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WOK ING SPECIFICATION 
MATTEL ADVANCED GRAPHIC INTERFACE CIRCUIT 

0 . 0  PREVIEW 

The M9BIC chip w i l l  be the core of Mattel's  second 

generation TV game. As one of two custom ICs planned for 
this design, i t  will  be responsible for generating composite 
video, controling the dynamic RM memory, providing system 
clocking and integrating miscellaneous 8SI and MSI functions 
for minimum chip count. Since the CPL selection has not 
been made at this time, this paper assumes the authors 

) 

favorite, the Motorola 68000. 

1 . 0  POWER  

MGIC w i l l  operate with on l y  a + volt supply. It i s  
expected that a number of power and ground pins and carefull 
chip layout w i l l  be necessary to a l l ow  proper decoupling cf 
the video D converter. 

2.0 RAM INTERFACE 

The MAGIC chip w i l l  require direct access to a minimum cf 
16kK words ( 1 6  b i t )  of  RM. Since the base system i s  
projected to have 1~ words of RM, the CPU must also access 
this same RAM. To provide max i mum  CPU  speed, the RM data 
and address buses w i l l  be isolated from the CPU buses except 
during CPU accesses. To insure maximum CPU speed the MGIC 
chip w i l l  interleave i t s  accesses with those of the CPL and 
internally pipeline data to allow immediate Cu access. In 
addition, the MGIC chip w i l l  provide all  RAM control 
signals (RS, CAB, Enable, and address multiplex)  and 
refresh management. The control and refresh design will  
accommodate 16K x 4 dynamic RAMs the selected type should 
be dual sourced and i s  subject to Mattel Electronics 
approval. If possible, the design should also handle 64 x 

4 (256k) RAMs. 

3.O CPU INTERFACE 

MAGIC w i l l  provide the clock for the CPU. This clock w i l l  
be  at twice the color subcarrier frequency 7,l~ MHz for 

NTBC and 8 . 86  MHz  +or PAL and BECAM. These frequencies are 

the system crystal frequency divided by 2. 

MAGIC w i l l  provide two different types of interupt signal to 
the CPL over a single line « - I PL2 ) .  The first of these w i l l  
occur at the horizontal line rate divided by 256. Since 
both S25 and 42 line systems use nearly the same line rate 
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this w i l l  result in  an interupt that occurs at nearly 6O Hz 
regardless of T system. This interupt w i l l  be used far 
system timing functions to make games that play at the same 

speed on both 525 and 42 line systems. The second type of 

interupt w i l l  occur when the active scanning l i n e  on  the T 

screen passes a line number stored by the CPU in  a M9IC 
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 i s  disabled, 
it  w i l l  be necessary for the CPL to read a register to 
determine which has occured. Note that the timing interupt 
is  asynchronous with both 52 and 62 line vertical field 
rates; this means that often the timing interupt w i l l  occur 
during the active picture and occasionaly both interupts 
w i l l  occur at the same time. 

Communication between the CPU and MGIC i s  through ~ control 
lines, 16 data lines and 1 a+ the 19 system address lines. 
The control l ines are -A8, R/-W, -DTACK, -uDS, -LDS and 
-RESET. The functions of these lines are fully  described in 
the 680OO literature. RAM data in  and out of MIC and data 

communication between the CPU and MAGIC through the external 
bidirectional buffer use the same l~ data lines.  In 
addition, data communication between the RAM and the CPL! use 
the same bidirectional buffers. An output from MAGIC 
enables the buffers, wh i l e  the R/-bl l ine  controls the 
direction. Obviously, the RM interface mentioned above 
must work closely with the graphics generators and the CPL 

interface to prevent conflict in the use of data lines and 
buffers. The 13 address lines are sp l i t  into two groups B 

low order (A1 through A) and SS high·order (A15 through 4 1 9 ) .  
the remaining ~ mid order lines (4 through A14)  are not 
available to MIC; they are, however, routed to the RM 

through an external buffer (further description i n  the RM 

interface section), The 8 Icw order lines allow selection 
within MAGIC of 2 control registers and are also passed 
through to the RAM during CPU accesses, reducing external 
multiplexing. The S high order lines a l l ow  decoding to 16K 

word blocks to enable the MGIC and RAM as shown in the 
system address map, Outputs from this decoder also go 
external to the sound chip 41-16K space), cartridge (1-2K 

space), Exec ROMs (2-32K spaces) and language ROM% (2--3$2K¢ 

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 SYNC TIMING AND CONTROL 

All system timing is derived from a 14.32 MHz fundamental 
mode crystal ( 1 7 . 7 2  MHz for 62!5 line systems). This crystal 
w i l l  be trimmed to 4 times the chroma subcarrier frequency 

2 
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in NTC and PL systems. Te a l l ow  locking the system to an 
external video source, a connection w i l l  be available to 
allow slight changes to the crystal frequency under phase 
lock control. The oscillator divided by 2 Forms the CPL 

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 . 55  produces the pixel  clock.  A  

discussion of pixel size i s  in the graphics generator 
section, but I mention here that we are generating a full 
interlace T signal complete with equalizing pulses and 
serrated vertical sync pulse. This is being done for two 
primary reasons. First, i t  w i l l  enable mixing external 
video with MAGIC generated video and second, i t  is expected 
that non-standard signals w i l l  suffer varying degrees of 

per for mance degradation as TVs use more and more digital  
signal processing, It i s  even possible that complete 
incompatability could result. In addition to f u l l  interlace 
the picture w i l l  be 24 rows of 40 alpha-graphic cards. Each 
card w i l l  be ~ pixels wide and B pixels  high (one pixel i s  
two interlaced lines h i g h ) .  A  non-interlaced mode w i l l  be 
available under software control to improve the appearance 
of alpha characters. 

The horizontal l i n e  i s  64  pixels long of these the active 
picture i s  240 pixels,  blanking and sync require 75 pixels, 
the left border i s  28  p i x e l s  and the right border i s  21 

pixels. In 62 l i n e  systems the left border has 73 and the 
right border has ~~ 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 a l l ow  simplicity 
and economy in the picture generation circuits, the 
horizontal counter must have the same counter outputs for 
the active portion of the line for both 525 and 625 line 
systems. It is also desirable that the counter output 
during the blanking, sync, etc. are the same in both 
systems. This can be achieved by resetting the counter to 
zero 1~ pixels before the end of the lFt border. t the 
count of 2556, the active picture ends and the right border 
starts. For 62S line systems, the start of the blanking is 

- at 322 and the end of blanking i s  at 397. At 4554 the 
counter i s  rest to zero completing the 44 pixel l ine.  For 
525 line systems, the counter is forced to skip from 277 to 
22g shortening the border by the required 45 p i x e l s  and 

allowing the decoders to generate blanking, sync, etc. bMhen 
the count reaches 409 i t  i s  reset to zero completing the 64 
pixel l i n e  (4 counts were skipped at end of right border, 
409-45564). Starting the count 1~ pixels under the border 

allows 1~xi~ pixel moving objects to completely "hide" under 
the left border and leave only one pixel exposed on the 

- ?   
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right bordery using on l y  an 8 bit  X  location. When the 
background i s  i n  the scroll mode, the left border w i l l  cover 
an additional ~ pixels Gone card width).  

the horizontal counter is divided by 2 as a 

signal to the video output section to 
SECAM. This output i s  further divided by 

the timer interupt at 6 1 . 4  Hz  (60.9Hz i n  

The output of 
line alternation 
generate PAL and 
128 to generate 
62 l i n e  systems). 

The vertical counter counts 52 or 62 depending the system 
being generated. As in the horizontal counter, it i s  
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 6Z l i n e  systems 
and three t i mes  for 52! line systems fortunately, two of 

the three 52 line system skips are exactly a l i k e  from 
decode and preset standpoints. 

First, the 62 line system. Vertical blanking i s  21 lines 
in each f i e l d .  The top border i s  51 lines in f i e l d  1  and o 

lines in f i e l d  2, the bottom border in each f i e l d  i s  49 
l i n es  and the active picture i s  192 lines i n  each field.  
The lower bits of the 1o bit vertical counter must be the 
same during the active picture lines since the same 

information i s  presented during each field (each pixel i s  2  

interlaced lines h i g h ) .  Again the counter i s  reset to zero 
1~ lines before the end of the top border allowing the 
moving objects to "hide under the border. At l i n e  count 
208, the bottom border starts, at count 2557, the blanking 
for field 2 starts, at count 278, the top border for field  2 
starts. At count 312 the counter is skipped to 5124 
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 769 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 82 the counter is reset to zero 
completing the frame (200 counts were skipped, 8255-200=625. 

For 52! line systems the skip at 3312 becomes a skip from 287 
to 5512 and the reset to zero happens at 800, causing 255 
additional border l i nes  to be skipped each place. 25 border 
lines are also skipped in each field at the end of the 
bottom border by skipping from 232 to 2557 and 744 to 769. 

the background i s  in the scroll mode, B additional 
( 1  card height) become border at the top of the active 

i n  each field.  Non-interlace mode i s  achieved by 
bit 10 to remain high, causing field 2 picture and 

blanking and sync to repeat (31 lines/625 system, 

blh en 

lines 
picture 
forcing 
field 1  

4 
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26 lines/525 system). MAGIC w i l l  syncronize to an external 
source by providing composite sync to an input pin .  

