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INSTRUCTOR 50 PROGRAM APPLICATIONS

INTRODUCTION:

Originally intended as a separate part (Chapter 6) of the INSTRUC-
TOR 50 INTRODUCTORY MANUAL, this manual is now released as a "stand-
alone" document for use by INSTRUCTOR 50 owners. This manual pro-
vides a wealth of detailed information about the various programs
contained in the INSTRUCTOR 50 INTRODUCTORY CASSETTE. The following
outline is provided for your convenience. Use it to index quickly

to any point of interest you may desire to examine.

PAGE

INTRODUCTION TO ASSEMBLERS..... (a commentary) 2
INDEX TO THE PROGRAMS............ (ineluding file numbers) 5
INSTRUCTOR 50 USER OPERATIONS

Memory Display & Alter Mode

Memory Fast Patch Mode

Write Cassette Mode 10

Tape Recorder Level Adjust Mode 13

Read Cassette Mode 14
HOW TO USE THIS DOCUMENTATION 15
THE PROGRAMS

"BILLBOARD" 21

"DESK CLOCK" 24

"STOP WATCH" 34

"CRAPGAME" 45

"BEAT THE 0ODDS" 62

"SLOT MACHINE" 68

“TRAIN" 85

“"INSTRUCTOR 50 MUSIC THEME" 94
2650 PROGRAMMING FORM ........... (left blank for your du- 97

plication purposes)
NOTE:

As much as possible, these pages are designed with your use in
mind. There's plenty of space for your notes and observations.
Take time to study and practice the use of the INSTRUCTOR 50 and
the 2650 microprocessor which it hosts. You'll find each minute
devoted to this will valuably increase your knowledge.




INTRODUCTION TO ASSEMBLERS

COMMENTARY :

When we entered information in the coding forms for examples provi-
ded in Chapter 5, we first wrote each program in MNEMONIC form.
The MNEMONIC representation of a program is called assembly lan-
quage. Each instruction written in ASSEMBLY LANGUAGE has a corres-
ponding HEXADECIMAL CODE which can be executed by the INSTRUCTOR
50. However, it is much easier for us as humans to interpret in-
structions written in assembly language rather than in hexadecimal
code. Hexadecimal (HEX) code, with each digit representing 4 bits,
is also known as MACHINE LANGUAGE. Once a program has been written
in assembly language, it is a straight-forward task to translate
it into machine language.

This translation task can be accomplished by a computer program.
Such a program is called an ASSEMBLER PROGRAM. The purpose of the
assembler program is to take information appearing on the right side
of the cobpine FOrRM and translate it into information for the left
side of the coding form. The ASSEMBLER PROGRAM then produces a
PRINTOUT which is similar to the coding form filled out in its en-
tirety. This printout is called a LisTiNG of the program.

The 1istings for all of the programs recorded on the INSTRUCTOR 50
INTRODUCTORY CASSETTE are contained in the remainder of this chap-
ter. Two of the listings are printouts from an assembler program
run on the "TWIN", a Signetics SOFTWARE DEVELOPMENT SYSTEM. The
other listings were HANDcODED and then reproduced on the Signetics
2650 PROGRAMMING FORM.

The information which appears on the right-hand side of the coding
form is called source cobe . Simply, source code is information
which the assembler (or HANDCODING programmer) must have in order

to generate MACHINE LANGUAGE code. The HEx-coDeEs for the instruc-
tions which are generated by the assembler are known also as OBJECT
cobes. After all, generation of valid machine Tanguage code is the
oBJECT of the assembler.

Before the assembler can produce object code, it must be provided
certain key information in addition to that appearing in the right
hand columns of the coding form. This information is provided in

the form of DIRECTIVES. For example, if you wish the start address
for a routine to be at location H'100' in memory, you would input

the directive ROUT ORG H'100' to the assembler. "ROUT", in the coding
form's LaBeL field, defines the name of the routine. It could be any
combination of letters and numbers. "ORG", in the coding form's
orcope field, directs the assembler to recognize this as a speci-

fic start address; a PROGRAM ORIGIN!! "H'100'", in the operaND field,
defines the memory address. The ORG statement is not translated in-
to oBJUECT cobeE by the assembler. For this reason, it and other assem-
bler directives are also called "PSEUDO OP"s.

There are several other assembler directives which are used in pre-
paring source code for the assembler's use, These include the EQUate
and REServe statements. EQU directs the assembler to assign a specific

aDa



INTRODUCTION TO ASSEMBLERS ¢conTiNueD)

COMMENTARY: (CONTINUED)

numeric (hex code) value to a symbolic label. Once defined, the la-
bel will be translated by the assembler toits hex code equivalent
each time it is encountered in the source code. RES directs the
assembler to REServe 1 or more memory locations for some specific
function defined in the LABEL field.

When writing programs for the assembler, it is very useful to in-
sert cCoMMENTs before or after various blocks of source code. The
asterisk symbol (*) is used to define a line of source code as a
comment. Upon detecting an asterisk, the assembler makes no attempt
to translate succeeding source code on the same line into object
code.

In operation, the assembler sequentially scANs the mnemonic code

you have written for each instruction. It generates the hex-code

for each instruction, storing these codes in its memory. In some
cases, such as in translating BRANCH instructions, the complete hexa-
decimal code for the instruction may be unknown. For example, assume
that a BCTA (Branch on Condition True - Absolute addressed) instruc-
tion is encountered in line 40 of a listing. Further, that the
branch lTocation (in memory) is not defined until the assembler en-
counters line 65. During the FIRST PAss, the assembler will "save"
enough memory for eventual storage of the destination address, in
this case, 2 bytes. Eventually, the address label, in line 65, is de-
fined; the assembler saves this information in a data table of its
own. Then, during a SECOND PASS, the assemuoler scans this table for
missing addresses, inserting them into the saved memory locations

as required. After the assembler's second pass is complete, it will
generate, on command, a PRINTOUT of the entire listing, including
all directives, source code, object code, and its own label tables.

NOTES:
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The following chart specifies designated file number(s), and a

INTRODUCTORY CASSETTE PROGRAM FILES

short description of each program digitally recorded on the INS-
TRUCTOR 50 INTRODUCTORY CASSETTE tape. Details and variations of

each program are provided Tater in this chapter. The first page
of each program's documentation is identified immediately below
its name in the table below.

PROGRAM

FILE

DESCRIPTION

BILLBOARD

=2 1=

BILLBOARD provides a capability of viewing
any user-defined message in the Hex dis-
play. Message length is programmable to a
maximum of 254 characters. The entire mes-
sage moves from right to left across the
display, and repeats automatically.

DESKCLOCK

—-24—

Using your local AC line frequency as a time
source, DESKCLOCK transforms the INSTRUCTOR
50 into a 4-function desk clock. The program
permits the user to preset hours, minutes,
seconds, and a unique AM/PM indication, then
to start the clock, all from the keyboards.

STOPWATCH

Accurate to within 1/10th of a second, STOP-
WATCH extends the INSTRUCTOR 50's capability
to act as an event or elapsed time counter.
Fully programmable, STOPWATCH permits its
user to "freeze" (and display as well) up to
4 separate times while it is running, all
without any alteration of its accuracy.

CRAPGAME

4A

Programmed to conform to a modified set of
Nevada Casino Pass Line rules, CRAPGAME may

be played by the single user or by several
players as well. Following the user's "buy

into the game" and "bet", the "dice are rol-
led". After the roll, the program determines
whether the player has won, lost, or must roll
again. Winnings (and losses) are added to (sub-
tracted from) the player's current chips auto-
matically.

BEAT THE 0DDS

VERSION 2
_62_.

BEAT THE ODDS 1is a numbers game in which one
or more players bet against the odds of a spe-
cific hex-digit pair or binary pattern being
generated by the INSTRUCTOR 50. A convenient
0DDS TABLE diagram is provided in the documen-
tation aggociated with this program.

SLOTMACHINE

6A

SLOTMACHINE features 3 independently rotated
"image wheels". After the wheels stop, the
program tells the player whether he lost, or
if he won. For winning combinations, the IN-
STRUCTOR 50 calculates and displays the odds
for payoff by "the House", and goes absolute-
1y berserk when the player "hits the JACKPOT!"

TRAIN

While executing program TRAIN, the operator
may select any 1 of 16 different "train" cha-
racter sequences for display in the "SWITCH-
YARD. Further, he may run the selected train
forwards or backwards at any 1 O0f 7 speeds.

INSTRUCTOR
50 MUSIC

THEME

The music you heard on the Introductory Tape
was generated by this program as executed by
the INSTRUCTOR 50. You may create your own
tunes, simply by modifying the pitch and du-
ration data tables associated with INSTRUCTOR
50 MUSIC THEME.




MEMORY DISPLAY & ALTER MODE

INTRODUCTION:

There will be many times when you'll want to alter or display the
contents of specific memory locations. In running the programs sup-
plied in this chapter, you'll have occasion to change the display
time of various messages. In other words, you'll want to "tailor"
each program to your acceptance level. When you write your own rou-
tines and programs , you'll also debug them by changing the value
of a byte, altering memory as required by your application's soft-
ware. You'll use MEMORY DISPLAY & ALTER mode to accomplish these
changes, in addition to other deletions, additions, and substitu-
tions your program requires. You'll also employ this mode to VERIFY
the contents of memory you may load in FAST PATCH mode.

PROCEDURE :
s Depress MON, MEM, and....... to define the specific address of the
1 to 4 HEX keys. byte of interest. The selected address
ts displayed, and may be changed until
you depress ENT/NXT.

2. Depress ENT/NXT ....ccvevnvn.... to set the desired address. The INSTRUC-
TOR 50 responds by displaying the cur-
rent data contained in the selected me-
mory address.

H ok % 3k 3k sk sk ok ok sk ok sk ok ok sk 3k sk sk ke ok 3k 3k 3k ok 3k ok ok 3k sk sk ok sk ok ok ok ok ok ok Xk
E NOTE : %

s
¥ AT THIS POINT, YOU MAY EXERCISE ANY ¥
¥ OF THE FOLLOWING OPTIONS, DEPENDENT %
¥ UPON YOUR REQUIREMENTS. i
:***************************************:

3A. Depress ENT/NXT ....ceveinnn.. To INCREMENT the selected address to

the next memory location, with NO DATA
CHANGE to the current address's contents.

USE THIS OPTION TO VERIFY MEMORY CON-
TENTS WITHOUT CHANGE.

3B. Depress 1 HEX key and ...oess to change the selected byte's least sig-

ENT/NXT. nificant digit (bits 3-§). The most sig-
nificant digit is ZEROED.

3C. Depress 2 HEX keys and...... to alter the entire contents of the se-

ENT/NXT. lected memory location. Current data is

SET and the address is INCREMENTED
when you depress ENT/NXT.



MEMORY DISPLAY & ALTER MOD
CONTINUE

EXAMPLE:

E
D

In routine "DISMES" (below), the display time of messages included
in program "CRAPGAME" 1is controlled by data contained in location
H'@13D"' of memory. The value may be varied between H'0Ol' and H'OA',
to provide message display times equal to 0.25 and 2.5 seconds res-

pectively (in 0.25 second increments).

Modify the contents of location H'013D' as you wish in order to

provide a desired message display time:

[ROUTINE DISMES  |[START ADDR 13a | [PART OF PROGRAM cpapcaME ][ 26
IDESCR'PHON 'DISMES CONTROLS ACCESS AND DISPLAY TIME CF 8 MESSAC
TED IN SMI MEMORY: LOCATIONS '1780' TO'178E
LINE ADDRS - D;;A Ez! LABEL mg:‘ﬂol.l( lNSTRUCT]D:
& ON ENTR
ﬁ l 3 C 0 5 ‘\__-., g13A[CA|7B DISMES | STRR,R2|>MESLOC-1 INDEX TE
6 cl05702) LODI,R1[2 NOW SET
7 | 13e[co |79 REPEATM | STRR,R1|RUNDSPX oUT £ ST
s | 140]cB|76 DSPAGN | STRR,R3|DSPLDLY STATIC/T
| DEPPRBEE BT o inwwwsi omnwnvesinme «To execute the program: "CRAPGAME".
. Depress MUN cosesnn vossnsnnnass To stop CRAPGAME's operation after a
few message sequences have been dis-
played.
3. Depress MEM, 1, 3, Dy sos.vus to select, then set the address of the
and ENT/NXT. desired byte. The message:
"013d. 02" <s displayed.
4. Depress "4"; and secssnsmeanas to DOUBLE the display time of "CRAP-
ENT/NXT. GAME"'s messages.
5. Repeat steps 1 through...... keying in different values for location
4. H'013D', until the value which repre-

sents your desired display time is
stored in memory.

s s s s e e e st sk ok ks s stk ok KRR KRR R ROR ORORORR R R ok R R R R R s ok R Ok
_NOTE:

YOU'LL BE ABLE TO PERFORM THE ABOVE PROCEDURE
AFTER YOU HAVE LOADED PROGRAM 'CRAPGAME' INTO
THE INSTRUCTOR 50'S MEMORY, EITHER FROM TAPE
OR IN FAST PATCH MODE.

sk 3 sk sk sk 3k 3k ok ok sl 3k sk 3k sk sk sk sk ok e s s ok o ke ksl ok s sk s ke sk Sk Sk sk sk sk sk ke sk sk dk ko ke sk ok kok

36 36 36 3 3 3 3 36 3 3 3K
3 3 36 3 36 3 6 I 36 3 K¢

NOTES:
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INTRODUCTION:

MEMORY FAST PATCH OPERATIONS

Within the listings contained in this chapter, there are many va-
riations to each application, which may be accomplished by chan-
ging the contents of a BLOCK of CONTROL PROGRAM memory. You'll
use MEMORY FAST PATCH, one of several INSTRUCTOR 50 operational
modes, to load and modify these blocks of memory. FAST PATCH is
also employed in restoring smaller blocks of memory, such as
8-byte messages, to their original data values. This is illustra-
ted in the example on the opposite page.

PROCEDURE:

1.

(1)

(2)

Ak

Depress MON, REG, and "F"

Depress
keys

1,

2

> 3,

Depress ENT/NXT

or 4 HEX e

Depress TWO Hex keys for.......
each byte of data to be
loaded into memory.

3 3 36 3 36 3 363 3 336 3 I ¢

MODE,
KEY AN UNDESIRED VALUE,
THE FOLLOWING KEY SEQUENCES, DEPENDING
ON THE CURRENT HEX DISPLAY READOUT.

sk ok ok ok ok ok sk ok ok ok ok ok sk ok ok ok ok ok ok ok sk ok ok sk ok ok ok ok ok ok sk ok 3k ok ok ok ok ok ok sk ok ok ok

Depress REG,'F',

Depress
1l to 4 H
ENT/NXT.

REG

X

K

eys,

LR EEEE RS EESEEESEEEEEEEEEEREEEESRERSEEEESEEEEESS

NOTE ;

WHILE YOU ARE KEYING DATA IN FAST PATCH
NO DATA CHANGE IS POSSIBLE. IF YOU

ENT/NXT ......

To enter MEMORY FAST PATCH mode. The
message:
"Ad. = " is displayed.

To select the address of the 1lst byte
you'll be loading into this memory
block.

to set the address you just keyed in.
The message:
" XXXX " is displayed.**

Start with the data contained in the
selected start address. As each memo-
ry location is loaded, the displayed
address will be INCREMENTED by 1. Re-
peat Step 4 until the entire block
of specified memory is loaded.

EXECUTE ONE OF

3 3 36 3 3 33 36 3 3 3 3 e 3t

1f the address of the data error is
still displayed. The INSTRUCTOR 50
will display the message:
" XXXX " where 'XXXX' is the
address of the byte
requiring change

for the desired address of the byte-
-in-error, 1if the desired address is
no longer displayed.

'XXXX'" REPRESENTS THE ADDRESS YOU KEYED IN STEP 2.



MEMORY FAST PATCH OPERATIONS
CONTINUED

Then, key in the desired data as defined in step 4.

5. Depress ENT/NXT ...iviieinnnnnnn. To terminate FAST PATCH mode.

EXAMPLE:

CHANGE DATA AS SHOWN IN THE LISTING (BELOW)...TO THESE VALUES:

| (—
LINE | ADDRS e 52 LABEL - EEN] ADORS DBl B2 HABEL cpcove
8 | 993895 [EO |80 | [SWYARD RES 8 | 9938|197 102 |06 | [SWYARD RES
9 Bl92 |EE |95 D 9 B |05 |00 |97
10 E |97 |97 10 E|12 |10
1 Depress REG, F, 3, 8, ENT/NXT....... Start address s H'0038'.

2, Depress HEX keys:
9 7 0 2 0 & 0 5-0 0 9 7 1 2 1 0

3. Depress ENT/NXT

NOTES:



WRITE CASSETTE OPERATIONS

INTRODUCTION:

As you become more and more proficient in the art of writing pro-
grams for the INSTRUCTOR 50, you'll want to save them for future
recall on tape. Once your program is stored on tape, you need
only to perform the easy READ CASSETTE operational procedure to
reload the INSTRUCTOR 50's memory. It is particularly useful to
store "programs in process" as a means of recalling their his-
torical content during debug. Many programmers also store speci-
fic routines or program segments. If a subsequent application re-
quires use of one or more of these segments, each is easily re-
called, then located as desired in the new application's program.
Much time is saved, since you need not manually key in the desired
routine.

Your selection of recording tape is very important. A1l tape has
imperfections in its magnetic surfaces. For the music buff, this
makes little difference; he'll probably never detect the inter-
mittant blemish. The INSTRUCTOR 50, 1ike all other digital data
machines, will detect imperfect recording as a LOSS OF ONE OR

MORE BITS OF DATA. This results in an ERROR display on the INSTRUC-
TOR 50. To minimize data Toss problems, use good quality low-noise
tape. Also, record a safety copy of each of your programs. When
purchasing blank tape cassettes, select those which are biased for
your recorder's operation. We recommend use of short-time tapes
(e.g.: C-30, or C-45 cassettes) in order to minimize "hunt time"
dur1ng your file searches. NOTE: SHORT-TIME TAPES ARE MANUFACTURED WITH A
THICKER BASE, THUS, THEY ARE STRONGER AND LESS SUBJECT TO MAGNETIC "PRINT-THROUGH".
Before recording an actual file on tape, we recommend that you
vocalize a brief introduction to it. The introduction should in-
clude:

= the desired File number

® the name of the program or routine

¥ lower and upper memory addresses of the memory
block to be stored as a file.

w the start address for program execution, espe-

cially if it is not address '0000'.

The introduction will probably require no more than 20 seconds

of tape, and serves as a convenient "leader" between recorded seg-
ments of digital data. It is useful as well to keep a written re-
cord of the files stored on tape. In addition to the information
contained in the verbal file leader, you may wish to include a

few notes regarding INSTRUCTOR 50 control switch settings or other
operator activities. If your recorder is equipped with a TAPE COUN-
TER, identify the approximate count (from 000) where each file is
contained on tape. You'll simplify your file search operations la-
ter.

Finally, insure that your recorder's tapeheads and mechanical com-
ponents are CLEAN, lubricated, and cperate smoothly. The operations
booklet for your recorder tells exactly what's necessary.

-10-



WRITE CASSETTE OPERATIONS

PROCEDURE:

1.

10.

ACTIVITY

Install the cassette in your re-
corder, and vocalize the intro-
duction to the next file.

Connect the audio cable between
the INSTRUCTOR 50's MIC jack &
the MICrophone input to your
recorder.

Depress MON and WCAS ...cowsvsusa

Depress 1, 2, 3, or 4 HEX keys
to define the LOWER address of
the memory block to be stored

on tape.

Depress ENT/NXKT cisswvovonnnonnss

Depress 1, 2, 3, or 4 HEX keys

Depress ERT/NAT .ccsscnscamsnumns

Depress 1, 2, 3, Or 4 HEX keys

Peipgfese ENT/HNET cevcansiwsvnwmsnn

Depress 1 or 2 HEX kEBYS sxwssvwes

CONTINUED

COMMENTARY

Page 6-10 provides a short
list of items you may wish to
include in your introduction.

Do not use your recorder's
"AUX" or "LINE" input unless
your recorder's MIC input
overloads or distorts.

To enter "WRITE CASSETTE mode.
The message:

"LAd = " is dis-

played.

"LAd = XXXX" where 'x'
18 the val-
ue of each
hex key.

Display:

to set the lower address. The
MELRAGE:  wpyd = " is dis-
played.

to define the UPPER address of
the memory block to be stored.
The message:

"UAD = XXXX" is displayed
where 'x' is the
value of each
hex key.

to set the upper address. The
message:
"SAd = " is displayed.

to define the program execution
start address of the memory
block represented by this file.
Display:

"sdd = XXXX".

to set the start address. The
message:
g = " 18 displayed.

to define the file number of
the memory block to be stored.
Display:

uF = XX ",

'xx' = file number.

=11



WRITE CASSETTE OPERATIONS
CONTINUED

PROCEDURE: (CONTINUED)

11 Depress ENT/NXT and immedi-....... You have about 6 seconds to do this,
ately place your recorder after which your program's digital
in RECORD mode. data transfer to tape is initiated.

The Extended I/0 LEDs flash for the
duration of the transfer.

12. STOP your recoOrder...c.ssaisssssssas when the message "HELLO" is display-
ed. "HELLO" indicates that the data
transfer is completed.

If an additional file is to be stored on tape, repeat step 1, and
steps 3 through 12. At your option, record a "SAFETY COPY" of each
file stored on tape. In your verbal introduction, mention the file
number, and the fact that this is a safety copy.

NOTES:

«1?=



TAPE RECORDER LEVEL ADJUST

INTRODUCTION:

The following procedure is provided as a practical means of cali-
brating your tape recorder's output level (volume) and tone con-

trols for loading digital data from tape to the INSTRUCTOR 50.

By following this practical procedure, you'll achieve a very high
rate of success in subsequent program recall.

1s

Ensure that your recorder's tapeheads, capstan, pinch
roller, and other mechanical assemblies are clean and
operate smoothly. Your recorder's Operations Booklet
will inform you of the proper sequence you must follow.

Use your recorder's FAST FORWARD or REVERSE controls
to position the desired source program file over the
playback head. You can do this with the volume control
reduced for comfortable Tistening Tevel.

Connect an audio cable between the INSTRUCTOR 50's
PHONE jack, and your recorder's PHONE or MONITOR jack.

Set your recorder's TONE control (if present) in the
high TREBLE range. Set the BASS tone control (if pre-
sent) to its most attenuated value.

On the INSTRUCTOR 50, depress MON, REG, and 'A’'.
The Hex display will go blank.

Start your recorder in PLAYBACK mode. Then adjust its
output volume control for higher output. The INSTRUCTOR
50's Hex display:

% will be blank

B will display a 'U' IN SEQUENCE AS YOU
- will display a '-' (dash) INCREASE VOLUME

® will display a 'd'

As soon as the 'd' is displayed, DECREASE volume until
the '-' (dash) reappears in the display. Do not adjust
the volume control further.

Alternately REWIND the tape for a few turns, and PLAY-
BACK for a few seconds. During playback, the "dash"
will reappear in the display until you have rewound
the tape to the start of the desired program's data.
Ignore display indications during the short rewind
operations. When the "dash" no longer appears in the
display, stop the recorder, and go right on to perform
the READ CASSETTE procedure.

NOTE: PERFORMANCE OF STEP 8 ELIMINATES ANY
NEED TO LISTEN FOR THE START OF DIGITAL
DATA ONCE THE LEVEL IS ADJUSTED. IN ITS
OWN WAY THE INSTRUCTOR 50 DOES THIS FOR

YOU.
<48



READ CASSETTE OPERATIONS

INTRODUCTION:

You'll use this procedure over and over again as you play back
digital programs from the Introductory cassette, or from your
own program "library" into the INSTRUCTOR 50.

NOTE: NO MAGNETIC RECORDING TAPE IS MANUFAC-
TURED PERFECTLY. DESPITE STRINGENT PRO-
CESSES, THE TAPE'S ABILITY TO STORE DATA
EVENLY MAY VARY BECAUSE OF THE TAPE'S
OWN MAGNETIC STRENGTH CHARACTERISTICS.

FOR THIS REASON, YOU'LL FIND THAT IT IS
YOUR ADVANTAGE TO PERFORM THE TAPE RECOR-
DER LEVEL ADJUST SEQUENCE EACH TIME BEFORE
SEQUENCING ANY READ CASSETTE OPERATION.

PROCEDURE:

3 VERIFY THE FOLLOWING:

(a) The audio cable is connected between your recorder's
PHONE or MONITOR jack, and the INSTRUCTOR 50's PHONE
input jack.

(b) Your recorder's VOLUME (Output Level) and TONE con-
trols are properly calibrated.

(c) Your recorder's PLAYBACK head is properly positioned
over the start of the desired file's digital data.

O DEPRESS THE FOLLOWING KEYS ON THE INSTRUCTOR 50:
MON, RCAS, to identify the desired file you
1 or 2 He® keY¥8: «evsvssssnansens wish to load from tape into the
ENT/NXT. INSTRUCTOR 50's memory.
ENT/NXT initiates the file search.
3. START YOUR RECORDER ::s.swusnmwmsss After 5 seconds, the Parallel I/0
IN "PLAYBACK" MODE. LEDs will flash to indicate that your

program is entering the INSTRUCTOR
50's memory.
NOTE: THE I/0 MODE SELECTION SWITCH MUST BE IN THE

'EXTENDED I/0 PORT 07' POSITION FOR YOU TO

VIEW THE I/0 LEDS.

4. STOP YOUR RECORDER WHEN THE INSTRUCTOR 50 DISPLAYS: "HELLO".

When the INSTRUCTOR 50 displays the messagge: "HELLO",
the memory load from tape is complete. Stop (and store
your recorder, and execute the desired program. If the
program ig contained in 2 files, repeat steps 1 through
4 (above). Do NOT change the volume or tone control
settings on your recorder.

w1 8=



spets HOW TO USE THIS DOCUMENTATION sfesfs

Documentation which defines any microprocessor-controlled appli-
cation is every bit as important as the software and hardware
which together provide realization of the application. At first
glance, good technical documentation can be rather intimidating
in its complexity, especially to the novice.

There are as many different formats for preparing documentation
as there are application engineers and software specialists. Two
essential formats are illustrated. The first, illustrated by
programs "BILLBOARD" and "INSTRUCTOR 50 MUSIC THEME", is gene-
rated by a SOFTWARE DEVELOPMENT SYSTEM manufactured by Signetics
Corporation. Typically, this method supports its application

with a few terse comments and flowcharts which summarize the pro-
gram sequence.

DOCUMENTATION FOR
OTHER APPLICATIONS

CRAPGAME

A BRIEF TECHNICAL DISCUSSION
OF KEY PROGRAM HIGHLIGHTS

+
~—

USER INTERACTIONS WITH THE
INSTRUCTOR 50 DURING PRO-
GRAM EXECUTION

USER OPERATION .

i
USER OPERATIONS PERFORMED _ ] -
BEFORE EXECUTION OF THE N—;-ussn OPERATION SETUP JRAIL
PROGRAM TRAIN
INTRODUCTION :
oot e i Sy g
-l e G, e 2R i el SAA N
- el .
A BRIEF DESCRIPTION OF THE I
PROGRAMMED APPLICATION e e ks ekl

ey
NECESSARY USER INFORMATION -
1S PROVIDED IN THE JOP HALF
OF EACH DOCUMENTATION PAGE.
L\
THE LISTING IS ALWAYS >LCDNSECUTIVE_Y
INCLUDED AT THE BOTTOM NUMBERED LISTING SHEETS
OF EACH DOCUMENTATION COMPRISE THE TOTAL APPLI-
PAGE. 1S CONSECUTIVELY CATION'S PROGRAM

NUMBERED WITHOUT REGARD
TO USER INFORMATION CON-
TAINED IN THE TOP HALF
OF EACH DOCUMENT PAGE.

=18



HOW TO USE THIS DOCUMFNTATION ¢conTINuED)

The second method, although more complex, is particularly useful
when you are preparing the software and user-interactive parts of
an application without the assistance of an ASSEMBLER or other
software development system. To reduce its complexity, this for-
mat is diagrammed in these 6 pages. Practical use and flexibility
of the format are then provided in the descriptions of the TIME
and GAMES applications found later in this chapter.

AN OVERALL DESCRIP- THE TITLE OF EACH

TION OF THE APPLI- PROGRAMMED APPL I—

?QTTI'SE %ﬁTéggbCQEIEBN " CATION IS HIGHLIGHT-
ED AT THE TOP-RIGHT

OF EACH PAGE.

TRAIN
INTRODUCTION: (CONTINUED)
the RST key is depressed. If a change of 'consists' is required,

the operator will toggle the appropriate I/0 input swiches to
select the desired consist and running speed, depress RST, and

SET-UP OPERATIONS then depress INT in that order!!!!. If no consist change is
ARE TYPICALLY FOUND i necessary, the operator merely selects a running speed, and de-

JUST AFTER THE IN- i presses RST.

TRODUCTION. PERFORM If the train is operating at one of its running speeds, the con-
THESE BEFORE EXECUTING\ sist may be changed as described in the first paragraph of this

THE PROGRAM. introduction.

USER OPERATION - SET UP:

CONTROL SWITCHES ARE After loading program “"TRAIN" into the INSTRUCTOR 50's memory,
PREPOSITIONED IN LINE the switches should be positioned as follows:
WITH APPLICATION & S~ .
N A SEGUIREMENTS. \ 1/0 Mode Selection Switch EXTENDED 1/0 PORT p7
Realtime/Keyboard Interrupt
Selection Slide Switch KEYBOARD a
i Interrupt Toggle Switch INDIRECT (address)
IN CERTAIN APPLICATIONS, | Parallel I/0 Input Switches SEE DEFINITION ON NEXT
THE 1/0 SWITCHES PROVIDE | FESEREET N SRR
2 OR MORE FUNCTIONS. WHEN

THIS IS THE CASE, YOU ARE >
THE ROUTINE AS SHOWN |[START ADDR XXXX |[PART OF PROGRAM TRAIN 2650 PROGRAMMING FORM
LI W e SR IDESCN’"W IFTJYL ANSFERS r—';]ti TRAIN MOTION, ALSO DIREJC[TXDN IDENT SHEET :
ITIONS MAY BE FOUND- RNE TR - 2]
Line [ aoos | o) P14 o | Lased !:gs"'°L"T"i'_"-°7'°" COMMENT |
1 | 8926]0D |60 |3F | [REPEAT2 | LODA,RO| TEMP-1,R1 SHIFTING 1 BYTE LEFT (FWD) |
THE PROGRAM LISTING 2 slcol4a0]37 STRA,RO| SWYARD-1,R1,- ||DONE? NO. FINISHZ VES.
. cls9(78 BRNR,R1| REPEATZ MOVE MS BYTE TEMP 10
IS ALWAYS LOCATED IN . 2E[08[10 LODR,R0| TEMP LS BYTE OF SWYARD, THEN
THE LOWER HALF OF EACH s 3p{cs oD STRR,RO| SWYARD+7 GO BACK /.
PAGE. s 2l184c BCTR,UN| DISPLAY AND DI1SPLA THE RESULT.
T
s | 8238/ 970206 | [SWYARD | RES 8 SWITCHYARD 1S AN B-BYTE
’ B]05[00]97 7_? TABLE/FOR_CURRENT TRAIN
= 3E[12]10_—H OR1Z. ENTRY MESSAGE 1S:
k T 2650 P
FORMAT FOR A TYF’ICAL/ I Bo4o] xx [ xx|xx| [TEMP RES 8 IS TEMPORARY STORAGE
1] e 13 3§ XX | XX | XX /| FOR TRAINS BEING MOTION
8-BYTE MESSAGE. 'RES 1e 6] xx|xx / || -SHIFTED (LEFT OR RIGHT)
IN THE OPCODE FIELD s
DEFINES A MEMORY ¢ | @@w8|B4 B0 CHKSENS 'rpig DsgLNs 7 TEST Fm)ni\éingeaéssggenm
1 Al18]04 BCTR,EQ ay 7 KEY DOWN :
BLOCK RESERVATION. 1 cl7440 cPSU FLAG /. DUT. IT WAS NOT. CLR FLAG
D 4E| 1B 48 BCTR,UN| ROLLGR LED, AND EXIT TO ROLLON.
20 58|08 7E DELAY | BIRR,RO| $ SET 1 MSEC DELAY & CHK IF
21 2] B4 |80 TPSU S SENS KEY DELIB. DEPR.
22 4] 98 42 BCFR,EQ LON IT WASN'T. GO FORWARD. |
23 6]l 76|40 REVERSE | PPSU FLAG IT WAS. SET THE FLAG LED,
\[= FEIS) stz /| rR1 AND SET CONST'S TD REVERSE
/ PAGE 2

7
THE SHEET NUMBER COR-
=16~ RESPONDS TO THE APPLI-
CATION'S DOCUMENTATION
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NOTES:

LR R R R R R R R R R R R R R R R R R Y

PROGRAMMING NOTE

On some of the listing pages for the various
programs, you'll find that NOT all sequential
memory locations are programmed. If you use
the INSTRUCTOR 50's FAST PATCH or MEMORY DIS-
PLAY & ALTER modes to Toad user storage from
the 1listing, PROGRAM "FILLER CODES"; H'@P', in
undefined addresses.

e e sje s o S oo e e ok ofe 3¢ afeole e sfe dfeofe dfe e dfesle esie
356 3 3je 3 3je 3 o ofe ofe e e o dfe e e sje sfe dfe e e e e sfe e

e N R NN NN NN NN R IR RRRHIERIRERFRRER

TRAIN

; USER OPERATION (CONTINUED)
i

Parallel 1/0 Input Switches:

N AL FDR_L/Th 8 Paralle] 1/0 input switch ition-defined
1/0 SWITCH POSITIONING — The 8 Paralle PR SRS TR SBECLiDi-a¥tige
i ity | int 2 fields as shown in the following diagram:

7_6 5 4 3 2 1 g

NOT :

Soy|  seeep CONSIST 1D
& -2 1 B 4 oz

— SEE TABLE ON NEXT PAGE

4

#
. 7 10 MPH 6 5 4
DIAGRAMS ARE USED 5 BT e
TO CLARIFY COMPLEX 4 19 » %
OPERATIONS. ! 3 27 w T
! 2 40 "
1 80 " 4
[} STOPPED  ALL OFF
IN CURRENT
POSITION,
«+ Toggle speed switches 6, 5, and 4 ON = Speed 7. ®«
SPECIFIC DIRECTIONS /%s SHOWN | [START ADDR xxx | [PART OF PROGRAM TRAIN ][ 2650 PROGRAMMING FORM
FOR INITIALIZING THE P e INT RrERNTER oBROTR:  RENERSER e TRRR VALSR S10BL. | il
I/O SWITCFES ARE LINE | ADDRS DATA LABEL SYMBOL1C INSTRUCTION oGt
PROVIDED. ~Teessfor Fo TODT.RIT RO oo [DTRECTION. NOW MOVE SWYARD |
2 SB [oD [60 [38 | [LOOP1 LODA,RO | SWYARD,R1 TO TEMP; THIS TIME WITH A |
3 SE |CD |20 |40 STRA,RO | TEMP,R1,+ RIGHT BYTE-SHIFT. 7 BYTES |
. 61]DB 78 BIRR,R3| LOOP1 MOVED? NO. FINISH. YES!!!
s 3108 [5A LODR,RO | SWYARD+7 MOVE LS SWITCHYARD INTO R, L




NOTES:

USER SET-UP PROCEDURES
ARE FOLLOWED BY PRECISE
DEFINITION OF USER ACTI-
VITY WHEN THE PROGRAM IS

EXECUTED.

\ SHORT DESCRIPTION OF = |

"HE PROGRAM'S KEY HIGH-
_IGHTS FOLLOWS THE USER
JPERATIONS SEQUENCE. THESE
REMARKS SUPPLEMENT THOSE
ROVIDED IN THE 'COMMENT'
"IELD OF THE LISTING. EACH
{IGHLIGHT TYPICALLY DEMON-
STRATES SOME UNIQUE TECHNIC
OINT IN SOFTWARE USE.

