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FLOTBSAM — A TWO-PARAMETER ON-LINE DATA
ACQUISITION PROGRAM FOR THE PDP-7

A. 1. Marusak

ABSTRACT

FLOTSAM 1s a program for the PDP-7, designed to accept
one- and/or two-parameter data from experiments. This
report describes the particular two-parameter program used
for measuring neutron cross sections by The time-of-flight
technique from (d,n), (n,n'), and (p,n) reactions.
Sufficient versatility is included so that conversion to
one-parameter 4096-channel data acquisition or other
configurations is, with some study of the program, easy and
has been done. The data from ADC's are fed directly into
the computer into one of two 64-word temporary buffers.
While one buffer is being filled with data, events in the
other are being analyzed and stored. A bank of six scalers
can be read into the computer and stored. A continuous
oscilloscope display of all or some of the data 1s provided,
with three modes (linear, log, square root) available for
the y-coordinate (number of counts in a channel). Light pen
routines are provided to enable one to extract peak informa-
tion from either old data stored on magnetic tape or from
data as they are taken. Permanent storage of data is on
IBM-compatible magnetic tape; the data can also be typed out
or plotted on a CALCOMP plotter. This report includes a
general description of the program, operating instructions,
some flow charts, and the complete annotated listing of the
program itself.



I. INTRODUCTION

The purpose of this report is threefold. First of all, a general
description is provided to give one some idea of what the system can do.
Intermixed in this description are some technical details which may be
of interest. Secondly, a complete set of operating instructions is pro-
vided for those who merely wish to use the program. Finally, a complete
anotated listing of the program itself is given along with some flow
charts for those who wish to examine it in detail.

In its simplest form, a computer used for on-line data acquisition
replaces a multichannel analyzer. 1In addition, FLOTSAM enables one to
do extensive monitoring of an experiment, to extract peak information
[ area, centroid, and FWHM (full width at half-maximum)] as a first step
in obtaining cross sections, and to store and retrieve data on magnetic
tape quickly and easily. For monitoring purposes, a one-parameter
256-channel spectrum can be taken. Regions of interest of a particular
spectrum can be typed out and summed if desired, or peak information can
be extracted by means of a light pen. Spectra can also be plotted on a
CALCOMP1 plotter. The ADC's (analog-to-digital converter) are checked

regularly against each other to make sure they are all counting. A bank

of 6 scalers is read into the machine at intervals, and certain relations

which should exist between different scalers are checked. An oscillo-
scope display exists which can display continuously regions of interest
in the data in any of three y-coordinate (number of counts in a channel)
modes (linear, log, or square root). For data storage and retrieval,
routines are included to write on magnetic tape the data taken during

a run along with pertinent monitoring information such as the monitor

lCalifornia Computer Products, Inc., Downey, California.



spectrum, the time of the run (all runs are timed), the six scalers, etc.
Other routines exist to search on magnetic tape for a previous run and

retrieve all or some of the data for that run.

IT. STORAGE IN THE COMPUTER

Events are stored as two-parameter data, sorted according to pulse
height and time, in up to eight groups (according to pulse height) of
512 channels (time) each. 1In addition a single parameter (time, energy,
etc.) 256-channel spectrum for monitor purposes is stored. The two-
parameter data are furthermore walk-corrected2 and collapsed into a
single group of 512 channels (henceforth called the Collapsed Spectrum).
One additional region of 512 channels, called the Background, is pro-
vided. This region is used as temporary storage by some routines, and
also is used in the peak stripping routines to extract the centroid,
area, and FWHM of individual peaks. The rest of the 20,000, word

8

memory (~5400, words) is used to store the actual program.

8
ITI. TWO-PARAMETER STORAGE

The data are stored in two parameters primarily to treat the problem
of ”walk”.2 The two-parameter storage also allows one to set arbitrary
biases on the detector. Since most background consists of low energy
neutrons and gamma rays, most of it falls into the lower groups corres-
ponding to low pulse heights. One can arbitrarily discriminate against
this background by not using low pulse-height groups for high energy
neutron peaks, losing a small percentage of the peak area, while

restoring the group if necessary for low energy peaks. 'Wrap-around"

“W. E. Kinney, "Neutroﬁ Elastic and Inelastic Scattering from ®¢Fe
from 4.60 to 7.55 MeV," Ph.D. dissertation, ORNL-TM-2052, January 1968.



(because timing for the experiments is from a pulsed beam, neutrons with
flight times differing by a time equal to the frequency'l of the pulsed
beam will fall in the same channel, the lower energy neutrons being
"wrapped around"), low energy peaks can be eliminated in the same manner.
Since the program allows one to collapse various sequences of groups
"on-the-£fly", one can quickly deduce background running conditions, peak

shapes, etc.

IV. DATA MANIPULATION AND MONITORING

The program has built into it the capability of manipulating data
stored in one particular region, the Background. By means of the light
pen, the Background can be set equal to a Foreground (e.g., Monitor, one
of the eight groups, or the Collapsed Spectrum. Any of these may later
be referred to as Foreground.). Then the Background can be altered with
the light pen in such a way that the difference between Foreground and
Background is a peak of interest. A routine is provided to calculate
the area, centroid, and FWHM of this peak.

Simple checks on some of the electronics is done by the computer.
In our case, pertinent data is fed into a bank of six scalers as data
are being taken., Normally definite relations hold between the values
of certain scalers'(in our case, under proper running conditions,
scaler 3 > scaler 4, scaler 6 > scaler 5, and scaler 4 > scaler 6).
At the option of the user, these scalers can be read into the computer
periodically and checked. 1If the proper relations do not hold, the run
is stopped and the teletype bell is rung to warn the operator. Similarly,

at the discretion of the user, the two sets of ADC's (TOF and Monitor)



can be checked against each other to make sure both are counting. If,
for instance, 576 consecutive events are TOF events, the computer will
assume the Monitor ADC is not working, and the operator is warned as
above.

The bit pattern of data fed in is set by patch-panels. By changing
boards, one is able to feed in one parameter gamma-ray spectra to study
pulse-height amplifier calibration. With another patch panel, one can
feed in data from the y-n pulse-shape discrimination circuit to set

windows for y-n discrimination.

V. INTERRUPT HANDLING

FLOTSAM is a program which operates completely on the PIC (Program
Interrupt Control). There are no waiting loops for job-done or equipment-
ready flags from input/output equipment. There is one and only one main
program, the display routine. This routine is interrupted as needed to
service peripheral equipment, and then control is returned to it. Since
control is returned with the PIC enabled between all interrupts (e.g.,
when the teletype is serviced, control is returned between the typing of
individual characters), other input/output devices can be initialized
while one is being serviced.

The magnetic tape input/output control and the ADC interface trans-
fer blocks of data by means of a high-priority interrupt, the data break.
To initialize one of these devices, one first sets up through the program
two registers, a memory address counter (MAC) and a word counter (WC).
(The magnetic tape units and the ADC interface have different pairs of

MAC's and WC's.) The MAC contains the starting address of the block of



data to be transferred, and the WC contains the negative of the number of
words to be transferred. When one of these devices has been enabled and
is ready to transfer a word of data, the computer "pauses'" (that is, the
flow of the program is stopped, or broken, to enable a transfer of 1 datum
of information) for one machine cycle, 1.75 usec, during which timé the
datum is transferred to the address in the MAC, and the MAC and the WC
are both incremented by one. Then the flow of the program continues
normally. Data breaks can occur whether or not the PIC is enabled.

When the WC of either device overflows (reaches a value of 0), a regular
interrupt flag is set. These flags, along with those from the clock,
keyboard, teletype, paper tape reader, paper tape punch, light pen,
CALCOMP plotter, or comsole, cause a break in the sequence of the pro-
gram. When one of these occurs and the PIC is enabled, the program
stores the address of the next instruction in the display loop to be
executed, stores all pertinent registers, disables the PIC, and jumps to i
a routine to decide which interrupt occurred. That interrupt is serviced,
pertinent registers are restored, the PIC is enabled, and the display loop

is continued at the propef address. It is not unusual to have a situation

in which new data are coming in from the ADC's, the clock is enabled and

counting, old data are being read in from magnetic tape, the teletype is

typing out information, and the display is being altered by means of the

light pen all at once, the display continuing without noticeable flicker.

If several interrupts occur at once, they are serviced sequentially in

the order: Console, clock, ADC buffer overflow (see section IX), CALCOMP

plotter, keyboard, teletype, light pen, magnetic tape, and paper tape

reader. The paper tape punch is not used,



VI. CONSOLE INTERRUPT

At the request of the buyer, our PDP-73 was equipped with one addi-
tional interrupt, a push button on the computer control panel which
operates on the PIC, called the Console Interrupt. This button is used
solely to cause a break in the program. It is programmed in FLOTSAM to
be used as a quick and easy way to stop data taking, to shut off the
teletype bell in case of a normal halt (timed run) or an error halt (ADC,
Scaler) or to continue a run after it has been stopped by one method or
another. Note that to start a run; that is, to reinitialize all pertin-
ent counters, buffers, etc,, it is necessary to type in an explicit

instruction, STR.

VII. DISPLAY ROUTINE

The main program, the display program, is executed continuously if
no interrupt occurs. Data can be scaled in the y-coordinate by manipula-
tion of several of the AC switches (see section XIV). Other AC switches
are used to indicate which block of data is to be displayed., Particular
regions of these blocks can be expanded to fill the entire scope by means
of the light pen (Fig. 1), and if precise starting and stopping channels
are desired, they can be set from the keyboard, marker lines being dis-
played at the low and high channels. Conversely, the channel and con-
tents of the low and high-marker lines can be typed out. Teletype com-
mands are also included to change the form of the y-coordinate display.
Normal mode is linear; LOG and square-root modes are available. The
y-coordinate scale can be wrapped around or not on teletype command.

(If the y-coordinate scale is such that the content of a channel would

3Digital Equipment Corporation, Maynard, Massachusetts.
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run off scale, it is wrapped around from zero. For no wrap-around this
count takes the maximum y-coordinate value on the oscilloscope.) Finally,
a teletype command exists to enable data stripping. This sets up the flow
of the display loop so that one can also display the difference between a
Foreground and the Background, and enables one to alter the spectrum in
the Background to extract peak information.

The option of being or not being in Strip Mode exists because there
are certain other operations which cannot be exercised while in Strip Mode.
Log and Square-Root displays are disabled, and the BCD magnetic tape dump
and the CALCOMP plotter routines are disabled. LOG and Square Root dis-
plays cannot be used in Strip Mode because the coordinates of oscilloscope
points have to be descaled, and no exponential or square routines exist in
this program. BCD dump and the plotter routines are stored in the Back-

ground spectrum.

VIII. STRIPPING ROUTINE

If the Stripping Mode is enabled, it now becomes possible to strip
away background events from bona fide peaks and to extract the area,
centroid, and FWHM of individual peaks. This is done by setting the Back-
ground equal to a given Foreground, then altering the Background contents
so that the peak of interest is eliminated. The program then calculates
the difference between the Foreground and the Background regions and
types out the peak information and which Foreground is being displayed.
The difference has nonzero counts, of course, only in the peak (Fig. 2).

The difference itself can be displayed.
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Alteration of the Background is accomplished by means of a light
pen following routine. A small grid or "strawberry'" of 5 dots is pro-
grammed in such a way that the center point of the grid is positioned as
nearly as possible directly beneath the light pen if the light pen detects
any of the 5 points, As the light pen moves, the strawberry follows it.
As the strawberry moves through the Background, it alters the counts in
the channel nearest the center of the strawberry in such a way that the
oscilloscope y-coordinate of the channel contents equals the y-coordinate
of the center of the strawberry.

It is possible to strip a peak while counts are being added to the
peak. This is for most purposes meaningless, although a person might,
for instance, wish to strip a given peak and study its characteristics
as a function of time. For most purposes, however, the following pro-
cedure is used. The input from the ADC's (see section IX) is so
arranged that nothing goes into Group 7, the highest group. After a
given run is completed and stored on magnetic tape and a new run is
started, the Collapsed gpectrum or Monitor Spectrum from previous
runs is read into group 7 on teletype command. These data are then

stripped.

IX. DATA TAKING AND PROCESSING
The TOF (Time-of-Flight) data are sorted into groups according to
pulse heights in the following manner: the pulse height is converted by
an ADC to a number between 0 and 128. Inputted through the keyboard
are 8 "bin limits" in ascending order. Pulse heights < the first bin

limit will fall in group 0. Pulse heights 2 first bin limit but < second
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bin limit will fall in group 1, and so forth. There is one limitation.
The first group whose bin limit x > 63 will receive all counts whose
pulse height > x; that is, pulse heights of value y, where 63 Sy= 128,
will fall into ome group. It was decided through experience that only
events with low pulse heights needed to be separated into groups.

Data are fed directly from the ADC's into the computer by means of
the data break "cycle-stealing" feature into one of two buffers through
an interface supplied by DEC5 in the format of Table I. When one buffer
ig filled (WC overflow), the ADC interface is disabled and a flag to the
PIC is set. The data-processing routine immediately switches buffers,
re-enables the ADC interface, and starts to process the data in the full
buffer event-by-event. The processor separates monitor events from
time-of-flight (TOF) events, storing monitor events in the Monitor Spec-
trum and separating the TOF events according to pulse heights and time,
étoring events in the correct channels of the correct group. Then, it
adds each TOF event to the Collapsed Spectrum, shifting channels for
walk correction (the shifts are typed in beforehand), if the group into
which the count falls is to be included in the Collapsed Spectrum. If
a channel in any spectrum overflows, the channel, the number of times
the channel overflowed and the spectrum in which the channel is located
are sorted in an overflow buffer, which is stored permanently on magnetic
tape and/or is typed out. Meanwhile, of course, the other buffer is
being filled with data through the data-break feature.

For moderate counting rates ( <1000 events/second) the computer

causes essentially no addition to dead time. Recycling in the ADC's

takes an average of 45 psec for TOF ADC's and 33 ysec for the Monitor ADC.
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Table T

0 11 12 13 14 15 16 17

Bits 0 1 2 34567891

1]010j0{0}0}0] 0}0}J0OIX |X |X X |X |]X |X IX .

Monitor
_ (one-parameter)
Output from ADC

Bits 01 2 34 567 8 910 11 12 13 14 15 16 17

Ol2IPIP|PI{P{P| PIT|T|T {T §T T |T IT |T |T TOF

\—“—‘\/——‘/ 7 -

From Pulse Height ADC From Time ADC  (tWo-parameter)

The distinguishing feature of the two is ACO =1 Monitor

=0 TOF
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Once every 64 events, when a buffer is filled, the ADC interface is dis-
abled for about 45 psecs, the time required to switch buffers. This time
is small compared to the total time required to recycle the ADC's 64 times,
and for an average of either 33 pjsecs (Monitor) or 45 usecs (TOF) of the
45 ysec used to switch buffers, the ADC's are recycling and cannot accept
a new event., The processing time for a TOF event is about 58 usecs and
for a monitor event about 28 usecs. We have found that the dead time in
the TOF ADC's is about 507 when a sufficiently high counting rate has been
reached for the computer to contribute to the dead time. Maximum counting
rates, during which the dead time of the ADC's is ~100% and the display
is blank (all the time is spent switching buffers and processing events),
are ~17,000 TOF events/second or 35,000 monitor events/second. One
would not, of course, normally run an experiment under these conditions.
Data-taking is initialized from the keyboard and then can be halted

and continued by the Console Interrupt.

X. MAGNETIC TAPE HANDLING |
Provisions are made to store data in either of two format: odd-
parity binary code and even-parity BCD code. In normal usage storage
is in binary since it is much more compact than BCD. Binary odd-parity
storage consists of, per run:
Record 1l: Run number (one 18-bit word)
Record 2: Collapsed Spectrum (512 words)
Record 3: Monitor Spectrum of 256 words plus 6 scalers stored as
stripped ASCII (scalers are read in as decimal digits

in BCD, the digits are converted to ASCII codé, the
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6 least significant bits of each ASCII digit are kept,

and the stripped ASCII digits are stored three per 18-bit
word), 3 words per scaler, the time of the run in seconds,
the bin or pulse‘height limits on each group (8 words),

the shifts corresponding to the groups (8 words), the

first group to be collapsed, the last group to be collapsed,
and the list of channel overflows (see section XIV) which

may have occurred (319 words total).

Records 4-19: The 8 groups of uncollapsed data, 256 channels per

record.

The runs are separated by an EOF (End of File), and the last run on the

tape is terminated by two EOF's.

Runs stored in binary can be read back into the machine entirely

or in part at the desire of the user.

BCD even-parity storage consists of, per run, in 120-character

Record 1:

1 (one), blank, 5-digit run number, 113 blanks

Records 2-257: 8 groups of 512 channels, each record in the for-

Record 258:

mat: (1X, T4, 1617, 3X) where the first number is the
number of the first channel of that record, followed
by 16 channels of information.

1 (one), 1 (one), 5-digit run number, 113 blanks

Records 259-291: Collapsed Spectrum in the (1X, I4, 1617, 3X)

Record 292:

format .

1 (one), 2 (two), 5-digit run number, 113 blanks
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Records 293-309: Monitor Spectrum in the (1X, I4, 1617, 3X) format,

Runs are separated by an EQOF; last run is terminated by 2 EOF's,

Data stored in BCD cannot be read back into the machine. It can,
however, be read by standard FORTRAN programs on a variety of other
computers. BCD dump uses so many autoindexers and so much temporary
storage that no other teletype commands are recognized while the dump is
in progress. Furthermore, the BCD dump routines are stored in Background;
Strip Mode and INT both modify Background and disable BCD. If this
happens, the BCD routines must be reloaded from paper tape on teletype

command., This can be done while data are being taken.

XI. TELETYPE INPUT/OUTPUT

The keyboard is used extensively to control the program. With the
exception of the light pen and the AC switches, used for manipulating
the display, and the Console Interrupt, used to stop and continue data-
taking, all commands are inputted through the keyboard. There are 48
legitimate commands to the keyboard, all of which are described in
section XIV. Checks are made to ignore illegitimate commands., All
data stored permanently on magnetic tape can, with a series of instruc-
tions, be typed out on the teletype. Any part or all of the data can
be typed out and a running sum given if desired. In addition, there
are several instances in which the program will type out information
on its own. For instance, if one sets a timed run, the program auto-
matically types out EOT (End of Time) and rings the bell at the proper
time. TIf the program encounters an error occurring in the ADC's or in

the scalers (see Data Manipulation and Monitoring) it will automatically
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stop data-taking, type out the type of error encountered, and proceed to
ring the bell. Finally, if the channel overflow list is filled, data-
taking is stopped, the list is typed out and re-initialized, and the run

is continued.

XIT, CALCOMP PLOTTER

Provisions have been made to allow plotting of data on a CALCOMP
plotter. Because of space limitations, plotting cannot take place while
stripping peaks in Strip Mode. The plotting package is stored in the
Background Spectrum, and both Strip Mode and the instruction INT alter
Background. If Background has been altered, one must reload the
plotting package. This is done with a teletype instruction, LPT,
which loads the paper type containing the plotting package and enables
the plotter. This can be done while data are being taken. Furthermore,
one can do actual plotting while data are being taken. The routine
will plot any Foreground, including group 7. Thus, old data can be

read in from magnetic tape and plotted while a new run is in progress.

XIII. HARDWARE CHANGES TO THE PDP-7
Several changes and additions in electronics and interfaces have
been made. An interface has been added which enables a read-in of a
bank of six 7-digit scalers into memory. Another interface has been
added to enable a CALCOMP plotter. The input/output (IOT) skip flags
have been modified so that a skip indirect (i.e., KSF I) will cause a
skip if the flag is not set. A normal IOT skip will work in the

expected manner, i.e., skip if the flag is set. The magnetic tape
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drives have been rewired to work properly under all circumstances under
PIC control. Magnetic tape control has been altered so that, if desired,
only the least-significant 6-bits of a word are dumped on tape. The
teletype has been rewired to turn itself on if output 1s desired and

the teletype is turned off.
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XIV. OPERATING INSTRUCTIONS

To load program: for an HRI (Hardware Read-In) mode paper tape, set
address switches to 208, load paper tape, and push READ-IN. For an
assembled-version tape, set address switches to 177658, load RIM mylar
tape, push READ-IN. Set address switches to 177708, load program paper
tape, push START. After tape is read in, push CONTINUE. To load from
the Systems Tape (magnetic tape), load Systems Tape on Tape Drive 0, set
address switches to 177658, load UGGYCHUG mylar tape, push READ-IN.

Type in FLOTSAM!

Normal starting address is 228. The HRI paper tape can be reloaded
without affecting any spectra which may be in the computer. The others

destroy parts of data storage.

All output numbers are in decimal. Input numbers are decimal or
octal. The program starts out in decimal mode. The instruction OCT
changes to octal mode, and the mode stays in octal until DEC is typed.

Similarly, once in decimal mode, 1t stays there until OCT is typed.

For typing in numbers: A comma ends the number. Numbers larger
than 26214510 are in error. To restart a number in case of a mistake,
type any alphabetic character. The teletype types a ? in case of any

such i1llegal character.

When typing in commands, only the last three characters are used.
A1l commands are three-character mnemonics. End all commands with a
carriage return or a space. The carriage return gives a line feed also.

