag,
load the tape command, deck and unit address and clear the write buffer. The
first read command, 6111, is used to skip the next program instruction if the
tape flag is set for the unit and deck currently addressed. The instruction 6112
reads the read buffer in the interface and clears the tape flag. To clear the
tape flag, clear the read buffer, read a character, transfer it to bits 4 through
11 of the accumulator and set the tape flag, one must execute the instruction
6114,

Microprogramming of the three write commands is legal. The combina-
tion 0of 6112 and 6114 in a read command is, however, illegal.

Three error conditions can be detected by the interface any one of which
will cause termination of the operation in progress. The condition causing the
error can be determined by reading the read buffer (6112) and checking the status
of bits 0 and 1 of the computer accumulator, If bit 0 is a one and bit 1 is a zero,
an error output from the tape deck currently addressed has occurred. The
error output indicates a read error.g/ If bit 0 is a zZero and bit 1 is a one, the
read switch on the addressed deck 1s depressed. This prevents computer con-
trolled operation. If both bits 0 and 1 are one, the read or write operation has
encountered the end of the tape. It is good practice to check the error bits be-
tween each operation if time permits.

Digital-to~Analog Converters
The data acquisition system contains three independent digital-to-analog

converters, These converters are CYCON Model 2035, 8-bit converters. They
operate at a maximum rate of 50 kHz., A switch on the interface cabinet front
panel controls the destination of the converter outputs. The outputs can be
switched to three BNC connectors where they are available to drive external

15.
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devices such as chart recorders, servo controls, etc. The voltage range is
+5 volts to -5 volts in this mode. The second switch position connects the
converter out;;uts to a Hewlett-Packard Model 7005B X-Y Recorder which has
been modified to allow remote operation of the pen up/down control. In this
application the voltage ranges from +5 volts to -5 volts on the X and Y-axes
and from 0 to +10 volts on the Z-axis. The third function of the D/A converters
is in driving a small CRT display. Two converters apply voltages ranging be-
tween +5 voltsl and -5 volts to the X and Y deflection amplifiers in a modified
Tektronix Model 602 CRT display. The third converter applies voltages
ranging between 0 and +10 volts to the CRT Z-axis.

Each converter is buffered by an 8-bit latch which is loaded from bits
4 through 11 of the accumulator. The X-axis converter is loaded by the in-
struction 6501. The Y-axis converter is loaded by the instruction 6502, The
command 6504 is used to load the Z-axis converter, These instructions could

be microprogrammed in any desired combination.

Computer-controlled Trigger Pulses

A general purpose interface was built into the data acquisition system
to provide a means of triggering external devices on computer command, This
interface provides three instructions for this purpose.

The first instruction 6541 results in pulses on four different lines. Two
pulses are 500 nanoseconds long, one is a positive pulse from 0.2 volt to 4.5 volts.
The second short pulse is a transition from 4.5 volts to 0.2 volt and back to
4.5 volts, The second pair of pulses which result from the instruction 6541
are 1 millisecond long and start at the same time as the 500 nanosecond pulses.
One of these two pulses ranges from ground potential to +15 volts and the
second is a negative pulse ranging between ground potential and ~15 volts,

16.
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The second instruction, 6542, causes a positive TTL pulse to appear
on one external connector and a negative TTL pulse to appear on a second line.
Both pulses are 500 nanoseconds long.

The third command is 6544, Positive and negative TTL pulses of 500
nanosecond duration appear on separate connectors as a result of the execution
of this instruction,

All of the short pulses are buffered IOP's. Therefore, microprogramming
will result in the initdation of pulses on all lines with a fixed time relation for
their leading edges \;Iitlﬁn a single 4.8 microsecond expanded computer cycle

time.

External Computer Interrupt Control

In data acquisition applications, it is frequently desirable to initiate a
sequence of computer program steps at a time based on the occurrence of an
event external to the computer. A program interrupt facility is provided in
most computers to allow a pulse from an external source to "interrupt”" the
program in progress and cause a new sequence to begin. Such a facility is
usually shared with one or more peripheral devices, When multiple connections
are made to the interrupt bus, the programmer must provide software to enable
the computer to determine which device caused the interrupt and requires ser~
vicing. This is normally accomplished by checking device status flags. The
order in which the status flags are checked provides an interrupt priority
hierarchy. If, however, the program in progress has the highest priority,
all interrupts may be locked out by executing a2 computer instruction, 6002,

The command 6001 is used to enable external interrupts.

In the application for which the system to be described was designed,

a sequence of program steps was to be initjated at a predetermined time after

each of a sequence of underwater explosions. Since the explosive was detonated
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by a fuse rather than electrically, there was no accurate way of controlling

the time of the explosion. Therefore, explosions were sensed by a hydrophone
which was positioned at a known distance from the point of the explosion. The
signal appearing at the hydrophone output was a combination of ambient sea
noise, own-ship's noise and the signal from the explosion. With this combina-~
tion of signal and noise, there was a finite probability of interrupting the com=-
puter on the basis of noise alone rather than signal plus noise. Since the soft-
ware used in the data acquisition process required that the interrupt be enabled
at all times in order that the computer should be accessible through the teletype,
the internal interrupt enabling and disabling features could not be used to exclude
noise caused interrupts at critical dmes.

Two features were added to the existing interrupt facility in order to
reduce the probability of noise related interrupts., The first was a variable
threshold. This device consists of a series combination of a variable gain
(X1 to X10) amplifier with a dc bias control and a Schmitt trigger. The ampli-
fier is a standard 741 operational amplifier wired in inverting mode. The
Schmitt trigger is a standard TTL circuit on a single chip. The existing circuit
was designed to provide a negative voltage threshold, Thue, the interrupt cir-
cuit is triggered by a negative pulse at its input.

The circuitry for the portion of the interrupt circuit external to the com-
puter is located in the main interface cabinet. The input, threshold control and
a monitor for the threshold-circuit output are located on the interface cabinet
front panel.

The second feature added to the existing interrupt facility was a pro-
vision to enable or disable the line from the threshold circuit to the computer
interrupt bus. Thie logic allowed interrupts from the hydrophone to be accepted
or ignored under program control without disabling the computer interrupt bus
and without requiring the computer to service all interrupts, discarding those
from the hydrophone.

18,
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To enable the hydrophone interrupt channel, the instruction 6442 was
implemented. The command 6444 clears the hydrophone interrupt flag and
disables the interrupt channel. The instruction 6441 is used to test the device
flag. A program skip results if the flag is set to logic one.

Shipboard Sonar Systems
Two research sonars are available on the R/V DAVID STARR JORDAN,
One operates at a center frequency of 11 kHz and the other at 29.8 kHz. An

echo sounder, operating at 18 kHz is also available. All three instruments
were manufactured by SIMRAD, The echo sounder is Model EH-3 and the
sonars are designated Model 580-10.

The 30 kHz (29.8 kHz) sonar can be trained through 360° in aximuth and
from approximately +20° to -90° in depression. The 11 kHz sonar can be
steered to any azimuth but cannot be depressed. Echo sounding modes are
available on both instruments. In normal applications, both sonars use short
CW pulses of maximum 80 millisecond duration. Signal processing is severely
limited, including reverberation controlled gain or time varied gain and simple
bandpass filtering. A CRT display and wet paper recording are provided as
primary displays. Both suffer limited resolution and dynamic range.

During the conduct of the research, transmit and receive beam patterns
were measured at the U, S. Navy Electronics Laboratory Sensor Accuracy
Check Site in the Long Beach Naval Shipyard. Receiving sensitivity and trans-
mit beam patterns are illustrated in Figures 1 through 4 for both sonar systems.

Complete information on the sonars and the echo sounder operations

and maintenance are available in SIMRAD manuals,
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mi. SOFTWARE

Since ship time is a valuable, expensive commodity in an oceanographic
research program, the flexibility to change a data acquisition process at sea
in a matter of minutes can be an extremely valuable part of such a research
program. This is particularly the case when the duration and mumber of sea
trips is limited and many of the environmental and experimental sitwations to
be encountered are predictable to only an order-of-magnitude or sometimes
less accuracy.

In the light of these considerations, the software developed and used in
the sea tests was an interpretive language based partially on the Digital Equip-
ment Corporation FOC ®. After substantial modification and expansion
an executive system (EXEC) with the required flexibility for at-sea data ac-
quisition resulted.

The retention and expansion of FOCAL's capability for performing on-
line or programmed scientific calculations from an interactive, high-level
language was a secondary but valiable consideration in the development of
EXEC.

The decision to make the executive software a high-level, interactive,
interpretive software system was strongly influenced b-y limitations of the sonar
system which were not readily changed. Since both sonar systems were designed
for a maximum 80 millisecond pulse duration, the pulse repetition rate was neces~-
sarily slowed substantially to allow use of longer pulses. This was done to pre-
vent serious damage to the transmitter. The extended pulse repetition rate
limited the sonar data rate rather than the speed at which the computer could
acquire and process the acoustic data. If the equipment limitatons had not been
present, a trade-off between the speed of an efficient machine-language code and
the slower interpretive software would have been necessary, Since changes at

the machine language level would have required days as opposed to minutes
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for the interpretive language, hindsight indicates that the ship time required
to perform the same work might have been doubled if the machine language
approach had been chosen.

Listings of the modifications to FOCAL-69® (DEC-08-AJAE) with the
8 K-overlay and the MODV overlay follow.ﬁ/ For those additions to FOCAL
which are in the form of functions, a brief description of the function performed
and of the call format are presented. Finally, a complete core dump after exe-
cution of the initial dialogue with FOCAL and the secondary dialogue with EXEC
is presented in Appendix I. A core map is given in Appendix II. Appendix III
contains a listing of WTBIN. This is a utility routine for writing blocks of data
to the magnetic tape cassettes in binary format. Loading and operating instruc-
tions are provided in Appendix IV, Instructions for expanding available program
and data space at the expense of several external devices is also provided in
Appendix IV. The service routine RTBIN is used to read blocks of binary data
from either paper tape reader or the magnetic tape casgettes. A listing and
operating instructions are provided in Appendix V.,
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A. Miscellaneous Patches

Several patches were required to correct problems with either FOCAL-
69 or MODV. Corrections, text overlays, and several housekeeping patches
follow. The patches beginning in 0 3206 and 0 3260 are destroyed by the
initdal dialogues. The patches at 0 0004 and 1 3511 are discussed further
in Appendix IV as are the patches at 0 0060, 0 0135 and 1 0007.

26.
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Text Overlay

*3206
3217
2000
8355
8530
0503
5567
6255
6061
7718

*3260
4785
30085
@355
6762
5560
6147

Patch to MODV

FIELD 1

#3412
AB45
7045
4315
e7ge
1520
£100
5857
4420
2077

FIELD

L3

27.
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FI1IELD O
LINE1 =400

*4374 /TURNS OFF CRT AFTER INIT DIALOG
6504

*60 /RESET LINE1

LINE1

*¥135
LINF1

FIELD 1

%7
LINE1
5

FIELD 1
*104  /TEXT PATCH

4905

3005

2355

6762

5560

6140

#3511  /LAST ADDRESS NOT PROTECTED IN FIELD !

6444

FIELD 0 | |
*4 /ANOTHER PLACE TO PATCH LAST ADDRESS NOT PROTECTED
6444  /IN FIELD |

#6002 /PATCH 70 SUPPRESS = ON OUTPUT

7200

#5333 /PATCH TO ONE OF THE SINE CONSTANTS

2501

#2652 /REMOVE A BUG IN FOCAL VHICH INTEFERES WITH FIELD 1
6101  /CODING

7000

1201

7184

1208

6244

s
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B. Multi-use Argument Fetch Subroutine

This routine is used by any function which requires one or more argu-

ments from the program being executed. It is normally called from GETARG.

29.
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/ EXEC-72-@81 FETCH CHARACTER ROUTINE

*]1532

MCOMMA, ~254

*1553

ARG, TAD CHAR /CODING TO FETCH NEXT CHAR
TAD MCOMMA /RETURN TO CALL+3{CALL+2)
SZA CLA /Z1F CHAR 1S ¢1S NOTY) A COMMA
JMP et d)
PUSHJ
EvAL-]
IAC
POPJ

CHAR= 66

PUSHJ=4540

EVAL=1613

POPJ=5541

30.
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C. Library Command Processor

This processor is used to expand the command structure of FOCAL-
69.

The format of all library commands is L X Y. L is the library command
designator. X is the sub-command designator. X may be multiple letters and
is terminated by a space. Only the first letter is used and the remaining charac-
ters may be deleted thereby saving program space. Y is the argument or argu-

——-——13’ 14/ format

ments for the command. The arguments follow the standard FOCAL
and may be subscripted.

The library processor is expandable by three more functions. The
ASCII code for the sub-command must be inserted into the array CLIST. The
corresponding slot in the array GOLIST must be filled by the entry address for
the routine which executes the desired command.

Two new commands have been implemented. The first is a command to
punch data in ASCII format on the high speed punch. The command performs the
same function with output to the high speed punch as the command TYPE in FOCAL.,
To punch data on the high speed punch, execute the command L P DATAIl, DATAZ2,
etc.

The second command allows listings to be made on the high speed punch
rather than on the low speed punch or the teletype. This command supplements
the FOCAL commands WRITE and WRITE ALL. To list or produce a program
tape in ASCII code which is suitable for reading under the FOCAL command *,
execute the command L W ARGUMENT., ARGUMENT may be a line number, a
group number or if it is missing the entire program will be output on the high
speed punch. No leader is punched by the program, therefore it must be mamually
punched if desired.
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FIELD @

/LIBRARY COMMAND PROCESSOR

*COMGO+10

*7503
LIBRAR»

CLIST»

GOLIST»

LIBRAR

SPNOR

TAD

PUSHA

GETC

SORTC
GLIST=1
SKP
JMP

SPNOR

POPA

SORTY
CLIST=1
GOLIST-CLIST

ERROR

320

327

@

]

2

o

7777

CHAR

e=4q

2o e®

SORTC=4550
GLIST=1377
SPNOR=4560
PUSHA=4542
GETC=4545

POPA=1413

SORTJ=4547
ERROR=4566

CHAR®= 66

COMGO=1163

$

32,

/IGNORE SPACES

/GET NEV COMMAND CHAR
/STASH 1T

/GET NEXT

/MOVE TO TERMINATOR

/1GNORE SPACES
/GET NEW COMMAND CHAR BACK
/G0 THERE

/NOT IN LIST
/PUNCH
/WRITE TO HI SPEED PWNCH

/LIST TERMINATOR
/PUNCH ADDRESS
/WRITE ON HSP ADDRESS
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D. High Speed Punch and Write Processors

The formats and syntax for these routines are discussed in Section C

immediately preceding this section.
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/LIFRAEY PEOCFSSNE FOR HI SPEED FUNCH AND» WRITE COMMANDS
FIFLLD @
*FOTTOM
INTPF=1
*4BEA=]151= 1.8
INTEEs FPSF

JMP FXTINT
PCF
E¥XTINT, M5 SERUR

JMP 1T EFINF
L¥TNF, P6B4
5FRUP, ¢

NP ZRO0OM FOF .MS I TO SEVICE
NP /TW0 UNSPECIFIED INTERRUPTS
JMFE 1 SERUR .
3! /DEVICF SFRVICE HOUTINE ADDRESSES
& .
*OLIST
Kl
ar?
#CEOLI ST
FPIN
qr i
k65
5683
INTFE
kdna7=18]1 :
HET, CL& CMo /S5FT UP TYPE OF WIRITE 7 SWITCH
nea &w
RN, CLA
TAD TELSW
57.4
LlM -I" .- 9
INF
TET IN1
DCAa 63
an IN2
LCa 64l
TAD IN3
nca 1 E7Td1
TAD INa
DCA I FT4Y
TAD INS
DCaA . 1 PTE]
TAD IN4
DcA 1 PTial
157 Sk
JME TYP
TAD . INE /ZINTERCEPT EFTUIN FEOM WRITE
DA I PTEL
TAT IW7
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Lo 1 PT6LHR]
Vi T WERIOFE

TYF>» Al INA
ICa 1 PTHI
TAT a9

WA T PTHI+L
J4E T TYBF
PT31» RYRE
WTAL, P68
BTRY, 1457
BT » 671
-
Tiia 1577
1 6pA
“Ti61, 1355
tIITF, €35
IVETF, 1263

best scan possible

Tl 1354

I ¢ cala

Iy 5336

INSS TaGA

TA&, AN21

TNt SATE

IN7s 2D

TR, BNDTI

1:0, DT

BN, 4D M4

FNLTE, TAD 19
1P b4
hGF

L) nes NAD
TAD ER
18 1 PTH
Tan 23]
I.CA LY PTB+1
JMP FIN

PN s TAD 9
A NAD
36
Al .6
ca 1 +TE
TAD 7
ca I FT&+1

FI.» 14D ki

) I.CA 63

TAD | 8. .
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nece 64
TAT: R3
ncA I PTA
TAT R4
DCa I PT4
TAT RS
nea I PTS
TAT R4
A 1 PTLI@
nea 17}
10N
G 1 MAD

MLy -4

NADS» @

Sk, ]

Fls 2R76

k2, 2666

£a» 6841

Fudis FA46

RS, A4

Fés 3026

17, 5541

PR, 61/

P9, 614

LT3, 27ze

i UF PG 2

"TEs 1357

Try AT1
672

FT3s 1577
1673

PTiA, 1355

FOTINM=35

CLIST=7521

GOLY : T=7530

T¥LSU=16

36.
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E. I/0O Pulse Processor

This routine controls the application of pulses to several connectors
on the front panel of the interface cabinet from a high-level language. Im-
plemented as a FOCAL function, the software call S A = FIOP(X) will cause
a pulse at the connector designated by X. The character A is a dummy variable.
The variable X may be alphabetic, representing a previously defined decimal
value or may be a decimal number. In either case, the value of X is converted
to octal, placed in the function routine as in-line code and is executed as an
instruction.

