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1.0 INTRODUCTION

The material in this manual assumes that the reader is familiar with
Tezxas Instruments' 9918/9928 Video Display Processor (VDF). SEince the
systen routines assume that the VDP will be cperating in Craphics Mode
I or 11, particular attention should be given to the discussion of
these modes. , -

The Colecovision operating system includes several graphics routines
te help facilitate the creation and manipulation of images on the
display. These routines and associated data structures enable the
cartridge programmer to treat graphic elements as conceptual entities
called “objects", of which there are four types. Each object mspy
consist of one or more “frames"™. A frame is a single, visual
s2nifestation of the object.

The graphics routines provide a high-level means of altering the frame
displayed and the position of objects.

1.1 SUMMARY OF OBJECT TYPES
The four possible object types are:
1. Semi-Mobile

Sem{-Mobile objects are rectangular arrays of pattern blocks.
They are slways aligned on pattern boundaries but may bleed on
and off the pattern plane in any direction. Semi-Mobile
objects may be used either for moving images (when incremental
sotion by pattern plane positions is dcceptable) or for
setting up background patterns.

2. Mobile

The primary purpose of Mobile objects is to evercome a
particular limitation of the VDP which prevents more than ¢
sprites from being displayed on a given horizontal TV line.
Mobile objects are always 2 by 2 pattern blocks in sise. They
may be placed anywhere on the pattern plane with pixel
resolution and will appear as superimposed upon the
background. They also may bleed on and off the pattern plane
in any direction.

3. Bprite
Sprite objects are composed of individual sprites.

4. Complex

Complex objects are collections of other “component"” objects.
The corponent objects may be of any type including other
Complex objects.
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1.2 DATA SJWHJCTUREZlTVERVI!H

Each object {p defined by a “high level definition” in cartridge ROM
(CROM) which links together several different data areas. The data
contained within these aress completely specifies all aspects of an
ebject. The following is a brief description of the,different areas.

CRAPHICS

This Cata ares is alsoc located in CROM. Pattern and color generators
for Semi-Mobile, Mobile and Sprite objects, and frame data for all
objects are located in the CRAPHICS data area. The data structure
within each CRAPHICS area depends on the type of object with whlch it
is associated. I1f, however, two or more objects ef the same type are
graphically identical, they may share the same CRAPHICS data area.
This will reduce the amount of graphics data that needs to be stored

in CROM.

STATUS
Each object must have its own STATUS area in CPU RAM. .The cartridge
program uses this area to manipulate the object. This is done by

altering the Jocation within STATUS which determines which frace is to
be displayed as well as the locations which define the position of the
object on the display. The graphics routine, PUT_OBJECT, when called,
will access the object's status area and place the object accordingly.

OLD_SCREEN

Mobile and Semi-Mobile objects uvtilize the pattern plane. They are
displayed by overwriting an array of the names {n the pattern name
table with an array of names which tepresents a particular frame of
the object. The overwritten names can be thought of as representing a
background frame which is “"underneath" the object. If the background
frame will need to be restored to the display (e.g. when the object
moves or {s removed from the display) then it is necessary to save
that frame. OLD_SCREEN is a save area for background frames. The
graphics routines PUT_SEMI and PUT_MOBILE will automatically save and
restore background frames when an object is moved or its frame is
changed. OLD_SCREEN may be located in CRAM or in VRANM.

1.3 CRAPHICS ROUTINES OVERVIEW

ACTIVATE

The primary purpose of this routine is to move the pattern and color
generators from the CRAPHICS data area into the pattern and color
generator tables in VRAM. Fach object must be “"activated" before it
can be displayed. ACTIVATE also initializes the first byte in an
ebject’'s OLD_SCREEN data area with the value 80N. PUT_OBJECT tests
this location before restoring the background names to the name table.
If the value 80H is found, it is an indication that the object has not
yet been displayed and therefore, there are no saved background names
in OLD_SCREEN. ACTIVATL initializes a byte (in the case of Mobile
objects, a word) which indicates where additional generators should be
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located {f suech generators are to be created at game-on time by other
routines, such as REFLECT_VERTICAL (described elsewhere in the
COLECOVIEBION USERS MANUAL). Finally, ACTIVATE will inftialize the
FRAME variable in the object's STATUS area to 0.

@ ’ &
PUT_OBJECT
This zoutine is called when an object's frame or its location oen the
display {s to be changed. The routine tests the type of object and
then branches to one of four other routines Gesigned to handle that
particular object type. These toutines function as follows: \

1. PUT_SEMI

Semi-Mobile objects are placed on the display by writing the generator
nimes specified by one of the object's frames into the pattern name
table in VRAM. The pattern and color generaters which are needed to
create the frame must dlready be in theirs tespective generator tables.

2. PUT_MOBILE

Mobile objects are Gisplayed by producing a new set of pattern and
color generators whicech depict the frame to be displayed on the
background. These new generators are then moved to the locations in
the VRAM pattern and color generater tables which are reserved for the
ebject; the names of the new generators are then written inte the
pPattern name table.

3. PUT_SPRITEO
4. PUT_SPRITEL
These routines handle the display of sise 0 and sige 1§ Sprite objects.

S. PUT_COMPLEX

Complex ebjects are dggregates of other “cemponent™ objects. The
positional relationship of these compontent objects is defined in an
cffset list. For each of the component objects, PUT_COMPLEX
calculates the correct ¥ and Y Jocation, then calls FUT_OBJUECT wi th
the address of the high-level definition for that component object

passed in the IX register.

1.4 S8ONME KEY CONCEPTS

META-PLANE
In order to facilitate moving objects en and eff the pattern plane, a
conceptually larger “meta~-plane” has been implemented. Positions on

the meta-plane are defined with fespect to two orthogonal azes, X and
Y. The pattern Plane is contained within the meta-plane and its
6rigin is coincident with the origin of the meta-plane (see tig. 1).

X_LOCATION
Y_LOCATION

These two varjiables are part of each object's STATUS area. Each
varjable contains a 16 bit signed number which represents the distance
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in pisels from the origin of the meta-plane. The two variables
together form .the coordinate location of the object’'s upper left
corner on the meta-plane. Sprite and Mobile ebjects will be 6isplayed
st the exact location indicated by their X and Y_LOCATIONS. However,
since Semi-Mobile objects are salways aligned on pattern position
boundaries, they will be 8ispliyed aligned with thesnearest pattern
boundary above and to the left of the indicated X and Y_LOCATIONSs.
Vhen a Complex object is to be displayed, the X and Y_LOCATION of each
of its component objects is computed by adding a displacement for that
tomponent te the Complex object's X and Y_LOCATIONS. Each component
object is then displayed at the computed location. \

To move an object, the X and or Y _LOCATIONs in the CRAM STATUS area
dre changed and then PUT_OBJECT is called with the address of the
object's high-level definfition passed in the IX register. When BOVing
Mobile objects an additional parameter is passed in register B. This
is discussed further in the description of PUT_MOBILE.

FRAME .

This variable is alsoc part of each cbject's STATUS area. The value
contained in FRAME is used by PUT_OBJECT to select one of several
pointers (or, in the case of Complex objects, pairs of pointers) which
point to the data defining the graphic content of the frame. The
pointers may either point to frame data which is part 6f the original
ROMed CRAPICS, or they may point to an area in CPU RAM. In the latter
case, the frame data must be created by the cartridge program before
thet frame can be displayed.

The frame of an object is changed by altering the FRAME variable in
the object’'s STATUS area. PUT_OBJUECT is then called in the same
manner as when moving an object. When changing the frame number of a
Mobile object, bit 7 of FRAME should not be altered. This bit is
teserved for use by the PUT_MOEILE routine. '
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Since Semi-Mobile objects are displayed by altering names in the
pattern name table, it may be necessary to save the pattern plane
¢raphic which {s lost in the process of Gisplaying the Eemi-Mobile
object (see previous discussion eof OLD_SCREEN). The third address in
the object's high level definition designates a location for saving
the overwritten names. It that address is greater than eor equal to
7000H, then the OLD_SCREEN will reside in CPU RAM. o If the address is
less than 7000H, then OLD_SCREEN will Be in VRAM. Finally, it the
address is BO00OOH or greater, then the overwritten names will not be
saved.

2.1 DETAILED DESCRIPTION OF SEMI-MOBILE OBJECT
DATA STRUCTURE

(Identifiers in caps refer to symbols in the data structure summary)

Each Semi-Mobile object is defined in cartridge ROM by:
1) SMO - the object's "high level definition®
2) CRAPHICS - an area coentaining the object's graphics data, divided
into three subsections:
Parameters and Pointers
Frames
Cenerators

and in CPU RAM by:

1) STATUS - a status area

2) OLD_SCREEN - an eptiocnal locatien for saving overwritten
backgounds. (OLD_SCREEN may salternatively be stored in VEAM)

A detailed description of each stroctore follows.
®®® EMO - cartridge ROM

The high leve! definition, at 8MO, is composed of three 16 bit
addresses; these are stered in the normel manner with the low order
byte first:

byte:

0 address of CRAPHICS (the start of the ROMed graphics data for
the object)

2 dddress of STATUS (the object's RAM status area)

4 address of OLD_SCREEN (VRAM or CPU RAM area for saving

. background information; bit 15 of the OLD_SCREEN address is a
z flag indicating whether or not backgrounds are to be saved; if
- Bit 1S is set, backgrounds will not be saved),

®%® CRAPHICS - cartridge ROM

The ROMed graphics data for a Semi-Mobile object can be thought of
conceptualy as three chunks. Each chunk is stored as follows:
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22 Parameters and Pointecrs

by te:

- Parameters -

OBJ_TYPE - OBJ_TYPE is divided inte two pacts:

LEN - specifies the oebject type which, fos Semi-Mobile
cbjects, must equal 0.

