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ELECTRONIC GLOBAL MAP G&.,.,.'ERATING 

SYSTEM 

spheres, on which the c,'Xlrdinate lines of latitude and 
longitude are all arcs of circles. 

U.S. Pat. No. 75 1,226, issued to Grinten on Feb, 2, 
1904. represents the whole world upon the plane sur-

BACKGROUND OF THE INVE1''TION � face of a single circle with twice the diameter of the 
1. Technical Field corresponding globe, the circle being delineated by a 
Titis invention relates to a new variable resolution graticule of coordinates otlatitude and longitude which 

global map generating system for structuring digital are also arcs of circles. 
marpin_g data in a new data base �tructlll'e, managing U.S. Pat, No, 3,248,806, issued to Schrader on May 3, 
wid controlling the digital mapping data 11ccording to 10 1966, discloses a subdivision of the �rth into .a system 
new mapping data access strategies, and displaying the of pivotally mounted flat maps, each map ,;egment rep-
mapping data in a new map projecticn of the earth. resenting only a portion of the earth's surface in spheri• 

2. Background Art cal projection on an equilateral spherical tri:m.gle to 
Numerous approaches nave bee11 forwarded to pro• minimize dfatortion. 

vide improved geographical maps, for example: 15 U,S, Pat. No. 2,094,543, issued to Lackey et al on
U.S. Pat. No, 4,315,747, issued to McBn·dc: on Fc:b. Sept. 28, 1937, descri� a projector for optically pro-

H,, 1982, describes a new map "projection-,' and inter• ducing a variety of different map projections, including 
secting array of coordinate lines known as the "grati- orthographic, stereographic and globular projections 
cu.le", which ii, a c-0mposite of two previously known onto flat trnnsh.1ccnt screens and a variety of other pro-
forms of projection. [n particular, the equat;rial por• 20 jections on shaped screens, 
tions of the world a:re represented by a fusiform eqmll U.S. Pat. No. 2,650.517, issued to Falk on Sept, 1 ,  
area proj�tion in  which the meridian curves, if  ex- 1953, describes a photoguphic method for malcing ge()-
tended, would meet at points at the respective poles, graphical maps. 
:ref':""ed to as "pointed poles". In contra.st. the polar 25 U.S. ;Pat. No. 2,35�, 785, issued to �oh! on Aug, 1 ,
regions of the world map are represented by a flat polar 1944-, discloses two circular maps wluch a.re mouiited 
equal arc-a projection in which the pole, are depicted as side by side, and an ammgcment for rotatins the twQ 
straig!:IJ horizontal lines with the meridians intersecting maps in unison so that corresponding portions of the 
along it.,; length_ Thus, in a tlat polar projection the earth's surface are at all timesi in proper relationship. 
meridian curve3 converge toward the pole:; but do not 30 U.S- Pat. No. 3, 724;079, is.�ued to Jnspernon et al on 
meet at a point aocl, insteM, intersect a. horizontal linear Apr, 3, 1973, disclo.�s a navigational ch11n displa)' de--
pole. The two component porti0t1s of the fiat world vice which is adapted to display a portion of a map and 
map afe joined where the parallds are of equal length. en.able a pilot to fix his. position, to plot. course§ and to 
The composite ls &aid to be "homolinear" becaU!IC all of measure distances-
the meridian cu:tY� are similar curves, for eumple, 35 U.S. Pat, No. 2,43 1,847 issued to Van Dusen on Dec, 
sine. cosine or tangent cun1es, whk.h merge, where the 2, 1947, discloses a projection auangement, in which a 
two forms of projection are joined where the respective portion of the surface of a spherical or curved map may 
parallels are equal, The flat polar projection! in the be projected in e.uct scale and in exact proportional 
polar portions of the map provide a t..---ompromise with relationship. 
the Mercator cylinder projections, thereby greatly re-- 40 McBryde and Thomas, Equal Area Projections for 
ducing distortion, World Statislfc:.al Maps, S�ial Publication No, 245, 

lLS. Pat. No. 1 ,0,0,596, issued to &con on Jan, 14, Coast & Geodetic Survey 1949. 
19 13, de51..'Tibes another �omposite projection for w-orld fa addition to the above further teacbins-s as 1.o geo· 
maps and charts which uses a Mercator or cylindrical graphical rua.-pping can be found in the Elements of Car-
projection for the central latitudes of the earth and a 45 tooroph,r, 4th edition which wa..-. written by Arthur Rob-
convergent projection at the fe5pe<::tive poles. In the in.son, Randall Sale w1d Joel Morrison, and published by 
central latitudes,. the grids of the Mercator projection John Wiley & Sons (1978). 
net or graticule are rectangular. In the polar regions, the The present invention seeks to provide a low cost and 
converging meridia.1'15 may be either straight or curve<!. efficient mapping system which allows the quick and 

U.S. Pat. No 1,620,413. issued to Balch on Dec, 14, 50 ea.,;y manipulation of and �cess to an extraordinary 
1926, discus.� gnomic pr�iection& from a conformal amount of mapping information, i.e., a mapping system 
sphere to a tangent plane and Mercator or cylindrical which allows a user to quickly and easily access a de-
projections from the conformal �phere to a tangent tailed map of any ·geographical area of the world, 
cylinder, Balch is concerned with taking into account Map information can be stored using at least t.hree 
the non.spherical shape of the earth, and therefore, ss different approaches, J.e,, pa-per, analog storage and 
devi.ses the so-called ''conformal sphere" which repre· digital storage, each approach having its own advan-
sent.s the coordinates from the earth whose shape is tages and disadvantages. as detailed belo-w. 
actually that of a spheroid or ellipsoid of :revolution, The paper mapping approach has been around filnce 
without material distortion. papyrus and will probably e:t:ist for the next thousand 

U.S. Pat. No. 732,957, issued to Colas on Feb. 23, 60 yes.r.s. 
1904, describes a map projection in which a map of the Advantages of paper storage: 
entire wodd is plotted or lranscri� on an oval c;on· inexpensive. 
structed from two adjacent side by side circles with arcs once printed, no further processing is required to 
joining the two circles. The meridians are smooth access the map information. so not 5Ubject ti) processfo_g 
curves equally spaced at the equatof, while the latitude 65 breakdown. 
lines are non-parallel curves, Disadvant�s of paper storage: 

U.S. Pat. No. 400,642 issued to Beaumont on Apr. 2, can become bulky and unwieldy when dealing with a 
1889, describes a map of the earth on two intersecting large geographical area, or a large amount of maps. 
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paper does no! have lhe proC"essing capabilitie:. or 

"intelligence" of computers:, and therefore does not 
support automated search or data processing capabili• 
ties. 

the bigg�t disadvantage is ,ha,, since frames have to 
be arranged in a checkerboard fashion, there is no way 
w jump m directions other that north, south, east or 
west and maintain visua! continuity. As an example, Hie 

cannot be updated cheaply illl-d easily. 5 visual disc.cmtinuily in viewing a "great cird.c'' route 
from Alask11 to New York would be unbearable for a!I 
but the most hearty, 

The analog mapping approach 1s used to provide 
,_.,,fo1t is commonly !rn.owa as videodbc ro;.ips. The infor• 
ruation is stQred as still frames under RT.S.C (National 
Television Standards Committee) collventions. To 
make maps, a te"levision camera moves acrn�s a paper 10 
map lying on a workbench. Every fow inches a frame is 
recorded on videotape. After l)ne row of the map is 
completely recorded, the camera is moved down to the 
next tow of frames to be recorded. This precess is re­
peated until frames repw.;enting a checkerboard pattern 15 
of the entire map are recorded. The recorded videotape 
could be used to view the map: however, a<..x:e.ss time tQ 
scan to different areas of the recorded map ls usually 
excessive. As a result, a videodisc, with its quicker ac- :mcess tinle, is typically Ill.led as the medium for analog 
map storage. The recorded videotape is sent to a prn· 
ductior1 house which "stamps" out 8 inch or 12 inch 
diameter, video&,cs. 

Adv:mta.ges of the ima.log storn.ge approach: "S one side of a !2 inch videodisc can hold 54.000 "· 
"frames" of a. paper map. A fram,� is typically equal to 
2½ x 3 inches of the paper lllap. 

access time to any frame can be fast usually under 5 
seconds. 30orice located on the videodisc, the recorded analog 
mao information v.'i!l be used to control the nt1ter scan 
<Jf ; .monitor and to produce a reproduction of the map 
in I/30th of a second, 

through additional hardware and ,oftware, mapping .� 
symbols, text and/or patterhsn cau he overlaid on top of '' 
the recorded frame. 

Disadvantages of the an11log stomge approach.: 
the "frames'' are photogmphed from paper map�, 

which, as mentionoo above, cm:mot be updated cheaply 40 
or easilv. 

The digital mapping approach has been around for at 
least 20 years and is much more frequently used tkm the 
analog approach. D1gital data bases are stc,red in com­
puters in tt format similar to text of othe.t databases. 
Unlike map information on a videodisc, the out�tanding 
map features are stored as a list of object> to be drawn, 
each object being defined by ;! plurality of vector "dot'' 
coordinate5 \vhkh define the crude outline of the ob­
ject As one example, a road is drawn by connecting a 
series of dots which were cho5en to define the path (i,e., 
foe "outline") of the road. Once drawn, further data and 
processing c;,;ll be used to smooth tlie .;;n.idic ()utliue of 
the object, place text, such as the name or de,scription of 
the object in a manner similar to what happens \vhen 
dra,ving on a paper map, 

Advantages of the digital approach: 
digit:tl maps are the purest form of geographical map­

ping data: from them, paper and anafog mi.ps can be 
produced. 

digital maps can be quickly and easily updated in near 
real-time, and this updating can be irt response to data 
input from external sources (e.g., gt.'◊grnphical mouitor• 
ing devices such as satellite photography}, 

digital maps can be easily modified to effect desirable 
mapping treatments snch as unduttering, enhancing, · 
coloring, etc, 

digital maps can be ea�ily and a.ccurately scaled, ro­
tated and dra,vn at any perspective v-iew point. 

digital maps can be caused to reproduce maps in 3-D. 
digital maps can drive pen-plotters (for easy paper 

reproductions), robot<1, etc, 
digital maps can he storc:d on any maM storage de• 

vice. 
Disadvantages of the digital a.ppr:oa.ch: 

due to paper map projections, mechanical camera 
movements, lens distortions and analog recording elec­
trorrics, the v'ideodii;c image which is reproduce:::d is not 
as accurate as the original paper map. 

as a reslllt of t.he im.mcdiately above phenomena. 
latitude and longitude inforniation which is e:<;:tracted 
from the reproduced image cannot be fully trusted.. 

digital maps re.quire the use or creation of a digital 
database: this is a very time-consu...'tling and expensive 
process_, but once it is made, the data base can be very 

45 easily copied nnd used for many different projects. 

if a major error is made in recording ai1y one of the 
.54,000 frame!!, it usually requires redoing and re-stntnp• 50 
ing, 

since frames cannot be scrolled, most implementa• 
tion.,; employ a 50% overlap technique. This allmvs the 
viewer to jump around the databa!\e with a degree of 
visual continuity: however, this is at a suc.rifice of stor- 55 
age c;apacity. If the frame originally c:overed 2½ X 3 
inches or approllimately 8 square inches of the paper 
map, the redundant overlap information is 6 square 
inches,. leaving ouly 2 square incbes of new information 

The digital approach is utlfo:ed \\'tth the present in· 
ventiot1, a.,; t.1lis approach provides overwhelming ad• 
vamages over the ahove-de�cribed paper and imalog 
approaches 

1n designing any mapping system, several features are 
highly desirable: 

First, it is highly desirable that the mapping sys,cm be 
of lmv cost, 

Second, and probably most importEint, is acc...-ss time. 
Not only is it generally de,irahle that the desired map 
section be accessible and displayed within a reasonable 
amollllt of time, t:mt in some instances, this access lime is 
critical, 

In addition io the above, the present invention (as 
in the centmid of each frame. 

as a result of the immediately above deticienc.y, a 
2 X 3  foot map containing 864 square inches would 
require 432 frames; thus, cmly 125 paper maps could be 
st,1red ou 1me �ide <)f a 12 iucl-1 videodisc. 

60 mentioned above), seeks to provide a thi:rd importam 
foature,-a mapptt1g system which allmv� me rr..anipula• 
tion of and ncces.<1 to an e:u.rnordinary amcm,'lt of map­
ping information, i.e., a mapping :1ystem which allows a 

must take hundred.,; of video screen dumps to make a 65 
hard copy of a map area of interest and, even then, the 
screens do not immediately splice together because of 
the overlap areas, 

user to quickly and easily access a detatled map of any 
geographical area of the world. 

