APPENDIX B

COLECOVIESION

CRAFHICSE USERB' HAKNUAL

11/730/82 vi. @



COLICOVISION
CRAPKICS USIRE' HANVAL

Tible of coxtests

.3 Craphics Rewtizer Orverview

Datailed Descripticss ! Semi-Mebile O%iect Data

Detailed Description of Mobile Object Datas Btructeure

Detailed Description eof Sprite Object Dat: Btlructere

Page Bectien
1 1.8 Intreductien
| 1.1 Bemmary eof Cbiect Types
2 1.2 Data structure Overview
2 i
3 1.8 Beme Koy Cencepts
dlgcesgsien ef shisec! trpes
H 2.0 Eemi-Mcblle Dbjecte
é 3.1
Etrectere
11 3.0 Mebile Obfects
13 1.1
11 4.0 Bprite Objfects
14 i.1
21 $.0 Cemplex Objects
2! 5.1

Giscession af graphics revtimes

24 6.0 Aetivate

2t 6.1 Descriptien
21 7.8 Pot_Object
b4 | 7.1 Description
r1 ] 7.2 Dascrliption
20 7.3 Put_Mobile
30 7.4 Description
M 7.5 Put_Bprite
3 7.6 Put_Comples

dity gtreciere geommary

Detailed Description ef Cemples Object Data Structere

of Aetivite Roctime

of Put_Obdject
of Put_Sem!

of Put_Mebile

34 1.0 Data Structure Sumsary lor Semi_WMobile Objects
3 9.8 Daty Btructore Summary fer Mobile Objects

q1 10.8 Data Stroclore Somaary for Sprite Objects

41 11.0 Dats Btrwctiore Bummary for Complex Objects
figures

4t figure 1

43 figeze 2

W figuraes 3,4,



COLICOVISION
CRAPHICS USIRS' MANUAL Bige 1

1.0 INTRODUCTION

The material in this mangs] dssfumes that the reader is familiar with
Tazas Instruments’ P918/9928 Video Display Processor (vDP). Bince the
System routines assume that the VDP will be sperating in Craphicsy Mode
I or II, pacticular sttention should pe given te the iscussion of

these modes.

The Colecovigion operating syestez includes geveral §raphics reutinasz
te help facilitate ths ersaticn and Ranfpulation of images on the
éisplay. These routines énd associated data structures enable the
cartridge programmer te treat graphie elements as senceptval entitjeg
ealled “shbiscts™, ¢ which there are four types. Each object myy
consist of one or more “"frames"™, A frame s single, vigga]

Banifestation of the object.

The graephics foutines provide a high-level means of altering the frame
displayed and the Pesition of obfects.

1.1 SEUKNMARY OF CBJECT TYPLS
The four possible object types are:

1. Semi-Moblle

and off the Pattern plane (n any direction. Semi-Mobile
ebjects may be used either for Roving images (when incrementa]
Rotion by pattarn Plane positions ig dcceptable) or tor
setting up Packground patterns.

2. Mobile

The Primary purpose of Moblle objects is to everceme g
particular limitation of the VDP which Prevents msre than ¢
sprites frem being €isplayed on a glven Rozizonta]l TV line.
Mobila objects are 8lways 2 by 2 pattern blecks in size. They
may be placed Anywhere on the Pattern plane with Pixel
resclution and wil} APpear as superimposed upen the
background. They alse Biy bleed on and off the Pattern plane

in any direction.

3. Sprite

Sprite obfects are composed of individual sprites,.

4. Complaz

Complex obincts dre collections of ether “component” objects.
The component ebjects may be of tny type including other
Complasg ebiects.
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1.2 DATA BTRUCTURE OVERVIEV

Each ebject |2 defined by &2 "Righ Javel definition™ In cartridge ROM
(CROM) which links together several different data areas. The datg
contained within these areas completely specifies all aspects of an
object. The following is & brief description of the, different greas,

CRAPHICS

This data area is alse located in CROM. Pattern and coler generators
fer Semi-Mobile, Mobile and Eprite ebjects, and frame dats fer z!ll
ebfects are located In the CRAPHICS data area. The data structure
within each GRAPHICS area depends on the type of object with whlch it
is esseclated, 1f, hewever, twe er =Eore sbjects sf the sime type ars
graphically identical, they may share the same CRAPHICS data ares.
This will reduce the ezocgnt of graphics data that needs to be stored
in CROKE.

