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57 ABSTRACT 
Inflight training apparatus is provided for military air 
craft radar warning receivers that is plug compatible 
with the standard receiver processor to provide realistic 
training scenarios responsive to pilot maneuvering 
while recording the pilot's actions for post flight analy 
sis. The training apparatus includes inertial navigation 
equipment to indicate position and attitude of the train 
ing aircraft, a memory in which is stored position and 
types of enemy radars and threats that would be en 
countered on an actual combat mission, and a processor 
which receives inputs from the inertial navigation 
equipment, memory and radar warning receiver control 
panel to control the standard receiver video display to 
generate the training scenario thereon. The training 
display moves, rotates, and is blanked simulating the 
effects of aircraft altitude and attitude as the aircraft 
turns, banks and performs other maneuvers which may 
be navigational or evasive maneuvers. 

5 Claims, 8 Drawing Figures 
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INFLIGHT AIRCRAFT TRAINING SYSTEM 

FIELD OF THE INVENTION 
This invention relates in general to aircraft training 

systems. 

BACKGROUND OF THE INVENTION 
In the prior art, equipment for providing training for 

particular aircraft systems have generally been simula 
tors located on the ground at training facility locations. 
There are only a few training locations at which a lim 
ited number of expensive simulators are located and 
these locations are remote from most operational air 
craft bases which are located all over the world. In 
addition to there being an insufficient number of simula 
tors to provide frequent training to all air crew mem 
bers, the aircraft crew members to be trained must leave 
their operations units in order to receive such training. 
In many cases reduction in aircrew manpower for even 
a few days of training is unacceptable. 

Prior art ground based simulators can provide only a 
small amount of realism and cannot provide the realism 
of an actual flight. 
Some inflight training arrangements are available at 

one or two training ranges where the air crewmen fly 
over the training range and receive realistic radar warn 
ing displays with inflight realism. Inflight training range 
training has limitations, however, in that the air crew 
men must leave their operations bases, all air crewmen 
cannot receive frequent training, the training scenario is 
limited and expensive to change, and the training sce 
nario is relatively short unlike actual combat missions. 
Thus, existing ground based aircraft training simula 

tors and inflight training range facilities both have limi 
tations which limit their usefulness. 

SUMMARY OF THE INVENTION 
The present invention solves the aforementioned 

shortcomings of the prior art inflight training range 
facilities and ground located simulator training systems. 
The present invention permits frequent inflight training 
of air crewmen while at their assigned airbases. Further, 
the inflight training scenarios can simulate actual com 
bat missions both in duration and the threats experi 
enced. In addition, the reactions of the pilot and/or 
other air crewmen in response to the training scenario 
are recorded for future analysis of their performance. 
Analysis permits improving the performance of the air 
CreWel. 

More particularly, the embodiment of the present 
invention disclosed herein is a military combat aircraft 
radar warning receiver simulator which is used to pro 
vide inflight training with realistic training scenarios 
which may include scenarios that duplicate those to be 
encountered on actual combat or reconnaissance mis 
sions. In operation the radar warning receiver processor 
is removed from the aircraft and the simulator installed 
in its place. The simulator is plug compatible with the 
existing radar warning receiver processor thereby mini 
mizing modifications to the aircraft. This permits fre 
quent training of aircraft crewmen at their operations 
bases in their own combat aircraft during routine flights 
and eliminates the need for having to go to remote 
training facilities. 
The aircrew whose aircraft is quickly and easily 

equipped with a preprogrammed radar warning re 
ceiver simulator initialize the simulator, take off, and fly 
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2 
to a predetermined point over friendly territory where 
the simulator is then enabled. The initialization process 
causes the simulator to function as if the location at 
which the simulator is initialized is the airbase where 
the aircraft is either stationed or operating from. The 
purpose is to assure that during the training flight the 
aircraft doesn't actually enter enemy airspace. At air 
base locations such as in the United States, the simulator 
may be initialized before take-off. No matter which 
case, the scenario on the radar warning receiver video 
display is the same as if the aircraft was flown from its 
operations base on an actual combat or reconnaissance 
mission. 
As the simulator equipped aircraft is flown over its 

planned training course simulating a combat or recon 
naissance flight as defined by direction distance, time 
and altitude, the location of simulated enemy search, 
threat and aircraft radars are appropriately displayed on 
the receiver video display. As the training aircraft trav 
els straight, turns or performs other maneuvers, the 
display of the radars on the video display changes ac 
cordingly in a realistic manner. 
The simulator may include an altimeter to sense the 

aircraft altitude and includes inertial navigation equip 
ment to sense the location and attitude of the aircraft. 
Data from these elements within the simulator can be 
used by the computer located in the simulator to pro 
vide realistic terrain blanking dependent on the aircraft 
altitude and provides display rotation and blanking as 
the aircraft turns, rolls and performs evasive maneu 
vers. The display blanking may be simulating antenna 
pattern dead spots around the aircraft. 
As is well known, the aircraft pilot and crew member 

operating the radar warning receiver respond to the 
radar warning display and perform course changes, 
evasive maneuvers and activate appropriate counter 
measures for self protection. These actions are recorded 
and analyzed subsequent to the training flight. The 
analysis permits improving the responses and tech 
niques used to evade threats and thereby improve the 
chances of surviving actual combat and reconnaissance 
missions. 
The invention will be more readily understood from 

the following description of an illustrative embodiment 
of the invention when read with reference to the ac 
companying drawing in which: 
FIG. 1 is a detailed block diagram of our unique radar 

warning simulator; 
FIG. 2 is an overall block diagram of the system 

computer program; and 
FIGS. 3A through 3F are the program flow charts 

for the system computer program. 
GENERAL DESCRIPTION 

The Radar Warning Receiver (RWR) of the pre 
ferred embodiment of the present invention is found in 
military combat aircraft. The RWR receives and pro 
cesses radar signals from such threats as search radars, 
anti aircraft radar, missile site radar and intercept air 
craft radar and provides a video display identifying the 
direction, type of radar thereby identifying the type of 
threat, and the approximate range of the radar from the 
aircraft. The pilot and/or other cooperating air crew 
men, depending on the type of aircraft, take evasive 
maneuvers, alter flight path and utilize appropriate pas 
sive or active countermeasures such as chaff, flares and 
electronic countermeasures jammers in response to the 
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audio and video output from the RWR. Such actions 
increase the chances of survival of the aircraft and its 
crew in a combat or reconnaissance environment. 
Due to the importance of the RWR, it is important 

that the pilot and other air crewmen operating the 
RWR must receive frequent and realistic training both 
of which are not readily available with ground based 
simulators and inflight training over training ranges, 
both of which are usually remote from the operations 
bases. 
With the preferred embodiment of the invention dis 

closed herein, an inflight RWR simulator is provided 
which is relatively small and self-contained; is easily 
programmed on the ground for an infinite variety of 
training scenarios which may duplicate combat and 
reconnaissance missions in complexity and time dura 
tion; is utilized at operations bases within the aircraft; 
and is used to provide frequent, realistic inflight train 
ing. The preprogrammed RWR simulator is quickly and 
easily exchanged for the plug-in processor module of 
the RWR equipment within the aircraft and the crew 
receives training in their own assigned aircraft without 
being temporarily reassigned to remote bases for train 
1ng. 
Once the plug compatible pre-programmed RWR 

simulator is installed in an aircraft, the RWR simulator 
is either initialized before takeoff or subsequent to take 
off at some point remote from the airbase. In either case, 
initialization causes the simulator to commence func 
tioning as if the aircraft were just leaving the airbase. 
The simulator may be initialized at an airborne point 
remote from the base to assure that during the simulated 
mission the aircraft does not pass over unfriendly or 
enemy territory. This is not a problem when starting the 
simulated training mission from airbases in the United 
States where the simulator may be initialized before 
takeoff. However, at airbases close to unfriendly or 
hostile countries, the aircraft must be flown some dis 
tance away from the hostile country before the simula 
tor is initialized to assure that the aircraft does not pass 
over hostile territory. This must be done as the aircraft 
would be flying course headings for given periods of 
time as if the aircraft had taken off from the airbase on 
a mission over hostile territory. During the training 
flight various types of search, threat and intercept air 
craft radar are displayed on the RWR video screen and 
the RWR equipment is operated in the same manner as 
if the aircraft were on an actual reconnaissance or com 
bat mission. In a well known manner, the pilot of the 
aircraft, and other cooperating crewmen will make 
course changes, altitude changes, take evasive maneu 
vers and utilize on-board countermeasures equipment 
just as they would do during an actual mission to pre 
vent being shot down. The only difference is that flares 
and chaff most likely will not be ejected from the air 
craft. The video and audio outputs of the RWR control 
equipment on the aircraft in response to the simulator 
can be realistic to the point that blanking occurs for 
terrain blanking depending upon the altitude of the 
aircraft and blanking due to antenna pattern dead spots 
around the aircraft depending upon the attitude of the 
aircraft as it flies level or undergoes various evasive or 
other maneuvers. In addition, the display will change 
and appropriate audio signals will be provided to the 
operator reflecting the change in received radar signal 
status of missile radar sites in their acquisition, firing and 
homing modes of operation. 
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4. 
Actions of the pilot and other air crewmen responsive 

to the training scenario are recorded for evaluation after 
the training flight. In this manner techniques may be 
developed and the crews develop a high degree of pro 
ficiency in the utilization of their defensive equipment 
to thereby maximize their chances of surviving actual 
reconnaissance and combat missions. 
To prepare a training scenario, a file is placed in a 

memory of the simulator for the flight to be simulated. 
Each threat radar has many entries in the memory file. 
These entries indicate the type of threat radars, the 
distances from the point at which the RWR simulator is 
initialized to each radar, how close the aircraft must be 
to the radar before the radar is turned on, changes in 
radar operating mode or frequency, altitude the aircraft 
must be at before certain weapons systems associated 
with specific radars are utilized, terrain blanking infor 
mation, antenna dead spot information, audible sounds 
generated for different threat radars reflecting their 
operational status and other similar information. Inter 
nal to the simulator is self-contained inertial navigation 
system, altimeter, a microprocesor and the memory 
containing the training scenario file and the operational 
program for the simulator. The inertial navigation sys 
tem indicates the position of the aircraft with respect to 
the earth to the processor. The altimeter indicates the 
altitude of the aircraft to the processor. The processor 
relates the present position of the aircraft to the position 
of simulator initialization point and checks the scenario 
file. Information for threat radars that would be dis 
played on the RWR video display are utilized to present 
the appropriate audio and video display signals on the 
RWR. The display is updated frequently to accurately 
reflect the motion of the aircraft. The processor also 
utilizes the inertial guidance system signals when the 
aircraft is diving, rolling or performing other maneu 
vers to appropriately change the RWR display just as it 
would appear in a real non-simulated situation. Further, 
the processor utilizes the antenna dead spot information 
and, terrain blanking information then can be stored in 
memory, as well as aircraft altitude information, to 
appropriately blank the display of threat radars to accu 
rately simulate blanking. 
To better understand the description of the system 

block diagram shown in FIG. 1 and the computer pro 
gram flow charts shown in the remaining figures, a 
description of the controls on the RWR must first be 
given. There are ten buttons or switches, including 
multiple position rotary switches, on the RWR control 
panel which are listed and described immediately here 
inafter. 

1. AADefeat-This button is utilized by the RWR 
operator to either enable or disable the display of radars 
associated with anti-aircraft weapons systems. This 
control would typically be used when the combat air 
craft is flying at high altitude where conventional low 
altitude effective anti-aircraft weapons systems are inef 
fective and the display of their radars would only clut 
ter up the RWR video display. 

2. Target Separate-In actual operation occasions 
arise where the RWR display of two or more radars the 
display of which is overlapped on the RWR video dis 
play. While this button is depressed by the RWR opera 
tor the overlapped displays of the two or more radar 
sources is separated so that the operator can determine 
the type of radars. 

3. Unknown Enable-In operation the radar warning 
receiver receives radar signals from various radar types, 
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many of which are identified by the receiver as being 
threat radars of a specific kind. However, signals may 
be received from other radars which the receiver can 
not identify as being of any type of known threat. These 
unknown radars will not be shown on the RWR video 
display unless the Unknown Enable button is operated. 

4. Priority Switch-This is a two-position switch 
which causes the RWR receiver to display either the 
five or sixteen highest priority threat radars. The RWR 
operator may use this switch to display only the five 
highest priority radars to avoid possible confusion by 
having sixteen radars displayed. 

5. Gate Switch-This switch does not affect the oper 
ation of the inflight training system of the present inven 
tion so is not described here. 

6. Test-This is a four-position rotary switch having 
an off position and the remaining three positions are 
used to test all lamps on the receiver, put various char 
acters on the video display to assure its operation and a 
system test checking various computer programs within 
the system. 

7. Missile Launch-This button is operated by the 
equipment operator and causes the RWR to display 
friendly radars for limited training purposes. 

8. Altitude Priority-This switch causes the RWR to 
display all threat radars, threat radars for weapons sys 
tems that can only affect the aircraft at high altitudes, or 
threat radars for weapons systems that can only affect 
the aircraft at low altitudes. 

9. Diamond Hand-off-On the RWR video display 
there is usually a diamond encircling the highest prior 
ity threat at any moment in time. As the highest priority 
threat changes the diamond automatically transfers to 
the newest highest priority threat. The RWR operator 
also receives audio signals for the threat so marked by 
the diamond. When the operator depresses and holds 
down this button, the diamond moves from one threat 
radar to another threat radar in descending order of the 
threat priority at approximately one second intervals. 
Upon the diamond marking a display of a threat radar of 
interest, the key is released and the diamond remains 
marking the threat of interest. Accordingly, an audio 
tone is provided the operator for the threat of interest. 
To return the diamond to the highest priority threat, 
this key is momentarily operated. 

10. Mode-This is a multi-position rotary switch, one 
position of which is entitled Priority Open. When the 
switch is in this position, the following operation is 
provided. When the RWR operator has placed the 
previously described Priority Switch in the position 
such that only the five highest priority threat radars are 
displayed, if there are more than five threat radars a 
lamp is lit to inform the operator that there are more 
than five threats and the operator may then operate the 
Priority Switch to cause up to sixteen threats to be 
displayed. A second position of the Mode switch is 
entitled Search Radar and causes search radars to be 
displayed at the outer periphery of the display. Other 
positions of the Mode switch cause the receiver to dis 
play only those threats located in front of the aircraft 
and operating in designated radio frequency bands. Still 
other positions of the switch are utilized to display the 
radars for infrared tracking weapons. 

DETALED DESCRIPTION 

Turning now to FIG. 1, therein is shown a detailed 
block diagram of our novel radar warning receiver 
training system which is plug compatible with radar 

O 

15 

6 
warning receiver equipment already existing in combat 
aircraft. Our novel training apparatus comprises data 
processing system 10, inertial guidance unit 11, and 
driver and interface circuit 12 which are physically all 
contained within a single housing. These three units are 
described in greater detail hereinafter. 

Data processing system 10 contains a scenario mem 
ory 14 which is a bubble memory that will not lose its 
stored contents if power to this memory is interrupted. 
Memory 14 has a training scenario stored therein prior 
to the warning receiver training apparatus being in 
stalled in a combat aircraft for training purposes. As 
mentioned previously an almost infinite variety of train 
ing scenarios may be created to provide realistic train 
ing for combat aircrews at their assigned airbases. The 
complexity of the training scenarios is limited only by 
the number of storage bits within the memory 14. In 

20 

addition, as a combat aircraft goes through a training 
flight utilizing our novel radar warning receiver train 
ing equipment, the flight path and maneuvers the air 
craft is taken through by the pilot responsive to the 
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training scenario are also recorded in scenario memory 
14 to be read out at the end of the training flight for 
evaluation. 

Processor 15 is a 16-bit general purpose computer 
which functions under control of the program stored 
within program memory 17. Memory 17 is an electronic 
Programmable Read Only Memory (PROM) well 
known in the art, which may be erased and repro 
grammed with a new program. Utilizing a programma 
ble computer our novel radar warning receiver equip 
ment can be updated to provide training scenarios with 
increased capability and new types of threats. Random 
Access Memory (RAM) 16 is used as a scratch pad 
memory to temporarily store information being read 
out of and written into scenario memory 14 and to 
provide scratch pad memory to processor 15 as it func 
tions under control of the program stored in memory 
17. Information and program written into and read out 
of memories 16 and 17 is coupled to and from processor 
15 via buss 18. Flow charts for the program are shown 
in FIGS. 3A through 3F which are described further in 
this specification. 
The program source listing stored in program mem 

ory 17 is at the end of this specification and Table A 
located in this specification just prior to the program 
source listing is an index that correlates the steps in the 
program flow charts of FIGS. 3A through 3F with the 
program source listing. 

Inertial guidance unit 11 is a commercially available 
unit containing standard apparatus and provides outputs 
indicating change in aircraft attitude (66X, Y, z) and 
change in aircraft velocity (6VX,Y,Z). These outputs are 
pulse trains representing the attitude and velocity 
changes in the aircraft body frame. Inertial guidance 
unit 11 is the key to providing realism with our novel 
radar warning receiver training apparatus. The inertial 
guidance equipment senses the aircraft's movements 
during the training flight and provides information 
which is processed with data processing system 10 to 
change the radar warning receiver video display to 
properly reflect aircraft motion during the training 
flight. In addition, it is the information from the inertial 
guidance unit 11 that is stored in scenario memory 14 
for evaluation of the aircraft flight path and evasive 
maneuvering following the training flight. 
Within inertial guidance unit 11 are three sets of 

gyros 22 and accelerometers 23 that sense angular rates 
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and acceleration about the X, Y and Z Cartesian coordi 
nates. As motion of the aircraft is sensed by inertial 
guidance unit 11, the error signals from gyros 22 and 
accelerometers 23 are applied to gyro-loop electronics 
24 which attempts to hold the accelerometer pendulum 
and gyro gimbal nulled in a manner well known in the 
art. These signals are also used as the analog rate signals 
within unit 11. Accelerometer integrator 25 and gyro 
integrator 26 convert the respective analog signals input 
thereto from units 23 and 24 into digital pulse trains that 
are input to comparator logic 27. Comparator logic 
circuit 27 adds the pulse trains from integrators 25 and 
26 to a 12.8 KHz reference signal. The 12.8 KHz refer 
ence signal is needed to provide an accurate time base 
for the data sampling interval. These pulse trains then 
represent the incremental changes in attitude 60x, y, z 
and incremental changes in velocity 8VX, Y, Z experi 
enced by the inertial guidance platform. 

Driver and interface circuit 12 functions as the inter 
face between data processing 10, inertial guidance unit 
11, and radar warning receiver 13. Acting in many ways 
like the radar warning receiver processor which our 
novel training equipment replaces on a plug compatible 
basis, circuits within driver and interface circuit 12 
generate the characters seen on the radar warning dis 
play and provide the necessary voltages to drive the 
cathode ray tube of receiver 13. Other circuits tempo 
rarily store information from the inertial guidance unit 
11 to be input to data processing system 10. In addition, 
information regarding the status of the control buttons 
and switches on the radar warning receiver control 
panel are applied via driver interface circuit 12 to data 
processing system 10 as software interrupts; and lamps 
on the control panel of receiver 13 are lit under control 
of data processing system 10 via driver interface circuit 
12. 

Processor 15 operates on an interrupt basis in a man 
ner well known in the art. All interrrupts are applied to 
processor 5 via input lead 19 from service controller 35 
displayed via interface circuit 12. Service controller 35 
performs two functions. The first of these functions is to 
take a 5 MHz input from clock 28 and divide same by 10 
to provide the 2 microsecond time clock signals used to 
control the system. The second function is to receive all 
interrupt information from inertial guidance unit 11 and 
radar warning receiver 13. The order of priority of 
these interrupts is also determined by controller 35 
which causes processor 15 to be interrupted in accor 
dance with predetermined interrupt priorities. The 
order of interrupt priority from the highest priority to 
the lowest priority for the RWR control panel only is: 
(1) Display Information, (2) New Information for Dis 
play, (3) Read Sensor Data, (4) Switch Interrupts, (5) 
Information to Lamps, and (6) Sensor Data Available. 

Interrupts from inertial guidance unit 11 are applied 
via the interface portion of interface and data adder 36 
and service controller 35 to processor 15. Interrupt 
information from radar warning receiver 13 is informa 
tion indicating the status of the switches on the receiver 
control panel within the aircraft. As the switches are 
operated each sends an indication to data latch interface 
37 within interface circuit 12. The switch or control 
information is stored within data latch interface 37 and 
is then input to service controller 35 as shown. Service 
control 35 analyzes all received interrupts and orders 
them for priority input to processor 15 as mentioned 
previously. 
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8 
In operation RAM 32 performs two basic functions. 

First, RAM 32 is used to store inertial sensor informa 
tion applied thereto via interface 36 from guidance unit 
11 to be read out to processor 15 which uses the sensor 
information to update the radar warning receiver 13 
display. After processor 15 processes sensor informa 
tion stored in RAM 32 under control of the program 
stored in program memory 17, processor 15 generates 
signals for an updated display on the cathode ray tube 
(CRT) of radar warning receiver 13 and stores same in 
another portion of RAM. 32. The display information 
stored in RAM 32 by processor 15 is periodically read 
out to update the display on receiver 13. To perform 
this update function, processor 15 knows in what ad 
dress locations of RAM32 are stored the display infor 
mation to be updated. Processor 15 first generates the 
address in RAM 32 for the updated information and 
applies same via leads 21 to address buffer 29. Address 
buffer 29 applies this address via address buss 45 to 
addressing inputs of RAM. 32. With specific address 
locations within RAM 32 being accessed, the updated 
information is applied via data buss 20 to be stored in 
the particular memory locations within RAM. 32. 
To periodically update the video display of radar 

warning receiver 13, RAM 32 has its display informa 
tion periodically read out therefrom under the control 
of X-Y address counter 30 and ISA address counter 31 
both of which are driven by clock 28. Counters 30 and 
31 typically generate sequential addresses which read 
out all display information stored within RAM. 32. The 
first information to be read out of RAM 32 is a binary 
word indicating the specific location on the video dis 
play of receiver 13 at which an alpha-numeric or other 
symbol is to be displayed. This position information 
read out of RAM 32 is applied via data buss 20 to be 
stored within X-Y position latches 38 which then input 
same to adder 39. Next the specific alpha-numeric or 
other character that is to be displayed at the specific 
X-Y location is read out of RAM32 and input to Char 
acter PROM 34. At the same time Address Generator 
33 is responsive to counts from clock 28 to sequentially 
and cyclically energize each of the alpha-numeric or 
other characters stored within PROM 34. Only that 
alpha-numeric or other character identified by the in 
formation also input to PROM 34 from RAM 32 will 
cause a digital code to be output from PROM 34 to 
adder 39 identifying the character. Adder 39 is respon 
sive to both the information input to it from PROM 34 
indicating the character to be displayed, and from the 
X-Y position latches 38 indicating the position on the 
receiver 13 video display at which the selected charac 
ters are to be displayed to generate another digital sig 
nal which when applied respectively to digital to analog 
converters 40 and 41, generates the X and Y deflection 
signals for the CRT display of receiver 13. In this man 
ner, the selected character is displayed at the appropri 
ate location on the CRT. This process is repeated for 
each character displayed on the CRT of receiver 13 and 
occurs cyclically for refresh purposes. As the aircraft 
performs maneuvers, or just travels in a straight line, its 
change in position is sensed by inertial guidance unit 11 
and processor 15 responds to these changes in informa 
tion to change the information stored in RAM 32 to 
appropriately change the display on the CRT of re 
ceiver 13. In this manner the operator of the RWR in 
the aircraft receives a very realistic video display which 
accurately simulates real operations. 
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At the same time, processor 15 is responsive to inter 
rupts applied via lead 19, service controller 35 and data 
latch interface 37 indicating the state of switches and 
controls on the control panel of radar warning receiver 
13 to display only particular threats, to light particular 
lamps on the panel of receiver 13 and to provide partic 
ular audio tones to the receiver operator. 
As RAM32 is cyclically read out under the control 

of counters 30 and 31, information in this memory is 
read out. As information regarding a particular charac 
ter to be displayed is read out of RAM. 32, the code 
identifying the particular character is applied to charac 
ter PROM 34 and the position information is stored in 
X-Y position latches 38. The position information 
stored in latches 38 is input to adder 39. Character 
PROM 34 responds both to the character identifying 
signal input thereto from RAM32 and a cyclical count 
from address generator 33 to generate the signals neces 
sary to display the particular character on the CRT of 
radar warning receiver 13. These character display 
signals are also input to adder 39 which sums this signal 
with the position information. The output from adder 
39 is via digital to analog converters 40 and 41 and then 
applied to the X and Y CRT deflection circuits in re 
ceiver 13. The result is that the particular character is 
displayed at the appropriate location on the face of the 
CRT of receiver 13. 

During a training flight the flight path taken by the 
aircraft, including any evasive maneuvers, is reflected 
by signals output from inertial guidance unit 11. The 
signals from unit 11 not only are used by processor 15 as 
previously described and receiver 13, but also loads this 
information into an assigned portion of scenario mem 
ory 14. Subsequent to the training flight, the plug in 
piece of apparatus comprising data processing system 
10, inertial guidance unit 11 and display drive and inter 
face circuit 12 which are plug compatible with the stan 
dard radar warning receiver equipment which it re 
places, is taken out of the aircraft and the flight data 
stored within scenario memory 14 during the training 
flight is read out and analyzed to provide information to 
the pilot as to the particular maneuvers and flight path 
he took the aircraft through during the training flight. 
In this manner the pilot is able to sharpen his combat 
flying skills and increase his chances for survival in 
actual combat. 
Turning now to FIG. 2, therein is shown a general 

block diagram of the computer program stored in pro 
gram memory 17 and utilized by processor 15. The 
more detailed flow charts for the program are shown in 
FIGS. 3A through 3F which are described further in 
this specification. As may be seen in FIG. 2, the com 
puter program is broken into four major portions enti 
tled Background Processing, Real Time Clock Process 
ing, Control Panel Processing, and Inertial Sensor Pro 
cessing. As the name Control Panel Processing implies, 
this portion of the computer program processes infor 
mation received from the radar warning receiver con 
trol panel via operated switches and returns signals to 
the control panel to light appropriate lamps. The Iner 
tial Sensor Processing portion of the computer program 
processes the inputs received from inertial guidance 
unit 11. As noted on FIG. 2 by the arrow with the title 
Increasing Processor Priority, the Inertial Sensor Pro 
cessing has the highest priority and will preempt or 
interrupt all other program operations for processing by 
processor 15, Control Panel Processing is the next high 
est priority, Real Time Clock Processing has the third 
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10 
highest priority and Background Processing has the 
lowest priority. As noted on FIG. 2, the jagged lines 
between the four major blocks of computer program 
ming denote program interrupts. 

Basically, the background processing software ar 
ranges scenario threats in a threat priority order and 
does what processing is necessary to appropriately 
move scenario interceptor aircraft and other threats on 
the video display of the radar warning receiver. The 
real time clock processing software periodically up 
dates the video display and reviews the priority threat 
list in view of the priority set by the operator of the 
radar warning receiver using controls thereon. The 
control panel processing portion of the program re 
sponds to the operation of controls and switches on the 
control panel of the radar warning receiver to cause 
other portions of the computer program to perform 
such functions as suppressing the display of unknown 
radar sources, suppressing the display of anti-aircraft 
artillery radar sources when the aircraft is at a high 
enough altitude to be outside the effective range and to 
separate the display of two targets that are so close as to 
be overlayed on the display. The control panel process 
ing also handles lighting of lamps on the radar warning 
receiver control panel and provides an audio tone to the 
receiver operator for such functions as when a missile is 
launched against the aircraft. The inertial sensor pro 
cessing program processes the outputs from inertial 
guidance unit 11 to compensate inertial sensor data for 
known errors and to compute rotation matrices keeping 
track of the aircraft attitude with relationship to the 
center of the earth. There is a fifth portion of the sce 
nario program entitled Initialize Software which is uti 
lized only at the beginning of the training scenario and 
allows the inertial guidance unit 11 to locate the spin 
axis of the earth relative to the attitude of the aircraft 
and to get the latitude of the aircraft. This operation is 
slightly different than the customary gyro compassing 
performed in other inertial navigational systems. 
FIGS. 3A through 3F show more detailed flow 

charts for the computer program stored within memory 
17 of data processing system 10. FIG. 3A shows the 
Background Processing flow chart which includes a 
block entitled "Calculate New AI Position' 47. This 
latter block is disclosed in greater detail in FIG. 3E. 
FIG. 3B is the real time clock processing flow chart and 
FIG. 3C is the control panel processing flow chart. 
FIG. 3D is the inertial processing flow chart wherein is 
a block entitled "Compute Gravity Vector Compo 
nents' 130, which block is disclosed in further detail in 
FIG. 3F and entitled "Gravity Routine.' 
Table A, which is located further in this specification 

immediately prior to the computer program listing it 
self, is a formal index which shows the correlation be 
tween the computer program listing and the flow chart 
diagram of FIG. 2. For instance, referring to Table A, 
that part of the computer program associated with the 
block on FIG. 2 entitled "Initialize Software' is first 
shown. Thereafter are the computer program subhead 
ings under each of the blocks of FIG. 2. For example, 
under "Examine Threat' is seen IDLE, and under 
“Move Threat If Necessary' is seen MOVE and SQRT. 
This correlation may be seen all the way throughout 
Table A. 