18-
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AL

USER OPERATION: (CONTINUED)

THE PROGRAM:

There are 2 major points of interest in program "TRAIN"; these
include:

*
*

55

Forward and Reverse Motion Control, and
Selection & Transfer of the desired Consist into the
Switchyard.

FORWARD AND REVERSE MOTION:

TRAIN

Depress RST If the train consist is stopped.

NOTE: TURN ON AT LEAST QONE OF THE SPEED CON-
TROL SWITCHES PRIOR TO DEPRESSING THE

RST KEY.
Toggle input switches To select any other consist.
3, 2; 1; oF f Try them all, at different speeds.
Depress INT to move the selected consist in-

to the switchyard.

Refer to the diagram on the next page, also to the highlights
pointed out in the Listing. The description is provided on
sheet 8.

[rouTINE CONTINT

] [sTART ADDR @182 | [PART OF PROGRAM TRAIN ][ 2650 PROGRAMMING FORY |

ID“C“'"“ CONTINUATION OF THE INTERRUPT SERVICE ROUTINE. ]E'm 6 j
uine | apors | . PATA 2| LABEL WCQSYE“OLK_ES'RIUE-ECE”:: COMMENT
1 | B1o2]13 CONTINT [ SPSL SAVE THE LOWER PSL AT LOC'N
2 1jcc 17 [94 STRA,RO [SAVEREG+4 "1794"'; AND UPPER PSW AT
3 4]12 SPSU LOC'N '1795'
s sjccli17]9s STRA,RO [SAVEREG+5
s 8|75 [08 CPSL WC CLR WC BIT, THEN READ UP
0 Alss |07 REDE ,RO| PORT?7 MANUAL CONTROL & ISOLATE
7 Cj4s |OF ANDI ,RO[ H'OF' THE CONSIST I1.D.. NOW, MUL—
0 E|DO RRL RO TIPLY THE 1.D. BY 8 TO GET
9 18F [ DO RRL RO AN B8-BYTE INDEX
10 118{D0 RRL RO THEN RESTORE THE WC BIT
11 1}77 |08 PPSL wC ®) USE.
12
13 CONADDR | ACON H'1782"'
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NOTES:

PROGRAM HIGHLIGHTS OF COMPLEX
NATURE ARE SUPPORTED BY DIA-
GRAMS AND OTHER USEFUL TABLES
TO MAKE THE LEARNING PROCESS
EASIER. YOU ARE URGED TO USE
THESE DIAGRAMS WHILE TRACING
THE FLOW OF THE PROGRAM IN
THE LISTING. BY DOING THIS,
YOU'LL 'SEE' PROGRAM EXECU-
TION AS THE COMPUTER DOES..

AN

l THE _PROGRAM: (CONTINUED)
|
1

TRAIN

DIAGRAM
, *SWYRDINT*; CONSIST SELECTION, TRANSFER, AND FORWARD/REVERSE MOTIOK

i Xl*lllo = *CONADDR (LOW ORDER) IN LOC ‘1783°
5 e °CONADDR (HI ORDER) [N LOC '1782° = 00
i “CONADDR* (R1)INDEX 8 TIMES TO EXTRACT CONSIST CINSTRUCTOR® WEX DISPLAY (TYPICAL)

“CONSIST® STORAGE - 128 BYTES H l l I ] I _I ]]

| COKSIST 100 ‘00F8"
=1 88
-2 90 WEMORY TO SWYARD VIA RO
SELECTED TRAIN
«3 98 TO DISPLAY FROM
T SWYARD BY EXECUT-
bl Ao ING ‘usBDsE’
LB LL] “SWYARD"
L 20 LOCATIONS
. ‘0038'-'003F"
U s ) *REVERSE”
.8 €0 & MOTION LEFT TD RIGNT
P (1) 7 BYTES: SWYARD TEMP
* 9 €8 (2) SUYARD 7 e TEMPO
LOCATIONS R (3) 8 BYTES, TEMP —aSwYARD
o8 00 _ '0040'-'00aT"
| 0 S S G G M S
|
| . 0 27 ~roLLow*
s 8 “SWYARD* [0 ] 3 ] * I 3 I 3 l s ] . ] ? (1) 8 BYTES SwYARD s TEN®
(2) 7 OYTES TENP —aguyARD
) £0 wd S BN P\ L R \‘\" (3) TEWPO —— _, SwYARDY
o o +0080" / \ \\1 N Ty N N
| . &
congST 1ox sramy “Tewp* Lolllnl:]o1l].lvl
N

KEY PARTS OF THE DIA-
GRAM ARE REPEATED: TO
DEMONSTRATE MAJOR| VA—  [ROUTINERESTORE | [START ADDR 127 | [PART OF PROGRAM TRAIN ][ "2650 PROGRAMMING FORY_ |

N IDESCHPTION WIND UP_INTERRUPT SERVICE Rou‘rer BY RESTORING PREVIOUSLY [s—_nzn
RIATIONS. SAVED REGS TO ORIGINAL VALUES J 7
LINE | ADDRS °:“ LABEL ug'““c “TNSTRUCTTON COMMENT
" qm

] RECALL | ACON H'1798 SPACE FOR A 3-BYTE SUBROU-

2 [RECALL 4 RES 3 TINE_TO RECALL LO-PSW.

3

« [ @12a]92 /J lLPsu THAT'S UPPER PSW....

s Bloo (1751 | / LODA,R1| SAVEREGH1 ALE0 STERS R1; R2; R3.

e | 12efoe 17 o2 |/ LODA,R2 | SAVEREG+2

v | 131]oF [17]93 | LODA,R3 | . SAVEREG+3

THE 'ACON' IS NOT AN INSTRUCTION
OPCODE. IT IS WRITTEN BY THE USER
TO DEFINE AN 'ADDRESS CONSTANT'

IN MEMORY. IN THE EXAMPLE, 'RECALL'
IS LOCATED IN MEMORY AT ADDRESS
'1798'. THE 'RES' STATEMENT IM-
DIATELY FOLLOWING INDICATES THAT

3 BYTES ARE RESERVED FOR ROUTINE
'oecAall Yo -19-
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NOTES:

START ADDRESS OF THE
MOST SIGNIFICANT ROU-
TINE ON THIS SHEET OF
THE LISTING. IS 'XxXX'
IF THIS SHEET CONTAINS

MORE THAN 1 ROUTINE. THE LISTING IS COMPO-

SED ON A NUMBER OF

SHEETS, EACH NUMBERED
ROUTINE IS NA- CONSECUTIVELY.
MED IF ALONE.
IF MORE THAN 1

THE DESIGNATED

THIS BOX CON- NAME OF THE TO-
TAINS THE WORDS: 1
e TAL PROGRAM SPE
S S . CIFIED IN THIS
MAY CONTAIN A SHORT LISTING.

DESCRIPTION, OR THE
WORDS: 'AS DESCRIBED
BELOW',

[RODW(NE ASMROL | [START ADDR @183 | [PART OF PROGRAM CRAPGAME || 2650 PROGRAMMING FOR

ON THIS ROUTINE ADDS THE ''ROLL'' OF INDIVIDUAL DIE PRIOR TO Eﬁr_
DECODE O HE RO OR NLOD [HROW AGAIN
LINE Anpus] a °::_‘T| LABEL ng""""n'_"s",'f_’f_'lﬂ: COMMENT
FILLER CODES-'00' " [ p18p]o0 *FILLER L a3l a
u.ll ,SEDTED N : 2181 XX SAVPAS] | RES 1 SAVE 1ST ROLL OF DICE
;?ONS s . 24X DICEASM | RES : IVALUE OF DICE ADDED FROM |
¢ s CURRENT ROLL OF 2 DIE.
S AP183]08 |22 IASMROL | LODR,RO |ROLL+5 |GET CURRENT DICE ROLL WHEN
vl 5109 |22 LODR,R1 [ROLL47 STOPPED.STORE IN 'XXFOR'
0 7jccli7 /o8 STRA,RO [XXFOR MSG. CONVERT FROM HEX TO
'XX' DENOTES A VARIA'/ s Alco (1798 STRA,R1 | XXFOR®S DECIMAL NOTATION. 1ST DIE
BLE MJECT TD CHANGE 10 pDisa - ADDI,RO M' + H' t = RO RSLT|
DURING PROGRAM EXECU- TR TR “ApDEY |R1 DO A DECIMAL ADJ
TION. IF LOADING THE 12 1 190494 "1 DAR RO N ST IN M. NOW
PROGRAM BY HAND, CODE 13 1jcB|6F AT STRR,RO [DICEASM BREAK RESULT INTO 2 NIBBLE
'00' TD THESE LOCATIONS 18 4 ZBSR _t*DISLSD AND PUT LS NIBL IN XXFOR+7
— slcol17[oF STRAZRI | XXFOR+7 WAS ROLL > 107 YES. BYPASS
16 8lE4 (01 1,R0[1 NEXT INST. NO. GET A
FORMAT H'XX' USED TO i aAlisloz| | BCTR,EQ | $+4 SPACE CODE, AND STORE A
IDENTIFY ALL HEX NUM- i clos 17 —_~ | LoD1,RgfH" 17" /| sPACE
BERED CONSTANTS, 1 | 19E[CC17[9E 4 STRA RO | XXFOR+6 OR A ] IN XXFOR+6, THEN
20 1A1117 v RETZ,UN [EXIT TO cA ING ROUTINE
2 = / 4
22 X / / 'ROLL+5' AT ADDR H'1A7’
| 7 = 'ROLL+7' AT ADDR H'1A9"'
. ¥

* IDENTIFIES

INDIRECT ADDR KEY LOCATIONS RELATIVE-

COMMAND » $ IDENTIFIES THE LY ADDRESSED ON THIS
ADDRESS OF THIS SHEET, BUT DEFINED ELSE-
INSTRUCTION'S WHERE, ARE MENTIONED .
FIRST BYTE.

COMMENTS ARE WRITTEN
TO INFORM THE READER
OF THE APPLIED PURPOSE
OF EACH INSTRUCTION
-20- SEQUENCE »



PROGRAMMABLE BILLBOARD

INTRODUCTION:

The first of a variety of programs provided on the INSTRUCTOR 50
INTRODUCTORY CASSETTE tape, "BILLBOARD" provides a means for you
to prepare, then display your own messages on the INSTRUCTOR 50.
The maximum message length is 254 separate characters, including
space codes (Blanks), and other graphics. In it's taped version,
the message: "HI, THIS IS THE 2650." is displayed. A1l messages

move from right to left across the display window.

The following table provides the code for each character of the
display "font". Use it to prepare your messages. In addition, you
may experiment with any unlisted codes in order that you may ge-
nerate "special graphics". In program "TRAIN" (Tocated elsewhere
in this chapter), special graphics are used to define the rolling
stock of each train.

CHARACTER FONT:

SYMBOL CODE SYMBOL CODE SYMBOL CODE
P,0 00 B 0B 0 15
1,1 01 C 0C = 16
2ol 02 D 0D blank 17
3 03 E 0OE J 18
4 04 F OF - (DASH Ok MINUS) 190
548 05 P 10 * 1A
6,G 06 L 11 Y 1B
7 51 07 U 12 3 (SMALL BOX) 95
8 08 R 13 N 1€
9 09 H 14 T 6C
A 0A

NOTE: Add H'80' to the character code if you desire a RIGHT-JUSTI-
FIED DECIMAL POINT. Terminate each message with the code: H'FF'.
USER OPERATION:

Depress RST to start "BILLBOARD". None of the INSTRUCTOR 50 control
switches are used; no special positioning is required.

THE PROGRAM:

The listing for program "BILLBOARD" is provided on the next 2 pages.
The first sheet of listing is given over to a brief description of
the program, followed by definition of various symbols in terms of
their HEX CODE equivalents. EQUate statements are input to the AS-
SEMBLER to perform this function. Before any symbol can be used by
an assembler, it must be defined.

On the following sheet of 1isting, ORG (Program ORiGin) statements
define both "BILLBOARD"'s start address, and the location of the
MESSAGE's first byte. You may insert the message of your choice,
starting at location H'101'. In Tine 78, a memory REServe statement
dedicates a single byte, at address H'100', for use as a 'message
pointer. The current 8 byte message is displayed, then the pointer
is incremented. The 8 code bytes immediately following the memory
location defined by the pointer are displayed, with the pointer being
used as the LEAST SIGNIFICANT byte of address. 21




BILLBOARD

TWIN ASSEMBLER VER 2.8  BILLBOARD PROGRAM 17 APR 78 PAGE @881

LINE ADDR OBJECT E SOURCE

80082 b ookl
8882 *

8084 *PROGRAM WRITTEN BY JOHN KEENAN

8605 *

8066 *THIS PROGRAM IS WRITTEN FOR THE INSTRUCTOR 5@

6007 ¥

8068 *THIS PROGRAM DISPLAYS THE MESSAGE IN THE DISPLAY BUFFER

8003 *

8810 *THE MESSRGE WILL WILL REAPPEAR ON THE DISPLAY PANNEL

8811 *AT REGULAR INTERYALS TO GIYE THE EFFECT OF A ROTATING

8812 *BILLBOARD.

0913 ¥

8914 *THE MAXIMUM MESSAGE IS 254 CHARACTERS

8815 *THE MESSAGE IS ENTERED STARTING AT LOCATION H’181’. PROGRAM LABEL ‘MSG

8816 *THE END OF MESSAGE IS INDICATED BY THE WALUE OF H’FF” RS THE LAST

8017 *CHARACTER OF THE MESSAGE.

8818 Hokick

8819 * STANDARD SYMEOL DEFINITION - THIS FILE WAY BE APPENDED TO THE

0024 * FRONT OF ANY USER’S SOURCE DECK

BEZ1 * FRESGISTER EQUATES

BEZZ GEEn R EGIL & FEGISTER &

BEZZE Bl F1 B 1 REGISTER 4

HEzd BEE2 Rz ECi b FEGIZTER 2

15 [ b & T e Rz Ei s FEGISTER =

Bz #  COMDITION CODRES

HE2Y @eal K Efi < FOSITIVE RESULT
BEzs geag Z ECil & SERO RESULT

BEZD ARaz M EiL P MEGATIVE RESULT
HEZE 800z LT EL 2 LE=S THHHM

BEZE1 B0 E! EiL 5 EGLARL TO

BEZEZ Bl GT ECi 1 GREATEFR THHHM

HEZE ARGz LM EiL K4 LHCOMD T T IOMAL
HEaZzg #  PEM LOWER EQUARTES

BEaZES asEng c ECil H @& COMDITIOMAL CODES
BAZE @Bz IDC Bz H z&~ INTERDIGIT CHERY
BEZY 816 F= EL H 1&” FEGISTER EAMK
BEzEE aoas W ECL H @8z 1=MITH B=WITHOUT CHEEY
BEa=E9 aaEng aw'F EiL H @4 El'-.-'ERFLDH

Qa4 aanz oM EL H &z~ 1=L0OGIC 8=ARITHMETIC COMFARE
H#ad41 gl c EG H 81~ CRERY EUF FOW

alsh ey #  FIM UFFER EQUARTES

BE4ZE BEza SEMZ B o =1 SENSE-BIT

aad44 aado FLAG Eit H d& FLAG EBIT

BEa4sS aazo 3 EGiL H" 287 INTERERUFT IMHIEIT
aEdE aaEy b1 o EGL H &7~ STACK FOIMTER

alal + EMD OF EGQURTES

E’QE14E: L TR0 T35 o0 S S oY SR SR SR TR SR BB R R B BEY BE SR B AR SE R B B B Y B 2R B SE SRR SE B R L S8 R Y R 2R 0B ob AR SR R R R

-22-
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2.0

*

BILLBOARD PROGRAM 17 APR 78

ORG 8

BEGIN BCTR,UN INIT
STRRT LODI,R1 H'e8”
DISPL PPSL RS

LODI, RL <MSG
LODAR, R2 PNTR
LODL.R3 @1

BILLBOARD

PAGE 8862

SET THE BEGINNING OF PROGRAM TO LOCATION @

SET LOWER REGISTER BANK

LOAD: THE DELAY COUNTER

SET THE UPPER REGISTER BANK

LOAD THE UPPER BYTE OF MSG POINTER ADDRESS

LOAD THE LOWER BYTE OF MESSAGE POINTER ADDRESS-1
LOAD THE 1 PASS COMMAND PARAMETER TO THE DISPLAY

ZBSR  #USRDSP EXIT TO THE DISPLAY ROUTINE FOR 1 PASS

CPSL RS  SELECT THE LOWER REGISTER BANK
BORA,RL DISPL  DECREMENT THE DELAY COUNTER AND CHECK FOR END
" IF NOT AT ENC DISPLAY THE SAME MESSAGE TILL
* COUNT = @
LODA,R2 PNTR  LORD POINTER TO MESSAGE
FODL R2 1 INCREMENT 1T
STRA,RZ PNTR  SAYE THE NEW POINTER YRLUE
LODA. RA MS3+8, R2 LORD THE NEWT CHARRCER TO BE DISPLAYED
CONL R H'FF* 1S IT THE END OF MESSAGE CHARACTER
BCFR,EQ START  IF NO GO DISPLAY THE MESSRGE ROTATED LEFT 1
" CHARACTER
INIT EORZ R®  IF VES, RESET MESSAGE POINTER TO BEGINNING OF
LPSL MESSAGE
STRA,RA PNTR  SET POINTER TO BEGINNING
BCTA,UN START GO DISPLAY THE MESSAGE FROM THE BEGINNING
%
* -
R  H'488° THIS IS THE DATR AREA FOR THE PROGRAM
*
PR RES 1 1 LOCATION TO SAYE THE LERST SIGNIFICANT BYTE OF
¥ MESSAGE POINTER
X
*
#THIS IS THE INITIAL MESSAGE IN THE BUFFER
*
STHE MESSAGE IS “HI THIS 1S THE 2650....HI THIS'
*
*
MG DATA  H’14,81,17,87,14, 81,05 17, 81,85 47 HI THIS IS
DATR  H’87,14,8E 17, 62, 85, 85, 89’ THE 2650
DATR  H’1R. 1A, 1R 1A 14, 81,17, 87, 14,84, 85, 17" ... HI THIS
DATR  HFF’ END OF MESSAGE FLAG
*
3
ORG  H/AFE6’ LOCATION OF POINTER IN MONITOR TO DISPLAY ROUTINE
USROSP EQU §
*
*
END  BEGIN -23-



4L - FUNCTION DESK CLOCK

INTRCDUCTION:

A full 4-function desk clock is implemented via the facilities
of the INSTRUCTOR 50 when program "DESCLK" is loaded and execu-
ted. These functions include HOURS, MINUTES, SECONDS, and a
distinctive AM/PM indication. A1l four time functions are pre-
set from the HEX KEYBOARD; there is no need to use the INSTRUC-
TOR 50's "Display and Alter Memory" mode once the program is
loaded. Special command requests are asserted in sequence to
prompt the user to enter expected time parameters.

Once the time functions are entered, the set time is displayed
in static mode. When the operator determines that the displayed
time equals the exact time-of-day, he depresses the SENS key to
start the clock running.

The desk clock is equally at home in a 50 Hz. environment. The
operator needs only to modify one byte of data in the control
program to change the clock's activity from 60 to 50 Hz. Minor
modification of the program also permits usage of the desk
clock as an interval timer, capable of displaying accurately
in 1/10th second increments.

Typically, the operator will preset the desk clock a minute

ROUTINE AS SHOWN | [START ADDR @@@@ | [PART OF PROGRAM DESCLK |[_2650 PROGRAMMING FORM |
DESCRIPTION A PROGRAM TO SET AND SYNCHRONIZE A 4-FUNCTION ''DESK CLOCK'' FHEET
TO ANY DESTIRFD TIME OF DAY, AND DISPLAY FOREVER.
LINe | ADDRs || o PATA LABEL OPCZ;SBOLICNiﬁSTEgé;igg COMMENT
1 |@eee |76 |20 DESCLK | PPSU 11 ON ENTRY, DISABLE INTPTS.
2 2[1B |07 BCTR,UN |READY € GET READY TO SET TIME.
3 4]01 |40 AMORPM | ACON AORPM IND ADDR TO SET AM OR PM
A 6|92 *FILLER [ODE
5 7]1B [30 IACLK1 | BCTR,UN|CLK1 INTPT ADDR VECTOR TO CLOCK
6
7 9lo1 |90 SETIME | ACON  [SETIME1 IND ADDR TO SET TIME OF DAY
8
9 Bl 74 |40 READY CPSU FLAG CLOCK IN 'SET' MODE. TURN
10 D|BB [84 ZBSR * AMORPM OFF RUNNING LIGHT. NOW,GO
11 PF BB |89 7BSR SETIME SET AM OR PM. ON RTN, GO
12 11|75 |FF cps ALL SET TIME-OF-DAY. CLR PSL
13 3|05 |00 CONT LODI.R1 |<DISCLK-1 ON RTN, THEN INIT. TO SHOW
16 506 |FF LODI,R2 [>DISCLK~-1 SET TIME (STATIC) OR ACTUAL
15 7] 07|01 | LODI,R3| 1 TIME(DYNAM.) DISPL FOR ONE
16 9BB |E6 | ZBSR *USRDSP PASS. IS TIME SET BUT NOT
17 B|B4 |40 TPSU _ |FLAG RUNNING? YES. GO SYNCH TO
16 Dl 1A [07 BCTR,LT [CHKSENS TRUE TIME. NO! ITS RUNNING
15 1F| 7420 CPSU 11 GO OPEN THE INTPT WINDOW
20 21)C NOoP FOR 6 USEC. IF NO INTPT
21 2|76 |20 ~ | PPsu II SHUT OFF, AND DISPLAY THE
22 4] 1B |6D BCTR,UN |CONT CURRENT TIME. SYNCH BY DE-
23 6| B4 80 CHKSENS | TPSU  [SENSE PRESSING SENS. NO SYNC YET
24 | 2028]98]69 BCFR,EQ |[CONT | [DISPLAY THE TIME 0'DAY

1
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DESK CLOCK

INTRODUCTION: (CONTINUED)

or so fast, then call the local telephone company's time check
service to synchronize the clock. Since this clock uses the

AC line frequency as a time source, it can not lose (or gain)
time unless power is lost.

The Teading hours digit is blanked automatically when the time
cycles from 12:59 to 1:00, remaining blanked until 10:00 o'clock.
A1l times between 12:00 noon and 11:59::59 PM are identified

by the PM indicator, a small box located between the minutes

and seconds display. Absence of the small box defines AM times.
Typical time displays are shown below:

11 519 2 |4 3 118 = 4 71
HOURS MINUTES SECONDS \\
PM_IND
n"n "
“11:59::24 AM " 5:18::47 PN
User operation is defined on the next page.
[ROUTINE ik | [START ADDR AS INDJ[PART OF PROGRAM DESCLK || 2650 PROGRAMMING FORM |
DESCRIPTION 'C| K' IS THE REAL-TIME INPT SEVICE ROUTINE WHICH INCREMENTS ETEET >
SECONDS., MINUTES., & HOURS TO PROVIDE TRUE TIME OF DAY (OR NIGHT)
LINE | ADDRS || oo PATA LABEL UPCE&?BOLIC INSTEgE;&g: COMMENT
1 | @@2A |76 |40 PPSU FLAG ITS SYNC'D CLOCK IS RUNN'G
2 2C|1B |65 BCTR,UN| CONT SO GO SHOW CURRENT TIME OF
3 DAY.
4 30{CO [CO|CO ||CLK1 NOP ENTRY ONLY TO 'CLK'ROUTINE
5 3| co]co|co NOP WHEN 60 (50)HZ AC INTPT
6 6] CO |CO |CO NOP TAKES PLACE. NOTE LOC '3F'
7 390D |01 [10 || CLK LODA,R1| FREQCT COUNT XXHZ/SEC BY INCR
8 cl 85|01 INCFRQ | ADDI,RI1|1 FREQ CTR TO ALTERN.
9 |@@3E |[E5 [3C COMI ,R1| 60 ALTERN: IF 60 HZ LOCAL
10 |@@3E |E5 |32 COMI,R1| 50 ALTERN: IF 50 HZ LOCAL
11 40 [ 18]03 BCTR,EQ| INCSEC COUNT HZ FOR 1 SEC. DONE?
12 42(C9 |F6 STRR,R1| *CLK+1 GO INCR SECS. NO, STORE
13 4|17 RETE,UN CURRENT COUNT AWAY & GO
14 WAIT FOR NXT INTERRUPT!!!
15 45| 20 INCSEC | EORZ RO 1ST, RESET FREQCT, THEN
16 6/cclol]10 STRA,RO| FREQCT FETCH
17 9loc|o1|o07 LODA ,RO| LSSEC AND INCREMENT THE
18 cls4]o1 ADDI ,RO| 1 CURRENT LEAST SIG SES.
19 4E| E4 |OA COMI,RO| 10 COUNT 10 SECS YET? NO.
20 52| 18 |04 BCTR,EQ| $+6 STORE LS SECS
21 2||CC |01 |07 STRA,RO| LSSEC AWAY, AND
22 S| 37 RETE,UN RETURN TO DISPLAY.? YES:
23 6|20 EORZ RO GO CALCUL. MS SEC, BUT 1S
24 | @@57||CC|01]07 STRA,RO| LSSEC ZERO AND STORE LSSEC.

= 2B



USER OPERATION

= SETUP:

DESK CLOCK

After loading program "DESCLK" into the INSTRUCTOR 50's memory,
the switches should be positioned as follows:

I/0 Mode Selection Switch
Parallel I1/0 Input Switches (8)

AC Line / Keyboard Interrupt

USER OPERATION

Selection Slide Switch
Interrupt Address Toggle Switch

- PRESET TIME OF DAY

EXTENDED I/0 PORT @7
any position
AC LINE

DIRECT

The following operations are performed in order to set the

exact time of day:

d Depress RST...................The FLAG LED, if on, turms off.
The Hex Display provides the
following message for 1% seconds:
HORPR CEOUT uwinvses P
ROUTINE CLK | [START ADDR BELOW | [PART OF PROGRAM DESCLK J|_2650 PRocRAMMING FORM |
DESCRIPTION ~ONTINUE AS DESCRIBED BELOW FHEET 3
LINE | ADDRS | o5 DQIA . LABEL upca;?BDLIC“fﬁSTiggzigg COMMENT
1 | 825A[oc [01]06 LODA ,RO| MSSEC THEN FETCH & INCREMENT
2 D[84 [01 ADDI,RO| 1 THE MOST SIG SECS
3 5F [E4 |06 COMI,RO| 6 HAVE WE CLOCKED A FULL MI-
4 61]18 04 BCTR,EQ| INCMIN NUTE YET? YES: GO INCREM.
5 3| cc o1 |06 STRA,RO| MSSEC MINUTES. NO: STORE MS SECS
6 6637 RETE,UN AND RETURN TO DISPLAY TO
7 WAIT FOR INTPT.
E 67] 20 INCMIN | EORZ RO COMMENTS SAME AS FOR INCSEQ
s glcc|o1 |06 STRA,RO| MSSEC THE FOLLOWING COMMENTS DE-
10 BJocC [01 |04 LODA,RO| LSMIN SCRIBE VARIABLES TO BE A-—
1 6E( 84 |01 ADDI,RO| 1 NALYZED IN CONNECTION WITH
12 72/ E4 [oA COMI,RO| 10 HOURS INCR & RESET, ALSO
13 2l 18 o4 BCTR,EQ| $+6 "AM/PM' INDICATIONS: FROM
14 4cclo1]o4 STRA,RO| LSMIN 12 NOON TO 12 MIDNITE, PM
15 70137 RETE ,UN IND IS ON. OFF FOR AM HOURS
16 8| 20 EORZ RO LS BHRS MUST IBNCR. 10 9
17 9ICC |01 |04 STRA,RO| LSMIN IF MS HRS (1) IS OFF. IF
18 clloc|o1]03 LODA ,RO| MSMIN MS HRS IS 1, LS HRS INCR'S
19 7F| 84 |01 ADDI,RO| 1 TO 2. EG:TO 12:00.
20 81/E4 |06 COMI,RO| 6 MS DIGITS OF HOURS IS BLANS
21 3]18 |04 BCTR,EQ| TESTHRS KED ON TIME FROM 12:59::59
22 S5[CC |01 |03 STRA,RO|MSMIN TO 1:00 0'CLK.
23 7137 RETE,UN CARRY FROM 10:59::59 TO

n
&

11:00 0'CLOCK IS A SPECIAL

]
no
(e)]
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DESEE ELULK

USER OPERATION (CONTINUED)
ceeeesesoan.followed by the message:

"A OR P="
2. % Depress 'A' «wannIf 1t 18 morning.
* Depress any other HEX
key...... ce <o If after noon, and before midnight.
< Depress ENT/NXT «+...t0 set the AM/PM parameter. The
message : . .
9¢° mpgours =" is displayed.
4. Depress 1 or 2 HEX ««...Enter the correct time in hours.
digits LIMITS: BETWEEN 1 AND 9 (1 DIGIT)
OR 10 TO 12 (2 DIGITS).
D Depress ENT/NXT «+...To set the HOURS parameter. The
message: g .
9e° npracT =" is displayed.
6. Depress 1 or 2 HEX  ..... Enter the correct time in minutes.
digits . (Thts is fraction of an hour.)
LIMITS: BETWEEN O AND 59.
[ROUTINE AS SHOWU ISTART ADDR XXX | [PART OF PROGRAM DESCLK “ 2650 PROGRAMMING FORM
DESCRIPTION  cOMMENTS ON PREVIOUS SHEET OF LISTING ARE NOW IMPLEMENTED. F“E?f 4
Line | aDORS || o5 PATA o) LABEL Opcggaouc“tﬁsn;gg;g: COMMENT
1 | 828920 TESTHRS | EORZ RO 1ST, ZERO MS MIN IN PREP T(
2 Alcc|o1 |03 STRA,RO| MSMIN CHANGE HRS. FETCH ALL HRS.
3 8D|0C | 01|00 LODA,RO| MSHRS SEE IF ITS 10:00 OR 1. ATER
4 900D | 01|01 LODA,R1| LSHRS NO: ITS EARLIER, SO INCRE-
5 3|F4 |17 TMI,RO |H'17' MENT THE LS HR.
6 95( 1809 BCTR,EQ| INCHRS ROUTINE 'HIHRS' HANDLES
7 FROM 10:00 ON:
8 97( 85|01 HIHRS ADDI,R1| 1 NOW INCR LSHRS
9 9| E5 |02 COMI,R1| 2 IS IT 12:00 YET?
10 B[38]1B BSTR,EQ AMPM YES: GO SWITCH THE AM/PM
1 op[ 1F[oo [EO BCTR,UN TENELEV INDICATOR. NO, MUST BE 10:
12 GOING ON 11:00 SO SERVICE
13 THAT UNIQUE CASE....ecvne.
14 Agi 85|01 INCHRS ADDI,R1| 1 ROUTINE 'INCHRS' INCRE-
15 2||ES [ OA COMI,R1| 10 MENTS THE HOURS
16 418|104 BCTR,EQ $+6 WHEN ACCESSED BETWEEN
17 6/CD|01 |01 STRA,R1| LSHRS 1:00 AND 10:00. SAME COM-—
1o 4 37 RETE ,UN MENT AS GIVEN FOR
19 Al o500 LODI,R1| @ . DESCRIBING SECONDS
20 clcplol o1 STRA,R1] LSHRS INCREMENTING.
21 AF| 04 |01 LODI,RO| 1
22 B1JcC |01 |00 STRA,R0| MSHRS
23 4[37 RETE ,UN
24 00B5] CO[CO|CO NOP 3 NOPS.

<



DESK CLOCK

USER OPERATION (CONTINUED)

4 Depress ENT/NXT +«+eees.....T0 set the MINUTES parameter. The
message:
"SECS = "
...18 displayed.
8. Déprass 1 0F 2 HEX ccoccnces enter the anticipated value for
digits time synchronization in seconds.
LIMITS: BETWEEN O AND 59.
NOTE: BEFORE ENTERING SECONDS, DIAL YOUR LOCAL
TIME CHECK NUMBER (767-1111; MOST PLACES)
TO DETERMINE THE PRECISE TIME IF DESIRED.
THE 'SECONDS' VALUE ENTERED IN STEP 8 MAY
PRECEED SYNCH TIME BY 10 TO 20 SECONDS.
9. Depress ENT/NKTcocescacaisns to set the anticipated value of

time in seconds.
The message:

IIHH

AM/PM INDIC.

MMe'sS5 "

...18 displayed.

[ROUTINE AS SHOWN | [START ADDR xxx | [PART OF PROGRAM DESCLK ]| 2650 PROGRAMMING FORM |

DESCRIPTION - NTINUATION OF TESTING FOR DEFINED CONDITIONS IN TIME OF DAY [QEET

Line | ADDRS || oo DQIA - LABEL OPCZ;?BDLICUiﬁSTigé;JEQ COMMENT
1 | goB8|0E | 01] 05|| AMPM LODA,R2 | PMIND ON ENTRY, ITS 12:00, SO
2 B|E6 |95 CoMI,R2 | H'95' GET THE AMPM INDICATOR, &
3 D|18 |06 BCTR,EQ | SETAM SEE IF ITS PM. YES? SET
4 BF |06 |95 LODI,R2 | H'95' THE AM (SPACE) IND. NO?
s Cl|ICE |01 |05 || STORIT |STRA,R2 | PMIND SET THE PM INDIC. &
6 417 RETC,UN RETURN TO HI HOURS
7 5106 | 17 SETAM LODI,R2 | SPACE TO SET AM, GET A SPACE
8 7.1B |78 BCTR,UN | STORIT CODE, AND PUT IN THE AM/PM
9 900 |00 |00 FIELD OF THE DISPLAY MSG.
10 cloo |00 *FILLER [CODE
11 CE|04 |17 END LODI,RO | H'17" ON ENTRY, INIT. A SPACE
12 Dg|CC [01 |00 STRA,RQ | MSHRS FOR MS HRS, AND A 1 FOR
13 304 |01 LODI,RO | 1 LS HRS. ITS 1:00::00 FOR
14 S|cC |01 |o1 STRA,RO | LSHRS NEXT DISPL, SO SHOwW IT.
15 8137 RETE,UN
16 D9-DF |00 |00 [00 | [FFILLER ICODE ON ENTRY, STORE THE PREVI-—
17 EZ||CD |01 |01 || TENELEV|STRA,R1 | LSHRS OUSLY INCREM LS HRS. IS
18 3|F5 |03 - = TMI,R1 3 IT 12:00 GOING ON 1? NO:
19 5(36 RETE,LT RETURN; IT IS 11:59, NOT
20 E6| 1F |00 |CE BCTA,UN | END 12:59. YES: ITS 1:00, SO
21 [E9-FF|00 |00 |00 | |*FILLER [CODE RESET LS HRS T0 1 1%}
22 | p1@@ iXX [XX. |17 || DISCLK |RES 8 MESSAGE TABLE TO DISPLAY
23 3 [IXX XX XX THE CURRENT TIME:
24 126 [XX XX _HRS — MIN — AM/PM IND -SEC

)
N
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DESK CLOCK

USER OPERATION (CONTINUED )

10. Depress SENS ........ec.....At the exact time of synchroniza-
tion.
The FLAG LED turns on to indicate
the clock is running.
The Hex Display provides a contin-
uous -indication of the true 'time

of day’.

THE PROGRAM:

There are 3 major functions included in program "DESCLK"; these
include:

1, a time preset sequence, during which the INSTRUCTOR 50's
User Display and Get Numbers subroutines are accessed
in order for the user to set the clock.

2. a REAL-TIME Interrupt sequence, in which the actual
high-speed incrementation of time takes place, with
resulting time values stored in a special clock dis-
play buffer (at address h'199').

