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INTRODUCTION

This wunit is a data collection device which takes
measurements from external sensors at user specifisd time
intervals. Three sensor ports are dedicated to temperature, air
pressure, and dew point. Five general purpose sensor ports are
also provided. Each sensor port supplies two sources of plus
and minus 15 volts for sensor power. One of the power supplies
is for sensors that stabilize quickly and the other power supply
is for sensors that take longer than a few seconds to stabilize.
(Sensor warm up btime 1is under software control for maximum

system flexability.)

After connecting the desired sensors the user specifies
when measurements are to be recorded. The user enters the
desired starting and stopping dates and times for the data
collection. The warm up time for the "slow" sensors and the
frequency of data collection must also be specified. If mora
than the three dedicated sensors are connected the additional
ports must also De antered. This completes the initialization
and the unit may be left running completaly powered or it may be

switched to a low power consumption mode.

While the system is running the user can switch full power
cn and interrogate the unit to examine any of the measurements

that have already be=n recorded. The ussr can also examine the
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current readings on any of the sensors or the data that have been

¢ollected can be dumped to a peripheral device (a minicomputer,

paper tape, ete.) if desired.

SECTION 1 OPERATION

1.1 FRONT PANEL DESCRIPTION

1. MAIN POWER SWITCH - This switeh ( 1 4din Figure 1 )
connects the power to the unit. The switeh is a "lever locking
switeh"™ and must be pulled out before it can be operated. Since
the data logger's memory is volatile, turning off the main power

Wwill destroy all stored information.

2. PROCESSOR POWER SWITCH - If the main power switch (1 on
the front panel) 1is on, the processor power swiftch (2 on the
Front Panel) will provide power to every part of the data logger
except the RS-232 transmittlng interface (1I/0 power). All
sensors will be powered when thlé switch 1is on and the data
logger will perform any user request if a terminal is connected
and I/0 power is on. (NOTE: 1If the data logger 1is supplying
warm up power to the sensors and this switch is turned off the
warm up power will also turn off and the next set of readings
will ©be 1nvalid. At any time, except when warm up power 1s on,
this power may be switched off and the data logger will rescord

all measurements correctly.)
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3. I/0 POWER SWITCH - This switch controls the power to
the RS-232 transmitter interface to the terminal connection (8
in Figure 2 ) and to the peripheral connection (7 on the
Back Panel). If this switch is off the terminal and peripheral
can transmit to the data logger, but the data 1logger will not
transmit to them. (NOTE: It is advisable not to transmit
either from a terminal or a peripheral device to the data logger
if I/0 power is off and the processor power is on.) In most
cases the I/0 power and the processor power will be both on or

both off.

4., RESET - This switch resets the processor and should be
pressed after the user turns the data logger on. If the data
logger stops responding to user inputs the reset can be used ¢to

clear the transmission lockup.

5. DATA DUMP - This switch is only active if the user has
selected the data dump option from the user options page (see
section 1.3-6, DATA DUMP OPTION). If active, depressing the

switeh will transmit all of the collected data to the terminal

and peripheral connections.

. DEVICE SELECTION SWITCH - If terminal is selected, two
Wway communications occur between the terminal (teletype or video
terminal) and the data logger. Most of the time the data loagger

will be used in this manner.
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If the peripheral is selscted, the terminal transmits to
the data 1logger and resceives data through the peripheral
connector. The data logger transmits to the peripheral
connector. This feature can be used to transfer data from the
data logger to another computer and 1is described 1in section

1.3-6, DATA DUMP OPTION.

1.2 BACK PANEL DESCRIPTION

T. PERIPHERAL CONNECTION - This connection allows the data
logger to communicate with a peripheral device (i.e., computer,
minicomputer, papertape puncher, etc.) through a tasrminal. The
data logger can also dump readings to the peripheral device.

(The connections are listsd in the appendix.)

8. TERMINAL CONNECTION - This connection is for a taletype
or video terminal that will be used to communicate with the data
logger. The terminal will enter parameters that will initialize
the data logger and can also request information from the data

logger.

9. POWER CONNECTION - This connector is for +12 volt power

for the data logger.
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10. FUSE - & 1.5 Amp fuse should be used.

11. SENSOR PORTS - There are 8 sensor ports on the back
panel. The ports are labeled 1-8 and the first three ports are
dedicated. Each port connector has a coax signal connection and
four power connections. (The connections for the ports are

listed in the appendix.) The coax signal should be in the range

of 0-5 Volgs.

12. TEMPERATURE PORT - This port is dedicated to measuring
temperature. 0-5 Volts corresponds to =30 -~ +70 degraes

Centigrade.

13. DEW POINT PORT - This port is dedicated to measuring
dew point. The 0-5 Volt range corresponds to -34 - +50 degrees

Centigrade.

0. AIR PRESSURE PORT - This port 1is dedicated %o
measuring the air pressure. The 0-5 Volt range corresponds to

800 - 1100 millibars.
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1.3 DESCRIPTION OF USER OPTION PAGE

The user has access fto five basic routines that allow him
to 1interact with the data logger. A list of these options is
printed on the terminal whenever any key except CONTROL 3, A, B,
C, D or E ig depressed and the system 1is not executing one of
these routines. Samples of typical displays are included in
each of the associated sections below. The underlined

characters correspond to the user's responses.

1. LIST OF OPTIONS - The list of options is printed on the
terminal whenever any key except CONTROL 3, A, B, C, D or E is
typed and the system is not executing one of these routines. It
should be nocted that the warm up power status is displayed prior
to the option list. If warm up power 1s on, the PROCESSOR POWER
switeh should not be turned off immediately (this problsm is
discussed in section 1.1-2 of this manual). The following
figure is an example of the user option page.

EXAMPLE: (user depresses the space bar and the system responds
with:)

WARM-UP POWER IS ON
A) INITIALIZING PARAMETERS
B) CURRENT SENSOR READINGS
C) SEQUENTIAL READINGS
D) INITTALIZATION
E) DUMP
(CONTROL 'S' STOPS PRINTOUT)
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To invoke any option, the letter preceding it on the option
page should be typad on the terminal. To exit any option prior

Eo its end, CONTROL S5 may be typed.

2. OPTION A) INITIALIZING PARAMETERS - After the system
has been initialized, the initializing paramet;rs may be
examined by typing A. As shown in the example contained in this
section, the measurement starting date and time, ending date and
time, warm up time in minutes and interval of measurements are

displayed at the terminal.

EXAMPLE:
A
START 04/01 03:00
STOP 04/29 16:00
WARMUP TIME 02 MINS
FREQUENCY OF MEASUREMENTS 00:05

3. OPTION B) CURRENT SENSOR READINGS - 3ensor outputs may
be examined at any time with this routine, After typing B, a
heading is printed which lists all ports to be interrogated.
Temperature (port 1), dew point (port 2) and pressure (port 3)
are dedicated ports and will always be printed. Any additional
ports selected during system initialization will then be
printed. To measure the ssnsor outputs, type R. Temperature
and dew point readings have units of degrees centigrade while

pressura readings have units of millibars. Any additional
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sensors selected will yield readings with units of volts. As
many sets of readings as desired may be accumulated. To exit
this option, CONTROL S musi be typed. This routine does not
store these readings. Therefore, these readings cannot be
retrieved at a later date by using the data dump option. If the
data logger takes a reading during the execution of this option,
the current line of sensor readings is stopped and the program
waits for the entry of another R or CONTROL 3. An example of

this option is included below.

EXAMPLE:

[Luv]

TYPE 'R'™ FOR A READING, CONTROL 'S' WHEN DONE
TEMP DEW PT PRESS PORT1 PORT2 PORT3

R 6.72 - 3.81 983.78 1.853 1.812 3.062

R 6.72 - 3.8t 983.78 1.848 1.812 3.062

4, OPTION C) SEQUENTIAL READINGS - This routine permits
the user to examine data the data logger has accumulated. After
typing C, the system resquests a starting date and time followed
by the number of readings that are desired for display. Datses
are input in five-character fields by typing the number of the
month in two digits, a slash (/) and the day of the month in two
digits. The time is input in a five-character qield by typing
the two digit number of the hour, a colon (:) and the number of
minutes 1in two digits. All two dagit numbers must have
unsurpressed leading zeros. The number of the hour is based on

a 24 hour cloeck. A heading similar to the heading of ¢ption B
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but including columns for date and time is printed. If any
readings were taken on or after the specified date, they are
printed as shown in the =example in this section. When the
requested number of readings has been printed or when the last
reading taken has been displayed, %the routine 1s exited.
Similarly, if no readings were taken after the specified date
and time, the processor exits the routine afte; printing the
heading. As before, this routine may be terminated at any time
by typing CONTROL 3. 1If a reading (NMI) occurs during the data
printout portion of this option, the current 1line of data 1is
interrupted. The complete line is reprinted on the next line.
NOTE: To avoid possible problems, care should be exercised to
avoid entering data (dates, times and number of readings) when

the data logger is scheduled to take a reading.

EXAMPLE:

C
START DATE?(MM/DD) 04/01 TIME? (HH:MM) 08:03
HOW MANY?(XXX) 003

DATE TIME TEMP DEW PT PRESS PORT1 PORT2 PORT3

04/01 08:05 1.25 - 7.09 989.12 1.565 1.607 3.152
04/01 08:10 1.25 - 7.09 989.12 1.563 1.604 3.152
0%/01 08:15 1.25 - 7.09 989.12 1.563 1.604 3.152

5. OPTION D) INITIALIZATION -~ This option is wused to
prepare the data logéer to take a series of readings. If data
15 sborsd 1n the system, it should be dumped before this routine
is entered. After entering the initialization procedure, any

old data stored in the system 1iIs no longer accessible. To
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protect data 1n case this option is inadvertently entered, after

D is typed the user is prompted with INITIALIZATION?(YES,NO).
If YES is typed, this routine 1s entered. Any other character

string will cause the processor to back out of this option.

If YES is entered, the user 1s asked for the current date
and time. Format for the date and time are the same as that
used in the sequential reading option. When the last character
of the time 1is entered, an internal clock is reset and starts
keeping track of elapsed time. The desired starting date and
time are requested followed by a request for the date and time of
the final reading to be taken Each date and time- are entered in
the same format as described 1in section 4. After the
corresponding prompt, the number of minutes of warm up time
desired should be entered as a two digit number. When asked for
the frequency of measurements, the user should enter a three
digit number corresponding to the number of minutes between

readings.

If a mistake is made during the preceding part of t{his
option, the ESCAPE key may be used. The user is then prompted
to reenter the necessary data. The ESCAPE key may be used
several times in order to step backwards through this routine

and correct mistakes at any point in the option.

The second part of this routine is now =2ntered. The user
is asked 1if he desires any additional ports. If NO is typed,
only the first three dedicated ports are used for temperature,

dew point and pressure measurements. If YES 1is typed, the user
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is asked which port he wishes to use. He rasponds by typing a
number between 1 and 8 corresponding to the desired port. He is
then asked once more if he desires any additional ports. This
process 1is repeated until all the desired ports are specified
and a NO is entared, At this point the user 1is prompted
REASSIGN PORTS?(YES3,NO). It 1is suggested that the port
assignments be checked and if an error is found, type YES. This
causes the port assignment porticn of this option to be
reexecuted. If NO is ¢typed, the processor exits this option.
It should be noted that an error will result 1if the same
additional port is specified more than once in the second part
of this option {(i.e., 1if port 2 is selected twice as an
additional port). However, ports 1, 2 and 3 may be specified as
additional ports even though they are dedicated for temperature,
dew point and pressure measurements. This may be desireable
because as dedicated ports, the voltages present at ports 1 and
2 are stored as 8 bit binary words while if they are selected as
additional ports, the voltages are storad as 12 bit binary words
the second time they are measurad. This permits the voltages
present at ports 1 and 2 to be stored with greater precision.
The remaining port voltages are always storsd as 12 bit binary

words.
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EXAMPLE:
b
INITIALIZATION?(YES,NO)
YES
DATE? (MM/DD) 03/31 TIME? (HH:MM) 17:22
START DATE? (MM/DD) 0./01 TIME? (HH:MM) 03:00
STOP DATE?(MM/DD) 0U/28 TIME? (HH:MM) 76:00

WARMUP TIME?(MM) 027
FREQUENCY OF MEASUREMENTS?(XXX) 005
ADDITIONAL SENSORS?(YES,NO)
YES

PORT NUMBER?(1-8)1
ADDITIONAL SENSORS?(YES,NO)
YES :
PORT NUMBER?(1-8)2
ADDITIONAL SENSORS?(YES,NO)
YES

FORT NUMBER?(1-8)3
ADDITIONAL SENSORS?(YES,NO)
NO

REASSIGN PORTS?(YES,NO)
NO

NOTE: No provision has been made to keep track of the year
in which a measurement is made. Because of this, if the system
1s initialized in the year before readings are to begin, the
months of the year in which readings occur are numbered, 13, 14,
ete. Further, the data logger treats all months in the second
year as 1if they contain 28 days. Since this sytem was not
intended to run for periods of more then one month unattended,
this should present no problem. As an example, 1f the data
logger is initialized on December 30, 1979 and 1s to start
taking readings on January 3, 1980, the starting date ussd in
Fhe initialization routine would be 13/03. (Regardless of the

afVear the data logger assumes February has 28 days.)
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6. OPTION E) DATA DUMP - This option is designed to permit
the data 1logger to be interfaced to an external device through
the peripheral connector in order to dump the collected
readings. The routine is entered by typing E. At this point,
any key may be typed except CONTROL 3 and it will merely be
2choed to the terminal or peripheral (depending on the position
of the DEVICE SELECTION switeh as deseribed in section 1.1-6).
To dump data to an external device (through the peripheral
connector), place the DEVICE SELECTION switch to PERIPHERAL.
The external device now transmits to +the terminal and the
terminal transmits to the external device through the data
logger. If the data dump switch is depressed, the data logger
transmits a short header followed by all the data it has
collected, When all of the data has been transmitted, the data
logger once again echnos all input characters. Contrel 8§ must be
used to leave this routine The formats of the header and data

are now discussed.

a). HEADER - After the data dump switch i1s depressed, the
first six printed 1lines contain the initializing parameters,
All lines in the header are laft justified and separated by a
hcarraige return, line feed and two delete characters. The first
two lines consist of starting date and time and ending date and
time respectively. All dates and times are transmitted in five
character fields i1dentical to the format required to enter dates
and times in the initializabtion option. Separating each date
and time is a field of five blanks. Line three contains the

warm up time represanted as a two digit decimal number. Line



Page 16

four contains the frequency of measurements in the same
five-character field as described for the starting and stopping
times. A two digit hexadecimal number in the fifth 1line gives
the number of data words stored each time a reading 1s taken,.
Another two digit hexadecimal number in the sixth 1line tells
which ports are selected for measuremant in addition %o the
three dedicated ports (which are always measured). This
inforﬁation is conveyed by examining the binary equivalent of
the number. Each of the eight binary digits corresponds to a
port. If a digit is one, the corresponding port is selected for
additional measurement. Letting the least significant digit be
bit 0 and the most significant digit be bit 7, the
correspondences of binary bits in this eight bit word and ports

are as follows;

BIT 0 - PORT 1
BIT 1 - PORT 2
BIT 2 - PORT 3
BIT 3 - PORT 4
BIT 4 - PORT 5
BIT 5 - PORT 6
BIT 6 - PORT 7
BIT 7 - PORT 8

b) DATA FORMAT - The seventh and all following 1lines are
devoted to collected data. Each line corresponds to a separate
reading and is set off from succeeding 1lines by a carraige
return, line feed and two delate characters as before. Within
each line the unsigned hexadecimal data words are separated from
gach other by a single space. The first two data words of =ach

line are two digits long. They represent the temperature port
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voltage (port 1) and the dew point port voltage (port 2)
respectively. The remaining data words on each line are three
digits long. The first of these numbers always represents the
pressure port voltage (port 3). From this point on, the data
words represent voltages on additional ports selected by the
user starting with the 3smallest porft number and continuing to
the largest port number. To c¢onvert these hexadecimal data
words to corresponding voltages, the decimal =squivalent of =zach
data word must first be obtained. Equation 1 1s used to convert
the first two data words. The remaining data words are

converted using equation 2.

1 DATA WORD X 5/256 = V(PORT)
2) DATA WORD X 5/4096 = V(PORT)

In order to convert port voltages on ports 1, 2 and 3 to
Cemperature, dew point and pressure, the conversions listed

below may be used;

PORT 1 TEMP(DEGREES €) = V(PORT1) X 20.00 - 30.00
PORT 2 DEW PT.(DEGREES C) = V(PORT2) X 16.80 -~ 34.00

PORT 3 PRESSURE(mb) = V(PORT3) X 60.00 + 800.00
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1.4 HARDWARE SETUP

Before applying power the system must be configured
correctly. This involves checking the memory configuration, the

power switching board, and the baud rate.

The memory must start at address 4000 (hex) and be
coantlguous upward. Each memory board has a dip switeh which
determines the 1gcat10n of the memory board. The starting
addresses of the memory are written next to each switch on the
board. (Either the full four digits or fthe first two digits of

the address are given, For example, on the 2¥ memory board 42
indicates the starting address 1is 4200 (hex).) The memory

addresses must not overlap, therefore, if both 2K and 4K memory

boards are used in the data logger the 4K hoards must reside at
lower addresses than the 2K boards. Wnen a 4K board and a 2K
board are used, the 4K board must be set at H000 and the 2K
board at 5000 (50). (In hex 1K=400, 2K=800, 3K=C00, UK=1000.)

It is important that only one switch 1s closed at any time.

The available memory must be checked to insure that enough
is available to record the number of readings desired. The
following two formulas may be used to calculate how much wmemory

is required or how many readings may be taken:

ADDSEN=The number of additional ports selacted.
MEM=The amount of memory in systen.

READINGS=The total number of readings you want to take.
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Memory needed(bytes)=READINGSX[2+1.5X (ADDSEN+1) J+614
Number of readings allowable=(MEM-64)/[2+1.5X(ADDSEN+1)]

The symbols [,7 indicate "smallest integer larger than'.

EXAMPLES:

For example, if one additional port 1is selected and

readings are taken every hour for 31 days, then the amount of _

nemory nesded would be

MEMORY=(31X28)x [2+1.5%(1+1)] +61
=784X[5 +647]
=3784

APPROX.=3. 8K

If no additional ports are selected how long can readings

be takasn every half hour with 6K of memory?

NUMBER OF ALLOWABLE READINGS=(6K-6U4)/[2+1.5%(0+1)]
=6080/13.5]
=1520

Number of Days= 31.5

It 1s important to remember that the data logger can not
tell 1if it tries to store readings and has 2xceeded the

available memory. If this happens, sequential readings and data


http:6080/F3.51
http:APPROX.=3.8K
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dump will print out incorrect values for the readings that it
tried to store after exceeding the available memory. The data

logger may be configured with up to 12K bytes of amemory.

A dip switch for the baud rate selection is located on the
processor board. All communication between the data logger,
terminal, and peripheral must occur at fthe same rate. The
available baud rates are 110, 150, 200, 300, 600, 1200, 1800,
and 2400. It is 1important that only one of the switches 1is

closed at any one time!

The power board nas three dip switches that control the
power switching relays. If the processor power is going to be
left on during the entire time the data logger is operating then
thesz three switches should be left off. This will disable the
relays and extend their life. TIf the data logger will operate

with the power off, thess three switches =must be on.

1.5 RECOMMENDED STARTUP PRQCEDURE

1. Configure the memory correctly.

[AS]

Ensure that sufficient memory is available.

3. Check the relay dip switches on the power board for the

correct position.
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Check the baud rate.
Turn off the MAIN POWER switch.
Connect the +12VDC to the Back Panel.
Tur; on the PROCESSOR POWER and I/0 POWER switches.
Turn the DEVICE SELECTION switch to data logger.
Connect the sensors.
Turn on the MAIN POWER switch.

Depress the RESET switch.

Use the software options as desired. When initializing the

data logger remember;

1. The internal clock is reset when the last digit of the

present time is entered.

2. The starting date/time must be after the present

date/time.

3. The stopping date/time must be after the starting

date/time.

4. The_warm up time must be less than (stopping date/time -

present date/time).

5. The frequency of measurements must be greater than thes
warm up time. If the warm up time is greatar than the

desired frequency of measurements, then set warm up time
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aqual to zero and always leave the processer powar on.

6. If a correction is made when specifying the additional

ports all ports must be respecifiad,

If any of these rules are violated the data logger

will not work correctly.

13. Use current readings to check sznsor connections.

14, Turn off the 1/0 power when done,

15. 1If the processor power does not have to be left on, turn it
off, Turn off processor power only when informed by the
user option page that warm up power is off.

Once initialized the system can be turned on again as
follows:

1) Turn 1/0 power on.
2) Turn the processor power on.

3) Depress the reset switch.

The terminal and/or peripheral c¢an be connected (or

disconnected) to the data logger at any time.
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SECTION 2 HARDWARE DESCRIPTION

2.1 SYSTEM DESCRIPTION

This data logger was designed using the Motorola 6800
microprocessor family., A detailed understanding of the system
operation requires familiarity with this 8-bit microprocessor
family. However, the general overview which follows requires

only a broad knowledge of a few of the 5800 family components,.

a). The  microprocessor (6802) has an eight Dbit
bi-directional data bus and a sixteen bit address bus. 1Included
on the chip are 128 bytes of ranéom access memory (RAM) which
are used as scratchpad memory and stack. Three other inputs of
interest are IRQ, NMI and RESET. When IRQ or NMI is driven to
zero volts, an interrupt or non-maskable intarrupt,
respectively, is initiated. The processor then starts exescuting
routines to service thess interrupts before returning to its
original activity. When RESET is driven low, processor activity
halts and its registers are initialized. When RESET goes high,

the processor starts executing the restart routine.

b). The ACIA (M6850) is an Asynchronous Communications
Interface Adapter. This device interfaces the microprocessor to

a serial communications line. It requires an external clock to

establish the baud rate.
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c). The PIA (M6821) is a Peripheral Interface Adapter.
This chip contains two eight bit ports and additional inputs
which may be wused to trigger interrupt requests to the
processor. Each port (referred to as ports A and B) may have
lines individually selected as inputs or outputs by software.

In addition, port A is CMOS compatible.

The data logger 1is ©broken into the following faive
assemblies (see Figure 3).
1). PROCESSOR
2). CLOCK
3). A/D CONVERTER
b)y. MEMORY
5). POWER SWITCHING

Each assembly is housed on a separate printed circuit board.
The memory, however, can be expanded simply by adding cards
until a maximum of 12K bytes of RAM are used. This permits more
data storage and thus longer periods of operation before dumping

data is regquired.

The following sections briefly describe each board and
indicate how boards interact with each other. A voltage
followed by (s) is a switched voltage and is present only when
the processor is powered. When +15 and -15 volts are refarred
to and no (s) follows them, the voltages are present when warm

up power is on. If +5 volts is not followed by (=), it is the
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unswitched voltage which is present whenever the MAIN POWER

switeh is on and +12 volts are applied to the system.

