CONFIDENTIAL

December 22, 1981

Tos Dave Chandler
Froms Dave Hostetler

Subj: Dear Santa, for Christesas please bring us a uP design
project complete with micro-code and writeable control
store... Thanks, 61 Design 8taff...P8 If it alsc does
graphics our management and customers will be happy too.

»eefA Critique of the GBI Advanced Video Processor DOS

The following is a personal evaluation of the recently
received Design Objective Specification for GIl’s AY-3-89000
Advanced Video Processor. I had expected this document to
be a specific and detailed solution to the specific problem
of Intellivision 11 graphics. Through the summer and early
fall we had a number of two day meetings with members of the
61 and APH technical staffs to discuss directions, problems
and ideas relating to this development. I knew that we
would have differences with the document, but hoped that it
would form a base to change and improve to arrive at an
early 1982 definition to build the remaining hardware and
software arcund.

My expectations and hopes have not been meet. The solution
is generaly BGI is trying to kill several birds with one
stone. The DO8 is not detailed;y the proposed IC is very
large and complicated (part of being general) and it will
take some time to fully think out and define the details.

GI has a number of fingers in the future pie. They are
working with Jerrold to develop a Home Cable Terminal that
would do videotex type applications over the two way cable
systems that are coming. They are working with others
(Plessy 1 believe) to develop terminals to work with Prestel
and its variations both here and abroad. What makes it
possible to have one IC that does all this and games as
well? A uP of course!

GBI bas tried from the beginning to convince us that a
special, custom uP would be desirable for our project. The
idea was evaluated by Mattel and in discussions Gl became
convinced of our resolve to use a standard uP. It came as a
bit of a surprise to see the DOS presenting a 24-bit uP as
the base of the graphic interface IC. To me it appears that
someone at GI is looking for a good excuse to design an
advanced uP. It is hard to blame them; they have designed
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uPs in the past and it 1looks as if they might miss the
chance to try one this generation. As they say, "use it or
lose it".

What are the advantages and disadvantages of this
generalized approach? For GI some of the advantages are:
One design serves many markets, they keep their hand in on
uP design and modification of the programming will allow a
simplified "one chip" terminal. Advantages to Mattel are in
the area of flexibility which will allow unforseen problems
to be overcome more sasily or new presentation ideas to be
implemented. 8ince 1 believe that home terminals (banking,
Videotex, etc.) are direct competition to some aspects
Intellivision 1II, we would be working with a vendor that
will 1likely become a direct competitor in the marketplace.
Further disadvantages to Mattel are the larger chip size and
much longer development time that the uP approach will
require.

For size, Bl simply says, "Currently greater than 64 pins."j
I count 80 before even starting on major details, much less
minor ones. National Semiconductor has quoted 250 man-years
development time to date on the N816000 and it isn’t in full
production vyet. If we assume that the 24-bit machine that
GI wants for their Video Processor IC is only half as
complicated, I wonder where the 125 man-years will come from
in the next 1.5 years (I figure we need production parts by
mid-*83 to see Mattel production by early-’84). My
calculator says 83 people (sects & clerks included) for that
vyear and a half; even if you cut that in half 81 could never
staff it. If you give them another year or year and a half¥,
it looks more possible. If they cut corners and manage it
sooner, what will give? They could have hardware or
software bugsy but more likely, they would not effectively
use the capabilities of the technique.

TJTo sum, I believe that the risk is great and the potential
rewards are few. In developing my ideas for a Mattel
Advanced Graphic Interface Circuit (MABIC), I worried as it
grew ever larger; GI has at least eased that somewhat, they
have totally eclipsed MASIC in size. A last image occurs to
mes As I move down Main Street towards Tomorrowland, a bus
marked GI rushes past. But wait, they missed the turn and
zoom straight ahead over the drawbridge and into the castle.
Will they get their driver straightened out and get to
Tomorrowl and before the party is over?
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Purgose

This document introduces & high performance vided processer

e (VP) whi
may be connected to the bus organization of 2 vcr.c y of sfan

nd

s

roproc
The video 1n,e.f ce circuit directly Supporis st dard ROM &
and performs 2 memcry management Tunction in suppert ot the

cops
A D.C.S. usuzlly describes the internzi functional character istics ¢t a chip
great deteil and considers the =2 “tern‘1 oA]c only By provision of simpie ti
diagrams and specific valiues assigned tc key edge conditiens.
This 'nformation is importaznt and helps adeguately document ths link betwsen
custoner/marketing detinition, and the enginesrs interpretztion of the ap

desigh.

For many applications the D.0.S. 1is limited t £
function and 211 involved parties can rezch an early ungsrstenging o
involved in the design.

¢h

SSOY‘S.

nic
amic RAM memor)
1ected incropro:essor.

