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SUMMARY

The Battlefield Identification Friend-or-Foe (BIFF) thermal sight trainer
is a device that allows realistic, low-cost training in infrared (IR) target
recognition.

Recently, the TOW, DRAGON, and M-1 Tank were equipped with heat-sensitive
"IR thermal" night sights. Thermal sights allow the gunner to engage targets
through darkness, smoke, dust, and fog that occur on a battlefield. However,
thermal images appear different from visual images and require a trained
operator. This report describes an experimental trainer developed for
BIFF/thermal sight training.

This training device consists of the following components:

b(1) Simulated thermal sight,

(2) Instructor's console,

(3) Target board.

The targets are miniature, 1/285 scaled, micro-armor models. When an
instructor places a model on the terrain board, he indicates to the system via
a switch on his console whether the target is "Enemy" or "Friendly." At the
time the instructor is ready to start, he pushes a "START" button which sounds
a "Sonalert" buzzer. The buzzer indicates to the student that he can begin
when ready. Each student has a simulated thermal sight. The sight has three

* buttons -- READY, FRIENDLY, and ENEMY. When the student hears the buzzer and
is ready to search for a target, he pushes his "READY" button. After he finds
the target, he must rapidly identify the target as either "FRIENDLY" or
"ENEMY." He does this by pushing the appropriate button on his simulated
thermal sight. If he is correct, a computer voice synthesis unit announces
his reaction time in seconds. If the student makes an error, the voice
synthesis unit announces, "Error." LCD displays on the instructor's console
show the student's score as well as average reaction time.

The system design uses an electro-optic approach to simulate thermal
targets. The sight is a rifle scope equipped with a thermal sight rubber
eyepiece. In very close proximity to the sight is an illumination source
consisting of a lens, red filter, and incandescent light bulb. The area
illuminated is equivalent to the rifle scope field of view. The miniature
targets are painted with retroreflective paint in the normal "Hot" areas,
i.e., wheels and engine compartment. Unless the observer's eye is in close
proximity to the illuminating source, he does not see the target. However, if
he looks through the sight telescope, he sees the magnified target. Since the
target is painted to correspond to a real thermal signature, he sees the
simulated signature through the sight. Experienced thermal gunners have
assessed the image a satisfactory replication of operational sight imagery.
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Advantages of the system are:

(1) Targets move,

(2) Thermal signatures can be changed,

(3) Interactive,

(4) Brightness/contrast control,

(5) Low cost,

(6) Competitive training atmosphere,

(7) Reliable,

(8) No special instructor training,

(9) Portable.

The PM TRADE Project Manager is Donald Peckham. The authors wish to thank
Mr. Peckham for his assistance on the program.
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SECTION I

SYSTEM DESCRIPTION

The Battlefield Identification Friend-or-Foe (BIFF) thermal sight trainer
uses an electro-optical approach to simulate thermal imagery. Night sights
detect thermal-induced emission or electromagnetic energy in the far IR
region. These signals ace converted into a visible light image on a LED

m display screen for real-time viewing by the gunner. The thermal detector in
the night sight is capable of resolving small temperature differences.

Thermal target images appear drastically different from visible light
presentations. Therefore, the operators require special training in thermal
imagery interpretation. The trainee must be capable of identifying both enemy
and friendly targets. Since the IR battlefield may contain targets, false
targets, and clutter noise, the trainee must be capable of sorting targets

* "rapidly since false target effects can be a principal cause of poor operator
performance. False targets might consist of a large rock heated by the sun or
a cooking fire.

The approach proposed for a classroom trainer involves the use of
* miniature models on a small terrain board with easily interchangeable and

movable models. Retroreflective paint will be used on target areas that are
at a higher temperature, i.e., the engine compartment and road wheels of a
tank. False targets, such as hot rocks or fires, will also be easily

5 simulated. Varying the amount of paint on the model can simulate atmospheric
effects. The trainee views the target through a low-cost variable
magnification rifle scope. The trainee gets the same feel as looking through

*the real thermal sight scope when searching for a target.

Attached to the sighting scope is a small collimated source of red light.
* The retroreflective paint on the hot areas of the targets reflects the red

light directly back toward the light source in a very narrow cone. Unless an
observer has his eye immediately next to the light source, he does not see the
retroreflected red light. However, if he places his eye within approximately
six inches of the light source, he can see a strong reflection from any
surface painted with the retroreflective paint. When the trainee looks
through the rifle scope, he sees a magnified image of the retroreflected red
light. Magnification values are selected to yield views duplicating those of
the AN/TAS-4A and AN/TAS-5 sights at selected ranges. Red was selected to
correspond to the LED display screen in the AN/TAS-4A and -5 thermal sights
(green can easily be substituted to simulate other sights). Varying amounts
of paint or types of retroreflective paint will change the brightness (i.e.,
target temperature) viewed by the trainee.

To increase the training effectiveness, the system is interactive with
immediate voice feedback to the trainee.



Some of the advantages of the system are:

Targets Move - Targets are placed on a rotating disc which
continuously varies the aspect of the observed target to the trainee.

4X 12X TELESCOPE R

FILTER ARMOR

" ____ FILTER i ON MINITERRAIN BD

LIGH SOURC iLEN

THERMAL L SCRETROFLECTIVE

SIGHT IPAINT ON HOTSIGHT READY FRIENDLY ENEMYII AREAS ONLY

BUTTONS COMPUTERSUEIU IT
CoM, I ROTATING

AKE TARGET
-- SPEAKERJ BOARD

I"FRIEND/ENEMY

I 0IPA
INSTRUCTOR SCORE R
CONSOLE REACTIOND -& SCORE

RESET

110 AC OR BATTERY

Figure I-I. System Block Diagram

Signatures Can Be Changed -Targets can be painted with a variety of
signatures. signat--ciin be designed to replicate any definable combination
of operational and environmental conditions.

Interactive - Computer synthesized voice gives immediate feedback to
trainee on correctness of identification of target as "Friend" or "ENEMY."
Reaction time in seconds is separately announced to each trainee.

Brightness/Contrast of Display Can be Varied - The brightness/contrast
of the display can be easily varied.

Low Cost - Minimum number of low-cost components.

2



Reliable - Reliable off-the-shelf microcomputer components.

' ""No Special Operator Training - Operator training can be conducted in
less than 0.5 hours.

Portable - High portability.

m Figure I-I shows a system block diagram. The laboratory system has four

trainee positions; production unit capacity would be limited only by user
defined group size and by capacity of the selected microprocessor.

The main components are:

Simulated thermal sight (1 of 4),

Instructor's console,

Mini-terrain board.

The main system components are discussed in Section II.

4 3
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SECTION II

I SYSTEM DESIGN

A. SIMULATED THERMAL SIGHT

The simulated thermal sight laboratory model is shown in Figure II-1 and a
- block diagram of the simulated thermal sight is shown in Figure 11-2. The

sight consists principally of a telescopic rifle sight and a target
illuminator. The telescope has continuously variable magnification from 4X to
12X and is equipped with an AN/TAS-4 thermal sight eyepiece to heighten the
simulation realism.

The illumination source for the retroreflective targets is an incandescent
lamp. Light from the lamp is collimated by a simple single "ble convex
lens. The light is focused to a spot size corresponding ro ly to the
field-of-view of the sighting telescope. Because both the 'TAS-4A and
AN/TAS-5 thermal sight displays are red (LED), the light source iltered to
correspond to the color of the display. Display brightness is c, -,Iled by a
potentiometer on the sight.

The simulated sight contains the following buttons and indicators:

READY - The student begins an exercise by pushing this button at any
time after the audio signal from the Instructor's console. When the "READY"

3 button is pushed, it:

(1) Starts the reaction time clock and

(2) turns on the illuminator so the trainee can see the
targets. (When the lamp is off, the target cannot be observed by the

* trainee.)

FRIEND - When the trainee observes the target, he can select either
"FRIEND" or "ENEMY." If the trainee believes the target to be friendly, he/she
pushes the "FRIEND" button. This stops the reaction time clock. The

synthesized voice announces the reaction time if the selection is correct.

ENEMY - If the student believes the target to be "ENEMY" he/she pushes
* *this button; it, too stops the reaction clock.

Red LED - If the wrong selection is made by the trainee, a red LED is
turned on. The LED is located on the sight.

Green LED - If the correct selection is made, the green LED is turned
on.

The sight unit contains its own computer voice synthesis module. The
speaker for this unit is located in close proximity to the trainee's ear, and

.. the sound level is adjustable.

4



Figure II-i. Thermal Sight
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An oscillator causes the target-illuninative incandescent lamp to blink,
3thus simulating the scanner in the operational thermal sight.

This system is intended to be used in a semi-darkened room. This serves
to heighten the effects of the retroreflective approach. Also, trainees can

- only view targets through an active simulated sight thus providing a measure
of control to the instructor.

4X - 1 2X TELESCOPE

-0 MINISCUS

"READY" EYEPIECE

INCANDESCENT RED ILTER RETROREFLECTIVE

LAMP 29mm LENS TARGETS

RED LED

GREEN LED
OSCILLATOR

USIL
h4 1s PROPOSED

"FRIEND"+5V

12 VOLT
BATTERY

"ENE REGULATOR IjI

CONNECTOR

h Figure 11-2. Thermal Sight Block Diagram
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B. MICROCOMPUTER CONTROLLER

All functions of this system are ur i-r -u -:,troi cf two single chip
microcomputers. The master control I , MIC) is an Intel 8748 microcomputer.
Its function is to monitor the trainet :=;*i,,ts, process information to be
displayed on the instructor's con. o.-, o ind route data to its slave speech
processor. A complete schematic )f tne Listructor's console is detailed in
Figure 11-8.

The instructor communicates to t t H'1 v i- four switches on his console
(Figure 11-3). The "RESET" switch .ie mem,:ory of the MC and initializes
the training session. The instruc)-" F Iie XC what type target he has
selected through the "FRIEND/ENEMY" switch. He then activates the trainee
sights with the "START" switch. '-,.n he i-pr,?sses "START," an audio buzzer
will sound, notifying the trainees t.,; my begin. Each trainee has three
switches on his sight (Figure T1-2) <--.%.ADY" turns on the red target
illuminator lamp and starts a clock to record his reaction time; "FRIEND" and
"ENEMY" tell the MC he has decided wnat t target and stops his reaction
time clock.

The MC utilizes an algorithm wrich forces a predetermined sequence of
events. After reset, MC waits for the "STAii" signal. When this is received,
the type target selected on the instructcr's *onsole is stored as 1 for friend
and 0 for enemy. A master clock is started, and a buzzer is sounded for one
second. At this point, the MC enters a polling algorithm, which monitors the
switches on each trainee sight. The timers increment once each 100
milliseconds up to 25.5 seconds.

Two Intel 8243 I/O expanders are used to communicate to the sight
switches. Each sight is assigned an 8-bit timer which is cleared and started
when the MC detects the "READY" switch dep'essed. The MC then provides a
signal, through the Friendly/Enemy (F/E) 32,43, which triggers a 555 Timer.
This 555 Timer, located on the sight controL woar in each sight (Figure
11-4), provides a TTL square wave puclse adjustable around 30 Hz to a
Darlington driver which activates the target illuminator lamp.

