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INTRODUCTION

':;The objective of Project OPAQUE]’2 is to gather continuous data
from a series of measurements in the visible and infrared regions over
a period of several years. This requirement for the continuous data
recording of the various experiments has resulted in a large data base
that must be catalogued, accessed, edited, reduced, and reformatted
for analysis and study. Concurrent with the management of the data
base is the requirement of maintaining the central data logger system
and its control programs at the West Germany field site.

This report describes all of the additional control programs and
procedures that have been developed during this contract period to
generate, edit, process, and analyze the digital data tapes and is
divided into two parts. Part I of this report describes the data
collection phase, the cataloging and access to the data base, and the
sensor performance and analysis. Part II describes the additional
programs developed for the data searching and stripping procedures,
generation of the OPAQUE data bank files, along with the plotting,
selection, and display procedures for subsequent experimental

analysis. ¢~ .
The program design objectives developed during previous efforts3
on this task have been retained and refined in the development of the
additional programs described herein. Extensive use is made of
procedure files to 1ink the necessary programs to perform specific
tasks, and thereby simplify their use as analysis tools.

1. Fenn, R.W. (1978) OPAQUE-A Measurement Program on Optical
Atmospheric Quantities in Europe, Volume I, the NATO Program,
AFGL-TR-78-0011, AD BO298//L.

2. Fenn, R.W. (1979) OPAQUE-A Measurement Program on Optical
Atmospheric Quantities in Europe, Volume II, the US/German OPAQUE

Station Near Meppen, Federal Republic of Germany,
-1R-79- , special Reports, No. .
3. Powers, J.E., and Dirkman, R.J. (1978) The Development and

Su ort of the NATO Proj ect OPAQUE USAF System Control Programs,
Final Report, Contract %o F|§6?§-76-C-62§?, AFGL-TR-78-017/6.
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I.1 EXPERIMENT SAMPLING SEQUENCES

Due to the changing experimental requirements, the data channel
assignments and sampling rates have undergone a number of revisions
over the past three years. Table 1. The Data Channel Assignments,
given below reflects the changes in the experimental data values
sampled and recorded, along with the various sampling rates programmed
for each data channel. It should be noted that the data channel
numbers are in octal (base 8) which accounts for the fact that
channels 8,9,18,19,28,29,38, and 39 do not appear in the table. Each
data channel has two discrete digits assigned to it which are used to
record filter positions, gain steps, etc. The unused discrete data
digits on several of the data channels as used to record the digital
output of the sun sensor, the digital rain gauge, and the ceiling
meter. The mnemonics listed in the table are derived in most cases
from the instrument names and are used to identify the data in the
HISTOGRAM and DATA PROFILE plots.

tEach data channel is formatted and recorded as a 36-bit string,
grouped as 9 hexadecimal digits. The interpretation of these 36-bit
strings is as follows:

5 BITS INTERPRETATION
vff 0-3 Always the coding for the data sync character, 1101.

...........

- 4-7 High-order analog channel address, octal.

é!! 8-11 Low-order analog channel address, octal.

S 12-15 Tens digit of discrete data channel, decimal.
16-19 Units digit of discrete data channel, decimal.
20-23 1000's digit of digitized channel voltage, decimal.

& 24-27 100's digit of digitized channel voltage, decimal.

:?; 28-31 10's digit of digitized channel voltage, decimal.

f;; 32-35 1's digit of digitized channel voltage, decimal.
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Table 1. Data Channel Assignment for Jan., 1978 to Oct., 1980.

Channel Mnemonic Sensor Output Sampled Sampling Rate
0 AGE AEG, trailer-side unit 1 min-continuous.
See NOTE 1
1 Open (formerly MRIT) 1 min-continuous
1 SNTL Changed June, 1979 to
Laser Scintillometer 1 min-continuous.
2 Open (formerly MRI2) 1 min-continuous
3 Open (formerly MRI3) 1 min-continuous
3 SNTL Changed January, 1979 to
Laser Scintillometer 1 min-continuous.
3 Changed June, 1979 to
‘ Open 1 min-continuous.
3 AEG2 Changed October, 1980 to
AEG,2 meter tower height 20 sec-continuous.
4 LTRO Eltro, Horizontal path 1 min-continuous
5 NPH1 NPFM, Filter 1 min-continuous.
6 NPH2 NPFM, Photopic 1 min-continuous.
7 NPH3 NPFM, Range 1 min-continuous.
10 Not Used
1 VLB VPFM, Photopic 1 sec/10 min/hour.
. 12 VLB2 VPFM, Range 1 sec/10 min/hour.
gi 13 VLB3 VPFM, Filter 1 sec/10 min/hour.
» ) AEG8 Changed October, 1980 to
;‘ AEG,8meter tower height 20 sec-continuous.
w
o 12 AE16 Changed October, 1980 to AEG,
% 16 meter tower height 20 sec-continuous.
.
b 13 AE48 Changed October, 1980 to AEG,
Ei 48 meter tower height 20 sec-continuous.
X 14 LSR1 C02 Laser, PAR Output 1 min-continuous.




:ﬁ; 15 LSR2 C02 Laser, Power Qutput 1 min-continuous.
‘!’ 16 LSR3 C02 Laser, Angle Output 1 min-continuous.
e See NOTE 2
o 17 LSR4 C02 Laser, Gain Output 1 min-continuous.
= See NOTE ?
L 20 TURB Turbulence on 500 M
! Barnes 1 min-continuous.
21 BRN1 Barnes 500M Transmisso-
meter 1 min-continuous.
22 BRNZ2 Barnes 1500M Transmisso-

I‘ meter 1 min-continuous.
3 23 RAIN Analog Rain Gauge 1 min-continuous
24 - ILMI Luxmeter, Horizontal

Channel 4 sec-continuous.
25 TLM2 Luxmeter, Vertical

Channel 4 sec-continuous.
26 ILM3 Luxmeter, Azimuth 4 sec-continuous.
24 It Changed April, 1980 to

Luxmeter, Horizontal

Channel 1 min-continuous.
25 AES80 Changed October, 1980 to AEG,

80 meter tower height 20 sec-continuous.
26 LTR1 Changed October, 1980 to

Eltro, Slant path 1 min-continuous.
27 DROP Not used on the data logger

but used in the DATA PROFILE
and HISTOGRAM PROFILE plots

to report the digital rain
gauge effective February, 1979.
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30 Not used
30 A-D Changed August, 1978 to

A/D Reference Channel 1 min-continuous.
N NEP1 Scanning Nephelometer,

Angle 1 sec/30 min/odd hr.
32 NEP2 Scanning Nephelometer,

Scale 1 sec/30 min/odd hr.

4
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33 NEP3 Scanning Nephelometer,
Photo 1 sec/30 min/odd hr.

Scanning Nephelometer,
Monitor 1 sec/30 min/odd hr,
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36 EPLY Eppley Pyroheliometer,
Filter 1 min-continuous.
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37 EPL2 Eppley Pyroheliometer,

Direct 1 min-continuous.
See NOTE 3
36 ELP2 Changed April, 1980 to
Eppley Pyroheliometer,
Direct 1 min-continuous.

37 SNTM Changed April, 1980 to
Scintillometer, d.c.
monitor See NOTE 3 1 min-continuous.

NOTES:

1. Digital ceilometer is recorded on the discrete digits of channel
0 as: Discrete "tens" = hundreds of ceiling meters.
Discrete "units" = tens of ceiling meters.
Installed October, 1980. Operational since March, 1981.

2. Digital rain gauge is recorded on the discrete digits of channels
16 and 17 as: Discrete "units" of channel 17 = 100's rain count.

Discrete "tens" of channel 16 - 10's rain count.
Discrete "units" of channel 16 - units rain count.
These "counts” are multiplied by 25.0 millivolts to
allow their display in the PROFILE and HISTOGRAM
PLOTS as a voltage. The count range is 0 to 999.
Operational since December, 1978.

L
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3 3, Digital sun sensor is recorded on the "tens" digit of channel 37
- as: If discrete "tens" digit = 2 or 3, the sun is shining.

h If discrete "tens" digit = 0 or 1, no sun (cloudy or dark).
- Operational since June, 1979.
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1.2 OPAQUE RAW DATA TAPE LIBRARY

When a raw data tape is received by the ULowell research team, it
is catalogued both iranually in the tape log and entered into the
system file, TAPEFILE, giving the starting and ending day-of-year,
hour, and minute for each continuous data recording. Currently there
are over 345 raw data tapes catalogued, a data base representing over
four years of essentially continuous OPAQUE measurements. The need
for maintaining this raw tape data base has been demonstrated many
times where the raw tape must be rerun to create new working files to
replace those lost due to a tape mounting problem or a program
termination error.

To assist in locating the raw data tape(s) for a given period of
time, or to determine if any data was recorded for the period of
interest, the programs MEPPEN6, MEPPEN7, MEPPEN8, MEPPEN9, and MEPPENO
have been designed to produce the Raw Data Tape Directories given in
Tables 2, 3, 4, 5, and 6. They are formatted on a calendar year basis
with the month-of-year along the abscissa and the day-of-month along
the ordinate. The day-of-month is divided into two twelve hour
periods as A.M. (00:00 to 11:59 hours) and P.M, (12:00 to 23.59
hours). The values in the columns headed AM and PM are the labels of
the data tapes that contain the data for those half-day periods. The
value 0 represents either the case that no data was recorded for that
twelve hour period or that the month does not contain 31 days.

A careful review of these figures reveals that a given tape may
contain a large number of data half-days, while others are in use only
for two or three days. This discrepancy is due to the fact that the
data logger samples the data channels with different sampling rates.
If a large number of one second or four second data channels are
sampied and recorded, the data tape lasts for two or three days. If
the station operator disables some of these high sample rate channels,
the data tape can last beyond 20 days, depending on the data channels
disabled. Prior to 1980, the disabling of the sampling of the
Scanning Nephelometer (4 data channels sampled every second for thirty
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minutes on alternate changing of the Luxmeter sampling from every 4
seconds, continuously to a sampling rate of once a minute, continuous.
is evident in April, 1980 and later. The long tape life through the
latter portion of 1980 is due to the sampling of the Scanning
Nephelometer being disabled by the station operator when the
instrument was inoperative.
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1.3 DATA LOGGER SYSTEM PERFORMANCE

Another use of the Raw Data Tape Directories is in determining
the percentage of data logger system "off-line" time on a monthly or
yearly basis. Viewed in this way, and using December, 1976 as the
starting month for the OPAQUE measurement program, the following table
summarizes both monthly and yearly performance through December, 1980.

Table 7. Percentage of OFF-LINE Time, Monthly and Yearly

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEARLY

---------------------------- 20.9 1.67 35.5 23.3 4.83  27.45
46.7 10.7 19.4 8.33 1.61 6.67 12.9 9.67 10.0 16.1 0.00 8.06  12.6
20.9 0.00 1.61 0.00 0.00 8.33 0.00 12.9 0.00 1.61 0.00 11.3  4.79
6.45 0.00 0.00 11.7 6.45 8.33 0.00 0.00 6.67 14.5 0.00 1.61 4.66
3.22 0.00 0.00 5.00 0.00 1.66 25.8 0.00 0.00 0.00 11.6 11.3  4.92

A detailed analysis of the data logger recording time on an
hourly or minute basis can be carried out using the data tape timing
information contained in the system file, TAPEFILE (the raw data tape
Tog file).

Considering the fact that the data logger system is operated
continuously in an unattended mode, the yearly percentage of
"down-time" is quite remarkable for the total period of operation
given above. The majority of the daily outages can be attributed to
losses of power at the field site and reaching an end of tape
condition on the magnetic tape recorder. The remaining outages can be
attributed to periods of hardware maintenance or system software and
hardware modifications to accommodate changes in the types and number
of experimental sensors.

An interesting interpretation of these statistics is to view them
as a learning curve of the personnel operating the field site at
Meppen. After becoming familiar with the operational characteristics
of a fully automated data logger, the yearly tape directories show
extended periods of continuous operation broken by several half days
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of outages which suggests increasing operational familiarity and
confidence. The use of design techniques that minimize operator
intervention to g "reload and restarting of the system" significantly
reduces accidental system interruptions and results in an operaticnal
procedure that can be taught very quickly to new operators of the
system.

A copy of the current data logger control programs in use at the
U.S. OPAQUE Field Station in Meppen, West Germany is included as an
appendix to this report.
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I.4 SENSOR PERFORMANCE LIBRARY

While the information provided in a OPA/Meppen Raw Data Tape
Directory can be used to determine whether the data logger was
operational during a specific time period, it is not descriptive of
the individual sensor performance. The Sensor Performance Library is
maintained and formatted to provide this information on a yearly basis
as the examples in Figures 1. and 2. demonstrate. The yearly
directories provide a copy of the PROFILE program output and the
HISTOGRAM program output for each raw data tape. Providing this
information on a per tape basis yields an estimate of all sensor
performances on essentially one hour intervals for most data tapes.

It should be noted that these programs normally scan the raw data tape
to determine the start and finish times of the recording period, which
is not constant as can be seen in Tables ? through 6 above. The
complete Sensor Performance Directories for the years 1977, 1978,
1979, and 1980 are provided as separately bound supplements to this
report.

The DATA PROFILE Tape Directories display all of the active data
sensors sampled using the mnemonic designators listed in Section 1.1
along the ordinate and the time of day along the abscissa. The
directory also gives the starting and ending time of the raw data
tape, along with the total number of minutes of recorded data and the
number of minutes represented by each abscissa time division. The
data designators, A-U and $ or *, represent the average value of the
channel sensor taken over the abscissa time division interval. In
reading the directories, one can determine very quickly the average
performance of a given sensor by noting if the data designator *
(over-range, usually interpreted as meaning the channel is not active)
or $ (meaning the data value is negative and not usable) is displayed
over any portion of the plot. Use of these plots is in millivolts and
reflect the discrete nature of the analog-to-digital voltage
conversion which has a resolution of 2.5 millivolts per count,
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;f} A( 0-247) B ( 250- 497) C ( 500- 747) D ( 750- 997)

b E (1000-1247) F (1250-1497) G (1500-1747) H (1750-1997)

t!' I (2000-2247) J (2250-2497) K (2500-2747) L (2750-2997)

LT M (3000-3247) N (3250-3497) 0 (3500-3747) P (3750-3997)
0 (4000-4247) R (4250-4497) S (4500-4747) T (4750-4997)
U (5000) * (> 5000) $ (negative)

The HISTOGRAM PROFILE Directories display all of the active data
sensors using the mnemonics listed in Section I.1 along the ordinate
and the raw data sensor voltage range, (-5 volts to +5 volts), along
the abscissa. The information displayed is generated during the
execution of the control program AUTOHEX, which also produces the DATA
PROFILE plots. Whereas the DATA PROFILE plots average the channel
voltage values over the designated time division interval of the plot,
the HISTOGRAM PROFILE plots count the total number of data chanrel
values that fall within each 100 millivolt increment to generate the
While the total presentation in the HISTOGRAM PROFILE
plot is essentially a "top-down" view of each of the individual data

histograms.

channel histograms, the detail given for each data channel allows a
rapid determination of normal or abnormal activity of the experimental
sensor assigned to that channel. The right-most column in the plot
gives the total number of data points counted per channel over the
duration of the raw data tape. A comparison of the total number of
minutes (at the top of the plot) with the total number of data poin-.s
counted on a data channel known to be sampled at one minute intervals
does reveal some discrepancies in that the total "run" time of the raw
data tape may be larger. This is due to the fact that the total run
time is calculated from the start and stop times of the raw data tape
and if out of range "time tags" are detected during the processing,
the data samples associated with those "bad" times are collected and
displayed in the last line of the plot labeled as 0038-00. This line
also centains all of the one minute sample points taken on channels
31, 32, 33, and 34 that are not displayed in the HISTOGRAM (and the
PROFILE plot also) plot in order to keep the plot on one computer

printer page (usually 66 lines).

The HISTOGRAM PROFILE designator scale used in these plots is

listed below. The numerical values assigned each designator are

16
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1.5 STRIPPED DATA TAPE LIBRARY

The execution of the procedure files with the raw data tapes
produce output files that consist of formatted data samples stored as
half-day records for a whole month of data. These stripped data files
are then stored on magnetic tape, packed three months to a tape. This
stripped data base is stored on magnetic tapes issued, catalogued, and
housed at the A.F.G.L. Computer Center. Table 8A., the Computer Center
(CC) Stripped Data Tape Directory, lists all of the active CC tapes by
tape number and the data interval represented.

Due to the time and effort required in generating the stripped
data tapes, and the possibilities for program or human error in
processing the data contained on these tapes, a double or backup copy
of each CC stripped data tape is generated and stored by the ULowell
contractor. Table 8B., the Backup (OPA) Stripped Data Tape Directory,
lists all of the active backup tapes by tape number and the data
interval represented.

Table 8A. Computer Center (CC) Stripped Data Tape ‘‘irectisy

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV  DEC

2898 2898 3213 3213 3213 3325 3325 2325 2726 12726 2726 2842
2842 2720 2720 2720 0766 0766 0766 1442 1442 1442 1417 1417
1417 0003 0003 0003 0009 0009 0009 3885 3885 3885 3908 3908
3908 4287 4287 4287 4518 4518 4518 2904 2904 2904

Table 8B. Backup (OPA) Stripped Data Tape Directory

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV  DEC

971 971 951 951 951 955 955 955 956 956 956 954
954 957 957 957 958 958 958 959 959 959 960 960
960 91 961 961 962 962 962 963 963 963 964 964
964 965 965 965 967 967 967 970 970 970

20




— — W, e T W CEC N S
e wE— we W e ww N, W W T .

I1.1 USER'S MANUAL FOR STRIPPING AND OUTPUT PACKAGES

!! A manual entitled User's Manual for Stripping and Qutput Package
o of the NATO Project OPAQUE U.S.A.F. System Control Programs was
prepared to accompany the final report (1978). This manual describes
- the commands necessary to generate the stripped minute channel files,
!! luxmeter files, and vislab files from the raw data tape files and
generate plots and tabulated data from these stripped files. Also the

commands necessary to generate the Erik files from the stripped files
are described.
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I1.2 CALIBRATION PACKAGE OUTPUT

Yearly calibration files have been generated to process the raw
data. These calibration files are routine which generate calibrated
scientific values from the raw data for any particular instrument.
For some instruments, the calibration data applies for specific
periods in the year, and the date has to be supplied to determine the
proper calibration formulas to be used.

As each calibration package has been completed, test data showing
scientific values corresponding to the raw data values for each
instrument under all different possible conditions has been generated
and made available to the experimenters to check. This calibration
data and a listing of the FORTRAN calibration subroutines was prepared
into a report for the year 1977. Comparable calibration packages for
the subsequent years 1978, 1979, and 1980 will be reported under
separate cover.
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II1.3 DESIGN OF CO2 LASER SOFTWARE PACKAGE

]l The C02 laser data is processed into a separate monthly file
generated from data contained in the stripped minute channel files,

11.3.) LASERFILE Structure

g The structure of the monthly LASERFILE is illustrated in Figure
' 3. The file is for a 31 day period corresponding to a single monthly
stripped minute array file. The file consists of 93 records (3x31
days). Each 24 hour period day uses three records. The first of
these is a single word which is the start time in seconds for that day
from the beginning of the year + 86400 seconds. The second and third
are the angle and laser scattering data respectively for each minute
of the 24 hour period; hence the first word of record 2 and the first
word of record 3 are the angle and corresponding scattering data for
the first minute of the 24 hour period starting at the time stored in
record 1. Note that the monthly record generally doesn't correspond
to a particular yearly month, nor does the start time correspond to
the first hour of the day.