In the cease of & video processor chip, it is essential to considar the wider
gspects of the clobal sys:iem implemsntztion. The videc processor circuit performs
multiple, complex, high spesd cperztions. While in reziity, it is only tre
“silicon visual port" for the mein sysiem microprocessor, it ofien dictates Tar
mere stringent conditions upon the ultimzte pariormzancs oFf &l system componants,
1n_.Jd!n, Rutu rAM and other axpension interface chips. Indead e&n advanced
vided processor circuit can bpe considerably more compiex in iis internzl logic
impiementetion than that reguired by ths Jz<est 16 bit microprocessors.
This £.0D.5. p'"vidos g preliminarys definition of & videc processor circuit
which has been optimized around the "card" zpproach to background dispiay
construction.
Preview
The propesed vioeod processor circuit conteains several sepzrete but mutually
supportive funczional elements. The design is compleisly moc'uler anc individual
biocks may be ssiected on & mix and maicn basis t0 produce oiher mambers of &
Tamily of video processcr designs.
From our STIC I experience it is apparent that an cbject oriented foreground
structure provides optimzl software efficiency. In support of this architeciure
customized concurrent hardware must be avziladble 1o previds the nich processing
speed that is dictated by the asynchrenous oparation of the foreground dispiay.
To augment our STIC I foreground capebility it is proposed that the control logic
for sixteen indzpendent ob3ecis will be available on <he cnip. These object
will be reusablie in two wzys, either through reinitizlizzzion via ne svsienm
microprocessor or by using the autome:.ic reuse Tezture providsd by the chip.
A REV
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The "background" display facility will be considerably enhanced with many new
features aveilable. The major upgrede of bacxground Tacilities is providec
through an architecturel impiementaiion which clossiy resembles an advanced
16 bit microprocessor. A rich selection of obiect construction definitions
are available using a seleciion of zlternative modes. This architectural
techrique provides imporiant expansion Tlexibility by permitting redefinition
of the object construction codes hrough reprogramming of the instruction
decoder which operates upon the buckground definition lists.
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System Overview

The AY-3-89000 is an Advanced Video Processor,
¢s Processor in conjunction with hi
‘cai~d" based solution to text and computer generzte

specializecd Sraphi
areas, to provide
graphics.

the ultimate

The important evelution of this

comdining the flexibility of a
gch speec dedicated logic

¢a sign over contemporary architectures is based

upon a unique dual Tunctionality. During the visible disp 1ay period, the device
supports high speed, synchronous iccess te areas of externzl memory. The attiributes
and dot petierns are Tetched toc create complex text and graphic d1solays. During

the verzice) resirezce, the device ehaves 2as an advanced 1€ bit microprocessor execut-
ing an on-chip, Tirmware graphic :ompiler,

Commurication between the system PU and the Video Processor (VP) being in functional
or logicel terms, greztly unburdans the ”hsusekeepin;” tasks to be performed by

the system CPU. These Tunctionzl entities deal with objects, the links reqguired

t0 creete objects, or the recuire: manipulations to be performed on them. The

system CPU preparec "functionzl crogram cen be self-contzined such thet the VP may
sustain itself independently. EIsxiernz] resource reguesis &re amdedded within the
structure of this functional progran.

Through its capebility of detecting "touctes" and "ccliisions" between objects, the
VP, with tne assistance o7 ths execution sequence specified in the system CPU
supgliec program, can reorganize the deviniticn of objzcis, reloceie them, 1ink one or
MOrE, periorn operztions on them and eventuzliy crezte the Dﬂspl v Descriptor List,
in preparatior for the VP <o essume the roie of displayinc the dot cetterns with all
their specified attributes. In efiect,the VP "compiles" & Descriptor list d ur.“

the frams Tlvback, which it uses in real time, over the acti ve cs sy.av pericd.

It is the intention that eniough
supplied program such that the Vi
inform the CPU of the status of
from an externzl The ¢

intelligence bz incorporated in ths system CPU

P in conjunction wit.h its "task prioritizer’, can
tesks and regquest adcditional resources
seguence znd the amount of

- md o~

g1l IS TS
omplexity of the gams

processing to be performed by ths CPU {0 int rface with the user and the outside
world determines the index of "task sharing" bestween the CPU and the VP.
This advanced architecture supports 3 "forms of life"

- A text based system with DRCS
40/64/80 characters per row,
ion provides a powerful tool
A.T.&T. and Prestel compatib]

A very powerf
c*s,azﬁx1,- o]uLﬂon, 16 s
colors within cavrid, X&8Y zoom

muitiple video planes, eth

]
)

RES
a

"cames-orientecd"

» Mecsaic and Bit map graphics capabie of supporting
animation and cartoon type displays.
for business/personal applications, besides being
g.

system that can support 16 re
electabie colors, variable sized carc's, multiple
n, row and frame scrolling, perspective vision,
etc., etc. 211 with minimal overhead on the CPU.

