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1. INTRODUCTION

1,1 SCOPE OF DOCUMENT

This document is one of a series of manuals designed to provide the
information required to operate and maintain the Command and Data
Acquisition (CDA) equipment of the Trilateration Range and Range Rate
(TRRR) System, as furnished by Hughes Aircraft Company to the National
Aeronautics and Space Administration under Contract No. NAS 5-21629.
The function of each manual is as follows:

1) Volume I, Command and Data Acquisition (CDA) System Manual
contains information pertaining to the equipment in the
Trilateration Range and Range Rate System which is designed to

interface with existing NASA equipment located at Wallops Island,
Virginia.

2) Volume II, Turn-Around Ranging Station (TARS) System Manual
contains information pertaining to the equipment located in the
Turn-Around Ranging Station

1, 2‘ ‘GENERAIL DESCRIPTION OF TRRR SYSTEM

The Trilateration Range and Range Rate System is described in the
following paragraphs.

1.2.1 Physical Description of TRRR System

The TRRR System consists of three basic units that are physically
independent of each other. (See Figure 1-1.) These units are as follows:

1) The Master Range Station of the Command and Data
Acquisition (CDA) System for the Synchronous Meteorological

Satellite (SMS) located in the NASA facility at Wallops Island,
Virginia

2) The Turn-Around Ranging Station located at the NASA facility
at Oahu, Hawaii, designated TARS 1

3) The Turn-Around Ranging Station located near Santiago, Chile,
‘ designated TARS 2 o

1-1
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SMs
SPACECRAFT
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CDA

LINK1 - CDA TOSMS TO CDA
LINK2 - CDA TOSMS TO TARS 1 TOSMS TO CDA
LINK3 - CDATOSMS TOTARS 2 TOSMS TO CDA

FIGURE 1-1. TRILATERATION RANGE AND RANGE RATE SYSTEM

All Master Station (CDA) electronic equipment is located in two
standard racks within the Operations Area of the NASA facility. All TARS
electronic equipment is located within a weatherproof shelter, while antennas
and associated equipment are mounted on the exterior of the shelter.

1.2.2 Functional Description of TRRR System

The TRRR System contains transmitters, receivers, and other equip-
ment (Tables 1-1through 1-3) that provide the capability of simultaneous range and
range rate information for the SMS. This information, derived fromdata acquired
fromthe CDA and thetwo TARS, is gathered attheCDA for additional analysis,

In general, the range and range rate information is derived in the
following manner. (See Figure 1-2.) A ranging signal is developed in the
CDA and transmitted to the NASA Wallops Island Station modulator and
upconverter for frequency conversion. This signal is then amplified and
transmitted to the SMS at the proper frequency and power levels. When the

1-2
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TABLE 1-1, SMS SATELLITE PARAMETERS

Transmitter power (hard limited),l dBm 43.0
Transmitter feed loss, dB -3.4
Transmit antenna gain, dB 19.1 ‘
Transmit off-beam center loss, dB (at 9 degrees) -2.5
Transmit off-beam center loss, dB (at 7 degrees) -1.6
Receive antenna gain, dB 13.4
Receive feed loss, dB -4.5
Receive off-beam center loss, dB (at 9 degrees) -2.8
Receive off-beam center loss, dB (at 7 degrees) -1.4 I
Receive noise temperature (TE = 1630°K), dB/°K 32.1
Bandwidth, MHz 8.2
Polarization loss, dB -0.2
Antenna polarization Linear
Local oscillator stability

Long term, per year 1.0 x 10"6

Short term, per 1/2 second 1 x 10—9
Synchronous orbit, degrees ’ 2 inclined

signal is received by the satellite, it is automatically downconverted and
retransmitted through the satellite antennas back to earth to be received at
the CDA, TARS 1, and TARS 2. When the signal is received, each TARS
reacts by transponding a signal, again at the proper frequency and power
levels, back to the SMS, which again downconverts and retransmits the signal
back to the CDA. Although they receive the newly transmitted signal, each
TARS is mechanized to respond only to transmissions initiated at the CDA.

In addition, sufficient guard bands have been engineered into the system to
ensure isolation between the TARS. (See Table 1-4,)
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TABLE 1-2, CDA STATION PARAMETERS

Transmitter power, dBm 48.0
Transmitter feed loss, dB -1.6
Transmitter antenna gain, dB : 48.0
Transmit off-beam center loss, dB (at 0.25 degree) -1.0
Receive antenna gain, dB 48.0
Receive off-beam center loss, dB (at 0.25 degree) -0.7
Receive feed loss, dB -0.4
Receive noise temperature (Te = 100°K), dB/°K 20.0
Polarization loss, dB -0.2
Transmit frequency, MHz 2026.000
Receive IF, MHz 70.2; 68.0; 64.0
Transmit IF, MHz 66.0

TABLE 1-3, TARS STATION PARAMETERS

T ransmit power, dBm 46.0
Transmit loss, dB -~1.7
Transmit antenna gain (8 foot diameter), dB 31.8
Transmit off-beam center loss, dB (at 2.2 degrees) 3.0

Transmit frequency, MHz

TARS 1 2030.200

TARS 2 2032.200
Receive antenna gain (8 foot diameter), dB 30.4
Receive off-beam center loss, dB (at 2.2 degrees) -2.4
Receive feed loss, dB _ -0.7
Receive noise temper‘ature, dB/°K (630°K) v 28.0
Receive frequency, MHz 1684.000
Local oscillator-stabiiity ' '

Long term, per year ’ 1 x 10—6

Short term, per 1/2 second . 2 x 10710

Polarization loss, dB ' -0.2

1-4
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TABLE 1-4, TRRR RF CARRIER UTILIZATION

Links Frequency, MHz

CDA Link

Uplink (CDA to SMS) 2026.0

Downlink (SMS to CDS) 1684.0
TARS 1 Link

Uplink (CDA to SMS) 2026,0

Downlink (SMS to TARS 1) 1684.0

Uplink (TARS 1 to SMS) 2030.2

Downlink (SMS to CDA) 1688, 2
TARS 2 Link

Uplink  (CDA to SMS) 2026.0

Downlink (SMS to TARS 2) 1684.0

Uplink (TARS 2 to SMS) 2032,2

Downlink (SMS to CDA) 1690.2

On receipt of the transmissions from the TARS, three range/time
intervals can be measured and stored by a computer at the CDA:

1) CDA to SMS to CDA
2) CDA to SMSto TARS 1 to SMS to CDA

3) CDA to SMSto TARS 2 to SMS to CDA

By measuring successive range/time intervals, the system is capable
of resolving range rate information of the SMS in addition Lo range.

Upon receipt of the above déta, the CDA assembles the following
information into a serial data format suitable for transmissions on demand
over a standard telephone line:

1) Range/time interval

2) Range rate

3) Wallops Island facility antenna azimuth and elevation angle

1-6
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4) Time of year in days, hours, minutes, and seconds
5) Data source identification (CDA, TARS 1, TARS 2, and SMS)

6) SMS housekeeping telemetry (spacecraft temperature, SMS
system delay)

7) CDA delay

The entire TRRR operation, including spacecraft acquisition, multiple
data measurement, data multiplexing, and transmission, is designed not to
exceed 11 minutes with the total spacecraft time allocation for the operation
not to exceed 10 minutes.

An orderwire function is provided between the CDA and each TARS to
ensure a coordinated operation in the event that field alignment or repair of
TARS is required.

1,3 GENERAL DESCRIPTION OF CDA

The CDA receive band baseband frequencies are listed in Table 1-5,
and CDA equipment is described in the fsilowing paragraph,

1.3.1 Physical Description of CDA Equipment

The principal units that. comprise the CDA are as follows:
1) Three nominal 70 MHz re‘ceiver units

2) One range unit

3) One switch unit

4) One tone modulator

8} One orderwire unit

.6) Three computing countér units

7) Three computing counter unit patch panels

8) One digital computer

9) One teleprinter unit

10)  One cassette unit

11) One power supply

All the above units are rﬁounted in racks equipped with air circulating

blowers. (See Figure 1-3.)

1-7
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TABLE 1-5. CDA RECEIVE BAND BASEBAND FREQUENCIES

Tones Frequency

Ranging Tones

Mode A 35,4 Hz
283,4 Hz
3.968 kHz
27.777 kHz
200,00 kHz
Mode B 283.4 Hz
3.968 kHz
27,777 kHz
230,000 kHz
Mode C 3,968 kHz
27,777 kHz
200,000 kHz
Command Tones
TARS 1 2940 Hz
TARS 2 3180 Hz
Orderwire Ringing Tone 4525 Hz

1-8
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FIGURE 1-3. CDA TERMINAL (PHOTO 4R7083)
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1.4 EQUIPMENT REQUIRED

The equipment required in the CDA to conduct the ranging function and
provide interfacing with the TARS and SMS is described in the following
paragraph. :

1.4,1 Major Equipment

Table 1-6 lists the major equipment supplied with the CDA,

TABLE 1-6, CDA SUPPLIED MAJOR EQUIPMENT

Equipment Manufacturer Part Number
Computing counter (three Hewlett-Packard Model 5360A
supplied)

Computing counter patch panel

(three supplied) Hughes , 3029323
Computer Hewlett-Packard Model 2100A
Teleprinter ’ General Electric Terminet 300
Power supply Acopian Model 21PT10
Orderwire unit Hughes 3029309
Receiver (three supplied) Scientific Atlanta Model 410A
Switch unit Hughes 3029322
Range unit ' Hughes 3029304
Cassette unit DICOM , Model 344
Tone modulator Hughes 3029324
Blower (two supplied) " McLean Model 2E409A

1-10
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2. INSTALLATION

2.1 INTRODUCTION

Tshis section provides information designed to illustrate the manner in
which the Command and Data Acquisition (CDA) equipment is configured for
ranging operations. This information is provided in the following order:

1) CDA Trilateration Cable
Diagram See Figure 2-1 :

2) Computer Programming See Section 5, TRRR Software System
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3.  OPERATION

3.1 INTRODUCTION

This section provides a description of the location and function of
each of the controls and indicators that will be used in the normal operation
of the CDA equipment, In addition, this section provides all procedures
required for the normal operation of the equipment in the terminal, includ-
ing equipment preparation for use, power turn-on, and power turn-off.

3.2 PREPARATION FOR USE

No special procedures are required to convert the CDA equipment
from a standby (or power off) condition to an operational configuration.

3.3 LOCATION AND FUNCTION OF CDA CONTROLS AND INDICATORS

All CDA equipment used in the TRRR System are mounted in either
of two racks which are Government-furnished equipment (GFE) (See
Figure 3-1), The location and function of the controls and indicators for
the commercially available units are contained in the appropriate commer-
cial handbook included in this series of manuals. The location and function
of the units unique to the CDA terminal are presented in the following order:

Unit Figure

Orderwire unit, Hughes P/N 3029309 3-2
Switch unit, Hughes P/N 3029322 3-3
Range unit, Hughes P/N 3029304 3-4
Tone modulator unit, Hughes P/N 3029324 3-5

The location and function of controls and indicators on units that are
not listed above are included in the appropriate commercial manual.
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FIGURE 3-1. CDA EQUIPMENT RACK (PHOTO 4R27084)
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ORDERWIRE

PANEL ITEM DESCRIPTION FUNCTION

1 RING DOWN USED TO SIGNAL TARS 1 AND 2 WHEN ORDERWIRE
SELECTED ON SWITCH UNIT

2 HANDSET VOICE TRANSMITTER AND RECEIVER WHEN ORDERWIRE
SELECTED ON SWITCH UNIT

3 ORDERWIRE SIGNALING LIGHT PROVIDES VISUAL INDICATION OF TARS TOCDA
ORDERWIRE SIGNALING

B SIGNALING BUZZER PROVIDES AURAL INDICATION OF TARS TO CDA
ORDERWIRE SIGNALING

5 POWER ON/OFF SWITCH AND PROVIDES CONTROL AND MONITORING OF PRIMARY

INDICATOR POWER TO UNIT

FIGURE 3-2. ORDERWIRE UNIT (PHOTO 4R25723)
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PANEL ITEM DESCRIPTION FUNCTION
1 IF SELECT DOWNLINK SWITCH
COMPUTER COMPUTER CONTROLS CONFIGURATION OF
EQUIPMENT FOR RANGING OR TEST OPERATIONS
MANUAL-TEST LOOP CONFIGURES SYSTEM FOR PROCESSING | - f UPLINK
IN DOWNLINK RECEIVERS FOR CLOSED LOOP TEST
MANUAL-RECEIVER ANTENNA DOWNLINK RECEIVERS PROVIDED i - fSIGNALS FROM
STATION DOWNCONVERTERS FOR NORMAL
OPERATIONS
2 IF SELECT UPLINK SWITCH
COMPUTER COMPUTER CONTROLS SELECTION OF RANGE TONES
TO UPCONVERTER
MANUAL RANGE TONE SELECTS RANGE TONE OPERATION
MANUAL OVERWIRE SELECTS ORDERWIRE OPERATION
3 ON/OFF 24 vdc CONTROLS AND MONITORS APPLICATION OF PRIME

POWER TO UNIT

FIGURE 3-3. SWITCH UNIT ( PHOTO 4R27062)
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PANEL ITEM DESCRIPTION FUNCTION

1 TONE CONTROL SELECT MANUAL OR
COMPUTER CONTROLLED MODE

2 CARRIER ONLY SWITCH DELETES ALL MODULATION ON
THE CARRIER. USEFUL FOR
LOCKUP OF THE SCIENTIFIC
ATLANTA RECEIVERS

3 POWER ON CONTROLS APPLICATION OF
POWER TO RANGE UNIT

a TONE SELECT MANUALLY ENABLES WHICH TONE
IS MODULATED ON CARRIER

FIGURE 3-4. RANGE UNIT (PHOTO 75-35080)
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TARS 1 TAKS 2

PANEL ITEM

DESCRIPTION

FUNCTION

1

IF ATTENUATOR

COMMAND TONE
COMPUTER

MANUAL-TARS 1/TARS 2

ON/OFF +24 vdc

PROVIDES SELECTION OF FROM 0 TO 41 dB
TO ATTENUATE i - f SIGNAL TO
UPCONVERTER

COMPUTER CONTROLS TRANSMISSION OF
RANGING COMMAND TONES TO TARS 1
AND TARS 2

PROVIDES THE MANUAL CONTROL OF
TRANSMISSION OF COMMAND TONE TO
TARS 1 AND TARS 2

CONTROLS AND MONITORS THE
APPLICATION OF PRIME POWER TO UNIT

FIGURE 3-5. TONE MODULATOR UNIT (PHOTO 4R27063)
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3.4 POWER TURN-ON

All electrical power to the units in the CDA is supplied and
controlled by GFE functions. Other than setting all switches to ON, no
special procedural instructions are required for applying power to any of
the units in the CDA terminal.
3.5 SYSTEM OPERATION

The CDA terminal equipment can be configured for three basic
modes of operation,

1)  Ranging Opérations
2) Orderwire operation
3) System testing

The procedures to be used for each of these functions are contained
in the following paragraphs.

3.5.1 Ranging Operations

Ranging operations can be conducted automatically by addressing
the HP 2100A computer through the Terminet teleprinter. The procedures
for automatic ranging operations, including range link selection and range
tone mode selection, are presented in the following order:

1) Range Link Manual Selection Paragraph 3.5.1.1
2) Range Tone Mode Selection Paragraph 3.5.1.2
3) Automatic Ranging Operations Paragraph 3.5.1.3

3.5.1,1 Range Link Manual Selection

To manually select the range link, perform the following:

1)  On the receivers 1 through 3, set frequency select switch to
FREQ 1, FREQ 2, and FREQ 3, respectively, With this selec-
tion, tune receiver 1l to 64 MHz IF for CDA/CDA operation,
tune receiver 2 to 68, 2 MHz IF for CDA/TARS | operation,
and tune receiver 3 to 70. 2 MHz IF for CDA/TARS 2 operation,

2) Set the switches on receivers 1 through 3 to the following

positions;
Response AC
Bandwidth ~ BYPASS
AGC To ‘ 1 SEC



3)

4)

5)

6)

7)

VOLUME I. CDA SYSTEM MANUAL

Second local oscillator mode VFO

Wideband phase demodulator mode PM

Bandwidth, Hz 100

Phase lock loop LONG

IF filter 500 MHz

Volume To maximum CW
position

Set second local oscillator mode switch to APC. Receivers are
now tuned for automatic phase control operation,

On switch unit, set switches to the following positions:

IF select downlink RCV ANT
IF select uplink , RANGE TONES

Receivers are now prepared to receive IF inputs from the
NASA Station equipment downconverters,

On tone modulator unit, set command tone switch to MANUAL
and momentarily press TARS 1 or 2 in accordance with desired
range link operation. The appropriate receiver phase lock loop
light indicates when receiver is locked to the IF signal, If the
IF is not locked, proceed with the following.

Push and tune FINE TUNE control until a low frequency note
is heard from the receiver speaker,

~Note

If no beat note is heard, the IF signal is out of the
tuning range of the loop. Set second iocal oscillator
mode switch to VFO and repeat steps 3, 4, and 5.

Continve tuning FINE TUNE control until lcop locks and
phase lock loop indicator lights.. With loop locked, tuning
meter reads approximately zero, To continue ranging
operations, continue to paragraph 3.5, 1. 2. '

3.5.1. 2 Range Tone Mode Selection

To manually select a range mode, perform the following:

1) On the range unit, set transmit mode select switch to mode A,
B, or C in accordance with the desired transmit tone frequency
and modulation index as follows:

Frequency Modulation Index
Mode A 200.00  kHz : 1.5 ‘
‘ 27.777 kHz 1.5
3.968 kHz 1.5
283.4 Hz 1.5
35.46 Hz 0.8

3-8
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3)
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Frequency Modulation Index

Mode B 200,000 kHz
27,777 kHz
30 968 kHZ

283.4 Hz

Mode C 200, 000 kHz
27,777 kHz
3.968 kHz

e o & 3

ot et it b bt e fmd

Loy LTyt n

Set transmit tone select switches such that only the applicable
frequency lamps are lighted as determined in step 1.

Set reference tone select switch to the range tone frequency to be
processed in accordance with the mode selection as set in step 1.
The range unit is prepared to transmit and detect selected range
tones.

3,5.1.3 Automatic Ranging Operations

To perform automatic ranging operations, using the HP 2100 computer,
perform the following:

1)

2)

Configure the CDA units as shown in Table 3-1.

Proceed with computer operations as shown in Table 3-2 for
automatic ranging operations as required. Additional computer
operations are provided in Table 3-3,

3.5.2 Orderwire Operations

In order to utilize the orderwire, the CDA ranging equipment must be
configured as described in the following paragraphs.

3.5.2.1 Scientific-Atlanta Receiver for TARS 1

This receiver is the second receiver down from the top of the equip-
ment rack and shall be set as follows:

1)

2)

Demodulator select to FM demod

IM filter to 12 kHz

3-9
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3) FM demodulator to 20 kHz

4) Frequency select to frequency 2 or 3

(Note: Frequency 2 when desired communication to TARS
1, frequency 3 for TARS 2,)

3,5.,2.2 Switch Unit
The switch unit shall be set as follows:
1) IF select uplink to orderwire
2) IF select downlink to range tone
3.5.2.3 Procedure
After configuring the system for orderwire operation, push the
ring down button on orderwire unit and pick up the telephone receiver. The
ring (4525 Hz) will be heard at both TARS. Personnel at the TARS must

configure their system for orderwire in order to respond.

3.5.2.4 Command Modulator

There are two phase modulators in the CDA equipment rack. One
modulator is used for the orderwire ring down and command signals to the
TARS. The other modulator, located in the tone modulator unit, is used to
impose the ranging tone on the carrier,

4

3,6 POWER SHUTDOWN

No formal equipment shutdown procedures are required.
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SA Model 410A Receiver 1 and 3

Level

Response

Bandwidth

Volume

AGC To

Second local oscillator
mode

Second local oscillator
tuning

Wideband phase demodulator

Mode

Bandwidth, Hz

Loop

Phase lock light
500 kHz IF filter

Frequency select

SA Model 410A Receiver 2

Level

Response

Bandwidth

Volume

AGC To

Second local oscillator
mode

Second local oscillator
tuning

TABLE 3-1, CDA EQUIPMENT OPERATIONAL CONFIGURATION
(AUTOMATIC RANGING OPERATIONS)

Range Unit

Tone control Comp
Tone Modulator

On/Off ON

Command tone CMPTR
Switch Unit

On/Off ON

IF select downlink CMPTR

IF select uplink CMPTR

As required
AC
BYPASS

As required
1 SEC

APC

As required

PM
100
LLONG
ON
ON

As required

As required
AC
BYPASS

As required
1 SEC

APC

As required
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Table 3-1 (continued)

Wideband phase demodulator
Mode
Bandwidth, Hz
Loop
Phase lock light
12 kHz IF filter
500 kHz IF filter
Frequency select

HP 5360A Computing Counter

Arm/count/compute/display
Cycle rate

Digits displayed

Clear reset/self-check/etc.
Measurement time
Multiplier

HP 5365A Input Module

Function

Input

Preset (A)

Preset (B)

Sensitivity multiplier (black)
Sensitivity multiplier (red)
DC/AC

HP 5379A Time Interval Module

Slope (T1)
Slope (T2)
Arming

T1 (black)
Level

T2 (black)
AC/DC (T1)
DC/AC (T2)
Sep/Com

Patching Requirements

HP 5365A4;
HP 5379A;

HP 5379A;

PM

100

LONG

ON

OFF

ON

As required

FAST
HOLD
10
EXT

100 ms

PERIOD

A

Approximately 60% CW
OFF (full CCW)

X1

"~ Not used

AC

!
|
AUTC/+T

X1

1K
X1
AC
AC
SEP

Computing counter patch panel REF TONE to A INPUT on
Computing counter patch panel REF TONE to Tl INPUT on
Computing counter patch panel RCV TONE to T2 INPUT on

Computing counter patch panel multipin connector to
multipin connector on HP 5379A,

3-12
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TABLE 3-2. TRRR RANGE PROCEDURE

~ o~ Ul W W

10.
11,
12,
13,
14,
15,
16.
17.
18.
19.
20.
21.
22,

23,

24,
25,

Operator types in run command: R, N, A. N number of minutes of
ranging (1 to 15) and A = range mode (which can be either A, B, or
C). Then computer programproceeds as follows:

Loop Calibration (Mode A)

Command both"TARS ON

Switch all receivers to 66 MHz IF
Switch receive signal to loop calibration
Receive 200 kHz tone

Computer responds with "Lockup? "

Operator checks or tunes receivers for lockup and types '""OK' on
teletype

Transmit 200 kHz tone

Software program hesitates 3 seconds before count begins
Count 100 axis crossings of the 200 kHz tone
Receive 27. 7 kHz

Software program hesitates 3 seconds
Count 1000 axis crossings of 27.7 kHz
Receive 3. 98 kHz

Wait 3 seconds before count begins

Count 1000 axis crossings of 3.98 kHz
Receive 283 Hz

Wait 3 seconds before count begins

Count 1000 axis crossings of 283 Hz tone
Receive 35,5 Hz tone

Wait 3 seconds before count begins

Count 100 axis crossing of 35.5 Hz tone

Ambiguity Removal

Switch receiver 1 to 63 MHz, receiver 2 to 68.2 MHz, receiver
3 to 70,2 MHz

Switch reccive signal from loop to receive antenna

Computer responds with "Lockup? "
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Table 3-2 (continued)

26.

27,
28.
29.
30.
31,
32.
33.
34,
35,
36.
37.
38.

39.

40.
41,
42,

43,
44,
45,
46.
47,
48.
49.
50.
51.

Operator checks or tunes receiver for lockup and types ""OK' on
teletype

Receive 35,5 Hz tone

Wait 3 seconds before count begins

Count 100 axis crossings of the 35.5 Hz tone
Receive 283 Hz tone

Wait 3 seconds before countbegins

Count 1000 axis crossings of the 283 Hz tone
Receive 3. 98 kHz tone

Wait 3 seconds before count begins

Count 1000 axis crossings of the 3. 98 kHz tone
Receive 27.7 kHz tone

Wait 3 seconds before count begins

Count 1000 axis crossings of 27. 7 kHz tone

Ranging
Record next 1 second mark via the time code generator from which
all timing signals shall be measured
Receive 200 kHz tone
Wait 3 seconds before count begins

Count 3000 axis crossings:of the 200 kHz tone

End point Check

Receive 27,7 kHz tone

Wait 3 seconds before count begins

Count 1000 axis crossings of 27.7 kHz tone
Receive 3.98 kHz tone

Wait 3 seconds before count begins

Count 1000 axis crossings of 3. 98 kHz tone
Receive 283 Hz tone

Wait 3 seconds before count begins

Count 1000 axis crossings of 283 Hz tone

A 4

£
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Table 3-2 (continued)

52,
53.
54.
55,
56.
57.

58.

Receive 35,5 Hz tone

Wait 3 seconds before count begins
Count 100 axis crossings of 35,5 Hz tone
Command both TARS OFF

Ranging complete

If operator‘desires transmission of data to Suitland, type *M on the
teletype

Before or after transmission, operator can command data output to
teletype by typing E,N and carriage return (where N = number of
range points to skip during printout). All points are one-way ranges.

NOTE

Ranging with mode C is identical to that with
mode A except the 35.5 and 283.3 Hz tones
are not utilized., Mode B is identical to that
with mode A except the 35.5 Hz tone is not
utilized.

3-15
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TABLE 3-3. TELEPRINTER INPUT DEFINITION

There are eight input commands available using the teleprinter. To
begin operation: IL.oad Address 2 (press P, clear, SW 1 of Display
Register, S). Press internal preset, external present, then press
RUN. The teleprinter will respond with:

Time: DDD HH:MM:SS:Y Where: DDD = day

HH = hours
MM = minute
"SS = second
Y = year

1f this does not occur, verify hardware and begin again.

Data can now be input as at any time after the teleprinter has
responded:

sl sle
FAHS

The commands available are: _

R, N, MODE "RUN"
Where: N =number of minutes to
range (from 1 to 15)

Mode = A, B, C

ex: R, 10, B causes
operation to begin
and range for
10 minutes

S, V, VALUE n"SETH
Where: V =variable

Value - decimal number

ex: S, TEMP, 128.0
causes "TEMP" to
be set to 128, 0

S, ALLLX causes all
variables to be set to 0

D, V "DUMP
Where: V =variable
ex: D, SPCN causes spacecraft number
to be displayed on teleprinter

g

oy

I d g EaT Lt e
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Table 3-3 (continued)

D, ALLX causes all data to
be displayed

wA "ABORT”
Causes ranging to cease, accompanied
by automatic return to start

3k Same as *A
*M "MODEM!"Y

Causes computer to output all range
data over modem

OK "RESPONSE'" operator must respond
"OK'" or *A to computer generated
"LOCK-UP"

E,N "ERUPT"

Where: N = number of points to skip
ex: E, 10 causes every tenth range

point to be printed on teleprinter
"ERUPT'" may only be commanded
after ranging has completed and
teleprinter has displayed: "RANGING
COMPLETE'", All points are "ONE
WAY'' ranges.

Y, XX Input Year
Sl, X SYSTEM 1

Where: X = number of links

X =1: CDA only

X =2: CDA, TARS 1 only

X =3: CDA, TARS 1 and TARS 2
I, XX INITIALIZE MODEM BUFFER

Where: XX = number in each 8 bit
word for modem test;
if 'XX' is not typed,
buffer will be set to 1,
2,3, ... 17, 0...

T, X MODEM TEST
Where: X = number of consecutive
) executions

Cc, X Set culling number
Where: X = number of nanoseconds

between ranges allowed




VOLUME I. CDA SYSTEM MANUAL

Table 3-3 (continued)

4,

Variables identified in "SET' and "DUMP" functions are four letters

long. as follows:
TEMP

RECD
RETI1
RET 2

SPCN

1DT1
2DT1
3DT1
4DT1
5DT1
1DT2
2DT2
3DT2
4DT2
5DT2
1DSP
2DSP
3DSP
4DSP
5DSP
1DTR
2DTR
3DTR
4DTR
5DTR

(All range estimates are ''one way'' range)
3 digit temperature of spacecraft

Range estimate in meters CDA
Range estimate in meters TARS 1

Range estimate in meters TARS 2

Spacecraft number (1 digit)

TARS 1 35 Hz Fixed delay
TARS 1 283 Hz Fixed delay
TARS 1 3,9 kHz Fixed delay
TARS 1 27 kHz Fixed delay
TARS 1 200 kHz Fixed delay
TARS 2 35 Hz Fixed delay
TARS 2 283 Hz Fixed delay
TARS 2 3.9 kHz Fixed delay
TARS 2 27 kHz Fixed delay
TARS 2 200 kHz Fixed delay

SPACECRAFT 35 Hz Fixed delay
SPACECRAFT 283 Hz Fixed delay
SPACECRAFT 3.9 kHz Fixed delay
SPACECRAFT 27 kHz  Fixed delay
SPACECRAFT 200 kHz Fixed delay
TRANSMITTER 35 Hz Fixed delay
TRANSMITTER 283 Hz Fixed delay
TRANSMITTER 3.9 kHz Fixed delay
TRANSMITTER 27 kHz Fixed delay
TRANSMITTER 200 kHz Fixed delay
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Table 3-3 (continued)

5.

Data has been accepted if teleprinter responds:

Check and resubmit data if teleprinter responds:
ERROR

Jo al,
sk
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4. THEORY OF OPERATION

4,1 INTRODUCTION

This section provides a concise description of the principles of
operation of the Master Range Station of the CDA equipment as a system and
supplies the operating principles of units that are unique to the terminal,

The principles of operation of units that are commercially available can be
located in the appropriate document within this series of manuals.

The order in which the information is presented in this section is as
follows:

1) Functional Description of CDA Equipment Paragraph 4, 2
2) Unit Operation Paragraph 4. 3
Information pertaining to the TARS equipment may be found in
Volume II of this series of manuals,
4,2 FUNCTIONAL DESCRIPTION OF CDA EQUIPMENT

The CDA equipment is designed to perform five functions in the
TRRR System of operations, These functions are as follows:

1) Range tone generation and modulation
2) Range tone reception and demodulation

3) Phase Determination of range tones with respect to
a reference tone

4) Command tone generation
5)  Orderwire
6) Computer operations

These functions are described in the following paragraphsAand,
shown in Figure 4-1, .
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4.2.1 Range Tone Generation and Modulation

The CDA contains baseband equipment that enables the extremely
accurate satellite ranging information to approximately 1 foot and extremely
accurate rate of change of range information to approximateiy 4 x 10-5 mps.
In order to accomplish this function, the NASA station S band transmitting
equipment is provided with ranging signals, or tones that are used to modu-
late the S band carrier frequency. These tones are generated in the range
unit in the CDA, converted to the 66 MHz IF level and supplied to the NASA
station upconverters and high power amplifiers for transmission to the 5MS.
These signals are transponded by the satellite and directed back to earth at ™
a lower S band frequency. When the transponded signals are received at
the CDA, they are compared in phase to a reference tone. The computer
then determines the satellite range information from these data. Range rate
information is derived from successive sampling of range data during
measured time periods.

Prior to initiating any ranging operatxons satellite range ambiguities
must be nulled out. This is accomplished in the CDA by generating five
ranging tones that are assembled into three operational modes. Note that
the satellite range uncertainty is limited to one-quarter of the wavelength of
the frequency selected. For example, the wavelength of the 200 kHz tone
is 1.5 x 103 meters. As the range uncertainty must be within one-quarter
of this value, the 200 kHz tone cannot be used if the range uncertainty is
greater that 375 meters and the 35.46 Hz tone cannot be used if the range
uncertainty is greater than 2.11 x 106 meters.

The operational modes available including the tone frequencies and
their allowable range uncertainties are provided in the appendix,

4.2.2 Range Tone Reception and Demodulation

The CDA contains three receivers which detect the range tones
received from the signals transponded from the SMS satellite, TARS 1, and
TARS 2. These signals are received at IF frequencies from the NASA
station downconverter, demodulated in the receiver units, and applied to
the range unit for range tone detection. After the range tones are detected,
they are supplied to the computer counter for range analysis.

4.2.3 Command Tone Generation

Each TARS is mechanized to operate upon receipt of command tones
generated in the CDA tone modulator unit and transmitted through the SMS
satellite to each TARS., Two command tone oscillators are prov1ded in the
CDA, one for each TARS. When the command tone receiver in the TARS
detects the frequency assigned to it, the transponding function of that TARS
is enabled. The reception of a second command tone disables the tran-
sponding function. Thus, the transpond1ng function of the TARS is remotely
controlled by successive transmissions of command tones from the CDA. The
range equipment has a switch which indicates System I or System II. System I
refers to command tones forthe ascension and Chile TARS, while System II
is for the Hawaii and Seattle TARS.
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4.2.4 Orderwire Operations

Orderwire equipment is provided at the CDA to ensure coordinated
operation between the CDA and each TARS. Switch functions are provided
to enable the selection of either ranging operations or orderwire operations
on the switch unit.

4.2.5 Computer Operations

The computer provides the capability of automatic ranging operations
as well as range assessment from received data. When used in conjunction
with the teleprinter unit, the computer can be programmed to store, as
well as print out, processed data as required,

The computing counter is also required to limit the processing of
selected tones. The range unit generates and sums all range tones within
the mode selected on transmit tone select switch S1. However, only the
tone selected on reference tone select switch S2 is processed. When selected,
the reference tone is applied to the desired computing counter through an
associated patch panel. The computing counter uses the reference tone to
count the number of cycles transmitted to the SMS., When the count reaches
a preselected number, a disabling signal is generated to stop the range
determination process., Note that the cornputing counter is limited to four
count selections; 10, 100, 1000, and 10000. In general, the count time
allotted for each tone is based on practical considerations, For this reason,
the count allocation for each tone, including computer time, is as follows:

200 kHz 3000 counts (3 sets of 1000) ~2.5 seconds
27.77 kHz 1000 counts ~1.0 second
3.968 kHz 1000 counts ~1.0 second
283.4 Hz 100 counts ~0.35 second
35.46 Hz 100 counts ~3.0 seconds

In processing the 200 kHz tone, the counts are taken in three sets
of 1000, each set is processed, and the results of the analysis of each set
averaged.

Each of the counts of each of the tones is compared in phase relation-
ship with the reference tones generated in the range unit. The phase
difference between the received tone and the reference tone is equated into
time. The time functions for each of the counts are averaged by the com-
puter and the average time for the count set is finally equated to distance,
When successive count sets are computed, range rates can be determined.
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4.3 UNIT OPERATION

The theory of operation of the units of the CDA that have been
fabricated or modified by Hughes is presented in the following paragraphs in
the following order:

1) Orderwire Unit (P/N 3029309) Paragraph 4.3.1
2) Switch Unit (P/N 3029322) Paragraph 4.3.2
3) Range Unit (P/N 3029304) Paragraph 4.3.3
4) Tone Modulator Unit (P/N 3029324) Paragraph 4.3.4

For the theory of operation of commercial units, refer to the appro-
priate document as listed in Table 1-9.

4.3.1 Orderwire Unit Theory of Operation

The orderwire unit, Hughes P/N 3029309, contains the elements
required to conduct orderwire operations and the signal generators required
to enable and disable the TARS transmitting equipment. (See Figure 4-2.)
Audio frequency signals from the FM demodulator in the Scientific Atlanta
Model 410A receiver are applied to cornnector J3 of the orderwire unit. The
orderwire ranging tone of 4525 Hz is detected in the Datatone orderwire
receiver RX1 to actuate relay K1. When relay K1 operates, 24 vdc is
applied to the orderwire signal light Il and through register R7 to the order-
wire buzzer Bl. Voice communication is direct from J3 to the handset
carpiece.

Four audio frequency signals are generated in the orderwire unit for
transmission through the SMS to the TARS: voice, orderwire ringing, and
the command tones for each of the TARS. When ringdown switch S2 is
pressed, the Datatone transmitter TX1 generates a 4525 Hz ringing tone
which is applied through resistor R2 and summing amplifier Al to the order-
wire phase modulator M1 for conversion to a 5.5 MHz IF by 5.5 MHz oscil-
lator Y1. The voice and command tone transmitters are similarly
processed; however, the TARS 1 Datatone transmitter TX2 which has an
output of 2940 Hz and the TARS 2 Datatone transmittér TX3 which has an
output of 3180 Hz can be applied to the orderwire modulator by momentarily .
pressing a push switch on the tone modulator unit. TARS 3 and 4 have the
following command tones, 3625 and 3925 Hz, respectively.

4,3,2 Switch Unit Theory of Operation

The switch unit, Hughes P/N 3029322, is the interface between the
computer and the various relays that perform the following functions:
1) selection and assignment of IF frequencies to each receiver in the CDA,
2) configuring the CDA for ranging, test, or orderwire operation, and
3) configuring computer range data for telephone line transmission. The
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detailed operation of each of the above functions is provided below in the
following order:

1) Modem Interface Section Paragraph 4.3.2.1

2) Receiver Antenna/Test Loop/Com-
puter Select Switch 2 Operation Paragraph 4.3.2.2

3) Range Tone/Orderwire/Computer
Select Switch S3 Operation Paragraph 4.3.2.3

4) TARS Command Tone Interface
Function Paragraph 4.3.2.4

5) Receiver Frequency Assignment
Function Paragraph 4.3.2.5

6) Computer Selected Count Period
Function Paragraph 4.3.2.6

4.3.2.1 Modem Interface Section

The function of the modem interface section of the switch unit is to
configure the data stream generated in the computer into a bit rate compati-
ble with telephone transmission lines. (See Figure 4-3.) The 8 bit data
stream from the computer is applied from connector J7 through buffers
IC3 and IC4 and loaded onto a register in 8 bit parallel to serial converter
IC7. The serial bit rate output of the converter is determined by clock
pulses from either of two sources: a modem clock from the Bell 201B
system (GFE) or a CDA-generated clock pulse. The selection of either of
these sources is controlled by switch S4 located on the interior of the
switch unit.

When switch Si is set to EXT, clock pulses are applied to IC7
through IC2 at a 2400 bps rate. When switch S4 is set to INT, clock pulses
are generated by a 1 MHz tone from computer counter 3, which is converted
from sinusoidal to square wave pattern by IC5 and divided by 10 in ICé6 to
form clock pulses at a 100 kHz rate. A £ 64 circuit in IC7 is enabled to
convert the 100 kHz input to form the 1625 Hz clock pulse rate used for the
parallel to serial conversion.

After the parallel to serial conversion, two signals are provided as
outputs from IC7; one output is made available to GFE modems, while the
remaining signal is provided to the computer for signal processing ‘status
functions, Transistors Q1 and Q2 provide signal amplification, while IC1
provides signal buffering.

4-9
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4.3.2.2 Receiver Antenna/Test Loop/Computer Select Switch S2 Operation

The function of switch S2 is to configure the CDA for test or ranging
operations. (See Figure 4-4.) When switch S2 is set to RCV ANT, 24 vdc
is applied to position 2 of RF switch S3 in the tone modulator unit to connect
the input to the CDA receivers to the NASA Station downconverter for normal
operations; when the test loop is selected &n switch S2, the 24 vdc power is
applied through a relay in the switch unit to RF switch S3 to position 1 to
connect the output of the tone modulator unit directly to each CDA receiver
for closed loop testing. When CMPTR is selected on switch S2, normal and
test operations are determined by computer programming.

4.3.2.3 Range Tone/Orderwire/Computer Select Switch S3 Operation

The function of switch S3 is to configure the CDA for ranging opera-
tions or for orderwire operations. (See Figure 4-5.) When the range tone
is selected on switch S3, 24 vdc is applied to position 2 of RF switch S2 in
the tone modulator unit to connect the output of the range unit to the NASA
Station upconverter during normal ranging operations; when the orderwire
is selected, the position 1 relay of RF switch S2 is operated to connect the
orderwire output to the NASA Station upconverter. When the computer is
selected on switch S3, ranging operations are determined by computer
operations.

4,3,2.4 TARS Command Tone Interface Function

The TARS 1 and 2 command tones are interfaced in the switch unit
when the computer is selected on switch S4 in the tone modulator unit. (See
Figure 4-6.) When the CDA computer provides a ground signal to JO -16,

a ground return signal is applied from the switch unit through command tone
switch S4 in the tone modulator to the TARS |1 and 2 command tone generator
functions in the orderwire unit. Note that in the computer mode of opera-
tion, the TARS are commanded simultaneously.

'4.3.2.5 Receiver Frequency Assignment Function

The switch unit contains circuitry to enable assignment of the
detection of a specific IF frequency to each CDA receiver. The IF frequency
assignment can be manually selected or remotely controlled from the CDA
computer by setting a switch on the RF tuner section of the receiver in
accordance with the placard mounted on the CDA rack above the receivers,
(See Scientific Atlanta Instruction Manual for Model 410/70 MHz basic
receiver unit.) When the RF tuner switch is set to REMOTE, the computer
applies a signal to the relay functions in the switch unit which, in turn,
supplies a ground connection to the appropriate relay in the RF tuner for
correct frequency assignment. (See Figure 4-7.) Note that the difference
in frequency assignments for each receiver is to enable the correct IF
frequency detection for each of the modes of operation of the TRRR System
including tests., (See Table 4-1.)
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TABLE 4-1. CDA RECEIVER FREQUENCY ASSIGNMENTS

Tuner .

Receiver Switch Function Frequency,

Position MHz

1 CDA 64.0

1 2 Loop 66.0

3 - 70.0

REMOTE CDA 64.0

1 Loop 66.0

2 2 TARS 1 68.2

3 TARS 2 70.2

REMOTE#* TARS 1 68. 2

1 Loop 66.0 :
3 2 TARS 1 68.2
3 TARS 2 70.2

REMOTE TARS 2 70.2 ;

*Computer controlled,

4.3.2.6 Computer-Selected Count Period Function

The CDA computer counters HP 5360A contain a modified time
interval counter HP 5379A which provides the means for selecting any of
five count time periods from either the counter TI (time interval) average
switch or from the CDA computer. Five time interval counts are available
from the computer counter: 1, 10, 100, 1000, and 10000. In order to
select the time interval count from the computer, the multipin connector
must be connected between the computing counter patch panel to the
HP 5379A time interval module,

Each time interval is determined by a control circuit that has five
control line inputs. When a specific time interval count is desired, a
ground is applied to all other control lines; the control line for the desired
time intervai count remains ungrounded.

The multipin connector applies the ground connections from the
switch unit and computing counter to the time interval module when the
computer applies the appropriate relay actuating signals to the computer-
selected count period function in the switch unit, (See Figure 4-8.)

A
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4.3.3 Range Unit Theory of Operation

The range unit, Hughes P/N 3029322, has the capability of performing
two basic functions in the CDA: the generation and distribution of range
tones, and the detection of range tones from each of the CDA receivers. All
range unit operations can be performed either semiautomatically from front
panel controls, or automatically during computer operations, (See
Figure 4-9,) All internal operations in either mode are identical with the
exception of front panel switch selections,

The range tone generation and distribution are accomplished in the
following manner. Five basic range tones are generated and distributed
in any of three combination modes, A, B, or C in either a manual or auto-
matic mode from mode select switch S1. (See Figure 4-10.) Each range
tone selection is applied through appropriate output relays to a summing
amplifier for ultimate application to the NASA Station transmitting section.
The inputs and outputs of each of these modes are isolated through relays
that are controlled by signals applied through transmit mode select switch
S1, The basic difference between each of the frequency sections is the
output level, controlled by individual potentiometers, which is selected to
ensure that the output to the tone modulator produces the correct modulation
index.

Range tone generation is accomplished from a 5 MHz source from
aither an internal oscillator or an external standard. The 5 MHz signal is
zpplied to frequency dividers that provide the tone frequencies to the range
unit transmit tone and reference tone select functions,

Three receive tone sections are provided that detect the individual
range tone frequencies from each of the CDA receivers. In general, the
sections are identical, each having five subsections, each subsection
required for the detection of each of the ranging tones. Although each
section is connected to a specific receiver, each receiver can be assigned to
a specific function,

The detailed theory of operation of each of the above functions is
supplied in the following paragraphs,

4.3.3. 1 Range Tone Frequency Generation(Figure 4-11)

The tones used for ranging operations are generated in the range unit
by dividing a 5 MHz signal developed either internally or from an external
source, Counter 1 divides the signal by five to develop a 1 MHz tone., This
tone is applied to counter 3 directly and to counter 2 through relay K1. When
mode B is selected, relay K1l actuates to apply the 1| MHz signal to counter 2
which divides the signal by five to develop the 200 kHz tone used during
mode B ranging, The 200 kHz tone is then filtered and applied to the
200 kHz transmit tone select logic function and distributed as a reference
tone to the computer,
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The 1 MHz signal applied to counter 3 is divided by six with the
resultant signal also divided by six in counter 4, The 27, 77 kHz signal thus
obtained is applied to counter 5 for additional processing and to a 27. 77 kHz
filter for further distribution in the 27. 77 kHz transmit tone logic section
and as a reference tone to the computer,

The 27,77 kHz signal applied to counter 6 is divided by 14 to develop
a 283.4 Hz signal which is applied to counter 7 for additional processing
and to a 283. 4 Hz filter for distribution to the computer as a reference tone,
to the 283. 4 Hz transmit tone select logic function and as an additional
element in the processing of the 35.4 Hz range tone,

Counter 7 divides the 283, 4 signal by eight to develop the 35,4 Hz
signal required for the lowest range tone., This signal is distributed to the
computer as a reference tone and to the 35, 4 Hz transmit tone select logic
function, Although the 35.4 Hz signal is developed as a ranging reference
function, the actual frequency transmitted for ranging is 318, 8 Hz,- This
is required as the 35, 4 Hz signal would be tracked out by the phase lock
loop in the CDA receivers. Accordingly, the transmission range tone
transmitted through the NASA transmitter section is 318, 8 Hz.

The 318.8 and 283.4 Hztones are transmitted simultaneously and
there best note is detected upon reception, The mod index of each tone
is adjusted to be about 0, 7,

4.3. 3.2 Transmit Mode Switch Logic

Mode select switch S1 provides the capability of selecting four modes
of range unit operation: mode A, B, or C, or computer-controlled opera-
tions, (See Figure 4-12,) During manual operations, +5 volts are applied
through switch Sl to relay driver RD8, RD9, or RD10 when mode A, B, or
C, respectively, is selected. When a voltage is applied to the input of the
relay driver, the resultant output becomes zero; the absence of an input
voltage causes a high voltage state at the output of the driver, In this man-
ner, as the frequency select relays in the range unit are provided a high
voltage state to one terminal of its coil, the application of 5 vdc to the input
of the ac associated relay driver produces a low voltage state to the remain-
ing terminal of the relay coil, The imbalance of voltage states at the
terminals of the relay coil causes the relay to actuate and remain actuated
until the voltage to the relay driver is removed. When that occurs, the out-
put of the driver becomes high and the voltage states at both terminals
of the relay coil become high, causing the coil to deenergize,

Computer operation is initiated in a similar manner; however, each
mode is initiated from the computer through separate pins on connector J1,
The computer 5 vdc power is applied through NAND gates in IC1 and IC2 to
switch Sl with diodes CR4 through CR6 inserted in the circuit to ensure
isolation between the computer-controlled functions and the manually con-
trolled functions., The NAND gates inserted in the circuit are used to
configure the power from the computer with the relay driver power functions,
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In the computer mode, the lamp functions of transmit tone select
switches 53 through S7 are lighted directly with the computer-switched
power. In the manual mode, when mode A, B, or C is selected, the lamp
functions of switches S3 through S7 are controlled by physically pressing
the switch ON or pressing the switch OFF. Thus, during computer opera-
tion, the illumination of the switch lights indicate the range tone frequency
enabled; during manual operation, the switch must be pressed on or off in
conjunction with the mode functions enabled by switch S1 and in conjunction
with the range tone frequencies to be transmitted,

4. 3.3.3 Range Tone Transmit Frequency Distribution

In general, the sections in the transmit logic for each of the
frequencies are identical, the major elements being an input filter, an
input relay, an amplifier, an output level adjustment, an output relay, and
final output signal controls and indicator circuits., These functions are
described in the following paragraphs.

