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1 - 42 - 1 CRT Controller
Connectors ... Module Switches, Jumpers and A2K-byte program ROM provides firmware to configure the

d i s p l a y t o u s e r - d e fi n e d f o r m a t s ,

are preprogrammed —two at 60 Hz and two at 50 Hz; one format
at each scan rate can be used with awide bandwidth CRT monitor
w h i l e t h e o t h e r f o r m a t c a n b e u s e d w i t h a s t a n d a r d T V r e c e i v e r .
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1 . 2 F E A T U R E S

. R M 6 5 B u s c o m p a t i b l e

. C o m p a c t s i z e - a b o u t 4 " x 6 - 1 / 4 " ( 1 0 0 m m x 1 6 0 m m )

, 4 K - b y t e C h a r a c t e r R O M w i t h :
- U p p e r a n d l o w e r c a s e a l p h a b e t l c s

S p e c i a l , m a t h a n d s e m i - g r a p h i c c h a r a c t e r s
N u m b e r s I n c l u d i n g s u b s c r i p t s a n d s u p e r s c r i p t s

. 2 K - b y t e P r o g r a m R O M s u p p o r t s :
S c r o l l i n g

S c r e e n e d i t i n g
- F u l l c u r s o r m o v e m e n t c o n t r o l

F u l l s c r e e n s t a n d a r d o r I n v e r s e v i d e o

P r e d e fi n e d f o r m a t s f o r

2 5 r o w s b y 8 0 c o l u m n s ( 5 0 H z )
2 2 r o w s b y 7 2 c o l u m n s ( 6 0 H z )
2 5 r o w s b y 4 0 c o l u m n s ( 5 0 H z )

1 6 r o w s b y 4 0 c o l u m n s ( 6 0 H z )
S e l e c t a b l e f o r m a t f r o m 1 t o 0 0 c o l u m n s b y 1 t o 2 5
r o w s

- N T S C ( 6 0 H z , 5 2 5 l i n e s p e r f r a m e ) a n d E u r o p e a n ( 5 0
H z , 6 2 5 l i n e s p e r f r a m e ) r a s t e r f o r m a t

- C R T d i s p l a y d r i v e r f o r A I M 6 5 m i c r o c o m p u t e r
- A I M 6 5 A s s e m b l e r r e f o r m a t t e r

. S i n g l e 4 - 5 v o l t o p e r a t i o n
● F u l l y a s s e m b l e d , t e s t e d a n d w a r r a n t e d

a. Edge Connector Version

V

1 . 3 C H A R A C T E R I S T I C S

T h e p h y s i c a l a n d e l e c t r i c a l c h a r a c t e r i s t i c s o f t h e C R T C m o d u l e

are l is ted in Table 1-1. F igure 1-2 shows the module out l ine.

1 . 4 R E F E R E N C E D O C U M E N T S

R o c k w e l l D o c u m e n t N o .

R6500 Programming Manua l
R 6 5 0 0 H a r d w a r e M a n u a l

A I M 6 5 M i c r o c o m p u t e r U s e r ' s M a n u a l
R 6 5 4 5 - 1 C R T C o n t r o l l e r D a t a S h e e t

2 9 6 5 0 N 3 0

2 9 6 5 0 N 3 1

2 9 6 5 0 N 3 6

2 9 0 0 0 D 6 7

b. Eurooard Version
CRT Controller Module ffigu re 1 -1 .

1 - 2

1 - 3
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Ta b l e 1 - 1 . C R T C o n t r o l l e r M o d u l e P h y s i c a l
a n d E l e c t r i c a l C h a r a c t e r i s t i c s

V a l u eC h a r a c t e r i s t i c s

M A T I N O
M O T H C R S O A R O
A N D U C C I P T A C I E

M I N .
D i m e n s i o n s ( S e e F i g u r e 1 - 2 )

E d g e C o n n e c t o r Ve r s i o n
W i d t h
L e n g t h ( s e e 2 b e l o w )
H e i g h t ( s e e 1 b e l o w )
We i g h t

E u r o c a r d V e r s i o n

W i d t h

L e n g t h ( s e e 2 b e l o w )
H e i g h t ( s e e 1 b e l o w )
We i g h t

( 1 7 2 M M I

■L E N G T H

3 . 9 i n . ( 1 0 0 m m )
6 . 5 i n . ( 1 6 4 m m )
0 . 5 6 i n . ( 1 4 m m )
4 . 6 0 2 . ( 1 3 0 g )

cool CONNCCTOR VCRSIONW I D T H

3 . 9 4 I n . ( 1 0 0 m m )
6 . 3 0 I n . ( 1 6 0 m m )
0 . 5 6 I n .
5 . 0 0 2 . ( 1 4 0 g )

( 1 4 m m )

E n v i r o n m e n t

O p e r a t i n g Te m p e r a t u r e
S t o r a g e Te m p e r a t u r e
R e l a t i v e H u m i d i t y

CDOe CONNCCTOR

0°C„to 70°C- 4 0 ° C t o 8 5 ° C
0 % t o 8 5 % ( w i t h o u t c o n d e n s a t i o n )

+ 5 V d c + 5 %
0 . 9 4 A ( 4 . 7 W ) - t y p i c a l
1 . 3 A ( 6 . 8 W ) - m a x i m u m

7 2 - p l n e d g e c o n n e c t o r ( 0 . 1 0 0
I n . c e n t e r s )

6 4 - p l n p l u g ( 0 . 1 0 0 I n .
c e n t e r s p e r D I N 4 1 6 1 2 ( R o w b
n o t I n s t a l l e d )

COMRONCNT ARCA

\1 3 .H C I O M T

P o w e r R e q u i r e m e n t s

E d g e C o n n e c t o r V e r s i o n

E u r o c a r d V e r s i o n

M A T I N G
M O T H E H e O A R O
A N D R E C C T T A C L I

M I N .
( 1 7 2 M M )

M o d u l e I / O I n t e r f a c e

C o m p o s i t e V i d e o

LENGTH	

M i n i - c o a x c o n n e c t o r ( 5 0 o h m
S M C t y p e ) .
P a r t N o . 0 5 0 - 0 2 4 - 0 0 0 0 - 2 2 0 o r
e q u i v a l e n t

6 - p i n c o n n e c t o r .
N o . 8 7 1 5 9 - 6 o r e q u i v a l e n t

M a t e s t o S e a l e c t r o

Raw Video and Sync B U R O C A R O V E R S I O NM a t e s t o A M P W I D T H

N O T E S

The height includes the maximum values for component
height above the board surface (0.4 in. for populated
m o d u l e s ) , p r i n t e d c i r c u i t b o a r d t h i c k n e s s ( 0 . 0 6 2 I n . ) ,
and pin extension through the module (0.1 in.).

The length does not include the module ejector.
T h e E u r o c a r d d i m e n s i o n s c o n f o r m t o D I N 4 1 6 1 2 .

● E U R O C O N N I C T O R
E X T E N S I O N1 .

E U R O C A R O C O N N E C T O R

AC O M P O N E N T A R E A

1
2 . H E I G H T

3 .

Figure 1-2. CRT Controller Module Outline
1 - 51 - 4
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#
S E C T I O N 2

I N S T A L L A T I O N A N D I N I T I A L I Z A T I O N

2 . 1 U N P A C K I N G

U n p a c k t h e C R T C o n t r o l l e r m o d u l e f r o m i t s s h i p p i n g c a r t o n a n d
r e f e r t o t h e p a c k i n g s h e e t t o v e r i f y t h a t a l l o f t h e p a r t s a r e
i n c l u d e d . S a v e t h e p a c k i n g m a t e r i a l f o r s t o r i n g t h e m o d u l e .

C A U T I O N

T h i s m o d u l e c o n t a i n s v o l t a g e - s e n s i t i v e i t e m s .
T h e m o d u l e s h o u l d b e s t o r e d i n a n a n t i - s t a t i c

c o n t a i n e r w h e n n o t i n u s e a n d a n y o n e h a n d l i n g
t h e u n i t s h o u l d o b s e r v e a n t i - s t a t i c

p r e c a u t i o n s . D a m a g e t o t h e u n i t m a y r e s u l t i f
t h i s p r o t e c t i o n i s n o t m a i n t a i n e d .h

2 . 2 O P E R A T I N G O P T I O N S

F o u r o p e r a t i n g o p t i o n s a r e s w i t c h o r j u m p e r s e l e c t a b l e :

o B a s e a d d r e s s s e l e c t i o n

o B a n k s e l e c t i o n

0 P r o g r a m R O M s e l e c t i o n
o D o t c l o c k s e l e c t i o n

F i g u r e 2 - 1 i d e n t i fi e s t h e d e t a i l o n t h e C R T C m o d u l e ,
funct ion o f each swi tch, jumper, and connector is ident ified in
Table 2-1 along with reference to the sect ion and table that
d e s c r i b e s i t s u s e .

T h e

2 - 1

L



0
C R T C o n t r o l l e r M o d u l e S w i t c h e s , J u m p e r s ,

a n d C o n n e c t o r s
T a b l e 2 - 1 .

R e f e r e n c eD e s c r i p t i o nC a t e g o r y I t e m

S e c t i o n 2 . 2 . 1

T a b l e 2 - 2

B a s e A d d r e s s S e l e c tS l - 1 t o S l - 4S w i t c h e s

S e c t i o n 2 . 2 . 2

T a b l e 2 - 3

B a n k S e l e c tS l - 5

B a n k S e l e c t E n a b l eS l - 6

R32L5
CHARACTER
ROM S e c t i o n 2 . 2 . 3

T a b l e 2 - 4

P rog ram ROM Se lec tE lJ u m p e r s

S e c t i o n 2 . 2 . 4

T a b l e 2 - 5

D o t C l o c k S e l e c tE 2

R14B4
PROGRAM Program ROM Enable 2 . 2 . 5

T a b l e 2 - 6

E 3

AR O M

T a b l e s 4 - 2 a n dR M 6 5 B u s C o n n e c t o rP IC o n n e c t o r s
4 - 4

B A N K S E L E C T
E N A B L E C o m p o s i t e V i d e oP 2

S l - 5
BANK SELECT

SI -1 to SI ●4
BASE ADDRESS
S E L E C T

T a b l e 4 - 3S e p a r a t e V i d e oP 3

P I

CRT Controller Module Detail
2 - 2 2 - 3

Lk



B a s e A d d r e s s S e l e c t S w i t c h P o s i t i o n sT a b l e 2 - 2 .
2 . 2 . 1 B a s e A d d r e s s S e l e c t

The CRTC module Program ROM, Display RAM and I/O can be
assigned to any one of sixteen 4K byte blocks In either 65K
bank by setting the four Base Address Select switches (Sl-1 to
S l - 4 ) .

S w i t c h P o s i t i o n4 K B a s e A d d r e s s
( H e x a d e c i m a l )

S l - 1S l - 2S l - 3S l - 4

The Display RAM Is assigned the lower eight 256-byte O P E N

C L O S E D

O P E N

C L O S E D

O P E N

C L O S E D

O P E N

C L O S E D

O P E N

C L O S E D

O P E N

C L O S E D

O P E N

C L O S E D

O P E N

C L O S E D

O P E N

O P E N

C L O S E D

C L O S E D

O P E N

O P E N

C L O S E D

C L O S E D

O P E N

O P E N

C L O S E D

C L O S E D

O P E N

O P E N

C L O S E D

C L O S E D

O P E N

O P E N

O P E N

O P E N

C L O S E D

C L O S E D

C L O S E D

C L O S E D

O P E N

O P E N

O P E N

O P E N

. C L O S E D

C L O S E D

C L O S E D

C L O S E D

O P E N

O P E N

O P E N

p a g e s ( S X 0 0 0 - $ X 7 P P ) w i t h i n t h e s e l e c t e d 4 K b l o c k s . T h e I / O

logic Is assigned to the ninth page (SX800-ax8FF) within the
s e l e c t e d 4 K b l o c k .

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

6 0 0 0

7 0 0 0

T h e P r o g r a m R O M ( w h e n s e l e c t e d ) i s a s s i g n e d
the upper seven pages ($9400-$9FFP) within the selected 4K
b l o c k ,

O P E N

O P E N

O P E NThe selected base address must be $9000 if the on-board
R O M i s t o b e s e l e c t e d .
T a b l e 2 - 2 .

T h e s w i t c h p o s i t i o n s a r e d e s c r i b e d i n O P E N

O P E N

C L O S E D

C L O S E D

C L O S E D

C L O S E D

C L O S E D

C L O S E D

C L O S E D

C L O S E D

2 . 2 . 2 B a n k S e l e c t
9 0 0 0

A 0 0 0

The Bank Select Enable switch (Sl-6), in conjunction with the
B a n k S e l e c t s w i t c h (Sl-5), allows the module to be assigned
common to both memory banks (Bank 0and Bank 1) or to be
d e d i c a t e d t o

C 0 0 0

aselected memory bank (either Bank 0or Bank 1).
When OPEN,

and Program ROM to both banks
the Bank Select Enable switch assigns the I/O logic F 0 0 0

r e g a r d l e s s o f t h e p o s i t i o n o f t h e
W h e n t h e B a n k S e l e c t E n a b l e s w i t c h i s

the assigned bank is determined by the position of the
B a n k S e l e c t s w i t c h .

B a n k S e l e c t s w i t c h .
CLOSED,

See Table 2-3 for the switch posit ions.
B a n k S e l e c t S w i t c h P o s i t i o n sT a b l e 2 - 3 .

I n a p p l i c a t i o n s w h e r e t h e
m i c r o c o m p u t e r t h a t d o e s
the module must be
d e d i c a t e d t o B a n k 0 .

module is to be addressed by a
not have bank addressing capabi l i t ies,

a s s i g n e d c o m m o n t o B a n k 0 a n d
S w i t c h P o s i t i o n

B a n k 1 , o r
B a n k S e l e c t

S w i t c h
S l - 5

B a n k S e l e c t
E n a b l e S w i t c h

S l - 6

M e m o r y B a n k S e l e c t e d

E I T H E RO P E NB a n k 0 a n d 1

O P E NC L O S E DB a n k 0 ( L o w e r 6 5 K )

C L O S E DC L O S E DB a n k 1 ( U p p e r 6 S K )

2 - 4 2 - 5



t h eTo use the Program ROM firmware supplied with the module,
Program ROM must be selected and the module Base Address
a s s i g n e d t o $ 9 0 0 0 .

2 . 2 . 3 D o t C l o c k S e l e c t

E2 selects either 6MHz or 12 MHz frequency for the dotJ u m p e r

c l o c k ( s e e Ta b l e 2 - 4 ) .
B a s e A d d r e s s w i t h u s e r

d e v i c e i n s t a l l e d )
T h e m o d u l e m a y b e a s s i g n e d t o a n y
firmware, with the Program ROM selected (userWhen jumper E2 is in the Aposition, the 6MHz clock is

W i t h t h e 6 M H z c l o c k s e l e c t e d , u p t o 4 0 c h a r a c t e r s o r d e s e l e c t e d .
s e l e c t e d .

per line can be displayed on aCRT monitor or standard
t e l e v i s i o n s e t u s i n g a n R P m o d u l a t o r .

R O M S e l e c t J u m p e r P o s i t i o n sT a b l e 2 - 5 . P r o g r a mWhen jumper E2 is in the Bposition, the 12 MHz clock is
W i t h t h e 1 2 M H z c l o c k s e l e c t e d , u p t o 8 0 c h a r a c t e r s

p e r l i n e m a y b e d i s p l a y e d o n a h i g h b a n d w i d t h m o n i t o r .

s e l e c t e d .

J u m p e r E l P o s i t i o nProgram ROMP r o g r a m S o u r c e

E l - AS e l e c t e dS u p p l i e d F i r m w a r e ( o n - b o a r d )

U s e r F i r m w a r e ( o n - b o a r d )

U s e r F i r m w a r e ( o f f - b o a r d )

E l - AS e l e c t e d

D o t C l o c k S e l e c t J u m p e r P o s i t i o n sT a b l e 2 - 4 . E l - BD e s e l e c t e d

J u m p e r E 2 P o s i t i o nD o t C l o c k F r e q u e n c y

2 . 2 , 5 P r o g r a m R O M E n a b l e6 M H z

1 2 M H z

A

B

Jumper E3 enables the Program ROM to operate either from the
half of the 4K-bytes available in the program

d i f f e r e n t d i s p l a y
R O M b u t o n l y o n e

The object code In each
t h e a d d r e s s r a n g e S X 9 0 0 -

Note that I/O Is assigned from $X800 -

l o w e r o r u p p e r
R O M s o c k e t ( s e e Ta b l e 2 - 6 ) . T h i s a l l o w s t w o

2 . 2 . 4 P r o g r a m R O M S e l e c t t o b e I n s t a l l e d I n t h e p r o g r a mp r o g r a m s

s e l e c t e d f o r u s e a t a n y g i v e n t i m e .
J u m p e r E l a l l o w s t h e m o d u l e t o o p e r a t e w i t h t h e P r o g r a m R O M ,
R A M a n d I / O a c t i v e , o r w i t h t h e R A M a n d I / O o n l y ( s e e Ta b l e
2 - 5 ) .

h a l f o f t h e R O M m u s t b e p r o g r a m m e d I n
S X F F F ( s e e Ta b l e 2 - 6 ) .

$ X 8 F F ( s e e F i g u r e 4 - 2 ) .

When jumper El Is In position B, only the RAM and I/O are
selected, and the module Is active In the lower nine 256-byte
p a g e s a s s i g n e d b y t h e f o u r B a s e A d d r e s s s e l e c t s w i t c h e s .
RAM iB the lower eight pages (2048 bytes) and the I/O Is the
ninth page (256 bytes).

When jumper E3 is In the GND position, the CRTC module will
enable the lower half of the 4K ROM. If program ROM R14B4 Is
Installed, jumper E3 must be Installed In this position and the
b a s e a d d r e s s s e t t o $ 9 0 0 0 ( s e e

When jumper E3 Is In the +5 position, the CRTC module will
h a l f o f t h e 4 K R O M .

T h e

S e c t i o n 2 . 2 . 1 ) .

When jumper El Is In position A,
a r e a l l s e l e c t e d ,

with the Program ROM active 1

the Program ROM, RAM and I /O
T h e m o d u l e I s a c t i v e I n t h e e n t i r e 4 K b l o c k

e n a b l e t h e u p p e r

t h e s e v e n r e m a i n i n g p a g e s .n
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Ta b l e 2 - 6 . 1. select the module base address by positioning switches
2 . 2 . 1 a n d Ta b l e 2 - 2 ) .

routines wil l be used, the address

Program ROM Enable jumper Positions
S l -1 to S l -4 ( re fe r to Sec t ion
I f t he P rog ram ROM
m u s t b e $ 9 6 6 6 .

Program ROM
H a l f E n a b l e d R O M

A d d r e s s P r o g r a m
A d d r e s s

J u m p e r E 3
P o s i t i o n

L o w e r H a l f
U p p e r H a l f

$X166-$X7PF
SX966-$XFFP

dedicated bank operation for the
switches Sl-5 and Sl-6 (refer to

$X986-$XFFF
SX966-SXFFF

G N D 2 . S e l e c t c o m m o n o r

m o d u l e b y p o s i t i o n i n g
s e c t i o n 2 . 2 . 2 a n d Ta b l e 2 - 3 ) .

+ 5

2 . 2 . 6 select or deselect the Program ROM by positioning
jumper El (refer to Section 2.2.3 and Table 2.4).
the program ROM routines will be used, the ROM must be
i n s t a l l e d a n d s e l e c t e d .

C o B p o a i t e v i d e o 3 .A d j u s t m e n t
I f

T h e set t ing of potent lomet
o u t p u t l e v e l ,

f a c t o r y,
t e l e v i s i o n

the desired brlghtn
l e v e l

beyond th. display

e r R 8 d e t e r m i n e s t h e

R8 Is adjusted fully
composite video Is too high

or CRT monitor, adjust
ess leve l Is a t ta ined,

slight "ghosting-
. fi e l d .

c o m p o s i t e v i d e o

c o u n t e r - c l o c k w i s e a t

f o r y o u r
R B c l o c k w i s e u n t i l

Note that too high a
of un-d lsp layed characters

s i g n a l
t h e

I f t h e

r e c e i v e r 4. Select the Dot Clock frequency by positioning jumper
to Section 2.2.4 and Table 2-5).E 2 ( r e f e r

r o s y c a u s e

Align pin Wa (for Edge Connector version) or pin la (for
Eurocard version) of the module with the identical pin on

6 5 B u s r e c e p t a c l e .

b .

( '2 . 3 i n s t a l l i n g t h e MODULE t h e m a t i n g R M

B e f o r e

i s f r e e o f
installing the m o d u l e ,

g r e a s e , d i r t , l i q u i d
e n s u r e t h a t I t I s no t damaged and

or o ther fore ign mat ter. C A U T I O N

keyed to prevent im-
module connection. If the module

Into the receptac le wi th
c h e c k t h e o r l e n -

R M 6 5 c o n n e c t o r s a r e

p r o p e r

d o e s n o t I n s e r t
C A U T I O N

Prior to module Installstlon,
to the RM 65 bus.

A l so , t u rn -o f f -
the CRT Controllr
prior to changing
p o s i t i o n s .

moderate pressure applied,
ration and the connector al ignment of the

d u l e i m p r o p e r l y i n t o

t u r n o f f p o w e r

m o d u l e . F o r c i n g t h e

t h e r e c e p t a c l e w i l l d a m a g e
a n d / o r t h e m o d u l e .

m o

p o w e r t o t h e r m 65 Bus when
er module Is Installed
J s w i t c h

t h e r e c e p t a c l e

o r j u m p e r

( i f a c a r d

f r o n t o f t h e m a t i n g
Insert the module Into the desired card s lot
cage is used) and posi t ion i t in
r e c e p t a c l e .

c .

a . B a s e d

( r e f e r t o
o p t i o n s

on the RM 65

Section 4),
re la t i ng to

s y s t e m memory map and
s e l e c t t h e

r e q u i r e m e n t s

o p e r a t i n gp r o p e r m o d u l e
r f a c ethe RM 65 bus Inte the end of module unti l al l pins are: d . P r e s s i n fi r m l y o n

s e c u r e l y s e a t e d .

2 - 8
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J S

e « Connect the Interface cable to P2 (Composite video)
( S e p a r a t e v i d e o a n d

(see Figure 2-1).

o r P 3 S E C T I O N 3
Sync) I/O connectors on the module

O P E R A T I O N

£ . R e a p p l y p o w e r t o t h e R M 6 5 B u s .

This section describes the operation of the CRT Control ler
T h i s p r o g r a mROM ( ID-R14B3) .m o d u l e u s i n g t h e 2 K - b y t e P r o g r a m

faci l i tates the use of aCRT monitor or TV set as the output
R M 6 5 b a s e d s y s t e m

2 . 4 r e m o v i n g t h e m o d u l e

m e d i u m f o r t h e A I M 6 5 m i c r o c o m p u t e r o r a na . T u r n - o f f power to the RM 65 bus . The modu le can a l so be
I n t h i s

c o m p a t i b l e w i t h t h e A I M 6 5 m e m o r y m a p .
operated in conjunction with user-provided software.

,the operation of the module is dependent upon the
programming of the R6545-1 CRTC device (refer

the CRTC device operating characteristics and to
The programming of the

b . Disconnect the cables from the 1/0 c o n n e c t o r s .
c a s e

t o t h e R 6 5 4 5 - 1
c . If the module is Installed in

m o d u l e e j e c t o r t a b
r e c e p t a c l e .

a c a r d c a g e , l i f t u p o n t h e

to release the module from the mating
Pull the module straight back

free from the module guides.

d a t a s h e e t f o r

Ta b l e 4 - 1 f o r t h e I / O a d d r e s s e s ) .
R 6 5 4 5 - 1 a s d e s c r i b e d i n A p p e n d i x B f o r

Program ROM may also be helpful.

u n t i l i t i s w i t h t h e R 1 4 B 3u s e

d . If the module is Installed
amotherboard without a
w h i l e

in asingle card adapter,
c a r d c a g e , p u l l b a c k

ROM firmware is divided into three main programs:
a n d t h e A I M 6 5

o r i n

o n t h e m o d u l e

s i d e u n t i l i t i s

The P rog ram
t h e I n i t i a l i z a t i o n p r o g r a m . t h e D i s p l a y p r o g r a mmoving it slightly from side to

f r e e f r o m t h e A s s e m b l e r R e f o r m a t t e r .mat ing receptacle.

3 .1 IN IT IAL IZAT ION PROGRAM

The Initialization Program must be called before any infor-
T h i s p r o g r a m ,

w i l l i n i t i a l i z e t h e
O n e o f

motion can be displayed on the video screen,
depending upon the parameters passed to it,
module to varying screen sizes and scan frequencies,

complete ly user-defined
t h e fl e x i b i l i t y n e e d e d

t h e f o u r p r e - d e fi n e d s c r e e n s i z e s o r a
s c r e e n f o r m a t c a n b e c h o s e n ,

for most video requirements in the U.S. or Europe,
T h i s g i v e s

f o r t h e I n i t i a l i z a t i o nT h e r e a r e t w o d i f f e r e n t e n t r y p o i n t s

p r o g r a m :

the CRTC program for AIM 65
c o n t r o l t o t h e A I M 6 5

. E n t r y a t $ 9 9 0 0 i n i t i a l i z e s
k e y b o a r d o p e r a t i o n t h e n r e t u r n s
M o n i t o r w i t h a J M P C O M I N ( $ E 1 A 1 ) .!»

2 - 1 0
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In the simplest case of initializing the CRT, that of using
one of the pre-defined screen parameter tables, only the

w h i c h o f t h e s t o r e d

●Entry at $9906 initializes the CRTC program for program
t o t h e c a l l i n g p r o g r a m w i t hoperat ion then returns control

a n " R T S " . l a b l e TA B L E m u s t b e s e t t o i n d i c a t ev a r

t a b l e s t o u s e .

T h e r e i s a l s o a r e - e n t r y p o i n t :
l o a d t h e s c r e e n

$ 0 3 6 4 )
I f t h e s c r e e n f o r m a t i s u s e r d e fi n e d ,

parameters and set the variable XADDR ($0363
to point to them (see Appendix B).

2 .

. E n t r y a t $ 9 9 6 4 i s t h e ’
k e y b o a r d o r

w a r m s t a r t " e n t r y p o i n t f o r
p r o g r a m o p e r a t i o n . T h i s e n t r y p o i n t m a y b e

c a l l e d i f t h e v i d e o s c r e e n h a s a l r e a d y b e e n i n i t i a l i z e d
and the display output has been re-linked to the AIM 65
single line display (see CTRL Ycommand 1
I t w i l l c l e a r t h e

lable AIM65 ($357) with avalue to specify3 . S e t v a r

either skipping or performing AIM 65-related
processing, and for the latter, either accepting or
ignoring Line Feed characters (see Appendix C):

n S e c t i o n 3 . 3 . 1 ) .

s c r e e n , h o m e t h e c u r s o r a n d s e t t h e A I M

5Monitor display linkage variable DILINK to point to the
firmware according to the value in the variable AIM65,

as described In Section 3.1.1c. F u n c t i o nA I M 6 5 V a l u e

3 - 1 . 1 G e n e r a l I n l t i Skip AIM 65-related
p r o c e s s i n g
P e r f o r m A I M 6 5 - r e l a t e d

processing and ignore line
f e e d c h a r a c t e r s

P e r f o r m A I M 6 5 - r e l a t e d

processing and accept line
f e e d c h a r a c t e r s

a l l z a t l o n P r o c e d u r e

a . CRT Display Entry 1

T h e g e n e r a l
fi r m w a r e I s
c o n t r o l o r

d i f f e r e n t .

procedure to initialize the CRTC module
the same whether

p r o g r a m c o n t r o l
T h e b a s i c

performed under operator
- o n l y t h e e n t r y p o i n t s

p r o c e d u r e I s ;

> 1

a r e

Set variable TABLE to the keyboard ($9900)($35A) to specify either a
t a u s e r d e fi n e d s c r e e n

T h e fi v e o p t i o n s
nmore detail in Appendix C) are:

I n i t i a l i z e t h e p r o g r a m c o u n t e r
($9906) entry point .

4 .
p reprogrammed screen
f o r m a t , i
( e x p l a i n e d 1

s i z e
o r p r o g r a m

or the defau l t s ize.
The d isp lay wi l lE x e c u t e t h e I n i t i a l i z a t i o n p r o g r a m ,

the AIM 65 single line display (which will
5 .

s w i t c h f r o m

b l a n k ) t o t h e C R T d i s p l a y .
t a b l e

V a l u e
S c r e e n

L i n e s
J u m p e r

R o w s / C o l u m n g
E 2

If the terminal width of the support software, e.g.,
,is different from 59 (S3B), enter the terminal

w i d t h I n n u m b e r

A p p e n d i x C ) ●

6 .
2 5 X 8 0 6 2 5 B B A S I C1 2 2 X 7 2

2 5 X 4 0
of characters into variable CMAX (see5 2 5 B

2
6 2 5 A

3 1 6 X 4 0 5 2 5 A
4 U s e r D e fi n e d

2 2 X 7 2
h a v e b e e n i n i t i a l i z e d ,

t u r n t o t h e A I M 6 5

5 2 5 / 6 2 5 O n c e t h e TA B L E a n d A I M 6 5 v a r i a b l e s

re-entry f rom the keyboard af ter re
display (see Step b.) can be performed easily by just

A / B Y> 4
5 2 5 B

3 - 2
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I *

n
The fol lowing sect ion descr ibes these

each of the available languages and how to
w i t h t h e C RT C m o d u l e .

setting the program
I n i t i a l l z a t l

C R T C m o d u l e ,

p e c u l i a r i t i e s f o r
i n s u r e p r o p e r o p e r a t i o n

counter to $9900 and executing the
I f t h e T A B L E o r A I M 6 5 v a r i a b l e s

are accidently altered or if the CMAX variable needs to be
initialized. It may be easier to
per fo rm the In i t ia l i za t ion under

o n p r o g r a m .

u s e a f u n c t i o n k e y t o

p r o g r a m c o n t r o l . A I M 6 S W o n l t o r / E d i t o ra .

b . Return to AIM 65 nispiay E n t e r t h e A I M 6 5 M o n i t o r .1 .

To switch the display back
< l l s p l a y , i s s u e

d e s i r e d s c r e e n s i z e .S e t v a r i a b l e T A B L E t ot o t h e A I M 6 5 s i n g l e l i n e
aCTRL Ycommand to the CRTC module.

2 .

>1 to accept Line Feeds.S e t v a r i a b l e A I M 6 53 .
c . CRT Display Re-entry

the CRT Initialization routine ($9900).4 . R u n
I t i s a lso poss ib le
w i t h to re-enter the Initialization program

w a r m s t a r t e n t r y p o i n t a t $ 9 9 6 4 . 5 9 t o c o r r e s p o n d t oa J S R t o t h e t h e v a r i a b l e C M A X v a l u e a tT h i s 5 . L e a v e

t h e E d i t o r l i n e w i d t h .entry point bypasses the
t h a t t h e

s c r e e n f o r m a t s e t u p ( I t
screen has previously been in i t ia l ized

or $9906 entry) but still clears the
and sets the AIM 65 Monitor display linkage

variable DILINK according to the variable AIM65

a s s u m e s

v i a t h e
$ 9 9 0 0 the Editor text buffer above $3B5,

to prevent overwriting the CRT module
e . g .

v a r l a b l e s .
6 . I n i t i a l i z e

$ 4 0 0 ,

s c r e e n , h o m e s
the cursor,

v a l u e ( s e eSect ion 3.1.2) .
F o r e x a m p l e :

I f r e ¬

linkage through
k e y s t r o k e

entry is desired from <M>=035A XX XX XX XX
< /> 035A 05
<M>=0357 XX XX XX XX
< / > 0 3 5 7 0 2
<♦ > - 9 9 0 0
< G > / .

the keyboard, performing the
afunction key provides convenient single

o p e r a t i o n .

