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ELECTRONIC GLOBAL MAP GENERATING
SYSTEM

BACKGRQUNI QF THE INVENTION

1. Technical Field

This invention refates to 3 new variable resofution
global map generating sysiem for structuring digital
mapping daia in a new dats base structure. managing
and controlling the digital mapping data sccording to
new mapping data access strategies, and displaying the
mappiag data in a new map projection of the earth.

2. Background Art

Numerous spproaches have been forwarded to pro-
vide improved geographical maps, for example:

U.S. Pat. No. 4,315,747, issued to McBryde on Feb.
18, 1982, describes 8 new msp “projection” and inter-
secting array of coordinate lines known as the “grati-
cule’™, which is a composite of two previously known
forms of projection. In particular, the equatorial por-
tions of the world are reprasented by s fusiform equnl
area projection in which the meridian surves, if ex-
tended, would meet at points at the respective poles,
veferred to as “pointed poles™ In contrast, the polar
regions of the world map are represensed by a flat polar
cqual ares projection in which the poles sxe depicied as
straight horizontal lines with the meridians intersecting
along its leagth. Thus, in a flat polar projection the

meridian curves converge toward the poles but do not ;

meet at a point and, instead, intersect 2 horizontal linear
pole. The two camponent portions of the flat world
map are joined where the parallels are of equal length.
The composite is said to be “homolinear' because all of
the meridian curves are similar curves, for exsmple,
sine, cosine or tangent curves, which merge where the
twe forms of prujection are joined where the respective
parallels are equal. The fiat polar projections in the
polar portions of the map provide a compromise with
the Mercator cylinder projections, thereby greatly re-
ducing distortion.

LS. Pat. No. 1,050,596, issued to Bacont on Jan. 14,
1313, describes another composite projection for wirld
maps and charts which uses 3 Mercator or cylindricat
prajection for the central latitudes of the earth and &
convergent projection at the respective poles. In the
central latitudes, the grids of the Mercator projection
et or graticule are rectangular. In the polarregions, the
converging meridians may be either sirzight or curved.

U.8. Pat. No 1,620,413, issued 1o Balch on Dec, 14,
1926, discusses gnomic proiectiens from a conformal
sphere t0 a tangent plane and Mercator or cyhiadrical
projections from the conformal sphere 1o 8 tangent
cylinder. Balch is concerned with taking into account
the non-spherical shape of the earth, and therefore,
devises the so-cailed “conformal sphere™ which repre-
sents the coordinates from the earth whose shape i3
actually that of a spheroid or eilipsoid of revolution,
without material distortion.

U.S. Pat. No. 752,957, issued to Colas on Feb. 23,
1904, describes a map projection in which a msp of the
enitre world is ploited or transcribed on an ovai con-
structed from two adjacent side by side circles with ares
joining the two circles. The meridians are smooth
eurves equally spaced at the equator, while the lstitnde
lines are non-parallel curves.

U.S. Pat. No. 400,642 ssued to Beaumont on Apr. 2,
1889, describes a map of the earth on (wo intersecting
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spheres, on whick the coordinate lines of latitude and
longitude are all arcs of circles.

U.S. Pat. No. 754,126, issved to Grinten on Feh, 2,
1904, represenw the whole world upon the plane sur-
face of a single circle with twice the diameter of the
corresponding globe, the circle being delineated by a
graticule of coordinates of latitude and longitude which
are also arcs of circles.

U8, Pat. No. 3,248,306, issued to Schrader on May 3,
1966, discloses 3 subdivision of the earth into 3 system
of pivotally mounted flat maps, each msp segment rep-
resenting oaly @ portion of the earth’s surfiace {n spheri-
cal projection on an equilateral spherical triangle to
minimize distortion.

U.S. Pat. No. 2,094,543, issued ta Lackey et al on
Sept. 28, 1937, describes 3 projecter for optically pro-
ducing 8 variety of different map projections, incloding
orthographic, stereographic and globular projections
onto flat transhucent screens and a variety of other pro-
Jections on shaped screens.

U.S. Pat. Na. 2650517, issued to Falk on Sept. 1,
1953, describes a photagraphic methad for making geo-
graphical maps.

U.S. Pat. No. 2,354,785, issued to Roli on Aug, 1,
1544, discloses two circular maps which are mounted
side by side, and an arrgngement for rotating the two
wmaps in unison so that corxesponding poxiiens of the
earth's surface are at ail times in proper relationship.

U.S. Pat. No. 3,724,079, issued to Jasperson et al on
Apr. 3, 1973, discloses a navigational chart display de-
vice which is adaptad to display 2 portion of a map and
enable a pilot to fix his position, to piot courses and 10
measure distances,

U.S. Pat. No. 2,431,847 issued to Van Dusen ba Dec.
2, 1947, discloses a projection arxangement, in which a
portion of the surface of a spherical or curved map may
be projected in exact scale and in exact proportional
relationship.

McBeyde and Thomas, Equal drec Prajeciions for
Worid Statistical Maps, Special Publication No. 243,
Coast & Geodetic Survey 1948,

In addition fo the above further teachings as to geo-
graphical mapping can be found in the Elements of Car-
tooraphy, 4h edition which was written by Arthur Rob-
inson, Randail Sale and Jocl Morrison, and published by
John Wiley & Sons (1978}

The preseat invention seeks to provide 1 low cost and
efficient mapping system whichk atlows the gquick and
essy manipulasion of and sccess to an cxtraordinsry
smount of mapping information, i.e., & mapping system
which allows a user to quickly and 2asily access a de-
tailed map of any weographical ares of the world.

Map information can be stored using at least three
different approaches, ie., paper, analog storage and
digital storage, each spproach haviag its own advan-
tages and disadvantages as detailed betow.

The paper mapping approach has heer zround since
papyrus and wiil probably exist for the next thousand
Years.

Advantages of paper storage:

inexpensive.

once printed, no further processing is required to
acsess the map information, so not subject tn processing
breakdown.

Disadvantages of paper storage: .

can become bulky and nawieldy when dealing witha
Inrge geographical ares, or a large amount of maps.
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paper does not have the processing capabilities or
“inteligence™ of computers, and therefore does not
support avtomated search or data processing capabilis
ties.

cannot be spdated cheaply and easily.

The analog mapping approach is used to provide
what is commonly krown as videodise maps. The infor-
mation is stored as still {rames vader NUT.S.C. (National
Television Standards Committee) conventions. To
make maps, a television camera moves across 8 paper
msp lying on a workbench, Every few inches a frame &
recorded o videotape. After one row of the map i
comapletely recorded, the camera i3 moved down to the
sext row of frames to be recorded. This process is 1e-
peated until frames representing a checkerboard patiern
of the entire map are recorded. The recorded videotape
could be used to view the map: however, access time to
scan to different areas of the recorded map is usually
excessive. As R result, ¥ videodise, with its guicker ac-
cess time, 18 typicaily used as the medium for analog
map siopage. The recorded videotape is sent to a pro-
duction house which “stumps” out 8 inch or ¥ inch
diameter, videodiscs.

Advantages of the anaiog storage approach:

one side of a 12 inch videodisc can hold 54.000
“frames™ of 2 paper map. A frame is typically cqual to
24 % 3 inches of the paper mep.

access time to any frame can be fast usvally under §
seconds,

. v N
vnice jocated on the videodise, the recorded analog

map information will be used to control the raster scan
of 3 moniter and to produce a reproduction of the map
i 1/30th of a second.

through additionsl bardware and software, mapping

symbols, taxt and/or patterhsa can beoverhid ontopof

the recorded frame.

Disadvantages of the anuslog storage approacie

the “frames” are photogeaphed from paper maps,
which, ss mentioned above, cannot be updated cheaply
or easily.

due to paper map projections, mechanical camera
movemenis, lens distortions and analog recording elec-
tronics, the videcdise unage which is repraduced is not
as accurate as the origiasi paper map.

as a resalt of the immedintely above phenomena,
latitude and longitude information which is exiracted
from the reproduced image cannot be fuily trusted.

if 3 major error is made in recording any one of the
54,000 frames, it nsnally requires redoing and re-stemnp-
ing.

since frames cannot be serolled, most implementa-
tions employ a 50% overlsp technigue. This aliows the
viewsr to jump around the database with a degree of

visuai continuily: hewever, this is at a sacrifice of stor- 4

age capacity. I the frame originally covered 2 X3
inches or approximately 8 sguare inches of the paper
map, the redundant overlap information is 6 square
inches, leaving oaly 2 square inches of new irformation
in the centroid of each frame.

as a result of the immediately above deficiency, &
2X3 foot mup containing 864 seuare inches would
require 432 frames; thus, oaly 125 paper maps could de
stored on one side of a 12 inch videodise.

must take hundreds of video screen dumps to make a
tard copy of a map area of interest and, even then, the
sereens o not immediately splice together because of
the overiap sregs.
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the biggest disagdvantage is ihas, since frames have to
be arranged in a checkerboard fashion, there is no way
io jump in dicections other that norih, south, east ox
west and maintain viseal contiapity. As an example, the
visual discontinuily in viewing a “grest circle™ rovte
from Alaska to New York swould be unbearable for 1l
but the most hesrty.

The digital mapping spproach has been around for at
least 20 years and s smuch more freguemly used than the
analog approach. Digital data bases are stored in com-
puters la # foramat similar to text of other databasas.
Usnlike map information on a videadisc, the outstanding
map features are stoved as a list of objects to be drawn,
cach ohject being definad by 3 plurality of vector “dat™
aoordinates which define the crude outline of the cb-
ject. As one example, a 1cad is drawn by connecting a
seties of dots whick were chosen fa define the path (ie.,
the “outline™) of the road Once draws, further data and
processing can be used 1o smooth the crude outhne of
the object, place text, such as the pame or description of
the object in a manner similar to whet happens when
deawing on a paper wap.

Advantages of the digital spproach:

digits] maps are the purest form of geographicsl map-
ping date: from them, paper and analog maps can be
produced. i

digital maps can be guickly and easily updated in nesr
real-time, and this updating can be la response to data
fnput from external sources (¢.g., geographics} monitoy-
ing devices such as satellite photography}.

digital raaps can be easily modified to effect desirable
mapping treatments such as uncluttering, enhancing,”
eoloring, etc.

digital maps can ba easily and accurately scaled, rov
tated and drawwn ai any perspective view point,

digital maps can be caused to reproduce maps ta 2-D.

gigital maps can drive pen-nlotters (for casy paper
repraductiong), robots, ete.

digital maps can be stored oun amy mass storxge de-
vice.

Disadvantages of the digital approach:

digital maps require the use or creatior of 3 digital
database: this is a very nme-consuxing and expensive
process, dut once it 15 made, the daia base can dbe very
sasily copied and used for many different projects.

The digital approach is utilized witk the present ire
vention, as this approach provides overwhelming ad-
vantages over the above-described paper and analog
approaches.

In designing any mappiag svsiem, seversl features are
highly desirable:

First, it is highly desirable that the mapping system be
of {ow cost,

Secand, and probably most impartant, Is access time.
Not only is it generally desirable that the desired map
section bz acvessible and displayed within a reasonable
amamunt of time, but in sowe instances, this access fime is
critical,

In addition 1o the above, the present invention (as
mentioned above), secks to provide a third imporiam
feature,—~a mapping system swhich afioss the manipuia-
tion of and ascess 10 an extranrdinery amcunt of map-
ping information, .., 2 mapping systex which allows a
user to quickly and easily access a detatled map of any
geographical area of the world.

A tremendous barrier is encountered in sny attempt
1o provide shis third festwe. In utilizing the digital
approach to map a Iarge geographical area in detail
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{e.g., the rarth), one should be able to appreciate that
the storage of mapping data sufficient to accurately
define all the geographical features would represent a
tremendous data base.

While there have been digital mapping implementa-
tions which have successfully been abie to manipulate a
tremendous data base, these impicmentations involve
tremendons cost {i.e, for the aperation and mzintenance
of massive mainframe computer and data storage facifi-
ties). Furthermore, there ig much room for improve-
ment in rerms of access time as these mainframe imple~
mentations result in acceess times which are only as
quick as 20 seconds. Thus, there still exists a need for a
low-cost digital mapping system which can sliow the
storage, manipulation and quick (i.e., “reaf fime”) access
and visuat display of & desired map section from a tre-
mendous mapping data base.

There are several additional mapping system features
which are attraciive.

It is highly desirable that 2 mapping system be sensi-
tive to and compeunsate for distortions caused by map-
ping curved geographical (¢, earth) surfaces onto a
flat, two-dimensional representation. While prior art
approaches have provided numerous methods with
varying degrees of success, there is a need for further
improvements which are particularly applicable to the
digital mapping system of the present invention,

It is additionally attractive for a mapping system to

easily allow a weer to change his/her “relative viewing
position”, and that in changing this relative position, the
change in the map display should reflect a feeling of
continuity. Note that the ‘‘relative viewing position
should be able to be changed in 2 number of different
ways, First, the mapping system should allow a user to
selectively cause the map display to seroll or “fiy”
slong the geographical map to view a different {ie.,
“atersl”} position of the geographical map while main-
taining the same degree of resolution as the starting
position. Second, the mapping system should allow a
user to selectively vary the size of the geographical ares
being displayed (i.e., “zoom™) while still maintaining an
sppropriate degree of resolution, i.e., allow a user fo
sejectively zoom to a higher “relative viewing posiiion®
to view a larger geographical srea with lower resolu-
tion regarding geographical, political and cultural char-
acteristics, or zoom to 3 lower “relative viewing post-
tion” to view a smaller geographical area with higher
resolution. (Note that maintaining the appropriate
amount of resolution is important o avoid map displays
which are effectively barren or are cluttered with geo-
graphicsl, palitical and cultucal featuxes.) Again, while
prior art approaches have provided numerons methods
with varyiag degrees of snccess, there is a need for
fusther improvements which are particolarly spplicable
to the digital mapping system of the present invention.

The final feature concerns compatibility with existing
raapping formats. As mentioned above, the creation of a
digital database is a very tedious, time-consuming and
expensive process. Tremendous bodies of mapping data
are available from many important mapping authorities,
for example, the U.S. Gevlogical Survey (USGS), De-
fense Mapping Ageacy (DMA), National Aeronautics
and Space Administration (NASA), etc. In terms of
both being able to easily utilize the mapping data pro-
duced by these agencies, amd represent am attractive
mapping system 10 these mapping 3gencies, it would be
highly desirable for 2 mapping system to be compatible
with all of the mapping formats used by these respective
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sgencies. Prior art mapping sysiems have been deficient
in this regard; hence, there still exists a need for such a
mapping system.

SUMMARY OF THE INVENTION

The preseat invention provides a digitsl mapping
method and system of a unique implementation to sat-
isfy the sforementioned needs.

The present invention provides & computer imple-
wmented method 3nd system for manipulating and as-
cessing digital mapping data in a tremendous data base,
and for the reproduction and display of electronic dis-
plsy maps which are representative of the geographical,
political and cultural features of 2 selected geographical
area. The system includes a digital computer, a mass
storage device {(optical or magaetic), 3 graphics moni-
tor, a graphics controller, a pointing device, such ss a
meuse, and 2 unigue spproach for structuring, manag-
ing, controlling and displaying the digital map data.

The global map generating systemn organizes the map-
ping data into a hierarchy of successive magnitudes or
levels for presentation of the mapping data with vari-
able resolution, starting from a first or highest magni-
tude with lowest resolation and progressing 1o 4 ast or
jowest magnitude with highest resolution. The idea of
this hierazchical structure can be likened to a pyramid
with fewer stones or Vtiles” at the top, and where each
successive descending horizoatal level or magnitude
contains four times 35 many "tiles” as the level or mag-
nitude directly sbove it. The top or first level of the
pyramid contains 4 tiles, the second level contains 16
tiles, the third contains 64 tiles and so on, such that the
base of 3 16 magnitude or level pyramid would contain
4 to the 16th power of $,294,967,296 iiles. This total
includes “hyperspace” which is later clipped or ig-
nored. Hyperspace is that excess imaginary space lef?
over from mapping of 360 deg, space to a zero magni-
tude virtual or imaginary space of 512 deg, square.

A first object of the present invention i to provide a
digital mapping method and system which are of low
cost,

A second ard more important object of the present
invention is to provide a unique digital mapping method
and system which allow aceess to a display of the: geo-
graphical, political and cultural festures of a selected
geographical sres withia a minimum amount of time.

A third objeci of the present invention is to provide a
digital mapping method and system which allow the
manipulation of and access 1o an extraardinary amount
of mapping information, i.e., a mappirg method and
system which sllow 2 user to quickly and casily access
a detailed map of any geographical ares of the world,

Another object of the present invention is to provide
a digital mapping method and system which recognize
aa¢d compensate for distortion introduced by the repre-
sentation of curved {i.e., earth) surfaces onte a flat two-~
dimensional display.

Still a further object of the present invention is to
provide a digital mapping method and system which
allow a user to sclectively change hissher ‘relative
viewing position”, i.e, 10 Cause the display manitor to
scroll or “fly” to display a differeni “lateral” mapping
position of the same resoiution, and to cause the display
monitor 10 “zoom™ to a higher or lower position to
display a greater or smaller geographical ares, with an
appropriate degree of resolution.

A filth object of the present invention is to provide 8
digital mapping method and system utilizing a unigue
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mapping graticule systery which aflows mapping data
to be compatibly adopted from several widely uiilized
mapping graticule svstems.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other ahjects, strustsres and feav
tures of the present invention will become mere appar-
ent from the following deisifed description of the pre-
ferred mode for carrying out the invention; i the de-
scription to foflow, reference will be made to the ac-
companying drawings in which:

FIG. 1 is an illustration corresponding to a flat pro-
Jjection of the earth’s susface.

FIG. 2 is an illustration of 2 digital computer and
mass storage devices which can be utilized in imple-
menting the present invention.

FIGS. 3A-3F are illustrations of monitor displays
showing the sbility of the present invention to display
varying sizes of geagraphical areas at varving degrees
of resctution.

FIG. 4 is 2 cross-sectional dlagram of a simple build-
ing example explaining the operation of the preseat
mvention.

FIG. 5A and B are plan view represemtations of a
paper 430 ay it is viewed from the relative viewing
position A shown in FIG. 8.

FIG. 6 is 3 plan view representation of a paper 450 as
it is viewed from the relative viewing posttion B shown
in FIG. &

FIG. 7 is a plan view representation of a paper 450 ss
it is viewed fram the relstive viewing position C shovwn
in FIG. 4.

FIG. 8 is a pyramidal hierarchy of the data base fie
structure showing an esample of the asncestry which
exits between files.

FIG. 9A is a plan view representation of 4 paper 450,
with the paper being divided into g first level of quad-
rant areas,

FIG. 9B 15 an lustration of & monitor displaying a
digital map of the area enclosed by the dashed pariions
in FIG. 9A. )

FIG, 10A is a plan view representation of a paper
450, with the upper-left and lower-right paper quadrant
areas being further dividad into gquadrants.

FIG. 108 is an illusirstion of a monitor displaving a
digital map of the asrea enciosed by the upper-left
dashed portion in FIG. WA

FIG. 11A is a plan view representation of a paper
438, with several seciions of the second level of quag-
rants being further divided into additionsd quadrants.

FIG. 11B is a higher resolution display of the area
enclosed within the dashed porton n FIG. 1A,

FIG. 1215 » plan view iffustration of a guadrant acea

division, with a two-hit naming protoco} being assigned s

to each of the quadrant areas.

FIG. 13 is a pyramidal hierarchy of the data base files
using the two-bit naming protocol of FIG. 12, and
showing an example of the ancestry which exits be
tween {iles.

FIG. 14is a plan view illusiration of a 360° X 184" flat
projection ef the earth being impressed in the
31X S12Y mapping area of the present invention, with
a first guadrant division dividiag the mapping area into
four equal 250° X 256" mapping aress.

FIG. 15 is the same plan view iflustration of FIG, 14,
with a second quadsant division dividing the mapping
area into 16 equal 126" % 12&° mapping areas.
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FIG. 18 1s the sae plan view illustration of FIG. 15,
with 8 third guadrant gdivision dividing the mapping
aren into 64 equal 64° X 64" mapping areas.

FIG, 17 is the sume plan view illustration of FIG. 1§,
with a fourth quadraat division dividing the mapping
area into 236 equal 32° X 32° mapping, atess.

FIG. 1R isthevame plan view illustration of FIG. 17,
with a fifth quadrant division dividing the mapping area
into 1024 2qual 16° X 16" mapping aress.

FIG. 19 is the same plan view ilustration of FIG. 18,
with a sixth quadrant division dividing the mapping
area into 4096 equal 8 K §° mapping areas

FIG. 20 is an illustration showing the application of
polar compression at the Sth level or maguaitude of reso-
futiox:.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE
INVENTION

Before turning $o the detailed description of the pre-
ferred embodiments of the invextion, # should be noted
that the map illustrations used throughout the drawings
sre only crude approximstions which are only beiag
used to illusixate important features and aspects and the
operation df the present invention; therefore. the geo-
graphicat political and cultural outlines may very wall
differ from actual cuthues.

FIG. 1 i a crude representation of what the earth's
surface would ook like if it were laid flat and viewed
from 2 “relative viewing position” which is & great
distance in space. Shown as vertical fines are: 10, corre-
sponding to the 0° meridian extending through Gresn-
wich, England; 20, corresponding 1o the 180" west me-
ridian: and, 39, corresponding o the 180" cast meridian.
Showa gs horizontal lines are: 38, corresponding 1o the
equator: SO, correspondiag to 90° north (ie.. the north
pole): and 68, corresponding 1o %° senth {ie. the south
pole).

Nota that at this “relative viewing pogition™, not
much detail as to cultnral festures is seeng t.¢., adl that ¥
seen is the general outline of the main geographical
masses of the continents,

The present invention seeks to provide a low cosi and
efficient computer-based mapping method and system
having a unique approsch for arranging and aceessing »
digital mapping database of unlimited size, Le., a map-
ping method and system which can manipulate and
access 3 dats base having sufficient data o alfow the
mapping system 10 xeprodsce digital maps of any geo-
graphical area with different degeees of resolution. This
can be most easily urderstood by viewing FIG. 2 and
FIGS. 3A-F.

Because of the overwhelming advantages over the
paper and anxlog mapping approaches, the digital map-

5 ping approach Is utilized with the present invention;

thus, there is shown in FIG. 2, a digital computer 200,
having a disk or hargd drive 280, & monitor 210, a key-
board 220 (having a cursor control portion 239), and 4
mouse device 248, As mentioned previously, in a digital
mapping approach, mapping informastion is stored in a
format similar to the iext of other databaxss, i.e., the
outstanding map featuresaresiorad 4s a list of objects to
be drawg, each object being defined by a plurality of
vector “dot” goordinates which define the crude out-
line of the object. {Nater the reproductien of a digital
map from a list of objects and “dot™ vectors is wel}
known the art, and is not the subject matter of the pres-
ent invension; nstead, the invention relates o a naigue
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method and system fer storing and accessing the list of
objects and “dot” vectors contained in a tremendous
digital data base.)

Quse a geographical map has been “digitized”,—i.e.,
converted to a list of objects % be drawn and a plurality
of vector “dot™ coordinates which define the crude
outline of the object ~, the mapping database. must be
stored in the memory of 8 mass storage device. Thus,
the digital computer 200, which is to be used with the
mappiug method and system of the the present imver
ticn, 18 shown associated with the magnetic disk 260
{which represexts any well-known magnetic mass stor-
age medivm, e.g. floppy disks, hard disks. magnetic
tape, otc.), and the CD-ROM 270 (which represents any
well-known optical storage medium, eg a laser-read
compact disk). Alternatively, the digital mapping data-
hase can be stored on, and the digital computer can be
associated with any well known electronic mass storage
memory medism {2.g8., ROM, RAM, etc.}). Because of
every increasing avalability. reductions in cost, and
iremendous storage capacities, the preferred memory
mass storage medism s the CR-ROM, .2, a laser-read
compact disk.

The discussion aow turns to FIGS. 3A-F, showing
iHustrations of monitor displays which provide a brief
illustration of the operation of the present invention.
Alhough the digital natuse of the maps of FIGS.
3 A-3F can easily be detected due to the jagged outlines,
1t should be understood that these geographical outlines
could easily be smoothed using any of & number of
“smocthing” techniques which are well-known to those
skitled in the digitsl mapping art.

In FIG. 3A. the digital computer has retrieved rele-
vant mapping information from the digital mapping
database, and has produced 2 monitor display of a digi-
tal map substaniially corresponding to the flat projec-
tion of the earth's surface which was shown in FIG. 1.
In FIG. 34, the monitor display reflects a “relative
viewing position’ which is a great distance in space,
and hence, only the crude geographical outling of the
continents is shown with sparse detail.

Suppose a user wishes to view a map of the states of
Virginia and Maryland in greater detail, By entering the
appropriate commands using the keyboard 228 or the
mouse device 240, a user can cause the monitor display
ta “zoom” to a lower “relative viewing position™, such
that the monijor displays 4 digital map of 2 smafler
geographical area which is shown af » higher degree of
resofution. Thus, in FIG. 3B the a digital map of the
continents of the western hemisphere fs displayed in
greater detail.

By entering additional commands, a user can cavse
the: momitor display to further ““zoom” to the following
displays: FIG. 3C showing North America in greater
detail; FIG. 3D showing the castern haif of the United
States in greater detail: FIG. 3E showing the east coast
of the United Swetes in greater detsil; and. FIG, 3F
showing Virginia and Maryland in greater detail,

Althongh in this example, the monitor display was
caused 0 “zoom” to Virginia and Maryland, it should,
be appreciated that the present invention allowed a user
to selectively zoom into any geographical area of the
earth, and once a user has reached the desired degree of
mapping resolution, the rapping system of the present
invention also slows the user to “scrolf” or “fiy” to a
different lateral position on the map,

Furthermore, although the drawings dlusteate the
monitor display zooming to display state boundanies,
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and features, it should be further appreciated that the
present invention is by no means liruited o this degree
of resolution. In fact, the degres of resolution capable
with the present invention will be shown to be limited
only by the opersting system of the digital computer
200 with which the present invention s used, In one
demonstration, the monitor display has been shown ta
be able to zoom to resolution where the outlines of
streets were displayed. Even further degrees of resolu-
fion ave poussible as will be wmore fully umlerstood after
the discussions below,

In digitally mapping a large geographical srea {e.g.,
the earth) in detail, —especially in the degree of resolu-
tion mentioned above —, one should be able to appreci-
ate that the storage of digital mapping data sufficient to
accuratcly define all the geographical, political and
Quitural features would represent a tremendous digital
mapping database. In order to pravide a low cost map-
ping system haviag quick access time and allowing a
high degree of resolution, what is needed is @ mapping
system having an effective approach for arranging an
accessing the digital database. Prior art wmupping sys-
tems have been delficient in this regard.

The mapping system of the present invention utiiizes
2 new and extremely effective approach, which cag he
most easily understood using the following simplified
sxample.

In FIG. 4, there is shown the cross-section of a build-
ing 400, with a square hole 410 (shown in cross-section}
cut through the third level floor 4208, with a larger
square hole 430 (shown in cross-section) cut in the sec.

- ond level floor 440, and with = large square plece of

35

40

43

[
A

&0

&5

paper 456 (shown in cross~section) laid out on the first
level floor 460, Suppose it was desired o build up a
digital data base which could be used to reproduce a
digital map of the paper 450 with varying degrees of
resolution,

First, one would take the “relative viewing position”
A, and view the paper 450 through the square haole 410
in the third level floor 428, At this level. the paper 450
appesars small (FIG. SA}, and the degree of resclution is
such that the message appears orly as 2 series of dots. In
order to build up a digital mapping database, ihe visual
perception (FIG, 5A) i3 tmagined to be divided into
four egual quadrants 2, B ¢, d (FIG. 8B}, and visual
features appeating ixt sach respective area s digitized
and stored in a separate database file. Thus, four sepa-
rate database files can be utiized to repraduce 2 digital
map of the paper 450 as viewed from paosition A (FYG.
4).

In order to digitize and record data corresponding o
asecand (ot higher) degree of resolution, the next "rela-
tive viewing position” B (FIG. 4} is taken to view the
paper 450 through the square hole 438, At this level, the
paper 450 appears larger (FIG. #), and the degree of
resolution is such that the message now appears a5 a
series of Jines. At this second level, the map is imagined
as being divided into four times as many areas as the
first imaginary division, and then, the visual information
contained withia each area is digitized acd stored in a
separate database file. Thus, 1§ files can be used to
reproduce & digital map of the paper 450, as viewed
from the relative viewing position B {FIG. ).

In order to digitize and record data corresponding t0
a third {or higher) degree of resolution. the next “rela.
tive viewing position™ C (FI1G. 4) is taken o view the
paper 450. At this level, paper €58 now appears larger
(FIG. 7) and has visual features of higher resclution.
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The paper 458 is imagined as being divided into four
times as many areas as the second imaginary division,
and the visual information is digitized and stored. Thus,
64 files could be used to repraduce a digital map of the
paper 458, as viewed from the relative viewing position
C (FIG. 4).

Oncedigital data has been entered for the above three
“relative viewing positions” &, B, C (FIG. §), the digi-
tal mapping database contains 4-+ 1664 or 84 files
which can be conceptually envisioned as being ar-
rangwd in a pyramid structure as shown in FIG. 8. In
order to allow a wser to selectively display any desired
map sectiont at the desired degree of resolution, the
digital computer 208 must be abie to know which of the
84 files to access such that the appropriate mapping data
can be obtained. The present invention accomplishes
this by coacepiually arranging the files in 2 pyramidal
structure, and assigning a {ile name to each file which is
related both to the fHle’s position and ancestry within the

pyramidal structure. This can be more specifically de- :

scribed as fellows:

A file's ancestry can be explained using the iHusira-
tions of FIGS, 5B, 6 and 7. In FIG. 5B, the paper 450,
as viewed from “‘refative viewing position™ A (FIG. 4},
is subjected to an tmaginary division into four quadraats
4 b, ¢, nad 3. Quadrants &, b, ¢, d are related to one
another in the sense that it takes all fourx sreas to repre-
seat the paper 459: hence gquadrants a. b, ¢, d can be
termed as brothess and sisters,

F1G. 6 is sn illustration of the paper 458 as § appears
from the relative viewing position B (FIG. 4). with the
paper 458 being subjected to an imaginary division into
16 areas. Note that the areas ¢, {, g, & (FIG. 6) represent
the ssme srea of paper 456 as the quadrant & {F1G. §B).
in effect, quadrant a has been anlarged (to show a
higher degres of resolution) and divided into goadrants
g, §, g h. Thus, it can be said that gradrant 1 {FIG. 5B)
is the parend, and that quadrants ¢, f, g. b {FIG. 6) are
brothers and sisters and the offspring of ancestor s.
Similar discussions can be made for quadrants b, ¢ and
d and the remaining srea of FIG. 6.

FIG. 7 is an tlustration of the paper 450 as it appears
from the relative viewing position C (FIG. 4). with the
paper 480 being subjecied to an imaginary division into
64 areas. In a manner similer to the discussion above,
note that areas s, t. w, x {FIG. 7) represent the same area
of paper 454 35 the quadrant h (FIG. ). In effect, qnad-
rant h has been enlarged (0 show a higher degres of
resolution) and divided into quadrrats s, t, w, X. Thus, it
can be said that quadrant a {F1G. SB) iz the grandpsr-
ent, guadrant h (FIG. 6) is the parent, and quadrants s,
t, w, x {FI1G. 7) are the brothers and sisters and offspring
of ancestors a and h.

As described previously, ouce FIGS. §B, 6 and 7 are
subjected to the imaginary divisions, the visual informa-
tion ia each area (or quadrant} is digitized and stored in
a separate file. The €4 resulting files cant be conceptuatly
envisioned as the pyramidal structure shown in FIG. 8.
Int FIG. 8, dashed lines are utilized to show the lineage
of the fles just discussed.

FIG. 8 is further exemplary of oxe file naming operi-
tion which can be utilized with {he present invention.

At the tap of the pyramidal structure (FI1G. 8). each
of the four quadrant files i3 arbitrarily assigned 2 differ-
ent character. A, B, C, D, (Note; The characters as-
signed are not critical with regard to the invention and
hence it should be moied that any characters can be
assigned, g, 0,1,2.3, etc.}
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In moving down one level in the pyramidal struc-
ture,, the filenames for each of the respective files on the
second level s increased 1o two characters,

In calculating the filenames, it is convenient to first
divide the second level fies into groups of four, aczord-
ing so parentage. To maintain a record of ancesiry, the
ancestor filename of each file is maintained s the first
part of the filename. In determining the seednd past, the
naming protocal which was utilized to name the quad-
rant {ies of the top leved, s aiso wtilized in naming the
respective quadrant files on the second level Thus,
parent file A is shown as being related to descendent
(..., brother and sister) files AA, AB, AC, AD, Similar
discussion can be made for the remaining filex along
these two level.

A similar process can be wiilized in providing the
vrique filenames to the third level files, At this leved, the
filenames consist of three characters. Again, the ances-
tor filename of each file would be maintained ax & fest
filename part, in order to maintain a record of ancestry.
In the exampie illustrated (F1G. 8), pareat file AD s
shown as being refsted 1o descendent {i.e, brother and
sister} files ADA, ADB, ADC, ADD, Simiiar discus-
siong can be made for the remaining files along theve

S two levels, and furthermore, similar discussions can be

made each time a pyramidal level is added.

From the above discussion. one should be able fo
realize that the abovesdescribed naming convenuion is
particularly useful in programming a digital computer
to move through the pyramidal file structure 10 access
the appropriate data sorresponding {0 varying degrees
of resolution. More particalarly, one should be able to
realize that, since file names increase one character in
iength each time there is 3 downward movement
through the pyramidal structure and the protaeot for
naming desceadent files is known, the digitsl computer
can be programmed to quickly and casily access the
appropriate files for a smaller mepping arca with 2
greater degree of resolution. Similarly, one should be
sble to realize that, since the filenames decrease one
character in length each time there is. an upward mave-
ment through the pyramidal structurs, the digital com-
puter can be programmed to quickly and casily access
the appropriate fiies for a greater mapping area with a
smaller degree of resolution.

The following exaraple is believed to provide an
increase in the understanding of the present invention.

In the example, it is assumed that the digital database
corresponding to the three resolutions of the paper 430
{as shown in FIGS. 4, 5A-B, 6, 7} have been loaded 0
be accessible from the memaory mass storage device, and
fucthermore, 1t is assumed that the mappiog system is
programmed to initially access and display a digital map
corresponding to the diginl mapping daia in the files 4,
B, €, I {FIG. 8). Thus, the monitor {FIG. 9B} would
display (in low resointion) the entire area enclosed
within dished portion 9010 ilustrated on the paper 350
(FI1G. 89A). (Note: The reproduction of a digital map
from digital data from several different files or sources
is well-known in the art and is not the subject matter of
the present {nvention.)

Suppose the user notices the dotted area pn the low
resolution map sad wishes to invesiigate this area fur-
ther. By usiag the appropriate keys (8.8 ", &, o) )
andd/or a mouse device. & user <an give the mapping
system an indication that he/she wishes to see the
smaller area fie. quadant A} at a bigher depree of
resolution, Upon receiving this preference, the mappiag
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system can use its knowledge of the file naming opers-
tions to quickly determine the names of the files which
must be accessed. More specifically, using A as the
parent file name and following the existing quadrant
aaming protocol the mapping system is quickly and
easily able to calculate that it is files AA, AB. AC, AD
which it needs t0 access. Once these files are accessed,
the monitor in FIG. 10B displays {in bigher resolution)
the ares enclosed within the dashed portion 1000 as
tlustrated on the paper 450 (FIG. 18A)

If a user is stilf not satisfied with the degree of map-
ping resolution, the user can again use the appropriate
keys or mouse device to indicate that he/she wishes to
see the smaller area {e.g., quadrant I; FIG, 10A)ina
higher degree of resolution. In using AD as the parent
flenarue and following the existing quadrent naming
protocol, the mapping system is quickly and easily able
ta calculate that it & files ADA, ADB, ADC, ADD
which it needs to access. Once these files are accessed,
the monitor (FIG. 11B) displays {in higher resolution),
the arez enclosed within the dashed portion 1100 as
Hustrated on the paper 450 {FIG. 11A).

One skilled in the digital mapping aod computer pro-
gramming art should recognize that “scrolling™ or **fly-
ng” to different lateral “refative viewing positions™ to
display a different lateral portion of the map & also
provided by the present invention, Tnstead of adding or
removing filename characters as in a change of resolu-
tion, in this instance, the mapping system must be pro-
grammed o keep track of the fillenames of the current
positior and also, the orderly arrangement of filenames
sa that the appropriate fllenames corresponding to the
desired latesal position can be determined. As an exam-
ple if the user desired to scroll to the right border of the
paper 458, the mapping system would respond by ac-
cessing and causiag the monitor to display the digital
maps corresponding to the following sequence of files:
{Note: In this example, it is assumed that it takes 4 files
to provide sufficient digital date to display a full digital
map on a monitor) ADA, ADR, ADC, ADD; ADB,
ADD, BCA, BCC; BCA, BCB, BCC, BCD; BCB,
BCD, BDA, BDC; and BDA, BDB, BDC, BDD. If the
user, then desived to scroll 1o the bottom {right corner)
of the paper 458, the mapping system would respond by
acceasing and cawsing the monitor to displsy the digital
maps corresponding to the following files BDA, BDB,
BDC, BDD; BDC, BDD, DBA, DBB; DBA, DBB,
DBC. DBD; DBC, DBD, DDH, DDB: DDA, DDB,
DRDC, DDD. In effect as all of the files in the above
example correspond w the sarae level of resolution all
these files {and any group of files which exist on the
same level of resolution) can be tuken as being related as
COUSIRS.

FIGS. 94, 10A, 11A can also be used to illustrate the
operation of moving toward the displey of a larger
mapping area with a lower degree of resolution,

Assume that after lateral “scrolling” or “flying”, that
the monitor is now displayicg {not shown} a digital map
corresponding o the enclosed area 1110 shown in FIG.
11A. {(Note: at this position the mapping system is ac-
cessing and display a digital map corresponding to the
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the mapping system is programmed to quickly deter-
mine the names of the files which must be sccessed.
More specifically, the mapping system is able to ook at
the first portion of the filenames currently being used
(L.e., DCA, DCR, BCC, DCD)Y, to immediately deter-
mine that these files have the aacestry DC, i.e, havea
grandfather D and 2 parent DC. The mapping system
then imumediately determines brother and sister files of
parent file DC as being DA, DB and DD. The mapping
sysiem then accesses these files and causes the monitor
1o display a digital map (rot shown) corresponding to
the exclosed portion 1010 (FIG. 10A} of the paper 450.

Suppase the user sgain indicate a preference to cause
the “relative viewing position” zoom upward. Upon
receiving this preference, the mapping system again
goves through a process similar to that discussed immedi-
ately above. However, this time the mapping system
looks at the flenames currently being used {(ie., DA,
D8, DC, DD and determines that parent {ile D has
brother and sister files A, B and C. The mapping system
then immediately sccesses these files and causes the
monitor to display a digital map (FIG. 98) comrespond-
ing to the enclosed portion 900 (FIG. $A) of the paper
4350,

The text now turns to a description of the operation
for assigaing unique filenames in the currently preferred
embodiment, le., it a digital mapping svstem which s
implemented in 2 DOS operating system.

Asg anyone skilled in the computer art will know.
svery computeroperating system has its own unigue set
of rules which must be foliowed. In an implementation
of the present invention in 3 DOS operating system. the
DOS rudes must be followed. Since a eritical feature of

. the prescat invention is the division of the digital msp-

ping database into a plurality of files {zach having a
unique flename), of particolar concern with the present
invention is the DOS rules regarding the naming of
filenames.

A DOS filename may be up to eight (&} characters
long, and furthermare. may contain three (3) additional
trailing characters which can xepresent 8 file speciiica-
tion. Thus, 3 valid DOS filepame can be represented by
the following form:

where """ can be replaced by any ASCII character
{including blanks), except for the following ASCII
characters:

SRR
and ASCII characters below 20H. The currently pre-
ferred embodiment siays within these DOS filename
rules by using the flle naming operations which asre
detailed below.

Because the assigned filenames will be seen w be
related to hexadecimals, 3 useful chart containing the
hexadecimal base and also a conversion list (which will
be shownto be convenient ahead), is repreduced balow:

L

digital data in the files DCA, DCB, DCC, DCD). Sup- Cuduron 1 Columa 2 Coluren 3
pose the user now wishes to cause the “relative viewing woos o G
pasition” to zoom upward, such that the monitor will G003 H H
display a larger portion of the paper 450 at a [ower 65 90i¢ 2 ¢
degree of resalution. By using the appropriate keys or a g:éé i é
mouse device, the user ingdicates his/her preference to 9101 M L
the mapping system. Upon receiving this preference, 0110 4 M
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The first colummn contains a list of all the possible 4-bit
binary combinations: the second column contsins the
hexadecimal equivalent of these tinary numbers: aad

the third column coacerns a “mutant-hex” conversions *

which will be shown to be important in the discussion to
follow. In the operatidas to sssign saigue filenames for
ase in 4 DOS operating system, the present inwention
looks at cach of the eight DOS filename characters as
hexadecitnal characters rather than ASCH charsciers.
Hence, while the following discussion will center
arcund determining unique fienames using hexadecimal
(and "mutant-hexadecimal”™) characters, it should be
onderstood ir an sctusl DOS implementation, the hexy-
decimal flenames must be further converted into the
equivalent ASCIY chacacters such that the appropriate
DOS file numing rules are followed,

At this pomt, it 15 alo useful fo notz that the file
naming operation of the preferred embodiment is not
cancerned with the trailing three character fllename
extension. However, it should be further noted that this
three cluirzcter filename extension may prove useful in
specitying data from different sowrces, and allowing the
different rypes of data 10 reside bo the same databuse. As

examples, the filensme exiension “.spm™ might specify 3

data from scanned paper maps, the fllename extension
“si” might specify data from sateflite imagery, the file-
name extension “.ged” might specify gridded elevation
data, etc. )

As a result of the foregoing and following discus-
sions, it witl be seen that the naming operation of the
preferred embodiment 15 concerned only with 3 file-
name of the following forne

where zach *~" represents a character which (s a hexa-
decimal character within the character set of Y0~5" and
“A-F”, or is a “mutant-hexadecimal” character within
the character set of “G-V™.

Seversl mere important file auming details shoudd be
discussed.

First, it should be pointed out that the frst four (4)
filename characters is designated ag corresponding to
the “s" coordinate characters, and the last four (4) file-
name charscters are designated as correspoading to the
“w coordinate characters.

Second, during the file naming operations, often it is
necessary {0 convert the fllename characters inte the
equivalent binary representation. As each hexzdecirual
character can ba converted into a four bit binary num-
ber, it can be seen that the first four (4) filename charac-
ters {designated as “x” caordinate characters) can be
converted tato sixteen (16) binary bits desiguated as “x™
bits, aad simifarly, that the fast four (4) filename charac-
ters {designated as “y™ coordinate characters) can be
converted into sixteen {18) binary bits desipnated as “y*
bits. As will become more appatent ahead, each of these
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sixteen (16) “x™ and **y"’ bits corresponds to 2 filename
bit which can be manipulated when assigning filenames
at a corresponding magnitude or level of mapping reso-
lotion, ¢.g., the first “x” and fixst *y” bits correspend to
{lensme bits which can be manipulated when assigning
unique filenames at the frst maguitude, the second “x™
and secomi “y* bits correspond o filename bits whick
can be manipulated when assigning unique filensmes at
the second magnitpde, ete.

Third, FIG. 12 corresponds 16 the naming protocols
which are utilized to madify snd relste a parent file-
name to four (4) quadrant {llensmes. Note that there is
2 two-bit naming pratocol in gach of the quadrant (Hes.
As will become more clear ahead, the first bit of each
protocol determines whether the current ¥x* filename
bit will be modified {1.e., if the fizst provocol bitisa " i,
the current “x” filename bit is changed 1o 3 “17, and i
first protocol bit is a 0", the currem “X” filename bit i
maintained as 2 <07}, and the second bt determines
whether the current “y" filename bit will be meodified
(in a similar manner),

The text now turas to 3 file naming exsraple wiich is
believed to provide further teachings and clarity to the
currenily preferred file naming operstion.

FIG. 13 is an illustration of a portion of the preferred
digital dats base, with the plirality of Rles (partially
shown} being arranged in 2 conceptual pyramidal man-
BCr i a maaner similar to that which was described
with reference to FIG. 8. More specifically, there are
shown four files 1300 having digual data correspondiag
to a fisst lovel or magnitnde of mapping resolution,
sixreen files 1310 having digital datz corresponding to
second fevel or magnitude of mapping resolution, sixty-
four files 1320 having digital data cotresponding to a
third level or magnitude of mapping reselution, sud a
partial cut-away of a pluratity of fles 1330 having data
corresponding to 8 fourth level or mugnitude of map-
ping resclution. ARhough not shown, it is to be under-
stood that, tn the preferred embodiment, additional
pyramidal striscture corresponding to levies magnitudes
five: through sixteen simifarty exist. As examples of the
file naruing operation, fleaames will now be calculated
for the files which essentially cocupy the same pusitions
as the files which were cutlined in FIG. 8.

We begin with the initalizing eight (8) character
filenaine:

3] 9 3 8 G 5} ¢ 3

which can be converted to the binary equivalent:

o000 GORG A0 0O OB Q¢ e OO

This binary representation is the hasie foundation which
will be used to calculute al} of the filenares for the files
on the first level (1300). Note, that the first and last four
filename characiers, and the first and last sixteen bits are
shightly separated in order (o conveniently distinguish
the “x" and “y™ coordinate charxcters aad bits. Both the
first {feftmost) “x” bit and the first (leftmost) “v” bitare
the hits which can be maaipulated in assigning a unigue
filename to the files on the first evel.

File paming begins with the first {upper-rightmast}
file on the first level 1308. The naming protocal as
signed to this guadrant file is the iwo-bit protocad “1G™.
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As the first protocol bit is & 1", this means that the
current “x" bit must be changed ta 3 1%, As the second
protocol hit is a 07, this means that the current “y™ bit
is maintained as a 0", As a result of the foregoing, the
first (upper-rightmost) file is assigned the filcname hav~
ing the binary equivalent of!

000 0000 0000 000G VO 0000} [$a¢ 8] 2000
which can be converted o the hex charscters:
& ¢} ¢ ¢ s [#) [¢] a

In proceeding clockwise, next is the second (lower-
rightmost) {ile on the first level 1300, The azming pro-
tocol assigned to this quadrant file is the two-bit proto-
col “{1". As the first protocol bit is a “1", the current
“x” bit is changed to 3 “I”: similarly, a5 the second
protocof bit is & “17, the current “y” bit is changed to a
“I”. As a result of the foregoing, the second {Jower-
rightmost) file is assigned the filename having the bi-
nary equivalent of:

00 000G 00 0000 1000 000 0000 9000

which can be converted to the hex charscters:

Coatinuing clockwise, next is the third (Jower-leR-

most} file oa the fixst level 1300. The pamiug protoco} 3

assigned to this guadrant file is the two-bit protocol
“01". As the first protocol bit is a 0", the current “x”
it is maintained at 0. As the secand protocol bit is s
17, the current “y™ bit is chenged to & “1”. As a result
of the foregoing. the thied (ower-leftmost) file is ss-
signed the flsname having the binary equivalent of:

DO0G  DOGG 000G 08 1000 2000} o0 D0
which can be converied to the hex characters:
G 8 g @ % ] 0 0.

Finally, there is the fourth {upper-leftmest) file on the
first Jevel 1300. The naming protocol sssigned to this
quadrant is the two-bit pratocol 007, As neither of the
protocol bis iz a 17, it can be easily seen that neither of
the current “x” and *'y" bits changes, and hence, the
fourth (upper-leftmost) file is assigned the filename
having the binary sguivalent of:

OGN NOOD D003 0ODB DDOR OOOn 000D QDD
which can be converted to the hex characters:
........ — - - - - - -

In further discussions of the example, it iy importang
to note that the inttiafizing {8} character filename of
0000 0000 (which was atilized to calculate the filesames
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of the files on the first level 1300} is not utilized in as-
signing Hlenames on subsequent levels, In naming files
from the second level or magnitude downwsrd, the
hinaty equivalent of the parent flle's name is utdized as
the foundation from which the descendent de’s name is
derived. It is only coincidental that the filename of the
parent file 0000000D {located w the user-left most cor-
ner of the fiest level 1300) i3 the sane as the initializing
filename. Use of the parent’s filename to calculate the
descendent’s fllename will become more readily appar-
ent ahead in the example,

In continging the file naming example, the fowth
{upper-leftmost) file (having filename 00000000} in the
first level 1308 can be viewed as being the parent file of
the four ¢highlighted) quadrant files in the second feved
1310, As stated above, the binary equivalent of parent
file’s DOO0O000 name is utilized as the foundstion for
calculating the descendent file's filenames. At this sec-
ond level or magnitude, the second “x” and “y™ hits
from the left in the parent’s binary filename are taken as
the “current™ bits which can be manipulsted to provide
3 unigue filename for the descendent files.

As the calculation of the filensumne for the fourth (ap-
per-leftmost) file of the second level 1310 iflustrates a
very fmporsant modification in the file naming opera-
tion, the example will first continue with discussions
carresponding to this file. .

As the paming protouo] assigned 1o the fourth (spper-
feftmost) iile of the second level 1318 is two-bit proto-
ool “Q07, it can be seen that neither of the current “¢*
and “y” bit wounld be changed. Hence the parent’s file-
name 00000000 is unchanged, and is attempted to be
adopted 2s the descendent’s filename, However, note
that this is extremely undssirable as the aperation of the
present fnvention is based on assigning each datu file o
vuigue filename, and fuorthermore, 8 DOS operation
system will not allow the same filename 10 be assigned
to two different files. To avoid this clash. the preferred
file naming operation of the present invention incor-
prates a further step which can be detailed as follows:

First caleulate the filename a3 explained above. Once
the bipary filename is obtained, convert to the eight
character hexadecimal equivalent.

Next, ke the decimal number of the carrent leval or
magnititde and subtract one {1) to result in a decimal
magnitude modifier. Convert the decimal magnitude
modifier into a four-bit binary magnitude modifter, and
tine these four bits up with the four hexadecimal »x"
filepame characters. Whenever a 1" appeats in the
binary magnitude modifier. the corresponding aligned
“x" filename character is coaverted to 2 “mutant-hex-
adecimal™ character. Le, sdecimal 16 value is added to
convert the aligned filename character into a one of the
“mutant-hexadecimal® characters in the character set of
“G-V,

Conversions from a hexadecimal charscter te R “nu-
tant-hexadecimel™ character can be most resdily made
using the chart detailed above, As an cxample, if desi-
mat 16 is added to the hex character “0” {Column 2},

. there is a conversion to the “mutani-hexadecimal™ char-

acter “G"” {Column 3). Similarly, if decimal 16 is added
to the hex charscter 1 (Column 2), there is 2 conver-

si0n to the “mumtant-hexadecimal” character *H™ {Col-

wmn 3). Similar discussion can be made for the remain-
ing hex and “mutaat-hexadecimal characters in the
chan.

Once correspondingly aligned filename characters
are converted to “mutant-hexadecimal”, the resuitant
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eight (8) characters correspond to the file's unigue file-
name.

The above processing will now be applied to the
fourth (upper-rightmost) file of the second level 1310
(which was recently discussed sbove) The resuliznt
binary filename:

R

v

20

Only the fourih bit of the binary magnitude madifier is
a **1", so only the fourth “x" flcname character needs
to be converted to "mutant-hexadecimal”, Frem the
chiart, the hesadecimal charvacter “O s shows to con-
viert 1o a “mutsns-bexadeciosl™ ohsacter “G* Thus,
the unigue filename which is assigned o the first (upper-
right~quadrant) file of the second level 1310, is:

OO0 OGe OO O3 1O OBt o0 GOonY
10 4 6 G G 8 G 8 3
is converted to the hex characters: '
Turning now 1o the second (lower-right-quadrant} file,
3 P S o Py S P S this file is assigned the two-bit naming protocod P17,
X The fisst protoco! bit is a “17 which indicates that the

The level or magnitude two (2} minus one (1} resuls in
2 decimal magnitude modifier of one (1). The deciinal
magnitude modifier ts converted to the four-bit binary
equivalent and is eligned with the "x™ filename charac-
ters above, as follows:

Only the fourth bit of the binary magaitude modifier is
2 1 so only the fourth x™ filename character needs
to be converted {0 “mutant-hexadecimal”, From the
chart, the hexadecimal characier “0” is shown 1o con-~
vert to 8 “mutani-hexadecimal™ character “G™. Thus.
the unique filename which is assigned to the fourth
(upper-lefunost) file of the second level 1318, is

¢ ¢ G V] & 4 0.

[

In continving the example to calculate the flename
for the first (upper-right-quadrant} file of the second
level 1330, It can be seen that this file is sssigned the
two-bit naming protocal <17, The fisst protocol ditis a
“1” which indicates that the current {second from the
ieft) “x™ bit of the parent file’s binary flename must be
changed to a “17, In contrast, the second protocol bit is
a 0", which indicates that the currens (second from the
left) “y™ bit is maintained as *0” Thus the parent file-
name:

20 DX DUO0 2000 {000 [t ey [rER ] e )
ts converted to:
O0G 0000 0000 DK 6000 OO0 OO0 (o0
which resuits in the hex characters:

3 G ¢ ¢ o @ o Q

The level or magnitude twe (2} minus one (1) resulis in
2 decimal magnitude modifier of ene (1), The dacimal
magnitude madifier is converted to the four-bit binary
equivalent and is aligned with the “x” filename charac-
ters above, as follows:
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S current {second from the left) “x™ bit of the parent file’s

binary fiiename must be changad to 2 17, and similacly,
the second protocof bitis a2 “1%, which indicates that the
current {second from the left) v bit of the parent file’s
binary filename must be changed 10 a “1”" Thus the
parent filenamer .

GoDG (0D CODG 0000 0000 OB 0D o000
is converted to:
HOY 003 (603 0000 0100 0000 000G DN0
which results in the hex characters:

4 7 1 ¢ 4 o o 8

The level or magnitude two (2) mirus one {1) resulis in
2 decimal magnitude modifier of one {1). The decimal
magnitude maodifier is converted 10 the four-bit binary
equivalent and is aligned with the “x” filename charac-
ters above, as follows:

Only the fourth bit of the binary magnuude modifier is
a 17, so only the fourth “x” filename charactar needs
to be converted to “mutant-hexadecimal”. From the
chart, the hexadecimal character *'8™ Is shown 1o can-
vart {0 2 “mutant-hexadecimal’” character “G”. Thus,
the unique filename which s sssigned to the second
tlower-right quadrant) file of the second levet 1310, is:

]

»~
£
L=
o

In applving the above operations to the thixd (ower-
left-quadrant) file of the sccond jevel 131, it can be
eastly calculated that the resultant filename is:

G 4 3 3 3.

The example of the file naming operation is further
extended to the third level or magsaitude. as this exam-
ple is iffustrative of both the use of the parent file’s
binavy filename to calculate the descendent’s filename,
and the removal of “mutant-hexadecimal™ conversions
before calculating the descendent's Hlename.
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In FIG. 13. the third {Jower-right-quadrant) file of The filenames for seversl additional thizd level fes
the second level 1310 is shown as being the parent of the will be given to give the patent reader further practice.
four {4) quadrant files highlighted in the third level or In applying the above operations to the first {uppet-
magnitude 1320 right-quadrant) fle of the third level 1320, it can be

The discussion centers on the calculation of the S easiiy calculated that the resultant filename is:
unique filename for the second (lower-right-quadrant}
file in the third level 1320, Before the parent filename
wan be used as the foundation for calculating the descen-
dent’s {Hename. all “muwnt-hexadecimal™ conversions
must be removed, Thus the parent filename: 10 In applying the above operations to the third Jower-
left-quadrant} file of the third level 1320, it can be easily
calculated that the resultant filepame is:

8 4 G 3 4 ] 3 .

15 4 b} G 0 § Q 3 [+

Finally, in spplving the above opermtions to the
4 Q g 2 4 { 9 . fourth {upper-left-quadrant) file of the thisd level 1320,
it can be easily calculated that the resuitant fllename is;

whieh is further converted fo the binary equivalent: %0

DIOD D000 DOC 003 G0 0000 Q000 0000 s L & 6 A L5 S G

gt e omtonlation  thi . or. 25 As a result of all of the foregoing iecachings, one
d;&?r-;gxgggﬁ}?; ::i?;i:g‘iﬁ’e ;?;i;ﬁr 22?:&2;;:;- skilled 3n the art should now be able to calculate the
“tocol “117. The first protocol bit is a “1* which indi- filename of any other of the L4 hillion files which
cates that the current (third from the left) “x" bit of the  ¥Ould be required to provide digital maps correspond-
pareat file’s binary filename must be changed o & “17, ing to sixteen (16) resolutions of any geographical area
and similarly, the second prosocol bit is a “1, which 30 OF canth. Furthermote, once a file s being accessed, by
mdicates that the current {third from the left) *y” bit of oo grsmn ing the ?h?}se;n Og“ at;on;o lti ?)e f:b?am«
the parent file’s binary filename must be changed to 2 ing operation one i Lae axe show '*‘ e fo
%17 Thus the parent Gl o calculate any other related files, te., parent files. and
© o P cAame: brothersister/cousin files.
) 3% While the unique approach for storing and accessing
DIOC OO0C 0000 OO0 0100 000 000G 00D files in the pyramidal file structure has been particularly
pointed out. further discussion 18 needed as to 3u addi-
tional advaniegeous feature of the present invention.
As mentioned previously, the creation of a digital
] ) 40 dstabase is a very tedious, lime consuming and expen-
SID 0000 0000 0000 OLI0 Q000 0000 000 sive process. Tremendous bodies of mapping data are
available from many important mapping authorities, for
example, the U.S, Geological Survey {USGS), Defense
Mapping Agency (DMA), National Aercnautics and
45 Space Administration (NASA), efc.
" Y Y a % 2 P 0. The maps and mapping idformation produced by the
?bove recited agencies, is always ba.}ed on well esta;:-
i appi ‘ ivisions. A W ax
The level or magnitude three {3} minus one (1) resulis in Dsch;‘;isf 'j\iﬁ:;ﬁnte::mc?%gM;)aprxuz:?:g: atng
a decimal magnitude modifier of twa (2). The decimal 55 papping information based on the following mapping
magnitude modifier is converied to the four-bit BINRTY  srezs: GNC maps which are 2°X2°: INC maps which
equivalent and is aligned with the “x” filename charac-  yre 17 1% ONC maps which are 30°x 30" TPC maps

is converied to:

which results in the hex characters;

ters abave, as follows: which are 15" X 15'; and JOG maps which are 7.5' X 7.5".
As a further example, the US. Gealogical Survey
5 P’ T P 55 (USGS) also produces maps and utilizes mapping infor-

mation based on 15X 15 and 7.5 x 7.5
In terms of both being able to casily utilize the map-
Only the third bit of the binary magnitude modifier is 2 ping data produced by these agencies, and represent an
“1", so only the third “x” filename charscter needs tebe  attractive mapping system to these mapping agencies, it
converted to “mutant-hexadecimal”. From the chart, 60 would be highly desirable for the mapping system of the
the hexadecimal character “0” is shown to convert10a  present invention to be compatible with sll of the map-
“mutant-hexadecimal™ character *G”. Thus, the vnigue ping formats used by these respective agencies. Such is
filename which is assigned to the second (lower-right-  not the case when the mapping database is based on a
quadrant) file of the third level 1320, is: graticule system correspoading to 360°
85 If one were t0 apply multiple guadrant divisions o
the 360" X 180" flal map projection of the earth (FIG. I).
one would result in the following mapping area subdivi-
sions:
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 Level of qundrant div.: Hosultant mupping ares
{ {4) I N W
2 {18) A X 85
3 f6d) 458 X RS
4 G5ey 2.8 W 11287
b (R 1128 = 56257
ete.

