
Science Fair   MICROCOMPUTER TRAINER  C o m m a n d  Q u i c k  R e f e r e n c e  T a b l e

C o d e S y m b o l F l o w c h a r t F l a g H o w  t h e  c o m m a n d  w o r k s P a g e

0 K A 0 , 1
S t o r e  k e y  i n  A r .  I f  t h e r e  i s  n o  k e y  
i n p u t ,  t h e  f l a g  i s  s e t  t o  1 . 4 0

1 A O 1
D i s p l a y s  t h e  v a l u e  o f  A r  o n  t h e  H E X .  
L E D  ( P o r t  O ). 3 6

2 C H 1
E x c h a n g e  t h e  c o n t e n t  o f  A r ,  B r  a n d  
Y r ,  Z r  r e s p e c t i v e l y .

3 7  
5 5

3 C Y 1 E x c h a n g e  t h e  c o n t e n t  o f  A r  a n d  Y r . 9 4

4 A M 1 P u t  t h e  c o n t e n t s  o f  A r  i n t o  M . 5 6

5 M A 1 P u t  t h e  c o n t e n t s  o f  M  i n t o  A r . 5 8

6 M＋ 0 , 1
A d d  M  a n d  A r  a n d  s t o r e  i n  A r .  S e t  
f l a g  t o  1  i f  t h e r e  i s  a  c a r r y . 5 9

7 M﹣ 0 , 1
S u b t r a c t  A r  f r o m  M  a n d  s t o r e  i n  A r .  
S e t  f l a g  t o  1  i f  n e g a t i v e  r e s u l t . 6 0

8 T I A 1 P u t  ◌  i n  A r  ( n u m b e r  f r o m  0  t o  F ) . 3 6

9 A I A 0 , 1
A d d  ◌  t o  A r  a n d  s t o r e  i n  A r .  S e t  

f l a g  t o  1  i f  t h e r e  i s  a  c a r r y .
4 1

A T I Y 1 P u t  ◌  i n  Y r . 5 6

B A I Y 0 , 1
A d d  ◌  t o  Y r  a n d  s t o r e  i n  Y r .  S e t  
f l a g  t o  1  i f  t h e r e  i s  a  c a r r y .

5 6

C C I A 0 , 1
C o m p a r e  ◌  w i t h  A r .  S e t  f l a g  t o  1  i f  

A r  ≠  ◌ .  S e t  f l a g  t o  0  i f  A r  =  ◌ .
9 2

D C I Y 0 , 1
C o m p a r e  ◌  w i t h  Y r .  S e t  f l a g  t o  1  i f  

Y r  ≠  ◌ .  S e t  f l a g  t o  0  i f  Y r  =  ◌ .
8 3

F J U M P 1
J u m p  t o  s p e c i f i e d  a d d r e s s  i f  f l a g  i s  
1 ,  o t h e r w i s e  s k i p .

3 8  
4 0

C o d e S y m b o l F l o w c h a r t F l a g H o w  t h e  c o m m a n d  w o r k s P a g e

E 0 C A L  R S T O 1
T u r n  o f f  t h e  H E X .  L E D  
( P o r t  O ). 8 7

E 1 C A L  S E T R 1
L i g h t  u p  b i n a r y  L E D  s p e c i f i e d  
b y  Y r  ( P o r t  R ) . 8 3

E 2 C A L  R S T R 1
T u r n  o f f  b i n a r y  L E D  s p e c i f i e d  
b y  Y r  ( P o r t  R ) . 8 5

E 3 C A L  I N P T 1
S t o r e  e x t e r n a l  i n p u t  f r o m  

P o r t  K  i n  A r .  ( N o t  u s e d . )
B 1

E 4 C A L  C M P L 1 I n v e r t s  t h e  c o n t e n t s  o f  A r . 9 0

E 5 C A L  C H N G 1
E x c h a n g e  A r ,  B r ,  Y r ,  a n d  Z r ,  
w i t h  t h e i r  a u x i l i a r y  r e g i s t e r . 1 2 6

E 6 C A L  S I F T 0 , 1
M o v e  t h e  c o n t e n t s  o f  A r  o n e  
b i t  t o  t h e  r i g h t .  F l a g  i f  e v e n . 1 2 1

E 7 C A L  E N D S 1 P l a y  t h e  e n d  s o u n d . 1 2 2

E 8 C A L  E R R S 1 P l a y  t h e  e r r o r  s o u n d . 1 1 9

E 9 C A L  S H T S 1 P l a y  t h e  s h o r t  s o u n d  ( b l i p ) . 8 6

E A C A L  L O N S 1 P l a y  t h e  l o n g  s o u n d  ( b e e p ) . 1 2 0

E B C A L  S U N D 1
P l a y  t h e  t o n e  i n d i c a t e d  b y  A r  
( D o - R e - M i - F a - S o l - L a - T i - D o ) . 1 1 8