If an illegal command is given, computer types '22!".

COMMAND MEANING
IBS Initialize. Types out "BINLIMS." Type in eight dynode group
limits. Types out "SHFTS,10,HI." Type in eight channel

shifts, lowest group number and highest group number for
walk correction. Groups are numbered O through 7. New

values take effect only on STR.

BIN Types out "BINLIMS." Type in bin limits only.
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COMMAND (con't) MEANING (con't)

STS

BSL

STR

73G

SET

T5=

Console
Interrupt

OVR

Types out "Shfts, LO, HI." Type in shifts, low and high groups.

Types out bin limits, shifts, and low and high groups, in that
order. This will be typed automatically at the first data-
taking command after loading program. Also, any time a com-
plete (GT2, GI7) run is read in from magnetic tape, the BSL

is done at the first data~-taking instruction, since the BSL
contents are stored on tape and are read back in by GI2 or

GTT.

Start. Zeros spectra, resets scalers and overflow buffer, and
accumulates data until stopped by a conscle interrupt or until
time equals that set by SET. Time can be set at any time
during the run. One can continue a run after a timed halt,
and type in a new time at which to stop. A set time of zero
minutes will run forever. At end of time, teletype types

out "EOT" and rings the bell for 15 seconds, after which it
acts as a Console Interrupt. One can shut off the bell with

an actual Console Interrupt.
Types "GP=". Type in a group to be zeroed.

Sets time for a timed run. Types out "IM=". Type in the

number of minutes for which run is to be taken.

Types out running time to the nearest second. If the program
is not taking data, the time is that of the previous run taken

or that of the last run read in from tape by a GT7 or GT2.

Halt. Stops data taking, dumps scalers into memory, dumps
time of run in seconds into memory and types out any channel
overflows which may have occurred (see OVR). If Interrupt is

pushed again, the run is continued, then stopped, etc.

Types out channel overflows, if any, in the format: XYYYYY Z
where X = O for collapsed, 1 for monitor, 2 for full, YYYY is

the channel, Z = number of times the overflow occurred. If
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COMMAND (con't) MEANING (con't)

LOL

HIL

INS

IO=
HI=
LIN

SQT

more than 13 channels overflow, the list is typed out and the
list is reinitialized. The first list is not stored on mag-

netic tape. NOTE: One overflow = 26214410 = 10000004 counts.
Display

Switches. A display of either the monitor or the dynode

groups and/or the Background spectrum and/or the collapsed
spectrum is possible. Full scale horizontal is equal to 256
for monitor, 512 for others. The accumulator switches are

labeled as: XXMGOGIGEGBGMGSG6GTBCSPPPP'

ACO, ACl (XX ) are normally inoperative.

SPPPP gives the vertical full scale as 2
g - 1o -
T0L5 4+

C displays collapsed spectrum.

S(PPPP) + 10

B displays background spectrum.
GO-7 display dynode groups.

Any or all of the above may be displayed simultanecusly.
M displays monitor. If this switch is up, the switches

GO through C are ignored.

Sets low line. Types out "1LO=". Type in channel for low

line.

Sets high line. Types out "HI=". Type in channel for high

line.
Kills lines.

Types out channel and contents of low and high lines.

(Use single display for correct contents. )
Types out channel and contents of low line.
Types out channel and contents of high line.
Display linear vertical scale. S(PPPP) applies.

Display square root vertical scale. S(PPPP) applies; full

scale = ES(PPPP) X 22.

~
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COMMAND (con't) MEANING (con't)

LOG

WAY

WAN

Display log vertical scale. S(PPPP) does not apply; numbers
<4 suppressed; log2 4 = base line; log2 lOELLlO = full scale.

Wrap Around Yes. If y-coordinate is such that a channel would

run off scale, it is wrapped around from O.

Wrap Around No. If y~-coordinate of a channel >l7778, it is
set to 17778.

Light Pen

Seven dots are displayed down the right side of the scope

6 .6
.5 .5 ;
A A |
) or .3 |
.2 7
7 .2
.1 .1

Dots 1 and 2, with Dot 7 next to one of them, indicate which
of the lines are active. For instance, if Dot 1 has Dot 7
above 1t, the low line is active. This means that if one
touches with the light pen a data point of any spectra

being displayed, the low line will Jump to that point. The
high line (Dot 2) works similarly. One switches from one to

the other by touching the respective dots.
Dot 3 displays full spectrum.

Dot 4 expands between lines. If low line > high line, Dot 4

is inoperative.

Dot 5 causes the spectrum or spectra being displayed to
rotate to the left, points disappearing on the left and new

data points appearing on the right.

Dot 6 causes the spectrum or spectra to rotate to the right.
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COMMAND (con't) MEANING (con't)

REC

CRC

RSL

TOL

SCA

YO

YT

DMP

BNT

Recollapses spectra, puts in Collapsed. Types out "LG=".
Type in low group to use. Types out "HG=". Type in high

group to use. Shifts used are from IBS or STS.
Same as REC, but adds to Collapsed.

Data Output

Gives channel contents and running sum of channels included
by markers for collapsed, Background, dynode groups, and mon-
itor spectra. Be careful to display only ONE spectrum at a
time for this. Otherwise it will type out the one corres-

ponding to the first up switch from the left.
Same as RSL, but without the running sum.

Types out contents of scalers, updated every 5 minutes.

Types out XXXXXXXXX where the first two digits are the num-
ber of overflows. If program is not taking data, the scalers
are that of last run taken or of last run read in by a GTT

or GT2.

Types out "N:"; type in the number N. Types out "M:";
type in the number M. Program then types out in decimal

N words starting at the machine address M.

Seme as TYO, except after M, type in N words starting at the
machine address M.
NOTE: for N, M, and type-in, one can type in either octal or

decimal.
Tape Handling

Dumps in binary onto tape on drive 2. If tape drive 6 is
active, the same run is dumped in binary on it also. The

program will find the proper starting point on either tape.

Begin New Tape. Assumes a new tape(s) is on drive 2(6). Pro-

gram will not search for end of file. ALL AC SWITCHES MUST

BE UP, or the program will not dump; it will type ?7!. If
this happens one must retype BNT.



COMMAND (con't) MEANING (con't) a

BCD

EOT

GT2

GTI7

GTC

GTM

RUN

BSP

2k

Dumps a run in BCD on tape drive 3. Assumes tape is properly
positioned. Start new tape at load point. One cannot be in |
STRTP MODE when dumping in BCD, and when in BCD, keyboard is

ignored. See LPT.

Positions a BCD tape properly, 1f it has previocusly been

dumped on, and additions are desired. Does not dump.

NOTE: The procedures for dumping binary and BCD are quite
different. BCD assumes the tape 1s positiocned; one needs an
explicit instruction, EOT, to position it if it has been
unwound. FOT does not dump anything. DMP, however, will
always search for the proper starting point. BNT will dump

in binary, but will not look for an end of tape.

Retrieve a run in binary on tape 2. Write ring does not have

to be in. Retrieves everything which was dumped.
Same as GT2 for tape drive 7.

Retrieve the collapsed spectrum of a run on tape drive 2, store

in group 7. Does not affect bins, shifts, etc.

Retrieve the monitor spectrum of a run on tape drive 2, store

in group 7. Does not affect bins, shifts, etec.

Il

Types out "OLD RUN
Types out "NEW RUN

A - gives old run - 1. A space gives 0ld run. If one makes

XXXXXX, NEW RUN =". Type in new run.
XX ", A + gives o0ld run + 1.

I

a mistake (? typed out), the old run number is destroyed; one

mist type in a number.

Backspace n runs (files) on tape drive 2. Types "NF="; type

in number of runs to backspace.‘

If machine halts after receiving any magnetic tape operation
instruction, chances are the tapes are not on proper drive,
not on remote, or do not have a write ring (if necessary for
the operation). Correct the problem and push CONTINUE if

computer does not continue on its own.
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COMMAND (con't ) MEANTNG (con't)

ESM

Strip Routine

ENTER STRIP MODE. One can display only in linear (LIN)
during this time. It will set linear mode itself. While
STRIP is in effect, LOG, SQT, PLT and BCD instructions are

inoperative. Switches ACO, ACl, are now operative. ACO
down allows one to draw backgrounds in the background spec-
trum. ACO up disables.the strawberry mark. ACO down also
displays Background regardless of the "B" switch., If ACl
is up, the normal 7 dots appear across the right of the
screen. They work now on any spectrum except Background.

If ACl is down, 4 new dots appear.

Dot 1 if touched will type out the difference between any

group, Collapsed, or Monitor, henceforth called Foreground,

and the Background, if Foreground is displayed. It types out
YYY A = XXXXXX C = ZZZZ.ZZ W = VVVV.VV where
YYY is the Foreground,

A = area,
C = centroid,
W = full width at half maximum, (84n25° )Y/2, where o= is

the variance,
XXX is modulus lOOOOOOOOlO.
In the calculation of W, only those points whose value 21/64

X maximum point are used. Thus W___< If for some

cal wéctual'
reason the program hangs up in typing out, and refuses to

type out again when the dot is touched, type in ESM again.

Dot 2 sets Background equal to the Foreground being displayed,
in the region being displayed.
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COMMAND (con't ) MEANING (con't)

1LsM

INT

PLT

LPT

Dot 3 displays the difference between Background and the Fore-
ground being displayed. One can display the difference,
Background, and the Foreground all at once, or any combination
of the three.

Dot 4 deletes display of the difference.

STRIP works while data are being taken. The binary tape read-

- in routines work while data are being taken. Thus, if one

arranges BIN LIMITS so that nothing goes into group 7, one

can take data and read in old data into group 7 and strip it.
Leave STRIP MODE.

Works like Dot 1 of Strip Mode, except it sets Background =
Foreground in the region belng displayed and then zeros the
region between the lines. Effectively, then, it gives the
number of counts between the lines, their centroid, and their
FWHM. Display only one Foreground and no Background for

correct answers. This instruction disables PLT and BCD.
CALCOMP Plotter

Plot the Foreground displayed, rounding off first and last
channels to nearest unit of 20. Disables ESM and INT. One
must be in linear mode to plot. Plots in linear scale, plots
the run number and the power of 2 which equals the maximum

value on the plot.. See LPT.

If BCD or PLT give a 7?!, one must load the small paper tape
and type LPT, which will load the CALCOMP plotter and the BCD
routines into Background. This instruction automatically

enables PLT and BCD and leaves Strip Mode.
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COMMAND (con't) MEANING (con't):

Error Messages

The program is designed to do simple checks on t he electronics.
It assumes that, of the scalers, 3> 4, 6> 5, and 4 > 6. Every five
minutes of running time the program automatically checks these relations.
If an error is found, the run is stopped and the program types one of

these messages

(the first error it finds)
3 < 4 SCALER ERR
6 <« 5 SCALER ERR
4 « 6 SCALER ERR

Then it begins to ring the bell until it is stopped by a Console Inter-
rupt. DPushing Console Interrupt a second time will continue the run, as

usual.

The program also checks the ADC's against each other. If either the
monitor ADC or the TOF ADC's accept 9 full buffers of data (576 events)
while the other does not accept a single event, the run 1s stopped and

one of the following is typed:

TOF ADC ERR if no TOF events occurred
MON ADC ERR if no MON events occurred.

Again the bell is rung until stopped by a Console Interrupt, as above.

Sometimes the computer senses an incorrect reading of the scalers.

If this happens, the program types

SCALER ERR

and continues the run. No relative scaler checks are made in such a case,
If this happens on a Console Interrupt, one must stop the run again, until
the scalers read correctly. Similarly, a SET stop would be overruled if

an incorrect scaler reading were detected.

SCN Delete scaler check.
SCY Restore scaler check.
ACN Delete ADC check.

ACY Restore ADC check.
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FLOW CHARTS

These are a few flow charts of some of the more important sub-
programs; they are meant to illustrate the general form of the program.
Symbol definitions can be found in Digital Equipment Corporation

publication F-75, "Users Handbook", (unpublished ).



Conventions Used

v

DISMIS

JMS XXX

30

CONVENTIONS USED

Return to main program after servicing interrupt

Comment box, connected to flow chart with dotted line

Decision box with variable exits

Function box

Call a subroutine

Entry to a subroutine

Return from a subroutine to the calling program

Denotes a break in the flow chart or in program;
that 1s, program flows from 1 to 2.

Unconditional jump to XX

Entry point XX
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Toterrupt Handling - PIC is Fnabled

PC - location O

link —» bit O of
location O

Disable PIC

!

- Store

AC - INTRAC
My - INTRMQ
SC - INTRSC

Console
terrupt,

CALCOMP

Keyboard

Interrupt occurs z

Reglsters

CON

lock is serviced
hen JMP DISMIS

Cloc

Process buffer
of data, then
JMP DISMIS

\

Yonly flag
left; ignore it.
-
Clear paper _ - -
tape punch flag e

INTRSC — SC
INTRMR - Ma
INTRAC - AC

ENABLE THE PIC

Bit O of location O - link

RETURN
0




KEYBOARD

(wryeE )

Read Character
into AC clear flag

LIGHT PEN

PENACT

PAPER TAPE READER

l Initialize Reader ]

Read word into AC
clear flag

RETURN
READR

-

CONSOLE INTERRUPT

CONSOL |

ISMIS

Clear flag

i

RETURN
CONSOL

TELETYPE

TYPOUT

IPrint character]

RETURN
TYPOUT

MAGNETIC TAPE

Clear flag
Initiate new
operation

RETURN
WEFUN

CALCOMP PLOTTER

CAICMP

Initialize CALCOMP

LﬁClear flag ]

RETURN
CALC




DAC EXECTL

Character
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EXBECUTIVE ROUTINE TO SERVICE KEYBOARD COMMANDS

First entry i1s set up in the
program by putting the address
of EXECIN into INTYPE

INTYPE returns to Main Program
while waiting for next character;
eturns with character in AC

Y®S

= Carriage
Return

Character
Space

LRS 6
TAD EXECTL
1S 6

EXECIN

{ JMS CRLF )

A
Address of MNEMONIC TABLE
— EXECT2

IAddress of JUMP TABLE

- EXECT4

[EXECIN (Address) - INTYPE
EXECTL - AC

Contents

of address in
EXECT2

= AC (EXECTL)

Isz, EXECT2
ISZ EXECTA4

Legitimate commands are
stored in stripped ASCII

in the MNEMONIC TABLE.

The corresponding jumps

are stored in a JUMP TABLE.
EXECT1 is the last entry in
the MNEMONIC TABLE, and its
corresponding Jjump is an
ERROR JUMP.

LAC I EXECT4

DISABLED
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ROUTINE TO TYPE IN A NUMBER

-~
TYPEIN _ " | Number is stored 10 is octal or
~ in INOUT3 decimal depending
-

on mode of input.
DZM INOUTZ 4——-

JMS INTYPE 4 ]
Character - Octal number
~Character Tegal Octal number + INOUT3 x 10
NO YE - INOUT?3
< = Comma Character
(Wumber ) * -
YES NO
FXECIN (address) l IAW 277 |— — —-1 277 = ASCII CODE
- INTYPE | for Question Mark
IAC INOUT3

RETURN 3
TYPEIN \J/

CARRIAGE RETURN; LINE FEED

215 = ASCIT CODE
for Carriage Return

212 = ASCII CODE
for Line Feed
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DISPIAY LOOP - MAIN PROGRAM

Iooad Brightness
Register

Strip
Mode

NO
Fnable light pen to

service side 6 dots =0

and foreground
Display dots Disable
down side Light Pen j

Display
Monitor

IAM - 7
DAC ACSGL
LAC (3
DAC X

Display N
Group X-3 Display

Collapsed




®
///!\\\\\
</ SIRIP

.. MODE

.

P

e

YES

gé> ’;Cl =1 pen to service
| o strip control
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NO

Enable light

AN

A

Display

dots

dots down
the side

DISPLAY ™. _
QIFFERENCE//——* 1ight pen

Disable

In non-strip mode
Background 1s treated

as a Foreground for

iBackground |

display purposes

Display 4
Strip control
|

Display difference

between last

™ Foreground displayed

and Background

' o
=0
//‘ \\
7 ?\\
~_
NO
- \\“%\u,\\
Qco >
=0
|
Y

Inable 1ight pen|
to service
strawberry,
display
strawberry

Enable light pen
to service

Background,
display
Background
f// o
NTERRUPTS ™.

FROM STRAWBERRY

~ ™ alter a point

QR BACKGROUND

-

Calculate new |
strawberry
n IBS coordinates;
in Background
1f needed

Background

Dissble light |
pen, display
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FLOTSAM FLIGHT OF TIME SYSTEM BY ALEX MARUSAK

JIULY 29, 1968,

JEQUALITIES FOR 8 RY 512 THO-PARAMETER DATA TAKING

JSOME OF THE FOLLOWING ARE PARAMETERS WHICH MAY BE CHANGFD,
/DEPENDING ON THE NUMBER 0OF GROUPS DESTRED,

/OTHERS DEFINE ABSOLUTE ADDRESSFS T4 RE USED IN THE PROGRAM,
BEGIN=24

KEYMSK=177640 7174040 FOR 4 GROUPS, MASK THFE FOREGROUND SWITCHES,

TOFDIM=1000 /200C FOR 1024, 400 FOR 254, ETC,

SHFETOF=11 /12 FDR 10624, 10 FOR 256, ETCe (NDe OF RITS IM TOFDIM)
COLLO=6000 /800C FOR 1024, 6000 FOR 256 {ADDRESS OF COLLAPSED)
RECOLO=5000 JADDRESS NF RECOLLAPSED SPECTRUM

MONTOR=COLLEC TOFDIM /ADDRESS OF MONITOR

MONSTE=400 /NUMBER OF CHANNELS I N MONITOR

UNCOLL=10000 /ADDRESS OF 4096 CHANNELS

UNCSZE=10000 /NUMBER OF CHANNELS IN 4096

ARINGRP=1D /NUMRER CF GROUPS

PULSZE=100 JPULSE STZE PERMITTEN IN ADCS

/TOFMSK IS A MASK USED FOR CHANNELS,

TOFMSK=TOFDIM~]

SCLR=MONTOR MONSZE /SCALEFR STORAGE TN STRIPPED ASCIT STARTS HERE
CLCK&=SCLR 22 /TIME IN SECONDS STORED HERE

BINLIM=CLCK% 1 /RIN LIMITS STORED HERE

SHFETS=RINLIM BINGRP JSHIFTS STORED HERE

LLOW=SHFETS BINGRP /LOWEST GROUP TO BE COLLAPSED
LHT=LLOW 1 JHIGHEST GROUP T0O AE COLLAPSED

JS§7=32 /NUMBER NF NCTAL SPACES TN RESERVE IN OVERFLOW LISY
JLIST=LHT 1 JOVERFLOW LIST

PTABLE= JLIST J52Z JTABLE 0OF INSTRUCTIONS FNR PROCESSNR
BUFSZE=100 /NUMBER OF WORDS IN DATA RBUFFER

RUFND=PTABLE PULSIFE JHORD BUFFER FNR WORNDS FROM ADCS
BUFD1=RUFO0 BUFSZE /SECOND WORD BUFFER

WGERP =20 /ND GROUPS TO RE DUMPED ON BINARY TAPE FOR UNCOLL.
WGRON=40D /N WORDS PER GROUP {WGRP TIMES WGRPN=NN CHAN IN UNCOLL)
JKDL =400 /N OF RECORDS ON BCD FOR UNCOLLAPSED

JKD2 =40 /NGO OF RECORDS ON BCD FOR COLLAPSED {100 FOR 1024)
JKD3=20 /ND OF RECORDS ON BCD FOR MONITOR

BONGRP=BINGRP BINGRP
JTHE FOLLOWING IS A LIST OF THE SUBRQUTINES WHICH USE AUTO INDEXING,

AUTDLID=10 JTERDNMIND, NMSTAS,SCLRTP,BINRCD,,CLOCKS,LPT
AUTO11=11 /PRODCESSOR

AUTN12=12 /RSUMD,BRCDPRT, BINBCH

AUTN12=13 JRSUMD, FLFORM

AUTN14=14 /RECyWOTF1,NOROUT,STRIP?2

AUTN1S5=15 JREC,STRIP2,STRIP4,FIFORM

AUTO16=16 /REDSTRIP3,STRIP4,F1FORM, INRUN,BCDPRT
AUTDL1T7=17 SPENLZDISPLAWWAL,STRIP2,STRIP5,STRIPS

JTHE FOLLOWING DEFINES THE AREA USED AS TEMPORARY STORAGE BY THE CALCOMP,
/DATA MAY BRE READ INTO THIS AREA BREFORE, AUT NOT DURING PLOTTING,
CALBUF=1T7000

JTHESE LOCATIONS ARE USED AS TEMPDRARY STORAGE AY THE 8CD DUMP ROUTINES
BLD4=PTABLE

BCDS=RCD4 1

WLOOP=BCHS 1

RCD2=WLOOP ]