Note that these mapping area subdivisions are very
awkward, and do not match any of the well setiled
mapping area subdivisions. (It should be further noted
that no better results are obtained if the initial wap
prajection is imagined as being 8 360° X 36(° sguare
instend of a rectangle.)

In order t@ svoid these awkward mapping subdiviv
sions, and result in quadrant divisions which precisely
match widely ased mapping area subdivisions, the pres-
ent invention utilizes a unigue initial map projection.

More specifically, as can be seen in F1G. 14, the pres- 2

ent invention mitially begins with a unique S12°X512°
initial map projection. Shown centered i the
$12°% 512" map projection is the now {xmiliar
360° X 1%0* flat projection of the surface of the carth.

-Although the 512°X:§i2° projection initially appears ?

awkward and a waste of map projection space, the great
sdvantages which are resultant from the use of this
projection will become more apparent i the discussions
to follow.

To add in this discussion, provided on the next page is
8 chart which details these iraportant advantages a5 well
as other useful information regarding the use of this map
projection.

]
el

30

24
less complicated, the non-DOS file naming operaticn
will be used in the discussion,

The digital mapping of the sarth surfsces begins in
FIG. 4. The visusl perception of the carth surfaces is
experienced as belug centered, and occupying only 2
portion of the $12°X512° projection. A first quadrant
divistor is applied 1o result tn four equal 258" 25%°
mapping arsas. The visual information in each of the
areas is digitized, and stored in a separate file, Thus, it
cande seen thit one would have to access four files a, b,
¢, d 1n order to reproduce » digital map corresponding
1o the earth surfisces as viewed from this “relative view-
ing position.”

One skilled in the art, might, at this point, wender if
the wmassive blank portions of the §12° X S§12° projec-
tions result in Jarge blank portions on the digital map
display. The preferred embodiment svaid this phenom-
ene, through a simple waichdog operation, te., the
computer is programmed to keep track of Jougitudinal
and latitudinal movements from an initial position of O°
longitude apd 0° ladtude, and the computer does aot
altow serolling of the monitor dispizy beyond 90° north
or south.

As to side to side movementis, the computer atlows
ssrolling beyond $180° east or west by patchiug the ap-
praoprinte datz files together to perform a ‘“wrep
around™ operation. Note that, with the knowledge of
the logical file maming operation, the computer can
quickly and sasily calculate the appropriste files to
acCess.

Before moving to the next level or magnitude of
mapping resolution, it is beneficial © note the corra-
spordence between our Mindings and the enties in the

IQLIVALENCY CHART FOR DELORME PROIECTION
Chary essumes 5% statwe milss per degoee ot aguatos
&

Windowss

Ht of MaG Pixnl Data reso- Stze of
MAG- ; wirndne 8t o«f # ./ polar resviution.  Jution {fo) Equivalant  paper map
Ni- Windaow Size statute window Windows whm- 430 monitor  24-hased Fapes Map  image at
TUDE  without overisg mifes Klnmetess  par MAG pression. (2] window Scaies  aquator {is)
13 EALSG T Vrens WATL B! 4 1080
2 128 e 128 ¥32 £4231 g g 45540

3 AN o i 4 ¥ 88876 2T 130G million. 28 N 2.8
4 xR 3383 2 3124288 11435 3:560 million 2.4 28
5 X 167 778 38 288 12sd 5693 Eddmileon 2. a3
4 8 388 1182 35 er 1446 108 miltion 2 2
7 X 4° 444 4232 32 W0 1423 E10 witfion LY & L7
g S X2 233 15200 12308 15818 Mz L3 miifon 3 3.3
3 £ i1 S4R00 210 THS 356 12 milion 3 12
1 Y 3% 158000 0%340 380 t7g 1l mfifion 22 X 22
11 [ 7R 1036%20 13600 13 a% LSOGMG 22 X 22
i2 7.8 13.9 S147200 ATTA4)Y 25 4 1250000 2.2 X 22
12 R 6.5 1653830¢  [3HNTHD 374 2 OO0 I XD
: 00000 173 X 2

1) 34 4

4 L3FS % LRYY Lise 33 SEISSIG 243900 27 1t 22
Ke LI ksl

] 34 % 3%

5 DIITY X £9ITY LO7S 13 NSO} 2HTIEEER 1Ly 58 24000 XS ¢ A8
320K 34 X 14

36 D.4687Y X CAG37E {3530 {8 IQ166R3200 830024640 59 2.8 BIZ0D0 2% X 2.8

The best way ta see the advantages of the S127 2 512°
mapping projection, is to use ft with the previously,
taught, guadrant division and pyvimidal file structure to
show how this unique mapping projection wan provide
digital maps of any geographical arens of the eaxih, with
16 levels or magnitudes of resolution. As it is shghtly
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above-indicategd chart.
in looking at the left-most column, and tracing down
10 magnitude 1, note that the 256° X% 256" window size

65 exactly matches our determination, Furthermore, noie

that our findings is also in agreement with the number
of widows ie, 4. It is also interesting o note from the
third colums, that the height or “relative viewing posi-
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tion"” of this megnitude or level would be 17, 664 statute
miles ebove the earth's surface.

Turning now to the second level or magnitude of
resofution (FIG. 18). a further quadrant division is sp-
plied, resulting in sixteen (16) mapping areas of
128" 128°. The respective filenames which are as-
signed to each of the mapping areas is shown. In view-
ing F1G. 15, note that there are eight {8) mapping areas
which are not intersected by the earth’s surface. In
order to save valusble memory space, the preferred
embodiment will ignore, and in fact will never create
these files. Note that there is 00 use for these files as
they do not conmin any digital mapping data nor will
they ever have any descendents which hold mapping
data. In order to implement this “file selectivity”, the
preferred embodiment agsin utilizes a watchdog ap-
proach. More specifically, as the compuier already
knows the degree (*) size of the carth’s surface and the
degree (") size of each of the mapping aress (i.e,, ateach
level or magnitude of resclution}, it can be seen that the
computer can easily calculate the filenames which will
not intersect the earth's surface.

Again it is useful 1o correspond our findings with the
entries in the chart.

Qur findings are substantiated, as, at a magnitude of 2,
the window size is shown as being 128 £ 128°, and
there are shown ta be eight (8) pertinent windows or
files at this magnitude. Again, it is interesting to note
thar the height or “relative viewing position”™ of this
window would be 8,832 statute miles above the earths
earth's sur{ace.

It is mportam to note that, although the “relative
viewing position” of each fevel or magnitude is moving
closer to the earth, the visual perception of the earth (as
seen in FIGS, 14-19 is not illustrated as getting larger
with a greater degree of detail. This is because or the
paper size limitations.

In the third level or magnitude of resolution (FIG.
16). a further guadeant division is applied, resulting in
sixty-four (64) mapping areas of of 64° 64", As the
projection is beginning to represent a large plurality of
mapping aress, the Blennoes have been ommitted.
However, it should be understood that the filename
assigned to a respective file in this and subsequent de-
grees of resclution, can easily be calculated by follow-
ing the previously described file naming operation. In
this projection, it can be seen that 40 mapping aress or
files are niot used, resulting in 24 files which contain the
digital mspping data of this resolution. Note that the
observed window, and used files again correlates to the
entries in the chart. Furthermore, it can be seen that the
height or “relative viewing position™ is at 4,416 statute
miles above the earth.

Further quadrant divisions and the corresponding
data can be seen in the FIGS. 17-19 and the chart. From
the foregoing discussions, prior teachings, and dats
from the chart, one skilled in the art should be able to
quickly appreciate that a mapping sysiem can be oon-
structed which can provide digital maps correspondiag
to a plurality of resolutions, of any geographical area of
the world.

The chart cen now be used to observe the tremen-
dous advantage provided by the 512°X 512" projection.
In the second column of the chact, one can view the
sizes of the mapping area divisions which are produced
as a result of the continued gquadrant division of the
512° X $12° projection. One skilled in the mapping art
will be able to fully appreciate that the resultant map-
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ping area divisions exacily correspond to well settled
and widely used mapping area formats.

Having described all of the important operations of
the present invention, the following further conchs-
sions, comments and teachings can be made.

With the mapping system of the present taveation,
the mappiag data are structured at each magnitude o
level into windows, frames or tiles representing subdivi-
sions or pariitions of the surface area at the specified
magnitude. The windows, frames or tiles of aff magni-
tudes for whatever resolution ate structured to receive
substantially the same amount or quantity of mapping
data for segmented visual presemtation of the mapping
data by window.

As a further improvement, the lapping system of the
present invention <an further store and organize map-
ping data into atiributed or coded geographical and
cultural features according to the classification and
level or resclution or magnitude for presentation on the
map display. Severa] examples of this was previously
discussed with. regard to the use of the filename exten-
sion. If this further improvement is used, the computer
cart be programmed and arranged for managmg and
accessing the mapping data, and excluding or including
coded features in tiles of a particular magnitude accord-
ing to the resolution and density of mapping data appro-
priate to the particular maguitude of the window. The
selective display of attriduted geographical and cultural
features according 10 resoiution maintains or limits the
mapping data entered in each tile to a0 greater than a
specified full complement of mapping data for whatever
magnitude. :

In reviewing the file naming operations which were
described, one can see that the global map generating
system data base structure relates tiles of the same mag-
nitude by tile position coordinates that are keyed ta the
control comer of each tile and maintsined in the name
of the “tile-file”. Continnity of same scale tifes is main-
tained duning scrolfing between adjacent or neighbor-
ing tiles in any direction. The new data base structure
also relates tiles of different magnitudes by vertical
lincage through successive magnitudes. Each tile of a
higher magnitude and lower resotution is an “ancestor
tile” encompassing a lineage of “descendant tiles” of
lower magnitude and high resolution in the next lower
magnritude. ‘Thus the preseat invention permits access-
ing, displaying and presenting ihe structured mapping
data by tile, by scrolling between adjacent or neightror-
ing ifles of different magnitude ia the same vertical
fineage for varying the resolution.

In its simplest form the coordinate system is Carte-
sian, but the invention conteraplates 8 variety of virtual -
tile manifestations of windowing the mapping data st
each magnitede: for exampie: tilting the axes; scaling
one axis relative to another; having one or both axes
logarithmic; or rendering the coordinate space as non~
Euciidean all together,

When dealing with vector or peoint information and
geidded data, the most common methaod is t0 describe
individuai points as an x-y offset from the control cor-
ner of the tie. In this way the mapping data exist as
pre-processed refative points on a spherical surface in a
de-projected space. The mapping data can then be pro-
jected at the user interface with an apphication pragram.
When projected, all data uitimately represent points of
latitude and jongitede. Tiles may also comain mapping
data as variable offsets of arc in the x and y directions.
The tile header may carry an internal deseriptor defin-
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ing what type of mapping data is contained. The appli~
cation or display program may then decode and project
the dats to the appropriate latiude or longitude posi-
tions,

The map generating system contemplates storing
analog mapping dats in electronic mapping frames in
which the raw aralog data would be scanned and con-
verted digitaily to the tile structure and then laier ac-
cessed and projected for the purpose of displaying con-
tinsous analog mapping data,

In the preferred xample embodiment, the digital
mapping data are structured by window or tile in a
subgtantially recizngular configuration encompassing
defined widths and heights in degrees of latitude and
longitude for cach magnitude. The mapping data repre-
seating each magnitude or level are stored in a de-
prajecied formataccording to mapping on an imaginary
cylindrical susface. For display of the maps, however,
the data base manager accesses and presenis the tles in
a projected form, according {0 the real configuration of
the mapped surface, by varying the aspect ratio of lati-
tude to longitude dimensions of the tles according to
the absolute positivn of the window on the surface area.

For example, for a spherical or spheroidal globe hav-
ing an equator and poles, such as the earth, the mapping
data are accessed and displayed by aspecting o7 asrrow-
ing the width i the wast-east dimension of the files of
the same msgnitude, while scroiling from the equator to
the poles. This is accomplished by aliexing the width of

the tile relative to the height. In the graphios display of =

each window or tile on the montior, the iiles are pres-
ented sssemitally as rectangles having sn aspect raio
substantially equal to the center latitude encompassed
by the tile. Thus, the width of the visual display win-
dows is corrected in two respects. First, the overall
width is correcied by aspecting o a narrower width,
during screiling in the direction of the poles, and to a
wider width duting scrolling in the direction of the
equator. Second, the width of the tile is averaged 1o the
center latitude width encompassed by the tile through-
out the tile height to conserve the rectanguler configr-
ration. Alternatively, or in addition, further compensa-
tion may be provided by increasing the number of de-
grees of longitude sncompassed by the tiles during
serolling from the equator to the poles 1O compensate
for the compound curvatare of the globe.

A feature and advantage of this new method and new
system of map projection are thst the dramatic and
perverse distortion of the globe nesy the poles, intro-
duced by the traditiossl and conventional Mercator
projection s substantiatly climinsted. According to the
tnvention, the compensating aspect ratio of atitudival
to longitudinal dimension of aspecting is i function of

the distance fror the equator, where the aspect ratig is §

one, to the poles where the aspect 1stio approaches
zero, alt as described for exempie in Elements of Cax-
tography, 4th edition. John Wiley & Sons (1978} by
Arthur Robinson, Randall Sake and Joel Moxrison.

The new system contemplates “polar compression”
{FI1G. 20) in the following manner. Starting at 64 de-
grees latitude, the width of sach tile doubles for cvery
sight degrees of latitade. From 72 degrees 10 80 degrees
latitude, there are 4 degrees of fongitude for | degree of
iatitude. From 88 degrees to & degrees Istitude, it be-
comes eight 1o vre, and from 88 degrees to the pole (90
degrees) it becomes 16 to one {see illsstration of polar
compressiong. (FIG. 28)

Page 22 of 160

e

20

™
=

&

65

28

Agother feature and advantage of the way in which
the new map systene and new projection hasdie polar
mapping dsta are in the speed required to access and
display polar data. The new polar compression method
drastically minimnizes tile or window seeks and standard
/G time. Also, without compressing the poles, the
Creation/Edis Software would have W work on in-
creasingly parrow tiles 3s the aspect ratio approached
zerd at the poles,

The inventian embodies an entively new cartographic
organization faor an auwtomated atiss of ihe earshoor other
generaily spherical or spheroidal globe with 360 de-
grees of jongitude and 180 dagress of lasitude, 3o equs-
tor and poles. The digital mapping data {or the earth is
structured on an imaginary surface space having 312
degrees of latitude and longitude. The imsginary 512
degree square surface represents the zero magnitude or
root node at the highest level above the earth for a
hietarchial type quadiree data base striacture. In fact,
the 512 degree square plane at the zero magnitude an-
compasses the entive carth in a siagle tile. The map of
the earth, of course, fills only a portion of the root node
window of 512 degrees square, and the remainder may
be deemed imaginary space or “hyperspace™.

In the preferred exampie embodiment from & zero
magnitude virtwal or imaginary space 312 degrees
sguars, the dats base structure of the global map gener-
ating sysiem descends to a first magnitude of mapping
data in four tiles, windows or quagdrants, each compriss
ing 256 degrees of latitude 2nd longitude. Each quad-
t3nt represents mapping data for one-guarter of the
earth thereby mapping 186 dagrees of longitede and 90
degrees of latitude in the imaginary sueface of the tile ot
frame comprising 256 degrees square, leaving excess
imaginary space or “hyperspace”. In the second wagni-
tude, the digital mapping daia are virtually mapped and
stoted in an orgamization of 16 tiles or windows each
cowprising 128 degrees of atitude and longitude.

The map generating systere supports 1wo windowing
formats, one based on the binary system of the 512
degree square zexo magnitude root node with hyper-
space aud the other based #n a system of 3 360 degres
squars root node without hyperspace. A feature and
advaatage of the virtual 512 degree data base structure
with hyperspace are that the tifes or windows to bé
displayed at respective magnitudes are consistent with
conventional mapping scale divisions, for example,
those followed by the U.S. Geologicsl Survey (USGS).
Defense Mapping Agency {DMA), Nationsl Aeranau-
ties and Space Administration {INASA} and other gov-
ernment mappieg sgencies. Thus, typical mapping scale
divisions of the USGS and military raapping agencies
include scatle divisions in the same range of 1 deg, 30

‘migutes. 15 minutes. 7.5 minutes of are on the earth s

surface. This common subdivision of mapping space
does not exist in a data structure based on 2 360 degres
model without hyperspace {see chart).

Thus, according to the present invention, the world ix
represented in an sssemblage of magnitudes, with each
magnitude divided into adjacent tiles or windows on a
virtual or imaginary two-dimensional plane or cylinder.
Athigher magnitudes the quadiree tiles of wapping data
do not fill the imaginary projection space. However,
from the seventh maguitude dows, the mapping data
flly g virtual closed cylinder, and no hyperspace exists
at these Jevels,

In the preferred example embodiment the iaventon
(runining on 2 16 hit computer) has sixteen magnitudes
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ar levels {with extensions to 20 levels) representing
sixteen altitudes or distances above the surface of the
earth. At the lowest (16th) magnitude of highest resola-
tion and closest to the earth, the data buse siruciure
contains over one biflion tiles or windows {excluding
hyperspace), each encompassing a tile height of approx.
imately one half statute mile. At this level of resclution,
one pixel on a moaitor of 480 pixels in height reprasents
approsimately 6 feet on the ground. Mapping data are
positioned within each tile using o 8 to 1023 offset coor-
dinate structure, resulting in a data resolution of approx-
imately 3 feet at this level of magnitude (see chart}. The
contempiated 20th magnitude tile or window height is
approximately 175 fees, which results in & pizel resolu-
tion of aboui 4 inches on a monitor of 480 pixels in
height and a data resolution of about 2 inches, when
utilizing the (F to 1023 offset coordinate structure. Alter-
natively, the map-generating system contemplates an
extended offset from 10 bits (0 to 1023} to an offset of 16
bits {0 io 65,535). In this case, the extended 20th magni-
tude results in 8 data resolution of 3 hundredths of an
inch.

For siill more resolution, the map generating system
contemplates 32 magnitudes on a 32 bit computer and
representing 32 altitudes or distances sbouot the surface
of the earth. Each level of magnitude may define map-
ping data within each tile using a 32 bit offset coordinaie

13

26

23

structure, thereby giving relative mathematioal acon- .

racy to 3 billionth of an inch. In ail practicality, 20
separate magnitudes or levels are more than sufficient to
carry the necessary levels of resolution and accuracy.

The new invention provides users with the ability
graphicaliy o view mapping dats from any part of the
world~wide data base graphically on a monitor, sither
by entering coordinates and a level of zoom {or magni-
tude) on the keyboard, or by “flying™ to that location in
the “step-zoom” mode using consecutive clicks of the
mouse or other pointing device. Once 3 location has
been chosen {this paint becomes the user-delined screen
center). the mapping software accesses all adjacent tides
needed to fill the entire view window of the monitor
and, then, projecis the data to the screen. Same sosle
scrotiing is sccomplished by simply choosing o new
screen center snd maintaining the same magnitude.

Vertical zooming up or down is sccomplished by
choosing another magsitode or level from the menn
area with the pointing device or by directly entering
location and magnitude on the keyboard. An advantage
of this vertical lineage of tiles organized in a quadtree
structure is that it affords the efficient and easily fol-
lowed zooming continuity inherent in the present in-
vention. Further discussion of such gquadives data orga-
nization is found in the article. “The Quadtree and Re-
lated Hierarchical Data Struciures™, by Hanuan Samet,
Computer Surveys, Volume 18 , No. 2, (June 1984),
Pages 187 ef seq.

The map-generating system also supports many fypes
of descriptive information such as that contained in
tabular or relstional dats bases. Thiy descriptive infor-
mation can be linked o the mapping data with s latitude
and longitude coordinate position byt may need to be
displaved in alternate ways. Descriptive information is
better suited for storage in a relational format and can
be linked 1o the map with 3 “spatial hook™.

In summary, the present invention provides 3 new
automared world atles and global map generating sys-
tem having o multidevel hierarchial quadtree data base
structure and a dats base manager or controller whigh
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permits serofling, through mapping ties or windows of
a particular magnitude, and zooming berween magni-
tudes for varying resclution, While the data base orga-
nization is hierarchial between levels or magniiudes, it is
relational within each level, resulifag in 2 three dimen-
sional network of mapping amd desariptive information.
The present fnvention alo provides 3 new mapping
projection that hss similarities to the Mercator projec-
tion but eliminates drastic distortions near the poles for
the purpose of presentation through a method of “as-
pecting™ tile widths 35 a function of the latitudinal dis-
tance from the equator.
While the invention has been particularly shown and
described with reference to the preferred embodiment
thersof, it will be understood by those skitled in the art
that various changes in form and details of the device
and the mathod may be made therein without depasting
from the spirit and scope of the invention.
What is claimed is:
1. A cowputer implemented method for genexating,
displaying and presenting an electronic map from digi-
tal mapping data for a surface arez having geographical
and culiural features, ssid method compricing the steps
oft
organizing the mapping datz fnto a hisrarchy of 2
plurality of successive magnitudes or levels for
presentation of said mapping dafa with variable
degrees of mapping reselition, sach megnitude for
presentation of said mapping data with a different
degree of mappiag resolution from & fixst or highest
magnitude with lowest resoiution to a isst or low-
est magnitude with highest resolution
structuring said mapping data at cach magaitude into
a plurality of windows, frames or files representing
subdivisions or partitions of said surface sres, said
windows of & respective magaitude including map-
ping dats which are appropriate to 2 degree of
mapping resolution being afforded at said magrd-
tude while excluding mapping data which are not
appropriste to said degree of mapping resofution,
and at Jesst a portion of said windows of each mag-
nitude being structured to receive substantially a
same predefermined amount or quantity of map-
ping data for segmented presentation of the map-
ping data by window;
organizing said mappiag dsia into records of geo-
graphical or culiursl fearures for presentation
within said windows, and coding said featurey;

managing said mapping dats for each window by
excluding or including coded festures appropriate
to the degree of mapping resolution and density
being afforded by said window, such that a gquan.
tity of mapping data entered in cach window is no
greater than said predetermined amount;

relating windows of a same magnitude hy window

position coordinstes or names and siructuring said
windows with overlap or mapping dats between
adjacent or neighborting windows of 3 magnitude
or achieve display continuity during generation,
display and presentation of an slectronic map,;
refating windows of different magnitude by vertical
lineage through successive magnitudes, each win-
dow of a higher magnitude and lower resolution
being an ancestor window being refated to a plural-
ity of descendant windows of lower magnitade and
higher resolution in & next lower magnitude;
aceessing and displaying or presenting mapping dafs
for different positions of a selected magnitude by
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seroifing between adjacent or nsighboring win-
dows of a same magnitude in predetermined north,
south, each and west directions;
and accessing and displaying or presenting mapping
data for different selected magnitudes having dif
ferent resolutions by zooming between windows of
different magnitndes in a same vertical lineage.
1. The method of claim I further compriging:
organizing said wmapping daia of said surface area by
degrees of lutitude and longitude;
stracturing exch said window of awpping data to
represent a sobstantislly rectangular surface area
configuration encompassing defined degrees of
fatitnde and fongitude for each magnitude, and
storing the mapping dais for sach magnitade e e
vertical Mercator projection format;
sccessing and preseating said windows of mapping
data in a corrected or compensated prajection for-
mat departing from said Mercator projection for-
mat aceording t© a real configurstion of said sur-
- face aven, by varying an aspect ratio of latitude {o
longitudinal dimensions of each window according
1o & coordinzte position of said window with re-
spect to a coordinate lavowt of said surface areq.
3. The method of clabm 2 wherein said surface sxes
comprises @ spherical or spherotdal globe having an
equator and poles, said method comprising the further
steps of:
accessing and presenting mapping data in a corrected

projection format by aspecting or narrowing, in a |

direction from an eguator to pole, the width or
tartudina] dirmensicn of windows, of 4 same magni-
wude, which sncompass the same number of de-
grees of latitnde and longitude;

andd periodically incrensing a wumber of degrees of

jongitude envompassed by said windows in said
direction from squator 1o pole to compensate for
sompound curvatare of said globe.

4. The method of claim ¥ whersin said surface area
comprises o genersily spherical or sphercidal globe
swith 360 degrees of longitudinul, 180 dagrees of iatitude
snd an egnator and poles, said method comprising the
further steps of:

refating windows of different magnitndes by vertical

finsage in a Merarchicsl quadtree database strue-
ture, by successively partitioning or subdividing
ancestar windows of a vertical linesge imto four
descent windows or quadrants at 8 next lower mag-
nitude or level, and mcorporating additionsl re-
cords of features in said Jdescendant windows to
incorporate mapping data for a next higher resoly-
tion.

5. The method of claim 4 whereln said hierarchical
guadiree database structure comprises at least sixteen
degrees of magnitudes or levels

&. The method of claim 4 comprising the further steps
of .

mapping and storing mapping daia for said globe in a

virtual Mereator profeciion format representing an
Imaginary surfave having 512 degress of longitnde
and latitnde comprising a zero maguifude or root
node of said hierarchical guadtres database struc-
ture;

mapping and storing 2 first degree or bighest magni-

tude of mapping data in four windows or guadraats
cach comprising 256 degrees of Jongitude snd latt
tude, each window of said first degree of magni-
tude comprising mapping data for one quarter of
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said glode thereby mapping 130 degress of surface
area longitnde and %0 degrees of surface area lati-
tude in said imaginary surface of 256 degrees of
fongitude and katitude and leaving sxcess imagi-
nary spacs;

mapping and storing 3 second degree of magnitude of

mapping data in stxtesn windows sach comprising
128 degrees of longitude and latitede of said imagl-
nary surface, each window of said second degree of
magnitude comprising mapping data for a further
subdivision or partition of said globe;

and mapping and storing third through twelfth de-

grees of magnifude thereby forming additional
levels of a hierarchical guadtree database strpeture
50 that an eleventh magnitude comprises windows
encompassing 15 seconds of latitude snd a rwelfth
magnitude  comprises  windows  encompassing
seven and a half seconds of latitude;

wheraby, as a resodt of the {oregoing, windows of said

clectronic map ai respective magnitudes or levels
are conststent with conventivnal mapping soale
divisions.

7. The method of claim 6 wherein said hierarchical
quadtree database stracture comprises sixteen degree of
magnitades or levels including a sixteenth magnitods
comprising over 1.4 biflion windows, sach encompass
ing approximately 8 fraction of & minute of 3 degree of
hatitude. .

& The method of cleim 6 whereln cach ssid window
corresponds to ¢ trapezoidal surface area configuration.

%, The method of claim 6 comprising the step of Hoat
tog mspping data records of selected features from a
window of one mageitude to 3 window of the same
vertical lineage in another magnitade.

18, The method of clafm & comprising the further
steps oft generating analog mapping data, structaring
said analog mapping data according 1o & same format 4z
digital mapping data, and overlaying and preseating
said digital mapping data and analog mapping data due-
ing generation, display and presentation of an electronic
AR,

11, The method of claim 6 comprising the further step
of selectively filling said windows with mapping dats so
that some windows contain # full complement of map-
ping data appropriate 10 3 degree of mapping resalution
being afforded at said magnitude, and other windows,
ecach of which correspond 1o & subdivision of surface
area containing few or 5o gengraphical or culrursd fear
wres, contain less than s full complement of mapping
data, '

12 The method of claim € comprising the further
steps of:

acoessing and presenting reapping daty n o corrected

projection format by aspecting or narrowing, i a
direction from an eguator to pole, & width or latitu-
dinal dimension of windows, of a same magmitude,
which encompass the same number of degress of
latitude and longinsds,

and pericdically increasing 2 number of degrees of

longitude cncompassed by said windows in said
direction from equator to pole to compensate for a
comgpound curvature of said globe.

13. The method of claim 12 comprising the Durther
steps of sceessing and presenting mapping data in cor-
rected projection format, with each window having 3
width substantinily squal 1o a center latitude width of
suig window throughont said window, so that ssid win-
dow is of rectangular configuration.
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14, Axn slectoonic map generating system inclading a
digital computer, 2 mass storage device, a display moni-
tor, graphics controller, and system software for struc.
ring, managing, comrolling and displaying digital
mapping data for a surface area hoving cobural and
geographical features, said system cormprising:

a database structure comprisiog 3 hievarchical data-
base structure programmed and arranged for orga-
nizing said digital mapping data into a hierarchy of
a pluzality of successive magnitudes or levels for
presentation of mapping data with vaciable resolu-
tion, each magnitude for presentation of said map-
ping data with a different degree of mapping reso-
lution from a first or highest magnitude of lowest
resolution 1o & last or jowest magoitude of lowest
resolution §o a last or lowest magnitude of highest
resolution, and for structuriag said digital mapping
data at each magnitude into a plurality of windows,
frames or files represeniing subdivisions or parti.
tions of said surface area, said windows of a respec-
tive magnitede including mapping data which are
appropriate to 3 degree of mapping resolution
being afforded at said magritude while exchuding
mapping data which are not appropriate o said
degree of mapping resolution, at least 2 portion of
said windows of sll magnitudes being structured o
receive substantially a same predetermined amounmt
of mapping data for segmented presengation of said
mapping data by window, said mapping data being
organized into coded records of geographical and
cultural features within each window;

a database wmapager or controller progransmed and
arraoged for managing said mapping data by mag-
nitude or level by sxcluding or including coded
records of features in-each window of a particalar
magnitude according to a resolution and density of
mapping data sppropriate to the particular magni-
tade of said each window, and mainisiniag a quan-
tity of mapping data entered in cach window to nn
greater than a specified full complemeat whatever
the magnitude of the window;

said database stracture being programmed to relate
windows of a same maguitude by position coordi-
nates or names, and to structure windows of 4 same
magnitude with overlap of mapping dals between
adjacent or neighboring windows of & magnitude
to achieve display continunity during gencration,
display and presentation of an electronic map, and:
o relate windows of different magnitude by verti-
cal linesge thropgh successive magnitudes, each
window of 3 higher magnitude and lower esolu-
tion being an ancestor window of a plurality of
descandant windows of lower magnitude and
higher resolution in 4 next lower magnitude;

said database manager being programmed 10 access
andd display or preseni mapping data for diffecent
posttions of & selected magnitude by scrolling be-
tween adjacent or neighboring windows of 3 same
magnitude in predetermined north, south, east and
west directions, and being programmed to scoess
and display or present mapping data for different
magnitudes having different resolutions by zoom-
ing between windows of different magnitudes in 3
same vertical lineage.

15, The system of claizn 14 wherein said hierarchical
database structure is programmed to organize said map-
ping data by degrees of latitude snd jongitude and o0
structure sach window of mapping data to represent a

Page 25 of 160

2

A0

30

4,972,319

5

38

&0

&

o

APPENDIX D

34

substantially rectangular swrface ares configuration
encompassing predefermined degrees of Iatitude and
longitude, said windows for each magnitude being
stored in virtual Mercator projeciion format, said data-
base manager being programmed to acoess and present
windows of mapping data in a corrected or compen-
sated projection format departing from Mercator pro-
jection format sccording o a real configuration of said
surface area by varying an sspect ratio of latitude and
longitude dimensions of each window according to a
coordinate position of said sach window with respect to
a coordipate layout of sald surfane area.

16, The system of claim 8 wherein said surface area
comprises 2 spherical or spheroidsl globe having an
gquator angd poles, and wherein said database mansger is
programmed to acoess and present mapping data in 2
corrected projection format by aspecting or narrowing,
in a direction from an eguator te pole, the widih or
{atitudinal dimension of windows, of a same magnitude,
which encompass the sume nunber of degrees of {oagi-
tude, said database manager being further programmed
10 pericdically incresse a number of degrees of longi-
tude encompassed by said windows in said direction
from sguator to pole 1o compensate for compound aur-
vature of said globe.

17, The system of claim 18 whersin said hierarchicsl
databmse structure comprises a hierarchical guadtree
databage structure successively partitioning or subdivid-
ing ancestor windows of a vertical lineage into four
descendant windows or quadrants at 2 mext lower mag-
nitede or level, and incorporating additional coded
records of features in said descendant windows to incor-
porate mapping daia for s next higher resobution.

18. The system of claim 17 wherein said database
structure is programmed and arraaged to store the map-
ping data in & virtaal Mercator projection repressnting
an imaginary surface having 512 degrees of longhude
and latifude comprising & zerp magnitnde or root node
of said hierarchical quadtree database structure,
wherein a first degres or first magoitude of mapping
dats comprises four windows, sach window of said first
magnitude comprising mapping data for one quarter of
said globe on an imaginary surface ares of 256 degrees
of longitude and latitude, said hierarchical quadtree
database structure comprising, in addition o first
through tenth magnitudes each having windows which
are predetermined subdivisions of said imaginary sur-
face having 512 degrees of longitude and latitude, at
least an eleventh maguitude having windows sncom-
passing 15 minutes of latitnde, and a twelfth magnitude
having windows encompassing 7.5 minmwes of Iatitude,
50 that windows of a resultant electronic map at tespec-
tive said eleventh and twelfth magoitudes or levels are
consistent with conventional mapping scale divisions.

18, The system of claim 18 whersin said hierarchical
quadtree datsbase structure comprises at lesst 16 de-
grees of magnitudes or levels, said sixteenih magnitude
comprising over 1.4 billion windows, each encompass-
ing degrees of latitude of approximately a fraction of 2
second of 2 degree.

20, The svstem of claim 19 further comprising a data-
base of digital mapping data selectively entered in said
database structure, such thet some of said windows
contain & full complement of mapping data sppropiate
to 8 degree of mapping resolution being afforded st said
magnitude, and other windows, each of which corre-
spond to a subdivision of surface area containing few or
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no geographical or culiural features, contain less than a
full complement of mapping data.

2%. The system of claiza 19 further comprising a data-
base of analog datz structured according fo & sume
format as said digital data, and means for overlaying
said digital and analog data for elecironic map presenta-
tion.

22, An elecironic map generating system for generat-
ing reproductions of = map with selectable degrees of
mapping resolution. sald map genersting system coro-
prising:

database means storing a plurality of computer files

containing mapping data corresponding to respee-

tive surface areas of 3 mapping suriuce, wherein

said plurality of computer fles is organized into 2
pluratity of successive magnitudes, each magnitode
for presentation of said mapping data with a diffes
ent degree of mapping resolution from a fisst or
highest magnitude with lowest resolotion to a last
or lowest magnitede with highest resolution, files
of & respestive magnitude including mapping data
which are appropriate 1o a degree of mupping reso-
lation being afforded at said respective magnitude
while sxcluding mapping dstz whichk are not ap-
propriate to said degree of mapping resolution, and
wherein a predetermined file naming procedure is
utilized 1o assign, to vach respective computer {ile,
3 unique {ilename which:
elates safd respective computer file to all other
computer files having mapping data correspond-
ing to 4 same magnitude or degree of mapping
reanlution; and
relntes sudd respective compuier file to any com-
puter file comprising mappiag data correspond-
1 o 3 same surface ares of a mapping surface as
siid respective computer file; and
database manager means for aocessing said plurality
of computer fles using said predetesmined fle
naming procedurs, to generate a reproduction of a
selected area of a map at 2 selovted degree of map-
ping resclution.
23, An clecirosie map generating svsiem as clyimed
in claim 23,
wherein sach said unigue flename is reprosented by a
value contained in a plurality of bits, and
wherein said predetermined file naming procedure:
utiliees o fiest predetormined subset of said plurality
of bits to relate said respeetive files having map-
ping data corresponding to & same megnitude or
degree of mapping resolutton; and
utilizes 3 second predetermined subset of said phu-
rality of bits to relate said respective computer
file to sy computer fe comprising mspping

data corresponding 1o & same surface area of & 5

mapping surface as said respective computer file.
24. Aq electronic map generating system as claimed
in claim 23, wherein said wnigue filename also fucludes
geographical information svhich can be used {o relate 5
geagraphical coordinute pusition of & respective com-
puter file with respect to & covrdinate layout of surface
areas of said mapping surfsce,
28, An electronic mup generating system as claimed
in claim 22,
wherein an assignment of szid unique fillenames using
satd predetermined file naming procedure results in
said respeotive computer fHes of said plurality 10 be
relsted in a guadires databuse structure,
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6. An electronie msp generating system as claimed
in claim 25, wherein the respective ares of a mapping
surface covered within the computer files of consecu-
tive magnitudey or degrees of mupping resolution
changes at & predetermined rate in that, when a com-
puter file at g reference magnitude or degree of mapping
tesolution contains mapping data corresponding 1o 8o
NN area of a mapping serface {where N iy 2 real
number, and is associated with one of the convenhaonal
degrea ”, minute ", or sscond © mapping scale divisions),
then a computer file ai 3 nexy conseoutive magoiinde
having a higher degree of mapping resoluiicn contains
mapping data corresponding to an {N/2) X (N/2) area of
said mapping swrface.

27. An elestronic map gensrating system as claimed
in olaim 26, wherein the vajue of N at said reference
magnitude ot degree of mapping resolution, corre
sponds 1o one of the following values: 312°, 2586°, 1387,
64°, 320, 167, 8, 42, 20, 1%, 30, 13, 7.5, 175, 18T
8.9375 and 046875

18. A methad for providing an electronic map gener-
ating system for generating reproductions of a map with
selectable degress of mepping resolution, said method
comprising the sieps oft

staring & plurality of computer files containtng map-

ping data corresponding to respeciive surface areas
of s mapping surface, wherein said plerality of
computer files is organized nto a plueality of sue-
cessive maguitudes, each magnitude for presenia-
tion of said mapping dats with a different degree of
mapping resolution from a first or highest magni-
tude with lowest resolation fo s last or lowest wag-
nitide with highest resolution, files of a respective
magnitude including mapping data which are ap-
propriate to a degrez of wapping resolution being
afforded at said respective magnitode while ex-
cluding mapping datz which ate not sppropriate 1o
said degree of mapping resolution, and whereis &
predetermiined file saming procedure is utilized o
assigm, to each respective computer file, 2 naigue
filename which:
relates said respective computer file fo sl other
voxaputer files having mapping data correspond-
ing o & same magnitude or degree of mapping
resolotion; and
relates said respective computer Hle 1o any com-
puter file comprising mapping dalz correspond-
ing to a same surface ares of 3 mapping surface a5
said respective conmpater file; and

accessing sald plurality of computer flles using said

pradetermined fle naming provsdure, 10 generate a
reproduction of a selected area of a map at & se-
levted degree of mapping resoltion.

29, A method as claimed ia claim 28,

wherein each said unigue Mensme is represended by s

value contained in a plurality of bits, ang

wherein satd predetermined e naming procedure;

utitizes a first predetermined subset of said plurality
of bits to relate satd respactive computer file 1o
all other computer files baving mapping data
cotresponding to & same magnitude or degree of
mapping resolution; and

usilizes a second predetermined subset of said plu-
rality of bits to velute ssid respective computer
file to any computer file comprising mapping
data corresponding o 8 same surface ares of a
mapping surface as said respective computer file.
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30, A method as claimed in claim 29, wherein said
unigue flename also includes geographical information
which can be used to relate a geographical coordinate
position of 2 respective computer file with respect to a
goordimtc layout of surface areas of said mapping sur-

ane,

31. A method as clatmed in claim 28,

wherein an assignment of said vrigue flenames using

said predetermined file naming procedure results in
suid respective compater files of said plurslity to be
related in a quadiree database structure,

32. A method as claimed in claim 31, wherein the
respective avens of a mapping surface covered within the
computer flles of consecutive magnitudes or degrees of
wapping resolution chunges at a predetermined rate in

15

2

23

2
oA

45

30

5

&5

38

that, when a computer file at a reference magnitude or
degree of mapping resolution coutains mapping data
corresponding to an NN area of a mapping surface
{where N is a real number, and is associated with one of
the conventional degree °, minute ', or second * map-
ping scale divisions), then 2 computer file at 2 next
consecutive magnitude having & higher dagree of mag-
ping resolution contains mapping data corresponding o
an (N/2)x (N/2) area of said mapping surface.

33. A method a3 claimed in claim 32, wherein the
value of N ai ssid reference magnitude or degree of
mapping reschution, corresponds to one of the follow-
ing values: 512°, 256°, 1287, 647, 32°, 16°, &7, 45, 2°, 1%,
30y, 15,15, 375, L8TE, 09378 and 0.46875

» & e 3 %
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E LET L=0 |

)

U LET N - NUMBER OF ROWS AND COLUMNS OF PIXELS IN THE {SOUARE! IMAGE

|
*

LET X = THE NEXT OF THE THREE COLOR éGMPUNENTS OF THE IMAGE (R, G OR B}

{
¥

LET M (X} = BE THE NxN MATRIX WHOSE COERFICIENTS EQUAL THE NUMERIC
VALUE OF THE X COMPONENT OF THE CORRESPONDING PIXEL OF THE IMAGE

|

LET M, ,{X) ~ BE THE NjZxN[2 MATRIX WHOSE COEFFICIENTS EQUAL THE
! "AVERAGE” OF THE CORRESPONDING 2x2 BLOCK OF FOUR COEFFICIENTS i 8, (X)

¥

LET H, (X} ~ BE THE Rj2xN{2 MATRIX WHOSE COEFFICIENTS EQUAL THE
"RORIZONTAL DIFFERENCE” OF THE CORRESFONDING 2¢2 BLOCK OF FOUR
COEFFICIENTS IN W00

,,,,, :

LET ¥, ,iX} » B THE Ni2ZxBf2 MATRIX WHGSE COEFFICIENTS EQUAL THE
“VERTICAL DIFFERENCE" OF THE CORRESPONDING 2+2 BLOCK OF FOUR
COEFFICIENTS 1N M, (X

*
LET B, (X} - BE THE Nf2xNf2 MATRIX WHOSE COEFFICIENTS EGUAL THE
“DIAGONAL DIFFERENCE” OF THE CORRESPONDING 2¢2 BLOEK OF FOUR

COEFFICIENTS IN M, {X)

{

¥

| STOREH, 0.V, 00,8,

STORE M, (0

F1G. 3

Page 33 of 160
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7 ARETHERE "™~ YES
) :

< WORE COLOR COMPONENTIS
W
0
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CONVERT USER INPUT

18
(FOVEAL REGION} TO /”
(MULTI RESOLUTION)

REQUEST FOR
| COEFFICIENTS
a TR

/ AN

SEND (MULTI

RESOLUTION) REQUEST |

TO SERVER FOR
COEFFICIENTS

i fi.

DETERMINE FOVEAL
REGION FROM USER
INPUT

UPDATE DISPLAY
RECEIVE COEFFICIENTS orOONDonS
FROM SERVER (PROGRESSIVELY)
BASED ON PYRAMID
REPRESENTATION
,5 \
| -:Ir 20
PERFORM INVERSE
WAVELET TRANSFORM
ON COEFFICIENTS
(IF NECESSARY)
AND STORE
(PROGRESSIVELY) IN
PYRAMID
| K\\
19

FI1G. 4
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LET L = LEVEL OF RESQLUTION SUCH | 500
THAT THE SIZE OF IMAGE M 1S 128 x128 | ‘

MATRIX. THE LOWEST LEVEL OF //

RESCQLUTION SUPPORTED

I8
L. = THE LEVEL OF LOWEST

 RESOLUTION?

220

/" HAVE THE
COEFFICIENTS
OF M, (R}, M, {G) AND
M, (B) CORRESPONDING \'ES
TO THE PIXELS
IN THE FOVEAL
REGION BEEN
REQUESTED
2

230
S

REQUEST THE
COEFFICIENTS
ACCORDING TO THE
MASK

b 4

YES

280

HAVE THE
HORIZONTAL,
VERTICAL AND
DIAGONAL DIFFERENCE
COEFFICIENTS NECESSARY
TO RECONSTRUCT THE

COEFFICIENTS IN M, (R} M, (G)
ANDM, (B) CORRESPONDING
‘ TO THE PIXELS IN

THE FOVEAL
REGION BEEN

REQUESTED?

I NO

REQUEST THE
DIFFERENCE
COEFFICIENTS
ACCORDING TO THE
‘ MASK

\

270

YES

24G -
o ISL=07

e

RETURN TO 250
MANAGER THREAD |~

FIG. 5
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1
APPARATUS AND METHOBD FOR
REALTIME VISUALIZATION USING USER-
DEFINED DYNAMIC, FL-FOVEATED
IMAGES

Eit

3 OF THE INVENTION

The prosent invention relates (o 3 mc;hud and apparaing

for sorving fmages, even viry lamge uages, vver a “thine
wire” feg. over the Intemet or any other pebwork of

spphication baviog handwisith lmitaions}.

BACKGROUND INFORMATHON

The Intene, includiog the World Wide Weby, s gatoed
i popslarity in recont vears. The Intermet coables clients/
users {0 sccess infurmaiion i oweys pever hefure possible
over exisling conunpnieations Hues

{iftew, a clientviower desires to view and Fave acoess to
selatbvely farge images. For example, IWEE Ay
wish o explore & map of & paorcular goographic jocation.
The whods map, & highest (ull} fovel of resolution will
ikedy roquire 3 phl representution bovond the sise of the
viewss sereen in hiphest resolation mode.

a clicnt

Oe: responss 1o this restriction s Tor an Intemet senvecio

pre-cinpate muny smaller dmages of the odginal tmage, -

The smaller dueges ey b lower resoltion (zmmcd-mu)
views andhor porbons ui e origigal hoags G
archives use ihis approach. Clear 1\ a}u~. i i suiwupunmt
approach since a9 praselecied set of :
needs of all users.

Some map servers {soe, R
wenw e pauest.onm and bty THL BRE AR
impeoved approsch in which the user may woom and pan
over @ fange ivtage. Boweover, ransassion ovee the Intern fet
irvalves siprifican bandwidih Bmitations (e tamsmissio
is pelativedy stow} Accordingly, secl map servers suffer
from & feast three probloms:

Since a brand pesy imuge is served up for esch zoom or

Pt vequest, visted discontinwitios i the zoomisg aosd
panning result. Apother reason for this fs the disorele
mastwee of the zomwdpan nteface comirels,

Significantly Jess than ealtime rospoase.

iy sensll Bxed sior of the viowing window

The nooossas

{typroally about 3 543 This doos not slow emct of 4

@ peosprotive,
T graeralize, what 13 eeded 13 an agipsra us and metirad
whict allows regltine visealization of Jarge scale images
aver & “thinwiee™ moded of oompatation, To pet 3 apother

way, & is desivable o optimize the model which comprises
an image server and a oliont viower conoeciod by a low

bandwilth line.

One Appeosch o the wroblent is by mesns of progressive
transmission. Progressive iramuw\w):\ involvss seading a
relatively low resolution ve of 20 image and then
stee uausmuuaw slution versi
Because the first, VELSiow ihe
reguires §
be viswed grickly npon iransm
1 allowed 1 see lowes resolution s s of the nm:sa
whide waiting for the desired resoistion veesion, Tins give
the rassmmsion e appraeanoe of ceasuamty. by addition, in
somie instanees, e lower resolubos version may be sufli-
clegt o may e any event oxbsust the display capabiliies of
the viewer dl\pﬁ gy device (e, monifor).

“Phus, B L White snd LW, Perabval, ~Comprasston and

e ) AT 28
c}:ﬁmrf,l 86\L\1!\31!}i\ of Astsomicst mages,” SPIE

hetier
fow resoluiiog

of

far fess data than the full resolution version, M can

308, I ifn\ way, the viewer

o

ETH

73
[h

3

2

3
Iechsival Coufere
ratsmission eehnigus
for astrotosnival dua.
Herwever, nitliziag po
m solve the “thivwie”
panaing Ve Iau\
FESPOTISE
walt
OF Wiew © <
I‘murv»mw transmission does ﬂnt J\im ¢ [hi\ rwtksm\:
caponse when 1t is the higher resolunon versions of e
which sre deshed of m, oid, as these are raosmiied

e 2109, 19, descabes a e
tased o bit planes thy s offective

"]“L«\

i > prablen coudd be effectively mlvc-d, if, in akdiion o
vanablo resoltion over Hme (.0, Progressive aasaissiog,
resobution s also vaned ove ) extent of the

i

AR,
‘wpm.mal}n waing foveation fechnigues, high reselation
daty is teanswdtted at the wser’s gane poind but with Jower

rasolutiizn as one moves awsy Trom that poind, The very
siaple t:i!‘iumﬂc unricr dag these [ovestion techuignes is
thaf the human o (eeniencd at the gane point} is
fumnited. Max s rendenad & uniform resolition
i purposes. b ol 1 has bes
bat the \pam! vestlantion of the harman eye decres
exponeni away froms the center gage point
Behwarte, *The Ua\ \s{ n‘wi n- S;Jc
in ihe \'{fm‘:\ ¥

Iom- N‘} m Gt x\ 7. 1\) hifl
- hey then s W omimic the movomests snd
!L\Oluluul of the eve. If the usee’s

spatial
ek point cas be tracked
m oemaltime amd @ wuby reult- foveated frgage toansiited

. & varishie cesedutis
it of the uset's eye
ye usefind o the neer w
‘he it

m fmage eimicking the spaial
from the gaze point), ail data
¢ id i‘c sen, \mi mt im

{i.c

is superior fo atempting display

In practice, in part becanse eye fracking Is lmperfess
using 1':3{1‘:(1'.vi}_‘.\-'am;_<d buAges

There hd s¢ in fact been atiempds o awhieve multifoveated
inages in g thinedie™ enviroament.

I S, Hill dr, Sheldoo Welker Jr and Powen Gac, “iotor-
active Forape Query System L‘«iu{{ [’z DUTEHHIVE
Tl‘ém“miﬂﬁi@ﬂ (.un\puar (ﬂdp#' 173 3, descortbes
tien §nr ]

wels of reseiniion at they
»l fm‘ea&sm}. The chewi
the region of intor

o 1der fmly 3 2+
miteractively specify
sende :

R 8. Wiallace and BB W, Ung and B, B, Bedeson and £
L. Schvwarte, “Space-vanaal image processing™, It 3 O
Computer Vision, 1301 (1594) 71-90 discusses spae-
variant Huages i comguier viston. “Space-Varam” way be
regarded ss syamyymous with the foom Ponitifovested” wsed
ghavie, A Iiedogical motvation for such Joages & e
vomngplex fogmeag model of the ransfivaations from the wiing
fo the vispad covtex (B, L. Schwarte, " A quantistive mode!
of tharfs wu{ n\ 355

est to The serverd

31
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3
application o viseal oo wd cortical
Biologics) Uvbarnetics, N 198H 63-76),

Philip Kaxtw sind Wilson S Gesler, “Impleme mation of
3 Fowvested Tmage Coding System o fimage Bandwidth
Reduction,” F'lf,mm Vistes qsd Rlevkonfe fmaging, SPH
Froeeeding ToOA50-360, 1996, implemew a real
fme s \,l‘ﬂ h-r fove aimu‘i $ES cd vissalization. Thoy alsu
notwed the possibility of using foveatod images o reduce
handwidth of fassmission.

MOH. Goss, (3 G St and RL G,
gulas SuIlace APPrONEMELONS BHRE Wy and gradiree
data structeces”, TEEE Trans, On Visuglizaton and Com-
puter Graphies, 202}, 1904, uses wavelets w produece mud-
nfoveated images.

Uslogusately, sacl of the abave aiterapts a
based ypot flaed supor-pixel geomries, which amount to
partitioning the visaad fedd o cogions of varving {pre-

wxiure anabysin®,

“Efieient irian-

bl

i
distermined} sizes called supor pmd". ard assipaing fhe
average vatoe of the < in the npee-pixel.
The sanler plxels (higher n.xo-mu«n) ate of wourse intenided
o !}L at ihs. 032{, p\ mt with pm““' essive by hargey super-pixeds
pumi

W over @ fthin
‘This canmt be

is needed 45 o Hoxible foveation techaigue whu.i\. aliows one
to odify the position aad shape of the basic foveal regions,
the maxiwsnm resaluhon wf the Roveal region a ui the rate 21
which the resolution Palls away. This wall allowe dhe “thine
wire™ masdel 1 be Gl imtzed.

o adddion, noge of the abinve sotoed reforcaces addresses
the msue of providing pruitdoveatsd tmages s can I
dymumivally Oncromentaliyy updated 35 3 function of wset
et This propeny i coocial fo the solufion of the e
porbbim, sinoe it wiial that infivantion be “streamed™
3t 8 rate that opiimslly saiches the basdwidih of the
network with the human capacity fo absorh the wvisual
wlermation.

SUMMARY OF THE INVENTION

The preset veation oviereoises e disadvantages of the
peiog ait hs wiiliring rovans for tracking of apgroximatisg

the user’s e point i vesdtime and, based on the
spprodimaiion, trassmiting dysanmic sndiifoveated mage
sy iie., a variable resolution image over Bs phwsical extent

mimeking fhe spatial resolufion of the wer's eye sbout the

approximated gaze puint) updated in realtime.
“Drvnamie”™ yoeans that the rmage resolnion i also vary-

ing over tiwe. The wser interface comporent of the present
myeahon mey provide 3 var
divect this mulifovestion JOCERS w resd Hme.

Thas, the imveation mkdossses tm model which comprises
an tmage server amd g olient viewer compected by g low
baadwidth hne. In effect, the invention reduces the bund-
widith foome server o client, w exchange for & very modest
inerease of bandwidth from the client 1o the server

Another object of the yvenion Is that 3t aliows reallite
visualization of Lage svals images over & “dinwire” moded
of comptiation.

Az additions] sdvantage 1 de pow degree of user coatiol
peovided for realime, active, vismalization of buages
{mainly by way of fovestion wohwigues), The nveation
slfws the wsce to detormine and chenge n cealtime, via
wmpet means {or gxsmple, withont limitadon, a mmonse
puintcr or vve tracking b 3, the varishe resolution

m 1::0 \f«ﬂtm the seew :,1 up i

i

s

o

o essentiadly 18

AL xisf.\-ed w svth a g\.mnu iy of pt\_-dc:.m;‘n.\incrj pixe] siwe. What

1y of means for the wser o

4

A addiifens] advamage & that the fovontion denwm-
sirates 3 pew stamdsnd of performance that can be schieved
by Jarge-sesle image seovers op the Wirld Wide Web
current bandhwidth o even in the pewr folure

Note also, the fevention has advamsge
tional notion of pmgr 1861
IeTactivity. aid, the progy aussion of an
hreage has bew ivgally P dotermined whea the nage
file is pre pnr‘e AT s s of dymnie {oonsiantly

wever the tradi
. which bas no

He Invention's

a t.ham., ag in reaithns based og Tti\.- user’s inp} mshtifove-

§ s the user o delovming bow the daty arc
progressively ransmatted.

Other advaniages of the wventinn wchde ha # sdlows
the creation of the fest dysamie snd & more geosral chass of
mulidnvested tmages. T senl IMvERiinm Can use wive-
fet technology v of the fovestion approach
based on wivele ¢ vangdtly the following
paranelers of IV s the position amd shape
of the hagic foveal mwzm{\} rhc masimum resolution ai the
faveal septonds), and the rate b wineh the rosolution falls
away. Wivelets can be seplaced by any multi reselption
pyeamid schewmes, But & seems ol wavelot-based
approaches sre preforred as ey are mom Rexible and have
the best compression properties,

Agother sdvagage i e
dynamvic dafz structores a

atedd smaages aHow

cpt Bventian’s wse of
soviafed alponthms. This
helps optimize the “elfective real tne hehavier” of the
system, The d\‘b v data stepetures alkow the wse of “pariial
information” fectively, Here dafbemation is partial by the
sense dhat the mschition o each pixed & oaly partiadly
hnown, B as additiomal infonmeiion s sireamed in, ihe
partisl information can be segmented. OF course, thi
ziple is a cornlary 1o p SIVE {rBsanission.

Another advanisge & tha the dvnaumic dala stotures
may he well explotted by the special wrchitecture of the
chemt program, For ox mp;. s, the clien! progeam oy be
niti-treaded with one threwsd {the “manager twesd™)
designed 1 manage resoproes {especially  bandveidil
resoacces) This wuneger s able w0 assess nebwork

5
f‘:

3 Songestion, and ciber relevant paraaotens, snd anslae any

o the apmroprisie kevel of domaast fix
the nx.u\ ork For XN ps:. whtn ihe wer's podnt %
focused o a oo of an lmge, 1his wmay be wasshiuad into
requesing a certmn amonnt, say, X hvm of datz. Bot ﬂ‘u.
ager can puduee this o a w]uul aver the aetwork of
bytes of dats i =l w adBic is congested, or i the
5 p.mmng very quickiy
Another advantage of !h\‘ presen wmvention is thal the
: W send only et information which bhas not vel
E*u,n served, This bus the advamage of reducing compwni-
cation rathe,
Further objects aud advantages of the fnvedion will
v appacent Frovee 2 comsideestion of e drawings and
crsing deseription.

BRIEF DESRIPTION OF DRAWINGS

FIG. | shiws an aobodiment of the present mmmmn
inchuding & server, and clivat{s} as well ss their resy

N BRER QU

v

LRI Tnlts.,

FIG, e illustrates ooe level of 3 particaler wavelket
transfonyy, the Haar wavelst irausfonmn, which the serves may
execute {n one srthodiment of he proseut dverstion,

FIG. 28 lustrates ome evel of the Haar inverse wavelst
transfinu,

FIEEL 3 is 3 Bowvcharn showing an algorithm the seoves nay
wxecute 1 peeform 1 Hasr wavelet maosforny in one cabodi-

meat (TR S PETERTS Exhibit 1013 Part 2
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5
FIG. 4 shows Maagos, Tspley and Nopwork tmeals,
which the chorg{s} puay cxsonic n one smbodimont of the
present nventio,
FIG. 5 is & more dentled {ustaation of & portion of the
Manager theead depigted in FIG, 4

DETARED DESCRIPTION OF THE

INVENTION
H{a 1 depicts an overview of the componcnis in an
embodiment of ihe preseat lnvention. A server 1

s eomprsed of @ storage devics 3, 8 wemory device 7 asd
8 compuier processing dovive 4. The storsge device 3 can be
implemented as, for example, sn rernal bard sk, Tape
Canridge, oy CI-ROM. The faster socess and greater stor-
age capacily the stovage device 3 provides, the move peel-
erabde the embodimest of the poosent dovention. ‘The
oty device T can be maplemented as, {or exampde, 3
colleotion of RAM chips.

The provessing device 4 a1 the sorver | obas retwork
protocel provessing eleress 12 wnd wavelot transfons ole
waent 3} wnndng off #. The processing deviee 4 can be
waplemented with & singhe n processor chip {such as an
Intel Pergivr chip), printed owomt boagd, se f boaeds of
other device, Again, the fsstor the spoed of the provessiag

-3

device 3, the wore prefergble the ombodiment, The network -

percond poocessing elemernt 12 can be implomenied a5 a

separale “sofiw (ic. a program, sub-process) whise
nstrnctions seanted by the provessing device 4. Typical

exsmiples of speh protocols include TCPAP (the Internet
Protowol} v UDP (User Duapram Protocol). The wavelet
ransform element 13 can also be implemenied as separate
“softerare” (Le., 3 program, ssh-process whose instruchions
; ssstog device 4.