Turning now to FIG. 3A, therein is shown the de 
tailed program flow chart for the background process 
ing. From FIG. 2 it may be seen that the background 
processing software has the lowest processor priority 
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and, accordingly, the processing of the background 
processing software is often interrupted by other por 
tions of the program. When all interrupt processing has 
been completed then microprocessor 15 returns to the 
background processing software. As the background 
processing software is often interrupted, and the real 
time clock processing and control panel processing 
Software may also be interrupted by the inertial sensor 
processing software which has a higher priority, micro 
processor 15 functions in a manner that when its pro 
cessing of some software is interrupted the instructions 
and other data stored in registers at the moment of 
interrupt are stored to be recalled to continue the pro 
cessing upon return from interrupt. 
The purpose of the background processing software 

is to maintain and periodically update a threat radar list 
in a priority order. As microprocessor 15 processes 
background processing software it works its way down 
the threat radar list from highest priority to lowest 
priority. The highest priority threat is at the top of the 
list while the lowest priority threat is at the bottom of 
the list. The priority of a threat radar is determined by 
a numerical value called the range ratio and as the range 
ratio value decreases the priority of the threat radar 
increases. The value of the range ratio is computed by 
microprocessor 15 from an equation wherein the range 
ratio equals the slant range divided by the effective 
weapons range. From the information stored in scenario 
memory 14 the slant range to each threat radar is com 
puted and then compared to the effective weapon range 
of each threat to get the range ratio. Microprocessor 15 
organizes a threat priority list to keep the highest prior 
ity threat first. This updating is necessary to account for 
the flight path of the aircraft on which is located the 
radar warning receiver and also the movement of air 
craft interceptors having threat radars. 
The background processing software is shown in 

FIGS. 3A and 3E with the flow chart shown in FIG.3E 
being an expansion of the flow chart block entitled 
"Calculate New AI Position' 47 in FIG. 3A. The block 
diagram of the software starts at IDLE and the program 
represented by block 45 points to the highest priority 
threat. Thereafter, the threat list is analyzed in descend 
ing order of threat priority and the threat priority list is 
reordered as threat priorities change as determined by 
the calculation of the range ratio of each threat. 
Once the highest priority threat is determined by 

block 45, the program represented by block 46 first 
determines whether the threat is an aircraft interceptor 
(AI) the source position of which will continuously 
change. If the threat is not an aircraft interceptor the 
program goes directly to block 48 to calculate the up 
dated range ratio of the highest priority threat, which 
range ratio will change as the training aircraft changes 
position on the face of the earth. In the event that the 
highest priority threat is an aircraft interceptor we exit 
from block 46 through that portion of the program 
represented by block 47 wherein the new position of the 
aircraft interceptor is calculated. This is necessary as 
the aircraft interceptor is continuously changing posi 
tion, Microprocessor 15 uses the updated aircraft inter 
ceptor position to determine if the aircraft interceptor 
has passed the training aircraft and is no longer a threat. 
In this event the aircraft interceptor is no longer a threat 
and is removed from the threat table. Once the new 
position of the aircraft interceptor is calculated, the new 
range ratio of the aircraft interceptor is calculated by 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

65 

12 
that portion of the program represented by block 48 in 
the flow chart. 
Once the updated range ratio of the highest priority 

threat is calculated as just described, we pass via IDLE 
2 to block 49 which points to the next lowest priority 
threat within the threat table. Block 50 represents that 
portion of the software which determines whether the 
next lowest priority threat pointer points to a threat 
which is past the end of the priority list. If the answer to 
this question is 'yes', the software returns via IDLE to 
blocks 45 through 48 to perform the functions just de 
scribed restarting at the beginning of the threat table. 

In the event that the next lowest priority threat is not 
past the end of the priority list, the software progresses 
to make a decision as reflected in block 51 as to whether 
or not the next lowest priority threat is an aircraft inter 
ceptor. In the event that this next lowest priority threat 
is not an aircraft interceptor, the software continues to 
block 53 to calculate the range ratio. 

In the event that the next lowest priority is an aircraft 
interceptor, we go to block 52 where the new position 
of the aircraft interceptor (next lowest priority threat) is 
calculated before passing on to block 53 to again calcu 
late the range ratio. When the next lowest priority 
threat is not an aircraft interceptor the program by 
passes block 52. The functions performed in blocks 51 
through 53 are identical to those functions performed 
by blocks 46 through 48 previously described. Once the 
range ratio is calculated for the next lowest priority 
threat we enter that portion of the software represented 
by block 54 wherein the range ratio for the next lowest 
priority threat is compared to the range ratio of the 
highest priority threat. In the event that the range ratio 
of the next lower priority threat is not greater than or 
equal to the range ratio of the previously processed 
higher priority threat we pass via IDLE3 to block 56 to 
determine if the threat that was previously analyzed 
was the highest priority threat. If the previously pro 
cessed threat is not the highest priority threat, block 57 
is bypassed to go to block 58 which causes microproces 
sor 15 to reorder the threat table interchanging the 
lower priority threat R5 with the previously higher 
priority threat R4. If the previously processed threat R4 
is the highest priority threat the program goes to block 
57 which causes microprocessor 15 to now place the 
highest priority pointer on threat R5 instead of threat 
R4 before continuing on to block 58 to interchange 
threats R4 and R5 in the threat list. Once this is done we 
pass to IDLE 2 which cycles the program back to the 
block 49 to repeat the steps thereafter for the next lower 
priority threat in the threat table. This sequence is re 
peated until all threats have been processed. If the range 
ratio of higher priority threat R4 is equal to or greater 
than the range ratio of threat R5 the program goes via 
IDLE 4 and block 55 to repeat the processing starting at 
IDLE 2. In this manner, the threat priority table is 
periodically checked and reordered as appropriate to 
keep it updated. Microprocessor 15 utilizes the updated 
priority threat list to determine which threats should be 
displayed on the video display in response to other 
software which is described hereinafter. 
That portion of the computer program represented 

by blocks 47 and 52, both entitled "Calculate New AI 
Position,' is shown in a more detailed block diagram in 
FIG. 3E which is now described. As the title "Updates 
Aircraft Interceptor Position' implies, this program 
subroutine is used only for threats which have a non 
zero velocity. These non-zero velocity threats are mo 
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bile threats, generally aircraft interceptors, whose latest 
position must periodically be calculated and the range 
ratio recalculated. When the decision made in decision 
blocks 46 and 51 of FIG. 3A is "yes", the computer 
program subroutine represented by the flow chart in 
FIG. 3E is called up. Immediately upon starting the 
subroutine, a decision is made by block 59 as to whether 
or not the previously calculated time to intercept a 
mobile threat is less than or equal to zero. This means 
that the mobile threat has reached and/or has passed the 
training aircraft. Based upon principles of modern aerial 
warfare, an assumption is made that the intercept air 
craft, once having passed the training aircraft, cannot 
turn around and reintercept the training aircraft. Thus, 
if the previous time to intercept was equal to or less than 
Zero, a "yes' decision is made and we exit from the 
subroutine with no further processing. When the previ 
ous time to intercept is greater than zero the intercept 
aircraft is still converging on the training aircraft so the 
program computes the current range vector as repre 
sented by block 60. After the range vector for the inter 
cept aircraft is updated then the distance or range of the 
intercept aircraft is computed in block 61. Thereafter, 
the vector difference of the intercept aircraft and train 
ing aircraft velocities are computed using the direction 
vectors and distances of both aircraft as represented by 
block 62. Once this difference has been computed the 
time to intercept between the intercept aircraft and the 
training aircraft is calculated as represented by block 63 
and the computed time is saved in a register as repre 
sented by block 64. Upon the revised time to intercept 
of an intercept aircraft being less than or equal to zero, 
that intercept aircraft is no longer a threat and the pro 
gram exits from block 65 to block 71 to set an inactive 
threat flag on the aircraft interceptor and then exits 
from the subroutine. However, upon the revised time to 
intercept being greater than zero the program goes to 
block 66 to calculate a new range vector for the inter 
cept aircraft at the new computed time to intercept. 
As the training aircraft will most likely take evasive 

maneuvers to avoid contact with the intercept aircraft, 
the velocity vector for the intercept aircraft under con 
sideration must be updated and this function is now 
done as represented by block 67. The next step in the 
program is to calculate the time since the last update of 
the intercept time as represented by block 68. This up 
dated time is the elapsed time since the program made 
calculations with regards to a specific intercept aircraft 
and is utilized to determine how far along the velocity 
vector the intercept aircraft has moved for the elapsed 
time as represented in block 70. At this time all calcula 
tions with regards to a specific intercept aircraft are 
complete and we exit from the subroutine to calculate 
the range ratios as represented in blocks 48 and 53 of 
FIG. 3A. 
The next major subroutine of the system software is 

the real time clock processing subroutine the detailed 
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flow chart for which is shown in FIG. 3B. The primary 
purpose of the real time clock processing subroutine is 
to keep track of the elapsed time for the training mission 
and to cause periodic display refresh of the video dis 
play on the radar warning receiver with the training 
scenario. 
The first step is to determine if one second has 

elapsed in the mission time as represented by block 72. 
If one second has elapsed the program goes to the step 
represented by block 73 and the mission time is incre 
mented by one second. The incremented mission time is 

65 
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then compared to the time at which the video display 
was last refreshed to determine if the display should be 
refreshed as represented by block 74. The program also 
goes directly to block 74 if one second has not elapsed 
as shown by block 72. If it is not time to refresh the 
video display, which is refreshed two times a second, 
the program exits from the subroutine to return from 
interrupt to process lower priority program. If it is 
determined by the program represented by block 74 
that it is time to refresh the display, the next question to 
be determined is if the training scenario has been started 
by the pilot. If the training scenario has not been started 
by the pilot, there is no need to go through with display 
processing and we exit from the subroutine. In the 
event, however, that the scenario has been started we 
go to the portion of the program represented by block 
76 and a transform matrix is computed to get into the 
display coordinate system. To accomplish this transfor 
mation a vector in the scenario frame, which vector is 
derived with the background processing program sub 
routine, is first transformed into a space stable reference 
frame where the rotation of the earth is first accounted 
for. Next the partially transformed vector in the space 
stable reference frame is transformed into a strapdown 
frame by the inertial sensor processing and finally is 
transformed into the display coordinates. 
Once scenario vectors have been transformed by the 

display transform matrix represented by block 76 into 
the display coordinate system software the program 
goes down through the threat priority list starting with 
the highest priority threat as indicated by block 77 to 
determine if the particular threat is to be displayed. 
As previously described, different types of threats 

will not be displayed as indicated by the settings of 
controls on the radar warning receiver control panel. 
The program as represented by decision block 78 

next decides whether or not the threat being processed 
is beyond three times the weapon range of the weapon 
associated with the particular threat radar. If the train 
ing aircraft is beyond three times the weapon range that 
weapon is not a serious threat and will be disregarded 
by not displaying the threat. If this decision is "yes", the 
program goes directly to decision block 85 which is 
described hereinafter. In the event that the training 
aircraft is within three times the weapons range, the 
assumption is made that the threat radar associated 
therewith will be in view on the video display of the 
radar warning receiver so the program progresses to 
block 79 to determine if the threat being processed is an 
active threat. There are cases where the threat may not 
be active, such as the threat being an aircraft interceptor 
which has gone past the training aircraft. Another such 
case is that the training aircraft may not be within the 
turn-on slant range of the weapon yet. Upon the threat 
being an active threat the program goes to block 87 
which causes the program to display the threat as is 
described further in the specification. In the event the 
threat is not an active threat the program goes to block 
80 to decide whether or not the weapon is a latent 
threat. A latent threat is one that will soon be an active 
threat such as a training aircraft soon to be within the 
turn-on slant range of the weapon. If the weapon is a 
latent threat the program passes to block 82 which will 
be described hereinafter. In the event the weapon is not 
a latent threat the program passes to block 81. A 
weapon that is not a latent threat, such as an aircraft 
interceptor which has already passed the training air 
craft, will not receive any further consideration. This 
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type of threat is to be removed from the threat list. To 
accomplish this, the program represented by block 81 
sets a program flag which causes the threat to be re 
moved from the threat list. The program then pro 
gresses to block 82 which checks to see if the non-active 5 
and non-latent threat is presently being displayed. If it is 
being displayed the program causes the display to be 
removed from the video display. The program next 
progresses to block 83 where a decision must be made 
following the display of each threat radar in a descend- 10 
ing order of threat priority as to whether the number of 
threats being displayed exceeds a number indicated by 
the pilot using switches on the radar warning receiver 
control panel. If the maximum number of threats is 
already being displayed no further time is wasted pro- 15 
cessing threats that will not be displayed and the pro 
gram exits from block 83 and go directly to block 85 
which is described hereinafter. However, in the event 
the maximum number of displayed threats is not ex 
ceeded the program goes from block 83 to block 84 to 20 
determine if the end of the threat list has been reached. 
The determination that all threats have not been pro 
cessed causes the program to go to block 88 which 
causes the program to cycle back to block 78 to process 
the next threat in the threat list. This process continues 25 
down through the threat list in a descending order of 
priority until either all threats are displayed or until the 
indicated maximum number of threats are displayed. 
Upon the threat list being exhausted the program 

goes to block 85. The program associated with block 85 30 
makes a determination whether or not all threats in the 
threat list were processed on a previous displayed re 
fresh cycle. If all threats were not processed any left 
over threats from the previous refresh cycle are deleted 
as indicated by block 86 before the diamond hand-off is 35 
processed. Upon all threats in the threat list having been 
processed on a previous refresh cycle, the program 
processes the diamond hand-off as represented by block 
89. Once the video display of the radar warning re 
ceiver is current, displaying only those threats as indi- 40 
cated by settings of the controls of the receiver, then the 
diamond hand-off must be associated with a particular 
threat radar displayed on the receiver video display as 
indicated by the operator. As previously described, the 
operator operates one of the controls to move the 45 
diamond displayed on the video screen from one threat 
radar to another. Once the diamond processing is con 
pleted the real time clock processing subroutine is fin 
ished and the microprocessor returns to processing a 
lower priority subroutine of the computer software. 50 
The program subroutine having the second highest 

priority is the control panel processing subroutine 
which responds to the operations of all controls on the 
radar warning receiver control panel and returns all 
signals to the control panel to provide the audible and 55 
visual outputs. The detailed flow chart for the control 
panel processing subroutine is shown in FIG. 3C and is 
now described. Upon there being a change in any of the 
controls on the radar warning receiver control panel an 
interrupt is generated indicating that this control panel 60 
subroutine needs processing. Due to the priority of the 
subroutines noted in FIG. 2 the control panel process 
ing subroutine will interrupt and take precedence over 
the background processing subroutine of FIG. 3A and 
real time clock processing subroutine of FIG. 3B, but 65 
will not take priority over the inertial sensor processing 
subroutine of FIG. 3D. As previously described with 
reference to FIG. the various switches and controls 

16 
on the radar warning receiver control panel each have 
an associated latch within circuit 37 of the display 
driver and interface circuit 12. It is these latches within 
circuit 37 which are tied to data buss 20 and are read by 
processor 15 utilizing the software of the control panel 
processing subroutine per block 90 in FIG. 3C. The 
software reflected by decision block 91 first determines 
whether or not there has been change in the mode 
switch on the radar warning receiver control panel. 
Upon there being no change in the setting of the mode 
switch we go to block 93, but if there has been a change 
in the mode switch we go block 92 to set up a new mode 
state as indicated by the new setting of the mode switch 
before going to block 93. The software represented by 
block 93 determines whether or not the diamond hand 
off button has been operated. If the diamond hand-off 
button has not been operated we bypass the steps repre 
sented by blocks 94 through 98 and go to block 99. 
However, if the diamond hand-off button has been op 
erated we go to block 94 to determine if this button was 
operated with a short push or a long push. This is neces 
sary for a short push on the button causes the diamond 
to float and mark only the current highest priority 
threat; whereas a long push causes the diamond to cir 
culate through each of the threats in descending prior 
ity order at a one second interval allowing the operator 
to momentarily listen to the pulse repetition interval 
(PRI) of each of the threats. Upon the diamond hand 
off button being released after a long push, the now 
circulating diamond will stop whenever it presently is 
located on the display and the operator will continue 
listening to the PRI of the marked threat. Upon the 
program determining that the operation of the diamond 
hand-off button was a short push we go to block 95 to 
determine if the diamond is already locked onto a 
threat; that is, already in the floating mode. Upon the 
diamond being locked onto a given threat by a previous 
long push and subsequent release of the diamond hand 
off button the program goes to block 96 and the causes 
the diamond to float again to mark only the highest 
priority threat. If the diamond was not locked onto a 
threat a short push causes the program to go to block 98 
to change the state of the diamond causing it to lock 
onto the highest priority threat presently being marked. 
Similarly, if it was determined in block 94 that the oper 
ation of the diamond hand-off button was not a short 
push, we go to block 97 to determine if the operation of 
the button was a long push. Upon determination that 
the operation of the button is a long push we go to block 
98 and the software again causes the diamond to lock 
onto the threat currently being marked with the 
diamond when the button is released. Thus, a short push 
on the diamond hand-off button causes one of two 
things to happen. If the diamond hand-off button is 
operated with a short push when the highest priority 
threat is being marked in the floating mode, the 
diamond will only lock onto the highest priority threat. 
In the alternative, if the diamond hand-off button is 
operated with a short pulse when the diamond is mark 
ing a displayed threat other than the highest priority 
threat, the diamond will revert to the floating mode 
marking the highest priority threat. 

In block 99 of the computer program flow chart the 
program next determines whether or not the altitude 
priority rotary switch has been operated changing the 
altitude priority of threat radars. Upon there being no 
change in the altitude priority of targets we go directly, 
via the circle marked with a capital letter "A", to block 
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101. Upon there being a change in the altitude priority 
we go to block 100 instead and the threat priority table 
is changed to reflect the altitude priority selected by the 
switch. For example, there are certain weapon systems 
which can only threaten the aircraft at high altitudes 
and need not be displayed if the aircraft is flying at very 
low altitudes. If any of these high altitude threats are 
being displayed and the altitude priority switch indi 
cates that only weapon systems which can threaten the 
aircraft at low attitudes are to be displayed, the high 
altitude weapon system threat radar display must be 
removed from the threat list and, accordingly, removed 
from the display. 
The control panel processing subroutine next pro 

gresses, via the circle marked with a capital 'A', to 
block 101 which determines if the missle launch button 
on the receiver control panel has been operated. As 
previously described, this button is operated to cause 
the receiver to display friendly radars for limited train 
ing purposes. If the missile launch button has not been 
operated the program goes to block 105 which will be 
described further in the specification. In the event the 
missile launch button has been operated, the program 
goes to block 102 to determine whether or not the radar 
warning receiver equipped with our novel training 
equipment has been placed in the training scenario 
mode. In the event that the receiver is not in the training 
scenario mode the program goes to block 104 and 
causes a capital “T” to be displayed indicating that the 
training mode that has been selected by the operation of 
the missile launch button. In contrast, in a radar warn 
ing receiver equipped with our novel equipment the 
operation of the missile launch button while the equip 
ment is in the scenario mode causes the program to go 
to block 103 which initializes the scenario to restart the 
training scenario from the beginning. 
The program next determines in block 105 whether 

or not there has been a change in the setting of the test 
switch. As described previously, the test switch is a 
four-position rotary switch having an off position with 
the remaining three positions being used to test all lamps 
on the receiver and to cause various characters to be 
displayed on the video display to assure its operation. In 
addition, a systems test checking various programs 
within the system is also performed. In the event there 
has been no change in the setting of the test switch the 
program goes to block 107 to check the operation of the 
gate switch as is described further in this specification. 
However, in the event that the test switch has been 
operated the program goes to block 106 and causes the 
particular test selected by the switch to be enabled. 
Then the program also goes on to check the status of 
the gate switch as indicated by block 107. 
As previously described, if there has been no change 

in the setting of the test switch, there is no need to set up 
a test so the program went directly to block 107 to 
determine if there is a change in the setting of the gate 
switch. The program also went to this step in the pro 
gram if a new test had been selected and the selected 
test has been set up in response to the program. In the 
event there has been no change in the setting of the gate 
switch the program goes directly to block 109. How 
ever, in the event there has been a change in the test 
switch the program goes to block 108 which causes the 
newly selected gate function to be implemented before 
the program goes to block 109. Block 109 determines 
the present state of the two-position Priority Switch 
which causes the receiver to display either the five or 
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sixteen highest priority threat radars. Upon there being 
no change in the operation of the Priority Switch the 
program exists from block 109 to point “B” which takes 
the program into block 111. In the event that the Prior 
ity Switch has been operated to the other of its two 
positions the program goes to block 110 to cause the 
display to display only five or sixteen threat radars as 
indicated by the new position of this switch. Once this 
function has been completed, the program then pro 
gresses via point 'B' to block 111. 
The next radar warning receiver control panel input 

to be checked is the Unknown Enable button. As de 
scribed briefly heretofore, received radar signals that 
cannot be identified as being associated with a known 
threat are normally not displayed to avoid cluttering of 
the video display. However, to provide flexibility the 
Unknown Enable button may be operated which alter 
nately causes the unknown radar types to be displayed 
or not displayed on the video display. Once this is done 
the program progresses to block 113. 

Block 113 determines if there has been a change in the 
Target Separate button on the radar warning receiver 
control panel. As previously described the operation of 
this button causes two overlapped radar displays to be 
separated so that the operator can determine the type of 
radars. Upon there being no change in the operation of 
the Target Separate button, the program progresses 
directly to block 115. However, if there is a change in 
the state of the Target Separate button, the program 
progresses to block 114 which either causes the over 
lapped threat displays to be separated if the button is 
newly operated, or to overlap the two displayed threats 
if the button has been released. 
The program then progresses on to block 115 to de 

termine if there has been a change in the setting of the 
AA Defeat switch on the receiver control panel. This 
switch is typically operated when the aircraft is operat 
ing at high altitudes where low altitude effective anti 
aircraft weapons systems are ineffective and the display 
of their radars would only clutter up the receiver video 
display. If there has been no change in the state of the 
AA Defeat button the program exits as the control 
panel processing subroutine is completed. In the event 
that there has been a change in the setting of the AA 
Defeat switch the program progresses to block 116 
which either places flags next to the AA threat radars in 
the list or removes these flags, which in turn either 
causes there AA threat radars to be displayed or su 
pressed, depending upon the state of the switch. After 
this function has been completed the program again 
exits as the control panel processing subroutine is com 
pleted. 
Turning now to FIG. 3D, therein is shown the block 

diagram for the inertial sensor processing subroutine. 
Program block 130 within this figure is blown up in 
greater detail in the flow chart entitled "Gravity Rou 
tine' shown in FIG. 3F. The inertial sensor processing 
subroutine processes inputs from the inertial sensor unit 
to keep track of the motion of the aircraft relative to a 
space stable reference frame. One hundred twenty-eight 
times a second an interrupt is generated for the inertial 
sensor processing subroutine. As noted in FIG. 2, the 
inertial sensor processing subroutine has the highest 
processor priority and will interrupt the processing of 
any of the other three subroutines. Upon an interrupt 
being generated for the inertial sensor subroutine, the 
program goes into its first step represented by block 
117. Block 117 causes registers to be set aside to save the 
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information for whatever other subroutine processing is 
interrupted. Upon the inertial sensor processing subrou 
tine being completed the program can return to the 
interrupted subroutine and, using the information stored 
in the registers, picks up within the subroutine at the 
point of interruption. The program next progresses to 
block 118 which causes the inertial sensor processing 
interrupts to be counted. The program then proceeds to 
block 119 to determine if the interrupt count made per 
block 118 is an odd or even number. An odd interrupt 
count causes the program to progress to block 120 
wherein the program causes the service count or inter 
rupts to merely accumulate. Thereafter the program 
progresses to block 121 which causes the information 
stored in the registers set aside per block 117 to be 
restored for continuation of processing of an inter 
rupted subroutine. The program then exits from the 
inertial sensor processing subroutine to commence pro 
cessing a previously interrupted subroutine. As odd 
interrupts are generated at a rate of 128 times a second 
for the inertial sensor processing subroutine are only 
accumulated and no further processing takes place, 
effectively the rate is 64 times a second as processing 
only continues with the inertial sensor processing sub 
routine for even service counts of interrupts. 

In the event the service count of interrupts is an even 
number, rather than odd, we exit from block 119 to 
block 122 wherein the program compensates the inertial 
sensor data for known sensor errors such as gyro drift, 
scale factor unbalance, accelerometer bias, alignment 
uncertaintities of the gyro and mass unbalance of the 
gyro. These are known factors which are constants to 
be used to compensate for the known sensor errors. In 
reality these known error factors change a small amount 
in flight but error introduced by treating them as con 
stants is not large enough to be of any real concern. The 
program next progresses to block 123 wherein velocity 
and angle differences introduced by actual movement 
of the aircraft are determined to get revised information 
regarding the motion of the aircraft. The next step in the 
subroutine is to compute the rotation matrix as shown in 
block 124. This rotation matrix is called a quaternion 
rotation matrix and is used to get the attitude of the 
aircraft in the space stable reference frame referenced to 
the center of the earth. The next step in the inertial 
sensor processing subroutine is reflected by block 125 
wherein a decision is made if the phase of the service 
count of the interrupts is equal to four. Every eighth 
second the program goes to block 126 wherein the 
quaternion is normalized to round off errors that are 
introduced by the finite word length in the computer 
before going on to block 127. Block 127 is also reached 
directly from block 125 in the event that this interrupt 
count is not four. In block 127 the quaternions are ro 
tated reflecting the aircraft position. This is done in 
order to keep track of the training aircraft in the refer 
ence frame referenced to the center of the earth to 
properly provide a display of threat radars as the air 
craft is flown and maneuvered by its pilot. The program 
next progresses to block 128 to compute the direction 
cosine matrix using the quaternions. 
The next step in the program is to update the gravity 

vector if the service count is equal to eight. At this 
one-eighth second rate the program goes to block 130 to 
compute the gravity vector components at the aircraft 
position in the reference frame. Between these one 
eighth second intervals the program goes directly to 
point “A” which takes us into block 131. We also go to 
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block 131 via point “A” after the gravity vector compo 
nents are computed. The fine details of the computation 
of the magnitude of the gravity vector of block 130 are 
described further in this specification with the detailed 
description of the gravity routine program flowchart 
shown in FIG. 3F. 

In block 131 the body axis acceleration of the training 
aircraft is transformed into the reference frame. Once 
this is done the program progesses to block 132 where 
the gravity components are subtracted out. Next the 
program goes to block 133 where the aircraft velocity 
vectors in the reference frame are accumulated and 
used to compute an overall velocity vector in the refer 
ence frame. The next step in the subroutine is in block 
134 which is used to check the service count pulse equal 
to 12 to create a one-eighth second time interval at 
which the position of the aircraft is updated. If the 
service count of interrupts is not equal to 12 the pro 
gram goes directly to block 136, and if the service count 
of interrupts is equal to 12 we go to block 135 which is 
completed before going into block 136. In block 135 the 
X, Y and Z components of velocity are integrated with 
respect to time get the aircraft velocity in the space 
stable reference frame. Once this is completed the pro 
gram progresses to block 136 which causes the informa 
tion taken from an interrupted subroutine and stored in 
registers until the interrupt was completed to be re 
stored and we exit from the inertial sensor processing 
subroutine. The microprocessor then commences pro 
cessing a previously interrupted subroutine starting at 
the point at which is was interrupted. 

