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SECTION III
GRAPHICS GENERATION SOFTWARE

The graphics generation process is stiructured on three levels of
software. A typical application will use routines from all three
levels, These are the chip driver level, the table level and the
cbject level, Figure 3-1 shows the program flow, software

ssrusture and its relationship with the outside world.

The graphics hardware consists of the VD? and 16K VRAM.
The VOP has eight write-only control registers and one
read-only status register., The chip driver level
software interfaces with the VDP registers and VRAM
through the VDP. For detailed configuration cf the

registers, refer to the TMS 9928A VDP Data Manual.

The chip driver level software consists of six

subroutines:
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HEAD_VRAM, WRITE VRAM, READ REGISTER, WRITE REGISTZER,
FILL VRAM and MODE 1. The first fiwe routines allow
programs to access the VDP registers and transfer
information to and from VRAM blocks. The sixth routine,

MCDE_1, initializes the VDP into a standard
configuration.
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C3 Grsphics Softsarv/TOFf Interface
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1
e . Py B READ_VRAM
S .
4 Calling Sequence:
5
6 LD HL, BUFFER
- LD DE, SRCE
g LD BC, COUNT
CALL READ_VRAM
8
10
Description:
11
12
1 READ_VRAM reads COUNT bytes from VRAM starting at SRCE
and puts them in BUFFER.
14
15
Parameters:
16
17
g BUFFER This is the starting address of a
]
TRAM buffer which is to receive
19
the data read from VRAM.
20
21
290 SRCE VRAM starting address to be read
from.
23
24
25

[ d
(=]
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COUNT Number of bytes to be reacd from
VRAM.

Side Effects:

- Destroys AF, BC, DE and HL.

- Cancels any previously initiated VDP operations.
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1
2 Jala2 WRITE_VRAM
3
4 Calling Sequence:
5
6 LD HL, BUFPFE!
5 LD DE, DEST
8 LD BC, COUNT
o CALL WRITE VRAM
10
Description:
11
12
s WRITE VRAM takes COUNT bytes from BUFFER and sends them
14 through the VDP to VRAM. The starting address in VRAM
15 for the write operation is given as DEST.
16
Parameters:
17
18
19 BUFFER This is the starting address of a
20 buffer where data to be sent ¢
the VDP is located.
21
22
23
24
25

26
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i DEST This is the VRAM address where the
2 data is to be sent.
3
4 COUNT This i{s the number of bytes that
5 are to be transferred to VRAM,
5 Count should bde either less than
7 256 (100H) or even multiples of
s 256. (Ref. ColecoVision Bulletin
) No. 0002).
10
11 Side Effects
12
13 - Destroys AF, BC, DE and HL.
14 - Cancels any previously initiated VDP operations.
15
16
17
18
19
20
21
22
23
24
25
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3.1.3  READ_REGISTER

Calling Segquence:

CALL READ_REGISTER

Description:

READ_REGISTER reads and returns the contents of the VDP

status register in the accumulator. This value should

|

he stored at VDP STATUS BYTE in CRAM. The information

in this register can cnly be guaranteed valid during <he

vertical retrace time.

Return value:

Returns the contents of the VDP status register which
has the following form (see VDP? manual for further

detalls):
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Bit 7 Bit 6 Bit 5 Bits 4.,
[Interrupt | Fifth Sprite [ Coincidence | Fifth Sprite No.|

o

Figure 3=2
VDP Status Hegister

Side Effects:

0O 00 =3 O v A WL N e

This routine has no effect at all in the processcor

X memory or register space, However, a status read has a
“ significant side effect to the VDP.
12
13

t acts as an interrupt acknowledge operation, 1l.e., 1t
- clears the interrupt flag and enadbles further generaticn
3 of interrupts.
16
17

Thise side effect must be treated with care for twoe

- reasons. Pirst of all, as is pointed out in the VD?
o manual, asynchronous reads may cause the interrupt flag
= in the status register to be resst before It is
% detected; this may cause problems in systems that expect
Zi to perform synchronization using the interrupt flag.
4
25
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The second reason concerns interrupts which halt the
execution of routines while they are accessing VRAM. 1In
order to re-enable interrupts, & service routine must
rsad the status register, However, to prevent the NMI
fosm re-interrupting the service routine, the user
should aveoid reading the status register until all of

ts work is done. A defer interrupt routine, DEF_INT,
has been developed to assist the user in handling this
situstion. Refer to ColecoVision Bulletin No. 0010 for

additional informatlion.
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2
3.1.4 WRITE REGISTER
3 -
4
Calling Sequence:
-5
E -]
5 LD B, REGISTER
8 LD C, VALUE
CALL WRITE REGISTE!
B
10
Description
u
12
WRITE_REGISTZR takes VALUE and writes it to the VDP
13
reglster numbered REZISTER.
14
15
WRITE_REGISTER also maintains two bytes in CRAM starting
16
at address VDP_MODE WORD. The first is intended to
17
18 duplicate the current contents of VDP Register 0, and
10 the second to duplicate Register 1. When writing to a
register using WRITE REGISTER, the appropriate half of
20
VDP_MODE_WORD 4s updated.
21
22
23
24
-4
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Parsmeters:
REGISTER This is the VD? register number
(0 = T7) to be written,
VALDE is is the value to be written %to

REGISTER.

X288 EEYEERREEE 0B dawa e

w2
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FILL VRAN

LD  HL, ADDRESS
LD  TDE, TOUNT
LD A, VALUE
CALL FILL VRAM

Description:

FILL_VRAM writes COUNT coples of VALUE to VRAM starting
at ADDRESS.

Farameters:

ADDRESS VRAM address ¢to start fill
operation.,

COUNT Number of bytes to fill.
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8-bit value to fill with,

Side Effects:

- Destroys AP and DE.

- Cancels all previously initiated VRAM operations.

Calls to cther 0S routires:

O 0 N A N e

—
o

- READ BEGISTER (Ref. Sec. 3.1.3)

o =2

»
- BN Rob e S n - &
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1
2
4
[ Calling Sequenee:
6
7 CALL M™ODE 1l
8
~d ‘ -
- Description:
10
1 MODE_1 sets the VDP to graphics mode 1 and sprite size
19 0. It also uses the INIT TABLE routine to defline the
13 VRAM table addressaes as follows:
14 - Sprite Generator Table - 3800H
15 - Patter Color Table - 2000H
- Sprite Attribute Table - 1300H
16 - Pattern Name Table - 1800H
- Pattern Generator Table - 0O0COH
17
18
19 When MODE_1 returns, the screen 15 blanked and the
20 backdrop plane color is set to black.
21
22
23
24
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Side Effects:

- Destroys AF, BC and HL.

Calls to other DOS routlnes:

1
2
3
<
5
6
7
8
9
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m

1
2
3.2 Table Level
3
4
The VDP requires various table areas within VIAM to

2 operate. These tables are interrelated, each

© controlling its own aspect of the graphics generation

J process, The table level software provides routines

§ which will read or write VRAM with respect to these

9 table areas. The routines also provide the capabdbllity
10 of reading and writing entire tables sntries or sections
1 of these entries up to and including the whole table.
12 This level also has special functions which were founc
13 helpful.

14

5 The major difference between the table lavel and the

0 chip driver level s that the applications program=er 1s
o no longer required to manipulate VRAM addresses on the
8 table level. Instead, each of the VRAM tadles is

- assigned a number or table code as listed in Table 3-1.
20

21
22
23

24

25

26 |
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20
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22
23
24
25
26

Table Name Code

Sprite attridbute table
Sprite generator table
Pattern name table
Pattern generator table
Pattern color table

EwWmn - o

Table 3=1
VRAM Table Code

When an applications program needs to cperate on a
tatle, only a table code needs to be passed to the

applicable table processing the routine,

Furthermore, in graphics mode 1 and graphics mode 2,
which are supported by the OS graphics software, the
tables have more or less fixed shapes. The entry
numbers and bytes per entry for each of the five tables,

as well as thelr boundaries, is given in Table 3-2.
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TABLE BYTES/ HEX

CODE | MODE(S) | ENTRIES | ENTRY | EQUIVALENTS
0 1 & 2 2 T 80H
B! T & 2 250 B EOOH
P 1 & 2 768 1 400H
g 1 256 B B00H
2 768 5 800H
' 1 32 1 L0H
b 2 768 B 2000H

Table 3-2

The table management software takes advantage of thls
regularity by letting application programs address table
entries as integral entities.

the task of getting the l4th sprite attribute entry from

VRAM -

Table Entries and Boundaries

In terms of the chip driver software, the task

appears as follows:

Let us take, for example,

Get sprite attribute table address.

Calculate offset into table (14 ® table row

length).

Add offset to address.

Read one table entry (4 bytes) from VRAM at

off set + attridbute table address.
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1 On the other hand, when using the table level software,
2 the task s now reduced to the folTowing:

3

4 - Give offset into table (14).

5 - Give table code.

6 - Give item count (1).

7 - Call GET_VRAM (places the desired bytes at a

8 user-defined area).

9
10

1 In a video program that requires accessing the sprite
19 attribucze table fregquently (for example, an action-
13 oriented game), the table level method constitutes a
14 significant savings Iin cartridge code.

15

16 Software in the table level may be further subdivided
17 {nto three groups of routines as follows:

18

19 - Table Managers
20 - Table-oriented Graphics Routines

91 - Sprite Reordering Software
22

23

24

25
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3.2.1

Table Managers

There are three routines in this group: INIT TABLE,
GET_VRAM and PUT_VRAM. As the names imply, they deal
with tadle initialization, getting data from tables and

placing data into table¢, respectively.

Table initialization is a very simple operation which
involves assigning a base address to a table. The base
addresses are "saved" for later use by GET_VRAM and
PUT_VRAM for address calculaticns and remain fixed until
they are reinitlalized., GET VRAM and PUT_VRAM both take
a tadble code, an entry number, as well as an element
count and a buffer address in CRAM as parameters when
they perform their respective transfers of information

between CRAM and VRAM.
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3.2.1.1 INIT_TABLE

LD A, TABLE CODE

LD HL, ADDRESS

© » N B v m v N

CALL INIT TABLE

e
o

©
m
wn
(2]
s
P~
U
o
.
O
pe |

=

INIT _TABLE takes a table code and 2 VRAM address at
which that table s to reside, and initializes the VI?
base address register for the given table. It also

ares the unconverted form of the address in an array

(0]
t

called VRAM_ADDR_TABLE for later use in address
arithmetic. This address is stored at

VRAM_ADDR_TABLE [TABLE_ CODE].

INIT TABLE makes use of the current graphics mode in
determining the actual value written to the dase address

register in scme cases. It determines the graphics mode
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by looking at the VDP_MODE WORD. Thus, 1t is imperative
that the graphics mode be set up using WRITE_REGISTER

before INIT TABLE.

Parameters:

TABLE CCDE Number of the table to be
initielized. TABLE CODE must be
one of the legal table codes
defined in (Table 3-17.

ADDRESS Intended VRAM address of table.

Each table has its own boundary
defined by the table base address
in the VDP control register., The
user should refer to Table 3-2 for

the proper table boundary.

Side Effects:

- Destroys AF, BC, HL, IX and IY.
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Calls to other 0S routines:
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3.2.1.2 GET_VRAM

Calling Segquence:

LD A, TABLE CODE
1D  DE, START_INDEX
LD  HL, DATA

1D  IY, COUNT

CALL GET_VRAM

Description:

GET_VRAM reads into the CRAM buffer DATA, COUNT entries

from the table specified by TABLE CODEZ, which staris at

the table entry number START_INDEX.

GET_VRAM uses the VDP_MODE_WORD and VRAM_ADDR_TABLZ to
calculate VRAM addresses and byte counts, It is

imperative, before calling GET VRAM, that the graphics
mode be initialized using WRITE REGISTER, and that the

table being accessed be initialized using INIT TABLE.
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1 Paremeters:

2

3 TASLE CODE VRAM table code (Tabdle 3-1) to be
2 read.

5

6 START_INDEX START_INDEX i{s & two-byte number

7 that indicates the starting entry
8 of the table.

9

10 The range of START_INDEX is table
i1 dependent. However, no boundary
12 checking is done; therefore, i an
13 4ndex is given that is outside the
14 range of the table, but still a

15 legal VRAM address, the specified
16 number of "entries" will be

17 extracted from that location In

i8 VRAM.

19
20 Both the pattern generator and the
21 color tables in graphics mode 2
22 are 768 entries long and they are
23

24

25

26
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1 segmented into three sections
= corresponding to the three
3 sections of the display. When
4 addresaing these tables, the high
5 order Qyte (D) of the two-byte
6 START _INDEX value is a "segment
7 specifier” (D <= D <= 2), while
g the low order byte (E) specifies
9 the index of the entry in that
10 segment.
11
12 In the case of the sprite
13 generator table, please note that
14 COUNT refers to 8-byte shape for
15 entries whether one is using size
16 0 or size 1 sprites.
17
18 DATA Starting address of a CRAM daca
19 buffer to recelve data from VRAM.
20
21 COUNT Number of entries to be read from
22 the VRAM table.
23
24
25

3
o
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: The restricticns on COUNT are
2 again table dependent, In cther
3 werds, i1t should always be the
4 ease that START_INDEX + CDUNT <=
5 Table Size.
6
7 Side Effects:
8
S - Destroys AF, BC, DE, HL, IX and IY.
10 - This routine uses tiue iocal storage are2 SAVED COUNT
11 and is therefore not re-entrant.
12
13 Calls to other 0S routines:
14
15 - READ_VRAM
16
17
I8
19
20
21
22
23
24
25
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3.2.1.3 PUT_VRAM

Calling Sequence:

LD A, TABLE CODE
LD  DE, START INDEX
LD  HL, DATA

LD  IY, CODNT

CALL PUT_VRAM

Description:

PUT_VRAM w ites from the buffer DATA, COUNT entries to
the table specified by TABLE CODE, which starts at the

tadble entry number START_INDEX.

PUT_VRAM uses the VDP_MODE_WORD and VRAM_ADDR TAZLE to
calculate VRAM address and byte counts. It is
imperative that the graphics mode be set up using
WRITE REGISTER and the table being accessed be ini-

tialized using INIT _TABLE before PUT_VRAM 1s called.
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The table level of graphics scftware contains a sprite
reordering feature where the major effect 1s in the
operation of PUT_VRAM. When the MUX_SPRITES flag is se:
to TRUE (1), PUT_VRAM writes sprite entries to a TRAM
copy of the sprite attribute table instead of writing
them to VRAM. It locates this table through a pointer
in low cartridge ROM called LOCAL SPR_TEL. The sprite

entries will then be re-ordered before being written %o

VRAM.

Parameters:

TABLE_CODE VRAM table code (Refer to Table
3=1) to be written,

START_INDEX START_INDEX is a two-byte number

which indicates the starting
entry number of the table. For
other considerations, reler %o
the START _INDEX parameter of
GET VRAM in Section 3.2.1.2.
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1 DATA Starting address of a data buffer
2 where data to be written to VRAM
S resides.
4
5 COUNT Number of entries to be put to the
6 VRAM table.
7
- The restrictions on COUNT are
o again tadble dependent. In other
10 words, it should always be the
11 case that START INDEX + COUNT <=
‘= Table Size.
13
14 Side Effects:
15
16 - Destroys AF, BC, DE, HL, IX and IY.
17 - Uses local storage locations, SAVE_TZIMP and
18 SAVED_COUNT,
19
20 Calls to other OS routines:
21
22 - WRITE_VRAM
23
24
25

26
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1
2
s . Table-Oriented Graphics Routines
4
5 A number of routines are included in the tabdble level
6 graphics software that perform useful operations on
= generators. Each of these takes a table code, a source
s index from that table, a destination index in the same
9 tadble, and the number of entries to be processed. The
10 routines work in read-modifly-write mode, that is, they
1 pull the generators ocut of the table one at a time,
12 process them and put them back. They use a CRAM buffer
13 for thelr scratch area. This buffer is allocated by the
14 applications programmer and accessable only through the
15 pointer at WORK BUFFER in cartridge ROM.
16
- With one exception, the routines in this package always
18 process generators one at a time, and write them tO the
19 destination block in the same order in which they are
20 extracted from the source block. This has important
91 implications for their use with size 1 sprites.
22
23 When the sprite size is 1, the hardware accesses four
24 generators at the index found in a sprite's atiribute
25

L4
(=]
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1 table entry and displays them s0 that they appear on the
- screen 22 shown in Figure 3-3.
3
P! Sprite Screen Location
5 Tirst third
generator generator
6
- second fourth
generator generator
8
Pigure 3-3
9 Sprite Size 1 Orientation
10
11
12 Thus, OS rcoutines pperating on the individual generators
13 for a size 1 sprite will not be sufficient to orient the
14 entire object. The four generators that make up the
15 sprite will have to be permuted as well. The
16 applications program will have to include 2 small
17 routine that performs the required permutation In tandem
18 with the OS call.
19
20 The following operations are avallable in the tabdle-
21 oriented graphics package:
22
23
24
25
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M

- Reflection about the vertical axis
- Reflection adbout the horizontal ams
= 90-degree rotation

- Enlargement by & factor of two
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Calling Sequence:

LD A, TABLE CODE
LD  DE, SOURCE
LD  HL, DESTINATION
LD  BC, COUNT
CALL REFLECT_VERTICAL

Description:

REFLECT_VERTICAL takes each generator in a block of
COUNT generators following SOURCE in the table indicatel
by TAELE _CODE and modifies it in such a way that the new
generator thus created will appear o be a reflection
about the vertical screen axis of the old. The created
generators are put back into a block of COUNT generators

following DESTINATION in the same table.

The user must provide the permutation for slize 1 sprite

generators as diagrammed in Figure 3-4 below:
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1

4 Block indicated by sprite name:

3

~===>| first zeneratol | e==-
«
5
———— ===)> | second generator | e—e—u ——

6

g -=== | third generator | (===

)

-------- | fourth generator | {e——————-

*

10 Figure 3-4

1 REFLECT VERTICAL Size 1 Sprite Permutation

12

13

14 If TABLE CODE i1s 3 (indicating the pattern generater
15 table) and graphics mode 2 is used, REFLECT VERTICAL
16 also coples the color table entries for each generator
17 it processes. Thrus, when it is complete, the two=-color
e

e table blocks indexed by SOURCE and DESTINATION will be
19 identical. This means that the color scheme for the
20 reflected generators will be the same 2s that for the
21 originals.
22

23

24

25
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1
2
3
4
5
6
7
8
)

“ &2 o

Parameters:

TABLE_CODE

SOURCE

VRAM table code (Ref. Table 3-1)

to be cperated upeon.

SOURCE is the two=byte index of
the first entry in the specified

table to be operated on.

For table operations of sprite
generator or pattern generator in
graphics mode 1, SOURCE shculd be
in the range 0 <= SOURCE <= 255,
For pattern generators in mode 2,
it should be in the range 0 (=
SOURCE <= 767. In elither case, if
a value of SOURCE supplied ‘s
outside the table's range bdut
still is a legal VRAM address, the
specified number of "entries" will
be read and modified from the VRAM

location (table location) + 8 *®
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i SOURCE. PFor the proper table
2 entries and table boundary, refer
B to Table 3=2.
<
5 4 Ea @
Sprite size has no effect on the
6 range of SOURCE.
7
8
)
10 DESTINATION (EL) DESTINATION indexes the place where
1 REFLECT VERTICAL will sctart putting
12 generators back into VRAM after
modifying thenm.
13 Jing
14
15 The same restrictions apply to the
16 value of DESTINATION as to the value of
17 SOURCE. They are both intended tTo be
i8 indices into the same generator tabdle.
19
20 COUNT (BC) A two-bytes count of the numder of
21 entries to be processed seguentlally
) 4 URCE.
29 after SOURC
23
24
25

ro
()]
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1 The legal value for COUNT is dependens
2 on the size of the table being cperateg
3 on and the values of SOURCE and
4 DESTINATION. In general, both of +he
5 following statements should be true:
6
7 COUNT + SOURCE <= (table size)
5 COUNT + DESTINATION <= (table size)
9
10 Side Effects:
11
12 - Destroys AF, AF', BC, DE, DE', HL, HL', IX and IY.
13 - Uses the first 16 bytes of the data area pointed to by
14 WORK_BUFFER,
15
16 Calls to other 0S routines:
17
18 - GET_VRAM
19 - PUT_VRAM
20
21
22
23
24
25
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3.2.2.2 REFLECT_HORIZONTAL

Calling Sequence:

LD A, TABLE_CODE

LD  DE, SOURCE

LD  HL, DESTINATION
LD  BC, COUNT

CALL REPLECT HORIZONTAL

Description:

REFLECT_HORIZONTAL takes each generator in a block of
COUNT generators following SOURCE in the table indicated
by TABLE CODE and modifies it in such a way that the new
generator created will appear to be a reflention asout

- - - -

14 ™M o 2
Ve «ddT LiTaved

the horizontal screen axis of th
generators are placed back into a block of COUNT

generators following DESTINATION in the same table,

The user has to provide the permutation for size 1

sprite generators as diagrammed in PFigure 3-5.
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Block indicated by sprite name:

------- M first generator | =e-ee---

Pigure 3=5
' HORIZONTAL Size 1 Sprite Permutation

pa i)
{1
.'j
-
"
O
=
o

If TABLE CODE 4is 3 (indicating the pattern generactor
table) and the graphics mode is 2, REFLECT HORIZONTAL
also performs the identical reflection on the
corresponding color table entry for each generator it
processes. This means that the reflected generators
will be colored in a way that is consistent with thelr

unreflected counterparts, When in mode 1, the cclor

table is untouched.
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1
Parameters:
2
3
TABLE_CODE VRAM table code (Ref, Table 3-1)
<
to be operated upen.
5
s
v SOURCE SOURCE is the two-byte index of
the first entry in the specified
8
table to be operated on.
g
10
For table operations on sprite
i1
generator or pattern generator in
12
graphics mode 1, SOURCE shoulald be
13
in the range 0 <= SQURCZI <= 2535,
i4
For pattern generators in mode 2,
15
t should be in the range 0 (=
16
SOURCE <= T767. 1In either case, if
" & value of SOURCE is supplied and
i8
is outside the table's range but
19
still a legal VRAM address, the
20 specified number of "entries" will
21
be read and modified from the VRAM
22
location (table location) + 8 ¢
23
SOURCE. For the proper table
24
entries and table boundary, refer
25

fo Tadble 3-2.
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Sprite size has no effec: on the

range of SOURCE.

DESTINATION DESTINATION indexes the place

n & W W

where REFLEZCT VERTICAL will scars
putting generators back into VRAM

aftar modification.

W oo 4 o

The same restrictions apply to the

[
o
1

value of DESTINATION as to the

-
J

value of SOURCE. They are both

12 intended to be indices into the
D same generator table,
14
15
COUNT A two-byte count of the number of
a entries to be processed
t
& sequentially after SCURCE.
18
19 - -~
A legal value for count depends on
20 the size of the table being
A operated on and the values of
22
SOURCE and DESTINATION. 1In
23
24
25
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a general, both of the following
2 statements should be true:
3
4 COUNT + SOURCE <= (table eize)
5 COUNT + DESTINATION <= (table
5 size)
7
8 Side Effects:
*)
10 - Destroys AF, AF', BC, DE, DE', HL, HL', IX and IY.
i1 - Uses the first 16 bytes of the data area pointed o by
i2 WORK,_BUFFER,
13
14 Calls to other OS routines:
i5
16 - GET_VRAM
17 - PUT_VRAM
3
1
20
21
22
23
24
25
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3.2.2.3

e ————————————————————— e

ROTATE_90

Calling S=gusnce:

LD A, TABLE CODE
LD  DE, SOURCE

LD  EL, DESTINATION
LD  3C, COONT

CALL ROTAT

Bt et -

11

Qn
R

Description:

RCTATE 90 takes each generator in a block of COUNT
generators following SOURCE in the table indicated by
TABLE CODZ and modifies it in such a way that the new
generator thus created will appear to be a 90-degree
clockwise rotation of the old. The created generators
are put back into a block of COUNT generators following

DESTINATION in the same table.

The user must provide the permutation for size 1 sprite

generators as diagrammed in Figure 3-6 below:
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1

B Block indicated by sprite name:

3 —————e=) |  £irst generator | ee---

4 | l

5 ' - second xenerator | {eeeee-o

6 } l

———————— | third generator | {e=--

7 |

8 ————e——) | fourth zenerator | ——=-—=e=-

9 L

Figure 3«6

10 ROTATE 90 Size 1 Sprite Permutation

11

12

13

14 This rcustine should be used with great care when applied
18 to pattern generators in mode 2. In this mode, the VD?
16 allows arbitrary color combinations along vertical lines
- while 4¢ is still limited to two colors along a given
i 8-pizel horizontal line. The problem is that 1f the

19 user attexpts to rotate a figure that has more than two
20 colors on a vertical line, ROTATE 90 will exhidit coler
21 problems after rotation. There is no way around this
29 problem except to keep any generators that are intended
3 for rotation simple. If the TABLE CODE is 3 (pattern
24

25

26

//
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ﬁm
! generator table) and the mode is 2, ROTATE 90 will ccpy
2 the corresponding color table entries indexed by SOURCE
3 to the block indexed by DESTINATION.

4

5

6 Parameters:

7

8 TABLE _CODE TRAM table cvode (Ref, Table 3-1)
9 to be operated upon.

10

1 SOURCE SOURCE is the two=byte index of
12 the first entry 4in the specifled
13 table to be operated on.

14

15 For table operations of sprite

16 generator or pattern generator In
17 graphics mode 1, SCURCE should be
18 in the range 0 <= SOURCE <= 255.
19 Por pattern generators in mode 2,
20 1t should be in the range 0 <=

21 SOURCE <= 767. In either case, if
o a value of SOURCE 4s supplied and
s is outside the table's range but
24

25
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still is a legal VRAM address,

specified number of "entrie

be read and modified from

location (table locaticon) + 8 ¢

SOURCE. For the proper table

entries and table boundary, refer

to Table 3=2.

Sprite size has no effect on the

range of SOURCE.

DESTINATION indexes the place

where REFLECT VERTICAL will start

putting generetors back into VRAM

after modifying them.

The same restrictions apply to the

et V- el

value of DESTINATION as

value of SOURCE. They are bdoth

intended to be indices

same generator tabdble.
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1 COUNT A two=byte count of the number of
2 entries to be processed

3 sequentially after SOURCE.

K

5 The legal value for count is

< dependent on the size of the tadle
7 being operated on and the values
8 of SOURCE and DESTINATION. In

s general, both of the following

10 statements should be true:

11

12 COUNT + SOURCE <= (table size)

13 COUNT + DESTINATION <= (tabdle

14 size)

15

16 Side Effects:

17

i8 - Destroys AP, AF', BC, DE, DE', HL, HL' IX and IY.

19 - Uses the first 16 bytes of the data area pointed to by
20 WORK_BUFFER.

21
22

23

24

25
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Calls to other 0S routines:

- GET_VRAM
- PUT_VRAM
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1
2
3.2.2.4 ENLARGE
3
4
Calling Sequence:
5
§
LD A, TABLE_CODE
7
LD DE, SOURCE
8
LD HL, DESTINATION
)
LD BC, COUNT
i CALL ENLARGE
11
12 Description:
13
14 ——r n o E
ENLARGE takes each generator in a block of COUNT
15
generators following SOURCE in the table indicated by
e TABLE_CODE and from it creates four generators as shown
7
: below in Figure 3-T.
18
19
20
21
22
23
24
25

»
o0
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1
2
first third
s generator generator
<
second fourth
5 generator generator
-]
Figure 3-7
7 ENLARGE Generators Layout
8
e
The enlarged obJject will appear to be a double-sized
10
version of the original. The created generators are put
il back into a block of 4 ® COUNT generators following
12
DESTINATION 4in the same table.
13
14
Note that since the ordering of the expanded generators
15
is the same as that for the four generators needed to
16
produce a size 1 sprite, ZINLARGE lends itself well to
37 use with sprites as long as the programmer is willing o
o dedicate four times as many sprites to the expanded
19 object as to the orginal.
20
21 - T
If TABLE CODE i{s 3 (indicating the pattern generator
22
table) and the graphics mode is 2, ENLARGE makes four
23
24
25

26
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i copies of the color table entry for each source

2 generator and places them in the color table so that

3 they correspond to the four destination generators.

4 This should mean that the color scheme for the enlarged
5 object will be the same as that of the original. If the
6 mode is 1, the color table is untoduched.

7

E Parameters:

)

10 TABLE_CODE VRAM table code (Ref. Table 3-1)
11 to be operated upon.

12

13 SOURCE SOURCE i{s the two-byte index of
14 the first entry in the specified
15 table to be operated on.

16

17 For table operations on a sprite
18 generator or a pattern generator
19 {n graphics mode 1, SOURCE should
20 be in the range 0 <= SOURCE (=

21 255, For pattern generators in
22 mode 2, i1t should de in the range
23

24

25
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0 <= SOURCE <= 767. 1In either
case, if a value of SOURCZE is
supplied and is outside the
table's range but still a legal
VRAM address, the specified number
of "entries™ will be read and
modified from the VRAM locaticn

(table location) + 8 ® SOURCE.

W 00 8 O W A WU N e

For the proper table entries and

10 table boundary, refer to Table

11 3-20

12

13 s - 4 "~ - -
prite size has no effect on the

- range of SOURCE.

15

16

17 DESTINATION DESTINATION indexes the place

18 where ENLARGE will start placing

19 generators back into VRAM aflter

20 modifying them.

21

22 The same restrictions apply to the

23 value of DESTINATION as to the

24

25
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1
2
3
4
5
6
7
8
e
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COUNT

value of SOURCE. They are both
intended to be indices into the

same generator table,

A two-byte count of the number of
entries to be processed

sequentially after SOURCE.

The most important factor limiting
the size of COUNT in the case of
the ENLARGE routine is that
ENLARGE actually produces four
generators for every generator

that it reads.

The legal value for count Jepencs
on the size of the table bdeing
operated on and the values of
SOURCE and DESTINATION. Both of
the following statements should be

true:
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m

COUNT + SOURCE <= (table size)
DESTINATION + 4 # COUNT) <=

(table size)

Side Effects:

- Destroys AF, AF', BC, DE, DE', HL, HL', IX anad IV,

- Uses the first 40 bytes of the data area pointed to by

W 00 S O W A WL N e

Pt e e = e
N oo o L
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WORK_BUFFER.

~—t
= o

Calls to cther O0S routines:

-
L]

~ GET_VRAM
- PUT_VRAM

Y T I C R L N = e
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3.2.3

Sprite Recrdering Software

Probably the most significant hardware limitation of tha

VDP is the so-called "fifth sprite problem." This
problem arises when more than four sprites occur on a
single horizontal scan line. Because the chip only has
four registers for dealing with the lower order sprites
the sprites with the higher sprite attridute indices
cannot be generated on that scan line and therefore

isappear.

One solution to this problem is to use a reordering
scheme on the offending sprites which involves swapping
the priorities of the sprite that is being blanked out
with that of one of the higher order sprites in the
group on successive video fields., The result (s that
while the sprites that are being reordered tend to
flicker in the area of overlap, they are still qui:
visidle. The degree of flicker depends on many factors
including the color of the sprites in question and the

background color and complexity.

2
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1 The 0S supports this solution by allowing the

2 application to adjust the order of sprite assiridute

3 entries with minimum effort.

4

5 Two tables are used in implementing the sprite

6 reordering feature., The first of these is simply a

7 local CRAM version of the VRAM sprite attribute table.
8 It must be allocated by the application program and made
[~ accessidle to the 0S by placing & pointer to Lt at the
10 predetermined cartridge ROM location LOCAL_SPR_TEL.

11 This local sprite attribute table need only contain the
12 active sprite entries needed by the application and

13 therefore may be shorter than the 128 bytes required for
14 the VRAM version. The other table 1is called the sprite
15 order table. It is also allocated by the application
16 program through a pointer, SPRITZ CRDER, located in

17 cartridge ROM. The sprite order table should contaln
18 one byte for each entry in the local sprite attribute
18 table, and the bytes should take on values in the range
20 0 <= b <= 31,

21
22 When the flag MUX_SPRITES is false (0), PUT_VRAM writes
23 sprite attribute entries directly to VRAM. However,

24

25

»
(]
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when this flag becomes true (1), they are written
instead to the local sprite attribute table, Then, a
routine called WR_SPR_NM_TBL will map the local sprite
attribute entries to VRAM according %o the sprite order

tadble.

An example of the relationship between the three tables

may be illustrated as follows:

1
2
3
4
5
6
7
8
9
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1
° Sprice
Local Sprite Sprite Order Attriducte
s Table (CRAM) Table (CRAM) Table (VEAM)
‘ | entry 0 | —mmmmmmmme A 0| A entry 0|
5 | entry 1| emcecccaeae ¥ 3 | emmmm | entry 1|
6 | entry 2 | ecememmeaa-a 1 17 | ----J - entry 2 |
7 . . | - -J entry 3 |
8 ; ; ;
e . : -= entry 17
10 . d :
11
12 Figure 3-8
13 Sprite Reordering Table Mapping
14
13 The advantage of this method lies in the fact that it
16 takes a lot less work to reorder the bytes in the sprice
17 order table than it dces to move around the entries in
18 the VRAM or CRAM sprite attridbute tables.
19
20
21
22
23
24
25
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1
2
5 3.2.3.1 INIT SPR_ORDER
4
5 Calling Sequence:
-}
v LD A, SPRITZ COUNT
8 CALL INIT_SPR_ORDER
8
Description:
10
11
19 INIT_SPR_ORDEZR looks at the pointer SPRITE ORDER in low
13 cartridge ROM which should contain the address of a free
16 area SPRITE COUNT bytes long in CRAM. It sets this area
15 up &8s a sprite order table by initializing it with
16 zero through SPRITE COUNT - 1,
17
18 Parameters:
18
20 SPRITE _COUNT The length of the sprite order
21 table, which whould be the same
29 as the intended number of entries
23 in the local sprite attridute
24 table,
25

Lad
N
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This number must always be in the

range 1 <= SPRITE COUNT <= 32,

Side Effects:

- Destroys AF, BC, and HL,

0 0 3 O U A WV N e

— e
» = o
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3.2.3.2 WR_SPR_NM_TBL

Calling Sequence:

LD A, COUNT
CALL WR_SPR_NM_TEL

Description:

WR_SPR_NM_T3L writes COUNT entries from the local sprite
attribute tabdble, which Lt accesses through the pointer
LOCAL_SPR_TBL in low cartridge ROM, to the VRAM sprite

at

ot

ribute table. The transfer is mapped through the
sprite order table which Lt accesses through the pointer
SPRITE ORDER in low cartridge ROM.

Parameters:

COUNT This is the number of sprite
attribute entries to be written o

VRAM.
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1
2
3
<
5
6
7
8
]

L P — =
RN BB E S BB ST ERERE®SE

COUNT should not be larger than
the initlalized length of the

sprite order table,

Side Effects:

- Destroys AF, BC, DE, HL, IX and IY.

- Cancels any previously established VDP operations.
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1
2
3.3 ObJject Level
3
4
The obJject level software constitutes the top level of
5
6 the graphics generaticn software, which appears ¢o the
user as a collection of screen objects with well-defined
7
shape, ¢olor scheme, and location at any given nmoment.
8
The software supports four distinct object types, each
)
of which has its own capabilities and limitations. Once
10
objects are defined, however, the rules for manipulating
11
them are fairly type-independent. In fact, only one
12
routine (PUTOBJ),is used to display obJjects of all
13
types.
14
15
Brief descriptions are given in the following sectlions
16
in regard to object types, object data structures and
17
two user-acscessihle routines (ACTIVATE, PUTOBJ). Fer
18
further information, refer to Appendix 3.
19
20
3e3ud ObJject Types
21
22 .
There are four different types of objects deflined by the
23
0S. A brief description for each type is given below.
24
25
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i 3.3.1.1 Semi-Mobile
2
3 Semi-moblle objects are rectangular arrays of pattern
¢ blocks which are always aligned on pattern boundaries.
5 Thelr animation capability i1s limited. In mos: cases
Y they are used to set up background pattern graphiss.
7
8 | 3.3.1.2 Modile
9
10 The size of a mobile object is fixed in two=by-two
1 pattern blocks., They belong to the pattern plane bdut
12 can be moved from pixel to pixel in X,Y direc:ions like
13 a sprite superimposed on the background. However, the
14 speed of mobile objects are tco slow when compared o
15 the sprites,
16
17 3.3.1.3 Sprite
18
19 Sprite odbjects are composed of an individual sprite,
20
21
22
23
24
25

26
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1
3.3.1.4 Complex
2
3
4 Complex objects are collections of other "component"
5 objects which may be of any type including othebr complex
objects.
<]
7
8
3.3.2 Object Data Structure
9
10
Each of the above mentioned objects has its definition
11
in cartridge ROM. is high-level definition links
12
together several different data areas which spezify all
13
aspects of an object. The data structure is described
14
in detall in Appendix B.
15
16
17 3.3.2.1 Graphics Datc Area
18
19 This data area is located in cartridge ROM. Pattern and
20 color generators for semi-mobile, mobile and sprite
21 objects and frame data for all objects are located in
22 the graphics data area. The data structure within each
23 graphics area depends on the type of object with which
24 1t 1s associated, £, however, two or more objects of
25 the same type are graphically identical, they may share
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3.3.2.2

3.3.2.3

Status Area

Each object will have its own status area in CRAM. The
game program uses this area to manipulate the objeczt,

It does this by altering the location within status
which determines which frame is to be displayed as well
as the locations which define the position of the objecs
on the display. The graphics routine, PUTOBJ, when
called, will access the object's status area and place

the object accordingly.