When mode A is selected in either the manual or computer mode,
5 vdc is applied through switch S2 to relay driver RD8 to apply relay
actuating signals to the input and output relays which control the transmis-
sion of the mode A frequencies through the initial stages of the transmit
section of the range unit, (See Figures 4-10 and 4-12.) To enable the
transmission of the range tone signal to the signal summing amplifier in the
manual mode, the associated switch S4 through S7 must be pressed ON.
Pressing the associated switch ON enables the associated ¥eslay driver to
actuate the proper relays to apply the frequency tone to signal summing
amplifiers Q6 through Q9 and light the associated switch lamp., In the
computer mode, all segments of the transmit section are enabled directly
from computer-generated signals and no front panel operations are required,

For example, when mode A is selected in either the computer or
manual mode, 5 vdc is applied through switch Sl to enable relay driver RDS.
The low state of relay driver RD8 operates relays K5 and K11 in the 27, 77 kHz
section, relays K3 and K9 in the 3. 968 kHz section, relays K16 and K20 in
the 283. 4 Hz section, and relays K17, K18, and K21 in the 35, 4 Hz section,

To this point, the operation is identical for both the manual and computer
modes; however, output relays and indicator lamp circuits must be enabled
in order to apply any output signals to the summing amplifier,

Note that the application of the 200 kHz to summing amplifier Q4
is controlled by K63, 27,77 kHz is controlled by K64, 3, 968 kHz is con-
trolled by K65, 283, 4 Hz by K66, and 35.4 Hz (318. 8 Hz) is controlled by
relay K67, These relays are in turn controlled either by a signal from the
‘associated transmit tone select switch when manual mode is selected, or
from a signal from the computer from J1-1 (mode A), J1-2 (mode B), or
J1-3 (mode C). When mode A is selected at the computer, the 5 vdc signal
at J1-1 is applied to RD22 through RD25 to energize the relays associated
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with each of the frequency tones in mode A, In addition, the 5 vdc signal ™
is also applied to RD14 through 19 to actuate the applicable relay which in

turn applies 28 vdc to the common terminal of the associated lamp for the

frequency tone. Note that in the manual mode, the output relay can be

onabled or disabled by pressing the associated transmit tone switch,

The above technique is used to control the output of tone frequencies
to the summing amplifier in the range unit, The output of the summing
amplifier is then applied to the modulator, multiplied to 66 MHz, and made
available to the NASA Station amplifier at connector J2 in the range unit,

4, 3.3.4 Receive Tone Detection and Distribution

Three receivers are provided.with the CDA for the detection of the
IF frequencies associated with the transmitting functions of each of the TARS
and the CDA as well as test functions, As each of these functions is capable
of transmitting five ranging tones, three sets of five receive frequency
detection and distribution sections are provided in the range unit with each
of the subsections capable of detecting a specific tone, (See Figure 4-12,)
Note that the output of each section is applied to a limiter prior to applying
the received tone to the computer for processing. Note also that only one
frequency subsection can be actuated at one time, (See paragraph 4, 3. 3,5.)

In general, the frequency subsections are identical with the major
elements being an input relay, an amplifier, an input filter, a second
amplifier, an output level adjustment, and an output relay, These functions -
are described in the following paragraphs,

When a specific tone is sslected on receive tone select switch S2, a
5 vdc signal is applied to the input and output relays for that subsection
associated with receivers 1 through 3, Note that all received tones are
amplified in the first amplifier prior to specxhc frequency detection in the
associated bandpass filter, The detected tone is then amplified and
attenuated prior to application through the associated output relay,

The output of the receiver 1 section is applied through an amplifier
and potentiometer R179 to limiter 1 prior t- application to the computing
counter for analysis. The remaining frequency tone subsections are
similarly processed prior to application to the CDA computer. Note that
the detection of the 35. 4 Hz tone follows combining the 318, 8 Hz received
tone and the 283, 4 Hz received tone in all the amplifier circuits prior to
filtering in the bandpass filter in the received tone subsection.
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4.3.3,5 Reference Tone Selection and Distribution

The reference tone selection circuit has three basic functions in the
range unit: to provide a means for the selection of one reference tone from
any of the five range tones available, to provide relay driving signals to
the reference tone select logic and receive tone detection and distribution
logic, and to set the level of the reference tone prior to distribution
limiter 4 and the computing counter,

When reference tone select switch S2 is set to any of the frequencies,
+5 volts are applied to the associated relay driver to actuate relays in the
reference tone logic function and the receiver tone select logic (Figure 4-13),
For example, when switch S2 is set to 35.4 Hz, +5 volts are applied to
relay driver RD7 which, in turn, actuates relays K22 and K27 in the reference
tone select logic (Figure 4-14) and relays K32 and K37, relays K42 and K47,
and relays K52 and K57 in the 35,4 Hz received tone logic (Figure 4-13e).
Relays K22 and K27 control the application of the 35. 4 Hz tone from the
35.4 Hz filter to reference tone limiter 4, The output of the reference tone
limiter is applied to the computing counter in the CDA through the computing
counter patch panel, The relays actuated in the received tone logic are used
to apply the selected tone from each CDA receiver to an associated limiter
prior to application to the computing counter through the computing counter
patch panel,

Each of the remaining tones is processed in a similar manner in the
manual mode. When switch S2 is set to CMPTR, the relay driving signals’
are developed from computer inputs from connector Jl.
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VOLUME I, CDA SYSTEM MANUAL

4,3, 4 Tone Modulator Unit Theory of Operation

The tone modulator unit, Hughes P/N 3029324, contains the elements
required to modulate the range tones developed in the range unit onto a
66 MHz IF frequency of the proper signal level for application to the NASA
Station transmitter section. In addition, the tone modulator unit contains
the signal switching function to configure the CDA for orderwire operation
or for a test loop function, {See Figure 4-15,)

The range tones are applied to the tone modulator unit through
connector J5 to tone phase modulator Ml which phase modulates the 5. 5 MHz
output of oscillator CR1. The modulated 5,5 MHz signal is then applied
through RF switch S2 to the X12 frequency multiplier where the 66 MHz IF
signal is developed, After the signal is provided with the desired character-
istics in step attenuator AT! and IF amplifier Al, it is applied to signal
divider D2 which has asymmetrical outputs, The high level output is applied
to connector J6 for ultimate connection to the NASA Station transmitter
section; the low signal level output is connected through KF switch S3 to
four-way power divider Dl1. The outputs of the power divider are applied
to connectors for further application to cach rcceiver in the CDA and to
an IF monitor connector on the front pancl of the tone modulator unit for
test purposes,

The position of RF switch S2, which is controlled by functions in the
switch unit, determines range tonc or orderwire operation for the CDA,
Note that the signal applied through connector 110 from the orderwire unit
is at 5. 5 MHz, with prior modulation of the audio frequency signals being
accomplished in the orderwire unit,

In addition to the above, the tone modulator unit contains the
switching functions required to gencrate command lones for controlling
the transmitting functions in each of the TARS, The command tone genera-
tors are physically located and provided prime operating power in the
orderwire unit; however, the dc return for the prime power is applied to
the generators through TARS | and 2 switches S5 and S6 located on the
front panel of the tone modulator. Note that the function of these switches
is connected in series with command tones swilch S4, With S4 in MANUAL,
each of the TARS can be controlled as independent functions; with S4 in
CMPTR, the CDA computer controls the simultancous TARS | and 2
command tones,

4-37



VOLUME I. CDA SYSTEM MANUAL

5. TRRR SOFTWARE SYSTEM

5.1 TRRR SOFTWARE SYSTEM LOADING

The following procedure is required for the TRRR software system
loading,

1) To use ranging system at the CDA, the "TRRR SYSTEM' tape
must be loaded first,

2) To load, place tape in the Dicom numbered 1.

a) Ensure the computer is in the halt mode (press HALT)

b) Press "P"

c) Press ”CLEAR DISPLAY"

d) Press address 27700 in octal into the display register
(i.e., switches numbered 13, 11, 10, 9, 8, 7, and
6 should be on)

e) Press ''S"

f) Press "EXTERNAL PRESET"

g) Press "INTERNAL PRESET"

h) Press "LOADER ENABLE" (light should lit and remain
illuminated)

i)  Press "RUN"

3) The computer will come to a halt after about 2 minutes with
102077 in octal in the "DISPLAY REGISTER" (i.e., switches
numbered 15, 10, 5, 4, 3, 2, 1, and 0 will be illuminated;
"LOADER ENABLE' should be off),  If this does not occur,
return to step 2a,
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4) Once this tape is loaded, it should not be necessary to load
again unless the computer has been used for another purpose,

5.2 DATA WORD ALLOCATION
The computer output will be as specified in Table 5-1,
5.3 TRRR PROGRAM AND COMPUTER PRINTOUTS

The TRRR memory core allocation is as specified in Table 5-2 and
in the computer printouts.

5-2
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TABLE 5-1, DATA WORD ALLOCATIONS

Word No., Description Units
0 Synchronization pattern 1111 Binary
1 Synchronization pattern 0001 Binary
2 Synchronization pattern 1110 Binary
3 Synchronization pattern 0011 Binary
4 Synchronization pattern 1100 Binary
5 Synchronization pattern 0111 Binary
6 Synchronization pattern 1000 Binary
7 Synchronization pattern 1111 Binary
8 Hundreds of days BCD
9 Tens of days BCD

10 Units of days BCD
11 Tens of hours BCD
12 Units of hours BCD
13 Tens of minutes BCD
14 Units of minutes BCD
15 Tens of seconds BCD
16 Units of seconds BCD
17 Spacecraft number Binary
18 Experiment mode Binary
Spacecraft receiver filter temperature
19 Hundreds of degrees F BCD
20 Tens of degrees F BCD
21 Units of degrees F BCD
CDA time delayat 200 kHz BCD
22 10-1 sec BCD
23 1072 sec BCD
24 1073 sec BCD
25 1074 sec BCD
26 1075 sec BCD
27 1076 sec BCD
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Table 5-1 {continued)

Word # Descriptions Units
28 10-7 sec BCD
29 10-8 sec BCD
30 10-9 sec BCD
31 10-10 sec BCD

CDA time delay at 27, 77 kHz
32 10-! sec BCD
33 10-2 sec BCD
34 10-3 sec BCD
35 10-4 sec BCD
36 1073 sec BCD
37 1076 sec BCD
38 107 sec BCD
39 10-8 sec BCD
40 10-9 sec BCD
41 10-10 gec BCD
CDA time delay at 3,968 kHz
42 10-1 sec BCD
43 10-2 sec BCD
44 10-3 sec BCD
45 10-4 sec BCD
46 10-5 sec BCD
47 1076 sec BCD
48 1077 sec BCD
49 10—8 sec BCD
50 1077 sec BCD
51 10710 sec BCD




VOLUME 1. CDA SYSTEM MANUAL

Table 5-1 (continued)

Word # Descriptions Units
CDA time delay at 283,4 Hz
52 10-1 sec BCD
53 10-2 sec BCD
54 1073 sec BCD
55 1074 sec BCD
56 10-3 sec BCD
57 10’6 sec BCD
58 10 7 sec BCD
59 10-8 sec BCD
60 10-9 sec BCD
61 10-10 gec BCD
CDA time delay at 35.4 Hz
62 10-! sec BCD
63 1072 sec BCD
64 1073 sec BCD
65 10-4 sec BCD
66 1072 sec BCD
67 106 sec BCD
68 1077 sec BCD
69 1078 sec BCD
70 10-9 sec BCD
71 10-10 gec BCD
TARS I time delay at 200 kHz
72 101 sec BCD
73 10'2 sec BCD
74 10-3 sec BCD
75 1074 sec BCD
76 10-3 sec BCD
77 1076 sec BCD
78 10-7 sec BCD
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Table 5-1 (continued)

CDA SYSTEM MANUAL

(W

Word # Descriptions Units
79 1078 sec BCD
80 109 sec BCD
81 10-10 gec BCD

TARS I time delay at 27. 777 kHz
82 1071 sec BCD
83 10-2 sec BCD
84 1073 sec BCD
85 10'4 sec BCD
86 1072 sec BCD
87 1070 sec BCD
28 10'7 sec BCD
89 1078 sec BCD
90 10-9 sec BCD
91 10'10 sec BCD
TARS I time delay at 3,968 kHz
92 107! sec BCD
93 1072 sec BCD
94 1073 sec BCD
95 1074 sec BCD
96 10-5 sec BCD
97 10-6 sec BCD
98 10-7 sec BCD
99 10-8 sec BCD
100 1079 sec BCD
101 10‘lO sec BCD
TARS I time delay at 283,4 Hz
102 107! sec BCD
103 10-2 sec BCD
104 10-3 sec BCD
5-6
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Table 5-1 (continued)

Word # Description Units
105 10" sec BCD
106 107> sec BCD
107 10_6 sec BCD
108 1077 sec BCD
109 1078 sec BCD
110 10-? sec BCD
111 10710 gec BCD

TARS I time delay at 35,4 Hz
112 10-1 sec BCD
113 1072 sec BCD
114 10-3 sec BCD
115 10°4 sec BCD
116 105 sec, BCD
117 1070 sec BCD
118 1077 sec BCD
119 1078 sec BCD
120 1077 sec BCD
121 10710 gec BCD
122 107! sec BCD
123 10_2 sec BCD
124 10-3 sec BCD
125 1074 sec BCD
126 1072 sec BCD
127 10_6 sec BCD
128 107 sec BCD
129 10-8 sec BCD
130 1077 sec BCD
131 10710 gec BCD
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Table 5-1 (continued)

CDA SYSTEM MANUAL

o Word # Description Units
TARS II time delay at 27. 777 kHz
132 107! sec BCD
133 1072 sec BCD
134 1073 sec BCD
135 10™% sec BCD
136 10_5 sec BCD
137 107% sec BCD
138 1077 sec BCD
139 1078 sec BCD
140 1077 sec BCD
141 10_10 sec BCD
TARS II time delay at 3,968 kHz
142 107! sec BCD
143 10—2 sec BCD
144 1073 sec BCD
145 1074 sec BCD
146 107> sec BCD
147 1070 sec BCD
148 1077 sec BCD
149 10—8 sec BCD
150 1077 sec BCD
151 10710 sec BCD
TARS II time delay at 283,4 Hz
152 107! sec BCD
153 lO_2 sec BCD
154 10_3 sec BCD
155 1074 sec BCD
156 107> sec BCD
157 1070 sec BCD
158 1077 sec BCD

5-8
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Table 5-1 (continued)

Word # Description Units
159 1078 sec BCD
160 1077 sec BCD
161 10—10 sec BCD

TARSII time delay at 35,4 Hz
162 10-1 sec BCD
163 10_2 sec BCD
164 1073 sec BCD
165 lO_4 sec BCD
166 107> sec BCD
167 10_6 sec BCD
168 1077 sec BCD
169 1078 sec BCD
170 1077 sec BCD
171 10710 gec BCD
172 Error message Binary
173-207 Spares

208-217 RCDA BCD

218-227 RTARS I BCD

228-237 RTARS II BCD

238-244 RCDA BCD

245-251 RTARS BCD

252-258 RTARS II BCD

259-266 TIME TAG BCD

267-276 RCDA BCD

277-286 RTARS I BCD

287-296 RTARS II BCD

297-303 RCDA BCD

304-310 RTARS I BCD

311-317 RTARS II BCD

318-325 TIME TAG BCD

5-9
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Table 5«1 (continued)

CDA SYSTEM MANUAL

Word # Description Units
326-335 RCDA BCD
336-345 RTARS I BCD
346-355 RTARS II BCD
356-362 RCDA BCD
363-369 RTARS I BCD
370-376 RTARS II BCD
377-384 TIME TAG BCD
385-394 RCDA BCD
395 -404 RTARS I BCD
405-414 RTARS II BCD
415-421 RCDA BCD
422 -428 RTARS I BCD
429-435 RTARS II BCD
436-443 TIME TAG BCD
444 -453 RCDA BCD
454 -463 RTARS I BCD
464-473 RTARS II BCD
474-480 RCDA BCD
481-487 RTARS I BCD
488-494 RTARS II BCD
495502 TIME TAG BCD
503-512 RCDA BCD
513-522 RTARS I BCD
523-532 RTARS II BCD
533-539 RCDA BCD
540-546 RTARSI BCD
547-553 RTARS II BCD
554-561 TIME TAG BCD
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Table 5-1 (continued)

Word # Description Units
562-571 "RCDA BCD
572-581 RTARS I BCD
582-591 RTARS II BCD
592-598 RCDA BCD
599-605 RTARS I BCD
606-612 RTARS II BCD
613-620 TIME TAG BCD
621-630 RCDA BCD
631-640 RTARS I BCD
641-650 RTARS II BCD
651-657 RCDA BCD
658 -664 RTARS I BCD
665-671 RTARS II BCD
672-679 TIME TAG BCD
680-689 RCDA BCD
690-699 RTARS I BCD
700-709 RTARS II BCD
710-716 RCDA BCD
717-723 RTARS I BCD
724-730 RTARS II BCD
731-738 TIME TAG BCD
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TABLE 5-2,

TRRR CORE MAP

System links

Buffer area

Loader program
Equipment table
Input/output control
Miscellaneous subroutines
Modem

N5 computation
TRRR executive
Math routines

Tims# base generator
Binary to BCD

Read time of day
Teletype driver
Counter drivei‘
Binary to decimal
Decimal to ASCII
Range rate/adjust
Modem send

Fixed delay

Teletype handler

420
13430
13516
13541
13671
14004
15367

16055

22004
22034

22156

22353

226&4
24007
24135

24410

26003 -

26053

26221

217
13427
13515
13540
13670
14003
15366
16054
20245
22003
22033
22155
22352
22663
24006
24135
24407
26002
26052
26220

27677

5-12
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COMPUTER PRINTOUTS

TRRR PC5 Loader

TRRR Input/Output Control
Migc Subroutines

Modem OQutput

Decode Subroutine

N5A: Ambiguity Removal Routine
Storage and Constants

TRRR Operating System
Calibration-Loop and Period
Ambiguity Removal

Ranging Operation

Point Verification

Final Ambiguity Kemoval
Range Rate and Final Qutput
Subroutines

Constants and Working Storage
Add and Subtract - Full Precision
Multiply & Divide - Full Precision
Decimal to Binary

Time Base CGenerator Driver
Binary to BCD

BCD to Binary

Read Tiine of Day

TTY Driver

Counter Driver

Binary to Decimal

Decimal to ASCII

Range Rate Routine

Adjust Range Routine

Modem Send Routine

Fixed Delay Computation

TTY Handler



VOLUME I. CDA SYSTEM MANUAL

TRRR PCS LOADER

PRECEDING PAGE BLANK NOT FILMED



PAGE Aupa? #py »= TRRR PCS LOADER % 6MAR7S

Aot ASMB,R,B,L

a%@3 aaAnnn NAM LOADR
@m@d ENT .LDR.'HALT'.MEM.'LSY
Auns ENT AREA,TIME,POINT,CDA,TARSY,TARS2
2006 EXT START
naaz SUP

WARB =

ANas  AA0v0 ARnaRR NOP.

2012 AAARY ANOABT7R DEF (MEM,
Buil  ean? A279097 0CT 27000
AB12 QUBA3 B42515 “ASC 2,EM .M
aatLd EXT .8Q7,
@aid  PAARWS BANARY NOP

BR15 AnANE ArAa@ex DEF ,.S8GT,
ANL6  @Aauaa7 @27¢28 0CY 27092
AA17 QeRiY AS@S24 ASC 2,QT.S
anis EXT ,l0C,
AA19 Qna12 vee2pa NOP

%20 ¥ARI3 0ARUBIX DEF ,lOC,
2021 Q14 Q27009 0CY 27099
Bn22 2aa1d N473503 ASC 2,0C,.1
PpA2d MARRL7 ARQ@M3  LSTY DEC 3
AN24x«

BR2b ANE2n Q62M60R ,LDR, LDA FWABP
AN26 WRnA21 B42A64R ADA =B200
nne7 aen22 872053R STA CDA
AN28  BNn23 pAdRR4 CMA, INA
@A29 QK24 042063R ADA LWAM
2030 @oe25 0N6400 cLe

P03y navet 1a040R OCT (anden DIVIDE BY 3
32 MAP27 2NAA47R DEF ,3
AR33 2AN3B V72M51R STA AREA
N34 PNK3Y B42B65R ADA zBd4
M35 Wer32 B42053R ADA CDA
ANI6 2033 N720854R STA YARSH
AA37 QN34 Q42951R ADA AREA
AN3B AP35 B42065R ADA 384
an33 AnR36 B72055R 8TA TARS2
aed4n Q@AQ37 Q62@51R LDA AREA
“andl Pa04n pa1121 ARS, ARS
AN42  NHvd4l @72052R STA POINT
An43 MRP42 BN6400 cLB

AR44 NBNA4S 100400 0CT 100400
na45 NAN44 ANVUASAR DEF .34
Ne46 NAR4S Q72056R STA TIME
AN47  ©YaAR46 R26001X JMP START
R 48 %

Anas UNS

nasn  nand7 ooenald L3 DEC 3

an51 Qvndn onAa236 L3N DEC 32
aA52 B4AS1 2aANAAA AREA NOP
PA53 vne52 AReAAd  POINT NOP
ans54 @nnsS3 20a228A CDA NOP
nR55 arnd4 parann  TARSY NOP
AN56 Nues55 aonaaa  TARS2 NOP
@as87  4AA56 AYAAAn  TIME NOP

AnS8  ¢NAS7 BAANGOR MFMRY{P%Z *+q



4 B

g

PAGE @023 #@l w

vasg
a060
a6y
enes2

2063
"

naasS?7
200387
2Na6n
20063
22064
vo0es

a%0000
0Q0aae
adazng
eonaand4

NQ ERRORSt AMD

TRRR PCS LOADER # BMAR?S

HALT EQU MEMRY
«MEM, EQU MEMRY
FWABP 888 3
LWAM NOP

END
ASMB,285117«~402518
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TRRR INPUT/OUTPUT CONTROL
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AAGE NAQ2 #AY1  w

aeal
ANe 3
nnA4
AAQ5x
AAAS
eau?
Arps
anne9
aa1p
nat1y
a012x«
an13
na14
a5
nr16
aay7
anys8
2n19
An20
ane
An22
w23
pA24
R025w
A28
naz27
Anpes
au29
2a3a
2n31
N3 2
8233
AR34
AA3Sw
2936
anayz
p238
nA3s
2240
27414
Aapaz
2043
2044
2n45
AR46»
An4a?z
AQ48
2049
paasa:
a5t
Ao52w
#ns53
An54
BaA55
P56«
nBs7
pnss8

20009

aaeaae
aonny
22002
)
2nna4
305

anaas
oyeanz
23010
a1y
erg12
RAN13
naa14
na|Ls
anpt6
ajeL7
enpzn
wen2y

2ap22
28023
ponz24
A28
anaz6
nag27
ABR30
anndt
nunde

02033
A0034
an03s
NAR3c
2037
03040
ang4at
#2042
20943
¥AR44

anp4s
AR046
Qag47
2nas5a
Aaasy

eaps52
aues3
vous4

AvN55
AnNB56

TRRR INPUT/OUTPUY CONTROL w 3/13/75

guanaQ
1p2100
162000R
ani700
012123R
@72114R

162000R
P12124R
w7o004
aagaald
P26B65R
@42127R
en2mey
26022k
Wa6111R
B46125R
160001
B42127R

aeina2ae
An2004
©v42112R
e7en01
@72113R
wa6aN4
262110R
#52122R
B260A61R

16v001
@46120R
164001
N76414R
@66117R
Au6np3d
P260U55R
azonay
veen20
B261A6R

PE6UTUR
A62113R
116114R
enzea2

P26106R

PEHNQBR
@46122R
1240014

A66Q00R
?262113R

ASMB,R,8,L

. I0C,

I0C1

I10C4

NAM
ENT

NGP
STF
LDA
ALF
AND
STA

LDA
AND
STA
SZA
JMP
ADA
SSA
JMP
ADB
ADB
LDA
ADA

ALS,

INA
ADA
STA
STA
INS
LDA
CPA
JMP

LDA
ADB
LDB
sT8
0B

SZ8,

JMP
STA
SSA
JMP

LDB
LOA
Jss
SZA
JMP

LDB
ADB
JMP

LOB
LDA

10C

. I10C,,DMAC1,DMAC2,XSQT,XEQT

4]

210C,,1?

B17
R.c.

«I10C,,1

B77
1

+RSS

CLRITY
DM7

¢RSS

10C1
XSQT
DM1
1,1
DM7

ALS

XEQY
i
EQTY

R-C'
B4
I0C3

1,1
B2
1.1
DRIV
R.C.
RSS
I0C4
i

SS8ST2+1
+10C,
EQTYY
DRIV,1
$SS5T2+1
.IOC.
B4

1.1

T.loc,
EQTT
5-20

TURN ON INTERRUPTS

REQUEST CODE

GET REQUEST
MASK UNIT NUMBER

SYSTEM CLEAR 7
YESS CLEAR ALL DEVICES

SUBTRACT 7 FROM ORDINAL, IF
RESULY IS POSITIVE, THEN
ORDINAL IS YO EGT,0THERWISE

THEN

IT 18 sQ@v, IF SsQrT,
COMPUYE TO EQT,

MPY BY 4 (4 WD EQT)
STARTING ADDRESS OF EQT
WORD § OF EQT

ADDRESS OF WORD 2 OF EQT
STATUS REQUESY

WORD 2 OF EQT

WORD 4 OF EQGT
DRIVER ADDRESS

CLEAR REQUEST ?
YESt DON!'T CK FOR BUSY

DRIVER BUSY ?
YEST REJECY REQUESY

REQUESY CODE ADDRESS
EQT ADDRESS
CO0 TO DRIVER
CID DRIVER REJECT ?
YESt RETURN YO P#12

FORM P+5 EXIT
RETURN TO CALLER

CLEAR REQUEST ADDRESS
EQT ADDRESS

B



PAGE 0AR03 #Ho!

ANS9 02BA57 116114R
2R60 QVA6A B261@A5R
NAA61 =

AA62 Q2Bs81 160001

AB63 QAA62 PU6NA4

AN64 PAV6B3 164001

NABS NAVE4 R26106R
QAb6 %

AB67 BBP65 162112R
nre8 QAVe66 AB3INB4

QA6S QPAp67 @72117R
aR70 0AA70 P62314{2R
7y 0nAa7y 02004

NA72x

2A73 pa@72 R72115R
PA74 QOM73 N42124R
2A78 QAR74 164000

AA76 Qvn75 @76114R
Bn77 00ap76 062115R
AN78 PRY77 G66QRANR
AB79 R212P 115114R
QN8N »

2081 @@191Y B62115K
PNB2 DN1N2 R42122R
AABS ABIV3 PIGIL7R
AN84s QP14 pB26072R
wr85 0ai1@d anedor

AN8E R2NIAB PIGAVKR
AAB7 AN1A7 1260@0AR
daBB«

AABS @0110 eaQanO

A8 AA11Y woenmn

AA91 PR112 ponnEw

ANS2 QA113 uvazena

9993 Q@114 POARAN

nA9d4 amiis5 nvonre

PB95 w116 VORRRD

ARS6  AP117 @oooqQ

8A97 @V120 VAAAAR

PR98 020121 RUAVBY

A9 ¢Yni122 A00QA04

1A 20123 vRLnLY

210y Q@ui124 eapn77

plee on125 177777

P1A3 Q@B126 177776

2104 00127 177771

105

xx NO ERRORS: AMD

JSB DRIV,I
JMP S8T2
10C3 LDA 1,I
INB
LDB {,1I
JMP S§8T2+%
CLRIT LDA XEQT,I
CMA, INA
STA 810C
LDA XEQT
INA
CLRY1 STA DMACH
ADA B3
LOB 2,1
8T8 DRIV
LDA DMACH
LDB ,I0C,
JSB DRIV,1
LDA DMAC\H
ADA B4
182 s1oC
JMP CLR{
§ST2 CLB
1sz ,1o0€C,
JNP L10C,,1
R.Ce NOP
XSQT NOP
XEQT NOP
EQTY NOP
DRIV NOP
DMAC1 NOP
DMAC2 NOF
SI0OC NOP
B2 0cT 2
B3 ocT 3
B4 0CTY 4
B17 0CT 17
B77 acyY 77
DM1 DEC ~\
DM2 DEC =2
DM? DEC =7
END
ASMB,25117~402518

* TRRR INPUT/OUTPUT CONTROL » 3/13/75

GO TO DRIVER
RETURN TO Pe+2

STATUS WORD

XMISSION LOG
RETURN TO P+2

NUMBER OF EQT ENTRIES
MAKE NEGATIVE AND SAVE AS
AN INDEX COUNTER

ADDRESS OF WORD { OF EQT

DRIVER ADDRESS

EQT ENTRY ADDRESS
REQUEST CODE ADDRESS
OPERATE DRIVER

ADDRESS OF
ALL DONE ?
NOt DO NEXT ONE
YESt RETURN TO Pe2

NEXT ENTRY
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MISC SUBROUTINES
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PAGE dno2

L7 ROR |
ana3
BAna
20N s
2006
papy
AAAB
nane
AL
11
naLe
2813
0old4x
nays
nALe
antz
an18
NRL9
pozn
An21#
An22
PR3
aAR4
nn2%
an2e
an2?
A28
QA29 =
PpA3A
en3t
an3e
waad
An34
en35
pn3e
ANJI7 =
An38
AN39
Qn4n
241
Pn42
243
ANn44
nA4s
ne4e
A4z
PR48w
na49
252
pnsS1
pnse
2n53
AN54
AAs85
nps6
pns7
nass

HRY1 =

angan

Qeea0
pBoNt
nogaz
anend
aARA4

aoens
naaae6
ocena?
nao1e
Quntl
er@12

panetLd
Q0014
nANYLS
nveL6
nenL7
Rn0249
aoe21

paa22
nen23
ann24
npe23
0A026
pee27
20930

20m3}
enpde
namadd
A0vR34
2AN3S
AAN36
20037
nen4a
nenay
enrv42

p0R43
ANn44
ANB4S
neR4e
nao47
ABRSA
20051
anas52
nAn53
pens4

MISC SUBROUTINES = BMAR7S

pnascea

R66EAAAR
@76305R
0621A6R
n260A7R

202004
eA21A7R
naznatx
au202}
AIGANSR
126005R

Q16a02x
aneaan
2n3den
102615
RQ2400
R72004X
N26003X

Queera
AN300¢
212310R
182615
M62111R
216005X
126M22R

aoonmon

PE2112R
P16MAJR
QA21A2R
D3I6AMLX
2334002

216006X
Baz4an

@72004X
126031R

QAe000Q

A720862R
162043R
@3I6043R
B72061R
v16002X
@400023

pR2e21

P260A56R
nigapz2Xx

ASMB,R,B8,L

LINK2

LINK3

ABORY

RUDOTY

LOCK1

PRINT

5-2

NAM MISC

ENT ABORT,LOCK!,LINK2,LINK3
ENT RUDOT,PRINT,CLEAR

EXT LINKS,,10C,,S8TARY

EXT OKFLL,ETIME,RTTYB

NQP

LDB LINK2
STB LINKJ
LOA sBe2
JMP LINK3+2

NQP

LDA sBe3
ADA LINKS
SSA,RSS

1SZ LINK3
JMP LINK3,?

Js8
NOP
CCaA
OTA RUD
CLa

STA OKFLL
JMP START

«10C,

NOP

CMA

AND =R377
OTA RUD

LDA =D3PAOR
JSB ETIME
JMP RUDOT,I

NOP

LDA sD4 .
JSB PRINT
DEF MSG

182 OKFLL
CCA '

JSB RYTYB
CLA

STA OKFLL
JMP LOCKY, Y

NOP

STA CNTP
LDA PRINT,I
182 PRINTY
STA LoOCP
JSB ,loc,
OCT 40001
SSA,RSS
JMP #e3
JS8 .lIGC,.
4

LS

#
Y e

e
"



PAGE

an59
2260
A6y
pas2
ARGI
Qn64
na6s
PA66
Pn6?
nA6GS8
PA69
NA73%
a7y
narae
2073
PR74
aa7s
2nA76
anz7?
na78
AN7s
2089
pNBL*
2¢p82
An83

P084

ex NO ERRORS!

a203 w01}

nenss
A2056
0aes7
eno6a
eea6)
0AN62
2aes6d
22064
2va6S5
ANAB6
AP0A67

aeaze
2271
aeaze
20473
nony 4
Ane7s
20076
een77
aaiea
go101

2pnLs
aaine
en103
paie4d
22105
aa126
an1a7
22110
29111
eR112

oeoent
216002X
220001
026256R
A2A200
oQ0000
216002X
240001
ne2naze
P26063R
126043R

pennan
ee2n21
203004
B72062R
Ga240Q
{70001
A06004
G36062R
A2607 3R
126070QR

@46117
241513
226525
252077
177776
177775
neoy??
N72460
020004

* MISC SUBROUYINES & BMAR?S

OCT ¢
Js§s ,la0c¢,
0CY 20001
JMP ww?
LOCP NOP
CNTP NOP
Jss8 ,I0C,
0CT 40001
8$SA
JMP w3
JMP RPRINT,I

CLEAR NOP
SSA,RSS
CMA, INA
STA CNTP
CLA
STA 1,1
INB
ISZ CNTP
JMP wwd
JMP CLEAR,!

RUD EQU 158
MSG ASC 4,L0CKeUP?

END

AMD ASMB,25117=402548
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PAGE anQ2

A00 1
need
ana 4
Ques
nAane
neaz
nanbd
AQA9w
an19
10 I
Ant12
an13
pe14
“n1d
nay6
1. %4
A48
aR19
AN22
anel
dn2e
nazd
gee4
P25
anze
anz27
an28
A28
8939
An3t
AA32
uA33
AA3dw
R3S
Na36
AQ37
wpas8
P39
AAde
Aadl
A0u42
AB43
AA44
@45
AN46
anaz
AN48w
nR49
ansa
aes1
pasz
2053
aeb4
QA55»
AO86
nesz
#asd8

kpy = MOGEM QUYPUT w 6MAR7?S

reRean

poeve
nnnnt
weune
Qavdus
nnNa4d
opResd
e00n6
aeeaz
ppata
01y
avn12
ArA13
20014
Puo15
poeR16
eapL7
0620
auees
LYY
gre23
or0e4
ann25
apnas
aenz7

neadon
nAn3y
20032
pen3d
nead4
00@a3>5
PVA36
aenl3?
nen4a
20041
ap@4e
.B0e4d
22044

23045
A0R46
aned47
200854
vensy
paps5e

AR@53y
ouad 4
#Aess

iongen

a620@yXx
@ad3ee4d

@72645R
ne2apex
B72116R
162000R
P3600AR
@72646R
ne20n3X
B72647R
Q72147K
1620082R
B36MANR
W72650R
ne62RR4X
B726051R
@72120R
162000R
A3ICRQOR
©72652R
n36A06X
wu2pel

12600@R

Anz400

D16516R
26703@R
A76713R
P47337R
P62005X
{70001

P263342R
B72714R
annade

@63341R
667 15R
216265R

@63342R
A726535R
n620087X
P72654R
PEIJAIR
B72655R

@62734R
B72673R
Ba3440

ASMB,R,B,L

MODEM

UP

STORE

NAM
ENT
EXT
EXTY
EXY
ENT

NOP
LDA

MODEM
MODEM ,MODT,DECOD ,MSX , MTX
DONE,CDA, TARSY, TARS2,MODSX,A77B
»35FD,MOVE,LINKS,BIBCD,BTD
DMUL,DADD, SHAME , SEND,NSC,NST1,N5T2
B57@,MODE

DONE

CMA, INA SAVE NUMBER OF POINTS

STA
LDA
8STA
LDA
182
STA
LOA
STA
STA
LDA
182
STA
LDA
STA
STA
LDA
182
STA
182
RSS
JMP

CLA
JSB
LDB
§T8
ADB
LDA
STA
LDA
STA
CLE
LDA
LDB
J58

LDA
STA
LDA
STA
LDA
STA

LDA
STA
CCA

5

COUNT

CDA

MOD2 ADDRESS OF CDA DATA
MODEM,I

MODEM

R,CDA RANGE RATE OF CDA
TARSH

TARY TARS | DATA

MODZ e+

MODEM, I

MODEM

R.TAY RANGE RATE OF TARS |
TARS2

TAR2 TARS 2 DATA

MODZ+2

MODEM, I

MODEM

ReTA2 RANGE RATE OF TARS 2
A778

MODEM, I

MSX CLEAR OUTY MODEM BUFR

INDEX §1ST WORD OF PACKING BUFFER
XXX

aD197

?O?SX YEAR IN LAST WORD OF BUFFER
=02

XXXy

sDe{ 4
MODTY PACK FIRSY 21 CHARS,
PACK AND SEND OVER MODEM

aDwy
CNT1L
«I35FD FIXED DELAY ADDRESS
FIXD
aB5
CNT

B570 TEMP STORAGE FOR BCD DIGITS
MODO

~-28



PAGE 0003 #2{ « MODEM OQUTPUT » BMARYS

2059 00056 B42635R ADA CNT

2060 Q2057 B72655R STA CNT

206y 0Q0Q602 OMZzZQ20 SSA 8 SETS OF READINGS SENTY OUT 7
062 Q0Ve6Y Q026120R JMP OVER - YESI PICK UP NEXT SET

263 Q062 vote2a ALS,ALS NO1 MULTIPLY CTNY BY 4

P64 Q0AP6I R42654R ADA FIXD ADD FIXED DELAY ADDRESS
PB65 0ONRB4a B664QA7R LDB ANSY

BA66 AQR65 @ai1681aX JSB MOVE MOVE DECIMAL NUMBER INTOTHIS PRO
2067 VAN66 B63JA2R LDA sD=)

AA68 QRE67 RLI6453R JSB SHIFT SHIFY DIGITS INTO POSITION
NR69 Q0UR72 A673I44R L.DB sDei@ UNPACK 1@ BCD DIGITS

2070 09074 B16307R JSB UNPK

2a7y 90072 GOOES7R DEF ANS+|

PA72 QER7Y eomndQ CLE

273 00R74 QA63344R LDA =De§p@ QUTPUY DIGITS OVER MODEM
fe74 ne@75 B66734R LDB BE7@

Ba75 ARB76 B16265R JSB PACK

AD76 BA0A77 V260A53R JHMP SYORE GET NEXTY FIXED DELAY

naz77

2078 001020 A62654R OVER (DA FIXD SET ADORESS FOR NEXT SET
2079 0R101 RA4JI4AS5R ADA =020 OF 5 FIXED DELAYS

4280 Qo1N2 B72654R STaA FIXD

an8L AQ103 QBIGEDIR ISZ CNTY 3 SETS OF 5 FINISHED 7
2982 020Oind4 A26M51R JMP STOREe2 NO® GET NEXT SET

ANBgaw

PB4 22105 BE7I46R i.LDB =D=18 . PACK ZEROS FOR SPARES
A08S Na106 202400 CLA

PPrBS Q@0ia7 B72670R §TA TEMP2

PA87 Q0o11e B16%01R JSB PLACE

NA88 02pill on6Q0QE INB,S$28

AR89 Q0112 P2610P6R JMP dimd

pasSow

AB9Y 00113 Q63344R LDA wDei SET FOR 10 SETYS OF READINGS
PA92 @0oii4 P72671K STA STARY '

2093 00115 O16164R JSB DECOD DECODE DATA

2994 Q116 @POOGOR® MODZ BSS 3

AA9S 0121 0628714R LDA STARY

PBS6 0NP122 PAROA4D CLE CHECK TO SEE IF WORKING ON
POS7 Q0123 2naAvl10 SLA . 0DD OR EVEN WORD

2098 (0124 002209 CME ’ 00D

P99 0A125 P63IIA7R LDA aDe59

2100 070126 P6673I4R -LDB BS72

2191 00127 P16265R JSB PACK PACK AND SEND BCD DIGITS
2102 Q0132 B62116R LDA MODZ BUMP ADDRESSES BY 4

2123 020131 @43350R ADA »B4 :

2104 Q00132 A72116R S$TA MODZ

7105 Q0133 AG62117R LDA MQODZet

AIA6 Q0134 D4IIZOR ADA s=B4

2107 Q@135 @A72147R STA MODZ+1

2108 2R136 @62120R LDA MODZe2

2109 Q@137 @4J33I5@AR ADA =B4

2110 0Q142 272120R STA MODZe+2

ifiw :

P112 20141 AI6645R I8Z COUNT ALL POINTS FINISHED

113 0e142 aoceet RSS NO1

P114 Q0143 Q264131R JMP FINI YES: GEY OUuT

2115 00144 BIGE74R , ISZ 8TARY 1@ SETS OF POINTS FINISKHED 7

5-29



PAGE Q2004 &)

Q116
117
2118
2119
120w
2121
n122
n123
?124
2125
126
2127
128

ea345
aAA146
2at47
n0150

AR B
a0152
ar153
gn184
24155
ANLH6
nB157
pA16¢

n261135R
un2400

216545R
N26032R

06267 4R
erenLn

026156R
AE2670R
@16501R
eu24n0

A16545R
12600@R

FINI

EVEN

JMP
CLA
JSB
JMP

LDA
SLA
JMP
LDA
JSB
CLA
Jsa
JMP

* MNDEM OUTPUY w BMAR?S

MODZ =y

MTX
up

STARTY
EVEN

TEMP2
PLACE

MTX
MODEM, I

NO8 KEEP GOING

SEND OUT OVER MODEM
SEND OUT NEXT 80@ WORDS

SEND OUT ZEROS YO COMPLETE
800 WORDS

SEND DVER MODEM
RETURN TO CALLER

z‘al’i

k¥ o
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PRt va@sd

L

2131
2132
133
0134
135
nL13é
2137
1358
2139
0140
141w
AnLa2
3143
0144
145
146
w147z
n148
A149
2150
B E-B
n152
AL1B53x
2154
niss
ny1s56
0157
B R-1.
n159
n1602
n16}
n162
N163
164
D165
A168
0167
ni6s
0169
217¢@
174
pL72x«
2173
n174
#8175
0176
0177
A178
%179
n180
P18}
n182
@183
2184
618
9186

187

#0y w

02161
2n162
eny63
202164
nB1635
00166
0a167
00178
gay7y
nay7e

eR173
20374
AuL75
Q0176
anL77
Qu20@
eR2o1
202
0063
en204
puzasd

AN206
an2a7
oue1v
0211
20232
00213
0A214
2n2185
ae216
paey?
00229

nnez2l
vazae
P22l
ene24
eee25
0e226

@e227
Qu2dn
enedl
30232
2a233
Pn234
an235
Q0236
aned?7
An240
naat
eez42
pe243
8R244
Pa24%

DECOUE SUBROUTINE

Aneean

162161R
N36161R
@72212R
162161R
BI6LI61IR
@72215R
162161R
A36161R
W72220R

wa6400
e62002X
au3eea
042212R
ney121
P43351R
nn2n20
V262a5R
Pn6ne 4
P26200R
Q7667 2R

0627 34R
B7267 3R
n52p2aX
VIB3I5R
guenon

062021X
R16335R
nonean

n62n22X
216335R
geanng

P62646R
B16425R
P6265QR
B16425R
P62652R
216425R

PR2400

N72656R
A72657R
062212R
B16437R
26221 5R
@16437R
062220R
P16437R
a62011Xx
100200

Q0967 5R
@72676R
1242092

ARA656R

DECOD

RCDA

TARTY

TART2

NOP
LDA
182
STA
LODA
182
STA
LDA
182
STA

cLB
LDA
CMA
ADA

ARS,

ADA
SSA
JMP
INB
JMP
$T8

LDA
STA
LDA
JSB
NOP
LDA
JSB
NOP
LDA
Jse
NOP

LDA
JSB
LDA
JSB
LOA
JSB

CLaA
8§TA
STA
LDA
JSB
LDA
Jss8
LDA
JSB
LDA
ocy
DEF
STA
ocy
DEF

DECOD,I
DECOD
RCDA
DECOD,I
DECOD
TART
DECOD,1?
DECOD
TART2

CDA

2 INA

RCDA
ARS
®D=30

®e3

LY
MARK

B57@
MODO
N5C
TDIGS

NSTY
TDIGS

N5§T2
TDIGS

R.CDA
SEDIG
R.TAY
SEDIG
RaTA2
SEDIG

ANS
ANS+1
RCDA
ADDIY
TARTY
ADDIT
TART2
ADDIY
LINKS
100200
Diok
DIVSR
104200
ANS
5-32

SUBTRACT START OF CDA TABLE
FROM WHERE CALLER IS

DIVIDE BY 4
SUBTRACT 3@ UNTIL NUMBER GOES

NEGATIVE,THIS TELLS WHICH
R, TO PICK UP

TEMP STORAGE FOR BCD DIGITS
CONVERT RCDA YO @ DIGITS

CONVERY TART { Y0 {2 DIGITS

CONVERY TARY 2 70 {0 DIGITS

CONVERT R,CDA TO 7 DIGITS

CONVERT R,TART §{ YO0 7 DIGITS

CONVERT R,TART 2 7O 7 DIGITS

ADD THE

3 TIME TAGS

NUMBER
MPY BY

OF LINKS
10,000

DLD THE SUM OF TIME TAGS

&




"

PAGE

2188
2189
n190
2191
n192
2193
7194
8195
0196
2197
2198
8199
aze0
az2ed
8202
2203«
B204
2205
G206
6au7
Q208
w209
0210
0211
p212
0213
nat4
@215
P16
2217
p218
@219
220
0221
@222«
fn223
p224
0225
@226
0227
B228x
@229
2230
f234
2232
2233
B234¢
0238
2236
2237
p238
8239
0240
@24
2242
2243
0244

anee6 wot

0n246
ee247
0e259
0@2351
pp2s2
vo253
enesS4d
00255
20256
P@257
0e260
ee2s!
en262
92263
00264

00265
PR266
80267
pva7o
ee271
poe7e
eae73
ne274
002735
a0276
0ee77
P03AA
20301
pal3e2
20303
PA304
2n305
22306

aa3e7
eadie
2M311

end2

24313

00314

20315
20316
@317
peden

28321
25322
8323
ee324
20325
on326
00327

- ee3dea

00331
29332

100400

Q02676R
276656R
015012X%
P72657R
262656R
e6400

10400

eReosL1Xx
p16@12X
0726608R
P67352R
P1630B7R
P20657R
126161R

p20000
872677R
enz224e
e263020R
{60a01
poi17e0
d72672R
Vo604
@36677R
002001
126265R
A62672R
130001
206004
V16504R
P36677R
v262714R
1262635R

eroene

@76677R
162307R
2363Q7R
0727@0R

063353R
B727014R
162700R
p367@0R
@72702R

062702R
ar1700

@72702R
013354R
172673R
23667 3R
@36677R
002901

{26835@7R
A36TA1R

PACK

SENTY

00D

UNPK

AG1

AG2

ocy
DEF
$T8
Jse
8TA
LDA
CL8
ocTY
DEF
JSB
STA
LoB
JSB
DEF
JMP

NOP
STA
SeZ
JMP
LDA
ALF
STA
INB
182
RSS
JMP
LDA
I0R
INB
J8B
182
JMP
JMP

NOP
ST8
LOA
182
$TA

LDA
8Ta
LDA
182
$TA

LOA
ALF
8§TA
AND
STA
182
182
RSS
JMP
182

« DECODE SUBROUTINE

120400
DIVSR
ANS
818CD -
ANS+
ANS

100400
LINKS
BIBCD
ANSe2
sDe8
UNPK
ANSey
DECOD,!

CNT2

00D
1,1

TEMP2
CNT2

PACK,1
TEMP2
1H1

PLACE
CNT2
SENY
PACK,?

CNT2
UNPK,I
UNPK
FIND

L DEY
ENTY
FIND,!?
FIND
TEMPY

TEMPY

TEMPY
o847
MODO, 1
MoDOo
CNT2

UNPK, 1
CNT3
5-33

. PACK FOR

DIVIDE BY 3legge0

SAVE REMAINDER
CONVERY SECONDS TO B8CD

CONVERT M8 TO 8CD

DIVIDE BY 3
ADDRESS OF NUMBER OF LINKS

UNPACK THE 8 DIGITS
EXIT

NUMBER OF DIGITS TO PACK

00D PACK

PICK UP BCD DIGIY
POSITION

SAVE CHAR,

BUMP ADDRESS

ALL CHARS, PICKED uP ?
NO1 GET NEXT ONE

YES) EXIY

COMBINE 2 BCD DIGITS

BUMP ADDRESS

MODEM

ALL DONE 7

NOt PICK UP NEXT CHAR,
YES! EXIY

NUMBER OF DIGITS TO UNPACK

COUNTER FOR 4 BCD DIG, PER WORD

SAVE DIGITS

ROTATE HIGH DIGIT TO LOW ORDER

MASK DIGIY
PUT IT AWAY IN TEMP AREA

ALL DIGITS UNPACKED ?
NOi |
YEST EXIT

4 DIGITS UNPAXED 7




PAGE

3245
P246
0247w
- P48
P248
n2sa
n251
eese
253
w254
9255
pess
pasy
n258
n259
pe6e
neot
nee62
P263
v264
@268
a266
0267
P268w
Hees
perze
n27
p272
w273
B274
A27 5w
B276
naz7z
@a278
p279
© p280e
nz281
A282
P283
.- p28d
. .p285
0286
n28?
n288
p289%
0290
8291
n2se2
2293
p294
p29s
w296
2287
2298
w99
e300
n3at

ane7 wut

20333
28334

20335
AA336
20337
20349
fB341
00342
80343
20344
nA3I4S
2n346
ne3ay
02359
20351
20332
20353
No354
2035
An356
20357
ea3en

and36)
wpde2
en363y
2n364
vo36S
an3686

PA367
2B37@
an371
Qa372
PB373
20374
20375
n0a376
a377
BA4RR
040y
p0d40e
403
Av424

- pa4asd

00406
a7
ana10

eo41t

20412
00413
anag4
00415
vod416
an4y7
au424

026321R
42631 4R

200000
@16472R
166335R
R36IILR
paz2400
B72842R
104200
100001
ana2e21
N26354R
00310v
407004
002040
v0e0oN4
BI6AA2R
124400
PeA643R
102003
pa6on2
226367R

B67344R
172673R
83667 3R
an6A06
026362R
126335R

N160313X
PRB643R
NAN664R
016A14X
PADEG64AR
PRA7QJIR
P0P664R
P62353R
202004

A72402R
AL6B813X
onanan

QURA707R
216015X
APAB64R
2aa7e7Rr
BOR656R
N62642R
pazea2

B3I6656R
216015X
PAR656R
00enee

QVOA656R
P63II4AR
B16453R

TDIGS

oo OFF

NZEROD

ANSY

ADDR

JMP
JMP

NOP
Js8
LDB
182
CLA
STA
ocT
DEF
$84A,
JMP
CMA,
CMB,
SEZ
INA
1827
3] oh |
DEF
SZ4A,
SZB
JMP

LDB
$TA
182
INB,
JMP
JMP

JSB
DEF
DEF
JSe
DEF
DEF
DEF
LDA
INA
STA
JSB
NQP
DEF
JSB
DEF
DEF
DEF
LDA
SZA
182
JSB
DEF
NOP
DEF
LDA
JSB

* DECODE SUBROUTINE

AG2
AGY

SAVES
TDIGS,I
TDIGS

104200
1,1
RSS
Ro oo
CLE
INB

el
TDIGS,I

BTD
« OFF
DEC
DMUL
DEC
T1314
DEC
e «OFF

we2
BTD

DECY
DADD
DEC
DEC1H
ANS

ANS
DADD
ANS

ANS
sDwm?2
SHIFT

5-34 -

NOS GET NEXT ONE .
PICK UP NEXT WORD

IF IT IS A BAD POINY
PUT @!'S IN BUFFER

SET SIGN YO PLUS
bLD 1,1

NEGATIVE NO, ?

