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WORKING SPECIFICATION
MATTEL ADVANCED BRAPHIC INTERFACE CIRCUIT

0.0 PREVIEW

The MABIC chip will be the core of Mattel’s second
generation TV gamse. As one of two custom ICs planned for
this design, it will be responsible for generating composite
video, controling the dynamic RAM memory, providing system
clocking and integrating miscellaneous 881 and MSI functions
for minimum chip count. Since the CPU selection has not
been made at this time, this paper assumes the author’s

- favorite, the Motorola 68000.

1.0 POMER

MAGIC will operate with only a <+3 volt supply. 1t is
expected that a number of power and ground pins and carefull
chip layout will be necessary to allow proper decoupling of
the video D/A converter.

2.0 RAM INTERFACE

The MABIC chip will require direct access to a minisum of
16Kk words (16 bit) of RAM. S8ince the base systeam is
projected to have 146K words of RAM, the CPU msust alsc access
this same RAM. To provide saxisum CPU speed, the RAM data
and address buses will be isclated from the CPU buses except
during CPU accesses. To insure saximus CPU speed the MABIC
chip will interleave it’s accesses with those of the CPU and
internally pipeline data to allow imsediate CPU access. In
addition, the MABIC chip will provide all RAM control
signals {(RASB, CAS, Enable, and address wsultiplex) and
refresh manageeent. The control and refresh design will
accommodate 16K x 4 dynamic RAMs; the selected type should
be dual sourced and is subject to HMattel Electronics
approval. If possible, the design should also handle 64K x

4 (256k) RAMs.
3.0 CPU INTERFACE

MABIC will provide the clock for the CPU. This clock will
ba at twice the color subcarrier frequency; 7 MHz for
NTBC and 8.86 Mz for PAL and SBECAM. These frequen cies are
the systes crystal frequency divided by 2.

MABIC will provide two different types of interupt signal to
the CPU over a single line (-IPL2). The first of these will
occur at the horizontal 1line rate divided by 256. 8ince
both 3525 and 625 line systems use nearly the sase line rate
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this will result in an interupt that occurs at nearly 60 Hz
regardless of TV system. This interupt will be used for
system timing functions to make games that play at the same
speed on both 525 and 623 line systems. The second type of
interupt will occur when the active scanning line on the TV
screen passes a line number stored by the CPU in a MABIC

register. This interupt is intended primarily to allow the
moving objects to be reused (details in the moving object
section). Unless the second type of interupt is disabled,

it will be necessary +for the CPU to read a register to
determine which bhas occured. Note that the timing interupt
is asynchronous with both S25 and 625 line vertical field
rates; this means that often the timing interupt will occur
during the active picture and occasionaly both interupts
will occur at the same tise.

Communication between the CPU and MABIC is through é control
lines, 16 data lines and 13 of the 19 system address lines.
The control lines are -A8, R/-W, -DTACK, ~UDS, —-LDS and
—REBET. The functions of these lines are fully described in
the 68000 literature. RAM data in and out of MAGIC and data
communication between the CPU and MASGIC through the external
bidirectional buffer use the same 16 data lines. In
addition, data communication between the RAM and the CPU use
the same bidirectional buffers. An output from MABIC
enables the buffers, while the R/-W line controls the
direction. Obviously, the RAM interface msentioned above
sust work closely with the graphics generators and the CPU
interface to prevent conflict in the use of data lines and
buffers. The 13 address lines are split into two groups; 8
low order (A1 through AB)and S high order (A1S through A19).
the remaining 6 wmid order lines (A9 through Ai4) are not
available to MABIC; they are, however, routed to the RAM
through an external buffer (further description in the RAM
interface section). The 8 low order lines allow selection
within MAGIC of 256 control registers and are also passed
through to the RAM during CPU accesses, reducing external

multiplexing. The S high order lines allow decoding to 16K
wmord blocks to enable the MABIC and RAM as shown in the
system address map. Outputs from this decoder also go

external to the sound chip (1-146K space), cartridge (1-32X
space), Exec ROMs (2-32K spaces) and language ROMs (2-32K
spaces). These outputs would be the €first to go in a
pin-out crunch, since they are only saving a simple TTL
decoder.

4.0 TV S8YNC TIMINB AND CONTROL
All system timing is derived from a 14.32 MHz fundamental

mode crystal (17.72 MHz for 625 line systems). This crystal
will be trimsmed to 4 tiees the chroma subcarrier freguency
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in NTSBC and PAL systems. To allow locking the system to an
external video source, a connection will be available to
allow slight changes to the crystal frequency under phase
lock control. The oscillator divided by 2 forms the CPU
clock and divide by 2 and divide by 4 signals go to the
video output section to generate the chroma subcarrier.

Dividing the oscillator by 2.5 produces the pixel clock. A
discussion of pixel size is in the graphics generator
section, but 1 wmention here that we are generating a €ull
interlace 7TV signal complete with equalizing pulses and
serrated vertical sync pulse. This is being done for two
prismary reasons. First, it will enable mixing external
video with MABIC generated video and second, it is expected
that non-standard signals will suffer varying degrees of
per formance degradation as TVs use more and more digital
signal processing. It is even possible that complete
incompatability could result. In addition to full interlace
the picture will be 24 rows of 40 alpha-graphic cards. Each
card will be 6 pixels wide and 8 pixels high (one pixel is
two interlaced 1lines high). A non-interlaced mode will be
available under software control to improve the appearance
of alpha characters.

The horizontal line is 364 pixels long; of these the active
picture is 240 pixels, blanking and sync require 75 pixels,
the left border is 28 pixels and the right border is 2%
pixels. In 625 line systems the left border has 73 and the
right border bhas 66 pixels. Note that the left border is 7
pixels wider that the right; this allows for the tendancy of
TVs to cut off more of the left side of the picture and
results in a better centered picture. To allow simplicity
and econhoay in the picture generation circuits, the
horizontal counter wsust have the same counter outputs for
the active portion of the 1line for both 3525 and 623 line

systems. It is also desirable that the counter output
during the blanking, sync, etc. are the same in both
systemss. This can be achieved by resetting the counter to

zero 16 pixels before the end of the left border. At the
count of 2854, the active picture ends and the right border
starts. For 625 line systems, the start of the blanking is
at 322 and the end of blanking is at 397. At 454 the
counter is reset to zero completing the 454 pixel line. For
525 line systess, the counter is forced to skip from 277 to
322; shortening the border by the required 45 pixels and
allowing the decoders to generate blanking, sync, etc. When
the count reaches 409 it is reset to zero completing the 364
pixel line (43 counts were skipped at end of right border,
409-43=3464), 8tarting the count 16 pixels under the border
allows 16x16 pixel moving objects to completely "hide" under
the left border and leave only one pixel exposed on the
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right border; using only an 8 bit X location. When the
background is in the scroll mode, the left border will cover
an additional 6 pixels (one card width).

The output of the horizontal counter is divided by 2 as a
line alternation signal to the video output section to
generate PAL and SECAM. This output is further divided by
128 to generate the timer interupt at 61.4 Hz (60.99Hz in
625 line systems).

The vertical counter counts 5235 or 625 depending the system

being generated. As in the horizontal counter, it is
convient to arrange the start of the counter and skip counts
to simplify the decoding. In this case, the counter is

forced to skip once during the frame for 625 line systess
and three times for 3525 line systems; fortunately, two of
the three 3525 1line system skips are exactly alike from
decode and preset standpoints.

First, the 625 line systema. Vertical blanking is 21 lines
in each field. The top border is 31 lines in field 1 and 350
lines in field 2, the bottom border in each field is 49
lines and the active picture is 192 lines in each field.
The lower 9 bits of the 10 bit vertical counter sust be the
same during the active picture 1lines since the samse
information is presented during each field (each pixel is 2
interlaced lines high). Again the counter is reset to zero
16 lines before the end of the top border allowing the
moving objects to “hide®™ under the border. At line count
208, the bottom border starts, at count 257, the blanking
for field 2 starts, at count 278, the top border for field 2
starts. At count 312 the counter is skipped to 512;
resetting the low 9 bits to zero, as desired to scan the
active lines for field 2. Count 720 brings the end of the
active lines and start of the border. Count 7469 ends the
bottom border of field 2 and starts the blanking and sync
for field 1. Field 1 blanking ends and the top border
starts at 790. At 825 the counter is reset to zero
completing the frame (200 counts were skipped, 8235-200=62%5).

For 325 line systess the skip at 312 becomes a skip from 287
to S12 and the resst to zero happens at 800, causing 29
additional border lines to be skipped sach place. 25 border
lines are also skipped in each <field at the end of the
bottom border by skipping from 232 to 257 and 744 to 769.

When the background is in the scroll sode, 8 additional
lines (1 card height) become border at the top of the active
picture in each field. Non—-interlace mode is achieved by
forcing bit 10 to remain high, causing field 2 picture and
field 1 blanking and sync to repeat (313 lines/625 systenm,

—4-



Draft CONFIDENTIAL

263 lines/S25 system). MABIC will syncronize to an external
source by providing composite sync to an input pin.

Decoders are provided to generate composite sync, composite
blanking, burst gating, S8ECAM ™bottle" and PAL "mesander
gate” burst blanking signals +from the combined outputs of
the horizontal, vertical and line alternation counters.

VIDEO OUTPUT

The video output section receives signals from the graphic
and alpha generators, a pixel clock, Fsc and 2 Fsc, line
alternation (for PAL and SECAM) and PAL/NTBC/SECAM control.
Its output, Ffrom a primary and a secondary D/A converter,
are composite video for NTSC/PAL and Y and composite color
difference for BECAM. There is also an output for use with
an external video mixing gate.

Two video outputs allow spliting the graphic and alpha
generator outputs to two televisions. An application for
this split output is two player games where the players each
have their own display with both common and private
information. Another application would be dual user systems
where one group uses the graphics for a game while somesone
else uses the alpha for kitchen, den or study applications.
An optional dual output eodulator will be necessary to
implement this function. Alternately, the optional unit msay
contain only the second aodulator, with the original
sodulator plugging into it to provide dual outputs. 8ince
S8ECAM uses both DACs to produce a single video output, the
split graphics/alpha mode is not available.

A 16 bit register controls the spliting function. The
following assignsents are made:s

bit Braphic split

bit Alpha split

bit H or V split

bit Braphic overlap on/off

bit Alpha overlap on/off

bit Braphic split on/off

bit Alpha split on/off

bit Alpha flip on/off

b e e U A

The 5 bits allow selection of any of the 24 rows or coluan 4
through 35, depending on the sense of the H/V bit. With the
graphic overlap off, the primary output displays the graphic
generator output from the top down to the selected row or
from the left acroms to the selected column. The secondary
output displays thae remaining graphic output. When the
graphic overlap bit is on, the prisary output displays to
the lower (or rightmost) split and the secondary output
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displays from the upper (or leftmost) split. Normally the
prisary output displays alpha to the alpha split and the
secondary output displays from there. With alpha overlap
on, the primary displays to the lower (or rightmsost) split
and the secondary displays +from the upper (or leftmost)
split. The use of upper/lower for overlap allows a display
that has a graphic overlap, but the alpha in the overlap
area is switched between the primary and secondary outputs.
This alpha could be an overlay of a map graphic showing
private information alternatly to each player. The graphic
and alpha split on/off enables the spliting functions; when
off, full graphics and/or alpha are on both outputs. A one
in the alpha flip bit causes the split alpha to swap outputs
(primary to secondary and secondary to primary). This
allows displays with the top half graphics and bottom half
alpha from the primary output and the reverse froa the
secondary output.

The prisary and secondary DACs will be four binary ratioed
MO8 transistors connected to sink current. Inputs to the
DACs will also include sync, blanking, burst gate and
NTSC/PAL. control. The external gating output is asserted
when the display color code is zero. A suitable delay is
inserted in this signal to match it to the processing delay
that the video generation will require.