L o a d T A B L E

Load AIM65

Initialize CRTC Module
E n t e r E d i t o r

L o c a t e Te x t B u f f e r

for example, the follow!
will re-enter the CRT

010C 4C JMP 0FC0

0FC0 20 JSR 9964
0PC3 60 RTS

ng FI l inkage and Instruct ions
p r o g r a m

< E >
E D I T O R
F R O M - 4 0 0 T O - F F F

N o w use the CTRL V
and the FI key

N O T E
c o m m a n d t o r e t u r n

t o r e t u r n t o t h e
to the AIM 65 display

e n t e r e d i n t o t h eA n y c o n t r o l c h a r a c t e r s
Editor text buffer will execute their

C R T .

designated function if they are listed
out to the CRT (See Section 3.3).

3 . 1 . 2 j=SS3H«ae Varlatlon-

The di fferent
e a c h h a v e

languages ,
a u n i q u e s t a r t -

ava i lab le fo r the
u p p r o c e d u r e t o

MM 65 microcomputer
u s e w i t h t h e fe n a b l e

3 - 4
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D
C h a n g e T oW a sL o c a t i o n

P r o g r a m S t a r t
A d d r e s s “

4 0 0 + 1

V a r i a b l e S t a r t
A d d r e s s «

C A U T I O N 0 11 20 0 7 3

W h e n u s i n g t h e E d i t o r , r e a d i n g o r
c h a n g i n g a l i n e t o a c h a r a c t e r l e n g t h

g r e a t e r t h a n 5 9 m a y c a u s e t h e d i s p l a y t o
l o c k u p o r t h e a p p a r e n t l o s s o f d a t a .

I f t h i s o c c u r s , r e t u r n t o t h e M o n i t o r ,
w i t h a C T R L Y, c h a n g e C M A X t o a v a l u e

l a r g e e n o u g h t o h o l d t h e o f f e n d i n g l i n e ,
e d i t t h e l i n e t o l e s s t h a n 5 9 c h a r a c -

0 40 20 0 7 4

0 0 7 5
0 31 4

4 0 30 20 0 7 6

0 4 0 0
L o a d Z e r o I n t o
fi r s t

Th ree P rog ram

0 0X X

X X

B y t e s
t e r s , a n d r e t u r n t h e C M A X v a l u e t o 5 9

( $ 3 B ) , X XT h e n r e t u r n t h e C R T I n i t i a l i ¬

z a t i o n p r o g r a m o r r e - e n t e r t h e C R T
p r o c e s s i n g .

0 4 0 2

i t h t h e - 6 - K e y .Re -en te r BAS IC w9 .

b .

)M M 6 5 B A S I C E n t r y P r o c e d u r e

C A U T I O N1 . Enter BASIC using the "S' key.
>5” key when
s e n t t o t h e

B A S I C w i t h t h e
i s b e i n g

D o n o t e n t e r
the d isp lay output2. Enter the memory size and terminal width in response

t o p r o m p t s . tab les wi l l be over-
CRTC modu le opera-

T h e C R T v a rC R T .

w r i t t e n a n d i m p r o p e r
3 . P r e s s E S C t o r e t u r n t o t h e M o n i t o r . .Should th is happen,

the AIM 65t i o n w i l l o c c u r
b e a b l e t o r e c o v e r

display by pressing
y o u m a y

M i c r o c o m p u t e r

l£ this does not work, you may
o f f , t h e n o n .

C T R L V .4. Set variable TABLE to the desired screen size.
h a v e t o

5. Set variable AIM65 >1 to accept Line Feeds.

6. Run the CRT Initialization routine ($9900).

t o

cycle computer power
r e c o v e r .

7. Change variable CMAX to match the entered terminal
w i d t h .

Move the BASIC
f rom $0211 t o

8 .
p r o g r a m a n d v a r i a b l e s s t a r t a d d r e s s

greater than S3B5, e.g. $400, to prevent
overwriting of CRTC nodule variables,
zeros into three bytes at the start o£ the BASIC
p r o g r a m .

A l s o , l o a d
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I
E x a m p l e 1 : I n i t i a l i z a t i o n p r o c e d u r eT o t a l i n i t i a l i z a t i o n E t h e k e y b o a r d .r o m

< 5 >
Upper Limit *S0FA0
r e t u r n * 7 2

M E M O R Y S I Z E ? 4 0 0 0< 5 >

memory s ize?
W I D T H ? 7 2

11758 BYTES FREE
aim 65 BASIC VI .1
MM 65 BASIC VI .1

<M>-035A XX XX XX
</> 035A 05
<M>=0357 XX XX XX XX
</> 0357 02
< * > = 9 9 0 0
< G > / .

J'Ĵ "®35E 3B 03 02 03</> 035E 48
<M>=0073 12 02 14 02
</> 0073 01 04 c-
<M>-0400 XX XX XX

W I D T H ?
3 4 7 0 B Y T E S F R E E

A I M 6 5 B A S I C V I . 1
A I M 6 5 B A S I C V I . 1 E S C

P r e s s F I k e y
R e - e n t e r B A S I C

< [ >E S C
< 6 >X X

L o a d T A B L E

L o a d A I M 6 5

I n i t i a l i z e C R T C m o d u l e

Change CMAX to 72
Change BASIC Program
S t a r t i n g A d d r e s s
C h a n g e B A S I C I n i t i a l

v a l u e s

N O T E

to enter the upper memory limitB e s u r e

to prevent BASIC from overwriting your
initialization routine at SFA0-SFD1 with

0 3 0 4
X X

S A A ' s .
< 6 >

R e - e n t e r B A S I C

Example 2:

l i n k a g e a n d
A IM 65 FORTH En t r y P rocedu reInitialization from the keyboard using FI key

program call to CRT initialization program.

Function Key Linkage

c .

t h e d e s i r e d s c r e e n s i z e .S e t v a r i a b l e TA B L E t o1 .

a n d R o u t i n e AIM65 >1 to accept Line Feeds.2 . S e t v a r i a b l e

010C 4C JMP 0FA0

0FA0 A9 LDA 105
0FA2 8D STA 035A
0FA5 A9 LDA 102
0FA7 BD STA 0357
0FAA 20 JSR 990,;
0FAD A9 LDA #48
0FAF 8D STA 035E
0FB2 A9 LDA #01
0FB4 8D STA 0073
0FB7 A9 LDA #04
0FB9 8D STA 0074
0FBC A9 LDA #03
0FBE 8D STA 0075
0FC1 A9 LDA #04
0FC3 8D STA 0076
0FC6 A9 LDA #00
evoo	 “ ■ ' 0 00FCB 8D STA
0FCE 8D STA
BFDI 60 RTS

3. Run the CRT Initialization routine ($9900).

L o a d T A B L E
E n t e r F O R T H w i t h t h e " 5 " k e y.4 .

L o a d A I M 6 5
I n i t i a l i z e C R T m o d u l e

L o a d C M A X
L o a d P r o g r a m S t a r t A d d

$ 3 0 0 t o g r e a t e r
C R T m o d u l e

F O R T H s t a r t i n g a d d r e s s f r o m5 . M o v e t h e

than $3B5 to prevent overwriting the
r e s s

v a r i a b l e s .

N O T E

Any time FORTH is entered with the "5"
Key, the above steps must be repeated.

Initialize Program start Area
0 4 0 1
0 4 0 2

Return to Monitor

3 - 8
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I
6 . L e a v e t h e v a r i a b l e C M A X v a l u e a t 5 9 s i n c e t h e F O R T H

l i n e l e n g t h I s 5 9 .
N O T E

Any time aCold Reset
Is performed, location $1A-$1B will be
r e s e t t o S 0 2 F C .

(Pascal Zcommand)
F o r e x a m p l e ;

< H > - 0 3 5 A X X X X X X X X
</> 035A 05 XX XX XX
< M > = 0 3 5 7 X X X X X X X X
</> 0357 02 XX XX XX
< * > = 9 9 0 0

L o a d T A B L E

8. Change variable CMAX from S3B to coincide with the
terminal width entered for the Pascal output format.

L o a d A I M 6 5

< G > / . I n i t i a l i z e C R T C m o d u l e
E n t e r F O R T H< 5 >

A I M 6 5 F O R T H V I . 2
F O R G E T T A S K
1 8 5 A L L O T
t T A S K ;

F o r e x a m p l e :
E n t e r P a s c a l
E s c a p e
C h a n g e

<5>memory s i ze?
W I D T H ?
<M>“001A FC 02 XX XX
</> 001A FC 03 XX XX
<M>“035A XX XX XX XX
</> 035A 05 XX XX XX
<M>=0357 XX XX XX XX
</> 0357 02 XX XX XX
< * > * 9 9 0 0
< G > / .

s t a r t i n g a d d r e s s

d . A I M 6 5 I n s t a n t P a s c a l

Load TABLE

Load AIM65

Initialize CRTC module
R e - e n t e r P a s c a l

1 . Enter Instant Pascal with the "5" key.

2 . Enter the memory size and terminal width in response
t o p r o m p t s . < 5 >

AIM 65 pr /65 Compile_r3 . E S C t o t h e M o n i t o r .
s i z e .t h e d e s i r e d s c r e e nS e t v a r i a b l e TA B L E t o1 .4 . Change the Instant Pascal variable value at location

S1A-$1B £rom $02FC tell the CRTC module to
t t h e e n d

a n d

t o $ 0 3 F C t o m o v e t h e s t a r t o f t h e

Pascal program from $300 to $400 (in order to prevent
t h e P a s c a l

v a r i a b l e s ) .

Set var iab le AIM65 to 1 to
Ignore Line Feed characters
o f e a c h o u t p u t l i n e t o L
I n c o r r e c t s c r o l l i n g .

2 .
s e n t f r o m P L / 6 5 a

l i n e s p a c i n gp r o g r a m f r o m o v e r w r i t i n g t h e C R T fi r m w a r e prevent double

5. Set variable TABLE to the desired screen size. t i n e ( $ 9 9 0 0 ) .t he CRT In i t i a l i za t ion rou3 . R u n

6 . S e t v a r i a b l e A I M 6 5 > 1 t o a c c e p t L i n e F e e d s .
a t 5 9 .L e a v e v a r i a b l e C M A X v a l u e4 .

7. Re-enter PASCAL with the " 5 " k e y .
F o r e x a m p l e :

<M>-035A XX XX XX XX
</> 035A 05 XX XX XX
<M>-0357 XX XX XX XX
</> 0357 02 XX XX XX
< * > = 9 9 0 0

Load TABLE

Load AIM65

initialize CRTC moduleI < G > / .
< 5 >
A I M 6 5 P L / 6 5 V I . 0

3 - 1 13 - 1 0
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3 . 2 THE DISPLAY PROGRAM 3 . 2 . 1 A I M 6 5 O u t p u t T h r o u g h D I L I N K

The Display Program This will be the most common mode of operation of the CRT
firmware in conjunction with the AIM 65 Monitor,
discussed in Section 3.1 outputs through DILINK.

a c c e p t s d a t a p a s s e d t o I t i n t h e

Ieach byte as acommand, acommand
— ^ r t o b e d i s p l a y e d .

accumulator and Interprets T h e p r o c e d u r e
parameter or adata characte

The commands consi o f t h eSt of 32 control commands
escape commands ($1b $3d $yy $xx
c h a r a c t e r

Set t ing var iab le AIM65 -1or >1 ind icates the presence
A I M 6 5 M o n i t o r a n d t h e I n i t i a l i z a t i o n p r o g r a m

will set DILINK to point to the CRTC firmware,
output normally directed to the AIM 65 display to the CRTC
fi r m w a r e .

( $ 0 0 t o $ 1 F ) , t w o
a n d $ 1 B $ 4 7 ) , a n d t h e d e l e t e (See Section 3.1)

T h i s s e n d s a l lcommand ($7F). T h e I n d i v i d u a l c o m m a n d s a r e d e fi n e din Section 3.3.

All other characte
( d e s c r i b e d i
I n t h e

r c o d e s a r e t r e a t e d
n S e c t i o n 3 . 4 ) a n d

a s d a t a c h a r a c t e r s
to $9973 and line feeds willWhen AIM65 »1, DILINK will be set

h e I g n o r e d .

When AIM65 >1, DILINK will be set to $9977 and line feeds will

a r e s t o r e d i n t h e r e f r e s h R A M .
set upon initialization or by the Enter

ers command (CTRL )),
J r e f r e s h R A M

normal mode,
Norma l Charac t

c o d e s $ 2 0 - $ 7 E a r e s t o r e d<I i rect ly in to the
a s r e c e i v e d . I n t h e

r S e m i - G r a p h i c s C h a r a c t e

1" upon receiving data
I i n t h e r e f r e s h R A M

semi-graphics mode.
Command (ESC G),
characters $20-$7f
$ A 0 - $ f f .

s e t b y t h e E n t e
b i t 7 i s

b e a c c e p t e d .r s

s e t t o "

before storing them 111 be blanked and the
T o r e t u r n t o

In both cases, the AIM 65 display
Monitor prompt will appear on the video screen,

the output device, issue aCTRL Y($19).
- m a y r e - e n t e r

($9964) entry point.

w
a s

the AIM 65 display
Once t he CRT sc reen

the CRTC Display program through the Warm
This wi l l c lear the screen, home the cursor
described above —depending on variable AIM65 contents.

W h e n u s i

and $80-$9F
t h a n

t h r o u g h N e x t
I n t e r p r e t e d
$80-$9F 1s

a s

nq the Display Prog the only way to send $00-$1f
rs (See Section 3.4) rather

to precede each byte with aCTRL P(p.ss
ers), otherwise these bytes will be

r a m . has been in i t ia l i zed , the user
3s data characte

c o m m a n d s I s
a n d s e t D I L I N K a s

a s c o n t r o l commands $00-$ ip ( b i t 7 o f c o m m a n d smasked to "0"), t h e s a m e

T h i s m e a n s
In order to send program output to the video sc
methods used with the AIM 65 display are employed,
that the Monitor, BASIC, Instant Pascal, PL/65 and FORTH ou p
rootlnes are all compatible with the CRTC firmware, sending

A I M 6 5 d i s p l a y .

r e e n .

There a re

data from the host
p r o g r a m c o n t r o l

with the Display

s e v e r a l w a y s t o s e n d display commands a n d c h a r a c t e r
u n d e r o p e r a t o r

o r c o m p a t i b l e

c o m p u t e r t o t h e CRT module
e i t h e r o r

using the Displ I n s t e a d o f t h e
a r e

a y P r o g r a m t h e i r o u t p u t t o t h e C R T s c r e e n
The in i t i a l i za t i on fo r t hese l anguages

P r o g r a m : d i s c u s s e d i n

Sec t ion 3 .1 .2 .AIM 65 Echo
A IM 65 Ac t i

through DILINK
ve Ou tpu t Dev i

( h o s t » a i m 6 5 )

“User (host»AIM 65)
Processing (host=any)

RAM (host*any)
bg Display Program (host-any)

c e

D i rec t Ca l l
D i r e c t

t o Comraand/Data
Store to Refresh

Store to Refresh
3 . 2 . 2 - u s e rAIM 65 Active Output Device^

R A M u s i Imake t he CRT a

is provided in the
T h i s

'^bother method of outputting Information is to
U s e r

'’rogram ROM to facilitate this mode of operation.
A U s e r d r i v e r r o u t i n eo u t p u t d e v i c e .

3 - 1 2
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I
offset (w i th respect to

at label Ml) In the Yregister
application may be used If both the AIM 65 display
a r e t o b e u s e d t o g e t h e r .

I/O routines In the Monitor and the different languages,
order to send output through the User
locations must be changed as follows:

T h i s r o u t i n e I s c a l l e d w i t h t h e m e s s a g e
t h e s t a r t o f t h e m e s s a g e

most significant bit of the last character set to one.

a n d t h e C R T a n d

I t a l s o a l l o w s u s e o f a l l e x i s t i n g
I n

v e c t o r ( S 0 1 0 A ) , t h r e e

* - $ 5 0 0
M I O U T L D Y 0
C R T O U T L D A M 1 , Y

P a r a m e t e r s A d d r e s s P H AV a l u e
J S R $ 9 9 7 7
I N Y

U s e r v e c t o r P L AS 1 0 A $ 7 0
B P L C R T O U T
R T S

U s e r v e c t o r $ 1 0 B $ 9 9
. B Y T ' M E S S A G E I I ' , $ A 0
.BYT 'MESSAGE 12 ' ,$A0

M l
M 2O u t p u t d e v i c e c o d e $ A 4 1 3 $ 5 5

To s e n d M 2 t o t h e C R T r e q u i t e s :All subsequent output will
a n d t o t h e A I M 6 5

be sent only through the User
_^	 display, however, the AIM 65 display may
usequently be reactivated by setting $A413 to $20.

«lows sending some output to the AIM 65 display
Here Is an example of doing this In

v e c t o r

M 2 0 U T L D Y # M 2 - M l
J S R C R T O U T

b e
T h i s

a n d s o m e

>o u t p u t t o t h e C RT s c r e e n .
B A S I C .

P r o g r a m
C o m m e n t s N O T E

1 0 POKE 42003, 85
POKE 266, 112
POKE 267, 153
print "OUTPUT SENT
POKE 42003, 32
PRINT "OUTPUT TO

O u t p u t - U s e r ( " U " )
S 0 1 0 A - $ 7 0
$ 0 1 0 B - $ 9 9
Send Message to CRT
Output -AIM 65 Display ("space")
Send Message to AIM 65

2 0
3 0 w i l l a l w a y s p r e -T h e D i s p l a y P r o g r a m

t h e A r e g i s t e r
4 0

a n d X r e g i s t e r
T h e o n l y

T O C R T "

a i m 6 5 "

5 0 s e r v e
6 0 a n d u s u a l l y t h e Y r e g i s t e r.

Instance where the Yregister Is not
when variable AIM65 /0

s i n c e t h e

7 0 E N D

p r e s e r v e d i s
and the number of characters

r e t u r n > C M A X .

3 " 2 . 3 D i r e c t C a n to Command/n. 4. n Processing
T h e C R T

l a s t c a r r i a g e

fi r m w a r e m u s t

t h e s e c o n d i t i o n s t o

Athird method for o
a d i r e c t c a l l
w i t h t h e

stputtlng information
command/da ta

l im i t Y to 58 under
h o l d t h e E d i t o rto the CRT Is through

processing subroutine ($9977)
n the accumula to r,

s h o u l d b e

t o t h e

command/data byte 1
Is used, variable AIM65
features designed speclfl
MM 65 Monitor/Editor.
65 display fully
d i sp l ay.

t o 5 9 c h a r a c t e r s .I f t h i s m e t h o d

set to zero to avoid the
=«lly for keyboard

T h i s Input through the
t o k e e p t h e A I Mmethod can be used

a c t i v e a n d s t i l l
ACRT output routine

send output to the CRT
I s g i v e n a s a n e x a m p l e .

3 - 1 4 3 - 1 5
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refresh RAM before the
c o n fl i c t

The character data must be stored In the
retrace Is completed In order to prevent any access

3 . 2 . 4 D i r e c t S t o r e I n t o R e f r e s h R A M

f rom occurr ing.C h a r a c t e r d a t a s t o r e d d i r e c t l y i n t o t h e r e f r e s h R A M
( $ X 0 0 0 - $ X 7 P F ) w i l l c a u s e t h e c o r r e s p o n d i n g c h a r a c t e r s f r o m t h e
c h a r a c t e r R O M t o t h e d i s p l a y e d i n t h e f o r m a t c o m p a t i b l e w i t h
t h e i n i t i a l i z e d C R T s c r e e n f o r m a t .

b e m o n i t o r e d t o
a c c e s s i n g

accessed by
1 , t h e

The Display/Refresh Status (bit 7of $X880) can
w h i l e t h e C RT C I savoid storing Into the refresh RAM

i t dur ing d isp lay enab le ,
t h e C P U o n l y d u r i n g r e t r a c e
"snow* wi l l not appear.

W h e n u s e d w i t h t h e D i s p l a y
P r o g r a m , t h e r e f r e s h R A M i s f o r m u l a t e d a s r o w / c o l u m n .

If the refresh RAM is
i.e, when bit 7of $X880

F o r e x a m p l e , i f t h e 2 5 r o w s x 8 0 c o l u m n s f o r m a t i s s e l e c t e d ,

the fol lowing addresses correspond to the in i t ia l rows and
co lumns ( i .e . before any scro l l ing)

i l lustrates how an "A" c a n

mbly language codeThe fol lowing asse
stored ear ly dur ing the re t race:

:

A d d r e s s R o w C o l u m n G e t c h a r a c t e r# $ 4 1
$ 9 8 8 0

B M I D L Y l
$ 9 8 8 0

B P L D L Y 2
L D X $ 9 8 8 0
B M I D L Y 3

$ 9 0 0 0

S T A R T L D A
D L Y l L D X

$ 9 0 0 0 - $ 9 0 4 F

$ 9 0 5 0 $ 9 0 9 F

1
D L Y 2 L D X

2 1 - 8 0

s t a r t e d ?D L Y 3 R e t r a c e j u s t
Yes, store characters

S T A

s h o w n f o r

I n t h e p r o g r a m
the general case

(S9CAC) subroutines

a s

This technique can be expanded
the WRITE ($9CA0) and SDELAY
ROM (see Appendix E).

Store into Refresh RAM using the Display Progr^

t oS 9 7 8 0 - $ 9 7 C F 2 5

When using the Display Progi
i n i t i a l i z e d u s i n g t h e I n i t i a l i
before stor ing the character

r a m , t h e C R T s c r e e n s h o u l d b e

- z a t i o n P r o g r a m ( s e e S e c t i o n 3 . 1 )
d a t a I n t o t h e r e f r e s h R A M . 3 . 2 . 5

f r e s h R A M i s t o
T h i s

Y o u c a n t h e n s t o r e

r e f r e s h R A M .
d i r e c t l y I n t o t h eacharacter data byte directly Into the

F o r e x a m p l e .

r eT h e e a s i e s t w a y t o s t o r e
<=«ll the WRITE subroutine ($9CA0) in
subroutine (described in Appendix D) will store
in the accumulator Into the address contained in $DD, ●

the Display/Refresh

the Program ROM.
t h e c h a r a c t e r

L D S l $ 4 1
S T A $ 9 0 0 0

This subroutine calls SDELAY to check
status before storing in the refresh RAM.

w i l l c a u s e ■ A> to be displayed in row 1column 1.
BeLte' i''	 C h a r a c t e r s ,oing that, however, the display/refresh status should

T h i s e x a m p l e

- i n t o r o w 1’’he following segment Illustrates storing of "A
column 1using the WRITE subroutines:

# < a d d r e s s

I > a d d r e s s

■ A "
Call WRITE subroutine

b e c o n s i d e r e d .

I f t h e C P U t r i
CRTC device

e s t o a c c e s s t h e r e f r e s h R A M a t t h e s a m e t i m e t h e
edoes during display enable,

an improper display,

L D A # 0 0 0
S T A $ D D
L D A | $ 9 0
S T A $ D E
L D A # $ 4 1
J S R $ 9 C A 0

on the CRTC module
w i l l c a u s eaddress ing confl ic t t h e

I . e . ,"snow", to appear.

3 - 1 6
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Display Control CommandsT a b l e 3 - 1 .

3 , 3 D i s p l a y P r o g r a m C o m m a n d s

C o n t r o l
C h a r a c t e r

A S C I I
C o d e

3 , 3 . 1 C o n t r o l C o a m a n d D e fi n i t i o n s D e s c r i p t i o n

The 32 control commands are summarized In Table 3-1 and defined
a s f o l l o w s :

C T R L

C T R L A

C T R L B

C T R L C

C T R L D

C T R L E

C T R L F

C T R L G *

C T R L H

C T R L I

C T R L J

C T R L K

C T R L L *

C T R L M

C T R L N

C T R L 0

C T R L P

C T R L Q *

C T R L R *

C T R L S

C T R L T

C T R L U

C T R L V

C T R L W

C T R L X

C T R L Y

C T R L Z *

C T R L [

C T R L \

C T R L ]

C T R L *

C T R L

i

C l e a r L i n e

C l e a r t o

C l e a r S c r e e n

Clear to End of Screen
C l e a r S c r e e n

C l e a r t o

0 1
E n d o f L i n e

0 2

- C l e a r L i n e 0 3C T R L A

0 4

C l e a r s t h e l i n e w h i c h t h e c u r s o r i s o n a n d p l a c e s
t h e c u r s o r a t c o l u m n o n e o n t h a t l i n e .

0 5
E n d o f S c r e e n

0 6

0 7
{Left Arrow)

Izontal Tab (Right Arrow)
A r r o w )

B a c k s p a c e

H o r

L ine Feed (Down
tlcal Tab (Up Arrow)

C T R L B - C l e a r t o E n d o f L i n e 0 8

0 9

C lears f rom (and Inc lud ing) the cursor pos i t ion to
e n d o f l i n e a n d l e a v e s t h e c u r s o r p o s i t i o n
u n c h a n g e d .

0 A
V e r

0 C1 (Home On Line)C a r r i a g e R e t u r n
H o m e O n S c r e e n

H o m e O n S c r e e n

Through Next Character

0 D

C T R L C - C l e a r S c r e e n
0 E

0 F

Clears the whole screen and places the cursor In
the "home* posi t ion (pos i t ion one, l ine one) .

p a s s
1 0

1 1

1 2 Character ModeC T R L D - C l e a r t o E n d o f S c r e e n Togg le Inse r t
Delete One Character

1 3

1 4

Clears f rom (and Inc luding) the cursor posi t ion to
the end of screen and leaves the cursor position
unchanged.

I n s e r t O n e L i n e1 5

D e l e t e O n e L i n e
D i s p l a y C u r s o r
B l a n k C u r s o r

R e l i n k

1 6

1 7

1 8
C T R L E - C l e a r S c r e e n a i m 6 5 D i s p l a y

1 9

l A
S a m e a s C T R L A . Command (ESC)E s c a p e

Display Blinking Cursor
E n t e r

I B

1 C
C T R L F - C l e a r t o E n d o f S c N o r m a l C h a r a c t e r sr e e n

I D

Perform Self Test
Video (Full Screen)

I ESame as CTRL B.
R e v e r s eI F

N O T E

*These characters have no effect.
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r

C T R L H -Backspace (Left Arrow) H o m e o n S c r e e nC T R L N

Moves the cursor to -home’ position In the upper
l e f t h a n d c o r n e t o f t h e s c r e e n .

M o v e s t h e c u r s o r l e f t o n e p o s i t i o n . I f t h e c u r s o r
i s i n fi r s t p o s l t l
l a s t p o s i t i o n
i n t h e fi r s t

o n o n a l i n e , i t w i l l b e m o v e d t o
o n t h e l i n e a b o v e . I f t h e c u r s o r i s

position on the first line, it will be - H o m e o n S c r e e nC T R L 0

moved to the last position o n t h e l a s t l i n e .
S a m e a s C T R L N .C T R L I

-Horizontal Tab (Right Arrow)
Through Next CharacterP a s sC T R L P

Moves the cursor right

lirt	 ^	 -first position on the following 11
in the las t pos i t ion
moved to the "home"

o n e p o s i t i o n . I f t h e c u r s o r
the fo l lowing characterTe l l s t he so f tware to t rea t

as data, regardless of
r e c e i v e d ,

c o m m a n d c o d e s $ 0 0 - $ l F t o

which ASCII code isI f c u r s o r i s

o n t h e l a s t l i n e , i t w i l l b e
p o s i t i o n .

n e .

represented theThis enables characters
b e d i s p l a y e d .

C T R L J - L i n e F e e d ( D o w n A r r o w ) M o d e o n / o f f-Toggle Insert CharacterC T R L S

M o v e s t h e

p o s i t i o n e d

s a m e p o s i t i o n I

C h a r a c t e r sc u r s o r d o w n b e t o g g l e d .
T h e I n s e r t e d

o n e l i n e .

h C / I t w i l l b e
t h e I n s e r t m o d e t o

a l i n e b a s i s .
I f t h e c u r s o r i s

m o v e d t o

C a u s e s
on the las t l i

I n s e r t e d o na r e

c h a r a c t e r I s w r i t t e n
A l lp o s i t i o n .n t h e t o p l i a t t h e c u r s o rn e .

m o v e d r i g h t o n e
i s l o s t i f i t w a s

t o t h e r i g h t a r e
t h e l a s t c h a r a c t e r

C T R L K - V e r t i c a l T a b c h a r a c t e r s

posi t ion and
t h e l a s t p o s i t i o n

(Up Arrow)
t h e l i n e .o n

M o v e s t h e

p o s i t i o n e d

s a m e p o s i t i o n

a tc u r s o r u p o n e l i n e ,
o n t h e t o p l i

I f t h e

i t w i l l b e
n e .

c u r s o r i s

m o v e d t o
t h e r e p l a c en e ,

on the bottom li
t h i s i s d i f f e r e n t f r o m

(the normal mode
u n d e r t h e c u r s o r

N o t e t h a t

c h a r a c t e r m o d e
w h e r e t h e c h a r a c t e r

t h e r e c e i v e d c h a r a c t e r

of operation) ,
is replaced by

advanced one
CTRL M Carriage Return ( H o m e o n L i n e ) t h e n t h e c u r s o r

R e t u r n s t h e
l i n e ,

s c r o l l

p o s i t i o n

p o s i t i o n .c u r s o r t o

I f c u r s o r i
u p a n d t h e

p o s i t i o n o n e o n t h e n e x t

s o n l a s t l i n e . the screen wi l l
cursor will be displayed in

one on the last l i

- D e l e t e O n e C h a r a c t e rC T R L T

a n d m o v e st h e c u r s o r
left one position. A

position on the

character under
t h e l i n e

the right-most

no (now ablank u D e l e t e s t h e
a l l c h a r a c t e r s o n

blank is written in

n e ) .

l i n e .

1

3 - 2 0
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m a s s

C RT L U - I n s e r t O n e U n e
C T R L \ - D i s p l a y B l i n k i n g C u r s o r

Moves the line containing the cursor and
below It down one line.

t o b l i n k a t 1 / 3 2 t h e s c r e e na l l l i n e s C a u s e s t h e c u r s o r

r e f r e s h r a t e .T h e l a s t l i n e o n t h e
screen Is not displayed and
w h e r e t h e

a b l a n k l i n e I s w r i t t e n
The cursor is positioned Inc u r s o r w a s .

one on this blank 11
CTRL ] - E n t e r N o r m a l C h a r a c t e r s

t h e p o s i t i o n
n e .

display the lower 128Exits semi-graphics mode to
characters of the 256 character set.

C R T L V - D e l e t e O n e L i n e

Moves every line below t h e c u r s o r u p o n e l i n e a n d

T h e l i n e

o v e r b y t h e l i n e

C T R L ■ - P e r f o r m S e l f T e s td i s p l a y s a b l a n k l i n e
w h e r e t h e

at the bottom,
w r i t t e nc u r s o r w a s I s In a16 X16 character

f r o m t o p t o

f r o m l e f t t o

Displays al l 256 characters
f o r m a t . A n

b o t t o m a n d a n

r i g h t . T h e t o p

b e l o w I t .
I n c r e a s i n g M S B o c c u r s

I n c r e a s i n g L S B o c c u r s

left position Is ASCII 00.
C T R L w - D i s p l a y C u r s o r

C a u s e s

s c r e e n .
anon-bllnklng cursor to be displayed Video (Full Screen)C T R Lo n t h e - R e v e r s e

the CRT module

light background
a d a r k

Toggles the video output from
d a r k c h a r a c t e r s o n a

C T R L X - B l a n k C u r s o r
b e t w e e n

(reverse), and light characters on
background (normal).

B l a n k s t h e c u r s o r .

C T R L V -Rel ink AIM 65 Disp lay

C a u s e s t h e
C R T I n a c t l

b o p o i n t t o
to the CRT

display to become active

65 display (SEFB5).
Start may be executed at $9964.

a n d t h ev e .