NOt POSITIVE
YESY 2'S COMPLIMENT

SET SIGN TO NEGATIVE
DST

"CONVERY M8 DIGITS OF NUMBER
TO DECIMAL

MULTIPLY BY 131,072
CONVERT LS DIGITS TO DECIMAL

ADD THE 2 TOGETHER

SIGN OF NO,

ADJUSTY SIGN
ADD N5T5

IF THE ANSWER I8 IN NANO SEC,
ADJUST THE DIGITS.IF NOT 272777




PAGE An@8 w@1 « DECODE SUBROUTINE

A302 0Qn423 A67344R LDB =D=i0 UNPACK 1@ DIGBITS
Q303 GA422 R163A7R JSB UNPK

2304 Q0423 QQA657R DEF ANSel

VY25 Q0424 126335R JMP TDI1GS,? ExXIT

NIDEw

A307 Q0425 02Q00@ SEDIG NOP

A308 00426 QA16472R JSB SAVES

3090 00427 B664M7R LDB ANSY MOVE NUMBER INTO PROGRAM
23120 020430 216010QX JSB MOVE

V311 Q0431 P6IIBSR LDA sDw5

0312 00432 A16453R JSB SHIFT

313 9A433 B67356R LLOB sDe? UNPACK 7 DIGITS
P314 PR4a34 R163A7R JSB UNPK

2315 202435 00QA6S57R DEF ANSe}

316 0OM436 126425R JMP SEDIG,! EXIT

A3§7»

B318 @N437 P000AA ADDIT NOP

P3I19 00440 BAIIS7R ADA =B2 ADDRESS OF TIME TAG
320 00441 104200 OCT 104200 OLD 2,1

N321 V0442 100200 DEF o,1

0322 QM443 070040 CLE

N323 Q0444 D42656R ADA ANS ADD PREVIOUS ANSWER
N324 ¢0445 Q02040 SEZ

0325 @v446 V06004 INB

D326 Q0447 P46657R ADB ANS+}

V327 004502 104400 OCT {@ad4ne DST ANS

2328 Q0451 PPAB656R DEF ANS

N329 NO452 126437R JMP ADDIT,!

8330

2331 020453 Q00020 SHIFT NOP

332 00P4S4 Q726864R STA DEC :

333 Q2455 062656R LDA ANS FETCH EXPONENT
334 00456 221727 ALF , ALF

2335 0pO437 P133I60R AND wBi77

N336 0OB4ASE Q42664R ADA DEC SCALING NUMBER
P337 Q0481 003004 CMA, INA

0338 0QR462 B72664R STA DEC SHIPFT COUNTER
P339 20463 202021 $SA,RSS IF IT 1S A PLUS NO, ,T00 BAD }1i
P340 Q0464 126453R JMP SHIFT,!?

0341 00465 Q62407R LDA ANSY SHIPT DIGITYS RITE
PI42 20466 Q16016 J8B SHAME

0343 00467 QI6664R 182 DEC

PI44 QD470 Q26465R JMP #el

8345 00471 126453R JMP SHIFT,I

B346n )

A347 QP472 PCO0QQ SAVES NOP

P348 QAP473 B724415R STA ADDR

2349 Q0474 P62672R LDA MARK

350 Q0475 QC1020 ALS,ALS

P3I5L Q0476 D42445R ADA ADDR

Nn352 QU477 B8724413R STA ADDR

@353 oadee 126472R JMP SAVES,?

354w

2355 ga501 Aoeee® PLACE NOP

P3S6 00502 B36714R 187 XXX{§

2357 Qo503 P26512R o JMP WHY

@358 MAO504 132713R IOR XXX,

5-35



PAGE M0R9 &0}

a359
N360
Q361
362
363
364
36D
3366
0wae6?
368w
n369
A37e
A3714
@372
a373
n3za
0375
376
P377 %
paze
vz
p3sn
n38y
p3s2
n383
384
B3BS
n3ssd
Q387
n388
n389w
Bnl9e
2391
@392
0393
N394«
395
9396
@a397
2398
2399
R400
a0
2402
w403
A40 4
2405
paaé

- B4w7

@428
@409
n4a1ad
P41y
m4ay2
2413
@414
0415w

eas5as5
aN5n6
gase7
20510
nusS1t
aas512
Qad513
00514
A06515

ans16
Pes17
008520
0ad2
en522
An523
P0524
nad25s

an526
ond27
0B530
vaday
20532
20533
PB534
8n535
po536
An537
nasan

AQ54)
AN542
20543
20d44

00545
8546
pa547
0550
20551
2n552
80553
20554
00555
00556
20557
560
20561
0u562
2n563
28564
0N568
PO566
©as567
gas7e

172713R
A36713R
A6334AR
@72714R
1265014R
wai7a27

13274 3R
1727 13R
126521R

ananeaq

A72636R
@63030R
Q72637R
A63361R
W72640R
A63353R
B72641R

@gn24209
172637R
B62636R
N13354R
a7amnt
162637R
ae1700
wioeal
172637R
NI6641R
@26530R

NW3I663I7R
B36640R
P26524R
126516R

enAara
ne2003
2004
ealen4
@72640R
Q67362R
0n24n0
f16817X
Ro6006
P26553R
A62632R
201727
a16017X
R62632R
016017X
@62633R
021727
016017X
P62633R
216017X

WHY

M8 X

MS1d@

MS20

MTX

MT10

* DECODE SUBROUTINE

STA XXX,I
IST xXX

i.DA =Dw2
STA XXX{Q
JMP PLACE,!
ALF, ALF

IOR xXX,1
STA XxX,I
JMP PLACE,!

NOP

STA VALUE
LDA INDEX
STA PQINT
LDA =D=198
STA COUNR
LDA mDw4
STA CNTR

CLA
STA POINT,I
LDA VALUE
AND s=BYy7
STA 1

LDA POINT,I
ALF

I0R 1§

STA POINT,I
ISZ CNTR
JHP MS2@

I8Z POINT
ISZ COUNR
JMP MS10
JMP MSX,1

NOP
SZA,RSS
INA

CMA, INA
STA COUNR
LDB =D=400
CLA

JSB SEND
INB,SZ8B
JMP wmd
LDA TAB
ALF ,ALF
JSB SEND
LDA TAB
JSB SEND
LDA TABe+i
ALF,ALF
JSB SEND
LDA TABe+{
JSB SEND

MODEM SETY

MODEM SEND

SEND PREAMBLE

SEND SYNC




PAGE 091m w31 w DECODE SUBROUTINE

@416 00571 A63I6LR ~ LDA =Dm1p8
% @417 00572 @72641R STA CNTR

o 418 A@573 263038R LDA INDEX
@419 00574 @72637R STA POINT

| @420 Q0575 162637R MT20  LDA POINT,I

g 421 Q0576 An1727 ALF, ALF

‘ 0422 00577 216610R JSB REW REVERSE BITS

¥ 423 0060¥ 162637R LDA POINT,!

- @424 Q0601 @16610R JSB REW

i 425 Q0602 PIE63I7R 187 POINT

§ 8426 Q06A) DI664LR ISZ CNTR

| @427 00604 026575R JMP MT20

! #9428 00685 B3I6640R 1SZ COUNR

! 6429 ©DA6A6 P26557R JMP MT10

| 0430 206M7 126545R JMP MTX, I

. 431w

§ 432 0Qn619 @MNARA REW  NOP
2433 00613 D16621R JSB SHFTY

x 434 Q0612 P76635R STB SAVER

I 3435 0AP613 216621R JSB SHFT

! @436 20614 Q05700 BLF
@437 Q2615 060201 LDA 1
438 ©Y0B616 VI2B3I5R 10R SAVER
439 00617 216017X JSB SEND:
440 Q0620 126610R JMP REW, I
0441 :
442 Q@621 P0AMEA SHFT NOP ,
@443 092622 B67353R LDB sDw4
@444 @N623 V76634R STB CNTR{
445 0624 206400 cLB
¥446 Q0625 001500 ERA
B447 (0626 205600 ELB
448 Q0627 BIG6I4LR 1SZ CNTRY
449 PB630 V26625R JMP we}
0458 00631 126621R JMP SHFT,I
D451 :
0452 Q0632 004214 TAB  OCT 4244 0,10,10,14
0453 Q0633 147357 OCY 147387 14,16,18,17

0454 Q0634 202ABM™ CNTR{ NOP.
@455 QU635 000000 SAVER NOP
456 Q0638 POAPP@ VALUE NOP
457 @2P637 0A208R POINT NOP
P458 Q0642 VAOPER COUNR NOP
459 (0641 00PA@A CNTR NOP
460 00642 002000 ,..., NOP
P461 Q0643 PPOPRQ LOFF BSS 2
P462 P0O645 PQPAER COUNT NOP
; @463 Q@646 2@RARR R,CDA NOP
| P464 QP84T P20PP@ TAR1 NOP
P46S QP650 20MeRA® R,TAL1 NOP
@466 QD651 09AAP@ TAR2 NOP
467 Q0652 DRAPEB R,TA2 NOP
b P468 00653 PCEGEA CNT1 NOP
hd P46S pAES4 P0RAAR FIXD NOP
470 90655 200290 CNT  NOP
471 00656 2000020 ANS BS3 6

@472 QA664 220036 DEC533§73 4

£




PAGE ©8ni1 »O1

A473
Baz4
na75
v476
a477
n478
na79
n480
n481
B482
0483
p484

B485
A4B6
WwAB7
o488
page
B4sn
n491
0492
0493
na94d
w495

2496
L 2.

00670
00671
o672
2673
00674
20675
ane676
00677
an700
Qo701
ne702
ap703
28704
20705
Qu706
vazaz
Pa71d
oe714
Ra715
eNA746
an730
pa7ay
eR734
ea73%
1030
21031
01337
01340
n1341
n1342
#1343
01344
01345
21348
w1347
21350
21351
21352
01353
21354
A1355
21356
01357
#1360
21361
#1362

NO ERRORS:

PReeRa  TEMP2
eAUAAR  START
03¢aNN8 MARK
2200887 MODO
072460 D3INAK
923420 DOk
¥RvAaAd DIVSR
pnonR® CNT2
pvaane  FIND
@uaeea CNT3
eneea  TEMPY
e00ra0d T34
avpeve

enen2y
018162

eeoARa DECH
veanee XXX
woanne  XxX1
@2Q716R MODT
paQooe

PoVAR® MODE
guanoa
azA735R 8370
poQpen
P01B31R INDEX
poronQ

PRV30S

177776

177762

177775

00R0S

177766

Ane0N24

177756

177785

poneo4

177742

17777@

177774

oAany7

177773

177771

poenaz

avay77

177472

177160

NOP
NOP
NOP
NOP
DEC
DEC
NOP
NOP
NOP
NOP
NOP
ocr

BSS
NOP
NOP
DEF
BSS
NOP
BSS
DEF
838
DEF
BSS

END

+ DECODE SUBROUTINE

doeee
10000

2,0,23,10162

LE S
10

wel
39

wel
198

AMD ASMB,25117+-402518

o
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2 e

AMBIGUITY REMOVAL ROUTINE

ASMB,

L INK
NSA
RDNGS
FDoA
NSADR
DNS

R,8,L
NAM NSA
ENT NS5A

AMBIGUITY REMOVAL ROUTINEwww

EXT DSUB,DADD,DDIV,DMUL,DTB?
EXT BYD,N,VAL,MODE, INDC,INOTL,INOT2

ADDR OF LOW TONE RONG
FIXED DELAYS

ADDR FOR
RESULTS

001Bittit***i***tt*t*tt**ttttttttttitttttttt*ttttitttt

PAGE BAN2 &0t wraN5AL
20a1
2203 o0Qen00
aAa4
nans
aes
AAD7 w
AAP8=ene 6HMAR?ZS
ARA09%
BA1A% N5AS
RALLw CALL! LDB
aA12w JSB
BaL3w DEF
A1 4+ DEF
BU15» DEF
AR16% DEF
AAL7 %
2219
An20
A021 *
2022 Qeanl annorn
PA23 Q2001 A76486R
AB24 VAR {166QBQR
AR25 QURA3 @76QA61R
NA26 VARR4 B76074R
AN27 GAAA5 P46410R
A28 QAQN6 @761QA3R
2A29 PRRA7 V76107R
BR300 0VUN1D A46410R
2aN31 @0211 P76116R
032 Q0012 B76122R
N33 9oG13 P46410R
2234 29014 B7613¢R
PA35 00215 A7613I5R
P36 Q016 P3IGORER
AD37 0MBL7 16600@AR
9038 02020 B76062R
AA39 PAR2Y 046440R
2040 Ara22 B76104R
NA41 0Q7AP23 B46410R
BN42 QOM24 B761317R
A4l Q0Q25 A46410R
N44 (2026 B76132R
A48 00027 BI6RQOR
2r46 22038 1660ROR
@247 20031 @76165R
2048 0Q@ap32 @76170R
249 VAR3I3 P76156R
VB50 PAP3I4 PISQAABR
PA51 QepIS 166270R
@052 Q2036 @76200R
PAS3 Q22037 Q363QRR
0054w
V055 002040 @524Q6R
256 wvAB4y 2660313X
2037 NB042 202003
D058 POR43 B66B11YX

N5A

SUpP
NOP

STB LINK
LLOB N5A,I
STB R3ISH
STB RD3S

aDB ,4

3TB R283A
STB R283B

ADB ’4
sTB

ADB ,4

STB R27K
STB R27KA

182 NSA

LDB NSA,I
STB FD3S

ADB ,4

STB FD283

ADB .4

STB FD4K

ADB L4

STB FD27K

ISZ N5A

LDB NSA,I
STB N5ADR
STB NSADY
STB N5AD4

ISZ N3SA

LDB N5A,I
STB ONSAD

I8Z NS5A

LDA LINK
INDT2

LDB
SZA,RSS

LDOB INOC

5-40

 4KAD
$STB R4KA

ADDR OF 35HZ RONG

ADDR OF 283H2Z RDNG

ADDR OF 4K RDNG

ADDR OF 27,7K MWZ RDNG

ADDR OF FIXED DELAYS

ADDR FOR NS(EST)

ADDR FOR DN(EST)

GEY RANGE ESTIMATE




PAGE

20539
0060
a8
an62
sy
on64
Pnes
PRES
20n8?
anase
0269
ee7e
ANz
vR72x

AT Ins

PO7 4x
ners
naze
a7
aa78
8379w
2080
nasy
vR82
A8y
g2as4
A085
Anes
ansy
2088
2Q8s
easa
2281«
2e92
2893
2294
209y
2096
aeg?
2058
000

2100 wn

2101 »
nio2
2103
P104
2108
2108
9197
81p8
D@9
ni1o
Bisiw
p11a
2113
D114
0115

2403 way

20044
o@a043
0n048
20047
TR 1
PaesSy
eans2

22053
272054
Pepnss

02056

enas?

geoase

pa6aL2x
276253R
216004X
eaoeon

2B0421R
2AA366R

es2a10X
032407R
R26354R
892410R
226357R

SLA
Lo8
sST8
JsB
NOP
DEF
DEF

LDA
CPA
SMP
CPA
JMP

weaNSAS AMBIGUITY REMOVAL ROUTINEwew

DMUL GET 2 WAY RANGE

ol . MODE € ?
ENODE YES,

PROCESS 35,4 HZI READING

22060
202061
pun62
20063

20da64
20063
20ns86

aees?
eaaze
00074
aep72

23873
vRd74

enars

2076
aen7?
gaLon
easal

@16266R
fova0Q
23en0a
POA444R

B16337R
PBED441R
B16323R

g16004X
eaQ372R
02A444R
2@A376R

3162a2R
aaanee

@16323R

216204
228372R
200445R
220376R

PROCESS 283

2n102
eatad
P0104
22105

20108
no1az

22110

20111
pa112
26113
aaii4d

2162686R

aee000
geraone
A20443R

216202R
oeeaen

216323R

D16304X
PEP372R
PO0454R
20a376R

R3ISH
FD3S

RDJ3S
8M0

HZ READING

R283A
FD283

- R2838

CcMo

e

JS8
NOP
NOP
44

Js8
DEF
Jss

J§8
DEF
GEr
DEF

JSB
NOP

J$8

JS8
DEF
DEF
DEF

JSB
NOP
NOP
DEF

JSB

PEROD CK FOR PERIOD CHANGE

T

METER COMPUTE N{eDN§ .
T
» INT CONV TO INT & DEC PARTS

OMUL

DNEST

T :

DTESY EST GF 385 WZ READING

WAVE WAVELENGTH TEST

o INT

DMUL
DNEST
T2
DTEST

PEROD

NOP

Jas

JsB
DEF
DEF
DEF

L R P G ok BN 340 s A <

;INT CONV TO INT & DEC PARTS

ONEST CONVERT DN3 YO & OF SECONDS

AN ooy g P ey .
- - . T e g e
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e
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PAGE 4024 #01 wxaNS5AS AMBIGUITY REMOVAL ROUTINEwxew

B1i6w
P117www» PROCESS 3,988 KMHZI READING
d118»
119 paild B16266R J3B PEROD

N120 MB116 DAANAA ,4KAD NOP
¥121 @AQ117 2U4mPAd FDAK NOP

M122 QY8120 @GOQ454R DEF T3
@123« .

7124 DO121 BL16202R JS8B WAVE
@125 09¥122 AQARQA® RAKA NOP

N126n

127 92123 B16323R J8B ,INT CONV TO INT & DEC PART
n128w%

0129 @n12d4 B16004X JSB DMUL
130 PHE125 AOA372R DEF DNEST
131 PA126 VBA455R DEF T4
R132 92127 A2NA7TER DEF DTEST
B133x%

$134%xx PROCESS 27.7 KHIZ READING
P135n .

P136 @130 B16266R JSB PEROD

Pi37 Q0131 PARAAA R27K NOP
P136 ©@132 AAYEAEDd FD27K NOP

139 QA0133 BADASSR DEF T4
D140

P14y Q0134 D16202R JSB WAVE
P1d42 Qu138 poend R27KA NOP

N143w

0144 @0136 PL6ANLX JSB DSUB
0145 020137 QA0Q3IB2R DEF NDN,E
146 Q0142 ¢OR411R DEF D6OK
147 03141 QQB4B2R DEF DELTA
D148 %

%149 ©B0B142 PER4A2ZR LDA DELTA
iy ©BA143 pueain SLA

154 0P144 @261060R JMP MINUS
Bi52w

153 Q0145 16605 JSB DTBI
B154 Q@146 QBORAD2R DEF DELTA
D155 00147 GOR4HER DEF NI
P156 02VL50 O16006X JSB BTD
2157 QNa154 Q0P 465R DEF N1
158 @2152 200402R DEF DELTA
159«

W16l QL1553 o16R02X JSB DADD
#8161 PN154 2OR4Q2R DEF DELTA
B162 Q155 PUQ4LtLR DEF D6QK
P163 QM156 pQARR@ NSAD4 NOP

164 00157 Q26166R JMP NSADR@#{
R165w ,
D166 Q2a16p 216Qp5X MINUS JSB DTBI
Ni67 AN18Y BAA3G2R DEF NDN,E
168 QA162 QQARAESR DEF NI
169 %

AL70  ©PL163 p16006X JSB BYD
171 Q0164 BUA465R DEF HI

n172 2165 auanad  NS5ADR NOP
5-42




PAGE 0005 W@y w«aNSAL AMBIGUITY REMOVAL ROUTINEwxw

P 2173
H 174 Q166 21600 X JSB DSUR
2175 002167 BR23I62R DEF NDN,E
AL76 @R170 LAOARO NSADI NOP
2177 aa17)1 0PA3I72R DEF ONEST
D178«
179 2a172 A16004X J88 DMUL » 1
2180 Q0173 QAQ372R DEF ONEST !
= P18y Q@AL174 200461 R DEF T8 ?
A182 0A175 QEQAI76R DEF DYESY = DNSACESTIMATE)
2183
A184 001768 Q160Q5X JSB DTB!
2188 00177 0QQ3I76R DEF DTESY
P188 Q0200 202223 DNSAD NOP INTEGER & OF NANSECONDS
D187«
1188 pO281 126000R JMP N3A,I RETURN,
B189« :
0192«

@191+ WAVELENGTH TEST SUBROUTINE wwaw
@192 20202 220P@R WAVE NOP

A193 20203 162282R LDA WAVE,!
2194 00204 Q36202R I8Z WAVE
N195 QA205 M72214R STA R}
N196 QU206 A72257R STA R2
197 %
B198 020207 0160023X J8B DDIV DIVIDE PERIOD By 2
P 199 0021¢ VoAA2@ TNODOJI NOP
o 3200 Q023y AAQR424R DEF D2
2201 0Q212 VUVB4IIR DEF HAF
Q202
N203 00213 2160Q1X . JSB DSUB DELTA = DN,M =» DNES?
P24 nA214 220008 RY : NOP
2225 @A219 OQBI7ER DEF DTEST
22068 00216 QVPR40D2R DEF DELTA
2207« |
N208 20217 0Q62402R LDA DELTA o
0209 Q222 BnoViQ SLA DELTA POSITIVE ?
A21P 00221 @26236R JMP NEG NG,
2211 00222 B16M21X JSB DSUB YES, »2.5%5 7
P212 0A22) BAR4A2R DEF DELTA
A213 02R224 GRABA4JLR DEF MAF
214 00225 Q0Q402R .~ DEF DELTA
P21%» S ; o
0218 00226 P62402R LDA DELTA STILL POSITIVE 72
B2y7 00227 oouanie SLA , o
9218 002372 @A262854R JMP DOWN ‘NO, N,EST IS 0K
8219 00231 016201X J&B DSuB YES, N
M220 00232 P00366R DEF N,EST " NJEST = N,EST » ¢
0221 Q0233 POA413R DEF D!}
9222 00234 00Q3366R DEF N.EST
2223 00235 B2625¢R JMP DOWN RETURN,
o B224x : :
i N225 00236 016022X NEG: JSB DADD ADD ,5 YO DELTA TO
‘ P2286 00237 0OM4B2R DEF DELTA TEST IF « «0,5
227 02240 Q000Q43R DEF HAF ,
@228 Q0241 QAUQR4@2R DEF DELTA ,
P229 00242 P62402R LDA DELTA STILL NEGATIVE 7
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PAGE

a23e
n231
0232
233
@234
2233
n236
A237
9238
239
n240
2241«
p242
9243
@244
@245
B246¢»
p247
B248
p249
2892
n2s51

2252

n2%3
#2254
n25%
@256
n257
@258
a289
p26n
22681
n262
2263
0264
2265
p266
2287
neess
#2689
270 x
827y
8272
2273
p274
A275«
8276
nazz
2278
p279
@284
g281
2282
283
0284x

0288 awwn

P286w

A006 #91

00243
20244

20245
An246
00247
PB23@
232314
20232
AN253
op254

20255
20256
20237
00260

8n2sy
29262
a6
a0264
00265

pA2ES
anaesy
00279
0271
08272
an273
0027 4
08275
en276
00277
P0300
29301
eale2
223023
g8304
en3ns
Qa3@as

ea3az
ans10
pu3tLy
00312

22313
AN314
22313
ga3ie6
20317

-@n3an
Ba32}

@ada2

202011
026234R

pi16am2Xx
QA0366R
00P413R
2BB366R
216004X
20A3I66R
vaoeen

000362R

216002X
000362R
eaogen

002362R

216003X
BUO3I62R
Pv00892

2202362R
126202R

eeeaoe
162266R
236266R
a72310R
@72317R
072312R
@72321R
162266R
036266R
@72311R
162266R
036266R
@72320R
A72253R
@72210R
042410R
272263R

p1602a1X
poone0
002000
eepape

162312R
Q2011
126266R
216202X
eog000
@0ea009
2apnpn
126266R

SUBROUTINE

DOWN
TNOY

R2

TNO2

PERQOD

FROM
DELAY
10

FROM1
TNO
TOt

TO CALC INTEGER & DEC PART OF NDN

SLA,

JMP

RSS
DOWN

J8B DADD

DEF
DEF
DEF
JSB
DEF
NOP
DEF

J388
DEF
NOF
DEF

J8B
DEF
NOP
OEF
JMP

NOP
LDA
182
STA
STA
STA
$TA
LDA
182
STA
LDA
182
STA
STA
$TA
ADA
STA

JsB
NOP
NOP
NOP

LDA

N,EST
D1

N EST
DMUL
N,EST

NDN,E

0ADD
NDN,E

NDN,E

DDIV
NDN,E

NON,E
WAVE, I

PEROD,I
PEROD
FROM
FROM}
TO

TO
PEROD,1I
PEROD
DELAY
PEROD,I
PERQOD
TNO
TNOY
TNO3

o 4

TNO2

psuB

T0,1

SLA,RSS

JMP

JsB

NOP
NOP
NOP
JMP

PEROD, I

DADD

PEROD,I
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*wwNSAS AMBIGUITY REMOVAL ROUTINEwww»

YES, ADD ONE TO N
NO, N I8 OK

SOLVE FOR N

N¢DN

READING

FIXED DELAY

T VALUE

NEXT T VALUE

SUBTRACT FIXED DELAY

NEGATIVE 72
NOY EXIT
YESI ADD 1§ PERIOD

EXIT

REPRODUCIBILITY OF THE

ORIGINAL PAGE I8 POOR ,

RTINS | WSO r P UL
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PAGE 20a7 w01}

@287 00323 o0eeeem L,INT NOP
n288 00B3I24 B16085X JsB
n289 02325 0VA3J62R DEF
2297 0R3I26 QOUV4E3R NEF
29w :
P292 090327 016006 JSB
P2S3 pA3I3N PBN4A65R DEF
2904 QOI3! Q0QI6ER DEF
B295»

BA296 AQA332 B1600A1LX JSB
n297 ©A3II PPMIG2R DEF
N298 MU334 ODDIG6R DEF
¥299 ©RA3I3IS BBBIV2R DEF
B327 @N3I6 126323R JMP
Q3R w .
PID2wnw COMPUTE Ne¢DN

2303« _
A3ed Q0337 200308 METER NOQP
235 PAad3dn 16233I7R LDA
2326 2R34)1 23I63I7R 182
307 @N342 Q72344R STA
D308 QA343 B16A04X JSB
N3IN9  NA3I44 200000 TONE NOP
A3IL0 PO345 GPD43ISR DEF
D311 QU346 PPRA25R DEF
312 0A347 216003X JSB
313 @n350 A@BIBER DEF
0314 0QA351 CCBD425R DEF
0315 00352 20M3IS2R PEF
‘0316 QN353 12633I7R O JMP
B317x

DI318wuw MODE B CALCULATION
B319s

03270 PA3I54 @16337R BMODE JSB
2321 QA3I55 Q0P445R DEF
2322 0R3IS6 P26B75R JMP
2323«

PI24wxn MODE € CALCULATION
2325«

P326 PO3IS57 B1633I7R CMODE JSB
2327  0OA360 GOR451R DEF
328 0N3IS6Y B26110R JMP

DYTBI
NON.E
NI

BYD
N1
N,EST

psus
NDN,E
N,EST
DNEST
«INT,1

METER,1
METER
TONE
DMUL

LIGHT
LAM
DDIV
NLEST
LAM
NDN, E
METER, 1

METER
T2
BMO

METER
CMO

*aaNSAS AMBIGUITY REMOVAL ROUTINEwww

“PY PERIOD BY SPEED OF LITE

ESTIMATE/LAMDA

N2+DN2

N3+DN3
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VOLUME I. CDA SYSTEM MANUAL

STORAGE AND CONSTANTS

v ST VBT OATRD
gy oo TIYOY DAOTE AL
TS - "

IS
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P'GE M008B %01 STORAGE AND CONSTANTS wanawewwnnon

2330w U
0331 02362 2000AA NDN,E BSS 4 : , s |
2332 0©n366 Q02092 N,EST BSS 4 ;
P333 02r3’2 280300 DNEST BSS 4 g
P334 00376 000320 DTYEST BSS 4 ;
0335 n04R2 ov0sR2® DELTA BSS 4 5
A3JI6 QPR406 200023 LINK NOP '
2337 Q20407 oBnRe2 L2 DEC 2
A338 0P41a QP0RR4 L4 DEC 4
2339 Q2411 Q00P@® D6QK OCT 0,0.6.0
P340 00415 125400 DI OCT 105400,10000,0,0 a
n341 00421 105400 D2 OCT 105400,20%000,08,0 :
A342 302425 200000 LAM  BSS 4 . ;
P343 00431 PQOPRQ HAF  BSS 4 §
@344 00435 106000 LIGHT OCT 1060008,24627,111195,61000 02997924562 g
@345 Q@443 102000 T OCT 102000,24042,40000,0 28224000 |
P3IA6 (0445 122400 T2 OCT 102400,32450,0,0 3528000 ;
P347 0451 103000 TI OCT 103000,22440,0,0 252000 i
0348 Q2455 103400 T4 OCT 183400,33000,0,0 3sc00 i
0349 0Q46% 104000 TS5 OCY 1040020,50000,0,0 ;
N3ISH QC465 Q00002 NI NOP ;
¥ast END
«« NO ERRORS! AMD ASMB,25117-482518

BETRDDtKEBHﬂTY’OF'IHm

ORIGINAL PAGE IS POOR

e
g




VOLUME I. CDA SYSTEM MANUAL

TRRR OPERATING SYSTEM
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e

P

TE U2 At

*xa TRRR OQPERATVING SYSTEMuww

2nnl ASMB,R,H,L
ARy Bupsn NAM TRRR -
nona ENT START, ,35FD,N,VAL,TTYST,A77B,0KFLL
wanh ENT LABLE,LINKS
Aaa7 EXT TMARK,PRINT,RTOD,ETIME,CLEAR,DONE,BTD
yrne EXT N5A,MODEM,DOTA,TIMEX,TIMEY,CULLY
nauwe EXT CULL2,RTTYB,FIX,D,RD0T,ADJUT
vwALY EXT BIBCD,DADD,DSUB,DTBI
antil EXT TTYDA,MSGY,MODT,MODE
wnie EXT INAC,INPTL,INOT2,MOVE
W13 EXT TTO,ABORT,LGCKY,LINK2,LINKY,RUDOT
upr14 ExXT 848200,8827,8835,88283
natd EXT SPAN, TSPAN
nelo EXT RRADR,NSTS5A
/B WA
AN1E8unw APR 15,1975
a9
MP2¢  AEuny W1oed12x: START JS88 RT0D READ TIME QF DAY
AN21 ANUBY VInARLX Jss ,Ioc, CLEAR ALL DEVICES
wnee2 vuul2 Wuptwe NOP
Mv2d uhand pe2hd7x LDA MSG1H
¥p2d wnuvina Y72047R STA =+3
Nrgh PRGERE wbR21a7K LDA =D14
dvico  QUdvb B16211X JSB PRINT PRINY TIME OF DAY
Bn27  WAnNA7 ANLRv NOP :
Vg b C
NdeY vuul?d wrlddpm  STRTA CCA STATUS CHECK CODE FOR TTY e
WA3A NUPLYl VBlod26X JSB RTTYB INPUT LOOP TO UPDATE OATA BASE
ARI1  NAR12 VW2ONL1AR JMP #w?2
R ICE ] RUN MODE "
B35 Avpld uwb2002x TTYST LDA AREA CLEAR ALL DATA
AR36 ANRL4 N42100R ADA =84 )
pn37 AY1d B7nant STA |
BA3s Aui6 ARL1ANY ALS
@739 wAUL7 wdrdol ADA |
2nW4n  PNB2E 0663B5X LOB CoA
N4l ARy W46151R ADB mHw4
w42  Phv22 w16@14X JSB CLEAR 5
RU43d 22023 Vo2152R LDA =D48 " CLEAR FINAL AMBIGUITIES
BUd4a  NnA24 NE67R27K LOB X35 :
NAa4s ANN2Y wibh14X JSB8 CLEAR :
ORd6  Ann2b N621 53K LDA =060 LLEAR FIXED DELAYS
wna7  Puv27 Bo7H66K LDB J35FD
AN48  NUAIW N1LHAYLAX JSE CLEAR :
vnay  Nwaydy nb2154Kr LDA 3172 CLEAR AMBIGUITY TABLE
Wiy AURI2 VE7HUHBR Lus N, VAL
5-=50




Yhant

ol
e
Arhg
VelD 4
PR
Hithe
Wb/
Manl
Wi dHy
(ARSN ¢ 1))
vt h g
wrez
Slind
Mith a4
VDD
AN X ¢}
v/
R T
vk
DR/
2271
Wil e
winz s
V7 4
at'7h
N7 0
wwz7
/e
Q'(‘?Q
IV AL %
Avl
AR?
VJ"JbO
pirkd
Abieh
MARE %
w?a’
NAEe
NAROx
A9
Wl
AnYe
vAGY
npva
AL )
nieh
AEY g
s
99
A1pe
M1l
nited
wled
#1114
mlph
Alkb
W1v7

ALy

1033
Vi dd
[ZRSEAN ¥e
SRCTENT )
A7
Atadgi
Aaoadd
Mg
A a )
Wity 44
havdd
wIvrdb
neaz
v hl
Crnihy
Wil he
LEY ;-"'f}:.‘
vityhda
Aitvihh

At bk
Peted?/
ViARhA
Aol
vividng
VIV.DY
Upihd
navred
Wl bo

Ninian 7
it 7y
A7)
AN T 2
G2

AviA7 4
VinazZs

AL R
vz /
Arr] i
Myt
Ry de
Nig1ad
nirlvg
wpAlwd
vllvio
herte?
Grlly
nivi11
Wnlle
SNl le
Avtla
nrlth
delle
it 17

“'1}

Jloar14x
MODARZA
sl HbR
Pleo1dx
VA O9X
N=2194K
vl dx
Mn2324X
Wa2any
o2l nuBix
wl2v24xX
vin2ighx
wAZARY
¢HP21LH/R
W727 9%
h@vinonX
W7275%1n
LWhdvolx
5727 04R

Lh2Z2042%
ik 7 AuHK
Vingdohy

An2A4a3X

vh70dhR
H18A4H%
nogr44x
nb7RR7~
rioidbX

Vo2 aAX
twekhi7

PinE 14X
Wh3IIBAR
wi/Zidlir

Lto2Yb4x
Uiodddx

IhASSX
Alorz 1 X
vAR ALY

preTuLx
Mm22ip d

A2nivlk
9I1EvOR
ALPNN]

W17 3MaR
pb3747K
73503
A16i1nX

GNTY

GI1767%

ni174/7k
vh377 3K
W7 3SEER
d16416X
vAl177 3R

Jonp
Lng
LOA
Jou
l.UB
LA
Jos
LIYA
SZA
LizA
STA
Lha
S¢b
LDa
STa
LOA
aTA
LA
STa

LA
Ll
JSH
LA
Lith
JoK
LuA
Lo
Jdon

LA
uTa
J3g
LDA
JSKB

LbLA
JS8

Jad
J3n
GCT
Jhns
uet
Jnr
DEF
DEC
Jou
LA
STA
JSo
DEF
LerF
LUA
57a
JSB
ver

’

CLEAR
RRADR
tD]18Y
CLEAK
NHTS5A
=018y
CLEAR
Cutly
k3%
SD=207
cuLLt
cuLee
"3S
sSP=4600
cuLL2
SPAN
SPCN
TSPAN
TEMPR

INOC
NeVAL
MOVE
INOTY
NAT Y
MOVE
InDT2
N@T2
MiVe

TYC
WX
LTIME
LOopPg
TURN

Bb220
KUDOT

LOCK Y
LlUC,
1
LJ0C,
29004
w2
«2DFD
1
STATY
«20FC
TIT7C
RTD
2AFC
C2UFC
«20F 1
TITTY
ATH

«20F 1
5-51

tww [WKN (OPERATING SYSTEMwwew

CLEAR RANGE & RANGE RATE TABLES

IF CULL IS NOT SET,SET IV
T0 20n@

MOVE ESTIMATES TO NO BUFFERS

TARS TURN ON

200 KHZ
PRINT LOCKUP & WAIT FOR RESPONS
CLEAR TTY '

READ 200 FIXED DELAY

i e s el e Fe B e

.. i




FALE

hi1ps
aiva
nite
wi
w112
7113
4114w
attld
N116
AlLy7
ity
w119
v12¢
wiel
n1ee
viléed
ri1ezd
n1ed
vi1ee
wie7z
nizy
n1ee
P13nw
131
w1de
N133x

wAvd ayd

fniane
w121l
nni122
40123
w124
nu12s

HNAi1eo
Mny127
AL 3
w13l
pALde
w133
Hu134
o135
nu1dn
na1d/
wa14n
wlal
hrir4a2
e143
ity d4

4140
nu1db

wA177 3R

naaa17r
KW73B65R
Wistn16Xx
Wen17R
AL ’R

w2490

W7 34a5R
W7 340¥ 4R
Ve2AMS8X
£72311K
W7 3643R
po2An6X
w72323R
n73m44K
WeRAN7 X

W7 2336R
#/3645R

HwogNL4xX
©73374R
672234k

Ne2255X

MioRd3x

Gom1y

DEF
LDA
STaA
Jss
LEF
DEF

CLA
STA
STA
LOA
STA
STA
LUA
STA
STA
LDaA
§TA
STA
LDA
STA
$TA

LDA
Jon

+ 20F {
«20F 2
TITT2 "
BTD

W 20F2
s 20F2

PRIOR
CNTR
ChA
£kC
RPTS
TARSY
CK1i
RPTS+1
TaAKS?2
Ck2
RPTSe+2
POINT
ACNT
NUCNY

BB27
RUDOT

*«xTRRR OPERATING SYSTEMwwn

INITIALIZE POINTERS
AND MARKS

DEF CDA

DEF TAR\Q

DEF TAR2

MAKE ACTUAL COUNT MAX POSSIBLE

2747
ENCODE RANGE UNIT DRIVER




E A e
.+ 2

VR TG T NG

VOLUME I. CDA SYSTEM MANUAL

CALIBRATION-LOOP AND PERIOD




PaGe oved s0) »CALLIBRATION =LU0OP AND PERIODw®

V136  Wvld7 ©B17326R JSB (TR 27 FIXED DELAY b

N137 V2152 QG187 7R 0EF L27FD
N138x : :
w139 0915t PE2056X LDA BB3Y
V14D nuide @w16ndaX JSB RUDOT ,
P14y 41159 wi7326R JSB CTR 3.9 FIXED DELAY
nid2 upuldd4 AA1574R DEF .39FD
0143w
% M144 wnldH B171102R JSB FNL SEND 2B3 & 35 TONES IF
? W14a5 Au156 LBUIS71IR DEF ,28FD PROPER MODE
ALad  un1S57 PUiISE6R DEF L35FD
N147 %
A148 vnl1bW Vr24un cLA PRINT FIXED DELAY VALUES
w149  Auisy V1/144k JSB CALPT
nEHD  wuniee V6IJ6HK LDA LOOPI
511591  wuls3 w1710B1R JSB TURN
w1Sex
A
#k
-»

o s ot et Sy e, i D Pl N ke Mt M Bt he 5B e e e £ e st taASAL e e,




VOLUME I. CDA SYSTEM MANUAL

AMBIGUITY REMOVAL




P "k Balyn 831

n15%
%156
w157
Alddx
w159
LRYJY
Bio1l
wiee
A163
wiod
wieod
nies
nie7
ni6H
108
wize
N7
w172
G173
w174
21/5
vwize
8177
4173
w179
p1e9
gwie1
B1862
w183
“M184ax%
nies
W1B6
ALH7
ER.L}
nies

AVilod
Bwiod

nnios

we167
waL7Zwm
9171
wny/2
hn17d
S WA)
w17
w176
w177

AY2un

puenl
wn2oe
niuegvd
waend
w265
Wik
nna2nz
vvaiv
wiZtl
el e
a1 3
wn214
pu21s
panzio
pnee1r7

wnaz24
Au2el

yueele
Re23

n16027X
nAL727R
A16050X

vwe2n4a1 X
W5215uk
urPe?21nR
ne216aR
Pee2iniR

#833nbK

V32161R
12kl ?

W17326K
uie1dr
No2A57X
vw16A53X
PHrIIBER
A32162R
{ve6i7

W17326R
E1613R
Wb2U56X
Plond3x
Bi7320R
WAl1€16K
we2n85X
0W16253X
B17326R
PNLIB21IR

pe2uns5ax
Q16653X

VWE3I36OR
W1711R

GOT2

NN358B

NNJ35C
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Jss
VEF
Jss

LDA
CPA
JmMp
CPa
JMP
LOA
10K
uTA
Jsa
DEP
LDA
JSt
LOA
I0R
0TA
JSR
DEF

LDA

Jsn
Jss
VEF
LOA
SR
Jsag
DEF

LA
JSH

LDaA
Jss

FIX.D

«35CF

l.OCK Y

MUODE
sB4
NNJSC
=2R2
NNJSB
LOQPX

=2827200

RX
CTR
Ni
BB283
RUNOT
LOOPX

*B4UAQ

RX
CTr
N2
B39
RUDOT
CTR
N3
B327
RUDOTY
CTR
N4

BRB220
RUDOT

LOOPI
TURN

COMPUTE FIXED DELAYS

k7.7
N4 AMBIGUITY
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*NANGING OPERATIOM®

ST A Y s oS ety rey e e

192 k224 VinG12X JSB RTOO -
1Yo An22d ur24nn CLA -
2164 WKvzlb W72022a STA TIMEX CLEAR DIFPERENTIAL TIME MARKS

V190 wWngl7 u72923x STa TIMEY

Nivbn

187 Bu23e N160pLX JSB ,l10C, START RANGING

198 BN23) n2rend OCT 22043 :
V199 80234 L2L23NMR JMP wm2 g
C20 AA2393 BU164AIR DEF RPTS ¢
M2l W2 dd wunaeea@d  NUCNY NUP

N20 2w

end  Bradd vv24n4 CLA,INA PRINT AMBIGUITY VALUES B
G2ra  vn2oe W17144R JSB CALPTY !
Db : i
Wo2R6  Pa237 Wvednn CLB

wew/ 424y Bv16N17x." JSB N5A COMPUTE NS5

VWonE wihhddl NU2AR7R DEF NYC N{=N4 POINTERS

W2y  BUP24¢ WWi727KR LEF L35FC FIXED DELAY POINTERS

W21 Hudds vuz2pd7R DEF NSC N(S) CDA RESULT

0211 Glzdd YIL42vK OEF TCE T(5) ESTIMATE

w212x ‘

A218  YW24d nbusdruk LDA TCE ADJIUST FOR FIXED DELAYS ;
214  ©nid246 14356 IR ADA TITC
wald wu24/ B1724bR JSB FND :
B21b  Angdbu R7342AR STA TCE

W217«

218 Dugbl 16051 X JSB LINK2 CK FOR NO, OF COUNTERS WORKING

V21Y Pi1252 V2A3ULK JMP NLNK e
R220  wuRSo Ynbdedq CLB, INB '

w221  ©¥U25%4 BLIEALZ X JSB NSA

w222 B12hd NN20S7R VEF N1TH ,

223 LAZ2HD BUL1753K DEF L35F) SAME PARAMETERS AS ABOVE

w224 vu2h/ Me2477R DEF WN5TH

naesd uueghy BU1421R CEF TT1E

Wweeox

p2e7  BAZBY1 WEIAP LR LD& TTIE

N228 QuZ2b2 W43504R ADA TITTH

229 MY263 917246R JS8 FND

V23W NV204 W/ 3421R STA TYLE

PESEY

0232 (@uebs y1ndb2X JSB LINKY

N233 puzhh Y206301LR JMP  NLNK

V234 w207 WEDI6RR LDB 202

Pe2dh pue7y vViokrlrx JSB N5A

D236 QVe71 Pueln7ZR DEF N1T2

w237 uvg72 BWL777K DEF L35F2 SAME PARAMETERS

238 Qne/73 hn2127R OEF N5T2

D239  M274 MVWI422R NEF TT2¢

Q240 %

Wedl  un275 163422k LDA YT2E

V242 VY276 4IS65K - ADA TITT2

0243 0AM277 @172a46K JSB FND : e
R2d4 PRS0N R73422R STA TT2€E ey
024> pYI3IPL LnzdeA  NLNK  CLA SET FOR WAVELENGTH CHECK

P246  Au3R2 B72416w STA PIY BESEI,

0247 pA30d A/241/R STA PIZ2 REPRODUCHILIEL L2

1246 WASW4 N7242%R STA P13 ORIGEIAL PAGE I8 FUUH
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A9 sl «PUIMT VERIFPICATIUN®
252 Ar3rb BH2416R CHECK LA PIt
n2s3 Wv3dn7 216403k JOB FAX
h2haw

U255 pudtld v17254R JSB STAT
v2bo  1A31l uruApy  CKC NOP

nad7 312 r20d3inR JMP we?
208 Pr3te wi7M1uR JSB MATH
B209  vadld wkv31tR DeF CKC
w26 @Ad1d VY142¢R DEF TCE
2ol VUA31d bo4dihHR LUB PIA
2262 28317 01K8364AR JS8 BAPT
W20 3%

Y204 vpd2y Al8untx JSB LINK2
A260  YA321 126346k JMP CK3
n26h  ndo2e B17254Rr JSB STAT
267 U323 viravdn Chi NOP

oLl 324 Nen322R JMP wwm?
2oy And2hH ni/uiek JSHB MATH
ezy  vindeh vukh3IZIARK DeF CK{
Bwesy 327 wrldR1R OEF TTHE
A272 o337 nbbdlivHk LoB PIA
PR73 2331 wiedag INB

Be74 Yr3ad2 v163AAR JoB BAFT
neg7o»

V276 20393 nleahklx J88 LINKJ
277 V334 V203406K JMP CK3
vers 8 Wrd3sd n17254K J3B STAT
a7y  Bu3sdb uandduy  CK2 NOP

V287 WI337 n2AIISK JMP w=2
4281 NA34n W1721@R JSB MATH
2B #1541 pr3seRr DEF CR2
2B MN342 pPUY14p2R DEF TT2¢&
nesd PA34d Rhb41DR LOB PIA
¥28h Any4d wasiodr ADB =D2
n2uo 2AIAD U1AIABAR JSB BAPT
LeB87x

N8B  AP346 Wi74pdak CKJI 182 CNTR
UW2KY  Yud47 ub3andr LOA CNTR
W29  Wi3dBw uHIJ7 4w CPA ACNT
9we9l Bras1 926423R JMP LAST1
wey2w

293 @Ar3he uvh2311KR LDA Cw(C
w294 WP3IBY W42 18¢R ADA =B4
NP9d  Yvshd w72311k : SIA CKC
B2ve wUuddd VH2323K LDA CK{
w297 WrIHe GaZ157R AUA =Ba
p298 0v3b7 m72323R STA CK1
a2Y9  BV36L VL2II6R LOA CK2
B3V Yr36l 242)150R AJA =H4
v3ul Wedte p72336R STA Cx2
A3Q2 wAIDd V203koK ~JMP CHECK
BIN3w

03h4  iddbd uadne HBARPY  NUP

3RS  uILd NS52163R CPA =lwi
NIR6 Pn366 WPHEI7?BR JMF BPT
W37 wadb? vH21n4R LDA BDeH
bdny  qud/e 179001 STA 1,1
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NOt SEE IF POINT READY
NO1
YES? VERIFY DATA POINY

CHECK FOR BAD POINT
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UPDATE NUMBER CODMPLETED

CHECK FOR COMPLETION
ALL POINTS VERIFIED

NOT FINISHED YET
UPDATE ALL POINTERS

RESUME CHECKING OPERATION

BAD POINT? e
YES .
NOt RESTORE COUNTER
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“3354
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INB
LUA 1,1
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JME BAPT, I

LOA 1,1
INA
SSA,RSS
CLA

514 1,1
JMP H]
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Lo CuULL2

SZIA,RSS
)
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LNB sD=2500
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JMP FAaX, I

DEF %+
NOP
NUP
NOP
MUP
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w44
Q345
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@357
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AIG«
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PaYY
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ndeb
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na432
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vitado
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Ninddy
wn4aa
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weade
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Av4ba
Vnanh
w2456
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PAdB2
pndod
AN464

@vabd
pn466
nag7
wpazo
pra7
©pud72

a7y
hn474
w1475
And7n
wiraz?
Budew
aeshol

A7 4RBR
Wio4206R
H26465R

nianno
Vo207 15X
BW75374R

Ba2ASSYX
V18AHIX
We33ohR
hi71n1r
BroAngx
WInhags

©17326R
RulBdaur

vweE2NB6X
V1053 x%

“w17320R
AN1EIBR
Wi/7412R
bY1632R
wn1627Rr

avz4ue
A16AHIX

Wb63Ahdk
w320 48X
102617

M16313X
woddbdr
162617

ne21bdk
vwi7144K
WH3I7 4K
B72315%
1264206R

needpn
niBnL7x
Wit 647K
np1727R
AN2133R
Pv11423R

Alodix
B26513R
puatdna
nie217X
UNEs67R
NAL7 53R
Wn21d7r

LLAST

LAST

B3

ARND

DN5XC

DNSX1]

«FINAL AMBIGUITY KEMOVALx

152
JSH
JMP

PRIOK
LAST
ARND

NOP
LDA
STA

DONE
ACNT

LDA
JsB
LOA

BE27
RUDOT
LOOPL
JSB TURN
Jed ,1l0C,
GCT 3

JsB
DEF

CTR
X27

LOA
Jss

BY39
RUDOT

JsB
DEF
JSB
GEF
DEF

CTR
X398
Fib
x28
X35

CLA
JsB RUDOT
LDA LOOUPD
10R TTO
UTA RX

JSH ETIME
LDA LOOPO
0TA KX

LDA ®B2
JSB CALPY
LOA ACNT
STA DONE
JMP LAST,I

Clb
Jss
NEF
DEF
DEF
DEF

N5A
X35C
«35FC
NOXC
TEXC

JSB LINK2
JMP NLNK1
CL8, INB
JSE NBA
DEF X35T1
DEF ,35F1
DEF N5XT1
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FINAL CALIBRATION DONE IF:
PRIOR = «{, OTHERWISE DO IT
THEN GO ON
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ACTUAL COUNT QN BASE PAGE
STORE IN COMPARATOR

CLEAR CNTRS

FINAL AMBIGUITY 27

FInaL 3,9

SEND 283 & 35 TONES

TURN OFF RANGE UNIT DRIVER

TARS TURN OFF

PRINT VALUES

COMPUTE FINAL N(5)
AMBIGUITY VALUES
FIXED DELAYS
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FalLk

IR
B3IYYn
Jdoa
wdpl
n4pe
hWawrd
nakd
“Napd
vAaero
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Ndux
A4ina9
w41
vdll
a7
413
wa1da
walb
main
nwayz
w41ad
$419
4z
vwde)
nage
Nz d
n4za
baeod
nazb
nag?7
ha4esb
hago
Va3
naastl
Baae
W4addx
Y
hads
Nado
nayz
0438
nagy
nhaap
w44l
hwaqe
444
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D445
446
vwaa7/
hw4a8
Vw4469
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Was 1«
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nasvy
h454

An12 Wl
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Mahng
nASM 4
VwAdeH
Anhue
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naaly
w511
vty
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vadla
uuh1d
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wrnht7
Wnudzy
nIse1
viADZZ
veinegy
nhhza
Jdeh
bt
rind27
oI
nh 3y
nnbae
Wwi1H33
I RY
nisdd
b6
Wabaz
wrban
brbdai
Amns4y

nibag
hwbdbda
nihas
dvh4h
wadaqa7
nodbe
neEss51
vinbhs2
Nnnudy
winbb54
pashd
APS56
bnob7
Giubon
nib61
Auné2
Bbudbhy

niAb k4
ANHEH
Hvihbhb

A1 425K

nihva2x
A0S 1 3R
PeARTBOR
nioewl/Xx
1797k
Y1777 K
NiHn21448R
U41424K

weddng

w4337 4R
Qein2d

W72311K
Ub2166K
C73375K
nH3500K
W/2701R
nhowuisHX
VH3423R
v/73415K
Nhgd7 1R

w7 26460

PAaISAIN
Wn3rn4

Wwd3d20k
nueaze

wa2167kK
W73416K
o34 ok
W72642kR
Vido31 iR
W77426K
A2B8 8K

LW16251x
n2e7n3k
b $Sb IR
W/ 2703 K
bhorABX
NH3IL2HK
N73415k
UHedsuik
n72646kK
NE3564K
Wuddng

das421R
o2z

Maz167R
nW735416K
COI4ANT7R
Nenid37R

N1orbHx
L2o7UJIR
nH ADdhZk

*F INAL AMBIGUITY REMOVALW®

NNGX2

NLNK1

Goa

GOl

Gog

UEF TEXT1
Jahb
JMp
LbB
Jo
DEF
LDEF
NEF
UEF

LINKDY

NLNK

&2

M5 A

X3572

«IBF2

NSXT2 .
TEXT2 |

cca

ADA ALCNT
ALS,ALS
STA Ck(C
LUDA =he2
STA TkY
LUA M1
STA MSG
LR CDA
LuA TEXC
STA DELTA
LDa DHBXC
STA DONSX
LUa TITC
CMA, INA
ADA TCE
SSA

ADA =D5000
STA DELTX
LOA DNSC
STA LMD
ADn CKC
$Tpe LK
JMP COMP

NEW T(ESTIMATE)

NEW NS(ESTIMATE)

ORIGINAL N5

LINK2
600N
me
MmSG
TARS!
TEXTY
DELTA
DNBX
STA DN5X
Lua TITT
CMA, INA
ADA TTILE
SSA
ADA
STA
LDA
JMP

J$B
J P
LA
STA
LB
LDA
§TA
LA

=h5ar0
LELTX
DNSTL
Goe

JSb LINK3
JMP. GUOGD
LJA M3
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1a45s
wase
7457
ndd8
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2abp
4ol
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464
naed
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Ado 8
PD4adbY %
nas v
va71
waze
- AN
2474
¥475
N4a/6n%
w477
na/ 6
0479
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nael
nane
nwaed
nana
0485
Wwdbbw
04w/
nagn
Va9
nagy
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nag9e
Hnau3
2494
na9s
pavo
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2499
AHGV >
ns5a1
nhee
Bo¢d
vhpa
2505»
4566
2507
nse8
25089
poiéw
2511

widSs?7
aund/n
gud71
nnsze
wuh73
Andb74
“wid75
Mubl6
wihal7
Giibddy
kb 1
Lebug
uakeS
gdbra

QH6WD
Apdunh
wuany
Birhiv
Juh61]
weoi?