After a trainee has pressed "READY," the MC, through its polling
algorithm, waits for the "FRIEND" o" "ENPMY" decision. When this choice is
made, the MC stores the reaction time preseit i:, the timer. Reaction time for
each sight is stored in two woys. G,- 0 - iocation in memory is dedicated
to each sight and contains the m(,st recent re:ction time. Two more 8-bit
locations form a 16-bit counter whi-h accu-'V.ates reaction time up to a limit
of 1.8 hours. The target decision -idce b.,. -o trainee, (friend (1) or enemy
(0)), is compared to the instru:iis :i oi'e. One 8-bit counter for each
sight will increment once each time Ltt rmnee's decision is the same as
the instructor's. A second -bit o- ncrements each time the trainee
makes either decision. These t,, <:, cY, ,< >, track of the trainee's

K~



decision-making progress. The maximum number of decisions (models) which can
be made is ninety-nine. Thus, an error is assigned by incrementing only the
second counter. If the trainee allows his/her reaction time to reach 25.5
seconds, he/she is automatically assigned an error.

SPEECH DATA

p I;> CONNECTORS
TO SIGHTS

BUZZE I ISWITCHES,
BUZZE LEDs, & LAMPS

RESET START
MAIN

FRIEND SCRE

LCDLEDs ENEIMYt.

DRIVER GREEN 6 6 RED 00 00 00

TRAINEE NO. 4 TRAINEE NO. 3 TRAINEE NO. 2 TRAINEE NO. 1

Figure 11-3. Instructor's Console Block Diagram

The instructor's console displays the results of each exercise and each
trainee's progress through the training session. Four 8-character LCD's are
located on the instructor's console, i.e., one per sight. The four left-most
characters on each LCD display the trainee's decision-making progress. They
represent the number of correct decisions versus the number of decisions,
(e.g., 4:9, 18:27, 63:99). The four right-most characters display the most
recent reaction time. The MC can calculate an average reaction time using the
16-bit reaction time counters and the counter for the number of decisions
made. This average is displayed on the four right-most characters when the
"SCORE" button on the instructor's console is pressed.

8
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Two LED's are located just above each LCD, one green and one red; these
LEDs work in parallel with those on their respective sights. The MC controls
the LED's via the Green/Red (G/R) 8243. When a trainee has made a decision,
the MC lights the green LED's if the decision is correct. Likewise, the red

*LED's go on for an error.

" The second microcomputer in the system is the speech processor (SP). It
is an Intel 8741 Universal Peripheral Interface. The function of the SP is to
control the speechmaking process and operates on an interrupt basis with the
MC. Immediately following the display of reaction time, the MC interrupts the
SP and passes the reaction time over the data bus. The data passes from the
MC to the SP in the form of three encoded 8-bit words. Bits 7 and 6 form the
trainee number (0 thru 3) for four trainees. Bits 5 and 4 indicate the digit
being passed; 11 for the most significant digit; 10 for the second most
significant digit; and 01 for the least significant digit. The four least
significant bits contain the Base 10 value of the digit. For example, a
reaction time of 13.6 seconds for trainee number 2 is sent in this sequence:

First word 10 11 0001
Second word 10 10 0011
Third word 10 01 0110

The SP transmits data to the voice synthesis modules serially with four
lines (see Figure I1-4). The speech module requires a 7-bit address and a
strobe in order to "Speak." Address bits appear on the "DATA" line and are
clocked into the 74164 shift register by pulsing "RESET & CLOCK." This line
also resets the speech module. If the SP detects on the "BUSY/READY" line
that the speech module is ready, then "STROBE" is pulsed and the address of

" the word to be spoken is latched into the speech module. For those trainees
who make a correct decision, the reaction time is assembled into a stack of
addresses within the SP and transmitted to the proper sight. No reaction
times are sent for incorrect decisions; instead, the address for "ERROR" is
transmitted. The SP operates on a first-in/first-out basis; reaction time
and error messages are passed to the proper sight in the order received from

* the MC.

9
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*C. COMPUTER SYNTHESIZED VOICE

A computer synthesized voice is used to give the trainee immediate
" . feedback on both his correctness in identification and reaction time.

If the trainee makes an error, the synthesizer says almost immediately,
"Error." If the trainee is correct, the synthesizer announces the time in
seconds that the trainee took to recognize the target as "Friend" or "Enemy."

The voice synthesis unit used is a General Instrument VSM 2032 Voice
Synthesis Module. This unit is a com-Alete speech system for under $50.00. It
stores thirty seconds of speech and can announce any number from one to one
less than a billion.

The synthesis module interfaces with a shift register which provides
parallel addresses to the P1C1650A on-board microcomputer. The phrase to be
spoken is selected with a 7-bit address. This data is strobed into the module
using a STROBE line. Once selected, the VSM 2032 Voice Synthesis Module
requires no support from the user's circuit. It enunciates the phrase and
signals the voice microprocessor when complete.

SP-0250
SPEECH SYNTHESIZER

AMPLIFIER

RESET

' '" PIC-1650A 32K
* MICROCOMPUTER ROM

I. s'-°.
STROBE

.-BUSY

Figure 11-5. Voice Synthesis Unit

S
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The standard VSM 2032 used in this system can announce these thirty-two
*l words and syllables:

ZERO TWEN
ONE THIR
TWO FIF
THREE TY

- FOUR TEEN
FIVE PLUS
SIX MINUS
SEVEN TIMES
EIGHT OVER
NINE EQUALS
TEN POINT
ELEVEN ERROR
TWELVE IT IS
HUNDRED AM
THOUSAND PM

I MILLION OH

Numbers less than one billion can be enunciated using the above phrase
set. For example, 11.4 would be generated by

/eleven/ /point/ /four/

g The synthesized voice is human-sounding and very understandable.

The VSM 2032 Voice Synthesis Module contains an operational amplifier
which drives a small speaker on the back of each sight, in close proximity to
the trainee's ear.

a
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D. ROTATING TARGET BOARD

In order to provide a capability for viewing all aspects of a thermal
target, a rotating target board was c(jfnstr-Icted (Figure 11-6). The basic

*components of the board are:

(1) 7RPM, 12 VOLT DC motor.

(2) Aluminum platter.

(3) Metal suitcase.

(4) 12 Volt Gel-Type battery.

(5) Gel-Type battery charger.

(6) Speed control potentiometer.

(7) Power switch.

The instructor may rotate the target by simply depressing the power
switch. The connection made supplies power to the motor from the Gel-type

* battery. In series with the battery is a 100 ohm speed control potentiometer
which allows the instructor to vary the platter rotational speed. If the
battery charger is plugged into 120 VAC, the battery is recharged

*automatically when the power switch is off.

ROTATING
ALUMINUM TARGET
PLATTER

7RPM, 12V DC MOTOR

t SPEED

CONTROL 000

12 VOLT BATTERY

_- CHARGER 120VAC

GEL-TYPE4.5 AMP-HR. - .250OAMP
45 A R AUTOMATIC

4-| Figure Il-r'. -,at 7 F Board.

b
o

9

.4



E. POWER DISTRIBUTION

When the power selection switch is on "Line", the instructor's console and
all the simulated sights are powered from a single, internal 5 volt power
supply (see Figure 11-7). In this mode or, when the swithc is on "OFF" and
the console is plugged into 120 VAC, the internal battery is automatically
being recharged. If the power. selection switch is on "Battery" the
i,,structor;s console receives power from the battery but the sights do not.
Because of the high current requirements of the incandescent lamps in each
sight it is proposed here that a production unit supply battery power to the

* sights independent of the instructor's console (see Figure 11-2).

OFF/LINE/BATT.

POWER I
1U  

l2Uu I

SUPPLY I. + 5V TO
I 4U_ IINSTRUCTOR'S

3AMP -CONSOLE
J" L ELECTRONICS

3L

4L
IU8 9U I IN OUT +5VTO4SIGHTS

12 VOLT BATTERY + L 022 F 5

GEL-TYPE4.5 AMP-HR. i 5L 7L

I 8L B ATTERY
ID 1 _1 CHARGER 12OVAC

A250 AMP 10A

AUTOMATIC

Figure 11-7. Power Selection Switching
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Figure 11-9. Photograph of Target Board
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Figure II-10. Photograph of Instructor's Console
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SECTION III

CONCLUSIONS

The BIFF system has undergone preliminary evaluation by U.S. Army
experienced thermal sight gunners. All gunners were favorably impressed with
its realism and interactive teaching attributes.

The method of simulating the thermal sight is the lowest cost method
m known. The same method is currently used in the STAGS anti-armor gunnery

trainer.

Further evaluation will be held in late FY-83.

1
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APPENDIX A

MICROCOMPUTER CONTROLLER PROGRAM4

A-1



ASM18 VIFF8.,SPL

ISIS-TI MC-48/LI-41 MACRO ASSEMBLER, V'2,0 PAGE I

LOC 0;J SEG OUNCE STATEMENT

•1 19 MARCH 1983

3
4 BATTLEFIELD IDENTIFICATION FRIEND OR FOE (BIFF)

5

•p

10

0000 1i ORC 0
0000 27 12 CLR A
0001 B820 -' MOV R0,020H
0003 B920 14 MOV Rl,*020H
.....:40 5 JMP RAAS
w., im1RA

00,7 17 ORG 7
O00 1~0° 41 JTr  TIMER
000o 49A 19 TIMERI: JMP TIMER

20

00EB AC. 21 RAAS: MOV CROA
C0C I8 32 INC Ro
0*D 9LOE: 23 DJNZ RIRAAS

34

25: LOCATION 30H CURRENT REACTION TIME FOR TRAINEE #1

2. 31H= ' 2
27; ' 32H = ' f3

* 28; ' 33H = ' . . . . *4

8 LOCATION 20H t 21H = ACCUMULATED REACTION TIME FOR TRAINEE #1
2, 22H & 23H= #2
32; a 24H I 25H = . . . *3
33: ' 26H 27H= * . *4

LOCATION 34H = MODEL COUNT FOR TRAINEE #1

35H = ' ' *2
4.7 - 36H = *I 1 #3
3' JH' ' 4

40 ; LOCATION 38H = ACCUMULATED CORRECT ANSWERS FOR TRAINEE #1

.: ; ' 39H= . *2
4') 3AH = 5 . .. 1
43:' 3E H = P H.. 4
49

:0 15 CRTi EQU 030H
0,31 41 C RP EOU Op!
003 1q 47 P-T EU 032H

4 CRT4 EOU 033H
4Q
50 AFTI EOU 02r !,
1OJ 5! ART2 ECU 022H

S0 5 ARTD EQU 024H
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LU T Sr T4T-

i~y 2APT TMF /4. E$[ IC INSURE
IlK O A f, 70 .

* ~.- .1 ~ . oU A,$OFF*y CE P1DER CHIF SELEC TS
si 9'UTL P'~ H: -- l!

EVK "U"P04I~ ~ T' NO~' 35 zLCD DRIVER PUS.
JUTL F'' HRiP4 8211 E.'US.