ROUTINE AORPM | [START ADDR g14@ |[PART OF PROGRAM DESCLK ]|_2650 PROGRAMMING FORM |
DESCRIPTION + \oRPM' 1S ACCESSED DURING SET CLOCK TIME TO IDENTIFY AM OR PM E“*T 6
LINE | ADDRS || . DQIA - LABEL WC%:BOAL’CWI'NSTZL;QAI}E: COMMENT
1| @119 XX FREQCT | RES 1 TEMP STORAGE FOR FREQ COUNT
2 *UNASSIGNED ADDRESSES CONTAIN FILUER CODES = H'00'.
3 | §13D|01 |10 FREQZ ACON H'2119 IND ADDR TO FREQCT
4
s | @14@|3F |01 |CO | |AORPM BSTA,UN| ORDER 1ST, TELL USER TO SET CLOCK
6 3/05 |01 | LODI,R1| <AMPMES-1 ON RETURN, SET & DISPLAY
7 506 |60 LODI,R2| >AMPMES-1 A PROMPT FOR HIM TO SET THE
8 7(BB |FE ZBSR *MOV AM OR PM INDICATOR. HE'LL
9 9lico NOP DEPR. 'A' FOR AM & ANY
10 Al o4 |05 LODI.RO| 5 OTHER HEX KEY FOR PM. AFTER
11 c|BB |FC ZBSR *GNPA HE MAKES UP HIS MIND,SEE
12 Elco NOP ' IF ITS MORNING? YES! GO SET
13 4F|E4 [OA COMI,RO| H'OA' THE AM INDICATOR.
14 151)18 |04 BCTR,EQ| MORNING AM IS A SPACE BETWEEN MIN'S
15 3[04 |95 EVENING | LODI,RO| H'95"' AND SECS. NO!, ITS PM! PM
16 5|1B |02 BCTR,UN| $+4 IS A SMALL BOX BETWEEN
17 7loa 17 MORNING | LODI,RO| H'17"' MIN'S &€ SECS IN TIME DSPLAY
18 olcclo1 los STRA,RO| PMIND NOw INIT. THE FREQ. CTR.,
19 cllzo EORZ RO TO ZERO, THEN BRANCH TO
20 D|C8 |DE STRR,RO| *FREQZ COMPLETE THE CLK MESSAGE
21 15F | 1B |08 BCTR,UN| SPCKLK
22 161|0A |17 |95 | |AMPMES RES 8 'A OR P= XX'
23 4413117 110
24 7l16 (17

~24-



DESK CLOCK
THE PROGRAM (CONTINUED)

3 a series of routines designed to handle anomalies and
exceptions from the strict increment method used in
incrementing the time functions. These include:

* "HIHRS" ........aq routine which tests upper hour
changes to see if it is time to
change the AM/PM indicator.

* "TESTHRS" ......This routine checks to see if it
s 10:00 yet. If so, TWO hour-digit
changes are necessary.

* UAMPM™. cossmnses Controls set or reset of the AM/PM
indication at 12:00.

* "END"....vv.....Controls initialization of hours
at 1:00 0'clock.

In the listing, sheet 1, the routine "CONT" is employed in static
time mode to test for activity of the SENS input after the
clock is preset. This test is determined by FLAG (not active), and
branch to subroutine "CHKSENS". Once SENS is depressed, the

FLAG bit is set. Thereafter, routine "CONT alternately displays
the 'Time of day', and tests for activity of the 60 (50) Hz

AC LINE input. Until SENS is depressed, all interrupts are
inhibited, and the real-time interrupt is not tested. Tight
control of interrupt recognition is maintained by opening

an 'interrupt window' only during a precise time in the se-

quence.
[ROUTINE AS SHOWN | [START ADDR xxx | [PART OF PROGRAM DESCLK ][ 2650 PROGRAMMING FORM |
DESCRIPTION THE FOLLOWING ROUTINE, DESCRIBED AS SHOWN, ARE USED IN SE- EMIT
QUENCING INITIALIZATION AND PRECISE SET OF THE DESK CLOCK 4-FUNCS [
LINE | ADDRS || oo DQI‘ - LABEL mggsou'c”'fﬁsr?‘;g;gr; COMMENT
y | 917206 |03 BLNKZ LODI,R2| 3 ON ENTRY, TIME READY TO BE
2 2[EE |01 [BB COMA,R2| EVENTS PUT INTO CLOCK MESSAGE.
3 5[98 |04 BCFR,EQ| NOBLNK IS IT HOURS? IF NOT, EXIT.
4 7(58 |02 BRNR,RO | NOBLNK YES. IS IT BETWEEN 1 & 9PM
5 9lo4 |17 LODI,RO| SPACE ?2?2? NO; LEAVE MS HOUR AS IS
6 17817 NOBLNK | RETC,UN YES; GET A SPACE CODE FOR
7 *NOTE CHANGE IN (QRDER %%k MS HOUR, & EXIT.
8 *OF CODE| ADDRESSES *¥¥¥ ks skok ok ok
9 | 16904 |17 SPCKLK | LODI,RO| H'17' TO INIT. CLOCK MESSAGE, SET]
10 BjCC|01]02 STRA,RO| DISCLK+2 A SPACE CODE IN ITS 3RD DI
11 E|17 RETC ,UN GIT, THEN RETURN.
12
13 ON ENTRY, SET UP MS BYTE
14 2182|0501 NOWSET LODI,R1| <SELMES-1 OF ADDR, THEN MOVE THE SE-—
15 2| BB |FE ZBSR *MOV LECTED MESG INTO THE DSPLY
16 4| co NOP BUFFER.
17 5] 04|01 LODI,RO| 1 NOW SET UP FOR 2-DIGIT TIME
18 7 BB |FC ZBSR *GNPA ENTRY (HRS, MINS, SECS)
19 9( CO NOP B AFTER USER SETS THIS TIME,
20 AlBB|F4 ZBSR *DISLSD BREAK THE SET TIME INTO 2
2 Ci3B|62 BSTR,UN| BLNKZ DIGITS, & IF HORS, GO SEE
22 18E[ 17 RETC,UN| IF BLANK IS REQU. ON RETURN
23 GO STORE THE TIME.
24

1
w
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DESK CLOCK

THE PROGRAM (CONTINUED)

In sheet 2, a modulo 60 (50) counter is established by the ADD
and COMI instructions (LINES 8 €9). The frequency counter
(FREQCT) is reinitialized to zero in routine "INCSEC" (LINES
15 AND 16)

Modulo 10 and modulo 6 counters are employed in the processes
"INCSEC", and "INCMIN", thus providing for orderly incrementa-
tion of seconds and minutes from § to 60. These routines are
streamlined by handling their calculations in hex, thus elimina-
ting a requirement for repetitive 'Decimal Adjust' instruction
usage. Hours increment from 1:00 to 10:00 is also handled the
same way.

AM/PM Indication is handled simply by swapping the codes for
the PM Indicator 'box' and 'space' each time the clock has in-
cremented to 12:00 (SHEET 5; LINES 1 THROUGH 8).

Clock preset is initiated by setting the AM/PM indicator code
in subroutine "AORPM" (sHEeT 6). Here, the HEX KEY code depres-
sed by the operator in response to the "A OR P =" prompt,is
compared with H'@A'. If the compare is valid, it's AM, so a
spacecode is inserted into the PM Indicator location in the
clock display message. If there is no valid compare, the PM
indicator code (H'95') is inserted into the same location.

ROUTINE AS SHOWN] ISTART ADDR XXX —| [PART OF PROGRAM DESCLK H 2650 PROGRAMMING FORMT
DESCRIPTION CcONTINUATION OF THE_PRECISE SEQUENCE REQUIRED TQ SET THE FHEET 8
TIME IN ORDER: HOURS; MINUTES; AND SECS. 2-DIGIT EACH.

LINE | ADDRS | DQIA . LABEL ~OPC3;EMBDLIC INSTzzé;A$: COMMENT
1 . TIME TO PRESET THE CLOCK.
2 | @198] 20 SETIME | EORZ RO SO INIT. THE INDEX FOR
3 1/cs|2A STRR,RO| MESDX STORAGE IN THE CLOCK DSPLY.
4 3| 06 |DF LODI,R2| H'DF' ALSO A 'FETCH INDEX' FOR
5 5| cA|25 STRR,R2| >SELMX HRS, MINS, SECS. THEN INI-
6 71 05103 LODI,R1| 3 TIAL THE # OF ENTRIES (3)
7 9/ C9|20 NEXT STRR,R1| EVENTS THIS IS A LOOP PRGRM !!!!!
8 Bl OA| 1F LODR,R2| >SELMX ON ENTRY, STORE UPDATED E-
° D| 86|08 ADDI,R2| 8 VENTS, &INCR. THE SRC MSG
10 oF| cal1B STRR,R2| >SELMX STORE IT AWAY, THEN GO SET
11 Al 3F|o1]80 BSTA,UN| NOWSET THE TIME. ON RETURN, GET

L2 410817 | STRTIME | LODR,R3| MESDX THE DEST. INDX, & STORE THH
13 6| CF|61]00 STRA,RO| DISCLK,MESDX CURRENT TIME (HRS,M, OR SE(Q
14 9] 01 LODZ R1 LS DIGIT IN R1 TO RO, AND
15 A|CF|21]|00 STRA,RO| DISCLK,MESDX,+|| STORE IT. NOW UPDATE THE

16 Dj 87|02 ADDI,R3| 2 CLOCK MSG INDEX, & STORE

17 AF| CB|OC STRR,R3| MESDX IT UNTIL NEEDED.

18 1B1j 09|08 LODR,R1| EVENTS FETCH EVENTS. HAVE HRS,

19 3| Folea BDRR,R1| NEXT B MINUTES,& SECS BEEN KEYED?
20 1B5| 17 RETC,UN| NO. FINISH UP. YES.. EXIT.
21

22 1BB| XX| . EVENTS | RES i ENTRY OF H,M,S; (3 MAX)

23 BC|| XX SELMX | RES 1 H.M, &S ENTER MSG INDEX

24 BD|| XX MESDX RES 1 DISPLAY CLOCK INDEX

]



DESK CLOCK

THE PROGRAM (CONTINUED)

Routine "SETIME" 1is the control program required for hours,
minutes, and seconds preset sequence (sSHEeT 8).An EVENT COUN-
TER (R1) is setup in line 6. Count is 3, there being 3 major
sequences for data entry (hours, minutes, and seconds. Indexed
message control ( in 8-byte increments) is maintained to pro-
vide display prompts to the operator for time entry.

Actual time value entry is handled by routine "NOWSET"(sSHEET 7)
"NOWSET" calls Monitor subroutine "GNPA" in order to permit

the operator to enter the time from the HEX KEYBOARD after

the appropriate prompt message is placed in the Display Buf-
fer of the Monitor. After the numbers are selected by the
operator, they are split into contiguous nibbles. The most
significant nibble is checked for a zero value, in which case
subroutine "BLNKZ" insets a space code into the M.S. HOURS
position of the clock display message.

Routine "ORDER" controls the display time (1% seconds) of the
message "SET CLOC", viewed once when the operator depresses
the RST key. "ORDER" is located in sheet 9 of the listing.

A block of four 8-byte messages is found in sheet 10.

This concludes the explanation of program "DESCLK".

[ROUTINE AS SHOWN | [START ADDR XXX | [PART OF PROGRAM DESCLK ]l 2650 PROGRAMMING FORM |
DESCRIPTION CONTROL ROUTINE FOR DISPLAY OF CLOCK PRESET ENTRY COMMANDS EHHW 9
(HOURS: MINUTES, AND SECS)
LINE | ADDRS || o DQIA - LABEL Dpcwaol_lcﬁfﬁsTigé:A;g: COMMENT
1 | @1BE [[XX RUNDSPX| RES 1 ORDER RUN TIME CONSTANT.
2 1BF [[xXx DSPDLY | RES 1 ORDER DISPLAY DELAY
3
4 1C@ |05 [03 ORDER | LODI,R1| 3 ON ENTRY, SET UP THE CONSTS
5 207 [7F LODI,R3| H'7F' FOR 2-SEC DISPLAY OF THE
6 4)Co |78 REPEAT | STRR,R1 | RUNDSPX MESSAGE: 'SET CLOCK'
7 6|CB 77 DSPAGN | STRR,R3 | DSPDLY STORE THE CONSTANTS, AND
8 8 |05 |01 LODI,R1| <SETCLK-1 INIT THE 'SETCLOC' MSG INDX
9 A 06 DF LODI,R2| >SETCLK-1 AND DISPLAY IT.
10 C BB [E6 ZBSR *USRDSP ON RETURN, SEE IF THE DIS-
11 CE| 0B |6F LODR,R3| DSPDLY PLAY DELAY IS COMPLETE.
12 1DZ|E7 |01 COMI,R3| 1 IF IT IS, RE-INIT. IF NOT,
13 2|18 |02 BCTR,EQ| CONTDSP GO DISPLAY AGAIN
14 41IFB |70 BDRR,R3 | DSPAGN
15 6109 |66 CONTDSP| LODR,R1 | RUNDSPX IS DISPLAY RUN TIME QOVER?
16 8|F9 |01 BDRR,R1| $+3 NO!! GO REPEAT IT. YES!!!
17 Al17 RETC,UN GO SET THE TIME OF DAY.
18 B| 07 |7F LODI,R3| H'7F' TO REPEAT, RE-INIT DISPLY
19 | #1DD| 1B |65 BCTR,UN| REPEAT DELAY & LOOP.
20
21 THE MESSAGE TABLE CONTAIN'G
22 THE CLOCK PRESET COMMANDS
23 FOLLOWS ON THE NEXT SHEET
24 OF THE LISTING.

1
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DESK CLOCK

ROUTINE SELMES | [START ADDR @1E@ | [PART OF PROGRAM DESCLK || 2650 PROGRAMMING FORM |

DESCRIPTION MESSAGES FOR CLOCK PRESET COMMANDS [SHEET 10
LINE ADDRS DQIA B2 LABEL wcg:BDLIC—.mSTE—E)'ERTAIrgg COMMENT

1

2 | p1Eg@| 05 loE |07 | [SELMES | RES 32 MESSAGE: 'SET cLOC'

3 3[17]oc]11 ACCESS FROM ROUTINE 'ORDER'

4 6100 |oC ONLY.

5 E8| 14 (00|12 MESSAGE: 'HOURS!®

6 Bi13!05]17 ACCESS ON EVENT 3 (1ST)

7 E[16 (17

5 1FoloF 113 (oA MESSAGE: 'FRACT' FRACTION

9 3lloc {07 |97 OF HOURS = MINUTES.

10 6l16 |17 ACCESS ON EVENT 2 (2ND)

11 8] o5 [oE [oc MESSAGE: SECS'

12 Blos[17]16 ACCESS ON EVENT 1 (3RD)

13 PIFE| 17|17

14

FEREEEEEEILESEEE End of Program DESKCLOCK; original version riix:
“"T1c-T0C” SIMULATION PROGRAM MODIFICATIONS:

The following program changes and additions cause the I/0 LEDs to
pulse on and off once per second. This provides further indication
that "DESKCLOCK" is running. The clock's accuracy is maintained.

[RouTINE TICTOC  |[START ADDR 114  |[PART OF PROGRAM DESKCLK MOD|| 1 2650 PROGRAMMING FORM |

DESCRIPTION - THIS MODIFICAT]QN SWITCHES THE I/0 LEDS ON & OFF ONCE PER SE-|[SHEET 4
COND TO SIMULATE A ''TICKING'' CLOCK

LINE | ADDRS || o Dg}‘ - LABEL DPC;;?BOLXCgfﬁéTZg§;¢g: COMMENT
1 *MAKE THE FOLLOWING PROGRAM CHANGHS AS SHOWN, ¥k
2 | peR7 (1B |28 BCTR,UN | CLK-3 NEW INTPT ADDRESS.
3 | 8036 |3F |01 |14 || CLK-3 |BSTA,UN| TICTOC JUMP TO TICTOC TEST ROUTINE
« (@140 |3F [01 [08 || AORPM [BSTA,UN| INITIO PATCH TO INIT I/0 LEDS.
s | Q19877 |10 INITIO | PPSL RS ON ENTRY, SET H'FF' LED
6 A0S [FF LODI,R1 | H'FF' DRIVER PATTERN INTO R1"
7 Cc|75 |10 CPSL RS RESELECT NON' REGS, THEN
8 12E 1B |01 BCTR,UN | CINITIO BYPASS ASSIGNED FREQCT LOCN
9
10 111 |1F |01 |[CO || CINITIO| BCTA,UN| ORDER ..AND GO PRESET TIME OF DAY
11
12 114 (77 [10 TICTOC | PPSL RS ON ENTRY, RESELECT REGS',é&
13 620 EORZ RO SEE IF FREQCT IS INITIALI-
14 7 |EC |01 |10 COMA,RO | FREQCT ZED.
15 Allos |05 BCFR,EQ| TEST2 YES: WRTE LED DRIVER TO LEDB
16 C|D5 o7 WRTE,R1 | PORT?7 THEN RESELECT NON' REGS &
17 11E[[75 [10 RETN CPSL RS RETURN TO CLK ROUTINE
18 12017 RETC,UN NO: WELL SEE IF THE FREQCT
19 1[04 [28 | TEST2 |LODI,RO| H'28" IS EQUAL TO H'28' YET.
20 3|EC |01 |10 COMA,RO | FREQCT YES: CLEAR THE I/0 LEDS,
21 698 [76 BCFR,EQ| RETN SINCE THE LAST PART OF A SEC
22 8|20 EORZ RO IS GOING ON.
23 9 ||D4 (07 WRTE,RO | PORT7 NO, GO RETURN TO CLK ROU-
24 | 011B[1B |71 BCTR,UN| RETN TINE.
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INTRODUCTION:

The INSTRUCTOR 50's REAL TIME

PROGRAMMABLE STOPWATCH

interrupt facilities are fea-

tured in the program for an extremely accurate STOPWATCH ap-
plication.
the capab111ty to "freeze"
"STOPWATCH" 1is runn1ng, all w1thout affecting its accuracy.

each frozen time, simply by de-

This is no ordinary stopwatch,
up to 4 different times while

In addition, you may

"review"

however; you have

pressing the appropriate hex key. Again, the internal clock
keeps running at designed accuracy.

'mechanism'

Practical use of this

"STOPWATCH" can take a myriad of forms.

Think of its application at track and swim meets, where pre-
cise lap times must be determined by the coaches and partici-
pants, both to improve their performance, and in formal compe-
tition. The "STOPWATCH"'s 1/10th second digital readout will
stop arguments over true time in all but the fastest

literally

races. At the horse or dog races, you may have the need to
freeze times at the quarter mile, half pole, and at the head

As an aid to xour timing televised events, such
as the Kentucky Derby, or the Olympics, its unbeatable!

of the

In its
zero to 1:59:

stretch.

original form,
:59.9 in tenth of a second

"STOPWATCH"'s

"running clock" times from
increments. For easy

readability, an "odd hour" indicator is blanked until timeout

of the first hour (0:59::

59.9) is completed. At 1:00::00.0, the

[ROUTINE AS SHOWN | [START ADDR @@@@ | [PART OF PROGRAM STOPWATCH || 2650 PROGRAMMING FORM |
DESCRIPTION 'STOPWATCH' EXTENDS THE CAPABILITY OF THE I-50 TO PERFORM AS Fnserl

A TIMER ACCURATE TO 1/10 SEC OVER 2 HOURS. CAN FREEZE & DISPL. 4 TIMES

LINE

ADDRS

DATA

LABEL

SYMBOLIC INSTRUCTION

COMMENT

B& B1 B2 OPCODE OPERANDS
1 | 8002-| 76| 20 STPWTCH| PPSU II TURN ON INTPT INHIBIT, &
2 2| 1F 00| 90 BCTA,UN | INITIAL GO INIT'ZE CLK MESSG. ON
3 5| 00| 19 MAINPRO| ACON H'0019' RETURN, JUMP TO MAIN PROG'M
4 7 | 00| B§ CLOCK | ACON H'ooBS' INDIRECT ADDRESS TABLE:
5 9] 01 28 INCTENM| ACON H'0128"' CLOCK ENTRY ON R.T. INPT.
6 B[ o1] 45 RUNCLKD| ACON H'0145" INCTENM CONT. CLK INCREM
7 D| 01 4F STACLKD| ACON H'014E" RUNN'G & STATIC CLK DSPLAY
8 oF | oo 78 SETINDX| ACON H'0078" CONVERT KEY TO MESSG INDX.
9 11} ool 70 WINDOW | ACON H'0070" ENBL INPT. AT SPEC. TIMES.
10 3| 00 00l 00|| *FILLER| CODE
11 6| 00l 00| 00|| *FILLER| CODE AVAILABLE FOR EXPANSION:
12
13 | @919 || 74| 40 MAINPRO| CPSU FLAG AFTER INIT., CLR THE FLAG
14 B| 20 EORZ RO ALSO, ZERO THE PSL, AND THE
15 (@4 93 LPSL FREQUENCY CTR. FOR THE UP—
16 1D | €4 09| B7 STRA,RO | FREQCT COMING CLOCK. NOW, SHOW THE
17 27 | BB 88 INITCLK| ZBSR *RUNCLKD RESET CLOCK. WHEN OPERATOR
18 2| B4 80 TPSU SENS DEPR. SENS KEY, TURN FLAG
19 4| o8 7A BCFR,EQ | INITCLK ON, & OPEN THE REAL TIME
<y 6 || 76| 40 PPSU FLAG NTP. WINDOW FOR 6 USEC,
21 8| BB 91 START | ZBSR *WINDOW THEN DISABLE IT.
22 Al CO NOP
23 Bl co NOP
24 cl co NOP ON RETURN, GO SEE IF THE

[}
w
S
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STOPWATCH

INTRODUCTION: (CONTINUED)

the "odd hour" indicator, a small box in the left-most display
digit location, is turned on. It remains on until "STOPWATCH"
cycles automatically into the next (even) hour.

Two variations (described later) provide you options to stop the
"STOPWATCH". The first, programmed in the tape you've received,
stops the clock when the AC Line /Keyboard Interrupt Slide switch
is moved to the KEYBOARD position. The second option stops the
watch if any key in the second column (from the right) in the

Hex Keyboard, is depressed.

NOTES:

Set up and operating procedures start on the next page.

[ROUTINE MAINPRO J [?TART ADDR XXX | ’PART OF PROGRAM STOPWATCH H 2650 PROGRAMMING FHRM—l
gggRg?ggtlvf ¥élgoz$?ﬁség, INCLUDING TEST FOR TIME FREEZE OR RETTRIEVAﬂ[ﬁﬁET
LINE | ADDRS || o DQI"‘ - LABEL Opcgéaaol_lc“fNST%gé;ALng COMMENT
1 | @@2D |04 |08 MAYSTOR | LODI,RO | STORECOL CURRENT TIME IS TO BE FRO-
2 2F [D4 [FA WRTE,RO | PORTFA ZEN. OPR. TELLS US BY DEP-
3 31|54 |FE REDE,R0O | PORTFE RESS'G 1 OF 4 HEX KEYS:
4 3lF4 |oF TMI,RO | NOKEY ‘B, "B, 7', BR.'3', IF
5 5(B8 |10 BSFR,EQ | FREEZE SO, FREEZE THE TIME. IF NOT
6 7104 |01 RECALL |LODI,RO| RETRVCOL SEE IF HE WANTS PREVIOUSLY
14 9 D4 |FA WRTE,RO | PORTFA FROZEN TIME. HE'LL DEPRESS
8 B[54 |FE REDE,RO | PORTFE 'cr',o'g', '4'  OR 'g' TO
9 D |F4 |OF T™MI,RO NOKEY TELL US THAT. IF SO, GO DISt+
10 3F |98 (15 BCFR,EQ | RETRIEVE PLAY DESIREDTIME. IF NOT,
11 41 BB |8B ZBSR *RUNCLKD SHOW THE RUNNING TIME, THEN
12 3||1B |63 BCTR,UN | START LOOP TO SCAN FOR MORE TIME
13 FREEZE OR STATIC DISPLAY.
14 *END OF MAIN PROGRAM; SUBROUTINES |FOLLOW, %%k kokokokok
15
16 45|BB |91 FREEZE ZBSR *WINDOW ON ENTRY, GO INCR CLOCK IF
17 7 BB |8F ZBSR *SETINDX NECESS., THEN XLATE KEYCODE
18 9|05 |00 LODI,R1| @ INTO MESSG INDX. ON RETURN
19 B ||oD |20 |FF | [MOVE LODA,RO | RUNCLK—1,R1,+ ||MOVE THE CURRENT TIME MES-—
20 4E ||CE |21 |00 STRA,RO | RUNCLK,R2,+ A DESIRED FREEZE LO-
21 51 |E5 |08 COMI,R1| 8 CATION, THEN RETURN TO MAIN
22 3|08 |76 BCFR,EQ | MOVE LINE SCAN
23 5(17 RETC,UN
24

25



USER OPERATION - SET UP: STOPWATCH

After loading program "STOPWATCH" into the INSTRUCTOR 50's memory
from tape, position the control switches as follows:

AC Line / Keyboard Interrupt AC LINE

Selection Slide Switch:

Interrupt Address Select Sw: INDIRECT

I/0 Selection Switch: EXTENDED I/0 PORT @7
Parallel I/0 input switches: not used

REAL TIME USER OPERATION:

Depress RST crssrccvnsunssosoavstt LHidtalize the STOPWATCH, The IN-
S STRUCTOR 50 responds immediately with
the display:
76543210

L 10][0] [0[0] [0]

1710TH SEC DIGIT
SECONDS — UNITS DIGIT
SECONDS — TENS DIGIT
MINUTES — UNITS DIGIT
MINUTES - TENS DIGIT
ODD HOUR INDICATOR
BLANK

The clock is not rumning. FLAG is off.

ROUTINE AS SHOWN | [START ADDR XXX | [PART OF PROGRAM STOPWATCH || 2650 PROGRAMMING FORM |
DESCRIPTION INCLUDES SUBROUTINES RETRIEVE, WINDOW, AND SET INDEX AS [SHEET 3
DESCRIBED BELOW.
LINE | ADDRS §!7°QIA - LABEL OPCZ;?BOLrC ‘NSTZgé;&gz COMMENT
1 | 2956 (BB (91 RETRIEVE| ZBSR *WINDOW ON ENTRY, INCREMENT RTCLK
2 8 (BB |8F ZBSR *SETINDX IF NECESS, THEN GO XLATE
3 A|CE |01 |57 STRA,R2| CLK1234 THE DEPRESSED KEY TO THE
4 D|BB |8D ZBSR *¥STACLKD DESIRED MESSAGE IMNDEX, NOW
5 5F [[co [co NOP DISPLAY THE DESIRED FROZEN
6 61]1B |45 BCTR,UN| START TIME ONCE, THEN RETURN TO
7 MAINLINE PROGRAM SCAN.
8 | 63-6K 0Q 0Q 04| *FILLER CODE

0

10 | @A77 74|20 WINDOW CPSU II ON ENTRY, OPEN THE REALTIME
11 2] Co NOCP INTERRUPT WINDOW FOR 6 USEC
12 3176 120 PPSU 11 THEN SHUT IT, & RETURN

13 5117 RETC,UN

14

15 76|00 |00 *FILLER ICODE

16

17 | @R78|F4 |07 SETINDX | TMI,RO H'07' SET UP THE INDEX FOR DESI-

18 Al 18 (0B BCTR,EQ| INDXM1 RED STATIC TIME MESSAGE.

19 CliF4 |0B TMI,RO H'oB' EITHER FREEZE CURRENT TIME,
20 7E(18 |0A BCTR,EQ| INDXM2 OR FOR FUTURE DISPLAY OF

21 84|F4 |0D TMI,RO H'oD' PREV. FROZEN TIME

22 2)18 |09 BCTR,EQ| INDXM3 STATIC TIME MESSG'S

23 4|06 [1F INDXM4 LODI,R2| H'IF' INDEX TO >TIME.—1 MESSAGE

24 86|17 RETC,UN

1)
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STOPWATCH

REAL TIME USER OPERATION: (CONTINUED)

to start the STOPWATCH's run cycle.
The FLAG LED 1s turned on, and the
Hex Display continuously updates
the current time from start.

Depress SENS

Using the handy chart TIME 13- F 4=— FREEZE TIME 1
at the right, depress
appropriate HEX keys: TIME 23§ B4=—FRrREEZE TIME 2

® to FREEZE desired times

® to display previously
frozen times.

TIME 3 -/} / +=— FREEZE TIME 3

<rrrromn—g

TIME 4-—3m() 34— FREEZE TIME 4

® to stop the clock*

ANY ‘OF THESE KEYS TO STOP

THE CLOCK *

TO STOP THE CLOCK IN PLACE, WITH CAPABILITY
TO READ "FROZEN  STATIC TIMES:

S1ide the AC Line/Keyboard Interrupt Switch to the KEYBOARD posi-
tion. THIS DIRECTION IS VALID FOR THE TAPED VERSION OF "STOPWATCH".

[ROUTINE AS SHOWN | [START ADDR XXX

| [PART OF PROGRAM STOPWATCH || 2650 PROGRAMMING FORM |

DESCRIPTION CONTIN. OF 'SETINDX' AND CLOCK INITIALIZATION ROUTINES: [?fET 4
LINE | ADDRS | o DQI‘ = LABEL Dpcgggaouc INST@S&E COMMENT
1 | g@87 |06 |07 INDXM1 | LODI,R2| H'07' INDEX TO TIME1-1
2 917 RETC,UN
3 Al06 |OF INDXM2 LODI,R2| H'OF' INDEX TO TIME2-1
4 cl17 RETC,UN
5 D06 |17 INDXM3 | LODI,R2| H'17' INDEX TO TIME 3-1
6 8F |17 RETC,UN
T
8 9920 INITIAL | EORZ RO MUST INITIALIZE STPWATCH
9 106 |28 LODI,R2| 40 READOUT TABLE & 4 STATIC
10 3|CE [41 |00 | |CLEARIT | STRA,RO| RUNCLK,R2,— TIME STORAGE MESSAGES, SO
11 6|5A |7B BRNR,R2| CLEARIT 1ST CLEAR 40 BYTES FOR 5
12 807 |05 LODI,R3| 5 MESSAGES (8-BYTE WIDTH)
13 Al04 |17 LODI,RO| SPACECODE THEN PUT SPACE CODE IN EACH
14 C||3B |0A INSERT | BSTR,UN| SPCD1 8-BYTE MESSAGE AS FOLLOWS:
15 9E| 3B |08 BSTR,UN| SPCD1 'SP 00O SP OO SP Q'
16 A0 | 3B |06 BSTR,UN| SPCD1 'RUNCLK' AT ADDR 100
17 2]|A6 |01 SUBI,R2| 1 'TIME1' AT ADDR 108
18 4|FB |76 BDRR,R3| INSERT 'TIME2' AT ADDR 110
19 6|98 |85 ZBRR *MAINPRO 'TIME3' AT ADDR 118
20 'TIME4' AT ADDR 120.
21 A8|CE |61 |00 | |SPCD1 STRA,RO| RUNCLK,R2 ALGORITHM IS SPACE INSERT
22 B| 86 |03 ' ADDI,R2| 3 THEN ADD 3; REPEAT TWICE
23 AD| 17 RETC,UN MORE, BUT SUBTRACT 1 TO
24 |AE-B6[ 00|00|00 | *FILLER ¢ODE JUSTIFY BEFORE NEXT INSERT.
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THE PROGRAM:! STOPWATCH

In addition to the comments, provided in the Tisting, the following
considerations are of interest:

"INITIAL" (REFER TO THE LISTING - SHEET 4)

The problem was to provide a data format of 8 bytes

for each of 5 messages. This format involves zeroing
bytes 6,5,3,2, & 0, and inserting space codes into
bytes 7,4, and 1 of each message, prior to the time
SENS is depressed to start the clock. The 40-byte me-
mory block is first cleared, then routine "INSERT"
provides an efficient mechanism to introduce space
codes at desired locations. The key is provided in
implementing the short subroutine "SPCD1" ((insert) one
space code, then add 3 to the insertion index).This is
executed 3 times. The resultant index is 1 higher than
it should be after the 3rd "SPCD1" execution. To justify
it to the next 8-byte message, the SUBtract instruction
(LINE 17) is implemented.

R3, initjalized to '05' in 1ine 12, keeps track of the
number of messages to be initialized.

"CLOCK" (REFER TO SHEETS 5, 6, AND 8 IN THE LISTING)

The choice of a precise location for the start address
of this routine (at location @PPB8) was deliberate. On

ROUTINE CLOCK | [START ADDR @@B8 | [PART OF PROGRAM STOPWATCH |[ 2650 PROGRAMMING FORM |

DESCRIPTION ENTERED EACH TIME THERE IS A 60 (50) HZ AC LINE INTERRUPT, FHHH 5
THIS ROUTINE INCREMENTS TENTHS OF SECS, SECS, MINUTES & HR. INDIC.
LIne | ADORS. || o PATA LABEL Opcggaouc"msrig‘g;hg: COMMENT
1 | BOB7 [ XX FREQCT | RES 1 FREQUENCY CT. VAR.:TEMP STR
2
3 | 298809 |7D CLOCK LODR,R1 | FREQCT ON _ENTRY, FETCH CURRENT LINE
4 Al85 |01 ADDI,R1| 1 FREQU. COUNT; INCR. IT &
5 CJES |06 COMI,R1| 6 SEE IF A 1/10TH SEC TIME:
6 *FOR 50 HZ, CHANGE CONTENTS OF AQDR 'BD' TO '05'.
7 BE|18 |03 BCTR,EQ| TENTHS YES: GO INCR. TENTHS OF SEC
8 C@|C9 |75 STRR,R1| FREQCT NO; STR CURR. FREQCT, AND
9 2ll17 RETC,UN RETURN TO MAINLINE PROGRAM
10 SCAN.
11 C3|20 TENTHS | EORZ RO ON _ENTRY, ZERQO FREQCT, THEN
12 4/c871 STRR,RO| FREQCT INCREMENT TENTHS OF SECONDS
13 608 |3F LODR,R0O| FRACSEC BY 1. 10 TENTHS COUNTED
14 8/84 |01 ADDI,RO| 1 YET? NO: STORE TENTHS IN
15 AlE4 |0A COMI,RO| 10 CURRENT TIME MESSG, & RE—
16 "Ccjl18 |03 BCTR,EQ| INCUSEC TURN. YES: GO INCREMENT
17 CE|c8 |37 STRR,RO| FRACSEC UNITS DIGIT OF SECONDS
18 D17 RETC,UN
19
20 D1]20 INCUSEC | EORZ RO SAME FLOW AS ABOVE, SUBSTI-
21 2|C8 |33 STRR,RO| FRACSEC TUTING TENTHS FOR FREQUEN-
e 4108 |2F LODR,RO| UNITSEC CY COUNT, AND UNIT SECONDS
23 6(84 (01 ADDI,RO| 1 EOR_TENTHS
24 8lE4 |0A COMI,RO| 10 MODULO 10 COUNTER
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STOPWATCH

THE PROGRAM: (CONTINUED)

Sheet 5; 1ine 13, the LODR instruction uses a maximum relative
displacement to access FRACSEC, the 1/10th second location in the
running clock message. This displacement is positive with a magni-
tude of 63 (H'3F) bytes.

The running clock message "RUNCLK (at locations H'100' to '107') is
bracketed by routine "CLOCK. On sheet 8 at 1ine 14, the final store

in RUNCLK message is accomplished by the STRR instruction. Here,
a maximum NEGATIVE relative displacement (-64 bytes (H'40')) is
By using relative-addressed instructions rather than

programmed.
absolute-addressing, considerable memory was saved.

You can make

a comparison of program lengths required to perform the SAME TASK,

by inspection of program "DESKCLOCK"'s

IICLKII

routine. You'll see

that this routine uses about 50 more bytes of storage.

"RUNCLKD"
"STACLKD"

At first glance, it does not appear to be useful to have 2 display
routines; one for running clock, and 1 for static clock display.
Both are "single pass" display routines, followed by RETC instruc-

tions.