Decoders are provided to generate composite sync, composite 
blanking, burst gating, SECAM "battle and PAL "meander 
gate burst blanking signals from the combined outputs of 
the horizontal,  vertical and l i n e  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, from a primary and a secondary D/ converter, 
are composite video for NTBC/PAL and Y and composite color 
difference for BECAM. There i s  also an output for use with 
an external video mixing gate. 

Two video outputs a l l ow  sp l i t i n g  the graphic and alpha 
generator outputs to two televisions. An application for 
this split output i s  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 wh i l e  someone 
else uses the alpha for kitchen, den or study applications. 
An optional dual output modulator w i l l  be necessary to 
implement this function. Alternately, the optional unit may 
contain only the second modulator, with the original 
modulator plugging into i t  to provide dual outputs. Since 
BECAM uses both DCs to produce a single video output, the 
sp l i t  graphics/alpha mode i s  not available. 

A 1~ bit register controls the spliting function. The 
following assignments are made 

5 bit Graphic sp l i t  
5  bit Alpha split 
1 bit H or V split 
1  bit Graphic overlap on/off 
1 bit Alpha overlap on/off 
1 bit Graphic sp l i t  on/off 
1 bit Alpha sp l i t  on/off 
1 bit Alpha f l i p  on/af+ 

The bits allow selection of any of the 24 rows or column 4 
through , depending on the sense of the H/ b i t .  With the 

graphic overlap of f ,  the primary output displays the graphic 
generator output from the top down to the selected row or 

from the left across to the selected column. The secondary 
output displays the remaining graphic output, When the 
graphic overlap bit is  on, the primary output displays to 
the lower (or rightmost) sp l i t  and the secondary output 
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displays from the upper (or leftmost) sp l i t .  Nor ma l l y  the 
primary output displays alpha to the alpha split  and the 
secondary output displays from there. iith alpha overlap 
on, the primary displays to the lower (or rightmost) sp l i t  
an d  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 i s  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 sp l i t  on/of enables the spliting functions; when 
off,  full graphics and/or alpha are on both outputs. A one 
in the alpha f l i p  bit causes the sp l i t  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 from the 
secondary output, 

The primary and secondary DACs w i l l  be four binary ratioed 
MOS transistors connected to sink current. Inputs to the 
DACs w i l l  also include sync, blanking, burst gate and 
NTBC/PAL control. The external gating output i s  asserted 
when the display color code is  zero. suitable delay is  
inserted in  this signal to match i t  t o  the processing delay 
that the video generation w i l l  require. 

Background and display color outputs from the graphic 
generators select outputs from the color map registers. 
There are 16 color map 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 maginitude bits. 
First the Y levels. For the background color, only the Y 
value is selected and i s  combined with the display Y value 
when the pixel is a moving object edge. One bit  of the Y 
adjust signal indicates an edges the remaining bits are data 
used to adjust the Y value, The adjustment method varies 
depending on the mode of the graphic generator for sore 
information see the graphic generator section. 

The selected color di+Ference signals are passed through the 
4 pixel averagers to l i m i t  the bandwidth. The aver aged 
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 i s  added to the 
Yg in the second quadrant, B-Y is added to Yy in  the third 
quadrant R-Y is  subtracted from Yy in the fourth quadrant, 
p-Y is subtracted +rom Y. The MuX and adder /subtractor that 
assemble this composite signal are clocked from the phase 
continuous Fsc and 2 Fsc signals from the timing section. 
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When PAL i s  being generated, the action i n  quadrants 1 and 
are swaped on alternate lines. 

GRAPHIC GENERATORS 

First a word about pixel size. The 5 . 7  MHz (4Fsc/2.5) pixel 
rate was originally  choosen to give a square pixel.  9  
square pixel balances the resolution horizontaly and 
vertically. This balance a l l ows  moving objects to be 
rotated without distortion or designer intervention. It 
also allows simpler software for drawing lines and circles 
since the construction technique used can be mirrored on the 
45 degree axis. Antialiasing algorithms 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 . 1 6  MHz  (2 Fsec) pixel rate. With this 
higher pixel rate the p i x e l s  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 4 characters per l i n e ,  the faster pixel rate would 
use Bx pixel characters (20 pixels/line)  and the slower 
rate would use 6xB characters (240 p i x e l s / l i n e ) .  The most 
obi vous difference i s  the X larger data base necessary to 
support the smaller pixels.  This data problem continues to 
the on chip character ROM requiring 40% more bits for a 7x8 
matrix vs a 5xB matrix. The 40 6xB cards f i t  within the 
SMPTE "safe t i t l e  area" making all  cards usable vs the 
leftmost two cards being left unused for critical 
information or action. For moving object positioning, 240 
pixels plus 1~ pixels "under" the border i s  256  X  locations 
with the square pixels.  This allows an a bit X register. 
Coupled with an 8 bit  Y  register, a 16 bit register 
conviently locates an object. The alternate i s  a  9  bit X 
locations 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 harmonics created .SE MHz  energy. The proposed 5.7 
MHz pixel rate generates .S8 MHz  energy only on the Sith 
harmonic of an B pixel pattern ( 1  on  7  of f ,  2  on  6  of f ,  on  

off, 4 cn  4 off, and the inverse patterns). I have not 
checked, but I suspect that none of those patterns have 
large amounts of Sth harmonic energy. The result i s  a  great 
freedom of choice in font patterns for the alphanumeric 
characters. The same freedom applies to the background and 
moving objects. kiith the sma l l er  pixels,  even a grey and 
white textured background can result i n  "false colors i t  
happens all the time on broadcast T ith striped ties and 
jackets, automobile g r i l l s  and buildings with vertical 
decorations or windows. 

--?-- 
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BORDER 

The border is divided into four quadrants. Each quadrant 
f i l l s  a  corner and has its own color assignment. The 
division between the upper left and upper right corner color 
is  a  vertical line starting from any location in the 
active picture area. A similar division i s  made along the 
other three sides of the picture. Each of the four dividing 
points are independently variable. One i~ bit register 
specifies the colors (4 bits/color) and two sore 16 bit 
registers set the dividing points (8 bits/divider)%.  

BACKGROUND 

The background can be displayed i n  modes bit map, cards, 
and high resolution cards. 

CONF IDENT IAL 

WORK ING SPECIFICATION 

ATTEL COMBO INTEGRATED CIRCUIT 

0.O Introduction 

The Mattel COMID circuit contains a digital signal processor 
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tke ''tut>n 0b'et fl B#« Base aless t fora +le 
addresses' if ea,pp3fern .  (See dscrrhe» ef re/str 
6 f R S 7  +or dettls : th's sche»e,) 

• 
. 

• •  

J  
r  T  

t  

•  1  
i  

¢  t  

4  

«  

.  



- 4 



4 



ACIC e4)sters 
@ 5 s G :  /taste- [ltt 

Rasher Ba»k Select 6 ' a s/ f _ v2-6;¥ 
reAishers, Veac co»ha/nl»a c l_ r o i' n a n» c e  infer»ab/on 
¢r one' of t%e /% colors' (deldh»n ti»ts ad slades) +la 
the prw2 er has Closen 76 be aya)la6le or 
9/»ltaews dsply. Tke or«at of eal rester ls 
as 4//cw5: 

/I 

j y [ 
4 3  0  

- - · -  -  - - - --  - -  
$  4  

L i - +  

+  t  

e .  .  

}  I  

t  

-  .  -  -  l  

I  

t  t  



R65% 0.1) 

c _ 6 @ @  r  

Bu¢ [, 4 ¢ d 4 

BL€ 1 » · - .  L  -3 % 3 
RED 7 % -3 13 

7! 11 1 -3 12 

GREY GREEN 7 -4 -2 3 

GREN S -S -3 3 
YELLow 11 2 -4 13 
WHITE 14 ¢ 14 
GRAY 1¢ ¢ 1 

CYAN 9 -l 1 3 
0RANG€ . 1¢  5  -5 15 

c. $ z. 
LIGHT ELE 1¢ 1 gt 11 
YELLoW GREEN 1d -5 -5 5 

PRPue y % 6 2 11 

4 4 
12 9 
4 1 

% 1¢ 
5 11 

5 13 

% 9 
14 1 
1¢ 1¢¢ 
1¢ 1s 
s 5 

' 4 7 

11 2 
15 9 
s 1 
g 1 

t' 

Y-EY  

4 
¢ 

1¢ 

14 
9 

11 
1g 

1 
1¢ 
8 

1s 

€ 

7 

4 
4s 

4 

. 

% 

t 

I 'T-· - ;:. t--:. :·- : 
' j +  l  

.-  

· · -  � -  .  ----r 

.. 

i 

r 

 

4 

$ 

- - ·- 

. 