'34 0 r47 CHIC SEFLECT I ?-C/
65~ UN' ~

0 FR 1 EFNO f 1;/ENEM Y,0O F'a INST RUCTOR

II -- sS ANL FZtQ7FH . LGS /AN CHOS A/

4fnl ur P! - Fr.,\ F

p ITCH IMPEDANCE S5TATE? PORT 6 TRAINEE
C' OK F? ortORCHN-pF- :-t' PQ:-

'K: ;AFNL P2tOEFH ,r E
:9~~~~ CC 1 NE' ~p . F E TARGET SELECT

CD'if 78 MIOD TQ 7W D 7 CThC0 COMPLETE,
79~7Q 0 -: F7: f -2c-43, P73-t$j

'C ~ ~ ~ ~ ~ 1C Ct 5  .JHPK1 EANDESCENTS PRp SIGHTS,
£1 3V 5A' :OFF. K ~-*

082_ MOVE P64 - 7< --1 SELECT FOW THE 9314H
A 1 3 )PL PKdfGIOH

.34
qc 35-ALL ERASE

86
8 7 CLER

39 ~ ~ 6O P04:lEEKrJpQ[kCISTP DELAy. [CON

''1 4K90 MOC plA . V U FPJE TT-NE

7- . Q

EEL '1p

-r W I 4*CPE

KC MOO.
.~mo f .fjI *hj

)Ec -u j

-S O



, ':. MCS-48,L;PI-41 MACRO ASSEMELER, A?, ACE 3

L [ '' SEQ SOURCE STATEMENT

.47 4642 108 START: jNTI START LJOfV FOR START SELECTIO
3'.n4 PD!E :09 MOY RSP,30D DFLAY 300 gsec TO LOOk FOP ,CORE E:LITTON
's 110 CALL DELAY

r<,4P c-, III JNI WHOOIN 'START' ' SCORE' TURN ON ALL INCANDESCENTI

C4p 2314 0 11 MOV A,*O1OH
ll 74AC I 14 IALL INCAN

004E ;:DFF 115 MOY RS,$OFFH
.! 116 CALL DELAY SEC TO REMOVE INGERS FROM BUTTcqjF

0052 .,Z 1I7  JMp START
118

O054 nA 119 WHOOIN: IN AP2

-20 JB6 FRIEDD
,05 3q58 :2: ENEMY: JMP CONSTA ENEMY TARGET CHOSEN R," REMAINS 0

Ec0- EFOF 122 FRIEND: MOV F:7,*OFH FRIENDLY TARGET CHOSEN

005F QADF 124 .ONSTA: ANL F'2,#ODFH ; 1101/1!11 SONALERT ON FOR 1 SEC
005D BD61 125 MOv RS,1OOD
00 L 421 126 CALL DELAY
006i 3.20 127 ORL F'2, O20H

_.-,)3 128 EN TCNTI
0064551 STRT T

,30
131
122' zjlxlxuzzxl zzXIux SCAN ROUTINE UIIRIIKRIIEIXUUIIRIIIIEU

133
13i

, .; START FLAGS: INDICATES TRAINEE IS READY FOR TARGET
-136 ' RI R BO - TRAINEE #I START=!
37 RBI R481 -- 2

138 RBI R B2 -- 3
* 139: R1 R4 8 - t *4

140 
-

11: FINISHED FLACS: INDICATES TRAINEE IS DONE WITH THE SCENARO
12 P81 R4 B4 <-- TRAINEE #1 FINISHED=I
143 ; RBI R4 85 <-- ' 2
141; RB1R86:-- ' 3
~15 : RBI F'4 87 #-- 4

DECISION FLAGS; A 'I' INDICATES TRAINEE HAS MADE A DECISION
RE1 R5 8n <-- TRAINEE #1

1E !S 81 -- ' *2
J50 # E.R Z. . 3

151 RE:1 '. -- ' *

153 FIRST TIME HERE .LAC: INDICATES WHEN TO RESET LOCATIONS 30H
15 ; RE! RK -F - TRAINEE l!, FIRST TIME HERE =PI :r 'E:I t #',
159 PF: 5 F El6 f 3

-- ---- - - " - - - -- - - -

.... : TARGET 1D PLAGS. NDTCATES TRAINEE CHOICE OF TARGET IDENTTFICATI.NJ
160 F " R C I-- TRAINEE #I FRIENDLY=1,"ENEMY=-

I6 :RE! F'5 RI - - ' II'

1k,2 ;F;F: F:' .  #3

A-3



OHl PrD LCE 1FW.F'

:63 El1 P

u T E C RE?'-! 0F HOS /
FE F

i 70 O1 P'.0"

C *4i--ANL P.?t-O~rl YO
1 lOYD A

SEL A R0
176 NOVl R5t A

'4.1 1 79 C AL L DELAY
V8 Mk R V t

13F ~ 'OE At

4 r19

If 18 9 *Mp CANN Y
19,

v'-4F 191 OTARTi: NOV r45
~ Q192 JEAl NFTH, FI1P£lT T!HE HER-E FLAG,
(~7''"i193 MOY R0}T3H

PRO INRMN ,L,. rE, rw #

19-7O O,00
0 % CRP A

4q 'i-l .9 -1' 1K LSF 'JCION '!ME FOR TRAINEE *1
rr ' 2':'iY A

91~t iNL A.*-H Q[ TIME LTMIT FLAG FOR ti

10V

*TtMCI" 5. O ' 5 ThE 4K' FLAGC FOR #1

EF NFTHI: 40Y

1M b e N1 I

*~1 DE-'i JM FON' [Ci-
5 ot

A-4



ISIS TIMCS-42 'UFI- 4! HARCASSEMBLLF' .14C

AC 1 EC SOURCE STATEME t

~' L LIMITI:,I SE_ E IF TRAINEE INCORRECT, A7

;*L P6 :,-I jL; N COP R JVMF ODN INCOPRECT
... Lt FO

%m 1 "' INC .IFY

225E Pi MO A TLItNO
* 1':])SC 25ORLO P4A UR O EN LEcD *1

COEPP 9[ 222 C1 PS TURN ON. REC LED $1

230
YPP~c -,4D7 23 CALL RE PCT1 DISPLAY REACTION TIME FOR, TPAINEE $1
"IDCO~ B6C! 232 JFO OV"ER!
)OFiCF 88OF 233 RO!$OFH

CCC '4F 234 C'IE R 1 CALL VOICE!

p 0C>FD ~ c ANL F,IOFDH
-- rn~"MD2R7$3~ DISPLAY I CORRECT VS. MODEL COUNT

LCD CLP F I

0 '2 ,. nu3 4Mv R 103
L4 CPL F

,'CC, 9q 2 2 CALL SENDUFS , F '92 24 OPL P1,42
244

L2 :301 __45 D ~$
00D? 74Aj 2*t CALL INCAN. TUPN OFF NCANDESCENTS TO $1

JL! 248 MDv AR- R ET FINISHED FLAC1' FOR TRAINEE It
rr~lAA>ORL A$OIOH

[ A .2DE 255r JEC PNYJUM ON TRIE $2 FINISHED
CC 1OT3L-F' 253 I~ NJMF' IF TFAINEE $2 HAS STARTED
:"XF ''' 27 PoND!: JMP ON

*15c ~' 5 31112: -IMP DELIS:

F '261 NOF

2 -TAFT^, MOl 4.
r, 4F. ~t UTK EST FOR IPMJ TME HERE FLAG

7't 1INC 4/r LNThTN ?nDEL COUNTER FOR *2

CI ~A IL) CA~z LNCR I KNPEECENTS FRn, $2, 0OI
Yell81 6 MC' P.3t

..

A-5



-c .7 , .

T tE,,7h. T- 7F.,

q ', ' O r: -

4:- .47 TJ' rRAN t

- ..... .rfL C,, 
.

77

r r " -l - ' .

*OPC AMD* ON

P -.- R lt z iJ.cT iL E,
T  M I " :- ' .-k, "E 7 . . ... ." ° t£ C O E C T : A r r E '1 -

... 
f r. ,;;,t __ --D

_,*p - 2Q 3 .- N : UM r OK P COPF'ECT
*;. otT I ; ., ,' TTE 'C ' IC ORRECT
. L % 10 ' "VI

' : .- : 2?7 _Pr'L I" URN :j; OPEFN LED' $2

" ' '. " , , : 2 9 '3 ' P-:

: ' : : 03 0 $ F ' P 5 .; : 'VT P ' :U P [E L E O $ 2

"7 qTh?3 .. ... 1. *: 17 -r ... K, ; , rIME FOF RATNEE *2
I •.. . . l

-i"': F''!:  
"r

_:-;. 3 : ?:: ' F CHDLa , '-_

. : ."" M '. 1, , n ... ,. C OFFECT US MODEL COUNT

Os. K
4 - 7

,- *', * . -, * -£q ,j

-I ' .. 1 ,"*'' ::, i ? -
4 . S 3 .' ,

* iICi J.. ........ . . . . . . . ..
:.. s, r., • !" -

!!1 - - -. : )'*.:
.-4:

• : ' : ' K 1 E ;] F : ' ? '. ,C



i :s :I !U ,F'>-4j ' AFf ASSEMBER. '.T . .

: - . SET. S ,UE :

4 32 -ETART3: MOV AR
' l .E330 J26 NFT,3 TEST rFf FIRST TIME ,WERE KLAc

I1 E:83, 32: mOV FlO, #36H

332 INC @RO INCREMENT MODEL 'OUNTER FOR #2
01 Th .. E. 333 MOY A,*O1BH

W 331 'PLL CAN NINCNDESEPYV. cOp *3 GD fN

a 33c- E p6 CLF'

C, i q£, Ac 1?1 Met .pOA RESET REACT.TON TTME DR TRAINEE I-

,)19E -F 33,9 mOV AP7
119 .. - ANL A, OE. RESET TIME LIMIT FA ,

,1 7L5 344' 413V APR"

1FF 34- ANL AiOFE:H R'ESET DECISION FLAG
*./l<. 3.- ORL AlOtOH ; SET FIRST TIME HERE FLAG
.1) ; .'r, 3q R5,A

,5 -0 34, NFTH3; MOV A, 5

J015 526C. JE2 DECIS3 DECISION MADE CHECK
1 , 311 MOV AR7 TIME LIMIT CHECK
S152 _26J F J2 LIMIT3

1 -4P A 5 35" JMF JEANNE

35:
352 'J ECIS2' CL9 FO

," A,-:P
S .5 EEL RE:C

6'c 355 YPL ,R7 IF TRAINEE CORRECT: ACC K2<--O

25 ?5o J T3 EEL 1 -I IF TRAINEE rNCOPRECT' ACC K2<--l
,,1 9'83, A5" mOy Fl, ,u3AH

5 A4L P2,O 7FH

J 5 EC NCORP3 VJFON INCORRECT
... 1- CPL F. 3ET FO IF CORRECT

016c 23Cl 361 i[ OR(/

: T ", O4'LU ;4, TURN ON GREEN LEE 13
_' , .M DISF'3

-4 36 : IRF3, OV
- )t ORLE PSA TURN JN :ED LED *3

c P' 367 OISP3: ORL P2,080H

IE 309 CALL REACT ,IFPLAY PEACTION TIME FOR TRAINEE *3

- I..TL' D7h *PO OVEP3

33.. VEF3 CALL VICE.
J7 2

F a 34 ANt ;! .- OFH CI,4OSE LCO Th
3. 1 ._ 375 mo?. PCrO36H DILPLAY .ORRECT VS. MODEL COUNT
[ .".' , 37a _LR

, 37' CALL SENbtIF'
, 37 MO) RO,40AH'V."."3S Er E,

8 CALL SENDUF'
....p ORL Ppf'GI, 20H

A-7



44

i366 -3 PL A&F4H

389
j r 3? JEANNE: VO

*~ ~ ,, Q n N'P c& HAS ETAPTEC.
vs~4'3K3 JMP

5S STAPT4' tOV
k~~~~P 243 ~ 7 ~P FLAR X,"'