The three basic machine language commands which control the computer-
controlled trigger pulse interface are discussed in the hardware description,
Section H of this memo, They are 6541, 6542 and 6544, Their decimal equiva-
lents are 3425, 3426 and 3428 respectively. Thus, executing the instruction
S A = FIOP (3425) will cause the pulses described in Section II to appear at the
BNC connectors so labelled on the interface cabinet front panel.

Since any single machine language instruction can be executed from
EXEC level with this function, the function also finds a use in executing such
commands as set transient hold, step spectrum analyzer address, erase spectrum
averager, etc,

Some caution should be exercised in executing the function FIOP since
jumps and core modifications which could modify any part of core (except that
which is hardware protected) including EXEC are possible. |
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FIELD 0

FNTABL=2165
EFUN3I=136
INTEGER=53
INTAB=374
*FNTABL+4

2622

START=1343
*FNTAB+ 4

*START
XIOP»

INSTR,

TAC»

38,

XI0P

DCa
JMS
DCA
TAD
e

CLA
JMP

Holliday

TAC /SAVE AC

INTEGER /MAKE FLARG AN INTEGER

INSTR /DEPOSIT INSTRUCTION IN-LINE
TAC /RESET AC

/CLEAR AC FOR RETURN
EFUN31 /RETURN
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F. Analog-to-Digital Converter Routine

This routine was designed to service the A/D converter. The A/D
converter routine is named XADC and includes a multiplexer channel select
feature. The call S A = FADC (CH) sets the variable A equal to a digital
decimal value representing the voltage at the CH-th input of the analog multi~
plexér. The channel designator CH may take on any integer value from 0
through 7. The variable A may be subscripted.

The range of the input voltage is controlled by a switch on the interface
cabinet front panel rather than by software. For symmetric ranges of input
voltage (5, *10 volts) the binary number representing the largest positive
voltage is 3777 and the number representing the largest negative voltage is
7777. Zero voltage at the input results in a 0000. When the input switch 15 set
to the 0 to +10 volt range, the digital output ranges from 0000 to 7777.

A voltage at the A/D converter input which exceeds the range set by the
hardware switch will result in a zero value for A. The multiplexer cannot be
used for negative voltages laxrger than -5 volts. The A/D converter must be
connected directly to the source voltage for cases in which the source voltage

will exceed this limit,
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/ANALOG-TO~DI1GI TAL CONVERTER ROUTINE
/CALL: S X=FADC(CH)
/CH IS THF ANALOG MUL TIPLEXER CHANNEL NUMBER
/X 15 SET EQUAL TO THE CONVERTER OUTPUT VALUE

FIELD @
*B0 TTOM
XADC=-1
START=4315
'#FNTARF+5
XAaDC
®*START
XabDC» JMS I
6511
6773
6192
JMP
6774
CLL RAR
DCA
RAR
DCA
TAD
DCA
JMP 1
Cld, 14
FLAC=44
EFUN3I=136
INTEGER= 53
NTaRF=374
BEOTTOM=35
$

40.

INTEGER

FLAC+1

FLAC+2
Cl4
FLAC
EFUN3I

/MAKE AN INTEGER OF CHANNEL NUMBER
/SELECT CHANN EL

/CLEAR FLAG AND SAMPLE

/SKIP ON READY WITH SAMPLE

/NOT READY, THY AGAIN

/TRANSFER NWMBER TO AC

/CHECK FOR *-@°

/CHECK FOR RIGHT PAREN.NORMALIZE FLAC,
/AND RETURN
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G. External Interrupt Service Routine

Both FOCAL and EXEC run with the computer interrupt on. This allows
interaction with the computer through any external device at any time, e.g.,
input via the teletype. At each occurrence of an external interrupt a sequence
of software checks is performed to determine the source of the interrupt and
to service the device causing the interrupt.

The listing which follows is a routine which sets location 3420 base 8
(1808 base 10) in field 0 to one if the interrupt resulted from a signal at thé ex~
ternal interrupt connector on the interface cabinet front panel.

Clearing the interrupt flag is the responsibility of EXEC level software.
This flag maintenance is generally performed by calling the function FRAW.
The call S A = FRAW (0, 1808, 0) will deposit a zero in the location of the soft-

ware interrupt flag,
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/MODIFY TOP OF PLL LOCN

FIELD @
END=134
*END

7553

/ROUTINE TO SERVICE EXTERNAL INTERRUPTS
/

/SOFTWARE INTERRUPT FLAG IS IN 3420 BASE 8 (1868 BASE 1&
/

/CLEARING SOFTWARE INTERRUPT FLAG IS EXEC LEVEL

/BESPONSIBILITY

7/

7/

FIELD ©

*3702
JMS I .+3

*3705
SERVEX

SERVP=3701

START=3411

*START

SERVEX, @
6441 /SKIP IF INTERRUPT FLAG IS SET
JvMP 1 SERVEX /RETURN TO SERVICE MORE DEVICE(S)
IAC
DCA INTFLG /SET INT FLG = ] IF HARDVARE FLAG =l
6444 /CLEAR HARDVARE FLAG AND LOCK OUT
JMP I SERVEX /MORE EXTERNAL INTERRUPTS

INTFLG, @ /SOFTWARF INT FLAG (1807 BASE 1@

3
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H. Absolute Address Read and Write Routine

One disadvantage of a high-level, algebraic language such as FOCAL
is the absence of 2 mechanism for manipulating data in absolute addresses
in core. The software routine XRAW allows the contents of an absolute loca-
tion in either field 0 or field 1 to be read from core or written into core by an
EXEC level command.

While there is the disadvantage that this process is slow and can result
in modification of EXEC itself if misused, there is a substantial advantage in
such uses as clearing software flags, setting up arrays for display on the CRT
or Ross hard-copy recorder. The routine can also be used to conserve storage
by storing such data as can be so represented in single word, fixed point data
arrays.

To set the floating point variable A equal to the value XXXX in field Y,
execute the EXEC command S A = FRAW (Y, XXXX). The argument XXXX is
the decimal value of the absolute octal address or is an appropriate algebraic
expression used to compute the address in decimal,

To set the location XXXX in field Y equal to the octal, fixed point value
of the variable B, one may execute the command S A = FRAW(Y, XXXX, B).
The variable A is a dummy variable. The variable B may be a number of a
non-subscripted variable or a subscripted variable.
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/FRAV: READ AND WRITE ABSOLUTE ADDRESSES

/JYURITE: S YeFRAW(A,L,X) 3 X TO (AsL) AND Y

/A IS THE DATA FIELD » L IS THE CORE LOCATION IN DECIMAL
ZAND X 15 THE EXEC VARIAELE TO BE FIXED IN INTEGER FORMAT
/AND WRITTEN TO COREe Y ALSO CONTAINS X ON RETURN.

/JREAD: S Y=FRAWCAsL) 5 (AsL) TO Yo

/A 1S THE DATA FIELD, L IS THE REQUIRED ABSOLUTE LOCATION IN
/DECIMAL. THE ROUTINE SETS Y=CONTENTS OF (A,L).

FIELD @

START=4227
*BOTTOM
KOUNT=1
*FNTAB+14
XRAV
*FNTABL+14
2641
*START
KOUNT, O
XRAY» TAD PFLD
DCA ACTR /PUT L1IST ADDRESS IN ACTR
DCa HKOUNT /CLEAR ARGUMENT COUNTER
LOOPs 18Z KOUNT ZINCREMENT AND SKIP ON ZERO
JMS 1 INTEGER /FETCH NEXT ARG
DCA 1 ACTR /STORE IN LIST
TAD ACTR
IAC ‘
DCa ACTR
PUSHJ
ARG /GET NEXT CHAR
SKP /NOT A COMMA
JMP LOOP /RETURN IF COMMA SNEXT ARG IN FLAC
CLL CLA
TAD FLD /SET UP FIELD CHANGE COMMANDS
RTL /POSITION FIELD BIT
RAL
TAD FINST
DCA RFCH
TAD RFCH
DCA WFCH
TAD KOUNT /CHECH FOR 2 ARGS
TAD Me
SzZA /SKIP 1IF READ
JMP CNTTST /JUMP TO CONTINUE TEST
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RFCH» o /CHANGE DATA FIELD
TAD 1 LOCN /GET WORD
CDF @2 /SET DFa=@
JMP EXIT
CNTTST» TAD Ml
SZA CLA
ERROR /INCORRECT NO OF ARGS
WRITE, TAD CNTS /CALL 1S FOR A YRITE
WFCH>» 0] ZINSTRUCTION TO SET DATA FIELD
DCA I LOCN ZWBRITE CNTS TO LOCN
CDF %} /SET DF=8
TAD CNTS
EXIT» CLL RAR /PREPARE T0 EXIT
DCA FLAC+ 1
BAR
DCA FLAC+2
TAD Cla
DCA FLAC
EX» JMP 1 EFUN3I /ZEXIT
ACTR» @2
PFLD» FLD
FL.D» ]
LOCN» 7]
CNTSs ]
MPs -2
Cld, 14
FINST CDF 2
Mi» -1
PUSHJI= 4540
INTEGER=53
EOTTOM=35
FLAC=44
ARG=] 553
EFUN3I=136
ERROR=4566
FNTAB=374
FNTABL=2165
:

45,



MPL TM-237 Holliday

I. A Multi-finction Routine

The function table in FOCAL-69 is limited to 15 entries. To remove
this limitation in a direct manner would require & recompilation from the
assembly language level. To reassemble the program would require punch-
ing the assembly code onto tape or cards and assembly on a machine with
more storage than the PDP-8/L.

The limitation of 15 table entries can also be remoyved by expanding one
of the entries into a general purpose routine which can perform several functions
depending on the arguments in the function call. This approach was adopted for
the data acquisition software. The general purpose routine XGEN allows an
expansion in the mumber of functions which is limited only by the memory avail-
able to implement the functions., Three finctions have been implemented in
this manner,

The FOCAL function FSGN was deleted and replaced by a function to
drive the spectrum analyzer. This was done to shorten the time required to
call and execute the spectrum analyzer routine, The spectrum analyzer routine
was called much more frequently than FSGN, the sign function, and a significant
savings in execution time resulted, Although the call FSGN is no longer avail-
able in EXEC, the function for obtaining the sign of a number is available through
the call S A = FGEN (fSGN, N). The variable A is set to the value of the sign
(£ 1) of the variable N, The characters SGN are prefixed with a zero.

A time delay function was added to FOCAL for use in the control of time
sequenced events, The time delay is initiated at the time the function is called.
Time (T) is in units of 0,1 millisecond. At the end of the time delay, a single
instruction, PLSINS, is executed. This instruction, the decimal representation
of the octal code, is usually an instruction which produces a command for some
external device. The call, S A = FGEN (§TDL, T, PLSINS) is through the
general function XGEN. The variable A is a dummy variable,
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In some situations, one may desire to start a time delay based on the
occurrence of an event external to the computer, e.g., the detonation of an ex-
plosive sound source. The call S A = FGEN(@FWAT, T, PLSINS) initlates a tight
software loop in which the computer repeatedly checks the software interrupt
flag. The time delay is initiated when the software interrupt flag is set to one
indicating an external interrupt through the connector on the front panel of the
interface cabinet. At the end of the time delay (T in units of 100 microseconds)
the octal representation of the decimal value of PLSINS is executed as a machine
language instruction. The external interrupt interface hardware is enabled at
the time of entry into XGEN/@WAT. The external interrupt software flag
(3420 base 8) is cleared by the software in XGEN/@WAT after it is set by the
external interrupt service routine but prior to the time the time delay is initiated.
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/GENERAL SUBROUTINE

/CALL: FGEN(QSGN,N)

Holliday

/CALL: FGEN(@TDL»,T»PLSINS)

/CALL3 FGENC(AWAT> T» PLSINS)

FIELD @

*FNTABL+15
2564

*FNTABF+15
XGEN

#3374

XSGNEs CDF
JMP

XSGNP, XSGN

%7500

XGEN., CIF
JMP

XGEN1Ps XGEN
*1142
GETARG, @
CDF
PUSH
ARG
JMP
cLa
TAD
DCA
CIF
JMP
NC» CIF
JMP

)

*3421

INTFi», B
CDF
JMS
ClF
JMP

48,

I

I
1

J

CLL

(%)
XSGNP

10
XGENIP

NC
I1aC RAL
GETARG
EETARG
10
GETARG
10

GETARG

]
INTEGER
1o
INTF1

/NOT COMMA

/COMMA

/COMMA, GO BACK TO CALL+3

/NOT COMMA, GO BACK TO CALL+1
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FIBLD 1

*113

e7e6 /ADDRESS OF ERROR EXIT IN FIELD @
2017 /ADDRESS OF FUNCTION RETURN IN FIELD @

INTF1P, INTFI
GETARP» GETARG
SMPDLP» SMPILY

CTiMH, @
CTIML, B
INSTR, @
*200
XGENl, CDF %}
TAD 1 FLARGL
TAD CTILL
SZA CLA
JMP NEXTI
TAD I FLARGH
TAD CTDLH
sSNa CLA
JMP XTDL /15 TDL
NEXTl» TAD 1 FLARGL
TAD CSGNL
SZAa CLA
JMP NEXTZ
Tab 1 FLARGH
TAD CSGNH
SZA CLA
JMP NEXT2
C1F ]
J4Ss 1 GETARP /15 SGN
ERR» CiF /NOT A COMMA
ERROR1 /INCORRECT NO ARGS (ALSO USED
/BY KK BELOW)
CDF 1 /COMMA -
CiF 7/
JMS I INTFIP
CIlF @
JMP I PXSGNE
NEXTZ2, JMP 1 WAITP
VAITP, WAIT
XTDL.» CIF @
JMS I GETARP /GET TIME PARAMETER
CIF /NOT A COMMA
ERRORI] /NOT ENOUGH ARGS
CilF /15 A COMMA

JMS 1 INTFIP
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TESTG»

GOON»

MD»

K,

WLOOPP,
FLGWP»
M2,
PXSGNE,
FLACLP»

50.

DCA
TAD 1
DCa
TAD 1
TAD
SZA
JMP
TAD
CLL RAL
DCA

“TAD

DCa
SPA SNA
JMP
CIF
CDF
ERRORI
TAD
pcAa
DCA
1szZ
CIF
JMS I
NOP
JMP
CIF
JMs I
CDF
DCA 1
TAD
IAC
DCA
JHMP
TAD
TAD
SZA CLA
JMP
CDF
ISZ 1
JMP
JMP 1
WLOOP
FLGW
-2
XSGNE
46

CTIML
FLACHP
CTIMH
FLACEP
M38

TESTG
CTIML

CTIML
CTIMH

CTIMH
CLA
GOON
i@

2

INSTP
ACTR
KOUNT
HKOUNT
a
GETARP

1¢.4

)
INTF1P
10
ACTR
ACTR

ACTR
MO .
M2
KOUNT

ERR

10
FLEWP
ENTER
WVLOOPP

Holliday

/EXP NOT 30
/EXP = 30, ROTATE ALL LEFT ONE

/SKIP ON > @
/0K, <30
/FLAC>383ARB TOO B1lG

/LIST ADDR TO CTR
/CLEAR KOUNT

/GET AN ARG
/NOT A COMMA, THIS IS A SPACER
/15 COMMA

/STORE IN LIST

/INCR ACTR

/ALL ARGS IN NOW

/INCORRECT NO ARGS
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INSTP» INSTR
FLACHP, 45
FLACEP, 44
M30» -30
KOUNT, O
ACTR,
FLARGH, 2630
FLARGL, 2031
CSGNH, -0013
CSGNL., =3700
CTDLH, =-00614
CTDLL, =2002
ARG=1553
PUSHJ= 4540
FNTABL=216S
FNTABF=374
ERROR1=4513
XSGN=2@10
INTEGER=53
ENTER» CLA CLL
TAD CTIML
CMa
DCA CTIML
RAL
TAD CTIMH
CMA
DCA CTIMH
LOOP» JMS SMPDLY
ISZ CTIML
JMP LOOP
152 CTIMH
JMP LOOP
TAD INSTR
DCA INS
NS, @
CLA CLL
DCA I FLGWP
CDF 0
CIF @
JMP 1 EFUN31
SMPDLY, @
TAD NUMLUP
DCA COUNTI
ISZ cCoOmNTl
JMP e=]
NOP
JMP I SMPDLY
DECIMAL

MPL TM-237

/FIELD 1 ERROR RETURN INSTR

/ABOUT 180 USEC

/CLEAR WAIT FLAG
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COUNTI, @
OCTAL
NUMLUP, 7761
EFUN31I=114
ERROR1=4513
PAGE
VAIT» TAD I FLRELP
TAD CVATL
SZa CLA
JMP NEXT3
TAD I FLRGHP
TAD CWATH
S8A CLA
JMP WAI TL
NEXT3» CIF
ERRORI1
WAITL» CDF 18
CMA
Dca FLGV
JIP 1 XTDLP
WL.OOP» CDF %
6442
TAD I INTFG
SNA CLA
JMP - e=2
DCA I INTFG
CDF 10
JMP 1 ENTERP

FLRGLP,» 2831
FLERGHP, 2030
ENTERPs ENTER
INTFG, 3420
XTDLP, XTIDL
CWATL, =2215
CWATH, =-00814
FLGW» o)
FIELD @

*60

FLAW+1

*135

FLGW+]

FIELD 1
*7
FLGW+1

FIELD @
$

52,

/1S5 WAIT CALL

/NOT AN FGEN CALL

/SET FLGW = -}

/BENABLE EXT INTERRUPT

/GET INTERRUPT FLAQG

/G0 DO TIME DELAY
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'J. The Spectrum Analyzer/Averager Software

The spectrum analyzer and spectrum averager are serviced by a com-~
bination of the routines XIOP, XGEN/@#TDL, XGEN/@WAT and XSPA. Any of
of the first three routines can be used to set and release the transient capture
feature of the analyzer. The routine XSPA is used to erase the averager, per-
form a new average and to digitize the spectrum from either the spectrum
analyzer or the averager and transfer the spectra to core memory in the com-
puter.