MAGIC Registers 

---.-- 
1 



AAGIC Registers 

Rs7, + 1/ % .5. >  
flee  aw r y )- lto y  

By/s 8-I5:,back«rd fl Rho, _5Ase Ad'ress 

7#» 4+ el4 r ~1.• each 

back4roes card's pe l  paler+ ph»her (tr-es e»es 

i , ack4re.4 TN) h {rs te werd a«ess 

ef ea, back;end card's pe' pa #f r •  Tes 
word adresses are ferued as fhs; 

st: 7ks al#essinf rnares backroo card pe/ pates 

%by» 2» 8l Bo»d»res. T  

I  4  +  

---------- 

I 
-�--,._____.;... __._ �_J ---------·- --- .. 



AGC ReAsters 

be,ts tu 
.. 7%is rester et,s le_-k gr ahess sf #le Sl 
T" - - - . -· � - -- �... _...,_-J____ .... - 

of a series e f  480 10rds ,  
wk'k Sers a teble 20 wen's kd by, R% urds hi4l ,  T t' ; s  ta~le 

---- -• • - - -+--· � - - �-- --- . - • . - - -�� -- 
--,---t· ..!-- _.:. -➔>aI- __ _..,..._. _ __.._ ... ........._ �- ------------------. 

.. co»airs 760,ckarsders lel will appear on le screen 

, » 6 t f  sec, ? cir.es po,~,w 
m 'Pos +, LA0A j_ +  

4ihi per screen» dpby eden@Sze 
4te n.t ts +6l. vat}e hjes h .n a-a? 

+ a u > e , "" " . e  ,s nl no.hes » , ,l» Be.s 

4ell. 

, 
4 

 



• 

. .  

d  

r- - . . 
• • 

e $ 

I .l r, . • • � Erm 

b 

0 

0 t ¢ 

»Ji2L an].•.d _ii 
IIIJLIIIT HTII 

¢ ¢ 

-   ¢  A  

r  

+ -  r 2 3  

+  +  
(%p t% lbegess lek 

alloe) 
I  

-  •  t  •  •  .,  



Excess blocks 
_. 

j • • •  •  •  n g? 

D  uprds ] l rds 

. -   

.  



»t) 

. - M A G I C  Re«;ters 
@6S7, Register 3 co,+u 

[iis_ $ - l l 4  4kw  _back@rod Excesg 

Et 'lap o de :  
'  '  

I« 5 it  Way »Me,  tks 4-+ £%ll c o » t i s  

tke Aber ef 32-6rd se4es +.+ MA&IC ' 
. ll skip after dspleyin4"60 ords (to pels) +%at 

. describe o»e le s! #He kl-screp/ pattn. TA's 
effect'vel ides tke pel paten by 128 pel for 

ecl Excess coot, a it eaa6ls screlhxn to 

" . + a l  % de . t.  Eal bces .t ,hes » moor 

L oral twkole-scree 

. p e l  patter 

+ .. - - - 

1 Excess Bleck 

- ---  -- 

I I 

-   
'  

L I I I L I I I J  · · · ' I I I L J  

I  '  
- ; ;  

f  
-  -- ---;r- � -,�- - r- --"7 r . - 

- -~.1--•------L�-----� . 
.......et 

- 

-   

'  

I  

-  -  -  



MAGIC Registers 

85S7 ,  feaster 3 (at) 

S+ 1 3 : 6w21±if.  Ster»al Val., 5»all 

4' 1 l.  {GIC 4,  I  s.  ' is : %.  /  
1  eab/es a  7o ·yrhit tl  iernat 

hck t a eer»a/ c»p@site vde sial. 
E]_ :b) ' ' as6-  I,derlsd. Ds»le 

A ' 1 '  ds»ls vdev dsplyy Sell i»derlaciA4. 
Vs«alky, tH e4et s h kale le able le c~»sit 

- a n d  h  iprve de appearance of hke Alpha mode play 
.. --- -- .. - . .,, - - .. � - --- - - - - - - - - - - -- -- -- - - - - - -- - .,. 

SH s:@ wbv 2hh bf back..d Ehl. 5.LL 

A 1 '  ells #k Etty ode(4 kakm». 4spl). 
do»" ca%s he C»rd A. 

_l _ --________,. �----' _, ---- __ 1 -� - �- • 
I 

' 
--- ---,-----------�--------.----,---'----r--------, ---;--,- t 

_.__ ----·-i-1-,�: ----,---,--�·---:---:--------.,---, ----�, -,· --·- i-r - 
---+--'------'l---,.-, _•,._....,...1---�-------..-------.------+-I -· -, _...._: -+-; --.--...-! ___..., _ 

_ _ _  ,--�-I--.' --·-- _ _  J  I  I  _:_  !__ _ _ _._ _ • r- . 
I 

!  
I 

- - - -  -  -  +•- -- --r 



MGIC Rea4isters 

78s7, Reg/ter @ 

6ls D - 7 ;  --  5et Drder 2wide 7srtio» 

7As 857# £eld eo»ts'rs tke sober vf le lSl-»»est 
pel tat Ass #le clr pf  hke rkt-s/de pwrh'e» ef tke 

' ) s t te s  b o r d e r  [i.e. ke Srsd #el,of #e std celer,), 
pews» 3 

8 i s  8 - 1 6: 6ek1  244a4rs- To, 5ode, Dtd, sihn 

. 7ls &-k $ell co»tab»s ke ws.be, cf #he left-est 
p e l t >  Aas #He, albr of le rig4kl-side port'» ef le tog 
'bah. border (e .  he £rst pell e+ #-es cote,), 

-- . - ' p l # ' »  

%(5e, #He diajma h» he decr'pt'en sf rey>her 5.) 

&es1, fest.s, :I T l  
,  

5rts 0-7. R a }  5order Dile Psi'oa, 

color 0 cler 1 . 
- - ' J . I l l u s tr a h e +  f  4  

. - B o r d e r  Dvides 
Area 

I 

7 

cl»r 2 el+ 3 

•  

f ew  

t  
t  4  

I  
�  .  

• , .  



AGIC Ke3Asters 
R B S 7 ,  feAjsr ( :  Berder flit 

7A's regi ster consists f fear 44-Ar# olds, 

eacl f le% co»ta»s an index to e 2 he (6 celrs 
(sss 

£ #le /dsfer flt. Fae field corresponds to a port'en 

e+ tl border ad it seld's tke cler £or +hat p»ron. 
i  

5 

' 
t2 8 7  3  0  

8order Border Border Border 

Color 3 Coler 2 Color 1 Cole 
' 

(See dscriphis» vf rester S er a <''era+ of #k »rm»Jee 
of +le c/rs) . 

-- T + 

i 1 ' 

• T 

I 
. 

i • 

I 

' .. . 

-· - • .. -- 1' ---; --, f "' - ♦ ,--- • -- ; + - 

e . et .l e e .q .  

.  ..  •  •  -r- - --- -  .......  -- -------- ----·-•- .. -r----l -  -�----r----- , --.. --f - . r ·  ..  

;  
a  

+  f  

+  j  

;  

--  j  - }  ]  !  



ul 

F 

- . I 
- -- _ _  'f  . .. . .  

• 7  
.  -- - - / / . -- - . 

5 

I5 
]) 

phase ame 
I  

MAGIC Rea4 isters 

RES7, RAtster 7 
5 i t s 0 - 6 l  srr=  9.A S ~ I  gale 

7A's 7-b it  {eld eo»'sh»s the ASCII c 

f le clarac'er lose pel pall'er will be rehuned 

in re@is'er 8, word by wwrd, r a p Spence d'er»led 

e Re/ss.' • sun 9a. 

Eiis 8 - 2 :  Real.Dack#aflase  

dH 
- - T A s  5-t eld »a/,'hake o» ta ales, e2ck 

- c o r re s p o n d » j  he oe pkase;' pu ss +l e  Al,l real»ad 

.  o des; 

Cardlr»al Cad or»al 
-- -----i---· ..-!. ------- - -  - - -  --· -·- -  -  - -  - - - - -- �  - ..  

.  Card Dall#l Left  
-  _,  ----,--�-·-· - ------ _. . .  R i � hf-  

i  

T T 7 6 + t , r s» l  a+ 

- - I ±  

_  ----·- : ---+ .... --·- _, ___, . _ _ -· __ _ _ K,if ½ 

- - 8 l tl , 2 l l h d l  1.4# s7%7rd 
- - - j d d l e  

kt 1#rd 



AGIC fenshers 
8:Chara.tee  Res/-63ck3tern_ (Kead-er'y) 

74/s re4ister co»tabs ik pel pattern h»or »ale 

fr d/splay/h; the AS<IT clarst'er lose e0de a s  placed 

i» eke» #ke ASCII C»e 4old sf res'e+'T. £kt spetal 

reads will prov'de all le i»fr»w/in Ser hke plase whose 

cede resides l» 7de Kea-6»6k Fl»se Sell sf re4se, T. 
· G e » e r a t / e  

(See discuss/» of Cha.de. k) 

· T l ' s  I 2%;+ 4%ld eo»srsts of three 4-%t 

sh#ells, A _ e r 'a b ?  <rley priority led. 