In FIG. 3F is shown the computer program flow 
chart for the gravity routine which is only shown as 
block 130 in FIG. 3D. In computing the gravity vector 
components a procedure is utilized whereby the ap 
proximate gravity is completed from the sense of accel 
eration received from the inertial sensor. The first step 
in the gravity routine is block 137 wherein the vertical 
unit vector is completed. To accomplish this the com 
putation X, Y and Z. position of the training aircraft in 
the reference frame is utilized. Once this has been done 
the program performs the next step represented by 
block 138 of computing the sensed acceleration magni 
tude. Information received from the inertial sensor unit 
is accumulated over one second periods to be used to 
compute the sensed acceleration magnitude. The mag 
nitude of the computed sensed acceleration is then ana 
lyzed in block 139 to determine if the sense of accelera 
tion magnitude is what it is expected to be if all the 
training aircraft were doing were proceeding at con 
stant velocity subject only to the earth's gravity. Upon 
the answer to this determination being "no', the pro 
gram proceeds to block 147 which is described further 
in the specification. Upon the answer to this determina 
tion being 'yes', the program progresses from block 
139 to block 140 and the computed sensed acceleration 
magnitude is input to a low pass gravity filter wherein 
the sensed magnitude is integrated over five minutes to 
filter out any vibration and similar effects. Thereafter, 
the program progresses to block 141 in which the pro 
gram looks at the rate of change of the gravity vector. 
A rate of change occurs as the training aircraft changes 
altitude. For example, if the training aircraft were gain 
ing altitude there is a positive vertical component of 
velocity which causes the gravity vector to be of a 
decreasing magnitude. Similarly, if the training aircraft 
were losing altitude there is a negative vertical compo 
nent of velocity which causes the gravity vector to 
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increase in magnitude. It is the rate of change of the 
gravity vector that is of interest. 
Once the rate of change of the gravity vector is deter 

mined the program proceeds to block 142 wherein the 
information derived in block 141 is checked to deter 
mine if the gravity change is consistent with the vertical 
velocity of the training aircraft. In the event that the 
rate of gravity change is consistent with the vertical 
velocity of the training aircraft, the program goes to 
block 147 which is described further in this specifica 
tion. However, in the event that the gravity change is 
inconsistent with the vertical velocity, the program 
progresses to block 143. For example, if the output of 
the gravity change filter shows that the gravity vector 
is increasing but we have a positive vertical velocity, 
there is a problem and the information is inconsistent. 
For this inconsistent information the program repre 
sented by block 143 takes the vertical velocity compo 
nent to zero by putting the vertical velocity component 
through a low pass centripedal force filter which forces 
the component towards zero. The program then pro 
gresses to block 144 via 'A' to determine if the output 
from the centripedal force filter is positive. When the 
output is positive we make the assumption that the 
acceleration we are sensing is due to the gravity vector 
and proceed to block 145. In block 145 the program 
takes a cross product of a vector along the axis of the 
training aircraft with the vertical vector to compensate 
for the fact that the attitude of the aircraft may not 
precisely be what is calculated by the computer. This 
must be done as the vertical vector may not be purely 
vertical yielding tangental acceleration and causing 
misalignment of the gravity vector. The result is the 
computer eventually losing track of the aircraft. If the 
cross product is zero, the computer is tracking the air 
craft. In the event that the cross product taken by the 
program represented by block 145 is not zero the pro 
gram progresses to block 146 wherein the cross product 
is used as an input to a software implemented quater 
nion low-pass filter which forces the cross product 
towards zero and thereby assures that the computed 
vertical vector is actually vertical. 
The next step in the program is represented by block 

147 which is reached from blocks 139, 142 or 146. At 
this step the program sums the output of the centripedal 
force filter with the output of the gravity filter and 
performs a scalar product multiplication on the sum to 
get the gravity vector. Once this step is complete the 
gravity routine is finished and the program returns to 
block 131 within the inertial sensor processing subrou 
tine shown in FIG. 3D. 
The above completes the description of the computer 

program flowcharts shown in FIGS. 3A through 3F. 
The computer program written from these flowcharts 
may be found further in the specification in Appendix 
A. Table A preceeding the computer program shows 
the correlation between the program and the flowchart 
diagrams of FIGS. 2 and 3A through 3F. 
Sometime in the future radar warning receivers will 

most likely not be a separate equipment within military 
aircraft but instead will be integrated with the elec 
tronic counter-measures and other equipments. Accord 
ingly, there will not be a separate module that can be 
removed from the aircraft and replaced with the train 
ing module disclosed herein as the preferred embodi 
ment. In such future integrated systems other inertial 
navigation systems within the aircraft will provide in 
puts to our novel equipment. Similarly, for another but 
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not all inclusive example, other microprocessors and 
memories within the aircraft electronic systems will 
provide the storage and processing now provided 
within out system. Such changes are within the ability 
of those skilled in the art to implement while staying 
within the scope of our invention. 
While what is described hereinabove is the appli 

cants' preferred embodiment of their invention it is 
obvious that one skilled in the art may make numerous 
changes without departing from the scope of the inven 
tion. 

TABLE A 
INITIALIZE SOFTWARE 
START 
ALIGN 
ALIGN 1 

COMP 
SNGDBL, MURWCD, DZML30 

ATTUDE 
ENRM 

DZML30, DMUL30 
ROTATE 

DZML30, DMUL30 
EROT 

DZML30 
SRDCM 

DZML30 
DVXFM 
ROWVC3 

DZML30, DMUL30 
ALIGN 2 

COMP 
SNGDBL, MURWCD, DZML30 

ATTUDE 
ENRM 

DZML30, DMUL30 
ROTATE 

DZML30, DMUL30 
EROT 

DZML30 
SRDCM 

DZML30 
LSQALI - - 

DMUL30, DZML30, V3NRM 
DZML30, DMUL30, DSQRT, DDIV30 

DDIV30, DSQRT, DDIV 
STEP 1 

DZML30, DMUL30, DSQRT, DDIV30 
STEP2 

DZML30, DMUL30, DSQRT, DDIV30 
STEP3 

DZML30, DMUL30, DSQRT, DDIV30 
NROT 

NRSRV 
EROT 

DZML30 
NPOS 

DMUL30, DZML30 
SCNINI 

DZML30, NAVg 
EXAMINE THREAT 
IDLE 
MOVE THREAT IF NECESSARY 
MOVE 

SQRT 
COMPUTE THREAT PRIORITY 
RNGPR 

SQRT 
UPDATE THREAT PRIORITY LIST 
DLE 
POINT TO NEXT THREAT 
IDLE 
ADVANCE MISSION CLOCK 
RTCSRV 
TRANSFORM THREATS TO AIRCRAFT REFERENCE 
RTCSRV 

SCNSTP, SCNDIS 
DISPLAYHREATS SATISFYING 
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TABLE A-continued TABLE A-continued 
CONTROL PANEL CRITERIA READATTITUDE AND VELOCITY CHANGES 
RTCSRV STRAP 

RMVTHR RDSTRP 
DPPUSH 5 

DSPOCT 
DPPOP 

MISINT, DPPUSH 
RMVTHR COMPENSATE INPUT FOR SENSORERRORS 
DPPUSH STRAP 

SRCRDR O COMP 
RMVTHR SNGDBL, MURWCD, DZML30 

DPPUSH VERT 

DSPTHR DZML30, DSQRT, DDIV30, DMUL30, INRSRV 
DPPOP, SQRT, SEPARO EROT 

AOARTN DZML30 
UNKRDR 15 
RMVTHR 

DPPUSH 
DSPTHR 

DPPOP, SQRT, SEPARO TRANSFORM INPUT INTO SPACE STABLE FRAME 
AOARTN STRAP 

AAARDR 20 ATTUDE 
RMVTHR ENRM 

DPPUSH DZML30, DMUL30 
DSPTHR ROTAE 

DPPOP, SQRT, SEPARO DZML30, DMUL30 
AOARTN EROT 

DISPLAY THREATS 25 DZML30 
XRDR SRDCM 

RMWTHR DZML30 

DPPUSH 'wvc DSPTHR 
DPPOP, SQRT, SEPARO DZML30, DMUL30 

AOARTN 30 GRAV 
BLKRDR DZML30, DMUL30, DSQRT, DDIV30 

RMVTHR 
DPPUSH - 

READ CONTROL PANEL, SWITCHES INTEGRATE VELOCITY TO OBTAIN POSITION 
CPSRV STRAP 
SETUP DISPLAY CRITERIA 35 NAV ML3 L30 
- DZML30, DMU 

DPPUSH, DPPOP, DSPDMP 
NITIALZE SCENARIO 
- COMPENSATE FOR EARTH ROTATION 

SCNPOS STRAP 
DZML30, DMUL30, PSQRT, DDIV30 40 NAV 

SCNINI DZML30, DMUL30 
DZML30, NAV) 

INTERFACE 
8 

3 GON C F ONAL ASSEM (LY sw CES 

ERG - El-3- A (2A (CONTAC. ASSEMBLE ON sl, NE 
- EBUGGR - 

AES QU A, to OPERAY ON ALA, ABORATORY TES 
O RG 5, 22. 

s 

3 MOGE ASS GNMENTS 
s 
-- El- g AME A.E - 
R U 2 REAT VE 
f 2 A3 SOUf 

) SPLAY NERFACE 

RSPCHR - Efil4.- ... F (22g CHARACTER REGSYERS - 
Sai Y (U & f3() A PCS Y ON REGISTRS 

SYMCN EG 8 SYMP QL ru RN ON R if 
RNG 2) ECU - 7 - - - - ESPLAY CENTER COf RD NATE 
R J N Gi, EU 8Fs, R. NGC 853 EY HAL R ANGE RADIUS 
R NC2 SEC A3 to R. A. G2 ET-A RANGE RAD US 
R NGS fill if a RAG (). 28, EY HAL. RANGE RAD US 
R v G4 EQU Egyar NG3 g SR EDGE RAC US 
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- NIRA - - - - - - 
RTCX FR EQU A INTERRUPT XFER WECTOR ACR 

3 STRAPDOWN INTERAE 
- - - 

SRPX FR EQU SC STRAPDOWN XFER WECTOR ADR 
STRCP EQU F2 a- ANGLE BYTE 
STRCM EGU F2 a ANGLE. BYTE 
SYR WXF EQU F24 OETA Vx BYTE 
STRW XM EQU F27 OETA VX BY 
SRW a DEL A VY BYTE 
STRW YM EQU F28 e DEL A VY BYTE 
STRCX EGU F16 s LTTON X ANGLE RATE 
STRCY EGU F14 LTTON. Y. ANGE RAE 
STRC EQU F18 LTTON 2 ANGE RATE 
STRW X EQU F32 LTTON X OEL VELOCITY 

R E. TTONY OEL VELOCITY 
ST R V 2 EQ F36 ITTON 2 DEL VELOCITY 
8 AOL IT EGU S8 ITTON DATA ERROR X FR ACR 

CONTRCL PANEL INTFRfArE 
CPX FR ECU RC CONTROLPANEL XFER AOR 
CPREAD EQU FFF CONTRO, P ANE STATUS REGISTER 
CPW RT EGU FAF c CONTRO, P ANEL OUTPUT REGISTER 
MSKMOD EGU - 7 - - 1 MODE SWITCH MASK - - 
1260 MSKhND EGU 1A HANDOFF MASK 

2,282 HANC EQU ONG HAND OFF PUSH 
22 HANS EGU 8 SHORT H AND OF PUSH 

112 RSKALT ECU - 6a - TUCE PRIORITY SHLYck 
21142 KNTAUT EGU 2 A UCE AUTO 
2162 KN, EQU 4 

:-113 - KNTH-EGU - 6 - - ALT ITUDEGHI . . . . . 
222 BITN EU 8 MISSILE LAUNCH SYCH Bl 
21222 MSK TST EQU 32 TEST SW1Y CH MASK 
-21242-KNT OFF EQU-222 - 1 TEST OFF - - - 
21262 KNTMP EQU 22 YEST 9 AMP 
21282 KNTDSP EQU. 22 TESTs DISPLAY 
2122 KNTSYS EQU al ES SYSTEM 
21, 22 MSKGA, EQU C2 GATE SWITCH MASK 
2.342 BTO PN EG 22 OPEN PRIORITY BIT 
1362 - B TLNK EGU- 22.02 . . . UNKNOWN ENABLE RIT . . . . 
S82. BTT GT EQ Y 42, TARGET SEPARATE BT 

21422 BET AAA EQU 822, AAA DEFEAT BIT 
- 1422 LMPLCH EGU - 1 - - - MISSILE LAUNCH LAMP - 
214 42 MPA, EQU 2 MSS E AER LAMP 
21462, MPC PN EGU 4 m OPEN AMP 
21482 MPH NO EQU 8 HAND OFF LAMP 
2.522 MPUNK. EQU a UNKNOWN LAMP 
21522 MPSPR EQU 2 SEPARATE AMP 

- 1542 LMPTGT ECU - 142 - 1 TARGET LAMP - - - - - 
21562 LMPPR EQU 8 PRIORITY AMP 
21,582 

TT NERFACE 
2622 
2,642 TKS EGU FF TTY STATUS REGISTER 
21660 TKE EG FF F2 Y DAY A REGISTER 
21682 TPS EQU FFF 4 TTY PRINT STATUS REGISTER 
2.72g TPB EQU FFF 6 T TY PRINT DATA REGISTER 
21722 EEC 

Nintendo Exhibit 1004 
Page 0022



4,424,038 
27 28 

INITIALZE 

START - BR- a 94- - - PRIMARY ENTRY - PINT - - 
JMPM () is 4 (R) ALTERNATE ENTR Y POINT 

- LM-RN THRT (R)-SETUP SYACK-POINTFR 

MOW R4 TREN 
- Mul-R3 R4- -- 

AD R4: R4 
... A R1st HRTAE R 4) R15 s ST ACKP = THRT AB-28 THRLEN 'N THRT 
M R4 F2 ( . ) TURN OFF NTERRUPTS 

- SR-R4- - - - - 
... A R4 DS OFF (R) BANK OSPLAY 

-USUE-DSPDMPER) - - 

MOW R 4 MAYHR SETUP D . SPLAY ST ACK 
. . MOVL. - R1s ( - R132 ADR WITH IN DISPLAY BUFFER 

A R2 (SSTK (R) R12s ADR DISPLAY ST ACK 

. . . . . . . SM R12 as PNY (R) - NY DISPLAY ST ACK POINTER 

M R. 8272 ( . ) END OF ACT We BUFFER TAG 

START. S. RSR 12 
SM R2D SAUF (RS) 

ADD. R13 4 - 
RC R4 SARY 
A R14. CPS RV (R) SETUP CONTROL, PANE.. INTERRUPT 

SERVICE 

SM Riq CPY FR (A) 

M R2 93 . . ) 

SM R2CPXFR 92 A) 

... A R4 SDV (R) 

A RSS DV R ) 

- - - LA - R1A F2(R) R1, 22 ADR OF 2ND QUAYERNICN (E2) 

A R9 PC)n (R) R9 = ADR PC DO 

- ... A R7, ACPS (R) R7 ADR AcPOS - 

LA R6DACVEL(R) ... RéADR. DAC YFL -...------....... 

MOV R12, 
MOW R 1.6 --------------...----...---------------- - - - - - - - - - - - 

START 3 SI R12, R14 SDW (2 
- a -h 12 a Rls - - - - SOV (l). 2.-----...--- 
SI R12, R1a. E WEC ( , , , ) is 2 
S. R12 R9 PCDO ( t ) = 2 
SI - R12 a R7 . . . . . ACPOS (1) s. 
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SM R1, CRSENE (R) DSABLE CROSS PRODUCT 

LM R, frf set up old control. PANg. STATUs 
-XRMR-R12 CP REAC(A) - 

AND R4 Fa 
-OR- R12 5 
SM R12 CPD (R) 

MOVL R12 LMPTG1 
SM R1, LM PWRC (R) NIT AMPS 

- SM - R12, CP, RT (A) - 
M R14N THRT (R) R. 4 COUNTS THRU THREATS 

L. A R12 HRT AB (R) R2s AOR THREAT TABLE 

SM R12, PR i BEG (R) INIT PRIORITY THREAT POINTER 
MOV R1 1 
MOW R13, R12 R35 ADRCURRENT TREAT 
ADO, Rp 2. ThRLEN R2 = AOR NEXT THREAT 
S R12, R13 POINT TO NEXT TREAT 
SM R1 if H ROC (R13) NIT DISPLAY ADR 

MB Ray THRFLG Rii) SET THREAT TO A TENT 

AND R1 (MAS ACT / 120 ri 
ORL R12, CNT NT / 12 ) 
SMB R1C THRFLG (R1) 

BC Ra START 5 
MOVL. R1 2- --- m or mama - - - w 

S R1, Ri3 MARK END OF PRIORITY THREAC 
M R2: 647 ( . ) GSF 7s 2 14 G 2 (1 KM/SECs2 - 32) 

SM R2 GES (R) m 
r" ) N 

SM R4 SRX FR(A) NIT A. AL GNMENT 

M R2. F2 . . ) 

SM R2SRp YFRt. 2 (A) 

MOV R22 1 NIT ALIGNMENT FLAG ( AFLG) 
SM R2. AfLC (R) 2A1 " ... INCOMPLETEACOMPLETE 

M R2 92 ) ENABE INTERRUPTS 

SR R 
LM R2 AFLG (R) WAIT FOR INI TAL. ALIGNMENT 

R is 4 TO COMPLETE 
JSUB SeAR) COMPUTE AT TUDE & IN TIAL All GNMENT 

M R2. F2 . . ) DSABLE INTERRUPTS 

-LSR RQ 
A R.S. ACVEL (R) R13= ADR ACWE 
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S. R2, R6 DACVE, ( , ) is 2 
BC R1, SAR 3 
-ADDL- R1 as 1A - R125ADR fl 

M R2 422, 2 ( ) Ea. 

-S-RR1- - - 
S. R2 a Rs.2. 
SM R2 SSR VCY (R) STRAPDOWN SERVICE COUNT 2 

SM R. MKNY (R) A GNMENT ME COUNT = 2 

S - - d 

SM Ria W1. SCM (R) a 4 W is a 2-2 

SM R, s is QM th 2(R) 

-l. A COMPENSATION OLDOX & C. D02. 

MOV R1s. 4 

MOW R N7 RAW DATA NPC TS 

S. R2 R4 
ST-5 MSS ON MEs () 
SM R2 n ISPR (R) AUTO PRIORITY - 

SM RD IS UNK (R)- UNKNOWN ENABLED 

SM R2, is GTR ) No TARGET SEPARAT ON -- 

A Rii, 4 BAFSR V (R) SERVICE . TT ON DAY A ERRCR 

SM R34 RA5 Y (A) 
M R2. F2 t ( ) ------ 

SM R2: BAD IT-2A) 
SM Rip RAfCNY (R) 

MOW R42 Ci 
SM R2, DMF, ADR (R) DELETE O AMOND ADR 

SM RascENE (R) DSABLE SCNARO PROCESS ING -- 
-- LE 

SM R1 DS pNE (R) D SABLE THREAT DISPLAY 

SM RSR (R) NOT R 

-SM-R is NCR) --All-RF BANDS 

SM R. SSC (R) SEARCH RADARS O. SABLED 

SM R. SRM (R) NOT TRAN NG 

- SM-R, 2 his AAA a ) - AAA OS ARLED 
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SY RS:6 RS COUNTS 3 COMPONENTS 
S. R2R3 ACWEL, I) is 2 - 
Sl R2 R4 DACWE, ( , ) = 2 

- BC - R36 
ADO. R13 ACPOSX PACVE.2s. 6 R3s AOR ACPOSY 
A R. 4 W E R ) R4s ADR WE 

JSUB DzMLs a R) (R2R) a WEBR COS (AT) 
ADDL R1S, ACVELY is ACPOSX R13 ADR ACWELY 
SI R2R13 UPDATE ACVEY 
S R1, R13 
MOVL. R21 NIT SERVCE COUNT 
ANRM RSSRVCT (R) 

LM R2 at . ) NIT ME UPDATE 

ADMR R2SSR v CT (R) 

SM R2 SEC PD (R) 

M R2 822, 2 (1) FORCE OVERFLOW ON 1 SEC GRAVITY 
SM R2GSCND (R) 

LA R14, STRAP (R) is TRAPDOWN SERVICE ROUTINE IS REAL THING 
-SM-R14 SRRXFRA) - - - - 

A R4 R TrSRV (R) SETUP RTC SERVICE ROUTINE 

SM R14, RTXFRA) 

R09) - - - - 

SM R2, RCy FR 42 A) 

SMB R1S, RTs (A) 
MOV R2 ENABE INTERRUPTS ----- 
SR R2 
C 

BACKGROUND PROCESSING 

IDLE LM - R4PRREG (R) R4ECURRENT THREAT POINTER 

A R6 PR AEG Y - RPNT (R) R6 = PAST THREAT POINTER 

MOW RSR 4 
LM RTHRVEL (Rs) MOBILE THREAT 

B2 it Nd 
JSUB MOVER YES MOVE IT 

JSU 3 RNPRR) COMPUTE (RANGE RATO) at 2 

-2-Eat!--- 
FN OER UG 
M3 R2, TKS A) R2 = KEYBOARD STATUS 
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BNM YEND NG CHARACTER 
MB R2 KB A ) R2 = NPUT CHARACTER 

ANDL R27 F ------ 
CMPL R2: A LP2 

-- Rage --- YES. DO N T ECHO 
JSUB T YOUR) NO ECHO 

- MOV-R1,R2 TRY FOR is CONVERSION 
ADO Rico 3 (3 
BY y2 

- CMPL - R2 39- - - 
B Try A. CHAR 19 
AD). R1, a 7 - 

- CMPL-RA - CHAR Air2 BT y2 
T TYA CM PM R. CHROM (R) LESS THAN BASE 

BGE TT y2 NO ----- 
JND CHRNBR (R) YES XFER TO NUMBER PROCESS 

TY 2 LA R3 CHROM 2 (R) R3s ADR CoMMAND TABLE 

MQV, R2CHRi'EN e R2 COUNTS THRU TABLE 
TTY 3 CM PM R. 2 R3) 

- BNE - T TY4 NO MATCH. KEEP TRY ING 
JND CHRWRKCHRCCM (R3) MATCH, xFER TO PROCESS 

TTY4 ADD. R32 KEEP LOOKING FOR MATCH 
BC7 R2T TY3 . 

CHRERR MOW R2 3 F NO MATCH IN YABLE 
JSUB Y YOUR) . . . . COMMANDERROR. TYPE - 

RPRCC MOV R2 D TYPE CRLF 
JSUB rf YOUTR) - 

REM. T. MOVL - R2 CHREN. . . . REINY ALl2E.R.2. COUNTS THRU 
SPATCH TABLE 

A R3 CHRN (R) R3 = ACR INITIAL in IS PATCH TABLE 

RPRCC1 - - - RR3 - - - - - - MOVE IN 1 TAL TO WORKING 
SM R. CHRRK. C. R. N. 2 R3) 

- RCY R2RRRacil 
TYi (, . MOW R21 RESE BASE TO 2 - 

SM R2 CHROM (R) 

TY M2 MOW R22 
SM RNB R (R) #2 

SM RNRR (R) 

TY END EQU s 
- END 

M R5 HR p NT (R4) R5s NEXT THREAT PON TER 

- RN2-e A- MORE THREATS ON THREAD -- 
JMPM DE (R. No MORE THREATS, STARY CVER 

LMB R2. THRELG (R5) CHECK FOR THREAT EXPERATION 
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AND R2 MAS ACT / 22 
CMPL R A CNT EXP/ 102 EXPREC2 
B NE DE 2 B NO 
M R2Th Rp NT (R5) YES REMOVE IT FROM THREAD 

SM R2. THRp NY (R4) ------ 

- JMPM I Di'E2 (R) 

IDLE2B M RTR WEL (R) MOBILE THREAT 

B 48 t. A NO 
JSUB MOVER 

JSUB RNPRR) COMPUTE RANGE RATIO) as 2 
CMPM R2 T-R P R (R 4) HGHER PRIOR YY 2 - 

BGE CE4 NO 
OLE 3 M R3 THR 5 NT (RE) YES NERCHANGE THEM 

SM R4:THRp NT (R5) R4 BECOMES NEW NEXT 
SM r2: THRENT (R4) 
SM RTHRFNT (Ré) PAST POINTS TO NEXT (NEW CURRENT) 

MOW R6R 5 PAST = NEXT (NEW CURRENT 
2 -- 

26.2 ) .. 4 MOV R6R4 ADVANCE TO NEXT THREAT 
-6122-MOV-R4R5 
264. JMPM DE2 (R) 

ye P RO 

CALLING SEQUENCE 
R5s THREAT p ONER 

--JSUB RNGPRR)- 
Ras PRORITY OSPLAY RAO US) 

RNGFR PUSH R2 3 SAVE REGISTERS 
- LA - R4 SACROS (R) - R4s ADR AAC POSITION VECTOR - - 

R2R 4 
- SBMR-R-R)-(R)- 

MU R2R, (RR1) sy DIF is 2 - 
--R2R4 

SBMR R2. TRW (R5 

- MUL R2R2 
DADO RR2 (R2, R) =XD IF 2 YC F is 2 

R2 R4 
- SBMR - R2 HR2 (R5 

MU R2, R2 
- - DADD R2R2 - (R0 R1) ERANGE 892 

LM R2. THRRNG (R) R2s PREVIOUS R ANGE 

- JSUB - SGRT (R- R2s PRESENT RANGE 

SM R2. THRRNG (R5) 
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M R2 HRp R (R 5) R2 = CURRENT PRIORITY 

MOVL - R4MASYP R4ERADAR Y PE MASK 
ANMR R4 HR, G (R) SEARCH RADAR 

- - B2. - RNRP5 . . . . . . . . YES - LEAVE PRIORITY. ALONE - 
M R3 RWR R5) R3 = EFFECTIVE WE APONS RANGE 

- CMP - R2R3- RANGE GE WE APONS RANGE 
BGE RNG P2 YES 
M R32 is R N G2a2 RING ( . ) 3 NO, COMPUTE NNER RADI US 

MU R2, R2 R2s 2d RING2s Ri NG1) RNG/WE APON 
DIW R2R3 r 
SBMR R2R Nr. 2.2 RMG1 (I) RER2t2 RING RING2 

CM PM R2R Nri ( , ) RAD US, GE RING 

BGE RNP4 YEST 
M R2, R Nr. ( . ) NO CLAMP A R MG 1 

BR RNf 4 -- - - - - -m-m-m- 

RNGP2 M R. R.Nf3 a R MG2 ( . ) COMPUTE OUTER RADI US 

MUL R2, R2 (R2, R1s (RING3-ri NG2) sRNG/, EAPON 
- Div Rai R3 - - 

BNV is w OVER FLOW 
M R2 7FFFR MG32 a RING2 ( ) YES SET PRIORITY 

TO MAX 
SBMR R. R.Ne3s2 is R IMG2 ( . ) TR2s R22 oRNG2RNG3 

RNG P4, SM RT RR R5). UPDATE THREAT PRIORITY 

RNGP5 M R. ScNFNB (R) SCNARO NABLED? 

BM RNPx NO EAVE LATENT'S A TENT 
M3 R. THRFG (R) LATENT THREAT 

anol. 1:ysici, 1422 
CMP R. CNNT/ 02 

- BNE - RNRP6 -NG 
CM PM R2RN (R5) YES, INSIDE TURN ON RANGE 

- - BGY - RNGPx-NO. 
M Ria MAS ACT at ( ) YES ACTIVATE THREAT 

- ANRM R1THRFLG (R5). 

M R 4 HR WEL (R5) IS THREAT MOB 1 a 

B RNPy NO 
A R 3: SACPOS (R) YES COMPUTE VELOCITY CCM PONENTS 

. R2R3 
SBMR R. R. (R5 

My R2R 4 
DV R3:R2 
SM RCT HRM K (R5) --- 
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R2R3 
- SBMR R THRY (R) 

MU R2 R4 
DV R2 R2 
SM R2. THRWY (R5) 

--- R2R - - - - - 
SBMR R2. THR (R5 ) 

- R2R4 - - - - 
DIW R2R2 
SM R2. THRW2 (R 5) 

M R2 TMF (R) UPDATE THREAT LAST UPDATE TIME 

SM R2 THRL PD (R5) --- --- 

LM R2: THRPRI (R5) 
BR RNP7 

RNG P6 CMPL RCNT nN/ 122 ACTIVE THREAT2 
- NE - RNGPy-NO 
RNGP7 MB RTHRFG (RS ) YES MISSILE LATENT 

-ANdl-RMASMSA 192 - 
CMPL R1, CNTMLY/1. 22 
B NE RNe Px NO 

- CMPM - R2 THRMFR (R5) - YES - WITH IN LAUNCH RANGE 2 - 
BGT RNPx NO 

- ADDL RCNTMLTA 122- YES SET MISSILE ALERT - 
SMB R1, TRG (R5) 

- - LMB - RTHRF VLRs) - INTERCEPT TIMEEEVAL TIME - 

NEG R. R. 
- SM-R THRiNTR5) - 
RNGPX POP R 43 RESTORE REGISTERS 
-JRTS-RETURN 

EJEC 
MO WCS - TO INTERCEPT AIRCRAFT 
CAL CULAT IN IS AN APPROX MATION 

CALLING SEQUENCE 
R5s THREAT AGNER 
JSUB MOWER 

MOVE - PUSH - R212 - 1 SAVE REGISTERS - - - 
M RSCNNB (R) SCNA R O ENABLED 

NOTHING 
MB R2. THRG (R5) A TENT THREAT 

CM P. R2, CN TNT / 122 
BE MOVEX. YES DO N T MOVE IT 

P 2 HREAT UR NE F 
BE MOW Ex1 YES DO N T MOVE 
M R2 TMF (R) HAS AT LEAST A SEC EAPSED? 
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SBMR R2 HRUPD (R) 

BG 89 All YES 
POP Riis 12 RES YORE REGISTERS 
JRS RETURN 
LA Ri, SAPOS (R) RS 1 AOR AAC POSIT ON VECTOR 

. R6R (R6 R7R 8) sRANGE VECTOR 
SMR R6 TRX (Rs.) 

