How to assemble the supj

4-bit Micro Computer

GMC-H4

Assembly time: Approximately 15 minutes
(The electric circuit comes pre-assembled on the
circuit board, so there is no need for soldering.)

,@ Parts in the Kit

Speaker

(Wrapped in Py
cardboard) Circuit board

Main unit

& CAUTION

Please be sure to read the following instructions
before assembling this kit.

X Take necessary caution when handling parts
with pointed edges. There is a risk of injury.
@ This kit includes screws and other small
parts. Be careful not to swallow them. There is

a risk of suffocation.

Three AA batteries are used. Incorrect use of
the batteries may cause the generation of heat,
explosions or liquid leakage. The following
precautions should be taken.

@ Do not use rechargeable batteries such as

NiCd batteries, or Oxyride batteries

@ Ensure that the positive and negative

terminals of the batteries are aligned correctly.
@ If liquid that leaked from the batteries gets
into your eyes, rinse them well with plenty of
water and consult a doctor immediately. If liquid
leaks onto your skin or clothes, wash it off

immediately.

@ Do not mix old and new batteries.

@Plastic materials used in this kit
Main unit (transparent black): ABS
Key sheet: PET

Circuit board: PH

@Metallic materials used in this kit
Screws: Iron

*Please dispose of this product in accordance with local regulations.
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‘ Things you will need
\ A Phillips screwdriver (#1), three new AA alkaline
batteries or zinc-carbon batteries
(* NiCd and other rechargeable batteries have low
voltage. Therefore the supplement may not operate

when these batteries are used. batteries have high
voltage. Using these batteries may break the circuit.)
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Washer head
Key sheet asnerhea

| screws (2)
Notes for tightening screws

The types of screws used for the supplement are those
that carve grooves into the plastic as they are inserted

(self-threading). The screwdriver most suited to
tightening the screws is the #1 JIS screwdriver. When

tightening the screws, firmly press the screwdriver
Double-sided label ' '
-
@

straight against the screw and turn. It is said that 70
\I l Screws

against the screw and 30 percent for turning it.
Precision screwdrivers are hard to turn, so use a small
screwdriver with a grip diameter of about 2 cm.

percent of the force applied is used for pushing E

Full-scale image

ofa#l
screwdriver
Assembling the Main Unit
Attach the speaker, circuit board, etc. to the main unit in the order of steps [1] to [5].
Screw t [3] [4] TScrew
= = % -3 ~ Q-
Key sheet B B € T T
] | e |
Screw g Screw

Circuit
board

¢ ) Washerhead
Speaker ) V4§ screw .

(2]

Connector

Main unit

AA batteries

[1] Connect the battery connector

Insert the connector for the main
unit (battery box) into the plug on
the circuit board.

*Be sure to insert the
connection in the right
direction.

* Pass the speaker's lead wires through the
whole on the main unit.

[2] Attach the speaker

Attach the speaker to the hole
on the main unit, and secure
with washer head screws. Speaker

*Try not to touch the transparent cone
when possible. If you accidentally touch
the cone, causing it to collapse, lightly
attach some cellophane tape to try to
pull out and fix the indentation.

[3] Screw the circuit board onto the main unit

Being careful not to let the lead wires get caught between the circuit board
and the main unit, affix the circuit board to the main unit with screws.

Lead wires

-
-

e lead wires for the
he backside

Pass the black and red lead wires around the protrusions in the three
rows on the main unit.

Screwdriver

* Be careful not to damage the circuit with the screwdriver.

[4] Attach the key sheet to the circuit board

1. Remove the white paper on Double-sided
one side of the double-sided label

label, and place label over the
back side of the key sheet so
that the four corners line up.
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Key sheet (Back side: /®
Non-printed side)

2. Remove the white paper on the other side of the double-sided label, and
attach the key sheet to the circuit board by lining it up with the L-shaped

Key sheet (Front side:
Printed side)

L-shaped mark

[5] Insert the batteries and turn on the switch

1. Insert batteries onto the battery box in the main unit and turn on the
switch. Confirm that "F" is displayed on the numeric LED display.

Switch

Be sure to use new AA

batteries. Insert the

batteries in the correct

way.
Numeric LED
display

2. Confirm that a short beep sounds when a key is pressed and the number
or letter of the key pressed is displayed on the numeric LED display.

Instructions on how to
use the supplement
start from the following
page.

*Be careful not to touch any of
the electronic parts on the
circuit board directly with your
hand. Doing so may cause
operation to become unstable.
Also, the solder may protrude
out. Therefore there is a risk of
injury.

Q: Nothing is displayed on the numeric LED
display. No sound is produced.

A: Check the assembly condition.
Ensure that the connector for the battery box is fully engaged with the plug
on the circuit board.

Ensure that the connector has been inserted in the right direction.

A: Ensure that you are using new batteries.
Replace any batteries that have run out of power. Be sure to check the
orientation of the batteries.
Whenever the unit is not in use, be sure to turn it off and remove the
batteries.

A: Check the speaker wires.
If either of the wires has become detached from the speaker, rectify the
situation by resoldering.

A: Check the switch.
Ensure that the switch is turned to ON.

A: Check that the key sheet is not out of position.
Ifitis, carefully realign it.
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This supplement kit recreates the operation of the "Denshi-Block FX Micro Computer" that originally went on sale in 1981. The same
command codes that were used for the original Micro Computer are used for all commands except for those for controlling external output.

Gakken Micro Computer
X CAUTION
@ The 4-bit Micro Computer is an extremely delicate and complex electronic device. GAKKEN cannot guarantee that all operations work perfectly. Please be aware that
Supplement Micro M a n I GAKKEN will not be able to assist you except for in cases in which the Micro Computer fails to operate at all. In addition, although GAKKEN checked the operations of all
u a registered programs, there may still be some possibility of malfunction as is the case with regular software.
CompUter @ If operations for writing, etc. become unstable while you are experimenting with the supplement, replace the batteries with new ones, even if the LEDs are lit up.