*''' %INC @F1 mriF C fJUNTEF FOR $4

*'A, 7'^ 400 CAL L 1K ". 405 4

+-t.;y S- -Tr,-TTN TIME
"1 43u 1

1 1) A1t
.. A 'C406MiJ F T K A-- FOP *4

r A 4Q7MO r.T

* V406 AH - > C
I2 3O 3 PL d % ~ TMeE 'EPC rLAG

4'1

*~~~C ' 'T7-HE

I. -I RE4I AC F

~~14



K- - l 1- I' MCS-48UPI-4t MACRO ;,SSEMBLFR.k'.

flC P SOURCE STATEMENI

3 IV 4;[, 438 OVERV: CAL'- VOKE

710 -N Pl MN F'.07FH CH,90SE LCOl 4H

tDL5 87 4 MOY R0i*037H ;DISPLAY I CORRECT YS MODEL COUNT
tq2CLP El

:70 9, 443" CALL SENDUF
- IE -83 44 MOk) Po!#03P:

01EP £5 Wi cp Fl
O1E -7 494 j4 CAL' SENDC1

01EV 8C76 OV.1~C'

~i1E9 306 49 MeL t
CEB 74A4q C.(ALL NCMTURN OF-F INCANDESCENTS,

')1ED FS C5 MO A.Ri
ilE 380 453 ORL AT*O8OH SET FINISHED FLAC

01K~ lC 454 MOy R41A

461 S)CAN FOR FRINDj ENEU R SCOPE BUTTONS

26 TF5 4634 SCAN:V !NI IRE A AN
n" LE 4444 464 JmF SCORE

FS5?465 FREAGAN: JTI BECINL
'L1K )46' 466, imp ROLTE

467
U01KQ r,40F 16E6 BEEINIA M PF BEGI N

47,'S

471

17 -

4P4

12' NOR

If PY c5 ERASE: MOV P3.18

q U'L r'r

A-9



ISIS-I MCS-48iUPI-41 MACRO ASSEMBLER, V2., PAGE IC

LOC OJ SE0 SOURCE STATEMENT

7" :C04 494 ECON: NOV P4,4 ; EMASE 4 DIGITS

Q204 -8F 495 MOV RO,*OFOH
026 F8 496 EASY: MOV ARO

020, 4' 497 SWAP A
0:08 90 498 MOVX @RC.A
-209 18 4Q0 INC RO
07 C. 500 DJNZ R4,EASY

501
0)2)C FA 502 MOV AR'

0201 7 503 RR A
}22E AA 504 NOV R2,A
02OF EBOC 505 DJNZ R3,ERAB
0211 89FF 506 ORL PI,#OFFH
i 1: " 507 RETR

508
,'- ~509 IEUUZ~lX IIZXEIIZX~IIlll~llllIIIIIIIIIIZXRUIXUZRXXX IIIXIXRIIXZIII

51t.
511 SCORE 'AVERAGE REACTION TIME) ROUTINES

512
2X14 :934 513 SCOREI: MOV RI,*034H MODEL COUNT LOCATION FOR #1

'216 182, 514 NOV RO,*021H . GET HI BYTE OF #1
0218 ')9FE 515 ANL P1,*OFEH ; OUTPUT AVERAGE REACTION TIME TO tI

021A 5454 516 CALL SAAB
OiC 74AF 51? CALL VOICE!

021E 4447 518 JMp SAE
519

0220 B935 520 SCORE2: NOV R?,0.35H
0222 823 521 1OV RO,*023H : GET HI BYTE OF 12
022-4 9FE 522, ANL P1,*OFBH ;OUTPUT AVERAGE REACTION TIME TO #2
0 '226 5454 523 CALL SAAB

02C' 7483 524 CALL VOICE2

525A J j JMP SBE
526

* -,936 527 SCORE3: NOV R1,*036H

02E B825 528 NOV R0,*025H ; GET HI BYTE OF #3

02C, ')9EF 529 ANL PFtOEFH ; OUTPUT AVERAGE REACTION TIME TO t3
5454 5?0 CALL SAAB

O2L 74P 7  531 FALL VOICE3
K31 q44[' 5?? JMF SCE

023r 53 SCORE4: NOV Rl,*037H
A. -?2 5 NOV PO,0427H GET HI rYTE OF #4
3CX 90Er  536 ANL F'I,*OE:FH OUTPUT AVERAGE REACTION TIME TO #4

0 E 5454 337 CALL ,AE:
.,24 R[, 5 CALL VOIrE4

-Z4- ? 539 iMP WASF
540

)"1 FC 541 SCORE: MOU AR4 -rJ-'E ONLY THOSE TRAINEES THAT HAVE FINISHED

0:45 '214 542 JB4 SCOPEI

,)'47 FC 543 SAE: MOV AP4
'74 P22 542 PE5 SCOREC

.... 94 SE MOV AP4

4 r O' 4 .:2 545 JB6 SCORE-
',-4D Ir 54 SCE: lOV AR4

A-10



M~~-:1 MC-48'UFI- 4! MACFo ASSEMIBLEF,

:-C I2 :E@ SOURCE STiJEMENT

E 7 516 JB7 Sc 0R E~

277 ~CF mF SEGIN

5 ] J~AW C L'
.~ i LP F

h P R6 ?A

5( moY A.PC GET K fiTT TNT.- HCC

-cl AF 56 A-V 1' mo
"EF-562 SAAC: MOY ,P
S563 j: 3AAE'

DEC A
F 565 mov ?

r C, 4' 56. 4AL ISC
S61' Qm AAC
56 AC MOY ,R

56? DEC -

c.76 MO'J 0 1A RO GETS ADDRESS OF LO B~YTE

9'AA4 5 4382 571 "ALL 1055
,,,61 FF moy FO ,43

571

575

- 57t

:7 ~ c 'F59 HIS: CL

~i~e581 HlI: MO') 0.
1'77 E 58 ADD AR6

rsE JC HIP:

397 cPL

8 c:6 HIE: 401 F
C90 '

3 91 *MQ *' v 0.V*
592 MOY 974?S K EIH'F OF HI BYTE DII)IDE

49

-, n F, A



SISIS-I MCS-48/UPI-41 MACRO ASSEMBLER, V2, PAGE 1?

LOC OEJ SEO SOURCE STATEMENI

0286 6E 0-- ADD AR6
028' F68C 601 JC LOE:

*089 18 o05 INC R3
L":A qc 6 JMF' LOA

28c - 607 LOP: MOV A,RO

028 3 608 CFL A ACC GETS REMAINDER OF LO BYTE DIVIDE
02E E828 609 MOV R04028H

0290 t f 610 ADD ARO; ACF GETS SUM OF TWO REMAINDERS
0291 97 611 CLR C
0292 17 612 CPL A

0293 6E 613 LOC: ADD A-R6
02Q4 F699 611 JC LOD

0296 iE. 615 INC R3
02Q7 4493 616 JMF LOC

..2O 3 617 LOD: RETR
61?
619 xIIIzxxxxIzxxxIxmx1IxXIuuuzxzuxI x IIXIIIuzxxxzxrxIIIIIIxzxx

620

621 TIMER SERVICE INTERRUPT ROUTINE

623 : THE TIMER REGISTER ,T INCREMENTS EVERY 80 USEC AND

624 OVERFLOWS AT 20 MSECr

626 RBO R2 OVERFLOWS AT 5XT 100 MSEC. RBO R3 COUNTS THE
627 NUMBER OF R2 KDERFLOWS,
628

029A C5 629 TIMER: SEL RBO
B E: 630 MOV R3,A

9L 2306 631 MOV A46

" L.2 $32 MOV TA ; RESTORE 480 USEC TO TIMER REGISTER
L1 E1 o33 DJNZ R2,iMRET

I '"...* 63 MO i!*,030H
-OAL _'I" 137 MOT R ,*

0 2; b36 TIMDOT: MOV AiOFFH TEST FOR 25.5 SEC LIMIT

C2' 0. 637 XRL AY@R
:?A, J C: 632 jNZ TZMGIJT
r,2AA F 63o  MOY A,R1

SEL ,

'"A JE1 TIME
8042 .B0 TIMA

~'C:2 FF 640: MOY A,R'

'L E1 43-1 644 0RL A4*1
SCE- AF 64M R7,Mo! 30

, 4L9 46 JMp TTIF.
2 FF 64' TIMA: MOV AR 31H
V2, a3(2 &1S ORL A,$2

C AF 649 MOV P'.,A
4 4F3 650 JMF T'MCL

4E t5 TIME: JE0 TIMC

E FF 52 MOV AK 1 32 H
PF -3,)4 65? ORL Afq

0*1 AF 54 MOV ',A6?C j4- 655
C 4 J6 JMF TIMr,

, ,14 PP t56 TimC: OV ,E - 3H
4,2 "F 65 ORL A,$P

A-12



ISIS-II MCS-48/UPI-41 MACRO ASSEMBLER, V2,0 PAGE 13

LOC 01:, SE SOURCE STAiEMENT

02C' AF £58 MOY R7-A

)2CS C5 659 TIMCL: SEL RBO
02CQ 44CC 660 iMP TIMLIM

661
)2C8 11 662 TIMCUT: INC @R1
02CC 19 663 TIMLIM: INC RI

-cu EAA5 664 DJNZ R2,TIMDOT

0 O2CF BA05 665 MOV R2,45 RESTORE R2
0201 FB 666 TIMRET: MOV AR3

02D2 93 667 RETR

668

670
671 : REACTION TIMES ARE STORED AT LOCATIONS

- 672 30 THRU 33 AND 20 THRU 277. THESE ROUTINES OUTPUT TO THE
673 ; CHOSEN LCD THE BASE 10 TIME.
674

0 '2D3 64OA 675 RA4444: JMP RAA4
r 02D5 6402 676 RA2222: JMF' RAA2

677

02D7 B830 678 REACTI: MOV R0,#RT1
0209 B920 679 MOV RI ARTI
02DB 44ED 680 JMF RACK
02D B831 681 REACT2M: MOV RO4yCRT2
02DF B922 682 MOV RItART2

U 02EI 44ED 683 iMp RACK
02E2 B832 684 REACT3: MOV RO,$CRT3
02E5 B924 685 MOV R1'*ART3

' 02E7 44EWC 686 imP RACK
02E9 0833 687 REACT4: MOV RO,$CRT4
02EB 8926 688 MOV R11*ART4

* 689
02ED 97 690 RACK: CLR C
02EE FO 691 MOV ABRo

- O2EF 61 692 ADD AWRI
02FO Al 693 MO) @R,A
02F! E6F5 694 JNC RACE
02F3 ;Q' 95 INC RI

4 11 696 INC @RI
'2F5 F8 697 RACE: MOV ARO
0Y6 32FC 698 JBI RACA

"-*i '2F8 12D5 699 JBO A^2

'.2F4 6406 700 JMF RAAl
:)2FC 1203 701 RACA: JBO RA4444

702
,YE ?QEF 703 RAA3: ANL F- ,*CEFW
0300 60C 704 JMF SANE,
n?,2 Q9FB 705 RAAZ: ANL P'1,OFF.H
0304 640C 706 JMp SAND
0306 ')9FE 707 RAAW: ANL PIOFLH
0308 640C 708 JMP SAND
030A 90BF 709 RAA4: ANL FI,#OBFr

'301 P0 ?11 SAND: MOV A,@RF',
n]O[ 742C 712 SEND: CALL DECODf
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i.-il SC-4S/UJF'-41 MACRO ASSEMPLER9 'J.O PAGE