OLD_SCREEN

Mobile and semi-mobile objects appear in the patiern
plane. They are displayed by altering some of the names
in the pattern name table, The original names represznt
a background which is "underneath" the object. Wwhen the
object moves or is removed from the pattern plane, the

original names must be restored to the name table,
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Before placing a semi-mobile or mobile object on the

display, PUTOBJ will restore any previously saved names
and also save the names which constitute the background
underneath the new location of the cbject. Sprite and

complex objects do not need OLD_SCREZN areas.

3.3.3 ACTIVATE

Calling Sequence:

LD  HL, OBJ_DEF

SCP

CALL ACTIVATE

or

LD  HL, OBJ_DEF

OR A
CALL ACTIVATE
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16
17
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Description:

The primary purpose of this routine is to move the pat-
tern and color generators from the graphics data area
into the pattern and color generator tables in VRAM.
Each obJject must be "activated" before 1t can be
displayed. ACTIVATE also initializes the first byte in
an odbject's OLD SCREEN date area with the value 80X,
PUTOBJ tests this location before restoring the
background names to the name table., If the value 80X is
found, i1t is an indication that there are no background

names to restore,

Parameters:

OBJ_DEF High level definition of an
object. See Appendix B8 for
further detalls.

SCP Carry flag should de set Lf user

wishes to load the generators spe-

cified for this object.
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1 CR A Carry flag should be reset {7 usa-
2 knows that the generators are

S already in VRAM.

4

4 3.3.4 PUTOBJ

§

7 Calling Sequence:

8

9 LD  IX, OBJ_DEF

10 LD B, BKGND_SELECT

1 CALL PUTOBJ

12

13 Description:

14

15 PUTOBJ 4is called when an object's frame or its

i6 location on the display is to be changed. Tie routine
17 tests the type of object and then branches to cne of
18 several subroutines designed to handle that particular
19 object type. These routines are not accessidle to the
20 user. Their functions are as follows:

21
22

23

24
25

"
(<]
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1. PUT_SEMI

Semi-mcblle objects are placed on the display by
writing the generator names specified by cne of the
object's frames into the pattern name tadle in
VRAM. The pattern and color generators whizh are
needed to create the frame must already be in their

respective generator tables.

2. PUT_MOBILE

Mobile objects are displayed by producing a new se:
of pattern and color generators which depict th
frame to be displayed on the background. These new

enerators are then moved to the locations in the

VRAM pattern and color generator tables which are
reserved for the object; the names of the new

generators are then written into the pattern name :able

3. PUT_SPRITEOQ

PUT_SPRITEQO handles the display of size 0 sprite

objects.
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l 4.  PUT_SPRITEl
2
g PUT_SPRITE] handles the display of size 1 sprite
‘ obJjects.
5
; 5.  PUT_COMPLEX
7 PUT_COMPLEX calls PUTOBJ for each of its
8 component objects.
<
10 Parameters:
11
12 H OBJ_DEF High level definition of an
13 object, See Appendix 3 for
14 further details.
15
16 BCKGND_SELECT Used with mobile objects or
17 complex objects with a mobile-type
18 component. Can be ignored other-
19 wise. For methods of selecting
20 background colors in a mobile
21 object. Refer to Appendix B for
22 additional information.
23
24
25

26






COLECOVISION PROGRAMMERS' MANUAL

Rev. 5
©Coleco Industries, Inc. 1982
CONFIDENTIAL DOCUMENT - DO NOT COPY 4-1

1
2
SECTION IV
3 INTERRUPT HANDLING AND WRITE DEFERRAL
kS
5 " - SAu- /"O..a Trimva - vane? \ . - e e Ilxtyw=
-ne OQHZ (D50HZ IOor IZurcpean verslon) non-maskable interrupt (NMI
. in the CclecoVision system has a wide variety of applications
7 such as providing a fixed time base for the timing software, and
8 a natural debounce interval for the controller interface.
9 However, interrupts can cause problems if not handled properly.
10
1 Let us say, for example, that the system is in the midst of 2a
12 call to PUTCBJ and is, in fact, writing to VRAM when the
13 interrupt occurs. f the interrupt service routine calls for
14 translerring data to another arsa of VRAM dy setting up the VDP
15 address reglister (auto-increment) to a different value, the
16 pending VIAM operation cannot resume properly after the interrupt
17 is servized.
18
19 The OS contains software which allows graphics operations on the
20 object level to be protected against damage by asynchronous
2l interrupts. It should be stressed that the 0S protects ChLY the
22
23
24
25

]
N
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object level. Routines on the table and chip driver levels couls

be deferred against interrupt by using the application library
routine, DEF_INT, suggested in ColecoVision Bulletin No. 0910

(Appendix D).

In order to Iimplement thlis protection for graphics operations

-

the application program must allocate space for a deferral gueue,
The size of this queue depends on the number of graphics
operations that are expected to be performed between NMIs, but
usually fifteen entries of three bytes each will prove
sufficient. The address of the gqueue should be passed on %o th
OS using a routine called INIT WRITER which also empties the
queue and prepares it for operation. Thereafter, whenever the
flag byte DEFZR _WRITES is set to true (1), calls to PUTOZJ are
deferred by placing them on the queue where they may be performesd

using a single 0S call from the !nterrupt service routine,

In addizion to the buffer in which the queue resides, the
deferral routines use several defined storage areas in the course
of their operation. These are: QUEUE_SIZE, QUEUEZ_HEAD,
QUEUE_TAIL, HEAD_ADDRESS, TAIL_ADDRESS and BUFFER. They are all

related to the state of the queue.
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Calling Sequence:

O 0 S OO WU A W N e

LD A, SIZE
LD HL, LOCATICN
CALL INIT WRITER
11 Description
INIT WRITER initializes the gqueue., It does not, in

-
Lo

fact, do anything to the "physical" queue in RAN.

9

-
e

4 -

Instead, it merely sets up its description by settiing

—
w

16 QUZUE_SIZE to SIZE, HEZAD_ADDRZISS and TAIL_ADDRESS o the
12 bezinning of the buffer and QUEUE_EZAD and QUEUVE_TAIL o

18 0.

20 Parameters:

The size in entries of the gqueue.

»
»
Wn
-
(]
™

23 SIZE should be equal to the amcunt
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of space allocated for the gueue

' CCLECOVISION PROGRAMMZIRS' MANUAL

divided by three. Range for SIZ:=

is 1 to 255.

LOCATION The location of CRAM area

allocated for the gqueue,

W 0 ~I O W A WL N (e
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w
0
ot
b
O
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0
x
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1

2

s 4.2 WRITER

4

5 Calling Sequence:

6

7 CALL WRITER

8

9 Description:

10

1 WRITER performs any deferred PUTO3J operations that may
12 be on the queue emptying the queue as it goes., WRITZR
13 snould b2 called by the interrupt service routlne.
14

15 WRITER uses a "back door" into the PUTOBJ software
16 without ever making an explicit call to PUTC3J.

17

18 Side Effects

19
20 Destroys AF, BC, DE, KL, IX, IY, BC', DE' and HL',
21
22
23
24
25

N
(o]
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SECTION V

TIMING SOFTWARE
Timing software enables the user to specify a preset leng:th of
time and to slignal the user when that time has elapsed., 1In

theory, up to 255 software timers are avallable $o the user.

The Z80-CPU's non-maskable interrupt (NMI) input, which com

Ww
wn

from the VDP interrupt output, forms the time base for all the
timers. In the U.S., it is about every 1/60 second. In txe
uropean verslon, 1t 1s about every 1/50 second. TIMI M3R is the
routine responsibdle for generating the time base at the desiresd

intervals.

All timer routines use a CRAM area desiznated as the TINIZ T:3LZ.
The size of this table depends on the number of timers in use ani
thelir types. There are two types of timers, non-repeating an

repeating.

The user will be notified of the status of the timer only when he

checks 1it.
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1 5.1 Non-Repeating Timers

2

s These timers will not repeat themselves after time ou-
4 The user will be notified and their timers are set free
5

6 - T - Repeating Timers

7

8 These timers only need to be sat once. After eazh tims
9 out they will notify the user and repeat themselves.

10

1 For both types of timers, the timer length can be elther
19 short or long:

13

14 (a) Short = 1 to 255 units of time base.

15 () Long = 256 to 65535 units of time base.

16

17 5.3 TIVZR_TABLE:

18

19 As a . timer 1s reguested, it is placed into TIMER TABLE.,
20 Each timer consists of a Mode Zyte and a two-by:e

21 Value_Word.
22

23
24
25

L]
(=]
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The appropriate amount of CRAM should be reserved using

the following formula:

TIMER TABLE DEFS Num_of Timers # 3
TIMER_DATA_BLOCK DEFS Num of Long Repeacting * 4
NOTZ: Nux of Timers is the total numter of timers.

1
2
3
4
5
6
7
8
)

— —
P = o

the information of done bBit, repeat

—
w

it and last-timer-in-table bit (Fefer to Appendix G

=
-

for detalls).

-
wur

—
(o))
W
.
w
.
n

Value_Word

— e
w

two-byte value which can have several meanings

r—
o

depending on the type of timer.

»n
2 o

(a) Short Timers:

N
N

The Value_Word is the actual timer in this case.

- B~ B &
O U A v
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The first byte is the value t0 be decremented ani
the second byte is the initial timer value., In the
case of a repeating timer, the second bycte is usad

to restart the timer.

(b) Long Non-=Repeating Timers:

The Value Word is the value of the timer and s

o

ecremented as a tyo-byte guantity.

W W ~1 O N A W M e

[
o

(c¢) Long Repeating Timers:

.

~—
—
-3
o 3
W

Value Word 1s the address of the location in

-
n
o
e 3
0

TINMZR _DATA_3LOCK where the first word Is the

r—
Lo

value to be decremented and the second wors 1is the

—
>
.L
a_
'A
ot
.h
W
'_‘
ot
[ 3
H
W
3
<
w
'J
[+
m
-

—
o WU

9+3¢3 TINZR_DATA_BLOCK

—
-3

18 This is the data area in CRAM where four bytes are
19 designated for each long repeating timer. The table's

»
o

o 2
(¢]
bt
. »
(998
o
1]

size is expandable under user control, so care s

~n
—

taken not to write over other pertinent data.

NN NR
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INIT_TIMER

-

wn
.
=

Calling Sequence
LD HL, TIMNZR TABLE
LD Dz, TIMZR DATA_3LOCK

CALL INIT TIMER

' 4 .

Description:

. —

alNLll 12NMZR iniclalizes timer data

w
|
w

areas to the lozasicns

TIYER_TABLE This is the CRAM address where the
timer information will be placed,

TIMER_DATA_BLOCK This 1s the
repeating

placed.

address where long

timer data will be
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Side EZffects:

- Destroys DE and HL.

1
2
S
4
5
6
7
8
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TIME MGR

w
.
wun

alling Sequence:

O W 0w N < W A W o .

~—

TINZ_MGR is responsible for maintaining all OS sof:twars

r

-
-

ask of maintenance is defined as updating

ot
-~
3
1
"3
0
-
e
.
m
ot

>
L]

all timers, setting the proper signal code when a sinmer

—
(¥

cimers.,

times out, and restarting repsatin

L]

e
wm W
1
=<
'

Zach call to TIME MGR will cause all a2ctive timers =5 be

—
N

decremented by one. There 4s no limit as to whan the

L
~
"~

routine could be called, but typically it is every NMI

—
0o

from VDP which forms the system time base,

N
o v

"3
m
W
W
ot

An active timer is defined as a timer with its

»
—

bit set or its done bit not set, or both.

L - B & B )
D U A LN
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If an entire timer value decrements to zero, the done

bit will be s

Y

t in Mode Byte. In acdition, the timer

will be restarted if it is a repeating type.

O o 3 O W A W N e
u
w
°
B
w
ot
w
'3
w

None.
Side Effects
- Destroys AF, DZ and EL.

—
= o

[
[ &)
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Calling Sequence:

LD KL, TIMZR LENGTH
LD A, REPEAT

CALL REIQUZST_SIGNAL

1
2
3
4
5
6
7
8
)

REQUEST SIGNAL accepts a time interval and a repeat code
(Bcolean) as input. The REPEAT parameter, when ses,
instructs TIMZ MGR to re-initlalize the timer when 1t

tizes out instead of relinguishing the timer memory

locations.

REQUEST_SIGNAL sets up a timer and assigns that timer a
nunber in the accumulator. The routine also determines

-~
-

)

tn
m

the type of timer and allocates space in the TIMIR

accordingly.
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Short Timer:

1
2 A short timer has a counter value of 255 or less an4
s uses one Mode Byte and Value_Word.
4
Long Timer:
5
6 g A long timer has counter values greater than 253,
|
7
(a) Non-Repeating:
8 #
A non-repeating timer uses a Mcde Byte and
9 =
Value_ Word.
10
11
(b) Repeating:
12
A repeating timers uses a Mode_Byte and Value Werd
13
in addition to four bytes starting at the first
14
avallable locatlon in the TIMER_DATA_BLOCK.
15
16
The user should save the timer number. This value,
17
referred to as SIGNAL_NUM, should subsequently be used
I8
when calling TEST_SIGNAL to find the status of the
19
signal or when calling FREE_SIGNAL to release a timer.
20
21
22
23
24
25

N
o
s
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1 Parameters:

2

s TIMER_LENGT! The number of the time bass yni-s
4 of a timer. Values range from 1
5 (shortest) to OFFFFH (longes:).
6

7 REPZAT 1l = repeating timer;

5 0 = non-repeating timer.

9

10 Output: Value of timer number returned in
1 accumulator. User should save it
12 in CRAM location SIGNAL_NUM.

13

14

15 Side Effects:

16

17 - Destroys AF, BC, DE, &4nd HL.

18

19
20

21
22
23

4
25

o
o
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5.7 T=ST_SIGNAL

LD A, SIGNAL_NUM

CALL TEST_SIGNAL

© W W ~ O WM A WL N0

Description
1
11 TEST_SIGNAL takes a signal number and tests to ses
12 whether the Iindicated timer has timed out since the Ias:

—
L
ot
)~
il
w

it was tested. If so, 1t returns with "true"

—
EaS
ot
e 2

ae accumulator; otherwise, it returns "false". The

—
wn
n

ero flag reflects the contents of the accumulaczor,

— e
N

IT the timer of SIGNAL_NUM tested has its Done

or
.A
ot
w
(1]
ot

e
0o

and the timer is non-repetitive, then the Freze b

'b
or
¥,

|
.l
..l

—
o

be set to release the timer for further use.

w w
- O
H4

f no timer of a particular signal number exists then
[

n
N
(33

he routine will return a false.

- B T R )
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Although 1t has been defined that testing a non-existing

signal number will return a false value, a common error
in use of timing routines is the testing of an undefines

signal.

The error occurs when one module, with a given
SIGNAL_NUM, calls TEST_SIGNAL with that SIGNAL_NUM as
input. 1If this module receives a "true" from

TZST_SIGNAL, then another module which is rightfully

W 00 ~4 O Ut & WU W

using a timer with that SIGNAL_NUM will not receive

—
[
- O

e e
L

14

SIGKAL_NUM Timer number.
15
16

Sldo Effects

— -
oo ~1

- Destroys AF (output), BC, DE, and HL.

N
2 o ©

22
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LD A, SIGNAL NUM
CALL FREZ SIGNAL

FRZE_SIGNAL takes a SIGNAL_NUM value as input and upon
inding a timer assigned to that number, releases 1% to
the free 1list, If no timer of that SIGNAL_KUM is found,

no acticn will be taken. This routine will free a timer

regardless of its current value or its RZPEA
Special case of long repeating timer:
Thls routine will release a portion of the

1
TIMZR_DATA_BLOCK that a particular timer uses and moves

the remaining contents up. The Value_Words of other
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e

21

e

repeating timers will also be modified to reflecz: this

move.

NOTZ: 1In this specilal case, TIMZ_MGR, or any other
routine that accesses or modifies the
TIMER_TABLE, should NOT be called during the exe-
cution of FREIZ_SIGNAL. (This may occur i
TIMZI_MGR was called on interrupt). ColecoVision
Bulletin No. 0010 (Appendix D) suggests the
solution of using DEF_INT to defer interrupts.

Parameters:

SIGNAL_NUM Previously defined output from

REQUEST_SIGNAL.

Side Effects:

AT

- Destroys AF, BC, DE and HL.
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SECTION VI

CONTROLLER INTERFACE

Most applications involving the hand controller require similar

needs in decoding and debsuncing those inputs. The cperating

3

System addresses those needs in one general purpose routine,

[
o
1]
(%]
o
[
wm
o
e
(o)
Q.
w
o
O
>
o
0
®
L]
-
ot
o
1]
"3
[
[
-
o}
"
(7]
[
[ 2
(1]
(3]
ot
®
o

ZR. POLLER wil

1
2
3
4
5
6
7
8
9

portlions of the hand controller hardware and place the processed

—
o

data in the Controller Data Area selected by the pointer in

r—
o

CONTRCLLER MAP,

e
L p

4

Special applizations may require non-standard decoding of the

—
L)

inputs available frem the hardware; therefore, entry polints o

—
wm

lower level routines are available.

—
N o

inere are four routines avallable to access controller inputs:

b -
O o

- POLLER

»
o

- DECODER

»n
—

- CONT_SCAN"

N
L]

- UPDATE_SPINNE

L2 I X
D U A
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6.1 Controller Data Area
The pointer in CONTROLLEZR_MAP polints to the user-delined
CRAN area which is accessed and/or modiflied when PCLLZZ

4s called. Users define this address by p.acsing the
location of the 12 bytes of the CRAM Controller Data

ocation CONTROLLER MAP., They are

[

Area at cartridgze

defined as follows:

W 0 NN O WM A W W e

+0 Player 1 enable

rea
o

Player 2 enable

—
-—
"

'

12 +2 Fire button (left button) Player 1
13 +3 Joystick Player 1
14 +4 Spinner count (for interface mocdules) Player 1
15 +5 Arm button (right button) Player 1
16 +6 Keyboard Player 1
17 +7 Fire button Zlayer 2
18 +8 Joystick Player 2
19 +9 Spinner count Player 2
20 +10 Arm dbutton Player 2
21 +11 Keyboard Piayer 2

I TR B S N
O W A LN
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Where bit = 1 Function enabled
bit = 0 Function disabdled.
X = Don't care
while functions are as follows:
10
2it 7 = Controller Enable
11
8it 4 = Keypad
12
. 3it 3 = Arm Button
i3
Bit 1 = Joystick
14
31t 0 = Fire Button

15
16
17
I8
19

Statu~ of individual porticns of the consroller m2p ars

when enabled s described as follows:

Fire button:
21
Status = Q40H, 4f fire button pressed

-3 Status = QH, if fire button not pressed

24

26
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1 Joystick:
2
3 Stazus Direction
4 01 N
5 03% NE
- 02H E
7 08X SE
8 O4H S
9 0CH SW
10 C8EH W
11 0SH Nw
12
13 Spinner Switzh
14
15 SPIN_SW_CNT 1s added to the value for position offses
16 (Ref to Sec. 6.5)
17
18 Arm Button
19
20 Status = Q00405 4f arm button pressed
21 Status = Q000K 4f arm button not pressed
22
23
24
25
26
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1 Keypad
2
3 Value Key
£ 00& 0
5 01 1
6 02H 2
7 03d 3
8 04H 4
8 05H 5
10 06 6
11 07= 7
12 084 8
13 09H 9
14 0AH &
15 02H ¥
16
17
18
19
20
21
22
23
24
25
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POLLER
calling Sequence
. riarioms
CALL POLLER

decodes and debounces all active por

The resulsts are placed in the

debounce algorithm waits

same for two successive passes befl

modiflies the Controller Data Area. If a pa

499

portion 1s disabled, then this routine will

looking for the second occurrence upon re-e

7 |
o
[
(34
[y
s |
m

Please note that the POLLE:

itself,

8-6

«4

cions of both

Controller

el ot a-.
L . -

'
'
(08
(1]

st

-

nabling.

[

ey S
-—.h W e _r-
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Side Effects:

-Destroys all except alternate register pairs, does nst
destroy alternate AF pair.
= Zero's SPIN_SW_CNT if that portion of the consroller

{s enable

....... . (See UPDATZ SPINNER).

Calls to other 0S routines:

@ 0 9 VM A W O e

—
o
|
)
(&)
-

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
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ne format

o
7
w
7]
ot
S 3
1
(7}
g

as

Data Arez.

Farzmeters:

CNTRLR NO. 0
b

NTARLR Th

SEGMEZNT NO. wi

po

- DO NOT COPY
M

£-8

he individual status byte

n

= Player 1's controller only
= Player 2's controliler only

e value found in segment nun

11 decode these respective

rtions of the controller:

-
-<.
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1 0 = Fire,Joystick, Spinner
° 1l = Arm, Keypad
3
4 OUT2LTS IF SEGMEINT C=0SEN WAS
5
6
Secmant 0 Segsment 1
7
5
Register H Fire Al
8 o - - . i
negister L Joystick Keyboard

—
o
u

(1

(D
o
P~
w0
ot
w
2

T
'3

- — -— — -
~ OO UM s L
n
)R
0

- Destroys AF, BC, DE and HL.

e
O w

Calls to other CS routines:

O
-~ O

~ CONT_SCAN

P P
[~ B B N I )
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CALL CONT_SCAN

Description:

W 0 ~§ O Ut A WU 0

ba
o

pa V)

=
-

1Y

ds the actual ports to both controll

W

rs and places

o
-
o

by

(1]

data in an OS-defined CRAM area, These locaticns

—
L)

are labeled as SO_CO, SO_Cl, Si_CO and S1_Cl.

— s
W W

Llfects:

wn
. ~
(97
(1]
i

—
Wn

- Destroys AF.

- T - T R T L A T S
O U A W N~ O VO W 9N O
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6.5 UPDATE_SPINNER

sarvice
ervize

FTor use with expansion modules only. Interrupt

-4 L S - 19 4 " o8 & o
SoUTNe WRoCN ErogeSsSes Cconvrlilier sSpanner sw_o.Sh

interrupss (maskable). Decrements 03 reserved byce

o |

PIN_SWO_CNT for Controller No. 0 or SPIN_SW1_CNT Ic

15
16
17
18
19
20
21
22
23
24
25
26

increments byte if spinrer is going in

rection Table 10-1).

.

ied by bo:n

SPIN_SW_CNT 1s accessed and mo

ODER and POLLER if they are called.
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SECTION VII
SOUND GENERATION SOFTWARE

The 0S provides sound generation routines that output frequency,
attenuation and control data to the TI SNT6489 sound generator
controller. The "sound" described in this section can be repre-

sented as both music or noise.

There 1s at least cne ten-byte block of CRAM called a "Sound Data
Area" reserved for each sound channel. This area contains a
record of the current values "playing" on that sound channel.
These values are the timing and descriptive information which
generate musical notes that are originally stored in cartridge
ROM. In total, there should be a minimum of four sound data
areas reserved by the user, one for each channel. Morse data
areas are needed i1f there are sounds to be played concurrently.

For an average video game, seven is the required number.

Basically, in order to generate sound effects, the user has to
prepare music notes and call the sound generation routines. The
notes tabdble, pointer and four routines are described below. For
detailed information, refer to the Sound Users' Manual in

Appendix C.
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1 7.1 LST_OF_SND_ADDRS and PTR_TO_LST OF SND_ADDRS
2
- All the music notes for an application program starts a:
4 the address called LST OF_SND ADDRS in cartridge ROM.
5 There is another dedicated CRAM pointer located ac
S address PTR_TO_LST_OF_SND_ADDRS which points to the
7 LST_OF_SND_ADDRS. It is the user's responsibility to
8 set ﬂp the pointer before passing control to any sound
) generation software,
10
11
T el SOUND_INIT
o This routine should be called immediately after power
1 on, before any sound processing can occur. It turns off
* the sound generators, initializes the CRAM locaticns to
e be used as sound data areas, sets up the four channel
'8 data area pointers and initilalizes
v PTR_TO_LST OF_SND_ADDRS.
18
INPUT: n
19
20 TYPE: 8-bit constant
21 PASSED: in B
22 DESCRIPTION: Number of sound data areas used by
23 the gane.
24
25

26
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. INPUT: LST_OF_SND_ADDRS
0 TYPE: 16-bit address

s PASSED: in HL

4 DESCRIPTIOCON: LST_OF_SND_ADDRS is the base

5 address of a list of the starting
6 addresses for each sound's note

. 1ist and data area.

8

) OUTPUT: l. Turns off all sound

10 generators.

11 2. Initializes

12 h PTR_TO_LST_OF_SND_ADDRS.

i3 3. Writes the inactive code

14 (OFFH) to byte 0 of the n

15 sound data areas.

16 b, Stores 00 at end of sound data
17 areas.

8 5. Sets the 4 channel sound

9 pointers to a dummy inactive
<0 area.

) 6. Sets SAVE_CTRL to OFFH. (See
22 "Nolse Notes" discussion in

3

24
&5
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1 ColecoVision Sound Users'

] Manual in Appendix C).

3

4 7.3 LAY_IT

5

3 PLAY_IT 4is called to start a sound. Using a2 sound

7 number passed in B, PLAY_IT loads the data for the

8 sound's first note into the appropriate socund data area,
9 thereby truncating whatever sound had been "playing" in
10 that data area. (The address of the appropriate area is
1 found by using the sound number as an index into the LST
12 OF_SND_ADDRS table). It also formats the data area's

13 header and sets up the next note pointer. If the sound
14 is a2 special sound effect, its next note pointer is set
15 to the address of the special effect routine. The next
16 time PLAY_SONGS 1s called, that sound's first note will
17 be played.

I8

19 If PLAY_IT 4s called with a sound number of a sound
20 which is already in progress, it returns immediately

21 (1.e., it doesn't restart the sound).
22
23
24
25
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1 INPUT: Sound number to be started,

P TYPE: 8-bit constant, 1 to 61.

s PASSED: In B.

4 CALLS: PT_IX TO_SxDATA,

S LOAD_NEXT NOTE PTR,

6 UP_CH_DATA_PTRS.

7

8 OUT?UT: 1. Moves the sound's first note
9 data to the appropriate sound
10 data area.

1 2. Formats byte 0 header of the
12 sound's data area.

13 3. Points next note pointer in
14 data area (bytes 1 & 2) to
15 address of first note in

16 sound, or address of special
17 sound effect routine.

18

19
20

21
22

23

24

25

»nN
o
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SOUND_MAN

SOUND_MAN should be called every VDP interrupt. For
each data area, SOUND_MAN processes the appropriate
timer and sweep counters and modifies the freguency and
attenuation data accordingly. If the data area is
assigned to a special effect, SOUND_MAN calls that
effect. When a note is finished, SOUND_MAN, using the
data area's next note pointer, moves data for the nex:
note of the sound into the area. If SOUND MAN reads a
header byte (in Cart ROM) that has bits 3 and 4 set,
indicating repeat sound, it will start the sound agz2in

by reloading the first note in the sound.

After the operations upon a data area have been per-
formed, if necessary, the channel data area pointers
(PTR_TO_S_ON_x) are updated. The following data areas
are processed in the same fashicn, in order of
occurrence, until the end of data area code, 00, is

reached.
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SOUND_MAN does not output the modified frequency and

1

2 attenuation data. PLAY_SONGS is called just before

S SOUND_MAN to do this.

4

5 Special codes in byte 0 of the sound data area indicate:
6

7 255: Data area inactive, do no processing;

8 82: A special effect is to be played; SOUND_MAN calls
9 the effect routine;

10 0: End of sound data areas (SOUND_MAN processes data
1 areas until 1t sees 0 in byte 0).

12 NOTZ: Sound number 1 MUST use the first area in the
13 block of sound data areas. SOUND_INIT uses this
4 address to find the sound data area.

5

.6 INPUT: None.

5 CALLS: T_IX_TO_SxDATA,

18 PROCESS_DATA_AREA.

9
a0 OUTPUT: Calls routines which:

B 1. Decrement sound duration and
2 sweep timers.
23
1
25
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2. Modify swept frequency and
ttenuation values.
3. Call specilal effects routines
where necessary.
4. Update the channel data ar=sz
pointers if necessary.
5. Restart the sound if
indicated.
7.5 PLAY_SONGS:

PLAY_SONGS takes the freguency and attenuation data
pointed to by the four channel data area pointers
(PTR_TO_S_ON_X) and outputs it to the four sound chip

generators.

INPUT: Nene,
CALLS: TONE_OUT, UPATNCTRL.
OUTPUT: 1. Current frequency and

attenuation data is output %o
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! each tone generator, if sound
= on that channel 1s actlive; if
s sound on that channel is
4 inactive, that generator 1s
5 turned off.
6 2. Noisze generator 1s sent
7 current attenuation data and
8 control data, if new.
9 3. Modifies SAVE_CTRL 4if
10 necessary.
11
12 7.6 pplication
13
14 These four routines would normally be called as follows:
15
16
17 Begin
18 Power on inits done by OS
19 Cartridge program recelves control
20 LD B, number of song data areas used in the
9 game
29 LD HL, address where LST_OF_SND_ADDRS is
03 store in ROM.
24
25

26
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CALL SOUND_INIT to initialize sound data areas
wWhatever other power on inits you want to do

Start game

LD B, number of sound you want to start
CALL PLAY_IT to set up for start of sound
VDP interrupt occurs:

CALL PLAY_SONGS to output data

CALL SOUND_MAN to process sound data
Whatever else you want to do during VDP
interrupt

RETN to game
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1
2
S SECTION IX
4 MISCELLANEOUS UTILITIES
5
£ ed ADDB16
7
3 Calling Sequence:
B
10 LD A, VALUZ
1 LD HL, ADDRESS
12 CALL ADDS816
13
14 Description:
15
15 ADD8165 adds an 8-bit signed number in accumulator to a
17 16-bit unsigned number pointed to by HL; returns with
18 altered 15-bit number at the HL address.
19
20 Parameters:
21
29 YALUE 8-bit signed number.
23
24
25

Ll
(o]
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ADDRESS Address pointing to a 16-bit

Side Effects:

Destroys registers A,

unsigned number
Two-byte value at the addgess

pointed to by the HL register

pair,

F and B,



COLECOVISION PROGRAMMERS' MANUAL

Rev. 5
©Coleco Industries, Inc. 1982
CONFIDENTIAL DOCUMENT - DO NOT COPY =3

9.2 DECLSN

1

2 Calling Sequence:

3

¢ LD KL, ADDRESS

5 CALL DECLSN

6

7 Description:

s

) DECLSN decrements least significant nibble of a byte
10 pointed to by HL without affecting most significant
11 nibble or HL. Returns with altered 8-bit number at HL
12 address. Sets Z-flag if 0, C-flag if -1l.

13

14 Parameters:

15

16 ADDRESS Address pointing to anB-bi:

17 unsigned number.

18

19 Output: A one-byte value at the address
20 pointed to by the HL register
21 pair.
22
93 Side Effects:
24 Destroys A and P.
25

6
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M
) §
° §.3 DECMSN
S
4 Calling Sequence:
5
S LD HL, ADDRESS
7 CALL DECMSN
8
9 Description:
10
11 DECMSN decrements the most significant nibble of byte
12 pointed to by KL without affecting the least significant
13 nibble or HL. Returns with altered 8-bit number at HL
14 address. Sets Z-flag if 0, C-flag if -l.
15
16 Parameters:
17
18 ADDRESS Address pointing to 8-bit unsigned
19 number,
20
21 Output: A one-byte value at the address
29 pointed to by the HL register
23 pair.
24 Side Effects:
25

Destroys A and P.

»
(o]
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M
1
e 9.4 MSNTOLSN
3
4 Calling Segquence:
5
6 LD HL, ADDRESS
7 CALL MSNTOLSN
8
9 Description:
10
1 MSNTOLSN copies the most significant nibble of byte
12 pointed to by HL to the least significant nibble of that
13 byte. The routine returns the results at the location
14 pointed to by HL.
15
16 Parameters:
17
18 ADDRESS Address pointing to an 8-bit
19 unsigned number.
20
21 Output: A one-byte value pointed to by EL
29 register palir.
23
24 Sicde Effects:
25

Cestroys A, F and B.

N
o
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1
9.5 RAND_GEN
2
3
Calling Sequence:
4
5
CALL RAND GEN
6 —_
7
Description:
8
)
RAND_GEN 1s a 16-bit psuedo random number generator. It
10
"exclusive OR's" the 15th and 8th bit together and then
i1
rotates the entire quantity to the left and inserts the
12
"exclusive OR'ed" bit into the rightmost bit. Upon
13
leaving, it stores the random number at global location
14
RAND_NUM.
15
16
Output: The random number can be found in
17
the HL register pair or RAND_GEN
18
because RAND _GEN contains the
19
value of L while RAND GEN + 1 has
20
the value of H, or in the accumu=-
21
lator because A = L before RET.
22
23 Side Effects:
24
o5 Destroys registers AF and HL (return values).

N
o0
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1 | 9.6 LOAD ASCII

2

S Calling Sequence:

£

5 CALL LOAD_ASCII

6

7 Description:

8

) LOAD_ASCII writes out the ASCII generator set to the
10 pattern generator table. The ASCII table 1s located in
11 Cartridge ROM starting at ASC_TABLE. INIT TABLE must Dde
12 called to set up the table addresses before using this
13 routine.

14

15 Side Effects:

16 Destroys AF, DE, HL and IY.

17

18 Calls to other OS routines:

1S - PUT_VRAM
20

21
22

23
24

4]

26
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SECTION X

DEFINED REFERENCE LOCATIONS

bt
L ]
-
(e
n
u
2
E 4

avwas

In the OS ROM area, it is IMPORTANT to know that the
application programs should only use the 0S entry points
listed in the OS_SYMBOLS file. Accessing to the CS
otherwise 1s 1lllegal and may cause program malfunction
when hardware configuration changes or 0S routines
relocated due to update. The jump table starts from
location JUMP_TABLE through the end of OS ROM. It
contains all the subroutine entry points released to the

user.

At the beginning of the cartridge, there are eight
programmable restarts at addresses 0008H, 0010KH, 0018%,
0020H, 0028H and 0030H. Each of the restarts Jump to a
location in Cartridge ROM where a vector can be provided
to access an 0OS entry point., The Z80A-CPU hardware also

desigrnates location 0038H to service maskable interrupt
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1 (MI) and location 0066H to service non-maskable
b4 interrupt (NMI). Jump instructions are provided for
s these two reference locations for the user to implement
% interrupt vectors in Cartridge ROM. Starting at
5 location 0069H 4s the OS ROM data area which contains
6 the AMERICA byte, ASCII table address and numeric table
¢ address, Figure 10-l1 is the OS ROM map showing all the
g reference locaticns mentioned above. Appendix E lists
[+ all entry points of the Jump Table.
10
1
12
i3
14
15
16
17
18
19
20
21
22
23
24
25

»
(o]
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0000H
0008H
8 Restarts
0033H
0038H
MI VECTOR
003BH
0066H
NMI VECTOR
00639H
0S ROM DATA
AREAS
006EH
s 0S ROUTINES =
1FE1E
JUM? TABLE
1FFF:
Figure 10-1
0S RCOM MaAP

10.1.1 Europe/America Byte:

The European TV uses PAL system (625-line format) which
requires interrupt at the end of each active-display
scan every 1/50 second, as oppcsed to every 1/60 second

for the US model (NTSC, 525-line format).
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1
° ColecoVision cartridges must be interchangeable between
s both systems, the Europe/America byte at AMERICA in 03
4 ROM, has been established to detect which version of the
5 unit 1is in use, If 2 regl-time display {such as a
5 clock) must be implemented, the program will have to
o access the Europe/America byte to determine the currens
8 line fregquency. For America-based units, this location
9 will contain 60 (3CH) and for European-based units, it
10 will contain 50 (32H).
11
12
13
14
i5
16
17
18
19
20
21
22
23
24
25

L
o
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10.1:2 Restart Vectors

1
2
5 Figure 10-2 shows the eight programmable restarts thelr
4 addresses and corresonding locations in Cartridge ROM.
5
§ JUM? TO
OS ADDRESS CART. ROM ADDR.
7
0008H 800CH
8 ” v
00101 800FH
9
0018H 8012H
0 0020H B015H
o 00281 80181
12 0030H 801BH
13
4
. Figure 10-2
= 0S RESTARTS
16
17 N
For each of the restart locations above, there should be
i a vector in Cartridge ROM provided by the user, To use
* a restart, the user must place a jump instruction o the
" address of the routine which he or she wishes to access
g through the Cartridge ROM vector; for example,
22
JP WRITE_ VRAM at BOOCH. These routines are usually the
23
ones most frequently used in order to save application
24
program space.
25
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1
® 10.1.3 Graphics Tables
S
4 There are two graphics tables in the OS available to the
5 user. The pointers for the ASCII table and Number table
6 are defined in the locations of ASCII-TABLE and
- NUMBER_TABLE.
8
9 The ASCII table contains pattern generators for all 26
10 upper and psuedo-lower (half-size upper) case letters
1 plus eleven special characters in 5x7 dot matrix form.
. The number table contains pattern generators for the
‘a
13 numbers from 0 to 9 plus seven special characters.
14
15 10.2 Cartridge ROM
16
17 At the beginning of Cartridge ROM, locations are
18 reserved for testing cartridge presence (Section 8-3),
19 plus & number of pointers which point to tables, buffers
20 and start of the game. On top of the pointers there are
21
22
23
24
25
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spaces allocated for restart (Ref. Figure 10-2) and

1

2 interrupt vectors. There are up to 6% bytes available
E to the user starting at location GAMZ_NAME, to name the
4 cartridge, their format has been described in the title
5 screen 1in section 8.2. Figure 10-3 shows the cartridge
6 ROM map.