2.2 PROCESSOR BOARD

The processor board controls the overall operation of the
system and provides serial communications with external devices
via an R35-232C interface over which serial ASCII characters with
even parity are transmitted and received. A block diagram of
the board (as seen in Figure U4) is utilized to permit a general
discussion of the board's operation. Detailed schematics of all

the boards may be found in the appendix.

a). Power source requirements are listed below.

VOLTAGE CURRENT (TYPICAL) CURRENT (MAXIMUM)
+5(s) 400 ma 700 ma

+15 and -15 14.6 ma 19.3 ma

b). Operation - The processor may be broken into four

basie sections.

Processor Section - The bulk of the processor board is
devoted to the procassor section. It is organized around the
M6802 microprocessor. Decoding of high order address lines to
enable the eclock PIA, A/D PIA, ACIA and EPROMS (eraseabls
programable read only memories) is achizved with a 4 Iline to 16

line decoder (T74154). Reset siznals for PIA and processor

initialization are generated here through a combination of RC
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networks and schmidt triggers (7414). 1In order to interface the
processor to the (relatively) slow EPROMs, the memory ready
signal (MR) 1is held 1low for 870 nanoseconds after VMA (valid
memory address) and E (enable) go high, thus slowing down the
processor when it accesses gxternal devices. Finally,
read/write signals (R/W + MR) and enable (E «VMA) for use by

memory boards originate in this section.

Processor Clock - Basic timing for both the processor and

the serial interface portions of the processor board are
provided by the processor cloeck. It consists of a baud-rate
generator (MC14411) and a 1.843 MHz crystal. A buffered 1,843
MHz signal drives the processor while eight signals ranging from
1.7588 KHz to 38.4 KHz drive the serial interface. This variety

of frequencies permits manual selzction of baud rates from 110

to 2400 baud.

Serial Interface - This section fEransmits and receives
asyehronous serial data via the ACIA and makes it available to
the processor on the sight bit data bus. Upon receipt of a
complete, even parity ASCII word, an ACIA generated interrupt
reguest causes the processor to execute the IRQ routine. The
TTL %ransmit and receive lines from the ACIA are interfaced to

R3-232C levels through standard interface adapters (M1488 and
M1489 chips).

EPROM -~ The program for the data logger is contained in two
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INTEL 2716 EPROMS. This yields a total program space of 3K

bytes.

2.3 CLOCK BOARD

The clock board times the 1intervals between periods of
processor activity such as data collection and switching on warm
up power. It is also the source of various control signals used

by other boards in the data logger.

a). Power supply requirements. are listed below.

VOLTAGE CURRENT (TYPICAL) CURRENT (MAXIMUM)
+5 1 ma 9 ma
+5(s) 120 ma 300 ma
b). Operation - Timing is achieved by a combination of

erystal controlled oscillator, counters, shift registers and
coincidence gates. The crystal accuracy is approximately 0.01%
over the temperature range -25 to +85 degrees centigrade. A one
cycle per minute pulse is obtained from a 262.144 KHz oscillator
and counting circuits. This signal increments a 12 bit countear.
A comparison occcurs betw=en the contents of this counter and a
12 bit shiff register containing the number of minutes in the
desired interval. As soon as the two numbers match, a
monostable multivibrator is triggered. This signal ressts the

minute counter, triggers an NMI request to the processor (in
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conjunction with the cloeck PIA) and exits the board to turn on

all power at the power board.

The monostables which turn power off are also located on
this board. 1In order %to conserve power, the PIA which controls
them is powered down except when fthe processor is in operation.
To prevent false triggering, two bits of different levels are
required from the PIA before either wmonostable 1is triggered.
The same technique 1s used to reset the clock when the system 1s
first initialized and to disable RAM whenever the processor 1is

not powered.

Two more lines from the clock PIA are used elsewhere in the
data logger. One triggers a conversion cycle by the A/D
converter. The remaining line 1s configured as an input and
responds to the data dump switch on the front panel. Table 1

lists the PIA port lines and their uses.

2.4 A/D BOARD

This board interfaces 8 single ended analog inputs to the
processor. The digitized data is read by the processor as a 12

bit CSB (complementary straight binary) word.

a). Power supply specifications are listed below.
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TABLE 1
Clock PIA
PORT A PORT B
BIT PIN FUNCTION BIT PIN FUNCTION

] 2 Reset Time 2 12 Turns Off Interrupt
1 3 Clock for shift 3 13 Data Dump Switch

Registers 5 15 Initiate A/D
2 4 Data for Shift Conversion

Registers
3 5 Enables Power Down

Monostables
4 6 Power Off (2}
5 7 Power QOff (3
6 8 Memory Enable
7 9 Memory Enable

A/D PIA
PORT A PORT B
BIT PIN FPUNCTION BIT PIN FUNCTION

8 2 DB (LSBy a 18 D8
1 3 Dl 1 i1 D9
2 4 D2 2 12 D19
3 5 D3 3 13 D11 (MSB}
4 6 D4 4 14 Conversion Status
5 7 D5 5 15 Channel Select (581
5 8 D6 6 16 Channel Select (S1l)
7 9 D7 7 17 Channel Select (52)
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VOLTAGE CURRENT (TYPICAL) CURRENT (MAXIMUM)
+5(s) 150 ma 278 ma
+15 and -15 21.3 ma 23.9 ma

D). Operation - Three PIA lines are used to select the
desired analog input at a CMOS switch (14529B). Before reaching
the A/D converter (ADC80AG-12), the signal is buffered by 2z
unity gain non-inverting operational amplifier (QP-02). The DC
offset of this op-amp is adjusted by a potentiometer located on

this beoard.

A conversion is initiated by (INIT CONV) o« (CONV STATUS)
where INIT CONV 1s the ©processor controlled signal from the
clock board PIA and CONV STATUS is a status bit from the A/D
converter. A low on CONV 3TATUS indicates that no conversion 1is
currantly ocecurring. Upon satisfaction of these requirements, a
monostable is triggered which ultimately yields a 2.0
microsacoud pulse to the A/D converter. This Lriggers a
conversion cyele which takes 25 microseconds to complete. Upon
completion, The stabtus bit goes 1low informing the processor,
through the A/D PIA, of the conversion status and enabling

subsequent conversions. Table 1 lists the A/D PIA port lines

and their uses.
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2.5 MEMORY BOARDS

Two types of CMOS memory boards are available. Both types
are similar except in memory capacity (2K bytes versus UX bytes)

and in the differences in address decoding this necessitates.
b

a). Power requirements are listed below. Standby currents
pertain to the boards' current requirements when the boards are
not being accessed by the microprocessor. Operation current

refers to the current requirements when the board is being

written to or read from by the microprocessor.

CURRENT 4Kk BOARD 2K BOARD
VOLTAGE TYPICAL MAXTMUM TYPICAL MAXMUM
+5 (STANDBY) 8 5 ma r 8 80
+5 (OPERATION) 40 ma 50 ma 80 ma 96 ma

(UNLESS NOTED, ALL CURRENTS ARE IN MICROAMPS)

b). UK Byte Board - Eight 2K X 4 bit Harris 6514 CMOS
memory chips f&rm the nucleus of this board., Address decoding
is performed in such a manner as to permift each board to be
located at hex locations 4000, 5000, 6000 or 7000 in the memory
3pace. These locations are selected by a DIP switch mounted on
the board. The board may be enabled or disabled under processor
control by MEM EN and MEM EN. This combination of two 3siznals
£o 2znable memory prevents erroneous data being written into the

mamory boards when processor and PIAs are powarad down.
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c). 2K Byte Board - Sixteen 1K X 1 bit Harris 6508 CMOS
memory chips are wutilized on this beoard. Operation of this
board is similar to the LK beoard except that the board may be
located at 4000, #800, 5000, 5800, 6000, 6800, 7000 or 7800 in

the memory space.

2.6 POWER SWITCHING BOARD

The power switching board gensarates all the required supply

voltages and switches +5, +15 and -15 volt supply lines in order

to conserve power.

a). Power requirements are listed below,

QUIESCENT CURRENT

VOL TAGE | DEVICE TYP MAX
+12 ‘ LM 240LH 1 ma 5 ma
LM 209K 2 ma 8 ma

A12/D15/150/7 |EFFICIENCY RATED AT 70% AT FULL LOAD
(150 ma AT +15 AND -15 VOLTS)

b). Operation - Two five volt regulators and one plus and
minus fifteen volt converter are utilized on this board. The
LM240LH +5 wvolt regulator provides for the 1low current
requirements of the memory boards and clock board and is
Lherefore always in operation. The higher current reguirements
of the A/D and processer boards are handled by the LM209K. 1In

order to conserve power, the input to this regulator is switched
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off when the processor and A/D boards are not in use. The
output of the A12/P15/150/Z plus and minus fifteen volt voltage
converter 1is wused to drive sensors (external to the data
logger), components on the A/D board and the RS-232C transmitter
on the processor board. The input and oubtputs to this device
are switched in such a manner as to permit a warm up pericd for

sensors during whiech the processor and A/D boards are not

powered,

Voltage swigéhing is accomplished with three Teledyne 7205
maghnetic latching relays. These relays contrel iaputs and
ocoutputs of the regulators and converter on this board. Signals
controlling these relays originate on the clock board and have

the following effects;

POWER ON (1) Turns on all switched voltages
POWER OFF (2) Turns off all switched voltages
POWER OFF (3) Turns off switched voltages except warm up

voltages

If switched operation is not desired (i.e. when power need
not be conserved) switches have been providad to disconnect

these signals and thus exftend relay life.
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2.7 SYSTEM POWER REQUIREMENTS

As previously mentioned, only 12 vde is required to power
the data logger and all external sensors. The current
requirement of the system is dependent upon the activity of the
system.

This may be broken into three areas;

Period 1) All voltages on (processor taking readings).
Period 2) Warm up power on, all switched voltages off

(sensors warming up).

Period 3) Warm up power and 31l switched voltages off

(waiting for next NMI).

The approximate current requirement in milliamps for each of

these periods is given below;

TYPICAL MAXIMUM
Period 1) (820 + R/0.65) (1300 + R/0.65)
Period 2) (10 + RW/0.65) (40 + RW/0.65)
Period 3) 3 40

In the above, R is the total current required by all sensors and
RW is the current required by sensors powered by the warm up
voltages. Although the lengih of Period 1 is dependent upon the
number of sensors selected during the initialization procedure,

it is typically on the order of 0.75 seconds for three sansors.
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If the system 1is to be powered by batteries, the required amp
hour rating may be found by multiplying %the current drain
associated with each of the above periods by the total time each
of these periods occurs in the anticipated pericd of system

operation.

SECTION 3 SOFTWARE DESCRIPTION

The software controls all of the hardware in the data
logger, the selection of which power is on or off and the
acquisition of data. A detailed description of the software
(the variables used and the function of esach subroutine) is
given in the program listing in the appendix. (The reader is

advised to read this section first before trying to understand

the program listing.)

Whenever a user turns the system on and presses reset, or
anytime the clock board fimishes timing an interval and turns on
the power the microprocessor starts the RESET routine {see
figure 5). The reset routine can be divided into two parts;
initialization of the newly powered system, and the user
options. The reset routine initializes the stack pointer in
order that stack operations and subroutine calls can bes done.
The PIAS are then initialized. Since turning on the power may
change the timing interval in the c¢lock, ©&the clock 1is
momentarily disabled and the time for the NMI is reset. Some of
the on board RAM variables are cleared (specifically WHERE and

BACKUP).
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The second part of the resst routine waits for the user +to
type a key. If the key corresponds to a user option, the option
is entered and the desired information is displayed or the user
is prompted further. If the user types an invalid key the user
options are retyped. NOTICE: When the wuser 1s at the user
option page the memory 1is always disabled; at NO other time

should the processor power be turned off.

The hardware interrupt (IRQ) 1is connected to the ACIA,
Thus, whenever a character 1s received an IRQ interrupt is
triggered. The IRQ flowchart is shown in figure 6. The
received character is first checked for validity (even parity is
usad). An invalid character results in the priating of a
question mark. A valid character is printed and stored in the

location RECEIVE.

If the received character 1is an ESCAPE then BACKUP is
chacked. If BACKUP 1is zero the escapes does nothing and a RTI
(Return from Interrupt) is sxescuted. If the escape is wvalid,
the correct number of words are removed from the stack (until
address STRIP is reached), a '*DEL*' is printed, and the user
Jumps back an input 1line. If the received character is a

CONTROL S, several words from the stack are removed (as if a RTI
Wwas executed) and the user is returned to the options page.
Every time a valid character 1s received a bit in location SIRQ
is set. This £2lls the wuser option page that the user has

prassad a key and would like somsthing done for him,.
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The non-maskable interrupt (NMI) is triggered by the
falling edge of the one-shot that turns the power on. This
occurs after the clock matches a time (typically the interrupt

15 triggered 8 ms after the processor has started the restart

routine). The NMI usually indicates that warm up power to the
sensors must be turned on or that a reading must be taken. The
NMI routine (see figure 7) can be divided into three parts;
preliminary 1initialization, determining the reason for the NMI
and performing that funection, and lastly, properly returning %o

the interrupted section of the restart routine.

The preliminary initialization finishes the initialization
of elock b (the clock PIA, port B), and disables the clock board
from further (or multiple) interrupts. 4 delay 1is performed
{approximately 0.5 seconds) to allow sensors without warm up
power to stabilize. Variables used in sesquential readings are
saved, and all variables are restored to their correct values.

The present time (stored in memory) is thsn updated.

The NMI routine decides what should be done from the value
of the status word (see figure 7). Before the NMI routine 1s
finished the status word 1s changed to reflect what functions
need to Dbe performed next time. If all measurements have been
taken, 68 hours and 15 minutes is loaded into the e¢lock and all
power 13 turned off. If measur=ments have not started yet and

1f they start today, their starting time 1is 1loaded intoc the

clock. Otherwise 24 hours is 1loaded into the clock. (To allow

a warm up time, on the days before the readings start NMI occurs
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at a warm wup time before midnight.) All power 1s then turned

off.

If the readings have already started, either warm up power
is turned on or the appropriate readings are taken. If readings
are taken, =ight are averaged together for sach port. After the
readings are taken a check is performed for stopping time. If
the stopping time has not been reached, the frequency of
measurements minus the warm up time 1s loaded into the clock.
If it wasn't warm up time all power 1s £turned off; otherwise

warm up power is left on.

Every time power 1is turned off a software delay
(approximately 0.5 seconds) 1s performed. If the processor
power swWwitch is on, the delay has no purpose. If the switch 13

off, the delay makes certain that the processor executes no

other instructions while power is turning off.

The final section of the NMI routine checks 1if +the user
options current readings, sequential readings, or dump was
interrupted. If none of the above options were interrupted, a
RTI is executed (the memory is sti1ll disabled). If dump was
interrupted, +the memory is enabled before the RTI. ir
sequential readings were interrupted, the current line of output
is restarted on the next 1line. If current readings were

interrupted, the current line of output 1s terminated.
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CONNECTOR DESCRIPTIONS

A) TERMINAL AND PERIPHERAL CONNECTORS
AMPHENOL 25 PIN (FEMALE) D-SERIES BODY

PIN 2 TRANSMITTED DATA (even parity A3SCII, RS232-C standard)
PIN 3 RECIEVED DATA (even parity ASCII, RS232-C standard)
PIN 14 REQUEST TO SEND

PIN 5 CLEAR TOQ SEND

PIN 6 DATA SET READY

PIN 7 GROUND

B) PORT (SENSOR) CONNECTORS
CANNON DEM5W1S WITH CENTER COAXIAL CONNECTION (RG/50)

PIN 1 ~15 VOLT (WARM UP)

PIN 2 +15 VOLT (SWITCHED)

PIN 3 +15 VOLT (WARM UP)

PIN 4 -15 VOLT (SWITCHED)

COAXTIAL
CENTER ANALOG INPUT (0-5 VOLTS)
SHEILD GROUND



POWER SWITCHING BOARD
EDGE CONNECTOR SIGNALS

SWITCHED +12V FROM FRONT PANEL
SWITCHED +12V FROM FRONT PANEL

POWER ON (1)
POWER OFF (2)
POWER OFF (3)

GND
+12VDC

GND
+5V

+5V (SWITCHED)
+15V (SWITCHED)
-15V (SWITCHED)
-15Y
+15V
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#+THZ FOLLOWING ARE ABREVIATIONS USED
oFREGUENTLY IN THE LISTING#;

- A BB 2 B A B - R N A A R R R

18
+E
+1+R

4FrItrA

sa+CrIen

ahaMal

21+R+Q

[tb2Al)

+REGISTER =»A
+REGISTER +B
+THE 2INDEX *REGISTER

+PERIPHERAL +INTERFACE *ALAPTER
+TAE +P+I*a IS A PARALLEL 16 BIT
+1/+40 PORT THAT aALS0O HAS THE
CAPABILITIES TO DETECT INTERRUPTS,

~ASYNCHRONIS #COMMUNICATION +INTERFACE
*ADAPTER
A+THE ®A+C4144 HANDLES THE SERIAL TRANSMISSION
AND RECEIVING BETWEEN THE PROCESSOR AND
THE TERMINAL AND THE PERIPHERALS

ANON=2MASKABLE +INTERRUPT
+THE #*N4M+]l IS CONNECTED TO THE CLOCK
BOARD SO THAT ANY TIME THE CLOCK TIMES
AN INTERVAL AN anaM2I IS TRIGGERED wHEN
THE TIME INTERVAL 1S REACHEDs taN #I4R+G
wWILL BE LATCHED IF 1T OCCURS DURING
AN foN*M2ly BUT IT wiILL NOT BE EXECUTED
UNTIL THE MNeMtI ROUTINE IS FINISHED.

+INTERKUPT +RE®QUEST
+THE +1+R2*Q IS CONNECTED TO THE +A+C+ItA SO
THAT ANY TIME A CHARACTER IS RECEIVED
8Y THE *A+C+I%*A AN 2I1*R2Q OCCURS. 2THE tIeR2Q
ROUTINE IS5 EXECYTED IMMEDIATELY UNLESS
A tNtM+I IS5 IN THE EXECUTION PROCESS.

+BRACKETS INDICATE THAT THE PAJR OF
REGISTERS SHOULD BE CONSIOERED AS A
SINGLE 16 BIT NUMBER. 4THE FIRST
REGISTER Is THE HIGH ORDER & BITS AnD
THE SECOND REGISTER FORMS THE LOwW
ORDER & 8ITS,
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& +VARIABLES o
“ AND #
A4 +CONSTANTS L
& o
L3 -
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BB E SRR ROOOIORERRORHEST AL RRGOL G
3
L-3
@
# RECEIV +THE LAST WORD RECEIVED BY THE +atCsIsn 1S
o STORED HERE.
®
o SIRGC +THE THIRD BIT OF THIS WORD 15 SET wWHEN-
o EVER AN #14R+@ OCCURS.
-3
= MOMTH *WHEN A MONTH I35 ENTERED FROM THE TERMINAL
i IT 1% STORED HERE.
k-1
L4 Day +WHEN A DAY IS ENTERED FROM THE TERMINAL
L IT 1S STORED HERE.
&
[ TIVEH *wHEN A TIME 1S ENTERED FROM THE TERMINAL
& THE HIGH ORDER 8 BITS OF THE TIME IN
« MINJUTES IS STORED HERE.
«
& TIVEL *WHEN A TIME IS ENTERED FROM THE TERMINAL
“ THE LOW ORDER 8 BlTS OF THE TIME In
“ MINUTES IS STORED HERE.
@
» PMCATH +THE PRESENT MONTH.
L=
= PDAY +THE PRESENT DAY
&
« PTINEN +THE & HIGH ORDER olITS OF THE PRESENT TIME,
#
& PTIVMEL +THE & LOW ORDER BITS OF THE PRESENT TI#Z,
@
A LMINH +THE 8 HIGH ORDER BITS OF THE LAST TIME
# STUFFED INTO THE CLOCK.
[
&« LHMINL +THE 6 LOw ORDER BITS OF THE LAST TIME
& STUFFEZD INTO THE CLOCK.
&+
& TEMFlwi3 +THIRTEEN TEMPORARY LOCATIONS,
&
@ SMORNTH +THE MONTH THE DATA LOGGER 1S TO START
-3 TAKING READINGS,
o
e Sbay *THE DAY THAT THE DATA LOGGER IS 70 START
o TAKING READINGS.
4
@ STIVER +THE 8 HIGH ORDER 8ITS OF THE TIME THdAT

js]
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STI¥EL
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CTwCy
CTFFEE

NUNMAVR

COnVH

COnvyL

MDATAH

MOATAL

Page

THE DATA LOGGER IS 70 START TAKING READINGS.

4THE 8 LOW ORDER SITS5S OF THE TIME THAT
THE DATA LOGGER 15 TO START TAKING READINGS.

+THE 8 HIGH ORDER 8ITS OF THE NUMBER OF
HMINUTES BETWEEN READINGS.

+THE 8 LOw ORDER BITS OF THE NUMBER OF
MINUTES BETWEEN READINGS.

+THE MONTH THAT THE DATA LOGGER IS TO
SToP TAKING READINGS,

+THE DAY THAT THE DATA LOGGER 1S TO
STOP TAKING READINGS.

+THE & HIGH ORDER BITS OF THE TIME That
THE DATA LOGGER IS TO STOP TAKING READINGS,

4THE & LOw QRDER BITS GQF THE TIME THAT
THE DATA LOGGER IS TO STOP TAKING READINGS,

+THE ADDRESS OF PORT *A OF THE +P+14A ON
THE CLOCK BOARD,

+THE ADDRESS OF PORT 48 OF THE +P2I+4 ON
THE CLOCK B0QARD,

+THE WARMUP TIME IN MINUTES.

+A4 CODED VERSION OF HOw MANY
DAYSy OVER 28y THERE ARE IN
EACH MONTH.

+A CONSTANT, EQUAL TO EIGHT» THAT
INDICATES HOW MANY MEASUREMENTS TO
AVERAGE TOGETHER FOR ONE READING.

FAFTER A MEASUREMENT 1S TAKEN THE HIGH
ORDER 8 BITs OF THE MEASUREMENT 15 STORED
IN THIS LOCATION. +THIS LOCATION IS ALSO
USED AS THE SOURCE FOR THE CONVERSIONS

TO THE PROPER UNITS.

“AFTER A MESUREMENT IS TaKEN THE LOW OQRDER
B BITS QF THE MEASUREMENT ARE STQRED In
THIS LOCATIONe +THIS LOCATION IS alLS0 USED
AS THE SOURCE FQR THE CONVERSIONS TO THE
PROPER UNITS.

+THE HIGH ORDER 8 BITS OF THE NEXT LQCATION
THAT A READING IS STORED IN 1S KEPT HERE.

ATHE LO% ORDER 8 BITS OF THE NEXT LOCATION
THAT A READING IS STORED IN IS KEPT HERE.