(ARt T B )
vwirhla
hretd
¢eaelo
uee1?7
nabew
nire2l
Hneae
nroed

wubh24
Avibes
vub2b
nwrhe?
bAb63Y
Ziodl
anbde
nnedy
unodd
wrbab
bwredo
nisedz
YY)

aneay
J0642

RrE43
preoad

br6ad
Wae46
nn6az
AUNB5A

paedl

V7270 1k
AHeAA7 X
BE3424R
N73415K
20258 1R
W7 2646k
Mo I505R
whadcfnd

V43422R
uueha2v

na214k/R
V7 3416R
Ub3dInK
VWeoS537R

wh21bPR
ME6643K
nioepl1dx
168420R
AbwzAn/

w2hb71R

vi/dane
ub 3415k
nnarng
Wa3dd16R
trdaund
npaazl
Ueoh24nr
wAndna
nuIIr4

W42105R
XVEFT
VAR 400
be3IL26R
wn22e4
144000
74290
Ba2021
NR6E3IR
WI7367K
BWNnIRrHh4
vwi6E32X
W7 3372R

p1oA33x
B

nA1367R
nR13/6K
A1EPJAX
puvNLe

WA1370K
4un1376kR

BiInRA3sX

COMP

DNS
TTMP

DNSX

ANS

STA
LOB
LUA
STA
LUA
STA
LOA
CHa,
ADA
SSA
ADA
STA
LDA
JMP

LUA
LDB
Js&8
LDA
INA,
Jmp

ccn
LUA
CHMa,
ADA
Crh,
554,
JMP
CLg,
CMa,

ADA
SSA
cLB
Lua
INA
AR
ST8
$8aA,
JMP
1s2
CMaA,
JSe
§Ta

JSB
NOV
DEF
DEF
JSB
NUP
UEF
DEF

JS5B

MSG
TARS2
TEXT2
DELTA
DN5X2
DNSX
TIiVT2
INA
TT2E

05008
DELTX
DNET2
600

84
TTMP
CLEAR
Cw,I
SZA,KRSS
GOTE

CELTA
INA
DELTX
INA
RSS
L LN
INB
InNA

3P=25¢41

Cx

e,1

')

RSS
*+3
TEMP
INA
s8IBCO
TEMP#+)

DADD

TEMP
RELT

osuB

RELT
RELT

DTBI
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SKIP CHECK

RANGING WAS BAD

DO NOT ADJUST FINAL NS
ADJUST NS5 FOR PHASE SHIFT

MET CHANGE TO NS

~ PLUS CHANGE

MAKE A DEC # FQOR CHANGE

ORIGINAL NS PLUS ADJUSTMENTY

NEW N5 MINUS OLD NS
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FALE wi1a &)l shINAL AMBIGUITY REMUOVALW
¥
R
2517 Uvhbhe 2r13/0R Nner ReLT
vhla ruehd Vv1376k DEF KELT
1514 PhEnyg HYITHR LuhA RELT
vh1d  Avedh ve2n2y SS4
Wole  wukbb JNIPK4 Cmd, THa
BB W4 b7 012166k AND BB177776
vSt1h e bt Win2hia SZA
Mh1yY  Aubt) w2eh71K JHP GUTH
AD2vw
29¢1 fvaobe W3737Bw NETRY T1S8Z TRY
25¢7? wibhd Puhyvl koS
V23 BrROA DP2650A4AK JHF ()2
Bo24  VFuthh waddang LCA
nhed bbb 1Whoed7Zbk CPA TRY
voeh ived?7 w2bRNd4Ik JMF LU
vwhe /e
vHe8e aLl Nbh VALUES HAVE okbkdM CHECKED
CH29x
“huyl 767y 1207 3R JME GOOD
AH3t “vh7] peeidAk GOTS LA =Da PRINT WARNING
Pohd2 wvicle wleZila JSB PRINT
N33 Wre73 hui543k NEF WAWNN
Andd  wueb/d Wh21720R LA =2pg
nhadh e 7h wi1AT11X Jor PRINT PRINT END RANGE CHECK
ADIO PfubHZ26 BN IDHETR NEF MSGHX
D937 WHETT7 o2l dnk LUA B84
vHIB  nZes P16L11X Jon FRINT
BHIY  uZuy Mg MSEK NUP
b4yl (17U ul2obhnen JMP METRY
-
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e582
0589
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n588
o9
PHvH
¢bhol
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2593
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#H98
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nKA7un7
U716
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w715
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P727 35K
7 32NNAKR
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w727 42K
GL7230m4R
2nbann
piendux

wl1bHtdlX
WZeh726K
6404
w1633 X

G1H0H2X
G2nT726R
Ne6HIBGR
U1epnanx

Rr6dyy
nW1pA3IL X
viamadan

216701 X
W267 43K
o d4v 4
blol3iX
Bermgpy

w16K52X
vw26e743k
N6HIEAR
V16431 Xk
BaNPK

MheAqiX
w421 7uRr
B72752K
N421v2k
nw23427K
niewssx
vANepnd
B2 AW

viod3ddX
Veadun
NMA1434R
NOo3434K
N6 4w
lénanpn
WA1646K
D77436R
UModvi
15400

600D

SPCiN
NUMB

TEMPR

*RaNGE WATE AND FIMAL QUTPUTH

LOA WRADR
STA K,L
STA XR,C
ADA sD&R
STA R,TH
5TA XR,T1
ADA =2D6D
STA R,T2
STA XR,T2
cLB

JSB RDOGT

Job LINK2
JMP K,C=2
CLB, INB
JSB wDOT

J58 LINK3J
JMP R,C=2
LUb =D2
JSb KLOT

cLy
JSB ALJUT
NUP

JS8 LINK2
JMP K,T2+1%
CLb,InNB
J8HE ADJUT
NOP

JS8B LINKJ3
JMP K, T2+
LDB =Dy
JSB ADJUTY
NOP

LA MODY
AQA =209
STA NUMB
ADA =D2
STA MTEMP
JS8 DTBI
NUP

NOP

JSgd D781

NOP

DEF BT

LOA BT

CLy

OCT fPedna

DEF D1@

STB BT+2

CLB

OCT 140400
5-72

& e

oy

COMPUTE RANGE RATE CDA

COMPUTE RANGE RATE TARS 1

ADJUST RANGES BASED ON RANGE RAT

ADJUST TARS 1

ADJUST TARSZ2

CONVERT TEMPERATURE

FOR MODEM
DIVIDE
BY TEN

L %

PIVIDE




PAGE (1A wvl  «RANGE RATE AND FINAL OQUTPUT#

Yhiv  Hi765 wilE46R DEF D1u BY TEN
ean viZb8 173427 K STA MTEMP,1

nehae w7607 037427k 18 MTEMP

Bwoed vwnw’7/v 177427k STB MTEMP, I

POLd BRA771 V37d4de7R ISZ MTEMP

houd 772 VOoI4J6R LUA BT+2

Bovn /73 173¢27R S5TA MTEMP,I y
NHn/«

7 Xa1%2Xs] w774 BB 40nh cLB

DOy We/75 @77492k ST A778

NH 1N

whll w776 Vilo?22¢¥ LABLE JSR MUDEM
RO12 WVu777 vlavrtv XR,C  NOP
613 2lenn prvlne XK, T1 NOP
nh1d @Ivi'l KlvEKre XK, T2 nuP

ol S

16 wleve woi71K GOT7 LUA =08

617 Wlpwd viballx JSB PRINT PRINT "OPERATION COMPLETE"
GO1R  plura wH14AR4R DEF MSGJ3

NH19w

Woz2Y  Blviad ¥Baddnn LCa

noel Wlkae 1025610 OTA RUD

NeZZ Winw7 H2E010R JMP STKTA

WHE23%
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VOLUME I. CDA SYSTEM MANUAL

SUBROUTINES

PAGE BLANK NOT FiLidsd



PaiE

w17 wuy

2 OUBN(CUTTNESH

VO A ek ek kW AR AR RN AR A RRR D

e/« MATHS VERJFIES DATA FOINTS *
Podx AND UENDATES N(D) *
VogYw GFFSET AS NEEODED L%
W?)dl"ii**i*t*ti**t’;**t*t*i****i****i3
6ol Viviy uwed22pe  MATH  NOP
nnse i1y 167210k LDB MATH,I
NO33 Alhite 1040} Lub 1,1
Wedd  H1ild Gw77467K STE TEMP
vedd Pritta wnd78tupw ISZ MATH
nedh n1wld 1odnm) Lua 1,1
neN7  FiiktéE Arohpd IMB
Pe3IB  uYilwnt7 1776} 1R STk LOZ
NH3Y WIUN2K Vd6151K ADE =Ew4
o4 M2l 1684dp1 e 1,1
¢odl  n1Age 1/77411R STe LOUC,I
Vo4
MWhdd UIv2Yd 15711 UR LOB MATH,I
nbad Plel2d UI?G 1k ISZ MATH
Pedd Pined ©/7412R STk DEL
Wbéd ALnlde 167412R LDB DEL,I
@647 Ble2) veeuy? INH,S5ZR,RS8S
R Yo DIR3y w7 PH7R JMP DUNEY=#1Q
Lo
LHOL  VINd1 Vnldbpa ces
A651  @1Yd2 Y7843k 5TA T,1
gehe w1633 Oudvaag CMA, INA
nenhd wvwikdd 143412k AUA DEL,I
whdd DIVID Yusniadg CMA, INA
Wess iwdb BE2ALZY 5854
UBbbd  1nd7 anedus CLB,INB
wHs7  mMlydiy B77413R STB NV
wbES5aw
659 ying)l nvghan S58A
dhey Blut4e viessing Cha, INA
Boh Glvwdd Paza22R ADA MIXC
VEbe ©W1kd44 Lu2u2h $SA
NABI B1edd P27250K JMP DUNEY
ne6ed Ylrae ArPOR3 SZA,RSS
Beed lnd7 “27556R JMP DUNEY
VeHE P15 PWd2421K ADA MIXB
VEAR7  Blubdl ng2deuv SSA
BH6eE  V1vide W27e61R JMP BAOD
Boeb69 PNI1VHY 1b6/411K Lo LOC, I
WH670 A1uvud4g H474313R ADB MYV
U671 WViledd 177411R 5T LOC,I
672 Y156 V634A3R DONEY LDA T,I
WB73 NM1KS7 178412R STA DEL,1
674  Niv6N 12701¢eR - JIMP MATH, I
0675 o1ool WBSduyn - BADD CCA
ne7265  KB1pee BR73BIR LDB TEMP
06677 V1vBI 17x411 $7a 1,1
Wh78 0164 WS6HBSX CPB CDA
Gn79  wnined d27057R JMP DONEY#+1
26BN Wipbb A5HAPN6X CPB TARS1
n681 Viv67 Pe7@57R JMP DUNEY+
p6E82 Ui/ vondpZX CPB TARS2
5-76
‘?ﬁé/‘r Sy

iy

ADORESS OF DATA

T READING
POSITION TO N COUNTER
POSITION OF N(S3) OFFSET

GET LAST N(5)
N(5,1)sN(5,I=1) INITIAL PPINTY FO

T(ESTIMATE) ADDRESS
ADDRESS OF ESTIMATE

COMPUTE T(I)=T(l=1)

POSSIBLE CHANGE TOD N(5)

ABS(T(I))
CHECK FOR PHASE SHIFT

CHANGE N(5)

UPDATED ESTIMATE STORED FOR NEXT
IF THE PPINT 1S BAD,

RETAIN LAST EST

CHANGE T(I) TO «{ TO INDICATE

o

) A

e vtatnt

F AN




FAGE

VHK3
nesa
0whes
noke
neay?
Ao88
neKo
Ul X 10

neo9e
0whH9d
A694
A69YS
w686
697
2608
Uh9G«
N7206
Q701
w22
P7v:3
hn7¢4
w7ed
A7Vo6
Qzy7
n7es
nw7ny
0710
n711
w712
0713
714
w713
9716
8717 %
N718
n719
p72¢
w71l
@722
0723
w724
vres
w726
nz7e7
w726

a73n
w731

niig =

wie71
ninze
winzd .
ninr a4
niazd
ginze
niuz7
niivy

witvil
v1loe
nitny
All144a
uwltind
“1190
ALin7

wigie
1111
niire
1113
wilt14
w111d
1116
wli1?
niien
n1121
¥1122
21123
1124
n112h
21126
piiez
w113y

1131
B1142
w1134
n1134
w1135
a1130
w1137
1140
n1141
"wi1142
1143

1144
n1145

Wl =SUBROUTINESH™

BR7A37R
R4615LR
160001
npeneo
127213R
WA340n
170301
1277214R

pReAAA

W73366R
n3216A2R
112617

W63646R
n16p13Xx
127121R

prenng

163110R
211K
073130R
163110R
03711@R
n73142R
o241 X
05218uK
127118R
ne2as7x
w16a53X
UA3JL6R
n32162R
102617
nl7326K
nuLnEY

ne244d1Xx
052166R
12711@R
W62172R
Vw16AS3X
WE3366R
N32161R
102617

v17326R
AARANA

127110R

12200
W7 3430R

TUKN

FNL

L28R

« 35K

CALPTY

JMP
ADB
LUA
884
JMP
CCA
STA
Jme

NOP
STA
10K
0TA
LDA
JSb
JMP

NOP
LDA
182
STA
LUA
182
STA
LDA
CPA
JMP
LDA
JSH
LDA
TUR

‘OTA

JSB
NOP

LOA
CPA
JMP
LDA
JSB
LDA
I0R

0TA

JSB
NUP
JMP

NOP
STA

DONEYey
LI LY
1,1

MATH, I

1,1
MATH, I

LOOPX
s84000
RX
Dio@
ETIME
TURN, I

FNL,I
FNL

« 28R
FNL,I
FNL
«35R
MODE
aB4
FNL,I
BB283
RUDOT
LUOPX
s84009
RX
CTR

MODE
sB2
FNL,1
=841
RUDOTY
LOOPX
282000
RX

CTR

FNL,I

SAVA
5-77

WHERE TO PUT CNTR READING
283 READING

38 READING

RETURN IF MODE C
283 '

RETURN IF MODE B8
35 TO CNTRS

EXIT




PAGE 2019 w01 wSUBROUTINESH

0732 21146 B67542R LDB M8S,

P733 21147 002003 SZA,RSS L‘
0734 D11%G VOTB40R LDB MS4 i
735 0115) eennte SLA

0736 31152 @O67544R : LDB MS§5

8737 Q1153 @77156R sSTB PRR

B738 81184 ©62170R LDa =D9 . g
2739 Q1155 wv167M11X JSB PRINT PRINT YCALIBRATION VALUES" '
W748 21156 QV¥AAGR  PRR NUP :
p7414 V13157 Wb217 3R LDA 3H=l NUMBER OF LINKS

@742 V1160 17341 4R STA REF

2743 V1161 ©H6/7430K LDB SAVA

n744 A1102 VOI62/K LDA X35

RN745 V1163 pU6RALY SZB,RSS

@746 01164 P6EIS566R LDA ,35FD

747 ¥W1165 Q14NN sSLB

U748 V11606 D6EI610R LDA Ni

W749 1167 @B73206R STA VAL

p75n W117¢ 2632428 CALL LOA TAB

w751 V1171 P43414R ADA REF i

W75 w1172 @02204 INA POINT TO HEADING

P753 L1173 16000 LOA U,I

w754 W1174 L7 3IV77R §TA HEDV

P755%

W756 WN1175 v621508R LDA =D4

BW757 Wi1176 2164A11X JSB PRINT PRINT APPLICABLE HEADING

w758 1177 vuAdog HEDV - NOP

0759« -
€760 1200 G67434R LOB SAVA o
@761 120y 262151R LOA EBw&

p762 01202 avoppd S$78,RSS

@763 B1243 0621064R LUA =B=5

U764 01284 P73373R STA CNT

W765x%

B766 A1205 B16021X JSB DDTA DECIMAL TO ASCII CONVERSION

w767 W1226 vuaNan VAL NOP

2768 212007 PN1474R DeF STORE

769 Q12i9 ©B6217@R LOA =D9

B77% - Q1211 V161X JSB PRINT PRINTY APPLICABLE FIXED DELAY

8771  ©1212 QU1474R DEF STORE

W77« :

@773 V1213 vub6I2W6R LDA VAL

0774 01214 B42150R ADA =D4 POINT TO NEXT VALUE

B775 ¢12id ©O73I206R STA VAL

w776 1216 ©37373R ISZ CNT

8777 V1217 0272e5R JMP VAL={

n778x% ,

@779  @1220 ©37414R 182 REF

P78 Q1221 QAu20ay RSS

w781 V1222 MR723I6R ‘ JMP CERRK

782 01223 ©W6IA14R _ LOA REF

w783 01224 ©W42436R ADA B3

B784 01225 ©B53431R : CPA LINKS ’ ‘E?
785 ©1226 P27236R JMP CERRK e
V786 ©1227 @67430R LDOB SAVA

2787 1230 vo6QA1} SLB,RSS

p788 ©¥1231 @27170R JMP CALY

5-78

ERE RN S BRI OISR




PAGE

nz289
p799
n791
792
V793
w794
0795
N748
n787
p798
A799
Q8pn
anpl

ABES3
bBW4
a8y
URupo
Qay7
w8ns

nB1
PE11
2812
w1y
pBld4
2815
0816
n817
pB818
n81s
neen
w821
ne22
pneed
2824
n8ezs
0826
nB2?
0828«
@p8e2s
r83¢
©v831
©B32
PB33
N84

2021 84l «SUBROUTINESH

01232 P6I216K LDA VAL

A1233 v42171Ww ADA uD8

1234 0B73206R STA VAL

1248 P27170R JMP CAL1L

V1236 P63417R CERRK LDA ERRFZ CK FOR COUNTER ERROR
01237 vu2ane SZaA A
N1240 V27322K JMP TIMOT COUNTER ERROR

N124) 1273144Rr JMP CALPT,!?

w1242 BR1245K TAB DEF w¢3 MEADING TABLE

V1243 1450k DEF REDC

Ai2d44 VE1454R DEF HEDT1

M1245 H@1460R DEF HEDT2

B12dn Ananan  FND NOP

W1dd47 Bd2174R ADA sDm=10000Q

niz2hen wuzp2tg SSA,RSS

highl 927247K JMP am?

1252 pw42175R ADA sD1OGR0

P1253 127246R JMP FND,I

21254 vidMwve STAT NOP

81255 163254KR LDA STaAT,!I ADDRESS 0OF BUFFER
@1256 Y37254R 182 STAT ‘
v1257 vv2004 INA

Pl1e6e LoelnA LOA ©,1 STATUS WORD

21261 @wunanr2l SSA,RSS READY?

B12R2 B27276R JMPF CKO NDO RETURN TO REJECT POINT
V1263 ©37254R ISZT STAT YES:T BUMP RETURN ADDRESS
1264 462Q15X LDA DONE

V126s e2n2y SSA .

n1266 127254K JMP STAT,I ALL READINGS NQT COMPLETED
1267 GO6IAUOR LDA PRIOR

V12706 QW2ADB2 SZA

BW1271 127254R JMP STAT,I

w1272 Q16426R JSB LAST ALL READINGS FINISHED
nia73 vEe34en CCa

B1274 27340456R STA PRIOR

A1275 127254R JMP: STAT,1

V1276 62236X CKO LDA TTYDA

01277 €83402k CPA STARA

P13ne A26047 X JMP . ABORT

@13v1 NBILITR CPA XXX

01302 V26747 X JMP ABORT

P13R3 127254R “JMP STAT,I




PAaLE w2l =m0y

vBy6
n83z
nedsk
P8a3s
n8de
neay
2842
0B84y
Nhad
nBas
neak
hba/
vl 4s
waay
g Rel¥
1851
wase
hHhhY
prhHd
nehh
nesSn
ikh7
wBosH
neLY
nE6ep
vaey
hy62
WH6 3
28604
URED
peee
X-1-04
hWabbd
BHOO
w87
a2l
w872
we73
ne74
w875
waze
we77
nK78
WK78
UBss@
neyl
aBs2
nesd
wBHE4
p8ES

*SUKKNUTINES«

B1dvid wuvknim  STATL NUP
M13nh Mokieonk Los
1366 wh2dun CLA
Bid7 w72710X STA
G131y d02715X STIFF LDA
N1311 av2021 SSA
A1912 1273p4R JMP
A1313 9134w cea
vwidld phedtuX CPA
Vw1315 buzfat RSS
w1916 W2731uw JMP
21317 vnnedn7 INB
nidap we20p1 kSS
BI1321 627 31HR JMP
1322 B2176K TIMOY LDA
W1ded vw16uat11X J88
1324 ?V1441K DEF
nLu2h V26047 X% JMP
V1326 AYR2eY  CTR NOP
w1327 puedpn LLA
B13d3l 73417k STA
1331 1n3326R LDA
1332 L37326KR 182
71333 ¥7333/R STA
B1334 910041 X JSB8
P133h veuripyd GCT
V1336 9we7334R JMP
n1ds7 wvrpihvn  CALL NUP
134y pldougy NOP
Widd41 ©V173n4aR JSH
1342 PHHI43LK LDA
V1343 @udnpg CMa
1344 n73101R STA
W134D UH21738R WINT LDA
V1346 V7 3246R STA
vil1347 16/7337K Log
WI3dsH Gl6Ang INB
21351 160001 LDA
V1352 uveadpe SLA
13538 N2738uR JMP
P1354 N3/ 246K 182
V1355 U273s5unk JHMP
N1356 037417k 152
Blob7 127326R JHP
21368 “37337K NCK 182
1361 B3IZ1IBIR 182
Y1962 N27345R JMP
N138bd 127326K JHP

5-80

IB-2

TMARK
DONE

P RSS
STAT1,1

TMARK

STIFF
' SZB,RSS

STIFF=2

£D7
PRINT
CeERrR
ABORTY

ERRFZ
CTR, I
CTR

CALL
«10C.
20003
e

STATH
LINKS
» INA
TURN
=0e=3
FND
CALL,IX

1,1

NCK
FND
L2
ERKFZ
CTk,1
CALL
TURN
WINT
CTR,1I

SET TIME OUY STARTY

READING FINISHED?
YES? RETURN
NO? CHECK TIMEOQUT

TIMEQUTY

CK FOR @ READING

COUNTER ERROR FLAG

IR,
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PAGE

n2e \ud

nboB
PHBY
nRap
B9l
PRG2
RYJI
0By
n8ubh
neGH
wHG7
ARQH
wH9y
napn
MECTIR |
“nowne
aynd
nor4d
hors
nanb
AQE7
GYES
yygry
w91y
4911
nol1e
"1y
w914
Nna1bd
0watib
noi7z
note
woja
nyem
Baey
woeez
?ra2d
nYe4
2Q2b
noee
nea7
pa28
ngaa
no3e
noedl
B3
%933
NQ34
wYads
na3o6
Qne87
noan
naazy
nag4u
nod
nP42
nwaag
no44

wakhld

niahda
1305
n1oH6
W13h7
niazo
n1a74
d1475
213576
yidue
n14ud
ni4¢d
dr1awh
niavie
widn?
41410
w1411
widire
vwi413
#1414
nidlo
41416
widi?7z
widz2y
£1421
uw1422
w1424
nid424
wid4z2b
1426
wiaz7
vit 4381
w1431
1432
01433
#1434
w1497
1440m
1441
nw14dbp
w1454
146y
nidbd
nid74
"wivnd
n1d1hk
n1ba7
01540
h1hd4dt
w1542
11543
niv47
nibb/
uihew
Bibobl
nihee

hartien
NGRS
VARG
Wl
WEQaAnd
nAgAnin
b
Uiy
wasbriet
uapany
Vanhan
tvinepn
UEMN4a/R
BERAT TR
We2i27R
A pn
L)
e ran
BhvAny
Buyann
Ui Par
Nnanrge
tuAga
RN
hourpe
DeAGRG
wnunang
Lvinrdng
Apnm
BINAr R
NHAA R
naarnd
Auneyf
Dharne
Wuhaey
wevdbe
hewntd?
na15y7
hewingn
vewiz24
wewizd
251111
Povtdy
as111l
was111
GAnS1H
V3150 5N
Le1hern
gr1510oK
WH3sal
nh1116
namy a7
dN14b7AR
¢v1d8aRr
I AGAR

5-82

RUD EQuU
SUP
LOOPO 0CY
LOOPYT OCT
LOUPX NOP
TEMP BSS 4
CNT NOP
ACNY NOP
TRY NUP
RELT BSS
STARA ASC
Tol NOP
CNTR NOP
PRIOR NOUP
DNBC  DEF
PDNSTL DEF
UNBT2 ORF
L.0C NOP
Del NOP
NV NOP
KEF NUF
VELTA NUF
DELTX NOP
ERRFZ NOP
TCt NUP
TTIE NP
TT2E NUP
TEXC NOUP
TEXT2 NiUP
TEXTL NOP
CK HUOP
MTEMP NOP
SAVA NOP
LINKS UCT
A778  NOP
UKFLL NOP
BT BSS
XXX ASC
ocY
CERR ASC
HEDC ASC
HEDTY  ASC
HEDT2 ASC
M8G3 ASL
STORE ASC
MSG4 ASC
M8LE, A&C
MSGE A4
MSa DeEF
MSH OEF
M55, Deb
wARN ~ ASC
MSGEX ASC
0CcT
M1 DEF
M2 OkP
M3 HEF

*xCONSTANTS AND WORKING STORAGEw®

158

126
71

NSC
NST1H
N5T2

3

1,%wn

en13y

7)COUNTER ERROR

a4, CDA

4, TARS 1

4, TARS 2
8,RANGING COMPLETE
* ;
S,FIXED DELAY VALUES
Q.,FINAL AMBIGUITY
9, AMBIGUTITY VALUES
M&G4

MEGS

M3GY,

4, WAKNING?

B,RNG INCONSISTANT ‘ ﬁ
20137
MEDC
HEDT1
HEDT2



PAGE wn2d #@l *CUNSTANTS AND WURKING STORAGE«

¥945 Y1563 vvanren TITC NOP
.. v946 N1564 AvYAR2 TITTL NOP

- @947 01565 ovpoea TITT2 NOP ;
948 w1566 YV1727R ,35FD DEF ,35CF é
949 1567 VN1753R DEF ,35CFe+20 ;
w952 P157v ee1777R DEF .35CF+40 i
0951 81571 0U1733R ,28FD DEF ,35CFed |
VY52 ©¥1572 UW17S57R DEF ,35CF+24
@953 21573 ¥N20R3R " DEF L 35CFedd
@954 w1574 0W1737R ,39FD DEF ,35CF+8
e85 ©¥1575 gN1763R DEF ,35CFe28
0956 ©1576 0R2007R DEF ,35CF+48
W957 21577 001743k ,27FD DEF ,35CFe12
wW9SE B16uK PN1767R DEF ,33CFe32
959 ©1641 BW2AL3R DEF ~,35CF+52
PO6U  D16UZ UW1747KR ,20FD DEF ,35CFe16
V9Kl QP1AU3 NY1T773R DEF ,35CF+36
nyue2 21604 BU2017R DEF L35CF+56

P96y  k1bud VU2A23Kk N,VAL DEF NOCD
964  n1b606 wii20853R NAT1 DEF NACD+24
BORD  M16017 GP21V3R raTe  DEF NACD+48

966  Liblyv L2227k Nt DEF NOCDe+4
2967 wibll P2057R DEF NUCD+28
“9BE Mnibl2 VNZIAZR DEF N@CDeS2
n969 N1613 VVW203I3R N2 DEF NOCDe+8
V97u N1614 PUPBIR DEF N@CDe+32
Y971 1ibls Yvu2113R DEF NOCD+56
c W72 V1616 PU2@37R N3 DEF NOCD+12
- w973 @1617 QN2067R DEF NUCD+36
V974 21620 PU2117R DEF NACDe+60
@975 01621 UP20438K N4 DEF NUCD+16
Ne76 Q01622 YN2R73R DEF NOCD+4n
R977 016238 PN22123K DEF NOCDe64
PO7H  A1624 Wu2R47R N5 DEF NOCD+20
¥979 01625 QU2077R DEF NOCDe4s
WOBA 1626 VV2127R DEF NQCD+68
WOB1 1527 WULI647R X35 DEF AMBIG
n982 1630 VYAI6E67R DEF AMBIGeiS6
NOB3 @1631 WALZ7L7R DEV AMBIG+32
WOBA V1632 KNLI653R X28 DEF AMBIGe4
¥985 1633 PUI673R DEF AMBIG+20
neBO 01634 PP1713R DEF AMBIGe36
@987 21635 PN1657R X39 DEF AMBIGe8
PC%B  P16386 QWIB?TK DEF AMBIG+24
P9BS 01637 MeL717R DEF AMBIG+40
2999 164V AV1663IR X27 DEF AMBIGe+12
0991 1641 QUI7R3R DEF AMBIG+28
N9Y2 V1642 PRi723R DEF AMBIGe+44

@963 01643 AURAYA  RPTS BSS 3
V994 1646 YbRB12 Di1@ DEC @
W9S5 V1647 WVPAVY AMBIG BSS 48
wyvv6 V1727 vwherap  L3I5CF BSS 6@

e ¥997 02P23 MNIARW  NUCD BSS 72

B 0998 n2027 NIC  EWU NOCD+4

- 2999 02057 N1T1 EQU NOCDe+28
1uag  v21n7 N1T2 EQU NeCne52
10t w727 .35FC EQU ,35CF

5-83




PAbLE ped H0Y

1rn2
1803
1A 4
1005
1060
10u7
108
1Upg
1210
1l
1012
1("\ 1 \5
1714
1015
1116
1ny7

1118
L3 ]

w1753
nwyzz7
nawn4?z
nwewzz
ne1e27
A1647
w1667
wizu?
w1747
N1773
w17
r21d0
w2134/
hP143
anetr?7

vidl47
421350
nwa1al
2152
V2159
ne154
W215%
peldo
Wa21s7
2169
Wel161d
w2162
wr164
pelod
W216h
ne2lobe
neyre7z
na2470
w2171
02172
rt173
welrza
uei7h
W2y’

NO ERROKRSS

ANCEGBR
Byditon
pangan

Buigl1b
nhaving
17777a
VeWl2a6p
nanaza
wuELLn
wihves4
177474
1A701 0
Runrpe
Wn2nng
Bnanpua
177777
177773
173074
17777¢
Withtle
banrll
wgpe1e
LPVEal
177775
154360
neddqen
bernanz

«35F ¢
«35F2
NSC
NHTY

N5T2

X35C

X35711
X3bT2
«2VFC
W 20F 1
W 2NF2
NSXC

NSXTL
NOXT2
RX

5-84

M o e

AN
EGU
EQU
EGL
EWy
EQU
EQu
EQuU
EGU
EQuU
AT
BSS
BSS
BH9S
Ewy
UNS

END

*CONSTANTS ANU WORKING STORAGEw

+ 35CF+20
«38CF+49
NACD+20
NQACDe+44
NACD+68
AMBIG
AMBIG+16
AMBIG+32
«35CF+16
o 35CF+36
c35CF 586
4

4

4

178

AMD ASMB,25117=442518




VOLUME I. CDA SYSTEM MANUAL

ADD AND SUBTRACT - FULL PRECISION
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PAGE Qd0@2

o001
JoRLR)
nANa
AR s
BAQE
ANA7 »
pens
wans
ARt
AB L=
patLe
VRl R
014
anLs
nALH
nnay7
pa1s
AA19w
nazga
pazt
w22
23
nn24
BRess
an26
naz7
an28
na29
@aA3u
A3t
an32
2433
An34
an3s
nB36
nr37
pa3s
Q039
N4 w
2N4l
0R42
nN4AY
ANnaa
pR4s
PN46
npayz
paa8
BA49
pn50
0514
2R52x
fns53
ABr54
aess
aans
nas7
pAs8

oL e

eaano

a0
AANny
anane

aaand
anGa4
2ANAS
2a0n6
2AQn7
ena10
LR

ganle
neeLs
annt4
20015
eeatLe

anaL7
nnp2e
gve21
pap2z
2n@23
eNB24
an@25
anQ26
nna27
enadon
oAl
20032
Pe@33
29nd4

20035
22036
aan37
Negad
age4ay
ANR42
nR@edsd
02044
A4S
PQA46
ana47

AUR50
LR R
29052
neasy
22n54
aenss

ADD AND

aganeaq
M16353R
n26@12R

waaaon
@16353R
B62520R
aa1500
po220n
2016002
W72500R

B66523R
wa7um4
B46522R
an6221
A26035R

@62476R
08647 4R
016415R
A62475R
P66478R
A16415R
A6247 4R
@66475R
A164§5R
B62522R
A6B523IR
@72523R
@76522R
026212R

A47522R
B62522R
nB2n2y

P26166R
A62476R
an6021

Q261 60R
ea7000

B47522R
A7653¢R
016466R

@363531R
an2o0a1

Q26NA56R
ME2475R
@16449R
R2EN5AR

SUBTRACT = FULL PRECISION w» 2JAN7S

ASMB,R,B,L
NAM MATH
ENT DADD,DSUB,DTBI
ENT DMUL,DDIV,MOVE,SHAME
EXT CLEAR

DADD NOP
JSB UNPAK
JMP ADMUP

DSUB NOP
JSB UNPAK
LOA Y
ERA
CME
ELA
STA Y

AOMUP LDB EXPY
CMB, INB
ADB EXPX
§5B,R88
JMP ADDEM

LDOA AX
LDB TEMPY
JSB MOVE
LDA AY
LDB AX
J8B8 MOVE
LDA TEMP{
LOB AY
JSB MOVE
LDA EXPX
LDB EXPY
STA EXPY
STB EXPX
JMP ADMUP

ADDEM ADB M1J
LOA EXPX
SSA,RSS
JMP CKPL

NICE LDA AX
88B,R88
JMP FLOPY
CMB
ADB M13
8T8 SHFCN
JSB GETU

LOOP ISZ SHFCN
RSS
JMP CALC
LOA AY
JSB SHAME
JMP LOQOP
5-86
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¥

PAGE

2n59w
2060
nasy
0062
2063
da64
2065
2N66
067w
an68
2269
pn7e
20714
NB72%
pezy
ea74
nazs
476
an7r?
2078
A7
2n8n
N8y
2082
A8
AnB4
ANAS
ange6
oa87
2088
P089
099
2091
2002
o293y
PAOLw
AR9s
2A96
2097
2098
2799
2{0a
212w
o192
2103
g104
nLas
2106
eLa7
2198
2109+
21102
f1t
g112
2113
2114
21158

* ADD AND SUBTRACT « PULL PRECISION « 2JAN?S

2003 wat

ANOS56 @A62537R CALC LOA SIGND
20057 oen@10 SLA

200690 226211R JMP DIFF
20061 2628M4R LDA Ye4
20962 @72828R 8TA TEMP+2
20e63 252508R LDA YeS
¥oa64d 072527R STA TEMP#3
dA065 pa240@ CLA

27686 @72533R STA BING
2267 Q63535R LDA Mi2
20Q7Q@ 072524R STA TEMP
00071 262511R COVY LDA Xe3
NAN72 012546R AND B1?
200073 B72532R STA BIN
20074 B6525A3R LDA Ye3
29275 B12546R AND B17?
ANA76 B42532R ADA BIN
A0N77 @42833R ADA BINg
P0100 P43534R ADA MiQ
202131 002020 S$3A

AN1A2 B26163R JMP LESSY
2103 Pv6404 CLB,INB
e2104 @76533R COVY!L STB BINt
PR185 912546R AND B17
20196 @72532R STA BIN
PN107 B862477R LOA AZ
V110 916440R J8B SHAME
20111 @62532R LDA BIN
An112 401323 RAR, RAR
20113 221323 RAR,RAR
@a114 A32515R IOR 21
0115 A72515R STA Ze¢!
PN116.362476R LDA AX
02117 A16440R JSB BHAME
eMi120 062473R LOA AY
00121 @216440R JSB SHAME
00122 03I6524R 187 TEMP
AN123 B26071R JMP COVT
2n124 B362526R LDA TEMPe2
20128 @7252@R STA 2e4
90126 962527R LOA TEMP#3
06127 @72521R 8TA 248
27130 @62533R LOA BINY
20131 202003 8IA,RS8
00132 226144R JMP NEAR
2M133 262477R LDA A2
PA134 016440R JSB SHAME
PR135 262533R LOA BINY
22136 @01323 RAR,RAR
22137 241323 RAR, RAR
fR14p A32515R I0OR Ze)
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PAGE

ARE
2117
n118
PL1Gw
w12n
0121
122
7123
2124
P128w
125
0127
nies
A129w
2139
n13y
132
D133«
2134
2135
"136
3137
P138wn
A139
214
m141
D142n
w143
NL144
A145
n146
nL47
148
B149
2150
A151
m152
2153
“154
2155
D156
8187
@158
2159
2160
P16t
N162»
2163
2164
n165
168
w167
P168
P169
@t17e
2171
n172

any77

R4 w01

eu14t
00142
AN143

272515R
A36522R
eannan

0L 44
Pn145
PRAL46
eny 4y
2A150

262506R
206420
poo0sn
anenn4
A7651 4R

20151
20152
An153

A67535R
#62477R
A172782R

en154
enys5s
PR4156

W172%56R
03251 4R
07251 4R

20187
no16@
vei61
pn162

N62477R
Q66536R
21641 5R
{265353R

PA163
PR164
07168

#06400
43527R
B26104R

en166
20167
eaL7a
L7y
ant7e
20173
20174
0n175
anL76

00304
Q42523R
02021

A26041R
062507R
01700

#12546R
@p2002

3268041R
Aa7402

2n2a2 B62476R
02201
Qn292
nR293
an2e4
Q225
onans
AB207
20210

B17256R
o780

Q6250A6R
P128547R
gleandy

N72506R
#26Q12R

@63531R
B72542R
P62476R
572540R
86247 5R
N72544R
36540R
PI654LR
1625408R
1665414R

gn21 4
pazie
o2y
2214
AR21S
nuz16
eB21?
aa229
pee2y
ar222

217270k

NEAR

ALMOY

FLOPY

LESST

CKPL

OIFF

SSA

STA
182
NOP

LDA
cLB8
SLA
INB
$T8

LDB
LDA
J3B

Jss8
I0R
8TA

LDA
LoB
JsB
JMP

CLB
ADA
JMP

CMA,
ADA
SSA,
JMP
LDA
ALF
AND
SZA
JMP
cce
LDA
JSB
JSB
8TA
LDA
AND
IOR
STA
JMP

LDA
STA
LOA
STA
LDA
8TA
182
182
LDA
LDB
5-

% ADD AND SUBTRACT « FULL PRECISION « 2JAN?S

- %

-y

¢4
EXPX

Mie
A2
LEFT

REVER
z
4

AZ
ADRZ
MOVE
RETN,I

10
COvTy

INA 5
EXPY

RSS

NICE

X+

B17
N1CE

AX
LEFT
REVER
{

X
B377
$

X
ADMUP

M3
CNT

AX
UNITX
AY
UNITY
UNITX
UNITY
UNITX,I
UNITY,!
88

2
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PAGE QM025 #@1 « ADD AND SUBTRACT « FPULL PRECISION « 2JAN?S

2173 00223 002020 884

2174 Q0224 B263I34R JMP XY
175 00228 02520 888

Q176 00226 P26243R JMP YBIG
2177 020227 007204 COMPL CMB, INB
2178 90232 242001 ADA
?L79 @023y Q0p2020 $8A

A180 00232 A28245R JMP YBIG
2181 @am233 aa2pM02 81A

182 00234 B28343R JMP XB1IG
2183 020235 036542R ; 182 CNTY
P184 @AQ@236 Q26217R J4P 884
0183w

8186 020237 B625Q04R LDA Ye+4
2187 Q0240 O665M5R LOB: Ye5
2188 00241 202003 8ZA,R8S
P189 NR242 206002 L ¥4

B190 M0Q43 P26245R JMP YBIG
0191 QM244 Q26154R JMP ALMOY
A192»

193 70245 062475R YBIG LDA AY
194 ©QB246 V685478R LDB AX
@195«

M196  QANAR47 B72532R V,, 8TA B1G
2197 Q02%02 A7685533R STB SMALL
P198 Q02851 Qu24p00 CLA

2199 Q@252 QA72554R STA CB
N200 Q253 V63I325R LDA ,8
B201 Q0254 B72544R 8TA TEMPA
P202 ©O0255 @62582R V,.., LDA BIG
9203 020256 QA42544R ADA TEMPA
0204 02257 1600020 LOA @,1
2205 00280 A72532R STA BIN
@206 Q@A261 QA625853R LDA SMALL
P207 DA262 042544R ADA TEMPA
8298 00263 160000 LDA 8,1
@209 .0B264 @72533R STA BINI
0210 PQA265 B63I5I2R LDA M4
0211 0Qu266 QA72545R STA TEMPE
2212«

P213 020N267 B6233I2R V.eea LDA BIN
P214 20272 B12546R AND BY?
9215 097278 042554R ADA CB
9216 20272 2068440 cLe

0217 00273 Q2765854R 8T8 CB
2218 00274 2R2020 $8A

0219 0©V275 B16346R JSB NEG
9220 0QA276 @70Q01 STA ¢
@221 @@277 A62533R LDA BIN{
0222 0onlPQ B12B46R ‘ AND By7
2223 90301 003004 CMA, INA
n224 023302 R4pany ADA
p225 00323 222229 $SA

0226 02324 Q16346R J8B NEG
P227 « ;

P228 D235 B88477R LOB AZ
P229 Q0306 Q468544R ADB TEMPA
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PAGE

0230
N231
nade
n233
N234
n23%
2238
@237
n238
n23v
a249
neat
0242
n243
na244
R245
N246
w247
n248
NP249«
P25»
p251
252«
283
P54
p255
n256
8257
N258
n259
d200
pest
p262
0263
P264»
B265%5«
p266
3267
P268
n269
n270n
271w
B272
n273
p274
P275
p276
naz?
@278
B279
@289
n281
n282
n283
$284
A28s5
N286w

QA6 ~ay

aadaz
22310
A3t
U B
00313
2n314
AR3LS5
Pa316
an3y?7
n2329
@ad21
nal32z2
nA323
pe324
223325
AN326
w32z
AR330
R334

Pn332
22333

01334
2an335
2a336
2n337
an34n
N34}
AA342

AB343
aR344
0B345

- 8346

00347
AN3Se
29351
an3se

29353
AY3IS4
@2355
@356
22357
23360
aA364
AN3I62
po36y
aAd64
an36l
Ba366
wa367
00370

130001
Quy323
211323
{70001
2682532R
221323
nn1323
@72532R
B62333R
221323
201323
P72533R
B3B545R
@26267R
2034027
N42544R
B72544R
pe27Q2
M26255R

162552R
2261 45R

pesn21
B26343R
BR1640
vo15020
eA5640
en5548
P26227R

P6E2476R
06647 5R
226247R

oovaRe
Q07402
M76354R
P43527R
126346R

eneoan

A62333R
B43530R
160000

A72555R
160000

N72534R
@3I6ES55R
162555R
B72335R
@3I6555R
162555R
B72536R
@36533R

Xy

XBIG

NEG

UNPAK

* ADD AND SUBTRACT « FULL PRECISION ¢ 2.JAN?7S

I0R 3,1
RAR,RAR
RAR,RAR
STA §,!I
LDA BIN
RAR,RAR
RAR, RAR
8TA BIN
LDA BINY
RAR,RAR
RAR, RAR
STA BINt

181 TEMPB
JMP Veena

CCA

ADA TEMFA
STA TEMPA

SZA
JMP V,,.