LOC OEJSE SOURCE STA T MN

-330F F 9
*0310 1330 '4ORL At,*03 H

0 712 Q0 71C MOVX @RO.A
F:: 716 Nov AfRl

* O~4 3:0'1 ORL A,*020H
03O1c6 or 1@ OV) @P0,A

F r 719 NOV APZ
720 ORL A,1H

7A 0 21MOVX L~cip.,A

4 723 MOVX ?Ro-A

0-1E RQF 721 ORL PlF'1 FFH
09~? 721 c ETR

720

E1: 8078 '31 DELAY: NOV P048s
)2'3 KCFF 732 LOF ' MOV Riy#OFFH

-r- 733 LOOr 7  D.JNZ R4 LOoP
737 33731 DJNZ POPLOOPI

X:929 P-021 735 DJNZ RWELAY
* 03 'IE 0, 736 RETR

'7
738

740
741 THIS ROUTINE DECODES THE AMOUNT IN THE ACCUMULATOR INTO A

W42 ; BASE 10 NUMBER,
743 (RBI) R2 P2 X100
-44 4111.1 R.1 Ri x 10
'45 "RE4) Ro zOx 1

74, P3 GENERAL PURPOSE

E.A00o '40- DECODE: MCIV P

-.-'2E "'9 0 L 749 NOV RIy*0
C '30 E: ROC 75C NOV p 0

013- 7ciLC A
C~~ D3 E63 52aD ECA 7EST PIT

)115 IA '53 INC R2 REA~CTION TIME AT LEAST 12.8 SEC

0336 19 1~ I R 11
* 337 19 '55ICr1

733F 756 CALL INCRO8
77 5' 7 ECA: 'ILl A

*023 ct4l 0758 JNC PEF 'IT

* .QE 743p7C9 'AL I71*E)i'TON IME AT LEAST 6.A SEC

r33r -4P 760 CALL IN',
* §34i ~ 761 DE1 L

')4- E6i8 '6TNC DCLST P-i-

14 '190 '63 CALL INCF:1FJ1 AT ION T:ME AT LEAST 3.2 SEC
1.-46 18 764 INC F

765 WN Po
03LF76t DECC: PLC A

li 0349 E64E 767 ;NC DECD LVU 41



r" 1:. c .C3-8,'UF'I-ql ACPO A SSEHLP. F :

LUE C;J SE'2- 0,lFfCE . L1

-I. N r REACTION TIME AT LEAST 1.6 SEC

A ALL 1N03c
0Y4E r- 773 rECOC, PLC
.. F "--' ' JNC DEC 7EST EIT 3
0351 74,3 772 CAL : REACTION TIME AT LEAST .8 SEC

DECE, RL A
3 e5_ E653 774 ANC L !,:p TEST HT 2
354:a %8 7 CALL IREA,.ON TIME AT LEAST , SEC

0358 F" 7/, F T:LT '117
.... --7TEST ET 1
0H.6 778 INC REACTION TIME AT LEAST .2 SEC
?0 13 779 INC P0
035[ F7 780 DECO' PLO
135E E6 1 J81 iNC PIAuli TEST PIT 0
0 3 60 l' 782 INC F.".' REACTION TIME AT LEAST .1 SEC

783

78J
8- f A C0JN :N ;O : 35

78; 1- COUN, Th 'I T: 15

787
- 761 l 7ee FATT- L:L'
3,53 7 9 89 MOV OF','
36 3r  790 CPL A

)364 030A 7 1 ADD A,#iCD
C3, F679 792 dO KAREN P0 TO 9
)3e8 A E; 793 OY R3 ?A
1) 19 794 INC :
, A OKA 7K , ADD A I *1,

- 9 JO FATA H P 1 TO 19
E E 97 MOV 3.

7 Q .Q INC '

'-4 . .: 301 MODV P2.;A O 3 O309 FATTN :La -<
* fl~4

r . ,*.': " ','- -"

87

OP A P E N. EN L
-0 , , C

911

822 INCR0 I TN

A-15
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'. OE-1.J LE, E0;IRC STATE 1FN-

338 ~33 INC R0
03b 8 2 INCROJ: INC Ro

0389 '8 325 INC R0
~ iF82 ~ INC Ro

Y 13827 rNC 8

I~r. "828 RET R
829

* 038D 19 830 INCF1161 INC :
) 38F 17l 93! INC R1
(I 28F 19 832i INC Fl
03?0 19 833 1N0P13: INC A,1
11391 1w ~ 83is INC 81
3"-2 19 835 INC R1

0393 93 836 RETR
837

81i OtUP iT THE ACL TO fHE UPPEP [WO DIGITS OF
912 THE CHOSEN LCD DRIVER.

C,394 cr 891 SENDJP: MOV AfBRC
07_'4C 4 CALL. DECODE

07?- 769B 846 iF! SEND VP
iq 13420 947 NO') P24020H

*039E: F8 848 SENO'JR: NOV AFRO
0 9C 4310 89ORL A4*O10H

*029E 0A 950 OF:L AIRZ
Q-9F ?0 851 moYX @Ro0-A
03Aul F9 852 NOV A Rl
0IA 3IA 853 ORL .P

01m,3 Q3 85 PE TFR
856

859 2CUTINF TO TURNON OP O3FF THE CHOSEN INCANDESCENT

861 P THEN 'ON'

.,!9,631 INCAN, N 2.7.

03 '3 RD 365 INOFF: OPLO
C3A 644C 7M r~E
7AS C?~ INON: 40L:-

030L B."I 1 868 INFET: ORL i. j $
34 3 869

0 870

873 t' AS OATA IO C 7. 4 KJF'IN0 THE. PEACTION TIME IN. OROER
874, ; :nF' THTS 1' f2t & T'nq0'T rf WH GI VOICE UNIT.

87o 'r PNU TO Ef PASSED.

877 1,-1

A- 16



I -

-, IF
3S

88:I -F ~5E:4 E H II1 PEFIFIED

9833 IF -

004
T 33~CT 2 ? ~ - O~7T.[f ;/;7 814"

03EP: t,3 88 JMD
)363 2*?0 .8P '0CE, JO
0385 6q:C pr, EM 4
H117 BE80 :391 "IC E: MfOV -

03E:9 6qBD 8 M
0366 33:CO 893 VOICEi: M 4.

)3ED 'AEF 895 VACE: ANL

03EF 230E 8Q% MOV Vr1H,

03CI 3E 897 MOVD P6.A CHIP SELECT FOR 87iiA

3K70q89 MOV 7HECV FOR ERROR SIGNAL

034'- D30F 900 XRL AltCf'-
001C5 CUM3 901 JZ VEPR

0307 FA902
0 7 rA903 mov -I

03C8 1330 904 OFIL A.*030H
O)3CA 4 P. 905 0~ RL R
0308. 74DF 906. CAP' I

2
Cf

03C0 "0 907 40Y

303CE 4320 o OF'L I47

0303 F8 M1 YERRI MOV AFo

03D4 4310 912 ORL A.8O10H

03D6 4B 913 lL AR

0307 74OF 911 CALL ')P P
Mo 'V 0C 15 mDL) A-tor0

5M30E ?l~ MV
A1OR

OJF 3 918 PETk

^31792 VOSEND: mOV 0 >
0 -1Ev 1 5 'DEL Rt : 0
ralEi 812 91 MDV, F1.i' 200 USCE DELAY
SIE3 EDE? <3 o VfEL: D jl) <

'?3Ef KC9 ~ S ~ H

f-00

00 c AF"Z: CV7 ART" J ilc TrC2 00F E'EGlIN1 01F9 BONO :139 :fNS ,OOF



-IT~ MCS-4c 1 IPI-41 IACRO ASSEMELER. V7.0 PACE i

G E' *'C CONSTA 0056' PT 0030 rFT2 9031 LRT 3 1,5K 7RI74 0033 DECA 033A D~f
14 DECD 3~4 EE 0353 DE F 0356 DECC 03%0 DECIS! 0O00 D[ 2S^ 0~c IF-Tc *

Fri;4 )tEl DECODE 032C DEIII OOEO DELAY 03211 DISPI 0089 01SF'? 0119 DISF3 01?5 1 4

*EAS .0 ECON 0202 ENEMY 0057 ERA[; 0200 FRASE OlFC FRIEND 005Q HIA 02L71 NIE, 27
J 3 26F :NA 34 INCR'04 0388 INCF:06 0386 INCRO8 0384 INCRI3 0390 INCR16 0380 INUFF )3AP

iW.ON K AE INRET 03AC JEANNE 0195 KAREO 0379 K~EN 0383 LIMITI 00A8 LIMITZ (108 L?-jF 16
M47q 01C(, 'LOA 0285 LOP: ?8 LOC 029 3 LOED 0299 LOOKi 0323 LOOK2 0325 Locc O 728

lC0R.Fi 0ooh NCORP2 A116 NCORR3 0172 NCORP4 O1CE NFTHI 009C NFTH2 OOFC NFTH3 0158 NFTHI 01H:
'IVE:l O001 !iVER2 )121 OVER3 0170 OVER4 0109 PATTA 0376 PATTI 0361 RA2222 02D5 pAqq44 02D?

*RA~l 030c FA2 0120- RAA3 O2FE RAAi 030A RAAS 000B RACA 02FC RACE 02F5 R*C' 02EL
E A C 02 07 REACTL L20 REACT3 KZE3 REACTi O2E9 REAGAN 01F57 ROUTE )065 SAAE: 0254 SAAC o255-

* AAS 02?67 SAE 02l' SAND 030C SEE 024A SCAN 01F1 SCE 0240 SCORE 0244 SCORE! 0214
FCQ202 CP3)2 CORE4 0238 SEND 0300 SENDIP 0394 SENOYR 039B SONNY 0009 STAPT 042

ITARTI 0084~ JTAPTC 00E4 START3 0140 START,; ^19C TIMA 02P6 TIMB 02B0 TIME 02C4 TIML'L 0208Uimc!"T 02 8 TIMODOT O1A5 TIMER 019A TIMERI 000Q TIMLIM 02CC TIMRET 0201 V'ACE 0380 ')ERF 0303
yODEL 0-1E3 VOICEI 03AF VOICE2 03B3 VOICE3 03B7 VOICE4 03B8 'JOSEND 03DF WASP 0250 WHOOV 005

* ASSEMBLY COMPLETE, NO ERRORS

L
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APPENDIX B

SPEECH PROCESSOR PROGRAM
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ASM48 SFEAKA.SRC MODi1

ISIS-II MCS-48/UPI-41 MACRO ASSEMBLER! V2,0 PACE 1

LOC OBJ SEG SOURCE STATEMENT

" "1

3 .io MAKCH 1983
m4

5

6 : THIS PROGRAM FjPODUCES THE SERIAL DATA REQUIRED TO GIVE SPEECH
7; CAPABILITY TO THE TRAINEE SIGHTS. THE HOST 8748 INTERRUPTS THE
8 ; 8741 AND SUFLY'S THE DATA IT NEEDS TO ASSEMBLE REACTION TIMES TO
9 BE SPOKEN TO "CH OF THE SIGHTS.
10

r 11

12
0000 13 ORG 0

0010 15 AMASKi EQU 0001000E:
0020 t6 AMASK2 EQU O0100001P
004 17 AMASK3 EQU 010000006
0080 18 AMASK4 EOU 10000000E:

*19
0000 040 20 JMP 9

21
)003 22 ORG
0003 643E 23 JMP INTER

24
0009 25 ORG o
0009 BDOA 26 RESET NOV PSiIOD

O00 742A 27 CALL DELAY ;DELAY TO INSURE 8748 HAS RESET
f 000D 05 28 EN I

29
)OOE 23F0 30 MOV AyOFOH
0010 39 31 OUTL PI,A
0011 23F5 32 MO A,*OFEH

001? 3A 33 G0TL P2A
34

0014 27 35 CLR €
0015 E:821 36 mOV RO433D COUNTER
0017 B91r 37 mOV R140I!F POINTER

0010 Al 38 CLEAR: MOV RlRA CLEAR OUT RAM
.1A Ic  39 INC R1
)01E E8tQ 40 DJNZ 0',CLEA

2 mOV ROtl3n UNTEF'
O01F E:933 43 mOV P; FOINTEF
0021 r 44 CLR
0022 AA 45 OV R2,A P- DATA
0023 Al 46 INDATA: MOV K",.A SU UP DAT LIST
np7, 19 47 INC P1
•025 !A 18 INC P2
,(2.6 FA 49 MOV A-R2
07 E823 50 DJNZ ROvINDATA

600 8933 51 mOV pK,1O3O13 PESTORE POINTER
V2

B-1



* ~ on ;'I T J f TNE

-D 6c] c;~ 7 AI,, loA R 1 , t 1 RESERVE6 STACK POINTER
002F EE14 58 MO '20;RESERVED STACK COUNTEP

60J AO ! P

* 003 L~ 0N LFPC
*3J6 EE'3A 63 GETNXT:l [,#7 R67GEICO CHECK FOR BOTTOM OF STACK
* DP041 64 imp, M.[N

)03A CC F EICCON iCEC R 4
003E. Co A fO 4,

01SC ASQ tO R 0

33C 6k 9J GETNYT
70

i7,40 F2'16 "I LOPO: , J F L P .' CC HAS WORD TO BE SPOKEN
0042D-,? 72 JE:6 T R A 2 TRAINEE t2

4 : q 04iP imp TFMINEE tl
0046 D26A -i LAPA: jF , ~ ' TRAINEE 114
0043 0160 *jMF IPA? TRAINEE *3

004A 10404 77 TRp4l EAlL IDECC'1 ; SAY WORD IMMEDIATELY
001C 23FF 78 TDAI! MOY A4OFFH ; LOOF UNTIL WORD IS SPOKEN

A~E147 79CALL WAITI
0050A C4C .87 T Cy
0052 jq7q Si TRET: CALL CILP4
0054 043 82 MP GETNY.T ;CONTINUE DOWN THE STACK

u~ 348 ~ 84 R CALL DECOOZ
5 5S 13FF 815 T042: D A-13FFH
0054r IVCr 86 CALL WA112
10C C658 87 i7 1042

8p, TP,
139
PAY TRA31: CALL D E FGDD3

W0- l T104?: Me',, A, trJRFH
5,CALL WATT'

0%: 6 4 96 TFPAq: Ct 44 D E Cor
j'jV T[,4 jFFH
'L WA J4T4

w, ' 4 103 ) ~ .

1107

B-2



-SIS-II MCS-48IUPI-ii MACRO ASSEMBLER, V.0 PAGF

LoC OBJ SEQ SOURCE STATEMENT

108[~~~~~~~09 :>> -:i".>~ :> / SUBROUTINES .... :<<<,<"'':<,

* 110 ;

i11 ;*-.

• ., 113

114 ; WAIT ROUTINE TO ALLOW FOR P/R LINE TO GO HIGHI. 115
p?81 116 WAIT!: OV RO,*AMA')KI

007B 048 117 JmP WADEL
0070 ?820 118 WAITZ: NOV RO,$AMASK
c F 0487 119 JMF' WADEL
;0081 eq0 120 WAIT3: NOV R0,4AMASY3
C083 ti97 121 JMp WADEL
* %R5 9880 2I WAIT4: NOV RO,*ArASK(

123
0087 8A14 124 WADEL: MOV R2,420D
0089 EA89 125 WAXX: DJNZ R&,WAXX WAIT FOR BUSY TO GO LOW

126
008B AA 127 WATT: MV M,

008C 09 128 IN AP
008D 58 129 ANL ARo
OOOE C692 130 ,JZ BUSY
0090 FA 131 NOV AR2
0091 93 132 RETR

133
0092 7 134 BUSY: CLR A

0093 cl. 135 RETR
136
137 xIuzxzgzxuxxuzxzz xx xxxIuurzzz IX xzzzmxzXzxzxzzxIxzE
138
139 SEQUENCE TO RESET THE VSM ...............#TRAINEE *1 THRU #4

140
f044 5 141 RESEO: CLR FO
0095 8A01 142 RESEE: ORL P2,l ; RESET LINES GO LOW AFTER INVERTER
lr 0n 143 NOP

oop 00 144 NOP 7.5 USEC DELAY
00O9 0, 145 NOR
0- 9A 9AFS 146 ANL P2,4OFEH ; RESET LINES GO HIGH

147
009C B840 14 NOV RO,*040H
:nrOE E89E 149 RESDEL: DJNZ RORESDEL RESET DELAY OF 230 MICRO-SEC

_150

,*' E:6A5 151 JFO RESRER
voA? 95 152 CPL FO
3.943 )4 '5 153 JMP RESEE

" POA 154 RESRER: CLR ro
, 3 155 RETR

156
m 157 ;IRZX II RI I ZuI 1EzI uhIII zuugxzII Izzzzxzhg ugx ggzgzx zgI| I xgg|Igxzzj

158
159
1i0 ; ROUTINE TO SET UP DATA IN THE ACC ONTO THE 74164 BUS
161 ; AND THEN STROBE IT OUT TO THE VSM TO BE SPOKEN.

162

B-3



Lk Ocafj SEG OURC E ~A TEM I

161
165
:6, SIEAK1 MOV RC, tk.F!X

-4v '+:t 167 JIMiP TALK
.~ 80168 SFEAK2: MT) RI) IWl 1
~'rA5169 imp i AL

7cA 80 170 SPEAK3: MOV R C IAh
"P PIkA8 1-71 imp' TAU

0OA83 F, 2 : 172 SPEAV4: MOV P0.t M
17?

7 K 14 TALK : MOY T r P

37 175 CPL
108*8 AB 176 MV P,A IP

5 -'1F ~ 177 TALA: ANL Aif0FE Ff~~ ESET1 LINES KEPT HIGH

)'E A 1L78 OUTL P2 -A
179

*fC QA01 180 ORL p2$ f IL f(O PULSE
OOE'E QAFE 181 ANL Pitto'-Eh

182
OACO FP 183 MDL H~R

OOCI E7  184 RL A
A185 mDv R A

'-A' QAF 186 DJNZ R2tTALA

* 0C A6 i88 Mov R 2 11 .'ID
O0C7 EAU7 189 DAY! DJNZ 22 A NECESIARY DELAY

190
11 T IS ASSUMED AT -.H!' POINT WhT THE IVSM IS READY

)OC , FO 193 STROB:E 11) f';RO
001%. 9ZDC 1904 J84 STROE:U
VAcc B218 195 J65 STROP.
06CE 0204 196 JB6 STROP:

197
0000 2908 198 STROM4 ORL P1 f F

*0002 04DE 199 imp STERET

C04D 9'9A -200 STROM3: ORL p1P,
0D06 q40E I1 M mp STPF-
OAKE .0 202 STRO62: UXL F>,*#
OoDA O4DE 20 J~r, -TD
'200 Q C! -CO OTRuEV ORL PI-f*1

* 205
OODE 0C 206 STBRET, HOP

0O 0 2107 'JOF1
M0" HOP

2110

00[- r12 DEY! %N' "F1K Hfl!J* F>DLAY

Ili FETF
J1

216
* 217

Bl-4



ISIS-II MCS-48/UPI-41 MACRO ASSEMPLER, V2.0 LE 5

LOC O:J SEO SOURCE STAIEMENT

- 0100 219 ORG IOOH

f"100 olIA 221 TISERI: JMP T1SERR

-102 640A 222 TISPTIi: JMP TISPT
223

1 224

225 ; DECODE THE AMOUNT IN THE ACC FOR TRAINEE #1 TO SPEAK.
226

0104 E:22D 227 DECODI: JB5 STEENI
* 0106 7435 22 CALL CACC ; CONDITION THE ACC

.108 C600 229 JZ TISERI ' ERROR'
010A 07 230 DEC A
0108 C602 231 JZ TISF'TI ; 'POINT'

. 010D 07 232 DEC A
010E C676 233 JZ TL20 " 'TWENTT'

234
0110 FA :35 MOV A!P2
0111 7229 236 JB3 DAC
0113 521F 237 JB2 DECI
0115 321t 238 JEl DICI
0117 1254 239 JBO TISI ; 'ONE'
019 2455 240 JMp TISC; 'ZERO'
0118 i152 241 DICI: Je0 TIS3 ; 'THREE'
01ID 2453 242 JMF T1S2 'TWO'
OIIF 3225 243 DECI: j81 DOCI
0121 1250 244 JBO TIS5 'FIVE'
0123 2451 245 JMP TIS4 'FOUR'
0125 124E 246 DOc JBO TIS7 ; 'SEVEN'
0127 244F 247 Jmp TIS6 : 'SIX'

l 0129 124C 248 DACI: JBO TIS9 'NINE'
012 '44D 249 Jmp TIS8 'EIOHT'

250
251 STEENI: JB3 8AA1

" 012F 523E 252 J62 BABI
0131 3237 253 JBI CACI
0133 124A 254 Jv TISIl 'ELEVEN'
0135 2448 255 iMP T1S10 'TEN'

0137 126E 256 BAC1: JBO TISI3 'THIRTEEN
0139 24-1Q 257 iMp TISI2 'TWELVE'

E 0 3 3241 258 BABI; JE:1 E:ADI
0130 12 7 259 JBO T15 'FIFTEEN'
O13F 245F 260 JMF' TISIL 'FOUFTEEN'

0141 125C :6:l 8A0: JBO TISI7 'SEVENTEEN'

il13 245D 262 JMP TISo ';IYTEEN'
263 E:AA: JBO TIS19 'NINETEEN'

014.. 264 M TISIR EIGHTEEN'

265
266 ROUTINE TO CALL UPON TFAINEE tl TO SPEAK 'ZERO' THRU 'TWELVE'

267
)14Q IQ 268 TIS12: INC P1

1-v, io 269 TISIII INC RI
_. T1310: INC Ri

014r Ic 271 T159: INC RI

hID "4 272 T1S8! INC RI

B-5



ISIS-LI MC-%/tPI-41 MACRO ASSEMD-F V

Li C OBh.E OUFI'

0, iES 1

6! c7 Th C

78 1' i"

Ell~T B~18F' 3 T PE5 10F POINTEP
0158 l

28~~~~ ipE, T ~;7I ' EEN'

Cr36 TI SI 9 C 1 <
- - 9 8' Tl~S: INC K

A OIC 1 2898 TI1517: 1W
cp Ij5 Q~ .... 6' INC F
5SE 19 -90 N C

* 0160 -7.9 h ~ P

29Q6 TEEN!: CALL F

I 16A C1kl JZ E;

v L3 1 302 T 1'U') 1 0~ 7:I1CQ'
'MC 64 303 Jm~P CEH:

.7', 7* T.''.-. m'4 '