R7Ri 
SMR R7 THRY (R5 ) 

R8Rii 
SBM s R5 

M RTHRRNG (RS ) (R2, R) =OD RANGE (KM=2 it is 22) 

MOW R1, 2 
A R4 - RWX (R5) R4 = ADR THREAT VELOCITY VECTOR 

R9 R4 (R9 Rig Rish REAT VELCC TY 
VECOR 

SSMR R9 ACWY (R) 

l Ri, a R 4 
SBMR R1a, ACVY (R) 

Ria R4 
SMR R. ACV 2 (R) 

MOW R2R 11 R2, R3) =DOT (RANGEVELOCITY DIFF) 
MU R2 R8 
MU R. A. R7 ----- 
DAO) R2. Rig 
-ul-RRé 
DADO R2R 9 
BG MOVE INTERCEPT TIME 2 
M R2 ASACY1 DEACT WATE THREA 

ANRM R2Y-4RF, G (R5) 

M R2CNY FF ( ) 

-ORRM-R2Y-4RFLG(R)- 
POP R. 12 RESTORE REGISTERS - 

- RS-RETURN - 
DV R2, R2 R2s NTERCEPT VELOCITY (1 KM/SEC = 2i. 14) 
DV R2, R2 R2s ME TO INTERCEPT ( 1 SEC = 2 6) 
LM R2:Acvy (R) - (R6, R7, Ra) RANGE VECTOR AT INTERCEPT 
MUL. R2R3 
-Ado-RA-R2 

M R2 ACWY (R) 

- MUL-R2R a 
ADO R7R2 
M R2ACV; (R) 

Nintendo Exhibit 1004 
Page 0031



4,424,038 
45 46 

MU R2R - 
AD) R8 R2 
MOW R2R 6 MOVE THREAT ALONG NEW RANGE VECTOR 
MU R2, R6 - 
MOV R3:R7 

- RR7 
OAD R2R3 
MOV R3 R8 
-ML-RRA - - - 
ADO R2 RS 

LM R2 YHRRNG (R) 

JSUB SQRT (R) R2 SUPDATED RANGE 

LM R4Ti R 

M R2. THRPD (R) 

SM R4 RPD (R5) STORE UPDATE TIME 

SUB R4R 2 R2E ME SNCE LAST UPDATE 
Sz R46 SEC 2 is a 6 
LM R3 THRVEL (R5) R3s THREAY VELOCITY 

MOW R2R3 UPDATE THREAT VELOCITY VECTOR 
MUL. R2, R6 
OW R2, R -----------n v - - - - - - - - - - - - - - - - ---- - - - - - - - - - - 

SM R2. THRvX R5) UPDATE THRVX 
- MUL-RIR4 

AORM R2. THRy (R5 UPDATE THRX 

- MOV-R2R3 - 
MU R2R 7 
DV R2, R2 

- SM - RTRWY R5) - UPDATE THRVY 

MU R2R 4 
- AORM ROTHRY (R5) - UPDATE THRY - 

MOW R2R3 
- MUL.-R. R8 - 

DV Ra R2 
SM R2. THRW2 (R 5) UPDATE THRV2 

ML R2R 4 
AORM R2 HR R5 ) UPDATE THR2 

MOVX POP R. 12 RESTORE REGISTERS 
JR'S RETURN 

- EJRC 
- SGR, 2 CAL CULATES SAR R. Rii) - - - - - 
CALL ING SEQUENCE 

(RR) a SGARE 
-- R2ssGUARE-ROOT EST MATE 

JSU SGRT R 
R R2 SQUARE ROOT 

s - S 

CM P. R32 NEGAT VE #2 
BT SQRTX YES EXY 

- CMPL-R2 - ESI IMATED BEFORE - 
BN SGRT1 YES USE IT 
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MOV R2 R. R2 = 2 
YES TRY R1 

AD R2R, w EST MATE 2a Rae 2 is 12 
L. A R2 20, 2 (R2) 

BR SGR 
SQR Yg MOV R2R R = 22 
—B - SARYy-YESI-X- 

SR R2 8 NO EST MATEs 2 is (8) R1b2 & 5 
ADO R2 22 

SG R T - NEG - RR2 (R3 R4) EEST MAYE 2 
MJ R3 R2 
DAOD R3 R2 R3 R 4) is AEST MATE 2 
DE V R3 R2 R3s (AEST MATE 82) / (2 EST IMATE) 
SRA R3 i. 
AO R2R3 

- CMP-R32- -DELTA - GT 2. 
BG SGRY YES REST MATE 
CMP R3; ot DELTA , 1. 
BLY - SQRT1 . . . . . YES. REES THATE 

SQR X POP R 42 NO, RESTORE REGISTERS 
JRS RETURN 

- EJRC- M 

BADSRV is SERVICE ROuTiNE TCCOUNY OCCURRENCES OF LTTON DATA 
ERRORS 

BAOSRW PUSH R14 at 
MOW R14 ) 

-ADRM-R14 a BAhCNTR) - - 

POP R14 1 
- RT 

EEC 

All GN2 -STRAPDOklal SERV I ce. RCUTINE TO FLUSH PENDING INTERRUPT 
A GN PUSH R 

A R2A ?cNi (R) RESET SERVICE ROUTINE TO A GNi 

SM R2 SRPFR (A) 

- - P -R- 
R 
EJEC 

ALIGN 4 - S T RAPDnk N SERVICE RCUT NE TO COMPUTELSGF 
OF GRAW T Y VECTOR AS A FUNCTION OF T ME 

A GN PUSH R 215 SAVE REGISTERS 
- - - JSUB - RDSTRP (R). READ STRAPDOWN DATA 

M R2:SSR v CT (R) R3 =SERVICE COUNT 
SM R2 FFFC (A OUTPUT TO DISPLAY PANE 

- LCL-R6:1-1EVEN count — 
s B a & YES 

s's POP R1415 NO, RESTORE REGISTERS 
- RT-RETURN.-- - - - 

JSUB CCMP (R COMPENSATE THE RAW INPUT 

- JSUB . . A Ti Une (R)- . . . .COMPUTE NEW ATT ITUDE 

JSUB DWFM (R) XFORM DELTA VE 

Nintendo Exhibit 1004 
Page 0033



4,424,038 
49 50 

M R2 SSRV CT (R) 

- ANDL- R27F-1 SEC ELAPSED2- - - - 
B2 st 6 YES 
POP R4 15 NC RESTORE REGISTERS 

- RTI - - - INTERRUPT RETURN dom 
A R15 TMKNY (R) UPDATE T MK NY 

- - - - R2R13 - (R2 R1) .TIMKNT -- . . . 
RiR13 
R2R3 (R2R3 = Y MINC 

-- RSR 
ACO R1S, s. 6 
DSUB R2, R2 (R2, R1) = TIMKNTT MNC 
SI - RR13. . . . -- - - - --------------. 

s RR13 
MOV R. 3 Rs. 2 COUNTS 3 VECTOR COMPONENTS 
LA R11 SDV (R) R1s AOR SUM (VEL 

A R12 SOV (R) R.2s AOR SUM (WE) 

... A R4 DAVE (R) R4ADR DELTA VELOCITY IN REF FRAME 

MOV R8 R8R 9) ACCUMULATES 2. 14. DACVE.2 
MOV R9:0 
A RSALNGN (R) R 35 AOR 1 / (NG) 

R2R2 (RR1) a SOV ( ) 
R1;R2 

A p - 

JSUB DMLS R ) R2R) is R2R) VEL ( ) / (GN ) 

- S - RR12 
S. R1R12 
-- R2R11- 1 (RR1) as DVT ( ) re-aamamowa 

R. R. 
ADO R12 

--A-R-T MKNTR) - - - - - - - 

JSUs DMUL3 2 (R) (RR) (R2R) 
w s N in S. R2R1. VEL (6 (T) / (8 Gene (N-1)) 

S. R. R. 
-L--R R4 (R. DACVEl ll 

L R1R4 y www-Mow 

ADO, R1 4 p2 
- DSLA-R7 

MUL. R2 RC, 
DSA R22 

- Add RBR - - 
MOVL. R22 ER0 or A veloci r Y IN REF FRAME 
S. R2R 4 
-S-RRi4 

BCT R1 ALT2 
A RS, GEST (R) R3 = AOR GRAVITY EST IMATE 

L R2R3 R2R s 24 G2 
L Ri:R3 

- ACD-R12 -- was cakes. 
DSUB R8 R2. LOW PASS FILTER 
DSRA R86 

- ADo R.Ra 
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S. R2, R13 UPDATE 2 is 14 as G 2 
S Ri R13 o 

- LM - R2SSRVCY (R) 256 SECONDS ELAPSED? - -------- 
BP Alix NO, KEEP THIS SERVICE RCUT INE 

- LA - R. R) . CHANGE TO HOLDING SERVICE ROUTINE 
SM R2 SRPx FR (A) 
MOV. R21 -------- 

SM R2 AFLG (R) AFLG si 

A X POP R1415 RESTORE REGISTERS 
Rr RETURN 
EJEC 

Al. IGN2 a SERVICES Sir RAPCCWN INTERRUPT WHILE BACKGROUND 
PROCESS Ne OMPUTES EARTH S S P N VECTOR 

A GN2 PUSH R215 SAVE REGISTERS 

M R2 SSR W C (R) R2s SERVICE COUNT 

Cl R(i. COUNY EVEN ? 
BN & bi NO 
SU w a ENSAE 

JSUB Aff UDER) UPDATE AT TITUDE 
POP R4 is RESTORE REGISTERS 
RT RETURN 
EEC - - 

SRAP PUSH R215 SAVE REGISTERS 
-JSUB - RDs, R.P.R) - READ STRAPDOWN - - - 

M RgSSRVC (R) R2 SERVICE COUN 

Cl R EVEN CCUNY 
3. STRAP2 YES, DO COMPENSAY ON & AT TITUDE 

STRAPX. POP - Rs. 4-5. . . . . . . RESTORE REGISTERS - 
RT . RETURN 

SYRAP2 JSUS COMP R COMPENSATE RAW DATA FOR ERRORS 

JSUB VERTR A GN TO VERT CA 

- - JSUB Aff Un E R ) - - - - ECOMPUTE NEW AFTTTUDE - - 

JSUB DVytFM (R) x FORM DEL A V To REFERENCE FRAME 

JSUB GRAV R PERFORMGRAW if Y CALCULATON 

JSUB. NAW (R) . . XFORM REFERENCE DAY A NTO SCN AR 10 
"FRAM. 

BR SRAPX EXT 
E.JEC 
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RISTRP r READS STRAP Da WN IN PTS 
CANG SEQUENCE 

JSUB RDST R p (R) 
RDSTRP LA - R1A, RAWDo (R) R44 = ADR RAW DEL ANGLE 

... A R3 RAWDOM (R) R3s ADR RAW DE ANGLE MAGNITUDE 

MOW Ria a R2 COUNTS 3 ANGLES 
RDS, MB R2S rRP (R 1.2 ) R23 ANGE COUNT 

MB R3 SRM (R2 ) R3s w ANGLE COUNT 

- L-RR4 - Ras RAWDO (1) 
R. R. 3 Rs RAW COM ( . ) 

ACO R2R2 R2 RAWOO ( ) - NET PULSE CCUNY 
- S. RR3 - - - 

S. R2R4 
ADO R, R2 R. RAWD OM ( , ) YOTAL PULSE COUNT 

- A - RR - - - 
S. RiR i5 
ADO, R22 NEXT ANGLE 

- CMPL R12 293 - ... t MORE ANGLES? 
BT ROs 1. YES 

... A R4 RAWOW (R) R, 4 is ADR RAW DEL WEL 

A R.S. RAWOVM (R) R132 ADR RAW DEL WEL MAGNTUDE 

MB R2S rRNXP (R) R2S DELY A VX PULSE COUNY -- 

LMB R3 STRWXM(R) R3a refA VX PULSE COUNY 

l R2R 4 R2s RAWDVX --- 
L Ri R13 R, a RAWDVXM 
ADO R3 R2 Ras RAWCWX NET COUNT 
SUB R2R3 
S. R2R4 
AD RiR2 R, s RAWDVXM TOTAL COUNT - 
ADO Ri Rs 
SI RiRS 
MOVL R12 a 

RDS2 MB R2S rRWYP (R 2) R2 = . CELTA WEL PULSE COUNT 

MB R3ST RVYM (R12) R3s rCELY A V E PULSE COUNT - 

R2R 4 R as RAWCW 
RRS Rs RAWCVM 

AD) R2R 2 R2 RAWDVNET COUNT 
SUB R2Rs 
S. R2R4 -- 
AD R. R2 Re RAWDWMt. TOYAL COUNY 
AD) RR3 

- S - R. Ris- ---------------------------- a u 
ADO, R12 2 NEXT VELOCITY 
CMPL Ri22 a . . MOREVELOCITEST-- 
BY RCS2 YES 
MOW R11 NCREMENT SERVICE COUNT 
ADRM - RSSRVCT (R)- - - 

JRS RETURN 
EJEC- - - - - - - - - 
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- - - - 
: COMP s COMPENSATES RA SYRAPCOWN INPUTS FOR KNOWN ERRORS 
CALNG SEQUENCE 
i-SUB-COMP (R - - 

COMP L. A R 14 Aar (R) R, 4 at ACCE BAS ADR 

R3 R14 (R2R3) = ABB (1) 
SEXE R2R3 

-- R5Ri4- (R44 R5) 5 ABB (2) - 
SEXE R4R5 

R7R14 (R6 R7) = ABB (3) 
- S - RéR7- - - 

l. A R14 RAWOV (R) Rs. 4 a RAW DELTA V E A DR 

-L-R8Ri4- RDWA (1)- 
R9 R4 R9 OVA ( 2) 
R1, a Ria R, 2 DVA ( 3 ) 

- LA - R A CAR (R - R4E CAB AOR 

R. R. 4 R2S CAB ( , , , ) 
- MUL - R2R8. (R2R3) F. ABB (1) CAB (14) DVA (1) 

OAOD R2R, 
R. R.14 R, GCAB (2) CAB (21) 

- MOV-RRii 
MU R2 R 9 
DADD R2R 2 ( R2R3) = R2R3 ) . CAB (12) DVA ( 2) 

- MOV - R2R11 
MU R2 R8 
DAD R4R (R4R5) is ABB (2) CAB (2) DVA ( ) 

- L. I - R1, R14 R1 CAB (1 3) CAB (314) 
MOW R2R1. 
MU R2 R2 
DAOO R2R 2 (R2R3) is R2R3) CAB (13 DVA ( 3 ) . 
MOV Ra Rii. 
MU R2 R8 
DADD R&R 2 (R6R 7) is ABB ( 3 ) . CAB (31) OVA (4) 

R2R 14 R2 = CAB (22) 
MU R2R 9 
DADD R4R 2 (R4 R5) is (R4 R5) d CAB (22) DVA ( 2) 
l, Ria Ria R1, SCAB (2 3) CAB (3 2) 
MOV RCR 1. 
MU. R2R32 
DAOD R4 R2 (R4 R5) = ( R4 R5). CAB (23) is DVA ( 3 ) 
MOW R. R. 
MU, R&R9 
DADD R6R (R6 R7) = R6R 7) CAB (32) DVA ( 2) 
. R2 R4 
MU. R2R3 R as CAB (33) ------------------ 
DAOD R6 R2 (R6 R7) = ( R 6 R7), CAB (33) (DVA ( 3 ) 
... A R14 CARUBA (R) R14 = CAB is UBA ADR 

L. A R.S. RAWOVM (R) R3 RAW DEL VELOCITY MAGNITUDE AOR 
R2R1.4 
RR13 

- MUL.-R. Ri OSUB R2, R2 R2R3) = ( R2R3) CAB is UBA (1 1) DW AM (1) 
l, RR4 

--R4R13 
M R2, Ri - sts : R4R5) = ( R4R5) CAB is UBA (22) DV AM (2) 

--L--R2R14 
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t R2R14 (R2, R) a PREVIOUS COOX 
w UPDATE COOX 

R. R. 4 
S. RSR 14 

R R8 R9) a PREVIOUS CDOY 
S. R4 R4 UPDAYE COOY 
l R9 R4 

- S - R5R 14 
l Rigi R14 (R1, R1) is PREVIOUS CDO 
SI R6R4 UPDATE CD O2 

m 

S. R7R14 
A R. PCfO (R) UPDAE PCOO 

S. R2 R4 
S. R. R.4 
S. R8R 4 
S. R9 R4 
S. R12, R14 

- S - Rii R14 - - 

CORRECY DEL VELOCITY FOR SAM phic AG 

M- RCDoy2R - 

DSLA R24 CDO = 2 is 4 CDO 
DSA R44- - 
DSA R64 
MOW R8 R2 (R8R 9, R12) 2 is is 4 as COO MSw 
MOV-RR4- - - 
MOV R. R 6 
...A R14, COV (R) R4 CDV ADR 

R. R.4 
. R2 R4 
DSLA Rii. 8 - R11 COVX828 - - - - 

R1, R14 
Risa R 4 

R1s. R14 e 
L R. 4 R. 4 
DSL A- R13 a - R. 38 CDV 28.288 
A R4 CD V (R) R4 SCO W A)R 

MUL R6R 12 - 1 (R6 R7) COO(3) COV (2) - - - - 
MOV R2R 9 - 
MU R2R3 
DSB R6Ra, (R6 R7) COQ (3) to COV (2) CDO (2) is COV 3) 
MU R2R13 (R2R3) = COO (1) is CDV (3) 
MO R2 R2 -- 
MV. R2R1 - 
DSUB R2R, (R2R3) = COO (1) is CDV (3) CDC (3) is COW ( ) 
MU R4: Rii. R4R5) is CDO (2 CDV (1) 
MOV-RR8 - 
MU RR2 
OSU R4 R2 (R4R 5) a CDO (2) is CD V (1) CDO (1) CDV (2) 
SEXE R1,R2 RESCALE TO HALF THE CROSS PRODUCT (123) 
OS 2. R25 
SEXE R3 R4 
DSL2 R45 
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SEXE R. R6 
DS R 65 

g R, PDAYE COW 
R. R.14 

ADO, R.42 
DADP-R-R- 
S. R (R 14 
S. R. R. 4 
- R. R.14 - 

t R1, R14 
ADO. Ria -2 
DADO R. 2 R. 
S. R. R. 4 
S. R. R.14 
l R1 R. 4 
l R1 R14 

A R4 RAWOV (R) 

- Moll R412 
COMP3 S. R2R 14 

BC RCOMp3 
- RTS-RETURN 

EC 
RDSTRP is REAS 7 N Sr RAOCWN INPUS 
CALL ING SEQUENCE 

JSUB RDSTRs (R) 
ROSTRP A R4 RAWOOR) R14 SADR. RAW ANGLE RATES 

Rs. SYROX (A) READ ANG E RATE 

S. R3 a R14 
M RSS ROY (A) 

S. RiS R14 
M RSSR O2 A) 

S. R.S. R14 
A R4 RAWOW (R) READ DELTA WELOCITES 

M RSSR WX ( A ) 

- - S - Risa R4 
M RSSRWY (A) 

- S - R1, R14 
RSSRW2 (A) 

NEG Ris, R is CORRECTION for SIGN INVERSION 
S. R 13, R14 
MOW R2 NCREMENT SERVICE COUNT 
ADRM RASSR VCY (R) 

JRS RETURN 
EJC 
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M3 s CA k- grow a S 

GALLING SEQUENCE 
JSU COMP R 

g aff 

A R3 RAWDO (R) R13= ADR RAW ANGLE RAYE 

MOW R, a 3 Rs. 2 COUNTS 3 COMPONENTS 
A R. PCO (R) R is ADR PREVIOUS COMP ANGLES 

COMP, L, R. R.3 R2, R1, a RAW ANGLE RATE 
MOV R 

ANGLE.2s as a 2 as e6) 92 
R2R14 R2R3) = PREVIOUS ANGE 

Si R. R4 PDAE ANGE 
-- RR14 - - - 

S. R. R.4 
S. R2R, UPDATE PREVIOUS ANGLE 

- S-RRil 
BC R2, COMP1 
A R. 4 CD V (R) R4s AOR COMPENSAYED DEL A V E CC Y 

A R.S. RAWOW (R) R.32 ADR RAW DEL A V EOC YY 

- MOVL. Ria 3 - R12 COUNTS 3 COMPONENTS - - - 
M R3 4 F7 ( . ) R3 SCALE FACTOR 

C 22 l R2R3 
RRS 

SRA R27 
- S-RR14 - - 

S. RiR14. 
BCY R. COMP2 
-RTS 

EEC 
ROT AES au AYR NON VECTOR COMPUTES RESULTANY . . . 
DIRECT ON COs NE M ATR x & PERIOD CALLY NORMAL 2ES 
QUA TER NONS 

3 CALL ING SEQUENCE R 
i-JSUE-ATUDER) ----- 
A M R2 SSRV CT (R) Ras AND SERVICE COUNY) 

CMP R24 Y ME YO NORMA 2 E GUAYERN CNS 
B NE to NO 

-JSUB ENRM (R-YES - - 

JSUB RCA YER) COMPUTE ROTAY ON MATRIX 

USB Reft R RoTATE QUA TERNoNS 

usus since (R) COMPUTE DIRECTION COSINE 
SYRAP TO REF) 

JRS RETURN 
- ENEC 
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DMXFM S FORMS COMPENSATED DELTA VELOCITY INTO 
REFERENCE FRAME VELOCITY . . . 

CALL ING SEQUENCE i. stay FM (R) - 
DV3 FM A Ria ST6 RMY (R) R345 ADR OF STRAPDOWN TO REF DCM 

- -A-R4s: CDV (R)-1R132 ADR COMPENSATED VELOCITY 
- VECY OR 

A R12 DACVE. (R) R2s AOR REFERENCE DETA VELOCITY 
VECTOR - 

Rii. COUNTS 3 vector components MOV Ria 3 
DVXFM . . . R2R12 (R2R3) is DELTA VELOCITY COMPONENT 
-l-R3 R2 num- -. 

JSUB ROW C3 R ) (RR1) 3 
SUM (STORMT ( K) CD V (K), Kai, 3) 

-ADDL-R12 a 4-- ---------mm-- 
OADO R2, R2 (R2R3) a UPDATED DELTA VELOCITY 
S. R2, R12 UPDATE DET A VELOCITY 

-S-RR2- - - 
BCY Rii DVy FMi . . . ; 
JRS RETURN 

- - - - - - 
ENRM NORMAL, a FS QuAir E \ CNS (E1, E2, E3, E4) ---m- 

: CALL ING SEQUENCE . . 
JSJB ENRM (R) 

ENRM LA - R13. E1R) R. 35E1 ADR 

MOV R4 Ris R, 4 at ADR 
- JSUR-D2ML 3.0R - (R2 a R1) =E12 

ADDL, R334 
- All-R434 

JSUB DM33 R) (R2 Ri) = Ei, a 2A E282 

-no-M- - 
AD, R. 4 4 
JSUB OMU 32, R) (R2R3) SE, is 82, E23 2d E3 2 

AO Ri, S. 4 
is Akirai) (Ra, ii) E1.2E2:2:3:2::1:2 

DSRA R21 R2R) = R2R)/2 
- LM R4 627 C ( ) . . . . (R4R5) K1 5s (R2, R1) . . . . . 

MOV RS 
OSU R4R a ---or-----------orm---- 
A R8 NRMK (R) R. 4 K ADR 

-Sl R4 RA 4. 
S RSR 4 

- E. Rii;i, iii. AD - 
JSUB DM32, R) R2, R1) is Ki E1 

S. R. R. 3 UPDATE Ei 
S. R. RS 
JSUB DMLSA R ) R2, R) = KE2 
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S. R2R3 UPDATE E2 
S. RR3 
JSUB DAML 33 R) (RR) EK E3 

S. R2R3 UPDAE E3 
JSUB O2 ML 32 R ) (R2, R) ski E4 

S R2R13 UPDATE E4 
S. RRS 
JRTS 

ENRMK DAA 2 2. NORMA. 2 AY ON SCALE FACTOR 

EEC ' ' ' 

ROTATE 7 SETS UP au At RNCM ROTAY ON MATRX - - - - - - - - 
CANG SEQUENCE 

JSUB ROATER) OTATE OMPENSAY ECTOR 

M R2 4 3 2 ( . ) (R2R3) ROT ( 1) as 

MOV R30 
MOV R42 (R4R5) is ROT ( 2) 

- MOVL-R5 
MOV R62 (R6R 7) is ROT ( 3 ) 
MOV R22 - MOV1-R8 - RB R9) sROT 14 
MOV. R9. * 

R. R. 4 
---R4-14 

DSRA R21 DSUB R4Rg R4R5) ge, COOX/2s W2X 
---- R. R. 4 - 

DSRA R21 -- 
- - - DSUB R6Ra - R6 a R7) CDOY A2E H2Y - 

L RCR4 
RR4 

- DSRA - RPS1 
DSUB R8 R2, . (R8 R9) 5 CD 02/2s W22 
AOOL R1412 R42 ADR COMP ANGLE VECTOR 

- MOV-RSR14------- JSUB D2 MLS at R) (R2, Ri, a g4 W2a 2 

ADOL R1s. 4. 
JSUB DM3, R ) 

AD). Ria 4 
ADO, R1S 4 
SU . . . . R 

A R. 4 OS (R) R4s AOR OSQ a 4 W2 & 2 

S1 RCR4 
S RR4 
AOD. R14 s2 
DSRA R2 3 
OSUB R2R p, (R2R3) is W2 & 2/2 
LA RSS YTH (R) R3s AOR SIXTH 

JSUB D2M 32 R 
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S. R2R 14 CSQG SGA 6 
S R1,R4 

- AOL-Ri 2 -------...-----...- ... 
LA R3 CDf (R) R13s ADR 2 W2 VECTOR (CDO) 
JSUB O2 ML 3 at R ) 

--M r) 3. 