Manual and programs created by Takuya Matsubara

Pa rt N ames Operation Test

Binary LEDs ASET

7 LEDs lined up along the (address set) key .

side. The key for setting the ( Binary LED test )

These LEDs are used to addres);. 9 The numbers written below each
express a 7-digit binary LED are the bit numbers.
number.

Numeric LED d

display INCR
This is a single-digit, f \ (increment) key p

as shown at right.

7-segment LED display. It is The key for writing data. )
used to display letters and The numbers written below
numbers. each LED are the bit numbers.
Speaker ' o . . ﬁ Key word
The binary LEDs are used to display "binary numbers." Numbers are given
Outputs sounds to check RUN . .
input, tones, etc. ¥ (run) k for binary LEDs 0 through 6, and these numbers are referred to as bit
run) Ke el i A . wyn . . .
Yy _ r\umbers. If an LED is I|t.up, then that LED is displaying a "1," and if an LED What are binary and hexadecimal numbers?
The key for executing is off, then that LED is displaying a "0."
programs. : WNCR : : : Binary numbers are numbers where the number of digits is increased by one to
\ ) REpeat?dly prelssmg the - key changes the bmary LED dlsplay in the go from "1" to the next number "10." The numbers that we usually use in our daily
order given below. lives are "decimal numbers." Decimal numbers are numbers where the number of
digits is increased by one to go from "9" to the next number "10."
Meanwhile, hexadecimal numbers are numbers in which the number of digits is
. . increased by one to go from "15" to the next number.
CPU Hardware reset switch Numeric keys RESET K Numbers corresponding to 10 through 15 in the decimal number system are
Central processing unit. The key for returning the status to The keys for writing data. (reset) key Binary LED display and correspondence with hexadecimal and decimal eXpresi?lj by fthhe lettherstﬁ\throigh F. Hexadscm;al and lblha;i numberstare
For details, please refer what it was when the power was There are a total of 16 keys. The key for stopping the numbers fr???fr Lo s ey e omete
to page 48. turned on. program and returning it to ustry:
Pressing this switch formats the the address. Binary LED display Binary numbers Hexadecimal Decimal
contents of the memory. (@=0FF/O=0N) v numbers numbers
000000 ® 0000000 00 0
How to read binary and hexadecimal numbers
° . . . . . . Q 0000001 01 ! Binary numbers are read in order from the left as a series of zeroes and/or ones.
. . . . . O . 0000010 02 2 For hexadecimal numbers, the numbers written above each binary LED are used,
p( ra I O n ( S and digits are divided into groups of three and four to be read. In the below
. . . . . O Q 0000011 03 3 example, the numbers are not read as "twelve" but rather as "one/two."
Test the GMC-4 to see if it is operating properly.
. . i . . . 0000100 04 4
First, turn the "main switch" on the backside of the main unit to ON. o000 00 4 2 118 4 5 1
After the power is turned on, the numeric LED display turns on. Q00O H® ) 0000101 05 5 ® 0 0. 0 @@ O @ Gy
<< >> . . . . O O . 0000110 06 6 Zero  Zero  One Zero  Zero  One  Zero  (Reading of binary number)
Key inpUt test Speaker test 1 2 (Hexadecimal number)
. . . . O O O 0000111 07 7 One } Two (Reading of hexadecimal number)
The 4 x4 number of keys on which (@ to @Band BB to & are written A short beep sound will be emitted from the speaker in conjunction with 000 000 | 0001000 08 8
are "Numeric keys." Try pressing each numeric key, one at a time, in order. : key input. At the same time, the center binary LED (fourth LED from the
When you press a numeric key, the letter or number for that key will be : right) will also flash for a brief moment. 000 O OO | 0001001 09 9 How to convert binary numbers to decimal numbers
displayed on the "Numeric LED Display." For the alphabet keys, lowercase 'Y X YoX YOI | 0001010 0A 10
letters are displayed fOI’B (b) and B (d) onIy. : The central processing unit (CPU), the heart of the Micro Computer, is divided
: X X JOX JOIO) 0001011 0B 11 into a number of different regions, depending on the role played. Terms such as
address, register, etc. will be used throughout this supplement manual, so try to
: . . . O O . . 0001100 0C 12 memorize their meanings here.
. R This LEDtonIy will flash for a . ‘ . O O . O 0001101 oD 13
7 : omen :
. . . E O . O O O . . (Binary LED)
: : : : / 000 00O 0001110 OE 14 6 5 4 i3 2 1 0 (Bit number=n)
: Q0O O OO0 | 0001111 OF 15 > 2 27 (@n)
The number "6" and the E 64 +16 ¢ +8 +4 =92(Decimal number)
letters "b" and "d" differ . . O . . . . 0010000 10 16 :

0000000 | mun | 7F |12




How the
GMC-4 Works

The central processing unit (CPU), the heart of the Micro
Computer, is divided into a number of different regions,
depending on the role played. Terms such as address,
register, etc. will be used throughout this supplement
manual, so try to memorize their meanings here.

Memory

Regions and functions used to store data are referred to as "memory." Data
stored in the memory of the GMC-4 is lost when the power is turned off. The
Micro Computer in this supplement has the following types of memory.

Address Memory functions

00 to 4F Program memory (memory used to store programs)

50to 5F Data memory (memory used to store calculation results, etc.)

66 to 6F Register (memory used to temporarily store data midway through a calculation,

with a total of 8 types

Memory/register

g . X
Block numbers 00 to 4F Registers

' Block numbers 50 to 5F Data memory
Block number number 69 A'

: 6F A register register

: Block number number 67 B'

6C B register register

i Block number number 68 Y'

: 6E Y register register

i Block number number 66 Z'

: 6D Z register register

: \ J

Register

In the Micro Computer, there are regions referred to as "registers" that are used
temporarily for processing of calculations, etc. The GMC-4 has eight registers
that can be used to store 4-bit numbers.