A tremendous barrier is encountered. in nny attempt 
to provide mis third feature, In utmz.ing the digital 
approach to map a large geographical area in detail 
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{e.g,, the earth), 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 digiw mapping implementa, S 
tions which have -successfully oee-0 able to manipulate a 
tremendous datll base, these impkm1:ntations in,·oh-e: 
tremendous cost (i.e., for the operation and maintenance 
of m�ve mainframe computer and data storage facili­
ties), Furthermore, ,here is much room for improve- 10 
mcnt in terms of acce$ time as these mainframe imple, 
mentations result in access times which are only as 
quick as 20 se<:onds. Tow, there still exists a need for a 
low-cost digital mapping system which can allow the 
storage, mani:p'11ation and quick (Le,, "real time") access IS 
and visual display of a desired map section from a tre­
mendous mapPing data base. 

There are several additional mapping system features 
whlch are attractive. 

It is highly derirable that a mapping system be sensi- 20 
tive to and compensate for distortions caused by map.­
ping curved geographkat {Le., earth} surfaces onto a 
flat, two--dimen-s:ional. representation. While prior art 
approaches have provided numerous methods with 
varying degrees of success, there is a need for further 25 
improvements which are particularly applicable to the 
digital mapping .system •Of the present in.vcntion. 

It is additionally attractive for a mapping system to 
easily allow a user to change his/her "relative viewing 
position.", and that in changing this relative position, the JO 
change in the map display should reflect a feeling of 
continuity. Note that the "relative viewing position 
.should be able to he changed in a nttmber of different 
ways, First, the mapping system should allow a use.r to 
selectively cause the map display to scroll or "fly" 1� 
dong the geographical map to view a different (Le., 
"lateral") position of the goographical map while main­
taining the same degree or resolution as the starting 
position. Second, the mapping system �hould allow .a 
user to selectively vary the size of the geographiciu a:rea 40 
being displayed (i.e., "zoom") while still maintw.ning an 
appropriate degree of resolution, i.e., .allow a use.r to 
Je!ectively zoom to a higher ''relative viewing position" 
to view a larger geographical area with lower resolu• 
tion regarding geographical, political and cultural char• 4� 
acteristic:s, or zoom to a lower "relative viewing posi­
tion" to view a smaller geographical a.rea with higher 
resolution. {Note that maintaining the appropriate 
amount of resolution is impo-rtant to avoid map displays 
which are effective!)' b;:an:eri or are cluttered with geo- 50 
graphical, political and C•ultll.ral featurei..) Again, while 
prior art approaches have provided numerous methods 
with varying degrees of snccegs, there is a need for 
forth.el' improvements which are particularly applicable 
to the digital mapping system of the pre.sent invention. 55 

The final feature concerns compatibility with �ting 
mapping 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 avrulahle from many importmt mapping authorities, 60 
for eumple, the U.S. Geological Survey (USGS), De­
fense l\.1.apping Agency (DMA), National Aeronautics 
and Space Administration (NASA), etc. In terms of 
both being able to easily utilize the mapping d.lta pro­
duced by these agencies, and represent an attractive M 
mapping system to these mapping agencies, it would be 
highly desirable for a mapping system to be comp.ltible 
with all of the mapping formats used by these res�tive 

agencii:'$. Prior art mapping systems have been dcficfont 
in this regard; hem�e, there still exists a need for such a 
mapping system. 

SUMMARY OF THE INVENTION 

The present invention provides a digital mapping 
method and sylitem of a unique implement.a.tion to sat� 
isfy the aforementioned needs, 

The present il'lvention provides. a computer imple­
mented method and system for manipulating and ac­
cessing digital mappirig data in a tremendotu data base, 
and for the reproduction and display of electronic dis­
play maps which are .representative of the geographic.i.l, 
political and cultural feamres of a selected geographical 
area. The system includes a digital computer, a mass 
storage device {optical or magnetic), a graprucs moni­
tor, a graphics controller, a pointing device, !luch as a 
mouse, and a unique approach for structuring, manag­
ing, controlling and displaying the digital map dat.i., 

The global map generating system 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 resolution and progressing to a last or 
lowest magnitude with highest resofotion, The idea of 
this hie-.rarchical structure can be likened to a pyramid 
,,,ith fewer stones or "tiles" at the t<Jp, and whe.rn each 
successive d�-ending horizontal level or magnitude 
contains four times as many "tiles" as the level or mag• 
rutude directly above k The top or first level of the 
pyramid contains 4 tiles, the second level contains 16 
tiles, the third contaim 64 tiles and so 011, sud1 that the 
base of a 16 rnagnittide or level pyramid would contain 
4 to the 16th power or 4,294-,%7,296 tiles. ·nus tow 
includes "h}-perspace"' which is later clipped or ig­
nored, Hyperspace is that excess imaginary space left 
over from mapping of 360 deg, space to a zero magni, 
tude virtual or imaginary space of 512 deg, square. 

A firnt ohject of the present invention i.s to provide a 
digital mapping method and s.ystem which are of low 
cost. 

A second and more important object of the present 
invention ls t.o provide a unique digital mapping method 
and sy5tem which allow ac.;;ess to a display of the goo• 
graphical, political and cultural feature, of a sele<.:ted 
geographical area wlthin a minimum amount of time. 

A third object or the present invention is to provide a
digital mapping method and sys:tem whkh allow the 
manipulation of and access to an extraordinary amount 
of mapping information, Le., a mapping method and 
system which allow a user 10 quickly and eMily accesi. 
a detailed map of any geographical area of the world. 

Another object of the present "invention is to provide 
a digital mapping method and system which re<oogni:i::c: 
and compensate for distortion introduced by the repre, 
sentation of curved (i,e., earth) sn.tlaces onto a flat two. 
dimensional dil\pfay. 

Still. a further object of the present invention is. to 
pro.,ide a dig.it.al mapping method and system which 
allow a user to selectively change his/her "relative 
viewing position", i.e., 10 came the display monitor to 
scroll or "fly'' to display a different "lateral" mapping 
position of the same resolution, and to cause the dtsplay 
monitor to ''zoom" to a hig._lter or lower position to 
display a greater or smaller geographical area, ,..,-:ith an 
appropriate degree .of te5lilution. 

A fifth object of the present invention is to provide a 
digital mapping method and system utilizing a unique 
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FIG. 16 i.s the :,;.me plan view illustration ofF1G, 15, 
with a third quadr.mt division dividing the mapping 
1.u:ea into 64 equal 64°X 64" mapping arell�-

mappiug graticule sy�tem which allow� mapping data 
to be compatibly adopted from several widely utilized 
mapping graticule systems. 

BRIEF DESCRIPTION OF THE D.RA. WINGS 
FlG. 17 is the s..me plan view illustration of F1G. 16, 

5 with a fourth quadrant division dividing the mapping 
arta. into 236 equal 32' X 32° mapping;ne;J$, The foregoing and other object�. struct11res nnd fea. 

tures of the present invention •,vill becelme more appar­
em from the following detailed description of the pre• 
ferred mode for carrying out the invention; in the de­
scription to follow, refo.rence will be tnade to the ac• IC 
companying drawings in which: 

FIG. l is an illustration corresponding to a t1at pro­
je:etion of the earth's surface. 

FIG . .  Z is an illustration of a digital comput.er nnd 
mnss storage devices which C3l1. be utilized in imple- ! j  
mentfog tl1e present inveution. 

F1GS. 3A-3F are illustrations of monitor displays 
showing the abiiity of the present invention to display 
varying !lizes of geographical areas at varying degrees �oof r�olutiotl, "' 

FlG. 4 is a cioss-sei::.tional diagram of a sirnple build­
ing eumple explaining the operation of the present 
invention. 

FIG. 5A and B are plan view
. 
representations of a 25paper 450 as it is viewed from the relative viewing 

position A shown in FIG. 4. 
FIG. ti is a plan vie1,v representation of a paper 450 as 

it i& viewed from the refative viewing position B shown 
in FIG, 4, 30 FIG, 7 is a plan view repres.entati<m of a paper 450 as 
it is viewed from the refative view-ing position C shown 
in FIG, 4. 

FIG. 8 is a pyramidal hierarchy of the data base Jile 
structure showing an e,-s:ample nf the ancestry which 35
exits between files. 

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

FlO. 9B i� an illustrat.ion of a monitor displaying a 40 
digital map of the area. enclosed by the dashed portions 
in FIG, 9A.

FIG. 18 is the same plan view illu..mation ofF1G. 17, 
with a fifth quadrant division dividing the mapping area 
into 1024 equal {6° x 16' mapping are.ts. 

FIG. 19 is the same plan vie•,.• illumation of FlG. 18. 
with a sixth quadnmt di1.1isiou dividlng the mapping 
area into 4096 equal 8" X 8° inappiug aff>...a'>. 

FIG. 20 is an illustration showing the applic:ition of 
polar compress.ion at the 8th level or magnitude of reso• 
lution. 

DETAlLED DESCRIPTION OF THE 
PREFERRED E:M:BODH,1El:'-i"'TS OF THE 

INVE?'ff!ON 
Before tunling to the det.liled de,;cription of the pre­

ferred embodiments of the invention, it should be noted 
that the map illustrations used throughout the d:mwings 
are only crude approximations whi-.,h are only being 
used to illu.,trate important fe.aturcs and aspects and the 
operation of the present invention; therefore. the geo­
graphical pditical and cultural ont!mes may very we.Jl 
difl:'t-.r from actual outlines. 

FIG, l i� a crude repre!ientation of what the earth's 
surface would took like if it were laid fiat and viewed 
from a "relative viewing- position" which is a great 
distance in space. Shown ai, vertical lines are: 10, corre-
sponding to the o• meridian extending th.rough Green­
wich, England; 20, corresponding to the 180" west me­
ridian: and, 30, corresponding to the t8D' l:lMt mcrid.ian. 
Shown as horizontal linc;s are: 40, corresponding to ,he 
equator: 50, corresponding to 90° north (Le .. the north 
pole): and 60, corresponding to 90° south (i.e .. the south 
pole). 

Note that at thi,; "relative viewing positio11", not 
much detail as to culturill feattires is seen; i.e., a.II that h 
seen is the general outline of the main geographic<tl 
masses of t.he contfaent8. 

The present invention ;;eeks to provide a low cost and 
efficient con1puter•based mapping method and Sj'Stcm 

FIG, tOA is il- plan view represe.i.1t..tiou of a paper 
450, with the upper-left and lower-right pape-r quadrant 
areas being furthtir divided into quadrnnR 

FIG. lOB is a.n illustrntkm of a mo.nit.or displaying a 
digital map of the area endo:.ed by the upper-leJ.t 
dashed portion in FIG. tOA. 

45 having a unique approach for arranging and accessing a 
digital mapping dat11base of unlimited size, i.e., a map-, 
ping method and .�ystem which can manipulate and 
iiccess a data ba.'le having sufficie.nt data t-0 allow the 

FIG. tlA is a plan view represent.11.t!on of a paper 
450, with several sections of the second level of quart- 50 
rants being further divided into addition.tl qm,drants. 

FIG. UB fa a higher resohtdon display of the area 
t!nclo5ed within die dashed porMn in FIG. UA. 

mapping system to reprodllce digital maps of any geo­
graphical area with different degrees of r.l:llk."'llution. This 
can be most easily understood by viewing FIG. 2 and 
FIGS, 3A-F. 

FIG. 12 is a plan view illustration or a quadrant are.a 
diV1�ion, with a two-bit naming protoct,l being =igned 55 
to each of the quad.rant areas, 

Because of the overwhelming advantages over the 
paper and analog mapping approaches, the digital map­
ping approach is utilized ,.,ith ,he pre�ent inv',c\11tion; 
thus, there is shown in FIG. 2, a digital computer 200, 

FIG. 13 is a pyramidal hierarchy of tl!t: data base files 
using the two-bit naming protocol of FIG, 12, llrld 
showing an exampl.e of the anct�try which exits be­
tween mes. 

FIG. 14 is .a plan view illustration of a 360" X 18.0° !1at 
projection of the earth being impressed in the 
:5 l2°X512" mapping urea of i:he prese,nt invention, with 
a first quadrant division dividing the mapping area into 
four equal 250° X256' mapping areas. 

FlG. 15 is the same plan view illustration of FIG, 14, 
with a second quadrant division dividing the mapping 
area into l6 equal 126 • X t 28° mapping areas. 

having a disk or hard drive 280, a mon-itor 210, a key• 
hoard 220 (having a cur�or control portion 130), and a 
mouse device 240, As mentioned previously, in a digital 

60 mapping approach, mapping information .is stored hi a 
format similar to the text of /Jtner databa.'l-1!5, i .e,., the 
outstanding map feittures are stored � a list of objects to 
be draw11, each object being defined by a plurality of 
vector "dot" coordinates which define the crude out-

65 line of the object, (Note: the reproductioJi ot' a digital 
map from a list of obJectil and "dot'' vectors is well 
known the art, and is not the subject matte,r of the pres• 
�tit invention; i.nsteru:l, the invention relates to a 11uique 
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10 
method and system for storing and acces.�ing the list of 
objects and "dot" vectors contained in a tremendous 
digital data base.) 