MSN - only meaningful when the VDP is operating in graphics
mode II. Bits S, 6 and 7 i{ndicate which third or thirds of
the pattern plane the object (or any part of the ebject) may
be required to appear. This information is used by :owtincs
which move the object’'s pattern and coler generator data to
VRAM.

bit 7 - it set, generators will be moved to the i1st third of
the generator tables.

bit 6 - if set, generators will be moved to the 2nd third.

Bit S - if set, generators will be moved to the 3rd third.

bit § - indicates the number of coler generator bytes per 8
byte pattern generator which are included as part of the ROM
graphics data. It this bit is 0, then there must be 8§ coleor
generator bytes per pattern generator (the mnormal case for
§raphics mode II). If bit € is 1, then only 1 ececlor generator
byte per pattern generater will be expected, giving the
programmer the option of reducing the number of ROMed color
generator bytes needed when operating in graphics mode I1I.
The single color byte will be expanded to 8 bytes by the
routine which moves the color generators to VRAM.

FIRST_CEN_NAME - an index from the start of the pattern and
color generator tables in VRAM. This index specifies the
location to which the ROMed pattern and color generators will
be moved (i.e. the base address of the pattern generator table
¢« 8 * FIRST_CEN_NAME = the address within the pattern
generator table where the object's ist pattern generator will
be stored. This is also true for the color generator table.
The first pattern generator will be moved to the location in
the pattern generator table indexed by FIRST_CEN_NAME and the
rest of the generators will be loaded sequentially. The color
generators are loaded in a similar fashion.

NUMCEN - indicates how many pattern/coler generator pairs are
6efined (stored) in the graphics data ares. This is equal to
the nunber of generator pairs which will be moved to the VRAM
generator tables.

- Pointers -

s¢ddress of CENERATORS - the start of the ROMed pattern and
color generators in the object's graphics data area. Color
generators must be stored immediately after pattern
generators; therefore, the address of the first color
generator within the graphics data ares can be conmputed from
NUMCEN and CENERATORS. ’
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S address of FRAME_O - FRAME_O is the address at which the data
specifying the object's first frame is stored. As indicated
by the frame address, the data for a given frame B2y be stored
in ROM (as part of the graphics data area) eor §t Bay be stored
in CPU RAM. RAM storage of frame data allows for the
slgorithmic generation of 4dditional frames at game on time:
e.g., tather than ltorlng both a frame and {ts rotated version
in ROM, ROM space ecan be saved by storing only one frame and
generating the rotated frame data in RAM. Also, frame data
stored in RAM can be dynamically modified, allowing feor
special frame effects (e.@g. coler modification).

7 sddress of FRAME_1 - the address at which the data specY¥fying
the object's second frame is stored.

2ne+S dddress of TRAME_n - the object's last frame

**%* Frames - cartridge ROM or CPU RAM

Since the frame pointers (FRAME_O...FRAME_n) are 16 bit addresses, the
frame data for an ebject may be located anywhere in cartridge ROM or
RAM. The format of a frame's dats is as follows:

byte:

0 I_EITENT - specifies the width of the frame in Pattern plane
positions, fts "X_EXTENT", which muUust be > 0 and (= 255. Asg
indicated by the range of values for the X_EXTENT, a frame B2y
be much greater in width than can be displayed within the
pattern plane. When a frame with 4 X_EXTENT which is greater
than 32 is to be displayed, the section actually visible will
depend on the specified I pesition (i.e. if a frame of an
object has a X_EXTENT of 64 and the X position of the object
is -8%32 pizels, then the right half of the frame will be
displayed on the pattern pPlane). This feature allows ecbijects
to be scrolled horisontally by creating a frame greater in
width than the pattern plane and then displaying the object
with varying valuves of the X poesition.

1 Y_EXTENT - specifies the height of the frame in pattern plane
. positions, its “Y_EXTENT", which must be ) 0 and (= 2%55. As
" indicated by the range of values for the Y_EXTENT, a frame may
be much greater in height than can be displayed within the
Pattern plane. When a frame with a Y_EXTENT which is greater
than 24 is te be displayed, the section sactuvally visible will
depend on the specified Y position (f{.e. 1f a frame of an
object has a Y_EXTENT of 48 and the Y position of the object
is -8%24 pixels, then the bottom half of the fracme will be
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€isplayed on the pattern plane). This feature 8llows ebjects
to be scrolled vertically by creating a frame greater jn
height than the pattern Plane and then displaying the object
with varying values of the Y positien.

R for X_EXTENT ®* Y_EXTENT bytes
Following -the ¥ and Y_EXTENT is an array ofgsthe pattern names
(length in bytes = X_EXTENT ®* Y_EXTENT) which specify the
generators uwsed to ecreate that frame. The names are arranged
in row major order (i.e. the first I_EXTENT names are the
names of the generators which will be displayed in the first
fow of the frame, the second X_EXTENT names are the names of
the generators which will be displayed in the second row of
the frame, etc.). There must be exactly X_EXTENT by Y_EXTENT
names Iin the array.

for Semi-Mobile objects the naees stored in the above
described name list are “"names" in the TI sense ¢f the word:
i.e., they are values ranging from 0 to 255 that directly
point te (or “name") a generator Jlocation within the pattern
generator table. .

*2% Cenerators - cartridge ROM

All the ROMed pattern and color generators must be grouped together in
& contiguous block (starting at Jocation CENERATORS) . Each pattern
generator must be § bytes long, and the number of pattern generators
Bust conform to the value stored in NUMGEN:

by te:

] bb,bb.,bb,bb,bb,bb,bb,bb - the tirst 8 byte pattern generator
(bb = binary graphic data)

8 bb,bb,bb ,bb,bb,bb,bb,bb - the second 8 byte pattern generator

ete. for a total of BENUMCEN bytes '

The color generators are stored immediately following the pattern
generators. The format of the color generators depends on which
graphiecs mode is being used and whether bit 4 of OBJU_TYPE is set or
not.

CRAPHICS MODE 1I color generator storage:

Vhen OBJ_TYPE bit 4 = 0, there must be eight color generator bytes per
pattern generator.

byte:

6-? bb ,bb,bb,bb,bb,bb,Bb,bb - color generator bytes for ist
pattern

$§-1% bb,bb,bb,bb.bb,bb.bb,bb - coler generator bytes for 2nd
pattern

ete., for a total of B®*NUMCEN bytes
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Vhen OBJ_TYPE Bit ¢ = 1, there must pe enly 1 color generater byte per
pattern generator. It will be €xpinded to 8 bytes when moved to the

VRAM ceclor generator table. This feature is useful i1f each generator
for a2 particuvlar ebject can use the game two color combination for all

byte: ° @
& b - coler generator Byte for 1st pattern
1 bb - ecoler generater byte for 2nd pattern

ete., for a total ef NUMCEN bytes.

CRAPHICS MODE ! ecolor generator storage: \

In Craphics Mode I the pattern generator table is divided into 32
"groups™” of 8 (contiguous) generators (see TI VDP manual page 18).

Al]l the generators within a group share the same coclor generator byte.
Therefore, there must be one color generater byte stored per group
occupied by the ebject's pattern generators. ‘The first ecolor
generator byte will Be placed in the ecolor generator table at an
cffset of FIRST_CEN_NAME/E ané the rest will be placed in sequential
locations. .

the generators will pe moved. For example, if an object has 8 pattern
generators and they are moved to the pattern generator table starting
at lecation 0 (offset from the start of the table), then enly 1 eocleor
generator i{s needed. However, if the same 8§ Pattern generators are
loaded into the pattern generator table starting at lecation 20H, then
$ color generastors will be needed, since the first four generators are
in ene group and the second four are in another group.

NOTE 2: Due to an errer in the ACTIVATE routine, ACTIVATE cannot be
vsed to move pattern and color generators of Semi-Mobile objects to
VRAM when the VDP is operating in graphics mode I, and when
FIRST_CEN_NAME §s equal to or greater than B8OK. In this situation the
cartridge program must fulfill the functions eof ACTIVATE (see
€iscussion of ACTIVATE).

t*® STATUS - CPU RANM

An object's status area consists of € elements:

byte: ’ :

e 1 byte for FRAME - f{ndjcates which ©f the object's frames is

to be displayed.

1 2 bytes for X_LOCATION
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3 2 bytes for Y_LOCATION - X_LOCATION and Y_LOCATION give the
coordinate position of the upper left corner of the object on
4 "metaplane” which includes the pattern plane (see fig. ).
The origin of the Pattern plane is coincident with the origin
©f the metaplane. The values at X_LOCATION and Y_LOCATION are
16 it signed numbers Wwhich permit the posi}toning ef an
ebject anywhere within, or outside of, the pattern plane.
This enables an object to be bled on er off the pattern plane
in any direction.

H] 1 byte for NEXT_CEN - an index which points to the next
generator location which can be used when adding new \
generators to an object's generator tables. After the
ocbject's ROMed generators have been moved to its VRAM tables,
ACTIVATE will set NEXT_CEN equal to FIRST_CEN_NAME + NUMGEN.