usezble moving obj-

This contigurat

l
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- A very Intelligent Terminal, that assisted by the processing power of the CPU
can support cifferent protocols at the Link and Transport layer.
Protocol Conficuration
- Local & Metro-het - 2 way cable
- Didon - ' 1 vay broszdcast
- Stendard ASC1T formatting - - 2 vay telephone
- Specieiized code compressed - Inteliligant photographic
cata like <het used in trensmission
PICTURE PRESTEL - : «
The VP, through its instruction set wiil bz ab?e to support TILIDON {ype ceometric
primitives as wsil as perstorming operations tham

Rccitional Comments

1. An optimium instruction set will be designed to give enough 1
the CPU <o generetie optimized intermadiate cocde. At the same
instruction repertoire should nct siow down the execution rate
universzl] video processor.

ne

During the display per
its attributes Trom e
"calls" to object defs n
be nestec, s¢c that compiex objects can
less compiex objects. In this regard

ing tre dot patterns and

ia 1 manner, is zlso making
routine cells, thesz can

-b_d as & seguence 07 links to

arent Dynamic RAM refresh, it is logical to
incorporzte the function of a Memory Mznager as well. Being & non-paged,
non-segmanted architecture, the Memory Managar supports symbc?wc addressing
and in efvect wiil be the only piece of Togic that is aware of the physical
ot any section o7 code.
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tion between the CPU and memory takes place through the VP,
ct,provides an extension port for receiving and trensmitting
messages to or Irom memory. Even during psek system memory utilization

by the VP, the pipeline of the architecture permits transparent sychronous
communication between the CPU or the processor section of the VP and memory.
A1l bus conflicts are handled by the CPU which always has unconditional
control over bus usage. The VP can be programmed to interface to a rangs
of bus convigurations.

Recommendation

A MC68000 or & CP16000 wouid handsomely Tit the requirements of a sophisticated CPU
to conirol K i ided Processor. It is safe to assume that for any conceivable
system contiguration reguired for a low cost soiution,either of thz above mentioned
processors, with the unigue architecturs of the LY-3-83000,provides a powerful 2 chip
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system sclution (besides standard memory).

Svstem Features

1. Programmable interface to standarc 8 bit and 15 bit microprocessors.
2. 15 reusezdble, coordinzte positioned foreground chject s.
3. Two independent background planes of 40x24, Ph_ract rs each.

4. Tw: inde;
'I

mu deo s1gna1=)

3. Cacability to support 40/64/80 character displays.
7. Divect R3S drive aveilable through dicitzlly codad primary color pairs.
8. Interlace and non interlace capability

11. Trenspzrent refresh of both 18K and 65K dynamiz RAM
Z. 16M words zbsoiuts memory capacity.

12. 24 bit address bus.

12, 16 bit data bus.

Flectrical Cheracteristics

dent video outputs. (Programmble seiection from the internz)
¥ ;

Opereting Temparature 0% o +80°C
Supply Vo];aje VCC = 5V 2 0.25V
Clock Input 16.3MHz i.e., 4xK7SC chrora
txternzl Memory 200nsec cycle tims
Pin Configurztion Currentiy greazter t.hen 64 pins.
GENF oM | microsLecTRONICS GROUP SPEC. NO. G
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Background Fecilitie

wn

-

Two duplicated resources are provided, the following information refers to the

commnon facilities ot each s xngle raspurce.

1. On chip line buffer, 40x16

2. Following row zit.ributes feiched during Tlyback line

3. Selecteble ci~d width 4, 6, 8, 15 pixels (8 is most common impliementziion)

4, Muitiple colors on & single card; 2, 4, 8 (4 is most common implementation)

5, Cnarcc.-r pettern available from syst -n ROM or RAM memory space

6. Uniform non paged, non segmanted architecture.

7. Multiple descriplor definition with & selectable decoding structure,

8 X anc Y card scroll on individuzl rows.

2, Ability to dynamicelly redefins start of screen image and visible part of
system memory.

10. Perspective feature

11. Two indspendsnt vids0 outputs

12. Transpzrent

Deteiled Ixplanation

1. Cursen: Line Biifer 40x16

This REM memory performs the funciion of on chip storage of the forty 16
bit card desc"ﬂator words which spe:1.y the chcra:ter seiecticn and color
deTinition within each cerd. Ths forty character buffer is loaded during
the firsi line of each background "on by performinc a2 complete cycle steal
DMA cT the system processor.

2. Following row atiributes fetchec during 1ins flyvback.
The generzl row aztiribuiess defins cerd hesight, width, X and Y offset,
color paietie selection anc current character descriptor instruction
decoding set. This aree of conirol RAM is Joaded during the iine Tlyback
preceeding the first active line of each character row.
Currently only one row atiribute Teich is performed Tor each visible row.
Future study should ascertain if any adv=ntage cen be gained by modifying

the row attributses within any current row.
3. Selectable card width 4, 6, 8, 15 pixels.
The standard selection would be the 8 pixel card.