In

However,
CONSTANT loaded
"RUNCLKD"

(REFER TO SHEETS 8 & 9)

the constant
diate instruction is used.

inspection shows that the LEAST SIGNIFICANT ADDRESS
into R2 is prepared differently in each routine.
is always H'FF';

this

ROUTINE CLOCK  |[START ADDR XXX | [PART OF PROGRAM STOPWATCH || 2650 PROGRAMMING FORM |
DESCRIPTION  CONTINUATION OF RUNNING CLOK MESSAGE INCREMENTATION IN FHHH
REAL. TIME.,
Line | ADORS || o DQI‘ - LABEL Mggeouc INST?:;;‘,:Q COMMENT
1 | @@DA| 18 |03 BCTR,EQ| INCUTENS
2 clcs |27 STRR,RO| UNITSEC
3 DE| 17 RETC,UN
4
5 DF || 20 INCUTENY EORZ RO SAME FLOW AS DESCRIBED
6 E@|C8 |23 STRR,RO| UNITSEC PREVIOUSLY. THIS TIME TO
7 2jo8 |20 LODR,RO| TENSEC INCREMENT TENS OF SECONDS
8 484 (01 ADDI,RO| 1
9 6/E4 |06 COMI,RO| 6
10 8/ 18(03 BCTR,EQ| INCUMINS
11 Alcs|18 STRR,R0O| TENSEC
12 Cl17 RETC,UN
13
14 ED| 20 INCUMINY EORZ RO SAME FLOW: THIS TIME TO
15 EE|C8 |14 STRR,RO| TENSEC INCREMENT MINUTES UNIT
16 Faj| 08|10 LODR,RO| UNITMIN DIGIT.
17 2|84 |01 ADDI,RO| 1
18 4| E4 |[OA COMI ,RO 10
19 6/18|03 ‘BCTR,EQ| SETUM@
20 gllcs |08 STRR,RO| UNITMIN
21 Al 17 RETC,UN
22 Bl 20 SETUM@ | EORZ RO THIS PROCESS ZEROS UNIT
23 clcslo4 STRR,R0O| UNITMIN DIGIT OF MINUTES, THEN
24 | PPFE[9B |89 ZBRR * INCTENM BRANCH TO INCR 10S OF MINS

T

is why the LODImme-
IN "STACLKD", the Least sig. address
constant, defining one of 4 possible time messages to be displayed,




STOPWATCH
THE PROGRAM: (CONTINUED)

is a VARIABLE. This variable,"CLK1234", is prepared by subroutine
"SETINDX" just before "STACLKD" is executed. The LODRelative in-
struction (sHEeT 9, LINE 3) fetches "CLK1234" into the display
routine.

"SETINDX" (REFER TO SHEETS 3 & 4)

This subroutine is executed if the mainline program determines

that the operator has depressed some Hex key to "freeze" or dis-
play a static time. The pattern

read in from EXTENDED I/0 PORT

FE (KEY SENSE) is checked for H'OF' ® @ @ @ NO KEY CODE PATTERN(1)
binary patterns as shown at the
right. If the desired pattern
matches, an INDEX to the corres- H'0B' @00 e e TIME2 'B' DEPRESSED

ponding message is loaded into e —
R1. Upon return from "SETINDX", H'OD 0060 TIME3 '7' DEPRESSED

H'07' 0Oeee TIME1 'F' DEPRESSED

Rl1's contents are : H'OE' © @ @ 0 TIME4 '3' DEPRESSED(2)
e stored in "CLK1234" if this

1s a retrieve operation, or NOTE 1: IF TRUE, ''SETINDX'' IS NOT
e used as an index to provide ACCESSED

a destination address for each
of 8-bytes current clock in
the desired "freeze" clock

NOTE 2: THIS IS DEFAULT IF NONE OF
THE OTHER TESTED PATTERNS
HAVE A VALID DECODE. REFER

message.
TO LINES 22-243; SHEET 3

ROUTINE RUNCLK | [START ADDR @102 | [PART OF PROGRAM STOPWATCH || 2650 PROGRAMMING FORM |
DESCRIPTION 'RUNCLK' IS 5 ENTRY X 8-BYTE DATA TABLE CONTAINING THE RUN- EHH” 7
CLOCK DISPLAY MESSAGE. ALSO 4 STATIC 'FREEZE' CLOCK MESSAGES

LINE | ADORS || o D‘I‘ e LABEL UPCE;SBDLiC INST?Eg;Jg: COMMENT

1 *ALTHOUGH NO CODH NEED BE ENTEREQ|IN THIS 40-BYTE TABLE BY

2 *THE USER DURING [MEMORY LOAD OPERATIONS, THE CODE SHOWN DES-—

3 *CRIBES [THE FORMAT FOR EACH TIME [MESSAGE:

4 *:

s * XX = DATA CHANGED BY INCR. CLOK.

6 FREFER TP ROUTINH 'INITIAL' FOR SHTUP BEFORE START.

7 | @198 XX [XX XX | [RUNCLK | ACON H'0100' RUNNING CLOCK MESSAGE LOC.

8 17 [XX |XX | [RUNCLK | RES 8

9 17 |XX

10 8 XX [XX |XX | [TIME1 ACON H'0108' STATIC TIME 1 MESSAGE LOC.
11 17 [XX [XX | [TIME1 RES 8

12 17 |XX

13 10 [ XX [XX |XX | [TIME2 ACON H'0110"' STATIC TIME 2 MESSAGE LOC.
14 17 (XX [XX | [TIME2 RES 8

15 17 [ XX

16 18 |IXX IXX IXX | ITIME3 ACON H'0118"' STATIC TIME 3 MESSAGE LOC.
17 17 |XX [XX | [TIME3 ACON 8

18 17 IXx

19 20 [ XX |XX [XX | [TIME4 ACON H'0120"' STATIC TIME 4 MESSAGE LOC.
20 17 [XX |XX | [TIME4 RES 8

21 | 012617 [XX

22 *LLAST ADDPRESS OF |MESSAGE DATA TABLE IS H'0127'

23

24 *CLOCK RDUTINE CONTINUES ON THE NEXT SHEET OF THE LISTING...

1
=
o

]



STOPWATCH

THE PROGRAM: (CONTINUED)

Referring once again to subroutine "CLOCK" (sheets 5,6, & 8), there
are several symbolic terms related to access of data from, or stor-
age of data into, "RUNCLK", the running time message. The following
diagram identifies the location and meaning of each of these terms:

MEMORY LOC'N: _ 100 101 102 103 104 105 106 107
TYPICAL TIME: | =3 4 /] |BLANK | 2 9 BLANK | §
134752295 :
[ \ 7z \ !
HRIND TENMIN UNITMIN TENSEC UNITSEC FRACSEC
ODD HOUR INDICATOR: TENTHS OF
A BOX DURING ODD HOURS A SECOND

BLANK DURING EVEN HOURS

This concludes the discussion of the program.

NOTES:
[ROUTINE AS SHOWN | [START ADDR @128 | [PART OF PROGRAMSTOPWATCH || 2650 PROGRAYMING FORM |
DESCRIPTION CONTIN OF CLOCK INCREM; ALOS ODD HOUR INDIC SET, AND DISPLAY FHEH' 8
ROUTINES FOR RUNNING & STATIC TIMES,
LINE | ADDRS | o PATA . LABEL mmBDLic_ifﬁéngﬁz COMMENT
! | 9128]08 |57 INCTENM | LODR,RO | TENMIN MODULO 6 COUNT FOR TENS OF
2 A[84 |01 ADDI,RO| 1 MINUTES TEST; SAME FLOW
3 C|E4 |06 COMI,RO| 6 AS PREVIOUSLY DESCRIBED
4 2E| 18 |03 BCTR,EQ| SETODHR
5 3@ C8 |[4F STRR,RO | TENMIN
6 2]17 RETC,UN
T
B 3320 SETODHR | EORZ RO FIRST, ZERO TENS OF MINUTES]
9 4| C8 |4B STRR,RO | TENMIN THEN SEE IF ENDING HOUR IS
10 608 |48 LODR,RO | HRIND ODD. IF SO, GO BLANK THE
- 8 E4 |95 COMI,RO| ODDBOX ODD HOUR INDICATOR, IF NOT,
12 Al 18|05 BCTR,EQ| SPACESET SET A 'BOX' CODE ('95"')
13 Cl04 |95 LODI,RO| ODDBOX INTO THE HOUR INDICATOR
14 3E]|C8 |40 HOURSET | STRR,RO| HRIND LOC'N OF RUNNING TIME MES-
15 40|17 RETC,UN SAGE & EXIT.
16
17 141)04 |17 SPACESET| LODI,RO| SPACECODE HOUR INDICATOR SPACECODE
18 311B |79 BCTR,UN| HOURSET SETUP, THIS IS END OF REA
19 TIME INPT. ROUTINE.
20 145]/05 |00 RUNCLKD | LODI,R1| <RUNCLK-1 ON ENTRY, SET UP CONSTANTS
21 7|06 |FF LODI,R2| >RUNCLK-1 FOR _RUNNING CLOCK ACCESS
22 9lo7 |01 LODI,R3| ONEPASS AND GO “MAKE A SINGLE PASS
23 | 014B| BB |E6 ZBSR *USRDSP OF THE DISPLAY, THEN EXIT
24 Dj 17 RETC,UN
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NOTES:

Referring to the listing (sheet 9 - below),
BELOW Tine 10 to provide the operator with the capability to stop
the clock by depressing

ZE"

IAI’

Iji.’ or

'2

STOPWATCH
MOD 1

alter memory as shown

keys.

[ROUTINE STACLKD | [START ADDR g14E | [PART OF PROGRAM STOPWATCH

|| 2650 PROGRAMMING FORM |

DENRIFHONSTATIC MESSAGE DISPLAY ON CALL BY USER KEY DEPRESSION OF FMET 9
'c', 's', '4', OR 'O' HEX KEYS DURING CLOCK RUN,
LINE | ADDRS | o DQI‘ - LABEL OPCE;E"BDLIC INST%&Z COMMENT
1 | @14E |05 |01 STACLKD | LODI,R1 | <RUNCLK ON ENTRY, SET UP CONSTANTS
2 152 |0A |05 LODR,R2 | CLK1234 FOR SINGLE PASS OF SELEC-—
3 2]o7 lo1 LODI,R3 | ONEPASS TED STATIC TIME MESSAGE,
“ 4 BB [E6 ZBSR *USRDSP THEN EXIT AFTER DISPLAY.
5 617 RETC,UN
6
7 | 0157 XX CLK1234 | RES 1 COMPUTED INDEX FOR SELECTED
8 *END OF PROGRAM |STOPWATCH'** TIME MESSAGE.
9 s 3k ok ok o3 % ok 5K 3k sk 5K >k ok 35 sk o5 sk ok ok ok ok ok pic sk dk K ok Sk Sl ok 3 sk ok 3k k sk ok ok ke ok 3k 3k 3k ke ok ok K o ok 3k ok ok ok ok ok 3k Kk 3k 3k ok 3k ok ok 3k Sk ok 3k ok ok ok ok ke k
10 | Rdddopkdoipkokoik ok MAIMODIFICATION TO $TOP CLOCK BY DEARESSING A HEX KEY :siliill
11 *MAKE THE FOLLOWING CHANGES & ADDITIONS:
12 | g@13]01 [60 STOP ACON H'0160" IND. ADDR TO STOP CLK ROUT.
13 | p@43(9B [93 ZBRR *STOP SCAN TO SEE IF STOP NOW.
14 | 916208 |04 STOP LODI,RO | STOPCOL *ON ENTRY, GO SEE IF THE
15 2 (D4 |FA WRTE,RO | PORTFA OPERATOR HAS DEPRESSED ANY
16 454 |FE REDE,RO | PORTFE KEY IN THE ''E*A*e*2'' cCoL-
17 6||F4 |OF TMI,RO | NOKEY UMN. IF NOT, REPEAT MAINLINE
18 898 |02 BCFR,EQ| STOPTIME SCAN, IF SO, STOP AND DIS-—
it Al1B |88 BCTR,UN| *START! PLAY THE RUNNING CLOCK
20 Cl74 |40 STOPTIME| CPSU FLAG MESSAGE IN PLACE UNTIL THE
21 16E[76 [20 PPSU 11 OPERATOR DEPRESSES RST.
22 172 |BB [8R ZBSR *RUNCLKD FLAG LED IS TURNED OFF, &
23 21418 [7C BCTR,UN| $-2 ALL INTERRUPTS ARE BLOCK—
24 4lloo |28 START1 | ACON START ED.

]
F=3
n

]



CLOCK READOUT ACCURACY REFINEMENT -60 HZ

STOPWATCH
MOD 2A

Minor modifications to program "STOPWATCH" make it possible for
you to interpret a combined output of the Hex Display and I/0
LEDs. This feature extends the readout accuracy of "STOPWATCH"
to 1/60th (0.01667) seconds. Just program the changes to the
program as shown in the listing - sheet 10; below. Operate the
program as specified previously. Then, when you stop the glock.,
use the conversion chart - below - to interpret the result.

A 50 Hz version of this feature is provided in the Tisting;
sheet 11 on the next page.

1/0 LEDS** [ TENTH  TIME® |JTENTH  TIME® [TENTH _ TIME® JTENTH TIME® TENTH TIME®
8 8 8 3 3 5 0.00000 0.20000 0.40000 0.60000 0.80000
000000 .01667 .21667 .41667 .61667 .81667
000000 .03333 .23333 .43333 .63333 .83333
000006® .05 2 .25 4 .45 6 .65 8 .85
000008 .06667 .26667 46667 66667 .86667
0cooOee e .08333 .28333 .48333 .68333 .88333
0oeee0 e 0.1 0.3 0.5 0.7 0.9
0000800 .11667 .31667 51667 .71667 .91667
000000 .13333 .33333 .53333 .73333 .93333
000000 .15 3 .35 > .55 7 .75 9 .95
900000 .16667 .36667 56667 .76667 .96667
900000 0.18333 0.38333 0.58333 0.78333 0.98333
76 854 32
**eo = ON *IN SECONDS

0 = OFF

[ROUTINE oS SHOwN | [START ADDR

XXX | [PART OF PROGRAM STOPWATCH

2650 PROGRAMMING FORM |

DESCRIPTION T15 MODIFICATION PERMITS DIRECT INTERPRETATION OF THE DISPLAMSHEET 19
& I1/0 LEDS FOR 1/60TH OF A SECOND ACCURACY USING THE CONV. TABLE

Line | apors | o PATA LABEL s SEIELES SRAE S S COMMENT
1 *MODIFY| OR MAKE |PROGRAM ADDITIONS AS FOLLOWS: ¥*¥¥¥kikdkskokkkk
2 | @297 (01 90 SHIFTIO| ACON H'0190' NEW INTPT INDIR. ADDRESS
3
« | 2990 ||3F |01 |80 || INITIAL|BCTA,UN| IOPREP BRANCH TO IOPREP ROUTINE
5
s | @182 (75 |01 I0PREP | CPSL CARRY ON ENTRY, CLR CARRY, &
7 277 |10 PPSL RS SELECT PRIME REG BANK.
8 4 120 EORZ RO CLEAR RO, ALSO ZERO R1, THE
9 5(c1 STRZ R1 1/0 WRT REG, AND INIT
10 6 06 FO LODI,R2 | H'FO' R2 (PATTERN GEN). FOR 60 HZ
11 8 D5 |07 WRTE,R1 | PORTO?7 USE H'FO'. NOW, BLANK THE
12 Al7s 110 CcPSL RS 10 LEDS FOR START, THEN RE-
13 c o6 |28 LODI,R2 | 40 SELECT NON' REGS, AND INIT
164 El17 RETC,UN R2 AS MEMORY BYTE CTR. AND
15 18F |00 *FILLER| CODE RETURN TO CLR A MEM BLOCK.
16
17 | @199 |77 18 SHIFTIO| PPSL RS,WC 60 HZ LINE INTPT, SO SELECT
18 2 [p2 RRL R2 . REGS' & SET FOR CARRY. Naw
19 3[b1 RRL R1 SHIFT PATTRN GEN, & IO WRT |
20 4 D5 o7 WRTE,R1 | PORTO?7 REG, AND SHOW ON THE LEDS,
21 6 159 p2 BRNR,R1 | $+4 WRT REG EMPTY? YES: REINIT
22 8 |06 FO LODI,R2 'Fo! PATTRN GEN (60HZ = H'FO"')
23 All75 |18 CPSL. WC,RS - NO: SKIP ABOVE INST. RESEL.
24 19C|1F oo |B8 BCTA,UN| CLOCK NON' REGS AND GO CLOCK.




STOPWATCH
MOD 2B

50 HZ CLOCK READOUT ACCURACY REFINEMENT:

This modification is designed for use by those whose INSTRUCTOR
50s are operating in a 50 Hz environment. In addition to the in-
structions provided in the listing (sheet 11 - below), ensure
that memory location 'OOBD' contains H'05'. T

After stopping the clock, interpret the results by comparison with
the conversion chart provided below.

1/0 LEDS** TENTH  TIME® | TENTH  TIME® | TENTH TIME® | TENTH TIME® | TENTH TIME
76 % 4 3218
0000000 0.00 0.20 0.40 0.60 0.80
00000008® 0.02 0.22 0.42 0.62 0.82
0000000®® 0 0.04 2 0.24 4 0.44 6 0.64 8 0.84
00000608080 0.06 0.26 0.46 0.66 0.86
00000000 0.08 0.28 0.48 0.68 0.88
00000000 0.10 0.30 0.50 0.70 0.90
00000000 | 0.12 0.32 0.52 0.72 0.92
00000000 1 0.14 L 0.34 5 0.54 7 0.74 9 0.94
90000000 0.16 0.36 0.56 0.76 0.96
0000000 0.18 0.38 0.58 0.78 0.98
7 6 5 4 3 2190

* TIME IN SECONDS, ** @ = ON; 0 = OFF,
NOTE: BEFORE SENS IS DEPRESSED TO START CLOCK, ALL LEDS ARE OFF.

IROUTINE AS SHDWM ETART ADDR XXX ] [PART OF PROGRAM STOPWATCH H 2650 PROGRAMMING FORM ]
DESCRIPTION p1spl AY AND I/0 LED INTERPRETATIDN FOR 1/50TH (0.02) SECOND SHEET
WITH LINE TNPU

ACCURACY — USE T = HZ. 11

LINE | ADDRS DQI‘ ” LABEL OPC;;?BOLIC INST?;;;;%S COMMENT

1 *PROGRAM MODIFICATIONS SHOULD REFLECT THOSE PROVIDED ON

2 *SHEET 10, EXCEPT AS PROVIDED BELL W, *¥¥dkdkokokokokdokodkok ok dokodokodok ok
3 ¥

s« | 2186)06|EQ LODI,R2| H'EO' 50 HZ INTERP. FACTOR IS

5 * H'EO'.

6 *PROGRAM (LOC'NS|0190-0195) IS UNCHANGED

7 *MODIFIQATION OF | SUBROUTINE ''SHIFTIO''...: ¥¥¥kkickkkkkkkkk
8 2196/ ES| 80 COMI.R1!l H'80" AFTER 10TH LINE INTP (2/10
° 8l 18[05 BCTR,EQ| RSTI/O SEC), IOLED # 7 ON ONLY.
10 Al 75[18 CPSL RS, WC IF SO, MUST REINIT PATTRN
11 c| 1F{oo|Bs BCTA,UN| CLOCK GEN & 1/0 WRT REG. IF NOT
12 19Fll 05|00 RSTI/O | LODI,R1l] © RESELECT NON' REGS AND GO
13 1A1] 06 |EO LODI,R2| H'EO' EXECUTE CLOCK RTN.

14 1A3[ 1B|75 BCTR,UN| $-11 TO REINIT IO LED DRIVERS,

-
v

CLEAR 1/0 WRT REG, AND SET
H'EQ' INTO PATTERN GEN,

THEN GO BACK TO RESELECT

NON' REGS; ETC.
okl MR KK END OF MOD T T CAT TON? s g fie s s sk e s s s s sk s s s s s s o s sk ok s ok koo
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ELECTRONIC

INTRODUCTION:

CRAPGAME

The flexible facilities of the INSTRUCTOR 50 are dedicated this
time to a highly interactive "CRAPGAME" application, one in
which you and you friends will enjoy time and again.

CRAPGAME operates under a modified set of Nevada casino "Pass

Line" rules. After the player
'bet',

his first

the

'buys into the game'
'dice are rolled'.
by someone depressing the SENS key.

and places

The 'roll'

At this point, the INSTRUCTOR 50 determines whether this is the

first dice roll

(PASS 1), or a roll following the first pass.

Based on this condition, messages indicate whether the player
won, lost, or must roll again. The following table indicates
Nevada Casino Pass Line Play:

ROLL OF DICE 2 | 3 4 1.5 | 6 7 8 | 9 | 10 11 12
FIRST PASS : CRAP OUT SETS| POINT WINS. SETS POINT WINS, | CRAPS.,
—_— LOSES BET ROLLS AGAIN HOUSE ROLLS AGAIN HOUSE| LOSES
PAYS PAYS | BET
SUBSEQUENT ROLL AGAIN MATCH WINS, LOSES MATCH WINS ROLL AGAIN.
PASSES NO MATCH ROLL AGAIN PAY ROLL AGAIN NO MATCH
POSSIBLE IF NO MATCH HOUSE I[F NO MATCH POSSIBLE

[ROUTINE CRAPGAME | [START

ADDR g@g@ | [PART OF PROGRAM CRAPGAME

]| 2650 PROGRAMMING FORM |

DESCRIPTION

IZE THE GAME

THIS SHEET

CONTAINS PROGR.

INDIRECT ADDR TABLES, AND INITIALJ-ETEET 1

Line | aoors | o PATA LABEL OPC;;?BOer_Tﬁ3T§E§$;Eg COMMENT
1 |2002 | 1B| 88 CRPGAME [BCTR,UN | ¥CHIPSET BRCH TO STRT OF CRAPGAME
2 2| o1]B1 RLDICE |ACON H'01B1' INDIRECT ADDR TABLE TO THE
3 4 [ 01| 3A DISMES |ACON H'013A FOLLOWING SUBROUTINES:
4 6 | 01| 83 ASMROL |[ACON H'0183" ROLL THE DICE, DISPLAY THE
5 8 || 01| 5C DCDROL |ACON H'015C MESSAGE, ASSEMBLE THE ROLL
6 A | 01| oD CHIPSET | ACON H'o10C" OF DICE, DECODE THE ROLL,
7 C | oo| DO WINNING$ACON H'ooDO' BUY INTO THE GAME, AND CALQ
8 WINNINGS OR LOSSES.
9 OE || XX BET RES 1 CURRENT BET , AND
10 OF || XX CHIPS |RES 1 CHIPS ON HAND
11
12 10 | 77| OA NEWGAME | PPSL wC,COM SET WC & LOGICAL COMPR, &
13 2| 74| 60 CPSU FLAG,II CLEAR FLG & INTPT INHIBIT
14 4 || 05| DC LODI,R1 | H'DCT NOW SET DICE TABL CONST, &
15 6 | cD| 01| AF STRA,R1 | DICEXT AND STORE IT FOR LATER USE
16 9 || 08| 74 LODR,RO | CHIPS NOW, GET CURRENT CHIPS, &
17 B || BB| F4 ZBSR *DISLSD BREAK INTO MS & LS NIBBLES
18 1D || cc| 17| 88 STRA,RO | XXBET= THEN STORE THESE IN THE
19 20 || cp| 17|89 STRA,R1 | XXBET=+1 XXBET= TABLE.
20 3| 04| 7F LODI,RO | H'7F"' NOW SET UP RUNNING DISPLAY
21 51 c2 STRZ R2 TO 'PLACE BET'
22 6| C3 STRZ R3 AND GO ]
23 7 | BB| 84 ZBSR *DISMES DISPLAY THAT MESSAGE.
24 29 | 05| 17 LODI,R1 | <XXBET=-1 NOW SET CONSTANTS TO PLACE

GAME AND PROGRAM BY JOHN GARCEAU
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CRAPGAME

INTRODUCTION: (CONTINUED)

If the player has won or Tost on this roll, the computer calcu-
lates his winnings (or losses) by adding his current bet (or sub-
tracting it) to the current number of chips he possesses. He pur-
chased these "chips" when he 'bought into the game'. Due to the
INSTRUCTOR 50's 1imited user memory and complexity of CRAPGAME
play, it can only track one better's current holdings. 0dds for
payoff are fixed; they are EVEN, paying at a 1 : 1 rate.

After the current game has resulted in a win (or loss), the play-

ers are requested to place their bets once again. If the INSTRUC-

TOR 50 determines that the 'on-board player' has accrued more than
100 chips (or lost more chips than he has available), the CRAPGAME
in progress is over, and the I/0 LEDs turn on. A new game is star-
ted by depressing RST, and the 'on-board player must 'buy a fresh

number of chips.

At the start of the game, the 'on-board player' may purchase up
to 99 chips. Typically, he purchases about 50, to allow for rise
and fall of his fortunes. Subsequently, the player may bet up to
9 chips on the current first pass of dice. He may not change his
bet once the dice are rolled.

ROUTINENEWGAME | [START ADDR @1g | [PART OF PROGRAM CRAPGAME || 2650 PROGRAMMING FORM |
DESCRIPTION COMPLETE NEWGAME SETUP, THEN EXECUTE THE FIRST ROLL OF DICE F“E“' 2
LINE | ADDRS | of Dg{‘ - LABEL OPCS;EMBOLIC“TNSTE;E;AINO): COMMENT

1 |@@2B | 06| 87 LODI,R2 | >XXBET=-1 THE ACTUAL BET. IT IS EN-

2 D | BB| FE ZBSR *Mov TERED VIA THE KEYBOARD

3 2F | o4/ 05 LODI,RO | 5 ONE DIGIT LIMITS; NO CHANGE

4 31 || BB| FC ZBSR *GNPA THE NEXT DIGIT EXITS FROM

5 THE SUBR. NOW, BRANCH TO

6 33 | 3F| o1] 2A BSTA,UN | CORRSUB CORRECT A MINOR ERROR. PRO+

7 GRAM EXPANSION WAS NECESS.

8 36 | 00| C1 DCDCOR |ACON H'00C1" SAME FOR DECODE ROUTINE.

9 8] co NOP ON RETURN, SET INDEX FOR

10 9 | 06| 8F PASS1 LODI,R2 | H'8F"' 'PASS 1 = ' MESSAGE

11 B | BB| 84 ZBSR *DISMES AND SHOW IT. ON RETURN, AS+
12 D | BB| 86 ZBSR ¥ ASMROL THE 1ST ROLL OF DICE.

13 3F || 18] o1 BCTR,UN | $+3 BRCH AROUND PASS1 CONSTANT
14

15 41 | Xx PASS1X |RES 1 PASS1 IDENT CONST. LOC'N.

16

17 42 [ os| o1 LODI,R1 | 1 NOW SET PASS1 I.D., AND

18 4 || co| 7B STRR,R1 | PASS1X STORE IT

19 6 | 20 EORZ RO NOW, CLEAR THE PREVIOUSLY
20 7 [ cclo1] 81 STRA,R1 | SAVPAS1 SAVED DICE ROLL.

21 A [ 06|97 LODI,R2 | H'97" THEN SET THE CONSTANTS FOR
22 Cc [o7|7F LODI,R3 | H'7F" DISPLAY OF 'X—X = YY' ¢&

23 4E | BB| 84 ZBSR *DISMES RUN A TIME DISPLAY. THEN

2« | @50 | BB| 88 ZBSR *DCDROL DECODE THIS DICE ROLL AND

]
D
(o))

]



CRAPGAME

INTRODUCTION: (CONTINUED)

The INSTRUCTOR 50 provides a variety of indications to keep the
game as fast-moving as possible. These include:

a. telling the player whether this is the 1st pass of dice.

b. indicating the player's "win point" if he is on 2nd and
subsequent dice throws.

s prompting the player as to his current bet and chips to-
tal after each throw of the dice.

There is nothing to prevent you (and your friends) from making
side bets and raising the odds 'against the house'. CRAPGAME pro-

vides plenty of time for this.

Poker chips or play- money are useful for multi-player CRAP-
GAMES. You can raise the excitement level by designating one play-
er as 'The House'. The other players are then provided the oppor-
tunity to control the dice roll by depressing the SENS key. The
'House' handles all other interactive functions.

[RouTINE SEE BELOW] [START ADDR _ xxx | [PART OF PROGRAM cpapGAME ][ 2650 PROGRAMMING FORM |

DESCRIPTION PASS 1 OF DICE: CONTINUED. ALSO, CONTINUATION OF DICE ROLL meT 3
IF NO WIN/LOSS ON 1ST PASS
LINE | ADDRS [ D“BIA - LABEL Mggaouc“fﬁsw;ggg‘: COMMENT
1 |@@52 | 896D ADDR,R1 |PASS1X IDENTIFY AS PASS1, THEN
2 4 [ 06]00 LODI,R2 | @ CLEAR THE PASS1 I.D. FOR
3 6 | CA|69 STRR,R2 | PASS1X SUBSEQUENT ROLLS. WAS THE
4 8 |E5|03 COMI,R1 |3 1ST PASS A '7'? YES!!! THE
B A | 1c|00|9E BCTA,EQ |BEATP1 PLAYER WON. EXIT.... NO!
6 D |E5|09 COMI,R1 |9 WAS IT CRAPS (2 OR 3) ?
v 5F | 1c|00|B1 BCTA,EQ | BOMBOUT YES. PLAYER LOST!! EXIT
8 62 | 1B|D2 BCTR,UN | *DCDCOR NO!' CHECK OTHER DECODES
9 VIA EXIT TO PASS 1 EXPAN-
10 64 | CO|CO PASCON [NOP SION AT LOC '36' . ON RETRN
14 WIND UP PASS 1. NO. ROLL
12 66 | CC|01]81 STRA,RO | SAVPAS1 WAS NOT 2,3 7,11, OR 12 SO
13 9 ||0C|17|9E LODA,RO | XXFOR+6 PLAYER MUST CONTINUE ROLL;
14 C |CC|17|BE STRA,RO | SHOOT+6 SAVE THE 1ST ROLL THEN SET
15 6F || 0C| 17| 9F LODA,RO | XXFOR+7 UP THE DISPLAY TABLE TO
16 72 | CC|17|BF STRA,RO | SHOOT+7 TEL WHAT POINT HE MUST ROLL
17 THEN PROMPT HIS MEMORY A—
18 75 || 07| 7F CONROL |LODI,R3 |H'7F' BOUT CURRENT CHIPS & BET BY
19 7 | 06|87 LODI,R2 |H'87" DISPLAYING 'XX BET Y'.
20 9 | BB|84 ZBSR *DISMES ON RETURN,
21 B | 07| 7F LODI,R3 |H'7F' TELL HIM THE POINT TO
22 D | 06|B7 LODI,R2 |H'B7 SHOOT FOR BY DISP:'SHOOTZZ
23 7F | BB| 84 ZBSR *DISMES ON RETURN, ROLL, THE DICE
2« | 081 | BB|82 ZBSR *RLDICE WHEN HE HITS SENS, STOP &

s .



CRAPGAME

USER OPERATION - SET UP:

If you are loading the INSTRUCTOR 50's memory from tape, you
must access 2 files. This is required since all available user
memory (including the 64 bytes available in the SMI) are required
by CRAPGAME.

Set the INSTRUCTOR 50's switches as follows:

I/0 Selection Toggle Switch EXTENDED I/0 PORT @7
I/0 Input Toggle Switches (8) any position
Interrupt Address Toggle Switch DIRECT

AC Line /Keyboard Interrupt KEYBOARD

Selection Slide Switch

Timed message display is controlled by the value Tocated at address
"013D" in the INSTRUCTOR 50's memory. Change the contents of this
Tocation from H'02' to H'04' or '0O5'. This change will lengthen

the time each message is displayed while you are getting used

to CRAPGAME's operation. Later, you can restore the contents of
address '013D' for faster playing action.

ROUTINE AS BELOW | [START ADDR  xxx | [PART OF PROGRAM CRAPGAME || 2650 PROGRAMMING FORM |
DESCRIPTION 'CONROL ' CONTINUED. ALSO 'BEATP1' IN WHICH THE PLAYER IS TOLD ETFET
THAT HE BEAT THE HOUSE WITH '11' OR '7' ON HIS 1ST PASS OF DICE
LINE | ADDRS [ o D‘E‘JA - LABEL Opcgoewaouc INSTEﬁECJAI,g: COMMENT
1 |2283 | BB| 86 ZBSR * ASMROL ASSEMBLE, THEN SHOW
2 5| o7| 7F LODI,R3 [ H'7F" HIM THE ROLL OF DICE
3 7 | 06| 97 LODI,R2 | H'97' BY DISPLAYING 'X——X=YY.
4 9 | BB| 84 ZBSR *DISMES THEN, DECODE THE
5 B | BB| 88 ZBSR *DCDROL LATEST ROLL OF DICE
6 D || E5 02 COMI,R1 | 2 WAS THIS ROLL A '7'? YES,
7 8F | 1C| 00| B1 BCTA,EQ | BOMBOUT HE LOST THIS PASS. EXIT TO
8 92 | col col co NOP TELL HIM SO (A FEW TIME
9 5] CO NOP WASTE INSTRUCS). NO!! THEN
10 6 | ES| 04 COMI,R1 | 4 DID HE MATCH HIS POINT?
11 8 | 18| 02 BCTR,EQ | BEATP1-2 YES, HE WON. TELL HIM !'!!
12 A 1B| 59 BCTR,UN | CONROL NO, NO MATCH, ROLL AGAIN!!
13 %
14 oc | 06| 00 LODI,R2 | O HE WON !!!!'!'!! SO CLEAR
15 9E || CE| 01| 81| | BEATP1 |STRA,R2 | SAVPAS1 OUT THE 1ST DICE ROLL.
16 Al || o7| 7F LODI,R3 [ H'7F"' THEN SHOW A TIMED MESSAGE:
17 3| 06| oF LODI,R2 | H'oF' 'YOU BEAT'
18 5 | BB| 84 ZBSR *DISMES 'THE HOUSE'
19 7| 07| 7F LODI,R3 | H'7F' WHILE HE'S STILL IN A
20 9 | 06| A7 LODI,R2 | H'A7' STATE OF EUPHORIA, GET A
21 B || BB| 84 ZBSR *DISMES 'UWIN' CONSTANT LOADED TO
22 D || 05| 9F LODI,R1 | UWIN R1, THEN GO CALCULATE HIS
23 AF | 98| 8C ZBRR *WINNINGS | WINNINGS
24
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USER OPERATION

SET UP:

(CONTINUED)

CRAPGAME

Dice roll rate is controlled by the value contained in memory at

address

'01C9'. Rol11 rate may be slowed down by increasing the

value greater than H'10'. Decrease of this Tocation's contents
speeds up the roll rate.
The new value should not be greater than H'7F', nor lower than H'O1'.
Otherwise, the roll will halt in place, and repeat forever. The
contents of this location should be adjusted to a value such that
you and your friends can

until the SENS key is depressed

ful value for roll rate display control.

USER OPERATION

not see any single dice pair clearl
(too slow); also that you can

clearly "see" the action of the rolling dice. H'10' is a use-

PLAYING SEQUENCE:

The sequence for playing CRAPGAME follows on the next and suc-

ceeding pages.

For initial play,

set the TIMED MESSAGE DISPLAY

control to H'04', as described in "User set-up operations", on
the opposite page.