BUTRCD=RCDZ 1

RCORUN=DUTRCD 1

/RCODARY NEEDS 170 OCTAL LOCATIDNS

RCDARY=RBCDRUN 7

PAUSE BREGIN
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JDISPLAY——MAIN PROGRAM
/BODTSTRAP ROUTINE TD SET UP INTERRUPT HANDL ING
JAND TO INSURE THAT FIRST KEYRNARD INTERRUPT GOES TO THE EXECUTIVE ROUTINE
20/ SKP
HLY
LAM-3 JENABLE EVERY COMMAND BUT PLT.RCDs
DAC CODEWD
BEGIN, LAC {JMP INTRUP
DAC 1
LAW EXECIN
DAC INTYPE
CAF
JMS STBRM JCAF Z0TS ADC WC; RESET 1T
JSET UP AC SWITCH DISPLAY,
ACSRES, Lasicee JREF FOR LAS!CLL IN STRIP,NNSTRP,VARZA
ALS 2
spalcLa
LAM=TOFDIM MONSZE 1
TAD (TOFDIM
JMS DISPFR
/DISPFR STNRES NUMBER OF PNINTS TO BF DISPLAYED IN DISPFS
/AND INITIALIZES THE ROTATE SUBROUTINES,

NIM DI S#PLN JDISPIN CONTAINS THE STARTING CHANNEL
NN /READY TO ENTER TNTERRUPTABLE PROGRAM
/PRECEDING INSTRUCTION REF AS ACSDIS-1 IN VAR3A
AGSDTS, LAW 3
DLg JLOAD BRIGHTNESS REGISTER
LAM JREF AS ACSDIS 2 IN STRIP,NDSTRP

/A LAM IS INTERPRETED AS ACG, AC1 BOTH UP IN NON-STRIP MODE,.
/PRECEDING INSTRUCTION CHANGED TO LAS!CLL IF IN STRIP MODF
spalcLL
RTL
LAW DISMTS
S7L
LAW PENDOD
DAC PENACT
SNL
JMP . 11
LAM-200 1
JMS MAP /DDTS DOWN THE SIDE
LAC LINWHR /=0 FOR LOW LINE ACTIVE; =1 FOR HIGH LINE
SZA
LAW 300
TAD (&0 /ACTIVE LINE INDICATOR
DYS
I1SZ WCHPNT JINDICATES WHICH POINT (DOT) WAS DISPLAYED
LAM—-RINGRP 1
DAC ACS#G]

tasicLr
ALS 2
I'SZ WCHPNT /AFTER SUITABLE DELAY FROM LAST 157
/NOW WCHPNT INDICATES A LIGHT PEN INTERRUPT CAME FROM A DATA POINT,
spalraL
JMP MONDIS /AC2 1P=- MONTITDR
/DISPLAY GRNUPS AND COLLAPSED, IF APPROPRIATE SWITCHES ARE UP,
smalraL
JMP o 10
NAC ACS G2 JDISPLAY GROUP IF SWITCH 1S up

LAW BINGRP
TAD ACSG1



CLOILLS SHFTOF
TAD (UNCOLL
JMS DISPLA
LAC ACSG2
ISZ ACSGL
JMp ,-12
ALS 11-BRINGRP
SMA
JMP o 3
LAC (COLLO
JMS DISPLA
STRIP1, LAS!cLL
ALS 13
SMA
JMP ACSDTS
LAC (RECOLD
JMP MDNDIS &
/MONITOR DISPLAY
MONNTS, LAM=MONSZE
TAD DISPLN
TAD DISPFS
SMA
JMP ACSRES
LAC [(MDNTDR
JMS DISPLA
JMP ACSDIS
MAP, XX
DAC DISPLA
DIM WCHHPNTY
LAW 1777
DXL
LAC (1740
DYS
I1SZ WOHPNT
SAD {40
JMP I MAP
TAD DISPLA
IMP ,-5

39

/PUT COLLAPSED SWITCH INTO ACO

/DISPLAY COLLAPSED IF ACl2 IS up

JCHANGED T0O JMP STRIP2 IF IN STRIP MODE

/REF AS STRIP1 3 IN NOSTRP

JREINITIALIZE IF DISPLAY DUT OF RANGE OF

/REF AS MONDTS 6 TN STRIP)

/REF AS MDMDIS 7 IN STRIP, NDSTRP
JDRAW DOTS DOWN THE SIDE

/DISPLA USED AS TEMPORARY. STORAGE

MONITOR
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/DISPLAY ONCE DISPFS POINTS, STARTING AT DISPLM,

JTHIS TS THE MATN ROUTINE FOR DISPLAY ING DATA.

/DATA TS SCALED IN THE Y-COORDINATE BY THE SWITCHES

7AND IN THE X-CODRDINATE BY THE NUMBER 0OFf CHANNELS T0O RE DISPLAYED,
J1F IN SQUARE RODT NR LOG DISPLAY MODE, APPROPRIATE ROUTINE IS CALLED.
/PROPER ROUTINE IS CALLED IF NEEDED FOR NO VERTICAL WRAP-ARDUND,.
/ROYTINE TO DRAW LINES IS CALLED BY THIS ROUTINE,

/ROUTINE IS ENTERED WITH ADDRESS OF REGION OF INTEREST IN THE AC,

DISPLA, XX
TAD DISPLN JADD STARTING CHANNEL TO REGINNING OF REGIDN
DAL DISHPLM /DISPLM CDUTATINS ABSOLUTE STARTING ADDRESS
TAD LOCLAM /7L AM
DAC 17
LAC DISPFC /REF AS DISPLA 5 IN DISPLR
OAC DISP4 JSET UP MINUS CDUNTER
cualcoLt /FIND NUMBER OF DIVISIONS
CLOQINORM
RCL
DAC DISPO
LACS

TAD (777735
spafcLi!cma

JMP , 3
JMS CMATDD
TAD {100
TAD {LRS 4
DAL DISP2 JLLS CR LRS, DEPENDING ON DISPFS
XOR {10300 JCHANGE LRS TO CLQ!LLS;LLS TO cLRlLrsS
DAC STRIZS /JFOR STRIP MODF
LAC (370D0C INDRMALIZED 174D
FRDIV
nispg, XX
LACD
DAC DISPY JERACTION TO MULTIPLY RBY
DAC LINY /NEEDED TO DRAW LINES
DAC STRIZ4 JFOR DIFF DISPLAY IN STRIP MDDE
DAC STRIZA JEOR STRIP MODE
DAC STRI?Z8 JFOR STRIP MODE
tasticet JSET SCALF FOR Y CODRDINATE
LRS &4
AND (1
TAD {6505
RTL
LLS 4
DISP21,; DAC DISPYS /REF IN DISDAC
XOR {300 JCHANGE CLO!ILRS TO CLQ!Lsz VICE VERSA
DAC STRI127 /FOR STRIP MODE
NDZM DISPLK
LAC DISPLK
MUL /CLL NOT NEEDED FOR LINyPRESENT LDG,SQT
nIsP1, XX JFRACTION TO MULTIPLY BY
DISP2, XX JSHIFT INSTRUCTION
DXL
LAC T 17
DISPYS, XX /REF IN LDG,SQRTA

/DISPYS MAY BE A SHIFT {LINEAR DISPLAY), JMP SQRT {SQUARE RNOT), 0OR
JA JMP LOG2 (LOG DISPLAY),
DYsS /REF AS DISPYS 1 TN WAN, STRIZ24
/PRECEDING INSTRUCTION TS CHANGED TO JMS TOPLOP FOR NO WRAP—-ARDUNDS,
1SZ DISPLK



/RESTORE LIGHT PEN MDDE TN

DISP4,
DISPLK,

/TEST ANMD DRAW LINE IF IN RANGE

LINTST,

LIN,

7L0G FUNCTION FOR TOF--CDURTESY

LOGZ,

LMULY,

IS7 DISP4
JMP 12

LAC PENACT
DAC DISPS
LAW DISMIS
DAC PENACT
LAC LINELD
JMS LINTST
LAC LINEHI
JMS LINTST
LAC DISPQ

DAC PENACTY
JMP T DISPLA
XX

XX

XX
DAC LIN#HTTY
SPAfCMA

JMP T LINTST
TAD DISPLN
SMA

JMP T LINTST
TAD DISPFS
spalsTL

JMP T LINTST
LAC DISPLN
JMS CMATDD
TAD LINTTY
MUL

XX

XCT DISP2
DXL

LAM-37

TAD (40

oYs

SAD (1740
JMP 1 LINTST
J”D c"‘}

CLL
cLolirs 2
SNA

JMP DISPYS 1
NORM

DAC LMULl
LACS

TAD {23
CMA

AND {37
ALS 7

DAC LTMPL
LAC tMUL]
MUL

XX

ALS 1

MU

CMA

DAC LTMP2Z

THAY

L1

JTEMPORARY STNRAGE

IND LIGHT PEN

WHICH TT WAS BEFDRE LINE-DRAWING,

INTERRUPT ON LLINES

JCHANNEL OF LINE IN AC AT ENTRY

/NO CHANNEL MARKER

JUINE LOWEST CHANNEL DISPLAYED

JUINE HIGHEST CHANNEL DISPLAYED

/FRACTION PUT

IN BY DISPLAY

JSHIFTY INSTRUCTION

JREF AS LIN1 5 IN WAY

OF JAR

/CLEAR MO AND RS2

JEXIT WITH o 1F< 4
JAC HAS F#2%%17

/23~ M 4lf==M-2]
/214+NUMBER OF BINADES TO SUPPRESS

/M-1
/TIDY Up

/6 FOR 16 BINADES FULL S(ALF97 FOR 8,

JEXE2HRER3 4

5170273

7=1308T74%2%%17

ETCe
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LAC LMULL
ALS 1
MUL 764762 /=3491300%2%%] 6
ADD LTMP2
RCL
ADD 1145237 /INC. FUDGE FAGCTOR 10 PREVENT OVRELW
cLL 7={LOG+L ) E2%%1T
LRS 12 /13 FOR 16 BINADES, 12 FDR 8, ETCa
ADD LTMP1
JMP DISPYS 1
7SQUARE RNOT, ALSO COURTESY OF JAB
JRESULT IS SCALED BRY SWITCHES
SORT, CLL
cLolirs 2
NORM=21
DAC SOT
LACS
SNA /A D AC ENTRY BIVES A O STEP CDUNTER
JMP 3SOSC JEXITS WITH O IN AC, MO
RCR
TAD {LRS-26
DAC SOSH
LAC sQT
SZLeRCR
2GR
DAC SOT
TAD (LAC
DAC SQDTY
LAC SOT
cLL
FRDIV
SODIV, XX
LUACO
TAD SQDIV
cLL
SOSH, XX
SQSC, opPR /SWITCH SCALING INSTRUCTION
JMP DISPYS 1
SOT=LMUL1
LTMP1=5QDIY
LTMP2=S0SH
FROUTINE 1O TAKE THE TWO'S COMPLEMENT 0OF A NUMBER
CMATOD, XX JFOR ROUTINES WITH PIC ENABLED
CMA
TAD {1
JMP I CMATDD
JROUTINE TN AVOIND WRAP-ARQUND 0OF Y-COORDINATE DISPLAY
TOPLOP, XX
LRS 12
sNalcLe
LLS 12
DYS
JMP I TOPLOP



k3

/KILLS LINES
LINKIL, cLC
DAC LINELD
DAC LINEHI
JMP DISMIS
JEXPANDS DISPLAY BETWEEN LINES
EXPAND, LAC LINEHI
SPA
JMP DISMIS JND HIGH LINE
LAC LINELD
spalcma
JMP DISMIS /ND LOW LINE
TAD LINEHI
SPA
JMP DISMIS JLOW LINE = DR 2 HIGH LINE
TAD (2
JMS DISPFR
LAC LINELD
DAC DISPLN
JMP DISMIS
JROUTINE TO SET UP DISPFS AND A COUNTER FOR ROTATION PURPNSES
DISPFR, XX
DAC DISPFS JDISPFS CONTAINS NUMBER OF POINTS TO DISPLAY
CMA
TAD
pac nis¥erc JMINUS COUNTER
CLL
LINZ, LAM-1777 /TO ROTATE NICELY
IDIVS
DISPFS, TOFDIM
LACH
DAC RDTRIC
DAC ROTBCT
JMP 1 DISPFR
LINWHR v] /=0 FOR ACTIVE LOW LINE; =1 FOR HIGH LINE
JROUTINE TO HANDLE INTERRUPTS 0OF NON-STRIP MODE SIDE DOTS
PENDO, LAW PEN1-1
TAD WCHPNT
NDAC PEN#2
LAW DISMIS /ONLY ONE INTERRUPT SERVICED PER PASS
DAC PENACT
JMP 1 PEN?
PENL, aMP ROTAL JROTATE LEFT
JMP ROTAR JROTATE RIGHT
JIMP EXPAND JEXPAND DISPLAY BRETWEEN LINES
JMP ACSRES /DISPLAY FULL SPECTRUM
JMP PNHT /SET HIGH LINE INDICATOR
JMP PNLD © /SET LOW LINE INDICATOR
JMP DISMIS JIGNDORE INTERRUPT FROM LINE INDICATOR.
JPOSTTION LOW DR HIGH LINE AT CHANNEL OF DATA PDINT CAUSING INTERRUPT,
LAC LINWHR
RAR
LAC DISPtM
JMS CMATD1
TAD DISPLN
TAD 17
SNL
DAC LINEHI
SZL
DAC LINFLO



PNED,

PNHI 4

ROTHL,

LOCLAM,

ROT8IN,

ROTBR,

LOCNOP,

ROTALT,
ROTAIC,
ALD,

AHI,

LINELO,
LINEHT,

JMP DISMIS
DIM LINWHR
JMP DISMTS
LAC (1

DAC LINWHR
JMP DISMIS
IS7 ROTACT
JMP DISMIS
LAM

TAD DRISPLN
SPA

JMP ROT8IN
DAC DISPLN
LAM

TAD LINELO
DAC LINELO
LAM

TAD LINEHI
DAC LINEHI
LAC ROTAIC
DAC ROTACT
JMP DISMIS
LAM=-TOFDIM
TAD DISPFS
TAD DISPLN
SPA

I1S7 ROTALY
JMP DISMIS
ISZ DISPEN
NOP

IS7 LINELD
NOP

1S7Z LINFHI
JMP ROTBIN
JMP ROTAIN
0

Q

LAC LOLINE
JMS STRTYP
DAC LINELO
JMP DISMIS
LAC HILINE
JMS STRTYP
DAC LINEHI
JMP DISMIS
LAM

LAM

Lk

/SET LOW LINE INDICATOR

/SET HIGH LINE INDICATOR

JROUTINE TO ROTATE LEFT
JSUBTRACT OME FROM DISPLN,LINELO,LINEH]

/DO NCT ROTATE IF OQUT OF RANGE
JINITIALIZE CDUNTER

/REF IN DISPLA,LACOM]

JLAL NUMBER OF SKIPS
/BEFORE NEXT ROTATION

/ROTATE RIGHT

/7ADD ENE TO DISPLN, LINELD,LINEHI]
/IN CASE OF LAM IN DISPLNM
/REF IN STRI17,L0G,BT2,VAR3A

/71N CASE OF LAM IN LINEHT

/SETS LOW LINE FROM TELETYPE
/JMS STRASC, JMS TYPEIN,JMS CRLF

JSETS HIGH LINE FROM TELETYPE

JLOCATION OF CHANNEL OF LDOW LINE
ZUDCATION OF CHANNFEL OF HIGH LINE

/ROUTINE TO TAKE THE TWO'S COMPLEMENT 0OF A NUMBER

CMATD1,

XX
CMA
TADR (1

JMP T CMATD1

/FOR ROUTINES WITH PIC DISABLED

/TYPE OUT CONTENTS DF CHANNEL IN AC.

VAL,

XX
DAC vAL#1
LAC DISPLN
JMS CMATDY
TAD DISPLM
TAD VALl
DAC VAL1



LOED,

HIED,

LEQ,

HIEQA,

LOEQA,

SQRTA,

106G,

DISDAC,

NDSPLY

LAC T vALl
JMS PRNTIN
JMP T VAL

XX

LAC LINELD
JMS PRNTIN
LAC LINELD
JMS VAL

JMP I LOEQ
XX

LAC LINEHT
JMS PRNTIN
LAC LINEHI
JMS val

JMP 1 HIEQ
LAC LOLINE
JMS STRASC
JMS LDEQ

JMS CRLF

LAC HILINE
JMS . STRASC
JMS HIEQ

JMP CRLFOM
JMS LOED

JMP CRLFDM
LAC {(JMP SORT
DAC DISPYS
LAC {DAC SQSC
JMP DISDAC
LAC (JMP LOG2
DAC DISPYS
LAC LOCNGP
DAC DISP21
LAM-1777

JMP NDSPLY 3
LAC SQRTA 1
DAC DISP21
LAM-3777

DAC LIN2

JMP DISMIS

/ND Y-COORDINATE WRAP-ARGUND

WAN

LAC (JMS TOPLOP

SKp

k5

JTYPE OUT CHANMNEL AND CONTENTS OF LOW LINE

ZTYPE OUT CHANNEL AND CONTENTS OF HIGH L INE

/TYPE QUT LOW AND HIGH LINES

/HIGH LINE DNLY
JLOW LINE ONLY

/DISPLAY SQUARE ROOT
/REF IN NDSPLY
/DISPLAY LGG

NP

/DISPLAY LINEAR SCALE

JREF IN DISDAC

JRESTORE Y-COORDINATE WRAP-ARDUND

HWAY,

PAUSE BEGIN

LAC LIN1 5
DAC DISPYS 1
JMP DISMIS

/DYS



/STRIPPING ROUTINE
JREARRANGE FLOW OF PROGRAM SO THAT BACKGROUND DISPLAY IS CONTROLLED BY
ENABLE STRAWBERRY MARK, ENABLE DIFFERENCE DISPLAY,

JENABLE STRIPPING CONTROL DOTS,
AND CALCOMP PLOTTER,

/RCO AND B

JBCO DUMP,
STRIP,

/FOR STRIP MODE,

SWITCH,

LAC
DAC
DAC
LAC
DAC
DAC
LAC
JMS
JMP

ACSRES
ACSDIS 2
STRIP2 7
{JMP STRIP2
STRIPI
MONDIS 7
(17

LOCK

NDSPLY

L6

AND DISABLE LOG AND LINEAR DISPLAYS,

JLAS CLL  INITIALIZE STRIPPING

/LOCK OUT BCD,PLT,LOG,SQT

JONLY LINEAR DISPLAY PERMITYED

FLOW OF PROGRAM IS ALTERED SO THAT CONTROL JUMPS HERE

J/AFTER LAST FOREGROUND IS DISPLAYED,

STRIP2,

STRIZ21,

LAW
DAC
LAS
RTL

STRIP2
PENACT
[FARE

LAM~50D 1

SNE
JHS
JMp
DAC

MAP
DIFNOT
PENACY

JSTRIP3 INTERPRETS DOTS DOWN SIDE

/PUT ACY INTO LINK

/PUT DOTS DOWN SIDE
/LAY DISMIS FOR DIFFERENCE DISPLAY

/ROUTINE TO DISPLAY DIFFERENCE OF FOREGROUND AND BACKGROUND
INTERRUPTS ARE IGNORED,

JLIGHT PEN

STRIZ%,

CLC
TAD
DAC
LAW
TAD
DAC
DIM
LAC
DAC
LAC
MUL
XX

XC7Y
DXL
LAC
JMS
TAD
SNL
CLA
XCT
XCT

sty
DISPLM
17
RECOLO-1
DISPLN
14
DISPLK
DISPFC
DISP4
DISPLK

pDISeP2

I 14
CMATOD
I 17
et

DISPYS
DISPYS 1

/MINUS COUNTER

JERACTION PUT TN BY DISPLA
/SHIFT INSTRUCTION

/RINUS DIFFERENCES ARE 7ERDED,
JSHIFT INSTRUCTION

/DISPYS 1 15 DYS FOR WRAP-ARDUND ; JMS TOPLOP FOR ND WRAP-ARDUND,

17
152
JMp

JROUTINE TO DISPLAY

DIFNOT,

LAS
SPA
JMp
LAW
DAC
LAW
DAL

DISPLK
DISP4
e—16

STRAWRERRY MARK

STRIZ23
STRIPS
PENACT
SMK-1
17

JSKIP STRAWRERRY MARK TF ACO UP
/STRIPSH SERVICFES INTERRUPTS FROM STRAWBERRY

/SHMK=STRAWBERRY MARK



DISPLB,

LAM-4

DAC STRIPY
LAC 1 17
DXL

LAC T 17
nys

LAC I 100
LAC 1 100
I1S7 STRIPY
JMP -7
LAW STRIPS
DAG PENACT

LAW RECOLO-]

TAD DISPLN
DaC 17

u7

/STALL
7STALL

JSERVICES INTERRUPTS FROM ACTIVE BACKCGROUND
/REF AS DISPLB-~1 BY STRIZZ2

JSET UP 17 WITHOUT CHANGING DISPLM

JOTSPLM CONTAINS ARSOLUTE STARTING ADDRESS 0OF REGION DISPLAYED AND IS USED
/10 CALCULATE ORIGIN OF FOREGRNOUNDS,.