LOA B1G,1
JMP NEARe{

S8SB,RSS
JMP XB1G
ELA,CLE
ERA
ELB,CLE
ERB

JMP COMPL

LDA AX
LOB AY
JMP V,,

NOP

cce

STh CB
ADA ,10

JMP NEG, I

NOP

LDA UNPAK

ADA M2
LDA @,1
8TA RETN
LOA 8,1
STA ADRY
1SZ RETN

L.DA RETN,!I

STA ADRY
I18Z RETN

LDA RETN,I

STA ADRZ
I8Z RETN

5-90
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FAGE @207 @1 w» ADD AND SUBTRACT e FULL PRECISION s 2JAN7S

0287 08371 162534R LDA ADRX,I
0288 020372 A16430R J&B EXP
0289 ©0373 ©72522R $TA EXPX
2292 00374 162535R LDA ADRY,!
A291 00375 B16430R - J&8B EXP
w292 00378 072523R $TA EXPY
2293«

N294 Q2377 962534R LDA ADRX
0295 Q04700 P664768R LOB AX
P296 Q@401 O16415R JSB MOVE
2297w

N298 Q0422 26253I5R LOA ADRY
9299 BN4BY NB6475R LDB AY
P30A ©04P4 PI64YISR JSB MOVE
P31 w

W3I22 @N405 O66477R LOB A2
P3INI QAQ4N6 A62551R LOA .8
N304 Q2407 216004X J8B CLEAR
2305 20410 B72512R STA Xed
AIB6  GN4Ll A72513R STA X5
A367 00412 P72504R STA Yeu
23635 00413 @d72508R S$TA Y5
Q309 VR4t14 §26353R JMP UNPAK,1}
231w

P31t QA415 202902 MOVE NOP

312 QR418 M72556R 8STA PROM
P313 Q2417 B63832R LDA M4
0314 0R420 B72%42R 8TA CNT
A315 020421 162556R UP LDA FROM,I
316 Q422 1789014 $TA {,!I
2317 DA423 AIBSSER 187 FROM
A318 MN424 PAGOR4 INB

83190 0M425 P3IB542R I18Z CNY
0320 PPA426 P2B421R JMP UP
A321 @R427 126415R JMP MOVE,1
8322«

0323 . PQ437 Q02230@ EXP NOP

9324 0431 200066 CLE,ELA
9325 @P432 001300 RAR

326 Q0433 no1727 ALF,ALF
0327 0QM434 B12547R AND B3?77
N328 QQR43I5 PA2049 SEZ

03290 00436 9@3004 CMA, INA
AI3B 00437 126438R JMP EXP, I
2331w

0332 00A440 P0Q000 SHAME NOP

2333 0N44l PR2004 INA

R334 Q0442 Q72B44R STA TEMPA
B335 QR443 P63SIIR LDA M5
P3I6 Q0444 072843R " 8TA CNTH
P337 ©@R445 2@2400 CLA

A338 QN446 D72%545R ~ 8TA TEMPB
A330w

N340 0QRP447 Q06420 (L OOPL CLB

0341 00450 P6IBI2R LOA M4
P342 7202451 B72842R STA CNT
343 00452 162544R LDA TEMPA,! . .
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PAGE

0344
0345
R346
n34r7
2348
@349
0350
2351
m352
0353
2354
0355«
n356
n357
n3s8
P359
2360
2361
B362w
@3ISIw
B364
n365
n366
#3867
2368
@369
2370
@371
p372
7373
2374
2375
n376
9377
n378
2379
2380
2381
@382
2383
2384
@385
@386
A387
n388
@389
P390
2391
#392
2393
P394
”395
@396

ouns #py

nad4s53
pa454
20459
Bnass
0437
02460
nad46y
PA462
Bn463
a0484
ANR465

AN466
PA487
AR47o
Bu471
pn4rze
aa473

00474
21475
2N476
onaz?7
ansng
pasRe6
nR514
vud22
20523
2nd24
en531
AN532
29533
An534
an538
2n536
2as3?7
nR540
ARdSal
2n842
P8543
PB544
0n545
on346
ANS47
nASSQ
ens551
pAad52
AAS53
20554
AV555
Qn536
8537

ageass

eassen

B35542R
B26453R
A32545R
172544R
B76545R
2383544R
@36543R
B26447R
126449R

auonaa

N625A6R
222540R
A12547R
@72537R
1264668R

ANPB24R
ANB50mR
AABSABR
R2NS514R
veRaana
bapnon
pRAAAA
woageo
Aaanan
eapena
naaonn
Anenan
anonran
puReNe
pannaa
aagoQ2
goaaaa
pagnea
pranaa
pranng
euenan
oeaoan
oaenea
aeoai?
Qea377
aaonn4
ananas
puoaan
enanan
eeaneo
pennaa
raeAAA
eaa200

GETU

TEMPY
AY

AX

AZ

Y

X

4
EXPX
EXPY
TEMP
SHFCN
BIN
BINY
ADRX
ADRY
ADRZ
SIGND
UNITX
UNITY
CNT
CNTY
TEMPA
TEMPB
Bi7
B377
B4

o6
BIG
SMALL
ce
RETN
FROM
TEMPZ

* ADD AND SUBTRACT « FULL PRECISION = 2JAN7S

CLE,ERA

ERB
182
JMP
I0R
STA
8$T8
182
182
JMP
JMP

NOP
LDA
XOR
AND
STA
JMP

DEF
DEF
DEF
DEF
BSS
BSS
BSs
NOP
NOP
BSS
NOP

NQP

NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
ocT
ocy
ocTY
ncr
NOP
NOP

NGP.
NOP

NOP
NOP

CNT

L)
TEMPB
TEMPA,l
TEMPB
TEMPA
CNTY
LOOPY
SHAME, I

B3?77
SIGND
GETU,!I

EMP

[« e W W I 4 4

17
377

g;%.
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VOLUME I. CDA SYSTEM MANUAL

MULTIPLY & DIVIDE - FULL PRECISION
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PAGE 0009 #01 w MULTIPLY & DIVIDE «FULL PRECISION »iOMAR72

2399w

D400 00560 P0AAEA DMUL NOP

@401 P86y @A16353IR JSB UNPAK
Ba402 0OM562 pa640Q cL8

43 020563 A76545R 8§78 TEMPB
404 00564 BI7A76R JSB INIT
405 DA565 A62522R LLDA EXPX
2406 Q0566 Q42523IR ADA EXPY
n4an7 @BA567 B733I4R STA SHIFT
P4N8  QRS70 @B17222R JSB FINDP
409 @0O571 @A63373IR LDOA PRECZ
94190 DA572 @72557R STA TEMPZ
a4 002573 216714R JSB SLINK
B4a12 OMB574 D66476R BLAST LDB AX
413 0ON575 VB17161R JSB RITE
N414 PN576 @26602R JMP NOX
Ma1d 90577 A37334R ISZ SHIFTY
0416 206y PRA0AD NOP

N4a17 QA6NY B26574R JMP BLAST
P4aiBw

419 DA6A2 A66475R NOX LDB AY
420 vu628d A17161R JSB8 RITE
n421 AA6N4 P26610R JMP NOY
422 PABAS BPI7IJ4R 187 SHIFT
423 QV6A6 AAVAR0 NOP

N4aR4 NABA7 @A266M2R JMP NOX
D425«

N426 PAGLIN A17222R NOY JSB FINDP
8427 QU611 B62587R LDA TEMP2
428 Q0612 Q73373R STA PREC2
w429 Q@613 NA7004 CMB, INB
P43 AN614 QA4653I2R ADB BIN
M43 Q0615 A06p20 , 888

432 @616 B267A6R JMP YPREC
433  BA6L7 B62478R LOA AY
2434 Q0620 B67027R LDB PLIER
p435 0e621 016418R J8B MOVE .
0436 Q0622 PE2476R LDA AX
Q437 OM623 ASE8IIR LOB BINY
438w

P4a39 ©B0624 37284 RIGHY LMB; INB
Ma47  AN625 P7733IBR STB DIGITY
441 00626 B17287R JSB TURN
B442w

P443 (0627 P6255A@R NEWSU LDA B4
Pd444 POA63IN D66644R LOB 8SUM{
P445 0A631 Q216021 X JSB CLEAR
N446 QP632 A67227R LD0B PLIER
P447 Q0633 B47524R ADB .3
N44a8 P64 167001 LDA §,1
M4a49 Q@635 A12546R AND Bt7
A459 QO6I6 QA3N0Q CMA

451 08A637 A73372R STA ADDITY
P452x«

@453 Pn640 Q37372R KEEP ISZ ADDIY
P454 PR64Y QY2001 RSS

N455 0N6K42 B26650R . JMP FING
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-

o

PAGE

N4as58
nas?
458
2459
R4EG
746
na62
nag
Nan4
N4es
2468
2487
n4a6s
Q463
2479
@471
Nnaz2
naz3
A47 4%
2475
2476
a477
2478
479+«
pase
pasy
0482
P48y
N484
N4BS
P48s
Q487
p4as
0489
2490
2491
0492.
2493
D404 %
h49s
0496
P49’
2498
A4Q9
As5a0
A3a1w
8502
2503
as04
2505
a5e6
ns507
o508
0509
p31aw
@511
2512

2210 #»021

po643
00644
AN645S
PA646
ane47

Vo650
AAES]
mp6%e
B85
ARose
20655
EN656
wa6s57
AA68QR
AN661
en662
AL663

00664
2665
20666
noes?

ens7o
8a671
ANB72
20673
N0674
2Ae67YS
40676
2n877
an79a
earel
on7902
2a703
0a704
AN7TAS

e@a7a6
nA7a7
an71e
aA711
pazie
22713

008714
2a718
An7 16
eazyy
eavae
2R721
29722
eara3

20674
20724

216000R
821352~
221 344R
2a4 3%2R
N28540R

BELEREER
PLG43D

74)378R
d725z2R
B172586R
073352R
B37370R
216000R
AO1352R
AR213681R
@A1361R
RA17174R

263027R
0164402R
237335R
A26627R

063361R
216430R
P43IIIJ4R
272522R
NE7S3SBR
B62664R
2172702R
2172%6R
933367R
A73364R
062661R
P67360R
2164495R
127401R

A62476R
087027R
P164415R
A66832R
26247 5R
B26824R

oacee0
262533R
2087204
Q468532R
ePéo2o
Q62532R
@72724R
12671 4R

e2ganap

SUMY
CAND

N
N
L
w

ANS2

LEROY

GLOBS

YPREC

SLINK

HOORY
CLUNK

* MULTIPLY & DIVIDE oPFULL PRECISION wi@MAR?2

JSB DADD
DEF 8UM
DEF MUCAN
DEF SuUM
JMP KEEP

LDA SUM
JSB EXP
ADA TIMES
STA EXPX
J8B REVER
STA SUM
I82 TIMES
J8B DADD
DEF SUM
DEF ANSY
DEF ANSY
JSB SWIT

LOA PLIER
JSB SHAME
187 DIGIT
JMP NEWSU

LOA ANSY
J38 EXP
ADA BHIPTY
8YA EXpPX
LOB M2
LOA ANS2
J8B LIFY
J8B REVER
IOR ANS
8YA ANSY
LDA ANS2
LOB ADDRZ
J8B MOVE
JMP RETNY,I

LDA AX
LDB PLIER
JSB MOVE
L08 BIN
LOA AY
JMP RIGHT

NOP

- LDA BINY

CMB, INB

ADB BIN

338

LOA BIN

8TA CLUNK
JMP SLINK,I

EQU ZEROY
NOP
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PAGE QA11 W@Y

513w
n514
A51d
516
AS17
2518
519
asa2n
0521
ns22
nH23
vho4
AhH2S
2526
ns27
nHes
?529
w530
w531
w532
533
n534
08535
536
ns37
a538
P539
NA540w
541
n542
AB43
D544
n545
N546
ns547
N548
0549
552
P551
@552
2553
P554w
555
@556
557
0558
2559
no6Y
A561
562
9563
0564
9565
2566
567
A568
569

enr2s
AAT26
paz27
aariea
an7i1
an732
@a733
AN734
naY 35
AA736
an737
207 4@

o7 4
AA742
Q743
nA744
AR745
AN7 46
Nn7 47
Aa75a
AA751
pe752
AN753
00754
RN755

AN756
Q@757
nazean
an761
QA762
28763
An764
20765
AN766
naz67
pazzao
207714
Aun772

nazzy
Q0774
AN773
AA776
aa777
01900
e1002}
ninaz
21203
a1an4

n1eos
01086
P1na7
1010

eanrae
B16353%
QA7400
A76545R
B17076FR
B62527%R
an2e21
232400
2AJ004
@42522R
A73334R
A17222R

V1671 4R
@63334R
. 72522R
N6V535R
A62476R
017270R
Q6647 5R
717161R
¥26756R
203400

W42522R
P72522R
W26747R

N62522R
A73334R
B62475R
AB7M27R
P16415R
N62476R
AL172@7R
173027R
@62551R
B66644R
16008 X
@73351R
@7335eR

P62644R
Buenndg

@73374R
B63533R
A73375R
P62645R
Av2eR4a

B73376K
P6E3I5I2R
A73400R

163376R
@oi7en

173376R
P12546R

DO1V

G0OGOo

NMORE

LOTS

MULTIPLY & OIVIDE

NOP
JsB
ccs
8T8
JSsB
LOA

UNPAK

TEMPB

INIY
EXPY

S3A,RSS

CLA

CMA, INA

ADA
STA
Jss

JSB
LOA
STa
LDB
LDA
JS8
LOB
Jsa
JMP
CCa
ADA
STA
JMP

LDA
STA
LDA
LDB
JSB
LDA
JSB
STA
LDA

.08

JSA
STA
STA

LOA
INA
STA
LDA
STA
LDA

INA

STA
LDA
STA

LDA
ALF
STA
AND

EXPX
SHIFT
FINDP

SLINK
SHIFTY
EXPX
M12
AX
LEFT
AY
RITE
NMORE

EXPX
EXPX
GOGO

EXPX
SHIFT
AY
PLIER
MOVE

AX

TURN
PLIER,I
]

SUM1Y
CLEAR
MUCANS

MUCAN+4

SUM!

TEMPQ
M5
TEMPD
CAND

TEMPE
M4
TEMPC
TEMPE, I

TEMPE, I
817
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A%
“a >

PAGE

0370
a5714
a572
as573y
0374
L4
N576
nsyr?
578
8579
as8a
0581
ns82
8583
A58 4
n589
2586
n587
#2588
8589
0590
2591
2592
2593
A594
505«
2596
8597
Ase8
2599
2600
2601
neEn2
A6AY
a604
p6NS
P6Q6
114
e6p8
nepso
0810
0611
0612
2613
0614
0615
0516
wey7
06418
2619
Pr626
2621
0622
PhR2Y
nepa

.N625

A620w

012 wB1

21011
21012
21013
21014
Q10218
21016
et1e17
21020
e102¢
p1oee
21023

01024
210425
aLa26
01027
210302
0193}
21932
21233
21034
21038
21036
21037
nio4e

21041}

f1042
01043

N1n44
210453
P1046
21047
21050
21251
21052
P1053
21054
1055
01056
21057
10260
P1a61
01062
21063
21064

01065
21066
21067
ai1e’a@
2t1e71
nieze
winzy
1974
21075

273405R
B6IIGIR
216430R
202004

@72522R
M17256R
#733684R
216020R
201402R
GA1361R
@B1364R

217174R
916203R
PQ1364R
P01336R
20051 4R
26251 4R
200019

R27044R
237370R
A62477R
P66661R
B16415R
027@23R

06337aR
067400R
AR6QAn4

Pe6nA3

@2702814R
eai700

0342014

P27048R
133374R
173374R
202400

073370R
937 420R
@27@@3R
A3I73I78R
pe2e0e!

A27065R
@37376R
837374R
8270Q3R

263334R
@72522R
067535R
062644R
017270R
A62644Kk
NERREYR
16415R

Ve6H674R

8TA
LOA
J8B

INA
8TA
- JsB
8TA
- J8B

MORE
PLIER

OVERT

IOR1

DONE}

DEF
DEF
DEF

J§B
JSB
DEF
OEF
DEF
LDA
SLA
JMP
182
LDA
LDB
J8B
JMP

LDA
LDB
INB
sz8,
JMP
ALF
182
JMP
I0R
8TA
CLA
STA
182
JMP
182
RSS
JHuP
182
182
JNP

LOA
$TA
LD08B
LDA
JSB
LUA
Li.v
JSA

JHP

* MULTIPLY & DIVIDE <PULL PRECISION #1@MAR?2

CLEAZ)
ANSY
EXP

EXPX
REVER
ANSY
DADD
CLEAZ
ANS1
ANSY

SWITY
psus
ANSY
MPLY
4
4

OVERT
TIMES
AZ
ANS2

'MOVE

MORE

TIMES
TEMPC

RSS
I10RY

|

hed
TEMPQ, I
TEMPQ, I

TIMES
TEMPC
LOTS

TEMPD

DONE
TEIPE
TEMPQ
LOTS»2

S8HIFTY
EXPX
M12
SuUMi
LEFT
Sumi
AL Sy
MUVE
HOORY
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PAGE w7213 #01 % MULTIPLY & DIVIDE «FULL PRECISION #{@MAR72

627 01076 ©¥0220@ INIT NOP

n628 01077 P16466R JSB GETU
N629 211U np6aAn cLe

P63 A11A1 QA62537R LDA 8IGND
A631 91102 panuio SLA

632 01103 PN6OA4 INB

A633 011034 A77367R STB ANS
P634 01105 P62555R LLDA RETN
N635 N1106 Q73421R STA RETNI
636 01107 127076R JMP INITY,1
Q637

B638 Q1110 QVAUOB PRECN NOP

639 n111) Ao2¢pd4 INA

N64Q (1112 164000 L.DB @,I
n641 21113 A76415R STB MOVE
R642 QA1114 N02074 INA

643 01115 164u@a 108 @a,1
W6d4d4 (1116 B76545R STB TEMPBHB
645 01117 pn2eed INA

P546 Q1120 164000 i.0B o,1
N647 ni1121 P76353R STB UNPAK
P648 Q1122 A62415R LDA MOVE
A649 01123 007400 ccB

nesn P1124 P760Q0AR S$T8 DADD
A651 01125 P77164R STB RITE
NES2 N1126 DNG4QA@ PRECI CLB

2653 A1127 R76203R 8STB DSUB
N654 01130 R67532R LDB M4
O655 1131 B76544R STB TEMPA
656 Q91132 PM20@3 PRECLI SZA,RSS
2657 01133 027142R JMP PRECA
p658 021134 20068 CLE,ERA
@659 @A1135 Q01121 ARS, ARS
A660 @1136 B011P0 ARS

PE6L Q1137 Q36BQ3R ISZ DSUB
RE62 1140 nI6EK44R I18Z TEMPA
BN663 RA1141 Q027132R JMP PRECY
N664 01142 D66QR3IR PREC4 LDB DSUB
ME6S 01143 A3I6ONAR I8Z DADD
P666 N1144 pP271582R JMP PRECS
A667 01145 QA62545R LDA TEMPB
D668 1146 pe6AR3 SZB,RSS
669 01147 @27126R JMP PRECY
D670 Q1150 B47526R ADB .8
n671 #1151 127110@R JMP PRECN,I
672 01152 A62333IR PRECS LDA UNPAK
A673 A1153 Q3I7164R 182 RITE
A674 Q1154 (2714{PR JMP PRECN,!?
675 01155 p0o6oal S2B,RSS
A676 Q1156 QR27126R JMP PREC3
A677 N1157 Q4655@R ADB B4
P678 A1160 127114AR JMP PRECN,1?
A679w ,

P68 Q1161 QQedead  RITE NOP

@681 Q211682 p74n00 ST @
P6R2 B1163 Q43524R ADA ,3
MEB3 Q1164 160008 . LbhAa 2.1
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PAGE @214 #21 = MULTIPLY & OIVIDE ePULL PRECISION w#iBMAR72

TP I

M884 01165 P128546R AND 847 |
@685 91166 202002 824

@688 01167 127164R JNP RITE,!
@687 01170 237181R 182 RITE
2688 21171 874000 sTe @
@6A9 B1172 M1844QR JOB SHAME
@692 21173 12716¢R IMP RITE,?
0601w

2692 @1174 228280 SNIT NOP

M69) 01175 BE3IGIR LDA ANSY
@694 01176 802021 $3A,RS3
@693 01177 127174R JMP SWIT,?
@696 01272 216430R J8B ExP
M697 @1201 A73I64R STA ANSY
M6O8 @12P2 P62661R LDA ANS2
@699 21203 216440R JSB BHAME
@700 @1204 A37I6LR ISZ ANSY
@701 Q21205 227202R IMP wed
A7P2 21206 127174R INP SWIT,I
0733w

P704 01207 Q22302 TURN NOP

A785 Q1219 066643R LDB CAND

2706 01211 016415R © J8B MOVE

P707 ©@1212 062336R ~ LDA ADRMZ

@708 ©@1213 @73360R ~ 8TA ADDRZ

@789 01214 26259%4R ~ LDA .8

A710 P1219 266661R LDB ANS2

9711 01216 216001X JSB CLEAR

2712 01217 273370R STA TIMES

8713 01220 172645R 8TA CAND,!? :
@714 01221 {27207R JMP TURN,I '
P715» ;
@716 @1222 20200 FINDP NOP

@717 @1223 066523R LDB EXPY

A718 @1224 262822R LDA EXPX

N719 712293 223004 CMA, INA

2728 Q1226 042823R ADA EXPY

@721 @1227 902020 S8A

@722 01230 866822R LD8 EXPX

P723 21231 @77373IR 8T8 PRECZ

B724n

2725 @1232 062478R LDA AX

@726 21233 017110R JSB PRECN

@727 01234 076532R 8T8 BIN

@728 @1235 206203 81B,RSS

@729 01236 @27245R JMP ZERO

2730 @1237 262475R LDA AY

@731 01240 217140R J8B PRECN

@732 ©1243 076533IR 8TB BINY

A733 01242 206002 81B,RS8

0734 01243 B27245R JUP ZERD

B735 ©B1244 127222R JMP FINDP,I

D736

2737 1245 063373R ZERO LDA PRECZ

@738 01246 B72822R STA EXPX

0739 01247 P62536R LDA ADRZ

@742 01258 073362R STA ADDRZ « CORR.
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PAGE Q0035 #01 » MULTIPLY & DIVIDE «FULL PRECISION wi@MAR72

w744 01251 042400 CLA

n742 01252 A73362R STA ANSiet
A743 01253 B73363R STA ANSie2
D744 01254 A73364R STA ANSie3
8745 01255 0266874R JMP ZEROY
V746

P747 01256 0Q@A0@ REVER NOP

r748 P1257 V62522R LDA EXPX
N749 01260 006700R CLB,CCE
P750 01261 002020 SSA

0751 ©1262 2n5500 ERB

752 Q1263 An2020 SSA

2753 01264 ApINQ4 CMA, INA
8754 Q1265 QAv1727 ALF ,ALF
N755 @1266 BIVNOY I0OR

Ba75A Q1267 127256R JMP REVER,!
N757%

W758 Q1270 ovpeve LEFY NOP

0759 ¥127) A76542R STB CNT
0760 Q1272 @72557R STA TEMPZ
B7614 01273 062557R SHFL LDA TEMPZ
N762 0@1274 Ae2004 INA

D763 01275 @B72544R STA TEMPA
P764 91276 B63ISILR LDA M3

V765 @1277 @72843R STA CNTH
N766 ni32A 162544R LDA TEMPA,I
@767 @130y 9o17e0 ALF

V768 01302 012546R AND B1L7
A769 QL1323 002092 SZA

@772 ai13Q4 $127278R JMP LEFT,!
B77% Q1325 162544R LDA TEMPA,I
@772 1306 po1700 ALF

773 1307 §72544R STA TEMPA,!
@774x

A775 P1310 V66544R USI LDB TEMPA
@776 1311 QU6Q004 INB

@777 @1312 1600@y LDA 1,1
@778 Q1313 Qwi17p0 ALF

@779 01314 @12546R AND B17
7780 Q1315 132544R I0OR TEMPA,I
P78 Q1316 172544R STA TEMPA,!
2782 Q@1317 160001 LDA §,1
A783 @132 @13623R AND B7777
P784 01321 201700 ALF

@785 01322 1700014 8TA §,1
786 021323 QA76544K STB TEMPA
2787 21324 Q36843R I8Z CNTY
2788 01325 027310R JMP USI
@789 01326 203400 - CCA

n790 @1327 Q42522R ADA EXPX
2791 01330 @720822R STA EXPX
n792 01331 BIBB42R ISZ CNT
@793 11332 @27273R JMP SHFL
@794 ©1333 12727@R JMP LEFT,1
795w

@796 ©1334 PERWEG SHIFT NOP
@797 @1335 aAAAAA DIGIT NOP
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PAGE QQ16 #21 « MULTIPLY & DIVIDE eFULL PRECISION wiOMAR72

a798 021336 Qaamad MPLY BSS
A799 A1344 0000@@ MUCAN BSS
N8Q2 Q1352 eadAOm SUM BSS
¥ae1 01360 deoae@ ADDRZ NOP
0802 01361 2002Md ANSy BSS 6
P803 01367 000AM@ ANS NOP

A8x4 A1370 Avoam@ TIMES NOP

namsS 01371 aagoe2 B2 0CT 2
p8a6 91372 aAare?  ADDIY NOP

¥8@7 81373 200008 PRECZ NOP

nae8 01374 Qo0MMRa  TEMPQ NOP

7809 0A1375 enpnen TEMPD NOP

P81 M1376 RAAAMA@ TEMPE NOP

ALYl 41377 AannR@ TEMPF NOF

812 N140p RAAAA@ TEMPC NOP

2813 014n)l ureaed RETNI NOP

e814 @1402 20dUG® CLEAZ OCT o,0,0

21423 vaoQ0an
21404 Ava00Q
2815 Q1405 20pM0Q NOP

>

5-101

s it b e B e A



VOLUME I. CDA SYSTEM MANUAL

DECIMAL TO BINARY
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P*GE Q017 #B1 «

$818
n819
820
@82t
a8z
823
na24d
0825
paz26
naz7
pazs
0829
832
N3t
P832+%
833
834
na3s
836
nay7
p838
839
B840
nBa4y
p84e
neay
n844
p84s5
PB46Ew
naa’
n848
P849
1]
n8s51
@852
@853
854
p8s5s
P85S
857
@858
7859
¢B861
P86
pas2
863
p8s4
pB86S
@B66
pas?
naas
N869x
Nazy
P87
p872
2873
2874

P1406
01407
81419
21444
21412
214143
n1414
01415
01416
21417
1420
21421
1422
81423

21424
21425
P1426
a1427
21430
¥143}
1432
81433
#1434
21435
21436
#1437
A1440

21441
01442
31443
01444
21445
01446
21447
31450
#1451
21452
P1453
21454
21455
21456
21457
01460
21461
01462
21463
81464
A1465
1466

81487
P1479
21471
21472
21473

DECIMAL TO BINARY

anonRve

206400

Q773aFR
87754 5R
A77548R
1p3101

163406R
@73517R
B37406R
1634N6R
07 3520R
037 408R
062822R
N735214R

@63517R
P67510R
P168418R
P63511R
B16430R
pOA2203
N27441R
pu2a29
BR27475R
203004
arzonat
263510R
Bi727@R

@63512R
noz2nn2

B27467R
@63513R
006404

guL7a0

N72824R
D125486R
PA35Q7R
B72525R
P57 526R
B274714R
B17503R
B1750Q3R
P42525R
A17B03R
@735Q7R
N62524R
PS6550R
66351 4R
006204

R27446R

Av34ne
iez21ny
173528R
A63B24R
a728522R
5-104

DYBI

NOWNT

DT2S

BADDO
DONEW

NOP
cLB
8T8
STB
3§78
CLO
LDA
STA
182
LDA
STA
182
LDA
STA

LDA
Lo8
JSB
LDA
J8B

SIA,

JMP
8SA
JMP

CMA,

STA
LDA
JSB

LOA
SZA
JMP
LDA

CLB,

ALF
STA
AND
ADA
STA
cPB
JMP
J§8
J88B
ADA
JSB
STA
LDA
crPB
LDA
INB
JMP

CCa
S$TO
8TA
LDA
STA

BNUM
YZ+4
YZ+5

DTBI,!?
XADDR
DTBI
DTBI,!
ZADDR
DTBI
EXPX
XFLAG

XADDR
YADDR
MOVE
Yl
EXP
RSS
DOWNT

GORITY
INA

1
YADDR
LEFT

Yi¢4

BADDO
YZe2
INB

TEMP
B17
BNUM
TEMP#1
.8
DONEW
oFLO
OFLO
TEMP#1
OFLO
BNUM
TEMP
B4
YZ¢3

DT2s

ZADDR,1
XFLAG
EXPX



PAGE

@875
AB876w
0877
@878
@879
P8807
neay
p882
883w
p884
@883
0886
e8a?
pBB8w
VB89
naen
n89y
0892
n893
2894
PB9Sw
naon
e897
P8o8
n8o9yo
#9002
ao01
pope
Po@3
f9a4
nons
pooe6
noaz
8908

2018 #D}

21474

21475
P1476
n1477
215202
f18014
21502

21503
21534
01525
21506

pis5a7
21510
21511
e1517
#1529
21524

n1522
21523
21524
215235
21526
21527
21530
91531
21532
21533
21334
P1535

127496R

27241 5R
N63510R
016440R
P36441 3R
@27476R
R27441R

veae00
naL1210
P27 467R
127503R

oeRRQQ9
0A1511R
Qopaae
gapnpe
ananan
20Q000

177763
earz77
ennaal
neenas
oAee1a
enR0L2
177778
177775
177774
177773
177766
177764

v« NO ERRORS® AMD

v DECIMAL TO BINARY «

JMP DTBI,I
GORIT STA MOVE
LDA YADDR
JSB SHAME
187 Move
JHP GORITey
JMP DOWNT
OFLO NOP
RAL,8LA
JMP BADDO
JMP OFLO,1I
BNUM NOP
YADDR DEF wel
\ BSS 6
XADOR NOP
ZADDR NOP
XFLAG NOP
M13 DEC «13
87777 OCY 7777
nd 0cT 3
'3 QCT 5
B DEC 8
19 DEC 1
M2 DEC =2
M3 DEC =3
M4 DEC =4
M5 DEC =5
M1@ DEC =10
Mi2 DEC =12
END
ASMB,25117=402518
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TIME BASE GENERATOR DRIVER

. im g OO T Eot ,{{g
sy TLEE ELALTE HOT PR

s

5-107

W‘zﬁeu‘mm EEER



P'SE pe0R2

naat
anM3
PRV e
ARBS
0AA6w
neR7
anne
panY
210
antt
ARY2%
nAL3
nL4
PN1S
nate
eAL7
nR18
pa19
anA20
P21«
aR22«
Vo233«
pn24
an25
An26
aQ27
pAes
paz29
AAID %
20314
2n32
an33
PA34
20235
PA36
ney7

804 ]

napae

neaeq
P0Q01L
popez
00n03
2004

anend
A0e0ne6
aeen?
anele
puatl
neei2
neRLd
ane14

TIME

200815
nenLeé
enetL7
evez2a
onpetl
vpe2

200109
ARR23
pAp24
pan2s
A0A26
ean2?

TIME BASE GENERATOR DRIVER w2JAN7S

ASMB'RpB.L I
NAM D,43
ENT D,43,ETIME, 1,43
ENT YIMEX,TIMEY,MAXT,MAXT1, TMARK

AROAP@ 0,43 NOP INITIATOR ENTRY

ne2400 CLA

122610 OTA TBG OUTPUT TO CHANNEL

1a3719 SYC 7BG,C ENCODE CHANNEL

126002R JMP D,43,! RETURN TO CALLER

ee00@ad I,43 NOP CONTINUATOR ENTRY

P36A23R ISZ TMARK ADD § YO INTERRUPT COUNTER
eneo00 NOP IN CASE OF OVERFLOW

N3I6A24R 1SZ TIMEX ADD 1 YO TIME COUNTER

Q2001 RSS IF NO OVERFLOW, RETURN
P36M25R I1SZ TIMEY IF OVERFLOW ADD § TO 2ND WORD
103740 STC T8G,C ENCODE CHANNEL

126005R JMP 1,43,1 RETURN TO INTERRUPTED SEQUENCE

DELAY ROUTINE

noeeamd ETIME NOP

P06400 CLB SEY INTERRUPT MARK TO ©

A760A23R STB TMARK )
#52023R CPA TMARK WHEN 'A' EQUALS TMARK,RETURN B
126@15R JMP ETIME,! OTHERWISE KEEP LOOPING -
P26220R JMP we?2

TBG6 EQU 1@B
gaeom@ TMARK NOP
ponmAAMA TIMEX NOP
pAORAA TIMEY NOP
AAAA® MAXT NOP
weAAMA  MAXTY NOP

END

we NO ERRORSS AMD ASMB,25117-402518
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PAGE BP@2 #@1 w BINARY YO BCD » 2JAN7S

1] B ASMB,R,B,L

2003 oncon NAM BIBCD
poo4 ENY BIBCO,BCDBI
A0S Q00QQ Q000A0 BIBCD NOP

206 QAAANL A721A3R STA TEMP
ARA7 NARNA2 R72110R STA NUMB
PpOA8 Q0BAd 202033 SZA,RSS
2009 QN0MNA4 1267A00R JMP BIBCD,!
poLn 000025 226400 cLe

PaLy ANeN6e B76111R STB CNTR3
aR12 Q2007 @P66116R LDB DM1Q
2N13 QaAe18 P764112R STB CNYRA
AN 14w

fpRL5 Q2011 @6611GR LOOPY LOB NuUMB
PA16 MAABLZ QP46116R ADB DMiQ
Pp2L7 2na1d P761410R S$TB NUMB
2018 Q22Q14 B3611LR I8Z CNTR3
#2019 @nals 26020 $88

AN20 QANBL6 V26M46R JMP FIN
A2«

PR22 00017 Q621Q3R LDA TEMP
PR23 QNR2” P42117R ADA 86
2024 0Q00@21 A72103R STA TEMP
225 @ap22 036112R ISZ CNTR4
P26 QAP23 B26A11R JMP LOOP1
BA27

0028 QRR24 R621§6R LDA DMtQ
P29 20025 B72112R STA CNTR4
NA3I® QVeR26 po20eN4 INA

An31 Qeea7 872113R STA CNTRS
2032 QNQ3P 062114R LDA CNTR3Y
7033 Q20231 on6400 CLB

0A34n

2035 QANA32 A46134R ADD ADB Bi44
36 2033 N500014 CPA
2037 Q0034 P26043R JMP OUT
AN38 Q0035 A3B113R ISZ CNTRS
2039 QAQ36 P26A32R JMP ADD
OR4dw

2041 PAQ37 0621023R LDA TEMP
7042 DRB4Q P42145R ADA Blag
NA43 02341 QO72123R OUTY STA TEMP
PNd4 Q0P42 Q26Q11IR JMP LOQPY{
AA45w

AB46 QAP43 Q621B3R 0QUT LDA YEMP
PB47 QD044 P42114R ADA B3140
0248 QCQAS @26041R JMP OUTY
PRaSw

PA58 QBUBA6 P62123R FIN LDA TEMP
PAadL  00n47 126QQ0R JMP BIBCD,!
P52
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PAGE 02103

2A53
an56
nasd7
an58
59
ansoe
neneste
an62
POEIw
nes64
na6sd
NA6Ew
pas?
anen
PA69w
uezae
2074
DR72w
nAaz3
ne74
AA75
AR76
nazz
aa78
Ban7s
nA8n
gest
pn82
AN83
pued
2085
pRBE*
naa7
pnse
gn8a
pa9n
A9l
2092
nRe3
peged
205
pAR9s
ane7
AN9E
A9
R1AG
e1e4
a1az

LLB

annsa
naesy
ppes52
PARSI
ABpRS4
aAassd
pRns6
anes7

ponb60
oues6!

pAneé2
a6l

PAV64
Pane6s

anase
onaé7
puezd
anazi
AAn72
#0873
pAa’4
nne7s
paa7é
eaaz7
noLoan
naiol
paLee

paias
pAaLA4
anied
naLasb
0ai1e7
p@110
gaiLy
gatie
AB113
AnL14
nALLd
Nn116
pAaLL7
pai12a
pael

paanoe

anz2ned

1260 50R
872103R
91212@R
@721A7R
R62108R
B16066R

V62104R
216366R

N62121R
R1606ER

082107R
1260850R

aeaaan
n72106R
n62103R
ppL7an
B721083R
P12120R
paz2aal
{126066R
1002002
0RA106R
P4210A7R
P72107R
126066R

eeaaan
000144
d4e17509
epnnoe
Qeenga
preanona
eRoaen
pue200
enaapy
N340
uwanL4e
177766
peaans
eapaLy
oapRLR

w*w  NO ERRORS: ANMD

8-

BCD TO BINARY

BCDBI

SHIFT

TEMP
B144
B175@
N

ANS
NUMB
CNTR3
CNTR4
CNTRS
B3140
B140
nM1o
BS
B17
B12

NOP
SZA,RSS

JMP BCDBI,I
STA TEMP
AND BY7

STA ANS

LDA B1750
JSB SHIFT

LDA
JSB

Bi44
SHIFT

LDA
J8B

B12
SHIFTY

LDA
JMP

ANS
BCDBI,I

NOP
STA N

LDA TEMP
ALF

STA TEMP
AND BY7
SZA,RSS

JMP SHIFT,1
NCT 100200
DEF N

ADA ANS

STA ANS

JMP SHIFT,T

MPY

NOP
0CT
ocY
NOP
NOP
NGP
NOP
NOP
NOP
ocT
0CY 140
DEC =i@
0CY 6
ocT 17
0CT t2
END

144
1750

3140

ASMB,25117-402518
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P'GE pRO2

151" Bt
2003
aN04
pees
AAO6E
nae7
P8
Ane9
nnte
anyt
na12
ALy
2a14
an15
2016
nny7
4218
an19
P027
nagt
an22
pe23
pnzA4
NA25%
nn26
a7
anes
029
R34«
PR3l
PR32
AA33
R34
2235
A036x
nn37
an38
239
2040
an41
P42
PB4
NNn44
PR4ed
P46
DA47 =
anas
2049
ansn
2051
aas2
ansy
A0S4n
eas55
anass
2087
AN58

#j1 »

ARV

000009
2pent
onon2
peaad
eagad
anend
anane
gagay
aea19
a0l
nwees2
eanyd
Ana14
oneLs
2A016
anaL7
er020
oum21L

Qrn22
oeR23
2A024
anR25

euR26
upe27
9nada
Aro31
pnade

neN33
pAR34
AP0A3s
RAR3I6
nRa3?
2AR40
ann4y
aende
20043
aru44

00045
28046
aaa4y
AnesSa
pABSY

arase

80053
202254
20855
puass

READ TIME OF DAY » 3JQDEC74

ASMB,R,B,L
NAM RTOD .
ENT RTOD,MS8G1,YR g
EXT PRINT,MODY
a0eana RTOD NOP
@62002X LDA MODT MODEM TABLE
@72134R STA TAB
P62136R LDA MSG MESSAGE BUFFER
B72135R STA BUFF
Na24Q0 CLA
A72137R STA ERROR ERROR FLAG
193716 S$TC TCG,C
@66166R LDB sDeiD
12316 TOD2 SFS TCG SEE IF ON
ne2001 RSS NOT YET
M26022R JMP TOD3 OK GET TIME
@34000 1Sz @
@26011R JMP TOD2
n34nny 187 1
02621 {R JMP TOD2 .
@36137R 1SZ ERROR SET ERROR FLAG AND PILL
P26027R JMP TOD4 BUFFER WITH ©
102516 TOD3 LIA TCG DDDDODDDDDHHHHHN
(o740 ccB
050001 CPA 1
¥2601 4R JMP TOD2+3 BAD DATA .
106516 LIB TCG MMMMMMMMSSSSSSSS
@7214BR TODA STA NASAY
060001 LDA 1
A12167R AND ®B77577
M72141R STA NASA2
@621 40R LDA NASAY
201222 RAL,RAL
n7o001 STA 1|
205700 BLF
@12170R AND =83
P16103R JSB PUT PUT §ST 2 DIGITS OF DAYS AMWAY
205323 RER,RBR
A05323 RBR,RBR
a600Mt LDA
P16124R JSB PUTH PUT 3IRD DIGIT QF DAY AWAY
P62140R LDA NASA{
e70001 STA 1
@n1727 ALF,ALF
aA4L700 ALF
A12170R AND =83
216103R JSB PUT PUT HOURS AWAY -
P62141R LDA NASA2 r
n70001 STA 1
@N1720 ALF
BiI2174R AND =Bi7
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PAGE

ons9
P060
a6y
no6s2
2063
2N64x
2065
ane6e
0367 »
ac68
anés
207n
207y
gaz2
287 3»
074
20875
2076
garz
A078%
ea79
pnse
pa8t
vn82
2283w
2084
2085
o088
pas?
noB88
en8s9
an9n
Pa9
2992
2093
0004
2095
0096
2097
A998«
20998
21na
o101
2102
2103
104
p1os
2106
2107
oi108
2109w
21402
2111}
et
P13
414
2115

18T DIGIT OF MIN
ADD SEMICOLON

2ND DIGIT OF MIN

PUT SECONDS AWAY

NG ERROR
PRINT ERROR

ADD SEMICOLON

@003 #081 w READ TIME OF DAY « 3JQDECY4
20057 172134R STA TAB,I
20060 238134R 182 TaAS
22e6) Q42172R ADA =B35060
20062 172135R $TA BUFF,!
2263 QA3I8L3ISR 182 BUFF
20064 Q62144R LODA NASA2
ABe65 P16124R J8B PUTY
20066 B62141R LOA NASA2
20087 @eL727 ALF ALFP
2272 poi7ea ALF
a7y Q12171R AND =B17
2na72 B16103IR JSB PUT
P73 $277486 tLC T1C6G,C
20374 @62137R LDA ERROR
22075 202003 8ZA,RSS
23076 12680Q0R JMP RTOD,!
20077 @62173R LOA =D5
23100 9160041 X JSB PRINT
22101 PQG142R OEF MS8GHS
23102 1260QAR JMP RTOD,1?
23103 Qoo0e@ PUTY NOP
20104 172134R STA TAB,!
22105 PISLI4R 187 TAB
Q2106 @e1727 ALF,ALF
Q0107 @72133R STA YEMP
@0iio 0609014 LDOA 1
2M111 B12171R AND =By
AB112 172134R $TA TAB,!
0413 2I6134R 182 TAB
AN114 B3I2133IR I0R TEMP
20115 Q32174R I0R =B30082
P2116 1721358R 8TA BUFF,!
20117 @3613I5R 1827 BUFF
AR12¢ 126103R JMP PUT,I
20121 Q0AG02 PUTY NOP
poL22 901727 ALF,ALF
22123 O1217¢R AND uBy7
20124 $172134R STA TAB,I
22125 B36134R 182 TAB
AB128 P42172R ADA =B3IBQ6D
23127 @ei1727 ALF,ALP
02138 172135R STA BUFF,!
02131 O3I813I5R 182 BUFF
PA132 1268124R JMP PUTY,!
SUP
23133 ooeaee TEMP NOP
23134 200200 TABD NQP
8135 oeoa0@ AUFF NOP
20136 CAQ153R MSG DEF TIMES
22137 00pnea ERROR NOP
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PAGE 0004 w031 « READ TIME OF DAY « 30DEC74

9116 Q@016 TCG EQU 168 aAL»
2117 D2A340 000BNPA NASAY NOP

2118 020144 200000 NASA2 NOP

2119 0A142 252123 MSGY9 ASC 5,TCG ERROR

2120 00147 QQBISQR MSGY DEF wej

ni21 @u15a 852111 ASC 3,TIME:
0122 ©0A15) 20040 TIMEB ASC 6,

2123 00161 220040 ASC 4, 19
Q124 0PN165 PIJIL65 VYR ASC 1,75

2125 UNS

B8A166 177766
08167 077577
AAL70 040aNd
an171 oweny?
AN172 n3ISN60
AR173 AANANS
PB174 230N60
2126 END
*» NO ERRORS! AMD ASMB,25117-4022518
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PAGE 0Q@2 #d1

* TTY DRIVER » 6MAR7S

ASMB,R,8,L

NAM TTY

ENT D.ao.x.@z

L e R R R R R A Tty
TO INITIATOR SECTIONS

RETURN FROM STATUS!
A3 FOR CLEAR,

aonl

arAa3 @2000
9a04

AA@6% ENTRY
20aA7 JSB
2rA8x t1oh ¥
ANASH JMP
Q010w DEF
PO11n DEC
nAg2n

2813

AN1 4w

Q017
An18
anio
BB20
an21
wn22
au23
an24
AN25
an26
2227
an2s
waz29
Aa3n
2231
nA32
2233
2134
2035
2236
2037
P@38
PR39
@v 40
An41
R0 42
2243
2@44
2245
Q048
oa4?
ANa4s
@049
P250%
20854
Ansd2
2253
ans54

Bs NUMBER OF CHARACTERS TRANSMITTED
L R R R R TR R R R Il T T I

aupng
nnaay
oaen2
AARR3
a4
P¥AAS
auoac6
aneaz
angLa
aga1l
pvmi2
1R R
nnat 4
0aeRLS
Ano1L6
peay?
pan2a
anpel
ane2e
200823
2A024
20023
2na2s
paaz7
eaede
00e31
22232
nee3d
pao34
2235
20036
0a23?
02n40n

009241
opo42
ene43
AnnR44

.IUC.

(PsCLEARJISREAD}I2SWRITE

REJECT
BUFFER

X XsNUMBER OF WORDS

anonrna
eR2a04
n72262R
an2a04
072302R
160001
an1700
21226AR
2u2nn3
P26056R
@46257R
076261R
N6E6272R
206002
126000R
16626¢R
R3I6261R
@76276R
976277R
166261R
no5000
@7630@R
Q76301LR
an6400
176302R
P76274R
@76271R
276273R
P66263R
176282R
@72272R
aeaaie
2260850R

0623a7R
102614

@6200AR
A72861R

D.00d

OR =1 FOR BUSY

NOP
INA

STA EQUIP

INA

STA XMIY
LOA §,1
ALF

AND B7?
SZA,RSS

JHP
ADB
STB
L.0B
$Z8
JMP
L0B
152
sT8
$T8
LDB
BLS
STB
ST8
cLB
$T8
STB
sT8
sT8
LDB
ST8
8TA
LA
JMP

LDA
QTA
LDA

STA
5 -

CLEAR
B2
TEMP
BUSY

D.0a,!I
TEMP, I
TEMP
BADD
BADD!
TEMP, I

SIZE
SIZE!

XMIT, 1
LFLAG
DELFL
CHAR
SIGN

EQUIP,I

BUSY
READ

B1200
CH
D.00
1.00
118

w
]
L]
.
]
"
]
]
»
]

STATUS WORD
TRANSMISSION LOG

CLEAR REQUESY

OPERATION IN PROGRESS ?
YES: GO TO REJECT ADDRESS

BUFFER ADDRESS

BUFFER ADDRESS

MULTIPLY WORD COUNT BY 2
SAVE CHARACTER COUNT

NUMBER OF CHARS, XMITTED

LINE FEED FLAG
LINE DELETE FLAG
LAST CHARACTER OUTPUTED

SET BUSY FLAG

READ REQUESY

SET UP WRITE MODE

RETURN ADDRESS
REPRODUCIBILITY OF THY
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PAGE

an558
Arss
nas?
2n58x
Nnase
2M60
a6l
23062
2063
NO64
AD6Sw
A06E&
AR67
nass
AA60w
2070
2874
Pa72
20973
2274
Q07s
P78
o777
nQ78
2379+
2280
ANn8t
282
a283
2284
Q085
Q088
a8z
2088«
nA89
20292
20291
ange
AN93
2094
PA95
en96
2097
2298
2299
210a
21014
0102
0103
2104
2105«
2106
@197
Ba108
a109
a110
2111

2083 #4021

23048
02246
2d047

aaese
2a051
PR32
20053
22254
23V55

aaase
aaas?
aan6n

eanéy
2pa62
PA0263
NEA64
03265
0QAQ66
ano67
eeare
22071

eeare
anazy
22274
@2a75
Baare
aaez7
20100
22101

Aeiaz
ea1ad
nai1a4
ea1as5
22106
ea1a7
eniio
ea11y
ea112
23113
20114
62118
na116
anii7
ee2120
29121

Q@122
enm12y
ea124
23125
23126
eai127

oR2400
A72304R
v261@5R

016241R
262303R
102614
@400
103714
126700R

062000R
A72R61R
026203R

panang
107714
@72304R
A7 6323R
222400
2213500
192201
en2004
@72306R

B36272R
ee20014
@26215R
n62272R
2020283
P26124R
eoen10
0261414R

062273R
2522635R
N26217R
166302R
256300R
A26203R
ha60R4

176302R
16227 6R
004010

eny727

212264R
05227 4R
826237R
0osA1!}

0362786R

102614
@72273R
A623A6R
1a31e4
pa2RIE
102101}

READ

CLEAR

l1.00

OUTPT

SEND
RET

CLA
STA
JNP

SAVA

JSB
LDA
aTa
CiLA
$TC
JMP

CH
CH,C
LDA

STA
JMP

D.002
I.,00
CR

NOR
cLC
SYA
$TB
CLA
ERA
soc
INA
8TA

CH,C
SAVA
SAVB

SAVE

182
RSS
JMP LF

LDA BUSY
8ZA,RSS
JMP RET
SLA
JMP

LDA
CPA
JMP
LDB
CFB
JMP
INB
878
LDA
L 1N
ALF,ALF

AND By77
CPA ARRO
JMP
SLB,RSS

ISZ 8ADD

CHAR
Bia2
DONE

81ZE
CR

OTA CH
STA CHAR
LDA SAVE
cLo
SLAELA
sTF

5-119

ouTPY

SPACE
BL4AQ

LFLAG

READS
XMIT,I
XMIT, 1

BADD, !