I s sysfern,
md 1o unp]umm the
'ﬂéng clement 12 beoanse it rednoes
comiplexily of huplemeniation. Alibough 3 TOPAP imple-
meration 1 staplest, i : UEp
subject B some basic desi
g of using TOPAP as aga
empirically. Ao addifionsl advantage of ssing modq«n:, stan-
dard network protocols s g the seever 1 ocan be con-
tructed without knowing
s eliont{x) 2.

According to the commion design of modern compiiier
systonns, the most common embndiments of the present
IR \WH sey inchude an ¢ c‘mnnh systerm ummn o off
the processiag means deviee 4 of the seever 1. B
aperaitag sysiems inchide, withont fwiiation, Windows 95,
Umiz snd Winckows M Howoeer, hore s oo meason a
processing device 4 could pot provide the functions of au
“opevitiing syster” Geeifl

The server s conanected 0 @ cliontfs) 3 in s seiwork,
Tepiend examples of such servers 1 inclede imags archive
servers amd map servers on the Wiorld Wide Welh

The client(s) 2 &8 congpeised of a stomge device §,
XaEmory device 7, display 8, uset m"am d\nw 6 ;md pstw
cessing devive 3 The sotage
a8, los gxmuple, an inteonad hard disks, i.\xph f,,‘amsdg,
CR-ROM. The faster access apd groater stomge capacity the
storape device ¥ provides, the more proferable the embodi-
ot of the prosest invertion. l‘zx rusinory duvice 7 can be
waplemented as, for exam sHection of BAM chips.
The display § oun be émpimmcmlttd as, for exmople, aay

;wixgr.gyb'f-IJ.itgﬂ RRANOY OF al. The wser inpwt devics 6

o

prw crable the embodument, The aebvork profocet prg

. deviee 3 of the server l wnL - &

anything abowt the construction of

xmpins of g

fi
capy be tuplemented as, e eompde, s boybosud, mowse,
seatmer or eve-teacking device,

The ohiernt 2 alse includes & processing device 4 with
netwark protoce] proces ing, clement 12 nd inverse wavelet
dopn element means B4 momng off i The processing
device 4 can be huplemented as, Ty examgple, @ singhe
witroprosesser cnp (such &5 an bmiel Pentinm chip), printed
wrent board, several boards or other dovice, Apsin, the
Faster the mun thee of the processing device 4, the move
RN
m;. cloment 12 apsde o be baplomenied sy a scpurate
ftwenre™ (Lo, 3 peogesm, subeprocess) whose insinuntions
are exsenicd by the pr‘*ccxﬂin dovice 4. Apain, TCRAR
f.r]UL_l.\'m\ll‘T\" wav be wsed 1o ioplement the network prot
ProcEssing fernent 12 The inverse wavelsd transinem. ale
ment 1 also way be implemented 5 Separae “software.
Albso runaing off the processing ice 4 5 @ user gt
conversion medlaaksm 16, wildch also can be implemented
as “softeans.”
As with the server 1, acoording 1o the comenon desipa of
madere oxmputer sysiems, the most commaon embodiments
of {he preseat mventicn will alwe nchink upcms;u@.
svstom moning off the processing device 4 of the cHeni(s)
[ addition, if the server 1 is a.:ssmu.ti:d toe the cleni{s) 2
via 3 wlophone systom line ar olber systemgliines ot
cireving digital pulses, the servey 1 and Lhmx(\‘f 2 bath alse
inclide a communications couverter device 15, A commn-
nications converter devios 13 o be implemenied as, fiw
example, & moadem. The com nqmicmim‘m converter Jevice
15 converis dgital puls auaks cartied
by the lioe and also con wads hack into
d;ng{.:,u pulses, sllowing digital

33

In the operation of the prc&cn‘l mvcntstm, mc cxt-:m if
sonymiational msonroes 5.6, sorage capaci
more impoctant consideration foy the se l \x*m} i%
LCNCTR Jm shared by more than one eliont 3, thaw for the
L-Ilbﬂ.{&} 2

Ia t\‘pical practios of

file. A sumsber of cliers 2 asers will want i view the

rd between the

Pnur W dny coinmunicalion in fhis
sorver | and dlient(s} 2, the wavelet trapsform elonzest 13 op
the server 1 obtains a waveiet ranstformy on the wesge and
stores Ui the storage device 3.

There bas boen extomsive rescarch i the aren of wavelet
theary. However, hriefls, o lssirae, “wvaveleis™ sre delined
by » greap of basis Bmctions which, topether with cocfii-
siends dqv mdant on e inpat fuociion, can be used fo
approximate that fusction over varving seales, as well as
represant e fuocton exavtly in the limil Accordingly,
wavele! coelficients can be cusgorized as “aversge” o
“approximating coeffcien {which spprozimate the
Function) sud “dilference covilic {which csn b used 1o
reconsiruet the ovigina] Saction exactly), The pacicular
approximation wsed as well as the seade of approxismtion
depend upow the wavelel bases chosorn Onee 2 growgs of
basis functions is chosos, 11-\ provess of it ndag the
relovan wavelet coeflicienis s cadled o wavelet trsnsform,

i the preferred wmbodisnent, the Hewr wavelet basis
Functings are wsed. Ac L(‘Id!!)"h. i the prederred
cmabodiment, the wavele! trunsform clemeat 13 on the seover
1 pedorus a Hasy waeclet rasstonn o s file reprosentation
of the hmage stored i the storage device 3, and fhen stons
the tramsform on the steyag dw o 3 Hiraoser, s maxiih‘

Ui Pateht EREb I O T3 Pkt
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fannify of frapsfooms may be chosen e implemont the
present nvesiion,

w
Maote that onee the weyvelet trosfor is stored, the origl-
nal dmage Al geed gof be kept, 38 i vun be recoastracied
exacthy Fom the fomsfon.

PIG. 2 illestrates ope step of the Haar wavehka tonsfurm.
Start with ao n by o matrx of coeflicienis 17 whose epiries
correspond o the mumeric value of 3 volor compotenf {say,
RLd Green or Nuc‘} ﬂl a \qu afe soreen m‘a;_v of n by o

cient in the fiest coluwm, st ow
row B second o, fiest cobw
second eodumn “d.”

Then nm, step of the Haay wavehs
/2 foe w2 warives, The fiost s an 62 v od2 approgimation
msteix § whose entries equal the “aversge™ of the corme-
sponding 2 by 2 block of fowr coefficients in the original
apateis I As is dlustoted in FRGL 20 e coeilicient eniries
in the approximation matrix § se nof pecessarily equal to
the svernge of thes Mnnspnmi ag Four copfficionss 5, b, 0 and
d e, @=(ashioed¥ 4y In the oniginsl mainx 17, lnsiead,
twre, the “yversge” 45 defined as {sebrosd),

The second is an 82 by nd2 hor
F¥ it aptries eggpral efadhecad
i3

i Yo7 and \?L’-\;‘!}i}ﬂ o,

 ttansforon Qreates foay

.

. where a, by ¢ and d

rc.*-.;['m:i_ivcziy, the

\»‘»‘hut £ l‘- ¢ and d ESON n‘\pc :‘-1
222 block of four coefficieats it the m‘ign‘mi matrix 17, The
frauxth s an w2 by w2 disgorsl diference matex 1 whose
entries wgual @e(a-b-cud¥2, whem & b, ¢ and d aw,
respectively, e cormsponding Ix3 ook of four coelfi-
cicuts o the ooginsl madric l.".

A 1’cw goles 28 it
LB o e the waveled coeflivients. The approximation
Malyix 3 ix ap approxication of the
the “average” of ¢ REOUY
fourth the size of the vriginal mmatrix 17
Second, cach of the
matox 17 has

! blocks of four emines i the
:rusgma dim, cary i i -\acb ut ﬂ'w

fromn FEG, 2 thst eachof the 2:42 ocks ot iou: wn {5 iR ﬁ?u:
I3 al nwatrix 17 oan be oo
ragsfovmatiom s invertible. Therefive, the origiomd matnx
E7 reprosentation of an boage can be discarded during
processing e ihe raastioas s oblatned,

Thied, the fransform can be eposfed, cach time stanting
with the kst sppeoximation amtdx § oained,
discarding that approximation mudrix 8 {which am e
reconstructed} once the next wavelst sfep s obtained. Esch
st ot Eht, msmiwm sesults in app«o\m atiot and difference
¢ osize of the approximation mainix § of the

2304

matrix 17 s
of which s

Retracing sach stop 3 synthesize e original
called the brverse wavelet transforss, one slep
depicted iu FIG. 28

Figally, # can readily be seer ihat the approsimation
ratriy R at vaevig fevels of the wavelet raosform can be
used a8 g reprosordation of the relevaat coloy comgoneat of
the image o vwrving Jevels of wasedution

Conecptually then, the wavelet rassivon & a seres of
spprocimation and differcnce matvices 38 varivus fevels for
resodutions). The nember of coulficients stored i @ wavelet

Pagnug \~mf Tﬁb tor dhe sumbsr of pixels fo the original

nial difference matx

L the corespondiag

tructed exactly, and the 4

and then

o

3

. {However, fha awmber of
»‘m m [Ei‘!}‘l'r»(:—t of bits

matric 17 inwage repousesiati
s i sl }.c copifictents piay 1-.§Lr
i the pixels Ap ' :
o he penerally meore effective op ¢ tﬂicztms“; i we
assume the dnage s very large, the rassiorm maiices mus
be Bther dt:t.ump.urxtl} intn blocks when sted on the

o omeans A

3. 3 iz & fowchart showing one possible implementa-
tion of the wavelel irasform clement 13 which performs a
wivelet tansform on each onlor component of the original
As can be seeq from the Bowchar, the trapsform 1s
hahed when the size of the appro I Aty X
256, as s way be considered the fovwest wselud level of
resobatiog,

Uy

TR L

o the wavelot transforss clox it 1" siores a ragsform
of the iage(s) w the sioope means 3 of the server 1, the
sereer 1 s ready o commuaicste with clienifs) 2

In typical pmm‘ics of the invention the olient 2 wser
indiaien § session with an wmape seever b oad dndweates an
fmage the wser wishes to viow via wsir inpst moans §. The
clivnt 2 luitiates o rogeest For the 256 by 238 sppoasimation
wadriy § for cach color ORI of the image and sends
the request 1o the seever § via netwink protocol processt
clement 12, The server 1rccoives and mocesses the reguost
v pebverk protoco] processing slemant 12, The serser §
sends the 356 by 256 Apprixs mation nudrices ¥ for cach
color cumpinoat of the fmsge, which the clicnl 2 receivis in
strnitar fashion. The processing device 4 of the client 2 stores
the: mairices a the slorage device 3 and causes a display of
the 336 by 256 version of the image on the dsplay 30 0
\hm !d he dppltu.ximf that the this ow level of resolution
c can h Hsplaved quickly. 5 & oup
236., cngse resolution version

display §, as i can provide the wser with & position ind
with fespect 1o the oversll fmsge.

A more detalled understanding of the operaton of the
chisnt 2 will booome appusest frowe the discussion of the
Further, comtinuops operation of the clent 2 below,

Cimtinueas operation of the clivnigs) 2 Mkpu wid e FIG,
4, {n the preferred cmbodioment, the clivnts) 2

PGSR
he Man-

device may be consiumied using three “threadh
ager thread 18, the Networh
Theead 20, Thread pmgmmming teciwwlw*- i
feataes of moder o
of platforms. Brielly
a commes data space. T % pmms&u’ag means can
perfonn more than one a\k ab & timwe. Thus, opce o sesston
is dnitiated, the Mansgers Thread 18, Network Theead 19 and
Dhisplsy Thread 20 ren simBanconsty, ndesly wad

Thicad 19 and the Diplay
Ct SO

s preferred, 1 is wanecessary o woaple~
of the presend inveation,

aul 28 can be Das
; system maning off the pro
Function of the Display Thresd 28 §s o continuousty
pser tuput device &, In the profersed eny wdum nt, the user
mput device 6(-(»5 : of 3 FROUSS Of 313 oVl lmw device,
thouph there are other possible 3 J.apiunu’:imu[v- I 2 typreal
cn‘vknhm\xn, a5 the wser moves the raowse positon, the
current postion of the mowse porder o the display 8
Jeteraines the fovead region. Tn other words, 1t s presumed
the user gage poins follovws the mouse podoler, sioe 1t s the
pser thd s deocling the omese poander. Accordingly, the
display thread 20 comtinuously montioes the positon of the

t.ﬁ on any Mvodern
s One

omiiar
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Inome possible goplementation, the Trsplay Thread 24
places user faput requnsts .., boveal regiens deiormaed
from wser npud dovice 8 1% ey aw obialued {0 2 reguest
gquiths, Queue’s s data sirnchures with frst-in-frst-owd
chaacherisies hat sre goneally kaowee in e g

The Munsger Thread 18 cap be thought of as ihe brain of
the client 2, The Manager Thread I8 converis the user ippwt
regnest i e request guene Intn regiests in the manager
seguest gpeue, ko be processed by the Network Fhread 19
The user tnput conversion mechanism 1H copvens the user
determriged roquest 1o a request for coefficients.

A possible Implementation of user dopet copversion
meckagism 16 i depicied in e How chard i FIG. 8.
Esseattafly, the uwser inpsl cogversion mechanisa 16
pequesis all the coelficlent entelos comesponding w0 the
foveal repton in the boreontal differesce M wrices, ver-
teal differsnos 9 mattioas, Jumr« i) differenes wusirices 11
and appresitngion nmawe the wisvelet mansfonn of he
image at sach level of resolution. (Hecall thad only the last
level approedineation mateix 8 neads to be stoved by the server
1Y That &, wavehet coeffictonss s regnesied such that {1 s
possible 0 reconsicact the coaflicients in the origiml matoix
E7 cormesponding 1o the foves) region.

Ry

LNy

As the coefficients am incheded in the mguest, they are

o

vaasked oml. The wse of & mwask is commnonty wadesstood in

the ari. The pusk s manianed o delensire which coeffi-

ciems have been reguested so fhey are el reguested agein,

Each mask can be repros by an anvay of Boked bsts (one
linked hst for cach oow of the Jmsge o esct dovel of
resclution).

As shows fe FIGL 8 the inpig conversion mechavism 16
ot rmincx‘ the current Joved of rcs-.o-unun LY of an mage
{0, Y such that the smm_;. M, ks, g, 1I8XEIR plshmabriy
{for c.xun;}k. fhe Jowes «¢f resalation), 35 shown in
Stup 200, Then, the npm sipwersion wschanmsm 16 deter-
mines if the cerront tewe] Lds e owest msaltion level
{Step 218Y. ¥ so, i s duiermoined i the theee color coelfi-
cients .0, MuqRY M {G) and M () correspond io the
foveal region that has been et jiested (Step 226, i that is
the case, then the in put conversion mechanism 16 comdirms
ihat the cumest regron Lois indecd the Iowest resolution
region (Sop 2480, 2ad returs (e ol 1 the Maoager
Thread 18 (Step 286). I, in Step 220, 4 &5 deteouned that
the theee oodor coefficients have ool boen roguesied, these
coneflivients sre reguesied ustug the @b desorbied above,
and the process oontinues 1o Siep 245, and the conteod is
retuened tor the Manger Thread 18 {Step 2503,

1, i Step 219, it is deteomined that the cument kevel L is
aod the bwest seschadion feeed, thes the inp
wochanism 16 dutormines whethor the horizontal, vertical
amid dizgony] difference copffivients Dahivh are necessary 1o
recoastruct the three volor cooificients) Bave heen raguested
{Step 3603, IV 20, then e fnpud converstun mechanism 16
sidps 10 ‘nivp 280 1o decrease the owrent level L by
Oiherwise g sot of dilference cosfiict &y he mq&
This set dc;mm’is en the mask and the foves] parumeters
{e.2., a shape of the foveal region, a maxinum resnlution, &
rate of deeay of the resolution, ¢ie). The wser wmay seleci
“foraal” walues for tuse foveal PRGBS, bt e Mae
sger Thread 18 may, st thds poigl, seloct the “offvctive”
vafues for these parameiors 10 ansure § teade-off betweon (1)
achigeing 3 veasomble respoase e over the estimated
cugreal getwork baudvech, ond (.. hieving & masione
throughpwt in the rapsnission of dafa, The process then
contbuies fo Step 288, Thercafter, the {uput conversion

mﬁﬁonwf\ 1(‘66,Eun1mu winsther the curosst levsl Lois

[+3

ETH

b CONVEESinm 3G

30

10

greater o wqual o 2ere (Step 2303 H ot s the case, e
provess foops back by step 28 (thenwise, the sowtrol s
returned W the Masager Thread 18 {Step 250}
The Network Thread 19 iochudes the petwork protocol
processing clement 13, The Network Huead oblains the
(‘u:'-;ﬂ madii-resolution regeest for coctficlents correspond-
fng to the foveal region fom request quove sad processes
aned sends he roguest fo the sorver | ovie nobeah protocol
processing cloment 13,

MNoice that the dats
resewnts visval dnformsion i the oo

cated pact of the age. The deta s fore n-:,nidl bu.au 3 1{.
represents oaly the additionst information necessury o

moeeesse the mosoluton of the local viseal iafeonation.
{Informatica already available focully  masked out).

The server 1 oreceives and provesses the roguest via
aetwork promeel processing element 12, and sends the
coufficicnts requested. When the coeflicients ane sont, they
ae masked out The mask i maintsiasd o deleoming which
coulficienns beve boon sent amd for deciding wihich slocks of
data can be released from mads memory, Thaes, nn identical
sersion of the mask wiained on hath the client 2 side
and server 1 stde

The MNetwork Thread
processes the socffic
inchides mverse wi

2 wes and
‘The Nepwork Thread 19 ako
Je sform chemers B The averse
wavelet transfony kmtm 14 perfonus sn invesse wavejet
fransform op the received cocfficents and stores the resail-
ing (oetion of an approxtesiion meteix § cech e voe s
obtatacd {ie., ab vach level of resolution) in the stompe
deviee 3 of ai e clicnt 2. The sub-image Is stoved @ cach
{progressevely Bigher, hrqm and Joss oovese) level of Hs
rusoluiing.

Node that as the clivei 2 Koows pothing aboui the imagy
mui} it i geadually til d i as coeficiems are yegue st
Thus, sparse matrices {sparse, dynamic data structares) and
assoctned algorithos oan be used fo store parts of the image
recefvud from the server B Sparse mairioss are kaowa i the
art and 3 ot that the memory

behave ke noral n

space of the matrix are not alloe
menery 18 abocated in bincks c)t Thiz 18
reasonable as the whole fmege wiay require 3 considersble

amoual of space,

Stumbtaneonsly, the Displey thecsd 20 {which o be
neplomented ssing suy modern eperating systom oF win-
dowing system) updates the display 8 based on the pyramid

stigage dovice 3

representatio soed i the
(;‘“-:m e, the Display theesd 28 continues i1y monitoring

" ihe e m;:m‘t devioe 6 amd the whede of clieni 2
IO atines uatl fhe session s feminaied.
p Al Tin HIEL S0 s ¥ nated

of mentdon. Notice thst sinew
s will he stored on the chent
2 first, thev ane displa 31 Also, the use of frweaied
Hiugss eosnies that the o satal duta 1o update the view
58 1&1} ad the reguesied data can arrive within the roand
i iim of 2 fow messapes wsing, for example, the TCRAP
profocol.
Alo sotice, g 2 wavelel coelcient al 3 rolatively
ooarses bevel of resolytion conesponding to the foveal
region affects @ proportiomately larger pan of the viewer's
screen than a coeliicicnt @t & relafiv ey Hrer fevel of reso-
tation covresponshog to the foves? region (ia fao, the reso-
hation on the display § exposentially avsy foon the moevss
poisier). Also sotics the inventivn takes advantage of pro-
wsive frapsmission, which gives ihc image percephual

P d Patsd i Eeh bt 0T3Pt

A f-;«\f poisis we worthy
fower, coarser resnlution img
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tansmission, i the clesd & ouwser thet is detenminlag
trasnuisston oedering, which is wil pre-computed beoanse
the wepver 1 dosse’t Rocw w h.ﬂ 'ht Heats} 3 aext reguest
will be. Thus, as auied in the tx awd advantages section,
the “thinwire” madel is omi}:m

Note thiss {0 the overg the thresd technobopy bs wiibeed 10
imploment the presond inveaiion, semaphores dats struciues
are wseful i the threads share the xame data stiactwres {e.3,
the reguest queus) Seww sri aros are well Kaow m th\ art
and crsure that oly one st s prrocess (or “thread™)
vt aceess amd modify 3 shared data sirachuee al one time.
Semapbores soe supportad by wodern opersting svstems,

CONCEUSION

It is appurent that vadoss sseful modifications caa b
made 3 the abovs deseripion while remaining within the
soupe of the foventim.

T exmgle, withest Hmitation, the user cat be provided
wittt two modes Tor display o abways i} the pixels 1o the
fughest resoliiion that s curreatly available lovally or @ iR
thee B 10 some user speciiind fevel The chent 2 display §
Ty include 3 to-sizable vigwing window with minimal
pa:.n.zlt} o the readtime perfommance of the system. This i
v troe of provious approaches. Thore
auritiary navigation window {whiah can e re-sized but is
beest kopt fairdy small because it displays the entive image al
2 fow cosobutiong. The maie parpese of such @ savigation
window woukd he 1o fed the viewer know the sjze aod
posiion of e viewing window o relsion 1o the whole
I,

B s rwahly seen fhat furtber modiiestions within 1hc
seops of the nvention porrvids Terther sdvantages o the wser
For example, withont Hmitstion, the favenion auy have 11_1»
following capabilgtics: confinuous ealtime panning, con-
g waltime zooming. fovesting, varving ihe fovesl
resoluion md modifestion of the shape and s of the
foveal region. A variable resoletion foainee wmay also allow
the server 1 1o dvnsraioally sdjust the amowm of frsnsentied
duta 0 maich the effeciive bandwadih of the noiwork,

White ihe sbove description cc_‘mt'xiu\‘ m:my specHicities,
these should aot be coastived 85 Hm : G ol
the invention. but rather as an (’\;t‘mpi ﬁ\ abios of oue pre-

ferred sxabmdiment thereef. Many other vanations are pos-

sihis. Awvcordingly, the scope of fhe investos should be
deternyiozd wi by the embodimoentls) tlustrsted, bt by the
appenched chims ind theie Jegal eguivales,
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also vy be an -

o

What is claimed s
1.4 clicot apparatus For casbhog 3 sealtime visualization
of at Jeast one Inage. the client apparatus comguising

a storage device sfovtug dinst dats. cormspm
mudioveate: repeeseniztion of an origoad imag
& wser inpat device providing second dsta con \pu{siinw
to at least vee visuahzation command of at keast one
wser; and
genersting thind daty corng-
spevrding o a wult mags wsing the first data,
ihs and data wnd @ fovestion operator,

2, The cligst appacstus of claim 1, further comgprisdag 8
netwaork protocs! processing eloment which provides the
third d;\m usigg & PORIP oo

3. Phe chical sppaatus of chidm 1, whaeoh the processing
elernent trpeseits the thivd data o the ot least one che via
{ln, lm e

H

B

fy

L PTOCSSSINY ArTang

ppsrabs of claim 1, whereln the user input
dcnuc mdm{w i mouse device,

8. The cHent apparatus of ¢ ‘: i, v
deviee inelisdes at least one of an wye
kexboard.

6. The clicnt apparaius of claim 1, wherein the foveation
operain s spectied psing pasameiess that nolude at foast
one of:

wherein the user fnput
c-tracking device and a

@ st of foseation polts,

@ shape of 8 {ovegiad region,

s wasivsm esedution of the foveated wegion, and

# rabe @ whivh 2 masis resolesion of e fovead rogton
decays.

7. The clizat [q\p\um.{a of claim ¥,

whereln the processing arangement
A!ﬂd:\{,b frovm a BOTVET, and
wherein the wemey ATEIMPEHONL SO 1 di. strectme
representing The muliffoveated imags, the data structing
that is opimized G the chent apparatus being fnde-
pendent of s image epresentalion provided by e
RETVEL.
8. The chieni appacatus of claim §, wheeein the thind dada
corresponding fo the mudithy +d hmage 18 penerated or at
feast one of

ves the ofginal

& fiest achitracy-shaped Jovead egion,
& sewonad wybiteari vy foveal reglon, and
an athitraey union of the frst and seomnd fovenl reglons,
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- mee ) o SHie Mim: apparatus for storing texture data, apparatus for scan-
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211 Appl. No.o 514,598 storing apparatus, apparatus for provessing, apparaius
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395/130

4384220 1171989 Dawson et al. . apparaiys assigning ong color across the surface of exch
4.200.397% 31990 Dawson et al
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invention, the rendering spparaius interpolates the in-
tensities detwaen the vertices of gach polygon i 8 linear
fashion as in Gouraud shading.
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4,585,854 119 Wigtenburg . :
5020084 50931 Millers=e sl L 3BTRS

Primary Examiner—Gary V. Harkcom

Assistant Examiner—Mark K. Zimmerman 8 Claims, 7 Drawing Shests
- \i DML
i 300
i3 !
L T e e ——— Ty
: ' !
S SHAPE
- | ADDRESS —{ TEXTURE :
DY e ' o ENGINE ‘
oy IGERERATOR 30
INTERFACE bod . i H
; s y § i
" iy § ]
{ 4 . ! 4
65N TEUICATED j e 98
) dy et | L ras
I ARENDERINGE— DiSFLAY }Ad  vingo FEMONU
P S ENGINE ! MEMORY boriBENERATORL: o on
I . ‘ ralie MONG
o i E 3 E"“ﬁw H
B SYMBOL F——jGEOMETRY TRING Pl masTER
BTG E SENERATOR ENGINE ENGINE b iomimem
!
. 5 1 kY ¥ i
i S \\-.- 14 N 80 1 X
»u-—wwmmm"'ugnm m.“-m3ww_«.—,‘._.,_._ﬁhwmuw ........_.I ‘\\q‘i
UNTER PROCESSOR BUS (GLOBALL Y
ReRGX e
i P00 DECICATED BUS F
ER s | o J
'—21 § ; ! §
<2 ki i
553 i | PRQ
Y MU (TE0) [ 1750)
N 7 BFF BUS - ' v

Page 42 of 160 Unified Patents Exhibit 1013 Part 2

Microsoft Corp.  Exhibit 1009



U.S. Patent

Jan, 12, 1993

APPENDIX K

Sheet 1 of 7 5,179,638

T
_/

TEXTURE

SCREEN

CO-LOCATED
AERIAL
PHOTOGRARPH —
Ll
Z / .
DA
ELEVATION
DATA A
. "sﬂ'u"-:.«-g ‘
XA :ff"'"—g\ N
R s, ’ufig,‘%ﬁ‘ﬁ‘ D
7 NN d gt Wy A NN
: £ g .
W W
by B s I WAL I Y M & -%\‘;\\\\M‘&
WEG TRy IS #’%‘W\éx 2
e A, QM@‘@- *
ST WL 7 .&3* \&M
e e G S SN S
| A T R RS
LTI LAl R QL T L NS ‘.W
et LA 7 e @-‘%

Page 43 of 160

Unified Patents Exhibit 1013 Part 2

Microsoft Corp.  Exhibit 1009



U.S. Patent

iO‘\

Jan, 12, 1993

Lig.-3

Bl
=

APPENDIX K

Sheet 2 of 7

ol

5,179,638

| ELEVATION Qg!-«é
CACHE
MEMORY
(42 (-M (_;5
SCAN PROJ. PROCESS GENERATE
" VIEW VIEW w POLYGON
VOLUME VOLUME FiLL ADDR.
30
o R e e m e e e [MEMORY 22
§ [
‘ el 20 ; }AGORESS {
; CALGULATE | GENERATE POLY } . FULL
' TEXTURE | TEXTURE START! FRAME
| YERTEX "1 MEMORY [ ! MEMORY
" ADDRESS ADDRESS L
i { . ‘
} bem ey
} 24 §
t PIXEL
t | TEXTURE il DISPLAY
i CACHE i
! : ‘ FILTER &
! MEMORY COLOR | INTERPOLATE : -
! PIXELS | | 8
; ;
b e e o o e o b e e e o o o o e o e o o oo e e o o ]
Page 44 of 160 Unified Patents Exhibit 1013 Part 2

Microsoft Corp.

Exhibit 1009



APPENDIX K

5,179,638

Sheet 3 of 7

Jan, 12, 1993

U.S. Patent

£ $N8 dad \,
041} (s XOW AY
Bad ddd £S5t
mo_\ | ﬂmtx M “““
EA—— SA8 431¥31030 04d A XOWAY
34
Y (v8071D) $NE HOSSID0HI HILNIY
b e e e e s | e s s oo s i i i o] |t st iro oo et s i
A [ o 98— Y- E
o | Y A\ A |
HIWLL _ INGNI INIONT HOWHINISl | | (OGLn
HILG YW 4 onuL AHLINOED JOBNAS WS
! J
] 3 N i T oo
ONOW ‘ [ : ) N\ _
894 Fuowwuznast-4 asonaw - anon? badfrrwormrrrrers ey w
onowz{ 03CIA |4 Avidsia ONIHZON I PSSR /ﬂV/k S §
a5y 7 | 7 - S I \
2o / T GhE G3ivaia30 Wea R
-~ Wl x »
> M v X O W g1 i1
N e -
ﬁ ,m. /ﬂ - w »m\ \\\\
SN 2 N suowIw | | -
m oL N oINS S Saova 1 zesor [ A
$SIu00Yy NCILAVAZ TS & ‘ ,
w FHOLK3L | IaYHS ﬁ
riiiiqiiiiﬁiﬂiiﬂlii.flu
ooe~ 60l

Unified Patents Exhibit 1013 Part 2

Page 45 of 160

Exhibit 1009

Microsoft Corp.



APPENDIX K

U.S. Patent Jan, 12, 1993 Sheet 4 of 7 5,179,638
M@g"g 4z /0% cpame surrer
e F L.
] e T
!1/34
/ i F2
RENDERING F F F F F F
NDESH 1 2 F3 i Fa z 2
ol F3
g F%
| - -
N R R T - T
PIXEL

] | START OR STOP
i & XX

7 {f s

£X20  avy—t ANGLE OF CHANGE
[ oY=0 11 <
E / START OR STOP
\ ANGLE
\ CENTER

\

RADIUS

Page 46 of 160

Unified Patents Exhibit 1013 Part 2

Microsoft Corp.  Exhibit 1009



U.S., Patent Jan, 12, 1993

Fig-8

DENSITY
FUNCTION

i

APPENDIX K
Sheet 5 of 7 5,179,638

2

MEAN 38 RIXELS

AVE 102 PIXELS

6 e ———
© |30 | 50 100 | 500 1 zo00 | 4000 | €000
o 20 40 200 000 3000 5000
Page 47 of 160 Unified Patents Exhibit 1013 Part 2

Microsoft Corp.

Exhibit 1009



APPENDIX K
5,179,638

Sheet 6 of 7

Unified Patents Exhibit 1013 Part 2

Microsoft Corp.

Exhibit 1009

Jan, 12, 1993

| U.S. Patent

NOLLDNYISNI Vdd ] » -
NOILLONULENE Wdd i ) (09
HOQY ‘1530 SNA-Y =t D X peol b3S
HAQY WAY¥ 44300 1H0d 8 i & A QMW
HOGV Wi VIVa 1¥0d § ~=—{ 7 IOHLINOD
o1z b1z~ 212 HIININOIS
sng-d S
. S0¢
1z \
Y \
[ wNooV COIWEAW 3ud SRENI
ONILYO14] | 44300 -
e | Toas) 103
9602 | V60Z_ 902 | o
. LI W3IN 34
50 : : NI
INIOd H3ILS193Y TN
ZHWOOZ ONILYO T vivg  fonila3did
o/ - S 100
- P pozl  20e— y INT 3
sng-g ‘
SNg-v

6-901

Page 48 of 160



APPENDIX K

U.S. Patent Jan. 12, 1993 Sheet 7 of 7 5,179,638

Fig.-10A

WORLE SPACE

Y
< e DR
,,»"/,f‘f //
4 fe" ’ f /," - )// “
}é v g

s 'j " s
VAY/a~/a/,

/ -
S Fig.-10B
ETED BOETE ¥ /;»«73?
] 7."“‘ f.'(;
At
e
p “,,'{! ’ ..mr“ )
CO~LOCATED TEXTURE SPACE
Fig-10C
Ys SCREEN SPACE
ZVU
/’; \\
# s,
N
N,
\
Fig.-10D
T RENDERED
= POLYGON
Page 49 of 160

Unified Patents Exhibit 1013 Part 2

Microsoft Corp.  Exhibit 1409



3
1

METHOD AND APPARATUS FOR GENERATING
A TEXTURE MAPPED PERSPECTIVE VIEW

The prasent invention is directed generally to graphic
display systems aad, more particulsrly, 10 & method and
apparatus for generating textute mappad perspective
vigws for 2 digitel map system.

RELATED APPLICATIONS

The following applications sre included hersin by
reference: :

(D V.S, Pat. No. 4,876,651 filed May 11, 1988, issued
Oct. 24, 198% entitled »Digital Map System™ whick wag
assigned to the assignes of the present invention;

(2 Assignee copending  applicarion  Ser. Na.
08/314,683 filad Ape. 26, 1890, entitled "High Speed
Pracessor for Digital Signal Processing™;

(33 LLS. Pat No. 4,884,270 entitled “CGenerator with
Varisble Scan Patterns™ filed Jun. 7. 1988, ssued Nowv.
28, 1989, which is assigned 1o the assigaes of the present
wveation;

{43 U.S. Pat. No. 4,589,293 entitied A method of
Storage and Retrisval of Digital Map Data Based Upon
a Teaseilated Geoid System™, fled Dec. 14, I9EE, is5ued
Feb, &, 1990

{53 U.S. Pst. Ko, 5,020,014 entitled “Generic Interpo-
fation Pipeline Processor™, filed Feb. 7, 1989, {ssued
May 28, 1981, which i5 assigned to the assignee of the
present invention;

{£} Assignoc™s copending patent application Ser. No.
077732725 fled Ful 18, 199} sntitled “Farallel Poly-
gon/Pixel Rendering Engine Architecture for Com-
puter Graphies™ which is & continuation of patent appli-
cation 07/419,722 filed Gt 11, 1989 now shandoned;

{71 Assigree's copending pater application Ser. No.
07/514,724 filed Apr. 16, 1990 entitled "Polygon Tiking
Engine™

{8) Assignes’s copending patent application Ser. Ne.
Q7/514,723 Bled Apr. 26, 1990 antitlad “Polygon Sort
Eagine™; and

{%) Assignes's copending patent application Ser. No.

7/514,742 filed Apr. 26, 1990 entitled “Threg Dimen-
sional Computer Graphic Symbol Generator™,

BACKGROUND OF THE INVENTION

Texture mapping is 3 compuier graphies techaique
which comprises a process of overlaying aerial recon-
naissance photographs onto compater generated three
-dimensiona] terrain images. It enhances the visual real-
ity of rester scan images substantially while incurting a
relatively smell increase in computational expense. A
freguemt criticism of known computer-gencrated syn-
thesized imagery has been directed to the extreme
smoothaess of the image. Prior art methods of generai-
ing images provide no texture, Fomps, ORICIOPRINGS, OF
natural abnormalities in the display of digital terrain
slevation datz (DTED}

In general, texture mupping maps 3 multidimensional
image to a mulidimensional space. A texture may be
thought of in the wsusl semse such as sandpaper, a
plowed field, 2 roadbed, a kake, woodgrsin and so forth
or as the patiern of pixels {picture slemenis) on 2 sheet
of paper or photographic film. The pizels may be ar
ranged in & regular patiern such as & checkerboard or
may exhibit high frequencies as in 2 detailed photo-
graph of high resolution LandSat imagery. Texture may
alse be three dimensional i nature 3s in marbie or
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woodgrain surfaces. For the purposes of the invention,
fexture mapping 15 defined 10 be the mapping of 3 wx-
ure onto 2 serface in three dimensional ohject space. As
ig illustrated schematically in FIG. ¥ 8 fexiure space
object T is mappad to a display soreen by means of a
perspective transformstion.

The implementation of the mathad of the invention
comprises two processes. The fivst process s geometric
warping and the second process ix filiering. FIG. 2
Hllusiraves graphically the geometric warping process of
the tnvention for applying texture onto a surface. This
process applies the texiure onin an ohject 1 be mapped
anafogously to a rubber sheet being stretched over a
surface. In a digial map system application, the texture
tvpically comprises an asrial reconmalssance photos
graph and the object mapped is the surface of the digital
terrain dats hase as shows in FIG. 2. After the geormet-
ric warping has been completed, the second process of
filtering is performed. In the second process, the imege
15 resampled on the soreen grid.

The invention provides = testure mapped perspegtive
view architeciure which addresses the need for in-
creased aireraft crew effectiveness, conseguently reduc-
ing workload. in low altiiude flight regimes cheracter
ized by the simultanecus requirement 1o avold certain
terrain and threats. The particuley emphesis of the in-
vention 1§ (o increase crew situational awarenzss Craw
sttuational awareness has been increased to some degrae
through the addition of & perspective view map display

3¢ 8 plan view capability which already exists in digitad

map systems. See. for example, sssignee’s copending
spplication Ser. No. 07/190,798, for a DIGITAL MAP
SYSTEM, filed May 11, 1988, issued Oct. 24, 1989 ax
U5, Pat. No. 4,876,651} which is incorporated herein by
reference in us entivety. The present inverntion aprosves
the digital map svstem capability by providing & means
for overlaying serial reconnaissance photographs over
the computer generated three dimensienal ierrain image
resulting in a one-to-one correspondence from the digi-
tal map imags to the real world. In this way the invens
tion provides visually realistic cses which augment the
informationsl display of such a computer generated
terrain image. Using thess cues an aircrafl crew can
rapidly make & correlation between the display and the
real world.

The architectural challenge presented by texture
mapping 15 that of distributing the processing load to
achizve high data throughput using parallc! pipelines
and then recombining the paraile! pixel flow inte @
single memory module known as 2 frame bufler. The
resulting contention for sccess to the frame buffer re-
duces the effective throughpus of the pipelines in addi-
tion to requitng increased hardware and board space (o
implement the additional pipelines. The method and
apparatus of the isvention sddresses this challeage by
effectively combining the Jow contention attributes of a
single high speed pipeline with the increased processing
throughput of paraliel pipelines.

SUMMARY OF THE INVENTION

A method and apparatus for providing a testure
mapped perspective view for digital map systems is
pravided. The invention comprises means for storing
slevation dsta, means for storing testure data, means for

5 scanning a2 projected view volume from the elevation

dats storing mesns, means for prooessing the projecied
view volume, means for generating 3 plorality of planar
palygons and means for rendering images. The process
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tng means further includes means for receiving the
scanned projecied view volume from the scanmng
mesns, tansforming the scanned projected view vol-
ume from object space 1o screen space, and COMPUIngG
surface normals at each vertex of each polygon 5o as to
modulate texture space pixel dntensity. The genecating
means generates the plurality of planar polvgons from
the transformed vertices and sepphes them 1o the ren-
dering means which then shades each of the plaswy
polygons.

A primary obiect of the invention is to provide a
techngiogy capable of accomplishing & fully integrated
cigieal map display svstem 1o an atreraft cockpit.

in one shernate embodiment of the imvention, the
polygons are shaded by means of the rendering meany
assigning one eolor across the surface of each polygon.

In vet another alternate embodiment of the invention,
the rendering means inferpolates the intensities between
the vertices of each polvgon m a lincar fashion as in
Gouraed shading.

1t is yet another obiect of the invention 1o provide a
digital map sysiem including capabilities for peripectiv
view, transparency, texturs mapping, hdden e re-
movel, and secondary visual effects such as depth cues
and artifact (e, anti-alissing} contral.

Iz 15 vet angsher object of the invention to provide the
capability for displeying forward lookisg infrared
{FLIR) dats end radar return images overlaid onto a
plar and perspestive view dighal map imege by fusing
imzges through combuming ov subtracting other sensor
viden stgnals with the dipital map terrain display,

It i veot another object of the mvention to provide a
digital map svsien with an arbiirary warping capability
of one daiz base onte another data base which is accom-
modated by the perepective view texivre mapping tapa-
hility of the nvention.

Giher objects, featores and advantages of the inven-
uson will become apparent 10 those skilled in the an
throagh the draveings, description of the preferred em-
bodiment and claims herein, In the drawings, like nu
merals refer to hike elements.

BRIEF DESCRIFTION QF THE DREAWINGS

FIG. 1 shows the mapping of 3 textured obiect 1o a
display screen by 3 perspective transformation.

FIG. 2 tlustrates graphically the geometric warping
mrocess of the invention for applying testure onig &
surface,

FEG. 3 iflustrates the sorface normal calenlation as
employed by the invention,

FIG. 4 presems a functional block diagram of one
embodiment of the nvention.

FHG. 5 fllusteates a top level Mock diagram of one
embodiment of the texiure mapped perspective view
architecture of the invention,

FIG. 6 schematically illustrates the {rame buffer con-
figuration as emploved by one embodiment of the in-
vention.

FIGS. 7o, 70 and 7o Husteate three exsouples of dis-
play format shapes,

FIG. 8 graphs the demsity function for maximurm
pizel counts.

FIG. 9 is a block diagram of one embadiment of the
geometry armay processor as employed by the inven-
How,

FIGE 10A, TR, 18C and 100 iHusteatad the tagped
architeciural texturs mapping & provided by the iven-
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

Generally, perspective transformation from texture
3 space having coordinates U, V 10 screen space haviag
cocrdinates X, Y requires an internediate teansforma-
tinn from texture space o object space having coordi-
nates Xg, Yoy, Zo Perspective transformation is accome
plished through the general perspective ransform equa-
tion as follows:

e
faer}

;",4 8 ¢ 1 P
oz r i
15 XVPZH] = ¥ VRO
R R P I A
H
14 M & 3
ph.

where 3 paint (X,Y,23 in 3-space s represented by 2
' four dimessional position vector {X Y Z H}in komoge-
neous coordinates,

The 31x3 sub-matrix

13 r 7
‘ i4 8 ¢
Lo om -J
L
X acoomplishes scaling, shearing, and rotstion.

The 13 row matrix {L M N} produces transiation,
The 31 column matrix

| S

| S
patouTi

produces perspective transfonmation.

The 11 sgalar {§] produces overall scaling.

The Cartesian oross-product needed for surface nor-
mal requires 2 sguere rool. As shown in FIG. 3, the
surface pormal shown is a vector A X B perpandicular
10 the plane formed by adges of a polvgon as repre-
sented by vectors A and B, where A X B i the Cartesian
cross-prodoct of the two veciors. Normalizing the vee-
tor allows calcnlation for sun angle shading in & per-
fectly diffusing Lembertian surface. This i accom-
plished by taking the vector dot product of the surface
normal vector with the sun position vecior. The resuit-
ing angle Is inversely proportional 1o the intensity of the
pixgt of the surface regardless of the viewing angle. This
mtensity is nsed 1o modalzte the wxture hue and inten-
sity value

46

i

§5
4w § A= Azt 4 A 4 4
TR ™ gl a4 2 o B

& A terrain trisngle TT i formed by connecting the

endpoints of vecines A snd B, from point By, By, Bz
point Ay, Apn Az
Having described some of the fundamental basis for
ihe invention, a description of the method of the fnven-
tion will now be set out I more detail below,
Referring now to FIG. 4, 2 functional block disgram
of one embodiment of the invention is shown. The in-

sentiop functiongliy comprises a mesns & ine ele-
rrUmTiEd Patents EXibit TOTS Part 2
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vation date 3, 2 means for storing texture data 24, a
means for scanuing @ projected view volume from the
glovation data storing means 13, means for processing
view wvolume 14 fncluding means for receiving the
scannzd projected view wvolume from the scenoing
weans 12, means for penermting polygon i addresses
16. means for caleniating texture vertices addresses 38,
means for generating texture memory addresses 20,
means for fllering and interpolating pixeds 26, a full-
frame memary 22, and video display § The processing
means 14 further includes means for transforming the
scanned projected view volume from ohiect space to
screen space and means for computing surfzce nonmals
at esch vertes of ssch polygon 30 as to calculate pixel
intensity,

The means for storiag elevation dats 10 may prefera-
blv be a cache memory having a1 lsast a 50 ssec socess
time to achieve 20 Hz bi-lnear interpolation of a
I3 31T pixel resolution screen. The cache memory

i
i

further may advantagecusly inchode a 256256 bit 2

buffer segment with 2K bytes of shadow RAM used for
the display list. The cache memory may arbitrarily be
reconfignred from § bins deep {daia framed 10 64 bis
{i.e., comprising the sum of texture map date (2%
bits}+ DTED {16 bitg)-aeronautical chan dats (34
bitsyy. A buffer scgment may start at any cache address
angd may be written horizonatly or verticaily., Means
for storimg texturz data 24 may advaniagenusly be a
texture cache memory which s identical to the eleva-

tion cache mernory excep tha it siores pixel informa- 3

tion for warping onio the elevation data cache, Refer-
fng now 1o FIG. § a top level block diagram of the
rexture mapped perspective view archiiociure s showr.
The architecture implements the fupowons as shown in
FIG. & and the discussion which follows shall refer to
functiona! Moucks s FIG. 8 and corresponding clemenis
in FI€3. 8. In some cases, such as element ¥4, there 5 &
oneo-one correspondence  between the functional
blocks in FIG. 4 and the architectural ¢lements of FIG.
5. In uther cases, as explained hereinbelow, the fune-
tions depicted in FIG. 4 are carried out by a plurality of
slements shown tn FIG. 5. The elements shown in FIG.
§ comprising the textare mapped perspeclive view 3ys-
tem 300 of the invention wclude elevation cache mem-
ory IR, shape address generater {SHAG) 12, texture
engine 30, rendering engine 34, geometry engine 36,
symbol generstar 38, tiling engine 48, and display mem-
ory 42 These elements are typioally part of a larger
digital map system including a digital map snit (DMLU)
102, DMU interface 111, IC/DE 113, 4 display strezm
manager (DSM) M, 2 general purpose processor
(GFP 108, RV MUX 111, PO 123, master time 44,
video generator 36 amd @ plurality of diata bases. The
latter clements are described in agsignes’s Digital Map
Svsiem U8 Par. No. 4,876,651

GEOMETRY ENGINE

The geometry engine 36 is comprised of one or more
geometry array processors (GAPs) whick process the
44 Euler mairix transformation from object space
{sometimes referred to as “world” space) to scresn
spate. The GAPs generate X and Y wvalues in scraen
coordinstes and Zvv values in range depth. The GAFs
also compte surface normals at each vertex of 8 poly-
SOR Tepresenting an imape in object space via Cartesian
cross~prodacts for Gouraed shading, or they may assign
one surface pormal 1o the entire polygon for flat shad-
ing and wire mesh. Intensity caleulations ave performed
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using & vector dot product between the surface normal
or normals and the ilumination sourcs to implement 3
Lambertizn diffusely reflecting surface. Hue and inten-
sity values are then assigned 0 the polvgon. The
method and apparaius of the invention also prevades a
dot rendering scheme wherein the GAPs only trans-
form cae vertex of each polygon and the tiing engine
48, explained in more detatl below, 15 mhibited. 1o thy
dot rendering format, hue and intensity are sssigned
based on the planar polygon conlaining the vertex and
the rendering engine is inhibited. Dot polygons may
appear in the smpe image as multiple vertex polvgons or
may comprise the entire bnage itself, The “dots™ are
passed through the polygon rendering engine 3. A
range 1o the vertices or polygos {&ve} is used i a fog or
“DaVined™ effect are invoked as explained below, The
GAPs alsa ransferm three dimenstonal overlay sym-
bols from world space to screen space.

Reaferring now 1o FIG. 8, a bock disgram of one
example embodiment of 3 geometry array processor
{GAP) 15 shown. The GAF comprises & data register
fite memory 202, a floating point muitiplier 204, a coeffi-
clern regisier file memory 206, 2 floating point aconrmu-
lator 208, 4 200 MHz oscillator 210, 2 microseguencer

Y 2313, a control stowe RAM 214, and latch 216

The regisier file memary may advantageously have d
capacity of 312 by 32 bits. The floating point accumula
tor 288 includes two input ports 2094 and 2098 with
independent enables, one output port 211, and a condt-
tion ceade interface 212 responsive 1o error eodes. The
floating point aconmulator operates on four instruce
tions, namely, muliply, so-op, pass A, and pass B. The
microsequencer 212 oporates on seven mstructions inv
cluding loop on count, loop on condition, jamp, con-
call, return and load counter. The mi-
crosequencer includes 2 debug interface having a read/~
write (R/W) internal register, RAW control store mem-
ory, halt on address, and single step, and further in-
cludes a processor interface including a signal inerrupt,
siatus register and control register. The GAP is fully
explained in the assignee’s co-pending application No.
07/814,685 filed Apr. 26, 1990 entiled High Speed
Processor for Digital Signal Processing which is incot-
porated herein by reference in its entirety.

In one alternative embodiment of the invention, it B
possibie to give the viewer of the display the visual
affect of sn eavironment enshronded in fog, The fog
aption is implemented by interpolating the cokw of the
trigngle vertices toward the fog color. As the tnangles
gt smaller with distenoe, the fog particls become
denser. By using {he known relationship hetween dis-
tance and fog density, the fog thickness can be “diated”
or adjusted as needed. The vertes assignment bterpo-
lates the veniex color toward the fog color as a funchon
of range toward the horizon. The fog technigue may he
implemented in the hardware version of the GAP such
a5 may be embodied in a GaAs semiconductor chip. If 2
Hinear color space (ypically referred o as *RGB™ 10
reflect the primary colors, red, green and bhue) &5 as
surmed, the amount of fog s added as 2 function of range
to the polygon vertices’ color computation by well
kaown technigues. Thus, as the hue is assigned by gle-
vanon banding or monochrome defasle value, the fog
color is tacked on. The rendering engine 34, explained
in more detail below, then straight forwardly interpo-
istes the interior points.

In another glternative embodiment of the invention, 2
DaVingi effect is implemented. The DaVinei effect
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causes the terrain w {ade into the distance and bilen gons, a connectivity offse from one Hae scan to the next
with the horizon. It s m*p‘a enied as a function of is nsed 1o caﬁﬁvufe the polygons. Far overlay symbals,
£5 e G

range of the palvgon veruces by the GAF, The horizon
color is added 10 the vertices s;mﬁariy 1o the fog

SHAPE AaDDRESS GENERATOR (SHAG!

The SHAG 12 recoives the anhographicaiiy pros
Jected view volume enthing onio cache from the DSM.
It calcuintes the indbvidual hae lengths of the scans and
the deliz » and delts ¥ components, B also scans the
glevation posts oul of the elevation cache memory and
passes them to the GAPs for trassformanon. Io oue
embodiment of the inventinn, the SHAG preferably
inchedes two arthmetic logio units {ALUs} 10 support
the 80 nsec cache 10, In the SHAG, daw i geserated
for the GAPs and control sigrals are passed 1o the tiling
engine 40. DFAD data s downloaded imic averlay
RAM {not shown} and three dimensinnal symbols are
passed o the GAPs from symbol generasar 38, Efova-
ton color banding hue assigoment is perfosmed in this
function. The SHAG generates shapes for plan view,
parspective view, ntervisibility, amd radar sirulstion.
These are {Hhustrated in FIG. 7. The SHAG is rmore fully
explai nz,d in assignee’s copending application, Ser. Na.

303,860, Generator With Variable Scan Parterns, filed
Jun. 7, 1888 mssued as LS. Pat. No. 4,884,220 on Nov.
a8, 19&9 which 18 incorporated herein by reference in #ts
entirety.

A simple Lambertan Hghting diffusion mods} has

effect.

mroved adequate for generating depth cusing in one

embodimen of the invention. The sun angle position s
completely programmable in azimuth and zenith. Tt may
alse be self-posinoning based on time of day, time of
vear, latunde and longitude. A programmable nlensiy
with gray seale mstead of color implements the moon
angle position algorithe, Thy display strean manager
{(DEM) progratas the sun angle registers. The Mlumina-
tion tniensitics of the moon angle position may by varied
with the lunar weaxing and waning cvcles.

TILING ENGINE AND TEXTURE ENGINE

Seil referring to FIGS. 4 and 5, the means for calon-
1atrxg texture vertey address IR may include the dling
gine 4, Elevanon posts are vertices of planar trian-
glcs modeling the surface of the terrain, These posts are
Magped” with the corresponding UV goordinate ad-
dress calealaied in texture space. This tagging elimi~
nates the need for interpolation by substituting an ad~
dress lookup. Referring o FIGS. Ha, 108, 18C and
0D, with continuing reference 1o FIGS. & and §, the
tagped architertural texture mapping as emploved by
the invention is ilusirated. FIG, 10A shows an example
of DTED data posts, DF. in world space. FIG, 10B
shows the codonated fexture space for the data posts.
FIG. 30C shows the daia posts and rendered polygon in
screen space. FIG. 18D {flustrates »m‘cepmal!v the
interpolation of tageed addresses into a rendered poly-
gon RP. The texture engine 38 performs the tagged dats
structure management and filtening processes. When
the triangles are passed to the rendering engine by the
tiling engine for filllag with texture, the wgged texture
address from the elevaiion post is used 1o generate the
texuare memaory address. The texture value is filtered by
filienng and inierpolation means 26 before being writ-
ten to full-frame memory 22 prior to display.
The tiling engine penerates the planar pcﬁygom from
the transfarmed vertices in screen coordmstes snd

Pagepssgﬁsg%ﬁf 6:0&11(: rendering engine. For terrain poly-

L7

o

o

4 connectivity st is resident in & bufler memory {not
shown) and is wtilized for polygon generat ion, The
uling engine ako informs the GAP if it s busy, In one
embodiment 512 vertices are resident in a 1K buffer,
Al polvgons haviag surface normals more than %0
degrees from LOS are clininated from rendering. This
is known in the art as backfice removal. Such polygons
do not have o be ransformed singe they will ng be
visible on the displav screen Addztmnal CORBECVITY
information muss be generated if the polvgons are nos-
planar 33 the ransformation process generstes aplied
edges. This requires that the connactivity informances
be dynamically penerasted. Thus, only planar polygons
with lass than 5{3 vertices are implememed. Nop-planar
polvgons and dynamic connectivity algonthius sre oot
implemented by the mmg enging, The uling engine is
further de;&ﬂed in assignee’s copending applicativas of
even filng date herewith entitled Polvgon Tiling En-

~ gine, as referenced hereingbove sud Polygon Sort En-

2
L

&0

gine, as referenced bersinabove, both of which are in-
corporated hersin by reference.

RENDERING ENGINE
&

Referring again to FiG. 5, the rendering engine 34 of
the invention provides a2 means of drawing polygons in
a plurality of modes, The readering engine features may
include interpoiation algorithms for processing coordi-
nates and color, hidden surface removsl, contour lines,
atrcraft relative colot bands, flat shading, Gourand
shading, phong shading, mesh format or seresn door
effects, ridpchne display, transverse shiee, backface re-
moval and RECE {seris! reconnaissance) phote modes.
With most known methads of huage synthesis, the
image s gencrsted by breaking the surfuces of the ob-
ject into polvgons, caiculating the onlor and intensity at
each vertex of the polvgon. and drawing the resalts into
a frame buffer while imerpolating the eolors across the
polygon. The color information at the vertizes is calon-
lated from light source data, surface normal, elevation
and/or cultural features.

The interpolation of coordinaie and color {or inten-
sityy across cach polygon must be performed guickly
and aceurately. This ix accomplished by interpolating
the coordinate and cokw al each geantized point or
pm f on the edges of the polygon and subsequently
interpolating from edge to edge to generaie the fill lines.
For hidden surface removal, such as Is provided by a
Z-buffer in & well-known manner, the depth or Z-valne
for each pixel is also valoulated. Furthermore, since
color coraponents can vary independently across a sur-
face or set of surfaces, red, green and blue intensivies are
interpodsted independently. Thus, a minimum of s
differsnt parameters OX,Y,Z,R.G.B) are independently
caleniated when rendenng polygons with {fourand
shading and interpoiated Z-values,

Additional features of the resdering engine include a
means of providing confour lines snd airerait relative
color bands. For these foarures the slevation aka s
mterpolated at each pixel. Transparency features dic-
tste that an alpha channel be maintained and similarly
interpoiated. TAMQ reguirements imply two aodnxma?
axes of interpolasion bringing the total to eight. The
rendering engine is capable of processing polvpons of
OnE veriex in izﬂ dot mode, two vertices in its line mode,
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In the flay shading mode the rendering engine assign
the palvgon a single color across its entire surface. A
arbitrary vertex is selected 1o assign both hue and inten-
sity for the entire polygon. This & accomplished by
assigning idesiical RGB values to all verdess. Interpo-
latton ¢ performed normally but resulis In a constant
value. This approach will not speed up the rendering
process but will perform the algonthm with no hard-
Ware #nmpac.

The Gouraud shading algovithm included in the ren-
dering engine interpolates the intensities between the
vertices of 2ach polypon rendered n a Hnear fachion.
This is the defauk mode. The Phong shading algorithm
mnterpolates the surface normals between the vertices of
the polvgon between applving the intensity csiouls.
tions. The rendering engine would thus have o perform
an luminaton caleulation at cach pisel after interpola-
tion. This approach wounld significantly impact the
hardware design. This algorithm may be simulated,

Z

b=

. W4 = . . . 3
however, using 3 weighing funcion {tvpically a fune.

tion of cosine ()} arcund a narrow band of the intensi-
ties. This resplts in 3 non-linksr interpolation schems
and provides for a gmulated specular refleciance. In an
whernative embodument, the GAP may be used to assign
the vertices of the polygoa this non-hinear weighing via
the look-up table and the rendering engine seould inter-
polate as in Gourand shading

Transpurency s implemented (o the classical sensy
using an alpha channel or mav be simulsted with a
screen door effect. The sercen door effect simply ren-
ders the trapsparsnt polypon 3s normal but rhen only
outputs every other or every third pixel, The mesh
format appears as & wire frame overfay with the aption
of rendering either hidden lines removed or not. In the
cuse of a threat dome symbol, all polygos edges must he
displayed as well as the background rerrain. In snch @
oase, the fill algorithm of the rendering engine is inhib-
ited snd only the polygon edges are remdered. The
intensity interpolation is performed on the edges which
may have to be two pixels wide to eliminae strobing. In
ane embodiment, an option for terrain mesh includes
the capebility for tagging edges for rendering so that
the mesh appears as & regular orithogonal grid.

Typical of the heads up display (HUD) format used in
aireraft fs the rideeline display and the transverse slice.
In the ridgehine format, a line drawing is produced from
polygon edges whose slopes change sign refative to the
viewpowns. All polygons are wansformed, tled, and
then the susface normals are computed and compared to
the viewpoint. The tiling engine straps away the vertices
of non-ridge conributing edges and passes only the
ridge polygons to the rendering engine. In transverse
shez mode, fixed range bins relative to the sircraft are
defined. A plane orthogonal to the view LOS is then
passed through for rendering. The ridges then appear io
roll over the terrain as the sirerafi flies along. These
algorithms are similar to backfzce removal. They rely
upon the polypon surface normal being passed 10 the
tiling engine.