7

8 8000H

9 Cartridge Identifier

8002K

10 Pointers

11 800CH

12 Restart Vectors

i 801EH

I3 Interrupt Vectors

14 8024H

Cartridge Title Name
15 (variable size up to 60 bytes)
16 8060H
Applications
17 Program
. (variable size)
FFFFH

'9
<0 Figure 10-3

4
99 CARTRIDGE ROM MAP

3

24

&5
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10.3 CRAM Areas
7000H
User RAM
702CH
0S Sound Data
T024H
#  User RAM
73B39H T tack
T73BAH
0S RAM
T3FFH

Figure 10-4

CRAM MAP

Figure 10-4 i{s the CRAM Map. Eleven bytes are reserved
for 0S sound data starting at T020H; seventy-one bytes
at the high end of memory are used by various 0S
routines. The top of the stack is sitting at address
T329H which grows in the decrementing direction.

Between stack and user buffer there are 942 bytes
avallable for the application program. However, care
should be exercised in both size and boundary when using

CRAM as scratch pad.

Table 10-1 lists all reserved CRAM areas for user

reference.
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Table 10-1

DETAILED CRAM REFERENCE LOCATIONS

PTR_TO_LST_OF_SND_ADDRS

+1
-

PTR_TO_S ON 0
+1
PTR_TO_S_ON_1
+1
PTR_TO_S_ON_2
+1
PTR_TO_S_ON_3
+1

SAVE_CTRL

STACK
PARAM_AREA
+1

+2

+3

T000H
T020H
7021H
7022H
T023H
7024H
T025H
7026H
T027H
7028H
7029H
TO2AH
7028H
T38%H
T3BAR
73BBH
T3BCH
T3BDH

(Start of user RAM)
(0OS Sound Data Area)

(Resume user RAM)
(Top of Stack)
(Parameter passing area for

Pascal calls to 0S routines)
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1 +4 T3BEH
2 +5 T3BFH
S +6 73C0H
E +7 T3ClH
5 +8 73C2H
6 VDP_MODE_WCRD 73C3H
7 +1 T3C4H
8 VDP_STATUS BYTE T3CSH
9 DEFER_WRITES T3C6H
10 L MUX_SPRITES T3CTH
11 | RaND_NUM 73C8H
12 +1 T3CSH
18 QUEUE_SIZE 73CAH
14 QUEUE_HEAD 73CEH
15 | QUEUE_TAIL 73CCH
16 || HEAD_ADDRESS 73CDH
17 +1 T3CEH
18 TAIL_ADDRESS T3CPH
19 +1 T3DOH
90 | BUFFER 73D1H
21 +1 T3D2H
29 TIMER_TABLE_BAS 73D3H
23
24
25

"
(2]
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+1 T3D&H

NEXT_TIMER_DATA 73D5H

+1 T3D6H

DBNCE_BUFF 73D7TH  (PIRE_OLD - Player 0)
+1 T3D8H  (FIRE_STATE - Player o)
+2 T3D9H(JOY_OLD - Player 0)

+3 T3DAH  (JOY_STATE - Player 0)
+4 T3D3H(SPIN_OLD - Player 0)

+5 T3DCH(SPIN_STATE - Player 0)
+6 T3DDH(ARM_OLD - Player 0)

+7 T3DEH(ARM_STATE - Player 0)
+38 73DFH(KBD_OLD - Player 0)

+9 T3EOH(XBD_STATE - Player 0)
+10 T3E1H(FIRE_OLD - Player 1)

+11 T3E2H(FIRE_STATE - Player 1)
+12 T3E3H(JOY_OLD = Player 1)

+13 73E4H(JOY_STATE - Player 1)
+14 T3ESH(SPIN_OLD - Player 1)
+15 T3E6H(SPIN_STATE - Player 1)
+16 T3ETH(ARM_OLD - Player 1)

+17 T3E8H(ARM_STATE- Player 1)
+18 T3E9H(XBD_OLD - Player 1)
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1 +19 T3EAH  (KBD_STATE - Player 1)
2 SPIN_SWO_CT T3EBH
s SPIN_SW1_CT 73ECH
4 STROBE_FLG T3EDH
5 50_cCo 73EEH
& so_c1 73EFH
g S1_CO 73FCH
8 S1_Cl T3F1H
9 VRAM_ADDR_TABLE T3F2H
10 SPRITENAMETBL 73F2H
11 +1 T3F3H
12 SPRITEGENTSL T3P4H
18 +1 T3FSH
14 PATTRANNAMETIL T3F6H
15 +1 T3FTH
16 PATTRNGENTBL T3F8H
w A 73F9H
18 COLORTABLE T3FAH
19 +1 T3FBH
20 SAVE_TEMP T3PCH
921 +1 T3FDH
99 | SAVED_coUNT 73PEH
2s | +1 T3FFH
24

25

"0
N
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1.0 INTRODUCTION

The material in thig Banwal assumes that the reader is familjigy with
Tezxas Instruments’ P918/9928 Video Display Processor (vVvope) ., Bince the
system routines asscme that the VDP will pe ‘perating in Craphics Mode
I or II, pacticular dttention should be given to the €iscussion of

these modes.

éisplay. These routines &nd associated data structures enable the
cartridge programmer to treat §graphic elements as Senceptual entitjes
called “sbiects", ot which there are four types. Each object myy
consist of one or more “frames™. A frame is a single, visual
Banifestation of the object.

The graphics toulines provide a high-lave! means of altering the frace
displayed and the Pesition of objects.

1.1 SUKMARY OF CBJECT TYPLS
The four possible obiect types are:

1. Semi-Moblle

4nd off the pattern Plane in any direction. Semi-Mobile
ebrects may be used either for Roving imaiges (when increxzenty]
motion by pattarn Plane positions isg dcceptable) or for
setting up Packground patterns.

2. Mobilae

The Primary purpose of Moblle objects is to everceme &
Particular limitatien ©f the VDP which Prevents more than 4
sprites (rom being €isplayed on . glven Rorizontal TV line.
Mobile objects are 4lways 2 by 2 pattern blocks in sige. They

resoclution and will APppear as superimposed upen the
bactground. They alse Riy bleed on and off the Pattern plane
in any direction.

J. Sprite

Sprite objects are composed of individual sprites.

4. Complex

Complax objects dre collections of ether “component” obiects.
The cormponant obfects may be of any type including other
Complar odjects.
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1.2 DATA BTRUCTURE OVERVIEV

Each ebject l» defined by & "Righ level definition™ In cartridge ROM
(CROM) which links toegether several different data areas. The data
contained within these areas completely specifies all aspects of an
ebject. The following (s & brief description of the,different sreas.

CRAPHICS

This datas area is alse Jocated in CROM. Pattern and coler generators
for Semi-Mobile, Mobile and Sprite ebjects, and frame dats for all
ebjects are located In the CRAPHICS datas areas. The data structure
within each CRAPHICS area depends on the type of object with whlch 1t
is essociated. 17, however, two er more objects &f the sime type ars
graphically identical, they may share the same CRAPHICS data ares.
This will reduce the 2mocnt of graphics data that needs to be stored
in CROM.

STATUS

Each object must have its own STATUS ares in CPU RAM. The cartridge
pregraz uses this arez to manipulate the object. This (s done by
altering the location within STATUS which determines which frame is to
be displayed as well as the Iocations which define the pesition ¢f the
object on the display. The graphics routine, FUT_OBJECT, when calleéd,
will access the object's status area and place the object accordingly.

OLD_SCREEN

Mobile and SBemi-Mobile objsfects utilise the pattern plane. They are
displayed by overwriting an array of the nimes in the pattern name
tadble with an array of names which represents a particular frame o!f
the object. The overwritten names can be thought of as representing a2
background frame which {s "underneath” the obdject. If the Dackground
frame will need to be restored to the display (e.g. when the object
moves or (s reamoved [rom the display) then (t (s necessary to save
that f{ranae. OLD_SCREEN is a save area for background frames. The
graphics routines PUT_SEMI and PUT_MOBILE will automatically save and
testors background frimes when an object s moved or its frame (3
changed. OLD_SCRELEN may be located In CRAN or In VRANM.

1.3 CRAPHICS ROUTINES OVERVIEWV

ACTIVATE

The primary purpose of this rovtine Is to move the pattern and color
generators from the CRAPHICS data ares into the pattern and coleor
generator tables (n VRANX. Each object must be “"activated™ before it
can be displayed. ACTIVATE also initizlises the first byte in an
ebject's OLD_SCREELN data ares with the value BO0H. PUT_OBJECT tests
this location before reastoring the background names to the name tadle.
If the value BCH s found, it {s an (ndicatien that the object has not
yet Seen displayed and therefore, lhere are no saved background nases
in OLD_SCREEN. ACTIVATL initlalises a byte (in the case of Mcbile
objects, a word) which (ndicates where additional generators should be
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located (f such fenerators are te be Created at game-on time 5y other
ftoutines, such ,g REFLECT_VERTICAL (described alsewhere in the
LOLELCOVIEION USERS MANVAL) , Finally, ACTIVATE will inftialise the
FRAME wariable in the object's STATUS drea to 0.

FUT_OBJECT
This zoutine is called when an object's frame or its location on tha

display (s te be changed. Tha routine tests the type of obfezt 2ng
then Branches to ens ¢! syt ether foutines designed to handle that
Particular obfect type. These routines function as follows:

1. PUT_S:IHI
Eexmi-Mobile cbtiects are Placed on the display by writing the Generztor
TNImes specified by one of the obfect's frimas inte the pattecn Rame
tabdle in VRAM. The Pattern and zolor Qenerators which are Needed to
CTecta thse frame BUSt already be in their respective Generator tables.

coler generators which depict the frame to be displaved on the
Background. These new Fenerators are then moved to the locations in
the VRAM pattern ind color generater tables which are Teservead for the
otject; the names °of the new generators are then written into the
Pittern name table.

. PUT_SPRITED
4. PUT_SPRITEI
These routines handle the display of sigxe 0 and site 1 Sprite objects

S. PUT_COMPLEX
Complez objects dre aggregates of other “component™ obfects. The
Positional Telationship of these compontent objects is defined in an
effset list. TFfor #4ch of the component ebjects, PUT_COMPLEZX
celculates the correct I and Y location, then calls PUT_OBJECT with
the address of tha high-leval €efinition for that componant object
Passed (n thse 1IZ register.

1.4 8SOoNE KLY CONCEIPTS

META-PLANE
In erder to facilitate Roving objfects eon and off the pattern plane, a
Conceptually larger “meta-plane” has been implemented. Positions on

tha Beta-plane are defined with fespect to two orthogonal axes, I and
Y. The Pattern plane s contalned within the meta-plane and {te
erigin (g Colncident with the origin ot the Beta-plane (see tig. 1).

I_LOCATION
Y_LOCATION

These 1wo variables are ParL of esch object's STATUS araa Lach
Yariable containg , 16 Bit signed number Which represents the distance
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2% Sizals from the origin of the meta-plane. The two variables
Logathor form.the coordinate location of the object's upper left
coemer o0 4hc mota-plane. Sprite and Mobile objects will be displayed
st the exact location indicated by their I and Y_LOCATIONs. However,
since Beni-Moblle oljects are slways aligned on patiern positicon
2oundaries, they will be displéyed aligned with theenezrest pattern
Adwmwndzre above and to the left of the indicated X and Y _LOCATIONs.
Enen a Complozx cbject is to be displayed, the X and Y_LOCATION of each
m»f fte ramponent ot jacts i{s cemputed by adding ¢ displacement for that

===peoacnt to the Compler odject’s T and Y_LOCATIONs. £[Kach component

adjiact sie then displayed at the computed location.

“To move an ebject, the I and or Y_LOCATIONs in the CRAM STATUS ares
age chenged end then PUT_OBJECT (s called with the address of the
apt=ct‘s high-level definition passed {n the IX register. When moving
Mebdile mbjects an additional parameter is passed in register B. This

is Giscussed further ({n the description of PUT_MOEBILE.

FRAME
This verfable fs alse part of each object's STATUS area. The value

contained in FRAME i{s vsed by PUT_OBJECT to select one cf several
pointers (or, in the case o! Complex objects, pairs of pointers) which
peint te the data defining tha graphic content of the frame. The
pointers may either point to freme dats which Is part ef the original
RDMed CRAPICS, er they may point to an ares in CPU RAM. In the latter
csse, the frame dati must be created by the cartridge prograe before
thet frame can be displayed.

The frame of an cbject i{s changed by altering the FRAME variable in
the ebject's STATUS area. PUT_OBJECT (s then callied (in the szze
manner as when moving an object. When changing the frame numbder of 2
Mobile object, bit 7 of FRAME should not be altered. This bit is
reserved for use by the PUT_MOBRILE routine.



[page 5 is missing)
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#ines Semi-Mobile ebjects are displayed by alterfng nimes In the
wattorn mame 4ahis 44 wmay be necessary to save the pattern plane
graphtc which is lest in tha process of displaying the Bemi-Mobile
=5ss2ct (see pfuvious ¢iscussion ef OLD_SCREEN). The thire¢ address in
tha sbject'y Bigh Ssve) definition designates & location fer sgaving
the overwritten names. It that address (s greater than or equal tgp
F000H, then the OLD_BCREEN wlill]l reside in CPU RAM. S If the addreses (g
2oz¢c then TOOCR, 2hen OID SCREEN will be In YRAM. Finally, If the
mdsress iz S000H or greater, then the overwritten names will not be

=awoad.

2.5 DILTAILED DRESCRIPTION OF SEMI-MORILE OBJECT
DATA SETRUCTURE

fadentifisre in caps tetar to symdols fn the data stirvctore sum=mary)

Eecsh Seni-Mobile object is detfined fn cartridge ROM by:
1) SMD - the cbject's "high level detfinition”
2) CRAPKICS - sn ades contsining the object's graphics data, divided
into three subsecttiens:
Parazeters and Potinters
frazes
Cenacators

end in CPU RAM by:

1) STATUS - & status area

23 OLD_STRYEEN - sn optionel locetion for saving overwritten
Seckgounds. (OLD_SCREIEN may alternatively be stored in VRAM)

L detziled description of each struocture follows.
=t EMO - cartridge ROM

The high lavel detinition, at MO, (s composed of three 14 Dbit
sddresses; these are stored in the normal manner with the low order

byts firTst:

dyte:

o address of GRAPHICS (the start of the ROMed graphics data for
the object)

2 address of STATUS (the cobfect's RAM status area)

B3 address of OLD_SCREEN (VRAM eor CPU RAM area for savinmg
Background Information; bit 15 ef the OLD_SCRIEN addlress is a
flag indicating whether or not Backgrounds are to be saved, If
Bit 1S is set, backgreunds will =mot be saved).

st CRAPKICS - cartridge ROM

Tha ROMed graphics datzs for & Semi-Mobile object can Be thought of
conceptluelly 25 thrasa chenks. CLCach chunk Is stered as follows:
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sxx Firametars and PFointers

by te:

- Ferenatars -

OBJ_TYPFL -~ OBJ_TYPL ts divided tnto {wo parts:

LEN ~ specifies the ebject types which, forv Bemi-Mobile
objectx, must agual 9.

5N - enly maaningful when the VDP s eperating inm graphics
mode II. ®Rits 3, € and 7 (ndicate which third or thirds of
the pettern plane thw oo sc! lar any pert of the objiect) may
be reguired to z2ppear. This information is used by routines
ah fich 8sves h: objeci‘'s pettern gng colo:r generator data to
VRAM,

Bit 7 -« §t get, generators will Be moved to the 1st thire of
the generztor tadles.

Bit £ = $f zot, generators will be moved to the 2nd thire.

Bit 3 -~ 4! set, genarators will be moved to the Jrd third.

Bit 4 - Indicates the number of coler generator bytesgs per ¢
bytes patiteorn ganeratar which are included as part of the ROM
sraphics Sats. I7 thiw dit i3 0, then there must be § color
Seneritor bytes per pattern generastor (the normal case for
graphics mode 1I). If it € is 1, then enly 1 color generater
byte per pattern genarztor will be expected, giving the
frogrammer the option of redozing the number of ROMed color
TEnerator Sytes nesded when cperating in graphics mode I1.
The single color byte will be expanded to § Bytes By the
foutine which moves the color generators te VRAM.

TIRST_CEX_NAME - an index frem the start of the pattern and
color generator tables in VRAM. This indexz specifies the
iocetion to which the ROMed pattern and coler generators will
e moved (i.e. the base address of the pattern generator table
« 8 " FIRST CEN_NAME = the address within the pattern
Senerator table whare the object's (st pattern generator will
be stored. This is alse true for tne color generator table
The first pattern generator will be moved to the location in
the pattern generateor table indexed by FIRST_CEN_NAMI and the
test of the genarators will be loaded sequentially. The coler
fenerators are leadsd in 1 similar fashion.

NUMCEN -« (ndicates how many pattern/color generator pairs are
Gefined (stered) In the graphics dataz area. This is equal to
the number of generator palrs which will Be moved to the VRAM

generator tadles.
- Pointers -

address of CENCRATORS - the start of the ROMed pattern and
tolet genearators in the ebject’'s graphics dats area. Coler
¥enerators aust be stored (mmediately aftar pattern
generators; therefore, the address of the first celor
fenarator within the grapnics date Ar@9 €2n DE computed from
NUMCEN and CENCRATORS.
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H sac¢cdress of FRAME O - FRAME O is the address at which the data
specifying the sbject's first frame is stprecd. As (ndicaited
by the frame address, the €ata for a given f{rame may be stored
in KOM (as part af the graphics data srsa) or it may be stored
in CPU RAM. RAM storage of frame data allows for the
dlgeritheic generation of additional frames at game on tine:
. ¢g., Tather than ototlag both a frame and ‘tn rotated varsion
in ROM, ROM space can be saved by storimg only one frame and
Senerating the rotzted frame dsts 4n MAM. Also, frame datae
stored in RAM ce= be dynamically modified, 2lloewing for
specisgl Treme wiiscts (e.g. color modification).

7 dddress of TRRNI_I - (he SSd4zass at which the data specY fying
the object's second frame i3 stared.

Ines tddress of FRAME n - the eodject’s last frame

TET Trames - cearcridge ROM sr CPU @AM

Since the frame polinters (FRAME_O...FRAME_mn) are 16 bit addresses, the
frame Cata for an object may be located anywhere in cartridge ROM or

KA™. The format of a frame's datas is 25 follows:
byte:
4 I_EITINT - specifies the width of the frame in pattern plane

positions, its “X_EXTENT", owhich must be ) 0 and (= 255. As
indicated by the range of values for the X_EXITENT, a frame may
Pe much greater In widih than can be displayed within the
patlern plane. When 2z frame with a X_EITENT which Is greater
than 32 is to be displayed, the section actually visible will
Gepend on the specified I position (i.e. {f a frame of an
object has a X_LEXITENT of &4 and the X position of the object
is -8%32 pizels, then the right halfl of the f{rame will be
displayed on the pattern plane). This feature 2allows cbiects
to be scrolled horicontelly by creating & frame greaster in
width than the pattern plane and then displaying the object
with vartying #alees of the I position.

1 Y_LXITENT - specifies the height of the frame in pattern plane
positions, its "Y_CLITENT", which must be ) 0 and (= 255. As
indicated by the range of values for the Y_EXTENT, a f(rame may
be much greatar in height than czn be displayed within the
pattern plane. When & frame with & Y_EXTENT which (s greater
than 24 (s to be €ispleyed, the section actually visible will
depend on the speciflad Y position (f{.e. tf a frame of an
ebject has a Y_EITENT of 48 and the Y position of the object
is -8*24 pizels, then the bDottom half of the frame will be
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displayed on the patiern plane). This feature allows objects
to be scrolled vertically by cresting & {rame groater in
helght than the patiern plzme and then displaying the object
with varying valses of %ha Y position.

for X_EXTENT ® Y_CITERT dytes
Following ‘the X and Y_EXTENT is an array of_the pattern names
(length in bytes = X_EXITENT ® Y_LITINT) which specify the
generators wsed to ctrecte 2het frazme. “Taw mEmes =mre &Tranged
in row major order (§{.a. the first X_EXITERT names are tha
pames of ths genaratlors abich will be displayed in the fizst
row of the ftame, ihe setewd Z_ITITENRT TeEwes aiw INE Diwmes of
the generators which will -de €ieplaved in 2ha-sscond row of
the frime, eote.). Theszs must be exactly X_EXTENT by Y_EITENT
names in the array.

for Sexni-Mobile vbiscids the mames stored in the sbave
described name list «re “names” in the TI sanse of the word:
{.e., they are viloes tanging from 0 te 255 that directly
point te (or "name”) ¢ generstor locstten wiladim 1Yhe pettern
generator tabdle.

txr Cenerztors - cartridge ROM

All the ROMed pattern and cslor genarztors must be grosped together in
s contigoous block (starting at lscation CENERATORS). ©Each pattern
generator must be § bytes long, and the numbdar of pattern generaitors
must conform to the value stored 4n NUNMIEN:

by te:

[ bb .05 ,bb,bb , 55,505, ,55,80 - tha first 8 byte pattern generator
(bbb = binary graphic dats)

1] b5 ,5b,55 .55 ,b0,50,05,8b - the ssccnd § byte pattarns generator

ete. for a total of B*NUMCEN bytes

The color generators are stored immediately following the pattern
generators. The format ef ths csler generators depands on which
graphics mode is being used and whether bit € of OBJ_TYPE (s set or

not.
CRAPHICS MODE I! ecoler ganeratsT storags:

WVhen OBJ_TYPE bit € = 0, thers must be eight color generator bytes per
pattern ganesrator,.

byte:

-7 b5 .35 ,b5,bb,bb,bb,bb ,hb - coler generator bytes for 1st
pattern

0-13 B ,0b .00 ,bb ,bb.bb, bbb - coler genarator Bytes for Ind
pattern

ete., fer a totzl ef I*NUMTIN Bytles
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When OBJ_TYPL bit € = 1, there must be only ! eelsr generator S0z ;e
pattern generator. It will be expanded teo 8 bytes when moved to th,
VRAX color gensrater table. This feature is useful 1f ssch generater
for a particular ebfect can use the pame %=n color combination for 311
§ lines.

by te:
[ $b - coler geanerastor Byte for ist pattersn
1 Bb - coler generstor byte for 2md patiecn

ete., for & total ef NUMCEN bBytes.
CRAPHICS MODE I ecolor generator storage:

In Craphics Mode I the pattern gensrator tadie dis €ivided inte 32
wgroups™ of B (contiguous) gensrators (see TI ¥WDP manual page 18).

Al] the generators within & grovp share the same color generator byte.
Therefore, there must be one color generster 8yte stored piar Yrouwp
occopied by the object's pattern generstoss. Tha firei colerx
generator byte will be placed In tha coleor generater tadle 2t zn
effset of FIRST_CEN_NAME/S and the rest will Be placed in seqgoentizl
lecations.

NOTL 1: The erxact nunmber of coler generztor dytas =meefed Dy an object
depands both on the number of pattern generators contzined {n the
graphics datz and the locztion in the pattern generator table to which
the generstors will be moved. For sxamplie, if an object has § pattern
generators and they are moved to the pattern generaztor table starting
at Jocation O (offset from the start of thes table), then only 1 celer
ganeraztor is needad. HKowever, {f the seme § patiara generators are
loaded into the pattern generater tadle starting at lecation 20H, then
1 coler generators will be needed, since the first four generators are
in one group and the sescend four are in snothar grewp.

NOTE 2: Due to an errer in the ACTIVATE routima, ACTIVATI cannot be
vsed to move pattern and color generators of Semi-Moblila sdjects to
VRAM when the VDP is cperating in graphics mode I, and when
FIRST_CEN_NAME (s equal to or greater than SO0H. In this situation the
cartridge program must fulfill the functicoms ef ATTIVATE (see
discussion of ACTIVATEY.

tve STATUS - CPU RANM

An cbject's status ares consists of ¢ eloments:

byte:

& 1 bByte fer FRAME « {ndicates whicth of the object's frames is

te be displayed.

1 T bytes for X_LOCATION
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3 2 bytes for Y_LOCATION - X_LOCATION and Y_LOCATIDN give the
coordinate position of the upper left corner of the object on
a "metaplane” which (ncludes the pattern plane (see fig. 1).
The origin of the pattern plane (s coincident with the origin
of the metaplane. The values at X_LOCATION and Y_LOCATION are
16 bit signed numbers which perait the posijioming =t an
object anywhere within, or eutside of, the pattern plane.
This anables an ebject te Be bled en er ¢ff the pattiteorn plane
in any direction.

H) 1 byte for NEIT_CEN - an index which points to tha mnaxt
generator location which can be used when adding new
generators to an ebject's generator tables. Aftar the
object's RCMed gensrators have besn moved to {ts ViEa™M tadles,
ACTIVATE will set KEXT_CEN equal (o FIRST_CEN_NAME < WUMCEN.

Some objectis may regquire generators which are essentially
modified versions of other generators (s.§. 4 genarator which
represants the pattern of another generator which 4as deen
trotated). ROM space can be conserved by including enly the
"unsodifled" genarators in the graphics data and using system
routines to generate the mod!fied versions. NXNEXIT_CEN points
to the next free location in that object's generaztor table to
which 28 modified genarator may be added. When 2dding new
generators in this manner, NEIT_CEN should be spdated in ordar
te prevent mew generztors overwsiting old ones.

st QOLD_SCREEN -« VRAM or CPU RAM

OLD_SCREEN s a buffer for saving the pattern names which-are
overwritten (n the process of displaying an object. These nimes
constitute a4 "background frame”™ which Ras the same I and Y_TIXTENTs as
the frame of the object which is currently being displayed. The data
structure within OLD_SCREEN (s the same as the data structure for a
frace with two extra bytes tacked on at the beginning. These bDytes,
I_FAT_POS and Y_PAT_POS, indicats where en the pattern plame this
background f{rame belongs, and are expressed in terms of pattern plane
pesitions. The next time the position or f(rame of this object is
changed PUT_OBJECT will restore the background frame to the display
and save a "new"” background frame before placing the object on the
pattern plane.

by te:

4 1 byte for X_PAT_POS - the column (n which the upper left
corner of the saved background screen (frame) lies

1 1 byte for Y_PAT_POS - the row in which the upper isft corner
of the saved background screen (frame) llas

t 1 Byte for XI_CITENT of the saved screen - set by PUT_OBJECT to
equal X_EXTENT of the frame which sclipsas 2

’ 1 Bety far ¥ FYTENT Al the axved acreen - cot bv PUT OBJECT te
equal Y_EXTENT of the frame which eclipses 1t

4 R bytes for storage of pattern names; where n » the number of
patterne contained in the largest frame of the edject (L. 0. N

* X_EITENT * Y_EITINT for the ebject's lcrgeat frame)
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3.0 MOBILE OBJECTS

Mobile objects emulate siszse 1 sprites with 0 magnification (4§ . @. they
are slwayse 16 by 14 pixels In sise and appear as (f they were
superimposed upon the background). They may be positioned anywheare on
the pattern plane with pize! resolution and may also be made tc dleetd
en ané off the pattern plane in any direction.

Cach frames of & Mobile odbjfect requires exactly four pattitern generators
and one cocloer generator. These gsnerators, however, are not moved to
VRAM . In orcder to displey the object anywheres with pixzxel] resolution,
2 new sat of nine pattern and color genarators must be created by the
0S8 grephice rovtine PUT_MOBILE. These new generators represent
graphically the superposition of the Mobile ebfect upon the Backgroung
at which §t s to be displayed. Thae naw gensraters are (Kam mav=d 20
the VRAM pattern and color generator tables, and next the names of
these generstors are written into the pattern name tabdle, thus
displaying the object at the desired locztien. Nine generstors are
vsed in order to cover zll positional relationships Betweaen the
desired position of the object and the boundries of the pattern
positions in the pattern plane (see figure 1).

The pattern and color generator table space used by PUT_MDETLL depends
en the graphics mode being uvsed and, in graphics mede 11, the locatien

of the object on the display.

In graphics mode I, PUT_MOEBILE will use 18 pattern generator
locationg. The first pattern generator will be Jlocated at
FIRST_CEN_NAME ({.e. the asctual VRAM address will be the pattarn
generator base address « FIRST_CEN_NAME * 8). Three or four soler
generator bytes will be required depending en the value of
FIRST_CEN_NAME. 1f FIRST_CEN_NAMI MOD 8 ¢ 7, then thera needs to be
space for three color gensrators: {f FIRST_CEN_NAME MOD § e 7, then
there needs to be space for four coler generators. The first of The
coler generators will be located at FIRST_CEN_NAME/S (i.e. VRAM
addrtess equils the color table Base 2ddress < FIRST_CEN_NAME/S) .

When cperating in craphice mode II, Mobile ebfects will regquire
generator space for 18 patlern and 18 color generators = each third
of the pettern and celor ganerator tadles which corresponds te that
thitd ef the pattarn plane (n which any part of the obfect msy sppewr.
The location within esch thlizd of the tabdles (s detarmined Dy
FTIRST_CEN_NAME. When any part of the object is in the top third el
the pattern plane, pattern generators will Be located at the VRAM
address given by the pattern generator base sddress < FIRST_CEN_NAME =
§. If any part is in the middle third of the pattern plane, pattern
generators will be located at the VRAM address given by the pattern
generator base acddress ¢ BOCH o FIRST_CEN_NAME * 8, and (f zny part is
in the Bottom third, pattern generators will be located at the VRAM
addrescs glven by the pattarn generater base address « 1000H o
TIRST_CEN_NAME = 8. The color generators are located in & similar

manner.
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Even though enly ¥ pattern and ¥ color generators (2 coler Cenerztor
bytes In griphics mode 1) are “active® (being displayed) at a1 given
time, the sdditional generator space ig required fo enabdle FUT_MOBILE
te move mew sels of pattern and color ganerators to VRAM without
distorbing the digplay. While one set of ¢ pattern and color
generators are being displayed, the other set of ¥ can be changed.
After the change is completed, the new §enerators ate displayed by
writing the new pattern names inte the pattern name tabdle.

Each Mobile object requires a STATUS ares in CPU RAM which contains
the freme of the object to be displayed, its locatien en the display,
and 2 pointer to the aras far 222ing new generatlors i(these naw
generators gre used (N the game manner as the object's ROMed
generators). Lach object also requires an OLD_SCREEN area which
serves the same purpose &s OLD_BCREEN areazs for Semi-Mobile objescts.

Even though a Mobile object's generators are not moved directly to
VRAK, esch object must be "activated” in order to initialise the
OLD_SCREEN and STATUS areas.

To place a Mobile object on the displey, the desired locaticn should
Be loaded into the X and Y_LOCATION variables in its STATUS atea. In
dddition, the FRAME variable must contain the desired frame nuaber.
When loading the frame number, however, enly bits 0-¢ should be tsed.
Bit 7 should not be altared. This DIt i{s used by PUT_MOBILE (see
description of PUT_MOBILE).

PUT_OBJECT (s than czlled, passing the address of the high-levael
definitien in the IX register. In additien, register B {5 used to
Piss two parameters which determine the method for combining the
background graphics with that of the cbject (see description of
PUT_MOBILE).

3.1 DETAILED DESCRIPTION OF MOBILE OBJECT
DATA STRUCTURE

(Identifiers In caps refer to symbols In the data structure sum=zary)

Each Meobile object is defined in cartridge ROM by:
1) MOB « the object's "high level definitien”
2) CRAPHICS « an area containing the object's graphic data, divided
inte three subsections:
Parameters and pointers
franes
Cenerators

and (n CPU RAM Bby:

1) STATUS - & statos area

2) OLD_SCREEN - a location for siving overwritten Background nimes
(OLD_SCRLEN may be either im CPU RAM eor VRAM).

A derdlied Jwacriplion ¢! a2ch stroctasre fe!llews.
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tve MOE - cartridge ROM

The high lovel definftion at MOB {s composed of four 14 DIt sddrassas
stored in the normal manner with the low order byte first:

byte:

3 address of CRAPHICS (the start of the ROMed graphics data for
the ebject). Any number ef Mobile ebdjects may use the same
graphics data. However, each Koblle object must have {ts own
STATUS and OLD_SCREEN areas.

2 address eof ETATUS (the object's RAM status ares)

< sddress of OLD _BCREEN (VRAM or CPU RAM area for saving
backgreound nfermation)

é FIRST_CEN_NAME (index to the start of the object's generater

tables within the VRAM pattern and color generator tadles)
®*® CRAPHICS - cartridge ROM

The ROMed graphics for Mobile objects may be thought of as three
separtate segments. The date in esch segment {5 defined as follows:

te® Parameters and Pointers

byte:
- Parimetars -
OBJ_TYPE - for Mobile objects OBJ_TYPE = 1

1 NUMCEN - (ndicates how many pattern generators are contained
within the graphics data ares.

2 iddress of NEW_CEN (an arez for storing new generators created
at gane-on time)

q tdcdress of CENLRATORS - the start of the ROMed pattern
generateors for the object
- Pointers -

‘ 4ddress of FRAME_0 - thig i{s the address of the start of the

€ata for the object's first frame. This data, 2s well as the
€at: for any of tha object's frames, may be located anywhera
in cartridge ROM or in CPV RAM. Frame data stored in RAM
tllews for the creation of new frames 2t game-on time and
therefere reduces the amount of data which needs to be stored
4s part of the object's ROMed frame data.

3 address of FRAME_1 - address of the data for the object's
second frame.

Ineé iddrass of TRAME_n =~ the object's frame.
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t*s Frames - each frame mey be either in cartridge ROM or CPU RAM
FRAKE_O...FRAMI_n - cartridge ROM or CPU RAM
Bince the frame pointers (FRAME_O.. .FRAME_n) are 14 bit addresses, the

frame data for an object may be located anywhere in cartiridge ROM or
CPU RAM. The f(ormat for a Mobjile object's frame data is5s as follows

bytea:

0 l1ist of € patiern names. The four nmames speclify which o!f the
objiect'ws patterns ars te be displayed in sach of the eobiject's
four qQquadrants as follows:
nene quadrant

i upper left

2 lower left

3 upper right

4 lewer right
The value of the name specifies the object's genasrators as
follows:

0 = first ROMed pattearn
1 = second ROMed pattern

NUMCEN-1 = Jlast RDOMed pattern

Nazme values greater than or egqual to NUMCEN refer to patterns
stored in the location starting at NEV_CIN in CPU RAM. A
value of NUMCEN refers to the first pattern in that area. A
valoe of NUMCEN « ! refers to the second pattern etc.

The MSN of this byte determines the color of the object (1.e.
the color! of the object) and the LSN must be 0.

=2t Cenerators - cartridge ROM

A1l of 2 Mobile object's pattern genesrators must be grocped together
in a contiguous block starting at location CENERATORS. Eazh pattern
generator must be § bytes long. The numbar of generators must egqual
the number stored in NUMCEN:

byte:

0 »b,.bb .50 ,bb ,bb ,bb,bb,bb - first generator (bbb = binary graphic
data)

[ } 5b.bb .00 ,bb,bD . b5 ,bb kb - secend generator

for a total of B*NUMCEN bytes
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sx* ETATUS - CPU RAXM

A Mobile cbject's sgtatus area consists of 4 elenents

byte:

4 FTRAME - bBits 0-¢é indicate which frame Iis to Be displayed B
7 is used by the PUT_MOEILE routine and should not be alteraed
when changing the frame number. ’

1 I_LOCATION

3 Y_LOCATION - The X and Y_LOCATION variables specify the
ssordinate pocsition of the uppar left cornar of ths objeczt an
¢ "metaplane” which includes the pattern plane.