Background and display color outputs from the graphic
generators select outputs from the color wmsmap registers.
There are 146 color sap registers, each 12 bits wide. Four
bits of each register describe the Y (luma) level. Four bits
each describe the two color difference (R-Y and B-Y) levels.
These are encoded as a sign bit with I saginitude bits.
First the Y levels. For the background color, only the Y
value is selected and is combined with the display Y value
when the pixel is a msoving object edge. One bit of the Y
adjust signal indicates an edge; the resaining bits are data
used to adjust the Y value. The adjustment sethod varies
depending on the wmode of the graphic generator; for sore
information see the graphic generator section.

The selected color difference signals are passed through the
4 pixel averagers to limit the bandwidth. The averaged
color difference signals are then assembled with the Y
signal to generate the required composite signal. This
assembly is performed by dividing the color cycle into four
quadrants. In the first quadrant, the R-Y is added to the
Y in the second quadrant, B-Y is added to Y; in the third
quadrant R-Y is subtracted from Y; in the fourth quadrant,
B-Y is subtracted from Y. The MUX and adder/subtractor that
assemble this cosposite signal are clocked from the phase
continuous Fsc and 2 Fsc signals froa the timing section.
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When PAL is being generated, the action in quadrants 1 and 3
are swaped on alternate lines.

BRAPHIC BGENERATORS

First a word about pixel size. The 5.7 MHz (4Fsc/2.3) pixel
rate was originally choosen to give a square pixel. A
square pixel balances the resclution horizontaly and
vertically. This balance allows wmoving objects to be
rotated without distortion or designer intervention. It
also allows sispler software for drawing lines and circles
since the construction technique used can be mirrored on the
435 degree axis. Antialiasing algorithes can also be applied
with ease when both axes are the same resolution. Other
advantages are based on comparsion to the leading
alternative, a 7.16 MHz (2 Fsc) pixel rate. With this
higher pixel rate the pixels are no longer square, although
this has not been a significant problem with our current
system which has pixels with the same aspect ratio. With a
goal of 40 characters per line, the faster pixel rate would
use B8x8 pixel characters (320 pixels/line) and the slower
rate would use 6x8 characters (240 pixels/line). The msost
obivous difference is the 33X larger data base necessary to
support the smaller pixels. This data problem continues to
the on chip character ROM requiring 40X more bits for a 7x8
matrix vs a 35x8 matrix. The 40 6xB cards fit within the
EMPTE "safe title area” wmaking all cards usable vs the
leftmost two cards being left unused for critical
information or action. For moving object positioning, 240
pixels plus 16 pixels "under™ the border is 256 X locations
with the square pixels. This allows an 8 bit X register.
Coupled with an 8 bit Y register, a 16 bit register
conviently locates an object. The alternate is a 9 bit X
locationy requiring two register addresses and two writes to
move the object. The finial advantage relates to "false”
color generation. In the current Keyboard Component the
high resolution alphanumerics, required careful pattern
selection to avoid pixel combinations that directly or
through harmsonics created 3I.38 MHz energy. The proposed 3.7
MHz pixel rate generates 3I.358 MHz energy only on the 3th
harsonic of an 8 pixel pattern (1 on 7 off, 2 on &6 off, 3 on
S off, 4 on 4 off, and the inverse patterns). I have not
checked, but I suspect that none of those patterns have
large amounts of Sth harmsonic energy. The result is a great
freedom of choice in font patterns for the alphanumseric
characters. The same freedom applies to the background and
moving objects. With the ssaller pixels, even a grey and
white textured background can result in "false"” colorg it
happens all the tise on broadcast TV with striped ties and
Jackets, automobile grills and buildings with vertical
decorations or windows.
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BORDER

The border is divided into four quadrants. Each quadrant
fills a corner and has its own color assignasent. The

division between the upper left and upper right corner color
is a vertical line starting from any X location in the
active picture area. A similar division is made along the
other three sides of the picture. Each of the four dividing
points are iindependently variable. One 16 bit register
specifies the colors (4 bits/color) and two more 16 bit

registers set the dividing points (8 bits/divider).

BACKBROUND

The background can be displayed in I msodes: bit map, cards,
and high resolution cards.

CONF IDENT IAL

WORKING SPECIFICATION
HMATTEL COMBO INTEGRATED CIRCUIY

0.0 Introduction
The HMattel COMBO circuit containsg a digital signal processor
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szﬁcafnns i Z—We Jd‘ as ah /ha/eX /a2
He mwm oé cef/ alete . TAe, fa/c e m Turn mere/
coﬁa,us ma//cef ﬂe Ma¥er /Z?/e/fe) The f&rm{f
0¥ tle llow-j l%)ccf a/el%:s /s as Sollews”:

15 2 f 1 43 o
moving oby. mow'uj o‘ MownJ oéJ WmoVin

Color 3 | epler 2 color 1 aad
index index ndex inde X

Each d-bit $ield conTains an index /nlo He
/6~ce/o /%?57‘6” ﬁi/Cfé— Undler 30Ae wnt/ﬂ‘/dhs e
conle ,J[ s ¢ and 1 b 8y be fusred in Fha
858/ w.af of co/or o a pe/. Fﬁr /5, see Fhe

(bClSSrﬂn of )n&l"lnj 01>J /s .




MacIC Kej/'sfer |
EBS% /Vawnj 04&&7‘ fol Fo e rn Bointoes

/\ejfsfer BanA 5e/vz7‘ e 8.2 sef 'F,,\ésuz /e A/fe
jfafer.s /w/zose high om/er- Ltes oo xt” 6(/57‘) 7/)e7
a/n [om ers 1o +A /‘; ens of each
mowuj tecl, 774e$e o/hzer 5 .S aife z‘oméme/w *A
Fhe Moving Ob jec? f’e/ va//ern Base Adrress To forw the
ad. 7resses’ of ead 47 atern. (See a/wSCf*)/z//an ot rejz‘s/vr
g of RBS7 #or Jeta Ths scheme, )



MAGLC Kejzsfcrs

KRS Moum_?_&/),ccf V5. /‘/owm é%,ec]‘ Ih?‘eracfmm,\)(éf/m/)

Resisler Bank Select i‘ /s a sel of K rejzsfers)
Ohe *Fbr ach st the /b MW/ (95 lec?s. ELackh
gbs/ tlon "correspahc/s % Mm/m &Ajecf' Tfie sef
f /6 rejzs“fers 7‘Xen/ -Forms a /KX/é haﬁz)(s Which
record- m/er*acz‘/oms between movin objecrs. A U’
means Fle /mewn sbiec? of HMe resisVer nuamber ans
The /nwlh D e DZ( Ae 5/2‘/&5/7901 ;mméer‘ /hféfac/g/
withim dcflV&e[fcfuré area (j.e. nel undey Me bam’er.s)
' 7?{& /& na/ /(r‘/eS U/Ia/a/ayé be “ﬂ Thi's meaus
szj “ecls do pst seff-/hteract [4.3 7%67 .
F stunble over Helr own feeX),
(The effect ot a read operaton is To reset all Me b/
»{ the rer)sfer 7o ﬂ)



ctio

RBSS : ’oving Obiecl vs, Backqround Colsr Inlera
N J )

R?}sfer Bark Selecd & /5 a Sef ot /K r ,‘S/er:s/
one For edch of He /& movin até/'cc/f?. £ock b /795/7’~/'Dh
Cér‘r@)%’no/s 7‘0 one of 7‘/{2 bat\z roma/ m/z'r_s "3: 7%& /g’é/&/“ I‘iiz.ﬁr

Loler fatelle,  The sel of /£ re]/'si‘érs/ Then, forms
a X/l malrix which records Yntersclions belveen

\ | i W/
moving objec?s and colors forming the background, A N7 )
meansV thal an sateraclion Occulred v H¥¢  Nackye T prare”

area belween a moviva oblecl of He reqister npamber and
? 7‘)’ »? wumber. (The effoct

a backaronnd Color o e &'} postiibi ]
of a PEZQ’ oreraf/on is to reset ‘all #e bifs of He re?fsfer IR 4 '.)

o mp——

MAGCIC /fej/sér i
)




D w1 51
HAETC Fej/‘sfers

RBSE : Master fortlle

K@ﬁ:ﬁfér Bamé Se/er/{ Js a2 selt of /K 12-4F

re 1s/Pr~:> eac CDh iRk L rom; nance mfomnaf", 'Oh
fr one’ OF The /6 Coérj (inclid ing Tints and shades) +halt
1.4e ramner has Oseh bjée ava/‘/azf/e for
Srh(u/fanepu_s /5/9/;/ e Formar of eaf rejl 'ster s
as io/ ewS!

! g7 4 3

¥ RY. L 8Y

The alfached Table shows examples of values of
Y RY and BY +for various co/ars ‘;Can yan 7e Frem

o 7o /5 M Fis coged in worme/ binoryV notaZion,
RY 3‘15/ 5)( V‘ € frou. '5’f7 e’ 7‘4/9/ are
CMe /n\( nar\ ;wfa]‘/on. 7o F/uc/ He ~excess- £
£orm o =P

CZQara/a‘ﬁj Car;;a_; /}}f&t}‘z"éel"/JMSf 509 ¥ 7o He Mée/‘afld/



AK?;’S'C (cont'd) W WA

COLoR e @@ YHRY Y+BY Y-RY Y-BY

BAck L, 4 ¢ ¢ 4 & 4 4

BwE - b =3 b 3 12 g ¢
RED T & -3 13 4 1 1¢
AN 1 1 -3 12 € 10 14
GREY GREEN 17 -4 -2 3 5 41 9
GReenN ¢ -5 -3 3 5 13 11
YELLOW 11 2 4% 13 b ° g ¥¥
WHITE 14 ¢ ¢ 14 14 14 14
GRAY 14 ¢ ¢ 16 19 i¢ 1¢
CIAN 9 b 1 3 14 15 3
ORANGE i © -5 135 S 5 1S
BROWN o -1 -2 s 4q 7 €
MAGENTA 9 bt 2 . 15 u 2 7
LIGHT BLUE 19 1 s¥¥ 41 4o¥mr 9 4
NELLOW GREEN 1 -5 -5 5 S 15 15
PURPLE &t ¢ 2 11 g X 4

¥% BY achally -5 bot foveed

* RY achally 7 bt fwed o £ 5 -H\g Y+RY
v -4 s H \
¥r¥ BY achally ¢ bt fed b 5 Y



MAGIC Eejisfcrs

KBSY, kesiisfer P o

o3
Bits O- L’Fﬂovru 0$ o I To| Bttern Ease Add/ress
added ' MM);Z objeet’s

TA.sA%’— bit Sield is «u-e ol Paflern Pointers

s if—pirbiiteg—pbient e, (From 2553) to $orm  The wm(
aab/ress of ‘Her?" word of #e each moving obiec?’s $o/ pahorn.
mse%ressa formed a5 folbrrstasigdrd -aodies
/n Lo-KRes )na/e’

8 bits (0"7) | 4

bits
":-”*-——-\ ol Falt. Pointes

Base Adlress |
\_,/—V\__/
§bits

for lne coun? (1% 1ines)
werd count (2-wrd fe/fa#{’
R LT a/escnpﬂN)
sy T e

in "/1 Kes MM/?

7 bits
£1=3)

2 4

bt VRik fonder || [ I |
Base Address ]\ $ov |ine counl (16 /r'nes)
\——-——-—\/'“—/
‘ ~tsrd ount (4werd
‘ P Al a}f‘ern /me A

o"eacr,rﬁrs)

 Mote: This ss,% m.;e;bﬂy 525 fa/ JHerns B 5.7,., b
a J 4-werd bouw,daries,

Phits -



MAGCIC Rejis‘fers

RES7, ke f;le te r!g?'@? W
Bits 2/5 BaCkﬁ rown fol ﬁa?y‘em\ ﬁ'ﬁa-"ﬁ M"f&i

This X"A/f' feld 15 &m& 8604
back?wmz/ cam/'s /pe/ falf(eru ,Po/'nfer @rom eu(n'es

i He ﬁacéynom/ M) h form the word adshess
of eaa( iack;rouno/ card's F&/Fa%rh. /Aese

word  ads resses  are $ormed as Fottws:

70 bits :
4 bite 3 bils
~—] ?ef fern foinfer ]
| Base Address s S for line count
81»‘7‘5 (& /[nes)

Wote: This adfressin ] regurres bac.(’jroum/ card fe/ ya/éms
7‘0 ﬁoj}'n on  §-word boundanes.