This definition currently applies to each card. The invocation of selectable
card width is available under severzl different operational conditions.

In general the row attributes specifyv a2 common definition for all cards on
that row, but under some condwbwors cach card may be separately prograimed
via its own characier descriptor.

Tne 15 pixel wide card occupies twice the horizontal width of the 4 and 8
pixel cards.
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4, Multiple colors on & single card

The background descriptor word is formatted similar to a micr pro gssor
instruction code, i.e., the 18 bit word is segmaented into
different fields with each field organized &s the select ¢
gppropricie function.

O o
ﬂ)
».h
O
=
w
=y

Tre system operates und an extensive instruction repertcire {well beyond
t'e control of & single 16 bit word). 7o minimize requir erent, seiection
of the coprupr‘-‘e crcpnwc instruction set is specified within the row
attribute set loadec during the line flyback period.

2. Four definsd colors per card, {(noct evazileble on 16 bit card).

3. One of eight color mode feor each pixel of the 2 pixel wide card.

Note: During development we mzy choose to implement a 24 =5U dascriptior
buffer and this would further expand the color and pziiern opiions
aveilable within each card.

n
o
ct

. Cheracter pettern in ROM or RAM memory

Uniike STIC I, the character descrﬁptor code is not Timitsd <o tha definition

of an absolute system zddress., within this vidsp processor chip the

characier address veliue is ussd as the zlgebraic offset 1o be comdined with

the contents of one of four index registers. The approprizis indax recister

is selected viz two bits ¢f the zpproprizte descriptor word.

Note: The initiel index register cefinition considers & 2¢ it implemantation.
If speed is & limiting facto* the Jower bits will be zeroed and a
segmaneted siructure impiemanted.

6. Uniform, non peged system architecture

When accessed by the system microprocesser, the totz]l memory st

ace, i
executive RON, dzie RAM, grenhic patterns and video procassor registers, are
always aveilable, and m~y be accessed by an microprocesser insiruction wit hout

time or address locztion restrictions.

The total adcdress cepacity of the sysLhm is currently 24 hiis or 16 megawords
of memory space. The detinition of a "word" wi?] depend upon ths organization
of the selected microprocessor and may bz & bit or 16 biZ zonfiguration. The
selection of microprocessor may also dictzie that less +than 2z 24 bit address
bus is supportsc due to limitations imposed by the processor.

7. Multiple descriptor cefinition with selectable decoding structure
Video systems encompass several end use epplications *nbEu*n: t
1ine or block graphics, complex cartoon type images, anima2tion e
realistic digitally generatad "phiotographic" images.

&
XT
-
-
)

»
ects and

m
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bach cf thpsﬁ applications may be addressed through & multiplicity ef different

optimized architectures. Text and text-oriented operziions tend tc be high

gensity, static displays reguiring relatively few computations io be pervormac
" or them on the frams f]yback to mef n:awn g dynamic display. On the cther

hand, in animated object crieniec cwsp lays (i.e. cartoon), there ars 2 limited

number of characters, b“‘ gach reguires compiex color selection, variabie card

size and extensive atiributes. This reQJires comzlex linked struciures tor

cbizct creation allowing macro opsrations o be p*rformed on these cojects

to creete sophisticated compuisr censrated graphiics.

The selection and control cf &1l desired feztures which must he zveilatle

within & universzl video generator solution, is not pass1b e using only

a s«ingle 16 bit graphic instruction word. The proposed sojution is thet

severg] optimized "instruction sets" are defined and 2ll are stored within

the microcode ROY rasident within the video gsnsrator chip, (currently

three sets zre reguirecd). The appropriete instruction set mzy be sslected

eizher through the 1ine Tlvback accessed zttribute dazte, or bv executing one

the special Tink instructions whnich are used to cheange betwesn instruction

sets &nd which may be invoked through ths normz] background character

dgescriptor list.

The final definition and coding o7 each instruciion has yet ¢ be zssigned

but the G”Oinns will tend to segregete betwzen texi,bit paliern grapiics

anc geomeiric generated graphics.

It may be possible 0 refine the structure to include only tws aiternztiive

instruction sets.

i1t may aliso be dasirazbie to includs & smzll a=z2 of RAM in suppori of the

microcode ROM with the objeciive of provicing an arzz cof "writeadls control

store", This is & Teature common to most advanced compuier architectures.

A writeable conirol store provides the ideai Tacility of permitting regzTinition

of the instruction set during program run time, This technigue allows ths

skilled user to increase the throughput of the system &t critice’ ereas ¢f

the applicetions program.

8. X and Y Scroll on Individual Rows

The row ztiribute Tist which s accessed during line flyback tims contains
definition codes specifying the individual X and Y offset for tre following
character row. This is an integer value which is currently unsigned in X.