Some objects mAy fequire generators which are essentially
modified versions of other generators (e.g. 8 generator which
Tepresents the pattern of danother generater which has been
totated) . ROM space can be conserved by including enly the
"unmodified" generators in the graphics data and using systen
toutines to generate the modified versions. NEXT_CEN points
to the next free location in that object's generator table to
which a modified generator Biy be added. When adding new
generaters in this manner, NEXT_CEN should be updated in order
to prevent new generators overwriting old ones.

®*%x OLD_SCREEN - VRAM eor CPU RAM

OLD_SCREEN is a buffer for saving the pattern names which are
overwritten in the process of displaying an object. These naimes
constitute a "background frame" which has the same I andg Y_EXTENTs as
the frame of the object which is currently being displayed. The data
structure within OLD_SCREEN is the same as the data structure for a
frame with two extra bytes tacked on at the beginning. These bytes,
I_PAT_POS and Y_PAT_POS, indicate where on the pattern plane this
background frame belongs, and are expressed in terms of pattern plane
positions. The next time the position or frame of this object is
changed PUT_OBJUECT will restore the background frame to the display

and save a “"new" background frame before placing the cbject on the
pattern plane.

byte:
[ . 1 byte for X_PAT_POS - the column in 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 left corner
of the saved background screen (frame) lies

2 1 byte for X_EXTENT of the saved screoen - set by PUT_OBJECT to
equal X_EXTENT of the frame which eclipses 1t

3 1 byte for Y_EXTENT of the saved Screen - set by PUT_OBJECT to
equal Y_EXTENT of the frame which eclipses §t

4 n bytes for storage of Pattern names; where n = the nunber of
pPatterns contained in the largest frame of the object (i.e. n

= X_EXTENT ®* Y_EXTENT for the object's Jargest frame)
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3.0 MOBILE OBJECTS

Mobile objects emulate sige 1 sprites with 0 magnification (f.e. they
are always 16 °by 16 piszels in size and appear as {f they were
superimposed uvpen the background) . They may be positioned anywhere on
the pattern plane with pizel resclution and may also be made to bleed
on and off the pattern plane in any direction.

Each frame of & Mobile ebject requires exactly lour.pattcrn generators
and one coler generator. <These generators, however, are not moved to
VRAM. In order to display the object anywhere with pizel resclution,
3 new gset of nine pattern and eolor generators must be creasted by the
OS graphics routine PUT_MOBILE. These new generators represent
graphically the superposition of the Mobile object upon the background
at whiech it is to be displayed. The new generators are then moved to
the VRAM pattern and ecolor generator tables, and next the names of
these generators are written into the pattern name table, thus
displaying the object at the desired location. Nine generators are
used in order to cover all positional relationships between the
desired position of the object and the boundries of the pattern
positions in the pattern plane (see figure 1).

The pattern and eccler generator table space used by PUT_MOEILE depends
on the graphics mode being used and, in graphics mode I, the location
ef the eobject en the éisplay.

In graphics mode I, PUT_MOBILE will use $8 pattern generater
locations. The tirst Pattern generator will be located at
FIRST_CEN_NAME (i.e. the actual VRAM address will be the pattern
generator base address < FIRST_GCEN_NAME ® 8). Three or four coleor
generator bytes will be required éepending on the value of
FIRST_CEN_NAME. 1f FIRST_CEN_NAME MOD 8 ¢ 7, then there needs to be
space for three color generators: it FIRST_GCEN_NAME MOD 8 « 7, then
there needs tc be space for four color generators. The ftirst of the
color generators will be located at FIRST_CEN_NAME/8 (i.e. VRAM
address equals the color table base address ¢ FIRST_CEN_NAME/S) .

When operating in graphics mode II, Mobile objects will Tequire
generator space for 18 pattern and 18 color generators in each third
of the pattern and color generator tables which corresponds to that
third of the pattern plane in which &ny part of the object may appear.
The Jocation within each third of the tables is determined by
FIRST_CEN_NAME. When any part of the object is in the top third of
the pattern plane, pattern generators will be located at the VRAM
address given by the Pattern generator base address < FIRST_GEN_NAME =
8. 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 address ¢« B00H « FIRST_CEN_NAME ®* 8, and ¢ any part is
in the bottom third, Pattern generators will be Jocated at the VRAM
3ddress given by the pattern generator base address ¢ JO000H <
FIRST_CEN_NAME = § The color generators are located in a similar
manner.
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Even though only 9 pattern and 9 color generators (2 color generator
bytes in graphics mode I) are “active" (being displayed) at a given
time, the additional generator space is tequired to enable PUT_MOBILE
to move mew sets of pattern and color generators to VRAM without
disturbing the display. While one set of 9 pattern and color
generators are being displayed, the other set of 9 can be changed.
After the change is completed,'the new generators ate displayed by
writing the new pattern names inte the pattern name table.

Each Mobile object requires a STATUS area in CPU RAM which contains
the frame of the object to be displayed, its location on the display,
and & pointer to the area for adding new generators (these n.w\
generators sre used in the same manner as the object's ROMed
generators). Each object also requires an OLD_SCREEN ares which
serves the same purpose as OLD_SCREEN areas for Semi-Mobile objects.

Even though a Mobile ebject's generators are not moved directly to
VRAM, each object must be “activated" in order to initialigze the
OLD_SCREEN and STATUS areas.

To place a Mobile object on the display, the desired location should
be loaded into the X and Y_LOCATION variables in its STATUS area. In
addition, the FRAME variable must contain the desired frame number.
Vhen loading the frame number, however, enly bits 0-6 should be used.
Bit 7 should not be altered. This bBit is used by PUT_MOEILE (see
description of PUT_MOBILE).

PUT_OBJECT is then called, passing the address of the high-level
definition in the IX register. In addition, register B is used to
pass two parameters which determine the method for combining the
background graphics with that of the object (see description of
PUT_MOEBILE) .

$ .1 DETAILED DESCRIPTION OF MOBILE OBJECT
DATA STRUCTURE

(lI8entifiers in caps refer to symbols in the data structure sunzmary)

Each Mobile cbject is defined in cartridge ROM by:
1) MOB - the object‘s "high level definition"
2) CRAPHICS - an ares containing the object's graphic data, divided
into three subsectiens:
Parameters and peinters
Frames
Cenerators

and in CPU RAM by:

1) STATUS - a2 status ares

2) OLD_SCREEN - a location for saving overwritten background names
(OLD_SCREEN may be either in CPU RAM or VRAM).

A detailed description of each structure follows.
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222 MOB - cartridge ROM

The high lovug definition at MOB is composed of four 16 bit addresgses
stored in the normal manner with the low order byte first:

by te: .

[ ] ' address ©f CRAPHICS (the start of the ROMed graphics data for
the object). Any number of Mobile objects 22y use the saxe
graphics data. MHowever, each Mobile object must have its own
ETATUS and OLD_ECREEN areas.

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

4 address of OLD_SCREEN (VRAM or CPU RAM aresa for saving
background fnfermation) \

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

tables within the VRAM Pattern and ceolor generator tables)
®ets CRAPHICS - cartridge ROM

The ROMed graphics for Mobile ocbjects may be thought of as three
separate segments. The data in each segument is defined as follows:

't Parameters and Pointers

byte:

- Parameters -
OBJ_TYPE - for Mobile objects CBJ_TYPE = 1

1 NUMCEN - indicates how Bany pattern generators are contained
within the graphics data area.

2 sddress of NEW_CEN (an area for storing new generators created
8t game-on time)

4 address of CENERATORS - the start of the ROMed pattern
generators for the object
- Pointers -

é address of FRAME_O0 - this is the address of the start of the
data for the object's tirgt frame. This data, as well as the
data for any of the object's frames, may be located anywhere
in cartridge ROM or in CPU RAM. Frame data stored in RAM
allews for the creation of new frames at game-on time and
therefore reduces the amount of data which needs to be stored
8s part of the object's ROMed frame data.

8 address of FRAME_1 - address of the data for the object's

. second frame.

se oo

Ined dddress of FRAME_n - the object's frame.
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**® Frames - each frame may be either in cartridge ROM or CPU RAM
FRAME_O0. . FRAME_n - cnttridgnlnoﬂ or CPU RAM

Eince the frame pointers (FRAME_O...FRAME_n) are 16 bit addresses, the
frame data for an object may be located anywhere in cartridge ROM or
CFU RAM. The format for a Mobjile object's frame data is as follows:

byte:

0 list of 4 pattern names. The four names specify which of the
object’'s patterns are to be displayed in each of the object's
four quadrants as follows:

neme quadrant

1 upper left

2 lower left

3 vpper right

4 lower right
The value of the name specifies the cbject's generators as
fellows:

0 = first ROMed pattern
1 = second ROMed pattern

NUMCEN-1 = Jast ROMed pattern
Name values greater than or equal to NUMGEN refer to patternms
stored in the lJocation starting at NEW_GEN in CPU RAM. A
value of NUMGCEN refers to the first pattern in that area. A
valoe of NUMCEN «+ 1 refers to the second pattern etc.