T o r e t u r n

CTRL [ - E s c a p e c h araoter (ESC)

Precedes the
graphics" and "

Section 3.3.2).

t w o escape sequences for
r e l a t i v e

" e n t e r

cursor positioning" (see

V

3 - 2 2
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3 . 3 . 2 E s c a p e C o m m a n d D e fi n i t i o n s 3.4 DATA CHARACTER ROM FORMATS

The 4K-byte R2332 character ROM (ID =R32L5) cor.tains the dot
matrix patterns for the 256 standard, special and semi-graph c
characters. Figore 3-1 shows the characters corresponding to
8-blt binary codes ($00-$FF). The 	
corresponding to the individual characters are

significant digit (bits 4-7), shown along
the table, and the least significant digit (bits 0-3)

The two escape commands are summarized i n T a b l e 3 - 2 a n d d e fi n e d a s :

E S C » Y X - A b s o l u t e C u r s o r P o s i t i o n i n g
hexadecimal byte values

comprised of the
the le f t s ide o f

M o v e s t h e c u r s o r t
X X ( $ 2 0 = p o s i t i o n

sent in order to the
c u r s o r .

o r o w Y Y ( $ 2 0 = r o w o n e ) a n d c o l u m n
o n e ) , T h e f o u r c h a r a c t e r m o s t

s e q u e n c e

CRT firmware wi l l pos i t ion the
, s h o w n

I f e i t h e r t h e along the top of the table.r o w o r c o l u m n e x c e e d s t h e

s e t t o t h e m a x i m u m v a l u e
s c r e e n b o u n d a r y,
f o r t h a t

i t w i l l b e
Ized in to three por t ions:p a r t i c u l a r T h e c h a r a c t e r s e t m a y b e c a t e g o rs c r e e n s i z e .

E S C G -Enter Seml-Graphi .	 32 control characters ($00-$lF)
.	 96 standard ASCII

.	 128 special and semi-graphic charac

P S C h a r a c t e r s
characters (S20-S7F)

t e r s ( $ 8 0 - S F F )A l l o w s t h e
set t„ K	 characters of the 256 character
the ft ^	 When a7-bit code is sent tothe firmware,
firmware befo

the CRTC module using one of
by storing the data

S e c t i o n 3 . 2 ) .

V b e s e n t t ot h e M S B will be set by the CRTC module
re the character is written into the

T h e

T h e c h a r a c t e r d a t a m a y

the Display Program capabilities
directly into the refresh RAM (see

o r
/f *

r e f r e s h r a m .

characters (Sgg .
e x c e p t i o n s a r e t h e c o n t r o l
81F), S7F and $8D which

aCTRL p ($10 ) i n
m u s t b e

order to be displayed.
p receded by

Ta b l e 3 - 2 . Display Escape Command N O T E

s e n d d a t a c h a r a c t e rA n e a s y m e t h o d t o

bytes to CRTC module when using the
,without switching

H e x C o d e C h a r a c t e r Sequence F u n c t i o n
IB 3D YY XX D i s p l a y p r o g r a m

between normal and semi-graphics
and preceding

E S C = Y X A b s o l u t e

s i t i o n i n g . M o v e c u r s o r
t o r o w Y- $ 2 0 a n d
c o l u m n X - $ 2 0 .

Enter Semi-Graphi
m o d e ,

c u r s o r p o s i -

m o d e o p e r a t i o nc h a r a c t e r
i s t o

w i t h C T R L P ,
w i t h C T R L P,c o n t r o l c h a r a c t e r s

a l l d a t a c h a r a c t e r sI B 4 7 p r e c e d e
thus allowing all 256 data bytes
encoded $00-$FF to be passed directly
into the refresh RAM.

E S C G
c s

3 . 3 . 3 S5ckS£ace_Coramand D e fl n l n o n

The DEL Cha
because thi
i"icrocomputer.
space and write

t a c t e r ( $ 7 F ) i s I n t e r p r e t e d

code used by the AIM
c a u s e s t h e

a t t h a t p o s i t i o n .

Na s a B a c k s p a c e / D e l e t eBis the ASCII
6 5

The $7F
a b l a n k

c u r s o r t o m o v e b a c k o n e

3 - 2 53 - 2 4
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h i

3.S AIM 65 ASSEMBLER REFORMATTER

CRT firmware Is the AIM 65
the 20 co lumn

T h e t h i r d m a i n s e c t i o n o f t h e
A s s e m b l e r R e f o r m a t t e r ,

o u t p u t f r o m

also displays the hexadecimal address for every
each line rather than every 16 lines (See Figure 3

r e f o r m a t s

6 0 c o l u m n f o r m a t .
T h i s p r o g r a m

I t
the AIM 65 Assembler into a

i n s t r u c t i o n o n

U s i n g t h e R e f o r m a t t e r3 . 5 . 1

II
U s e r D r i v e r O u t p u t^	 5	 b	 8	 9	 :	 ;	 <	 ;

H	 B	 i;	 D	 E	 F	 G	 H	 I	 J	 K	 L nNn
PQ	 R	 S	 T	 U	 V	 H

a	 b	 c	 d	 e	 t	 q	 h	 i	 ,i	 k
P9stu' . .5 w)

a .

; = i i d r i v e rt h e U s e r o u t p u tTo use the reformatter, change
vector at S010A to point to S9E6B, then direct the

F o r e x a m p l e :assembler listing output to "U".Y Z [ s 1 / ' i
<M>=010A WW XX VV ZZ
</> 010A 6B 9E YV ZZ

Atypical assembly command sequence may
i i l h0

t h i s :t h e n l o o k l i k e
9 Z ( } « 1

'H' Ia- ITqTCO

i ●
i

A G 8! a —
: ● f t < N >

A S S E M B L E R
FROM-0F00 TO-0FFF
I N - M
L I S T 7 Y
L I S T - O U T - U
0 B J 7 Y
O B J - O U T - X

n 0 :!; +T,

*£V■( >f«4. #t
"?■ aYYun. ]■” .

●i L

■)' 8

i £ £ ! ■ S S 7_	 ^ __	 3 caaadd
^■■-~ i J i " i HaPKnf ! i " i
1 i i i i i i i i x u o - - " “

I . .

Echoing Reformatter Outputb .

the CRTrmal ly output to
additional outputThe reformatted output which is

b e d i r e c t e d t o a n

n o

o r T V s c r e e n m a y

d e v i c e .
■echo’ vector at

s tar t ing address
t o a p r i n t e

Do this by changing the o f

111 laiifi -J , p o i n t t o t h e
will send the output

$035C-$035D (LSB, MSB) to
routine which 	

r o r

o u t p u t b yr 1 ■■ "T
i f p

a u s e r

o ther ou tpu t dev ice ,
p a s s i n g i t i n
(A,X,Y) must be preset
i n s t r u c t i o n w i l l r e t u r n

e c h o t h e n e x t c h a r a c t e r .

3 -2 d i rec ts the output -
in ter face through the AIM

e c h o e s i t sI i l i i i J l T h e r e f o r m a t t e t
N o n e o

I I I f t h e r e g i s t e r
r e g i s t e r .t h e ' A ● R T S ’A nr o u t i n e .v e d i n t h e u s e r ,output and

shown in Figure
Reformatter tot o t h e

T h e u s e rS d r i v e r

to aCentronics type P®
65 AppllcePt®'' -

r a l l e l

C o n n e c t o r .
figu re 3 -1 . CRT Controll er Module Normal/s

3 - 2 6

e m i - G r a p h l c C h a r a c t e r s

3 - 2 7



'OUTPUT
035E
0P80

'Jme user
0F82
0F85
0F87
0P88
0F8C
0P8F

0P94
0F37

HFINDLER PROGRfiM
* = » F 8 0

0 0 0 0 P fi S S 1
P fi S S 2

OIM 65 PfiRfiLLEL
0 F C B
0 0 0 0
0 0 0 0
0 0 0 0

Vlfi MUST BE OPENED OR SET UP BEFORE
the PHRfiLLEL OUTPUT DRIVER <FI KEV >

H 9 0 D

p r i n t e r d r i v e r
OPEN iISSUE fl CR AT FIRSTL D A t t * 0 D

8 D 0 1 fl 0 S T fi P O R TA
A 9 0 1
6D02H0 STA DDRB
A 9 F F
8D03R0 STA DDRA
A 9 0 4

8D0CA0 STA PCR
20A30F JSR LFEED
4CA1E1 JMP COMIN

:Jâ B strobe NorfiND'oRTA^CKNoSLEDr'-
'WTA STROBE NOT IS ON poRt'r tptlidata ACKNOWLEDGE

L D A « I D R B
W I T H

handshak ingH O T
L D A ( t l D R A

> )

L D A 0 I P C R

iSEND OUT CHAR
;00 BACK TO MONITOR ==>aim 65 USER VIA REGISTER DEFINITIONS

♦=$A000
0 0 0 0

A000 PORTB
A001 PORTA
A002 DDRB
A003 DDRA
A00C PCR
A00D IFR

'USER VIA ADDRESS♦=4; +J^
♦=4c +l
* = * + 1
* *♦ + 9
* =♦ + 1

4 8

1
P H R PRINTER IS RERDVi W R I T U N T I L20B50F JSR WRIT

6 8 P L R

®PR1	 C 9 0 D
apR2 Lpeer.®PRS	 8C>01R0	 STR	 PORTR
0PR9	 20BD0F	 JSR	 STROBE
epRC	 20B50F	 JSR	 WRIT

Sg ««.u,
®^Bs‘Jf,y!j)TIL AN ACKNOWLEDGE
0PB3

0FBq

^P^O^STRobI	 CHARACTER WITHOUT^BF '̂̂ OBE A9FE LDA 0STROB0
Ĉ5
ĈA®PCB

C M P # t 0 D
BNE CHROUT iHOT ACR THEN ==>

iALWAVS FOLLOW CR WITH ALF
;̂ AH SN l̂JlpfwTER IS READV
;NOW ISSUE THE LINEFEED
;SEND OUT THE CHARACTER

S %

p̂rogram CONSTANTS

Z l
8®8D IDRA=$FF
A 0 0 D

0̂D IPCR=.0,
A 0 0 O
A00D

A00D STROBl=»0i
A 0 0 D

L D A » $ O A
S T A P O R T A

20BD0F JSR STROBE'return to the

iSTROBE LINE

'Uata lines <P0RT I

iPOSITIVE EDGE ON

'FORCE STROBE LOW

iforce strobe high
REFORMATTER

RIM 65 MONITOR

RECEIVED FROM THE PRINTER
acknowledge is ON CA2<BIT 0) IS OUTPUT

R> ARE OUTPUT

ACKNOWLEDGE

I S
AD0DR0 LDA IFR

L S R A
L S R A
B C C W A I T

i

4 A
INTO CARRV FLAGi M O V E C A 2

iHOT READV? ==>
4 ASTROB0=»fe
9 0 F 9

a l ter ing other b i ts

010A UOUT

2D00R0 and PORTB
8D00A0 STR PORTB
0 9 0 1
8D00R0 STA PORTB

v e c t o r t o
♦ “ t l O R

WOR »SE6B
TO OPEN THE

4C800F JMP

,toggle strobe low

toggle strobe HIGH
point to assembler

'SET UP FI kEV^
010C

'SET UP ECHO
0 1 0 F
025C ECHO

O R A ( t S T R O B l
i

printer and

TO the printer

6 0 R T SISSUE ACR-LF

d r i v e r
VECTOR T0°P0?nT

* * « 3 5 C
WOR OUTPUT

E N D

9 8 0 F

figu re 3 -2 . T y p i c a l output (Con' t )a i m 6 5 Assemb l
3 - 2 8

P*9ure R e f o r m a t t e r6 5 A s s e m b l e r
3 - 2 9

e r Beformatter 3 - 2 . T y p i c a l A I MO u t p u t
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c . getormatter Entry

'■● Single Entry Pninh

P o i n t s O u t p u t F o r m a tAIM 65 Assembler ReformatterT a b l e 3 - 3 .

F i e l d C o n t e n t sS t a r t
C o l u m n

E n d
C o l u m nT h e R e f o r m a t t e r h as one entry point a t $ 9 E 6 B , b u t t h e

o f t he 6502 CPU
then the reformatter

tar ry Is se t , then the
T h i s I s t a k e n

tter Is called with the

c o d e
execu ted depends

c a r r y fl a g . -
I s I n i t i a l i z e d

c o u n t e r a d d r e s su p o n t h e s t a t e
If carry Is clear,
J o n l y ; I f t h e

C u r r e n t p r o g r a m

Stand-alone comment line

1 4

1 6 0
a c t u a l r e f o r m a t t e r i
automatically when
OUT*u method.

s c a l l e d ,
the Reforma

L a b e l6 1 1
c a r e o f

O b j e c t c o d e

t ion code ( Ins t ruc t ion
1 3 1 8

mnemonic)
O p e r a

Operand

Comment appended

2 0 2 2
2 , S e p a r a t e Mtry Pointy

2 4 4 5

i n s t r u c t i o nI f i n d i v i d u a l
following entry

t o a nc a l l s 6 0®re made
shou ld be to the Reformatter, t h e

u s e d .

N O T E

*When the operand field	 t w o
comments on that line will I’ ,?nd fieldspaces from the end of the operand field.

R o u t i n e

A d d r e s s

Reformatter Inl t l a l l z a t l o n $ 9 E 6 D

R e f o r m a t t

( C h a r a c t e r
C f o u t p u t

p a s s e d
$9E75 v a r i a b l e s3 . 5 . 3 A s s e m b l e r R e f o r m a t t e r° n s t a c k )

3 . 5 . 2 $F0 to SF7 ,
N o n e

d e s t r o y e d b e t w e e n

R e f o r m a t t e r a r e f r o mO u t p u t F n The variables used by the Reformatter
cuer lapp ing wi th the Edi tor

r m a t o f t h e
"F ind S t r i ng " bu f fe r.

T h e f o r m a t o f t h e a n d a l l m a y b ecctput from the
in Table 3-3.

s w i l l b e

' v a r i a b l e s a r e u s e r - a l t e r a b l e
two

is described
s t a t e m e n t

aim 65 Assemb le r R e f o r m a t t e r
o n E Q U AT E

the EQUATE
echoing the

" > a y n o t

e f t e r t h l
e f t e r t h i s

R o t e t h a t
output on the l i

a s s e m b l i e s .
eny comments

tatement In n e

column 40. A l s o , w h e n
- X X X X " l i n e

t e t u r n I s

P'^lRter, the ■
s i n c e

e r r o r s o u t p u t t o a

normally be printed
- s l i n e ,

l a s t 1 1

"e carriage
o u t p u tc a r r i a g e

It to be
c e t u r n t o
p i l o t e d .

t h e S e n d i n g a
n e w i l l c a u s e

p r i n t e r

3 - 3 0
3 - 3 1



S E C T I O N 4

and in ter face descr ip t ionF U N C T I O N A L

4,1 FUNCTIONAL DESCRIPTION

the CRTC module
fl e e t i n g t h e

shown In Figure 4-2.

4 - 1 i d e n t i fi e sT h e b l o c k d i a g r a m i n F i g u r e
f u n c t i o n s a n d i n t e r f a c e s i g n a l s .
CRTC module firmware, variables and I/O is

A m e m o r y m a p r e

Ta b l e 4 - 1 i s a d e t a i l I / O m e m o r y m a p .

o f p a r a l l e lThe Data Transceivers invert and transfer 8-bits
and the RM 65 Bus, based on

nd the Controlda ta be tween t he CRTC modu le
Add ress Decode r a

d e t e r m i n e s
c o n t r o l s i g n a l s f r o m t h e B a s e

r e a d / w r i t e c o n t r o l l i n e
t h e d i r e c t i o n .

T h e

the bus act ive signal enables
B u f f e r s ,

w h i l e
T r a n s c e i v e r s .t h e D a t a

and transfer the
t o t h e B a s e

CRT Controller

\ (Z22 and 223) Invert
l i n e s f r o m

T h e A d d r e s s B u f f e r s

1 6 - b i t p a r a l l e l a d d r e s s
Address Decoders, the R2316 Program ROM
(CRTC) device, and to the

the RM 65 Bus

, t h e

Refresh RAM device.

2 c l o c kt h e p h a s e
o n t o t h e

a n d t r a n s f e r
the RM 65 BUS

The Contro l Buffers (222) inver t
and read/write control signals from
m o d u l e .

the module's
t h e b a n kThe Bank Select Control circuit detects when

bank is addressed, by comparing
the Bank Select and Banka s s i g n e d m e m o r y

a d d r e s s s i g n a l f r o m
S e l e c t E n a b l e s w i t c h e s .

the RM 65 BUS to
The Bank

s w i t c h a l l o w sSelect Eanble
0and Bank 1)

B a n k
(both Bankm e m o r y

B a n k S e l e c t
the board to reside in common

B a n k s e t b y t h e
sw i t ch (e i the r

o r o n l y i n t h e
0 o r B a n k 1 ) .

4 - 1



9

o

F u n c t i o nH e x9 H e x
A d d r .

F u n c t i o n5 ^ S I
i±i II

A d d r .o

S

$ 8 0 0 0Page 0RAM: S0DB -$0DE(1)
S O F 0 - $ 0 F 7 ( 2 )

Page 3RAM: $347 -$3B5

$ 0 0 0 0 U s e r
a v a i l a b l eI

I J
r a m : $ 9 0 0 0 -
I/O: $9800 -$98FP
ROM: $9900 -

is $ 9 0 0 0
$ 1 0 0 0« 9 «

i s
I k

$ A 0 0 0
$ 2 0 0 0S

5 5
- $S S s

9

$ B 0 0 0

3 U s e r
a v a i l a b l e

$ 3 0 0 0
U s e r

a v a i l a b l e

J

$ C 0 0 01 $ 4 0 0 0

h a *

sis
■ < oI I i m i5 $ D 0 0 0

m id $ 5 0 0 0- i r
$ B 0 0 0

$ 6 0 0 0

I a! i §
$ F 0 0 0| i 3 S $ 7 0 0 0

TLl NOTES
the CRTCJ S used byv a r i a b l e st e m p o r a r yT h e s e l o c a t i o n s

module Program ROM.	 R ^ e m b l e r
These locations are u	 V	 „ ^ ^ u r y
ram on the CRTC module is

||il0̂ ?r?he î r̂̂ odSir̂ Pto%tam ROM Is used.

a r e
1 .

o n l y *Ss R e f o r m a t t e r
o n l y *2 .

b e s e t t o$ 3 .
I

4 .
a S

i l li M ,

Figure 4-i_ Memory MaPCRT Controller Mod M o d u l eC o n t r o l l e ru l e B l o c k C R T4 - 2 .D i a g r a m F i g u r e
4 - 2 4 - 3



T a b l e 4 - 1 . B a s e A d d r e s s S e l e c t
C o n t r o l c i r c u i t

CRT Controller Module I/O Addresses T h e B a s e A d d r e s s D e c o d e r ( Z 2 1 ) » w i t h t h e

switches (Sl-1 through Sl-4), the Bank Select
,the ROM Disable Jumper (El) and the read/write an

t h e o n b o a r d
( 1 ) ( Z 1 2 - 3 )CRTC

R e g .
R e g i s t e r N a m eA d d r . R e g i s t e r U n i t s R / W d e v i c e s e l e c t s f o rphase 2c lock s igna ls , generate

RAM, and I/O (CRTC device and Display Enable Status
switches allow the module to

Within the selected 4K block, the
8pages (2K bytes), and the I/O to

When the ROM is

X 8 0 0

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 0 1

X 8 8 0

ROM,CRTC Status Register
CRTC Address Register (3)
H o r i z . To t a l C h a
H o r i z .

H o r i z .

H T h e B a s e A d d r e s s S e l e c tB u f f e r ) .

b e s e l e c t e d t o a n y 4 K b l o c k ,

R A M i s a s s i g n e d t o t h e l o w e r
the first 256 bytes of the upper 2K bytes.

L
R 0

r s
N o . o f C h a r s / R o w
N o , o f C h a r s / R o w
C h a r a c t e r P o s i t i o n

No,	 of	 Scan	 Lines,	 Char
No.	 of	 Char	 Rows

No.	 of	 Scan	 Lines

N o . o f C h a r R o w s

N o . o f C h a r R o w s

LR 1 Displayed Chars
S y n c P o s i t i o n

VSVNC, HSYNC Widths

L
R 2

lected and the module
When the ROM is

w i t h s e v e n

disabled, only the RAM and I/O can be se
is assigned 9pages (2304 bytes) in
enabled, the module is assigned the full 4K bytes,

addition to the RAM and I/O.

LR 3

L m e m o r y »R 4 V e r t i c a l T o t a l
Ve r t i ca l Ad jus t
Vertical Displayed Rows
Vertical Sync Positi
Mode Cont ro l
Scan L ine

R o w s

L i n e s
LR 5

LR 6 pages for ROM, in
R 7 L

l i e d o s c i l l a -o n
1 2 M H z c r y s t a l - c o n t r o

ference for the shift regls-
Select jumper (E2)

,40 characters per l ine
s tandard te lev is ion

LR 8 T h e C o n t r o l l e r C l o c k u s e s a
R 9 tor to derive a6MHz or 12 MHz re

t h e D o t C l o c k

L

N o . o f S c a n L i n e s LR 1 0 t e c d o t c l o c k d e p e n d i n gCursor start Line
Cursor End Line

Display start Addr (h)
Display start Addr (L)
Cursor Posit ion
C u r s o r P o s l '

Light Pen Registe
Light Pen Registe

S L a t u

B i t 7 - 0
B i t 7 -

o n

Scan L ine No .
S c a n L i n e

R l l the 6MHz clock, up toL W i t hp o s i t i o n . u s i n g a nN o . m o n i t o r o rLR 1 2 c a n b e d i s p l a y e d o n a n y b e a c h i e v e dto 80 characters per line
high bandwidth monitor.

(Z4) to provide aCharacter
t h e S h i f t

c a n
R 1 3 L R F m o d u l a t o r . U p

w i t h t h e 1 2 M H z

c l o c k i s d i v i d e d b y s e v e n
t h e C R T C d e v i c e a n d a - -

T h e d o t

C l o c k f o r
R 1 4 L / H c l o c k a n d a

Addr (H )
Lion Addr (L)

R 1 5 L / H

load character signal forR 1 6 H
L ( H ) ( 4 )
L ( L ) ( 4 )

R 1 7 H R e g i s t e r ( Z 7 ) .
H

f o rf d i s p l a y m e m o r y ,
8 0 c h a r a c -(Z10) provides 2K bytes o

2 5 l i n e s

H T h e R e f r e s h R A M

d e n s i t i e s o f u p t o
The RAM is

t h e d i s p l a y c a n

8 R e f r e s h
1 D i s p l a y

wi th as many as
s c r e e n

t e r s e a c h .
the RM 65 memorydirect ly mapped Into

be updated by
Refresh RAM Multiplexers (Zll

the RM 65 bus

memory move or
,Z16 and
a n d t h e

the RM S5 bus

b l o c k
m a p , s o

u n d e r D M A c o n t r o l .
Z20), and RAM Transceivers
C R T C d e v i c e t o b o t h a c c e s s

n o t e s

assigned Base Address
1 . T h eXcorresponds to the(see Section

2-	 X802 through
i>iL 0value.

(Z24) allow
the Refresh RAM, with2 . 2 . 1 ) . o f a n y h e x v a l u e

X 8 7 F dundantlyr e c o n fl i c t o c c u r s .maps X800 and X801, depending having pr ior i ty when anyo n

through X8FF r
●Not used on the rm 65

RM 65 BUS to(23-3) allows the
display memory

edundantly maps
-CRTC module.

B u f f e rX 8 8 0 . The Display Enable Status
active display times, som o n i t o r t h e

t r a n s f e r s c a n
v i s i b l eb e m a d e w i t h n o

4 - 4 4 - 5



-

The Character Generator ROM (Z8) holds
c h a r a c t e r s e t .

w i t h 1 0 s e v e n - b i t

r o w a d d r e s s l i n e s

(RM 65 Bus) Pin Assignmentst h e f o n t s f o r t h e

a s 2 5 6 c h a r a c t e r s , e a c h
Ta b l e 4 - 2 . C o n n e c t o r P I

T h e s e f o n t s a r e s t o r e d

rows (see Appendix E) . T h e f o u r C R T C d e v i c e

and the eight Character Latch bits,
hold the character being refreshed.
C h a r a c t e r g e n e r a t o r R O M .

I n p u t /
O u t p u tS i g n a l

M n e m o n i cw h i c h

c r e a t e a n a d d r e s s f o r t h e

o f t h e R O M , w h i c h I s
T h e S h i f t

T h e

S igna l NameP i n

The output data Connected (See Note)
Connected (See Note)

+5 Vdc (See Note)

+5 Vdc (See Note)
G r o u n d

N o tW as e v e n p a r a l l e l b i t s , - -
R e g i s t e r t a k e s t h i s d a t a

represents the display pattern.
— I a n d f o r m s t h e

N o tW c
s e r i a l v i d e o d a t a ,

e r s t h e s e r i a l v i d e o d a t a w i t hVideo Summer combines and buff + 5 VX a

CRTC device timing signals to fo
c o n n e c t o r P 2 a n d s e p a r a t e

sync outputs at connector P3.

+ 5 VX c
r m a c o m p o s i t e v i d e o o u t p u t a t

— s y n c , a n d v e r t i c a l
G N Dl av ideo , hor i zon ta l

+ 5 V d c

B u f f e r e d B a n k A d d r e s s
A d d r e s s B i t 1 5

+ 5 VI c
I

B A D R /

B A 1 5 /

2 a
I

B u f f e r e d

G r o u n d

B u f f e r e d A d d r e s s
Buffered Address Bit 13

2 c
4 . 2 INTERFACE DESCRIPTION G N D3 a

IB i t 1 4
B A 1 4 /

B A 1 3 /

B A 1 2 /

B A l l /

3 c
I

Tsble 4-2 lists the pin connections for
transferred between the CRT Controll
the RM 65 Bus.

4 a
It h e I / O s i g n a l s

e r m o d u l e c o n n e c t o r P I a n d

B i t 1 2B u f f e r e d A d d r e s s
Buffered Address Bit 11

4 c I

5 a

G r o u n d

B u f f e r e d A d d r e s s
Buffered Address Bit 9
B u f f e r e d A d d r e s s

Buffered Address Bit 7
G r o u n d

B u f f e r e d

B u f f e r e d A d d r e s s

B u f f e r e d A d d r e s s
B u f f e r e d A d d r e s s

G r o u n d

Buffered Address
B u f f e r e d A d d r e s s
Buffered Address
N o t u s e d
G r o u n d

Not Used
Not Used

N o t u s e d
N o t u s e d

G N D5 c IB i t 1 0
Table 4-3 lists the pi
S y n c c o n n e c t o r P 3 .

B A 1 0 /

B A 9 /

B A 8 /

B A 7 /

6 an c o n n e c t i o n s f o Ir t h e S e p a r a t e V i d e o a n d
6 c IB i t 8
7 a I

Table 4-4 describes the RM 65 interface 7 c
s i g n a l s o n c o n n e c t o r P I ,

G N D8 a I
A d d r e s s B i t 6

B i t 5

B i t 4

B i t 3

B A 6 /

B A 5 /

B A 4 /

B A 3 /

8 C I

9 a I

9 c I

1 0 a

G N D1 0 c IB i t 2

B i t 1

B i t 0

B A 2 /

B A l /

B A 0 /

1 1 a I

l i e I

1 2 a

1 2 c

G N D1 3 a

1 3 c

1 4 a

1 4 c

1 5 a

4 - 6 4 - 7



PI (RM 65 Bus) Pin Assignments
( C o n t i n u e d )

T a b l e 4 - 2 . T a b l e 4 - 2 . C o n n e c t o rConnector PI (RM 65 Bus) Pin Assignments
( C o n t i n u e d )

I n p u t /
O u t p u tS i g n a l

M n e m o n i c
S i g n a l

M n e m o n i cI n p u t /
O u t p u t

S igna l NameP i n P i nS igna l Name

I / OB u f f e r e d D a t a B i t 0
+ 5 V d c

G r o u n d

+5 Vdc (See Note)
+5 Vdc (See Note)

Connec ted (See No te )
Connec ted (See No te )

1 5 c G N D B D 0 /G r o u n d

N o t U s e d

N o t U s e d

N o t U s e d

N o t U s e d

G r o u n d

N o t U s e d

Not Used
Not Used
Not Used
G r o u n d

Buffered Read/Write "Not"
Not Used
Not Used

B u f f e r e d
Ground

Buffered Bus
Not Used
Not Used
B u f f e r e d

C l o c k

G r o u n d

3 1 c
1 6 a + 5 V3 2 a

1 6 c G N D3 2 c
1 7 a

+ 5 VY a
1 7 c + 5 VY c
1 8 a G N D N o tZ a
1 8 c N o tZ C
1 9 a

1 9 c
N O T E

2 0 a

Yc , Za and Zc a re
v e r s i o n o n l y ,

signal active at negative

X a , X c , Ya ,2 0 c P i n s W a , W c ,
available on Edge Connector

1 .G N D

2 1 a B R / W /
I2 1 c "/●● suffix denotes

or low vol^qe level.
2 .

2 2 a

2 2 c B R / R
R e a d / W r i t e I2 3 a G N D Video) Pin AssignmentsP 3 ( S e p a r a t eC o n n e c t o rT a b l e 4 - 3 .2 3 c B A C T /

A c t i v e
2 4 a 0

O u t p u t
D r i v e2 4 c S i g n a l

M n e m o n i c
I / O

S igna l Name2 5 a P i nB 0 2 /
P h a s e 2 " N o t " I T r i - s t a t e0

D i s c r e t e V i d e o
G r o u n d

vertical Synchronization
G r o u n d

H o r

G r o u n d

V I D E O1
2 5 c G N D

G N D2 T r i - s t a t e2 6 a B 0 2 0
B u f f e r e d
N o t U s e d

Buffered Data Bit 7
Buffered Data Bit 6
G r o u n d

Buffered Data Bit 5
Buffered Data
Buffered Data
Buffered Data
G r o u n d

Buffered Dat

P h a s e 2 C l o c k V S Y N C

G N D

H S Y N C

32 6 c I

4 T r i - s t a t e2 7 a 0B D 7 /

B D 6 /
izontal Synchronizati o n

52 7 c I / O
G N D62 8 a I / OG N D

2 8 c BD5/

B D 4 /

B D 3 /

BD2/

N O T E2 9 a I / O
T T L l e v e l :B i t 4

B i t 3

B i t 2

2 9 c d e fi n e d a sI / O i sT r i - s t a t e o u t p u t
3 0 a I / O — 2 . 6 m A

= 2 4 m A
ÔH

3 0 0 I / OGND I O L
3 1 a

B D l /
a B i t 1 I / O
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0
65 Bus) Signal DescriptionsT a b l e 4 - 4 . Connector PI (rm 65 Bus) Signal Descriptions Ta b l e 4 - 4 . C o n n e c t o r P i ( R M

( C o n t i n u e d )

S i g n a l
M n e m o n i c Signal Name and Signal Descrlpti o n S i g n a l

M n e m o n i c
and Signal Descript ionS igna l Name

+ 5 V
- f S V d c

+5 Vdc supplied to the module from the RM 65 Bus.
G r o u n d

Sys tem g round .

B u f f e r e d R e a d / W r i t eB R / W

d i r e c t i o n o f d a t a t r a n s -G N D Th is s igna l ind ica tes the
Ahigh BR/W (read operation) to

T r a n s c e i v e r s
£ e r o n t h e b u s .

addressed module enables the Dataa n

BA0/ -BA15/ t h e m o d u l e o n t oButtered Address Bits a- i t to t ranster the 8-b i t data t rom
A l o w BR/B (write operation) to an

the Data Transceivers toSixteen address lines
from the RM

t h e B u s .

a d d r e s s e d m o d u l e e n a b l e s
t r a n s t e r a 1 6 - b i t a d d r e s s

65 Bus to the module. t h e m o d u l e .transter data trom the Bus onto
Buttered Read/Write “NOT"

B A D R / B u f f e r e d B a n v A d d r e s s
B R / W /

Ahigh BADR/ addresses
memory bank;
(Bank 1)

B u t t e r e d P a r ; .

E i g h t b i d i r e c t l
B - b i t d a t a
the modu le

B u f f e r e d R n a

o f d a t a t r a n s -

o£ BR/B) .
signal indicates the direction

the bus ( the logica l inverse
the lower 65K (Bank 0)

a l o w B A D R / a d d r e s s e s t h e
T h i s

t e r o n

R..ffered Phase 2Clock

u p p e r 6 5 K
memory bank.