LAW . 3
DAC DISPLA

JMP DISPLA B

LAC STRI1S
snaleoLe
JMP ACSDIS

/COME HERE AFTER DISPLAY OF BACKGROUND

JTRACK FOLLOWER RDUTINES NOT USED; JUMP TD 60

JSTRI1S IS THE NUMBER OF DOTS IN STRAWBERRY 0OR BACKGROUND SEEN,
JROUTINE TO CALCULATE NEW STRAWBERRY AND TO ALTER BACKGROUND

STRIlS,

STRI16,

/THE FOLLOWING

DAC STRI1®
LAC SUMX
NIy
Telelelelely
LACO

AND (1777
DAC SMK &
DAC SMK
DAL SMK 10
TAD SUMY 1
DAC SMK 6
TAD SUMY 2
spalcLt
CLA

DAE SMK 2
LAC SUMY
DIy

XX

LACO

AND £1777
DAC SMK 5
DAC SMK 3
DAC SMK 7
TAD SUMY 1
DAC SMK 1
TAD SUMY 2
SPaA

CLA

DAC SMK 11

/SET NEW STRAWBERRY X~COORDINATE

/SMK & = CENTER DOT X~-COORDINATE

/SPACING OF 0O0OTS IN STRAWBERRY
/MINUS TWO TIMES SPACING
/PUT ZERQ IF MINUS FDR LEFTMOST DOT

/SET NEW STRAWBERRY Y-CONRDINATE

/SMK 5 = CENTER DOT Y-CODRDINATE

/SPACING OF DOTS
/MINUS TWO TIMES SPACING

/PUT ZERQ IF MINUS FDR LOWEST DOT

INSTRUCTIONS TAKE A POINT IN SCOPE CODRDINATES AND CONVERT
7ITS X—-COORDINATE INTO A CHANNEL AND ITS Y-COORDINATE INTO A CHANNEL CONTENTS
/THE VALUE OF THE BACKGROUND CHANNEL TS THEN REPLACED BY THAT NUMBER,

/THIS PROCEDURE IS THE INVERSE OF THE SCALING PROCESS IN DISPLA,

LAC SMK 4
RCL



STRI25,

STRI26,

STRI27,

STRI23,

/8 SWITCH UupP AND ACC UPpP
JMP DISPLE-1

XX

DIV

XX

LACO

TAD (1

RCR

TAL (RECOLO
TAD DISPLN
DAC SUMX
cLL

LAC SMK 5
XX

DAC I SUMX
DZM STRI1S
DIM SUMX
DZIM SUMY
DIM STRIZ2
JMP ACSDIS
taslcLL
ALS 13

SMA

JMP ACSDIS
LAW DISMIS

48

/PUT TN BY DISPLA

/PUT IN BY DISPLA

/PUT IN BY DISPLA

/START THE LOOP DVER
JSTRAWBERRY INACTIVE CHECK R SWITCH

/8 SWITCH DOWN ; START THE LOOP OVER

DISPLAY BACKGROUND, BUT IGNORE INTERRUPTS.



SMK,

SUMX
sumy,

CENTRD,
VARANC,

SETAUT,

STRIP3,

/PRECEDING

1000
1040

1660

1600

4]

)

6

777764

XX

XX

XX

XX

XX

LAW RECOLG-1
TAD DISPLN
DAC 15
CLCisTL
TAD DISPLM
DAC 16

JMP T SETAUT
LAW o, 2
TAD WCHPNT
DAC PEN2
JMP 1 PEN?
JMP STRI2C
JMP STRII®
JMP STRIP4
LasicLe
AND {KEYMSK
SNA

JMP DISMIS
LA{; 0"1
DAC e-s

49

JTABRLE 0OF COORDINATES FOR STRAWRERRY

T4 1G40
1000 1040
1000 740

/SPAC ING FOR SMK

/MINUS TWO TIMES SPACING FOR SMK

7TWO WORDS USED IN CALCULATION OF CENTROID
/THWO WORDS USED IM CALCULATION OF VARTANCE

/SET UP 15,1% FOR FOREGROUND, BACKGROUND

JLINK IS CLEARED

/INTERPRET SIDE DTS

/D0 NCT DISPLAY DIFFERENCE
/DISPLAY DIFFERENCE

/SET BACKGROUND=FNOREGROUND

/REF AS STRIP3 7 IN VARZ,STRIP,INT

/NQ FCREGROUND Q!SPLAYED; LEAVE ROUTINE

INSTRUCTIONS PREVENT A RE-ENTRY 0OF THIS ROUTINE FROM A LIGHYT PEN

JINTERRUPT UNTIL THE END 0OF THIS PASS IS REACHED,

LAC DISPFC
DAC AREA1

/MINUS COUNTER OF NO, OF POINTS ON SCOPE

/THE FOLLOWING PART 0OF THIS ROUTINE FINDS THE CHANNEL OF THE FIRST NON-7ERO
/DIFFERENCE AND THE VALUE 0OF THE MAXTMUM DIFFERENCE.

JAREA CONTAINS THE MAXIMUM DTFFERENCE {(TEMPORARILY),.

JVARSTR CONTAINS THE FIRST NNON-ZERD CHANNEL.

VARLOC,

LAC (JMP VARREG

DAC VARLAOC
JMS SETAUT
DZIM AREA
LAC I 16
JMS CMATDY
TAD I 15
s7LlcLL
JMP . 15
LMQ

LAC AREA1
TAD DISPFS
NAC VAREND
IMP VARBEG
cLL

TAD AREA
sziicLt
MR o 4
JMS CMATN]

/SET UP 15,16



50

TAD AREA

DAC AREA

1S7Z AREA1

JMP Q"ZZ

LAC VARLOC

SAT (JMP VARRES

JMP VARG—4 /TYPES ONLY A CRLF IF AREA=Q

LAC (JMP 5 2

JMP RSLINE 1 /TYPE WHICH FOREGROUND TS USED
JTHE TYPING OF THE FOREGROUND USED IS INSERTED HERE IN DRDER T0 ENABLE THE
/PIC AND PROCESS DATA IF NECESSARY.
/THE FOLLOWING SETS UP VARMIN, THE MTNIMUM VALUE A CHANNEL MUST HAVE TN RE
JUSED IN CALCULATING THE VARTIANCE,
JIN THIS CASE MINIMUM = 17100 (DCTAL) TIMES THE MAXIMUM DIFFERENCFE.

LAC AREA /AREAL IS NOW ZERQ

smalcore

TAD (100

LRS 7

DAL VARFMIN

DZIM AREA

DZM STRILO

NZM VAR

DIM VARANC

DZIM VARANC 1

DZ¥M CENTRD

DIM CENTRD 1

JMS SETAUT /SET UP 15,16 AGAIN

LAC 15

TAD VARSTR /ADD ADDRESS 0OF FIRST NOM-ZERO DIFFERENCE

DAC 15

LAC 16

TAD VAR¥STR

DAL 14

LAC VAR¥END

cMAl oLt

TAD VARSTR

DAC STRIR /DIFFLO(NOT ZERNY=-DIFFHI{NOT ZERN)-1 AS CNUNTER
/THE PURPOSE OF THE ABOVE INSTRUCTINNS IS TO MAKE SURE ONLY THE NON=-ZERD
/DIFFERENCE REGIDN IS USED IN THE LENGTHY CALCULATION DF CENTROID AND VARIANCE,
5TRI1Z, LAC I 15

JMS CMATDL

TAD 1 16

snpfcie

JMP STRIPO 11

DAC STRIPY

MUL
STRI10, XX

DAC STRI11

LACO

TAD CENTRD 1

DAC CENTRD 1

GLK

TAD CENTRD

TAD STRIL1

DAC CEMTRD

LAC STRIPO

TAD AREA

DAC AREA

spiloLt

1S7 AREAL



VARL,

STRIPO,

/1F THE AREA 2621473,

LAC STRIPY
JMS CMATD]
TAD VARMIN
sziulcuLt
JMP STRIPY
LAC STRI1O
MUL

XX

LACO

MUL

XX

DAC STRI11
LACD

TAD VARANC
DAC VARANL

GLK
TAD VARANC

TAD STRII1
DAC VARANC
IS? STRILG
1SZ VAR
1SZ STRILR
JMP STRI1?
LAC {4D0175
JMS STRASC
LAC AREA
DAC DDUBL 1
LAC AREAL
JMS PRNTDS
LAC (400375
JMS STRASC
LAC AREA1
snalclte

JMP STRILY

11

51

/AREA

/=STRILO=CHANNEL

/FOREGROUND-BACK GROUND

/REF AS STRIP9 11 IM STRI12,STRILO

/ A=

/L0W CRDER BITS

fDOUBLE PRECISION PRINT QUT
/ C=

THE DOUBLE PRECISTON WORD CONTATNING AREA 1S NORMALTZED,

JTHE 17 MOST SIGNIFICANT RITS ARE XEPT, AND CENTRD AND VARANCE ARE
/SHIFTED ACCORDINGLY.

STRI17,

AREA,

LAC AREA
LMY

LAC AREAY
NORM

DAL AREA
LACS

TAD {44
AND (77

cMAlsTL

TAD {LRS 23
SKp

LAC LNCNDP
DAC VARZ2
LAC CENTRD

LMQ

LAT CENTRD
XCT VARA
oIV

XX

DAC STRIPOQ

LACD

DAC VARH2
TAD VYARSTR

1

/NOP

/NOP CR LRSS XX

JREMATINDER PARY DOF CHANMEL
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TAD DISPLM /PUT CENTROID AS ACTUAL CHANNEL FNR TyYpPOUT

JMS PRNTIN /TYPE OUT INTEGER PART NF CHANNEL

LAC AREA

DAC « &

DAL VARZ2 2

DAL VARZ 10

LAC STRIPo

CLL

FRDIV

XX

LACD

DAC STRIP9 /FRACTION OF CHANNEL

JMS VARSG /TYPE OUT FRACTION

LAC (402775 / W=

JMS STRASC JCLEARS LINK ALSO

LAC (JMP VAR2A
/THE PRECEDING SETS UP A RETURN TO THTIS ROUTINE FROM SORT,
JWHICH NMORMALLY IS USED ONLY IN DISPLA, TD WHICH IT 1S SET TO RETURN,

OAC 5QSC /CLOBBERS SORT EXIT

LAC STRIPg 7CHANNEL, FRACTION OF

LMD

LAC VAR2

LLs © JAC=CHAN®D %%Q

DAC o 2

MUL

XX JAC AND MQ=CHAN®*2%2%%18§

DAL AREAL

LACO

DAC STRIPY JFRACTINONAL PART 0OF CHANNEL*%?

LAC VARANC )

LMQ

LAC VARANC /36-B1T WORD TO BE NORMALIZED IF ARFA WAS
VARS , XX INOP CR { RS XX

DIV

XX /AREA

DAC VARANC 1 -

LACO /REF AS VAR3 4 IN VARBEG

DAC VARANC JHHOLE PART OF CHAN®%2

LAC VARANC 1

FRDIV

XX /AREA

LACD

DAC VARANC 1 /FRACTIONAL PART DOF CHAN%%2

LAC STRIPS FSTART TD DO X{I)%RE2-N{AV) %%

JMS CMATD]

TAD VARANC 1

LMQ

cML

GLK

TAD AREAL

JMS CMATDY

TAD VARANC

CLL

LLS 11 /ASSUMES VARTANCE 512

MUL

542710 FRFELN(2Y%2%%)5

JMP SORT /RETURN SET UP IN AREA
VAR A, LRS 13

DAC VARANC

LACQ




DAC VARANC
LAC LOCNOP
DAC SQSC

LAC VARANC
JMS PRNTINM
LAC VARANC
JMS VARS

JMS CRLF

LAC ACSRES
DAC STRIP3

7

>3

/NTIP

/TYPE OUT FRACTIONAL PARY
JREF AS VAR4-4 TN VARLDC
/LAS£CLL;ENABLE AN ENTRY BACK TO THIS ROUTINE

/SINCE THIS ROUTINE CAN BE CALLED BY INT WHILE DISPLAY IS IN SQUARE RO0OT MNDE,
/IT IS BEST TO START DISPLAY FRCM 50a

JMP ACSDIS-

1

/10N

JTYPE OUT FRACTION STORED IN AC TD TWO DECIMAL DPLACES,

VARL XX
cLL
MUl
1750
TAD {5
JMS RTDEC
LAW 256
JMS TYPRUT
LAW 250
TAD INOTTO
JMS TYPDUT
LAW 260
TAD INDTTO
JMS TYPOUT
JMP T VARS
VARREG, DAC VARSTR
LAC VAR3 4
DAC VARLOC
JMP VARLOC

4

JCONMVERT 1O DECIMAL STRING OF DIGITS
/DECTMAL POINT

/FIRST NON-7ERD DIFFERENCE
/LACD



STRIP4, JHS
JMp
STR1PS, XX
LAC
0AC
JMS
LAC
DAC
1Sz
JMP
JMp
JROUTINE TO PROCESS
STRIPS, LAM
TAD
DAC
LAC
TAD
SMA

54

STRIPA 7SET BACKGROUND=FOREGROUND
DISMIS
JROUTINE TO SET BACKGROUND=FOREGRDOUND
DISPFC /MINUS COUNTER
STRI1R
SETAUT /SET UP 15,146
I 16
I 15
STRI18
=3
I STRIPB
STRAWBERRY MARK INTERRUPT
/GET COORDS DOF STRAWBERRY MARK
17 /ADD TO SUM 0OF CODRDINATES
STRIL4
I STRI1l%
{(-174C 1

/IGNORE DOT WHOSE SCOPE X-CODRNINATE > 1740 (DCTAL).

JMPpP
LAC
TAD
DAC
1s7Z
LAC
TAD
DAC
Is2
152
JHEP
STRI22, Q
JROUTINE TD PROCESS
STRIPSH, LAC

s7al

JmMp
Isz
LAC
DAC
LAC
xXCT
TAD
DAL

crc!

TAD
MU
STRI2R, XX
XCTY
TAD
DAC
JMP

DISMIS
1 STRIls
SUMX
SUMX
STRIl4&
I STRIl4
SuMy
SUMY
STRI1S JCOUNTER FOR NUMBER DF ONTS SEEN
STRIZ22
DISMIS
/ 0 IF ANY DOTS I'N STRAWBERRY SEEN
ACTIVE BACKGROUND INTERRUPT
STRI22
CLb
DISMIS JIGNORE IF ANY DOTS I'N STRAWBRERRY SEEN FIRST
STRI1S
17
STRI14
I STRI1a&
DISPYS JTRANSLATE VALUE DOF BRACKGROUND POINT
Siymy /70 STRAWRERRY CODRDINATES
SumMy
STL /SAME AS LAM,STL;DISPLK)%
DISPLK

/FRACTION PUT IN BY DISPLA
pDISP2 JSHIFT INSTRUCTION
SUMX
SUMX
DISMIS

/SET 3P FLDW DOF PROGRAM TO DISPLAY DIFFERENCE,

STR119, LAW
SKP
/SET UP PROGRAM NOT
STRI20, LAC
DAC
JmMp
JLEAVE STRIP MODE,
NOQSTRP, Lam
DAC

DISMTS

TO DISPLAY DIFFERENCE,

{JMP DIFNOY

STRIZ1

DISMIS

ENABLE SQUARE ROOQT AND LOG DISPLAYS,

ACSDIS 2



JINTEGRATE FOREGROUND DISPLAYED

INT,

PAUSE BEGIN

LAC
DAC
LAC
DAC
LAC
JMS
Jmp

JMS
LAC
JMS
LAC
SPA
JMp
LAC

spal

Jmp
TAD
SMA
Jmp
DAC
LAW
TAD
JMS
JMp

ACSRES
STRIP1
STRIP1
MONDIS
(14

UNEDCK
ACSRES

-~

STRIPR
{3
LOCK
LINELC

ERRT
LINEHI
CHA
ERRY
LINELD

ERRY
ZEROT1
RECOLO~1
LINELO
ZERQ
STRIP3 7

55

/Lastel

/JIMP ACSDIS

JENABLE LOG,SQUARE ROOT DISPLAY MODES

/REINITIALIZE DISPLAY.
RETWEEN THE LINES.

/SET BACKGROUND=FOREGROUND
/L0CK CUT PLT,ACD

/NO LOW LINE

/NGO HIGH LINE

/LOW LINE = QR D HIGH LINE

J1ERD RACKGROUND RFTWEEN LINES

JTYPE OQUT WHICH FORFGROUND,

AREA,

ETC.
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FEXECUTIVE ROUTINE TO INTERPRET TYPEWRITER MESSAGES
/THE BOOTSTRAP PART OF THE PROGRAM SETS UP A JUMP TN EXECIN FDR THE FIRST
JXEYBOARD INTERRUPT ! ANY SUBROUTINE NEEDING KEYBDARD INPUT RESETS THIS JUMP
JUPON COMPLETION OF ITS INPUT.
JEXECIN PACKS INPUT CHARACTERS IN STRIPPED ASCII, THREE TN A WORDe
JUPON COMPLETION DF THE INSTRUCTION INPUT BY A CARRIAGE RETURN OR A SPACE,
JEXECIN STORES THE INPUTTED INSTRUCTION AT THE END 0OF A TABLE OF LEGITIMATE
JINSTRUCTIONS, ALSO STORED IN STRIPPED ASLTI. THEN IT COMPARES THE INPUT
JINSTRUCTION TO THE LIST, JUMPING TO AN ADDRESS IN A CORRESPONDING TARLE,
/1T THAT JUMP HAS NOT BEEN DISABLED.
/FOR JUMPS WHICH CAN RE DISABLED, THE WORD STORING THE JUMP ADDRESS HAS
7ACO=0{NOT JMPY,  THOSE WHICH CANMNOT BE DISARBLED HAVE ACO=1{JMP},
/THOSE WHICH CAN BE DISABLED HAVE IN ACl-4 THE NUMBER DF THE BIT IN CODEWD
/WHICH CORRESPONDS TQ THE ENARLE-DISABLE KEY., IN CODEWD,
/A 1-BIT ENABLES, A O0-BIT DISASLES,
JIF THE INPUT INSTRUCTION AGREES ONLY WITH ITSELF (IT IS STORED AT THE END
7/ OF THE TABLE), 1T EXECUTES AN ERROR JUMP,
EXECIN, DAC EXE#CTY

JMS INTYPE

SAD {215 /OUIT ON CARRIAGE RETURN

JMP EXECT?

SAD {240 /ALSD ON SPACE

JMP EXECIZ 1

LRS &

LAC EXECT1

LLS &

JMP EXECIN
EXECI2, JMS CRLF

LAW EXECIN

DAC INTYPE

LAW EXECI3

DAC EXECT?

LAW EXECTS

DAL EXE#CTa

LAC EXECT1

SAD I EXECY2

JMP 4

1SZ EXECT2

1S7 EXECT4

LAC T EXECT4

DAC EXECTZ

sealciLL

JMP I EXECT4 JJUMP WITHOUT CHECKTNG CODEWD

LRS 15

TAD (ALS 2 JEIND BIT IN CODE WORD

DAC o 2

LAC CODEWD

XX

SPA

JMP T EXECT4 /JUMP NOT DISABLED
ERRT, LAM-35 72?1

JMS STRASC
CRLFDM, JMS CRLF

JMP DISMIS /REF AS CRLEDM 1 IN STOP5,JFND, OTHERS
/STORAGE OF STRIPPED ASCTI TYPE~IN INSTRUCTIONS
EXECI3, 243117 /TYD

243111 /TYI

232422 /STR

131416 JKLN



LOLINE,
HILINE,

BSL.