MAGIC KeJ ' aTers

RBS7, Keaisler I ¢ Bacquou»a/ Addre s s rd'
This reyster co T e A
TIn Card wode , This /s Hhe adrhess of He
Backjr-ouna/ 7able. In B fap mote h's 15

e "adtess ofs MBRETword whole-screen pe/
{520

f& 772"‘)’\ .

%57E Kegis;er 2 ¢ A/ﬁia Tob/e Adiress

i re7:57(€r oonTains oo K-B,F word achfess of te i

"-’
= el g®

of a series of 480 words st aiad adicliad -t

Whith $ora. afab/o— 20 werd's wide. L/ xf{woa/s hiah Tr

conﬁams 60 chradler-s 01164 lw// affeay\ on ﬂe screen

ron &

el 75";’47' Se[eeoae; ) 40 céaﬂ-,férs fxr,\% ,24’
.@bm: fer\ scrce;y d¢s/7/$;/ Tk Ny ‘

@r/‘/ﬁfe Hﬁ?‘ #(S }Né/(’— lw//jp ﬁrﬁu" 1>]y dyl BI»M
or?
2 4 > |EB9% Bns '{@r e n /s e number in He A/f»(z Bices s
Gold] . 4



MALTC Kejr's?‘ev*s
RBS7, Kei/sfcr 3 (eonld) b

W A/pla g’e Enable

aé/es‘c/s by of the confents of He Aok Tabt.
! I/& b/es 45 : a/‘s,ob ot . The A/p,(a/ /.:.7/ lw'//[t

Suyemk-pvsed svev dny disfgay on Mhe screen.

Bzf 8- & 57 4 Y Back‘fv*ouhd txcess

Card mode: H

T cord ot Thos G Ll ontoivs Bl b of -0
(32~ 23 for) ® that MACTC will Assume  have

beew adfed 7h eacd row of edEs 2-word epfries in
the Backarouns Tzable, Aftev accessing 40 enPries 1o
ol's /oy % cards on Me screen, MAGIC il skip the bt ol
o/es: a7ed number of /{-ehfy Ysrks /5.?-Nlm’g) "Befa e*1
/a//,.j the conYenls of 'He wnex) At ’
cmzv
This effec?l/ve/ N'l/ens ﬂ(’- Bdcf’pﬂ’“h 75€(N/ ﬂlkf

/‘ncreasm7 Fhe Mmécr of cards V/'splajed afan dﬂé’ /ue)
and * Sbbws For hmited Apn 2/ scro//,
a/?‘er*m]‘4 the Table conYenls . _[n othev wom’J eacA z:‘xcess count~

enables mynlﬁ/ scm//mj for an ex?’enf of /6 cam’s
| /___\nprn;/ %a/c&r;ma’ 734515___\ _M)M‘k k.

row,

rew O p r"h‘oz,_.,_.’ji./ +;<.;.’? 31 F 40'&401'0 55
! | word ) H,_! 3 I 4 W 1@ A #ild J

R K /) NI T, R | e a1 3 *-,_q‘.;_“*.---.,..,j//_
rwl| _ S w0 A O ETIT

X L4 __..o _’ - ¥ G -~ . H ——
: » : o -
[ ] ° b e [ ]
mao] ol ear) g 959 | 28] /343
25 e TITITITT " T T

up to (B excess bhocks

a//vwea/)



MAGIC K 67 'slers

RJ387, fe]isfer 3w

hort

T T Cras

Bits O'SM%WW A/p/\a Excess

Thrs 4-b; f' -F:e/c/ CDn)(amS 'h(e Izh»jeh Df leword
(%2- Cﬁarac%er) blocks Hat /746rc wil/ assume have been
added 7 each viw of He A//zla Tabte . After 0//3/0/?//;7
He entenls of 20 werds "7 form a rew of
40 charac7ers on He Screen, (I46IC wl/ sl', e
des/ jnAfe wnmber of lb-word b/acks before 4’3/[3 rxg
+hed con en?S of He nex? 20-werd seqm 7%

.;7:166075!’% widens THe /4[/,4& 7dre (w'Fhou oy

/7L 2//&4/.5 7[N‘ //br/ vd
MV/»7 the Table conFen7s,

Lxcess blocks
norma)/ A/fvla Z;!/e = /’_Z\—;’/a% n_?

4 Cd/ 'h ’l"Ma;(
5cr~o//m} /h//‘/ fh’ou?f &)

e——— P 0 words ———> Tl-“/lwrds—’ e e . /b words—>

.-__—_-—-"""-l
| / Jh—/




M A G HIEEC Retj}s'/ers

KBS7, Reqister 3 (eontd)
£, hegl .

o o
Bifsd-Il: gk B Eackjiround Lxcess (ontid)

Eit Ma'g mpde:
In Bit Map mode, this 4-bit Siedd conTaus

the wumber of 32-wond scjmufs that MAEIC
wi ll sk}f) after o/r's/o/a /,'nj**‘m words (240 Pe/s) Fhal"

descm":be one /l'ne D[ e 049/6-50‘&" /90»//9&77‘?1"11, 77\/'5
e‘H:ecff'n/y widens The fe/ Fafwm 17 (28 Fté {for

ezacK Eixcess CAun?L / an/ f?l ena&é_s Scr-o// //u ] 7lo
"t he o ofen?  Eack Excess connd ,‘;’;//e,s._, an 36 o)/
menory refu)r'e»\uf o'F. 6)/46‘”&% (32?17.2),

worma [ whole.screen

Pe/ pastern 1 Excess Llsck
. e T ~ T ———
ive ¢ el -- - -y L ey - o - OO0
o | 59 ce 91
== : $ l ! i - i add 3 1 a
line 1 OoOrr— oy ¢l s
- -~ 40 £l 14 .
i L] 1 {
: =1 J
1 1 . - { =t
) R STF : v I 1 WO ISR W [ W 8. O
Une 19/ | O 0 ~ - | | ey o o
ad SRR i ”)?19 J il Do -- - ooyl

(lA.F fo 'IgEr:Cess- uocé.s !
alfowed )



MAGIC Rejis or s

RBST, Reqister 3 (cont'd)

Bit IBW Ex?ﬁgrna/ Video /_:haé/t

A" emadles MAGIC 7o syn&%rohi)c i 1S ineraal
c/ack A/zﬁ( an €/<feb“na/ co»\ff?Sle Video sxjna/

Bit 14: M#MM‘ Interlace Disabfe
A .1 4/1836/65 VIa/e:: a’/s/’/a/ -fle/;/ ln)le"‘/aClhj
Visual /, He effect is 1o hatve He wssble /ine qé;,s/;}/

a n / .7‘0 /me/e 7‘/9 a/pear.ance 076 _7‘446 A//vla MM{’, ‘045/7/3 7/.

S Bhpdgts 2bon o 2ol Bkl 10k Grobl

o ensbles He Bit My ho/e(-ﬁpr backgracnd s pls ).
A" enables He Cyd moe.

5



MAGIC Recjisfcrs
X837, KQ:T'SYLEP 9

Bits 0-7: Qs bty pbirg/ B A2BA— Bottor. Border Divide Tosition

This §bit Field Confm'ns Fhe Mlujer* o He /e)['fﬂnosf
Hal has Hhe oohr of te righs/de porfion of the
),oﬂ'om bara’er[,e the Fivs? /:e/ of #LW co/ar,),

Pos: ‘oA

3
Bits 8- IQW@ Borcte r Divide BsiFron

This §-bit Sjeld conlains Hhe mamber of the [efF-mod
Pe/ﬂ >t has The aor of +Hhe right-side forf‘:oh ot Hhe Eﬁ.
b jyoraﬁ"r (ie. Hhe »C/rs’/’ fe/J of Bacssreing (o/&r

& (See the d:a]yam m( the a’ef’scnffou of r¢7,s7‘er 5) ‘I
K557 KCﬁleer‘ )

Bits &7 Y N AL s Right Border Diide fsition

7—415 yhf 4:8//00»47!5/"5 7’74[ ltlunétr' 0# f/e Fe:"~hm.t7L
lne Hat has He coler of the fewer farfzm of

the !A‘}_@L b’m“«"‘[le ]"{e ‘flrsg,/;)uet mca/ar)

| B/)‘S y—/M’&Zeﬁ‘ Eﬁm’er Divide fos/?‘/ah

Thrs &bt Fleld conlains He mumber of the

' erwno:f Lne Hal Aas He wbr of +he lower poriion 07C
;—Y /_f__?" border [ e. the Lirst. /ue ﬂ‘%c pr

fD.w ]LJ on ! 1.

color O color 1
1 Ilustratie n of

Berde r 2 r & 6 r d e r Diviges
area —

color 2 color 3




MAGTLE Kej/sfer‘s

RBST. Kegy's?‘er 6: Border Palelle
TAls rez]isfer consists of four 4-bit fidts,
each of which conTains _an index 7o one oF He [/ colrs
of the [flster falele’ GK%Z?CA fiekd  correspends To a portion
of the border and it selec’s the color For thal portion.
The rejz‘si‘er is formalZed as folows:
s o 27 g3 0

Border | Berder Border Bordler
Color 3 | Color 2 | Color 1 | Color P

(See a’escriff/'on of rejfsﬁ.'r 5 for a %27@&\ of Hhe arrn ]eue,.f
of the co/ors)



MAGIC Rejisfers
RBSY, Reqister 7

BitsO-bilgpin W FoaF o~ ASCIT Code

Tibis  7- ZJT \CQ/G/ ODhilams the ASCZL coce

of 7‘/‘8 c,{ar‘acfer* w/{ose fe/ /73//“51*'1 k//'// be 7"”7{/0"/186/
in Y‘ejlsff" 8 word éy Nﬂ‘f/ /7 d/i S/fde/zce oé/é rmi nee/

L?r #e Eeac/Back@’é (see 7’9//mm7 f/e//)

Bits 8- /2MW~= Read-Back e fhase

T ATkis 2545 ‘f:ec/may &%ake on Ten Va/ues each
Ccorrespon dr ] fo ohe Fkase,\a}kfaur /goss:Ue A)f,/ua read bock

moa’esj

mode #\ase name #Aase hex code
Card Normal Card Mprmal o)
Card Doublel)sd¥ Left 4
K"ﬁ”— E
B 1 Maf/%rma/ Ledt % /
Kisht 72 7
Le¥t 5 9
K;ad 7 Il
814 Ho ip . bl BAATEIE Lot BTHied s
Mi d. d { ¢ 15



MAGLC ﬁejz‘s ers
£557,L KQ‘T[S%CP §:Character EeJ-Bac,éf,;#.em Cgeaa/_oh/,/)

Thi's reT‘sfer conlains B Fe/ patfern informarson
for cloplaying the ASCIT choractor wheie code was plhced
n weistey He ASCII Code fold of m;fsferz 5‘747‘ sepuentss/
resds w,l /prow’o’e A/ He informatiin For He phase pipse
code resides in The Kead-Bodk Fhose $eli! of regiser 7

Ceneral en
(See discussion of Charsckr B )

KBS, A’cq/siler i 7

Bits 0 Uz = Background % Friori f‘;gs
Lpa i atdrpre BB TR,

T Als 1241 field aoks:‘al‘s_o_-f-_t{fe_e 4-b'7
Subfields, E‘ircj Rf;, f; ;4::%( a aspizy Pn’or:‘?‘y fevel.
The 2-bit piantrbbibon in eacd entty of Fhe
Eacéjroum/ Table will index one of Hhese fieldls 7o
Te* a prierity feve! am:/af/e”f oors on [Fs
Pam‘v‘cwﬁr card, {,;nonf YD /o an exce ﬁ)%a as /T
specifies "no prierity fovel” for colors om ifs cond.)