S pecinter to NEWV_CIN area - This pointer points to the nerxt

svailabie space for acdding new generators. It will be
fnitiallizsed by ACTIVATE with the 16 bit value NEV_CEN frozm the
para=eter segment of the object's CRAPHICS arez. Routines
which add generastors to this area should (ncrement the pointer
by § each timse a2 new generator is added if subseguent
generators are not to cverwrite pravious ones.

t2x DLD_SCREEN = VRAM or CPU RAM

OLD_SCREEN is z2n ares for saving pattern names which are overwritten
in the process of displaying the object. SBince all Mobile objects are
displayed by writing ¥ names into the patten name table (except (n
cases In which part of the cbject (s off the pattern plane) the sice
of the OLD_SCRILEN area for any Mobdile object (s always 11 bytes. The
first twe bytes specily where (in pattern plane positions) the names
came froem and the next ¥ bytes contain the 9 saved names. ACTIVATE
tnitialises the first byte to B0H which indicates to PUT _MOBILE that
no nazmes have yet besn saved.

byte:

0 I_PAT_POS - pattern position column in which the upper lelt
corner of the saved "background frame"” lies

1 Y_PAT_POS - pattern position row {in which the upper left

corner lies
i-11 the nine background names
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.0 SPRITE OBJECTS

Sprite cbjects are composed of individual sprites They may be ejther
sizeld or sisel sprites, and may or may not be magnified.

The data areas that make up sprite objects are similar to those for
the other object types. The high level definition contains two
addresses which point to the object's CRAPHICSE data 2and the STATUS
area rtespectively. Following these addresses there {8 & byte which
Setermines which eof the 32 VDP sprites will be used to implement this

ebject.

Zach Sprite object must Include a set of pattern generators which will
be used to create an image on the display. Thess gensrators may be
stored as part of the object's CRAPNICE data in ROM and moved to the
SPprite Qenerator table in VRAM. The location within the sprite
generator table to which the generators should be moved is determined
by FIRST _CEN_NAME, a byte within the CRAPHICS date 2rec ({.a. the
first generator should be located at YRAX address = sprite genesrator
base address « FIRST_CEIN_NAME * 38).

Frames for a Sprite object are defined in the FRAME_TABLE. The
FRAME_TABLE contains & pair of bytes for each frame of the object.
The first byte specifies the color that the frame will be and the
$econd byte determines which generator (or generators in the case of
sizel sprites) will be used to define the shape.

Once the pattern genarators have been moved to VRAM, a Sprite object
may be displayed By setting up (t's STATUS areas and then calling
PUT_OBJECT. To set up the STATUS area, the following must be done:

1. Bet the first byte, FRAME, to the desired frame number to be
Cisplayed. This number is used to pick one of the pairs of
bytes (n the FRAME_TAEBLE which determines the color and shape

te be displaved.

1. The 1¢ bit signed valves at Y_LOCATION and Y_LOCATION =must be
set to the desired = and y pixel positions of the upper left
corner of the object.

To place the Sprite object on the screen, the following calling
segoence s used:

LD IX,0BJLCT_NAME
CALL PUT_OBJICT

Vhere OBJECT_NAME (s the address of the high level definition for the
cbiect.



COLECOVISION
CRAPHICS USERS' MANUAL Page 13

§.13 DETAILED DESCRIPTION OF SPRITE OBJECT
DATA BETRVUCTURE

(Identifiars in caps refear to symbols In the data strocture svm=ary)

Ezch Sprites object is defined in cartridge ROM by:
1! SPROBJ ~ the object's "high lavel definition”
2) CTRAPHICS - an area containing the object's graphics data, divided
inte three subsections:
Parametears and Pointers
frame _Tatble
Cenerators
zn i

tatus acsa

-

¢n TPV RAM by
}) ETATUS - & s
& doteiled description of each structore follows.

wee SPROBJ cartridge ROM

The high level definition, at SPROBJ, is composed of two 14 bit
adiresses stored in the normz! manner with the low order byte first.

Following the addresses Is 2 byts whieh (ndicates which actual sprite
number is used to implement the object.

byte:

¢ edcdress of CRAPHICS (the start of the ROMed graghics data for
the object)

1 tdcress of BTATUS (the object's RAM status area)

< EPRITL_INDEX (determines the sprite to be used for this

ebject, {.e. C-31)
WW¥FT CRAPHICS - cartridge ROM

The ROMed graphics datas for a Sprite object can bde thosght of (n three
conceptual chunks. Lach chunk is steread 2s follows:

t2® Parameters and Pointers

byta:
& OBJ_TYPE - OBJ_TYPE (s equal to 3 for all Sprite objects.
1 FIRST_CEN_NAME - an (ndex into the sprite pattern generatoer

table in VRAM. This index specifies the location to which the
ROMed pattern generators will be moved (1 .e. the base address
! Lthe sprite pattern genarator table ¢« § = FIRST_CEN_NAME =
the address wilhin the pattern generator table where the
ebject’s 1st pattern generator will be stored). The first
Pattern generator will be moved to the location in the pattern
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generator table Indexed by FIRST_CEN_NAME and the rest o the
generators will be loaded seguentially. When using sige!
sprites, FIRST_CEN_NAML must be a multiple of €.

3 ecddresy of TENLRATORE - the start of the ROMed pattern
generators in the object's graphics data area.

« WKUMCEN - indicates Now many pattern generators are dafined
{stored) tn the graphics data area. This s the nueber of
generators which will be moved to the VRAM generator table

s address of FRAMI_TABLE - This is a pointer to the table
containing shape and coler Informatisn for sach frame of the
object.

*x® FRAMI_TABLIT - cartridge ROM or CPU RAM

The FRAME TAELE contains & palr of bytes for sach frame. The first
Styte of each palir determines the color and the second .byte points to
the generator (or set of four generators in the case of sizel Sprites)
to be used for that frame.

byte:
2 COLDR for frame O
1 SHAPE - index to generator(s) for frame 0, e.g. the VRAM

address of the generator(s) for this frame = sprite generator
base address « 8 * (FIRST_CEN_NAME + SHKAPE). When using sicel
sprites, the vilue of SHAPE must be a multiple of 4.

2 COLOR for frame 1

3 BHAPE for frame 1
2n COLOR for frame n
Inel SHAFE for frame n

®=® CINLCRATORS - cartridge ROM

A1l the ROMed pattern gensrators must be gqrouped together in a
contiguous block (starting at location CENLRATORS). E[Lach pattern
generater must be § bBytes long, and the nuaber eof pattern generators
must conform to the value stered in NUMCEN:

byte:

¢ 5 b ,b0 .55 . bb . bbb ,Bb,bD - the first 8 bDyte pattern generator
(b = binary graphic data)

£ B, 85,860,855 ,0b,bb,bb,bb - the second § bByte pattern generator

ste. for & total of BE*NUMCEN bytes
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rxx STATUE - CPU RAM

An objact's status area consists of ¢4 elenants:

byte:
0

1 Syrte for FRAME — dndizztcs swhizsh of the object's frames is
to be displayed.

2 bytes for X_LDCATION

2 bytes for Y_LOUOCATION = X_LOCATION end Y_LOCATION give the
coerdinate powition Sf Thae zmpper jleft corner of the object on
& "wmetzplane™ which ixzclicdes the pattern plane (see fig. 1)
The origin of the pattern plane s coincident with the orig:n
sf the metzplane. The vzlues at X_LOCATION and Y_LOCATION are
16 it signed nvmbars which permits the positoning of an
adject anywhere within or outiside of the pattern plane. This
anables zn ebject 2o be Hled on er off the pattern plane in
any direction.

Z Byte for NEIT_CEN - gn index which points to the next
generztor Jlocation awhich can be wsed when adding new
senersgtors to a2n objsct's generator tadles. After the
object’'s ROMad generators have been moved to its VEAM tables,
ACTIVATE will set NEXT_CEN to equal FIRST_CEN_NAME « NUMCEN.

Some objects may reguire generators which are essentially
modified versions of other generators (e.¢g. a generater which
Tepresenits the pattern of snother generator which has been
totated). ROM wmpace tan be conserved by including only the
“unmodified"” generators {n the graphics €data and using systex
routines to generaste the modified versions. NEXT_CEN pecints
to the next fres location in that object’'s generator tabdle to
which ¢ mod{fied generztor may be added. Whan adding new
generators in this manner, NEXT_CEN should be updated {n order
to prevent new genecfators overwriting old ones.
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S.0 COMPLEX OBRJECTS

Complex cbjects arm aggregates of ether "component™ objects which nay
be of any type (imecluding other Complex objects) azcept Mobile
ebjects. This object type gives the game progrizmer the ablltity to
combine several objects in order to creats & higher order graphic
entity. Comples ebjects mey have multiple frames and may be moved
about on the display im the game manner as any other object.

Sefore a Coxplex object can de displaved, all
BUSt be sctiveted., TIit tem Be done by astiwz
itselt! (ACTIVATE aill 22sa process 2!l the somponent cbjects).
Kowever, {f any of the zcompeonent objects are type Bemi-Mobdlle and the
VDP Is cperating in graphics moda I, then all the component objects
Bust be individually sctivated. 1f ACTIVATE is not used, then i(n
addition te moving ¢the goneretors to YRAM, the FRANE vwarfable in the
STATUS area for each ot the component sbiects must be initialicged to

component objects

f ¢
dmg 2tBes csc=plaz obdject
one

Once all the compcnant abjects are sctivated, a Complar objact =iy be
flaced on the display ¢n tha same manner as any other object type.
The object's STATUS arez i initialised with the desired frame number
and position, and then PUT_OBJECT is called. PUT_OBJECT will thaen
Seter=ine the correct trame nuzmber and posttion for all of the
component objects znd piace tham on the digplay.

Each frame of the Camplex abject points to a list of frame numbers and
¢ list of cffsets. The list of frame numbers specifies the frame
number tec be used for emch ©f the component objects. The list of
of{fsets specifies the positionz! offset of each of the compomnant
ebjects from the Complex sbject's I and Y_LDCATIONs.

S.1 DETAILED DESCRIPTION OF COMPLEX OBJECT
DATA BTRUCTURE

Complex obifects are defined fn cartridge ROM by:

1) COM _OCBE -~ tha sbjact's high level definition

2) CRAPHICS - which contalins frame and offset parameters. For each
frame of the Complax sbiact, these patametears define the frime numbers
for the component objects and the positional relaticonship between the

component objects.

and in CPU rama by:
1) BTATUS -« which contains the frame and position variables for the

obfect.

The following (s & detailed description of the data structore:
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tex COF_OB - cartridge RON
The high leve] definitien of s Complax object contains pointers to the

CRAPKICS and STATUS ereas for the ubdject, and ¢ list s! adlressas
pelintiag te the Righ Jovel cdefimition 6! the compsment sbjescts.

byts:

0 sddress of CRAPHICS (lhe start of the ROMed graphics dats for
the object)

2 tdérass of STATUS (!he edjacl's RAX statws area)

4 adéress of the Istl compoment wdjact hish lovel definiton

‘ " - - z“ o - 3 o -

:t': - - L .th - - - - -

ttr CRAFPHICS -« cartridge RDX

The graphics seguent of a Cemples sbject can be thesght of 25 divided
into three sectiens. The first sectien containg the fellowing:

brte:
[ QEJ_TYPL - This byte is diwided imte $we partis:
LSN - specilins the edject type waf must 3¢ egue! te ¢ for
conpler objects.
MEIN - contains the sumbar sf compoment sbjects that male up
the cecmplex cbject.
1 pointer fe TRAMI_O (li#t #f irame zumbers)
3 pointer to QFFSIT_C (list of sffsets)
S peister to FRAME_!
7 pointer to OFFSET_1
Ine! peinter te FRAMI_=n

21+l pointer te OFFSET_»
trt TRAMI_O ... FRAME_n - cartridge ROX or CPU RAN

Each frame of 2 complezs object specifies the frame uxcxb-rs to be used
for each of {ts component obfects. “The frzme numbezs te be used [or
any given frame are arranged fm ¢ ifst; the first entry beiag the
frame nombder fof the first coemponent, the secend sxtry the frame
nexber {or the sencond comporent, gtz. There @way be o5 sany [rame
lists as there are frames, or sevarz! or a4l frames may share the sime
frame list. Tor ezample, (f the enly €iffarence between f{Zames ef 3
complex ebject were the positiona] relationship of the composent
chjecds, then one framse list woulf be sgfficlient. The forast of the
frame bist is as follows:

byte:
0 frame sunber for 1st compoment
1 . - " Ind -

R-1 . L * ath =
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ves OFFSIT_O@ ... OFFSET_w - cartridge ROM or CPU RAM

Esch frame of a2 Complus sbject alse most have an effset list_ This
Iist determines the position ef each of the compoment shjects with
respect to Lhe pesition of the Complex ebjyect (rts I axd Y_LOCATIONS).
Each entry dn the offset list Ras two components, s sms byte I
displacenent followed by i one byte Y displacemsent. These
éisplacements are csnsigned § Bit Imtegers and are added to the 356 Bit
vilues contiined in the Complex ebject's X and Y_LOCATIONs to form the
cooré¢inate position for wack of tRe cemponent sdiscts. As with the
frame Iists, there may Bs 45 nany offsetl lists ss thsra are f{rames, ®r
fewer if several or all frames use tAe same 0ffset list. The format
of ke offzet lists s 25 follows:

byte:

0 I displacenent [or the ist component edject
‘ ' - © s 1.( = L
z ! . - - xn‘ B3 -

’ ' - = - 2.‘ o -
in I - - * =ath - -
T Y . - " ath = e

ser STATUS - CPU RAX

The STATUS tres for a Coempler object is similar to the STATUS ares for
eny other object typs. The only difference 15 that the 5th byte,
NIZT_CIN, is mot used.

byte:

0 TRAME - the vaeloe in this byte indicates the freme to de
displayed.

1 I_LOCATION - z two byte valse €eternining the X positien ot
the Complex object on the €Cisplay.

3 Y_LOCATION - a two byte value Cetermining tha Y position of

the Complaz object on the display.
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6.0 ACTIVATE

Calling sequance:

LD HL,O0BJLCT_NAME
5CF i MOVLS CENERATDRE TD VERAM
CALL ACTIVATE

OR & i DOESN'T ™DVEI GCENFRATORS TD VARM
CALL ACTIVATE

Reg:sters used:
Uses all registers
RAM Used (starting at WORK_BUFFER):

If the object type is Semi_Mobile, the VDP is eperating in Craphics
Mode II, and Bit 4 of OBJ_TYPE = !, Lhen § bytes starting at
WORK_BUFFER are used. Otherwise no RAM i{s used.

€.1 DESCRIPTION OF ACTIVATE ROUTINE

The primary purpose of the ACTIVATE routine is to move the pattern and
celor generators from an object's CRAPHICS data area to the locations
in the VRAM pattern and color generator tzbles assignad to it. In
sddition ACTIVATE will fnftialize certain variables tn the objiect's
STATUS and OLD_SCREEIN srezs. HKow the routine sctsally fumetions is
dependent on the type of object bDeing "activated™”, the graphics mode
being vsed, and the state cf the carzy flag.

1) Activating Semi-Mobile ebjects

If the third address pointer In the cbfect’'s high level definition (s
less than B000K, then that address i{s taken to de the afddress of an
OLD_SCRELN area for that objsect. The first byte in the OLD_SCREEN
ares is Iniftialized with an BO0H. This value indicates that no data
Ras yet been saved in OLD_SCREIN. WVhen PUT_OBJECT sees this value It
will net attempt te restore the contents of OLD_SCREEN to the ¢isplay

The first byte in the object's STATUS arez, the FRAXE varfable, is set
te 0.
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The éth byte in the object's BTATUS area will be initialized with .
valoe eqQual to FIRST_CEN_NAME ¢ NUMCEN. Routines which 12¢ new
generators te the dbject's pattern and color generator tables may
stccess this byte to determine whare to put thes.

It the carry flag (s set when ACTIVATE (s called, then the object's
pattern and color generators wjll be moved to the patiern and color
generator tables in VRAM. It the carry flag is not set, then the
§generators will not be moved; in this case only the STATUS and
OLD_SCREEN urwas will Be affected. This feature is used when several
ebjects share the sime generators. ACTIVATE needs to be callad with
the carry flag seat fer only one of the objects, to get the genaraters
to VRAM, and the other objects sre ACTIVATED with the carry flag not
sel to prevent the generators from Being moved again. The gensrators
ire moved as follows:

a) In Craphics Mode I
All the pattarn gensrztors (the number of which s Siven $y the
NUMCEN entry) zre moved to the pattern generator tabdles ia VRANM.
The first generator (s moved to a locatieon within the table
specified by FIRST_CEN_NAME (1.e. the VRAM address to which the
fizst pattern generator {s moved « pattern generztor base zddress
« 8 ® FIRST_CEN_NAME). The others are loaded sequentiaglly.

In Craphics Mode I the pattern generator table s divided inteo 32
eight-byte blocks. The color for each block of 8 generztors is
€efined by ene color genarator byte. Therefore, ACTIVATE mneseds
to determine the number of color ganerator bytes that must be
moved to the VRAM color generator table. It does thie fa 2the
following manner (see NOTE below):

The first pattern generator will require & color generator byie
at FIRST_CEN_NAME/B offset frem the start of the color genarate?
table. The last pattarn gensrator will require & coler genessator
byte at (FIRST_CEN_NAME ¢ NUMCEN -1)/8. Therefore, the total
number of color generators needed will be (FIRST _CEN_NAME «
NUMCEN <1)/8 = FIRST_CEN_NAMZ/8 +1. ACTIVATE will move this
number of color generator bytes to the color generator table
starting at VRAM address = color table base 2d4recs o

FIRST_CIN_NAME/S.

) In Craphics Mode 11!
In this mode the pattern and color gensrator tables are divided

into three sections. C[Lach section contains the generators which
will be displayed in the corresponding third of the pattera
plane. A Semi-Mobile cbfact needs to have {t's generators moved

te ene or more sactions €epending en which thirds of the pattern
Plane it mauy appear tn. The MSN of OCBJ_TYPE in the object's
CRAPHICS data areas indicates which sections of the generatoer
tables the pattern and color generators should be wmoved to as

follows:
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{1 Bit 7 = 1 then move gensrators to the 1st section

if Bit é = 1 then move ganeralors to the 2nd section

it bit S = § then move generators to the 3rd section
The starting lecation within each section to which the Senerators
will Be moved [s specified by FIRST_CIN_NAME. The first
pattern/coler generator will be located at FIRST_CEN_NAMI and the
rest will be lozded sequentially (e.g. 4f the MSN of 2 Bemi:-
Mobile object = 1010B, than the pattarn generators will BDe moved
to VRAM adéraess = patltern base adéress « FIRST_CEN_NAME * §, ana
alse to VRAM sddress =« piltern base address « 1000K o
FIRST_CEN_NAME * §) .,

Eit 4§ of OBJI_TYPL indicates whether thare are 8 or | coler

genecetor Dytes per pattern genesratoer. If this Dit (s 8, then
ACTIVATE will exzpect 8 color generator bytes per pattern
generator. If bit €4 s 1, then only one coler generator byte

will be erpected. This byte will be used to fill all aight dytes
of the appropriate color generater {n VRAM. The location within
the color table to which the generstors are moved (e determined
in the game fashion as the pattern generators (see above).

2) Activating Mobile ocbjects

The first byte of the object's OLD_SCREEN area s inftislised with
S0H.

The {rame varfable, the fizrst byte in the object's STATUS arez, is
initialized to 0.

Bytes & and 7 of the obfect's STATUS areaz are initiazliced with the
value NEW _CEN from the objtect's CRAPHICS data. This value (s uvsed as
& pointer to the beginning of an area reserved for the addition o
generators created at game-on time.

3) Activating Sprite objects

The frame varfable, the first byte in the object's BTATUS area, is
initialized te 0.

Byte ¢ ©of the cobject's STATUS area (s initialiced with the value
FIRST_CEN_NAME ¢ NUMCEN.

All the generastors Iin the CRAPHICS datas areis are moved to the sprite
generator table in VRAM. The first generator i{s moved to the location
specifled by FIRST_CEN_NAMI and the rest are losded in seguentially.

€) Rctivating Complex cbiects
The number of component obfects to activate is determined by the value

contained in the MSN of OBJ_TYPE, the first byte in the obdject's
CRAPHICS ¢data area. TFollowing the pointer to the object's STATUS ares
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is a list of addressas. Each address in the list points to the high
level definition for one of the component objects ACTIVATE (s called
once for each of the component objects, with the state of the carry
flag set to the condition {t was in when the routine was inftially

called.

NOTE:
An srrer In the ACTIVATE routine shows up when ACTIVATEINng Semi-Mcbile

objects, or Complex objects contatning Bemi-Mobile objects, and the
VDP {35 operating in Craphics Kode I. This error causes an incorrect
number of color genersator bytes to be moved to the coler table in VRANM
when FIRST_CEN_NAME of the object fs 80M or grsatar. In these
instances, the cartridge program will Rave to fulfill the functions of
ACTIVATE, and move the pattern and color generators to VRAM itsel!.
Initialization of the STATUS and OLD_SCREEN areas can still be done by
ACTIVATE, make sure the carry flag is NOT set when calling ACTIVATE on
such osbjects.
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.0 PUT_OBJECT

Calling seguence (for all object types axcept Mob'le objects):

LD 1X,0BJECT_NAME
CALL PUT_OBJECT

Registers used:
Uses all registers
RAM used (starting at WORK_BUFFER):

1. Bexi_Mobile
It OLD_SCREEN {g not used, then mno RAM area (s used by
PUT_OBJECT. I1f OLD_SCREEN {s used, then the mazimum gpace, in
bytes, used by PUT_OBJECT will be squal to the nuaber o!f
pattern Blocks in the largest frame ({.e. the largest value of
I_EITENT = Y_EITENT) plus 4.

2. Mobile
Eee discussion of PUT_MOBILE belew.

3. Bprite
¢ bytes.

4. Complex
The amount of RAM used is equal to the largest zmount used Dy
any of its component objects.

.1 DLSCRIPTICON OF PUT_OBJECT

PUT_OBJECT places & frame of an object on the display. Which fraxze is
displayed and where (t (s placed on the display are specified in that
obiect's STATUS area. WVhen PUT_OBJECT is called, it will determine
what type of cobject (s to De "put™ on the Eisplay and ther branch to
cne of four subroutines designed to hindle that particular ebject
type. These subroutines are: PUT_SIMI, PUT_MOBILE, PUT_SPRITE and
PUT_COMPLEX. Eelow is & description of each routine.

?.2 DESCRIPTION OF PUT_SEMI

As the name implies, this routine handles the display of Semi-Mobile
ebjects. A frame for a Sexi-Moblle object is put on the display by
writing the list of generator names that define the f{rame into the
pattern name table In VRANM, In addition, the names in the naze tabdle
that are overwritten may optionally be saved and Jater restored to the
naxe table when the object is moved, or removed from the display.
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The tollowing algorithms (s csed to place Bemi-Modbile obiects eon the
display:

IF the object does KOT have an OLD_SCREEN (i.e. 1f Bit 15 of
the OLD_SCRELN address in the obfect's high level definitjon
is eset), THEN

DISPLAY the frame indicated by TRAME In BTATUS at locetion
specified by X_LOCATION and Y_LOCATION

ILSE

IF 1st BYTE of OLD_SCREEN s NOT 80K (there is valid data
fn OLD_SCRELN), THEN

DISPLAY OLD_SCREEN, first 2 bBytas in OLD_SCREEN give I

and Y coordinates of upper-left corner (in pattern

plane positionsg) of OLD_SCREEN frame, third and

fourth bytes give X and Y_EXTENTs of OLD_SCREEN frame
READ baciground pattern names over whicth {iame of object
will be ¢isplayed and save in OLD_SCREEN aleng with I and
Y positions and I and Y_EITEINTS

DISPLAY new frame of object 2t celled for X and Y position

ENDIF

7.3 PUT_MOBILE

Calling seguence:

LD I1XI,0BJLCT_NAME

LD 3 ,M0DE i MODE = 0-3, DETLRMINES THE METHND
; FOR COMBININC BACKCROUND AND OBJLCT

CALL PUT_MOBILE ; PUT_MOBILE ENTRY IS IN CARTRIDCE RCOM
: ; (SEE DISCUSSION BELOW)

Registers used:
Uses all registers
REAM Used (starting at WORK_BUFTER):

In graphics mode I, 141 bytes
In graphics mode II, 203 Bytas
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7.4 DESCRIPTION OF PUT_MOBILE

This routine will placa the specifiad frame of & Moblle object on the
display. The location of the object and the frame to be displayed ace
determined dy the variables FRAME, X_LOCATION and Y_LOCATION in its
ETATUS area. The X and Y_LOCATION variables specify the pizxe!
position of the upper left corner of the object on the meta-plane.,
The object therefore may displayed as entirely on the pattern plane or
¢s bleeding on or off the pattern plane in any direction,.

In gesneral, PUT_MOBILE produces the image of a Mobile objsct on the
é¢isplay By ereating a new set of pattern and color generators which
depict thas object ssperimposed on the background. Since 2ilil frames of
Febile objects will be 1 by 2 pattern blocks in sige, the number of
new generators which need to be created i 9. These ¥ generators
constitute 23 "surroond™ for the object within which the object will be
displayed.

The ¥ pattern generators which constitute the surround Bay De thought
of &% an array of 3 by 24 “surrouncd"” bytes. Bimilarly, the pattern
generstors which constitute the frzze of the object to be displayed
may be thought of as an array of 2 by 16 "frame" bytes. PUT_MOBILE
uses cne of two methods for combining these two arrays of generator
bytes. WVhieh method s vsed s selected by the state of bit 0 in
tegister B when PUT_OBJECT is called.

If this it (s zarc then an “additive” method is ctsed to combine the
object's graphics with that ¢! the surround, In this method the "i1*
Bits in the object's pattern generators are "moved” into the
tppropriate locations (n a new set of surround generator bytes; these
create a graphic of the Mobdile object superimposed on the backgreound
New surround color generator bytes ars created zs follows:

For each byte, {f the corresponding pattern generator byte has not
been changed ({.e. mo "1™ Dits have been moved to {t) then that
coleor byte is left 3lone. If the corresponding pattern generator
byte has had one or more "1™ bits added to it, then the color!l
pertion of that byte {s changed to the color of the Mobile object
Therefore, any parts of the background graphic represented by *1¢
Bits will take on the color of the Mobile ebject when Both the
background and the object have "1™ bits within the same pattern
generator byte. The overall effect of this method i{s to maintain
the "structoral" integrity of the background pattern, even theogh
the color of the background graphic will change to that of the
¢bject whenever elements of the object and the background exist
within the same generator byte. Figure 1 {llustrates the graphic
ef{fect of this mocde of ecperation.

It Bit © of register B (5 set to !, then another method is applied.

As In the above method, the "1" Dits of the objact's pattezn generater
Bytes are again moved to the appropriate locations within the new set
of surround generator bytes. Kowever, surreund generator Bbytes to
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which bits arfe to be added will be cleared first (1l .e. any elements
of the background graphics which exist within the Bame byte as object
xsrephics will be Jost). The color generators are treated (n the game
manner as above. This glves the effect of the Mobile eobject "breaking
fioles™ fn the background as {t moves through a pattern. See figure 3
for an illustration of this mode.

The Jimitation of only being able to display two colors within the
weamé line of 2 pattern position force the above coxmpromises when
combining object and background generators. Which method sheuld be
wsed in & given sitoation will depend on the graphics and coler of
8sth the Szckgreund z2nd the obiect. Ciperimentation will bpe necessacry

SS%S LSS SsEsTIgrtsuencs

to detarmine which method produces the least disruption of the
background graphics.

Anmother sption gives the progrimmer control over the choice of color0
for any color generator bytes which have had their colorl changed to
the osbdject's color.

AT Bit 1 ©f register B is 0, then the colord of the above-mentioned
zolor bytes wil] not be changed.

12 bit 1 of register B s 1, then the color0 will be changed to
trangpearent (theredy causing the Bbackdrop color to be displayed as the

colezd) .

figures 4 and S {llustrate these last two modes of operation
Tacpectivaely.

The new pattern and color generators are moved to the object's
generater tables as follows:

Tach Mobile-Object will have table space assigned to it (within
the VRAM pattern and color genarator tables) for 183 pattern and
color generstors. These tables are divided (rto an upper and a
lower half. When a Mobile-0bject (s displayed, the “"active"
generators (i .e. these currently being used to display the object)
will reside in either the upper or lower half of its generator
tables. The Rhalt which (s not {n use (s indicated By bit 7 of
FRAME in that object's status area. This bit will be 0 whaen the
lower halt is a0t in use and 1 when the upper half is 2ot in use.
PUT_MOBILE moves the new generators to the half of the table not
in wse and also complements bit 7 of FRAME. This procedure
enables the new generators to Be moved to VRAM Without disturbing
the current display. If this weras not done, it would be possibdle
for one TV field to display partially vpdaited generators and
thereby cause the object teo flicker.

Once the new set of pattern and color generators are moved to the VRAM
pattern and color tazbles, PUT_MOBILE displays the Mobi{le-Object by
writing the names of these new genearators to the pattern name table (n
erder to display The object at the called-for location. In additien
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the pattern names which ere overwritten (n the process of d!lplcyxng
the Mob{Je-Object wre saved, and then restored to the naze table, it
necessary, when the cebject moves.

ROTEL :
Due €0 an error meaar the beginning of the PUT_MOBILE routine, the
beginning part of- PUT_MOBILEL wWill have to be included as Part of the
TarTtridge program. Instead ol calling PUT_OBJECT for mobile obdecsts,
1t will be neceussaty to call the version of PUT_MOBILE which wil]
testide in cartrtidge RADM. This has the following two side effescts:

1. Mebile-Ubjects may not be components of a Complex object.

i. The deierwd write condition will met Be recegnised by
PUT_MOBILE.

The following is the section of PUT_MOBILE which must be incorporated
at part of the cartridge program:

WORK_BUFTFER gavu 8004H
FLACS EQU 3
M EQu ¢
¥YD1SP cau o
IDISP ECU 1
¥P_BX EGQU 18
IP_BX EQU 17
PX_TO_PTRN_POS EQU 07E8K
CET_BKCRKD EQU 089 EH
P2 cav GAEOH
PUT_MOBIL 1D 1Y,{WORX_BUFFER] ; 1Y :s WORK_BUFFER
1¢ in CRAPKICS MODEL 1
RES 7.B
tf tn CRAPHICS XODL II
ST 7.8

LD [IYeFLACE2.B
PUSH KL

LD H,[1X«3)

ID L, (1Xe22

LD A.IHL)

LD [IYeFRMI, A
X0OR S0OH

LD (HLl,A

INC KL

LD [, LKL]

LD A.E

AND 7

NEC

ADD A,

LD [1Y«XDISP2, A
INC HL

LD D,IKRL)
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The calling seguence fcor Mobile-Objects is:

MANUAL

CALL PXI_TO_FTRN_POS
1D CIYeXP_BKI1,E

INC KL

ID I, LML}

LD A.E

AND 7

LD CIY+YDISPI,a

INC ‘KL

LD D, [HL)

CALL PI_TO_FPTRN_POS
LD TIT<YP_8K1.£

1D KL .{WORK_BUFFER)
LD DE,YP_BK+l

ADD KL,DE

LD D,CIY+YP_BX)

LD £,[1YeXP_BK)

LD BC,303K

PUSKH IX

CALL GET_BKGRND

POP 1X

Jr pn2

LD IX,KICH_LEVEL_DEFINITION

ID KL ,CRAPHICS
LD B,MODE ;

CALL PUT_MOBILE

page

see above discussion for
parametear passed in reg B

An zdditiomal patech is needed when operating in CRAPHICS MODE 1I.

3

In

this ceswt the last instruction {n the above code (JP PM2) is replaced

with the following cods:

PUSH IX
CALL P2
POP 11X
LD 1Y.3

ID 4,0IXe«é3

ID ®.A
AND A,?
cer ?

JR XZ ,THRCLE_CIN

LD 1Y.,4
iD A.3
SRL A
SRL A
SRL A
LD £.A
LD D,O

THRLE_GEN

1D XL ,V_BUT+88K

PUSH HL

W me W ML Y me N me S me wme me ws

Save another copy of object pointer
Call rest of OS5 PUT_MOBILE rouvtine

Restore object pointer

Set up for J ftem VRAM write

Cet FIRST_CEN_NAME
And save another copy
Evaluvate MOD 8
I{f NE 7 then

3 gensrators to move
Else, move ¢ generators
A = FIRST_CEN_NAME
Divide by 8

to get index inte

celor table

DE gets pointer to ebject's

color gens Iin VRAM
Point to 4th gen
Eave pointer
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LD A,CKL]

ID r,»3 i Capy this generator 3 timaes
coryd INC HL

LD IKL1,A

DJINZ COPY3

POP KL i Cot Dack pointar

LD A.,4¢ ; Code for color table

CALL PUT_VRAM

RET

V_BUF (s the address ef the work srea for OS routines (!.e. the
eddress stored at WORK_SUifER, SUS4R, 4k eartridge ROM).

XOTE : In epplications where the background color (ecolor0) of the
patierns over which the mobtllic sbject s to move and the coler of the
mobile object itsell does mot change, the above patch will not be
needed. Instead it is wuilicisnl to Zmitialisze the color generators
for the moblle objact to the desired zslerifcolord combination.

7.5 PUT_SPRITE

This routine handles the display af 2l]l sprite objects; sisel, sisel,
magnifled end unmagnifted.

The routine uses BPRITEI_IMNDEX in the object's high level dafinition to
determine which of the 32 sprites to uwse to {mplement the object.
FPositiona! information from X and Y_LOCATION in the object's STATUS
2res is used to update the wartical and horisental position entries in
the sprite sattzibute table in VRAM. The routine facilitates Sprite
ebiects bleeding off to tha laft as well! as completely off the screen
by making use of the sazly ciock #it.

Frame {nformation for Bprite abjects comes from the FRAME_TABLE (n the
object's CRAPHICS daets area. <Zach frame is specitied by a COLOR and a
SKAPE byte. The SHAPE bdyte (s adda? to the object's FIKST_CIN_NAME
(the gecond entry (n the objact's CKkAPHICS data ares) and tAls scm is
then moved to the name antry pesition {n the sprite attribute table.
Bit 7 of the COLOR byte i{s mcdilied to reflact the required state of
the early cleck Bit and then moved to color entry in the sprite
attribute tadle.

7.6 PUT_COMPLEZ

A Complez object Is a collection eof “component™ objects. Each frame
of a Complex object specifies the positienal relationship and f{ramae to
be tsed for sach of the component ebjects. The positional
relationship for all the component objects is defined (n an offset
1{st and tha frame for esch component (s Cefined (n 2 frame list.
There is one offset list and one frame list for each frame of the
Conglc: ot ject.
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PUT_COMPLEI takes the following steps to display Comples objects:

1.

Using the TRAMI_LIST for tha particular frame eof the Complex
object to be displayed, i%a frame of asach eof tho componant
¢bjects s wpdated.

I and Y_LOCATION for aZch of the componant objects is {ormed
By adding the X and Y offaets for esach component, as specified
in the OFFBIT_LIST, to the I wnd Y _LOCaATION: 2:== 2he Complex
object's BTATUS arsa. HNote: the eoffsets are 8 Bit znsigned
sumbers, so the locatlen 8f the component sbjects will always
be to the right and/er Baslew the sscrdinatis position indicatad
8y I and Y_LOCATION in the Complex object's STATUS area.