7



R R E R E R E R R E E R T EE T - - R B N BRI AR I B A B L B A
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EMask
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STaTUS

TENMFIRY
SECCHND

PORTBT
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FULLR

INCIR

WHICh]s
WHICHZ

CONVHY
Convil

Page

+THIS CONSTANT 1S THE ADDRESS WwHERE
MEASUREMENTS ARE FIRST STORED IN MEMORY,s

+THIS LOCATION 1S A READ ONLY REGISTER IN
THE +A+C+I+A THAT HOLDS STATUS INFoRMaTION
ABOUT THE LLAST RECEIVED WORD.

+THIS LOCATION 1S THE REGISTER IN THE
+a+CtIea  THAT RECEIVES A WORD OR TRANSMITS
A WORD,

+TH1IS CONSTANT IS +A+N+DED wlTH THE CNTRL WORD
TO CHECK FOR a PARITY Ok FRAME ERROR.

2THE CONSTANT IS5 4A+N+DED WITH THE CNTRL WORD
TQO TELL IF THE +a4C~JeA IS FREE TO TRANSMIT
A wQORD.

+THIS IS THE LOCATION OF PORT +A OF THE
2P+I+A ON THE +A/2D BOARD.

+THIS IS THE LOCATION OF PORT #8 OF THE
+P+l+a ON THE +A/+0 BOARD.

+THIS WURD KEEPS STATUS INFORMATION THAT
TELLS THE #N+M+I ROUTINE WHAT FUNCTION TO
PERFORM NEXT,

+THESE LOCATIONS ARE VUSED Tu TEMPORARILY
SAVE THE CONTENTS OF THE #+1+R.

ATHIS WORD TELLS WHICH ADDITIONAL PORTS
MAVE BEEN SPECIFIED IN THE INITIALIZATION
PROCEDURE, +A ONE IN 4 BIT 0=7 SPECIFIES
A PORT 1=8 RESPECTIVELY.

+THIS LOCATION HOLDS THE TOTAL NUMBER OF
MEASUREMENTS THAT ARE TO BE TAKEN DURING
EACH SET OF READINGS.

+THIS LOCATION TELLS SUBROUTINE ADCVAL
WHICH PORT TO READ.

+THIS LOCAION TEMPORARILY HOLDS THE NUMBER
READINGS THAT ARE TO BE TAKEN,

+THIS LOCCAION INDICATES HOW MANY MEMORY
LOCATIONS ARE NEEDED TO STORE EACH SET
OF MEASUREMENTS,

+THESE LOCATIONS ARE USED IN DETERMINING
WHICH PORT IS TO BE READ NEXT,.

+THESE LOCATIONS ACT AS TEMPORARY LOCATIONS
FOR THE VALUE OF CUNVH,CONVL.
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+THESE LOCATIONS INDICATE HOw MANY READINGS
THE USER wOULD LIKE DISPLAYED DURING
SEQUENTIAL READINGS.

+THESE LOCATIONS HOLD AN ADDRESS TO JumP
BACK TO IF THE USER PRESSES THE +E+S+CtatprE
KEY wHEN HE IS INITIALIZING TrE DATA LOGGER.

+THESE LOCATIONS ARE USED TO TEMPORARILY
STORE THE CONTENTS OF THE #I*R.
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Fol3
Fole
Folv7
FGplAa
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Fyozl
Fi22
Fgzo
Foz8

202026
zZo20
oo
44415
4523F2s
4DaD2f
4444329
20

00
544940
453F 2
484834
404029

+70ATES/ {(MM/DD) 27

00
+TTIMES/ {HH2$MM) 27

NUMAYR  EGU 508
CONVH EGU 54023
CONVL EGU S4024
MDATAF EGU $4925
MDATAL EGU $4026
STARTVF EGU 24040
CNTRL EGU $DE00
EMASK EGY £70
Data EGU sD801
TMASK ECU 502
ADFlAA  EBGU SE800
ADP1lAB  EQU 5EE02
STATUS E£GU 54000
SDATE EGU $4027
TEMPIR EGU 34028
SECOND ECU 54029
TEMFI3 EGU 502
TEMPI4 EGQU $03
PORTET EGU $402A
NPORTS  EGU 54028
SENNUM  ECU 5402¢C
FULLR EGU 402D
INCIR EGU $402E
WwHICH1 EGU $402F
wHICh2 €CU 54030
CONVR]1  ECU $4031
CONVLY  EGU $4032
NUMLOW  ECU 54033
NUMRT gEcu 4034
paCyxUF EBEGU 500
BACKP EGU 501
SAVINGS EGY $14
Savl EQU $15
SENSCVY  EGU SF800
MDELAY EGU sF9ES
RSHIFT4 EGQU SFO4A
LDELAY Ecu $FSpE
FE-e-T-F-Y-3-F-0-R-R-1-1-3 2-F.1-1-1-3-3 1

CRG SFOQO
SPACES FCC +7 -7

FCB 00
DATEQ FCC

FCB
TIMEG FCC

FCB 20
START Fce +TSTART +7

FCB 0o

3
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5620
00
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ZORF &b
20
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14
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20

00
874152
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20

60
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Q0
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o0
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«E5320
a0
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4541464
494t ed
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404B29
zo

00

4labes
495449
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QFREQ
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Da

TI

MIk

NEXTR

PR

TE

WTINMEG

ADDSEN
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Fee
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FCB
FCC

FCB
Fee

Fce
FCC

FCB
FCL

FCb
FCC

FCB
Fge

F(B
FeC

FCB
FCC

FC8
Fcc

+75TOP +7

0o
+TFREQUENCY OF 47

+TMEASUREMENTS47

o0
272/ (XXX) ~7

00
+TWARMUP 47

0o
2+TDATE +7

00
2TTIME +7

G0
+T7 MINS »7

]
+TNEXT READING AT +7

00
+7PAST READINGS +7

i1}
+TTEMP »7

00
+TTIME2/ (MM) 27

a0
+TADDITIONAL SENSOR+/+7
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FioE
Fill
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Fl21
Fizs
Fi27
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Fiau
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F13l
Fl3z

[0
504F5
24204E
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45523F
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3829
090
494ELS
S4494]
4C499A
515449
4F4EJF

G0
265545
532cst
4F 292y
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TF U0
57#152
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00
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S22720
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204120
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20444F
4E&45
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TFUO
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3L
g¢éla

PORTHE

PINIT

YESND

wCURRS

RS

FCb
FCC

FCB
FcC

FCB
FCC

FCe

FCC

FCB
FCC

FCC

FCB

DONEIN  FCC

FCB

60

+TPORT NUMBER+/ (1=B}+T7

00
ATINITIALIZATION/4T-

~

00

+7T{YESsNO]} =27

%0D+30A+3TF37Fy 00

+TWARM=UR TIME =47

00
/TYPE +7R+7 FOR A READINGs CONTROL/

/ +7547 wHEN DONE/

S0D+530A+sSTF +5TF 400

+TREASSIGN PORTS+/47

00

GaG G nL OB ORBRD OGSO

#+THIS SLEROQUTINE WAITS FOR THE

2INPUT OF & YES OR A NO.

+IF A

#4+7YES+T IS TYPED A 0 IS RETURNED
#IN +a, 4IF ANYTHING ELSE 1S TYPED

#A 1 15 RETURNED IN *A,

CRYES

nol
LLaa

RECELY

sWAIT FOR AN +I+RtQ
$+4=LAST CHAR. RECEIVED
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wal
LCAA
CHPA
BhE
CLRA
BEA
wil
LLAA
'vsR
CLE
TETA
F1S

mErTYLT
NOTY

RECELV
G2 TELT
NOTYES

RECELV
“5+TSTT
NOTYES

YESTST
~5501

LFCR
RECEIV

ePPOGLOURpERERELRGRE

#+MUL TIPLIES WANTS IN REG +A BY
#LEAYING THE RESULT IN 44,

AXTEN

ASLA
148
ASLA
ASLA
AEA
RTS

HERLQGOHRD LGV T RRDILORD

o INPUTS TWO DIGITS AND LEAVES
*THEIR DECIMAL VALUE IN +A,

TwOlIG

wdl
LCAA
SR
LSRR
T4B
wel
LCAA
«ER
AEA
£7S

RECEIV
ASCHEX
AXTEN

RECELV
ASCHEX

HPRREROTRREADILRDGESCRRSOS
et INPUTS 454T4A4RAT o #F +I4NTLASHAND APARPEASIEANST

#DATE ANC TIME3wARMwUP TIME AND
OF MEASUREMENTS.

*FREho
INDET

INSTAR

LCX
STX
’wSR
'USR
&R
ISR

LCX

-“SINDAT
BACKUP
PSP
PSPacCE
GETDAT
RCLK
=SPMONTH
REMEM
LFCR
~5INDAT
BACKUP
-“58TART
PRINT
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$BRANCH IF NOT A +T7Yye7
+walT FOR THE SECOND CHAR
$}*A=LAST CHAR. RECEIVED

$BRANCH TO NOTYES IF NOT A 47E27
IWAIT FOR THE +7S+7
$+ASLAST CHAR RECEIVED

SBRANCH IF NOT A 47547
$CLEAR +A MUST BE A YES
$BRANCH TO YES TEST
iwAIlT FOR ANOTHER CHAR
$NOT A YES LOAD #+A=]
7SKIP A LINE

tCLEAR RECELvY

JTEST +A

SRETURN TO CALLER

10+

sCONTAINS 2#4X
SCONTAINS 2#2X
$CONTAINS &4#4X
SCONTAINS 824X
sADDS 8z4n AND 224X
jrA=1024%

iWALT FOR THE CHAR

$MOVE THE CHAR INTO #+a
JCONVERT TO HEA EQUIVALENT
$MULT +A BY 10

$STORE FIRST DIGIT IN »8
IWAIT FOR NEXT DIGIT

}MOVE THE CHAR INTO +a
sCONVERT 70 HEX EQUIVALENT
jADD BOTH DIGITS

3VALUE OF INPUT IN #4a

{SET BACKUP FOR #DELw

$6GETS THE PRESENT DATE AND TIME
SRESET THE CLOCK TO ¢ TimME
3TELL REMEMBER WHERE TO STORE
$STORES PRESENT DATE AND TIME
$PRINTS LF anND CR

fLOAD START
FPRINT +7START47



Figl
F194

Fie7
F19a
Figb
Flat
Fla2
Flad
Fiaw
FlaB
Flat

Fiel
Fles
F167
FlbA
F18C
F1BF
Ficz
F1Cs
FlCn
Fles
Fick
FiDl
F1Da
ripé
FiD9
Fioc
F1DF
F1lEZ
F1ES
FiEs
F1lEG
F1EE
F1lF o
FilFz
F1Fs
F1Fgd
F1iFB
F1FE
Fz2ol
FZ0o4
Fa2o7?
F204
FzoC
F20F
Fell
Feis
FELT
Feig
Fzia
F210
F21lE
F21F
Faze
Fz2l

BOF248
CEs011

&DF276
BDFSES
CEFl8e
DF OO

CEF Q29
BDFT1T
BOF&Qu
BDF24b
CE4017

BOF270
BDF 555
CEF15D
DF o0
CEFO5L
BOFT717
CEFog2
BDF717
dBDF1%A
BT401b
BDF55%
CEF187
pF o
cEFp2F
BOFT17
CEF 049
BDFT717
BOF 24D
BT4010
Flalln
CEFiD]
ofFoo
8003
B740z28
7Fapza
BOFS5%
CEF ool
80FT17
CEF QD2
8DFT17
aDF 131
2eez2
CEFlEb
DFGO
CEFGB¢
BOFT17
3t
9612
sDF 663
sF

gD

59

44
26FC

INSTOP

TNWARK

INEREG

INPORT

MOREP

ROLL

«Sk
LCA

«ER
w3R
LCX
STX
LCX
SR
«ER
«ER
LCX

'vSR
‘USR
LCA
ETX
LT X
~ER
LEX
WwER
«ER
STAA
«2R
peXx
STX
LEX
LCX
wER
£TA4
STAB
LCXx
ETR
LLAA
ETAA
CLR
«SR
LCX
LEX
ISR
<SR
ENE
LCX
STX
LCA
1SR
wal
LCAA
'vsR
CLRB
SEC
rCLB
CECA
BhE

GETDAT
~5SMONTH

REMEM
LFCR
~SINSTAR
BACKUP
-55TOP
PRINT
PSP
GETDAT
~$FMONTH

REMEM
LFCR
~SINSTOP
BACKUP
~$WARMUP
PRINT
~SWTIMEQ
PRINT
TWOLIG
WTIME
LFCR
~SINwARM
BACKUP
“«SFREG
PRINT
«$QFREw
PRINT
THRDIG
LFREQ
HFREQ
-~$INFREQ
BACKUP
~5583
NPORTS
PORTBT
LFCR
=$ADDSEN
PRINT
-SYESND
PRINT
CHYES
INDONE
~SINPORT
BACKUP
~SPORTH
PRINT

RECELIV
ASCHEX

ROLL
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$GET STARTING DATE AND TIME

$TELL REMEMBER THIS IS STARTING
$ INFORMATION

$}STORE THE STARTING TIME AND DATE
;PRINT CR AND LF

$SET BACKUP FOR #DEL+
;LOAD STOP
SPRINT +7STOP2T

$GET STOPPING DATE AND TIME
$TELL REMEMBER TO STORE THIS AS
$THE STOPPING INFORMATION

$STORE STOPPING DATE AND TIME
$PRINT LF AND CR

$SET BACKUP FOR #DEL+
i L0AD WARMUP

IPRINT +7WARMUPAT
$LOAD TIME+/

$PRINT #7TIME+/+7

}GET Two DIGITS

;STORE THE WARMUP TIME

sPRINT LF AND CR

$1SET BACKUP FOR #DEL®
sLOAD FREGUENCY OF 4ue
;PRINT Q‘YFREQ. QF sesstT
JPRINT +/(XXX)

$PRINT IT

3GET THREE DIGITS

$1STORE LOW HALF QF FREQ,
$STORE HIGH HALF OF FREQ.

$5ET UP BACKUP FOR «DEL#®

=% OF READINGS NEED TO TAKE
{CLEARS WHICH ADDITIONAL PORTS

FPRINT +7ADDITIONAL SENSQOR..+7

IPRINT #T{YESsNQ) 2/~7
JWAIT FOR RESFPONSE
31F NOT ZERO THEN DONE

$SETUP BACKUP FOR ®DEL%

FPRINT 27PORT NUMBER, 47
$WAIT FOR RESPONSE

;CHANGE TO HEX
$CLEAR +8

$SET CARRY = 1
IROTATE LEFT +8
sDECREMENT 44
sLOOP UNTIL #A=p



Fz23
Fazé
Fe29
FzzC
Fazt
Fa23l
F23s
Fe3?
F23A
F23D
Fa&l
Fzé4c
F245
F247

Fzed
fa4d
F2sE
F251
F254
Fzs7
FzSA
Fash
Faeu

Fzel
F2e4
Faet
Fze9
F26A
Fz6B
F2ekE
Fz7l
F273
F274
F27%
Fa277

FETH
Fz27b
F270D
F2sl
Fzea
F2es
Fae7
Fzga
Fasc

FA&Q2A
FTa4p24
7Cap2e
20CA
BDFEES
CEF121
BOFTLT
CEFobZ2
BOFT17
BOF131
2TA9
CEQOOU
oF G0
39

CEFQo6
BDF71T
BOF38C
CEFQO¢
BOFT1T
CEFOl%
BRDFT17
BDF39E
39

864011
814003
2702

864001
AT00
Bo&00L
AT31
Bo40o3
ATDZ
BH400
ATG3
39
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CRAB PORTBT 30R +8 wWITH PORTBT
STAB PORTBT $iSTORE THE RESULT
InC NPORTS $ INCREMENT THE NUMBER OF READINGS
BRA MOREP $}BRANCH BACK FOR MURE

INDONE . SR LFCR ISKIP A LINE
LEX ~SDONEIN .
SR PRINT $PRINT *7REASSIGN PORTS,eeet?
LEX =~SYESND
1, 8R PRINT
wER CHYES §CHECK RESPONSE
BEQ INPORT s1F YES BRANCH BaCK TO INPQRT
LLCX ~%0000
§TX BACKUP JCLEAR BACKUP
F1S SRETURN TO CALLER

LI AL TR Y- -2 0 2 8 L2 a2 0

#46GETS Trf DATE AND TIME.

GEI0AT L[Cx ~3baTEQ $LOAD DATE~/
1WWER PRINT jPRINT +7DATE2/27
WSk DATE s INPUTS THE DATE
LCX ~FSPACES $LOAD SPACES
«SR PRINT §PRINT FIVE SPACES
LEX ~STIMEQ . SLOAD TIMEa/
SR PRINT $PRINT 27TIMEe /7
«SR TInmeE $INPUTS THE TIME
ETS

HERADADOSCHGRNSLRRDTH AT RS
#+C0MFARES START DATE TO PRESENT
«DATE, RETURNS &4 0 IN +A IF NOT
#THE SAMEs 1 IF SAME.

PSCORE  LLAA SMONTH sLOAD 4A WEITH STARTING MONTH
OFPA PMONTH $COMPARE +4 TO THE PRESENT MONTH
EEQ MSAME +IF EQUAL BRANCH TO MSAME
CLRA $IF NOT EQUAL CLEAR 44
fTS $AND RETURN VALUE *+A=0

MSAME LCAA SDAY $LOAD 24 wlTH STARTING DAY
CVMPA POAY jCOMPARE +4 TO THE PRESENT Day
LEQ DSAME §BRANCH IF THE SAME TO DSAME
CLRA $IF NOT THE SAME CLEAR +aA
ETS JAND RETURN VALUE +A=0

DSAME LLCAA ~$501 sTHE DATES ARE THE SAME
RTS sRETURN VALUE +A=]

- S LR L 2 L2 TR 2.2 1 210 Y

«+STORES THE NUMBERS IN MONTHs DAYs
oTIMERs AND TIMEL INTO 4 CONTIGUOUS
«L0CATIONE. +THE ADDRESS OF THE FIRST
aL0CALTION MUST BE IN THE INDEX REG.
23EFQORE Tkt SUBROUTINE IS CALLED.

REMEM LCAA MONTH $LOAD MONTH INTO +a
STAA 00X $STORE INTO FIRST LOCATION
LCAA DAy sL0AD DAY INTO »a
ETAA 0lex $STORE DAY INTO SECOND LOCATION
LLAA TIMEH sLOAD TIMEH INTO 2A&
STAA 024X JSTORE TIMEH INTO THIRD LOCATION
LCAA TIMEL $LOAD TIMEL INTO +A
STAA 03X $STORE TIMEL INTQ FOURTH LOCATION
FTS i RETURN

LA AL 2 2-2.2-0-0 -7 2-F-2 2-1.2-0.2. 0% ]



Fastu
F28L
Feaf
F29z
F293
F295
Fz97
F2%A
Fz90
Fz9E
F29F

Fzal
Fz2al
Fz A%
F2ab
Fzal
F2Arn
F2AC

Fzab
Fa4aE
Fg8¢
FEZRa
FeBe
F2B%
F2BA
Fzpl
FzCu
Facz
F2e3
Fe2Cyo
Face
Fa2eh
Fack
Facr
Fehe
F£B5

FzDb
FZD&
F204
Fzbu
FRE0

F2EL
F2Es

36

a7
B6EOOO
16
BAOD]
8a7F
BT7EGOO
FTE0QU
33

3z

39

37
FeD8gu
Cé4yZ2
27F3
B70801
33

39

3E
9612
BUOF 683
BDF 154
B7401C
sF
CEQOOY
BB4#01C
900
09
z26F8
B7T401C
FT4010D
BOF15A
sF
8B401C
Fo4tiv
39

8605
C6A9
FO4008
824007
39

HobOHs
Fé&007
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++TH]5 SLEROUTINE RESETS THE CLOCK

«70 TIME G,
RCLK FSHA 3SAVE 2
FEHB i SAVE B
LEAA CLoCKA sLOAD CLOCKA INTD +a
48 iCOPY 24 INTD B
CRAA =%301 $*0+*R 24 WITH 01 (HEX)
anDA -557F FrA4N+D +A wITH 7F (HEX)
STAA CLOCKA - 1STORE +A IN CLOCKA
STAB CLOCKA JRETUARN CLOCKA TO ORIGINAL VALUE
RLLB $RESTORE +B
RLLA JRESTORE +A
RTS8

(.34 2. 7% 2-2-0-3-F-3-2 0 % ¥ I-3 ¥UN-3.0

#40402T+2 TRANSMITS TO THE OQUTPUT DEVICE
#({TERMINAL OR TELETYPE) THE CONTENTS

#0F REGLSTER tA,

oulA F5HB 1SAVE 1B
bACKG  LCAB CNTRL $LOAD #8 WITH +A+C+I+4 CONTROL WORD
ANDB ~STMASK $CHECK BIT 1
BEQ BACKO JWAIT IF BIT IS ¢
FORWORD STaA DATA JWRITE QUT #A
RLLB iRESTORE +3
RE1S

GORL G HEROGE R OREHROTT Bt
SOV R IRRGBACR IR RESRGTOOTE

#+INPUTS THREE DIGITS INTO [+a+B]),

THROIG WAl WALIT FOR FIRST DIGIT
LLAA RECEIV sLOAD DIGIT INTO =+A
WER ASCHEX ;CONVERT TOD HEX
1ER AXTEN FMULTIPLY BY TEN
S1AA TEMPL }STORE IN TEMP]
CLRE sCLEAR +B
LEX -5 $PREPARE TO MULT. TEN TIMES
TENTIF 8CDA TEMP) $ADD TEMP)1 TO SELF NINE TIMES
ACCB =300 $A 2 REGISTER ADDsADU CARRY
CEX ;DECREMENT LOQP COUNTER
BAE TENTIM iBRANCH UNTIL ADDED 9 TIHES
STAA TEMP] §STORE VALUE OF FIRST DIGIT
ST AB TEMP2 $}STORE LOWER mALF OF DIGIT
SR TWODIG $GET THE OTHER TwQ DIGITS
CLRB $CLEAR B
aCDA TEMPL $ADD LOWER HALF OF FIRST UIGIT
ACCE TEMPZ 3ADD UPPER HALF OF FIRST OIGLIY
RETS $DECIMAL VALUE IN [+A+3).

LT ALY A T2 22 22 1-2 0 21

s4MIDNIGFT MINUS PRESENT TIME PUT IN [+A2B].