BD0 / -BD7 / B 0 2B i t s 0 - 7 transfers on theThe B02 signal synchronizes data
Addresses are set up during the negative

Ing the posi t ive

o n a l d a t a l i

bytes between the
and the rm 65

nes tor transferring
Data Transceivers in

R M 6 5 B u s .

portion, and data is set up dur
p o r t i o n .

B u s .
B A C T /

. A c t i v e ■N O T "n „ f f » r e d P h a s e 2 C l ^ c j jB 0 2 /
Alow BACT/ indicates that
a d d r e s s e d a n d t h e
e i t h e r t h e

o n t h ed a t a t r a n s f e r s
£ B 0 2 ) .

the module has
Data Transceivers The B02/ signal synchronizes

R M 6 5 B U S

b e e n

a r e e n a b l e d i n ( the log ica l Inverse or e c e i v e ( w r i t e
(read operat ion) dl

o p e r a t i o n )

Ahigh BACT/ indl
vers are disabled.

e r t r a n s m i t
r e c t i o n .

c a t e sthat the Data Transcei N O T E 1

the RM 65f a c e d t o a n d t r o m
l e v e l s .

A l l s i g n a l s i n t e r
B u s a r e d r i v e n a t T T L v o l t a g eN O T E

^11 signals interfaced
a r e d r i v e n

fo and from the
voltage levels.

' l i
Bus R M 6 5

a t T T L

4 - 1 14 - 1 0
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A P P E N D I X A

ASCII CHARACTER SET

D E C A S C I IH E XA S C I IH E X D E CH E X D E C A S C I IH E X D E C A S C I I

9 66 06 44 03 2 S P2 00 N U L0 0 9 7 a6 16 5 A4 12 1 3 30 1 I S O H b9 86 26 6 B4 23 42 2S T X0 2 2 63	 99C6 74 33 5 «2 30 3 3 E T X 1 0 0 d6 406 84 4S3 62 4E O T0 4 4 1 0 1 e6 56 9 E4 53 7 %2 5 1 0 2 f
1 0 3 g
1 0 4 h

0 5 5 E N Q 6 6F7 04 63 8 &2 60 6 6 A C K 6 77 1 G4 73 92 70 7 7 B E L 6 87 2 H4 8(4 02 8 i8 B S 1 0 56 9I7 34 94 1 )2 90 9 9 M T 106	 3
1 0 7 k

6 AJ7 44 A4 22 AL FOA 1 0 6 B7 5 K4 B4 32 B 11 1 V T 1 0 8OB 6 C7 6 L4 C4 42 C1 2 F F 1 0 9 m
1 1 0 n

0 C 6 D7 7 M4 04 52 01 3 C R0 D 6 E7 8 N4 E4 62 ES O0 E 1 4 1 1 1 o6 F07 94 F/4 72 F 1 1 2S I P0 F 1 5 7 08 0 P5 04 83 0D L E1 6 1 1 3 q7 1
Q5 1 8 114 93 1D C l 1 1 411 1 7 r7 28 2 R5 225 03 2 1 1 5 s1 8 D C 21 2 7 3S8 35 335 13 3D C 31 3 1 9 1 1 6 t7 4T8 45 445 23 4 1 1 7D C 4 u1 4 2 0 7 58 5 U5 555 33 5 1 1 8 V1 5 2 1 N A K 7 6V8 65 665 43 6S Y N 1 1 9 w1 6 2 2 7 7W8 75 775 53 7 1 2 0 XE T B1 7 2 3 7 8X5 885 63 8 1 2 1 yC A N1 8 2 4 7 9Y8 95 995 73 9 1 2 2E M z1 9 2 5 7 AZ9 05 A {5 8 1 2 33 AS U B2 6 7 Bl A [9 15 B I5 9 1 2 43 B2 7 E S C 7 CI B \9 25 C6 0 < )3 C 1 2 51 C 2 8 F S 7 019 35 D6 1 1 2 63 DG SI D 2 9 7 E9 4 f5 E D E L6 2 > 1 2 73 ER S 7 F3 0I E 5 F 9 56 33 FV SI F 31

N O T E

- D a t a L i n k E s c a p e
- D e v i c e C o n t r o l
_Negative Acknowledge
-synchronous	 _
- E n d o f T r a n s m i s s i o n
- C a n c e l
. E n d o f M e d i u m
- S u b s t i t u t e
- E s c a p e
- F i l e S e p a r a t o r
- G r o u p S e p a r a t o r
- R e c o r d S e p a r a t o r
- u n i t s e p a r a t o r
-space (Blank)
- D e l e t e

O L E
- N u l l
- S t a r t o f H e a d i n g
- S t a r t o f T e x t
- E n d o f T e x t
- E n d o f T r a n s m i s s i o n
- E n q u i r y
- A c k n o w l e d g e
- B e l l

- B a c k s p a c e
- H o r i z o n t a l Ta b u l a t i o n
- L i n e F e e d
- v e r t i c a
- F o r m F e e d
- C a r r i a g e
- S h i f t O u t
- S h i f t i n

N U L D C
S O H N A K
S T X B l o c kS Y N
E T X E T B
E O T

C A N
E N Q EM
A C K S U B
B E L

F S C
B S F S
H T G S
L F R S

1 T a b u l a t i o nV T U S
F F S P

R e t u r nC R D E L
S O
S I

A - 1
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A P P E N D I X B

SCREEN FORMAT VALUESPREPROGRAMMED AND USER-DEFINED

This appendix describes the pre-programmed screen parameters
a u s e r d e fi n e d s c r e e n

I f t h e p r o g r a m

M S O 0
2 3 4L S D 5 6 7000 001 010

n u l d l e
S O H D C I
S T X D C 2

O i l t h e s e p a r a m e t e r s f o r1 0 0 1 0 1 1 1 0 1 1 1 a n d h o w t o c o m p u t e

format when using the CRT module Program ROM.
ROM is not being used, the procedure to compute the screen

the R6545-1 CRTC dev ice

0 0000 S P 01 P0001 pI
12 A Q0010 a q
23 B R0 0 1 1 b rE T X D C 3 #

E O T D C 4 s
e n q n a k %

a s f o r3 C i s t h e s a m e

I/O dependent rather
4 S0100 c s parameter values for

the Program ROM, however the addresses are
than those specified for the Program ROM, Figure B-1

45 0 T0101 d t
E U6 e0 11 0 ua c k s y n &7 6 F0111 V fB E L ETB V

78 G1 0 0 0 WB S 9C A N w
i l l u s t r a t e s t h e s c r e e n p a r a m e t e r s .( 89 1 0 0 1 H X hH T E M X

) 9A 1010 I YL F iS U B y
2B 1 0 11 1 2V T PREPROGRAMMED FORMATSE S C B . lC 1 1 0 0 K ( kF F {FS0 11 0 1 < L \C R I 1G S t o r e d i n t h eE parameter tables s

should be auseful
1110 MS O m T h e c o n t e n t s o f t h e f o u r s c r e e n

shown in Table B-1.
RSF 1 1 1 1 > NS I t nVS T h e s e

- d e fi n e d t a b l e .

I 0 0 D E L fi r m w a r e a r e

re fe rence in se t t i ng up auser
b y t e i s g i v e n h e r e
t h e f o l l o w i n g s e c t i o n .

0 o f e a c hT h e n a m e

is given indescr ipt ion of each byte
Defined Screen Format".

a n d a

" U s e r

USER-DEFINED SCREEN FORMATn u l - N u l l

of Heading—Start of Text ^
—End of Text
-EndofTransm
—enquiry
3Acknowledge
—Backspace

-Shift In

B . 2
S O H

51;̂  —Data Link Escape
— D e v i c e C o n t r o l
—Negative Acknowledge

SYN —Synchronous Idle
E T B

t h e I n i t i a l i z a t i o n
b e u s e d .

The 12-byte format table must be set up in
The MSB of the starting address must be

LSB of the starting address in va
Either of the cold start entry

with the method for
Ta b l e B - 2 .

STX
4 b e f o r e c a l l i n g

- d e fi n e d s c r e e n

D C
S e t t i n g v a r i a b l e TA B L E t oE T X

N A K f o r m a t I s t oEOT
P r o g r a m i n d i c a t e s a u s e rENQ i s s i o n

—End of Transmission Block
C A N — C a n c e l

—End of Medium
SUB —Subst i tu te
ESC —Escape

—File Separator
—Group Separator
—Record Separator
—Unit Separator
-Space(Blank)de l -De le te

A C K
B E L

E MB S
H T XADDR ($0363) and the

X A D D R + 1 ( $ 0 3 6 4 ) . L
b e c a l l e d ,

d e t e r m i n i n g t h e v a l u e

L F a t i o n
FSV T
G S A d e fi n i t i o n o f e a c h b y t eF F i o n
R SC R

i s s h o w n i nU SS O
S PSI

B - 1A - 2
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F o r m a t Ta b l e sF i r m w a r e S c r e e nT a b l e B - 1 .

U . S .
T A B L E « 3

E u r o p e
T A B L E * 2

U . S .
T A B L E - 1

E u r o p e
T A B L E - 0

N a m eB y t e N o . 5 2 5 s c a n6 2 5 S c a n
( 2 5 X 4 0 )

5 2 5 S c a n
( 2 2 X 7 2 )

6 2 5 S c a n
( 2 5 X 8 0 )

( 1 6 X 4 0 )

545 41 0 81 0 8H o r i z o n t a l
T o t a l

H o r i z o n t a l
D i s p l a y e d
H o r i z o n t a l
S y n c
P o s i t i o n

S y n cI d t h s

V e r t i c a l
T o t a l R o w s

1

4 04 07 28 02
N U M i l P I o t mohuowtai. total CHAAACTIM (KOI 4 54 48 58 9O ' m o a . j o k t a l 3WUVID CHAAACTCRI ( N l )

$ 5 5$ 5 5$ 5 9$ 5 94
N U M O C R O f
SCAN LINtI IN»> .

- C U M O N S T A M T L I N S I R 1 0 )

'CUfltOR INO LINC (Rtl)

w
2 63 12 63 15 5

SltlSJ AOORMi tow INUl

2222v e r t i c a l
T o t a l
A d j u s t
V e r t i c a l
D i s p l a y e d
V e r t i c a l
S y n c
P o s i t i o n

S a m e a s

b y t e 2
S a m e a s

b y t e 7
T o t a l
C h a r a c t e r s
( M S B )

T o t a l
C h a r a c t e r s
( L S B )

6N U M I f I I o r
V I A T I C A L
O l t A L AV
R O W S

1 6N U U R C R O f
V t R T I C A L
T O T A L

2 5( R « l
2 2H O R I Z O N T A L

R t T R A C I
R f R M J O
I N O N - O l t A L AV I

2 5
7

2 1(R4)
2 8I 2 42 8O I S R L AV H R I O O 8

7 28 0
9

1 62 52 22 5R I R I O O 1 0

$ 8 0$ 0 3V I R T I C A L
T O T A L
A O i u r r < R fi

$ 0 6$ 0 7
1 1

$ 8 0$ E 8$ 3 0$ D 01 2

Figure B- i , Screen Pa r a m e t e r s

B - 3B - 2
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T a b l e B - 2 . Screen Parameter Screen parameter Table (Continued)T a b l e T a b l e B - 2 .

B y t e N o . p a r a m e t e r D e fi n i t i o nParameter Definition B y t e N o .

1 H o r i z o n t a l To t a l
played and non-displaved^rT ~total of dls-per horizontal line, ̂ if ĵ ®'̂ ®'=ters, minus one,
tion A(6 MHz dot clock?	 * " P ° s l -be 54.	 C l o c k ) , t l i e n t i l l s b y t e w i l l

A 7 - b i t v a l u e c o n t a i n i n gV e r t i c a l T o t a l R o w s -
the to ta l number character rows, minus one,

fHTs value may be calculated by.

5

i n a f r a m e .

1 5 7 2
f rame c req" . (Hz) "

( E q . 2 )
B y t e 5 =

2 H o r i z o n t a l D l s n i . . , „ . .
r s “ T h e n u m b e r o f is normally 50 Hz or 60 Hzw h e r e f r a m e f r e q .

3 Horizontal Syne Pogj
Lion on the hoFI“ vertical Total Adiust -A5-blt value containing

the numberof addtff^nal scan lines	 ^complete an entire frame scan. Together, byte 4
and byte 5determine the overall f”"’®	 j
synrpulsL?'“'lypIcally?“t!lis will be equal to
'̂’?t?;̂ i:d̂ r?e"d̂ ?:undid\̂ r̂in̂ ?;qer

n u m b e r .

-zonta 1	 ~ c h a r a c t e r p o s i -sync occurs. NormallJ	 horizontal
the same number of non a? fcentered screen,Shou dbe cn the	 c h a r a c t e r s
displayed characters? Th?S	 ‘heThis Is calculated by

6

t h e f o r m u l a :

B y t e 3 = m u

i m * - Hsync Pulse Width -
’	 ( E q . 1 )Byte 2) vnrMral Displayed Rows -A7-blt value defining^hn number o^ dlspla^ character rows in each

f r a m e .

vertical Svnc position -A7-blt value defining
the character row at-^hich ‘he vertical sync

’lines at the top of "he screen to
d̂ JrLL-ŝ rrhrscr̂ n

As the Byte 3vai
By te 1va lue , the d i towards the
B^'	 By eP ^ysd screen will .ove to

defined below.	 vertlHli	

7

8

4 r a c t e r s . I t

_ - T h e w i d t h
s y n c p u l s e s a s

s c a n

s t a b i l i z e ,
s c r e e n m o v e s u p
m o v e s d o w n .

V r ^ - n ^ . .
8 4 2 1 8 4T 2 v a l u e a s b y t e 2 .

v a l u e a s b y t e 7 .

1 This byte must be the same

This byte must be the same

9
T

1 0

~HSVnc Pulse width
The width of the

°f cha	 n u m b e r
t i m e s

Characters_ZScrey;^^ -	 This
--	 ^ ’%B 0̂̂ "onvê ?:ed ?rĥ xad%clmal is

this byte would be set to $07
2 5 X 8 0 s c r e e n .

N o .1 1

c h a r a c t e r s .

$ 0 7 D 0 . T h u s ,
( t h e M S B ) f o r a

t a c t e r c l o c k
(CCLK) .— V S V N C Pulse W i d t h

No. Character.s/Screen (ES _̂̂ -̂ Jhls hytê ‘̂ ^̂ _̂ipTOTcmB^^	 would be set
t o S D 0 , t h e L S B .

The W i d t h
1 2p u l s e f

S c a n l i
v e r t i c a l s y n c

n u m b e r o fa l l - 0 4 - 7 a r e

1 6 s c a nl i n e s
Normally
and $55 fo

t h i s I ●

r t h e 6'"^i 11 be I'
MHz ciS59 for

- o c k . bhe 12 MHz dot

B - 4
B - 5
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I
(MSB) to point to theUsing Table B-1, Table B-2 and

r e f e r e n c e s , a u s e r - d e fi n e d
Change locations $363 (LSB) and $364
table start address. In this case, $0200.

the screen diagram Figure B-1 as
screen format table can be prepared,

a l o n g w i t h t w o m e t h o d s f o r

( b )

An example of this Is given
I n i t i a l i z i n g t h e s c r <M>-0363 WW XX YV ZZ

< /> 0363 00 02
s e n t o t h e s e p a r a m e t e r s .

B . 3 EXAMPLE OF USER- I n t 1 a f t e rdefined SCRERM format In i t ia l izat ion program f rom entry po( c ) R u n

s e t t i n g T A B L E - 4H e r e i s a n

p r o g r a m t o c r e a t e

e x a m p l e o f t h e procedure and assembly language
X 2 5 r o w s c r e e n f o r a 6 0 H z

First, determine bytes

<M>-035A WW XX YY ZZ
</> 035A 04

< * > - 9 9 0 0
< G > / .

« 8 0 c o l u m n
screen rate on amonitor,
t h e s c r e e n 1 t o 1 2 f o r

parameter table.

B y t e 1 .

B y t e 2 = 8 0

B y t e 3 = .

T f u n c t i o n a s

$B000 the CRT may be
108 (for 12

(char/row)

(108-9-80)/2

559 (for 12
1 5 7 2 / 6 0 .

( . 2 ) X

25 (rows)

25 (ve r t i ca l

the software to perform the some
By put t ing th is

format by typing the "5" Key.

MHz do t c loc ic ) H e r e i s

d e s c r i b e d a b o v e .
I n i t i a l i z e d t o t h i s

a t

+ 8 0 . 8 9 . 5 - 8 9

MHz do t c loc ) t )

2 6 . 2 . 2 6

2 ( s c a n l i n e s a d j u s t )

( E q . 1 )
B y t e 4 -

B y t e 5 »

B y t e 6 .

T A B L E - $ 0 3 5 A
TABLOW -$0363
TABHGH -$0364

. $ 9 9 0 6

pnRMAT TABLE ADDRESS (LSB)
(FORMAT TABLE ADDRESS (MSB)return with an RTS
1

!I N I T

(10) L D A # $ 0 4
S T A T A B L E
LDA »<T2580
S TA TA B L O W
LDA #>T2580
S TA TA B H G H
J S R I N I T
J M P M A I N

.BYT $6C,$32,$59,$1A,$02,$19,$19
$50,$19,$07,$D0

S TA RTB y t e 7 .

B y t e 8 =

sync after 25th row displayed)B y t e 9 . 8 0 (chars/row)
25 (rows)
8 0 X 2 5 >

' L S B o f

B y t e 1 0 .

B y t e 11 .

Byte 12
T 2 5 8 02 0 0 0 = $ 0 7 D 0

$07D0 =$D0
M S B . $ 0 7 . B Y T

]USER SOFTWARE HERE
M A I N

Once the 12 bytes
t h i s f o r m a t

a r e

through the
defined, the
- K e y b o a r d

s c r e e n m a y b e I n i t i a l i z e d t o

through aprogram.o r

From the keyboard,
numbers must be

I

t h e p r o c e d u r e i s r -

to hexadecimal):
as fo l lows (a l l dec imalc o n v e r t e d

I
( a ) Enter 12 bytes

tab le In to

<M>-0200 ^
</> 0200 6C
</> 0204 lA
</> 0208

niemory

XX YY ZZ
p59 59
02 19 19

' 0 7 D 050 19

B - 7B - 6
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'II
A P P E N D I X C

PROGRAM ROM VARIABLES

The program ROM uses RAM from SOB through SDE and $0347 through
S03B5 Inclusive for variables. These locations y
overwritten (with afew exceptions) without

Tables C-1 and C-2 summarize the

n o t b e

c a u s i n g i m p r o p e r

C RT C m o d u l e o p e r a t i o n ,
variables, their locations and their use.

ROM page ZeroT a b l e C - 1 . P r o g r a m

D e s c r i p t i o nA d d r e s s

( H e x )

N o .

B y t e s
N a m e

addressing and self-U s e d f o r i n d i r e c t

test routine (LSB/MSB)
B S TA R T2D B - D C

a d d r e s s d u r i n g
r e a d f r o m

a n d

used to store CURSOR
processing,
the 6545 CRTC

r e w r i t t e n t o
the Display program

Assembler Reformatter

CURSOR2D D - D E CURSOR value is
device upon entry to,

e x i t f r o m .t h e 6 5 4 5 u p o n

(LSB/MSB) .

v a r i a b l e s .
3F 0 - F 7

C - 1
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T a b l e C - 2 . Three Variables (Continued)Program ROM Page Three Variables Ta b l e C - 2 . P r o g r a m R O M P a g e

A d d r e s s
( H e x )

N o .
N a m eB y t e s D e s c r i p t i o nD e s c r i p t i o n A d d r e s s

( H e x )

N o .
N a m e

B y t e s
0 3 4 7 -

0 3 4 8

2 SCRMAX whether special AIM 65Number of characters/screen F l a g i n d i c a t i n g
processing should be skipped.

»Skip AIM 65 processing
=Perform AIM 65 processing but

A I M 6 510 3 5 7

0 3 4 9 1 ROWMAX Number of rows/screen

Number of columns/screen
End address +1

re f resh RAM.

" P a s s

0 3 4 A 11 COLMAX
l i n e f e e d s ( S 0 A )

65 processing with
i g n o r e

> 1 » P e r f o r m A I M

l i n e f e e d s

0 3 4 B -

0 3 4 C

2 E N D
O f c u r r e n t s c r e e n w i t h i n

0 3 4 D 1 D L E c u r s o r i s p o s i -

n u m b e r e d 0 , 1 , 2 . . .

c u r s o r i s p o s i -

n u m b e r e d 0 , 1 , 2 . . .

s i z e t a b l e t o

through next character"
*Don ’ t pass th rough

1=Pass through
● I n s e r t c h a

C u r r e n t r o w n o . , w h e r e
t i o n e d .

Current column no., where
C o l u m n s a r e

fl a g R O W10 3 5 8
R o w s a r e

0 3 4 E C O L11 0 3 5 9I N C H
r a c t e r m o d e " fl a g

* N o t i n s e r t m o d e
t i o n e d .

parameter specifying screen
b e u s e d .

T A B L EP P - 10 3 5 AI n s e r t m o d e
0 3 4 F i e p l g "Escape Sequence"

®=Not escape
l i n e s )= 2 5 X 8 0 ( 6 2 5 s c a n

72 (525 scan lines)
fl a g
s e q u e n c e 1 = 2 2 X

40 (625 scan lines)
l i n e s )

1 - E S C r e c e i v e d
2 “ E S C »

2 = ■ 2 5 X

3 . 1 6 X 4 0 ( 5 2 5 s c a nr e c e i v e d

X r e c e i v e d3 “ E S C = ● u s e r d e fi n e d
> 4 = d e f a u l t s

4 =
0 3 5 0 to 22 X72 table1 g r a p h "Graphic Mode"

0 - N o t

P F = .

fl a g
g r a p h i c s m o d e

G r a p h i c s m o d e

f A I M 6 5t a k i n g p l a c e oC h a r a c t e r c o u n t e r
■CURP02' ($A415),

C U R P 210 3 5 B

0 3 5 1 1 I N V E R S Iwhich user must
Assembler Heformatter

u s e r p r o g r a m .

" Inverse v ideo" Address (LSB, MSB)fl a g

= N o t i n v e r s e v i d e o
E C H O20 3 5 C -

c h a n g e t o h a v e
echo its output to a

0 3 5 DF P «

Display start address -
refresh RAM whe

Saves Vposition for ESC =
Temporary X-register
L o c a t i o n

D isp lay

I n v e r s e v i d e o
0 3 5 2 -

0 3 5 3
2 d s t a r l

d s t a r h
of Oharacters/llne

be output -display
i s e x c e e d e d .

Maximum number
t h a t c a n

i f t h i s

t h e a d d r e s s i n
s t a r t s .

C M A X1 w i l l f r e e z e0 3 5 E
t e t h i s s c r e e n0 3 5 4

1 y s A v
u p

v , x0 3 5 5 o v e r w r i t e1 X S AV c u r s o r t o

"OFF" messages.
t o b a c k u pC o u n t e r

printer "ON" and
X o n e n t r y

P R F L G10 3 5 6 s a v e ,

command/data passed

0 3 5 F
1 a s a v

t o s a v e

p r o g r a m .

e x i t .a n d r e s t o r e o nt o
S a v eX X X10 3 6 0

C - 2 C - 3
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0 h ,

T a b l e c - 2 . Program ROM Page Three Variables (Continued) T A B L Ea .

TABLE (S035A) Is the parameter which determines the video
format upon Initialization. The five possibilities for
this parameter are listed below. This should be set to
the desired value before the Initialization program is
c a l l e d ( s e e Ta b l e C - 3 ) .

A d d r e s s
( H e x )

N o .
N a m eB y t e s D e s c r i p t i o n

0 3 6 1 1 Y Y Y S a v e Y o n e n t r y a n d r e s t o r e o n e x i t .
Y r e s e t t o 5 8 w h e n C M A X = 5 9 , Y Y Y = 5 9 ,
and AIM65 /0 to limit EDITOR buffer to
5 9 c h a r a c t e r s .

0 3 6 2 1 X X 2 Another temporary Xsave.
L S B ,

u s e r - d e fi n e d

App l i es when In i t l a l l za t i
cal led with TABLE -4.

Variable TABLE OptionsT a b l e C - 3 .
0 3 6 3 -

0 3 6 4
2I * XADDR MSB pointing to start address of

s c r e e n - f o r m a t t a b l e ,

o n p r o g r a m

V a r i a b l e
T A B L E

M e a n i n g

6 2 5 h o r i z o n t a l0 3 6 5 I n i t i a l i z e t o 2 5 x 8 0 s c r e e n -
l i n e s ( E u r o p e ) ( C R T )

1 C 0 L 2 Keeps traclr of the number of characters
s i n c e l a s t

s c a n

c a r r i a g e r e t u r n .
0 3 6 6 -

0 3 B 5
- 5 2 5 h o r i z o n t a lD B U F F I n i t i a l i z e t o 2 2 x 7 2 s c r e e n

l i n e s ( U . S . ) ( C R T )80 character buffer used for INSERT/
d e l e t e l i n e
c o m m a n d s

1

r \ s c a n

and INSERT/DELETE CHAR I 6 2 5 h o r i z o n t a l.Locations $0366 through $03E5
"'ey be overwritten between calls to the
ieplay program with no effect,

l o c a t l

I n i t i a l i z e t o 2 5 x 4 0 e = t e e " '
(Europe) (CRT or TV)

2
s c a n l i n e s

T h e s e
- 5 2 5 h o r i z o n t a lons are not used unless the

- e t e L i n e

t o 1 6 x 4 0 s c r e e n
sCan Un« (S.S.) (CRT or TV)3Inser t /De l

o r I n s e r t / D e l e t e
character C o m m a n d s u s e d .

4

I
- 5 2 5 h o r i z o n t a lt h e 2 2 X 7 2 s c r e e ni

slan'unes ?u:s.) (CRT)G r e a t e r
t h a n 4

i

fJ?

»■
(

I

f V

C - 4 C - 5

n

I



I, ̂
v a r i a b l e A I M 6 5 O p t i o n sT a b l e C - 4 .

N O T E

The E2 jumper must be set correctly
be fo re the In i t i a l i za t ion Program is
c a l l e d .

I f v a r i a b l e T A B L E i s 0 , 1 o r > 4 , t h e
j u m p e r m u s t b e i n p o s i t i o n B f o r t h e
1 2 M H z d o t c l o c k .

If TABLE is 2or 3, then the jumper
m u s t b e s e t t o p o s i t i o n A ( 6 M H z d o t
c l o c k ) .

1 . F u n c t l o n / U s eV a r i a b l e A I M 6 5

Skip all AIM 65-related processing
1) When using with RM 65 SBC
2) When using with AIM 65 without Monitor
3) Other user-defined instances

0

2 .

Ignore line feeds ($0A)1

1) When PL/65 is used to avoid double
spacing caused by CR/LF sent from

2) When̂ uslng User output on microcomputert o d i r e c t c h a r a c -

3 .

A IM 65 m ic rocompu te r
t e r s t o t h e C R T p r o g r a m .4 . If TABLE is 4, then the user must de¬

termine whether the 12 MHz (position perform AIM 65-related processing and
acknowledge line feed (S0A)

When using with Editor
21	 When	 using	 with	 Assembler1]	 wKen	 using	 with	 BASIC
4)	 When	 using	 with	 FORTH5)	 Ten	 using	 with	 Instant	 Pascal

B) or 6MHz (posit ion A) dot clock
I s r e q u i r e d .

> 1

T y p i c a l l y , t h e 1 2 M H z

dot clock cannot be used with
se t w i thou t mod i fy ing i t .

1 )
a T V

1.

b . a i m 6 5

a b o v e c o n s i s t s

rformed by the CRTC
r e f e r r e d t oThe AIM 65-related processing

o f t h r e e m a i n
firmware when variable AIM65 ^0.

AIM65 ($0357) tells the CRTC
o v e r t h e A I M 6 5 d e p e n d e n t
l i n e f e e d s

fi rmware i f i t shou ld sk i p
I t a l s o i n d i c a t e s w h e t h e r

a s r e q u i r e d w h e n b o t h

F e e d ( $ 0 A ) a r e s e n t t o

aline (see Table C-4).

f u n c t i o n s w h i c h a r e p e
c o d e .

a r e t o b e i g n o r e d ,

Carriage Return ($0D) and Line
i n d i c a t e t h e e n d o f

„d niLINK $A406 .$S407)__VarlaMiiS e t A I M 6 5 ( $ 0 3 5 7 ) a( 1 )

d i l i n k

$73, $99
$77, $99

A I M 6 5

1l i n e f e e d s )
l i n e f e e d s )

( i g n o r e
( a c k n o w l e d g e

> 1

n e a r A I M 6 5 D l s p l a j f( 2 )

$EF05 w i th65 display Is blanked by calling
Then the PA PORT on the

to $00 every time aCR ($0D) Is
This keeps the AIM 65

T h e A I M
> $ 0 D .t h e a c c u m u l a t o r

displays PIA is set
received by the CRTC firmware.

C R T o p e r a t i o n .b l a n k d u r i n gd i s p l a y

C - 7C - 6
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A P P E N D I X DM a i n t a i n M M 6 5 D i s p l a y B u t f e r( 3 )

USEFUL PROGRAM ROM SUBROUTINESThe AIM 65 display buffer ($A438 -SA473) and display
pointers ($A415, $A416) are manipulated in order to
r e c o v e r t h e d e l e t e k e y .

length to 59 characters is necessary to do this.
L i m i t i n g t h e E d i t o r l i n e

n o t c a l l a b l e t h r o u g h
b e c a l l e d b y a d i r e c t

Some sub rou t i nes i n t he P rog ram ROM a re
t h e m a i n e n t r y p o i n t a t $ 9 9 7 7 .

J S R t o t h e i r fi x e d e n t r y p o i n t s ,
r o u t i n e s , r e g i s t e r s a

T h e s e m a y

Tab le D-1 is a l i s t o f theseW h e n A I M 6 5 « 0 th is process ing is sk ipped and
operation with the RM 65 SBC is possible. I tered and descr ipt ion of operat ion.

R O M S u b r o u t i n e sC M A XC . T a b l e D - 1 . P r o g r a m

CMAX ($035E) tells the C R T fi r m w a r e t h e m a x i m u m n u m b e r o f

columns to allow before freezing the screen,
to Mwhen the Cold start
W h e n e v e r

D e s c r i p t i o nN a m e

( H e x )
R e g s .A d d r e s sT h i s i s s e t

i n i t i a l i z a t i o n p r o g r a m i s r u n .
more than 59 characters need to be output, either (034A) to CURSOR ($DD, $DE) toA d d s C O L M A X

give address of location below cursor.
Subtracts COL ($8359) from
$DE) to give start

A$ 9 C 2 BA D C O L S
CMAX must be i n c r e a s e d ( a f t e r i n i t i a l i z a t i o n ) o r A I M 6 5
m u s t b e s e t t o C U R S O R ( $ D D ,

a d d r e s s o f c u r r e n t
z e r o .

/ > A$ 9 C 1 5L N S T R T

l i n e .

address from R6545 intoR e a d s c u r s o r

locations $DD, $DE.
A , X$ 9 C 0 1R D C U R

location pointed to by
Increment $DD, $DE.

f r o m r e f r e s h

ting at location pointed to by
in DBUFF to DBUFF +

Reads refresh RAM
$DD, $DE in to A .

Reads 'COLMAX* characters

$ 9 C 8 0 A , YR E A D

A , X , Y$ 9 C 6 AR E A D L N

r a m s t a r

$DD, $DE and s tore
COLMAX.

■ t o I n s u r e■display enable
afresh RAM only during

D e l a y s o n e

C P U a c c e s s e s r

d i s a b l e d p e r i o d .

X , V$ 9 C A CS D E L A V

fresh RAM location
i n c r .

w r i t e s A i n t o r e

pointed to by SDD, $DE.
A , Y$ 9 C A 0W R I T E $DD, $DE.