The spectrum averager is erased by performing the EXEC instruction
S A = FSPA(0). The character A is a dummy variable.

The spectrum averager is commanded to perform an average by the
instruction S A = FSPA(I)‘. The character A is a dummy variable,

The command S A = FSPA(CH, L, XXXX) is used to step the analyzer
or the averager through the 200 frequency bins, digitize the voltage output for
each bin, normalize and bias the resultant number for display on the CRT and
place the mumber in field L, locadons XXXX through XXXX + 200 base 10,
XXXX is in decimal. The variable CH must be 0 for the spectrum analyzer and
1 for the spectrum averager. Since CH also designates the analog multiplexer
channel number, the analyzer output must be connected to multiplexer channel 0
and the averager output must be connected to channel 1,

As the program is written, the analyzer output will appear in the upper
half of the CRT display if the command S A = FSPA(0, 1, 3566) is executed. The
averager output will appear in the lower half of the CRT display if one executes
the instruction S A = FSPA(1, 1, 3365).
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FI1ELD @

START=3673-242
*BOTTOM
XSPA-1
*FNTABL+1
2655
#FNTAB+1
XSPA
*START
XSPA» DCA
TAD
DCA
GAf» TAD
1AC
DCA
152
JMS 1
Dca 1
PUSHJ
ARG
SKP
JMP
CLL CLA
cMa
TAD
S5ZA
JMP
TAD
SZA
JHP
TAD
DCA
6101 -
6673
JMS
6783
6572
LOOP1» UAER
6713
TAD
JMS
152
JMP
CLL CLA
6574
6540
JMP I

KOUNT
PLIST

LSTPTR
LSTPTR

LSTPTR

KOUNT

INTEGER
LSTPTR

GAA

HOUNT

T3
LIST

T1
AMEOP
ACTR

RUARC

DLYT

DELAY

ACTR
LOOP1

EFUN31

/ACa=]

1S KOWNT=1 ?

/N0, TRY 3

/YES, ERASE OR AVERAGE
/LISTa® 7

/NO, TRY |

/YES, ERASE AVERAGER
/SET UP ADDR CTR
/CLEAR UBIQ FLAG
/ENABLE EXTERNAL ADDR
ZINIT RAC IN AVE
/RESET ANALYZER

/SET AVE SWEEP GATE
/ERASE AVERAGE

/STEP ADDR

/PICK UP DELAY COUNT

/NOT FINISHED
/FINISHED

/RESET AVE SWEEP GATE
/NOP - DELAY

/RETURN TO EXEC
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Tis TAD AM1 :
SZA JLIST = 1 7
ERROR /NO» ERROR
TAD AM200 /YES, DO AN AVERAGE
Dca ACTR  /SET UP ADDR CTR
6101 /CLEAR UBIQ FLAG
6673 /ENABLE EXTERNAL ADDR
JMS RUARC  Z/INIT RAC IN AVE
6703 /RESET ANALYZER
UAGO /START AVERAGER
6572 /SET AVE SVWEEP GATE
6531 /START AVERAGER TRIGGER
LOOP2, 6713 /INCREMENT ADDR
TAD DLYT
JMS DELAY
152 ACTR
JYP LOOP2
6574 /RESET AVE SWEEP GATE
6540 /NOP ~ DELAY
JYP 1 EFUN31 /RETURM TO EXEC
T3» TAD AM1 /SUBTRACT £ MORE
TAD AM1
Sza /HOUNT = 3 ?
ERROR
TAD LIST+1 /FIX UP FIELD INSTR
CLL
RAL
RIL
TAD FLDINS
DCA SETFLD
TAD AM208
DCA ACTR  /SET UP ADDR CTR
6101 /CLEAR UBIQ FLAG
6673 /ENABLE EXTERNAL ADDR
JMS RUARC /INIT RAC IN AVE
6703 /RESET ANALYZER ADDR
6572 /SET AVE SWEEP GATE
UAGO /START AVERAGER
LOOP3, 6713 /STEP ADDRESS WITH CIRC PLS
TAD DLYT
JMS DELAY
6773 7 SAMPLE
6108 /CONVERSION COMPLETE ?
JMP a=1 /N0
. JMP A
RUARC, @ /IN1T RUNNINE ADDR CTR
6578 /SET SWEEP GATE
6713 /CIRC PULSE
6574 /RESET SWEEP GATE
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FLIST.
DECIMAL
AM200@»
0OCTAL
aM1i,
LSTPTR»
PAGE .

A

CHO»

SETFLD»

DELAY»

56.

6540
JMP 1
LIST=1

-280

-]
B

6101
6774
6540
TAD
SPA
CLa CLL
RTR
RTR
AND
DCA
TAD
TAD
SzZA
JMP
CLa

TAD
6511
CLA CLL
TAD
JMP

CLA CLL
TAD
6511
CLA CLL
TAD
TAD

2

DCA 1
CDF
TAD
IaC

DCA

| 9.7 4
JYP 1
6574
6540
JMP I
@

bCa

) -4

RUARC

Mep48

MASK
SaMPL
LIST
M1

CH@

P1
SAMPL
SETFLD
PO
SAMPL
Plgs
LIST+2
LIST+2
LIST+2
ACTR
PLOOP3
EFUN3I

CTRE
CTRe

Holliday

/NOP = DELAY

/CLEAR FLAG
/YES, GET NUMBER
/NOP = DELAY
/SHIFT ZERO

/SCALE FOR DISPLAY

/SKIP IF CH = 1
/CH = @
/CH s |

/SET MPX CH = |

/JSET MPX CH = 9

/BIAS TO UPPER DISPLAY
/SET DATA FIELD

/SET DATA FIELD TO 0
/INCR ADDR

/GET NEXT NUMBER
/RESET AVE SWEEP GATE
/NOP - DELAY

/RETURN TO EXEC
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JMP o=1

JYP 1 DELAY
LISTs (]

(%]
KOUNT, O
CTRZ, 7]
ACTR» 2
SaMPL, O
ILYTs 7700
MASK» 377
FLDINS» CDF
PLOOP3s LOOP3
Ml -1
Pls 1
P@» 2
DECIMAL
M2048s, =P2048
Pl128, 128
M2e8, =202
OCTAL
UVAER=6571
UARE= 6532
UAST=6531
UAGDO=6534
PUSHJu 4540
EFUN3I=136
ERROR=4566
BOTTOM=35
FNTAHL=2] 65
FNTAB=374
ARG=1553
INTEGER=S53
%
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K. Ross Recorder Driver

The hardware interface for the Ross Laboratories hard copy display
unit operates via the data break facility of the PDP-8/L computer. The inter-
face contains logic to unpack each 12-bit word into four 3-bit bytes for display.
The data break logic picks up data for unpacking in the order of increasing
core address but the stylus travels from right-to-left across the paper. The
bytes are unpacked in a left-to-right direction. Therefore, if the normal left-
to-right sequence of data is to be output on paper, the 12-bit words must be
packed in normal left-to-right order but the words must be stored in the com-
puter core in reverse order.

After scaling the data to be displayed to a value between 0 and 7, the
data can be converted to a fixed point integer format, packed four numbers to a
computer woxd and stored in field L, location XXXX by the EXEC instruction
S A = FRR (W1, W2, W3, W4, L, XXXX). All variable8 are in decimal. The
variables W1 through W4 are packed in the order s_hown and stored in location
XXXX, field L. In normal applications, 128 (base 10) 12 -bit locations have
been reserved between 6243 (base 8) and 6444 (base 8) in field 1. The decimal
equivalents of these mumbers for use in the EXEC level call are 3235 (base 10)
and 3364 (base 10) respectively. Storage normally begins at 3364 (base 10) and
progresses toward 3235 (base 10).

A second call to XRR, S A = FRR(L, XXXX, N)will set the’ data break
counter at 0 1530 to -N and output N words of core beginning at field L, location
XXXX to the hard copy display unit. All arguments are in decimal. The charac-
ter A is a dummy variable,
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/R0OSS RECORDER DRIVER PROGRAM

/CALL: S Y=FRR(X1,X8,X3:X4,A>L)3 PACK X1 THRU X4 INTO L
/CALLI S Y=FRR(A»L»N)3 SET DATA BREAK COWNTER TO =N, AND
/DISPLAY A LINE FROM FIELD A, FIRST LOCATION L (DECIMAL).

/DATA BREAK COUNTER = 1530
/DATA BREAK ADDRESS= =@ 1531

FIELD ©
®4 /PROTECT ROSS RECORDER DATA AREA
6243 /512 BASE 10 LOCATIONS HAVE BEEN RESERVED
FIELD 1} /FOR THE ROSS RECORDER DATA AREA
*3511 /6243B8(3L235B18) TO 6444B8(3364B1G®)
6243
FIELD @
START=4232=-152
*BOTTOM
KOUWNT=1
*FNTAB+16
XRR
*FNTABL+16
1166
*2START
KOUNT, @
XRR» TAD PLIST /LIST ADDRESS TO ACTR
DCA ACTR
DCA KOUNT
182 HOUNT
JMS 1 INTEGER /GET NEXT ARG
DCA 1 ACTR /STORE IN LIST
TAD ACTR
IAC
DCa ACTR
PUSHJ
ARG /GET NEXT CHARACTER
SKP /RETURN IF NOT A COMMA
JMP XRR+3 /RETURN 1IF A COMMA, ARG IN FLAC
CLL CLA ’
TAD ROUNT /BRANCH ON NUMBER OF ARGS
TAD M3
SZA
JMP TEST /TEST FOR 6 ARGS
DI SPLAY» TAD LIST /MODLFY INSTRUCTION FOR APPROPRIATE
sSNa /DATA FIELD
JMP DISPRR /FIELD @
TAD M1
SZA CLA /FIELD 1 7
ERROR /NOT FIELD @ OR FIELD 1
TAD RRW
TAD MODINS 7/ADD MODIFIER
DCA RRWRT /CHANGE WRITE INSTR TO FIELD 1
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DISPRR, TAD LIST+l /GET FIRST DATA LOCATION
TAD M1 /SUBTRACT ONE
DCaA RRBA ZINITALIZE BREAK ADDRESS
TAD LIST+2 /GET N
cMA /COMPLLEMENT N
DCA RREC ZINITALIZE BREAH COUNTER
RRWRT, 6153 /SKIP NEXT INSTR AND OUTPUT LINE IF
ERROR /RECORDER IS ON» IF NOT THEN
CLL CLA /TAKE ERROR EXIT
TAD ACTR
IAC
DCA ACTR
JMP I EFUN31 /RETURN
MODINS, ¢
RRW» 6153
FLIST» LIST
LIST, a
7
@
]
]
ACTR» 2
Ml» =1
M3» -3
CFINS, CDF @
TESTs TAD M3
S5ZA CLA
ERROR /WRONG NO ARGS
PACK>» TAD LIST+4 /SET DATA FIELD INSTR
RTL
RAL
TAD CFINS
DCA CDFL
TAD LIST+S /TRANSFER LOCATION TO STORAGE ON
DCA LPTR /NEXT PAGE
TAD LIST /PACK
AND MASHI /08087
RTL
RAL
DCa TEM
TAD LIST+1
AND MASK]
JMP N
PAGE
Ns TAD TEM
RTL
RAL
DCA TEM
TAD 1 PLPZ
AND MASK1
TAD TEM
RTL
RAL
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TAD I PLP3

AND MASK ]
TAD TEM
CDFL» 2 /SET DATA FIELD
DCA 1 LPTR
CDF 2] /SET DF=0
CLA CLL

JMP 1 EFUN31 /RETURN
MASK1, 09007
TEM, ]
PLP2» LIST+g
PLP3» LIST+3
LPTR» a
INTEGER=53
ARG=1553
PUSHJ=4540
ERROR=4566
EFUN3I=136
RRBaA=1531
FRBC= ] 5380
B TTOM=35
FNTAB=374
FNTABL=2165
$
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L. The Display Driver

The routine XDYS is a multi~purpose driver which is used to service
the three D/A converters in the data acquisition system. The output of the
D/A converters may be switched to any of three places by a switch on the inter-
face cabinet front panel. Thus, the call FDIS is used to service the CRT dis-
play, the three D/A converter outputs on the interface cabinet front panel or the
X ~Y plotter.

Consider the case in which the front panel switch is set for the D/A con~
verter mode, IfX, Y and Z are FOCAL variables with decimal values between
0 and 255, the call S A = FDIS(X, Y, Z) will produce a voltage proportional to
the number assigned to X, Y and Z at the BNC connectors labelled X, Y and Z
in the D/A section of the interface cabinet front panel. In this mode, the range
of available voltages at the BNC connectors is 10 volts, Numbers in the range
0 to 127 result in positive voltages increasing from 0. Numbers from 128 to
255 result in negative voltages increasing in magnitude from 0 to -10 volts.

When the mode select switch is in the X ~Y plotter position, the X and Y
converters are switched to the X and Y inputs of the X -Y recorder, The maxi-

fmum voltage range remains * 10 volts on the X and Y outputs, The Z-axis out-
put is switched to a 0 to +10 volt range and is used to operate a transistor and
relay circuit to control the pen up/pen down function, The pen will be placed in
the up position and positioned to (X, Y) if the instruction S A =FDIS (X, Y, 0) is
executed, If Z is equal to 255, then the instruction is executed, the pen will be
put down and moved to the point (X, Y) simultaneously.

Although the CRT display operates through the same software routine,
the manner of operation and the software call is slightly different than that indi-
cated above. It is frequently desirable to compute while dieplaying a picture or
function on the CRT display. In order to allow this flexibility, the CRT is up-
dated by the software in EXEC once each time a call is made to the FOCAL

62.



Holliday MPL TM-237

routine EVAL or to the loop which FOCAL uses to idle while awaiting input
from some external device.

Provision has been made to store two functions of the same parameter,
X, in core memory. The storage area for the first function, Y1, is from
1 6756 (base 8) to 1 7266 (base 8). A function Y2 may be stored in locations
1 6445 (base 8) to 1 6755 (base B). The functon X controls the abscissa for
both Y arrays and is stored in locations 1 7267 (base 8) through 1 7577 (base 8).
The routine FRAW is often used to load these display storage areas. The function
FRAW requires_decimal arguments. Therefore, in decimal, the storage area
for X ranges from 1 3767 (base 10) to 1 3967 (base 10). The storage area for Y1
ranges from 1 3566 (base 10) to 1 3766 (base 10). The storage for Y2 begins at
1 3365 (base 10) and ends at 1 3565 (base 10).

The mymbers entered in these storage locations will be treated as 8-bit
positive integers. Therefore they should range between 0 and 255 (base 10).

The mumber (0, 0) represents the extreme left-hand, bottom point in the CRT
display area. The center of the display is denoted by (127, 127).

The intensity (Z-axis), wired to range from off (Z = 0) to the brightest
value (Z = 255) is controlled by one parameter in each use of the function FDIS.
The parameter Z has a special function if its value is zero. In this case, the soft-
ware considers the display off and does not take time out from the computation to
refresh the display. Two software flags are also used to indicate a desire on the
part of the EXEC level ue1: to refresh either the function Y1, the function Y2, neither
function or both functions at each opportunity. If these flags are designated Y1
and Y2, and the variable Z is between 1 and 255, the EXEC instruction S A =
FDIS(1, 1, Z, Y1, Y2) will begin displaying Y1 as a function of the data in the X
array, if Y1 = 1; the data in the Y2 array, if Y2 = 1 and the data in both arrays
if Y1 = Y2 =1, The intensity will be set by the value of the argument Z. If Y1
or Y2 is equal to zero, that array will not be refreshed and an increase in the
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speed of execution of the program in progress will result. The data from the
designated array (s) will be refreshed at each call to EVAL and during idle ime
untll either Z is set to zero or until both Y1 and Y2 are set to zero.
The X array can be set to a ramp function (standard use in the display
of time functions or spectra) by executing the EXEC command below.
F1=1,200; S A=FDIS(1, 3767 -1+1, 256 * (1-1)/200),
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FIELD @
*134
7553 /CHANGE PDL LOCN TO MAKE ROOM FOR
/DI SPLY (ENTRY FROM TIL)
®7536
DISPLY», @
CLA CMA
DCA 1 FLAGP
TAD RETAD
DCA 1 LISTP
JMP 1 TZMZ2P
RETTDL, CIF 10

CDF 10

J¥P I DISPLY
FLAGP», FLAG
LISTP» LIST
RETAD, RETTDL
TZM2P, TESTZ-2
*1613

JMP I PENTRE
PENTRE» ENTRE

*2667
JYP I 2679
ENTRI
BOTTOM=35
*BOTTOM
1777
FNTAR=0374
#*FNTAB+3
XDYS
START=4333
#*START
KOUNT, @
ENTRE» DCA TLSTOP /SAVE AC
DCA FLAG /SET FLAG FOR EXIT
JMP TESTZ
ENTRI. IAC
pCca FLAG
RDF /SAVE CURRENT FIELD
DCa MEMTEM
TESTZ» TAD LIST+2 /1S Z=0 1?7
SNa CLA /SKIP ON NON ZERO Z
JMP EXITE /JZERO Z » EXIT
DECIMAL
TAD (=200 /SET CTR
OCTAL
DCaA CTR
TAD X
DCA XTEM
TAD Y1
DCA YiTEM
TAD Ye
DCA YeTEM
TAD DATAL /CHECK FOR DATAl PRESENT
JMP AA 65.
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AA»

LOOPI.»