STATUS
Each object must have its own STATUS ares in CPU RAM. The cartridge
progran uses this arez teo manipulate the object. This its done by

altering the locatien within STATUS which determines which frame is to
be displayed as well as the locations which define the positien of the
ebject on the display. The graphics routine, FUT_OBJECT, when called,
will access the object's status area and place the object accordingly.

OLD_SCREEN

Mobile and BEemi-Moblle objects utilise the pattern plane. They are
displayed by overwriting an array of the names in the pattern name
table with an array of nemes which represents a particular frame of
the object. The cverwritten names can be theought of as representing a
background frame which is "underneath” the eobject. I1f{ the background
frame wil]l need to be restored to the display (e.¢g. when the object
moves or (s removed from the display) then it (s necessary to save
that frame. OLD_SCREEN is a save area for background f{rames. The
graphics routines PUT_SEMI and PUT_MOBILE will! autematically save and
testors background frimes when an cobject is moved or its frame {3
changed. OLD_SCREEN may be located In CRAN or In YRAH.

1.3 CRAPHICS ROUTINES OVERVIEV

ACTIVATE

The primary purpose of this revtine is to msove the pattern and color
generators from the CRAPHICS data ares inte the pattern and coler
genesrator tables (n VRAM, Each object must be “"activated™ belfore it
can be displayed. ACTIVATE also initigliczes the first byte in an
ebject's OLD_SCREEN data sres with the value BO0H. PUT_OBJECT tests
this location before rastoring the background names to the name tabdle.
I1f the value B0H s found, it !{s an indicatien that the cbject has not
yet been displayed and therefore, Lhere are no saved background nazes
in OLD_SCREEN. ACTIVATL initifalices a byte (in the cazse of Mobile
objects, a word) which (ndicates where additional generators should Dbe
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located If sucy @enerators are te Bbg Ereoated at ganme-on time 5y cther
toutines, sueh ag REFLECT_VERTICAL (described ealsewhere in the

LZOLECOVIEION USERE MANUAL) . rlnllly. ACTIVATE will initialige the
FRAME wartiabdla in the object'y STATUS area to 0.

FUT_OBJECT
This zoutine is called whan an cbject's frama or its lecation en thg

display {g te bs changed. Tha feutine tests the type of obsase &nd
then Branches to éne ={ ISur ether toutines designed to handle that
Partifcular ebject tyYpe. These revtines function as fo]llows -

1. PUT_S:IMI
Eemi-Mobile objects are Placed on the display by writing the Generztor
TNZmes gpecifioed by one of the obiect's frames intec the pattesn Rame
table in VRAM. The pattern and tolor generatorsg which are needed te
treste the frame Bust already be {n their respective Generator tables.

2. PUT_MOBILE
Mobile ebjects are displayed by producing 2 new se? °of pattern ang
color gQenerators which depict the frame ts be displayed on the
Background. These new Wwenerators are then movad to the lecations in
the VRAM pattern and color generater tables which are Teserved for the
object; tha Nzmes o0f the new genarators are then written into the

Pittern name table.

«. PUT_SPRITED
4. PUT_SPRITEI
These routines handle the display of sige ¢ and sice 1 Sprite obiectys

S. PUT_COMPLEX
Complez ebjects dre aggregates of other “compeonent™ objects. The
Positional Telati{onship of these compontent ebjects is defined in an
offset list. ror 84ch of the component ebjects, PUT_COMPLEX
celculates the correct I and Y location, then calls PUT_OBJECT wi th
the address of the high-leval €efinitioen for that cemponant object
Passed ¢n the II register.