4 The MSN cof this byte determines the color of the object (i.e.
the colorl of the object) and the LSN must be 0.

=2t Cenerators - cartridge ROM

All of a Mobile object's pattern generators must be grouped together
in a contiguous block starting at location CENERATORS. Each pattern
generator must be 8 bytes long. The number of generators must equal
the number stored in NUMCEN:

byte:

0 bb bbb ,bb,bb,bb,bb ,bb,bb - first generator (bb = binary graphic
data)

8 bb,bb,bb ,bb,bb,bb ,bb,bb - secend generator

for a total of BRNUMGCEN bytes
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&%t ETATUS - CPU RAM
A Mobile object's status area consists of 4 elements

byte:

0 FRAME - bits 0-6 indicate which frame is to be displayed. Bijt
7 is used-by the PUT_MOBILE routine and should net be altered
when changing the frame number.

1 XI_LOCATION

b Y_LOCATION - The X and Y_LOCATION variables specify the
coordinate position of the upper left corner of the object on
3 "metaplane” which includes the pattern plane.

S pointer to NEW_GEN area - This pointer points to the next
available space for adding new generators. It will be
initialized by ACTIVATE with the 16 bit value NEW_CEN from the
Parameter segment of the object's CRAPHICS area. Routines
which add generators to this area should increment the pointer
by & each time a new generator is added it subsequent
generators are not to overwrite Previous ones.

®%® OLD_SCREEN - VRAM or CPU RAM .

OLD_SCREEN is an area for saving pattern names which are overwritten
in the process of displaying the object. Eince all Mobile objects are
displayed by writing ¢ names into the patten name table (except in
cases in which part of the ocbject is off the pattern plane) the sicge
©f the OLD_SCREEN area for any Mobile object is always 11 bytes. The
first two bytes specify where (in pattern Plane positions) the names
came from and the next ¢ bytes contain the 9 saved names . ACTIVATE
initialiges the firgt byte to 80H which indicates to PUT_MOBILE that
No names have yet been saved.

byte:

0 I_PAT_POS - pattern positien column in which the vpper left
corner of the saved “background frame" lies

1 Y_PAT_POS - pattern position row in which the upper left

corner lies
2-11 the nine background names
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4.0 EPRITE OBJECTS

Eprite objects are composed of individual sprites. They may be either
sizel 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
sddresses which point to the object's GRAPHICE data and the ETATUS
area respectively. Following these addresses there is a byte which
determines which of the 32 VDP sprites will be used to implement this

object.

Each Sprite object must include a set of pattern generators which will
be used to create an image on the display. These generators may be
stored as part of the object's CRAPHICS data in ROM and moved to the
sprite generator table in VRAM. The Jlocation within the sprite
generator table to whieh the generaters should be moved is determined
by FIRST_CEN_NAME, a byte within the CRAPHICS data area (i.e. the
first generator should be located at VRAM address = sprite generator
base address < FIRST_CEN_NAME = g8) .

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

Once the pattern generators have been moved to VRAM, a Eprite object
may be displayed by setting up it's STATUS area and then calling
PUT_OBJECT.  To set up the STATUS area, the following must be done:

1. Set the first byte, FRAME, to the desired frame number to be
displaved. This number is used to pick one of the pairs of
bytes in the FRAME_TABLE which determines the color and shape
te be displayed.

2. The 16 bit signed values at I_LOCATION and Y_LOCATION must be
set to the desired x and Y Pixel positions of the upper left
corner of the object.

To place the Eprite object en the screen, the following calling
sequence s used:

1D IX ,0BJECT_NAME
. CALL PUT_OBJECT

Vhere OBJECT_NAME is the address ©f the high level definition for the
ocbject.
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4.1 DETAILED DESCRIPTION OF SPRITE OBJECT
DATA STRUCTURE

(Identifiers In caps zefer to symbols in the data structure summary)

Each Bprite object is defined in cartridge ROM by:
1) SPROBJ = the object's “high level detinition"
2) CRAPHICS - an area containing the object's graphics data, divided
into three subsections:
Parameters and Pointers
Frame_Table
Cenerators

and in CPU RAM by:
1) STATUS - a status area

A detajled description of each structure follows.

®*%® SPROBJ cartridge ROM

The high level definition, at EPROBJ, is composed of two 1¢ bit
addresses stored in the normal manner with the low order byte first.

Following the addresses is a byte which indicates which actual sprite
number is used to implement the object.

byte:

0 address of CRAPHICS (the start of the ROMed graphics data for
the object)

2 address of ETATUS (the object's RAM status area)

4 EPRITE_INDEX (determines the sprite to be used for this

cbject, i.e. 0-31)
®2®% CRAPHICS -~ cartridge ROM

The ROMed graphics data for a Sprite object can be thought of in three
conceptual chunks. Each chunk is stored as follows:

tx* Parameters and Pointers

byte:
0 OBJ_TYPE - OBJ_TYPE is equal to 3 for all Sprite objects.
| FIRST_CEN_NAME - an index into the sprite pattern generator

table in VRAM. This index specifies the location to which the
ROMed pattern generators will be moved (i.e. the base address
¢f the sprite pattern generator table ¢« & = FIRST_CEN_NAME =
the address within the pattern generator table where the
object's 1st pattern generator will be stored). The first
pattern generator will be moved to the Jlocation in the pattern
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§enerator table indexed by FIRST_CEN_NAME and the rest of the
§enerators will be loaded Ssequentially. When using sigel
sprites, FIRST_GCEN_NAME must be a multiple of 4.

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

4 NUMCEN - indicates how many pattern generators are defined
(stored) in the graphiecs data area. This is the number of
generators which will be moved to the VRAM generator table.

S saddress of FRAME_TABLE - This is a pointer to the table
containing shape and color information for each frame of the
object.

t= % FRAME_TABLE - cartridge ROM or CPU RAM

The FRAME_TABLE contains a pair of bytes for each frame. The first
byte of each pair determines the color and the second .byte points to
the generator (or set of four generators in the case of sigel sprites)
to be uvsed for that frame.

byte:

COLOR for frame O

1 EHAPE - 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_GEN_NAME + SHAPE). When using sigel
sprites, the value of SHAFE must be a multiple of §.

2 COLOR for frame 1

3 EHAPE for frame 1
2n COLOR for frame n
2nel EHAPE for frame n

®2®2 CENERATORS - cartridge ROM

All the ROMed pattern generators must be grouped together in a
contiguous block (starting at location GCENERATORS). Each pattern
generator must be 8 bytes long, and the number ©f pattern generators
must conform to the value stored in NUMGEN:

.

by te:

0 Bb,tb,bb ,bb,.bb,bb,bb,bb - the first & byte pattern generator
(bbb = binary graphic data)

¢ bb,bb ,bb ,bb,bb,bb,bb,bb - the second 8 byte pattern generator

etec. for a total of B®*NUMGEN bytes
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=ex SETATUS - CPU RAM

An object's status srea consists of 4 elements :

byte:

1 byte for FRAME - indicates which of the object's frames is
to be displayed.

2 bytes for X_LOCATION

2 bytes for Y_LOCATION - X_LOCATION and Y_LOCATION give the
coordinate position of the upper Jeft corner of the object on
28 “metaplane” which includes the pattern plane (see fig. 1).
The origin of the pattern plane is coincident with the oerigin
©f the metaplane. The values at X_LOCATION and Y_LOCATION are
16 bit signed nunmbers which permits the pesitoning of an
object anywhere within or outside of the pattern plane. This
enables an ebject to be bled on er off the pattern plane in
any direction.

1 byte for NEIT_CEN - an index which peints to the next
generator Jlocation which can be used when sdding new
generators to an ebject's generator tables. After the
object's ROMed generators have been moved to its VRAM tables,
ACTIVATE will set NEXT_CEN to equal FIRST_GEN_NAME <+ NUMGCEN.

Some objects may require generators which are essentially
modified versions of other generators (e.g. a generator which
represents the pattern of another generator which has been
totated). ROM space can be conserved by including oenly the
“unmodified" generators in the graphics data and using systen
foutines to generate the modified versions. NEXT_GEN points
to the next free location in that object's generator table to
which & modified generator may be added. When adding new
generators in this manner, NEXT_CEN should be vpdated in order
tc prevent new generators overwriting old ones.
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S.0 COMPLEX OBJECTS

Complex objects are aggregates of other “component” objects which may
be of any type (including other Complex objects) except Mobile
objects. This object type gives the game programmer the ability to
combine several objects in order to create a higher order graphic
entity. Complex objects may have Bultiple frames and may be moved
about on the display in the sase manner as any other object.

Before a Complex object can be displayed, all of its component objects
must be activated. This can be done by activating the complex object
itself (ACTIVATE will then process all the component objects).
However, if any of the component objects are type Semi-Mobile and the
VDP is operating in graphics mode I, then al11 the component objects
must be individually activated. If ACTIVATE is net used, then in
addition to moving the generators to VRAM, the FRAME variable in the
STATUS area for each of the component objects must be initialized to
0.

Once all the component objects are activated, a Complex object may be
placed on the display in the same manner as any other object type.
The object's STATUS area is initialised with the desired frame nunmnber
and position, and then PUT_OBJECT is called. PUT_OBJECT will then
determine the correct frame number and position for all of the
compeonent objects and place them on the display.

Each frame of the Complex object points to a list of frame numbers and
¢ list of offsets. The list of frame numbers specifies the frame
number to be uvsed for each of the component objects. The list of
cffsets specifies the positional offset of each of the component
ebjects from the Complex object's X and Y_LOCATIONS.