Each of the component gtjiscts is displayed by calling
PUT_OBJECT fer =ach of the conponent objects.
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.0 DATA BTRUCTURE SUMMARY FOR EEMI_MOBILE OBJECTS
x1¢ ROX DITA ARLAS tre

Migh Javel definition for o Semi{-Noblile sbisct; the address of the high
level defizition (SMD) f{sx passed to the graphics routines when czllied
ox te process (he object:

L o) DLFV CRAPHICS ipointer te grephic €ats for ebject
DLFV S§TATUS ipeinter to status =rea
DIFV OLD_BCRLEN ;poizter to seee =2rsa 2ar OLD_SCREEN

Craphics for semi_mobile ebjects aze defined zs fodlows:

CIAPKICS DIFl} CBJ_TIPE iLBK = §, ¥S5X used suly iz Craphics Mede I
iM5N bits §,.6.7 tndizatewhich thirds of
feneriter ladies Ls«movr gemerators Lo
40 it 7 thex move gens to upper third
i " 4 Nt - * mic¢tle *

;. - 5 - 3 - - l“.t -
dit 4 indicates how miny cslor generater
ibytes per pattern genezateor to szpect, (I
3it € =2 0 thea 4 dytss/gen else 1 Dyte/gen
DEFS FIRST_CEN_NAXI ;izcer inte VEAM tadles where object's
;gexerators are lecated

DIFS XUNCEN .nueber of RONed generzteors for ohject
DIFW CINIRATORS ;pointer to fizet ®f ROMed gattarns
DEFV FRAMI_O ipointer (o fizst fzame data

DITV FEAKE_1 ipointar {o second frame

DIrv FRAXL ipointar to Wtdk frame

The data feor each freme is erganized as follows:

FIAXI _» DLF1L I_EITINT JI_LITINT end Y_LITEKT are the width gnd
DETD Y_EITENT ibeight of the frame f2 patterz plaze pesitions
DIFB NaMI_¢ JEANE_§ threugh EANE % sre the mimes of the
DEFD KAME_1 ipattarns msed feor this freme. There must
- - iexactly I _IXITIRT ¢ Y_UITINT nimes znd they
DIrY MAXI = must be arranged ém 4 ROV majer array, as

ithey are te Be €isplayed on the screen (i.e.
ithe patterns representing NANE_O will appear
4t the spper-lell corner of the frame, NANI_n
iwill appeaz 2t the lewer-right cerner).

The pattere generaters are stored as folliows:

CIKCRATORS DETS b5, 50, b0 BB, B0 0D 3D .30 :where DD = bimary graphic data
DETS bb.bb.bb,.bb,bh,.bb . 5d .5
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Lach group of & bytes correspends to one gemerator. These genarasters are
a1l moved te VEAX by ACTIVATE. The fifst generator will be iccated at FIRST_
CIN_KAML (tn Craphics Xode IIl, the MSK of OBJ_TYPL indicates which thirds of

the gexerctor lables will be initicliced).

There are three possible formats for celer generators. The f{izst twse zre
used in Craphics Mode II, the third im Craphice Mode I:

CRAPKICS mMODE II:

1. 10 it 4 of OBJ_TYPL e €, then there asst Be § coler genarater Bytss
per pafllere generator. The HSK of each byte specifies colerl for the cerregpond ng
patters generalor byte. The LSK specifies coler®. (i.e. if the fizet colsr
generator looks like: DEFR IF,1F,1F,1F,39,3%,3%,3% , then the first € limes sof
the correspending generator will Rave 4 colerisBLACK anéd colozCeWHITE 2md the
fast € lines will have colorl=LICKT CREEN and coler0elICKT RED.)

PEF] ee,ec,ee,ec,ec,ec,e8,82 ;Coler generator for st patteza
DEF} eec.cc,ce.ce,ce,ec,ec,88 ; °* - - 2ad »
DIF1 ec .¢C .te,cc,te.te,ec,8¢c ; * » * last -

2. 1t bit ¢ of OBJ_TYPL is 1, them enly one ceoler generaster byte per
pittern generator will be expected. This dyte will be duplicated 8 times by
the ACTIVATL reutine when moving the generasters te VRAM. Exch #yta &as the
sime format as above. There must ba sne Byte per pattern generater.

DEFS ce iColer gemerator for 1st pattera
DIrs ee - o * Ind =
DIFR ce 5 . * last -

CRAPHICS MODEL I:

J. In Craphics Moda 1 the patiern generator table cez be thozght s as
Givided up inte 32 groecps of ¢ genmerators. [Lach greup of patterns gemerastacs
Etare the sime coler genmerster byte. Therefore, there most be ene sslaz
generator byte for each group which contains pattarn generators (sz the

ohject.
£8% RAN DATA AREAS e

The status arex for semi_mobile ebjects is as follows:

STATUS DLrs 1 ;Trame number te be displayed
DLrS 1 ;T_LOCATION, lew byte firset
DETS b ;Y_LOCATION, lew byte fiest

;2 and Y_LOCATION used by game pregrzm Lo
ipesilion ebject on screen gnd aze 14 Bt

islguef sumbers
DLrS 1 JRIIT_CIN, indez to aresa for adding new

“igeaerators
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Old_scroer data Ras the following strectere (4! OLD_SCRLEN ( 70C00KH, then
it 4 In VRAM, else §t {g (m CRAN):

DLD_SCREIN

DETS

DIFS

DIFS
DLTS
DIFS

-

JX_PAT_POS, colwmn {m which the mpper left cormer
;0! saved sereen lies. This byte fmitialised te
;80K by ACTIVATE to indicate no Sata saved yeot.
iY_PAT_POS, tow ix which spper left cormer of
iBaved screen lies.

;I_LITENT eof saved screen

JT_EITERT i saved seraen

iWhere = = the Jargest screen that will need teo
ibe saved (1.9, the Jargest value of I_TITINT *
JI_LITINT fer any eof the fremes of this ebject).
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v.0 DATA BTRUCTURE BUMMARY FOR MOBILE OBJECTS

#t% ROK DATA ARELS ®us

High level defindtion for Mobile ebjects; the address of this dats block
(MOB) {s passed Lo the various graphics rewtines when processing the object -

M0B DETV CRAPHICS wpointer to graphic dats for ebject

DEFV BTATUS ipeinter to status area

DIFV OLD_SCRILIN ;poimter lo save irea for OLD_SCREEN

DETS TIRST_CEN_MAME ;inmder fnte VRAM tables where ebject's
i"active™ gensrators are located, {.a.
sthese Beoing wsad to display the object
tpece for !B generators must be raserved
ifor exch Mobile objact

Craphics for a mobile object are dufinef as follows:

CIAPHICS DEFS OBJ_TIPE ;LN = o
DEF) NUKCEX ;noaber of RCMed generators for ehject
DIFV MKV_CIN ;pointar to space for creation of mew

igenerators
DIFV CENIRATORS ;poimter to first of ROMed patterns

DLTV FRAMI_O ;pointer to first frame dats
DIFV FRAKE_1 ipointer to second frame
DIFV TRAKE = ;peinter to Nth frame

The data for each frime s organized as follows:

FIARI_» DEFR MAME A, 0OMI_3, NaMI_C, NAMI_D,COLOR
;where the pattern
;lor RAMI_A will sppear in the upper left
;eormer, KAKE_B In the lower left, NAMI_C
;in the wpper tight anéd NAME_D iz the lewer
;right. The MSN of COLOR specifies the
;coler for the freme (e . g. Lf MS5Na? then
;frame will be CYAN) the LSK must « 0.

The pattera generstors are stored as follows:

CINIRATORS DETS bD.55 ., b5 85,00 00,00, 00 where BD = Binary graphic data
REFD IMIN I I I I )
DLF! Db 5L bbb, bb, 0D 3D M)
Each group of § Bytes corresponds Lo onme gemerater. [Lach generater is
referenced by (ts position in the the table. The value of the {lzst generater's
mame s 0, the valwe of the second gemerator’s xame is I elc, New generaters
created at game-on time ané stored at (NEV_CEX) contisve ia the numbering
sequence. (i.e. 40 there are B genaraters im ROM, nmumbers §#-7, then generator
neeber B reffers to the first generater im & table starting at (NEV_CIN), etc.)
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sty RAXK DATA ARLAS t=2
The strocture for & mobile ebjfect's status (s as lollows:

BTATUS DIrs 1 ;the lowar 7 Blts specify the frame to be

;éispleyed, Bit 7 indicates which VRAM table
;8rea s in use and must mot be altered when
;thasging the frame mumber

DEFS 1 ;I_LOCATION, lew bdyte first

DIrs 1 ;Y_LOCATION, low byte ficrst
;2 and Y_LOCATIONK wsed by game progran to
iposttion ebfect on screen and are 14 Bt
;signed nembers

DIFS 1 iNIV_CEN, points to arsr for adding new
;generztors

Old_screen €xts Ras the following strectere (if OLD_BCRLEXK ¢ 700CK, then
1t s fa VRAM, else (¢t {g iz CRANM):

CLD_BSCIEEK DEFS 1 ;I_PAT_FOE, column in which the vpper left
;corner of saved screen lies. This byte
;08 Initialised to BOX by ACTIVATE to indicate
;that there fs mo data saved yeot.

DIFS 1 ;Y_PAT_P0S, row in which upper left coraer of
;saved screen lles.
DIFSs ' ;Kine background names, arranged in ROV maijer

;ortder.
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10.0 DATA BTRUCTURE SUMMARY FOR EPRITE OBJECTS
wee QOM DATA ARLALS et

High lsvel detinition for Sprite objoects; the address of this data Block
(S§P_OBJ) ts passed to the various graphics revtines when processing the ebject:

sr_0OBJ DETV CRAPXICS ;pointer to graphic dats fer object
DEFV STATUS ipeinter to status aree
DIFB SPRITE_INDEX ;sprite nomber fer this object (6-31)

Craphics for a sprite object are defined as follows:

CLAPH1ICS DLre 0BJ_TYIPE 08J _TYPE = ¢
DEF2 FIRST_CIN_KAME zzeme ef fizst sprite generator
DIFV CENIRATOLRS ipointer to ROXed generators
DLTE NUNMCEN ;auaber of ROMed generators for object
DIFV FRAXE_TAILE ipointer to tabdble of frame dat:

The data for each frame is organised 2s follows:

FIAMI_TABLE DLr12 COLOR ;sprite's eolor for this frame
DILFE SKAPEL ;offset from FIRST_CERK_NAMLI (generaters
ito be vsad for this frame)
DEFS COLOR ;second freme coler
DITE SHAPE ;second frame generator
DIFE COLOR slast frame coler
DETS SKAPL ;last f{reme generator

The pattern gezerators are stored as follows:

CINIRATORS DIF2 b,.bb,bb,bb,bb,bh, 50, bd ;whare bd = bimary graphic data
DET) (20 0 010 10 1 0 30 1M )

DIF1} S . 0B 0D, 5B, BB, 4D, 00,00
tts RAX DATA AREAS tm2

The stroctore for a mobila ebject’'s status is as follows:

STATUS DETS 1 ;Frame nuabder to be displayed
PEFS 1 :I_LOCATION, lew byte fizst
DErS H ;Y_LOCATION, low bytle [irst

;X and Y_LOCATIOR ssed by game program lo
;pesition ebject on screen and are 146 bt
isigned aumbers

DETS 1 NEIT_CIN, index of f{ree space In
igenerator table
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11.0 DATA STRUCTURE BUMMARY FOR COMPLEX OBJECTS
wse ROX DATL ALLAS 2t

High level fefinition for Comples objects; the sdéress of this €ata block
(COX_OB) is persed to the verious gqraphics roctines when processing the object .

cor 0B DIFV CRAPKICS ipointer to graphic data for ebject
DLFV STATUS ipeinter to status ares
DIFV CRJICT_1 ipointer to component sbject |
DEFV OBJICT_2 ¢ ® - * 2
DIrv CRJICT _n P - - n

Crephics for 2 Complexs object are defined as follews:

CERFHILS DEFR ORJ_TYPEL iKSN of OBJ _TYPL = number of zsmpomanmt
H ebjects (most egque! nember
' of Righ level obdject addr)
iLSK of OBJ_TYPE = ¢
DIFV TRARE_LIST_0® ipointer to freme list for first frame
DETV OFFSET_LIST_O® ipointer te list of offsetls for first
freme
DEIW FRAME_LIST_a ipeinter to frame list for las! frame
DTV OFFSET_LIST_n ipointer teo list of offsets feor lasgt
freme

Eeck freme of 2 complex ebfact is €efined by & list of frame nombers and amother
list of offsets. Cach entry (n the FRAMI_LIST specifies the frame lo be displayed
fer ene of the component objects. The first entry specifies the frame nomber for
the first componen! object, the soecond entry specifies the frame number for the
second, etc.

FIAMI_LIST 1 BETS 1t i{rame number for first componant
DLFr2 12 i{rame nmusber for second component

DIF} in ;ftame 2uader for last cempoment
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The OFFECT_LIST specifies the location of each of the compenent ebjects with
respact to the X and Y_LOCATION given in the complex sbject’'s BTATUS ared as

follews:
OIFSET_LIST n DITS Idisp ;X6isp » amownt first cempoment €isplucet
Jherfsentally from I_LOCATION of cemplax
shjact
)83 | Ydisp ;Y8isp = smosnt {irst component displaced
;vertically from Y_LOCATION of complas
shject

PLEFS idisp ;same for second component
DEFR Ydisp

Dirl Idinp isame for last cemponent
o33 3 Ydisp

=tt RAK DATA AXTL ®*®

Etztus ares for « Complez object:

STATUS DETS 1 ;Frene nonber lto be displiayed
DETS 1 ;I_LOCATION of object
DIFS b ;Y_LOCATION of object
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This tigwre iliustrates the relatisnship betweer the Meta-Plane ant
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The fellewing figures zapresent the fogr methods which PUT_ROBILL wses
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Tigure 3: MNMobile chiect
peperinposed on suiroend
when parzmeter passed iIn
register § = 1.

Figure 4: Nobile object
seperinposed om surround
when parameter passed In
registar § = 2.

Figore $: Mobile eobject
sspearinposed on sumrrosnd
when pacremetar passed

is register § = 3.
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also, hal! way down the page:

"...pointed te by CPU RAM word LST_OF_SND_ADDRS"

- should read -

“...pointed to by CPU RAM word FPTR_TO_LST_OF_SND_ADDRS"

FI1C 4 second line:
"Length {n hytes: 2%
- should read -
“Length in bytes: 1"

also, about ¢ lines down from that:
"84 - B0e« duratien, 1 teoe 1"

- should read -

"B4 - R0e duration, { to 3O"

x2r NOTES taw

1) After resding through page ¢ in the Users' Manual, It may be

helpful to review the following summary of dedicated pointers and
dats structures (discussion refers to Figure 10, included as part
of these notes):

DEDICATED RAM

Prior to calling any OS sound routines (except INIT_SOUND), the
11 CRAM locations 7020K through 702AK must be initialised to
zeaningful data. Ten of the locations are two byte poinmters:

PTR_TO_LST_OF_SND_ADDRS:

7020-21H - Points to the start of a list of pointers in
cartridge ROM, LST_OF_SND_ADDRS (see later). The 05
sound routines know where the cartridge-dependent
LST_OF_SND_ADDRS (s stored threugh this pointer. It is
shown pointing to the first byte in this ROM list (as {t
must).

PTR_TO_S_ON_1:

7022-23H - This and the following three pointers are used
by OS sound routines to store the addresses of the four
song data aress which currently contain the sound dats to
be modified/output to the four sound generators {n the TI
sound chip. This pointer stores the address [or the song
currently playing on tone generator €1.

= EXIAMPLE -- PTR_TO_S_ON_? s shown pointing to the

second song data area. I.e., data for the song currently
plaring en tone generator €3 happens to de stored in the
gecond song data area. The second datas ares (s used for

purposes of [llustration only: other songs may very weall
require that data for tone generator #3 be stored i{n a
differant song dats area.

PTR_TO_S_ON_2:
7024-25H - As above, for tone generator 82,



PTR_TO_»_wun_as:
7026-27K - As above, for tone genarator 83.

PTR_TO_S_ON_0:
7028-3'H - As aborve, tor tone generator 80 (the molge
genarater),

The final byte at 702AH, BAVE_CTRL, is used by the 0OS sound
routines to store data necessary for smooth operation of the
nolise gensrator (see bottom of page 11 in the Usorl; Manual).

All 11 bytes should be Initialized Before the OS routines which
éperate upon the= are callad: this is done by calling INIT_SOUND
and passing the appropriate cartridge-dependent {nformation (gee
Users' Manua! pagses S and 13).

ROM

Cartridge ROM to be used by O0S sound routines i{s divided intes two
sections: LST_OF_SND_ADDRS and the Note List.

LST_OF_SND_ADDRS:

A contiguous list of ¢ bytaes per each song (or special
effect) used by the game. In each 4§ byte section, the
first 2 Dbytes are 2 pointer to the beginning ef the
song's note list (alseo f(n ROM). The second two bytes are
4 pointer to the song data arez in RAM to be ssed by that
song (review pages 2 and 3 {n the Manual). Of ecourse,
tnother song may #1800 use the same datz 2rea, since there
can be (and usually are) more songs than there are data
dreis. NOTE, howsver, that Song 01 XUST be the first
entry In LST_OF_SND_ADDRS for the OS routines to operate
properly.

== EXAMPLE -= The tirst two bytes in this list are a
pointer to song 0l's mote list, as they MUST be. The
second two bytes are a pointer to the song's datyg are: in
RAM, shown here pointing to the first song data asrea s
4lso MUST be the case (seoe later). As can also be seen
from the figure, the last song happens to use the sscond
song datas area.

In summary, there is a4 note list for every note 1list
pointer In LST_OF_SND_ADDRS, but, since songs may share
RAM data areas, there are almost alwiys more data aress
than there are data area pointers.

NOTE LIST:

The Note List (s & contiguous bloek of ROM containing the data
which comprise the notes of each song. The number of bytes per
scng of course varies with the length of the song. The first
brte of the note list for a song is pointed to by a two Byte
entry In LST_OF_SND_ADDRS (see above). The last byte of sach
song’'s note list Is a single byte end of song/repeat code (coe
Page 2 and Figure 2 in the Users' Manual).



USER RAM

This is the area In CRAM that the cartridge programmer has chosen
to hold the ten bytes song dats areas which contain sound and
timing informatien to be processed by the OS5 sound routines.
These data aress must be stored as contiguous bBlocks of tan bytes
each. In all cases but one, the programmer may cKRoose to "play™
a song In any data area; however, song &1 MUST use the FIRST song
data ares for the O8 routines to work properly. Also, the byte
immediately following the last byte in the last d;tt area MUST be
sere (this code tells the OS5 routine END_MANACER to stop looking
for more song data areas; see bottom of page 5, Users' Manual).
This byte will avtomatically be set to sero by proper Invocation
of the INIT_SOUND routine before any other 0OS gound routines are
called (see pages § and (3).

2) The ColecoVision OS entry point names of some of the sound
routines and dedlicated locations are different frox the!r nimes

given in the Sound Users' Manual. They are:

Entry Point Sound VUsers®' Manuez!l
PLAY_IT JUKE_BOX

SOUND_MAN END_MANACER

SOUND_INIT INIT_SOUND

NOTES PTR_TO_LST_OF_SND_ADDRS

You should use the entry point names.

3) Page 22, last paragraph: It s mentioned that 2z special
effect routine may want to call the 0S sound routines FREQ_SWEEP
and ATN_SWEEP to operate upon data within the effect's datz area,
which “"require that data De ordered appropriately within 2 song
data area”". TAls means:

Whether or not the special effect uses FREQ_SWVEEP or
ATN_SWEEP: bytes 3 and €4 (see FICURE 1) MUST contain the
frequency and attenuation dats 2s specified. This is
because PLAY_SONCS (called every interrupt) will output

For TREQ_SWIEP used by [tself - in addition to bytes 3
and 4, bytes 5, 6, and 7 must contain dats as specified.
Bytes § and 9 may be used for whatever (since FREQ_SWEELP

doesn't loock at them).

For ATN_SWELP used by (tsgel! - {in addition to Bytes 3 and
4, bytes 5, 8, and ? must contain data as specified.
Bytas é and 7 may be used for whatever (since ATN_SVEEP

doesn't lock at them).

1t Both FREQ_SWEEP and ATN_SWVEEP are used, all bytes In
the data ares must loock as specified In FICURE 1.
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The Colecovigion operating systex includes routines which cu_w the cartridge
prograzmer to slore "songs” and simple sound effects in tzbular farm in

cartridge ROM, and. play thex on request during the game. More complex, special
sound effects can alsc be created and played within the same 4ata strocture ans
procedural format. This Sound Users' Manual descridbes the data structures
srpected by and the use cof the operating systaz sound roctines.

EUMMARY OF FEATURES

* six song note types: combinstions of fized or variable freguancy and
attenuation, "“ncise” (percussion) notes, and rests

®  hierarchical structure of locz! data zrees zssigned to exch sscnd charmmel,
which allows the texporary "overwriting® of lower priority songs G.e., [ower
priority scngs are not truncated by higher priority songs or sound effects that
use the same channel, bul continue unheard until the higher prizrity -songs
finish)

* the ability to easily include 2 specizl sound effect (say, a cymbal crash)
&5 part of a song composed prizmarily ¢f musical tones

* Dboth songs and special, independent sound effects (e.g., mm expission scumd)
can ulilize the same data structures and output procedurss

* sweep routines, which automaticzlly create freguency or attenuztion sweeps,
simplify note data storage and can be used by special sornd sffects

®  song end codes allow songs to be played once, =r sutomaticelly restarted
upon cexmplietion (repeat forever)
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CENERAL DESCRIPTION
* Song data zreas, SxDATA: RAM Eip mode of sound chip operation

The Colecovision operating systex provides sound routines which output
frequency, attenuation, an¢ control data to the T1 76487 sound chip. Data to

be sent to a particular sound generatoer channel is expected to be stored witiun
4 ten byte block of CFU RAM™ called a "song data area". A song itz azrez, then,
contains ¢ RAM record of the current values "playing"” on a sound channel.

Lach song data zrez can also contain timing and descriptive information whish
allows for sizmple generation of musical notes. A "song" can be crested by
storing in CART ROM a list of note parzmeters whish specify nots duration,
{reguency, end attenuztion. When &z song is started, O/S rouvtines are prowided
e lead the cats describing the first note of the song into 2 song data arez.
Each song dzta area is then processed at regular intervals by rouvtines which
modify and cutput the area's data to the sound chip. When a note is complisted,
the nert note in the song is tutomatically lozded and the process corntinmes.

O/S routines alsc exist which facilitate the creeticn of “special effects™:
sound routines written by the cartridge progriz=mer which algorithmically
generate data to be sent to the sound chip (as opposed to the table iook-mp,
song approaczh).

RAM space for at least four song dataz areas must be reserved by the cartridge
Programzel. one each to describe the current status of the four sound chip
channels. More than four song data arezs will be required if the ability te
"overwrite" lower prierity songs is desited, ind some songs =ay shirm the same
Catz area (see the following discussicn, "Misrarchy of song data aress:

priority, truncation, overwriting™). The first byte in each song data ersa,
byte O (its cffget from the beginning of the data block = 0), containg the
channe! number upon which the song is to be played (0: noise generator, f £o.2:
tone generator) and the song's identification number (SONCNO: 1 to 41). & song
data ares is referred to throughout the rest of this manual &s "SxDEXT2", <shere
X = the song's SONCND. For & detailed Cescription of each byte in a song data
aTez, see the following discussien, "NOTEIS", and refer to Figure &.

® Nole list storage and note headars

A nole list is a sequential list of frequency and timer dita stored In

cariridge ROM that, when processed and ocutput to the sound chip, crezts ths
notes that comprise a song. Each block of 1 to 8 bytes of date that describes
& note in the list must begin with a one byte header which conteins informatien
(bit flags or walues) that indicate (see Figure 2):

&) The number of the channa! upon which to play the note
2) The note type (one of ¢ combinations of {izxed or swept
frequency and zttenuation, plus a rest).

The single byte header can also be used 25 an end-of-song marker, & repeat-song
indizator, or an indicator that a “note” is to De determined algorithmically by

& special sound effect routine (the starting address of which izmediately
follows) .

A 14 Bit pointer to the location of the neader or the next note to be played
INEXT_NOTI_PTR) s maintained by the O/5 routine END_MANACER in each song's
Gata area (SzDATA, offsets ! and 2).
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* LET_OF_SND_ADDRS ané PTR_TO_LST_OF_SND_ADDRS

The D/S routines expect the ten byte long song cata areas to be stored

contiguously in CPU RAM, starting with the data ares used by song number cne

The beginning addresses of sach of these data zreas, &s wall 25 the addresses

of the headers of the first note in each song, are stored in a ROM table calisg
LST_OF_SND_ADDRS (see Figure 3): The cartridge programmer may place this tasle
wherever desired in ROM. The 0/5 routines know its starting address through 2
dedicated CPU RAM location, PTR_TO_LST_OF_SND_ADDRS, which must be lcaded with
the 14 bit address of the table by the cartridge program before calling any 0/S
routines which use it (see description of INIT_SOUND).

* Hierarchy of song data areas: truncation, priority, overwritimg

The rouvtine that does the processing of the note data stored in the song data
areas, SND_MANACER, and the routine that ouvtputs the modified datz to the sound
ehip, PLAY_SONCS, are designed to be called by the cartridge program every
Video Display Processor (VDP) interrupt (avery 14.7 ms). Starting with the

itz ares for song number one, SND_MANACER processes the appropriate timer and
Fweep counters and modifies the frequency and sttenuation data accordingly. 1f
the cata arer is assigned to a special effsct, SND_MANACER callis that effect.
When a note {5 finished, SND_MANACIR, using the data area's nex!t note pointer,
moves data for the next note of the song into the arsa.

After the operations upen 2 date ares have been performed, the sound chip
channel nuzber (CHR) stored in byte 0 of that data ares is consulted and the
appropriate "channel data arez pointer™ (PTR_TO_S_ON_x) is set to point to the
beginning of the cata ares just processed (our of these pointers exist at
Cecicated 16 bit locations in CPU RAM, one for sach of the sound generator
channels). The following data areas are then processed in the same fashion, in
erder of occurence, until the end of data area code, 00, is reached. If a data
ared s inactive, {.e., if the scng(s) that use it aren't playing at the

moment, SND_MANACEIR simply passes it over, deing no processing or channe! data
area peointer modification.

LAY_SONCS, usually called {mmediately prior to SND_MANACER, outputs dats to
the sound chip from the four song data areas pointed to by the channel data
area pointers. Thus, a channel cuiput priority is estadlished on the basis of
ordinal pesition within the dats arez block: tha last datz arez processed that
uses &4 givan channel is the one that will be played on that channel. E.g.,

order of datz ares
within data block

containing all songs that use this data area:
song data aress SONCND/CH® song is to be played on
ist 1/CHex  (remexmber: although other songs may use

this datz area alsc , song | MUST use

3th &/CHe2
éth J/CHE2
7th 11/CHe2

18th 2/CHEZ, Q/CHII; 7/CHED
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First, consider channel 2. Let's say that the only sengs which use channe!l 2

&re assigned three contiguous song data areas, Sth through 7th (grocping songs
which use the same channe!l isn't necessary as far as the code is cencerned, byt
it makes {t sizmpler to think about). BND_MANACER, as it makes its way through
the song data areas in order, will process the Sth data area (which “belongs"

to seng é) and set PTR_TO_B5_ON_2 to the addrass of byte 0 in the Sth data area.
Then, the éth arer will be processed, resulting in resetting PTR_TO_S_ON_2 teo
the éth data ares (song number 3). Likewise, the 7th data araz will be
processed, [inally leaving PTR_TO_S_ON_2 pointing to the 7th dats area (song
number 11). The next tizme PLAY_SONCS is called, it will send to sound echip
channe! 7 frequency and attenuation data in the data arez pointed ts by
FTR_TO_S_ON_2, namely. the data for song nomber 11,

Note that elthough enly song 1! will be heard on channe! 2 this pass through
PLAY_SONCS, the timers and dats for songs é and 3 were nonetheless modified,
tegarcless of the existence of the higher pricrity senmg 11. That is, all songs
"keep going”, whether or not their data will be output during PLAY_SONCS.
Songs € and J are said to have been "overwritten” by song 11. Should song 11
become inzctive (end) before song 6 and/or song 3, then the highest pricrity of
the rexmaining active songs (l.e., the last data aresa within the block of data
arees to use z given channel) will be heard.

Thus, assigning several data aress to songs which use the same channel allows
the creation of "background” songs which can be momentzrily interrupted
(overwtitten) by & Rhigher priority seng or sound effect (e.g., an erxplosion, or
¢ benus seng) and continue on after the overwriting seng is over.

Now exa=mine the I0th song data zrez. Again, let's say that the only scngs that
use channel 3 are shown here and that they all share the 10th dats zrea. In
this case, the programmer may have atranged things such that sengs 2, ¢, and ?
are never active sizultaneously: {.e., there was no rezscn to zssign three
different data areas for songs which never overlap. 1f, however, this is not
the case and, say, song 4 may be started before seng 7 is finished, the O/S
routines would stop song 7 in faver of song €. That is, for songs that share
the same data area, the most recent song started is the song heard, and
interrupted songs do not continue: {.e., songs sharing the sime date zrea
truncate eazh other, In many cases thic may be both acceptable and desirable,
2s it saves RAM space.

KOTE. The preceeding description states that a channel data area pointer is
updated every time SND_MANACGER processes a song data arez: this is actsally net
the case. To sive processing time, & routine which updates zll the pointers is
called only when, after joading the naxt note in 2 song, SND_MANACER detects
that the data area’'s CKE or SONCNDO has changed. This happens whenever the next
note: 1) uses & different channel (see "Noise notes: specisl case Type 2

notes), 2) is a special effect note, or 3) is an end-cf{-song indicator. It is

only necessary to update the channe! data ares pointers in these cases, and

when a4 new song is started Un JUKEI_BOX). See "Pseudo code versions of maun
toutines”,

T The four basic rouvtines, briefly
The following four O/S routines are the only ones that need be called to create

songs which use the fix standard note types (more complete descriptions of each
routine can be found in the “OPERATINC SYSTEIM ROUTINES"™ section):

4
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INIT_SOUND. This routine should be called imzmedistely after power on, befcre
any sound processing can occur. It turns off the sound generators, initializes
the CAET RAM locations to be used as song data areas, sels up the four channe!
Sats ares pointers, and initializes PTR_TO_LST_OF_SND_ADDRS.

INPUT: n

TYPE: 8 bit constant

PASEED: (n B

DESCRIFTION: number of song &data areas used by the gime

INPUT: LST_OF_SND_ADDRS
TYPE: 16 bit address

PASSED: in KL
DESCRIPTION: 1LST_OF_SND_ALCDRS s the base address of a list of the starting

sddresses of sach song's 2atx zrsz and nots Ust,

DUTPUT: 1) turms off 2!l sound generators -
2) initialises PTR_TO_LST_OF_SND_ADDRS
3) writes the inactive code (CFTH) toc byta 0 of the n song dita areas
€ stores 00 at end of song data areas
S) sets the € channe! song peointers to a dummy {nactive zrez
§) sets SAVI_CTTRL to OFTH (see “Noise notes”™ discussicn)

JUKE_BOX: JUKE_EBEOX is called to start a song. Using 2 seng number pagsed in B,
JUKE_BOX loads the data for the song's first note into the appropritte song

data area, thereby trunczting whatever song had been "playing” in that data

arez. (The address of the appropriate area is found by using the song numbar

s an inder inte the LST_OTF_SND_ADDRS table). It also formats the data area's
header and sets up the next note pointer. If the song is & special sound

effect, its next note pointer is set to the address of the special effect

routine. The next time PLAY_SONCS is called, that song's first note will be

played.

If SUKE_BOX s called with a song number of 2 song already in progress, it
returms izzediately U.e., it doesn't restart the song.

INPUT: song number to be started
TYPE: 8 Bit constant, 1 to &1
PASSED: in B

CALLS:  PT_IX_TO_StDATA, LOAD_NEXT_NOTE_PTR, UP_CH_DATA_PTRS

OUTPUT:. 1) moves the song's first note data to the approprizte song data zres
1) formats byte 0 header of the song's datz area
2) points next note pointer in datz area (bytes 182) to address of
first note in song, or address of special sound effsct routine

END_MANACER: SND_MANAGER should be called every VDP interrupt (every 14.7 ms).
For each datz area, SND_MANACER processes the appropriate timer and sweep
counters and modifies the frequency and attenuation data accordingly. If the

data area is assigned to a specizl effect, SND_MANACIR calls that effect.

When a note s finished, SND_MANACER, using the data arei's next note pointer,
moves data for the nest note of the song into the area. I! END_MANACER reads o
header byte (in CART ROM) that has bits 384 set, indicating repeat song, it

will start the song again by reloading the first note in the song.

After the operations upon a data area have been performed, if necessary, the
channel ¢als ares pointars (FTR_TO_S_ON_X) are updated. The following data
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SND_MANACER does not ocutput the modified freguency and attenuation data
PLAY_SONCS is called just before SND_MANACIR to do this

Bpecial codes in byle 0O of the song data arsa indicate:

238: datz area inaclive, do no processing
62: & special affect {s to be played, SND_MANACIR calls the effect routine
0. end of soeng cata areas (SND_MANACER processes data areds until it sees
0 in byte O)

NCTT. Song number 1| MUST use the first ares in the block of song Cata arsas.
INPUT: none
CALLS: PT_IX_TO_SxDATA, PROCESS_DATA_AREA

OUTPUT:. Calls rovtines which:
1) decrement song duration and sweep timers
2) modify swept {requency and attenuation values
3! call gpecie! effects routines where necessacy
© update the channel dats ares pointers if necessacy
3) restart the song Y indicated

PLAY_SONCS: PLAY_SONCIS takes the freguency and attenuation data pointed to by
the four channel data ares pointers PTR_TO_S_ON_x) end ocutputs it to the focr
scund chip generators.

INPUT: none
CALLS: TCNE_DUT, UPATNCTRL

OUTPUT:

1) current freq and &tn data is output to each tone generater, if
scng/effect on that channel is active; U song on that channel is
inactive, that gensrator is turmed off

2) ncise generator is sent current atn data, and sontrol data, {f new

1) modifies SAVE_CTRL I necessary

These four routines would normally be called as follows:

power on inits done by O/S

cartridge program recsives control:

LD B, & of scng data arezs used in the game

LD KL, address where LST_OF_SND_ADDRS is stored in ROM
CALL INIT_SOUND to initialize song data areas

whatever other power on inits you want to do

slart gamae:

ID B, ¢ of song you want to start
CALL JUKL_BCX to set up for start of seng

VDP interrupt occurs:

CALL PLAY_SONCS to outputl &ata

CALL SND_MANACLIR te process song data

whatever else you want to do during VD? interrupts
RETN t» gsme
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NOTES

t Terminoclogy

Each note in & song his an associated 10 bit frequency (except for noise motes)
and 4 bit attenuation which is cutput to the sound chip every time PLAY_SONCS
is calied. The initial frequency and attenustion valuss (stored in 2 bytes)

are part of a block of 4 to I bytes that describa a single note within a song's
EOM note List. The remaining bytes are used to indicate scund channel, note
type, durztion, and various timars &nd values associated with swept notes .

The feliowing are explanations of names and symbols used throughout this manual
to refer to bytes, or segments of bytes, within both a4 note's ROM note lList and
2 RAM song dats area (see Figure I

1: 1 is o symbel used to graphically separate Bbits or nidbles within g byte

Br: means bit z of 2 byte, bit 7 being the most gignificant bit

byte x: refers to the offget of 2 byte within z data block, byte 0 being the
first byte {n the block

MSEN, LSN: MEN =eans the most significant nibble of a byte, LSN is the lezst
significant nibble

CH® . the sound channel upon which a note is to be played, 0 = noise generator,
1 to 3 =« the 2 t{one generstors

SONCNO: the song nuzmber of the song playing in a song data ares; ! to 61;
SONCNO €2 means & special sound effect is using the data arex

NEXT_NOTE_PTR: 2 byte address of the ROM location of the data block for the
next note to be played in a song

FO -« FY: the 10 bit frequency datsz to be sant to 2 sound chip tons generator;
FO is the most significant bit, see data sheets, TI 746487

TN. &€ bit attenuation data to be sent to any of the four sound generztors

CTRL: 3 bit control data for sound chip noise genrator; FB NFO NF! (called
SHIFT in this manual), see cata sheets for details

NLEN: | byte that directly or indirectly determines the duration of a note

FPS: & bit fregquency prescaler, used with NLEN to delermine the length of 2
frequency sweep

FPSV. 4 bit temporary storage location for FPS; this variable gets decremented
eveary VOP (nterrupt, and is relcaded {rom FPS

FSTEP. the size of a step in 2 frequency sweep, an § bit two's complement
signed value that is added to the current 10 bit frequency at & rate determined
by NLEN and FPS, 1 to 128, ~L to -128

LEN: ¢ bit number of steps in an attenuation sweep
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AETEPS. ASTEIPS is the signed, 4 bit size of a step in an attenusztion swesp.
can take values ! to 7, -1 to =8 (MSE » | means negative)

APS: ¢ bit attenuation prescaler, used with ALEN to determine the length of
frequency Fweep

APSYV: 4 bit temporary storage Jocation for APS; this variable gets decremented
every VDP interrupt, &nd is raloaded from APS

® Fregquency sweeps and note duration

“The time duration of ¢ note = the number of passes by PLAY_SONCS through the
note tizmes 16.72s (the VDP interrupt period). (note that the time the note is
HKEARD could be ghorter: see "Attenuation sweeps” discussion) The number of
PLAY_SONCS passes is always delermined dirsctly or indirectly by NLEN. KNLEN,
however, has two meanings, depending upon whether or not a note's frequency is
sweapl.