O!lce a geographical map has been "digitized",-i.e., 
c.onverted to a list of objects to be drawn and a plurality 5 
of vector "dot" coordinates whi<:b define the crude 
outline of the object -, the mapping database must be 
st,1red in the memory of a mass storage device. Thus, 
the digital computer 200, which is to be 11.sed with the 
mapping method and system of the the present inv'<!II• lO 
tion, is shown associllted with the magnetic disk 260 
(which represent.'! any wetl-k.nown magnetic man stor· 
age medium, e.g., floppy disks, hard disks. magnetic 
t.ape, etc.), and the CD-ROM 270 (which represents any 
well-known optical storage medium, e.g. a laser-read 15 
compact dale). Alternatively, the digital mapping data• 
base can be stored on, and the digital computer can be 
associated with any well known electronic mass stora.ge 
memory medium (e.g., ROM, RAM, etc,). Because of 
eve.ry increasing availability. reductions in cost, and :ro 
tremendo1JS storage capacities, tbe preferred memory 
mass !>torage medium ls the CD-ROM, i..e., a laser-read 
compact disk. 

The discussion now turns to FIGS. 3A-F, showing 
illu.'ltrations of monitor displays which provide a brieJ 25 
illu.,u:ation or the operation of the present invention. 
Although the digital nature or the maps of FIGS. 
3A-3F can easily be detwted due to the jagged outlfoe!l, 
it �hould be understood that these geographical outlines 
could easily be amoolhed using imy of a number of 30 
''smoothing,. techniques which. are well•k.nown to !Mse 
skilled in the digital mappins m. 

In FIG, 3A. the digital computer has retrieved rele, 
vant mapping information from the digital mapping 
database, and has produced a monitor display of a digi- H 
ta! map substantially corresponding to the flat projec­
tion of the earth's surface which was shown in FIG. l. 
In FIG. 3A, the monitor display rcllects a ''relative 
viewing po!ition." which is. a great distance in space, 
11lld hence, only the crude geographica.l outline of the 40 
continents is shown "'ith sparse detail. 

Suppose a user wishes to view a map of the states of 
Virginia and M.aryland in greater det.ail. Dy entering the 
appropriate commands using the keyboard 220 or the 
mouse device .240. a user can cause the monitor display 4, 
to "zoom" to a lower "relative viewing position", such 
that the monitor display:; a digilal map of a smaller 
geographical. area wltk.h is shown at a higher degree of 
resolution. Thus. in FlG. 3B the a digital map of the 
continents of the western hemisphere is displayed in 50 
greater- detail. 

By entering additional commands, a user can ca,1se 
the monitor- display to further "zoom" to the follo"4-ing 
displays: FIG. 3C showing North America in greater 
detail; FIG. 30 showing the eastern half of the United 55 
States in greater detail: FIG. 3E showing the east coast 
of the United States in greater detail; and. FlO, 3F 
showing Virginia and Maryland in greater detail, 

Although in this exam.pie, the monitor display was 
caw;ed to "zoom" to Virginia and Maryland, it should, 60 
be appreciAted that the present invention allowed a user 
to 11elective!y wom into any geographical area of the 
earth, and once a user has re4ched the desired degree of 
mapping resolution, the mapping system of the present 
invention also allows the user to "scroll" or "fly" to a 63 
different lateral position on the map. 

Furthermore, although the drnwingi, illlllltrate the 
m0t1itor display zooming to display state boundaries, 

and features, it should be further appreciated that the 
present invention ls by no means limited to this degree 
of r-esolution. In fact, the degree of resolution capable 
with the present invention will be shown to be limited 
only by the operating system of the digital. computer 
200 with which the present invention is used. In one 
demonstration, the monitor diScplay h� been shown to 
be able to worn to rerolution where the outlines of 
streets were displayed. Even further degrees of rewlu­
don are possible as will be mor-e fully umlerstood after 
me di:scUS!lions below. 

In digitally mapping a large geographical :irea (e,g., 
the ea.."th) in detail, -tllpecially in the degree of resolu­
tion mentioned above -, one should be able to a-ppred, 
ate that the sto:rnge of digital mapping data. sufficient to 
accutately define all the geographical, political and 
cultural features would repre.1ent a tremendous digital 
mapping database. fa order to provide a low cost map, 
ping system having quick ac.ceiS time and allowing a 
high degree of resolution, what is needed is a mapping 
system having an effective approach . for ammging an 
acces&ing the digital. database. Prior art mupping sy�­
term, lut'le been deficient in this r-egartl, 

The mapping system of the present invention utilizes 
a new and extremeo!y effective approach, which can he 
most easily understood using the following simplified 
example. 

In FIG. 4, there is shti\\<'11 the cro.•,s-seetkm of a build­
ing 400, with a square hole 410 (shown in cross-seetion) 
cut through the third level floor 420. with a larger 
square hole 430 (shown in cross-section) cut in the sec­
ond level floor 440, and with a large square piece of 
paper 450 (show11 ill cross•section) laid out on the first 
level floor 460. Suppose it was desired to build up a 
digital dam base which colllrl be used to reproduce a 
digital map of the paper 450 with varying degrees of 
resolution, 

Fir-st, one would take the "relative viewing position" 
A, and view the paper 45-0 through the square hole 410 
in the third level lloor 420. At this level. the pape.r 450 
appears small (FIG. SA), and the degree of resolution is 
such that the message appears. only as a series of dots. In 
order to build up a digital mappjng database, ,he visual 
perception (FIG. SA) is imagined to be divided into 
four equal quadrants a, b, c, d (fJG. SB), and visual 
reatures appearing in each r�pective area is digitized 
and stored in a separate ootatmse file. Thus, four- sepa• 
rate database files can be utilized to reproduce a di.gital 
map of the paper 450 as viewed from position A (FIG. 
4). 

In order to digitize and record data conesponding lo 
a ll-eCOnd (or higher) degree of resolution, the ne�t "rda� 
tive viewing position" B (FIG. 4) is taken to 0ew the 
paper 450 through the square hole 430. At this level, the 
paper 450 .appears larger (FIH 6), and the degree of 
r=luiion is such that the me$Sage now appears ll!i a 
sedei1 of lines. At this second level, the mnp is imagined 
as being divided into four times as many areas as the 
first imaginary division, and then, the visual information 
contained within each = fa digitized and stored in a 
separate database Ille. Thus,, 16 files can be used to 
reproduce a digital map of the paper 450, as viewed 
from the relative viewing position B (FIG. 4). 

In order to digitize and record data c:tirrespond.ing to 
a third (or higher) degree of resolution. the ne.rt ''rela­
tive viewing position'' C (FIG, 4) iii taken to view the 
paper 450. At this level, paper 4SO now appears larger 
(FIG. 7) and has visual features of higher resolution. 
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The paper 450 is imagined as being divided into four 
times as many areas as the second imaginary division, 
and the v-isual hiformation l� digitized arid stored, Thus, 
64 files could be used to reproduce a digital map of the 
paper 450, a� vie,..,·ed frcm the relative viewing position S 
C (FlG. 4). 

Once digital data has been entered for the above three 
"relative viewing positions" A, B, C (FIG . .J), t.1-te digi-
tal m11ppl11g database cont.ams 4+ 16+64 or 84 files 
which = be conceptually envisioned as being ar• lCl 
rant:.'ed in a pyramid structure as shown in FIG, Se In 
order to allow a user to selectively display any desired 
map section at the desired degree of resolution, the 
digital computer 200 must be able to know which of the 
84 files to aCC$S such that the appropriate mapping data l s  
can be obtained, The pre:.ent invention accomplishes 
this by conceptually arranging the mes in a pyramidal 
stmcture, and assiglling a file name to each file which is 
related both to the file's position and ancestry within the 
pyramidal structure. This can be more specifically de· 20 
sc:ribed 115 follows: 

A file's ancestry can be explai11ed using the illustra· 
tions of F[GS. 50, 6 and 1. In PIG. SB, the paper 450, 
as viewed from "relative viewing po�ition" A (FIG. 4), 
is subjected to an imaginary division into four quadrants 25 
a, b, c, and d. Quadrants a, h, c, d are related to one 
another in the seme that it takes all four areas to repre­
sent the paper 450: hence quadrants a, b, c:, d can be 
termed a.,; brothers and siMers. 

FIG. 6 is ,lJl illustration of the paper 450 as it appear:s 30 
from the relative viewing position B (FIG. 4). v.1ih the 
paper 450 being subjected to an inrnginary divfaion into 
16 area.'<. Note that the areas e, f, g, h (FIG. 6) represent 
the same area of paper 450 as the quadrant u (FIG. SB). 
In effect, quadrant a has heen enlarged (to show a 35 
higher degree of resolution) an.cl divided into quadrants 
e, f, g, !1. Thus, it can be said that quadrant a (FIG, SB) 
is the parent, and that quadrants e, f. g. h (FlG, 6) are 
brothers and si�te:rs and the offspring of ancestor a. 
Similar discussions can be made for quadrants I>, c aud 40 
d and the remaining area of FIG, 6. 

FIG. 7 is an illustration or the paper 450 as it appears 
from the relative vie·wing po:.ition C (FIG. 4). with the 
rmpe.r 450 being subjected to an imaginary division into 
64 areas. In a manner simifo.r to the discus.'lion abtwe,. 45 
note that are.3;,; �, t, w, x (FIG. 7) represent the same an,a 
of paper 450 as the quadrant h (FIG. (i), tn effect., quad­
rant h has been enlarged (to �l1ow a higher degree of 
resolution) and di.vided into quadnrut-s. -�, t, w, :1:, Thu;., it 
c;m be said that quadrant a {FIG, SB) is the grandpa.� 50 
en� quadrant h (FIG .. (i) is the parent, and quadrants s, 
t, w, x (FIG. '1) are the brnthers and sisters and offspring 
of ancestors a and h, 

As d=ribed previously, once FIGS. SB, 6 and 7 Me 
subjected to the imaginary divisions, the visual informa- 55 
tion in eac,h are.a {or quadrant) is digitized and ston:'d in 
a sepurate file. The 84 resulting files car1 be con,;;eptuilly 
envisioned as the pyramidal structure Shown in FIG. 8. 
fo FIG, 8, dashed lines are utilized to show the lineage 
of the files just discussed. 60 

FIG. 8 is further exemplary of one file naming opem­
tion whi.c!t can be utilized with the present invention. 

At the top of the py-ramidal stnicture (FIG. 8). each 
of the four quadrant files is aibitnrdly assigned a diffo,. 
ent character. A, B, C, D, (Note: The characters as- 6S 
s1sned are not critical vv-it!t regard to the inwmti:on a11d 
hence it should be noted that any characters cM1 be 
a£Signed, e.g., 0,1,2,3, etc.} 

12 
In moving down one level in the pyramidal struc­

ture,, tlte filenames for each ofthe resvective files on the 
$econd level fa increased to two characters., 

In c11lcu1ilting the filenames, it fa convenient to first 
divide the second level mes imo groups of four, accord. 
ing ,o parentage, To maintain a record of ancestry, the 
ancestor t1lename of e.ac.h file is :maintained as the first 
part of the filename. in determining ilie ,econd part, the 
naming protocol which was utilized to name the quad­
rant files of the top levt.>J, is al.so utilized in naming the 
respective quadrant tiles on the second level. Thus, 
pareiit file A is shown as being related to descendent 
(i.e., brother and sister) files AA, AB, AC, AD, Similar 
discussion can be made for the remaining files along 
these two leveL 

A similar process can be utifo;.etl iu providing the 
unique filen.imes to the third level files, Ai thL"l level, the 
filenames consist of three characters. Again, the an�,es­
tor filename of et1ch file would ix� maintained a� a lint 
filename part, in order to maintain a record of ancestry. 
In the example illustrated (FlG. 8), parent file AD is 
shown ai, being relnted to descendent (Le,, brother ,md 
sister) files ADA, ADB. ADC, ADD, Similar discus­
sions, can be made for the remaining file, along the�e 
two levels., and furthermore, similar cliscusslon� can be 
made each time a pyramidal level is added, 

From tile nbo.,,1e discussion, one should be able to 
re.alize that t:he abovcsdescribed naming convei:u.ion is 
pnrticularly u;;eful in programming a digital computer 
to move through the pyramidal file strue1ure to access 
the appropriate data corresponding to varying degxees 
of resolution. More particularly, one should be able to 
realize that, �ince file names increa&e one character in 
Jen.�th 1,"aeh time the.re is a downward movement 
through the pyramidal structure and the protocol for 
naming descendent files is known, the digitil computer 
can be programmed to quickly and easily acc�s the 
appropriate files for a smaller mapping area with a 
greater degree of resolution, Similarly, one should be 
able to realize that, since the filenames decrea� one 
character in length each time there is. an upward move­
ment through the pyramidal structure, the digital com­
puter can be programmed to quickly and c:Mily access 
the appropriate files for a greater mapping arl".a with a 
�maller degree of resolution. 