ROUTINE AS BELOWJ START ADDR XXX ]LPART OF PROGRAM CRAPGAME

|l 2650 PROGRAMMING FORM |

DESCRIPTION  'BOMBOUT' RCOGNIZES THAT THE PLAYER LOST. FHEET 5
'PASSIXP' FIXES PASS1 DICE DECODES; OTHER ROUTINES AS SPECIFIED

LINE | ADORS || oo DQIA - LABEL Opcg;?BDLIC“YNSTig;;&g: COMMENT
1 | 2@B1| 0C|00|OE||BOMBOUT |LODA,RO |BET DICE WERE COLD!!! SO FETCH
2 4)ccl17|B7 STRA,RO | UPAYUP+7 HIS BET AND PUT IT IN THE
3 7| 07| 7F LODI,R3 |H'7F' YOU PAY MESSAGE TO TELL HIM
4 9| 06| AF LODI,R2 |H'AF' THE BAD NEWS. NOW, SHOW HIS
5 Bl BB| 84 ZBSR *DISMES LOSS TO THE WHOLE WORLD,
6 D| 05| AF LODI,R1 | UPAY THEN SET A 'YOU PAY' XTNT
4 BF| 98| 8C ZBRR *WINNINGS IN Rl1, & EXIT TO CALCULATE
8 HIS LOSSES.
9 Clj E5| 21 PASIXP |COMI,R1 |H'21"' PASS 1 EXPANSION:
10 3| 18| 5A BCTR,EQ | BEATP1 WAS THIS PASS AN '11'? YES
11 5; E5 41 COMI,R1 |H'41' HE WON!!! EXIT. NO: WAS
12 7l 18|68 BCTR,EQ | BOMBOUT THIS PASS A '12'? YES. HE
13 9| 1IF| 00| 64 BCTA,UN | PASCON CRAPPED OUT ON PASS1. TELL
14 HIM. NO: GO CONTIN. PASS1
15 cc oo *FILLER |CODE
16 CcD| 00| 10 NEWGAME [ACON H'0010" IND ADDR TO NEW GAME START.
17 CF| 00 *FILLER |CODE
18 FIRST, FIND OUT IF THE
19 D2l ES| AF WINNINGYCOMI ,R1 | UPAY PLAYER WON OR LOST. IF HE
20 2] 18|25 BCTR,EQ | CALCLOS WON, CONST = 'OF' + NO COMH
21 4] OC| 00| OF | | WON LODA,RO | CHIPS IF HE LOST, THE COMP MATCHE
22 7 84|66 ADDI,RO |H'66" THE 'AF' CONST, SO EXIT TO
23 9l 8C|{00|0OE ADDA,RO | BET CALC LOSS. HE WON. FETCH
24 DC| B5S| 01 TPSL CARRY HIPS & BET AND DECIMAL ADD.

A=



CRAPGAME

USER OPERATION - PLAYING SEQUENCE: (CONTINUED)

Depress RST «.eevennnnn .to start the game. The INSTRUCTOR 50
responds with the prompt:
"y BUY = "
Depress 1 or 2 ........ One or both hex keys are NUMERICAL di-
hex keys gits, representing the number of chips

the 'on-board player' must purchase to
buy into the game.

LIMITS: MORE THAN 1 CHIP
LESS THAN 99 CHIPS
TYPICALLY 50 CHIPS.

Depress ENT/NXT ........to 'close the purchase from the house’.
e The INSTRUCTOR 60 responds with the mes-
sage:
n

P ET" followed by:
"X'

where XX = value of chips just purchased, &
Y = some previous (meaningless)
number.

ROUTINE AS BELOW | [START ADDR xxx | [PART OF PROGRAM CRAPGAME ]| 2650 PROGRAMMING FORM |

RESCRIFTION 'WINNINGS' CONT. ALSO CALC LOSS, AND 'WINDUP FOR GAME BEING [SHEET 6
Line | aooRrs || o, PATA o, LABEL OPC;;?BDLIC"fNSTig;;;gz COMMENT
1 | gepE] 18 |09 BCTR,EQ |GAMEQVER IS RESULT >1007?. YES!! EXIT
2 Eg| 94 WINDUP DAR RO TO FINISH THIS GAME. NO.
3 1lcs|F2 STRR,RO | ¥*CHIPS ADJUST CHIPS & BET & STORE
4 3120 EORZ RO AS NEW CHIPS. HE'S FINISHED
5 4]CC |17 |8F STRA,RO | XXBET=+7 WITH CURR. BET, SO ZERO IT
6 E7| 1B |E4 BCTR,UN | *NEWGAME. AND SET UP FOR NEXT BET &
7 ROLL OF DICE.
8
9 E9l 20 GAMEOVER EORZ RO GAME'S QOVER, SO ZERO RESIDU
10 AlcC8 |E9 STRR,RO | *WON+1 CHIPS,BET, & BETXX DISPL.
11 Clic8 {EC STRR,RO | ¥*WON+6 NOW SET THE PRELIM. CHIP
12 EElc8 |[F5 STRR,RO | *WINDUP+5 ENTRY CUE, AND DISPLAY IN
13 F@| 04 |[FF LODI,RO|H'FF' LIGHTS . THEN, TURN OFF THE|
14 2||D4 |07 WRTE,RO |PORT7 CARRY BIT (IF SET), AND EXH
15 4|75 |05 GRSl CARRY IT TO SET NEW CHIPS VALUE
16 F6|1F [01 |OD BCTA,UN |CHIPSET
17
18 F9]0C |00 |OF | |CALCLOS | LODA,RO|CHIPS HE LOST, SO SUBTRACT BET
19 clac |oo JoE SUBA,RO |BET FROM CHIPS TOTAL. DID HE
29 PFF |E4 |F8 COMI,RO|H'F8" LOSE MORE THAN HE HAD AVAI—
21 131||9A |66 BCFR,LT | GAMEOVER LABLE? YES. EXIT TO TERMIN-
22 123 1B |5B BCTR,UN | WINDUP ATE THIS GAME. NO. WINDUP
23 & GET SET TO PLACE NEXT BET]
24

1
o
o

1
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CRAPGAME

OPERATION - PLAYING SEQUENCE: (CONTINUED)

Depress 1 hex key ......to place a bet for the 'on-board'
player. The bet may not exceed 9. It
may be gero if the player elects to 'sit
out this roll'. Once the bet is placed,

no change is possible.

NOTE: DUE TO PROGRAM LIMITATIONS, THE
PREVIOUS BET 'MOVES OVER', RATHER
THAN BEING BLANKED. IGNORE IT

Depress any other
hex or function

key. "ROLL Xy Xz "

veve..The dice-roll commences with the display:

where X1 and X2 are numbers between 1 and
6, representing the faces of the rolling
dice.

veveeeeeeas.To stop the roll of dice. The INSTRUCZ
HERERE: SRE TOR 50 responds with the following
messages:

"pABS 1 =" and
¢f--F =FF¥"

ROUTINE AS BELOW |[START ADDR XXX | [PART OF PROGRAM CRAPGAME || 2650 PROGRAMMING FORM |

DEﬂmlﬁHON 'CHIPSET' PROVIDES MEANS FOR PLAYER TO BUY INTO THE GAME. SHEET 7
CORRSUB' PROVIDES A REQU. FIX TO THE PASS1 ROUTINE

LINe | ADDRS || op PETA o) LABEL GKZ&SBDLIC INST?E;;;EE COMMENT
1 | @1@5 (|12 {17 [0B | |CHIPSXX |RES 8 CHIPS MESSAGE:
2 8|12 [1B |17 U BUY = !
3 Bl16 |17
4
5 19D |05 |01 CHIPSET |LODI,R1 |[KCHIPSXX-1 PUT CHIPS MESSAGE INTO DIS-
6 19F |06 [04 LODI,R2 |[>DCHIPSXX-1 PLAY BUFFER, THEN SET 'GNP'
7 111 BB FE ZBSR *Mov PARAMETER FOR 2-DIGIT ENTRY
8 3104 |01 LODI,RO |1 OF CHIP °'BUY' INTO GAME.
9 S|BB [FC ZBSR *GNP PLAYER CAN CHANGE HIS PUR-
10 7 iICC |00 |OF STRA,RO |CHIPS CHASE UNTIL A FUNC. KEY IS
11 A|1F |00 |10 BCTA,UN [INEWGAME DEPRESSED. STORE SELECTED
12 VALUE IN "CHIPS', AND EXIT
13 11D |00 *FILLER DATA TO PLACE A BET
14 *ADDR'S D11E TO Q125 CONTAIN A FIX TO DECODE ROLL ROUTINE %%
1s | 0126} 00|00 *DOCUMENITED WITH [THAT ROUTINE sk ok ok oo ok ok ook ook ook ok ok Kok
16 8] 0000 *FILLER ICODE - LOCATIONS '0126' T® '0129°'
17 | @12A ||44 |OF CORRSUB | ANDI,RO |H'OF' THIS SUBR. INSERTED TO COR-
18 clicc oo |oE STRA,RO |BET RECT PROGRAM ERROR. MASK
19 12F |CC |17 |8F STRA,RO | XXBET=+7 OFF RESIDUAL MS NIBBLE, THEN
20 132 |BB |82 ZBSR *RLDICE STORE THE ROLL OF DICE.
21 4 (|07 |7F LODI,R3 [H'7F' AFTER THE ROLL, SET UP A
22 136 |17 RETC,UN TIMED 'PASS1 =' PARAMETER,
23 & RETURN TO MAIN PROGRAM.
24
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CRAPGAME

USER OPERATION - PLAYING SEQUENCE: (CONTINUED)

where X & X represent the "face-up" po-
sitions of the stopped dice, and YY e-
quals the combined total of the dice.

At this point, the message sequence displayed by the INSTRUCTOR 50
is determined by whether the player wins, loses, or must roll the
dice again. No operator intervention is required....or desired ...

PLAYER WINS: PASS1 DICE EQUAL 7 oR 11:

BEAT".......tells everyone that you won on the first
QUSE?® pass of dice. Collect your winnings, and
EBET

YOU
"THE
get ready to place your next bet. Mean-
"PLA . while, the INSTRUCTOR 50 calculates your

H
C

ceveee.The new (total) number of chips is dis-
played. The previous bet is zeroed. Place
your bet (described previously) to con-
tinue the game.

"XX B

m
—
=

PLAYER LOSES: PASS1 DICE EQUAL 2, 3, orR 12:

"U PAY X".........Tells the world that you CRAPPED OUT on
the first roll of dice. 'X' equals the
amount of the bet which the 'on-board

ROUTINE DISMES | [START ADDR 13A | [PART OF PROGRAM CRAPGAME 1[ 2650 PROGRAMMING FORM

DESCRIPTION 'DISMES' CONTROLS ACCESS AND DISPLAY TIME OF 8 MESSAGES LOCA- [TEET
TED IN SMI MEMORY: LOCATIONS '1780' TO'17RE'

LINE | ADDRS || o D‘E‘JA s LABEL Opcagsouc INSTZggAigZ COMMENT
1| @137 XX >MESLOCH1 RES 1 THESE 3 BYTES ARE CONSTANTS
2 8| xx DSPLDLY | RES 1 USED DURING DYNAMIC DISPLAY
3 9 XX RUNDSPX | RES 1 OF THE MESSAGE.
4 ON_ENTRY, STORE CURRENT
s | B13A|CA|7B DISMES | STRR,R2|>MESLOC-1 INDEX TO THE MESSG TABLE
6 clo5/02 LODI,R1|2 NOW SET RUNNING DISPL TIME-
7 13E[C9 |79 REPEATM | STRR,R1 | RUNDSPX OUT & STORE. ALSO STORE
8 148|CB |76 DSPAGN | STRR,R3|DSPLDLY STATIC/DYNAMIC DISPLAY
9 2[los(17 LODI,R1 [ <MESLOC-1 PARAM. NOW SET INDX TO SPE-
10 4[loA |71 LODR,R2 | >MESLOC-1 CIFIED MSG, AND GO

11 6| BB |E6 ZBSR *USRDSP DISPLAY IT. IF STATIC, PLYR
12 8| 0B |6E LODR,R3|DSPLDLY DEPR ANY KEY TO EXIT. IF

13 Ale7 loo COMI,R3| g DYNAMIC, IS DSPLDLY A '1°

14 Cli4 RETC,EQ YET? YES! EXIT TO CONTINUE
15 DIE7 (01 COMI,R3]|1 DISPLAY. NO! REPEAT SINGLE
16 14F| 18|02 BCTR,EQ | CONTDSP PASS DISPLAY.

17 151|FB |6D BDRR,R3 | DSPAGN TO CONTINUE RUNNING TH

18 3]09 |64 CONTDSP | LODR,R1 | RUNDSPX DISPLAY, GET ITS CONSTANT
19 5|F9 |01 BDRR,R1 | $+3 & DECREMENT. IF '@', EXIT
20 7017 RETC,UN TO CALLING ROUTINE. IF NOT,
21 8| o7 |7F LODR,R3|H'7F" SET UP THE DYNAMIC PARAME—
22 15A] 1B |62 BCTR,UN |REPEATM TER, AND REPEAT.

23

24

=50



USER OPERATION

PLACERBRET "uennnn

PLAYING SEQUENCE:

CRAPGAME

(CONTINUED)

player' must pay 'the house'. The 'house'
also collects losing bets from the other

players.

"XX BET

B ¥ eannss

.as previously described.

.as described previously, except the new

total of chips is now lower. Place your
bets!!!!. Better luck next time.

PLAYER MUST ROLL AGAIN: PASS1 DICE EQUAL 4, 5, 6, 8, 9, or 10:

IIXX

"SHOOT

BET

lll

“RULL

X XII

«+eeeeprompts on-board player to remind him of
the value of his current chips (XX) and
bet (Y). The bet can't be changed.

XX ".......This prompt tels all players the "point"

which must be rolled in order for a win
to take place on the Pass Line. XX equals
the dice total made on the first pass.

-----

. Automatic roll of dice. Stops when the

SENS key is depressed.

ROUTINE DCDROL | [START ADDR @15C | [PART OF PROGRAM CRAPGAME

|| 2650 PROGRAMMING FORM

DESCRIPTION e ~0DES CURRENT DICE-ROLL FORWIN, LOSE, OR THROW AGAIN FMET 9
LINE ADDRS B2 DQIA 82 LABEL DpcggBOLIC INSTE?;;&: COMMENT
1 | #15C |08 (24 DCDROL | LODR,RO [DICEASM FETCH DICE. WAS THIS 'ROLL'
2 15E |E4 |07 COMI,RO |7 OF DICE A '7'. IF sO,
3 16@]1C |01 |1E BCTA,EQ |SEVEN EXIT TO SET EQUIV. CONST.
4 3|E4 |11 COMI,RO |H"11" IE NOT, WAS IT '11'?
5 5(1c |01 |23 BCTA,EQ |ELEVEN YES: EXIT TO 'ELEVEN SAME
6 8|E4 |03 COMI,L,RO |3 PURPOSE. DID HE CRAP QUT
7 Aj99 |11 BCFR,GT | CRAPOUT YES. EXIT TO SET CRAPOUT XT
8 ClE4 |12 COMI,RO|H'12" WAS IT '12'? IF SO, SET 1ST
9 16E|18 |07 BCTR,EQ |PAS112 PASS '12' CONST. DID THIS
10 178 |E8 |OF COMR,RO | SAVPAS1 ROLL MATCH PREVIOUS 1ST
11 2|18 |06 BCTR,EQ |MATCH PAS? YES. SET MATCH CONST.
12 4]051]10 LODI,R1[H'10" NO. NO MATCH. SET NO MATCH
13 617 RETC,UN DECODE & RETURN.
14 7105 |40 PAS112 | LODI,R1[H'40" SET PASS 1: '12' DECODE
15 9|17 RETC,UN AND RETURN
16 Alos |04 MATCH LODI,R1 |4 SET 'MATCH' DECODE
17 Cl17 RETC,UN AND RETURN
18 D||05 [08 CRAPOUT | LODI,R1 |8 SET CRAPOUT DECODE,
19 | g17F (|17 RETC,UN AND RETURN
20 *NOTE RE|.OCATED ADDR'S FROM PREVJ|MEM. NEEDED MORE DECODES***
21 P11E|05 |02 SEVEN LODI,R1}2 SET '7' DECODE
22 128[[17 |oo0|00 RETC ,UN AND RETURN /FILLER CODE
23 123]05 |20 ELEVEN | LODI,R1|H'20" SET '11' DECOSE
24 | §125]17 RETC,UN AND RETURN.
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CRAPGAME
USER OPERATION - PLAYING SEQUENCE: (CONTINUED):

PLAYER WINS: SUBSEQUENT PASS EQUALS HIS "POINT":

Same message sequence as that described for
winning with a '7' or'll' in Pass 1.

PLAYER LOSES: SUBSEQUENT PASS EQUALS “7":

Same message sequence as that described for losing
(crap out) with a '2', '3', or '12' in Pass 1.

NO MATCH ON THIS ROLL - NO “7" EITHER:

Repeat message sequence for subsequent roll. Is
the same as that described when player rolled
'4, 5, 6, 8, 9, or 10' in Pass -1.

PLAYER EXCEEDS 100 CHIPS, OR LOSES
MORE THAN HE HAS AVAILABLE:

Same message sequences as appropriate for winning
or losing. However, after the message "YOU BEAT
THE HOUSE" (U PAY XX), the 8 I/0 LED's turn on
and the message:

"U BUY =".........prompts the player to buy
into a new game.

ROUTINE ASMROL | [START ADDR @183 | [PART OF PROGRAM CRAPGAME || 2650 PROGRAMMING FORM |
DESCRIPTION THIS ROUTINE ADDS THE ''ROLL'' OF INDIVIDUAL DIE PRIOR TO EHEEr 10
DECODE OF THE ROLL. FOR WIN/LOSE/THROW AGAIN.,

LINE | ADDRS Dg}" - LABEL mggaox_xc’“ﬁsﬁ%ﬁ: COMMENT

1 218200 *FILLER CODE 3 3 o 3k 3k 3k 3 5k ke 3k ek ks e e 3 o ko k

2

3 | 2181 ] XX SAVPASL | RES 1 SAVE 1ST ROLL OF DICE.

4 2 XX DICEASM | RES 1 VALUE OF DICE ADDED FROM

5 CURRENT ROLL OF 2 DIE.

6 | g183]08 |22 ASMROL | LODR,RO |ROLL+5 GET CURRENT DICE ROLL WHEN

7 5]09 |22 LODR,R1 |ROLL+7 STOPPED.STORE IN 'XXFOR'

8 7lcc|17 |98 STRA,RO | XXFOR MSG. CONVERT FROM HEX TO

9 A|CD |17 |9B STRA,R1 | XXFOR+3 DECIMAL NOTATION. 1ST DIE
10 D|84 |66 ADDI,RO |H'66" + H'66' + 2ND DIE = RO RSLT
11 18F[ 81 ADDZ R1 DO A DECIMAL ADJ

12 190/ 94 DAR RO THEN STORE IN DICEASM. NOW
13 1{c8|6F STRR,RO [DICEASM BREAK RESULT INTO 2 NIBBLES
14 3/BB |F4 ZBSR *DISLSD AND PUT LS NIBL IN XXFOR+7
15 5|CD |17 |9F STRA,R1 | XXFOR+7 WAS ROLL > 10? YES. BYPASS
16 8l E4 |01 COMI,RO|1 NEXT INST. NO. GET A

17 Al 18|02 BCTR,EQ| $+4 SPACE CODE, AND STORE A

18 Cllo4 (17 LODI,RO[H'17" SPACE

19 194 CC |17 |9E STRA,RO | XXFOR+6 OR A 1 IN XXFOR+6, THEN

20 1A1)17 RETC,UN EXIT TO CALLING ROUTINE

2]

22 'ROLL+5' AT ADDR H'1A7'

o 'ROLL+7' AT ADDR H'1A9'

24

1
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CRAPGAME

THE PROGRAM:

Program "CRAPGAME" is organized around a sequenced mainline

set of instructions, from which are called a series of dedi-
cated subroutines as required. In sheet 1; lines 2 through 7,

an indirect address table for access of supporting subroutines
is lTisted. Typically, the mainline program calls one, or a
series of more than 1, of these subroutines as it is sequenced.
The major subroutines include:

"RLDICE"  «e++++-...control roll and stopping of the dice.
"DISMES"  ++.......controls display of all messages except the
rolling dice and chips purchase messages.
"ASMROL" ++--.....assembles the total of the 2 die, once
the roll has stopped.
"DCDROL" ++++-.-..decodes for all win, lose, and roll again

conditions in Pass 1 and subsequent passes.
"CHIPSET" +++«.....8equences entry of the player's "Buy into
the game".
"WINNINGS" ++-+-....provides steering to calculate all winnings
and losses, and to adjust current chip total.

The "Place Bet" routine is contained in the mainline program
under the label "NEWGAME" (sheet 1; line 12). Here, the mes-

ROUTINE RLDICE JLSTART ADDR @1B1 J[PART OF PROGRAM CRAPGAME Jl 2650 PROGRAMMING FORM

SCRIPTION SHEET
TS ROUTINE PROVIDES A RARTD T SRS v BEeAEE R Bens | [ 11
LINE | ADDRS | o DQIA - LABEL wcwaouc"fﬁéﬁg&’gg;@z COMMENT

1 | @1A2[13|15|01 | |ROLL RES 8 'ROLL X X' MESSAGE ''INDI-

2 5[01]17[xx VIDUAL DIE'' INTO ROLL+5

3 8| 17| xx & ROLL + 7.

A

5 Z1AA| 05|DB GETXT LODI,R1|H'DB' GET DICE TABLE INITIAL IN-

6 cjcolo1l STRR,R1| DICEXT DEX CONST. STR IN 'DICEXT'

7 E| 17 RETC,UN AND RETURN.

8

9 1AF| XX DICEXT | RES 1 DICE TABLE CONSTANT

10 1Bg| XX ROLDLY | RES 1 ROLL DICE DELAY CONST.

11

12 | g1B1| 76|60 RLDICE | PPSU FLAG,II TURN ON FLAG LED & INTPT
13 3| 09| 7A ROLLING | LODR,R1| DICEXT INHIB. GET CURRENT DICEXT
14 5| 85|01 ADDI,R1| 1 & INCR. DICE TABLE READ

15 71 B5| 01 TPSL CARRY COMPL? YES. REINIT. INDEX.
16 9| 38| 6F BSTR,EQ| GETXT NO. INDX INTO NXT ENTRY

17 B| OD| 61| 00 LODA,RO| DICETB,R1 ¢ STORE UPDATED INDEX. NOW
18 1BE| C9| 6F STRR,R1| DICEXT SHOW ENTRY IN LIGHTS

19 1C@| D4| 07 WRTE,RO| PORT? & THEN BREAK THE

20 2| BB|F4 ZBSR *DISLSD LATEST ENTRY INTO NIBBLES.
21 4 cs| 61 STRR,RO| ROLL+5 THEN PUT IN 'ROLL X X' MSG
22 6]l cole61 STRR,R1| ROLL+7 NOW, SET THE ROLL DISPLAY
23 gl 07| 10 LODI,R3[H"10" CONST, & PUT IN 'ROLDLY'.
24 1CA| CB| 64 AGAIN STRR,R3| ROLDLY THEN, FETCH THE ADDRESS

«EB



CRAPGAME

THE PROGRAM: (CONTINUED)

sages: "PLACE BET" & "XX BET Y" are sequenced, "PLACE BET" under
the control of subroutine "DISMES", and "XX BET Y" controlled

by the INSTRUCTOR 50's MONITOR subroutine "GNPA" (Get Numbers
Parameters And display). "GNPA" is accessed indirectly by the
ZBSR instruction in sheet 2; line 4. Until the operator places
his bet, and subsequently depresses any other HEX or FUNCTION
key, the message is displayed. This type of display is controlled
by programming '05' in the LODI,RO instruction; line 3.

The BSTA instruction (Tine 8) was necessary in order to permit
additional programming for a bug found during proof of the pro-
gram's operation.

In Tine 15, a constant (PASS1X) is conditioned to track whether
this is Pass 1 of the dice, or whether a subsequent roll is ta-
king place. The win/loss decode software depends on the condi-
tion of this constant in its decision making process.

Routine "PASS1", starting at line 9 ; sheet 2, controls all mes-
sage sequencing for operations taking place during Pass 1 dice

[ROUTINERLDICE ] [START ADDRCONTIN | [PART OF PROGRAM CRAPGAME || 2650 PROGRAMMING FORM |
DESCRIPTION CONTINUATION OF 'RLDICE', ALSO THE 36-BYTE DICE TABLE. F“E“'lg
LINE ADDRS BZ DgIA B2 LABEL Dpcgggaouc INST?EJ&’; COMMENT
1
2 | giccfos |01 LODI,R1 [<ROLL-1 CONSTANTS FOR THE 'ROLL X X
3 | 1cefoe |A1 LODI ,R2 |>ROLL-1 MESSAGE, AND DISPLAY THE
« | 1D@|BB [E6 ZBSR _ |*USRDSP CURRENT ROLL. THEN RECALL
5 2]0B |5C LODR,R3 |ROLDLY THE ROLL DSPLY DLY, AND SEE
6 4|FB |74 BDRR,R3 |AGAIN IF_FINISHED. IF NOT, DO A-
7 6 B4 |80 TPSU _ [SENS GAIN. WHEN FINISHED, SEE
. 898 |59 BCFR,EQ |ROLLING IF_THE PLAYER HAS STOPPED
> | g1DAJ17 RETC,UN THE ROLL. YES? EXIT TO CAL-

10

LING RTN. NO? KEEP ROLLING

12 | g1DB||34 |41 |13 | |DICETB | RES 37 'DICE TABLE' HOLDS ALL
13 1DE 36 |24 |51 POSSIBLE COMBINATIONS OF
14 1E1[25 |66 |21 2 6-SIDED DIE, PLUS

15 41131 |61 |16 AN EXTRA '7' ('34"' AT
16 7112 |56 |46 ADDRESS '1DB' WHICH IS
17 A |45 |53 |64 ACCESSED OMLY ONCE AT
18 1ED |54 [23 [32 THE START OF EACH GAME.
19 1F2 |33 |35 [65

20 3111 |14 |63

21 6|42 |62 |26

22 9143 |34 |55

23 Cll22 |44 |15

24 | GIFF ||52




CRAPGAME

THE PROGRAM: (CONTINUED)

roll. If subsequent rolls are required (e.g. no match; no loss
or win.) the mainline program sequence continues with routine
"CONROL". Any winning roll detected during Pass 1 or on a sub-
sequent roll causes program control to execute routine "BEATP1"
in sheet 4. A loss detection turns program control over to the
routine "BOMBOUT", in sheet 5 of the main program.

"BEATP1" and "BOMBOUT" respectively set up message displays for
'You beat the House', and 'U pay XX', then set unique constants
prior to transfer of program control to subroutine "WINNINGS".

"WINNINGS" (sheet 5) compares the unique constant with one of its
own: "UPAY". If the constants match, this means that the player
has Tost, and process "CALCLOS" (sheet 6) is executed. Here,

the current bet is subtracted from current chips, then displayed
in routine "WINDUP", also found in sheet 6.

If the constants do not match, a WIN is indicated. Program exe-
cution falls through to routine "WON", where the current bet and
chips are summed. "WINDUP" is then executed.

Both "CALCLOS" and "WON" test to see if the number of chips res-
pectively exceed 100, or are less than zero. If so, routine
"GAMEOVER" (sheet 6) is executed."GAMEOVER" zeros both current

[RoUTINE MsGTBL ] [START ADDR 178@ | [PART OF PROGRAM CRAPGAME || 2650 PROGRAMMING FORM |

DESCRIPTION '\mssTRl ' IS ACCESSED ONLY BY ROUTINE 'DISMES'. CONSISTS OF FHHH
EIGHT 8-BYTE MESSAGES IN SMI RAM LOCATIONS '1780'-'17BF' 13

LINE | ADDRS || o Dg{“ - LABEL Opcg;«gsml'lc“iﬁéT%gé;Aigg COMMENT

1 | 178210 |11 |0A [|PLACEBET| RES 8 ''"PLACEBET''

2 3 |ocC |oE |oB

3 6 |OE |87

4 | 1788 ||XX [ XX |17 | |XXBET RES 8 ''*XX BET Y''

5 B (0B |0E |07 XX = CHIPS ON HAND

6 8E |17 |17 Y = CURRENT BET

7 | 179810 |0A |05 | |PASS1= RES 8 ' pPass 1 = !

8 3105 (17 |01

9 617 |16

10 | 1798|IXX |19 [19 | |[XXFOR RES 8 PIX——X = YY

11 BlxxX |17 |16 X & X = INDIV. DIE

12 E[YY |YY YY = 2 DIGITS ADDED DICE
13 | 17A2[1B |00 |12 | |YOUBEAT RES 8 ''yYyouU BEAT''

14 3[17 [oB [oE

15 6 ||0A |07

16 | 17A8{/07 |14 |OE | [THEHOUS | RES 8 ""THE HOUSE''

17 Bll14 |00 |12

18 Dllo5 |oE

19 | 17B@||12 |17 |10 | |UPAYUP RES 8 'y PAY X''

20 3]0A [1B |17 X = BET WHICH PLR LOST.
21 617 [XX

22 | 17B8||05 |14 |00 | [SHOOT RES 8 ''SHOOT XX''

23 Blloo [07 |17 XX = PT PLAYER MUST SHOOT
24 | 17BE[17 [XX FOR TO WIN.
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CRAPGAME

THE PROGRAM: (CONTINUED)

chips and bet indications, and turns on the I/0 LEDs. The LEDs re-
main lighted until the next dice roll takes place in a new game.

Subroutine "CHIPSET" (sheet 7) accesses the MONITOR's subroutine
"GNP" (Get Numbers Parameters). This differs from subroutine "GNPA"
in that the least significant 3 or 4 digits are blanked when

the first hex digit is depressed by the operator. This 'makes

room' for data entered by the operator. The value loaded into

RO (T1ine 8; sheet 7) determines whether 2 or 4 digits may be en-
tered, and how many preceding display digits (least significant

3 or 4 digits are blanked. The '0Ol1' programmed in location '0114'
conditions the routine to:

* blank the 3 Teast significant digits, and
* expect 2 digits entry with change permitted.

This is why the "EQUALS" sign goes out when you enter the first
chips digit entry !!!!l!l  Further, you've got to depress some FUNC-
TION key (e.g. MEM; REG, or ENT/NXT) to exit from the routine.

"DISMES" (sheet 8) provides controls for both static ('display
until a key is depressed') and dynamic (automatically timed-out)
message display. Your author will demonstrate how you can check
out both static and dynamic (timed) display later on. The key
lies in the contents of R3 prior to the time the MONITOR's User
Display ("USRDSP") routine is executed. As long as R3 contains

a number between '01' and '7F', "USRDSP" makes one display pass,
then immediately exits. If R3 equals '00', "USRDSP" will display
the current message until the operator depresses some HEX or
FUNCTION key. This is the reason behind programming of the

COMI R3, @ instruction in Tine 13.If R3 = 0, the player will
have just depressed a key to exit the display. The following
instruction, RETC,EQ is satisfied, and program control returns
to the main program. A11 this takes place for a static display.

The instructions in lines 15 through 22 provide control for ti-
ming a desired dynamic message. Decrement of R3, from '7F' to
"01', takes about 1/2 second when combined with time required
by subroutine "USRDSP". Message display time is controlled by
programming location '013D'. Routine "DISMES" will run the dis-
play through a precise number of single passes. The formula is:

(R1) x H'7F' = SINGLE PASSES

WHERE (R1) = VALUE LOADED INTO R1 BY
THE LODI INSTRUCTION AT LINE 6.

H'7F' IS THE CONSTANT INITIALIZED IN

R3 BEFORE ENTRY TO ''DISMES'', OR BY
THE LODR INSTRUCTION AT LINE 21.

A value of '04' initialized in 1line 6 provides a running display
time equal to about 2 seconds. Take a few minutes to read the com-
ments in lines 15 to 22 , then continue on the next page.
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CRAPGAME

THE PROGRAM: (CONTINUED)

Routine "DCDROL" (sheet 9) presents some interesting problems.
Basically, this routine tests the ASSEMBLED ROLL of dice for
various number values and sets an appropriate constant (in R1)
for each specific value detected. A1l general dice possibilities
are coverd; these include:

CRAPOUT------- 2 or 3 in dice - will be tested in PASS 1 only.
SEVEN:--------- 7 rolled - will be tested for win(Passl) or lose.
ELEVEN--------11 rolled - will be tested for a win in PASS 1 only.
PAS112--.----12 rolled - will be tested for crapout in PASS 1.
MATCH---.........rolled dice = previous PASS 1 on subseq. roll.

NO MATCH----If saved dice don't match this roll; main program
will roll the dice on subsequent passes.

As indicated, the actual test for WIN, LOSE, or ROLL AGAIN is per-
formed upon return to the main program from DCDROL.

Routine "ASMROL" (sheet 10) is accessed by the main program after
the player depresses the SENS key to terminate the dice roll.

"ASMROL"'s sole function is to set up the variables in the message
"X--X =YY". After placing the values corresponding to the face-up
values of the individual dice in the "X--X" portion of the message,
"ASMROL" adds up the dice, and inserts the result into the "Y"

part of the message. If the total equals less than 10, the lead-
ing "Y" digit is blanked.

Subroutine "RLDICE" is a special high-speed routine dedicated to
controlling all throws of the dice. In Tines 13 to 18, an index
into a 36-entry data table is set up, then used to fetch a single
l1-byte entry from "DICETB" (sheet 12; lines 12 and following).
A11 dice combinations are contained in this table, each die face
represented by a 4-bit nibble, as shown in the following diagram.

11 ¥
= e 51
13 |@1DE | 36| 24 51 - 1ST DIE 2ND DIE

14

18

After fetch, the binary code of the "DICETB" entry is transmitted
to the I/0 LEDs. The entry is then split into 2 nibbles (line 20;
sheet 11) and then placed in the "ROLL X X" message and displayed.
The constant loaded into R3 (1ine 23; sheet 11) determines the
display time for each current roll. After the roll display has
timed out (sheet 12; line 6) the SENS key input is tested. Roll
is repeated (or terminated) depending on the result of that test.

Subroutine "GETXT" (sheet 11; line 5) is accessed by routine "RLD-
ICE" whenever the 'DICETB' index must be reinitialized. The TPSL
instruction (line 15) tests whether the current index has carried
through 'FF' to '@@'. When it does, the CARRY bit is active, and
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CRAPGAME

THE PROGRAM: (CONTINUED)

program control branches to "GETXT". Here, the index constant is
re-initialized to H'DB', the least significant byte of the 'DICE-
TB's start address. The LODA instruction (line 17) adds this index
to a fixed base address (' 1@@') contained in its 2nd & 3rd bytes.
The result provides the proper memory address into the table.

In "DICETB" (sheet 12) note that the code '34' is repeated twice,
at locations 'O1DB', and at 'O1FA'(line.22). The code at Tocation
'01DB' is never accessed, however, since the initial index is
incremented by 1 before the 1st access is made into DICETB.

The routine "DISMES" (sheet 8) accesses an 8-entry data message
table; ("MESTBL") on sheet 13. Each message entry contains 8 bytes.
Message variables are identified by 'XX' or 'YY' in the codes.
"MESTBL" is located in the user-available memory section of the
2656 Systems Memory Interface (SMI) chip, at addresses '1780'
through '17BF'.

This concludes the description of program "CRAPGAME".

STATIC / AUTO MESSAGE DISPLAY MODE CHECKOUT:

As presently coded, the mainline program does not exercise the
STATIC message display mode feature of subroutine "DISMES".
A11 "DISMES"-accessed messages are displayed for a short period
of time only. The following modifications are provided in order
to checkout STATIC DISPLAY mode:

NOTE: THIS MODIFICATION CAN WORK TO YOUR
ADVANTAGE BY PERMITTING THE PLAYERS
TIME TO PLACE INTERMEDIATE OR SIDE
BETS AFTER THE EIRST PASS OF DICE
OR EVEN AFTER EACH DICE ROLL IF THERE
IS NO WIN OR LOSS ON THE FIRST PASS.

TO DISPLAY THE STOPPED ROLL OF DICE AND THEIR TOTAL UNTIL A
PLAYER DEPRESSES A HEX OR FUNCTION KEY:

PASS 1 ONLY:

Depress MON MEM 4 D ENT/NXT........ to select a memory alter address
of the constant programmed for
timed display of the message:

" XX = YY "

Depress @ ENT/NXT ceeeeeeienarnnnnnnens to condition the display to show

the message until any key is de-

pressed.
50~



CRAPGAME

STATIC / AUTO MESSAGE DISPLAY MODE CHECKOUT: (CONTINUED)

SUBSEQUENT ROLLS ONLY - NO STOP ON PASS 1 ROLL:

Depress MEM 8 6 ENT/NXT ..ccevenn... address of memory change.
Depress P ENTIHET  senwenvwsensspuis dice will be displayed until
- player depresses Hex or Func-
tion key.

Play as usual. Both changes may be incorporated if desired. To re-

store, change contents at affected addresses from '@@' back to
'7F', as shown in the program.