MAGIC Kejis‘f«ers
RBSY, Keis?ler [0

Shift

Bits O- Z WWM‘“ 5ac£;£una’x Sevets

7415 3 A/IL -F/e/i/ CDn%AJkS H\e mtmfer af/;e/

Pos//,mhs Hat He Aac%irw\nq/ will be shifted

right

7o Fle é‘ on The screen, ThrS UValue may ;*3»75

fvom O 755/9 o Z.//ﬂ.SS 7‘4341 a CAN/A//O/7(4)
ft

Bit S:W X Berder LExtend
41" causes the wi;ért&/ borderg 1o extend
p g by Epels (ie. acard wid7h), This lides
the junk “exposed” by Aor/'(}aaé/ 6ack7au»/ $4/f. /s

Bits 4- b1 0ad g  dtd s FL A~ B&ckjr owd Y Shift

This 3b/F Feld conlarns the number of e

pos f e s ThtF A kcé]mmm’ will be 8hifted

a.ow
qw 2 rd on he sereesn, This value may ranjc

from O fo 7 [l'e.-ﬁ) Z/ne less T & cand /1‘3/%7?)
Y Bordewr ExJen

imwardg by § //nes boe.a Can/&)/jn’f) 1474 4a/f
p a

e JMk ‘ex /mm’c/ L/ vertica/ back ]raun 34/7C7Ls



M/}@IC (67/'372»”5
RBS7, Keq/ster /0 ceontt)
i 0 g b2 £

Bits §- Bl 2~ Al p haX Serot!

774/'5 4“5/7‘ )C/@/é?/ Confar'ms 7%( numéer O]C Pe/
Fosi*h‘@ns that Hm A/FAZ a//'sfé/ LJ/'// Le 84/\7(7(60/

Io e m‘j%f on He screen,  Th's value may renge
from O T ( (le. t ZFe/ less than it Takes to dsploy
the fwo tetmds ASC// clarackers c(;nfa/'neo/ n a wmf”

Bits 12- 14 tpdgfiz gtpi)~ Alpha | ShitT

Tib's  3-bil Fely contasins The mumber of ’./",,e
F#S:‘ﬁohs Hat He /MloAa 0/13/0/5'77 will be 54/'7(714?0/

c/pw;wa vd o the screen, 744 Va /e My r.anye
hei9Al
from Ot 7 ('e. 72 tess Fon Hhe ity of a

 row of A/f'Aa chavaelers ).

Bit 15‘.’WM" A/’pAa- Border Eicfend
| A 7" causss  the [eft Lorder WM
fo exf&m/ rvward Lf /L fe/s é,e, 2 cAararJgr I //%s).
This Aides He Juuk “ex/wse/ i Z/V Ma /tbm'aonls/
A/f’Aa sészs




NAGIC EtII‘S%QI“

RBS71 Keqisf‘er /| (See #scussion oF screen S/o//?(s)
EIfS p’ 4941 Screen S /T 2

TA(S 5 )>t7L “:(e/J C%?‘ams H\e /,ne or fe/,@s,)(,oh
(divicled b/ 8) of & Screen Sf///‘ /4

Bit 53« Alpda Screen Reverse

A N means Fhat HMe roles of H4e f)rwnzar’y and/ secordar y
screens are reversed Hor A/,pAa displa - e

Bit é‘.?‘" A/Ja Over| ap tnaé/& Al

Tz

AY|" causes AJ Aa 'sp / 7D eud at st t2
o ‘H\g fnmry screen 3ha’ 7o béq/n 3t 5 é on He
secondary screen, (Blpha splf b:usf be ehbé/f/ %

Bit 7 & Alph Slit Enabs

A " Couses the /4/ /a s otb s / 75 end o S;,P//']( 2
on the primary screen and 7"9 be]m at § ,o// 'z
on the sccondarf gcreen.




MAGIC ReT‘sfers
RBS7 | ?eg}_sfe\r‘/l (eonl )
Bits §-128+ Screen Spiit ¥l

This  S-bit freld contoins Fhe Jine or fe/ posilion
6:/,\/:‘0'(6/ 57 f) of Screen Sf/,f".l

L Horijwn’n/ Selit

A“)” means Fhe [ires 5/7/1'777»7 the Grapél'c and/r
Alpha screen afr'slola)né) between Vg primary and
.SCGOnc{ar/ 5Creens ‘rum Aon‘;onfa//; ¥z A N0 means The
Sf}if‘ rins Verﬁoa///,

Bit l4e: = __Qra,péf'c— OVer/a/p Enable

A"1l" causes Graféi'aa//'S/?/ay lendal S o/ 8
on  the frh.‘a:?/ screen’ and 76 béa/n al Sp/ 1
on the 'secondary screewm. (Graphc split wmust be ensbled.)

Ei'f.); = Q_EfL}“\C SE//'/’ EhaL/(,

A" causes the Graphic a’:'Sp/a/v 7o end on 5,0//'7( 2

on The priwary Screen and Yo bejz‘n o' Sp/i7 ) ourd e
seconal.ar/ Screen,




MAGIC Kef/‘sf‘frs
£BSY,_ eq;sj% 2. (R ead-wly)
Bils O-8: = Currehfll‘ne -~
Tais P47 S cotain e axiiden o 7/;% o
whed Be s Curreuﬁ/;/ be:’nj refreshed on Fhe screen,

Reading s £ redisler resets the in)lerru.p?’“s) bat Fhe
line oonut will not be affectes

Bit9e 4 Line Coud‘ IH?‘EPFQ!BZLE/AB_‘

, Hat
A" means Hal He /]nﬁrru/:zl\/mGIC genem/‘e/ for
He £80600 pas e Fo #4e carrent Lre Aﬂunf'mafdl;‘ﬂ
Fhe valne M TAe In?’(rruﬂ‘ Line Count ikt  This bit
will be reset Yo "B phen the rej;'sfer is vead,

_Bi‘/‘/ D4 ~ /(ea/ 7/—'.ne C/pc,é;—nrfef‘ruff de__

A" means Fhat He /'u/erm//ﬁ(af/%%fc enersed
{or The EP200 was #ue 75 e 3 “tek' of Fhe L@/ Zime
C/DC/év This bl'f will be resef s "ﬁ” when Tihe reJ/.sf‘gr\

is vead.




MAGIC /@i/ﬂ‘ers

KBS, Ref}is'fer 13
Bitso-8:a Interrup? LineCounl
Ths  P-bit fiekv Q?h]l:'r’/’n.s' Me; b,e/:/z;uéep of He
dsplay Line g‘ WAICh /‘MGIC'W/ jmeﬁal‘e an
m¥erowl W He EOO0 whon it is webvesher molihes
by the Value of the Curvent Line Cpurs.
Bit9ss Line Inferrup) 5,51/&. L
AN wems Hhat MKIC G fmmzé an wlerrap? &
the bS0OO whtn He Carrent live Gun? malihes HMe
Inferrapl Line Cunl
Rit/Dg 4 Feal [ime Obck J»Jérmpf Enable
A 1" means Fhalt /pEIC amblgifr‘afe an
interrapl 7o He G000 upon every ‘tick" of HHe
Rea/ Trme Clock,
Bit [l-12: *CArongce Encoa//nj//ef{oc/
Ti 4 s 2-bit Field cowkems specifies which WM@

WT Mmu:nlﬁt‘c encm’:mj Me7%04/ /s Af:nj use/o This (S

1
v 2 21 Waﬁ {0/ oW S,

;Ay«om nﬁ, ce encoa/mg code
SECAM o
R&B |
PARL 2

MTSr 32




MAGIC Rejisfers
RBS7, fegisfer I3 (contd)
J
Bit/3s ~ Ninder of Uh@i

A" means Hal the screencsply consisFs of
625 [aes. A0 means 628 [ues aw/or/se
the 0//'3/0/3/.

Bit 4sm  fol Densily

A )" means Hal He 4/1‘7/er~ of to pel o usitves
will be used and st He resulton? aclive picthre
will be 5/747(/7 Sl r and e borcters 94’(/4 . widbr.
A0" means Hst e lower /n/ aé;,s/V//f will be wser!

Bitlss «KRAM S/'}c_
A 1" means Ha? R is o /aosec/ of €4k Aips.
A V0 Y means Thal” He Lip size e 4.4l




/146IC Kejisfem
_5557, Feqéfers 4815 : I ‘me~Out Kegﬂ'sfem
T hese Twe refis/“er.s (Mﬁ un Sixleen 2-bi ﬁ'@/é/

n"jisfer 4 c&né,‘n'nj He [ow order b7s 2 r€7'/'s7‘er 15
He Afjé order bits. Eack 2bF field contans a
code s}pecivc/z‘»j He hamber of WAIT shles
normaﬁélf 1wolved i accgss/'nj each 32K fﬁNL/'ﬂ/?
of memory. Bits in e gero bit posiTron periain 7o
the first (tw) 32K, bits in the nexff?ﬂs/f/’ﬁn Fo He
next 32k, efr.  If the wumber of WAIT slates
exceeds The numéber rﬂfm’rec/ for normal access )
MAGTC  wil/ jenemfe The PTACK s/'jna/ s6 as
fo avoid 4&7/)17 up e £8000. The mumber
o T WAIT slales albwed are coded s Fellows:

iR BT W

no WAIT stafes: § 2 1 0

[~

Since tlese values affecl e basic f:khdllbm'nj of e
srsfem ) £ 7‘/{ )C‘ESE7' /f/:/'ﬁ'a/,'}af_"on Se Zaehce 54&%/
it wrife Hem s rej/'sfers 4 oud /S 35 seon  as Fvssfié/e.




BACKGROUND GENERATI oWV O

A backaround screen o cphs/37’s oF

[92 Laes, each fhe made up of 2‘/ e/s 7Ae screen ois Py
may be /a]/ca/// divided m/f “camf eaa( card comprises
of X /mes Cd% /;,e 60)17(&/)1/] e/s In 7‘:415 Cam’hwé
each c/ /s 35‘5!]}180/ a eolbr aﬁa/ eack card cdn fave
2 Sc/ccfwn of allributes /;,c/m/m a/egrce ot reso/aﬁm
and 48 /o ay /monf/ A/fcrnafe// n /a mode ” ) The
.SCrcen 4% /a be [ lcally hplzp//‘//c w4 eut

;.s o—F reso/u;‘/on 0:7 /rmm but 4//)‘/( jre.a?‘er

r:eY and Cah«//eX//jv of Cﬂo{a yon.

£ach éac/ijrmm fncfare (which may be /37
Han whal can be dis a/ea/ on He screezz az‘ ce) /s
describgd dividedt in  memer “fe//a/?fern . / /érn
a’escnbes He ctobr /ﬁ{l/ sa/neﬁues luminBuce) pf ea%
er trio pf e/s m e prefare. These fe/ A erns Ma/
bc en a ca rd-by-card basis, as in the'! Cand wmeat, or
71/ h«a be for e enf:re bac,é7munq’ F:cﬁ:r‘e a8 /'n f/c

/74/7 MM/e
CARD é;!OD&’

. In the Grd mm/e _ :s /a ed F/cfure 4
consisls of 24 rows of 510 cam’.s cr raw e/ |
afem for eacd card Aas a eamg améaj f
which IS ar) of e ent —fa" eacs xam/ j‘,{e,

__Bat Num/ 7a i/e TAE /ems L’ncaff:
4;,f?>r2«afjm Jn THe mrm’ for e//‘e{er |

__br w Lesolutyon 4/15/7/ é aérs may be; as |
A//c

splay priort t/cféf‘hqmes wherher /rea
Movm/p /J(a -ﬁ/oasj “behind " or i Fron?” of it 7



BACKGROUND  GENERATION

05>
_é_chhI{zLouna/ Table -  ithoed 2° b

This 788/e resides m Hewoty ,ﬂ){,?iaﬁs/sfsr‘f' %0

00"”79)#’

infermat'on

Z-word e;fr/gs/ eacs, e«?jr/ conammj Aﬁ&ﬁ for
a fi"f/cué‘r card /n He éamé erm/ ) 3/47/ 7:{9 7(H‘s7l
40 pards entries f:ertal‘n Yo He 40 cands of He

{/'rs? row of e 0/3/4/ }ém/é?re/ lef} 7 )’7{/‘ ), and He

next 40 entrres fe-aua eriam Fo He 40

o onh fer
cands of He second row sy 2y 24

rews of He Q{:»/y/z.'}/ (see Hhe a/oscwf/)lmh of Ze,:’akr K
of REST tor detbils of He Bockprona Exiss aouit)
E 3¢k 2-wrd edry /s formatisd gs $1/lpws;

15 M 13'11 N w9

. Jeard s Ju s
werd O rri.lp 3
Lls

§ P

card | card | card | cand depelds r(ard
word [ color |color | color | color et
‘ )
In‘; ‘ ;é/ex fn%’u index Fale 1 e

0

% e ’ f’aﬁn—\f’oanﬁa r N o |

,IE.”H




BEACKGROUND GENERATION

where the fields are defined as foliows:
addped o
fc/ Battern Pinter — 7, 4,'s value /s comken :

The 5a5»47r9um/ %/ Blern Base Addiess 53}&'0')“
RBST) o form Hhe adithess of the firs?
word of ?&C:n;,é/ gallern. These word adoi-esses
ave formed as fellows!

f0) bl"fs
— e ~- s
,.__L.fi‘_'t_\ Pe| PatternrBinier IE ' | —>
Pase Admess { bits Lior ['ne coun |
W (8 lines)

roler This addressing reguires card /e/ ,za%!us A
be’,‘.\ on 8’UDV‘d bound aries

Y Mirror — A 1" inverks the order of q’:'Sf/a/in7

the vows of He Pe/ ,7.4]7‘em ) re. ﬁ.e7 are
‘\H?r/aea’" e fop for botlom.