E C C A L  T I M R 1
D e l a y  t h e  p r o g r a m  e x e c u t i o n  

b y  (A r  ＋  1 )  ÷  1 0  s e c o n d s .
6 1

E D C A L  D S P R 1
D i s p l a y  M  ( 5 F ,  5 E )  o n  t h e  
b i n a r y  L E D s  ( P o r t  R ) . 8 9

E E C A L  D E M﹣ 1
S u b t r a c t  A r  f r o m  M ,  c o n v e r t  
t o  d e c i m a l ,  a n d  s t o r e  i n  M . 1 2 4

E F C A L  D E M＋ 1
A d d  A r  t o  M ,  c o n v e r t  t o  
d e c i m a l ,  a n d  s t o r e  i n  M . 1 2 2

K→Ar

Ar→Op

Ar⇄Br, Yr⇄Zr

Ar⇄Yr

Ar→M

M→Ar

M＋Ar→Ar

M﹣Ar→Ar

◌→Ar

Ar＋◌→Ar

◌→Yr

Yr＋◌→Yr

Ar≠◌?

Yr≠◌?

C A L  R S T O

C A L  S E T R

C A L  R S T R

C A L  C M P L

C A L  C H N G

C A L  S I F T

C A L  E N D S

C A L  E R R S

C A L  S H T S

C A L  L O N S

C A L  S U N D

C A L  T I M R

C A L  D S P R

M＋A r→MA r  …  A  r e g i s t e r  ( 6 F )  
B r   …  B  r e g i s t e r  ( 6 C)  
Y r   …   Y  r e g i s t e r  ( 6 E )  
Z r   …   Z  r e g i s t e r  ( 6 B)

A r ʹ  …  A  a u x i l i a r y  r e g i s t e r  ( 6 9 )  
B r ʹ   …  B  a u x i l i a r y  r e g i s t e r  ( 6 7 )  
Y r ʹ   …   Y  a u x i l i a r y  r e g i s t e r  ( 6 8 )  
Z r ʹ   …   Z  a u x i l i a r y  r e g i s t e r  ( 6 6 )

◌  …  a  n u m b e r  f r o m  0 - F  
 M   …  M e m o r y  ( 5 0 - 5 F )  a t  
         l o c a t i o n  ( 5 0＋Y r )  

A d d r e s s e s  i n  b r a c k e t s . I f  o p e r a t i o n  b e c o m e s  e r r a t i c  r e p l a c e  t h e  b a t t e r i e s  e v e n  i f  t h e  L E D s  a r e  l i t .

C A L  I N P T

M﹣A r→M



F l a g  S t a t u s  a n d  B r a n c h  E x a m p l e s  f o r  J U M P  C o m m a n d

M i c r o  G a m e s  

 9  …  E l e c t r o n i c  O r g a n  ( P a g e  1 7 ) 

 A  …  A u t o m a t i c  T u n e s  ( P a g e  1 8 ) 

 B  …  M u s i c a l  G u e s s i n g  G a m e  ( P a g e  2 8 )

C  …  ”R a t  B a s h i n g ”( P a g e  2 9 ) 

D  …  T e n n i s  G a m e  ( P a g e  3 0 ) 

 E   …  T i m e r  ( P a g e  3 1 ) 

 F   …  M o r s e  C o d e  ( P a g e  3 2 )

 1   …   R U N  M O D E  

2  …   R U N  M O D E  w i t h  a d d r e s s e s  

5  …  S T E P  M O D E  

6  …  S T E P  M O D E  w i t h  a d d r e s s e s

M i c r o c o m p u t e r  T r a i n e r  O p e r a t i n g  M o d e s  ( P a g e s  4 0  &  4 2 ) 
I n  S T E P  M O D E  t h e  m i c r o  p a u s e s  a f t e r  e a c h  c o m m a n d .  P r e s s  I N C R  
t o  p r o c e e d .  I n  R U N  M O D E  t h e  p r o g r a m  i s  r u n  w i t h o u t  i n t e r r u p t i o n .  
I n  m o d e s  ”w i t h  a d d r e s s e s ” t h e s e  a r e  d i s p l a y e d  o n  t h e  b i n a r y  L E D s .  

K A

K→Ar

no key down?