1/0 DISPLAY WHEN 'ON-BOARD PLAYER EXCEEDS 100 CHIPS, OR
LOSES MORE THAN HE HAS:

Play in normal fashion, except 'buy into the game' with 99 (1)
chip(s), and attempt to win (lose) an appropriate bet. When
the 1Timits are exceeded, all 8 I/0 LEDs 1ight, remaining on
until the next dice roll takes place.

NOTES:
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BEAT THE ODDS-VARIATION 1%

INTRODUCTION AND PLAY:

This simple game will provide more "action" in an evening than
you ever dreamed of, particularly if your friends enjoy some
friendly wagering. Use of poker chips or play money pro-
vides a realistic excitement to the game. After you have Toaded
"BEAT THE ODDS" into the INSTRUCTOR 50, play as follows:

1. Depress RST then INT ---When the FLAG LED turns on,
. b your friends place their bets
in the field of their choice.
Uil RPN

SENS +++++eeesees...t0 start the random generation
of numbers.
Thetiesseoun

2s Depress

3. Depress SENS again ces..When any player calls for dis-
play of the generated number.

Bets are paid "by the House"
as indicated in the 'Tables'
diagram on the next page.

4. Depress INT ceeeeeeeeeeens ..to call for placing new bets
** Varjation 2 is contained in the INTRODUCTORY CASSETTE tape.
GAME AND PROGRAM BY JOHN GARCEAU
ROUTINE AS SHOWN |[START ADDR @@@ | [PART OF PROGRAM ODDS VER 1;[ 2650 PROGRAMMING FORM |

DESCRIPTION PROGRAM 'ODDS' IS AN ELECTRONIC LOTTERY, WITH FULL RANDOM ﬁ?ﬂﬂ
NUMBER SELECTION. HOWEVER IT DOES NOT CALCULATE WINNINGS OR LOSSES 1
Line | ADORS. | o, DQIA o LABEL Mggsouc"ﬁwgg;g: COMMENT
1 | 9922 1B |OE 0oDDS BCTR,UN| NEWGAME ON RESET, GO START NEWGAME.
2 | 82—-6[00 |00 |00 | [FFILLER KODE
3 7[00 |80 INTADD | ACON H'0080" ENTER ROUTINE TO PLACE BET
4 | 09-F| 00 [00 |00 | |*FILLER [CODE ON INT KEY DEPRESS ONLY
5
6 21920 NEWGAME | EORZ RO INIT RO=R3='9@"' THEN
7 1]c3 STRZ R3 CLEAR SAVECT (256 LOCATIONS
8 2| CF |21 |00 STRA,RO| SAVECT,R3,+ STARTING AT LOC.'19@"')
9 558 |7B BRNR,R3| $-3 FINISHED? YES! GO TURN OFF
10 774140 CPSU FLAG FLAG LED, AND LOOP UNTIL
11 9 1B |7E PLAY BCTR,UN| PLAY INT KEY DEPR. TO PLACE BETS
12 [1B—1F| 00|00 |00 | [*FILLER |CODE
13 29| 77|08 PPSL wC SET CARRY FOR CHAR. BUILDUP
14 2]loD |1E |70 LODA,R1| RIGIDI NOW, GET A BYTE FRBM RIGID
15 5] 0D |5C |89 LODA,RO| RIGID2,R1,— ADDRESS (TWICE, AND ENTER
16 INTO THE COMPUTATION,
17 gl o780 ROLLING | LODI,R3[ H'80' 1ST, SET ROLL RATE, THEN
18 Allo4 |01 LODI,RO| 1 INCR. SAVECT,R1 INDEXED.
19 cllsb |61 |00 ADDA,RO| SAVECT,R1 NOW TEST TO SEE IF THE LO-
20 2F|B5 |01 TPSL CARRY CATION HAS CARRIED? YES!!
21 31)18(11 BCTR,EQ| GAMEOVER EXIT TO GAME OVER. NO!'!
22 3lcD |61 |00 STAR,RO| SAVECT,R1 SAVE THE INCREM CT, AND DO
23 6|FB|7B BDRR,R3| $-3 ROLL RATE. DONE?? YES!!
24 238[ 8D {5D |00 ADDA,RO| NEWNBR,R1,-— FETCH ANOTHER RANDCOM #, ADD

1
()]
N
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BEAT THE 0DDS - VARIATION 1

PLAYING 'TABLE'

Use a large piece of 1ight-colored construction paper to dupli-
cate the "Playing Table" model illustrated below. For play,

place on a convenient card table facing the players. Locate
the INSTRUCTOR 50 as shown.

If the player opts to select 5 or 10 specific 2-digit numbers,
he should jot them down on a small piece of paper. Then, he
must place the paper, together with his bet, on the table during

the "PLACE BET" cycle. Any one of his 5 (or 10) numbers wins
if matched.

Note: The "Table" is drawn to an approximate 1/3 or 1/4 scale.

Preparation for play is specified on page 6-65.

“"INSTRUCTOR

50”

Y
1 DY
\_EDS 0‘\\ 6 ‘.X
or © 2
L N g
R ? \_E“S % 2
6, 7) 0 0‘\\ ’\ i
R 2 \ES 1
l)g 8\
0) 5 \_EDS 0‘\\
3 OR
4 OR 5 LEDs 20R 3
3‘LE“D' OORNS ON LEDs ON
S
2:5 | Ll \ 2 A\
HEX DISPLAY LEDs ANY PATTERN
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BEAT THE ODDS - VARIATION 1

INTRODUCTION AND PLAY (CONTINUED)

5. Repeat steps 2, 3, & 4 «...... until the message "YOU HOPE"
is displayed. At this time,
the game is over.

Repeat from step 1 to start
a new game.

THE PROGRAM:

Program "ODDS" consists of 2 major routines; these are "ROLLING"
and "DISPLAY". "Rolling" provides for a high-speed random num-
ber generation after the SENS key is depressed the first time.
Generated numbers are 8-bit binary codes, thus 256 possible com-
binations may be generated.

When the SENS key is depressed the 2nd time, the current 8-bit
binary number is d1sp1ayed as a 2-digit HEXADECIMAL number in
the INSTRUCTOR 50's HEX DISPLAY. Each of the displayed digits
may have a value equal to the following:

g, 1, &, 3, 4y B, B 1, Bs 8, A(10), B{11), £(12)
D(13), E(14), or F(15).

The display is blanked when the operator depresses the INT key
to allow further betting to take place.

[RoUTINE AS SHOWN | [sTART ADDR _ XXXX ] [PART OF PROGRAM ODDS (VER1|[ 2650 PROGRAMMING FORM |

DESCRIPTION gE§$INUATON OF CONTROL PROGRAM FOR 0ODDS GENERATION AND DIS-— FHEET 2
Line | ADDRS || oo PATA ) LABEL [;{E;SBOLXC INST?E&;&E: COMMENT
1 ; *TO RO CONTENTS, THEN SHOW
2 | Ppp3B|D4 |07 WRTE,RO| PORT7 THE HIGH SPEED ROLL IN
3 D|B4 |80 TPSU SENSE LIGHTS. DOES THE PLAYER
4 3F|| 38 [OD BCTR,EQ| DISPLAY WANT TO SEE HIS ROLL?
5 41(1B |65 BCTR,UN| ROLLING YES!! SHOW IT TO HIM. NO:
6 NOT YET; KEEP ROLLING.
7 43| 00 *FILLER |CODE
8
9 441 05|00 GAMEOVER LODI,R1| <OVER-1 SET DISPLAY CONSTANTS TO
10 6)106|77 LODI,R2| >0VER-1 SHOW GAME IS COMPLETED,
11 8/ 07|01 LODI,R3| 1 DISPLAY 'YOU HOPE' UNTIL
12 Al BB |E6 ZBSR *USRDSP PLAYER DEPRESSES 'RST' TO'
13 4Cl 1B |76 BCTR,UN| GAMEOVER START A NEW GAME.
14
15 4E||CC |17 |D9 | |[DISPLAY | STRA,RO| SAVEREG ROLL IS STOPPEDj; HE WANTS
16 51|76 |60 PPSU FLAG,II HIS COUNT, SO SAVE THE REGS
17 3|| 3F | 1IE |A9 BSTA,UN| SAVREG AND SET FLAG LED AND INTPT
18 6| D5 |07 WRTE,R1| PORT7 INHIB. NOW SPLIT HIS ROLL
19 8|01 LODZ R1 INTO 2 NIBLS, AND STORE IN
20 9| BB |F4 ZBSR *DISLSD THE ''ROLL'' MESSAGE.
21 B|C8|19 STRR,RO| ROLMES+6
22 DiCo|18 STRR,R1| ROLMES+7 THEN SET UP THE DISPLAY
23 5F]| 05 |00 DISPLAGN LODI,R1| <DATABL-1 CONSTANTS FOR
24 61] 06 |6F LODI,R2| >DATABL-1 HIS ROLL

1
(o))
e
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BEAT THE 0DDS - VARIATION 1

THE PROGRAM (CONTINUED)

The program particulars are further defined in the listing pro-
vided at the bottom of these pages.

PREPARATION FOR PLAY:

Place the INSTRUCTOR 50 at the rear-center of a 4 x 4-foot card
table, facing towards the center of the table.

Place the reproduced (enlarged) version of the 'Table' in front
of the INSTRUCTOR 50, facing the front of the card table. Power
up the INSTRUCTOR 50.

In FAST MEMORY PATCH mode, load the code for "ODDS" into the
INSTRUCTOR 50.

[RoUTINE AS SHOWN | [START ADDR xxX ] [PART oF PROGRAM ODDS (VER1) |[ 2650 PROGRAMMING FORM |

DESCRIPTION CONTINUATION OF DISPLAY ROUTINE, ALSO INTERRUPT SERVICE. Fﬁﬁﬁ’?{‘*
LINE | ADORS || DQI" - LABEL Dpcgéaaouc“x_néﬁa;g;g: COMMENT
1 | 226307 (01 LODI,R3| 1 AND SHOW IT
2 5[BB [E6 ZBSR *¥USRDSP TO HIM. WHEN HE DEPRESSES
3 7174 |20 CPSU II INTPT KEY, ALL PAYOFFS ARE
4 2|DB |7E BIRR,R3| $ MADE, AND HE'S READY TO
5 Bl 76 |20 PPSU 11 PLACE NEW BETS.
6 Dl 1B|70 BCTR,UN| DISPLAGN UNTIL THAT TIME, DISPLAY
7 HIS ROLL.
8 6F|| 00 *FILLER |CODE
9
10 79[ 13]15[11 | |[ROLMES | RES 8 MESSAGE: 'ROLL = XX
11 3111|1617
12 6] XX [ XX
13
14 78| 1B|00 |12 | |OVER RES 8 MESSAGE: "YOU HOPE'
15 B|17|14]00
16 7E| 10 |0E
17
18 8@l 12 INTSVC | SPSuU FETCH PSU, AND CLEAR THE
19 1]|A4 |61 SUBI,RO{ H'61" FLAG, II, AND SUBTRACT 1
20 392 LPSU FROM THE STACK POINTER,
21 4lloc|17|D9 LODA,RO| SAVEREG NOW RESTORE THE PREV. SAV'D
22 7| 3F | 1E |B3 BSTA,UN| RESTRO REGS.
23 Al B4 |80 TPSU SENS WAIT UNTIL PLAYER DEPRESSES
24 8c| 98| 7¢C BCFR,EQ| $-2 SENSE, THEN DELAY 1/2 SEC
2
3
4 8E |FB |7E BDRR,R3| $ (A SUITABLE TIME)
s 92 |FA |7C BDRR,R2 | $-2 THEN GO ROLL THE
6 | @92 1F |00 |28 BCTA,UN| ROLLING RANDOM #'S AGAIN.
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BEAT THE ODDS - VARIATION 1

Toggle the INSTRUCTOR 50's switches as follows:

I/0 Mode Switch EXTENDED I1/0 PORT 07
Interrupt Address Sw. INDIRECT

AC Line / Keyboard

Interrupt Selection KEYBOARD

slide switch

I/0 input switches (8) any position

Play as described in the introduction.

BEAT THE 0DDS - VARIATION 2°

INTRODUCTION AND PLAY:

Variation 2 of "BEAT THE 0DDS" provides for enhancement of the
visual display effects associated with this game. The players
are told when to place their bets on the playing 'table'. Also
the actual computation of the random number is preceded by a
% second display: "ROLL =". This is followed immediately by the

4

8 1/0 LEDs flashing at high speed to indicate number generation.
There are slight changes to the rules of play; these include:

i, Depress RST and INT .--.. to start the game. The promt:
"PLACE BET" is immediately dis-
played.

2 . Depress any HEX KEY........ to close placing of bets. The

message "ROLL =" is displayed
for % second, followed by ran-
dom number calculation.

- Depress SENS «cscsivssswanwnven to stop the number calculation
'roll'. The current number is
displayed:

* in binary on the I/0 LEDs.
* in Hex code on the Hex Display.
Make bet payoffs at this time.

4. Uepress IHT curovesnsssnanns to prompt for placing new bets.
9 Repeat steps 3, 4, & 5 ....until the message "YOU HOPE" is
displayed

Control switch settings are unchangea.
# Contained as File 5 on the INTRODUCTORY CASSETTE.
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BEAT THE 0DDS - VARIATION 2

PROGRAM CHANGES:

The LODI,R3 @ dinstruction (LINE 3; SHEET 1 OF 'ODDS' VERSION

2 -- BeELow) conditions the INSTRUCTOR 50's Monitor USER DISPLAY
routine to display the message "PLACE BET" until the operator
depresses a HEX or FUNCTION key. For ease of play, the rules
specify depression of a HEX key only.

The LODI,R3 H'7F' instruction in line 18 conditions the Display
routine for a 1/4 second timeout, with auto-exit to 'roll' for
the random number.

VARIATION 2

[ROUTINE INTSVC | [START ADDR @8 | [PART OF PROGRAMODDS (VER2) |[ 2650 PROGRAMMING FORM |
DESCRIPTION yARIATION TO PROVIDE 'PLACE BET' & 'ROLL' PROMPTS FROM LOCA- FMET 1
TION '8@'. OVERLAYS ORIGINAL ODDS PROGRAM WITH THE FOLLOWING.
LINE | ADDRS || DQIA 55 LABEL OPCSS:BDLICMWSTE{SA%: COMMENT
1 INOTE THE| ADDRESSES SHOWN FOR MODIFICATION OF 'ODDS' VERSION 1
2 3¢ 3 3 3 ok 3 ok %k bk ok Xk 3k
3 | g@8@ |07 |00 INTSVC | LODI,R3| @ RULES AND 0ODDS FOR THIS
4 205 |00 PLACE LODI,R1| <PLACEBET-1 VERSION HAVE MINOR CHANGES.
5 4106 |8D LODI,R2| >PLACEBET-1 SEE EXPLANATION PROVIDED
6 6|BB |[E6 ZBSR *USRDSP ABOVE THIS LISTING.
7 8l12 SPSU
8 9A4 |61 SUBI,RO| H'61"
9 B|9o2 LPSU
10 8C| 1B |09 BCTR,UN| ROLLBET
11
12 8E[10 |11 |OA | |[PLACEBET| RES 8 MESSAGE: 'PLACE BET'
13 91| 0C |0E |oB DEPRESS ANY HEX OR FUNCTION
14 4| OE |87 KEY TO START ROLL.
15
16 96| XX ROLLTIME RES 1 HI-SPEED ROLL TIME CONST.
17
18 97|07 |7F ROLLBET | LODI,R3| H'7F' DISPLAY FOR HI-SPEED ROLL
19 9| cB (7B STRR,R3| ROLLTIME
20 gl o5 |00 LODI,R1| <ROLL=-1 SET UP CONSTANTS
21 D| 06 |AD LODI,R2| >ROLL=-1
22 OF BB |E6 ZBSR *USRDSP & SHOW ROLL (CURRENT)
23 AlfoB |73 LODR,R3| ROLLTIME PULL ROLLTIME, AND SEE IF
24 PA3|FB |74 BDRR,R3| ROLLBET+2 CURRENT ROLL DSPL OVER.
[ROUTINE _AS SHOWN ] [START ADDR xxx | [PART OF PROGRAMODDS (VER2) |[_ 2650 PROGRAMMING FORM |
DESCRIPTION  CONTINUATION OF MODIFIED HIGH SPEED ROLL & DISPLAY. [TTET 2
Line | ADORS || DQIA - LABEL OPCZL?BOEICUYESTiggiigg COMMENT
1 | @@AS |0C |17 D9 LODA,RO | SAVREG WHEN COMPLETE, GET PREV.
2 8|[3F |1E B3 BSTA,UN | RESTRO SAVED R@Z & OTHER REGS,
3 @AB ||1F |00 |28 BCTA,UN | ROLLING THEN EXIT TO ROLL UP ANO-—
4 THER RANDOM NUMBER.
S
6 GAE 13 |15 |11 | |[ROLL= RES 8 MESSAGE: 'ROLL = XX'
7 B1f11 |16 |97
8 | @@B4 |97 |97
9 *FLASHES| FOR 1/2 |[SECOND, THEN PROGRAM EXITS TO ROLL FOR ODDS.
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ELECTRONIC SLOTMACHINE
INTRODUCTION ;

Program "SLOTMACHIN" provides a fastmoving means to 'play
the slots', very much as a typical slotmachine is organi-
zed for use in Nevada, and now in New Jersey. The HEX DIS-
PLAY facilities are used to sequence a series of messages

as follows:
"ROTATE™

"YOU HOPE'
“"IT 18 A"
"JAC-POT™"
This is followed by rolling of the 3 slotmachine 'wheels'

at an adjustable rate of speed. The 'wheels' are displayed
as follows, and stop in sequence; wheel 1 first, followed

by wheel 2, then with wheel 3.

4 6 5 4 3

BLANK
WHEEL 2

VARYING IMAGES FOR EACH
WHEEL'S DISPLAY DEFINED ON PAGE 6-78.

XX =

ROUTINE INITIAL

| [sTART ADDR gggg | [PART OF PROGRAM g oTMACHIN Jrz 650 PROGRAMMING FORM_—]

DESCRIPTION  TND ADDR CALLS & INIT. MESSAGE DISPLAY FOR SLOTMACHINE. F“*T 1
LINE | ADDRS QA_SEIA - LABEL OPC;;?BOLId”iNSTE:;;iEE COMMENT
1 | 992218 |OE SLOTMACH BCTR,UN| INITIAL BRCH TO PROGRM STRT ON RST
2 2|lo1 |40 DISMES | ACON H'0140"
3 401 [E9 DISROL | ACON H'01E9'
at 6/01 |BO ZERQ ACON H'01B0'
. glo1[BA ODDSDSP | ACON H'01BA' SUBROTINE IND.ADDR CALLS
6 Alo1[70 SHOWJAC | ACON H'0170"
7 cloo [oa *FILLER [CODE
° 9E[01 |30 EVENTSET| ACON H'0130"
9
1o 1820 INITIAL | EORZ RZ CLR R@, THEN SET ALL PSW
11 1[92 LPSU AT ZERO
12 2[[o3 LPSL THEN GO INITIALIZE THE
13 3[76 |20 PPSU II WHEEL INDEX CONSTANT
14 5(BB [8E LOSER ZBSR ¥EVENTSET ON RETURN, SET UP EVENTS, &
15 7(CF [01 |AO STRA,R3 EVENTS MAKE A RAPID DSPLY OF THE
16 Alo6 [7F MESSAGES| LODI,R2 | >ROTATE-1 FOLLOWING MESSAGES:
17 clos [o1 LODI,R1 | 1 (RUNDSPX)X1 _ 'ROTATE'
18 1E|BB |82 ZBSR *DISMES 'You Hopg'
19 2206 |AF LODI,R2 | >YOUHOPE-1 'IT IS A’
20 205 [03 LODI,R1 | 3 (RUNDSPX)X3 _ 'JACKPOT'
21 | g@24 BB |82 ZBSR *DISMES YOU CAN ALTER MESSAGE SPEED
22 1 BY CHANGING RUNDSPX FOR
23 EACH MESSAGE.
24

1
(o))
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1

A JOHN GARCEAU PROGRAM



SLOTMACHINE
INTRODUCTION: (CONTINUED)

The display is fixed for 2 full seconds after all wheels have

ceased rotation to permit the viewer to see the combination
rolled. Depending on the combination rolled, the player will
then see the following messages:

IF THERE IS A WINNING COMBINATION:

"PAY-0FF" +eeeees..a I-second message to tell the player
that he has won, and that the odds
for payoff will be displayed.

"XXX-TO

.a 2-second message to indicate the

exact payoff odds calculated by the
INSTRUCTOR 50.

IF THERE IS A LOSING COMBINATION:

"YOU

LOST?" ++++---t8 displayed for about one second to

inform the player that he lost this time.

Then, depending on certain programmable functions (easily alter-

ed by the operator), SLOTMACHIN
depress RST, or automatically display the message:

will wait for the operator to

"ROTATE, YOU

HOPE IT IS A JAC-POT", as described previously.

ROUTINE ROTATEL |[sTART ADDR @32 | [PART OF PROGRAM 5| oTMACHIN || 2650 PROGRAMMING FORM

DESCRIPTION 1 \ISH 'INITIAL' , THEN ROLL THE 'WHEELS' OF THE MACHINE F“H"
LINE | ADDRS || o DQIA - LABEL Opcggsolxc”ms‘rzﬁé:g;g": COMMENT
. | #926] 06|B7 LODI,R2| >ITISA-1
2 8] 05] 02 = LODI,R1| 2 (RUNDSPX) X2
3 A| BB| 82 ZBSR *DISMES
4 c| o6 A7 LODI,R2| *>JACKPOT-1
- 2E| 05| 08 LODI,R1| 8 (RUNDSPX ) X8
6 30| BB| 82 ZBSR *DISMES CONCL, INIT. MSG DISPLAY
7 *THIS NEXT ROUTINE CONTROLS SELECTION OF, AND ROTATION OF 3,
8 *2 OR 1 WHEELS,|OR EXIT TO SHOWW| 3 WHEELS STOPPED.
9 32 oF| 01| A0||ROTATEL | LODA,R3| EVENTS GET ROLL SELECT. PTR, THEN
10 5| BF| 00| 3A| |ROTATE3 | BSXA ROLL ,EVENTS INDX INTO ROLL CONTRL TABLE
1 gl 18| oc BCTR,UN| STOPWHEEL ON RTRN, GO SEE IF TIME TO
a2 Al 1F| 00| 60| | ROLL BCTA,UN| SHOW3 STOP. SHOW 3 WHLS STOPPED
13 3D| 1F|01]0C BCTA,UN| ROLL3 # 1 & 2 STOPPED; 3 ROTATES
B 40| 1F| 01| 06 BCTA,UN| ROLL23 # 1 STOPPED; 263 ROTATE.
s | 3] 1F[o1] 00 BCTA,UN| ROLL123 WHEELS 1,2, & 3 ROTATE.
16 7 || *CODE FHOM ADDR BA - 43 IS A 4-ENTRY TABLE.....
b B
[ 1e T *ON FOLUOWING SHEET, THERE ARE 2| ALTERNATIVES FOR ROUTINE
19 | | |[*'STOPWHEEL', STARTING AT LOCATIPN '0046'. THE FIRST PROVIDEY
20 || | _|[*A TIMEQ AUTOMATIC STOP OF EACH WHEEL. THE SECOND REQUIRES
L 2x | | | | ||*THE OPHRATOR TO|DEPRESS SENS EACH TIME HE WISHES A WHEEL
22 | SO VR S ) e 1 o = )
(—23 b L -
[« | | T i

~69-
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SLOT MACHINE

INTRODUCTION: (CONTINUED)

A programmable option, found in the listing, permits the player
to stop each 'wheel's' rotation by depressing the SENS key. Your
author recommends this option as a means of further generating

a "random number sequence" for each wheel's stopping point.

In addition, all message display times are individually adjusta-
ble; these will be precisely defined in the next section of this
description.

If the winning combination is 3 bars ( (3 =1 (CJ), the player
wins the "JACKPOT". The INSTRUCTOR 50 'goes berserk' by display-
ing the following messages 4 times while simultaneously flashing
the I/0 LEDs in different patterns:

5 JRE~POT"®
"PAY-O0FF"
"2EQ0 TGO 1“

The 4-event JACKPOT sequence Tasts approximatlely 14 seconds. The
number of events may be increased (or decreased) by minor program
change.

[ROUTINESTOPWHEEL ] [START ADDR g4 | [PART OF PROGRAM s oTMACHIN || 2650 PROGRAMMING FORM |
DESCRIPTION . SHEET
2 ALTERNATIVES TO STOP WHEELS: z é; ég;ggéTéngquEg B it [47 3
LINE | ADDRS & - LABEL mcgg:sotxc“x&ms;g&?; COMMENT
1 | 2946] 08] 17 STOPWHEY LODR,RO| TIMEQUT ALTERNATIVE 1:
2 gl A4l 01 SUBI,RO| 1 TAKE 1 FRM _TIMEOUT XT. AND
3 Al c8|13 STRR,RO| TIMEOUT STORE IT. IS THE TIMEQUT
4 d E4| CO CoMI,RO| H'CO' DOWN TO H'CO'? YES. DECR
5 4g| 1c[ 01| A2|| DECEV BCTA,EQ| *DECEVENT EVENT. NO! REPEAT MAYBE..
6 51| E4| 70 COMI,RO| H'70"' TIMEOUT 482 YES. DECR EVNT
7 3 18| FA BCTR,EQ| *DECEV+1 NO! GO REPEAT MAYBE. WELL,
8 g E4| 00 COMI,RO| 0O IS TIME = @ YET? YES! DECR
9 7l 18| F6 BCTR,EQ| *DECEV+1 EVENT; TIME TO SHOW 3 WHLS.
10 9| 18|57 BCTR,UN| ROTATE1 NO! NONE OF THESE; GO REPEAT
11_|5B-5E] 00| 00| 00| | *FILLER |CODE. ROLL .
12| @@5F| XX TIMEOUT | RES 1 VARIABLE 0 < XX < H'FC'
13 ALTERNATIVE 2:
14 | 9946| B4| 80 STOPWHEL TPSU SENS DID PLAYER DEPRESS SENS?
15 gl 18/ 02 BCTR,EQ| WAIT NO! ROTATE WHEELS AGAIN.
16 Al 1B| 66 BCTR,UN| ROTATEL YES! WAIT TIL HE LIFTS FIN-
17 d 12 WAIT spsu | GER OFF THE SENS KEY.....
18 D 44|80 ANDI,RO| SENS IF SENS IS STILL DOWN,
19 4F| 58| 78| | BRNR,RO| WAIT WAIT SOME MORE TIME. FIN-
20 S1) 3F|[01[A2 _ | BSTA,UN| DECEVENT | GER'S UP: GO FIX SENS.
21 4 A7|03| | % SUBLR3| 3 - . ON RETURN, DECR EVENTS AND
22 6| CF|01|A0Q | STRA,R3| EVENTS _ | STORE, THEN GO RETURN TO
23 59| 1B|5A | BCTR,UN| ROTATE3 | THE ROTATE TABLE.
24 |5B-5F] 00/00l 00 [*FILLERICODE. | L




ROUTINE SHOW3

SLOT MACHINE

INTRODUCTION: (CONTINUED)

*xx LIMITATIONG® **

IT IS ALMOST IMPOSSIBLE TO GENERATE A TOTALLY RAN-
DOM RATE OF WHEEL ROLL, AND IMAGE SELECTION WITHIN
PROGRAM ''SLOTMACHIN''. WITH THE SELECTIONS PROVIDED
IN THIS PROGRAM, YOU'LL FIND THAT THE PAYOFF RATE IS
ABOUT 1.7 TO 1 IN YOUR FAVOR. TO MAKE THE GAME MORE
INTERESTING, AND ENSURE A MODERATE PAYOFF IN THE 'HOU-
SE'S' FAVOR, YOU MAY WISH TO MODIFY YOUR PROGRAM. WE
WILL DESCRIBE THIS LATER. YOUR AUTHOR HAS ALSO DETER-
MINED, AFTER MANY HOURS OF OPERATION, AND BY STATIS-
TICAL ANALYSIS GENERATED BY HIS INSTRUCTOR 50, THAT
PAYOFFS ARE CONTROLLED IN REAL SLOT MACHINES BY HOUSE
ADJUSTMENT OF THE MACHINE'S INTERNAL CAMS. THUS, A
TRULY RANDOM SELECTION OF PAYOFF IMAGES APPEARS TO

BE IMPOSSIBLE AT GAMING HOUSES. AND CERTAINLY, IT IS
IMPOSSIBLE TO PROGRAM THE COMPUTER TO LIE DELIBERATE-
LY IN THE 'HOUSE'S' FAVOR, SIMPLY BECAUSE THE COMPU-
TER ITSELF IS AN EMINENTLY LOGICAL MACHINE.

THIS ANALYSIS IS BASED, HOWEVER, UPON USE OF 16-IMAGE
WHEELS, WITH ALL CHARACTERS IN THE SAME SEQUENCE. TYPI-
CAL CASINO MACHINES CONTAIN 20-IMAGE WHEELS, WITH LESS
CHERRIES IN WHEEL 1. THIS PRACTICE SUBSTANTIALLY DE-
CREASES THE ODDS FOR PAYOFF.

| [sTaRT ADDR @6@ | [PART OF PROGRAM SLOTMACHIN |[ 2650 PROGRAMMING FORM |

[DESCRIPTION THi15 ROUTINE DISPLAYS ALL 3 WHEELS AFTER THEY HAVE STOPPED. SHEET
2 SEC SHOW; THEN START DECODE FOR WINNTNG OR | OSTNG COMBINATIONS |
LINE ADDRS 82 DéIA 82 LABEL u:C?DYgBDLIC“fKJST‘;{é;AI:g?; COMMENT
1 | @6@ |06 |08 SHOW3 LODI,R2| 8 SET XTANTS TO MOVE 8-BYTE
2 2loeleo [F7 || LODA,RO | WHMES-1,R2 WHL MESSG INTO 'BAR'LOC'NS
3 5|CE [57 |AO STRA,RO| BAR,R2,- WHEN THE MOVE
4 8| 5A |78 BRNR,R2 | MOVIT IS COMPLETED, DIS-—
5 Al 06 |9F LODI,R2| >BAR-1 PLAY THE 'BAR' MESSAGE FOR
6 Cc|o5 |08 ~ |LODI,R1]| 8 2 SECS, THE GO ON TO
7 6E BB |82 ZBSR *DISMES COMPARE & DECODE
8 ROUTINE.
9 7@ 0D [00 |[F9 | [COMPARE | LODA,R1| WHMES+1 ON ENTRY, FETCH WHEEL 1.
10 3[Es [oc COMI,R1| H'OC' IS IT A CHERRY? NO! GO ADD
11 5]9C |01 |60 BCFA,EQ| ADD23 WH 2 + 3 TO WHL 1. YES!!
12 88D [00 |FC ADDA, Rl WHMES+4 ADD WHL 2 TO WHL 1.
13 B|E5 |18 COMI,R1| H'18' ARE THERE 2 CHERRIES? NO!
14 7D 9C |00 |B3 BCFA,EQ| PAY2/1 GO PAY 2:1 ODDS. YES!! SO
15 8@[/8D |00 |[FF ADDA,R1| WHMES+7 GET WHL 3 TO SEE IF THERE
16 3/ES [24 COMI,R1| H'24"' ARE 3 CHERRIES. YES!! GO
17 5/ 1c |00 |BE BCTA,EQ| PAY10/1 PAY 10:1 ODDS. NO: JUST 2
18 8]l 1F oo |ca 3 BCTA,UN| PAY5/1 CHERRIES; PAY 5:1 ODDS.
19 BlE5 |21 3BELLS | COMI,R1| H'21"' ON ENTRY, ALL 3 WHEELS ARE
20 8D|1C [00 [DO | [20REP | BX éfK’éc' PAygo?T” s | ADDED. ARE THERE 3 BELLS?
21 90|ES5 |AB § COMI,R1| H'AB' 3 | YES! GO PAY 20:1 ODDS
22 92|18 |FA N BCTR,EQ| *20REP+1  ||NO. ARE THERE 2 BELLS & 555
23 o llves!! co PAY 20:1 |
24

slls



SLOT MACHINE

USER OPERATION - SET UP:

After loading the program (2 files if via Read Cassette mode) ,
position the INSTRUCTOR 50's switches as follows:

I/0 Mode Selection Switch EXTENDED I/0 PORT @7
I/0 input Toggle switches any position
Interrupt Selection switch either position

AC Line /Keyboard Interrupt

Selection Slide Switch KEYBOARD

STOP WHEEL ROTATION SELECTION OPTIONS:

Refer to sheet 3 of the Tisting for program "SLOTMACHIN". If you
loaded "SLOTMACHIN" from cassette tape, alternative 1 of routine
'STOPWHEL' is currently in the INSTRUCTOR 50's memory at addres-
ses H'0046"' through 'O05A'. Alternative 1 provides AUTOMATIC RO-
TATION AND STOP of each of the 3 'character wheels' used by the
‘slotmachine'. If you desire MORE PLAYER ACTION, use the INSTRUC-
TOR 50's MEMORY FAST PATCH mode*to load the alternative version

of routine 'STOPWHEL' into the same addresses. Alternative 2,
starting at line 14 in the listing, requires the player to depress
the SENS key to stop each wheel.

# page 6-8

[ROUTINE COMPARE | [START ADDR cONT. | [PART OF PROGRAM SLOTMACHIN || 2650 PROGRAMMING FORM

DESCRIPTION FINISH UP THE VALID COMPARES FOR WINNINGS, THEN SET UP THE FMET 5
APPROPRIATE WINNING MESSAGE OR °YOU LOST
LINE | ADDRS || o Dg{“ s LABEL Opcg:souc"iﬁswgéggz COMMENT
1 | 2894 |ES (33 COMI,R1| H'33!' ARE THERE 3 LEMONS?
2 6(1C (00 |D6 | |18REP BCTA,EQ| PAY18/1 YES! GO PAY 18:1
3 9|E5 |B7 COMI,R1| H'B7' NO. 2 LEMONS & A BAR?
4 B[18 |FA BCTR,EQ| *18REP+1 YES: PAY 18:1
5 D|E5 |30 COMI,R1| H'30' NO...3 PLUMS?
6 9F || 1C |00 |E3 | |14REP BCTA,EQ| PAY14/1 YES!! GO PAY 14:1 ODDS
7 A2 1E5 |BS COMI,R1| H'B5' NO... 2 PLUMS & A BAR?
8 418 [FA BCTR,EQ| *14REP+1 YES: PAYOFF IS 14:1
9 6ES5 [BF COMI,R1| H'BF' NO. ARE THERE 3 BARS FOR
10 8(1C |00 |[E9 BCTA,EQ| JACKPOTX A JACKPOT? YES!!!!! TELL IT
11 B| 06 (87 HELOST | LODI,R2| >YOULOST-1 TO HIM Now. NO; NO MORE WAY
12 D| 05 |08 LODI,R1| 8 TO WIN. TELL HIM HE LOST.
13 AF BB |82 ZBSR *DISMES SHOW FOR 2 SEC, THEN GO RE-—
14 B1|9B |15 ZBRR LOSER INIT. EVENTS. LOTSA LUCK!!
15 "PAYOFF RPUTINES ¢ONDITION PAYOFF |PDDS MSGS PRIOR TO SHOW.
16 | 29B3| BB |86 PAY2/1 ZBSR *ZERO ONENTRY, ENSURE 0ODDS=@9
17 5/[o4 (02 LODI,RO| 2 NOW SET 2:1 ODDS IN MSG
18 7lcc (17 [9A STRA,RO | XXXTO+1 AND GO SHOW IT. DO CLEANUP
19 A|BB |88 CLEANUP | ZBSR *ODDSDSP FUNCTIONS, THEN
20 cloB |15 ZBRR LOSER GO RESTART THE GAME.
21 BE |BB |86 PAY10/1 | ZBSR *ZERO GO ZERO THE ODDS MESSAGE
22 cojos4 |o1 LODI,RO| 1 THEN SET A '1' FOR 10:1 &
23 2|lcc (17 (99 | [20X STRA,RO | XXXTO+1 STORE IT IN THE 10S DIGIT
24 LOCATION

]
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SLOTMACHINE
USER OPERATION - SET UP (CONTINUED)

MESSAGE DISPLAY TIME CONTROL - PROGRAMMABLE:"

The following single-byte program changes may be incorporated in-
to the control program in order to vary display time of each of
the following messages. In this way, you can "tailor" your game's
operation to your requirements, or those with whom you are play-
ing the game of SLOT MACHINE.