1.4 SONE KLY CONCEPTS

META-PLANE

In srder teo facilitats moving objects en and of{ the pattern plane, a
tenztptullly larger “meta-plane” has been implezented. Pesitions on
tha Beta-plane are defined with respect to two orthogonal azxes, I and
Y. The pattern Plane is contained within the meta-plane and {tg
®rigin {s coineident with the origin of the Beta-plane (see fig. 1).

I_LOCATION
Y_LOCATION
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% pisala froem the origin of the mete-plane. The two variablas
t¢sgathkar form.the coordinate location of the cbjact's upper left
coEWer -2 4he mota-planc. Sprite and Mobile eobjects will be displayed

st ihe exsct location indicated By their I and Y_LOCATIONs. However,
since Seni-Mobile objeacts are slways aligned on pattern pesition
kounderies, they will be displéyed aligned with theenezrest pattern
fmwndzre sbove and to the left of the indicated X and Y_LOCATIONSs.
Zhen a Complox chject is te be ¢isplayed, the X and Y_LOCATION eof each

=7 ftte pamponsnt obijsets f{s cemputed by adding ¢ displacement feor that
socmeanont teo the Complexr ebfect’s I and Y_LOCATIONS. Each component
aS%ject ‘ig then displayed a2t the computed Jocation.

“To move an ebject, the I and or Y_LOCATIONs {n the CRAM STATUS area
are cheuged end then PUT_OBJECT is called with the address of the
apt=ecit‘z Aigh-loevel definition passed in the 1XI reglister. When moving
Mebile mhbjects an additienal parameter is passed in register BE. This
ig Giscussed further {n the description of PUT_MOBILE.

FRAME

This werizble {s also part of each object's STATUS area. The value
contained in FRAME is used by PUT_OBJECT to select one cof several
pointers (or, in the case o!f Complez objects, paizrs of pointers) which
peint te the data defining the graphic centent of the frame. The
pointers may either point to freme datas which Is part ef the original
RDMed CRAPICS, er they miy point to &n arez in CPU RAM. In the latter
csse, the frame dati must be created by the cartridge prograe belfore
thet freame can be digplayed.

“The frame of an cbject {s changed By altering the FRAME variable in
the odject's STATUS area. PUT_OBJECT (s then called in the same
manner as whan moving an object. When changing the frame number of 2
Mobile object, bit 7 of TRAME should not be altered. This bit is
reserved for use by the PUT_XMOBILE routine.



[page 5 is missing)
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#ines Semi-Mobile ekjects ars displayed by alterfng names in the
paticra mame $akhia it wmay be necessary te save the pattern plane
mraphtc which &8 lest fin tha process eof displaying the Semi-Mobi]e
=5szet {(see pfavious éismcussion eof OLD_SCREEN). The third address {n
the abjeet'w High Ifsve)l definition designates & locatlon for saving
the orerwritten mames. If that address ig grezter than or equal to
TO000H, then the OLD_BCREEN will reside in CPU RAM. o If the addrese g
Z2o=c ¢hen TOO0LH, then OID ECRIEN will ke In YRAM, Finally, If the
=ddresze ig E000H ot mrasater, then the overwritien names wWill not be

mawad .

=2 .%i ©DITAILED DESCRIPTION DFf SEMI-MOERILE OBJECT
BDATA ETRUCTURE

MEsntifisre in caps retar to symbols in the date sirvctore scmmary)

Zach Seni-Mobile objact is deflined im cartridge ROM by:
1) SMD - the chject's “high level definition”
2} CRAPHICS - sn asez sontsining the object's graphies date, divided
inte thrse subssetiens:
Parszmeters and Pointers
Frazes
Cenesrators

end in CPU RAM By:

1) STATUS - a status area

23 OLD_SCTHRYEN - mn aptionel location for saving overwrlitten
seckgounds . (OLD_SCREEN mey alternatively PBe stored in VRAM)

L Betziled description of each strocture follows.
== EMO - cartridge ROM

The high lavel detinition, at EMOD, (s conmposed of three 14 bit
sddresses; these are stored in the normal manner with the low order

dyte first:

drie:

0o address of CRAPHICS (the start of the RCOMed graphics datas for
the object)

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

2 addreess of OLD_SCREEN (VRAM er CPU RAM area for saving
Background information; bit 135 ef the OLD_SCRIEN address (s a
flag indicating whether or not Backgrounds are to be saved, I
bit 1S5 is set, backgreunds will mot be saved).

eee CRAPKICLS - cartridge ROM

The ROMed graphics datz for & Semi-Mobile ebject can Pe thought of
conceptually 25 thraa chonks. [Lach chunk Is stored as fellows:
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s Parametszrs and PFojinters

by ta:

- Frremnatars -

OBJ_TYPL - OBJ_TYPL i3 divided tnte two parts:

LEN - specifles the ebject typs which, for Bemi-Mobilae
ehjectx, must agual 9.

55N - enly maaningful when the VDP s eperating in graphics
wode Il. Bits 3, € and 7 {=dicate which third er thirds eof
the pettern slane thw eojsct lar any pert of the object) may
be reguized to appesr. This informaticn is used by routines
~hizh =3=2 ika objeci‘'s pattern gng color generator data to
YRAM,

Bit 7 - it eet, generstors will Be maved to the 12t thire s5¢
the generztsr tasblas.

DIt £ - 22 z2t, generators will be soved to the 2nd third.

Bit 3§ - 4! set, gensrators will be meved t2 the Jrd third.

Bit § - Indicates the numbaer of toler generzteor bytes Fer £
byte patiern ganeratar which are included as part of the ROM
"raphizs data. 7 thiw Bit &3 O, then there aust be § coler
Jenar2tor bytes per pattern generstor (the normzl case for
grephies mode 1I). It Bit € is 1, then enly 1 coler generater
byte per pattern genarztor will be expected, giving the
frogrammar the option of reduvcing the nuzmber of ROMed color
Tenerater bytes nesded when eperating {n graphics mede 1.
The single csolor byte will be expinded to § bytes by the
tautine which moves the celer generators te VRAM.

TIRST_CEX_KAME - an index from the start of the pattern and
colsor generator tables in VRAM. This index specifies the
iecation to which the MDMed pattern and color generators will
Se mowved ({.e. the base address of the pattern genersteor table
* 8 " FIRST CEN_NAME = the address within the pattern
Senerator table whare the object's ist pattern generator will
be stored. This is alse true for tne coler genarator table
The first pattern generater will be moved to the lecaticon in
the pattern generater table indexed by FIRST_CEN_NAMI and the
rest of the genarators will be loaded sequentially. The coler
generators are Joadsd in a similar fashieon.

NUMCEN - indicates how many pattern/coler generator pairs are
€efined (stered) in the graphics dats area. This is equasl to
the number of generator palrs which will Be moved to the VR AM

gensrator tabdbles.
- Pointers =

address of CENERATORS - the start of the ROMed pattern and
tolel generators in the object's graphics data area. Color
§enerators aust be stored (mmedjately after pattern
generators; therefore, the address of the first ceolor
§enarator within the graphics dats Ar@d €2m be cemputed from
NUMCEN and CENERATORS.
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5 addresse of FRAME O - FRAME_O (s the address at which the data
specifying the abject's first frame i# 6tpred. As (ndicitesd
by the frame address, the data for & given frame may be stored
in ROM (as part af the graphics data srez) or §t may be stored
in CPU RAM. RAM storage of fzame data allows for the
dlgeritheic generation of additional frames at game on tine:
©.g., rather than storing Both a frame and {ts rotated version
in ROM, ROM space can bSe saved By storinmg oenly one frame and
generating the rotzted frame dstes 4nm RAM. Also, frame date
stored in RAM cen de dynamically modified, 2llowing for
specisl Trvme wxiiwcts (e.g. colior modification).

7 tddress of TRERRI_ I - (he SS4sass 2t awhich the datas specY fying
the object's second fraeme is stared.