-)1,,4 2464 106 *MF' TEENI

308

3P ~A1 f' - A L MIT! -

14 Cl 31AL[ AT

0 1 ) -IqA7 1JM

X -i~ T ~;Tpi ,]R ~ TAEF 52 TO SPEAK,
320

8A ,j -i 326 A :



2 iEIS-Il mcs-i8/UPI-i1 MACRO ASSEMPL[P. E~'

fir LE:j SEQ SOURCE STATEHENT

C'12P C684 1,78 JZ T2SPT1 FiNT'U013F li7 329DEC
0190 C6F8 330 Jz r T2:3 2 TWENIYI

~192 , 3 4 P

oir 21332 JFI k~

I %E 24D07 337 JMP 7R1
c190 12M4 338 DIC2: J80 '~ .THREE'

019F 2405c 33- 9 JMF Tl

OIAI 320? 340 DEC2; J1?14 5fF
0 1A 3i 102 341 ID8 T2kt 'FIVE'
01A5 2403 342 ,JMP T2S 'OU

~17120343 DOC2L A80 "7 SEVEN'
O1A9 240 344 imp T2136 'SIX,
O*A 01 21 Z E 345 0ACII: J80 T:ET9 'N:NE'

a CAP 24iCF 346 JMF 'EIC.HT'
317

ILF 72' 48 STEENIL: A23 P'~k
o0181 S2Ell 319 JB P H E ,
018 32B9 350 381 BAC2
0185 12CC 351 JE0 o 1 'ELEVEN'
0167 2 4C. 352 iMJP T 2SU 1 'TEN'
n19 12 F0 353 BAC2: J80 T2S13 'THIRTEEN'
0188 24CE 354 imp T2S1 ' TWELVE'
0180 32C3 355 BAK2: JBI FAD"

* OOF 2F4356 J8 21 ~ 'FIFTEEN'
M1C1 24EI imp T2514 'FOURTEEN'
.iC3 12DE 1358 BAK2: Je0 T?125" 'SEVENTEEN'

20 3m0 UA2 bM ' SIXTEEN'
oic7 380C 3601 BAL' JP ,qNINETEEN'
OIC) 214D0 361 JMF' i2S18 'EIGHTEEN'

3 62
363 Rr~UTINF _1, At[ 09~N TRATNEE $2 TO SPEAK 'ZERO' THRU 'TWELVE'
364

1C 365 TT 7: INC R I
leh6 1 3o 23: 1N2
il 9367 TISIO INC

ICE 19 366 T259: INC
2C 69 T259: 7NC

__370 T257: INC
0,101 19 371 T 36: INC P
0101 19 'M2 l25 NC
0103 19 -17 T2S4; 0 IC
0104 19 34 T 133 14C
O10l IQ 375 T"S": INC
01D6 !9 376 1251: TNE
*IW' 377 T11So: NOV

0108 8933 378 T2 9 P : MO'V
~ 4A:379 JMP IF[At.

382
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ISIS-Il MCS-48/'UPI-41 MAFRO ASSENDLERt Y'.0 PACE 8

K LOC OBJ SEG SOURCE STATEMENT

)1DC 19 383 T2S19: INC R:1
*OIoc 19 38 T2S18: INC R1

OlDE 19 '385 T2S17: INC Ri
O1DF 19 386 T2S16: INC R1
)IE.) 19 387 INC Ri

OlEl 19 388 T'Sli: INC R1
01E2 19 389 INC RI1

*01E3 19 390 INC RI
('1Eq 19 391 WC R1
OlErS F1 392 MO'! A?@R1

* 3E6 14AB 393 TEEN2 CALL SPEA..2
OlEe "31i 394 TEN2A: MOV A91i100E
011A 14h395 CALL WAIT2

*DIEC C6EB 396 Jz TEN2A
OlEE 2iD8 397 imp TZSPV,

398
01F0 2311 399 TILS13: MO'! A4*100010
01F2 ZiE6 400 imp TEENZ

401
O0ci 2312 102 T2S15: MO'! Art!OOlOE
01F6 24E6 403 imp TEEN2

404
405i SPEAK 'TPENT)'

O1F8 23210 407 TZS20: MO'! Af$10oooEc
01OFA 14AB 408 CALL SF'EAK2
O1FC 2313 409 T 23ZA: MO'! A,1018

*OIFE 147D 410 CALL WAIT'-
0200 ('604 i11 JZ T2S27
0202 04AP 112 imp SPEAK2Z

q13
0204 24FC 414 T2S22: JMP T2S2A

415

417
418

0206 6122 119 T39ER3; JMP T3SERR
C)208 642420 T3SPT3: JMP T3SPT

421
q4221
423 ; DECODE THE AMOUNT IN THE ACC FOR TRAINEE t3 TO SPEAK
424

* 21183345 DECOD3: JP5 STEEN3
OZO 7435r 416 CALL CACC CONDITION THE ACC

020E ('6C6 427 JZ T3SFR3 'RO

021 C 07 428 DEC A
*0211 (608 4249 jz T 31 T' 'POINT'
*0213 07 430 DEC A

V-14 C67C 431 JZ T3S,) 'TNENTY'
132

O 216 F4 433 lov HfR4Z
011 71nF 131 JF13 DAC3

*0219 529435 282 DEC'
0218; 3221 i3t. .11 DICF

AC 21. L.J5A 437 .110 T3S1 ; ONE,
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TIS II M'-8/UFT-4: MACRO ASSEMBLEF -

_0C OBO SE0 SOURCE SI1-1'- T

" 43Q DC33 Jf ' 'THREE'

6 221 4459 440 ' m ,U-T 'TUr'

025 322E: 14 DEC3: JE:t I 1
il.5 J0 'FIVE'

022? 4457 44: .F' T S4 'FOUR

- 0228 1254 444 DOC3 JO SE; IEN'A

020 445.5 iI"
022F 1251 446 DAC: 'NINE'

0231 l453 47 F :%c 'EIGHT'
448

--3 7-4F 44Q 3TEEN': JE

-i. 5241 450 JB2Ell 2
0237 323D 451 i :l l V'

0.3Q 1250 452 JEO i,' i 'ELEVEN'
023B 4451 453 -11' < ' ; 'TEN'

023D 1274 451 BAC3: J0 i3S13 'THIRTEEN'

023F 4WF 455 AR T; 'TWELVE'

0241 3247 456 A3 JEI :AD'

0243 1278 457 80 T3S15 'FIFTEEN'

0245 4465 158 dNF 1K'l ; 'FOURTEEN'

0 '77 459 BAD3: JE:O 7 'SEVENTEEN'
0240 4162 460 JMF' , ; 'SIXTEEN'

OZ46 1260 461 BAA3: 280 T3' 'NINETEEN'

I 0240 4461 462 JMF' TOSlE 'EIGHTEEN'
463
464 ; ROUTINE r) JALL UPON TRAINEE #3 TO SPEAK 'ZERO' THRU 'TWELVE'

465

)24F 19 466 T3S12: INC '

0250 I 467 T3Si1v INC P1
S0751 B468 T3SIO. INC F'

0252 19 465 T3S': INC Ki

):i 1 470 " AF

0251 19 17l T3Vt INC
0255 19 472 T3S6: INC RI

0256 i 47; T3S5: INC C
"257 19 4T7 T3S4: T, "

( 1qp 475 T3M3: N, -
v'; I 476 TS: IN

2i 478 T3SO ', A.'

025C F92 41 T3SPK: MC,%2
O7F J4AF 180

482 ; : '>:KE [N' "' 'W*,. TE '

483

•I 19 48s T3S18; T41
* 2 , ~ .8 ",317, TNK"

487 T3I,: N

!)Z64 19 488 iNC I
.2 6 5 IQ 489 T3514 INC
26o L 4Q0 Nf('7 19 491 INC K

6R V 492 INC F
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ISIS-IT MCS-48/Up'-4 MACRO ASSEMELEP. V2.0 PAGE 10

LOC 0J SEQ SOURCE STATEmEnT

0269 F1 493 MOV A.@Ri

0!6A !4AF 494 TEEN31 CALL SPEAK
- 026C 2314 495 TEN3A; MOt' Aftlol0E

026E 1481 PL CALL WAIT
C'70 C66C 497 1 TE N3A
,1272 445C 498 JMF TrTF'

~499
A274 2311 500 T3I_: hr, 4.*t'1 E
A276 446A 501 imF T

502

0278 2312 503 T3S15 MOY A t)0O 0
027A 446A 504 , TEF3

505
506 ; SPEAK 'TWENTY'

507
' 7C 20 508 T3S20; MOV A.410000B

027E 14AF 509 CALL SPEAK3

0280 2313 510 T3S2A; MOV A$10118
0281 1481 511 CALL WAITi

0284 C680 51 T3LA
0286 04AF 513 jMP SF FA3

514

516
517 DECODE THE 'MOUNT IN THE ACC FOR TRAINEE ti TO SPEAK.

518
029 6426 519 T4SER4: JMP T4SERR

* 028A 6416 520 T4SFT4: JMP T4SPT
521

028C 6285 J2 DECODi: 185 STEEN4

- 028E 7435 523 CALL CACCt CONDITION THE ACC
0290 C680 524 J1 T4SP4 ; 'ERROP'

0292 '17 5r= 

I

0293 C68A 526 J TSPT4; 'POINT'
0295 07 527 DEC A0204 .C6FE r. 4 I
.. C. 528 2 T4520 ; 'TWENTY'

529

0298 FA 530 11V 40R.

0299 52F1 531 ,JE3 CAC4
0 2 9 5 2 . . r

029D 32A3 532 JF: DCj

029F 12DC 534 ,' TqS1 'ONE'

02AI 4400 535 ,JiP f4' 'ERO'
02A3 12DA 536 DICi: J10 T4S-1 'THREE'

07A5 44D8 ,hMF' ;'TWO'
02A7 32AD 538 DEC4! JBI DOC

- 01AQ 1208 539 .pf -, : 'FI1E'
02A8 4409 540 JIMP 4? * 'FOIP
OrAD 1206 541 DOC4: JB T4E2 'SVEN
OZAF 44D 542 dM-

-'. 0281 1204 543 pAC4: JBO : , Tp,

028:3 44D5 544 IMP us r&iGHT'
945

0285 72CD 546 STEENi: JE2 P:AA"
02F7 52C3 547 JE2 ;A84

B-10



~~' 0l:i E SOUPCE 1 14 ~

LcF~ 5 51 [;AC1 1.IO l 4E1 'THIRTEEN'

GH i~ 441 iiF 143 'TWELVE'

02C3C

H55c8 BAM: JE:' A4 f'IN~ :r

561 POUTINE T.~ PT ~-~4 KFE 14 TO 3FEAV( 'ZERO' THRU 'TWELVE'

1563' T1512: INC:
1, '5A TqS1ll INC T

'I56* T459O INC

LL' Tier-, INC Ri

"'560 T1571 INC Pi
:7 IQ 569 T4S6! INC

0 2D8 1~ 571" T 43 S I NC ~
03 I 71 T431: INC PI

020 1Z~ 9 72TqS3: INC
-7 TC- :INC02HB 19 j7 ~R

0291,j Fl4 T i . NC A @

0 2DE P:33 c76 T ISP KI MOV

* r7P

c 7Q'EAk K rA T ~ K'!EON

58C
-HL c:.S Ti'l? INC
DIE", 1, 582 TiSI8: INC Ri

02E7: 1 ~ 581 T43ic2o' T,3
cp c~ TN

i __1 IN r, r
-)K T'~ AC INC -

., *&~ 1 TEENq: CALL , i

593 *:ALL 4T

jv;7 T c:")!