ARROW

w TTY DRIVER » BMAR?S

D.ﬂﬂcl

SEND 18T CHARACTER

FILL PUFFER WITH SPACES

SET FOR READ MODE

ENCODE CHANNEL
RETURN TO CALLER

RETURN ADDRESS
SEND CR LF

CONTINUATOR ENTRY
INHIBIT INTERRUPTS ON CHANNEL
SAVE WORKING REGISTERS

oUTRUT LF

OPERATION IN PROGRESS 7
NOt FALSE INTERRUPT

READ IN PROGRESS

NO? FETCH CHARACTER COUNT
DONE OUYPUTTING ?

YE81 OUTPUT CR LF

ADD 1 TO CHAR, COUNY

FETCH WORD
WORKING ON HIGM ORDER
YESS PUT IN LOW ORDER
MASK CHAR,

BACK ARROW

IF EVEN BUMP BUFFER ADDRESS

oQUTPUT
RESTORE WORKING REGISTERS

Dvarithene= #:



aL12
2113
2114
2i1s
f116
a7
118
LRGSR
paL2n
B12ie
ni122
2123
2124
125
ni126
2127
a128
7129
n1a3a
2131
2132
@133
D134
“135
#0136
nL37
n138
139
nian
n141
142
A143
144
Q145
01456
D147
@148
n149
150
2154
w152
2153
p154
2155
gi56
2157
A158=
LS9
nien
2161
w162
p163
164
2165
p166
ni67
pi68

naQ4d w01

Qa13¢
001314
21132
aa133
aB134
av13sd
2A136
28137
anryan

nA141
nRL142
net14
pay44d
2145
Ad146
AnL47
an150%
anm151
pa1352
nAL53
ARL54

0n155
aa156
#n157
PA160
P16
en162
na163
164
Pa169Y
an166
pAL67
@n179

0171
en172
272373
pnaL74
en175
en176
20177
en200
2n2a}
pa20e

PA203
An204
np2@es
PueR6
027
A2y
an211
06212
an213
pe2i4

062272R
ae2ned
and4an
@72241R
B62304R
N663A5R
n36241R
{wd7i4
126061R

102514

N12264R
052264R
026235R
25227 5R
W26235R
B52265R
P26123R
052312R
02620A3R
pa2083

v26123R

1663082R
averaa
176302R
ae601y
P26171R
we1za27
waons
16227 6R
012264R
p3ouel
172276R
026123R

p7ap01

16227 6R
A12267R
pl3anay

172276R
B36276R
162382R
852300R
eoz2nal

@26123R

eec4na

p722714R
epd4ne

Q722782R
P623027R
19261 4

R62257R
W72272R
P6231@R
#26122R

READS

EVEN

CR

* TTY ORIVER #» 6MAR7?S

LDA BUSY
SZA,RSS
CCA

STA SPACE .
LDA SAVA
LDB SAVB
182 SPACE
STC CH,C
JMP T,80,1

.LIA CH

AND B177
CPA B1I77
JMP DEL
CPA CARRTY
JMP DEL
CPA BL2
JMP SEND#»{
CPA BLS
JMP CR
8ZA,RS8S
JMP SEND+{

LOB XMIT,I
INB

STB XMIT,!I
SLB,RSS
JMP EVEN
ALF, ALF
STA

LDA BADD,I
AND B177
I0R 1§

STA BADD,I
JMP SEND*{

STA ¢

LDA BADD,I
AND B774
10R 1

STA BADD,I
18Z BADD
LDA XMIT,I
CPA SIZE
RSS

JMP SEND+1

CLA

STA DELFL
CCA

8TA LFLAG
LDA B12029
0TA CH
LDA B2
STA BUSY
LDA BiS

JMP SEND
5-120

ENCODE CHANNEL

RETURN T{ INTERRUPTED SEQUENCE

REAC IN CHAR,
MASK OFF EXTRANEOUS BITS

DELETE LINE

CARROT IS ALSO DELETE
IGNORE LINE FEED
CARRIAGE RETURN

N0 CHAR

ADD § TO NUMBER OF CHARS,

2ND HALF OF WORD
ROTATYE TO TOP HALF

MASK LOW ORDER
MERGE 2 CHARS,
PUT THEM AWAY
WAIT,I FOR NEXT CHAR

MASK HIGH ORDER CHAR,
MERGE 2 CHARS,

PUT IT,1 AWAY

BUMP BUFFER ADDRESS

ALL DONE ?
YES§T OUSPUT CR LF
NOt WAIT FOR NEXT CHAR,

LINE DELETE

SET FOR WRITE MODE

CARRIAGE RETURN

BiriooUlisl vy OF THE
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*

PAGE

2169w
0179
P17
172
niz7y
174
2173
B178
2177
2178
2179
pt80
0181
2182«
183
184
2185
a188
187
D188w»
2189
0199
0191w
p192
2193
D194n
195
96
n197
n198
n199
200
2201
n202
203
a204
p2e5
n2es
0207
p208
B229w
210w
211 x
a212»
2213
p214
n215
p216
a217
g218
8219
p22@e
8221
ne22
pzay
0224
0225

2085 #01

Q0215
ea216

0217
00220
20221
pa222
20223
0224
20223
20226
ee227

eR230
pa23y
ag232
@233
80234

0ae3s
aa236

ra237
au240

29241
Daz24z
00243
22244
0245
20246
00247
ea25a
2nesl
pazd2
22253
aA254
@253
pe2se6

Q62265R
@26122R

pa24en
234000
22622AR
06227 4R
222002
0262308R
@72272R
§172262R
826123R

016241R
002404

P72272R
262303R
026122R

0024064
@26204R

002400
P26225R

ouoe0n
A6630B1R
@7630@2R
pes51e0
ee7004
176302R
@62266R
@66277R
@76276R
{70001
@ueand
136382R
P26252R
126241R

CONSTANTS AND

eaas7
anz26a
An261
2062
00263
P0264
20265
PR266
00267
ea27e
027}
poe’e
#0273

epoQo2
gsane?
ooepen
00230
190000
Qee177
pnm012
220040
177400
geopne
goeena
faenen
péocoa

LF

DONE

FIN

DEL2

DEL

ARROW

SPACE

WORKING STORAGE wwe

B2

B?
TEMP
EQUIP
SIGN
8177
B12
B40
B774
LFLAG
DELFL
BUSY
CHAR

* TTY DRIVER % 6MAR?S

LDA
JMP

BL2
SEND

CLA
182 @

JMP wel
LDA DELFL
SZA
JMP
STA
STA
JMp

DEL2
BUSY
EQUIP,I
SEND#!

JSB SPACE
CLA,INA
STA BUSY
LOA Bid4oo
JMP SEND

CLA,INA
JMP CRe1

CLA
JMP FIN
NOP
LDAR
sTB
BRS
Cx3,INB
$Y8 XMIT,!
LDA B4Q
LDB BADDY
STB BADD
STA 1,1

INB
I8 XMIT,!I
el

JMP
JMP SPACE,!

SIZEY
S1ZE

0cT 2

ocT 7

NOP

NOP

0CY 100000
ocY 177
0cT 12
0CT 20040
0CY 177400
NOP

NOP

NOP

NOP
5-121

LINE FEED

WAIT 308 MS

LINE DELETE

CLEAR BUSY FLAG

GET OUuT

FILL BUFFER WITH SPACES
8ET UP FOR READ MODE

CLEAR BUSY FLAG

DIVIDE CHAR, COUNY BY 2

FILL USER BUFFER WIT,IH SPACES




PAGE

226
p227
f228
229
2230
n231
n232
8233
0234
0235
0238
nay?
2238
neds
n240

*%x NO ERR{ORS?!

006 81

@a274
28e75
A0276
an277
A3
@230}
A3ng
P3Ny
NA3N4
PA305
nA3ING
wa3n?
en3dt1e
ANeL4

2ne137
2A0136
pooaea
20anMn
eaeann
PAen0e
poavnn
149n09
ononnn
eaaneo
eanana
120008
wuauLs

ARRO
CARRT
BADD
BADD1
SIZE
SIZE\
XMIT
B1400
SAVA
SAVB
SAVE
B1209
B15
CH

* TTY DRIVER » 6MAR?7S

0CT 137
OCT 136
NOP

NOP

NOP

NOP

NOP

0CT 1400200
NOP

NOP

NOP

0CT i2na00
0CT 5

EQU 148B
END

AMD ASMB,25117=4@2518B

5-122

READ COMMAND

WRITE COMMAND

CARRIAGE

RETURN

,5r




VOLUME I. GDA SYSTEM MANUAL

COUNTER DRIVER

5-123
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aeny ASMB,R,B,L

2303 npena NAM D,44

an04 ENT D,d44,00NE,1,441,1,442,1,443 hld
naps EXT ABORYT,BCDBI,TIMEX,LINKS

anne EXT MAXT,MAXTH

R R R R S R I I I I I I I T . T I I I T I I,

AOABx ENTRY YO INITIATOR! "
8R0S« Jss ,10cC, ]
2210= 0CT 10@aa3d "
2011w JMP REJ *
12 DEF BUFFER ADDRESSES FOR 3 COLUNTERS »
Ba1de DEC X "
@Ay an *
AA15% WHERE X ® @ FOR 4 READING IN 4 WORD BCD FORMAY «
2Ny 6% 2 NUMBER OF READINGS IN INTEGER FORMAY L
@A17%* RETURN FROM CONTINUATOR SECTION » *
2018« BCD FORMAT CONTAINS A 4 WORD BCD NUMBER ]
AN19x INTEGER FORMAT CONTAINS THE AVERAGE OF 3 READINGS ¢
AN20« + A STATUS WORD ¢+ 2 WORDS OF TIME TAG w
m@21tittiitt*****tttitit**t*t**iitiitti*tttiitttiﬁiittittiti

7023 nAQNQ QVOVNAA D,44 NOP INITIATOR ENTRY

An24  PQPBY 160001 LDA 4,1

2025 QOPB2 B13113R AND =B70000 o
P26 QUERI Pn20023 S8ZA,RSS o
Qn27 QOOR4 026037R JMP CLEAR CLEAR DRIVER

PQ28 Q@AAA5 A63AINR LDA UNIT

P029 0RABV6 QB2MN2 SZA OPERATION IN PROGRESS 7

AR30 QUNR7 Q26Ad1X JMP ABORY YESS BOMB

ar3L oMD12 A63114R LDA =B643 PLUG IN CODE

2N32 AA01Y Y73I23AR STA UNIT

2033 Q@AvQ12 PA7115R ADB ®B2

AN34  Q0DYIY @77027R STB YEMP BUFFER ADDRESSES

2435 @014 QV6RQA4 INB

2036 00215 1600201 LDA 1,1 NUMBER OF READINGS

20437 @016 B73AI7R STA MARK

8A38 @017 203204 CMA, INA

nA39 PPA22 9R2B0d SZA,RSS IF 8,MAKE o1

0042 02021 2013400 CCA

"4t 20822 B73L111R STA DONE SAVE AS INDEX

AB42w

AN43  2am23 167027R {.OB TEMP,I

AP44 NOQR24 160001 LDA §,1

AR45 20025 @73NI4LR STA ADDR1

PR46 QN026 PA6NR4 INB

2047 00027 160001 LDA 1,1}

0048 Q0A3D @73VISR STA ADDR2

AR49 QOR3l VA6Q04 INB

AR5 0MR32 160001 LDA 1,1 o -
un51 QPAM33 B73Q3I6R STA ADDR3J %>
AA52w ~

PA53 PEBI4 A16777R JSB CALL START THE COUNTERS

eM54 Aep35S Yr2400 5CH§4

T 3
e




-

PAGE

ANS5
AAS6w
2457
aab58
A059
AR6R
PA61
AN62
2n63
2064
eA6S
2O66»

AR68n
ARG9w
pa’e
P07
aeze
ea73
nAaz4a
an75
2076
earz
paze
naz9
nasa
pe81
AA82%
ARB83
Ao84
e85
pA86
neaaz
pnB8s
2089
2782
2091
0092
893
094
pAeS
296
Aas7
2098
@099
102
o121
proe
2103
0124w
p1@5
2106
pi1a?

paald #91

P0a38

nea3?
00407
00041
nAg42
AAN43
Aen44
hR04es
0R046
oaaaz

126000R

147711
{er7y2
107713
202400
073830R
A73240R
A73044R
A73042R
126000R

CLEAR

CONTINUATQR SECTION

nanse
peasdy
2nns2
20053
pers4
0aa55
ABnsS6
20as?
engéo
00061
opa62
20063

pors64
0ee63S
eo@a66
eAa67
2R’ 9
eaary
eae7e
pea73
aAA7 4
ARe7S
aneze
eea7z?
eei00
paiog
en102

o103

ev124
ev1es
eein6
ani1a7
pe11a

ee1il
o112
00113

noganpa
187711
B73046R
N77847R
on240Q
pa1500
102201
poz2004
B73030R
P63A3AR
pe2203
026111R

P37@43R
ea20n1

B26114R
063074R
@72106R
P63233R

B43IB43R

160000
183100
186711
102111
102611
2630852R
1903104
a00036
102101
A63046R
@67047R
eceee0
102100
126050R

202400
072106R
026100R

1,44}

G0y

RET1H

BUSY

FALY

JMP

CLC
cLc
CcLC
CLA
STA
STA

8TA.

STA
JMP

OF 18T COUNTER

NOP
CLC
8TA
STB
CLA
ERA
SOC
INA
$TA
LDA

D.“UI

CHi,C
CHe,C .
CH3,C

UNIT
MAJ1
MAJ2
MAJ
D.44,1

CHi,C
SAVAL
SAVBY

SAVE1
UNIT

SZA,RSS

JHP

182
RSS
JMP
LDA
STA
LDA
ADA
LDA
CLF
cLe
STF
OTA
LDA
CLO

SLA,

8TF
LDA
o8B
NOP
STF
JHP

CLA
$TA
JMP

FALY
MINRY

READ{
87CY
BUSY
ENDT
MINRY
2,1

e

CHY
CH1
CH1
SAVE!Y

ELA

i
SAVAL
SAVB1

2
I.“i'!

BUSY
RETH
5-125

* COUNTER DRIVER w 6MAR7S

RETURN TO CALLER

CLEAR OPERATION FLAG
AND TURN OFF COUNTERS

RETURN TO CALLER

SAVE WORKING REGISTERS

FALSE INTERRUPTY 7
YEST RETURN

DONE QUTPUTTING 7

‘ND1I
‘'YESI

TAKE A READING

FETCH OUTPUT WORD

CLEAR CHANNEL .
POINT TO WORD 4 !
SEND THE WORD

RESTORE THE REGISTERS -

RETURN TO INTERRUPTED SEQUENCE.
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0108w

0109 020114 124200 READ! OCY 104200 DLD TIME MARK -
2110 Q0115 ARPRA3X DEF TIMEX -
011l @0L116 104400 O0CT 104400 TEMPORARY SAVE

2112 2A117 QO1862R DEF TEMP1Q ;
P113 00120 O63A37R LDA MARK n
0114 20121 pué200d SZA,RSS ;
2115 @A@122 0262208R JMP BCDY BCD FORMAT .
P116 AR123 102511 LIA CHI FETCH 18T 2 INPUT WORDS ;
2117 Q0124 106511} LIB CHY !
7118 @R125 PI6672R J8B FLIP FLIP DIGITS :
119w g
2120 09126 A73105R STA IN% 3
¥121 0@QA127 V63P4OR LDA MAJH

P122 00130 vo20R4 INA

9123 Q013! ne2003 8ZA,RSS

P124 00132 V268160R JMP DONEY

N125 0OAL33 822021 SSA,RSS

P126 0@N134 P26001X JMP ABORY

0127 90135 ©73040R STA MAJY

8128 PO136 B6IINSR LDA IN{

A129 0@137 143734R ADA ADDR1,I ADD 2 READINGS

A130 08140 §173234R STA ADDR1,! SAVE TOTAL

2131 0P14) P63IAILR LDA ADDRY

w132 0N2142 PB4AILI5R ADA =B2

¥133 00143 B7307@R STA FAR} TIME TAG ADDRESS

A134 QPO144 104200 OCT 1p4200 ADD THE 2 TIME TAGS )
M135 00145 10A000A DEF 9,1 oLD @, ¥
2136 Q0146 pApP@4Q CLE >
2137 0Q@147 B43062R ADA TEMPY

P138 QARL50 PR2042 SEZ

M139 Q2151 2n60A4 INB

P14g 0OM152 Q47P63R ADB TEMP1+}

m141 20153 104400 OCY 1p4400 DST FARY,Q

2142 02154 121@70R DEF FARY,!I

@143 Q0155 V63116R SENY LDA wBw] INIATIATE NEXT READING

M144 00B156 O73P43R STA MINRY

A145 Q0157 026867R JMP GO}

3146

A147 0B160 B63105R DONEJ LDA INY

9148 02161 143034R ADA ADDRY,!I ADD 3RD READING

A149 008162 PR64020 cLB ;

P150 0R163 100440 OCT (90400 DIVIDE BY 3

P151 OGQ164 BP1i10R DEF B3

P152 ©R165 173034R STA ADDRY,? PUT IT AWAY

2153 00166 P37834R 1SZ ADDR!

2154 ©0167 A63A73R LDA SIGN PUT STATUS ANAY

@155 @A77 173034R STA ADDR1,? o

0156 @0171 B37234R 182 ADDRY ;

M157 Q@172 1e4200 OCT 1024200 OLD TIVE TAG

2158 Q@173 121034R DEF ADDRY,} DIVIDE BY 2 AND SAVE

159 @ei74 AREN4Q CLE

M160 Qe175 205500 ERB e
2161 02176 vaisQ0 ERA ~ ¥,
M162 00177 104400 OCY 184400 DST ADDRY,!

2163 ©0200 101034R DEF ADDRY,I

P164 0AR2n1 N3I7OI4R ISZ ADDR1

5-126 REPRODUCEBILITY OF 14:.:
ORIGNAL PAGE IS POOR
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W

0165 pPR202 237234R 187 ADDRY
N166w
2167 20203 @Q2402 FINY CLA
8168 0pA204 Q73040R STA MaJA
169 00205 VU632 41R LDA MAJ2
0170 20206 Q67342R LDB MAJY
2171 Q0287 202003 8ZA,RSS
2172 Q0212 206802 SZB ARE OTHER 2 COUNTERS FINISHED 7
173 00211 @26111R JMP FALY NOt RETURN.
0174 00212 104200 OCT {04200 DLD TIME MARK
2175 00213 021062R DEF TEMP\
176 00214 B16716R JSB TIMCK CHECK TO SEE IF DONEK
@177 00215 ROAL1LR DEF FAL1l
Wi78 0QN2i16 ON1B46R DEF SAVAl
AL79 @0217 CAAO5OR DEF 1,44}
2180
0181 @@2204 192514 BCDY LIA CHi BCD FORMAT
P182 p@A22% 2731A5R STA INt
A183 0QN222 A67117R L.OB =Bed
B184 90223 A771@2R STB CNTH
2185 0R224 Q06400 CLB
9186 00822% PUIBRQ ELA SIGN OF MANTISSA
187 00O226 AR2200 CME
n188 00227 V05600 ELB
2189 20232 Q21200 RAL
2197 020231 ©vn2R2} SSA,RSS SIGN OF XPONEN?Y
191 00232 2470873R ADB S8IGN
P192 0a233 @A6310Q5R LDA INt
2193 @8m234 921727 ALF,ALF
@194 Q2235 @73105R STA INI ‘
3195 020236 B13120R AND =B3? MASK EXPONENT
196 20237 P43115R ADA B2 ADJUSYT TO NANQ SEC
0197 2024p 0041727 ALF,ALF
2198 020241 040001¢ ADA MERGE EXPONENY AND SIGNS
P199 Q0242 B671@5R LOB INY
200w
82@1 20243 173034R PUTYL 8TA ADDRY,1I PUT WORD AWAY
P202 Q0244 A3TQI4R I18Z ADDR?
2203 Q20245 PI7102R I18Z CNTH ALL 4 WORDS DONE 7
0204 Q@246 V022001 RSS NOT
205 0@247 926283R JMP FINt YESE PUT TIME AWAY
2206 20250 Qn6Q0N1 LDA MERGE BCD DIGITS
207 Q0254 Q001727 ALF,ALF
P28 20252 013124R AND =BY¥??
P209 00253 10268141 LIB CHi
P210 @2028%4 100140 0CY so0110 RRL 8
@211 20255 026243R JMP PUTHY
5.127



PAGE 0n@6 #01

N2§3w
P214w
P2§5w
P216»
naL7
p218
n219
p22a
p221
naee2
p223
A224
p225
n2es
na27
p228
@229«
#2390
P231
D232
ne3y
p234
@235
@236
2237
@238
2239
pa4n
pa24y
B242
@243
n244
2245
B246
@247
a248
@249
pa25a
@251 »
w252
nes3
0254
A255w
Peb56
nas7
@258
9259
R269
p261
p262
0263
n264
p265
AR66w
a267.
na26e
B269%

CONTINUATOR SECTION OF 2ND COUNTER
THIS IS IDENTICAL TO COUNTER NUMBER 1|

pa256
on257
na2eén
P0261
gaese
PR263
20264
20265
nn266
gage67
eR27n
nA271

ape7e
20273
ea274
paz75s
p@276
@277
padne
22301
ea3n2
2R303
na3n4
pA3ad
PR3N6
Pade?
Aan310
NaBdt]
80312
ae313
00314
98315
8P316

08317
20320
paday

an322
pe323
0324
20325
PO326
aa327z
pa3de
9233}
2a332
22333

P0334
28335
@@336

200000
197712
B73B51R
n77052R
202420
A015v0
182201
202004
B73U53R
063B3BR
ge2003
226347R

2370244R
poz20e1
w26322R
w63A75R
@72314R
26333 3R
243344R
162220
{ed1en
fu6712
2112
12612
P63053R
123101
aneadsé
{e21p1
Q63254 R
B67952R
paeonn
iez2i00
126256R

02400
872314R
A26306R

104200
peeae3x
104400
0R1064K
B63R37R
0a2003
R26426R
102512
106512
P16672R

473106R
¢53041R
202004

1,442

Go2

RET2

BUS2

FALR

READ2

5128

* COUNTER DRIVER w BMAR7S

NOP
CLC
STA
8T8
CLA
ERA
S$oC
INA
STA SAVE2
LDA UNIY
SZA,RS8S

JMP FAL2

CH2,C
SAVA2
SAvB2

ISZ MINR2
RSS

JMP READ2
LOA 8TC2
STA BUS2
LDA ENDT
ADA MINR2
LOA 2,1
CLF @

CLC CH2
STF CH2
OTA CH2
LDA SAVEQ2
cLo
SLA,ELA
STF ¢

LDA 8AVAR
LDOB SAvB2
NGP

STF @

JMP 1,442,1

CLA
8$TA BUS2
JMP RET2

OCT 104200
DEF TIMEX
0CT 124400
DEF TEMP2
LDA MARK
SZA,RSS
JMP BCD2
LIA CH2
LIB CH2
JSB FLIP

STA
LDA
INA

IN2
MAJ2



.

T Ry T

PAGE BR@7 %01

a27e
0271
8272
2273
8274
@278
B276
w277
@278
@279
0280
n2sty
9282
8283
0284
P28s
@286
0287
p288
@289
n290
p291
8292
0293«
0294
p29s
p296
0297
P298
@299
e3ae
a3ng
302
p3ny
N304
8305
2306
eln?
o308
a3n9
2310
N3114
2312
AIL3n
a3t4
P31
a316
a317
n318
2319
@320
a321
pl322
p323
p324
P328
2326

22337
AN340
pa3dy
20342
20343
2R344
22345
N0346
“ea34e7
20330
20351
0e352
ne353
en354
P0355
00356
20357
20360
P0361
Pa362
2a363
P0364
20365

22366
ve3e6?
p@e3ze
20371
pa372
20373
00374
02375
P08376
ue37y
ag4en
pe401
pe4n2
pa42y
00404
e0405
00406
pa4e?
yo4ie

Aedil

nO4L2

20413
00414
20415
20416
00417
eg420
o0421
00422
P4
PN4a24
en42s

202003
026366R
@p2021

226001 X
B73041R
A631DER
143035R
173035R
063035R

043113R

07307¢R
104200
100000
220040
24306 4R
AN2040
PB6204
P47065R
104400
101B71¢R
A83I116R
273A44R
226275R

A63106R
§143035R
ea6402
iee400
0R1110@R
{73235R
2370238R
063073R
173035R
@37235R
104200
1210835R
AR00402
eas53a0
ent 500
104400

101235R

37035R
237035R

002406
073044R
283040R
PE7042R
e@2003
easoe2
026317R
104200
001064R
P16716R
@00347R
PA1051R
Q2L 236R

5

SEN2

DONER2

FIN2

-129

% COUNTER DRIVER » BMAR?S

8ZA,RSS

JHP

DONE2

88A,RSS

JMP
STA
LDA
ADA
STA
LOA
ADA
8TA
ocT
DEF
CLE
ADA
SEZ
INB
ADB
ocY
DEF
LDA
STA
JMP

LDA
ADA
CLB
ocT
DEF
8TA
182
LDA
STA
182
ocr
44
CLE
ERB
ERA
ocT
DEF

ABORT
MAJ2
IN2
ADDR2, !
ADDR2,1
ADDR2
82
FAR2
124200
0,1

TEMPR

TEMP24+!
184409
FAR2,!
uBs3
MINR2
Go2

INQ
ADDR2,1!

100400
B3
ADDR2,1
ADDR2
SIGN
ADDR2, I
ADDR2
104200
ADDR2, I

104400
ADDR2,1

ISZ ADDR2

182

CLA
8T4A
LDA
LDB

AODR2

MAJ2
MAJY
MAJ3

SZA,RS8

szs
JMP
ocY
DEF
JSB
DEF
DEF
DEF

FAL2
{a4200
TEMPR2
TIMCK
FAL2
8AVA2
1.442



PAGE 1a08 w@l

p327n
2328
p32e
2330
w33y
P332
P333
2334
n33I5
n336
nl337
n338
2339
@340
P34y
P342
2343
0344
B345
8346
8347«
n348
8349
B352
n351
a3s2
2353
2354
2355
0356
8357
$ase

P0426
anaz27
2e4d@
P4l
20432
PR433
22434
22435
2A436
00437
2R440
Anaat
20442
nR443
AB444
2N443
80446
nA447
20450

20451
24452

02453

PQA454
22453
2M456
na4s?
paa46n
BN461
00462
20463

12512
@73106R
A67117R
277103R
pa64m0
p01600
002200
PA5609
vvi1200
ag2021%
247073R
@6310A6R
eeiv27
@73106R
013128R
P43115R
ae1727
e4000e
A67106R

{73035R
@37035R
237103R
Noeanl
P26411R
péenod
ney727
@13121R
196512
ieoie
P264514R

BCD2

PUTR

5-130

* COUNTER DRIVER « 6MAR?S

LIA CH2
8TA IN2
LOB =Red
8T8 CNTY2
cL8

ELA

CME

ELB

RAL
SSA,R8S
ADB SIGN
LDA IN2
ALF,ALF
STA IN2
AND =B37
ADA =B2
ALF, ALF
ADA 1
LDB IN2

STA ADDR2,1
1SZ ADDR2

ISZ CNT2
RSS

JMP FIN2
LOA
ALF,ALF

AND =B377

LIB CH2

0CT 100119

JMP PUT2
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@362« CONTINUATOR SECTION OF 3IRD COUNTER

2361w

@362« THIS IS IDENTICAL 7O COUNTER NUMBER ¢
2363

M364 00464 000000 I,443 NOP

0365 00465 107713 CLC CHJ3,C
2366 QD466 A73IB34R ' STA SAVAY
B367 pPOASY B77055R 8STE SAVBY
RIS Q0470 202400 CLA

A369 0On47) 201500 ERA

370 00472 102201 . $0C

9371 20473 002004 INA

372 Q0474 O73056R STA SAVED
P373 @0475 063B3I0R LDA UNIT
8374 00476 202000 8ZA,R8S
P375 00477 026825R JMP FALY
0376w

9377 Q0500 Q237048R I8Z MINRY
9378 00521 Qn20a0!} RSS

A379 Q05n2 QB26330R JMP READY
P380 @O5MY P63A76R GOJI LOA 8TCY
2381 00504 072822R STA BUSY
P382 20525 V63033IR LDA ENDT
P3IBI QAA526 Y43Q4SR ADA MINRY
p384 Q0867 160000 LDA 2,1
2385 Q@510 103100 CLF o
P3B6 Q0514 106743 CLC CHY
2387 00512 102113 STF CHY
P3IBB 0@513 1026413 OYA CHY
n389 00514 P63056R RETI LDA BAVEY
p390 O0M515 1283101 CLO

A391 008518 PRON3I6 SLA,ELA
P392 00%17 fo2101 STF 1
2393 0M520 263054R LDA SAVAJ
B394 Q@524 @67055R LOB SAVBY
8395 00822 020000 BUSI NOP

@396 Q@523 102100 STF o
P37 Q0524 (26464R JMP 1,443,
2308w

2395 00525 Pa240@ FALY CLA

RP400 Q@526 A72522R 8TA BUSY
0401 Q@527 Q26B14R JMP RETY
B402n

2403 00330 104200 READ§ 0CT 104200

p4e4 Q0531 2ee@B3IX - DEF TIMEX
2403 Qa532 104400 - 0OCY i1@a4d00
2406 Q@533 221066R . DEF TEMP3J
2407 00534 ABIBI7R " LDA MARK
P408 0205335 @av2e8l SZA,RSS
P409 Q0536 @26634R JMP BCDY
P41P @537 {02813 LIA CH3
@41t 0B540 106513 LIB CHY
P412 oM541 P16672R JSB FLIP
2413w B

Q414 0203542 O73107R $TA INY
0415 Q03543 263042R LOA MAJY
@416 Q@544 2n2p04 INA

5-131




PAGE

nay?
P418
A419
0420
ha21
Q422
0423
0424
9425
0426
0427
p428
n429
430
P4l
n432
2433
p4ad4
N435
D436
0437
438
0439
N44adw
P44l
'ITY:
0443
P4d4
Ba4%
446
naay
0448
0449
nase
nasy
2452
@453
0454
0455
f456
2457
pas58
0459
0460w
nas!

na62
A463

P464
n465
P466
p467
468
469
Q470
0471
a72
0473

0R12 w#0Q1

20545
20546
pas547
20559
¥ed351
9a532
23553
23554
045585
na556
00557
Pa560
AA561
end562
n0563
Pa564
P0565
PAS66
ea567
eas570
00857
pBs72
ansd73

20574
20575
nas76
pas7?
pA628@
en6AY
0a602
00603
eN624
PA68S
PA606
0a6Q7
2n610
PR611
nne6L12
20643
pa614
0615
PA616

pe617
ea629
0621
ee622
AREED
on624
02625
00626
oes27
an63a
20631
20632
AN63J

202003
P26574R
pA2021
p260024X
A73042R
P63107R
1430236R
$1730836R
@63036R
043115R
@73n72R
1042020
iegena
20Nen40
Q43266R
P02040
006004
@47067R
104409
1901A72R
B63116R
P73845R
2265023R

A63107R
143036R
ens400
100400
eaL11eR
173A436R
P37036R
P63A73IR
173036R
A37A36R
104200
101036R
eoonan
pn55e0
on1500
124400
131836R
A37AI6R
@37036R

002400
@73042R
@632408R
B67044R
en2023
paéen2

SEN3J

DONEDY

FINY

P26325R

104200

BR1Q66R
NL16746R
00@525R
2O10A54R
AQ0464R

5-132

* COUNTER DRIVER w» BMAR7S

SZA,RSS

JMP DONE3Y
88A,RS

JMP ABORT
STA MAJD
LDA INJ

ADA ADDRY,I
STA ADDRY,!
LDA ADDRY
ADA =B2

STA FARY
OCT 1@4200
DEF @,I
CLE

ADA TEMPY
SE2

INB

ADB TEMPIe|
OCT 104400
DEF FARY3,!
LDA =Be)
STA MINRY
JMP GO3J

LDA INDY

ADA ADDRY,!I
cLe

OCT ioe4oa
DEF B3

STA ADDR3,!
I8Z ADDRY
LOA SIGN
STA ADDRY,I
ISZ ADDR3Y
OCT 104200
DEF ADDRJ,I
CLE

ERB
ERA
0CT 104400
DEF ADDRY, I
I18Z ADDRY
ISZ ACDRY

CLA
STA MAJS
LDA MAJY
LDB MAJ2
87A,RSS
S8

JMP FAL3
0CY 104200
DEF TEMP3
JSB TIMCK
DEF FALD
DEF SAVA3
DEF 1.443




o

PAGE

474w
2475
0476
B477
0478
DA77 9
p48a
0481
n4as?
n4sy
0484
B48S
0486
p487
9488
Da4asyo
p4ase
Bagy
0492
B493
404w
0a9ed
Nagé
8497
0498
2499
a50a@
2501
2582
503
p504
2528

P21y wol

00634
PA63s
0636
00837
20640
0064y
20642
20643
00644
20645
0R646
0n647
p0650
o651
20682
pa6s3
PA6S54
PB655
p0538

Pe657
20660
ea66}
00662
RR66Y
2n664
2n665
22666
00667
en670
Pe67\

102813 BCDY
@73107R '
867147R
B77104R
206400

eai 602
gn22e0e
ea3600
oa1200
002021
047073R
AB3187R
eay727
A73107R
A13120R
24314 5KR
gai7ey
040091
8674Q7R

173036R PUTI
e37AIER
037 104R
g9y
P26617R
eégaal
eai727
B1312¢R
106543
100110
226637R

5-133

« COUNTER DRIVER » 6MAR?S

LIA CH3
8TA INY
LOB mBad
8TB CNT3
cLe
ELA
CME

ELB

RAL
88SA,RSS
ADB SIGN
LDA INY
ALF , ALF
STA IN3
AND ®83?
ADA wnB2
ALF,ALF
ADA 1§
LDB INY

STA ADDRY,I
182 ADDRY
IST CNTY
RSS

JMP FIN3
LOA 1

ALF, ALF
AND mB3?7
LIB CHJ
0CT 1002110
JMP PUTY




(J

PARE N@12 #O1Y

2507w
@508
2509
2510
#511
@512
2513
n514
8515
@516
n517
p518
8519
n520
a521
nb22
n523
n524
2525«
0526
ns527
n528
B529%
@530
2531
2532
B533
#534
2535
2536
8537
n538
@539
B540%
ns44
n542
n543
n544
2545
546
a547
@548
8549
as5a
@551
ny552
2553
8554
A555
@556
8557
P558
©¥w559
560
p561
562
A563

* COUNTER DRIVER w EMAR?S

SUBROUTINES wnw

22672 pRAaead FLIP NOP
20673 123100 CLF o
20674 973027R STA TEMP
PR675 An1727 ALF,ALF
20676 A13120R AND =B37
00677 ©¥43122R ADA sDe8
o722 B73112R STA TCNT
AR701 no2021 SSA,RSS
20702 ©V26743R JMP NOSHT
20703 A63227R LDA TEMP
P07024 P13124R AND =B377
20705 100104 0CT (00104
0A726 BI7112R ISZ TCNTY
20707 U26705R JMP #e?
AA710 B16AR2X JSB BCDB!
20714 1921P@ OVER STF 2
nA712 126672R JMP FLIP,I
Q3713 @63I227R NOSHT LDA TEMP
Q0714 B13121R AND =B3?77
AA715 @26710R JMP OVERwt
20716 POA2Q@ TYIMCK NOP
Q8717 B3I7111R 182 DONE
00720 226730R JMP NOT
@A721 P02400 CLR CLA
AR722 B7303INR STA UNIT
28723 063237R LDA MARK
Q0724 P43141R ADA DONE
2@725 M?3114R STA DONE
00726 162716R LDA TIMCK,I
28727 $24000 JMP @,1
PR730 104402 NOT 0CY 104400
@A73% QQ1A77R DEF TIMED
PA732 B66716R LDB TIMCK
20733 An6R04 INB
nA734 160201 LDA 1,1
AA73%5 po6mR4 INB
PR738 164001 LDB 3,1
20737 16400} LoB 1,1
28740 B771Q@14R STB BACK
2n74y 164000 LDB 2,1
20742 P77057R STB SAVA
20743 202024 INA
22744 1640200 LDB 02,1
00745 B77060R STB SAVB
WR746 202004 INA
Q0747 i1684000 L0B 2,1
BA752 O77464R STB SAVE
Pa75% 104200 OCT 104200
202752 PRA1077R DEF TIMED
22753 003A@0 CMA
20754 227100 CMB,CLE
20755 g02004 INA
PA756 ©¥A2240 SEZ .

52134

SAVE (8T WORD OF READ
MASK EXPONENT

SUBTRACT 8
SAVE AS SHIFT COUNTER

RRL 4

DONE SHIFTING ?

NO$ SHIFT ANOTHER DIGIY
CONVERT TO BINARY

IF READINGS NOT DONE,CK TIME
CLEAR BUSY FLAG

PUT TOTAL READINGS AWAY 7

RETURN YO CONTINUATOR
DST TIME MARK

SAVE RETURN ADDRESS
WORKING REGISTER ADDRESS

INTERRUPT ADDRESS

SAVE WORKING REGISTERS

DLD TIME MARK:

MAKE NEGATIVE



PAGE

@564
2565
2566
8567
2868
2569
as7a
2571
8572
@573
2574
2575
n576
05877
@578
0579
2580
2581
2582
p583
n564
n58s
2586 -
0587
2588
n589
0592
8591
892
2593
2594
2595
2596
n597
2598
259889
26Q0
2601
2602
2603
P604
0625
0606
2607«
608
2609

8610
n611
612
ne1L3
2614
2815
2616
0617
n61L8

2M13 wOat

20757
02760
20761
2A762
0@763
0R764
2a765
20766
eav67
gazze
20774
earzza
20773
20774
warz7s
@776

0az77
atom0
sioal
21002
f1823
a10024

a10ab

21006
a1007
e1010
11
91012
21013
n1e14
01015
21016
a1e17

o1a2a

ei1np2l
21022
21023
21024
21028
01026

706004
a0p240
242005X
002040
gegaon4
046006X
ee6e20
926721R
216777R
P63A61R
1031014
A32036
1e21014
PE3I287R
067280R
1271021R

pocoa0
@63116R
n66aa4X
AR7004
A73040R
pe6ae?
e27012R
@73241R
pacne7
227812R
Q73042R
063417R
A73043R
P73Q44R
073B45R
a860@4X
PR7004
A1605@R
ensaar
126777R
P16256R
2260026
‘016464R

126777R

CONSTANTS AND

n1027
21030
21031
21032
21033
01034
21035
21036
21037
Q1040
n104}

‘e1042

A1N43

eegann
edo000
eeoaio
200A31
PAL1@IIR
eaenan
negee9
aroone
?00000
grpnon
020000Q.
edeanen
wonoaa

INS
CLE
ADA
8E2
INB

MAXT

ADB MAXTH

8§88

JMP CLR
JSB CALL
LDA SAVE
cLO
SLA,ELA
8TF 1
LOA SAVA
LDB SAVE

JMP

NOP
DA
LDB

CALL

CMB,

8§TA

INS,

JHP
STA

BACK,!

=Bu)
LINKS
INB
MAJY

S2ZB,RSS

CALLY
MAJ2

INB,82ZB,R8S

JMP
STA
LDA
STA
§TA
8TA
LDB

vALLY

CMB,

J8B

INB,

JMP
JSB

CALLY
MAJY
aBed
MINRY
MINR2
MINRY
LINKS
INB
T.44y
S7B,R8S
CALL,!I
1,442

INB,S82ZB

- JSB
JMP

1,443
CaLL,1

WORKING STORAGE

TEMP NOP
UNIT OCT
ENDY DEF
ADDR1 NOP
ADDR2 NOP
ADDR3 NOP
MARK NOP
MAJL NOP
MAJR NOP
MAJY NOP
MINR1 NOP

9,108,318

5-135

* COUNTER DRIVER » BMAR?S

ADD MAX TIME

TIME UP,CLEAR DRIVER
SETUP DRIVERS FOR NEW READ
RESTORE REGISTERS

SET FOR 3 READINGS

8TART DRIVERS OF COUNTERS
TO BE USED IN THIS RANGE

WORDS YO BE SENT TO COUNTER

END OF 3 WORD TAGLE

BCD OR INTEGER MARK



PAGE Q@14 %21 « COUNTER

Boi19 021044 A00NQ0Q
62 Q1045 AN0A0Q
n621 A1046 AAARAAD
2622 01047 2nnnRa
623 01050 0drenn
624 01051 AnAgaa
625 Q1252 ¢voonee
P626 01053 00Qa0
0627 01054 wneI0Q
Q@628 NLASS vRem@n
629 Q1056 AnQ0e0Q
630 01057 evenea
631 n1p62 A0A09R
0632 0§06y QAr0QQQ
P633 Q1062 V0LARAD
634 01064 voAnel
0635 Q1666 Yogeen
Q636 01a7@ naongpe
637 01071 ovnan0
638 210n72 aneneq
0639 01273 100000
8640 Q1074 193711
0641 01075 103782
642 1076 103713
2643 Q1077 000209
0644 01101 onanen
645 Q1102 Qe0NOQ
0646 Q1173 2000020
0647 01104 voQQ2QR
n648 Q1103 avIneR
2649 Q1106 020000
0650 01107 @Qdeae00
2651 21110 222003
a6sb2 @1111 Qdaean
8653 Q1112 weooea
2654 ponit
2655 wvretz2
0636 Qqoe1d
1113 ©v700an
1114 aen6dd
01115 @van@2
A1116 177775
1117 177774
o112 Q0RRY7
01121 008377
p1122 177778
a657
«s NO ERRORS! AMD

DRIVER » 6MAR?S

MINRE NOP

MINR3 NOP

SAVAL NOP

SAVEL NOP

SAVEY NOP

SAVA2 NOP

SAVB2 NOP

SAVE2 NOP

SAVA3 NOP

SAVB3 NOP

SAVE3 NOP

SAVA NOP

SAVB NOP

SAVE NOP

TEMPY BSS 2

TEMP2 BSS 2

TEMP3 BSS 2

FARY NOP

FAR2 NOP

FAR3 NOP

SIGN OCT {peeon

5TCL STC CHY,C

$§TC2 8YC CH2,C

$TC3 8YC CH3,C

TIMEO BSS 2

BACK NOP

CNTS  NOP

CNT2 NOP

CNT3 NOP

INY NOP

IN2 NOP

INJ NOP

B3 0CT 3

DONE NOP

TCNT NOP

CH1 EQU 118

CHe EQU 128

CHY EQU 3B
END

ASMB,25117+402518

5-136

kS
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VOLUME I. CDA SYSTEM MANUAL

BINARY TO DECIMAL

5-137



P*‘GE p@aa2

agol
nLr )
2204
aaas
P06
nop?7
", Jr, RN )
naa9
a1
go11
nas2
Aryy
gat4
an1s
an1L6
way7
na1s8
aa19
Anea
P2
PB22+«%
no23
An24
pa25
naesé
an27
aR28
aee9
AA3Aw
B3l
PR32
pA33
2234
@035
B036
eR3I7 =
2A38
239
1 K10
AR41
@042
2843
844 »
gu4ab
an46
An47
Aan48
pB49
pnse
Pa514
anse
an53
Ans54
ansSh
nas6
Ans7
Aa58«

"3y

f2009

20009
00004
anp@ae
22023
anaa4
nroes
anens
eann7
pagLe
2na11
goe1e
22913
p2014
20218
pep16

aa17
ga02a
0202}
an@z2
pA023
onn24
22025

00026
ogaz27
28030
200034
naR3e
a2@33

20034
22033
nRA3s
naedz
pea4n
pRo4y

aen42
A0R4d
nov44q
AAN4S
PRQA4s
nen47
aeas5a
penst
2ens2
A0853
00854
2A0S55
neos6

BINARY YO DECIMAL » 2JANYS

enpoae

§162000R
236000R
162000

A72107R
872110R
1660Q0R
@768111R
A36ARAR
a82116R
pi16A21X
Q361114R
Q36114R
@72112R
A72115R

P62117R
#72113R
062107R
aneeod

126000R
202a29

A3I6115R

2668110R
n46147R
A7611@R
B368112R
peén2n

026Q@72R

ee2400

A72115R
062120R
016100R
P36113R
P26026R

B62117R
a72113R
en2ona

P72114R

@62112R

no6400

@46121R
as5eeny

Q26062R
236114R
0260B50R
252122R
026065R

5-138

ASMB,R,B,L

870

LOOPY

AD1

ADD

NAM BTD
ENT BTYD
EXT CLEAR

NOP

LOA BTD,I
I8Z BTD
LDA 2,1
STA TEMP
STA NUM
LDB BTD,I
ST8 BUF
182 BTD
LDA D4
JSB CLEAR
187 BUF
187 BUF
STA CNTRJ
STA MARK

LOA DMiQ
STA CNTR4
LOA TEMP
SZA,RS8S8
JMP BTD,I
88A

18Z MARK

LDB NUM
ADB DM1D
ST8 NUM
I82Z CNTR3J
$S8

JMP DONE

CLA

STA MARK
LDA BS
JSB ADDIT
ISZ CNTR4
JMP LOOPY

LDA DM

STA CNTR4

INA

STA CNTRS
LDA CNTR3J
cLB

ADB DioQ
CPA

JMP OUTY
I8Z CNTRS
JMP ADD
CPA Dicea
JMP 0OUT2

oy



PAGE

0059
2060
2061
RO62%
A6y
Qa64
an6s
0A66w
es67
ANG8
na69
aaze
2074
AN72«
p073
oR74
AR75
an7s6
aaz7z
aazs
2379w
guan
pp8dy
AAB?2
2083
2084
PABS
f086
Q087w
neas
an8s
o@9e
2914
pm92
0293
2094
we9s
AOB6
nA9?7
2298
AN99
102
a1oy
102
2123

2003 #ot

2ans57
2an6n
22061

pene62
Beas6d
naR64

AAA6S5
@ap66
oaas6?
ann7a
Qen71

anaz2
noazd
20074
naazs
P0076
ngez7

an100
0101
ee1e2
ee1ed
0104
20125
20106

ea1a7z
ae11o
ae11l
eR112
nA113
na114
@115
nn116
aa117
wo120
an12}
aage22
a0123
20124
aa125

062123R
R16100R
026826R

062124R
216100R
N26026R

P62125K
P16100R
pe6402

A76112R
026026R

0661 15R
eaépa2
026036R
P3611¢R
172114R
126090R

poonan
panadn
P42107R
Qn2m40
136111R
@72107R
$126100R

neaenn
enonen
Gopean
eanena
eAeeo00
ponann
goeanro
egnaand
177766
eaanes
prn144
201750
ean 40
223149
063140

«% NO ERRORS?1 AMD

* BINARY TO DECIMAL w» 2JAN7S

LDA Bi40Q
JSB ADDIT
JMP LOOPY
ouT LOA B31492
JSB ADDIY
JMP LOOPY
0UTZ LDA B6314
J8B ADDIT
CL8B
8T8 CNTR3
JMP LOOPY
DONE LDB MARK
8§28
JMP ADY
ISZ BUF
STA BUF,I
JMP BTOD,!
ADOIT NOP
CLE
ADA TEMP
SEZ
182 BUF,!
STA TEMP
JMP ADDIT,}
TEMP NOP
NUM NOP
BUF NOP
CNTR3 NOP
CNTR4 NOP
CNTR5 NOP
MARK NOP
D4 DEC 4
DM12 DEC =10
B6 OCY 6
Dia@ OEC 100
D12?0 DEC {n@@
Bi14a OCT {40
83140 0OCT 3140
B6314 OCT 63140
END
ASMB,25117-402518

5-139



VOLUME I. CDA SYSTEM MANUAL

DECIMAL TO ASCII

PIETTEIOTA RAw #O AT NOT FILIEY

5-141



PAGE uno2 #@y »

aunl
AR
2004
NAAS
neneé
anaz
arQ8
nano
an1n
ANt
naL2
AR
nny4
AV LHn
neye
an17
nRL8
2018
7029
an21
022w
naed
po24
0025
au2s
np27
o028
nn2g
“walda
A03Lw
an3e
a3l
4a34
BA35
BA36
2a37 %
?o38
039
Q40
o4
JoX-P 3
Aa4ad
2044
N4l
P046
o047
N4
2049
N5
anbt
anb2
2053«
054
an55
0656
aas7
2058

ganade

anuen
pagay
eaon2
AannAd
Q2004
aanad
ANNaA6
aAnnay
naeLn

poatl
apni2
paA1LY
aaniq
ARPLYS
ven1e6

a2817
ane2a
pan2l
ArA22
ane23
uen24
aan25
20026

aen27
2n03a
290831
23032
Bana3l

4n0l4
29035
AANRI6
pany7

peedn
nAR4)
nna42
PAR43
20044
AAA4d
20046
P0047
paase
20051

eoese
anas53
uans4
pAASS
aaas6

DECIMAL

naeeonR

162000R
A36AABR
B72220R
162000R
A360A0R
B72222R
pA400

A72223R

162220R
236220R
NE6250R
7000210

W66251R
176222R

naAN6s6
ea1327
eaizaa
W12236R
a0n2ead
P26027R
2020414
P2610B5R

N4a2238R
a2l
P2603I4AR
Q2021
A26121R

B42231R
B72224R
PR3400

@72225R

N16144R
P16144R
16144R
P3B224R
R26052R
162222R
B12240R
P42245R
172222R
P3IB222R

262223R
an2npd
B26100R
poRAe6s
nA13G0

T0

ASMB

DDTA

suB

DOWN

ouT

ASCII » 2JAN7S

RyB,L
NAM
ENT

DOTA
DOTA

NOP
LOA
182
STA
LDA
182
STA
CLA
8TA

DDYTA,I
DDTA
TEMP
DDTA,I
DDTA
ADDR

EXP

LDA
182
LDB
SLA
LDB
sTB

TEMP, I
TEMP
POSTV

MINUS
ADDR, I

CLE,ELA
RAR, ALF
ALF

AND B377
SZA,RSS
JMP SUB
SEZ,RSS
JMP PLUS

ADA M12
8ZA,RS8
JMP DOWN
S8A,RSS
JMP SHIFY

ADA My
STA IC
CCA
STA BLC
JSB STUFF
JSB STUFF
JSB STUFF
I18Z 1IC

JMP OUT
LDA ADDR,1I
AND Bi774
ADA BS6
STA ADDR,!
I8Z ADDR

LOA EXP
SZA,RSS
JMP NOEXP
CLE,ELA
RAR

5-142

ADDRESS OF NUMBER
ADDRESS OF BUFFER
INITIALIZE EXPONENY

PETCK 18T WORD QF DEC NO,

PUY SIGN OF NO, IN BUFFER

PUT SIGN OF EXP IN E
POSITION EXP

MASK
o EXP ?
YES1 ,
PLUS EXP ? {
YESI -

SUBTRACT 2
EXP s 12 7
YESI
EXP LARGER THAN 12 7
YES1

INDEX FOR DEC, POINT

INDEX FOR LS DR MS STORAGE

PUT (8T 4 DIGITS
@ND 4 DIGITS

JRD 4 DIGITS ‘
HAS DEC, PT, BEEN PLACED 7
YESS

NOt PUY

IN BUFFER

IN BUFFER

@ EXP, ? : '
YES!
SIGN OF EXP IN E




=0

EaS

~r

g

PAGE

an59
Anéo
2061
AN6R2
nae6d
Na64x
065
P66
2067
pa68
PO69
ae70Q
A7 1w
paz2
na73
pA’4
An7d5
AN76
enz7
P078«
2079
208
081
a@8e
2083
PABAw
AN8Y
gn86
o087
fase
an89
292
A9 w
nN92
2093
f094
naoes
an9s
0097
AA9Bw
0099
g1ea
g101
pi1oe
2103
ni1e4
21085
#2106
2107«
0108
0189
e11@
11
g112
113
n114
P119

N3 40y

navs?
panea
pone6}
p0a62
PA063

20064

 P20N6Y

20086
22267
aae’a
220714

2nQ72
20473
20074
20075
aaa76
aA@77

gn100
aniey
euia2
anial
fa104

22105
eaiaé6
aete7
en110
nnL1l
PAtte

pa113
vo114
20115
20116
ea1L7
20129

antel
Qai22
@ag23
@124
@125
22126
o127
ae13e0

00134

ea132

23333
89134
AB135
224136
22137
AR 4

@66247R
202040

PE8246R
176222R
036222R

a700@1
046235R
aoéa2e
P260272R
B42230R
026065R

ea1727

P66232R
B76226R
076225R
@16153R
126000R

P62252R
172222R
036222R
172222R
1260020R

P42233R
036223R
202002
eo2020
en2001
P261A5R

pe3oads
P66223R
ooSeo0
P46223R
@76223R
026027R

0422414R
@42233R
@36223R
@72221R
or2003
8261 34R
pazuvat
026122R

@42227R
@72221R
203400
®42223R
®70001
2031008
040001
@32244R

NOEXP

PLUS

SHIFY

OVER

i A i Sy s s ot e e

» DECIMAL TO

Lo8B
SEZ
LoB
878
182

STA
ADB
888
JMP
ADA
JMP

ASCII w 2JANYS

EPLUS
ENEG

ADOR, I

ADDR

|
Mi2

wed
8
e d

ALF,ALF

LoB
T8
878
JS8
JMP

LDA
$TA
182
8TA
JMP

ADA
182
SZA
SSA
RSS
JMP

M2

CTR
BLC
PUT
DOTA,I

BLANK
ADDR, 1
AODR

ADDR, 1
DDTA,l

M3
EXP

PLUS

CMA, INA

LDB
BLS
ADB
8T8
JMP

ADA
ADA
182
STA

EXF

EXP
EXP
sus

12
M3
EXP
TEMPY

PUT IN BUFFER

CONVERTY EXP TO BCD

CONVERT TO ASCI!