#E Key word

Address

An address is a location for storing data. 0000
An address is handled in units of "block 4Evbh
number x," just like a postal address. For ~111
the GMC-4, the number of numbers that
can be stored per address is equal to the
number of numbers in one digit of a
hexadecimal number. When you want to

save an even larger number, the number
will be stored across multiple addresses.

\ng

Central processing unit
(CPU)

The CPU is made by layering of
silicon at a precision of several
microns to several tens of
microns and is also referred to as
a"chip."

This is a picture of the chip
before it is sealed with resin.
You can see that the chip is
wired directly into the circuit
board with solder.

Port

The part where signals are output and input is
called a "port." Ports have inputs and outputs
and are used for either of the two. In this
supplement, ports are connected to the keys,
LEDs, etc.———

Arithmetic logic unit
(For deciphering and
executing commands)

!

Port 1

Speaker

<

@ Dynamic lighting
Dynamic lighting is a lighting method in which the lights are switched on and off at high speed.
Dynamic lighting is used in this 4-bit Micro Computer to turn the binary LEDs and numeric LED
display on in an alternating manner. The cycle for lighting is about 4 ms (1/1000 of 4 5), and it
appears that both the binary LEDs and the numeric LED display are on due to the afterimage
effect on the eye. Through use of dynamic lighting, the number of output ports needed was

reduced, and the circuit could be simplified.

Vol
Key panel
oooos
ooDon
oooen
oooon

Numeric LED
display

Binary LEDs

How to Write, Check, and Revise Data

Try writing some data to the GMC-4. The data is written to an address.

An address is handled in units of "block number X," just like a postal address.

Writing data ))

Data can be written to addresses from block number 00 to block number 5F.
Hexadecimal numbers are inserted into the addresses in order, starting from block
number 00. Here, as an example, try writing "1A" to block number 00 to block

number 02. "Commands" are assigned to each piece of this data, and those

commands are executed on each piece of the data in order of address. For a list of

commands, please see page 56.

Address Data ertl

00 1
01

First, press the hardware

ng "1A" to addresses block number

00 to block number 02

reset key to clear all data.

Once cleared, all data will be F.

Key to press

Binary LED (address)

(@=0FF/O=0N)

Press the key

Press the () key

\

Press the key

Press the () key

\

Press the key

0000000 F

0000000 1

0000000 F

0000000 A

0000000 F

Numeric LED (content)

The binary LEDs display the address, and the numeric LED display
displays the content.

Pressing will make the address 00. In this case, it means that "data
of F has been inserted into block number 00."

The number Bis displayed on the numeric LED display, and the data is
overwritten. However, the written data is still in a conditional approval
state. Next, press the Q43 key to designate the data.

The number 1 has been written to memory block number 00. One will
be added to the address automatically, and content of ff, which had
been inserted into block number 01, will be displayed on the numeric
LED display.

The letter [ is displayed on the numeric LED display. Press the
key to designate the data.

Data input is now completed. Content of [, which was inserted into
block number 02, is displayed on the numeric LED display.



How to Write, Check, and Revise
Data

XX Checking data »)

Without inputting data, press only to add one to the address
sequentially. Try pressing keys in the order of G , and .. Data
that you just entered should be displayed on the numeric LED display in
order of 3,8, D, and C. Check the content of the data as described. The
reason why @ is to be pressed at the beginning is to return the address
to block number 00.

XX Revising data »)

By pressing the key after entering the address block number, you
can jump to the address of the memory to be read. For example, let's say
that there is a mistake in the data in address block number 50. Press the
keys in the order given below.

Press GED)
The content of the memory for block numer 00 is displayed on
the numeric LED display.

Press the @@key

The numberE is displayed on the numeric LED display. The
written data is still in a conditional approval state.

Press the ([ key

The number [l is displayed on the numeric LED display. At this
point, the two-digit number, "50," has actually been input.

2

Press the GEE key

The content of the memory for block numer 50 is displayed on
the numeric LED display.

The number "50," which is the address, is displayed by the
binary LEDs.

Entering the new data and then pressing to designate the
data completes the revision of the data.

XX Clearing data )

Pressing the hardware reset switch turns all data into "F" to clear the
memory. You can also clear the memory by turning the main switch on
the main unit to OFF. Pressing the key only allows you to jump to the
address for block number 00 without clearing the content of the memory.

5 ‘

Program
execution

types

Execution of programs can be roughly divided
into two modes of RUN and STEP. Along with the
display of binary numbers and the presence or
absence of a key input sound, there are four types

in total.
Address Kev inout
Key input Mode display on s)cl)un%
binary LEDs
RUN
RESET RUN
(Reser] 1L Ru No No
RUN
RESET RUN
@ee )| e No
STEP
RESET RUN
Ged . No No

Reser] 5 | o Yes Yes

mode

The "RUN mode" is a mode for executing programs normally.
Programs that have been written can all be executed at once, from
block number 00 to the end.

The "STEP mode" is a mode for executing commands one by one
and is used mainly for checking program operations. Commands
proceed one by one each time that the key is pressed.

Trying Out Sample Programs

The GMC-4 comes with seven different types of sample programs written to it. You
can immediately start playing games, etc. with the GMC-4, even without writing
any programs yourself.

Sample program 1: Electronic organ

Sample program 2: Guess the Music Notes game

Sample program 3: Hit the Mole game

Sample program 4: Tennis game

Sample program 5: Timer

Sample program 6: Automatic musical performance

Sample program 7: Automatic transmission of telegrams in Morse code

(Morse code for telegrams is introduced on the GAKKEN website: http://otonanokagaku.

net/)

Sample

Wil ll Flectronic organ

Try making some electronic sounds.

(1) Starting the program
Turn the main switch on, and press the GE3) @ and keys in the order given.