MESSAGE : TIME CONTROL CURRENT
ADDRESS CODE TIMEQUT GHANGE COMNERTY
ROTATE PP 1D ‘p1'! % sec change to '04' for 1 sec time
YOU HOPE pp23 '03" 3/4 secT
IT IS A Pp29 ‘g2 % sec
JACKPOT PP2F '08" 2 sec
3 same comment as above.,

YOU LOST PPAE '08' 2 sec
PAY-OFF P1BD '04' 1 sec
XXX T0 1 P1C3 ‘08" 2 sec j
JAC-POT p178 ‘04" 1 sec "JACKPOT" MESSAGE

. A same comment as above but this
BRTEEEE 185 04 1 sec is separate message control
250 TO 1 P18F ‘06 1% sec wused only when he hits JACKPOT.

* USE MEMORY DISPLAY & ALTER MODE.

[ROUTINE PAYOFFS | [START ADDR CONT. | [PART OF PROGRAM SLOTMACHIN || 2650 PROGRAMMING FORM |
DESCRIPTION CONTINUATION OF PAYOFF MESSAGE SETUP BASED ON CONDITION FHH”
OF THE 3 STOPPED WHEELS. 6

LINE ADDRS 82 DGIA B2 LABEL CPC;\){;BDLICWfﬁSTZl{éR‘I’AI"g: COMMENT

1 2@C5(20 EORZ RO CLEAR RO,AND PUT THE 2 IN

2 6[C8 |FO STRR,RO| *CLEANUP-2 ODDS LSD. THEN CLEANUP.

3 811B |70 BCTR,UN| CLEANUP

4 A||BB |86 PAYS5/1 ZBSR *ZERO CLEAR THE ODDS MESSAGE. ON

5 C|| 04 |05 LODI,RO| 5 RTN, SET FOR 5:1 ODDS AND

6 CE|1B |67 BCTR,UN| CLEANUP-3 GO CLEANUP.

7 DO|BB |86 PAY20/1 | ZBSR *ZERO CLEAR ODDS; THEN SET A 2

8 2|04 |02 LODI,RO| 2 FOR 10S DIGIT, AND GO CLEAN

s 4] 1B[6C BCTR,UN| 20X UP_AND DISPLAY.

10 6|BB |86 PAY18/1 | ZBSR *ZERO CLEAR ODDS, THEN SET LSD TO

11 804 |08 LODI,RO| 8 AN '8' AND THE 10S DIGIT

12 A[CC |17 |9A ||18X STRA,RO | XXXTO+2 TO A '1' FOR 18:1 ODDS

HE Dj04 (01 LODI,RO| 1 THEN STORE

14 DE|C8 (90 STRR,RO| *$+18 THEN GO DISPLAY

15 El]1B |57 BCTR,UN| CLEANUP AND CLEANUP.

16 3(BB |86 PAY14/1 | ZBSR *ZERO CLEAR 0ODDS DSPLAY. SET LSD

17 5(04 |04 LODI,RO| 4 TO 4" AND LOOP BACK TO 18X

1s 7[1B |71 BCTR,UN| 18X FOR STORE & DISPLAY.

15 9[04 02 JACKPOTX LODI,RO| 2 HE'S WON THE JACKPOT !!!!!

20 BCC |17 |98 STRA,RO | XXXTO SO SET UP THE DIGITS

21 EE| 04 |05 LODIL,RO| 5 FOR A 250:1 ODDS DISPLAY

22 F@|CcC |17 |99 STRA,RO | XXXTO+1 THEN EXIT TO SHOW.....

23 3|20 EORZ RO THE JACKPOT

24

=TT



USER OPERATION - SET UP:

ROLL DISPLAY CONTROL:

SLOTMACHINE

(CONTINUED)

The 3-wheel roll display routine is programmed to run at high
speed. The following controls are offered, and may be changed:

P1E

poa

po5

A

'03"' ...current programmed wheel rotation permits

distribution of 256 image changes among
the 3 wheels in 5% seconds. Increase of

H'03"'
time.

adds 5 seconds to wheel rotation
Note:

These times are predicated on
being in automatic wheel rotation
mode, described previously.

D 'CO" ...first wheel stops after 64 images,
distributed among 3 wheels, have
been exercised.

2 170" ...2nd wheel stops after 144 images,
distributed among 2 wheels, have
been exercised.

NOTE ¢

YOU MAY MODIFY THESE BYTES,
PROVIDED CONTENT OF LOCATION
'0052' IS LESS THAN CONTENTS
OF LOCATION '004D'

AUTO ROTATION ONpyl!iitisis

ROUTINE ROLL 123

| [sTART ADDR BELOW | [PART OF PROGRAM 5| OTMACHIN || 2650 PROGRAMMING FORM |

DESCRIPTION ROLL 123 PROVIDES FOR SELECT & ROLL OF SLOTMACHINE WHEELS THE
ENTRY POINT IS DETERMINED BY THE ROLL CONTROL ROUTINE AT ADDR '46'

FHEET -

LINE

ADDRS

DATA

LABEL

SYMBOLIC INSTRUCTION

COMMENT

B2 Bl B2 OPCODE OPERANDS
1 POF4||C8 |[ES STRR,RO| *$-25 AFTER SHOWING IT,
2 6| BB [8A ZBSR *SHOWJAC THIS FINIHES ODDS CALCUL.
3 *THIS ROUTINE PROCESSES THE ROLL |QF 3, 2, OR 1 WHEELS, AND
4 *PSEUDO |# GENERATION FOR INDEXING|INTO THE POSSIBLE COMPLE-
5 *MENT OF| EACH WHEEL 'S CHARACTERS.J| ROTATING WHLS DISPLAY:
6 | GOF8| 17 | XX |17 | IWHMES RES 8 1 [ 7
7 B17 [XX [17 XX XX XX
8 | GOFE| 17 |XX WHL 1 WHL2 WHL3
9
10 | 91929|3B |13 ROLL123 | BSTR,UN| FETCHWH ONENTRY, ROLL ALL 3 WHLS,
11 21C8 |75 STRR,RO| WHMES+1 THEN STR. 1ST INDXD WHEEL
12 4 BB |84 ZBSR *DISROL CHAR IN POSITION 1..SHOw!!
13 638 |0D ROLL23 BSTR,UN| FETCHWH ON ENTRY, ROLL WHEELS 2 & 3
14 8|C8 |72 STRR,RO | WHMES+4 SAME COMMENT AS ABOVE.
15 AlBB |84 ZBSR *DISROL
16 ci3B |07 ROLL3 BSTR,UN| FETCHWH ON ENTRY, ROLL LAST WHEEL.
17 19E|C8 |6F STRR,RO | WHMES+7 SAME COMMENT AS ABOVE
18 112|BB |84 ZBSR *DISROL THEN RETURN TO ROLL CONTROL|
19 2117 RETC ROUTINE.
20 3 XX RANNUM RES 1 SAVED RANDOM # FOR INDX GEN
21 4 I XX WTBLX RES 1 WHEEL TABLE INDEX VARIABLE:]
22 ONENTRY, EXIT TO PROVIDE
23 115(3B |A2 FETCHWH | BSTR,UN| *FIXNBR BETTER RAND # GEN BY VARYNG
24 7188 |7A ADDR,RO | RANNUM THE R # CONST, ADD & SAVE.

1
~
N
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SLOTMACHINE
USER OPERATION = SET UP: (CONTINUED)

After all the 'wheels' have stopped, the 3 resultant "images" are
displayed for 2 seconds prior to testing for winning combinations.
The timeout for this display is:

pP6C LO8 " sssasns ..equals 2 seconds. Increase 7%0 lengthen
time. Decrease to shorten time as pre-
viously described.

AUTO/MANUAL NEW GAME OPTION:

You have the capability to select options for start of a new 'roll'
of the wheels. These are provided in sheets 11 and 12 of the listing.
The 1st alternative, included in the taped version of SLOTMACHINE,
provides an automatic restart, once the payoff is displayed. The
second alternative requires the player to depress the RST key to
restart. The following table provides a listing of the necessary
codes to accomplish these options:

ADDR CODE INSTRUCTION MODE COMMENT
019E 9B 00 ZBRR SLOTMACHIN Auto ...Restarts after Jackpot displ.

019E 1B 50 BCTR,UN SHOWJAK Man'l ...Show Jackpot message until
the player depresses the RST

key.
[ROUTINE COMMENTED ] [START ADDR | [PART oF PROGRAM sLOTMACHIN || 2650 PROGRAMMING FORM |
DESCRIPTION FETCHWH (CONT.) ALSO EVENT SET FOR NEW ROLL, AND FIX FOR i?fET
BETTER RANDOM NUMBER GENERATION ) 8

LINE ADDRS B2 DQIA B2 LABEL a:ca;gBDLIC‘“fNSTh;géRTAI'ES COMMENT

1 2119(C8 |78 STRR,R0O | RANNUM AFTER SAVE, BREAK THE RE-

2 B(BB |F& ZBSR *DISLSD SULT INTO NIBBLES, & ADD

3 D|81 ADDZ R1 UP FOR NEW XTANT. ADD TO

4 1E |88 |74 ADDR,RO | WTBLX CURR. WHEEL TABL INDEX THEN

s 120 |44 |OF ANDI,RO| H'OF' MASK OFF MS 4 BITS AND

6 2]C8 |70 STRR,RO | WTBLX STORE AWAY. NOW SET THE

7 41C1 STRZ R1 RESULT IN INDEX REG R1, AND

8 50D |61 |D8 LODA,RO | WHTBL,R1 FETCH A NEW ENTRY FROM THE

9 28117 RETC,UN WHEEL TABLE, THEN RETURN

-
(=]

WITH WHL TABLE ENTRY IN R1.

[
-

212900 |00 |00 | |*

12 cloo oo loo ||{* FILLER CODE FILLER CODE

13 12F |00 *

14 NEW ROLL COMING, SO SET EV-
15 130} 07 |09 EVENTSET| LODI ,R3| 9 ENTS FOR ROLL123 CONTROL .

16 2|06 |FF LODI,R2| H'FF' THEN REINIT. ROLL TIMEOUT,
17 4| CE |00 |5F STRA,R2 | TIMEOUT (USED IN AUTO STOP ONLY) &
18 137317 RETC,UN RETURN TO CALLING PROG.

19 8100 EILILER CODRDE

20 13901 |C8 FIXNBR ACON H'0o1cC8' IND. ADDR TOROUTINE WHICH

n
-

GENERATES A MORE RANDOM

N
n

INDEX CONSTANT

n
w

n
»

13B]00 |00 FILLER CODE

.



SLOTMACHINE
USER OPERATION: (CONTINUED)

01C6 1B 72 BCTR,UN ODDSDSP Man'l ..show winning odds until the
player depresses the RST key.

01C6 17 RETC,UN } "
e ...restart after winning odds
01C7 00 *filler code Ll e Fiaplayed

USER OPERATION - SLOT MACHINE PLAY:

If you chose the AUTO mode for SLOT MACHINE operation, you
need only to depress the RST key, and the INSTRUCTOR 50 will
perform its programmed sequence for hours on end (if you let
it). AUTO mode is the best for single player operation. Inci-
dently, this mode provides a useful vehicle for your setup
and program tailoring operations previously described.

MANUAL mode configures the program so that you, and your ac-
quaintences, can place bets "against the house"(INSTRUCTOR 50)
before the 'wheels are rolled'. In MANUAL mode, you need only
depress RST once each time you wish the wheels to spin. The
INSTRUCTOR 50 completes one entire sequence, then displays the
latest winning odds until you depress RST once again. However,
if a LOSING combination turns up, the sequence Toops back to
commence a new roll. This also may be changed as shown on

the next page.

ROUTINE DISMES | [START ADDR 0140 | [PART OF PROGRAM SLOTMACHIN |[ 2650 PROGRAMMING FORM |

DESCRIPTIONTHIS SUB CONTROLS DISPLAY TIME OF ALL MESSAGES EXCEPT THE DECR [QEET 9
WHEEL ROLL —— ACCESSES 8X8 BYTE MESSAGE TABL IN SMI RAM: 1780-17BF.

LINE | ADDRS || o DQIA - LABEL Upcgsuaouc INSTEEEJAI@'; COMMENT
1 | 13D XX >MESLOCH1 RES 1 CURRENT MSG LSBYTE OF ADDR
2 E[f XX DSPLDLY | RES 1 DISPLAY DELAY CONSTANT
3 Fl XX RUNDSPX | RES 1 RUN TIME CONST. X 1/4 SEC
4 EQUALS RUN TIME OF DISPLAY.
s | 9142 CA|7B DISMES | STRR,R2| >MESLOC-1 ON ENTRY, STORE >MESLOC AD-
6 2] 07]50 LODI,R3| H'S0' DRS, & INIT DSPLDLY
7 41 C9 |79 REPEATM | STRR,R1| RUNDSPX STORE RUN TIME CONSTANT, &
8 6| CB|76 DSPAGN | STRR,R3| DSPLDLY DECREMENTED DISPLAY DELAY
9 8l 05(17 LODI,R1| <MESLOC-1 SET UP MESSAGE ADDR —— HIGH
10 Al OA|71 LODI,R2| >MESLOC-1 BYTE, THEN LOW BYTE, THEN
11 CclBB|E6 ZBSR *USRDSP GO SHOW SELECTED MESSAGE.
12 4E|| 0B | 6E LODR,R3| DSPLDLY ON RET, GET DISPL DLY. IS
13 5g| E7|01 COMI,R3| 1 IT DECR. TO 1 YET? YES!! GO
14 2| 18|02 BCTR,EQ| CONTDSP SEE IF DSPL TO CONTIN. NO@!
15 4[[FB| 70 BDRR,R3| DSPAGN DECR. & GO DISPLAY AGAIN.
16 6| 09|67 CONTDSP | LODR,R1| RUNDSPX GET RUN TIME CONST. & DECRH
17 8| Fo|o01 BDRR,R1| $+3 EMENT. IS IT ZERO YET? YES!
18 Al 17 RETC,UN MSG DSPLAY FINIHED; EXIT!!!
19 Bl 0B | 66 LODR,R3| REPEATM-1 NO!: REINIT. DSPLDLY, THEN
20 15D| 1B| 65 BCTR,UN| REPEATM LOOP TO DISPLAY SAME MES-
21 SAGE AGAIN.

22 15F |00 *FILLER |CODE FILLER CODE

23

24

1
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SLOTMACHINE

USER OPERATION - SLOT MACHINE PLAY: (CONTINUED

To stop the sequence after a losing combination is encountered,
make the following modification:

ADDR. '@@2B1': CHANGE '9B' TO '40' . A HALT INSTRUCTION

After collecting the losses for 'the house', have all players
place new bets, then depress RST for the next sequence.

You may also wish to select the MANUAL STOP WHEEL ROTATION option
involving use of the SENS key. The modifying instructions are con-
tained in sheet 3 of the listing, and this procedure is described
on page 5.

SEQUENCE :

Once started, the sequence is automatic. In order, the following
messages are displayed:

“*"ROTATEH™ "YOoUuU HOPE™" S e IS A" "JAC-POT™"
[ROUTINE AS SHOWN | [START ADDR ] [PaRT oF PROGRAM SLOTMACHIN || 2650 PROGRAMMING FORM |
DESCRIPTION TADD23' IS FIX TO ADD WHLS 2 & 3 70 WHL 1 IF NO CHERRY IN WHL FmﬁT T
1. "SHOWJAC' IS SPECIAL SUBR TO SHOW THE WINNER HIS GIANT JACKPOT,
Line | ADORS || oo DQIA a3 LABEL Opcmaouc"'fﬁwgg&g COMMENT
1 | #16@]8D |00 |FC | [ADD23 ADDA,R1| WHMES+4 ADD WHEELS 2 AND 3 TO WHEEL|
2 38D [00 |FF ADDA,R1| WHMES+7 1; RESULT IN i; THEN GO
3 6] 1F [00[8B BCTA,UN| 3BELLS SEE IF 3 BELLS, ETC.
4 1169-E[00[00[00 | [*FILLER |CODE — 6 |ADJACENT LOCATIOMS . ¢ e e e vvoeocensnsnannenas
s 16F [ XX SCREAM4 | RES 1 LOOP CNT CNTRL - 4 TIMES
6 178] 04 |04 SHOWJAK | LODI,RO| & COMMENT SAME AS FOR MESSAGH
7 2|cs |78 AGAIN STRR,RO| SCREAM4 SETUP PREVIOUSLY DESCRIBED.
8 404 [55 LODI,RO| H'S5"' ALSO WRITE SELECTED # TO
s 6[D4 |07 WRTE,RO| PORT? EXT. 1/0 PORT 7 TO SIMULATE
10 806 [A7 LODI,R2| >JACKPOT-1 INSTRUCTOR 50 GOING BERSERK
1 Al 05|04 LODI,R1| 4 WITH JOY WHEN THE WINNER
12 cleB|82 ZBSR *DISMES HITS THE JACKPOT
13 17E[ 04 [AA LODI,RO| H'AA'
14 189|D4 |07 WRTE,RO| PORT7 NO FURTHER COMMENT ON THIS
15 2] o6 [8F LODI,R2| >PAYOFF-1
16 4l05 (03 LODI,R1| 3
17 6/BB |82 ZBSR *DISMES
18 8l o4 |D2 LODI,RO| H'D2'
19 AlD4 [07 WRTE,RO| PORT?
20 cloe o7 LODI,R2| SXXXTO-1
21 18E[ 05 |06 LODI,R1| 6
22 199|BB |82 ZBSR *DISMES
23 192]04 [2D LODI,RO| H'2D'
24 194 D4 |07 WRTE,RO| PORT?

o O



SLOTMACHINE

SEQUENCE:

The 3 'wheels' are then rotated. The wheels, located
positions 6, 3, and @ of the HEX DISPLAY, provide the
following IMAGES, representing the characters you would
view when a mechanical slot machine is operating:

(CONTINUED)

in

IMAGE VIEWED:
BELL
CHERRY
LEMON
PLUM
BAR

CHARACTER:
CHERRY
BELL
PLUM
CHERRY
BAR
LEMON
CHERRY
PLUM
CHERRY
LEMON
PLUM
CHERRY
PLUM
BELL
CHERRY
LEMON ¢

16
IMAGES
IN ORDER
ON EACH
WHEEL .

O @r g

—

*%* NOTE ALTERNATIVES ¥*%=*

ROUTINE SEE BELOW | [START ADDR ] [PART OF PROGRAM 5| OTMACHIN || 2650 PROGRAMMING FORM |

DESCRIPTION CONCLUSION OF 'SHOWJAK'. EVENT DECREM. IN AUTO STOP VERSION SHEET
ONLY.... ALSO SUBR. 'ZERO' TO CLEAR 0ODDS DISPLAY [ 11
LINE | ADORS || o DQIA - LABEL DPC;;?BDLICWINST%g;;IEE COMMENT
. | 196[FA[7E BDRR,R2| $ PRECEDING SHEET HAS EXPLA-
2 8|F8]7C BDRR,RO| $-2 NATION.
3 All08153 LODR,RO| SCREAM4
4 Cl[F8 |54 BDRR,RO| AGAIN
s *¥NOTE JOMMENT: |ALTERNATIVE A: |LOOP UNTIL PLAYER DEPR. RST
6 * N _TERNATIVE B: AUTO RETURN|[FOR NEW GAME , *¥¥¥¥¥dkxkkkk
xxsxl 7 | 19E |1B]50 BCTR,UN| SHOWJAK ALTERNATIVE A... MANUAL
s | 19E [ 9B|00 ZBRR SLOTMACHIN - B AUTO
9
10 | P1AQ| XX EVENTS | RES 1 ROLL TABL CONTRL O<N<9
11 1] 00 *FILLER |CODE
12 1A2] 0B |7C DECEVENT| LODR,R3| EVENTS ON ENTRY, SUBTRCT 3 FROM
13 4[lA7 |03 SUBI,R3| 3 CURRENT EVENT (ROLL TABLE
14 6/CB|78 STRR,R3| EVENTS INDEX). STORE NEW VALUE, &
15 sl 1F o035 BCTA,UN| ROTATE3 EXIT TO ACCESS ROLL CONTROL
16 TABLE. (LOC. 46, ETC.)
17 [1AB—F||00|00|00 | | *FILLER |CODE
18
19 | g1B@| 04|17 ZERO LODI,RO| SPACECODE MUST BLANK ODDS DISPLAY, SO
20 2/ o603 LODI,R2| 3 GET A SPACE CODE, AND SET
21 4| CE|57 |98 | [ANOTHER | STRA,RO| XXXTO,RZ2,— IT INTO XXXTO THROUGH
22 7l sA 178 BRNR,R2| ANOTHER XXXTO+2 . WHEN FINISHED,
23 | 21B9| 17 RETC,UN EXIT TO CALLING PROGRAM
24

1
~
(0]

]



¥R X

SEQUENCE :

(CONTINUED)

SLOTMACHINE

After all three wheels have stopped, the 3 characters are
checked for winning combinations.

the appropriate payoff odds

COMBINATION: (1)

CHERRY IN WHEEL 1

CHERRIES IN WHEELS 1 & 2 "

(SR \C N AV N AV T OV R GV A SV oY)

CHERRIES
BELLS
LEMONS
PLUMS

BELLS AND 1 BAR
LEMONS AND 1 BAR
PLUMS AND 1 BAR
BARS JACKPOT

If

a winner is detected,

are displayed as follows:

MESSAGE DISPLAY:

1] P

b= — T~ S~ I - T = — T = = =~

wéEs W W W W W W WO
<O < < < < < < =< <

Y

FiFex TO
TO
TO
TO
TO
TO
TO
TO

TO

O O 6 O O O 00 O o o
me T M T S| | M m *m
TM— ™M T T ™M T ™M T M
T I = S I
H» 00 O & 0O O O O
T i

"v250 TO 1"

If there is no winning combination, the message:

(1) DECREASE THE 0ODDS TO DECREASE THE
POTENTIAL PAYOFF,

YOU L

osT*"

IF DESIRED.

is displayed.

ROUTINE SEE BELOWJ [START ADDR

] [PART oF PROGRAM SLOTMACHIN || 2650 PROGRAMMING FORM |

DESCRIPTION "ODDSDSP' SETS UP CONST'S FOR PAYOFF DISPLAY: ''XXX TO 1'' SHEET
'FIXNBR' SETS A FLOATING XTANT FOR PART OF RANDOM # INDEX CALCULATION [7 12
LINE | ADDRS | op DQIA e LABEL Dpcg;?BDLxéﬁiﬁgTigégigg COMMENT
. | 01BA[06]8F ODDSDSP | LODI,R2| >PAYOFF-1
2 Cc[[os| o4 LODI,R1| 4 1 SEC RUN TIME
3 BE[BB|82 ZBSR *DISMES
4 cg| 06|97 LODI,R2| >XXXTO-1
5 2| 05|08 LODI,R1| 8 2 SEC RUNTIME
6 1C4|BB|82 ZBSR *DISMES
7 *NOTE COMMENT FOR ALTERNATIVE PROGRAMMING SELECTION
8 1Ce6| 1B| 72 BCTR,UN| ODDSDSP 1: LOOP UNTIL RST DEPRESS.
9 1C6[ 17|00 RETC,UN| *FILLER CODE 2: AUTO RETURN FOR NEW GAMH
10
11 | @1csfos|ocC FIXNBR | LODR,RO| FIXIT SUBTRACT 9 FROM CURRENT
12 Al A4]09 SUBI,RO| 9 'FIXIT CONST'. IF IT IS
e Ccl'18]03 BCTR,EQ| NEWCON ZERO, GO GET ANOTHER, THEN
14 CE[ cs|o06 STRR,RO| FIXIT STORE AWAY
15 Dol 17 RETC,UN AND RETURN TO CALL PROGRAM
16 NOW, GET THE CURRENT RANDOM
17 ID1|0C[01[13 | [NEWCON | LODA,RO| RANNUM NUMBER —— ITS ALWAYS DIF-—
18 4'1B[78 BCTR,UN| NEWCON-3 FERRENT, THEN STORE AS
19 'FIXIT' AND RETURN.
20 1D6[ XX FIXIT RES 1 VARIABLE
21
22 1D7] 00 *FILLER |CODE
23
24
***x NOTE ALTERNATIVES ***
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SLOTMACHINE

SEQUENCE: (CONTINUED)

The sequence is repeated automatically, or when the player
depresses RST, dependant upon the mode chosen.

THE PROGRAM:

In describing the many options available to customize program
“SLOTMACHIN" to your own use, much of the applications thrust
of the program has also been introduced. In addition to the
comments offered in the listing, the following program consi-
derations are of special interest:

In sheets 1 and 2, a classic method for "stringing" a sequence
of messages is described. Once the constants required for each
message are set up, program control is turned over to subroutine
"DISMES" for actual message display. Note that the TIME for each
segment of the message is individually programmable.

Note the use of the BSXA instruction in line 10 of sheet 2. In this
case, sequential "wheel rotation" is organized as a series of 4
events; these are:

Event 3:.....rotation of all 3 wheels.

Event 2::...«s rotation of wheels 2 and 3; wheel 1 stopped.

Event 1:.....rotation of wheel 3; wheels 1 and 2 stopped.

Event @: .....all wheels stopped; Show the 3-image pattern.

ROUTINE DISROL | [START ADDR g1gg | [PART OF PROGRAM i oTMACHIN || 2650 PROGRAMMING FORM |

DESCRIPTION 'DISROL' IS A SPECIAL HIGH SPEED DISPLAY CONTROL TO SHOW THE ENET

L ROTATION OF THE 3 WHEELS TAKING Pl ACF
LINE | ADORS || o DQIA - LABEL Opcg;?BOLIC“fﬁSTigé;igg COMMENT
1
2 | 21D8| 0B |0C |10 | |WHTBL RES 16 CODES CONFORM TO IMAGES FOR
3 Blloc |95 (11 SLOT MACHINE WHEELS :
s DE|OC |10 |0C C = CHERRY; B = BELL}
5 E1f11]10]0C P =PLUM; L = LEMON.
3 410 |oB|oC = = BAR...CODE'95"'
7 E7|11
8
9 | BLE8][ XX DRC RES 1 WHEEL ROLL DISPLAY CONSTANT]
10 *LIMITS:| 1 < N <[XX; MODIFY LOCJ|'1EA' FOR DESIRED SPEED.
11
12 | #1E9[ 07|03 DISROL | LODI,R3| 3 ORIG SPEED IS '3' IN '1EA'
13 Bl cB |7B DRAGAIN | STRR,R3| DRC STORE THE CONSTANT. NOW
14 D05 |00 LODI,R1 | <WHMES-1 SET WHL MESSAGE ADDR CONSTS|
15 EF|| 06 [F7 LODI,R2 | >WHMES-1 AND GO DISPLAY.
16 F1[BB |[E6 ZBSR *USRDSP ON EXIT, GET THE
17 3[oB |73 LODR,R3| DRC WHEEL ROLL DISPLAY CONST.,
18 5(|FB |74 BDRR,R3| DRAGAIN ¢ DECR. ZERO YET? YES!
19 | P1IF7|17 RETC,UN RETURN TO CALL. NO! GO DIS—
20 PLAY AGAIN.

N
-

N
N

* DISPLAYABLE ME$SAGES FOLLOW ON|NEXT SHEET OF LISTING

N
w

N
>

[}
00
o

]



SLOTMACHINE
THE PROGRAM: (CONTINUED)

During initialization (lines 14 & 15; sheet 1) the EVENTS COUNTER
is set to_9 during execution of subroutine "EVENTSET" at address
'P130'. This number is stored in R3, then used supsequently in
routine "ROTATE1l" as an index into a 4-entry table, "ROLL) in sheet
2. Each entry is 3 bytes long. The first time the BSXA instruction
is executed, EVENTS equals 9. Therefore, the last entry in data
table "ROLL" is accessed, and program control exits to routine
"ROLL123", at address @1@0@. Upon return from this routine, routine
"STOPWHEL" (sheet 3 --- either version) is executed, in which

the stored EVENTS are recalled and decremented by 3, the length

of a single entry in table "ROLL". Thus, when execution returns

to routine "ROTATE1" (or ROTATE3), the BSXA instruction accesses
the next higher entry in table "ROLL, at address @@P4@. This time,
subroutine "ROLL23" is accessed, and only the 2nd & 3rd wheels are
'rotated'. This is repeated until all 3 wheels are 'stopped'.

The use of BCTA instructions in table "ROLL" is very important.
Even though these are not subroutine 'call' instructions, they

all access subroutines which are terminated with a RETC instruc-
tion. This causes program control to return to the BCTR instruc-
tion following the BSXA at 1ine 10 on sheet 2. An unconditional
branch to the STOP WHEEL COUNTER routine takes place. If the count
is finished, the odds will be displayed. If not, further rotation
ensues.

ROUTINE MESTBL | [START ADDR 178@ | [PART OF PROGRAM SLOTMACHIN || 2650 PROGRAMMING FORM

DESCRIPTION

TESE MESSAGES ACCESSED ONLY BY 'DISMES' SUBROUTINE. F““” 14

LINE

DATA SYMBOLIC INSTRUCTION

COMMENT
ADORS |l g | B1 | B2 LABEL OPCODE OPERANDS

1789217 |13 |00 | |ROTATE RES 8 TT_ROTATE_'" MESSAGE

307 |OA |07

6|0E (17

1788 1B |00 |12 | |YOULOST | RES 8 ''YOU_LOST'' MESSAGE

B|17 |11 |00

E| 05 [07

179010 |OA |1B | |PAYOFF RES 8 '' PAY_OFF''

o |INo |0 S W N |-

3|19 |00 |OF

0

6| 0OF |17

-
o]

179817 [ XX [XX | [XXXTO RES 8 ''XXX_TO_1'' MESSAGE

-
-

B||17 (07 |00

—
n

E|17 |01

—
w

17A0[17 [xx |17 | [BAR RES 8 [ STOPPED WHEELS DSPLY MSG

-
&

3117 | XX {17

—-
w

617 | XX

-
o

17A8]18 [OA |OC | | JACKPOT | RES 8 "' JAC-POT_'"' MESSAGE

-
~

Bf19 (10 |00

-
@

E|07 |97

-
0

17B@|| 1B |00 |12 | | YOUHOPE | RES 8 ''YOU_HOPE'' MESSAGE

n
(o]

3117 )14 |00

N
-

6|10 [OE

n
n

1788|01 |07 |17 | |ITIS RES 8 ''"IT_IS_A_'' MESSAGE

n
w

B| 01 |05 |17

n
>

17BE[0A [17 Rokokkokkkklk THIS CONCLUDES LISTING [QF PROGRAM SLOTMACHIN¥ ¥k
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SLOTMACHINE

THE PROGRAM: (CONTINUED)

As indicated previously, there are 2 stop wheel :alternatives;
these are for automatic and manual (SENS key depression) stop.

Both have start addresses at location '@@46', and both are
listed on sheet 3.

In alternative 1 (AUTO mode), a timeout byte is accessed, decre-
mented, then compared with each of 3 numbers; these are:

H'CO' ....for stop of Wheel 1 after 64 images, distributed
among 3 wheels, have been displayed.

H'70' ....for stop of Wheel 2, after an additional 80 images,
distributed among wheels 2 and 3, have been dis-
played.

H'00' ....for stop of the third wheel,

If none of these numbers compare with the timeout byte's current
value, wheel rotation & display continues

NOTE: YOU MAY WISH TO EXPERIMENT WITH THESE NUMBERS
IN ORDER TO INCREASE OR DECREASE THE DELAY (AND
SEQUENCE FOR EACH WHEEL STOP.

Upon getting a valid compare (lines 5, 7, or 9 --sheet 3) program
control exits to decrements EVENTS, as described previously.

In alternative 2 (MANUAL mode), a double test of SENS key depres-
sion takes place. This ensures that SENS is pressed deliberately.
The double test is made to illustrate possible software elimination
of electrical noise that might be present in your future applica-
tion's environment. The same technique is applicable to key de-
bounce procedures you may desire. The ANDI instruction (Tine 18)
is exercised repeatedly until the operator 1ifts his finger from
the SENS key. It is only after that, that EVENTS are decremented
(by 3), and a new entry in data table ROLL (sheet 2) is accessed.

Routine "COMPARE" (sheets 4 & 5) required a certain level of so-
phistication. Your author finally decided to test first for a
"cherry" in wheel l; continuing for test of wheels 2 (and 3) for
cherries only if wheel 1's compare was valid. If the cherry com-
pare failed, the only alternative was to exit, and add the

hex codes of the remaining wheel's images to that of wheel 1.

Code designation is nominal, since each image corresponds to a
given hex code. From label "3BELLS" on, programming was simple,
requiring only a sequence 1in which all possible winning combinations
would be tested, with appropriate exits to set up the winning odds
for display. The image codes are located in "WHTBL"; addr: '@1D8'.

In sheet 5, note the use of RELATIVE INDIRECT ADDRESSING wherever
possible. In a tightly organized program, this practice can save

considerable user memory.

Starting at 1ine 16 on sheet 5, and on both sheets 6 &7, appropriate
odds numbers are preset into the (winning) odds display message.
Once again, the program is tightened in its use of memory, there
being no serious time constraints to worry about.
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SLOT MACHINE

THE PROGRAM: (CONTINUED)

Multiple entry points to (essentially) the same routine are de-
monstrated on sheet 7, starting at line 10. Routines "ROLL123",
"ROLL23", and "ROLL3" are actually a single routine, terminated
with a common RETC instruction in line 19. Entry, at addresses
'p1pp', 'P1P6', and 'P1PC', is determined by the current "ROLL"
table entry, described previously on page 6-81.

The 'rotating wheels" display is controlled by subroutine "DISROL",
accessed after each new image is fetched. "DISROL" is located

in memory at address 'OlE9'; its access is via indirect addressed
ZBSR instructions. The code '84' in locations '0105','010B', and
'0111' points to a 2-byte absolute address ('01E9') at location
'0004' (sheet 1). "DISROL" is described near the end of this page.

Subroutine "FETCHWH", accessed by the ROLL routine, generates a
random number for indexing into the 16-entry WHEEL TABLE which
contains the hex codes for all images in order. Random number
generation adds a degree of authenticity to the game, but still
remains one of the hardest tasks for a (logical) computer to per-
form.

Routine "DISMES" 1is the common subroutine dedicated to all message
displays except actual 3-WHEEL ROLL. Timeout and Tow-order message
address constants are preset by the calling program prior to
access of this routine. The constant ('01') contained in the

COMI dinstruction (line 13; sheet 9) is deliberate. If the con-
tents of R3 (DSPLDLY) were permitted to decrement to zero, the
user would have to depress a HEX or FUNCTION key in order to exit
from the display routine.

Routine "SHOWJAK" (sheet 10) is straight forward; it is adequately
described in the introduction (above sheet 3 of the listing).

Routine "ZERO" (sheet 11) is necessary in order that UNUSED digits
in the current odds display message will be blank,thus that they
will not show a residual odds left over from a previous roll se-
quence.

Routine "DISROL" requires a higher rate of display change (to sim-
ulate the rotating wheels) than the other message routine, "DISMES".
For this reason, it is streamlined for maximum efficiency, thus
permitting the user to exercise considerable program control over
the rate at which the wheels are cycled and displayed.

The message table accessed by routine "DISMES" is contained in the
INSTRUCTOR 50's SMI memory, starting at location '178@' (sheet 14).
This data table (MESTBL) 1is organized in 8 entries, each 8 bytes

in length.