Y2DI S,

DECIMAL
OCTAL

LOOPZs

SNA CLA

JMP
CDF
TAD
CDF
DI SY
CLa
TAD
TAD
DCA
CDF
TAD
CDF
DI SX

TAD
DISZ

TAD
TAD
DCA
152
JMP
DI SZ
TAD
SNA
JMP
TAD
DCA
TAD
DCA

TAD

DCA
CDF
TAD
CDF
DI SY
CLA
TAD
TAD
DCA
CDF
TAD
CDF
DI sx
CLA
TAD
DI Sz

CLA

YeDis
1@
Y1TEM
29

YiTEM
(+1
Y1TEM
10
XTEM
28

LIST+2

XTEM
(+1
XTEM
CTR
LOOP1

DATAE

EXIT2
X
XTEM
Ye
Y2eTEM

(-200

CTR
10
YZ2TEM
17

Y2TEM
(+1
Y2TEM
10
XTEM
po

LIST+2

Holliday

/5KIP IF NO DATA PRESENT
/NOT PRESENT

/PICK UP Y1
/SET Y1

/INCR Y1 ADDRESS

/SKIP 1F THROUGH

/DI SPLAY ANOTHER POINT

/TURN INTENSITY OFF FOR RETRACE
/1S THERE A Y& 7

/SKIP IF PRESENT

/EXIT IF NO MORE

/RESTORE X ADDR

ZINITALIZE Y2 ADDR

/PICK UP Y2
/SET Y2

/INCR Y2 ADDR

/PICK UP X
/SET X

/PICKUP Z
/SET INTENSITY



Holliday

XDYS»

FETCH.»

EXITI1»

LPT»
LIST,

DATAL»
DATAZ,
LADR»
CTR»

CLA
TAD
TAD
DCA
I15Z
JMP

DI sz
JMP
TAD
DCA
DCA
DCA
DCA
I52
JMS 1
bca 1
TAD
IAC
DCA
PUSH.J
ARG
SKP
JMP
CLL CLA
TAD
TAD
SZA
JMP
TAD
DI SX
CLA
TAD
DISY
CLA
TAD
DISZ
CLL CLA
JMP I
LIST
%

o
5]
o
a
@
B

INBUF=34

XTEM»

XTEM
(+1
XTEM
CTR
LOOP2

EXITe
LPT
LADR
KOUNT
DATAL
DATAZ2
KOUNT
INTEGER
LADR
LADR

LADR

FETCH

KON T
(-3

CRT

LIST

LIST+1

LIST+2

EFUN3I

MPL TM-237

/INCR X ADDR

/SKIP IF FINISHED
/INTENSITY OFF FOR RETRACE

/ADDRESS OF ARG LIST TO CTR

/FETCH NEXT ARG

/GET NEXT CHAR
/RETURN IF NOT COMMA
/RETURN IF COMMA

/SKIP ON 3 ARGS) IS X-Y PLOTTER
/15 CRT

/X-Y PLOTTER

/SET X

/SET Y

/SET Z

X
’Y
A
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YITEM: @

Y2TEM, @

MEMTEM, O

INTEGER=53

PUSHJ= 4540

ARG=1553

DI SX=65@1

DI SY= 6502

DISZ=6504

EFUN3I=136

ERROR2=4566

CRT.» TAD (-2 /CHECK FOR > 5 ARGS
SPA SNa
JMP XITI /5 ARGS
ERROR2 /> 5 ARGS

Yis 6756

Y2, 6445

X» 7267

EXITe» TAD MEMTEM /RESTORE DATA FIELD
TAD MEMINS
DCa CHF

CHF» @ /762X2 VWILL BE STORED HERE
TAD FLAG /TEST FLAG FOR PROPER RETURN
SNa /SKIP ON NON ZERO
JMP EVL /ZERD, RETURN TO EVAL VIA EVL
SPA SNA CLA /SKIP IF >0
JYP I LIST /RETURN TO TIMING LOOP
TAD INBUF /NON ZERO, RETURN TO IDLE LOOP
SPA SNa

JMP I IRET /RETURN FOR NO NEW INPUT
JMP I IRETX ZINPUT TO DEAL WITH
IRET» 2671
1RETX, 2672

FLAG,» ]
MEMINS, 6202
PAGE
EVL» TAD TLSTOP /PICK UP AC AND
DCa LASTOP /GET READY TO RETURN
TESTC
JMP 1 ERETI
JMP I ERET2
JMP I ERET3
JMP 1 ERET4
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ERETI1.»
ERET2,»
ERET3,
ERETA4,»
TLSTOP,

1615
1616
1617
1620
(]
LASTOP=55
TESTC=4564

MPL TM-237
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APPENDIX I

This appendix contains complete core dummp. EXEC was loaded, the
initial dialogue was answered YES and the second dialogue was answered N.
The core dump routine was then loaded beginning at location 7400 base 8.
This locations and successive locations are in the display storage area and
therefore the core dump routine does not overlay any part of EXEC. After
loading the core dump routine, the following listing of core contents was ob-
tained.

The results of the initial and secondary dialogues with EXEC precede

the core dump.
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CONGRATULATIONS!!
YOU HAVE SUCCESSFULLY LOADED °‘EXEC-72-861°' ON A PDP-8/L COMPUTER.
SHALL I RETAIN LOE6, EXP» ATN ?sYES
PROCEED»
E ]
YOU ARE NOW USING 8W EXEC-72-021 MOD 0
DO YOU UAN} TO SOFTWARE PROTECT THE LAST PAGE
OF FIELD 1 (7600~7777)(ANSe Y OR N)? N

PROCEED.
70600
*
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CORE DUMP -~ EXEC 7£-01 MOD 1| - FIELD O
2000 4554 5483 5403 2683 6243 7765 G180 6400
8e1e g20P 00C0 OCO2 2000 200D COOC 206R 4P
2020 0008 00DP 0080 0000 0020 00DO AOPD Q0009
2230 0009 6090 CEP0 0000 0OCC V000 0080 2000
2040 P0e0 0000 0RO OPGP OOPO 0PPe PLOD POGP
ve 50 P00e 00PO P00H OPPP VVVO CDOP ODOO VAL
P060 2000 0000 C0PO QO0V0 VOO0 BOOE 0000 DALY
0878 PP20 G000 SPG0 0000 900 9000 D000 0000
f100 PORe Q000 0000 000D 0000 0000 P08 POAD
o110 0000 G000 PPOA 0O2D QP00 2000 POBB 7775
8120 7773 7767 0077 0200 4000 2830 2155 57185
2138 6000 6200 0010 P1GO 7553 0436 2017 L4487
0149 #2521 1565 09477 9534 8554 2274 250f 1314
2150 0721 2465 2155 2425 P3P2 2842 2360 9413
0160 1517 1533 2035 @744 0700 2068 R726 2564
2170 6160 6165 7560 7565 8572 6311 2741 7610
2200 5576 7800 3822 7081 3100 3026 1226 3843
pele 1225 4551 1132 30190 3062 1132 3027 4552
paze 4547 8073 B84T4 4546 SB17 BS52 0106 4546
9230 4546 1132 3017 3020 4545 1035 3013 4560
g240 4561 5362 5871 2026 4554 1124 1065 7648
@250 4566 1060 3010 3062 1067 4573 4560 74l0
. 0260 4545 4546 1066 1116 7640 S268 4565 4556
0270 5177 4540 8611 AS67 7450 5177 3082 l1p2e
0300 70081 5232 POR4 4560 1056 1112 7650 5328
A31e 30836 4771 1047 @372 1846 T640 4566 1047
a3gze 4557 7904 306%F 4561 4545 4561 5340 5352
0330 1954 7106 1054 T004 1067 3067 4545 456}
2340 4566 5352 1054 1067 3067 4545 4561 5340
@358 7418 A566 7100 1067 Bl04 7640 7028 1067
B369 P106 T4LEQD 4S66 T640 1373 7020 7004 3D6S
a37e 5702 5600 7740 2000 2014 3427 1160 4470
nN400 1343 4315 5000 4620 5040 5205 5200 7400
24alo 42390 7500 4061 243¢ 7106 7006 7806 5613
na2e 4554 1028 4542 4543 D017 4543 @965 1065
P430 7712 5263 4555 7000 1023 3911 4572 4563
9440 4566 4540 D606 4544 G065 4567 T4SD 5271
8450 7001 3030 1065 7748 S26@ 4571 4563 5271
2460 4571 3@6T S285 4555 4566 4540 0610 4544
pa7e A06S AS544 PBL17T 1413 3022 5674 0611 P623
A500 - 3071 7040 4310 1071 3413 7040 4310 5677
esie #5333 1013 3013 1813 7141 1134 7630 4566
2520 5710 4574 1721 3071 7040 4310 1321 7021
0530 3413 7042 4319 5471 1734 7240 1734 3011
8549 2334 1117 4316 1117 3871 4746 3271 0534
2550 7020 1117 4310 5734 8473 7248 1754 2354
f5¢€@ 3811 1117 3871 1413 3411 2871 5363 5754
A570 2740 @212 P217 6227 187S 1137 2725 1065
f¢en P610 B614 T472 4554 4555 4566 1823 3022
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76.

P610
o6ee
0630
Ac40
2688
213 .1%]
o670
0760
n710
2720
A730
2740
@750
AT760
o770
10680
1010
1020
1030
19490
1050
1060
1870
1100
1110
1120
1130
1140
1150
1160
1170
1200
1210
1220
1230
1240
1250
1260
1270
1360
1319
1320
1330
1340
1350
1360
1370

4545
1066
1413
5267
7640
7780
5853
1683
7650
5780
1866
2321
1067
7640
5756
0327
23g}
3v3z
4547
cea7
1830
pooe
1612
1612
2017
2439
1630
2405
1342
4453
2614
1563
2OS6
2036
4530
§233
7040
4566

- Q464

4846

20871

3871
7640
2314
7280
5357
pesl

1066
8e75
4547
1267
5244
4571
aeeé
A568
5317
p626
7640
2321
Plo4
5364
1035
23083
e3ee
1045
1377
4540
4542
4547
4547
43543
4544
1733
454

8301.

3342
7200
1202
6361
5226
7081
503
454s
19077
1060
3100
SB73
1271
1714
5324
7300
5536
7209
1312

1116
4542
2773
7640
4570
4563
5541
455@
4561
1721
53g4
7300
1071
4545
8610
g3l
egie
7510
7371
1403
4540
1377
1377
2030
2030
6430
4543
o099
62ie
5536
1203
7240
4540
4531
egeé
4554
4551
3010
2026
1060
4546
2314
1012
5714
0000
5754
@2as

7650
4545
8167
4853
7450
5873
1865
1767
57082
g2
1721
5721
7650
5756
8614
B83g4
4564
2832
4545
4560
1612
7177
7174
4543
4544
eses
7470
6881
5742
1841
7583
3636
1483
1413
4545
1867
4545
Je62
4545
7081
5386
301e
1714
3352
5536
1273
p242

5541
4550
4566
4545
5271
4571
1750
5708
7410
1412
7040
2457
2344
45582
a3e3
B34
4637
7750
5230
1066
1413
4566
4566
e0t?7
7470
Poo0
538)
4540
6212
1941
eea4
Joeeé
1066
3066
4547
3058
sea4a
1067
4551
3010
8633
1412
3871
4453
2e0e
1290
2241

4850
1376
4854
4831
7001
3067
8271
1066
5700
7510
112
2104
5744
4547
8306
2305
2013
egae
4545
1335
30830
to3e
4543
4540
1413
1945
75083
1553
5742
1813
@635
4547
4542
S5eee
1403
5204
ge72
4573
4547
3ve62
7450
7518
1471
3347
6046
2740
2243

1376
7410
eoRe
108&
3830
5237
4551
23080
2300
5340
3054
7041
5646
6776
2311
p327
4640
7410
525
T440
4407
4542
2030
gé610
3030
7740
7524
5354
6057
24L0
1256
1371
1255
4540
e773
1077

4554 .

1010
9076
4552
1066
5340
3271
135
éope
1302
peas

Holliday

5e1e
523
4855
1tté
1065
1923
5264
12e2
2300
7041
7418
3871
1836
3402
B384
Ba1s
1111
5767
1601
4566
6430
4540
4540
4544
4407
5541
4543
7305
7410
8603
0177
2176
4551
1613
4551
4463
4555
3027
1271
4547
7041
1071
5471
0800
6041
1271
aeaqe
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1420 A254 @273 BL15 4564 B242 G215 4566 3062
1410 4546 4545 4558 1767 5226 1066 2122 (@61
1420 3061 4545 4550 1767 5S5R26 5221 4562 5837
1434a 1861 3056 4660 1413 3061 4657 4453 3317

1440 1231 3030 1038 7041 1024 7650 5261 4571
1458 704 1861 7658 530S 16306 10870 5241 2047
1460 1681 5662 3345 1031 1120 3031 1631 30382

1479 7000 7000 1061 4575 2836 1317 4575 2030
1506 4407 0537 6430 QPR 5541 1030 3011 4572
1510 841 1317 7640 5254 930 L0301 554) 0000

1520 1066 1114 7640 5717 4545 5320 7520 7507
1530 Q300 2088 7524 5636 1866 1115 7649 2333
1549 1366 1326 3054 1054 7710 5733 19066 1327

1550 7758 2333 5733 1066 1332 7640 5362 4540
1560 1612 7001 5541 7000 3422 1413 3071 5471

1578 1241 1232 1251 1246 3052 1253 1253 061@
1600 0614 115 1854 4542 1855 4542 1056 4542
161a 1201 4542 4545 5614 4334 5227 5332 5343

1620 4540 1407 4564 5244 @212 A377 4566 1137
1630 3036 1111 1054 7450 5247 7001 7650 5323
1640 1054 1121 7716 5363 4562 7410 4566 1G54
1653 3024 1024 1121 7700 3024 1024 7841 1055
1660 7710 5310 1055 7112 70612 1331 3274 1055
1670 T640 4544 9044 4407 G438 6525 NA0a 1125
1700 3N39 1624 1055 7650 5541 1413 3055 5255
171@ 4562 7410 5365 1055 4542 103@ 3320 4543
1728 2407 1024 3NS5 4545 4564 5363 5332 5343
1730 5220 9430 4543 Q044 1125 3838 3936 4531
1746 4544 Q0044 5222 3056 4545 4550 1767 5354
1750 1056 7104 1066 5343 4562 4566 4201 1413
1760 4547 2164 6287 4562 A566 4201 2013 5536
1770 240 0252 2255 @257 p252 A336 9258 @333
2000 2274 0251 @335 0BT6 0254 B273 PE1S @275
2010 4543 2405 ASA4 PR4A4 1231 7710 4451 4407
2029 7000 623¢ 0002 112% 3032 4247 5627 1622
2038 P00 200 000 QA0P G203 1645 1654 112)
2040 7708 5635 1854 120 7740 2235 5635 10817

2a549 1413 3055 1234 1413 7041 1854 7640 4566
2060 4545 5647 P2 €QOL 4555 5662 2026 4545
2070 1066 1116 7640 5267 1817 7040 1023 3057
2189 1133 7041 1223 7659 5177 6211 1423 J485

2110 1133 307! 1471 7450 5327 3032 1923 7141
2120 1032 7632 1857 1032 3471 1032 5311 7040

2136 1023 3011 1057 7640 1823 3012 1057 1060
2140 3060 1010 7040 1212 3832 191@ 1057 3010
2150 1412 3411 2032 5358 5263 9220 4464 3066
2160 4550 1623 5755 5764 3330 2533 2655 2636
2170 2565 26282 28517 2572 2624 26285 2654 2575
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78.