(2) Performing with music
Pressing the @ to @ keys will produce a sound.

Each key is assigned to a different note on the musical scale.
The sound will be made only while the key is being pressed.

L 4
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Trying Out Sample Programs

Sample 2 Guess the Music Notaes
program game

This is a game where you have to guess what note the GMC-4 is
outputting. Try testing the limits of your sense of pitch and memory skills.

1) Starting the game
Turn the main switch on, and press the @&, (3, and keys in the
order given. Inputting keys starts the game.

2) How to play the game
A melody will play from the speaker. Once the melody has stopped, try
to push the () to @ keys in the same order of notes. The melody
always starts from "C." So you should always press the B (C) key first. If
you press the keys in the right order, the number of notes in the melody
will increase by one at a time, and the game will continue. If you make a
mistake and press the wrong key, the game will finish, and your final
score will be displayed on the numeric LED display.
If you get all ten notes right, it will be displayed as such on the numeric
LED display .
After you finish the game, press the key to play again.

Sample

program 3 Hit the Mole game

This is a Hit the Mole game that uses the binary LED display. Try to beat
the game with how sharp your reflexes are.

1) Starting the game
After turning the main switch on, press the @& , @, and keys.
Next, choose the speed at which the moles will appear using the
following keys. This determines the difficulty level for the game.

2) How to play the game
One of the binary LEDs will light up, so press one of the (@ to @ keys
to match the lit LED. For example, in the following case......

0 O 0000

L (61 (51141 (3] (21 (11 (0]

(Look at the numbers written above the LEDs) (@=0FF/O=0N)

Pressing the (@ key is the correct answer.

If you press the right key, a short beep sound will go off, and your score
will increase by one. If you press the wrong key, or if you fail to press the
right key within the allocated amount of time, your answer will be counted
as wrong.

3) Ending and restarting the game
Once a total of ten moles have appeared, the game will end. Your final
score will be displayed on the numeric LED display. If you get a score of
10, it will be displayed as such.

Pressing the key will allow you to restart the game.

Sample

program 4 Tennis game

his is a tennis game that can be played by two people.

1) Starting the game
Turn the main switch on, and press the G&3), @D, and keys in the
order given. Pressing the keys starts the game.

2) How to play the game
The binary LEDs are set up to look like a tennis court.

Timingatwhichthe |  Left side of Right side of court
player on the left court
side of the court

presses the Okey
and the speed of Slightly Slow Fast
the ball fast : H

Timing at which the
player on the right
side of the court
presses the Okey and
the speed of
the ball

LEDs (ball)

Position of lit O O O . O O O

Fasé Slc;w Slig.htly
fast

Press the @ and @ keys to hit the ball. The @ key is for the player on
the left side of the court, and the () key is for the player on the right side
of the court.

The speed of the ball being hit back will change depending on the timing
at which the keys are pressed.

3) Ending the game
If the score of either player reaches seven points, the game will end,
and the final scores will be displayed on the binary LEDs. For example,
in the following case......

" The scores

on each LED... 421 421
LEDs that are lit up are
the scores for the matchOOO..OO

Score for the left side of the court Score for the right side of the court

4+42+1=7points | 2+1=3points

(Look at the numbers written above the LEDs) (@=0FF/(O=0N)

...... This yields a "win, 7 to 3, awarded to the player on the left side of
court."
Pressing the key will allow you to restart the game.

Sample .
program 5 Timer

This timer can be used to set a time limit up to 7 minutes and 59 seconds,
maximum. When the time remaining on the timer goes down to 0, a
sound will be emitted from the speaker.

1) Setting the timer
Write the time for the timer in block number 00 to block number 02 in
the program memory.

Address | ofdata
00 Minutes (0to 7)
01 Seconds, tens digit (0 to 5)
02 ,ones digit (0to 9)
Key to press For example, if you want to
: set the timer to 3 minutes and

i 25 seconds, input the keys in
[ 3] i the order given on the left.

2 T

Lastly, press 3. and in the order given to start the timer.

2) Counting down on the timer
A short beep sound will be emitted from the speaker every second
while the timer is in operation.
The time remaining on the timer will be displayed on the binary LEDs
and numeric LED display.

Numeric LED
Binary LEDs Flashes once

per second. dlsplay
! EachbinarylED 4 2 1 [/4 2 1
time... ... ... E Seconds

u L Seconds (ones digit)
| I (ones digit) The timer will count down
Minutes Seconds from0and 9to 1 second
(tens digit) by second.

" (Look at the numbers written above the LEDs)
.. (@=O0FF/O=ON/@=flashing)

For example, a display like the one shown below indicates "3 minutes and
25 seconds."

OQHQO.?O
3 minutes s20econds 5seconds

3) Ending the timer
When the time remaining on the timer goes to zero, a sound will be
emitted, and the timer will stop.



Trying Out Sample Programs

Sample 6 Automatic musical

program

performance

This program is for performing music automatically. You can input
performance data to let it play your favorite melodies.

1) Inputting performance data
Turn the main switch on, and write performance data to the program

memory. You can store performance data in blocks from block number

00 to block number 5F.

Set the tempo of the song to the first memory block, block number 00.
You can input up to 46 musical notes into the performance data.

The data for lengths of notes and rests is as shown on the right.

Musical note code

Length of notes and rests Data
Sixteenth note, sixteenth rest 0
Eighth note, eighth rest 1
Dotted eighth note 2
Quarter note, quarter rest 3
Dotted quarter note 5
Half note, half rest 7
Dotted half note B
Whole note, whole rest F

For example, inputting part of the song "Sakura Sakura" into the
performance data yields the following.