MIUNIG LCAA «$30S 3264300 = 05+4A0 IN HEX
LCAB ~5$40 JLOAD THIS INTO ([+a+B)
SLBB PTIMEL $SUBTRACT LOWER HALF OF PRESENT TIME
.SECA PTIMEH ;SUBTRACT UPPER HALF OF PRESENT TIME
FTS

2L L2 TR L3222 28 25 -0

«+UpDATES THE PRESENT TIMEs DAYs AND MONTH 2ASED
eON ThE LAST TIME IN THE CLOCK (LTIMEm.LTIMEL}.
UPTIME LLaAA PTIMEL

LCAB PTIMER



Fzg?
F2EA
Feel
FzFu
F2rF3
F2F4
F2Fb
FaFh
F2FA
Ferd
FafFp
Fa2FF
F3Q0
Fige
F3va
F3ig7
F30a
F3gD
F3or
Fz211
F313
F315
F3ie
F318
F3i108
=N
Faze
F3ize
F325
Fizu
F3g9
F3z8
Fazt
F331
F333
F336

F33&
F33A
F336
F330
F33E
F3s0
F3a3
F346
F3a7
F344

F34B
F34E
F381
Fass4
F357

F3s8

Bb40dA
F94009%
674008
FTa007
4C
€195
2763
2E06
39
BlAQ
2201
3%
80Al
c205
B74000
FTaGe7
Boalle
4C
B74006
811C
2Cul
39
CeCcE
FT4010
CBEF
F74Q01E
C6BB
FTa0}f
Fo&005
54
2Du8
BOF 340
BDF 34b
Z0FS
F&anlC
CeG3

CbicC
11
2E0
39
860l
B74000
864005
4C
B74002
a9

Jo4llf
79401E
794010
79401C
39

BOEOOV

atDa LMINL
aACCH LMINH
STAA PTIMEL
$TAB PTIMEH

INCA
CrPB ~%505
EEQ LOWCHK
BCT FIXDAY
kTS

LOwWChK  CMPA =$5A0
Brl FIXCAY
R1S

FIAbay <UBA ~8$541

5BCH ~5305
STAA PTIMEL
STAB PTIMEH
LCAA POAY

INCA

STAA PDAY
CFPA ~531C
BGE MONCHK
FTS

MONCHE  LCAB ~3CONE
STAB TEmMP2
LCAB ~3CTWO
STAB TEMP3
LCAB “$CTHREE
£TAB TEMPSG
LEAB PMONTH

CsSHIFT CECB

BLT MONDAY
wER TEMPSH
3R TEMPSH
EFA CSHIFT

mONBAY LCAB TEMP1
ANDE ~53503

ACDB 328
CEa
BET MONF IX
RTS

MONFIX  LCAA =351
STAA PDAY
LCAA PMONTH
INCA
ETAA FMONTH
kTS

LS a -2 4 2.2 02200 022 2.2 - 2.2
o+bEFT SFIFT TEMPl9293s4.

TEMPSE  AsL TEMP4
RCL TEMP3
RCL TEMP2
RCL TEMP]

RTS
EA AL L 22 P r-2.1-1- 1. F-F.-1-T-3.%.-2.3
e+~TURNS ALL POWWER OFF.
POWOFF LAl CLOCKA

Page 77

ADD LAST TIME IN CLOCK
3B0OTH LOw AND HIGH ORDER

5STORE BACK IN MEMORY
IPROVIDES A CHECK FOR LOWCHK

$15 1T EQUAL TO HIGH ORDLR OF ONE DAY
+IF YES G0 CHECK LOw HALF
i11F GREATER BRANCH 10 FIX paY

tRETURN TO CALLER

$1S LOw HALF = LOw HALF UN ONE DAY
$1F LARGER GO TO FIxDaY

SRETURN TO CALLER

JSUBTRACT 26 HOURS (IN MINS,)
$STORE BACK INTO PTIMEH+L

$ INCREMENT THE DAY
$STORE THE DAY
sCOMPARE TO 28 DAYS
sIF GREATER THAN GOTO MONCHK
$RETURN 7O CALLER

$+B=MONTH
}DECREMENT THE MONTH
5IF ZERO DONE SHIFTING

$SHIFT CONEsCTWO,CTHREE TwICE
jLOOP BACK

$1GET ouT THE NUMBER OF DAYS
JOVER 2B THAT ARE IN THIS MONTH
yADD 28 TO GEY DAYS IN MONTH
$COMPARE DAY TO DAYS IN MONTH
3IF GREATER TrHAN GOTO MOWFIX
JRETURN TO CALLER

$RESET OAY TO 1

s INCREMENT THE MONTH
JRETURN TO CALLER



F3Se
F3sb
F3&0
F3ez
F3e&
F367

Faen
F3eB
F3el
F370
F372
F37«
F377

F3Te
F376
F37C
F37E
F380
F353
Fass

F3eb
F3g%
F3sn

F38C
F38D
F38E
F3¢l
F394
F35%
F39s
F39t
F3ocC
F390

F39E
F 29F
F3A0
F343
Fané
F3a5
F3Ab
F3a5
F3Aa
Faab
F3AC

8420
BTEDQU
BAl8
BaDF
ETED0D
39

BGEQoY
8Al0
BTEQOU
aA28
B4EF
BTEOOU
39

CE4Qo04
ABLG
ATOQ
a8

aCs 005
26F 5
39

FGa0lB
geqoe
39

36

BDF15A
B7400l

sOF 154
87400z

39

CRAad =%%520

£TAR CLOCKA

CRAA =$518

ANDA =55%0F

STAA CLOCKA

F18
CHEDRERBOUDHTRRS LI NT
#2TURNS CFF +«15(5) ++5(S)
WRMPOw LECAA CLOCKA

CFRAA «5S10

STAA CLOCKA

‘CRAA =~5%28

ANDA ~SSEF

STAA CLOCKA

RI&
2102 2 2-3-2-F-2-2 2. 2- 2 X.1- 8- 1)
#+TH]IS SLEROUTINE MOVES WHAT IS5 IN
#PMONTH=FTIMEL INTQ MONTH=TIMEL,

UNSTQF LEX ~SMONTH $+I+R={ OCATION OF MONTH
UNRQCK LCAA 049X $+AS4]4R=4
ETAA 0GsX $STORE IT IN +I4R
ThX $ INCREMENT +14R
CEX ~SPMONTH +IF EQUAL wE ARE DONE
BAE UNROCK ;LOOP BACK IF NOT
RT1S

L a-f 3-2-L-2-F-F-T-2-L - 1-2-L 3-2-2-1
“[+A+Blp[+A+B]= (WARM=UP TIME)
SUBWTI SLBE WTIME

SECA ~3500

&1S
-2 4-2.1-2-5-F.3-R.00 2 2-% L-L 5o 2-2-%-1-3
#+LNPUTS CATE OF THE FORM 2646/4646.
#+5TORES INPUT IN MONTH AND DAY.
DaTE FSHA

ESHB

wER TWoDIG s INPUT Tw0 DIGITS
STAA MONTH iSTOR§ THEM IN MONTH
wal jwAIT FOR NEXT CHAR
«SR TwOD1G s INPUT TwWO DIGITS
£TAA DAY $STORE IN Day

FLLB

RLLA

TS

Y-S 2-2-1 1-F-3.2-%-3-1 5.8 T-1-3-3-3.]
w4+ LNPUTS TIME OF THE FORM #6+6414646,
2«2STORES INPUT IN TIMEHR AND TIMEL.

TIME FSHA
FEHB
<SR THODIG $INPUT TwO DIGITS
CLRB ;CLEAR +B
ASLA ;22
ASLA 126
STAA TIMEL {STORE TEMPORARILY HERE
ASLA 18
ASLA
FCLB 3#16

ASLA

Page 78
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F3al 5% RCLB §232

F3AE o8 ASLA

F3AF 59 FCLB § L84

F3p0 BO400% SLBA TIMEL i{+B2rAl=602 (2 DIGITS)

FaB3 C200 €ECB =3%500

F3B5 BT400e STAA TIMEL

Fibb F14003 STAB TIMEH ;STORE THE TIME IN TIMEH«L
F3Bo 3E wnal sWAIT FOR ANOTHER INPUT

F 3BC BDF 154 SR TwOD1G JGET TO MINUTE DIGITS OF TIME
F3Bf 5F CLRY $CLEAR 8

Facu BB4DO4 &C0a TIMEL

F3C3 FOa0(3 ATCB TIMEH $ADD FIRST TWO DIGITS IN MINUTES
F3cé BT400% £TAA TIMEL

F3C9 FT4003 STAB TIMEH $STORE THE TIME

F3cc 33 FLLB

F3cb 32 PLLA

F3cE 39 RTS

(202 2 A 22222 1.2 2 1.0 1121 1)
+2LOMPARES [PDAY <WARMUP TIME] TO
#SUAY RETLRNS 0 IN +A IF NOT THE
#SAaME.1l IF THE SAME,

Facf gbFS9¢ PSCMPw  _SR STIME $SAVE PMONTH=LMINL

F3be bba0lB LCAA WTIME JHASWARMUP TIME

F3D5 B700A STAA LMINL

F3De  7Fe009 CLR LMINH $SET LAST CLOCK TIME TO wARMUP TIME

F308  HBDFPEL SR UPTIME 3400 THE WARMUP TIME TO TnE PRESENT TIME
F3uk  BDFzZel <SR PSCOMP $NOw COMPARE PRESENT T0 STARTING TIME
F3gEl BDFSB3 WER RTIME sRESTORE PMONTH=-LMINL

F3E4 4D TETA $TEST 24

F3ES 39 F1S JRETURN TO CALLER

GRREUSR LSV SDUTOTOSGERF L4

#+THE CONTENTS OF +A ARE CONVERTED
&#T0 Twh +B2C+D DIGITS.

F3Ee 874010 BCW STAA TEMPZ

F3ES TF&4p1C CLR TEMP]

F3EC  FE401C LCx TEMPL j+IAR=2A

F3EF 4F CLRA SCLEAR +A

F3Fu 8CO00U HBCULOF CFX ~8500 $1F ZERO THEN CONVERSIQON DONE
F3Fr3 2706 EEQ BCDLON $IF EQUAL BRANCH TC BCDDON
F3F% 09 CEX $DECREMENT #14R

F3F6 88¢1 ACDA «S501 $INCREMENT +a

F3Fb 19 can $BCD ADJUST *a

F3F% 20F% BRA BCOLOP $BRANGCH BACK FOR MORE

F3FB 39 BCOLON  FTS sRETURN TO CALLER

RO BDNLORSSORGRAGOR

++PRINTS THE USER47S OPTIONS.

F3FC B8ODF7CO UISPCH 3R ALERT tPRINTS WARMUP POWER (+0+N,40+F+F) .,
F3FF  CEF406 LCX ~$DSPEC
Fap2 BOFT1Y wER PRINT jPRINT THE OPTIONS
Fa0d 39 TS
212 2-2-2-2-F-1-2.7-%-1-2-F¥-7. T 3.9%.
F&0b 412920 ODSPEC  F(C +TA) INITIALIZING®T

Fa(® 4G4E49
Fa4pt 2344941
F4oF 4C4954
F&lZ 494E4T
Fald 205041 FLC +7 PARAMETERS 27



Faell
Fulw
F4lE
Fazl
F 424
F&zd
Fagh
FazB
F42E
Fa3l
Fa3a
F&37
F434
F 430
F43fF
Fa4t2
F&sd
Fé4abt
F4a%
Fast
Faaf
Fa52
F453
F458
F4359
F 45C
F450
Fael
Fab3
Fabb
Fab%
F46€
FabE
FaTl
Fa&a72
FaTd
Fa78
F479
F&47C
FaTF
Fane
FoBS
Fago
F4Bb
F48E
Fagl
Fa94
Fag?
F49a
F&4SD
F49LC
Faal

Fapld
Fuha
F4Ab

S24140

455445

525320

oDOATF FCB
TF

4229290 FCC
43555z

S2455E

542053

4+5a4E53

4F 5220

824541 FccC
444948

4753

0DOATE FCB
77

432920 FLC
534551

55454E

544941

4C2052

454144

494E47

g3

oDGATF FCB
TF

442920 FCC
494E49

544941

4C4954

415449

4F GE

OLGATF F(B
1F

452924 FCC
445540

S0

oDuATF FCB
TF202%

202026

28434F FCC
4ES482

GF 42y

275327

208354

4F 5053

205052

494EDs

4F 5554

29

0DOATF FCB
TF 00

Page

B0D+50A23TF+57F

+78) CURRENT SENSOR +7

+TREADINGST

S0D30A¢ITFSTF

+7C) SEQUENTIAL READINGS#+7

S0Ds50A3TF¢STF
27Dy INITIALIZATION~T

30D930AsSTF+8TF

+7E) DuMP~7
S0D950A1STF 9 STF 9520+520+52043209320

/{CONTROL +75+7 STOPS PRINTOUT)/

$0DsS0AvETF93TF+00

GHENRRATRTU G R RHEROORED

#+TnIS SLEROUTINE DISABLES THE MEMORY.

36 DISMEV FSHA
863F LCAA
B4EOOV ANDA

~533F
CLOCKA

89



FabiS
F&4hAC
Fuhl

F4AE
F4AF
FaBG

Fail
F4B2
F4BS
Fa4bb
F4BB
F4gE
Fall
F&C4
Fa4C?
FaCh
Fa«CD
F&4Du
F&4D3
FaDo
Fa4D9
FeDA
F4DB

FoDC
F4DF
FaEL
F&4E3
F4Ea
F4ET
F4EY

F4EA
F4ED
F4EE
F4EF
FaFl

BTEOQu
iz
39

58
49
39

37

F&401l
F7401C
Fe40l2
FTa401VL
BG4D17
e7«011l
BéuQle
874012
BDF26:
Foa0ll
FT4011
Fo401D
FT4p12
33

o0

39

CE4005
AGOC
ATOQ
511
8C4008
26F &
29

pbe02E

STha CLOCKA

PLLA

FT1S
padbpatotagontesd oy
#25,,1FT LEFT (+a+B1,
SHFROL ASLB

FCLA

RS
- L 21X 22 - Lyl L LY
«4+COMPARES PDATE 7O FDATE AND
@RETURNS A ZERO IF NOT THE
&SAME,
PFLOMP FSHB

LCAB SMONTH

£T4B TEMP}

LCAB sDhay

S$1AR TEMPZ

LT AA FMONTH

STAA SMONTH

LTAA FOAY

STAA SDAY

wER PSCOMP

LLAB TEMP]

STAB SMONTH

LEAB TEMPZ

STAB SDAY

FLLB

TETA

RIS
GO OLONROTREBLEOTRE
#+THIS SLEROUTINE MOVES SMONTh=
#LFREG INTO LOCATIONS PMONTH=
L MINL .
STOPS LCx ~5PMONTH
ROCK LLCAR 1292

STAA 3004 %

Liv X

CFX =~SLMINL+1
BAE ROCK

RTS8

HPERLEDLAPDEREREDISORARVGHE LN

§SAVE SMONTH
$SAVE SDaY
$PUT FMONTH IN SMONTH

JPUT FDAY IN SDAY
;COMPARE SDATE TO PDATE

$RESTORE SMONTH
$RESTORE SDPaY \

$TEST A
$RETURN TQ CALLER

sLOAD THE NEw WORD
sWRITE OVER OLU WORK
$ INCREMENT 2I4R
$COMPARE TO LMINL+}
1ST0P 1IF EQuUAL
}RETURN TO CALLER

#+THl1S SLEROVUTINE INCREMENTS THE +ItR

sEQual TC THE NUMBER OF MEMORY
« OCATIONS NEEDED 7O STORE EACH
+SET OF READINGS.
IRLOOF LCaAA INCIR
IRLOP Th X

CECA

BAE IRLOP

F15
[-2-2:4-2-1-2 L 2-%.-F-F-1-2 L 2.1 2 F-3-5-%.% 3.3
22T, 1S SLEROUTINE TAKES THE DATE
sahls TIME THAT ARE IN MONTH.DAY,
+TIMERs ARD TIMEL AND COMES BACK
swlTH THE ADUDRESS OF THE FIRST
oMEMORY LCCATION THAT HOLDS THAT
#READING IN THE +IaR, +IF THAT

tra=«% OF INCREMENTS
3 INCREMENT +14R

$} DECREMENT #+A

$IF 4A EQUALS 0 QuUIT
$RETURN TO CALLER
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FaF2
F4F5
FaFs
F&Fb
F4FE
FS6u
F5p3
F505
Fo5p6
F&07
Fsgs
F50b
Faoc
FHob

F50E
F51i
Fe13
F516
F519
F51C
Fs1F

F52¢
F523
Fsz6
F529
F528
Fs2D
F52F

F531
F53z
F534
FB37
FS3A
Fo30
F540
F5&42
Foa4
F546
Fae7
F549
F54D
Fhal
FS5a4F
F550

BDFSE3
FE&OEL
39

FF4021
CE4D0L
8Ca003
2709
AGDYO
AlQ4
221E

o8
20r2
F&ad03
BO4 04
8400y
FR4e007
2009
grge
2409
4l
2742
2004
8601
2001
4F
FEa0Z21

»READING wAS NEVER TAKEN THEN
«+1+*R=0000,

RTAKERN

LotLop

RJMFP

QVERF
RETUNE

SR
«ER
LEX
CFX
EEQ
SR
BNE
HCP
WNCP
INCP
wER
MCP
WP
nCP

SR
BRA
LECX
SiX
LEX
kIS

STIME
STOPS
~3STARTM
MDATAH
OVERF
PINCMP
RETUNE

UPTIME

IRLOOP
LOCLOP
~5%0000
TEMPLZ
RTIME
TEMPIZ

BHARGBBLAESHRIREHORD

ARAGERGDRE SRR EAE RO
#+THIS SLEROUTINE COMPARES MONTHy
#DAYs TIMER9TIMEL TO PHMONTH,
*POAY PTIVEHIPTIMEL RESPECTIVELY.
#+lF MONTr.s«TIMEL OCCURED BEFQRE

QPHONTH- . .PTIHEL,

THEN A& ONE

#I% RETURMED IN *A OTHEWISE A
#ZuRO IS FETURNED.

PINCHP

xLuop

ALEWUAL

SECCHEK

EQUAL

A0VER
XDON

STIX
LCX
CFX
BEQ
Ltaa
CMPA
Brl

INK
BRA
LCAB
LCAA
SLBA
SECB
ELT
EEQ
EFA
TSTA
BEu
gFA
LCAA
BRA
CLRA
LLX

TEMP1Z
~SMONTH
=STIMEH
ALEQUAL
$00sX
2049
ROVER

ALOOP
TIMEH
TIMEL
PTIMEL
PTIMEH
EQUAL
SECCHEK
XQVER

EQuUAL
XOVER
~%301
XDon

TEMRiZ
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iSAVE PMONTH-LMINL

JMOVES SMONTH=LFREQ TO MONTHeLMINL

14 14R=STARTING LOCATION OF DATA
;1S +1eR PAST CURRENT READINGS4/
$IS YES THEN READING NOT TAKEN
$COMPARES MONTH=TIMEL, TO PMONTHeLMINL
$1F NOT 0s THEN LOCATION FOUND

$IF 0s THEN INCREMENT THE TIME

$AND TRY AGAIN

}INCREMENT +I#R THE CORRECT AMOUNT
$BRANCH BACK FOR TEST

$READING NOT TAKEN

$}STORE TEMPLZ

JRESTORE PMONTH-LMINL

3RESORE +I4R

$RETURN TO CALLER

jSAVE +I+R
$+14R = ADDRESS OF MONTH
315 +I*R=ADDRESS OF PMONTH
}NOW CHECK TIME
$ONE OF FIRST wORDS
jCOMPARE TO ONE OF SECOND wORDS
$IF FIRST TIME IS AFTER SECOND
$THEN THIS IS NOT TIME
$ INCREMENT +I+R
iBRANCH BACK TO TEST NEXT LOCATION

$TIME FOUND LOAD 1
$GOTO DONE
$NOT FOUND LOAD 0
$RESTORE +14R



F553
F554

F555%
F55¢6
F558
Fs558
F550
Fs6l
Fo62
FSéb
FSe8
F569

Fa6A
Fsé6p
F5ab
Foof
Fa70
Fe7e
FoTe

F575
F577
F579

FS7A
F57b
F57¢C
F57l
F57E
FS7f
F58i
Fs582
Fu83
FS80
F5a%
F58A
F58D
Fu90
F591

4D
39

36
860D
BOF 2A0
8604
8DFzad
867F
BDF2A0
BOFZAUL
32

as

4F
6801
6900
4C
8108
26F T
39

64900
6601
39

37

16

Lt

[

b

44
CahF
37
BOF&8UL
BOF2ZAC
32
BDFegD
pbrzav
33

39

TETA
F1s

EX-R A2 2-3-1-2-2 2-1 2 2 12141

+4THlS SLEROUTINE PRINTS A
(+L+F) AND A CARRAGE
+RUBOUTS ARE

wL INE FEEC
«RETURN (2C4R) .
SINSERTEL INCASE A TELETYPE

«1S5 USED,

LFCR

FEHA
LCAA
1SR
LLAA
wER
LLAA
wER
wER
PLLA
RTS8

=5500D
QUTA
=5504A
oUTA
~5%7F
outa
oUTA

-2 L g2 41 F-¥-E-1 L 8-5-2 2-3-3-3 5]

GHTROEHHGH PRI DHDDEBDHEY

c4+THIS SLEROQUTINE SHIFTS A

#10 BIT wCRD 4 BITS TO THE LEFT,
saThg 16 EIT WORD ARE 2 MEMORY
#| OCATIONSs THE FIRST 1S POINTED
#TUG BY THE +I4R.

LSHFT4
ARODND

FRERRUPRBRGEHDOR BT ERL WD

CLRA
ASL
RCL
InCaA
CrMPA
BAE
F15

3014X
$00.X

5504
AROUND

STEST +4
JRETURN TO CALLER

$CLEAR +A

§SHIFT LOw ORDER wORD
$SHIFT HGH ORDER WwWORD
$ INCREMENT 24

$TEST FOR 4 SHIFTS
$1F NOT DONE LOOP BACK
JRETURN TO CALLER

24T3IS SLEROUTINE SHIFTS A 16 BIT

#wOGRD 1 EBIT TO THE RIGHT.
1S POINTED TO BY THE *ItR.

SHIFTR

AVREDNLRBCJLLEPDDOTONR IR
247R1S SLEROUTINE PRINTS QUT ONE
+THE BYTE IS IN +A.