One verrent suplementation of the inveniios guaran-
tees noteiniersecting polygon sides by restricting the
polypons rendered 1o be planar, They may have up w0
$12 vertices. Polygons may also consist of one or two
vertices. The polvgon Yend™ it is set at the last vertex
angd processed by the rendering engine. The polygon is
tagged with 2 two bit rendering oode to select mesh,
transparent, or Gourand shading. The rendering engine

Page 54 of 160

L

1.
(=]

Sk
o

40

APPENDIX K

5,179,638

10

alsa secomplishes a fine clip 1o the sereen for the poly-
gon and tmplemaents a smoothing function for hass.

An optional asrisl reconnassance (RECE} photo
wode canses the GAF to texiure map an asrial reoon-
naissance photograph onto the DTED data hase. In this
mode the hue imserpolation of the rendering engine is
inhibited as each pixel of the warping is ssagned a calor
from the RECE photo. The imtensity component of the
color is dithered in a well known manner a5 1 function
of the surface normal as well a3 the Z-depth. These
pizeds nre then processed by the rendering engine for
Z-buffer rectification so that ofher overlays such as
threats may be accommaodated. The RECE phatos used
in this mode have been previously warped onto 2 tessel
lated geoid data base and thus correspond pisel-for-
pixel 10 the DTED data See assignee’s sforereferenced
copending application for A Method of Storage amd
Retneval of Digital Map Datz Based Upon A Teaselis-
ted Geoid Bystern, which is hershy incorporated by
reference in its entirety. The photos may be denser than
the terrain data. This impiies 2 deeper cache memory 1o
hold the RECE photos, Aeronautical chart warping
mode & identical to RECE photos except that asronau-
tical charis are used in the second cache. DTED warp-

Y ing mode ntilizes DTED data 10 elevation color band

aeronanticsl charts.

The palygon rendering engine may preferably be
mnplemented in 2 generic interpoiation pipeling proces-
sor (GIPP) of the 1ype as disclosed in assignee’s afore-
reforenced patent entitted Gemeric Interpolation Fipe-
line Processor. which is incorparated herein by refer-
ence in its entirety. In onie embodiment of the invention,
the GIPPs fill in the iransformed polygons psing a bi-
lincar  interpolation schemx with sk axes
{X. Y. Z.R.G.B). The pomitive will interpolste a 16 bi
pair and 8 bit pair of values simultaneousty, thus requir-
ing 3 chips for a polvpon edge. One embodiment of the
system of the invention hes been sized to process one
million pixels each frame time. This &s sufficient to wo-
duce a2 {IKX 1K high resolstion chart, or a 312312
DTED frame with an sverage of four overweites per
pixel during hidden surface removal with GIPPs ow-
putting data at a 60 nsec rate, cach FIFQ, FI-F4, as
shown in FIG. 6, will receive data on the average of

S every 240 nsee. An even disinibution can be assumed by

decoding on the lower 2X address bits. Thus, the mem-
ory is divided o one pixel wide columns FIG. 6 is
discussed m more detail bejow.

Referring again o FIGS. 4 and &, the “dots"™ are
passed through the GIPP: without further processing.
Thus, the end of gach polvgon's bit is set. A ZB baffer
is needed 1o change the color of a dot at a given pixel
for hidden dot removal. Perspeotive depth cuing is
obtained as the dots got closer wogether as the range
from the viewpoint inoresses.

Bi-lincar interpolatior mode operates in plas view an
cither DLMS or acronsutical charts, It schioves 20 He
interpolation on a 512X 512 display. The GIPPs per-
form the interpolation function.

DATA BASES

A Level I DTED dats base is included in one ome
bodiment of the invention and is advantageously sam-
pled on three are secand inervals. Boffer sepments are
preferably stored at the highest scales (104.24 nm) and
the densest data {33.03 nm). With such & scheme, all
other scales can be orested. A Lovel I DTED data base
15 also included and s sampled at ane are second inter-
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vals. Buffer segments are preferably stored anly at the
densest data (5.2i ity N

A DFAD culiural featore data bass s stoved in 2
display list of 2K words for cach buffer segment. The
data structure cousists of an jcon font ¢ell, 2
cache, and trensfarmatinon coefficients from  model
SPAcE 1o world space consisting of soaling, rotation, and
position {translapon). A second data structure com-
poses a Bsl of polygon vertices in world coordinates

and # color or texture, The DFAD dats mav also be 10

rasterized and overlald on o terrain similar to serial
reconnainsanee pholos.

Aeronsutical charis at the various scales are warped
inio the tessellated geoid. This dats is 24 bits deep. Pixel

data such as LandSar, FLIR, d;sta frames and other 1%

scanned in source dala may range
bits in powers of two {1,2,4,8,16,24

FRAME BUFFER CONFIGURATION

wm ote bit up o 24

HReferring again to FI3, 6, the frame baffer configurs- ®

ion of one embodiment of the invention is shown sche-
matically. The frame buffer configuration is imple-
wmenied by one embodiment of the inveation comprises
a polvgon rendering chip 34 which supplies data two
fulf-frame memory 42 The fullframe memory 42 ad-
vantageously includes firstin, first-out buffers (FIFO)
Fi. Fu, Frand Fu. As indicated above with respect 1o
the discussion of the rendering engine, the memory is
divided up into ane pixel wide columas as shown in
FiG. 6. By doing 30, however, chip select must changed
an every pixel when the masier timer M shown in FIG.
5 reads the memory, However, by orienting the SHAG
scan lues at 90 degrees 1o the master timer scan lines,
the chip seleef will chanpe on every line. The SHAG
S1Arts scanning at the bottom left corner of the display
and proceeds 1o the upper lefi corner of the display.
Wiih the image broken up in this way, the probabiliy
that the GIPP will write to the same FIFC two times in

S

a row, three times, four, and so on can be calculated 10 44

determine how deep the FIFO must be. Decoding on
the lower order address bus means that the only time
the rengering engine will write 1o the same FIFQ rwice
in 8 Tow 18 when a new scan ling is started. At four deep
as shown 1o the frame buffer graph M), the chances of 4
the FIFQ filting up are approximately one in 6.4K. With
an image of 1 million pinels, this will oceur 2o sccept-
ably small mumber of times for most applications. The
perspective view tramsformations for 3,000 polygons

with the power and board sres constraints that are sg

imposed by an avionics emvironment is significant. The
data throughpnt for a given scene comp‘mu ¥ can bhe
achieved by adding more pipeline in paraliel io the
architecture. It is desirable to have as few pipelines as
possible, preferably one, so that the irmage reconstruc-
tior at the end of the pipeline does not suffer from an
arbatration bottleneck for » Z-buffered display memory.

In one embodiment of the invention, the processing
throughput required has been achieved throngh the use

ih

of GaAs VSLT fechnology for paraliel pipslines and a 80

parallel frame buffer design has zliminated contention
bottlenecks. A madular architecture allows for addi-
tronal fanctions to be added to further the integration of
the digita! map into the avionics suite. The system archi-

wecture of the invention has high fexdbilivy while main- 65

tzining speed and dais thranghpui. The polvgonal data
hase structure approech sccommodale arbitrary scene
complexity and a diversity of data base rypes.
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The data structure of the invertion ix tagged so that
any polygon may be rendered via any of the wmple.
mentad schemes in a single frame. Thus, & particular
image may have Gouraud shaded terrain, transpaient
threat domes, flar shaded cubtural fearares, Hnes, and
dots. In addition, &2 nce cach polvgon is lagged,; a single
fcon can be comprised of differently shaded polygons.
The investion embodias & 34 bit color system, although
2 production map would be sealed to 12 bits, A 13 bt
system provides 4K colors and would reguire 3 32K by
& RGB RAM look-ap table (LUT).

MISCELL ANEOUS FEATURES

The display fom‘r its in one example of the invention
are switcheble at less than 630 milliseconds betwesn
paper chart, DLMS plan and perspective view, A large
cache (1 megabit D-RAMs) is required for texture map-
ping. Other format displays warp chart data over
DTED, or use DTED to pseudo-color the map. For
example, change the color palate LUT for transpar-
excy. The GAP is used for creating a true orthographic
projection of the chart data.

An edih mode for three dimensions is supparted by
the apparatus of the invention, A throe dimensional
object such as 3 “pathway in the sky” may be tagged for
editing. This is sccomplished by first, moving in two
dimensions at a given AGL, secondly, updaiag the
AGL in the three dimensional view, and finaBy, updat-
wmg the dats base.

The overiay memory from the DM msy be video
mixed with the perspective view display memory.

Freese frame ca p¢1 hility is snppoﬂed by the invention.
in this mode, the aircraft position s vpdated using the
cursor. H the aircrafy flies off the screen, the display will
snap back in ai the appropriate place. This capability i3
implemented in plan view only. There is data frume
software included 1o enable roammg through cache
memory. This frature requires & two axis roam fovstick
or similar control. Resolution of e Z-bufler is 16 bits.
This sllows 64K meters down range.

The computer generated imagery has an update rate
of 20 Hz. The major cycle & programensble and vari-
able with no frame axtend mvoked. The svstern will run
as fast as it can but will not switch ping-pong display
memories vnidl each fenctional sndt Issues a “pipeline
emply” message 1o the display memory. The major
cycle may alse be locked to 2 fixed frame in muliples of
16.6 milliseconds. In the vadable frame mode, the pro-
eessor clock 15 used for & smooth frame interpolation for
raam or zoom. The frame extend of the DMC is elimi-
nated In perspective view mode. Plan view s imple-
mented in the same pipeline as the perspective view.
The GPF 105 loads the countdown register on the mas-
ter timer to contral the updaie rate.

The siowest update rate is 8.37 Hz. The image must
be generated in this time or the memories will switeh
This implies a pmelme speed of 40 million pixels per
second. In 2 312812 image, it & estimated that there
would be 4 million pizels rondered worst case with
heavy hidden serface removal. In most cases, only mil-
lion pixels need be rendersd. FI3. 8 illustrates the anal-
wsis of pinel over-weites, The nunimue requirement for
surface norma! resofution so that the best image s
achieved s 16 bits, Tied 1o this is the way in which the
normal is caloplated. Averaging from surrounding tiles
gives a smoother image on scale change or zeom. Using
ong tile 18 less complex, but resslts i poorer image
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guadity. Surface normal is caleulated on the Ty in accor-
dance with known techrigues.

DISPLAY MEMORY

This memory s & combinasion of scens and overlay
with 3 Z-buffer. It is distributed or pgriitioned for opth
mal Jonding during write, snd configured as a frame
buffer during read-out. The masier time speed required
is approgimately 50 MHz. The display memory resolu-
tion can be configured as S12n302N12 or as
1024501024512, The Z-buffer I 16 bits deep and
PR IK resglution. At the start of each major oycle,
the Z-values are s21 1o plus infinity (FF Hex} Infinity
{Zmax} is programmable. The back clipping plane is set
by the DEM aver the conprol bus.

Ar the start of each magjor ovele, the display memory
is set w a background color. In certain modes such as
waesh or dot, this color will change. A hackground color
register 1$ loaded by the DSM over the configurstion
bos snd wsed to il in the memary.

VIDEO GENERATOR/MASTER TIMER

The videa generator 346 perfarms the digital 10 analog
conversion of the image data in the display memory 1o
send 10 the displey head. B combines the dara siream
from the overlay memory of the DMC with the display
memory from the perspective view. The configuration
bus foads the color map.

A 30 Hz interlaced refresh rate may be unplemented
in & systern ermploving the present fwvention. Color
paliets are Joadable by the GPP. The ipvention assumes
a Hnear color space In ROGB. All colors & zera intensity
go to black.

THREE DIMENSIONAL SYMBOL GENERATOR

The three-dimensional symbol generator 38 performs
the following tasks:

1. It places the mode! to world ransformation coeffi
cienis in the GAP.

2. It operates in conperation with the geometry £n-
gine to multiply the world o soreen transformation
matrix by the model to world transformatinn mairx o
form a2 model to sereen tremsiormation matedx. This
matrix is stared aver the modal to world transformation
MAtriN

A 3 operates 1n soaperation with the model 1o sereen
transformation matrix 1o each point of the symbaot from
the vertex Hat o transform the genene ican to the pas-
ficular svmbol

4. 1t processes the conneotivity Hst in the tiling engine
and forms the screen polygons and pesses them to the
rendering engine,

Cine example of a three-dimensional symbol geners-
tor 1% desoribed in detail in the assignee’s aforerefer-
enowd patent applicstion entitted “Three IHmensions}
Computer Graphic Svmbol Generator™.

The symbol generator data base consists of vertex fist
library and 64K bytes of overlay RAM and & connectiv-
ity Jist. Up to 18K bwies of DFAD (ie., 2K bytes dis
play Hsr from cache shadow RAM =% buffer segmenis)
wre loaded into the overlay RAM for cultural featurs
processing. The rest of the memory holds the threat/in
telligence file and the mission planning file for the entire
garning arex. The overlay RAM i loaded over the
conrnl bus from the DI8M processor with the threat
and mission planning files. The SHAG loads the DFAD
files. The symbol Bhrarfes are updated via the configu-
ration bus.
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The vertex hist contains the relative vertes positions
of the generic Hbrary icons. In sddition, it confatns & 16
bit surface normal, 2 one bit end of polvgon flag, and 2
one bit end of svmbol flag. The table & K X 16 buts. A
maximum of 312 vertices may be sssociated with any
given icon. The connectivity Jist contains the conmec-
tivity information of the vertices of the symbol A 84K
by 12 it table holds this information.

A pathway in the sky forma: may he impilemented in
this system. 1t consists of either 2 wire frame tunnel or
an elevaied roadbed for flight path purposes. The wire
frame tunnel is 3 series of connected iransparent rectan-
gles generaied by the ling engine of which only the
edges are visible (wire mesh). Alternatively, the poly-
gons may be precomputed in world coordinates and
stored in a mdssion planning fle. The roadbed i simi-
larly comprised of polygoens generated by the tiler long
a designated pathway. In either case, the geomstey
engine must traosform these polygons from object
space (world coordinate system} 10 soreen space. The
transformed vertices are then passed to the rendering
engine. The parameters {(height, width, fregquency) of
the tunnel and roadbed polygons are programmabie.

Ancther symbol used in the system is @ waypomni fag.
Waypoint flags are markers consisting of & transparent
oy apaque iriangle on & vertical staff rendered in per-
spective. The waypoint flag lcon is generated hy the
symbol generatar as & macro from 1 mission planning
file. Alternatively, they may be precompated as poly-
goms and stored. The peometry engineg recetves the
vertices from the symbal generstor and performs the
perspective transiormation on them, The geomairy
engine passes the rendering engine the polvgons of the
flag s1aff and the scaled font call of the alphanumeric

v syinbol. Plan view format cousists of a oiele with a

wumber inside and i not passed through the geomery
engine,

DFAD daa processing consists of a generalized
polygon renderer which maps 32K points possible
down 1o 236 polygans or less for & given buffer seg-
ment. These polygons are then passed 1o the rendering
engine. This approach may redundantly render teroain
angd DFAD for the same pixels but sasty sccommo-
dates declutter of individual Jeatures. Asnother ap-
proach is 1o rastevize the DEFAD and use a texture warp
funciion 0 color the tervain, This wonld not permst
dectutter of individual features buwt only classes (ov
color}. Terrain color show-through in sparse overlay
areas would be handled by a transparent color code
{screen door effect). No verticality is achieved.

There ate 298 categories of aerial, linear, and poing
features. Linear festures must be expanded to 3 double
line to prevent interlace strobing. A point feature cone
iaing 3 length, width, and height which can be used by
ihie symbol generaior for expansion. A typical lake con-
tatns 500 vertices and produces I to 20 acive edges for
rendering 31 any given scar line. The number of verfices
is Hmited to 312, The display kst is 84K bytes for 2
1:250K buffer segment. Any given feature conld have
32K vertices.

Up to XK bytes of display st per buffer segmemt
DTED is accommodated for DFAD. The DEM can tag
the classes or individua! features for clutter/declunter
by toggling bits in the overlay RAM of the SHAG.

The syrabol gensrator processes wacros angd graphic
printives which ars passed 1o the repdering eagine.
These primitives include ines, ares, alphanumerics, and
wwo dimensional symbology., The rendering engume
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draws m ¢ primitives and cwrputs pikels which ave
anti-aliased T'he GAP reansforms these p olygons and
DASsEs the"r 10 the rendering sngine. A ¢ e 4x4
Euler transformation is performed. Typical macres
include compass rose and range scale \in v v"lﬁ Given a
macre command, the symbol generaior proguces the
poruitive graphics calls 1o the rendf“'ma.. engine. This
mode operates in plan view only and implements two
dimensional symbols. Those skitled in she et will appre-
cigte that the invention is not hmited 1o specific fonts.

Three dimensions} symbology presents the problem
of clipping 1o the visw volume. A gross clip {s handied
by the DSM in the cache merndry ai scan out tune. The
base of « threst dome, for example, may lie ontside the
prthographic projection of the view volsmz omio
cache, yei & part of it dome may eusd up visible on the
screen. The classioal impleruentation performs the fune-
tions of tiling. transforming, clipping to the view vol-
srme {which generaies naw polveons), and then render-
ing. A gross clip bousdary i mplemented in cache
arovnd the view volume projeciion 1o guarsniee inche-
ston of the entire symbol The snomady apder gnimation
to be avoided is that of having svmha‘o&,\' sporadically
appear and d;snppmr i and out of the frame at the

rame boundaries. A e olp to the soreen is performed

downstream by the rendering engine. There 5 & 4K
Soundary amound the sereesn which is rendered. Oside
of this boundary, the symbai will aot be rendered. This
canses extra rendering which is clipped away.

Threat domes are represented graphiwally i one
embodiment by an inverted conic volume, A threst/in-
tellipence fiie contains the losation and scaling fsctors
for the generic model 1o be transformed 9 the speaific
threats. The tiling engine contaims the connectivity
information between the vertices and generates the
planar polvgons. The threat polvgons are passed o the
rendering engine with varions wiewing paramesters such
&s mesh, opaque, dot, transpasent, &nd so {orth.

Graticles represent latitude and longitude lones, UTM
klicks, and so forth which are warped onto the map in
perspective. The syrabod genersior produges these lines.

Freeze frame is implememed in plan view only. The
cursor is flown around the screen, and is generated by
the symbol generator.

FProgrammabie blink capability is accommodated in
the invention. The DEM updates the overlay RAM
toggle for displey. The processor clock is used during
variable frame update rate 1o control the blink rate

A generic threat symbol is modeled and stored in the
three dimensional symbel generation library. Parame-
ters such as position, threat range, and angutar threat
view are passed 1o the symbof generator as a macro eall
{similar to 2 compass rose). The symbol penerator cre-
ates a polygon list for each threat instance by using the
parameters to modify the generic mode! and place it in
the world conrdinate system of the terrain data base.
The polygons are transformed and rendered into screen
space by the perspective view ppeline. These polygons
form only the outside envelope of the threat cone.

This invention has been described herein v consider-
shble detat! in order to complv with the FPatent Statues
and to provide those skilled in the art with the informa-
tion needed to apply the novel principles and o con-
struct and use such specialized compounents ay are re
guired. However, it is to be snderstoad that the inven-
tion can be cartied out by specificelly different equip-
meni and devices, and that variouws modifications, both
g5 to the equipment details and aperating procedures,

¥
mple
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can be accomplished without departing fr
of the wventen itselfl

What is claimed is:

1. A system for ;m\ud ing 4 texture mapped perspec-
Pve vizw for a digital map systern wheredn ohjects sre
rens mum.d from texiwre space having U, V¥ poords-

s 10 sereen space having X, Y coordinates compris-

om the seope

PR

mg:
{a} 5 cache memory means for stosing ierrain date
including elevation posts, wherein the cache mem-
ory means includes an outpul and an address bus;
{t) @ shape address generator means for scanning
cache memory having an ADDRESS SIGNAL
coupled to the cache memory mesns address bus
wherein the shape address generator means scans
the slevation posts aat of the cache memony means;
{¢) & geometry engine coupled to the cache memory
mesns outpul to receive the elevation posts
scanned from the cache memory by the shape ad-
dress generator means, the geometry engine includ-
ing means for
i. iransformation of the scanusd slevation posts
from object spacs [ SCTEEN SPAce 50 a8 10 gener-
ate transformed vertices in screen conrdinates
for zach elevation post, and

H. generasing three dimensional eoordinates;

{d} a tilling engine coupled to the geometry 2ngine
for generating planar polygons from the gpenvrated
three dimensional coordinates;

{e) a symbnl generstor w the geometry engine for
transmitiing & vertes bist to the geometry engine
wherein the geometry engine operates on the ver-
tex list 1o transform the veries list into sereen space
X, ¥ coordinates and passes the sereen space X, Y
coordinates o the tlling engine for peserating
planar polygans which form icons for display and
processing information from the tilling engine inte
syrbols,

{f1 2 texture engme means coupled io receive the
ADDRESS SIGNAL from the shape address gen-
erator means incloding @ texture memory and in-
cluding @ means for generating 3 iexture vertes
address to texture space correlsted 10 an elevation
post address and further wehuding & mmeans for
generating g texture memaory address for seanning
the texture memary wherein the texture memory
provides texiure dair on 2 texture memory data bus
in response 1 being scanned by the texture meme
ory address;

{g) 2 rendering engine having an input coupled to the
tiling engine and the texture memory data bys for
gensralimg mnage data from the planar polvgons;
and

(hy a display memary for receiving image dar from
the rendering engine output wherein the display
memory includes at leasy four frsi-in, first-ow
memory buffors.

2. The apparates of claim 1 wherein esch polygon has

a surfave and the rendering mzans assigns one coler
scrass the surface of cach polygon.

3. The spparatus of claim ¥ wherein the vertices of
sach polygon have an intensity and the rendering means
imerpolates the intensities between the vertices of each
volygon in & Haser fashion.

4. The apparatus of clam 1 wherein the rendering
means further includes mesns for geperating tramspac-
ent polygons and passing the Lranxp.irgm polypon to the
display memory
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5. A method for providing a texture mapped perspecs
tive view for g digital map system having 3 cache mem-
ary, & geomeity engine coupled o the cache memory, &
shape address generator coupled 1o the cache memaory.
a tiling engine coupled to the geametyy en&me. Sy
bol generator conpled to the geomeiry engine and the
iling engine, 2 texiure engiﬁa cenpled 10 the cache
memory, 2 fendeving engine coupled to the tiing engine
and the lexture engine, and 2 display memory couplad
to the rendering sngine, wherzin objects are trans.
farmed from texture space having U, V coordinates to
soresn space having X, Y coordinates, the method com-
prising the steps oft

{2) storing terrain data, including elevation posts, in
the cache mermory;

{b} stanning the cache memory to retrigve the
tion posts;

{c} transforming the terrain dats from elevation posts
in obiect space to transformed varicss in sereen
space, and

(1) genersting plansr ‘)olx'grmﬁ from the generated

three dimensions! coordinate

{e} transmitting a vertex Hst [o ¢ ht, geometry engine,
operaling the geometry engineg to transform the
vertex Iist intQ screon spaca X, Y coordinates and
passing the screen space X, Y coordinates to the

eleva-
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tiling engine for generating planar polvgons which
form fcons for display;

{6y tagging elevation posts wih corresponding ad-
drasses i (RXIBIE Space;

(g} penvrating image Jdats @ the rendering eopine
from: the planar polygons aund the agged elevation
posts; and

{h) storing the generated image daia in the display
memory wherewn the display memory comprises at
least four first-n, first-out memory buffers and the
step of storing the gencrmed imagee tnchudes sior-
ing the generated image data in the at least four
First-in, Firsi-put memmory buffers.

6. The method of claim 5 wherein cach poh gon has

# surface and wharein the step of generating image data
further includes the steps of assigning one color across
the surface of sach polygon.

7. The mathod of chatm 3 wherein the vertices of each
polygon have an ntensity snd the step of gensrating
image data further includes the %k,p Lf interpolatiag the
intensities between the vertices of each podygon in 2
hmear fashion.

8. The method of claim 8 wherein the siep of generat-
ing image data further includes the step of genersting
transparent polygons and passing the transparent poly-

gons 1o the display memory.
¥ * x ® %
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UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENTNG., ¢ 5,179,638
DATED : January 12, 1%93

INVENTOR(S) : John F. Dawson, Thomas B. Snodgrass, and
James A. Cousens

it is certified that error appears in the above-indantified patant and that said Letters Pateni is hereby

carrectad as shown below:

Column 17, line 21, after "and” insert ~-generating three
dimensional coordinates for the transformed vertices

in scresn spage-~=.

Signed and Sealed this
Twenty-second Day of March, 1994

Attest; @w Zaﬁzw»\

BRUCE LEHMAN
Aesting Q.{ﬁ(“e“r Commissioner of Patents and Frademarks
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GRAPHICS RENDERING SYSTEM WITH
RECONFIGURABLE PIPELINE SEQUENCE

CROSS-REFERENCE TO RELAVED
APPLICATION

This applicatdon i a comtinuation-in-paxt of U8/410.345
filed Mac 24, 1995, and cleims poiority from provisionad
SO08.803 Rled Den I8, 1995, which is herchy incorpo-
rated by reference.

BACKGROUND AND SUMMARY OF THE
EVENTION

The presem apphicstion refates o computer graphics and
apimation systems. and particularly to 3D geaphics reader-
ing hardware. Background of the art and the prior
vmbodiment, according to the parest application. iy
deseribed below. Some of the distiovtions of the presently
preferred embodiment are particalarly noted heginning o
page 8

COMPUTER GRAPHICS AND RENDERING

Modern computar systems sormally manipulate graphical
objects as high-level entities, For example. a solid body may
be described 35 a collecton of wiangles with specified
vertices, oF a straight Hue scgment may be described by
fisting #s two sndpoints with three-dimepsional of o
dimesnsional covrdinates. Such bigh-level descriptions are 2
necessary basis for high-level geometric manipulations, and
also have the advamtage of providing 3 compact format
which dees B0t corsuine memOry spsce unsecessaily.

Sach higherJevel representations are very convenient for
performing the many required computations. For example,
ray-tracing or other lighting calcaiations may be performed,
and 2 profective transformation van be used o rednee a
threo~dimensional scene o s two-dimensional appeazance
from 2 given viewpolat Howeves, when an Image comain-
ing graphical ohiects is to be displayed. a vory low-level
description is peeded. For example. in a conventional CRT
dizplay, a “Bying spot” is moved across the soreen {one tine
at a firne), and the beam from cach of theee electron guns is
switched to a desired level of intensity as the flving spot
passes each pixel location. Thus at some point the image
model must e translated into @ dats set which can be wsed
by a conventional display. This operation is known as
“rendering.”

The graphics-provessing system typically intorfaces to the
display controlier through a “frame stare” or “frame buffer™
of special two-port memory, which can be wriden to ran-
domiy by the graphics processing system. but afso provides
the sypchromous data output nceded by the video nputput
deiver. (Digital-toe-analog conversion is abso provided after
the frame buffery Swch a frame boffer is usually tople-

mented using VRAM memary chips {0 sometimes with <

DRAM and special DRAM controllessy, This interface
relieves the graphics processing system of most of the
burden of syaehronization for video outpot. Neverthelass,
the amnouats of data which must be moved around are very
sizable. and the computational and data-transfer barden of
placing the correet dats ino the frarme buffer can still be very
targe.

Even if the computational operations reguined are gquite
simple. they must be performed repestedly on 3 lasge
number of data points, For example. in a typical 1995
high-end configueation. a display of 12801033 clements

G

i
o

W0

52
i

%5

&

30

2

of 24 bits per pixel ¥ blonding iy desizred. additional bits
{e.g. another 3 bits per pixedy will be required o stive sn
“alpha™ or trapsparency valpe for esch pixel This imphies
raaipuiation of more than 3 billion bits per second, without
aHowing for any of the actuel computations belng per-
formed, Thus it may be seen that this is an cavironment with
unique data peesipulstion reguirempents.

I she display by snchanging. no demand is placed oo the
sendering operations. However, some conunor oporations
{such ax zovming of retation) will xeqguire every objectin the
image space fo bere-rendered. Slow rendering will make the
rofation or zoom appear fecky. This Is highly undesivable.
Thus cfficient readering is sn cssential step in wanslating an
image represenfation into the coreect pixel values. This is
particularly true in apimation applications. whore newly
rendered updatss 1o 2 compuder graphics display must be
genevated at regular intervals.

The rendering requirensents of three-dimensional graph-
ics are pagticudarly heavy, One reason for this is thal, even
after the theee-dimensionsl model has bees translated ter a
vwo-dimenvional model, some compuistional tasks may be
boqueathed o the rendering process. (For example, color
values will need to be interpolated across 4 wrisogle or ather
primitive.) These computational tasks tend th burden the
rendering process. Another reason is that simce thres-
dimensiopal graphics are much move 1felike, nsers are mose
likely to demand 2 fully rendered image. (By conteast, in the
two-dimensional images oreated e.g by a GUT of simple
game. users will learn st to expect all areas of the scene to
ke active or filled with information.)

FIG. 14 18 a very highJdevel view of other processes
performad in a2 3D graphics compater system. A three
dimensional irsage which is defined in some fixed 3D
coordinate system {a “world” coordipate system) is trans-
formed inte a viewing volume (deformined by a view
position and dircction). and the parts of the image which falf
ontside the viewing wolume are discarded. The visible
portion of the image volume is then projected nato a viewing
plane, in gecordasce with the familiar rules of perspective
This praduces a two-dmensional image, which is pow
mapped imto device coordinates. Bt i Impontant te under-
wtand that alf of these operations aour peior 1o the operations
performed by the rendexing subsysiem of the present inven-
tion. FIG. 1B is an cxpanded version of FIG. FA. and shows
the How of oparations defined by the UpenGL. sandard.

A vast amount of engincering effort has been invested in
computer graphics systems, anid this area is one of ineresiing
activity ansd demands. Numercus books have discussed the
requireruents of Dus @ea; see, 8.8, ADVARCES B COMPUTER
Grariics (ed. Enderle 19909 Chellapps and Sawchuk
Dirrar IMAGE PROCESSING AND ARaLyears (1985); Com
PIER GRaPICS HARDWARE {ed. Reghbati and Lee 1988%
COMPUTER (IRAPHICS: DMAGE SYNTHESS {ed. Jov ot ak);
Foley et al., FONDAMENTALS OF INTERACTIVE COMPUTER
GrarHIcs {2.od. 1984y Yoloy, CoMPUTER GRAPHECS PRE%
CIPLES & PRACTICE {Z.ed. 1990Y; Foley, INTROBUCTION To
CovruTer Grasss (1004) Gilod, Intessotive Compuier
Graphies (1978 Hearn and Baker, CoOMPUTER (GRARHICS
{Zed 1994} HIB, CoMPUTER GRAPHICS (19%0) Latham,
Dwnonsry oF CoMpurer Gravmacs (1991 Magneaat-
Thainma, Iace SentHRsis THEORY & Pracixe {1988k
Newmsa and Sproull, PriNnCpLEs of INTERACTIVE CoM-
PUITER (IRAPHICS (2.0d. 1979} PICTURE ENGISERRESG {ed. Fu
and Koril 1982 PICTURE PROCESSING & DHOITAL FICRERING
{leod Huang 1979); Prosise, How Compursr GRAPHICS
WORK (1994 ) Rimmer, By MarpiD GRAPIICS (2ed. 1993 )

Pager®3 1ot 6Ohed a 72 Hz. with 2 color reselution. Salmon. Unwfied PatentsSExdnbit Po¥8Rart 2
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{1887} Schachior, COMPUTER IMAGE (FENERTTON {1990
Watl, THRER-DIMENSEAL COMPUTER GRaPHCS {2.od.
¥y Scoft Whitman, MULTIPROCRSSOR METHODS FOR
CoMprrer Grapmcs BENDERNG: the SIGGRAPH Pro.
CEEDINGS Tor the vears 1980-1994; and the JEEE Computer
Graphicy and Applications magazine for the yoars
19001994,
Background: Qraphics Animation

Ie many areas «f owoputer graphics & succession of
stowly changing pictures are displayed rapidly one after the
other. to give the impression of smooth movement. io much
the same way az for cantpor animation. In general the higher
the spead of the animation, the smoother {and bettery the
resuit.

When an application 15 generating animation images. ity |

noraally pecessary aot osly to draw cach pleture joto the
frame buffer, but also 1o first clear dows the frame buffer,
and to clear down auxitiary buflers such as depth {Z) buffers,
stencii buffers, alpha bulfers and othars, & good trestment of
the general principles may be found in Compurer Graphics:
Principles and Practice, James D. Foley et al., Reading
Mass. Addison-Wesley. A specific description of the warious
auxilisry buffers may be found in The OpenGl. Graphicy
Swstem: A Specification {Version 1.0). Mark Segal and Kuet
Akeley, SGL

In st applications the value written, when clearing any
given buffer, is the same at every pixel jocation. though
differest values may be used in different anxiliary buffers.
Thus the frame buffer i often cleared to the value which
corresponds to black. while the depth (£ buffer is typically
vieared to a vslue comespoading to infinity.

The time taken o clowr down the buffers is often a
significant portion of the todal time taken fo drew s frame. so
it is important to Minimize it
Background: Paralielism in Graphics Processing

Bue to the large swaber of af lvast partistly iudependent
operations which are performed in rendering, many propos-
als have been made 1 use some form of paralief architecture
for graphics {and partieslarly for repdesing). See, for
exampic, the special issue of Computer (raphics on paralisl
rendering (Septembex 1804). (her appmaches may be
found in carlicr patent Blings by the sssignee of the present
spplication and its predecessors, e.g. VLS. Pat. No. 5,195,
186, and published PCT applications PCTAGBRO0987,
PCT/GBOY01200, POT/GBU/0I210. POTAGBIAILIIZ,
PCT/BY0I13, PUTAGRONOILIS. PURAGBYEIRIS,
and POT/GROOMHILE,

Background: Pipeliaed Processing Gegerally

There sre several gensral appeoaches 10 passilel process-
fng. One of the basic approaches W schieving paralielism in
computer processing is 2 techndgue known as pipeliniag. In
this techaigue the individoal processors are, i effect. con-
nected in serfes lm am assembiyline configurstion: ope
provessor performs 3 first set of opemtions on one chunk of
data. and then passes that chuak along to seether processar
which performs 2 seoond set of operaiions. while st the same
tme the first processor perfarmms fhe fisst sel operations
again om ancther chunk of data. Such architectures are
gencxally discussed in Kogge. THE ARCHUEBCTURE OF Piey-
LINED (OMPUTERS {1981},

Background: The OpenGL™ Standard

The “OpenGL" standard i8 & very important software
standard for graphics applications. In any compirer system
which supports this standard, the operating systers{s) and
application software programs car make calls sccarding 1o
the OpenGl, standards, without knowing exactly what the

G hik@@ion of the system fs.
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The OpenGl standard provides 3 complete Lbeary of
fow-level graphics magipwlation commands. which can be
psed fo implement three-dimensional graphics operations,
This stendard wus ogiginally based on the proprictary stag-
dards of Silioon Graphics, Inc.. but was later gansformed
into ap open standard. It is now bocondng oxtremely
important. not only in high-end graphics-intensive
workstations. but also in higheend PCs. OpeaGL is sup-
ported by Windows NT™, which makes it accessible o
many PO agplications.

The OpeatL specification provides some consiraints on
the sequence of operations. For lnsiaece, the color DDA
opegations must be performed before the texiuring
operations. which must be porformmed before the alpha
operations. (A “DRA" or digital differemtial analyzer, is a
conventional piece of hardware used 1o produce Hnewr
gradation of color {or other) values over an image arsa.)

Other graphics interfaces {or “AP¥"). such as PHIGS or
XGL. are also current as of 1993 bt at the lowest level
OpenGl is 2 superset of most of these.

The Open(il, standard is deseribed in the OPENGL Pro-
cradMMG GINDE {1993, the OpeNGL REFBRENCR
ManpaL (1993}, and a book by Segal and Akeley (of SOT}
entifled THE OPENTL GRAPHICS SYSTEM: A SEECIFICATION
(orsien 1.8,

FICG. 1B is an expanded version of FIG. 1A, and shews the
Bow of opetations defined by the OpenGL. standard. Note
that the most basic model {s earried in terms of vertices, and
these vertices are then assembled into peimitives (such as
triangles. nes, ofc.). After all manipuiation of the primdtives
has been completed, the repdering operations will transiate
each primitive imto & set of “fragments.” (A fragment is the
portion of 3 primitive which affocts 2 siagle pixel. ) Again. it
shoald be noted that all operations above the block marked
“Rasterization™ would be performed by 2 host processor, or
possitdy by & “gecmetry engine” (Le. a dedicatied processer
which petforms rapid matriz mnitiplics and related data
manipulations), but would pormaily aot be performed by &
dedicated rendering processor such as that of the preseatly
preferred embodiment.

Ome disadvantage of standards such as OpenGL is that
they require that texturing o other processor-intessive
operations be performed on datas bofore pixel ¢limination
tests, £.g. depth testing, Is performed. which wastes proces-
sof time by parforming costly texturing celculations op
pixels which will be elimingsted lawer in the pipeline. When
the CpenGL specificadon is not required or when the current
OpenCl state vestor cannet eliminate pixels a5 a resudt of the
afpha test. however, it would be much more efficient 1o
climirate 35 many pixels as possible before doing these
calculations. The present application discloses & method and
device for reordering the processing sieps in the rendering
pipetine to cither accommodate order-specific specifications
such a¢ OpenGl. or 1o provide for sn optimized throughpat
by only porforming processor-eensive oporations on pincls
which will actuaity be displayed.

Background: Texturiag

Texture pafterns are commonly used as a way o apply
realistic visual detsif at the sub-polygon level. See Foley ot
al.. COMPUTER GRAPHICS: PRINCIFLES AND PRACTICE {2.ed
1990, vom 19935), especistly at pages T4i-744; Paul 8.
Heckbert, “Fundamentals of Texture Mapping and Image
Warping.” Thesls subsmitted to Dept. of EE and Computer
Scieace, University of California, Berkeley, Jun, 7. 1994
Heckbent. “Swrvey of Computer Graphics.” IHER Computer
Graphics, November 1980, pp 3681, Since the surfaces ame
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2D view, the testures will need to be simifarly transformed
by a linear transfonm {pormally projective or “afine™). (In
conventional torminology. fthe coosdinstos of the object
surface. ie. the primitive being rendered, are vefeored W as
an {33y coordinate spuece, and the map of the stored expure
is referred to & (uv) coondinate space.t The wansformation
in the resulting mapping means that a horizontal line in the
3.3 display space Is vexy Hkely o comespond 16 3 stanted
fise in the (v} space of the fexture map. and henee many
page breaks witl nccur. due o the fexiuring operation, as
sendecing walks ajong a hovizoptal line of pixels.

Innovative Systera and Methods

The preferred cmbodiment discloses a pipolined geaphics
processor in which the sequence can be dypamicaliy recon-
fignred {e.g. betweren primitivesy in & rendeting sequence.
The pipeline seguence can be configurcd for compliance
with specifications such as Open(GL. but may alse be oi-
reized hy reconfiguring the pipeline sequence 1o climinate
unneressary processing. In a preferred smbodiment. pixel
climination sequeaces such as depth and steani) fests are
performedd before texturing cafeulstions are perfanmed, so
that unneeded pixe! data is discarded before said texturing
caleudations are performed.

X is noted that the texturing operations become more
computation-intense. early elimination of unnceded pisels
becomes even more valuable, For example, Phong shading
and bump mapping both require many more operativns thae
more comrnon shading sad texture mapping techniguss, thus

making the system of the present applicstion even more -

valuable in real-time rendeging systoms,

An averhead cost is that the reconfigurable poartion of the
pipzline must be fushed at sach reconfiguntion—bet since
reconfiguration is sormally done only on a pee-primitive
basis, or even less frequenily, this is a relatively small cost.

BRIEF DESCRIPTION OF THE DRAWING

The disclosed inventions will be described with reference
o the accompanying drawings, which show important
sampie embodiments of the favention and which sre incor-
porated in the specification hereof by refercrce. whersin)

FYG. 1A, desaibed above. is ap overview of key clomenis
and processes in a 3D graphics computer system.

FIG. 1B is an expanded version of FIG. 1A, and shows the
fow of operations defined by the OpenGL standard,

FIG. 2Ais an overview of the graphics rendering chip of
the preferred emboditacnt of the parent case.

FIG. 2B is an overview of the graphics rendering chip of
the presently prefemred embodiment.

FIG. 20 §s a8 newe schematic view of the sequence of
aperations performed in the graphics rendering chip of FIG.
3B, when ppeesting in 2 fiest meude,

FIG. 21 s g difforent view of the geaphics rendering chip
of FIG, 2B, showing the conpections of 2 readback bus
which provides 4 diageostic pathway.

FIG. 2F is yet another view of the graphics rendering chip
of FIG. 2B, showing how the functions of the core pipcline
of FIG. 2C are combined with various extereal interface
functions.

FIG. 2F is yot another view of the graphics rendesing chip
of FIG. 2B, showing how the details of FIFQ depih asd
fookahead are implemented, in the prosently preferrcd
smbodiment.

Fi3. 3A shows a sample graphics board which incarpo-
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Fi{;. 38 shows anoather sample graphics board
implemeniation, which diffess from the board of FIG, 3A
that more momory and an additional component is used 1o
achivve higher pedioomance.

FIG. AC shows anothsy graphics board. in which the chip
of FIG, 3R shares aovess ta 3 compsnn frame store with GUY
accclerstor chip.

FIG. 3D shows seother graphies hoard, in which the chip
of FIG, 253 shares aooess & 3 conunon frame store with 4
video coprocessor {which may be used far video caplure and
playback fonctions.

FIG. 44 iilustrates the definition of the dominant side and
the subordinate sides of a triangle.

FIG. 48 illustrstes the sequence of meadedag an Amti-
abased Line primitive,

FIG. 5A Is 2 dotailed view of the router upit of the
presenily prefermed embodiment.

FHI. 5B s a detailed view of the data path through the
yeutex unit of the presendy prefesred embodiment when
operating in 8 first made,

FIG. 8C is a detafled view of the data path through the
router umit of the presently preferred embodiment when
operating in 4 second mode.

DETALED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The numerous inpovative teachings of the present apphi~-

i cation will be described with particnlar reference to the

presently prefoyred embodiment (by way of example, and
not of limitation). The preseatly preferred embodiment is a
GLINT™ 400TX™ 3D readering chip, The Hardware Ref-
crence Manual and Programeer s Reference Manual for this
chip deseribe further details of this sample cmbodiment.
Both are available, as of the offective filing date of this
appication. fron 3Dabs Inc. Lidh. 181 Metss Drive. Suite
530, San Jose Calif, 931140,

Defigiticns

The following definitions may belp in undorstanding the
exact meaning of ferns vsed in the text of this applivation:
appiication: & computer program which uses graphics ani-

mation.

depth (Z) buffer: A memory buffer containing the depth
compouent of 2 pixel Used to, for example, climinate
hidden surfaces.

bt double-buffering: A tachaique for achieving smvoth
animation, by readedisg only to aa uadisplaved back
butfer. and then copying the hack buffer fo the front once
drawing i complete.

FrameCount Flanes: Used to allow higher seimation rates by
enabling DR AM local buffer pixel data, such as deph ().
o be clearad dows guickly.

frame buffer: An area of memory containing the displayable
colar buffers {front. back, leR, right. ovorlay, underhuy).
This memwry i typieally separate from the {ncal buifer

oeal buffor: An arca of semuory which may be used to store
now~displayable pizel information: depth(Z). stencil,

Frame(ount and GID plapes. This memory is typicslly

sgparate froumn the fumebuffer

pisck: Picture cloment. A pixel comprises the bits i all the
buffers {whether stored in the local bulfer or framebuffer),
eopresponding o o particular location in the Framebuifer.

stenact] buffer: A buffer used fo store information sbout a
pixel which controls how subsequent stencitied pizels o
the same{ e

Microsoft Corp.
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in the framebuffer. Typically used to mask complex
two-dimensional shapes.

Proforred Chip Embodiment—{rverview

The GLINT™ high pordocmance graphics prooessors
combine workstation class 3D graphies acceferation, and
state~of the-art 2D performaace in s single chip. Al 35
rendering operstions are accelerated by GLINT. indluding
Gouraud shading. toxture mapping. depth bulfering. anti-
aliasing. and alpha bleading.

The scalable memery architectere of GLINT makeas it
ideal for a wide range of graphics products, from PO boards
to high-end workstation accelerators.

There will be several of the GLINT family of graphics
processors: the GLINT 3008X™ is the embodiment of the
parcnt case, and the GLINT 400TX™ §s a presently pre-
ferred embodiment which s which is describzed herein in
great detail, The two devices are generally compatible, with
the $00TX adding local teature storage and texel addvess
generation for al} texfure modes.

FIG. 2B is an overview of the graphics seadering cuip of
the preseotly peefenred cmbodiment {ie. the GLINT

s 3¢},

Gegeoral Comcept

The overall architecture of the GLINT chip is best viewed

usiag the software paradipm of 4 message passing system. In
s system all the processing blocks are connected in a long
pipeline with communication with the adjacent blacks being
dong through message passing. Between each block there is
a small amount of buffering. the size being specific to the
tocal commuaicatdons reguirements and speed of the two
biocks.

The message rate is varlable and depends op the rendering

mode. The messages do rot propagate through the system at

a fixed rate typicsl of & more aditional pipeline system. ¥
the receiving block can oot sccepd 8 message. hocause it
inpast buifer is full, then the seading block stalls uaidl space
is available.

The message structure is fandaraental o the whole system
as the messages are used o control, syncheonice and infoam
each block abowt the processing it is to uadertake. Each
soessage has two Belds—as 32 hit data ficld and 2 @ bit g
fizld. {This is the minkmunn width guarantzed. bat sone Iocal
biock to biock connections may be wider 1o accormmodate
more datay The data field will hold color information,
coordizate information. loval state informativn. eic. The tag
field is used by cach block to identify the message type so
# kpows how fo act on it

Hauch block. on recelving & message. can do one of several
things:

Mot moognaize the message so i just passes it on to the

gext Dock,

Recogaize it a5 updating some loeal state {io the bleck) 50
the local state is updated and the message terminated.
fe mn passed o8 0 the pext block.

Recognize £ 23 2 processing action, and if appropriate o
the ugit, the processing work specific o the unit is
done. This may catall sending out new messages such
as Color and/or modifving the initial message before
semding it on Any uew messages are injected inlo te
message stream before the initial messsge is forwarded
on. Some examples will clarify this,

Whea the Depth Block receives a message "mew

fragment’, it will caloulate the corresponding depeh and do
the depth test If the test passes then the "new fragment’

Papedt ofak@0 the next unit. X the st fails thee the
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message is modified apd passed on. The iemptation is not 1o
pass the message on when the 1est falls {becanse tie pinel i
not going to be updated). but other units downstream need
te keep thedr local DDA umits in step.

{In the present applicatios. e messages are belng
described in genaral terms O 35 aot o be bogged dowan in
detsil of this stags, The detadls of what a4 ‘new fragement’
message sctpally specifies {Le. coordinate, coler
information} bs left Gl huer. Xo peneral, the term “pixel” is
used to descoibe the picture Jement o the sareen oF i
memory. The term “fragmem™ is used o describe the pant of
a polygon o other primitive which projects ontor a pizel.
Note that 3 fragment may only sover a part of 2 pixel.) When
the Texture Read Undt {if enabled) gets a “new fragment’
wmessage. & will caloulate the teature map addeesses, and will
accordingly provide 1. 2, 4 or 8 fexels o the nest undt
together with the appropriste sumber of interpolation coel-
Betents.

Fach unif and the mwssage passing e concepyuaily
maning asyachronous to all the others. However, in the
presently peefemed embodiment there is comsidorable sya-
chrony becanse of the conumon clock.

How does the host process send messages? The message
data field is the 32 bt data written by the host, and the
mossage tag is the bottors 9 bits of the address {exchuding
the byte resolution addvess lines). Writiag fo 3 specific
address causes the message type associated with that address
to be insexied into the messsge quepe. Alisruatively, the
on-chip DMA conttoller may fetch the messages from the
host™s memory.

The message throughpul, in the presently prefemsd
erabodiment, is S0M messages per second and this gives a
Tragment theoughput of up to S0M per second, depanding on
what is being rendered. OF course, this sate will predictably
be further increased over time, with advances in pracess
technology and clock rates.

Linkage

The bleck diagram of FIG. 2A shows how the units arc
coantcted together in the GLINT 3008X embodinaent. and
the block disgram of FIG. 2B shows how the units are
connscisd together in the presently prefooeed embodingent.
Some geperal points srel

The following functionality is present in the H0TX, but
missing fror the IG05X: The Texture Address (TAddD)
angd Yexture Read (TR Units are missing. Also, the
router and maltiplexer are missing from this section, so
the uait ordering Is Scissor/Stipple, Color DDA, Tex-
e Fog Color, Alpha Test. LB Rd, ete.

In the cmbodiment of FIG. 2B, the order of the units can
be configured in two ways. The most gereral oeder
{Router. Coler DDA Texture Hiait, Alpha Test. LB Rd,
GIVZStencll, LB Wr, Multiplexer; and will work in
Al modes of Open{iL. However, when the alpha test is
disabled it is much better to de the Graphics ID. depth
and stencil tests before the texture operations rather
than after. This is because the texture operations have
2 high processing cost and this should not be spent on
fragments which are later rejected because of windew,
depth or stenctl tests.

The foop back to the host at the bottom provides a simple
synchronization mechanispn. The host can insert 3 Syne
comsmand and when all the preceding rendering bas
Bmished the syac command will resch the bottom host
intexface which will notify the host the syac evont has
nocnrred.

Benchits
The very modular asture of this architecture gives great

berefis [BpgfindiRPatortgidhthrbitteOhSs Peirt 2
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has & very well defined sot of input and output messages.
This alows the internal steucture of 8 uait for growp of units}
to e changed to nuake algorithmic/speed/aate count gade.
offs,

The isolation and well defined logical and behavioral
interface 1o cach ualt allows much betier testing amd verd-
ficstion of the correciness of & unit.

The message passing parsdigm & casy to simulate with
saftwate, and the hardware design is nicely partitioned. The
architecture & self synchronizing for mode or primstive
changes.

The host can mimic any bock in the chain by inserting
messages which that block would pormally generate. These
message would pass through the zarlier blacks to the mim-
icked block unchsnged and from then onwards o the rest of
the blocks which cannot telf the message did not originate
from the expecied block This allews for an casy work
around mechanism to correct any faws in the ohip. X also
allows other rasterization paradigres 1o be implemented
ostside of the chip. while still using the chip for the low lovel
pixed oporations,

“A Dy in the Life of a Trisngl”

Befors we got too detailed ko what sach unit does it is

worth while looking in genersl terras at bow 3 primitive {e.g.

triangle) passes throsgh the pipeling, what messages are

genetated, and what happens in cach unit. Some simplifi-
cations have been made in the descripion 1o avoid detall
which would otherwise complicate what i5 really a very
simple provess. The primitive we are going fo look at is the
faraftiay (ovcsnd shaded Z bufferod tiangle, with ditheriog.
it is assumed any other stafe {L.¢. depth compare mode) has
boen ser up. but {for simplicity) such other states will be
meptioned as they beoone relevant.

The application geuerates the wiangle vertex information
and makes the necessary OpenGL calls to digw it

The OpeaGL serverflibrary gets the vertex information,
ransforres, clips and lights it. It caleplates the {nifial
valnes and dexivatives for the vadues fo interpolate (X,
Kegrr vods greon. blue and depth) for uait change in &%
and dxdy,,, Al these valdes are in fixed point integer and
have unigue message tags. Some of the values (the depth
derivatives) have moge than 32 bits to cope with the
dvnnic range and resolition so are seat in two hadves
Pinally. ince the devivatives. start snd and valses have
been sent to GLANT the “reador triangie’ message is sent.

Oa GLINT: The derivative. start asd end parametor mes-
sages are received and filter down the message stream to
the appropsiaie biocks. The depth parameters and deriva-
tives to the Depth Unit; the RGB pararneteys and deriva-
five 1 the Color DDA Unity the edge values and deviva-
fives o the Rasterizer Undt

The ‘render triangle” message is received by the rasierizer
unit and all subsequent messages {from the host) are
blocked nntil the tiangle has been rasterized (bt ot
gecessarily written o the frame storg). A ‘prepare ©
repder’ message is passed on 50 any other biocks <an
prepare themselves.

‘The Rasterizer Unit welks the lefl and right edges of the
wiangle and BHs in the spans between As the walk
progresses mossages ars sead to indicate the direction of
the next step: StepX or Step¥YDomBdge. The data field
holds the corrent (x. ¥} conrdinate. One message is sent
per pinel within the twaagic boundary. The step messages
are duplicated into two groups: an actve group and a
passive group, The messages always start off ia the active
greun but may be changed o the passive group if this

P ag@eiﬁﬁ@ﬁe}}{}@: tests (e.g. dopth) on its path dowa the

piy

N
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message steearn, The tvo groups sre distinguished by a
sipgle bit in the message tag. The step messages {a oither
formy are always passed througbout the length of the
message sieear, and are used by all the DDA units to keep
their interpodation values in step. The step message effec-
tively identifies the Dagment and any other messages
pertaining fo this fragment will always precede the step
Tacssage i the message steam.

The Scissor and Stipple Unit. This unit does 4 tests on the

fragment (as embodied by the active step message). The
seesen scissor test takes the coordinaies associaied with
the step message. coavests tham fo be soreen selative (3
necessaryy and compares them against the sereen bound-
aries. The other three tests {user scissor. line stipple and
area stipple) are disabled for thix example. If the enabled
tests pass then the active step is forwarded onto e pext
uait, otherwise it is changed into & passive step and then
forwarded.

The Color DDA upit rosponds to an active step message by

penerating a Color message snd sending this onic the next
uait. The active step message i then forwarded to the rext
uait, The Color message holds. in the data ficld, the
cugent RGBA value from the DDA ¥ the step mussage
iz passive then ao Color message is genemsted. After the
Color message is sont {or would have been sonty the step
raessape is acted on to increment the DDA in the onrrect
direction. ready for the next pixel.

Texmuing, Fog and Alpha Tests Units are disabied so the

messages just pass throagh these blocks.

In geweral terms the Local Buffer Read Unit reads the

Graphic ID, Stencil and Depth information from the Logal
Buffer and passes it onfo the sext uadt. More specifically
it does:

1. If the step message is passive thea no further action

DCCUTS.

2. On an active siep message it calculstes the Haear
address in the focal buffer of the required datae. This is
done using the (X, Y) position recorded in the siep
message and focally stored information on the ‘sereen
width™ and window base addeess. Separate rcad and
write addresses are caleulated.

. The addresses age passed to the Local Bufer Interface
Uit and the identified focsl baffer location read, The
write addeess is held for use later

4. Soretime later the focal bulfer data is rotirned and is

formatted inte a consistent internal format and insexred

into a ‘Local Buffer Data’ meossage and passed on to the
next unil,

The mwssage data ficld is made wider to accommmodate
the maximum Local Buffer width of 32 biis (32
depth, 8§ stencil, 4 graphic D, § fratae count) and this
extra width just extends to the Local Buffer Write
blovk.

The actual data read from the local buffer can be in
several fivmats to aliow samower width memories 1o
b used i cost sensitive systems. The naower data
is formatted into a consisicnt internal format in this
biack.

s

The Graphic 1D, Stencl and Deopth Unit just passes the

Color message through and storss the LBDats message
until the step message amives, A passive step message
would just pass siraight throuigh, When the active step
message is recedved the iatermal Graphic 1D, dencil and
depth values are compared with the ones in the LBData
raessage as speciiied by this uni’s mode information. I
the enabled tosts pass then the new local buffer datais seat

in e BHTEEdPateatscBx b tohGi8Rart 2
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active sep ravssage forwarded, I any of the znabled tests
fall then sp LBCanceiWrite message is sent followed by
the eqguivalent pessive step message, The depth DDA is
stepped to update the local depth value,

12
vemernber that afl any instaat o e there sre many fag-
ments flowing dowe the message stream and the further
down they reach the moe processing has econrred.
Interfacing Betwees Blocks FIG, 3B sbows the FIFO bufi-

The Local Buffer Write Unit perfarms any writes which are 5 cving and lookahead coaneclions which are used ia the
pecessary. The LEWrieIiate message has (ty dats forma- presently preferred embodiment. The FIEOs are used 1o
id:ﬁt?,:i;f}ﬁ?g ;;’f:é:ﬁfg;?;‘%:’fﬁ‘g;igf;sﬁ‘é pmvidg an asynchronous interface between blocks. but are
raemery (e weiie addeess is alrcady waiting‘in the ;xwai exponsive in tarms of gate count. Note that frost 0‘1:‘ these
Buffer Interface Uity The LBWriteCancel msssagf.: just FII:D& A z}gly one stage degp {exeept where mdicgted).
informs the Local Buffer Interface Unit that the pending 0 2\3:?‘ rcducc_s thc,:.rﬂarcj:d’rn mﬁn;tam pert OTAARLE, k?ka'
write address is no longer nesded and can be discarded.  Toon CODBSCUONS dre dsed fo accelerate the “siartup” of the
The step message is just passed through, ;_:npehnc. Eor example. when the Localﬁﬂufferdiead black

In general terrus the Framebuffer Read Unit reads the eofor  U546Y 2 data request, the Texture/Fog/Cotar blocks also
information from the framebuffer and passes it opto the  TOCCIVE this. and begln o transfer data wcm!u;gly e
next unit. More specifically it does: i mafiy 2 single-enny deep FIPG csu.nodl be read and written

. o i vercadc - . in the same cycle. a5 the wiiting side doesa’t kaow that the

L g g::s sep message i passive then oo < action FIFQ is going o be read in that oycle (and hence become

I o . eligible to be written). The jook-shead fosture give the

Z 3&2 ;chi\;e&step bx::;ssag; t;:r cak:;l:;esi :hﬁﬂhls;eqr writing side this insight, so that single-cycie transfer can by
acdress & amebalict of the 10g $18 o5 achieved This accclomtes the throughput of the pipeline,

dope using the {X. ¥} position recorded in the step
message and locally stored information o the *scyesn
width’ and window base address. Separate read and
wiite addresses are calculated.

3. The widresses are passad 1o the Framebuffer Inerface
Unit snd the identified framcbuffer location reed The
write address is held for use later.

. Sometime later the color dats is returned and inseried
into a ‘Frame Buffer Data’ message and passed on to
the next unit.

The actual data read from the framestore can be in
several formats to alow parrower width memagies to
be used in cost sensitive systems. The formatting of
e data is deferred entil the Alpha Blend Unit as &t
is the only unit which necds to match it up with the
internsd formats. In this exampie no aipha blending
or logical operations are $aking place, so reads are
disabled and hence no read address is sent to the
Framebuffer Inferface Unit. The Color and step mes-

0

35

FProgramming Model

The following text describes the programosing model for
GLINT.

GLINT a5 a Register file

The simaplest way to view the interface to GLINT isas a
flat block of memory-mapped registers ¢h.e. a tegister file),
This register file appeass as part of Region § of the PO
address map for GLINT, See the GLINT Hardware Refer-
snce Manual for detadls of thiz address map.