The use of the mul t1p7e scroll feature allows an effective perspective zoom

to be implemented in conjunction with a raze multiplier conircl of card

clock rates.

GENERAL 2 srEC. NO st
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Dvnan1c211y redefine start of scresn image and visible part of s'sbem memory.
A1l current video systems u*w]ize the sysiem RAM gs & contiguous block wit
each word degdiceted to sequential card positiorns on the screen.

It is proposed that this videc processcr uses &n indirect pointer technique
where tre phyvsiczl address of .he Tirst card cn a row need not be edjacent
to the address of the last carid on the previous row.

[y A Line 1
b
C
D
E Line 2 =
4 E A} B E
F
G -~
' Et F
h U
: Line 3
8L i 1] ol x
e
‘K
L -
SCREEN
This technique affords &n easy implemantetion of th2 sclution whereby only
a smzil ssgment of & larger aree is currently visible and the screen arez
may be mzanuzily or automzticelly sceanned or pzannsd across ithe larges gener:]
area.
The efficiency of this technique is especizlly valuable in allowing complex
fixed patterns <o be read directiy from the car tridge ROM. This is most visible
in "mep" type displays, i.e., ce&r recing, czlactic voyagses, expioring caves, etc.
In & similear manner the microprocessor may elg or1Luwm1caﬂy cons ruct patterns
within the system RAM in there compliete descriptor list and bit pattern format.
The video processor chip may then be instructed o exirzct the appropriate
visible imazge by modifying its address registers.

Reguired on chip:

1x16 bit Tirst row pointer

1x16 bit row index

1%24.bit current row value (system variable)

1x6 bit row length value

1x6 bit row length counter (system variable)

1x16 bit last row pesition

1x24 bit or 1x6 bit global add ress index .

The arithmetic unit, ALU, within the video genesrator will be shared with
all other index functions. The computation, apart from row length value will
occur cduring the line {iyback pericd.

INSTRUMEINT SHEET
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Caomented Displav Fields

am——C

The video processor is configured &s a multiple instruction set machine. The
seiection o current instruction set may De performed 5y TwO metnods.
A. Line Flvback Access
During the non active picture time of horizontel ret*a:esaT] row attributes
may be mocifiec. 7This includes the specification of current graphic
instruction set.
Note: £~ possitle exp=n“ion ela_ment would incliucde & dispetch stack
mithin thz videc generzior which mzy be invoked by using en
assigned code within the control arez of the descriptor word.
E. Displeyv List Access
During ezctive picture time the system becomes dedicated toc supporting the
two backoround pzges plus the zbundance of foreground obje:ts. It is
cesireble to inclugde somevacility which aliows the Tirmwar: o szasily
select & new graphic insiruction set,
The pronose schems woulc use onz character position to provide the reguired
link vziue. Tnis word is used to select ths appropriate instruction set
and ic reseassign the sysiem address pointers. The use of :this fezture is
bes: considarsd craphiceaily
Text 1
fext 1
Craphics
Text 2 Text 2
araphics Screen Image

Descriptor List
Main Memory

The choice of screen format is purely arbitrary/ and multiple "windows" of
graphics and text may be created. The shzpe of a "window" is also arbitrary
except that it must contzin an integer number of cards. The overhead of
using this function is that cn everj occasion that an instruction change is
invoked one card position must be left in background color wash.

This operation provides & macro redefinition of the system control modes.

IN5
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Note: By increasing the current line buf

Fq
yiee

I3

to a 28 bit wowd the

implementation of spacinc macros is nd longer necessary.

The implication of this change effect twd areas. The bus
bandwidth is increazsec by twenty Tive percent to fetch
the extrz word and the on chip buffers become £0x24 bit
arreys.
GENERAL | microeLecTRONICS GROUP SPEC. NO. REV
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10. Persoective Feature

The invocation of the “perspective" mode changes the regular seguence
of card fetches into & rate conirolled feature which may be based upon
2 line or a point focus. The operation of this function is that cards
"grow" ata variable rate cepending upon their distance from the focus.
The rete of offset or epparent movement is also & functicen of the
relative distance from the focus.

(7

b

{t

This feature is of major value in elevation axis motion cames, (space
travel, auto recing, flying, 2%tc.). The use of special hardware within
the video generator unburdens the perspective probdiems Trom the system
microprocessor and greatly improves the speed of executing it his complex
function.

11. Two Indepandent Video Qutoutls

The video processor chip int
shift registers. A conﬂo o!
eight foreground objsci regi

ernzlly contzins eighteen video bit pattern
ivi s.on 07 this resource would allocete
sters and one background register to be

T

assignad to each videc output. It is pessible howsver to assign any
combinztion ¢ the eighteen rezd s:er- to any output including common
getinition whare & register will output on Both poris.