The follow'ing e�ampfo 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 1hree resolutions of the paper 450 
(rui shown in FlGS. 4, 5A-D, 6, 7) have been loaded !o 
be accessible from the memory mass sturage device, and 
til..rthermore, it is ;i..--sumed that the mapping system is 
programmed to initially acces& and display a digital map 
cor�ponding to the digital mapping data in the files A, 
B, C, D (FIG. 8). Thus. the monitor (FIG. 9B) would 
display (in low· resolution) ihe et1tire area endosed 
v..ithln d;,shed portion 900 illustrnted on the paper 4-50 
(FIG. 9A), (Note: The reproduction of a digital map 
from digital data from several differen.t files or sources 
is w-ell-kuown in the art and is not the subject matter of 
the present invention,) 

Suppose tile user notices the dotted area on the !ow 
resolution map and wishes to investigate thL� area fur, 
the.r. By using the appropriate keys (e.g. -. , ,,,, , , , ·-.• ) 
and/or a mouse device .. a user can give. the mapping 
system an indk.ation that he/she wishes to see the 
smaller area (i,e., quadraut A) at a higher degree or 
resolution, Upon receiving this preference, the mapping 
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14 
system can use its knowledge of the file naming operti• the mapping system is programmed to quickly deter• 
tions to quickly determine the names of the files which mine the names of the files which must be accessed. 
must be accessed. More specifically, using A as the More specificaliy, the mapping system is able to look at 
parent file name and following the existing quadrant the first portion of the filenames currently being used 
naming protocol the mapping system is quickly and 5 (i.e., OCA, DCB, DCC, DCD), to irnmedfa.te1y deter-
easily able to calculate th.at it is files AA,. AB. AC, AD mine that th= files have the ancestry DC, i.e,, have a 
which it needs to access. Once these files 11:re accessed, grandfather D and a parent DC The mapping system 
the monitor in FIG. lOB displays (in higher resolution) then immediately dete.rmines brother and sister file-.s of 
the area enclosed within the dashed portion 1000 as parent file DC � being DA, DB and DD. The mapping 
illustrated on the paper 450 (FIG, lOA). to svstem then accesses these files and causes the monitor 

If a user is still not satisfied with the degree of map¥ t� display a digital map (not show:n) corresponding to 
ping resolution, the user can again use the appropriate the enclosed portion 1010 (FIG, 10A) of the paper 450. 
keys or mouse device to indicat� that hehhe wishes to Suppose the user again indicate a preference to cause 
see the smaller area (e.g., quadrant D; FIG, lOA) in a r.he ''relative viewing position" 1:oom upward. Upon 
higher degree of resolution.. In using AD as the parent 1 5  receiving this preference, the mapping system again
filename and follo'-\-ing the existing quadrant naming goes through a process similar to that discussed immedi• 
protocol, the mapping system is quickly and eu.'>ily able atelv above. However, this dme the mapping system 
to calculate that it is files ADA,. ADB, ADC, ADD looks at the filenames currently being used (i.e,, DA, 
which it needs to access. Once these files are accessed, DB, DC, DD) and determines th.at parent file D has
the monitor (FIG. 11B) displays (in higher resolution), 20 brother ;md sii1ter files A, B and C, The mapping S)-1-t.em 
the area endosed within the dw;hed portion 1100 as then immediately accesses thei;e files and causes the illustrated on the paper 4.."-0 (FIG. ttA). monitor to display a digital map (FIG. 9B) correspond� On.e skilled in the digital mapping and computer pro• ing to the enclosed portion 900 (FIG. 9A) of the paper gramming art !.hould recognize that "scrolling'' or "fly. 450.ing" to different lateral "relative viewing positions" to 2� The text now turn5 to a description of the operation display a. different lateral portion of the map is also for wig.mng unique t1Jenamei in the currently preferred provided by the prel!etlt invention. Inste&i of adding or embodiment, i.e., in a digital mapping iystem which. ls removing filename characters as in a change of resolu• implemented ln a DOS operating sys�. tion, in this instance. the mapping system must be pro. As anyone skilled in the computer art will know. grammed to keep track of the filenames of lhe current 30 every compute:r operating system has its own unique setposition and also, the orderly arrangement of filenames of rules which must be followed .. [n an impleme.ntation so that the appropriate filenrunes cor:re,;ponding to the of the present invemion in a DOS operating system. the desired lateral position can be determined. As an e....:am• DOS rules must be followed, Since a critical feature of ple if the use:r desired to scroll to the right border of the the prcscnt invention is the di<.·rnon of the digital map-paper 450, the mapping system would respond hy ac- '.IS ping: database into a plurality of mes {eaclt having acessing and caus�g the mon\tor �o di_spfa.y the digita� unique filename), of particular conce� with the p_resent, maps corresponding to ;he fo,lowmg sequence of files. invention is the DOS rules regarding the mumng of (Note: In th!S example. 1t is assumed that it takes � �les filenames. to pro\.-ide suffi_cient digital data to display a full d1g1tal A DOS filename may be up to eight (8) characters map on a �moruto!) AD.:,<\• AD�, AD,C:' 

AD_D; AI�B, 40 long, and furthermore. may contain th:ree (3) addit!onalADD, BCA, BCC;. BCA, BCB, BCC:, BCD; BCB, trailing characten which can re:pre:;ent a flit £pec1fica,BCD, BDA, BOC; and RDA, BOB, BOC; �DD. If the tion. Thus, a valid DOS filename can be represented by uoc:r, then desired to sc:roll_ to the bottom (nght corner) the fol1owing form: of the pape.r 450. the mapping system �ould respo�d.by
accessing and causing the monitor to dtsplay the d1g1tal 45 
maps corresponding to the following files: BOA. so·a,

BOC, IIDD; BDC, BDD, DBA, DBB; DBA, DBB, 
DBC DBD; DBC, DBD, DOH, DOB; ODA, DOB, 
DDC. DOD, In effect as all or the files in the above
e:umple correspond to the same level or resolution all .W
these mes (and any group of files which exist on the
same !eve! of resolution) can be taken a.'! being related as 
C-OU:rnl.S.

FIGS. 9A, 10A, llA can al� be used to illustrate the 
operation of moving toward the display of a larger 55 
mapping area with a lower degree of resolution. 

Assume th.at after lateral "scrolling" or "flying",. that 
the monitor is now displayi.ng (not shown) a digital map 
corw.iponding to the encloN:ecl a:rea 1110 shown in FIG. 
HA. (Note: at this po5ition the mapping system is ac• W 

where "-" can be replaced by any ASCH character 
(including blanks)., except for the following ASCH 
characters, 

. · · ,r \  n , l  < > + ; ,
and ASCII characters below 20H. The currently pre­
ferred embodiment stays within these DOS filename 
rules by using the file naming operations which are 
detailed below. 

Because the assigned filenames will be seen ro be 
related to hexadeci.'l1ais, a useful chart containing the 
hexadecimal base and a.loo a conversion list (which will 
be shown to be convenient ahead), is :reproduced below: 

cessing and dL-.play a digital map corresponding to the ___________________ _ 
digital dais. in the files DCA, DCB. DCC, DCD). Sup­
pose the ll!it!r now wishe& to cause the "relative _viewi�g
position" to :room upward, such that the momtor will 
display a larger portion of the pa.per 450 at a lower 65 
degrre of resolution, By using the appropriate keys or a 
mouse device, the user imhcates bis/her preference to 
the mapping system. Upon receiving this preference, 

Column l C::>lum11 2 CG!�mn j 
(!OW () G 
000) H 

0010 i l 
001 1 ] 

0100 4- K
0101 � L 
0 1 10 6 M 

1
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-continued 
Column t c,;!umn l 

7 

Cdunm 3 

16 
sixteen ( 1 6) "x" and 'V' b:its correspo11cts to a filename 
bit which can be miuiipulated when assigning filemm1es 
at a corresponding magnitude or level of mapping reso, 
Jution, e .g . ,  the first "x' '  and first "Y" bits corre.spcmd to Olll 

10C(l 
!f(ll 

1010 

!OU
! !00 
l !Ol
WO 
l l ! l  

s 

(} 

A 
D 
C 
D 
E 
F 

N 
0 
? 

Q 
R 
s 
T 
u 
V 

S filename bits \.Vhich can be manipulated when assigning 
unique filenamei; at the first magnitude, the second "x''
and secom.'I "y" biL'l correspond to filename bits which 
can be manipulated when assigning unique fifonarnes at 
the second magnitude, etc. 

l O  Third, FIG. 12  corresponds t0 the namin,g protocols 
which are utilized to modify and relate a parent file-

The first column C<Jntains a list of aU the possible +.bit name to four (4) quadrant men:mtl:lS, Note that there is 
binary combinatlon<o: the second column contains the a two-bit na...�ing pmwcoI in each of the quadrant. files. 
hexadecimal eqt1ivalent of these h1nary numbers: and As will become more clear ahead, the first bit of each 
the third column concerns a "mutant•hex'' conversions 1 5  protocol determines whether the current "x" fi1e1.,ame
which will be shown to be important in the discussion to bit will be modified (Le,, if the first protocol bit is a 'T'., 
follow, ln the operatidns to uss.ign unique filenames f or the current ' '1<'' filename bit is changed to a " 1 ", and if 
use in a DOS operating: system. the p.resent invention first protocol bit is a ' (0' ', the current "x" filename bit b 
looks at each of the eight DOS ffietiame characters as mai11tained as a "0"), and the se,;ond bit determine� 
hexadechnal characters rather tlian ASCH chancters, 10 whether ilie current "y" filenasne bit will be modified 
Hence, while the following discussion will center (in a similar manner). 
around deterntining unique filenames using hexadecimal The text uow turns to ;:1, file naming 1:.1,m:nple which l5 
(and "mutant·he;,,:adecimal") charac..-ters, it should be believed to provide farther te-�chings and darity to !he 
understood in mi actual DOS implementation, tht! hexa- currently preferred file muning operation. 
decimal filenames. must be farther converted into the 25 FIG. 13 is an illmtration of a portion of the preferred
equivalent ASCII characters such il,at the appropriate digital data base, with the plurality of files (pa.rtiaUy 
DOS file naming rules are foilowed. shown) be1ng urrang:ed in a conceptual pyramidal mm• 

At this point, it is al�J useful t,o note that the file llCr in a rr,anner simifar to that which was described 
naming operation. of the preforred embodiment is not with ,eforence to FIG. a. More specifa:.ally, there are
concerned wi�h the trailing tnree character filename 30 showu four mes 1300 ha\· ing digital data ,:xme.r;pondinge�:tensi.on. However, it should be further noted that this to a first level or magnitude of mapping re,ol.ution,three character ftlename e:<:tension may prove useful. in slxi:een files 1310 having digital data corresponding to a specifying data from diffen.nt sou.rces, and allowing the second level or magnitiide of mapping resolution, six ty-diffe.rent types of data to re.side iTI !.he same database. As four files !32-0 having digital data corresponding to a examples, the filename e;,,:ten&icm ''.spm'' might. specify 35 tllird level or magnimde of mapping resolution, and adata from !>Canned paper maps. lhe filenwnc: extension partial cut-away of a plurality of files 1330 having data ",si" might specify data from sate.llite iruage.ry, the me-

:t · " ed" , ht . 'f' 'dd d cl t ·  corresponcii:ng to a . fourth level or ni,�i1litude of map• l
d
lam

t 
e e

1� ensJ.on ,g mig · · speci Y gn · e · · · eva ton ping resolution, Although not show.n, it is to be under-a .a. e .c . __ ,, h. · · ' " d ""-�" ·  . -'d' ' IAs ii result of the foregoing and following diSC\IS• 40 st°'.>U _t at. m me pre,erre 
. ,':

mvv,.,iment� a,., l!lCma
siomi, it wl.11 be seen that the nruning operation of the pyramuial strn,-�ture c?rr�ponru�g to levies magmt:,1de�
preferred embodiment is concerned on!v with .a file- five tlm�ugh !itxte�n s;mtlarly e:iust: As examples of ,he
name cf the following form: 

• file nammg op�uon, til�mtmes w:ill now be c,,k.t!l�red 
for the files which essentrally occupy the s.ame posmous 

4:5 as thi:: filei1 w!:rich were outlined In FlG, 8. 

where enc.h "-" rep.resents a character which is a he:<:a­
decimal char.acter within the character set of "0-9" and 
''A-F", or is a .. mutnnt-he:rn.decimal" character within 
,he character set of "G-V", 

Several morn important me naming details shou.!d be 
discu!Rl.ed. 