When s GLINT host software driver s initizlized it can
ruap the register fle into its address space. Bach register has
&n associated address tag. giviag its offset From the base of
the register fle {since all registers ruside om & H4-bit
boundary, the ag offset is Imeasursd in muliples of § bytes).
The most steaightforward way 2 load a value into a registey
is to write the dats to its mapped address. In reality the chip
interface comprises a 14 entry decp FIFQ, and cach write io
3 register causes the written valne and the register’s addrass

sages just pass duough. - +
The Alphf Blc‘}:ﬂd iﬁ?ﬁ is disabled 5o just passes the megsages ¥ gtobe writlen as a new entey in the FIFO. A
through. Programmiag GLINT o draw & primitive consists of
The Dither Undt stores the Colfor message intoraally untif an werititig initial values to the Appropriste registers Io}!aw*ed by
active step is received. On receiving this it uses the least & WHlie (0 2 command register. The last write wiggess the
significant bits of the (X. ¥} coordinate information fo 45 M2 of rendesing. _ _
dither the contents of the Color message. Part of the GLINT has approximately 200 regisiors. All registers are
dithering process is to convest from the internal color 32 hits wide :u}d _shuuid be‘32—bxt addressed. Many registers
format into the format of the framebuffor. The new color  2°¢ 9litinto bit ficlds. and it should be noted that bit Ods the
is inserted into the Color message and passed on, followed 16331 significant hit
by ihe step message. so Register Types . o
"The Logical (perations are disabled so the Color message is GLINT has three maia types of register;
just comverted into the FRWriteData message (just the tag Control Registers
charges) and forwarded or to the acad woit. The step Command Registers
message just passes through. , Internal Registers
The Framebuffer Wiite Linit performs any writes whivh are 55 Coptrol Registers are updated only by the host—ihe chip

necessary.
The FBWriteData message bas is data posted to the
Framebuffer Interface Unit to be written into the
matnory {the wiilte address i alroady wailting in the

efectively uses them as read-only registers. Bxamples of
control registers ase the Scissor Clip unit min and max
registers, Once initialized by the host. the chip orly reads
these registers to delermine the scissor clip extents.

Framebuffer Interface Unit. @  Command Repisters are those which, when wiitten 1o,
The step message is just passed through. typically cause the chip to start repdering (some command
The Host Out Uit is mainly copceraed with synchrondza-  registers such as ResctPickResuR or Syne do got initiate
tion with fire host so for this example will jusi consume rendering). Normally, the host will initialize the appropriate
amy messages which reach this point in the message  contro] registers and then write o 2 command register w
streanm. 65 imitiate degwing. There are two types of comunand registers:

This description has conceatrated on what happess as one

begin-draw and continue-draw. Begin-draw commoands

Paper#g: &fi] 6On the message stream. Iisimpomant o cause rebdyref edPatnte s xelyrb toedidd 3vRart 2
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control tegisters. Continue-draw commands cause drawing
0 cowtinue with interaal register values as they ware whes
the previous deawing operation compicted. Making use of
continue-draw commands cap significantly reduce the
amount of data that has to be loaded into GLINT when
drawing multiple connected objuets stich a3 polylines.
Examples of command registers inchude the Reader and
ContinueNewline registers.

For copvenisnce His applicastion will wsuslly refor to
“sending & Render comaund to GLINT™ rather than saying
{more preciselyt "the Render Command register is writtes
tiz, which initiates drawing”™.

Imteraal Regiters are ant accessible o host sollware.
They are used internally by the chip to kesp track of
changiag valuos, Some control registers have contespondiag
infernal registers, When a begindraw comyand is sent and
before rendering starts, the istornst registors are updated
with the values in the comresponding control registers. I a
contipte-graw comrand is semt then this update does not
happen and drawing continues with the current valyes in the
infernad registars. For example. if » line is boing drawn then
the StartXDom snd StartY control segisters specify the (3. ¥)
coordigates of the first peint in the line. When a begia-draw
command is szt thess values are copled into internal

regisiers. As the line drawing progeesses these internal |

registers are apdated to contadn the (X, v coordinates of the
pixel being drawn. When drawiag has corpleted the internal
registers contain the (X, y) coardinatzs of the next point that
woald bave been deswa, I a continpe-diaw commiand i
aow given these Hpal (X, ) internal values ape not modified
and further drawing wses these values, B a bogin-draw
command had beep used the imernal registers would have
been reloaded frorm the StwlDom and Starty registers.

For the most part intornal registers ¢an be igaored. T is
helpful to appreciate that they exist in order Yo understand
the continne~deaw commands.

GLINT V0 Interface

There are & number of ways of loading GLINT registers
for a piven context:

The host writes a value to the mapped address of the

register

The host writes address-tag/data pairs into 2 host mamory

buffer and uses the on-chip DMA o wansfer this data
to the FIFQL

The host can perform a Block Command Transfer by

writiag address and data values w the FIFO interface
registers.

In all cases where the host writes dats values direcdy fo
the chip {via the register file) it has to worry about FIFQ
overflow. The IaPIFQSpace register indicates how many
free entries remain in the FIFD. Before writing to any
fogister the host must ensure that thers is esough space left
in the FIFG. The valnes in this register can be road at any
tinae. When using DMA, the DMA controlier will automati-

cally ensure that theve is room in the FIFQ before it parforms 3

further transfers. Thus 2 buffer of any size can be passed o
the DMA controlier.

FEFQ Control

The description above considered the GLINT interface to
be s register file. More preciscly. when a datz vdlue is
written to & register this value and e address fag for that
register are cornbined and put into the FIPO as a new entry.
Fhe actuad register is not updated untfl GLINT processes this
zaiy. In the case where GLINT & busy perfonming a time
consuming operation (c.g. drawing a farge woxture sapped
polygon), 3ad not draining the FIFOQ very quickly. It is

Pag@}’a O pf TP o become full. I » write 1o 4 register

15

3
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*
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4
is performed whes the FIFQ §s full no eatry is put into the
FIFO and that write i3 offectively fost

The input FIFC s 16 enwies deep and sach ealty consists
of & tag/data paie. The InFIOSpace register can be read 1o
determine how many enteies are free. The valve returned by
this register will never be greater than 6.

To check the staties of the FIFO tefore every write s very
Ineflicieat, so it is preferably chacked before loading the data
for each rectangle. Simce the FIPO & 16 catries desp. a
further optimization is to wail for all 16 entries 1o be free
after overy second rectangle. Further optimsizations can be
made by movikg dXBom. dXSub and dY outside the Joop
{as they ave constant for cach rectangle ) snd doing the FIFU
wait after svery third roctangle.

The 1nFFOSpace FIFQ conteol register contains & count
of the aursher of entries currently free in the FIFO. The chip
increments this register for cack entry it removes from the
FIFCQ and decrements it every time the host puts an ealry in
the FIFQ.

The DMA Interface

Loading registers directly via the FERO is often an Inel-
ficient way to download data to GLINT. Given that the FIFD
can acoomrmodate only 3 small sumber of entries. GLINT
B85 o be frequently intrrogaied o determine bow much
space is left. Also. consider the situation where a given API
function requires a large amount of datato be sent to GLINT.
I the FIFQ is wrtten directly then a retr from this
function is not possible uatil 2lmost o} the data has been
consumed by GLINT. Fhis may take some time deperding
on the types of primitives being deswn.

To avoid these problems GLINT prevides an on-chip
DMA controlier which can be used to load datz from
arbitrary sized (<O4K 32-bit wondsy host buffers iat the
FIFQ. T its simplest forme the host software has o propare
a host buffer contaning register sddress tag deseriptions and
data valies. It thep writes the base address of this buifer 1w
the DMAAddress register and the count of e mumber of
wards to tiansfer to the DMACount register. Writing 1o the
DMACout register stants the DMA transfor and the host can
aow petform other work, In generdd, if the conplete set of
repdering commands roquived by a given call 0 a driver
function can be joaded into & siagle DMA buffer then ihe
driver function can returs. Meanwhile, in paraflel, GLINT is
readiog dats oo the host butfer and Joadiag It inte its FIRG,
FIFQ overflow never ocours since the DIMA controller
automeically waits wntll there is room in the FIFO before
doing any wansfers.

The oudy restriction on the use of DMA contral registers
is that before atierapting 1o refoad the DMACount rogister
the host sofpware monst wait until previous DMA has com-
pleted. Tt iz valid to oad the DM AAddress rogister while the
provious DMA s In progress since the address is latched
internally at the stast of the DMA wansier,

Using DMA leaves the host free o retura to the
application. whilc ip paralicl. GLINT is performing the
DMA and drawing. This can inorease performance signifi-
cantly over loading 3 FIFO directly, In addition. some
algorithms require thal dats be loaded muliple times {e.g
drawing the same object across multiple clippiag
reciangies). Since the GLINT DMA only reads the buffer
data, it can be downloaded many times simply by restatting
the DMA. This can be very beneficial if composing the
buffer data is 8 time consuming task.

The host can use this hardware capability ip varions ways.
Par example, a further optional eptimization ks o usc 1
double buffared mechanism with two DA buffers, This

allows the Ejeniffid-PrteritsBothibitth 3 1Rart 2
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previous DMA to complete, thes further improving the
passilelism between host spd GLINT processing. Thus. this
optimizatien is dependest op the allovation of the host
memory. I there is oaly one DMA host bulfer then sither &t
is being filled or 1t is being emptied—it cannot be filied and
emptied at the same tme. since there is no way for the host
and DMA 1o interact once the DM transfer has started. The
host #s at Hberty to allocate 83 many DMA buffers as it
wants; two is the minimum 1o do double budfering. but
aliocating many small buffers is generally better. as it gives
the benefits of doubls huffering together with low latency
tiree, 50 GLINT is nct idie while hage baifer is being filled
up. However, use of many small buffers is of cowrse more
cinnpiicated.

1)

113
grougs aed within cach group there are gp to 16 fags. The
low-order 4 bits of a tag give itx offvet within the group. The
high-order 3 bits give the major group rumber.

The following Register Tabie lists the individual ropisters
with their Major Groug and Ulfset inthe proseptly proforned
embadinent:

Register Table

The following table lsts registers by group, giving thelr
tag values and indicating their type. The register groups may
be gsed to improve data wapsfes rates to GLINT when usiag
DMA.

The following types of register are distinguished:

In general the DMA beffer format consists of a 32-bit 15 Majer  Oft
address tag description word followed by cae or more data _— . Grmip 5
words. The DMA buffer consists of one or more sets of these - Register Mexj  fhex; Tipe
formars, The Tollowing paragraphs describe the different Rasteriger StartXDom o0 0 Conwul
types of tag description words that can be used, EXDwsn ] 1 o
e e S StarXSub @O 2 Couirmd
IIMA Tag Description Pormat o X Suke o0 3 (:mm}
Thexe ave 3 Jifferent tag addressing modes for DMA: i;?ﬂ fﬁ ¥ Son::;
hold, increment and indexed. The different DMA modes ate Conms o b Commel
provided to reduce the amount of data which needs e be Rewder w T Crounand
transferred, henoe making betier use of the available DMA ContimeNewl ine @ ¥ Commmnd
bandwidth. Bach of these is described in the following ContigaseNewDem o 9 Comuas
spetions. ContizmeMewSub & & Comitered
T Contloue & B Conunsan
Hold Format ‘ g
X o e . - . FlushS & ¢ Conums
In this format the 32-hit fag description contains a (ag Bmﬁmm 0 D Mixed
value and a oount specifying the aumber of data words Kastericer FointFable{-3] ot B3 Comuwl
following in the buffer. The DMA conttolfer writes eachiof 38 Hanterizerdlode ot 4 Comwel
the data words to the same address tag, For exampile, this is g"“‘; Seissoriiode & U Courd
uscful for image downlosd where pixel dats is coptinuously s ScissorMiniY @ § Conml
written to the Color megistex. The boltom 9 bits s;tc;ify the Scissorax XY o 7 Ceauot
register to which the data should be written; the high-order SemeeuSize e 3 Coanol
16 bits specify the aumber of data wonds (zmisns 1) which 35 AreatippleMode 3 4 Coawol
follow in the buffer ard swhich should be written to the LineStipplehiode f? § thwi
address tag (note that the 2 -bit mode field for this format is Loud e Stppie @ 5 Comno
2ERO 50 8 given tag value can sirply be loaded into the low UpdsieLineStipple m T Command
arder 16 bits), Courgers
A special case of this format is where the top 16 bits are SaveLineSupph: o ¥ Commeant
zero indicating that a single data value follows the tag {ie. Srate N . —y
the 32-bit tag description is sumply the address tag value i o oF o
itself). This allows simple DMA buffers to be constructed (o oo s oF
;;hi':h Nﬂs'xl:ﬂ of tap/daia pairs, Toxhure Texe 0 o 8 Oenool
crempiznd Feomat CrdorFog
This formst is similar to the hold format except that as » Fexedt o p Gl
each data value fs loaded the address tag is incromented (the Texei2 % 2 gﬁ;
value in the DA boffer is nof changed; GLINT updates an Texeia o Y Commi
intt‘:mal copyl Thus, this mode a!law:a contiguous GLINT Texais o £ Commol
registers to be loaded by speciiying a single 32-bit tag value Texels oG §  Control
followed by & data word for cach register. The loweorder 9 0 Texel? ac 7 Contol
bits specify the address tag of the first register to be loaded g“'r"'f gg 5 Em;
The 2 bit mode field is set 1o § and the high-order 16 bits arc Yeen2 oo A o
sat to the oount {minus 1) of the number of registers fo Ioter3 &e 2 Conanl
update. To cnable use of this format, the GLINT register file Fraterpd o £ Controd
has been organized so that registers which are frequentty o5 TexturaFiler oc D Contrd
icaded together have adiacent address tags. For example, the z“iw“’! i;;;‘:“‘hk" on 9 Comtd
? Sii . g % P AR [ cxbasie ador k
32 ArcaStipplePatisrn regisiers can be loaded as follows: FortaelarColer o0 T
FogMode an 2 ot
—— N —- FogColer o0 3 Control
AvenSripplelatiand}, Cowe=31, Mode=1 ) FStax on 3 Clpsrot
rome 3 bits « aFds on S Costol
o | bits dPdyiam b §  Comuat
see Color DDA RStant oF D Sosted
w34 bits dRdx op 1 Coptol
dRayDona DR 3 Contot
Cistart O 3 ioptrol
Indexed Pormat &« Oy OF 4 Lot
GLINT address tags are 9 bit values. For the purposes of AR DF 5 Comm

Pape BOxaf 6 Format they are organized inte majos Unified Patents Exhibit 1013 Part 2
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-continued DM A Buffer Addresses
Majer D Host software mwst goberate the correct DMS bduffer
‘ Soonap st address for the GLINT DMA controlier. Normally, this
Uit Rugsster sy thesd Type g means that the address passed 1o GLINT must be the
Bty aF & Coutrol © physicsl address affhc DMA butfer I8 bost memary. The
Bi 50 tF T Coutod buffer aust also reside at contiguous physicel addresses as
Do a8 & Conwd accessed by GLINT. Op = system which wses virtusl
Adtsn o # Comtoet memory for the address space of a task, some method of
dadk ap A& Coutred aliocati liguous physical wy. and mapping s
dadsDan a8 B Contol o Miocating contiguous physical merury, sad mapping s
CodrDDaMade oF ¢ Conol imto the address space of a task. must be used
gwiim‘eu“ ti 2 ;ﬁ::f! # the vidual memory buffer maps to non-contiguious
< At ol . y tesi Ao § At
Alpha Test  AdphaTestMode 0 9 Contret physical memory, then the buffer must be divided into sety
AatiahuaMiade 30 1 Copwol of vontiguous physical memory pages and each of these sets
Alghe Blend  AphaBileadMode iy 2 Comwol 15 tansferred separately. In such & situation the whole DMA
D s B i " T o buffer cannot be trandferred in one go; the host suftware
gicat Ops Mask i i} ’ ‘ mast wait for each set to be ransferred. Often the best way
LagkatOphiode Eh] 3 Conrol to handle these fragmented transfors is via an intorrupt
Rl ® 5§ Coulrol handler.
LB Read LEReadMode 1t 2 Cautrol 10
LikeadPormat 3 f Coussol X
LHSonrcedfset 1 2 Comsof DMA Tnterrupts
mi :i 2 xt&“ GLINT provides interrupt support, & ap sMerastive
LR WindowBase i % Lol means of de{e:miniag‘ when 8 DMA gansfer ;s compdete. I
LR Write LEWrieMode i B Comtral enabled. the inferrapt is generated whenever the DMACmmt
N @W’*“Fmﬂ i g gwmi 33 regisier chenges from having a non-zere fo having a zero
ga;;hmm s i e value. Since the DMACount register is decremented every
StencifMode 3 I Contral time a data ftem is ﬁansft?rred‘fmm the I}MA butfer this
SteseilDuta £ 2 Contrel hapgprens when the $ast data item is wansferred from the DMA
Stexwid i3 3 Mixed buiter.
Deptihiods i3 % Ciominsd o . -
Dot o s wme . Toessbl the DMA interrupt. the DMAInemuptEnable
Z5tastl 13 & Comtred bit mmust be set in the IntFaable segister. The intemupt
;’“ﬂi’g f: 7o Control haadier shonld check the DMAFRy bit in the Intblags
dtd e g E‘;ﬁi register to determine that a2 DMA interupt has actually
SZeTromEs 3 A Control 2 ocourred. To cie:fsr the iytmupt a word should be written 1o
AFeyTroml. i3 B Control T the IntFlags register with the IDMAFlag bit set to one,
FasiCharDepth i3 & Comtresd S ey o " P . e N Al
¥ Resd FiiRosdMide ¢ O Contol 'I‘mgiu‘i}\,nn;ﬁcca‘ ‘thc. PrOCESSOF for other wotk -wmlc
FB3ourceOfses 1% 1 Cootol ?C)MA is ix_:mg f.mnpit,fc& Since the overhead of handling an
FBPellgxet i3 2 Contol interrupt is often guite high for the host processor, the
Filalor i5 3 Dupd «q Scheme should be tonad 1 allow a period of pofling before
FBWindwwBase i5 & Contmi " sleeping on the interrupt i :
FB Wit FRWriseMods 5 7 Comtrod sieeping »
FRHardware Write 15 &  Control L
Mask Qutput FIFQ and Graphics Processor FIFQ
FiBlocdalor 5 i Contred Intesface
fost Gt Filierhlode £ G Contrl
StaristieMode i8 L Contel 45 To resd data back from GLINT an output FIFO i pro-
Minkegion 8 2 Contol vided. Bach entry in this PIRO is 32-bits wide and it can hoid
MaRegion 18 3 Conbrd fata values. Thus jts format is nnlike the inpat FIFO
ResefnkResalt ™ 4 P— tag or {ata_\r ues. FIUS 118 tormat s unlice the 1apa <
MinHitRegion iR S Dommesd whose entries are slways tagfdata pairs {we can think of cach
gﬁhﬁf‘sm 8 5 Commasd entry in the input FIFD as being 41 bits wide: 9 bits for the
ik Rast i K Comnand 50 5 3 T the | 1 ritte :
Sy 8 § o N tag and 32 bity for the datx) The type of data writtes by

This format allows up fo 16 registers within a greup o be
icaded while «till only specifying a single addiess iag
description word.

B e Mode of the address tap desoription word 18 5¢t to
indexed mode. ten the high-order 16.bits are used as a mask
to indicate which registers within the group are o be used,
The bortom 4 bifs of the address tag description word are
unused. The group is specified by bits 4 10 & Bach bit jn the
mask is ssed o ropeesent a uniqow tag within the group. I
# bit is set then the consspomding register will be losded.
The mmaber of bits sei in the mask determines the numbee
of dats words that should be following the tag description
word i the DMA buffer. The data is stored dn order of

a8

GLINT to the output FIRO is conmniled by the FilliwMade
register. This register allows #ikedag of output data in
various categories including the following:

Depth: cutput dn this category results from an image

upload of the Depth buffer.

Stencil: output in this category results frem as image

uplosd of the Stencil buffer,

Color: output in this eategory results from an image

upload of the framebuffer.

Synchronization: synchronization data is sent i response

to a Syse command.

The data for the FilterMode register consists of 2 bits per
category. I the least sigaificant of these twa bits {5 set (Ox1)
then ovtput of the register tag for that categery is enabled;
if the most dgnificant bit is set {02} then cwtput of the dats

Pagerdt of-b60ing address tag. for hat cxlefprifipcchRd tBrtdafrdibute b0 13 Rart 2
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enabled at the same time. In this case the tag is written first
to the FIFO followed by the data.

For example, to perform an image upload from the
framachuffer. the FillerMode sogister should have data output
enabied for the Color category. Then. the rectangular area to
be uploaded should be described to the rasterizer. Bach pixel
that is read from the framcbaifor will then bo placed into the
optpt FIFTY I the owtput FIFO becomes Rull, then GLINT
wilf black intersally until space becones available, ¥t i the

programmes’s responsibility to read afl data from the output ¢

FIFO. For exanaple. #t is imporan to know how maany pixels
shoudd result from an image uplosd and to read exacily this
many from the FIPQ.

T read data from the output FIFQ the OutputFIFC Words
repister shoudd first be read to detormine the pumber of
entrizs in the FIFQ (readieg from the FIFO when it is empty
returns usdefined data), Then this many 32-bit data iterms are
wad from the FIRD, This procedure is repeated until all the
expected data or tag derns have been read. The address of the
catpid FIFQ is describud below

Mote that all expected data must be read back, GLINT will
black If the FIFD becomes full Progranamers st be
careful to avaid the deadlock condition that will result if the
host is waiting Tor space o bocome free in the input FIFD

while GLINT is waiting for the host 1o read data from the :

cutput FIFO,
Gryphics Processor FIFD Interface

GLINT has a sequence of 1832 bit addresses ju the PCE
Region 0 address map called the Graphics Processor FIFO
Interface, Yo read from the output FIFD any address in this
range can be read (normally a prograse will choose the ficst
address and use this as the addresy for the output FIFO} All
32-bit addregses in this reglop perform the same function:
the range of addresses is provided for data transfer schemes
which foree the nse of incvernenting addresses.

Writing 10 2 kocation in this address range provides raw
access to the jppot FIFCG, Agats, the first address iy aormally
chesen, Thus the same addesy cap be used for both input
and output FIFOs. Reading gives access to the outpat FEFO;
writing gives access 1o the input FIFQL

Writing to the inpat FEFD by thix necthad is diffevent from
weiting o the weamory mepped register file. Since the
register fite has a unique sddress for cach register, writing to
this unigue address allows GLINT to determine the register
for which the weite is intenfed. This allows & tag/data pair
o be comstructed and inseried mio the iaput FIFQ. When
weiting to the mw FIFD address an sddress tag description
must fizst be written foliowad by the associated data, In fact,
the fornsat of the tag dosceiptions and the data that follows
is identical to that deseribed above for DMA buffers. Inatead
of using the GLINT DMA it iz possidie to ransfer data to
GLINT by constructbag a DMA-style butfer of data and then
copying each e in this buffer to the raw inpmt FIFD
address. Based on ihe tag descriptions and data writien
GLINT constructs tag/deta pairs to enter as rcal FIFQ
entries. The DMA mechasism can be thought of as an
automatic way of writing to the zaw input FIPO address,

Mo, that when writing to the raw FIFO address the FIFG
full condition must still be checked by reading the
FIROSpace register. However, writing fag descriptions
does not cause any entries 1o be enteved iréo the FIFO: such
a write simply establishes 3 set of tags to be paired with the
subsequent data. Thos. free space need be ensured oaly for
actuai data itews that are written (not the fag values). Faor
example, in the simplest case where sach tag is followsd by
a siagle data Hem, assuming thal the FIO is exply, then 32

Pag@%%mﬁs}s@@ befors checking again for free space.
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Other Intersupts
GLINT also provides Intermpt fsoiitios For the following:

Svec: K a Sync command is sent 3nd the Sync interrupt has
been enabled then once all rendering has been completed.,
3 data vadue i satered o the Host Qut FIFO, and & Syac
interrupt {5 generated when this value reaches the output
end of the FIFD. Syrcheoniration s desecibnad Durther ln
the next secton,

Buivrnal: this provides the capability for exteraal hardware
on a GLINT board (such 83 an external video timing
generator) o genecate interrups to the host provessan

Frror: it enabled the ervor interrupt will noowr when GLINT
detects certain error conditions | such a5 sn attempe o
write to 8 full FIFO.

Vertical Refrace: i eapabled a vertical refyace interrupt is
genevated at the start of the video blank period,

Each of these are enabled and cleared in a similar way o
the DMA intermupt,

Synchronization

There are theee main cases where the Bost must synchro-
atze with GLINT:

bofore reading back from megisters

hefore directly aceessiag the framebuffer or the local

buffer vis the bypass mechanism

framebuffor management tasks such as double buffedag

Syachrondzing with GLINT fmplies waiting for any pend-
ing DMA to complete and waiting for the chip to complste
any proosssing currently being poformed, The Following
pseudo-code shows the general scheme:

CALBNTDuts dos
# waat for DS 10 cumplete
while (DMACouwR = 0} {
poll or wait for mistrap
H
while {*EFIFOSpwe < 1) §
14 wdt for free space o she FIRG

}
i epable sypc HSpR and send the Syvae commond

data. Word = O
deta Fikerdfode Syariomization = Oxi:
FilterMode{data Word);
SyaetOrly,
M wit for vhe gyne outpae data %/
doq

while { * PR ards < (8

3 & pull wanting for dats W ourpat

 whils (*OorputFIFO = Syne | tagh

Initially. we wait for DMA to compiete a¢ pormal. We
then have to walt for space to become froe in the FIFO (since
the DMA controller actually loads the FIFO). We seed space
for 2 registers: one to eouble generation of an outpul syne
valus, and the Sync coramnand #yelf. The casble fag can be
set at initizlization tdme. Fhe output vajue will be generated
oply when 2 Syne command has actually been sent, and
GLINT has then completed all processing.

Rather than poliing it s possible to use & Sync interrupt
as mentioned in the previous section. As well as enabling the
interrupt and setting the flter mode, the data somt inthe Syac
commoand must have the most significant bit st in opder o
generate the interrupt. The intorupt is generated when the
tag o7 dats reaches the output end of the Host Qui FIFG, Use
of the Sync interrupt hes to be considersd carefidly as
GLINT will generally ampty the FIFO more quickly than it
takes Yo set ap and handie the infermpt.

Host Framcbuffer Bypass

Noroaily. the host will aceess the framebulfer indirectly

vis comippbfiadRute ity Brthitsifxe Ol SPart 2

Microsoft Corp.

Exhibit 1009



APPENDIX ©

5798770

21
GLINT diws provide the whole framobulfer as part of its
address space so dat i cam be meomory mapped by an
application. Acovss i the framebuffer via this mepery
mapped route is indopendent of the GLINT FIFQ,

Diivers may choose to use direct access (o the framebufler
for atgotithms whick are not supporfed by GLINT The
framebuffer bypass supports hig-endiag, ligtde-endian and
GiB-endian formats.

A driver making use of the framebulfer hypass merha-
nism should synchronize framcbuffer avcesses made
twough the FIFD with those made directly through the
memory map. I data is written to the FIFG and then an
sccess is made to the fromebuffer. it ds possible that the
frarsebulfer access will ocour before the comunands in the
FIFO have been fully processed. This fack of temporal
wdering és generslly not desivable.

Framebuffer Dimensions and Depth

At reset tinee the hardware stores the size of the fame-
buffer in the FBMemoryControl register, This register can be
read by software 1 determine the amount of VRAM a5 the
display adapler. For a given amount of VRAM. software can
configure different screen resolutions and off-screcn
memory regions.

The framebulfer widih must be set up io the FiReadMode
rogister, The first © bits of this register defiee 3 pantial
products which determine the offset in piscls from oac
scaniine 1o the nexl. Typically. these values will be wearked
ot at initializaiion time and a copy kept ip sofiware. When
this register nceds fo be modified the software copy is

retrieved and any other bits modified befove writing to the

Tegister.

Once the offsef from one scanling to the next has been
cstablished. determining the visible screan width and hejght
becomes a clipping issue. The visible screen width and

height ave set up in the ScrecnSize register and snabled by

setting the ScreenScisswEnable bit in the ScissorMide
Tegister.

The framebuifer depth (8. 16 or 32-hit} is comrolled by
the FBModeSel regisier. This repister provides 2 2 bit ficld
0 contral which of the three pixel depths s buing used. The
pizel depth cax be changed at any time bot this should not
be attomptad withoot first synchronizing with GLINT. The
FBModeSe] register is aot a FIFO register and is updated
Immediately it is wriften. B GLINT s busy performing
rendering operstions, changing the pixel depth will vormupt
thiat rendering.

Normally. the pixet depth is st &t initialization time. To
optimize cextain 2D renderiag operations it may be desirable
to chianpe it 4t othey s, B example, if the pisch depth
is normally 8 (or §0) bits, changing the pixel depth to 32 bits
for the duration of & bithit can gusdmpie {or double) the bit
speed. when the bif source and destination sdges are aligned
ai 32 bit boundaries. Once such a bt seguence has been set
up the kost software must wait and syachropize with GLINT
ard thea resct the pixel depth before continuing with further
rendering. 1t is not possble to change the pixel depth via the
FIFG. thus sxplivit synchronization wmask abways be used.

Rost Lacalbuffer Bypass

As with the framebulicr, the locsthuffer can be mapped i
and accessed directy, The host should syachronize with
GLINT before making 2oy dirccl aceess o the Tocaibuffer.

At reset trae the bardware saves the size of the localbuffer
fa the LBMemoryCogtrol register (locatbuffer visible region
size). In bypass mode the number of bits per pixed is either
32 or 64 This tnformation Is also sct in the LBMumory-
Contpal register ({ocatbulfer bypass packing). This pinel

ng!@nggrgﬁ thé&lmary off set butween sne pixef and the

X

g
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mext. A fusther s of 3 bits (focstbuffer width} in the
LBMemoryControl register defines the number of valid bits
per pixal. A typical lecaibuffer configuration might be 4%
bits per pixel but in bypass mode the data fox vach pisel
starts ot ¢ 64-bit boundary. In this case valid pixe! data will
be contained in bits £} o 47, Software mud set the LBRead-
Format regisier 1o &l GLINT how to intarpret these valid
bits.

Host software must set the width in pisels of each scandine
of the focalbulfer in the LBReadMode FIFQ register The
first 9 bits of this register dedine 3 partial products which
determine the offset in pixels from one scanline W the next,
As with the framcbuffer pastial products, these values will
usually be worked oui at inftiatization time and a copy kept
in software, When this register needs fo be moadified the
software copy is reteicved and aay other bits modified before
writing to the register, I the system ix set up so that cach
pixst in the framebuffer has o comesponding pined in the
locafbuffer then this width will be the same 35 that set For the
framchufier,

The locaiboffer is accessible via Regions | and 3 of the
PCT address map for GLINT. The localindfer bypass sup-
potts big-oadian and little-cndian formats. Those are
described in a later section.

Register Read Back

Tader some operating environments, muftiple tasks will
seant access tir the GLINT chip, Sometimes 3 servey task or
driver will wani to arhitrate access to GLINT on behslf of
multiple applications. In these clrourmstances, the state of the
GLINT chip may need to be saved and restored on each
context switch. To faoilitste this. the GLINT conirol segis-
ters can be read back. {However, internal and command
registers cannot be read back)

Fo perform 2 comext switch the host must first syaschio.
aize with GLINT. This means waiting for cutstanding DMA
to complete, serding a Syne vopunand and waiting for the
syne outpst data to sppear in the output FIFO. After this the
registers can be read back

Toread a GLINT register the host reads the same address
which would be used for a weite, {.e. the bage address of the
register file plus the offset value for the register.

Note that since internal registers cannot be read back care
mast be taken when coptext switching a task which &
making use of continue-draw commands. Continne-draw
commands rely on the internal registers maintaining previ-
ous state. This state will be destrayed by any randering work
done by a new task, To prevent thiz, comlipus-draw oom-
mands should be performed viz DMA since the context
switch code has fo wait For outstanding DMA to complete,
Alternatively, continse-draw commands can be performed
in & non-preemptable code seganent.

Narmatly, readiog back mdividusl registers shewsld be
avoided, The need to synchronize with the chip car
adversely affect performanes. ¥ is usually more appropriate
to keep 2 software copy of the register which i updated
when the actiml register is updated.

Byte Swapping

{nternally GLINT operates in litle-cndian mode.
However, GLINT ix designed to work with both big- and
Hittle-endian host processors. Since the PCIBus specification
delines that bete ordening i preserved regandless of the size
of the tansfer operation. GLINT provides facilities to
handle byte swepping. Bach of the Configuration Space,
Contro} Space, Framebuffer Bypsss and Localbuffer Bypass
momory areas have both big and litle endisn mappings
avatlable. The mapping 1o use typically depends on the

endian ordefing ffed RatentssdExhibit 1013 Part 2
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The Coafigurativn Space reay be set by a resistor in the
board design 1o be either litte endian or big endian.
The Coptrol Space in PCY address region 0. is 128K byies
in stre, and consists of two $4K sized spaces. The frst 64K

pa
The maxinuin width of the lecatbuffer {3 48 bits, bot this
can be redeced by changing the oxternal mersory
configuration. albeit at the expense of reducing the fune-
tionality or dynamic sangs of one or pwre of the ficlds.

provides Hgthe cndian access 0 the conteod space rogisters; ¢ The jocatbuifer memory can be from (6 bits {(assuming 8

the second 4K provides big endian access to the same depth bulfer is adways needed) to 48 bits wide in steps of 4

tegisters. bits. The four fields supponted in the localbuffer. their
The framcbuffer bypass consists of two PLY pddress atfowed jengths and positions ate shiwn in the followiag

regions: Region I and Region 4. Bach is independently table:

configuralde to by the Aperture$ and Apstture ¥ coutrol 1

tegisters respectively. (o one of three modes: an byte swap.

14-bi gwap, full byte sweap. Note that the 16 bit mode is i Longts Sourt hit positicns

needed for the followlng reason, ¥ the framebuffer is e e a4 33 6 ]

configured for 16-hit pixels and the host is big-endian then sﬁl 06‘_‘* ’ 16 M %6 28 42

simply byte swapping is not enough when 2 32-bit access i FoameCount 0. 4.5 1620, 34, 28 2 36,40

ke {i0 write two pixels). In this case, the required effect 1Y G 2,4 16 30, 24, 18, 32, 36,40, 44, 48

is that the bytes are swapped within each 16-bit word, but the
two 16-bit halves of the 32-bit word are sot swapped. This
meserves the opder of the pixels that are written as welf as
the byre ordering within each pixel. The 16 bit mode is

wierred 1o as GIB-gndian in the PCT Multimedias Design

Caide, version 143

The localbuffer bypass comsists of two PCE address
megions: Regior 1 and Begion 3. Back is independently
cotfigurable te by the Aperture(l and Aperture 1 control

registers respectively. to one of two modes: no byte swap, 3

full byte swap.

Fo save on the size of the address space requived for
GLINT. board vendors may choose 0 tum off access to the
big cadian regions (3 and 4) by the use of rosistors on the

The arder of the fclds §s as shown with the depth Beld &t
the ieast significant cnd and GID field at the most sigaificant
end. The GIT is at the mos dgnificast ead so that various
combinations of the Stencil and FrameCount field widths
can be used on a pa window basis without the position of
the (GHY ficlds moving, ¥ the GID Seld is in a different
positions in different windows thea the owaership tests
beeome impossible to do.

The GHG. Prame{lount, Steac and Depth fields in the
locatbuffer are converted into the ipternad format by rght
Justification if they ave less than fhedr imtornal widths., te. the
unused bits are the most significant bits and they are set o
4.

The format of the jecalbulfer is specified in two places:

baard. k1
Thers is & bit available in the DMACostrol control the LBReadFormat regivter and the L RWritaFormat register.
register o enable byte swappiog of DMA data. Thus fux It is still possible to part populate the locatbuffer so othex
big-endian bosts, this control bit would normally be epabled. combinations of the field widths are povsible {i.c. depth field
Red and Blue Swapping width of 0}, but this may give problemg if texture maps are
For a given graphics board the RAMBAT andfor AP will 3% tn be stored in the ocalbuffer as well
wsvally force a given interpeotation for true color pixel Any nonbypass read or write fo the locatbufler always
vafues. For cxample. 32-bit pixels will be interpreted a5 reads or writes alt 48 bits sinultaneously.
either ARGH {aiphs at byte 3, red at byte 2. green atbyte 1 GID field
and biue at byte 6) or ABGR (blue of byte 2 and red at byte The 4 bit (ID ficld is used for pixel owaership fests fo
#). The hyte positica for red and blue may be important for 6 alfow per pixel window clipping. Each wiadow using this
software which hias been written to expest one byte order o facility is assigned one of the GID values, and the visible
e other, in particalar when bandliog bage deta stored In pixels in the window bave their GID fleld sot to this value.
a Ric. If the test is enabled the ourrest GID (set to correspeond with
GLINT provides two registers 1o specily the byte posi-  the cgrent window} is comparsd with the GID in the
tions of blue and red internally. In the Alpha Biead Uit the 45 fovalbuifer for cach fragroent. If they arc equal thin pixed

AlphaBlendblode regiater contains & 1-bit field called Col-
orCrder. B this bit is set £ Zere then the byte ordexing is
ABGR: if the bit 35 sel to one thep the ordering is ARGB. As
wedl s setting this bit in the Alphs Biend unit, it must slso
be set in the Color Pormatting unit. ¥e this unit the Dither
Mode register contzins 3 Color Order bit with the same
interpretation. The order applies fo 11 of the true color pixel
formats, regardless of the pixel depth,
Hardware Data Strucnures

Some of the bandware data stouchuy mplementations
used fn the presemtly preferred embodiment will now be
described in detall, OF comrse these examples are provided
raerely fo Rinstrate the presently preforred embodiment ia
greal detadl, and do not necessanly dolimit amy of the

belongs o the window so the fovathufler and framebuffer at
this coordinate may be updated.

Uising the GID Held for pixel ownership tests is optional
and other methods of achieving the same result are:

+ clip the primdtive to the window’s boundary {or rectanpular

ties which make up the window’s area) aad reader only
the visible parts of the primitive
use the scissor test to define the rectangafar tiles which make
up the window’s visibie ares and render the primivve
once per tile (This may be fireitsd te only thoss tiles
which the prisnitive infersects).
Depth Bield
The deph field holds the depth (%) value associated with
a pixel and can bz 16. 24 or 32 bits wide.

claimed inventines. 66 Steneil Field
Localbuffer The stencit field holds the stencil value associsted with a
The localbuffer holds the per pixel information corre~  pixel and can be 0. 4 or 8 bits wide.
sponding to cach displayed pixel and any texture maps. The The width of the stencll buffer is also stored in the
per pixel information held i the locatbuifer are Graphic 1D StencilMode register and is needed for clamping and mask-
{1, Depth, Stencil and Frame Count Plases (FCP) The 63 ing during the update methods. The stencil compare mask

possible formats for each of these fields, and thedr use are

should be set rg) to exclode any absent bits from the stencit

compard Jgw1
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FranwCount Field

The Frame Count Field holds the frame count value
assoviated with a pixel and csn be 9. 4 or 8 bits wide. It s
used during snimation to support o fast clear ruechanism o
3id the rapid clearing of tw depth and/or stencil fields
needed a the stat of gach frame.

In addition to the fast clear mecharism the extent of ali
updates to the localbuifer and framebuifer can b recosded
{MinRegion and MaxRegion registezsy and read back
{MinHitRegion and MaxHitReginn commands} 1o give the
bounding box of the smallest area o clear For some
applications this will be significantly smaller than the whole
window o sereen, and henes faster

The fast clear mechanism provides a method where the
cost of clearing the depth and stencH buffers can be amor-
tized over a mumber of clear operations issued by the
application. This works as follows:

The window is divided ap into n regions, whore o iy the
range of the frame counter (16 ar 236 ). Every time the
applivation issues & clewr command the refesace frame
coutrter is incremented {and slfowed 1o roll over i it exceeds
ity maximum vafue) and the o™ region is clzared oaly. The
clear updates the depth andfor stenci) bulfers o the new
values amd the Tame count buffer with the referesce value.
Yhis repion is much smafler thas the full window and henee
tukes less thme to clear

Whan the locatbulfer is subsequently read and the frame
connt Is found 1o be the same as the reference frame count
{heid in the Window register) the localbuffer data is used
direcily. However. if the frame count is foued to be different
from the reference frame count theld in the Window register)
the data which would have been written. if the localbuffer
had been cleared propedy. is substitsted for the stale data
returned from the read. Any now wriles o the localbuffer
will set the frame couat to the reference value so the et
read on this pixel works nomoadly without the substintion.
The depth dats 1o substitute is held in the FaciClearDepth
register and the steacid dita to substitote is held in the
StencilData register {along with other stencil information),

The fast clear mechanism does not presers & wotad solution 40

as the user cag clect 1o clear just the senctl planes o just the
depth plancs. or both, The situation where the stencil plases
oply are “clesred’ wsing the fast clear method, then some
rendering is done and then the depth plases are ‘cleared’
using the fast clear will leave ambiguous pixels in the
localbuffer. The driver softwazs will pecd to calch this
situation. and fall back 1o using a per pinel write to do the
second clear. Which ficid(s) the frame coust plane 1efers to
is recorded in the Window registor.

When clear data i substibited for real memory data
{during normal rendering operations) the depth write mask
and steneii write masks are ignored to mimic the OponY.
opetation when a bulfer is cleared.

Localbuffer Coordinates

The covrdinates geacrated by the rasterizer are 16 Mt 3's
complement numbers. and so bave the range +32767
~3376E. The rastetizer will produce valises In this range. but
any which have a pegative coordinste. or exceed the screen
whilth or height (a5 programmed imto the ScreenSize
registery are discardad,

Coordinatey can be defined window relative ot sereen
relatve and this is oaly relevant when the coordinate gets
converted to an actual physical address in the localbuffer. In
general it is expected that the windowing systom will use
absolute eoordinates and the graphics systorn wilf use refa-
tve coupdinates (10 be independent of whers the window

Paitei85 of 160
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GUE systems {such as Windows, Windows NT and X}
ustally have the origin of the coordinate systam at the top
{eft corner of the screen but this i not true for afl graphics
sysiems, For nstance OpenGL uses the battom Iefi corner as
its origin. The WindowQrigin bit in the IBReadMode
register selects the fop feft {)) o bottonm left { 1+ as the origin,

The sctual cquations used o caloulate the localbulfer
address to yead and wiite are

Battem left anigit:
Destination address = LREWindowBase - ¥ * % + X
Soupe address =
LHWindowTieee ~ ¥*W + X + LRSoureeGifont
Yop ledt cxigin:
Destination. address = LBWindowBasg + ¥ * W+ X
Sonmee address =
LEWindowBase + YO8 -+ X -+ LBSaureiife

whege:

% iz the pixel's X coordinate.

Y is the pixel's Y coardinate.

ERWisdowBase bolds the base sddress in the focatbudfer
of the cureent window,

LBSouzceOffset is normally zere except during 3 copy
oporation where data & resd from ome adidvess aad
written to another address. The offset between soures
and destination is held in the LBSourceOffet register.

W is the screen width. Oaly 2 subset of widths are
supported and these are encoded fnto the PRO, PR and
PP fields in the LBReadMuode repister.

These address caleulations tanslate a 2D address into a

linear addyess.

The Screen width iy specified as the sum of selected
partial producis 5o a fill moltiply operation is not peeded.
The partial products afe selected by the fields PPO, PPL and
PP2 in the LEReadMode register,

For arbitrary width soreoas, for instance bittaps in off
screen’ mcreaey. the aext largest width from the izble must
be chosen. The differcnce betwesn the table width and the
bitmag width will be an unused sirip of pixeks down the right
hand side of the bitmap,

Note that sech bitmaps can be eopied to the scrven ondy
as @ sexies of scanlines rather than as a rectangular block,
However, ofien windowing systems store effscresn bitmaps
in rectanguiar repions which use the ssme stride a5 the
sereen, In this case pormal bithlts can he used,

Foxture Momory

The localbuffer iz wed to hold textuzes io the GLINT
400TX variant. In the GLINT 008X variant the foxture
information is supplied by the host,

Framebuffer

The framebaffer is 2 region of memory whes the infor-
mation produced durisg rastenization is wiitien prior o
being displayed, This information is nof restricted to color
but can daclude window contral data Yor LUT mansgement
snd double bulfering.

The framebulier region can hold up to 37 MByies and
theye are very fow restrictions on the format and size of the
individual buffers which mabe up the video stream. Typical
bufers include:

Feue color or oodor indes: neain plases,

{Overlay planes,

Underlay planes,

Window ID planes for LUT and doubde bauffer

managemment,
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Any vombination of these planes cap be supported up to
3 manimum of 32 MBytes, but dsually it is the video level
processing which is the Hmiting facior. The following text
examines the optiens and cholces available from GLINT for
rendering, copying, ot data 10 these bulfos,

To access alfernative buffers either the FBPixelOffset
register cam be loaded. or the base addeess of the window
held in the FBWindow-Base register can b redefined. This
is described it more detall velow,

Buffer Organization

Bach tudfer resides at an address in the framebuffer
memory map. Por rendering and copying operations the
actual buffer addresses cam be on any pizel boundary.
Display hardware will place some restrictions on this as it
will need to access the multipte buffers in paraliel to mix the
tmaffers together depending on their relative priority, opacity
and donble buffer selection. For instanos, visible buffers
{rather thas offsareen bitmeps) will typically soed o be on
a page boundary,

Counsider the following highly vonfigured example with s .

F2R0x1024 dovble buffered systom with 32 bt main planes
{RUGBA). 8 bit overlay and 4 bits of window control infor-
mation (WIH).

Combining the WID aad overlay planes in the same 32 bt
pinel has the advantage of redocing the amoust of data to
copy when a window moves. as only two coples ame
tequired—one for the main planes and one for the overlay
and WID planes.

Note the position of the overlay and WID planes. This was
not ap arbitrary chodce but one iroposed by the (presumed)
desire to use the color provessing capabiliies of GLINT
{dither and interpolation} in the aveelay planes. The conver-
sior of the interpal coluoy format to the external oue storad in
the framebufler depends on the size and position of the
component. Note that GLINT does not support al} possibie
configurations. For example; i the overday and WID bits
were swapped, then eight bt color index sterting o bit 4
wondd be required to render to the overlay. but this is aot
suppated.

Framebulffer Cocrdinates

Cowrdinate generation for the framebutfer i similar to
thai for the locatbuffer, bat there are sonee key differencss.

As was mentionzd before. the cooridinates generated by
the rasterizer are 16 bit 3's oomploment munbens. Coordi-
nates can be defined as wiadow relative or screen refativa,
though this is only relevant when the voordipate gets con-
veried 1o an sotuad phiysical address ko the framebuffer. The
WindowOrigin bit ia the FBRecadMode register selects top
feft {0) or bastom Teft (3} as the origis for the framebuffer.

The actual equations used to calculate the framebuffer
address to read apd write ares

Botho left origin:
Testination address <« FBWmdowBase - WPW + X +
FRPixcIO et
Sowxe address = FRWisdow Base ~ Y9 + X +
FRPixaIONset + FiiSourelrfact
TTop lel Originy:
Destimation address = FEWmdowBase + YW + X +
FRFxelOmwt
Source addeess = FRWindowBase + YYW + X+
FBRzelOFzet + FBSoupeeOfiet

These address calculations tandate a 2D sddress into a
lincar address. so pos power of two framebuffer widths (Le.
1280) arc econotuical in menuny.

The width is specified as the sum of ssleded partial

Pa@d% of 2 B muktiply operation is not nesded. The
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partis} products are sciovted by the fickds PPG, PP and PP2
in the FRReadMode register. This is the same mechanism ag
s used to et the width of the jocatbuffer, but the widths may
be set indapendently.

For arbitrary sereen sizes, for instance when rendering to
“off screen” memory such as bitmaps the next larpest wickh
from the table must be chosen. The difference between the
table wisth and the bitmap width will be an unused siip of
pixels down the right hand side of the bitmap.

Nuote that soch bitmaps can be copied to the sersen ondy
as a series of scanlines gather than as a rectingulay block
Howevar, often windowing systems store offscrecn bitmaps
in rectangular repions which pse the sapw stride as the
sereen. I this case pormal Bithits can be used

Colar Formats

The contents of the framebuffer van be regarded in two
WAy
As{'s coltection of ficlds of up to 32 bits with no meaning of

assned Format as far as GLINT is concerned. Bl planes
may be allocated to control curser, LUT, mubti-buffer
visibility or priority functions. s this case GLINT will be
usead 1o set and clear bit planes guickly bt st perfonn
any ooloe processing such as interpolation or dithering,
AR the color processing can e disabled 50 that raw reads
and writes are donpe amd the ondy operalicas are wirite
masking and logical ops. This allows the vontool planes to
be umidated and maodificd as nevessary, Obviously this
iechaigee can also be used for overlay buffers, ote.
providing eolor processing i not reguired.

As 3 onflection of one or more cobiy comporetts. All the
presessing of color components, exeept for the Haal write
mask and logical ops are done using the inlernal ocofor
format of 8 bils per red. groen. blee and sipha colar
chansels. The final stage before write mask and logical
ops processing converts the lateraal color format o that
required by the physical configuration of the framebuffer
and video logic. The someacizture a@m moass s
component is o bits wide aad starts at bit position m in the
framebuifer. The feast significant hit position is 0 and 2
dash in a column indivates that this component does ot
exist for this mede. The ColorOrder is specified by a bit
in the DitherMnde register.

Some importart points 10 nele:

The alpha chanmel i always associared with the RGR color
chaneels rather thas being a separate buffer. This aliows
it to bhe moved in parallel and fo work comectly in
maiti-badfer updates and double buffering, ¥ the frame-
buffer is pot configured with an alpha channed {o.g. 24 bit
framebuffer width with §:2:8:% RGB format) then some of
the sendecing modes which use the retained alpha buffer
canet be used o these cases the NoAlphaBuatfer bit in
the AlphaBlendMode register should be set so that an
alpha valve of 235 & substiteted. For the RGD medes
where a0 alpha chaaael is preseat {e.g. 3:3:2) then this
substitution i done sutomaticaliy.

For the Fromt and Back modes the date value is replicated
i both huffers.

ARl writes to the framebuffer try to update all 32 bits
rrespective of the ooloy format. This may not matter if the
memory planes don't cxist, but if dhey are being used {as
overday pisnes. for exsmplel thea the writt masks
(FRSoltwareWriteMask or FB HardwareWriteMask) soust
be set up to protect the alernaive planss,

When reading the Framebuffer RGBA componunts are sealed
to their inferoal width of 8 bits. # peeded for alphe
blending,

CI vatues are left justified with the unused bits (if any) sel

o zevo bt GebsRateiy i bitsd 0 SRart 2

Microsoft Corp.

Exhibit 1009



APPENDIX ©

3,798,770

29
nent The result is roplicated into cach of the streams GB
and A giviag four copies for CI8 and cight copies for T4
The $:dud:d Front and Back formats aze designed o
support 12 bit double buffering with 4 bit Alpha. ina 32
i systnm.
The 3:3:2 Front and Back furmats are designed to support
& bit double buffering in a 16 bt system.
FThe 12243 Front and Back formats see designed to support
4 bit double buffering i ai 8 bit sydem.
¥ iz possible to have a color index buffer at other positions
as fong as reducad functionalify is acceptable. For
example a 4 bit CT buler at hit positiop 18 can be
achieved using write masking and 4:4:4:4 Front format
with color interpolation, but dithering s lost.
The format infomuation needs to be stored lo twa places:
the DittesrMuode register and the AlphaBlendMode regisier.

Twernsd Color Chansel

an

=

P3
L]

3

the (D based pixel owoership tests for one of the butfers
bt rely o the seissor clippiag. or to install a second sef of
GIDr planes so sach buffer bag it's own set. GLINT allows
vither approach.

I rendering operations o the maie and overlay planes
both need the depth or stepctl huffers, and the windows in
sach overtap then cach buffer will need {ix swn sxclusive
depth and/or stencil buffers. This is casily achisved with
GLINT by assigning different regions in the localbulfer to

0 each of the buffers. Typically this would double the focal-

buffer memory requirements.

One scenarie where the above Iwo considerations do pot
cause problems, is when the overfay planes are nsed exelu-
sively by the GUT system, and the main planes ace nsed for
the 3D graphices.

VREAM Modes

Hipgh performance systams will typicaily use YRAM for
the framebuffer and the extended functionality of VRAM
over DRAM can be wsed 10 enhance perfammance for many

Boruat Name B & B A rendeying tasks.
Color D IFEV S@0 @K 315 AN Rardware Write Masks.
Orday 1 5555 @0 S@S S@EH 5@1S These altow write masking in the Samebuffer withow
ROB 2 addd @0 $@4 @3 @R incurring a performance pepalty. If hardware write masks
3 ;f::““‘ ig‘i :gi‘_} :gig :g;; 3 are not available, GLINT must be programmed to read the
Mt 2 &£ &) 3 . . . . o N U d
$  adda  4@0  $@% @i 3@ MEIRY, NEPE tl_m value with the now value using the write
Bask @4 a@ AR 10w mask. and write it back.
5 xml @0 383 W@E To use hardware write maskiag, the required write mask
o e lom ou is written to the FBHardwareWritcMask rogisier, the
g;;k a8 181 s ¥ FRScftwareWrileMask regisier showdd be set to all 1's. and
AR T 180 2@ @3 - the number of framebuffer reads ks set to O {for pormal
Fromt @ 2@ 1®7 rendering). This is achieved by clearing the ReadSource and
& ;gg fgi fg?’ ReadDestination enables in the FBReadMode register.
LN S i . . - . M
Color a s»?«sﬁ S S@e PO To use software write racking, the requited weite mask is
Onders 1 %E:S% @I S®S s@n  s@p & writion to the FRSoftwareWriteMask register and the B~
BOR T dddd 4@ @4 O @R ber of framebuffer reads is set 1o 1 (for normal rendesing).
I obkdd 4BlE 4E8 Adn 4@ This is achieved by selting the ReadDestination enable in the
Font SRIG 4@ ELE L FBResdMode repistor
4 ¥4 @16 4@ @0 d@n : SRR FRBISICE. o, .
Buack @20 @12 138 W Block Writes Block writes cause consecutive pisels in the
§ a2 @S @R 2@ - 4 framebuffer to bz written simultspecnsty. This s useful
s f’;“, "’g}i" }g;“ 3‘32 when filling Jarge areas but does have seme restrictions:
s xad ELUA 3 & haat . N . . .
Tesck kT T 311 23R No pixel level clipping §5 available;
7o ey 2wl e — No depth or stencil testing ean be done;
Foont t@r  2@s @4 . NN S . .
5 P 1@ 2@ e — 43 Al the pixels must be written Mtl} the same valie SQ 80
Back @7 ey @4 color interpolation. biending. dithering or logical ops
Y 4 Loy @ ) a o catt be dgne; and
B @ 9 0 ° The area is defined in screen relative coordinates,
Block writes are ant restricited fo rectangular areas and
Overlays and Underlays s can be used for any tapezoid. Hardware write masking is

In a GUI system there axe two possible rclationships
between the overlay planes (or saderday) and the main
plancs,

The overlay plancs are fixed to the main planes, so that if
the window is moved then bofl the data in the main
plages aad overlay planes move together

The overday planes are not fived to the main planes but
foating, so that moving a window oaly moves the
associated main or overlay planes,

In the fized case both planes can share the same GID, The
pixel offset is used 10 redirect the reads and writes botween
the main planes and twe ovelay (underdey) bulfer, The piast
ownership fests using the GID field in the bocatbufier work
as expectesd,

In the flosting case different (GIIXs are the best choice.
because the same GID plancs in the Iocatbuffer can not by

(=)
R

gvailable dwring mnck writes,

The following registers aced to be set up before block fills
can be used:

FBBlockColor regisier with the value fo write o exch

pixel; and

FBWriteMode register with fee block widih fickl.

Seading 2 Rember command with the PrimitiveType field
set to “trapezoid” and the PanFilEnable and PanFilllncre-

ment felds set up will then cause hleck Biling of the aea.

& Nole that during a Block fill of 2 tapezoid any eappropriate

state is ignored so even if color interpolstion, depth testing
amd logical ops, for exaraple, e cpabled they have po effect.

The block sizes supported are 8, 16 and 32 pixels. GLINY
takes cave of filling any partial Mocks at the end of spans.

- (raphics Programysing

GLINT provides a rich varisly of operations for 2D and

Pasgtfcg g R tests. The alternatives are nottouse. 3D graptiby bk Patefitsilsxhiby$9 13 Part 2
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The Graphics Pipaline
This section describes cach of the units in the graphics

Pipeline. FIG. 2C shows 2 schrmatic of the pipeline. To this

diagram, the focalbuffor contains the pisel ownership values

{kaown as (waphic IDs). the FrameCount Planes (FCF).

Drepth {#3 and Stepcil buffer. The framebuffer contains the

Red, Green. Blue and Alphs bitplanes. The operstions in the

Pipefine inclode:

Rasterizer scap convents the given peimitive into a series of
fragments for processing by the rest of the pipeline.

Beissor Tost clips out fragments that lie outside the bounds
of a aser defined scissor rectangle and alse performs
screen olipping to stop legal access outside the soreen

Stipple Test masks out cortain fragments according 1o a
specified pattern. Line and avea stipples are available.

Color DDA i responsible for geaerating the color informa-
o (True Color RGRA or TUolor Iades{Ch) associated
with a fragment,

Texture is conceraed with mapping 2 potion of a specified
froage (texture) omto 3 fragment. The process invalves
filtering to caloudate the texture color, and applicstion
which applies the texnue color to the fragment colos.

Fop blends 3 fog volor with 3 fragment™s color aceording o
a given fog factor. Fogging s used for depth vuing images
and to simalate abmosphede fogging.

Antislias Application oombines the incoming fragment’s
alpha value with its coverage valve when antl aliasing is
enabled.

Alphs Test conditionally discards a fragment based on the
outcoine of a comparison between the fragments alpha
value snd 8 reforence alpha valug,

Pixel Ownership is concerned with easuring that the location
in the framebulfer for the current fragment is owned by
the cwment visual. Comparison occurs between the glver
fragrent and the Graphic 1 value i the locatbutbor, at
the corresponding location, to determine whether the
fragment should be discarded.

Stencil Test conditionally discands 3 fragment based on the
onfeore of 2 test berwees the given fragment and the
value in the stencil boffer at the comasponding location.
Fhe stencil bulfer is updated dependent on the result of the
stencil test and the depthe test,

Depth Test conditionally discards a fragment based on the
cuteome of 3 test between the depth value for the given
fragment and the valoe ie the depth buffer 4t the cowe-
sponding location. The result of the depth test can be used
1o control the updating of the stencil buffer.

Alpha Bicnding combines the incoming Jragment's ool
with the color in the framebulfer at the comesponding
location,

Color Pormatting converts the fragmeat’s color inte the
format in which the color information is stored in the
framebufier.

This may optionally nvolve dithering.

The Pipeling structure of GLINT is very effivient at
processing fragments. for example. texture mapping caley-
fations ame not sciuslly performwd on fragments that get
clipped out by scissor iesting. This approach saves substan-
Hal cornputational effort. The pipelined matore does however
mean that when programming GLINT one should be aware
of what all the pipeline stages are doing at any fime. For
example, many operations require both a read and/or write
to the iocatbuffer and framebuffer; in this case it s ant
sufficient to set a logical pperstion to XOR apd enable
jogical opeyations, bt & Is alse necessary by enable the

Pag@i%\«'@ﬁtﬂ @ Qats fromito the framebuffer.
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A Gourawd Shaded Triangle

We may aow revisit the “day in the fife of 3 wiangle”
example glven above. apd review the actions taken in greater
detail. Again, the primitive being rendered will be s Gouraud
shaded. depth buffered wiangle. For this example assume
that the triangle is to be drawn inte 3 window which has its
volormap scf for KGR as opposed fo oolar index aperation.
This means that all tree color componchts: red, green ard
biue. must be handied. Also. assume the coopdinate osigin is
bottom left of the window and drawing will be from top 1o
bottom. GLINT can draw from 1op to bottoms or boltom 10
top.