I f  t h e r e  i s  n o  k e y  i n p u t ,  t h e  f l a g  i s  1

I f  t h e r e  i s  k e y  i n p u t ,  t h e  f l a g  i s  0

②  D o n ' t  e x e c u t e  t h e  J U M P  c o m m a n d  

③  S t a r t  e x e c u t i n g  t h e  C H  c o m m a n d

②  J U M P  t o  a d d r e s s  

0 4  a s  s p e c i f i e d

N O  ( f l a g  i s  0 )

Y E S  ( f l a g  i s  1 )

R u n  c o m m a n d

①  K A  

②  J U M P  
⟨ 0 ⟩  
⟨ 4 ⟩  

③  C H

E x a m p l e

M＋

 c a r r y ?

I f  c a r r y ,  t h e  f l a g  i s  1

I f  n o  c a r r y ,  t h e  f l a g  i s  0

②  D o n ' t  e x e c u t e  t h e  J U M P  c o m m a n d  

③  S t a r t  e x e c u t i n g  t h e  T I Y  c o m m a n d

②  J U M P  t o  a d d r e s s  

2 F  a s  s p e c i f i e d

N O  ( f l a g  i s  0 )

Y E S  ( f l a g  i s  1 )

R u n  c o m m a n d

①  M＋  

②  J U M P  
⟨ 2 ⟩  
⟨ F ⟩  

③  T I Y

E x a m p l e

A I A A I Y

M＋Ar→Ar
( o v e r f l o w  i s  c a l l e d  a  c a r r y )

M﹣

 b o r r o w ?

I f  s u b t r a c t  f a i l s  ( A r>M ) ,  t h e  f l a g  i s  1

I f  s u b t r a c t  s u c c e e d s ,  t h e  f l a g  i s  0

②  D o n ' t  e x e c u t e  t h e  J U M P  c o m m a n d  

③  S t a r t  e x e c u t i n g  t h e  T I Y  c o m m a n d

②  J U M P  t o  a d d r e s s  

2 A  a s  s p e c i f i e d

N O  ( f l a g  i s  0 )

Y E S  ( f l a g  i s  1 )

R u n  c o m m a n d

①  M﹣  

②  J U M P  
⟨ 2 ⟩  
⟨ A ⟩  

③  T I Y

E x a m p l e M﹣Ar→Ar

( a  b o r r o w  i s  n e e d e d  w h e n  A r  >  M )

I f  A r≠◌ ,  t h e  f l a g  i s  1

I f  A r=◌ ,  t h e  f l a g  i s  0

②  D o n ' t  e x e c u t e  t h e  J U M P  c o m m a n d  

③  S t a r t  e x e c u t i n g  t h e  T I Y  c o m m a n d

②  J U M P  t o  a d d r e s s  

2 C  a s  s p e c i f i e d

N O  ( f l a g  i s  0 )

Y E S  ( f l a g  i s  1 )

R u n  c o m m a n d

①  C I A  

②  J U M P  
⟨ 2 ⟩  
⟨ C ⟩  

③  T I Y

E x a m p l e

C I YC I A

(◌  i s  a  n u m b e r  0 - F )Ar≠◌? Yr≠◌?

Ar≠◌?

I f  t h e  n u m b e r  i s  e v e n ,  t h e  f l a g  i s  1

I f  t h e  n u m b e r  i s  o d d ,  t h e  f l a g  i s  0

②  D o n ' t  e x e c u t e  t h e  J U M P  c o m m a n d  

③  S t a r t  e x e c u t i n g  t h e  T I Y  c o m m a n d

②  J U M P  t o  a d d r e s s  

2 B  a s  s p e c i f i e d

N O  ( f l a g  i s  0 )

Y E S  ( f l a g  i s  1 )

R u n  c o m m a n d

①  C A L  
    S I F T  

②  J U M P  
⟨ 2 ⟩  
⟨ B ⟩  

③  T I Y

E x a m p l e

C A L  S I F T

C A L  S I F T

•  B y  i n s e r t i n g  t w o  C H  c o m m a n d s  a f t e r  t h e  c o m m a n d  t h a t  c h a n g e s  t h e  f l a g ,  t h e  

j u m p  c a n  b e  e x e c u t e d  u n c o n d i t i o n a l l y .

K A M＋

A I A A I Y

M﹣

C I YC I A

C A L   S I F T

( t h e  8  c o m m a n d s  w i t h  d i f f e r e n t  f l a g s )

Ar⇄Br, Yr⇄Zr

Ar⇄Br, Yr⇄Zr

J u m p  u n c o n d i t i o n a l l y

F l a g  i s  a l w a y s  1

I n s e r t  t w o  C H  c o m m a n d s

F l a g  i s  0  o r  1

 e v e n ?



•  A p p e n d i x  B  U s e  o f  C A L  I N P T  ( E 3 )

CAL INPT is used to get external input into your micro-

computer. Note: This is an advanced command.