X Mirrer — A “1” immwe Feverses the order of

A sp ) 7 /”7 e fe/s of eack rew of He

- /f"‘-%””, .t ﬂe)/ are "-F/;'ﬂfe/' [eft
for m‘7)17‘,



BACKGROUND GENERATION.

HiRes = A “1" means e }ve//ya#er‘ng is codi/

-For Huj[ A’eso/u?l/oh”f‘x%r;//e C%S/O/J/ A ‘/.,ﬁ Meédhns

&rd
it (s coded For Low ,(esoé rohAMDOIC’

C#{TA and [04} /?1850/&7[/011 Ca)"a/s Ma/ b&
mixed (n & ofspla /.)

ok
2 Pri B e Mean53 Cam’ colers 3 and 2 Take

6h a Fmom‘fy fevel dieTermined by The
Card Friorif/ Index Spor this cand, A @7
means card celors 25 and 1 take on

a FY‘)‘OW’][ y /ev&/

Card fi — Tidis is The Card ﬁ»mrr?}’ Inaex.

Va lu e s 0,/amdd &t as indices To Sefec? ore
of He Firee fr:or/f7 levele available ,«,/,5759,7
of RBSY. Tife selec/ed prierity feve/ becomes e
Card Friority Level and is Hlen available % tho or
three of Hhe card colors as Hleir fmorﬂlr leve/5.

lable tor cors
Tdiu ‘e /.‘. N o, Ln  OF ﬂl‘ 'lu /PVD/ 15 aua’ 41.‘% (- d




BACKGROUND GENERATION

Lo-Res fel Patterns —

The fe/ ,aa??’erns in Low Kesolution mode fraw'de for
seleclion of 8 cotor for eack pel i 8 lae. Tihe co/ors
avallsble Hor Sefeelon are hirse specifred i He IEEsgwCard
Myﬁ fale /}Ic oF He assoc/ared  entr b m He Bdck jroana’ 74//&
Each werd has He -foA/ow/a] format:
feft

Is " fo 0

one word of - pel ¥ pe | g e | f o e/ i 79{/{ pe/ & apscribes ere

3 pe/ pa’fern d color [eolor | cofor | cotor | coler | cofhr line of a card
hse index | index | indl.ex| index Indlex | index

N"h'/‘

.
e

{CXJUAF'Q :)

coler |color | coler | coler 4-Lolor
_ > 2 ! 7, Card falelle

o
fe (& is the [pft-mos? f”/ of a card/ime, and Fe/;is fie
rﬁjhf-»osf. Each 2-bit fieldine7exes one of the four cofors in
+He fafeie. Eacf :»u.é»se,uu.f word of the pe/ /pa/f?nn
describes e nex? fower [lae of He }acé]nw-/cam’. 7Aey are
Brr. aujec/ as fellavs: |

(el patlrn addres3)

ward O /i ‘ne D

* L]

* = 4 3 & F. " >, i

. V iy =t i

® ]

[ - ']

° [ ]
word 7 line 7

a ye/ fa#a-n for 3
Lo-Kes card



BACKGROUND  GENERATION 5

Hi-Res Pol Pialferns
The f&/ fa%r‘ns n e/ﬁéﬁesoéﬁ"’n med'e fravia/c

[am/nance m?‘or‘mafn’h for [ae,/m a line and color
n FOer}‘/&n for lth’[(}Dn 9/ roa S 'F 7‘r‘cc e/S 8f a
Time. The colors V' auvailadle am Those  spec/fied in The
Palelle of He assac/aiﬁ’c/ eﬂ‘r m The ‘Backarocad Table.
The fum/nance speci fres may bé one of ‘FOur //eve/s
[or at{}ufuenfj 7‘»{{ afso/afe Va/ue bem [

The Briqinal/ m,‘anre @ Sfec/-ﬁ/ec/ /" 7‘(:. Co/ r's u»aéusfe
CAro)ananCe code. (7]6&5{ C/lrv)muahCe e"_S are HL
Y./BY,/RY Values 4iven n The MasTer ﬁ/e/fc £BS &.
Ead werd of Th ft/ ,za/fern oéécrzbes One /;,e of He
M -Res cara’/ and (1T A3s The Fo//ﬂwnj formar

5 M | ©
Left x;ix.-rmT’eu ol 2lfel 3l ldbe) s

trio | trio [Lum | Lum | Lom |Lhm | Lhm | Ly
ColonColer

[caurle) /\ Left Pc[’ trip K.fjk‘f pc/ }'rfo

Lolorlalor | Lolor | Color|  4-Lolior
3 |2 |1 | £ Card Talesle

Bl ¢ is the left-mosl Fe/ of 2 care’’s //'lre, and pel S
is the riqht-most-  Each 2-bit cofor field indexes one of the
Four colors' 1 the Card foleffe and # obes so for 2 Tirio of
Pe/s. Lizel subse/aen/' word of Fide e/ 3//ern a/eJCr/Ags He
nexl! fower e 0F e backaroand Card suslt s [ Lo-Bies moate.

Tihe follow;nq 78ble mapd fhe /A.MJ:M('L' ooe o rhe [uiqmance
dﬁ;ﬂﬁuenfaccm% »] Yo the Y value i He CArO M nasce For Hhe )ae/;
cofior!

Lt sancecodie ranqe of Yvalia
9= 2?7 ro-lz /314
eo o o .
#/i s& P "'f Z [ wnaar:shlﬁ M @n 7L
/e + 4 = L

/) b +4 +2 -2



BACKEROUND 6 ENE RPTION y

Color Friori? y

7he relative priorit levels of & moving 0bjec)
and a backqrowmd e/Fa@?r»{/ne wvheTher The hlw‘n‘é ofj'ec/i‘
passes “bedihd * or "' froa?” ot Fat pel. When 3
th/n7 Objecf encounlers 4 basck retwme f&// He item
with 4 Aieher frzbri?l/ feve/ fa% "o froh?’ I bo¥4
;’7‘;_»15 aw; 'f;{le Same frwr,‘)} /eve/} The back]r‘om‘a/p&/
stays "in front”

74e fn‘&r/é’ leve/ of He /owV/'n] vbiec) I's 5/:«./4/
epua/ Fo 'He /xol//'nj MJ’ec/is 0m’/na/'l Aamber.
ﬂov/nj 0£J¢a7‘ B Aas Vbl /?m'ar/}‘/ leve/, and /'/W/'Aj %J'cc/ z
bas Ya “hlgher m'ar,‘f/ leve/.

7he ptier( level” ot a backaqprbund Fe,// on He o¥er
}\anaﬁ resu/ts Kvom & COmplex sedeclion' process which
Juag even resw/t in uo frv'orﬁ;v feve/ (whieq' )'s less r/ar/’?)(/
HAan sero). Fer & pel "o dabe a priority feve/, [} hus?:

) be ,vacr; m‘Fa G}m’ m;t/e a{'s/%!/,/ = =

2) have Card Brlorily Index e 9u 3, dn

:55 have a coler Kau the M&éé/fé
Hhat Can Aave 3 ./N'N‘/'f;f feve/,

7% a card’s Card Prerity Index iy s Zacflrﬂmv/l?_//c
eh?Lry L 5 /- .z‘fs Lo/prs __,}xan _he m‘pn'f/ ass /'d?f’/ :
with them. I+ He Card frl'ﬁrf'f)l Lndex’ /s ,2//5",.@'/ A
Wil _index and Sefec7 a. frlon'f/ Leve/ from. reqisier 9
of RBS7 and, assocrarXe '/t wilh _colors 3 and 2 »f.
He  Cand’s & W Lsete, Xf He 2-Pri bit /s OFF
in He card’ V_EAaijhm{ Jable cnf;:f,_;_ﬂ.c - Sefected /m'ar/&

/EW—/ h/'// also be Vassec/zles’ with celor 1 ,of He
-é%m Blede. Tie fo%w/v o‘f’;yrau.r J/&u—f?‘ 7
Muslrale His scheme. |




BACKCROUND GEXESRATIOA 7
2 1 )
RB3" Backaround
\ E?I /’/1 7 ks
RCJ‘IS}Q" ? :st‘d Y C.Bhd R‘ibf/?g@_ﬁ
A L7

rievity fevel

priecity leve]

— n position - :
no priori f‘y Phebked” i JUA TN
assianed 7
/ i '1.3 ('of.ar‘s ‘“’”};2/";

B s AN

oll) \

; Y TN ¢
bt i ]s| [KH]z]e
? 4 : i 3t 2 1 fo 2% 2 11 D
WO Bae: appanal T ey \ ,T
\

Pel Fatterns
(selecled words
1w sTrafied )

i

Ito

g 4|8 . 211 ®

CvoY' G

el 5 :
ffio_rif7//eve{)(

Fe/ 25 CoADrI
mrriorifr Aeve/

59 ¥ s le
ei4: coler K
v fm‘on‘fy /en/.z

re/ - B co/‘or J
no frior:'f; / /Ne/



BACKGCRKOUND GENERAT.ION

BIT MAP MODE

Th He 51?‘/‘75/7 bw/e, He barfjrm/ f'/aiﬁre (s )zo?l
sub-divided il cards 4 eack Aarmz Fa/#rn 7The
address /w re :s?lerl of FBST7 ohés ao;fyomf 7o an
;afer»zeﬂ’zafe ]rm—.na/ Table, bul instead o recf/ 70 One
huge /a]?‘ern Zaid word oF Blis fe/ a/?‘ern obscr/bes
foilv I7‘ Yakes [ﬂ werds % olescribe | eacd of He
)92 /4e5 i 3 Screen-sye dls Ka/, 1520 words in g,
T4e a//ﬁﬂ%nx M”4$ aw/ i’ &/'ﬁtéé hv4uw}ﬂeu_

descrli e/s sefush /a///¢ £t /efz‘ Yo righl 2and Yhen
from 10}7 10 bolfor. of Hhe F/Cﬁtre(-ﬁ%r—?éﬁ—w
Mﬂ%&w / as"‘
fields contain an index n RB5¢ He /l é/ﬁr% /7/3/}:/’
aud Herefore , in B//‘ﬂa mooe, eBLA [;c Ma/ be ass,j»ed

pne of sixleen 0o ors redard s 85775
V]Maf for 2 B/?L/‘Zaf f’e//?d/;ern_ /sas 'folews:

word O f.;rgo Pdl = ;::J
color CD/jr' coﬁor‘ cohr

word! | oy | ik | o5g | o2

40 wirds abscribe
1 /ine oul st
192 )lines

1 23 a3 7| 238 239
word 59 " —4di %




CHARACTER CENERATI ON

ow"d

ack?’
Tle uffbbsc of Charader G’Mwa?gba is To aftw
jeneraﬁoh of [ pe/ fa??’ems for ASCII characZers a’
run hime., Le Mjrahuer writes the ASCZI cool »f
Lhbse

Hhe charscZer wh c/ {Ja/f’em he 4Bas [nio A<
ASCIT Code ﬂe/ﬂ/ o 157(er 7 o-F RBS 7 M4LLcC
e/ alfem i formaten back in

TAth asses
r‘ej;‘sfer (e Characer Cead- Back faffern) of RBS 7.