InesS tddress of FRAME n - the sbject?’s last frame

TET Trames - ceartridge ROM sr CPU @AM

fince the frame pointers (FRAME_O...FRAME_n) are 16 bBit addresses, the
frame data for an object m=ay be located anywhare in cartridge ROM eor
EAM. The format of a freme's data is 25 focllows:

byte:

L] I_EITINT - specifiec the width sof the frame in patiern plane
positions, its “X_EXTINT", which must be ) 0 and (= 255, As
indicated by the range of values for the X_EXTENT, a frams RaYy
be much greater In widih than can be digsplayed within the
Fattern plane. When z frame with a X_EIXITENT which Is greater
than 32 is to be displayed, the section actually visible will
Gepend on the specified I position (i.e. {f & frame of an
object has a X_EXITENT of é4 and the X position of the object
is -8%3Z pixels, then the right half ef the f{raxe will be
€isplavyed on the prttarn plane), Thie feature zllows sbiscts
to be scrolled horicontally by creating & fraime greiter (n
«idth than the pattern plane and then displaying the object
with varying #alees of the I position.

1 Y _EXTENT = specifies the height of the frame {n pattern plane
positions, its "Y_EITENT", which must be ) 0 and (= 255. As
indicated by the range of values for the Y_EXTENT, 2 {rame may
be much greatar in height than can be displayed within the
pPattern plane. When & frame with &8 Y_EXTENT which is greater
than 24 is to be displayed, the section actually visible will
depend on the specifled Y position (f.@. tf a frame of an
ebject has 2 Y_EITENT eof 4B and the Y position eof the object
is -8"24 pizelsn, then the bottom half of the frame will be
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displayed on the patiern plane). This feature allows ebjects
te be scrolled vertically by cresting & {rames groater in
height than the patiarn plazme and then digplaying the objsct
with varying valses of #ha Y position.

... for X_EXTENT ® Y_EITEIHT bytes
Following the I and Y_EXTENT is an array eofi the pattern names
(length in bytes = XI_EXTEKT ® Y_LITENT) which specify the
generatore wvsed to crecta thet frzme. “Iunw HERes =BT2 2Tranged
in rew majer order (i.a. the first X_EXTEKRT mames are the
names of ths gensraicrs mbich will Be displayed im the fizst
row of the frame, the secewnd E_TITERT Tremse &Ffe 1hs nimes ef
the generators which «ill -de €ieplagsed in 2tha-secord row of
the frame, eote.). Thezrs must be exactly X_EIXTENT by Y_EITENT

names in the array.

For Seni-Mobile vbiscis the mames stored in the absve
described name list sre “nswmes” in the Tl sense of the word:
i.e., they ars values ranging from 0 teo 255 that directly
point te (or "name”) & generstor locatien withim the petlern
generator table.

®rt Cenerztors - cartridge RON

All the ROMed pattern and cslor genaratsrs =ust be grosped together in
a contiguous block (startimg at lacaticn CENERATORS). Each pattern
generator must be § Dytes long, and the numbar af pattarn generators
must conf{orm te the value storad 4n -NUNLEN:

byte:

] bb,bB ,bb,bb,bb,bb 55 .80 - the first 8 byte pattern generator
(b = binary graphic date)

g bb,8b ,bb,.b5 , b5 ,bb .85 .80 - the seccnd B byte patterr generater

ete. for a total of BTNUMCEN bytes

The color generators are stored immediately foellowing the pattern
generators. The format ¢f ths celer generators depands en which
grephics mode is being used and whether bit 4 of OBJ_TYPE s set or

not.