RETURN
PUT BLANKS IN BUFFER

SUBTRACT 3 FROM EXP
ADD 1 TO MARK
IF 2 OR «,MULTIPLE OF 3 FOUND
IF NOT DO IT AGAIN
MAKE REMAINDER +
MULTIPLY MARK BY 3
SAVE AS EXP,
WORK ON DIGITS

RESTORE EXP,
PIND MULTIPLE OF 3

SAVE REMAINDER

SZA,R8S8
JMP OVER
SSA,RSS
JMP

ADA ,3
STA
CCa
ADA EXP
STA
ALS

ADA 1

I0R BioeK
5-143

SHIFTey

TEMPY

ANY REMAINDER ?

NOI

REMAINDER STILL »
YES1 SUBTRACY AGAIN

NOI ADD 3 TO REMAINDER

AS DEC PT,
SUBTRACY § FROM MULTIPLE

MULTIPLY BY 3

ADD = SIGN




PAGE #3004 #HQ)

#8116
Aa117
”n148
A1L{9n
@120
nt2l
@122
B R
ni24
ni2s
V126
0127»
n128
w129
2130
2131
2132
A1L3I
0134
135
A136
2137
Nn138w
n139
AL40
14t
142
0143
2144
7n145
D146«
n147?
p148
2149
150
nyse
152
2183
ni154
2155
n156
187
1158w
2189
pL6a
n16}
2162w
D163
Nn164
A165
2166
p167
n168
2169w
2172
21714
nL72

20141
03142
20143

2n144
An145
72146
nay47
24150
22151
2Mm152

@2433
22154
24155
2n156
0a157
eai6d
Qn161
aay62
2a163
nn164

ARL865
22166
Q167
22179
eni71
nag’2
fn17d

apy74
@AL75
AB176
an177
anene
an2a1
orene
an2ed
Qe204
on295
20226

paza7
2210
20211

ave12
An213
00214
nAa215
%216
an217

aa22e
an221
nu222

N72223R
062221R
¥26M27R

eaenen

N62234R
R72226R
162220R
236220R
n16153R
126144R

proaan

w72221R
@66221R
P36224R
P26165R
ged4pa

B42226R
N72226R
M62243R
n26174R

062237R
a1en
257209
M762214R
201323
201323
N42242R

036225R
B26212R
fA1727

V700014

162222R
012240R
v40001

172222R
B36222R
R62232R
P72225R

A36226R
026153R
126183R

Q70001
162222R
P12236R
Q4Qa@1
172222R
026207R

ongaed
eanana
pnaneq

* DECIMAL TO

8TaA
LDA
JMP

EXP
TEMPY
SuB

NOP
LDA
STA
LOA
182
JS8
JMP

STUFF
M4

CTR
TEMP,I
TEMP
PUT
STUFF, 1
PUT  NOP
STA
LDB
182
JMP
CCA
ADA
STA
LDA
JMP

TEMPY
TEMPY
1c

MASKY

LaooP

CTR
CTR
B27K
CONT
MASK! LDA Bi70K
AND 1

BLF

STB TEMP}
RAR,RAR
RAR,RAR
ADA B3I2K
CONT IS87 BLC
JMP MSPT
ALF,ALF
STA

I.DA ADDR,!
AND Bi774
ADA 1

STA ADDR,1?
182 ADDR
LDA M2

8STA BLC
CHK ISZ CTR
JMP LOOP
JMP PUT, I
MSPT STA |

LDA ADDR,!
AND BY¥??
ADA 1

STA ADDR,!
JMP CHK

TEMP NOP
TEMP1 NOP

ADOR NOP
5-144

ASCII « 2JAN7S

SAVE AS EXp, :
FETCH REMAINDER AND ;
WORK ON DIGITS b

FETCH DIGITS
PUT THEM AWAY

FETCH BCD DIGITS

PLACE DEC, PT ?

NOI

YESt CORRECY DIGIT COUNTER

BCD MASK
ISOLATE MS$ DIGITY
SHIFY BCDO FOR NEXT STEP

POSITION TO MS ASCII CHARACTER
ADD ASCII CONSTANT
CHAR YO M8 BUFFER ?

YES?H

NOt PUT IN LS PARY

RESTORE COUNTER

FINISHED ?
NOt
YES?Y




PAGE

nL73
0174
n178
0176
177
ni7e
p179
0180
n1814
nig2
"R )
n1B84
P185
n186
a187
@188
a189
fL90
1914
ny92
»193
#1194
n195
n196
n197

275 wod

20223
pn224
00225
0n226
ona27
Qa23e
nB2314
ne232
an233
na234
BA235
Pn23e6
Av2d7
ou2409
An241
an24e
Q0243
aR244
wa245
An24e
na247
nn2sn
an251
aR252

geenne
2002000
eennann
gaoane
0oenRd
guanes
177777
177776
177775
177774
177764
0eazr??
170000
177420
poavL4
03nnan
@27000
1000080
peQass
842455
842453
225440
©n26440
220040

*%x NO ERRORSI AMD

* DECIMAL TO

ASCII « 2JAN?S

EXP NOP

IC NOP

BLC NOP

CTR NQP

) ocT 3

) OCT 6

My DEC «i

M2 DEC =2

M3 DEC =3

M4 DEC =4

M12 DEC =12
8377 QCTY 377
B17aK QOCT 17v000
B1774 OCT 177400
2 DEC 12
BIpK OCT J0o@oa
B27K OCTY 27ean
Bi1oeK OCY 100000
B56 OCT 56
ENEG ASC {,E~
EPLUS ASC §,Ee~
POSTV ASC {,+
MINUS ASC §,e
BLLANK ASC 1§,

END

ASME,25117+402518




VOLUME I. CDA SYSTEM MANUAL

RANGE RATE ROUTINE




Prfic Witit2 wdl & RANGE RATE WOUTINE =

napt ASMB,K,B,L
Qurd  pante NAM RDOUT
PUpa ENT RDOUT,NSC,NSTY,N5T2,ADJUT
aed ENT RRAOR,NSTS5A
niro EXT COA,TARSY,TARS2,D0ONE,DMUL,DADD
g7 EXT L35F0,DTBI1,BTD,DADD,N, VAL,DDIV
w:*v;ﬁti;«vit****t***tt*t*t**tﬂ*hi*i*i*ttrtitttt**!*i! L2 A |
Aui9w
QU enr  AFK 15,14975
Biilla
12w KANGE =AaTk KOUTINE
Birpdw Capls LUB LINK @,1, UR 2
Uit1 4% JSn RDOT
Albe
“ribw  ThId ROUTINE TARES THe T(I)(IN NANNSECS) AND N=CHANGE
Vil 7 FKOM THE BUFFER, SUBTRACTS THE FIXED DELAYS,
Wulbw CUNVERTS THEM TO 2 WDS BIMNARY # DOF NANOSECONDS
wRiow FrOM THE INITIAL POUINT,DIVIDES BY TWO FOR 1eWAY
R RAKGE , AND STORES IT BACK IN THE BUFFER, IF WORD
PR #lz=) (FlUK & BAD POINT), THE Tw0O WDS IN THE BUFFER
Noager ARE ZERUED, THE kANGE RATE IS CALC FOR EVERY
Avgda 34 PUINTS ¢ ThE RESULTS ARE STURED IN A BUFFER
Pazan WHUSE - 8JUR TS &ETUKNED IN (R), (NANDOSEC/SEC)
BDredHw
(r‘y!}’t?ﬁtu**ntt*t**ttt*i*ttit*i**tti*iktﬂtt*t***tti*ﬁt**tt**itt
we/le
ey Sup
Nnegs - Avniy kb KOUGT  NUP
Mhatt  avvel wo2Cn3X LDA TAKRS?2
nvdt nhpnineg LeRtd SZb,RSS
AA3e T mlined pe2urtX LDA CDA
N33 BArvg A1y SLb
Undd pupnh ne2nRex LLA TARSY
VA3h AUl 172672 7K 574 RADR ADDRESS OF POINTS
ar3o  WUn? Fodvindax LOA DUNE NUMHBER OF FOINTS
wnaz Brely u726726R STA CNT
VH3E - vibel) M77356R STH LINK
VU3 Bgr1e nhuapl t.DA B :
VAN - aevl1d 12h20n UCT 10eza9 MPY )
wprdl. punid GRI3RIR DEF. .60 .
naae pAG1S 14240 7R ADA RRADK :
Uay peeib KH7231oR STA KESAD ADUR FOR RESULT
A4 ax
BAUad - ARL7 LHIILSK LUA LINK SET FIXED DELAY:
Phap L2 1PB200 UCT 1upeen MPY? GET ADDR FOR CORRECT
Qra7 k2l LYUNZU5R LEF 20 ; :

CRARAE. nAn2e paeav7X ADA L, 35FD
WAy - Erudd P427 4R ADA .16
WO RABZ2E U7 R2UICK STA FDADR
Brdsl«
PBAS2 - mpped hinddrny CCaA '
MRS - PR R/ 337 R STa FIRST
BOH 4% : ‘
@ABL - nar27 @1nelux JS8. DTBI CONVERT TO BINARY
PASE PN WuuEdd FDADR NUP
PUH7  pHrdl LPAIHIK UEF. MFD

Gpebgw



Pabt vy a8vl  » RANGE RAIE ROUTINE «

ARhY Y32 BoZ YRR LDA MFD MAKE NEGATIVE,
BN Ve dd vnden4g trMa, INA
a6l BGEAd L7 Z2IBPR STA MFD
pneew ‘
QDS MAL 3L Wu2dany CLA CLEAR SUMS
Aved  RUu3do B72377R 5TA RTSUM
CVED - VP37 V724W¢K STA RTSUMey
Gabh  Banap B/ 243K STA TTSUM
WAe7 CFAR4AY n724014R STA YTSUM+1}
NOR* :
el nhiude nb2876R LOA CNT COMPUTE COUNTERS!
N7 pONdY LUubdue CLB :
A7) pakiad 1nAEY OCT Yupane DIVI CALC & OF RDOTS TO CALC,
AA72  wdlrah Anr714K DEF .30
V73 drudb Bverne SLb
P74 Bhnnd7 wr2ngd INA CNT23INT(CNT/730)+12(B)
A2 wirpha wbdvipd. COLMA, INA
VW26 LDl W7 2R7 bk 5T CNT2
Wn77w ;
Wu78  widvhe vie2676K COUNT LA CMT 3n PTS, AVAILABLE ?
MN79  Mryhd Ba27p1R AUA M3Q
Wb puerhd Wigh2y $S5A
N1 wiipss W26ARLR JMP MO NO,
WieB2  Onhoo UHB7R1IR LDE M@ :
NWHAKS  aruh7 VW7AE74R 5TH CNTY
ArBa  Whpby W2olinewr JPP RRLUP+ 1
wWaBh A6l £ae714R WO Aua - B30 '
WVBE e he HRdtivd CMaA, INA N <« 33¢% SET COUNT
NAB7  Nnnbd N72674R STA CNT1H
PABE  VNEHA L26IRER JME RRLUP+Y
BNBI%
ANGKLE  Blipbd BIBBT7R RRLUP LSZ RADR L
ArY1l . Nhebh 16267 7K LA RADR,I LOAD DELTA T (NS)
NP9 QBRB7 V24K INA,SZA GOND POINT 27
NAGY RUL7A LenleBR JMP-GO0N2 YES,
wogd  ARE71 WB6H877R LDB KADR
BnYd  Bun7e 17001} STA 8,1
Vhoe PUR73 Cledtid ING
wnegz  ape7é 17vdpl STA 8,1
WNeb  ARGZ75 KAK7U2R auB .2
QVeY MR E B7E6677R. 5TB kADR
Vi Ber77 vusdanp CCA
Q101 NDIPN. B7EI70R ' STA FIRKST
P12 VIRl B3RE7 4K 13Z CNTY ‘
Med NI n2 W26R65R JME RRLUP LOOP AGAIN
W1nd Al ed wd4b7UaR ADEB MY - MINUS
WieS . kwlva B766K77R STH RADK FOR LAST POINY .
PLIUe  NR1GS VW26241R JMP ON1Y
BYYA ,
V108 NPind YA27¥NR GOOD2 ADA ML - o RESTORE (A) e
G1Y9 Atw7 N4P3BER , ALIA MFD SUBTRACT FIXED DELAY (#NS)
P11k VY11lY Veb6F77K L0B RADR
1yl @n11y B76363F STh TEMPA
112 anlle W3KE7T7R 157 RADK
S B118 aui118 166677R CLDB RADR,I
w114 Qri1a pv2g2l SSA,RSS
@I1D  GU115 v26121R- JMP x+4

5-149




PAGE “vii d 8521 % KANGE WATE ROUTINE w

NILL  wlle Na271248 ADA 1ITS
W117 V117 vde7vvw ADE mi SUBTRACT 1 WAVELENGHTH
V118 91200 nvolldk JMP xe4
119 dalel anzing S¢A,RSS
B12W U122 VE27W2R Lba .2
Cl1et  uv120 W22367R STA TEMP .
@122 ¢wv124 vyl  ORY LA B ,
W12y nr12d tdn2en GCT 1ve200 MPY} N5 = T5
124 pwldd WuuZ12k UEF ITS
vleh vwii2/7 visnnan CLE ,
B1ee Jitdp 1da23b7K ' ADA- TEMP ADD PDELTA T(95)
#1727 wnl1dl Lu2rqr SEZ
w12 palde huenia INB
P12y )l ds netitdy CLE DIVIDE BY 2
A13¢ A1 dd vaRGL2E SSHA ~
B13d) il dd LzoiI52R Jimp MINUS
7132 wwldb gubsSan ERHE
B15d  wi1d7 vnlbke ERA
W134 14w Yuedow  REST  dCT 1wddapn © DST;
#2135  vMerdl 2U1371R DEF RTEMP
Nn136 - A2l142 1763ﬁ§w ST TEMPA,I STORE BACK IN BUFFER,
A137 74143 v36Ibok 152 TEmMPaA
N138 w2144 172363R STA TEMPA,I
B1o9x :
Pldav pirlad @#a737uk 182 FIKRST FIRST TIME ?
Aial [1do 2ol bk JMPF CUNT={
B4z Mnia7 Rnddud CCa YES,
A143 gvidwe v7337uR STa FIRST RESET FLG FOR 1ST TIME TAG,
V144  Yuldl 26175k . JNk FURST
H140x L , ’
M14ae w152 vieddok MINUS JSB COMP ~ COMPLIMENT NUMBER
Vw147  vinlNg bveadi LLE g T R
G148  su1bd kb Supk ERB . ~DIVIDE 8Y 2
W14Y  pulhd al15un ENA R SR
W15 Nn1SE NI634pR - o J8B COMP
W15t PulH7 WloniéuR © JMP REST
P15 ‘ :
B158  (KBI6HU pDrpAAR CLE :
V154  Watdl Wa2375K CUNT ADA RTL DELTA 2 RT(I) « RT(l=})
P150 w162 puznan Stz
G195k Bvihd UILIZHK 182 RTL+)
S W1D7  valnd pBaRAGH Nup.. .
vi1ds  Haleb udedzok AUB RTL+1 L
0154 valhb PANA4GA ~ CLE SUM DELTAS
@16l Wol6e7 ©423/7R ADA RTSI ‘ Fo
w161 Wri7w puerar SE2
MiL2 nei/l veeena . ' INE
2168 U172 4ednan OADE RYSUM+1 -
H164  Aul7s B/2377k - - STA RTSUM )
Cpl1es  wn174 dl64enk STH RTSUM+)  SAVE
G1bbw o ST : : ; ‘
S @P167  eAL75 w42k FUKRST 0CT 104220 DLD} CURRENT RANGE YIME.
ALbl  Wal7b6 U1 371K NEF RTEMP
V164G BAL177 G1634CR JSH CuMP CHANGt SIGN
Q170 - Wihedy 1744 L 0CT 1wd4app. NST; AT,RT(LASTJ‘
@171 @lenl 4375k - DEF RTL. e A
5-150
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.. >

FaGk

©w173
n174
ni75
ni7ze
nwi77
ni78
ni7z9
iod
u18y
dlee
4183
nika
a18Y
Wido
@17
nikh
g18d

4144

V14l
w1y2
w193
164

T lYDw

A4t
¢197
¢198

619y

A2ey
Veuiw
A0
Bend
A204
nwa2en
dene
A2v7
n2n8
naey
ne1y
Nel1t
naye
V213
w2ia
hne1o
ve216
hwey7

221

Y219x%

8220

weel
neae
need
nee4d
need
Vweesd
weel«
v228
1229

wiVO AUl

e
)
Waging
nnend
GAgne
weagp7
wa2iv
wdell
wrele
nir13
veld
dNELb
na21oe

anrgy7

wuaedn
WN221
pe2ee
WEeES
neadzd
vheos
N220

wwea/
gl
Pu2dl
niagde
VIedd

Ga2dda
nnaal
wAZou
wueds7
nueap
higay
Va2
Ni2ay
wiaeda
na245
wneas

247

wiebun

nuest
Wese
wnesd

N o4
wiehd
nA2he
naes7
bneby
LR P AEN
weugee

Yue6d
yhaesa

WIGHET TR
1hd2yun
1ANS7 7K
1vediia

Aru3e IR
W3737¢k
wuatiot

n26227R
praaan

#4237 3k

de2dan

IR RYAL
WU 2AAN
W46 374k

PURE 40
Vid2480 3K
wrawran
wpbPya
WaB40naR
1vddy
Vind4mM3K

1nd2¢
GRBIBIR
G1034bk
1p444n
weR37 3R

h3667 4R
Ve 6237k
neh241R
N3LE7 7R

U260658

I1nd4204
ey 377R
ﬁwﬁ@za
16340k
1R dun
NAn715K

10ddv
LAV IbIK
p1red11x
PEV3I6I K
Cra3e7k

eh2367k
'S WABRY L
vneavnd
Vw72307R
WIBAEILX

IR PLE
GAN36IR
©1BRYLX
CrNI6TIR

FRSTE

«NEXT

RRL

NNY

1TSOK

POS

03‘

*» KaNGE RATE ROUTINE

182
oCcT
DEF
ucy
DEF
182
KSS
JMP
CLE
ADA
St
182
NOP
ADB

CLE
ADA
SEZ
INg
ADB
ucry
DEF

GeT
DeF
JSB
oCT
DEF

182
JMP
JMP
152
JMP
ueT
DEF
SSR
RE-]]
GeT
LEF

oeT
CEF
Job
DeF
Leb

LDA

JSH

- DeC

$Ta
JSH
DEF
veF

JSE
DEF

RADR
104239
®ADR, |
114400 -

TEWPA

FIKSY
FRST2
TTL
TTL+4

TTL+}
TTSUM

TTSUM+]
1844n0
TTSUM

104200
TEMPA
camp
124407
TTL

CNT1
RRL
ONY
RADR
RRLUP
134200
RTSUM

carp

100420

o 1K

tndqap
TEMPA
RTD
TEMPA
TEMP

TEMP
GOFUP

3

TEMP
BTO:
TEMPA+]
TEMPA

LADD
TEMP

5-151

LOAD
DLO}

TIME TAG
(A) = LSB'S
(B) = MSB!'S
DST; SAVE FOR MOVE
FIRST TIME THRU ?
NO, -
YES, MOVE TIME TAG,

CALC DELTA TIME,

LSB1'S

SUMS LSB!'S

MSB!S
G8Ts

DLDJ LOAD CURRENT TIME TAG
MAKE NEGATIVE '

0ST3 SAVE AT TTLAST

DONE WITH 30 PTS, ?
NO.
DONE}

DLD! YES, CALC RDOT,

DIve

DST} CONV TD POSITIVE NO,
AND SAVE SIGN,

DEC W US

"TEMP = RTSUM(NANOSECONDS)

 CUMBINE




AL

aan
n2st
23w
ve3d
Viddd
vz dd
p230
wed?
Wedd

P23G
(276

hedv
z2al
WP 4av %
N2 ad
w244
neah
2454
noda7
2244
24y
et
Bedix
vwehe
wehd
weda
N255
hedox*
neh?
no5K
neghe
veLr
h2viw
GPh2
need
need
6205
npeed
nee7z
nees
A264
ware
w271
warze
w273
ne7d
ne’d
ne7e
w277
perer
VR7Yw
nein
pehst
naue
b2k
o284
Wesd

Vvt

Pgueod
vigho

vvieb7
V7
ae7t
W7
VAN
w7 a

ns27b
wael7

pvida i
[AREVEICE |
ARUINT P

Wagnd
Wedvua
B aud
ra3ino

whavy
wadle
Y3ty
witd12

w3l d
WZ315
Mvist1 e

Wad17
PLI20
TERY- St
arded
Wuo2d
Wvid2z4
w3220
radesd
hede7z

Avndou

dvindl
HWrdse
UL

Beddd -

39D
nrdss
winad 37

wradv

nday

WEsae

L ANG4d.

TELL
PEREL

V288w

Bl

VNU3bAR
Vupg A7 7k

1¢4200
AVAAN IR
tanditin
Wha7A7R
1d440H
Vit 363K
1hALLYX
G 3HAk
VAL R

vilertiX
NEpdbdan
ASTUNToIRY

b2dovk
N17032k
177774

W72363K

viEEanx
VDR VA
VREN3edh
VndirIkr

Alontdx
AMnI7 7R
vivndpdk
Prind1nK

UI6h7 5K
gvgbhiel

1262294 K
veZ23lok
Wa270¢:3K
M7e316K
whe2dtrn

GW72377R
w7 24uaR
w724 ak
n72404kK
ndbg7 7R
CIBET TR

o276k
WaE7UIR
w2676k
v26ibek

QIBE R

anzZ 1w’
Wr3rHa
vl2ran
Avbied
126340R

RESAD

* RANGE NATE ROUTINE »

DEF TEMPA | 2
DEF RTSUM DECIMAL NO, OF NS IN RTSUM

HDCY 104200 DLO, CONV TTSUM TO DEC
DEF TTSUM

tLCT tupdan DIV, (A)SHSEC, (B)=m, {MS
LEF .10K

OCT 114400 DSTY

DEF TEMPA

JSB BTD

LEF YEMPA

ek TEMP DEC # DF SECONDS

Jow BTD
DEF TEMPA+Y
DEF TEMPA DEC » OF ,i1MS8'S

LGA TEMPA CONVERT TO SECUNDS
JSB GOFULP

UEC =4

ST1A TEMPaA

JShb DADD COMBINE
GEF TEMP
DEF TEMPA
CEF TYSUM

Jsb 0DIV o
DEF RTSUM SUM RT!'S/SUM TT!S

DEF TISUM

DEF RRATA = RANGE RATE(NS/SEC)

ISZ CNT2 “UONE WITH ALL RANGE RATE ?
KSS NO, : e

JMP RDOT,I YES,

LibA KESAD '

AUA L4

STa RESAD

CLa

STA RTSUM

STA RTSUM#1

STA TTSUM

STA 1TSUMs]

ISZ RADR

18¢ RADR

CLUA CNT

COMP -

ADA T MIR

STA CNT
JMP COUNT

NOP
CMb, CLE | AT e
Cra, INA SR : : . o : SRR
Sez R s TR ST P B
INKH S ) : L L

R

S JMP COMP,T

5-152




PALE Vivw? RrGL
A2B7 e %
yuoss  nsae
w26y Qwnabe
Wweav nirdne
Pevl  Qvidne
W29y (vied
A2 9 Wiadn7
nwzvd  pnd/d
W2ys  puad7d
NWRYs 04877
nee7 rnadind
Begy  wu4wy
299«

VIR Y A whain
P30l 1irbud
N3hd  Babwre
YIS vab74
D3ca nAB7S
A3xd - uInlo
IR nwan/sz’z
VIV7  waude
pdes  Wednl
BW3eY /e
w318 . wa7él
w31l @Be7ue
V312  an789
0319 Qu/nd
ndra pe7ud
n31o Hnlub
p31o w7
w317 LB/
n318  wn7il
nity wn’1e
P32 wun7l1d
naz2t wvwr7ld4

pn7LS

h3ee

CONSTANTS

1uddén
10540n
tdnpA
G
VAUNnNe
vhiaye
heplnd
vy rnd
WLl nh
WnRGan
nPAdIaR

iz
WIAAng
puadnin
pAleGon
Halane
weERe N
wvintAlig

172777
177742
hanene
Ladhtvd
pane2n
nnidhiegd
want77?7
n234d2u
AN
nepena
w1i610
166170
rupfab
wpiL78n

01

ve

15
MFD
TEMPA
TEMP
TTL
RTL
RTSUM
TTSUM
KRADK

RRATA
FRATHB
RRATC
CNT1
CNT2
CNT
KAUK
A

B

M3
M3u
.2

s 4
.16
20
6177
« 10K
130
.SIN.
ITS
NHRAR
30
1K

ucYy
uly

Gey
B33
B&S
LER)
BSS
BSS
HSS
BEF

BSS8
BSS
BSS
NOP
NOP
NOP
n)P
EQU
EWU
pEC
DEC
LEC
VEC
LEC
NeC
acT
DEC
acy
uacTv
oeC
beEC
DEC
DeC

5-153

* RANGE KATE ROUUTINE «*

AND STUKAGE wwawwx

105400,10000,0,4
1ud40n,20000,0,0
UCT 144000 ,50000,0,0

s
4
4
2
2
4
4
RRATA
by

64
60

-1
=34

16

22
177
1ueng
30
ene
Saed
-5000
30
1ok
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ADJUST RANGE ROUTINE
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PalLe

At aed *

BWa2dn

*x AUJUST RANGE WULTINE

RV R R Iy T A T IR

vdzow
P327 %
nichw
WA2Y*
DI3ovw
A33 1w
N3Jew
Navd=
N334w

vudbw
w337
vdas
RN
nddu
Nnaal
INEY
vddy
n3a4
hdah
udd46
3a/
A348
nddy
Q3ni
nabi
23852
nadd
vash4
Nnibd
yase

“3h7

S dhu

(3sy
Laep
vabl
(r362
B
it 4
naesd
u3bh

. 1.V

KX
iy
374
nw37zi
@472
w37y
wyv/a
037 5%
TRYA)

w377

p378
W37 9

sk

Al

JUST ROUTINES

LW LINK

Gs1sr OR 2

J3B ADJUY

DEF ROOT

ADDDR OF 14 RDOT'S

ThIS ROUTINE MULTIPLIES THE NOMINAL
RANGE 45%TH BY THE RANGE RATE
CURRECTION FACTOKI(L+RDOT) /2
w3$b*****ﬁit*t*t**t**t******t**t*ttt*********t**

wn/ lo
wwuwz17
w7y
r/~01721

n7é2

TECW AN
wet724
nAa7es
A7 et
e 7er7
VY INY")
Y731
wn7 39
Wu733
AR7 34
735
VA WART S
wA737

S 74w

ndz a4l
An742
w7 4d
avi7 44
a7 45
Y748
wn7 a7

nazse
pr7el
w752
UaZby
Qw754
pr7bb

nuzee6
Bu757
wn7bn
w761

hwau76e

nwA7ed

764
pr7es
A7 BB

apvuh
Un g gx
(#27355K
o d*y
1tdiain
w7 1 4R
nRectwne
28w d
ORI AR LN
viZ33bWK
1627 16K
N367 16K
67 330PR
V73387 R
©wb335oR
1vhzn
W73 3R
43356k
w732 41R
n72761K
EIIHOR
1vG2ah
Vulantk
Va3BdUR

W31 3R .

B/ 3367K

EHh335HK
tpzhia

WBn7 16w
Wd2r 12X

LWA27WBR

©72757K

L16GH5X

bhpeien

W38 HR

GhneBy

Wb7362R
1oGZnl
e17032R
177787
N7 3303K

ADJUT

unrup

MOP
LUA DUNE
STe LINK
Clb

TUCT 1ARann DIVy CALC COUNY

DEF .30

5¢R

INa

CMa, INA

STA GUNT

LDA ADJUT, I

152 ADJUT

STA RDOTA ADDR OF {ST RANGE RATE
STA kKDOTH :
LUA-LINK S

uCT 106209 MPY

DEF L4

AUDA CSADR ADDR OF NST5(#NS NOMINAL)
STA NBTAU '

STA JOFF

LOA LINK

UCT tnnaun MPY

LEF 0@

AUA NATSA

STA. ANS

STA ANSY

LDA LINK

UcCT 1ovznd “MPY BY 3@
DEF 03v ‘

AUA N, VAL NS

ADA .20 '

STAa (RIP

J5B8 DMUL
NUP

NEF 15
NOP

Lbg RUOTA LOAD RANGE RATE, CONV
LOA b,7 TO 8 SECONDS AND
JSB GUFUP | I
DEC 9

STA (RD
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PALE Wy &nl  exe ADJUST RANGE ROUTINE

J3Rl  0WA767 Lieund INB

W362  NA77v loudnt LOA 8,1

238 wWnL771 V73364R STA ,RD+1

B WK77% w6l d INB.

W3KS  WE773 1022n1 LA B,I

W366 V774 $73305R STA ,RD+2

@GART  PW7275 weeded INg

4388 (M7 76 1620 Y LUAB,T

w368 Mu777 K73366R STA ,RD+3

B39/ % .

9391 vivne n1eNp6X ALUP  JSW DADD

“3Y2 uYiuwl YW13bL3AK DEF .RD

N3IUI VIPRL2 B34Sk DEF DY

W3%4  W1cuno BUUIKTR LEF TEMP

IR : .

N3Y6 wirnd w16Q13X JSg LOIV

P3Y7  Atund Ba9367R DEF TEMP

w3YE  AI7MH LU IH2K DEF D2

N399  A1¢u7 ruude7R DEF TEMP :
Qapn _ :
nabt @211 w1RAESX . - - JSB DMUL :
2402 @Iv1l ven2a0w  NSTAL NODP NSTS# (1+RDOT) /2

vdES  N1012 We367R DEF TEMP ;
Bana  vi1n13 WONNVD  ANS  NUP i
Pagbe B : : 8
Paps  “1v14 U37360K 182 .CNT DONE 7
W4E7 - V1G1S v27n23kK JMP AGAIN NO, :
MayE  Ninlb BB33B7R LDA ANSY ADDR OF 18T :
GaGY  B1ul7 W67351kK Lidb o728 ADJUSTED C5 j
W41y N1428 wWA7355K ADB LINK S &
Mdt1  “1p21 170074 STA B,1 ‘ i
@412 V1WEZ2 126716KR JMP ADJUT,I = RETURN, b
Wa1dx o :
nata 1028 v63362R AGAIN LDA ROUTA GET NEXT i
LWald B1yed 14Z703R AUA .4 RANGE RATE 4
Ma16  Pluegd U73302R STA RDOTA ' §
V417  V1G26 VE3TLIR LDA ANS i
Pa1B  QA1uR7 K427 @3R ALA L4 :
419y Q1030 073013R STA ANS i
@42 Q1031 v26762K JMP UNFUP i
G42iw ‘ i
Wag2 N1032 wourry  GOFUP NOP 5
823 N1033 Vv1623 ELA,RAR i
V424 01434 v0L1727 ALF, ALF i
pded P103s WI2706R CAND B177 i
G426 - V1036 PU2RA4n Stz 5
nag7 b1v37 GU30Q4 CMa, INA i
pav8 Bi@dw 143032R ADA GOFUP,I i
waz2y wiudl ou2021 SSA,RSS 4
0431 V1042 V27845R JMP RETX, s
w43y  P1@43 wuiaed CMA, INA ’
0432 B1Pa4 032711R 10R LSIN,

0433 W1Gd5 w1727 RETXs ALF,ALF

0434 V1046 ¥W3I7P32R 152 GOFUP

VA3SS Q10447 127032k JMP GOFUP, 1

n436% . ~ ;

Pa37ww STURAGE AND CUNSTANTS IS REER T2




PALE WMle #uWl

w438
1439
144
haay
w442
raad
Ndada
nadd
naan
nday
naan
naaq9
nasy
nasy
nase
Hava
H454
p4hd
nabe
ndvh7
* W

ninbae
ui1ndy
w1145
v124)
w1345
n1dbl
1oy
n135na
1354
HW1dsh
h13d56
01357
niden
n1dnl
B13s6e
#1303

“W1don7

V18740
w1371

NQ BERROKSS aAMD

w ok %

MuldblR NSTSA
VoA an CS5CRA
iy CSCRH
wonney  CSCRL
unaANG . NTADR
WAL 3n2R ,725
wburan - NSC
AWivdue  NSTH
NaNACH  NSTQ
AAPRAAG  LINK
WAH1335R CH5ALR
e  RDOTB
ALAGng  JUNT
WanRr74 60
whngne  ROOTA
“ergnny o KD
WALRAN . ANSY
Veuaana FIRST
VAVRVE  RTEMP

VEF
BSS
BSS
oS$
BSS
DEF
NOP
MOP
NOP
NOP
NEr
MOP
NUP
(reC
NUP
HaS
NP
NQOP
BSS
eND

ADJUST RANGE ROUTINE

C5CrA
6

6¢

6@

12
N5SC

NTADR

1]

2

ASMB,25117=402518
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MODEM SEND ROUTINE
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FYGE 20n2 #1 « MODEM SEND ROUTINE = 6MAR?S

Aol ASMB,R,B,L -
ANA3  voeaan NAM SEND

ann4 ENT SEND

ANAS EXT PRINT,RTTYR

N6 ;

P007 Q000D VARAVNO SEND NOP !

QAN 2NNy @A1727 ALF,ALF PUT IN HIGH ORDER

A209 0PVAA2 M76B34R STB SAVE SAVE B

NP1 QABVI M12045R AND =B{77400 12xX

“N1l MeAR4 0B17R0 ALF 2%X1

2nt12 0ROA5 072035R STA SAVEQ

PUW13 Vovné en3nen CMA

pALd  200A7 A12046R AND =B17

0015 @un1e An1727 ALF,ALF

ON16  ©WoKull A3203I5R I0OR SAVEY 21 %X

We17 @@dei2 NP64Q0 cLe

PRI8  APAL3 M12045R AND =B177400

P019 PARA14 102615 OTA CH

20220 QAR1S 183715 STC CH,C

MN21 NBN16 1P2315 SFS SFS CH

PN22 J0Q17 N26023R JMP TIME CHECK FOR TIMEOUT

2023 NOQR29 197715 CLC CH,C o

am24 Q@R@21 A66034R LDB SAVE RESTORE 8

na25 0nee22 1269@0R JMP SEND, I EXITY

ANabw |

2027 @AQR23 P34p01 TIME ISZ i P o
BU28 0NAV24 226016R JMP SFS NOT YET i
AN29 Q0Q25 107715 cLC CH,C TIMED OUT, CLEAR CHMANNEL
AA30 @PQ26 P62M4TR LDA =D? PRINT TIMEOUY ‘
NE31 ARQ27 Q16MABLX JSB PRINT

On32 Q003 NAPVBIGR - DEF ERROR ;

2n33 Q0031 2034p0 CCA WAIT FOR INSTRUCTIONS
0a34 00832 P16002X JSB8 RYTYB

AN3S APB33 228P3LR JMP w2

NO3I6w

237 0Q0r34 20aPRA@ SAVE - NOP
n2a38 MARR35 enoan@  SAVEL NOP
#p39 Qaais CH EQU 158
n042  0A@36 B46517 FERKRCR ASC 7,MODEM TIMEOUT
‘ NAB3I7 042105
PAN4AY P46440
nA04y @52181
ABR4e R46525
20n43 247528
AnP44 052040
20Q45 177400
paQ4s nanay7
en047 oaeaa? ,
ondl N ' ~ END :
w%  NO ERRGRS? AMD ASMB,25117+402518
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PAGE NAN2 wAY

(1518t
ANR3
ann4
anas
PAREw
aen?
a008
noae9
aALy
1B B!
ar12
anyd
AN14
AA1Ox
AQ16
nay7
naLs
2ny9
nA2n
o2l
na22
AN23
AN24xn
ones
P26
aa27
P28
vwoas
NA3B%
NI
anaz
B33
AR34
2A35
aads
ney7
aR3s
an3s
an4n
pnat
2A42»
. p0d43
naas
an45
OR46
o047
e 1 X Y.
nnas
2050
aas51
nos52
2n53
PAS4
DRSS w
", Y, 81
nps7
Bans8

22000

gRomad
aneol
paga
e2003
AANQ4
AR@AS
aoue6
anaaz

ovalne
a0t
anel2
2nn13
naoti4
nAvLs
aanLe6
anas7

pag2a
ane21
pve22
20023
oAn24

00e25
anQ26

an@27

napgdan
AAN3Y
aunnde
a3l
2BR34
¥2035
28n36

oned7

ouede
vandy

20Q42

2043

00044

A4S
20046
pava47
aAesae
noas1

anpsS2

paAAS3
anps54
ANA55

evcnee

162000R
236000R
A72130R
@42137R
@72050R
042137R

ASMB,R,B,L

FIX,D

072060R

062004X
N72A51R
@42137R
B72061R
N42137R
A72117R
042137R
A72125R

p62001X

n52140R
026M3IAR
en2n1!

P26034R

P62141R
#72131R
@26M40R
062142R
P72131R
VI6A66R
026040R
A621 43R
B72131R
B16066R
N26AI2R

P62130R
07403
P16112R

@62250R
272052R
#6561 44R

MODEA

MODEB
AGAIN
MODEC

60

NAM
ENT
EXT

NOP
LDA
182
STA
ADA
STA
ADA
STA

LDA
$TA
ADA
STA
ADA
8TA
ADA
STA

LDA
CPaA
JMP
SLA,
JMP

LDA
STA
JMP
LDA
STA
JSB
JMP
LDA
STA
JSB
JMP

DA

cCB
JSB

LDA
STA

LDB

P164108R

160Q3X
002200
CLELIL
207000
062060R

A72@62R
f66144R

TARSY

+1DTY

ADDI

JSB -
Jss

WOP

« FIXED DELAY COMPUTATION w 2JAN?S

FIXD

FIX.D

MODE,MOVE,DADD,FIXTY
FIX,D,I FIXED DELAY TVABLE

FIX,D
CDA
sD2a
TARS1
aD20
TARS?2

FIXT1 SATELIYE DELAY TABLE
10T
=N20
«1072
=020
+1DSP
=020
+10TR

MODE
£B82
MODEB
RSS
MODEC

sD=5
CNTY
GO
tDed
CNT
6O0%
GO
DL R
CNY
014
AGAIN

CoA
ADD . DELAY$,iDTRe,1DSP

TARS
ADDY
#Dew? S e
ADD DELAY+,1DSPe¢,1D8P¢ 1DTR
DADD © %, 10T L o

NOP
NOP

LDA

8STA

LDB
5-162

TARS2
ADD4 ’ :
D=2 -




PAGE 0003 #01 « FIXED DELAY COMPUTATION » 2JAN7S

eAS9 0o7Ae56 B16110R JSB ADD SAME AS TARSH
Oy 2067 020057 216003X JSB DADO +,1072
- 2261 00060 PVAPA@ TARS2 NOP

YN62 QM06Y @0AMA@ ,1DT2 NOP
PA63  20M62 QA2AAA ADD4 NOP

2064w

ANES NRP63 QI6IILR IS8T CNT
"A66 Q0p64 QP26P32R JMP AGAIN DO NEXT OELAY
AA67 (BAN6S 126Q00R JMP F1IX,0,! ExY7
Pne8w

AN69 QAANE6 OrRNER GO NOP

A7 0AO087 A62134R LDA CDA
AO71 Q2072 PA42145R ADA =D4
PN72 Qapd7y @72130R STA CDA
AB73 00A72 M42137R ADA sD203
AA74 020073 Kw72050R STA TARSH
NB75 @AB74 Q42137R ADA sD20
nA76 QOR78 B72060R STA TARS?2
AA77 0RR76 P620S5IR LDA ,1DTH
PA78 B0B77 Q42145R ADA ®mD4
2279 @Q12Q O72081R STA ,1DTH
280 0OMN12)1 P42137R ADA s=D22
An81 00102 B72a61R STA ,1DT2
0182 ANLA3 B42137R ADA uD20
AABI Dniad4 B72137R $STA ,1DSP
w84 QR10S P4213I7R ADA =D20
ARBE ARIA6 @72125R 8TA ,IDTR
@n86 0Q21n7 126M66R JMP GO¢,!?
087 »

QN8B Quile oA2@AAQ  ADD NOP

QP89 Q0111 @72126R STA ADDY
090 020112 A76136R STB SAVEB
291 080113 P681I6R L.DB SAVEX
AN92 0N114 QL160M2X JSB MQVE
2093 00118 016AA3IX JSB DADO

2nS4 020116 BVO132R SAVEX DEF SAVE
A395 020117 eoonea ,1DSP NOP

0n96 ©2p120 @AQ132R DEF SAVE
2897 02ni21 QAISLI6R ISZ SAVEB
pA98 0NA122 A26115R ~ JMP SAVEX={ IF TARS ADD ,{DSP AGAIN
P299 20123 A16003X JSB DADD
0102 00124 @AD132R DEF SAVE

121 07125 AANP08 LI1DTR NOP
2102 029126 0MAA@@ ADDY NOP
2103 0RB127 1261{@R JMP ADD,!
P1O4w :
72185 n0130 2mQe0d CDA NOP
n126 @2n131 QeAM@P@ CNT  NOP
¥i107 20132 oP2PPQ SAVE BSS 4
2128 Q2136 QA220Q SAVEB NOP
02137 Q20@24
20142 00MR2
g 5 nAL4y 177773
Ly 0142 177774
QMn143 77775
Qn144 177776
281485 20004




PAGE B0@d4 421 w FIXED DELAY COMPUTATION w 2JAN7?S

a1ae END
*¥ NO ERRORS! AMD ASMB,25117.4025%8
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PAGE N002 #@1 « TTY HANOLER

anng ASMB,R,B,L

AN anene NAM HAND Ny
2004 ENT TTO,CULLL,CULL2,RTTYB,FIXTL,TTYDA

anns ENT MODSX, INGC, INATY,INOT2 |
pans EXT A77B,MODT,MSX,MTX,MS8G1} i
aoaz EXT COA,TARS{,TARS2,DECOD,DDTA,BCDBI ?
aeqe EXT OKFLL,ETI“E,TYYST,,10C,,ABORT,LABLE ;
noAg EXT LINKS,MAXT,MAXT1,TIME,MODE,YR :
pa1a EXT PRINT,CLEAR,DONE :
ansit ENT BB200,BRB27,BB39,B8B28) |
pRri2 ENT SPAN,TSPAN §
1B IN) EXT BS70 ﬁ
AN14 SuUpP : :
AR S%kw MAR 12,1975 ]
AWL17% RYTY TELETYPE HANDLER

Ho18w

719 Quane ARNAR@e RTYTYB NOP

pO2n  PRMAl A73327R STA TTYM

nnel MaRn2 B63420R LDA =D2

nnzz weenld N16m30x JSB PRINT

A2y NAVAd VBRL1277R DEF XXX

pn24 AR5 N16@17X JSB ,I0C,

pA2s  AKEA6 A1aend 0CT {veat

AR26  PAOR7 QA26A05R JMP ww2 READ TTY

w27 20019 POL3ALR DEF TTYDA

QU288  PARty ALAR13 DEC 31

NN29 % .
PR3N P12 Y63327R LDA TTYM

Wn3l PYAL3 ¢P2Q006 INA,SZA

AN32 QU014 12600AR JMP RTTYB,!I STATUS NOY REQUIRED

BU3IIw

A034  QneOLS D16017X JSB ,Io0C, STATUS CHECK

BN35 QU016 240001 OCT 4pa0)

nA36 QAeel7 ve2R2Q SSA ;
AB37 Qanz2n Q26A15R JMP #m3 5
©vadax ;
nN39 Q#B21 G66054R LDB TTYTB :
AAdn Q0P22 B63322R LDA TTYB }
ANR4y DAL2I B73317R STA ZBUF ;
A042 QAR24 ar2400 CLA ;
BR43  AAE25 @73330R STA CNTY :
044 QPQAGI26 164y UP LOA §,1

PN45  2KR27 un2nad 8ZA,RS8

P46 AUA3K P26RI6ER JMP  OUT

047 @20N031 A53321R CPA TTYDA

@n48 QP032 A26045R JMP 0K - LEGAL CALL

QA4S QP83 KosAL4 INB ,

pnase Anndd nrepR4g INB

pusSy  ARAID B26026R JMP UP . CHECK NEXT ENTRY

P52 0AP36 A62014X OQUT LDA OKFLL

AR53 PUA37 oR2u@2 SZA .
@n54 - ARN4n A26115R JMP MIKE WAITING FOR OK f o
gAd5  pNAP4l A63421R ERROR LDA =DJ e
P56 paAQd42e 2160n3BX JSB PRINT

aRb7  pAB4d BA1324R DEF MSG

An88 QV2EN44 L26Q020R JMP RTTYB,I
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PAGE 40P3 #2Y % TTY HWANDLER w

AN59w
AN6L QPPA4AS @521A3R 0K CPA OKS

AN61 0ONA46 P26115R JMP MIKE OK YYPED
AN62 APPA7 R6E2014X LDA OKFLL

AN63 P0050 902002 SZA

An64 20051 VB26p2aX JMP ABORTY EXPECTING OK,BUT DIDNTY COME
VAES QnAS52 NV6004 INB POSITION YO POINTER
PA66 QAAPS53 124001 JMP 1,1 :
PA67 %

PU68 Q0054 BMANASS5R TTYTB DEF wel

PA69 2UABS55 B41454 ASC t,C,

UA70 00AAS6 B26122R JMP CULL SET CULLING NUMBER
AA71 APAS7 044454 ASC 31,1,

AN72 ANp6M @26255R : JMP MOSET MODEM SEY

An73 0Q0A6Y @52054 ASC 1,7,

AN74 QAN62 MA26262R JMP MTEST MODEM TEST
2075 @ANE63 054454 ASC 1,Y,

NA76 AUP64 VB26136R JMP YEAR

QA77 QAPA6S @51462 ASC 3,82

AN78 0AAP66 A26145R JMP SYS, A

2079 QANA67 @B51461 ASC 1,81

AAB? QBUA7® B26147R JMP SYS,B

QVB1 ¥AR71 V51154 ASC {,R,

ANB2 0A0@72 V26171R JMP . RUN

2083 QA0N?3 ©¥51454 ASC 1,8,

nN64 AR074 B26621R JMP ,SET

2285 ANA7S 42054 ASC 1,0,

ORB6 0PA76 P27081R JMP ,DMP

PA8B7 Qun77 w25101 ASC {,#A

ANBA VRP10R B26020X JMP ABORT

2089 au10)1 N250852 ASC 1 ,wn

RA9N  PN102 VB26M20X JMP ABORT

0291 QAV1AI B47513 O0OKS ASC 1,0K

NR92 0NiIng P2261156R JMP MIKE OPERATOR RESPONSE. '
PAS3 2V1NAS P4A2454 ASC {,E,

NS94 PNA1V¥6 M26267R JMP LERPT

P095 0r1@7 025115 ASC {,wM

PA96 PM11@ @A26142R JMP MOD,

P97 020111 PQMAENR ~ NOP

A998 %*

P99 @AnM112 V06408 MOD, CLB

210Q @113 @76a@1X STB A778B

2101 ©2n114 P26021X JMP LABLE

o102w :

2103 Q0115 A02409 MIKE CLA

A124 00116 B72014X STA OKFLL

2185 Q0117 Q6I422R LDA =D32Pa0

186 20120 V16015X J8B ETIME

2147 20121 126000R JMP RTTYB,I

2108w L

2109 0AN122 B63423FK CULL LDA =Be3

110 0M123 @Q6404 CLB, INB

A111 00124 B170255R JSB NGETHB

112 Q0125 PAOIAN4 CMA, INA

M113 Q0126 Ap20m3 SZA,RSS

0114 D2QA127 Q26041R JMP ERROR

2115 020132 A73JIL18R STA CULL1
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PAGE

2116
17
2118
2149
2122
121«
o122
8123
124
2125
0126
127
128
129«
21392
f131
132
7133
2134
135
2136
2137
0138
2139
0140
141
0142
#1433
Q144
145
D146
A147
B148
149
A150w
2151
p1%52
p183
8154
2155
156
8157
2158
159
160
161
162
163
2164
n{6S
P166
167
@168
2169
21702
2171
n172

N4 401

20131
AnL3e
a2133
20134
22135

2n136
naLy7
oR1 40
nul41
20142
PR143
An144

20145
22146
00147
aB150Q
231394
an152
AR153
an154
pAL55
2156
wai1s7
aN160
nAL6Y
aai62
pa163
va164
PAL6S
20166
0a167
anL’e

any71
pai72
08§73
wa174
20175
PAL76
wey77
0200
2n2a4
An202
P2203
an2a4
#2835
pagas
ea2a7z
an2i@
a0211
ene12
vael1d
AR214
an215%
Qazie

03204
oatean
B43424R
R73316R
1260Q0R

B633a82R
@72027X
@63425R
au6490

B17855R
A73251R
1260300R

P63252R
202001

M63253R
#73254R
PE3301¢R
B73350R
P13426R
n73274R
037330R
203400

nN6404

N17A55R
002003

026B41R
270001

B47427R
pe6021

026041R
@72022X
12600AR

nN64a4
P63425R
@17055R
B73268R
100200
2R1255R
1en200
AB1256R
n72023X
R76024X
A6326AR
@43430R
enz2e214
Q26041R
#63260R
a66025X
a7n00n
040001
pp2e2t
A26Q41R
N6343 IR
100200

YEAR

SYS,A
SYS.8B

+ RUN

* TTY HANDLER w

CMA, INA
ALS
ADA
STA
JMP

sD=5000
CuLL?2
RTYTYB,I

LDA
STA
LDA
CLB
JS8
8TA
JMP

TTYDA+Y
YR
tlew?