-CQ



ISIS-II NCS-48,UPI-41 MACRO ASSEMBLER, V2.0 PAGE 2

LOC O6J SEQ SOURCE STATEMENT

603 SPEAK 'TWENTY'

02FE 2310 605 T4S20: MOV A4t10000B
O?00 1483 606 CALL SPEAK4
0302 2313 607 T4S'A: MOV A,10011B
0304 185 608 CALL WAIT4
0306 C602 60Q JZ T4S2A
0308 04B3 610 JMp SPEAK4

611
612 EiII IIII III ZIIIRIXIII xllhIIIIIZZEIIIXIIIlllllli2Z lI llllIR

613
614
615 SPEAK 'POINT'
616

030A 231A 617 TISPT: NOV AO11010B
030C 04A7 618 JMP SPEAKI
030E 231A 619 T2SPT: NOV A,11010B
0310 04AB 620 JMP SPEAK2
0312 231A 621 T3SPT: NOV AP1I010B
0314 O4AF 622 JMF SPEAK3
)116 231A 623 T4SPT: NOV A,#11010B

' 0318 046? 624 JMP SPEAK4
625
626 ; SPEAK 'ERROR'
627

031A 2318 628 TISERR: NOV A41011B
031C 04A7 629 umP SPEAKI
031E 2316 630 T2SERR NOV Ay#IOIB
0320 04AE 631 JmP SPEAK2
0322 2318 632 T3SERR: NOV A1#11011B
0324 04AF 633 JMP SPEAK3
0326 2316 634 T4SERR: MOV AO11011B
0328 04B3 635 JmP SPEAK4

636
i"637 zxzurrxxxxrxxzzxxuxz r x zHxrxurz~zrn rrgxuxzzuzzz zzzuu

638
* 022A EA50 639 DELAY: NOV R2,#050H ; DELAY SUBROUTINE, lOOMSEC PER R5 BIT

032C &BFF 640 LOOPI NOV R3,$OFFH
032E EE.ZE 641 LOOP2: DJNZ R3,LOOP2
0Y. EA2C 642 DJNZ R2.LOOPI
03)2 I, 643 DJNZ R5,DELAY
0334 9' 644 RETR

* 645r
646 ; CONDITION THE ACCUMULATOR FOR THE DECODE ROUTINE
67

0335 AA 648 CACC: MOV R2,A
0336 530F 649 ANL A,$OFH
0338 030F 650 XRL AfOFH

* 033A 93 651 RETR

652
653 ; xuxx~lzulxzzzxzlzzzxuzlunxzlzlxzxzIzzzzzxlzzzxuz~xzzlzlllzxuzulhllzlzxzx

654
,355 INTERRUPT ROUTINE TO STORE A WORD IN THE STACK
656

0 *33E; 05 657 INTER: SEL RBI

B-12
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. . I-) L- EWL - f -- '-.

. 330 72 #. 'E LO- : f't ".1 "

033F -C ,. R A

34 " F 2-

03AC. Q%4C iJK' T H ZER THEN WORC, IS 'ERROR'

' :. F F ..L '

"F. ',[ P'.. ,,FETFP

:69
0 4C FE 70 go: hl .0340 251 , JE5 TIN;

PE: G E[.±: r_ 'r O FR01M, 7 q P
., -" C _.:TER P FROM 8748~~ - .rfSTF P2C:C1F34

1353 . 74 ,?' STOF 1 E ;IB TE R I FROM R7E8

J . J55 5300 31 TORO ANL .,tI0
0257 4130E 0!L 1 0H : FODE ACC TO X00/110 TO SAY 'POINT'

0259 AE: 78Y :4
-035A 5 l £79 ,K". ,'1 FAN OFFSET FOP POINT

:z 8 MOV AF

i25F A1 682 MO F '-,
6,: _800 683 '0 F O •,AM OFF'3ET FOR LS DIGIT

036: 7A95 681J CALL JE ACC GETS '(NUMBEF',,
". 35" FA 685 MOV ,K ,

03C5 07 68£ F'ETF

2: 6 530F -99 STOP1 L ,of!-I CHEG' FOR 8748 R2=1 OR 2
036E ,o b*- 68. I T I ,

3AA 19Q £ "L -" CODE ACC TO XX Ri,\XXX
036P 01.5 JE,, >'IEi
036D FB 692 STRIA: MO) .R3
06E 53CF 4N? AlL A4fOCFP CODE ACC TO XXOO/XXXX
'737"3 9 7;'9 ': ,E CS OR NOT

-31, t' I-.t OH 30 A:S TO SAY 'ZERO'

' ... ~ , -TE FO SECOND IIT
.* . .,,' T r - . ;

.78 [ .".' STF E. . "O ' ILL. NEW VALUE GIVEN

0360*037L"E9 ' ., 3T2_'3''K t ". I- 'W" ~

.3R 4 - -. ;. .' , - .{ 'TWENTt'

038," * }"8W' :

'3 ! E :" -'. , ' ,. * . : .t ,, n 'OR 8148 R21=
_l a.- e, q 7,2r

0288 F '. . .Q. 5 .0 ' -
'  

F 749 P7
) -,I *l': fi -, I '

38C 12.r, !.( ':,:: 1 TO SAY 'TWENTI'

I ':"*O¢F -'-4 :1 * : Ai .r'n P 3~, 2713

B-13



ISIS-11 hCS-48/UPI-41 MACRO ASSEMBLERY V2.0 PACE 11

L13r 9P2 SEQ SOURCE STATEMENT

03- 5 1 CALL SUBP
33Q3 6478 714 imp STRIP

715
0395 FB '16 SUBB: Mov APR3
0396 FZA5 717; JB7 WHOAA
0398 DzAl 718 jB6 WHOBB
039A IL32E 719 NOV A,$?EH ;TRAINEE #1 H2Ff3OP31,32
039C 68 '70 SUBERT: ADD ARO: ADD IN OFFSET
0390 AS 721 moV R0tA USE AS POINTER
039E FE' 722 4DYAR3
039F AO 723 NOV QROtA STORE DATA
03A0 83 7,71 RET

728
03AI IL28 716 WHOAA: MJ OC

3A 234 30 OV A4t29H ;TRAINEE $3#'I,6~72
0309 649C 73 JF SEIR

03A7: 2324 730 WHCC OV A,$1FH TRAINEE #3 1ZO21,'627t,2
03A9 649C 731 imp SUBERT

736
.,37

738 END

USER SYMBOLS
AMASI1 0010 AMASVK2 0020 AMASK3 0040 AMASK4 0080 PAAI 0145 BAA2 0I17 BAA3 0248 SRAA4 0200D
EAB1 013E: BAB2 O1E:D E:AE3 021 BAH' 02C3 BACd 0137 BAC2 0189 BAC3 023C B404 02BF
BADI 01i1 E'AD0 0103 BAD3 02V7 BAD4 02C9 EBUSY 0092 CACC 033r LA 09 CR 0071
DACI 0129 DAC2 OIAE' DAC3 022F DAC4 0281 DAY 00C7 DECI O11F DEC2 OIAI VEC3 0225
DE'C4 32A DECODI 0104 DECOD2 0186 DECOD3 020A DECOD4 028C DELAY 032A DEV 00E5 DICI 011P
0102 0190 0103 02.21 DIC4 0203 DOCI 0125 000" 0147 DOC3 022P DOC4 0240 GETCON 003A
GETNXT 0036 ICON 0340 INA 3351 INDATA 0023 INTER 0338 LAPA 0016 LOOP! 032C LOOP2 032E
LOPO 0010 MAIN 0020 NEWLOf, 0330 R2TEEN 0381 R2TWEN 0388 RESDEL 009E RESEE 0095 RESED 0094

*RESET 0009 RESRER 045 SPEARI 0047 SPEAK2 0048 SPEAR3 OOAF SPEAK4 0083 STBRET OODE STEENI 012D
STEEN2 OlAF STEEN3 0233 STEEN4 02,85 STORO 0355 STORI 0366 STOR2 037C STRIA 0360 STRIP 0378
STROBI OODC STR082 0008 STROB3 W00 STRONi 0000 STROBE 0009 SUBB 0395 SUBBRT 039C 1180 0155
T161 0154 TISlO 0148 TISIl 01%A TI12 0149 TlSI3 016E TIS14 015F T1S15 0172i 11516 015D
rl317 0-15C TiISa 015D T1S19 015A TIS2 0153 T1S20 0176 11924 0174 T1S3 0152 T1S4 0151
TISF 0150 T1S6 014F 1157 DuiE 1188 0140 1199 0140 TISERI 0100 T1SERR 031A TISPR 0156~11PT 030A TISPTI 01021 T2S0 0107 T2S1 0106 T1S9 1 00 2S11 0T2S2S1 010 1S13 OlFO
T251i OlEl T2S15 01Fq TZS16 OlOF T2S17 OlDE 12S18 0100 T2SI9 0100 12S2 0105 1252 AlF8

'32 0204 TZS2A OlFC T193 0104 024 0103 T2S5 01 T2S6 0101 T2S7 0100 TZS '7ICF4 1259 01CE T2SER2 0182' 2SERR 031E T2SPK 0108 T2SPT 030E 12SPT2 0184 1350 025P 1351 015A
T3310 0251 13911 0250 13512 02iF 13913 0274 T3S14 0265 T3Sj5 0278 13516 02163 T3S1 ,262
T 3S18 0261 T3919 0260 1352 0259 T3S20 027C T3S24 0280 T3S3 0258 T3S4 0257 THE5 0256
T3S6 02'55 1357 0254 T3JS8 0253 T3S9 0252 T3SER3 0206 T3SERR 0322 T3SPK 0250 T3SP7 )312
T3SPT3 02108 1490 0200D T4SI 0200 14910 0203 14511l 0202 143,12 0201 140513 02F6 1M14 02E7

*r4S! 02FA T4S16 OZE5 T4S17 02E4 TiS18 02LE3 14919 02EZ Ti92 0208 1482O0O2FE T4S2A AK-2
TJS^7 0204 1454 02DQ 1455 02D8 1456 0207 T4S7 0206 T4S8 0205 M49 0204 TiSEP4 0288
JiSERR 0326 TiSPK 020E T49PT 0316 145PTq 0284 TALA 0089 TAV~ 0085 TOAI 0040 T0A2I 0058r

*TDA2 ?051' 1044 006C TEENu 0164 TEEN2 01E6 TEEN3 026A TEEN4 02EC TENlA 0166 TEN2IA OIES
T EN2A 3'260 TEN4A )2EE TRAl 004A TRA2 0056 TRA3 0060 TRAq 006A TRET 0052 4ADEL 0087
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HISIS-II MCS-48!UPI-il MACRO ASSEMBLERP V2#0 PACE 15

WAITI 079 WAIT2 007D WAIT3 0081 WAIT4 0085 WATT 0088 WAXX 0089 WHOAA 03AI WHO:E 03AI
PHflUC OJAP:

rn ASSEMBLY COMPLETEY NO ERRORS
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*ISIS-II KCS-iB/UPI-A1 MACRO ASSEMBLERY V2.0 FACE 15

WAI'1 0071 WAlTZ 007D WAIT3 0081 WAIT4 0085 WATT 0086 HAXX 0089 WHOAA 03A5 HHOE 03AI
W HOCC 03AF:

I ASSEMBLY COMPLETEY NO ERRORS
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