Note data 8(A)

Data for :
length of 3
lthe value increases, note

the slower the

tempo will get. Tempo of
song A
(0~F)

sm 9@

‘o

3 7 Repeats

Address 00 01 02

03 04 05 06 07

To input data for "Sakura Sakura" into the memory, press each of the keys
one by one in the order given below.

eytopress | @ oitcon | ibaiply (NN
0000000 The data that b been
0 eecceoe [ ilbedmmed
0000000

O |ecccoee [

0000000

E eoo0000

0000000

O |ecccoee [

0000000

E ooo0000

0000000

© eoeo0000

0000000

0000000

0000000

0000000

0000000

0O |eccceoee i

0000000

2) Checking the data

Check the written data. You can check the data that you entered by

pressing (23 (D) @) @ -

3) Starting the performance

Press G323 . P , and to start the performance.

4) Revising the data
If the wrong data has been input, you can revise only the address with
the wrong data, without having to go back to the beginning to write
new data.
For example, an 8 has been written to address 03. (The correct data
should be a 3)

u } Address block number for wrong data

B Press the button to overwrite. This -
completes the revision of the data. :

5) Stopping and restarting the performance
Pressing the key stops the performance. Press {fJ) and

when you want to restart the performance.

6) Changing the tempo
The tempo for the song is set in the very first memory block, block
number 00. As the value increases from 0 to F, the tempo will get
slower.
Press the .. and keys for the fastest performance.

7) Playing a song you like
First, change the notes and rests for the music you want to play into
performance data and then input data as described below.

Input the tempo data to block number 00. (Input a number from n to

, . The tempo will get slower as the numbers get bigger.)
: Write either note data or rest data to the odd-numbered block numbers.

Write data for the length of notes or rests to the even-numbered block
numbers.

Write an if you wish to end the melody and a n if you wish to
repeat the performance after the end of the performance data.



Command Codes and Program

Structure

In order to operate the computer, you will need to
use "Commands." You can make programs by
combining those commands. Incidentally,
commands are assigned by the CPU in advance.

i

PROGRAM

XX Writing data ))

The GMC-4 comes with a total of 30 different types of commands. The
types of commands include ones for "calculating," "turning LEDs on,"
"jumping,” etc. These commands are combined in complex ways to create
programs. For details on the commands, please check the "List of
Command Codes" on the following page.

"Command symbols" are symbols used to express commands "in language
that people can understand." "Command codes" are translations of these
command symbols "into language that a CPU can understand."
Hexadecimal forms are used for the command codes; for example,
translating the command symbol "TIA 1" would yield a command code of
"81"in block number 2 of the memory. The amount of memory that a
command code requires depends on the type of command.

XX Program structure »)

You can create a program merely by combining the three types of
structures of "sequential processing," "branch processing," and "repetitive
processing."
This structure can be represented as the flowchart shown below. A
"flowchart" is a diagram that shows the flow of processes in a system.

Program that allows you to experience what commands are
Numeric LED display lighting experiment uthe TIA
and AO commands

This is one of the most basic examples of a program. In order
to merely display the number 5 on the numeric LED display,

we will use two commands: "TIA" and "AOQ."

Address

00

01

02

Command Command
symbols code
TIA 8 register A
X5K 5
AO 1

Command operations

Inputs the number 5 into

Outputs the content of
register A to a port and turns
the numeric LED display on.

After you've written the program, execute it by pressing
RESET, , and . The number is displayed on the numeric LED

display.

If you change the number input to address 01, the number
displayed on the numeric LED display will change.

Sequential processing

Branch processing

Process 1 W
| 2 2
Process 2 Process A Process B
] l i |
Process 3 The diamond shape indicates the branch instruction. Process is divided into
branches in accordance with certain conditions. However, no matter how

I much a process is divided up, the flow must always return to one place. By
setting up one start and one end for each process, you can make it difficult for
malfunctions to occur, even for complex programs. Incidentally, branches are
managed using markers called execution flags that demonstrate the results of
the command.

2 Key word

Process 1, Process 2, and Process 3
are executed in sequential order.

Repetitive processing

&
¢

Process 1

Process

Conditions

Depending on the conditions, the flow
returns to a previous process.

The flow proceeds to the following
process once certain conditions have
been fulfilled.

lConditions ]

You can also write the
flowchart like this.

If you want to program a branch process, use the JUMP" command.
The JUMP command changes the block number to be executed. The
JUMP command has the characteristic of "making the program jump

Execution when the execution flag is 1." An "execution flag" is a marker that

flags indicates the results of the execution of a command. Conditions for
changing the execution flag depend on the command (refer to the "List
of Command Codes"), but by combining the CIA command and the
JUMP command, for example, you can execute a branch process to

"make the program jump when register A is not a certain value."
There are also commands that will set the execution flag to 1 without
fail after execution. If you combine that command and the JUMP
command together, you can create a process that forces the program
to jump.