D B U F F t o

locat ion pointed
characters fromWr i tes 'COLMAX '

fresh RAM starting at
A , X , V$ 9 C 7 9W R I T L N

r e

$ D E .Vs t o by $DD,

\

1
I

D - 1
C - 8



1

: i

I

)

I k

/ ■ \

(
ni A P P E N D I X ET a b l e D - 1 . P r o g r a m R O M S u b r o u t i n e s ( C o n t i n u e d )

■ ' PROGRAM ROM ASSEMBLY LISTINGN a m e

( H e x ) A d d r e s s R e g s . D e s c r i p t i o n

XDSTAR $ 9 C 3 C A , X T r a n s f e r s d i s p l a y s t a r t a d d r e s s ( S B 3 5 2 ,
$ 0 3 5 3 ) t o R 6 5 4 5 . T h i s I s t h e fi r s t l o c a ¬

tion In the refresh RAM that wil l appear
o n t h e s c r e e n .

I

t
N O T E

Locations $dd, Sde are temporary
a d d r e s s .

l o c a t i o n s h o l d i n g t h e c u r s o r

a r e g u a r a n t e e d t o h a v e

a f t e r a J S R S 9 C 0 1 . O t h e r -

SDE may not be assumed to have the cursor

k ' The only time these locations
the correct address of the cursor Is
wise, locations $DD,
address In them.

»

:

f'
I

i ;
1 ●

I.
U

E - 1
D - 2



V

P A C E 0 0 0 3
R M 6 5 C R T C 1 OP A 1 0 - J 9 2 7 - O O 1 . P L R M 6 5 C R T C 1 . O P A 1 0 - J 9 2 7 - 0 0 1 . P LP A C E 0 0 0 2

0 0 0 3
O O O A
0 0 0 5
0 0 0 6
0 0 0 7
0 0 0 8
0 0 0 9
O O l O
0 0 1 1
0 0 1 2
0 0 1 3
O O M
0 0 1 5
0 0 1 6
0 0 1 7
O O I B
0 0 1 9

0 0 2 1
0 0 2 2
0 0 2 3
0 0 2 4
0 0 2 5
0 0 2 6
0 0 2 7
0 0 2 8
0 0 2 9 9 8 0 0
0 0 3 0 A 4 0 6
0 0 3 1 9 8 8 0
0 0 3 2 A 4 3 8
0 0 3 3 A 4 1 5
0 0 3 4 A 4 1 6
0 0 3 5
0 0 3 6
0 0 3 7
0 0 3 8 0 0 0 0
0 0 3 9 O O D B
0 0 4 0 O O D D
0 0 4 1
0 0 4 2 O O D F

’■ 0043 OOFO
\0044 OOFl

0 0 4 5 0 0 F 2
0 0 4 6 0 0 F 3
0 0 4 7 O O F 4
0 0 4 8 O O F S
0 0 4 9 0 0 F 6
0050 00F7
0051
0 0 5 2
0 0 5 3
0054 OOFS
0055 0347
0056 0349
0057 034A
0058 034B
0059 034D
0060 034E
0061 034F
0062 0350
0063 0351
0064 0352
0065 0353
0066 0354
0067 0355
0068 0356
0069 0357
0070 0358
0071 0359
0072 035A

V 0 0 7 3 0 3 5 B
;0074 035C

0075 035E
0076 035F

^ i t t t I i i i i i I i i i i n t t i i i i i I i i i i i i i i i i I i I i i i I i i i i i
t

CONTROLLER (CPU/CRTC SHARED MEMORY)C R TRM 65 CRT CONTROLLER MODULE
J

i PROGRAM ROM
i

i R 1 4 B 3
> } 6 5 4 5 A D D R E S S

iAIM DISPLAY ECHO
{DISPLAY ENABLE STATUS
aim d isp lay BUFFER

,AIM DISPLAY POINTER
{AIM PRINTER POINTER

4 9 8 0 0
4 A 4 0 6
4 9 0 0 0
4 A 4 3 8
4 A 4 1 5
4 A 4 1 6

R Sw i i i i i j i i } M i i i ; ) i i { i { j j j ; j j ] » 1 i ( } i M i I ) » f ( { i i i w
D I L I N K =
S T A T U S =
D I B U F F ■ =
C U R P 0 2 =
CURPOS =

i

IROCKWELL INTERNATIONAL
JELECTRONICS DEVICES DIVISION
i M I C R O S Y S T E M P R O D U C T S
J 3 3 1 0 M I R A L O M A A V E N U E
i P . 0 . B O X 3 6 6 9
i A N A H E I M . C A .

i

i

VA R I A B L E SJU . S . A . 9 2 8 0 3
it

* = 4 D B

BSTART *=*^2
CURSOR

,TEMPORARY ZERO PAGE
{ADDRESS OF CURSOR

;EDITOR 'FIND STRINC'
i R E F O R M AT T E R
iTEMPORARY VARIABLES

SAME BUFFER BECAUSE IT
CONFLICT H/ EDITOR

● = * F 0
* = ♦ + 1
* = * ● ▶ 1

* = * ♦ 1

* = * + 1

{

COLUMN
E Q F L G
C R F L G
S A V A
S A V X
S M F L O
COMCOL *=*+1
COMCR

/

{ U S E
{ W I L L N E V E R

* = * + 1

*0347 TO »03B5{

VARIABLES FROMC R TI

{

* = 4 0 3 4 7
* - . * + 2

it) CHARS. /SCREEN
« O F R O W S

,# OF COLUMNS
,niPPi AY END ADDRESS
:p«S ?i!«U NEXT CHAR. FLAC

INSERT MODE FLAG
{ESC SEQUENCE FLAG
,graphics mode flag
iINVERSE VIDEO FLAC
IDISPLAY START LSB
.display start address

TO SAVE Y-POS

'̂ ĉ:?iSn%S save command/data"'° ”o DISTINGUISH AIM 65/S

S C R M A X
ROWMAX ♦=*+
COLMAX «=»■*●
E N D

i

* = * + 2
* = * +

* = * +

* = * ■ » ●

* = * +

D L E
{

I N C H
E F L G
G R A P H
I N V E R S
D S T A R L * = * +
D S TA R H * =♦+
Y S A V
X S A V
A S A V
A I M 6 5

F O R ( Y, X )
1 L O C

* = * +

* = * + 1

* = * + 1
* = ♦ + 1
» = ♦ + !
* = ♦ + 1
* = * + 1
* s * + 2

i

i F L A C
iROW COUNTER

cSoSsf stored table
'echo'̂ Iddresŝ for reformatter

R O W
C O L
T A B L E
C U R P 2
ECHO
C M A X
P R F L G

{

i

E - 3
E - 2

i i
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PA C E 0 0 0 5
R M 6 5 C R T C 1 . 0P A 1 0 - J 9 2 7 - 0 0 1 . P L R M 6 5 C R T C 1 . 0 P A C E 0 0 0 4 P A 1 0 - J 9 2 7 - 0 0 1 . P L

C R T I N I T I A L I Z A T I O N

0 0 7 7 0 3 6 0

0 0 7 8 0 3 6 1
0 0 7 9 0 3 6 2
0 0 8 0 0 3 6 3
0 0 8 1 0 3 6 5
0 0 8 2 0 3 6 6
0 0 8 3
0 0 8 4
0 0 8 5
0 0 8 6 0 3 B 6
0 0 8 7
0 0 8 8 9 8 0 0
0 0 8 9 9 8 0 E
0 0 9 0 9 8 1 7
0 0 9 1
0 0 9 2

X X X
1

* - ♦ ● ▶ 2
* = ● + 1
* = * ♦ 0 0

i S A V E / R E S T O R E X R E O .
i S A V E / R E S T O R E Y R E Q .
J T E M P O R A R Y S A V E X
I D U N T A B L E A D D R E S S
) C U R S O R P O S . C O U N T E R
»BUFFER FOR INSERT/DELETE LIN£

CRT/TV IN IT IAL IZATIONY Y Y
0 0 9 4
0 0 9 5
0 0 9 6
0 0 9 7 9 8 2 4
0 0 9 8
0 0 9 9
0 1 0 0
0 1 0 1
0 1 0 2 9 9 0 0
0 1 0 3 9 9 0 3
0 1 0 4
0 1 0 5
0 1 0 6
0 1 0 7
0 1 0 8
0 1 0 9
0 1 1 0
0 1 1 1
0 1 1 2 9 9 0 6
0 1 1 3 9 9 0 9
0 1 1 4 9 9 0 B
0 1 1 5 9 9 0 D
0 1 1 6 9 9 0 F
0 1 1 7 9 9 1 2
0 1 1 8 9 9 1 5
0 1 1 9 9 9 1 8
0 1 2 0 9 9 1 A
0 1 2 1 9 9 1 B
0 1 2 2 9 9 1 C
0 1 2 3 9 9 1 F
0 1 2 4 9 9 2 2
0 1 2 5 9 9 2 4
0 1 2 6
0 1 2 7
0 1 2 8
0 1 2 9
0 1 3 0
0 1 3 1
0 1 3 2
0 1 3 3 9 9 2 6
0 1 3 4 9 9 2 8
0 1 3 5 9 9 2 B
0 1 3 6 9 9 2 D
0 1 3 7 9 9 3 0
0 1 3 8 9 9 3 2
0 1 3 9 9 9 3 5
0 1 4 0 9 9 3 6
0 1 4 1
0 1 4 2
0 1 4 3
0 1 4 4 9 9 3 8
0 1 4 5 9 9 3 A
0 1 4 6 9 9 3 C
0 1 4 7 9 9 3 F
0 1 4 8 9 9 4 2

X X 2
X A D D R
C 0 L 2
D B U F F

* = ♦ 9 9 0 0

entry FOR INITIALIZATION W/ ARETURN
TO THE AIM 65 MONITOR ITABLE #IN

1

T A B L E ' )1 COPYRIGHT MESSAGEi

I i n i t i a l i z a t i o n r o u t i n eI C A L L
RETURN TO MONITOR

I N I T
4 E 1 A 1

MOMENT JSR* “ ♦ 9 8 0 0 2 0 0 6 9 9
4 C A l E l

IJ M P

I 4 3 R K W E L L . B Y T
. B Y T
. B Y T

' C O P Y R I G H T 1 9 0 1 '
' R O C K W E L L '
' I N T E R N A T I O N A L '

S 2

ENTRY FOR INITIALIZATION U/ AN 'RTS'
SCREEN PARAMETER TABLE ●IN 'TABLE'
DEFAULTS TO 22»72	 52S LÎ ES
IF 'TABLE' ●(0-3) THEN STORED TABLE
IF 'TABLE' -4THEN USER-DEFINED TABLE

G E T S C R E E N TA B L E »
I M U S T B E < 4
I I T I S . O K

.GET TABLE ADDRESS (LSB)

.GET TABLE ADDRESS (MSB)

.INIT. TO USER DEFINED SCREEN
DEFAULT TO 22*72 SCREEN
S H I F T F O R O F F S E T
PUT IN XFOR INDEX
get table ADDRESS (LSB)
GET TABLE ADDRESS (MSB)

.STORE TABLE ADDRESS (MSB)

.STORE TABLE ADDRESS (LSB)

4 9

i

T A B L EL D AI N I TA D 5 A 0 3
C 9 0 4
9 0 O D
D O 0 9
A C 6 3 0 3
A D 6 4 0 3
4 C 2 2 9 9
A 9 0 1

« 4C M P
O K T A B
N O T O W N
X A D D R
X A D D R - ^ l
SETUP

B C C
B N E
L D Y

\ I
L D A
J M P( I4 1NOTOHN LDA

OKTAB ASL
tA

O A i
T A X

A A S I Z E . X
S I Z E + 1 . X
B S T A R T ^ I
B S TA R T

I
l d y
L D A

B C A A 9 F
B D A B 9 F
8 5 D C
8 4 D B

»
f

SETUP STA
S T YI

address of screen parameter table
B S T A R T + K M S B )SCORED ?”SsTART(LSB),

4

0 - 7 I N 6 5 4 5load REGS.
.LOAD INDEX TO VALUE
. S T O R E R E G . «

.GET REG. VALUE
. S T O R E I N 6 5 4 5
.initialize all zero VARAIBLES
.DLE TO DLE+7
. D E C R . I N D E X
next REGISTER

» 7L D Y
A O 0 7
B C 0 0 9 8
B 1 D B
B D 0 1 9 8
A 9 0 0
9 9 4 D 0 3

R St a b l e s s t y (BSTART) ,Y
R S + 1

L D A
S T A
L D A « 0

DLE, YS T A
D E Y

TA B L E S J
B P L

1 0 F O
B - 1 5 i n 6 5 4 5i

load REGS.{
8 - 1 5.load REO. #, REGS,

.LOAD INDEX TO VALUE

.STORE REO. (t

. G E T VA L U E

.STORE REO. VALUE

i
4 1 5L D Y

A O O F
A 2 0 7
ec 00 98
BD B2 9F
0D 01 98

4 7L D X
R SS T Yn x p r mV M I D 8 . X
RS-»-l

L D A
S T A

E - 5
E - 4



—

/

t

PA C E 0 0 0 7
P A 1 0 - J 9 2 7 - 0 0 1 . P L

C R T I N I T I A L I Z A T I O N
R M 6 5 C R T C 1 . OR M 6 5 C R T C 1 . 0 P A 1 0 - J 9 2 7 - 0 0 1 . P LP A C E 0 0 0 6

P C M . E N T R Y P O I N T S

0 1 4 9 9 9 4 5
0 1 5 0 9 9 4 6
0 1 5 1 9 9 4 7
0 1 5 2
0 1 5 3
0 1 5 4

0 1 5 5 9 9 4 9
0 1 5 6 9 9 4 B
0 1 5 7 9 9 4 0
0 1 5 8 9 9 4 F
0 1 5 9 9 9 5 2
0 1 6 0 9 9 5 3
0 1 6 1 9 9 5 6
0 1 6 2 9 9 5 9
0 1 6 3 9 9 5 A
0 1 6 4 9 9 5 C
0 1 6 5 9 9 5 E
0 1 6 6 9 9 6 1
0 1 6 7
0 1 6 8
0 1 6 9

0 1 7 0 9 9 6 4
0 1 7 1 9 9 6 7
0 1 7 2 9 9 6 9
0 1 7 3 9 9 6 C
0 1 7 4 9 9 6 F
0 1 7 5

D E V i D E C R . R E O . ●
I D E C R . I N D E X
I N E X T R E G I S T E R

0 1 7 7
0 1 7 0
0 1 7 9
0 1 0 0
0 1 0 1
0 1 8 2
0 1 8 3
0 1 8 4 9 9 7 0
0 1 8 5 9 9 7 2
0 1 8 6 9 9 7 3
0 1 8 7 9 9 7 5
0 1 8 8
0 1 8 9 9 9 7 7
0 1 9 0 9 9 7 8
0 1 9 1 9 9 7 9
0 1 9 2 9 9 7 C
0 1 9 3 9 9 7 F
0 1 9 4 9 9 8 2
0 1 9 5 9 9 0 4
0 1 9 6 9 9 0 7
0 1 9 7 9 9 8 A
0 1 9 0 9 9 8 D
0 1 9 9 9 9 0 F
0 2 0 0 9 9 9 2
0 2 0 1 9 9 9 3
0 2 0 2 9 9 9 6
0 2 0 3 9 9 9 8
0 2 0 4 9 9 9 A
0 2 0 5 9 9 9 D
0 2 0 6 9 9 9 F
0 2 0 7 9 9 A 1
0 2 0 0 9 9 A 2
0 2 0 9 9 9 A 3
0 2 1 0 9 9 A 6
0 2 1 1 9 9 A 9
0 2 1 2 9 9 A B
0 2 1 3 9 9 A E
0 2 1 4 9 9 B 0
0 2 1 5 9 9 B 2
0 2 1 6 9 9 B 4
0 2 1 7 9 9 B 7
0 2 1 0 9 9 B 9
0 2 1 9 9 9 B B
0 2 2 0 9 9 B E
0 2 2 1 9 9 C 1
0 2 2 2 9 9 C 3
0 2 2 3 9 9 C 4
0 2 2 4 9 9 C 6
0 2 2 5 9 9 C 7
0 2 2 6 9 9 C 9
0 2 2 7 9 9 C C
0 2 2 8 9 9 C E
0 2 2 9 9 9 D 0
0 2 3 0 9 9 D 2
0 2 3 1 9 9 D 4

CHARACTER/COMMAND PROCESSINGC A D E X
1 0 F 3 B P L N X P R M

I

1 S E T U P S C R E E N V A R I A B L E S USER OUTPUT ENTRY POINTi
A O 0 8
A 2 0 3
B 1 D B
9 D 4 7 0 3

L D Y « 8 »RETURN WHEN 'U' TYPED
iPULL CHAR. OFF STACK
i L I N E F E E D 7
i Y E S . I G N O R E

iENTRY WITH CMND /DATA IN 'A'
j P U S H A O N S T A C K

i S E T T A B L E I N D E X
i L O A D V A R I A B L E I N D E X

t L O A D T A B L E V A L U E
i S T O R E I N V A R I A B L E
J I N C R . I N D E X
l O E T ' E C H O . C M A X & P R F L O ' V A L S .
i S T O R E
j D E C R . T A B L E I N D E X
j N E X T V A R I A B L E
I R A N S T A R T A D D R ( M S B )

» D I S P L A Y S T A R T ( M S B )
J C A L C U L A T E E N D A D D R .

S K I P I TU S E R O B C CL D X ● 3 9 0 F D
P L AN L S T B L D A ( B S T A R T ) , Y

S C R M A X . X
6 8

« 4 0 A
S K I P I T

S K I P O A C M P8 T A C 9 O A
F O F 8

C 8 B E QI N Y
B D B A 9 F
9 D s c 0 3

L D A iI V A L S , X
E C H O . X

C L DO U T D8 T A D 8
C A P H AD E X 4 8 X X X1 0 F I
A 9 9 0

8 D 3 3 0 3
2 0 3 4 9 C

S T XB P L N L S T B
● 4 9 0
D S T A R H
C A L E N D

B E 6 0 0 3
8 C 6 1 0 3
A D 5 F 0 3
D O O E
2 0 8 F 9 D
2 0 0 F 9 D
2 0 8 F 9 D
A 9 0 3
8 D 5 F 0 3

, S A V E Y R E O .
,AIM ON/OFF FLAG
Jnon-zero, DON'T BACKSPACE 3^

BACKSPACE TO CLEAR 'ON 'OR
2ND BACKSPACE

,3RD BACKSPACE
.restore counter/flac to show

BACKSPACES NEEDED
STACK POINTER IN X

ioET MSB. OF CALLER
ASSEMBLER ECHO ?

Y Y YS T YL D A
P R F L GL D AS T A
S K 3B N EJ S R B 5 PA C E
B S PA C E
BSPACE

tJ S Ri
i

J S RHARM START-UP FOR CRTI

J S Ri

A E 3 7 0 3
F O 0 3
2 0 4 3 9 D
2 0 6 E 9 A

● 3L D AH A R M L D X A I M 6 3
N O A I M

» G E T A I M F L A G
i N O A I M S O S K I P
j H A V E a i m . s e t D I L I N K T O C R T
i C L E A R S C R E E N . H O M E C U R S O R

j N OPRFLGV S T AB E Q ; G E T
T S XS K 3J S R C R T B A 4 1 0 3 . X

● 4 D 1
NASSM
4 1 0 2 . X
● 4 0 9
D O N E

n o a i m J 8 R
S K I P I T R T S

L D YC L R H O M B C 0 3 0 1
C O D 1
D O 0 7
B C 0 2 0 1
C O 0 9
F O 6 1

6 0 )
C P Y

i N O
B N EI iOET LSB OF CALLER

fs?72ND PASS SOURCE
iCET PASSED 'A' VAL.
iPUT BACK ON STACK

SAVE PASSED 'A'
Iget 'PASS THRU'
.DON'T PASS THRU
.RESET 'PASS THRU'
.TREAT AS DATA-NOT CMND
.«»7F IS ADELETE
. n o t d e l e t e
.DELETE CHAR.
.return TO CALLER
.STRIP MSB
.STORE AIN ASAV
CET ESC FLAG

ESC SEQUENCE
ESC SEQUENCE

L D Y
C P Y
B E Q

NASSM PLA6 8
P H A V A L .

F L A G
4 8 iA S A VS T AB D 3 6 0 3
A E 4 D 0 3
F O 0 5
C E 4 D 0 3
F O 3 A
C 9 7 F
D O 0 3
2 0 8 F 9 D
D O 4 9
2 9 7 F
8 D 5 6 0 3
A E 4 F 0 3
F O 2 3

D L EL D X
FLAG TO ZERS P E C A LB E Q

D L ED E C
OUT IT
● 4 7 F
N 2 D E L
B S PA C E
D O N E
● 4 7 F
A S A V
E F L G t
N E S C I

B E Q

SPECAL CMP
B N E
J S R
B N E

N 2 D E L A N D
S T A
L D X

N O T
B E Q M A V E

e x p e c t = o r t
.DECR. ESC flag
expect y-coordinate
CONVERT YSAV.A REG

?̂ C^SA^R “̂̂  1qUAL SIGN
iYES. INCR. ESC. FLAG

i
D E X

C A E F L G l iB E Q
F O 0 8

D E X
C A TO B I N A RYE F L C 2 i

CONVRT J
D O N E

B E Q
F O 1 5
2 0 F O 9 C
D O 3 4
C 9 3 D
F O O F
C 9 4 7
D O 0 3

J S R
J

B N E
I#C M P/ E F L G l I N F L GV B E Q

not graphics, reset esc● ' GC M P
n v a l i d i

B N E

E - 7
E - 6



C'^
P A C E 0 C X J 9

R M 6 5 C R T C 1 . 0P A 1 0 - J 9 2 7 - 0 0 1 . P L P A C E 0 0 0 8R M 6 5 C R T C 1 . 0 P A 1 0 - J 9 2 7 - 0 0 1 . P L
P O M . E N T RY P O I N T S C O M M A N D R O U T I N E S

0 2 3 2 9 9 D 6
0 2 3 3 9 9 D 9
0 2 3 4 9 9 D C
0 2 3 5 9 9 D E
0 2 3 6 9 9 E 1
0 2 3 7 9 9 E 4
0 2 3 8
0 2 3 9
0 2 4 0
0 2 4 1 9 9 E 6
0 2 4 2 9 9 E 8
0 2 4 3 9 9 E A
0 2 4 4 9 9 E D
0 2 4 5
0 2 4 6
0 2 4 7

0 2 4 8 9 9 F 0
0 2 4 9 9 9 F 1
0 2 5 0 9 9 F 2
0 2 5 1 9 9 F 5
0 2 5 2 9 9 F 7
0 2 5 3 9 9 F A
0 2 5 4 9 9 F C
0 2 5 5 9 9 F F
0 2 5 6 9 A 0 2
0 2 5 7 9 A 0 3
0 2 5 8 9 A 0 6
0 2 5 9 9 A 0 9

2 0 B C 9 C
C E 4 F 0 3
F O 2 4
8 D 5 4 0 3
E E 4 F 0 3
D O 1 C

J S R G R P H O N
E F L O
D O N E
Y S A V
E F L G
D O N E

j G R A P H I C S O N
I N O , D E C R . E S C F L A G
» R E T U R N T O C A L L E R
j s a v e c u r s o r p o s i t i o n
I I N C R . E S C . F L A G
J U N C O N D I T I O N A L R E T U R N

0 2 6 1
0 2 6 2
0 2 6 3
0 2 6 4
0 2 6 5
0 2 6 6
0 2 6 7
0 2 6 8 9 A 0 A
0 2 6 9 9 A 0 D
0 2 7 0 9 A 1 0
0 2 7 1 9 A 1 2
0 2 7 2 9 A 1 4
0 2 7 3 9 A 1 7
0 2 7 4 9 A 1 9
0 2 7 5 9 A 1 C
0 2 7 6 9 A 1 E
0 2 7 7 9 A 2 0
0 2 7 8 9 A 2 2
0 2 7 9 9 A 2 4
0 2 8 0 9 A 2 6
0 2 8 1 9 A 2 8
0 2 8 2 9 A 2 B
0 2 8 3
0 2 8 4
0 2 8 5
0 2 8 6
0 2 8 7
0 2 8 8
0 2 8 9
0 2 9 0 9 A 2 D
0 2 9 1 9 A 3 0
0 2 9 2 9 A 3 1
0 2 9 3 9 A 3 4
0 2 9 4 9 A 3 7
0 2 9 5 9 A 3 A
0 2 9 6 9 A 3 D

0 2 9 7 9 A 3 F
0 2 9 8 9 A 4 0
0 2 9 9 9 A 4 3
0 3 0 0 9 A 4 6
0 3 0 1 9 A 4 9
0 3 0 2 9 A 4 C
0 3 0 3 9 A 4 F
0 3 0 4 9 A 5 2
0 3 0 5
0 3 0 6
0 3 0 7
0 3 0 8
0 3 0 9
0 3 1 0
0 3 1 1
0 3 1 2 9 A 5 4
0 3 1 3 9 A 5 7
0 3 1 4
0 3 1 5

♦♦ * * # * *♦ * * * *♦ * ● *♦ * * * * * * * * * * ** * « » ● * ● » * « *N V A L I D D E C
B E Q

SELF TEST-OUTPUT CHARACTER SETE F L G 2 S T A
I N F L G I N C

B N E

CLEAR SCREEN/HOME CURSOR
CET HOMED VALUE
START WITH ASCII *00

I S A V E A S C 1 1
I I N C R E M E N T C U R S O R
l O E T A S C I I
J O U T P U T TO C RT
J I N C R . A S C I I
» G E T A S C I I

M U L T I P L E O F 1 6 ?
, N 0 , S A M E R O W
I G E T A S C I I

DONE WITH ALL 256
j n e x t r o w
JBRANCH ALWAYS

C L R H O M
R D C U R
» « 0 0
B S T A R T
I N C U R 2
B S T A R T
W R I T E
B S T A R T
B S T A R T
# 9 0 F
R O W O U T
B S TA RT
HOMECU
CARTN
ROWOUT

iS T E S T J S RN O T E S C . S E Q U E N C E , C H E C K - C N T L . C H A R . 2 0 6 E 9 A
2 0 0 1 9 C
A 9 0 0
8 5 D B
2 0 9 2 9 C
A 5 D B
2 0 A O 9 C
E 6 D B
A 5 D B
2 9 O F
D O F O
A 5 D B
F O 3 2
2 0 A 2 9 B
D O E 7

iJ S Ri
iC 9 2 0

9 0 0 6
2 0 9 7 9 D
4 C 0 2 9 A

L D AN E S C C M P
B C C

O U T I T J S R

● « 2 0
C N T L
C H A R
D O N E

J I S C H A R . A C O N T R O L C H A R ,
i Y E S , B R A N C H T O C N T L
» N O . P R O C E S S A S T E X T
J R E T U R N T O C A L L E R

S T A

ROWOUT JSR
L D AJ M P
J S Ri

I N CC O N T R O L C H A R . J S R I N D I R E C T T O R O U T I N EI
L D AJ
A N DO A C N T L ISHIFT CONTROL CHAR. FOR INDEX

I S T O R E J U M P T A B L E I N D E X
i O E T L S B O F R O U T I N E A D D R .
J S T O R E L S B
I G E T M S B
» S T O R E M S B
I R E A D C U R S O R V A L U E
i J S R T O C O N T R O L R O U T I N E
i P U L L A F R O M S T A C K
I R E S T O R E X R E G .
> R E S T O R E Y R E G .
* R E T U R N T O C A L L E R

A S L A
B N E

T A X
L D AB D B E 9 F

8 5 D B
B D B F 9 F
8 5 D C
2 0 0 1 9 C
2 0 6 8 9 E

L D A J T B L . X
B S T A R T
J T B L - fl , X
B S T A R T + 1
R D C U R
I N D I R

IB E GS T A
J S RL D A
B N ES T A

J S R
J S R

6 8 D O N E P L A
delete LINE SUBROUTINEA E 6 0 0 3

A C 6 1 0 3
L D X X X X
L D Y

N O E C H O R T S
Y Y Y

6 0

,GET ROW ●
j S A V E R O W
,T0 1ST POS. ON LINE

INCR ROW ●
load ROW IN X
COMPARE W/ LAST	 #

,not COPY NEXT ROW OVER
RESTORE ROW

I S T O R E I T

CURSOR

=ui^s ^
'tScONDITIWAL̂BRANCH

# * * * * * * * * * * * * * * * * * * *

R O WO E L I N E L D AA D 5 8 0 3
P H A

4 8 L N S T R TJ S R
2 0 1 5 9 C
E E 5 8 0 3
A E 5 8 0 3
E C 4 9 0 3
D O 0 7

R O W i
I N CL O O P

iR O WL D X
ROWMAX
COPY

i
C P X
B N E
P L A

6 8 R O WS T A8 D 5 8 0 3
4 C 2 C 9 B
2 0 2 B 9 C
2 0 6 A 9 C
2 0 3 D 9 B
2 0 7 9 9 C
F O E O

JBLANK
ADCOLS
R E A D L N
S M A X 2
W R I T L N
L O O P

J M P
J S RC O P Y I
J S R

J
J S R
J S R
B E Q

}
« * « » « ** * * * * * * * * * * * *

CLEAR LINE HOf« CURSOR
I

i

l

I

)

START OF LINECURSOR TO
wr i te b lank l ine

I
L N S T R T
H R B L W

J
CL INE USR2 0 I S V C

4 C 2 7 9 B
i

J M PV
J>
I

E - 9
E - 8



I
I

P A C E 0 0 1 1
R M 6 5 C R T C 1 . 0P A 1 0 - J 9 2 7 - 0 0 1 . P L P A 1 0 - J 9 2 7 - 0 0 1 . P LR M 6 5 C R T C 1 . 0 P A C E 0 0 1 0

C O M M A N D R O U T I N E S COMMAND ROUTINES

i D E C R .
iSTORE. COL.*LAST

X - F E R T O 6 5 4 5

D E X0 3 1 6
0 3 1 7
0 3 1 B
0 3 1 9
0 3 2 0
0 3 2 1 9 A 5 A
0 3 2 2 9 A S D
0 3 2 3 9 A 5 F
0 3 2 4 9 A 6 2
0 3 2 5 9 A 6 4
0 3 2 6 9 A 6 6
0 3 2 7 9 A 6 9
0 3 2 8 9 A 6 C
0 3 2 9
0 3 3 0
0 3 3 1
0 3 3 2
0 3 3 3
0 3 3 4
0 3 3 5
0 3 3 6 9 A 6 E
0 3 3 7
0 3 3 8
0 3 3 9
0 3 4 0
0 3 4 1
0 3 4 2
0 3 4 3
0 3 4 4 9 A 7 1
0 3 4 5 9 A 7 4
0 3 4 6 9 A 7 6
0 3 4 7 9 A 7 9
0 3 4 8 9 A 7 B
0 3 4 9 9 A 7 D
0 3 5 0 9 A 7 F
0 3 5 1 9 A 8 2
0 3 5 2 9 A 8 4
0 3 5 3
0 3 5 4
0 3 5 5
0 3 5 6
0 3 5 7
0 3 5 8
0 3 5 9
0 3 6 0 9 A B 5
0 3 6 1 9 A 8 8
0 3 6 2 9 A B B
0 3 6 3 9 A B D
0 3 6 4 9 A 9 0
0 3 6 5
0 3 6 6
0 3 6 7

0368 9A92
0 3 6 9 9 A 9 5
0370 9A98

0 3 7 1 9 A 9 B
0 3 7 2 9 A 9 C
0 3 7 3
0 3 7 4
0 3 7 5
0 3 7 6 9 A 9 F
0 3 7 7 9 A A 1
0 3 7 8 9 A A 3
0 3 7 9 9 A A 4
0 3 8 0 9 A A 7
0 3 8 1 9 A A 9
0 3 8 2
0 3 8 3
0 3 8 4
0 3 8 5
0 3 8 6
0 3 8 7
0 3 8 8
0 3 8 9 9 A A C
0 3 9 0 9 A A F
0 3 9 1 9 A B 1
0 3 9 2
0 3 9 3 9 A B 2
0 3 9 4 9 A B 5
0 3 9 5 9 A B 8
0 3 9 6 9 A 6 B
0 3 9 7 9 A B C
0 3 9 8 9 A B F
0 3 9 9 9 A C 1
0 4 0 0 9 A C 4
0 4 0 1 9 A C 5
0 4 0 2 9 A C B
0 4 0 3 9 A C A
0 4 0 4 9 A C B
0 4 0 5
0 4 0 6
0 4 0 7
0 4 0 8 9 A C C
0 4 0 9 9 A C E
0 4 1 0 9 A D 1
0 4 1 1 9 A D 4
0 4 1 2 9 A D 7
0 4 1 3 9 A D A
0 4 1 4 9 A D D
0 4 1 5 9 A D E
0 4 1 6
0 4 1 7
0 4 1 8
0 4 1 9
0 4 2 0
0 4 2 1
0 4 2 2
0 4 2 3 9 A D F
0 4 2 4 9 A E 2
0 4 2 5 9 A E 5

C A
C O LS T XB E 5 9 0 3HONE CURSOR

i

e i e c r e m e n t c u r s o r .
i

i L S B O F O ^ S O R
O O B R A N C H

1CLEAR CARRY
iBOUNDS CHECK
j D E C R . L S B
, X - F E R T O 6 5 4 5

C U R S O R
D D E C

N C O L l L D X
B N E

A D 5 2 0 3
8 5 D D
A D 5 3 0 3
8 5 D E
A 2 0 0
8 E 5 8 0 3
8 E 5 9 0 3
F O 3 B

A 6 D D
D O 0 4

HOMECU LDA D S T A R L
C U R S O R
D S T A R H
C U R S 0 R * » - 1

J C U R S Q R = D I S P L A Y S T A R T A D D R .
i S T O R E L S B
i M S B
J S T O R E M S B
; Z E R O R O W A N D C O L
} Z E R O R O W
t Z E R O C O L
) B R A N C H A L W A Y S

i
S T A

C L C1 8L D A B O U N D O
C U R S O R
X F E R C U

J S R2 0 I D 9 C
C 6 D D
4 C 7 8 9 B

S T A
D E CD D E C

L D X « 0 J M PX F R
S T X R O W

Z E R C O L S T X C O L
B E Q X F R

m o v e c u r s o r R I G H T

CLEAR SCREEN AND HOME CURSOR
jMOVE CURSOR FWD.
> L A S T P O S . S O I

C U R F W 2
H O M E C U

CURFWD JSR WRAP TO HOME POS2 0 B 2 9 A
B O A 9

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * , , ^ H i * * * * , D C S
R T S2 0 5 A 9 A CLRHOM JSR 6 0H O M E C U ( H O M E C U R S O R i iREAD CURSOR

IINC, CURSOR COUNT
;GET COLUMN
, I N C R E M E N T
last COLUMN ?

i N O . B R A N C H
iYES. LAST COL.
iINCR. ROW
l a s t r o w ?

iNO. BRANCH
S E T C A R RY

R D C U R
C 0 L 2

CURFW2 JSR2 0 0 1 9 C
E E 6 5 0 3
A E 5 9 0 3

N I N C
C O LL D XVCLEAR FROM CURSOR TO END OF SCREEN I N X

E B C O L M A X
N T L C O L

}
C P XE C 4 A 0 3

D O 1 3
A E 5 8 0 3

B N E
R O WL D X2 0 9 2 9 D

A 6 D D
E C 4 B 0 3
D O F 6
A S D E
2 9 D F
C D 4 C 0 3
D O E D

CLREND JSR
L D X

W R I T B L
C U R S O R

( W R I T E B L A N K . I N C R . C U R S O R
; C E T L S B
i C O M P A R E W / E N D
i N O T E Q . B R A N C H
( G E T M S B
( M A S K
( C O M P A R E M S B ' S
( N O T E Q . , C L E A R N E X T C H A R .