2BTTE.
gYTALT

LSR
FCR
TS

FSHB
148
LERA
LERA
LERA
LERA
ANDB
FSHB
wWER
wER
RFLLA
-SR
WwiR
PLLB
TR )

00X
BleX

=5$0F

HEXASC
ouTA

HEX&SC
QuUTA

4THE WORD

JSHIFT THE HIGH ORDER wORD
$SHIFT THE LOw ORDER wORD

IRETURN TO CALLER

$SAVE +B
$+B=1rA

$SHIFT #A RIGHT 4 BITS
JMASK QUT UPPER 4 BITS
$SAYE +B

$CONVERT TO HEX

JPRINT

$GET LOwWER & BITS
$CONVERT TO HEX

SPRINT 44

$RESCRE +B

JRETURN TO CALLER
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F592
Fbo3
FSo4

Fag7
F599
FaoB
FS9E
F3auv
Faaz
FSa3
F3a6
FSad
FSAA
F5al

Faa0
FSB1
F&&82

Fsp3
Fsgae
FSBS
F58s
FSBA
Fsal
FSBF
FsCl
F5C3
F5C4
Fsc7
F5CS
Fsch
FSCE
FsDl
F5Dz
F503

FaD4
FLD5
FsDe
FsDY
FsDC
FSDF

36
37
BOFe16

26¢2
enls
CE4003
AGDO
AT06
p8
8C400b
26F 6
8620
BA4QQU
B74000

33
a2
39

30

37
BDF&1®B
27402
2015
CE4005
ABUG
ATHO
08
8C4Q0b
26F5
860F
B&44000
B74000
33

32

39

36
17
BOF 3E6
BOFS7A
Béagj2u
BOF2A0
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HbeputiaaReoeeLRERLs

v+T_15S SLEROUTINE SAVES PMONTH=
«LMINL IN TEMPORARY LOCAIONS,

STImME FSHA 1SAVE +A
FEnB FSAVE »B
«ER SATS JCHECK IF AN STIME

$HAS BEEN DONE
$WITHOUT AN RTIME FOLLOWING IT

BhE CSTIME JIF IT HASN+7T THEN BRANCH

BRA - SDON $ILLEGAL REQUEST LEAVE SUBROUTINE
CcSTIME LCX «SPMONTH i+1*R=ADDRESS OF PMONTH
nOCHY LCAA S004% §+A=VALUE TO BE MOVED

STAA S064X $3STORE VALUE IN A TEMP,., LOC,

InX $INCREMENT +14R

CEx ~$TEMPE }ARE WE DONEt/

EANE NOCH] $IF NO LOOP BACK

LCAA 5520
CRAA STATUS

STAA STATUS $SET STATUS BIT SHOWING AN
JSTIME HAS BEEN DONE
SDON FLLB $RESTORE 48
PLLA {RESTORE 44
ETS SRETURN TO CALLER

RRRBLARBLLABHERBRDOS

#+TuiS SLEROUTINE RESTORES THE VALUES
«0F PMONTF~LMINL, {#NOTE*; #IF AN STIME
#HAS NOT BEEN DONE THIS SUBROUTINE

ewlil DO hOTHING.)

RTIME FSha $SAVE +A
FSHB P SAVE +8
«ER SATS JCHECK FOR STIME DONE
BEQ CRTIME $IF AN STIME HAS BEEN DONE BRANCH
ERA RDON 1STIME NOT DONE EXIT ROUTINE
CRIIME LLx “SPMONTH $+1+R=PMONTH
NoChz LCAA $06,X% sLOAD yALUE
STAA 5004 X JRESQRE THE VALUE
IR X 3 INCREMENT +ItR
CFX ~STEMPS 5ARE WE DONE=/
BAE NOCH2 iIF NGOy THEN LOOP BACK

LLAA =530F
ANDA STATUS

STan STATUS JRESET sSTATUs BIT
RDON FLLB $RESTORE *8

PLLA SRESTORE- *A

RT3 IRETURN TO CALLER

L2-3-0-F-%-1-2 3.3-3-9"7.3 5. 7% .39

++TR1S SLEROUTINE TAKES WHAT IS

#IN +H ANC PRINTS I7. +THEN IT
*PRINTS wrATS IN TEMPS {USUALLY

#A 274347 QR A 47/+7)e *AND FOLLOWS
#THAT BY THE CHARACTER IN #a,

VAROUT FSHA JSAVE #A
TEA 31 +aAz+B
SR BCO i CONVERT TO BCD
wwER BYTOUT $PRINT THE TWO CHARS
LCAA TEMPS
SR ouUTa $PRINT WHAT IS IN TEMPS



FSEZ
FBE3J
FSEe
FSEY

FSEA
FSEB
FSED
FSF
F5F1
FSF4

F5FS
F5Fo
FSF7
FSFA
FSFD
FSFLE
FSFF

Feoo
Fapl
Foo2
FeiH
Feo7
Foob
Fe0y

Fe0A
Fe&ob
F6oC
FeoD
F6OE
FOOF
F&619
Fo1l
Ferz

F613

Fal4
F618

Fele

32
BDF 3E6
BOFS7A
as

36
8e2F
B74020

BDF5D4
39

36
37
CEFoo00
gOFT17
33
32
39

36

37
8620
BOF2a0
33

3z

3%

32
33
3l
31
31
31
3l
31
31

a7

36
39

8020

PLLA

wER BCD
wiER BYTOUT
RF1S

SORTRELABUOSEBERRSTSLE
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SRESTORE *A
3CONVERT 7O BCD
PRINT BOTH CHARS
$RETURN TO CALLER

#4TRIS SLERQUTINE PRINTS THE DATE.
=+4THE MOATH MUST BE IN #8 AND THE
eDAY MUST BE IN tA.

PDATE FEHA FSAVE ¢a
LLAA «552F
ETAA TEMPS S TEMPSz47 /27
PLLA $JRESTORE *A
1wSR VAROUT } VARQUT PRINTS OQUT DATE
RIS FRETURN TO CALLER

CORRBEREEG R EERR RS
#+TIS SLEROUTINE PRINTS OUT
sFIVE SPACES.

PSPACE FSHA $SAVE A
REHB } SAVE +B
LiX ~$SPACES $LOAD +I+R WITH ADDRESS
wER PRINT FPRINT 7 +7
RLLB $RESTORE +B
ALLA $RESTQRE *A
k1S JRETURN TO CALLER

HANBEE A4 B LERRDERBIREE

#4715 SLERQUTINE PRINTS ONE SPACE.

PSF FEHA §SAVE A
FEHB §SAVE +8
LCAA ~5520
wiR ouUTA FPRINT 7 27
PLLB JRESTORE +8
FLLA $RESTORE +A
RTS $RETURN YO CALLER

GUBRERBERLERRAEDEDRENE

#+THIS SLEROUTINE CLEARS THE STaCK
#IN EXACTLY THE SAME MANNER THAT

oA *R4+T+I INSTRUCTION WOULDs BUT WITHe

#0UT THE RETURN JUMP, (4A #R+7+1 IS5 -
#A KETURN FROM AN INTERRUPT,)

FAKERI FLLA $SAVE +A (IN +a)
FLLB FJSAVE +B (IN +B)
Ins
InS
INS
Ing
s
InS
s $ INCREMENT THE STACK POINTER SEVEN
$TIMES JUST LIKE AN +R4T+l
FSHB $PUSH +B BACK ON STACK
REHA $PUSH 2A BACK ONTO THE STACK
FTS $RETURN TO CALLER

DOTRABERAIGERDOORGED
#+TIS SLERQUTINE CHECKS THE
«STATUS BIT THAT 15 SET AND
+CLEARED EY RTIME AND STIME.
Sals LCAA ~5520

$PUT A ONE IN THE CORRECT BIT

s



Fo6ld
FelB
FelD

FelE
Felf
Fezl
Fegs
FezT
Feab

Faz$
FozA
Fez2C
Fo2F
Fo3l
F&34
F635

F636
Fe39
F63B
Fe3k

Fe3F
Fo4e
Fo4s
Feud
Féeaub
Fée4E
Fes51
F&S54
F&55
Fé56
Fes8
Fes8
FesD
Fe60

Bas0OU
8020
39

36
28604
BAEQOQZ
BTE0QZ2
32

a9

36
867F
B4EGQO
BA4D
BTEQQU
3

39

BeEgo2
a4fF B
B7EOOZ
3%

874009
FT400A
BOF &aE
BDF GAE
BOF 4AE
CEQDOC
BOF&AE
36

4D
2Cl4
BeEGQU
BAQG
BTEQGO
BAQS
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ANDA STATUS itAtNTD THE STATUS wORD
sLBa ~5520 $SUBTRACT 20(HEX) TO TEST BIT
FTS SRETURN TO CALLER

CORDOORRTODOEERIRNED

#+THIS SLBROUTINE INHIBITS
oTHE CLOCK BOARD FROM GEN=
#ERATING AN tNeM+l (INTERRUPT) .

OFFCLK FREHA $SAVE 4
LLAA ~5504 $SET THE PROPER BIT
CRAA CLOCKB }FORM WORD TO wRITE TO CLOCK
STAA CLOCKE (WRITE WORD TO CLOCK
FLLA $RESTORE *4
f1sS $RETURN TO CALLER

[EAA 2SR 2L 2L 28 22

“+THIS SLEROVUTINE ENABLES THE
+MEMORY, +THE TwO BITS THAT
#CONTROL THIS ARE OGN THE CLOCK
#80ARD (PCRT *B}.

ENMEM FSha FSAVE A
Lbaa -~$87F $3ZERQ CORRECT BIT
ANDA CLOCKA $FORM WORD TO WRITE 1O CLUCK
CRAA =$%540 $SET (1) CORRECT BIT
STAA CLOCKA tWRITE WORD TO CLOCK
PLLA $RESTORE 44
RS JRETURN TO CALLER

(2L S P2l 222X YL L2 2 1]

#+TH]IS SLEROUTINE ENABLES THE
¢INTERRUFT FROM THE CLOCK BOARD.
CLICLK LCAA CLOCKSB

ANDA ~385FB $RESET BIT 2

STAL CLOCKB sWRITE TO CLOCK

RT3 JRETURN TO CALLER
BOHTERERSED B0

©4THIS SLEROQUTINE TAKES THE NUMBER
#IN [+A+ET AND STUFFS IT INTO THE
aTIMER ON THE CLOCK B0ARDe #THE
#ToMER LS ONLY 12 BITS AND THE

w4 HIGH CRDER BITS OF +A ARE
+ASSUMED TO BE ZERO (DISCARDED).
4(+B1T 2 CF CLOCKA 1S THE DATA IN
&T0 THE SFIFT REGISTER. *BIT 1
#IS THE CLOCK ON THE SAIFT REGe

#ISTERe )
CLKSET <sTaa LMINH $STORE TIME IN LMINH
STAB LMINL $STORE TIME IN LMINL
1WER SHFROL
1L.ER SHFROL
IR SHFROL (SHIFT LEFT [+a+8) 3 TIMES
LEX ~$12 j+I+R=12
OVERHER SR SHFROL $SHIFT LEFT [+A+8]
FSHA ISAVE +A
TETA $TEST H1GH ORDER BIT
BCE BITZERD 3IF HIGHEST 8IT IS ¢ BRANCH
LCAA CLOCKA
WLRAA =5504 $FORM CLOCK WORD WITH DATA IN = 1
ETAA CLOCKA $WRITE WORD TO CLOCK

CRAA =$506


http:OVERHER,.SR

Fe62
Fe63
FeeT
Féah
Fe&C
FoaF
Ferl
F674
F&To
F&Te
F67B
FeTE
F&TF
Fe8l
FoeB2

Foad
Fess
Fea7
F689
FeBA
FesC

Fesl
F&&F
Fasgl
Fé53
F694
F&96

Fe97
Fe9h
Fesh
Foat
FoAS
Foas
FeAT
FoA9

F6AC
F6AE
Feal
Fep4

BTEGQQ
84FC
BTEGQC
gole
BEOEQQUD
84F8
BYEOQQD
BADZ2
BTEO00O
Bu4fF 8
BTEOGO
32

09
26CF
39

8039
2EQ3
sB09
3%
8Bo2
39

8BF7
2603
8B39
39

8B4g

7FES8QL
TFESQ3
TFEool
IFEGO3
4F
ETE800
8okg
BTES0Z

8604
BTESODL
BTE&QZ

&A

8ITZERD

RIGHTH

STAA
ANDA
8744
BFA
LCAA
ARDA
STAA
CRAA
STAA
AMDA
STAA
BLLA
CEX
BLE
RT1S

CLOCKA
~$5FC
CLOCKA
RIGHTH
CLOCKA
-§55F8
CLOCKA
-5502
CLOCKA
~$3F 8
CLOCKA

OVERHER

SRR RGGL LA B RSEASRBADS

#+TRIS SUEROUTINE CONVERTS THE
+ASCI] CRARACTER IN #A INTO A

#HEXA NUMBER,

ASCREX

BETA

SLBA
BT
ACDA
RTS8
a4CDA
RIS

(+IT IS ASSUMED
*THAT THE CHARACTER IS A
#HEX NUMBER IN ASCII,

-5539
BETA
~£509

~5502

LA I LTI YT R T TN )

#+THIS SLERQUTINE CONVERTS A
+HEX NUMEER INTQ A ASCII CHAR.

HEXASC

ALPHA

aCDA
BET
ACDA
]
ACDA
FTS

«55=9
ALPHA
~5536

~5540

SHEOHRBEGIOREDTENESTIEE

#+THIS SLEROUTINE INTIALIZES
#aLL OF T+E PIAS IN THE SYSTEM.
#2THERE AFE TWO PIAS+} THE CLOCK

*AND THE 2/D PlaA,

PIAS

CLR
CLR
CLR
CLR
CLRA
£TaA
LLAA
STAA

LCAA
STAA
STAA
CECA

ADPIAA+]
ADPIABe1
CLOCKA+)
CLOCKB]

ADPIAA
-S5EQ
ADPTAB
-3304
ADPIAA+]

ADPIAB

IE.
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IMAKE SHIFT CLOCK GO HIGH

IMAKE SHIFT CLOCK GO LOW
$CLEAN UP BEFORE LOOPING BACK
PHIGHEST BIT IS ZERO

$SET INPUT BIT 70 ZERG
$SET SHIFT CLOCK TO HIGH

$RETURN SHIFT CLOCK LOW
1RESTORE +A

FDECREMENT +I+R

i1F NOT ZERO LOOP BaCK
JRETURN TO CALLER

}SUBTRACT 39 (HEX)
$BRANCH IF CHAR WAS #A=sf

}ADD 9 -
JRETURN TO CALLER

315 +Ay2Bs4CysDy+Ey OR 4F ADD 2
$RETURN TO CALLER

JSUBTRACT 9
$BRANGH IF #A=4F
1ADD 39 (HEX)
JRETURN TO CALLER
$ADD 40 (HEX)
JRETURN TO CALLER

$CLEAR THE CONTROL REGISTER
$CONFIGURE ALL BITS AS INPUT

$CONFIGURE BIT5 S5r6y AND 7 AS QUTPUT
3THE REST AS INPUT T

$DISABLE INTERRUPTS AND
}SET LOCATION

iTO THE PERIPHERAL REGISTER
iDISABLE INTERRUPTS AND SET
370 THE PERIPHERAL REGISTER
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Fens  BTDBOO STAA CNTRL JRESET THE +A4CH+A

FoBE 8689 pCAA ~5%8Y

FeBA B7D800 STAA CNTRL §SET CLOCK RATEs wORD LENGTH,

FeBD B6FF LEAA -S§FF $AND INTERRUPT

F6BF BTEOOU A Y-¥ CLOCKA sCONFIGURE ALL BITS AS QUTPUT

Fege B60S LLAA =$505

FéeC4 BTE0QL STAA CLOCKA+] $SET INTERRUPT TQ THE NEGLATIVE EDGE
$AND CHANGE ACCESS 70 PERIPHHERAL

FocTY &6F7 LLAA ~35F7

Feco BTEpoZ2 STAA CLoCKB $SET BIT 3 AS INPUT, THE REST AS OUTPUT

FeCC 8604 LCAA ~3$504

FeCE  BTEGO3 STAA CLOCKBe+1 JCHANGE ACCESS TQ THE PERIPHERAL
$AND DISABLE ALL INTERRUPIS

Fabl 8630 WCAA =53%30

FeD3  BTEDOO STAA CLOCKA $0ISABLE MEMORY wITH THE NORMAL BITS

FeD6 B6EDQO LT AA CLOCKA $CLEAR ANY INTERRUPT ON PORT +A

FeDs 39 £TS

CETRE TR RS HTRRBER GO

#4THIS SLERODUTINE CONVERTS AN ANALOG VOLTAGE
#QN PORT SPECIFIED BY SENNUM TO A 12 BIT
#DIGITAL hUMBER AND STDRES IT IN CONVHsCONYL.

FepA 36 ADCYAL FEHA

Fepb 37 FEHB

FepC  B64g2C LCaa SENNUM

FeDE  aB ASLA

FGEG 46 ASLA

F6E1 48 ASLA

F6EZ 48 ASLA

FEE3 46 ASLA

F6E4  B7E802 ETAA ADPIAB 1SELECTS PORT

Feg7  BOFQES 1wSR MDELAY $ALLOWS MULTIPLEXER TO SETTLE

FGEA  Bb2D LLAA -“5$3520

FeEC  BaEgg2 CRAA CLoCKB

FeeF  B7%gp2 £TaA CLOCKB $INITIATES +A/+D CONVERSION

FeF2  BeDF LEAA ~3$5DF

FoF4 B4E002 LADA CLOCKB

FeF7  8TEpo2 STAA CLOCKB

FeFA  8DF3ES iR MDELAY s ALLOWS 44740 TIME TO START CONVERSON

F&erFD BeEgBpe READY LCAA ADPIAB

FT00 841p ANDA ~5%10

FT02  26F9 BAE READY JCHECKS STATUS OF +A/+D CONVERSION

Flo4  BeEgg2 LEAA ADPIAB I TAKES COMPLEMENTARY BINARY OUTPUT.
JCONVERTS TO SIGNED BINARY AND
TSTORES IN CONVH+CONVL

FTGT  BAFQ CRAA ~$SF0

F709 43 CCMA

FToA  BT4023 STAA CONVH

F7oD  B6EBQO LCAA ADPIAA

FTio 43 CCMA

FT11 BT402% STAA CONVL

FTi# 33 FLLB

FT15 3z RLLA

FT16 39 RTS

SHURERDED L RBT DU RER
#4+THIS SLERQUTINE PRINTS QUT

#CHARACTER STRINGS STORED IN
aTHE PROGRAMs +THE STARTING



F717
F7i8
F71A
FT1¢
FT1E
FY1F
F720
Fra3
F724

Frzée
F729
FT2A
F72C
F72E
F730
F732
F133
F736
F739
F73A
F73C
F713F
Flau
FT43

Fres
Fl46
F748
F749
FT4A
FT4D
F750
F753
F756
F759
F7sC
F75F
F762

36
AGOQ
8l00
262
32

39
BOF2AD

20F2

CEQO0O0O
08
B03C
czop
2CF9
8B3C
09
FF&g2l
Fo&g22
36
8634
BT402¢
32
BOFSD4
39

BUF 763
39

“aDDRESS CF THE CHARACTER
+STRING MLST BE IN THE #IR
swHEN THE SUBROUTINE IS CALLED,.
++THE SUEFOUTINE THEN PRINTS
#0UT CHARSCTER FROM CONSEC=
«UTIVE MENMORY LOCATIONS UNTIL
=1T READS A 00,

PRINT  FSHA

BACKW LLaa
CvPA
BAE
RLLA
RT1S

HERE SR
INX
BRA

3009 %
~5500
HERE
OUTA

BACKHA

LR LAl 2L s 2R L T 2T R e

#4TLIS SLERCUTINE PRINTS QUT
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$SAVE 24
3MOVE CHARACTER INTO +A
$1S IT A ZERQe+/
$IF IT 1SN+7T THEN BRANCH TO HERE
$RESTORE +a il
FRETURN TO CALLER
sPRINT THE CHARACTER
3 INCREMENT THE 21+R
$LO0P BACK FOR MORE CHARACTERS

#a TIME, +THE TIME TO BE PRINTED

+MUST BE IN MINUTES AND MUST

»BE STOREL IN [4B+al.

PTIME  LCx

PLOOP InR
SLBA
SECB
BEE
ACDA
CEX
ETX
LLCAB
REHA
LCAA
S TAA
PLLA
1SR
F1S

~$500

~560
=~5500
PLOQP
=360

TEMPLZ
TEMP13

~553A
TEMPS

VAROUT

AUPLRBRRSERDLRBIIONHUYS
#+MULTIPLIES SUCCESIVE MEMORY LOCATIONS SPECIFIED
#BE INDEx REGISTER BY 2,44140625 MAINTAINING
2THE RUNNING SUM IN +A AND »B (CONTENTS OF THE
*MEMORY LCCATIONS ARE DESTROYED).

MULT1 LCAA
LLAB
ASLA
RCLE
wWER
wER
vER
2R
WER
ISR
wsR
1L &R
FT1S

5014X
300¢X%

SHIFTR
SHIFAD
SHIFAD
SHIFAD
SHIFTR
SHIFTR
SHIFTR
SHIFAD

LGB LORNLEE R RITHEINGTRT

#+THIS RCLTINE RIGHT SHIFTS THE 16
#B1T wORC 1IN SUCCESIVE MEMORY LOCATIONS SPEC-

3CLEAR +ItR
3 INCREMENT +14R (COUNT HOJRS)
}SUBTRACT SIXTY MINUTES
1SUBTRACT CARRY
3IF NOT NEGATIVE LOOP BACK
IMAKE TIME POSITIVE AGAIN
JADJUST +I+R
$SAVE IN A TEMPORARY LOC.
$WRITE «S OF HOURS INTO 48
ISAVE +A

s TEMPS=4 74347
$RESTORE A
1PRINT THE TIME
$RETURN TO CALLER



F163
F765
F767
F769
FT6

F76C
F76F
FT78
F171
FT7¢
F176
FI77
F779
FT7A
F77¢
FT7F
F780
F781
F782
F785
F787
F784
FT8D

FTE8E
F791
F7%4
F797
F79a
Frob
F79E
Ik
FTRZ
FTA2
Filae
FTAT
FTA8
FTAB
FTAE
F751
FT84
F187
F789
F7BAa
F718b
FTBF

F7Cu

6400
6601
A9Q1
£900

16
B&4023
20EA
BT4024
FT4023
39

484F57
204041
4ES93F
0o
285854
58292V
(1]
4F4E2E
00
4Feb40
2E

00
574152
+D20s85
502050
4F5745
522049
5320
00
2A4445
4C2A
00

CEFTAS

Paga 99

¢IFIEC By THE INDEX REGISTER, THEN ADDS THEM
#TU CONTERTS OF 4A3+48 (WITH ROUNDING)
sHIFAC LSRR 004X

FCR 014X

aLCa 01X

ALCE G0eXx

FTS
CRERFHITRHOAI RSO RESE O
e+Tuls SUEROUTINE CONVERTS THE BINARY NUMBER
2IN CONMF+CONVL TO +B#CaD AND RETURNS IT
#+T0 CONVRy CONVL.