2200
22109
2220
PP30
2240
2250

- 2260

2270
2300
2310
2320
2330
2340
2350
2360
2379
24060
2410
2420
2439
2440
2459
2460
2478
2500
2519
252e
2538
2546
2550
2560
2578
2604
2610
2620
2630
2649
2659
2669
2670
2708
271@
2720
27349
2740
2750
2760
277e

g7az
1966
6201
7700
3931
3011
1023
7001
1357
7650
5326
2314
7650
3020
oood
3410
@614
oa8o
8106
@l1zg
45851
2033
4851
1116
187¢
1101
Ta48
6201
1061
5735
3061
5764
290e
6042
1265
@106
5340
6012
6001
4337
6ge!
1266
eLa7
1326
1123
6201
3264
7450

2641
1112
5177
4570
5541
1067
3B25
3017
1866
4551
1160
2020
5313
1g21
62t1
1010
6202
0800
7450
4248
5625
3g3e
1@az
7450
5874
7458
1354
5%70e¢e
4573
4566
7040
74082
2080

2564
7440
4554
4563
3606
7141
4570
3020
7450
5674
7650
5345
1866
7112
1425
7091
@757
P020
521§
1102
2436
1232
1113
5276
141l
5755
7650
1182
3061
0040
I0ER
2000
7575

3016 '1665

1001
7450
1834
3037
5400
83267
1664
6046
1263
3067
3067
3410
040
5377

8187

S246
T640
5653
g21s
aAR76
7640
3016
3264
6001
2o16
2857
6046
3067

11€6
4566
1960
5177
1133
4572
T440
5642
5316
4330
02081
1881
1356
@12
3460
3069
B757
7766
1123
4551
2106
1213
4551
1877
tiio
1353
5332
4335
1831
@377
5735
6211
3200
7450
1863
1123
4566
3673
3120
3034
5301
5323
60a1
19216
1185
5351
1151
11681

4564
1135
3810
4570
3a2%
7450
5246
2624
1875
7040
3100
gie2
5738
7812
1060
6201
6250
2000
5614
1067
3932
75068
5642
4463
T4l
3871
1871
5324
1985
@140
2770
1417
7010
5e25
3265
3ge2
1262
1201
3132
1276
6002
1266
5676
7640
3857
B34
4551
4551

5237
3060
4565
3067
1133
5266
7410
4330
3066
5276
5275
3066
4574
5334
3425
5760
200!
6031
2766
4242
1113
5250
8212
5665
1866
1671
o122
2530
7141
3904
6211
6201
3261
6644
6031

‘1268

3034
7104
3132
5666
1016
3664
3326
5333
7040
1263
4553
4551

5228
6211
2p23
5825
3023
7630
2242
7710
1826
1826
1110
1866
362!
7740
1861
5768
2900
5215
1867
1356
3833
7200
T450
1277
T458
0354
T440
2e62
1618
7649
1422
5772
6041
3816
5246
1202
6011
1200
2157
2475
7640
1264
0eDo
6002
1263
3265
2eae2
4583

Holliday

5213
3533
1065
1004
1083
5267
1823
1paé
1100
7640
5305
1183
7040
7641
7440
1253
ooao
6036
4557
3866
5852
1833
1866
4463
1352
1356
4335
5357
7620
4557
6201
T4082
5285
3665
6236
7650
5252
6244
5670
3ee6
5314
7981
7240
5342
3010
1263
4567
1877
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3000 4551 1126 3152 5177 1662 7640 5214 1910
32108 7041 1827 7700 5641 1251 4551 1018 3071
3024 6211 2962 5242 1471 0122 1183 7640 5237
3039 7940 3062 7040 1010 3016 1471 @101 3061
3040 5641 2530 1471 @101 1006 764@ 5230 3471
3650 5231 0334 1631 3030 1004 7041 1030 7650
3060 5541 4571 5716 1315 3617 3020 4545 4551
3870 4545 4551 4545 4551 2030 4571 4714 4545
3100 4551 2030 4407 0430 0860 453@ 1877 4551
3119 1070 1111 103@ 5253 2442 Q0003 7572 5051
3120 0000 000P D000 DPOD PAPD V0RO BOOD 0B0O
3138 a00n NC0P 0BRO0 V000 O000D 0000 202G V000
3140 0000 2340 1761 3363 1763 D362 1364 7640
3158 5356 1765 1366 7650 5356 2367 1440 3040
3160 5740 6400 @777 0000 7350 0830 5750 0000
317¢ 7402 7402 7402 7402 7402 7402 7402 7402
300 2900 2200 1622 7650 5214 6211 1415 6201
3214 3414 2057 5205 5220 1415 3414 2857 5214
322a 3622 S6PP 3167 PPBR 2283 1622 7650 5246
3230 1014 1270 7640 4253 4262 6201 1414 6261
3240 3415 6201 2057 5235 362z 5623 1414 3415
3250 2057 5246 5623 @ganm 2253 1205 3235 1207
3260 3237 5653 VOO0 1205 3237 1287 3235 5662
3a27@ 7735 000 2271 1671 3325 2271 1725 1324
Jaeo 7640 5317 1011 1326 7650 5317 1911 1387
3312 7658 5317 4572 3413 2071 5312 5671 1411
3320 3413 2071 5317 5671 6057 ARG 5751 5372
3338 3342 7604 7004 7200 1342 7420 4743 1744
3340 3342 5742 A0Q€@ 2465 2155 1031 1005 714l
3352 186¢ T€30 4566 5754 1463 3044 30945 3046
3360 1372 3763 5763 1553 3771 3044 1373 3763
3370 5536 1530 4487 5762 601 5776 2810 1461
3400 B255 7042 7715 3421 G250 1140 S5p20 0420
3410 5564 3703 6441 5611 7001 3220 6444 5611
3420 Go0P g0O0 6201 4453 62812 5621 5542 3717
3439 1362 3365 1365 7001 3365 2777 4453 3765
344 4540 1553 T410 5232 7300 7048 1777 7448
3450 5321 1776 7440 5275 1363 3775 61081 6673
3460 4352 6703 6572 6571 6713 1774 4773 2775
3478 5263 7300 6574 654@ 5536 1364 7440 4566
3500 1363 3775 6101 6673 4352 €703 6534 6572
3s1a 6531 6713 1774 4773 2775 5311 6574 6540
3528 5536 1364 1364 7440 4566 1772 7100 7084
35340 7006 1771 3778 1363 3775 6101 6673 4358
3540 6703 6572 6534 6713 1774 4773 6773 6182
3552 5347 5767 0008 6572 6713 6574 1774 47173
3560 654@ 5752 3651 7470 7777 0000 6373 36808
3570 ARZ2 RAARJ 3653 3645 3661 3657 L6527 AGKS
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3600
3610
3620
3630
3640
3650
3660
3670
3700
3710
3720
3730
3740
3750
3760
3770
4900
4010
4020
4830
4040
4059
4060
4078
4100
4118
4120
4130
4140
4150
4160
4170
4200
4210
4220
4230
4240
4250
4260
4270
4300
4314
4320
4338
4340
4359
4360
4370

6101
gee6e2
6511
1260
2257
5247
0009
4000
2654
3777
1361
1363
5756
1357
1354
3772
3235
3626
3084
3657
2666
2732
2900
7001
1344
4566
7040
5536
Po00
4566
1334
7402
1223
7004
7300
1305
3304
7004
5265
1310
3046
Aoe06
6102
3044
3776
1770
0443
4550

6774
3e6d
73080
1271
5664
5645
7700
0200
3677
7200
3064
3755
1367
2671
2414
1776
1246
1244
1241
3236
6001
eree
1333
3342
T440
1332
3776
0eo2
soee
1349
8773
4200
7006
3223
5536
3384
4540
1313
peoa
20006
1312
7776
5320
5536
6214
3767
4400
4535

6540 1270
1252 1265
1260 5232
2080 3654
6574 6549
2000 008D
@377 6201
7470 6821
4705 7008
1016 7440
1362 3746
2777 5341
3753 137¢
0672 1577
5336 7800
1775 5774
3655 1247
3653 1245
3650 1242
6001 5635
6046 604l
1357 0671
3342 3260
4549 1583
5346 1334
1331 3322
6153 4566
6153 4134
epee 7777
7006 7004
7006 70084
4223 4222
7004 3223
1625 gae2
2807 00020
3227 2227
1553 7410
3261 1261
1787 6201
3707 6eel
3044 5536
8014 6201
6774 7110
P14 2800
3775 1774
1766 3765
4532 4540
TAT0 4551

7518
7440
7300
6281
5536
2000
3543
S5e76
5701
s3ie
1363
1365
3754
1600
1191
4000
3656
3654
3651
7774
30e6
p6e72
2260
7410
7450
1335
7300
0000
7775
1345
3778
4226
1624
1223
4136
4453
$£33
3271
5275
1310
poee
7777
31245
37717
7650
1764
4547
4531

7300
5224
1267
1254
000
Ppoe
1777
6pee
3411
6002
3747
3751
5757
1355
S67e
4047
8215
1237
1243
f00e
5541
1577
4453
5264
5314
1343
1342
aa90
62a1
3775
1335
4215
pa2e
0000
4137
3704
7300
1287
1314
7110
4386
4453
7010
3776
S773
3763
4537
4541

7012
7200
6511
7081
J856
0000
Pl
4301
20ee
1360
1364
1366
732
0635
4206
4934
1247
3063
3652
aeoe
géle
1600
3742
7300
1343
3777
7001
0000
1344
1341
@773
1530
1223
3626
PooY
1304
1386
1311
7640
3045
poBo
6511
3046
5343
1372
1762
4546
4570

Holliday

7012
1266
7300
3e54
2eseé
2000
eo0e
S7ea
7240
3063
3750
3752
2762
1203
3771

4836
3235
1240
1242
2676
6614
1355
1342
1260
7640
1336
33482
pooo
7640
3774
5771

1531

7086
6201

aoee
7001

7986
T440
4566
7010
oBoe
6773
1332
7081
3771
5761
4536
4613



Holliday MPL TM-237

4400 7650 523@¢ 6211 1737 6201 6502 7200 1337
4410 1377 3337 6211 1736 é201 6501 7290 |331
4420 6504 7200 1336 1377 3336 £335 502 6504
4430 1333 7650 S351 1350 3336 1347 3340 1376
4440 3335 6211 1740 6201 6542 7200 1340 1377
4450 3349 6211 1736 6201 65081 7200 1331 6504
4460 7200 1336 1377 3336 2335 5241 6504 5351
4470 1326 3334 3775 3332 3333 2775 4453 3734
4560 1334 7001 3334 4540 1553 7410 5875 7300
451¢ 1775 1374 7440 5342 1327 6501 7200 1330
4520 6502 7200 1331 6504 7300 5536 4527 0000
4530 0000 0000 0Q00 0000 000D 000D 0B0D 000D
454@ 0000 Q@D 1373 7550 5324 4566 6756 6445
455@ 7267 1341 1371 3354 662 1370 7450 5772
4560 7750 5727 1934 7558 5766 5767 2671 2672
4570 0221 6208 4600 7776 7775 4333 7470 0061
4600 1213 3055 4564 5607 5610 5611 5612 1615
4610 1616 1617 1620 G000 6202 P0OO 7462 7408
4620 1045 7710 4724 3033 4407 4313 6675 00066
4630 4453 3325 4407 70080 6676 ©6T5 2676 6675
4640 4675 6676 1310 6326 Q93085 3326 2675 1277
4650 6326 Q392 4676 1326 6326 V675 3386 4321
4e6o 1316 00eR 1385 1044 3844 2833 5536 4407
4670 6875 9316 3675 0GP 5536 5322 5326 0de4a
4700 2372 1402 7774 2157 S157 0012 5454 8343
4710 Pe@7 2566 5341 GPB1 2705 2435 0001 20600
4720 V020 (002 2000 G000 5163 0000 G020 20O
4730 P2R0 000D 4407 B675 4675 6676 4374 1371
4744@ 4676 1366 6326 BIG3 4676 1368 4676 1355
4750 4675 3326 Q0OOQ 5754 5024 0000 2437 1643
4760 7797 3304 4434 7773 3306 5454 0000 2437
4778 1646 NPE@ 2427 2323 7775 3427 7052 T402
5000 1645 7710 4363 3033 4407 6635 2637 BBOO
5010 1045 77190 5221 4407 2637 3635 6635 BOOO
5020 7240 3362 5623 4732 2362 5634 4407 6635
5B30 B636 2635 pPPO 5634 53P2 5322 5316 4716
5042 1645 7450 4566 7710 4451 4487 6756 2637
5a5p A0e® 1045 7450 5536 7700 5264 4407 D637
5060 3756 6756 2008 724@ 3033 5367 3044 T040
5070 1756 3045 3846 3847 1001 3756 4487 4357
5100 6635 G756 2637 6756 4353 1350 4756 1345
5110 4756 1342 4756 1337 4756 1334 4756 1331
5120 4756 1326 4756 1635 0000 5634 000e 3777
5130 7742 T7177 4000 4100 7777 2517 0387 7776
5140 4113 7211 7776 2535 3301 7775 4746 8774
5158 TT774 2236 4304 77171 4544 1735 4726 2000
5160 2613 4414 0000 9060 445] T240 5763 1005
51170 7041 5266 7402 7462 T402 TA402 7402 T402
5g00 4487 6322 @316 2322 Q202 1045 7740 5215

81,



MPL TM-237

82.

5218
5220
5230
5240
5250
5260
5270
5300
5310
5320
5330
5340
5358
5360
5370
5400
5410
5420
5430
5440
5450
5460
5470
5500
5518
5520
5532
5540
5550
5560
5570
5600
5610
5620
5630
5640
5658
5660
5670
5700
5710
5720
5730
5740
5750
5760
5770

1045 7700
6326 0000
4306 6322
6322 2000
9000 1045
000 4407
4326 1336
4322 0000
3756 3235
3756 3235
PooD 2000
5514 6158
@414 3167
7402 T402
7402 7402
2080 3334
7450 1326
1335 1333
1833 7500
7200 1327
3871 1385
2071 5321
1335 1933
1833 70841
70€1 7710
5323 7040
7766 6150
2335 5736
7040 3334
4551 2200
5363 7337
62108 3@46
1264 7450
4666 1066
1966 1262
3313 4267
1112 7710
f1ee 5240
1047 3043
4315 4333
1312 5667
3047 1046
70804 3312
7004 1246
7024 1312
7120 7010
3043 2040

5536
4453
2312
1933
7710
@322
4326
2833
aeoe
0000
7764
7775
7402
7402
T408
1858
3335
7510
7200
3071
2736
2736
7540
303e
1109
1336
6154
5600
5313
1414
1@45
3044
5220
1265
76508
2314
5627
7473
1846
4315
2000
7804
5715
1842
3312
3841
57%4

445])
4407
2000
7040
5261
3316
1342
5536
3118
1140
2501
2431}
7402
7402
74082
4557
1a58
530
1938
1731
1736
2033
5385
1633
4336
3336
BoRe
7040
1414
4336
3850
3045
1111
7650
5627
T640
loée
T446
3o42
1313
o2y
3046
5710
2046
S733
1842
5734

7049
7000
1045
3833
4407
6322
4326
4451
3756
2800
7015
5361
7402
7408
7402
g122
7450
7240
7510
1071
1330
7200
1333
103¢e
2032
s52se
p2eo
1833
5313
2334
16045
3047
7640
5220
4561
4566
1263
7525
1845
3843
pnal
1845
7300
7004
65182
7010
7402

3033
6322
7710
44907
e312
4322
1346
5536
3235
eeeo
1042
4736
7402
7402
7402
3e3?
5241
te3z
5263
3336
7710
1e52
7500
7650
5303
eeas
goo0
3033
7280
53682
771@
3314
5221
4227
5627
4666
77406
7540
3841
3e42
5783
7004
1047
1845
7300
3042
7402

{407
2326
5245
@3z2e
2322
6326
4326
2803
8o 1
0000
7771
e0eo
T4p2
7402
7402
1032
p122
3333
1326
1871
5265
7650
7200
5343
1102
7772
2000
2334
4732
7040
4451
3950
7040
5600
5247
5230
5627
8756
3312
g4l
1847
3045
1943
1043
1941
1043
7402

Holliday

33026
2322
4497
2316
6322
@332
1316
3110
3110
o000
5464
5325
7402
7482
7402
7041

3333
7040
7508
7841

3736
5356
7041

1832
4551

2087
47382
5353
1102
3334
5771

1066
3050
5626
1854
1066
1066
5642
4315
4333
7104
131e
3047
30845
7510
7210
7402



Holliday MPL TM-237

6000 2000 1335 7200 1045 7708 1334 1336 4551
6018@ 4753 3033 1844 7510 5227 7440 1341 7750
€020 5234 4407 4744 0060 TPO1 1033 5211 4407
6030 4752 00D T4 S225 3745 3746 1350 3014
6040 1044 7147 3354 1343 3044 4527 2354 5245
6050 1746 7450 5270 1342 7710 5264 7001 3414
6060 2044 1342 2933 7000 1746 2033 7000 7410
6070 4747 3414 2044 5270 1350 3014 1343 4751
6100 5600 1333 4551 1833 7510 7041 3045 1833
6110 7700 1111 1336 4551 1845 2044 1337 7500
6120 5315 1340 3045 7040 1844 T440 4354 1945
6138 4732 5600 442 P3PS TT63 B275 0255 7634
6140 Ala4 7774 7766 7771 6275 5713 5712 5667
61506 7467 5400 6271 5571 0000 1113 4551 5754
6160 0000 6211 1483 6201 5760 0PLOO 6211 1430
6170 6201 5765 7408 740 T402 7402 7482 7482
6200 1740 7640 4706 1066 1114 7650 5202 4792
6210 10686 1115 7640 5221 4706 3785 4703 1705
6220 Te4l 3033 1310 30Aa4 4704 4707 4407 6430
6238 BOOS 1066 1301 T64R 5846 4706 4702 4704
6240 1947 10833 3033 4407 GA3¢ 2000 1033 7450
6250 S600 7700 S5£61 4407 4275 6430 0002 701
6260 5266 4407 4271 6430 0900 704¢ 1233 3B33
6270 5246 OA04 2400 8DRY 0006 7775 3146 3147
€398 3150 7473 5608 5627 7173 5714 0756 7335
6310 Co43 PD0D 6213 3430 6201 5711 7402 7402
6320 7402 0P0P 1105 3343 1037 7708 5364 2832
6330 5324 2343 5324 4343 1013 1376 7620 5742
6340 2013 5541 2212 @000 1375 7848 3375 7140
6358 3037 1375 7440 6814 7640 1377 1126 3152
6360 S7T43 4343 5763 @61) T840 3037 6016 A106
6370 7450 5322 1123 3066 5721 00O 4557 4144
€400 1060 7300 3047 3D43 1680 7450 5688 3262
6410 1262 0123 7650 5216 1104 0200 3040 1106
6420 2262 1040 3040 1263 P262 7650 5231 4630
6430 3140 2800 7040 1040 3015 1262 7106 7006
6440 B107 T450 B5R67 1264 3262 1662 7450 5265
6450 3262 1304 3014 1117 3057 4656 3200 7410
6460 7402 5662 6601 0408¢ 6573 1393 S273 1323
6470 3015 7040 1840 3014 1117 3057 4677 3283
6500 7410 7402 5201 0043 D@37 4765 4770 5201
6510 4772 4771 4773 4767 5201 1045 7648 5385
€520 3044 3045 3046 3047 5201 4543 0044 4543
6530 AQ4p 4544 OQ44 4453 7519 5342 7048 3268
6540 3043 1045 T640 4566 A543 2405 4544 0044
6550 4544 T4T70 S3I60 4543 T470 4544 0040 4766
6560 2262 S353 5201 4766 5281 7153 7904 7335
657¢ 6623 5754 6757 3733 6506 6505 7107 6563

83.



MPL TM-237

84.