I N X
E 8

R O W M A X
NTLROW

i
C P X

E C 4 9 0 3
D O 0 2

C P X E N D B N E
B N E C L R E N D

C U R S O R + 1
4 4 D F
e n d - h
C L R E N D

i
S E C

L D A 3 6
R T S

A N D 6 0
(C M P NOT LAST ROWl a s t C O L .

B N E (
6 0 iCOL. COUNT

i C O L . - 0
i I N C R .
j I N C R .
,INCR. CURSOR
jX-FER TO 6545
;CLEAR CARRY

R T S (
« * F FNTLROW LDX

S T X
A 2 F F
8 E 5 9 0 3
E E 5 8 0 3
E E 5 9 0 3
2 0 9 2 9 C
2 0 7 8 9 B

C O L ROW COUNT
COL COUNTR O WI N C

C O LN T L C O L I N C
I N C U R

MOVE CURSOR TO I N C U R 2
XFERCU

T H E L E F T J S R
J S R
C L C

1 8
R T S2 0 0 1 9 C

C E 5 9 0 3
1 0 1 2
C E 5 8 0 3
1 0 0 6

C U R B C K J S R 6 0R D C U R ( R E A D C U R S O R
( D E C R . C O L U M N
( I F ● » - . N O T C O L 1
( C O L . 1 . D E C R R O W
i N O T R O W 1

D E C C O L
B P L N C O L l

R O W
C O L l

D E C l ine ROUTINEi n s e r t a
B P L

S T O R E 'SCREEN MAX I N C U R S O R SUBTRACT COL. «
get CURRENT ROW

# r o w s / s c r e e n

(
l n s t r t i

2 0 2 B 9 C
2 0 6 8 9 B
A E 4 A 0 3

NSLIN JSR
L D Y
L D X

2 0 1 5 9 C
A C 5 8 0 3
A E 4 9 0 3

J S R A D C O L S
T O P R O W
COLMAX

(R O W( C U R S O R D O W N 1 L I N E
( C U R S O R T O B O T T O M L I N E + 1
( G E T L A S T C O L 4 1

( G E TJ S R ROWMAX
C O L l L D X

E - 1 1
E - 1 0



PA C E 0 0 1 3
R M 6 5 C R T C 1 . 0P A 1 0 - J 9 2 7 - 0 0 1 . P LP A 1 0 - J 9 2 7 - 0 0 1 P L R M 6 5 C R T C 1 . 0 P A G E 0 0 1 2

COMMAND ROUTINES COMMAND ROUTINES

jCURSOR LSB
iCLEAR BORROW
» S U B T R . 1 R O W
IBOUNDS CHECK

C U R S O R0 4 2 6 9 A E 8
0 4 2 7 9 A E 9
0 4 2 8 9 A E C
0 4 2 9 9 A E E
0 4 3 0 9 A E F
0 4 3 1 9 A F 2

0 4 3 2 9 A F 5
0 4 3 3 9 A F 8
0 4 3 4 9 A F 9
0 4 3 5 9 A F C
0 4 3 6 9 A F D
0 4 3 7 9 B 0 0
0 4 3 8 9 B 0 3
0 4 3 9 9 B 0 5
0 4 4 0 9 B 0 8
0 4 4 1 9 B 0 B
0 4 4 2 9 B 0 E
0 4 4 3 9 B 1 I
0 4 4 4 9 B 1 4
0 4 4 5 9 B 1 7
0 4 4 6 9 B 1 9
0 4 4 7 9 B 1 C
0 4 4 8 9 B 1 F
0 4 4 9 9 B 2 2
0 4 5 0
0 4 5 1
0 4 5 2

0 4 5 3 9 B 2 4
0 4 5 4 9 B 2 7
0 4 5 5 9 B 2 9
0 4 5 6
0 4 5 7
0 4 5 0

0 4 5 9 9 B 2 C
0 4 6 0 9 B 2 E
0 4 6 1 9 B 3 1
0 4 6 2 9 B 3 2
0 4 6 3 9 B 3 5
0 4 6 4 9 B 3 7
0 4 6 5
0 4 6 6
0 4 6 7
0 4 6 8
0 4 6 9
0 4 7 0
0 4 7 1

0472 9B38
0 4 7 3 9 B 3 B
0 4 7 4
0 4 7 5
0 4 7 6

0 ^ 7 7 9 B 3 D
0 4 7 0
0 4 7 9
0 4 8 0

C A C O N T I N L D AA 5 D D0 4 8 1 9 B 4 0
0 4 8 2 9 B 4 2
0 4 8 3 9 B 4 3
0 4 8 4 9 B 4 6
0 4 8 5
0 4 8 6
0 4 8 7
0 4 8 8
0 4 8 9
0 4 9 0
0 4 9 1
0 4 9 2 9 B 4 9
0 4 9 3 9 B 4 C
0 4 9 4 9 B 4 F
0 4 9 5 9 B 5 2
0 4 9 6 9 B 5 4
0 4 9 7 9 B 5 7
0 4 9 8 9 B 5 9
0 4 9 9 9 B 5 C
0 5 0 0 9 B 5 F
0 5 0 1 9 B 6 1
0 5 0 2
0 5 0 3
0 5 0 4
0 5 0 5
0 5 0 6
0 5 0 7
0 5 0 8
0 5 0 9 9 B 6 3
0 5 1 0 9 B 6 6
0 5 1 1 9 B 6 8
0 5 1 2 9 B 6 B
0 5 1 3 9 B 6 C
0 5 1 4 9 B 6 F
0 5 1 5 9 B 7 2
0 5 1 6 9 B 7 3
0 5 1 7 9 B 7 5
0 5 1 8
0 5 1 9
0 5 2 0
0 5 2 1 9 B 7 8
0 5 2 2 9 B 7 9
0 5 2 3 9 B 7 B
0 5 2 4 9 B 7 E
0 5 2 5 9 B 8 0
0 5 2 6 9 B B 1
0 5 2 7 9 B 8 4
0 5 2 8 9 B 8 6
0 5 2 9 9 B 8 7
0 5 3 0 9 B 8 9
0 5 3 1 9 B 8 B

SO532 9B0C0 5 3 3 9 B 8 F
0 5 3 4 9 B 9 1
0 5 3 5 9 B 9 3

D E X J D E C R .
j C U R R E N T ^ L A S T ?
J Y E S . J U S T B L A N K I T
1 R O W M A X - 2 N O W

; R O W - R O W M A X - 2
i S A V E O R I G I N A L R O W
{ G E T # C O L S / S C R E E N
j M U L T . B Y 2
i S A V E C 0 L M A X * 2
i C L E A R B O R R O W
) 0 E T E N D S C R E E N A D D R .
i S U B . 2 R O W S
J S A V E
i M S B O F E N D A D D R .
i S U B . B O R R O W A N D C H E C K B O U N D S
i R E A D L I N E

J W R I T E I T O V E R N E X T
; G E T R O W «

» E Q U A L O R I G . P O S I T I O N
i Y E S . B R A N C H
i S U B T R . R O W
) S U B T R R O W
i D E C R R O W C O U N T
{ N E X T R O W - U N C O N D I T I O N A L B R .

S E CE C 5 8 0 3
F O 3 9

3 8C P X R O W S B C C O L M A X
J M P B O U N D l

E D 4 A 0 3
4 C I B 9 C

B E Q W R B L N K
C A D E X
0 E 5 8 0 3
B C 5 4 0 3
A D 4 A 0 3

S T X R O W
S T Y
L D A

A S L
S T A
S E C
L D A

Y S A V
C O L M A X MOVE CURSOR DOWNO A A

B D 5 5 0 3 X S A V
3 8

A D 4 B 0 3
E D 5 5 0 3
8 5 D D

A D 4 C 0 3
2 0 I F 9 C
2 0 6 A 9 C
2 0 7 9 9 C
A E 5 0 0 3
E C 5 4 0 3
F O O B
2 0 3 D 9 B
2 0 4 0 9 B
C E 5 8 0 3
1 0 E 7

ROW COUNTE N D i I N C R .
CET NEW ROW COUNT

, L A S T R O W + 1 7
,YES. WRAP TO TOP ROW
add row to CURSOR
BRANCH ALWAYS

iSUB ROW FROM CURSOR
DECR. ROW COUNT

iUNTIL TOP ROW
BRANCH ALWAYS

ROWCURDWN INCE E 5 8 0 3
A E 5 8 0 3
E C 4 9 0 3
F O 0 8

2 0 2 B 9 C
D O I F
2 0 4 0 9 B
C E 5 8 0 3
D O F 8
F O 1 5

S B C X S A V
C U R S O R
E N D + 1
B O U N D S
R E A D L N
W R I T L N

R O W iL D X
S T A R O W M A X

B O T R O W
A D C O L S
X F E R C U
C O N T I N

C P X
L D A B E Q
J S R J S R

L O O P l J S R
B N E

J S R
T O T O P U S R
BOTROW DECL D X R O W R O W i

C P X Y S A V
W R B L 2
S M A X 2
C O N T I N

T O T O P
XFERCU

B N E
B E Q i

B E Q
J S R
J S R
D E C
B P L

R O W
L O O P l move cu rso r up

i

W R I T E B L A N K L I N E A T I N S E R T L I N E
i

2 0 3 D 9 B
A 2 0 0
2 0 6 9 9 A

j D e c r r o w
.WASN'T TOP ROW

CeT #OF RDWS+
.DECR.
JSTORE
add row LENGTH
unt i l BOTTOM

. a g a i n

W R B L 2 J S R
WRBLNK LDX

S M A X 2 . S U B T R . R O W T W I C E
. S E T C O L = = 0
. Z E R O C O L . . X - F E R C U R S O R

R O W J
C U R U P D E CC E 5 8 0 3

1 0 O D
A E 4 9 0 3

● 0 U P 2B P L
J S R Z E R C O L

WRITE ABLANK LINE

ROWMAX J
TOPROW LDXJ

D E XC A
R O WS T X8 E 5 8 0 3

2 0 2 B 9 C

.

ADCOLS .
T O B O T J S RA 2 0 0

2 0 9 2 9 D
B L A N K L D X
B L A N K l J S R

N O . I N I T . X
. O U T P U T
I I N C R . C H A R . C O U N T
. C O M PA R E W / N C H A R S . / R O W
. N E X T B L A N K

D E XW R I T B L C A TOBOT
C O N T I N

E 8 B P LI N X 1 0 F A
2 0 4 0 9 BE C 4 A 0 3

D O F 7
J S RU P 2C P X COLMAX

B L A N K l 6545 CURSOR REG

CLEAR BORROW
.GET LSB	 ^
,SUBTR. START ADDR.
I C E T M S B
.SAVE CIWSQR
.SUBTR. MSB OF START
.DON'T SET BIT 11

l̂/rTuR^R <OSTART
®^̂ ?Sr”ê "sOR MSB

loET VIDEO FLAO
.INVERSE ?
.YES. SET BIT 13
. R E C .

B N E i "CURSOR- TO6 0 X - F E RR T S )

< . ;
XFERCU SEC. 3 8 CURSOR

D S TA R L
CURSOR+1

L D A. A 5 D D
E D 5 2 0 3
A 5 D E

S B CCLEAR TO END OF LINEi

L D A.
T A X. A A DSTARH

N O B I T
S B CE D 5 3 0 3

1 0 0 5

i
B P LA E 5 9 0 3

1 0 F I
C L R E O L L D X C O L

B L A N K l
» g e t C O L U M N
. O U T P U T B L A N K S

T X AB P L 8 A iN « 0 8
N 0 B I T 2

O R A
0 9 0 8
D O 0 1

. i
B N ESUBTRACT COLMAX TWICE FROM

S M A X 2 J S R

)C U R S O R n o b i t T X A
N 0 B I T 2 L D X

. 8 A I N V E R S
N O T S E T
# ● 2 0

2 0 4 0 9 B A E 5 1 0 3
F O 0 2
0 9 2 0
A 2 O E

C O N T I N

SUBTRACT COLMAX FROM CURSOR

i S U B R O W L E N G T H F R O M C U R S O R »
B E Qi

O R A.
# 1 4N O T S E T L D Xi I

E - 1 3
E - 1 2



I

P A C E 0 0 1 5
R t t 6 5 C R T C 1 . OP A 1 0 - J 9 2 7 - 0 0 1 . P UP A C E 0 0 1 4P A 1 0 - J 9 2 7 - 0 0 1 . P L R M 6 5 C R T C 1 . 0

COMMAND ROUTINESC O M M A N D R O U T I N E S

0 5 3 6 9 B 9 5
0 5 3 7 9 B 9 8
0 5 3 8 9 B 9 A
0 5 3 9 9 B 9 B
0 5 4 0 9 B 9 E
0 5 4 1 9 B A 1
0 5 4 2
0 5 4 3
0 5 4 4
0 5 4 5
0 5 4 6
0 5 4 7
0 5 4 6
0 5 4 9 9 B A 2
0 5 5 0 9 B A 5
0 5 5 1 9 B A 7
0 5 5 2 9 B A 9
0 5 5 3 9 B A C
0 5 5 4 9 B A E
0 5 5 5 9 B B 1
0 5 5 6 9 B B 4
0 5 5 7 9 B B 7
0 5 5 8 9 B B A
0 5 5 9 9 B B D
0 5 6 0 9 B C 0
0 5 6 1 9 B C 3
0 5 6 2 9 B C 6
0 5 6 3 9 B C 9
0 5 6 4 9 B C 6
0 5 6 5 9 B C E
0 5 6 6 9 B C F
0 5 6 7 9 B D 2
0 5 6 8 9 B D 5
0 5 6 9 9 B D 8
0 5 7 0 9 B D B
0 5 7 1 9 B D D
0 5 7 2 9 B D F
0 5 7 3 9 B E 2
0 5 7 4 9 B E 5
0 5 7 5 9 B E 8
0 5 7 6 9 B E B
0 5 7 7 9 B E D
0 5 7 8
0 5 7 9
0 5 8 0
0 5 8 1
0 5 8 2
0 5 8 3
0 5 8 4
0585 9BF0
0586 9BF3
0587 9BF5
0588 9BF8
0589 9BFB
0590 9BFE

2 0 9 B 9 B
A 5 D D

i0 5 9 1
0 5 9 2
0 5 9 3

0 5 9 4
0 5 9 5 9 C 0 1
0 5 9 6 9 C 0 3
0 5 9 7 9 C 0 6
0 5 9 8 9 C 0 B
0 5 9 9 9 C 0 B
0 6 0 0 9 C 0 C
0 6 0 1 9 C 0 F
0 6 0 2 9 C 1 2
0 6 0 3 9 C 1 4
0 6 0 4
0 6 0 5
0 6 0 6
0 6 0 7 9 C 1 5
0 6 0 8 9 C 1 6
0 6 0 9 9 C 1 8
0 6 1 0 9 C I B
0 6 1 1
0 6 1 2
0 6 1 3
0 6 1 4 9 C 1 D
0 6 1 5 9 C I F
0 6 1 6 9 C 2 1
0 6 1 7 9 C 2 3
0 6 1 8 9 C 2 5
0 6 1 9 9 C 2 7
0 6 2 0 9 C 2 9
0 6 2 1
0 6 2 2
0 6 2 3
0 6 2 4 9 C 2 B
0 6 2 5 9 C 2 C
0 6 2 6 9 C 2 E
0 6 2 7 9 C 3 1
0 6 2 8 9 C 3 3
0 6 2 9 9 C 3 5
0 6 3 0 9 C 3 7
0 6 3 1 9 C 3 9
0 6 3 2 9 C 3 B
0 6 3 3
0 6 3 4
0 6 3 5
0 6 3 6 9 C 3 C
0 6 3 7 9 C 3 F
0 6 3 8 9 C 4 1
0 6 3 9 9 C 4 4
0 6 4 0 9 C 4 6
0 6 4 1 9 C 4 B
0 6 4 2 9 C 4 A
0 6 4 3 9 C 4 D
0 6 4 4 9 C 4 E
0 6 4 5 9 C 5 1

J S R S 6 5 4 5
C U R S O R

i X - F E R T O 6 5 4 5
j C E T U S B
; R E O « 1 5
I S T O R E I T
j S T O R E I N 6 5 4 5

)L D A 6545 CURSOR INTO "CURSOR"R E A DE B iI N X
I8 E 0 0 9 8

8 D 0 1 9 8
S 6 5 4 5 S T X R S i M S B R E G

READ 6545 CURSOR (MSB)
j S E T M S B
j m a s k i t
j I N C R R E C . t
{STORE IN 6545
, g e t L S B
j S T O R E L S B

» 1 4R D C U R L D XA 2 O E
2 0 O C 9 C
0 9 9 0
2 0 3 7 9 C

8 T A R S + 1 R 6 5 4 5
4 4 9 0
M A S K

iJ S R6 0 R T S
O R A
J S R
I N XE 8

R SR 6 5 4 5 S T X8 E 0 0 9 8
A D 0 1 9 8
8 5 D D

C A R R I A G E R E T U R N R S + I
C U R S O R

L D A
S T A
R T S6 0

A D 5 7 0 3
F O O A
A 9 O D
2 0 0 5 E F
A 9 0 0
8 D 0 1 A C
8 D 5 B 0 3
8 D 6 5 0 3
E E 5 8 0 3
2 0 0 1 9 C
2 0 2 B 9 C
2 0 1 5 9 C
A E 5 8 0 3
E C 4 9 0 3
D O 2 0

C E 5 8 0 3

JC A R T N L D A SUBTRACT "COL" FROM "CURSOR"{ G E T A I M 6 5 / S . B . C . F L A G
» N 0 A I M S O D O N ' T U S E M O N I T O R
{ C L E A R D I S P L A Y
{ M O N I T O R R O U T I N E
{ D I S A B L E A I M D I S P L A Y
{ B Y R E V E R S I N G D A T A D I R .
{ C L E A R C R T C H A R . C O U N T
{ C L E A R C U R S O R C O U N T
i I N C R . R O N C O U N T
{ R E A D C U R S O R
{ A D D R O W L E N G T H
{ S U B T R . C O L U M N
{ G E T R O W
( L A S T R O W ?
{ N O . B R A N C H
{ D E C R . R O W
( S C R O L L R O U T I N E
( G E T L S B O F S T A R T A D D R .
( A D D R O W L E N G T H
{ S T O R E L S B
{ G E T M S B
{ A D D C A R R Y
{ M A S K
{ S T O R E M S B
{ W R I T E B L A N K L I N E
( S T O R E N E W D I S P L A Y S T. A D D R .
( S U B T R . R O W L E N G T H
{ Z E R O C O L U M N
( Z E R O C O L . C O U N T

A I M 6 5
C L O O P
4 4 0 D
4 E F 0 5

{
B E G

{
L D A i S E T C A R R Y

( G E T L S B
( S U B T R . C O L
{ S T O R E

L N S T R T S E C3 8J S R C U R S O R
C O L
C U R S O R

L D AA 5 D D
E D 5 9 0 3
8 5 D D

L D A ● 0 S B C
S T A ● A C O l

C U R P 2
C 0 L 2

B O U N D l S TA
C L O O P S T AIf {

BOUNDS CHECKING ON CURSOR

C U R S O R + 1

S T A (
I N C R O W { (GET MSB

( S U B T R . B O R R O W
{STORE MSB
(MASK MSB
,NON-ZERO. BRANCH
(GET NEW MSB
{UNCONDITIONAL BRANCH

J S R R D C U R
A D C O L S
L N S T R T

BOUNDO LDA
bounds SBC

A 5 D E
E 9 0 0
8 5 D E
C 9 9 0
B O 1 4
A 9 9 7
D O O E

J S R « 0
1i'. CURSOR+1

# 4 9 0
S K C A R
# 4 9 7

J S R S T A
L D X R O W C M P
C P X R O W M A X

Z C O L
B C S

B N E L D A
D E C M M 2R O W B N E1 8 S C R O L L C L C

A D 5 2 0 3
6 D 4 A 0 3
8 D 5 2 0 3
A D 5 3 0 3
6 9 0 0
2 9 9 7

8 D 5 3 0 3
2 0 2 C 9 B
2 0 3 C 9 C
2 0 4 0 9 B
A 2 0 0
4 C 6 9 9 A

( ROW LENGTH TO CURSORL D A D S T A R L
C O L M A X
D S T A R L
D S T A R H

A D D(
A D C

( C L E A R C A R RY
( G E T L S B

add ROW LENGTH
( S T O R E L S B
{ G E T D S B
( A D D C A R RY
( M A S K

STORE MSB

(
S T A ADCOLS CLC1 8 CURSOR

COLMAX
CURSOR
CURSOR+1

L D A L D A
A 5 D D
6 D 4 A 0 3
8 5 D D
A 5 D E
6 9 0 0
2 9 9 7
8 5 D E

{A D C ● 0 A D C
A N D # 4 9 7

D S T A R H
B L A N K
X D 8 T A R
C O N T I N

STCUR 8TA
INCMSB LDAS T A

J S R # 0A D C
# 4 9 7
C U R S O R + 1 (

J S R ANDM A S K
J S R S T AM M 2Z C O L L D X ● 0 SKCAR RTS6 0J M P Z E R C O L

IX-FERS DSTART TO 6545
MSB OF START{ ( G E T

;SET INVERSE BIT
IBET VIDEO ELAO
(BRANCH IF INVER^
(CLEAR INVERSE BIT
(REO. #12

store in 6545
(INCR RED. ●
( B E T L S B

STORE IN 6545

D S TA R H
« * 2 0
I N V E R S
S TO R E
# » D 7

XDSTAR LDAA D 5 3 0 3
0 9 2 0
A E 3 1 0 3
D O 0 2
2 9 D 7
A 2 O C
2 0 9 B 9 B

ROUTINE TO TOBBLE VIDEO MODE (
O R A
L D X
B N E
A N DA D 5 1 0 3

4 9 F F
8 0 5 1 0 3
2 0 3 C 9 C
2 0 0 1 9 C
4 C 7 8 9 B

V I D E O L D A I N V E R S
● 4 F F
I N V E R S
X D S T A R
R D C U R
X F E R C U

# 1 2( G E T F L A G
( C O M P L E M E N T
{ S T O R E
( X - F E R T O 6 5 4 5
( R E A D C U R S O R
i X - F E R T O 6 5 4 5

S T O R E L D X
E O R 5 6 5 4 5 (

J S R
S T A I N X

y E 0J S R D S TA R L
S 6 5 4 5

L D AA D 5 2 0 3
2 0 9 B 9 B

J S R (
J S R

J M P

E - 1 5
E - 1 4

4



0 ^
P A G E 0 0 1 7P A 1 0 - J 9 2 7 - 0 0 1 . P L R M 6 5 C R T C 1 . 0R M 6 5 C R T C 1 . 0I P A 1 0 - J 9 2 7 - 0 0 1 . P LP A C E 0 0 1 6COMMAND ROUTINES

C O M M A N D R O U T I N E S

IRESTORE X. RETURN0 6 4 6
0 6 4 7
0 6 4 B
0 6 4 9 9 C 3 4
0 6 S O 9 C 3 3
0 6 3 1 9 C 3 8
0 6 3 2 9 C 3 B
0 6 3 3 9 C 3 E
0 6 3 4 9 C 6 1
0 6 3 3 9 C 6 4
0 6 3 6 9 C 6 6
0 6 3 7 9 C 6 9
0 6 3 8
0 6 3 9
0 6 6 0

0 6 6 1 9 C 6 A
0 6 6 2 9 C 6 C
0 6 6 3 9 C 6 F
0 6 6 4 9 C 7 2
0 6 6 3 9 C 7 3
0 6 6 6 9 C 7 6
0 6 6 7 9 C 7 8
0 6 6 8
0 6 6 9
0 6 7 0
0 6 7 1 9 C 7 9
0 6 7 2 9 C 7 B
0 6 7 3 9 C 7 E
0 6 7 4 9 C 8 1
0 6 7 3 9 C B 2
0 6 7 6 9 C B 3
0 6 7 7 9 C 8 7
0 6 7 8
0 6 7 9
0 6 8 0

0 6 8 1 9 C 8 8
0 6 8 2 9 C B B
0 6 8 3 9 C 8 E
0 6 8 4 9 C 9 0
0 6 8 3 9 C 9 2
0686 9C93
0 6 8 7 9 C 9 3
0 6 8 8 9 C 9 7
0 6 8 9 9 C 9 8
0690 9C9B
0691 9C9C
0692 9C9F
0 6 9 3
0 6 9 4
0 6 9 3
0 6 9 6

0697 9CA0
0698 9CA3
0 6 9 9 9 C A 6
0700 9CA8

INCUR2B P Li 1 0 E 60 7 0 1 9 C A A
0 7 0 2
0 7 0 3
0 7 0 4
0 7 0 5 9 C A C
0 7 0 6 9 C A F
0 7 0 7 9 C B 1
0 7 0 0 9 C B 4
0 7 0 9 9 C B 6
0 7 1 0 9 C B 9
0 7 1 1 9 C B B
0 7 1 2
0 7 1 3
0 7 1 4
0 7 1 5
0 7 1 6
0 7 1 7
0 7 1 0
0 7 1 9 9 C B C
0 7 2 0 9 C B F
0 7 2 1
0 7 2 2
0 7 2 3
0 7 2 4
0 7 2 5
0 7 2 6
0 7 2 7
0 7 2 0 9 C C 1
0 7 2 9 9 C C 4
0 7 3 0 9 C C 7
0 7 3 1
0 7 3 2
0 7 3 3
0 7 3 4
0 7 3 5
0 7 3 6
0 7 3 7
0 7 3 0 9 C C 0
0 7 3 9 9 C C A
0 7 4 0
0 7 4 1
0 7 4 2
0 7 4 3
0 7 4 4
0 7 4 5
0 7 4 6
0 7 4 7 9 C C C
0 7 4 0 9 C C E
0 7 4 9
0 7 5 0
0 7 5 1
0 7 5 2
0 7 5 3
0 7 5 4
0 7 5 5

C A L C U L AT E E N D A D D R E S S J

DELAY 1DISPLAY ENABLEJ

1 0 CALEND CLC i C L E A R C A R R Y
i L S B O F S T A R T A D D R .
i A D D # C H A R / S C R E E N L S B
i S T O R E I N E N D
i G E T M S B O F S T A R T
i A D D M S B O F ● C H A R S
i M A S K
» S T O R E M S B

} S A V E X
jINDIRECT INDEX
/CHECK DISPLAY ENABLE

BRANCH IF ENABLED

/ D E L AY L O O P
RETURN TO READ OR WRITE

I A D 5 2 0 3
6 D 4 7 0 3
0 D 4 B 0 3
A D 5 3 0 3
6 D 4 0 0 3
2 9 D 7
0 D 4 C 0 3

X X 2S D E L AY S T XL D A 0 E 6 2 0 3
A O 0 0
A E 0 0 9 0
3 0 F B
A E 0 0 9 0
1 0 F B

D S T A R L
S C R M A X » 0 /L D YA D C

S TAT U S
E N A B 5
S T A T U S
D L Y 5

E N A B 5 L D XS T A E N D
/B M lL D A D S T A R H

S C R M A X + 1
# » D 7
E N 0 4 - 1

D L Y 5 L D XA D C
B P LA N D

/R T SS T A 6 0
6 0 R T S /

♦*♦***♦♦♦♦♦♦♦♦♦♦♦**♦*** * * * * * * * * * * * * P * * */ /

R E A D S 1 L I N E I N T O D B U F F ( S O ))( / /

turn GRAPHICS -0N“/ /
A 2 O O
2 0 0 8 9 C
9 D 6 6 0 3

R E A D L N L D X
R E A D l J S R

/● O I C H A R . I N D E X
/ R E A D C H A R
/ S T O R E I N B U F F E R
/ I N C R . I N D E X
/ L A S T C H A R . ?
/ N O . R E P E A T

,»*. . .».».*●●*●*●*●*●●●***●***●*●●●I * * * *R E A D
D B U F F , X CURSOR 1/32 FIELD RATES T A /

/ B L I N K
/ U N C O N D . B R A N C H

B 3 2 C U R
G R T N

E 0 CRPHON JSRI N X 2 0 C 0 9 C
D O 0 3E C 4 A 0 3

D O F 4
B N EC P X C O L M A X

R E A D lB N E /
6 0

R T S I

i/
t u r n o r a p h i c s - o f f -

**»»●●*●*●●**●**●●●●●****●●●***
DISPLAY CURSOR CONTINUOUSLY

, F L A O O N

iWRITES 1LINE FROM DBUFF(00>/

/ /

A 2 0 0
B D 6 6 0 3
2 0 A O 9 C

, « ● » « « * « »W R I T L N L D X
W R I T l L D A

t t O / C H A R . I N D E X
/ G E T C H A R ,
i O U T P U T T O C R T
/ I N C R . I N D E X
/ L A S T C H A R . ?
/ N O . R E P E A T