Fbur Charadler fo/ﬁac,é MM@S are BVaJ/BJ/C_ Idlld
zﬂcm n For‘MB/‘/ﬂl« for CAar‘BC/Z"‘

OV C/C & P/”
g 7 »f fwo sixes o b4 Card and Bi# /7/7,, oges
These Chacacter Read- Balk mosts arve!

) Cavd Mpriwal

2) Cand Dad/c Wid 4

v) B/t /7.

4) B Hfaf Dounble WidH

Each mede consisls of one or M0r hases, [+ fakes
Jgkf Con se[af/t’z rea/s D‘F #'& Ch:rader _Eack fg}}ér}\
ulre a2l the /&//Aféﬂt mfork«zf?oa for 4[ar7‘:m/ar‘

f Se. The prodrammer ma the n J feao/
Fhase codlensor wmore m-ForZafun on Helsame cA
\é\gv O AL CILSJC ﬂQ. ASCIT Cx/e 'fvr f&//j’lerh ,.,ﬁm.a)}'”,
(e "}61 2 SFeqime e CAardeler, |
NH CA)«’\ C’-\.c\v- ‘
\3‘. ‘v? e Q lf}g‘)"/\
VR¥Yim oc— b«c,[fﬁwoJ
No VA waex V»&-b\v-

{vand $on M’%

VIDESTE ¥




1. Card Normal moge

Th's mode consisls of one phase which provides

mformaron for a card-s'e (¢ 55 wide) Fe/ a/fern
COnTaihihj The imaje, of ont) ASCEI charecler.

Phase Code & [C‘arr/ﬂorma/}

essive

Each r?ccacq/ ot the CAamder(ea/~Bacé ﬁ;#erv\ rovides a
loyd Con*af‘Aj‘u as"Mhe of pel ’%lfer-n in The Eorh« %’Wn{dﬂ
Keriy {or ckjr&una/ca S:

15 i1 | 0

not used |pel@|pell [pe/2|pel3|peld | pel5

color | color | color |'color | cofior | (22)

Each 2-bit Siald corresponcling 1o a pe/ will be either Il
or 2%, where 1l indicales a portion of the charac7er iwra]e.
The rianf fc/ L ,ze,/ S, will always nz,/resmf Me Space befueen
Characlers y and s fe/ Freld M’/ Hepefore conlas/n P27



Card NormalModie, example

Correspo»xa{ing

fe/ Fa#ern (words returned from read-back reye sfer;
card 0/1'5/9/37/

werd pes Phase » Card Normal, ASAT code= A

;:/4:}1;##?876543.210
+0

/

1

+

/

I i !

+2

i

+3

nat/

ty

fused

Jid 2.1:3

t5

+6

/

P | e, | Sy | Sy | Sy

] | o |~
T | || T, | Sy |

+7

/

7,
/////,

’
]
///%

72

Phase »Card Normal, ASCII code=B
F 1y g i

+0

A |

+/ ///

+2 2 121
sl mtf 12T 03 1H 1

W

/ |/

[ |

+4 Juse
ws| /
AV

7
e




2, Card Double Width mode

This mode consisls of Two Aases 7;757%9/- He

(rowde ,78/ (ai}"ern informaton 7%9 5p /2y Mdraz

lMB? o cara/s wiole [lz. pels). Dy c/mé/n:j €acA /ine
7\2 a €r‘n5

f remmer res/ere e
imr‘ma/ pro prtons mc e  leharacrer.

Phase coze Y (Left’)

LW oon se[u%u/e reads i s phase )prowq’e fhe

/hfbrma?‘/oz r the [eft /l:/f of e charsc’zF jwmaqe,
Eacl vead fr-owa’e_s a werd m the formal for Eak;rouaq/

cards !

15 12 ! )

wol #3ed P‘/y PC/I f’e/z pel 3 fc/4 fe/f

color |colr | color | colpr | color | color

Each of the three /ﬁe//u pairs N e/Her
Il or PEEL, where (1] ma/ua/es Fwo /7&/5 +hal are Far
o tha characfer “"‘330

f’Aase Code [“K:'W"Z

JA?L conse thjjl/& rea/s /h 7"4,5 Aase rowa/e 7L4e
n formatiod  for Hhe rzjkf Aalf of The c[ rAce MEE

The refurned words are” formalled /a/af,fa// 7 7% ose’ for
He left hal'f of e oharackior excef;f that )"e/ felets 4 ond S
will always conlain POPY, This becsuse e m?k?“ Fue /QA;
represe the space beficen  characters.

5 i3 | b

aet wsed  |pel @ [pel L | pe/2| pel3|peld |pels
color | color | color | color |(£8) | (rp)




3. B/t ﬂdlp Mormal wmode

This wmode ctonsisls of fouvr phases. cfn/er 7‘n’e
Frowc/a ZW/ alern mfrrmalion 7o /f cAanZ ok é'f?e/s
m’e (u,{,oA mcéu/es / ¢/ for a sFacc) 5344 werd of
[ Yern con'la ms a line Two Fhirds 0*F e widFd of
araci‘é’/‘ 7'4«.5 Fhree weords 0‘f %N\ W/// S PaA
7‘»0 charachers, Hhe Cenler word tonTa/n the
riahl % of He ﬁm/' Chavacfer and +Ae /eff'/s of Me Secons/
tharacter, TAe proqramumer masf o Me (ombining 2T
character #4)eds b?’ ORvnj Jerin words on/émmy
those two gortions.! Simee 74, & f c//sp/ mod, pre
wisT remessber #4a7 words aeserls, )wn o( 72/ /i Z of ,/_’s
are (Cbnse Zq,/,t/e h memery M.crea; word's /esaubm m?‘:ca/
lines of fe,ﬁ are ef’&/ Sfacec/ (0 words a/paJT

Phase code 1 (“2eft %7)

77 & Ql A?L words of a]fern mﬁrha?fﬂh rc}[mme/
lzy fhis )ahase s formalte 45 refwre/ 17 B/t /73/7 £a¢,é/mmm/
d)’ sy/ay Jr 050"

3 o
el x ef x+1 e x+2 elx+3
go/o" Fco/pr- }Zo/ oh colior

The re/s f‘efreSenf the ffF %5 of the repues)ed
characler's “"37 Eacd d-b't Leld Conl%/ms WY er
LOLY , ihere [17/ re/reswé a pprion of He cAaracrer.



FPhase code 1 (“@}u ")

The e/‘?lf words from This phase re/rgsenfjnﬂ‘
the riaif % of The r’c/ﬂues)%a/ cr(arar/g@r\fs Image .  TAe
szaivl/cv'- 0¥ eacd word 'fefresoq‘s a 3pa or nul/
(‘IVA(‘CA are [dentica/ ) T,(t;/ are ﬁn«a}é/ as Touybeos:,

3 )
pelx+4 pelx+s nul( null
color (eeee) | (bope) | (600F)

e S

char 1t §  space
Pels regreseating a gortion of the charecter have color cede /1),

Phase cede i9 (M Left 5({)

Tile e,‘)Af words from F4's f,{ase re/oresehf (s
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The fermal /s a5 ol bws

null elx+8| pe/ x+é / x+7
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fpace W
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Phase code //“ ("K.‘qu %*) o ;
J

The oAt words of #'s f"éfé ;re/reseof The
riakt %5 of Me rsze/ chorocier’s jwmage. They are
maled as repdired by BT Hap )’aal‘jru-—-a/a{&/’é/ moee

pel x+3 | pel x+9 fm/ X+0 | pe] x+{f
C.(ﬂr‘ éb/”' QD/@" )

spac
Fe/s r‘c,rcsw‘:‘u] 3 forﬁ'on of He dafar)zr Aave colbr codle M/,
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¢
4, Bit Map Duble Lid?4 mode

This mege consishs of Hree phases. [ere/%er, PHey
yprovide fe,/ fai’ern mformalion 5 s /a/ cAaraZ‘ers /Z}De/s
wide (w)ich intludes Zfe/s for a space),’ Eacf word of
e/ faﬁ‘@rn information 'describes a Yne ohe Fhird of Me w4
of a characier. 7Aree words will describe a [ine othe
Characler wide, As m all K7 /Z?/ a/cfbf/a/s ) werds a?xn‘é/nj
horisontal l'nes of pefs are consesatyve 'in” mems ang’

Words dlescribing ve /*r‘ca/// a/ja en?" }0(,/5 are Sfa/f(/
60 words 2par7.

Vhase caa/u- S (“Le$t Third ‘)¢

Each of He eqhT words provided by -omke® thi
et rlan e i 0 /zAase\C has The foAAow:'nj formar:

3 0
Pc/ 1 & Fe/x*l Pe/u-( fe/ x+3
co lor eolo r color color
—— et N
FF or g7 FFor 8F

Pel (3irs rerreseuﬁ'n 3 portion of the characrer
wil[ have Combined color f'elds of hex FF.

Phase code 15,"(“/1,2/4//5_ i thr o adee

_Phase code D), (‘Riqht Tird)

EaCA ; ﬁ( : N Af Wc/.S rw,’o/&/ 7L‘4,1 4) =
has He -foﬁ/ou,ij fof“:;l? o é)’ s phas

el X+ 8 ! x+9 e/ x+/0 e) x+//
Pco/mr F;D/Dr [F stieg) F( EeEe)
\q.__._-——'_'_‘\l"__'_'—l—/

-—-W‘)

FFor £F space




Mov»no., G‘b\cc?L fc #erns ard D spfal,r Pwarlhf

Lmages D‘F mwr? o£ cc7§ are Compsea/ 0 a/s A//ﬂm
a /'/{"/52 m:ﬂi/c ‘]Nd of 6/5 7',(2 S oé)(/)./n Ae 0 ec
ar ( 'ferenﬁafa?/ From ne A’N j [7&/5 4// e jr‘/a( 1A
Their ﬁﬁ' 0 ac/zsf [ A\Zfs:de e obuf'are_ T?ahsfam»ly,
KBS 1 ‘“"‘0 L RBS 5 in MACIC aw/ ortions of menory
(c:a//ec/ 5 ;rns’) define The /wp of the 14 mw»’? oé ecTs.
7?{& r'}/s ers in EBS 3 Conla/n P infers Yo €ack of "H<

erns MALTC adds f,{ese NJLCV‘S fo Ae
/‘fow Chiec] Base Mress /n reqister @ of RBS 105 47 He
be: ”Q adiress of e 706/ a/7ern [scc A Sscriplyon of
'MJ F ret/ster for oklaifs). é’/y !ro grla Tely 'coded
pel palierns  cach bwuln Siei7 | iy Be a’g p/ayed in
one' of Two modes: d fealrom or & ,{’eso/uf/m
Whew Hhe value pof f’ke /{1/ Kes &'F /n The gﬂwn 0b ecf.s
Faramefrr r!*?/si‘er- /n EBS 1 /s " the ;,.,op, ] 0bjec?s

e /s Lew Kessluls Lo~ Kcs) WAhew (F V)8 7427,
ﬂa a’éﬂ/a)’ s /511]4 fesaé};/mq “#:£{$')

Le - Res Mn/c

?b[ P&”ﬁrns in the Lo-Kes wode aflow for Two oF three
Chbices mc color (and only color) Afor each  of the pels forming the
Imwm) ob ject imaqe. 74/r -two words cowprise pack 7
Lo Fc/ pallenn Two  Wwords per lne of the réx/é- 7er</
v.farf“mj af Hhe ﬁ /mc &causé 0f He way/ /TACT

Throush’! i1, He e/ alersy mus? beg/n on 3 32-werd
qunlsry 7A e a{maf for eacd 7‘ words of )Pe/ fa/f‘em
15 as " Fotlpws:
15 14 2 '@
werd f i N M5B of Gz/m‘
word 1 LSB of (or
color codle for L eolor code for

left pel r:'«‘h‘f Fe/



Corres h/)j L/(S ‘Fr&m bpf/( reL/sfers Fi

2-bit cotor zwé for each pe/. The folbw. fa.é/c
meps He cobr oozl A ”7

colpr codk co/pr ass;'_;mea/
OO “Absent” color
o/ Color 1 if INULS =g
“Invisible” cotbr | IVVIS=1
/o Color 2
¥ (oler 3

Colors Z 2 3nd 3 are Hose Aaw indlces Iy
/,/éc —nambered’ £ieldb of Fhe momg a/ede
/h KBS 2(1-e. Ghe]l refers 1o Yhe os)‘J ﬁi/e e color wasse
index (s fleld 1 oF the hovhj cd(.s Blelfe in EBS 2).