C A L  I N P T  C O M M A N D  ( C A L l  r e a d  e x t e r n a l  I N P u T )  

This command reads the value of Port K (K1, K2, K4, and 
K8) into Ar. 

The CAL INPT command requires the HEX. LED (Port O) to 
be on to operate.

Port K is normally used by the hexadecimal input key-

board. However, the computer only checks the keyboard 

for input periodically. To allow the micro to distinguish 

between keyboard input and external input the CAL INPT 

command makes use of this feature and only checks 

port K when the keyboard is not in use. 

However, as this port is shared it is important that we do 

not make the computer think that keys are pressed when 

it is checking the keyboard. Importantly, to make sure we 

do not interrupt the program we must only send a signal 

on the external inputs when the control keys (ADRS, 

INCR, RUN, and RESET) are not being checked. 

Fortunately, we can recognize when the computer is 

checking the control keys by monitoring O7. Port O is 

part of the microprocessor’s HEX. LED display circuit, 

but is also used to enable the control keys. If the display 

is off the computer will check these keys constantly.

‒B 1‒

To use the CAL INPT command you need to connect 

some external switches to your micro. This requires 

some additional components.

Q1 is an NPN switching transistor, such as the 2N3904. 

Alternatively, as we know the HEX. LED must be on to use 

CAL INPT, we can use the state of the display to work out 

when we can safely send external input.

D1 and D2 are two signal diodes, such as the 1N4148.

Note: You should only connect one of these circuits to 

your microcomputer trainer at a time.

K1  (40) 
K2  (4 1 ) 
K4 (4 2 ) 
K8  (4 3 )

O0 ( 3 1   or 1 6) 
O3 (49 or 1 5)

External Input (second circuit) 

This circuit allows us to read  the 

external input when the keyboard 

is not being read.

K1  (40) 
K2  (4 1 ) 
K4 (4 2 ) 
K8  (4 3 )

Vcc  (28) 
O7    (45) 
GND (39)

External Input (first circuit) 

This circuit allows us to read  the 

external input when the control 

keys are not being read.

(on the FX R-165 only K1 and K2 are 
used for input, O7 is labeled as K3)



This program reads the external input and displays the value on 

the HEX. LED when a key on the keyboard is pressed.

‒B 2‒

P R O G R A M

address command machine 
code

0 0 T I A 8

0 1 ⟨0⟩ 0

0 2 A O 1

0 3 K A 0

0 4 J U M P F

0 5 ⟨0⟩ 0

0 6 ⟨3⟩ 3

0 7 C A L E

0 8 I N P T 3

0 9 J U M P F

0 A ⟨0⟩ 0

0 B ⟨2⟩ 2

A) Connect the second circuit shown on page B1 to your micro. 

B) Key in the program and check it. 

C) Press RESET, 1, RUN to start the program. 

D) Now close any combination of the external input switches. The 

closed switches represent a binary 1 and the open switches a 

binary 0. When you press any of the hexadecimal keys on the 

keyboard (0-F) the switches are read and the value is shown 

on the HEX. LED. 

Note: If the first circuit is used any external input may cause a key 

press to be detected and the HEX. LED to update.

About Port K and How the Circuits Work 

Your microcomputer trainer uses Port K (K1, K2, 

K4, and K8) to read the keyboard. To allow the 

computer to read 20 keys using just four 

inputs the micro only enables four keys at a 

time. It does so by enabling an output from 

Port R (RC, RD, RE, and RF) for the hexadecimal 

keys and Port O (O7) for the control keys, one 

column at a time. 

Port O is shared with built in HEX. LED. When 

the display is on the computer does not use 

O7. When reading the keyboard, the computer 

briefly turns the display off, reads the keys, 

and turns the display back on again. If the 

display is off the computer constantly uses O7 

to enable the control keys. This stops us from 

using external inputs when the HEX. LED is off. 

The first circuit monitors O7 and uses a 

transistor to invert this signal (a logical NOT). 

This enables our external inputs only when the 

computer is not reading the control keys. 

However, other keys may still be being read. 

A better solution is used in the second circuit. 

Here, we use two signal diodes to combine the 

state of O0 and O3 (a logical OR) to enable our 

inputs. When the HEX. LED is lit, one or both of 

these outputs will be on. As the display is off 

when the keyboard is being read, this allows us 

to use both the keyboard and external inputs.

S T A R T

0→Ar

Ar→Op

K→Ar

k e y  d o w n ?

C A L  I N P T

F L O W C H A R T

Move 0 to Ar, for the first 
display.

00

02

03

04

07

09

Y E S

N O

Display contents of Ar on 
HEX. LED.

Key input: if no key pressed, 
wait. 

If key pressed, go to next 
step.

Get external input and store 
in Ar.

Return to 02.