S.1 DETAILED DESCRIPTION OF COMPLEX OBJECT
DATA ETRUCTURE

Complex objects are defined in cartridge ROM by:

1) COM_OB - the object’'s high level definition

2) GRAPHICS - which contains frame and offset parameters. For each
frame of the Complex object, these parameters define the frame numbers
for the component objects and the positional relationship between the
component objects.

anéd in CPU ram by:
1) BTATUS - which contains the frame and position variables for the
objiect.

The lol!owinb is & detailed description of the data structure:
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te2 COM_OB - cartridge RONM

The high leve] definition of 4 Compler object €
CRAPHICS and STATUS aress for the object

Peimtiag to the high levey €efinition of

entains pointers to the
. 8nd a Jigt of s8ddresses
the component ebjects.

byte:

] 8ddress of CRAPHICS (the start of the MOMeg graphics dats for
- the object)

2 8ddress of STATUS (the object's RAM statys areq)

q édress of the ist component object Righ level definjton

‘ L] & L ] :nd L] L] [ ] L] L]

2I02 a L] L ] u'h L] L ] ® " L]

22 CRAPHICS - cartridge ROM

The graphics segnent of 2 Complex sbject ecan be thooght of . divided
into three sections. The first section contains the tollowing:

byte:
0 OBJ_TYPE - This byte is divided into two parts: )
LSN - Specifies the object type and Bust be equal to ¢ for
corplex objects.
MSN - contains the nmumber of tomponent ebjects that Bike gp
the complex ebject.
1 pointer teo FRAME_O (list of frame numbers)
3 pointer to OFFSET_O0 (list of offsets)
H) pointer to FRAME_1
7

peinter to OFFSET_t

2n+1 pointer to FRAME_=n
28+2 pointer to OFFBET_n

t2t FRAME_O ... FRAME_n - cartridge ROM or CPU RAXM

Eich frame of 4 complex ebject specifies the frame Busbers to be uwsed
for each of jits Component objects. The frame numbers te be used for
88y given frame are adrranged in a ligt; the tirst entry being the
frame number for the first component, the second entry the frame
homber for the sencond component, etc. There B2y be s many f(rame
lists as there are frames, or gevera] er all frames By share the sime
frame list. for example, if the only difference between frames of ,
compler object were the pesitional relationship of the component

otjects, then ene frame Jjist would be sufficient. The format of the
frame }gs! is as follows:

byte: -
[} frame nusber for g1g¢ component

1 - g “ ing -

n-1 ¢ . " ath -
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. OFFSET_n - ecartridge ROM or CPU RANM

/ Esch frame of 3 Complex sbject also Bust Bave an effset 1ist. This
list determines the Position of each of the component ebjects with
respect to the position of the Complex ebject (its I and Y_LOCATIONs).
Each entry in the oftset list has two cComponents, a one byte X
displacement followed by 3 one byte Y displacement. These
éisplacements are unsigned 8 bit integers and are added to the 16 bit
vilues contained in the Complex object's X and Y_LOCATIONs to form the
coordinate position for easch of the component objects. As with the

frame lists,
fewer §f geve

there may be as Bany effset lists as there are frames, or
ral er all frames use the same offset Jigt. The format

of the offset lists ig 2s follows:

byte:
0

1
2
3

2n
28+ 1

b {
Y
b4
Y

I
Y

displacement for the 1st component ebject
”

2t STATUS - CPU RANM

The STATUS areas for a Com

&ny other object type.
"IT_GEN, is not used.

byte:
0

" st ®
" 3nd - -
* 2nd [ "
® ath - ”
" ath = ] .

Plex object is similar to the STATUS areas for

The only difference s that the Sth byte,

FRAME - the value in this byte indicates the frame to be
displayed.
I_LOCATION - 3 two byte valoe determining the X position of
the Compler object on the display. -
Y_LOCATION - & two byte value determining the Y position of
the Complex object on the display.
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é6.0 ACTIVATE

Calling seqQuence :

LD HL ,0BJECT_NAME
BCF i MOVES CENIRATORS TO VR AM
CALL ACTIVATE

-0 f-

LD HL,OBJECT_NAME
OR a i DOESN'T MOVE CENERATORS TO VARK
CALL ACTIVATE

Registers used:
Uses all tTegisters

RAM Usged (starting at WORK_BUFFER) - .
1f the object type is Semi_Mobile, the VDP s °perating in Craphics
Mode I1I, and bit 4 ©f OBJ_TYPE = 1§, then 8 bytes starting at
VORK_BUFFER are used. Otherwise no RAM is used.

6.1 DESCRIPTION OF ACTIVATE ROUTINE

The Primary purpose of the ACTIVATE foutine is to move the pattern and
color generators from an ebject's CRAPHICS data area to the lecations
in the VRAM Pattern and color generator tables essigned to it. In
addition ACTIVATE will {nitialize certain variables in the cbject's
ETATUS and OLD_SCREEN areass. How the routine dctually functions is
dependent on the type of object being “Yactivated", the graphics mode
being used, and the state of the carry flag.

1) Activating Semi-Mobile ebjects

If the thire address pointer in the object's high level definition is
less than 8000H, then that address is taken to be the address of an
OLD_SCREEN area for that object. The first byte in the OLD_SCREEN
d4res is initialiged with an BONH. This value indicates that no dats
has yet Been saved in OLD_SCREEN. Vhen PUT_OBJECT sees this vajlue it
wlll'qot attempt to Testore the contents ©of OLD_SCREEN to the display.

The first byte in the object's STATUS area, the FRAME variable, is set
te 0. .



COLECOVISION
GRAPHICS USERS' MANUAL Page 25

The éth byte in the object's BTATUS area will be initisligzed with a
value equal to FIRST_CEN_NAME « NUMCEN. Routines which 8dd new
generators to the object's pattern and color generator tables may
daccess this byte to determine where to put them.

If the carry flag is set when ACTIVATE s called, then the object's
pattern and color generators will be moved to the pattern and color
generator tables {n VRAM. If the carry flag is not set, then the
generators will not be Boved; in this ease enly the ETATUS and
OLD_SCREEN areas will] be affected. This feature is used when several
ebjects share the same generators. ACTIVATE needs to be called with
the carry flag set for only one of the ebjects, to get the generators
to VRAM, and the other objects are ACTIVATES with the carry flag not
set to prevent the g¢enerators from being moved again. The generators
d4re moved as follows:

@) In Craphics Mode I
All the pattern generators (the number of which is given by the

specified by FIRST_CEN_NAME (i .e. the VRAM address to which the
first pattern generator is moved = Pattern generator base address
¢« 8 ®* FIRST_GEN_NAME). ‘The others are loaded sequentially.

In Craphics Mode I the Pattern generator table is divided into 32
eight-byte bloeks. The color for each block of 8 generators is
defined by eone color generator byte. Therefore, ACTIVATE needs
to determine the number ©f color generator bytes that must be
Boved to the VRAM color generator table. It does this in the
following manner (see NOTE below):

The first pattern generator will require a color generator byte
at FIRST_CEN_NAME/B offset from the start of the color generator
table. The last pattern generator will fequire a color generator
byte at (FIRST_CEN_NAME ¢« NUMGEN =1)/8. Therefore, the total
number of coler generators needed will be (FIRST_GEN_NAME «
NUMCEN -1)/8 - FIRST_GCEN_NAME/8 +1. ACTIVATE will move this
number of color generator bytes to the ceolor generator table
starting at VRAM address = color table base address <+
FIRST_CEN_NAME/S.

B) In Craphics Mode I}
In this mode the pattern and color generator tables are divided

into three sections. Each section contains the generators which
“will be displayed in the corresponding third of the pattern
plane. A Semi-Mobile object needs to have jt's generators moved

to ene or more sections 6epending on which thirds of the pattern
Plane it may appear in. The MSN of OBJ_TYPE in the object's
CRAPHICS data area indicates which sections of the generator
tables the pattern and color generators should be moved to as
follows:
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if bit 72 = § then move generators to the 1st section
if bit 6 = 1 then move §enerators to the 2nd sectjon
if bit S = 1 then move generators to the 3rd section

The starting location within each section to which the generatorsg

will be moved {sg specified by FIRST_CEN_NAME. ‘The first
Pattern/color generator will be located at FIRST_CEN_NAME and
rest will be loaded Sequeptially (e.g. if the MSN of & Semi-

the

Mobile object = 1010B, then the Pattern generators will bpe moved

te VRAM address = Pattern bDase sddress < FIRST_CEN_NAME = g,
also to VRAM address e Pattern base address <« 1000H «
FIRST_CEN_NAME = §g) .

Bit @ of OBJ_TYPE indicates whether there are €& or 1 Color

generator bytes per pattern generator. I1f this bit is 0, then

ACTIVATE will expect 8 color generator bytes per pattern
generator. If bit 4 is 1, then enly one coler generator byte

and

will be expected. This byte will be used to £ill all eight bytes
of the dppropriate color generator in VRAM. The location within
the color table to which the generators 4re moved is determined

in the same fashion as the pattern generators (see above).

2) Activating Mobile objects

The first byte of the object's OLD_SCREEN area is initialized with
80H.

The frame varfable, the first byte in the object’'s STATUS area, is
initialized to 0.

Bytes € and 7 of the object's STATUS dres are {nitialigsed with the
value NEW_GEN from the ocbject's CRAPHICS data. This value is used
& pointer to the beginning of an area feserved for the addition of
generators created at game-on time.

3) Activating Eprite objects

The frame variable, the first byte in the object's ETATUS area, is
initialised te O.