EXECTY,

/STORAGE DF JUMPS CORRESPONDING

EXECI6,

116223
230524
222314
241714
220503
0322063
232423

141714

161114
021116
020204
051724
021624
041520
072467
072462
(72403
072415
022320
540503
170324
141775
101175
141623
141707
141116
222516
242375
2320301
232124
270116
270131
022314
172622
052318
142315
111624
230316
2343231
010316
4103321
201424
142024
3222307

HLT

DIM
JMp
XOR
JmMp
JMp
JMP
pDZM
DZ M
JMp
JMp
Jmp
Jup
Jup
JMP

I TYPONM
TYPINM

I CLOCKS
LINKIL
INTSH
SETTIM

I RSLINE
I TOLINE
REC

CRC
INISHS
ALO

AHT
BINSET

o1

/183
/SET
/RSL
JTOL
/REC
/CRC
/STS
/LOL
FHIL
/BIN
/BLD
/EQT
/BNT
/DMP
/GT7
/672
1G7C
7GTH
/8sp
/DEC
/0CT
/LO0=REF AS LOLINE IN ALD,LDEQ
/HI= REF AS HILINE IN AHI,HIEQ
/LNS
/L0G
/LIN
/RUN
71S=
/SCA
75Q7
/WAN
/WAY
/BSL REF AS BSL IN SHFTBN
J0OVR
/ESM
JLSH
/INT
/SCN
/SCy
/ACN
/ACY
/PLT
/LPT
7156
/1F T'T GETS HERE, IT'S AN ERRDR
TQ TYPE-IN INSTRUCTIONS
/TYD
/TY1
/STR
/KLN
/18S
/SET
/RSL
/TOL
/REC
/CRC
/STS
/L0L
JHIL
/BIN



TAD
JMp
Jup
JMp
JMp
JMpP
JMp
Jmp
JMp
JMp
JMp
nIm
VAL
DIM
ADD
JMP
DI¥
DI M
JMp
ADD
JMP
Jup
DIM
DIM
LAC
JMp
LAC
Jmp
JMP
JHp
JMp
TAD
XOR
JMp
JMp

I TPlOUT
BCDEQTY
aT2
WDuUMp
GT7

GT2

NDSPLY

I NEWRUN
I 7SEQ
SCLRTP
SORTA
WAN

WAY

I SHFTEBN 2
I sTP

I STRIP
NDISTRP
INT

SCHN

SCY

ACN

ACY
PLOTER
LPT
IZOTGRP
ERRTY

/8CD
/EQT
/BNT
/DMP
/GT7
/G672
/GTC
/GTHM
/RSP
/DEC
/0CT
fLO=
/HI=
/LNS
7L06
JLIN
/RUN
/15=
/SCA
75Q7
/WAN
7HAY
/BSL
/0OVR
JESH
/LSM
/INT
/SCN
/SCY
/ACN
7ACY
7PLT
/LPT
718G

58
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JINTERRUPT PROGRAM

SCON=703701 /SKIP TF CONSOLE INTERRUPY
CLCON=704101 /CLEAR CONSOLE INTERRUPY

SWC=T703601 JSKIP ON WORD COUNTER (ADC) OVERFLOW
CLWC=703602 JCLEAR WORD COUNTER FLAG

SKCF=702501 JSKIP TF CALCOMP INTERRYPT
CLCF=702502 FCLEAR CALCOMP FLAG

PLT=702504 JEXECUTE CALCOMP INSTRUCTION

JWHEN PIC 1S ENASLED, AN INTERRUPT CAUSES AN EFFECTIVE JMS C,
JLOCATION 1 CONTAINS JMP INTRUP,
/THE SKIP INSTRUCTIONS HMAVE REEN MODIFIED SO THAT A SKIP INDIRECT
JI{KSF I, FNR INSTANCE) SKIPS IF THE FLAG IS NNT SET,
INTRUP, DAC IN#TRAC
LACO
DAC IN#TRMQ
LACS
DAL IN#TRSC
SCON 1 /SCON NOT
JMP CONSOL 1
CLSF 1 /SKIP TF CLOCK FLAG=0
JMP CLOCK
SWC
JMP , &
STORGE, XX 7SET UP BY STRT AND PROCES
LDMAC
LAWY BUFSZE
LDWC FADC INTERFACE IS NOW RE—ENARLED,
JMP PRNCES
SKCF | 7SKIP IF CALCOMP FLAG=(D
JMP CALCMP 3
KSF I JSKIP IF KEYBOARD FLAG=(D
JMp INTYPE
TSF I JSKIP IF TELEPRINTER FLAG=0
JMP TYPRUT 2
IDVE I /SKIP IF LIGHT PEN FLAG=0
JMP PENACT 1
I0T 1 &G1 /SKIP TF MAG, TAPE JOB NDT DINE
JMP T WFUN
RSF T JSKIP IF READER FLAG=9
JMP READR 3
PCF JPUNCH TS ONLY FLAG LEFT; CLEAR IT
DISMIS, IORS
AND (37570C JCHECK 1IF ANY FLAGS UP
SZA
JMP INTRUP 5 /YES, SERVICE ANOTHER INTERRUPT
LAC INTRSC /N0, RETURN TO MAIN PROGRAM
cvalcLL
ADD {640300
DAC » 1
HLT
0
LAC ©
RAL
LAC INTRMD
LMo
{AC INTRAC
ION
JMP 1 0O
CONSOL, JMP STRT JROUTINE TD HANDLE CONSOLE INTERRUPTS
CLCON

k8]



INTYPE,

TYPOUT,

PENACT,

CALCMP,

READR,

JMP I CONSOL
JMP DISMIS
JMP DISMIS
KRB

JMP T INTYPE
XX

TLS

JMP DISMIS
TCF

JMP T TYPOUT
PENDO

DCF

JMP T PENACT
JMP DISMIS
PLTY

JMP DISMIS
CLCF

JMP 1 CALCMP
JMP DISMIS
RSB

JMP DISMIS
RRB

JMP T READR

60

JROUTINE TO HANDLE KEYBOARD INMTERRUPTS

JROUTINE T0) HANDLE TELETYPE INTERRUPTS

/ROUTINE T HANDLE LIGHT PEN INTERRUPTS
JCLEAR LIGHT PEN FLAG

/ROUTINE T0 HANDLE CALCOMP INTERRUPTS

JROUTINE T HANDLE PAPER TAPE READER INTERRUPTS

/READ BINARY TAPE INTO BACKGROUND SPECTRUM

LPT,

/A 1-RIT MEANS UNLOCK,

LOCK,

UNLDCK,

CODEWD,

LAC (43

JHS L0CK
LAM=1000 1
DAC INDTTC 1
LAW RECOLG-1
DAC 10

JMS READR
Dac r 10

1872 INOTTC ]
JMP -3

LAC (43

JMS UNLDCK
JMP NOSTRP

XX

CMA

AND CODEWD
DAC CODEWD
JMP T LOCK
XX

LMG

LAC CODEWD
oMy

DAC CODEWD
JMP T UNLDCK
LAM

/LOCK OUT LPT,PLT,RLD

JUNLOCK LPT,PLT,BCD

JLEAVE STRIP MODE

A O-BIT MEANS LDCKe.

/START OFF WITH EVERYTHING UNLOCKED
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/THESE ARE VARIABLES USED BY ROUTINES WHICH INTERRUPT THE MAIN ROUTINE,
/THEY. ARE STORED HERE FIR ND PARTICULAR REASON,

EXELT2, XX
EXECT4, XX
TOFT4, XX
TOFTS, XX
RUFTAG, XX
BLAST, XX
ZEROTLy XX
CLCK 2, %X
BELLT, XX
RSUMA, XX
RSUMN, %X
RSUMT3, XX
RSUMT2, XX
XX /FOR RSUMT2 1
RSUMT4L, %X
RSUMTL, XX
RSUME, XX
GLO, XX
GHT, XX
INOUT2, XX
INOUTS, XX
PRNTT2, XX
NMOUTN, XX
NMINDN, XX
NMSTT1, XX
STRATY, XX
STRAT2, XX
VALL, XX
SCLY, XX
SCL3, XX
SCL4, xX
SCL2, XX
STPVR2, XX
STPVR], XX
STR114, XX
STRI1l, XX
AREAL, XX
STRI18, xX
STRIPT, XX

PAUSE BEGIN
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/START AND STOP DATA ACQUISITION
/TYPE IN BIN LIMITS,CHANNEL SHIFTS, LOW AND HIGH GRDUPS

JENTER HERE TO TYPE IN BINS,
LAC BINSET 4

INISH,

SKke

SHIFTS, AND LOW AND HIGH GRAUPS,
/JIMS CRLF

JENTER HERE TO TYPE IN BINS ONLY,

BINSET,

LAC INTSH1I-1
DAC INISHO-1
LAW INISHI-1

JMS NMSTAS
JMS CRLF
LAW BINLIM
LMQ
LAM-BINGRP
JMS NMIND
XX

7JIMP CRLFDM

JJIMS CRLF OR JMP (CRLFDM

FENTER HERE TO TYPE IN SHIFTS AND LOW AND HIGH GROUPS ONLY,.

INISH9,

INTSHL,

IMNISHZ,

SETTIM,

SETTT1,
CLOCKS,

/STBM STOPS DATA

LOCzO7,

LAW INTSHZ-1

JMS NMSTAS
JMS CRLF
LAW SHFTS
LMo

LAM-BINGRP-2

JMS NMIND
JMP CRLFDM
021116
141115
230000
231011
062623
544014
175440
1¢1100

LAC (241575

JMS STRTYP
DAC SETTT
JMP BISMIS
0

JMS 5TBM

/BINL TMS

7SHIFTS,LO,HI

/TM=  SET TIME FDR RUN

/START HERE FNR NEW RUN

TAKING IF NOT STOPPED, CLEARS ALL FLOPS, AND LOADS WC

DIM &
LAM-T020 1
DAC 7
LAM—4

DAC CL#CKS
107 3008
JMS STOVER
LAM-2]

DAC SCL4
LAW SCLR~1
DAC 10

LAC 606060

DAC T 10
I1SZ SCL4
JHP -2

fRESET CLOCK

/REF AS CLOCKS 4 IN CLOCK
JRESET SCALERS

JINITIALIZE WORD OVERFLOW BUFFER
/ZERD SCALER STORAGE {STRIPPED ASCII)

JZERD IN ASLTI

LAM=TOFDIM-MONSZE 1

DAC ZER#0T1
LAW COLLO-1

JMS ZERD

/IERD COLLAPSED AND MONITOR

LAM-UNCSZE TOFDIM 1
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DAC ZEROT1

LAW UNCOLL~]

JMS ZERD /ZERD FULL SPECTRUM LESS GROUP 7
/THE FOLLOWING RDUTINE SETS UP A TABRLE OF 100 (OCTAL) LOCATIONS IN THE FORMAT
/ACO=) IF THE GROUP INTO WHICH THE COUNT FALLS IS NDT TO BE COLLAPSED,
/ =0 IF THE GROUP TS TO BE COULLAPSED,.
JACl-4 CONTATIN THE NUMBER DF CHANNELS GROUP IS 7O RE SHIFTED BEFDRE COLLAPSING.
JACS5-17 CONTATIN THE STARTING ADDRESS CF THE GROUP INTO WHICH A COUNT WOULD FALL.
/HIGH AND LOW GROUP TO USE ARE STORED IN LLOW AND LHT, FOLLDWING SHFTS,
/SHIFTS ARE STORED STARTING AT SHFTS, FOLLOWING RINLIM,
JTHE GROUP INTO WHICH A COUNT OF GIVEN PULSE HEIGHT wWOULD FALL TS DETERMINED
/78Y THE PULSE HEIGHTS STORED STARTING AT BINLIM,
JMAXTIMUM PULSE HFIGHT IS 177 (DCTAL)e IF PULSE 2 77, IT IS STORED IN THE
JTGROUP WHOSE ARDRESS TS STORED IN THE LAST ENTRY IN THE TABLE,
J1F PULSE HEIGHT £ 77, IT IS STORED IN THE GROUP WHNSE STARTING ADDRESS
/¥S STORED IN THE ENTRY CORRESPONDING TO THE PULSE HEIGHT,

JMS PTABLY /STARTY TO SET UP PROCESSOR

LAC LHT

TAD ()

DAC INOTTC 1 FINDTTIC 1-6 ARE TEMPDORARIES USED ELSEWHERE

LAW SHFTS

DAC INGTYC 2

LAW BINLIM

DAC INOTTC 3

0ZM INCTTO & /PILSE SITE

DIM INCTTC 5 JGROUP NUMBER
LAW PTABLE-1
DAC 10
LAM~PULSZE 1 JCOUNTER
DAC INOTTO 6
PTARLY, LAC INODTTO 5
SAD LLOW JLOW GROYP TO USE
DIM INOTTC 7 740D0CC OR O
SAD INOTTO 1 JHIGH GROUP+1 TN USE
JMS PTABL]

LAC INDTTC 4
SAD T INOTTO 3
JMP PTABILO
LAC INOTTO 5
CLO/LRS 14-SHFTOF
cLe.CLL
LRS 1
LAC T INDTTO 2
AND (17 JSHIFT
LLS 15
XOR INOTTO 7
DAC T 10
1SZ INOTTO
1S7Z INOTTO
JMP PTARLY
JMP STRT
PTARLG, 1SZ INOTTO
IS7 INOTTO
157 INOTTO
JMP PTABLL
PTARL1, XX
LAC (400000
DAC INOTTC 7 JSET NO COLLAPSE
JMP T PTARLL
STRT, DZM BUFTAG JCONTINUE A RUN FROM HERE

[ 0 3

L¥ RN RN



6L

LAW SCRAM
DAC CONSOL

XCT ADC2 10 JLAM~ XX
DAC TES#T1

LAC {JMP ADC1 JSET UP ADC CHECK
DAL PROCE3 2

LAC {JMP ADC?

DAC PROCE3 4

LAW RUFO1

DAC STORGE

LAW BUFDQ

LDMAC

/00 NOT CONTINUE DATA-TAKING VIA CONSCLE INTERRUPT IF STR IS DISABLED,

LAC CODEWD
ALS 15

SMA

JMP ERRT
ENADC 3
CLON

157 BINCHK
JMP DISMIS

/TYPE OUT 8IN LIMITS, SHIFTS, AND LOW AND HIGH GROUPS, IN THAT DRDER,

SHFTBN,

NMOUTA,

LAC B8SL

JMS STRASC

LAW BINLIM /REF A3 SHFTAN 2 BY XSORTA 3
LMY

LAM~BONGRP -2

JMS RSUMD

/NEXT THREE INSTRUCTIONS ARE PART NF THE CALLING SEQUENCF FDOR RSUMQ,

BINCHK,
ZERD,

ZOTGRP,

JENABLE
SCY,

NOP
JMP CRLFDM

JMP RSUM4

LAM

XX JZERD SELECTED REGION
DAC 10

DIM 1 10

1SZ ZEROTL

JMP [ ZERD

LAM-TOFDI® 1 /7ERO SELECTED GROUP
DAC ZEROT1

LAC (072075 /GP=

JMS GRPCHK

CLRlLLS SHFTOF

TAD (UNCOLL-1

JMS ZERD

JMP DISMIS

THE SCALAR CHECK,

LAC {ISZ CECKS
SKP

/DELETE THE SCALAR CHECK.

SCN,
JENABLE
ACY,

/DELETE
ACN,

THE ADC

THE ADC

LAC LOCNOP /NOP
DAL CLOCK &

JMP DISMIS

CHECK,

LAC (1SZ TEST1

SKp

CHECK.

LAC LOCNOP INDP

DAC TEST 2
JMP DIsMIS
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/STOPS DATA ACQUISITION, PROCESES LAST BUFFER

ROMAC=T7013714
CLCK1,

/READ MEMORY ADDRESS COUNTER

JMS STRM JEND COF TIMED RUN, STOP COUNTING
JMS CRLF

LAC (051724 /EOT

JMS STRASC

LAM~200 1

DAC RELFLT /REF AS CLCKY & IN SCLERR
JMS CRLF

LAW RESTRT

DAC CONSOL

LAW 207

JMS TYPOUTY /RING RELL

187 BELLT JNDRMAL HALT AFTER 200 BONGS

/AN FRROR HALT WILL RING THE BELL 262144 TIMES DR UNTIL STOPPED RY CONSOLE,

JMP 5—3

7A CONSOLE INTERRUPT TO STOP A RUN INCRMAL HALT) CQOMES HERE.

SCRAM,

LAW STRT

JSET UP CONSOL SO THAT A SECOND CONSDLE INTERRUPT CONTINUES DATA TAKING,

STOR2,

STOPL,

DAC CONSOL

JMS STAaM JSTOP THE RURBLE MACHINE
JMS CLCK3 JUPDATE THE TIME

LAC BUFHTAG

STa

JMp STOP)

LAW BUFOD-1

DAC 11

RDMAC JREAD THE MEMORY ARDRESS COUNTER
CMA

TAD 11

TAD {22002 JGET RID OF STRAY LAW, -2
DAC BLAHST

SPA

JMS PROCER /PROCESS LAST BUFFER

JMS SCALAR JUPDATE THE SCALERS

JMS STPOVR JCHECK OVERFLOWS

JMP DISMIS

LAY BUFO1-1

JMp STYOp2

/A CONSOLE INTERRUPY YO SHUT NDFF THE RELL CCMES HERE,

RESTRT,

STBM,

LaM JRING RELL ONCE MORE ONLY

DAC BELLT

JMP DISMIS

XX JSTNP THE BURRLE MACHINE

DISADC 3

CLOF

CLFLOP FTHESE 2 INSTRUCTIONS PREVENT AN INTERRUPT
LAW BUFSZE

LDWC /BY A PNSSIBLE FULL BUFFER

JMP T STBM
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TSEQ, 10RS JUPDATE THE TIME TF NEEDED AND TYPE QUT
ALS 7 /SEE IF CLOCK IS ON
SPA
JMS CLCK3 JIF SC, UPDATE THE TIME
LAC CLCK4
JMS PRNTIN
JMP CRLFDM
/A TLOCK INTERRUPTY COMES HERE {ALWAYS),
CLACK, 1S7 6
LAM=-T7020 1 JLOAD -1 MINUTES INTO 7
DAC 7
LAC &
SAD SETTT1
JMP CLCK1 JEND OF TIMED RUN
ISZ CLCK6 JREF AS CLOCK 6 IN SCN
/PRECEDING INSTRUCTION = NOP IF SCALAR CHECK IS DISABLED.
IMP o &
XCT CLOCKS 4 JLAM=X
DAC CLCKS
JMS SCLRCK JCHECK SCALERS
CLON
JHP DISMIS
JROUTINE TO UPDATE THE TINE TO THE NEAREST SECOND
CLCK3, XX
LAT 7
szalcLy
ADD {7055
ID1Y
74
LACD
DAC CLCK4
LAC &
MUL
74
LACD
TAD CLCK4
DAC CLCKé JTIME IS STORED IN SECONDS HERE PERMANENTLY.
JMP T CLCKZ3
PAUSE BEGIN
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/PROCESSOR
ENADC=T 03400 FENABRLE THE ANC?S
RISADC=703204  /DISARLE THE ADC'S
CLFLNP=704102  /CLEAR ALL DATA BREAK FLOPS, ACCEPT NEW FLOP
LDMAC=T703702 JCLEAR AND LDAD MAC
LDWC=703606 JLOAD WORD COUNTER,CLEAR WG FLASG
1aP=ciilcLa
/DETERMINE WHICH BUFFER IS FULL, SET UP NEW BUFFER SWITCH FOR INTRUP,
PROCES LAC BUFTAG
SZA
JMP . 4
LAW BUFOO-1
1S7 RUFTAG
JMP . 3
LAW BUFC1-1
DIM BUFTAG
DAL STORGE
157 STORGE
PROCEZ, DAC 11
LAM-BUFSZE 1
NDAC BLAST
JNS PROCER
JMP DISMIS
JMAIN ROUTINE FOR PROCESSING DATA, USTING TABLE SET UP BY CLOCKS.
IACD=0 TWO PARAMETER (TOF) EVENT
/ =1 MONITOR EVENT (ONE PARAMETER)
JACL-7 CONTAIN PULSE HEIGHT FOR TOF
JACS—-17 CONTAIN CHANNEL {TIME) FOR TOF
JAC10-17 CONTAIN CHANNEL FDR MANTTOR
PROCEZ, XX
LAC T 11
spalcit
JMP MON JREF AS PROCE3 3 IN STRT,ADC1,ADC3(2)
LRS 12 JREF AS PROCE?2 6 IN STRT,ADCZ2{2) ,ADC2{2)
TAD {~PULSZE 1
SMA
AN EVENT HITH PULSE HEIGHT > 77 GOES INTO HIGHEST GROUP REING USED.
LAM
TAD (TAD PTARLE PULSZE
DAC PROCE4
LLS SHFTOF 1000
/1000 ADDED TD AN EAE INSTRUCTION CLEARS THE AC.
PROCES, HLT
DAC TDFL
157 1 TOFL
JMP PROCES-2
AND (17777 /TO READ AS 2XXXXX FOR DOVERFLOW IN FULL
TAD {—-UNCOLL 606500
JMS OVERSB /ADD THE INFORMATION TO DVERFLOW BUFFER
LAC TOFL
spalcit
JMP TEST /D0 NCT COLLAPSE THIS GROuUP
PROCES, LRS 15
TAD TOFL
AND {TOFMSK
TAD (1SZ COLLO
DAL TDFL
TOFL, HLT
JMP TEST
TAD {-COLLO~-ISZ 1 JT0 READ AS XXXX FOR OVERFLOW
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JMS OVERS /IN COLLAPSED
TEST, IS7 BLAST

JMP PROCE3 1

187 TEST] JREF AS TEST 2 IN ACN

FPREGEDING INSTRUCTION = NOP IF ADC CHECK DISABLED,
JMP 1 PROCEZ
ADC3, LAC {JMP ADCY /TESY ADC*S T MAKE SURE ROTH ARE COUNTING
SAD PROCE3 3
Jup o 11
DAC PROCEZ2 3
LAC {JMP ADC2
SAD PROCE3 4
JMP o 10
DAC PROCER 4
LAM-10 /REF AS ADC3 10 IN STRT
DAC TEST]
JMP 1 PROCEZR
JMS STBM
LAC (151716 /MON
JMP 5 3
JMS STRM
LAC (2417CF /TOF
JMS STRASC
LAW o 1
JMP SCLERR 4
400104 / ADC FRR
334005
222200
ADCY , {MQ
LAC o 23
DAC PROCE2 3
LACO
JMP MON
£0C2, LMo
LAC ({LRS 12
DAC PROCEZR 4
LACD
JMP PROCE2 4
MON, AND (MONSZ7E-1
TAD {1S7 MONTOR
DAC STORGH

STORGS, HLT
JMP TEST
TAD {~-MONTOR-IS7 302241 JTO READ AS IXXXXX
JMS DVERB /1IN MONITOR OVERFLOW

JMP TEST
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JRECOLLAPSES FULL SPECTRUM RBACK INTD CCLLAPSED

REC, LAC
SKP

Ltacior

/ADD GROUPS TO COLLAPSED

CRC, LAC
DAL
Lag
JMs
NAC
LAC
KL
CMA
TAD
SMA
JMp
Dac

LOCNOD
RECNL2-1
(146775
GRPCHK
ciff o
1100775
GRPCHK

GLO

ERRTY
GHHFI

LAM-TOFDIM 1

DAC
LAW
JMS

IFROTL
CoLLe-1
ZERD

/dMS 7ERQ

/NOP

/LG=
JSTAY TN THIS ROUTINE UNTIL LEGAL GRCUP IS GIVEN

/HG=
/STAY TN THIS ROUTINE UNTIL LEGAL GRDUP IS GIVEN

JERROR IF HIGH GRIOUP LESS THAN LOW GROUP

JREF AS RECOL2-4 IN RECOLZ

/7ERD COLLAPSED SPECTRUM

/PRECEDING 1S A NOP IF ROUTINE STARTED FROM CRC

RECDL2, LAW
TAD
DAC
LAC
AND
LMD
TAD
DAC
pag

LACQ

TAD
DAC
LAC

crLo!