50 

First, it should be pointed out that fue first four (4) 
filename characters is designated as corresponding to 
the ":,," c:t.iordfaate c hamcters,. and tl1e last four (4) file- 55 
name characters are design!lted a.,; corresponding to the 
"v" coordinate (Jiaracters. 
• Seco11d, during the file naming. operations, often it is

necessary to conven the filename characters intc the
equivalent binary representation. As eactt hexad.u;imal 60
character can bl:! converted into a four bit binary num­
ber, it can be seen th.at the first four (4) fi1e1wne charnc.-. 
ters (designated as "x" coordinate charactl-rs) cnn be
converted into sixteen ( 1.6) binary bit� designated as "x"
bits, and similarly., that the last four (4) filename charac• 65
tem (deslgnnted as ' ·y" coordinate characters) can be
converted into sixteen ( ! 6) binary bits designated as ''y"
bits, As wiU become more apparent ahead, each of these

We begin with the initia!i:ting eight (8) characte..r 
filename: 

() <) !J ;) 

which can be converted to the bimu:y equivalent: 

0000 

This binary representation is the basic frmndati.::m which 
will be used lo calculate all of the filcnm11cs for the files 
on the first level (tJOO). Note, that the first and last four 
filename characters, and the fmt and last sixteen bi� are 
�lightly separa.ied in order to COllVtmiently dMingufah 
the ";-:" and "y'' coordinate cha.r;:1,cters and bit.5. Both the 
first (leflmostJ "x" bit and the first (leftmost) ''y" bit. are 
the bits which can be manipulated in assigning a unique 
filename to the files on the fmt level 

File naming begins with the first (upper-rightmost) 
file on the first level 1300. The naming protocol as. 
signed lo this quadrant file is the two•blt protocol "W". 
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As the fin.t protocol bit is a "l" ,  this means that the 
cun:ent ",;:" bit must be changed ta a "1 ". As the second 
protocol bit is a ''O". this means that the current ' 'y" bit 
is main'tained as a "0". As a result of the foregoing, the 
first (upper-rightmost) file is assigned the filename haY·­
ing the binary equivalent of: 

\000 OOOll 

which c:an be converted to the hex charncters: 

0 Cl 0 (l (l 0 iJ 

of the files on the lir:st levd BOO) is not utilized in as­
signing fi!ena.'Ues on subsequent levels, In naming files 
from the second level or magnitude downward, the 
binary equivalent of the parent fiJe's name is utilixed as 

S the foundation from which the descendent file's name ls 
derived. It is. only coincidental that the filename of the 
parent tile C'-lC01000 (locatro in the user-left mo.�t cor• 
ner of the first Je\·ei 1300) is the Siiltte as the initializing 
filename. Use of the parent's filename to c.a!culate the 

10 descendent's filename will become more readily appar­
ent ahead in the example, 

In contmuing the file naming example, the fourth 
(upper.leftmost) file (having filename IXlOCXXXlO) in the 
first level 1300 can be viewed a.� being the parent file of 

15 the four (highlighted) quadrant files in i.he second lev-el 
1310. As stated above, the binary equivalent of parent 
file's OO(J(XXXlQ name i� uti lized !15 the foundation for 
calculating the descendent file's filenames, At this sec-

In proceeding c:loc:kwise, next i.s the second (lower­
rig:htmost} me on the first level 1300, The naming pro­
tocol assigned to thili quadrant file is the two-bit proto­
col " {  1". As the fi.rst protocol bit is a " l", the current 
"x" bit is changed to a " l " : similarly, as the second 20 
protocol bit is a "l '-', the cun:ent "y" hit i, changed to a 
" l", As a result of the foregoing, the second (lower· 
rightmost) file is a..o;signed the filename having the bi­
nary equiv�ent of: 

ond level or magnitude, the second "x" and "y" bits 
from the left ln the parent's binary filename are taken as 
the "current'' bits which can be manipulated to provide 
a unique filename for the descendent files. 

As the calculation of the filemune for the fourth (up­
per-leftmost.) file of the second leYel 131.0 illustrates a 

15 very important modification in the me naming opera­
tion, the example will first continue with discussions 

1000 ocoo 

whi.ch can be converted to the hex characters; 

C 0 0 0 (I 

0000 

(I. 

corresponding to this file, 
As the naming protocol assigned to the fourth {upper­

Jeftmost) file of the second level 1310 is two-b1t proto-
."JO col ''00", it can be seen that neitht\f of the current ◄ >:,;" 

mid ''y" bit would be changed, Hence the parent's file­
name (X)(l(X)(l()O is unchanged, and is. attempted to be 
adopted as the descendent's filename, However, note 

Continuing clockwise, neJtt is the third (lower-left­
most) file on the fu:�l le..-el 1300. The naming protocol 33 
assigned to this quadrant file is the two-bit protocol 
"01" .  As the first protocol bit is a "O", t.he current "x" 

that this is extremely undesirable as the operation of the 
present invention is based on assigning each data me a 
unique filename, and furthermore, a DOS operation 
system will not allow the S1llite filename to be �igned 
to two different iile$. To avoid this dash. tht' preferred 
file naming operation of the present invention incor• 
prates a further step which can be detailed as follows: 

bit is maintained at 0. As the second protocol bit is a 
"1'"' ,  the current "y·"' bit is changed to a "l".  As a result 
of the foregoing, the third (lower-leftmost) file is as- 40 
signed the fil.mame h11.Ying the binary equivalent of: First calculate the filename as explained above. Onct� 

the binary filename is obtained, convert to the eight 
character hexadecimal equivalent. 

I@ ocoo 

which can be converted to the hex characters; 

G l! a (I () () (). 

Nex.t,. take the decimal number of the current level. or 
�, magnitude attd :mbtract cme 0) to result in a decimal 

magnitude modifier. Convert the dedma! magnitude 
modifier into a f'our-bit binary magnitude modifier, and 
line thc:ie four bit� up with the four he.udccimal ''x" 

Finally, there is the fourth (upper-leftmost) file on the 50 
first level 1300. The naming protocol asi;igned to this 
quadtaut is the twti-bit protocol "00". As neither of the 
protocol bits is a " 1", it can be easily seen that neither of 
the c1.1rrent "!I:" .md "y" hits ch.angrs, and hence, the 
fourth (upper-leftmoot) file is assigned the filename 55 
having the binary equivalent of: 

filename characters. Whenever a "l" appears in dle 
binMy magnitude modifier. the corresponding aligned 
"x" filen.une character is converted to a "mutant-hex-
adecimal" character. i,e., a decimal 16 value is added to 
convert the aligned filename character into a one of the 
''nmtant-he.ude(:'.imal" characters in the character set of 
"G-V'' . 

Conversions from a hexadeciinal character to a "mu• 
tant-heudecimal" cbara.cter can be most readily made 
using the chart detailed above, As an eMmple, if deci­
mal 16 is added to the hex character "O" {Column 2), CfflO 

which can � �"Onverted to the hex ch.a:ractcrs: 

ll 0 0 0 0 !l. 

In further discussions of the e.umple, it is important 
to note that the initializing (8) character filename of

0000 000'.) (which was uillb:ed to calculate the filenames 

60 there is a convenion to the "mutant-he.-o:adecimal" char­
acter "G" (Column 3), Similarly, if decimal 16  is added 
to the hex character " l ' ' (Colum.n 2), there is a conver• 
sion to the "mutant-hexadecimal" character "H" (Col• 
umn 3). Similar discussion can he .made for the remain-

61 ing hex and "mutant·hexadeci.rnal characters in the 
<:ban, 

Onc-e correspondingly i!Hgned filename characters 
are converted to "mutnnt-hex;sdec:imal", the resultant 
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eight (8) characters correspond to the file's unique file­
name. 

The above processing will nmv be applied to the 
fourth (upper-rightmost) !lie of the second level 1310 
(which WM recently discussed abovi::}. The resultant 
binary filename, 

ocxio ()(](10 i)J:lo ,xrn uom oo:x1 ,xx10 ocoo 

is converted to the hex character;;: 

0 I) Q Q I) I) o. 

Only the fourth bit of the binary magnitude modifier is 
a 'T', so only the fourth '":,;" fi!euaine chai:acier needs 
to be converted to "mutant-hexadecimal", From the 
chart, the he�adecimal character "O" is sho:nvn to con-

5 ven ta a "mutant-heudecim.il" c:ha:mcter "G", Thus, 
the unique filename which is a.,;signed to the first (upper­
rig:ht-quadrant) fiie of the second level 1310, is: 

10 __ 4 ___ o ___ o __ u_-__ L_' __ u_· __ G ___ o. __

Turning now to the second (lower-,ight-quadnmt) file� 
tliis file is assigned the two-bit naming protocol "11". 
The- ti�t orotok'O! bit i� a "1" ·which indicates th11t the 

IS current (s�cond from the left} "x" bit of the pa.tent file's 
The level or magnitude two (2) minus one (1) results m binary tiJe:n.ame must be changed to a "1", and similarly, 
a decimal magnitude modifier of one (l ). The decimal the �econd protoco{ bit is a "l ", which indicates that the 
magnitude modifier is converted to th.e four-bit binary current (second from the left) "y'' bit of ,.he parent file's 
equivalent and is ali_gned with the '';,.:" filename charac- binary filename must be changed to a "1" T:ln1s the 
ters above, as foHo,\•s; 20 parent. filenil.ID.e, 

Q 0 (> 

Only the fol.!rth bit of the binary magnitude modifier is 25 is converted to:a "I", so only the fourth "x" filename character needs 
to be converted to �mutant-hexadecimal". From the 
chart. the he,:aclecimal character "O'' is show!l to co11� mo,; mon i:(l<Xl 0<](](1 <llOO 0000 0000 
vert to n ''mutant-hexadecimal" character "G", Thus. 
the unique filename which ls a.,;:i.ignerl to the fou.rth JO ,vhich results in the hei< charact.e-.n,:(upper�left.most) file of the second level 1310. fa, 

(1 G 0 () 0 o. 

1n continuing the example to culculatt: the filename 
for the first (upper-right-qu.adrant) file of the second 
level 1310. it can be seen that this file is ll&sign.ed the 
two-bit naming protocol "IO". The first protocol bit is a 
"1" which indicates that the current (second from the 
left) "x" bit of the p3l'ent file's binary filename mui,t be 
changed tn a "1", In ,x1ntrast, the second protocol bit is 
a "O'+, which indicates that the current (second frcm the 
left) "y'' bit i� mnint.ained n;; "o•• Thus the parent file­
name, 

is converte.cl to: 

o too 0000 0000 0000 0000 l)t>.-Xi ,y.xio 0000

which results in the 1iex characters: 

(! (> (> 0 0 0. 

35 

4 (I (l ., 0 0 0. 

The level or magnitude two (2) minus one(!) results. in 
a decimal magniiude modifier of Olle (1), The decimal 
magnitude modifie.r is converted. to the four.bit binary 
equivalent and is aligned with. the "x" filename charac• 

44.l ters above, as follows: 

0 I) 0

45 Only the fourth bit of th.e binary m:1gnttud.e -modifier is 
a "1", oo oniy the fourth "x" filename character n.eeds 
to be converted to "mut.ant·hell.adecimal". From the 
chart,. the hexadecimal character "O" is :oho·wn to con­
vert to a ''mutant,he:rntlecimal" character "G". Thus, 

50 the iinique filename which is ll.S!iigned to the second 
(]ower-1:ight quad mat) file of the second level .1310. is.: 

55 

0 (l G 4 0 0 (t 

In applying the above opera.tions to the third (lower­
let1-quadrnnt) file of the second level 1310, it ct1n be 
easily calculated that" the re�ultant filename ls: 

The level or magnitude t·wo (2) minus one (1) results in 60 ---------------------
a decimal magnitude modilier of' Olle (I}. The decimal O O O O 4 ii ii <l. 
magnitude modifier ls eonverted to t11e four-bit binary 
equivalent and is aligned with the "i." filename charac­
ters above, as follows: 

0 (l l) 

The example of !.he file naming operation is further 
e-.xtended to the third level or magnitude. a.� thls e.xam-

65 p!e is illustrative of both the use of the p�rent file's 
binary fileu.ame to calculate the descendent's filename, 
and the removal of "mutant-llei.adecimal" conversions 
before calculating the desceudent's filename, 
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In FIG. 13, the third (lowe.r-right-quadr;mt) file of

the second level 1310 is sho'wll. as being the parent of the 
four (4) quadrant files highlighted in the third level or
magnitude 1320. 

The discimion centen cm the calculation of the 5 
llltique filename for the second (loweNight-quadrant)
file in the third level 1320. Before the parent filename
can be: ullC'd as the fou.n&tion for calculating the descen­
dent's filename. all ·•mutant•heudec-imal" conversiom
must be removed. Thus the p11:rent filename: 10 

4 0 0 G 4 C 0 o. 

is converted back to: 15 

-4 0 0 () 4 Q 0 0. 

which is further converted to the binary equivalent: 20 

0100 OOJO /XXXl 00)) 0100 OtXXl «XX> OO'XI 

In continuing the calculation, this second (lower• 25 
right-quadrant) me is assigned the two-bit naming pro• 

·tocol "ll". The first protocol bit is a "l" which indi­
cates that the current (third from the left) "x" bit of the
parent lile'!i binary m,mame must be changed to a "l ", 30 md similarly, the seco.nd promcol bit is a "1'', which 
indicates that the current {third from the left) "y" bit of 
the parent file's binary filename must be changed to a 
"l". Thus the parent filename: 

The filenames for several additional third level files
wi11 be given to give the patent reader further prnctice.

In applJing the above operations to the first (upper•
right-quadrant) file of the third level 1320, it can be
easily calculated that the re5ultant filename is: 

6 u G [) 4 0 l) 0. 