Byte € of the object's STATUS areas is initializted with the value
FIRST_CEN_NAME « NUMGCEN.

s

All the generators in the CRAPHICS data &res are moved to the sprite
Generator table in VRAM. The first generator is moved to the location
specified by FIRST_CEN_NAME and the rest are loaded in sequentially.

4) Activating Complex objects

The number of component objects to activate is determined by the value

contained in the MSN of OBJ_TYPE, the first byte in the object's

CRAPHICS data area. Following the Pointer to the object's STATUS area
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is a list of addresses. Each address in the ligt points to the high
level definition for one of the component oebjects. ACTIVATE g called
once for each:-of the Component objects, with the state of the carry
flag set to the condition it was 4n when the recutine was inttially
called.

NOTE : . .
An error in the ACTIVATE routine shows up when ACTIVATEing Eemi-Mobile
objects, or Complex objects containing Semi-Mobile objects, and the
VDP is °perating in Craphics Mode I. This @rror causes an incorrect
number of color generator bytes to pe moved to the color table in VRAM
when FIRST_CEN_NAME of the object is 80H or greater. In these
instances, the cartridge program will have to fulfil} the functions of
ACTIVATE, and move the pattern and color generators to VRAM itsel t.
Initialization ©f the STATUS and OLD_SCREEN 8ress can still be done by
ACTIVATE, make sure the carry flag is NOT set when calling ACTIVATE on
such objects.
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7.0 PUT_OBJECT

Calling sequence (for all object types except Mobile objects) :

LD 1X,0BJECT_NAME
CALL PUT_OBJECT

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

1. Semi_Mobile
It OLD_SCREEN is not used, then no RAM area is used by
PUT_OBJUECT. If OLD_SCREEN s used, then the marimum space, {n
bytes, used by PUT_OBJUECT will be equal te the number of
pattern blocks in the largest frame (i.e. the largest value of
I_EITENT ®* Y_EXTENT) plus 4.

2. Mobile
Eee discussion of PUT_MOEBILE below.

3. Eprite
4 bytes.

4. Complex
The amount of RAM used is equal to the largest amount used by
&ny of its component ebjects.

7.1 DESCRIPTION oOF PUT_OEJECT

PUT_OBJECT Places a frame of an object on the display. Which frame is
€isplayed and where it is placed on the Cisplay are specified in that
ebject's STATUS area. When PUT_OBJECT is called, it will determine
what type of object is to be "put” on the @isplay and then branch to
one of four subroutines designed to handle that particular object
type. These subroutines are: PUT_SEMI, PUT_MOBILE, PUT_SPRITE and
PUT_COMPLEX. Below is a description of each routine.

?.2 DESCRIPTION OF PUT_SEMI

As the name implies, this routine handles the display of Semi-Mobile
oebjects. A frame for a Semi-Mobile ebject is put on the Cisplay by
writing the list of generator names that define the frame into the
pattern mame table in VRAM. In addition, the names in the name table
that are overwritten By optionally be saved and Jater restored to the
name table when the object is moved, or fTemoved from the display.
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The following algorithe is used to place Bemi-Mobile objects on the
display:

IF the object does NOT have an OLD_SCREEN (i.e. if bit 15 of
the OLD_SCREEN address in the object's high level definition
is set), THEN

DISPLAY the frame Indicated by FRAME in STATUS at locstion
specified by X_LOCATION and Y_LOCATION

ELSE

IF ist BYTE of OLD_SCREEN is NOT B80H (there is valid data
in OLD_SCREEN), THEN

DISPLAY OLD_SCREEN, first 2 bytes in OLD_SCREEN give IX
and Y coordinates of upper-left corner (in pattern
plane positions) of OLD_SCREEN frame, third and
fourth bytes give X and Y_EXTENTs of OLD_SCREEN frame
READ background pattern names over which frame of object
will be displayed and save in OLD_SCREEN along with X and
Y positions and X and Y_EXTENTS
DISPLAY new frame of object at called for X and Y position

ENDIF

7.3 PUT_MOBILE

Calling sequence:

LD IX,0BJECT_NAME

LD B,MODE i MODE = 0-3, DETERMINES THE METHOD
: FOR COMBINING BACKGROUND AND OBJECT

CALL PUT_MOBILE i PUT_MOBILE ENTRY IS IN CARTRIDGE ROM
: ; (SEE DISCUSSION BELOW)

Registers used:
Uses all registers

RAM Used (starting at VORK_BUFFER) :

-

In graphics mode I, 141 bytes
In graphics mode 11, 203 bytes
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7.4 DESCRIPTION OF PUT_MOBILE

This routine will place the specified frame of a Mobile object on the
display. The location of the object and the frame to be displayed are
determined by the variables FRAME, X_LOCATION and Y_LOCATION in its
ETATUS area. The X and Y_LOCATION variables specify the pixel
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
4s bleeding on or off the pattern plane in any direction.

In general, PUT_MOBILE produces the image of a Mobile object on the
6isplay by creating a new set of pattern and color generators which
depict the object superimposed on the background. Eince a8ll frames of
Mobile objects will be 2 by 2 pattern blocks in size, the number of
new generators which need to be created is 9. These ¢ generators
constitute 8 “surround" for the object within which the object will be

displayed.

The 9 pattern generators which constitute the surround may be thought
of as an array of 3 by 24 “surround" bytes. Eimilarly, the pattern
generators which constitute the frame of the object to be displayed
may be thought of as an array of 2 by 16 "frame" bytei. PUT_MOBILE
uses one of two methods for combining these two arrays of generator
bytes. Which method is used is selected by the state of bit 0 in
tegister B when PUT_OBJECT is called.

It this bit is gzero then an "additive" method is used to combine the
object’'s graphics with that of the surround. In this method the "i'
bits in the object's pattern generators are "moved" into the
sappropriate locations in a new set of surround generator bytes; these
create a4 graphic of the Mobile object superimposed on the background.
New surround coler generator bytes are created as follows:

For each byte, if the cerresponding pattern generator byte has not
been changed (i.e. no *"1" bits have been moved to it) then that
color byte is left alone. It the corresponding pattern generator
byte has had cne or more “1" bits added to it, then the celerd
portion of that byte is changed to the color of the Mobile object.
Therefore, any parts of the background graphic represented by *"i*
bits will take on the color of the Mobile object when both the
background and the object have “1" bits within the same pattern
generator byte. The overall effect of this method is to maintain
the “stroctural” integrity of the background pattern, even though
the coler of the background graphic will change to that of the
ebject whenever elements of the object and the background exist
within the same generator byte. Figure 2 illustrates the graphic
effect of this mode of cperation.

I1f bit 0 of register B is set to 1, then another method s applied.
As in the above method, the "1" bits of the object's pattern generator
bytes are again moved to the appropriate locations within the new set
ef surround generator bytes. However, surround generator bytes to
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which bits are to be added will be cleared first (i .e. any elements
of the background graphics which exist within the same byte as object
graphics will . be lost). The color generators are treated in the same
manner &s above. This gives the effect of the Mobile object “breaking
holes” in the background as it moves through a pattern. See figure 3
for an illustration of this mode.

The limitation of only being able to display two colors within the
same Jine of a pattern position force the above conpronises when
eombining object and background generators. Which method should be
used in & given situvation will depend on the graphics and color of
both the background and the object. Experimentation will be necessary
to determine which method produces the least disruption of the
background graphics.

Another option gives the programmer control over the choice of color0
for any color generator bytes which have had their color! changed to
the object's coler.

If dit 1 of register B is 0, then the colord of the above-mentioned
coler bytes will not be changed. .

1f bit 1 of register B is 1, then the colorD will be changed to
transparent (thereby causing the backdrop color to be displayed as the
ceolorQ).

Figores 4 and S jllustrate these last two modes of operation
Tespectively.

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

Each Mobile-Object will have table space assigned to it (within
the VRAM pattern and color generator tables) for 18 pattern and
color generators. These tables are divided into an upper and a
lower half. When a Mobile-Object is displayed, the “active"
generators (i.e. those currently being used to display the object)
will reside in either the upper or lower half of its generator
tables. The half which is mnot in use is indicated by bit 7 of
FRAME in that object's status area. This bit will be 0 when the
lower halt is not in use and 1 when the upper half is mot in use.
PUT_MOBILE moves the new generators to the half of the table not
in use and also complements bit 72 of FTRAME. ‘This procedure
enables the new generators to be moved to VRAM without disturbing
the current display. It this were not done, it would be possible
for one TV field to display partially vpdated generators and
thereby ctause the object to flicker.

Once the new set of pattern and color generators are moved to the VRAM
pattern and color tables, PUT_MOBILE displays the Mobile-Object by
writing the names of these new generators to the pattern name table in
order to display the object at the called for location. In addition
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the pattern names which are overwritten in the process of displ;ying
the Mobile-Object are saved, and then restored to the name table, ¢
hecessary, when the object moves.