The purpose of the dusl output contTiguration is %o pcrmiu two television
receivers to be used simultaneously. The concep: of separate screen
images for bzttle games, sTrategy situations, etc., clearly illustrate the
velue of 2 separate display impiementation.

| REV
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Forearound (Oh-isct Features

1. Herdwere suppor: for 16 indivicdual, reusable Torecround objects.
2. Loorcireie position resoiution on visible piane, 320 horizontal by 182 vertical.
3. Qbject metrix definition &x8 to 16::16 in simplex mode, n hy n in linked mode.

4. AHAlternztive object definition, based upon a counter configuration instead of
. -

-

.- Muitiple colors per object: 2, &, 8 per object aveilable.

o

The 4 color option §s default with one color usuzily being "transperent

6. Characier pzatiern gvaileble from system ROM or RA¥,total memory space.

7. Seiectzbie interactiive ar on each object
€. Prograzmmzble pixel clock rate provides smoot.h, progressive X, Y zoom.

ot
=Y
m

2. Interaction detection bzsed upon a touch aigorithm which is exscuted by
sor during verticel rstrace period.
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5. Multiple colors per object; 2, 4, & per object being pessible.
The multicle color mode is identical to that aveilable through the background
Tacilities. The mzjor cifference with & forecround object is that one color
cods will normelly be assigned to be transperent.
On!y the two and Tour color modes are availablie with & 16 2ixel wide object.
For the fcur color choice, two 15 bit graphic pattern worcs ére reguired from
memory t0 detfine one line of ths object.

6. Cherzcter petfern avaiizble Vrom system ROM or RAM, tctiel nemory space. Same
,ac111tv as background impliema2ntetion. The grephic pattern is &zccessed through
24 bit address bus.

7. Selectable interactive zrezs on each object.
By mzking the linked. elements of en object individually ‘r.eractive, areas of
a complex object can be selectively interactive,

. Programmzble pixel clock rate.
This fezature is usecd to provide &z smooth X and Y zoom. The logic is based
upon & binary rate multiplier. Very small obgects will initiaily not zoom
smoothly.

8. Interaction detection.
Tne impiementation of this function is completely diTferent to that employed
by any current vidzo processor circuit.
kWith this design we have linkecd the hich performance processor architecture of
the chip, tc 2 small area of resident Tirmware whvc, exscutes & touch sense
gigorithm on a1l moved objects. This algor~ithm execuies durinc the non video
per1od of vertical retrace. The touch fezturs, comparec <o the common video
overiep imp’ementation greztly reduces the concidence cf scitware bugs causecd by
ohjecLs peceming buried or trapped within other compiex objects. The aigorithm
will probably execute orn a twe times shrink of an object which mzy occasionally
sense a touch where there is & one pixel gep. Tnis is entirely satisfactery
and presents no hardware or software problem.
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TEM ARCHITECTURE
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HiP ARCHITECTURE
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JEY ORGENIZATION
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VIDEO PROCESSOR SYSTEM FEATURES :

€ MODULAR DESIGN TO SERVE DIFFERENT SYSTEM APPLICATIONS

@ SUPPORTS 3 "FORMS OF LIFE"

® TEXT BASED PERSONAL AND BUSINESS TERMINAL

8 GAMES ORIENTED SYSTEM

€ PERSONAL COMPUTER SYSTEM



VP SYSTEM FEATURES (continued)

® AT THE PRESENTATION LAYER SUPPORTS :

e

ALPHA-NUMERIC DISPLAYS

MOSAIC GRAPHICS

CRCS GRAPHICS

BIT MAP GRAPHICS

GEOMETRIC (PDI) PRIMITIVES

OBJECT-ORIENTED GRAPHICS (VIDEQ GAMES)

@ "CARD" BASED SYSTEM

C
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¢ CAPABILITY TO OVERLAP PICTURE AND COMPUTER GENERATED GRAPHICS
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VP SYSTEM FEATURES (continued)

@ PERFORMS AS A SPECIALIZED 16 BIT MICROPROCESSCR
¢ EXECUTES GENERAL PURPOSE INSTRUCTIONS

¢ COMPILER FOR A "FUNCTIONAL" GRAPHICS LANGUAGE

¢ ON-BOARD REFRESH LOGIC TO SUPPORT DYNAMIC RAM

¢ ON-30ARD MEMORY MANAGER
8 PERMITS SYMBOLIC ADDRESSING
& PROVIDES PROTECTION FOR ALL SEGMENTS OF MEMORY

¢ PERMITS RELOCATABLE CODE

& 24 BIT ADDRESS BUS

¢ 16 BIT DATA BUS
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SYSTEM DETAILS