- ill7 7ke 2-6'fpkifibee- in eac entry of }le 

. Eackre»4 T36le »ill i»dex oe s hkes< 4el 1e 

«eh a perry level aysilalle 7% 'rs on its 
£gr' de 

pa3rhclr card. (rerrty ', is an  excep'on as it 

species "o pr'er}y level" for eelers o» ;ts card.) 



MAGIC ReAsters 
& 5 S 7 ,  Re;ste lb 

SA;Ft 

5/is 0-Z.@ds._ .5akread x ere#t 

7ks 3-l} £eld co,has tke oder ef pel 

pesit'ons tkat Ake backrod otll be s4rte 
iakt d 

f¢ #ke #it en 7le screen. This vale way an 

vol O # 5 /±e. 1 1less 7la» a crd idtA). 
rl 

Et 5 :@dz} x  Bodes ter4 

. ·  ' £2 - +  A  1  causes 7le wed border to exted 

SE#:7 , 4 , 's  ( e .  4  card edh). 7%ts Ates 

ke {urk 'eqpesed" by h e r l t l  s ac k «  sh+ts. 

Er/, - ~:042d24a 2hi Backe. Y 5At 

- . T T  7ks 3%/ £%lad co»tab,s tk o»her sf be 

_ p s s / h ' s » s  #l»t #ke baekr4 ull be ski$led 
. -  • d p yp y,  _/  -  _J  -  -  -  -  

-+  , H a r  on Tie screen. Tl ale may ran¢ . 
TT#s 0 + . 7 0 . . %  10. less no» a card kelt. 

A " ] "  causes 7A borders to ehed 
'-- 

i3r's 6 8 les ( e . a  car,Y ket#kt), TA;s A,g 
l e+ lpla 

#k e  jak "exposed" by vertical back;rec,,ski+ts. 



ha9IC feAjsters 
8 3 5 7 ,  fe4isle It «e a  

-  7  S A ; f t  

Bis. 3 - l .  l , l a x  sci#  
I  

7A's -6 feld cetalps /le nub¢r ef  pel  

pes r/ le»s  +kst #le Alpla display rll le slted 

t le rnkt en 1le screen. Zs value mazy rang 
fro» 0 t tl (le .  to  1pe/ less ka r takes to lsply 

+le e #ads SC// claraters contained ) a wrll 

74A,'. 3-6it fell co»tab»s he oder sf pl»e 

psi#'e»s  +%5 +k lpla lsplay will be  sA;:4tel 
do a r  o, {le scree, TA's ale ay Tar{e 

· 7 ¢ .  q,  kg;l' 
. fro 0 t, i e . 7 1 l s s  #kau 7Ake ind o f  a  

- . r  of Al,la dare~ers) .  
I  

.  -- --- ----- -t-·--· -- ... - --- - --- --- --- - - 
f  

_ _ B r + 1 5 : /wM2A  Al»la» Ere, E.ten4 
ww mnrvw 4  

.  T r 3  ";" causes +k /£t lorder h,~tied 

. to tend hoar4 y UR p,els (e. 2 cdaratr stks). 
7ks #des #ke ok "epwsel" y #ue lorl3odel 
Alpk> sA4ts. 



AGIC Kester 
RBS7, Re/she II (See hscussts» + seen» sptts) 

5[is g-4:« Scree Slt z 

7ls 5-t eld co»ti»s tk; l» ·r pe psi'e» 
(divided by 8) o f  k Scree Sp//z 

B i t  5z Algla Scree» Reverse 

A " ! "  ea»s 1ks #ke roles f le pr»wry a! secodsry 
screens are reversed for Blpla display. , 

[ 7i%;i ],h» Overlap 5all. ' 

A " I "  causes A/pl> d.ply t rd at_5,/t 2 
o #e pi»ry xcreen and ti b~sin a Sp/ 1 an 1k 
secondary screen. (Alp2 splt t be ei6led,) 

Bt 7 z  AI,la 5,l} En2Al 
7 

A I '  causes #le Alpha pl'y ' d es, Sp/2 
c the prlary screen ad 'de bei at 5p// z 

o tke 'secondary Screen. 

. . .  

-r -  -  -- - .. - 

- -r-- •· - • -- -- • - --- -- . - - - t --- 



M A G 1 C  Re4'sters 

g6S7 ,  Rea/sderl (std 

5its g-2 :-  Scree» S/ 1 

Tks S-At £ell cod's 1he h» er pel psih'a 
(ddd , 8) cf Scree» Sp»/1. 

S : i i : -  Hero»1al S,lt 

A I '  ea,s 7#A /es 5pl7i4 the Gr·pk 2»%r 
Alpha screen display6) between ' primary an 

seodary scree's 'r hwriontally. ' A  D "  'weas 7k¢ 
split rs vertical/ 

B i  4 ;  -  Gnarl'c  Overlap Eal/le 
7 7  

a. Gphe.Mph,tv?leg,' 
oh the prbany screen' a, t' b~a/n a Sp/t 1 
o tke 'secondary scree• (Gr2pl'c slit st be era6led.) 

S t 5  -  GrAphz Shy/ 5»all 

. ! "  causes #Ae Graph' dsply ts e,de» 2,/#] 
+ o the prbw>ry screen a»d ho be4in en' Sp/t } o'ke 

-  _  --· _ .. ..52C�Yt.darr � Scr.eeH,. - ,  ---- ------ ------- _ .  _  

•  •  · - - .  I  

;  
.  

i  

 

-t  ..  ·---,-,------------- 

• 

7 



MGIC Keislers 
0? th •  «   

<  7i0kl  '  
5its o - 8 :  Carre»t Li»e  Cea»h 

d'splsy 
74s £b1 5%ld cots»s tk Ader of tkl 

6cl ie is carretly be'4 refieskel en the scnen, 

Ke2di»4 1s f register resets #le i»terr«ts, .# hke 
lie est ll it b e  2feted 

B i 9  L » &  Coll I±terr,pl [ls, 
#la 

A ) '  +ea,s lat he i'errapl,/GC qe»era' for 
he 6&o0 a s  de e +Ke curt le Cea»Tater 
#ke vale 2a tke 7»lrrapt Li»e 0at £ell. Th's ;t 
ll be reset 1 ?" uke» tke rester is read. 

5 i l o :  Keal Tie ClkD»terr.pf Fla# 
7 

A "" ears +la/le  jterr,rt tl>t/HT geed 
{»r ke 68coo as de 7% #e a 'hk' of tke Re . l  Ta»e 
Clck. TAs bit all be reset "g" le the reg'sher 

- i .s Y'tacl. . .. . _ __ . _ . _ . _ . . _ . 
4 

- .. . - . -- ... - - --- ,.. _  

I  

- - - e   

. e  



MGIC fentsters 
E S 7 ,  Reg ister 1 

B y 1 s p - 2 :  I.err»t l i e ( I  
1  

7As 74;/ £ell co»tab»s e nu»he f he 
4or (4 abld) 

d'ply h» j skied tAkGrC,ill rate a 

dens,pt s tl 68009 le, it is  reareslel athed 

by +ke tale cf 1ke Caret l,e (a1 

5 ; t 1 :  Lie »err.pl E2Al 4 
t ;%eabled" 

A " l "  ea»s 7%5/ t1er< kt nerat a» terr,t t 

he 68000 le hke Orr1 l»e Gt eat'ck¢s 14 

terrpt Dre st 

B3 ; # / D ;  feal I. @lick »terror 5nale 
; %eilelf 

. A  "I' keans 7hat {IC,'ilk aerate a+ 

i»terr.pt , (800o pen every "he" of 4e 

-   

•  Rea/ Zs.e Click. 
. __ .... __ : - - - - . - - - . - . ·•-· . . - - t, ----- -- - - - . -· - . - . 

pt_Ill2:_Greiw h nce  ~cedh»a_l[et'led ,   

j T 7 A l  2- £.ll ads spec#es +ke4 Ake, 

- - - - - - - - � rJ.ro..,;.J:.ce e.,,,,J;.'j wd-/,,,t( is J.e:"j itse./4 Th!s � 

AM 24st4se,, S>ceded as  {lles: 
clwihc encoding cede 

SECA} o 
RG I  

PAL 2 

J)Ts7 3 



MGIC Registers 
@ B s7 ,  fister 1 3  @.1a) 

B i } 7 3 :  Wader cf lines 

A " ] "  ea»s 1last le scree»sly c»sis »f 

62 5  h»es. 
.  

A A "  ea»s 62S bes 0prise 
I 

+ - t ;  

.  '  

+k dsplsy. 
3»+ # : +  fl  De»sit 

J 

A " l "  ea»s kt 6e haler cf ho pel %.sites 

will be use' and #la he resale» ac/ire pc'are 

will he slit# sealer a.l , lairs slut,, vier. 

A"O"  ca»s #%sf tke lor pe/ads, alt, use. 
.. 