T4e Inv)srl/e c'ér 151 ava,/l/e as & resa/7 of 7‘4/2
Ivyrs ot bu] N /n He WbV n /e[fj rd"alntkl‘f ﬁ/«S&"
n KBS.Z F s Transpa /€. colors .beX,m/

'HN?H.JA bul" /1t can m?‘eraz/‘ 7he “Absen] " color /s
also ﬁ*ans amn?‘ but ;t cannol” m/‘erac?"[/ “isn’t Here ”),
Tie Absent bofir )5 wsed dor ‘“Carpin away forh&ns of
He /Jéxl{ jwa/ Which oo o —Foru pord of 'Me )now oéec/‘_s
ima 7’ P Imsff/e lor /s wsefu! for extends sna//
;el/ pb cc s SUcA a5 }a%e)fs , To assare m?‘Jr&c?ﬁM

cz‘e/;‘/w: al »2

A Yhe “tonlze?” may Aare ocmrre/
/As/s» “

ﬁefluceh frahff
Wilea, -ka.v\t s



Ky~ Fes more

f&/ Bffel‘MS ’h 7‘4/6 /f[ 476’.5 mode 5// )Cﬂ fb‘t" C/or((_s
of ov/or for each 724[1‘ fe/s and for severa/ feve/s
of (aminance for eal, ﬁ/

The Way The lam/nance
mfor/w‘m, /s express

2}ﬂ£a4/5 on whelher The /90/ 'S
an or a 59/ J
bt ef L/ b

A Bos e/ Aas /s BoDY
ong TS /q.m/na/rt'e C/ modi fles The co/or’s

harma fari ik an e Y Mat /s spec;freq 5 ifs Y/BY/RY
CArOminance code. An Edse Zﬂ&/

e/ ras its 50DY it e
‘D” and TS /Irbuhdm:‘e ood, ,fu//g /n various r’af/os »T
b/&hﬂ/:nj of Hhe Juminance of He

of H ! “dedind " i1 fe/ R e laminance
e PC n /

SI)C-I‘ ~ four words ¢p p\fNSC M /4// /ffS L/ J%M
fo rs ' per /) £ Me " fxl- rm’ 7 r7"1 7 7‘(e_
;r/’w/ 5% ;,e#: > e /‘IA);Iwa Sla J 8
(&

resses each
a/?frh.s mus? 8lar? on a4 €4-4ord Awulc/ar 74e,
-FDPma7L m" sel s1 Four words of

fc/ ra%rn /S as é/pws ¢

5 4 2. 1, B
werd ¢ ﬂ MSB of Luginance
/ A LSB p‘-l_uh"”aﬂa
2 ( BodY bit
3| == Color
L color code for |
left pel pair
b luminance code for
/e#-hosrre/
The ﬁ/ﬁwmj table maps the colbr oite for cock of
He § fn/ pairs
color code. color assianed Srom folelle
g o Color @
o Color 1
/O

Color 2
/1 Coler 3



The folh an tables map Hhe [iuminance core
for each fe/

Boa’y pe/ (BoDY=1):
raw)eof Y va/ue, p'{ FQ/Q Co/or
/lu-u‘nance coc/e 4-¢ Z:j _{o_:-/l 13-4

o0 ») o [®) O

ol $2 =2 -4 -£ value aood
(D +4 +2 =2 —4 fo Fe/'s Y Ma/ue
/1 =5 2 -2

Ez/je pel (300Y=p§):

[umi nance cove (hmpance a_ssiqne/
oo “Absent  fam Nance
o1 WY +HY" s T4 Msep
I:ms:“e lminance 4 IwvIs=1
[0 RY+zY”
/1 %Y+ Y/

bokepe Y,is the Y Value In i%e,
cArominance cere 0T #e

“reaV’HF&/

7/l€. %Sen/ and Jaw'Sié/e /u-u'nannej are ana/o ous 7‘0 ﬂe.
Absenl and Thvisible Cslors s, Lo-Kes lu_p/e 5,,/ ﬂ serve Me
same par poses For H-Kes. TXQ_ “rear” )oe/ /s / Ma?“
/s bemj awerec/ an 2 e/ of 2 W-Kes )nm»j
Tt may’ be gart of Ke b Srﬂmd or farf' of a Ume /nj
OLJUJL o‘f‘ a /Awer frzor/fr /P



friorities

0{ a /l/er' MV/7 He Sfrfeh/ 7‘7‘2 MDVln
Aaw A er wmf feve/ “passes i
of) the Mer Or tv/(ej a mw/;j ol’u/‘ Wi T4 r‘/onf/ /ere/
Aiaher Fhan b% #hal" cer ain bac rﬂam/'ta/or
Jcmn?’ers 7ha* bacéjrauua’ o/’ or, e moving o4 ec”
gasses Y froanl’ 7‘,{57‘ back rou»e/ oo /br. 74/37 Zh
hatt He s w/i'# ler 92‘/“ leve/ are 2'sploye
msTead s /J ot (owe i /epe !/ whenever ; IC—
bn ST Make;ja '4640/(& er AwV/nj bbjecl's .Y/ fe/.s

bf He ob; ave a on?}z Jeve/\ ogha/ 7o f/c
humber D‘f' He M”/n Inecf )‘b fézl Hum ber

Aaw A Af Gr, s 1.((,_ hl‘ “‘fron]w
“7 ot y s

pel f / / g/e ';(‘ffe"/ fo /’U of 4;40 and  [pwer

fmon y lere 5 P /

A/Aen Oh e MZ;J o%}ec/ enmm}’ers 7%6 /‘/n e



Scale Facror

The sre of a »mw oédafs /ma e on The
Screen Ma gxncreasea’ or\ diminished Wi hout  a/ferin
or sw;)‘c4/7 fe/ alerns. The fac////’es for oéu. z

are the X a cale Factor fields in the /%w 06 ccf
favamefers stf‘ers of K&S _2 /1AGZC w.// eat or
0’e/e;{a certam” /nes Dr 3 of Yhe i 344’

or Shrink (1t b y 2 sea/e fac or Which M7 ¢ be?‘ueen

g.5626 and 9 O in 32 unefaa/ si:/s &7@
0 Size ma/ be ; m e X Chery M}S/ [ver-f.ca/)

1'7"96‘7}/'0}1& or bofA af Pnce. 57 Var in 'H\L .SCa/e 'Fac]éf‘
In Time , ohe may Cause He Mpw,,j géJecf 7 "a//)roac/ i
er “v“e(ec/e sn the SCreen.

Each Scale Bcior Reld is composed of Two subfiels
calied STzE (24ifs) and ZOOM (3—[ i1s):

T LI |
SIZE| ZOOM

| i

B enfermj values $rom these Hwo subfiefids Iuls Ble
*fo//owmﬁ 'er‘w»/a, One May calculstie Tihe scate fachr

S F = (z.+?)25'4

w‘ere.
SF /s the Scole FocZor
2 s tde ROOM value
S is Hhe SIZE value



(2dits)  (3-bits) Mo, of pe /s
SIZE zooM Scale Facler in one mension

3 7 8.7 (28
3 ¢ - 5 128
3 5 1.0 2
3 4 £.5 [ B4
3 3 ¢.r 7¢
3 2 5.5 58
3 ! 5.0 4
3 I 4.5 Iz
2 7 4.0 6
> 6 %15 ¥
2 5 3.5 56
2 4 3. 25 &2
o E 3.0 4¢
2 2 25 44
2 / 25 4¢
2 g 225 36
/ 7 2.p 32
/ b LITE 3
[ 5 (] & 28
- 4 /.6RS 26

/ 3 LS ¢
[ 2 [.375 22
c r IS z{

[/l RS !

b1 e 7

V2 ¢ . 73725 15
I’s s . 875 /4

4 4 T I 43
4 3 .75 /2
2 2 L8785 /!

J4 ! £ X3 /P
4 / 5625 9



Werd Address in}

The Molorola EFOOD adsresses bytes of
memeory., That /'s/ /T asSumes caneizo‘}fe 677‘@5
differin  agddress 5/0he and Y43¥ onse e werds
differ v adsres by Two, MAGCZC, on e offer hana,
304 f/ resses worid 5 of mewor /, It assames 7‘2(5?(
consegal/ve Wirds differ i ath'ress by dhe. Tife
proqfammer can access /(I46IC reqisiiers o4 2
b@ ba/s , e in Them as  whias m Mewmdly, )

b77‘ wien Sup ply. aa.7resses Vv [Hb.IC
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method Jof word a%ress}nj,

The fielals affecled 17 s consebralion are:

) B/ Bern fointers (botih mw'n7 a/J"eJ‘ ond éaaé/roum/)
) o/ filtern Base Addresses (v« = I
3) Eackjraum/ Address

4) ﬂ/;lnla Table Address

When Sw //'n aéé for ﬂe,se frells ﬂe.
preqrammer Je@/ h]// firs? shifF the da?a yiad7
bt fvs/‘ﬁ'on within We Fiell before wri)‘i»} i
inlo The [ /IAGCZC req/sler or en er/.’n7 27
Zac;éjrmz/ Table en ry.



Screen SE/iTS

Ocreen Sf»//fs are for The rpose of dividyn
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e

:se ) a// u.fz/s 24 m];siﬁ'r /4 f/e,% dre  AsStm
7‘9 w;‘fam jero
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March 24, 1982

Best Image W/Hi Res Cards Mode.
16 Moving Gbjects On One Line
Hardware Capability
1 Moving Gbject Any Color Move Against Rainbow Of Background.
theck Antialiasing Of Moving OCbject.
Hi Res Cards Mode - Move (bjects (lines) Relative To Card Locations,
Interactive Input Device.

alperinposem.phamSc:eamofBadcgramd'&ZoanBadcgmxdWith
Moving Gbjects That Are Moving.

Demmnstrate Moving Cbject Zoam.
Demonstrate Animatian (With Antialiasing).
3 Dimensianal (bjects - Rotatimns.

3 Dimensionalty W/Shading, Etc.
Interactions

Split Screen

Barders

Scrolling In lLarger Field.

Square Pixel - Rotation Of (bject.
Normal Cards Mode.

Bit Map Mode.

" ADDED BY DAVE CHANDLER:
“Bplit Screen

A la Ato Race

Alpha, Graphics

Separate TV'S

DC/bb



March 26, 1voc

This is a very rough draft describing the software required to ,
evaluate MAGIC. Z

cc: Dave Chandler



1. Display a background scene in high resolution cards mode
that uses a large number of colars.
This should give us same feel for the picture quality that we
can expect to see in the new unit.
arké\/C”rBrd
—> 2. Have a moving object under user control (graplu&stabletor:tmd—
cokseliax) and move the cbject over the background that was
created above.

This will shwhmwellmtlahas:ngwodcsmthnovmgobjects
and different colors.

3. Animate the moving abject above. Test mtialiasing again.

4. Drav several slanted parallel lines across the backgraund so
that they are not an integer nutber of card widths apart. See if
there are any noticable bulges in the lines caused by the color
limitations in high resolution cards mode.

5. A4dd external video to the system. This is just to show if we
have mechanized this properly.

6. Place 16 moving abjects an ane harizontal scan line. This is to
make sure that Magic has the time to handle all of the moving
cbjects.

——>|7. Try to reuse each noving dbject several times. This should show
our maximum apparent moving abjects and should give us a feel
forhmmanyuereallyneed ﬂuswlllalsotsttheprogzamable
interrupt.