NGETB
MODSX
RTTYB,I

LDOA TYOSA
RSS

LDA TTOSB
STA TTO
LOA TTYDA
8TA SNO
AND =817
STA SPCN#+3
1SZ CNTY
CCa
CLB, INB
JSB NGETB
SZA,RSS
JMP ERROR
STA 1
ADB mBeyg
$SB,RS8S
JMP ERROR
STA LINKS
JMP RTTYSB,I

CLB,INB
LDA =Dw=2
JSB NGETB
STA COUNT
OCT 100200
DEF D6@a
OCT 1@am2e0
DEF DigkK
STA MAXY
STB MAXTHY
LDA COUNT
ADA mDwi8
$8A,RSS
JMP ERROR
LDA COUNT
LDB TIME
CMB

ADA
SSA,RSS
JMP ERROR
LDA =D30

OCT 1020200
5-168

CONV YR TO BCD FOR MODEM

SET OF TARS TO USE

NUMBER YO USE

GET NUMBER IN BINARY

MPY

6@ YO GET SECONDS
MPY BY

10,000 (~ OF
MAXIMUN TIME

1 MSEC)

MAX IS 15 MIN

e
“r

TOO MANY MINUTES

MPY BY
REPRODUCIBILITY OF THE
ORIANAL PAGE I8 POOR



Bt

PAGE

2173
0174
@175
NL76
@177
178
179
A18@
f181
2182
n183
n184
185
N186
8187
n188
2189
p19a
2191
A192
ng93
n194
#2195
196
2187
Al198
72199
2200
2201
a202
203
na204
a205
a206
a2au7
g208
R2A9x%
210
n211
212
2213
214
N215w
2216
n2y7
o218
219
220
224
222
n223
na24
f225
0226

P1AS 01

nac17
on22@
p0221
08222
"u223
nA224
pB225
8226
ona27
pR23@
20231
na32
nA233
a0n234
AR235
nR236
na237
NA240n
pa24a
naz242
0R243
no244
20245
NA246
nne4a7
p0250
20251
an252
p0N253
e0254

20255
20256
ana2s7
@a26a
1B Y

00262
20263
20264
Aa265
A0266

0n267
en27@
202714
we272
pu273
an274
ene7s
pu276
pae77
430
na3ny

@227

n228
p229

nA302
2303

P0126AR
073260R
963303R
Q01727

213432R
253433R
Pn2001

026231R
@63303R
P13432R
043434R
022020

026M41R
P53421R
202004

272026X
W43435R
ne2021

P26A41R
262026X
An1722

043420R
273258R
P43420R
@73247R
043436R
@73246R
043437R
273245R
026016X

eR6404

P63425R
Q17055R
0160203X
126000R

n6404

P63425R
217@55R
pi16anax
1260@0R

BO64AD4

P63425R
P17a55R
002003

002404

073264R
P62005X
A72301R
063440AR
n16030X
200005X

ea740a
062026X

MOSET

MTESTY

»ERPT

MNP

* TTY HANDLER

DEF COUNY 30
STA COUNT :
LDA TTYDA2
ALF, ALF

AND sB177
CPA =854
RSS

FOR

ICOMMA
MODE 18
MODE 18

RIGHT HALF
L) LEFT HALF
TTYDA«2 :

®B8177

sB={QQ

L,DA
AND
ADA
S$SA
JMP ERRQOR
CPA =B3 -
INA

STA MODE
ADA mBej§
8SA,RSS
JMP ERROR
LDA MODE
ALF,RAL
ADA =B2
STA BB283
ADA =B2
STA BB39
ADA =B4
STA BB27
ADA =08
STA BB2@0
JMP TTYYST

REDUCE MODE
TO INTEGER

~ EQUIVALENT
Aul

Ba?2

Cs4

MODE ILLEGAL

BEGIN OPERATION

CLB,INB

LDA ®=Bw2
JSB NGETB
JSB MSX

JMP RTTYB,1

CLB,INB

LLDA =B=s?2
JSB NGETS
JSB MTX

JMP RTTYB,!

CLB, INB
LDA sB=2
JSB NGETH
SZA,RSS
CLA,INA
STA SKIP
LDA MSGI
STA wel
LDA sDi4
JSB PRINT
DEF MSG!

PRINY S8TART TIME

ccs
LDA MODE
5-169

ACTUAL » OF POINTS




PAGE

n23n
naat
na232
w233
n234
w235
n236
N237 =
naays
f239
n240
w241
w242
n243
ne44
n245
N246%
nzay
n248
A249
p25¢
nast
p2s52
8253
@254
B259%
nese
257
ness
@259
n260
n2e61
neee
N263
na6d
e265
nee6s
neez
@268
N269w
2272
a271
w272
narzs
naz4
2275
276
a277
waze
@279
#2802
281w
A282
0283
#2284
n2ss
n286

A6 8w

NAa3Ng
A7 1% 1)
pu3ae6
an3az
A3t
0311
nn312

20313
N34
20315
AR316
nn3L1z
pn320
P0321
An322

An3a23
pA324
An325
na3e6
wead2z
nn33a
N8I3
w332
20333
N334
AA335
ne336
0A337
AA340
80341
nnaae
Pn343
AN344
pPA345S
An346
ap3az
an3Se

on381
0n352
AR3SI
U354
20355
An3S6

0a3s87
pA36¢
nN361
pade2

20383
0a364
20365
PRAI66
pn367

Ad3257R
¥4a001

P43340R
©73346R
A63441R
n1ea3ax
AD1344R

ne6RA2X
@47442R
A17045R
n73354R
16peat

eni1727

B3J3ALR
B73355R

P63441R
a16a3aXx
ARL135LR
062032X
wn20ze
nn2400
wn2003
126002R
rA6400
{00400
QU1264R
@b3nee
an6ned
wo2004
@732614R
@63264R
{eazne
@Y1257R
N73264R
#63443R
ei16030X
BB1356R

n62026X
N72360R
w620047X
@72361R
n62010X
@72362R

16M14X
anpAena
00200
aenena

P66033X
A76442R
@77275R
063423R
A73263R

polyY
REFC
REF1
REF2

JSB PRINY

* TTY HANOLER =

CPA D4

ADA 1

ADA CASCI
STA MSG6+2
LDA =D5

CONVERT TO ASCII

PRINT "MODE"
DEF MSGS6

LDB MODY
ADB =Di{
JSB CONV
STA MSG7+}
LDA §,I
ALF,ALF
IOR CANUM
STA MSG7+¢4

DECODE TEMPERATURE

LDA =D5
JSB PRINT
DEF MSG?
LDA DONE
SSA

CLA
SZA,RSS
JMP RTTVYB,1I
cLB

OCT 10@400
DEF SKIP
CMA
SZB,RSS
INA

STA CNT
LDA SKIP
OCT 1@0200
DEF D4

STA SKIP
LDA =D34
JSB PRINT
DEF QUTHD

PRINT TEMPERATURE

DIV BY -
SKIP l/

NUMBER QOF LINES YO OUTPUY
MPY BY

FOUR

SKIP LOCATIONS

PRINT HEADING

LDA CDA
STA REFC
LDA TARS\
STA REF1
LDA TARS2
STA REF2

JSB
NOP
NOP
NOP

DECOD DECODE DATA

LoB
$TB
STB
LDA sHe3
STA CNTY
5-170

B57@ j‘
ADRS '
Loc




PAGE Q07 #01 « TTY WANDLER w»

A287 QR3I70 V634I5R LDA =Be5
o p288 @AN3I71 @73262R STA CNTX
. 289w
B297 O@M372 A170245R DONT JSB CONV
3291 QAN3I73 173275R STA LOC,!
292 QAN374 A37275R ISz LocC
D293 Q@375 BI7262R ISZ CNTX
P294 OP3I7’76 A26372R JMP DONT
0295 0PA377 VB63IIBER LOA SPACE
B296 QG400 17 3275R $STa LOC,!
@297 AN4py @A37275R ISZ LacC . SKIP ONE
298 2042 AJI7283R I8Z CNTY
B299 204n3 026370R JMP DONTe2
A3IDA %
P3Py QAad4n4 A63423R LDA =Bw»3
H3A2 0U4Rd @B73263R STA CNTY
N33 QN4pn6 UE6IA427R LDA =Bw4
2304 Q04047 @Aa73262R STA CNTX
AP35
306 An4tn 1604021 DO LDA 1,1
A3IN7  ©p0411 Av1727 ALF, ALF
308 AR412 AN6D04 INB
w39 @AN413 BI7262R ISZ CNTX
N31R  @A0414 20261 RSS
2311 00415 P26424R JMP DONOT
@312 Q0416 13pany ICR 1,1
AILI  AR417 o604 INB
) 314 Pa420 P3III42R I0R CAN
e 315 9A421 173275R §TA LOC,I
0316 Q2pr422 ©¥3I7275R I8§Z LOC
317  Vvd23 B26440R JMP DO
0318«
@319 Q0424 B3IIILIR DONOY IOR CANTY
B328 Q0425 §73275R STA LOC,1
8321 00426 P37275R 1SZ LoC
B322 Q0427 @3I7263R ISZ CNTY
323  PR437 R2640Q6R JMP DOw2
A324x ;
p325 @BR431 n63427R. LDA ®Bw=4
P326 0M432 B73262R STA CNTX
@327 9Q433 AL7A45R MAYBE JSB CONvV
0328 Q@434 1{73275R STA LOC,I
2329 0R43Y5 @P37275R 182 LaGC
P3IB  QAN4I6 PIT262R I8Z CNTX
331 DP0437 @226433R JMP MAYBE
33w
2333 Q@440 063 A443R LDA =D34
0334 PR44)l Q16D30X JSB PRINT PRINY RESULTS OF RANGE
P335 00442 Q2280  ADRS NOP OUTPUY DATA BUFFER SHARED NITH M
p336«
A3I37 02P443 QAI7264R 182 CNY
P338 Q0444 pR20Q7 RSS
‘ n P3IIY PR445 12600a4R JMP RTYYB,I
. b 2340«
N341 »
P342  Qpd4a6 QNS5236AR LDA REFC
P343 WH447 B4I2H4R ADA SKIP

5-171




PAGE

n3d44
n34d
n3de
n3a’z
n348
Nn34s
350
351
352«
2353«
R3H4
V355
0356
a357
n358
n3sve
nasn
n361
V362w
1363
n364a
365
366
2367
n3ss
2369
naza
ny714
D372
RNA7 3%
D37 4%
Q37
n376
A377
378
naze
380
r381
n382
P38
n3s4
niah
386
2387
p3aes
n38s
2394
B39y
2392
n39Y
9394
n395
A396
n3e7
naisa
399
napa

VNG wed

0459
panas1
nnase
20483
0454
Rn4ashd
2nas6
anas7

Angen
U461
AN462
Bn463
anaca
AR46D
pA4a6H
nnae67

ava7e
nnazi
aeaze
RMa73
Q0474
nedzs
Nea76
peaz7y
ANSAR
nesny

apde2
ansn3
PR525
wpb06
eas510e
pe51
22513
vo514
516
ens517
nas21
pasd22
npd24
andas
eas27
2A530
nO532
2n533
2a53%5

- P0536

nn540
nn541
AN543
¥0544
Pa546
pasa47

@72360R
P62361R
N43264R
0723614R
R62362K
043264R
N72362R
R26357R

paeene
N67444R
Q77261R
V66502R
©63302R
150101
ne2001
02647 5R

P63303K
na60R4
150001
126460R
nA2001
nrR6YL4a
V4a7420R
P37261R
P26464R
P26041R

RPR543R
n521e5
2@1265R
051105
QnI23LR
@511@5
AR1235R
v511@5
BA12414R
851520
NR1271R
p3psa4
PO1111R
31104
2A1115R
n31524
0R1121R

32104

A031125R
V32504
A01131R
a3ndSe4d
@1 135R
p311024
0A114LR
n31504

SRCH

S1

DN

CTAB
TSPAN
INGC
INGT
INGAT2
SPAN

FIXTS

STA
LOA
ADA
STA
LDA
ADA
STA
JMP

NOP
LDB
STB
LOB
LDA
CPA
RSS
JMP

LDA
INB
CPA
JMP
RSS
INB
ADB
182
JMP
JMP

DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC

5~

« TTY HANDLER w

REFC
REF 1
SKIP
REF1
REF2
SKIP
REF2
DOIT

sD=26
CNT
CTaB
TTYDA#Y
1,1

DN
TTYDA+2

1,1
SRCH, I

sB2
CNY
S
ERROR

we

2, TEMP
TEMPR
2,RECD
N@CD
2,RETY
NaTY
2,RET2
NQT2
2,SPCN
SPCN
2,107
+10T1
2,207
«20T1
2,3074
«30TY
2,4074
«4DT1
2,507
« 50T
2,1072
+1DT2
2,2072
:2072

2,3072
172

TABLE ADDRESS
INPUY VALUE

TRY NEXT ONE

FOUND VARIABLE

SPACECRAFT TEMPERATURE
RANGE ESTIMATE CDA
RANGE ESTIMATE TARS 1
RANGE ESTIMATE TARS 2
SPACECRAFYT NUMBER

FIXED DELAY VALUES




PAGE 2009 wyQl

2401
Nag2
2403
nap 4
B4aps
n406
04?7
0408
nag9
r41Q
Q411
412
"4ty
nas a4
w415
na16
nay7
BaL s
nay9
p420
P42y
0422
423
424
hnagsd
naege
naz7
Rnaz28w
n429
Q430
A43y
n432
0433
434
2435
0436
V437 »
A4a38w
430w
440
7441
na4ge
na4y
444
P445
0446
Q447
D448
NAa49
pa5n
n4s1
n4as52
N453
2454
Ba5%«
nase
457

Pa551
nessa
2n554
2A555
00557
o560
nN5862
an563
565
2n566
and7a
nadbzy
no573
Pnd74
aes76
aas77
Ho60y
nnea2
@06024
an6as
ne6az
@610
an6le
L LB I)
2n61d
ao616
ane20

20621
an622
nNne623
00624
Va62d
nR626
AQ627
99630

DATAZ

pO63Y
2n632
2p633
na6l4
BR635
PR63s
0637
02640
0064y
on642
nA643
00644

P0648

ne646
00647

22650
20651

001143R
p321ma
PALI5LR
@32504
P21155K
n3esn4
PALLI61R
031104
PB1165R
n31504
RALI714R
832104
881175R
232504
wn12014R
230504
PB12085R
n3tina
An1211R
031504
nAaL1215R
e321n4
P21221R
032504
Qe1225R
n4p514
avo0en

V16460R
poeena
{60004
n2ea3
P26762R
073275R
WS52521R
026@4%R

DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
DEF
ASC
NOP

JSB
INB
LDA

SZa,

JMP
STA
cPA
JMP

S,VVvv, (VALUE),

en2400

A73336R
A73337R
P67M40R
@77333R
P63423R
e16031X
B63445R
B73335R
@43425R
P73261R
R62761R
M72723R
M63427R
@73334R

267314R
077276R

CLa
§TA
$TA
LD8
878
LDA
JSB
LDA
$TA
ADA
STA
LDA
STA
LOA
STA

LDB
518

* TYY WANDLER =

3072
2,4072
W 4DT2
2,5072
5DT2
2,1D8P
o 1D8P
2,208P
2 2D8P
2,3D8P
o JDSP
2,4DS8P
+4DSP
2,508P
«SDSP
2,1DTR
«10TR
2,20TR
o 2DTR
2,3DTR
+3DTR
2)4DTR
«4DTR
2,5DTR
«SDTR
2,ALLX

SRCH

£,1
RSS
SALL,
Loc
SPAN
ERROR

SIGN
SYNC
ViXx
Vi
2Be3
CLEAR
aDel?2
EXP
sDe2
CNTY
w182,
OPTON
ID-4
SHIFT

TTYBF
REF
5-173

CHECK FOR LEGAL VARIABLE
POINY TO ADDRESS OF VARIABLE

CANNOT CHG SPACECRAFT NO,

INITIALIZE

DEF TTYDA

SHIFY COUNTER
DEF TTYDA#3




PAGE

@458
P459
P46y
D461
D462
463
n464
L4465«
NABE
a7
n468
p4as69
B47%»
nars
naze
naz73
h474
narzs
475
Naz7
na78
n4az9
naan
481
A482
483
P4B4
p48s
P4aBs
2487
P488
2489
vw4se
2491
n4ag2
2493
D494
495
B496
n4ag7
n498
P499
500
72501
D5N2w
2503
ASK4
n509%
55101
597
aAs08
2509
2519
251}
0512
2513
NS514d#

AN1A &01

An6S2
20653
en654
2n65%5
(117021
Pe657
0o660

2n661
nR662
ANELY
nnes4

nBe6S
@668
nae6e67
w670
00671
nR672
Bu673
0a674
na675
ane676
20677
aa7an
A07 04
un7n2
nRaz7e3
2B704
an7@s
nAzes
aa7a7
Az
ee71}
eaz12
AR713

8a714
an715
2A716
pe747
en72¢
pazay
pn722

PA723
AA724
va723%
nA726
aaz27
20730
2A7314
2n73e
2A733
pR734
en735

160201

A13432R
B53446R
R26661LR
A53447R
M26665R
@267Q1R

@37336K
BAREE665R
anz2400

@72723R

B@37337R
N63337R
paanio

22667 4R
V633K
P13432R
P267M1R
B37276R
16327 6R
B73331R
vayza2z

N13432R
@53450R
A26663R
B53451R
0267 36R
AS3433R
0267 36R
D43452R
a7eand

047 453R
puem21

226Q41R

P67334R
pueeaz

@26721R
eat1700

A26745R
§33333R
173333R

037335R
eeaRaQa

@37261R
naznal

P26B41R
@37334R
V2L6665R
P37 333K
N63427R
@73334R
P26665R

§1X

§2

§3

54

PUTIT

OPTON

LDA
AND
CPA
JMP
CPA
JMP
JMP

182
JMP
CLA
STA

182
LDA
51.A
JMF
LDA
AND
JMP
182
LDA
STA
ALF,
AND
CPA
JMP
CPA
JMP
CPA
JMP
ADA
§TA
ADB
888,
JMP

LOB
INB,
JMP
ALF
JMP
JOR
STA

152
NOP
182
RS8S
JMP
182
JMP
182
LDA
STA
JMP

* TTY HANDLER

i1
aKB177
2855
S1X
2853
$3
PUTIT

SIGN
$3

OPTON

SYNC
SYNC

S4
SAVE
tBy77
PUTIY
REF
REF, 1
SAVE
ALF
»8177
8565
§2
®B40
EXITY
sB54
EXIT
zAw60
1
aD=10
RSS
ERROR

SHIFT

SZIB,RSS
T

LR
Vi,l
Vi,1

EXP
CNY

ZRROR
SHIFY
$3

Vi
EDw 4
SHIFT
53

5-174

(=) MINUS -

(+) PLUS
IGNORE

STOP UPDATING EXPONENT

I LEFT HALF
@ RIGHT WALF

(o) DECIMAL POINY
( ) SPACE TERMINATOR
(») COMMA

CONVER TO

TERMINATOR
B8CD.

ILLEGAL POINT

INCREMENT EXPONENT COUNT
INCREMENT DIGIT COUNT
TOO MANY POINTS

UP DATE BCD POINTER -

REPRODUCBILITY OF THE
NRIGINAL PAGE IB POCR




L IS

PAGE

2515
vs16
8517
2518
ns519
P58
821
as22
P8%23n
ph24
B525
526
a527
0528
0529
253
2531
a532
n533
?534
AD3I5w
8536
2537 »
9538
2539
a540
541
n542
0543
N544
0545
B546
2547
2548
n549
a550
2551
@p5%52
AS53Iw
f554»
n55%5
P556
n5s8?
A558
n559:
3562
nS61
2562
n563
3564
B565
B566
2567
A568
n569
Q57¢@
2571

2R11 #Q}

wA736
ea737
Pu749
aAa74y
nA7 42
PAa743
00744
NRA7 45

PA746
eR7a47
80759
0A751
8a752
en753
Bu754
BA755
wa7s56
oar57
nr760

22761

ee7é6e
AA7EY
pa764
a7 es
PAa766
vazery
nB770
en7714
eA772
0ve773
00774
aA775
an776
aer77
ploee

210014

e1002
210923
21004
91005
elon6
giea?
21010
giro1y
21012
21413
21014
2108
21016
81017
21029
a1021

063335R
020214
0267 43R
f03004
9334854R
enL727
A43336R
173275R

063423R
A73334R
@37275R
A67040R
1600014

173275R
pacaad4

¥37275R
237 334R
P26732R
126000R

@37 335R

P63. 35R
B73261R
vw66502R
847420R
@77037R
164004

056524R
02677 4R
P63427R
016031X
WE70B3I7R
0wo6aN4

MI7261R
@26785R

126000R

@1646aR
2n6004

160001

@73837R
002002

M27736R
P66502R
@63455R
@73261R
@77015R
263420R
@16230X
erae00

267215R
@47 420R
163001

273923R

EXIY

£l

SAVIY

»182,
SALL,

SAL1,

« DMP

MILD

LDA

* TTY WANDLER w

EXP

$SA,RSS

JMP

El

CMA, INA

I0R

=B8200

ALF, ALF

ADA
STA

LDA
STA
182
L0oB
LDA
STa
INB
182
182
JMP

JMP

182

LDA
STA
LOB
ADB
s$78
LDOB
CPB
JMP
LDA
JSB
.08
INB
182
JMP
JMP

JsB
INB
LDA
$TA
SZA
JMP
DB
LDA
STA
L g
LDA
Js8
NOP
LDB
ADB
LDA
STA

SIGN
LOC,!

sBe}
SHIFTY
LacC
vViX
1,1
Lac,!

LocC
SHIFT
SAV1Y
RTTYB,; 1

EXP

sDw=25
CNY
CTAB
=02
WILD
1,1
SPAN
wed
sDwm4
CLEAR
WILD

CNTY
SALY,
RTTYS8, I

SRCH

1,1
WILD

WILDw}
CTAB
eDe28
CNTY
MILD
aD2
PRINT

MILD
sD?2
1,1
we2
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NEGATIVE EXYRAPOLATION

UPDATE STUFF POINTER

SET ALL INITIAL VALUES TO 0,0

CANNOT RESET SPACECRAFT NO,
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nsre
Ab73
2574
AS7S
nS76
577
2578
as79
A58g
nasy
@582
TR
V584«
@585
2586
587
2588
AS89
as9n
591
As92

n594
2595
nE596
A597
P598
@599
he600
n601

AoRd
0604
nees
n6N6
asae7
o608
2609
néLM
2614
n612
nELY
Q614
B6Ls
A616
8617
2618
2619
p62p

R ey e o e et e e e B e e e AT e e s

e1m22
B1023
21024
21025
a1@26
ai1027
21032
N1034
a1ede
n1033
71834
n1p3s

21036
1037
nie4u

41041
ni1a4da
1043
D10V44

n1@4d
21046
w1047
nios50
A1051
e10d52
21053
21054

21055
A1a56
01057
PLe60
21661
21062
Q1063
210264
21865
01066
21067
21070
21071
01072
01073
21074
21075
eLaze

ni1éma12Xx
AraaoY
PV1I3B1IR
B63456R
nisa3nx
0213A1R
e67M15R
047421R
87781 5R
037261R
P279 43R
126002R

ay6n12x
eARRY
22130214R

A6IABER
e16a3ax
@01301R
126000R

eeoane
1600014
ev1727
0a6end4
130001
va6oana
?33342R
1270845R

peeend
@73321R
a77320R
202400
073323R
163317R
A67J3AR
0n6oY
nn1727
@13432R
@43452R
eeza2e
@27104R
N67323R
eas7ea
a3eoa1
P73323R
R67330R

WILD
vix

CONV

NGETB

AG

* TTY HANDLER

JS8
NOP
DEF
LDA
J3B
DEF
L.oB
ADB
s$T8
182
JMP
JMP

JSB
NOP
DEF

LDA
JSB
DEF
JMP

NOP
LOA
ALF,
INB
I0R
INB
10R
JMP

NOP
STA
8T8
CLA
$TA
LDA
LDB
SLB,
ALF,
AND
ADA
§$SA
JMP
LOB

‘BLF

I0R
STA
LaB

DOTA

TTYDA
eD9
PRINT
TYYDA
MILD
sD3
MILD
CNTY
MILD=2
RYTYB, I

DDTA
TTYDA

=D9
PRINT
TTYDA
RTYTYR,I

CAN
CONV, !

CHAR

BCD
IBUF, 1
CNTY |
RSS ¢
ALF
=877
sB=60

FINI
BCD

BCD
CNTT
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26214
a622
0623
p624
0625
0626
@627
0628
2629
n63e

o1077
e1ioea
e110¢
e1i02
”1103
21104
01105
21106
e1107
e141@

B3I733IAR
204010

03I73L7R
PI7321R
B27062R
P63IJ2IR
067320R
e06en2

216013X
127035R

FINI

182
SLb
182
182
JMP
LDA
LDB
828
J8B
JMP

* TTY HANDLER =

CNTY

ZBUF
CHAR
AG
B8CD
4

BCDOBI
NGETB,1I




PAGE QM14 #@1 « TTY HANDLER «

2632 9111} Qaeeed L1DTY BSS
2633 ©1115 oneoed L,2DT)1 BSS
2634 Q1121 @emoeead L,3DTY BSS
W63S ©@1125 avoene ,4DTY BSS
9636 21131 AnoAp@® ,5DTY BSS
A637 n1135 Apoeed  ,10T2 BSS
2638 @1141 AvoENA ,20T2 BSS
P63 A1145 peaved ,3IDT2 BSS
W640 01151 00AMAQG ,4DT2 BSS
A641 01155 vaeeee 5072 BSS
A642 01161 PQPdvee ,1DSP BSS
0643 01165 20000 ,2DSP BSS
n644 @117y 0vVOR® L,3IDSP BSS
¥645 01175 PAQMA@ ,4DSP BSS
V646 P1201 PP0QQ0 ,L,SDSP BSS
P647 1205 0ROPPB® .1DYR BSS
w648 01211 @peRene L,2DTR BSS
n649 ©1215 oeomEe@ ,3DTR BSS
P65 @1221 @evnee® L,4DTR BSS
0651 ©1225 erpean  ,S5DTR BSS
P652 81231 A0ARR@® NOCD BSS
0653 21235 vooaee NaTY BSS
n654 @124) aepere NAT2 BSS
2655«

PE56 Q1245 puARAn BB22@ NOP
MAS7 @1246 200MA® BB27 NOP
A658 01247 pROQPQ® BE3I9 NOP
659 P1250 PROPAR RB283 NOP
P66 21251 APAAEQ@ MODDSX NOP
¥661 @1252 040200 TTOSA OCT 49200

N662 21253 92020@ TTOSB OCT 20200

N663 012%4 A202¢2  TYTO 0CT 20200

w664 P1255 PuBA74 D6Q DEC 6@

p665 ©1256 023420 DiuK DEC 10pQ0

P666 01257 oNAp@4 D4 DEC 4

A667 D1260 PAONAM  COUNT NOP

P668 Q1261 PPQAPVQ CNTY NOP

0669 Q1262 AVEAAP CNTX NOP

0672 Q1263 2PQAG@ CNTY NOP

A671 01264 200020 SKIP NOP

2672 Q1265 2rGAA@ TEMPR BSS 4

0673 Q1271 peeee@ SPCN 0CY 2,0,m,0

p674 @1275 ooeePW LOC  NOP

0675 021276 00AQ0Q REF NOP

P676 @1277 @25052 XXX ASC f,ew

P677 01300 020137 0CT 20137

8678 Q1301 0202042 TTYDA ASC 11§,

Q677 B1314 OA01304R TTYBF DEF TTYDA+3

0680 @1315 APARA@ CULLY NOP

0681 013316 @PQ2PD CULL2 NOP

p682 B1317 PAAAA® ZBUF NOP

N683 Q1320 evopoe 2 NOP

P684 Q1321 00QQ2PM CHAR NOP

A685 21322 QQ1302R TTYB DEF TTYYDA+!

V686 Q1323 00Q200 BCD NOP e

FIXED DELAY TABLES

BhbabsdbbbdDdDbALOAABLLDELDL

v TS
@687 91324 042522 MSG  ASC 3,ERROR CRILITY CF
P688 1327 @e0ARY TTYM NOP EE?RQDEC§§&ﬁ3E$E@bR
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a689
06950
R691
n692
N693
P694
A6935
n696
RE97
P698
@699
N700
n701
a7e2
0703
ar704
N7@5
2706
p787
w706

a7es
wa

E on15 »0y

w1330
01331
21333
01334
"1335
21336
21337
21340
P1344
21342
71343
21344
21347
213502
21351
”L1356
21400
21414
PL1356

auanaa
eeononn
eoanen
Qvenaoa
peooen
geaoen

a22100
e3psa6
A3an6n
p3vo4e
046517
222a4p
n20040
a52108
220040
a51n56
e52111

Q1420
n1421
ni422
A1423
01424
B1425
P1426
n1427
01430
01431
1432
21433
21434
01435
01436
01437
B1440
144!
P1442
21443
01444
@1445
B1446
B1447
01452
1451
1452
91453
#1454
P1455
21456

neaene2
"a000d
n72460
177775
166170
177776
poaaL?7
177774
177760
PoRa3s6
200177
woond4
177700
177773
Aeanaa
paeoin
APA016
vaoaes
280213
ARA042
177746
177764
pABASS
eeensy
002056
300240
177720
177768
Pop200
177747
A00011

NO ERRORS!

peaowe-

CNTT
SAVE
Vi
SHIFT
EXP
SIGN
SYNC
CASCI
CANUM
CAN
CANT
MSGS

SNO

MSG?7
OUTHD

SPACE

NOP
88s
NOP
NOP
NOP
NOP
NOP
ocT
ocT
ocr
ocr
ASC
ASC
ASC
ASC
ASC
ASC
ASC
EQU
UNS

END

* TTY HANDLER »

]

20100
30106
3ne60
30040
3,MODE

1

1

18, RCDA
12,R,CDA
4,TIME TYTAG
OUTHD

RTARSY
R,TARSY R,TARS2

AMD ASMB,25117+402518
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APPENDIX A, TRRR OPERATIONAL MODES

A.1 INTRODUCTION

The measurement of range with discrete tones is based on a priori
knowledge of the two-way range to at least *1/2 wavelength of the tone being
used for the measurement. This is necessary since the measurement tech-
nique does not measure propagation time but phase delay which is always
ambiguous to some multiple of 27n. Therefore, it is necessary to remove
this ambiguity by at first estimating the two-way range to £1/2 wavelength
for the lowest tone, and then by design, each tone measurement will yield
a range accurate to a small fraction of the wavelength of the next higher
tone.

After the first initial measurement of the range using all the tones,
succeeding measurements are made using only the highest tone. Each
preceding range measurement is used as an estimate of the next range
measurement. A maximum of 15 minutes of ranging data can be taken and
processed by the computer program.

Finally, after the last range measurement, the lower tones are
cycled through once again to obtain an unambiguous final range. If the
unambiguous measurement does not agree with the final range measurement
(obtained by using the previous measurement to eliminate ambiguity), all
intervening range measurements should be scrutinized for a possible
wavelength error.

In order to determine the position of the satellite as a function of
time, each range measurement must be accurately time-tagged. A time
tag is assigned to each range measurement at the time of measurement;
however, the range information has been retarded by the speed of light
which necessitates a correction in either the time tag or the range. This
program corrects the range by adding or subtracting a term proportional
to the measured two-way range rate.

The description of the logic for the range program is divided into
the following parts:

1) Constants necessary to calculate range

2) System loop calibration
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Ambiguity removal by the lower tones

4) Range determination using prior measurements to eliminate
ambiguity

5) Time tag
6) Range rate and range correction

7) Range endpoint check

A.2 NUMERICAL CONSTANTS IN RANGE PROGRAM

Table A-1 indicates the tone frequencies and their respective
periods. The tones are obtained by dividing a 5 MHz oscillator by integral
numbers; hence, their respective periods are rational numbers as opposed
to the frequency. Table A-1 lists the range frequencies and their periods
since the range mecasurement is calculated in terms of time.

A.3 SYSTEM LOOP CALIBRATION

At the beginning of cach range measurement, the ranging equipment
is calibrated by looping the transmit IF to the receiver. This calibration
is handled by a software routine which switches all receivers to a 66 MHz
center frequency. Each tone is counted sequentially and those delays are
used to update the program utilized to calculate the satellite range.

TABLE A-1
Tone Period
200.00  kHz 5.0x 10”0 sec
27.777  kHz 3.6 x 10-5 sec
3.9682 kHgz 2.52x 1074 sec
283.44 Hz 3.528 x 107 sec
35.43  Haz 2.8224 x 1572 sec
Speed of light in vacuum 2.997924562 x 10° m/s £ 10 x 108 m/s.
(NBS - 1972)
A-2
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A.4 AMBIGUITY REMOVAL BY LOWER TONES

In order to utilize the tone system of ranging, the one-way range
must be known to an accuracy of better than £1/2 of a wavelength of the
lowest frequency tone utilized for the measurements. There are three
modes used for ranging, and they are listed in Table A-2. Additionally, the
modulation index for each tone, the modulation loss factor for conversion of
C/N to S/N, the number of total axis crossings counted in the measurement,
and the phase error given in seconds, for a nominal receive C/Ng=50.76 is
presented in this table.

Mode A will normally be used for ranging. This requires the
one-way range from the satellite to TARS I, II, and the CDA is known to
an accuracy of 2.12 x 106 meters or 6 percent of synchronous altitude.

For utilization of Modes B and C, the one-way range must be known
to an accuracy of 2,5 x 10-! and 1.89 x 10“ percent of synchronous altitude,
respectively. If Mode A is selected, the lower tones are simultaneously
transmitted and the returned signal is counted for the indicated number of
axis crossings of each tone., These measurements are used to remove the
ambiguity associated with the 200 kHz measurement. After measurements
with Mode A are complete, the 200 kHz tone is modulated on the carrier and
transmitted continuously for the desired ranging interval, The switching

TABLE A-2
Mod Index Mod Loss, dB Total Counts

Mode A
35.46 Hz 1.5 -7 100
283.4 Hz 1.5 -2.2 100
3,968 kHz 1.5 -2.,2 1000
27.77 kHz 1.5 -2.2 1000
200.0 kHz 1.5 -2,2 3000

Mode B
283.4 Hz 1.5 L o2.2 100
3.968 kHz 1.5 -2.2 1000
27.77 kHz 1.5 -2.2 1000
200,90 kHz 1.5 -2.2 3000

Mode C
3.968 kHz 1.5 -2.2 1000
27.77 kHz 1.5 -2.2 1000
200.0 kHz 1.5 -2,2 3000

R L T
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interval between tones should not exceed 13,6 seconds in order to avoid

range rate errors during those periods when the satellite is moving with
maximum range rate,

A.5 RANGE DETERMINATION USING PRIOR MEASUREMENTS TO
ELIMINATE AMBIGUITY

After the range ambiguity is removed by the lower ranging tones,
all further range measurements are obtained with the 200 kHz tone. These
measurements are approximately 3 seconds apart and consist of an average
of 3000 axis crossings of the 200 kHz tone, Each range measurement, after
the first, is obtained by using the preceding measurement as an estimate to
remove the ambiguity associated with the 200 kHz phase measurement., The
software program has been designed so that if the measurement disagrees
250 ns, the measurement is rejected. The purpose of this rejection is to
exclude those range measurements that take place when the phase measure-
ment is going from 360 to 0 degrees., Averaging during this time will cause
errors that could be progressively added to the remaining measurements,
In order to avoid this, errors greater than 250 ns second are rejected. If
less than 250 ns second, they will not influence succeeding measurements,
which is the ultimate purpose of this rejection routine. The erroneous’
range measurements that do pass this test will be subsequently culled by

a least square fit in the trilateration software routines stored at Suitland,
Virginia,

A.6 TIME TAG

The time tag at which each range measurement is recorded by an
internal oscillator within the HP 2100 A computer. The time tags are
differential time measured from the station standard time which starts the
time measurement at the beginning of the range measurement. Since the
range measurements are the result of averaging three groups of 1000 axis
crossings of the 200 kHz tone, the time tag is taken at the midpoint of the
second group of measurements., This is determined by measuring the time
at the beginning and end of this particular group of 1000 measurements, and
taking the average. Computer cycle time (5 x 10-6 sec) is not accounted
for in this measurement since the time tag accuracy is only necessary to
+0. 1 millisecond, The time tag is printed out with-each range measurement.

A.7 RANGE RATE

The range rates on each of the three ranging links for the trilateration
are computed by subtracting adjacent range measurements and dividing by the
difference in time tags. Thirty range rate measurements are then averaged.
The range rate is then utilized to correct the range as shown in the addendum
to this appendix.

PR R TN T NG IR WU N
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A.8 RANGE ENDPOINT CHECK

At the end of the range measurements, Mode A is again switched on
to remove ambiguity. Hence, the last range measurement is computed by
using the preceding range measurement for ambiguity removal and by using
the lower tones. If these two measurements do not result in identical
ranges, an error of one 200 kHz wavelength has probably occurred during

the range measurements. A warning is printed out on the teletype to
indicate this.
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ADDENDUM TO APPENDIX A

INTRODUCTION

The objective of the TRRR program is to predict the position
coordinates of the SMS satellite to within several hundred meters over a
24 hour period. The prediction is based on range and range rate measure-
ments to the satellite which are obtained a few times a day. As a design
goal of the project, the two-way range measurements are specified to be
accurate to within 3 meters. In order to achieve this accuracy, the ranges
or the time tags of the range measurements must be corrected for the
retardation of the range information by the speed of light.

The correction must be in terms of the physical variables that are
measured during the ranging period. Although there are several ways to
derive this correction, the following method expresses it as a function of
the measured range and range rate. The range was chosen to be corrected
instead of the time tag of the range measurement because as a consequence
the three range measurements will have a ‘simultaneous time tag and the
trilateration solution for the spacecraft position will be independent of curve
fitting.

RANGE CORRECTION DUE TO SATELLITE MOTION

The round trip propagation time for the RF signal is defined to be

tr =t1+t2+t3+t4 (1)

where
b, = propagation time up to the satellite from the ground station
t, = proPagation time from the satellite down to the turn-around
station
t, = propagation time from the turn-around station to the satellite
A-7
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t

1)

4 propagation time from the satellite to the ground station

t
r

i

total round-trip propagation time

Referring to Figure A-1, the round-trip time ty may be given in
terms of the ranges R] and Rp.

R.t +R
r

R] and Ry are the ranges between the earth station and satellite and the
turn-around station and satellite, respectively, at the time of emanation of
the RF signal from the earth station. R} and Rp are the range rates, which
are assumed constant during the measurement period of 1/2 second. The
measured range from the earth station to the turn-around station via the
satellite is obtained by multiplying the round-trip time ty by the speed of
light and dividing by two.

R_ =t .C/2
m r

thr
,) +— (3)

t, +t

R +R2+R

1 2 (&g

where Ry is the measured range to the turn-around station.  The range to
the turn-around station at the time of measurement (when the RF signal
returns to the earth station) is given by

R, = Ry +R, +t (R +R,) (4)

Ri = instantaneous range to the turn-around station.

The difference between the instantaneous range and the measured range is
given by

+ R, ow St (5)

£
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R %t
b=ty b, b, Rt o
t R %t
__r l 'r
tytty, =% -3¢
tr . N . .
R, -R_ == (R, +R +R, * R /C)

rates for the SMS propagation links are 30 m/s at maximum,

R ZR
C

2
1 2 9x10° _ 50 10°% m/sec

3 x 10

L¥

(6)

(7)

This term causes a correction to the range of about 106 meter and can be

discarded.

Hence

Ry, = R_# (Rl + RZ) _t~1
2
= + R t
m m_r
2
Rm = total range rate on the RF link

A-10
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Formula 9 indicates that the measured range can be corrected for the motion
of the satellite by either adding to the measured range the quantity Ry (tr/2)
or by correcting the time tag of the range measurement by subtracting t./2.
For the TRRR program, the range is corrected instead of the time tag in
order to obtain simultaneous range information from all three links.

The range for the TRRR program is given in terms of one-way
propagation time. Hence the corrected propagation time is

Rm t
t, = (1 + =25 (10)

The propagation time to the satellite should be measured to an accuracy of
10-8 second; hence any error associated with the corrective term in
Equation 10 should be less than 10-9 second.

L« 10—9 second

-9
. 10 sec 0.2C
o Rm < 0.5 second

< 4 x 10"1 m/sec

Hence the range rate should be measured with an accuracy of better than

4 x 101 m/sec in order to correct the propagation time without influencing
the accuracy of the measurement. This accuracy is well within the capability
of the range rate measurement.

In summary, the measured one-way propagation time should be
corrected by the following:

CDA to SMS link e R Ly 12
s 2 .2

CDA to Chile link t (4R ") 1/2
r m
. e oqs 3 = 3

CDA to Hawaii link t, (1+Rm) 1/2

The superscript on the above corrected range refers to times and range
rates measured for that particular link.

A-11
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APPENDIX B. TARS ANTENNA ALIGNMENT PROCEDURE

This procedure is used to align the TARS antenna. The field tech-
nician should first align their receive antenna (use same procedure described
here) at the time the satellite crosses the equatorial plane. The transmit
antenna should be initially set to approximately the same azimuth and
elevation as the receive TARS antenna. The operator at the CDA will set
up the Hewlett-Packard spectrum analyzer (using the 8553B RF section and
85528 IF section) with the instrument readings listed below. The analyzer
will be connected to the receive IF at the CDA.

#*Bandwidth 30 kHz

#Scanwidth 1 MHz/div

Video filter 10 Hz

Scan mode Internal

“Scan time/division sec
#Log reference scale 10 db

Scan trigger - Auto

Writing speed - Standard

Adjust persistence and intensity for a proper display.

Depending on which TARS is being aligned, turn the coarse tune
frequency scale to 68.2 or 70.2 MHz. The transmit signal from the TARS
should be visible on the analyzer (identify by commanding the TARS on and
off), Reduce the scanwidth to 10 kHz per division, keeping the signal at the
center frequency of the display. Reduce the bandwidth to 10 kHz.

Now, with the display at center frequency, turn the scanwidth dial to
zero scan. Adjust the fine frequency tune so that the straight line display
moves up on the vertical scale to maximum (see to Figure B-1), Turn the
log reference level to linear and again adjust the fine tune for a maximum

signal cn the display. Adjust scan time to 50 ms/division. Readjust
intensity if necessary. Finally, one is ready to adjust the TARS transmit

B-1
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antenna, Have the field technician adjust the azimuth for maximum signal
on the display. Return to the azimuth adjustment and over the orderwire
mark the points on the antenna screw where the technician (at the CDA)
observes the signal to fall 2 scale divisions below the maximum signal. The
antenna azimuth should be set at the midpoint of the screw markings. The
same procedure should be followed for the antenna elevation.

Finally, the carrier-to-noise (C/Np)density should be measured. With
the 10 kHz bandwidth setting, the C/Ng may be approximately measured by
using the fine frequency tune dial tc measure the difference between the
peak and aliey of the signal, In order to proceed with this measurement,
flip the log reference level from linear to 10 dB and readjust the attenuator
setting to obtain a display. Add 40 dB to the measured difference to obtain
the C/N,. The result should be close to 60 db.

Measure C/Ng again, six hours from the equatorial croséing. For SMSA
the ratio should drop by approximately 3 dB. If it drops significantly less
or more, the antennas have not been properly centered.
SUMMARY

The Hughes Aircraft Company interface specifications are as follows:

Computer output to modem

Type of signal Serial bit stream
Signal level 0 to 5 volts TTL
Bit rate 1800 laps

Frame length 800 words

Word length 4 bits

Synchrous pattern length 8 words

Starting with word number 8, every other word will be complimented
before being sent across modem. For example, if data words 8,9, 10, and
11 were 0001, 0010, 0011, 0100, they would be sentas 1110, 0010, 0011, 0100.

The data timing will be provided by the modem that must have a data
request line to the Hughes interface to indicate the modem is ready for the
next word, See Table 5~1 in Section 5, TRRR Software System, for word
allocation list,