The LASERFILE is first initialized in a separate procedure
(INLASER). The time records (1, 4, 7,...) are set to the appropriate
time in seconds as determined from input data. The laser data records
(2, 3, 5, 6, 8, 9,...) are initialized to -1.E.30.

Each monthly LASERFILE requires 1400 PRUs of mass storage. The
file is a sequential (rather than a random access) file and, as such,
requires care in manipulating.

OOt 4 2Ot WOICIANUN
e AR e
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I1.3.2 Reconstructing the Angle Function

The laser instrument has a sensor which measures the scattering
from a laser beam as shown in Figure 4. The scattering sensor sweeps

back and forth at constant velocity through an angle of 160° as shown.
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Fiqure 3. Laserfile Structure
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Figure 4. laser Instrument Scan Angle

A problem occurred with the angle sensor which required some
involved programming. Apparently a set screw loosened on the angle
sensor so that the angle measured was significantly different than the
actual angle. In some cases the angle measurement saturated so that
only the lower part of the angle as a function of time was retrievable
from the raw data. Fortunately there is sufficient data to
reconstruct the angle function. Basically the technique for doing
this is to estimate the times at which the angle reaches its minimum

position and use this data to reconstruct the actual angle for a given
time.

An array of 12 time values (in seconds from the beginning of the
year + 86400) is generated (if possible) for a given half-day record
of the stripped minute channels. This array represents the best

estimates of the time at which the minimum angles during each sweep
occurred.

The algorithm for doing this is as follows:

i)  the half-day record is searched from the beginning for each
occurrence of the condition in the laser angle shown in Figure 5.

A 5 consecvtwe
couvnls mone rorcally
decreasing

O~ samples \, & consecorwve

monotonicall
5 o~ {ncreasing g
° @=>_~ Samples

o o /v«ﬁ%e.smaywe less than or
egwm/ o previovs Sample

—i
time

. - 25
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When 11 consecutive samples are found that meet this condition, it is
taken to indicate a possible minimum point in the angle signal, and
the estimate of the time and the actual angle is caiculated using the
5th, 6th, and 7th samples of the set according to the equations
developed in Figure 6. The estimated times are stored in an array.

counls *
K \Q-
s T
{ [ b=
Ke ] '* |
H
/12985
Kmin slope - m =74'§TEE
1 - 0.4s03 Sl
A/m
— ——
o tmi Time

From geomefry-'
A, = A, r oA
or A ’:é (4, —A;)

4,-4,

- a 81 -82
bmin = L6+ 5 = L6 * 3704508)

bl/f A,"A;z = KS'K7

amd | topn = Lo + 1115 (Kg -Ko)

The mnimum angle &s- (from calibration) -
Ampn = 04235 Kopy + 2-6°
but Kpjn = Lo -/4/
50 | Amin = 0.1235 (Ko -4 [Ks -kl )+ 2.6

Fiqure 6. Algorithm for Minimum Anqle Determination
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Tests are made on the resulting array. In particular if the scan
period between successive minima was less than 5400 seconds or
greater than 6200 seconds, a message is printed. Also if only
one minimum point or more than 10 is found for a half-day record,
these too are indicated.

In order to make the array useful before the first sample and
after the last, the array (if it passes the above tests) is
extrapolated to include one or two false minima before the first
point and after the last. This is done by calculating an average
scan period using the good points. Also obvious missing minima
values are added using the same average period.

After the array is generated, the results are printed out. This
includes the following for each minimum (including the
extrapolated ones):

a) A list of times at which the minima occurred both in seconds
after the beginning of the year (+86400) and in days, hours,
minutes, and seconds;

b) the estimated angles for each of the times. If the times
were extrapolated or reconstructed, the corresponding angle
printed out is -999.00;

c) an indicator of the condition of the minimum. These values
are possibly -9, 1, or O:

-9 indicates an extrapolated or reconstructed minimum,

1 indicates a minimum was found and for at least 3 of the
11 points used, the gain measurement was not at its
maximum value,

0 indicates a minimum was found and the gain condition for
a "1" was not met;

d) the difference in time (the period) between consecutive
minima in seconds.
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A sample printout showing the generated minima is given in Figure
7. From the array of generated minimum times, the angle can be
constructed. The algorithm for this is shown in Figure 8.

I1.3.3 Summary of LASERFILE Processing

The processing necessary to construct the LASERFILE from a
monthiy stripped minute file requires the following steps:

1) The monthly LASERFILE is initialized with the procedure INLASER.

2) The stripped minute channel is scanned for preliminary data using
the procedured SCAN. This essentially generates a printout of
the angle minima (as described above) for the entire month.

3) Using the information from the scan, all possible data is
extracted and put into the LASERFILE using the procedure PROCESS.
Data can only bhe extracted over those periods where a continuous
set of angle minima have been obtained. This procedure catalogs
a new cycle of the initialized LASERFILE; the old one can be
purged.

4) Time plots and scatter plots are generated from the stripped
minute channels over those periods where the gain signal Teft its
maximum value (i.e., the indicator described above took on the
value 1). Periods when this didn't occur indicates that the
laser was not properly charged, and the data is not generally
useful. The procedures LTPLOT and LSPLOT do this. Sample plots
are shown in Figures 9. and 10.

5) Finally, a map of the LASERFILE is made using the procedure MAP,
A sample LASERFILE map is shown in Figure 11. Each pair of lines

represents a two hour period. The top line corresponds to the
angle and the bottom, the scattering value. Generally, a letter
is used for the angle except where the gain is not at its maximum
value. There a letter is changed to a digit; A becomes 1, B, 2,
etc. The Tower line uses letters if the scattering value is
negative and digits if positive. / denotes no raw data exists, -
denotes the data is bad, and $ denotes the scattering value is
Zero.
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I1.4 CO2 LASER DATA TAPE DIRECTORY

The CO? Laser data files that are produced by the software
package described above are stored on magnetic tapes issued,
catalogued, and housed at the A.F.G.L. Computer Center. Table 9., the
Computer Center (CC) CO2 Laser Data Tape Directory, lists all of the
active CC tapes by tape number and the data intervals represented.

Due to the time and effort required in generating these data
tapes, and the possibilities for program or human error in processing
the data contained on these tapes, a double or backup copy of each CC
stripped data tape is generated and stored by the ULowell contractor.
Table 10., the Backup (OPA) CO2 Laser Data Tape Directory, lists all
of the active backup tapes by tape number and the data intervals
represented.

Table 9. Computer Center (CC) CO2 Laser Data Tape Directory

JAN FEB MAR APR  MAY JUN JUL AUG SEP OCT NOV  DEC

2635 2635 2843 2843 2843 --- --- --- --- 2843 2843 2843

2843 2843 2843 2843 2843 2843 2843 2843 2843 2843 2843 2843
== === ---  --- 2843 2843 2843 2843 2843 2843 --- ---
--= == --- --- 2843 2843 2843

Table 10. Backup (OPA) CO2 Laser Data Tape Directory

JAN FEB MAR APR MAY JUN JUL AUG SEP 0OCT NOV  DEC
920 920 921 921 921  ---  ee- --m --- 921 921 920
921 921 921 921 921 921 9217 921 921 921 921 921
“-e == -e- --- 927 921 921 921 921 921  --- -a-
see ems eee ~e- 0921 921 921

Note: The months listed as --- represent periods when the instrument

was not operational.
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I1.5 SCANNING NEPHELOMETER PROCESSING

I1.5.1 General Considerations

The scanning nephelometer, like the laser instrument, scans back
and forth through an angle of about 160°, completing one scan (back
and forth) in about 200 seconds. The scan rate is approximately 1.6°/
second. The instrument is sampled once per second for a 30 minute
period on alternate hours. Data from the instrument requires 4
channels of the data logger:

Channel 31  Angle
Channel 32 Scale
Channel 33  Photopic
Channel 34 Monitor

In addition, the discrete on channel 32 contains two additional
pieces of information. The most significant digit is the gain, and
the least significant digit is the filter number (8 of them).

The nephelometer has an indexing filter which changes every scan
(back and forth). Based on the Meppen log, the instrument was working
essentially over these periods of time.

November 1976 - March 1977
January 1978 - August 1978
November 1978 - Present

The first and second periods were terminated when the xenon lamp
exploded.

During the first period, the instrument was sampled each second
for a twenty minute period every hour. This however, was not enough
time to complete a cycle of eight scans (one for each filter), so the
recording time was changed to thirty minutes every other hour.
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The program which is described here is for processing this thirty
minute data. The program requires modification to handle the twenty
minute recording time,

—aE

11.5.2 The Nephelometer File Structure

The following nephelometer file structure is acceptable in terms
of program core size, permanent file size, and tape file size.

The structure is shown in Figure 12. Basically one file in the
structure corresponds to one raw data file, A thirty minute
nephelometer recording period supplies the data for one record in this
file. There may be up to 200 of these records in each file. In
addition, the first record of the file is a file directory.

r'r'r‘-f.v
S
v

2R 8

Each data record in the file consists of 3,620 words. The first
20 words contain information about the record (start time and filter
information). The remaining 3,600 words contain the data (two words
per second). The channel information is packed two channels per word
in exactly the same form used for the stripped minute data files.

The size of the file varies according to the number of thirty
minute periods contained on the raw data tape. For a four day raw
tape period there would normally be 48 records (plus an additional

— g 4 g bl o it i
P ¢ P 4 P
ST T PRI e T
PP LT, P et T
P M e P .

;:; record for the directory). This is equivalent to about 2,720 prus.
{». The directory has been sized so the file can contain 200 records.

o

[+ The total size for a complete month requiring say ten raw data
:ﬁf tapes would be about 30,000 prus. (a convenient value for a disk pack
F ' or magnetic tape file) Hence, the completed nephelometer data file
E:f would require one magnetic tape per month. This is convenient in

- terms of the plots which are to be generated from the data. It is

:}? probably advisable to save files which overlap two months on each of
Eii the monthly magnetic tapes so that each would contain a full calendar

month.
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In addition to the nephelometer files, it is necessary to add a
directory to each monthly magnetic tape file so that data for a
particular time can be accessed from the tape. The structure of the
month tape directory is also shown. in Figure 12.

I1.5.3 Nephelometer Stripping Program Results

A nephelometer stripping program was developed using the minute
channel stripping program developed previously as a basis. A sample
run was made in which a seven hour period was stripped from data tape
O0PA231. Samples of the contents of the stripped file are shown in
Figures 13 and 14. The directory for the file is first displayed
showing the start time for each of the seven stripped hours.

The record for the first hour is fetched and a list of the sample
numbers of the entries corresponding to each of the 8 filters is
printed, then a map showing a quantized representation of the angle
profile for each of the 1800 samples is printed. The angle function
is obvious from this map and the correspondence with the sample
numbers at which each filter starts can also be seen. Finally, a
display of the values for the first minute of the record are printed
in tabular form (using the command SAMPLE,1,60). The first column is
the sample number; the second column contains the gain discrete value;
the third column is the filter number. The last four columns give the
counts of channels, 31, 32, 33 and 34.
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I1.6.1 Low Visibility Data File Structure

The Low Visibility Data File contains the following entries for
each minute:
1. Time (in minutes after the beginning of the year).
2. An integer which is either:

i) a positive value which indicates the filter used on the
BARNES instrument for that minute. If the ELTRO instrument
was used for the extinction coefficient, the filter number
is 1, 2, 3, 5, or 6. If the AEG instrument was used to
obtain the extinction coefficient, 10 is added to the filter
number so that it is either 11, 12, 13, 15, or 16.

Filter numbers use the OPAQUE convention as follows:

3-5 microns
8-12 microns
8-13 microns
open

4 microns

A N W N -

ii) A negative value:

a) -1 to -5 which indicates that data could not bec
T obtained for that minute. The negative number entered
- indicates the reason as follows:

;v‘ -1 extinction data not available
-2 extinction data not valid
-3  BARNES data not available

R P O
S [

-4  BARNES filter number not valid
-5 BARNES data not valid.
&
l? Tests are made in the above order; only the first cause
L! of failure is reported.
= 41
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b) -9 which indicates that the visibility was above the
threshold (and passed the above tests) and that
instrument data was not entered in 3 and 4 below.

3. The extinction coefficient obtained from the ELTRO instrument if
it is available; otherwise from the AEG instrument data.
4. The BARNES transmission data for the filter indicated in entry 2.

I entry 2 is negative indicating instrument data has not been
entered in 3 or 4, the value -999.9 is entered there instead.

The threshold value for the visibility is 3 km which corresponds
to an extinction coefficient of 1,304 km']. The visibility if lower
than this value approximately 20% of the time. The file contains
continuous time so that data is present in only about 20% of the file;

simplicity was felt to be more important than efficient file space.

The first record (ILVD) contains integer values (entries 1 and
2); the second (RLVD) contains real values (entries 3 and 4). Each of
these records is dimensioned 2 x 720 (since there are 720 minutes in
12 hours). A file usually contains 62 pairs of these half-day
records. Hence, data is arranged as shown in Figure 15.

With this sizing, records contain 1440 words. Two records (2880
words) must appear in core at the same time. Hence files contains 2 x
1440 x 62 / 64 = 2790 PRUs. Tapes can contain 12 files (33480 PRU's)
conveniently, so a total of 3 tapes would be generated for the
approximately 3 years of data. The data tapes generated for the U.S.
Army ASL use usually contain ocne month of data for convenience.

11.6.2 Low Visibility Data Generation Algorithm

In processing the minute files to generate the low visibility
data files, the method for obtaining the extinction coefficient is
described below.
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If the ELTRO instrument was operating at the time, then that data
is used for the extinction coefficient. If, however, that data is not
valid or the ELTRO was not in operation at the time, then the AEG
instrument is used if available and valid. The ELTRO instrument
signal changed to a calibration mode for 2 or 3 minutes approximately
32 minutes after the start of each hour. If the visibility was below
the threshold in the data 3 or 4 minutes previous to the occurrence of
the calibration signal, then the data at that time was accepted as low
visibility data. No extinction value is given in the data (the value
-999.9 appears) at the time of ELTRO calibration.

11.6.3 Low Visibility Data Map Program

A map is generated for each file which gives an indication of
every entry in the file. A sample map is shown in Figure 16. Each
strip of 6 lines shows all the data for a two hour period. The first
line of data is an indication of the extinction'coefficiént. The four
lines following indicate values for the BARNES transmission for the
filter indicated in the leftmost column.

Symbols used are as follows:
EXTINCTION COEFFICIENT:
- data not able to be obtained for that minute,
/ data available but above low visibility threshold,
A-1 indicates value of extinction coefficient value (see
Figure 17.),
blank indicates calibration signal on Eltro channel.

BARNES TRANSMISSION:

A-7 indicates transmission value on a scale of 0 to
100% (see Figure 17.).
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11.6.4  Low Visibility Data Printout Program W

A program has been written for printout out data stored in the
Low Visibility Data Files for selected periods of time. A sample is
shown in Figure 18.
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[1.7 LOW VISIBILITY DATA TAPE DIRECTORY

The Low Visibility data files that are produced by the software
package described above are stored on magnetic tapes issued,
catalogued, and housed at the A.F.G.L. Computer Center. Table 11.,
the Computer Center (CC) Low Visibility Data Tape Directory, lists all
of the active CC tapes by tape number and the data intervals
represented.

However, after some experience with this data set, it was found
that the short runtime of the software procedure file and the need for
data sets with and without the selection "window" allows rapid
regeneration of either data set eliminating the backup tape
requirement.

Table 11. Computer Center (CC) Low Visibility Data Tape Directory

JAN  FEB  MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1977 3213 3213 3213 3325 3325 3325 2726 2726 2726 2882
1978 2842 2720 2720 2720 0766 0766 0766 1442 1442 1442 1417 1417
1979 1417 0003 0003 0003 0008 0008 0009 3885 3885 3885 3908 3908
1980 3908 4287 4287 4287 4518 4518 4518

Table 12. Backup (OPA) Low Visibility Data Tape Directory

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV  DEC
1977 0025 0034 0032 0931 0927 0033 0038

1978 0123 0874 0743 0756 0757 0769 0777 0782 0417 0418
1979 0862 0875 0873 0115 0317 0312
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11.8.1 Description of the ERIK File

The ERIK file is a one-month file containing 31 records, one for
each day of the month. For months containing less than 31 days, the
extra records are merely disregarded. Each daily record contains an
array dimensioned 85 x 24. There are 85 entries for each hour of the
day, the entries being derived from a 10 minute period during the
hour.

The data entries reported for each hour are defined in Table 13.,
Format of the Hourly OPAQUE Data Bank File. The 85 entries are
initialized as follows:

1. (station number) 71
2. (date) year, month, day, packed into the 6
rightmost digits
3. (time) hour (0,1,2,...23)
4. (duration of measurement cycle) 10
5-10. (comments and scattering-filter-humidity) O
11-57.  (measurement values) -1 x 10+30
58-77.  (weather data) -1 x 10+30
78-84, (data quality) appropriate number of 9's
85. (rain data) -1 x 10%30

With the exceptions of entries 76 and 85 (rainfall data), entries
58 thru 85 are not recorded by the measurement system data logger.
They are added after the processing described in this paper by an
entirely separate process by A.F.G.L. which is outside the scope of
this contract.

The processing of measurement values are of several types:

1. The MRI Photopic channel, Eltro, Horizontal Luxmeter, Night Path
Luminance, and the east direction VPFM require the beginning
value, end value, max value, min value, and number of samples
obtained in the 10 minute period.
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Table 13. Format of the Hourly OPAQUE Data Bank File

r“_"jrx P i ek St Shah an A SN Al Al Shatih e MR o ANt AU S - Aad AR AT e T e T Ry R e RN R A B 4
. . PR [l .

Cycle 010

:.u Data File
o Word No. Data Item Measurement Data Logger Channel
1 Station No. =71
2 Date - Year,Month,Day
3 Time
4 Duration of Measurement

5 Comment Numbers
6 " " "
7 " " "
8 " " "
9 " " "
10 Scattering x 100 + Filter
x 10 + Humidity
1 SS BEG
12 SS FIN
13 SS MAX AEG Point Visibility Meter 0
14 S MIN
15 NV Number of Measurements
16 Eg BEG
- 17 Eg FIN
" 18 Eg MAX Eltro Transmissometer 4
iﬁ 19 Eg MIN
L& 20 NV
- 21 E, BEG
22 EL FIN
23 EL MAX Horizontal Luxmeter 24
24 EL MIN
2 S Y e m e mmm—ce e mmmmemce—mmmmmmae—e———m———— e
26 Ee (North)
27 Es (East
28 Es (South) Vertical Luxmeter 25 .
W (compass points
29 Ev (West) from 26)
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Table 13. Format of the Hourly OPAQUE Data Bank File (Cont)

T Data File
O Word No. Data Item Measurement Data Logger Channel
L) NT
‘!!’ 30 L3" BEG
- NT
= 3] LT FIN
o 32 LNT max Night Path Luminance 6
}-" ﬁT (with 5 & 7)
L 33 LT MIN
A
= L NV
- 35 Ft BEG
E
36 fEFIN
p
37 FE mAx Vis. Lab. n
E Variable Path (Directions
38 Fp MIN Function Meter from 12)
.39 ’i“s’ ...................................................................
40 F
p
a1
j;
42 Fy
A _
a3 £, X = 0.945 36 f = 1
a4 Eg X = 0.4 36 f =2
45 3 A = 0.87 Eppley Filtered 36 f = 3
a6 E: A = 1.06 36 f = 4
47 Eg A = 0.75 36 =5
48 Eg A = 0.55 36 f =6
49 EZ photopic 36 f =7
50 Eg A = 0.3 to 0.5 37 BEG
51 Eg Direct Eppley
52 Elo A = 0.3 to 0.5 37 FIN
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Table 13.