—}-E Reuse the moving dbjects while changing the colar base for the
moving cbjects. This increases the amount of work to be done
by the processar. Once again, we can find out shat our limits
are.

/~49. Perform a two-dimensiaonal rotation on a moving dbject. This will
F duusifaquaxepimlsvilldomqt—uehcpeﬁeyqurm.

10. !hpidlydymgethebadcg:umiﬂucughamafsevemlplcmes
This should give us a feel for the band width of the RAM.

11. Try to draw same good locking three dimensional abjects. See if
shading gives us the effect that we want.

_(N;») 12. Zoam a moving cbject in the X and Y directian, the X direction only, and the
Y direction anly. See if it loocks good encugh.

13. Use the split screen option to display half alpha and half graphics.

14. Send different displays to separate t.v's.



15. In addition to the above tests, we need to be sure that software
is developed to facilitate hardware debug. Every feature must be
tested. A few of these features are listed below:

Normal Cards Mode

Total Color
Interaction (If Done In Hardware)

Scroll (Both Full And Half Screens

I 000

ADDITIONS:




From: Mike GBpak Date: June 15, 1982
Mail Drop: M2880

fhone: 6628

Tos B.Wieder Subject: Mattel Custom (MAGIC)
Die Size Estimate

cct 6.Danjels
S.Groves '
T.Gunter
D.McAlister
H.Scales
6.Schriber
G.Walker

The initial die size estimate for Mattel’s custom design,
which 1is referred to as MAGIC (Mattel Advanced Graphics
Interface Circuit), has been completed. The information for
the estimate has been accumulated over approximately three
days of engineering meetings with Mattel and from incomplete
schematics of the emulator which Mattel is currently
designing. This estimate is 87,600 square mils, which is
equivalent to a 296 x 296 mil die. It corresponds to a
rough transistor count of 54,000 devices. The size is
referenced to an “as drawn” dimension according to HMOS
"Tuyout rules with a sinisum Thannel length of 3I.5 aicrons.
This estimate is weade with the understanding that not all
information (in the form of schematics or detailed block
-diagrams) has been received <4rom Pattel and, therefore,
could increase if any additional functionality is deemed
necessary. However, the wstimate is submitted with the
thought that §t accounts For all <functionality. The
*“window® ¥feature is not included in this estimate since it
sis not clear what exact isplementation is desired.

~Bu¥fficient . information - does exist to wmake an accurate
sstimate despite the the fact that detailed design is still
ongoing. This estimate reflects the particular
architectural design which MHMattel has explained. Little
deviation has been made from their functional description
except where thought was given to ease MOS layout or
impleasntation peculisar to MOS technology. For any “black
box® function (ie., where PROMs are used to minimize



package count in the emulator) time was taken to derive a
first pass logical MOS implementation to wmake a more
accurate transistor count. This engineering estimate has
been derived prior to actually doing any detailed MOS logic
design. Estimates are normally refined on two occasions
prior to actually beginning extensive layout design.
Refinements occur when the logic diagram is complete after
various timing problems are more thoroughly considered and
then by layout designers in the process of doing deteiled
chip planning Just prior to actually starting transistor

layout.

The methodology used in the estimate was to accumulate
active die area based on actual transistor count. This has
been done in this case since no previous layout exists <¢rom
a prior chip development. The transistor count for each
particular function is then multiplied by @ density factor
to reflect how compact the <function can be layed out in
HMOS. This cumulative active area is then added to a
routing overhead which is deterained by aultiplying a
portion of the active area by a certain factor. Large areas
such as a general purpose RAM or a large shift register
structure have been assumed to not contribute to the routing
overhead since they are a fairly closed structure and the
functional circuitry around the large structure is well
defined and contributes ite own routing overhead. Attached
you will <find a listing of various <functions and the
compiled transistor count and active area that is believed
essociated with that function. More detail can be provided
as needed. To this cumulative figure is then added the area
requirements <for the 1/70 buffers corresponding to the
particular pin configuration and for internal power bussing
which is typically associated with this size of chip.

The problem with trying to malke a realistic estimate with
this type of architecture, where there are roughly 130
addressable registers by the CPU which contein control and
data information for distribution throughout the die, is
f4hat excessive routing can blow out the chip size. That is
why a good layout plan for this chip is considered critical
in order ¢o wminimize routing., The routing factor and
density factors wused in this estimate are ones typically

found in good layouts.

1 welcome and encourage the opportunity to meet with Hattel
to go over the estimate in detail for the purpose of making
‘sure there are not any errors and that all circuitry is
accounted for 4in the estimate.

Bincerely,
Mike Spak



Die Area & Transistor Count vs.

$¥ Area does not contribute to routing overhead.

1. Video Generator

a. YADJ ckt. w/ PLA
- b. Digital color filter + delay
€. Rlue/red adder w/excess 8 adj.
d. DAC input logic & mux
®@. Color palette ram <+ decoders
sense amps

SUBTOTAL
2. Address Generation <+ Interrupt

a., Line interrupt + IPLZ2 logic
—>=b. AU. output latch, temp reg

c. Table ptr, base, excess reg

d. Decoders, drivers, misc logic

e. Bus precharge + control

f. M.0. barrel s®hift + control

SUBTOTAL
I. CPU Interface + DRAM Control
a. DTACK wait reg + related

b. 68000 interface + addr PLA
c. LClock generation

d. RAS/CAS + refresh ctr i

SUEBTOTAL

4. HorizontalsVertical Timing

@. Vert ctr + PLA detect
. be Horiz ctr + PLA = random logic
€. Vert/horiz scroll + contr bits
d. Vert/horiz split = contr bits
i®, Border control bits = logic -

&=

TR -SUBTOTAL
8. Background Generator

2. Buf shift register (1280 bits)
b. Bhift aux + I1/0 contr

c. FIFD +« output msux logic

d. Data bus reg <+ decode

e. Bond priority bits <+ logic

SUBTOTAL

6. Alpha Generator

—_————— =

4390
700
525
117
1400
192

x88
253
155
316

4110

590
719
944
876
- 747

7680
411

106
182

8890

Function

8

(mil
ar ea

——

726
1232
893
225
1103
369

4550

252
1138
1731

748

205

207

4280

460
295
1596
481

2830

672
§75
1303
1094
1064

5110

4792
749
786
110
256

6650

)

£ 3

3



C.
d.
e.

Vert ctr + FLA detect
Horiz ctr + PLA + random logic 719
Vert/horiz scroll + contr bits 44
Vert/horiz split + contr bits &76
Border control bits + logic

SUBTOTAL

5. Background Gener ator

S0

747

3680

a. Buf shift register (1280 bits) 7680
b. Bhift mux + 1/0 contr 411
c. FIFO + output mux logic S08
d. Data bus reg + decode 106
@. Bgnd priority bjts + logic 182
SUBTOTAL 8890
6. Alpha Generator
a. Char rom + decode/sense amps 2216
b. Char rom in addr + ghift bits 172
c. Buf shift register (640 bits) 3840
d. Shift mux + 1/0 contr 100
e. Readback bits + encoder 291
SUBTOTAL 64620
7. Moving Object Generator
a. One moving object in array
(1) Shift register (80 bits) 560
(2) Reg bits + decode/compare 470
(3) Clock/priority/out logic 240
(4) Routing overhead = .2x310 -
SUETOTAL (per object) 1270
SUBTOTAL (16 objects) 20320
b. Data Encoder . 260
c. Y zoom/airrgr AU + logic 278
d. Interaction matrix 4222
SUBTOTAL 25080
8. 1/0 Pin Buffers 1470
TOTAL ACTIVE AREA 852350
ROUTING (.3 x 22370) -
TOTAL I/0 + PADS 1470
FINAL TOTAL 53820

Estimate with 8 mils internal power

bussing =

&/7<&
973
1303
1094
1064

35110

4792
749
786
110
256

1557
255
2396
192
450

4850

408
S12
310

60

1290
20640

540
415
29435

24540

23502

S2850
6710
23502

83060

296 x 296

£

L § )]

2

" | s

(288x288)



[ CONFIDENTIAL
HIGH RESOLUTION CARDS MODE 10/30/81
Note: References to this problem are on pages in ay

notebooks dated page before 10/30/81, 11/17/81, 12/2/81 and
several pages 12/17/81.

The NTSC composite color video signal takes advantage of the
eyes limited (compared to luminance) ability to resolve

color. To this end the chroma components are limited to
aproximately 0.5 MHz while the luminance uses about 3 MHz.
These are bandwidths that are currently realized in

practice; the standards allow slightly greater bandwidths.
I+ I wmight make an analogy, the results are very much like
using a fine brush to paint a detailed picture in shades of
gray and then using a much broader brush to add the color.
On a TV again, even though the color information is lacking
detail, the picture looks sharp and clear because the uses
the 1luminance to decide edges and detail. When the color
spills over the edges and smears the eye ignores it,
thinking that it is correcting its own problems and not
those of the TV.

What has all this to do with TV games? As we improve the
resolution of the TV games, the pixel size gets smaller than
the chrominance bandwidth can pass. Thus, if each of the
pixels is a different color much of the information that is
stored and sent ¢to the TV is lost in the process of being
converted into and out of the NTSC signal. If we can make a
data structure that stores the color information in less
detail and the 1luminance information in greater detail, we
can optimize the data storage requirements and better msatch
the information carrying ability of the NTSC (and PAL and
SECAM) signals. All of this adds up to better pictures at
less cost. 1

The basic plan is to group the pixels and give a color to
each group. To put the detail in, the luminance level of
each pixel will be specified to add shadows and highlights,
perform antialiasing and define the edges for the eye.
Since we are going to arbitrarily group the pixels, there
are going to be cases where more than one color is present
in a group. In this case the color assigned to the group
will be that of the majority (except in a few special cases,
primarily involving narrow lines against a different color
background). How does the eye know that the few pixels are
of a different color? Very likely, there will be other
pixels of the same color next to, above or below them. The
plan is to wmake their luminance levels match that of their
friends and the eye will do the rest. The number of pixels
grouped together should bear some relationship to the color
resolutiony certainly, it would be wasteful to use msore than
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twice the resolution and using less than the color
resolution will degrade the picture. The exact ratio will
likely be determined some other system requirements.

2] specific implementation of this wmethod is the High
Resolution Cards Mode proposed for MAGIC (Mattel Advanced
Graphic Interface Circuit). For MAGIC the normal resolution
cards mode will consist of 24 rows each 40 cards long. Each
card will contain B lines of & pixels each. Each card will
be capable of displaying 1 of 4 colors at any pixel
location; these colors will be 4 out of 16 stored in the
color palette RAM map. 8ince we will be using a 16 bit wide
data bus to the RAM, it will be easiest to get 16 bits for
each 1line of each card. Each line of a card is 6 pixels
wide; the 16 bits are taken two at a time to select 1 of the
4 colors from the card color map. For 6 pixels this only
requires 12 bits leaving 4 bits unused.

In High Resolution Cards Mode, we find a use for those extra
4 bits. By grouping the pixels into two groups of three,
the color for both groups can be set using the extra 4 bits.
This grouping results in a chrominance sample rate
approximately +Ffour times the NTSC chrominance bandwidth.
The remaining 12 bits in the 16 bit word are used, at two
bits per pixel, to modify the luminance level. In MAGIC the
output DAC has four bits of input and hence 16 levels

output. Eleven of these are used for gray scale. The two
bits assigned for luminance adjustment define four
adjustment levels. One of these is no change from the

luminance specified in the color palette RAM map. The
remaining codes functions depend on the luminance level
specified in the color palette (4 through 14 are the codes
for the 11 gray scale levels): -

6 19 Wl
Level . Adjustment Available (gray scale levels)
4 to &6 ¢t +2, +4, +4
7 to 9 D =Ry W2, A
10 to 12 ¢ —4, -2, +2
13 and 14, -6, -4, -2

In this specific case the technique uses the same amount of
data more efficiently, allowing better pictures; in other
cases the amount of data for the same picture quality could
be reduced. While in this case a relatively complex method
is used to adjust the luminance level, other wmethods
including, but not limited to, fixed adjustments up and down
and absolute luminance specification could be used.

A software/hardware simulation of the High Resolution Cards
Mode as described above has been completed with excellent
results.
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