In applying the above operations to the third (lower­
left.quadr;mt) file of the third level :1320, it can be ea.liily
calculated that the re5ultant filename is: 

4 !) G 0 0 0. 

Finally, in applying the above oper-ations to the
fourth ( upper-left-quadnnt) file of the third level 13.20, 
it can be easily calculated that the resultant filename is: 

4 0 Cl 0 (i () (), 

As a result of all of the foregoing teachings, one
skilled in the art should now be able to calculate the
filename of any other of the L4 billion files which
would be required to provide digital maps correspond­
ing to sixteen (16) res<ih1tions of any geographical area
on eru:th, Furthermore, once a flle is bcing accessed, by
unders.t11:nding the rules and operations of th.e file nam-
ing operation one skilled in the are should be able lo
calculate any other reta,ted files, i.e., parent files. and
brothel'/sister/cousin files. 
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is cmwe.rted to: 
pointed out further discuss.ion is needed as to an addi­
tional advantag«>us feature of the preseni. in·vention. 

As mentioned previously, the creation of a digital 
40 database is a very tedious. time consuming and ex:pen-

-0-11-0-oc.<))-.--tn).l---oo.xi-.--u-'t_rn __ OO'.'.() ___ oo;:o ___ ,xrn__ sive process. Tremendous bodies of mapping data are 

which results in the hex characters; 

avail.able from many important mapping autlwritics, for 
el!ample, the U.S, Geological Survey (USGS), Defense
Mapping Agency (DMA). National Aeronautics and

45 Space Administration (NASA), etc. 
--6--0 ___ o ___ o __ 6 ___ 0 __ 0 ___ 0_-- The maps and mapping information produced by the

above recited agencies, is always based on well estab-

The level or magnitude three (3) minus one (1) results in
a decimal magnitude modifier of two (2). TI1e decimal ,o 

magnitUde modifier is converted to the four-bit binary
equ.i",•alem and is aligned ,•.tith the ''x'' ftlename charac•
ters above, all follows, 

lished mapping area divisions, As a few e;,;ampl� the
Defense Mapping Agency (DMA) produces maps and 
mapping information �d on the following mapping
area�: GNC map!, which are 2° X2': JNC maps whkh
are 1·x !'; ONC maps which are 30'X30': TPC maps
which are lS'X.15'; and JOG maps whic:hare 7SX 7S. 
As a further example. the U.S. Geological Survey 

() Q 
55 (USGS) also produces maps and tuilizes mapping infor·· 

mation based on lS'X1S' and 7S-::<7S. 
In te.nns ofbot.i being able to easily utilize the map•

Only the third bit of the binary magnitude modifier is a ping data produced by these agem.ies, and represent an
"1 ", so only the third"�" filename char11etcr needs to be attractive mapping system to these mapping agencies, ii
converted to "mutant,he�adec.imal", From the chart, 60 would be highl.y desirable for the mapping syMem of the 
the hexaj.ecimal character "O., is sho\\tfl to convert to a p.�t invention to be compatible o.1,'ith all of the map-
"mutant-hexadecimal" character .. G". Thus, the unique ping fonnuts used by these respective agencies. Stich i:. 
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 corresponding: to 360• 

65 If one were to apply multiple quadrant divisions to
------------------- the 360° x 180° flat map projection of the earth (FIG. J).6 0 G <l � 0 0 0- one would result in the following mapping area suboivi­

sions: 
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less complicated, the non-DOS file naming opera,icm 
will be used in the discus�ion_ 

The digital mapping of the earth surfaces begins in 
FIG. 14. The visual perception of th,;: earth surfaces is 

2 
3 
4 
$ 

eic. 

(4) 
{ ! 6)
(64) 

(256) 
(Hl24) 

! off X 90'
Xi' X 45'
45' x us·

2:2..5 � :<: H .25 �
t 1.2s· :,: 5 .62s·

5 experienced as being centered, and occupying tmly a 
portion of the 5 12" X 5 12' projection .. A first quadrant 
dlvi�ion i11 applied to result. in four equa.I 256' X 256' 
mapping area.�. The visual information fa each of the 
areas is digitized, and stored in a sepante file, Thus, it 
can be seen that one would have to access four files a, t,, 
c, d in order to reproduce a digital mnp corresp<'mdir.g 
to the e-arth surfaces as viewed from this .. ,elatlve view­
ing position." 

One skilled in the art, might, at this point, wonder if 

Note that these mapping area subdivLsions are very lO 
awkward, and do not match auy of the ,vell settled 
mapping area subdivisions. (It should be further noted 
tlm.t no better remits are obtained if the initial map 
projection ls imagined as. bcing a 360' X. 36W square 
instead of a rectangle.) IS the massive blank portions of the 5 1 2· x s 12• projec­

tions n..-sult in large blan!-'. portions on the digital map 
display. The preferred embodiment avoid this phenom­
ena, through a simple wa,dukig tiperation, i.e,, the 

Ill order to avoid these awkward mapping subdivi. 
sions, and result in quadrant divisions which precisely 
match widely used mapping area subdivisions, the pres• 
ent invention utilizes a unique initial map projection. 

More specific.ally, as cau be seen in FIG, 14, the pres• 2D 
cnt invention initially begins with a unique 5 1Z" X 5 1 2" 
initial map projection, Shown centered in the 
S l2° X 5 12" map projection is tl1e now familiar 
360° X 180" flat projc,etfon of' the surface of ,he earth. 
Although the s 12• x : :'!12' projection initially appears 15 
awkward and a waste of map projection space, the great 
advantages which are resultant fro.m the use of this 
p{ojection will become nmn: apparent in the discu;.sions 
to follow, 

To aid in this discussion, provided on the next page is JO 
a chart which details the:se important advantages .as well 
as other useful information regarding the use of this map 
projection. 

computer is programmed to keep track of longitudinal 
and latitudinal movements from an initial po�ition of <t
longitude a.,.,.d o• latlt.ude, and the compmer dot1S not 
allow scrolling of the monitor display beyond 90• nortl1 
or south, 

As to side to side movements, the compute.r .iHows 
scrnlling beyond 1 s0• =t or west by patching the ap­
propriate data files together to perform a "wrap 
around" 1Yperation, Note that, \\'lth the knowledge of 
the k1gical file rmming operation, the computer cttn 
quickly and easily calculate the appropriate files to 
access. 

Before moving to the ne",t level or magnitude of 
mapping resolution, it is be11eficial to note the corre-­
spt)ndence between our findings and the entics in the 

M!\GNIT1JDE gql!IVALENCY CHAR.I f!0R DELORME PROJECTION 
Chan ?-$S1;.ime5 69 M�uu�e mjks p,;t �¥$ �t �qua:tm 
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Th� best way to �c the .advantages of the 5 12" >'. 5 12'  
mapplug projection, is to use i t  with the previously, 
taught, quadraut divi�ion and pyrimidal file strm:ture to 65 
,ihow how this unique mapping projeC"ticm c:an provide 
digit(!! m(lps of any geographical areas of the earth, with 
1 6  levels or magnitudes of resolution. As it is slightly 

above-indicated chal't. 
In looking at !lie left-most column, ,md tracing down 

to magnitude l, note that the 256 • X 256" window �ize 
exactly match.es our determination, Furthermore, note 
that our findings is also in agreeme11t with the number 
of widows Le,, 4. It is also itlteresting to note frnm the 
third column, that the height or "relative viewing posi-
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tion" of this magnitude or level would be t 7, 664statute 
miles aoove the earth's surface. 

Turning now to the ieeond level or magnitude of 
resolution (FIG. 15). a further quadrant division is ap­
plied, resulting in sixteen (16) tru1pping areas of s 
1211• x 128., The respective filenames which are as­
-�igned to each of the mapping areas is shown. In view• 
ing FtG. 15, note that there are eight (8) mapping areas 
which are not intersected by the earth's surface. In 
order to save valuable memory space, th.e preferred 10 
embodiment will ignore, and in fact will never create 
these files. Note that there is no use for these files as 
they do not contain any digital mapping data nor will 
they evel' have any descendents which hold mapping 
data. ln order to implement this "file selectivity", the: IS 
preferred embodiment <1c&Rin utilizes a watchdog ap-, 
pmach. More specifically, as the computer already 
knows the degrc:e (•) size of the earth's surface and the 
degree (') size of each of the mapping areas (i.e., at each 
level or magnitude of resolufion), it can be seen that the 20 
compater can easily calculate the filenames which will 
not intersect the earth's surface. 

Again it is useful to correspQnd our findings with the 
entries in tb.e chart. 

Our findings are substantiated, as-, at a magnitude of 2, 25 
the window size is shuwn as being 128" X 128°, and 
there are shown to be eight (8.) pertinent windows or 
me� at this magnitude. Again, it is interesting to note 
that tile height or "rela.tive viewing position" of th.is 
window would be 8,832 statute miles above the eruths 30 
earth's surface. 

It is important to note that, although the "relative 
viewing-position" of each level or magnitude is moving 
closer to the �, the visual perception of the earth (as: 
seen in FIGS, 14-19 is not i

l

lu5trated as getting larger 35 
with a greater degree of detail. This is because or the 
J11tpel' s.ize limitations. 

In the third level or magnitude ,Jf re.solution (FIG. 
Hi), a furthel' quadrant division is applied, resulting in 
sixty-four (64) mapping al'eas of of 64• X 64°, As the 40 
projection is beginning to represent a large plurality of 
mapping areaii., lhe fikmtm� have been ommitted. 
However, it should be understood that the filename 
assigned to a respective file in thi� and subsequent de• 
grees of rcsol.ution., can easily be calculated by follow• 45 
ing the previously described me naming operation. In 
this projection. it can he seen that 40 mapping areas or 
files ai:e :riot m.ed, resulting in 24 files which contain the 
digital mapping data of this resolution. Note that the 
observed window, and used files again correlates to the so
en.tries in the chart. Furthermore, it can be .reen that the 
height or .. relative viewing pol\itkm" is at 4,416 statute 
miles above the earth. 

Further quadrmt division$ and the corresponding 
data can be seen in the FIGS. 17-19 and the chart, From 55 
the foregoing dis.c:ussions, prior teachings. and data 
from the chart, one skilled in the art should be able to 
quickly appreciate that a mapping system can be (,"On• 
strucled which can provide digital maps couespomling 
to a plurality of resolutions, of any geographical area of oo 
the world. 

The chart can uow be u:scd to observe the tremen• 
dous advantage provided by the 512°X512' projection. 
In the secoud column of the ch.an, one can view the 
sizes of the mapping area divisions which are produced <is 
as- a result of the continued quadrant division of the 
5l2" X 512° projection- One 5Jtllled in the mapping art 
wm be able to full.y appreciate tllat the resultant map-

ping area divisions enctly correspond to well settled 
and widely used mapping area formats. 

Having described all of the important operations of 
the present invention, the following further conc!u• 
sions, comments and teaching� can be made. 

With the mapping system of the present invention, 
the 1napping data are structured at each magnitude or 
level into wm.dows, frames or tiles representing subdivi­
sions or partitions of the surface area at the specified 
magnitude. The windows. frames or Jiles of all magni· 
tudes for whatever resolution are structured to receive 
substantially the same amount or quantity of mapping 
data for segmented visual presentation of the mapping 
data by window. 

As a further impro·vement, the lapping system of the 
present invention can further store and organfa:e map• 
ping data into attributed or coded geographical and 
cultural features according to the classification and 
level or resolution or magnitude for presentation on the 
map display. Several examples of this was previously 
discussed with reg!ll'd to the u.� of the filename uten· 
sion. 1f this further improvement is u�d, the computer 
can be programmed and arranged for managing and 
accasing the mapping data, Bnd el(duding or including 
coded features in tiles of a particular magnitude accord· 
ing to the resolution and densiiy of mapping data appro­
priate to the particular magnitude of the window. The 
selective display of.attributed geographic�! and cultural 
features according to resolution maintains or limits the 
mapping data entered in each tile to no greater than a 
specified full c-omplement of mapping data for whatever 
magnitude. 