Tized {requency notes - In this case, NLEN is decremented every VDP interrupt
end therefore directly determines the length of & note:

duration = NLEN * 1{.7ns

NLIN should have values in the range 0 to 235 (0 =) 256), giving 2 mazizum
duraticn of © 4.25 seconds.

Swept {requency notes - Kere, the prescaler variable, FPSV, s decrezanted
until zerc before NLEN is decrementead. Once FPSV goes to sero, it's reloaded
from FPS; however, an initial value for FPSV, which snters into the calculatien
of the the length of the first step in the sweep, is stored in ROM along with
the rest of the note's initial data, znd it may be different from the reload
value, FPS. For a frequency swep! note:

note duration = [(ONLEN =1) * FPS) « initizl FPS5V] ® 14.7ms

So, NLIN again determines note duration, but in an indirect fashion (n concent
with FPS and the initial FPSWV).

In the 233 of 3 fraguancy swept note, NLIN can be thought of as one of four
pirameters that describe the sweep: 1) the starting frequency, 2) FSTEP, a
signed step size, i.e., & delta frequency that is pericdically added to the
current frequency, 3) the prescaler value (FFS) which detarmines the length of
time &t any cne frequency step, and € NLEN, the number of steps in the sweep.

The duration of each step in the sweep is given by the following:
duration ist step = initial FPSV * 14.7ns
duration all others = FPS ® 14.7ms

Fregquency sweep pirzmeter ranges:
FSTEP - signed B Bit two's complement number: § to 127, -1 to -138; an FSTIP of
C tells FREQ_SWEIZP that the note is not frequency swept, and the note’s

durztion is determined by directly decrementing NLIN (prescaler is disregarded)

FPS - 4 bit frequency prescaler, used with NLEN to cetermine the length of 3
frequancy sweep 0 to 15 (0 =) 14)
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l'PSV - € bit tempeorary storage location for FPS, this variable gQets
4scremcntad every VDP interrupt, and is reloadad frem FPS 0 “te 1S (0 =) 1)

MTEN - @ Bit note durstion for a fized frequency note: 0 to 255 (0 =) 254
§ bit number of steps for a swept frequency note: 2 to 235 (0 =)2354)

Note durstions:

Fined fraguency = NLEN * 14.7ms

Swent fraguency - [(INLEN =1) * FPS) « initial FPSV] * 14 .7ms
Suration ist step = initial FPSV * 14{.7as

furatzon 2ll cthars = FPS * lé.7ms

T Atteauation sweeps

Volume attacks znd decays can be though! of &s attenuation sweeps: & sweep liom
low ta higher volume is an attack, a sweep in the othar direction is & decay.
Attenusiion sweeps &re crested in & similiar fashion to the freguency sweeps
¢sscribed above, the primary difference being that attenuvation sweep parzmeters
don't take on B Bit values. The full volume range for the attenuation

registers on the 76489 chip is 0 (OND to 15 (OFF), so step sizes and number of
=saan migps greater than 4 bits aren't generally usefzl.

Just as in the case of & fregquency swept note, attenuation sweeps have four
parzmeters that describe the sweep 1) the starting attenuatien, 2) ASTEP, &
=izned step size, i.e., & delta attenuation that is periodizally acded to the
current sttenuation, 3) the prescaler value (APS) which deter=ines the length
of time at any one attenuation step, end © ALEN, the number of steps in the
Sweep.

The prescaler parameters, APS and APSV, are the same site (4 bits) and mean
exsctly the same thing as their frequency counterparts. ALEN, the number of
steps in the sweep, is only 4 bits (compared to an FLEN of 8 bits), but 135
steps of even the smallest step size (¢/=1) can sweep a generstor from full on
to full off. ASTEIP, in order to squeete it into a nibble, has been limited to
a 4 bit signad number (3 bits data, 1 bit sign). This gives a range of step
values frem 1 to 7, =1 to =8. This shouldn't be too limiting, since most
attenustion sweeps are implemented with the smallest step size.

NOTT. Recall that, 2e far as SND_MANACER is concarned. the length of a nota is
determined, directly or indirectly, only by NLEN, a timer/counter that is
decremented during FREC_SWEELP; i.e., the duration of a note is independent of
what is happening to its attenuation. Therefore, the progrimmer should take
cire to see that an attenuation sweep isn‘'t inadvertently created that ramps

the volume down to off before SND_MANAGCIR, through NLEN, has decided that the
nota ig over. However, since ATN_SWELP simply leaves the attenualion alone
once it's finished a sweep, the independence of attenuation sweep length and
note length may be put to good use: e.g., & sforzando can be accomplished by
zaking an attenuation sweep (to & still audidie volume) end before the rest of

the note.

ALEN, like NLEN for a freguency sweep, is the number of steps (n an attenuation
sweep and can take on values from 0 to 15. However, since a4 “step” consists of

a tone (which may be frequency swepl) played at a fixed attenuation leve:, a

sweep of 1 step doesn’'t make sense. ALEN values, then, should range from 2 to
15. An ALEN value of 0 causes a sweep of sixteen steps (NOTI. ATN_SWLEP “wraps
around” at 0 and 15, {.e., subtracting 1 from 0 results in I3, and adding 1 to

15 results in 0.
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The dursticn of an attenuzticn sweep can be calculated as follows:

durztion entire swesd = [((ALEN -1) * APS) « {nitial APSV]) = 1{.7ms

Suretion ist step = initial APSV * 14.7ms

suvrztion all cthers = APS * 1{.7ns

Attenuation cweap pitemeter renges:

ALEN: 4 Bit number of gieps in an pitenuation sweep; can take values from 2 ¢o
IS (0 =) 14 steps).

ESTTP. ASTE? is the € &it signed {iwo's complement) size of & step in 2an
2ttenuction sweep; can take valones from 1 to 7, -1 to 8.

APS: & bit attenuation prescaler, used with ALEN to determine the length of a
fregquency sweep: O to 1S (0 =) 16).

A®SV: & bit temporary storage jocation for AFS, this variable gets decremented
avery VDP interrupt, and iz relosded from APS: 0 to 1S (0 =) 16

Descsiptions of each of the siz note types follow:
=« Rests
See Figure §.

brte O BS set indicates z rest, to be played on CHE® in B? - Bé
durztiszn = (B4 - BO) * 16.7ms, can tzke values 1 to 31

® Type D: Fized frequency, fized attenuation
See Figure 4.

byta O: header, CHE& in B7 - B4, note type = 0 in Bl - EO
byte L: least gignificant § bits of the 10 bit frequency data (constant)
byte 2: SN = 4 bit ATN data (constant throughout the note)

LSN = O 0 FO F1, the top 2 bits of the {requency data {constant)
byte 2 NLEN, duration of the note = NLEN ® 14.7ms

®« Type 1: Swept frequency, fizxed attenuation
See Figure S,

byte O: header, CH® in B7 - B¢, nota type = 1 in Bl - BO
byte i: Jeast significant 8 bits of the imitia! 10 bit frequency data
byte 2: MSN = 4 bit ATN data (constant throughout the note)
LSN = 0 0 FO F!, the tep 2 bits of the initial {requency data
brte 3: NLEN, number of steps in the frequency sweep, 1 to 235 (0 =) 258
byte & FPS ! FPSV, prescaler reload value and initial FPSV
byte S: FSTEP, sweep step size, 1 to 127, -1 to -128

* Type 2: Fized freguency, swept attenvation
See Fagure 6.

byte 0: headar, CH® in B7 - B, note type = 2 in Bl - B0
byte 1: least significant 8 bits of the 10 Bit frequency data (constant)
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byte 2: FSN = ¢ bit ATN date Cnitial value)
LEN = 0 0 FO F1, the top 2 bits of the fregquency deta (constant)
byta 3: NLEN, durztion of the note = NLEN * 14 .7ms
byte U ALEN | ASTE?F
ALEN = numbdsr of «teps in the sttenuvation sweep
ASTEP = wtep size, 1 to 7, -1 to -8
byte S5: APS | APSV, prescaler relozd value and inftial APSV, 1 to IS (O =) 16

* Type 1: Swept fraguency, swapt attenuation

Bee Figuze 7.
byte O hezdezr, CHE in 57 - B4, note type = 3 tn B! - BO
byte ¢ lezst sigmificent 8 Bits of the initial 10 bit iregquency data
byte 2: FEN » @ 5it ATR datx tmitiz) value)
ISN = 0 0 FO F1, the top 2 Bits of the imitial frequency data
byte 1: KLEN, nox=ber of steps in the frejuency sweep, 2 to 255 (0 =) 234)
tyte & FPS | TPSV, prescaler relosd value and initial FPSV, 0 - 18 (0 =) 1&)
byte S: FSTEP, sweep stap size, ! to 127, -1 ts =128
byte 4: ALEN ! &ASTE?
ALEN = number of steps & the atienuation gweep
ASTEP « step &ize, 1 20 7, =1 to -8 .
brte 7. APS ! APSV, prescaler reload value and initiz]l APSV, § to 15 (0 w) 1&)

* Noise notes: special case Type 2 notes
Ses Figure 8.

Noise notes are notes that zre played on the sound chip noise generater (CHeO),
They are stored in ROM as a specizl case of o Type 2 note, fized {requenzy and
Swepl atlenuation. They consist of white noise with superimposed attenyation
decay, which crestes & percussive effest, such as 2 snare drum note.

Instazd of fregquency information, noise notes are siored with three bits of
noise control data: TB NTO NT1 tsee TI data sheets 7642%), which remain
censtant throughcout the note. Izperimentation with virious values can result
in credible percussion effects.

KIIN, &8 i3 the czye icr & reguiar Type I note, directly determines the
durztion of & noise nota.

The sound chip noise generstor is unlike the other generators in that sending

it redundant data U.e., the same data that it has stored in its internmal

registess) has an audible affect on {ts output. In particular, whenever

esntrsl data, redundant or not, is sent to the neoise generalor, its intermal

Shift register is resel, causing & shott pop or click te be heard. This isn't
Annoying on an occasional basis, or when a2 new neoise starts, but remezbar:
PLAY_SONCS is sending data to all four channels every 16.7ms. This would cause
& noticeadble lack of "whileness” (n the noise generator's output.

PLAY_SONCS zvoids this problem by refersncing a dedicated CART RAM location,
SAVE_CTTRL (see Tigute ¥) each Lime before it sends control gata to the noise
generater. SAVE_CTRL containg 1he control dats that wes ouvtput e the noise
Generator the last time through PLAY_SONCS. If the noise contro!l data in the
pointed to song data ares = SAVE_CTRL, PLAY_SONCS doesn't send it out again.
If there is new data to be sent, that data is cutput and SAVE_CTRL is updated.
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header, CHEO in B? - Bé, note type = 2 in Bl - B0
MSN = € hit ATN data (initial value)

LSN = 0 FB NF0 NF!, noise control data

byte 2: NLEN, duration of note: NLEN * 14.7ms

byte 3 ALEN ! ASTEP
ALEN e number of steps in the attenuation sweep
ASTEP = step sise, 1 to 7, =1 to =8
byte & APS ! APSV, prescaler reload value and initial APSV, 1 to 15 (0 =) 18

byte O
byte 1.
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OPERATINC BYSTEM ROUTINES

INIT_SOUND
Contains ENTRY POINT: ALL_OFT

INIT_SOUND, usually called right after power on, turns off the sound
generators, tnitialises the CART RAM locations to be used as song data areas,
and sets up the four channel data arez pointers. Specifically, it:

1) directly tums off all four sound generators. _
2) initializes PTR_TO_LST_OF_SND_ADDRS, & dedicated ié bit CFU RAK pointer
which other sound routines expect to contain the base address of a list in
CART ROM (called LST_OF_SND_ADDRS) of the starting addresses of sach
song's data ares and note list. The address of LST_OF_SND_ADDRS is pissed
to INIT_SOUND in ML.
3) stores the scund-inacstive code (OFTH) into byte 0 of n song data z2rezs. n
is passed in B and = the tota! number of song data arezs used by the game.
€ stores an end of data area code (00) following the last data ares.
S) sets the four peointers to the data areas for the songs to be played on
each channel, PTR_TO_S_ON_x (x = 0-3), to a dummy inactive area (DUM_AREA,
which is actually a single OFTH byte within INIT_SOW.
€) sets SAVE_CTRL to an initial value of OFFH

INPVUT: n
TIPE: 8§ bit constant
PASSED: in B

DESCRIPTION: number of song data arez usad by the game

INPUT: LST_OF_SND_ADDRS

TYPE: 16 bit address

PASSED: in KL

DESCRIPTION: LST_OF_SND_ADDRS is the base address of a list of the starting
addresses of each song's data arex and note list.

OUTPUT: 1) turns off all sound generators
2) initialises PTR_TO_LST_OF_SND_ADDRS
3) writes inactive code to byte 0 of n song data aress

4) stores 00 at end of song data aress
S) sets the 4 channel song pointers to the inactive DUM_AREA

é) sets SAVE_CTRL to OFFK

ALL_OFT

ALL_OFT directly turns off all four sound generators, but does nothing te any
song data arees or the & channel data peinters.

INPVUT: none

OUTPUT: turns off all scund generators
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JUKE_BOZX

JUKE_BOX is called to start & song. Using a song number passed in B, JUKE_BODIX
loads the data for the song's first note into the appropriate song data area

(the address of the area is found by using the scng number as an index into the
LST_OF_SND_ADDRS table). It also formats the data zrea's header and sets op
the next note pointer. If the song is & special sound effect, its next note
pointar is set to the sddress of the speciai effect routine. The next time
PLAY_SONCS is called, that song's first note will be processed (thersby
truncating whatever song had bsan "playing” in that data arsa), and the song
will have started.

Since starting & new song may have altered the priority structure within the
song data areas, JUKE_BOX also calls UP_CH_DATA_PTRS to modify the channel data
pointers accordingly.

If JUKE_BCZ is called with ¢ song number of 2 song already in progress, it
returns immediately G.e., it doesn't restart the song).

INPUT: song numbar to be started
TYPE. 8 bit constant, 1 to 61
PASSED: in B

CALLS:  PT_IX_TO_S:xDATA, LOAD_NEXT_NOTE, UP_CH_DATA_PTRS

CUTPUT: 1) moves the song's first note data to the approprizte song data area
1) formats byte 0 header of the song's data arez
2) peints next note pointer in data zrea (bytes 182) to address of
first note in song, or address of special sound effect routine
3) updates the channel data pointers on Dasis of song pricrities
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SND_MANACER

SND_MANACIR should be called every VDP intarrupt (evary 14.7 ms). It assumes
that the song data areas are stored contiguously in & data block beginning with
the data area assigned to song number one. For sach data area, SND_MANACER, or
roctines which it calls, processes the appropriate timer and sweep counters and
modifies the frequency and attenuation data accordingly. If the data ares is
assigned to a special effect, SND_MANACER simply calls that effect, and doesn't
modify any data. When a note is finished, BND_MANACER, using the datz ares's
next note pointer, moves data for the next note of the song into the area and
fllls in Eeys Dytes within the area to allow proper processing of the data ares
by the sweep routines it calls (FREQ_SWELP and ATN_SVIEP). (SND_MANACER
censiders a note finished when its frequency duration timers have timed out;

sse the descriptions of the FREQ_SWELP and ATN_SWEIP routines) A special
effect is responsible for deciding when its ovar and initiating the next note

in the song.

After the operations upon a datz area have been performed, the channe!l data
area pointers (PTR_TO_S_ON_x) may be updated (see description of
VP_CH_DATA_PTRS in "UTILITIES" section).

1 SND_MANACER reads 1 header Byte Un CART RCM) that has bits 364 sat,
indicating repeat song, it will start the song again by raloading the first

note in the song, using the SONGNO portion (B5-B0) of byte 0 in the song's data
and the LST_OF_SND_ADDRS to find it.

SND_MANACEIR does not output the modified frequency and attenuation data.
PLAY_SONCS is usually called just befors SND_MANACER teo do this.

Specia! codes in byte O of the song data area indicate:

OFTH - data ares inactive, do no processing, do not modifly channel
data ares pointer

BS-B0 = 42 - & special effect is to De played; END_MANAGER cills the effect
routine

00K - end of song datz areas (SND_MANACER processes data areas umtil

it sees 0 in byte O)

NOTT: Song number | MUST use the first data area in the block of song data
aress.

INPVUT. none
CALLS: PROCESS_DATA_AREA, PT_IX_TO_SzDATA

OUTPUT: 1) decrements song duration and sweep timers
2) modifies swept frequency and attenuation vilues
3) calls special effects routines where necessary

Q© restarts the song U Indicated
$) may update the channel data zrea pointers PTR_TO_S_ON_x
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PLAYSONCS

PLAY_BONCS takes the frequency and attenuation data pointed te by tha four
channel data area pointers PTR_TO_S_ON_x) and outputs it to the four socnd
chip generators. Action is taken on the basis of the each data ares's byte O:

1) If the pointed to datz area !s sctive, the frequency and attenuation data
are sent to the channel indicated by B7-Bé (CH® of byte & of the pointed
te data area.

2) If byte 0 is OFTH Unactive), the channel to which that pointer is
dedicated (s sent the OFF attanuation code.

3 U CKO = D (noise), the attenuation data is output. If there is no new
neise control dats to be cutput (determined by checking dedicated CART RAM
lecation SAVE_CTRL), no control data {s sent out. Otherwisze, the new
contrel data is output and SEAVE_CTRL is updated.

INPVUT: nene

QUTPUT: through SOUND_PORT,
1) current freq and atn data is output to each tone generator, if
song/elfect on that channel is active
2) noise generator is sent current atn datz, and conmtrol datz, & new
3) modifies SAVE_CTRL if necessary
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FREQ_SWEEP

FREG_SWELP is used by SND_MANACER and special effects routines to craate
frequency sweeps. It oparates upon frequency data stored within & song data
area, and is normally called Oy SND_MANACER or a special effect routine) once
every VDP interrupt (14.7ms). The start of the data area (address of byte O

is passed in IX.

FREQ_SWVEELP assumes data has bean stored as follows (nimes which may be used to
desaride the various brtes or byte segments within the data ares are indicated;

see Figure I):

byte 3: the least significant 8 bits of that note's frequency P2 - M
byte & top 2 bits of that note's frequency: Bl = FO, %1 = Fi

byte S: NLEN - determines the note's duration:
1) if frequency is to be swept, NLEN = numbaer of steps in the sweep
2 to 2S5 (0 =) 258
2) if fized fresgquency, NLEN * 14.7 ms = duration of the note:
1 to 255 (0 ) 254)

brte 6. FPS | FPSV - fragquency sweep duration prescaler:
FPS = prescaler reload value: 0 to 15 (0 =) 16)
FPSV = temp storage nibble for FPS: init ROM value, 0 to 13 (0 =) 18
duration of sweep (& note) = [((NLEN-1) ® FPS) « initiz] FPSV] * 14 .7ms
duration ist step = {nitial FPSV * 1{.7ms
duration all other steps = FPS * 14.7ms

byte 7: FSTEP - frequency sweep step size: signed B bit number, two's
complement: | to 127, =1 to =128
if FSTEP = 00, frequency is not to be swept, but NLEN is decremanted

each time called

Parzzeter limitations:
1) In a frequency sweep, & "step” consists of a single fized {requency tone,

therefore, the minimum number of steps & {requency sweep can have is two
(otherwise the frequency wouldn't have “swept™).

2) If a note is to be frequency swept, FSTEP must not be 0.

3) The minizum length fixed {requancy note has NLEN = 1.

€ Mazimum NLEN 0, which is equivalent te 2354.

FREQ_SWIZP returns with the Z flag SET i the note (swapt or fized) is over,
RESET if the note is not over. (PROCESS_DATA_AREA decides that a note is over
when FREQ_SWEEP returns with the Z [lag seb)

INPUT: 16 Bit address of a song data arsa in CPU RAM

PASSED: in IX
DESCRIPTION: FREQ_SWEEP cperates upon frequency data within this song data ares

OUTPUT: 1) duration and sweep countars are decrementad
2) freq cdata in Bytes 344 is modified il note is freq swept
3) returns with Z flag SET if note over, RESET if note not over
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ATN_SVELLP

ATN_SVELP is used to create attanuation sweeps. It operates upen attenuation
data stored within 3 song dats area, and is normally called Oy
PROCESS_DATA_AREA or a special effect routine) once every VDP Interrupt
(16.7m8). The start ®f the data ares (address of byte 0) is passed in IX.

ATN_SWELP assumes data has been stored as follows ( see Figure 1)
byte 4 ATN - the MSN = ¢ bit attenuatien

byte &: ALEN ! ASTEP - no-gweep code or sweep length and step size:
1) 16 byte B = 00, ATN is not to be swept and countars aren'l changed
2 if byte 8 non zero, attenuation is to be swept:
) ALEN = number of steps in the sweep: | to 1S @ =) 18)
B) ASTEP = sweep step sise: 1 30 7, =1 to -8 (signed, 4 Bit two's
complament)

brte ¥: APS | APSV - attenuation sweep duration prescaler:
1) if attenuation Is not swept, byte ¥ is not used by ATN_SWELF
2 if attenuation is to be swept:
APS = prescaler relcad value: 1 to 15 (0 =) 10
APSV = texmp storage nibble for APS: tnit ROXM value, 1 teo 18 0 =) 18
duration of swept attenuation part of note =
CUALEN « 1) ® APS) ¢ imitial APSV] * 14.7 me
duration i1st step = initizl APSV ® 14.7ms
duration all other steps = APS * 14.7ms

Para=eter limitations:

1) In an attenuation sweep, & “step™ consists of & tone (swept or nob) played
at & fized attenuation level, so, the minimum number of steps an
sttenuation sweep can have is two (otherwise the attenuation wouldn't have
"swept®). Therefore, the minimum ALEN value is 2 (0 =) 16

2) If a note is to be attenuation swept, byte § must not be 00.

3) The absolute value of ASTE? must be ) = 1.

1f byte 8 is 00, ATN_SWEEP returns imzedistely with Z flag SET (the swaep is
svar ar thes note wie navar swepnt), and doesn't modify any counters. When a
sweep finishes, ATN_SWEZP seots byte § to 00 and retumns with the Z flag SET.

If a sweep is In progress, ATN_SWVEEP returns with the Z flag RESET. NOTE:
PROCISS_DATA_AREA decicdes that & note {s over whan FREQ_SWEZIP returns with I
set: the length of a note has nothing to do with when its attn sweep is over)

INPUT: 16 bit addzess of 2 song cata ares in CPU RAM

PASSED: in IX
DESCRIPTION: ATN_SVELP coperates upon frequency data within this song data ares

OUTPUT: 1) duration and sweep countars are decremented Uf sweep in progress
2) atn data in byte 4 is modified If note is atn rwept
3) RETs C SET, brte § = 0 if sweep s Over or nole wis never swept
RETs C RESLT U gweep in progress

13
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PROCESS_DATA_AREA

PROCESS_DATA_AREA (s called by END_MANACER. For an active data area (address
of byte 0 passed in I, PROCESS_DATA_AREA modifies the timers, sweep coumters,
frequency, and attenuation data by calling FREQ_SWVEEP and ATN_SWVEEP. I a note
finishes during the current pass through PROCESS_DATA_AREA, the next note in
the song is examined and its data iy loaded into the data area (calls
LOAD_NEXT_NOTE). Then, in order to maintain the song data area priority
structure, the CHEe | SCNCNO of the newly lcaded note is compared te the

CHe ! SONCNO eof the previous note: & there is a difference, UP_CH_DATA_PTRS ic

called to adjust the channel data ares pointers In response to the change
caused by loading the next note.

If the data arez g being used by & special sound effect, PROCESS_DATA_AREA
calls the sound effect routine whose address (s stored in bytes 1£2 of the data
ares (the actual address called s routine « 7: see discussion of special sound

eflects).

the datz 2ree is insctive, PROCESS_DATA_AREA returns lmmediztely (no
ccassing ocsurs).

"e
"~

b4

INPUT: address of dyte 0 of 2 song data aresa
PASSED: in 1X

CALLS: ATN_SVEEP, FREQ_SVEIEP, LOAD_NEXT_NOTE, UP_CH_DATA_PTRS, AREA_SONC_IS

OQUTEUT. 1) If active, modifies song dztz zrea's timer, freq, and atn data
2) loads the nesxt note's data when a note is finished
3) if special sound eflect routine using Zata area, calls it
¢ when necessary, updates the channel data arsa pointers
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LOAD_NEXIT_NOTE

Called by PROCESS_DATA_AREA and JUKE_BOX, LOAD_NEXT_NOTE examines the nert note
to be played in a data area (address byte 0 passed in 1D and moves its data

{nto the area. It fills in bytes (ea.g5.. to indicate swept or not swept) where
appropriate, based upon note type. If the next "note”™ is 2 special sound

effect, its address is saved in Drtes 182 and the addrass of the routine « 0 is

called, with the address of the nete to follow the effect passed in KL and

SONCNO passed in A. This will cause the special effect routine to save both

these values. Then, the special eftect rovtine « 7 is called, which allows the

routine to initialize the song data arss for the first pass through PLAY_SONCS.

(ses discussien of special sound affects)

Prior to moving tha nast nots dats, LOAD_NEXT_NOTE saves the dita arst's byte 0
(CH® ! SONCONOC) and stores the song inactive code (OFFK) thare. The last thing
LOAD_NEXT_NOTE does is restore byte 0, loading CH® with the CXe | SONCNO of the
new note (usually the same as the old note). If the new note is a special

sound effect, é2 is returned as the SONCNO part of byte 0.

INPUT: sddress of byte 0 of a song data zre:
PASSED: in IX

QUTPUT. 1) sets up song datz area with data from next note to be played

2) for nesxt note = special sound effect, calls the effect twice, first
with the address of the following note in the song and the seng's
SONCNO, and then once more to allow the effest to inttialize the
song dats ares

%) if nert note is "normal", loads CKe | SONGNO in byte 0 with
CHE ! SONGCNO of new note

§) retumns with byte 0 = OFFTH if song over, SONGCNO = &2 if next note is

2 sound effsct
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VUTILITIES

The following are O/ wtility routines, used by the main O/5 sound programs,
that may be of use to the cartridge prograimmer:

t2® AREA_SONC_I8 tst

The address of byfe 0 of & song data area is passed in IX. The song numbar of
the song using that area is returned in A (OFFH {f inactive). If & special
effect was using that area, 42 is returned in A and HL is returned with the
address of the special sound effect routine.

tR® UPATNCTRL tre

Ferform eingle byte update of the snd chip noise control register or any
attenuation register. IX is passed pointing to byte 0 of 2 song deta area, MSN
register C = formatted channel attenuation code.

*x UPFREQ ®=®

Perform double byte update of 2 scund chip frequency register. IX is pacsed
pointing to bytel of & song data area, MSN register D = formatted 'channel

frequency code.
L B B Q:CLSN LB 2 J

Without affecting the MSN, decrezent the LSN of the brte pointed to by HL. HL

resains the sime.
RET with Z flag set If dec LSN results in 0, reset otharwise.
RET with C flag set if dec LSN results in -1, reset otherwise.

trx DEICMSN Tew
Without affecting the LSN, decrement the MSN of the byte pointed to by ML. KL

rezains the same.
RET with Z flag set if dec MSN results in 0, reset otherwise.

RET with C flag set i gec MSN results in =1, reset otharwise.
te= MENTCOLSN o=

Copy MSN of the byte pointed to by HL to the LSN of that byte. KL remzins the
sime.

*re ADDE1G wu®

Adds § bit two's comple=ent signed value passed in A to the 14§ bit location
pointed to by HL. Result {(s stored in the 14 bit location.

ter PT_IX_TO_SzDATA ettt

A SONCNO is passed in B. PT_IX_TO_SzDATA retumns with IX pointing to the song
data arexr which is used by that SONCNO.
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waw UP_CH_DATA_PTRS sttt

UP_CH_DATA_PTM adjusts each channel data pointer to peint to the highest
priority (ordinal last) song data ares that uses that channel. It is called
whenever & change has been made to a song data arm that requires modification
of the channel data pointers.

All 4 channel data pointers (PTR_TO_S_ON_x) are initially poimted to 3 dummy
inactive area, DUM_AREA. Then, moving in order froem the first data area to the
legt, CHE in byte 0 of each datz area is examined, and the corresponding
ehannel data pointer is pointed to that datz area. Thus, by the time the

routine is done, each channel data pointer is peinting te the last active data
area that contains dats to be sent to that channel. If none of the active data
sreas used & particular channel, then that channel remains peinting to DUM_AREA
(and therefote ils genarator will Be turned off next ilsme through PLAY_SONCS)

ses LIAVI_EFFECT ®ee

LEAVE_EFFECT, called by a special sound effset routine when it's finiehed,
restsres the SONCNO of the song to which the effect balongs to BS - B0 of byte
in the effect's data area, and loads bytes ! & 2 with the addrecs of the next
note in the seng. The address of the ! byte SONCND (saved by the effect when

it was first called) is passed in DE. The 2 byte address of the next note in
the song, also saved by the effect, is pessed in KL. IX is assumed to be
pointing to byte 0 of the data area to which the song number is to be restored.
Bits 7 & 6 of the saved SONCNO byte are not stored into byte 0, and therefcre
may be used during the course of the effect to store any useful {lag
information.

SPECIAL SOUND EFFECTS
t Sound effects as notes within & song

Sounds which do not fit one of the sizx categories of “normal” musical notes can
be crezted and played throughout the course of & song as “special effect™

notes. Unlike noermal musical notes, which are stored in ROM as tables of
frequency/control and attenuation datz, 3 special effect's data are determined
algelrithmically by & custom routine written by the cartridge prograzm=er.

Special effect notes can also be used to generate sounds that could have been
comprised of many normsal notes, but which ate more efficiently Un terms of ROM
space used) computed by & short program.

Thess notes use the same song data area as the song within which they zre
contained, and they are stored in the song's ROM note list with a one byts
header as are normal notes. Howaver, the bytes following the ROM header do not
econtain data to be directly loaded Into the song dats 2rea. The header (see
Figure 2), which specifies the channe! upon which to play the effect (which is
usually the saze &s the channel used by the rest of the notes in the song), is
followed by a two byte address of & routine written by the cartridge programmer
whish will be called every 14.7ms by PROCESS_DATA_AREA. Whan called, this
special affect routine should compute datas values and store them at the
appropriate Jocations wilhin Lhe song data area. (In fact, many effect

routines may call the O/S routines FREQ_SVEEP eor ATN_SWEIP, which alse require
that data be ordered appropriataly wilhin & song data area) This computed data
will then be output on the next pass through PLAY_SONCS (assuming that this
song date area has the highest priority of any dataz ares using the sime

channel.
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Variables required by the affect which will net be output may be stored
whaerevar the programmer desires. Free locations within the song's data area
might as wall be used for effect variable storage, since the antire ten byts
area is reserved for the song anyway. If no free locations exist within a datas
ares, which would be the case if an effect required both frequency and
attenuation to be swept, the effsct can store the remaining needed variables
wherever convenient.

In erder to interact properly with the O/S sound routines, sach special effect
routine must conform to & certain format. A description of that format, and
how an effect interacts with the O/8 routines, follows:

WHEN AN ETFECT BECINS - Vhen lcading & new note, i LOAD_NEIT_NOTT sess that
the note to be loaded [s 2 special effesct:

1) It stores in byte O of the song's data ares the effect's CK# and & SONCNO of
62. BONCND = 42 is used later by PROCESS_DATA_AREA to detect the fast that an
effect is using the data ares.

2) It then takes the sddress of the special effect routine Usts's call it BT
from ROM and puts it into bytes 182 (NEXT_NOTE_PTR).

3 LOAD_NEIT_NOTE then calculates the ROM address of the header of the nest
note in the song, stores that address in HL, pots the song's SOCNCNO in A, and
cells BFI « 0. In every special effect routine at SFX ¢ 0, there MUST be the
following code which sives the two passed values (see Figure W)

§TX: LD (SAVE_x_NNP) KL
ID (SAVE_x_SONCNO) . A
RET
SrX«?: code {or sound elfect staris hare

-

whaere SAVE_x_NNP s a two byte location used by all the sound effect notes in
the current song to save the address of the nest note in the song, and
SAVE_xz_SONCNO is the address of a byte where the song number is saved. The
program=er may put SAVE_x_NNP and SAVE_x_SONCNO wherever desired, including
scmewhere within the song data area.

Thus, calling SFX ¢ 0 allows sach effect routine to save the nexzt note's
address and the song's SONCNO.

IST PASS THROUCK EFFECT - After calling SIX « 0, LOAD_NEXT_NOTE calls SFX « 7
for the first pass through the body of the routine. At this location, there

should be code which initializes the appropriate dytes within the song data

area, as the next pass through PLAY_SONCS, subject to Lthe data area priority
systom, will output this initial data in normal fashion.

As will be seen Delow, this same locstion (SFX ¢ 7 will be called every 16.7ns

by PROCESS_DATA_AREA to modify the data within the area. Therefore, the code
at STX « 7 must know which pass is in effect, so that the song data ares will

be initialized only on the first pass. A convenient way of doing this is te

test bit 7 of SAVE_x_SCONCNO, the byte which contains the saved song number.
On the Ist pass through the effect, bit 7 (and bit &) will de gero, since the
largest possible SONCNO (42) would not set this bit. If bit 7 {s gero, then,

code to inftialize the data arei can bDe executed and bit 7 reset to prevent re—
inftizlization. 1l.e.,
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$rI+7: LD ML,SAVE_x_SONCNO

BIT 7,040
JR NI, NOT_PASS_1!
SET 7, G ;to prevent further passes thru inits
“ e iinitialize bytes within the data arez here
RET ito LOAD_NEIT_NOTE
NOT_PASS_1: .... icode for pass I or greater starPts hare

PRIORITY UPDATE - After calling SFX ¢ 0 and SFX « 7, LOAD_NEXT_NOTT will retum
to PROCESS_DATA_AREA, which checks to see U lozding & new note has caused o
change in either the channel used by the song (this happens with ncise notes

within a musical song) or the song number. If a change has occured,
UP_CH_DATA_PTRS will be called, which updates the data pointers on the basis of
priority within the block of song data areas (see description of this routine

in the preceeding “UTILITIES™ section). Since a2 specisl effect note will czuse

4 change in the song number (from whatever it was to €2), UP_CH_DATA_PTRS will
always be called whenever an effect note 1s loaded.

SECOND PASS OR CREATER - The next time PROCESS_DATA_AREA is called (from
SND_MANACER), which will be 16.7ms after PLAY_SONCS has sent out the effect's
fnitial data, it will detect the fact that zn effect is using the seng data

ares (by seeing a SONCNO of 62) and will JUMP to SFX « 7, rather than calling

the frequency and attenuation sweep routines as it would for a normal note.

This will result in the first pass through the part of the body of the effect
routine that actually does computetion and adjusts the data values within the

dats area. When the effect routine has completed its modifications to the data
area and performs a RET, control i{s transferred back te SND_MANACER, which then
moves on to the next song data area to be processed.

This prozess will be repeated every 1é.7ms untll the effect routine itself
decides that it's ovar and takes action to load the next note in the song.

WHEN AN EFFECT IS OVER - Prior to performing a RET, the effect routine must
decide whether the effect note has finished. If it has, NEIT_NOTT_PTR within
the data area must be set to the address of the nest note in the song and
SONCNO must be restored to byte 0. This can be done by calling the O/5 routine
LEAVE_EFFECT which does this. The address of SAVE_x_NNP must De passed in KL
and the address of SAVE_x_SONCNC must be passed in DE. Finally, the effsct
should JUMP to EFXOVER, a location within PROCESS_DATA_AREA whith would
normally be reached once 4 note (s over. The code there takes care of loading
the next note in the song. Thus, the final code of each effect routine will

look as follows:

RET if effect not over

LD KL,(SAVI_x_NNP) ;KL :» addr next note in song

LD DE,SAVE_x_SONCNO ;DE = addr saved song number

CALL LEAVE_EFFECT ;to restore thexm to bytes 0 « 2 in datz ares

vP EFXIOVER ;in PROCESS_DATA_AREA to lcad scng's next note

The entire above described sequence is summarized in Figure 9.

* A sound effect as a single sound

A stand alone sound effect can be Implemented within the previously mentioned
structures simply By creating & single note song. The single note (s the eflect
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and would be tollowed by an end ef song cods (or repeat code {f you wish the
effect to Qo on foraver).

Many stand alene elfects may want te use more than one tone generator channel
e.g.. & special laser =4 that momentarily requires all three tone genarators,
o, 4s iz often the case, & white noise effect of particular sharacter that
requires the noise ehannal shift rate to be modified by channel three (see gt
data sheets). In thase cises, the effect's routine will have to modily data in
sevaral data aress whenever called. The song data areas used by such effects
are subjsct to the normal priority structure. £.¢g., U you wish & two channel
effact to temporarily overwrite the harmony and bass lines of repeating song.
the effect must have besn assigned two data aress of higher priority (ordinally
later in the block of song date areas). 1¢ it is not necessary to maintain any
endarlying sengs, &n effest can share dala afszs ts ssmsarve RAM space, with
the undarstanding that, as usual, songs oF gounds that share the sime seng date
ares truncate each other. A multi-channel effect (2 ahord note, siy) may be
included as & note within & song, but, again, the song data ares prierity
structure determines what will finally be heard.