3/I5: • _ R A ]  Si¢  

j 4  "I "  vans 14at KAtt ' co+pesed ef €k ,s. 

I A " ? "  lea.. #4»t n , s< s Ck.T 
f 4 

- - .- .   

. . - -   
f  

--- --- - ---- ---- --------- - ·  . ..  

- - -.- - - - - - •  __.._  _  _...__  -  - - · -  -----;---.-�-. l - ..- - - ,  - - � -  l j � .  

•  t  
.   

r  -  -  •  -  -  -  -- •• 

} 
- . .  

-  t  t  

-  -  

.  



th»CIC Rjisters 
RES7, @lers @ S :  _I.e.0t Kaps'rs 

Tkese Ts r;isters c+la/» site 2bit $%l 

register l+ co»tan tAe /i er'er bits ad register 15 

tke #4 h  order bits. Ea4 2-} 4ld cl»s a 

cede spec#ybn tke no»her s %  Arr slates 

or»ally i»voled in accessing eac 32k portion 
of  eory. Si#s  h hke 3ere kt ps/he pertain to 

ik 4+st (ts) 32k, b i#s i tke next psiten t 1le 

»ot 32k, eh. If tke oder vf WT slates 

exceeds /le nber reg/red for oral access, 

tAGIe ill generate he 27ACK signal so as 

· ; t  avoid harping qp he 4800. 7le 2oder 

· + o f  hAIT states alloed are ceded as {llus. 
. -   

0  

  

'  

Sh»c tkese vales act he basic fa»chub4 wf tle 

sys/e., 4 #k Ke;T i»th'alt'e sepuee slnll 

wrife ke. »he reisters l ad IS 35 so0 as possible. 



BACKGROUND GENERATION O 

• I 



4 

3AGROUND GENERATION 

• 

+)p 
.' (cw° 

zAskro - .ky"Li 
745 6l resides i, very asf~eon»sis'sf ¢0 

-  •  »  I i»frat,'on 
2-#rd e»tles , eck etry cr'ah»g a s ks  fr 

a parhelar card » 1le back,rod hsply. Tke 4rs7 

0 weeds etres perta» to de 40 cards of le 

{rst re cf le ply orA le£i h r;kl, ad He 

next !% edres p e es  ~  perh ho 1% 4D 
- ad o on $p r    

cards of le second r, " all 24% 

rs st hke dsplay. (e ke dscrip/on» o Eejller 3 

j , , f  1857 r ls of #le B»ckpr bxs a»t) , 
; 

- -   
; F a c k  2-rd ehry is fr»ah'el es +lls ;  , ,  }  

•  I  •  •  I  
---' - -- - I. - - -  __ _J - 

s 13 12 to 0 

• •  #l al s[ K i •  ,[ 
. °  { f l [ f l t - !  niter I I  

i  i  

card card card card l=lrarl 
word 1 color , c o l o r  color color i e l  

+  t  £a .h ' %  1ale ht% 
ow   



-1 

2 

BACKGROUND GENERATION 

here 1le {elds are def»ed as fl/us.  
added to 

fl [ttzr hi»ter - 7 4 s  value is o #. r# 

' 

##e 5ackne»A liter» Ease Ahsess (2,£.f 

R8s7) % 4r tke address o f  tke £irst 
a card's 

word f hj, pel paler». Tkese or addresses 

are red as fl/s' 

Io b/ts 

4-�;h ,- ---- o. ,  J.  '�3 �ds � fel falltr>t 
y  Pel Ha tte r »_ M e i le r  Address 

ase d r e s s'  2;g.,  4r h»e cu» 

'a « 
n»le: 7Ls 2dhresin renres card pe/ pale»s 

be4» v -ieri bPndarles 

Y Mirror - A  't' avert tle order ef dsplayig 

tke res ef he pel p»lier , i e .  They are 

+hr,pd hep tp +·r+ S ette» .  

-  -  

. -- ¥  lrrsr A " t "  is e reverses ke rd'er ef 

. j ' <' p l y /  te rel ·f ck roe cf n 
I  

y p e l  p#le», ie. hky zr "+l,,<4' It 

+ rinkt 



3 

BACKGROUND GENERATION 

2 ti 

A _ R e s_  - A  " l '  ea«s 7ke pl paler is cad' 
¢. I t,  car, , _ ,  " z '  
for llk Keselt'on po0e vspl'y. A p eans 

Card 
il ls coded £er le Resell'e , ode .  

(#il a»d le Kesvlion cards way be 

nixed in a dsplay.) 
.. 5  

A  " I "  ens}'card clors 3 z 2 take 

- ± E r  
7  

o h  a  priority level deter»tned by the 

Card erily Index Sr ts card. A "" 

eaus card cl2rs , 2  and 1 take on 

_ T T .  priority level 

Card fi - TA,s is th Card Pery nex. 
I 

_ Va l e s  0,/2a2 al as o»hes t select ae 

+ + . + + %  He #see prrit level aatl6le »» repister7 
of KB7. 7le selfed prierit, level becoses 1le 

Card fierily level and is #le» avail:le t toe or 

three vf ke card colors as tke) pier/t; levels. 
l{le +or c»lor5 

.- • ] s, , 4  ] [  aar -d 
I 7hr .  v  • •  «  L.. 0 5 . +  » n  o»rih l e  Al'e ( aB N' .  



q 

BACKGROUND GENERATION 

L o - R e s  fl ?stterns 

7le gel paler»s i le Kesold'e de provide $er 
selces of a color for eacA pl in a le, 7Ake colors 
ayalble fr select are 7hse spec'ed is ke _Cs rd 

£dew fl'e de s f  ke assoc'ated, »try i» le backpre Tall, 
Ea0A uowrd has ke 4lloei» rat' , 

let r«ht . .  
II to O 

one word sf 

a rel paler» net 
used 

mt ] , 1 ) , ] p e il  pi]p 
color color co/er 'cehr coler eeltr 
index in'ex index] index jdex i»lex 

describes be 

be cf a card 

culer tcler coler ler -Color 
2 o Cr flehte 

o 5 

fe l 4  #le /ft-st pel of a c r d le,  ad pl i is l e  

"it",kg $j6, '  <a,ace ave,n. ta. ts » 
#ke - flette. Faek s6sen»Tw»rd v£ tle pel plern 

describes #He net (ewer le f ke bvkrao card TKey are 

Brraped as el/es: . + . ++ . + + j  

'  

-  •  a.•  
l   

t  

•  

e  
---·---- -·�-e--..--fl"----:::.--t--+-+-+---+---t----e----.------..---, -- -,-r-- 

e d j 
. e a . .  

•  

•  
¢  

,  

word 7 

3 gel pl'er» for a 

Ls-Re's  card 

$ 

, 

d 



BACKGROUND GEERATION s 

H-Res Pel 7st.rs 

TAke rel pa[eras » +k Keselate med'e rvi, 
/'nace ifbr»ate fr et% p g / i  a  (¢ ad color 
ix f@r±ten fr hwrl32lal groups 'ef three pels at  s  
Tiue. Tl colors aaila6/ 'are 7lose spec/fed , tke 
Plel'e sf he ass·gad e»try i» tle 'back4oeo,d Tab6le. 
7kL linang specified nay b~ one of fr levels 
(er "a4jsh»e»ts"), #le a6sold ale be,»4 pedt on 
7h r~4ial l a n c e  spec/Hied i 1ke lcllr's na;sled 
clro»llance code. (Tlese crouance codes are he 
Y/sY/RY vales ire± » tke ttster flt, R&5 4. 
Zack werd sf ##el pel paler describes De le s ke 
-Res car, ad I a's 1ke felloin fr+a: 

15 4 I 0 

Left j& 4 l tl r e 1 ' r l 1  R l 2\ 7 l s[ % I [ 7 l s  
trlo tr'o L uw  l  Li» lk» Lh l 
Co ler!Coler  

4-(%ler 
Car 7ltte 

Color\Glr (»her Color 
3 2 1 £ 

• 
(Aple) Left pel trio Ria4kt p¢/ ie 

0 

l 

t o  

t ]  

f! g s tle left-est p</ c a cards hre, ad pels 
is tke ri4kt-est. Fack 2-5f' color $1eld indexes one sf tke 
for colors i» tke Gard %lehe and ces se fer a hrlo sf 

pe/s, Eael sbspet rd f tle pel paler describes +l 
next /euer l»e f tle back4rod c~rd,'ju st a s  7  le-kes ode. 

T{¢ {llin ta6le zps tke leic~ code to tke le a » c  
a4st»eTaccerdh? ho tke Y ale +k crasce fr tle p/' 
color! [ i. a c e_ od e  ra»e sf 'vale 

-% 7-f e-l 3-/4 

:; ' 3 } . - M . . t  
.,J,. I,  · + 4-  + i..  -2-. J 



Cler fierily 
I 

. 