DECADJ LCX CONVH
CLRA
CLRB
DONYET CFX ~3350000 iCHECK IF +1+R=0000
BEQ FINISH
CEX IDECREMENT 41+4R
ACDA ~5501 }ADD ONE TO *A
Cha $CONVERT +A4 TO A DECIMAL NUMBER
»CCB =33500 $ADD CARRY BIT TO +E
STAA CONVH
TEA
LTaA $CONVERT #B 7O A DECIMAL NUMBER
TAS
LCAA CONVH
EBRa DONYET
FINLISF S7al CONVL $STORE +B4C+D RESULY IN CONVL4CONVH
STAB CONVH
rTS
PP ST 2 T )
HOW FCC A7THOW MANY2/+7T
FCe 00
THREE Fcc +TIXXX) 27
FCB 00
ON FCC +TON+7
FCB 00
OFF £CC 2TOFF o ¢7
FCB g
POWis FCC +THARM=UP POWER IS 47
FCB 00
pDEL FCC +TeDEL®T
FCB 500

wptdpetdacopditsodntshoRy

#4TuIS SLEROQUTINE PRINTS OUT THE
«STATE OF THE WARMUP POWER (204N
saDtFaF),

ALERT  LEx -3POWI1S



F7e3
FTCe
F7CYy
F7CC
F7CE
F7D0
F703

FI0%
F7Ds
F70b
F7DD
FTEL
F7E3
FIE®D
FIES

¢ THE BINARY Ih IN PHYSICAL BLOCK 2

BOFTLIT
BLFég9
BoaOQU
8402
276D
po401l
2708

CEFTo9F
sDFT17
2006
CEF7a3
8OFT17
BOFSS5
BDF &A3
39

SR
wER
LEAA
ANDA
EEG
LLAA
EEQ

LCXA
IWSR
ERA
wOFF LCX
hE&R
DALERT 1LER
I ER

F15

PRINT
ENMEM
STATUS
-~5$502
wOFF
WTIME
WOFF

~50N
PRINT
DALERT
-S0FF
PRINT
LFCR
DISMEH

SGHTRERFDPBDIREOTSGRIRON

EAND

}PRINT $+74wARM=UP POWER 1547
$ENABLE MEMORY

3CHECK wARMUP POwER BIT
$IF ZERQ THEN IT 1S OFF

$1F WTIME=0 THEN THERE IS
iNO WARMeUP TIME

sPRINT 204N+,
$BRANCH TO DALERT

IPRINT 40+F+F+,
iSKIP A LINE
$+DISABLE MEMORY
JRETURN TO CALLER

Page 91



Fluv
Fao1
Fayb
Food
Fb{b
Fnob
FaccC
Feeb
Feil
Faid
fa,3
Fble
Felna
Fail
FB1F
Fo2e
F8c4
Fogtb
Fee9
Faegt
Fg2l
FaZu
FBaZ
FB35
FE37
Feld
Fess
Feia
Fo3c

Fa3l
Fesl
Fdac
Fh6d
£BG7?
FB4d

F by
FuskE
FH5y
Fa3a
Fugs

Fogy

36
FFa02b
a7
CE4g22>
soag2l
4D
2663
7eF bBGY2
g1l01l
2603
TEF38)
Blue
Ze03
-1
BOFSTS
AbQl
Fuo
ROFTaw
ATVl
ETOD
HUFT&0
LEaGle
Lol
8&FQ
4

44

o4&

4b
EA3Y

BLF 24,
362E
BOF2at
A8QQ
34 0F
BA30

8OF 24y
A0l

BDF57A
7EF 889
BOF76C
Boaje3

o
R4
+

CRG

3r80o

Page 392

- 2-20 21 12, IR 1R TR L - - B XL
#2715 SLEROUTINE APPLIES A | IMEAR CONVERSION
#Tu THE BINARY DATA IN CONVH.CONVL DEPENDING
#Gh THE CCNTENTS OF SENNUM+3
JSENNUM OUTPUT

+*
&
-4
&+
&

[}
1
2
2

«~THE OUTFUT

SENSCY

ChERE

SKIPJUMP

HOF1

TOGETR
JOIkUF

FSiRA
STX
FSHE
LEX
LCAA
TSTA
ENE
JMP
CVFA
ENE
P
CHPA
BAE
P
'vSR
LLAA
LCAB
wSR
ETAR
£TAB
\-ER
LLx
LCas
AhDA
LSRA
LSRA
LERA
LERA
CRAA

«2R
LCAA
LCAA
ANDA
CRAA

w iR
ufaa
iR
1M P
«SR
LEAA

=30+00
=34400
806.00

06400

RANGE

= T0.00

= 50.00

- 1100100
- S.00

iS5 PRINTED IN DECIMAL FORMAT.

TEMPIR

=SCONYH
SENNUM

CHERE
TEMPCV
=3501
SKIPJMP
DEwPT
-5502
HOP1
PRESUR
ShIFTR
$01¢X
300+X
MULT1
501+ X
3004 X
DECaDJ
“5CONVH
00 x
~$3F ¢

=~5330

OuUTA
~£352¢
ouTA
5009 %
-$30F
~$530

ouTA
301eX
8YTOUT
MISSED
DECADJ
CONVH

3}TEST FOR SENNUM=(0s GOTO TEMPCY

iTEST_FOR SENNUM=1, GDTQ DEWPT

$TEST FOR SENNUM=Z, GOTO PRESUR
jDIVIDE NUMBER By 2

JMULTIPLY NUMBER BY 2.44140625

;CONVERT FIRST #B+CHD DIGIT

$TO ASCII

{PRINT THE DIGIT

JPRINT THE DECIMAL POINT

JCONVERT FIRST +B4C4D DIGIT

$T0 ASCII

$PRINT THE DIGIT

$PRINT THE THIRD AND FOURTH DIGITS

JCONVERT TO DECIMAL NUMBER



4D
2o04L8
3DFHQU
sDF&QY
2017
safp
200D
BOF&D
Boba(23
8A30
BDF2a0
2006
Bo4023
BOF57a
B62E
BUr 2A4
Bb4H24
BOFSTA
gUF g0u
FEs(Q20
33

32

39

af ul
SUF94A

a6&0l
EG0D
dUF 744«
40es
C2i8
ATS1
740’
2C33
JEF93f
HOF 60V

TEF 530
of vl
BOF 94 A

Abuyl
ko0g
&b

59
BOFSTS
BOFS5TS
BUFSTS
oDF57>
sOF764
[210] o Y
BOF572
BOF 763
Bhsd
cach
ATl
700

PRIALL

SKIP

mISDED

TEMECY

NONEE

DEWPT

TETA
ENE
+SR
SR
ERA
ANDA
8rE
‘WER
LTAA
CRAA
1SR
BEA
LCAA
«ER
LCAA
«SR
LTAA

SR
LTX
ALLEB
FLLA
RIS
CLR

wER

LA
LLAR
SR
SLBA
SECB
STAA
STAB
BCE
1wMFP
JEK

WJNP
CLR
SR

LEAA
LCAB
AZLA
BCLB
'USR
wER
SR
SR
wiER
wER
wER
SR
sLBA
SECH
cSTAA
STLB

SECND
psp
PSP
SKIP
~53%F ¢
FRTALL
PSP
CONVH
~5353Q
QUTA
SKIP
CONVH
BYTOUT
«$s2E
ouTA
CORVYL
BYTOUT
PSP
TEMPIR

$019X
RSHIFT4

50142
SO0 X
MULT1
-35B8
-3508
Qlsa
00sX
HONEG
NEGNUM
PSP

TOGETR
301X
RSHIFT4

501sx
500X

SHIFTR
SHIFTR
SHIFTR
SHIFTR
SHIFAD
SHIFAD
SHIFTIR
SHIFAD
=5b4H
=53300
0124
500X
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SCHECK FOF TWO LEADING ZERQS
i IF NOT, GO TG SECND

$PRINT A SPACE

iPRINT ANOTHER SpacCE

$CHECK FOR ONE LEADING ZERD
iIF NOTy GO TO PRTALL
sPRINT A SPACE

tCONVERT SECOND DIGIT TO ASCII
$PRINT THE DIGIT

3PRINT BOTH LEADING DIG1TS
sPRINT A DECIMAL POINT

$PRINT LAST TWO DIGITS
}PRINT A SPACE

$SHIFT 8 BIT TEMP. WORD TO
sTHE RIGHT & TIMES

SMULT. BY 2,44150625
$SUBTRACT 3000
JFORM THE RESULT

$CHECK IF RESULT IS NEGATIVE
$IF S0, GO TO NEGNUM

$IF NOT, PRINT SPACE AND
$SHIFT TO THE RIGHT 4 TIMES

$SHIFT 8 BIT DEW PT, wORD TO
STHE RIGHT & TIMES

SMULTIPLY DATA BY 2,0007812%

$SUBTRACT 3400 FROM THE RESULT
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FabL 2903 ELT HOPUP

Four  FEF8an WP NONE §1F RESULT 15 NOT NEGATIVE,
iBRANCH TO NONEG

F8E1 TEF337  AQPUP WP NEGNUM $IF NOT JUMP TO NEGNUM

Fgg= A6Ql PRESUR  LCAx 301+

FGLED E&QO LCAB 300+

FBE® BUF Tou 1, 2R 1MULTY $MULTIPLY BY 2.4414062%

FaEs ATCL STAA 314X N

FUED ETO0 STAB 500X

FuEF  BDF7oC WER DECADY $CONVERT TO A DECIMAL: NUMBER

FaFe CE«Q22 LEX ~SCONVH

F8F%2 SF CLRB $CLEAR 4B

FYFe 1-4-110Y LCAA 501X iADD CONVL TO ITSELF

FoFs ABC1 BACDA 501leX $CONVERT TO A +B2Cap NUHB§R

FeFh 19 E2A

F3F BT4032 STAA CONVL1 sAND STORE IN CONVL}

FoFw ABGO Lt AA 5002

FeiLu AJOG AL A F004X FADD CONVH TO ITSELF PLUS CARRY

F30c 13 Cea $CONVERT TO & +B+C+D NUMBER

Faps B74031 STAA CONVH1 $STORE IN CONVHI

Fygo ol hCP

Fog7 Co00 aCCh -~5%509 $A0D CARRY 10 +B

F529 Be4032 LCAA CoNvLl $ADD CONVLY TO CONVL

Fggt AB01 ACDA $014X

rope 19 LAA $CONVERT TO +B4C2D

Fugr ATLY STAR 501X $STORE INn CONVL

Fyil go4 031 LCaA CONVH1

Fol4 A9(eo ACCA 500+ X ;A0 CONVH1 TO CONVH PLUS CARRY

Fale 19 LAA $CONVERT TO +B+CaD NUMBER

Fgl17 ATu0 STAA 50094 $STORE IN CONVH

F919 Cyoo ACCB ~S500 1ADD CARRY TOQ #B

Foin 17 184 $PUT +B IN #A

F9,C 8B0h ACDA ~3%08 $ADD 8 TO =4

Faje 1% Caa SCONVERT TO A +BeC4D DIGIT

F9LF 30 FEHA

FO2:i 6410 ANDA ~5310 $CHECK FOR A LEADING 1

Fg2e 27ut EEG ZERQ $IF NOTy 60 TU ZERO

Fozé 3z FLLA

Fago BUFETA wEk BYTQUT $IF SO, PRINT 2 LEADING DIGITS

F920 JEF&To P PRTALL

Fy2b  wdFogu Z2EROC WER PSP $PRINT A& SPACE

Fyge az FLLA

Fy2F 8430 CRAA ~5530 ; CONVERT %4 TO ASCII

Ful. BDF24u wSR QUTA $PRINT THE DIGIT

Fe3a TEFBTH VP PRTALL

Fox! Abyl HEGNUN | CAA $014X

FG3% EQOD LCAB 004+ %

Fo3y 40 MNEGA $GET THE MAGNITUDE oF TH&

Fa3 sy iNEGE tNEGATIVE NUMBER

Fa3u 5A CECH

Fg3cz ATOL STAA BOlyx

Fg4u £700 STAB 3004 X

Foug BagpD LLAA ~552D

FUgs BDF2au SR OuUTa $PRINY THE MINUS SIGN

Foul JEF&s5s NP TOGETR s JUMF TO TOGETR

A T LR TR e
#4715 SLEROUTINE SHIFTS CONSECUTIVE MEMORY



Fysatn
Foat
Fuse
K
F95L

=1
Fybha
Fosi
FosSE
FosF
F9su
Fuoz
FOa«
Fuyne
F9uY

F98A
Fuel
FST7u
Fo7i
Fa7:
Fa73
FoTo
F97a

FuyTy
Fo7u
Fe7E
FOgy
Fwi2
F9ub
Faus
FYBn
F95L
FGgy
Fo9e
Fy9a
F%9¢t
Fogl
F9GA
FaegC
Fogt
Fon.
Fona

BOFSTS
SDFETS
BRDFBTE
sUFSTD
49

FFa4g2l
CEGOO04
54

40

ug
26FB
8900
C200
FE4(Q28
39

FFag2s
CEuog«
%]

L9

c9
26FB
Ftag2o
3%

gé&lL3sL
847C
Z2Tua
863F
BUF2a0
BolUbil
2026
8&0B¢L
sLFzat
9712
ué 13
Caga
6118
2719
Bl13
281z
BEOF 604
CLjgeov
VEGO

e CCaTIONS
oTQ0 ThE FIGHT.

RSHIFT4 SR SHIFTR
wER SHIFTR
« Sk SHIFTP
WER SHIFTR
RTS

L.X-2o0-2 L-A-2-%-.F-L 18- 3-F.7-% 1-1.1-7:3

4T IS SLEROUTINE CONVERTS 4 12
“WORE IN [+A4B] TO A 8 BIT DATA
4wl Th ROLADING.

MUYEIT STa TEMPIR
LCX 353204
MOVYLOP LSRB
#CRA
CEx
BrRE MOVLOP
ACCh =~3500
aCCB =$300
LEX TEMPIR
ETS

HRpTLaHSEO U HFeUONG PO REDD

#aTrIS SLEROUTINE SAIFTS [(+Beal
#uluHT 4 TIMES.

LEFT3F 81X TEMPIR
LCx =5504
LSn ASLA
RFCLB
CEX
BAhE L5H
LEX TEMPIR
fTS

BTLUA S A L 22T -0 22 2 -1 21 ]

{SPECIFIED BY THE +14R)
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FOUR TIMES

BIT DaATa
WORD IN 44y

§SAVE #I4R

sSHIFT +B

$SHIFT +A

;DECREMENT +IeR

FTESY IF DONE

JROUND THE NUMBER IF DBONE

$RESORE +I+R

TG THE

#2TwIS RCLTINE IS EXECUTED WHENEVER
oA RARUWARE INTERRUPT OCCURS (™N+Q+T A

#NUN=MASKABLE INTERRUPTIe aaNY

TIME

#ThL +A+Ce1lan RECEIVES A CHARACTER THIS

#RGUTINE IS EXECUTED.

I#. LCAA CNTRL
ANDA ~$EMASA
EEQ NOERR
LLAA ~$53F
W ER oUTA -
LCAA DATA
BRA TRQHERE
NQCRR LCAA DATA
SR DUTA
STAA RECE1V
ENLDING LEAB SIR0Q
CRAB ~$504
G PA =$51d
EEQ ESC
ONVPA «5513
BAE STATSO
Fang WER FARERI
LEX «~$0000
STX BACKUP

sLOAD »4 wlTH STaATUS
FTEST FOR 4 TRANSMISSION ERRQR
§IF NO ERROR BRANCH

iIF AN ERROR OCCURED PRINT
3A QUESTION MARK
$FINISH THE ROUTINE

5PRINT THE RECEIVED CHARAGTER
$STORE THE RECEIVED CHARACTER

$IS THE CHARACTER AN +E+S5+CHA+PrE
sIF YES BRANCH T0O ESC

IS THE CHARACTER A CONTROL S
$IF NOT BRANCH T0 STATSO

sPULL ANYTHING AN 4R47+5S wWOULD

iCLEAR BACKUP



FOAb
FYh'
Fonl
Fuilb
FOpy
F9be
Fypd
Fubo
Fubb

Fobo
Fonl
FORF
FoCt
FSC3
FeCo
relY
fuCe
Focl
FoCl
Fapo
Fabs
F9Do
P aDgy
Fobtk
F3DC

Feut
ragl
F9ES
Fage

Fogs
FGET
FlGroa
FYER
FYEL
FoEF

F9Fu
FyEr2
FoOFs
FoFT
FOF m
FoFL
FagL
Faga
FAQE

TFu00A
BUF355
oL
7EFCCE
D713
38
706000
27F8
BOF&QA

32
BT«523
33
FT402«
FEL4G2d
sCECTY
2eb 0
37

35
ybF 5F >
CEF7Ba
sOF717
L0F 55
DEQD
[+] -8
6L0Q

CEagbu

26FD
39

OFu?
CEUQOS«
oY
zof D
uel2
39

8oF7
BTEQGE
b4
BTE003
BUFGit
BLFobe
BbF 62y
Boalgl
S7ué
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CLR nHEPE sCLEAR WHERE

+SR LFCR ;06 A 4L4F 2CaR

cLl sENABLE FURTHER #1#R+Q+7S

wWwhP DISDON sRETURN TO USER PAGE
STATSO STAB SIRg $INDICATE AN »I+ReQ@ OCCURED
IRWMERE ®TI $RETURN TO PREVIOUS WORK
gst TET BACKUP s TEST BACKUP

EEQ STATSO $IF ZERC THEN DONE

1.ER FAKERI $1IF NOT ZERO PULL FROM THE

}STACK LIKE A #R+T*L

ESCLOP FLLA $THIS LOOP FIXES THE STACK

STAA CONVH

FLLB

STAB CONVL

Lex CONVH

CFA «“E5TRIP . F$CHECK FOR THE ADORESS OF STRIP

BAE ESCLOP $IF NOT PULL MORE OFF THE STACK

FEHB ;IF STRIP REPLACE ON STACK

FSHA

SR PSPACE ;SKIP A SPACE

LEx -$DEL

WSR PRINT $PRINT A a7aaDertel oa7

LER LFCR ;SKIP A LINE

LLX BACKUP

cLi $ENABLE INTERRUPY

WMP $00+% 3 JUMP BACK A LINE

LoFUEHBBEHTOVIOTOTH LGB

#+THIS SLEROUTINE GENERATES A
#0+D0 SECCHND DELAY.

DELAY LEX ~554480
pLOUP  JLEX
EME bLooP
FTS

L bg 24 T-X-F-3-3- 20 Pri-2 2 2 2-8-1 4
¢+ThIS SUERQUTINE GENERATES A
«ONE MILLISELOND DELAY. i

MDELAY STX% TEMPI3
LEX ~3%54
MDLOQF  [EX
BAE MOLOOP
LCx TEMPI3
RIS

GREPOSSO LI BRBLUGRDGE SO

E-2-L P Y- 2 23 R Y- 2.8 T

2+THIS RCLTINE RESPONDS TO ALL INTERRUPTS
#Frgt THE CLUCKR BOARD. +USUALLY THIS MEANS
«n READIMG IS 70O BE TAKEN OR WARMUP POWER
#15 TO 8E TURNED ON,

NM LCAA ~S%FT SOPTIONAL
STAA CLOCKB $0PTIONAL
LLAA -~5504 $OPTIONAL
STAA CLOCKE+} $OPTIONAL
Sk OFFCLK $PREVENT MULTIPLE INTERRUPTS
<SP DELaY sLET SENSORS STABLIZE
e SR ENMEM sENABLE MEMORY IN CASE IT 1S OFF
LEAA MONTH $THE STORE AND LDADS Savk
STRA TMONTH ;ThE VARIABLES USED FOR
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Fago Boa02 LCan Day iSEQUENTIAL READINGS

FLy= FTUS STAA TOAY

Fagl BLwd03 LCaA TIMEN

Fajv eTub STAA TTIMEH

Fal2 Bosgge LTaa TIMEL

FALD 97LT €TAn TTiMel

£EaL? 8040333 LCaA NUML Cw

Fals ¥Tud STAA TNUMLOw

FALC Bo40 3% LCaa NUMHI

FaLF 9709 €Taua TNUMAI

Fazl BDF5H3 SR RTIME $}RESTORE ALL VARIABLES TO
s THEIR TRUE VALUES

Fa24 BDF2E1  uP iR UPTIME $UPDATE THE TIME

Fr2v BouB0v LCAaa STATUS

FAZn  B&Ub anba «5508 FCHECK IF MEASUREMENTS ARE ALL TAKEN

Fazl 2707 EEQ CHEw $IF NOT GO TO CHKw

Faze LeFF LCAB ~$3FF $RESET CLOCK 7O LARGEST INPUT

FA3L uoFF LT AA ~S%5FF

Fale JEFB1T 1GNP SLEEPY +SLEEPY RESETS CLOCK TO[+A+B}

Fasd BE6400U  CHAW LT aa STATUS

Fa3b Béyl ANDA =5501 $D0O READINGS START TODAY#+/

Fha3n 2T1E EEG WARM 1IF YES BRANCH TO waRM

Fa3u BDF3CF ««ER PSCMPW $COMPARE STARTING DATE TO TODAY
324 HOURS OR <24 HOURS AwAY

Falt 26UA BNE NMITQDY

Fral Bo{S LCAA 5303 $LOAD 24 HOURS

FAL3 COAD LLAB =5SA0

F AL BUF 6 3F SR CLKSET

FAsb TEFB G JFP SHUTQFF

Faet Bbagld NMITODY LTaAA STIMEH ;L0OAD STARTING TIME

Fasl  Foadls LEAB STIMEL

FAS. BUF&3F SR CLKSET

FAS. TA40BpL TEC STATUS

F ALY 7EF818 VP SHUTQFF

Fagn HO4QDD wWaRN LCAA STATUS

Fasis B4y ANDA ~$502 $CHECK IF LAST POwWER OFF waS
$FOR wARM=UP OR IF wARM=UP=Q

 ASE 26 1E BAE MEASUR 3IF IT WAS FOR WARM~UP GOTD MEASUR
3AND TAKE SOME READINGS

Faby Boegiu LLAA STATUS

FAba wbuz2 ACDA ~$542 3 INDICATE POWER OFF FOR wWARM=UP

Faeb B7«00v STAA STATUS

Fase 4F CLR& $CLEAR »A

Faba Fo4anlb LLAB wTIME $GET THE wARM=UF TIME

Fagu BOF p3E SR CLRSET iSET THE CLOCK TO WARM=UP TIME

FATY BOF 630 WSk cLicux $ENABLE THE CLOCK TO INTERRUPT

FAT73 sDF4A3 «SR DISHMEM $DISABLE THE MEMORY

FATo BOF 366 «5R HRMPOW sTURN OFF ALL POWER EXCEPT WARM=UP

FATY BLFSDE «3R DELAY swWAIT FOR RELAYS TO wORK

FaTL JEFBgT P RESUME

FATF TF402C MEASUR CLR SENNUM $SENNUM POINTS TO A PORT

FABe FE4p2S LEx MDATAH j#I+R HOLDS WHERE To PUT DaTa

Fanb vOFETL  TFEMPDO . SR KREAD $READ A PORT INTO [+B+a)

FAss BUF9ST &R MOVEIT $ROUND THE READING TO B BITS

F A8 ATul STAA 300QeX $STORE THE RESULT IN MEMORY

Fudb vl X $ INCREMENT =I4R

FAdL 7Ca02€ NG SENNUM 3LOOK AT NEXT PORT



FA9:
FAGs
FagbL
Fade
FA9G
Fagt
Faau
Fasl
FAARS
F nAb
FAAS
Faag
FAAE
FABL
FaB2
FaBuo
Fag®

FaBu
Fagl
FaBo
FaCu
Fac3
FACE
FACe
Facy
Face
FacF
FauD1
Fapa
FADs
FADu
Fapi

FAaodn
Fapu
FADF
Fate
FAE«
raE?
FAE»
FAEW
FAEF
FAFZ
Far%
FAFG
FafFh
FAFD
FaFc
Fbou
Feo.
FEOs
Fudt
Foob
Flow
Foob
FBGL