In reviewing the me naming operations which were 
descnbed, one can see t.ha.t the global map generaring 
system data base �cture relates tiles of the same mag­
nitude by tile position coordimte!i that are keyed to the 
ccmtml corner of each tile and maintained in the name 
of the "tile••lile", Continuity of same scale tiles is main­
tained during scrolling between adjacent ,ir neighbor­
ing tiles in any direction. The new data base structure 
also relates tiles of different magnitudes by vertical 
!ine.ige through su�ces..'iive magnitudes Each tile of a
higher magnitude and lower resolution ls an "ancestor 
tile" encompassing a lineage of "descendam tiles" of 
lower magnitude and high resolution in the ne;,;t lower
magnitude. Thus the present invention permits access­
ing, dfaplaying and presenting the structured mapping
data by tile, by scrolling betw� adjacent or neighbor­
ing tiles of different magnitude in the same '>'ertical 
lineage for varying the resolution, 

In its simplest form the coordiniite system is Carte-­
s.ian, but the invention contemplates a variety of virtual 
tile manifestations of windowing tile mapping data at 
each magnitude: for example: tilting the aus; scaling 
one a.iw relative to another; having one or both axes 
logarithmic; or renrlering the coordinate space as non­
Euclidean all together, 

When dealing with vector or point information and 
gridded data, the most common method is to describe 
individual points as an x,y offset from the control cor­
ner of the tile .. In this way the mapping data erist as. 
pre-pr<X:essed .relative point5 on a spherical surface in a 
de.projected space. The mapping data can then be pro­
jected at the user int�rface with an application program. 
When proj�ted, all d11ta uhimately represent points of 
latitude and longitude. Tiles m.1y also contain mapping 
data as vllriable offsets of arc in the x and y directmns. 
The tile header may carry an intern& descriptor defin. 
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ing what type of mapping data ls comained. The appli- Another feature aud ad v,,mtagc of tlic way in which 
cation or display program may then decode and project the new map system and 11e·N projection handle polar 
the data to the appropriate latitude or longitude posi- mapping data are in the speed required to acces!> and 
tions, display polar data. The new po!ar compre,;sion method 

The map generating system contemplates storing 5 drastie<11ly minimizes tile or window seeks and standard 
analog mapping dat& in electronic mnpping fmmes in I/O time, Afao, without. compressirig r.he pofos, the 
which the raw analog data would be scanned and l:ou- Creation/Edit Softwru-.e would have to work on in-
verted digitally to the tile structure and then later ac- creilsingh' nanow tiles as the aspect ratio approached 
cessed and projected for the purpo�e of displaying cou- zero at the poles. 
tinuons analog mapphg data. l0 The invention embodies a.'l. entirely new c.artographk 

In the preferred example embodimem, !he digital ornanization for an automated atlas of 1J1.e eanlt or othe.t 
mapping data are structured by window m tile In a ge;.erally �l}herical or spheroid.al globe with 360 de• 
substantially rc�iangular con.figuration encompa,;sing grces of longitude and 1 80 degrees of latitude, Jill equa-
defined widths lilld heights in degrees of latitude and to.r and poles. The digita:L mapping data for the eii.rth is 
longitude for each magnitude, The mapping data repre. l :5  structured on an imaginary surface space having 512
sen.ting each magnitude or level are stored in a de- degrees of latitude and longitude. The imaginary 512 
projected format according to mapping on an imaginary degree squa.te surface represents the zero magnitude or 
cylindrical surface, For display of the maps, however, r\lOt no�e at the highest level above the ean.h for_a 
h. d b d . th •i · h1erarchml tvpe quadtree dat!l base strnctllfe. In favt, t e ata ase m3nager acce>1ses an presents . e ,.i es u1 •0 h "'l" . , 1 th 'tude en , ed .,, d ' . h . 1 fi · . ·• J. i, e .., .. ctegtee sq=e p ane at e zero magrn . -a proJect ,orm, accor mg to t e rea c-0n 1gu.rauon ot t• t· . , • , 1 •.•1 Th �p . ,.f , , · ,' . , . ., , f •. '-'Pmpass� .ie en m: ean,i m a. smg e u e, e m� ,., th.e mapped :urface� by \!eymg the aspect ratio � lat1 the earth, of course, fi.!J:s only a portion of the root node tude to tongttu�e. d1mens1on� of the tiles according to window of 512 degrees square, and the remainder may the absolute posmor� oftl�ewmdow on tt!e s�fa"1:: .u:e� be deemed imaginary space or "hyperspace". 

. For example, for a i;phcncal or spheroidal globe h�11 . 15 [n the preferred examvle embodiment from a .i:eromg an equator and pole_s, such as the eart�, the mappmg magnitude virtual or imaginary space 512 degrees data are �ces�d and displayed �)' as�cting or mi_rrow• square, the data bMe struct1ue of the global map gener-mg the v.1dth �n the w�t-east d1_mens10n of the t1l� of ating system descends to a first magnitude of mapping the same ma�J�ude, whll� scroll mg fr�i the equator to data in foiir tiles, windo·ws or quadrants, each compris, the �oles. �is 1s accmn�bshc<l by altem1g_ the �v,d,h o� .l0 ing 256 degrees of latitude and longitude. Each quad,the ttle _relattve to _the hc1.ght. In the graph�cs display ot rant represents mapping data f,-:,r one-quarter of the ellch wmdo� or rile on the monito:, the tiles are pre�- earth thereby :mapping 180 degrees of longitude and 90 ented. essent,ally as rectangles havmg Jill m,pect rauo degrees of latitude in the imaginary surface nf the tile ot substant!aliy equal to th� cent�r latit,ude en_compass�d fou.;.1c comprising: 256 degrees squari:, leaving exce�s by the. ule. Thus, the Wldth of the v1s:111l d1sp{ay v,tm- 35 imaginary space or "hyperspace", In the second magni-dows 1S conecti:d m two respects. First, the ov�ntll t.ude, the digit.al mapping data are virtually mapped andv..id_th is correct�d by 11$pec�g !<! a narrower width, stored ln an organi2.ation .-if 16  tiles or windo\v, cad1 d�nng sc:rolltng l!1 the drre_ctlo� ot the poi�, and,to a compti�ing 128 degrees of!atbtde m1rl longitude. . \V1der width dunng scroUmg m the d1rcctl<m ol: the The map generatit1g S)'Stem supports two \:i.1indowmg equator. Second, the width of the tile is averaged to the 40 formats, one b:ised on me binary system of the 512center la!itude_ width encompassed by the tile !hm�gh- degree square zero magnitude root node with \yper-out the tile he1ght to conserve the rectangular conngu- space and the other based on a system of a 360 degree ration, Alternatively, or in addition, further cmnpensa- square root node without hyperspace. A feature and 
tion may be provided by increasing the number of de• advantage of the virtual S 12 degree data base stru�:ture g:rees of longitude encompassed by the tiles during -is with hyperspace are that the ti!es or windows to be scroHit1g from the equator to the poles to compensate displayed at respective magnitude5 are consistent with 
for the aJmpound curvature of the globe. cm1ventional mapping scale divisions, for example, 

A feature and advantage of this new method and new tlwsc followed by the U.S, Geo!ogi�,aJ. Survey (USGS). system of map projection are that the dramatic and Defense Mapping Agency {DMA). National Aeronau-
perverse diswrtion of the globe neur the poles, intro- 50 tics and Space Administration (NASA) and other gov-duced by the t.raditio11al and conventional Me.rcator emment mapping agencies. Thus, typical mapping 5c.ale 
projection is substantially climiuatro. According to the divisions of the USGS and military mapping agencies 
invention, the 1.;ompe:m,ating aspect ratio of latitudiual include scale divisions in th.e ,ame range of 1 deg, 30 
to longitudinal dimension of aspecting is 11 function of ·minute,s. 15 minutes, 7.5 minutes cf arc on the earth ,.
the distance from the equator, where the aspe<::t ra.tio is ss sul'face. Thfa common sut>divi!>ion of mapping .space 
one, to the poles where the aspect ratio approaches does not exist in a data structure 1'ased on a 360 degree 
.:e:ro, all as described for e..stample in Elements or Car- model without hype-rspace (see chart). 
togrnphy, 4th edition. John Wiley & Sons (1978) by Thus, according to the present invention, the world i� 
Arthur Robimson, Randall Sale aud Joel Morrison. represented in an assemblage of magnitudes, "-'ith 12.;h 

The new system comempla,es "polar c,nnpression" 60 magnitude divided into adjacent tiles or windows on a 
(FIG. ZO) in the fol!owing manner. Starting at 64 de- virtual or hnaginary two-dimensior,al plane or cylinder. 
grees latitude, the width of each tile doubles for every At higher magnitudes the quadlree tile� of mapping data 
right degrees of latitude. From n degrees to 80 degree;;; do not fill the imaginary projection space, However, 
latitude, there are 4 degrees of longitnde fur I degree of from the seventh magnitude down, the mapping data 
latitude. From 80 degrees to 38 degrees lntitude, it be- 65 frll� a virtU!ll closed cylinder, and no hyperspace e,'l.ists 
comes eidJt to one, and from 88 deg.tees to the pole (90 at these levels. 
degrees) it becomes 16 to one (see illustration of polar In the preferred example embodiment the invendon 
compres�ion). (AG . .20} (running on a 16 bit computer) h.15 sixteen magnitudes 
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permits s.;rolling, th.rough mapping tiles or windows of 
a particular magnitude, and zooming beiween magni· 
tudes for varying resolution. '-"'bile the data base orga­
nization is hierarchlal between levels o:r magnitudes, it is 

3 relational with.in each level, resulting in a three dimen· 
sional network of mapping and descriptive information. 
The present invention also provides a new mapping 
projection that has similarities to the Mercator projec· 
tion bu.t e1iminates drastic disto.rtions near the pol~ for 

or levels (with ex.tensions to 20 levels) representing 
sixteen altitudes or distances above the surface of the 
earth. At the lowest (16th) magnitude of highest resolu­
tion and closest to the earth, the data bMC structure 
contains over one billion tiles or windows {excluding 
hyperspace), each encompassing a tile height of approx­
imately one half statute mile, At this level of resolution, 
one pfa:el on a monitor of 480 pixels in height represents 
approtimately 6 foet on the ground. Mapping data are 
positi-0ned within each tile using a 0 to 1023 offset coor· 
dinate structure, rt:Sulting in a data resolution of approx· 
imately 3 feet at this level of magnitude {see chart). The 
contemplated 20th magnitude tile or window height is 
approximately 175 feet, which results in 11 phel resolu· 
tion of about 4 inches on a monitor of 480 pixels in 
height and a data resolution of about 2 inches, when 
utilii:iug the 0 to l 023 offset coordinate ~tructure. Alter· 
natively, the map-generating system con.template$ an 
extended offset from 10 bits (0 to 1023) to an offset of 16 
bits {Oto 65,SJS). In this case, the CJ1tcnded 2.0th magni· 20 
tude results in a data resolution of 3 hundredths of an 
inch. 

tO the purpose of p~tation through a method of 0 as· 
peering" tile widths ru; a function of the latitudinal. dis· 
tance from the eqW>tor. 

While the invention hll.!I been particularly shov,.11 and 
described with reference to the preferred emmx!iment 

is thereof, it will be under!itood by those skilled in the art 
that vari.QUS chan.gc:s in form and details of the devk:e 
and the method may be made therein without departing 
from the spirit and scope of the invention, 

For still more resolutioo, the map generating system 
contemplates 32 magnitude!> on a 32 bit computer and 
representing 32 altitudes or distanc~ about the surface 23 
of the earth, Each level of magnitude may define map· 
ping data within each tile using a 32 bit offset coordinate 
structu.re, thereby giving relative mathem!ltica1 accu· 
racy to a billionth of an inch. In all practicality, 20 
separate magnitudes or levels ate more than sufficient to 30 
c.arry the neces5ary levels of resolution and a<:curacy. 

The new invention pmvide!I wen with the ability 
graphically to view mapping data from MY part of the 
world·wide data bMe graphically on a monitor, either 
by entering coordinates and a levt!l of room (or magni· 35 
tude) on the keyboard, or by "flying" to thJlt location in 
the "~tep·::mom" mode using come(:utive (;licks o( the 
mouse or other pointing device, Once a location has 
been cho;sen (this point becomes the user-deffoed sct0een 
center), the mapping software accesses all adj~'ent tile~ 40 
newed to fill the entire view window of the monitor 
and, then, projects the data to the screen. Same !ID11le 
scrolling is accomplishw by simply choooing 11 new 
screen center and maintaining the same magnitude, 

Vertical zooming up or down is .accomplished by 45 
cho.JSing another magnitude or level from the menu 
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 afford.~ the efficient and easily fol· SO 
lowed zooming oontinuily inherent in the present in· 
venti-0n. Further discussion of such quadtree data orga· 
nfa:ation is found in the article. ''The Quadtree and Re­
.lated Hierarchical Data Stru.;;tun:s", by Hannan Samet, 
Computer Surveys, Volume l 6 , No. 2, (June ! 984), SS 
Pages 187 et seq, 

The map-generating system also supports many cype~ 
of descriptive information such as tl1!1t contained in 
tabular or relational data bases. This descriptive infor­
mation can be linked to the mnpping datll with 11 lat1tude 60 
and longitude coordinate position but may need to be 
displayed in alternate ways, Descriptive information is 
better suited for storage in a relational form.at and = 
be linked to the map with a "spatial hook". 