CRAPHICS MODE Il ecoler genertatsTr storage:

When OBJ_TYPE bit € = 0, there must be eight cecler generator bytes per
pattern ganesrator.

byte:

-7 bb ,3b ,b5 .55, b5 ,bb,bb,bb = coler generater bytes for 1st
pattern

8-13 b5 ,bb,bb,bb,bb,bb.bb,db - coler genaritor bytes for Ind
pattern

ete., fer a totsgl ef S*NUMUIN Dytes
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Wwhen OBJ_TYPE Bit € = 1, there must be enly 1 eeolsx generatloesr =71 e
pattern generater. It will Be expanded te 8 bytes when moved to the
VRAM coleor gensrater table. This feature is wseful 1f esch generater
for a particular ebject can use the samas 4=a color combination for 21}
§ lines.

byte:
[ b - coler ganerateor byte for 1st patters
1 Bb - coler generstor byte for 2Zmf patieczn

ete., for & total ef WUMCEN bBytes.
CRAPHICS KODE ! eoler generator storage:

In Craphics Msde I the pattern gensrator tzbdie dis divided inte 32
“croups™ ef B (contigueus) gensraters (see TI ¥DP manual page 18).

A1) the generators within & grovp share the same color generator byta.
Therefere, there must be one coler generater €yte stored par gYrouwp
eccopied By the object's pattern genarsteoss. Tha firet coierx
generator byte will be placed In tha celor genmarater table 2t zm
effset of FIRST_CEN_NKRAME/E and the rest will Be placed in segsential
lecations.

KOTE 1: The exact number of coler generztor Dytes =meeded Dy an ebject
depaends beth on the number of pattern genezraters conteined in the
graphics datez anéd the locztien in the pattern generator table te which
the generators will be moved. For esxzmple, if an obiect has § pattern
generators and they are moved to the patterm ganerastor tzble starting
at lecation ¢ (offset from the start of ths table), then only 1 coler
ganerstor is needasd. However, {f the semeo § patierz generators are
loaded into the pattern generator table stacriing at lecatisn 20H, thean
1 coler generators will be needed, since the fizxst four generators are
in one group and the sacond four are in znothar greuwp.

KOTLE 2: Due to an errer in the ACTIVATE routima, ACLTIVATI cannot be
vsed to move pattern and color generators of Semi-Moblle sbiects to
VRAX when the VDP is cperating in graphics mode !, and when
FIRST_CEN_NAME is squasl to or greater than 88H. Ian this situwation the
cartridge program must fulfill the [uncticms ®f ARCTIVATE (sea
discussisn of ACTIVATEY.

tre ETATUS - CPU RAM

An cbfect's status ares consists of 4 oloments:

byte:

¢ 1 byte fer FRAME - indicates which of the ocbject's frames {s

te be displayed.

1 2 bytes fer XI_LOCATION



COLECOVISION
CRAPHICSE URIRS' MANUAL pege 11

3 2 bytes fer Y_LOCATION = X_LOCATION and Y_LOCATIDN give the
coordinate position o! the upper left cornar of the objsct sn
a "metaplane” which includes the pattern plane (see fig. 1),
The origin of the pattern plane (s eoincident with the ocrigin
of the metaplane. The values at X_LOCATION and Y_LOCATION are
16 it signed numbers which perajit the postjientng-al-;n
ebject anywhere within, er eutside of, the pattarn plans.
This anzbles zn ebject te Be bled en er e¢ff the pattiorn plane
in any directien.

-] 1 byte for NEIT_CEN - an index which points to Tha narxt
generater location which ecan be peged when adding new
generators te an ebject’s generator tables. Aftar the
cbject's RCMed generators have been moved to its ViwaM tables,
ACTIVATE will]l set KEXIT_CEN equal te FIRST_CEH_KAME <+ HUMEZEN.

Scme objects may regquire gensrators which are essentially
medifled versions of other generators (8.§3. 4 genarator which
represants the pattern of another generater which fiags feen
retatad) . ROM space can be conserved by including eonly the
"unomodi{fled" genarators Iin the graphics data and using system
routines to generate the modifled versions. NEIT_CEN points
to the next free location f{n that ebject's genersztor table to
which 2 modifled generator may ba asdded. When 2dding new
generators in this manner, NEIT_CEN sheuld be mpdatsd iz order
te prevent zZew generzators everwriting old ones.