Providing for & typical game's sound generatien neads might require eight song
data areas: four for an underlying, repeating song(s) (three areas for the
three tone generators and one for the noise genaratos used for percussion
notes), and four for higher priority, pecasional sound effects (which would
temporacily sverwzite the repeating songs, but truncate each othern).

* Psaudo code listings of main routines

The following two pages econtain pseudo code descriptions of most of the OIS
gouné routinaes. Scnme somputational details are not shown, sut all jumps,
calls, returns, pushes and pops are listed.

Terminology:
" u* is used as the assignzaent statement, and “(x)” means the contents of the

memory location pointed to by EX. where "xz" is KL, IX, etc.
The structure of each description s &8 follows:

t2e nime of routine *%°%
the value expected fof passed parameters uf any’

pseudo code description

of the routine, yninterrupted
by blank lines

RET

s



= INIT_GOUMD FER
ML ® seer 8¢ LET_OF_aND_ARDNY
B = sewher 8f BEng dats srems weed by guee

sel Ran word prR_TO_LET _OF _SN3_ANDRS o value passed in ¥
st WL t8 byte 0 1n 15T S8ag dals aress

B1 (ML) '® imacsiwe ade LBFTVW)

ML o mL ¢ 10

BIXI B1 tser B areas taariive)

(ML) ‘= emd 81 <all AFER Bee L}

lead all 4 channel data arsa peilsters wilth he
asdr 9f & owaey IBACLive AFes { BURARTA )

SAVE _CTRL = OFFN

ALL_OFT . tere of¢ all ¢ gesarniers direetly
LY

smasta I TN

2358 UP_CM_BaTa_PTES FES

PUSH IX 19 seve 1%

eet &l ¢ eh date Pire L0 & dueey, ieaciive aren
CALL PT_IX _TD _Si:DATA, sang [

\o0r

IF bgte § Lmgicates Lhe end 8¢ the Seng dR1X EFeES n o

IF ayte 0 1ACICALES &% RCLive APV
set ML 12 séérwst #f LALG APes's channel datz Peimier

(3 o , WL '® adér PTR_TO_§ _ON_0 4 (CHO thas ares 3 m

PUSH IX
PO® BC IDC ‘= addr byte 0 this srea)
ML) e £, tHLel! = B
CuplF
IX = IX ¢ 10
Cxplr
RCPLAT LOOP
DOWNE POP IX e resiere i3
RCT

FEz TONL _OUT xR

sez FREG_SMCT® =53
B » aedr byte § of & SBAQ GR%a ares

IF FSTCP & § sene L3 A8l 8 be Bwent

A = ELIN

KT &

RET I tleave L€ seve ever T flag SCT
WLEM = A (sisre datronented mLEX)
RET tnete ast sver, I flag FESET)

onelr

PUSH IX, POP ML [pt ML 8 byte "

ML :® ML ¢ sffusl wilhih G812 afee et TSV
CaLL BCCLSM te drtresent TPV

17 I 4lag SCT, FPEV has tined owt

CALL FENTOLEN L& relsas (441

a = NLEN

oT A

RET Z (leave 17 sweep Sver wilh 1 flag SCT
MLDM % A (sisre detrenenieg 118 « 1
peiss WL sp FRIR
A = FRTEP
CALL ARDE14 te add FSTDP e FRCE
BCSCT b4t 2 i b1 wyte FREQ
(in tane o€ sverflow fros addition!
gR OFTH s RESCT I flag

< 1342
"

gz aTw_SWiEP =%
IX » sedr byte 0 8¢ & tong $RLE Ere

BCT with I flag SET 1 byte E=0
(L ¢ , Sete ALA 8@l i85 be swess)
PUSM IX, POP WL (pt ML 18 byte o
KL @ ML ¢ sffsst within duia area of APSE
CALL DECLEN te decreseat APSY
IF 2 flag ST, APSV has tised sut
CALL WSKTOLSX sa relsad arsy
pt KL te ALDW (@ ef steps in sta sweep!
CALL BECLSN ta deeresest ALEM
IF I ¢lag RESCT, swerwp sel Sver got
ATN ‘s ATN ¢ ASTEP
14 b3t sdd, sverflow Lgnered)
R OFFN ta RESET T flag
CLST 2 flag is SLT (cweep iv sver!
bete B = 0 38 imdireve Swerp Bver
121344
ENEIF
RET

IX e (PTR_TO 5 Om 21, Lo, IX pie i3 byte 0 duia aren of seng far Dt

A set far Oxy OFF code
mon £ set for CHr satlensatios
nen D set for OMx frequency

IF area INACTIVE
tarn off Onx
cLsE
CALL UPATWCTRL (send swi atlensation)
CALL WPFRCL (send swi frequency)
Cupir
43

ess PY_IX _TO _SeBATA FE2
D = a sang mvaner

ML * gcar of LST_OF SaD_aRDR§

ML e W -2

BC e 4 ¥ S0wCw0

ML ‘m ML ¢ 3C (4 @ , WL mew peisiE L0 SxBATA's amiry ta LST_OF _SwE_ARRRS)
C ‘o (ML), D "= (WLeY) T

PUSH M

::: IX (IX ® aéér hgte 0 o€ Lhis seng’t €ats area)



Exs JUEC_BCX TRz
B = BONCHC L0 we SLRrVRG

PUSH XX
CaLL PY_IX_TO _SeMATA 11X goy)
rPOFr X
RET 47 song in progress
byte 0 ® SOmCMO
sey MIXT_METE_PTR us 1s1 wete 4a seng
CALL LOAD wCXT_wmOTY
CALL UP_CN_BATa_PTRg
RET

EE3 PLAY_SOWSS wms

BeL A far CNL OFF pade
Bet REN T for OMI attenwvatien
SeL REN B far ON1 frequency
IX ‘= (PYR_TO_$_OWw_1)
f3 e, Pt IX so byte ¥ sata arca of seng for Ox1)
CALL TOmC _ouT
seL A for D)2 OFT e
SPL RSN C dor OXI sjtenvaties
sel REN D Jor ON2 frecusney
IX = (PTR_TD_§_Om_2)
4 0, pu IX to byte § ¢ata aren of SEng fer D)
Call Towe _out
BeL A fur ON] OFF code
SeL REN T dor ON] attenvaties
Bt REN D for COMI froquency
IX = (PTR_TO_S_OW_3)
(2 o Pt IX e ayie 0 ¢miz aren of seng for SX2)
CALL TOwEC _OuT
Set A for THO OFT cour
0L ASN T fer OO attenuatiss
IX = (PTR_TD_§ _Ow_0)
f3 0 . pt IX 10 byte 0 ¢zta ores of geng for OHO)
IF ares INAZTIVE

tern af? N0
(48 14

CALL UPATNCTRL (sond rurrent ata)

Set LEW A far current cirl gata

IF evrremt ctr) qata €400 free last

relese SavE TRy
CALL UPATNCTRL (sond new esrl)

Explr
Cwpir
ey

EEX SMD_MANACCH B33

CALL PT_IX_TO _S:BATa, sang 01
Logr
RET 47 ond of sang date areas
CALL PRDCCSS _BATA_aRCa
PLIX 18 wyte © mest seng data area
RCPEAT LoOr

BEX PROCESS _DATA_4RCA EEm
IX » aeer byte # 0 2 S8Ay data ares

CALL amga_sowc 1%
RET 47 aren ImaCTIVE
IF SOwCNO o 42
P SFX4T (RET fres W)
Cxatr
CALL ATN_swCIP
CaLL Free_swcv
IF ante aver
CFXOVER  PushH SWe ! SOWCNT nete JusL wver
CALL LDal _wexY_wover
POP Txe ! SCNINT mere JERL pwer
IF Cxe @ SOWCND mowly londed agte not ®
CHe : SONTND smte Lust sver
CALL vP _Cn_BaTa_rreg
CxpIr
Cenir
T

EER LOAD _NCXT_NOTT Emx

IX ® aeer byse O 07 & sang data ares

byt 8 = Dwe (- I SDwCHD

ISFY = auer of & specinl offocs LLAT R B TP

PUSK § 5 ! SOWCNO (DM et pushed)
dontrtivaie ares lhyte § = FT)
A s (MEXT _NQTT _PTR) (hesser sew EDR agye)

CASE nonder sype of
Lirest
PUSKH honder of aow ROW apte
S0L MUXT MOTT _PTR fur agil me@te in eng
8 0., the ot 2f10r this sow sEte!
S8L bgtes in seng d2is sreac

ATN = ge¢

MLEW = 5 by rost durziiss

FSTEP @ 0 (1.0., ae #ren sweep!

ASTE? ‘e 0 (me ain sweep)

I mORBO
Zland a4 seng
IF end repent
POP BC (3 s pOMCNO)
CALL JUSE_BOX ta relsed 15t nets of Lhis sang
BET (e PROCCSS_BaTa_anga)
1434

PUSH tracrtive cade

IP mODRS

Ilepecial offoes:
POP 1Y (IY e 30NCM0)
PUSH IY o put SOMCHNO bact on ttarct
PUSH header sew R0% agye
ey MEXT MOTE_PTR, bytes 182, e SFX
faddress spocial offect rovting)
tet MU s OFX
ML '® ader mext mete i seeg
f4. 0, the note after Lhis new pffger setel
PUSH 1Y, POP AF (A ‘= SONCNO)
PUSH BC, POP IY (IY e §FX)
2 = PASEL, PUSH BE
dP 1IY), L.e., *CALL (IVI*, RET 1o Pass)
(SFX saves LONTND § 4dér mext msuel
PASS1  IY ‘= IT & T
BC = mODBC PUSH M
P IIYY, 1 e, CCALL (IT4TI®, RET e mODBG
(SFX+Y losen Loitial e¢fect dasal
éingrsal mmte:

CASC aote type

0INEXT _MOTE _PTR 'w gq» S8Ag S AXL mete
seve J bytes AOM nete deta 38 RAn
FETEP » 0 (ne fren cweep)

ASTEP o D (ne atn sweep!
JR mODB0

LINEXY NCTE_PTR ' a4 song's szt neve
seve 3 bgtes ACH Aste data e Aam
ASTIP » 0 (ns ain sweep)

ZINEXT _WOTE_PTR ‘w aur seng's Azt mess
Seve 3 hytes ROM nete data ty RAM
FSTEP = 0 (a0 freq sweep)

ELL ) 1)

JIMCXT _WOTE PTR 'w adr song's ary aese

sove 7 hgtes ROM asie ecin Lo Ram
ENECASE
ExDCASE

RODPE: PUSH IX
POP ML s peinmt 8 byte §
PO AF (A » heges” mow aAsVR)
POPF K (D = 0D
RET 47 honeor 10 tmmctive (1.9 Seng 18 ever)
IF header (s for & wpocinl offpey
B = 42, the SONCNT fer a1l effectr metes

eerr
bote B = OHO (fram heneer now antel ! SCOxlNT (free

ey



SxDATA

Description:

nusher

x. The song data areas MUST

FIGURE 1

Storage area for the various tisers and output data for song

be stored In a contiguous block of CPU Ranm

and the data area used by song nuaber one KNUST be the fifst data area in the
Song data area storage is mllocated according 10 Rddresses stored in
LST_OF _SND_ADDRS, & table stored in CART ROM.

Byte O of each data srea, in addition to giving CHE and song nusker, can
indicate two specinl conditions:

block.

byte 0 = OFFH:

songls) using this

dete areq mre {nactive

indicates end of song data sreas

If SONCNO = 62, the address of & special sound effect routine {8 stored in

byte O = QOH:
bytes 1 and 2.
Length {n bkytes: 10
Locasion: CPU RAM

Beginning address: pointed to by = 16 bit entry in LST_OF_SKD_ADDRS

Offser

! Contents H
! B7 B4 BS B4 B3 32 91 PO !

Description

0 i--sf:-l SONCNO !
i E_:::-:;; ef an ;dd:::s...:
2 E_:h: ;;; of an adéress...!
3oiRERERR
4 Esziszgz-cr ATNIO © FO ;;?
S B
¢ IR
D -
 ITERE TR
R N T I
DURATIONS:

fized frequency =

frequen

duraticon 1st step =

duratis
res:
FPSV:
NLEN:

Aattenuation gsweep =
duration 1st giep =
duration =ll others =

APS
APSY:
ALEN:

CYy Swetp =

n ell gthers = FPrS
0 to 1S (0 =) 14)

0 to 1S (C =) 14)

0 to 255 (0 =) 2354)

APS
0 to IS (0 =) 1§)
8 to 1S (Q =) 14}
0 to 15 (0 =) 14)

BT = 3é: scng channel number, 0 to 3
BS - 30: song number, 1 to 61
S5ONGNC = 62, snd effect adr in next 2 bytes

usually, the addr of the next note in song;
i¥ SONCGND = OFEH, this is the LS5B of the
addr of the special scund.effect routine

usuzlly, the zddr of the next note i{n song;
if SONCND = OFEH, this 45 the M5B of the
addr of the special scund effect routine

botton B bits of 10 bit freg data

if CHé = 0 (nocise): ATN | O FB SKIFT
i1 CHe = 1 ~ J (2ome!: MSN = 4 Li: ATN,
LSN = top 2 bits freg (0 O FO F1)

detersines duration of note:
14 €freq swept, = § of steps in the sweep
{f not, RLEN % 146.7es = durztion of note

freq gueep duration presczler:
FPS = prescaler relozd value
FPSV = teap FPS variable storage

fren sweep step size: 1 to 127, -1 tp -128
if FSTEP = 0, freq is not t0 be swept

ALEN = ¢ gteps in atnswp: 2 - 15 (0 =) 16)
ASTEP = gtep size: 1 t0 7, =1 10 -B
if whole byte = 00, atn not L0 he swept

atn duration prescaler:
APS = prescaler relcad value
APSV = teep APS varizhle storage

NLEN = 14.7as
COINLEN = 1) % FPS) 4 {nitial FPSVY = 14.Tes

initial FPSV 3 16.78s

CI(ALEN = 1) 3 APS) 4+ fnitial APSV] % 14.7nms
inftial APSV 2 146.7es



Note Header

Length in bytes: 1

Location:

} Centents

FICURE 2

begins each bloek of 1 to 10 bytes of note data in CART RrOM

Offset | 37 36 BS D4 23 32 B1 B30 ! Description

! CHe | 1! durats

EX% REST

14 37 = 1, hender describes 8 resgt:
B7 =36 = thannel nusher, 0 - 3
P4 - BO = durgtign, 1 to 3t

or, if IS = 0, header preceeds nOte data or is special {ndicasor:

er

or

REST DURATION =

t CHé | 0! 11 R! 0!

R T ——

! CHe ! 0! 0! 0! 1!

type !
0! 01
0!l 0t

duration: 1 to 31

$EX NCTE

note date follows:
B7 = Bé = channel nusher, 9 - 3
Bl = 30 = note tgpe, 0 =3,

ZXX END OF SONG / REPEAT S50ONG

i1 B4 = 1, end of song on channel 4n B7-3é:
if Bl = 1, repext song forsver

i7 31 = 0, dan't repeat

XE® SPECIAL EFFECT

this note is to be “played® by a spociczl

sound effect routine whose addr §s
contained in the following 2 bytes

duration % 14.7es



FICURE 3

LST_OF _SND_ADDRS

LST_OF_SND_ADDRS is a list of the starting addresses of onch
They are used by JUKE_BOX as scuree (note
Each song's entries are

Description:
song's <ats ares and nmote list.
list) and destination (song data areal pointers.
stored as follows:

Byte 1: LSB of the address of the start of that song's not® list
Byte 2: MSB of the address of the start of that song's aote list
Byte J: LS of the address of the start of that song's data area
Byte 4: MSB of the address of the start of that song's data ares

The beginning address of LST_OF_SKD_ADDRS (s stored in a2 dedicated CPU RAN 14
kit word, PTR_TO_LST_OF_SKND_ADDRS (xxxxM), allowing the cartridge prograsser to
place LST_OF_SND_ADDRS wherever desired.

NOTE: In other datz structures, six bits are allocated for the song nusber
(SONGNO). However, gsong numbers 0, 62, and 6] are used &5 special indicatars,
leaving song nuskers 1 - é1 availawle. Therefore, the First entry in

157 _OF_SND_ADDRS is for song number 1.

Length in bytes:
Location:
Beginning sddress:

4 % total ausher
CART ROM

sf soags

Descripticn

pocinted tec by CPU RAM word SLST_OF _SND_ADDRS

(xzxxH)
i Cantents {
! B7 B6 BS B4 B3 32 BL BO I
! LS3 |
! HS? {
H LSB !
! nsh !
! LS3 H
H ®SD t

of starting
song
auaber 1

of starting
song
nusher 1

of starting
song
nugsber

ef starting
song
nugher §

of starting
song
nucher 2

ef starting
song

adr of the

adr of the

gsdr 0f the

edr af the

adr of the

gdr of the

note list

note list

data ares

data ared

note list

dats nres

for

for

for

for

for

for

nusher n (n = totzl nusher of songs)



FICURE <
Rests

Length in bytes: 2
Lecatien: CART ROM
Beginning address: pointed to by bytes 182 in that song's data area

! Contents H
Dffset ! B7 B4 BS B4 B3 BZ 31 30 | Description

$4 37 = 1, header describes a rest:
0 | O | 1! duration | B4 = B0 = gduration, 1 to 30

REST DURATION = duraticn © 14£.7=¢
durztion: 1 te 30

Note Type O:
Fixed frequency, Fixed attenuaction

Length 4in bytes: 4
Location: CART RO™
Beginning address: pointed to by bytes 182 &n that song's CPU RAM data arez

! Contents !
Offser | B7 B6 BS B4 B 32 31 B0 | Description

3 I Ce¢ | 01 00 0! O 0! 0 ! header

i ! FZFIFL FS Fé FT FB F9 | least significant 8 bits of 10 bit ¥rg datz
2 H ATR 10 OFOFL ! ATK = & bit atn data, LSN = top 2 hits freq
I ! NLEN ! NLEN % 16.Tes = duration of note
NOTE DURATION = NLEN ¥ 14.7as

NLEN: § to 255 (0 =) 234)



Note Type 3:

swept frequency,

Length in bytes: ]

Location:

CART ROM

FICURE T

sBwepPpt attenuation

Beginning sddress: pointed to by hytes 182 4n that scng's CPU RAM driz ares

Dffger

"~

NOTE DURATION =
duration ist step ®
durztion all others =

- - ——

! Contents !
{ B7 B6 BS 34 33 32 31 30 | Description
o! 0: 8! 1 | header

! CHé | O 01

i ----- tzf--_-! 0 g-FD FL 1
D B
o ]
s
e W
T e

FPS

FPS: 0 to 1S (C =) 14}

FPSV:
NLEN:

ATN SWEEZP DURATION =
duration 1st step =
duration all others =

0 to 1S (0 =) 16)
0 to 255 (0 =) 234)

APS

APS: 0 to 1S (0 =) 14)

APSVY:
ALEN:

0 to 1S (0 =) 14)
0 to 15 (0 =) 16}

leest sig 8 bits of {nit 10 kit fre datz

ATN = init 2tn data, LSN = scp 2 bits freq

KLEN = nusber of steps in the sweep

freq sweep duration prescaler:
FPS = prescaler reload value
FPSV = initizl FPSV

freq sweep step size: 1 to 127, =1 to -128

ALEN = & steps in atnswp: 2 = 15 (0 =) 14)
ASTEP = step size: 1 to 7, =1 to =8
{f whole byte = 00, atn not %0 be Swept

atn duration presczler:
APS = prescaler reload value
APSU = {nitizl APSV

CUI(NLEN = 1) % FPS) 4 {nitial FPSVY % 16.7ns
initial FPSVU B 14 .Tes

CI(ALEN = 1) % APS) 4 {nitial APSVI ¥ 16 .Tas
{nitial APSV % 146.Taes



FICURE g

Noise nmnocews:
Special case Ttype Z notews

Length 4n bytes: S
Locatiaon: CART ROM
Beginning mddress: pointed to by bytes 182 in that song's CPU RAM daiz area

| Contants |
Offset | 37 D6 25 D4 33 32 Bl B0 ! Descriptisn

e V0 1 Q1 0! 01 0! 0! 11 0! hemder (CHE = 0, indicztes noise nste)

MEN ® 4 bit ncoise ATK data (init 4¢ swept)

1 ! ATN ! O FD SHIFT | LSN = noise econtral deta (SHIFT = NFD NKF1)
2 ! NLEN ! NLEK 2 14.7as © duration Qf note
——— —— ALEN = & steps {n atnswp: 2 = 15 (0 =) 14)
3 H ASTEP ! ALEN i ASTEP = gtep size: 1 10 7, =1 to =8
s if whole byte = 00, atn not to be swept

T s s sssee——=e= atn duration prescaler:

< : APS t APSV | APS = prescaler relcad value
————————— - APSU = tesp APS varizbhle storage
NOTE DURATION = NLEN % 16.7as

NLEN: 1 to 255 (0 =) 2%4)

ATN SUEEP DURATION = COGALEN = 1) 2 APS) 4 {nitizl APSV] £ 1&.7as
duration 1st step = initial APSV 3 14.7es
duration all gthers = APS

APS: O to 1S (0 =) 14}

APSV: 0 to 1S (0 =) 14)

ALEN: 0 to 1S (0 =) 14)



FIGCURE h

Dedicated cartridge RAM locations amnd
Speciml Effect format

Length 4in bytes: 11

Location: CPU Ra
Beginning address: TO20H

PTR_TO_LST_OF _SND_ADDRS DS Z ;pointer to start of LST_OF_SND_ADDRS

PTR_TO_S_ON_1 D5 2 ipointer to data area of song 10 be played on CHE
PTR_TO_S.ON_2Z DS 2 ipointer to datz area of song to be played on OHe 2
PTR_TO_S_ ON_ 3 DS 2 ipainter to data arez of song to bhe played on CHé 3
PTR_TO_S ON_ O DS 2 ipointer to datz aren of gong to be played on OH¢ O
SAVE_CTRL ps 1 ;LSN = laset contrel datz sent to noise generator

Special Effect forsat

All special effect routines should be written in the following forsat
(SFX = the addregs of the effect routine, stored in ROM after the effect's
header, IX {5 passed pointing to the song's data area):

SFX: LD (SAVE_x_NNP) HL ;save address of next note in song
LD (SAVE_x_SONGNO) A ;save song's SONCNO
RET ;to LDAD _NEXT_NOTE
SFX47: LD ML, S5AVE_x_SONGNO itest for ist pass through effect
BIT 7,(HL)
JR NZ,NOT_PASS_1
SET 7, (ML) ;to prevent further passes thru inits
sle0 ;indtialize bytes within the datz arez here
RET ;10 LOAD _NEXT _NOTE
NOT_PASS_1: ... icode for pass Z or greater wtarts here,

;which algorithaically sodifies freq, atn,
jor control sata within song data ares
5 ;peinted %0 by IX
RET (to PROCESS_DATA_AREA) if effect not over
;4f here, effect (s over, so restore SONCNO and addr nrxt note in song
LD ML, (SAVE_x_WNwP) ;HL = addr next note 4in song
LD DE,SAVE_x_S50ONCNO ;DE := addr saved song nusker
CALL LEAVE_EFFECT ito restore thes to bytes 0 = 2 {n <atz ares
JP EFXOVER ;in PROCESS_DATA_AREA to lcad scng's next note
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APPENDIX D
DIRECTORY OF COLECOVISION SUFTWARE BULLETINS

0001....000s90++ Colecovision Softuware Bulletin

0002...+v+v40vsse Error 4in Write_Vram Rovtine

0003...v00040++ 0S Bug = PTR_TO_LST_OF_SND_ADDR in wrong place
0004...+++44+.+ Technique = Turning off songs without going into the tadles
0005..¢:00ses+s Bug in 0S Activate routine '
0006.¢v¢v¢10s.., Release of Acdditional OS Entry Points

0007, v sssvsess Header:UTL

0008, ¢4 s ssevv.. Music Tables

0009000 BEEEEEEE Sorlqbir'd File

0010..¢cv0:e0e.. Interrupt Handling Rovtines

0011, 4+ ¢vsrers s Release of ColecoYision Pragrammer’s Manual Rev, S

0012, .+ ves 1 i . Corrections inRegard to Baljetin No. 0004«

0013..+.+0++.+ ¢+ Belease of Additjonal OS n%r] Points

0014.......”-. os SymbO'SReV.ﬂ.






BULLETIN NO. 0001
May 25, 1982

TO: DISTRIBUTION cc: Eric Bromely
Marshall Caras
FROM: DAVID HWANG Robert Schenck

SURJECT: COLECOVISION SOFTWARE BULLETIN

The Colecovision Software Bulletin has been set up to assist
Colecovision programming vsers to understand, maintain and develop

the system/application softuare.
More specifically, its purposes are:

(1) FPart of the continuing effort to document the cperating system
(currently 0S_7:08);

(2) Keep vsers vpdated regarding any patches and revisions of the
dperating system;

(3) Function as & vuser’s library for information exchange, Any
proven rouvtines or modules which can be used as tools to
facilitate software development will be properly documented here
with author(s) duly credited.






BULLETIN NO. 0002
May 2SS, 1982

TO: DISTRIBUTION €c: Eric Bromley
Marshall Caras
FROM: Z. SMITH/D, HWANG Robert Schonck

SUBJECT: ERROR IN WRITE_VRAM ROUTINE

WRITE_VRAM has a problem:

- It works as advertised for byte counts less than 100H and for byte
counts that are even multiples of 100H. For other values, it sub-~
tracts 1004 from the actual byte count that is written.

= Cartridge programmers should deal with this problem (and corresponding
problems it will cause in any 0S rovtine that writes VRAM, except for
WR_SPR_NM_TBL) by always sending numbers of bytes that are less than
or even multiples of 100H,

= They should not deal with it by padding their byte counts as this may
lead to cartridges that fail when the bug is fixed,






BRULLETIN NO. 0003
June 7, 1982

TO: DISTRIBUTION cc: Eric Bromley
Marshall Caras
FROM: Z. SHITH/D. HWANG Rebert Schenck

SURJECT: ERRCR IN OS SOUND PACKAGE

There is a bvg in the 0S sound software:

- The data structure PTR_TO_LST_OF_SND_ADDR, which takes vp 11 RAH
bytes, is not located in 0S5 RAM above 73BAH as it should be, but
instead has been placed in the cartridge programmer’s RAM at 7020H,
Cartridge programmers should avoid using RAM from 7020H thru 702AH
when the sound software is in operation,



.
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BULLETIN NO. 000S

6/18/82
TO: DISTRIBUTION cc: Eric Bromley
Marshall Caras
FRON: 2. Smith/D. HWANG Robert Schenck

SUBJECT: BUG IN 0S ACTIVATE ROUTINE

There is a bug in the 0S Activate rouvutine which surfaces when
Activate is called on a Semi-Mobile object in Graphics Mode 1,

In this mode, Activate writes the pattern generators for 2 Semi-
Mobile object to VRAM properly, but miscalculates the number and
placement in VRAM of the corresponding color bytes when operating
on generators in the upper half of the stable.

This leads to 2 problems:

= The upper half of the color table is not written by Activate,

- The color bytes intended for this half of the table are
written elsewhere in VRAM possibly overwriting some octher

table,

Cartridge programsmers should avoid vsing Activate to write
pattern generators to VRAM in Graphics Mode 1 whenever possible,
Or, if 1t is absolutely necessary te vse Activate in this way they
should count, first of all, on having to write the color table
separately, and second, on Quarding against the second problem
listed above by isolating the calor table.






T0: DISTRIBUTIDN

FROM: K. LAGACE/D,

MEANC

SUBJECT: RELEASE OF ADDITIONAL 0§ ENTRY POINTS
OS_SYMEOLS:0S REV. 1

BULLETIN MO. 0206
SEFTEMKEK 17, 1982

€ci  Eric Bremley
Kershall Caras
Rebert Schenck

byte.

MSMINSN I
!

T S T o 0 e ey s g T o oy

Roauie Name |AGaress | Descriprisn - - I Inpwts |- Ostputs | Regs. Destroyea ]
- | m————ena) |emecee |- | -—— -1
ADDB16 | 901B1H | Adas 8 bit signed number | - § bit ® 1n A | Altered 16 pit | AF,B
1 I in "A" te 16 D1t nvmder I = 16 bit ¢ addr | @ a4t ML adar, H
i | peinted te by "HL", | in HL ! |
! I ! i !
' ————] | | -l - ——
DECLSN | S019CK | Decrements LSN of byte I = 8 bit & addr. | Alterea 8 bit | A,F
! | peinted te by “HL® withewt| in ML | & av ML adar,
! I affecting MSN er °*HL". | | Z flag tf 8 1
' I | I C flag &4¢ =1, |
| I i 1 - -
YECASN | DO01P8H | Decrements MSN of byte | = 8 bit ¢ ader. | Altered 8 bit | AF
! I pointed to by *HL" witheut! in HL I & at ML ader. |
1 i affecting LSN sr *HL®*, I I Z flag {7 » |
I I I I C flag 4f -1 I
seenesces |ccccene= | - |- i | - -
JLSN I QUIALH | Cepies MSN of Byte pointed! = B bit ¢ addr. | MSNILSN of ¢ at) AF,B
! I te By “"HL® te LSN of thnat | in HL | ML sadr, Becsmes
I
|
|

e ———. | ——————— -



FOR SODUND USE ONLY

BULLETIN NO. $006
SEPTEMSER 17, ive2

- ! 1 c—memee|

ATN_SKEE?P ! QR12FM | Creetes attenvation sweeps! See Scund Users See Sevnd Users! A1)
| | by altering attenvatisen | Manwel Menwal |
' | data stered in seng dava |
| | area, ]
| e ) !

FREQ_SWEEP | BRCGFCH | Creates frequency sweeps | See Sevnd Users See Sovnd Users! all
| | By altering frequency datal Manweal Mansel i
| | stered in seng data areas. |

- | | - - -

EFXOVER | BCB2EEH | See Sewnd Users See Sewnd Users

See Sewnd Users! ALl 1
I 1
! !
|} !

- — | - |
LEAVE_EFFECT! B01DSH | See Seund Users
! I
! |

See Sevnd Users

T —— o - —— - — o ———

See Sewnd Users! ALl i
1 |
) H
i !

———————| -
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MENXNDORANDUMN

NO. J008
OCTOBER 27, 1982

T0: DISTRIBUTION cct Rebert Schenck
FROM: KMUSIC AND SOUND DEPT./D. HWANG

SURJECT: MUSIC TABLES

LST_OF _SND_ADDRS has formerly been used in 4ll games to dencte the
starting address of & list of pointers to song tables and weork
areas. This label will not be used in the future Qaemes. Insteid a
label with postfix °"NOTES® will be used.

For example, in the vpcoming games:

DONKEY KONG JR will vse KONGJIRNOTES
OMEGA RACE will use OMEGANOTES
GORF will vse GORFNOTES






REMODRANDUM

NO, 0009
OCTOBER 27, 1982

T0: DISTRIBUTION cc: Robert Schenck
FROM: MUSIC AND SOUND DEPT./D. HWANG
SURJECT: SONGEBIRD FILE

- - - - — - - ——————— -~ - -

Effective immediately all work pertaining te music and sounds will

be done in the SONGRIRD file. To play 2 song, & call to o descriptive
label, which is supplied by the music grouvp, will be used.

For example:

CALL  BELL_SOUND

Where BELL _SOUND is a global label in the SUNGRIRD file which will
contain all that is necesary to play that sound or song. This one
call approach is replacing the former procedure such 2s:

LD B,3 } THE SONG NUMBER
CALL  PLAY_IT

CALL  PLAY_IT

Within the SONG_BIRD file, song numbers will be EWUAT to descriptive
labels instead of vsing absoluvte numbers.



—— — —y - -— ———a
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KULLETIN NO. 11
DECEMKER 22, 1982

TO: DISTRIBUTION ce: Eric Eromley
J . Robert Schenck
FRUOM: ARD SOFTWARE ENGINEERING Do~ ka. = Marshall Caras
Tom Helmer

SUKJECT: RELEASE OF COLECOVISIUON PROGRAMMERS
MANUAL REV. S

. ——————————————— ————— - e - - —

The ColecoVision Programmer’s Manuval Rev, S hag bSeen released. This
manval is written for the applications programmer and is intended

as both & day-to-day reference source 2s well 2s a training document
for progrimmers new to ColecoVision,

This new edition contains the overview for both hardware and software,
Subsequently, detail descriptions are given in the areas of:

Graphics Generation Softuware
Interrupt Kandling

Timing

Controller Softuare

Seund Generation Softeare
Boot up Software and Utilities
Defined Reference Locations

The Rev. T manual pertains to the current prodvction 0S5_7. Fundamental
knowledge of the 0S5 is presented in the minuval without elaborating on
application examples and design approaches. These materials will be
documented in the proposed ColecoVision Applicarions Manval, schedvled
to be released in second querter 1983,

In the Appendix B you will find the graphics documentation (Rev, 1.0)
has been updated with addition of materials describing PUT_SPRIT and
PUT_CUMPLEX.

The Sound documentation also received uvpdates in the form of Notes and
Errata attached at the end of Appendix C.

User feedback should be addressed to the Manager of Software Engineering
of Loleco ARD, All acopted changes will be brought to yeur attention
via ColecoVision Evlletin announcements.

This manval is confidential and should not be copied., All releases
have to be signed out through the AKRD Engineering secretary S, kakowski.

DISTRIFUTION: C. Kaldyga K. Lagace
R. Dionne J. Michaels
A. Codfrey M. Minte
L. Cray A. Nguyen vt
C. Hager L. Olbrych CONF,DENT P
R. Harris D. Schulze
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WWDUSTRIES, INC.  sesASYLUMAVENUE HARTFOARD,CT. 08108 ol R78.0280

ColecoVision Software Bulletin

BULLETIN RO. 0012
March 17, 1983

TO: DISTRIBUTION l/
FROM: ARD SOFTWARE ENGINEERING -OLH )Z,P‘

RE: CORRECTIONS IN REGARD TO BULILETIN ®O. 0004

D R — -

—————

(1) The statement that "Sound Data Areas are off limits to
programmers® i{s not true.

(2) The "Null Song” method wastes CROM gpace. Writing OFFE to the
first byte of the song's sound area IS recommended.

Since the ColecoVision Operating System turns off sounds by placing
OFFH into the first byte of the Sound Data Areas anyway and changing
the data structures of the Sound Data Areas would entail changing the
cperating system. It has been proven that the above method is the
fastest and most direct way to abort sounds.

The "null song" method zay still be used, but each additicnal song

uses at least five bytes of CROM; four for the LST_OF_SND_ADDRS
and one for the END code.

DISTRIBUTION: CC: E. Bromley
R. Schenck

C. Baldyga K. Lagace C. M. Caras

R. Dionne J. Michaels T. Helmer

A. Godfrey M. Minto

L. Gray A. Nguyen

C. Hager L. Olbrych

R. Barris R. Rizzo

L. Henderson D. Schulze

R. Jepson D. Stern

D. Jonker D. Thompsen

B. Zawislak

CONFIDENTIAL






INDUSTRIES, INC.

Ia—m—h_‘

B4AS ABYLUM AVENUE HARTFORD,CT 08108 (RO 27B.02mp

ColecoVision Software Bulletin

TO: Distribution
D
FROM: ARD Software Engineering @lfffs

RE: Release of Additional ColecoVision 0OS Entry Points

Bulletin Wo. 0013
April 4, 1983

The following is a list of

OS ROM.
PX_TO_PTRN_POS
PUT_FRAME
GET_BKGRND
CALC_OFFSET

Attached i{s a brief descri

EQU
EQU
EQU
EQU

the entry points released.

DISTRIBUTION

C. Baldyga
R. Dionne

L. Gray

C. Bager

R. Barris

L. Henderson
R. Jepson

D. Jonker

K. Lagace

Michaels
Minto
Nguyen
Olbrych
Rizzo
Rochette
Schulze
Stern
Thompson
Zawislak

additicnal entry points to the ColecoVision

07E8E
08028
08¢88E
08coE

ption of the routines which correspond to

CC: E. Bromley
R. Schenck
D. Ewang
C. M. Caras
T. BEelmer
File

CONFIDENTIAL



Here &res the graphic subroutines which would be useful to
have access 10, along with a brief descripticn of what each one
does.

SEIEIEEIEIEIIINISSESSISSESSSETTIRISIISSISISIISEEISIIITEEESEITINSS

PX_YO_PTAN_POS (Pizel to pattern plane positionm!
(entry point zzxxzM)

This routine divides the 314 bit cigned value £n ths 3E
register pair by 8. An 8 bhit signed result fs returned in
register E.  Results of less than =127 are returned as -128,
results of greater than 41246 mre returned as +127.