TAD
DAC
LAC
TAD
pAC
187
JMp
1S7
1S2
Jmp
JMp
GRPLHK, XX
DAC
LAC
JMS
SPA
amp
TAD

sMal

JMP
LAC
Jme
OVERB, HLT
DAC
LAW

SHFTS
GLO
JEROTY

1 ZEROTY
{TOFMSK

(COLLO-1
14
15

RECOLZ2-4
ZERNT]
GLO

LLS SHFTOF
{UNCOLL-1
14

I 14

1 16

118
ZERDTY
=4

GLO

GHI
RECOLZ
DISMIS

GHI
GHT
STRTYP

0-3
RSLINE 2
CLL

=6
INOUT3

I GRPCHK

T J7
JLIST

JUSE SHIFTS AS TYPED TN FDOR DATA TAKING

JSHIFT COUNT
IMAXTMUM SHIFTY IS 777 {8}

JUAM—TOFDIM 1

JROUTINE TO ACCEPT A LEGAL GROUP NUMBRER

JSTARTY OVER IFf GRDUP IS NEGATIVE
/LAM=BINGRP 1

FSTART NVER IF GROUD RIGGER THAN BINGRP-1
/PICK UP GROUP NUMBER

JROUTINE TO CHECK OVERFLOWS
/END OF LISTY



JFND,

STOVER,

JTy

STPOVR,

DAC JT 1
LAC T JT

SAD T JT 1
JMP JFND

152 JT 1

I1S7 JT 1

JMP .-4

1S7 47 1

17 1 J7 1
LAM

TADR JT 1

SAD 47

Jmp , 2

JHP 1 DVERB
187 37

187 JT

LAW JLIST JSZ
SAD JT

SKPp

JMP 1 OVERR
JMS STRM

JMS STPOVR
JMS STOVER
LAW STRT
DAC PROCEZ
JMP 1 DVERB
HLT

LAW JLIST
DAC J7

DAC JT 1

LAW JLIST Js7
NZM 1 JT 1
sz J7 1

SAD JT 1

JMP 1 STOVER
JMP -t

0

¢

HLT

LAW JLEST 1
DAL STPVYR1
LAM=JSZ 2
DAL STPVR?
LAC [ STPVR1
SNA

JMP &

ISZ STPVR1
1SZ7 STPYR2
JMP o“'5
LAM-357

NP . 7
LAC STP#yR2
TAD {J3S7

RAR

RCL

snalema

JMP 1 STPOVR
DAC STP#VR1
LAW STPVR3-1
JMS NMSTAS
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/+1 TC COUNT FDR THIS ONE

7=1MPLTIES NEW

CHANNEL

FINCREMENT END OF LTST

/POINTER TWICE

/BUFF FR OF DVERFLOWS FULL

/STOP THE BURRLE MACHINE
/TYPE OUT OVERFLOW LIST
/RESET THE QVERFLOW BUFFER

JCONTINUE RUN AFTER THIS BUFFER IS PRDCESSED

/INITIALTZE QOVERFLOW BUFFER

JEND CF LIST POINTER

JMOVING POINTE

R

JCHECK FOR NDVERFLOKWS, IF ANY,

JAND TYPE DUY

/3SZ IS THE NO

« OF

WORDS IN JLIST
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LAW JLIST
LMQ
LAC STPVR1
JMS RSUMQ
JNEXT THREE INSTRUCTIONS ARE PART 0OF THE CALUING SEQUENCE FNR RSUMD.
NOP .
JMP 4 2
JHAP RSUM4
JMS CRLF
JMP T STPOVR
STPVR3, 172622 JOVRFLOWS
061417
272300
sTPl, JMS STPOVR JTYPE QNUT OVERFLOWS
JMP DISMIS



72

FROUTINE T READ IN SCALERS AND DO RELATIVE CHECKS DN THEM
7IF PROPER INEQUALITIES DO NOT HOLD, HALT RUN AND RING RELL.
SCLRECK : XX
DISADC 2
JMS SCALAR /READ IN SCALERS
ENADC 3
LAW SCLR & /SCALER 3
DAC SCLRK1
LA§ SCLR 11 /SCALER &
JMS SCLRSR
637454 /3 4
LAW SCLR 17 /SCALER &
DAC SCLRK1
LAWY SCLR 14 /SCALER 5
JMS SCLRSB
BLTLES /6 S
LAW SCLR 11 J/SCALER &
DAL SCLRK1
LAW SCLR 17 /SCALFER %
JMS SCLRSR
547666 /4 6
JMP T SCLRCK
SCLRSR, XX /SURBTRACT ONE SCALER FROM ANOTHER
DAC SCLRKZ
LAM=2
DAL SCLRK3
cLL
LAC 1 SCLRK?
JMS CMATD]
TAD I SCLRK1
SNL
JMP SCLERR
szalcii
JMP 4 5
1S7 SCLRK1
ISZ SCLRK?
157 SCLRK32
JMP .-'12
1SZ SCLRSB
JMP T SCLRSA
SCLERR, JMS STARM JERROR STOP THE BURBLE MACHINE
LAC 1 SCLRSR
JMS STRASC
LAW SCLER1-)
JMS NMSTAS /REF A4S SCLERR 4 IN ADC3
JMP CLCK1 5 JNMSTAS EXITS ONLY WITH A O IN AC
SCLER1, 402303 /SCALER ERR
011405
224005
222200
SCLRK1, XX
SCLRKZ, XX
SCLRK3, XX
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JRDUTINES TD READ IN AND TYPE DUT SCALERS
SCALAR, *X
10T 3114 JREAT IN OVERFLOW WORD
ALS 14
DAL SCiH#1
LAW SCLR
DAC SCL#73
LAM=2 /SET FEDR THREE SWEEPS OF DUAL SCALERS
DAL SCiff4
LAM—3 FREAD IN 4 CHARACTERS, DISREGARD
JMS SCPCKD
JMS SCPCKY JREAD IN 7 CHARACTFRS, STORE [N 3 WORDS
152 SCL2
LAM JREAD IN 1 CHARACTER, DISREGARD
JMNS SCPOKD
JMS SCPCK] JREAD TN NEXT 7 CHARACTERS, STORE
1S1 SCLé
SKP
JMP o 5
I1S7 SCL2
LAM JREAD TN LAST CHARACTER NFf LINF DISREGARD
JMS SCPCKD
JMP 15
I0T 3116 JREAD ARSOLUTE LAST CHARACTER
SCPNWK 4 DAC SCPATK
LAM=5
DAL SCL%
10T 3002 JEMARLE SCALER READ IN FOR NEXT PASS
LAW SCLR
DAC SCL3
LAC sCL1
SPA.CLA
LAC (000100
TAD 1 sCL2
DAC T SCL3
AND {007700
SAD (007200
JMP SCPACK-2
LAC SCL3
TAD (3
DAC SCL3
LAC SCL1
RCL
DAC SCL1
IS7 sSCL4
JMp 17
LAC SCPACLK /READ LAST CHARACTER INTO AC
SAD (15
JMP T SCALAR
JMS STRM /SOMETHING WRONG 5 TURN OFF RUN
JMS CRLF
LAW SCLER1-1 /SCALER ERR
JMS NMSTAS
JMP STRT JCONTINUE RUN 7 GIVE UP ON READING SCALERS
LAC {006600C
JMP 0‘25
SCPACK, XX JREAD IN N CHAR, PACK INTO DONE WNORD
DAC SCL#2
cLL
LAC T SCL3



SCPCKD,

SCPLKL,

SCLRTP,

SCLRYWD,

PAUSE BEGIN

cLolLrS &
ALS 6

107 31032
JMp -1
0T 3104
XOR {60
DAC 1 SCL3
AND {17
TAD {(LAM-11
smpalcLa
JMP SCPNWK
LAC T SCL3
IS7 SCL?
JMP s~14
JMP 1 SCPACK
XX

DAC SCi2
107 3103
JMP o"’l
107 3104
157 SCL2
JHP ."4
JNP 1 SCPCKD
%X

LAM

JMS SCPACK
1SZ 5CL3
LAM=2

JMS SCPACK
1S7 SCL3
LAM=-2

JMS SCPACK
JMP T SCPCK1
LAW SCLRWD-1
JMS NMSTAS
JMS CRLF
LAM=5

DAC NMSTAS
LAW SCLR-1
DAC 10

LAC T 1D
JMS STRASC
LAC I 10
JMS STRASC
LAC I 10
JMS STRASE
JMS CRLF
1S7 NMSTAS
JMP L—10
JMP DISMIS
230301
140522
236000

Th

J1F DIGIT>1]

/READ IN X CHAR,

JREAD IN 7 CHAR,

/TYPE OQUT SCALERS

/SCALERS

IGNORE

PACK INTD 3 WORDS



™

/IN AND OUT TO YELETYPE ROUTINES
FROUTINES TO TYPE OUT AND READ IN NUMBERS FROM KEYROARD
DEC, LAM=12 1 JTYPE-TN IN DECIMAL
SKP
LAM-10 1
DAC STORGE
JMS CMATD]
NDAC STORGY
JMP DISMIS
JROUTINE TO ACCEPT FROM KEYROARD A DECIMAL OR OCTAL INTEGER
TYPEIN, XX
DZIM IND#UT3
TYPEN1, JMS INTYPE
SAD {254
JMP TYPEN3
TAD (=260 1
SPA
JMP TYPEND
TAD STORGE
smalsTe
JMP TYPEN2
TAD STORGT
DAL INO#UT?2
LAC INDUT3
ML
STORGT, 12
LACD
TAD INDUTZ
DAC INDUT3
JMP TYPENL
JACCEPTABLE NUMBER TYPED IN; SET UP PRNGRAM TO ACCEPT FURTHER KEYRDARD
FINTERRUPTS AS EXECUTIVE COMMANDS,
TYPEN3, LAW EXECIN

0CT, JYYPE-IN IN QCTAL

JCOMMA ENDS THE TNTEGER

FERROR 7 ILLEGAL CHARACTER

/ERRQR; TLLEGAL CHARACTER

/10 FCR OCTAL

DAC
LAC
Jmp
TYPEN2, LAW
JMSs
JMp

INTYPE
INOUT3

I TYPLIN
277
TYPOUTY
TYPEIN 1

/QUESTION MARK

JTYPE QUESTION MARK AND START ROUTINE FROM GO

STORGA LAM-12 1 /LAM=-10 1 FOR OCTAL

JCARRIAGE RETURN, LINE FEED

CRLF, XX
LAW
JMS
LAW
JMS
Jmp

JROUTINE FOR SETTING

NMACQ, HLTY
LAC
JMS
CMA
DAC
LAC
JMs
LMO
LAC
JMp

/ROUTINE TO TYPE NUT A STRIPPED

STRYYP, XX

215
TYPOUT
212
TYPQUT
I CRLF

UP N WDRDS

(167240
STRTYP

INO#UTS
(157240
STRTYP

INQUT4
I NMACD

AT #M

NG

/M

ASCIT WORD AND Tg ACCEPT

AN INTEGER



Jms
JMS
JMS
LAC
JMPp

STRASC
TYPEIN
CRLF
INGQUT2

I STRYYP

76

JSTRIPPED ASCII WORD IN AC
/TYPE IN A NUMBRER

/PICK P TYPED IN NUMBER
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FTYPE NUT IN DELIMAL THE INTEGER IN AC
FALL INTEGER TYPE-QUTS USE THE DOUBLE PRECISION ROUTINE
/SINGLE PRECISION ROUTINE 7EROS THE MOST SIGNIFICANT WORD.

PRNT TN, XX
DAC DOURL 1} JPUT INTO LOW ORDER RITS
cLatout JZERD HIGH DRDER RITS

JMS PRNTDR
J¥MP I PRNTIN _
JROUTINE T TYPE NUT DOURLE PRECISION INTEGER
JENTER WITH LOW DORDER BRITS IN DOURL 1, HIGH ORDER RITS IN AC.
PRNMTDR, XX
DAC DOURY /HIGH DRDER BITS IN AL
LAW INOTTD 16
JCONVERT THE DDURLE PRECISIDN OCTAL INTEGER T A STRING OF DECIMAL DIGITSe
JMS DBTNEC
LAM—£&
DAC PRNHTT2
LAY ITNDTTO JREF AS PRNTN2-2 IN DBRTDEC
DAC 10
PRNTNZ, LAC 1 1¢
574
JMP PRNTND2
LAC INOTTC ZINOTTO STARTS DFF WITH A 240 (SPACE),
JMS TYPOUT
1S7 PRNTT2
JMP PRNTN3
LAC T 10
JLAST CHARACTER CANNNT BE A SPACE} MUST BRE D-9,
TAD PRNTNZ 2
JMS TYPOUT
LAW 240
DAC INGTYTD
JMP I PRNTDR
PRNTN?, TAD o 2
JMS TYPOUT
LAW 250
DAC INOTTG
JMP PRNTNZ §
INOTTE, 240
INOTTO 10/ JINDTTO & 1S REF RY BRINARCD{(2),8TDREC
JINOTTO ARFA TS USED AS TEMPORARY STORAGE IN CLNOCKS
JBRIDEC IS A SINGLE PRECISION OCTAL TO DECIMAL CONVERSION ROUTINE.
ATDEC, 0 JUSED AS INOTTO 14 IN PRNTDB
NAC DOURL 1 /AC INTD LOW DRDER RITS
NZM DOUR] JZERO HIGH ORDER BRITS
LAW INQOTTC 6
JMS DATDEC
JMP 1 BTDEC
DBTDEC, XX JDOURLE PRECISION RINARY TO
DAC RTDH#ETR /DECTIMAL RDUTINE
LAC DOUR]
cLL
iDLV
12
DAC DRAT#DE1
LACO
DAC DOURY
LAC DOURL 1
LMQ
LAC DRTDE]
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DIV

12

DAC T BTDET3Z
LACQ

DAC DDUBY 1
LAM

TADB BTDET3
SAD PRNTN3-2
JMP 1 DBTDEC

JMP =24 .
DOUBL, XX /HIGH ORDER BITS
xX /L0Y CRDER BITS

JTYPE OUT TN DECIMAL N DECIMAL{OCTAL) WORDS START AT M DECIMAL{OCTAL)
TYPONM, JMS NMACQ i
DIM RSUMB
NMOUTD, JMS RSUMD
/NEXT THREE TINSTRUCTIONS ARE PART OF THE CALLING SEQUENCE FDOR RSUMO,
JMS PRNTIN
JMP CRLFOM
JMP RSUM4 /ND RUNNTING SUM
JTYPE IN N WORDS AT M
TYPINM, JMS NMACQ
JMS NMIND
JMP CRLFDM
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JROUTINE TO ACCEPT N INTEGERS FROM KEYBOARD ; STORE BEGINNING AT M,

NMTIND,

XX

DAC NMI#NDN
JMS LACOML
DAC 10

1SZ NMINDN
SKP

JMP T NMIND
JMS TYPEIN
DAC I 10
JMD ."5

JTYPE N STRIPPED ASCIT WORDS STNRED REGINNING AT M,

JONE EXITS FROM
JZERD IN THE AC,

NMSTAS,

J/TYPES STRIPPED
STRASC,

STRASY,

STRAS3,

LACQM],

NMSTAS WHEN STRASC,

WHICH IS CALLED BY NMSTAS,

EXITS WITH A

STRASC EXITS WITH A 7ERD IN THE AC TF IT ENCOUNTERS A
JSTRIPPED ASCII CHARACTER CONSISTING OF 00.

XX /CLE
DAC 10

LAC T 10

JMS STRASC

szalcit

J”P 0_3

JMP I NMSTAS

ASCII, 3 CHARACTERS
XX JCLE
DAC STR#AT1
LAM-2

DAC STRH#AT?
LAC STRAT]
cLL

cLalirs 14
oMo

DAC STRATL
AND (77
snalcut

JMP T STRASC
TAD (-37

SMA

TAD (-77
TAD (340

JMS TYPDUT
ISZ STRAT2
JMP STRAS]
cicleLt

JMP I STRASC
XX

LACD

AND {17777
TAD LOCLAM
JMP 1 LACOMI

JLAM

ARS LINK AND AC ON EXIT

PER WORD, STNRED IN AC ON ENTRY,

ARS LINK ON EXIT
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JTYDES BETWEEN LINES WITHOUT RUNNING SUM IN THE FORMAT
JREGTON WHICH TS BEING DISPLAYED, THEN CHANNEL NUMBER AND 8 CHANNELS PER L INE,
TOLINE, LAC (JMP NMOUTD
SKP
JPERFORMS RUNNING SUM BRETWEEN LINES
JTYPES 1IUT SAME INFORMATION AS TOLINE, AND IN ADDITION TYPES THE RUNNING SUM
JUNDER EACH CHANNEL WHOSE CONTENTS ARE TYPED 0OUT.
RSLINE, LAC NMDUTD 7JMS RSUMO
DAC RSLITS JREF AS RSLINE 1 IN STRILO
LAM-BINGRP 1 JREF AS RSLINE 2 IN GRPCHK
DAC RSUMS
LAS JTYPE FROM FIRST GROUP WHNSE SWITCH 1S UP.
ALS 2
spalpat
JMP RSLIN? JMONTTOR
spalrAL
JMp L 7 JGROUP X
S7 RSUME
JMP ,~3
ALS 11-RINGRP
SMA
JMP RSLING /BACKGROUND IS TYPED OUT IF NO SWITCH IS uyp
JMP RSLIN] /COLL APSED
LAW RINGRP
TAD RSUM&
DAC RSUMS
TAD {1175&C 1G=X
JMS STRASC
LAC RSUM&
cLoliLs sueTor
TAD (UNCOLL
RSLINS, DAC RSUMA
TAD LINFLO
LMD
LAC LINEHI
TAD (1
CMA
TAD LINELD
RSLITS, XX 73MS RSUMQ FOR RUNNING SUM, JMP NMOUTD FOR NN
JMS PRNTIN JTYPE CHANNEL NUMBER
JMe psyMy /D0 A RUNNING SUM
LAM~T7
JROUTINE T0 TYPE OQUT A STRING DOF INFORMATION, EIGHT PIECES PER LINE
JRSUMD 1S ENTERED WITH THE STARTING MACHINE ADDRESS OF THE INFORMATION IN THE MQ
JLAM- NO, OF PIECES OF INFORMATION (CHANNELS) IN THE AC, AND THE STARTING
JMACHINE ADDRESS DF THE REGION (GROUP, COLLAPSED, MONITOR, ETC.) IN RSUMB,
JIF ONE WANTS THE CHANNEL TO BE THE ACTUAL ADDRESS TYPED DUT, ZERQ RSUMR,
JIF ONE DOES NOT WANT ANY CHANNEL NUMBER TYPED NUT, IGNORE RSUMB,
JTHE ENTRY SEQUENCE 1S JMS RSUMQ PLUS THREE MORE ENTRIES.
J1ST ENTRY=JMS PRNTIN TD TYPE CHANNEL OF FIRST BIT OF INFORMATION PER LINE
7 =NOP TD DELETE TYPE NUT OF CHANNEL NUMBER
/J2ND ENTRY=JMP RSUM1 TO DO A RUNNING SUM
7 =JMP EXIT TO DELETE RUNNING SUM, WHERE EXIT IS THE ADDRESS TN WHICH

/ DNE WANTS TO EXIT AT FINISH OF TYPE OUT. A RUNNING SUM WILL ALWAYS
/ JMP DISMIS AT COMPLETION.
J3RD ENTRY=LAM=T7 FOR A RUNNING SUM
/ =JMP RSUM4 FOR ND RUNNING SUM
RSUMD, XX
TAD {1