6600
€610
6620
6630
6640
6650
6660
6670
€700
6710
6720
6730
6740
6750
6760
6770
7000
7010
7620
7030
1040
7850
7068
7870
7168
7118
7120
7130
7140
7150
7168
7170
7200
7210
7220
7238
7240
7250
72€0
7270
7300
7310
7320
7330
7340
7350
7360
7370

6515
1846
7101
5311
18406
7041
5265
4723
1844
5623
3047
5353
5344
B327
7300
3046
2377
7710
1041
1041
1043
1047
1843
3047
5343
7650
4750
2845
7710
7261
18642
7101
7035
1254
7010
7841
7004
5600
7751
7100
5304
1200
3945
1200
1845
7184
4776
7518

oeeo
7040
3045
1241
7641
3322
4357
2322
7700
1040
5623
7601
2p46
5571
1845
1047
gele
4353
4752
4758
3751
3751
475e
4301
70172
4566
4301
1841
4451
7256
7040
3041
7450
7010
3253
1852
1253
5246
eaoa
1642
3845
7084
5661
3046
7458
7710
4366
7041

6513
7438
5603
7450
1044
1322
2322
5278
5623
3044
o0ee
3843
7410
7193
75108
7014
2378
3301
gooe
2893
184S
1041
BBo6
3047
2050
1048
573
77008
1241
7200
7430
5753
5600
3254
g25s
3254
1654
7102
3200
1046
1256
3200
7034
1254
104%
S362
5735
7710

7755
7101
6507
1842
7450
1336
5261
2823
5306
1041
5754
1350
2045
3044
7020
3047
777
3300
194e
1042
4752
4752
1381
5604
4451
7841
6401
7840
7450
6586
7101
6225
3254
1253
5219
1255
3654
1743
3254
3256
3046
2285s
3335
3047
7450
4527
3044
4765

7300
3246
1045
7450
5e73
7719
5273
5623
1044
3945
6534
3040
3047
3045
7010
2044
6564
3277
4752
4752
Aes4
0034
3045
7402
4747
7001
7010
3050
5746
7300
342
1656
3253
74209
1254
71002
7420
71060
1260
7084
7200
5267
2255
5661
1046
7140
5735
5766

1847
1945
7450
1043
3203
5275
7040
1640
7700
1842
4751
4223
4752
3046
3645
3757
7881
3276
eoe3
0oo4
1046
1042
1380
7402
247
4324
1044
19045
5724
1843
1941
7710
1257
5220
7010
1654
5680
2400
3e55
1845
1264
1254
5267
6226
765@
1844
6757
8571

7041
7040
1046
7650
1203
1203
1040
7700
1203
3046
1044
0027
1046
5344
1046
5757
1840
1845
104€
5263
4752
4752
3046
aooy
5781
7100
3044
7450
6520
7041
7040
4451
3255
7100
3255
3654
2254
6161
7410
1641
70084
3046
1335
471s
5363
3044
7340
7173

Holliday

3047
T430
7650
$623
7500
7700
3040
5304
7748
1843
7750
2047
S724
6511
7010
@337
4324
3751
3751
3274
PBaS
oP0Ss
12717
2400
1041
4353
1124
5746
7335
3843
7430
5773
7100
1256
1600
2854
2654
7764
4527
7420
3254
1200
3045
4366
1045
5347
1845
7402



Holliday MPL TM-237

7400 4407 6274 9000 1845 T710 4566 1044 75}0
7410 7020 7016 3270 TA430 22790 7000 1267 3271
7420 3272 3273 1278 7450 1296 7658 S265 4407
7430 @274 3270 1270 ©0P0 7240 1044 3044 1044
7440 7841 1870 7640 5261 1845 7041 1271 7649
7450 5261 1046 7041 1272 7580 7041 7001 7700
7460 5536 4407 6270 6PEO S227 3044 5536 3015
7470 0002 2000 0000 0209 GOPO GVOR NRBM 7503
7508 6212 STD2 G208 4560 1066 4542 4545 4550
7510 1376 7410 5306 4560 1413 4547 7520 0087
7520 4566 0320 0327 0000 0000 DP0@ 2000 7777
7538 3711 3707 0000 0GP0 COV0 G000 POOO T240
7540 3747 1351 3750 5752 6212 6211 5736 4570
7550 4527 7544 4341 4551 1832 S750 0007 0120
7560 P00 €211 1411 6201 5760 0000 6211 34le
7570 6201 S57€5 6211 3776 6201 5777 0004 3063
7600 T402 7402 T402 T402 T402 7402 7402 7408
7610 T402 7402 T40R T402 T402 7402 7402 7492
7620 7402 7402 7402 T402 7402 7402 7402 7402
7630 7402 74D2 TADZ 7402 T402 7402 7402 7402
7640 7402 7402 T402 THOR T402 T402 7402 T402
76%0 7402 7402 T40L 7402 TAQ2 7402 7402 7402
7660 7402 7402 TA0E T40R 7482 7402 7402 7402
7670 7402 T4GB2 T402 T402 TA02 T402 T402 7402
7700 T4B2 7402 T402 7402 T46L T4P2 T402 7402
7710 7402 7402 74082 7482 7482 7402 T402 T402
7720 7402 7402 T402 T40E 7402 7402 7402 T402
7730 7402 7402 T402 TA02 7482 TA02 T402 7402
7748 7402 7408 TA02 7402 7402 T4B2 7402 T40L
7750 7402 7402 TA40L T402 T402 7482 7402 7402
7760 7402 T402 T4BL TADL2 7402 7402 7402 7402
7770 T4B2 7402 7402 TA0R T4B2 7402 7402 7402
0000 4554

85,



MPL TM-237

CORE DUMP -

200 0200
2010 3si0
ao2a 7402
0030 7402
Po40 7402
0050 7402
0060 7402
A070 7402
2100 0000
2110 5560
9120 2008
@130 9143
0140 4130
¢158 7402
@160 7482
c17e 7402
6200 6201
0210 5234
0220 5232
0230 6202
8240 6202
9250 5260
0260 7750
9270 2326
9300 3727
9310 5223
2320 3374
0330 2830
#3340 7840
2350 5346
0360 6201
#3370 7000
2400 1626
@410 6202
2420 1631
2430 0336
2440 7402
2450 7402
0460 7402
0478 7402
2500 7402
2510 7402
2520 7402
9530 7408
2540 7402
0550 7402
6560 7402
8572 7402

86.

EXEC 72=01

peoe
3517
7402
7402
7402
7402
7402
7402
2000
6140
2000
6041
1145
7402
7492
7402
1731
1731
6202
5720
4518
1121
5265
62082
1327
6211
0046
2031
3121
£120
6202
5763
1233
4513
7650
3420
7402
7402
7402
7402
7402
7402
7402
7402
7402
7408
7402
7402

oooe
7402
7402
7408
7402
7402
7402
7402
B355
7715
0000
5131
4138
7402
7402
7402
1335
1333
4516
5633
digl
7104
6208
4516
7001
2716
f122
7765
70084
5346
5514
PBeo
7640
6211
5220
B234
7402
7402
74082
7402
7402
74082
7408
74082
7402
7408
7408
7402

MOD 1
0000
7402
7402
7402
7402
7402
7402
7402
7813
2726
6em3
6046
5536
7402
7402
74€2
7640
7640
6202
0400
1723
atel
62031
7800
3327
5336
0045
4108
1120
1122
PoRo
7761
5210
7040
3631
5563
7402
7402
T402
7402
74082
7402
7402
7402
7402
1402
74082
7402

0000
74082
7402
1462
14082
7408
7402
7402
4085
2017
5525
7200
@215
7402
7402
7482
5211
5232
4513
6208
310
7004
4513
5305
5278
5715
o044
7764
7040
3355
1373
7402
1627
3235
6211
7764
T402
7408
7402
7402
T402
74082
7402
7408
7402
7402
7402
7402

FIELD 1

5851
7482
7402
7482
7402
T402
7402
T402
3005
3421
7608
5530
2212
7402
7482
7402
1730
17306
6211
4516
1724
1120
1322
6202
1317
@416
7758
5776
3128
egee
3372
7402
1234
5632
5630
BODO
T402
7402
7482
7402
7402
7402
T4082
74062
7402
7402
74082
7402

8060
7402
7402
7402
7402
T402
7402
74€2
2355
1142
7402
3277
7701
7402
7402
7402
1334
1332
6282
6202
1325
7104
33817
4515
1326
0435
poeo
7300
4363
7300
2372
7402
7650
6201
2931
7402
74082
7402
74082
7402
7402
7402
7402
7402
7402
T402
7408
7402

Holliday

2436
7402
7402
7402
7402
q402
7402
7402
6762
2363
7402
1144
2077
7402
7402
7402
7650
7640
4515
4513
T440
3120
3386
6211

7640
7776
o000
1121

g1zl

3716
5366
7402
5212
6442
2030
7402
7402
7402
7402
7402
T402
7408
7402
7402
74082
7402
T402
7402



Holliday MPL TM~-237

8600 7402 7402 7ABR 7402 V402 7402 7402 7402
2610 7402 740 7408 TA0L 7400 TA0L 7402 T402
0620 7402 7402 7402 7482 7402 7402 7422 7402
2630 7402 7402 7408 7408 7402 7402 7402 7402
2640 TAD2 7402 7402 T49L 7402 7402 7482 7402
6650 7402 T4p2 T4D2 7402 T402 7402 7402 7402
B660 7402 T402 74P2 7402 T402 7402 1402 T40L
2670 7482 7402 7402 7402 7482 7402 7408 7402
@700 7402 T4D2 TA02 7402 T4P2 T4D2 7402 7402
@710 7402 7402 T402 7402 T4P2 T402 T4B2 T402
0720 7402 7402 7482 T4D2 7402 7402 T402 TA02
8738 7492 7402 7402 T4BL T4O2 7402 T402 T40L
2740 7402 7402 7402 7482 7402 7402 7492 7402
@750 7402 7402 7402 7402 7402 7402 TAB2 7402
@760 7402 7402 7402 7402 7402 7402 7402 7402
0770 7402 TA0L 7402 T4BL 7402 7482 7402 T492
1200 7402 7402 T4PL T4D2 TAGL T402 TAG2 T402
1010 7402 7402 7402 FR02 7402 7402 T402 7402
1920 7402 7402 740€ 7402 7402 7402 7402 7402
1030 7402 7482 74BL 7402 7402 7402 7402 7402
1040 7402 7402 7408 7402 7402 T48R 7402 7402
1050 7402 7402 7402 T4GL 7402 7402 7402 7408
1060 7482 T402 7402 7492 TAGL 7402 7402 7402
1070 7402 7402 7402 7402 7402 7402 7402 T40L
1100 7402 7402 7402 T402 TAB2 7402 T402 TAOL
1110 7402 7492 7482 7482 7402 7402 7402 T402
1120 7402 T402 T48L 7402 7402 7492 7402 T402
1130 7402 7462 7408 7402 7482 7402 7402 1402
1140 7402 7482 7402 7402 TAG2 7402 7402 7482
1150 74p2 7402 7402 7402 7402 7402 7402 7408
1160 7492 T4D2 7488 T4D2 7402 7402 7408 7402
1172 7402 7402 7402 7402 T402 TAG2 7402 T402
1208 7402 7402 7402 7488 7402 7402 7402 7402
1210 7402 7402 7402 T402 T402 7482 7402 7402
1220 7402 TAB2 T4OS 7402 7402 TA02 T402 7402
1230 7402 7402 7402 7402 7402 7402 7402 7402
1240 7402 7402 7402 7402 7402 7402 7402 7402
1250 7402 7402 7402 T402 7402 T4D2 7462 7402
1260 T4D2 THO2 T4B2 TAD2 T402 7402 7402 TAG2
1270 7402 7402 7402 7402 TADS TA02 T4R2 7402
1300 7402 7402 7402 7402 T402 T4BL T4B2 7402
1310 7402 7402 7408 T4BL T4OR T40L 7402 7402
1320 7402 7402 7492 7402 74D2 7402 7402 7402
1330 7402 7402 7408 TA0L TAD2 7482 7402 7402
1340 7402 TARE 74PL TARS T402 T40L 7482 7402
1350 74B2 7402 T40L 7402 7482 7402 T482 746L
1360 1402 7402 Y402 7402 7482 7402 T402 7402
1370 7402 T4D2 7402 T402 T4D2 TAPEL T402 7402

87.



MPL TM-237

88,

1400
14190
1420
1430
1449
1450
1460
1470
1508
1510
1520
1538
1540
155@
1568
15780
1coe
1610
1620
1630
1640
1650
1668
1670
1700
1710
1728
1739
1740
1750
1760
1770
20080
2010
2820
2030
2040
2050
eeeén
2070
2108
211@
2120
2130
2148
2150
2160
2170

Ta02
T402
7402
7402
74082
7402
7402
7402
7402
7402
7402
7402
7402
7482
7482
7492
T402
7402
7402
7402
7402
7402
7402
7402
7402
74022
74082
7408
7402
7402
7482
7402
7402
T4p2
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7488
7402
74082
T402

7408
7402
7482
7402
7402
7402
7402
7402
7402
7402
T402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
Ta402
74082
T402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
74082
7402
7402
7402
T402
T402
7402

74882
7408
74082
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7408
74922
740€
7408
74082
1408
7402
7402
7402
74082
74082
74082
74082
7402
7402
74082
74B2
7408
T402
7482
7402
7408
7408
7402
7402
7402
7402
7402
7492
7402
74882
T4082
7402
T402

7402
7402
7402
7482
7408
7402
7402
1402
7402
T402
7402
7402
7482
7492
7402
7482
7402
7402
74082
7402
7402
7402
7488
14982
74082
Tap2
7402
T4082
7402
7402
7402
7402
7402
7402
7402
7402
7402
7482
7402
74062
7402
7402
T402
T402
7402
7402
7402
7492

T408E
7402
T402
7408
7402
7402
7402
T4082
7402
7402
7402
7402
7402
7402
7402
T402
T402
7402
T422
7408
T402
74082
7402
7402
74082
7402
7402
7402
74082
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7482
7402
74082
7408
7402
7402
T402
7402
7402

74082
74082
7402
7402
7402
7402
T402
7402
7402
7402
7402
7402
7482
T4082
7402
742
7402
7402
7462
7402
7402
1402
7402
7402
7402
7492
7402
T402
74082
7402
74082
7402
7482
7402
7402
7402
7402
7402
7402
7408
74e2
7402
7402
7402
7402
7402
7402
7402

T4082
7402
7402
7402
7482
7408
7402
7482
742
7402
7402
T402
7482
7402
7402
T402
7402
7402
7402
7402
7402
7402
7402
7402
7482
7402
7402
7408
7402
Ta02
7482
7402
7402
7402
T402
T402
7482
Tap2
T402
7402
7402
7402
T4082
7408
7408
T4e2
7402
7402

Holliday

7402
7402
7402
74082
T402
7402
T402
7402
7402
7402
7402
74082
T402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
74082
7482
7402
T402
7402
7402
7482
74082
7402
7402
7402
7402
7402
T402
74062
74022
7402
74082
T408
74082
74082
7402
7402



Holliday MPL TM-237

2200 7402 T402 740 7402 7402 T402 7402 7402
2218 7402 T402 7402 T402 T402 7402 74062 7402
2220 T402 TADE 7402 T402 7402 74082 7402 7402
2230 7402 7402 T402 T402 T4B2 7402 7402 7402
2240 7402 T402 T402 7402 T402 7402 740 7402
22509 7462 7402 T4P2 T402 T402 T402 7402 7402
e26p T4P2 T402 T4D2 7402 7402 T402 7402 7482
2270 T402 7402 7482 7402 7402 7402 7402 7402
2300 T492 7402 T402 T402 T402 T402 7402 7402
2310 7402 7402 T402 74082 T74@2 7402 7402 T402
2320 T402 7402 T402 T4D2 T4B2 T4@2 T402 7402
2330 7402 7402 T402 T402 7402 T402 7402 7402
2340 7402 7402 7482 T422 T402 T402 7402 T402
2350 T402 7402 7402 T402 7402 7402 T402 T402
2369 7402 T402 T402 T4Q2 T402 7402 7402 7402
2374 T402 7402 74082 7402 T402 7402 7402 7402
2400 T402 7402 7402 7402 T402 7402 7402 7402
2419 7402 7402 74082 T402 TA02 T402 7402 7402
2420 T402 T40L 7402 T402 T402 7482 7402 7402
2430 T402 T402 7402 T4@2 7402 7402 T402 7402
2449 TAB2 7402 T4BE T402 TAB2 7402 7402 7462
2450 7402 7402 TAP2 T4B2 T402 T402 7402 7402
2469 7402 7402 7482 T402 T402 T402 74062 7408
e47¢ 7402 7402 7402 7402 7402 7402 7402 7402
2500 7462 7402 T402 T492 TA02 7402 7402 7402
25108 7482 T402 T40L 7402 7402 7402 T402 7402
2520 7402 T402 7402 T4B2 T402 7402 T402 T402
2530 7482 7402 Ta402 T402 T402 7402 7402 7402
2540 7402 T402 7402 7402 T402 T402 T402 7402
2550 T402 T4@2 T4P2 T402 TAQZ 7402 T482 7402
2560 7402 7402 7402 T4P2 T402 T402 T402 74062
2570 T402 7402 TA02 T402 T402 7402 7402 74062
2600 7402 T402 TA02 7402 7402 7402 7402 7402
2610 7402 TAQ2 T408 T402 7402 7482 7402 7492
2620 7402 TA4Q2 T4R2 7402 7402 7402 7402 T402
2630 7462 7402 7402 7402 7482 T402 7402 74082
2640 T402 7402 T402 T40B 7482 7402 7482 74062
2650 7402 T4R2 7402 T402 T402 7402 7402 T402
2660 7482 7402 T4D2 7402 7402 7492 Ta402 TA02
2670 7402 7402 7402 T402 T402 7402 7402 T402
2780 7402 7402 T402 T40L T4PL 7482 7402 7402
2710 7402 TAC2 7402 7402 7402 7402 7402 7402
2720 7402 7402 T402 7402 7402 7402 7402 7408
2730 7402 7402 T402 T402 T402 T40L 7402 7402
2740 7402 7402 TH0R2 T402 TA02 T402 T40R 7408
2750 7402 TARE TA02 T402 T402 T402 T402 V408
2760 7422 TAC2 TAQ02 T402 7402 7402 7402 7402
2770 7492 TABZ2 7402 T402 7402 7402 7402 7402

89.