, 



7 

6ackr0n, 
Card or/hies 

level 
Si+en 
ked 

t 
color 

H I G 

3 1 0 

Y 

G H I J 

0 

6Ack(uD GEeKATte 

2 1 o 
R B 3 7  

Register 

P t  ttterns 

(selected words 

ll strated) 

Zack 3 
7al'le 
e»tries 

cs+d {alelle L 't 

w ?" Ap kappa.n d lid/  dry 

5 4 3 2 I 6 

' . 

+ ' -+ + . p e 5 :  clor G pe lt :  cle K 

4 : . - p r i o r i t y  levelX priorly level z? 

gel 2 :  color J pl: cl.r I 

. - wprierily level n priority lee 
a 

! 

t - 



BACKCROND GENERATION 

Drd D l L 
pe !  p¢! 
aa 2 ha 

. 

eoler c e l r  co/er color 
.  

[[+ [+ ,#]  
«  ..  .  ,...  

...+  .  
word1 

60 tr's describe 
T 

� . �-- - 

$ 
I 

- 

1 line et s f  

•  1 2  in»es  
.  .  

-  .  .  .  

•  
.  

'  
-  

W T ] r ]  
l-  --- a 

word 5 

.. 





2 

0 15 

ot used pel e eel4 pl? pel" pe/% pel5 
color color eolor celo color '() 

Eacl 2-! Sall correspoiq t a pel ill be either l l  
o r  g ,  ere I/_ ind'ca/es a prto f te characler ie. 
7le At pl, pe/ S, ull always' npreseh 1Ag syac bchoee' 
charAeftrs, ad 'its gel Feld uh Kcfere eeain e. 

l a c e  5 l i}+ ;  0 0  1 / ,  

. a . .  

I  

I  



Gard Normal'Mode_ ,  eagle 
r- 

Pel pa'tern ords returned fros read-bsck reisler 
erd pgs. Phase > Gar Nor»al, II cle= A 

I 13 n 8 7 % 5 3 2 1 0 

corresponding 
card display 

+ 0  

4 ]  

+2 
+3 

+ 
+5 

+ ¢  

+ 7  

+ 0  

+ l  

+2 

+3 

+ 
+ 5  

% 

+7 

J I I 

I l I I L 

I l I J I 

»t/ l I I I 

/used I l J I I I I I I I 

I I 1 I I 

I I I I I 

I 

J t ! I I I I I I 

I I I I I 

I I I I I 

net/ I I I I I I I I 
/used I I I I 

I I I I I 

I I I I I I I I I 
I 

7 7 

f  

e- 

. 



15 J2 ! D 

ol used pel pl1 pl2 p l 3  p l #  pel5 
color coher color co(er co/tr color 

Eacl vf tke three pl {ld, pairs ,cola'n elt#er 
/Ill or g6yr, kere //' »dales fo pels #at are part 
sf te character iw4°.  

a, cl f[&j'] 
Eik cosenve reads i ts phase, provide tke 

i» hrwan for ' r4kt kalf rf he claracte j aj e .  
Tke rturned @rd are' frahled detcall, 1» hose' fr 
he e Ka!f ef ke olaracer ecpl that pel $lelds •Ad5 
ill alsey ohah+ Pee, Tl)sbekause # r Toe pl 
r&preset hie srace between ckaracers. 

I D 

ot used pel e rel pl2 pel> r e l #  e l s  
col%r col»r color c/or (66) (4) 



flase ee 1 (1 %") 

7k e  e4kt or's yf pel pat'zr i»frat'on returned 
by tkjs phas¢ s fr»altd' as' reyre by Bit tap hako< 
d'splay -de: 

3 o 

p e lx  .  p e l  x + 1  pl x+2 pe lx+s  
color color color color 

f 

: i 



3 0 

pe l x + 44  pe l x + s  null 
c w ' r  e4 ) gee) 

�� 

clar. rt. '} space  

rels represent4 port'en sf le cdrszer have color code //tl, 

lase de /, (Lt 's') 

7le ejkt or's re th,'s plase represent Just 
tke /eft k ow  ke reused cAar~c/er's ha4¢. 7h e  

rea'der of ead ~rd represes a Space' or null. 
Tle fer»at ls s fowl/ls: + +  

pcl + pl x + }  pel xIo pl x+t/  
coler C o l e r  cs/or 

spec¢ 
fds reset a pert'o, f le cksracer {ave cl de lIl. 

· i t t 



pl pattern 
word pes 

: + 0  

+60 

+l20 

+180 

+240 

+300 

+3%0 

+420 

l6 14 13 l2 II t 7 44 3 2 1 0 

I I J J 

I I l I I l I I 

1 l I I 

I I I I 

I t I I I I I I I I I I l I I I 

l l l I 
I l l l 

d 

fks¢ = R4lt ' Ac l lced - A 

f'l a s e = L e f t  '  ASCI I  cede=  ~ 

- I  

I  I  I  I 
I  I  I  I  

I  I  I I 

I I I I 
I  I  I  I  

- 
,  

J  I  I  I  {  I  I  I  

I  I  I  I  
- 

I  I  I  I  I  I  

I  I  I  I  I  I  I I  
I  I  I  

,  
t  (  

;  l  I  I  ·  I  i  I  

I  I  I  I  I I I  I  

I  I  +  

:  

2  I  I  I  I  I  ·  I  I  I  

2  t  I  I  I  I  

22 I I I I 

n2 I l I I I I I I 

+2 I I I I 
o2 I I I I 
al l  I  I  I  I  I  I  I  
22  I  

+l 

+ 

+ 

+ l  

+4I 

+h2/ 

+[ 

124l 

+p] 

+4/ 

+42l 

+ I 

+ Gl  

+t2l 

+1? 

+24[ 

+3] 

+5/ 

+42l 



7la.. ala s 0 ±  1d )wt ti,j4He, 
5ad t el»lT tords poled ly -end. tis 

le ea.e= ihle e e  yAase% has  7le' fol/olnq fer»at: 

3 0 

pel  x pe l x + I  p e / +  pe/ x+3 
c lr clo co/or color 

FF or  £p 

Phase ad 2, (RA1 7%id) 

Eck o f  tke ej4kt ers prsvldedb, t#is phse 

has ke 4ell»el» forut: 

pel y+ gel x+ 
color Coler 

space 



Hovi» jet 7 l  terns ad DX: 7errt 

15 4 z I 0 

3 L I  I  =  
color cede for . - - ·celer code for 
ft pel right gel 



o 0  

l  

( /  

celr assized 
"Absent" cl 

Coler 1 i+ I S =  

In vis·l"eelsr 'f rs=1 

C2lo+ 2 

Cler 3 

2  



3 

- • • + 1 

2 0 

erd 4 

- 
I  .  .  -;  

'  
+  1 2 

... .  

l  

i  
3 

f  

'  
.  

.. 

;  

'  4  

f  

l  
.  

n 
U 

-  

c  J 
t  

l  

-  
4clor code #or 

t 
- ,  

r7 
-·- - 

.  i  . 

I  left pel pair 
. 

1 n - � , 

• 
. .. 

- 
.. e l - - t 

- 
. 

- 
. 

I 
r 

I ' 

I .    

.  !  

MsB { 4uuiuce 

4 5 8  sluiace 

BoDY t 

Color  

.  .  



7Ae f o l 4  ha6ls nap tle /u»~ace cede 
4or eal pel: 

r2emf Y ale ot pe( color 

4-4 7-1 -l2 3 

0  0  

o l  

t o  
I I  

o  O  o  
+ 2  2  -44 

+44 +2 2 

% +4  +2 

0 

-£ 
-f 

-2 

vale added 

+e pels ' val.e 

o 0  

o l  

o 

II  

lane assi4ned 

"Absent" la'once 
4 Y + # Y '  s  fills.¢ 
"In'sidle" leubnce A IS=1 
Y + L Y  
4Y+ 4Y' 

. -  4kre Y' ; s  tke Y ale h tke 
- + + .  crow~ace code of tke 

i i "rear "  gel. + . ,  

f  •  

.  



. . 

t -+ 

 

+ t - t  k  

•  I  

+  i  +  4  4  

. .  I  

+  i  

•  '  T  1  



Scale Factor 

Eal Scale f¢'r eld is c+posed »f hue sbfels 
called SrzE (25its) a»d 00 (-bits): 

£ y_ e t e r i » s  alees  fros tkes hwe 3a6fields i»to tle 
4llel for»la, On»e ay calculate the scale fa¢b: 

i. 4 #. +  -  - + + -  S4 i + i i  

# + . . S F = ( + 7 ) 2'  ;  . '  .  

+  --- r  T T  

I 

. 
I 

• 
. . 