11 ‘

List of GMC-4 Command Codes

Command Command : Execution o
s symbol Operation flag Description
0 KA KoAr 01 Substitutes the number of the pressed numeric key (0 to F) into register A.
! The execution flag is 1 when no key is pressed and 0 if a key is pressed.
1 AO Ar—0p 1 Lights up LEDs for the value in register A (0 to F) on the numeric LED display.
5 CH Ar&Br, 1 Switches the values in register A and register B around with each other and also switches the values in register Y and
Yr&Ze register Z around with each other.
3 (@ AroYr 1 Switches the values in register A and register Y around with each other.
4 AM Ar—>M 1 Substitutes the value in register A into the data memory.
5 MA M—Ar 1 Substitutes the value in the data memory into register A.
Adds a value to the value in the data memory of register A.
6 M+ M+Ar=Ar 01 If a number is carried over to the next digit, then the execution flag is 1. If not, the execution flag is 0.
Subtracts the value in register A from the value in the data memory and substitutes the results into register A.
7 M- M-Ar—Ar 0,1 . ’ X - . .
If the value is negative, then the execution flag is returned as 1. If not, then the execution flag is 0.
8 TIA] [J—Ar 1 Substitutes a designated value (0 to F) into register A.
Adds a designated value (0 to F) to register A.
° AIAL] ArtLI—Ar i If a number is carried over to the next digit, then the execution flag is 1. If not, then the execution flag is 0.
A TIY ] —=vr 1 Substitutes a designated value (0 to F) into register Y.
B A Ve[ 01 Adds a desngnate‘d value .(0 to F) to register Y. If a number is to be carried over to the next digit, the execution flag is 1.
If not, the execution flag is 0.
C CA[] Arz[]? 0,1 If the value in register A is the same as <, then the execution flag is 0. If the values are not the same, the execution flag is 1.
D cay Yrz[? 0,1 If register Y is equal to <, then the execution flag is 0. If the values are not the same, then the execution flag is 1.
E JUMP [0 (I —PC 1 If the execut!on flag !s 1, then the program Jumps toa spemﬁeq address.
If the execution flag is 0, then the program continues on as written.
EO CALRSTO 1 Turns LEDs on the numeric LED display off.
E1 CAL SETR 1 Turns on one of the binary LEDs. Register Y = bit number (0 to 6) of the binary LED.
E2 CALRSTR 1 Turns off one of the binary LEDs. Register Y = bit number (0 to 6) of the binary LED.
E4 CAL CMPL 1 Inverts the value of 0 or 1 in register A (bit inversion).
E5 CAL CHNG 1 Switches the values in registers A/B/Y/Z and registers A'/B'/Y'/Z' (auxiliary registers) around with each other.
E6 CAL 01 Shifts the value in register A one bit to the right.
SIFT ! If the original value is an even number, then the execution flag is 1. If it is an odd number, then the execution flag is 0.
E7 CAL ENDS 1 Produces the end sound.
E8 CAL ERRS 1 Produces an error sound.
E9 CAL SHTS 1 Produces a short beep sound.
EA CAL LONS 1 Produces a long beep sound.
EB CAL SUND 1 Produces the sound of a note (1 to E) designated by register A.
EC CALTIMR 1 y(;n]ts;or processing only for a length of time designated by register A. The length of the wait time is {(Value in register A + 1)
D CAL DSPR 1 Lights up the binary LED of the value in the data memory.
Stores the data for the top three bits in block number 5F and for the bottom four bits in block number 5E.
Subtracts the value in register A from the value in the data memory.
EE CAL DEM- 1 Stores the results of the calculation in the memory after it has been converted to decimal number. After execution, 1 is
subtracted from the value in register Y.
Adds the value in register A from the value in the data memory. Stores the results of the calculation in the memory after
EF CAL DEM+ 1 it has been converted to decimal number.

When a number is carried over to the next digit, the result is written to the data memory automatically. After execution, 1
is subtracted from the value in register Y.

Abbreviated symbol  Register name (address)

Register A (6F
.Register B (6C
.Register Y
.Register Z (6D)

Abbreviated symbol Auxilliary register name (address)

....Register A'r (69)
...Register B'r (67) Subroutines are parts grouped together to make complex commands easier to use.

...Register Y'r (68)

....Register Z'r (66)

Memory (50 to 5F)

X CAUTION
"subroutines."

Commands such as CAL RSTO, CAL SUND, etc. are called

There are 16 different types of subroutines, and the command symbols for all 16
types start with "CAL." Please be aware that subroutines will not execute if the
execution flag is not 1.

Anumber from 0 to F is input

‘12



program 1

Introduction to
Programs

15-second counter

Program Binary LEDs ( - =OFF/ * =ON)
Binary LEDs Address C;angggd C"rcl“;z"d
------- 00 TIY A
------ * 01 1 1
----- * 02 TIA 8
----- *x 03 9 9
S 04 CAL E
ot 05 TIMR C
e 06 v 3
xwx 07 AO 1
ke 08 v 3
ctox 09 CAL E
ke 0A SHTS 9
ckoxx 08B AlY B
ceEEoL oc 1 1
. 0D JUMP F
S kEEL OE 1 1
T OF 3 3
R 10 JUMP F
AT 11 0 0
R 12 2 2
S Kook X 13 CAL E
S EoFoL 14 ENDS 7
Sokok_x 15 JUMP F
SoEokEL 16 1 1
SoELoEEX 17 5 5

N Flectronic dice

program 4

Binary light show using
bit shift operations

program 7

Random number music

Binary LEDs Address C;angglr;d Corcr:)n;:nd
----- 00 Ty A Binary LEDs
...... * 01 1 1
----- *_ 02 cY 3 eooo%
..... * % 03 AO 1 R
el 04 (&% 3 * %
meo¥o% 05 AlY B R
%% 06 1 1 L _%_%
k%% 07 (@)% D %%
% ___ 08 7 7 %%
o=@ oo 09 JUMP F [N
L% _%_ 0A 0 0 % __%
%
% _%% 0B E E L% _%%
%% __ oC TIY A %% __
) oD 1 1 % %_¥%
kX OE KA 0 S o EEEL
___xExx% OF JUMP F B TEE
R 10 0 0 —a¥ol.
% ___% 11 2 2 % ___%
Sk % 12 JUMP F N
ok __ %% 13 0 0 % __ %%
%% __ 14 E E ¥ _%__
oKk _¥_ %
oK _ ¥ ¥ _
Adding and subtracting
SN N single-digit hexadecimal
kX __*
numbers
XK % _
Binary LEDs Address C;?]rgilr;d Corcr:)n(;:nd SR
%R % __
_______ 00 TIY A
__ kXK _*
______ * 01 1 1
. _K KKK
""" - 02 MA 5 CALSETRisa
_____ %% 03 TIY A command that SEEEEE
makes the binary % .
R 04 0 0 LEDs to light up.
R 05 M+ 6 R
R R
Se-F XL 06 JUMP F
¥ __ %%
L _%%% 07 0 0
ceE s 08 C d B
¥k __*_*
S- ko 09 JUMP F
_X__%¥%
% _%_ 0A 1 1
L __%k%¥
% _ %% 0B 0 0
N
o o®E_ oC TIY A
LK% __%*
___x%_% oD 0 0
¥ _ % _ % _
cooB@BX OE CAL E
LK% _ %%
S EEXX OF SETR 1
Uk _ %% __
Koo 10 AO 1
*_ KK _*
Sk 1 JUMP F —
% __%_ 12 1 1
ook %% 13 1 1