/D B U F F , X
W R I T E

D C U R 5
G R A P H

/ORPHOF JSR
G R T N

J S R 2 0 C C 9 C
0 D 5 0 0 3

E S S T A
I N X

E C 4 A 0 3
D O F 4

R T SW R I T 2 C P X 6 0C O L M A X
W R I T lB N E *♦♦♦♦*♦♦♦*♦**♦♦*♦**♦♦#♦*♦♦♦♦**♦♦*♦**♦**6 0

R T S
i AT 1/32 SCREEN RATEblink CURSORreads 1CHARACTER FROM REFRESH RAM
/

2 0 A C 9 C
A E 0 0 9 0
3 0 F B
B 1 D D

R E A D J S R
ENAB7 LDX

S D E L A Y
S TAT U S
E N A B 7

<CURSOR >,Y

/ D E L A Y F I R S T D I S P L A Y E N A B L E
/ G E T S T A T U S A G A I N
/ E N A B L E D , R E P E A T

/ R E A D C H A R . F R O M R E F . R A M

,♦6 0 - B L I N K
b r a n c h a l w a y s

# 4 6 0
C M O D E

B 3 2 C U R L D AB M I A 9 6 0
D O 0 6

/B N E
L D AI' 4 8 INCUR2 PHA ♦♦*#♦#**♦******●♦/ S A V E A

/ L S B

/ N O N - Z E R O . B R A N C H
/ I N C R . C U R S O R M S B
/ I N C R . A N D M A S K
I R E S T O R E A
/ R E S T O R E X

#»#♦#♦*#*#**#*****♦♦♦♦

DISPLAY CURSOR CONTINUOUSLY
E 6 D D
D O 0 4

I N C CURSOR
N O C AB N E

3 8
S E C

2 0 3 3 9 C
J S R I N C M S B6 0 N O C A P L A

A E 6 2 0 3 - d i s p l a y c u r s o r
b r a n c h a l w a y s

L D X X X 2 / O6 0 # 0'r D C U R S L D AR T S A 9 0 0
F O 0 2

CMODE /
B E Q/

*« * * . *●● * * *● * * * *● * * *●● * */

♦ * * # # # * # * * * ♦ * * *WRITES 1CHARACTER/
T O R E F R E S H R A M

/

BLAW CURSOR OUT2 0 A C 9 C
A E 8 0 9 8
3 0 F B
9 1 D D

W R I T E J S R
E N A B 2 L D X

S D E L A Y
S TAT U S
E N A B 2

( C U R S O R ) , Y

/ D E L A Y F I R S T D I S P L A Y E N A B L E
/ G E T S T A T U S A G A I N
/ E N A B L E D , R E P E A T

/ W R I T E T O R E F . R A M
' A , * , « # * * * * ● ● ● * ● ●

B M I
S T A

E - 1 7
E - 1 6



k

t)K
P A C E 0 0 1 9

R M 6 5 C R T C 1 . 0P A 1 0 - J 9 2 7 - 0 0 1 . P L P A 1 0 - J 9 2 7 - 0 0 1 . P LR M 6 5 C R T C 1 . 0 P A C E 0 0 1 8
C O M K A N D R O m i f C S C O M M A N D R O U T I N E S

I
\ N E X T
j R E S E T E S C . F L A G
j C E T C O L , «
;CLEAR BORROW

SUBTRACT OFFSET
; P U T C O L . I N X
jBOUNDS CHECK
, I N B O U N D S
,OUT. SET TO LAST COL.
i X = L A S T C O L U M N
J S T O R E I T
\ L S B
i C L E A R C A R RY
»ADD COLUMN

X - F E R T O 6 5 4 5

A D D C O L
E F L C
A S A V

B N E0 7 5 6 9 C D 0
0 7 5 7 9 C D 2
0 7 5 8 9 C D 4
0 7 5 9
0 7 6 0
0 7 6 1
0 7 6 2
0 7 6 3
0 7 6 4
0 7 6 5
0 7 6 6 9 C D 7
0 7 6 7 9 C D A
0 7 6 8 9 C D C
0 7 6 9 9 C D F
0 7 7 0
0 7 7 1
0 7 7 2
0 7 7 3
0 7 7 4
0 7 7 5
0 7 7 6
0 7 7 7 9 C E 0
0 7 7 8 9 C E 2
0 7 7 9 9 C E 5
0 7 8 0
0 7 0 1
0 7 8 2
0 7 8 3
0 7 8 4
0 7 8 5
0 7 8 6
0 7 8 7 9 C E 6
0 7 8 8 9 C E 9
0 7 8 9 9 C E A
0 7 9 0 9 C E D
0 7 9 1
0 7 9 2
0 7 9 3
0 7 9 4
0 7 9 5

0 7 9 6
0 7 9 7
0 7 9 8 9 C F 0
0 7 9 9 9 C F 3
0 8 0 0 9 C F 6
0 8 0 1 9 C F 7
0 8 0 2 9 C F 9
0 8 0 3 9 C F A
0 8 0 4 9 C F C
0 8 0 5 9 C F F
0 8 0 6 9 0 0 1
0 8 0 7 9 0 0 4
0808 9D05
0 8 0 9 9 D 0 8
0 8 1 0 9 D 0 B

A 9 2 0
A 2 O A
4 C 9 B 9 B

BLKCUR LDA
C M O D E L D X

D O F 7
8 C 4 F 0 3
A D 5 6 0 3

0 8 1 1 9 D 0 C
0 8 1 2 9 D 0 E
0 8 1 3 9 D 1 1
0 8 1 4 9 D 1 4
0 8 1 5 9 D 1 5
0 8 1 6 9 D 1 7
0 0 1 7 9 D 1 0
0 0 1 0 9 D 1 B
0 8 1 9 9 D 1 D
0 8 2 0 9 D 2 0
0 8 2 1 9 D 2 1
0 8 2 2 9 D 2 4
0 8 2 3 9 D 2 6
0 8 2 4 9 D 2 7
0 0 2 5 9 D 2 A
0 8 2 6 9 D 2 D
0 8 2 7
0 8 2 8
0 0 2 9

0 8 3 0
0 8 3 1
0 8 3 2
0 8 3 3
0 8 3 4 9 D 3 0
0 0 3 5 9 D 3 2
0 0 3 6 9 D 3 5
0 8 3 7
0 8 3 8
0 8 3 9
0 8 4 0 9 D 3 6
0 8 4 1 9 D 3 9
0 8 4 2 9 D 3 C
0 8 4 3 9 D 3 F
0 8 4 4 9 D 4 2
0 0 4 5
0 8 4 6
0 0 4 7
0 8 4 8

0 8 4 9
0 8 5 0

0 8 5 1
0 8 5 2 9 D 4 3
0 8 5 3 9 D 4 4
0 0 5 4 9 D 4 6
0 8 5 5 9 D 4 8
0 0 5 6 9 D 4 A
0 0 5 7 9 D 4 C
0 8 5 8 9 D 4 F
0 0 5 9 9 D 5 1
0 8 6 0 9 D 5 3
0 0 6 1 9 D 5 5
0 0 6 2 9 D 5 7
0 0 6 3 9 D 5 9
0 0 6 4 9 D 5 C
0 8 6 5 9 D 5 F

i « 2 0
t t $ O A
S 6 5 4 5

● B L A N K C U R S O R
J 4 0 A » C U R S O R M O D E R E G .
i S E T C U R S O R M O D E

R O W Z S T Y( 6 5 4 5 )
L D A

J M P
S E C3 8

● « 2 0 JS B CE 9 2 0
T A XA A

C O L M A X
O K C O L
C O L M A X

C P XE C 4 A 0 3
9 0 0 4
A E 4 A 0 3

T O G G L E " I N S E R T ” M O D E
B C C
L D X
D E XC A

C O LO K C O L S T X
L D A
C L C

A D 4 E 0 3
4 9 F F
8 D 4 E 0 3

8 E 5 9 0 3
A 5 D D

N S T O C L D A I N C H
« 4 F F
I N C H

j G E T I N S E R T M O D E F L A G
i C O M P L E M E N T
J S T O R E C O M P L E M E N T E D F L A G

C U R S O R
E O R

1 8S T A
C O LA D C

J 5 R
6 0 6 D 5 9 0 3

2 0 3 1 9 C
4 C 7 8 9 B

R T S S T C U R
X F E R C U iJ M P

ESCAPE SEQUENCE
SPECIAL MEANING FLAG'S E T ' L O S E

A 2 0 1
8 E 4 F 0 3

E S C L D X t t l j E S C . F L A G
} S T O R E i PA S S T H R U = 1

; S T O R E I T
S T X E F L G « 1DLESC LDA6 0 A 9 0 1

0 D 4 D 0 3
R T S D L ES T A

R T S
6 0

i

,READ TO EOLd e l e t e c h a r a c t e r S U B R O U T I N E
JGET COL. COUNT

READ TO END OF LINE
READ ORIC. POSITION
r e s t o r e o r i g . c o l .

C O LL D XR D E O LA E 5 9 0 3
2 0 6 C 9 C
2 0 0 1 9 C
A E 5 9 0 3

R E A D l
R D C U R

i

J S R
J J

J S R2 0 3 6 9 D DELCHR JSR’7 R D E O L »j R E A D T O E N D O F L I N E
i I N C R . C O L
J R E W R I T E A L L B U T 1 S T
J B L A N K A T E N D O F L I N E

C O LL D XE 8
I N Xi 2 0 7 B 9 C

4 C 9 2 9 D

R T S
6 0J S R W R I T l

W R I T B L
f J M P

‘I
BETWEEN AIM AND CRTTOGGLE DILINK

CONVERT (YSAV, ASAV) TO CURSOR ADDRESS
***♦♦♦ *# * * * * *#»*

<UNE FEEDS)
ire-enable aim display
iSET DATA DIR =OUTPUT
,SETUP FOR AIM (LSB
iSETUP FOR AIM (MSB)
iNO. SET TO AIM

set DILIN)C=CRT
,SET DILINK^CRT
1STORE LSB
1STORE MSB

« ^ « « * « * * * « * « « * * » * » * * « « , D E XC R TC A
C R T 2
♦KSKIPOA
P L 6 5
# 4 0 4
4 A C 0 1
# 4 0 5
# 4 E F
STDEST
#<OUTD
# > O U T D
d i l i n k
d i l i n k + 1

i
2 0 5 A 9 A
A D 5 4 0 3

B N ECONVRT JSR D O O F
A 9 7 3
D O O D
A 9 0 4
8 D 0 1 A C
A 9 0 5
A 2 E F
D O 0 4
A 9 7 7
A 2 9 9
0 D 0 6 A 4
8 E 0 7 A 4

H O M E C U
Y S A V

i» H O M E C U R S O R
i G E T R O W «
i C L E A R B O R R O W
; S U B T R A C T O F F S E T
I P U T R O W I N Y
; 1 S T R O W
I B O U N D S C H E C K
i I N B O U N D S
» O U T , S E T T O L A S T R O W
i Y = L A S T R O W
i A D D R O W L E N G T H
i I N C R R O W C O U N T
J D E C R P A R A M E T E R

L D AL D A
3 8 B N E

L D A
S E C

E 9 2 0 A I M DS B C
T A Y

● 4 2 0
A 8 S T A
F O 1 2
C C 4 9 0 3
9 0 0 4
A C 4 9 0 3

L D A
L D X

B E Q R O W Z
r o w m a x
A D D C O L
r o w m a x

C P Y
B N EB C C

C R T 2 L D A
P L 6 5
S T D E S T S TA

L D Y
0 8 L D X

D E Y
2 0 2 B 9 C
E E 5 8 0 3 1'^ADDCOL JSR A D C O L S

S T X
R T S

I N C R O W
0 0 D 0 N E 2D E Y 6 0

E - 1 9
E - 1 8

L



:f
■ o s

I

r r t )
P A C E 0 0 2 1

R n 6 5 C R T C 1 . OP A 1 0 - J 9 2 7 - 0 0 1 . P LP A 1 0 - J 9 2 7 - 0 0 1 . P L P A C E 0 0 2 0R M 6 5 C R T C 1 O
COMHAND ROUTINES COMMAND ROUTINES

0 8 6 6
0 8 6 7
0 8 6 8
0 8 6 9
0 8 7 0
0 8 7 1
0 8 7 2
0 8 7 3

0 8 7 4 9 D 6 0
0 8 7 5 9 D 6 3
0 8 7 6 9 0 6 5
0 8 7 7 9 D 6 7
0 8 7 8 9 D 6 9
0 8 7 9 9 D 6 C
0 8 8 0 9 D 6 F
0 8 8 1 9 D 7 1
0 8 8 2 9 D 7 4
0 8 8 3 9 D 7 7
0 8 8 4 9 D 7 9
0 8 8 5 9 D 7 C
0 8 8 6 9 D 7 E
0 8 8 7 9 D B 1
0 8 8 8 9 D 8 4
0 8 8 9 9 D 8 6
0 8 9 0 9 D 8 9
0 8 9 1 9 D 8 C
0 8 9 2 9 D 8 F
0 8 9 3 9 D 9 2
0 8 9 4 9 D 9 4

0 8 9 6
0 8 9 7
0 8 9 8
0 8 9 9
0 9 0 0
0 9 0 1
0 9 0 2 9 D 9 7
0 9 0 3 9 D 9 A
0 9 0 4 9 D 9 C
0 9 0 5 9 D 9 F
0 9 0 6 9 D A 1
0 9 0 7 9 D A 4
0 9 0 8 9 D A 7
0 9 0 9 9 D A 9
0 9 1 0 9 D A C
0 9 1 1 9 D A D
0 9 1 2 9 D B 0
0 9 1 3 9 D B 2
0 9 1 4 9 D B 4
0 9 1 5 9 D B 7
0 9 1 6 9 D B 9
0 9 1 7 9 D B B
0 9 1 8 9 D B E
0 9 1 9 9 D C 1
0 9 2 0 9 D C 3
0 9 2 1 9 D C 6
0 9 2 2 9 D C 8
0 9 2 3 9 D C A
0 9 2 4 9 D C D
0 9 2 5 9 D D 0
0 9 2 6 9 D D 3
0 9 2 7 9 D D 5
0 9 2 8 9 D D 7
0 9 2 9 9 D D 9
0 9 3 0 9 D D B
0 9 3 1 9 D D D
0 9 3 2 9 D D F
0 9 3 3 9 D E 2
0 9 3 4 9 D E 4
0 9 3 5 9 D E 6
0 9 3 6 9 D E B
0 9 3 7 9 D E A
0 9 3 8 9 D E C
0 9 3 9 9 D E F
0 9 4 0 9 D F 2
0 9 4 1 9 D F 4
0 9 4 2 9 D F 7
0 9 4 3 9 D F A
0 9 4 4 9 D F B
0 9 4 5 9 D F D
0 9 4 6 9 D F F
0 9 4 7 9 E 0 1
0 9 4 8 9 E 0 4
0 9 4 9 9 E 0 7
0 9 5 0 9 E 0 9

I ENTER CHARACTER ON SCREENI

D E L E T E K E Y P R O C E S S E D
OET CRAPHICS FLAO
n o t g r a p h i c s

,GET CHAR.
ISET MSB FOR GRAPHICS
SAVE GRAPHICS CHAR.

,GET AIM 65/S. B. C. FLAG
iNO AIM, SKIP AIM CHECKS
iREAD CURSOR (6545)
. g e t S TA C K p o i n t e r
.CHECK 'ON 'OR 'OFF MSG
. M c n O F T H AT C A L L E R

.NOT 'DN/OFF', CHECK JAPE INPU.get LSB of 'ON/OFF' CALLER
t a p e i n p u

.'ON/OFF'-INCR. DISPLAY PDINTE

.DECR. ON/OFF COUNTER
BRANCH ALWAYS
CHECK INPUT SOURCE

.TAPE INPUT 7

.NO, CHECK DELETE KEY

.YES, SKIP EDITOR STORAGE
●CHECK FOR DELETE.G^ MSB OF THAT CALLER
.LSB OF THAT CALLER
.NO, STORE IN EDITOR

OF THAT CALLER
.have DELETE
.CHECK 'PRINTER
. N O T
r e t r i e v e Y

. ' E N D ' M S G ?

.YES, DIVE CR
,'PRINTER DOWN' 7
.NO, JUST OUTPUT
.reset ON/OFF COUNTER
. D O I T
. G I V E
OUTPUT CHAR

,OET 0?̂ LAY POINTER
INC POINTER

e q u a l t o 2 0

G R A P H
NOGRPH
A S A V
* ● 8 0
A S A V
A I M 6 5
S T C H O O
R D C U R

»
L D XC H A RA E 5 0 0 3

F O 0 8
A D 3 6 0 3
0 9 8 0
8 0 3 6 0 3
A E 5 7 0 3
F O 6 8
2 0 0 1 9 C

B E Q
L D A

A D S B 0 3
C 9 1 4
9 0 0 2
A 9 1 3
8 D 1 5 A 4
A D 5 B 0 3
F O O B
A D 6 5 0 3
C D 5 E 0 3
F O 0 3
C E 5 B 0 3
A 9 E 8
9 D 0 5 0 1
C E 6 5 0 3
A 9 0 4
9 D 0 4 0 1
A D 5 B 0 3
9 D 0 3 0 1
2 0 8 5 9 A
A 9 2 0
4 C A O 9 C

D E E L E T L D A
C M P

C U R P 2 j C E T d i s p l a y c o u n t e r
j M O R E t h a n 1 9 ?
) N O . O K
j R E S E T T O 1 9 S O D E L E T E E C H O E D
j S E T a i m D I S P L A Y P O I N T E R
i O E T C R T C H A R . C O U N T
i D O N ' T D E C R . I F 0
i O E T C U R S O R P O S .
J E Q U A L T O C M A X 7
i Y E S . D O N ' T D E C . C H A R C O U N T
I N O , D E C R C R T C H A R C O U N T
{ R E T U R N A D D R . M S B
} P U T O N S T A C K
j D E C R . C U R S O R P O S .
{ R E T U R N A D D R . L S B
{ P U T O N S T A C K
{ O E T P O I N T E R < 2 0
I P U T O N S T A C K
{ B A C K S P A C E
{ W R I T E B L A N K
{ O U T P U T

O R A
{f t 2 0 S T A

N O O R P H L D X
B E Q

B C C
L D A

L T N 2 0
# 1 9

C U R P 0 2
C U R P 2
D E L 2
C 0 L 2
C M A X
D E L 2
C U R P 2
« « E 8
# 1 0 5 . X
C 0 L 2

L T N 2 0 S T A U S R
L D A T S X

B A
« 1 0 8 . X
t t # E C
T A P E C K
* 1 0 7 . X
t t « C F
T A P E C K

CURP02
P R F L O
N O I N S
# A 4 1 2

B E Q O N O F F L D A
C M P
B N E
L D A

B O 0 8 0 1
C 9 E C
D O O F
B D 0 7 0 1
C 9 C F
D O 0 8
E E 1 3 A 4
C E 5 F 0 3
1 0 6 A
A D 1 2 A 4
C 9 3 4
D O 0 3
4 C 5 6 9 E
B D 0 5 0 1
B C 0 4 0 1
C 9 E 7
D O I D
C O F 2
F O 8 3
C O B 7
D O 1 3
A C 6 1 0 3
C O 7 2
F O 0 9
C O 3 B
D O 6 C
A O 0 3
8 C 3 F 0 3
2 0 A 2 9 B
D O 6 2
A D 5 6 0 3
A C 1 5 A 4

L D A
C M P
B E Q
D E C C M P

D E L 2 L D A B N E
I N CS T A
D E CD E C

{
B P LL D A # 0 4

{
TAPECK LDAS T A ● 1 0 4 . X

C U R P 2
● 1 0 3 , X
C U R B C K
# « 2 0
W R I T E

# ' T I
C M PL D A

D E L C K
S C R O
♦ 1 0 3 . x
♦ 1 0 4 , X
● ♦ E 7
S T 0 R E 2
● ♦ F 2
D E E L E T
# ♦ 8 7
S T 0 R E 2

B N ES T A
B S P A C E J S R
W R I T B L L D A

J M P
L D ADELCK

J M P L D Y
C M P
B N E

i M S B
C P Y

{ DOWN/END' MSGSB E Q
C P YCKMSC ' k E P ' M S O
B N E

{Y Y YL D Y
● ♦ 7 2
E M S O
# ♦ 3 8
SCRO

C P Y
B E Q

{
C P YI.
B N E

# 3L D Y
PRFLO
CARTN
S C R O
A S A V
CURP02

carriage RETURNS T Y
J S RE M S O

{

B N EI {
S T 0 R E 2 L D A

L D Y
{I

I N Y { > O R
,< 20 SO OH

rese t TO 19
STORE AIM
t o t a l c h a r s .

C 8 ● 2 0C P Y
C O 1 4
9 0 0 2
A O 1 3
8 C 1 5 A 4
A C 5 B 0 3
C O 3 B
B O 0 6

L T 2 0
● 1 9
C U R P 0 2
C U R P 2

B C C
{ d isp lay POINTERL D Y
{

S T YL T 2 0 {
L D Y

# 5 9C P Y g r e a t e r ,{STCHOOB C S

B - 2 1
E - 2 0

i



Cif)
P A C E 0 0 2 3

R M 6 5 C R T C 1 . 0P A I O - J 9 2 7 - 0 0 1 . P L
A S S Y. R E F O R M AT T E R

P A 1 0 - J 9 2 7 - 0 0 1 . P L RM 65 CRTC 1. 0 P A C E 0 0 2 2
COMMAND ROUTINES

0 9 5 1 9 E 0 B
0 9 5 2 9 E 0 E
0 9 5 3
0 9 5 4
0 9 5 5
0 9 5 6
0 9 5 7
0 9 5 0
0 9 5 9
0 9 6 0 9 E 1 1
0 9 6 1 9 E 1 4
0 9 6 2 9 E 1 7
0 9 6 3 9 E 1 9
0 9 6 4 9 E 1 C
0 9 6 5 9 E 1 F
0 9 6 6 9 E 2 2
0 9 6 7 9 E 2 5
0 9 6 0 9 E 2 0
0 9 6 9 9 E 2 B
0 9 7 0 9 E 2 D
0 9 7 1 9 E 3 0
0 9 7 2 9 E 3 2
0 9 7 3 9 E 3 5
0 9 7 4 9 E 3 0
0 9 7 5 9 E 3 A
0 9 7 6 9 E 3 C
0 9 7 7 9 E 3 F
0 9 7 0 9 E 4 2
0 9 7 9 9 E 4 4
0 9 0 0 9 E 4 7
0 9 0 1 9 E 4 A
0 9 0 2 9 E 4 B
0 9 0 3 9 E 4 E
0 9 0 4 9 E 5 0
0 9 0 5 9 E 5 3
0 9 0 6 9 E 5 6
0 9 0 7 9 E 5 9
0 9 0 0
0 9 0 9
0 9 9 0
0 9 9 1 9 E 5 C
0 9 9 2 9 E 5 F
0 9 9 3 9 E 6 1
0 9 9 4 9 E 6 4
0995 9E67
0 9 9 6
0 9 9 7 9 E 6 0

9 9 3 0 A 4
E E 5 B 0 3

0 9 9 9
1 0 0 0
1 0 0 1
1 0 0 2
1 0 0 3
1 0 0 4
1 0 0 5
1 0 0 6
1 0 0 7
1 0 0 8 9 E 6 B
1 0 0 9 9 E 6 D
1 0 1 0 9 E 6 F
1 0 1 1 9 E 7 1
1 0 1 2 9 E 7 2
1 0 1 3 9 E 7 4
1 0 1 4
1 0 1 5
1 0 1 6
1 0 1 7 9 E 7 5
1 0 1 8 9 E 7 6
1 0 1 9 9 E 7 0
1 0 2 0 9 E 7 A
1 0 2 1 9 E 7 C
1 0 2 2 9 E 7 D
1 0 2 3 9 E 7 F
1 0 2 4 9 E 0 1
1 0 2 5 9 E 8 3
1 0 2 6 9 E 8 5
1 0 2 7 9 E 0 7
1 0 2 8 9 E 0 9
1 0 2 9 9 E 8 B
1 0 3 0 9 E 8 D
1 0 3 1 9 E 8 F
1 0 3 2 9 E 9 1
1 0 3 3
1 0 3 4 9 E 9 2
1 0 3 5 9 E 9 4
1 0 3 6 9 E 9 6
1 0 3 7 9 E 9 9
1 0 3 8 9 E 9 B
1 0 3 9 9 E 9 D
1 0 4 0 9 E 9 F
1 0 4 1 9 E A I
1 0 4 2 9 E A 4
1 0 4 3 9 E A 6
1 0 4 4 9 E A 7
1 0 4 5 9 E A 9
1 0 4 6 9 E A C
1 0 4 7 9 E A E
1 0 4 8 9 E B 0
1 0 4 9 9 E B 3
1 0 5 0 9 E B 5
1 0 5 1 9 E B 8
1 0 5 2 9 E B A
1 0 5 3 9 E B C

S T A D I B U F F , Y
C U R P 2

> S T O R E I N E D I T B U F F E R

i I N C R T O T A LI N C

assembler REFORMATTER

INSERT ACHARACTER
i n i t i a l i z a t i o n

A S O U TE N T R Y B C S
L D X

B O 0 8
A 2 0 0
8 6 F 5

2 0 0 1 9 C
A E 4 E 0 3
F O 1 4

STCHOO USR ● OR D C U R
I N C H
N O I N S
R D E O L
A S A V
W R I T E
C O L M A X
W R I T 2
C O L M A X
S C R 2
A I M 6 5
S C R O
C U R P 2
C M A X
S C R O

I R E A D C U R S O R
j O E T I N S E R T F L A G
I N O P E . B R A N C H
i R E A D T O E N D O F L I N E
i O E T C H A R .
I I N S E R T I T
I D E C R . C H A R S / R O W
t W R I T E R O W
J R E S T O R E C H A R S / R O W
) I N C C U R . . S C R O L L I F N E C E S S .
J O E T A I M 6 5 / S B . C . F L A G
i N O A I M . S K I P D I S P L A Y K L U D G E
i O E T C H A R . C O U N T
i E Q U A L T O C M A X ?
» N 0 . O U T P U T
» Y E S , R E S E T C H A R . C O U N T
i P A S S B A C K T O A I M I N Y
J R E S E T C R T C H A R . C O U N T
i R E S E T P R I N T E R C H A R C O U N T
I P R I N T E R C O U N T
i O E T C O L . C O U N T

L D X S M F L CS T X
B E Q I N X

2 0 3 6 9 D
A D 5 6 0 3
2 0 A O 9 C
C E 4 A 0 3
2 0 8 2 9 C

E 8
C O M C RJ S R S T X8 6 F 7

L D A R T S
6 0J S R i

I N EREFORMATTING ROUTD E C
*

J S R ICLEAR DEC. MODE
1 S AV E X R E G .

SET COMMENT COLUMN
C E T A ( C H A R . )

i S AV E C H A R

BRANCH IF CHAR.< **20

BRANCH IF CHAR-< **5F

SET CARRIAGE RETN.

»E E 4 A 0 3
I N C ASOUT CLDD O 2 F D 8 S A V X

9 4 0
COMCOL

B N E S T X
8 6 F 4
A 2 2 8
8 6 F 6

A E 5 7 0 3
F O 2 4
A E S B 0 3
E C 5 E 0 3
D O 1 C
A 2 3 A
0 E 6 1 0 3
8 E S B 0 3
A 2 1 2
O E 1 6 A 4
A E 6 5 0 3

n o i n s L D X L D X
I

S T XB E Q
i

L D X P L A
6 8 S A V A

9 * 2 0
C P X S T A

8 5 F 3
C 9 2 0
9 0 0 4
C 9 5 E
9 0 O B
A 2 0 1
8 6 F 2
A 6 F 5
1 0 0 2
0 6 F 5

C M PB N E
N OL D X B C C9 5 8
9 * 5 ES T X C M PY Y Y iN 1B T X

L D X
B C CC U R P 2

9 1 F L A GL D X9 1 8 N O IC R F L G
S M F L C
S K I P
S M F L C

S T X S T XC U R P O S
C 0 L 2L D X L D XE 0

I N X CLEAR SEMI-COLON FLAG
JRETURN

B P LE C 5 E 0 3
F O 0 6
C E 6 5 0 3
2 0 8 5 9 A
A D 5 6 0 3
2 0 A O 9 C

I
C P X A S LC M A X

S C R O
C 0 L 2
C U R B C K
A S A V
W R I T E

J E Q U A L T O C M A X ?
I Y E S , D O N ' T B A C K S P A C E
j D E C R . C U R S O R P O S .
i B A C K S P A C E . T H E N O U T P U T
I O E T C H A R
J O U T P U T T O C R T

B E Q R T SS K I P6 0D E C i g e t i F L A G
.IF +. PROCESS
, C O L -
,IS CHAR. AN »
,NO. BRANCH

YES. CET

CARRIAGE RETURN

)
S M F L C
N I A
N E X T

J S R L D X
B P L

N 1A 6 F 5
1 0 0 3
4 C 2 8 9 F
C 9 3 D
D O I B
A 6 F 2
F O O B
2 0 3 B 9 F
8 6 F 7

S C R O OUTPUT CHARLDA 0 C O M M E N T.
J S R J M Pf i 9 ' =C M PN I A

carriage RTN. flagi increment CURSOR N 6B N E, S C R O L L I F N E C E S S A R Y Ji CRFLGL D X2 0 B 2 9 A
9 0 0 6
2 0 D 7 9 A
4 C C E 9 B

J I FSCR2 N 2J S R B E QCURFW2
N O T S C R
I N C U R
S C R O L L

i h O V E C U R S O R F W D
J D O N ' T S C R O L L
I I N C R . C U R S O R
I S C R O L L
; N O S C R O L L . R E T U R N

, O U T P U T
ZERO FLAG
S E T X - 1
EQFLC=1

I r e t u r n
, g e t e q fl a g

OO CLEAR IT
OUTPUT CHAR

C R L F
COMCR

B C C J S R
J S R S T X JJ M P I N X6 0 NOTSCR RTS E 8 E Q F L OS T X

8 6 F I
4 C 3 8 9 F
A 6 F I
D O 0 3
4 C 2 8 9 F
4 6 F I
4 C 3 8 9 F
A 6 F 2
F O 5 7
C 9 3 B

I R 1J M P6 C D B 0 0 I N D I R J M P E Q F L OL D X< B S TA R T ) N 2i I N D I R E C T J U M P F O R C T R L . C H A R S i I F
J I F - 0
, e q fl o = o
, r e t u r n
, g e t C . R
,IF =0. BRANCH
, C H A R . A J 7

N 3B N E
N E X T
E Q F L O

J M PC R S P
L S RN 3

R 1J M P F L A G
C R F L GL D XN 6
N I OB E Q
9 ' /C M P

E - 2 3
E - 2 2



P A C E 0 0 2 9
R M 6 9 C R T C 1 . 0P A 1 0 - J 9 2 7 - 0 0 1 . P LP A 1 0 - J 9 2 7 - 0 0 1 . P L R M 6 9 C R T C 1 0 P A C E 0 0 2 4

a s s y , r e f o r m a t t e r A S S Y. R E F O R M AT T E R

i r e s t o r e a
j I N C R . C O L . *
i R E S T O R E X
,RETURN

P L A1 0 5 4 9 E B E
1 0 5 5 9 E C 0
1 0 9 6 9 E C 2
1 0 9 7 9 E C 4
1 0 5 8 9 E C 7
1 0 5 9 9 E C 9
1 0 6 0 9 E C B

1 0 6 1 9 E C D
1 0 6 2 9 E C F
1 0 6 3 9 E D 1
1 0 6 4 9 E D 3
1 0 6 9 9 E D 9
1 0 6 6 7 E D 7
1 0 6 7 9 E D 9
1 0 6 8 9 E D B
1 0 6 9 9 E D D
1 0 7 0 9 E D E
1 0 7 1 9 E E 0
1 0 7 2 9 E E 2
1 0 7 3 9 E E 4
1 0 7 4 9 E E 6
1 0 7 9 9 E E 8
1 0 7 6 9 E E B
1 0 7 7 9 E E E
1 0 7 8 9 E F 0
1 0 7 9 9 E F 3
1 0 8 0 9 E F 6
1 0 8 1 9 E F 8
1 0 8 2 9 E F A
1 0 8 3 9 E F C
1 0 8 4 9 E F E
1 0 8 5 9 F 0 0
1 0 8 6 9 F 0 2
1 0 8 7 9 F 0 4
1 0 8 8 9 F 0 6
1 0 8 9 9 F O 0
1 0 9 0 9 F 0 B
1 0 9 1 9 F 0 D
1 0 9 2 9 F 1 0
1 0 9 3 9 F 1 3
1 0 9 4 9 F 1 5
1 0 9 9 9 F 1 7
1 0 9 6 9 F 1 9
1 0 9 7 9 F 1 B
1098 9F1D
1099 9FIF
1100 9F22
1101 9F24
1102 9F26
1103 9F20
1104 9F2A
1109 9F2C
1106 9F2E
1107 9F31
1108 9F32

D O 3 6
A 9 2 9
0 0 O B
2 0 3 B 9 F
A 9 8 0
8 9 F 9
8 5 F 7
D O 9 3
4 6 F 2
A 2 0 1
8 6 F 9
D O 6 1
A 6 F O
E O 2 2
9 0 0 9

6 81 1 0 9 9 F 3 5
I I 1 0 9 F 3 6
1 1 1 1 9 F 3 8
1 1 1 2 9 F 3 A
1 1 1 3
1 1 1 4 9 F 3 B
1 1 1 9 9 F 3 D
1 1 1 6 9 F 4 0
1 1 1 7 9 F 4 3
1 1 1 8 9 F 4 9
1 1 1 9 9 F 4 7
1 1 2 0 9 F 4 9
1 1 2 1
1 1 2 2
1 1 2 3 9 F 4 A
1 1 2 4 9 F 4 D
1 1 2 9 9 F 4 F
1 1 2 6 9 F 9 2
1 1 2 7 9 F 9 4
1 1 2 8 9 F 9 7
1 1 2 9 9 F 9 A
1 1 3 0 9 F 9 C
1 1 3 1 9 F 9 E
1 1 3 2 9 F 6 0
1 1 3 3
1 1 3 4 9 F 6 1
1 1 3 9 9 F 6 2
1 1 3 6 9 F 6 3
1 1 3 7 9 F 6 4
1 1 3 8 9 F 6 9
1 1 3 9 9 F 6 6
1 1 4 0 9 F 6 9
1 1 4 1 9 F 6 A
1 1 4 2 9 F 6 C
1 1 4 3 9 F 6 D
1 1 4 4 9 F 6 F
1 1 4 9 9 F 7 1
1 1 4 6 9 F 7 3
1 1 4 7 9 F 7 9
1 1 4 8 9 F 7 7

B N E N 8 i N O , B R A N C H
1 C H E C K A S S M B L E R C O L . t t
i I F O O , B R A N C H
» O U T P U T C A R R I A G E R E T U R N
j S E T F L A G
J T O C O L . 0 C O M M E N T

C O L U M N
S A V X

I N CI N IE 6 F O
A 6 F 4

L D A * 2 9 L D XR 1
B N E N O T Z

C R L F
4 * 8 0
S M F L G
C O M C R
S E M I
C R F L G

R T S
6 0J S R

i
L D A
S T A

● * 0 D
O U T D
I N D R 2

L D AC R L FA 9 O D
2 0 7 7 9 9
2 0 7 7 9 F
A 2 0 0
8 6 F O
8 6 F 2

, C . R T O C R T .
ECHO THRU VECTOR

CLEAR COL. COUNT
ICLEAR CR. FLAG

J S R
S T A {J S R
B N E < O U T P U T {

; C L E A R C . R F L A G
* 0L D X

N O T Z L S R C O L U M N
C R F L G

iS T X
L D X
S T X
B N E
L D X
C P X

« 1 S T X
S M F L G i S E T i F L A G

* R E T U R N
J G E T C O L . «

R T S
6 0R 1

J
N C C O L U M N

● 3 4
S P l

t ,OUTPUT C. R.
,CONVERT LOC.