¢ VP HAS A UNIQUE DUAL FUNCTION ARCHITECTURE
@ EXECUTES AS A 16 BIT MICROPROCESSOR QVER THE FRAME FLYBACK

€@ PERFORMS AS A HIGH SPEED VIDEO GENERATOR OVER THE ACTIVE
DISPLAY PERIOD

¢ COMBINED PROGRAM AND DATA SPACE

@ SYSTEM CPU COMMUNICATES WITH VP IN FUNCTIONAL TERMS THROUGH :
€ AN INTERMEDIATE GRAPHICS LANG!JAGE

© A DESCRIPTOR LIST



SYSTE_M DETAILS (continued)

® TRANSFORMATION FROM A FUNCTIONAL GRAPHICS LANGUAGE TO THE COLORED
DOT PATTERN SEQUENCE IS A TWO PASS EVENT

© PASS 1 : OVER THE FRAME FLYBACK, THE SYSTEM C=U SUPPLIED
PROGRAM IS EXECUTED, GENERATING AN INTERMEDIATE
DESCRIPTOR EXECUTION SEQUENCE

@ PASS 2 : THIS DESCRIPTOR LIST IS EXECUTED IN REAL TIME TO
CREATE THE DOT PATTERN ON THE SCREEN

© INSTRUCTION REPERTOIRE, CONSISTING OF GENZRAL PURPOSE AND DEDICATED

INSTRUCTIONS PERMIT THE CREATION OF COMPLEX OBJECT ORIENTED GAMES,
ANIMATION SEQUENCES, CARTOON TYPE DISPLAYS AND OTHER COMPUTER GENERATED
GRAPHICS WITH MINIMUM OVERHEAD ON THE SYSTEM CPU

® ARCHITECTURE PERMITS NON-SPACING Ai'TRIBUTES AND SWITCH BETWEEN
CODING SCHEMES
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SYSTEM DETAILS (continued)

$ PROGRAMMABLE SYSTEM BUS CONFIGURATIONS TO ACCOMODA™E A WIDE
RANGE OF MICROPROCESSORS

€ PIPELINE OF ARCHITECTURE PERMITS SYNCHRONOUS COMMUNICATION BETWEEN
SYSTEM CPU AND MEMORY EVEN DURING PEAK UTILIZATION BY VP

€ MAXIMUM BUS UTILIZATION IS ACHIEVED BY THE VP RELINQUISHING CONTROL
OF THE BUS AT EVERY AVAILABLE INSTANCE

® SYSTEM CPU ALWAYS HAS UNCONDITIONAL CONTROL OVER BUS USAGE

® OVER THE ACTIVE DISPLAY PERIOD, WHEN THE VP IS OFF THE BUS,
EITHER THE SYSTEM CPU OR THE PROCESSOR SECTION OF THE VP
COULD USE IT '

@ VIDEO MEMORY SPACE AT ANY INSTANT IN TIME IS A SMALL FRACTION OF THE
16M WORD CAPACITY AND HENCE PROVIDES ENOUGH SYSTEM MEMORY FOR THE
SYSTEM CPU TO FUNCTION AS A HIGH LEVEL LANGUAGE INTERPRETER
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CHIP ARCHITECTURE COoN Z il eyl sd,

e 24 BIT ALU
¢ 4 INTERNAL BUSSES

¢ 24 BIT ADDRESS BUS (OPERAND 1)

e 16 BIT DATA BUS (OPERAND 2)

¢ 24 BIT RESULT BUS

e 16 BIT CONTROL BUS
e INPUT CLOCK OF 14.3MHz (FOUR TIMES COLOR BURST FREQUENCY)
e DOT CLOCK OF 7.15MHz
¢ PIPELINE TIME FOR CHARACTER DISPLAY= 1l.lusecs.
¢ ACTIVE DISPLAY TIME PER TV LINE= 44.0usecs.
e ACTIVE DISPLAY PERIQOD PER FIELD = 192 TV LINES.
e VERTICAL BLANKING INTERVAL 4.0msec.
@ PICTURE RESOLUTION = 320x192 DOTS
¢ DISPLAY FORMAT = 40x24
e # OF TIME SLOTS PER CYCLE OF PIPELINE= 4

EACH TIME SLOT= 289%nanosecs
e TYPICAL MEMORY ACCESS CYCLE TIME= 200nanosecs
e FEACH PIPELINE CYCLE PROVIDES AT LEAST ONE TIME SLOT TO THE SYSTEM CPU
e ON-BOARD LINE BUFFERS ARE LOADED OVER THE LINE FLYBACK OF THE FIRST
SLICE OF A DISPLAY CHARACTER
e SIZE OF BUFFER= 80x16
e FOR A 8 LINE DEEP CHARACTER, 7 LINE FLYBACKS CAN BE USED BY THE SYSTEM
CPU TO ACCESS MEMORY
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CHIP ARCHITECTURE  (continued)