Consider 8 trisngle with vertices, v . v, and v, where each
veriex comprises X Y and Z cooxdinates. Bach vertox has a
different color made ap of red. green and blue (R. G and B}
components. The alpha compooeat will be omdted for this
exampie.

Initiadization

GLINT requires many of its registers to be initistized in
& particular way, regardiess of what is & be drawn. for
instance, the screen size and appropeiste clipping must be set
up. Notroally this only needs to be dope once and for clarity
this example assumes that all inftialization has alrcady been
done.

Other state will chonge ovcasionally, theugh ot wsually
on a per primitive basis, Tor instance enabling Gouwraud
shading and depth buffering.

Daominant and Subordinate Sides of a Triangle

As shown in FIG. 4A, the dominsant side of 3 wiangle is
that with the greatest range of Y valpes. The choice of
dominant side is aptional when the tiangle is cither flat
bottomed or fia teppat

GLINT always draws triangles starting from the donsinant
edge towards the subordinate edges. This simplifies the
catculation of set up paramsiers as will be seen below.

These valnes sHlow the color of each fragment in the
triangle to be determined by linear interpelation. For
exampie, the red component color value of a fragment &t
AN, Yo coudd be calenlated by

adding dRdy 4. for cach scasline betecen Y, and ¥, to

3
1

then adding dRdx for cach fragment dosg scanline Y,

from the left cdge 0 X ..

The example chosen has the ‘knes Lo vertex 2. on the
right hand side, and drawing is from lefl to dght, I the kase
were on the left side {or drawing was from right to lefi). then
the Y deltas for both the subordinate sides would be needed
to interpolate the start vabues for sach color component {and
the depth value) on each scantine. For this season GLINT
always draws trisngles starting from the dominsnt edge and
towards the subordinate edges, For the exaropls tiangle. this
means @t o vight,

Register Set Up for Color Interpolation

For the example wiangle, the GLINT registors mast be set
as follows, for color interpolation. Note that the format for
color values is 24 bit, fixed point 2°s complement.

I Lood die colos start and delta values o draw
# u triangde

RSt (R,

GStast {Gy)

BRar (4}
dRdyDom (@dy, ;5
ACbyDarm (B0dy 23
dBdyDom (@Bdy, )
AR (dRIR)

# T wallk up the dowina edge

# To walk slong e scanbine
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contined dXDom=dX,
dXSutr=dX

o (k)
Bl {eBx)

Calculating Depth Gradient Values
To draw from feft to dght and top © botom, the depth
gradients of delias) required for interpolation ars:

- Ty

R 7
Anid from the plane equation:

L. ih-¥ }
§ e

Y e B F N
LR R R R

¢
wheee
R~ XXy = ¥~ L&y ~ XY, - Bl

The divisor. shown heve as ¢, s the same as for colop
gradient values. The two deltas d#dyl, , and d¥dx allow the
£ value of each fraganent i the trlangle tobe determiacd by
finear interpolation, just as for the color interpolation.
Register Set Up far Depth Testing

Iernally GLINT uses fised point asithmstic. Each depth
value gesst be converted into a 2's complement 32.16 bit
fixed point number and thon loaded indo the appropriate paly
of 32 bit registers. The “Upper” ar ‘U regisiens stove the
integer portion, whilst the ‘Lower” or 'L rogisters store the
16 fractional bits, lelt justified and 2ero flled.

For the example wangle, GLINT would aced iis regisiars
sei up as folfows:

# Louct the depth swan and deliz values
# fo draw % ogl

it

15

3

s

The start XY, the nwaber of scandines, and the above
defras give GLINT enough information to cdge wakk the top
half of the triangle. Howewver, to indieate that this is not a fiat
topped trisngle (GLINT is desipned to rastexize screen
aligoed apezoids and flat wpped tiangles) the same stast
position in tams of X mwust be given twice as StartXDont
and SanXSab.

To edge walk the lower half of the wiangle, seleeted
additional information is required. The slope of the domi-
nant edpe remsins unchanged. bt the subordinate sdge
stope peeds @ be set o

dXSubedX,

Also the number of scankines fo be povered from Y, 0 Y
needs to be given. Finally to aveid agy rounding errors
accumulated in edge walking to X, (which can load w pixef
ereors}. StartXBule must be set o X,

Rasterizer Mode

The GLINT rasterizer has a number of modes which have
effect from the time they are sof untdl they are modified and
can thus affect many primdtives. In the case of the Gouraud
shaded triangle the defanlf value for these modes are suit-
able.

Subpixel Corection

GLINT can perform subpdxe! comestion of all interpo-
fated values when rendering aliased wapezoids. This cotree-
tion ensures that any parameier {colorfdemhftexmue/fog) is
comectly sampled at the center of & fragment. Subpixel
correction will generally always be ensbled when rendering
any aperold which 5 smooth shaded. textured. fogged ox
depth bufered. Control of subpinel oorrection is in the
Render command regigter described in the gext section. and
is selectable on 2 per primitive bagis.

il (21, M5} Rasterization

ﬁ?ﬁé“ﬁi{) 13545 GLENT is almost ready 10 deaw the tiengle. Seitiug up the
7y Do (}mwg LS registers as described here and sending the Reader coramand
Al (2ax_MS; W will cause the top hatf of the exampie triangle to be drawn,
2L fdZdx_1.8) For drawing the example trisegle., all the bit ficlds within

Calculating the Slopes for cach Side
GLINT draws filled shapes such a5 piapgles as a serfes of
spans with oge spat pex scaakine. Therefore & neads o know

the Render cormmand should be set to ¢ except the Primi-
tiveType which should be set o traperoid and the SubPix-
ciCarrectionBnable bit which should be sei to TRUE.

45
o e . v o of a . "
the staxt and e‘ml X cx.x)?du‘m!c. o each span. These are f D trisrgle with kuse
determined by ‘edge walking'. This provess involves sdding £ et debtus
one delta value to the previogs span’s stant X coordinate and StwtiDom (<<l 4 Converted to 16316 fized
aother delis value to the previows span’s end ¥ coordinate Pomt T
o determnine the X coopdinates of the pew span. These delts 4 ‘R“Fmﬁﬁ}m?’f‘] “‘h%{{‘; :;gf SOV - YR
values e in effect the slopes of the trengle sides. To desw AXSub (X, . X, et B0Y, — Y5
from left to right and top fo bottom, the slopes of the three Smt¥ {¥,<216)
sides e calonlated as: &Y {-1<cify
Commt (¥, - ¥
X # Bet the vewder comnmund mods
Dy = e 55 sender Printisive Type = CLINT_ TRAPEZOID _PRIMITIVE
i ¥ h render SubPhesiCores tionfuable = THUE
Yom X K Treaw the top hadf of twe rhagie
AT AR Renderirensier)
S .
X sftar the Rend d has been issued. th
- & the Render command has been issued. the registers
!{Xw W} Y

This trieagle will be drawn in bwo parts, {op down to the
ke (1.e. vertex 23, and then from there to the bottom. The
dominaat side 15 the left side so for the top hailf:

0 GLINT can immediately be altered to draw the lower half
of the trianghe. Note that ondy two registers need be leadod
snd the coramand ContinueNewSub sent. Onee GLINT has
received ContiageNewSub, drawiag of this sub-tdangle will
bagin.
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# Setup tie dults aud stas T e new pdge
St Seb (Ko<l
ANSub (N ~ M e IENY, ~ Yah

36
Scad the Render vorupand. This starts the scan conyee-
sion of the first wangle, workiag from the dominant
edge. This means that for triangles where the kies is on
the feft we are scanning right to lefi, and vice versa for

¥ Dirase sub-irianghs 5 tiangles where the knee is on the right. )
ContaneNewlul (¥, ~ ¥,) & Drsw lower hall f.oad the edge parameters and derivatives for the renwin-
ing subordinate edge in the second tisngle.
i3 s L { el S o, is & 5 & S
Rusterizer Unit S,,:zd t}?i. {;mmnfmhw:zub (;. .)Wnd This starts the scan
‘The rasterizer decomposes a given primitive into a sexiss _ sonversion of the second triangle,
e - p given pam e T Pseudocode for the above example is:
of fragments for processing by the rest of the Pipeline. i
GLINT can directly rasterize:
aliased screen aligned frapezoids # Set the rasteriter mode fv the defanit
e . v RastrizerMode ()
ahfased ;fngic mel w1§a tines f Setup the st values e e delbes.
atiased single pixel poiats 1% & Nedle that the X and ¥ voordinates ane converied
antializsed sereen aligned wrapezoids H 1o 16.16 fomsat
B acnd i e StartiBom (Xiactsy
antialiased circutar points ‘ _ AXPron (K3 XDREI6HN ~ ¥1Y
Al other primitives are treated as one or maore of the Srar¥Sub (X116}
above. for example an anfiatised line is drawn as 2 series of dXSub HEXI- KLY~ Y13
PR N Stant™ (Yl==i6)
anualms&j:d u‘a?ezmd;s, - N xn dY (~1=16;  Down the seteen
Frapezoids GELINT’s basic arcx primifives are screen Comt (¥4 ~ ¥
aligned trapezoids. These are characterized by having top # Bet the render mode to sliesed primitive with
amnd bottom sdges parafiel to the X axis. The side edges may ¥ subpinel somoction. i
B vertical {3 fectangies. but in general wili be diagonal. The readsrPrimitiveType = GLINT. TRAPRZOTD. PRIMITIVE
top ot botiors 2dges can degeneraie into poinis in which case 23 reuder SubpitetConeciontstle = GLINT. TRUE
op ot Doliom £ige ' : t ¢ 2 render. Antiatistingble « GLINT., DISABLE
we ars left with cither Bat topped o fiat bottomed triangies. # Thaw w0 hatf of the triangle
Any polygon can be decornposed ims screen aligned wap- Render(randes) \ ‘
szoids or triangtes, Usually. polygons sre decomposed into #f Set the start sl Gebia for the second Balf of
. PR ) - A the dangie.
tiangies beosuse the interpolstion of values over noa- SRS (X216
wiangular polygons is il} deflaed. The rasterizer does handle 3 SXSub (X3~ K2IONTR ~ Y23
Bat topped and fat bottomed ‘bow tie” polygons which are # Braw Jewer balf of wiangle
a special case of screen aligred trapezoids. ContinueNewSuh fba(¥2 - Y30y
To render a triangle. the approach adopted to detormine
which fragments sz¢ to be drawn is known a3 ‘edge walk- After the Render comusand has been sent, the registers in
ing'. Suppose the alissed tisngle shown in FIG. 4A was 1 35 GLINT can imumediately be altered to draw the second half

e cendersd frora top to bottony and the origin was bottorm
left of the window. Staning st (X1, Y1) then decrenenting
Y and using the stope equations for edges 12 and -3, the
interssction of sach cdge on cach scanline can be calculated,
This results in a spsn of fragments per scandine for the wop
trapexoid. The same method can be used for the bottom
trapezoid using sfopes 33 and -3,

T is pswally reguired that adfacent giangles or polygons
which sharc an edge or vertex are drawn such that pixels
which make up the edge o veariex get drawn exactly once.
This may be achicved by omitting the pixels down the left
o the right sides and the pixels along the top ar lower sides.
GLINT has adopted the convention of omitting the pixels
down the xight hand sdge. Control of whether the pixels
alaag the top or fower sides are omitted depends on the start
Y vajue and the nmber of scanlines 1o be covered, With the
example, if StartY =Y'1 and the number of scanlines is set to
Y1-Y2, the lower edge of the fop half of the miangle will be
excluded. This excluded edge will gt drawn as part of the
fower balf of the triangle.

To minimize delta caleuiations. wiangies may be saan
converted from left to right o from dpht to left. The
dizection depends on the dominent edge, that is the edge
which has the maximnm range of Y valucs, Rendering
abways proceeds from the dominant edge towards the rel-
evaai subordinate edge. In the example above, the dominant
edge is 1~3 5o rendering will be from dght o Joft

The sequence of sctions required to render 2 triangle {with
a ‘knee’} is

Losd the edge parameiors and doyivatives for the domi-

A3

45

s

35

&)

]

of the triangle, For this, note that enly two registers soed be
foaded and the command ContinueNewSub be sent. Onee
deawing of the first frisngle is complete and GLINT has
recvived the ContinueNewSuh commeand, drawing of this
sub-friangle will start. The ContinpeNewSub command reg-
ister is loaded with the remaining nunaber of scanlines to be
rendered.

Lines

Single pizel wide sMased lines aye drawn using a2 DDA
algorithm, so all GLINT needs by way of input data is
SanX, SanY. dX. 4Y and leugth.

Far polylines. a ContinueNewlLine command {agalogous
to the Continue command used at the knee of a Wisngle} is
used at vertioes,

When 2 Continue command is {sseed some arror will be
propagated along the line. To minimize this. a choice of
actions are availsble as to how the DA undts are xmtarted
on the receipt of a Continne command. ¥ is recommended
that for OpenGlL. readering the ContinueNewlLine command
is not used and individual scgments are rendercd.

Antialiased lines., of any widih. are rendered as antisliased
sexeen-aligned aperoids.

Poiats

GLINTY supports 2 single pixsl aliased poinf primitive. For
polnts larger than one pixe! trapezeids should be used. la this
case the PrimitiveType fald ia the Ropder cormand should
be set to egual GLINT_ POINT  PRIMITIVE.

Anti aliasing

GLINT uscs a subpixel point sampling sligosithm {0

antialias priodtives. GLINT cae directly rasterize antizlissed

nant edge and the first subordinste odges in the first
o 160

traperoids and polmts. Other primitives sre composed from
Page Siéh tﬁg
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The rastorizer associates a coverage value witk cach
fragment produced when sntisliasing. This valus represems
the percentage coverage of the pixel by the fragment.
GLINT supports two levels of antiatiasing quality:

38

To scan oorvert an antialiased point as a circle, GLINT
fraverses the boundary in sub scantine steps to caloulate the
coverage valne, For this, the sub-scanline inforseciions are
cateutated incrementally using & small tabie. The table holds

aormal, which ropreserts 04 pined subsampling 3 the change in X for s step in Y. Symumetry i5 used so the 1able
high. which represoents 8«8 pixel subsampling. oy holds the doita values for one quadeant.
Selection baween these two is made by the Antialias- StartX Do, SiartXSub and StartY are set o the top or
ingQuality bit within the Rerder copsnand register. tottom of the circke and 4 set to the subscaalioe sep. In the
When rendering antialiased primitives with GLINT 10 eage of an cven diameter, the last of the required eniries in
FlushSpan command is used to terminate rendening of & 1o the wable is set to zero,
primitive. This ks due to the natuse of GLINT antisfiasing. Since the table §s configurable. point shapes iher than
When & primitive s repdorod which docs pol Bappen 10 rotes can be rendered. Alsn if the StartXDom and StartX-
complete on @ scantine boundary. GLINT retains antialiasing  gop Gajnes are not coincident then horizontal thick Hnes
information about the last sub-scanfine(s) it has processed, with rounded eads. can be sendered )
it does not generate fragments for themunless a FushSpan ’ ) T
comsand is received. The commands ContinueNewSats, Block Write Operation
ContinueNewDom or Coatinue <ap then e used, as ) i . )
ﬂppftjpffiﬁﬁ. o mainlain mn{inﬁi{y betwenn ijaff«ﬂ‘ u‘ap GLINT SU{FPOX'L\' YRAM bi{)&‘kﬁ wites “’3,th hlock sizes of
ezoids. This allows complex antialiased primitives to be 3. 16_and 32 pixnels. 'l"i*}e block write method does have sorae
Puilt up from sinple apezoids or poiats. restrichons: Nens of the per pinel clipping. stipple. o
To Blustrae this consider wsing screen aligned trapezoids %0 fragment operations are avadlable with the exception of wilte
to render an antiafissed fine. The line will in general consist  tuasks. One subtle xestriction is that the block conrdinates
of three scroen aligned wapezeids as shown in FIG. 4R. This will be interpreted as screen relative and not window relative
FIG. ilustrates the sequence of rendering an Antialiased when the pixel mask is caloulsted in the Framebuifer Units.
Line primitive. Noie that the line has finite width. Any soreen aligned trapezoid can be filled using Block
The procodure to render the line is as follows: 28 writes, pot just rectangles.
‘Fhe use of block writes is cnabled by setting the FastFil-
77 Getop t bired 4 coverags sppiomion IEnaable 2 FaleiUIm:remfsfat ﬁelfls in the Render cornmand
# as appropriate - pot shvem register. The Sramcbuifor write onit must also be configuced.
# T thas exarople oy the edps deltas are shovn 2 Note onty the Rasterizer. Framaehuffer Read and Frame-
# Toacded into registers S clarity In veslny " taaffer Write units are involved in block fillisg. The other
}i m;ﬁ ¥ vabues are required units will igntre block write fragmeats, 0 il it BOt pecessary
ersder Traperoid A ’ &
A¥(eais) to disable them,
A Deme R Demi=16} Subr Pixel Precision asd Correction
AXSuR( X Tub] =16} 45 A the rasterizer has 16 bits of fraction ?;t::-isian. and the
iﬁ‘m&m = GLINT_ TRAFEZOW © sareen width wsed s typically less than 2°° wide a number
remder Antialindinabl =~ OLINT_TRUE of bits called subpixel precision bits, are availsble. Consider
render Antisliastuality = GLINT._MIN_aNTIALIAS a screen widih of 4096 pixels. This Gguwre gives a subpixed
renderCoverngelinuble = CLINT_TRUE precision of 4 bits (4096=2"%. The extza bits are requited for
gm“'i “ﬁemd 8 a & pumber of reasons: , . ,
AXSub(dXSublac i) antizliasing {where verfex start positions can te supplied
CominueNewSublecund) fo subpixel precision)
# Render Trapezaid C . ! ) Co oy
XD dXDomi<elti wher using an accumulation boffer {where scans ase
CantnueNew Dosycout3} rendered multiple tirnes with jitiered inpat vertices)
& Row we bave finished e primitive Sush ou 435 for comvect intexpolstion of parameters to give high quality
fmﬁsk;ﬂm*fn e shading as described below
s GLINT supports subpixe] comrection of interpolated val-
. N ues when rendering alissed trapezoids, Subpixel conection
Now that when rendexing sutisliased primitives. any ensures that all interpolated parametars dssociated with a
caug values should be given in subscanliogs, for example if 56 fragment (color. depib. fog, lexture) are corsectly sampled at
{he quality is 424 thep any scantine count must be multiplied  she fragment’s center. This correction is required to ensure
by 4 fo convert it info & subscanline count. Similarly, aBY  copsisient shading of objects made from many primitives. &
delta value must be divided by 4. shonid gencrally be cnabied for all aliased rendering which
When fcﬂdﬂfiﬂg. AminlissEnable must be sct in the UKES §mmm{a{&i PARATOERES,
Antialias-Muode register 1o scale the fragmests ooloe by the 35 Subpixed oomection is not applied to antiaiased primi-
ooverage value. Ar aprropriate blending function should tives.
alse be enabled. Bitmaps
Nate. when readering amtizliased bow-ties. the ooverage ARitmap primitive is a trapezoid or e of ones amd ey
value o the cravs-over scanling msy be incorrect. which control which fragnwents wrs genersted by the rastse
GLINT can render small emtialiased pofats. Antialinsed 40 fzer, Ouly fragments where the corresponding Bitmap bit is
poinis are meted as circles, with the coversge of the set are submitted for drawing. The normal gse for this s in
boundary fragments ranging from 0% to 100%. GLINT  drawing charscrors, alihough the mechanism s avaitable for
supprosts: all primitives. The Bitmap data is packed contiguously into
poist radii of 0.5 to 160 in steps of 0.2% for dx4 32 bit words so that rows are packed adjacent 10 each oiber,
antializsing 63 Bifs in the reask word az by default psed feorm the least

point radii of 425 1© 8.0 in steps of 3123 for 83

significant cad fowards the most significant end and are
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The sasterizer scans theough the bity in vach waord of the
Bitmap data and jporaments the XY coordinates to trace out
the rectangle of the given width and height. By default. any
set bits (13 in the Bitmap cause ¢ fragrent 3 be generated,
any reset bits ({1 cause the fragment to be rejected.

The selection of hits from the BitMaskPattera register can
be mirrored. that is. the patforn s taversed from MSB o
LS8 rather thas LSB to MSB. Also, the sense of the test ean
be reversed such that a set bit causes a fragment to be
rejected apd vice versa. This control is found in the Rastes-
tzerMode fegister

When one Bitmap word has beon exhausted and pixels in
the rectangle stilf remain hen rasterization I8 suspended
until the pext write W the BiMaskPauarn register. Any
wntised bits in the last Bitmap word are discarded.

Eamge Copy/Upload/Download

GLINT supports three “pined rectangle” operations: oopy,
upload asd dowaload. These cap apply to the Depth or
Steacil Buffers (held within thee jocalbuffer) or the frame-
budfer,

It shonld be emphasized that the GLINT vopy operation
moves RAW Blocks of data around buffers. To zoom or
re-format dats, in the presently prefemed ebodiment, exter-
nal software must vpload the data, process it and thea
dowaload it again.

To copy a reclangular arca, the rasterizer would be
configured to render the destination reciangle. thus gener-
ating fragments for the area to be copied. GLINT copy
waorks by adding s linear offset to the destination fragment’s
address to find the source fragment’s address.

Nuote that the offset is independent of the origin of the
buffer or window, as it is added fo the destination address,
Care must b taken when the source and destination overlap
fo choose the source scanning direction o that the overlap-
ping area is not overwritten befare it has been moved. This
may be done by swapping the values written to the StartX-
Do and StartXSub, or by changing the sign of dY and
setling StartY to be the opposite side of the rectangle.

Localbuffer copy operations we comecily tested for pixed
pwnership. Nofe that this implies two reads of the
localbufer. one to collect the source data. and one to get the
destination (3ID for the pixel ownership test.

GLINT buffer uptosd/downdoads are very similar to cop-
ies o that the region of {nterest iv generated i the tasterdzer
However, the localbuffer and fremebuffer sre geocrally
configured to read or o write oaly, rather than both read and
wriie, The exception is that an image load oy use pixel
owaership tests, in which case the localbuffer destination
read must be enabled,

Units which can generate fragment values, the color DDA
vnit for example. should generally be disabled for any
copyiuploadi/download operations.

i

.4

%

b4
in

4G

45

40

Waraing: Dusing image apload, 3l the returped fragnaenrs
must be read from the Host Gt FIFO, atherwise the GLINT
pipstine will sall In sddition # i strongly recommended
that any uniis which can discasnd fragments {for Instance the
following tests: Mimaask. alpha. user solssof, soreen soissor
stipple. pixel ownership, depth. stencil), are disabled other-
wise a shortfall in piiels returaed may oceur. alsoe leading
deadlock.

Note thal because the arsa of intersst in enpyupload/
download operations is defined by the rasterizen, & is not
limited to rectanguiar rogions.

Color formatting can be used when pecfurming image
copies, uploads amd downloads. This altows dam to be
formatted from, or to, any of the supported GLINT color
formats.

Rasterizer Mode

A number of loag-term modes can be st wsing the

Rasterizer-Mode segister. these are:

Mizrer BitMask: This is a single bit flag which specifies the
direction bits are checked in the BitMask register. I the
hit is reset, the direction is from least significast to most
significant (bit 8 to bit 1), if the bit is set. it is from most
significant to least significant (from bit 31 to bit O).

Invart BitMask: This is 2 siagle bit which contrals the sease
of the acoeptfreject test when using o Bitmask, If the bil
is reset then whien the BitMask hit is set the fragroent &
accepled and when It is reset the fragment is rejocted,
Whess the hit is set the sener of the tast is reversed.

Fraction Adjust: These 2 hits conivol the action takea by the
rasterizer on receiving a ContinuelNewLine command, As
GLINT uses a DDA algorithen o render Hnes, an emoy
accumulates In the DDA valne, GLINT provides for
greater contral of the arror by doing one of the following:
leaving the DDA ruaniag. which mesns arrors will be

propagated along 2 line.
or setting the Fraction bits to either zero, a half or almost
a half (Ox7FFFj.

Bias Ceordinates: Only the intoger portion of the values in
the DDBAs are used to generste fragment addresses. Often
the ssmal action requined s 2 ronading of values. this can
be achieved by setting the bias coordinate bit to true
which will automatically add abmost 2 balf (OTEFE) fo
all fuput coordinates.

Easterizer Unit Registers
Real coondinates with fractional parts wre provided {0 the

rasterizer in 2's complement 16 bit integer. 16 bit fraction

format. The following Table lisis the conumand registers
whick coptrol the rasterizer uait:

Kegister Name

Render

CeomtinueMNes Dox

ContinpeMewiub

Page 92 of 160

Sharts the msterizadon process
Allows the mesterization 1 cowime with & gew domiment
cdga ’I‘tuémuamtadgthﬁ.&srehm with the wew

5. The mbondute edge s camied o fom the
;xmom srapezond, This allows any convex polygan & be
brokien down dwte a colleetion of tapracids, with continaity
1he dots fiedd holds she pumber of scandines (o subr scan-
Tmesy to fill. Mote this couns does ot get keaded inio the
Cown register.
Aﬂws ther sasterzaiion 1O ooy with & new subordizate

bespeds DDA is mipaded with the pow

Umﬁed Patents Exhibit 1013 Part 2

Microsoft Corp.

Exhibit 1009



41

~cominped

Fegister Nage

Descriphion

Cantinug:

ContineNead.ine

parsteters, The domminant edge is currad o Syt e
previous toapeacid. This is usefi] when scan copvesting
thangles with 2 “kees’ (Le. two sabondinate edpes’

The data Seld holls the mumber of scankines {or sub
seankines} © Bl Note this cows ddes nat get loxded inte
thee ottt tegister.

Affows the Tasierization fo corgiaue offer aew delta valuest
have: been Toaded, tug does not cause either of de
rupazeid’s adge DRAS 1 be mloaded.

Thee daca Beld kalds de nuaber of scaniines for sub
scuniinest o G1L Mote thas couns does nos. get oaded Wt
the ot wgistar

Allows the sastedzation o comisue For de neat sepment @
¥ polylive. The XY posties. iz camisd og from the
previonus e, but the fraction s i the DE3As can b
kept, st o pawe, half, o7 newely one half soder control of
e Rasterizeevinde.

The dats feld holds die maber of scaniines to fill. Mok
Hus ont does ot get fradad into the Count registen,
The s of ContinueNewiLine is not reeowmended for
Uperdi beetusge the DDA snits will start with o slight

APPENDIX ©

etper as coweparsd with the vadue they woudd havs ban

kesawded woith for e weoond and subseguent segioants.
FlushSpan
all sub spags auEy he defined

Usedd whens antalinsmig fo Swece e est spen cut sches uot

The following Table shows the conteol registers of the
rasterizer, in the presently preferred cmbodiment:

are cnebled through the Unithnable bits, Now hits peed only

y be set or cleared within the Reader comumand to achieve the

required result, removing the aced for the PogMode, AreaSt-
ipplaMode and LineStppleMode registers 0 be joaded for

%44
RaperwarMod H
3 Uieknee i ong tents meodk of aperaticon of e rastenizer
Srat¥lice  Initial X vadue for the domitant edge in asperoid fifing
ar huitial X vales in line drawing.
dXDou Value added when moving Som one scankioe {or s
scanling} 1o the post for the domsinas sdge tn tapezoid 35
Hilling.
Abo Indds the change in X when plotting lves 3o fe Y
uojor Boes this will e some fraction Gixfdy), ofterwise
it i normally & 1.0, depending on the requined scuming
dizestion.
SraetM=ud Bnitial X vl for e subondinats odgs. 45
AXBub Value added ohvn moving fom one scantine (e sub
sesnhne} 1o the pext for the subordinate
edge oy trapezond Gliing,
Stan’¥ Endtia} scanling for sub seanline) in trapeeodd Slling,
or initin Y possion for fine drywing.
dy Vaite sdded 10 Y by move from one stanling 1o the 48
wekt. Por X maje Ross s will be some frection
fdpide), otherwise it is ronmally & 15,
depending o the teguired scanning direction,
Cowr Numnber of pixels i 2 fie.
Nusnber of scantines i 2 fapezoid.
Musnher of sub scantimes i an antialiased tropegoid, 0
Divewster of & pomt m sub scanlioes. N
BitMadkPaticrn  Vaiue wsed 1o combrod she BithMiask stipple operation (f
atixbled).
Foint Pahied) Asintias pomnt dete table. There are 4 words i the tabk
Bointabket and the pegiser ray is decotnd %o sslevt a wond
PointTabied
PoinsTubiel 53
For efficiency. the Reader comunand register has a nuneber
of bit fickls that can e set oy cleared per render operation,
and which qualify other state information within GRLINT.
These bits are ArcaStippleEnabie. LineStippleBnable, &
ResetLineStippte. TestureEnable FogBaable, Coveragelin-
able and Subpixel{omecion.
Ome use of this featmre can occur when a wisdow is every render operatiog,
cleared to 2 background color, For nonmal 3D primitives.
stippling aad fog operations may have been enabled, bat &

these are o be igpored for window dears. Initially the

P@g@@cﬁ AxPSlfpMade and LineStippleMode registers

The bitficids of the Render command register. In the

presently redfyrfiedoPivton tseBsdith 6140 1 3 Part 2
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Bit Mume Peeserippion

5] A This b, webeen set, cnables aren snppling of e fragments
Stpple-  produced duting rasterization. Now thet sws supple in the
Euashie Btipple Unst st boe edbled as well for sippling fo ocourn,
Whiep dis bR b reset mr sren stippling ovours mrespeotive of
the seiting of the ares stigpie enabie it i the Stipple Yot
This Bt is useful @ temposarily fome o snea stippling for this
primitive.
1 1. This bit, when set, enablies {ine stippling of the fr
Seipple-  prodnead durtng rasterization i the Stipple Vot Note that
Emahle e stipple i the Stipple Lanit nast be etabled 5 well for sip.
pling o o
When fhis tdl b reset oo lme stippling vonwrs mrespective of
e sefting if the e Stipple cnable bt in the Stipple Unit
Thas bt is usetul o tarprewily foroe ae tive stippling for dus
Frinmtive.
M Resat- This bit, when set, causes the line stipple sounters in the
R ¥ Stipple Uit © be pesst 1o pero, and would fpically be used
Stipple for the first segroent 3 polyiioe. This action is alsn qualified
bry the LineStippleEnable bit and adso the stipple coalede bits in
the Stipple Uiz,
When thiz bit is reset the sipple coumsters o3y oa fromu where
they ef off (if line stippling is enubled}
3 FaP#iE  This bit, when sef, cataes fast ook fitug of promitrees.
talvie Bhen this bit is resert the avmual resterization process oo,
405 FastFil.  This vwn hit Sabd selects the bloek sive B framebuffer
Incrosoens  supports. The sizes supported aud the comasponding codes
¥ Are:
=B p:xels

= 32 powels
&7 Primitire- This two bit Siekd sehoots the primitive type to rasterize. The
Type Prmiives e
= Line
1 = ‘frapeeoit
2 = Poiat
8 Amtialiae  This bit, when set, cusss the genbration of sub scufine das
Fasable and G covernge value & be calloutaied for sach fraguest,
The awnber of sub pixed soples 10 vse & coniolied by e
AngialissingQualily Hit.
When thie bit is rosel sormal resterization Oemuss.

k] Anv This bit, whes set, scis the sub pixel sesolation o be 8 % §
tigliasing- When this bit is reset the sub pivel resclution i 4 x 3.
Lruakiey

i UsePomi- When this bif aud the AntiallasngBable ane set, the dx values

Tabde rsed fo remove fove one seandine 1 the vext uwe deviverd from
the Point Tabie.

11 SyreOn-  This o, when sot, couses a suntber of sctions: -

BitMazk  The foast significant b3 or mos signiticant bt {depending on
the MirrorBadfask B in the Bit Mask vegister is axtrasted
wad opticnally moversead (eootmlled by the Erverddask bich.

I this hit is O then e cormsposscling Srugueal s oatled fo
being drawi
After vvery fagrant the Bit Mask register 15 rotaied by oac
b,
T ulf thee bits o the BI Mask regisier bave bown e thes
ESETRRANG 15 Aupended until 2 ey BitMaskPatemm s
seceived. I wtry other regisws is writtan while the vasterizdion
is swspensded ther the rasterization is aboriod. The segister
write which caused the short is then processed as ponpal.
Mt the bohavior is slightly ditforen when e Syn-
cOnHesDaia bt s st 10 prevent a deadiock fom EUTRG.

Tit thig xase th rizaein doss't suepend when all the hus
bave been used and i mew Eht&imkhtmdmwwdamm
received i o timely m thes the submes fragnenls will

just roise the bitmask,
i2 Sywdin Bhen this hif i set 3 fmgrent is prodiced only wlen one of
HostBam  He following regieds has been wriltien by the host: Dep,
FBColor, Jtemeil or Color, 3 SynolBitdosk is reset, then if
any register other than nae of Gese four 35 weitten o, the
rasterization s aborted I SyocOnBithissk i set, then f auy
segister other than oo of these four, or BithiaskPavars, i
oritien i the rasterization & ahortad The wgister write
whivk cansed e abort bs then pevcessed a5 nomual. Writing to
the BitdaskPaiiern rogisier dapsn't cunss sy fagents & te
a g, but jusr upd e Bithdusk pogister.
13 TexunE nm ks, whess set, snables wextaring of e Hagments produeed
vabie duriog raseriatin. Mode that the Texture Usits must be
suitably enabled &5 well for any rocusng © ooy
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~continyed

By Nume Drescription

Whers this Bif s rset i ernwiy oreuss irespevive of the
seting of the Textwre Ut comtrols.

This hit is usefd to temposorily force no dexturing for this
peinative,

This bit, Whett set, enabies fogging of the Fsgnwsts produced
dhsring rasterivavios. Note that the Fog Pt vt be suitubly
enabled « wall for sy Sagng © cong.

When this hit s reset 1o fogpiug aceurs Trespective of the
settrag of e Pog Lol cantrols,

Thas bit 46 uexful © temporanily force ne Sogging for s
primitive.

Thia bis, when set, suables the coverage yatue produced us past
of the siatissiag o weldd he alpha vale i de alphs Est
witit. Note that thiv nit muss be sushbly smabled g well
When thiz bit i peset ov soverage application. ocours Frespec-
five of the seffing of tr Antaliashiode in e Alpha. Tes wnit.
This big, whess sot evables S sub pixe] somreciion of the eolos,
depihy, Fog wud lentee values 3 the start of 2 acanline., When
this bt i reset 1o copreation iz done wt the start of a svantwe,

14 Pog-

Euogble

15 Coverage-

Ermbie

16 SubPixet.
Corne-

R

Enable

Sub puesl cosrectiuns we only sppifed to sliased trapezoids.

A by of Jong-term rasterizer modes are stored in the
RasterizesMode repister as shown below:

23

address selection can be controlied independently in the X
and Y directions. In sddition the bit pattern can be invarted
o mirored. Investing the bit patiern has the offect of
changing the sense of the acceptireiect test. I the migror bit

Bt Name Desaryption is set the roost significant it of the patters is towards the lefi
o - ” ; of the window. the default is the converse.
0 Mimer-  Whess b bit s set the bitwask hits are consuued from o plFAEL . . PN
BitMask  the most significant cad towards the Soass significant e, In some situations window relative stippling is required
When this Tt I reses the bimask bits 2re dhmm o but coordinntes are only available screen redative. To allov
e lesst signifivant sad tords e mast significantent. - window relstive stippling. an offset is available which s
I fovenBlit- When this Bt is st the bitrask is toverted fiest defore added 1o the coordinates befors indexing the stipple table. X
Mask  Teing lested and Y offsets can be controlled independently.
22 Frastion. Thes bits contrf the aston of a ContinueNowdive come oo gofﬁ o bed indey ¥
Adiust cuand and specify how the froction bits io the ¥ and -ne Stippling - .
NDxan PDAs am adjusted Tn this test, fragments are conditionally rejected on the
8. Mo sdjusiment & done 3N putcome of testing & lincar stipple moask. I the hif i zaw
1 St x astion Sa @ ;;m then the test fails. otherwise it passes, The lne stipple
2. Set the faction bits to hadl ¢ N hite be . £
: : . paitern is 16 bits in length and is scaled by a repeat factor ¢
3 Set the fraction 2o nearly half, ta Ox7HE ie , N ES o eiisanls . ; oo
45 BissCoor- These bits contro! how much i added tano the {in the range 1 10 312 T?“‘ iy Llppl::‘. mask bit t.} whick
diates  SartNDioen, StrilSub aud Ster(Y values, whes they are conirols the acceptance or rejection of & fragment is deter

Semdedd into the ERA wnits. T crigiel registers we pot 40 mined using:
Sﬂ’;:td{ bfRoor (ofr mod 16

: Zoro is wdded i « ctiple whick i3 jnon ST gl
1. Ha is adied where 5 Is the stipple counter which is incremnented for every

2 Newdy half, ie. OxTHf 35 sdhed

Scissor Lindt

Two scissor tests are provided in LINT. the User Selssor
test and the Screen Scissor et The ssor scissar checks cach
fragment against & uUser supplied scissor region; the screen
sedusor checks that the fragmeent liss within the screen.

Thils test may reject fragments if some past of 2 window
has been mewed off the screen. It will nof reject fragments
i paxt of & window is ximply overlspped by anather window
{(ID testing car be used to detect this),

Stpple Uit

Stippling is 8 process whershy cack fragment is checked
against 2 bit in 2 defined pattern, and I rejected or accepted
depending on the result of the stipple test. ¥ it {5 rojected it
undergoes no further processing: otherwise it procesds down
the pipeline. GLINT supports two types of stippling, line and
area,
Area Stippling

A 3232 bit arca stipple patiorn can be applicd fo frag
ments. The least significsnt & bits of the fragment’s (XY}
eoopdinates, index into a 203 stipple pattarn. I the selected
bit ia the pattern &5 sot, then the fragment passes the test,
ntherwise it i rejected. The number of address bits used,

g

]

fragrment (normaily aleng the Hae) This counter may be
teset & the stat of a polvhine, tut betwesn sogments it
continues as if there were po break.

The stipple pattern an be optionally mizrored. that is the
hit pattern is traversed from most significant to keast sig-
nificant bits, rather than the default, from least significant to
mwst significant.

Cotor DDA Uit

The colar DA et is used fo assnciate a color with 3
fragment produced by the rasterizer. This unit should be
enabled for rendering operstions and disabled for pixed
rectangle operations {i.e. copies. uploads asd downloads).
Two color mades are supporteid by GLINT, fruc color RGBA
and color index {CD).

Grouraud Shading

When in Gouraud shading moede. the color DDA usit
performs linear interpolation glven a set of start agd incre-
ment values, Clampiag is used to ensure that the Intcrpolated
value doos pot underflow op overflow the permitted color
range.

For a Gourawd shaded wapezoid, GLINT iaterpolates
from the dominant edge of a yapezoid to the subordinue
edges. This means thal two increment values are requited
per color component. one (o move along the dominant edge

Pabre S Fopfo] HOE.B.15 and 32 pixeds to be stippled. The  and ore & Jyppf edb P temtstBxehibitib@18sPart 2

Microsoft Corp.  Exhibit 1009



APPENDIX ©

A.798.770

47

Note that if onc is rendering to multiple bulfers and has
initialized the start and increment values in the color DDA
unit. theg ahy subsequent Rendor command will cause the
start values 1o b loaded.

It subpixet correction Bas been chabled for a primitive,
thea any comection required will be applied fo the colar
COMPONES,

Flat Shading

In fiat shading mode, 2 constant colar is associated with
cach fragment. This color is Joaded into the ConstantColos
register.

Texture Lnit

The texture unit cornbines the fncoming fragment’s color
{generated in the color DDA unit) with 3 value derived from
interpolating texiure map values {lexels).

Temtuare application consists of two stages; derivatior of
the fexture color fror the tenels (a fiktering process) and then
application of the texture color to the fragmemt’s colos,
which is dependeat on the application mode {Tkeosl. Blend
o Maudane)

GLINT 305X compared with the GLINT 400TX

Both the GEUINT 308X and GLINT I00TX support all
the filtering and application mades desoribed in this section.
However. when using the GLINT 3008X. rxel values.

interpolants and texiure filter selections wre supplied by the

host. This implies that texture coordinate intarpolation and
fexel exiraction are performed by the host using eXiure
reaps yesident on the host. The recommended technigue for
performing textre mapping wsing the GLINT 008X is fo

scap eppyert primitives on the host and reader fagments as

GLINT point prixitives.

The GLINT $00TX awtoxnatically geaerates all data
required for texture application as wextures are sored in the
lovalbuffer and texturs paramcter isterpolation with full

perspective correction takes place within the processor, Thus

the GLINT 400TX is the processor of cholee when full
textwre mapping acceleration is desirsd, the GLINT 3008X
is mmore suitable in applications where the performance of
texture mapping §5 sok oritical,

Texture Color {ieneration.

Texnme color generation supports all the filter modes of
Open(L. that is:

Minification:

Neagest

Lincar

NearesiMipMapNoarest

NearesMipMapL.incar

LincarMipMapNearest

LincarMipMaplinear
Magnification:

Nearest

Linear

Migification is the name given to the fillering process
used wherehy multiple texcls xoup to & fragment, while
mapnification is the same given to the Bltering process
whereby only a petion of 3 single wexel maps to 2 single
fragment.

Negrest is the simplest form of textuze mapping where the
nearest ionel to the sample lovation is sclected with no
filtering apphed.

Linear is a more sophisticated algorith which is depen-
dent on the type of primitive. For Hnes {which are D6t
tavolves Hasar intezpolation between the two nearest Lexels,
for polygons and points which are considered to have finite
area, linear is in fact bi-linear interpolation which inferpo-

Paig@ ©Q&yef HG@ares: 4 texels.

1
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Mip Mapping is a mchnique to allow the elicicnt filtering
of texture maps when the projected arca of the fragment
covers more than one texel {e. minification). & herarchy of
texture maps s held swith cach one being balf the size {or ope
quarter the area) of the preceding one. A pair of maps are
selected. basad on the projected area of the texture. In terms
of Blicniag this meass that these flter operations are per-
formed: one on the first map, one o the second map and one
hetween the maps. The first Rlter pame (Mearest or Lisean)
in the MipMap name specifics the filtering t do on the wo
maps. and the second hiter pame specifies the Altering to do
hetween maps. So for fnstasce. Hinear mappdng between two
maps. with linear interpolation between the resulis is sup-
pogted {LinearMipMaplinear). bt lincar interpolation on
one map. pearest on the other map, and Hpcar intespolating
between the two is not supperted,

The Aftering process takes a numbor of texels and
intexpolants. and with the curreat fexture filter mode pro-
duces a texture enlor.

Fog Unil

The fog unit is used 1o hlend the incoming fragneni'y
cobor {generated by the color DDA unit. and potentisily
modificd by the texture unil) with a predefined fog cobor
Fogging can be used to simdate atmospheric fogging. and
also to depth cue images,

Fog application has two stages: derivation of the fog
index for a fragment, and application of the fogeing effect.
The fog index Iy a valug which is interpolated over the
primitive usiag a2 DBA in the same way color and depth are
intexpolated. Fhe fogging effeet is applicd t¢ cach fragment
using one of the equations described below,

Note that although the fog values ave Boearly fatarpolated
over a primitive the fog values can be caloulated on the host
using a Hoear fog function (typicslly for simple fog effects
and depth cuing) or & more complex fencton to model
atmospheric attenustion. Thix would typivally be an expo-
aential function.

Fog Index Calculation—The Fog DA

The fog DDA is used to interpolate the fog index {f}
across a primdtive. The mechanics are similar to those of the
other DH2RA unifs, and horizontal scaneing proceeds from
dominant to subordinate odgs as discussed above.

The DDA bas an internal range of approximataly 4511 to
~$812. 30 in some cases primitives may exceed these bounds.
This probiem typically occurs Tor very lange palygons whick
span the whale depth of 2 sceme. The comect sodution is to
tesselfate the polygon untl polygons He within the accept-
able range, but the visual effect is frequently pegligible and
can often be ignored,

The fog DDA caleulates a fog index vale which is
clamped to He in the range 0.0 to LD before it is used in the
appropriate fogging cqustion. {Fogging is spplied differently
depending on the calor mode.}

Auntislias Applicaion Unit

Antislias spplication controks the combining of the oov-
crage value goncvaied by the rasterizer with the color ger-
crated o the color DDA uaits. The application depends on
the velor mode. cither RGBA ar Color lndex (CI.
Antialias Application

When antisliasing is cnabled this undt §s used o combine
the coverage value valculated for cach fragment with the
fragmeat’s alpha value. I RGRA mode the alphs value is
enuitiplivad by the coverage vajue catoslated i the ravtesizer
{its range is 0% to 100%) The RGE values remsin
unchanged and these we modified Iater in the Alpha Rlend
unit which must be sai up appropoately. In {1 mode the

coveragebifae fi edh-R teriterd kbl e @SRart 2
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The Color Look Up Table is assumed to be set up such that
cach color has 1D imensitics associated with if, one per
COVErage COtry.
Polygon Antialiasing

‘When using GLINT fo reader antialiased polygons. depth
buifering cannot be used. This is because the order the
fragroenfs are combined I I critical in producing the
corsect fipal color Polypons should therefore be depth
sorted. and rendored fromt to back. using the alpha blend
mpdes: SourceAlphaSasturate for the source blend funclion
and One for the destination blend function. Xn this way the
alpha component of a fragment represents the percentage
pixel coverage, and the blond fuaction accumulates cover
age natil the valve in the dphs buffer equals cpe, at which
point eo further contributions can made 10 8 pixel.

For the antialiasing of geperal scenes. with no restrictions
on repdering order, the accomulaion buffer is the preferred
choice. This {s indirectly supported by GLINT vis image
uplcading and downloading. with the accumulation buffer
residing on the host.

When antialiasing, interpelsted parameters which are
sappled within a fragment (color, fog and texture), will
sometimes be uarepresentative of 3 continuous sumpling of
a surface, and care should be taken when rendering smooth
shaded antizliased primitives. This problem does not ocour
in aliased rendaring, as the sample point is consistently at the
center of & pixel

Alpha Test Unit

The alpha test coppares a fragment’s alpha value with s
reference vale. Alpha testing i not available in color index
(Cly mnde, The alpha test conditionally rejects a2 fragment
based op the comparison between a reference alphs value
and one associated with the fragment.

Localbuffer ReadMirite Unit

The locatbuffer holds the Graphic D, Frame€ount, Siep-
oil and Depih dats associsied with a fragment. The focal-
butfer readfarite unit conrals the eperation of GII wsting,
depiiy Tosting and steaoi] wstng.

Localbuffer Read

The LBReadMode register can be configured to make 0,
1 or 2 reads of the localbulier. The following are the most
comnon modes of sceess 0 the tocalbuffer:

Normal rendering without depth, stegeil ov GID testing,

This reguires o ncalbuffer reads ox writes.

Normal readering without depth or stencll testing and
with (ID testing. This requires a localbuffer read to get
the GID fom the localndier

Normal readering with depth and/or stencil testing
required which conditionally requires the locaibuffer to
be updated, This requires locaibuffer reads and writes
ti be enabled.

Copy operations. Opetations which copy alf or past of the
locatbuffer with of without G testing. ‘This requires
reads and writes epabled.

Iuage uploadfdowsload operations. Opurations which
dowgload depth or stencil information to the lecal
buffer or read depth. steneif fast clear vy GHY from the
tocalbufier.

Encabuffer Write

Writes to the locatbuffer must be enabled to allow any
update of the localbulfer to take place. The LBWriteMode
register is & single bit flag which contvols updating of the
buffe,

Pixel Owneeship (G Test Uit

Any fragment genezabzd by the rasterizer may undengo a

pixel ownership tost. This test establishes the current frag-

Page’ Oikitg peh@it)ion to the locattmiler and framebuffer,
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Pixcl Ownership Test

The ownership of a pixel is extablished by testing the GHY
of the cutrent window against the GID of 3 fragment’s
destination in the GID buffer. B the test passes, then a write
can take place, otherwise the write is discarded. The sense
of the test can be set {0 one of: always pass, abways Fail. pass
if equal. or pass i not equal. Pass if equal is the scemal
meds. I GLINT the GE plases. if preseat. ans 4 bits deep
alfowing 16 possible Graphie WYs. The custent GEID is
cstablished by setting the Window register.

¥ the unitis disabled fragments pass through undistusbed.

Stencl Test Unit

The stencil test conditionally rejects fragments based on
the oucomt of a comnparison between the value in the stencll

- buffer and a reference value, The stencil buffer (s updated

accordiag jo the current stencil update moxde whicke depends
on the result of the sencil test and the depth s,
Stencid Test

This test oaly oocurs 8 all the preceding tests (bitmask.
seissor, stipple, alpha. pixel owmerships have passed. The
stencil fest is controlled by the stencil fuscton and the
stencl operstion. The stencil function confrols the tex
between the reference stencl value apd the value held in the
siencll bulfer, The stencll operation cantrols the updating of
the stenci! buffer. and is dependent on the rosult of the steacil
and depth tests,

I the stenci] test is enabled then the steneil buffer will be
npdated deponding on the outcome of both the stencil and
the dopth tosts (i the depth test {s pot cnabled the depth
gesalt s sel £¢ pass),

In addiion 2 comparison bit mask is supplied in the
StencillData vagister. This is used to establish which bifs of
the source and reference value are wsed in the stencil
function test. In addition it should normaily be set to exclude
the top four bits whes the stencil width bas been set to 4 bits
in the SterciiMode regisian

The source stencil value can b from a number of places
as contwolled by & ficld in the StenciiMode registes:

L BWriteData

Steneed s

Test logi This is e tores mode.

Steni] Thix is wed, for instuace, in the OpenGL draw placls

sogister funetion where the host suppliss e steatil values o the
Swod] regiser
This is used when & comstan; slencil vahoes is seeded, for
example, when clearing e swaeil buffer when fa slear
phenes are oot avsifabls.

LHSaumeliure:  This §a wexd, for stance, n the OpenGL. sopy pisels

fatepuil fuction whett the stenei] pluns st 4 b cogded o dw

value read drestisation. The souwee is offset Frogs the destingtion by

from the the value m LB SouceOfhat register.

iocafhullen)

Sowres seneil  This is wead, for instance, in the DpenGL copy pinels

wakiue vead Punctian whest the stenedt planes in the destinaion

S the are eos 10 b updated. The sepeil duta »ilf cxme

Incaibudler gither fom the oxbuifer dere, or the FCSencil
registern, depending on whether fast clear
aperations am enabled.

Drepith Test Unit
The depth () tost. if epabled. compares & fragment’s

depth against the comesponding depth in the depth buffer.
The result of the depth test can effect the updating of the
stencil buffer i stencil testing Is enabled. This test is only
performed if all the preceding tests {bitmask, seissor, stipple,

¥ slpha. pixel ownership. stencily have passed, The source

vajue can be oltaincd from a pumber of ﬁaccs as controlled

by 2 fetdifnif indrPatentsdEx
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A2
The daia sead from the ramehuffer may be tagged either
FBDefault {data which may be written back into the frame-

Seattoe Use buffer or used in some manaer to modify the fragment color}
BDA (soe This ix ssad ke sonmal Deph bufered 10 seudeding. ot FBCalor {data \\"I’?ich wil} !}f up:;ﬂa‘dcd to the ?}OSI}. The
el 3 table below summearizes the framcbuffer readfwrite ovateal
Depth wgister  This s uwed, 1 instance, @ the OpenGlL dew pinels for comimaon readesing operations;

fiarction whese e bost supphies die depth wadses thmugh s

the Repth register.

Abrrnutively this is used whes o comsiast depih valus s N

noeded, for exawple, when clearing the depth uffer R“’;d:' Readlies. Writes %"gf Data N

{nhen fust clesr planes are not availabie} or 30 jg Source anainn ates pe Resslesiny Dperalion

rewsdering where the deptls is held coustant. . i ) - ) o
£.BSoweeDaa: Yhis is wedt for stanse, in the UpentiL copy plrels Disabled  Discblod  Brabled o “';“1"’“‘3 with 0o e
Sousee depth Tunciion when the Jdepds planes 305 3o be copied ;?nm"} mﬁ)’;
palue frow the o the destamron Dissbled  Disbied  Baabied - fage downlord.

B e B L Lo et srabiiag y s,

Sknarse Depth  This s e, for imstcce, i the Upen sopy prels g Doty DOORA Dbl ERLar e wpiosd,

Fanstion shen the depth planes in the destination a0 ‘ hax:;;\iﬁ& N

ped updated The depth datz will come 2ither Som e . . N e ) L

ocaltwlier of e FCDepth tegisier depending the stats Disabled Emabled Epabled  FBDefuglt ;R;ndermfu ﬁf@ 1;:;:»

af the Fast heat modes in operation. D e

ot hlending.

Whes using the depth DDA for pormal depth buffereg 20 Feubhd  Fombled - fnbled - ¥FBDefaul Lunge sopy it
rendering operations the depth valbes required are similar 8 —
those seqguired for the color valucs in the color DDA wnip
ZStare=8tart Z Valu N .

Framebulfc Wik

JZEY Done=Increment along dominant odge,

dZ4X=Increment dong the sean Hae.

The d£8X valur is not required for Z-buffered lines.

The depth unit must bz enabled to update the depth buffer.
¥ it is disabled then the depth buffer will only be updated if
Forcel ~Blpdate is sef in the Window register.

Framebutfer Read/Write Unit

Before readering can take place GLINT must be condig-
ured to peform the correet framebuffer read and write
operations. Framebuffer read and wiite modes effect the
operation of alpha biending, logic ops, write masks, image
uplosd/downicad operations and the updating of pixels in
the framebufler,

Framebuffer Read
The FBReadMode register albows GLINT to be config-

wed © make O 1 o 2 reads of the framebuffer. The

following sre the most common maxdes of aceess 10 the
framebuffer: Note thai avaidivg vanccessary additional
reads will cabsnee purformasce.

Rendering operations with no logical operations. software
wrife-masking or aiphs Dending. In this case no read of
the Feamebuffer is required and framebuffer writes should
be enabled.

Rendwring operations which use logical ops, software wiile
masks of alpha blendieg. In these cases the destination
pixel rowest be read from the framebuffer and framebuffer
writes mast be enabled.

Immage copy operations. Here setup varies depending on
whether hardware or software write masks ane 9sed. Por
software weite masks. the franehuffer needs two reads,
one fur the souwrce and one for the destination. When
hardwars write masks are used {or when the software
write mask allows updating of all bits in a pixel) then only
one read is reguired.

Image upload. This requires reading of the destination
framcbuffer reads to be caabled and framcbuffer wiites to
be disabled.

Image download, ¥ this cise a0 frareboffer read is required
{as long as software writemasking and logic ops are
disabled) and the write must be cnabled.

For both the read and the write operations, an offset is
added 1o the calculated address. The source offet
(FBSouwrceQffset} is used for copy operations. The pixel
nffsct (FBPeOFset) can be used to allow mnli-buffer

pdates. The offsets should be set to zero for anrmal

25

33

)

43

(]

Pramebuifer writes must be enabled to allow the frame-
buffer to be updated. A single 1 bit fag controfs this
aperation.

The Gamcbulfer write unit is also used to conteol the
aporation of fast Meck lls, if supported by the framebuffer.
Fast fill repdesring is enabled via the FastFillEnable bit i the
Render command registen the framebuffer fast Mook size
must be contigured to the same value ss the Fastbilliacre-
ment in the Render command register. The FRBlockColor
register holds the data written fo the framcbulfer during a
block §ill operstion and should be formatied to the ‘raw’
framebudfer format. When using the framebuffer in R bit
packed mode the data should be replicated inte sach byte
When using the framebuffer in packed 16 bit mode the data
should be replicated into the top 16 bits.

When uplcading images the UploadData bit can be set to
allow color formatting {which takes place in the Alpha
Blenad unit).

¥ should be poted that the block write capability provided
by the chip of the presently prefemred embodiment is iself
bedieved 1o be novel. According to this new approsch. a
praphics system can do masked bleck writes of variabie
lengih {e.g. 8, 16, or 32 pixels, in the prescatly preferyed
embodirsent). The mserizer defines the bmits of the block
to by writien, aad hardware masking logic in e frame-
butfer imterface permits the block to be filled in, with a
specified primitive, only up to the bimits of the obyect being
rendered. Thus the raxtovizer can step by the Block Kl
ingrement. This permits the Mock-swrite capabilitics of the
VRAM chips to be used optimally. to minimize the length
which must be written by soparate writes per pixel.

Alpha Blead Unit

Alphs blendiag combines a fragment s color with those of
the corresponding pisel in the framebuffer. Blending is
supposted in RGBA mode oaly.

Alpha Blending

The alpha blend unit corabines the fragmeat’s color value

with that stored in the framebuffer, usiag the blend cquation:

CAAlS LD

where: €, is the outpw oolor; C, is the source color

{caleutatell iypneich: Pateiﬁﬁe}ftxaiq@bifelxk SiB-Part 2
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the framebuffer: § s the sousce blending weight, and IF is
the destination blending weight. § and T are pot limited 1o
Yinear combinations; loukup functions can be used w imple-
sment other combining relations.

54
Flat shaded aliased primitive
Ko dithering rogquired
R logical ops

If the blend operations require any destination color 5 No steacil, depth or GHD testing reguired
components then the frapebuffer read mode must be set N alphs blending The follewing are available:
appropeiately. Bit masking in the rastosioer
Image Formatting - DV
The alpha blend ard color formatting units can bo used to Arva and dine Suffp if“g
format image data imo any of the sepported GLINT frame- User and Screzn Scissor test )
buffer formats. ‘ ¥ all the conditions age met then high speed rendering cab
Consider the caze where the framebuiler is in RGBA be achisved by setting the FRWriteDats register 1o hold the
444 mode, and an arca of the sareen i to be gploaded and framebuffer data (formatied appropriately for the frame-
stored in an & bit RGB 3:3:2 format. The sequencs of  buller in use) and setting Hhe UseConstantFRWriteData bit
operations ix: ia the LogicalOpMaode register. Al unused units should be
Sct the rasterizer a8 appropriate B disatied.
Enahle framebuffer reads This mode s most yseful fix 2D applications or for
Disable franebaffer weites and get the TUploadDats bit in clearing the framebuffor when the memory does not suppant
the FBWriteMode register Block writes. Note that FBWriteData register should be
Hoabie the alpha bleed unit with a blend function which | considered volatile whe context switching,
passes the destination value and ignores the source x L .
vatue {source blend Zero, destination blend Oney and Logical Opesations
set the oolor mods t RGBA £:4:44 The logical operations supported by GLINT are:
Set the color farmatting oait to formu the coler of
incoming fragments fo an 8 bit RGB 132 framebuffer
format. B Mede  Name  Opemtos Mok Name  Opemtion
Thz;pioag! naév&moqecds a3 mormal. ‘I‘fhis techaigne can : —— > " o g
be used to upload data i any supparted format. = : : L i
The same technigue can be used to downidoad data which i AndA!::icm .:' : ,2) ,S hqnh::iw * “‘tlbm
is iz any supported framebufer format, in this case the 3 Copy s 11 OprReverss  Si-D
rastexizer is sef to syac with FBColof, vathey than Colet. 10 35 4 Andfovented ~S& D 12 Copy Inwen -5
this case framebuffer writes are cnabled. and the Upload 3 Heop D 3 Orfoven ~5i0
Data bit cleared. b Xar 5D 4 Naxd ~5 & B
. . . 7 Or 81D is Set H
Color Formatting Tinit
The cofor formatting unit converts from GLINT s internal
eolar representation 10 & format suitable 1o be written into 35 Where
the framebuffer. This process may optiveally include dith- S=8ource (fragment) Color, De=Distinstion (ramebufier)
ering of the color values for framebuffers with Jess than § Color,
hits width per color component. ¥ the unit is dissbled then For correct operation of this unit ia a mode which takes
the volor is not modified in any way. the destination color, GLINT must be confipured to allow
As aited above, the framebuffer may be configured 10 be 40 reads from the framehutfer using the FBReadMade register.
RGBA. or Color Index (CI). GLINT makes no distincfion betwasn BOBA and (T
Colur Dithering maodes whea porforming logical operations. However, logh-
GLINT uses ap ordered dither algorithm to implement cal operations are geserally only usad in CI mode,
eokor dithering. Several types of dithering can be selected. Framebuffer Write Masks
¥ the color Yformatting unit is disabled, the color corapoe- 45 Two types of framebuifer write masking are supported by

nents RGBA are not modified and will be yuocated when
placed in the framebuffer In O mode the vadue is rounded
o the aearest integer. In both cuses the rsadt is claroped W
3 masionm value to prevent overfiow.