Bbe )20
B102
26CD
nDFBTI
BUF 9bA
c700
08
ATOD
Ba4H2E
D]
B74020
BOFC1b
TA4GQ2V
2723
BUFBET
BOFB71
EAud

ET0O
08
ATOO
TA&GG2L
2711
o8
BDFREY
sDFB71
BOF96A
E7Gv
G8
A700
2ous
un
FFag2n

vou(lyo
2708
vbsQV
84FD
B7a004
BUF 481
272z
Fo4p1©
BoO41A
bBuelge
FZa007
2Cue
0l
Bo&400G
HADE
B74j00
B&FF
1
2uuF
Su
2003
4L
27EC

~

MORFUL

INCONE

OKSTaT

LETSGC

AwWAYY

LCAA
CrPaA
ohE
«ZR
'\-SR
sTARB
IANX
STAA
LEAA
SLBA
STAA
1SR
CEC
BEEQ
«ER
«SR
CRAB

STAB

STAAL
CtC
EEQ
IhA
SR
SR
SR
STAB
IhX
STAA
TRA
i

st

LCAA
EEG
LLAA
ANDA
STAA
’QSR
EEQ
LLAB
LEAA
SLbA
SECB
BCE
NCP
LLAA
CRAaA
ETAA
LEAA
748
EFA
1¢T8
BhE
1874
BEQ

SENNUM
=$5%02
TEMPDO
READ
LEFTSH
3004X

$0Q04X
NPORTS
~3502
FULLR
SETUP
FULLR
INCONE
WHICHP
READ
300X

500s%

004
FULLR
INCONE

WHICHP
READ
LEFTSH
5004+X

S00+X
MORF UL

MOATAH

wTIME
OKSTAT
STATUS
=3%FD
STATUS
PFCOMP
AwWAY
FTIMEH
FTIMEL
PTIMEL
PTIMEH
AWAY1

STaTUS
=330d
STATUS
~55FF
SLEEPY
ARAY

LETSGO
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$ARE PORT 1 AND 2 DONE+/

i IF aNe0+T BRANCH BACK
$TAKE NEXT(ALIR Pe) READING
FJARRANGE 12 BITS FOR MEMORY
iSTORE HIGH ORDER 8 BITS

$ INCREMENT +I+R

iSTORE LOw ORDER 4 BITS
sNUMBER OF PORTS TO READ
1SUBTRACT 2 ALREADY READ
FSTORE THAT IN TEMP LOC,
$INITIALIZE SETUP
$DEC FROM LAST PORT READ
$1BRANCH IF DONE

$tFIND NEXT PORT TO READ
$READ THE PORT

$+0+R HIGH ORDER & BITS wltH
}WHAT IS ALREADY THERE
$STORE THE COMBINATION
s INCREMENT +I+R

+STORE THE LOWER 8 BITS
JDECREMENT THE =% OF READINGS
$BRANCH IF DONE
F INCREMENT +I+R
sFIND THE NEXT PORT
$READ IT

$SHIFT READING

$STORE HIGH ORDER & BITS
3 INCREMENT +I+R

1STORE LOW ORDER & BRITS
$BRANCH AND CHECK FOR HOBE
$ INCREMENT +I4R

$STORE BACK IN MDATAH. THIS 1S THE
JNEXT WORD FOR STORING BQTA

$1F NO WARM=UP TIME STATUS WORD IS %0k
$RESET WARM=uP BIT
3STORE BACK INTQ MEMORY
1COMPARE TODAY TO FINAL DAY
+1IF NOT EQUAL BRANCH TO AwAY
iL+B+A)=STOPPING TIME

i 0+B2A)=STOP TIME~PRESENT TIME
$IF NEGATIVE GOTO LETSGO

$ INDICATE READINGS ALL TAKEN
jrA+BsFF

760 STUFF TIME IN CLOGCK

i1F  +B<>0 THEN GOTO AWAY

$1F +A=0 THEN GOTO AwAY]



Fain
F81i
Fle
Ful17
Frsid
Fdla
FB1lk
FBZ1
Fo2é4
Fge?
Fu2%
FB2o
FEs2L
FE3u
Fbla
FHlo
Fel?

Fr3y
FB3LC
Fe3l

FB3F
Fbac
FB&s
Fba!
Fhan
Fp4l
FlsgF
FES:
Fesae
FEso
FEsY
FESH
Fesh
Foau
Fros
Foeb
Fre?
Fbén
Febl
Frsb
FeTl
Fo7e
Fb77?
FBs74
Fr7l
Fetf
FLae
L ~Y: )
Fhio
Fraps
Fbal
Fouof
Fno2
FBOS
Fuwb

FbaQle
B8bullb
gDF 346
cl
BDF&3F
BLF 635
BOFAAS
HUF 358
6DFODE
963A
g6l
86b0
plF 629
BaaOL
aDF&4A3
+0
2703

BOF62Y
38
2EzB

BUF&QA
BDFe29
9604
B4yl
Jeib
B740{e
9606
BT40n3
Seu7
B7400%
Sbub
874033
Yyoug
ET4G3%
BUFS55
(1] 4
JEFEse
BUF6GA
GE
TEFDF1
FF«335
BDOF 6lis
bOF 6D A
goud
Bleglu
Br401f
4F
Br4¢1C
BT«01lt
BO&402e
Foudg3
FtagiC
09
27uE
BOFSEDS

AwhAY

SLEEPY

SHUTOFF

RESUME

N

GouUGBYE
GQBACK

FI1ACUR

REALU

SUMCON

LLaB

'\-SR
LCAA
STAA
LEAA
STAA
LCAA
STAA
LCAA
STAA
vbaa
STAA
LCap
STAA
wER

cLl

<SR
CcLl
JMP
ETx
IR
'vER
LCAA
STAA
£Taa
CLRA
STAA
STaa
LLAA
LCAR
Lix
CEX
EEW
«5R

LFREQ
HFREQ
SUBwTI

CLASET
CLICLK
DISMEM
POWOFF
DELAY
WHERE
GOBACK
~3580
ENMEM
STATUS
DISMEM

GOODBYE
ENMEM
FIXCUR

FAKERI
ENMEM
TMONTH
MONTH
TOAY
DAY
TTIMEH
TIMEH
TTIMEL
TIMEL
TNUMLOW
NUMLOW
TNUMHI
NUMH1
LFCR

RESSEQ
FAKERI

LEZTE
TMFIR
ADCvAL
ADLVAL
~SNUMAVR
TEMPZ2
TEMP4

TEMP1
TEMP3
CONvVL
CONVH
TEMPL

SUMDON
MDELAY
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il+arB)=FREQ OF MEASUREMENTS
FSUBTRACT THE wARM=UP TIME

{STUFF THE CLOCK wITH TIME
$ALLOW THE CLOCK TO INTERRUPT
iDISABLE THE MEMORY

$TURN THE PONER OFF

;wAIT FOR THE RELAYS

$IF NOT 0+ SOMETHING WAS INTERRUPTED

$IF NOT EQUAL, A DUMP WAS IN PROGRESS
$ THEREFORE MEMORY MUST BE LEFT ON

+wAS CURRENT OR SEGUENTIAL

SREADINGS INTERRUPTED#*/

i1F SEQUENTIAL FAKE +R+T+l

$ENABLE MEMORY

fRESTORE VARIABLES 70 LAST LINE PRINTED

$SKIP TO NEXT LINE

$CLEAR INTERRUPT

; JUMP BACK T0 PRINT NEw LINE

sDC A FAKE #R+T+] FOR CURRENT READINGS
sCLEAR INTERRUPT

3 JUMP BACK TO CURRENT READINGS

$SAVE +I+R

s THROW AWAY FIRST READING

sTAKE A GOOD READING

JTELLS HOw MANY READINGS TO AVERAGE
3STORE NUMAVR

$STORE NUMAVR

$STORE 0
$STORE 0

{[+B+A)=READING
$+I+R=NUMAVR

sOECREMENT 414R

$IF ZERO THEN Sus 1S5 DONE
sDELAY BEFORE NEXT READING



FRob
F ot
Faot
Fbal
FibA3
Fbao
FBAT
FhAY
Fohn
Foab
Feal
=1-18

Fbal

Fhibe
Fheit
FeeC
FoBF
FBCL
FbCL
FBC.
FbCo
FaC%
FuCC
FhCF
Fou?
Fribh
Feio
FBU 2
FuDC
FeDL
FhEd
FBE3
FbEo

FBLET
FhEA
FoEL
FbEE
FeFo

BDFsDA
Bbayze
FQapz3
2GEF
CEUGO+
0%
2Tué
54

ab
20F9
FE&4035
39

c740Qv
BUF 4A3
39

Foa(2r
pb4(030
36
bell
26ut

SUMBGh
AVRULIV

AvelDON

WSk
aC0a
&CCB
BRA
LLX
CEX
BEQ
LERB
FCRA
EFRA
LCR
kTS

Page 189

ADCvaL iTAKE NEXT READING

CONVL

CONVH i [#B2AI=[+B+A]+READING

SUMCON iBRANCH BACK FOR MORE READINGS

3506 - 3=L+LN{NUMAVR) /LN{(2)
{DECREMENT «I+R

AVGDON i1F EQUAL ZERQ ThAN DONE
1DIVIOE SuM BY 2 <

AYRDIV . BRANCH BACK FOR MOREMDIVIDES

THPIR }AVERAGE IS CALCULATED

IRESTORE +I1+R AND RETURN

-2 -5 2°2 1-2-2-9-2.2-%. 2 3. 2-X-1.5-F-1-2-2-F. 1

«+SUBRODUTINE TIMEIT CALCULATES THE NEXT TIME
#ThE CLOCK HAS TO TURN ONe +IF THE SYSTEM
#DUESN27T HAVE TO TAKE READINGS TILL TOMORROwW
*TREN MIDKhIGRT MINUS THE PRESENT TIME MINUS
#THE wARMLP TIME 1S STUFFED INTO THE CLOCK.
#+lF THE FEALINGS START TODAY THEN THE STARTING
eTlFE MLIMLS THE PRESENT TIME MINUS THE WARM=
¢UP TIME IS STUFFED INTD THE CLOCK. +THE BIT
eih ThE STATUS wORD THAT INDICATES IF THE
#SYSTEM IS TO START TAKING READINGS NEXT TIME

e]T +1COMES UP4,

TIFEIT

TobAaY

oFFSE7

BhE
wEP
~<R
WwER

EThRA
l\'ER
RTS

IS APPROPRIATELY SET OR RESET.

T0DAY $8RANCH 1F STARTS ToDAY

MIDNIG 3 [+A+BI=MIDNIGHT~PRESENT TIME
SUBWTI $SUBTRACT WARMUP TIME

CLKSET $STUFE INTO THE CLUCK

ENMEN $ENABLE MEMORY

QFFSET $BRANCH TO SET STATUS

STIMEH 3IT STARTS TODAY

STIMEL

PTIMEL

PTIMEH ${+Aa+B1=START TIME =PRESENT TIME
SUBWTI $SUBTRACT wARMUP TIME

CLKSET $STUFF INTO THE CLOCK

ENMEM {ENABLE MEMORY

WTIME

OFFSET

-3302 $SET STATUS FOR NO wARMUP TIME
STATUS $STORE STATUS wWORD

DiSMEM tTURN OFF MEMOQRY

$RETURN TO CalLLER

TS R 2-F-1-T-F 9.0 9.0 3-2-3-7.1-3-7. 5.9 71

#+THIS RCLTINE RETURNS THE NEXT ADDITIONAL
spURT SELECTED IN 2B AND SENNUM, +IF No
«MOME PORTS ARRE SELELTEDs IT RETURNS FF,.
#+5UQROUT INE SETUP MUST 8E CALLED BEFORE
#ghICHP IF FIRST USED.

wHICKHP

poNEnG

LCAB
LCAA
FSRa
ANDA
EhE

whiCHl
wHICHZ

=550} $CHECK 1F wHICH] IS NUMBER OF SELECTED
IKNOW $PORT IF SO0y GOTO I KNOw



FHF ¢
FbF o
FLF«
FBES
FbFo
FHF A
FBFL
FbfE
FLGW
FCO1
FC;#
FLOS
FLres
FCys
FLob
FCoL
FC1<
FCuLl
FL1&

FL1b
FCIE
FLlt
FLIE

FC1F
FCez
Fcee
FCzt
Fegte
FCzE
FL3l
FC3a
FL3e

FCab
Fulb
FC3t
Fral
FLbw
FCaT
kai\

3z

5C

4o
dT«03V
Cru?
2FF 1
CoFfF
anil
32
764G30
sC
cilge
2Fus
LeFF
20Va
FTuGaF
SA
Flagal
39

vb4 LA
o74030
TEwp2f
39

sbF 55>
Chfoce
sLF 7117
CEF0DZ
alF 717
a2LF131
2737

bLDFSES
2UpA

BEOGTF
TFO00A
bUF 697
BOF62%
BOFe)E
Ro40 0y
27ub
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GIVEUP FLLA

incg 5IF NOTs INCREMENT +8
FCRA $SHIFT +A RIGHT
STAA WwHICHZ2 3STORE IN wWHICHZ
CrPB =357 §CHECK IF THIS IS AFTER LAST PORT
ELE DONTNO $IF NOTs GO TO DONTNO
LE AB =~S5%FF $IF S0, LOAD +B wlTthH FF
ERA DEPART
inNCw FLEA
RCR wHiCH2 $SHIFT WHICHZ RIGHT
INCE $ INCREMENT +4
CHPB -55{)8 $CHECK IF THIS 1S AFTER THE LAST PORT
BLE BARK: $IF NOTs GO TO BARK
LT AB ~$5FF $IF S04, LOAD 4B wilfh FF
BFRA DEPART
BARK STAB wHICH1
tECB
DEPART &TAB SENNUM
RTS

SOV TROBNLR D EHAHLTGEDLOH

#4THIS RCLTIME INITIALIZES wHICHL
»Ahl wHICFZ FOR USE IN wHICHP
SETuLP LCAA PORTBT

STAA WhicHa
CLR wHICH]
RIS

E-2-20-2-2-F- 22 R -1-23-3- 2.1 L-2-T-T 2-4

w«eiWIS ROULTINE INITIALIZES THE DATA LOGGER
#1F YoU FFESS #7047 AND RESPOND wITH A YES.

INIT wER LFCR $SKIP A LINE
LLX ~3PINIT JWRITES +700 YOU wANT TO e
wER PRINT $PRINTS THE MESSAGE
LEX -~ SYESNO
wSR PRINT sPRINTS +T(YES+NO)} 7
WER CHYES $TESTS FOR A YES OR A NO
EEW FIRSTON $BRANCH IF ANSwER 1S5 YES
«3R LFCR $SKIP A LINE
EFA D1SP sRETURN TO CHOICE PAGE

pobtoedsuanoetonorhan

#+THIS 1S WERE THE PROCESSOR STARTS WHENEVER
#11 iS FIFRST TURNED ONe <THE FIRST FEw INSTRUC-
©T1OUNS BASICLY INITIALIZE ANY PARTS OF THE
«SYSTEM TFAT NEED TO BE REINITIALIZED.
#(*BECAUSE THE TIME IN TnE CLOCK MIGHT BE
#ChANGED wHEN THE SYSTEM IS TURNED ON

#THE SYSTEM RELGADS THE TIME IN THE CLOCK.!
sebearpaceT2E+;  +IF THE POWER IS OFF AND THE
#PRUCESSCF TURNS Ol IT JUMPS TO THIS SECTION
#0F CODE IMMATERIAL OF WHO TURNED ON THE
#PUwER [GWHE SYSTEM ITSELF OR THE USER}+,

RESiakRT LCS ~$STKPTR $INITIALIZE THE STACK POLINTER
CLR WHERE
SR PLIAS sINITIALIZE THE #Pal+as?rs
SR ENMEM FENABLE THE MEMORY
wSP OFFCLK 3D1SABLE THE CLOCK47S INTERRUPT
LLAA LMINH
BEG HlGhZ $CHECK IF LMINH = 0
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FCal Fo4QCA LCAB LMINL

Feat ZLU5 EFa RELGAD $TIME IN CLOCK wAS NOT 0+

FCS4 Fos(Qa HIGRZ LEAR LMINL

FChe 2743 EEQ REDONE $BRANCH IF TIME IN CLOCK waAS ©
FLSo BDFe3F &ELUAL . %R CLKSET tRESET THE TIME IN THE CLOCK
FLsY dbDF &30 REDUNE SR CLICLK ;ENABLE THE CLOCK+7S INTERRUPT
Fust BUF aa3 SF DISMEM +DISABLE THE MEMQRY

FcsF gk cLl $ALLOW KEYBOARD INTERRUPTS
Flob BUFS555 WSR LFCR

FCol ceLoocel LCXx «50000

FLew uf o ETX BACKUP sINITIALIZE BAGCKUP TO ZERD
Fint 2u3b DISPON  BFA DIsSP 60 T0 THE OPTIONS PAGE

sobtu st debotadNEaR

e+ THE PRCERAM JUMPS HERE IF THE SYSTEM
=18 TC BF INITIALIZED (JUMPS FROM INITI,.
w+F IRSTON IMITIALIZES DATA COLLECTING
#pPARANTERSs SET THE STATUS WORDs AND
«pUTS THE FIRST TIME IN THE CLOCK.

FCbx gUFeif FIRSTON LER QFFCLK ;TURN OFF THE CLOCKS INTERRUPT

Frel sLF 629 WER ENMEM ;ENABLE MEMORY

Fed Chabal Lt x “$STARTH

FCTa FFaQ2o gTX MDATAH $REPOSITION DATA POINTER TO
$THE FIRST WORD

FC78 wUF 150 wER « INDAT +GET THE INITIALIZATION DATA

FCT% aDF261  STRIP SR PSCOMP 3413 TODAY STARTING DAY+/

ECTC HUFBL «SR TIMERT sLET TIMEIT STUFF THE CLOCK

Feat BUF&2Y +ER ENMEM JENABLE MEMORY

FLg2 se402u LCAA NPORTS sLOAD THE =% OF READINGS TO BE TAKEN
$EACH TIME THE PROCESSOR COMES UP

FCes Cout LLAH =5504

FLgt BLDL3 sLba %303

FCas z7uB EEQ 60TIT $IF EQUAL THEN WE ARE DONE

FCut sC OMYCGOD  INCH ;000 ~% OF EXTRA PORTS

FLAC ah CECA

FCBL  2/uT LEQ GOTIT sIF EQUAL TO 0 WE ARE DONE

Fe gt S0 IhCE

Fest 5C IACB +EVEN =% OF EXTRA PORTS

FLS. 48 CECA

Froo 2762 BEG GOTIT 31F +A=0 WE ARE DONE

FLy«~ 20F5 EFA OMYGOD $CHECK FQOR MORE

FCoe Frarpe GOTIT STAR INCIR ;INCIR I5 THE -% COF WORDS EACH
{SET Of MEASUREMENTS USES OF MEMORY

FCov BF 630 wWER CLICLK ;ENABLE THE CLOCK INTERRUPT

FeeC BOF 4 A wSR DISMEM ;DISASLE THE MEMORY

Fegk wDF35L PO SR POWOFF sTURN THE POWER OFF

YTy 2-3-2 2 -2 R 2T 1-X -2 4

FCane gb613 DISP tLaa SIRG

Flas aa04 ANDA ~5504

FLAL  26u3 ENE CDISP BRANCH ONLY IF AN INTERRUPT FROM
sTHE KEYBOARD HAS OCCURRED,

FCao 7EFC&o JVP DISPON $JOTHERWISE LOOP AGAIN

FLub 0l coclsp nCF

Fcat eWF5S52 wER LFCR

Foal bur 535 o LFCR

FlEe 981l LEAA RECEIV $LOAD +a wITH LAST CHAR RECEIVED

FCae Bl«i CMFA ~34+TATT

FCbe zT)F EEQ JINPARM +IF AN +TA4T GOTO JINPARM



Flpe
FCB&
FcuC
FCEb
FCLy
Fece
FLa
FLCe
Fect
FCCE
fccu
Fceh
Fuby
FoDs

Feor
FCCn
fCLO
FCEW
FCE=2

FCEW
FLES
FLEC
FCEF
FCFé
FLF2
FCFb
FCFE
FLFL

FCEF
Fu,2
Foio
FLOb
F[J[,b
Fik
Full
Fhis
FL17

FLlb
Fiip
FD1E
Fuzi

Hla2
271E
6143
Z71D
Blas
é71C
gieb
2718
aDF 3FC
9013
S4FH
y73i3
BOF4A3
7EFCob

TEFL2F
TEFDYD
TLFE?S
7EFCIF
TEFF1C

Fo4oll
bo4Q1d
dUFSEA
sDFSF o
réagls
304014
BUFT2b
BsUF 592
39

Foupi?
BewQyb
BOFSEA
wlFSF9
Foapl9
bb&(lA
vbF 720
BDF&85
39

-1-LY R R -]
SUF 3E6
BUFSTHA
39

Fo4p15

CvPA
EEQ
CvPA
EEQ
CHvPa
EEG
CrMEA
BEQ
«SR
DISEQON  LCAA
ANDA
STAA
'HSR
w'P

—~5+78+7
JCURRS
=32+7C*7
JSEQUEN
=%4+7D17
JINIT
-34TEMT
JOUMP
plspcH
SIRG
~55FB
$IRQ
DISHEM
D1SPDN

SR TLLAORROLPRORBELOSG

#2115 SECTION PROVIDES bRANCH

Page 143

$1F 4 +7B47 GOTO JCURRS
$1F &4 +7C+7 GOTO JSEQUEN
JIF A +T7D+T7 THEN GOTO JINIT

sIF AN +T7E47 GOTO JDuUMP
$1F NONE REPRINT CHOICES

$CLEAR THE INTERRUPT S1GNaL

sGISABLE MEMORY
360 BACK AND WALT FOP 4NOTHER 4+14R+0Q

*EATENSIGMS TO THE RIGHT SECTION.

JINFARM (L MP
JCURRE  LMP
JSEGuUeN P
JINDT ot P
JOUMP NP

INPARM
CURRS
SEQUEN
INLT
DumMp

HUPH oD RIDUOEDSD LR

#+T 1S SLERQUTINE PRINTS THE STARTING

#BATE ANL TIME.

SFRINT LLCAB
LCAA
vSR
ER
LCAB
LLAA
«EK
vSR
FT1S

SMONTH
sbay
POATE
PSPACE
STIMEH
STImMEL
PTIME
LFCR

BEUBEPSDHLBUHBRDLEBLODS

#+TR1S SLEROUTINE PRINTS THE STOPPING

#DATE ANC TIME,.

FPRINT  LLAB
LCAA
5P
CER
LCAB
LCAA
«SR
JER
F1S

FMONTH
FDAY
PDATE
PSPACE
FTIMEH
FTIMEL
PTIME
LFCR

Ea e g T-2-2-2-1-5-L-5-1°5-2-3-2+2 13

#¢TlS SLEROUTINE FRINTS

*TLBEQ

AP LNT  LCAA
«wSk
«ER
FT15

wWTIME
8CD
BYTQUT

_eTdoRRbsuobUnondnG

2+4Th1S SLEROUTINE PRINTS THE FREG-
#UENCY OF MEASUREMENTS.