OADO R4 R2 (R4R5) is (R4R5), W2 3/6 
AD R134 

-USUB-Dalai R 

OSRA R 23 
- - DADD . R6Rg . . . . (R6R7) (R6R7) W.23A6 

AOC. RiS 4 
JSUB DM3 2 (R) 

DSRA R2 3 AM 
DADO R8R 2 (R8 R9) = R8R 9) W2 3/6 

- LA - R. R.O.M.T (R) SAVE ROTATION MATRIX - 

S. R2R4 
- S - RRi4 

S. R4R 14 
S. R5R 14 

- S - R6R 14 
S. R7R4 

RR4 
- S - R9R14 

JRS RETURN 
WSGM AA 2 s 4th W, is 2 

OSG DAA 22 

SKY Ai A: i AAE 2 S2A6 

EJEC 
EROT is ROTATES QUiTERNIONS (E1 E2, E3, E4) . . . . . . 
CANG SEQUENCE 

JSUB EReT (R 
ERT - A - R14 ROf MT (R)-R14E ADR ROT ( 11)- 

A RS Vir C R ) R 35 ADR E VECTOR 

JSUS DAML 32 R ) 

- MOV-R2R3-1-(R2R3) RE: EROT (1-1) El 
MOV R3 Ri 
AD R. S. 4 

-JSUE-D24L S R 
MOV R4R 2 (R4R 5) =E2 5 ROT ( 11) E2 

- MOV-R5R 
ACO R3 4. 
JSUB D2432, R) 

MOW R6R a (R6R 7) = E3 ROT ( 11) E3 
MOV R7:Ri 

- ADOL - Rs. 4 
SUB Da M32, R) 

- MOV Ra Ra (RBR9) RE4 FROT ( 11) E4 ... 
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L. SGAL. s. BACKGROUAD Raul NE TO LS Q.F. GRAVITY VECTOR AS - - 
A FUNCT N Of T ME S TO AL GN STRAPDOWN FRAME 
O EAR r S Sps IN A IS FROM THE DERVD VEOC. YY WECTOR 

CALL SEQUENCE - 
JSUB LS(A : R) 

SGA MOV R93 R9 COUNTS 3 VECTOR COMPCNENTS 
- . . . LA - Ria Sow (R) - R1s AOR SUM (VEl - --- 

A R. (256 (R) Riis ADR 256 SEC GRAVITY VECTOR 
... A R12. G2 R) R2s AOR 2 SEC GRAVITY VECTOR 

- L.A.- R14 SDNR) - R14 ADR SUMVE)- 

SGA l R2R3 (R2, R) 3 SDVT ( ) 
- L. R. Ria. p 

A RSS (Kii (R) R3 ADR (4 N2) / (88 (N1) ) 

- JSUB DM (IL32(R) - (RAR) * 

SOV ( , ) (4 Nd2) / (8" (No 1) ) SOVT ( ) 
SLA R2 3 (R2, R1) = G2 ( ) SA ( . ) 

S. Ri R12 
R2R 4 (R2R3) as SOV ( . ) 

-L - RER 14 
DSUB R2R 2 (R2R3) 3 SW ( ) is G2 ( ) 
S. R2R1. 
S R3 Ri 
ADD. R 2 
MOV R2R3 (R2R3) is G2 ( ) 

- MOV-RSR 
LA R4 LS (K2(R) R4s ADR 256 2M ( Nd: 1) 

- MOV-RR1 
JSUB D2 M32, R) (R2, R1) is 256 B ( ) 

DAD R2 R2 (R2, R1) is G256 ( ) . A 2 256 B ( ). 
S. R2R1. 
S. Ri, Rii. 
LA Ria SDV SCVT (R12) R4 = AOR NEXT SW 

BC R9 SQA, 
- LA - R14 G2(R) NORMAL 2E G 2 VECTOR 

JSUB V3 NRM (R) 

A R4 G256 (R) No RMAL E G256 vectoR 

JSJB V SNRM (R) v. - 

. A R2 a 4 222 ( ) USE DOT PRODUCT TO OBTA IN 
COS (AT) at 2 

M O W L R 2 R2, Ris ... . . . . . . . . . - - - ------- - - -nor' 

L.A.- R132 Ga. R ) - R1 is ADR-GA - VECTOR 

MOW R123 R12 COUNTS 3 VECTOR COMPONENTS 
JSUB (MIL3 2. R ). (R2, R1) ESUM (G2 ( 1) G.256 ( ) 1 
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ADO, R14 4 
Al-R1-4- - - 
BCY R12. A 
A R1S, COSPH2(R) R3s AOR COSPH2 

S. R2R3 - 
S RR3 
All R132 
LA R4 SK3 (R) R4 as AOR COS ( Wis N) as 

wn a 

M R64, ( ) (R6R 7) a SN (PHI) i. 21, a COS (PHI) is 2 

MOV R72 
DSUB R6Ra, 
MOVL- R22- . EST MATEs 
JSUB DSG R T (R) (R2R3) is COS (PH) 
S R2 Ris 
S. Ri R3 
S. R2R3 
S. R3 R3 
S. R6R is SAVE S N (PH a 2 
S R7:R3 
AEE age sak','ka, affes...a ADDL R4 S(KPrs SG K3 R4 ADR ( is K) as a 2 g (us RE WE WEAG) 
MOW R4R, R4R5) 5 COS (PH) is 2 
MOV-RR- - - - 
JSUB D2 ML 32 R) (R2, R) as K, a 2 SN (PHI) a 2 

DAD-RR4 
MOW R2R 7 
MOV RS:Ri Pi - 
JSUB DDV (R 

POP - R - 
MOV R4 R2 R4R5) = COS (LAT) - 2 
MOV R5Ri 
ADDL RSS IN PHIS IN PH2 R3A OR S N (PH 
MOW RRs 
MOV R. R7 
MOV R20 - EST MATEs 
JSUB DSRT (R) (R2 RS) = S N (P) 

S-R2Ri------- 
S. R3 R3 
S. R4 R13 UPDATE COS (AY) a 92 

a e 

MOW Re; R4 
MOV R R5 
M9YL-R22- - ESTATEs 2 - - 
JSUB DSR (R) R2R3) a COS (LAT) 

S-R2TRi 
S. R3 RS 
M R 423 ( . ) 

MOV R2 
DSU Ra:R4 (RR) is SNAT) to 2 
S-RR1- - 
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S. R2R3 
SI - R3 R33. 
JSUB SP ( ) ALANCE a GRAVITY COMPOMENTS 

SLR SYP2 (R) a BALANCE X GRAVY COMPOMENTS 

JSUB SP3) a GRAVITY COMPONENTSBSN (PHI) 

JSUB NRY R ) SETUP CURRENT GUATERNOMs 

JSUB N POSR) NITIAL (2E POSITION 
A R3,5 GEs f (R) R3s AOR GRAVITY EST MATE 

R2R13 (R2, R) 324 4 GO 2 
l RiR3 
AD, R. S. G.7M A Go GESY 92 R3 ADR G7 MAG 
MOV R2: EST MATEs 2 
JSJB DSR (R) R2R3) a 2 & 7 GRAVITY 

S. R2R3 
S R3:RiS 
ADO, R 3, 3 G. No GM AGF2 R13 ADR GYNY 
OSRA R27 R2R3) is GRAVITY 
S. R2R3 NT GRAY 1 TY INEGRATOR 
S RSRiS AOO, R.S. VGNaC NY 22 R3ADR WGNT 
S. R2R3 N T VERT CAL GRAVITY NTEGRATOR 
S. R3 Ris 

... A Ria COST2 (R) R4 is AOR COS (AT) in 2 

l, A - Ri, S. COs, AY (R) RSAR COSAT) 

JSUB D232 R. R2R) is VERT CENTRIPEDAL FORCE 

... A RS, CNFR (R) gC6 SAT a .3WEs a 2RE 

S Ri:RS 
AOf R3 a 2. R3s AOR CNT FR 

- ADDL. - R1A a blea REGGCSLT2. - ... SR 45 ADR WE2RE. . . . . 
SUB DiM32, R) 

- DADD R2RG) . . . . (R2R3) a GMAG?. NYCNT FR - - - 
DSA Re 6 ADJUST FOR NTEGRATOR SCALE 
S. RGR3 UPDATE CENTRIPEDAL FORCE 
-S-R. Ri3 
S. R2R3 UPDAF GMAG 
S RSR 33 
-All-Rise 2 --R is AOR-GAG-- 

A R4 (OS, AY (R) R443 ADR COS (LA) 

LA - R33 GR (R - R323 ADR GREF VECTOR - - - 

JSUB D243 GR) (RCRs) as GREF) 

DSR A R 93. m 
S. Rg Ri2 UPDATE GREF ( ) 
-S-RRi2 
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MOV R 2 
S. R2R12 UPDATE GREF (2) 

- S-RR12 
ADD R4 is NATP C0s LAT 3R, 4 AOR S N (A) 
JSUB DMS R) (R2 RA, ) = GREF 3) 

T. T. - - - - - - 
DSRA R. 3 
S. R2, R12 UPDATE GREF (3) 

- S - R. Ri2 - 
M R2 420 ( ) 

- A - R44 cost (R) - - - 
MOV R 

COSW's 
S. R2R4 
S. R2R4 S. NWTs 2 
JSUB SCNN R) NIT SCNARO DAA 

re. --RTS - - --- RETURN - 
SGK DATA 2.32 3232 ( 6 Nt 2) A 8 (N, ) ) 

SQ O 7 F 7F s N: , ) 

SQK3 DAYA F5 253 COS (EN) a 1. 

SGKPH DATA 38 DE8A is RE WE WE Gas2 

EJEC - - 

STEP1 is ROTATO A Raui. Xie AXIS Suck ThAY Gat (3 g (256 (3) GE a 
CANG SEQUENCE 

JSUe SPR) 
STEP1-A-R4 exces (R) - R2s ADR-XCOS - 

M R442 ( . ) R4R5) Ex COSs. 

MOV R5 
MOV R62 (R6R) 5XS Nsa 

- Vl-R - - e-ee 
LA R4C3 FF (R) R42s AOR G3 OFF 

- LA - Rica (R)-R11 EADR G - 
A R G2562 (R) R2s AOR G256 (3) 

L R2R, (R2R3) is G 2 (3) 
L R3 Rii. 
ADO Rié RS, 3 ADR G2 ( 2) 

ROR2 R2R) as G256 ( S) 
l, R1,R2 

- ADDL - R12 6 - R2s AOR G256 (2) - - - - 
DSUB R2:Rg R2R3) SG 2 (3) GG256 (3) 
3. sfig Pie 
S. R2R 4 G3 DFF a G g (3) G.256 (3) 
S R3:R4 
AD R 146 R4s ADR G2 OFF 

- LI R2R1. (R2R3) s G. (2) 
L RSR 
A R2 R is AOR C2 ( 2) 
l, RR12 R. R.) G.256 (2) 
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STEPO R4R, UPDATE XCOS 
- S - RR - - 

S. R6R 12 UPDATE XSN 
S R7R2 
MOV R2R 2. (R2R3) E G (3) = G256 (S) 
MOV RSR 

" . . . ADO R14 4 R4s AOR G2 ( 2) 
JSUB D2 ML 3 at R ) (R2R)sG 2 (2 XCOS 

ADO. R1s. 4 R35 ADR XSIN 
ADDL R14 4 R4s ADR G2 (S -------------- 
JSue DMUL3 at R) R2, Rs. 5 G2(2) XCOS-G2(3) exSIN 

-S-R2Ri1 - UPDATE Gat 2 - 
S. RR1. 
S. R2R, UPDATE G2 (3) 
-S-RR1 

ADDL R1s. 4. R3s AOR XCOS 
MOW R4 R2 R4s ADR G256 ( 2) 

--JSUR-24 LS at R ) - (RR) SG256 (2) XCOS -- 

ADO. R1S 4 R3a. ADR xSIN 
- ADDL-R44 R145 ADR G256 - - 

JSU8 DMLS R ) (R2, R1) a G256 (2) XCOSG256 (3)xSIN 

- S - RCR2 - UPDATE. G.226 (2) - 
S. RiR2 

- S. R2R2 UPDATE G256 (3) 
- S - RR2 

M R 220 ( , ) (RR) is 4 COS)/2 

- MOVL-R - - - - 
DSRA R41 (R4R 5) a COSA2 

s DAD R2R 4 
- MOVL-R2 - EST MATE 

LA R 4 x E (R) R443 ADR xE1 
-US ns.tr) - - - - 

R2R14 XESQR Y (1 iCOS)/2) 
-S-RR 

M R2 22, 2 ( ) (R2R) = (1 COS)/2 

- MOV-R - 
DSUB RR 4 
SY R22 EST MATE 2 

- SUB-DSRR)- 

CMPL R6: a is SNLE 2 7 
- BLE-STP if -- YES ---- 

COM R2R2 N0 XE2 at XE2 
NEG RSR3 

r BN 4 
ADO, R21 

STEP. F. S. R2R4 XE2 SSGRT ( (1 COS) /2) 
- S-RRil--- 

JRTS RETURN 
EJEC 
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ESTEP2 g. ROTATION ABnui za Ay IS. Such hAT G. (1) = G256 (1) . . . . 
& GC (2) 2 

CANG SEQUENCE 
: JSUB STEP2 R ). 
S. EP2 A Ri?sa a CSR) Rs. 23 ADR COS . 

- LM - R4: 14a at 1-1 R4, R3)=zcos=1- 
MOVL R5:0 - a 

- MOVl-Ré-R6R752SNs - - - 
MOV R7:6 - 
A R3, 4 Gifi FF (R) Ri46 ADR GDIFF 

A Rii, cay (R) is ADR cats 
—LA R43. G256x (R) R12ADR G254(1) - 

R2:Rii. R2R3) is G3 (1) 
RSR2 (RER) is G256 (4) 
Ri R2 . . . . . . d • 

- - - - DSUB - R2RP (R2 R3) G0 (...) G.256 (1) . . . . . 
B. s. P2B - & 
S. R2R14 GDFPs G2 ( 1) G256 (1) 

- S-RRi 
R2R1. R2R3) is G2 ( 2) 

l R3 Rii. 
- ADOL Ra6 RADR G2()- 

l Ra R2 (R2 Ri) =G256 (2) 
s RiR2 W 
A. R2A a? R.2s AOR G256 (...) ------ 
SUB R2RC ... (R2R3) 3G (2) a G256 (2) . 

S. R2R 4 - . . . . " 
a ' 

Af R46 . . Rs. 4 as ADR GO FF w 
MOV R.S. Riq Rs.35 ADR GDFF 

s h2 M3 R. R2R3 ) is G. D. FF 82G2D FF 2 

St. M32, R) 

- ADDL, Ria a B . . . . . . . R14 ADR. GSORY - - 
MOV R26 EST MATEs 2 
JSU 3 DSRT ( ) GSQRT is SQRT (GDIFF a 2+G2 CFF 2) 

S. R2R34 
S R3 R4 

- ADDL. - R. 4 ge 2 
JSU DDi V32 R) (R2, R1) = G2DIFF/GSORT 
Si R&R A a 2COSG2Diff (GSGRT - 
S R R1a 

. . . . . MOV R4RC . . . . . . . R4 R5) 52C0S 
MOV R5R. 
ADO, R. S. 4 R13 ADR GDIFF 

... JSUB nDiv 32, R) - (R). R1) a GDIFF4 GSRT 
S. RERiC, S. Na GDFF/GSQR 

- S - RRA - - - 
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AO) Rs 2, 6 
MOV R6R R6R 7) saSN 

--- MOV-R7R1 - - - 
SYEP2B A R.32 S N (R) R3s ADR SIN 

- La Rii, Gay (R)-1R14 ADR Ge (1) - 
JSUB OMS 2, R) (R2R) 3G 2 (1) A2SN 

ADO, Riis CSS IN R3s ADR a COS 

- MOVL--R - 
DSRA R4:1. (R4R5) is COSA2 
DADD RR4 - MOVL-R22 - EST IMAYEPP 
A R.42 E (R) R, 4 as AOR 2E1. 

-USUB-DSR, R - - - 

S R2R4 Eis SQRT (1 & COS) A2) 
-S-RRA - 

M R2 22, 2 ( R2R) to COS) / 2 

Af), R.A. Gaye G2X R4 is AOR G2 ( 2) . 
... JSUB nML 3 at R) (R2R3) a G2 () is a SING2 ( 2)2COS 

CMP R22 G2 ( 2) LT 2? 
- BM - STPP2D- YES 

COM R. R. NO G2 ( 2) as G2 2 
NEG R. R. 

—BN-84 - 
ADO, Rei 
s: R4 R4 NEGATE COS 

- NEC-R R5 
BN oth 
A R4 i 

- COM - R6R6, SNS IN 
NG R7R 7 - 
BN2. a $4 

- ADD. R1 
STEP2D S. R4 R2 UPDATE 2 COS 

S. R5R2 
S. R6R PDATE 2 SN 
S R. R. 
MOW R2, R2 (R2R3) is G2 ( 2) 
MOV R3 Ri 
AOL Riis a SN2 CCS R35 ADR SIN 
JSUB O2 ML 32, R) R2R)s a G2 (2 2SN 

COM R2R 2 
NEG R. R. w 
BNZ s & A eammarmorrrrrrrrara-arame------ 
AO R21 
AD). R13 CfSs. SIN R3s AOR COS 
ADD. Ril 4 G X Ge Y R4s AOR G2 (...) 
JSUB DMU33 R ) (R2 R is G2 ( 1) is 2COSs G2 ( 2) 82 SIN 

S. R2R11 UPDATE G 2 (1) 
SI R. Rii 
S. R2, Rii. UPGAYE G2 ( 2) 

- S-R3 R44- ------------------m-m- 
M R 222 ( . ) (RR1) = (i. 4 COS)/2 
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- MVL-R- 
DSUB RCR4 
MOV R22 EST MATE 2 

- Sla - DSaRf (R) - 

CMP R6.2 S N GE, 2 
- - P - SYFP2F YES 

COM R2R2 NO 2 E 452 E4 
NEG RSR 3 
-N-(4- 

ADO, R2 
STEP2F S. R2R 4 2 E4 = SQRT (1 CCS )/2) 
- S - R3 Rid 

JR'S RETURN 
EEC 

a Ler) r r ( A O NAB fur Yip Axl S. SUCH H A G2 (3) ESN (PH) 
CALL ING SEQUENCE 

JSUB Sep 3 R ) 
STEP- L.A - R14 GR) IR 14 AOR G2(1) - - - - - - - 

MOW Risa R4 R3s ADR G2 (1) 
RR) is 3) 

ADO, R4 a R4s AOR G2 (3) 
- ADDl-Risa al-R3 ADR G2(3) - 

JSB DM32, R) 

- LA - Ras YGS OR - Rs. 2s AOR GSG - - 

S. R2R2 GSGs G2 ( ) is 32 G2 ( 3 ) is 2 
-S-RR2 

AD). R22 a C2 
AO) Rs. 44 R4 as AOR G2 ( 2) 
A. RSA a 4 R3s ADR G 2 ( 2) 
JSU D2 M32, R) (R2 R1) . G2 ( 2) 2 

-COM - R2R -- 
NG R. R. 
N 3 & 4 

- All-R - - 
A R4 COSPH2 (R) R4s AOR COS (PH) is is 2 

R2R34 R2R3) = COS (PH a 2 
. RSR4 
A R4 RAba CCS Ph2 r2 R4ADR RAD 

- DAO RR2- - - 
MOW R20 
JSB OSfR (R) 

S. R2R 4 RADe SQRT (COS (PH) 2G (2) 2) 
S R3 RA 

- ADOL R1A a 52 
ADO, R. 34 R3 = ADR G2 ( , ) 
JSUB D2432, R) 

AO) R.4 S N PH to RAC R4s AOR SN (PRI) 
ADO, R. S. 8 R132 ADR G2 (3) 
JSUB DMU 36 R) (R2, R) sG 2 (3) S N PH, G 2 (1) RAD 

A RiS YCfS(R) R3s ADR Y COS 
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S. R2R3 Y COSs (RR1) 
S Ri:R3 
AD 
MOV R14, R12 R4 = AOR GSQ 
JSUB DOW3 R) 

MOW R4R 2 R4R5) is YCOS 
- Mov-R5 R1 - 

L. A R. S. Gog (R) R13= ADR G2 (3) 

--A-R44 ShipHR) R14 SADR SINPH1 - 

JSUS D2 MLS R (R6 R7) sG 2 (3) Si NRH1 

MOV R6Rg 
MOW R7:R - 

-ADL-R438 - R13 SADR. G. (1) 
ADO R1, RAS 1 NFHi R145 ADR RAD 
JSUB DEM32 R) 

DSU R6R 2 (R6 R7) sG 2 (3) a SNPH1 gea ( , ) as RAD 
M R2 22, 2 ( ) (R2, R) COS)/2 

MOV Rig 
DSRA R4:1 (R4 R 5) e COS/2 

- DADD RR4 
MOV R22 EST IMAYEs 2 
LA R2Y (R) R22 ADR YE 

JSUB DSRf (R) 

R SQRT (1 COSA2) - 
S. R3 R2 
M R2 22p2 ( . ) (ROR) a (, COS) /2 

MOV Ria 
DSU R2 R4 
MW R22 EST MATE 2 
JSUB DSRT (R) 

- CMPL R6 - SINGE2 
BP ST, PSB YES 
COM R2, R2 NOYESs a YE3 - 

- N - RCR 
ADO, R21 -- 

STEPB S R2R2 YE3s SQRT 12 COSA2) 
S R3 R2 
JRTS RETURN 

YGSG - DATA - 4 - 1622 
In Roy - SETs up initi Al QuAt ERM IONS FROM xei XE2, 2E12E 4, YE1, YES 
CALL ING SEQUENCE 

JSUB NRO (R) 
NROT-A-Ri as-yei (R)-RADR XE1 

R2, R2 (R2R3) = E =XEi 
-- RRia 

R4 R2 R4R5) is E2 =XE2 va 
R5; Ria -- MOVL-R6-R4 R7) EEE - 

MOV R7 
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MOV R8 C. R8R 9) as E4 = 2 
- MOV-R 9A 

JSJB NRSRW R ) O STEP1, ROAY ON 

--- R2R12 - (R2 R3) EE 
. R3 R.C. 
MOW R4 a R4R5) is 22 

- MOV-R5 
MOV R6, a (R6R 7) at E3 = 2 
MOV R72 

- L. . . . RB R12 . . . . . (R9 a Ril 2) EE432E4 
R9:Ria 

JSUB NRSRWR) D (, SEP2 ROY AT (N 

, R2, R2 R2R3 ses. YE 
, R3 R2 

- - MOVL. R4 (2 - . 1 (R4 R5) EE20 
MOV RSS 

R6 Rig R6R 7) = E3 = YES 
- - - - R7Rio - 

MOV, R8 (R8R9) = E4 a 2 
MOV R92 
JSUR NASRV R) DO STEP 3 ROTA ON 

. R2, R2 R2R3) at E3 = NT AL 2Es - 
- L. - R. Ria - 

MOV R 42 R4R5) is E2 = 2 
MOV R50 
MOW R6 (R6 R7) = E3 = 2 
MOV R7: 2 

R8 R2 (R8R9) = E4 INTAL 2 E4 
- L. - R2RiQ -- 

JSUB Ng SRW R ) D0 BSECTION ROTATION 

RS 1 RETURN. . . . . . 
EEC 

NRSR \l ruSES D. QuA ERA CNS. f.O.ROYAYE NEW QUATERNIONS 
SERVICES IN for RCU NE 

CALNG SEQUENCE 
- R22 RSNEl El 

8 (R4R5) is NE 2 
(Ré R7 a NE 3 

8- RB R9) is ME!! - 4 - - - 
JSue NRSRy (R) 

NRSRW A R, ROf Mr (R) Riis ADR ROTAY ON MATRX 

A Ria F W C (R) R2s ADR QUATERN ON VECT CR 

- SSR-R-GEY STATUS 
PUSH R2. SAVE STATUS ON ST ACK 
M Rg F2 . . ) YURN OFF INTERRUPTS 

SR Rg 
RR2 ROY (, ) is E. 

-- RR12 
AO) R,22 
S. R. R. 

a " 

S. R2, R2 ges 
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- MOV R14, R12 R4s ADR RDISY 
S. R2R12 UPCA E R DIST 
S. R3:R2 

- ADDL. R13 8 . . . R. 32 ADR ACPOSX 
MOV R. 3 R2 COUNTS 3 COMPONENTS 

GRAW. JSUB DDV3 at R ) COMPUTE UNIT VECT 

SI R2R12 - 
S. RR2 

- ADDL - RNA 4 - 

AOD Ria, UVRTX, RCST R4 = ADR VERT UNIT VECTOR 
r As R AOR AMC W E (C Y VECTOR 

MOV R22 (R2 Riy DOT (ACVEL UWR) 

MOW R. 2 3 Rs. 2 COUNTS 3 COMPONENTS 
RAW 2A JSUB OM 32 R ) 

ADO, R1s. 4 
AD Rii, 4 4 

- BC R1 as GRAVOA --- 
R2, R12 (R2R3) =OD VERT VELOCITY 

S. RAR 12 UPDATE VERT VELOCITY 
-L - RSR 12 --- 

Sl R, R2 
nsula R2R2 Rap R1) a VERT ACCEl 
Sl R2R12 
E. A. S.Notal iRi 'ADA G5CN 
MOV R. 2 3 Rig COUNTS 3 COMPONENTS 
MOVL R2 a - (RAIR) 28. CNL) is - 
MCW R, a s: s Ri:Easrns (R) DSABE AT REST BRANC N VERY ICA, 

ROUTINE 
GRAW, R2R3 (R2R3) a GSCN ) 

L. R3 R3 
- DSLA R27- - R2R3) E28.78 GSCND (I) 

BNV ada x- OVER FOW 
MRM GRA V5 (R) YES FORGET INTEGRATOR 

MUL. R2R2 (R2R3) is 28 a 4 GSCNO ( ) 2 
DAD R2: R2 

-BCT-R18 GRV1 
DSLA R22 ADJUS SCANG (28 (832s.) 

R2: R2 
- - JSUR nSART (R) - - R2R3)287 GSCN 

S. R2R 12 UPDAYE GMAG 
- S-RR2 

DSRA R27 R2R3) a GSCND MAG 
ADO, R14, GEST, VRX v1.2 R. 4 at AOR GEST 

R PDATE GSCND MAGNTUDE 
S . R3 R4 

R2Ri4 (R2R)s NTEGRATED GSCND MAGNTUDE 
- L - RR4 - - 

AC). Ria 2 R4s ADR GSCND MAGNITUDE INTEGRATOR 
SUB R2R 2 (R2R3) is EST MATE CURRENT WA, UE 
MOW R415 is MLL GA ''22222 R4 R5) is 75MG 
M Rissile/215MLLG 122 as a 22 
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MOVL. Ric 
l R2R12 

-- RR2 ADO, Ria 2 
gue R2, R2 

- S - RRi 
S. R. Rii 
S. R4 R2 E2 = E2 
S R5R 12 
MOV R22 R6T ( 3 ) a ge3 
MOW Ri2. 

- R2R12 
. R3:R12 
ADO R2 a 2 

- DSUR RR2 
S. RRii. 
S. Ri, Rii. 

-- S R&R 2 ESSES 
S. R7R2 
MOW R22 ROY (14) is ve4 

- MOVL. Re 
L R2R12 
l, R3 R2 
ADL R O2 ---- 
OSUB R2, R2 
Sl R2R1. 

- S- RR1 --------- - - - - - - - - - - - - - - - - - - - - - - -- --- 

S. R8R 2 E4 = E 4 
SI - Rs. R12 ----------- 
JSUB Rf (R ROT AYE NEW BY OLD 

PGP R21, ... iRECOVER-STATUS 
SR R 
JRS RETURN 
E.JEC---- - 

GRAY in COMPUTES GRAVY VECTCR COMPONENTS - - 
CANG SEQUENCE 

JSUB GRAW (R) 
RAV LM R2SSRy CT (R) - RE AND (7F SERVICE COUNT) - 

A W T Y COMPONENTS 
BE GRAWR 5. RETURN R 

GRAWB . S Ra ROSY (R) R2-ASRA)c D1st ROM EARTH S 
...------ - - - CENTER 

...A RSACSOS (R) R3 RAD R A / C POST ON VECTOR 

MOV R44 a R13 R4 ADR A/C POST ON VECTOR 
JSUB D2M 32 R ) (R2 R ) - Rs. 32 

AOL Rise 4 
AD, R14 4 

- SUE-DMULSR) - 

JSU 3 DM32 R) 

-L-R,2R12-ra - 
JSUB DSfR (R) (R2 R3) a ROST 
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- DSUR - R2R4 -. UPPER M T 
BGY GRA V5 YES, SKIP THE INTEGRATOR 
OADD R2R 4 
DA) OWER LIMIT 
BY GRy5 YES, SKIP THE INTEGRATOR 
DSUB R2 R4 (R2R3) = EST MATECURRENT VALUE 

- DSRA R26 GSCND MAGNITUDE INTEGRATOR a 
DAOD R2R a GINT (EST MATESGNT /2 is 6 
SI R2R 4 UPDATE GSCND MAGNTUDE INTEGRATOR 

- S - RRi4 --- 
SM R2CRSFNB (R) ENABLE AT REST a RANCH IN VERT 

ROUTINE 
AO R14 (UVR Txo GINT 2 R. 4 SADR UVR TX 
ACO R13 - 2 R13= ADR GSCND --- 
ADDL Ris, WGF ST. G7 MAG 2 R2 = ADR WGEST 

- SM-R443- R2COUNTS 3 COM PON ENTS 
MOVL. R22 ( R2, R) sDOT (UVRTGSCND - - 
MOV R12 
ADDL R. 3 4 
-Alt-R44-4- 

BCT RGRA Vie 
S. R2 R2 URDATE VERT GSCND 

- S-RR12 - - - 
L. R2R2 (R2R3) is VERT GSCN INTEGRATOR 

R3R 12 -ADDL-R4-2- 
OSUS R2R 2 WERT GSCND INTEGRATORs 
DSRA R26 WGNT (EST MATEWGNT)/26 

- DAD-R2R)-- 
Sl R2R2 
S. R3 R2 

rN FRUW RTX s R 
ADO R v R, AVGINT s4 R2 is ADR WERT ACCE 
. R2, R2 (R2R3) is VERT ACCEL 
-L-RR2 

MOV R2 4s MLGM 1222 (RR) a 4 MG 
M R14 a MLG - 4 MGM 12222 12220 

OSUB RR2 
BY GRVs. CENTRIPEDAL FORCE TO O LARGE 

- DADD - RR2 - - - - - - 
DADO R3 R2 
BT GRW 5 CENTR PEDA FORCE TO O SMALL 

R R2 R ) - CENR PEDAL FORCE 2 6 
RR4 

ADDL R142 

S. R2 R4 UPDATE CENTR PEDA FCRCE 
INTEGRAYOR 

S RiR 14 . 
ADOL. R. 4 UVATSCNT FR 2 R 145 ADR VERT UNIY VECTOR 
A RS WRW (R) R13 ADR VERT VE - 

R RR) = PRESEN VERY V 
. RRS R2R3 (R2 RS) = W ERT ACC 

L RS WR V V RT A2 
B R2;R2 RECOVER OLD VERY VE 
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S R2, R13 R. S. AOR WER ACCE 
A R2, ACVE. (R) . . . . . R.2s AOR REFERENCE WE OCITY 

MOVL, R, 3 Rs 2 COUNY S S COMPONENTS 
GRA V S J SUB D2 ML 32, R) ' 

l R2R12 
t R3 R12 (R2R3) = REF VEL ( ) 
AO). R. 2 a 2 - ------ 
DSU R2R, RESORE OLD WE ( . ) 
S. R2, R2 

- S - RR12- - - 
ADO, R1 & 4 ;" 
BC R 3 GRAV3 

GRA V5. A R13 a GINT (R) R3 = ADR . GINT 

l, R2RiS (RR, ) GSCND INTEGRATOR 
- L - RR1 

AD Riis CNT FRs GINT s2 R3s AOR CNT FR 
R2R is (R2, R3 = CENTRIPEDAL FORCE* 2: 6 ---RR - - - - 

DSRA R26 '... . . . y 

OAO R2, R2 ... (R,R) a GRAVITY EST MATE : 
S R3 R3 
ADO, R, 3 a a 2 R3s AOR GRAVITY EST MATE 

- LA - R. 4 UVRT (R) R.45 ADR, VERTICAL UNIT VECTOR 

A R42, GRFF (R. R.2s AOR GRAVITY VECTOR 
MOV R72 
A R9 GSCAD (R) R9 =GSCND A DR 

Mov. Ras R2 counts 3 compoNENTs 
GRAVY JSU DM3 C R (RCR) 5 GREF ( ) 

DSRA R2 3 , ADJUST FOR 1/8 SEC 
S. R&R 2 UPDATE GREF ( ) 

- S - Ri R2 
AO R4 4 
S. R7R 9 GSCN ( ) 32 

- S - R7RS - - 
BC Ri, GRAV7 
JRS Rg URN 

RS DATA A D STANCE FROM EARTH SCENTER TO AAC 

UWR EQU VERT CAL UNI, VECTOR 
JWRX DATA 2. A 2. 