GLINT, software and hardware. Software write maskiog
requires 2 read from the framebuffer to combine the frag-
meat color with the framebuffer volor, before checking the
bits in the mask to see which planss are wiiteable. Hardware

in some situations only screen ooondinstes are available, S0 wrile masking is inplemenied using VRAM write masks
but window relative dithering is required. This can be and no framebuffer read is required.
implenacnted by adding an optiopal offset io the coordinates Softwars Write Masks
before indexing the dither fables. The offset is a two bit Software write masking ix controlied by the FRSoftware-
aumber which is supplied for zach coordiaatz, X and Y. The WriteMask register. The dats Held hay one bit per Frame-
XOMset, YOHset fields n the DitherMode register control 55 buffer bit which whea set, allows the comesponding frame-
thiz operation, if window relative coordinates are used they buffer bit to be updated. When reset i disables writing to that
should be set to zern. bit. Software write masking is applied to ali fragments and
Logieal Op Unit i5 not controfled by an enable/disable bit, Howeve it may
The topical op unit performs two functions; fogie opera- cffectively be disabled by setiing the mask 0 all §'s. Nuke
Hons berween the fragment cofor (source color) and a value & that the ReadDestination bit must be eaatded i the FBRead-
from the framebuffer {destination colar), and. optionaliy, Mode register when usiag softsware write masks, in which
control of a special GLINT maode which allows high por- some of the bits are zego.
formance Bat sheded rendering. Hardware Write Masks
High Speed Flat Shaded Rendering Hardware write masks. if available, are controlled wusing
A special GLINT rendeting mode is available which 83 the FRHardwareWiiteMask register. If the framebuffer sup-

alkows high speed remdering of anshaded inapes, To use the

ports hardware weite masks, and they are 1o be used, then

Paot 9t FsiaQonstrsints mus: be saished: sofware e ifiGthePmtertsthndibitediodd Rart 2
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ity i the FRSoftwareWiiteMask register). This will result
in fewer framebuffer reads when no logical operations or
alpha blenading is secded.

¥ ihe framebuffer i used in § bit packed mode. then an
& bit hardware write mask must be replicated 1o all 4 bytes
ot the FBHardware WriteMask register, ¥ the framebuffer i
in 16 bit packed made then the 16 bit hardware write mask
must be replicated to both halves of the FBHardwareWrite-
Mask zepister,
Host Out Un#t

Host Out Unit controls which registers aze available at the
ostput FIFO. gathering statistics about the rendoring opera-
tioas {picking sad extent testing) and the syachronization of
GLINT via the Sync register. These three functions sre as
fnlfoses:

56

In the presemly preforred embuodiment. the frame buffer
interface of the GLINT chip contains additional simple
inrerface logic. so that two chips can both access the same
frarne tffer meneory, This peomdits the GLINT dhip 1o b
combined with an additional chip for management 1o the
geaphics produced by the graphival user imterface. This
provides 2 migration path for wsers and applications who
need 1o take advantage of the cxisting sofiware investment
and device drivers for varions other graphics chips.

FIG. 3 shows another graphivs bosrd, in which the chip
of FIG. 3B shares access 0 a common frame stoge with 4
GUT accelerator chip (such ax an 53 chip). This provides a
path for software migration. and also provides a way o
separate 3D remdering tasks from 2D rendesing.

Message filtering. This unit is the last unit in the core soany 15 18 this exobodiment. a shared framebuffer is used fo enable
message B0 consumed by 3 preceding unit will end up multiple devices o read or write data to thc sarae physical
here. These messapes will fall in to theee classificatins;  framebafier memory. Example applications using the
Rasterizer messages which are mever consumed by the  GLINT 3005X:
eartier units, messages associated with mage upleads, Using a video device as g coprocessor to GLINT, to grabs
and Raally programmer misiakes where an invalid mes- < Hive video into the franxbeifer. for displaying video in
sage was writtien 1o the inpw FIFO. Syachwonization a window oF acquiring a video sequinee;
messages e a special category and are doalt with tater. Using GLINT as a 3D coprocessar 10 & 2D GUI
Any messages not filiered out are passed on the output accelerator. preserving an oxisting investment in 2D
FIFO. ) dxiver software.

Statistic Collection. Here the active step messages are used #° Ig g coprocessor system. e franwbuler is 2 shared
tp record the extent of the rectanguiar region where  resource, and so access lo the resource peeds to be arbitrated.
rasterization has been occuwrring. or i raslerizating has There are abso other aspects of sharing a Sramebuffer that
oocurred inside a specific rectangular vogion. These facili- nead fo be considersd:
ties arc useful for picking and debug activities. . Memory refreshing:

Svochromization. Tt is often wseful for the controliing softe 3¢ ) - - . ~p N -
ware to find ow when some rendering activity has Tramfcr of data from lhz memory cells im0 the shift
finished. to allow tw tmely swapping or sharing of registers af‘the VR&M: .
buffors, reading back of state, etc. To achieve this the  ©ontrol of writemasks and color registers.
software would send a Syne message and when this  GLINT uses the 83 Shared Frame Buffer Interface (SFBD) to
reached this unit 3ay proceding messages o thedr actions ¥ share a framebuffer, This m{te&facﬁ- is able to handie alt of the
are gusranieed to have Buishod. On receiving the Sync  SPOVE aspets for two devices sharing a frame buffer, with
message it ix entered into the FIFQ and optionally gen.  the GLINT acting s an achifration raaster or stave,

Sraes xn iRty Tirning Considerstions in Shared Frame-Buffer
S&mplc Bﬂiﬁ‘d-fl.cvei Erabodimeni 4@ Tarerface

A sample board incorporating the GLINT chip may
include simply:
the GLINT chip itself, whick incorporates & PCI interface;
Video RAM (VRAM}. to which the chip has read-write
aecess through its frame buffer (FB)} ports

45
DEAM. which provides a local buifer then made fur such

purposes as Z buffering: and
3 RAMIDAC, whick provides analog coler values in avons-
dance with the color valzes read out from the VRAM.

The Control Signals wsed in the Shared Framebuffer
interface, in the preseptly proferred embodiment. are as
follows:

GLINT as Primary Controfisy

FBReqN is internally re-synchronized to System Clack.

FBScHOEN remains negated,

FBGmN is asserted an unspecificd amount of time after

FBRegN is avserted.~Framebuffer Address, Data and

Thus one of the advantages of the chip of the presenily 50 Contred lines are tri-siated by GLINT (the control lines
preferred sxmbodinent is that a minimal bosrd implements- shoutd be held high by external puld-up resistorss. The
tion is 4 wivial task. SETH ¢ controdler §s aow free to diive the Frame-

FIG. 3A shows a sample graphics board whick incoarpo- buffer lines and acoess the memnory.
rates the chip of FIG. 28 ‘ . PRGN romains asserted untld GLINT requires a frame-
) FIG. Z’nB‘ shows m‘ather sample graphxcs" baar:d 55 buffer access. or a Tefresh oF wansfer cycle.
implernentation, which differs ?ﬁm the board of F.R!“ AW FHRegN mst remain asserted while FBGoN s asserted,
that more mamory and an additional component is used o e .- e ;
achicve higher performance. When FEGRIN is removed, the secondary controller must

FIG. 3 shows another graphics bosed. in which the chip relinguish the address. data and controd bus n 4 grace-
of FIG. 2B shares access to @ common frame store with GUL & ful manner ie. RAS, CAS. WE and OF mast ail be
scoslerator ehip. driver high before being wi-staled.

FIG. 3D shows another graphics boand, s which the chip The secondary mmmu;: must relinquish the bus ;fnd
of FIG. 2B shares access o @ common frame store with a pegate FBRegN within 500 ns of FBGmN being
video coprocessos {which may be used for video capture and pegated,
playback functions {c.g. frame grabbing). & Once FBRegN has bren nogated., it must remain fnactive

Aliernative Board Embodiment with Additional Video Pro-

for at (east 2 system clocks (40 ns at 30 MEz),
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Pramcbaffer Refresh and VRaM wander oyoles by
GLINT are turned off when GLINT & a secondary
framebuier controller.
GLINT asserts FBRegN whenever is requires 2 frarue-

38
The memory systems {i.e. locad buffer and framebufler) are
duplicated {or each GLINT. Fecall that the fexture maps
arc stored in the local buffer. A single GLINT plages very
high demands on the momory systems, and # would be

Wuffar access. 5 very dificult to share them bedween multiphe GLINTS. In
FRGAN is § t fy ro-synchronized 1o syst dock the presently preferred embodiment there ame no provi-
i is internally ro-synchronized to system clock. sions for sharing the focad bufer. se if this is necessary
Whes PBGotN is asserted, GLINT duves FBselOEN to wonkd bave o be done behind GLINTs back and teaps-
enable ary cxternal buffers used to drive the control parently, The framebuffer ca be shared {since GLINT has
signals, and ther drives the framebuffer addvess, data w @ SFB interface). bui this is likely o be 3 bottle neck if

and control liemes o perform the memory aceoss.
FHERegN remains asserfed while FBGoN is asserted.
Whea FRGmN is pegared, GLINT finishes any outstangd-
ing memery cycles. drives the contiod Hees inactive.

negates PBaclOBN and then tri-states the address, data |

#nd control Hnes, then releases FBRegN. GLINT puar-
antees to xelease FBRegN within 560 ps of FRGatN
beiag negated.

GLINT will nidt reassert FRRegN within 4 system clock
cycles (80 ns@ 30 MUz,

shared bebween GLINTS.

Broadeast. In some parallel systems each GLINT will getthe
same {or mostly the same) primitive dats aed just reader
those pixels assignaed w it B s very dosizable that this data
is writter by the host only once, o feiched from the host
address space onee if DMA is being used. This presents
two bssucs: Frestly the POI bus does got have any coneept
of broadeasting o multiple devices, and secopdly GLINT
does not have & dodicated FIFO satus signal pin an
external controfler cam use. Neithey of these issuns are

: . . ¢ inswmaountable., but will reguire hardwase to solve.
Considerations for Board-Level Implementations However, if the spplication only uses a ‘fow” large texturs
The following are some points to be noted whea imple- mapgesd primifives 5o mepeatedly sending or fetching the
menting a shared framebuffer design with « GLINT 3008X: parameters for sach GLINT will not be 4 problem,
Same 30 GUY Accelerators such as the 83 Vision%64, and To avold problems wimh Antialiasing. Bimmasks for
GLINT use configuration resistors o the frametufer o5 characters. or Line stipple, the area stipple table can he used
datsbus at reset. Ta this case care sheuld be taken with to roserve scanlines ¥o & Processor,
the configuration setup where it effects read only reg- Puazalic Configurations
fsters indde cither device. ¥ conflicts exist that can not This section looks at some of the common ways of
be resalved by the board Initialization software. then applying paralielism to the rendering operation. The fist is
the conflicts should be resolyed by isclating the W 4 pot exhaustive and an Interested reader is dicected o e
devices from cach other at set so they can read e pook by Whitman olted above, No one paradigm is best and
correct configuration information. This Kelation aeed the choice is very application or market dependent.
only be done for the framebuffer datsbus {ines that Frame Interleaving
cause problems; Frame Interleaving is where a GLINT works on frame n.
GLINT should be vonfigured as the secondary controller 35 the next GLINY werks o franse n+ 1. etc. Bach GLIVE does
when used with 4 83 GUT accelerator, as the 3 evexything for is own frame and the video is sourced foom
devives cap only be primary controllers; cach GLINT's framebuffer in tarn. This paradigm is perhaps
GLINT cannot be used on the daughter card interface as the simplest one with very lttle hardware overhead and none
described in the 83 documentation. bocanse this gives of the atwve complications regarding antialfasing. blick
re seopss 1o the PCT bus. A suitable PCT bridge should 49 copies, bitmasks and line stipples.
be used in u design with a PCE 2D GUY aceclerator sand This scheme only works when the image is double
GLINT so they can both have access to the PCT bus; buffercd (normal for simulation systems) snd where the
The use of ribbon cable to canry the framebafler signals increase in traosport delay is accoptable, Trapspont delay is
between two PUT boards is not recommended, because the time it takes for a user to see a visual change after gew
of poise probleros and the extra buffering required 45 input stimmfus to the systen has eceurred, With § GLINTS
would impact performance; this will be 4 frame times atiributable 0 the rendering
The GLINT 31008X dows not provide & way of sharing is system. plus whatever else the whole sygem adds.
hoesdtbutfer, The cost of this method {s also one of the highest, as ALL
The 400TX also allows grabbing of live video imte the the memary bas to be duplicated. By contiast, the schomes
tocatbuffer and real-time toxiure mapping of that video Into 30 where he soreen is divided up cam save depth and color
the framebuffer far video manipulation effects, hugﬁr ey (bat pot texiure memory).
. ‘ . . Segueatial franses will usually bave very similar amounts
Alterzative ch:d Embodiments \“,th Muitiple of r:tfdming@ unless there &5 a ciismnﬁnui‘ry in the viewing
Rcadcm-xg Aceelerator Chips position snd/or orisntation, so oad balancing is generally
This technical note describes some systern design issves 535 good.
on how adtiple GLINT devices cun be used in pasalied to Frame Merping or Frimitive Paralielism
achieve higher performsnce. The main driving force for Frame merging Is a similar techaique t frame interfesv-
higher performance is the sinmndation market which. at the ing where sach GLINT has a full local buffer and frame-
low ond. demands somewhere bubwecn 25-30M textuse buffes In this case the primitives are disgiboted amongst the
mapped piaels per second, 60 GLINTS and the resultant partial imsges composited using

There are same kay points before we look at differcnt
paralic organizations:

To gain any bepefit from runping muliple GLINTS in
parallel, the overall system must be rendering bound. K
the systera is host bourd or geomstry bound, then adding
in more GLINTs will not improve the systems perdfor-

the depth information to ¢ontrol which fragment from the
multiple bulers is displayed in cach pixel pusition,
GLINT has not been designed to share the local bulfer
{where the depth fnformatios is held) so the compoitiag is
not readily supported. Adso the composition freguently
needs 10 be done at video rate 5o reguines some fast
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Alphs blending and Antialissing prosents some problems
but the bitmask. binck copies and Hine stdpple are casily
accommodated. Good load balancing depends on even dis-
wribution of primitives, Not all peimitives will take the same
amoumt of 1ime to process so 3 round robin distwihution
scherse, of & hearistic one with lakes iato accoust the
experted processing tras for cach primitive will be peeded.
Screen Subdivision—Blocks

Here the screen is divided up dnto large contiguous
regions aad a GLINT looks after sach region. Primitives
which overlap between regions are sent to both regions and
scissor clipping used. Primitives comtained wholly in one
rzgion are ideally just sent to the one GLINT,

The sumber of regioas and the horizontal andfor vertcal
divisiop of the screen can be chosen as appropriste. but
horizontal bands are usually easier for the video hardware to
cope with, Each GLINT only needs caough locad buffer and
frame bulfer 10 cover the pisels in #3 own region, but texmire
maps are duplicated in full. Bleck copies are a problem
when the block. or part block is moved betwees regions. Bit
masking amd Hine stipples can be sobved with some csrefnl
clpping.

Load balascing is very poor in this pasadigre, since most
of the soene complexity can be conceatrated Imo one region.
Diyoamically changing the size of the regions based on
pxpected soene vomplexity (maybe measured from the pre-
vious frame) can alleviate the poar oad balancing 1o some
extent,

Sasen Rubdivision—intetdoaved Scanlines

The intardeave factor is every other o™ scanlipe where B
is the sumber of GLINTS. Vertical interleaves are possible,
but mot supporied by the GLINT rasterizer. Nearly all
eirmitives will overlap mubiiple scandines so are idealty
broadeast to all GLINTs. Bach GLINT will bave different
start values for the rasterization and interpolation param.
oters.

Fach GLINT only reeds enough locat buffer and frame
buffer to cover the pixels in s owa region, but textute maps
are duplicaind in full,

Some block coples are a problem when e bleck is
moved benvess non nth scantines. but hopizontal moves are
available with any aligoment. Bit masking can be sofved
with some careful clipping, but line stipples have no easy
solution. Antialiasing is not novmally a probdem but with
GLINT 300SX there is no provision for sub scanline steps
as wedl as nth scanline steps. Load balancing is excelient in
this paradigm which is the main reason it features promi-
septly in the literature.

Thus the simpiest and fowest risk method of using mul-
tiple (GLINTS is Frame Interleaving. but i this is not an
uption. ¢.g. becasse of the trapsport defay o the amount of
memory seeded, then the pext best choiep is the Interieaved
Scanline.

Linkage

FIG. 2B shows how the uniis are comnnected logether.
Some gencral points are:

‘The order of the urits can be configured in two ways. The
most geasral arder (Rowier, Colowr DDA, Texture Units,
Fog Unit. Alpha Test. LB R4, GID//Stencil, 1B Wi
Multiplexer) and will work in all modes of OpenGL.
However, when the sipha test s disabled 38 is much bewer io
do the {iraphics I, depth and stencil tests before the lexmire
operations rather than afier. This is because the fexture
operations have a high processing cost and ihis shouid not be
spent on fragments which are later rgjected because of

P ag@d‘i‘@@f@fq Giencit tesis.
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Rouvter it Deseription

The Bouter Uit allows the order of some of the uaits o
be changed so that texturing can be done before or after the
depth test. Any texture operatiops wilf cause 2 foss in
performance over the same son-textured readoring. so it is
a good idea only 1o texture those pixels which pass all the
depth. stencil apd GID tests. Uper(GL defines the orda in
which operations are to be performed on fragments as
texture. alpha test, stepcil and ther depth. Bt 35 very likely
that in & typical scens many textured fragroents will pet
rejected by the depth test, say. which ise't the most effective
use of the texturing capasity. I the alpha test is disabled {or
cannot refect fragments) ther OpenGE compatible semuantics
are stitl maintained if the order is rearranged to be stencil.
depth. texture and then alpha fest,

The messtge steam ean be re-configured into either of
the two anders using the RouiertMode message, The reset
order i fexture, thes depth so a o be compatible with
Opentil. Changing the pipeline opder is self synchronising
50 e user doesa’t need to wail for the message stream to

' emply firdt.

Implementation

Fhis unit ds divided into pero sub-mnits: 2 swilcher asd 2
multipiexer. FIG. SA shows bhow these are oconnected
together. The hasic operstion is ax follows:

When the Switcher sub-unit receives a RostecMode mes-
spge it makes a note of the rew order, forwards the Rou-
terMode roessage on and blocks all further roessages untl &
receives a resume signal from the Multiplexer sub unit
When the resume signal is asserted the Switcher
re-configures the message paths aecerding to the new onder
aad un-blocks the message strean o i starts to Bow again,

When the Multiplexer sub-unit receives the RouterMode
message it re-configures the message paths according to the
new order and asserts the resume signal to the Switcher The
HouterMode xuessage is comsuned. The unit carder &8 con-
trolfed wsing the RovineMode message. Tt uses the {-bit of
the passed message to indicats i the processing ordex is:

Bie 5=0 TextureDapth
Bt Bt DepthTextuse

When the order is TextweDepth {the default aftex reset) the
message youting is dope sceording to FHG. 5B, When the
arder is DepthTexture the message routing is doae aconrding
to ¥IG, 5,
Disclosed Embadiments

Among the disclosed classes of preferced embodiments,
there is provided: A method for processing graphics data
throuph a data path conspeising the steps of: (8) receiviag 8
routing comumand from a data bus input; (b) stalling further
toput from said data bus isput untll previous data has exited
said data path: (¢) resamuing said iapat from said data bag
input; {d) if said routing command has a first valoe, then
pesforrdng a first set of graphics processes on said data, and
ther perfarring a second set of graphics processes an sald
data; {&) If said routing conunand has 3 second value.
thenperforming said seoond set of graphics processes onsaid
data. and thenperforming said first set of graphics processes
on said datz, wherein some podion of said data may be
oitiinated by said 8rst or secopd sets of graphics process
according to the resudts of said processes; wherein steps {d)
and {2) are repeated uptdf a new vouiing command s
received; whoredn said fisst set of graphics processes
reguires a longer processing time than ssid sevond set of
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Amnng the disclosed classes of prefered wahoediments.
thore is abso provided: A method for provessing graphics
data through a data path comprising the steps of: {8) receiv-
ing a rouwting commesnd from a data bus inpt; (b stalling
furthey input frorn said data bus input until provicss data hes
exited said data path: {¢) resuming said input from said data
bus input, (d) I said routing command has a first value,
theaperforming & sot of textueing processes on said data, and
thenporforming 4 ot of pixel elimination processes ok szid
data; {e} if sald resting comwnand has a second value.
thenperforming said set of pixel elimination provesses on
soid datz, and thenpesrforming said s of toxturing provesses
on said dats, wherein some pogtion of said dats reay be
eliminated by suid st of pixel elimination processes accord-
ing o the resulis of said processes; wherein sieps {d) and {£)
are repeated untdl 8 new routing cormmand Is received:
wherein said Rrst set of graphics processes requires a loagey
processing time than said second set of graphics processes.

Among the disclosed classes of prefored empbodiments,
there is also provided: A method for rendering graphics dats
comprising the stops oft {a) receiving & youting comroand
from a dats bus input; (b) stalling further input from said
data bus npul vordl previous dais has exited said data path:
{c) sesurning said fnput from. said dats bus foput; (&) if said

ronting command has s first valus, thenperforming a set of 25

texturing provesses on said data. and thepperforming 2 set of
pixel climination processes on said date; {e} If said routing
comynand has & secomd value, thenparforming said set of
pixel eliminastion processes on said data, and thenperforming

said set of fexiuring processes on safd dats, whercin some

partion of sidd dits may be eliminated by sadd set of pixel
sliminstion processes scconding o the resudts of said pro-
cesses; () rendering said data and writieg the results to @
memaory; (g displaying the contents of said memory;
wherein steps {d) and {(2) are repested uniil @ new routing
corupand is rocelvediwherein ssid sot of texturdiag processes
requires 2 longer processing Gime than said set of pixed
clirnipation processes.

Among the disclosed classes of prefered ombodiments,
there is also provided: A method for prooessing graphics
data through 2 data path comprising the steps of: (3) recsiv-
ing a routing cormand from a data bus input; (b) stalling
further input From sald data bus input until previens dats has
exited seid data path; {0 resimning said ingwt from said data
bus input; (4} if said routing coremand has a fust value,
themeading said praphics data fTom said data bus input:
performing 8 color DDA process on said detarperforming a
texturing process on said datmperforming an aiphs test on
said daga; if the daa has passed the previons st then
performing a graphics I test on said data; if the data has
passed the prevings tests. then perfocming & stencid test on
sald dataif the duts bhas passed the provious tests. then
performing a depth test on said data; and if the daty has
passed the previous tests, then writing said da to a local
bus; {e) i said ropting command has @ second value,
thearcadiag said graphics dwta from sald data bus faput;
performing 2 graphics ID tost on said datxif the dsta has
passed the previous tesi. then perfarming a stenci test on
said data; if the data has passed the previous tests. then
performing a depth test on said data: if the data has passed
the previnus tests. than performing a color DDA peocess on
said dsta: if the data has passed the previous tests. then
performing 8 oRturng process on said data; if the data has
passed the previous iests, then performing an alpha test on
said data: if the data has passed the previous tests. thea
writing said data to 8 local bus; wheredn steps (3) and (¢} are

1
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Among the disclosed classes of prefesred embodimends,
there is alse provided: A pipelined praphics procsssiag
device. comprising:a switching device conpnected to a data
bus knput and configured to route graphics data received on
sadd data bus acoording fo Llastruction data recelved on said
data bus: 3 multiplexing device connected to said switching
device and fo a data bus outputt & first processing block
comnected snd configured o recelve satd graphics data from
said switching device amd pass precessed graphics data to
said roultiplexing deving anda second processing tock
connected and configured to receive said graphics data from
sald switching device and pass processed graphics data fo
sald multiplexing device: wherein said switching device
routes sald graphics data according to » fast data path,
wherein said graphics data is processed by said first pro-
eessing block and then by safd second processing block, or
a second data path. wherein said graphics data 5 processed
by said second processing hlock before sald fust procassiag
Rlock. according fo said jastruction data,

Among the disclosed classes of preferred embudiments,
there is also provided: A pipelined graphics processing
devios. compelsing: a roiting device connccted fo 2 data bus
input and data bus output and configured to route graphics
data received on said data bus according to instruction dats
veceived on said data bus; a first processing block connected
and configured io receive said graphics dats from sald
routing device and pass processed graphics data back to said
routing device; anda second processing block connected and
corfigured to receive said graphics dats from said routing
devive and pass processed graphies data haok to said routing
device; wherein said routing devic routes data according to
a first data path, wherein said graphics data is processed by
said fixst processing block and then by said second process-
ing block, or 2 second data path. wherein said graphics data
is processed by said second processing block before said
first processing block. according to said instruction data,

Among the disclosed classes of preferred embodinsents.
there is also provided: A grophics processing subsystem.
comprising: at least four functiopally distinot processing
usits, each inchnding hardware elements which are costom-
fzed te perdform o readering operaion which is pot per-
formed by at Yeast some othexs of said processing usily; at
keast sore ones of said processing units being connected to
operate ssyachronously fo one another; a frame balfer,
connected to be accessed by at least one of said processing
units;said processing units being mutuatly interconpected in
2 pipeline relationship, with st Jesst some successive ones of
said processing units being interconnected through a FIFQ
buffer; and wherain at least one said processing vndt i
connected o look downstream, in said pipeline refationship,
past the inomediately steceeding oue of said processors; and
wharein at least two of said processing uaits may be dynami-
cally reordered in said pipeline relationship; whershy the
duty cycle of said processzers is incveased while permitling
use of 3 reduced depth for said FIFO,

Muodifications and Virfations

As will be recognized by these skilled in the art, the
innovative coscepts desoribed in the present application can
be modified and varied over a tremendows rapge of
applications. and accotdingly the scope of patested subjoct
matter is pot Hmited by any of the specific excmplary
teachings gives.

The foregning text bas indicated a large munber of
altersative implementations. partivslacly at the higher
fewels, but these sre mercly 2 fow cxamples of the huge
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Fur example, the preferred chip context can be combined
with other functions, or distribuied ammong other chips. as
will b apparent to those of ordinary skill in the art,

For another example. the described graphics systems and
sibsystems can be ysed, in varions adaptalions. not onply in
high-end BC's, but also i wirksiations. aresde games. and
high-cnd simulators.

For another example. the described graphics systems and
subsysterns are not pecessarily mited to color displays, but
can be used with monochrome systems.

For another exampia. the described graphics systems and
subsystems are not pocessarily limited to displays, but dso
caa be used in priater drivers.

What is claimed is:

1. A method for processing graphics date through a data
path comprising the steps of:

{a) reeeiving 3 routing conumand o a data bus iaput;

(b} stalling further imput from said data bus input unil

previous data bas exited said data path:

(¢} resuming said input from said data bus faput;

(d3 i said ronting comunand has 8 frst valpe, then

performing i first set of graphies processes on said data,
asd then
porfaming a second sot of grapbics processes o sald

{¢) if said routing command has a second value, then
perfaming said secaad set of graphics processes on
said data. and then
performing said first set of graphics processes o said
data, whereln sowne portion of said data is selectively
eliminsted by said first or second sets of graphics
process aceording to the results of sald processes;
wherein steps {d) and {e} are reprated ustil 3 pew routing
command is recefved;
wherein said first sez of graphics processes regquires a
longer processing time than said second set of graphies
Processes,

2. The methed of clsim L. wherein said first set of graphics
processes comprises the sieps oft

reading said graphics data from said data bus inpats

performing & color DDA process on said data;

performing a wextiriog process on said data; and
pexforming sn siphs test on said data.

3 The method of claim 1, whereln said second sel of
grsphics processes comprises the step ef if the data has
passed all previous tests, thes performing & graphics XD test
o said data

3. The method of claim L wherein said second set of
graphics processes comprises the step of i the data has
passad the previous tests. then parforming a steacll test on
sald data.

§, The method of claim . wherein said second set of
graphics processes comprises the steps of if the data has
passed the previous tests, then performing a depth st on
said data.

6. The method of claim 1, wherein step {d) comprises
steps acvording to the OpenGL standard.

7. The method of claim ¥, wherein step (b 3s performed
by 2 switcher connected at said data bus input.

8. The method of claim 1. wherein & multiplexer &t sn
eutput of said data path indicates when said data path is clear

Pame-t0d) ob 166
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§. A method for processing graphics dats throngh s dafa

path comprising the si2ps of:

{a) receiving a routing command from a data bus Input;
(b} stalling Turther input from said data bug input until
previous data has exéted aid data path;
() resuming said input from said data bus input;
{d} if said routing comamand has & first value, then
performing a set of texturing processes on sald data,
and then

data:
{e) if sald routing command has a second value. then
performing safd set of pixel eliminstion processes vr
said data. and then
performing said set of texturing processes on said data,
wherzin some portion of said data is selectively
climinated by ssid set of pixel slimination processes
according o the results of said processes:
whereln steps () and {e} are repeated until 3 new routing
command is reoeived;
whereln said first set of graphies processes requires a
fonger processing time than said second set of graphies
[EOCESSeS.
18 A method for rendering graphics data comprising the

steps of:

(3) receiving a routing command frorm a dats bos input;
by stalling funher input from said data bus loput unti
peevicus data has exited said dats path:
{t} resuming said input from said data bus lopat;
{d) i said routing commatd has s ot value, then
pexforming a set of textutag processes on said data.
and then
perfarming a set of pixel elimination processes on sald
data;
(e) if sadd youting conunand has a second value, then
performing sald set of pixel elimination processes og
said data. and then
perfonming seid set of textaring processes on said data.
wherein some poricn of said data s selectively
climinsted by said sef of pixel elimination processes
according to the results of said procosses;
{T) rendering said data snd writing the resulis to 2
EMOTY?
{g} displaying the comens of said memory,;
wherein steps {d) and {e} are repeated nntil 2 sew routing
command is received;
wherein said set of texturing processes mequires a longer
processing Gime than said set of pixel climisation
PRODERSRS.
i1, A method for processing graphics data through & data

path comprising the steps of

{a) recelving a routing comumand from a data bus iaput;

(b} stalling further input from said data bus inpul wotid
previcus data has exited sald data path;

{c) resuming said iaput from said data bus input:

() if said routing command has a first value, then
reading said graphics data from said data bus inpat;
performing @ color DDA process on said data;
perfaerning a# texturing process on said data;
perfeeming an dpha test on suid dam;
if the data has passed the previous test. then performing

a graphics ID test on said data
if the data has passed the previous tests, then perforn-
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if the data has passed the previous tests, then perform-
ing a depth test on said data; and
if the data has passed the previous tests. thes writing
said data to @ koeal bus;

19 A pipelined gesphdcs processing device, comprising:
& routing device connectsd to 8 data bus input and dats
bus output and configured to route graphics data
received o said dats bus according (o fnsteuction data

{e) if said routing command has a seoond value, then 7 received on said dua B
mad@g ‘w’d,gmwn?s dafalrmm m‘? data bm npat: 3 Jxst processing block comnected and configured o
perforsning a graphics 1D iost on said data, o teceive xaid graphies data from sajd pouting device and
if the dats has passed the previogs test, then performing AT . .
a stencil test on s2id data: pass processed graphics data back o said routing
if the date has passed the previous tests, then porforme 1€ devier; and . )
ing # depth test op said data 2 mt.cm?d gu‘«:mcssmg,bir)ck c}nme{‘-ttfd and_ cunhggrcd o
if the data has passed the provious tests, then perform- receive said graphics data from said routing device and
iag a caby DDA Process an sajd datar pBSb: IK{'N',’CSSE’S} gmptm‘s data back 1o said fﬂuﬁﬂg
it the data has passed the previous tests, thea perform- device;
ing a fexturing process on said data; £ wherein sald routing device rostes data according to s first
if the data bas passed the previous tests. then perform- data path, wherein sald graphies data is processed by
ing an alpha test on said data; said first processing block and then by ssid sccond
if the data has passed the previous tests, thea writing processing block. o 3 second data path, whersin said
said data to 2 local bas; graphics data is processed by said second processiag
wherein steps (d) and (e) are repeated until 2 pew routing ™V block before said first processing block. scconding te
command is received. said instruction data.
12, The aethod of claim 31, wirereln step () comprises 20. A graphics processing subsystem. cowmprising:
steps according to the Open(L standard, at least four functionally distinet processing uaits, cach
13. The mothod of claim 1L, wherein step (b) Is performed | including hardware slements which are customized
by 8 switcher connected af said data bus input, = perform a readeriag operation whick Is not performed
14. The method of claim 11, whercin s multiplexer af said by at least vome others of said processing units; af least
jocal bus Indicates when safd duta path Is clear and step (o) some onss of said processing units being eonpected 1o
<an begin. operate asynchrogously to tbe another;
15. A pipelined graphics processing device. comprisiegs - a frame buffer. conneciod to be socessed by at least one of
a switching device connected to a dats bus isput and suid processing vuits
configured te rowe graphics data received on said dste aif processing units being rutually intarconneciad in 3
bus according fo Instruction data reecived on said dats pipeline relationship, with 3t feast some successive
bus! ones of said processing onits being imterconnected
& multiplexing device enneected ko said switching device 5 through a FIPG buffer;
and 10 3 dats bus output; and wherein at least one said processing unit is connected
& first processing block connected and configured to to ook downsiream. in said pipeline relationship. past
receive said graphics data from said swiching devies the bmmediately spccseding one of said processoes;
and pass processed graphics data to said muldiploxing and wherein at lesst two of safd procassing uafes are
device; and 4G selectively dynamaically reordered in said pipeline rele-
a sceond processing block connected snd configured to tionship:
receive said graphics data from said switching device whereby the duty cycle of sald processors is increased
3“’5‘1‘5‘55 processed geaphics data o said multiplexing while permaitting use of 3 reduced depth for said FIFD.
device; " 21 The graphics processing subsystem of claim 26,

whexein sald switching device routes said graphics data
secording 1o a frst data path, whesein snid graphics
data is processed by said first processing block and then
by said secomd procesaing block, or a second data path,
wheredn said graphics data & processed by said second

processing bluck befors said first processing dlock, -

sccordiog 1o said instruction data,

16. The device of claizn 18, wherein said first data path
processex said graphics data sccording to the Opea(il.

17. The device of claim 15, wherein said switching device
halts all input data uetil the current datis path is clear before
switching data paths.

18. The device of claim IS, whereln said multiplexing
device is configured to determing when the current data path
is clear and fo llow said switching device to switch data
patfs.

35

wheretn said processing unils include & fexturing uit.

32 The graphics processing suhsysterm of caim 26,
whorein said processing units include a scissoring unit,

I3 The graphics processing subsystem of cam 24,
whereln said processing units include a memory access unit
wiich reads and writes a local buffer memaory.

3. The graphics processing subsystem of claim 24.
wherein at least some oges of sald processing uaits include
internally paraliefsd data paths.

Z5. The graghics processing subsysiem of cjaim 26,
wherein all of said processing ueits are integrated into a
single integrated circuit.

26, The graphics processing subsysivm of clsim 28,
wherein all of said processing units, but pot said frame
buffer, are integraed inle 2 single integrated cireuit.

£ ¥ ¥» £ %

Page 105 of 160 Unified Patents Exhibit 1013 Part 2

Microsoft Corp. Exhibit 1009



3R

Shies

ov. 1%, 18

ey
i

WY

v
Eed
et =
il bl
o
i1 ok
oo L)
Z
&
% =
% e
3 »
23 ? .
Vs
> b
o i
s T
. ’]
5 )

o
% &
%
p %
K e
Z o
R =
- & s ] 7
P 4 . 1 H :
en g . ‘ I H
b : : = H :
: : ; [ ;
: 3 . H H
B ” s 14 B3
5 : 7 Z 1 e
shood H : £ H :
Fass : : i :
%65, . H : i ;
ey o ot H - 1 H H
e et 1 I } i H
facd et £ = P
a4 3 :
4 e bl 3 3 o
“e = % i z
o oy g N -
25 i s z iz
o % = 5 L
ot s “ % - P
ool o
= sy 2E & £ =
T 7o A _,<,.. %
r A ) 23
c 0 i
i " e e ] s
TN e b} kY £
o o & £ i
Tl b Py s = -~ Sy
X e P o] i bl o]
G £ Z A
% 5655, BF e Wi oo “a nd
- -
e oy

Exhibit 1009

Unified Patents Exhibit 1013 Part 2
Microsoft Corp.

Page 106 of 160



ULk Palewy

Page 107 of 160

APPENDIX P

Ny, 16, 1999 Sheet Lol 1

5,987,256

mesay ¥ M

"COMPHRE
CQDEr
RENDERING
ENGINE

ENDUSER |
L3 ‘§‘ H i N §3 v
PLATFORM

i

} &

i ;
1 2 T ‘,"'?

COMPILE
CODE DATA
SRURCE
(8.0 VEDLDVD,
f W

FlG. 1

o I

' IMAGE TOOLS

DEVELOPRER
WIRKETATION

P 34

HTML IAVA

/ £
‘-’:3 »E w“\.r"‘." J_.-")

R @ §:‘\

SERVER FOR
COMBQSED DATA |
SET FOR DRJIECTS

{e.g HTML, JAVA,
BMP)

PRE-COMPRER | 723

L -
COMPILED
QODE DATA oo
DESTINATION 24
e, VOO, DVD,
% WARY)

s
et
b

Unified Patents Exhibit 1013 Part 2

Microsoft Corp.  Exhibit 1009



U5 Patewt

By
£

Nav, 16, 1999

5
-

Sheet Tef U

- ORTIMIZER

SRS

&

i
i

¥

504 '\,}
HTHHL ~tae

PARSER fro

LOMMAND
MODULE

305 Y

APPENDIX P

3

B

QUTRUT

23]
P
Lk

.

REMDER

i

FIG. 3

803
BOT 802 * 507 =
808 ™ avrEe OMMAND )
O % S X ¥R 3 D o g\ A3 3 _ S 3
SR~ CODES el LARS MODULE wl QUTRUT

o 3"‘ R "\\
o & B
I o ¥ ‘ T
I . L OARRAGE
} >>‘§ : " a.\ai 3 K3 f t, N
OPTIMIZER TAVA WM COLL.
! ; L)
BOG e B4 e’ BOS e’

FIG4

Page 108 of 160 Unified Patents Exhibit 1013 Part 2

Microsoft Corp.  Exhibit 1609



F§ o TCHmiBlemantParagragh

Page 109 of 160

APPENDIX P

s, Patent N, 16, 1999 Sheet 3 of U

a8y inheritanos Hierachy |
CObjet
1 Dhimiflement
_OHtmiSiamemiTille
N :Htmz&“iﬁ:mm@mﬁv
LMW% “tanant Vet
f\sm‘iﬁgmenii}:nm?‘ exd
CHtmiElamentQ z:zms*"mt:
Nﬂﬁ*i SarseitlineBreak
CHmiSlementiMorizoniaiBule
u HimiElsmentFonifiomsey
TCHmIFlementBaseF o
LUk E"Eﬁmem*u*tiwm
_CHmiElomantTable
"\,Htm EtemaniBas
ORI i:%&ma»ﬁ\‘&‘*}awar aak
_CGHm &immmmap
§

CHimiBlameantisingdey
C HimiElsmemBivle

CHimiBlemeniappist
C HimiBlsmeantSound
£ Hm‘gimmem‘%mwr

Hi*nmwédm afiamant

Chm*% fsnentimags

TOHmC antoiBlement
_CHiviClamantinpst

CH‘:\“?% nmeniSeiect
TOMmiBementOption

LHmiContain ,3'5: svisrst
bHMiE?amemfmc?\ oF
TOMimiRlsmanidlign
TGH mfi:imxanmgm

5

Gt ianeraling
_GHimiElsmenttont
_CHimiBlemersDivision
_UHmiEementBiockauote
{>Himit

i
dRisrmerdAddress
_CHimiS lemant Tebielsall

T OHEnS lment TablaCaption
TOHimiElementPreformat

Mﬁﬁtm SiomantFomm

_GHimiElemeniBupSud
COHimiBlementNoBreak

5,987,256

TOHImiElsment Toxtarea

IRE i ElementSpan

| DHmiSlementFramadet

H

Llass Containership Misrachy -

f CHmiE emeaiFrams

CEdiorDion SRmic "‘iamari:i@\mm{

§mfh*m£§§§a‘ srdArTay | UntriBle
' ¢ ‘mi*ni% sriant -
§ ﬁiﬁieme.\;w

H

_ChimiBlamenin

Microsoft

sridsray

B "t‘”ﬂi??@i‘“; s

{“h il i.im N

-
5
o,
ﬁ
b
&

&Y
s
o
A

Unified Patents Exhibit 1013 Part 2

Corp. Exhibit 1009



U5 Patewt

Nav, 16, 1999

{\“ START }
. l M 8O0

LOAD HTMLFRLE

816

LOAD TARGETY
QEVICE
INFORMATION

%
¥
E

PARSE HTML

DESCRIBING HTMU
254G

¥ w00
;

ol o ™G
_ STOR >z
N -

o,

APPENDIX P

Sheet 4 of U

830
THIS FIXES THE LODATIONS
OF ALL ELEMENTS. EQ.
PARAGRAPHE ARE WRAPPED,
TARGET HTML TD 1 HORIZONTAL RULES ARE IN
DIMENSIONS AND |~ PARTICULAR PLACES,
PALETTEOF P _COLORS ARE CHOSEN, ETC,
TARGET DEVICE
840 —
. CHTML INSTRUCTIONS
ARE PRIMITIVES LIKE
L A | RECTANGLE HERE,
CUTRUT OHTML T VTEXT HERE, DEVICE BITMAP
INSTRUCTIONS | HERE, ETC,

F1G. 6

Page 110 of 160 Unified Patents Exhibit 1013 Part 2

Microsoft Corp.  Exhibit 1609



APPENDIX P

U.S, Patent N, 16, 1999 Sheet § of 11 5987256

: " AN AR i ..-»‘........4...,\,..“-.»-,{. v 9{'}{}
SCOMPHTMLY e

HTML_FILEHEADER STRUCTURE %'
o YUVQUAD T
| h YUVOUAD hE
| T 1
: C YUVOUAD T
gogr—i-  HTML_INFO STRUCTURE |
— HTML_INFD

pnn, b caen e

&

RISV Y g

| |
i OHTMLINFD 3

HTML FRLEHEARER

ﬁeeceaa&_' {908

PALETTE SIZE S0

YUVQUALDY

U FIE Q0%

SR8

\;‘ : ane s é“‘“
REQERVED |

i Gy en A e
£
H J
3
3

HTML INFOD

i _TYPE L
. o = HTRL INFOHREAD
SZE

etz

NS N
<
3 ;
J
P
{

NFO Lmg1a

FIG. 7

Page 111 of 160 Unified Patents Exhibit 1013 Part 2

Microsoft Corp.  Exhibit 1009



APPENDIX P

sheet dof U1

U5 Patewt

Nav, 16, 1999

5,

¥

BLYC

DR VEY SN AN

L I A

¥

IS LW AEG
1 ZPNTAT 30N 158

UL Aung

3
e s
QQw,wJ 4

B

AN AR AR AR AR AR AR AR AR AR AN

\, Tt e s v e o g

FIANOD
AV WA Sk
A4 O3

Lo —Tons

O N»MMMWW\

fat='s)

GO WA LBAS

e
: N\.\\.‘ P i
A0 9ROl | | HOLOFSII0 DHOWM.

SITHIA 2 08

; ",
£ = EPd

e

H
H
T i
Ml \‘trnm\ .N

[91~W]

S R e

@Naw«

S \““m

MIHL

|

{ ﬁﬁ%@m S ) S G = S ]

aE1Y4 0 Q330008 1
wd
M) HOTY BSHIOAY
NEAD BHL 0L
1 4050 ONY AEANOD
814 L 139

.

L .
f O WA ST
EY TR IRy W
T NG T YA 9L
A0 HILIBR0Y
Bk Ot

ik

3

s

¥

Unified Patents Exhibit 1013 Part 2

0%

NOLLYZUTYLLING 4

S e 4134
i 1dvis

Page 112 of 160

Microsoft Corp.  Exhibit 10609



APPENDIX P

U5, Patent Now, 16, 1999 Shect 7 of U 5,987,256

¥ &

1230 ¥ | IRCODE =
INITIALIZATION | DL GETINFRACODE(N

- ¢ SWITCH o
t DISPLAY HTML | PROCESS
NPUTS

f“""‘ﬁ - : ) §
vES " INCL PLAY_LIRL

L APPLETS

S

GO_HOME

NO

—YES Fiag REFRESH> N

NEi

| UPDATE
 CURRPAGE URLNAME

¥
RETURN
PLAY_URL

F1G.8B
Page 113 of 160 Unified Patents Exhibit 1013 Part 2

Microsoft Corp.  Exhibit 1009



s, Patent N, 16, 1999

z‘f v
. START
: e} 500

¥

LOAD JAVA
BYTECOLE
1540

¥

LOADL CLABSES

1630

l

QPTIMIZE
CLASSER
T30

i

APPENDIX P

sheet 8o U1

START WITH THE HIGH L

LEVEL CLASE
{BUCH AS WINDOW

DIARLGG FUN}

i
1
i
3

TRANSLATE BYTE
CODE TOREDUCED| 7
BYTE CODE N
1540

i
1
H
3

QUTPUTY REDUCEDR
BYTE QODE
TERQ

a
9]
]
o
"(}

FIG. 9

Page 114 of 160

REFLACE THIS RIGH

LEVEL CLASE WITH TS

LOWER LEVEL CLASEES

REPEAT THEY PROCESS] »

UNTHIL THE CLARS

RECOMER BASIKC CLASS

}
{
{
)

HAVE REEN REPLACED

STOP AFTER THIS
PROCERS ALL HIGH
LEVEL FUNCTIONS

BY LOWER LEVEL BASIO
FUNCTIONS SUCH AS

DRAWLINE BETC.

FIG. %A

Unified Patents Exhibit 1013 Part 2

Microsoft Corp.  Exhibit 1609

~ 1580

L }3 Sgﬁ

~ 1800

3,



APPENDIX P

U5, Patent Nav, 16, 1999 Shect ® of U

END UBER o |
WORK STATION | ERD USER
?&?FQRM o _du-w-;&h% u‘?HH\zm o~
& PLATFORM B

1 1 .?"f‘
{ e

- *} : . a\

£ ) "m‘_‘:\w“:w

| i SERVER WITH

| f ‘

i )

5&

H

INTERMEDIATE
COMPILER

'-\
*,

""s
’\'\

)
o
£33

»
)
“,

o

S f
3

SERVER \
{IAVA, HTML, ¥
! ‘ 10
b J;‘
END USER

ETC) |
e - %
% TTHINT
i PLATFORM A
§

END USER e
}W‘Hixn APt 3{}‘\{5
PLATFORMC

FIG. 10
Unified Patents Exhibit 1013 Part 2

Page 115 of 160
Microsoft Corp.  Exhibit 1009



APPENDIX P

Sheet 10 ol 13

U5 Patewt

Bov, 1, 1998

11714

=R
WL

APINDY
sl

AN
s

Pl The R 110

SRHOMT YAYT
LY
BV LA

A

FLLNOY
Mgl

{
WEA WHD Y
ezt

Unified Patents Exhibit 1013 Part 2

Page 116 of 160

Microsoft Corp.  Exhibit 10609



APPENDIX P

Sheet 11 af 11

New, 1, 1998

U5 Patewt

dci Dld

S ‘ o Y

ey A b OALE A . g

214982 v ‘ e »A.M
s m\ “\ﬂ‘.i\\\v\ “wm

. PR Q.
HOE L FL WO *, Lo A

Y1 DA

zopy A HALNGHON

713 H0LITE | -~ VOEL

m\ aGEL

i

i

/ 3 AP m
ﬂ @ } ot — WA Ao BV o
,f@ \ I FA A A P

S, A

FN

PPTTRLR

Unified Patents Exhibit 1013 Part 2

Page 117 of 160

Microsoft Corp.  Exhibit 10609



APPENDIX P

& SOQOH

{
wil fagonage

(3

ERE S

RO

¥
il
Pt
e e
i
e
. Lind
!
50 e

o
£%
\(ax.s\
8w,
o,

3

131

"

B

TIEL

g
H

¥
ES

&
¥

Do
i

SN

by

£y
STV
REN N

transin

QUi ks

t

hitS"ERRib

S

€

Rl sl

3

3

B

ey Pt

i, 4330 C3hY

2
¥

EEE RN

R

Qf

Exhibit 1009

Microsoft Corp.



APPENDIX P

R

SR

I

.
H

of ks

By

Y

o

ol ihe

¥

¥

@

3er 1

N3

of

3

gt

e

\0 sz faéio‘zrmu TN

'\‘9\\

oy

Pagé™t

.
b
RS

Exhibit 1009

Microsoft Corp.



APPENDIX P

Y WY 4R

DS

Unified Patents Exhibit 1013 Part 2

Page 120 of 160

Exhibit 1009

Microsoft Corp.



APPENDIX P

e

VAt e
PREK

i

e

SN SA AN

R
B

s anehar

o oy
SRR

Unified Patents Exhibit 1013 Part 2

Page 121 of 160

Exhibit 1009

Microsoft Corp.



APPENDIX P

14

v

]

AW

DN

A

BN

RS

L PR
RO

{8

ks AW

Unified Patents Exhibit 1013 Part 2

Page 122 of 160

Exhibit 1009

Microsoft Corp.



APPENDIX P

3

s

Unified Patents Exhibit 1013 Part 2

Page 123 of 160

Exhibit 1009

Microsoft Corp.



APPENDIX P

4

i

e e

Sraan S

Exhibit 1009

Unified Patents Exhibit 1013 Part 2
Microsoft Corp.

Page 124 of 160



APPENDIX P

§

i

27

BER

S

okl o

31

3
o

thnd gevor

'S;;P‘

Bir «
art 2

3
)

013 P

iii‘l

yit

f B HET Y U3
nts EXhil

t

i
d

i
(&

N
3

EEY witjﬁafﬁ

Exhibit 1009

Microsoft Corp.



APPENDIX P

Pait 2

i

vom the e sge
N
I

Bit 1073 |

5 BT

o

A

A S
i

it

20
3

FEon
! o
1S

st

s
aby S
ate

hited®

1(‘
i
e
3

N

$05 UIRNEL

$e33

.
i
3

i

T § AT

agind

e prvoives s S

SR

3

166 aaghind

& .
;
& O

peiygied |
¢'126

Pag

Exhibit 1009

Microsoft Corp.



APPENDIX P

e &

IS

ok

e

FEE)

G iy

AT A

»
&

he sy

By

P

3880

e

whwrsin

i

SRENI e

e

Y W

FHERR

BN

2GR

&R

Y

Y
ANNE
A

R

e}
=
5
o]
s
%
iy
2

N
3

ol Kk

by

1613 Part 2

Ehts

't

3
.‘-}i

23} ':.-.&tj; -

XRibit

¥
Ry

i
R

b3

ifid

i

ni

}

Exhibit 1009

Microsoft Corp.



APPENDIX P

-

i
%
el
o
-
N...
o
[
=
>
s
H
3
=

Unified Patents Exhibit 1013 Part 2

Page 128 of 160

Exhibit 1009

Microsoft Corp.



United States
Migdal st

RN
R

i

X
W

i

!

TRETU
Q¥ & i‘ \‘ﬁ R‘{\ \&&‘E‘

STERY FOR PROVIBING
¥ TERE PUSRTEON

Chrtstapher Joveph
Jnmaet L Forgs. 's%si@sxsu B‘@i\‘mwi
Tinenthey im‘sw. i HE

i»hwmgm v Ulwrk Tonner, Bun fse,
S HEE .

Siliven Goonpldon, Ing Mo
TR

231 Appl Moo SSeaaT

it Rov §, 19

8668 CLY vvvvirmmenrssssossissrnsiin:
LIS L
Fiedg of Seuech

Yl
53
piirt

- GHET 1A
%L SRR

Lited
L8, BATENT DODCUMENTS

Redorenoes

Bunkey ot @t
* * }3&\«\ Do o 1%,
L Lathveap s wl —
QN e ofd s e SRR
N PATERT BRE

?\“1\;\‘\\ Pat. Os‘f

FONE]

“*\\i ab. “1T4.3 (ber Potiers B ey

L,.(s..«s_gauwr (erapsilony Fraoipdsy and Frastics

§.‘u:\3ss X

AW

P map ;\om £
ol L \.\i,ﬁ Shoe tered x'a :

et 3?».\\ i REds

33{* S

By

F) Pz-} oy \533:.&); 3

av § ‘e\?»m‘"zi-‘&’m“ E

\‘\ %’?‘&e\ {,\‘f

Soeed a8 T
3 k’i‘*ﬁ»;m;» SRR 8

#: i\fx\\\\ ks
e srs:r-si :Ck::%*.f

§\ m&\-; ag-; R :
R tw

> ‘ms s\ SRR Ty
i ‘\wbs&m‘
£5 GEESS S‘s

Page 129 of 160

Unified Patents Exhibit 1013 Part 2

Microsoft Corp. Exiubit 1009



L&, Patent

APPENDIX BB

Fow 3, 1988 Kheot 1 of 14 5,760,783

T 003

ST
," o

; v
‘e'"‘ \('§ z‘t\ . 3 A
AT 1002
7 ket
I
é.?"‘ “!‘ §
F & ’s"
o e

& ¢
~ ;f g"‘g £ ,
Fd > s 3
$ ‘ “S (3
e K # 4
o CF
] ‘.‘e‘
¢
¢
‘?‘
N
‘ ;'
? § ;
- Lonjol
aaas 3
-G TA
« 3 &
BACKGROUND
mmwmmmm““j:,:::fiﬁ'}f 3{\““\1“:5\:\::‘?%“\“%“% \
I - &N B " T
-\ — e HORIZON
= SF AN TN
fo N\ )
x\»"‘ﬁ‘ {,c”g % N
m""‘f & \ o o
o by > e Bt T
4 AN FOREGROURD
§ ,
# {
$ \
£ X
5 e

Page 130 of 160

Unified Patents Exhibit 1013 Part 2

Microsoft Corp. Exhibit 1009



APPENDIX BB

Shest 3 of 14

X
Jory:

R

LS, Patent

{7 L bt 0 o e

B AN e e A

ki
. s WA
K50 gy I
3 i ‘
Y 1554
o4 REORIRCL L
AR (hxl b
) {
¢
L WUGISES |
\WN N m« \.m...am\.wwe\vwm ] H m
i
| ;o
¥ o
LSRG me

3JT‘

i bt o b ot i BRI 0. 00 Bt 08 Bt 4.

A At

T avnn mman MARRS SaRasaRans

s e

rrrp. srrh prer poe e

HOESI 0

A

T

i

i

&
s
o

b
P
TN «\\\

B

HO

VAL
bYY

¥
R

el mes weves wewe| sRRr inmns  seae Nesbh - sobtc. bobt . bbbt

Pt

AT

IR |

mz

e
P

e
R

vt prres  pred. wmmy mmee SAmss AR SrAry bbd bARE. Sbors bt GOSN cests | cidie

Unified Patents Exhibit 1013 Part 2

Page 131 of 160

ixhibit 1009

&

{t Corp.

B4

Macros



APPENDIX BB

b aast
Gt

i3

Shopt 3

IR

e

g

Y

Jun,

LS, Patent

o
> P

=

RN

Lad S
3
3

s
fase

e

% m«w.\.
Tl
FE o,
ot w $n. -«un\
faTaT ol
037
Wiy, .,
. \n«\u\. g a o
]
byt o
g e e
g
Y pr, sin st e e

Sriiers e rr pp g

P N N T NPT

o

e hsinie e wE e BL VH e irriore

Unified Patents Exhibit 1013 Part 2

i e e b i bl Nt B0l b b Sl St 0D i B B B bl 0 N0 0 b B Pl NGy g Y s o 0%
i el

L cais vn

i e v v vea s

o
o 3
ey i,
£

Yn i, . i S 2t 0 b i

s i ot s s s 0k w2 05 e 0,

S i vy iy e e W Gy Sm i a e, W B s SR ke me 28 vr FE

2 b s . S0 bt b b b 0y bt 2

e

Page 132 of 160

dxhabit 1009

E

Corp.

3

s

JOT

A



APPENDIX BB

Sheetd of 14

u‘”‘

X
A DK
i 21
HHASRIOH e,
“

e

%

Ho
5OF

o i?..y?(i
LA T
(211 S

194 WA

B

R

T 4

X ¥ g

"
e i

v s 20w s s

oy,

P s 5 8.,5,: G i e i i . v 0B
xmw L @mw " g

Bun sne mn sy o sol e e

STIKIL WL ¥ HE e

o\WNM\W r\\ ey e R e e . A
~,

e e e N v S ARa R R P8 e 300 bl e

PR

et i, - b
)

G mn A B i 00 i e e e S Ses A e vee

A L

!\)S.\\ PRSI

s o ).cf(\ st s0s g0,

P i
X e
¥
s
wd g
£

:m\ﬁ ‘m\m& \M.%‘ .\m

B P bt i s b 0y
M M\«WJ

s i s one o S sot e

SS\\\\!{).{\){\\\»\«

L e e e e i L e en P S e, A oty

r:“s
23

1

e b 2 BBt D iy St e M sm

}
58
—~
wF
—t

Cioevie o [vlao ST i

o

&3

e-"”\
(=}

i

Unified Patents Exhibit 1013 Part 2

Page 133 of 160

bt 1009

B

k

Microsoft Corp.



APPENDIX BB

o0
2
Yo d

LS, Patent Jum, 3, 1998 Shest 5 of 14 5,760,783

e . = :
v e ¥ 5 o § €y
{r’”* L AT

Page 134 of 160 Unified Patents Exhibit 1013 Part 2

Microsoft Corp. Exhabic 1009



APPENDIX BB

LLS, Patent Jun, 3, 1998 Shert § of 4 5. 760,783

e R
o T
e e S Ve >
R TN = i
o o
e é.i &‘t ‘._“,a' 4 g
A 'S :
o o o
o o . &
o o -
R o
o &./-" £
Cl - &
o o o
R aroanRN o a3 &
- L W i g
- & A ;
o 3 e &
e s A ’ £
o o & Iy
e f.-“‘ & £
o P o /__.-*‘ j.?‘
o e X 3
T £ = 4 g
P ol b & ey 2

o e 1

o N & E 3

e & o & : 5

Pt é e Ve ?\._‘,\ 401
P /Lonf1]
‘*’ / 16k x 16k

g 420 /
o T &
-~ &
&£
& &
3 2
X /
\‘.‘
g

i\«ésx} Lon[0]
32 x Ik

FIG.4C

Page 135 of 160 Unified Patents Exhibit 1013 Part 2

Microsoft Corp. Exiubit 1009



APPENDIX BB

A&.