Format of the Hourly OPAQUE Data Bank File (Cont)

Data File
Word No. Data Item Measurement Data Logger Channel
Before Days After
Day 96 96-145 Day 145
p 1977 1977 1977
53 T 3-5um BEG f = - =1
% 54 T2 8-12um Barnes f = f=3 =3
f' Transmissometer
S (500m)
a 55 T3 8-13um f = f=2 f=2
3 . Channel 21
: 56 Tx Open or 4um = - f=0
57 T8 3-5um FIN = - f=1
58 X
59 A
60 B Aerosol Data
61 C
- 62 D
~ .63 _______ L
& 63 F 325um"Barnes I
= Transmissometer
¥ (500m)
F 8 6 e B A e
- 66 H
- 67 I Turbulence Data
E' 68 N Cloud Cover
¢ 69 dd Wind Direction at 10 m
= 70 ff Wind Speed at 10 m
= A d,d, Wind Direction at 2 m
. 72 f f2 Wind Speed at 2 m
o 73 po Pressure
- 74 7 Temperature
Fd 75 TT4Tq Dew Point Temperature
& 76 rir Rain Rate 23
77 E General Ground State
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Table 13. Format of the Hourly OPAQUE Data Bank File (Cont)

Data File
Word No. Data Item Measurement Data Logger Channel
78 QQQQ Packed MR1 Data Quality
79 QQQQ Packed E1tro Data Quality
- 80 0QQQQ0QQ Packed Luxmeter Data Quality
& 81 QQQQ Packed Night Path Data Quality
o 82 QQQQQQQ Packed Vis Lab Data Quality
P‘ 83 QQQQQQQQNQ Packed Eppley Data Quality
i 84 QQQQQ Packed Barnes Data Quality
85 RRR Total Rain for past hour 23 (Total Rain)
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2. The vertical Luxmeter requires one value from each of the four
compass points.

3. The VPFM samples in the south, west, and north compass points are
required in addition to the 5 values above for the east
direction.

4, The direct Eppley and Barnes instrument require values entered,
depending on the filter being used for the measurement.

A1l data values are entered into the daily arrays except if the
value was not physically present, or the data could not be
interpreted, or the data was out of range, and then a distinguishable
flag value is entered in its place. Hence, if a scientific value is
not entered for one of these reasons, one of the following values will
be entered in its place:

-1 x 10+30 raw data for that time does not exist;

-9 x 10+99 raw data exists, but it is impossible to
interpret;

+8 x 10+88 the calibrated scientific value is out-of-range
(too large);

-8 x 1O+88 the calibrated scientific value is out-of-range

(too small).

11.8.2 Overview of the ERIK File Generating Process

An overview of the programs used to generate and examine the ERIK
files is shown in Figure 19, The boxes show the permanent files
involved, and the directed lines show the procedures necessary to
accomplish the task.

Before the values can be placed in the ERIK file, it must be
initialized with the INERIK procedure. The initial values have been
listed previously.

The ERIK file is generated from the three stripped data file: The
Stripped Minute Channel File, the Stripped Luxmeter File, and the
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Execotz CLEANLUX
Program Twice

/

Jwo samples of Luxmeror
Aty removed at gain

change
CLEAMLUX || Modfed
S7r/, /
Py Kniacd Eord )
Chanpe! Mmote
F/'/e Glraﬂne/
File
Directory Dyrectory
Initialize £l
ERIK INERIK
S .
_/_Uxﬂzj LUXERIL OPAMAP
e C 74
— |  £E/L onjefis,
File '7444’; Mz)
)
| epsace
VISERIK EFPLA
ST pped l
Wf/ezb rl:'_._-;:.|
'y //e II Emmll
|I File ||
Figure 19, Overall View of FRIKFILE Generating Proagram
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Stripped Vislab File. The three corresponding procedures used to
accomplish this are ERIK, LUXERIK, and VISERIK, These procedures
generally depend on the time periods of the data.

Before the ERIK file generation is done, it is necessary to
modify the Stripped Minute Channel File with the procedure CLEANLX.
The reason for doing this is briefly as follows. One of the
instruments (the non-rotating luxmeter) has several ranges. When the
ambient illumination reaches a certain level, the instrument range
changes. This change has a time constant such that one or two of the
stripped minute samples are invalid. The CLEANLX procedure searches
the Stripped Minute Channel File and removes (makes the data look like
it is missing) all samples where this change occurs. By executing
this procedure twice, two consecutive samples where this range change
occurs are removed. In Figure 19., the original and the modified
Stripped Minute Channel files are in effect the same permanent file; a
new Stripped Minute Channel File is not made in this modification
procedure,

Sometimes it is desirable to change a few entries in the ERIK
file while leaving the others intact. This can be accomplished with
the REPLACE procedure. A Temporary ERIK File containing the required
new values is generated exactly as the ERIK File. Values in this
temporary file can then replace corresponding values in the ERIK File.
In general, one or more channels (1 to 85) can be changed between any
two times in the month.

The contents of the ERIK File can be examined with the OPAMAP
procedure. Outputs that can be generated include daily maps (either
for individual days or for a complete month) and numerical data in
various forms.
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I1.9 ERIKFILE DATA TAPE DIRECTORY

The ERIKFILE data files that are produced by the software package
described above are stored on magnetic tapes issued, catalogued, and
housed at the A.F.G.L. Computer Center. Table 14., the Computer
Center (CC) ERIKFILE Data Tape Directory, lists all of the active CC
tapes by tape number and the data intervals represented.

Due to the time and effort required in generating these data
tapes, and the possibilities for program or human error in processing
the data contained on these tapes, a double or backup copy of each CC
stripped data tape is generated and stored by the ULowell contractor.
Table 15., tne Backup (CPA) ERIKFILE Data Tape Directory, lists all of
the active backup tapes by tape number and the data intervals
represented.

Table 14. Computer Center (CC) ERIKFILE Data Tape Directory

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT  NOV

1586 1586 1586 1586 1586 1586 1
1586 1586 1586 1586 1586 1586 1586 1586 1586 1586 1586 1

DEC

586
586

2801 2801 2801 2801 2801 2801 2801 2801 2801 2801 2801 2801

2801 2801 2801 2801 2801 2801 2801 2801
Table 15. Backup (OPA) ERIKFILE Data Tape Directory

JAN FEB  MAR APR MAY JUN JUL  AUG SEP  OCT  NOV

700 700 700 700 700 700
700 700 700 700 700 700 700 700 700 700 700
702 702 702 702 702 702 702 702 702 702 702
702 702 702 702 702 702 702 702
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[1.10 TIME PLOT GENERATION

A procedure was generated to produce consecutive time plots for
all of the instruments so that their performance could be casily
studied and compared. A time scale of 1 day/page was used, and the
channels were plotted on separate graphs as follows:

AEG and/or ELTRO

NIGHT PATH INSTRUMENT

VPFM (photometer and aximuth)

CO2 LASER (gain, meter, angle, and PAR)

BARNES (4 channels)

ILLUMINOMETER (vertical, horizontal, and aximuth)
EPPLEY (filtered and direct)

~N oY O B W N~
« &« e e e e .

Time plots have been generated for the last half of 1977 and all of
1978. Samples are shown in Figures 20 through 26.
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éfj APPENDIX A. OPAQUE DATA LOGGER CONTROL PROGRAMS

The design of the OPAQUE data logger/controller is based con the
use of an Intel 8008 microprocessor with a memory-stored control
structure to facilitate on-site changes to the experiment sampling
rates and allows instruments to be added or deleted as desired. Since
the initial installation in 1976, the mix of instruments and the data
sampling rates have undergone numerous changes. The use of eight
input ports and eight output ports for all /0 operations allows both
internal processing operations and the ability to map any input bit to
any output bit. The use of this technique can be seen throughout the
program listing in Appendix B and lends the necessary flexibility to
continuously update the data logger/controller.

Another feature that has been invaluable in the field
modifications is the collection of utility programs that were designed
along with the hardware which enable the data logger/controller to be
used for the development and debugging of new subroutine or
modifications to existing routines. These routines are described as

they occur in the listing.

The Tisting is formatted as follows:

- a) A Memory Map giving the memory locations for all the 'stand-

fﬁ' alone' programs and the subroutines in terms of their

;C absolute addresses (a few of these routines are

h— relocatable).

b) A standardized description is given for each routine that
includes a description of the routine and its intended use,
the entry and exit locations for the routine, the CPU

T

resistors used, any reserved locations used, the
- input/output ports used, other subroutines called by the
l}i routine being discussed, and any alternate entry location
. into the routine.
L
b
p'::-
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L'
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c) A heavily annotated source listing of each routine in the
standard assembly language format of page and byte address,
the machine code, the nmeumonic instruction, and the comment
area. A careful reading of the description and the comments
given for each routine allows one to reconstruct the
algorithmic flowchart that was used to initially develop the
routine. A simple reading of the comments allows a

reasonably rapid understanding of the purpose and use of
each routine.

It should be noted that all of these routines could be modified
to operate on an 8080, 8085, or Z-80 microprocessor if the CPU
resistor codes were changed, and a hardware stack established for
subroutine calls and returns along with readdressing the I/0 ports.
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4 APPENDIX B. MEMORY MAP of OPAQUE DATA LOGGER/CONTROLLER
PROGRAMS ~ Absolute Memory Locations
Routine Start Addr. End Addr.
Name (pa-bhvte) (pa-bvte)
m oo =
s RST’s 00~000 00-067
- MAIN 00-070 00~-213
X CHTEST 00-230 00-316
o ADVUT 00-317 00-334
5 CLOCK 01-000 01-11S
CMD 01-116 01-132
- PMT 01-133 01-15S
DSPY 01-156 01~-163
TIME 01-200 01-313
TPTEMT 01-320 01-370
TYMSYN 02-000 02-02
SCANSEC 02~030 02-047
STCK 02-070 02-123
BLKSZ 02-140 02-177
MRCDR 02-200 02-244
SHIFT 02-260 02-303
PACKER 02-320 02-377
DPTFMT 03~000 03-025
Reserved 03-100 03-377
DIGMUX 04-000 04-064
TUTFMT 04-100 04-137
DWTFMT 04-140 04~-162
CLEAR 04-200 04-307
VERIFY 04-310 04-371
BINLD 05-000 05-035
RDY 05-036 05-047
ERRPRNT 05-050 05-077
PDUMP 0S5-100 05-135
PRDY 05-136 05-146
LDTR 05-147 05-163
PROGIN 05-200 05-251
ASTK 05~-252 05-270
MDuUMP 05-300 05-355
SPACE 05-356 05-372
PNTBIN 06-000 06-037
FORMAT 06-040 06-061
CRLF 06-100 06-122
TYMTAG 06-140 06-160
RDRCNTL 06-161 06-175
MIN 06-200 06-243
BLKCTR 06-250 06-267
INSTIN 06-300 06-355
PUSH A 06-360 06-365 ~
POP A 06-366 06-374
LOADER 07-000 07-031
LDLINK 07-050 07-056
AEGSEC 07-100 07-124
AEGLOC 07-150 07-177
@LgoK 07-210 07-232
XFER 07-242 07-274
ADTEST 07-300 07-341
ENDE 07-342 07-373
8- 1
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OPAGUE Data Logsser/Controller Prosrams
for B00B microrrocessor

The followina eisht RST (restart) instructions as for operator
yse in selecting any one of the eight major orerational prosrams.

0 0 104 RSTO,JMP 005 000 / Jume to BINLD, loads all
000 / eiaht rases of RAM
00% / from binary tare
0 3 000 HLT / punched by PDUMP.
0 4 000 HLT
0 5 000 HLT
9 ] 000 HLT
0 7 000 HLT
0 10 104 RSTL,JMP 006 300 / Jume to INSTIN, allows
300 / entry of machine codes
006 / into memory at rase(=H)
0 13 000 HLT / and brte(=L). Loadins
0 14 000 HLT / continues to the end of
0 15 000 HLT / selected pase,
0 i6 000 HLT
0 17 000 HLT
0 20 104 RST2,MP 005 300 / Jume to MDUMP, erints
300 / an TTY the contents of
005 / the selected memory pase
) 23 000 HLT / startina at brte(=L).
0 24 000 HLT
0 25 104 JMP 005 200 / Jumwe to PROGIN, packs
200 / 3 ASCII digits into 3
005 / octal disits (not>377).
0 30 104 RST3,JMP 005 100 / Jump to PDUMP. eunches
100 / memory rages O to 7 on
005 / parer tare in binarv.
0 33 000 HLT / Formatted for loadina
0 34 ono HLT / with eprosram BINLD.
: 0 35 000 HLY
B 0 36 000 HLT
- 0 37 000 HLT
S 0 40 104 RST4,JMP 007 300 / Jump to ADTEST, diselavs
é?ﬁ 300 / the A/D conversion value
[ 007 / for the analos channel
- 0 43 000 HLT / selected by the console
1 0 44 000 HLT / switches.
0 45 000 HLT / Discrete bits can be
1 4] 46 000 HLT / disrlaved on pPanel LEDs.
1 0 47 000 HLT
*I! 0 S0 104 RSTS.JMP 007 210 / Jump to QLOOK. erints
. 210 / the last 256 brtes
o 007 / written to the maanetic
o 0 53 000 HLTY / tape and resumes auto
o 0 54 000 HLT / samplina operations.
e 0 55 000 HLT
{ J
- B- 2
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0 56 000 HLT
(] s7 000 HLT
0 60 104 RSTG,JMP 004 310 / Jump to VERIFY., used teo
310 / comeare and correct
004 / stored machine codes.
0 63 000 HLT / The value stored at
0 c4 000 HLT / a siven location is
0 65 Q00 HLT / compared with the rarer
0 66 000 HLT / tare value and corrected
0 67 000 HLT / to tare value if wrona.

Prosram MAIN.

Description: Main linkina prosram which carries out the sequential
sameling of all analos data channels. formats time
and data words, and writes these to masnetic tare.
Once initiated: runs automatically until terminated
by end-of-tare condition, system malfunction, or
operator interventian.

Entry point: 00-070

End of routine: 00-213

CPU Registers used: A/E,H,L

Reserved locations used: SCAN flaa (03-220)

TIME TAG flas (03-221)
REQUEST Pointer (03-222)
Inpyt/Outrput Ports used. None
Subroutines called. CLEAR, CLOCK, TYMSYN, CHTEST. MIN. TWTFMT,
DIGMUX, DWTFMT.
Alternate entry point: PROG at 00-073

0 70 106 MAIN.CAL 004 200 / Call CLEAR routine
200 / (initializes all arravs
004 / and counters)

0 73 i06 PROG,CAL 001 000 / Call CLOCK routine
000 / ( gets the current time
001 / word via 488 interface)

0 76 106 CAL 002 000 / Call TYMSYN routine
000 / (modifies time mask for
002 / sampling scan neprhl.)

0 101 304 LAE / Get samelina time mask.

0 102 074 CPI 000 / Is mask =0007? If =0,
000 / time change <{ 1 sec.

0 104 150 JTZ 000 073 / Jump to PRAG if mask= O
073 / and update samrling time
000 !/ maskK.

0 107 074 CPI 001 / Is time mask =1? Tests
001 / for 1 sec-continuous bit

0o 111 104 JMP 000 220 / Jump to TEST second mask
220 / for both 1 sec. continuous
000 / and 1 sec/10 min maskKs.

0 114 056 SAMPL ,LHI 003 / Set memory brte pointer
003 / to pagse 3, byte 221, the

0 116 066 LLY 22t / location of the TIME TAG
221 / ON/OFF flas resister.

0 120 076 LMI 077 / Load flas with 077 to
077 / turn flas ON.

0 122 060 INL / Increment byte pointer,

0 123 076 LMI 277 / Load(start address-1) of
277 / sampling RERUEST arrav.
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S DO OO OO

QD OO O

145

150

153

155
156

160

163

166

171

174
178
176
177
200
201
202

210

213
214
215
218
217

106

000

056
003
086
220
307
074
000
150
145
000
104
153
000
106
200
006
104
073
000
066
221
307
074
077
150
186
000
104
205
000
106
100
004
106
000
004
300
300
300
300
300
300
104
125
000
106
140
004
104
171
000
000
000
000
000
000

o

CYCLE.CAL

LHI
(R4

LAM

CPI

JTZ

JMP

PASS,CAL

JMP

CONT.LLI

LAM

cel

J12

JHP

STAMP, CAL

PASSN.CAL

LAA
LAA
LaA
LAA

LAA
LAA

JMP

VALUE ,CAL

JHP

HLT

000

003

220

000

000

000

006

000

221

077

000

000

004

004

250

145

153

200

073

166

SN TN N Y N Y N N TS NN NSNS

e T e T e e e

205 /
/ a data ward to tare.

100

000

NN N N

/

Call CHTEST routine
(compares time mask with
REQUEST arrav elements)
Set memory brte Pointer
to page 3, brte 220, the
scan analoa channels
flas set by CHTEST as
O=stor, l=sample.

Test sameling request
bit.

Jump to PASS if no
sampling is requested.
i.e., SCAN flas is zero.
Jump to CONT if channel
samPling is requested.

Call MIN routine
(oytPuts one minute
experiment commands)
Jump to PROG, all chan-
requesting service this
scan have been sampled.
Get TIME TAG flas at
raae 3, brte 221.

If flas =77, write time
word as the first word
of new sampling scan.
Jusp to STAMP if flas
is set (=77).

Jump to VALUE and write

Call TWTFMT routine
(formats and writes time
words of 12 hex disits)
Call DIGMUX routine
(loads SHIFT arravy with
9 hex diait data word)

/ “hooks for additional calls"”

/ "hooks for additional calls*

000

004

000

125

140

i

/
/

NN N YN SN NN N W

Jump to CYCLE and
continue channel

REQUEST testina,

Call DWTFMT routine
(fFormats and writes

9 hex digit data waord)
Jume to PASSN to exit
from scannina for data
channel sample requests.
end of MAIN
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Subroutine CHTEST.
Descrirtion. Compares time word mask in reaister € with each
of the analos channel sample reauest masKs in the
REQUEST arravy. MWhen a match occurs, the last two
digits af the array bryte address are converted to
Binary-Coded-Decimal, BCD, and stored in the ANALODG
ADDRESS Latch resister and the A/D conversion is
initiated on the selected analos channel.
Entry Point: 00-250
End of routine. 00-316
CPU Reaisters used: A.D/E/H,L
Reserved locations used: SCAN flas (03-320)
REQUEST array pointer (03-222)
REQUEST array (from 03-300 to 03-340)
Input/Dutput ports used: OUT+26. ANALOG ADDRESS Latch Reaister

Subroutines called: ADVT
Alternate entry point: LINK at 00-270

0 2%0 056 CHTEST.LHI 003 / Set memory byte pointer
003 / to page 3, bvte 222 and
0 252 066 LLy 222 / aet REQUEST array
222 / pointer.
0 254 3687 LLM / Increment REQUEST array
0 255 060 NEXT, INL / pointer.
0 256 307 LAM / Get next REQUEST mask.
0 257 074 CPI 000 / If mask= 000, scan at
000 / end of REQUEST arrav.
0 261 150 JTZ 000 313 / Jumep to SCAN if mask
313 / contains 000,
000
0 264 244 NDE / Test fFor 1 bit match.
0 265 150 JTZ 000 255 / Jump to NEXT if no bits
235 / match and set the next
000 / REQUEST mask.
0 270 306 LINK,LAL !/ 1 or more bits match.
0 27t 044 NDI 007 / Mask REQUEST array brte
007 / pointer for low 3 bits.
0 273 330 LDA / Store in D,
0 274 306 LAL / Get brte Pointer asain,
0 278 022 RAL / Shift left, octal to BCD
0 278 044 NDI 160 / Mask for middle 3 bits.
160
0 300 263 ORD / OR with D to form BCD.
B- S
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0 220 074 TEST.CPI 0035 / Test far | sec/continuous

0 005 / and 1 sec/10 minute masks.