- 

SF rle Scale Faler 
t 

7 s tke 20oM ale l 

S 7rs the SIF vale 

I 

t + 

% 

« 

f 

• 



(-bts) (-bits) 

S I Z E  z00M Scale Fa c te r  

le. sf pe ls 
in one d e n  sion 

3 7 8 .  1 2 8  

3  G  7 . 5  1 2 ¢  
s  5  7.p l 2  

3  €.5 1 ¢ 4  . ·  
3  C p  ? %  

3  2  5. 5  8?  
3  I  5.0 80 
3 ¢ 4 .5 72  

a  7  4.0 6# 
2 % 375 %¢ 
2 5 3 .5  5% 
2 3 25  53 

2 3 3 .9 44 8  

2  2  275 44 
2 I 2 5  4£ 
2 6 2.25 3% 
I 7 2.¢ 3 2  

1  %  1 8 7 5  38 
1 5 4 7 6  2 8  

1  4  1.625 2% 
.  I  3 • 5  . · 2 %  

I  1 3  l.375 L . +  22 ±   

-  . l  I  . /. 2 s  4  4 + -  2£ 

. I -+ - '-.·-""-·- -·-- . / .. I As- - __ :________ ·- IE .  �-- J 

t_ 1 L £  1 %  

1  

f  

.  

I  1  l  



srd Address in 

7le /ttvrel 68000 addresses bytes 2f 
hepry .  Tlat ls, id  asses s n e p v e  bytes 
d , ' f f e r' i n  address b y_ o n e  and ha/ co n s 9ye end's 
d;+fer in add'res by ho, CIC, » ote han', 
addresses words of Henry, It assures t4a 
cwnspt've wbrds dfer h address Py, hne. 7ke 
pr0a»ner can access {186IC reg/shers on a 
'b71Je ba,;J .s / fre�l-.�1

>1 fA t-w, 4� w#rvts ,11. 111e14117,,1 
lb'act le syyy~: a'dresses » 'Arc 
(e r  data th '1hctc _ill  use  to conshrt a'lesses), 
tke ,pr44Tauer uusT be Sure 7o all fer hA&?c 
et#bd dof word address7 

7ke 9el's affedad t%is crslralien are: 

) / fern ft»ders (otk wrij ehjed' or bes) 
) Me/ {he, Base kNdresses ( • • ) 
3) Dack3re» Address 
9) l,ls 1a6l Address 

--t 

l 

• t 

4 « 



Screen Splits 

I  I   i I '  
- 4  t  

t  

t 4  '  j  
I  I  

r t  t  + t .- +  T  
1  i  l  

t + i i  

id  

i  



A G A G 

ASE-l A s R V = ]  

G  SEN=l 

A /  g /  y  w  

rt Sec 

ASEN= I 

GSEN=l  

A G A G  

-j- - split • - -- 

-  - -  -  
split '.2 

Pr- Sec 

A C 

P+i Sec 

ASEN=! A0EN= l  

G S E = ]  O N = l  

A  G  A  G  

ASEN-! A0EN 45RV>[ 
GS£N>] CoEN-l 

A G A G 

- -  split'1 

; Sec 
 

Pr% 
I 

Sec 

'  . .   

Sec fs; 
.. . .  

Sec f+ 

• 

- ' · T A S E N = l  
-  ASEN>l AOE! le j , ,4 ; GSEN->l _ 

A G A G A G  A  G  
or e  ii  

.. - . - -  __ -, srL·t� 
1

__ _ _ _  ;-T- _ 
;  + i  .- '- - - . Jolt 1£2 



March 2 4 ,  1982 

Best Image W/Hi Rs Cards Mode. 

16 Moving Objects On Oe Line 

Hardware Capability 
CPU Limitations 

l Moving Object Any Color Move Against Rainbow Of Background. 

Geck Antialiasing Of Moving Object. 

Hi Res Cards Mode - Move bjects (lines) Relative To Card Iocations. 

Interactive Input Device. 
, 

Superimpose Alpha On Screen Of Background s Zoom Background With 

Moving Objects That Are Moving. 

Demonstrate Moving Object Zoam. 

Demonstrate Animation (With Antialiasing). 

3 Dimensional Objects - Rtatias. 

3 Dimensionalty W/Shading, Etc. 

Interactions 

Split Screen 

Boarders 
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l. Display a background scene in high resolution cards mode 
that uses a large number of colors. 

This should give us sme feel for the picture quality that we 

can expect to see in the new unit. 
1 1 

or  keoo2rd 
-> 2. Have a moving object under user control (graphics tablet or b  

ctmallar) and move the object over the background that was 

created above. 

This will show how well antialiasing works with moving objects 
and different colors. 

, 

3. Animate the moving object above. Test antialiasing again. 

4. Draw several slanted parallel lines across the background so 

that they are not an integer number of card widths zpart. See if 

there are any noticable bulges in the lines caused by the color 
limitations in high resolution cards mode. 

5. Add external video to the system. This is just to show if we 

have mechanized this properly. 

> 6. Place l6 moving objects a one horizontal scan line. This is to 
make sure that Magic has the time to handle all of the moving 
abjects. 

. 7 .  Try  to  reuse  each moving object several times. This should show 

our maximum apparent moving objects and should give us a feel 
for how many we really need. This will also test the programmable 
interrupt. 

- [B .  Reuse  the  moving  objects while changing the color base for the 
moving objects. This increases the amount of wrk to be done 

by the processor. Once again, we can find out hat our limits 

9. 

10. 

E, 

11. 

[->) 12. 

'- 13. 

14. 

Perform a two-dimensional rotation on a moving object. This will 
show us if square pixels will do what we hope they can far us. 

Rapidly change the bakground through a sequence of several pictures. 
his should give us a feel for the band width of the RAM. 

Try to draw same good looking three dimensional abjects. See if 

shading gives us the effect that we want. 

Zoom a moving object in the X and Y direction, the X direction only, and the 
Y direction only. See if ft looks good enough. 

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

Send different displays to separate t.v's. 



25. 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 Spectrum 
- Interaction (If Done In Hardware) 
- Scroll (Both Full And Half Screens 

ADDITIONS: 
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Date: June 1 5 ,  1982 

Subjects Mattel Custom (MAGIC) 
D i e  S i z e  Estimate 

The i n i t i a l  d i e  s i z e  estimate for M a t t e l ' s  custom design,  
which i s  referred to as MAGIC (iattel Advanced Graphics 
Interface C i r c u i t ) ,  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 i s  currently 
designing.  This  estimate is87,600 square m i l s ,  wh i c h  i s  
equivalent to a 26 x 26 m i l  d i e .  It  corresponds to a 
rough transistor count o+ 54,000 devices.  The s i z e  i s  

referenced to an "as drawn" dimension according to HMOS 
lyout rules with a minimum channel, length of . 5  microns. 

. , t r .  his estimate is made with the understanding that not a l l  
information (in the form of schematics or detailed b l oc k  

diagrams) has been received from Mattel and, therefore, 
could increase if any additional functionality i s  deemed 
necessary. However, the estimate i s  submitted with the 
thought that it accounts for a l l  functionality. The 
window Feature is not included i n  this estimate since i t  

·is not clear what exact implementation is desired. 

±. Sufficient information does exist to sake en accurate 
a» • 

estimate despite the the fact that detailed design i s  s t i l l  
ongoing. This estimate reflects the particular 
architectural design which Mattel has e x p l a i n e d .  L i t t l e  
deviation has been made from their functional description 
except where thought was given to ease MOS layout or 
implementation peculiar to OS technology. For any " b l a c k  
box" function ( i e . ,  where PROM's are used to m i n i m i z e  

-  1  -  



package count i n  the emulator )  t ime  was taken to d e r i v e  a  
f i r s t  pass l o g i c a l  MOS implementation to make a more 
accurate transistor  count. This engineering  estimate has 
been derived p r i o r  to a c t u a l l y  doing any d e t a i l e d  MOS l o g i c  
d e s i g n .  Estimates are n o r m a l l y  refined on two occasions 
prior to a c t u a l l y  beginning  extensive layout d e s i g n .  
Refinements occur when the l o g i c  d i a g r a m  i s  complete after 
various t i m i n g  problems are more thoroughly considered and 
then by layout designers i n  the process of d o i n g  d e t a i l e d  
c h i p  p l a n n i n g  just prior to a c t u a l l y  s t a r t i n g  t r a n s i s t o r  
layout. 

The methodology used i n  the estimate was to accumulate 
active die area based on actual transistor count. This has 

been done i n  t h i s  case since no previous layout exists from 
a prior chip  development. The transistor count for each 
particular function i s  then multiplied  by a 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 i s  determined by m u l t i p l y i n g  a  

portion of the active area by a certair factor. Large areas 
such as a general purpose RAM or a large s h i + t  register 
structure have been assumed to not contribute to the routing 
overhead since  they are a f a i r l y  closed structure and the 
functional  c i r c u i t r y  around the large structure i s  w e l l  
defined and contributes i t s  own routing overhead. ttached 

you w i l l  f i n d  a  l i s t i n g  of various functions and the 
compiled transistor count and active area that i s  b e l i e v e d  
associated w i t h  that function.  More detail  can be provided 
as needed. To this  cumulative figure i s  then added the area 
requirements for the I/D buffers corresponding to the 
particular p i n  configuration and for internal power bussing 
which i s  t y p i c a l l y  associated with t h i s  s i z e  of c h i p .  