Pt
Pae]
s
aand
)
v e
o
paase]
fnsd
?M

ofpasongon
St Eaay Mg

g

il WG

518 [

fied Patents Exhibit 1013 Part 2

<
o~
1

3
§
¥
b3
3
b3
¥
¥
k3
W
Un

i ¥
v os o s so s i e
...,\y.a\.. \ \\t
38 7

e, \
- i e e i, S ey e
258, / ,

0L 1B L LR Pl e B Nk 4 P 8 S S5 i s it e e 0

A0 } o

S e b G0 vt e e S e P e W e SR e e e ek

4

3T

&L ¥

, # Lahe Y iy
: £ £ g£F s LR Ak
T A T Y S s B ] R e AL P VR ey VA S R P

y / / /

Skl it L GO PO S0 e B e Al LA A A S S e w H

T © fay
iy [

e Ay A S oy s e WL VAL WaL s ey S e i A A, R A, S SRy e ot e 0d

L

ORSPIST SURPIRIIE

s
7

3

g

B a Fans

ox
=3
(L]
e
Loy

-

115, Patent

Page 136 of 160



APPENDIX BB

US, Patent Jun, 3, 1998 Shweot § of 14 5,760,783

ke
>

"

¥EL

//
1

DHE PIREL-WIDTH {OKE T
yd

. AT HIGH RESCLUTION)

L

-
P

Z%
F1G.oB

M‘g\w ) i T T T ...lf.-\‘-." ~~~~~~~~ C;‘S
:E " W3 e

:‘ ] < 5
o e

sy |
£ |
& I
63
i :

/
621

b

FIG.6A

- N

3
RN,

o

Page 137 of 160 Unified Patents Exhibit 1013 Part 2

Microsoft Corp. Exhibit 1009



APPENIDHX BB

Son, 3, 1998

g,
s
“,

ey .

£
“ (X

.(.\
e, «

o e i B s B o e i B

oy
wreoag

Sers is ok ke e At

T,
ST
5

v S5 e i i v i e s

b0,
W.M#m\., 2 .
& \\p\.(,
., o ot e s P e o 0
vt ni
3
3 \»ve.. . R T RV A
55455,
!
.S.r
i i i < W, s e o A o A8 Bt en o
Av\\\\ \\%

Tt i g N b P B s S . P K i

oY
PR

fis s

\M...m.m;\\ O
Basaass 3 N

-

=

ot

wened

%

%

P R R

)

{Big-01g)

e WA AR A WA AN

»

53U

v-?‘j‘
B v o e N A e e an
&

it R P A RS SR AR R, A i S R R A,

PO

\\15\\2:}5

~aiE [l

iy RO

i s cnn gy s amsann ny

L sl

S Bn 2 Fh e, s e A R

\\\s:s uiif

s \\\\\Qi\\\\\xi\s\\-\n\\\a\\\\\\v -

1 Fplan

T s i, it it S vk ik o 2 e D

2

”\wH(. eincotep o A WW\MM N
R Y kP e

L C i

vs!..!}..: s vnn i iy ke A WA R, N v AR

]

5 {gkem

A N A R R AN 0 NN NN 0B B0 b 0 50 00 P 0 0t

£ ¥

,immkt.itiki(ki(&?itkiit.iii~
wf.

i

;\‘
ﬁ
&

bt 109

B

&

Corp.

3

380

frere

&3
Unified Patents Exhibit 1013 Part 2

Page 138 of 160



L IR Patent Jun, 3 1998 Sheet Wt 8
- N 808
¢ SIART Jrot
N .

STORAGE GRWCE

APPEN

X BB

5,760,783

1o
| SIORE TEXTURE MIP-MAP I A MASS L S

DATA FROM THE STORED CUP-MAR 10
Q{}Rﬁﬁ&%i‘éﬁ NG PIEL DAIA

DErLAY e 850
MALE o ri&:&i} oF &%E@\\f YES
; o O8 ©YEPORT T B

SELECT A CLIP-MAP PORTION OF THE
TEXTURE MIP-UAP BASED ON THE FIELD OF | gop
VIEW AND EYEPOINT LOCATION OF THE b~
DISPLAY MAGE RELATVE T0 THE TEXTURE
PATTERN
k:
1 g3
- STORE THE CQUP-MAP N & Wg}vg;“ MEMORY b
APPLY TEXTURE TO MACE BY MAPPING TEXEL | 840

. LOCATION
“ CHANGED?

880
®

{

N

URDATE ToXel DATA W
FRINGES OF THES W
THE CLR-MAP 10
TRACK CHANGES W

FIELD OF WEW AND/OR

EYEPOINT LOCATION

Page 139 of 160 Unified Patents Exhibit 1013 Part 2

Microsoft Corp.

Fxhibit 1008



LS,

U

APPENDIX BB

Patent Jum, 2, 1998 Kheet 11 of 34 5,760,783
i APPLY TEXTURE \L 840
YO NEW IMAGE ROUTRE
. {} N:ﬁ& RAGE ROUTH 3‘»@@:
INPUT POLYGON 841
DESCRIPTION AND
| TEXHURE COORDINATES
CALCULATE A LBVEL | a0
QF DETALL FOR T
EACH BIREL

DETERMINE THE 10D MAP |
- OINCLUDING TEREL DRTA [ B3
A1 AN APPROPRITE
RESOLUTION FOR
EACH PIXEL -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 848
§<: S szas o ‘
"*g}(gg DATA T WAP SUBSTITUTE TEXEL DATA
',\-r‘"‘w.‘ k{}& ?ﬁE F}:iﬁ“ e ﬁ{} %’"R &% T;ht %&ARgg“{ ;& hg‘dﬁ; i\
‘ e (OF DETAL ENCOMPASSING THE

JUE AT THE o
. <

NCLUDED WITHIN THE 2

TEXEL DATA AT A COARSER
RESOLUTION TO
CORRESPONDING P }i'&w DATA

MAR TEXEL DATA FROM THE
CLOGEST LOD TE 10

CORRESFONDING PIEL DATA

| STORE TENEL AND SUBSTTURE |
TEXEL DATA FROM THE CLIP-MAP

WITH CORRESPONDING PRELS
[ATA I FRAME 8{ FFER
FOR DSPLaY

Page 140

LEYES
{0 owsEr
of 160

FIG.8B

Unified Patents Exhibit 1013 Part 2

Microsott Corp.

Fadubit 1009



64,

i

% ¥

ixhibit 1009

E

APPENDIX BB

Shood IRaf 4

6914
L WNV
HARAEENG
R hr,

e o o e e -

m ¥ivel 13X AL |

| \ i |

| 026, g

s 11 000, tw\ e 5 00000 0 0 5 5 0 0 0, 5 M M} o e mswm wﬁmmw m w«m n %w ”Ms,w

I ) B i
08| 4L JAOHIA qo7 HOLYHINIG e 7

BNOG

Jun, 3, DR

DR g&\s S

e I

S sapeninnon | oAl | o
\ WA 1AL \ ; ;
£ S U S e BUE

L
bl
oF
&R
Lo
fes
£5
L
£33
&() > )
Lt
.
fad
£
—
&3
B

{t Corp.

Fer18)

Nacr

Unified Patents Exhibit 1013 Part 2

X

TN

LI G

&, Patent

N
i

U

Page 141 of 160



APPENDIX BB

5,760,783

Sheet 13af K

RS

.3
AR

S, 3

LR, Patent

Al o

oL

Hrieh

007 -,

017914

SALNICHO00 XL
w:& ‘o Cynd opmd

MOS80
ki Ve
iy

~ N 3 ..nb“""w
Bt M\,\,\

A

G

\\zi\s ity g Vi

SO e mww&
HOUVI T bt ONY
A HILTHAEON

0501
.

%

ot

1 HOISHIANGD

it

L

SRS &umm

Wi
VLY vw

Unified Patents Exhibit 1013 Part 2

H A

[

0% MO
T WOdd (00

TOWdS NIIHOS
M RO
Tl

3217 §§

we

mﬁ&@&
JE)

'
i ?} Mw

muvwm g

Lﬁ Hi

Page 142 of 160

ochibae 1009

B

k

ft Corp.

gERIE

NMaor



APPENDIX BB

oy
87

Shest 34 of 39

Joon 3 IROR

. Patent

£

88

THU, 783

oc6._ |

L1014

A

il
<z

HATHIAINGD ROHH

J,

iy 44

V10 | 5355 3un0v
vl £ ohel]

Ush

e

ELigih el

ORI
WL os™

Yl BN

WA
o1
\ s Wih
UL LE Ry B mmww M@
Py 1 M
Redi B D TR

LT sSaMan00

SIVNIGHO0D TIaL 7 ot
D T3Nd

HOLYHINIO
vl

Wi

Unified Patents Exhibit 1013 Part 2

Page 143 of 160

ixhibit 1009

E

Microsott Corp.



APPENDIX BB

5.

The Dogofil of P
SRR R NR O
ok aned stored dy LN 33\3}“)\\

RIS SN Wik iy

<

L Fichd of the f

Ty prosesd ipveniionn porlaiag ke e §§.¢i{§ x‘«§ SOy
sesphig, ddary paetionl “‘E‘s the prasent faw 3 ondate
A5 SPpRTEN W i R Rt R ;\m g dats N\R\
2 2 wiare MIP-map g

t\‘*‘\\s E}&ma
- paratiog xge

aaRygmay S s‘s‘c‘

\h §\ Fased 3\.\‘

vﬂ‘*ssm SRy A GuEmIRY 3 & for displagiag
wakﬁﬂ 1 -oddests ! _ ﬁf‘h&& i
ofpiedty 4 3} T T i\ss\\a z‘&m&-&* =

S S pod

\“\‘\
\}»\\ e

33%%

i Ps

23 &G ] 3{
% 3R “&i"’{i\\{‘\
.; %:h ;\k

&

R‘\\ @‘N\\Es

: 5 et by appdie

we ohjouty. Iy oz -\\mﬂ:\&* %m"«m
v roliered e & T sap T i oo h\
an aro o surfaee of @ ehjedt o predines & 's;\\*m Rt ‘\\bjw:i
weiths S soddedd tostuse enadl For oxa ssgmr v he-onilisg .
Moo et . o s ARy feown ¥

KRR sid 8 foriury g dolintag 8 wodsd g R NN
i N sl e Fon v o sxtm\ THanapping s
iRy wechndigeoy e I wwdiw e EOTE oats seleet
sahe. The 34‘-’38“&& s A SREE sdoeds

BN \i tz~

e
GEWRTR

W §¢. TE §“§€‘ SER QR 3 3% dl sesinsifes evaeos
L . A dlaensinwites mpaeen
xi\spizs. is tias\ of 8 b Bt sporars fo by vedt ot wosd. v T 08 ; > et Sk 8
AN SRR VORetainn 3y cxn be wided ¥y R ;‘;“; heos <
: ' eyl vk

ag e am othow

5 \tm'c' s 3
iy e be applied g

sificans drewi ‘i\

\\is\nfh onveving Y apposrasa <>¥ ' @
- <4 T mmoant of

Toxtarss magped wute gonvmarin sl ‘g ovide metios A NI A a AR
and rpatial sy tat welins shading sty sght not pro. ety LGy SR ‘\‘l‘“Y «‘i‘ u‘\\‘ K

wids Fae c\e\m;\\.. S aphaeen ROating ARGUL e tunier w«x [
stale wedl an Swopaday toaie o paskers By il e i h : i 5
wass . §<'H§:‘ K&&‘SS‘ \\mi 1: ﬁm“h I“&:
* N
" - N A o
THe posols Ud et vamtese hpduding >

§~\ X \s‘ k‘.

-‘*if“‘m\

3 es R i\« O,

vissepatig ol the olwarver. The teve
ptaved up % ¢HRs
e Bk of woud weee
sofaene nonds L B SO 3 Q.\ *s> £ w‘i’ ‘v\ 's'ma, 0

snoaf e te 3 i

LN S{;\\i Feaien and

\ s;.;

o 4
%
:ﬁ:;

by
£

i\\\“\ PRI
w SNt RN 5 fengew

\s ;;\h&.s:i}-“ fou S 3
{: xivees ST onap
g n 6:
g k\ \\t*\s it s\“‘ FE
AT FORIE

b

.

xs\\ s‘\ i‘ sk T appraseh by g cxsmpvb o vaskuaeey o

e

gy

S 5
b
p
%

o
,,;

e e voad o, hat mm“ siowetor soegdex
Wasures atior sogaires 8 M\' sve %w dww o4 ey mt‘mzm
S thdeg g:«a\ 4 @pmm\,\ a3g rr &&\.\ :s;-\i AENRE R 3
Huags & 2
s ot te R Y ‘m*em

;\rg‘ x terad as mz;e;\\
stared & vawmg §-~.

RN S }\\\‘L\ Y \‘m‘\“fsw‘\ SR‘_&.S&\\,“§

expianation
ot gk, Uy .mm {

exaearhatsd by the St et i
32 TR R \wﬁ sUshioh hrapey st rondared fae
b Righ-porfrmancs compuiny Sysiams
aiiipds processorn A praliel mudipls provesy
;sx*e-*zx & hypeaadly stoen aploy o Bae oo
X ~‘s‘~ms;} i sy groses

5, ID0E 4 BONd R

£

ESEER =8 Aolsmom\w
3";3‘. i }{h
refegenon
FRY ¥ ABOWS § Sonvent
haaiag §'>,‘:‘,:‘»-‘I:‘§la‘:t\i sl dadn
sostare. Foty dilforent Tovely of s
are shovn. Baah suoos
sosniaton el that of W
O § E:« nas&sed wc\m{ x*m\:m

NN

wonvsed by PTG BRIV RN

N

\» P
sl

Y 33\{\“\

*ﬁ\ w & Hs}‘u\ \‘::e\\‘v&a

§.§“¥§} SRt & andaay
;¥ § ﬁxe mmre Righ

o
w

A 3; :

el aevay O o & gn\\“’tnﬁ
Ty muwe tenaly, R zs;«.\&;\\a&. }L. 3
O8] Aol and w3

Pagm% X\ Ny ¥:\I.<6x g §€m's

ik adan & poed by st readtine iy
svan when asvigating Swough QN{? R i *;\im Jagge

e O PR BRI 0T P52

Microsoft Corp. Exhibit 1009



APPENDIX BB

3
pempfovmed Iy el gven wheg ams@s’z&.\f Ao welineainous
sotiven dafa g eitite fmsper ol the st ne aoon, s
saad R Form lavge ovtuey st

i
=
1

P s
“apt
e
.

& \;\m* FSEE Rty l"
vailng ax LOD sadan §

3 7
Al Gk

.

SEREM ARY QR THE INVRNTR § P 2
ation Pertains 10 81 Spgeuatis d mtived Nii o P N
By sl od poctions of 3 iy Turihe sebadiment, R me‘ and adeantag .
% RS G \;,i o Sovein 6 8 c3unl ineantions, as sendl ax the strusiae ;&:§~ opustian i‘:<§‘
X A et o vk ovhodimenss of tis\: 'g. R AR
REBER N ssoribed in slote® below wih SANGARY

aage ¥

ST YOS BRIEY 1M “\i ’§‘E‘}”* £ ‘”§ HE FIURES
XU 2

~ L AN A OV A o )
.ws, s\**«t*»::zi “i;‘i&'- $AIRSRNUEE “i‘"“‘t@

R .
e B
5 [
o v —— mix *: PR
& HOLS - eRpERNivE AR sgss ~‘>~

PREAN Y Theny disnensionad ov tizm &

wan b oned The ofip-mage B Gontd {\:

within o ek M g Dayed spee ¥ *§.\~: Q&\{sia}:f
Lparzant ctvwa'i“ it S o el i}~-‘ §
pased o w&:m» tifes. Bl R v;.\
gespective Wm ol fentuee hoved
e vrere Sedd o viow bodng o
Wickually uplidind, §<ssg.~. Abvectanty sxi’ ARG
s B Socvurusisied 4 eRbve MIPuma i oliadp, s&\
sdnwge sdowiony whtls e aviey myiend inegy Saday
Y Qves e 3N ovelly deews fom solps

mf\i},\.,sg i

hat constitge ¥ gip-aegan

CORTOYN SHPIRAPE omd By R 0 o
meevies, Tnoone samngly, thead p«s& =i xOﬁ\iwi« ooy 5o stdeovine of she fost ox levels of 3
miflon tecnds o of & jotad of L3S Wl el dx s T chgemmep for phoingragite taesia \e:\iss.\\ B me skaenge of
NN \i?&m;m««s o 130 billos sonad? Ry PERRRE IRt
veby hargay avvas oF & rowvads
8 wedhe garssc:ﬁ Hevantion
atadned, 5 W Nm\ § A3 e cHpanag

2.

Aoisardiag o asnther fegues of B ol Bvesdon
el time ﬁs&%ﬂ; srver ¥ Do Tenturs s §5 obtadaed ;i“\mg‘e PR3 :\: EEREN i\ ..INI sietina 3&‘&\‘\33 f
s seboctad off IR Whas Seraye
. the <.;3 i of mgm“\;\m\ \sm m»xgz

32 sg D
BER §‘

SN }‘3‘ 3§
¥R SR S

o
AR

Cobtuinig  suhitie el
X > havdng the highw
¥ t§s¢ prasent ‘\i‘sz‘seam

voand BB ave Sowcharty Semvdang adeps for
fag s Sentarad m\‘{s;:w \ma\&‘ neing a e glipanag
fing i‘u s\y g«r S m\ SOV
\ig @g\i\"\c Nty

&

¥
a3

\xl‘\‘
¥

~mp i

L i‘iﬁ»:. b \i‘ e siﬁmag S‘mosss( E
pariodasly officiont &

N Retanonegual toone

N NRRE ‘3\%‘3&?:‘
em Fasant

3 msgz Qéat“\ i:
L 3 5

; 2 i :\mgz ¥
ms&n‘\i *wm 34

¥ oshowy 3 e Robepsiimn InchaMeg @ feeme
RN gederator snd 3 teniney snneyy
;‘\ 4 the presess v,

# Mosek diageany of e i gonasiae i

sveaion, v subsilngs
SErsoneny & el

R feakre of dhe prsass &
sl valse is wod sl 3 asmwst{ 3
aide of @ pastiowisy wwp e e mes
vsg.\x\sgxwm m««m k. The $t‘§%!‘\i\:¥z‘: el mi\s* frnblafaed gy
froe e BaRd sosever rosalution ipemap e whichragooe
PR x‘*i~=~ S&w tadng xonght TH xnintzt“t o tenad fhat &
chomon s e o chsed o thy kantion of the ot edng

' IS 3 Poek agraen of e toxim sy

.

ot

The

TR k\ ‘3‘: -c.t:mmt 3

A Thus, shiy oot ‘m’» B\§§‘{“‘ U e\I e,m,& i" A i > i
£y o sosR whon map -~ Tolmrasny pondeey fesdie B dul ‘m\&m o mssmowxi\ Nenlae
~ \\\\ 3.

ol e Rdianosd gl of & ol

Shede e gt**%smwt ms;\}-m«w f OF e m Y s‘i\«{i\ SR N . *
siegher fentides e drawing o addeh e vefronns pEse

seroen wze, the e shie asd ¥ ie capey guws oo by MR
culged fo guanviter Bat Srye woukd b poowgrwand TRV SR RORONE
PHRTARRD DERCHI TR (W THE
- frglanedanes of W gromnt W ERETTRRRD EMBODIMENTS
bs diwided i\‘\it\n SIS PR \\z«i Dircssion

1 A b4 g ¥
Rty mé & Bt pe 31\55\- NS G S ConpESY 33 Ty “min

Page 145 of " nified Patents Exhibit 1013 Part 2

o
7%
e
3
7%
£

%

Microsoft Corp. Exhibit 1009



APPENDIX BB

&)
e}

Z
P

fExiurey drawy from sm:isi—-""‘
SN Morogvan sophisies
\%.\'Q sl ey

o

‘({*301‘ 3 *m-'am\sg:v

oy
SR

S¥oer ¥
WL

e R Sap

i
+ ;:-m\s: ?

3 ¥ d deeribad i\‘f“zm As &x‘? \\‘
Clip-Mip Dutng RodFiame € SN
1 :i;z Rt the Chp-Map
\wiﬁ m\zsh }m insed
I Oswall ii‘tm\r}a;\ Cpvatinog ; fEN e w heasin ¥
: sifie *\\gtiew&% fating T ¢ it Al SRS sm_;q;:ts;?\g R
cand methend £ N
texsd sk i1
smessiW M w{ g Em\.:
:\t\n B e Dl
¥ \\ rsisd h,v
&

R O &
§§~ 2 “‘“ (i M ﬁ\:\mg& is B Compiny Graphig 8

 FEL 'L& & Bk mtks;,\m.‘a of & u‘zsx\ ST
; Systeny I0G& 3

"
aa a8

‘(‘(‘3 %{tt BT
e §s ehaw
selsfed &

23

4

e ey
acd i e ke mesRy Y
edfrciont ore ‘<s~x‘:‘m ~os: cr@:\sm‘{ ihe clipomag
g it act vy e penes @
Barded dnte e gxs af e b ack Al
T madatale te sie
sponiieg ol ‘:«t\ S
of, Saumal

ks by illes

&”“f’ 03 S‘\‘&\“

PRERY :
& maheyy e

HaEs i

3 mm‘ T
{ss?‘ sm»mp Se? Ao scsonuwsedstad ¥
fexal value obtadeed feom \h* ﬁ
s W whivh sponiapasses the &

k\: R

i\‘%exﬁn typesof S ;w&a\ xss;\gas
adsg “\«iig\\ vl oprovessar IgLforde m‘.m;‘

E Termanalogy

s syboast 33 aed ¢ 9
o ey dhraly Rl S P SRRTRNEG., @ 8 "L; fog. 8 \'\3‘\\1\-.,.\ frankbel., ek, Bl v,; § \-\-\;s.
e puady teouglent Sw :;3:- R A shoy

St terre dofinitions we consistently & ;' sitake ity & Band Qe <
The fora e gt

EPRBoRlar (oNENEY oty At iy Sgh
AiPoanan” el sepsivalonts tha
el da” wre wredvrradiar to
M oSNl \§ & =, 3
susfiipde Rovedn af shotads '
ERREE &Nm‘&

X
g m\m\sc‘\s am} erdo m}ts(\a\ T
Ry
&

privtiay deteor othee 3‘{\. R
Sorcund roconag of video sptian
2N can Be seupledd w the sysiem
nusdtinaeddie capedilid

{‘zssyb‘“\ a\:s FE]

3
&

; 8 z‘%sre;;zamm ;
35 e posties w:&i« b ;3;»\&1‘»;3 tso e skl
of & M :3 SRt invention. e S c o gemrRing | gud
Fhus, 8 clipaneg % 2 it tk‘*»!}!.\ e vl wpof b aensforred i fhe @ \-;i\;&xsi“
ssrhey o S whersia of foast some of thy s pypeates desxfred,
saafien seleoted postimg oi %si s*;“ frenly of defait fwow
{1 amap, When twa mre Sntd ety s W
z:\z‘\“ Higs @ SR
; 'm\} SRR s‘ theae Hes aos Yave.

-
i\“

l\«‘\‘:"\‘\ti
s&m\: R

2 m\\*\s E-\\.s 4
o m\\*zs k‘\ TE LU

$i R saf m:pemt‘n

HIORR S S
AR 3k o

sahveriton A3 dnoluder 8 S

Moe( # :R\k‘s \u‘sw a8 oupled o 8 SRS “‘{* =3

2 R R SR O Y Pt 2

The poorssy e

N

Page TS I0

Microsoft Corp. Exinbit 1005



APPENDIX BB

o
£

aar B3

'3 ;.&i el&s\‘\‘tpti

¢ R with &

S

Ry
T

.er {ospoR
yeai-Gam,

R \mi ¥
‘w\a
£330

Ths

AR HNR 'S?&‘SL\{\

RN e
DR C{({i} 3‘3{
S FE o

SERGE n~:“

:‘\3?

nm\“g&wﬁd& 52
i sent fvoel of el g 3&? i 30wy
e %‘m.\ e wm&si aeed e ;‘ssg soing dewel of
magh conowy e v ol
v Ene thes gosster than i soaling dovsd o

i ﬁu; St thecs :»n;sﬁs;i m.;g o
.'@simss-\ o o fastead x\\‘ sixpde

) 14 §o \\mm“ &3’5;1‘ A g

‘3"“"’“3' ﬁi{is\‘s.\te‘:

The prosend hwestiog B Sesorlbed B fonne o & SR
exampls by emi. CORRMEer raplies Sreien enehinIRRn W
tmcs:s;\s oot s dv peavided Ser ca\smamema andy o
T o fwe si\»i‘:}n :mvm‘ta‘- e B = s
i t_'ﬁ'if»:: caengs S A
Follvaviag & o, & -y ,‘;EE ‘w\‘m\ \\gs;k\w"\’ Wy pseH s‘i;e.
\\m\is et rabueant art Hose R Saplavest e ncation I8 SHTOBREN R g\‘t\.mm wg‘xd of \s‘
Sftendive Snsicenney, e IR sddeosag zs\\t‘ g

QU fHan L Sge Re i \\\\:\m\
¥ Testusy MIP-Mppic e e fsed coniat ave

By the cireently peefonesd oncboedisent of ¢ e olp map
R asma\ Fange EORNIS ARt e stovsed on oae
storage sopdess 8, A MIwap aepe \esﬁ.stzsm \‘.t‘ 48

RIS RN TR

3 \\z\u@&i

wr e pre-ioaded st 1he mass st
A t‘*se oot MY an
£ s-dinosmal
3 {i;’meu 3 m‘s AN RUCTIE u&‘\%
As s weniikerve i onnppise ghpddos dasiget
mg‘ il MR srookey develomun ass
hy sfowe iR suvnessior fovelsof
\*i? sveragy o B e instad off Bine «sp\r ¥ mn *s\mt‘ {\ RO
Hon, Bydhls way dighepeiity Blay
R

RN R I A NN S e R R R datab
dovivg omfng - bnegr sy spasd snd pocfiesane

‘sf\

\\

.§,‘éﬁ:‘. m

3ol wgnal v

4

Jotaid
3 5*&\&\2‘?§ iim\ S &

%

s

NIRRT SRy (‘\‘\ft-

px

bee

wed

Altermatiesiy. 3 v o Bexibly hw §a§s aigvzru;sci i Y s
segepabls. haordives cae be wssl e ;m\iz‘ He seessaive

vestrser fovels of dotatl ety Toy inpwd 3.\!(‘331&‘.: ATER A
da
d

R e nvennionay teRt

SEEEN TRt e \x{\{s\m‘:
foxtires s weere Yo b s t‘t’.‘ send SRONT 3TN, 1S rg SENLER
sndering of ¥ foeed § g for sHapd
N wpeartoad # aud baposiitis
hm SR i:‘r‘§‘*“\ a advaage
W OUES W
&\g,. TSR

e

‘\m\\s. ey M

m without r:t\::la
ralt Hp-map rpeees

2 Si\(\.‘?\,‘fi \ii PEY 3 oy estvate e
Sot bantes M A P T, RNl o
g s Dt vete of s rotwvn. I grenE § is ot J as& ssa e atilind iss 3
TS foRRy I et 8w ey W Frovide “\*s e esrt‘%rs::»., NS oo ‘i§3t‘ \“&tem\m m u\i\m R} fpvels o
O B raster sdberston 38 deadl we @ ; o
Thix Rlorsrehiond vty svappisg fsix\;mg&. m:tmx sty Seaphios @
Sngr sontars MIFawps 10 be stowad rathor {nexpesaisele on
Hhe A sy m SO DUR. Pavesd o i viawer 8 »'\gzs':e;
anding el & of fvdes ondy s h‘wexi o of & e Anbatant duniions B mamev
B HaS smgu \'\m& 3 Ehe Boshure notl e b pwuienad IMFEOVLMeRE iy ragh m\\ Sy
Page 1470 160

YVIL Phetogosphic Teraln Tosdws

z‘-

iRl eed FeratNe

hificd Patents Exhibi T Iffﬁart 2

Microsoft Corp. Exhibit 1009



APPENDIX BB

if
-“{\\ s
<l m;g éii?

S I render e g
,wai sl Bavge TR e g
3 haplee Thus

b ol
mﬁ;s

b
\* m\ X
e for

:/4-
a2

2]

E SR N S S e
syadiae. Kook i“u\\&‘ §

‘\\mgm}&zic msdused
\"\«E

Qo feom v ol e,

X

YEL Y ‘\

dng e Olp
\‘%\‘%'-

W '\R\E‘z xi\i‘—‘ i Ss‘ ‘i&\
\{\}M R tSze
REERT “"‘a Ea N
SHOWE S

»v,
o
#

”3

X hefng s*§£‘\«m\ \*
s ohserver It b the Rl
M OBSEEVET 5 00 U0 INIRE e of g ogfssm mgsi\“a fn. or snesally 4

sligranmp. howeever, £3.% funotim. o

&
‘t‘\i’ﬁ o ¥

Chopre 3 Sy 5 A 9 Py & NI
mz;)\\m&v\ & nevrs el ui vhew % o0 res @ velathvady \n §§ T R
A, B esampl, F fig mssi\* aaduoiod T 2wy bo abwoaply solvet 8 asw

2 *‘*w m}ts\ & ;\ - of chipe e 88 gasd
T el F3R-3E4 o vt cloge fevspa
3 ‘;§kvma9 B8 then coninian & o
3 i Whene fuxdwes
vadur, & mernay
im:ﬁ,

sint andite Hold o v

Repaeions of b tepe of ol 3*?&?;"“2'
sy Qomsnde iy poy wiows e X S8

'ms‘;\mg sextire-sdete uisrmv S 331'\&‘ t‘wmx RIS
inendorabivg 'R“ \x\is:s ap
[AH

Y SE sxw;g
eion £ TR

8 & *i\‘“"{‘{\?z\&i m‘v-m‘ .
ponues I\ei‘fi’am.\gs a0
‘: s \i\\ay rEaNs Shvags
imfz& 2 V,Nnr

§ .*m} ‘i i‘\\ SR
= P E\ L ht\

A\\mﬁmg EROR S
'“1\ P O S
oy 4R s wadm xv
sl olpemay M n BN
agperated Tashidaer i
wad changew frsan o
sansti The «s‘i\zR‘

:L.n 0 1B
sated senad
Esmg\ s i read-me *m e 8
EE ,mgzit\ & SREn ppelnteaste 3
§ Sooek Tl famapart ¢ dRy ~m<‘t\\r af i
.s;‘:gmxm\zm 10 o 0 s
it faveney ooy ustoptdee ol @
3 bo waed deponds
HNEEN \.jk:.\i«.é\

P
“

%
4

7
4
Y

.

/

Sras

\\g\a;s S48
cRdured
Hlen daw

¢
m‘?e.\' R,

: ‘u‘a.\.si\a&; & ool Rew
’S»‘S@ e mas in'sg t“z‘:*«‘i\‘a‘ ‘8\% §ma;

Jw ik m\ »%i
xaaee B a @
iy wae ii}\i\?"’ %ck\‘emmm 438 R
£ Prptoal inages st Saplaved g pouspoative ws
with soygpect fo FRE IS The gl el s
iy ~ss No\i £ tHe 18 nnesd oy B et By e unalis
afied fu & foreg s‘\\sssd b,;.;w& B of thofe
3 «uf FROCLE L
RN iim sl
3 & @3 RERENERRS H O Ns mm&s&
Pt (@&} Aangt ?‘s gsssx, Sbavetars (E8), pespentivein as 3\‘ 53
T vosgplety m segawe Ribonsety weoy vovived By s soned §
A dw dide S¥ o shown du o paoe Teslintans
By o sr\ the Wy may beoagpelabad texsd sy,
such e BN R s;m; e ;m}w T s of 3 texhere rmg\

s.ma.— k‘@i\ LR <

fo‘.\\

S

- & 2

=2

=

X we:\sf\

=

iz“\k i <'i§

el

A “,\:‘ \: 9 é‘}:‘s oy AN et el x\\\
2 P ;eemw N T §° malsining &\ $ ‘.:\\‘: mt}? a Q\t%‘aa a‘ﬂ“’g\\hs‘t e\“

4&@ ¥ aii‘&E Fsam of e ooy 3¢ k\ X aes Faxr r‘xamgﬁic FRIS. S8 amd ot reapaciivndy a‘ﬂ‘

%““*f‘ T B O g o mesight aneas SR B e O dlemp i “iﬂ):l‘f

Microsoft Corp. Exiubit 1009



APPENDIX BB

31 i3

o3 W the et ey

sec"i\su\\* iy clipam &&gr.
‘m«d o deradl, thape dva
e 3% nanea sraeide R
Ry 8t et pantiontae P

wetbon sehdag s “e MR

TS 8 stss £

LSRN “-‘"f\i b< Sl ey !@ $13 2
with vospaad by e weaainoof FRGL %& A \N&} (\Q v:*s\ i%&i{?
WY zm\ diveoiioa O “mss‘{r"‘ 23} "i:e

CRENE 3.3\1‘-{ £

73
2

A e
el i:\-‘

f?“s{i}‘\? IR
82{5{3 OF CIRIY

S wm& SEN TS

{ay . X e
X The Rawe dinveveosd §oanons ologa
% FEERED AN GRAVCVLNACY SNPROIHIE O

%y

Sae phasdw \&h (e mised wsmh is t&sgx\*sst s pxdution vedaty W

X
§
\:\tms ® si\s:‘ ssmasi&

£ v3?3§§ latiag ‘ TSRS zasfot b
{ W sxgaide o s olpanap 3R A& i-N TR

foe 2&}5 ssi\\ W ¥ ;\\e*w:“;\ s sm\ o;.‘ ade pisel HR & sI
9\’?&*‘: 3 preet (oot o -i\‘ conesas b
At vone polnt THE iy Bee THX sm\ 3
olipedaap. Bubaiine uvi dax
s\ sfm‘\"s:\ From Hhy Ry

3 *m\ e auw \“w;\-‘ ".
L s:m way Hle S8 costudas faxet et By owm aw "“’&“
DOVeRINE t*ss: sow displey awy f«iﬁi For el chasgs :i\~

pesrser Wen (I S3E ond doonet Bave B \sghiav vesctioe, when he sesolutian tebw
Bm&s&\t‘ SN ‘§“.a§§ RS :-1‘ imci\ ave disoindiad and “\vm\m \a\ by @ Savtny of 2 aubymie &
S R e and onount of Rl mamary sannma ah 3 ks

OREH zm s?’

o

ees s.s..\\,\.“& 1 o h{,&:ﬁm: e oy
R R A4 gty shnlanne, oahee adate
2y 3o

¥ for the tilay g congspy 140
c\}i} e Rl

3 L(‘E &\‘? BN ‘ii\\l \ss"i
X obRaie & u
i the ned aoa

wed \3‘ =.§<“

& ah:*s:ﬁ i m«-«m m* gt piels

\isss&i g;m\:. is .x..:x‘y‘ iy dnsoh the dle 15 s s m;um i mx\\‘s;\*d ioseiting il sl thoesby
} ; 46; ?\kp{&i!f eaducioy e Songe txpaciy “\emc‘{i 0 1R INEY

ST OS5

WERR \&i& paws n‘..\m‘} *i‘i-. \ﬁ-.i “i‘ Y ic‘sm uf shexadl magn

/e ar {ssc,s-\ SIS RN sddoend 0 b sm\ieu

§( ahar Ened daty dwwen tw\m;x odarans i wonid bew

\i of 1he garhage ety o proside W duall s {h e

v

£2
b3
”D

I Ornall THp-Msp Cpaurstion

<

Q4
5

¥
%
%

B B aced 88 e Soschwis Tlantrating She apension
3 gv:esm fpvontion i peovileg oy dun o
;ss§> o display inagey

L3 toRiaee MRy st

e
w3
b
S,
“l

A

ihen the amsouss of
g Hee v apdate

£ anvanti

R

st b loadad et any .Qi 1B AN RUOBURROR] SRR R0
snidnionsl, Rusdadern Bapiay ogevation ¢ a device m ep $E8 F':wx‘ss\\) ?‘.'

3 f\z foxd

isp&.ss** TR
B R zwsn;\. foderdd By :
fw‘ﬁ‘{‘f B el fn adespoe af whm she e & :
roserad $or diaplay, ;\sw*\x of the MIP-meape s thon sl
‘mgi,i\\a h‘w\. a‘esstb‘ s W fetiontae Dol o wiew sl x‘:\"*g‘&‘iii +S SR &
sHipanag Oop 38 The olipermupds \m*\\\ lga fx‘ 53 IR LR
soseiyy 23 {axp & s ) s ,\mt\u in e
\isp-s\ng e van ftm;\;x i

SRR x\\.& g pdsel dwwy

wadod aud <t;:s\x§

a‘&gx‘ssi kil
\\mssmxhpi f ity LRy
mmgk}m 33 Zx Sm\ haviay 1004 twashs o s sy Fo N afanges i e Befd of wisee snddor
:\:\:‘«a as mm a*»;i\n m« n t"m :;m;x,e i‘% any feaeiag Jostion o § ri;miw . avalye ther fragen of e gl
' s.i.x{* g aee apda ok {aieps $58 and [y Bak it" :
foadn v S parfonned Ta sm~-iz°:1<‘ ey e zmmm “!\
: { ik veavenional s
-y e peser w‘“m@‘«m E\,ss} Ry \}Nm:ss; t&.&s:‘i oad oparativn noad sed b pesforaed.
“%i\i 3wty ey tasd wpdading opeesti, IO 88 oahowy &y e ot insep
i Sy w aow Dnapoe i Qo

draeigion of podvgonsd priceitiee apd t g
Y i\\ Lo Triangls veeions W peploaly g \xﬁwm-\ b5y 3(1!‘%.\‘3.‘
spe B s el s‘;gint‘ I Aoy subuane 3

e ii\%\\\(_j‘*x rﬁe d

ke

w

R Bulnguse Towd Baa

k2

v

£l

Part 2

Fan E TR

atents Exhibi 1013

s t.
st §\““ g ii&
Page 9 of

Microsoft Corp. Exiubit 1009



APPENDIX BB

e b oaicidated &
:es*m‘ ﬁu‘%

33

FHhas
TN

i

Lo detaid wg

NOREENY 'ft-m;&a\s" "*@ x\*z e B toned of sahe
e ol i an DRAN &W} T
{ e..ai tu \\ !m \:mt 3

o
s

?’/

%

o

N ¢ s
2R t\%‘> i‘ﬁ}l. ¥ SRR Ji?i'.t‘s‘-‘»’c{*s.»u

S RN

s Sy
3

aiﬁ?:mm:
and 3\11{«::&

's‘n \‘3‘\‘\

FOF TR O ‘m{*nag
i5axEn g\n it 3 pees

2

3 .' of ma:;gxs\ 8 cz Had \'\\z\

;}&fis in sta;ﬂ RN
"‘:~ RN FEERR RS e ouipits
sheadans m\gm mez SR iﬁss;x:\ Lag \hm\* )
S8, Textues cocodiastoy for el piagd qa\a\i
SRt T BN ceeernion module 3R MG
Qivider 108 ouus poresalized BRIy O
g\i&*;‘-f qusd Kuch <

mia R ha\ - \h\"g\\‘
: o huffe 1R,

o ospparesd 10w \Ix flod
wused  graph

FQ

: \3}\@‘5{.*“\ \\m? aowrd wel be Js"wf; werd i Rt

00 ponoestins blook 1 dovorandaen as
ENER S ‘\\\mha ey piated ‘e\-w}, & ¥wad qz@:&
3 t“§\‘&\i{§

;L-‘.; gy !\z §,
3 I

T\ S
\3\\\ Y

¥ 33 oty ong

/ u«a
"5
‘{;
5
VA
-
&
“

7. 3
;:\:‘
b

%
Y,
 F
;e
Z

\m \m o -fx

e prosessig W \g 2.4 s:o»ms;\ xs&n& Py g TR s 1 ; _
N _\_\ms« AR qa\ AVERIY T g THTR Y REEERE sration hiaek iﬁ ] RbopiSey fhy ot Rty e

g piel e

PG # shows & blagk & 335 S I 50t 3030 fnctudes toaals g aubsiinty joxely covay
!XR? \‘\‘su\m TNFET 34 Tostue pronws- §<}§“§ nardion Mook 1858 cysentially posfiorms b

aduder 3 ionhwe goncewnr SR aad @ owan caldstions so Qi‘f‘é‘i\\‘ i‘s-‘: ii}i‘i ai*s-‘: 8 ut"
Ry manager RGO RIGL 16 hows 3 blonk dagram alihe g cudy wak BN
sty puncesfor 8 FEE Y showws Mook Bagaun of & ook 3@*% s

RREC umony muasgee B The opeesiion of atere W ;}:\ qa\\i
Pravscs $8E ) o s g slipemep So ;mt“i&:ﬁ ERESSNY 3

= 2 E Y
i

R

sHaplay Do Wil by medesvs e sles by e folfowing "ot mng
e Segessind,

1]
3
=

"35;}3; 1 the prodent iyt
‘\R‘ wi}:ﬁi&‘a‘ ‘\‘"’\t\i x“mts: B “;

The s{vv,

ss : \)&.S.S&SEPX ’~}-§ 3 .\&15 \\‘.z\?@ s

Snapes #38 ,iun\:‘s m\zpi\\i £ TNl 3%
[,
B fovraor N E\W«w §~ el {‘
8 Fastannie ’m's-‘ ;
S ped ® X _9,\*; 3
115 £ smxge B SO NP N ol \z‘f aﬂ;\m'
> Rty engine 3 i(‘\\ R O .‘ LN mi Bl sew
e)m nmfm\* taed toorily 3 SRS
N 3;.}}?\\‘\\.?».&&\ i o oh ws aokodh
sec:sw\\i smvn @\*mm\ ¢ o RN bt T u\h :‘\h et Ry
o & {{33? ‘ziu \h ;x.\sei\

s“~\xmnt <§m~ way oan Dather wsethes pixel yuad

S PATEAY BRATBR 1013 Bért 2

*z*r»s “*ns N& The L\R L5 1Y azmi sitmts The olipeamap e
i3 \Eﬁd\&}m. & towed @ the Jesiod ovel of us:x.i iUl’ll

Microsoft Corp. Exiubiat 1009



APPENDIX BB

W

By sdecting wpowe
wedin PRAM ‘}3*3

sea s REINT \z‘*"t;t\‘:\{.v
SRR ‘%‘2@@, “}\sa § \sr-;imas\.

e M i eoanding
vaine dMz sent t ame <\s MY TR
EREEEITE .@m B opastiondse, &R ,.\~ ps‘e&‘i {gssm\\ et sty
oocrdrastey § o pised are poaded Bt e dboy

of Iy weny

Wi ¥ peadetoovdned By
Al g ““m‘ tsi*‘\ Soe e Row
EENER

ey gl

S SR REe
RN xf?&&\\

by she diffes
e offier e
aoedd B b wARs

{
by
M

< 8 soeran
RGO \‘a‘«fs»‘ Wy oomspomnt madaley feemdng bty B R
Y rindgee RS Mosdels T8 eoompraitey toktury T S,

wm?mww o pleed quad sed i{\i‘ sxdug xformation
: “s:m‘ei §“s“'€' it‘\sss\ IROTHING "3 ii} Toxinry s:txw“mm sy
ved i :\\i "\- i < . 3

i b SERTR - o frat X shstan i e \mdhis\\\ *ss\- ms}:‘

Bstes, The "'\z\i

§

~““s A whastm x‘m >
TR The
oamp

23 Bige cotedinsioy sont S e ganoesior B
EN ;\m eeablv ooforsnond by e plobad Sovtare Mg
sterod wnd addesieed 8 ines Sosge &vie I/ S :
zms ay 1 *§ tsxn\m - il sa*\.t ESURA RS RS

;s'\\“usﬁ R At s

t ggrad 3
ARpEHIS
fochin s&_\iv ShE:
scczats wheiher the »:Bw e forat :m 3 plas} \}‘\k&\,.

£ m\* el o 3 A e LOHY Gy W* PR
“\{ax:e\{\mg, e swsihnes &
$ B8 }“E\“g s L'\\\i (\‘ the vonter o ¥

~¥%

sy

s \‘i\
ma \\v & 3} & RS g sscn
LERONIREE WS deohid e &c

zxfixz't:\;rsi‘
dhifrsss gonsnator TERE fhost Idvaid
Tl o ddatadl fn £
tontare ;.\\czs\iz;,as::s im*ﬁ ;\mm- £

% *eg oo S st e

Ty vadoe, Tooteanshay

SRR 2 Rt Sad

.

SN }k§.‘\€§_wmq % spang &

T A

RS T g

R )

2 FeR TRGHERY ol 1136 whore he e oot pats R 2 &
\izs TRONY £ mt&\ﬁ?ex RN sesds am*z: HAENE Rkt dats i\“\ Y ;
. A Npdueane

PEEALY 880 stheptraddonss aton T8  tea ke St

Towss

stuppioy of 8 ;.N.

F, ] #3 padsted. {%z:‘si IR §g ol pery of W

A woRlS b appavs o ont shilled o ter e from e eanerally m{\sm\m i disERees § —— ’Z» !
‘:‘ m\ b sleseription g coventiosst AR vadne cam b sent pingd ;W\g, soy then daereatand by t~t~3“~§nn>om The e of

ot LOD gemration dlook MO8 whbont regaed 80858 ey e saosms oaly o makinue Sistan Ry o
selected pentions m Hee twnieey MiPamsp @oel i he neady 1 be oiowsed,
“l‘\i'?-‘“m?fi ‘ fordotaeminiag wduther g tavel el we }i“: sl syt .smxasszmss stasnus i mais SN E N
S e wad Sy ‘im“m\s.\si“g § LOD osies for & submitate texsd X iy \”mwo sexel Sata Foe e

wotld thep e osriod aut ot SO IR ARINEY IRy

&

w3 o ar\!i'-n\‘t\\ spmradives ¥
Sefinpd by g, s L, whees
OO e ‘km’\l am.\i. ét 1{“\'
snbete w a st by

IR \g-mw Clp-Map Tiee &m}.\{'\’ix

s Wil e be i
sqare clip-nap 398 Sanwding w0 3{\{\*3&“‘ & a*w“
peusent ferention, vl tz“‘ :s 9&&&1 %333 P
R topeed o
"\‘t‘}}N at §owswa §:sci*\

& \.3&

Red dm the a ‘i(}*&‘-
SERevENE &z a:k TR e pordonn e abeve g M
w;.\ e e greatiy ot te suenbeey s the € \35? s

S et eeniating e doaiadang

% “n\ N a«ia FOR tm‘ L\.<..\ sx mss\ﬁs Y m\sf

initndly solouted and aftey any selveadge Ex\\&- u{mxt‘\ “*n\*
t\g\.’:-

Page 151 of 160

< R R T IS S § ;,;.v_ {: .; &
Uim 1é ’f’g‘t{efﬁs{ X %;t“I *l\yf’art 2

g \si

Microsoft Corp. Exiubit 1009



APPENDIX BB

I o ®

e m‘«*’ ;\m\.\ Sf ten whang i Mofeern-H

shplidien iy worky of S POSIY IR SRaNagsr
Saddee gcm:mmf FR38 can wamdain ghobad oxduar ovond

sneiie e rextar ook
: atep Sy inesly subinset
i;w e tﬁie OB A i it oty Py
fresem the R S R 33\“
& \5;‘, §§z¢ et offser xeomants a‘k., &Sv x\g\i N
segrions A fich gl
e swepedng h\ﬂiy\m sndior Bold of view

Thats e sddde szmnmm* 1i3t¥' can obialy speeilie s
3w *. d §

BRFAS
nates

iy § Wireesiy sui

;9
7
E

7%,

oy S e By imz #ieve Eo‘

ne prdvided By the okiuee o fevias multinly levsl of 55\\\.@\

b

.»

ORI v oot SR SRR s votoor

2 e il FEDE wpbenrt

s G epweseny e ghotad 3 ad
,t‘sg sovidod By & sy goneraioy B,

SUW o v Nxc* ‘{.\t‘ ir \‘33; T T
3‘; el ‘ REHE gonoxag FIS and
update ot*“s \Q . sant opakey et visluey

i aad By adle

R

o
e ﬁ"i\u,\\“ E

\amf tsiues By m.t FEOUNEIONG ASO WS 2% SRaae “i\“ St ﬁﬁ means for i ng sl ot adges of
> i b
xof vty fom 3 ond of detadl. Tn Suzcans, SRR

3 V.?\B“ i"‘}“’L\
feom By
B SN t\*m are oale
FENN Y b

5 provide g8
L Chace the apweile
sisd g dosonibed alwere
$ose e s oy e mrw

3§
AR

N ‘\wrm—‘

satord
B ) 3 g\{ b g feximr xosnory i
3 ' : bases § ooy g

ﬁ o8 fOREEY eSS

AR & Foogal A
&?\_ s dueiee, fud
FERWERY A0 O s Seorsrnd INNIHIY R QO

RES and B
¥ ,‘ta&&ﬁ ‘lz\vs\\‘
2 af olarmy o whesst
ok the arss el iy

o e ke

HEXL SIRY .’:‘Sﬁi 2R3 ?\h\{)‘si\ [UTNIE BN

A3
s e ol

@ ix'i‘*\ DR RN

SRp-aR sMlesing Ress
o psiagy ofiend §\\¥‘\5‘“" vered Dy sl
g of e ding
ThY compete ;

RIRE

Lvoray

RRG it

WhEs spooifatvedcalinane of g g.s SoRt Rl b

ey e whow, 1t eludd e vl s\bx‘\x st ey
k‘l’f‘u vrerated by s e rkaepbe ST andang Rudtetian
SR G wnndoratond iy e &i‘\m T e At st carious
Fanpos v Sonn sl deeily ey I mads '?j‘t‘si.’i\s w‘i(\\'\'}‘éi‘ @
drpavting Seayn e splnt asd i ¢
& dod eladens e
of the pros s should aatd
Q\s'\v“n;k‘&i \ ATy ctri&\« ss:

S,

- whand sa8

RaEe
[ RSt ach R

\t;\s.b \;v; &

14

SRNTEEEY oy sobuyatent < ol
¥ < 3 1\\ SHRB3E @Bﬁxit‘i "'I.B‘i““\““ TRy Sk

£z

¥ i\-&“ i o

;3;; ENE IR
¥ & “-“ismm g\a \‘s 3 ,.‘, sy by ;St“m for pavieling %@ § DO \‘&z“f g TR
foiRs TR0 & § & b rendyeed for sannd dlspley magen ey o1

ity

Slaplay in s
Ry fomey Sy sionis, 3 3 xi\“: yevtion of 3 W

X
s of sadd Roxnne pattanss sall

& 1 Thes
sasd alipemag cmmad

¥

M FFHOIeNE g,
ERUES NP grc.moa somaiaing Wwaides d25e & muis\ss 3 The computar graghics spae
fovels of et fu snlstantis ooy it P e s el R \t-sm TROUSANR SRR

3NN poRtsHon aud
N ORI R nras\r apnager coupled hotsenes saldd Lot

SRR PR BXRIBT013 Part 2

Microsoft Corp. Exiubit 1005



S frot a fonkar patiars el

APPENDIX BB

e R RO ORI mi\sw:‘& 8 \t&;\“\\‘ el USRI Tt Lt g Ay
e B § SN REDOLEROT TOORRS

i \*;33 whith g ko Pl 1 odas i\\m\m;\ e ;\
frge. whennin seid st oF e LOMPEINE A Y zs?m a\ ;\ el

«V\a‘s &:m\\.“ § aafx & :w.m\m &4 *mrt\
3, seid ¢ R R
S sk pws weds ‘s\‘\wé“ix“\.?
g and { Bad aoagw xd
i 4 g \:m‘\‘ af partonag
W 3

el ;\m R RN
3 *"“t} of \it‘t\\? maps which &i fparl 100w 5
id i y x‘i{"&‘s ;\\:‘
Forn e IO paRan
RRETRg e dap ot
. Mg e BOR AN et ;
S LA ‘:a'vsa‘v.\: aaltiphe fovel o detall n\ﬁ

R
R LR TR \ai w& éilé
X SUIREHENY Srapdiey ;‘d‘ﬁ&‘ﬁ’“ TR

IR Sl BN oring & eNte }‘fﬁsci SR g ol proevssiieg e innture patters ftresd &
mﬁ\ faving muitgh i“e wfood deladd m * W sty R ely weansy vesedntiony
Rpreseiiag & ;&R‘&n\ 3 ism: SR Y seleoss ;

15
Pty

B :wp o ‘\‘m s Wt @ R
~yeag \t“\\{ﬁ;a\g BRI i\\s sodestbog s olipemap \n:t'\s of s ey 22
seled teakees oep, aaid ol 3 comoed Bex

tloy vorrespentiag eny

gonlipeaaig within said teay M‘t‘ N sl 3

Gow of dhad

Faaps sebaantaly coverleg e diy She HRY RS
senoad e es monery for "‘(\z‘s\\g ssis\i si 57 SN SN iR B R s RN BN

& Oi" geaeraior S goaeRing 8 1OB \&im‘. ERH

SRR

Page 15

§;: : seERovERY Basels Hraw sebl olip- o stusnd 3 SE
AR tsg;"‘ ‘i >:1;3,§\ ;0&‘3"19\; “3.\ Sisplay W INCRNY \\h\zi‘i map R opsdds §1§}“i’i§i‘\g He

edronsin onbl MEheE QITORISOT INIRBS Wl
ol fn i sernnd

3 z:szfmm Ko docation of R

sl Jf\?\& Sy LR

oy

k. # shy n\a i b eyepeing

P m\\;« o e “'.t‘., s §\3

St \vi»:"s Ty eetdeving NS
SHgesaan wend ws»: \b; x tc'*\w\*
s on said asi SR 3

<§ w:.i 8380 % e, said mny‘ ‘5\\1‘3
bl

dad aad wing . sebatinggs §
L.\'}“ s‘ci:sism‘i& ¢

Hor g e

?:S\\H a‘i‘ #

K ‘ , 3] \«lé Lol pnvion
s faeed dazzs CEHCIR vol of dutall O et % 18, ol s\\i g
amp atmenget b 3 ' :
sehary posad
el
erel deftvaining ey Hy deteondalng whsther o
: ENE SR \»i e oriay ovontinsie &
m\‘h A i @ et e St appeopeiate frvsl af
' Eyabiae fvadngt et o nald gl
B owli sebd anad 33 inchadaddn gy
REY ne atsi
Dsiitnte el detarmdatag oy oo debmiaing §
subaitny kel Iy g oweasd wle ss\\‘ PR
seleboat fomt one toxtune vootlt IR
S EG thy Reved of deait xs‘ s seonsg

adge of & iy Rosted el
Gatiag; sad

said S toRies sy Yo said
&y supl ioxeds bedng fnnded et e
T B svepodat Rt
'\&\i{“\ i’-:;‘ ‘i{\\ i’““ i}\‘\ ‘m\

2
Er

GERH TR ;sssim‘:e & ﬁas‘g

.sm‘ B sakd sl sl
'i:k}isst“x\.;m WX

g REIx x\'i\:ﬂ R8s R AR {
?J‘m\i fo,\: ;\u\wm "ig Foxtang fooun i toaxdaey petsey

?;«' iR couxadng W sac;sa \x:

: X OmNle W dn <z feoxt oshuce avasrn said
i‘t‘% .Sse fea having msmgmﬂ foved of dovsst e Sy
g_ t§§§x\ DR :&c&g_ she lesturr patives & 3 seensdad
ASIYLCOARSY sesodtiting

ied Patents Exhibit 1013 Part 2

Microsoft Corp. Exhibit 1009



APPENDIX BB

‘I
wt
2y Y
= 7
. ey ;
M o, % z
4y % &g
2 P 5 TR 5 f
% 2
P & e ] % e
o7 4 o4 2 [ 7
p ' bt |74 E eh
4R 22 wrt =g %
% o g &
o 1 % 4%
¥ g &5
75 A I
% g%
e 57
gy “mm q.\. ew
% 7 T
% G5 &
4 73
% %G

s
Sy

Yoo
W

L @ loast ons of & 8)

and

<
3

TN

RO gonesador foe ge

PSSR RN
i
X2

&

&

3
¥

R

v LT
g sk

X,
X

5

E4 %y

24 s, HE
Z “ %
P~ e
2 % ors
s 4 2 z
: 24 %
Z R i
22 = k3
. . %
’: ] o
7 23

- =

b g

8

UL

SR

RN
ey
TR

ot fehadd

AR

> :";t

onvin e

Wi

Unified Patents Exhibit 1013 Part 2

Page 154 of 160

]

Arcrs



Electronic Patent Application Fee Transmittal

Application Number: 14547148

Filing Date: 19-Nov-2014

Title of Invention: CHANNELS

OPTIMIZED IMAGE DELIVERY OVER LIMITED BANDWIDTH COMMUNICATION

First Named Inventor/Applicant Name: Isaac Levanon

Filer: Anatoly Weiser./Jason Berry

Attorney Docket Number: AP026CON1

Filed as Small Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Extension-of-Time:




Description Fee Code Quantity Amount Suz-s'l's(t:)l in
Miscellaneous:
Submission- Information Disclosure Stmt 2806 1 920 920
Total in USD ($) 90
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Electronic Acknowledgement Receipt

EFSID: 23298300
Application Number: 14547148
International Application Number:
Confirmation Number: 5188

Title of Invention:

OPTIMIZED IMAGE DELIVERY OVER LIMITED BANDWIDTH COMMUNICATION
CHANNELS

First Named Inventor/Applicant Name:

Isaac Levanon

Customer Number:

35938

Filer:

Anatoly Weiser./Jason Berry

Filer Authorized By:

Anatoly Weiser.

Attorney Docket Number: AP026CON1
Receipt Date: 24-AUG-2015
Filing Date: 19-NOV-2014
Time Stamp: 21:42:56

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $90

RAM confirmation Number 8207

Deposit Account 503196

Authorized User

WEISER, ANATOLY S

The DirPcagre)fltﬁg usPTG§hereby authorized to charge indicated feeskinlifietit Pateystpdymbnbag (o bk3: Part 2

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)




Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document
Number

Document Description

File Name

File Size(Bytes)/
Message Digest

Multi
Part /.zip

Pages
(if appl.)

Transmittal Letter

AP026CON-
IDS_Transmittalfiled.pdf

111065

€98d9f7058afd2279da9860d4912d3a6a48
ffe7

no

Warnings:

Information:

Information Disclosure Statement (IDS)
Form (SB08)

AP026CON1IDSfiled.pdf

1037802

d5¢7bac162955e353ea491543024¢12133

514a5

no

Warnings:

Information:

Non Patent Literature

AP026CONnNplIDoc10filed.pdf

4339540

2fbf15488e88beed3f4d46a4d3b56036096
87ef3

no

29

Warnings:

Information:

Non Patent Literature

AP026CONNpIDoc18filed_1.pdf

16081288

7458860aef111237c58cd26¢22a5887f4069)

no

73

Warnings:
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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