UWR Y OAA 2 

UWR DAA 2 

WRW DAYA A VERY CAL VE, OCTY 

VRA OAA 2 VERT CAL ACCELERATION 

G7 - A G D A A SQR (2 as a 4 is GSCND a 2) 

GEST DATA 2, a s GRAVITY EST IMATE 
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GNT DATA 2 GRAVITY INTEGRATOR 

VGEST DATA 2 DOT (GSCND VER) EST MATE 
COGSCND VERY) NTEGRAYOR 

CNT FR DATA 2 CENTRIPEDAL FORCE 

GMAG DATA 2 GRAVITY MAGNUDE 

GRSE ME DAYA-2 - . . . . . 24 NOT 2 FRO a GSCNf OVER FLOW/NC OWER FOk 
MG ECU 222 LSE OF iMG (25 as KMSEC 

EJEC 
VERT R ROATES QUA TER NONS FC Fin RCE CROSS PRODUCT TOWAR 2 ERO 
CA N G SEQUENCE - 

JSUB VERT (R) ' , 
VERT - LM - RSSRV CT (R) - YME TO All GN TO VERT CAL 

AND R2 7 F 
-CMPL-R11 

s BE VERY YES 
JRTS NO RETURN 
- 

COMPUTE EAST & NORT VECTOR C F ANGENT PLANE 
- 

VR 

MOV R4 Ris R143 ADR UVRT2 
RR) is WR is a 2 SN ) is a 

A Rii, UEAST (R) R.2s AOR EAST UNIT VECTOR 

R4 R2 R4R5) = UEASTX = S N (ONG) 
R5 R2 

- - - LI R6R2 . . . . . (R6 R7) =UEAST YECOS ( LONG 
L R7R2 ADO, R126 R2s AOR UEASYX 

- LM - R24 all 

MOW R3:2 
- DSUB R2R3 (R2 R3) a COS (LAT) 22 

B2 VERY2 NOR OR SOUTH POE 
MOW R. R2 NO 

- MOV-RR3 
MOW R2, . 
JSUB DSRT (R) (R2R3) is COS (AT) 

A R U Nei RT2 (R) R4s ADR UNORY2 

SI R2Ri4 - 
ADD R. 4 r2 
ADDL R13, UV ATXUV R Y 2 R3s ADR UVRTX 
JSUB DV32, R) (R2, R) 5 COS (ONG) 

MOW R6R 2 (R6 R7) a EASYY SCOS (ONG 2 
MOW R7R. 
AD). RS, UWRTYs UV RYX R3s ADR UVRTY 
JSUB OCV33 R ) (R2, R1) = SN (ONG) 
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MOW R 42 R4R 5) = U EASYX = S IN ( LONG) 
MOV R52 - 
DSU 3 R4: R2 

VERT 2 S. R4: R2 UPDATE UASX 
- S - R5 R2 rur- - - - - - -------------- - - - - - - - - - - 

S. R6R 12 UPDATE UEAST Y 
-S-RR12 

AD) R, UNRT's EASTY w2 R12 ADR UNORTZ 
S. R2R 12 UPDATE UNORT: 

AD) R12 UNRTX NCRT2s2 R2 ADR UNORTX 
A R3 UWR'2 (R) R3 = ADR UWRT 

- A Rii, UEASTY (R) R4 = ADR U EAST Y - 

-ISIS-024-32R)- R2, R) SS IN AT COS LONG) - 

MOV R22 
- Moll-R32 

OSUB R2R g R2R3) = UNORTX a SN (AT) CCS (ONG) 
S. R2, R2 UPDATE UNORTX 

-S-RR12 
AO R4 UEASTX EAST Y R4AD R UEASTX 
JSB D2 ML 32 R ) (R2, R) is S N (LAT) St N (LCNG) 

S. R2R12 UPDATE UNORT Y 
S R, R2 

- - ADDL, R32, AEASTV is NGRTYP2 R12 ADR AMC EASY VELOCITY 
COMPUTE EAST VELOf Y 
- 

A RS ACVE. (R) R3: A/C VELOCITY VECTOR 

- - MOVL - R1, 2 . . . . . R11 COUNTS 2. COMPONENTS - 
MOV R 
MOV R, 2 . 

R R R2 R ) - DO T ACWEL) 

ADO R. S. 4 
AD R. 4 4 ---------------------------rm-r-rm-m-m-m-mm 
BC R. v ERT3 
M R2EASV (R) R2R3) = EARTH EAST VELOCITY 

M R3 EAS V & 2 (R) 

OSUB R2, R2 (R2, R1) = EAST VEL REL TO EARTH 
l R2R32 R2R3) = 0, D EAST VELOCITY 
S. R2, R2 UPDATE EAST VE OC TY 

- L-RSRi2 
S. R. R12 
DSUB R2, R2 (R2R3) = A/C EAST ACCE 
S. R2R 12 UPDATE v. AMC EAST ACCE 
S. R3 R2 

COMPUTE NORTH VFL, a City 

ADO, R. 58 R3ADR AMC VELOCITY VECTOR 
MOVL. R1 3 R11 COUNTS 3-COMPONENTS - 
MOV R22 
MOV Ria 
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AOL R134 
- Al-R144 

BC River T4 
R4 R2 E325: NORTH VELOCITY - S - R2R12 - UPDATE NORTH, VELOCITY - 

L R5R12 
S. R1, R12 R 

- DSUB - R4R2 - R4 R5). Es AAC NORTH ACCEL - 
S. R4R2 UPDATE A/C NORTH ACCEL 
S. RSR2 - 

- LM - RT iMe (R) - HAS AT LEAST - 1 SEC ELAPSED2 . 

CMP R21 
d S LERA R I o 

JRTS NO WAIT FOR NITA. 2A, ON 
M R2CRSFNB (R) OWER FOW ON GSCND 

B VERTA, YES, S K P AT REST CHECK 
A RS, GES (R) R3a AOR GEST 

R2R3 (RR1) a GEST 
L R1, R13 - 
L R&R 3 (R6 R7) is GNT 

R7R3 - 
DSUB R2R 6 (R2R) = GEST GNY 
LI R6R 13 (R6R 7) as WGES 
L. R7R3 
DSUB R2R6 w (R2, R1) . WGEST WGNT GEST 
L R6R 3 (R6 R7) sV G. N. 

R7R13 wo 
OAD R2, R6 (RoR) is WGESTVG NTs (GEST nGINT) 
MOVL R6 (R6 R7) MG 
LM R7:Mili'G/1 2. 
DSU R2R6 SENSED ACCEL TOO LARGE2 
BGT VERTA YES, CHECK ACCELERATION 
OAO R2, R6 
DADO R2R 6 SENSED ACCEER AT ON TOO SMALL 
BGT VERT 42 NO ASSUME AT REST & RESTORE 

VERY CA 
VERT A LM R22 MILL G/ is 2022 (RR) is 22 MG 

M R. 22 MLL. G.22 MGM 12222222 

- DSUB-R2RP EAST ACCEL L. 922MG 2 
B. at 4 NO - 
JRYS YES DO NY RESTORE VERT CAL 
DADD R2R 
DAOD R2R, EAST ACCE GT, 2MG 

s st 4 NO 
JR YES DCN RESTORE VERT CAL 
DSUB R4: R2 it "iftinia; Al 
BLE a ta. - NO - 
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- JR's - Yes. DONT RESTORE VERT CAL 
DADD R4R - 
DADO R4R, NORTH ACCEL GT, 22 MG 

- B -- No - - - - 
JR'S YES DO N T RESTOR2 VERT CA 

: 

VERY 4 g. A R13, AEA STV (R) COMPUTE VELOCITY unt T VECTOR 
MOV R14, Ris R3 a R4 = AOR EAST VE 
JSUB D2 ML 32 R) 
ADO, R4s ANRTV (AEASTV R.3s ADR NORTH WE 
AO). Rig A Nf, RTV is AEA STV R14 ADR NORTH WE 

s M w R2R1) is WEL& 2 

l. R2R12 R2s VELOCITY EST iMATE 
- JSUR - DSaRf ( ) . . . . (R2R3) SVELOCITY MAGNt TUDE - 

S. R2Ri2 UPDATE VE MAGNiTuDE 
-S-RR2 - - - CMP R2.g R O VELOCITY 

NE 2 NO 
-- CMFL - R32 - 

B NE o& 4 NO 
JRS YES RETURN 
AD, R4 TV M A Go A MOR TV a R34 ADR Y ANGENTIAL VE MAC 
ADO Ris. AEASTV is ANCRY V R135 ADR EAST VELOCITY 
JSUE oDivs 3: R) 
S. R2R 12 EAST UNIT VELOCITY COMPCNENT 
S. Ri R2 - s 
ADO. R13 AN ARTV GAEA STV R 35 ADR NORTH VE, ". 
JSUB DOW3C R) 

S Ra R2 NORTH UN Y VEL COMPONENT . 
S. Ri R12 - 
ADDL, R, S, NEAST A ANCRTV R 35 ADR s A/C EAST ACCEL 
ADDL, R1, AS Year WMAG S R4 AOR EASY UNY. VEL 

-. COMPONENT 
JSU D24Ls a R) 

ADOL, R,S NNaRTA MEASA A342 rich a UK OR of U. A 4 ADR NOR UN ADO, Riar UN OR of UEAST R. COMPON ENY 

JSUB DMUL3 g : R ) R2, R1) s. ACCEL ALONG VEL VECT CR 
S. R2R 2 
S. RiR2 
CMP R22 OECEl ERATION 2 . . . . -- 
BM VERY 4A No, REMOVE ACCEL ALONG VEL VECTOR 
ADO, R43, NOf CEL a MNCRTA Riss ADR s ACCEL ALONG VEl 

VECTOR 
ADDL R14, TUE ASTs TUNORT. ... R.45 ADREASI.V.E. UNIT.- 
- A . R. NEASA (R) Riga A/C EAST COMPONENT 
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- - L. R2R1. LR2 R3) at AAC EAST ACCEl 
l R3 R31. 

COMPONENT 

SUB R2R 2 suBTRACT EASY DECELER ATON 
COMPONENT 

- S - R2R1 - UPDAY SAAC EAST ACCEl 
S R3 R. 
AD R. NNRTA NEASTA e2 

- ADDL-R44 TUNORT stile AST 
R2Rii. (R2R3) is A/C NORY ACCE 

ls R3R. 
- ADL-Rii. 2 

JSUB Da M32, R) R2, R) is VELOCITY ECELERATION 
NORTH COMPONE NY 

-SUR-R2R2 - SYSTRACI-2EgELERAI 19N-gSMFONENT 
S. R2R11 STORE UPDATED A/C NORTH ACCE, 
S R3: Rii. 

L. A Ria, UEAST (R) R, 4 ADR EAST UNY WECfOR 

MOW R12 R, COUNYS 2 COMPONENS 
VERT5 JSUB OM 3: R) 

ADOL Ris. NNRTA NEAST A 
SE R. 4 UNRY UE AST 

JLS 2. 

: RR2 
-S RR2 - - - 

ADL R.S. NESTA MNCRTA 
AD). R14 UEASTYau NCRT 
BCT R, VERT5 
ADO, R1s. NNRTA MEASTA R3ADR as A/C NORTH ACCE 
ADO, R. UNf RT EASYs 4 R4s ADR UNOR2 

S. R2, R2 
S. RR2 

: 
CROSS VERT CAL, WH Nf GATIVE ACCE ERATION 

m 

A RS UWR (R R3s AOR VERT CAL UNIT VECTCR 

ADO. R44 NAF ELY LNCRTE R 14 AOR NACE.Y 
JSUB O2 MLS R) 

MOW R8R 2 r R8R9) is CROSS2 
MOW R9 R. a 
AOL RSUVRTY's UV RTX R132 ADR UVRT Y 
ADDL, R44 NAEL2. M A.C.E.Y R4s ADR NA CE.2 
JSUB M32, R) 
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- MOV-R4 RA-R4 R5) 5 CROSS - 
MOW R5R. 
ADO, RSUVR2s UV RTY R3 = ADR UWRT2 

- ADDL-R14, NAELX GN ACEL2 - R14 ADR NACELX 
JSUB D2M 32 R ) 

- MOV-R6R2-1-(R6 R7). SCROSSY - 
MOW R7R1 
ADD R4, NAELY NAC ELX Rii, 4 ADR NACE Y 

-USUB-D-24-32R)-- 

OSB R4 R2 
- ADDL-RSUVR Y a UVRT 2-iRi is ADR UVRTY - 

ADD R. 4, NAELX is MAC ELY Rs 4 at AOR NACE X 
JSUB D2 M32, R) 

DSUB R8 R2. 
Af ::::::::::: R.32 ADR JVR Y - ADDl-R14N Affilia MACEL) - R14 ADR. NACEL2 
JSUB DML 32, R) 

- DSUB-R6Ra - 
R2 42 2 ( . ) (R2 RS) is E. s. 

- Hovl - R - - 
ASSUME / G APPROX 2 as 

SA R 42 R4R5) =E2s K CROSSX/G)/2 ; K = 1/2 3 
DSLA R 62 (R6 R7) SE 35K (CROSSY/G) / 2. KS 1 A23 
DSLA R82 R8R 9) E4: K CROSS2/G) / 2. K = 1/2 3 
M Rg; CNR (R CENTR PEDA FORCE NEGATIVE 

BP VER 7 NO 
DSA R42 YES DECREASE TIME CONST ANT 

- DSLA-R622- - - 12 
OSA R82 

WER7 JSUB NRSRWR) UPDATE QUAER NONS 

JRS RETURN 

- - - - 
UAS EGU s AST UN VECTOR 
UAS X DATA 5 p. 

UEASY DAYA a 

UNORY EQU NRH UN WEC (R 
UN ORYX DATA 2 (2. 

UNORYY DATA 2 2 on 

JN OR 2 DATA 2 

AE ASW DAYA 2 AMC EAS VEOc T Y 

65 

Nintendo Exhibit 1004 
Page 0069



4,424,038 
121 122 

NASTA DATA - a 4- is A/C EAST ACCELERATION 
ANOR TW DAY A 2 AMC NORTH VELOCITY 

NNORTA DATA 2 s A/C NORTH ACCEE RATION 

TVM-DAA- a - 1 TANGENTIAL VELOCITY MAGNITUDE 
TV EAST DATA 2 UN VELOCITY EAST COMPCNENT 

TVNORT DATA , a unit velocity North compoNENT 
NORCEL-DATA - as a DECELERATION ALONG VEOCTY VECTOR 
NACE EQ NEGATIVE TANGENTIAL AccELERATION 

- VECTOR 
NACELX DATA !--- 

NACEY DATA 2 

NACE DATA 2 

NAV - UPDATES POST ON A. REFERENCE FRAMS - - - - - - 
UPDATES OR ENTT ICN OF SCNA R O FRAME 
COMPUTES Posi T, ON AND VELOCITY RELATIVE TO SCNARIO FRAME 

CALL-a?-Sraut NCE - 
JSUB NAW (R 

NAV M RSSR VCT (R) R2s STRAPDOWN SERVICE CCUNT 

St. Rii;2. ME TO UPDATE SCNARIO FRAME 

-A R3COST (R)- R13 ADR-COST - - 

JSUB D2 MLS R) (R2R) = COSWY COSWESNKY SI NWE 

ADOL. R. S.N WEMsCOSWE R4AD R SINWE 
ADO, Riisi NWT. CCSW T R 43s ADR SINWT 
SU MLS R 

MOW R2, R2, R2R3) is COSWY 
-- MW R3 Ri 

ADO, RAA COSWEs S N WEM R4s ADR COSWE 
JSUB DM3 R ) (R,R) scOSWEast NWT. St NWE COSWT 

ADO. R44 is NWE CCSE R.42 ADR SINWE 
ADOL Ry. COSW T S N T R3s ADR COSWT 

S. R2R3 UPDATE COSWT 
- S-RR 

Sl R2R3 UPDATE S. NWT 
S RRS 
AD R1S, SXYs S IN AT2 

NAV2 - ALTERNATE NTRY PC MT TO N T PORT ON OF SCNARIO DATA 
t CALL ING SEQUENCE 

Ras SNW 
R2 = COSWT 
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Ri, 35 ADR Syy 
S 

NAV2 l, R4 R3 GR4s 4 (3 SORG as COSAY 
MOV RSR2 R5 at COST 
- t RP's S. NY 
MU, R2R4 R2R3)2SORG is COS (Ar) accSir 
S. R2R3 UPDATE SORGX 
S SR 
MU R2R 4 R2, R1) 3 SORG COS (LAT) as NT 
S. R2R3 UPDATE SORGY 
S RR 43 "" " ' " " " ' " "'''' - - - - - - -r-, saw --------...-- 

ADO R1S, SDOS, SCRGY2 R, 3 AOR SENAR O DSC OS, NE 
MAYRIX 

NEG R2R 7 
S. R2Ri3 . -- - - 
S R5R 3 

- ADol-Rig SDSS2 as DCS12. 
M R9 SNA 7 (R) R9s S N (A ) 

- NE - R2R9 - MU R2R 5 R2, R) as SIN (LA) is COSWr 
DSA R22 

-S-RRs. 3. 
NEG Ra R 9 
MU R. Ry (R2 Rs) a gS N (AT) (SSN) 

-Sl-A-R22 
S RER is - 
AD RSSDS3 as DCS22 

f R2C a Si Ar (R) ROCOS (LAT) - - 

MU R5RC (R5R 6) ECOS (LAT) () COSWr 

S. RSR3 
U. R. R. R7R 8) a COS (AT) & S. NWT 

- DSLA-R72 
i R7R3 RETURN JRS 

NAW N ME TO PDA, REF POS ON ? 
B2 NAV 3 YES 
JRS N 0 RETURN 

V A A?s OS (R R4s ADR POST ON VECTOR 

A R. 3 ACVEL (R) R3 as ADR CURRENT VELOCITY 

A R12 5A V E (R) R.2s ADR DELTA V E CITY 

to R.S.A.) RAW OMPONEN 

A Rigi G SND (R) R2s ADR GRAVITY ACCUMULATOR 

MOV R93 R9 COUNTS 3 COMPONENTS 
MOV R8 R8s 2. 

NAWS R R (R 2 RS, ) a QEL, A V E O CYY 
l R1,R2 
AD R2 a 2 
S. ASR2 ERO DELY A V E LOC YY 
S. R8 R2 
l R2, R6 (R2R3) is GRAVITY ACCUMULATOR 

- L. --R3 Ri 
AO) Rio 2 
DADO R2 R 0, 
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- S - R2R12 UPDAYE GRAVITY ACCUMULATOR 
SI R3:Ria 

;: R2R3) = GRAVITY COMPONENT 
- L. RR11 

DSUB RR2 SUBTRACY OUT GRAW Y COMPOMENT 
l, R2 R3 (R2R3) is CURRENT VELOCITY 

-- R3R 13 - 
ADD R is 2 
DAD R2R, 

-S-R2R3 - UPDATE CURRENT VELOCY Y 
S. R3 Ris 
DSRA RQi. w (R2, Ri, ) is 5th DELTA VELOCITY 

- s R. SAVERAGE VELOC TY 
. R4R 14 R4R 5) a CURRENT POSIT ON 
L R5:R4 

- All-R4-2- 
SRA R21 (R1,R2) is WEL 1/8 SEC) SCA ED 

KMS 2 is 36 
SEXE R1,R2 

-AO-R4R4- - 
S. R4R 4 UPDATE POSITION 
S R5R 14 
BC e 

M R. SSR VC (R) R2: STRAPDOWN SERVICE CCUNY 

- ANDL-R124 3f it the to upday, Psition in SchAR1 
FRAME? 

B be a YES 
JR'S - - - - - NO RETURN 

- LA - Ri AACROSR) R4s RORG ADR - 

A RSSORG (R) 

. R2R4 R2S XOFF a 28 6 
R3 R4 - - 

---RRi 
R. R. 3 

DSUB R2, R2 
- DSLA-R2 - - - - 

. R3R 14 R3s YOFF 828 to 6 
, R4R4 -- RRis 

Ri, R3 
OSUB RSR 2 

- DSLA-R- 
. R4R4 R4 a FF a 2 is a 6 
L R5R4 -- RR1 - 
. Ri R13 
SUB R4 R2 

DS A RA 6 -m-m-m-m-m---sur 
... A R2 SDOS (R) Rs. 2s AOR SCNA R O DCOS, NE 

A R1, SAPOS (R) R. As ADR SCNARY O POST ON 

MOV R22 2 COMPONENTS 
NAW2 L R2R12 R2, R) sy. DFF's AXS X 

MU R8R3 R8R 9) a YOIFF is AXS Y 
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OA) R2 R8 
R8R 12 

3. - 

MU R8R 4 (R8R 9) = z DIFF is AXS 2 
DA) R2 R8 

-S-RR1-UPDATE SCNARO POSITION - 
BC R12 a NAV2 
l, A R. ROS (R) R4 = ADR RD IST 

RSRi4 (R2R, ) is R DIST 
R. R. 4 

- LA - RissoRGRR) -- 
. R2R3 

-ll-R3Ri 
OSUB R2, R2 W. A f TUDE BE d ? 
BP (3) & 

- MOVl-RA- N?. P N T TO 2 FRE) 
MOV. Ri 
DSA R 24 ADJUST SCANG (1 KM=2 4) 

- S-R'Rii - UPDATE ALT ITUDE---- 
AOC. R12, 12 R23 ADR SCNARIO DCOS, NE 
M R2A6 WX (R) (R2R3 R 4) = REF VEL 

M R3: ACVFLY (R) 

MQV, R. 2 3 Rs. 2 COUNTS 3 COMPONENTS 
NAWS RAR 2 (RR) a DOT (WEL, AXS) 

MU Ra R2 
. R5R2 

- ML-RIRs - - - - 
OADO R2R 5 

RSR 32 
B & Á 
MUL. R5R 4 
DAO R2R 5 

-OSLA - R22 - - - 
CMP Ri, 2 3 
8 N. NAWig 

- LM R5EAS7 V (F) SUBTRACT EARTH SEAST VELOCITY 

M R6 ASW & 2 (R) 

OSUB R R5 
NAV 12 S. R2R1. UPDATE VELOCITY 

BC Rita NAV 9 ---------- 
JRS RETURN 
EJEC 

NPO 1 CAL CULASS RADIUS. & AAC POSITION-- 
: CALL ING SEQUENCES - 

JSU NVL R ) 
NPQS LA - R4ERE (R) . Rids ADR in ECCENRE 

l, A R3 SN2 R ) R3s ADR S N (AT) is 2 

M R. Rg R ) (R2, R) is EARTH IS ECUATOR AL RADIUS 

- M-R Re (2R)- 
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JSUB O My 33 R) (RR) SCURRENT RAO US 

ADO R14, SOE GRERE R443 ADR D STANCE TO SCNARIC ORIGIN 
S. Ra R 4 UPDATE, OR GN D STANCE 
-S-RRi4 

ADDL R442 
ADO. R.S. COSAT SMLT2 R:BR COSAT 

- LA - R12 ACPOSX (R) Ri2s ADR ACPOSX 

JSUB DMLS 2 R) (R2 R ) is R AD US COS (LAT) 

is raria update Acrosy 
S R. Ri2. 

- ADDL - R12, ACADS2 ACPOSX2 R.25 ADR ACPOS2 . . . . 
ADDL R1S, SNLAY COSAT 
JSUB O2 ML 32, R) ( R2R) a RADIUSS IN (AT) 

S. R2R 12 
s RiR2 

- RS-RETURN 
- - -a. OAA 18. A 2AS 7 ARHS EQUATOR A R AD US 

CPSRV a CONTROL-pilf-SERVICE. ROUTINE - - - - - - 

CPSRW PUSH R 315 SAVE REGISTERS 
- M - R2. CPREACA) - R2s CURRENT STATUS 

M R CPD (R) Ria PREVIOUS STATUS 

SM R2 CPD (R) UPDATE PREVIOUS STATUS 

- XOR-R1, R12-, - Riis CHANGEN CONTROL PANEL STATUS 
BN 8th & Y HERE WAS SOME CHANGE 

CPS RX POP R. 45 NG CHANGE SPUR OS N TERRUPT 
-R-RTURN 

: LCL R17 CHANGE IN MOD SWTCH2 
B. CP AND ND CHECK HANDOFF 

- MOVL-Rei-YESL-ASSUME NOR 
SM R2DiSR (R) 

Disi. NDR S N B RESYR CON 

SM R2Di SSCH (R) ASSUME NO SEARCH 

MOV Ra:Mix. HR ASSUME NO PR M OPEN 
SM ROS NUM(R) 

M R2 : MBPRIM POPN ( , ) TURN PR /OPEN AMPS OFF 

ANM RD (R 

SM R2MPRD (R) 

M RTST'MP (R) YEST AMP ENABLED? 

B a YES 
SM R. CpW(R) NC UPDAYE AMPS 

MOW R3 R2 
AND R3MSKMOD 
AD R3 R3 R3s2 is MODE SWITCH 
JND MORY ABR3) SET MODE 
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CFRS MOV R2 3 MODEs RS 
SM R D S R (R 

BR CP AND 
C2 R MOV R2 MODEs RT 

SM R2D SR (R) 

BR CPA AND 
CPN SD BR CP AND NOT USED 
CPBA D MOV R2, R12 SET BAND 

AN), R3MSKM 00 
ACD R2 ai 

- SM - Rabi Se ND (R) - 

BR CPL AND . 
W. R2 H ME 

S4 . ROSS CH (R) 

- BR-CPAAND 
CPPR MOW R25 DSPAY 5 TRREATS 

Si R2, DSNUM(R) 

M RMP prl ( . ) UR N PR AMP ON 

-ORMR-RLMP4RDR)- 
SM R2M PRD (R) SAVE AMP WORD 

M R. SMP (R) YESY AMP ENABED 

--&- YES 
SM R. CPR (A) NO YURN ON AMP 

CPRAN) C R13 MSHNC HAN OFF CHANGE 
82 CPA NO CHECK ATUDE 
MOV R, a MSk HNC Rs. 2s AND OFF STATE 

- AND RER2 
M R2MPWRD (R) Ras AMP WORD 

AND R2 a LMPHNC is YUR N OFF RAND OFF LAMP 
SA Rg MPRD (R) 

'AA R 

B og á YES 
- SM - RCC by RT (A) - No, TURN ON LAMP 

Rio Sf MD (R) Rss CURRENT DAMOND THREAT 

CMP. R. G. HANDS SHOR PUSH? 
3N CPN) i. NO 

- - M - R2DiSLOK (R) - A YES AL READY LOCKED - - 

Ba. CPN)2 NO OCK ON CURRENT 
Ral MPRD (R) YES REVER 70 FOA 

OR R2MP, ND 
SM RCMPRD (R) 

SM RC CPWR (R 
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MCW R22 
SM R2D SOK (R) 

BR CPAL 
CPHNDs, SM Rio S. NG (R) SE ONG HAND OFF PUSH STATE 

CMP R12 HANDL LONG PUSH? 
BNE, CPT NO CHECK A Y if UDE 

CPHN D2 SM RiD SOK (R) | YES. LOCK ON THREAT 

CPAL, LCL Rii, MSKALT CHANGE IN AT TU DE PRIOR YY 
- B - CPMSLN - Nos. CHECK MISSILE LAUNCh - 

MOV R. MSKAT 
AN RR12 s 

- MOV-R21-- YES! ASSUME-k 
CMPL R. KNTO L0 ALTTUDE? 
B NE is 4 NO : 

CMPL R. KNAUY AUTO 
BN is de 4 NO 
MOW Raa YES 
SM Ra:DispR (R) SET PRIORITY 

cPMSLN SR: R12, 7 - ISHIFT BITS DOWN- - - 
SR2 R17 
LCL R. R. L. N/2. MSSE LAUNCH B2 

- B2 CP 7ST NO CHECK TEST SWITCH 
M R3:CPREAD (R). 