SMA



81

LOCERT, JMP ERRT JREF AS RSUMQ 3 IM LOCK1, LOCK2, PLOTER
DAC RSUFMN
DAC RSU#HMT2
LAC T RSUMD
DAL RSUM4 5
1S7 RSUMD
LAC I RSUMD
DAC RSUM2 &
IS7 RSUMG
JMS LACOML
DAC 12
DAC 12
DZM RSU#HMT? /LOW CRDER BITS
DIM RSUMT2 1 /JHIGH ORDER RBITS
LAC RSUMB
JMS CMATDL
DAC RSU#MT4
JMS CRLF JREF AS RSUM4-) IN RSUM3
RSUM4, LAM=-T
DAC RSU#FMTY
LAC 12
TAD (1
TAD RSUMTZ
JMS PRNTIN JREF AS RSUM4 5 IN RSUMD
RSUM?, LAC T 12
JMS PRNTIN
1S7 RSUMT2
SKP
JMP rRSUML JREF AS RSUM2 4 IN RSUMD
1S7 RSUMTL
JMP RSUM2
RSUML, JMS CRLF
XCT 1 RSUMD
DAC RSUMTL
LAW 240
JMS TYPQOUTY
IS7 RSUMTY
JMP .‘3
LAM=-T7
DAL RSUMT)
RSUM3, LAC RSUMT2
CLL
TAD I 13
DAC RSUMT?
DAC DOURL 1 /LOW CRDER BITS HERE
S7L
1S7 RSUMTZ 1
LAC RSUMTZ 1
JMS PRNTDSR JHIGH CRDER BITS IN AC
I1S7 RSUMN
SKP
JMP CRLFDM
1S7 RSUMT]
JMP RSUM3
JMS CRLF
JMP RSUM4&=1
RSLIN1, LAC (31714 /¢ 0L
JMS STRASC
LAC (COLLQ
JMP RSLINS



RSLINZ,

RSLING,

PAUSE

BEGIN

LAC
JMS
LAC
JMP
LAC
JMS
LAC
JMP

{15171%
STRASC
{MONTOR
RSLINS
{0207¢4
STRASC
{RECOLO
RSLINS

82

/MON

/BGD



/BINARY DUMP,

83

BRASEDR UN WURK U+ FihJv

/BEGIN A NEW TAPE IN BINARY

BT2,

/ADD A RUN T BINARY TAPE

wWoumMpP,

WXDUMP,

LAS
DAC WSELEC
1S7 WSELEC
JMP ERRT JALL SWITCHES MUST RE Up
LAC LOCKNDP /NOP
SKP
LAC BCDEN} /JIMS WEND
DAC WXDuMmp
10RS JCHECK T1F CLOCK IS FNABLED
ALS 7
SPA
JMP ERRT JYES DD NOT DUMP WHILE TAKING DATA
LAW 22 /SET QDD PARITY, TAPE 2
DAL WSELEC 3
LAM
DAC TEM#P
LAC (24000 JWRITE RING, E0T CHECK
DAC WML
JNEXT INSTRUCTION IS REFERENCED AS WXDUMP=2 IN WDISMI,
LAC (20 JLNCK OUT STR
JMS LOCK
XX 73MS WEND FOR END DF TAPE 0OR NOP FOR NFEW TAPE
LAC (JMP ALL
DAC AL4-1} JREAD CDMPARE (ON BINARY TAPF
JMS WONERD /DUMP THE RUN NUMRER AS ONE RECORD
LAW RUNUMB-]
1AM
JMS WONERD /DUMP THE COLLAPSED AS ONE RECORD
LAW COLLO~1
LAM=TDFDINM )
IMS WONERD JMONTTOR+SCALERSHTIME IN SECS+RSL+DVERFLOW LIST

WOISMI,

LAW MONTOR-1

LAM=MONSZ2FE-24-BONGRP~JS7

LAC WSPITZ JDUMP 4096 AS WGRP RECORDS DOF WGRPN CHANMELS
DAC o %

LAM-WGRP 1

DAC WSPIT

JMS WONERO 74094

XX

LAN-WGERPN 1

ISZ WSPIT

SKP

JMP o 5

LAC «—5

ADD WSPITZ2

DAC o—7

dMP o~11

JMS WFTN JWRITE TWO ENDS OF FILE
MCD

LAC {20 JUNLOCK STR

JMS UNLOCK

ISZ TEMP

JMP DISMIS

LAW 24 JSELECT TAPE 6 ;IF ACTIVE, DUMP ON IT
DAC WSELEC 3

MTS

IS7 TEMP
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R TS |
MSUR
JMP DISMIS
JMP WXDUMP-2
WSPIT, XX
WSPIT2, LAW UNCOLL-]
WSPIT3, HGRPN
JRETREIVE A COMPLETE RUN IN BINARY FROM TAPE DRIVE 7
GT7, LAW 27
SKP
JRETREIVE A COMPLETE RUN IN BINARY FROM TAPE DRIVE 2
GT2, LAW 22
DAC WSELEC 3
LAM
DAC RINCHK
N7ZM WMy
LAC RUNUMR
JMS WSEAR /SEARCH FOR A RUN WHDSE NO=RUNUMB
JMS WINT JRETREIVE COLLAPSED SPECTRUM
LAW COLLO-1
LAM~-TOFDIM 1
IMS WINT /MONTTOR+SCALERSHTIME4RSL +OVERFLOW LTST
LAW MONTOR-1
LAM=MONSZ7L-24-RBONGRP-JS7
LAC WSPIT2 JRETREIVE THE WGRP RELDRDS COMPRISING THE 4096
DAC » 4
LAM-WGRP 1
DAC WSPIT
JHS WINT 74096
XX
LA®-WGRPN 1
ISZ WSPIT
5KP
JMP WG TEND
LAC o~5
ADD WSPIT3
DAC «»—7
JMP ,~11
HGTEND, MWC-1
LA¥ 64¢C /SKIP T END OF FILE
JMS WFUN
MCD JCLEAR ALL MAGL TAPE FLAGS
/PRECEDING INSTRUCTION IS REFERENCED IN BACKSP?, RCDEDL.
JMP DISMIS
WERR 4 MCD JERROR EXIT
JMP ERRTY
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JROUTINES TO GET MOMITOR OR COLLAPSED DF ANY RUN
GTM, LAC o, 11 /GET MONITOR 0F ANY RUN, PUT IN BROUP 7
SKP
GTC, LAC « 15 JGET COLLAPSED 0F ANY RUN, PUT IN GROUP 7
DAC » 11
LAW 22
DAC WSELEC
NZM WMl
LAC RUNUME
JMS WSEAR JFIND RUN NUMRER
JMS WINT /COLLAPSED
LAW UNCOLL UNCSZE-TOFDIM-1
LAM=TOFDIM 1
XX /JIMS WINT DR JIMP WGTEND
LAW UNCOLL UNCSZE-TOFDIM-}
LAM=MONSZE 1
JMP WGTEND
JROUTINE TO BACKSPACE N FILES ON TELETYPE COMMAND
RACKSP, LAW 22
DAC WSELEC 3
DZM WMl
LAC (15404675 /NF=
JMS STRYYP
snalema
JMP ERRT /A COMMAND TO RACKSPACE 0 FILES TS ILLEGAL
TAD LOCLAM 7L AM
JMS WRACK
JMP WGTEND 3
JSFLECT TAPE 2 ODD PARITY 240 BITS PER INCH
WSELEC, ]
MsSCR
JMF .‘1
LAW 22 JREF AS WSELEC 3 IN WDUMP,GT2,TPINUT, WDISMI
MTS
MSUR
JMP =1
MTRS
AND WM1 /24000 END POINT, WRITE TAPE
SZA
HLT
JMP T WSELEC
JRASTC TAPE FUNCTION SELECTOR
JFUNCTION IN AC
WFUN, JMP DISMIS
MCD
MTC
JMP DISMIS
/T0 BACKSPACE OVER N FILES, IF PNSSIBLE, AND POSITINN AT
/BEGINNING OF LAST FILE PASSED OVER
JNUMRER OF FILES TO RACKSPACE IS IN AC
WBACK, ')
NAC WTIMES /SET COUNTER
JMP ., 4
MWC-1
LAW T4C /BACKSPACE ONE FILE
JMS WFUN
JMS WSELEC
MTRS /1S TAPE AT LOAD PDINT
ALS 5 /710000 LOAD POINT MASK
SPA

L
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IMP T WBACK JAT LGAD POINT
187 WTIMES JCOUNT

JMp "11

LAW 600 /SPACE QOVER EOF
JMS WFUN

JMP I WRACK
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J/T0 SEARCH FOR A FILE STARTING WITH WORD IN AC

WSEAR, 0
DAC WTEM
LAM-3 /BACKSPACE 3 FILES
JMS WBACK
LAM=-]
DAC WTIMES /SET 2 TRIES
HFRW , LAW WTEM-1 /SET CA MC
MCA
LAM
MW C
LAW 400 JREAD COMPARE
JMS WFUN
MTRS
ALS 3 /40000 EOF MASK
SPA
JMP WND 2
MTRS
ALS 2 /7100000 RDC MASK
SMA
JMP T WSEAR /FDUND TT
MWC-1
LAW 64D /SKIP ONE FILE
JMS WFUN
JMP WERYW /TRY NEXT
WND, JMS WFUNY /NOT FOUND BACKSPACE
JMP WERR /NG GT RETURN
IS7Z WTIMES /TEST
SKP
JMP WNO ING GO
LAW 100 /REWIND
JMS WFUN
JMS WSELEC JMAKE SURE UNTT TS READY REFORE CONTINUTNG

JMP HFRYW /SCAN FROM BEGTINNING



88

/TD READ ONE BINARY RECDRDe ENTRY SEQUENCE IS

FINMS WINT

JLAW STARTING ADDRESS-1 OF REGION TD PUT INFORMATION
/LANM=NT OF WORDS+1

WINT, 0
LAC T WINT /SET TA
DAL AL2
ISZ WINT
LAC T WINT /SET ¥(
DAC AL3
ISZ WINT INO EXIT SET
LAM=2
DAL WYIMES /SET 3 TRIES
JMS WSELEC
HWHOM JMS WHICH
LAW 500 /READ IT
JMS WFUN
MTRS
ALS 2 740000 EOF MASK
SPA
JMP WERR JEOF
MTRS
AND {e&Q0200 /7600200 READ 0K MASK
SNA
JMP T WINT /DK RETURN
TS2Z WTIMES /TEST
SKPp
JMP WERR /FATLED 3 TIMES
JMS WFUNT /BACKSPACE TD TRY AGAIN
JMP WHOM JTRY AGAIN
JCONSYANTS USED AT VARIOUS PLACES THROUGHOUT MAGNETIC TAPE ROUTINES
WM1, 24000
WTIMES, Y
HWTEM, o)
WFUNT, XX /BACKSPACE ONE RECORD
LAW 700
JMS WFUN
JBP 1 WFUNY
WHICH, XX /SET UP CA WC AND WC
AL 2, XX /SET UP BY WONERD OR WINT
MCA /SET CA WC
AL3, XX /SET (P BY WONERO DR WINT
MWC /SET WC

JMP T WHICH
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JWRITE ONE BINARY RECORD. CALLING SEQUENCE IS
JJM¥MS WONERD
/L AW ADDRESS-1 OF REGION TO DUMP
FLAM=ND OF WORDS+]
WONERD, O
LAC T WONEROD

DAC AL2

ISZ WONERD

LAC I WONERO

DAC AL3

ISZ WONERO JSET EXIT

JMS WSELEC JSELECT REF AS WHER-1 IN Al 4
WHER, JMS WHICH

LAW 200 JHRITE

JMS WFUN

MTRS

AND (A000H00

SNA JREQUEST AND PARTITY

JMP ALY JNOW READ COMPARE REF AS AL4~1 IN WXDUMP,TPIDUT
JPRECEDING INSTRUCTION TS A JMP T WONERD IF DUMPTING IN BCD
Al 4y JMS WFUNT /BACK SPACE

LAW 300 JEQF, BAD TAPE

JMS WFUNM

JMS WFUNT /RACKSPACE

JMP WHER-]
ALl JMS WFUNT /BACKSPACE

JMS WSELEC

JMS WHICH

LAW 400 /READ COMPARE

JMS WFEUN

MTRS

ALS 2 JCHECK FOR READ COMPARE ERROR

SMA
ALS, JMP T WONERD

JMP AL4
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JHRITE 2 EOF AND BACKSPACE OVER ONE
WFIN, 3}
JMS WSELEC
LAW 300 JEOF
JMS WEUN
LAW 300
JMS WFUN
JRS WFUNT /RACKSPACE
JMP T WFIN
/T0 POSITION AT END OF FILES, Is.Eey 2 EOF
/AND BACKSPACE DVER ONE

WEND, 0

LAM-2

JMS WBACK /BACKSPACE 2 FILES
WFOR MWC-1

LAW 440 /SKIP 1 FILE

JMS WFUN

LAW 600 /SPACE 1 RECORD

JMS WFUN

MTRS

ALS 3 /40000 EOF MASK

SMA

IMP WFDR /NOT YET

JES WFUNT /BACKSPACE DVER EOF

JMP I WEND
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JROUTINE TO TYPE IN NEW RUN NUMBER

NEWRUN 5 LAW RUN1~1
JMS NMSTAS
LAC RUNUMB
JMS PRNTIN
JMS CRLF
LAW RUN2?~]
JMS NMSTAS
LAW o 22
DAC TYPEIN
DZM INOQUT3
JMS INTYPE
SAD {240
JMP o 11
SAD (253
JMP o &
SAD {255
skplcLe
JMP TYPEN]
JMP 4 4
LAC {1
SKP
CLA
TAD RUNUMB
DAC TNOUTR
JMP TYPEN2
DAC RUNUMS
JMS CRLF
LAW RUNZ2-1
JNS NMSTAS
LAC RUNUMR
JMS PRNTIN
JMP CRLFDM

RUN1, 171404
402225
167500

RUN2 , 160527
402225
167500

RUNUMB , XX

TEMP, XX

TALLY, XX

PAUSE REGIN

/SET UP TYPEIN FOR NON-JMS ENTRY

/BLANK S RUN NUMBER STAYS THE SAME
/+ ADD 1
/- SUBRTRACTY 1

JNONE 0OF ABOVE; ACCFPT NEW RUN NMUMBER

/0LD RUN=

/NEW RUN=
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/0UTPUT DN TAPE 3 IN BCD, ADAPTED FROM CODE OF JKD
/FIND END OF RBCD TAPE, DO NOT DUMP
RCBEQT, LAW 3

DAC WSELEC 3

LAC (JMP BCDEDY

JMP o 4
FOUMP THE RUN, DD NOT FIND END OF TAPE
TPIBUT, LAW %003 /40060 FOR 6-BIT DUMP

DAC WSELEC 3
LAC tJMS INRUN

DAC » 7
LAW DISMIS JIGNDRE ALL TELETYPE REQUESTS IN THIS RDUTINE
DAC INTYPE
LAC ALS /IMP T WONERD
DAC At4-1 /DELETE THE READ COMPARE
LAC {24000 JCHECK FDR WRITE RING, EOT
DAC wM]
XX 7J3MP BCDEDNY1 OR JMS TNMRUN
JMS WOTF] FSTART SETTING UP BCD OF DATA
JKD1 /NUMBER OF RECORDS IN 4096 CHANNELS
5} JSTART AT CHANNEL €
UNCOLL-] FADDRESS~1 0OF 4096 CHANNELS
LAW 1
DAC BCDRUN 1 FCHANGE RUN NUMRER TO READ IXXXXX FOR COLLAPSEDN
JMS HWOTF1 JHRITE COLLAPSED SPECTRUM
JKD2 /NUMBER OF RECORDS IN COLLAPSED
o JSTART AT (CHANNEL ©
coLLe-1 /ADDRESS-1 OF COLLAPSED SPECTRUM
1S7 BCDRUN 1 JCHANGE RUN NUMBER TO READ 2XUXXXX FOR MONITOR
JMS WOTF1 JWRITE MONITOR SPECTRUM
JKD3 /NUMBER OF RECORDS IN MONITOR
0 /START AT CHANNEL ©
MONTOR-1 /ADDRESS~1 OF MONITDR
JHS WFIN JHRITE 2 EOQF AND BACKSPACE OVER ONE
SKp
BCDEDY, JMS WEND /FIND END OF TAPE REF IN WDUMP FDR JMS WEND
LAW EXECIN
DAC INTYPE

JMP. WGTEND 3
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JINPUT RUN NUMBER
JT¥0 INPUT RUN NUMBER DOF 5 DECIMAL DIGITS, DECODE,
JSTORE IN PROPER PLACE AS 8CD INFORMATION
INRUN, XX
LAW BCDRUN-1
DAC 16
LAW 1
DAC I 16
LAW 20
DAC I 14
LAC RUNUMB
JMS BCDPRT
ENDTMP, JMP T INRUN
RECOLGY/
JTHE FOLLOWING PARTS 0OF THE PROGRAM ARE PUT IN 5000 (RECOLG)
JHHICH CAN THEN BE READ IN WITH PLT,
JROUTINE TO CONVERT COCTAL INTEGER TO A STRING NF DECIMAL DIGITS,
JSTORE IN A REGION SELECTED RY CALLING PROGRAM (AUTO INDEXER 16}
BLDPRT, XX
JMS BINBCD
LAM-4 /5 DIGITS ONLY
DAC BCD4
LAW INDTTC 1
DAC 12
LAC T 12
DAC T 16 /1A SET UP BY BCDPRT CALLING PROGRAM
1SZ RLD4
JMp .-3
JMP 1 BCDPRT
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/TO WRITE N RECORDS OF 16 DATA PER RECORD (FOR 256 CHANNELS,N=15,
JFOR 4096 CHANNELS N=2%56,ETC) START WITH ANY CHANNEL
JCALLING SEQUENCE
/JMS WOTF1
/NUMBER OF RECDRDS
/VALUE OF FIRST CHAMNEL
/ADDRESS OF 1ST OF 16N CONSEQUTIVE DATA
WDTFY, xX

JMS NORDUT /DUMP RUN NUMRER

LAC T WOTF1

JMS CMATD]L

DAC WLOOP

LAC WOTF1

DAC 14

LAC I 14

DAC wWLPP JVALUE OF FIRST CHANNEL

LAC T 14

DAC WLPP }
WL P, JMS F1FORM

BLDARY-) /FOR  AUTO INDEXING
WLPP, XX JCHANNEL NUMBER

X% /ADDRESS OF 1ST OF 16 DIGITS
WLPO, JMS WONERD

LAW BCDARY-1

LAM-167

ISz wionp J/EINISHED YET

SKP

JMP T 14 /YES

LAC wWLpPP INO

TAD (20

DAC WLPP

LAC WLPP 1

TAD (26

DAC WLPP 1

JMP WLP
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JSET UP 120 BCD WORDS, DUMP THE RUN NUMBER
NOROUT, XX
LAW BCDARY
DAC 14
LAM-167
DAC TALLY
LAW 20
DAC T 14
ISZ TALLY
Jmp .‘2
JMS WONERQ
LAW BCDRUN-]
LAM-167
JMP T NORDUT
JBINARY TO BCD SUBROUTINE
/SINGLE PRECISION 6 DECIMAL DIGIT DUTPUT
/SUPPRESS LEADING IERDS
BINACD, XX 718 RIT RINARY IN AC AT JMS
JMS BTDEC
LAW 20
DAC NOROUT
LAC INQTTQ
SNA
LAW 12
DAC INOTTC 4
LAY INOTTO
DAL 10
DAC 12
LAM-5
DAC BCDZ
LAC T 10
SZA
JMP RCD3
LAC NORODUT
NDAC 1 12
IS7 BCD2
JMP- o=6
JMP 1 BRINRCD
BCDR, DAC 1 12
LAW 12
DAC NOROUT
JMP =5

[y



JHRITE F1FORMAT {I1,74,15617,3X)
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JROUTINE 'TO PREPARE LINE OF DATA DUTPUT IN BCD TO BRE WRITTEN

7ON MAGNETIC TAPE,

/THEN 1% CHANNELS OF DATA
JCALLING SEQUENCE

/dMS FLFORM

WRITES A BLANK,CHANNEL NUMRER,

JADDRESS—-1 OF FIRST OF 40 DECIMAL CONSEQ, BCD WORDS TO 6D 0N TAPE
4 DECTMAL DIGITS MAXTMUM
/ADDRESS-1 OF FIRST OF 16 CONSEQUTIVE DATA IN BINARY

JCHANNEL MNUMBER,

F1FDRM,

PAUSE BEGIN

XX

LAC T F1FORM

DAC 16

LAC F1FORM
DAC 15

LAC T 15
JMS BCDPRT
LAC T 1%
DAC 13
LAM-17

DAC BLDS
LAC T 13
JMS BINRCD
LAM=-5

DAC BCD4
LAW INOTTO
DAC 12

LAW 20

DAC T 16
LaC I 12
DAC T 16
IS7 BLD4
JMP 0—3
152 BCDS
JMP o185
LAW 20

DAC I 16
DAC T 18
DAC I 14
JMP T 15

/LOAD ADDRESS~-1 OF 1ST BLCD WORD

/LDAD CHANNEL NUMRER
JSTORE IN IS5 FORMAT WITH FIRST CHARACTER A BLANK
/GET ADDRESS—) OF FIRST BINARY WORD
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JCALCOMP PLOTTING ROUTINE,CDURTESY 0OF WEK
/PLOTS SCOPE DISPLAY (LINEAR SCALE ONLY)
JUSES AREA DEFINED RY CALBUF AS 512 WORD BUFFER,

PLOTER,

LOCSIA,

LAC DISPYS
ALS 3

SMA

JMP ERRT
LAC N762
JMS LOCK
DZM CALXC
D7M CALYOD
LAW SYMBLX
DAC CALSYM
LAC DISPLN
JMS MUL20
LMQ

TAD DISPLN
DAC CALCHO
LACO

TAD DISPLM
DAL CALADG
LAM

TAD DISPLN
TAD DISPES
DAC CALCHL
JMS MUL20
szalcit
TAD {24
TAD CALCHL
DAC CALCHL
TAD (LAM-TTT
sualoma
CLA

TAD {LAM=T777
TAD CALCHO
DAC CALND
DAC CALNDL
rasltciL
AND (37
LRS 4

CMA

DAC CALSKL
LLS 1004
1S7 CALSKL
JMS CMATDL
TAD (12
DAC CALSKL
cLclsTL
TAD CALADG
DAC 16

LAW CALRUF-1
TAD CALCHO
DAC 15

DAC CALADC
LAC I 16
XCT DISPYS
LRS 12
szalcLascLi
cLolicomg
LLS 13

/DISPYS IS A JMP (LNG DR SQUARE RODT MODE)
JLOCK OUT STRIPLINTLLPT,5TR,BCD,PLY,OTHERS

FIERD CAICOMP X AND Y CODRDINATES

/SET X AS PLOTTING SYMBNOL

INEGATIVE OF CHANNEL NUMBER MOD

20 LEFT IN AC

JCALCCMP RELATIVE L0W CHANNEL NUMBER

JABSOLUTE STARTING

/REF IN BLKNUM

CHANNEL ANUMARER

JULAST CALCOMP RELATIVE CHANMEL NUMBER
JTEST If CALCHL 511 (10}

/YES, USE =511 {18}
0OF CHANNELS TS 511 (10}

IMAXTNMUM NDY,

/NUMBER OF POINTS T0O PLOT

JFIND AC DISPLAY SCALE FACTOR

/PUT SCALE FACTOR TN CALSKL
/STARTY SET-UP 0OF CALCOMP RUFFER

/CALBUF DEFINED IN EQUALITIES

/CALADC WILL 8FE INCREMENTED BEFDRE USING
/START TO CONVERT TO CALCOMP Y-CONRDINATES

JLRS CR LLS

/TEST I'f NOQO.