MPL TM-237

90.

3000
3010
3020
303a
3040
3050
3060
3070
3100
3110
3128
3130
3140
3150
3160
3170
3200
3210
3220
3230
3240
3eS8
3260
270
3300
3310
3320
3339
33406
3350
3360
3370
3400
3410
3420
3430
3440
3450
3460
3478
3500
3510
3520
3530
35406
3558
3560
3570

7402
7402
Tacg
7402
T402
7402
7402
T402
7402
7402
7402
7482
7402
7402
7422
7402
7304
4336
5et6
5ee7
5212
7777
7777
1374
5701
1704
3410
T440)

1356

1356
22406
7402
7157
4700
5857
1677
5720
4364
7700
2020
5762
7700
7408
7402
7402
7402
7482
T402

7402
74082
7402
7402
7402
7402
7402
7402
7402
7432
7402
7402
7482
7402
7402
74082
6211
5207
4136
6836
4136
3511
3513
3010
o200
3325
6211
5334
8357
2361
8277
74082
6500
3853
4400
0044
6357
P64
5746
1527
BB56
6243
7402
74€2
7482
7462
7402
7402

7402
7402
7402
7402
7402
7402
T408
7422
7402
7402
T402
7402
7422
7402
7482
7402
6046
4136
1378
6346
4304
4304
4304
1410
7447
2304
2325
2336
718
4326
740¢
7482
4162
204as5
2871
5700
4664
5845
PA46
2727
1137
1004
7402
Ta0g
7408
7402
7402
7402

7402
7402
Ta02
7402
7402
7402
7402
7402
T402
74082
7402
T402
7402
74082
Taog
7402
4436
4136
3012
t302
0030
2236
2177
4336
8013
1704
5316
5736
7812
1360
7402
74082
4500
7045
5600
7157
6741
P54
5145
2711
ea77
1084
74082
T402
74082
7402
7402
T402

7482
7402
T462
7402
7402
7488
74082
7402
T402
7402
7402
T402
7402
7402
7408
7402
4136
1376
1410
7450
7779
7777
7775
5272
3266
3211

5704
1147
7012
4130
7482
3583
5657
4315
2024
6500
6245

4163

5444
1041
6962
1024
74082
7402
7408
7402
7402
74e2

7402
7402
7402
7402
74082
7402
7402
7482
7402
7402
7402
7402
7432
7402
7482
74062
1377
3210
4336
5262
3510
3512
3514
4136
1704
2364
@000
5726
4326
5736
7482
3460
6700
2722
1523
6741
o060
6400
oe21
5663
5743
5576
7402
7402
7482
7462
74062
7422

7402
7402
7402
TaR2
7402
7402
7402
7432
7402
74082
T4082
7482
74e2
7402
7402
7402
3810
1410
5224
1383
4304
4304
4136
4136
3610
1411
3346
3275
1360
7700
7402
3430
6563
15208
2815
5664
6257
6241
2210
1600
4545
7020
7402
74082
7402
7402
740€
7402

Holliday

7402
Tap2
7402
7402
7402
7402
7402
Ta02
7402
7402
7402
7402
7402
7402
T4a62
7402
1410
4336
6931
7640
1443
3v53
4136
6203
2304
6201
1146
3356
4130
7700
74082
33177
5156
2100
2720
0864
6445
4745
2726
7100
4416
3022
7402
7402
74082
7408
7402
7402



Holliday MPL TM=-237

3600 T402 7402 7402 7402 7402 T402 7402 7408
3610 7402 T402 TAB2 T402 7402 T402 7402 7408
3620 7402 T402 T402 T402 74082 7402 7402 7402
3638 7402 T40L 7402 TA402 7402 T492 7402 7408
3640 T402 7402 7402 7402 7402 T402 TA02 7468
365¢ T402 T402 T4@2 TA02 T402 7402 7402 7402
3669 T402 7402 74B2 T482 T402 T402 T402 7408
3670 T4D2 7402 7402 TAGZ2 7482 T482 T402 7402
3700 7482 7402 T402 TABZ2 7402 T402 7402 7402
3710 T402 7402 7402 T402 7402 7402 7408 T402
3720 7402 7402 T4P2 T402 7402 T402 7402 7402
3730 7402 T402 T402 T4082 T402 7402 T402 7402
3740 7402 7402 7402 T402 7402 7402 7402 7402
3750 T402 T402 TAB2 T402 T402 7402 T402 T402
3760 T402 7482 T40E 7402 7402 7402 7402 7402
3770 7402 7402 T402 T40L T402 7402 7402 T402
4000 7402 7402 7402 7402 T402 T402 7402 7402
4910 T402 7402 TAGL T402 7402 7402 7402 7402
4020 7402 7402 TA4@L TA02 7492 7402 T402 7402
4030 7402 T402 7402 TAR2 7402 7402 7402 7402
4040 7402 T40E 7402 7402 T402 T402 7402 74062
4050 7492 T402 TAQ2 T402 T402 7402 7402 T402
4060 7402 7402 7402 T402 T402 T402 7402 7402
470 7402 7402 T4B2 T4B2 TAQ2 7402 T402 7402
4100 7402 T402 T4PL T402 T402 T402 T4R2 7408
4110 7402 7402 7462 TA402 T402 7402 T402 T402
4128 7402 7402 TA402 TAG2 T402 7402 T402 7402
4130 7402 T402 TA40L T402 7402 7402 7408 T402
4140 7402 7402 TAB2 T4B82 T402 7402 7402 7402
4150 T4B2 7482 TAG2 T4D2 7402 T402 7402 T402
4160 T4B2 7402 TAD2 T402 7402 7402 7402 7402
4170 7402 T402 TABL 7402 T48L 7402 TA402 7402
4200 7402 T402 TADE 7402 7482 7402 T402 7402
4210 7402 7402 TAD2 T402 T402 7402 7402 7402
4220 7402 T4AP2 T4B2 TA02 T402 7402 7402 7402
4230 7402 7492 TA0L T402 T402 7402 7402 T402
4240 7402 7422 T402 7402 T402 TABE TA4@2 7402
4250 7402 T402 T402 T402 T4@2 T40E 74@2 7402
4260 T402 7402 TA4Q2 7402 TA402 7402 7402 T402
4270 7462 7402 7402 T402 T402 7402 7492 7402
4300 7402 7402 T402 T482 7492 7402 7492 7402
4310 7402 7402 7402 7402 T402 T40Z 7402 74082
4320 7402 T402 7402 TA0L T402 7402 7402 7402
4330 7402 7402 T402 T402 T402 7402 7492 74P2
4340 7402 7402 T40E 7422 7402 T402 7402 7402
4350 7402 7402 7402 7402 7402 7408 7402 7402
4360 T422 7402 7482 Ta4pe 7402 TA0E 7402 Ta0P
4370 7402 T4082 T402 7402 7402 T40L 7402 7402

91,



MPL TM-237

92,

4400
4410
4420
4430
4440
4450
4460
a47@
4500
4519
4520
4530
4540
4550
4560
4570
4600
4610
4620
4630
4640
4650
4660
4670
4700
4718
4720
4730
K740
4750
4760
4770
5000
50182
5020
5030
5G40
5850
Se60
5870
5100
5110
5120
5138
5140
5150
5160
5170

7402
74082
7402
7402
7402
7402
7402
7402
7402
7402
T402
7402
T402
7402
7402
7402
7422
1402
7402
7408
7402
7402
7402
T402
74082
7402
7402
7402
7402
7482
7402
7408
7402
7402
T402
7402
7402
7482
7402
7462
74082
7402
7402
7402
7402
7402
7402
7402

7402
7402
7402
7402
7402
7492
T402
7402
7402
7482
7422
7402
7402
7402
1402
7402
7402
7402
7408
7402
7402
7402
74082
7402
T402
7402
7408
7402
7402
7402
1402
7402
7402
T402
7402
7482
7402
7402
7402
7482
7402
7402
7402
74082
7402
7402
7402
7402

7402

7402
7402
7402
7402
7402
7422
7402
7402
TUp2
7402
7408
7402
7402
7408
7402
7402
74082
74082
7492
7408
74082
7402
7402
7402
7402
7402
Ta02
7402
74082
7402
7402
7408
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
74082
7402

7402
T402
7402
7402
Ta0e
7402
7422
7402
7442
7402
7402
7402
7408
7402
7482
7492
7422
74082
7402
74082
7402
74082
7402
7402
7482
7402
7408
TaoL
7402
7062
Tage
7402
7402
7402
Taee
7402
7402
7422
T482
7402
7402
7402
7408
7402
7402
7402
7402
T402

7402
7402
7422
7402
7402
T4@2
7402
7402
7402
7422
7402
7402
74082
7408
7408
7402
T402
74082
7402
74082
74062
T402
7408
7402
7402
7402
7402
7402
7402
7402
7408
7402
7482
7402
74062
7402
7402
T408
7402
7402
74082
7402
7422
7402
7408
74082
7402
T4B2

7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7492
7402
7402
7402
7492
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
74082
7402
7402
7402
7402
7402
7482
7402
74082
7402
7408
7402
7402
140e
7402

T402
74082
7402
7402
7492
Tap2
7402
742
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
74022
7402
7402
7402
7482
7402
T482
7402
7402
T402
7402
7402
T402
7402
7402
7402
7402
7402
T482
7402
7402
74062
7402
T402
7402
7402
T402
7402
T4082
7402

Holliday

7402
7402
7402
7402
T402
7482
7402
7402
7402
7402
7402
7422
7402
T402
7402
7402
T402
7402
T4@2
T402
7402
7402
74082
7402
7402
7402
7402
T402
7402
74082
7402
7402
7402
7402
7402
74862
7402
T402
7482
7402
7402
7408
74082
7402
7408
7408
T42e
7408



Holliday MPL TM-237

5290 7402 T402 7482 7402 7402 7402 7402 7402
5210 7402 T402 T4P2 T402 T482 T402 T482 T402
5220 7492 T4P2 TAPE 402 TAB2 7402 7402 T482
5230 7402 7402 7402 T402 TA02 7402 T402 TADR
5240 7402 7402 7402 7402 7402 7402 7402 7402
5258 7402 7402 T4Be 7402 74062 7402 7402 748

5260 7402 TAQ2 TAPR 7402 7402 7402 7402 T40

5270 7402 T4D2 T402 T4PL T4B2 T402 TAQL 7402
5300 7482 7402 TADR T402 7402 7402 7402 T482
5310 7482 7402 TaP2 7402 7402 7402 7402 7482
5320 7402 74D2 T40L 7402 7402 7402 TA02 7422
5330 74D2 7402 TAG2 TAC2 TR02 T4R2 7402 7402
53408 TAPE 7402 TAG2 T4A2 TAPL.T4B2 7402 T4P2
5350 7402 T402 7402 T402 T40L T402 T402 7402
5360 7402 7402 T4PL T40L TaBL TAP2 7482 7402
5370 7402 TADL 7402 7402 1482 74082 7402 7482
5400 7402 7402 7408 TA0L T4B2 7402 7482 7402
5410 7408 T402 7402 T402 T402 7402 7402 7482
5420 7402 7492 TADE 7402 TAG2 7402 TAP2 T4B2
5430 7402 7402 7402 T402 7402 T402 7402 7402
5440 7482 7402 T4PL T40Z2 TA92 74P2 T402 7408
5450 7402 7402 1402 7402 T4RL T4P2 7402 7402
5460 T402 T402 7402 TAPE T402 T4P2 7402 TA02
5470 7402 TA0P T40L 7402 T402 7402 T2 T4B2
55008 7402 7402 TANE T402 7402 7402 T402 7402
5510 7402 7402 7402 T402 TAB2 T402 7402 T402
5523 7402 7402 TA402 7402 T402 7402 T402 7402
5530 7402 T402 TARL T402 T40Z2 T402 7402 7402
5540 7402 T402 TABL 7402 7402 TAD2 7402 7402
5550 7402 TAP2 7402 T4Pe T4P2 7432 7402 T4E2
55608 7402 7402 7402 T402 T402 T4B2 T402 7462
5570 7402 TADS T402 7402 7402 TADS 7402 7482
5602 T40L2 T402 TAGE TAPL T4P2 T402 T402 T402
5610 7402 7402 T402 7492 7462 T402 7402 7402
5620 T40L T402 TAG2 T402 TAD2 7402 7402 74682
5630 7402 T402 T4B2 7422 7402 7482 7402 7402
5640 7402 TANE T422 T4P2 TAD2 7402 7408 T4@2
5650 7402 T402 T4@3 7402 TAB2 T402 7402 7482
5660 7482 7402 T402 T4P2 T4H02 T482 T402 7462
5670 7402 TAB2 7402 TAB2 T402 TAG2 7402 7402
5700 7462 7402 7402 7402 7402 TA0E 7402 7408
5710 7402 TA02 TABS T402 T402 7402 7482 7492
5720 7402 T402 T402 TA02 7482 7402 T40e 7402
5730 7482 7402 TA02 T40Z2 TLB2 7402 TAGR T402
5740 7402 TAB2 7402 T402 7402 7402 7402 7482
5750 T402 T4Q2 TAG2 TLOL T4B2 T4B2 T402 T4Be2
5760 7402 7402 7402 7402 T402 T402 7402 7402
5770 7402 T4G2 TADL THA2 T4A2 T462 TA02 T402

93.



MPL TM-237

94,

60008
€010
6020
€030
6240
6250
ca60
6a78
6100
6112
61206
613@
6140
6150
6160
6179
6208
6210
6220
6833¢
6240
6250
6260
6270
6300
6310
6320
6330
6349
6350
63602
63708
6400
6410
6420
6430
6440
6450
6460
6470
6500
6510
6520
6530
6540
6558
6560
6578

7400
7402
7402
7422
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
1492
7402
7402
7402
7402
7402
7402
7402
7402
7482
7402
1402
7408
7402
7402
7402
7408
7402
7402
7482
74082
7402
7402
7402
7402
7402
7402
7402
7408
7402
7402
7402
7402

7402
7402
7402
7402
7402
7422
7402
74082
7402
7402
7402
T4082
7402
7402
7402
7408
7402
1402
7408
7402
7402
7402
Ta02
7402
7402
7402
74082
7408
7402
7402
7402
7402
7402
7402
T402
7402
7402
7402
7402
7402
7402
7482
7402
7432
T482
7402
7408
74062

7402
7402
T402
7402
7402
7402
T402
7402
7402
7402
7402
7408
T402
7402
7402
T402
T402
T408
7402
7408
7402
7408
7402
7408
7402
74082
7402
7402
7402
74082
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
T422
7482
7462
7402
T402
T402

7402
7482
7402
7482
7402
7402
7408
7482
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7408
7402
7402
7402
7408
7408
7402
7402
7408
7402
7402
7402
7408
74082
7408
7402
740€
7402
7402
7402
Tage
7462
7402
7482

7402

74082
7482
7402
7402
Tae2

T4B2
7482
7402
7402
T4B2
7402
7402
7402
7402
7402
74082
7402
T402
7402
7402
7402
7402
7408
7408
74082
74082
7408
7402
T402
7402
7402
7402
7402
7402
7402
7402
74082
7402
7402
T402
T408
7408
7402
74082
7402
7402
7408
7402
7482
7402
740282
T4062
7402

Tape
T402
7482
74082
7402
7402
7402
7402
T402
7482
7492
7402
7402
7402
7402
7402
7482
7402
7482
7482
T482
7402
7402
7408
7402
T402
74082
7402
7482
7402
7402
7402
7482
7482
7408
7402
7402
7488
74082
74082
7402
7402
7402
7402
Tdee
7402
1402
7402

7402
7402
7402
7402
7402
7402
7492
7402
74082
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7492
7402
7402
7402
7402
7402
7402
7402
7402
7482
7402
v402
7402
7402
7402
7402
7402
7422
7402
7402
7402
7402
7402