Address
00
01
02
03
04
05
06
07
08
09
0A
0B
0C
oD
OE
OF
10
1
12
13
14
15
16
17
18
19
1A
1B
1C
1D
1E
1F
20
21
22
23
24
25
26
27
28
29
2A
2B
2C
2D

Command symbols
CAL
DSPR
TIA
0
CAL
TIMR
TIY
F
MA
CAL
SIFT
JUMP

AM
TIY

MA
CAL
SIFT
AIA

AM
JUMP

AM
TIY

MA
CAL
SIFT
AM

KA

JUMP

TIY

MA
AlA

AM
JUMP

Command code

E

m om vuum P> N MmO o O

N T A ® OV O M uUm> BN P> =

—_

O O mMm H O OV U1 M >P>P O O MO MO M U M > b

gene rator
Binary LEDs | Address Cs"yrmglnsd C°:;“52”d
——————— 00 AlY B
------ * 01 1 1
----- *- 02 M+ 6
----- ** 03 AM 4
x| 04 CAL E
--xx |05 SUND B
e |06 JUMP F
kx| 07 0 0
R 08 0 0




Analog lighting with the
PSS numeric LED display (PWM

orogram 6 Calculating a maximum

controls)
Binary LEDs | Address Csoyr’nnnl;(a)lnsd Coinon;:nd Binary LEDs | Address C;T:Eglzd CoTon;:nd Binary LEDs |~ Address C;,Tnn;g{;d Comznd
fffffff 0 | v | A e I 1 foxr 49 | AL | E
------ | o1 1 1 cxr | IA | 6 6 soro ap | aweL | 4
----- * 02 TIA 8 SoEEoxx 1B Ty A *ooxoxx 4B AM 4
----- | 03 | o 0 e I [ 2 soexoo4C | uMe | F
e | 04 | AaM | 4 xxe D | TA | 8 sowex 4D |0 0
=o=otat? 05 Ty A 2ot 1E 1 1 EEEEERE 4E 5 5
SRS 06 0 0 SRR 1F M+ 6
e |07 | oL | E S 20 | uwe | F
<x- | 08 | RSTO | 0 s |2 2 2
so=tteots 09 MA 5 Feoste 22 7 7
B 0A AIA 9 SFe-ox 23 AM 4
. 2 2 s | 24 | ume | F
x| oC | Jump | F eexx |25 0 0
crxr | 0D | 1 e | 26 | s 5
cmxs | OB |2 2 s |27 | oam | 4
exex | OF | Jump | F e | 28 | | A
e R 0 x| 29 1 1
=oooa® 1 A A Fotiof 2A MA 5
SEe-E 12 TIA 8 SELELER 2B Ty A
==fiaatit 13 0 0 SREREC 2C 0 0
s |14 | a0 |1 exs | 2D | GA | C
s=Paiat 15 MA 5 aBa 2E 0 0
cxxs | 16 | AR |9 ceexsx |OF | uMp | F
A E oo | 30 | 3 3
w31 | | C
e | 32 | TA | 8
T 33 2 2
e 34 M+ 6
wees |35 | JUMP | F
ETRTE 36 4 4
Dk wwx 37 6 6
oo | 38 | AM | 4
e |30 | JumMe | F
T 3A 0 0
Cxxx_xx 3B 5 5
wess | 3C | TA | 8
_exxx_x | 3D 2 2
Cxwwx 3E M- 7
rewere | O3F | JuMP | F
Fooeoas 40 4 4
o |oa 6 6
oo | 42 | M| 4
sooxx |43 | JuMP | F
S 0 0
sk | as | s 5
Pooafiid 46 TIY A
FooowEx 47 1 1
Foo¥oo- 48 MA 5

number
Binary LEDs Address C;mgﬂd Cug)rg:nd Binary LEDs Address C;"%'EZEd
------- 00 Ty A EEREEEE 10 AlY
------ * 01 F F cataoct 11 1
----- *- 02 TIA 8 R 12 M+
----- *x 03 2 2 SRR 13 Jump
EREERE 04 AM 4 R 14 2
EEEERE 05 CAL E R 15 8
R 06 CHNG 5 R 16 MA
Dooot/U 07 TIY A ootiatititd 17 CH
EEEREEE 08 0 0 R 18 AlY
coctioot? 09 MA 5 EERE 19 1
ERRE 0A CH 2 R 1A CH
osoDad 0B Ty A et 1B CH
ERREE 0oC 0 0 SoEEEL 1C CAL
R oD MA 5 SoxEEx 1D CHNG
R OE CAL E R 1E AIA
R OF CMPL 4 S xEEEx 1F 1
EAEEEEE 20 Jump
otoooot 21 3
R 22 6
otooatd 23 CAL
R 24 CHNG

—x--xox |25 | JUMP

S 0
PP 3
x| 28 | MA

-xox-x |29 AlY

e | oA r
e T Ay
Sxexeo |2C | A
e || o) 1

e | 2E | ch
eewenx | 2F | A
oo |30 1

eeoe |31 | AM
e |32 | CH
oo |33 JUMP

eeee. | 34 :
exsx | 35 c
crrexro |36 | TIY
exxxx | 37 -
sxrreo |38 | MA

seoox |39 | AIA
e | 3A :
-xxxoxx | 3B | JUMP
- | 3¢ 4
ewssx | 3D 5
exees | 38 | AM
cexsxxr | 3F | JUMP