—Al-Riksko - -wow 
CMPL R35 SCNA R O N TA 2A ION? 
BE CPMS2 YES 
M R2Ds PFNB (R) NO, DSPLAY ENABLED? --- 
BM CPS No 
NOW Rgs YES COMPEMENT TRAIN ENG FLAG 
XR RM R2: Dis. RN (R) 
BP CPMSL RAINING 
M R4 RNLOC (R) NOT TRAINING REM (WE "T" 

JSUB DPPUSH (R) 
BR CPS 

2PMSL. JSUB DPPOP (R) R4s AVAILABLE DISPLAY ACR 

SM R4 RNLOC (R) 

M R T CHR (R) DISPLAY "T" 
M T XY R 

SM R. DSUF ( R 4) 

SM R. D. SPUF 2 (R 4) 

SR 2 R44 1 
SM Ra; Dsp. HR (R14) 
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- SM-R DSPXY (Rt 4 

BR CPS 
R ) - ... COMPUTE SCNARIO ORIGIN 

JSUB SCNIN (R) NITIAL E SCNARIO DATA AREA 

M R2 8, RF, NY ) WAT 4 SECS TO RE FRES, OSPAY 

- ADMR- R2SSR VC (R)- 

SM R2 RF SH (R) 

MOV R 3:2 
SM R2D SOK (R) FLOAT THE DAMOND 

SM R2 DSPFNB (R) ENABLE THREAT DISPLAY 

- SM R2SCNNB (R) ENABLE SCNARIO 
SM R2A HR (R) ERO TREATS CURRENTLY DISPLAYED 

SM R3DSMD (R) DELETE DAMOND REAT ADR 
LM R1a, DMRADR (R). HASCIAMOND DISPLAY ADR. BEEN. 

ASSGNED 

BNM CPist YES 
JSUB nP POP (R) |NOLASSIGN ONE - - - 
SM R4 DMADR (R) 

M R8 PR AEG (R) R8= ADR FRST THREAT 

CPMS. S. MB R1, THRFLG (R8) R2 = THREAT. FLAG 

AND Ria MASM S/21 SET M S S E N ACT VE 
LM R9THRMFR (Re) DOES MISSILE RANGE EXIST 2 

B2 a 0.4 NO 
OR R. 2 (NiMLY AT 122 YES SET MISSILE LATENT 
SMB Ray HRFLG (R 8) 

- LMB R1a at HRMS (R8). SET UP ARMED MISSILE COUNT 

ANDL. Ric, 7F 
SMB R12, THRCMS (R8) 

R8R 8 ADVANCE TO NEXT THREAT 
BNA CPMSL3 --- ST NOT EXHAUSTED ----- 

CFTST C. RMSk TSY / 82 CHANGE IN TEST? 
B2 CFATE NO CHECK G A TE 

- M- R3M PWRD (R) YES RESTORE LAMP CONDITIONS 
MOW R2s 1 D SABLE TEST LAMP MODE 
SM R2. TSTMP (R) 

MOW Ra R12 
AND R2. MSKST 80 

-A-R4 SBUF R ). RESTORE THREAT DISPLAY 

SUS DSDMPR) 
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M R4 SCNEN (R) DISPLAY ENABEs SCSARIO ENABLE 

-SM-R14 nsPENER) - - 

CMPL R2:KNTs Ys/ 'e () is YSTEM TEST? 
-N-CPST5 - NO 

INSERT SYSTEM TES 
- 
CPTST5 CMP R2 KNTS Py82 DYSPAY TEST 

B NE CP is 9 NO 
M SAB PLAY 
SM R4 DSPEN (R) 

A - 1P ) SP EST PATTERN 

JSUB DSDMPR) 

CPTST 9 CMP R2KNTMPyte 2 LAMP TESY 7 
BN CPATE NO 
LM R2 FF YES, TURN ON THE AMPS 

SM R2 CPWR (A ) 

MOV R22 ENABE TEST AMP MODE 
SM R2. TSTMP (R) 

CFGATE LCL R. MSGATA 82 CHANGE IN GAYE? 
3. CPPEN NQ CHECK PRIM OPEN 

NSERT GATE FUNY ONs WHENEVER WE FIND OUT WHAT THEY ARE 
CPOPEN LCL R1, Blf OPN M 82 CHANGE IN PR OPEN ? 

R. CPi NK NO CHECK UNKNOWN 
LCL R. R. OPMM 82 YES IS OPEN ON? 
B CPUNK NO CHECK UNKNOWN 
M R2 CPR FAO (A) YES ARE WE IN PRORTY MODE 

ANDL R2MSKMOD 
BNZ CPUNK NO GNORE THIS CHANGE 
MOV R1. 16 5 YES, SWITCH THREAT MAXIMUMS 
BM DSMUM (R - 

SM RD SNUM(R) 
MOV R3 a LM OPM w. ASSUME NOT OPEN 
ANMR R3M PWRO (R) 

CMPL R 5 REALLY NOT OPEN ? 
BE oth 4 YES 

- ORL R3LMPnPN - No - T S OPEN 
SM R3MPRD (R) UPDATE AMP WOR 

- M - RTSTMP (R) - TFST AMP ENABLED 
B2 oth 6 YES 

- SM - R3CpWRT (A) - No - UPDATE LAMPS 
CPUNK LC RB UNK/ 82 CHANGE N UNKNOWN 
- B2 - CP RCT - NOL CHECK-TARGET 

MOW Rui ASSUME DISABED 
LCL R1, a funk / 82 REALLY DISABLED? 

- B2- a - YES 
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MOV R22 NO SEY ENABLE 
SM R2. DSUNK (R) UPDATE UNKNOWN AG 

CPTRGY Sri Rii, a shift sits Down 
SR2 R22 2. 

a Artille GYA 2. A TARGE 

B2 CPAAA GNC CHECK AAA 
GVL R, LMPS PR MPT GT Ras AMP W 6 RD 

All-A-le- BOY AMPS OFF 

MOV R2 ai ASSUME SEPARAYE 

Cl R BT GTA 222 a REALLY SEPARATE? 
B NE is 43 YES 
MOV R22 NO SEY ARGE INSTEAD 
OR Ri MP's PR YURN OFF SEPARAYE 
ANDL Riri MPG) TURN ARGET ON 

MPR) PA LAMP NORD 

M R2 Sri MP (R) TEST AMP ENABED 

B. () { YES 
SM Ri CPWR (A) NO UPCAYE GHS 

SM R2. DSGT (R) UPDAYE YARGE TAG 

CP AAA LCL, Ri, R if AAAA 22 CHANGE IN AAA 
CPg Rx2 N (), EXT 

MOV Rae ASS ME DEFEATED 
Cl Ria AAAAt 222 REALLY DEFEATED w 

BN 3 & 4 YES 
MCV R2 NO 
SM Ra Di SA AA (R) JPDATE AAAA Y AG 

CPS RX2 POP R. 45 RESTORE REGISTERS 
-RY - RETURN 
MG DAB ECU MODE XFER TABLE 

OAA CP pri 
- DATA CPSCH 

AA CPRND . 
DAA CPPN?) 

- OAFA-CPAND - 
w DAA CPN USD 

DAA CPRT 
- DAFA-CPRS - 

EL LONG FROM, CLRRENT 
HAONG 

CALNG SEQUENCE 
JSJB SCNPOS (R) 

SGN POS - PUSH R215 - SAVE REGISTERS - 
A RS AG 50S (R) R3s AOR ACPOS 

RAS R4AD R ACPOS -- 
JSU 3 D2M 32 R) (RR) a ACPOS X is a 2s ACPOSY 382 - 

- ADDl-R S-8 4 
AO R14 4 r 
JSU DMULSER) 
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"""--m-m-m-m-m-m-----------------Lull-ul 
A R12, SX2Y 2(R) R42s AOR SGRT ACPOSX 2 ACPOSYg 82 

- MOVL R2Y-EST MATEs - - - - 
JSUB DS, Rf ( ) 

-s-R2R12 - - 
S. R3 R2 
MOW R4 R2 (R4R 5) SGR (ACPOSX) (28 ACPOSY is s2) 
MW RSR 3 
AOL, RS 4 R35 ADR ACPOS2 
A R4 4 

- JSUB - D.Mills at R) - (R2 R. SSU S ) is 2) 

JSUB DSR (R) 

S. R2, R2 (R2R3) as ORT (SUM (ACPOS ( ) is 2) 
S. R3 R2 

7 . . . . . RR, ) is COSS PRESENT A 

S. R2, R2 
-S-RR12 

A Ria R MAG (R) R442 ADR RAD AL MAGNITUDE 
- JSUB indiv 3 ER) - R (R 2. RS2ARMAGSSN (PRESENT LAT) 

S. RR2 - . . . 

A. Rs, AC0SX, ACPOS2 Rs 3A R AEPOSX 
AOL Ria SXY2 RM AG R4s ADR SX2 Y2 

Wiga R) R2, R) COS NG) 

SI R2R2 
S. RiR2 
ADD. Ris, ACPOSY ACPOSX R3s ADR AcPOSY 
JSUs D.Div.32 R) (R2 Rii) e SN (REL LONG 

Sl R2R12 
S. R. R.2 ur a 
AD) Ri as NT NSX2 Y2 Ri4SADR.S.N (PRESENT L.A.T.) 
MOW RSR14 R3s AOR SN (PRESEN AT ) 

- usua-Diilya R - (Ra, R1) is NL Na2 
S. R2R32 
-S-RR2 

R2R 2 R2R) as WERE 
Ri Ri2 --l-Assy 

COMPUTE HEADING FROM WELCCITY VECOR 

AO R4 SNTN2 SNL. TN R4 is AOR SNN2 
AO) Riis EWFREs SNLTN R3AR sees WE&RE 

-JSUB - MLS-2R)-- - R2R3) EEAST VELOCITY a 
S R3 R2 a RE's is SNL. No 2) BC OS 
S RR12 

- ADDL- R2 G2 - R12ADR AVE 
ADOL Rs. COSLT NEWERE R3ADR COSN 
MOW R. R.? Rs.45 ADR AWE 

-Su-null R 
MOW R2RG R2R3 =WE RECOSLT Net in Es S NLT No. 2 
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MOW R3 R1 
- L. A. R. 3 ACVELC (R) R.32 ADR. ACVELOX 
ADC Rs.4 S : NNN AWE R4E ADR SNNN 
JSUB D233 R) 
COM - RCRC- ------- 
NEG R. R. 
BN ty (4 

-ADDL - R - - -- 
OSUB RER2 
AD R A CGS NM by S M N M R, 4 ADR COSNN 

- ADDL, RSS 4 R3ADR ACVELOY 
JSUB DMUL32 R) . (R2R) = RELAY VE EAST VELOCITY 

R2R2 
AD). R1s. 4 R3a AD R A CVELOX 
JSB Da M32 R ) 
Alpi RSS 4 R3s AOR A CVELOY 
A CD R14 S. NNN is COSN M R, 4 A R S NNN 
SUB DM35 R ) 
COM R2R 
NEG R. R. 
BN 8 & 4 
ADO, R 
S. R2R12 
S RiR2 
ADO, R12 a 2 R2s AOR AVN 
Af R. S. N. Ma S. MNN R. 4 AOR S NLYN 
MOW R. S. Ri R3 = AD R AVN 
JSUB O2 MLS 2 (R) -- - vom--- 
A Ris, ACVELC 8 (R) Ri, 3 = ADR ACVELOz 
AD. R. 4 (OS, TN FSM. T. R, 4 ADR COSTN 
SUS DMLS 2 (R) 

S. R2R2 
S. R, R2 ' - - -m 

-ADNL-R4- Ayal CCSLTA-R4EAn AVN 
ENO 
FN LARTS 

: COMPUTE HEADING FROM is A) S FOST ON RATHER THAN VELOCITY VECTOR 

- M -RSS for 1 (R)-R8R9, R12) is TRAPDOWN-Xs AX IN 
REF COORD IMATES 

M R9; SO p2i (R) 

M Rig SR 3 (R) 

- M - R.COS'NN (R) R. Rig DOT (XRAX SAEAST ) 

MU RCR 9 
- M - R2S NiNN (R)- - - - 

MU R2 R8 ... ". 
- DSLR-Ra: R2- - - - - 

DSA R22 ADJUST. SCA NG (2 : s 14 = 1. ) 
S R2, R2 

- S-RR12 W 
M Rg. COS'NN (R) (R2R3) a DOT ( x, AXIS NORTH) 

- MUL. - RCRA 
M R2S NNN (R) 
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- MUL-R2R- -- 

DADD RR2 
DSLA R22 ADJUST SCALNG ( 2 14s ) 
LM R2 SiNT R. - 

MU R2, R2 
- M - R2 cost TNR) - 

MU R2R3 
- DSU R2R - - - 
DSLA R22 A JUST SCAL ING (2 4 st 
SI R2R12 
A R, 4 AVN (R) 

- END - - 
MOW RSR 4 R13 ADR AVN 
JSUB D2 ML 32 R ) 
ADDL Ria AWF e AVN R4 = AD R AWE 
ADO, RS AWF 9 AVN R3 = AD R AWE 
JSUB DMUL3 at R) 

MOV R22 
SUB SfR T (R) (R2R3) = SQRT (AVE 2 AVN 82 ) 

S-RR2 
ADD R14 SWN WEy. A V E R1,42 ADR SQRT AVN 2 . A V E is 2) 
JSUB DOW3 R ) (R2R1) = COS (HEADING) 

SI R2R 2 COSHEDs AW E/SQRT (AV Nil 28 AVE 2) 
Sl R. Ri2 - 
AD R13 AVN's AVE R1s AOR AVN 
JSUB DD W32 R R2, R1) = S N (HEADING) 

S-RR12 
Sl RR2 
A R. S. NLAY (R) Riis ADR SINAT 

A R. S. MORE (R) R4 RAD R S N (DARE) 

ADD P13, S M HD AVN R13=SN (HEADING) ula-a-uma 
JSUB D2M 32 R ) R2, Ri, ) is SN (DARE) a SN (HEADING) 

a 

S R1R11 
ADDL R1, C2 R1s AOR S N (AT ORIGIN) 
ADOL R13 COSLTM SIM HD R33 ADR COSAT NOW 
A R14, SNLAT (R) R4 = AOR SIN (AT ORIGIN) 

JSUB n2 ML 3 at R) (R2, R1) =S IN ( DARE) S.N. HEAD) CCS (1 ATN 
ADO. R14 S. MTN SMAT R4s ADR S N (LAT NOW). . . . . . " 

- - R ) 3 ADRCS (OAR 

JSUB DML32, R) (R2, R1) = SN (ORG IN AT ) 

Sl R2R1 UPDATE SN (ORIGIN LAT) 
S R. R. 
ADDL - R1 SI NLT 2 SNL, A Tr2 R11s AOR SIN (LAT) 2 

  

Nintendo Exhibit 1004 
Page 0082



, 4,424,038 
147 48 

AD), R.4 S A. A? a SMTN R 14 ADR S N (ORG IN AT ) 
MCV R, 3 R14 Ri35 ADR SIN (ORIGIN AT) 
JS) D2M, 3 2 (R) 

S. R0, Rii. 
- Rif 
AO) R. COST2 SN2 (2 R11s AOR COS (A) is 32 
MCV R2, R2 (R2, Ri, ) = 1 SN (ORG IN LAT) is 82 
MOV RSR Trr-e-ll-ul 
M R2:43:2 ( . ) ...: w 

MOV, R. 2 ------ 
SUS R2 R2 

Sl R2 R. UPDATE COS (LAT) is 32 
S. R1, R11. - 
MOV R22 v 
JSU 3 OSf Rf (R) 3 (R2 R3) = CCS (AT OR I. G. N.) 
SI R2R 11 ------------- 

S. R3 Rii. - - - - - Y - - - - - - 

ADD4-R-3, 3-C9s HDaSNL Alf - . . . . . Riis ADRCOS (HEAD - - - - 
l. A R, 4 SIND RER) R4s AOR S N (DARE) 

JSUG-04 L32R)- 
S. R2, R2 
S-R.R.42 
AD), Ri. 2-2 R.2s AOR SN (OEL LONG) 
AOD Rissi. NOL MacOSHD 3 R33 AD R S N (OE ONG) 
l-A-R-4-COst-AYR)-R4 SADR-COS (LAT) - - 

JSUG DV3 R) R2R, a SN (OEL LONG) 

S. R2Ri2 
S. R, R2 . . . . . . . . . 
LM-R24 a 2 R2R3 = 1 

MOV R3C 
MOV - R1A a R13 - R145 ADR SIN (DEL LONG) . . . . . . . 
JSUB O2 M32, R) R2, R, ssN (DEL LONG) a 32 
DS 2R - 
MOW RCR2 R2R) at FSN DEL ONG) is 2 
OW RR3 

MCW R2A 
JSUB DSfR (R) (R2R3) isCOS (DEL LONG 

SI - R2Ri2 
S. R3 R2 
M RRE (R) 

M RRE& 2 (R) 

AOL R is FRF s SINCN R3 EADR GECCENTRICTY is RE 
ADO, R4 SNL. T2 (SIMDL, N 
SUB DMU32, R) (R2 R is Rs. DST TO SCNA R G ORIGIN 

SM RSO RR (R 
S w s A. 
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ADD Ria COSNM SIM 2 R4A R COSNN 
ADL Rs. COSOLM FERE R3s AOR COSDLN 
SUB D2M 32 R ) 

MOW R2R i ( R2R3) = COSL, NN 9 CCSCLN 
MOW R3 R. 
ADO, R.4 S 1 N.LNN COSNN R, 4 AOR SINNN 
ACDL R45, St NOLM in COSDN . . R. 3 ADR SIND, N 
JSUB DZM 32 R ) R2, R1) = S NNN & S. NGN 

DSUB R2, R2 R2R3) = COSWYECOS (ORG IM , CNGITUDE) 
AC) R13 COs DLM RS MDM R. 33 ADR COSON 
JSUB 2ML3) R ) - - - - - a m - - - Y - - - - - - - - Y 

AD R. 4 (OSNM RS M N N R, 4 ADR COSNN 
ADD RSS MOLN COSDLN R3A R S N ON 

- JSUB nM (L32, R) ( R2, R1) as NW TES IN ORIGIN LONGITUOE) 

M R, F. ( ) DSABLE INTERRUPTS 

SR Rii 
AOD, Ria (OSWT's CCSLNN R4s AOR COSW 

- S - R2R34 - UPDATE COSMT 
S. R3 R4 
S. R2R1.4 UPDATE SI NWY 
S. R - w m 

MOVl R. 57 REENABLE INTERRUPS 
SR Ri 

- POP R14 i5 -, RESTORE REGISTERS 
JRYS RTURN 
EJEC 

SCANI so - NIT A La Es SCNA R O DATA AREA 
CAL, M G SEQUENCE 

JSUB SCNN (R) 
CNN - PUSH - R? 15 - SAVE REGISTERS- - - - 

A R, 4 SORGR (R) R4s ADR D S TO SCNA R O C R. G. N 

-A-R-3COs. ATR ) - R132 ADR COS (ORGINAT) - - - 
JSUB DM 32 R ) (R2, R1) a 4 SORGRCOS (LAT) 
DSA R22 
SM R2 SX Y. R. 

M R1, WE (R) 

- Mul-RR1- (RR) as WE RECOS (LAY), a EA STV 
SM REASV (R) 

- SM-R EASV 2 (R) 

l R2R3 R2s COSA) 
- SM - R2SDCs 23 (R) 

ADO, Riss NLAT a COSAT R3A R S NAY 
- JSUB - n2 ML 3 (R) (R2R) RSNLA 

SM R. SOR2 (R) 

SM R. SOR2 b2 (R) 

- R2Ri SDCS33s SIN (LAT) www. 
SM R2 SOCs 33 (R) 
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LM- R2 COSWT (R) 

LM R. S. N. (R) 
A Rissy v (R) - --m-m- -- 

JSUE NAV 2 (R 

POP R4 15 RESTORE REGISTERS 
- JRYS RETURN 

EJEC 

RTCsay - SERVICES REAL TIME clock INTERRUPT - 
R T CSRW PUSH R215 SAVE REGISTERS 
- LMB - RARTst A) - WAS IT THE RTC2 

BM is 04 YES 
- R R S 

RT RETURN 
M R2 SSRVCT (R) YES R2STRAPDOWN SERVICE COUNT 

CM PM R2 SECUPD (R) KAS 1 SEC ELAPSED? 

- M - Rif-NO 
MOV, Rii. YES INCREMENT MISSION TIME 
AORM RTM (R) 

M Ri 80 , ) UPDATE NEXT UPDATE TIME 

—AR R1:secuPotR) - 
RTC CM PM R2, REFRSH (R) T ME TO REFRESH Di SPLAY? 

BM RTCsxi. NC EXT 
MOV. RRFM R1s REFRESH NTERWAL 
ARM RREFRSH (R) UPDATE NEXT REFRESH ME 

M R2 DSPFNB (R) S DISPLAY ENABLED? 
BM RSX TNo Ext 
MOW R22 ERO FIRST THREAT ADR DISPLAYED 
SM Re DSPSY (R) 

SM RDSPMS (R) 2 ERO MISSILE ALERT STATUS 

JSUB SCNSTPR) compUTE scNARO TO STRAPDOWN X FORM 
MAK IX 

JSB SCNDi St R) COMPUTE SCNARIO TO DISPLAY XFCRM 
MATRIX ---- 

M RSD STG Y (R) TARGET SEPARATE ACT VE 

32 R72 NO - 
MOVL R14 R N G. YES N T SPOKES 
A R. S. SPOKES (R) 

MOV R12 32 
S. R1, 4 R. 
BCT Ris a 2 

RC2 - A R13 ACTH R (R) R. 3s ADR ACT VE THREAT CCUNT 

Nintendo Exhibit 1004 
Page 0085



4,424,038 
153 154 

MOV R. 4, 2 
L R2 R. R2 = ACT I VE THREAT COUNT 

- S R14, R13 ERO. ACTIVE THREAT COUNT - 
S. R2, R13 UPCATE START OF PASS THREAT CCUNT 

-S-R4-p13-...-2ERO. ThiREATS PROCESSED THIS PASS 
M R12 PR BEG (R) R2s AOR HE GREST PRORTY THREAT 

RTC3 - MOVL-R43.2 as NG3s RING2 - THREAT PAST 3 a WE APON I S. RANGE 
CM PM R3 THRPR R12) 

- R - R6 - YES, ELMINATF REMAIN ING SYMBOLS 
LM RS THRFLG R12) NO CONTINUE TO PROCESS THREATS 

- MOV-R-R-13 
AND RS MAS TYP R13= THREAT TYPE - 
AO RSR 13 

- ANMR R1 MAS ACT ( ) - THREAT ACTIVE - - - 

BN A 
JND TY TAB T R 

CM PM R. CNNT ( ) LATENT THREAT 

BE at 2 YES 
M RCN EXP. ( . ) NO, REMOVE FROM THREAT LIST 

ORRM R. THRFLG (R12) 

- JSUB- RMS THRR) REMOVE SYMBOL FROM DISPLAY 

BR RT4E 
RYC M 2 ). SS LE ACTIVE 

AND Ry, MASM S/120 
- B - R4E-No 

CMPL RS, CNMLTM 120 YES MISSILE LATENT 
BE RT4 YES 
MOV R2 si NO SET MISSILE ALERT STATUS 
CMPL RS, CNMAT / 122 ALERT 
B NE RT 4A NO A LAUNCH 
SMB R2 DSP MSL 1 (R) YES SET ALERT STATUS 

BR R4B - 
R SM R AUNCH S S 

RY C4B JSUB DSP0Cr (R) SPAY OCTAGON 

LM R2;TiMF (R) SEC ELAPSED7 

CMPM RDM) if M (R) 

BE RT4E NO 
LM R1THRiNT (R12). EVALULATING -- - 

RP R4C NO, NTERCEPT ING 
ADDL R11 . . . . . . UPDA.E.EVALULATION TIME - - - 
SM R. THR NT (R2) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

- BN2 - RTR4E - Still-EVAllul A. OR Rs, NMLMy 120 JUST LAUNCHED SET LAUNCH FL, AG 
SMB R1s YHRFLG (R12) 

JSB Ms. NTR ) Ras TIME TO INTERCEPT 
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DECREMENT CURRENT MISSILE COUNT 

DECREMENT INTERCEPT TIME 
STILL, INTERCEPT ING 
YES 
NO. SWITCH TO Ev A.ULATION 
NO MSSLES AVALABLE 
RESET EVALUATION TIME 

SET MISSILE NACTIVE 

LM R2 FF 3 ( ): . . 

ARM Re; HRMS (R2) 

— BR R74E - 
RC4C AD) Risi 

SM Ri?h RN (R2) 

B NE Rf4 . - - - 
MB Ri HRMS (R2) 

B. R4D 
MB R2. THRVL (R12) 

NEG R2RC . . . . . . ." 
SM Raf-RiNT (R2) 

RC4D LM R2 a MASM ISR ( ) 

ANRM Ra:THRFLG(R12). 
QCTAGON AOR 

JSUB DPSUS H R ) 

OVL R34 it 
SM3 R14, THROCT (R12) 

R Y C4 E M Ris, ACTHR (R) EXCEED ING MAX THREAT LIMIT? 
CMP UM R ) 

BGE RY6 YES 
l R2 R2 R2s AOR NEXY THREAT 
BN R3 THREAT ST IS NOT EXHAUSTED 

RC5 M Riss PRC ( R ) - Rs. 3s 8 CLD THREATS PROCESSED 

CM PM Rs. Discu? (R) PROCESSED THEM ALL 7 
GE RTEX2 YES - 

R12 Ris No fur N OFF LEFT OVERS 
B RX2 END OF ST 

RC6 JSUB RMVT-R R) REMOVE THREAT, IF ON 

3 R R75 
RTCs2 - MOV-Rat RC-SET MISSILE LAMPS - 

ANRM R2 LMP, RD (R) 

MO 2 SSME SS IF LAUNCH 
R, DSP4SL (R) 

—A R76x2A - NO-4ss ILE-Activity — 
BM 8t, 4 - - 
MOV R22 

- ORRM - Ral-MP, RD (R)- 
RCX2A M R14, DMADF (R) 

MSSLE LAUNCH 
NO MSS E ALERT 
SET MISSE STATUS 

R 14s D AMOND DISPLAY BUFFER ADR 
M RS DMSYM (1) Rs.350 AMOND SYMBOL 
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M O 

CM PM Ri, OM FIM (R) SEC EAPSED FOR HAND OFF 

BE RTX2 a. NO 
SM Ria DMTM (R) YES, UPDATE HAND OFF TIME 

M R. S. NX (R) R, a NEX DAMOND THREAT 

- BN2 - 84. A - THERE IS A NEXT 
M Rii. Dsp. 1ST (R) NO NEXT R11s FIRST THREAT 
M 5, his LNG (R) ONG PS ON AND OFF 

CMP R2 a - ANDL 
- E - 896 - YES 
R Y CX 28 M R1 in is DMC (R) NO, Riis CURRENT DAMOND THREAT 

M R12, n is LOK (R) DJ AMOND FLOAT ING? 
BN a & NO 
M rSp S R ) S. MOW M RST - REA 

CMP. Rii, a IS THIS A VA, D THREAT 
B2 RX4 NO, REMOVE DAM (ND 
SM Rif ISO MC (R) UPDATE DAMOND THREAY ACR 

MB R127 HR ADR (F11) YES Ri 2s THREAT DISPLAY ADR 

M R. C. Dse UF 2 (R 42) R2YHREAT DISPLAY XY 

SM Ria SBUF 2 (R 4) UPDATE DISPLAY SUFFER 

SM RAs, n is BUF (R 14) . UPDATE DISPLAY DAMOND 
SR2 R14. UPDATE DISPLAY 
S R. 3 nS CHR (R 42 ------ - 

SM Ria DSPXY (R14) 
M R2 FF ) UPDATE AUD 10 

ANRM R2M PRD (R) 

COM R2R3 
- ANMR - Rark RERF (R1)- 

ORMR RMPRD (R) 

RCX2D SM R2MPRD (R) UPDATE MPRD 

- M - RTST'MP (R) - A YEST AMP ENABLED - 
B2 RXS YES 
SM R2CPW RT ( A NO UPDAYE AUD? 