0 222 150 JTZ 000 073 / Jume to PROG if mask = S

0 073 / and update sampling time

0 000 . / mask.

0 225 074 CPI 001 / Test for 1 sec/continuous.

0 001 /

o 227 150 JTZ 000 073 / Jump to PROG and continue.

0 073 /

0 000 /

0 232 104 JMP 000 114 / Jump to SAMPL, time mask not
0 114 / 1 sec/continuous or 1 sec/min.
0 000 /

0 235 000 HLT /
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. 0 301 127 OUT+26 / Outeut Analos Addr in BCD

S 0 302 106 CAL 000 317 / Call ADVT routine
Su 317 / (initiates A/D convert
- 000 / on addressed channel)
0 305 336 LDL / Store REQUEST arravy
0 306 066 LLY 222 / pointer back on rase 3,
222 / brre 222.
0 31Q 373 LMD / Do it.
o 311 006 LA 001 / Set data channel service
001 / flas =1 on Pase 3, bvrte
0 313 066 SCAN.,LLTI 220 / 220 to Kkeep analoa
220 / sample REQUEST testins
Q 315 370 LMA / on faor until channel 40,
Q0 316 007 RET / end of CHTEST routine.

Subroutine ADVT,

Descrirtion: Tests for A/D converter BUSY. and when idle.
initiates a conversion on the channel addressed
by the ANALOG ADDRESS latch.

Entry point: 00-317

End of routine: 00-334

CPU Resisters used:. A

Reserved locations used! None

Input/Outeut ports used: OUT+22, COMMAND Latch Register

INP+4, STATUS Latch Resister

Subroutines called: None

Alternate entry Ppoint. None

0 317 105 ADVT., INP+4 / Input A/D status bit

Qo 320 044 NDI 040 / Mask with 00100000
040 / Test for A/D BUSY.

0 322 150 JTZ2 000 317 / Jump to ADVT if A/D
317 / is BUSY.
000

0 325 0086 LAI 020 / Load A with 00010000
020 / Sets A/D convert bit.

0 327 123 ouUT+22 / Duteut to COMMAND latch.

o 330 006 LAl 000 / Load A with 00000000
000 / Resets A/D convert bit.

0 332 123 ouT+22 / Output to COMMAND latch

0 333 007 RET / end of ADVUT routine.

0 334 000 HLT

@ Subroutine CLOCK.

NDescrirtion! Controls the transfer of the dav/time word from the
digital clock to the TIME arrav by addressina the
data losser as a "listener” and the clock as a
“talker" on the 488 interface buss. Both the 488

. CONTROL buss handshake seaquence and the 488 DATA

o buss lonadins and unlopadins are carried out under
this software control! proaram. All data is in ASCII.

Entry point: 01-000

End of routine: 01-115

CPU Resisters used: A,B,H,L

- Reserved locations used: TIME array (from 03-200 to 03-217)

N ] Inpur/0utrut ports used. INP+12, 488 CONTROL Buss

—
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Subroutines called:

PRL. ek A A Rt i adait

INP+16, 488 DATA Buss

QUT+32, 488 CONTROL Buss
OUT+36, 488 DATA Buss

CmMD. CMDI, CMDZ,

Alternate entry point: None

1 0 006
000

1 2 137
1 3 008
040

1 5 106
120

001

1 10 006
010

1 12 137
1 13 106
116

001

i 16 0086
321

1 20 137
1 21 106
116

001

1 24 006
000

t 26 137
27 056
003

3 066
177

t a3 0186
014

1 35 060
1 36 006
034

40 133

1 41 106
156

001

1 44 006
024

1 46 133
47 113

1 S0 074
025

1 52 110
047

001

t 55 106
156

001

i 80 117
1 61 106
200

001

{ 64 008

CLOCK.LAI 000

ouT+36
LAI 040

CAL 001

LAI 010

ouT+36

caL o001 -

LAI 321
auT+36

CAL 001
LAI 000

ouT+36
LHI 003

LLr 177
LBI 0t4

oV, INL
LAI 034

ouT+32
caL 001
LAI 024
ouT+32
AG4 ., INP+12
cPI 025

JFZ 001
caL 001

INP+16
CAaL oot

LAI 030

g~ 7

DsPY.,

120

116

116

156

047

156

200

NN N NN NN N N N NN NN NN NN NN N

NN N N N TN NN N N Y O NN NS NS NN NN

NN N SN Y NN NN

NN N NN

TIME

IEEE 488 Interface Buss
proaram, diaital clock.
Clear DATA buss

Load EQP command

to clear interface.
Call CMD! routine
(sends command to the
CONTROL buss)

Load listener address of
the data losger.

Send listen address
Call CMD routine
(initiates CONTROL buss
handshake seduence)
Load talKer address of
the digital clock.

Send talk address

Call CMD routine

Set all DATA buss lines
to zero.

Send DATA buss clear

Set memary bvte eginter
for ragse 3, byte 177.
TIME arrary (start-1)
address.

Set number of ASCII time
brtes.

Point to ist TIME brte.
Load REN-NRFD-NDAC
command.

Send to 488 CONTROL buss
Call DSPY routine.

(nsed as softuare

timins loor. P/0 test)
Load REN-NDAC command.

Send to 488 CONTROL buss
Input 488 CONTROL BUSS
Compare REN-NDAC-DAV
with 00010101,

Jump to AG4 until the
clock places an ASCII
time character on buss.
Call DSPY routine.
(software Pause)

Input DATA buss, ASCII.
Call TIME routine to
samprle time mask in
register E.

Load REN-NRFD cammand
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030 / to sisnal data received
1 €6 133 ouT+32 / Send tao 488 CONTROL buss
1 87 1086 CAL 00t 156 / Call DSPY routine.
156 / (software wait loopP)
001
1 72 011 nece / Decrement # byte counter
1 73 110 JFZ 001 035 / Jume to OV until all
035 / time brtes have been
001 / received by data loager.
1 76 108 CAL 001 124 / Call CMD2Z routine to
124 / restore 488 busses to
001 / remote;dle state.
1 101 006 LAl 137 / Load untalk command for
137 / disital clocK.
1 103 137 ouT+36 / Send to 488 DATA buss
1 104 108 CAL 00t 116 / Call CMD routine to
116 / carry out handshake
00t / seauence.
i 107 108 CAL 001 133 / Call PMT routine,
133 / (echo Prints contents
001 / of TIME array for test)
1 112 0086 LAI 000 / tLoad 488 DATA buss clear
000 / command,
1 114 137 QuT+36 / Send to 488 DATA buss
1 115 007 RET / end of CLOCK routine

Subroutine CMD.

Description. Loads 488 CONTROL buss with REN-MRE-DAV coaommands.
Entry Paint, 01-118

End of routinel 01-132

CPU Registers used. A

Reserved locations used. None

Input/Outeput ports used. OUT+32, 488 CONTROL Buss

Subroutines called: DSPY

Alternate entry points. CMD1 at 01-120, CMD2Z at 01-124

1 118 006 CMD.LAI 023 / Load REN-MRE-DAV
023 / cammand.
t 120 133 CMD1,0UT+32 / Send to 488 CONTROL buss
1 12t 106 CAL 00t 156 7/ Call DSPY routine.
156 / (software pause loar)
001
1 124 0086 CMD2.LAI 029 / Load REN command.
020
1 126 133 guUT+32 / Send to 488 CONTROL buss
1 127 106 CAL 001 156 / Call DSPY routine.
196 / (software wait loopr)
001
1 132 007 RET / end of CMD routine

Subroutine PMT.

Descrirtion. Prints the day/time word stored in the arrav TIME.
No conversion is needed as all bvtes on the 488
DATA buss are transmitted and received in ASCII.
First instruction, RET (007), must be replaced by

LLI (0B86) to enable print-out. Used for testina.
Entry point: 01-133
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End of routine:. 01-155
CPU Registers used: A,B,L
Reserved locations used: TIME arravy (from 03-200 to 03-215)
Input/0utrut ports used: INP+2, TTY Status
guT+20., QUTPUT to TTY
Subroutines called: None
Alternate entrry point. PRNT at 01i-137

133 007 PMT.RET / Change to LLI(=066) to

i 134 177 / echo eprint TIME arrav.

1 135 016 LBI 020 / Set B= number of ASCII
020 / TIME bvtes for eprint.

1 137 300 PRNT . LAA / Move A to A ( a NOP)

1 140 060 L0, INL / Point to next TIME bvte

1 141 103 GO. INP+2 / Input TTY status latch

1 142 032 RAR / Shift A right one bit

1 143 032 RAR

1 144 100 JFC 001 141 / Jumep to GO if the TTY
141 / is busvy.
001

1 147 307 LAM / Get ASCII character.

i 150 121 ouT+20 / Output to TTY for print.

1 151 011 )/ / Decrement # bvte counter

1 152 110 JFZ 001 140 / Jume to LO until all
140 / TIME bvtes are printed.
001

1 155 007 RET / end of PMT routine

Subdbrogutine DSPY.
Description: Uses DATA Latch to display 488 CONTROL Buss contents.
and DIGMUX Latch to display 488 DATA Buss contents
on front panel LED’s. Routine time of execution used
as a software timina loop for CLOCK routine.
Entry eoint: 01-156
End of routine: 01-163
CPU Resister used:. A
Reserved locations used: None
Ineut/0Output ports used: INP+12, 488 CONTROL Buss InpPut
INP+16, 488 DATA Buss Input
QUT+24, 488 DATA Latch
QuUT+30, DIGMUX Latch
Subroutines called:. None
Alternate entry points. None

1 156 113 DSPY . INP+12 / Input 488 CONTROL buss.
1 157 125 ouUT+24 / Output to DATA latch.

1 160 117 INP+16 / Input 488 DATA buss.

1 161 131 ouUT+30 / Output to DIGMUX latch.
1 182 007 RET / end of DSPY routine

1 183 000 HLT

Subroutine TIME.

Description: Called by CLOCK routine after each ASCII time brte
is read in from the diaital clock to generate the
the sample time mask in regsister E. The time mask
is aenerated in b1t positions 0,1,2,3, with bits
4 and S modified by TYMSYN and LUMSEC.

B- 9
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01-200
End of routine. 01-31

Entry point.

3
CPU Reaisters used: A.D,E,L

Reserved locations used:

TIME

InpPut/Qutryt ports used: None

Subroutines called. None

Alternate entry points. None
1 200 330 TIME.LDA
i 201 306 LAL
1 202 074 cPI
207
1 204 140 JT1C
307
001
1 207 150 JTZ
272
001
1 212 074 cel
210
1 214 150 JTZ
240
001
1 217 074 cPl
212
1 221 110 JFZ
307
001
1 224 303 LAD
1 22% 277 CPM
1 226 150 JTZ
283
001
1 231 304 LAE
1 232 044 NDI
017
1 234 340 LEA
{ 23% 104 JMp
307
001
1 249 303 EX3,LAD
1 241 277 CcPM
1 242 150 JTZ
254
001
1 245 304 LAE
1 246 044 NDI
017
1 250 340 LEA
1 251 104 JMP
307
001
1 254 304 EX4,LAE
1 2895 044 NDI
005
1 257 340 LEA
1 2680 104 JMP
307
001

array

207

001

001

210

001

212

001

001

017

001

001

017

001

005

oet

B- 10
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307

263
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307

03-200 to 03-213)

Save time bvte in res D.
Get time array pointer.
Pointina at 10s of
minutes brte?

Jump to EX if Pointins
at bvte before 10s of
minutes.

Jump to EXI if pointing
at 10s of minutes bvyte.

Pginting at unit
minutes bvte?

Jump to EX3 if pointins
at unit minutes bvte.

Pointina at unit

seconds byte?

Jump to EX if not
pointing at unit

secands brte.

Move saved byte to A.
Compare old vs new byte.
Jump to EXS if time

brte has not chansed.

Get sample time mask, E.

Mask with 00001111

Sets lower brte to 1111,

Store mask back in E.
Jump to EX

Get brte saved in rea D,
Compare old vs new bvte.
Jump to EX4 if the unit
minutes bryte has not
chanaed.

Get time mask from E.
Mask with 00001111

Reset higsh brte =0000.
Save time mask in res E.
Jump to EX

Get time mask from E.
Mask with 00000101
Resets 1| minute samples.
Save time mask in rea E.
Jump to EX

S S NS AR PRV VNN NN
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t—‘ 1 283 304 EXS,LAE / Get time mask from E.
[ 1 264 044 NDI 000 / Mask with 00000000
K 000 / Reset all time mask bits
= { 266 340 LEA / Save time masKk in res E.
- 1 287 104 JMP 001 307 / Jump to EX
N 307
;!! 001
- 1 272 303 EX1.LAD / Get saved brte from D,
- i 273 074 CPYI 08B0 / Does 10s of minutes
- 060 / byte= Q7
ORI 1 275 150 JTZ 001 305 / Jump to EX2 if 10s of
e 305 / minutes byte is zero.
I!I 001
iy it 300 048 LEI 003 / Sets 1 minute-continuous
o 003 / hit in time mask.

1 302 104 JMP 001 307 / Jump to EX
L 307
- 001
n. 1t 305 046 EX2,LEI 017 / Set time mask=00001111.
o 017
L 1 307 373 EX/LMD / Get saved byte in res D.
o 1 310 304 LAE / Move time mask to res A.
oy 1 314 125 auT+24 / Output to DATA latch

1 312 007 RET / end of TIME routine

1 313 000 HLT

Subroutine TPTFMT.

Descrietion: Prints the contents of the TIME array directly on
the TTY. Also contains links for writing contents
to masnetic taee. Part of an earlier routine for
recording in HEX format: but modified and retained
for system testina,

Entry point: 01-320

End of routine: 0{-370

CPU Resisters used. A,B,C,H,L

Reserved locations used. TIME array (from 03-200 to 03-215)

SHIFT array (from 03-360 to 03-366)

Input/CQutrut rorts used: OUT+20, OQUTPUT to TYY

Subroutines called: PACKER, CRLF, SHIFT. PRDY

Alternate entry point: TPT at 01-332

1 320 106 TPTFMT.CAL 002 320 / Call PACKER routine to
320 / load SHIFT arrary uwith
002 / TIME arrar trtes.

1 323 108 CAL 006 100 / Call CRLF routine
100 / (outputs a carriase
006 / return and line feed)

1 326 056 LHI 003 / Set pase= 003
003

1 330 026 LCI 014 / Set C=014, the number
014 / aof print characters

1 332 016 TPT,LBI 004 / Set B=004, the number
004 / of bits shifted by SHIFT

1 334 106 CAL 002 260 / Call SHIFT routine
260 / (shifts hex diait into
002 / SHIFY array byte 360)

1 337 066 LLI 380 / Set menory brte Pointer
360 / to 360.

B- 11
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1 341 307 LAM / Move memory bvte to A.
1 342 044 NDI 017 / MasK with 00001111
017 / for lower bryve.
1 344 064 OrR1 260 / OR with 10110000 to
260 ¢ / convert HEX tvo ASCII.
1 346 370 LMA / Store ASCII in brte 360.
1 347 106 CAL 005 136 / Call PRDY routine
136 / {tests if TTY busy and
005 / returns only when idle)
1 352 307 LAM / Get ASCI! bvtve at 360.
1 353 121 QuT+20 / OQuteut to TTY erinter.
1 354 300 LAA / Move A to A (=NOP)
1 355 300 LAA / Idle
1 356 300 LAA / Idle
1 357 021 Dcc / Decrement C
1 360 110 JFZ 001 332 / Jump to TPT if more
332 / brtes must be Printed.
001
1 363 066 LLI 221 / Set TIME TAG flasg at
221 / eragse 3, bvte 221= 0.
1 365 076 LMI 000
000
1 367 007 RET / end of TPTFMT routine
1 37 000 HLT

Subroutine TYMSYN.

Description. Controls settins and resetting of bit 4 in the time
word sample mask for one second samplina for 1/2
hour on odd hours.

Entry point: 02-000

End of routine: 02-027

CPU Regaisters used: A,E,H.L

Reserved locations used. TIME array ( 03-207 to 03-215)

Input/0Qutrut pPorts used:. None

Subroutines called! LUXLOC, SCANSEC

Alternate entry paints. None

2 0 304 TYMSYN.LAE / Move El(=time mask) to A

2 1 074 CPI 000 / Test for all bits zera.
000

2 3 150 JTZ 002 028 / Jump to OUT if all bits
028 / in sample time mask
002 / are zero.

2 G 056 LHI 003 / Set memory bHvte pointer
003 / to pase 03, bvte 207

2 10 066 LLr 207 / Contains the 10s of
207 / minutes ASCII digit.

2 12 307 LAM / Get 10s minute digit.

2 13 074 CPI 063 / Does A=0837 Test for
063 / minutes = or > 30.

2 15 100 JFC 002 023 / Jume to LUXLOC if 10s
023 / of minute disit is
002 / NOT less than 3.

2 20 106 CAL 002 030 / Call SCANSEC routine
030 / (tests for odd or euven
002 / hour)

2 23 106 LUXLOC.CAL 007 150 / Call LUXLOC routine

B- 12
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150 / (resets SEConds counter
007 / at minute time chanse)
2 26 007 OUT.RET / end of TYMSYN routine
2 27 000 HLT

Subroutine SCANSEC.

Description. Tests for even or odd hour. If even, do not set
bit 4. If odd, set it 4 for one second sampling
over first half hour.

Note. LOC 30 = 066 for SCANSEC ON, LOC 30 = 007 for SCANSEC QOFF.

Entry point: 02-030

End of routine:. 02-047

CPU Resisters used: A/E,H,/L

Reserved locations used. TIME array (from 03-200 to 03-215)

Input/Output pPorts used. None

Subroutine called: None

Alternate entry points: None

2 30 066 SCANSEC.,LLI 206 / Set memory bvte pointer
208 / to byte 206 on pase 3.

2 32 307 LAM / Get unit hours disit.

2 33 044 NDI 001 / Mask with 00000001
001 / (tests LSB = 1(?)

2 35 074 CPI 000 / Does A=0? ( 1= odd hour
000 / 0= even hour)

2 37 150 JTZ 002 046 / Jumep to BACK if on an
046 / even hour.
002

2 42 304 LAE / Move E(=time mask) to A

2 43 064 ORI 020 / OR with 00010000 to set
020 / the 1 sec/30 min bit.

2 45 340 LEA / Store mask back in E

2 46 007 BACK RET / end of SCANSEC routine

2 47 000 HLT

Subroutine STCK.

Descrirption, Tests for status of the masnetic tare recorder.
If recorder is naot READY, or at EQT (end-of-tare),
issues a proaram/svstem HALT. If the recorder is
BUSY writing data or in a GAP oreration, Proaram
waits until not BUSY or not GAP before returnina
to calling routine. Also includes a software timinsg
delayr loor of 48 microsecands for the tare urite
areration.