Holliday

7402
7402
7402
7488
7422
7402
7402
7402
7402
7402
7482
7402
7402
7402
7402
1402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7402
7482
74082
7402
74082
7402
7402
7482
74082
7402
Tan2
74082
7422
T402
7408
7402
7402
7402
7402
T402
7402
7402
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6600 T402 7402 TAQ2 7402 7482 7402 7402 7402
6610 T402 7402 T402 T402 7402 7402 7482 7402
6620 7482 7482 TAB2 T402 7402 7402 T402 7402
6630 T402 T402 7402 7402 7402 7402 7402 7402
6640 7402 7482 T402 T402 7402 T402 7482 7402
6650 7482 T402 7402 7402 7402 T402 7402 7402
6660 T482 7402 T402 7402 7402 7402 7482 7402
6670 TARE TAR2 7402 7402 7402 7402 7402 T402
6700 T4B2 T4p2 T402 T402 T402 T402 7402 T402
6710 7402 7402 T432 T4@2 T4@2 7402 7482 7402
6720 T402 7402 T402 T402 T402 T40E 7402 7402
6730 7402 7402 7422 7402 T402 7402 7402 7402
6740 T402 7402 7402 T402 T402 7402 7402 7402
6750 7402 TA4B2 TAOR 7402 T402 7402 7402 7402
6760 7402 7402 T402 T402 7402 7402 7402 7402
6770 7402 T402 TaAde T4BE 7402 T402 7402 7402
7000 7402 7402 7402 TAD2 TA02 T4@2 7402 7402
7010 7402 T4902 T4DL 74DR TAQ2 7402 7402 T402
7020 7442 TAP2 T4B2 7402 T402 T462 T4B2 7482
7030 7402 T402 T402 7402 7402 7402 7482 T402
7040 7402 T40L TH402 T482 T402 7402 7402 7402
7050 7402 7402 7402 T4@2 7402 740 7402 7402
7060 T40L 7402 T402 T402 7402 T402 T402 7402
7070 7402 T402 T4D2 TADE T482 7402 7402 7402
7100 74082 T402 T4PR T4B2 7402 7402 7402 7492
7110 7402 T402 T402 T402 V1402 7402 7402 T402
7128 T402 7402 7408 T482 7462 T402 7402 7402
7130 7402 TAOE 7408 7402 T4@82 T402 T402 7402
7140 7402 T402 T4AP2 7402 TAGL TA402 7402 T402
7150 T4G2 T4062 7402 T4 T402 7402 7402 7402
7160 7402 7408 T40L T48e 7482 7402 7402 7402
7178 T402 T4P2 TABE 7402 TAB2 TA0L 7402 7402
7200 7402 7402 7402 7402 7402 7402 7402 7402
7210 7402 TAD2 T402 T422 7402 T402 7402 7402
7220 T402 74082 TADE T40L TA02 7482 7402 T402
7230 T402 T402 TABE TABE 7408 7402 T402 7402
7240 7402 74D2 TA02 T402 7402 T402 7402 T402
7250 T402 T402 T402 7402 7402 7402 7402 7402
7260 7402 TAQ2 TAD2 7482 T402 7402 7402 7402
7270 7402 TA402 7202 74062 T40L T4€2 TA02 T402
7300 7402 7402 7402 TACE TAG2 7482 7482 7402
7310 7402 7402 T402 T482 7402 7402 7402 7402
73202 7402 T4G2 THD2 T4A02 T402 7402 7402 7402
7330 7402 T4D2 7402 7402 7402 740 T40R T4D2
7340 7402 7402 7402 TABE 7482 T402 7402 T402
7350 T4G2 7462 TAD2 T4Z2 7402 7482 7402 7402
7368 7402 7402 7402 T482 7402 7402 T402 7402
7379 7402 7402 T4d2 TAB2 7402 7402 7402 7402
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7400
7410
7420
7430
T440
7450
7460
7470
7500
7510
7520
7530
7540
7550
7560
7570
7¢680
7610
7620

7630

7640
7650
7660
7670
7700
7710
7720
7730
7740
7750
7760
77170
P00

7402
7402
7300
2300
3265
1385
60846
4257
7770
7766
7006
5317
5335
0o10
vae7
7408
00008
1275
58087
1eog
5247
5247
6112
5244
6214
B364
3240
4237
1376
5340
5241
8377
2000

7604
7604
4265
5245
13035
4257
6241
1393
2000
7450
3354
7200
5733
6201
peen
7402
6211
7750
1202
2e3s
6031
6016
3gop2
23e0
1236
3367
4205
3363
1363
7673
2006
7777

8356
3276
4342
1307
4257
2276
5261
4257
7511
3354
1354
5711
7423
P800
7408
74082
2200
5216
g271
1236
5241
5244
12¢2
4351
3201
1366
5321
4205
1ea3
1376
gooe
2oeo0

3358
7402
704}
3300
2265
2277
7200
1310
ga212
1357
2360
7475
6031
2002
7408
74082
4508
2e0e
1347
3g0!
6036
1367
0364
7041
7604
S316
3203
5272
5323
7106
0085
o000

1351
7684
1304
4265
S241
5238
5657
4333
2215
3353
1361
3301
5343
2000
7402
7402
7562
7040
7510
5207
3ege
6122
T440
1283
B365
7604
1201
435}
62l1l
7006
6000
7177

1350
7040
7640
1276
1200
4265
151 1%)
5665
0240
1354
4755
1308
6036
7457
7402
7482
7733
52@é6
£ees
0870
1202
6114
7408
7422
T440
7700
3344
7420
3684
7686
ooai
7777

3207
1276
52ee
4702
1676
5200
7200
7476
7774
7004
1354
4257
6046
o270
7402
7482
3200
1200
7750
6201
5637
6111
1292
6032
5314
1361
1e2g2
5344
eepg4
1363
eo04
8845

Holliday

6211
317
5238
1306
4702
7458
1364
7477
7770
7084
2353
2301
5742
7774
7408
T402
AL237
7640
5605
7610
6211
5256
8370
6014
7604
1360
3376
3204
7600
5751
0000
s276
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Holliday
Field 0
& EXEC
e GETARG
1155 —
1160 =—
ot XSGNE
s FREE
a1 SERVEX
3421 —— '
3427 e
I5F3 INT HNDLR :
a7y HSPand W
4060 —
4227 P
4315 pre
4333 rr—r
4614 —
1640 EXT FNS
2560 XGEN ENTRY
Te LIB COMM PROC
7536 DISPL ENT/TDL
g PUSH DOWN
LIST
7777

0114

0115

0200

0436

6243

6445

6756

7267

7600

7777

MPL TM-237

Field 1

8K OVERLAY

ERRCR1 ADDR

EFUN3I ADDR

FREE

XGEN

USER AREA

PROGRAM AND
DATA STORAGE

RR ARRAY

Y2-ARRAY

Y1-ARRAY

X-ARRAY

RTBIN
LOADER
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APPENDIX IIT

The routine WTBIN is used to write blocks of binary formatted data to
a selected mégneuc tape cassette, The routine starts at address 7000 (base 8)
in either field of core. The routine punches 100 (base 8) leader/trailer code
characters, the designated block of data in binary format with field and/or loca-
tion codes and then punches a checksum followed by 100 (base 8) more trailer
characters (200 base 8).

To use the program, load the WIBIN tape via the binary loader RTBIN
or BIN. Set the switch register (SR) to the starting address 7000 (base 8) and
press load address. The program will halt. Enter the deck and unit of the mag-
netic tape cassette on which a write is to be performed in SR bits 0 and 1 respec-
tively. Press the contime switch. The computer will halt again. Enter the
number of blocks to be written to tape (all blocks must be in the same field) into
the SR. Press contimie. When the computer halts, enter the first address in
the block to be written to tape into the SR. Press contime again. When the com-
puter stops, enter the final address into the switch register and press contimue
again. The tape selected should move forward and the write should take place.
When the tape and the computer stop, the initial address of the second block, if
any, should be entered, continue pressed and the final address of the second
block entered. Pressing continue will initiate a second write operation. The
process may be contimued until all blocks have been written.

The field from which the data is taken in the write operation is set by the
position of the data fleld switch at the ime the Ioad address switch is depressed.
In muldple block writes, the program must be restarted each time the data field
must be changed from its initial value.

If the computer halts at 7043 (base 8), the halt was normal, If the com~
puter stops at 7110 (base 8) an error condition exists. A halt at this location with
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accumulator bit 0 equal to 1 indicates a tape error output. If bit 1 of the ac-
cumulator is 1, the read control is depressed on the tape deck front panel,
the cassette is missing or misaligned or the write interlock is out. If both
ACO and AC1 are one, the end-of-tape flag has been encountered.
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sRkERRERARRE AR R YTEI NS kkah Ak kR khy

TWSF=6121
TWLS=612¢
THRP=6112
*T7000
STAFT» HLT /ENTEER LECK,UNITTACHs ]
LAS
DCA ADDH /STORF DECKsUNI1T
HL T /SET SWITCHES=NO. EBLOCKS
LAS
CIA
ICA NF /STORE MINUS NOe. PLOCKS
NXFL.» HLT /SET SWITCHES = INITIAL ADDEESS
LAS
ICa Ia
HLT /SET SWITCHES = FINAL ADDRESS
LAS
IAC
DCca FA
nCA CKSM /CLEAR CHECKSUM
JMS PLOT /G0 WEITF LEADER COLES
CLA
TAD 1A
S1IL /T0 WRITF IA AS ORIGIN
FUNL» 4SS EFINP /G0N WhITF WOKD AS TWO LINES
/0F TAPF
TAD 1A
CIA
TAD Fa /ACsFA=1A
SNAa CLA /WAS 1T LAST WORD OF ELOCK 7
JMP . +5 /1T WAS LAST WORD
TAL I IA /GET WORD T0 WRITE
CLL /NOT AN ORICGIN
157 1A /ZJUST INDEX 1A
JMP FUNL
TAD CKSM
CLL
JMS RINP /G0 WRITE CHECKSUM
JMS PLOT /G0 WRITE TRAILER CODES
IS7Z NF /1S THERE ANONTHEER BLOCK ?
«JMP NYXEL /JHANDLE NFXT BLOCK
HLT /DONF
JMP STAFRT
PLOT» a
cLA CLL y
TAD M106 /TO PIWNCH 160 OCTAL LEADER~

/TRAILER COLES
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FINFP.

PUN s

CKSM,
NE»
14,
Fas
M100s
CTE1l»
Cz00s
TEM1,
SLT.

102,

DCA CTR!
TAD Cc2e0
»IMS PUN
ISZ CTRI
JMP 0‘2
J¥MP I PLOT
1%

DCa TEMI
TAD TEMI
FIR

kTR

RTR

AND SL7

JMS PIN
TAL CKSM
DCA CKSM
TAD TEMI1
AND SLé

JIMS FUN
TAD CKSM
DCA CKSH
JMP I RINP
DCa TEMZ2
TAD TEM2
1AD ADDE
TWLS

TWSF

«'MP .-l
TRER

ANL EMASW
SZA

HLT

TAD TEM2
JMP I PUN

Holliday

LEACER*TRAILER CODE

/WRITE CCaAC)

ZANOTHEE L-T COLDFE OR NOT ?
/60 WRITF ANOTHER

ZEXIT

/FIRST TWO OCTAL DIGITS IN
/AC5-11
/WRITE CCaAC)

/LAST TWO OCTAL DIGITS'IN
7AC6~11
JYRITE CCAC)

/EXIT
/GET TAPE ADDRESSs WRITE CC(AO)

/10 TAPE

/WRITE 17T

/CHECK FLAG

ZLO0OF TILL N0 IS WRITTEN
/CHECK FOF TAPE ERROH
/MASK WITH €000

/HALT HFRE ON TAPE EERROEk
/AC@=TAPE ERRKOE QUTPUT
/ACt=HEAD CONTEOL DF¥PERFSSED NE
FCASSETTE MISSING OR

/YRITE INTFRLOCW 0OUT

/ACQs 1=END OF TAPE ENCOUNTERED

ZEXIT WITH CCAC) UNALTERED



Holliday

SL6s 17
ADDEe (4}
EMASKs 6000
TEM2Ze ]

3

-
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APPENDIX IV

To load EXEC-72-01 Mod 1 with RTBIN:
Set SR =7777, Mem, Prot. =0, Instr. Field =1,
Press the load address switch.
Set SR =3777.
Mount EXEC paper tape in the high-speed reader.
Press the start switch.
Tape reads in (if RTBIN is ok and "load" light on reader is off).
Set SR = 0200, Mem, Prot. =1, Instr. Field =0, Data Field =0,
Press the load address switch and the start switch.
Answer YES to initial dialogue.
Press stop switch after printing on TTY stops.
Run tape forward past 1X 1,
Set SR =7777, Mem, Prot. =0, Instr. Field = 1, Data Field =0, press
load address switch,
Set SR = 3777.
Press start switch.
Wait until remaining tape is read and reader stops.
Set location 0 1217 = 7600 if you wish to suppress the : on execution of the

. ASK command,

If you require the Ross recorder, set 0 0004 equal to 6242 and 1 3511 to 6242,
If you do not require the Ross recorder data area, you can gain 200 (base 8)
words of storage by setting 0 0004 to 6444 and 1 3511 to 6444.

If you do not require both CRT display areas, the area Y2 can be used for
added program and data storage by setting 0 0004 equal to 6755 and 1 3511

to 6755,

If no CRT display is desired, additional space can be obtained for program
and data storage by setting both 1 0004 and 1 3511 to 7776.
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21, After choosing between the options in steps 17 through 20 above, set
the memory protect switch to 1, the instruction field to 0 and the data
field to 0. Set the switch register (SR) to 0200 and

22. Press the load address switch.

23. Press the start switch, answer N to the second dialogue and proceed to
load and run the EXEC level program.
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APPENDIX V

The service routine RTBIN 18 used to load data in a binary, block format
from the low-speed paper tape reader, the high-speed paper tape reader and the
magnetic tape cassettes, This routine is designed to reside in the last (7600 -
7777) page of field 1. Both BIN format and RIM format tapes are available for
loading by the binary loader (BIN) or the RIM loader supplied by DEC.

To use RTBIN to read from the magnetic tape cassettes once it resides
in core, set SR =7777 and press load address. Next, setbit 11 of the SR to zero
and bits 0 and 1 of the SR equal to the deck and unit number of the magnetic tape
cassette to be read. Press the start switch to initiate the read process, If at
the end of the read sequence, the tape and computer will both stop. An error has
occurred if the accumulator is non-zero., The accumulator contents can indicate
either a checksum error or, if only bits 0 and/or 1 are non-zero, a tape error
output (bit 0 = 1) or if bit 1 is one, the read control is depressed, the cassette
is missing or misaligned, or the write interlock is out. If both ACO and AC1,
the end~of-tape flag has been set. The latter error conditions are discussed
further in the hardware section of this document.

The high-speed and low-speed paper tape readers are used in the same
manner as the DEC binary loader BIN, The starting address is 7777. The switch
register (SR) bit 11 is left at one to select the high or low-speed reader and the
position of the (SR) bit 0 indicates the low~-speed reader if set to one and the high-
speed reader if set to zero. Pressing start initiates the read.

RTBIN is normally protected by placing the memory protect switch up.
This procedure ia advised at any time RTBIN is not in use.
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/RINAFY LOADFRS FOF A5F 32

/READ¥FR, HI SPEED FFADREF AND

/THE MAGNFTIC TAFPE CASSFTTF DECHKS
/USE RIM LOADEE IN LOW COER C(FIELD 1)
/MEMORY FROTECT SWITCH OFF

/TO LOAD RINT INTO

/HI CORF (FIELD )

TRSF=6111
TRRE=6112
TRFC=6114
TUSF=6121
TWCF=¢§122
TWPC=6124
TWLS=€&126
*T7 600

SWITCH, 0
MEMTEM, 0
CHAFK. :
CHKSUM, @
ORIGIN, #

ZEXTRACT FEROES,FIFLESL/T

REGG> 2
DCA SWITCH /SET SWITCH
JMS READ /GET A CHATACTFE
TAD M376 /TEST FOR 377
SPA SNA CLA
JMP s 44 /NO
I1SZ. SWITCH /YES: COMELEMENT SWITCH
cMA
JMP REGG+1
TAD SWITCH /NOT 377
SzZA CLA /1S SWITCH SET ?
JMP REGG+2 /YES; 1GNORE
TAD CHAR /NO; TEST FOR CODE
AND MASK /TYPES
TAD M200
SPA
ISZ BEGG /DATA DF ORIGIN
SPA SNA CLA _
JMP I BEGG /DATA,ORIGIN OR L/T
TAD CHAR /FIELD SETTING
AND FMASK
TAD CHANGE
DCA MEMTEH
JMP EEGG+2 /CONTINUE INFUT
FMASK, 78
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CHANGE,
READ,

LOR»

HIR>»

TAPELE.

BEN Dy
M376s

BEGIN.

CDF
@

KSF
JMP o -1
KRB

DCA CHAE
TAD CHAR
JMP 1 READ
RSF

JMP -1
FRE RFC
JMP LOR+3
TAD ADDR
TRFC

TRSF

JMP .=1
TERB

DCA CHAR
TAD CHAF
AND EMASK
SZA

HLT

TAD CHAR
AND CHMSK
JMP LOR+1

39

JMS ASSEMPE
cia
T&D CHEKSUM
HLT

KCC

RFC

KDF

TAD CHANGE
DCA MEMTEM
LAS

AND TMASK
SzZA

JMP RDR
LAS

AND EMASK
DCA ADDR
TAD TPRI
JMP RDR+2

MPL TM-237

/WAIT FOR FLAG

/CHECYX rOP TAPF ERROE

/TAPF FirROK

JACR=TAVYE EFROR QUTPUT
ZAC1=TF2 CONTEOL DEPRESSED OR

/CASSETTE MISSING OF
/WELITE INTERLOCK 0T

/TRAILER CODE SEEN

/SAVE FIELD INSTRUCTION

/AC=0Q IF BIT @=03 SKIP TO READ TAPE
/1F BIT @ NOT @, TRY ASR33 OR

/H1 SPEED READER

/ADDRESS MASK
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BDE» LAS
SMA CLA
TAD HIEI
TAD LORI
DCA FEAD+1
JMS BEGG
JMP .-} /1GNORE LEADEF

G0, DCA CHKSWM

TAD MEMTIM

DCA MEMFLD

TAD CHAR

DCA WORDI]

JMS READ

DCA WOERDZ2

JMS BEGG /LODOK AHFAD

JMF BEND /TRAILEP - END OQF FRECOED

JMS ASSEMB

SNL

JMP MEMFLD

DCA ORIGIN
CHEX> TAD WORD!

TAD WORDZ

TAD CHKSUM

JME GO
MEMFLD, @

DCA I OFRIGIN

I15Z ORIGIN
M20@., T600

JMP CHEX
ASSEMEBE, @

TAD WORDI

CLL RTL

RTL

RTL

TAD WORD2

JMP 1 ASSEME
LORI» JMP LOR
HIRI. HIER-LOR

@
WORD1=7776
WOFRDE2, @

EMASK, 6030
™ASK, 22061
TFPRI.» HI B-TAPE
ADDR» @

CHMSK, 0377

*7777
JMP BEGIN
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