txx OLD_SCREEN - VRAM or CPU RAM

OLD_SCREEN s a buffer for saving the pattern nimes which-are
overwritten {n the process of displaying an ebject. These nimes
constitute a "background frame”™ which Ras the same I angd Y_ZIXTENTs ss
the frame of the object which ig currently being displayed. The data
structure within OLD_SCREEN (g the same s the data structure Ior a
frace with two ertra bytes tacked on at the beginning. These bytes,
I_PAT_POS and Y_PAT_POS, indicats where en the pattern plama this
background frame belongs, and are expressed in terms of pattern plane
positions. The next time the position or [rzme eof this ebject is
changed PUT_OBJECT will restere the backgreund frams teo the display
and save &4 "new* background frame before placing ths cbject on the
pattern plane.

by te:

L] 1 byte fer X_PAT_POS - tha column in which the upper left
corner ef the saved background screen (frama) lies

1 1 byte for Y_PAT_POS - the row in which the upper isfl corner
6f the saved background screen (f{rama) lles

2 1 byte for X_CITENT eof the saved screen - set by PUT_OBJECT to
equal X_EXTENT of the (rame which sclipses 1R

] 1 B=tg far ¥ FYTENT Al the axved scrsen - =et bv PUT DBJECT to
equal Y_EXTENT eof the frame which eclipses 1t

4 B bytes for storage of pattern names; where n » the number of
patterne contained In the largest frame of the ebject (i.a. N

e X_EITENT ® Y_EITENT for the ebjectl's lcregest frame)
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3.0 HMOBILE OBJECTS

Mobile objects emulate sise 1 sprites with 0 magnificatien (i.e. they
are slwaye 16 by 14 pixels in sice and appear as (I they were
gsuperimposed upon the background). They may be positioned anywhare on
the pattern plane with pizel! reselution and may aslse be made tc Hleed
en anég off the pattern plane in any direction.

Fach frames of &2 Mobile oebjfect requires exactly four patiern generztors
end ene coler gensrater. These gsnerators, however, &re¢ not moved te
VRAM In order to displey the object anywhere with pizxel resolution,
5 new sat of mnine pattern and coler genearators must be credted by the
DE grephice routine PUT_MOBILE. These new generators represent
graphically the superposition of the Mobile object upon the Background
at which {t is to be diaplayed. The new gensraters are {&asn ==v=d i
the VRAM pattern and color gensrator tables, and next the names of
these generators are written inte the pattern nams table, thus
displayring the object at the desired locatien. HNine gensrstors are
vesed in order to cover zll positional relationships Belwasn the
desired positien of the object and the boundries ef the pattern
positions in the pattern plane (see figure 1).

The pattern and color generator table space used by PUT_MDETLE depends
en the graphics mode baing used and, in graphics mode 11, the locetien
of the object on the display.

In graphics mede I, PUT_MOBILE will use 18 pattern generater
locationg. The first pattern generator will be locited at
FIRST_CEN_NAME ({.e. the actual VRAM address will be the pattarnm
generator base address ¢ FIRST_CEN_NAME ® 8). Three or four solsr
generator bytes will be required depending on the vilue of
FIRST_CEN_NAME. 1t FIRST_CEN_NAME MOD 8 ¢ 7, then thers needs %2 be
space for three color gensrators: 1f FIRST_CEN_NAME MOD 8 e 7, then
there needs to be space for four color generators. The first of The
coler generators will be located at FIRST_CEN_NAME/E® (i.e. VRAM
addtess equals the color table base address ¢« FIRST_CEN_NAME/S).