O

0 FUNCTIONAL BLOCKS WITHIN CHIP

e 16 BIT GENERAL PURPOSE REGISTERS

@ 24/16 BIT SYSTEM REGISTERS

e SYSTEM STACK

@ USER DEFINED SUPERVISORY STACK THAT SUPPORTS RECURSIVE
“CALLS"

© SCRATCHPAD RAM

e CHARACTER ROM (VIDEO BIT PATTERNS)

o MICRO-CODE ROM

e USER DEFINED CONTROL STORE

o MACRO-"OPERATIOIN" ROM - MICRO-EXECUTION SEQUéNCE FOR
SPECIAL INSTRUCTIONS

o OPTIMIZED INSTRUCTION SET

e COLLISION/TOUCH DETECT LOGIC

¢ SYNC LOGIC

o ATTRIBUTE LATCHES

e ADDRESS GEMNERATOR

¢ MEMORY MANAGER

e DYNAMIC RAM REFRESH LOGIC

¢ INSTRUCTION DECODER

e SYSTEM CONTROL LOGIC

e BUS CONTROL LOGIC

¢ COLOR SYNTHESIS LOGIC

e DUAL VIDEO PORTS
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DISPLAY FEATURES CORNEIEETan |
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o CODING SCHEME
e ALPHANUMERIC DISPLAY - INTERNAL ROM
¢ MOSAIC GRAPHICS
e ORCS GRAPHICS
o HIGH DEFINITION BIT MAP DISPLAY - AVERAGE # OF PIXELS OF
NO COLOR CHANGE IS 4.
o ALPHA-GEOMETRIC (PDI)
o SECONDARY CHARACTER SET - EXTERNAL ROM/RAM
¢ 16 COLORS SELECTABLE FROM A LARGE COLOR PALLETTE
o 16 REUSABLE MOVING OBJECTS
e PROGRAMMABLE "CARD" SIZE
o PROGRAMMABLE NUMBER OF CHARACTERS PER ROW -40/64/80
e MULTIPLE COLORS IN A CARD '
o MULTIPLE VIDED PLANES
e VISIBLE OBJECT AND VIDEQ PLANE PRIORITIES
e OBJECT INTERACTION PRIORITIES
o HORIZONTAL AND VERTICAL DOT (SOFT) SCROLL SELECTABLE ON A FRAME,
VIDEQ PLANE, ROW OR WINDOW BASIS
o PROGRAMMABLE POSITIONING OF IMAGES IN MEMORY ONTO SCREEN (START
OF DISPLAY PERIOD IS SELECTABLE)
o SELECTABLE "PANNING" AREAS
e VARIABLE EXPANSION, CONTRACTION OF OBJECTS OR "BLOCKS" OF MEMORY
DEFINING A SHAPE
o MACRO-OPERATIONS PERFORMED ON OBJECTS LIKE ROTATION, TRANSLATION, ETC.
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DISPLAY FEATURES (continued)

e A PERSPECTIVE POINT OR LINE OF VISION CAN BE DEFINED, WHICH BECGOMES
THE REFERENCE AGAINST WHICH OPERATIONS ARE PERFORMED.

e DUAL VIDEO OUTPUT PORTS

¢ COMPUTER GENERATED GRAPHICS THAT IS A.T.&T. AND PREST:L COMPATIBLE

¢ INTERLACED/NON-INTERLACED OPTION

e LIGHT PEN INPUT IDENTIFIES THE SCREEN GRID PGSITION

e MULTIPLE DISPLAY FRAMES
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FURTHER DETAILS

@ FOR OBJECT-ORIENTED DISPLAYS, THE CPU FURNISHED INTEREDIATE CODE
SPECIFIES:

e OBJECTS TO BE USED FOR CURRENT FRAME
e CHARACTERISTICS OF OBJECT LIKE:
o LINKS NEEDED TO CREATE OBJECT
e VISIBLE PRIORITY OF OBJECT
e INTERACTION PRIORITY OF OBJECT/LINKS
o OPERATIONS TO BE PERFQORMED ON OBJECTS
¢ OPERATIONS REQUIRED FCR ANIMATION SEQUENCES ON "BLOCKS" OF
MEMORY REPRESENTING A SHAPE
o COURSE OF ACTION TO BE TAKEN FOR OBJECTS INTERACTING WITH
EACH OTHER
e ROW/FRAME/WINDOW ATTRIBUTES
e BY FAINTAINING A DIRECTORY AND "RECORDLIKE" DATA STRUCTURES,THE VP
COMPILES AN INTERMEDIATE DESCRIPTOR LIST.
¢ USING A RICH SET OF ADDRESSING MODES, THE VP WALKS ITSELF THROUGH
VARIOUS SEGMENTS OF DESCRIPTCR MEIMORY, EXECUTING DATA AND INSTRUCTICNS.



TYPICAL TELETEXT/VIEWDATA CONFIGURATION
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{EMORY QRGANIZATION
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