The problem w i t h  trying to make a r e a l i s t i c  estimate w i t h  
this type of architecture, where there are roughly 130 
addressable registers by the CPL which contain control and 
data information for distribution throughout the d i e ,  i s  

that excessive routing can b l ow  out the chip s i z e .  That i s  
why a good layout plan for this chip i s  considered critical  
in order to minimize routing. The routing factor and 
density factors used i n  this estimate are ones typically  
found in good layouts. 

I welcome and encourage the opportunity to meet with Mattel 
to go over the estimate in detail +or the purpose of making 
sure there are not any errors and ' t h a t  a l l  circuitry i s  

accounted for in the estimate. 

Sincerely% 
Mike Spa 
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D i e  Area & Transistor Count vs. Function 

t t  Area does not contribute to routing overhead.  

dl trs 

2 
( m i l  )  
dr et 

1 .  Video Generator 

SUBTOTAL 

4792 $# 

74 

786 

1 1 0  
256 

460 

295 

1596 
481 

2830 

252 

1 1 3 8  

1731  
748 

205 

207 

4280 

726 
1232 

893 
225 

1 1 0 3  k#  

369 

4550 

6690 

672 
975 

1303 
1094 
4064 

5 1 1 0  

388 
253 

155 
3 1 6  

1 1 1 0  

179 
e30 

1728 
530 

160 

108 

3540 

3430 
I 

I 

l 

490 

700 

525 
1 1 7  

1400 

192 

590 

19 

944 

676 

- 747 

7680 
4 1 1  

5o8 
106 

182 

8850 

-+ -SUBTOTAL 

f. Background Gener ator 

a. Buf shift register 41280 bits)  

b .  Shift mux + I / D  contr 
c .  FIFD + output mux logic 
ct. Data bus reg + decode 

e. Bgnd p r i or i t y  b i t s  +  logic 

SUBTOTAL 

SUBTOTAL 

• CPU Interface + DRAM Control 

a. DTCK wait reg related 
b. 68OOO interface + addr PL 
c. C l oc k  generation 
d. RAS/CAS + refresh ctr 

SUBTOTAL 

4. Horizontal/Vertical Timing 

«e. Vert ctr + PL detect 

• b. ioriz ctr + PL « random logic 
c. Vert/horiz scroll contr bits 

d. Vert/horiz sp l i t  contr bits 

e . .  Border control bits logic 

a.  YADJ c k t .  w/ PLA 
b .  D i g i t a l  color f i l t e r  delay 
c .  Blue/red adder w/excess 8 a d j .  
cd .  DC input l o g i c  &  mux 

e. Color palette ram « decoders 

sense amps 

2. Address Generation + Interrupt 

a .  L i n e  interrupt + IPL2 l o g i c  
b .  Au, output l a t c h ,  temp reg 

c .  Table p t r ,  base, excess reg 
d .  Decoders, drivers,  misc l o g i c  
e. Bus precharge t control 

f ,  M . D .  barrel s h i f t  +  control 

6. Alpha Generator 



• 
Vert ctr + FPL detect 590 /¢ 

•' b .  Hor i z  ctr + PL + random l o g i c  7 1 9  975 
r• • 

t' c .  Vert/horiz  s c r o l l  +  contr b i t s  944 1303 

d .  Vert/horiz s p l i t  +  contr b i t s  676 1094 

« Border control b i t s  logic  747 1064 

SUBTOTAL 3680 55 1 1 0  

5. Background Gener ator 

•• Buf shift  register 1280 bits)  7680 4792 tt 

b .  Shift  mux «d I/O contr 4 1 1  745 

c, FIFO + output mux logic 508 786 

d .  Data bus reg + decode 106 1 1 0  

e. Bgnd priority  b i t s  +  logic 182 256 

SUBTOTAL 8890 6490 

6.  Alpha Generator 

•• Char rom + decode/sense amps 2216 1557 $$ 

t .  Char rom in addr + sh i f t  bits 172 255 

c.  Buf shift register t640 bits) 3$840 236 t 

d.  Shi+t  mux -d I / D  contr 100 192 
e.  Readback b i t s  +  encoder 291 450 

SUBTOTAL 6620 4850 

7. Moving Object Gener ator 

� 
a »  One moving object i n  array 

( 1 )  S h i f t  register (80 b i t s )  560 408 

«2 Reg b i t s  +  decode/compare 470 5 1 2  

( 3 )  Clock/priority/out l o g i c  240 3 1 0  

( 4 )  Routing overhead = . 2 x 3 1 0  60 

SUBTOTAL (per object)  1270 1290 tt 7% SUBTOTAL « 1 6  objects) 20320 20640 kt 

 
b .  Data Encoder % 260 540 

. -" 

. . 

c. Y zoom/mirror Au + l og i c  278 415 

d. Inter action matrix 4222 2945 
"\ 

SUBTOTAL 
; 

25080 24540 

8. 1/0 Pin Buffers 1470 23502 

TOTAL ACTIVE AREA 

ROUTING «.3 22370 

TOTAL I/O + PADS 

FINL TOTAL 

5230 

1470 

3820 

52850 

6710 

23502 

83060 (288¥288) 

Estimate with 8 m i l s  internal power bussing = 296 x 296 

2 s o i ,  k ; « d  

-> 2 % 0 1 2 % 0  %( 
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Note References to t h i s  problem are on pages i n  my 
notebooks dated page before 10/30/81, 1 1 / 1 7 / 8 1 ,  12/2/81 and 
several pages 1 2 / 1 7 / 8 1 .  

The NTSC composite color video signal takes advantage of the 
eyes limited (compared to luminance) a b i l i t y  to resolve 
color. To this end the chroma components are limited to 
aproximately 0. MHz while  the luminance uses about S MHz. 
These are bandwidths that are currently realized i n  
practicer the standards allow s l i g h t l y  greater bandwidths. 
I+ I might make an analogy, the results are very much l i k e  
using a fine brush to paint a detailed picture i n  shades of 
gray and then using a much broader brush to add the color. 
On a TV again, even though the color information i s  lacking 
detail ,  the picture looks sharp and clear because the uses 
the luminance to decide edges and d e t a i l .  When the color 
sp i l l s  over the edges and smears the eye ignores i t ,  
thinking that i t  i s  correcting its own problems and not 
those of the TV. 

What has a l l  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, i f  each of the 
pixels i s  a  different color much of the information that i s  
stored and sent to the TV i s  lost i n  the process of being 
converted into and out of the NTSC signal.  If we can make a 
data structure that stores the color information i n  less 
detail and the luminance information i n  greater detail,  we 
can optimize the data storage requirements and better match 
the information carrying a b i l i t y  of the NTSC (and PL and 
SECAM) signals. All  of this adds up to better pictures at 
less cost. ' 

The basic plan i s  to group the pixels  and give a color to 
each group. To put the detail i n ,  the luminance level of 
each pixel w i l l  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 
w i l l  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 l i k e l y ,  there w i l l  be other 
pixe ls  of the same color next to, above or below them. The 
plan i s  to make their luminance levels match that of their 
friends and the eye w i l l  do the rest. The number of pixels 
grouped together should bear some relationship to the color 
resolution; certainly,  i t  would be wasteful to use more than 
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twice the resolution and using less than the color 
resolution w i l l  degrade the picture. The exact ratio w i l l  
l i k e l y  be determined some other system requirements. 

specific implementation of this method i s  the High 
Resolution Cards Mode proposed for MAGIC (Mattel Advanced 
Graphic Interface C i r c u i t ) .  For MAGIC the normal resolution 
cards mode w i l l  consist of 24 rows each 40 cards long.  Each 
card w i l l  contain 8 lines of 6 pixels each. Each card w i l l  
be capable of displaying 1 of 4 colors at any pixel 
location; these colors w i l l  be 4 out of 16 stored i n  the 
color palette RAM map. Since we w i l l  be using a 16 b i t  wide 
data bus to the RM, i t  w i l l  be easiest to get 16 bits  for 
each l i n e  of each card. Each l i n e  of a card i s  6  p i x e l s  
wide; the 16 bits are taken two at a time to select 1 of the 
4 colors from the card color map. For 6 p i x e l s  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 p i x e l s  into two groups of three, 
the color for both groups can be set using the extra 4 b i t s .  
This grouping results i n  a  chrominance sample rate 
approximately four times the NTSC chrominance bandwidth. 
The remaining 12 bits i n  the 16 b i t  word are used, at two 
bits per p i x e l ,  to modify the luminance level.  In MAGIC the 
output DC 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 i s  no change from the 
luminance specified i n  the color palette RAM map. The 
remaining codes functions depend on the luminance level 
specified i n  the color palette (4 through 14 are the codes 
for the 1 1  gray scale levels) 

6' ? u 

Level e Adjustment Available (gray scale levels)  
4 to ~ t +2, +4, +% 

7 to 9 t -2, +2, +4 

10 to 12 ¢  -4, -2, +2 
13 and 1 4 6  -6, -4, -2 

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

A software/hardware 
Mode as described 
results. 

simulation of the High Resolution Cards 

above has been completed with excellent 
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