_w KKK

Command
code

B
1

= ™ N U1 © N T O

O Uuu . m NN

@ d M W L1 U O M uumoOo W m =

- @ N =

m N D

o U1 M > N =

m A~ N A T =

Binary LEDs
*_ oo
oot 0 *
* %
*____xx
%%
*___%_%
P

*___%xx
*__%___
*__%__*
% __%_%

Address

40
41
42
43
44
45
46
47
48
49
aA

Command
symbols

0
5
TIY

MA
AO
CAL
ENDS
JUMP

Command
code

0

5
A
0
5

0w Hh T N M =




program 8

Paper, Rock, Scissors

program 9

Sequencer music

game
; Command | Command ) Command | Command
Binary LEDs | Address Binary LEDs | Address
Binary LEDs | Address Csommand Command code Binary LEDs | Address e Command code SBE o STEE &
ymbols symbols
------- 00 TIY A SEERE 1E 2 2
....... 00 CH 2 SoKoxx 13 JUMP F
,,,,,, * 0'| 0 0 Lo EREER ‘IF 8 8
------ * 01 AlY B ==P=Fas 14 0 0
----- * 02 TIA 8 EREEEEE 20 TIA 8
----- *- 02 1 1 R 15 F F
fffff ** 03 1 1 =ezast 21 0 0
----- *x 03 M- 7 == Tolitis 16 AO 1
EEETA T 04 M+ 6 B 22 AM 4
—eexoo |04 AM 4 Sorexxx |17 AlY B
cocctat! 05 AM 4 =ssafi 23 TIA 8
soeial 05 AO 1 oefFocs 18 F F
EEE 06 CIA C EREEREE 24 1 1
R 06 CH 2 SokE % 19 M- 7
o _x%x% 07 3 3 E__k_% 25 JUMP F
ceexxx | 07 KA 0 --xxoxo 1A | JUMP F
EREREEE 08 JUMP F EREE 26 1 1
mme¥e- 08 JUMP F SEE_xx 1B 2 2
eexee 09 | 1 sewes | 27 |0 0
el IR 0 N I [ 0
R 0A 5 5 R 28 TIA 8
o 0A 0 0 SEE_* 1D JUMP F
o= Baliis 0B TIA 8 otsFoct 29 4 4
-eexexx | 0B | AM 4 wwn | 9E | 2 2
Loew oC 0 0 *okox 2A | JumpP F
L% oC AlY B CkEEER 1F 2 2
ccoat oD AM 4 =HsTa 2B 1
k¥ oD 1 1 oo 20 AIA 9
S--EEX OE TIA 8 SRoEE 2C 0 0
Sk OE MA 5 R 21 3 3
sELLe OF 9 9
o0 OF AM 4 2Pezalis 22 CIA C
EEEEEE 10 CAL E
R 10 TIA 8 SFoLwx 23 0 0
sotizast 11 SUND B
co@oootd 11 D D 2Bezas 24 JUMP F
EREERE 12 JUMP F
B 12 M- 7 SEoHoE 25 2 2
o= aa i 13 0 0
=H=att 26 C C
RS 14 0 0
FoowEx 27 CAL E
R 15 TIY A
=fefizas 28 SHTS 9
R 16 1 1
Fokoox 29 JUMP F
ofole 17 TIA 8
=H=tietiz 2A 0 0
RS 18 1 1
S RLEoEx 2B 0 0
cxrx 19 | M+ | 6
Potioa 2C CIA C
S XELE 1A AM 4
K% _¥ 2D ‘| ‘I
s=T et 1B CIA C
eHowta 2E JUMP F
SoREX-- 1C 7 7
IR _ KRR 2F 3 3
== Bt 1D JUMP F
Hiicses 30 6 6
Fro-o 31 CAL E
=fasts 32 ERRS 8
FHoxx 33 JUMP F
SERCECE 34 0 0
SRk 35 0 0
oBUoBls 36 CAL E
SREoHE 37 ENDS 7
=HEass 38 JUMP F
SEEEo-x 39 0 0
ewexo | 380 | 0 0

MO0 Gunfighting game

Game results obtained by looking at
lit LEDs (tentative name)
When the person on side wins:

00000000
When the person on side @@ wins:
00000000
When the person on side ) has a false start:
00000000
When the person on side @ has a false start:
00000000
Binary LEDs | Address Gl | @t
symbols code
------- 00 | TA
------ o1 | F | F
————— | 02| ca | E
————— ** | 03 | TIMR | C
v |04 | | 2
—-xx |05 KA 0
coxxo | 06 | JUMP | F
ceexxx 07 |0 0
s o8| | €
v | 09 | Jump | F
e L 0A | 3 | 3
oo L OB | 6 | 6
x|l 0C | TIA 8
—xse | 0D | 3 3
—xse | OE | AL | E
—-xxxx | OF | TMR | C
s 10| o |2

Binary LEDs

k% %%
RTETH
_xx_xwx
T
kxR __%
A RE
_EER_xK
_EEER__
CEERE_%
kR

_EEEEER

Address

1
12
13

14
15

16
17
18
19
1A
1B
1C
1D
1E
1F
20
21

22
23
24
25
26
27
28
29
2A
2B
2C
2D
2E
2F
30
31

32
33
34
35
36
37
38
39
3A
3B
3C
3D
3E
3F
40

Command
symbols

AIA
F
Jump

Ty

CAL
SETR

CAL

SETR

CAL
ENDS
JUump

Command
code

9

m w » H O T M

u—y

M N A M N T o N T A NN =TT O O P

m o >» N =

N N D Mo A MDA N UV > W W T N M =

Binary LEDs

Address

41
42
43
44
45
46
47
48
49
4A
4B
4C
4D

Command
symbols

7
Jump
0
5
TIY

CAL

SETR

CAL

ERRS
JUMP

Command
code

7

F
0
5
A

m =

W ~h ™M o0 m