NOTE :
Due to an errer mear the beginning of the PUT_MOBILE routine, the
beginning part of- PUT_MOBILE wWill have to be included as part of the
cartridge program. Instead of calling PUT_OBJECT for mobile oebjects,
it will be necessary to call the version of PUT_MOBILE which will
reside in cartridge ROM. This has the following two side effects:

1. Mobile-Objects may not be components of a Complex cobject.

2. The defered write condition wWill not be recognised by
PUT_MOBILE.

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

VORK_BUFFER EQu 8004H
FLAGS EQU 3
FRM EQU ]
YDISP EQU 0 .
IDISP EQU 1
YP_BK EQU 18
IP_EX EQU 17
PX_TO_PTRN_POS EQU 07E8H
CET_BXGCRND EQU 089EH
PM2 EQU OAEOH
PUT_MOEBILE LD 1Y,[{WORK_BUFFER] i 1Y := °“WORK_BUFFER
if in CRAPHICS MODE I
RES 7,B
tf in GRAPHICS MODE II
SET 7,B

LD [IY+FLAGS],B
PUSH HL
LD H,[IX+3)
LD L,[I1Xe21
LD A,LHL)
LD [IYeFRMI,A
XOR 80OH
1D (HL1,A
INC HL

“ ; 1D E,[HL)

: LD ALE

AND 7
NEG
ADD A,
LD [IY+XDISP3,A
INC HL
LD D,CHL)



COLECOVISION
CRAPHICS USERS'

MANUAL

CALL PX_TO_PTRN_POS
LD C(IYeXP_BK],E

INC HL

LD E, [HL)

LD ALE

AND 2

LD [IY+YDISPJ,A

INC ML

LD D,IHL)

CALL PI_TO_PTRN_POS
LD [IY+YP_BKI,E

1D HL,{WORK_BUFFER)
LD DE,YP_BK+1

ADD HL,DE

LD D,[IY+YP_EBK]

LD E,[IY+XP_BKX]

LD BC,303H

PUSH IX

CALL GET_BKCRND

POP 1X

JP PM2

The calling sequence for Mobile-Objects is:

LD IX,HIGCH_LEVEL_DEFINITION

LD HL ,CRAPHICS
LD B,MODE

CALL PUT_MOEILE

An additional patch is needed when operating in GRAPHICS MODE 1I.
this case the last instruction in the above code (JP PM2) is teplaced

with the following code:

PUSH 11X
CALL PM2
POP 1X
LD 1vY,3

LD A, [IX<61

LD B,A
AND A,7
Cp 7

JR NZ ,THREE_GEN

LD 1Y,4

THREE_CEN LD A,B
: SRL A
ERL A
SRL A

ID E.A

LD D,O

LD KL ,V_BUF+BBH

PUSH HL

page 33

; see above discussion for
; parameter passed in reg B

Save another copy of eobject pointer
Call rest of OS PUT_MOBILE routine

Restore object pointer

Set up for 3 item VRAM write

Cet FIRST_CEN_NAME
And save another copy
Evaluate MOD 8
If NE 7 then
3 generators to move
Else, move 4§ generators
A := FIRST_CEN_NAME
Divide by 8
to get index into
color table

DE gets pointer to ebject's

color gens in VRAM
Point to 4th gen
Eave pointer

In
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LD A,[CHL)
LD 8,3 i Copy this generator 3 times
COPY3 INC HL :
- LD [HL),A
DJNZ COPY3
POP HL i Cet Dack pointer
LD A,¢ i Code for color table
CALL PUT_VRAM
RET

V_BUF is the address of the work area for 0S8 routines (i.e. the
address stored at WORK_BUFFER, B006H, in cartridge ROM).

NOTE : In applications where the background color (color0) of the
patterns over which the mobile object is to move and the color of the
mobile object itself does not change, the above patch will not be
needed. Instead it is sufficient to inftialize the color generators
for the mobile object to the desired colori/colorD combination.

7.8 PUT_BPRITE .
This routine handles the display of all sprite objects; sigel, sisel,
magnified and unmagnified.

The routine uses BPRITE_INDEX in the object's high level definition te
determine which of the 32 sprites te use to implement the object.
Positional information from X and Y_LOCATION in the object's STATUS
area is used to update the vertical and horisontal position entries in
the sprite attribute table in VRAM. The routine facilitates Sprite
ebjects bleeding off to the left as well as completely off the screen
by making use of the early clock bit.

Frame information for Bprite objects comes from the FRAME_TABLE in the
object's CRAPHICS data area. Each frame is specified by a COLOR and a
EHAPE byte. The SHAPE byte is added to the object's FIRST_CEN_NAME
(the secend entry in the object's CRAPHICS data arez) and this sum is
then moved to the name entry position in the sprite attribute table.
Bit 7 of the COLOR byte is modified to reflect the required state of
the early clock bit and then moved to color entry in the sprite
attribute table.

7.6 PUT_COMPLEZX

A Complex object is a collection of "component” objects. Each frame
©of a Complex object specifies the positional relationship and frame to
be used for each of the component ebjects. The positional

relationship for all the component objects is defined in an ocffset
list and the frame for each component is defined in a frame list.
There is one offset list and one frame list for each frame of the
Complex object. ' |
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PUT_COMPLEX takes the following steps to display Complex objects:

1.

Using the FRAME_LIST for the particular frame of the Complex
object to be displayed, the frame ef each of the component
ebjects is uwpdated.

X and Y_LOCATION for edch of the component objects is formed
by adding the X and Y offsets for each component, as specified
in the OFFSIET_LIST, to the X and Y_LOCATIONs from the Complex
object's STATUS area. Note: the offsets are 8 bit unsigned
numbers, so the location of the component objects will dlways
be to the right and/or below the cocrdinate position indicated
by I and Y_LOCATION {n the Complex object's STATUS area.

Each of the component objects is displayed by calling
PUT_OBJECT for esch of the component objects.
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8.0 DATA S8TRUCTURE SUMMARY FOR BEMI_MOBILE OBJECTS

=% RON DATA ARLAS st

High level definition for a Semi-Mobile ebject; the address of the high
level definition (EMO) fs passed to the graphics rovtines when called
o to process the object:
8n0 DEFY CRAPHICS ipointer to graphic data for ebject
DEFV 8TATUS pointer to status areas
DIFV OLD_SCREEN ;pointer to save ares for OLD_SCREEN

Craphics for semi_mobile ebjects are defined as follows:

GRAPHICS DEFB CBJU_TYPE iLEN = 0, MSN used only in Craphics Mode Il
iMSN bits §5,6,7 indicate which thirds ef
+generater tables to move generators to
¢4t bit 7 then move gens to upper third
;. ”» ‘ [ ] [ ] L] . .‘ﬂdl. [ ]

;- -« s -« - L] ] IOU’CI‘ o
«8it 4§ indicates how many color generator
ibytes per pattern generator to ezpect, if
idit € = 0 then 8§ bytes/gen else § byte/gen
DEFB FIRST_CEN_NAME ;indez into VRAM tables where object's
igenerators are located

DEFB NUHMCEN number of ROMed generators for object
DEIFV GENIRATORS ;pointer to first of ROMed patterns
DEFV FRAME_O ipointer to first frame data

DIFV FRAXE_1 ipointer to second frame

DIFV FRAMNE _» ipointer to Nth frame

The €ata for each frame is organized as follows:

FRAME_» DEFE I_EITINT I_EXTENT and Y_EXTENT are the width and
DEFB Y_EITENT ¢height of the frame in pattern plane pesitions
DIFB NAME_¢ +NAME_§ threugh NAME_m are the names of the
DEFB NAME_1 ipatterns uvsed for this frame. There must
3 : iesactly X_EXITINT ®* Y_EXTENT names and they
DEFE NAME_n imust be arranged in a ROV major array, ss

«they are teo be displayed on the screen (i.e.
ithe pattern representing NAME_O will appear
a4t the vpper-left cotner of the frame, NAME_n
iwill appear at the lewer-right corner).

The pattern generators are stored as follows:

CEINERATORS DEFER bb ,bb ,bb,bb,bb,bb,bb,bb ;where bb = binary graphic data
DEFE bb,bb,bb,bb,bb,bb,bb,bb ’

DIF} bbb ,bb,bb,bb,bb,bb,bD
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Each group of 8 bytes correspends to one generator. These generators are

8l]l moved to VREAM by ACTIVATE. The first generator will be located at FIRST_
CEN_NAME (in Craphics Mode I], the MSN of OBJ_TYPE indicates whiech thirds of
the genmerator tables will be initialised).

There are three possible formats for ecolor generators. The first twe are
used iz Craphics Mode.-1I, the third im Craphics Mode 1I:

CRAPHKICE MODE I1I:

1. 1t bit € of OBJ_TYPE is 0, thsn there must be 8 color generator bytes
per pattern generator. The MSK ef each byte specifies celori for the corresponding
pittern generator byte. The LISN specifies color0. (i.e. if the first color
generator looks like: DEFE 1F AF, 1F,1F,39,39,39,39 , then the first 4 lines of
the correspending generator will kave a coler 1=BLACK and color0sWHITE and the
last € lines will have colori1«LICHT GREEN and coler0=LICHT RED.)

DEFE ¢c,cc,cc,cc,cc,ec,ec,ec ;Color generator for ist pattern
DEFB ee,cc,cc,cc,cc,cc, 60,8 ; °* = * 2nd °
DEFE ec,ec,ec,cc,cc,cc,cc.tc ; ° . " last -

2. If bit 4 of OBJ_TYPEL is 1, then only one cocler generstor byte pe:
pattern generator will be expected. This byte will be duplicated 8 times by
the ACTIVATE routine when moving the generators to VRAM. Each byte has the
sipe format as above. There must be ene byte per pattern generator.

DEFB ec iColor generater for 1st pattern
DIFB ee i " . - ® 2nd "
DEIFE (34 : " e ® last "

CRAPHICS MODE 1I:

3. In Craphics Mode 1 the pattern generator table can be thought of as
Givided up into 32 groups of & generators. Each group of pattern generators
stare the sime color generater byte. Therefore, there must be one color
generator byte fer each group which coentains pattern generators for the
object.