This concludes the comment on program "SLOTMACHIN", A short DIAGNOS-
tic procedure for checkout of the WINNING JACKPOT message is provi-
ded on the next page.

o T



SLOT MACHINE

JACKPOT MESSAGE DIAGNOSTIC PROCEDURE:

There is only ONE chance in over 65000 that your INSTRUCTOR 50

slot machine game will ever "HIT THE JACKPOT".

In order for

you to checkout and view the WINNING JACKPOT MESSAGE sequence,
perform the following steps:

1.

Depress MON, BKPT, 6,
and ENT/NXT.

oooooooooo

Depress REG, C, 0, and

ENT/NXT.

Depress RUN

Load H'95' codes into the.......
following locations:

(1) H'O0F9'
(2) H'OOFC'
(3) H'OOFF'

Depress BKPT EWICH. svissssncsvans

REDPESS RUN: suisvrssssssvangssanana

The program will

To set a BREAKPOINT (Stop) address
at location H'006C' in memory.

To set a START address at Location
H'0000' in memory.

To execute program "SLOTMACHINE"
from address H'0000' to the Break-
point.

Use the INSTRUCTOR 50's "MEMORY DIS-
PLAY & ALTER" mode to load these
"Bar" codes. Three Bars make a jack-
pot. You are replacing the current
"stopped wheel" codes at this time.

to cancel the Breakpoint address.

to execute the program from the
Breakpoint without interruption.

display the previous combination of

wheels, but then will decode the "winning jackpot"

codes due to the

alteration performed in step 4. The

winning jackpot message, described previously, will

be displayed.

NOTES:
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ELECTRONIC TRAIN

INTRODUCTION:

The flexible facilities of the INSTRUCTOR 50 are configured
this time as an electronic TRAIN. Each combination of "engine",
"freight cars", and "caboose™ is known as a CONSIST. The ope-
rator may select any one of 16 consists for display at any
given time, simply by toggling a selection ID into the 4 low
-order I/0 input switches, then depressing the INT key.

Speed is controlled automatically, under control of the code
toggled into the 2nd, 3rd, and 4th high-order I1/0 input swit-
ches. Seven "speeds" may be simulated, from 10 to 80 MPH, in
addition to a "stop train" selection.

Direction is controlled via SENS key depression. When the SENS
key is depressed, the "train" runs in reverse (left to right)
across the HEX DISPLAY. The speed is that determined by the
controlling I/0 input switches previously described. The "train"
runs forward (right to left) when the operator's finger is
removed from the SENS key. The FLAG LED is turned on whenever
the reverse command is given.

There is one minor "bug" in the software. If the "train" is
stopped, it may not be restarted in either direction unless

[ROUTINE AS SHOWN | [START ADDR XXX | [PART oF PRoGRAM TRAIN ][ 2650 PROGRAMMING FORM |
DESCRIPTION THIS PROGRAM PERMITS SELECTION OF ANY 1 OF 16 TRAINS, & ANY 1 |[SHEET
| OF 7 SPEEDS: FORWARD OR REVERSE., PLUS STOP AND TRAIN RESELECTION
LINE | ADDRS || DQIA - LABEL Opca;?BDLXCWTESTigggdzg COMMENT
1 | 29@22|57 |07 DISPLAY | REDE,R3| PORT? GET MANUAL CTRL BYTE, & I-—
2 2147 170 ANDI,R3| H'70"' SOLATE SPEED FACTOR,., THEN
3 411B |03 BCTR,UN | INTFREE BRANCH PAST INTPT ADDR
4
5 6 [ XX HOLD RES 1 TEMP. SPEED STORAGE CODE
6
7 7[00 |71 SWYDINT | ACON H'0071" SWITCH YARD INTPT ADDRESS
8
s olcB |7B INTFREE | STRR,R3| HOLD PUT SPEED FACTOR IN 'HOLD'
10 B[los |00 LODI,R1| <SWYARD-1 THEN SETUP CONSTANTS FOR
11 Dlo6 [37 LODI,R2| >SWYARD-1 SWITCHYARD DISPLAY OF CUR-
12 @F | BB |[E6 ZBSR *USRDSP RENTLY SELECTED ''TRAIN''.
13 110B°|73 LODR,R3| HOLD NOw, GET SPEED FACTOR, &
14 3|FB |74 BDRR,R3| INTFREE DECR. DISPLAY OVER? NO!! DO
15 215(1B |31 BCTR,UN| CHKSENS OVER. YES!! GO READ DIREC--
16 TION.
17 7l co NOP FILLER CODE.
18
19 @18] 05 |00 ROLLON | LODI,R1| @ INIT. SWYARD INDEX, AND
20 All07 |08 LODI,R3| 8 COUNTER, THEN PUT SWYARD IN
21 cllob |60 |38 | |REPEAT1 | LODA,RO| SWYARD,R1 TEMP. DONE YET? NO! MOVE
22 1F|cb |2a |3F STRA,RO| TEMP-1,R1,+ REST OF TRAIN. YES!! SET UP
23 22||FB |78 BDRR,R3| REPEATI1 FOR BYTE SHIFT AND MOVE
24 02405 |08 LODI,R1| 8 TEMP BACK INTO SWITCHYARD

A JOHN GARCEAU PROGRAM
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TRAIN

INTRODUCTION: (CONTINUED)

the RST key is depressed. If a change of 'consists' is required,
the operator will toggle the appropriate I/0 input swiches to
select the desired consist and running speed, depress RST, and
then depress INT in that order!!!!. If no consist change is
necessary, the operator merely selects a running speed, and de-

presses RST.

If the train is operating at one of its running speeds, the con-
sist may be changed as described in the first paragraph of this
introduction.

USER OPERATION - SET UP:

After loading program "TRAIN" into the INSTRUCTOR 50's memory,
the switches should be positioned as follows:

I/0 Mode Selection Switch EXTENDED I/0 PORT @7

AC Line /Keyboard Interrupt
Selection Slide Switch

Interrupt Toggle Switch
Parallel I/0 Input Switches

KEYBOARD

INDIRECT (address)

SEE DEFINITION ON NEXT
SHEET OF DESCRIPTION.

ROUTINE AS SHOWN |[START ADDR XXXX |[PART OF PROGRAM TRAIN

J|_2650 PROGRAMMING FORM |

DESCRIPTION SsHTFT BYTE TRANSFERS FOR TRAIN MOTION, ALSO DIRECTION IDENT EHEET 2
VIA SENS KEY INTERP.
LINE | ADDRS. DQI“ 5o | LABEL GXSLSBOLIC INST?ES;;%? COMMENT
1 | P@26| 0D |60 |3F | |REPEAT2 | LODA,RO| TEMP-1,R1 SHIFTING 1 BYTE LEFT (FWD) .
2 9l cp 40|37 STRA,RO| SWYARD-1,R1,— ||DONE? NO. FINISH. YES.
3 cls9|78 BRNR,R1| REPEAT2 MOVE MS BYTE OF TEMP TO
4 2E[o8]10 LODR,RO| TEMP LS BYTE OF SWYARD, THEN
5 3g|cs|oD STRR,RO| SWYARD+7 GO BACK
6 2] 1B |4C BCTR,UN| DISPLAY AND DISPLAY THE RESULT.
7 |34-37/00|00|00 | |*FILLER LCODE
8 | P938[97[02(06||SWYARD | RES 8 SWITCHYARD IS AN 8-BYTE
9 Bj 05|00|97 TABLE FOR CURRENT TRAIN
10 3g[12]10 ORIG. ENTRY MESSAGE IS:
11 T12650 UP'?
12 | g4 XX [ xx|[xx]|| TEMP RES 8 TEMP IS TEMPORARY STORAGE
13 3| XX | XX | xx FOR TRAINS BEING MOTION
14 6] XX | XX —SHIFTED (LEFT OR RIGHT)
15
16 | @@48| B4 |80 CHKSENS | TPSU SENS TEST FOR REVERSE (SENSE
17 Al 18|04 BCTR,EQ| DELAY KEY DOWN) COULD BE: GO FINO
18 cll 74|40 CPSU FLAG OUT. IT WAS NOT. CLR FLAG
19 4E| 1B |48 BCTR,UN| ROLLON LED, AND EXIT TO ROLLON.
20 52| D8 | 7E DELAY BIRR,RO| $ SET 1 MSEC DELAY & CHK IF
21 2[B4 |80 TPSU SENS SENS KEY DELIB. DEPR.
22 4l o842 BCFR,EQ| ROLLON IT WASN'T. GO FORWARD.
23 6| 76|40 REVERSE | PPSU FLAG IT WAS. SET THE FLAG LED,
24 g58| Cc1 STRZ R1 AND SET CONST'S TO REVERSE

1
(o]
[e)]
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TRAIN

USER OPERATION (CONTINUED)

Parallel I/0 Input Switches:

The 8 qua]]e] I/0 input switches are position-defined
into 2 fields as shown in the following diagram:

7 6 5 4 3 2 1 2

T T T T T
NOT
ST SPEED CONSIST 1D

4 2 1 8 4 2
L

]
T SEE TABLE ON NEXT PAGE

= SPEED SWI'S ON
7 10 MP 6 5 4
6 12 ° 6 5

b 15 * 6 4
4 19 " 6

3 27 " 5 4
2 40 " 5

1 80 " 4
? STOPPED ALL OFF

IN CURRENT
POSITION.

#*¢ Toggle speed switches 6, 5, and 4 ON = Speed 7. #**

[ROUTINE AS SHOWN | [START ADDR xxx | [PART OF PROGRAM TRAIN |[_ 2650 PROGRAMMING FORM
DESCRIPTION CONT, OF CONTROL PROGR; REVERSE_CONTROL, ALSO START OF ETEET 3
SWYRDINT' INTERRUPT SERVICE, INCL. REGISTER’VALUE SAVES.
LINE | ADORS | o DQIA = LABEL wcg&rgaouc INSTF;;;AL‘;'; COMMENT
1 | 9959 Q7 [F9 LODI,R3} H'F9” DIRECTION. NOW MOVE SWYARD
2 5B | oD |60 |38 | [LOOP1 LODA,RO | SWYARD,R1 TO TEMP; THIS TIME WITH A
3 5E |CD |20 |40 STRA,RO | TEMP,R1,+ RIGHT BYTE-SHIFT. 7 BYTES
4 61|DB |78 BIRR,R3| LOOP1 MOVED? NO. FINISH. YES!!!
5 308 [5A LODR,RO | SWYARD+7 MOVE LS SWITCHYARD INTO
6 5[lcs |51 STRR,RO | SWYARD MS POSITION, THEN
7 710D |60 |40 | |LOOP2 LODA,RO| TEMP,R1 MOVE ALL OF TEMP BACK INTO
8 AlcD |60 |38 STRA,RO| SWYARD,R1 THE SWITCHYARD — NO SHFT.
9 D|F9 |78 BDRR,R1| LOOP2 WHEN FINISHED, EXIT
10 6F 9B |00 ZBRR DISPLAY TO SHOW THE TRAIN IN ITS
11 CURRENT POSITION.
12 *
13 *¥1ST PART OF SWYRDINT IS ROUTINE |TO SAVE RO-R3, ALSO THE PSW
14 *(UPPER f LOWER) |IN CASE THEY ARHE|NEEDED WHEN INTERRUPT SER-
15 *VICE 1S COMPLETE,
16 %
17 @71 cc|17 90| [SWYRDINT STRA,RO| SAVEREG SAVE REGS @ THRU 3 IN
18 4flco |17 (o1 STRA,R1| SAVEREG+1 LOCATIONS H'1790" THRU
19 TICE |17 |92 STRA,R2 SAVEREG+2 H'1793"'. THEN BRANCH
20 AllCF [17 |93 STRA,R3| SAVEREG+3 AROND 128-BYTE CONSIST TABL
21 @7D| 1F |01 |00 " BCTA,UN| CONTINT TO CONTINUE THE SAVE.
22
23 ¥NEXT SHEETS OF ILISTING PROVIDE A| 128-BYTE TABLE OF TRAIN
24 *CONSISTIS; 16X8BYTE ORGANIZATION

Q7 =



USER OPERATION

(CONTINUED)

TRAIN

The 4 lTow-order I/0 Input switches control train "CONSIST"
selection as shown in the following table:

NUMBERS IN (PARENTHESES) DEFINE NUMBER OF

CARS IN ROLLING STOCK.
#% Select CONSIST 2 by setting input switch 1 ON; the others OFF #

SWITCHES ON: 1.D.: CONSIST. DEFINITION.:
ALL OFF 1) HSE (alone) HSE P HIGH SPEED EN-
o 1 HSE + (3) FC O e
1 2 HSE ¢+ FC + (2] EC LSE {7 — LOW-SPEED
1 2 3 HSE + FC = EC = ZFC % € — ENGINE
2 g Egg i ggg EC % g MT BATTERY-POWERED
> g + MINE TRACTOR
2 6 MSE + (3) FC + C EM E] OVERHEAD ELECTRIC
2 @ 7 LSE + (3) C POWER MINE ENGINE
3 8 LSE + (2) EC + C FC [] FULL FREIGHT
3 2 9 LSE + (2) %FC + C CAR
3 1 A LSE + (2) EC + E 5FC kﬂ ONE HALF FULL
3 1 @ B LSE + (3) FC + C FREIGHT CAR
3 2 C LSE §a1oneg EC LJ EMPTY CAR
3 2 ] D MT alone
32 1 E EM + (4) C E O IS CABOOSE IN ALL °
32109 F MT + (3) C CONS%STS EXCEPT
#s 7, E, & F,

WHERE IT IS A COAL
CAR

ROUTINE CONSIST J [START ADDR 2080 J PART OF PROGRAM TRAIN

|| 2650 PROGRAMMING FORM |

DESCRIPTION

'CONSIST!
POSSIBLE

IS,A L€ 8 DATA TABLE CONTAINING EACH OF 16
AINS' "WHICH MAY BE SELECTED.

FHEET 4

LINE

ADDRS

=)

DATA
B1

B2

LABEL

OPCODE

SYMBOLIC INSTRUCTION

OPERANDS

COMMENT

2089

95

EO

97

1D

RES

8

CONSIST @

97

97

97

97

97

95

EO

80

ID1

RES

CONSIST 1

80

80

97

o7

o7

95

EO

80

ID2

RES

CONSIST 2

92

92

97

O (N |on|(o |[&|w [N |-

97

97

-
(=]

95

EO

80

ID3

RES

CONSIST 3

-
-

92

EE

95

-
n

97

97

-
w

95

EO

80

ID4

RES

CONSIST 4

[
»

80

95

97

-
n

97

97

-
o

95

EO

95

IDS

RES

CONSIST S

-
~

95

95

97

-
@

97

97

=
0

95

EQ

80

ID6

RES

CONSIST 6

N
o

80

80

95

n
-

97

a7

n
n

95

26

95

ID7

RES

CONSIST 7

N
w

95

95

97

n
»

PIBE

97

97

1

oo]

(o]
1




TRATIN
USER OPERATION - RUNNING THE TRAIN:
i Depress RST ..... «essee.The message: "2650 UP." is
displayed immediately.
NOTE: THE FIRST TIME THE INT KEY IS DE
PRESSED AFTER THE PROGRAM IS LOAD-
ED INTO MEMORY, MESSAGE '.2650 UP.'
IS LOST.*
2 Depress INT «..covnn... .To route "CONSIST 2" into the
Hex Display 'switchyard'. The
following image is displayed,
moving forward (right to left)
at 10 MPH (Speed 7).
UL, .
3 Toggle input switches ..To run Consist 2 at different
6, 5, and 4 speeds (see page 6-87).
4. Depress the SENS key ...To move the train in reverse.
# A 'RECOVERY PROCEDURE' IS PROVIDED ON PAGE 6-9.
[ROUTINE CONSIST |[START ADDR XXX | [PART OF PROGRAM TRAIN |[ 2650 PROGRAMMING FORM |
DESCRIPTION 'CONSIST' OF ' 'TRAIN'' (CONTINUED) ETEET -
Line | aoors || o, PATA LABEL DPCE;:BDLié_TnéTig;;Jgg COMMENT
1 | gecellos |o6 |92 | |ID8 RES 8 CONSIST 8
2 392 [95 |97
3 697 (97
4 C8 |95 |96 [EE | |ID9 RES 8 CONSIST 9
5 B |EE |95 |97
6 E|97 |97
7 D@ |95 (96 |92 | |IDA RES 8 CONSIST A
8 3(92 |95 |97
9 6|97 |97
10 D8 |95 [96 (80 | [IDB RES 8 CONSIST B
11 B|80 [80 |95
12 E|[97 |97
13 E@| 95 |96 |97 | |IDC RES 8 CONSIST C
14 3|97 |97 |97
15 697 |97
16 E8|C7 |97 |97 | |IDD RES 8 CONSIST D
17 B||97 |97 |97
18 E|97 |97
19 Fo 8D |95 |95 | [IDE RES 8 CONSIST E
20 3)95 {95 |97
21 697 |97
22 F8||C7 |95 |95 | [IDF RES 8 CONSIST F
23 Bji95 |97 |97
24 | @PFE|97 |97 END OF "CONSIST TABLE'.
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USER OPERATION: (CONTINUED) TRAIN

b Depress RST :cosvssisumswnns 1f the train consist is stopped.

NOTE: TURN ON AT LEAST ONE OF THE SPEED
CONTROL SWITCHES PRIOR TO DEPRES-
SING THE RST KEY.

6. Toggle Input Switches.....To select any other consist. Try
35 €5 1y OF @ them all, at different speeds.
Lo Depress INT........ S ves asneselone To move the selected consist into

the Switchyard.

THE PROGRAM:

There are 2 major points of interest in program "TRAIN"; these
include:

* Forward and Reverse Motion Control, and
* Selection & Transfer of the desired Consist into the
Switchyard.

FORWARD AND REVERSE MOTION:

Refer to the diagram on the next page, also to the highlights
pointed out in the Listing. The description is provided on

sheet 8.

[ROUTINE CONTINT | [START ADDR@1@@ | [PART OF PROGRAM TRAIN || 2650 PROGRAMMING FORM |
DESCRIPTION cONTINUATION OF THE INTERRUPT SERVICE ROUTINE. [TTET 6
Line | apoRS || oo Dg{“ P LABEL Dpca;?BOLICﬁYNSTiES;&S: COMMENT

1 | 2102013 CONTINT | SPsL SAVE THE LOWER PSL AT LOC'N

2 1[cc |17 [oa STRA,RO | SAVEREG+4 "1794"'; AND UPPER PSW AT

3 412 SPSU LOC'N '1795"'

o 5lcc 17 |95 STRA,RO | SAVEREG+5

s 8|75 o8 cPSL wC CLR WC BIT, THEN READ UP

6 Als4 o7 REDE,RO| PORT? MANUAL CONTROL & ISOLATE

7 claa |oF ANDI,RO| H'OF' THE CONSIST I.D.. NOW, MUL-

s E[DO RRL RO TIPLY THE I1.D. BY 8 TO GET

9 19F [DO RRL RO AN 8-BYTE INDEX

10 119]D0 RRL RO THEN RESTORE THE WC BIT

1 1[77 08 PPSL wC FOR FUTURE USE.

12

13 CONADDR | ACON H'1782"

14

15 113]84 |80 ADDI,RO| H'80" NOW ADD CONSIST BASE ADDR
16 slccl17 (83 STRA,RO| CONADDR+1 TO INDX (LO BYTE) & STORE

17 8] 20 EORZ RO THEN CLR RO AND STORE AS

18 olcc|i7]82 STRA,RO| CONADDR HI BYTE OF ADDR. SET CONSTS

19 cllc1 STRZ R1 TO MOVE SELECTED CONSIST

20 D[ o7 |28 LODI,R3]| 8 INTO THE SWITCHYARD

21 11F|ob |[F7 |82 | [LooP3 LODA,RO| *CONADDR,R1 AND MOVE IT.

22 122[cp |2q [37 STRA,RO | SWYARD-1,R1, +

23 5[FB |78 BDRR,R3| LOOP3 DONE YET? NO; FINISH. YES:
24 | g127]oc|17 |95 ] [RESTORE | LODA,RO| SAVEREG+S RESTORE PREV SAV'D P S W.
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THE PROGRAM: (CONTINUED) TRAIN

DIAGRAM OF
CONSIST SELECTION, TRANSFER, AND FORWARD/REVERSE MOTION

"SWYRDINT*:
[exT 170 switches] X8 + H’80' = *CONADDR (LOW ORDER) IN LOC '1783'
(LOW ORDER &) “CONADDR (HI ORDER) 1IN LOC '1782' = 00
.CONADDR‘(RI)INDEX 8 TIMES TO EXTRACT CONSIST « “INSTRUCTOR™ HEX DISPLAY (TYPICAL)
“CONSIST" STORAGE - 128 BYTES = r-l D u l_.l
CONSIST IDC '00F8’
- " 1 88
" . 2 90 MEMORY TO SWYARD VIA RO
SELECTED TRAIN
. “ 3 98 TO DISPLAY FROM
g 4.8 SWYARD BY EXECUT-
- w4 A0 ING ‘UsRDSP'
" = 5 n
A8 SWYARD” 3 - | 3 . - . o >
> 506 80 LOCATIONS errr I %
. - '0038'-'003F" 1 1
4 B8 003F (J):\’\?\?\'\?\:\:(S) 2) "REVERSE”
- . 8 co "TEMP” ] L i 1 I 1 L 1 MOTION LEFT TO RIGHT
(1) 7 BYTES: SWYARD »TEMP
. 9 Cc8 . 2 2 > & 5 * T (2) SWYARD 7———-:'rem>o
LOCATIONS (3) 8 BYTES: TEMP —»SWYARD
% = A LY '0040'-'0047"
- = B pARL | N e s R e e T S U S e i i Bt e B B i bt st
- s £o | £"1 RoLLoN"
5 “ D 8 *SWYARD* ° 3 2 ) e s 6 7 (1) 8 BYTES SWYARD »TEMP
o (2) 7 BYTES TEMP —»SWYARD
. " E FO TEAE AT ALY L L \‘\2’ (3) TEMPO —— . 5 SWYARD'
= . F '0080" N ad Y e N A s
CONSIST 1DX START ADDRJ *TEMP” o 1 2 3 ) s & 7
N
[ROUTINE RESTORE | [START ADDR @127 | [PART OF PROGRAM TRAIN || 2650 PROGRAMMING FORM |
DESCRIPTION WIND UP INTERRUPT SERVICE ROUTINE BY RESTORING PREVIOUSLY [i‘IEET
S/VED REGS TO ORIGINAL VALUES. 7
LIN | ADDRS LD_AEIA - LABEL wcg:souc"iﬂ'srﬁ"gg COMMENT
1 RECALL ACON H'1798 SPACE FOR A 3-BYTE SUBROU-
2 RECALL | RES 3 TINE TO RECALL LO-PSW.
3
4 | @12A]92 LPSU THAT'S UPPER PSW....
5 B|OD (17 |91 LODA,R1| SAVEREG+1 ALSO REGISTERS R1. R2; R3.
6 12E||OE [17 [92 LODA,R2| SAVEREG+2
7 131||0F |17 (|93 LODA,R3 | SAVEREG+3
8 4104 |37 LODI ;RO | RETE NOwW BUILD A SUBROUTINE TO
9 6[CC |17 [9A STRA,RO| RECALL+2 RESTORE THE PREVIOUSLY SA-
10 9(10C |17 |94 LODA,RO | SAVEREG+4 VED PSL. IS ROUTINE 'RECALL
11 clcc |17 |99 STRA,RO| RECALL+1 ADDR : INSTRUCTION:
12 13F |04 |77 LODI,RO| PPSL 1798 PPSL PSL(SAVED)
13 141(CC |17 |98 STRA,RO| RECALL 179A RETE
14 410C |17 |90 LODA,RO| SAVEREG
15 7175 |FF CPSL HYFFY NOW CLEAR THE CURRENT PSL
16 @149||1F |17 |98 BCTA,UN| RECALL AND EXECUTE 'RECALL' TO
17 * RETURN FROM INTERRUPT SVC.
18 *FOR DIFFERENT MESSAGE DISPLAY, QCHANGE ANY CONSIST 8-BYTE
19 *CODES TP THOSE OF YOUR OWN CHOOS$ING, THEN SELECT THE ORDER
20 *OF DESIRED 'WORDS' VIA APPROPRIATE 'CONSIST ID' SWITCHES.
21 *1'2650 UP' MESSAGE IS LOST AFTER|IST SELECTION OF CONSIST
22 * WHEN THE 'INT'|KEY IS DEPRESSED}
23
24

91



TRAIN

THE PROGRAM (CONTINUED) Sheet 8

The steering process for forward and reverse motion control is
routine "CHKSENS" (sHEeT 2). Immediately after the current con-
sist is displayed, the logical condition of the SENS input is
tested. If SENS is active (key down), the BCTR,EQ instruction
(1Tine 17) passes execution to a short delay, followed by a 2nd
test of the SENS input. This ensures that SENS key depression
was deliberate. If the test for SENS activity fails either time,
the program assumes that forward motion is desired, and routine
"ROLLON" is accessed.

Routine "REVERSE" is initiated with FLAG LED turn-on, followed

by a sequenced shift-right of the 8-byte selected consist mes-
sage. The sequence is graphically illustrated at the middlie of the
diagram on page 6-91. 8 bytes of memory, labeled "TEMP" pro-

vide sufficient space to accomplish the byte shift desired. The
first shift, from the Switchyard to 'TEMP', and transfer of
'"TEMP7' to 'SWYARD1', is accomplished by process "LOOP1l". Trans-
fer of the remaining 7 bytes in 'TEMP', now right shifted, is
handled by process "LOOP2". Upon completion of the transfer, pro-
gram control exits to display the result.

If desired direction is forward, routine "ROLLON" is accessed.
Process "REPEAT1" handles the initial 8-byte transfer of the
current consist from 'SWYARD' to 'TEMP'. In process 'REPEATZ2',
the least significant 7 bytes are left-shifted into the 'SWYARD'
from 'TEMP'. The remaining byte in TEMP', at location TEMPQ,

is then transferred to the least significant location in the
'SWYARD'; this is SWYARD+7. SWYARD+7 corresponds to the rear-most
train position in the forward direction. When the transfer is
complete, program control exits to display the result.

SELECTION AND TRANSFER OF THE DESIRED CONSIST INTO
THE SWITCHYARD:

As noted previously, there are 16 possible train consists which
may be selected. From a programmer's viewpoint, these consists
are organized in a 1l6-entry table (SHEETS 4 & 5). Each entry

is 8-bytes in length, this being the number of bytes usable

in any displayable message.

To select any given entry, the appropriate I/0 input switches
are positioned to provide a selection I.D., as outlined at the
top of sheet 4.

Routine "SWYRDINT" (Switchyard Interrupt) is accessed only when
the INT key is depressed. Following an initial process of storing
the contents of the current registers and PSW in mainline pro-
gram use (SHEET 3; LINE 17 AND FOLLOWING), program control
transfers to the main part of the interrupt service routine at
location '@1PP' (sHEeET 6). The instructions at addresses '010A'

0P -



TRAIN

THE PROGRAM (CONTINUED)

through '0113' convert the input switch pattern into a precise
index to the desired entry in the Consist Table. This index is
then posted as the least significant byte in a 2-byte indirect
address field: 'CONADDR', in the INSTRUCTOR 50's SMI memory.
Thus, process "LOOP3" can then be executed to make an orderly
transfer of the desired 8-byte consist message.

Routine "SWYRDINT" concludes with restoration of previously
stored register and PSW contents. The instructions at locations
'0134"' to '0141' create a 2-instruction subroutine, "RECALL".
The purpose of "RECALL" is to permit return to the main pro-
gram without altering the previously stored condition code. This
code, which is used to determine the direction of many branch
instructions, can be altered during register restoration. The
necessary instructions are found in sheet 7.

Refer to sheet 1 for a description of "speed control".

In Tines 1 and 2, the speed input switch pattern is isolated by
the microprocessor. Th resultant value is used to condition the
Monitor's USRDSP display routine running time constant. When

all speed switches are off, the value is zero; this is why the
selected consist remains stopped. If 1 or more switches are on,
the display "times out" after a short delay. The delay is di-
rectly proportional to the value of the switch pattern, as des-
cribed in the User Operation procedures on sheet 3. After display
timeout, program control exits to check direction demands. The
consist message is shifted, and control loops back to display the
result once again.

The listing of this program is particularly informative in that
it provides precise examples of:

) I/0 input pattern detection, isolation, and use.(SHEET 1)
SENSE bit testing and control usage (SHEET 2)
Multi-byte transfer and shifting techniques (sSHEETS 1,2, ¢
Indirect address construction (SHEET 6)
Data Table organization by multi-byte entry (SHEETS 4 & 5)
Index preparation and usage (SHEET 6)

Register save & restore techniques, including pseudo
subroutine construction for Condition Code protection.
(SHEETS 3,6, & 7)

This concludes the description of program "TRAIN".

6)
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INSTRUCTOR 50 MUSIC THEME

INTRODUCTION:

When you listened to the INSTRUCTOR 50 INTRODUCTORY CASSETTE
tape, the "electronic music" you heard was generated by exe-
cuting the program "INSTRUCTOR 50 MUSIC THEME". It is fully
documented on these next 3 pages.

When "source code" is input to an ASSEMBLER, it is necessary

to declare the (hex code) value of each symbolic address or
operand, PRIOR to its use in the program itself. As explained
earlier in this chapter, these declarations are made by imple-
menting EQUATE, RES, and ORG statements. In line 55 of the 1lis-
ting on the next page, an ORG (address or1g1n) statement de-
fines memory location H'0000' as the program's start address.

On the following page, data table "NTAB"

is origined at address H'100'.

. . . INITIALIZE
Most of the following page is dedicated to S T T

definition of symbolic EQUates in terms of

their hex code values. A
INITIALIZE

LED PATTERN

In Tine 83, a RES statement reserves 1 byte =

of user memory (at address H'0032") for a ]

s : n n SHIFT & BUT i i
symbolic function called "LEDWRD". e s L

A FLOWCHART (to the right) illustrates the :
overall sequencing of program "INSTRUCTOR LOAD TOGGLE
50 MUSIC THEME" as it is executed to play COUNT

the desired music.

TOGGLE
COUNT=2
?

Prior to executing the "music theme" pro- LYES
gram, prepare an AUDIO CABLE as shown in
the diagram below. Then, connect it be-

tween the INSTRUCTOR 50 and your cassette I LT
recorder or, at your option, to the AUX WORD
input of an available hi-fi amplifier. -

TIP l_EAD INSULAT] - DECREggET PITCH

........

{STRIP 4% IN.
TIN & CON-
NECT TO _~
PIN 66,

4 SHIELD

3 t/CUT INSULATION BACK 1% IN.
TWIST SHIELD & TIN. SOLDER LIGHTLY
TO PIN 50 ON S100 BUS.

"'I
1
I-50 |YOUR TOGGLE FLAG
' HIELD 1 RECORDER QUTPUT
GND AUX'
1. 4 "
' CABLE | = DECREMENT TOG-—
; 66 1 - GLE COUNTER
FLAG et TIp !
“TIP LEAD |
I 1]S100 NO
! BUS
The source and object codes for program YES

"INSTRUCTOR 50 MUSIC THEME" are contained
on the following pages.
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2 T SR 3F SR OE SR SR AR SRR o B0 R B RS 05 SR BEY SR 2R BF SRR Y T SR TR R SRR 3P 2E o o1 s 0% o 26 2 o 6 s o o o 3

F
I

e P2
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LM
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E
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EL1F
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CaF
bz
LzF
EZ
E2F
Fz
FzF
Gz
GZF
A2
HZF
E2
EZF
o

[

o

+ F

E S

IMI

+ MOTE

IMETRUCTOR S8 THEME

FCE

IMSTRUCTOR S8 THEME
THIS FREOGRAM FLAYS A SHORT MUSICAL
THEME OM THE IMSTREUCTOR S5&

THE DATAH FOR THE MUSIC IS STORED IM A
TRELE AT ADDEESS 166H. EACH NOTE IS
SFECIFIED BY A TWO-BYTE PRIR. THE FIRST
EYTE SFECIFIES THE DURERTIOW OF THE TOME
IM HALF CYCLES. THE SECOND BYTE IS USED
TO DETERMIME THE LEMGTH OF EACH HALF
CYClLE. A DURATIOW CODE OF @8 CRUSES THE
TUME TO STRET OWER AGRIN.

FEOGEAM BY JOE DOLL
U=IC BY DEMMIZ MY'RIN

S SR R R R R iR iR s bt R e R R R R R e R R R R R e R R s i i il i i s L

ECLIRTES

ELGiL
EL
ECL
E
EL
EGL

{08 T 5 O JON A 6 B o 4

AMD DURATION YALUES
Ed
ECi
Ed
ECi
ECid
ECl
EQ
EQu
EGL
EGi
EGiL
ELl
El
B
E
E
ECiLd
EQ

=
.

LI Y

DY bl (T bl 00 B B B B L 00 L O L L

TEI ST ET R TEDE XA TIT
i 2 A O BT O CR oy R T OO O o B O O o O Y O 0

FIOGREAM

1 FROG

15

ORG
T LODI.Re H7Z

,_
)

REGISZTER EQUIATES

CONDITION EQURTES

FHGE @a@nl

STARET HT H @ea-”
IMHIEIT INTERRUFTES.
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BESd @118 SEERZEER
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1 B s o v T
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B@1z24 444235955
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=.8 INSTRUCTOR 58 THEME PAGE @882
£ SOURCE
LPSU ZERO SP,S.F
LODI.RB 8 SEL BANK 8, CLEAR CC, WC
LPSL
BEGIN LODI.RB H'@L”
STRA, R LEDHRD INITIALIZE LEDWRD
LODI.R2 8 INIT NOTE COMHAND INDEA
GETOG LODA.R® LEDWRD GET LED WORD
RRR. R8 SHIFT RIGHT LEDS
STRA, R LEDWRD SAYE NEW YALUE
WRTE: RB H'@87/ WRITE TO LED PORT
LODA, R@ NTAB-1.R2, + LOAD RA WITH TOGGLE COUNT
BCTR,Z BEGIN RESTRRT IF COUNT=0
STRZ R STORE TOGGLE COUNT IN R1
LODA, R8 NTAB-1.R2.+ GET PITCH WORD
SIRZ R AND STORE IN R3
HALFCY LODZ R3S RETRIEYE PITCH WORT' TO RO
PCHDLY BDRR.R@ PCHOLY DELAY FOR 1/2 CYC TIME OF NOTE
Loz R3
PCHDL2 BDRR.R@ PCHDL2
SPSU GET PSU
EORI,R@ H 4@ TOGGLE FLAG OUTPUT
LPSU
NOP NO OPS TO DELARY
NOP %
NOP *
NOP *
BORR. R1 HALFCY DECREMENT TOGGLE COUNT
* AND REPEAT IF NOT ZERO
BCTR, UN GETOG GO BACK AND START NEXT NOTE
*
LEDWRD RES 1 LED WORD BYTE
*
* NOTE TRBLE - DURRTION, PITCH
*
ORG H’ 168"
NTRB DATR  C2,C2P, G2, G2P, E2, E2P, C3, C3F 32 NOTES IN THEME
DRTA G2, G2P, C2, C2F, E2, E2P, G2, G2P
DATR A2, A2P, C2, C2P, E2, E2P, A2, A2P
DATA  E2, E2P, A2, A2P, C2, C2P, C3, C3P
DATA D2, D2P,R2, R2P, F2, F2F, D2, D2F
DATA F2,F2pP,D2, D2P, A2, A2F, F2, F2P
DATR  B2.B2P, G2, G2P, D2, D2F, F2, F2P
DATR  B1,B1P,F2,F2P, B2, B2P, G2, G2P
DATA a
END (%
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Tear off and return

TITLE:

REVISION:

This form is not intended to be used as an order blank. Signetics Corporation solicits your comments about this

COMMENT SHEET

manual with a view to improving its usefulness in later editions.

Applications for which you use this manual.

Do you find it adequate for your purpose?

What improvements to this manual do you recommend to better serve your purpose?

Note specific errors discovered (please include page number reference).

General comments;

FROM NAME:
COMPANY
NAME:

ADDRESS:

POSITION:
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