RCX3 POF R345 ESSEE REG SERS 
R RETURN 

RCX 4 MCV R5 g. TURN OFF DAMOND 
SM RS BUF (R 14) N BUFFER 
SR; R4 -- 
SM R13, SPCHR (R 1, 4) ON DISPLAY 
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M Ra FF . . ) TURN OFF AUDO 

- ANMR R2LMPRD (R) - 

BR RX2D 
- - 
THREAT DISPLAY PRCFSs NG T AEE 

TYP TAB DAA S R RDR SEARCH RADAR 
DAA UNRDR UNKNOWN RADAR 
OAA AAARDR AAA RADAR 
DAA XR fR ALL OTHER RADARS 
DAA B. KROR BANK 
DAA BLKRDR G ANK 
DAA B, KRDR B. ANK 
DAA BRDR BANK 
EEC wr 

RADAR DISPLAY PROCESS NG 

SEARCH RADAR - 

SRCR D R LM ROSSC (R) SEARCH MODE a 

BP SRRD1 YES 
VSUB RMVTR R ) NO TURN OFF SYMBO 

BR st 6 PROCESS NEXT THREAT 
SRCRO, JSUB DSTHRR) TURN ON SYMBO 

JMPM R64 ( R PROCESS NEXT THREAT 

- 
UNKNON RADAR 
UNKRDR-MOVL. - Rila. LM plNK TURN ON UNKNOWN LIGHT - 

ORMR R.4 Mp WRC (R) 

M Rs.3 SLMP (R) TEST AMP ENABED? 

32 st 6 YES 
SM R. 4 CFR ( A ) NO TURN ON AMP 

M Ria DIS UNK (R) UNKNOWNS ENABLED 

- BP - UNRRD1- YES 
UNKRD2 JSUB RMV THRR) N 0 TURN OFF SYMBO 

BR UNKRX 
UNKRD. M R4 DSBNC (R) BAND LIMITED 

- BM-UNKRD2- NO - MB RS HR BNC (R12) YES R13s THREAT BAND 

- CMP - R14 R13- R GHT AND 
B NE UNKRD2 NO REMOVE THREAT 

UNKRD2 JSUB D Ser R ) DSPLAY THE SYMBOL 

UNKRDX JMPM R74 ( R PROCESS NEXT THREAT 

AAA RADAR (NO GUNOS) 
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AA ARCR LM R14 his AAA (R) | ARE AAA SENABLED 

BP AARD1 YES 
AAARD JSUB RMV THRR) NCTURN OFF SYMBOL 
- BR-AAiRny - 
AA ARD, LM R1A DSBNC (R) BAND MITED 

-M-AARD2 - NO 
LMB R3 THRENC (R12) YES R135THREAT BAND 

- , 

B NE AARD a INO REMOVE THREAT 
AA AR)2 JSUS DST R R ) DSP AY THE SYMBOL 

- 
OTHER RADARS 

R a in Ye M ) AND MED? 

BM XRR NO 
ME R.S. HR BNCR 12) YES Ri SE THREAT BAND 

CMP R4 Ris RIGHT BAND a 
S 

JSJB RMV TRR) NO, REMOVE THREAT 

R . . . 

XRDR, JSUB DSPTHR R ) SPLAY SYMBOL 

XRDX JMPM R4 ( R PROCESS NEXT THREAT 

| BLANK RADARS a FXPANSiON TYPES - . . . . . . . 

BK R D R J SUB RMV TR R ) REMOVE THREAT 

JMPM RT 4R, PROCESS NEXT THREAT 
EEC 

Rhyth?. RehovE THREAi SyMe OL FROM DISPLAY - - 
CALL ING SEQUENCE 

R12 a THREAT ENTRY ADR 
-USUB RMV THRR)- 
RMV THR MB R. HRAOR (R 12 S SYMBO ACT VE 

- BNM-A-YES 
JRTS NO, RETURN 
MOW R21 INCREMENT OLD THREATS PROCESSED 

t D. SPRC(R)-m 

CMPM RSDMC (R) S D AMOND ON THIS THREAT2 

BN RMVH1. NO 
M R1, OMr ADR (R) YES BLANK DI AMOND 

MOV Rs 2. 
SM Ryois BUF (Rii) TURN OFF DAMOND IN BUFFER 
SR 2 R1. 1 
SM R3, SPCHR (R1) TURN DIAMOND ON D!SPLAY 
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SM Rs. DisDMC (R) 12ERO DI AMOND THREAT ADR 5. 
- SM R1S, his LOK (R) REVERY TO FLOAT 
RMVT-1, JSU e DPP US-4 R ) - TURN OFF SYMBOL & RE, INGUISH ADR 

MB R4 HROCY R12 ) OCTAGON ACT VE7 

BM 3 Á NO 
JSUB DF a USHR) YJR N OFF OCTAGON & RELINGUISH AOR 

MCW Rai DELETE THREAT DISPLAY ACR 
SM Re:THRCT (R12) 

- JRTS-RETURN.- 
EEC - - - - 

SPTHR s PLACES if RE Air SYME OL ON DISPLAY 
CALL ING SEQUENCE 

8 Ri2 THREAT ENTRY ADR 
-SUR Sprite (R)- 

OS PR M R2A, HR (R) - a R as CURRENT DISPLAY THREAT ACT WITY 

N 3. YK IS IS NOT FIRST THR AT 
SM R2 SP SY (R) UPDATE FRST THREAT 

R2 
SM Reactihr (R) 

S - MQND THREAT 
BNE st 6 YES - 
SM RADSPNXT (R) YES SEY UP YO GET NEXT THREAT 

M3 R13, the ADR (R 12 ACTIVE SYMBOL 
BM OS THC NO 
MCV R21 
A DRM s RC (R YES NCREMENT OLD THREATS 

PROCESSED . ----------- 

BR DSFY-1A 
SPH a JSB DPPOP (R) MO GET A DISPLAY. AOR 

SMB R14, HR ADR R12) STORE DISPLAY ADR 
4 Retirs YMR2) GET THREAT SYMBO. 

SM R2 (SAJF (R14) is YHBOL TO DISPLAY BUFFER 
SR 2 R44 i . SM E3:5p;HR (R44) SYMBO TO SYMBOL REGISTER 

DSPA A Ria HRX (R2) R4s ADR THRX 

A Rig SA POS (R) R13= AD R ACX 
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- L. F9R 14. (R9, R1, 2, R11) a VECTOR FROM A/C To 
- - - - - - - - - - - - - -rrrl------- . . --- THREAT 

R2R3 ** * *-r-r---- a-- -----...--...-- -- 

SUB R9 R2 
- L. Ril R14 

... I R2R3 l 
SUB Ri R2 

R1 Ri 
. . . . . . . R2, R13 
-SUB-R1, R2- . . . . 

A R, 4 SC ODS (R) R14s ADR SCNARIO TO DISPLAY xfcRM 
MATR x 

-l-R5R 4- (R5 R6) sun SCALED DISPLAY Xs COORD 
MU R5R 9 

RR14 - il Rii - - - 
DAD) R5R2 - 
. R2R 4 
-Ul-RR44 

DAD R5R 2 
SLA R52 ADJUST SCAL ING - 
L R7R4 . . . R7 RBs. UNSCALED ISPLAY Ye COR) 
MU R7R 9 

R2R14 - il Rii — 
DAD R7 Rg '. 
l R2R4 

- MUL RR1- - 
DAOD R7R2 
DSA R 72 . . . . ADJUST SCAL ING 

- MOV - RCR5 - (RRA) S X 2 a Y 2 
MU R2R 5 - 
MOW R2R, - 

- M - R2R - - - 
DADO R2, R2 
B2 DSPTHX IP ORIGIN DON'T TRY TO UPDATE 

w-r- wo -------- OCATION 
- MOVl-R21- - 

JSUB SQRT R5 R2s SQRT ( x ) is 2: Yo 2) 
... a n ... a r 2 a HR R Y OR Y PLAY RADIUS) 

CMP R2 RNS PAST 2 a LEY HAL RANGE 
BLE A NO 
MOV R2RN 4 YES SET RADIUS TO OUTS DE EDGE 
M R6D S R ND (R) AND MITED 

BM DS pH i. NO 
CMP R7R 5 YES IN FORE SEC Y OR 
BGE at 4 YES 
MOV R2RN4 NO SET RADIUS TO OUS ICE EDGE 

DSPTH. LM R6D SGT (R) TARGET SEPARATE ACTIVE 
B2 as d6 NO 
JSUB SEAROR) YES, CHECK SEPARATION 

MU R5R a 
DV R5R2 R5s SCALEO DISPLAY Xr COORD 
ADDL R5R Nf ADD N CENTER COORD NATE 
MUL. R7Rf 
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V R7R2 R7 SCALED DISPLAY Y COORD 
ADOL R7R1 NG2 
S2 R5 8 
OR R5 R7 R5 = DISPLAY LOCATION WORC 
LMB RA. H. An R12) - R14 DISPLAY ADR - - 
SM R5D Sa UFe2(Ri4) OcAY ON TO DISPLAY BUFFER 

SR Ria SM RSSSPY (R 14) Loc ATION TO LOCATION REGISTER 
- - - - - - - - - - - T 
DSPT-X JR YS RETURN 

EJEC 

SEPARC a CHECKS YARGE SEPARATION - - - - - - - - - 
CAL, M G SEQUENCE 

R5s UNSCALEf DSPLAY X COORD 
-R7 UNSCALER SPLAY-YCOORD - - - - 

Rag DISPLAY RAD US 
JSU SEPAR (R) - 

- RUPDATED DiSPLAY-RACUS - 
SEPARO PUSH R67. SAVE REGISTERS 

JSUB AORNR) R8 at ANGLE (28 is 6 at 363) 

MOW R7R 8 R7 = SPOKE A DR 
MOV R6Rg R6 ESPOKE RADIUS 

- CMP-R6R N2 - THN INNER-ANNUUS - - 
BGE SE5A NO 
AD R74 YES REDUCE SPOKE COUNT 

- ANDL-R758 - FOR INNER-ANNULUS 
M R6; spokes (R7) R6s CURRENT RADIUS ON THIS SPOKE 

- CMPL - R6R N2 - SY ILL WITH IN IN NER, ANNULUS 
B SEF A3 YES 
MOW R7Rs - NO TRY SECOND ANNULUS 

- MOVL-RARNG2 
MOVL R6R Ne2 

SEPA, CMP R6Rf NG3 WITH IN SECOND ANNULUS? 
- 

ADO. R72 YES REDUCE SPOKE COUNT 
AND R7 3C FOR SECOND ANNULUS 

- LM R6 SPOKES (R7) R6 SCURRENT RADIUS ON THIS SPOKE 

CMPL R6 RNS SY LL WITH IN SECOND ANNU, US? 
-RL - SEPA - YES 

MOW R7 R8 NO TRY OUTER ANNULUS 
MOW R2R 1 NG3 

SEPA2 ADDL - R7 - - - 
AN) R 3E 
M R6 SPOKES (R7) 

SEPA3 CMP R2, R6 NEW RADIUST, GT CURRENT SPCKE 
RAO US 

BGE a 4 YES 
MOW R2R6 NO, MOVE OUT YQ CORRENT SPCKE 

- RADIUS 

CVL R 6:12 UPDATE CURRENT SPOKE RAC US 
ADO R6 R2 
CMP R6R NG4 EXCEED ING OUTER EDGE 
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BE 8 d 4 NO 
MOV R6R Nr. 4 YES RESET TO OUTER EDGE 
SM R6 SPOKES (R7) 

PCP Rip 7 RESTC RE REGISTERS 
- JRS - - - - 1 RETURN --. 
... EEC - - - - - - - - . . . . . . . " 

AOARTN SIN. COS iO An A COMVERSION ROUTINE 
CALLING SEQUENCE 

R55 COS 
-R7SN- - 

JSUB AOARN (R) 
R8A0A (2' 6 s. 32) 

AOARTN. MOV -R 12, R7 R12ES IN 
MOV R R5 R1 = COS 
MCW R13, R12 R2 = ABS (SN) 
-NM-4- 

NEG R1 R12 
MCW R9 R1 R93 ABS (C2S) - 

- NM-4- 
NEG R9 R11. 
MOV R7R 9 R7 = MN (R9 R2) 

- MOV - R6Ri2-1R6MAX (R9 R12) - 
CMP R9 R. 
BLT sts 

- MOV-R7R1 - - - - 
MOW R6R 9 
MOV R8 Air NiNs 2 COMPUTE AYAN TABLE ADR 

-ML-R7RA - 
DIW R7R6 - 
AOL R71 ROUND UP YO CLOSEST WALUE 
LM R8At NAB (R7) R8s ANGLE IN 1ST OCTANT 
'CMP R6R 9 CONVERT TO ST GUADRANT 

- BE - 6 - - - - WAS IN 1ST OCTANT 
NEG R8R 8 WAS IN 2ND OCANT 
ADO. R8 2 ANGL ES92w ANGE 
X e v ST OR 3RD QUADRANT2 
BM AOAR2 NC 
CMP R1, 2 YES, ST GUADRANT 
BNM AOR4 YES 
ADDL R8 2. NO. 3RC QUADRANT 
BR AOAR 4 ANGLE ANGLEt 182 

AOAR2 - NEG - R6Ra - - ASSUME 2ND QUADRANT2 
ADD. R8 23 ANGLEE 182 a ANGLE 
CMPL R1, 2 2ND QUADRANT2 
BNM AOR4 YES 
ADO. R8 2d 4TH GUAD ANG. Es AGLEA82, 

AOAR 4 NEG R8 RB CONVERT TO AQA 
- ADDL - R8 8 ANGLEE 1351 ANGLE 

BNM at 4 ANGLE IS POST VE 
ADDL R842 AD 362 TO NEGATIVE ANGLE 
JRTS RETURN 

A T N T AB DATA 2. ATAN TABLE 
DAA 
DAA 
DATA 2 
AYA 2 

-AA ----- 
DATA 4. 
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- DATA-4- - 
DAA 5 . 
AA 5 ' 

- ATA 6 
DAA 6 . . . . . m 
OAA 7 
Alf A 7- - - 
DAA 7 . . . . . . . . 

DAA 8 
- DAFA-8-- - - - 
AN EN ECU as ANYAB LENGTH OF ATAN ABLE IN BYTES 

EC 
this INT a calculates sit CRCER. MISSILE INTERCEPT TME - - 
CALL ING SEQUENCE 3 . . . . . 

R2THREATENTRY ADR 
R2NTERCEps, ME. (SEC) 

M. S. NY A R1s, SAPOS R) (R9, R12, R11) as RANGE VECTOR 
R&R 13 

M R9:THRY (R12) 
SU 3 R9 R2, . 

R2R3. 
- LM - Rag HYR32) 

SUB R. R. 
Ri, HR2 (Rii. 2) 

S B . . R iR . . 

R2R3 (R2R3) =DOT (ACVE. RANGE). 
MUL. R2R9 
MU R4RS 
OAD R2R 4 

-L R4Rii - - - 
M R4 Ril 
DADO R2 R4 
LM RTRANG (R2) Rest HRE AY RANGE. (KM24). 

OW R2, R2 - R2 = A/C W E ALONG RANGE VECTOR 
ADMR R2Y L. R V R12 a R2S INTERCEPT VEL (1 KMMSEC 214) 

MOW Ri, 2 
DSRA R26 R2, R1) = RANGE (1 KM2 & 4) 
OW R2, R2 Ras NTERCEPT TIME (SEC) 
JRS RETURN 
EEC --m - - - -- - s a 

iSSE CCTAGON ABOUT THREAT - - - 
CA, NG SEQUENCE 

R.2s THREAT ENRY ADR 
RSS MSS STATUS TAGA a 
JSUB DSPOC (R) s' r 

OSPCC MB Rarh RAOR (R i2) HREAT ON D!SPLAY? 

BNM is 34 YES 
JRS NO RETURN 

---.L.M.B. R 3, 4 HROCTR 12 ) ... YES-SOCTAGON ABOUT THREAT 
BNM SEC2 YES 
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SMB R14 f{ROCY (R12 ) 

M R 2, 2CR 2. ( . ) R2s OCTAGON SYMBO 

— an associ— 
DSPCC2 MCV R22 ASSUME ALERY 

CMPL RS, CNMATA 12 a REALLY ALERT 
-BE - 9 A -- YES - 

M R2 8 g : ) NO BINK FOR AUNCH 

4 

DSPC C3 LM Ri Di Sa UFw 2 (R 1) R1 = THREAT DISPLAY LOCATION 

SM RO SUF ( R 4) SYMBQL TO DISPLAY BUFFER 
- 1 2 R 4 O PLA FFER 

SR2 R14 
r-R R 4 M T PAY 

SM RDSPYY (R.4) LOCATION TO DISPLAY 
JRS RETURN 
EVEC . . . . . ... . . -- . . . . . . . - 

MUR WCC. r. DOT PRIn CT inf. COMPENSAYED DEL VEL 
w TH MASS UN CAL ANCE MARIX ROW (2 JCS 1) 

CANG SEQUENCE 
R14 ADRMU MATRIX RCW 
R3s ADR COMPENs ATED DEL VELOCITY VECTOR 
JSUB MURWCf(R) 

-R1ARAOR NEXT MATRX RC 
(R2 RisDOf PROUCT 

MVR, CO . R8R 13 (R8R9) FMU ( 1) a COV (1) 
-L--RR13 - - - 

SRA R87 
R8 R4 

- Mul-Ra R8 - 
l R2R13 (RR) EMU ( 2) & COW (2) 

R1, RS 
- SRA-R7 - - 

R. R. 4 
MU R&R 

- DADC - RaRA (R8R9) E SUM(MU (EAK) CDVK) ). 
R2R3 (R2 Rt.) as MU (3) CD V ( 3 ) 

. R. R.3 
- DSRA-R7 - - - 

. RR4 
MU R2R 

R8R 9) is SUM (MU ( K ) is CW (K) ) 
DSA R82 
MCV Ri R8 

- SEXE - RR3 
ADC RS 2 
RS 

- EEC -- - 
PPP e PPS AN-AAAABLE CISPLAY ENTRY OFF DSPLAY ST ACK 

CALLING SEQUENCE 
JSUB DPPOP (R) 

- R4AVALARLE-ENTRY 
OPPCP PUSH R.S. SAVE REGISTER 

LM R is bis PNT (R) R3 = OSPLAY ST ACK POINTER 
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R44 a R13 R, 4 AVA LABE ENYRY 
SM RS, OSPNY (R) UPCATE ST ACK PON TER 

POP R13, i. RESTORE REGISTER ------ 
JRS RETURN 

-EJEC- -- - - - - - - - - w wr-y- mom-------------------- 

FRUSki e PUSHES ANAVAILABLE DISPLAY ENTRY.ONTO DESPLAY ST ACK 
AND URNS CHR CFF CN DISPLAY 

| CALL INSYNE -R4AVAll-ARLE ENTRY - 
JSUB DPBUSHR) 

DPPSH PUSH RS 1 SAVE REGISTER 
- Movl-Risa- - 

SM R.S. DSBUF (R.14) TURN OFF CHAR N BUFFER 

-SR-R-41 - 
SM R.S. DSP CHR (R 14) TURN OFF CHAR ON DISPLAY 

-ADD R4 RA 
M R13 DSPNT (R) R13=C SPLAY ST ACK POINTER 

- ADDL-R1-2- 
S R4 Ris PUSH ENTRY ON TO ST ACK 
SM RSD SPNT (R) SAVE DISPLAY ST ACK POINTER 

POP R13, i. RESTORE REGISTER 
JRS RETURN 

OSPDMF (UMPS A RISPLAY.auf FER TO THE DISPLAY 
ST W C R D = CHARACTER FF 22 F END OF BUFFER) 
2NC WCRDs Xe Y 
CALLING SEQUENCE - - - 

R4s BUFFERADR 
JSUB DSSDMPR) 

(SPDMP PUSH. Rica 5 - SAVE REGISTERS 
MCV R1st DSPXY/2 DSPCHR/2 R13= MAX CARACTERS 
A Ra DSpCHR (A) R2 = DSPLAY CHR ADR 

MOV Ri () R15 CAR 
DSPDM, CMP. R, a PAST END OF BUFFER 

R1, R14 NO R11 = CHAR 
Ric R4 R2 as X g Y 

|-S-R is R2 CART DISPLAY - SM RG DS XYOS PCHRs 2 (R12) X is Y TO DISPLAY 

- RCT - Rise DSPDM1 - - 
POP R4 a 5 RESTORE REGISTERS 
JRS RETURN 

- C ------ 
SCMSYP coMPur Es ScNAR C TO STRAPDOWN XFORM MATRIX 

SC0ST (STORMT) Ta (SDCOS) T 
CALL INSEE, it. - JSUB SCNSTP (R- 
SCNSTP A RAST (RMY (R) R4 as ADR s"RAP), REFERENCE 

- LA R12, SC OST (R) R2E ADR SONARIO TO STRAPDOWN 
RC OS 

MOV R13 Rii. COUNTS 3 ROWS 
SGNST1 ... - R8R 4 - R8, R9 R10) STORMT ROW 

AOD, R1, STe R21 STCR11 
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R9R 4. . . -- 

- ADDL-R14, STAR31RSTOR21 - . . . . . . . . 
Ri R4 

A RSS DOS (R) R3 = ADR REFERENCE TO SC MARO 

R2R3 : 
- MUL. R2R a 

ADO, R3 SOCS2 as DCS 12 

—as E! - 
DSLA R22 RESCAE (2 14s) 

ra S. R2R12 STORE 1ST COUMN ENTRY 
M t t R7 COUNTS LAST 2 COLUMNS 

SCNST2 . . R2Ri3 COMPUTE ENTRY FOR CURRENT ROW 
COLUMN 

MUL. R. R8 
-: 2R1 - - - - MUL. R2R 9 

DAD RR2 
-, 2- - - - MUL. R2R1. 

DADO R2, R2 
DSA R2 
S. R2 R2 STORE COUMN ENTRY OF CURRENT RO 
BCT R7, ScNs T2 . 
AD R14 R12 SCRJ 
BCT R. SCMST AVANCE TO NXT ROW 
JRTS RETURN 
EEC - - - - - - - - - - - - - - - - . . ----- 

SCMS S COMPUTES ScNAR C TO DISPLAY XFORM MATRIX 
SCOOSSTT (CSSCTOST 

CALLING SEQUENCE Tussels (R)- 
SCNDS A R14, STODS (R) R4s ADR STRAPDOWN TO DISPLAY x FORM 

MATH x 

-LA-R12. Scions (R)-R42s ADR scNARIO TO DISPLAY XFORM 

MOV R13 R COUNTS 3 ROWS 
SCN1-L-A-R-3-SC OST R ) - RE P N X FORM 

MOV Rii. 3 R11 COUNTS 3 COLUMNS R 
- MOVL-R5 - (R5. R6) ECOLUMN 1 ACCUMULATOR-y 

. MOV R62 
MOV R72 (R7R 8) = COLOMN 2 ACCUMULATOR 

|- MOVL-R- 
MOV R92 (R9 R2) is COLUMN 3 ACCUMUATOR w 
MOVL. Rig - 

SCNDI2 - I - R4 Rid- R4ESTOPS (4 R114s R12. ENRY - 
BN NOT 2 ERO ACCUMULATE COLUMN SUM 
AOD R13, STS 21 STCS1 ge RO, SKIP TO NEXT SCTOST 

ROW 
- BR-SCND -- 

R2R3 
MUL. R2R4 

- DADD-RR2- - 
R2R3 

MUL. R2 R4 
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. R2R3 is . . . 

; R2R 4. a 

SCNC 3 BC R. SCMD 2 ADVANCE O NEXT ST TODS COLUMN 
DSA R52 ADJUST SCAL ING (2814 = 1) 

- DSLA-R72 
DSA R92 
S. RSR2 SPORE CURRENT ROW 

- S - R7R2 S. R9 R2 
BC Ri: ScNhi. ADVANCE TO NEXT ROW 
EJEC . . . . . . . . . . . . . . -- - - - - - - - 

iRO by VC3 is DOT PROnu CT A F 3 ELEMENY VECTOR WITH A ROW OF 383 MATRIX 
CALNG SEQUENCE 1. 

R14 AODRESS OF MATRIX ROW 
-RSADDRESS OF VECTCR 

JSUBROWVCs (R) ... ' -- 
(RR1) is DO, PR a DUCT ' . . . 
R4 as ARSS f NEX 
R133 ADDRESS OF WECYCR 

RQWW C3 JSUB D2M L S R ) (R2 R1 = MAT ( , 1) . VEC (1) 

ADO, R34 4 
AD R334 As 

R2 R R R1) ..MAT (12) VEC (2) - 
ADDL, Ri, a 4 

JSUB DMUL3 g : R) . . . R2, R1 s (R2, R1 MAT ( ; 3) a VEC (3) . . . . 
.. 

ADO, R13, 8 .. . . . . . 
JRTs RETURN -- 

" ... Ed E.C. . . . . . . . - - 
SNGnB, a MUTPLFS 3 as NMBER BY 6s T NUMBER 
GALL ING SEQUENCE 

, ; , R1,4s AOR 32 BT NES 
- R3s AOR 16-Bit NUMBER - 

8 JSUBSNGDB (R) 
.. (RR1) a PR, Duct 

ov. 2. Rars 
MOVL. R.32 

l R4 Ri4 
- BM-SNGDM 

DADD R2R4 . (R2 R3) at ABS (DB) 
l R2R3 R is SNG 
BP St P , ". . ." PRODUCT S t 
NEG R2R r R2s ABS (SNG) 
3R SNM PRODUCT S v 
OS R2R, R2A R3) a ABS (OB. 
. R2R3 R2 as SNG 
BP SNM PRODUCT IS a 

- NEG - RCR2 
SN GM MOV R4, R3 NEGAT VE PROCUCY 

SR2 R4 REMOVE SIGN BIT 
- MUL. - R4R a 

DA) R4 R4 RESTORE SIGN BI 

  

Nintendo Exhibit 1004 
Page 0099



4,424,038 
181 182 

C. R31 WAS ONE BT LOST 
-e-. No ADD R5R g. YES ADD N AN R2 

MOV R3 
- - - RAR3 ADD IN THE CARRY 

MU R2RG 
ADO R4 R 3 
9M-R 2 
MOV Ri?e - - 

DSU 9 R2 RA 
- E. R. 4 - RESTORE REGISTERS 

JRS RETURN 
SNGP gy RAR POSITIVE PRODUCT 

SR R2. REMOVE THE SIGN BT 
MUL. R2R 4 

- -PAPD R3Ra - RESTORE THE SIGN BIT 
.C. R3 WAS ONE BIT LOST 
8. & 96 NO 

- Y - RS2- YES, ADD IN AN R4 DAO RRS 
MU R2R 4 

-A R2R3 - POP R54 RESTORE REGISTERS 
JRS RETURN 
EJEC 

DEMU 32 MULTIPLES as BY FACTORS SCALED 1 2 3 2 
PRODUCT RETURNS IN (R2R1) 

CALLING SEQUENCE 
- R 35 ADR OF FiRST F ACTCR 

R4s ADR OF SECND FACTOR 
JSUBD2ML3. (R) 

e-R. R. PRDUC - - - 
D2 M32 MOV R22 

MOV R1.2 
-SUB -nhill 3 at R) - - . 
LOMul32 - Multiples 32na Y FACTORS SCALED 1s2 se32 - 

AND AccMULTES RESULT IN (R2, R1) 
CALL ING SEQUENCE 

R3s AOR OF FIRST F ACTCR 
R4s ADR OF SECND FACTOR 
(R2R, a PR6DUCT ACC MLATOR 

-NSUB-DMUL3R)- 
(R2 R, ) a R. R. 4 PROCUCT 

OM US 2 PUSH R2 8 SAVE REGISTERS 
- MOV-R2a-R2 R3) = a - 

MOV R32 
MOW R50 (R5 R6) 32 

-MOVl-R6 e- - - 
M R82 R3) (R7R 8) as A 

BM DMAM 
ADO R2R 7 R2R3) is ABS (A) 

- LM - RB2R 4) - R72 R858 -- 
l R7:Ri4 

- BM-DMA 1 
DAD R5 R7 (R5R 6) is ABS (B) 
BR DMS 2P - PRODUCT S b 

DMCA 1. DSUB R5R7 - - - (R5. R6) ABS (B) - 
BR DM32M PRODUCT S is 
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