When cperating In craphice mode II, Mobile ebjects will reguire
gensrator space for 1§ pattern and 18 color generaters i= esck third
of the pettern and celoer generator tabdles which corresponds te that
thitrd of the pattarn plane in which any part of the obiect may appewnr.
The location within each third ef the tabdles is determined Dy
FTIRST_CEN_NAME. When any patt of the eobject is in the tep third et
the pattern plane, pattern generators will Be located at the VRAM
sddress given by the pattern generator bise sddress <+ FIRST_CEN_NAME =
8. If any part is in the middle third of the pattern plane, pattern
genmerators will be lecated at the VRAM address given by the pattern
generator base address + BO0CH ¢ FIRST_CEN_NAME * B, znd {f zny part is
fn the bottom third, pattern generators will be located at the VRAH
address given by the pattern generater base address o 1000H »
TIRST_CEN_NAME ®* 8. The color generators are located in & similar
manner.
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Even though only ¥ pattern and ¥ color generators (2 color Cenerzteor
bytes In griphics meds I) are “asctive" (being displayed) at a given
time, the additienal generator space is regquired {o enable FUT_MOBILE
te move mew sats of pattern and color generators to VRAM without
disturbing the disgplay. While one set of ¢ pattearn and color
ganerators are being displayed, the other set of ¥ can be changed.
After the chinge is completed, the new generators ate displayed by
writing the new psttern names inte the pattern name table.

Each Mobile object requires a STATUS srez in CPU RAM which contains
the frzme of the object te ba displayed, itg loecatien sn thae display,
and & pointer to the aras far 2d2ing new genereiors i(thege naw
generators gre used in the giame Bmanner as the object's ROMed
generators). [Each object also requires an OLD_SCREEN arez which

serves the same purpose as OLD_BCREIN areas for Semi-Mobile ebjects.

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

To place a2 Mobile object on the display, the ¢desired lecatien sghould
be loaded into the X and Y_LOCATION variables in its STATUS ares. In
dddition, the FRAME variable must contai{n the desired frame number.
When loading the frame number, however, enly bits 0-¢ should be csed.
Bit 7 sheuld not be altared. This bit is used by PUT_MOBILE (sees
description of PUT_MOBILE).

PUT_OBJUECT 15 than crlled, pessing the address of the high-leve!l
definition in the II register. In addition, register B {s used to
Pass two parameters which €etermine the methed for combining the
background graphics with that eof the ebject (see descriptien of
PUT_MOEBILE).

3.1 DETAILED DESCRIPTICN Of MOBILE OBJECT
DATA STRUCTURE

(Identifiers in caps refer teo symbols In the data structure sumzary)

Each Mobtle 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 subsectiens:
Parameters and peinters
Frames
Cenerators

and tn CPU RAM by:

1) STATUS - a2 statuos ares

2) OLD_SCREEN - a location for saving overwritten background nimes
(OLD_SCREEN miy ba either in CPU RAM er VRAM).

A derslied Swmcriplion ¢! 22ch structusre fe!llews.
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=re MOE - cartridge ROM

The high lirl! €efinftion at MOB is composed of four 16 Bit addresses
stered in the nermal manner with the low order byte first:

byte:

& sddéress eof CRAPHICS (the start of the ROMed graphics data for
the ebject). Any number ef Moblle cbjects may usa the same
graphics data. Howaver, each Koblle object must have {tg own
STATUS and OLD_SCREEN areas.

2 sddress of ETATUS (the obdect's RAM ptatus ares)

4 address of DLD_BCREEN (VRAK or CPU RAM area for maving
backgreund infermation)

& FIRST _CEN_NAME (index te the start of the object's generater

tables withln the VRAM pattern and color generateor tables)
=t CRAPHICE - cartridge ROM

The RCOMed graphics for Mobile ebjects may be thought of 28 three
separtate Fegments. The date in esch segment (s defined as follows:

®2® Paragmeters and Pointers

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

1 NUMCEN - {ndicates how many pattern generaters are contzined
within the graphics data ares.

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

€ tddress of CENLRATORS - the start of the ROMed pattern
generaters for the object
- Pointers -

s iddress of TRAME_0 - thig i{s the address of the start of the

dats for the ebjfect's first frame. This data, 2s well as the
€ats for any of the object's {rames, =may be located anywhera
in cartridge ROM or fn CPV RAM. Frame data stored in RAM
tllews for the creation of new frames 2t game-en time and
therefore reduces the amount of €ata which needs te be stered
i part ef the object's ROMed frame data.

8 address of FRAME_1 - address of the data for the object's
secend f{rame.

Ined address ef FRAME_n - the ebject's frame.