Entry moint. 02-070

End of routine: 02-123

CPU Resisters used:. A

Reserved locations used None

Input/Output ports used:. INP+4, RECORDER and A/D STATUS

Subroutines called: None

Alternate entry points. None

2 70 105 STCK . INP+4 / Input recorder status
2 71 044 NDI 00t / Mask with 00000001
001 / READY status =001
2 73 110 JFZ 002 123 / Jump to STOP if the
123 / recorder is not READY.

B- 13
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002 / (STOPs the data losser)
2 76 105 RD1., INP+4 / Input recorder status
2 77 044 NDI 006 / Mask with 00000110
006 / BUSY=00Z2, GAP=004
2 101 110 JFZ 002 0768 / Jump to RD! if the
076 / recorder is BUSY or
002 / in a GAP operation.
2 104 105 INP+4 / Input recorder status
2 108 044 NDI 010 / Mask with 00001000
010 / EQT status= 010
2 107 110 JFZ 002 123 / Jump to STOP if the
123 / recorder is at the End-
002 / Of-Tare (EOT) marker.
2 112 006 LAl 014 / Set A=014 (initial
014 / counter value)
2 114 300 LAA / 1dle
2 118 024 av.Sul 001 / Subtract { from A
001
2 117 110 JFZ 002 114 / Jume to OV if counter >0
114 / (software timing loor
002 / for rcdr. BUSY signal)
2 122 007 RET / end of STCK routine
2 123 000 HLT

Subroutine BLKSZ,

Descrirtion. Fixes tare block size to 2040 six-bit characters.
Assumes location 03-370 prelcaded with {0, and
location 03-371 ereloaded with 376 by CLEAR routine.

Entry pPaint: 02-140

End of routinel 02-177

CPU Resisters used: A,B,H,L

Reserved locations used: Upper brte of BLKSZ counter ( 03-370)

Lower pyte of BLKSZ counter ( 03-371)

InPut/Outrut ports used: OUT+22, COMMAND Latch Resister

Subroutines called: BLKCTR

Alternate entry pcints. Nane

2 1490 056 BLKSZ,LHI 003 / Set memory brvte pointer
003 / to pase 3, brte 371.

2 142 066 LLy 371 / Contains low brte of #
37N / characters counter.

2 144 317 LBM / Get memnry byte in B

2 145 011 pce / Decrement B

2 148 3 LMB / Move B back to Memory

2 147 110 JFZ 002 177 / Jume to BLK if bvte
177 / value > 0.
002

2 152 076 LMI 376 / Reset low brte of #
378 / char. counter to 376)

2 154 066 LLr 370 / Set memory bvyte Pointer
370 / to byte 370 on paae 3J.

2 156 317 LBM / Get brte value in B.

2 157 oty Dce / Decrement B

2 1890 371 LMB / Move B back to Memory

2 1861 110 JFZ 002 177 /7 Jump to BLK if hiah byte
177 !/ of # character counter
002 / is not zero.

2 164 078 LMI 010 / Reset hiah brte to 010

B- 14
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2 166 106 CAL 006 250 / Call BLKCTR routine
250 / (totals # blaocks written
006 / in bytes 03-372,03-373)
2 171 006 LAI 004 / Sets write a GAP bit
004 / hiah
2 173 123 QuT+22 / Quteutr o COMMAND latch
2 174 006 LAl 000 / Resets write a GAP bhit
000
2 176 123 ouT+22 / Quteut to COMMAND latch
2 177 007 BLK,RET / end of BLKSZ routine

Subroutine MRCDR.

Descrirtion, Called by time and data word format routines to
write a 5-bit character on masnetic tare. Writes
one character Per call. Assumes character to be
uritten is in SHIFT array byte location 03-360.
Also samples CONSOLE SWITCHES for the value 000.
When found, modifies routine BLKCTR to call ENDE
routine to STOP at the end of the current block.

Entry point: 02-200

End of routine: 02-244

CPU Resisters used: A,H,L

Reserved locations used. SHIFT array byvte at 03-360

Input/0Outrut Ports used: INP+3, CONSOLE SWITCHES

QuUT+22, COMMAND Latch Resister
OUT+24, DATA Latch Reagister
Subrautines called: BLKSZ, STCK
Alternate entry Points. None

2 200 056 MRCDR.LHI 003 / Set memary brte pointer
003 / to pase 3, brte 360,

2 202 066 LLI 360 / Byte 360 contains B-bit
360 / value for tare write.

2 204 307 LAM / Move memory byte to A.

2 205 125 ouT+24 / Quteput to DATA latch

2 208 106 CAL 002 070 / Call STCK routine
070 / (test if recorder busy)
002 / (retuyrns when NOT busv)

2 211 006 LAI 002 / Set recorder WRITE bit
002 / in command word.

2 213 123 aut+22 / Quteut to COMMAND latch

2 214 006 LAI 000 / Reset racorder WRITE bit
000 / in command word.

2 216 123 ouT+22 / Quteput to COMMAND latch

2 217 106 CAL 002 140 / Call BLKSZ routine
140 / {adds 1 to the character
002 / count for current block)

2 222 107 INP+3 / Input CONSOLE Switches

2 223 074 CP1 000 / Are all bits zevro?
000 / (STOP at end of block)

2 225 110 JFZ 002 241 / If not, Jump to EXIT.
241 / (donot STAQP at the end
002 / of this block)

2 230 056 LHI 006 / Set memory brte eointer
006 / to eagse B, brte 265.

2 232 066 LLI 265 / Activates the auto end
265 / routine, ENDE.

B~ 15
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2 234 076 LMD 342 / Store value 342, *EN
342 / (sets auto call to ENDE)

2 236 060 INL / Increment brte pointer.

2 237 076 LML 007 / Svore value 007 (=RET)
007 / (inserts RET at 06-266)
056 EXIT,LHI 003 / Set memory rase Pointer
003 / to epase 3.

2 243 007 RET / end of MRCDR routine

2 244 000 HLT

Subroutine SHIFT,

Descrirtiaon. Treats SHIFT array locations 03-360 throush 03-366
oF as a 56 bit left-shift register. Uses the register
B to set the number of bits to be shifted on each
call, The resister D is used for internal control.
- The shifted result is lefty in SHIFT locavion 03-380.
[‘ Entry point: 02-260

o End of routine: 02-303

CPU Resisters used: A4.8,D.H.L

Reserved locations used: SHIFT array locations 03-360 to 03-366
Input/0utpPut pPorts used. None

Subroutines called:. None

Alternate entry points: None

2 260 036 SHIFT,LHI 003 / Set memory brte Pointer
003 / to pagse 3. brte 366.
2 262 036 SH2,LDI 007 / Set D= 007 for full
007 / rirple of all six words

2 264 066 LLT 368 / in SHIFY arvay at 03-360
' 366 / to 03-366. Value in res
n 2 266 307 SHi.LAM / B is # of bits shifted.
}: 2 267 022 RAL / Shift A ane bhit left
- 2 21 370 LMA / Move A back to Memory
o 2 271 061 DCL / Decrement rase address
. 2 2712 031 DecD / Decrement D. # words.
o 2 273 110 JFZ 002 2686 / Jump to SHI until D
-, 266 / uwords have been shifted
» 002 / one bit left.
- 2 278 011 DCB / Decrement B, # bits
- 2 277 110 JFZ 002 2682 / Jump to SH2 until all
Li 262 / words have been shifted
- 002 / B bits,
. 2 302 007 RET / end of SHIFT routine
X 2 303 000 HLT
d | Subroutine PACKER.
57 Deccrirtion. Takes the ASCII coded time word in the TIME arrar
[ at locations 03-200 throuah 03-217, masks for the
%ﬂ low order four bi%s (HEX) and packs them two HEX
o diaits per byte in the SHIFT array at 03-361
.- throuah 03-3t6.
4§ Entry point: 02-320
E? End of rautine: 02-377
. CPU Reaisters used: A,8,C,H.L
- Reserved locations used: TIME arravy at 03-200 to 03-217
. SHIFT array at 03-361 to 03-366
a5 Input/Output ports used: None
4
~ B- 16
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Subroutines called: None

361
003

377

360

202

0ot

002 364

017

002 335

360

002 353

Alternate entrvy points:. None
2 320 0686 PACKER,LLI
361
2 322 056 LHI
003
2 324 n786 LMl
377
2 326 060 INL
2 327 076 LMI
360
2 331 316 LBL
2 332 066 LLI
202
2 334 306 LAL
2 335 326 €Y1,LCL
2 3386 044 NDI
001
2 340 110 JFZ
364
002
2 343 307 LAM
2 344 044 NDI
017 .
2 346 361 LLB
2 347 267 ORM
2 350 370 LMA
2 351 060 INL
2 352 316 LBL
2 353 362 CY3.LLC
2 354 060 INL
2 355 306 LAL
2 356 074 CPI
213
2 360 110 JFZ
335
002
2 363 007 RET
2 364 307 LAM
2 365 002 CY2,RLC
2 366 002 RLC
2 387 002 RLC
2 370 002 RLC
2 371 044 NDI
360
2 373 361 LLB
2 374 370 LMA
2 375 104 JMP
353
002

Subroutine DPTFMT.

Description. Converts data word HEX digits stored in SHIFT arravy
at 03-361 throush 03-366 into ASCII characters for
printina on the TTY,

Entry pointi 03-000

B- 17
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Set memory byte Pointer
to pase 2, brte 361.
Converts ASCII digits

to 4-bit HEX diaits,

Set byte 361=FF (hex)
All other Fills 1/2 byte
Increment byte Pointer,
Set bvte 362=F0 (hex)
Hish bvte Fil1(11110000)
Save SHIFT arrav eptr.
Set byte pointer= 202,
start of TIME word arrav
Mouve L to A

Save TIME array ptr.
Mask with 00000001

for even address test.
Jume to CYZ if on an

odd brte address.

Get time word disit.
Mask with 0000111t

to set low 4-bits.

Get SHIFT array eptr.

OR hish/low half-brtes.
Update SHIFT array bvte.
Increment brte Painter,
Store SHIFT array ptr.
Get TIME array pointer.

Increment TIME pointer.
Move L to A

Does A= 2137 The end of
the TIME arrav bvtes.
Jump to CY! if not at
the end of TIME arrav.

end of PACKER routine
Move odd time bvte to A.
Shift A aone bit left

Mask A with 11110000
Get hish 4-bit bvte.
Get SHIFT array pPtr.
Store byte in SHIFT area
Jume to CY3
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End of routine. 03-02%
CPU Resisters used. A,B,C.H
Reserved locations used: SHIFT array at 03-360 to 03-366

InpPut/0utput ports used: None
Subroutines called: TPT (in TPTFMT at 01-332)
Alternate entry points: DPT at 03-007

3 0 056 DPTFMT,LHI 003 / Set memory brte pointer
003 / to page 3
3 2 108 CAL 006 100 / Call CRLF routine
100 / (aives a carriagse return
00€ / and line feed to TTY)
3 5 026 LCI 003 / Set res C for the # of
003 / half-brte array shifts
3 7 016 DPT,LEI 004 / Set res B for the # of
004 / bits shifted each call
3 11 106 CAL 002 260 / Call SHIFT routine to
260 / shift arravy B-bits,
002 / C-times
3 14 021 DCC / Decrement reg C
3 15 110 JFZ 003 007 / Jume to DPT until res
007 / C contains zero
003
3 20 0286 LCI o011 / Reset res C to print
011 / 9 brte data word
3 22 104 JMP 001 332 / Jume te link TPT in
332 / TPTFMT routine (reuse
001 / of common codins)
3 25 000 / end of DPTFMT routine.
3 2€ 000 / Next follows the array HOUSE containins the
3 27 000 / disital sub-multirlexer addresses ta place
3 30 000 / the discrete hits associated with each analos
2 a1 000 / channel in the data word that is senerated in
3 32 000 / the write-to-recorder array, SHIFT,
3 33 000 / The last twe disits of the arravy bvte address
. 3 34 000 / farm the analoa channel address in octal.
- 3 35 000 / The array HOUSE extends from pase 3. brte 100
- 3 36 000 / to pagse 3, brte 140, The cantents of bits
K 3 37 000 / 6: 5, and 4 control the selection of one-cf-
. 3 40 000 / eisht possible B-bit discrete hrtes as:
. 3 41 000 / MSB LSB
N 3 42 000 / ocTaL 7 6 S 4 3 2 t 0
ol 3 43 N0o / 000 0O 0 0 0 0 0 0 O
o 3 44 000 / 020 0 9 0 1t 0 0 ¢ 0
L 3 45 000 / 040 0 01 0 0 0 0 ©
S 3 48 000 / 060 00 1t 1 2 0 0 0
*‘ 3 47 099 ! 100 6 1 0 0 + 0 0 O
— 3 1)) 000 / 120 o0 1 0 t 0 0 0 O
C 3 S1 000 / 140 O 1t 1 0 0 0 0 0
e 3 52 000 / 160 0 £ 1t 1 0 0 0 0
o A s3 000
s 3 54 000
: 3 §5 000
! 3 56 000
S 3 57 000
e 3 60 000
e 3 61 000
o 3 62 000
s~ 3 63 000
AR B- 18
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3 64 000
3 865 000
3 686 000
3 87 000
3 70 000
3 7t 000
3 72 000
3 73 000
3 74 000
3 75 000
3 76 000
3 77 000
3 100 140 / Channel 0., sub~mux address 6
/ Ceilometer digital on discrete brtes.
3 101 000 / Channel 1, sub-~mux address O
3 102 000 / Channel 2, sub-mux address 0
3 103 000 / Channel 3. sub~mux address 0
3 104 020 / Channel 4, sub~mux address 1
3 105 000 / Channel S, sub~mux address 0
3 106 000 / Channel B/ sub-mux address 0
3 107 000 / Channel 7, sub-mux address O
3 110 000 / Channel 10, sub-mux address O
3 1t 000 / Channel 11, sub-mux address O
3 112 000 / Channel 12, sub-mux address O
3 113 000 / Channel 13, sub-mux address 0
3 114 000 / Channel 14, sub-mux address O
3 115 000 / Channel 15, sub-mux address O
3 116 000 / Channel 18, sub-mux address O
3 117 120 / Channel 17, sub-mux address S
/ Rain Gause digital on discrete bytes
3 120 040 / Channel 20, sub-mux address 2
3 121 040 / Channel 21, sub-mux address 2
3 122 020 / Channel 22, sub-mux address 1
3 123 000 / Channel 23; sub-mux address O
3 124 040 / Channel 24, sub-mux address 2
3 125 040 / Channel 25, sub-mux address 2
3 126 000 / Channel 26, sub-mux address O
3 127 000 / Channel 27, sub-mux address 0
3 130 100 / Channel 30, sub-mux address 4
- 3 131 060 / Channel 31, sub-mux address 3
o 3 132 080 / Channel 32, sub-mux address 3
3 1383 060 / Channel 33, sub-mux address 3
o 3 134 060 / Channel 34, sub-mux address 3
X 3 135 000 / Channel 35, sub-mux address O
o 3 136 100 / Channel 36, sub-mux address 4
. 3 137 100 / Channel 37, sub-mux address 4
& 3 140 000 / ==-=-- end of HQUSE array ----
Fi 3 141 000
& 3 142 000
: 3 143 000
[ 3 144 000
3 145 000
3 146 000
3 147 000
3 150 000
3 151 000
3 1852 000
3 153 000
3 154 000
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155
156
157
160
161
162
163
164
165
166
167
170
171
172
173
174
175
176
177
200
201
202
203
204
205
206
207
210
211
212
213
214
215
216
217
220
221
222
223
224
225
226
227
230
231
232
233
234
235
238
237
240
241
242
243
244
2435
248
247

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
040
040
XXX
XXX
XXX
XKX
XXX
X¥X
XXX
XXX
XXX
015
012
040
040
060
XXX
XXX
XXX
000
000
000
000
000
017
XXX
XXX
HHX
XX
¥XX
XXX
XHX
XXX
330
000
000
000
000
000
000

NN NN TN RN N N N NN N NN N NSNS T e L Y
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Next follows the storase arrary TIME, used to
hold the ASCII time word transmitted on the
488 Interface Buss from the digital clock to
the data losaer. Each bvte of the array
stores one ASCII character. The order in
which the time word is stored is given aside
of each bvyte.

The ASCII character SP(sisnals start of word)
The ASCII character SP also
The 100s dar-of-vear digit.
The 10s day-of-vear diait.
The units day-of-vear digit.
The 10¢ of hours disit.
The unit hours disit.
The 10s of minutes disit.
The unit minutes disit,
The 10s of seconds disit.
The unit seconds digit.
ASCII carriase return character.
ASCII line feed character.
---- end of TIME array —---—-

Srecial reaister and flas locations follow:
Flaa resister for SCAN analos channels ON/OFF
TIME TAG flaa resister.

Analoa channel REGUEST arrav pointer.

ASCIT DATA arravy brtes follow.

Data wovd svnc character, =

High digit of anaalos channel address, BCD.
fow digit of analog channel address. BCD.
Urper four discrete channe! bits, B8CD.
L.ower four discrete channel bits, BCD.
1000s disit of A/D conversion. BCD.

100s digit of A/D conversion, BCD.

10s disit of A/D conversion, BCD.

Units disit of A/D conversion., BCD.

---- end of DATA array ----
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/ Next follows the array REQUEST which holds

/ the samepling request masks for each of the

/ 37 (actal) analoa charnels. The routine

/ CHTEST compares each of thease reauest mashe

/ with the current sampling time masK in the

/ pProcessor register £ by ANDins these two

/ masks. [If one or mare aof the bhits in the

/ two masks are the same, then the analos

/ channel addressed by the last two octal

/ disits of the brte location is sampled ans

/ recorded on tare. All 37 (octal) masks are

263 000 / tested in sequence each time the MAIN proaram

/ initiates a data channel scan.

/ The eight bits of each REBUEST service mask

/ (coded as: MSB=7/6/5/4/3/2/1/0=LSB) requests

/ one ar more of the samplina rates.

/ Bit

/ Bit

/ Bit

/ Bt

/ Bit

/ Bit
/
/

is not used.
is no rate, continue to next redquest.
rate, sample every 20 seconds (adjustable).
rate, every sec for 1/2 hour-odd haurs
rate, 1 min for first 10 min of hour
rater 1 sec for first 10 min of hour
Bit rate, each minute continuously
Bit rate, each second continuously

/ Channel use updated as of March, 1981

Last update., October, 1980

Channel O, bits 3 and 1 rates.

AEG, Trailer-side unit

Ceilometer an discrete byvtes

Tens diait = 100s of meters

Unit digit = 10s of meters

Channel 1, bits 3 and 1 rates.

Laser Scintillometer

Channel 2, bits 3 and 1 rates.

N/U

Channel! 3, bit 5 rate.

AEG, 2 meter height

Channel 4, bits 3 and ! rates.

Eltra: horizontal eath

Eltro calibration periods siven bv:
Discrete hiah digit = Slant-path Eltro
Discrete low disit = Horizontal Eltro
Channel S, bits 3 and ! rates.

Night Path Function Meter, Filter
Channel 6, bits 3 and ! rates.