222 RAM DATA AREAS tx12
The sfa}us dre: for semi_mobile oebjects {s as follows:

ETATUS . DEFS 1 iFrame number to be displayed

DEFS 1 {XI_LOCATION, low byte first
DEFS 3 ;Y_LOCATION, low byte first

i and Y_LOCATION vused by game program to
iposition object on screen and are 16 bit
signed aumbers

DEFS 1 iREIT_CEN, index to area for adéding mew
igeneraters
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Old_screen éata has the followin
it is in VRAM, else it is in CRA

OLD_SCREEN DEFS

DIFS -

DIFE
DEFS
DIFS

(%3

Page 38

¢ stroctore (§f OLD_SCREEN ( 7000H, then
M)

iZ_PAT_POS, ecolumn im which the spper left cermer
iof saved screen lies. This byte fnitialiged to
i80H by ACTIVATE to inédicate no dats Sived yet.
iY_PAT_POS, row in which wpper left corner of
isaved screen Jjes.

‘E_EXITENT of saved screen

Y_EITENT of saved screen

iWhere 2 = the largest screen that will need to
ibe saved (i.e. the largest value of I_EITENT »
:T_KITINT for any ef the frames of this object).
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9.0 DATA STRUCTURE SUMMARY FOR MOBILE OBJECTS

*t* RON DATA AREAS tr:

High level definition for Mobile ebjects; the address of this data Block
(HOE) is passed to the various graphics rovtines when processing the object :

MOEB DEFV CRAPHICS wpointer to graphic €ata for object

DEFV ETATUS ipeinter to status aren

DIFV OLD_SCREEN ;pointer to save sres for OLD_SCREEN

DEFE FIRST_CEN_NAME ;indexr into VRAM tables where ebject's
i“sctive” generators are located, i.e.
ithose being uwsed to €isplay the object
ispace for 18 generators most be reserved
ifer each Mobile object

Craphics for a mobile object are Gefined as follows:

CEAPHICS DEFB 0BJ_TYPE ;isn 3 |
DETE NUMGEN inomber of ROMed generators for object
DIFV NEW_GEN ipointer to space for ereation of mew

igenerators .
DIFV CENIRATORS ;pointer to first of ROMed patterns

DEFV FRAME_O ipointer to first frame data
DIFV FRAKE_1 ipointer to second frame
DIFV FRANE_n ipointer to Ntk frame

The data for each frame is erginited as follows:

FLANMI_u DEFE NAHE_I,lAH:_l,NAH!_C,NAHI_ﬂ,COLDR

iwhere the pattern

ilor NAME_A will asppear in the upper left
icorner, NAME_B in the Jower left, NAME_C
¢in the wpper right and NAME_D in the lower
itight. The MSN of COLOR specifies the
itolor fer the frame (e.g. if MSN=7 then
-iframe will be CYAN) the LSN must = 0.

The pattern generators are stored as follows :

CENIRATORS DEFE tb.bb,bb,bb,db,bb,bb,bb ;where bb = binary graphic data
DEFB bb,bb,bb,bb,bb,bb,bb,bb

) DIF3D bb,bb ,8b,bb,db, b, Bb,bD

Each group of 8 bytes corresponds to one generater. £Each generater §s
referecced by its position in the the table. The value of the first generator's
name is O, the value of the second generator’s mame is 1 etc. New generators
Crested at game-on time and stored at (NEV_CEN) continue in the numbering
sequence. (f{.e. {f there are 8 generators in ROM, numbers 0-7, then generator
nember B reffers to the first generator in a table starting at (NEV_CEN), etc.)
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g2 RAM DATA AREAS t=t
The structure for a mobile ebject's status is as follows:

BTATUS DEFS 1 ithe lower 7 bits specify the frame to be
«Gisplayed, bit 7 imdicates which VRAM table
:8rea is in uvse and must mot be altered when
s :changing the frame number

DEFS 2 +I_LOCATIOK, low byte first

DIFS 2 i Y_LOCATION, low byte fiszst
i and Y_LOCATION wsed by game prograe to
position object on screen and are 1é bit
;signed numbers

DIFS 2 iNEV_CEN, points to ares for adding new
:generators

Old_screen data has the following strocture (if OLD_SCREEN ( 7000H, then
it is in VRAM, else it is in CRAM):

OLD_SCREEN DEFS 1 +I_PAT_POS, column in which the upper left
icorner of saved screen lies. This byte
8 initialised to 80K by ACTIVATE to indicate
ithat there is ne data saved yet.

DIFS 1 Y_PAT_POS, row in which upper left corner of
isaved screen lies.
DIF S 9 iNine background names, arranged in ROV majeor

;order.
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10.0 DATA STRUCTURE SUMMARY FOR EPRITE OBJECTS
=% BOM DATA AREAS et

High level definition for Bprite objects; the address of this data Block
(SP_0BJ) is passed to the various graphics routines when precessing the ebject :

8?_0OBJ DEFY ° GCRAPHICS ' ipointer to graphic data for object
DEFV ETATUS ipointer to status area
DIFEB SPRITE_INDEX isprite number for this object (C-31)

Craphics for a sprite object are defined as follows:

CRAPHICS DEFB OBJ_TYPE iOBJ_TYPE = 3
i DEFB FIRST_GEN_NAME ;name of first sprite generator
DIFV CENERATORS ipointer to ROMed generators
DEFB NUMCEN «nunber of ROMed generators for object
DIFV FRAKE_TABLE ipointer to table of frame data

The data for each frame is erganised as follows:

FIAME_TABLE DEFE COLOR isprite's color for this frame
DEFB SHAPE ioffset from FIRST_GEN_NAME (generaters
ite be wsed for this frame)

DEFEB COLOR :second frame coler
DIFEB SHAPE isecond frame generator
DIFE COLOR ilast frame color

DEFB SHAPE ilast frame generater

The pattern generators are stored as follows :

CENERATORS DEFB bb,bb,bb,bb,bb,bb,bb,bb ;where bb = binary graphic data
DEFB Bb,bb ,bb,bb,bb,bb,bb,bb

DIF} bb.8b,bb,bb,bb,bb,bb,bb
22t RAM DATA AREAS 212

The strocture for a mobile ebfect’'s status is as follows:

ETATUS DEFS 1 ;Frame number to be displayed
. DEFS 2 +I_LOCATION, low byte fizst
DEFS 2 :Y_LOCATION, low byte first

+X and Y_LOCATION used by game program to
iposition ebject on screen and are 16 bit
:signed aunmbers

DEFS i +NEIT_CEN, index of free space in
igenerator table
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11.0 DATA BTRUCTURE SBUMMARY FOR COMPLEX OBJECTS
%82 ROX DATA AREAS t2:

High level éefinition for Complez ebjects; the address of this data block
(COM_DOE) is passed to the various graphics routines when processing the ebject :

CoM_0OE DEFV CRAPHICS ipointer to graphic data for object
DEFV STATUS ipointer to status area
DIFV OBJECT_1 ipeinter to component object 1§
DEFV OBJECT_2 5 - " . 2
DIFV OBJICT_n : " " * n

Craphics foer a Complex object are defined as folleows:

CRAPHICS DEFE OBJ_TYPE +MSN of OBJ_TYPE = number of component
H ebjects (must equal number
H of high level object addr)

iLSN of OBJ_TYPE = ¢ .
DIFV FRAME_LIST_¢ ipointer to frame list for first frame
DEFV OFFSET_LIST_O ipeinter to list of offsets for first
frame

DEFW FRAME_LIST_n ipointer te frame list for last frame
DEFV OFFSET_LIST_n ipeinter to list of offsets for last
frame

Eich frame of a complex ebject is 6efined by a list of frame numbers and another
list of offsets. Each entry in the FRAME_LIST specifies the frame to be displayed
fer one of the component objects. The first entry specifies the frame number for
the first component ebject, the second entry specifies the frame number for the
second, etc.

FIAME_LIST DEFE f1 iframe number for first cemponent
DEFE f2 iframe number for second component

DIF} fn ifrase number for last coemponent
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The OFFSET_LIST specifies the location of each of the component objects with
respect to the X and Y_LOCATION given in the complez object's BTATUS ares as

follows: .
OFFSET_LIST_n DEFB Idisp

ebject
DEFE Ydisp

ebject

DEFB Idisp
DEFEB Ydisp

DIT! Idisp
DEFE Ydisp
®1x RAM DATA AREA et

Btatus areas for a Cemplex object :

STATUS DETFS 1
DEFS
DIF§ b

:Idisp = amount first compoment displaced
sherisontally frem X_LOCATION of comp! ex

iYdisp = amount first component displaced
ivertically from Y_LOCATION of complex

iseme for second component

isame for last component

iFrame number to be displayed

;X_LOCATION of ebject
;Y_LOCATION of object



COLECOVISION

page 44

MANUAL

GRAPHICS USERS'

Figure 1

This figure jllustrates the telationship between the Meta-Plane and

the Pattern Plane.
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A paramenter passed

.tegister B, selects which of the four methods will be

represents the color0 of the backgroeund

HANUAL
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eobed..

The tollowing figures tepresent the four methods which PUT MOBILE ss es

te superimpose & Mobile object apon a background.

to PUT_MOBILE in

CRAPHICS USERS'
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