( C O N V E RT L O C .

OUTPUT SPACE
, O E T C O L . #
/ C O L . 1 2 ?
JNO, OUTPUT SPACE

C R L FJ S RR E S E T 3 3 T O H E <2 0 3 B 9 F
A 9 3 3
2 0 6 1 9 F
A 5 3 2
2 0 6 1 9 F
2 0 2 6 9 F
A 6 F O
E O O C
D O F 7

B C C * 3 3/ B R A N C H I F X < 3 4
/ A - C O L U M N
/ I N C R . ( C A R R Y I S S E T - A D D 2 )
/ S T O R E A S C O M M E N T C O L . ●
/ G E T C O L . ●

L D A8 A
T X A N U M AJ S R 3 2 TO H E X6 9 0 2

0 5 F 6
A 6 F O
E 4 F 6
F O 0 6
2 0 2 6 9 F
4 C E 2 9 E
A 9 3 B
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t a b l e s 9 9 2 8
TA P E C K 9 D C 3
T O B O T 9 B 6 F
T O P R O U 9 B 6 8
T O T O P 9 B 5 9
T16405 9F92
T22725 9F86
T 2 5 4 0 6 9 F 9 E
T25806 9F7A

9 B 7 5
^^8ER0	 9970
VIDEO 9BF0
WARM
WRBLNK 9B27
WRBL2 9B24

0494	 0511	 0562	 0804	 0806 0116	 0117
0 5 8 8 # 0 6 3 6

0381	 0413	 0497
0 3 2 8 # 0 3 8 1

# 0 0 6 7
# 0 0 7 7
# 0 0 7 9
# 0 0 6 6
# 0 0 7 8

0 5 6 3 # 0 5 7 6
# 0 3 2 7

0590	 08260 5 0 1 # 0 5 2 1
R S 0539	 0540	 0600	 0601
R 1 X F R

0 4 3 7
0 2 5 7
0 7 0 5
0 4 3 1
0 2 5 8

0 4 3 4
0 1 9 1X X X
0 6 9 1
0 2 3 5
0 1 9 2

X X 2 0444	 0799
0932	 0976

Y Y Y

0 9 7 4 0 9 8 3 # 0 9 8 6 0455	 0577

r 08 K 3

1 0 3 1 1034	 1059	 1064	 1094	 1096

S P l

0 7 0 9

0645	 0758

U P 2

9 9 6 4

0
E-31

E - 3 0
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a p p e n d i x f

CHARACTER ROM LISTING

f o r t h e 2 5 6

The ROM Is formatted as
contains the dot matrix patterns

T a b l e 3 - 1 ) .
T h e R 3 2 6 5 R O M

pr in table characters (see
f o l l o w s :

Is composed of 16 bytes:The bit pattern for each charactera .

Byte 1»top row (row 1)
B y t e 9
Bytes A-F * * zero

=I bot tom row ( row 10)

$00, starts at address
$ F F ,

( b l a n k ) , h e x >
(solid block), hex code

b . T h e fi r s t c h a r a c t e r
T h e l a s t c h a r a c t e r$ 0 0 0 .

starts at address $FF0.

r o f o l l o w s :listing is formatted a s
T h e R O Mc .

— B y t e

R o w N O .

— C h a r $ 0 0

S 9 A B C D E F5	 6	 7

5	 6	 7	 8
0	 12	 3	 4

12	 3	 4A d d r

— C h a r $ F F
FE FE FE 00 00 80FE FE FE FE FE FE FEF F 0

F - 1



e o 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
e o 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 G O
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

38 00 00 00 00 0® ®®000 00	 00	 00	 00	 90	 00	 00	 00	 00	 00	 00	 00	 00	00	00	00
010 00	 7C	 82	 9ft	 ft2	 fl2	 9fi	 82	 7C	 00	 00	 00	 00	00	00	00
020 00	 7C	 82	 Bft	 ft6	 Bfi	 ftft	 fig	 7C	 00	 00	 00	 00	00	00	00
030 00	 20	 40	 FE	 00	 FE	 04	 08	 00	 00	 00	 00	 00	00	00	00
040 00	 F0	 C0	 ft0	 90	 08	 04	 02	 00	 00	 00	 00	 00	00	00	00
050 00	 IE	 06	 0fi	 12	 20	 40	 80	 00	 00	 00	 00	 00	00	00	00

22	 20	 12	 0fi	 06	 IE	 00	 00	 00	 00	 00	 00	 00	00
070 00	 02	 04	 03	 90	 p0	 Q0	 p0	 00	 00	 00	 00	 00	00	00	00
211 2® 20 00 00 00 00 00 00 00 00 00
2 2 2 ® ® ® ® ® ® ® ® ® ® ® ® ® ® ® ®
0fl0 00 10 10 10 10 54 30 ^0 00 00 00 00 00 00 00 00
222 ®® ®® ®® ®® ®® ®® ®® ®®
222 22	 ^® ^® 54 38 10 00 00 00 00 00 00 00
222 22	 2®	 ®®	 ^2	 1C	 14	 12	 00	 00	 00	 00	 00	 00	00
2c2 22	^2	 1C	 12	 iC	 00	 00	 00	 00	 00	 00	 00
222 22	2^	 2C	 52	 8C	 00	 00	 00	 00	 00	 00	 00	 00
.;2 22	 ®®	 ®®	 ®®	 ®®	 ®®	 ®®	 ®®	 ®®	 ®®	 ®®
1^2 22	 2*^	 ®®	 ®®	 ®®	 ®®	 ®®	 ®®	 ®®	 ®®	 ®®	 ®®1^2 22	 ®®	 ®®	 ®®	 ®®	 ®®	 ®®	 ®®	 ®®	 ®®	 ®®
1^2 22	 ®2 1C 00 00 00 00 00 00 00 00 00 00
is2 22 it	 ®® ®® ®® ®® ®® ®®	 ®® ®®

22 if	 ®2 1C 00 00 00 00 00 00 00 00 00 00
H7« 22 7c	 ®® ®® ®® ®® ®® ®® ®® ®® ®® ®®
ioa 22 22 ??	 ®® ®® ®0 ®® 0® 0® 00 00 00 00 00
180 00 0C 12 0C 12 0C
190 00 0C 12 0E 02 0C
100 00 FE 7C 38 10
1B0 00 00 00 00 00
1C0 00 80 C0 E0 F0
1E0 00 00 0O	 ® 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1F0 00 00	 ‘ ' ® ^ 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
200 00	00	 00	 0®	 ®®	 ■’0	 ’’8	 00	 00	 00	 00	 00	 00	00	00210 00	 ?0	 ?0	 ®®	 ®®	 00	 00	 00	 00	 00	 00	 00	0®	0®	®0
220 00 2ft 2Q i® ®® 00 ^0 00 00 00 00 00 00 0® ®0III 00	 2fi	 2ft	 ®®	 ®®	 ®0	 00	 00	 00	 00	 00	 00	 00	00	00
240 00	 10	 7r	 ®®	 ^0	 ^8	 00	 00	 00	 00	 00	 00	 00	00
250 00	 ^8	 10	 00	 00	 00	 00	 00	 00	 00	 00
III 00	 20	 tt.	 f	 “C	 -*C	 00	 00	 00	 00	 00	 00	 00	00270 00	 0ft	 ?0	 ^®	 ‘‘0	 00	 00	 00	 00	 00	 00	 00	00
280 00	09	 10	 la	 ?® ®® ®0	 00	 00	 00	 00	 00	 00	 00	00	0®290 00	 20	 ^0	 0ft	 ft®	 ®®	 ^®	 00	 00	 00	 00	 00	00	00	00	0®2R0 00	 00	 ^0	 ?!	 ®®	 ®0	 10	 00	 00	 00	 00	 00	00	00	00	®0280 00 It i! !ft 10 00 00 00 00 00 00 00 00 002C0 00	 00	 0?	 0?	 ft®	 1®	 1®	 ®0	 00	 00	 00	 00	00	00	00	0®III ll	 ll	 ll	 It	 !?	 ®®	 20	 20	 40	 00	 00	 00	 00	00	00	002eI ll	 ll	 ll	 ll	 ll	 ®®	 ®®	 00	 00	 00	 00	 00	 00	00	00	002F0 ll	 ll	 ll	 !!	 ®®	 ®®	 ®0	 ‘'0	 00	 00	 00	 00	 00	00	00	002F0 00	 04	 04	 08	 10	 20	 40	 40	 00	 00	 00	 00	 00	00	00	00

2 Q 4 4 4 C 5 4 6 4 4 4
10 30 50 10 10 10	 00 00 00 00 00
38 44	 04	 08	 30	 40	 7C	 80	 00	 00	 00	 0®
78 04	 08	 10	 08	 04	 78	 00	 00	 00	 00	 ®0	 0®
08 18	 28	 48	 7C	 08	 08	 00	 00	 00	 00	 00	 0®
7C 40	 78	 04	 04	 44	 38	 00	 00	 M	 00	 0®	 0®
ir 2£1	 4R	 78	 44	 44	 38	 00	 00	 00	 0®	 0®	 257C 04	08	 ll	 20	 20	 20	 00	 00	 0®	 0®	 ®?	 ®?
38 44	 44	 38	 44	 44	 38	 00	 00	 00	 0®	 ®0	 0®
38 44	 44	 3C	 04	 08	 70	 00	 00	 00	 0®	 0®	 0®
00 00	 10	 00	 00	 00	 10	 00	 00	 00	 0®	 ®?	 ®!
00 00	 20	 00	 00	 20	 20	 “O	 00	 ??	 ??	 22	 220C 10	 20	 40	 20	 10	 0C	 00	 00	 00	 00	 00	 ®21	 -j 00 00 00 00 00 00

60 00 00 00 00 00 00
10 00 00 00 00 00 00
38 00 00 00 00 00 00

00 00 00 00 00 00
._ 00 00 00 00 00 00
38 00 00 00 00 00 00
70 00 00 00 00 00 00
7C 00 00 00 00 00 0^
40 00 00 00 00 00 00
3C 00 00 00 00 00 00

00 00 00 00 00 00

3 0 0 0 0
3 1 0 0 0
3 2 0 0 0
3 3 0 0 0
3 4 0 0 0
3 5 0 0 0
3 6 0 0 0
3 7 0 0 0
3 8 0 0 0
3 9 0 0 0
3 f t 0 0 0
3 B 0 0 0
3 C 0 0 0
3 D 0 0 0
3 E 0 0 0
3 F 0 0 0
4 0 0 0 0
4 1 0 0 0
4 2 0 0 0
4 3 0 0 0
4 4 0 0 0
4 5 0 0 0
4 6 0 0 0
4 7 0 0 0

7 C 0 0 0 07 C0 0 0 0
6 0 1 0
3 8 4 4

0 8 1 00 8 0 4
0 4 0 8

4 4 5 C 5 4
1 0 0 0
5 C 4 0
4 4 4 4 4 4
4 4 4 4 7 8

3 8
7 C4 43 8 4 4

7 8 4 4
3 8 4 4
7 0 4 8 4 4
7 C 4 0 4 0
7 C 4 0 4 0
3 8 4 4 4 0

4 4 7 8
4 0 4 0 4 0 4 4

4 4 4 8
4 0 4 0
4 0 4 0
4 4 4 4

10 38 00 00 00 00 00 00
08 48	 30	 00	 00	 0®	 ®0	 0®	 22
50 48	 44	 00	 00	 00	 00	 0®	 0®
40 40	 7C	 00	 00	 00	 00	 00	 2°
44 44	 44	 00	 00	 00	 00	 0®	 0®
4C 4C	 44	 00	 00	 00	 00	 00	 0®
44 44	 38	 00	 00	 00	 0®	 0®	 224I 40	 40	 00	 00	 00	 00	 00	 0®
54 48	 34	 00	 00	 00	 00	 00	 22
50 48	 44	 00	 00	 00	 00	 0®	 22
04 04	 78	 00	 00	 00	 00	 ®®	 22
10 10	 10	 00	 00	 00	 ®0	 ®2	 22
44 44	 38	 00	 00	 00	 00	 ®®	 22
ftft 10	 10	 00	 00	 00	 00	 00	 00
ll ll	 i!	 00	 00	 00	 00	 0®	 22OR 44	 44	 00	 00	 00	 0®	 0®	 2210 11	10	 00	 00	 00	 0®	 ®®	 22
20 40	 7C	 00	 00	 00	 00	 ®®	 22
60 60	 78	 00	 00	 00	 00	 ®®	 ®22fl 04	 04	 00	 00	 00	 00	 ®®	 °®22 Tc	 3C	 00	 00	 00	 00	 ®®	 ®®
ll 00	 00	 00	 00	 00	 22	 22	 2200 00	 7c	 00	 00	 00	 00	 ®®	 ®®

4 4

r o
7 8
7 8
4 C
7 C4 400	 00	 00	 00	 00	 00	 00	 00	 00	 00

00	 00	 00	 00	 00	 00	 00	 00	 00	 00
00 00	 00	 00	 00	 00	 00	 00	 00	 00	 00
10 38	 7C	 FE	 00	 00	 00	 00	 00	 00	 00
E0 Ce	 80	 00	 00	 00	 00	 00	 00	 90	 00

4 4 4 44 8 0 0 0
1 0 1 01 03 8 1 04 9 0 0 0

4 f t 0 0 0
4 8 0 0 0
4 C 0 0 0
4 D 0 0 0
4 E 0 0 0
4 F 0 0 0
5 0 0 0 0
5 1 0 0 0
5 2 0 0 0
5 3 0 0 0
5 4 0 0 0
5 5 0 0 0
5 6 0 0 0
5 7 0 0 0

5 8 0 0 0
5 9 0 0 0
5 f t 0 0 0
5 B 0 0 0
5 C 0 0 0
■ 3 D 0 0 0

0 80 8 0 8i C
5 0 6 0
4 0 4 0

4 84 4
4 0 4 0

5 45 46 C4 4

5 46 44 4 6 4
3 8 4 4
7 8 4 4
3 8 4 4
7 8 4 4

4 44 4
7 84 4
4 44 4
7 84 4

3 84 04 03 C
1 0 1 07 C 1 0

4 44 44 44 4
2 84 44 4 4 4
5 44 44 4 4 4

2 8 1 04 44 4
3 84 44 44 4
1 00 87 C

6 0 6 07 8 6 0
4 0 4 0 1 02 0

0 C0 C 0 C3 C
1 0 2 80 0 0 05 E 0 0 0

0 00 0 0 05 F 0 0 0 0 0

0
F - 3

F - 2



B

r c

" l i i i i i i i i l i i950 00	 00 10	00 70	®0 I® ®®	 00	 00	 00	 00	 00 00	00	 00
-00	 0® -	 ; ^	 ^0^	 00	 00	 0®980 00	 04 08	 7C 10	7C ^0 0	 00	 gg	 gg	 gg990 00 00 7C 00 7C 00 7C 00	 0	 g g g g
900 00 04 08 10 20 7C 00 2C 00 00	 ĝ gg gg gg
9B0 00 40 20 10 08 7C 00	 0 “	 g g g g g g
9C0 00	 44 49 44	 44	 44	 44	 38	 00	 00 0«	 gg gg	 gg	 gg900 00	 38 44 44	 44	 44	 44	 44	 00	 00 0^	 gg	 gg	 gg
9E0 00	 3E 20	 20	 20	 20 80	 ^g	 gg	 gg	 gg gg	 gg	 go
9F0 00	 00 02	 04	 08	 80 88	 gg	 gg	 gg	 gg gg	 gg	 gg800 00	08 14	 10	 10	 10 10	 '®	 70	 0	 gg	 gg gg	 g0	 00
810 00	 0C 10	 38	 54	 54 38	 10	 60	 00	 ^g gg	 gg	 gg820 00	 1C 20	18	 24	 18 04	 38	 00	 00	 ^g	 gg	 gg gg	 gg	gg
830 00	00 10	 20	 E®	 It 70	 7C	 00	 00	 ®0	 00	 00 ®®	 ®®	 ®®840	 00	 18	 24	 20	 70	 20	 2®	 7C	 00	 00	 gg gg	 gg	gg
P50 gg	 44 28	10	 38	 10 38	10	 0|	 0®	 gg	 gg	 gg gg	gg	gg860 00	 18 20	60	 E0	 60 30	18	 0^	 ^g	 gg	 gg	 gg gg	gg	gg870 00 30 18 0C 0E 0C 18 30 00	 gg gg gg gg gg
880 00	10 28 7C	 EE	 7C	 gg	 gg gg	 gg	 gg gg	 gg	 gg890 00	6C EE EE	 EE	 7C	 38	 10	 0	 gg	 gg	 gg gg	 gg	 gg00 10	 38 10	 54	 EE	 54 10	 7C	 ^g	 gg	 gg gg	 gg

„0 10	 38 7C	 EE	 7C	 38 10	 gg	 gg	 gg	 gg gg	 gg	 gg00 38	 7C EE	 EE	 EE	 7C 38	00	 M	 gg	 gg	 gg gg	 gg	 gg800 00 82	 7C 44	44	 44	 7C 82	00	 gg	 gg	 gg gg	 gg	 gg38	 7C 38	 10	 7C	 10 28	 gg	 gg	 gg gg	 gg	 00
00	 38 44	 28 10	 7C 10 28	 4	 gg	 gg gg	 gg	 gg

|?g^	 ^g^	®! g®: g®g^	 -	 0%^	 g1	 0%^	1^0^ 00	8^Ifg fo To	 r®	 r® fc	 2	 0C	 02 1C	 0®	 - -Og®	 - g®
„0 00 00	 00	 00 14	 1^	 II	 II II	 00	 00 00 00	 00 00	00850 00 00 00 0® 2E 1® li 0C 00 00 00 00 0® 0®
860 00 00	 00	 00 °®	 g,	 04	 08 08	 00	 00 00 00	 0® 00	00870 00 0®	 0®	 00 it	 tl	 0C	 12 OC	 00	 00 00 0®	 0® ®?	 08880 00 00	 00	 00 0®	 OF	 02 1C	 00	 00 00 00	 0® So	 SS390 00 00	 00	 00 00	 Sj	 So 00	 00	 00 00 00	 00 ??	 ttIII 00 10	 00	 1® 20	 40	 44	 38 00	®®	 gg gg gg	 gg gg	00880 00 1®	 00	 28 04	 3C	 44	 3C	 gg	 gg gg	 gg gg	 gg

6 0 0 0 0 0 0 2 0 1 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
610 00 00 00 28	 04	 3C	 44	 3C	 00	 00	 00	 00	 00	 00	 00	00
620 00 40 40 40	 78	 44	 44	 78	 00	 00	 00	 00	 00	 00	 00	00
630 00 00 00 2C	 40	 40	 40	 3C	 00	 00	 00	 00	 00	 00	 00	00
640 00 04 04 04	 3C	 44	 44	 3C	 00	 00	 00	 00	 00	 00	 0®	00
650 00 00 00 38	 44	 78	 40	 38	 00	 00	 00	 00	 00	 00	 00	00
660 00 08 14 10	 38	 10	 10	 10	 00	 00	 00	 00	 00	 00	 00	00
670 00 00 00 38	 44	 44	 3C	 04	 04	 38	 00	 00	 00	 00	 00	00
680 00 40 40 40	 78	 44	 44	 44	 00	 00	 00	 00	 00	 00	 00	00
690 00 00 10 00	 10	 10	 10	 10	 00	 00	 00	 00	 00	 00	 00	00
680 00 00 08 00	 08	 08	 08	 08	 48	 30	 00	 00	 00	 00	 00	0®
680 00 20 20 24	 28	 30	 28	 24	 00	 00	 @0	 00	 00	 00	 00	00
6C0 00 10 10 10	 10	 10	 10	 J^g	 gg	 gg	 gg	 gg	 gg	 gg	 gg	gg
6D0 00 00 00 EC	 92	 92	 92	 82	 00	 00	 00	 00	 00	 00	 00	00
6E0 00 00 00 58	 64	 44	 44	 44	 00	 00	 00	 00	 00	 gg	 gg	gg
6F0 00 00 00 33	 44	 44	 44	 30	 00	 go	 00	 00	 00	 00	 00	00
700 00 00 00 73	 44	 44	 73	 43	 43	 40	 gg	 gg	 gg	 gg	 gg	gg
710 00 00 00 3C	 44	 44	 30	 04	 04	 04	 00	 00	 00	 00	 00	00
720 00 00 00 S3	 64	 40	 40	 40	 00	 00	 00	 00	 00	 00	 00	00
730 00 @0 00 3C	 40	 33	 04	 73	 gg	 gg	 00	 00	 00	 00	 00	00
740 00 10 10 7C	 10	 10	 J^4	 0g	 00	 00	 00	 00	 00	 00	 00	00
750 00 00 00 44	 44	 44	 44	 30	 00	 00	 00	 00	 00	 00	 00	00
760 00 00 00 44	 44	 44	 23	 10	 00	 00	 00	 00	 00	 00	 00	00
770 00 00 00 82	 82	 92	 92	 6C	 00	 00	 0®	 0®	 ®0	 00	 00	®®
780 00 00 00 44	 28	 10	 28	 44	 00	 00	 00	 00	 00	 00	 00	00
790 00 00 00 44	 44	 44	 jg	 04	 04	 30	 00	 00	 00	 gg	 00	00
780 00 00 00 7C	 03	 10	 20	 7C	 00	 00	 00	 00	 00	 00	 00	00
780 00 18 20 20	 40	 20	 20	 18	 00	 00	 00	 ®0	 0®	 00	 00	00
7C0 00 10 10 10	 00	 J^g	 J^g	 ^g	 gg	 gg	 gg	 00	 00	 gg	 gg	gg
700 00 30 08 08	 04	 08	 08	 30	 00	 00	 00	 00	 00	 00	 00	00
7E0 00 00 00 24	 54	 4g	 gg	 gg	 gg	 gg	 gg	 gg	 gg	 gg	 gg	gg
lat ®® ̂ ® ̂ ® ̂ ® ̂ C 7C 7C 00 0® 00 00 00 00 00 00800 00 00 00 32	 4C	 4C	 32	 00	 00	 00	 00	 00	 00	 00	 00	00
810 00 38 44 44	 78	 44	 44	 78	 40	 4®	 00	 00	 00	 00	 00	0®
820 00 00 44 28	 1 0
830 00 00 00 10	 2 8

r o
R R 0
A B 0 0 0
fi C 0

R E 0 0 0
fl F O

28	 28	 10	 00	 00	 00	 00	 00	 00	 00	 00

^	 44	 82	 FE	 00	 00	 00	 00	 00	 09	 00	 00
2C	 40	 7C	 40	 3C	 00	 00	 00	 00	 00	 00	 00	 00

til 11	 24	 IS	 00	 00	 00	 00	 00	 00	 00	 00
ttl 11 a	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
til 11 11	 5 R 4 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0
111 11 11 28 28 00 00 00 00 00 00 00 00
til 11	 28 28 28 28 00 00 00 00 00 00 00

1 1 1 1 0 ® ® ® ® ® ® ® ® ®
ora 11	 11	 11	 20	 7C	 00	 00	 00	 00	 00	 00	 00	 00
8C0 00	 00	 02	 7C	 90	 10	 10	 10	 00	 00	 00	 00	 00	00	00	00
8D0 00	 10	 10	 38	 54	 54	 39
8 E 0 0 0 0 6 5 4 5 4 3 8 1 0

B D 0 0 0 0 8
BE0 00 20 10

00 10 28 38 04
10	 10	 00	 00	 00	 00	 00	 00	 00

10	 10	 00	 00	 00	 00	 00	 00	 00	 00
8F0 00 00 00 44 82 92	 92	 6C	 00	 00	 00	 00	 00	 00	 00	 00 B F 0

r 0
F - 5

F - 4

A



C D

gs SSSS IS SS SS r. SS S8 SS SS SS SS IS S8
™blSSSS5SS5SSSSSSSSr.gS“i illisScHsISISssssss^S
iisssgiiiiii isii

1 1 1 ^ " - - - - -
FD0 E0 E0 E0 E0 E0 E0 FE FE FE FE

f1 fI FE FE fI FE FE f1 FE 00 03 0®	 30 00

C 0 0 0 0 8 0 8 0
C 1 0 0 0 C 0 4 0
C 2 0 0 0 E 0 2 0
C 3 0 0 0 F 0 1 0
C 4 0 0 0 F 8 0 8
C 5 0 0 0 F C 0 4
C 6 0 0 0 F E 0 2
C 7 0 0 0 F E 0 0
C 8 0 0 0 1 0 0 0
C 9 0 0 0 4 4 0 0
C R 0 0 0 0 8 1 0
C B 0 0 0 2 0 1 0
C C 0 0 0 1 0 2 8
C O 0 0 0 7 C 0 0
C E 0 0 0 1 0 0 0
C F 0 0 0 4 4 0 0
D 0 0 0 0 8 0 8 0
D 1 0 0 0 C 0 4 0
D 2 0 0 0 E 0 6 0
D 3 0 0 0 F 0 5 0
0 4 0 0 0 F 8 5 8
D 5 0 0 0 F C 5 4
0 6 0 0 0 F E 5 6
0 7 0 0 0 F E 5 4
0 8 0 0 0 F E R fi
0 9 0 0 0 7 C 0 0
0 R 0 0 0 4 4 0 0
0 8 0 0 0 1 0 2 8
0 C 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 E 0 1 0 1 0 1 0
0 F 0 1 0 1 0 1 0
E 0 0 0 0 8 0 3 0
E 1 0 0 0 C 0 C 0
E 2 0 0 0 E 0 E 0
E 3 0 0 0 F 0 F 0
E 4 0 0 0 F 8 F 3
E 5 0 0 0 F C F C
E 6 0 0 0 F E F E
E 7 0 0 0 F E F E
E 8 0 1 0 1 0 1 0
E 9 0 1 0 1 0 1 0
E R O 0 0 0 0 0 0
E B 0 0 0 0 0 0 0
E C 0 1 0 1 0 1 0
E D O 1 0 1 0 1 0
E E 0 1 0 1 0 1 0
E F O 0 0 0 0 0 0

8 0 8 0 8 0
4 0 4 0 4 0
2 0 2 0 2 0
1 0 1 0 1 0

8 0 8 0 8 0 0 0
4 0 4 0 C 0 0 0
2 0 2 0 E 0 0 0
1 0 1 0 F 0 0 0
0 8 0 8 F 8 0 0

0 0 00	 00
00	 00
00	 00
00	 00
00	 00
00	 00
00	 00
0 0 0 0
00	 00
00	 00
0 0 0 0
00	 00
00	 00
00	 00
00	 00
00	 00
00	 00
00	 00
00	 00
00	 00

00.	 00
00	 00
00	 00
00	 00
00	 00
0 0 0 0
00	 00
00	 00
00	 00
00	 00
00	 00
00	 00
00	 00
00	 00
00	 00
00	 00
00	 00
00	 00
00	 00
00	 00
00	 00
0 0 0 0
00	 00
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

0 0 0 0
0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

0 0
0 0 F 3 0
0 0

0 8 0 8 0 8 0 0
0 4 0 4 0 4
0 2 0 2 0 2

0 4 0 4 F C 0 0 0 0
0 2 0 2 F E 0 0 0 0

0 0 0 0 0 0 0 0 0 0 F E 0 0 0 0
3 8 4 4 7 C
3 8 4 4 7 C
3 8 4 4 7 8
3 8 4 4 7 8
3 8 4 4 7 8
5 8 6 4 4 4
3 8 4 4 4 4
3 8 4 4 4 4
8 0 8 0 8 0
C 0 4 0 C 0
R 0 6 0 R 0
B 0 5 0 8 0
8 8 5 8 R 8
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