Night Path Function Meter, Photoric

Q=W e UM

3 30t 012

3 302 012

3 303 040

3 304 012

3 305 012

3 306 012

NN N TN N N NN N O N Y Y N SN Y Y Y Y Y NS N S N N Y OSSO NN

3 307 012 Channel 7, bits 3 and 1 rates.
Night Path Function Meter, Ranae
3 310 100 Channel 10, bit 6 (continue scanning array)
N/U
3 3t 040 Channel 11, bit 5 rate.
AEG, 8 meter heisht
3 312 040 Channel 12, bit S rate.
AEG, 16 meter heisht
3 313 040 Channel 13: bit S rate.
AEG, 48 meter height, analoa
3 314 012 Channel 14, bits 3 and 1 ratses,

8- 21
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/ C02 Laser, PAR output
3 315 012 / Channel 15, bits 3 and 1 rates.
/ €02 Laser: Pouer Meter output
3 316 012 / Channel 16, bits 3 and 1 rates.
/ €02 Laser: Ansle outpPut
/ The two discrete disits represent the
/ 10’'s and 1‘s counts of the Disital
/ Rain Gause.
3 317 012 / Channel 17, bits 3 and ! rates.
/ C02 Laser, Gain outeut
/ Low order discrete digait represents
/ 100’s count of the Disital Rain Gause.
3 320 012 / Channel 20, bits 3 and 1 rates.
/ Turbulence on SOOM Barnes
3 321 012 / Channel 21, bits 3 and 1 rates.
/ Barnes SO0M Transmissometer
3 322 012 / Channel 22, bits 3 and ! rates.
/ Barnes 1500M Transmissometer
3 323 012 / Channel 23, bits 3 and 1 rates.
/ Analoa Rain Gauge
3 324 012 / Channel 24, bits 3 and 1 rates.
/ Luxmeter, Horizontal Channel
3 325 040 / Channel 25, bit 5 rate,
/ AEG, 80 meter heisht
3 326 012 / Channel 26, bits 3 and 1 rates.
/ Eltro, slant pPath
3 327 100 / Channel 27:. bit 6 (continue scannins array)
/ N/U
3 330 012 / Channe! 30, bits 3 and | rates.
/ A/D Converter Reference Channel
3 331 029 {/ Channel 31, bit 4 rate.
/ Scannina Nerhelometer. Anale
3 332 020 / Channel 32, bit 4 rate.
/ Scannina Nerhelometer, Scale Shift
3 333 020 / Channel 33, bit 4 rate,
/ Scannina Neprhelometer, Photo Diode
3 334 020 / Channel 34, bit 4 rate.
/ Scannina Nerhelameter, Monitor
3 338 100 / Channel 35, bit 6 (continue scannina array)
/ N/U
3 336 012 / Channel 36: bits 3 and 1 rates.
/ Eppley, Direct Channel
3 337 012 / Channel 37, bits 3 and | rates.
/ Laser Scintillometer, DC Monitor
/ The Sun Sensor is recorded on the hiah-
/ order discrete channel disit,
2 340 000 / Trap value:. siganals software end-of-array
3 341 000 [ —mmm——————— end of REQUEST array----=-e-ee-
3 342 000
3 343 000
3 344 000
3 345 000
3 34¢ 000
3 347 000
3 350 000
3 3si 000
3 3%2 000 / Next follows the array SHIFT used by the
3 353 000 / routine SHIFT to position and format the
3 354 009 / the B8-bryte contents intg the bhrte 360.
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3 355 000

3 356 000

3 357 000

3 380 XXX / Formatted bvte left here for eprint or write

3 361 XXX / Byte 0

3 382 XXX / Brte |

3 3683 XXX / Brte 2

3 364 XXX / Byte 3

3 385 XXX / Byte 4

3 366 XXX / Byte S

3 387 000 /] =m—mm—————— end of SHIFT array----=—cem—c~ee--

3 370 XXX / Upper bhvte of BLKSZ counter for BLKSZ routine
3 XXX / Lower byte of BLKSZ counter for BLKSZ routine
3 372 XXX / Uprer byte of number of blocks written counter
3 373 XXX / Lower byte of number of blocks written counter
3 374 000

3 375 000

3 376 000 / Character pointer resister

3 377 000 / TYMSYN counter

Subroutine DIGMUX.

Descrirtion. Loads the SHIFT array with the data word br packina
and formating the analoa channel address, discrete
bits, and the A/D converter outrut in the locations
03-361 throush 03-366.

Entry point: 04-000

CPU Resisters used: A,B.D,H,L

Reserved locations used. SHIFT array from 03-360 to 03-366

Input/Quteput ports used: INP+4, RECORDER/A-D Status

INP+10, INPUT DIGITAL MULTIPLEXER
OUT+30, DIGMUX ADDRESS Latch Register

Subroutines called. LOADER
Alternate entry Points. None

4 0 056 DIGMUX,.LHI 003 / Set memory brte pointer
003 / to rase 3, byte 222.

4 2 105 BUSY , INP+4 / Input A/D status bhit.

4 3 044 NDI 040 / Mask with 00100000
040 / to test STATUS.

4 S 150 JTZ 004 002 / Jume to BUSY if A/D
002 / in conversion Process.
004

4 10 086 LLI 222 / Point to the REBUEST
222 / array pointer location.

4 12 307 LAM / Get REQUEST value.

4 13 044 NDI 177 / Mask with 01111111 to
177 / aet HOUSE arrav address

4 18 310 LBA / Save HOUSE pointer in B

4 16 066 LLI 362 / Set bvte pointer to ist
362 / byte in SHIFY arrav,

4 20 0786 LMI 015 / Load with start of data
018 / word character. =

4 22 060 INL / Increment byte rointer,

4 23 006 LAI 000 / Set digital MUX address
000 / to analoa channel bvte.

4 25 131 ouUT+30 / Outeut to DIGITAL MUX.

4 28 111 INP+10 / Input DIGITAL MUX brte.
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4 27 370 LMA / Store in SHIFT brte.

4 30 060 INL / Point to next bvte.

4 31 301 LAB / Get HOUSE array value,

4 32 316 LBL / Temr save L in B.

4 33 360 LLA / Load sub-MUX address.

4 34 307 LAM / Sets up for discretes.

4 35 064 ORI 002 / Sets bit 1 in digital
002 / reaister for discretes.

4 37 131 ouT+30 / Qutput to DIGITAL MUX.

4 40 111 INP+10 / InpPut discretes bhrte.

4 41 361 LLse / Get saved bvte pointer.

4 42 370 LMA / Load discretes to SHIFT

4 43 016 i8I 003 / Set counter faor 2 A/D
003 / bvtes.

4 45 080 DAT. INL / Increment byte pPointer.

4 48 301 LAB / Get saved pointer.

4 47 131 pguT+30 / OQutput to DIGITAL MUX

4 50 111 INP+10 / Input next SHIFT bvte.

4 51 376 LMA / Store byte in SHIFT.

4 52 010 INB / Increment counter,

4 53 301 LAB / Get counter value.

4 5S4 N74 CPI 005 / Compare with S, )
005

4 S8 it JFZ 004 045 / Jump to DAT if less
045 / than S,
004

4 61 106 CAL 007 000 / Call LOADER routine.
000 / (loads circular buffer
007 / with last 256 bytes)

4 64 007 RET / end of DIGMUX routine.

4 €S 000 HLT

Subroutine TWTFMT,

Deccrirtion. Formats and writes the time word stored in SHIFT
array to the maspetic tare in HEX codina.

Entrv point, 04-100

Fnd of routine: 04-1{33

CP) Registers used. A,8,C,H,L

Recerved lacations uced: SHIFT array from 03-360 to 03-366

Input/flutput Ports used. None

Subroutines called: LDLINK, SHIFT, MRCDR

Alternate entry moints] TWT at 04-107

4 100 1086 TWTFMT,CAL 007 0S0
0S50
007

4 103 056 LHI 003
003

/ Call LDLINK routine.
/ (links to PACKER and
/ LOADER routines)
/ Set memory bryte rPointer
/ to pase 3.
4 108 026 LCl o010 / Set # of time word bvtes
010 / to fix # calls to SHIFT,
4 107 018 THT,.LBI 006 / Set # of bitc shifted on
006 / each call to SHIFT.
4 111 106 CAL 002 260 / Call SHIFT routine.
2692 / (positions 6-bit value
002 / in SHIFT array bvte 0)
4 114 0686 LLI 360 / Point to byte 360,
3690 / on page 3.
4 116 307 LAM / Get bvte to be written.

. . . .
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4 117 106 CAL 002 200 / Call MRCDR routine.
200 / (urites B-bit value from
002 / SHIFT arrav to mas taee)
4 122 021 DCL / Decrement # hvtes ctr.
4 123 110 JFZ 004 107 / Jump THWT until al! ¢
107 / bvtes are written.
004
4 126 066 LLY 221 / Reset TIME TAG ON/OFF
221 / flas to OFF.
4 130 076 LMI 000 / Do it,
000
4 132 007 RET / end of TWTFMT routine.
4 133 000 HLT

Subroutine DWTFMT.

Descrirtion, Formats and writes data word stored in SHIFT arravy
to maanetic tare in HEX codins.

Entry point: 04-140

End of routine: 04-1B62

CPU Reaisters used. B,C,H

Reserved locations used: SHIFT array laecations 03-3680 to 03-366

Input/0uteut Ports used. None

Subroutines called: SHIFT, TWT (in THTFMT at 04-107)

Alternate entry Points. DWT at 04-144

4 141 056 DWTFMT,.LHI 003 / Set memory byte pointer
003 / to pase 3.

4 142 026 LCI 002 _ / Setv # of uses of SHIFT
002 / routine for data word.

4 144 0186 DWT.LBI 006 / Set # of bits shifted on
006 / each use of SHIFT,

4 146 106 CAL 002 260 / Call SHIFT routine.
280
002

4 1351 021 pCC / Decrement # use counter.

4 152 110 JFZ 004 144 / Jume to DMWT until bytes
144 / ¢ and 1 in SHIFT arravy
004 / have been skipred.

4 1S5S 026 LCI 006 / Set # of SHIFT array
006 / bytes to be written.

4 157 104 JMP 004 107 / Jume ta TWTFMT rouytine.
107 / (reuses ccdina to write
004 / data uword to tare)

4 162 000 / end of DWTFMT routine.

4 163 200 HLT

Subroutine CLEAR.
Descrimtion. Initializes all pointers, counters, and reserved
brtes. Sets all output latch reaisters ta zero.

Entry point: 04-200

End of routine: 04-307

CPU Reajsters used: A,E H,L

Reserved locations used. All

Input/Outeut ports used:. OUT+20. OUTPUT to TTY Latch Register
QuUT+22, COMMAND Latch Resister
QUT+24. DATA COUTPUT Latch Reaister
OUT+26. ANALOG ADDRESS tLatch Reaister
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SuUT+30,
QuT+32,
QUT+34,

ouT+36,

Subroutines callied: None
Alternate entrv points: None

4

4

£

E_I -

200

202

204

r~
b4
[=2]

3 )

[P
[aF B e

237

a3

247

745

0SB
004
066
210
nag
368
008
200

X

[y

307
004
002
370
040
110
2086
nn4g
076
121
0S8
003
]3]
377
n78
000
0686
222
076
277
151
221
076
077
066
370
076
210
066
371
078
375
056
002
066
200
076
0S8
NSG6
003
06E
372
0786

CLEAR,LHI 004
LI 210
LEI 366

Lac.LAI 000
ouT+22
LAM
ADI 002
LMA
INE -
JFZ 004
LMI 12§
LHI 003
LLY 377
LMI 000
LLr 222
LMI 277
LLT  22%
LMI 077
LLr 370
LMmr 0to
LLr 371
LMI 378
LHI 002
LLT 200
LMI 056
LHI 003
ter 372
LMT Q00
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DIGITAL ADDRESS lLatch Resgister
488 CONTROL BUSS Latch Resister
EXPERIMENT COMMAND Latch Resister

488 DATA BUSS Latch Resister

Set memory byte Polinter
to page 4, brte 210 to
allow contents to be
chansed by the Prosram.
Set counter, E, for
count uUP sequence.
Quteput QOQ00000 to all
outpPut recisters.

CLEAR outPut resiaster.
Gat output pPort address.
Add 2 to address the
outPut POTL.

Store new output address
Increment counter, E.
Jume to LOC until count
reaches zero.

Restare arieinal code
value to brte 210,

Set memorvy brte pointer
ta page 3, brte 377.
Set TYMSYC counter to
I8r0.

Do it.

Set channel pPointer
value at brte 222

to REQUEST array start
-1 location,

Set TIME TAG flas to
the ON value.

Do it.

Set BLKSZ counter, hish
bvte, to 010,
Do it.

Set 3LKSZ counter, low

brte, to 37E.

De it.

Chanrnge code at rase 2.
brte 200 to 056 and
restaore tape recorder
driver routine to
oreration,

Clear BLKCTR, hiah
brte t0o zero.

Do it.
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000
4 269 080 INL / Increment byie Pornter.
4 266 076 LMI 000 / Clear BLKCTR low
000 / brte to zero.
4 270 056 LHI 006 / Restores call in BLKCTR
006 / te STCK which is chanaged
4 272 )86 LLI 2865 / by calls to ENDE.
285
4 274 076 LMI 070 / Do it.
070
4 276 0680 INL / Increment byte Pointer,
4 277 076 LMI 002 / Complete restoratian
002 / of machine code.
4 301 056 LHI 005 / Restore code in MDUMP
005 / to call for CRLF.
4 303 086 LLI 343 / Set memory byte FPointer
343 / to pase 5, brte 343.
4 305 076 LMD 106 / Restaore CAL(=106) code.
106
4 307 007 RET / end of CLEAR routire.

Proaram VERIFY.

Descrirtion. Starting with the lowest memory byte, the stored
value is compared with the value on the parer tare
which is assumed to be correct. If the two values
aaree. the next bvte is tested against the tare
value. If the values disaaree, the tare value is
loaded into the memory bvte. All "corrections" are
printed out on the TTY to aid in locating epossibie
defective memory brtes.

Entry point. 04-310

End of routine: 04-371

CPU Registers used: A.D,E.H,L

Reserved locations used. None

Input/0QutPut pPoTts used: None

Subroutines called: RDRCNTL, RDROFF, ERRPRNT

Alternate entry points: None

4 310 106 VERIFY,CAL 008 171 / Call RDROFF ragutine.
171 / {(turns parer tare reader
006 / OFF on TTY)
4 313 056 LHI 005 / Set memory brte Pointer
005 / to page 5, brte 343.
4 315 066 LLTI 343 / Defeats call ¢to CRLF in
343 / MDUMP routine to allow
4 317 078 LMI 007 / reuse of coding.
007
4 321 036 LHI 000 / Set memary bvte pointer
000 / to page 0, bvte 000,
4 323 066 LLI 0900 / Starts loadins and
- 000 / camearison at lowest
o 4 325 106 JMP1,CAL 006 161 / Call RDRCNTL routine.
{‘ 161 / (turns TTY earer tare
& 008 / reader ON for one hvte)
o 4 330 074 CPI 000 / ls bvte= 000° If so.
b ano / still on "leader",
4 2332 150 JTZ 004 2325 / Jump to JMPL until first
gﬂ 328 / non-zero brte is read.
»
:! 8- 27
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4 33% ggg JMP4,CPM / Compare memory bvte with

4 336 150 JTZ 004 346 / tare byte. IFf not the
348 / same, rerlace with tare
ona / bvyte value.

4 341 108 CAL 005 0S0 / Call ERRPRNT routine.
Q%0 / (prints memory location,
00s / old value and new value)

4 344 353 LHD / Restore pointer H from D

4 33% 364 LLE / Restore pointer L from E

4 348 Ngo JMPZ2, INL / Increment bhvte Pointer.

4 347 110 JFZ 004 362 / Jump to JMP3 until L=0,
362
004

4 382 oS0 INH / Go to next pasge.

4 2353 305 LAH / If not on last pase of

4 354 n74 CP1 010 / memory continue. If pase
010 / is areater than 7, STOP.

4 356 110 JFZ 004 362 / Juap to JMP3 until eage
362 / has been comrpared.

004

4 361 0Qo HLT / STOP after pase 7.

4 352 108 JMP3,.CAL 0068 16! / Call RDRCNTL routine.
164 / (reads a sinale brte
0086 / from the tare)

4 365 104 JHP 004 335 / Jume to JMP4 to continue
335 / memory bvte vs tare
004 / brte comparisen.

4 379 000 HLT / end of VERIFY routine.

Subroutine BINLD.

Descrietion. Leads binarv tares punched in memory imase format
by the erogsram PDUMP. First non-blank bvte an the
parer tare is loaded to memory pase 00, brvte 000,
and byte loading into hisher memory bvtes continues
until end of tare.

Entry point. 05-000

End of routinel 0S5-035

CPl! Resisters used: A,M, L

Reserved locations used: None

Inepu+/Outrut ports used: INP+0, INPUT from TTY

QUTPUT+22, COMMAND Latch Resister
Suproutines called. RDY
Alternate entry point. None

) 0 056 BINLD,.LKI 000 / Set memory brte pointer
DL / to rase 0, brte 000,
b) 2 066 LLI 000 / Loads lowest memory
000 / byte From Parer tare,
S 4 06 LAl 001 / Turn on raper taee
001 / reader command.
S 6 123 ouT+22 / Outeput to COMMAND res.
) ? 106 BL1,CAL 005 036 / Cal! RDY routine
036 / (tests for TTY status,
005 / returns when READY)
) 12 101 INP+0 / Input TTY B-bit bdyte,
B- 28
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z! 5 13 074 CPI 000 / Test for !st non-zero

000 / brie.

E} 5 15 150 JTZ 005 007 / Jump to BL! if byte 1¢

e 007 / zero. still on pParer

T 00s / tape “leader,

o 5 20 370 BL3,LMA / Store byte in memory,

!l s 21 089 INL / Increment byte pointer.

o s 22 110 JFZ 005 026 / Jump to BLZ if not at

oo 028 / the end of the current

o 008 / pase.

ol S 25 050 INH / Increment Pase rointer.

n S 26 108 BL2.CAL 005 036 / Call RDY routine.

. 036 / (tests status of TTY)

. 005

L 5 A 101 INP+0 / Input TTY brte.

o S 32 104 JMP 005 020 / Jume to BL3 and continue

o 020 /! seauential loadina of

005 / memory from Paper tare.

S 35 000 HLT / end of BINLD routine.

Subroutine RDY

Description. Tests TTY for data available from TTY.
Entry point: 05-038

£nd of routine: 05-047

CPU Reaisters used. A

Reserved locations used: None

Input/Output pPorts used: INP+2, RECORDER/A-D/TTY Statuc
Subroutines called: None

Alternate entry Points; None

S 36 103 RDY ., INP+2 / Input TTY STATUS rea.

s 37 044 NDI 040 / Mask with 00100000 to
040 / test for Data Availahle.

5 41 022 RAL / Rotate left one bhit.

5 42 022 RAL / Rotate left one bit

s 43 022 RAL / Rotate left one bit

S 44 100 JFC 005 036 / Jump to RDY until data
036 / is available, i.e.. bit
00S / in carry is one.

5 47 007 RET / end of RDY rgutine.

Subroutine ERRPRNT
Descrirtion. A routine to format and Pprint pagse, bvte number,

;;’ contents of memory byte in error, and corrected
. contents.

- Entry point: 05-050

E! End of routinel 05-077

- CPU Registers used. A,D,E,H./L
S Reserved locatians used: None
Input/Outeuut Ports used. None

;: Subroutines called: PUSH A, POP A, MDP, PRDY., CRLF, MEMDIG

- Alternate entry points. None

d

f? 5 30 338 ERRPRNT,LDH / Store mage rointer in D.
g 5 51 348 LEL. / Store byte pointer in E.
% 5 52 108 CAL 006 360 / Call PUSH A routine.