If this routine i3 passed the Xlor Y) pirel ceordinate
positicn of 2 paint on the patsern plarne, the Xisr Y) coordinate
in pattiern positicns will be returned.

INPUT: DE = N (16 bit signed nusher)

DUTPUT: H/g ¢ -128 E = -128
-128 (= N/B (= 127 E = N/S
N/B ) 4126 E = +127

RECISTERS AFFECTED:

FLAGS

oE

TZIIFIIIIZESEICTLIISSSS SIS ITRLIISSITSTLSITISSTISTIITTIITTIIZS

PUTFRANME

Centry point rexzh) CONFIDE!

PUTFRAME moves data fros cpu RAM to the Pattern Nase Table
4n URAM. The data it assused to be an array of Pattern Cenerator
Nusets which when soved to the Pattern Nase Table, will produce &
rectangular graphic, or frase, cospcsed of the patterns specified
by these Pattern Cenerator Nases. The array sust be arranged in
row sz jor order.

The disensions of array are passed to the routine in the BC
register pair, These dinensions alsc define the height and width
(4n pattern plane positicns) of the frase when displayed.

The upper left corner of the frase will appear sn the
pattern plane 2t a position desersined by Y_PAT_POS and X_PAT_POS
whith are paised n the DE register pair. Y and X_PAT_POS are
row and ctolusn coordinates {n pattern plane positions as seasured
froe the upper left corner of the pattern plane. Y &nd X_PAT_POS
are interproted as B bit signed values and, therefore, the corner
ef the frase say placed anywhere within or sutside the boundaries

A

i . -!.



of the pattern plane. Therofore, the frame ftself say be placed
partially off screen {n any direction.

The HL register pair aust contain the address of the start
of the array of pattern nases.

INPUT: HL = Address of array {a CPU RANM

®= Y diaension of array and Y_EXTENT of frame
= X disension of array and X_EXTENT of frase
Y_PAT_POS of upper left corner af frase
X_PAT_POS of upper left corner of frzee

MoNw

SUTPUT: Modifies VRAM naae¢ table
RECESTYERS AFTECTED:

All registers used

Ac an exasple, if an array exists in CPU aepory space which lootks
1ike...

ARRAY: DB 0,1,2,3,4,%

and the first six pastern generaturs in VRAM have heen
initialized with the following patterns...

Pattern Cenerator ¢ Crephic

Nartuprmo
TMOOW»

Then the following cade sequence. ..

LD HL,ARRAY
Ltd 9,2 ;B = Y_EXTENT
Lp ¢c,3 iC :® X_EXTENT
LD 0,2 iD e Y_PAT_P0S
LD E,-1 iE = X_PAT_pOS

CALL PUT_FRAME
will produce this display...

0 X_PAT_PDS =)
YPAT_POS . . L. L. L.
V 0. .o

CONFIDENT"AL

(diagras of upper lefy corner of pattern plane)



Note: Fatterns A and D gre not seen, since they would be to the
lefs of the left-hand edge of the pattern plane.

'llltllt8!3888!!3!!3‘33!8!lttllll!tl!l‘8!!3'3!‘88'33'88!l!ttl!llt

CET_BICRND
(entry point xxxxM)

This routine 48 the dnverse ©f the PUT_FRAME routine
described sbove. CET_BKRCRND soves an array of nases fros the
pattern name table in VRAM {sip CPU RAM. The disensions cf the
arrey end the position of the upper left corner of the frase it
defines, are passed 32 the rsutine in sase senner s in
PUT_FRAME. The nases are scved 2 the locztion in CPU RAM
specified by the contents of the HL Fogisier pair.

17 pert of the frase extends beyond the pattern plane, the
neees that correspand 30 positions which are not 0N the pattern
plane will not be defined.

INPUTS: HL = Destinaticn address in CPU RAM to which
rases will be soved

Y_EXTENT of frzae

X_EXTENT of frame

Y_PAT_POS of upper laefi corner asf frzee

X_PAT_P0S of upper left ccrner af {rese

mouow

DUTPUTS: CPU RAM fros KL to HL41B2C)=1 filled with nzses
{roe pattern nase tabkle

RECISTERS AFFECTED:
All registers used

8!!2838!l!l!!lll‘ltl!t!!3333838!38813lt‘l!lttlt!!!tlll!‘ttl!ll!88

CALC_OFFSET
fentry point xzxxH)

This routine calculates the offset fros the start of the
pattern nase table corresponding to a patiern plane position
specified by the coordinates Y_PAT_POS =nd X_PAT_POS.

The coardinates are passed to, and the result is passed back
in the DE register pair.

INPUTS: D = Y_PAT_POS
£ = X_PAT_PODS

OUTPUTS: DE = Offset from stert of pattern nase t2ble

RECISTERS AFFECTED:
FLACS
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1 APPENDIX E
4 JUMP TABLE
PLAY_SO5CS 1761
s aCTIvaTEP 1Fes
PUTORJ? 1rey
REFLECT_VERTICAL 1Wea
6 REFLECT WURIZONTAL 176D
ROTATE _¥¢ 1r7e
Daaeci w73
7 CUNTROLLER ST 1%
DECODER 1r7e
cant_oP v 1F7C
LOAD_aSCII V4.3
8 FlLL_vaan 1F82
ROBE_1 1res
UPDATE _SP TaviR 1Fes
9 [NIT_TarLEP \Fan
CET_VRane 1FeC
PUT _veam 1rey
xo INIY_SPe_QaDLRP 1798
we_SPR_wn_TRP 1ry?
INIY_TIncRP 159
u FREE_SICWaLP 4l
REQUEST_SICeaLP 1Fae
TEST_S1inaLy 1Fa3
l2 S ITE_RECISTERP 1ras
WRITE veanw irav
READ _vRam’ 1Fac
18 (N1T_wRITCRP s
SOuRd_IM1TP 1FB2
PLAY_ 1T 1733
INIT _Tam £ 1Fe8
1 CET_Vian 173D
PUT Wan 1FE
In17_s»e_oaver 3
15 NE_SPR_mm TR, 1rCa
IMIT_TINER we?
FREL_SICxal 1Fca
:6 REQUEST _SICwat 14" )
TEST_S1Gmad, 1F30
TIRG _nCR 1FD3
17 TUukk_OFF_JOUND 1506
walTE_2(CISTIR \FD®
READ_RELISTER 1FBC
18 WRITE \Vean \FOF
STAD_vean 1ree
[N1T7 _waITER \FES
lg weiTER IFED
POLLER IFEs
souwd_In1T 1IFEE
20 PLAY _IT 1rry
SOuUNd_RaN 1FFa
AaCTIVATE \rey
21 PUTORS 1rFa
fand _CIn IFry
22
23
24
25



Christina:Desktop Folder:CPM:appendix e:appendix_e.txt Page 1 of 1

Saturday, November 24, 2001 Printed: 10:35:40 AM
PLAY SONGS 1F61
ACTIVATEP 1F64
PUTOBJ 1F67
REFLECT VERTICAL 1F6A
REFLECT HORIZONTAL 1F6D
ROTATE 90 1F70
ENLARGE 1F73
CONTROLLER SCAN 1F76
DECODER 1F79
GAME_OPT 1F7C
LOAD_ASCIT 1F7F
FILL VRAM 1F82
MODE_1 1F85
UPDATE_SPINNER 1F88
INIT TABLEP 1F8B
GET VRAMP 1F8E
PUT_VRAMP 1F91
INIT SPR_ORDERP 1F94
WR_SPR_NM_TBLP 1F97
INIT TIMERP 1F9A
FREE_SIGNALP 1F9D
REQUEST SIGNALP 1FAQ
TEST_SIGNALP 1FA3
WRITE_REGISTERP 1FA6
WRITE_VRAMP 1FA9
READ VRAMP 1FAC
INIT WRITERP 1FAF
SOUND_INITP 1FB2
PLAY ITP 1FB5
INIT TABLE 1FB8
GET_VRAM 1FBB
PUT_VRAM 1FBE
INIT_SPR_ORDER 1FC1
WR_SPR_NM_TBL 1FC4
INIT TIMER 1FC7
FREE_SIGNAL 1FCA
REQUEST_ SIGNAL 1FCD
TEST SIGNAL 1FDO
TIME_MGR 1FD3
TURN_OFF_SOUND 1FD6
WRITE_REGISTER 1FD9
READ REGISTER 1FDC
WRITE VRAM 1FDF
READ VRAM 1FE2
INIT WRITER 1FES
WRITER 1FE8
POLLER 1FEB
SOUND_INIT 1FEE
PLAY IT 1FF1
SOUND_MAN 1FF4
ACTIVATE 1FF7
PUT_OBJ 1FFA

RAND GEN 1FFD
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1 APPENDIX F
2 0S SYMBOLS
3
ACTIVATE EQU O01FF7H ; 0S:08
4 ACTIVATEP EQU 01F64H 3 0S:0S
ADDB16 EQU 001B1H 5 0S:08
5 AMERICA EQU 0006%H 3 0S:08
ASCII_TABLE EQU 000&AH } 0S:0S
-] ATN_SWEEP EQU 0012FH i 0S:0S
CARTRIDGE EQU 08000H 3 0S:0S
7 CONTROLLER_MAP EQU 08008H } 0S:0S
CTRL_PORT_PTR  EQU 01D43H
8 DATA_PORT_PTR  EQU 01D47H
DECLSN EQU 00190H } 0S:08
- DECMSN EQU 0019BH ; 0S:08
DECODER EQU 01F79H 3 0S:0$
10 DEFER_WRITES EQU 073CéH. } 0S:0S
EFXOVER EQU 002EEH 3 0S:0S
1 ENLARGE EQU 01F73H } 0S:0S
ENLRG EQU 01D&CH } 0S:0$
12 FILL_VRAM EQU 01FB2H 3 0S:0S
FREE_SIGNAL EQU DIFCAH 3 0S:08
13 FREE_SIGNALP EQU 01F9DH 3 0S:0S
FREQ_SWEEP EQU 000FCH } 0S:0S
14 GCAME_NAME EQU 08024H ; 0S:0S
CAME_OPT EQU 01F7CH } 0S:08
15 GET_VRAM EQU 01FBEH ; 0S:0S
GET_VRAMP EQU 01FBEH } 0S:08
16 INIT_SPR_ORDER EQU 01FC1H } 0S:08
INIT_SPR_ORDERP EQU 01FP4H 3 0S:0S
17 INIT_TABLE EQU 01FB8H } 0S:08
INIT_TABLEP EQU 01FBBH ; 0S:08
18 INIT_TIMER EQU 01FC7H 3 0S:0S
INIT_TIMERP EQU 01FPAH } 0S:0S
19 INIT_WRITER EQU DIFESH ; 0S:0S
INIT_WRITERP EQU 01FAFH 3 0S:0S
20 IRQ_INT_VECT EQU 0B01EH 3 0S:0S
LEAVE_EFFECT EQU 001DSH 3 0S:0S
21 LOAD_ASCII EQU 01F7FH 3 0S:0S
LOCAL_SPR_TBL EQU 08002H } 0S:0S
22 MODE_1 EQU 01FB8%H } 0S:08
MSNTOLSN EQU 001A&H 3 0S:08
23 MUX_SPRITES EQU 073C7H } 0S:0S
NMI_INT_VECT EQU 08021H 3 0S:0S
24 NUMBER _TABLE EQU 0004CH 3 0S:08
PLAY_IT EQU 01FF1H 3 0S: 08
25 PLAY_ITP EQU 01FESH } 0S:0S
PLAY_SONGS EQU D1F61H } 0S:0S
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POLLER EQu
PUTOBJ EQU
PUTORJP EQU
PUT_VRAM EQU
PUT_VRAMP EQU
RAND_GEN EQU
RAND_NUM EQU
READ_REGISTER EQU
READ_URAM EQU
READ_VRAMP EQU

REFLECT_HORIZON EQU
REFLECT_VERTICA EQU
REQUEST_SIGNAL EQU
REQUEST_SIGNALP EQU

ROTATE_90 EQU
RST_10H_RAM EQU
RST_1BH_RAM EQU
RST_20H_RAM EQU
RST_28H_RAM EQU
RST_30H_RAM EQU
RST_BH_RAM EQU
SOUND_INIT EQu
SOUND_INITP EQU
SOUND_MAN EQU
SPRITE_DRDER EQU
STACK £QU
START_GANE EQU
TEST_SIGNAL EQU
TEST_SIGNALP EQU
TIME_MGR EQU

TURN_OFF_SOUND EQU
UPDATE_SPINNER EQU
VDP_MODE_WORD  EQU

VDP _STATUS_BYTE EQU
WORK _BUFFER EQU
WRTTER EQU

WRITE_REGISTER EQU

WRITE_REGISTERP EQU
WRITE_VRAM EQU
WRITE_VRANMP EQU

WR_SPR_NM_TBL EQU
WR_SPR_NM_TELP EQU

corY

01FEBH
01FFAH
01F&67H
01FBEH
01F71H
C1FFDH
073C8H
01FDCH
Q1FE2H
01FACH
01F&DH
01F6AH
01FCDH
01FAQOH
01F70H
0B00FH
08012H
08015SH
08018H
0801BH
0800CH
01FEEH
01FE2H
01FF4H
08004H
073E9H
JEOUAH
01FDOH
01FAZH
01FD3H
01FD&H
01FBEH
073C3H
073CSH
0B00&H
01FEBH
01FD9H
01FASLH
01FDFH
01FAPH
01FCAH
01F?7H

W e N N e W e W WS N W e e W e W e e e W el W e e e N e W e W s e e e e

e N e e e e e

Page 2

0S:08
0S:0S
0S:0S
0S:0S
05:0S
0sS:0S
£S: 08
0s:08
0s:08
0s:0S
0S:0S
0S:0S
0S:0S
0s:0s
0S:0S
0S:0S
0S:0S
gsS:0s
0S:0S8
0s:0s8
0S:08
0S:0S
0S: 0S8
0sS:0S
0s:0S
0S:0S
0S:0S
0S:0S
0S: 0S8
0S:08
0S:0S
0S:0S
0sS:0S
0S:0S
0S:0S
05:08
0S:0S
0S:0S
0S:0S
0S:0S
0S:08
0S: 0S8
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: ELB ACTIVATE }  0S:0S
GLB ACTIVATEP y  0S:0S
2 GLE ADDE16 }  0S:0S
GLB AMERICA }  0S:0S
3 GLR ASCII_TAKLE }  0S:0S
GLE ATN_SWEEP }  05:08
4 GLE CARTRIDGE }  0S:08
GLB CONTROLLEK_MAP ;  0S:0S
5 GL3 CTRL_PORT_PTR
GL2 DATA_PORT_PTR
& CLB DECLSN ;  ©5:08
GLE DECMSN } 0S:0S
7 GLB DECODER }  0S:08
GLB DEFER_WRITES }  0S:0S
8 GLB EFXOQVER 3 0s:10S
GLB ENLARGE }  0S:08
9 GLB ENLRG ;  0S:08
GLB FILL_VRAM }  0S:0S
10 GLB FREE_SIGNAL ;  BS:08
CLB FREE_SIGNALP ;  0S:0S
1 GLB FREQ_SWEEP }  0s:0S
CLE GAME_NAME 3 0S:0S
12 GLB GAME_OPT ;  05:08
GLB GET_URAM }  0S8:0S
18 GLB GET_VRAMP ;i  0S:08
GLB INIT_SPR_ORDER 3  ©S:0S
14 GLE INIT_SPR_ORDERP ;  0S:0S
GLB INIT_TABLE }  0S:0S
15 GLB INIT_TABLEP ;  0s:08
GLE INIT_TIMER ;  0S:0S
16 GLB INIT_TIMERP }  0S:08
GLE INIT_WRITER }  0S:08
17 GLB INIT_WRITERP }  0S:0S
GLB IRQ_INT_VECT ;  0S:0S
18 GLB LEAVE_EFFECT }  0s:0S
GLB LOAD_ASCII }  0S:0S
19 GLB LOCAL_SPR_TBL 3 0S:0S
GLB NSNTOLSN }  0S:0S
20 GLB MODE_1 §  0S:0S
GLB MUX_SPRITES ;  0S:0S
21 GLB NMI_INT_VECT }  0S:0S
GLB NUMBER_TABLE }  0S:0S
22 GLB PLAY_IT } 0S:08
CLE PLAY_ITP }  0S:0S
23 GLB PLAY_SONGS ;  0S:0S
GLB POLLER }  0S:0S
24 GLB PUTDBJ } 0S:0S
CLB PUTOEJP }  0S8:0S

25
26
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1
2 GLB PUT_VRAM ; 0S:0S
GLB PUT_VRAMP } 0S:0S
s GLB RAND_GEN } 0S:0S
GLE RAND_NUM } 0S:0S
4 GLB READ_REGISTER } 0S:0S
GLB READ_VRAM ; 0S:0S
s GLB READ_VRAMP } 0S:0S
GLB REFLECT_HORIZON 3} os:0s
5 GLB REFLECT VERTICA 0S:0S
GLE REQUEST_SIGNAL 0S:0S
o GLE REQUEST_SIGNALP 0S:0S
GLB ROTATE_30 f 0S:0S
e CLB RST_10H_RAM } 0S:0S
GLE RST_1BH_RAM } 0S:0S
GLE RST_20H_RAM ; 0S:0S
9 GLE RST_28H_RAM ; 0S:08
GLB RST_30H_RAN } 0S:0S
10 GLE RST_BH_RAM ; 0S:0S
GLB SOUND_INIT ; 0S:0S
ua GLE SOUND_INITP ; 0S:0S
GLB SOUND_MAN ; 0S:0S
12 GLB SPRITE_ORDER }  0S:08
GLE STACK ; 0S:0S
3 GLE START_GAME ; 0S:08
GLB TEST_SIGNAL ; 0S:0S
14 GLB TEST_SIGNALP ;  0S:08
GLB TIME_MGR } 0S:0S
15 GLE TURN_DFF_SOUND };  0S:0S
GLB UPDATE_SFINNER 0S:0S
16 GLE VDP_MODE_WORD ; 0S:0S
GLB VDP_STATUS_BYTE ; 0S:0S
17 GLB WORK_BUFFER 3 0S:0S
CLB WRITER ; 0S:0S
18 GLB WRITE_REGISTER } 0S:0S
CLE WRITE_REGISTERP } 0S:0S
15 GLB WRITE_VRAM } 0s:0S
GLE WRITE_VRAMP ; 0S:0S
20 GLB WR_SPR_NM_TBL 3 0S:0S
GLB WR_SPR_NM_TBLP 0S:0S
21
22
23
24
25

26
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1 APPENDIX G
< TIMING SOFTWARE DATA STRUCTURE
5 Table Name:
4 TIMER_TASLE
5 Description:
6 4 variable length fable located in CRAM which
consists of an array of three byte entries.
7 Each entry represents 2 time request,
8 Access Meathed:
9 Pointed to by IIME TABLE BASE.
10 Forma¢:
11 Zach entry appears as:
12 7 6 5 4 3 2 1 0
D] R] F] E] LT U] UJ U
13 a
a
14
Where:
15
D: Done
16 R: Repeat
FP: Free
17 E: Last _Timer In Table
L: Long
18 U: Unused
2: Counter Byte or pointer to a four byte
IS block for long-repeating timers
20
21
22
23
24
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Appendix G (continued)
Notes:

Done Bi¢:

Repeat Bit:

Last_Timer In Table Bit:

Long Bi¢:

e —
—

This bit is set when the counter has
Tinished.

This bit is set to ellow TIME KGR to
restart the counter at its original
value.

This bit is set to signify that the
timer is not in use.

This bit indicates the last inicialized
timer in the table,

This bdit defines the timer type.

0 - Short timer
1l = Long timer
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ADDE16
CONT_SCAN
DECLSN
DECMSN
DECOORR
ENLARGE
FILL_VRAM
FREE_SIGNAL
GET_VRAM
INIT_SPR_ORDER
INIT_TASLE

INIT_TIMER
INIT WRITER

LOAD_ASCII
MOOE_1

mswTOLSN
PLAY_IT
PLAY_SONGS

UTORY
PUT_VRAM

READ_REGISTER
READ_VRAM

REFLECT HORIZONTAL

REFLECT VERTICAL
REQUEST_SIGNAL
ROTATE_50
SOUND_INIT
SOUND_MAN
TEST_SIGNAL
TIME_MGR
UPDATE_SPINNER

WRITE_REGISTER
WRITE_VEAM
WR_SDR_NB_THL

*x

X X X X =

K X X x x

x x

® X X x %

M N X xX|x

APPENDIX H

OS SUBROUTINE LIBRARY

c

INPUT REGISTERS

A

M NN R

® X X x

DESCRIPTION
Iy

Moves pattern and color generator te VRAM

'Mkh 8-bit signed (A) to 16-bit unsigned (HL) . (ML)

vsnm controller port data to CRAM

.mu lesst significsnt nibble pointed to by (HL)

Decrenents most significant nibble pointed te by (HL)

Calls COUNT_SCAN

.bodalo the size of the original object

4ltnm 3 value DE times to VRAM

.ulnm a timer to the free list based on SIGNAL NUM
X Copies VRAM table entry to CIAM

Initializes SPRITE_ORDER data with zeros

Initializes the VOP table address for given table

initializes tiner data areas

Initislazes queue size, head and tail addresses to the
beginning of the buffer, and head and tail te zero

V'nnu ASCII generator set to pattern generator table
Sets VDP to graphics mode 1 and sprite size 0

| (EL) . Dbyte MSN to (HL) . byte LSN

Called to start a sound

Saven £ and

ion data to sound chip

Reads, decodes and debounces all active portions of the
controlless

Changes an cbject's frame or location on the display
X Seves data from CRAM to VRAM table
16-bit p o d b tor

Reads and returns the contents of the VDP register

Roads from VRAM writes to buffer in CRAM
Reflection of generators arround horizontal axis
Reflecticn of generators arround vertical axis
Sets up 3 timer for the caller

90-degree clockwise rotation of generators
Initializes various socund data azeas

Called every VDP interrupt, manages sound data aress
Tests for a time-cut of & timer

Maintains sll O5 software timers

Processes controller spinner switch interrupts

| Performs deferred PUTORJ cperations

rwuuo a value to & selected VDP register

Saves data from CRAM to VRAM

Saves local sprite data to VRAM sprite attribute table

SECTION

3.3.3
9.1
5.4
9.2
9.3
6.3
3.2.2.4
3.1.%
5.0
3.2.1.2
3.2.3.1

3.2.1.2

5.4

2.6
3.a.6

8.4

7.3
7.5

6.2

3.3.4

3.2.1.3

9.5
3.1.3
3.1
3.2.2.2

3.2.2.1

5.6
3.2.2.3
7.2

7.4

8.7
5.5
6.5
4.2
3.1.4
3.1.2
3.2.3.2



.
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1
2
4 SECTION VII
< BOOT-UP SOFTWARE
5
8.1 Power=Up Procedurs
6
S
s begin (#run from 0%)
0 set up stack_pointer
(®*power upt)
10
if cartridge type = test

11

execute the code at starting address
12

found in location B800AH
13

else

14
s disable sound chip
l
5 init random number generator
1

init controller buffer areas
17
g defer writes = false

mux sprites = false
1S

(#display logot)
0

f£111 VRAM with O's

21
" set up VDP to mode 1
&
ng load ASCII generators
24
15
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1 load logo generators

2 load logo names

5 load logo colors

4 enadble display

3 il cartridge = game

6 isplay logo and game name

7 wait 12 seconds

8 disable display

9 execute the code at starting
10 address found in location 800AH
11 else (%*cartridge not present®)
12 display log and "insert cartridge"
13 message

14 wait 60 seconds

15 disable display

16 soft halt

17 endif (¥cartridge = game®)

18 endif (®cartridge type = test¥)

19 end (¥run from 0%)
20

21
22
23
24
25 |
26
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1

2 8.2 Title Screen

3

4 During the power-up process, the boot-up software will

5 look for an ASCII string of characters at Cartrlidge ROM
6 location GAME NAME for display on the logo screen.

7

3 The following information should be in the stiring:

0 " 1 Cartridge title with trademark (T=1ZH, M=1FH).

10 2. Original licensor of the game.

1 3. The year the cartridge is released.

12

Example:

13

14 DEFB "DONKEY KONG JUNIOR",1EH,1FH

15 DEF3 /PRESENTS NINTENDO'S/1983"

16

17 Zach string is delimited by & slash (/). The first two
18 strings are limited to 28 characters and the last stiring
19 is four characters.
20

9] 8.3 Cartridge Present Identifier:
22

'S All cartridges must stcre OAAH at locatlon 8000H for the
24 0S to recognize them as cartridzes that require 1080
25 display.

16
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The 0S will initialize portions of the hardware, select
data areas, display the logo screen and then pass

control to the cartridge program.




APPENDIX I: CHARACTER ROM PATTERN GENERATORS.

This section of the manual was missing in the copy I worked
from. I have restored its probable appearance by dumping the
pattern generators directly from the 0S-7 ROM on my R80 ADAM
computer. The binary data was transferred to my Tandy 2800HD
laptop computer, and a MicroSoft BASIC program used to create EGA
pictures of the character patterns, which were then printed out
on an HP LaserJet III laser printer.
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PLAY_SOsCE
ACTIVATYP
rUTCRIP

REFLECT vErTICAL

REFLEC T WoR 1ZOMT AL

ROTATT_¥8
EmLan
CUNTROLLER_BCax
DECODER
cang_ory

LOAD aSCII
FILL_vEan
mode 1
UPDATE & Tieeia
INIT_TAREP
CET_mane
PUT_veaw
INIT_SPR_OfDiRp
we_SPR_wR_TR
INIT_TImcRp
FRET_BICHaLP
REQUEST SICMaLP
TEST_S1ixaLr
WhITE_REGISTERP
WRITE _viame
SEAS_USARr
I(nIT_waITCRP
SUUND_IN1 TP
PLAY_Tre

INIT TaM g
CLT_VRan
PUT_vaan
inIT_sre_oesee
MR PR _wm_ TR,
INIY_TIngR
FREL_SICwal
REQUEST_S ICmaL
TEST_SICmar
TINE_mee
TUKN_OFF _Soues
weitE_eelisTon
READ_SELISTER
VRITE_vaan
READ_VEan

N1 warTER
weITie

POLLER

SOUND_IN1T
PLAY_IT
SoUND_man
ACTIVATE
rUTORS
Raed_GoN

APPENDIX E
* JUMP TABLE

el

- .
L

re”

17ea
1760
1F7e
wr3
17%
17y,
iF7e
oy
1F 82
1res
ires
e
178
irey
1794
1rey
198
ey
1A
1FA3
1F b
1Far
1FaC
1Far
1782
1F s
1Foe
178

1FE

irea
1FCa
1rcy
1FCa
1ree
iFe
1FD3
iFbe

1oy

17FC
\For
ez
1FES
1FEe
e

ey
1FFa
\FrY
1rFa
1rey
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1 APPENDIX F
° 0S SYMBOLS
3
ACTIVATE EQU O01FF7H ; 0S:08
4 ACTIVATEP EQU 01F&64H } 0s:08
ADDB16& EQU D01B1H } 0S:0S
5 AMERICA EQU 00069H 3 0S:08
ASCII_TABLE EQU 000&6AH 3 0S:0S
6 ATN_SWEEP EQU 0012FH } 0s:0s
CARTRIDGE EQU 08000H 3 0S:0S
7 CONTROLLER_MAP EQU 0B008H } 0S:08
CTRL_PORT_PTR  EQU 01D43H
8 DATA_PORT_PTR EQU 01D47H
DECLSN EQU 00190H } 0S:0S
[} DECMSN EQU 0019BH 3 0S:0S
DECODER EQU 01F79H 3 0s:0S
10 DEFER_WRITES EQU 073C6&H. } 0S:0S
EFXOVER EQU D02EEH } 0S:0S
11 ENLARGE EQU 01F73H } 0S:0S
ENLRG EQU 01D&CH } 0S:0S
12 FILL_VRAM EQU 01FB2H ; 0S:0S
FREE_SIGNAL EQU O01FCAH 3 0S:0S
13 FREE_SIGNALP EQU 01F9DH ; 0S:0S
FREQ_SWEEP EQU DOOFCH ; 0S:0S
14 GAME_NAME EQU 0B8024H ; 0S:0S
GAME_OPT EQU 01F7CH } 0S:0S
15 GET_VRAM EQU 01FBBH ; 0S:0S
GET_VRAMP EQU 01FBEH } 0S:0S
16 INIT_SPR_ORDER EQU 01FCIH } 0S:0S
INIT_SPR_ORDERP EQU 01FP4H } 0S:0S
17 INIT_TABLE . EQU 01FBBH ; 0S:0S
INIT_TABLEP - EQU 01FS8BH ; 0S:0S
18 INIT_TIMER EQU D1FC7H } 0S:0S
INIT_TIMERP .EQU 01FPAH ; 0S:0S
19 INIT_WRITER EQU 01FESH ; 0S:0S
INIT_WRITERP EQU 01FAFH } 0S:0S
20 IRQ_INT_VECT EQU 0801EH } 0S:0S
LEAVE_EFFECT EQU 001DSH } 0S:0S
21 LOAD_ASCII = EQU 01F7FH } 0S:0S
LOCAL_SPR_TEL EQU 08002H } 0S:0S
22 MODE_1 EQU 01FBSH } 0S:08
MSNTOLSN EQU D01A&H } 0S:08
23 MUX_SPRITES EQU 073C7H } 0S:0S
NMI_INT_VECT EQU 08021H } 0S:0S
24 NUMBER_TABLE EQU 0006CH } 0S:0S
PLAY_IT EQU 01FF1H } 0S:0S
25 PLAY_ITP EQU 01FBSH } 0S:0S
PLAY_SONGS EQU D01F61H } 0S:0S

26
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POLLER

PUTOBJ

PUTOBJP
PUT_VRAM
PUT_VRAMP
RAND_GEN

RAND _NUM
READ_REGISTER
READ_VRAM
READ_VRAMP
REFLECT_HORIZON
REFLECT_VERTICA
REQUEST_SIGNAL
REQUEST_SIGNALP
ROTATE_90
RST_10H_RAM
RST_18H_RAM
RST_20H_RAM
RST_28H_RAM
RST_30H_RAM
RST_BH_RAM
SOUND_INIT
SOUND_INITP
SOUND_MAN
SPRITE_ORDER
STACK
START_GAME
TEST_SIGNAL
TEST_SIGNALP
TIME_MGR
TURN_OFF_SOUND
UPDATE_SPINNER
VDP _MODE _WORD
VDP_STATUS_BYTE
WORK_BUFFER
WRITER
WRITE_RECISTER
WRITE_REGISTERP
WRITE_VRAM
WRITE_VRAMP

WR _SPR_NM_TBL
WR_SPR_NM_TELP

MANUAL

982

CONFIDENTIAL DOCUMENT - DQ NOT COPY

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQuU
EQU
EQU
EQu
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQu
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQuU
EQuU
EQuU
EQU
EQU
EQU
EQuU
EQU
EQU

01FEBH
D1FFAH
01F67H
01FEBEH
01F?1H
01FFDH
073C8H
01FDCH
01FE2H
J1FACH

01F6DH

01F&AH
01FCDH
01FAOH
C1F70H
0800FH
0B8012H
08015H
08018H
0B01BH
0800CH
01FEEH
01FE2H
01FF4H
08004H
073B9H
0B00AH
01FDOH
01FA3H
01FD3H
01FD&H
01FB8BH
073C3H
073CSH
0B800&H
01FEBH
01FD9H
01FALH
01FDFH
01FAPH
01FC4H
01F?7H

.-..“vw“ﬁ“""“""*v“***"‘-.‘*ﬁ“““%““‘&ﬁ.‘h*“*w*“ﬁ-

0S:08
0s:0S
05:08
0S:0S8
0S:0S
0s:08
0S: 0S8
0S:08
g0sS:0S
0S:0S8
0s: 08
0S:0S
0S:0S
0S:08
0s: 08
0s: 08
0S: 08
0S:0S
0S:0S
0S:08
0S:08
0S:0S
0S: 08
0S:0S
Us:0s
0S:08
DS: 08
0S:0S
0S: 0S8
0S:0S
0sS: 0S8
0S:0S8
0S:08
0S:08
0S: 08
0S:08
0S: 08
0S:08
0S:0S
0S:08
0S:08
0S:0S
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1 GLB ACTIVATE }  0S:08
GLB ACTIVATEP }  0S:0S «
2 GLR ADD816 }  0S:08
GLB AMERICA ; 0S:08
3 GLE ASCII_TAKLE ; 0S:0S .
GLE ATN_SWEEP } 0S:0S
4 GLR CARTRIDGE }  0S:08 \
GLB CONTROLLEK _MAP 0S:0S
5 GL3 CTRL_PORT_PTR
GLB DATA_PORT_PTR :
o GLE DECLSN ; 0S:08
GLE DECMSN }  0s:0S
7 GLB DECODER } 0S:0S
GLR DEFER_WRITES ; 0S:0S
8 GLB EFXOVER } 0s:08
GLB ENLARGE }  0S:0S
) GLB ENLRG 3 0s:0S
GLB FILL_VRAM }  0S:0S
10 GLB FREE_SIGNAL 5 0s:0S
GLB FREE_SIGNALP ; 0S:0S
1 GLB FREQ_SWEEP } 0s:0S
GLB GAME _NAME }  0S:0S
12 GLB GAME _OPT 5 0S:0S
GLB GET_URAM ; 0S:0S
13 GLB GET_VRAMP ; 0S:0S
GLB INIT_SPR_ORDER j  0S:0S
14 CLB INIT_SPR_ORDERP 0S:0S
GLB INIT_TABLE ;  0S:0S
15 GLB INIT_TABLEP ;  08:08
GLE INIT_TIMER ;  0S:0S
16 GLB INIT_TIMERP }  0s:08
GLB INIT_WRITER }  0S:08
17 GLB INIT_WRITERP }  0S:08
GLB IRQ_INT_VECT ; 0S:0S
18 GLB LEAVE_EFFECT } 0S:0S
GLB LOAD_ASCII }  0S:0S
19 GLB LOCAL_SPR_TBL 0S:0S -
GLB MSNTOLSN }  0S:108
20 GLB MODE_1 ; 0S:0S
GLB MUX_SPRITES ; 0S:0S
21 GLB NMI_INT_VECT ; 0S:0S
GLB NUMBER_TABLE }  0S:0S
22 GLB PLAY_IT ; 0S:08
GLE PLAY_ITP ; 0S:08
23 GLB PLAY_SONGS ; 0s:0S
GLB POLLER y  0S:08 .
24 CLB PUTDBJ } 0S:08
o CLB PUTOEJP ; 0S:0S

L d
o0
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GLB
GLB
CLB
CLB
CLB
GLB

GLB

GLB
GLB
GLB
GLE
CLB
CLB
GLB
GLE
GLB
GLR
GLB
CLRE
GLB
GLEB
GLB
GLE
GLE
GLE
GLB
GLB
GLE
GLR
GLE
GLB
GLB
GLB
GLB
CLE
GLB

GLE"

GLB
GLB

PUT_VRAM
PUT_VRAMP
RAND _GEN
RAND_NUM
READ_REGISTER
READ_VRAM
READ_VRAMP

REFLECT_HORIZON
REFLECT_VERTICA -
REQUEST_SIGNAL
REQUEST_SIGNALP
ROTATE_%0
RST_10H_RAM
RST_18H_RANM
RST_20H_RAM
RST_2BH_RAM
RST_30H_RAM
RST_BH_RAM
SOUND _INIT
SOUND_INITP
SOUND_MAN
SPRITE_ORDER
STACK
START_GAME
TEST_SIGNAL
TEST_SIGNALP
TIME_MGR
TURN_OFF _SDUND
UPDATE_SFINNER
VDP _MODE _WORD
VDP_STATUS_BYTE
WORK _BUFFER_
WRITER .
WRITE_REGISTER
WRITE_RECISTERP
WRITE_VRAM
WRITE_VRAMP
WR_SPR_NM_TBL
WR_SPR_NM_TBLP

)
}
)
}
}
}
}
}
b
i
)
}
}
}
}
}
}
}
}
}
)
}
}
H
)
}
}
;
)
}
i
}
}
)
}
)
}
}
b

0S:0S
0S:08
0S:08
0S:08
0S:0s8
0S:08
0S: 0S8
0S:0S
0S:0S8
0S:0S
0S:0S
0s:08

-0S10S

0S:08
0sS: 08
0S:0S
0S:0S
0S:0S
0S: 0S8
0S:0S
0S:0S
0S:08
0S:0S
0S:08
0sS:08
0S5:08
0S:0S8
0S: 08
0S:0S
0S:0S
0S:08
0S:0S
0S:0S
0S:0S
0S:08
0S:0S8
0S: 0S8
0S:0S
0S: 0S8
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