FREMINT LCAB

HFREQ

$PRINT THE DATE
1 SPACE

{PRINTS THE STARTING TIME

iPRINT THE STOPPING DATE

3PRINT THE STOPPING TIME

WARMUP

$CHANGE THE TIME TO BCD
sPRINT THE TIME
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Foes 864010 LEAA LFREQ
Fuze pPE Tz WER PTIME $PRINT THE TIME
Fuzb plFosh WwER L.FCR
FozE 33 RIS
HUGTRROORE TR BHDRERD A
#+T ]S SLEROUTINE PRINTS THE INPUT
#PARANTERS TO THE DATA LOGGER.
FDaf BDF 529 INPARM SR ENMEHM ;ENABLE MEMORY
Fu3e CEFD22 pCa «55TART
FLi3s dDF 717 . SR PRINT $PRINT +7STARTAT
FL3o BUFSFS SR PSPACE
Fude s CLo SR SPRINT $PRINT THE STARTING DATE AND TIME
Fl3e CEFQ2Y LEX ~55TQP
Figs BUFT17 SR PRINT $PRINT ~7STOPPING+7
Fugw LT WER PSP $PRINT A SPACE
FlaT SDFSFS <SR PSPACE $PRINT 5 SPACES
Fliam «UFCFF vER FPRINT sPRINT THE STOPPING DATE AND TIM@
Flrww CEF QOS2 LT A =S¥ ARMUP
FOSd BLF7IT WER PRINT $PRINT +7WARMUPA7
Fuss CEF§of LEX =271
FuSs BUFT1T wER PRINT $PRINT +7TIMEA?
Fusy bUFD1lE JER wPRINT $PRINT THE wARMUP TIME
FLoe CEFnes LCX ~SMIN
FLSE GOFT17 wER PRINT IPRINT 4T7MINAT
Fueea BLFS3D iR LFCR
Fuoo CEFG2F LEx ~%FREQ
FLoe  sUF717 ~ER PRINT $PRINT #TFREQUENCY OF seset7
Fues BLFSFo wSR PSPACE
Flibe burbze SR FRPRINT sPRINT THE FREQ. OF MECASe
FuT: BDF&AS iR DISHEM
FluTa TEFCCH 1P DISPON $RETURN TO OPTIONS
YT L-P-2IY-T-F.-2-F-8.2.2-F.Y-1-2.7-1-3-]
«+TRIS SLEROUTINE PRINTS THE PROPER
#HCADING (DEPENDING ON THE PORTS
«SELECTERY »HEN CALLCD BY SEQUENTIAL
“REAQINGS OR CURRENT SENSOR READINGS.
FC7 CEFFRT subba LCX® -3HEADZ
FL7a BOFTY7 W SR PRINT
FOTL CEFFCE _ELCX ~&PORT
Fugy BDFCLS wER SETUP
Fogs BUFBET MORIET . SR wriICHP
Fugo CIFF CHPB “SSFF
Fluye 27ufF EEQ 200M
Flo= CEFFCE LEA -~5PORT
Fugy BOFT17 SR PRINT
Fudy sC IhCR
FOgy 17 TEA
Fgs sA3G CRAA ~333¢
FL9~ BUF 240 AR ouUTA
Fpo~ 20EA BFA MORYET
Fogy BDF552 ZOUM &R LFCR
FLGT a9 RTS

FRFORABAEIDCL ORI ARRDIERED

P R e e )

#+THIS SLEROUTINE DISPLAYS THE CURRENT
#rbaLINGE AT ECACH PORT THAT WAS CHOSEN
#pLRING TE INITIALIZATION, +ANY CHAR.



Fougl
Fuaid
Fuaa
Fuas
Fuay
FDAL
Fuar
FOBw
Fubd
Fihde
Flpy
FuBl
Fugk
FOCE
Fuca
FOCH
FDCL
FUCE
FDDL
FLDs~
r o7
FuUUA
FDDU
;UEH
Futad
FDE«
FLET
FDE >
FOEC
FOEE
Fuf i
FUF«
FGET

CEF QEF
BOFT)17
pLF 6%
SLFDTT
BEDF a4
7CO00A
3E
HOFo29
bUFClo
TFa(2C
BUF &DA
Chapzs
BUFSe4
sDFBgY
TLalzC
CE40pa
BUF 603A
gDF5ea
GbFsov
7Cap2C
BUF &DA
BUF8QY
SOFBET
CIFF
2700
BUF sDA
yblé
B7402C
BUF g0y
2viC
BUFB5S
BUFaa3
26Bé

DF 14
BUFS92
BuF « 0
Cealsd
9Cl4
271d
vle(zo

2708

nOF +EA
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#7TYPED AT TdE AREYBUARD WILL DISPLAY
#THE CURRENT READINGS.

+T0 EXIT FROM
#THiS SUEROQUTINE YOU MUST HIT AN
@CONTROL +#7S+7.

CURRSg LEX =5RS
SR PRINT $PRINT +7TYPE R FOR READsswet7
w SR ENMEM FENABLE MEMORY
%R SUBBA sTYPE THE COLUMN HEADINGS
wER DISHMEM jD15ABLE THE MEMORY
G WHERE
MORER whl sWAlT FOR A KEY PRESS
WSR ENMEM $ENABLE MEMORY
+3R SETUYP $INITAILIZE wHATPORT ROUTINE
CLR SENNUM $5TART AT POKT ¢
«ER ADCwvAL sTAKE A READING
LEX ~SCONVH iPUT READING IN +iaR
I LSHFTS FSHIFT LEFT FOUR BITS
2R SENSCY sCONVERT AND PRINT THE Tgn?.
InG SENNUM $READ PORT 1
LEX -~SCONVH $PUT READING IN #1aR
WSk ADCvAL $TAKE THE READING
wiR LSHF T4 $SHIFT LEFT FOUR BITS
«3R SENSCV sCONVERT AND PRINT THE DEw POINT
Inc SENNUM FTAKE THE READINGL AT PORT Z
wSR ADCVAL $TAKE THE AIR PRESSURE
+SR SENSCV +CONVERT AND PRINT THE AIR PRESSURE
ERSTE ,5R wHICHP s6ET NUMBER OF ADLITIONAL PORT
orPB ~$5FF 31F LT 15 FF THEY wE ARE ODONE
EEQ LEZTE ;GOT0O LEZTE IF DONE
T ADCyaAL $TAKE THE READING
LCAA —5504 STELL SENSCvy IT+75 A VOLTAGE
STAA SENNUM $STORE SENNUM
IWER SENSCY i CONVERY AND PRINT THE VOLTAGE
BFA ERSTE ;CHECK FOR MORE
LELTE . SR LFCR
<SR UISMEM s0ISABLE THE MEMORY
RFA MORER ;GO BACK AND wAIT FOR MORE

LR AT X.2-3. 1% 2-1. 2. 2-F 2-FT9

#2715 SLEROUTINE TaKE3S THE MEMORY LOCATION
#THAT IS TN THE +I+R AND GIVES THE DATE ANBR
+«7IME OF THE READING THAT IS STORED IN THaT
oMEMORY LCCATION. +IF NO READING WAS TAKEN THEN
#ThEn 900C IS STORED IN THE +ItR. +IF THE
#H-ADING wAS TAKEN THEN THE DATE IS STORED

«IN MONTE AND UAYs AND THE TIME IS STORED IN
«TIMER ANE TLMEL.

dRKEAC STA SAVINGS $SAVE THE 2I+R
<SR STIME $SAVE PMONTH THRU LMINH
wWwER STOPS §MOVE SMONTH=LFREQ INTQ PMONTH-LMINL
LLx ~5STARTM 5START CHECKING AT THE START OF MEMORY
DAYLC CFa SAVINGS 15 THIS THE LOCATION IN QUESTIONA/
BEw DDAY iIF IT IS BRANCH TO DDAY
CFX MOATAH $1F IT ISN+7T THE CORRECT DAY
5IS IT IN THE FUTURES/
EEQ UVLAY $IF ITS*7S A FUTURE READING
sBRANCH TO OVODAY
wSR IRLOOP $IF 17475 NONE OF THESEs INCREMENT
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BUF2€1
ZueF

CEU00v
FFaQ2l
gJF 374

3DF5B3
Feap2l
39

BOF62Y
CEFQze
SUFT717
wOF 240
BUF 555
CEFT78E
SDFTL7Y
CeFT798
sDFT1Y
BOF 240
uT4033
FTu(3w
BUFS5>
BuF ey
CEFFAC
SOFT17
sUFD77?
TALOCA
uOF4F2
2643

TLFF D4
alF DF 9
BOF&F 2

2503

TEFF I«
Fo4Qul
Bo400<
FFag2e
SGFSEA
sUF6Jv
bodkd04
Foud03
abF72e
Fo4Qzs
Fouy2o

Page

$THE +1+R APPROPRIATELY

<ER UPTIME ;THEN CHANGE THE DATE AND TIME
BFA VAYLO $BRANCH AND COMPARE AGAIN
OVBaY  LCR ~5$0000 SREADING NEVER TAKEN
DDAY STx TEMP12 }SAVE +I+R
&R UNSTOP $MOVE THE CORRECT DATE AnD TIME
;INTO MONTHsDAY»TIMER,TIMEL
VSR RTIME $RESTORE PMONTH=LMINL,
LCX TEMP12 ;RESTORE THE +I4R -
RTS ;RETURN TO CALLER

HoRUGTOURRPHBJLLNGRTLORSD

5+THIS SLERDUTINE TAKES A DATE AND TIME
#AS INPUT AND ASKS HOWw MANY READINGS
#yvlb wQULL LIAE PRINTED OUT. 4THE
#+SUDBROUTENE THEN PRINTS OUT THE FIRST
+READING ASKED FUR PLUS EVERY READING
epbFTER TraAT UNTIL THE NUMBER OF READ=~
#]lhu:S THE USZR SPECIFIED RaS BEEN
#PRINTED, ~THE ROUTINE PRINTS MOTHING
#1t A InyaLID DATE OR TIME IS SPECIF=-

wlLy,
SEwVEN Sk ENMEM $ENABLE MEMORY
LCX ~5START
<SR PREINT §PRINT +7START+7
&R GETDAT $1GET THE DATE AND TIML
«SR LFCR
LEX =3HOW
~ER FRINT 3PRINT #7HOW MANY HEADINGS+?
LCx -$THREE
<SR PRINT $PRINT +T(2X+X+X12/47
vER THRDIG $GET THE THREE DIGITS
STAA NUMLOW $STORE THEM 1IN NUMLOW
s7a8 NUMHI 5AND NUMHI
+SR LFCR
«SR PSP
LCx S3HEAD]
“E&R PRINT $PRINT +7DATE  TIME+T
woR SUBBA ;PR].NI +TTEMP AIR PRE-.._G_:?T
CEC wHERE
RE3SEL  .SR RTAKEN $CHECK IF READING wAS Taxin
BhE SEQL $BRANCH IF READING wAS TAKEN
WP SEQDON JQUIT IF ~I+R=0000
SEUL SR WwHREAD $FIND DATE AND TIME
JER RTAKEN tFIND THE MEMORY LOCATION IT
$1IS STORED 1IN
BMNE JuMPL $BRANCH IF FOUND
«MP SEQDON $QUIT
SJUMPL LCAE MONTH ; +B=MONTH
LEAA Day 3 ASMONTH
STA TEMPIR JSAVE +I2R
+ER PDATE sPRINT THE DATE
5P PSP 3SKIP A SPACE
ECAA TIMEL s rA=TIMEL
LT AG TImEn ;4B=TIMEH
<SR PTIME 3PRINT THE TIME
LT X TEMPIR $RESTORE +1+R
LLAB NFORTS i *B=NUMBER OF READINGS
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FEBL
fFret
FEol
Fegal
Freo
FEGS
Fe3l
FesL
Feck
repd
FLAD
FEAD
Fpas
FEEL
FraC
FELL
FEEV
FERc
FECS
FELT
FLlE~A
Frsbl
FECL
FeELo
FeCo
FeCy
FECA
FECH
FECL
FECE
FEDY
FEL>
FERS
FCbLY
FElm
FEDU
FEEw
FEc:
FEEe
FELw
FEED
FEE®
FEELD
FEEE
FEF.
FEFe
FLFD
FEF S
FEF%
FEFD
FEFL
fefr
FFo-
Frow
FF(7?
FFoa

Cuo2
glLF60v
Aol
ET4GES
TFeg2l
gOf By
wb
an0l
o740
7C402C
EDFBGQ
ob

50
£T39
SA
7C4020
A6Q0Q
BT40G23
L6061
BTe02e
FFa02%
CE4QZ:
HOF 94k
FE4020
sUFROL

8bF 555
Fbu03-
BO&4(33
zyul
€209
FT7403¢
74030
[RY
2703
TEFEBS
si
2T03
FEFE®L3
dbF&a3
TLOOU=
TeFCChb

) &L B8
SR
LT AR
STAA
CLR
<R
InX
LCAA
STAA
e
«ER
LA X
HITRER T&TB
EEG
CECH
InC
LCAA
STAA
LLAA
STAA
ETx
LCx
« &R
LEX
«ER
IhX
TETH
nEG
EECE
KT
STAA
pLaa
ANDA
£TAA
INnC
Sk
Thx
INX
ERA
YuhZ inx
YONI <SR
LEAB
LEAL
SLEA
SECH
STAB
STAA
TETA
EEQ
JHP
HuPlz TETB
cEQ
-MP
SE4C0N LSRR
InC
<P

LSl T 212 2-F-2-1-1-.0.1-2-2-1.3. -39 13

-5%02
PSP

300+ X
COMNVR
SENNUHM
SENSCV

300+
CONVH
SENNUM
SENSCV

YON]

SENNUM
$00+ X
CONVH
014X
CONVL
TEMPIR
=5CONVH
R3HIF T4
TEMPIR
SENSCYV

YON2

3GlsXx
CONvVL
5C0e %
-$30F
COnVH
SENNUM
SENSCV

HITHER

LFCP
NUMRE
MUMLOw
=$501
NUMRI
NUML Ow

HOP12
SEat

SEQDON
SkuL
DISMEM
WHERE
DISDON
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$SUBTRACT TwO

iSKIFP A SPACE

$STORE READING IN +a
iSTORE READING IN CoNvH
$SET PORT 70 0
iCONVERT AND PRINT THE TEMP
;s INCREMENT THE #+1eR

3STORE READING IN CONYH

$SET PORT TO 1

s CONVERT AND PRINT THE DEW POINT
FINCREMENT THE +]1+k

;ALL READINGS PRINTED FOR TIME
$IF YES BRANCH TO YON1
JDECREMENT =3 OF READINGS TAKEN
JLOOKING AT NEXT PORT

$STORE HIGH ORDER HALF IN CONVH

iSTORE LOw ORDER HALF IN CONVL
$STORE THE +1+R

SLET THE +1+R POINT TO CONVH
$SHIFYT CONVH+L RIGHT & BITS
JRESTORE +I+R

iCONVERT AND PRINT THE READING

F INCREMENT THE +14R

;HAS EACH READING BEEN PRINTED
$1F YES BRANCH TO YON2

$DECREMENT =% OF READINGS PRINTED

3STORE LOw ORDER 8 BITS IN CONVL

$MASK OFF TOP & BITS
3STORE HIGH & BITS IN CONVH
3POINT TO NEXT PORT
sCONVERT AND PRINT THE READING
5 INCREMENT THE +I#R
00 1T TWICE
$CHECK FOR MORE READINGS
$ INCREMENT THE #+i+R

}DECREMENT =3 OF READINGS PRINTED
$WITH CARRY
3STORE 17 BACK

$IS LOW ORDER 8 BITS ZERO
;IF YES GO TEST +8B

i JUMP  BACK FOR MORE READINGS
$TEST HIGH ORDER 8 8ITS

3IF ZERO THEN QUIT

31IF NOT BRANCH BACK FOR MORE
;DISABLE MEMORY

FRETURN TO OPTIONS PAGE



FFnu
FFur
FFis
FF12
rFio
FF.o
FFid
FF19
FF1b

uFu2

wold
BUFSbe
4h
2oF A
az
DEg2
39

3bEQo<
B4 8

26F9

BOFp2Y
Bud(

3A400Y
wlalpu
BUF CEw
BOFCFF
poFDle
clF 355
gDFD2e
YHa02o
BUFS57A

CELQ44
BwF 553
Ho4d2a
BOF57n
3uUF 83>
3Caf2s
2Ta7
Fes02n
Aoyl
BOFSTh
13-}
ISDFDOV
Ac(Q
30F574
[+1-}

HA

SA

B0F 6w
ALUO
BDFS7A
[13-]
AG00
44

Ly

4.4

DELAYL 8T
FSha
LLAA
ULuopl «ZR
CECA
ENE
FLLA
LCX
RIS

2222 2 2 1T E-X- 2023 002 2 2 3 0122 X -]

TEMPI3

~3308
DELAY

JLOOP]

TEMPI3

Page

#+T515 SLEROUTINE DUMPS ALL OF THE
erEADINGS THAT HavE BEEN TAKEN TO
#+The FERIFHERAL DEvVICE (IF SWITCHED

»Qn} AND TO THE TERMINAL.
*REAUINGS ARE PRECEDED BY SOME
+INITLALIZATION PARAMTERS (SEE

#ThE OPERaATION MaNJalL FOR DETAILS).

DUMF LCAA
AhDA
ERE
SR
LCAA
CRAA
STAA
'vSR
‘vSR
‘wER
1LSR
~ER
LEAA
«SR

LEX
wWwER
LCAAa
wER
QuiL0P . SR
CFX
EEQ
LCag
LCAA
wef
X
«ER
LCas
wER
IAX
Ceca
CECH
FULBLT SR
LCAA
SR
INX
LEAA
LERA
LSRA
L2RA

CLOCKE
~3%08
QumMpP
ENMEM
~5%80
STATUS
STATUS
SPRINT
FPRINT
WPRINT
LFCR
FRPRINT
NPORTS
BYTOUT

~SSTARTH
LFCR
PORTBT
BYTOUT
LFCR
MDATAH
HELLO
NPGORTS
500, X
aYTouT

PSP
00X
BYTOUT

PSP
500X
BYTOuT

300454

sCHECK IF DUMP SWITCH PRESSED
LO0OP UNTIL IT IS PRESSED

;PRINT THE STARTING DATE AND TIME
tPRINT THE STOPPING DATE AND TIME
tPRINT THE WARMUP TIME i
$SKRIP A LINE

JPRINT ThE FREQ. OF MEASUREMENTS

$PRINT THE =% OF READINGS
$TAKEN EACH TIME
i+I+R=STARTING LOCATION OF DATA

$SKIP A LINE

+1S IT THE END OF THE RZIADINGS
$IF YES THEN GOTO HELLO

§+B==3 OF READINGS

$PRINT TEMP READING
$ INCREMENT +14R
$SKIP A SPACE

$PRINT DEw POINT
JINCREMENT +I[-R

;DECREMENT +8 TwICE
iSKIP A SPACE

iPRINT FIRST BYTE
§ INCREMENT +I4R
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Fe 73
FF74
FFTJ
FFEY
FFEal
FFad
FFaw
FFaT
FFB3a
FFuah
FF&C
FFaF
FFo9c
FFg3
FE9s
FFGE
FFs?
FF3nr
FFac
FF9L
FFAg
Frad
Ffao
FFa9
FFrac
FEAF
FFZ&
FFES
FFho
FFu7
FF&a
FFEL
FFCU
FFC3
FF{Ro
FFL9
FFCC
FF¢EL
FFC=
FED1
FFDRJ

20505
453353
249

[HU]
20504t
5254
oe

& THE BINARY In Iw

Page 14¢

LERA 3DROP 8 LOWw QRODER BITS
JER HEXASC sCONVERT TO HEX
«SH ouTA $PRINT
LA X $ INCREMENT +I4R
LCECH $DECREMENT =% OF READINGS PRINTED
gEG QUTLOP ;IF DONE BRANCH BACK T0 OUTLOP
<SR PSP $1SKIP A SPACE
CEX $DECREMENT +I+R
LCas 300X
ANDA =$30F $MASK OUT HIGH 8 BITS
<SR HEXASC $CHANGE TO HEX
<SR QuUTA $PRINT THE CHARACTER
InX $ INCREMENT +I14R
LCAA S00+%
+SR 8YTOUT $PRINT THE BYTE
Th X $ INCREMENT =I+R
CECB ;DECREMENT =% OF READINGS PRINTED
EEQ OUTLOP $1BRANCH BACK IF ROw IS FINISHED
ERA FULglT $FINISH THE ROwW
HELLO LCAA ~357F
ANDA STATUS
STAA STATUS
W SR DISMEM
WP buUMpP
reall] FCC +TOATE  TIME»T
FCB 00
ngAD2 FCC +7 TEMP DEw PT PRESS *7
F¢g 0
PaRrT FCC +7 PORT+7
FCB 06
END
PHYSICAL BLOCK 2
~mmmes S Y M B UL LEGENDI  mcacam=-
+ SHIFTED KEY A SUPERSCRIPT
v SUBSCRIPT < SACKSPACE
" CARRIAGE RETURMN 2 FONT
- ACCESS z TIMES
z UIvVILE o ASSIUN
% PERCENT

- - A o e
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CUMULATIVE LIST OF RADIO RESEARCH LABORATORY REPORTS

PREPARED UNDER NASA GRANT NSG~5049

Rep. No. 469 - Gardner, C. 5. (December’1975), The Effects of Randon
Path Fluctuations on the Accuracy of laser Ranging Systems. -

Rep. No. 471 - Zanter, D. L., C. 8. Gardner and N. N. Rao {January
1976), The Effects of Atmospheric Refraction on the.Accuracy of
Laser Ranging Systems.

Rep. No. 477 ~ Gardner, C. S. and J. R. Rowlett (November 1976),
Atmospheric Refraction Errors in Laser Ranging Data.

Rep. No. 478 - Gardner, C. S. and B. E. Hendrickson (December 1976),
Correction of Laser Ranging Data for the Effects of Horizontal
Refractivity Gradients.

Rep. No. 481 - Gardner, C. 8. (January 1977}, Statistics of the
Residual Refraction Errors in Laser Ranging Data

Rep. No. 486 — Gardner, C. S. (June 1977), Comparison Between the
Refraction Error Covariance Model and Ray Tracing.

Rep. No. 488 - Gardner, C. S. (December 1977), Speckle Noise in
Satellite Based Lidar Systems.

Rep. No. 495 - Gardmer, C. S. and G. 8. Mecherle (April 1978},
Speckle Noise in Direct~Detection Lidar Systems.

Rep. No. 496 — Gardner, C. S. and A. M. Saleh (October 1978),
Speckle Noise in Differential Absorption Lidar Systems.

Rep. Wo. 499 - Gardner, C. S. (January 1979), A Technique for
Remotely Measuring surface Pressure from a Satellite Using a

Multicolor Laser Ranging System.
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PAPERS PUBLISHED
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t
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Horizontal Refractivity Gradients," Applied Opties, 16, 2427-2432,
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C. 8. Gardner, J. R. Rowlett, and B. E. Hendrickson, "Ray Tracing

Evaluation of a Technique for Correcting the Refraction Errors
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October 1978.