- 380 / Temporarv stack to store
) 8- 29
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. 006 / regsister A value.
oo ] 55 106 CAL 005 302 / Call MDP entry 1n MDUMP
.35 302 / routine.
L~ 00S
o 5 &0 106 CAL 006 386 / Call POP A routine to
& 366 / restore resister A,
e 008
e 5 63 353 LHD / Get bad address location
o S b4 364 LLE / saved in reaisters D.E.
o S &S 370 LMA / Replace bad memary bvte,
S 66 106 CAL 005 325 / Call MEMDIG link in
325 / MDUMP routine for srace
3 005 / and print memory bvte,
- 5 71 1086 CAL 006 100 / Call CRLF routine,
. 100 / (sets a carriase return
: 006 / and line feed on TTY)
A ] 74 106 CAL 005 136 / Call PRDY routine,
L 136 / (tests for printer
- 005 / ready status)
. s 77 007 RET / end of ERRPRNT routine.
- Program PDUMP
‘ Description. Punches binary tare in memory imase format startins
T at 00-000 throush 07-377. A blank tare “"leader”
s and “trailer" section is also punched. Tares
nﬁ: runched with this proaram can be reloaded usins the

program BINLD.

o Entry point. 0O5-100

{ End of routine. 05-135

{CPU Registera used: A ,H,L

Reserved locations used: None

Input/0utput pPorts used: OUT+20, QUTPUT to TTY
Subroutines called: PRDY, LDTR

.~ Alternate entry points. None

a0 5 100 056 PDUMP,LHI 000 / Set memory brte pointer
- 000 / to pase 0, bhvte 000.
g S 102 066 LLT 000
- 000

e S 104 108 PD1,CAL 005 136 / Call PRDY routine.

136 / (tests for erinter

. 005 / ready status)
- 5 107 106 CAL 005 147 / Call LDTR routine.
b 147 / (punches 64 bhlanks for
2 008 / parer tare "leader")
P 5 112 106 PD2,CAL 005 136 / Call PRDY routine.

L 136 / (tests for Parer tare
B 005 / punch status)
; 5 115 307 LAM / Load memory brte to A.
. S 118 121 ouT+20 / Outeput to TTY punch.
o 5 117 060 INL / Increment brvte pointer.
- S 120 110 JFZ 005 112 / Jump to PD2 if not at
@ 112 / the end of the current
= 005 / paage.

- 5 123 0S50 INH / Increment pase rointer,
- 5 124 305 LAK / Get pase pointer value.
o § 2 074 CPI o010 / Test For last rage.
o 910

[
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i‘ 5 127 110 JFZ 005 112 / Jume to PD2 until last

9 112 / pase is punched,

>~ 00S |
5 132 106 CAL 005 147 / Call LDTR routine. |

: 147 / (punches B4 bhlanks for

- 0035 / tare "trailer")

]l s 135 000 HLT / end of PDUMP routine.

Subroutine PRDY
Descrirtion. Tests if TTY is ready for erintins and punchina.
Entry point: 05-136

ll End of routine: 05-148
e CPU Reaisters used: A
rﬁA Reserved locations used. None

Input/0utpPut pPorts used. INP+2, RECORDER/A-D/TTY Status
Subroutines called: None
Alternate entry Proints. None

S 136 103 PRDY, INP+2 / Inpuv TTY status.

S 137 044 NDI 002 / Mask with 00000010 to
002 / test far punch busy.

S 141 032 RAR / Rotate right one bit,.

S 142 0n32 RAR / Rotate risht one bit.

5 143 100 JFC 005 1368 / Juwp to PRDY until
136 / earer tare Punch is
005 / idle.

5 146 007 RET / end of PRDY routine.

Subroutine LDTR

Description. Punches 64 blank bvtes on parer tare for use as a
*leader® or a "trailer" section.

Entry paint: 05-147

End of routine: 05-163

CPU Registers used: A,B

Reserved locatians used: Nane

Input/Outrut ports used. OUT+20, OUTPUT to TTY

Subroutines called: PRDY

Alternate entry Points: None

5 147 018 LDTR,LBI 077 / Set # of blanks to
. 077 / be punched.
o 5 151 108 LD1,CAL 005 136 / Call PRDY routine.
8 136 / (tests for parer tare
r 005 / punch ready)
{ 5 154 008 LAI 000 / Loads blank brte value.
2 000
& 5 156 121 aut / Punch it.
.- 5 157 011 pce / Decrement counter,
ﬁ? 5 160 110 JFZ 008 15f / Jump to LDf until all 8
2N 151 / bytes have been Punched,
» 009
™ 5 183 00?7 RET / end of LDTR routine.
t 5 164 000 HLT
"-1
e Subroutine ..o IN
T Descrietion. racks thre> consecutive ASCII digits entered from
L B~ 31
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the Kevboard into three octal disits. The oactal
bvte is left in reaister B on return.
Entrv point.: 05-200
€nd of routine.: 05-251
CPU Reaisters used; A,B.C
Reserved lacations used: None
Ineut/Output ports used: INP+0O, INPUY from TTY
ouUT+20. OQUTPUT to TTY
Subroutines cailed:. RDY
Alternate entry Points. PROCS (at 05-20%)

5 200 104 PROGIN, JMP 005 252 / Jump to ASTK routine.
252 / (character test
00S / routine: P/0 test pProa.)
§ 203 101 INP+O !/ Input bvte from TTY.
S 204 121 guT+20 / Outeut brte to TTY.
S 205 0285 PROCS,LCT 006 / Set shift counter,
006
3 207 002 RC1.RLC / Shift input brte left.
5 210 021 DCC / Decrement shift counter,
5 21t 110 JFZ 005 207 / Jump to RC! until C
207 / left shifts are carried
005 / out.
s 214 N44 NDI 300 / Mask with 11000000 to
300 / set 2 hishest bits.
3 216 310 LBA / Store in resister B,
5 217 106 CAL 005 036 / Call RDY routine.
036 / (tests far TTY status)
. 005
ﬁ, 5 222 101 INP+0 / Tneut TTY byee.
. 5 223 121 QuT+20 / Output TTY bvte (echo!
= S 224 g%g L.LI 003 / Set shift counter.
03
5 2286 002 RC2,RLC / Rotate left one biv.
5 227 021 nece / Decrement shift counter.
S 230 £10 JFZ 005 226 / Jump to RCZ uyntil C
206 / shifts have been carried
005 / out.
5 233 044 NDI 070 / Mask with 00111000 to
070 / middle 3 bits.
5 23% 251 ORB / OR with value in B,
5 236 310 LBA / Store in register B,
e s 237 106 CAL 005 036 / Call RDY routine.
s 036 / (tests for TTY ready)
- 003
. s 242 101 INP+0 / Inmut TTY brte.
- s 243 121 auT+20 / Outeut TTY byte (echo)
] S 244 044 NDI 007 / Mask with 00000111 to
2 007 / aet lowest 3 bits.
o5 s 248 261 ORrR8 / OR with value in B.
{21 s 247 007 RET / end of PROGIN rcutine.
a 5 250 009 HLT
i 5 231 000 HLT
- @
&
.o Sabroutine ASTK,
:i‘ Deceriprion, Tests for ineut character * (={07)
. Entrv point: 05-252
- End of routine! 0%-270
{
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€PU Registers used: A

Recerved locations used:. None

Input/Outrut pPorts used: INP+0. INPUT from TTY
guT+20, QUTPUT to TTY

Subroutine called: RDY ouUT+20, OUTPUT to TTY

Alternate entry points: None 20, QUTPUT to TTY

5 252 1086 ASTK,CAL 005 036 / Call RDY routine.
036 / {tests for TTY status)
005

S 255 10§ INP+Q / Input TTY brte.

3 256 121 QuT+20 / Output TTY bvrte,

S 257 074 CPI 107 / Is byte value =107(()7
107

5 281 150 JTZ 005 267 / Jump to LDAM if bryve =G.
267
005

5 264 104 JMP 005 205 / Jump to PROCS link 1in
205 / PROGIN routine.
00S

S 287 307 LDAM, LAM / Load memory value to A.

5 270 007 RET / and of ASTK routine.

3 271 000 HLT

Proaram MDUMP.

Description. Formats and prints the contents of the currently
addressed memory pase starting at the current ualue
of the memorv bvte pointer and continues to byte 377.
Each octal bvte is converted to three ASCII diaits
for erinting throush calls to PNTBIN.

Entry pointl 05-300

End of routine: 05-3585

CPU Reagisters used: A/D,E,H L

Reserved locations used. None

Input/QutrPut ports used. None

Subroutines called. PNTBIN, SPACE., CRLF

Alternate entry points: MOP (at 05-302)

MEMDIG (at 05-325)

S 300 335 MDUMP,LDH / Save rea H in resa D.

S 301 348 LEL / Save res L in res E.

S 302 056 MDP.LHI 003 / Set memory bvte painter
003 / ta eagse 3. bvte 361.

5 304 066 LLI 381
61

5 306 373 LMD / Store D in Memorvy.

s 307 106 CAL 006 000 / Call PNTBIN routine.
000 / (prints octal eauivalent
006 / of SHIFT array bvte 360)

g 312 108 CAL 005 336 / Call SPACE routine,
356 / (outputs 2 spaces on
005 / TTY line)

S 315 056 LHI 003 / Set memorvy bvte paointer
003 / to page 3, bvte 361.

5 317 066 LLI 361
361

S 321 374 LME / Store rea £ at res M.

$ 322 106 CAL 006 000 / Call PNTBIN routine.

B- 33
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€
. 000 / {prints cantents of page
: 006 / 3, byte 360 in octal)
L 5 32< 106 MEMDIG.CAL 00S 356 / Call SPACE routine,
. 356 / (prints 2 spaces on the
005 / current line)
tu S 330 353 LHD / Set memory bvte pPointer
& § 331 364 LLE / to pagse D. brte E.
b s 332 307 LAM / Store bryte value 1n A.
L S 333 056 LHI 003 / Set memory byte pointer
[ 0073 / to page 3, byte 361,
- 5 335 066 LLT 361
ill 361
§ s 3317 370 LMA / Store rea A at rea M,
[ S 340 106 CAL 006 000 / Call PNTBIN routine.
3 009 / (prints memory brte
" 008 / value in actal)
y s 347 106 CAL. 006 100 / Cal! CRLF routine..
I' 100 / (generates a carriase
5 D1 / return and 3 line feed)
‘ S 346 040 INE / Increment resa E,.
) S 347 304 LAE / Transfer £ to A.
. 5 3% 074 CPI 000 / 1s value=07
N 000
] s 1357 110 JFZ 005 302 / Jump to MDP until end
anz / of current pasge.
0ons
§ 13s€ Q0 HLT / end of MDUMP rout:ine.

Subrautine SPACE.

Deccrirtion. Outruts two srace commands to to TTY.
Zntrv eoint: I5-356

End of routine:. N5-372

CPU Resisters used! A

Reserved locaticns used: None

Input/0uteut Ports used. OUT+20, QUTPUT to TTY
Subroutines called! PRDY

Alternate entry eoints. None

5 1356 108 SPACE,CAL. 005 136 / Call PRDY routine.
136 / (tests TTY svatus)
005
T 36! 006 LAT 040 / Load ASCIT value for
D40 / space one character.
€ 383 1214 oUT+20 / Do it.
< 364 10R CAlL. 005 136 / Call PRDY routine.
136
00s
- S 387 006 tAl 040 / Laad ASCI! value for
n4n / space one character.,
s 37 121 auT+20 / Print jt.
. 5 372 Q07 RET / end of SPACE routine.
I s 373 G0N0 HLT
¢
A Subreutine PNTEIN,
‘ Descristian, Prints the ASCIT eaurvalent of the actal cantents
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of SHIFY array location 03-360,.
Entry point. 06-000
End of routine: 06-037
CPU Reaisters used: A,8.C,0R.H,L
Reserved locations used: SHIFT array brte at 03-360
InPut/Outerut ports used. None
Subroutines called. FORMAT
Alternate entry Ppoints. None

€ 0 016 PNTBIN.LBI 002 / Set # of bits shifted
002 / by SHIFT routine.

8 2 056 LHI 003 / Set memory brte Pointer
003 / to pase 3. byvte 367.

B 4 066 LLI 367 / Temporary storagse bvte.
387

6 6 373 LMD / Save register D value.

B 7 026 LCI 003 / Mask (=0000011) fer high
003 / tuwo bits of byte 369.

6 11 108 CAL 008 040 / Call FORMAT routine.
040 / (converts octal bvte
006 / to ASCII and erints it)

8 14 0i6 LBI 003 / Set # of bits shifted.
003

8 16 0268 LCI 007 / Mask (=00000111} for 3
007 / middle bits of brte 360.

8 20 108 CAL 006 040 / Call FORMAT routine.
040
208

6 23 016 LI 003 / Sets # of bhits shifted.
003

8 25 026 LCI 007 / Mask (=00000111) for 3
607 / low bits of hyte 360.

6 27 106 CAL 006 040 / Call FORMAT routine.
040
008

8 32 036 LHI Q03 / Set memory hvte Paointer
003 / to rase 3, brte 367.

g 34 066 LLI 367 / Temeorary storase brte.
387

6 36 337 LDM / Restore value to rea D.

6 37 007 RET / end of PNTBIN routine.

Subroutine FORMAT,

Description. Converts low-order three bits at 03-360 in SKIFT
array to ASCI! and erints tne octal value.

Entry point. 06-040

End of rcutine: 06-081

CPU Reaisters used. A,B/H,L

Reserved locations used: SHIFT array brte at 03-360

Input/0utput ports used: DUT+20, QUTPUT to TTY

Subroutines called! PRDY. SHIFT

Alternate entry Points! None

8 40 106 FORMAT.CAL 002 280 /7 Call SHIFY routine,
2680 / (shifts array SHIFT B
002 / bits)
6 43 066 LLI 360 !/ Set bvte pointer.
360
B~ 35
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5’?‘ ) 45 056 LHI 003 / Pase 3., brte 360 1s 1lst

003 / brte of arrav SRIFT.

B 47 307 LAM / Get brte 360,

8 S0 242 NDC / Mask for bits = C mash.

8 51 064 ORI 260 / Convert to ASCII! value.
260

6 53 310 LBA / Temporary save A in B,

8 54 108 CAL 005 {36 / Call PRDY routine.
136 / (tests for TTY printer
005 / ready)

6 s7 301 LAR / Get saved A value in B.

-] &80 121 DuT+20 / Print it.

6 61 007 RET / end of FORMAT routine.

8 B2 000 RHLT

Subroutine CRLF.

Deccription., {uteuts the carriase return command (D15;, delavs
three MOP eeriods ( 60 wmicraoseconds), outputs the
line feed command (012), and delavs tuo NOP
periods ( 40 microseconds).

Entry point! 085-100

End of routine. 06-122

CPll Resisters used. A

Reserved locations used. None

Input/0utrPut pPorts used: OUT+20, OUTPUT to TTY

Subroutines called: PRDY

Alternate entry points. None

& 100 300 CRLF.LAA / Nop (time delay)
6 101 106 CAL 005 138 / Call PRDY routine.
136 / (tects far TTY print
005 / ready)
g 104 a06 LAl 019 / Load ASCII value for
01s / carriase return.
6 108 121 ouT+20 / Print it.
- & 107 300 LAA / Noe (time delav)
- £ 10 300 LAA / Nop (time delav)
- 6 111 300 LAA / Nop (time delav)
{b 6 112 106 CAL 005 136 / Call PRDY routine.
N 136 / (tests For printer
t‘: 005 / ready)
P g8 1is 906 LAI 012 / Load ASCII value far
L 012 / line feed.
o 5 117 121 QuT+20 / Print it.
= £ 120 300 LAA / Noe (time delay)
RN 8 12 300 LAA / Nop (time delavy)
T3 € 122 007 RET / end of CRLF routine.
o 8 123 000 HLT
28 Subroutine TYMTAG.
L Descristion, Called by GLOCK to chanse paae pointer to 076,
Y and find the first ° character to svnchronize
F?T printaut of last 256 bvtes recorded on masnetic
- tare.
:Q; gEntry point: NE-140
= End of rantinel 06-160
- CoU Resisters used: A.B.H,L
t‘ .
g! 8- 386
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Reserved locations used:. None
Inpyt/0utrPut ports used. None
Subroutines called: None
Alternate entry points. None

6 140 258 TYMTAG.LHI 003 / Set memorv bvte Pointer
003 / to rage 3, brte 227.

6 142 0866 LLT 227 / The QLOOK buffer pointer
227 / for pase 076 puffer.

6 144 317 LBM / Get epolinter value in B,

& 145 010 INB / Increment pointer,

§ 146 371 LMB / Restoare buffer pointer.

6 147 361 LLp / Set memory bhyte pointer.

6 150 056 LHI 076 / Sat memory eaze to 076,
078

8 152 307 LAM / Get buffer pcinter walue

€ 133 074 CPI 377 / 1s value = ? character ?
377

8 15% 110 JFZ 006 140 / Jump to TYMTAG until
140 / fFirst ? found in buffer,
006

6 160 007 RET / end of TYMTAD routine,

Subroutine RDRCNTL.

Description. Turns parer tare reader ON. reads one bvte, and
then turns parer tare reader OFF with each call.

Entry point: 06-161

End of routine: 06-175

CPl Resisters used. A,B

Reserved locations used! None

Input/Output parts used. QUT+22, COMMAND Latch Reasister

INP+0, INPUT from TTY
Subroutines called! RDY
Alternate entry pPoints. None

& 161 006 RDRCNTL,LAI 001 / Load turn paper tare
001 / reader ON command.
6 163 123 ouT+22 / Quteut to COMMAND res.
& 164 106 CAL 005 036 / Call RDY routine.
036 / (tests for reader ready
005 / status)
& 187 101 INP+O / Ineput TTY tarpe BYTE.
- 6§ 170 310 LBA / Store res A in res B.
2 5 171 008 RDROFF LAYl 000 / Load turn Parer taee
- 000 / reader OFF command.
P § 173 123 QuT+22 / Send command.
*‘ 6 174 301 LAB / Restore A value from B,
b § 175 007 RET / end of RDRONTL routine.
- & 176 000 HLT
- 6 177 000 HLT
4 Subroutine MIN.
f* Description. Outputs eight programmable one-bit commands to
- the experiments. Currently programmed for one
¥ minute commands to the Laser, Uislab, Eppley, and
3 Barnes. Call to DWTFMT is to allaow a delay for
o Erpley Filter stee pulse. Commands are siven at
#. B~ 37
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oA the end af the one minute samplins scan of all
RN channels.