1623 (10)

J/YES, PUT LAM IN MD
/MAXTMUM SCALE ON CALCOMP IS 2047 (1G)
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pAC 1 15
ISZ CALNOD
JMP ,-10
CALAB, LAC CALSKL /START GRAPH LARELING
JMS BTDEC
LAC (CLOlLLS 2
DAL LETSZE JSET LETTER SIZE
LAC N3740
LMQ
CLA
JMS BLKNUM /PRINT SCALE FACTDR
LAC RUNUMB
JMS BTDEC
LAC N3740
LMQ
ISZ LETSZE
LAC CALXD
TAD (100
JMS BLKNUM JPRINT RUM NUMBER
LAM
TAD LETSIZE
DAC LETSIE /RESTORE LETTER SIZE
LAC (=150 1
DAC CALBF1
LAC CALCHC
JMS BTIDEC
LAC (=52 1
LMO
LAC CALBRF1
JMS BLKNUM JPRINT CHANNEL NUMRER
LAC CALRF1
TAD {310
DAC CALBF1
LAC CALCHOD
SAD CALCHL
NP . 4
TAD (24
DAC CALCHO
JMP o—15%
LAC N&21 JUNLOCK STR,BCD,0THERS(WHICH USE NUMRER QUTPUT)
JMS UNLOCK
DOPLOT, cLA /START POINT PLOTTING
DAL PLTRX
IS7 CALADO
LAC 1 CALADO
DAC PLTRY
LAC I CALSYM
JMS PTPLOT
BLTRY, XX
PLTRY, XX
LAC PLTRY
TAD {12
DAC PLTRX
157 CALNDL
JMP ,-13
LAC N2246
TAD PLTRX
DAC GALXNU
craleLt
DAC CALYNU
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JMS CALIN JADVANCE PAPER & INCHES
LAC N762 FUNLOCK EVERYTHING LOCKED OUT 8Y DLT
JMS UNLOCK
JMP DISMIS
/PLOTS POINT. C(AC)= ADDRESS NF CHARACTERe X,Y AS ARG
PTPLOT, XX
DAC PTPLOL
LAC I PTYPLOT
TAD (=5 1
DAC PTXC /SET X CONRDINATE OF LOWER LEFT 0OF CHARACTER
DAC CALXNU
1S7 PTPLOT
LAC T PTPLOT
TAD (-5 1
DAC PTYD /SET Y CODRDINATE OF LOWER LEFT OF CHARACTER
DAC CALYNU
1SZ PTPLOT
cLL
JMS CALIN /MOVE PEN TO CHARACTER LOWER LEFT
LAM=4 1
DAC PLTCTR /SET FOR 2 DATRS OF RELATIVE GOORDS IN CHARACTER
LAC PTPLNL /SET UP CODRDINATES FOR PEN MOTION
LMQ
LLS 1002
JMS PTPLN3
TAD PTXO
DAC CALXNU
LLS 1002
JMS PTPLN3
TAD PTY(
DAC CALYNU
LACO
DAC PTPLOL
JMS CALIN JMOVE TD COMPUTED CHARACTER CAORDS, PEN DOWN
1S7 PLTCTR
JMP ."16
JMP T PTPLOT
PTPLO3, XX JMULTIPLTES CHARACTER RELATIVE COMNRD IN AC BY 5
JMS CMATDY
DAC . PTPL 02
ste)snalcia
JMP T PTPLDA
TAD (5
1S7 PTPLO?
JMP .-2
JMP I PTPLOZ2
SYMRLX, 512240 JCODE FOR X PLOTTING CHARACTER
MUL20, XX JLEAVES -C{AC) MOD 20 IN AL
cLL
DIV
24
JMS CMATD1
JMP T MULZ0
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7BLOCK NUMBERS
JPRINTS INOTTO 1=06 AT X IN AC, Y IN MO
BLKNUM, XX
DAC BLKNXO
DAC CALXNU
LAC LDCSZA 7szal cLL
DAC o 7 JSET LEADING 7ERD SWITCH
LAW INOTTH 1
DAC BLKNU1
LACD
DAC BLKNYG
DAC CALYNU
LAC 1 BLKNUL
XX /SHITCH TO SUPPRESS LEADING 7ZERDS
JMP . 16
LAW INDTTD &
SAD BLKNUL
JMP I BLKMUM
LAC (&
XCT LETSZE
TAD BLKNXC
DAC BLKNXD
DAC CALXNU
cLL
JMS TALIN ZADVANCE FOR NEXT DIGIT
1S7 BLKNIN
LAC BLKNY(
JMP .-ZG
LM JNDON—ZERD DIGTT
LAC o 5
DAC »-21 /SET SWITCH TO PRINT ZERDS
LACD
JIMS BLKPR /PRINT DIGIT
JMP o-22
JaM? 0—2
JPRINTS RLOCK NUMBER, DECIMAL DIGIT IN AC
BLKPR, XX
RCR
TAD {CODSTR
DAC BLKPR1
LAC I BLKPR1
S7L
LLs 11 /DIGIT CODE FOR BLOCK PATTERN IN AC
JMS BLOCKR
JMP I BLKPR
CODSTR, 770002 /BLOCK PATTERN DIGIT L£NDE FOR 0=~9 PACKED 2/WORD
664364
154324
734160
174374
/RUNS THROUGH BLOCK PATTERN, LEADING AC BITS CONTROL PEN
BLOCKR XX
DAC BRLDCK1 /STDRE BLOCK PATTERN CODE
LAC CALYNU
DAC BLOCY(D
LAC (3
XCT LETSZE
TAD CALYNU
DAC CALYNU
CLL
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JMS CALTN /MOVE TO LOCATIDN OF DIGET
LAC BLDCYEC
DAC CALYNU
LAC BLOCK1
SNA
JMP 1 BLOCKR
AMD (774000
SNALCLL ,
JMP  NUMDNE JTREAT THE DIGIT "1 SPECTALLY
LAW BLOCOD-1 JSTART RUN THROUGH RLOCK PATTERN
DAL BLOCK?
LAC BLDCK1
RAL
DAC BLOCK1
IMS CALIN JEXECUTE CURRENT LINE OF PATTERN
1S7 BLOCK?
LAW BLOCOD 14
SAD BRLOCK?
JMP I BLDCKR
LAC I BLOCK?
XCT LETSZE
TAD CALXNU
DAC CALXNU
I1SZ BLOCK?2
LAC T BLOCK?
XCT LETSIE
TAD CALYNU
DAC CALYNU
JMP =21 y
NUMONE , LAC (1 /SPECIAL TREATMENT OF 1
XCT LETSZE
TAD CALXNU
DAC CALXNU
CLt
LAC {5
XCT LETSZE
TAD CALYNU
DAC CALYNU
JMS CALIN
LAC BRLOCYD
DAC CALYNU
STL
JMS CALIN
LAC (-2 1
XCT LETSIF
TAD BLKNXD
DAC BLKNXD
JMP 1 BLOCKR
LETSZE, cLotirs 2 /CONTROLS SIZE OF DIGITS
R/LOCOD, 4 /STORAGE DF RELATIVE (X,Y) BLOCK PATTERN CODRDS
0 o 3
0 3 -4 1
0 0 -3 1
4 o)
/MOVES PEN TO X,Y IN CALXNU,CALYNU IN 2'S COMPLEMENT
FLINK=1=)PEN DOWN°®LINK=0=DPEN yp
CALIN, x4
GLK /FIND DUT IF PEN IS ALREADY SET CORRECTLY
SAD LINKR
JMP o 7

¥



DAC LINKR
RCR

LAW 40
st
LAW 20

JMS CALCMP
LAC CALXO
JMS CMATD]
TAD CALXNU
DAC CALDX
SZA

JMP o 3
LAM

JMP 10
SMA

JMP . &
JMS CMATDL
DAC CALDX
LAW 1

SKP

LAW 2

DAC CALXER
LMO

LAC CALXNU
DAC CALXO
LAC CALYOD
JMS CMATDI
TAD CALYNY
DAC CALDY
SNA

JMP o 10
SMA

JMP o 5
JMS CMATD]
DAC CALDY
LAW &

SKP

LAW 1D

oMo

DAC CALYER
LAC CALYNU
DAC CALYD
LAC CALDY
JMS CMATD1
TAD CALDX
smalcLe
JMP o 12
LAC CALDX
LMO

LAC CALDY
DAC CALDX
LACO

DAC CALDY
LAW 14

AND CALYER
DAC CALXER
LAC CALDX
SNA

JMP CALXER
JMS CMATD]

]
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/IF PEN NOT SET CORRECTLY, SET IY

/SET PEN

/DELTA X

/TEST FOR @ DR — DELTA X
JDELTA X I5 -

/=DELTA X =) DELTA X

/=X MOTION

/+ X MOTION
JSET X MOTION

/DELTA Y

JTEST + DR - ¥

/DELTA ¥ IS -~

/- DELTA Y => DELTA ¥
/=Y MOTION

/7+Y MOTION

/SET COMBINED X AND Y MOTION

/TEST DELTA X > DELTA VY
JIF DELTA XD>DELTA Y, JMP
JIF DELTA YDDELTA X, INTERCHANGE

JSTART MOTION SET 4P



CALYER,

CALXER,

LINKR,
NT763,
N&4Z21,
N3740,
N2246,
CALNA,
CALNT,
CALCTR,
CALDY,
CALDX,
RLOCKZ,
BLOCYO,
BLDCKL,
BLKPR1,
BLKNYO,
RLKNUL,
RLKNXO,
PTPLOZ,
PLTCIR,
PTYD,
PTXD,
PTPLOL,
CALYNU,
CALXNU,
CALBF1,
CALSKL,
CALNOL,
CALND,
CALCHL,
CALADD,
CALCHO,
CALSYM,
CALYD,
CALXO,
ENDTMP 1/
PAUSE BEGIN

DAC

XX

CALCTR

CALNT

. CALDY

CALDY
CALDX
CALDY
CALNA
CALNT

‘4
CALNA

CALCMP
CALNA

7 CALCTR

s‘l#
I CALIN
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/S5ET NUMBER OF STEPS

/=12 DELTA X) =>CALNT
/{2 DELTA Y} =2 DELTA Y

/MOTTCN LODP STARY

FLAW FOR X,Ye SETS AC BITS FOR COMBINED MOTION

JLAW FOR Xo SETS AC BITS FOR X MOTION OMLY
JTELLS CALCOMP TN DO ITS THING ON INTERRUPT

/CONTAINS CURRENT STATE OF PEN 7 UP OR DOWN

)ﬁUT ALL TEMPORARY STORAGE AND CONSTANTS REFORE 5000 (RECOLO)



EQUALITIES
ACN

ACY
ALO
ALS
AUTEI2
AYTE )7
8CNPRY
8¢ns
BINGRP
BLKNU |
8LOCKR
RONGRE
BUFSZE
CALAD
sALcMB
CaLNA
CALSYH
CALYNU
CLCK2
cLFLBP
CMATD)
CRC
DEC
DISPFC
DISPLK
DISP2
DOUB,
EXEClp
EXECTY
BRPCHK
HIEQ
INISH2
INBUTA
INTRSC
JKD2
KEYMSK
LETSZE
LINKR
LINZ
LBCLAK
LBEGA
LTHP
MONSZE
NMACG
NMAUT
NUMENE
acT
PEN
PLTRX
PRNTIN
PRACER
PTABL
PTPLO2
RDMAC
RESTRT
ROTER
RSLING
RSUMT
RSUkZ

ACSDIS
ADC)
ALy
AREA
AUTO3
BACKSP
BCORUN
BEGIN
BINLIM
BLKNX
BLOCK)
BSL
BUFTAG
CalLBF
CALCT*
CALNS
CALXER
CALY
CLCKS3
CLOCK
CONEWD
CRLF
DIFNBT
DISPFR
DISPLM
DIsP2zy
ENADC
EXEC!3
EXPAND
GTC
HIEQA
INISHS
INRUN
INTRUP
JKD3
LACUM
LHt
LINTST
LLOW
LecNeP
Lo6
LTMP2
MENTER
NMIND
NMSTAS
Npgz46
guUTBCD
PENZ
PLTRY
PRNTNZ
PRACEZ
PTAB|U
PTRLOS
READR
ROTECT
RSLINE
RSLITS
RSUMT2
RSUM3

42

2653
4372
1300

464
7294

7423
5756
5752
1665
2127
5766
5745
577,
573,
5776
2525
25
2)22
3456
710

422

460y

7349y
162
44
4146
65
2296
4547
1783

302y
7444
246

7443
526

)6

363

7400
3552
3564
574p
7553
4575
5325
3466
2563
2326
5404
2065
532

3627
3666
2i37
3745
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ACSGY
ApC2~
ALz
AREA
AyTglé
BCDARY
BCh2
BELLT
BINSET
BLKNY
BLACKZ2
RTREC
BUFpu
Cal.BUF
cal.DX
CALND,
CaLXNY
CENTRD
CLCK4
CLAGKS
cansTr
CRLFDM
D1SADE
DISPFS
DISPLN
nise4
ENDTMP
ExECI16
F | FORM
GTM
HILINE
INBTTy

INTYPE
JUIST
LDMAC
LINEH]
LINTT
Lmupy
LaCsZA
LaG2
MAR
MuL2u
NMINUN
NMSTT
N374y
HYERB
PLATER
PNHI
PRNTNS
PROCES
PTAB| |
PTX0
REC
rRaTEIC
RSLINY
RSUMB
RSUMTS
RSUM4

462
2685
454
2167
|4
7218
752
2133
2174
5754
575
358
7577
170g0
5747
577y
5765
5
Hal
2233
5476
1617
7us204
452
464
244
456
| 7q2
5(i5
4144
1638
3473
1532
2344
7445
Tyd7;52
545

4576
33
52q2
275

| $2

5416
2)52
2153
574
2763
5158
472

345
2976
290
5762
267%
533

3765
2134
2136
3747

ACSG2
ADC3
AL3
AUTB|
AUTHIS
BCUEST
BCD3
BINBCD
BLAST
BLKPR
B8LOCOD
8TDETS
BUFQ|
CALCHL
CALDY
CALNT
CalXy
CLCF
CLCK6
CLWC
Collg
DBTDEC
DISDAC
DISPLA
DISPYS
Dispe9
ERRT
EXECT
GH 1
GT2
IN]SH
INGUT2
INTRAG
JFND
WSz
LpWe
LINELD
L INWHR
LOCERT
Leczert
LOLINE
ManN
NDSPLY
NMEUTA
NOREUT
N42,
PENACT
PLT
PNLO
PRNTT2
PRECED
PTPLET
PTYO
RECOL
REATBIN
RSLINg
RSUMN
RSUMT4
RSUMé

[}
2684
4343
o

4593
5114

39
5465
5575
4567
7677
5773
5746
5744
5777
7p25p52
4g65n
7336p2

62|
|46
224

1615
170
2145
4102
2172
2146
457p
2775
32
7)366
544 "
437
3675
2256
1652
2665
624
2670
5047
574
2455
7y25p4

2y5g

ACSRES
AHI
AlL4
AUTE | |
AUTBI6
HCDES)
BCR4
BINCHK
BLKNUM
BLKPR
BLOCY
872
CALAB
CALCH
CAL [N
CALSKL
CALYER
CL.CK
CLCON
CMATDD
CONSEBL
0BTDE
BISMI
DISPLB
DISPy
DarLOT
EXECIN
EXECT2
GO
GT7
INISH|
INOUT3
INTRMQ
JKD)
J1

LEU
LINKTL
LINy
LOCK
LOEQ
LPT
MANDIS
NEWRUN
NMOUTD
NOSTRP
N76%
PENDO
PLTCTR
PRNTDB
PRBCES
PTABLE
PTRLE)
PULSZE
RECA| 2
ROTSEL
RSLINS
RSUMQ
RSUM |
RUNUMB

52
540
4365
T

4543
7477
2374
5424
5753
575
4gof
5247
5774
56
578}
5726
2425
744
[}
366 ol
254
4gb|
2020
753
220
585
1553
2)23
2j44
400
2216
4563
4567
490
Syd2
650

44y
264

2y’

2972

4432
3543
|22}
5737
44y

576¢
344,
2544
7477
8763
tio

2717
475

3657
3672
3734
459¢g



RUN

SCLRSH
SCL3

SCPCKD

SETAUT
SHFTS
SQRTA
STapP,
STARGT
STPVR3
STRAT
STRIP3
STR]IPB
STRI 4
STRI 9
STRIz24
STRT
SYMBLX
TOFDINM
TOLINE
TYPEN]
TYPHUT
VALY
VARMIN
VAR3A
WCHPNT
WFIN
WGRP
WHOM
JLPU
WSEAR
ATEM
ZEROT,

RUN2
SCLRCK
SCLRTP
SCL4
SCPCK|
SETTIM
SKCF
$Qsc
STAP2
STOVER
STP
STRAT2
STRIP4
STRIPY
STR15
STRI20
STRIzS
STRTYP
TALLY
ToFl
TOPLOP
TYPENZ
UNCOLL
VARANC
VARSTR
VARG
WDISM]
WFER
WGRPN
WINT
WM |
WSELEC
WTIMES
28TGRP

3475
|
330}
216}
3355
2226
702501
364
2432
3020
3p76
2055
1435
226
47
1516
1903
3426
4502
2645
3402
15480
4572
1412
4069
44,7
0
4277
433
4&76
4332
2473
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SCALAR
SCLRK
SCLRW
SCN
SCPNWK
SETTT|
SMK
SQSH
STORGE
STPHVR
STRASE
STRIP
STRIP2
STRllg
STRI €
STR1Z]
STRIz6
SuMX
TEMP
TOFMSK
TPOUT
TYPENS
UNCSZE
VARBEG
VAR
WAN
WDUMP
WFRW
WGTEND
"TH-T 14
WNE
WSPIT
WxDuMP

SIZS
5|
3548
2419
3212
22582
1938
363
1776
3534
3573
636
1450
76
765
696
1992
[443
450 |
777
4537
3576
1431°
1229
68
4u07
4244
4135
750
42606
4375
4025

SCLERR
SCLRKg
SCly
SCON
SCRAM
SHFTBN
S@DIvV
sgrT
STORGH
STPVR}
STRAS|
STRIP|
STRIPe
STR1)
STRI;%
STR122
STRI27
SuMY
TEST
TAFT4
TSEQ
TYRINM
UNLBCK
VAREND
VAR2
WAY
HWEND
WFUN
WHER
WLP
WONERO
WSPIT2
ZAR

4346
4976
7gdgnu

SCLER)
SCLRK3
SCL2
SCPACK
sCY
SHFTOF
SQRT
STEM
STORG6
STRVR2
STRAS3
STRIP2
STRIP7
STR] 2
STRY |8
STRI23
STR]28
SWC
TESTI
TOFTS
TYPEIN
TYPONM
VAL
VARL0C
VAR3
WBACK
WERR
WFUN7
WHICH
WLPP
wWaTF
NSPI+3
ZERG

3154
3162
2162
3252
243

334

2472
34p5
2163
363

2174

7336
4564“I
2126
33852
554
552
2y
{343
426
4|42
4334
484
LIRY)
5913
e
2475
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