N Eatry point. 08-200

i End of routine: 06-243

CPU Registers used! A'E

Reserved locations used: None

InPput/QutpPut Ports used: OUT+34, EXPERIMENT Latch Reaister
Subroutines called: DWTFMT

Alternate entry points. None

8 200 304 MIN.LAE !/ Get sample time mask., E.
B 201 044 NDI 010 / Mask with 00001000 to
010 / test hit 3 rate (1°/10)
8 203 110 . JFZ 0068 211 / Jume to MIN2 if bits
211 / match, otheruwise
008 / continue.
8 206 104 JMP 008 217 / Jump to MIN! link.
217 '
006
& 2:1 006 MIN2.LAI 017 / Load experiment command
017 / reaister with 000011141,
5 2i3 13% ouT+34 / OQuteut to EXP. COMND.
8 214 104 JMP 006 233 / Juwr to GO.
233
006
6 217 304 MIN1.LAE / Get sample time mask. E.
8 220 044 NDI 002 / Mask with 00000010 ta
o2 / test for 1! min, cont.
§ 222 110 JFZ 008 230 / Jume to MIN3 if on bit
230 / 1 sample rate.
068
8 225 104 JMP 008 233 / Jume to GO
233
006
5 230 0086 MIN3,LAIl 013 / Load experiment reaister
0i3 / with 00001011,
5 232 13§ QUT+34 / Outpur to EXP. COMND.
8§ 233 340 GO,LEA / Save rea A in rea E.
6 234 106 CAL 004 140 / Call DWTFMT routine.
140 / (urites data word to
004 / tare) (40 micrasec delay)
237 304 LAE / Restore value to A.
240 044 NDY 004 / Mask with 00000100 to
004 / reset all but hit 2.
5 242 13§ QuUT+34 / Outeut to EXP. COMND.
8 243 097 RET / end of MIN routine.
6 244 000 HLT

Subroveine BLKCTR.
Description, Accumulates the total number of blaocks written teo
the masnetic tare with the low bryte stored in

03-372 and the hiah brte stored in 03-373.
Entry point! 08-250
fad of routine! O8-267
CPU Reaicters used: A.,8,L
Reserved locations used: BLKCTR high brte at 03-373

BLKCTR low brte at 03-372
Input/Qutrut Ports used: None

8- 138
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Subroutines called: STCK
Alternate entry pPoints. None

g 250 066 BLKCTR,LLT 373 / Set bvte pointer to low
373 / BLK CTR address.

6 252 317 LBM / Get stored valuse,

6 253 010 INB / Increment it.

6 254 37t LMB / Restore it in memory.

B 25% 110 JFZ 008 264 / Jump ta CONT if lau
264 / 8LK CTR brte not zero.
00€

68 260 061 DCL / Paint to hish BLK CTR.

6 281 317 LBM / Get stared value.

6 262 010 INB / Increment it.

§ 283 37 LMB / Restore it in memorv.

E 264 106 CAL 002 070 / Call STCK routine.
070 / (tests for tace reccrder
002 / status!}

8 267 007 RET / end of BLKCTR routine.

8 279 000 HLT

Prosram INSTIN.

Descrirption. Allows entry of machine coded instructions From the
TTY Kevboard. Displays current contents on DATA
fatch Reaister LED readout, if selected.

Program asks for pase as H= » and Far on Page brte
address as L= . Accerts three octal disits from
the kevboard and packs them into the current brte
pointer location., Addresses are automatically
incremented to the end of the current ease. P/D
utility proaram packase to allow on-site prosram
urdates and chanses.

Entry point. 06-300

End of routine: 06-355

CPU Resisters used. A,H,L

Reserved locations used: None

Input/Output Ports used. OUT+20, QUTPUT to TTY

0uUT+24,. QUTPUT to DATA Latch Register
Subroutines called: CRLF, PRDY, SPACE. PROGIN
Aiternate entry point. None

6 300 106 INSTIN,CAL 006 100 / Call CRLF routine.
100
006

g 303 106 CAL 005 136 / Call PRDY routine.
136
005

& 306 008 LAI 110 / Load ASCII character ¥,
119

§ 210 121 OuT+20 / Dutent it to TTY.

§ 311 106 CAL 005 356 / Call SPACE routine.
356 / (types two spaces on
005 / current line}

6 314 106 CAL 005 200 / Call PROGIN routine.
200 / (packs 3 input digite
005 / into one octal bvte!

6§ 317 350 LHA / Load epaae value,

8 320 106 CAL 006 100 / Call CRLF routine.

8- 39




T ————

1
b
w s

- |

[
»
.
P"
L.
5
I

PR ..

! "-Y x 0."'.':‘." Ve

CaN) s ol art ek
. .

.

. St

-

A

o s SN e oam e o

100
006
& 323 1086 CAL 00S 1368 / Call PRDY routine.
1386
00s
6 326 006 LAT 114 / .oad ASCII character L.
114
6 330 121 ouT+20 / Quteut it to TTY.
6 33t 106 CAL 00S 356 / Call SPACE routine.
356
205
6 334 108 CAL 005 200 / Call PROGIN routine,
200
Q0%
6 337 360 LLA / Set bvte epointer,
g 340 106 TIE.CALL. 0068 100 / Call CRLF routine.
100 / (gsets a carriage return
00§ / and a line feed an TTY)
£ 343 307 LAM / Get current value stored
5 344 125 QuUT+24 / Quteut to DATA Latch.
6 7345 106 CAL 005 200 / Call PROGIN routine.
200
00S
6 350 a7o LMA / Stare ineut value.
6 35! N80 INL / Increment brte pointer.
§ 352 104 JMP Q068 340 / Jume to TIE and get next
340 / octal input value.
006
£ 355 000 HLT / end of INSTIN routine.
6 358 000 HLT
6 357 noo HLT

Suhroutine PUSH A,

Description: Stores current value of register A on page 06, brte

Entry paintt
End of vroutine.

357 for later retvival.
06-360
06-365

CPU Regrcters used. ArH,L

Reserved locations uced:
Input/DutPut Ports
Subroutines called,

None

Alternate entry point: None

6 1380 056 PUSHA,LHI 008
206

6 3e2 066 LLY 357
337

§ 364 370 LMA

& 363 w7 RET

STORE A at 06-357
used: None

/ Set memory hyte pointer
/ vto page 6, bHyte 357,

/ Store register A value.
/ end of PUSH A routine.

Subroutine POP A,

Descrirtion. Restores u3lue stored on pagse 06, bvte 357 to

reaister A. Althouah the stack

is only one

level deep, it can he expanded to any depth
by reascsianing the stack array location.

Entry pPoint: OB-366
End nf routine! 06-374
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CPU Reaisters used: A.H.L
Reserved locations used. Stack brte 08-357

Input /QutrPut ports used. None

Subroutines called. None

Alternate entry Point: None

6 366 056 POPA,LHI
006

8 370 068 LLI
357

6 372 307 LAM

6 373 007 RET

§ 374 000 HLT

6 375 000 HLT

6§ 376 000 HLT

5 377 000 HLT

Subroutine LOADER.

Descrirtion: Loads the buffer area. rase 76, bHrtes 000 to 377
in a circular fashion with TIME and DATA words as
they are recorded on maanetic tare. A dump of this
buffer by the proaram GLOOK sives a dvnamic picture
of the data loaser scanning and recording sesuence.

Entry paint. 07-000
End of routine: 07-031%

CPU Resisters used. A,B,H,L

Reserved locations used: GLOOK

TnPut/Outeut pPorts used: None

Subroutines called:. None

Alternate entry points: None
7 0 016 iLDADER,LB!
360
7 2 056 LOOP,LHI
003
7 4 010 INB
7 5 301 LAB
7 G 074 cr!
367
7 10 150 JTZ
031
007
7 13 361 LLe
7 14 307 LANM
7 15 066 LL!
227
7 17 327 LCM
7 20 020 INC
7 21 372 LMC
7 22 362 LLC
7 23 056 LHI
076
7 23 370 LMA
7 26 104 JMP
002
007

2",

e

S e

IR I R TR T Tt S T <. L
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006 / Set memory byte pointar
/ to pase B: bvte 357.
357

/ Load resister A from M.
/ end of POP A routine.

buffer array, pagse 76, bvtes 000-37

360 Set byte pointer to 369.
{1st bvte af SHIFT)

Set memory Paae pointer
to ease 3.

Increment brte pointer.
{.oad epointer to A.

Test for brte 3677

(at end of SHIFT arravy?)
Jump to QUT if at bvte

367.

003

3687

007 03:

NN N NN S NN N N

Load B value to L.

Load Memory to A.

Get BUFFER array bvte
Fointer.

Load to reaister C.
Increment C.

Store BUFFER pointer.
Set memory Hvte to C.
Set memory rage to 076.

NN N N N NN NN N

076

~

Store A value in Memorvy.
007 002 / Jump to LOOP.
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/ end of LOADER routine.

703 007 OUT.,RET
7 32 000 HLT

Sudbroutine LDLINK.

Dascription: Short "patch” routine used by the subroutine TWTFMT
to load current TIME word into the GLOCK buffer.

Eatry point. 07-050

End of routine: 07-56

CPU Resisters used: None

Reserved locatians used. None

Input/Qutrut ports used: None

Subroutines called: PACKER. LOADER

Alternate entry pPoint: None

7 S0 108 UDLINK,CAL 002 320 / Call PACKER routine.
320 / (packs ASCII! time word
002 / into hex bytes in SHIFT)
7 53 106 CAL 007 000 7/ Call LOADER routine.
000 / (loads QLOOK buffer with
007 / time/data words )
7 56 007 RET ! end of LDLINK routine.

7 57 000 HLY

Subroutine AEGSEC. (formerly LUXSEC)

Descrirtion. Controls the settins and resettina of the n-second
samprling bit (#5) in the TIME mask in register E to
control the AEG sameling rate accordins to the table.

foc 07-111 Lac 07-173 Sawple Interval
004 003 5 sec
011 010 10 sec
016 015 15 sec
023 022 20 sec
030 027 25 sec
034 035 30 sec

Entry pPaint: Q7-100

End of routine: 07-124

CPU Resisters used. A,B,E,L

Reserved locations used: TYMSYNC counter at 03-377
Input/Outeut ports used. None

Subrautines called. None

Alternate entrvy points. None

Mote. Set LOC 100 as: 007 = AEGSEC OFF
N86 = AEGSEC ON
7 190 0686 AEGSEC,.LLY 377 / Set memory bvte epointer
37 / to 377, TYMSYN counter.
7 102 307 LAM / Get TYMSYN counter in A.
7 103 074 CPI 000 / Is value stored O 7
N00
7108 110 JFZ 007 121 / Jump to CTR if counter
121 / is NOT zero.
07
7 110 076 (M1 023 / Set TYMSYN = 023.
023 / Set 20 second interval
112 304 LAE / Get samprle time mask in E.
113 084 GRI 040 / Mask with 00100000 to saec n-
040 / second samele rate.
8- 42
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7 115 340 LEA / Store sample time masy in E.
7 116 104 JMP 007 124 / Jume to EXIT,
124
007
7 121 317 CTR,LEM / Mave TYMSYN byrte to B.
7 22 01t pce / Decrement B.
7 123 371 LMB / Stare TYMSYN hvte.
7 124 007 EXIT/RET / end of AEGSEC rontine.
7 125 000 HLT
7 126 000 HLT
7 127 000 HLT
7 130 000 HLT
: 7 13t 000 HLT
e 7 132 000 HLT
-jj 7 133 000 HLT
. 7 134 000 HLT
- 7 135 000 HLT
P‘ 7 138 000 HLT
3 7 137 Qa0 HLT
- 7 140 076 LMI 080 / Not used.
" 080 /
- 7 142 104 JMP 007 147 / Not used.
L - 147
007
7 145 076 LMI 0862 / Not used.
082
7 147 007 RET / Not used.

Subroutine AEGLOC. (Formerly LUXLOC)
Description: Tests 10‘s of seconds and unit seconds for the value

0 (decimal). The test is on the TIME arrar locations
03-211 and 03-212 which csntain ASCII disits. If

bath 10‘s and unit seconds are zero, resets TYMSYNC
counter at 03-377 to zero. Svynchronizes on minute
time chanses.

Entry point: 07-150

End of routine: 07-177

CPU Reaisters used. AL

Reserved locations used. TIME arravy locations 03-211 and 03-212

TYMSYNC counter at 03-377

Infput/CQuteut Ports used: None

Subroutines called: AEGSEC

Alternate entry pPoints. None

7 130 066 AEGLOC,LLT 211 / Get 10’s seconds bvte.
211
7 152 307 LAM / Move to A.
7 183 074 CPI 060 / Compare with ASCII code
060 / for digit 0,
7 155 110 JFZ 007 20t / Jump to SKIP if not at
201 / 10's seconds =0Q.
007
7 1860 066 Ly 212 / Get unit seconds d:isit.
212
2 7 162 307 LAM / Move to A.
K 7 163 074 CPY o080 / Comeare with ASC!! code
S 080 / for O,
e 7 16S 110 JFZ 007 201 / Jume to SKIP if unit




201
noo
7 70 166 WLT
377
70172 076 LMI
022
7 174 304 LAE
7 178 064a ORI
N40
7177 340 LEA
7 200 007 RET
7 201 106 SKIP,CAL
7?7 202 100
7 203 007
7 204 007 RET
7 205 000 HLTY
7 208 000 HLT
7207 aen HLY

Proaram QLOOK.
Descristion.

377

022

040

007

100

ZeTro.

seconds not

memory Avte Pointer

TYMSYN counter,

TYMSYN counter=- 022,

Set for 20 second :nterval.
Get sample time mask in E.
Mask with 001000Q0 to set n-
second sameling enable.
Store samPle time mask in E.

Set

for
Set

Call AEGSEC.

End of AEGLOC.

Prints out the last 256 brtes written to the masanetic

tare and returns control to the MAIN erasram.
formats the printout with one time word or data word

on each
Entry points 07-210
£nd of routine:. 07-232
CPU Reaisters used: E
Reserved lacations used!

Input/Qutput Ports used; None

Subroutines called: TYMTAG, XFER.

Alternate antrv Points. None

7 210 106 QLOOK.CAL 008
149
006

7 213 046 LEI 052
0s?

7 21§ 106 RUN.CAL 007
242
007

7 220 108 CAL 003
000
003

7 2213 041 NCcE

7 224 110 JFZ 007
21¢
907

7 227 104 JMP 000
073
000

* 232 DOD MY

Subrautine XFER,
Deccrirtion:

line of printout.

DPTFMT

140

242

000

215

073

SHIFT array for printine,

Entry point. 97-242
Srd of routinel 07-274

4

QLOOK array, all

Transferc hvtes stored in GLOOK array (pase 76}

of pase 76

Call TYMTAG routine.
(locates ist ? character
in QLOOK buffer)

Set # print lines
counter,

Call XFER routine.
(transfers huffer brtes
to SHIFT for erinting)
Call DPTFMT routine.
(Formats brtes in SHIFT
array, HEX to ASCII)
Decrement E.

Jume tao RUN until E
lines are erinted,

Jump to MAIN: re-enter
the auto samrle/urite
to mas tare mode.

end of OGLOOK routine,

to
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CPU Reaisters used: A/B,C,H.L
Reserved locations used: QLOOK arrav, all of rase 76
SHIFT arrav locations 23-36¢ ta 03-360
Input/Quteut Ports used. None
Sybroutines called: None
Alternate entry Points. None

7 242 028 XFER,LCIl 381 / Set SHIFT array ppinter
261 / to byte |.

7 244 056 AGN,LHI 003 / Set memory bvyte Pc:inter
003 / to pase 3, bvie 227.

7 248 066 Ly 227 / QLOOK buffer pointer,
227

7 250 317 LBM / Store eointer in 8.

7 251 367 LLM / Set memory bvte = B,

T 252 0S8 LHY 0786 / Set memary pase Pointer
078 / to pase 978.

7 254 307 LAM / Get huffer bvte in A,

7 25% 0586 LHI 003 / Set memory paae POINter
003 / te pasge 3.

7 257 362 LLC / Set SHIFT bvte pointer.

7 289 370 LMA / Buffer bvte to SHIFT.

7 261 010 INB / Increment buffer pointer

7 2862 066 LLI 227 / Set memory bvte Fointer
227 / to 227.

7 264 371 LMB / Store buffer rointer.

7 285 020 INC / Increment line counter.

7 268 302 LAC / Mouve C te A.

7 287 074 cer 367 / 15 rointer valye = 3677
367

7 271 110 JFZ 007 244 / Jump to AGN unti!l
244 / a complete time or data
007 / word transfered to SHIFT

7 274 007 RET / end of XFER routine.

7 275 000 HLT

7 278 000 HLT

7 277 000 HLY

Subroutine ADTEST.

Description. A test eprasram that continuously samples the analoa
channel selected by the CONSOLE switches (octal).
The analos channel number is displaved on the
ANALOG ADDRESS Latch Resister and the channel
discrete bits are disrlaved on the DATA Latch
Register LEDs.

Entry eoint: 07-300

End of routine: 07-341
CPU Registers used: A,H,L
Reserved locations used. Naone
Input/COutput ports used: INP4+6, CONSOLE Switches

0UT+24, DATA Latch Register
Subroutines called: CLEAR. DPYFMT, DIGMUY. LINK in CHTEST
Alternate antry pPoints. None

7 300 106 ADTEST,.CAl. 004 200 / Call CLEAR routine,
200 / {initializes counters
004 / and pointers)

7 303 056 LHI 002 / Set memory byte painter

B- 45
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00?2 / to page 2, bvte 200.
7 308 066 LLI 200 / Defeats call For MRCDR
200 / to write t0o mas tare.
7 an7 0O7€ LMI 007 / Replace code witn RET.
an7
KA 07 AGIN, INP+E / Ineyt CONSQLE switches,
17 0R4 ORI 390 / OR with 11000000 1to set
300 / REQUEST array address.
7 2tz 056 LHI 003 / Get memory pase painter
0ol / to page 3.
7 38 3640 LLA / Set memory bvte = A,
7 317 108 CAL 000 270 / Cal! LINK entry in
279 / CHTEST routine.
000
7 322 106 CAL 003 000 / Call DPTFMT routine.
000 / (converts and erints
003 / hex data word)
? 32s {086 CAL 004 000 / Call DIGMUX routine.
ono / (loads SHIFT with data
Q04 / word bvtes}
7 330 056 LHI 003 / Set memor: bvte pointer
03 / to rage 3, bvyte 3G4.
7 332 086 LT 364 / Pointers to discrete
364 / data brte in SHIFT.
7 334 307 LLAM / Load ta A.
335 125 ouUT+24 / Quteut to DATA latch.
7 338 104 JMP 007 311 / Jump to AGN.
211
007
7 341 00 HLT / end of ADTEST routine,

Subroutine ENDE.

Descrirtion: When called, terminates writing to the masnetic
tare at the end of the current hlock. MWrites one
hlock of zero lenath and stoes data logser.

Entry point; 07-342

End of routinel 07-373

CPU Regicters used. H,L

Reseruved locations used. None

input /Output ports used. None

Sudbroutines called: MDUMP, STCK. GAP

Alternate entrv ponts. None

7 342 058 ENDE,LHI 005 / Set memory byte pointer
00s / to pase 5, brte 355.

7 344 D66 LLY 3595 / Replace instruction
359 / with RET,

7 1345 076 {MI 007 / Do it.
0n7

7350 058 LHI 003 / Set memory bdvte Pointer
003 / to eragse 3, bvte 372.

7 352 066 LLI 372
372

7 1354 {08 CAL 005 300 / Call MDUMP routine,
300 / (used far time delay)
209

7287 108 CAL 002 970 /7 Cal! STCK routine.
0n7n / (tests recorder status)

B- 48
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Call GAP rautine,
issues recorder AP

Set memory byte pointer
to Page S, bvte 8K,
Restores instiructicn

1n MDUMP to HLT (=002,

end of ENDE routine.

002
362 106 CAaL  a02
173 /i
002 / command)
365 0sE LHI 005 /
aQs !
387 068 L. 395 /
355 /
371 076 LMI 000 / Do 1it,
000
7 373 200 HLT
7 374 900 HLY
7 378 000 HLT
7 378 000 HLT
7 377 000 HLT

87

PP ooa o - PP AP AP W, W Y