In summary, the present invention provides a new 65 
autamated world atlas and global map generating sys. 
tem having a multi-level hierarchial quadtree data base 
sini.cture and a data ha.re manager or controller whkh 

What is claimed is: 
l. A oomputer implemented method for generating, 

displaying and presenting an electronic map from digi· 
tal mapping data for a surface area having geographical 
and cultural foatures, said method comprising the stepi; 
of: 

organizing the mapping data into a hierarchy of a 
plurality of succesliive magnitudes or levels for 
presentation of said mapping data with variable 
degre~ of mapping resolution, each magnitude for 
presetltation of said mapping data with a different 
degree of mapping resolution from a lint or highest 
magnitude with lowest resolution to a Ja.i:;t or low-
est magnitude with highest resolution; 

structuring said mapping data at each magnitude into 
a plur.ality of windows. frames or files representing 
subdivisions or partitions of said surface area, said 
windows of a respectt\'e magnitude including map-
ping data which are appropriate to a degree of 
mapping resolution being afforded at said magni­
tude ..,1.-·hiie e~c!uding mapping data wbfoh are not 
appropriate to said degrei: of mapping res(>{ution, 
and at least a portion of said windows of each mag. 
nitude being structured to receive substantially a 
same predetermined amollllt or qua.ntity of map· 
ping d.ata for segmented presentation of the map­
ping data by window; 

organfa:ing ~aid mapping data into records of ge>:r 
graphical or c:ultw.-al foatures for pr<m,'lltation 
within said windows. and coding said features; 

managing sitid mappifl$ data for each window by 
e."'l.cluding or including c·ooed features appropriate 
to the degree of mapping resolution and deinsity 
being afforded by said window, such t.ltat a qn.an-
tity of mapping dam entered in each -.vindow is no 
greater than said predetermined amount; 

relating windows of a same magnitude by window 
position coordimites or names a.nd structuring said 
windows with overlap or mapping data between 
adjacent or neighboring windows of a magnitude 
or achieve &sptay contlnuity during generation, 
displa)' and pl'ei;cnta.tion of an electronic map; 

relating windows of different magnitude by vertical 
lineage tnmugh successive magnitudes, each win· 
dow of a higher magnitude and lower re$Olution 
being an ancestor window being related to a plural· 
ity of descendant windows oflower magnitude and 
higher resolution in a next lower magnitllde; 

accessing and displaying or presenting mapping data 
for different positions of a !idected magnitude by 

!v1icrosoft Corp, Exhibit 1009 
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~cmlling between adjacent or neighboring win· 
dows of a san:u:: magnitude in predet~nninel north, 
south, each and west directions; 

and accessing and displaying or presenting mapping 
data for different selected magni!udes h>tviug dif· 5 
ferent resolutions by zooming !:let·ween witidows of 
different magnitudes in a same vertical llueage. 

2. Th.e method of daim 1 further comprising: 
nrganizing said mapping data of said surface area by 

degrees of fatitude and longitude; IO 
~1ructuring each said \>iindow of m11pping data to 

represent a substantially rect:anguliir surface area 
configuration encompassing defined degrees of 
latitude and longitude for each magnitude, and 
stming the mapping data for each magnitude in a 15 
venical Mercator projection format; 

accessing and pre'lentirig said windows or mapping 
data in a corrected or compensated proJ'ection for· 
m.at departing from said ·Mercator projectiori for· 
mat according to a real configm't:tiou of said sur· 20 
face area, by varying an a.~pect ra!fo of latitude to 
longitudinal dimensions of each \.Vindow ~ccordillg 
to a coordinate pnsition of sfild window with re­
spect to a coorumate layout of said surface area. 

3. The method of cl.aim 2 wherein said surfa.ce area 25 
comprises a spherical or spheroidal globe having an 
equator and poles, said method comprisiug the further 
steps of: 

said globe thereby mapping 180 degrees of ~urface 
area longitude and 90 degrees of surface area lati­
tude in silid imaginary surface of 256 degrees of 
longitude and Jafaude and !er.wing excess imagi­
nary space; 

mapping and storing a second degree of magnitude of 
mapping data in sil(teen \vindows each comprising 
128 degrees of longitude and latitude of said imagi­
nary surface, each window of :;.aid second degree of 
magnitude comprising :mapping data for a further 
subdivision or partition of said globe; 

and mapping and storing thfr<l ihrough twelfth de­
grees of ma.gnitude thereby fonning additional 
levels of a hierarchical quadtree database structure 
;;o that an eleventh magnitude comprises \;,'indows 
encompassing 15 s:econds of latitude ~md ;1 twelfth 
magnitude comprises windows encompnssing 
~even and a half seconds of fotitude; 

whereby, as a result oftlte foregoing, windows of said 
ekcironic map al respe;;;tive magnitudes or levels 
are consistent ~.vith conventional mappitlg ~cil.le 
divi$lOJIB, 

'?, The method of claim 6 whereL'I salct hierarchical 
'luadtree dataha.'le structure compri;;es sixteen d.egree of 
magnitude.~ or level~ including a sfa:teenth magnitud.~ 
comprising over L4 billion window.s, each encompass­
ing approKimat.ely a fraction of a minute of a degree of 
latitude. 

accessing and presenting m<lpping data in a corrected 
projection format by aspecting or narrowing, in a 
direction from an equator to pole, the -width or 
latitudinal dimension of window~, of a mime m:i.gni· 
tude~ which encompass the san:u: numbcr of de­
grees of latitude and longitude; 

8. The method of clailll 6 wherein each said "\'ind.ow 
10 corresponds to a trapezoidal surface area configurntion, 

and periodically increas.ing a iwmbe.r of degrees of 35 
long.itudc encompassed by :;aid wfadows· in said 
direction from equator to pole to compe,'.lsate for 
compound curvature of suid globe. 

4. The method of claim 1 wherein said surface are.a 
comprises a gene.rally sphericat or spheroidal globe 40 
with 360 degrees of longitudinal, l i!O degrees of latitude 
and an equator and poles, ~d rneth<Jd compri!li:ng the 
further steps of': 

relating win<lo\.vs of different magnitud~ by vertical 
lineage in a .hfomrchfonl qm1cdtree d.atabase struc- 45 
tu.re, by succes.~ively partitioning or subdividing 
ancestor windmvs of a vertical lineage into four 
descent windo'ws or quadrants at a next lower mag· 
nitude or level, and incorporating additional re­
cords of features in said descendant windows to 50 
incorporate mapping data for a next higher resolu­
tion. 

S. The method of daim 4 •vhexein said hierarchical 
quadtree database structure comprise$ at least sixteen 
degrees of magnitudes or levels. 

6. The me!bod of claim 4 comprising the further steps 
of: 

55 

mapplug and storing mapping data for said globe in a 
virtual Merc.ator proje.crion format representing an 
imaginary su.rface having 512 degrees of longitude 60 
and latit.ude comprising a zem magnitude <Jr root 
node of said hierarchical quadtree database struc· 
ture; 

mapping an<i storing a first degree or highest magni­
tude of mapping data in fou.r windows or quadrants 65 
each. comprising 256 degrees of longitude ·and lati­
tude, each window of said first degree of magnl· 
tude comprising ma:pping data for one quarter of 

9, The method of cfairu fi comprising the step of lloat­
ing ·rrmpping data records of ;;elected features from a 
window of one magnitude to a window of the same 
vertical lineage in another magnitude. 

10. The method of claim. 6 comprising the further 
step~ of: generating analog mapping data, structuring 
said analog mapping data accon:ting to a same format as 
digital mapping data.. and ovedaying an.d presenting 
;;aid digital mapping data i1nd analog mapping data dur· 
ing generation, display and presentation of an electronic 
map, 

11. The method of claim 6 ccmprising the further step 
of ~electively filling said witidows with mapping dam 50 

that some windov.."S contain a full complement of map­
ping data appropriate to a degree of mapping resolution 
being afforded at said magnitude, and other window~. 
each cf \l/hicb correspond to a subdivision of smfa,,e 
area containing fe>,v Ol' no geographical or culmra! foa· 
tures. "-'Ontain le.~s than a full complement of mapping 
data. 

12. The method of claim 6 comprising the further 
steps of: 

acci::ssing lllld presenting mapping data in a corrected 
projection format by aspecting o:r narrowing, i.n a 
direction from an equator to pole, '' width or latitu· 
dimll dimension of windows, of a same nmgnitu.de, 
which encompass the same number of degrees of 
latitude and longitude; 

and periodically increasing: a number of degrees of 
longitude encompassed by said windo\vg in said 
direction from equator to pole to compensate for r1 
compound cur<.>ature of said globe. 

13, The method of claim 12 comprising :J1e further 
steps of accessing and presenting mapping data in cor-
1·ectcd projection for:mut, with each \.Vindow having a 
width substantially ~ual m a center latitude width of 
said window throughout said window, so lhat swd win­
dow is of rectangular configuration. 
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14, An electronic map generating system including a stibstantia!ly rectangular surface area :::onfiguratirn1 

digital computer, a mass storage device,. a display moni· encompassing predetermined degrees of httitude and 
tor, graphics controller, and system software for struc- longitude, said windows for ea-ch magnitude being 
turing, managing, controlling and displaying digital stored in virtual Mercator projection format, i;aid data· 
mapping data for a su.rface area having cultural and 5 base manager being programmed to access and present 
geographical feature-s, said system comprising: windows of mapping data in a comicted or com.pen.-

a database structure comprising a hiccrarchical dam· sated projection format departing from Mercator pro· 
base stnx:b.m: programmed and arranged for orga- jection format according to a real configuration of said 
nizing said digital mapping data into a hierarchy of surface area by varying an ru>pect ratio of latitude and 
a plurality of successive magnit\!des or levels f'or 10 longitude dimensions of each window according to a 
presentation of mapping data with variable res.ctn· coordinate position of said each wmdow with respe<:t to 
tion, each magnitude for prese.ntation of said map- a coordinate layout of said surface area. 
ping data with a different degree of mapping reso- ll'i. The system of claim IS wherein said surface area 
ludon from a first or highest magnitude of lowest comprises a spherical or spheroidal globe having an 
resolution to a last or lowest magnitude of lowest 15 eq'Wltor and poles, and wherein said clataba..;e mannger is 
resolution to a last or lowest magnitude of highest programmed to a'Cce1.S and present mappillg data in a 
resolution, and for structuring said digital mapping corrected projection format b.\l aspecting or narrowing, 
data at each magnitude into a plurality of windows, in a direction from an equator to pole, the width or 
frames or files representing subdivisions or parti· latitudinal dimension of windows, of a same magnitude, 
tions of said sw-face area, said windO\'l.'S of a respec- 20 which encompass the same number of degrees of !ongi· 
tive ma:gnitude including mapping datll which are tude, said database manager being further progrnmmed 
appropriate to a degree of mapping resolution to periodically increase a number of degrees of !ongi-
being ufforded at said magnitude while eii:cluding tude encompassed by !laid windows in said direction 
mapping data which are not appropriate to said from equator to pole to compensate for compound cur-
degree of mapping resolution, at least .a portion of 23 vature of said globe. 
said windows of 3ll magnitudes being structured to 17 .. The system of claim 16 wherein said hierarchical receive substantially a same predetermined amount 
of mapping data for segmented presentation of said datahn.se structure comprises a hietarchicBl quadtree 
mapping data by window,. said mapping data being databa-<ie structure successively partitioning or 5ubdivid-
organized into coded records of geographical and 30 ing ancestor ""1ndows of a vertical lineage into four 
cultural features within each window; descendant windcYW$ or quadrants at a next lower mag-

a database manager or controller pmgriunmed Wld nltude or level. and incorporating additional coded 
aITanged fol'. managing ~d mapping data. by mug· records of features in .said descendant winduws to incor-
nitu.de or level by excluding or including coded po.rate m!ip~ing data for a next higher .resolution .. 
records or features in·each window of a particular JS' 18, The S.)'lltem of claim 17 wherein said database 
magnitude according to a resolution and density of structure is programmed and arranged to store the map-
mappi:ng data appwpriate to the particular magni- ping data ifl a vinua} Mercator projection representing 
rude of said each window, and maintaining a quan- an ima~iMry surfa~~ htwfog 511 cle~rees of longitude 
tit.y of mapping data ~..rite.red in. eaclt window to no and la~1tude. compi::Slng a ze.ro magnitude Qr wot node 
greater than a specified full complement whatever 40 of ~<l h:eramhica! qu.adtree da~abase structu_re, 
the magnitude of the window; wherem a !mt ~degre~ or first magn~tude _of mapping 

said database structure being programmed to relate data ~ompnses .oi:ir. wmdow~, ea~h iw1ndow of s.a1d firs~ 
windows 0 ( a ~e magnitude by position coordi~ m~gmtude compi:ising_ mappm.g o.ata for on~ quarter ot 
Tiates or :names. and to structure wiTidows of a same said globe on an imaginary surl!l.Ce area of .-56 degrees 
magnitude with overlap of mapping data between. 45 of longitude and latitude,. ~d ~ierarch_i-::at quadtree 
adjacent or neighboring windows of a magnitude database structure compnSl:llg, m addtuon to first 
to. achie'>'e display continuity during generation, through tenth ?1agnitud? _e~ch havin? ~indo.ws which 
display and presentation of an electronic map, and a.re pred~termmed subdtvmons o_f smd imag~ary sur· 
to re-late windows of different m11gnitude hy verti· face. having SU degree_s of lon~tude ~d latitude, at 
cal lineage through suc,cessive magnitudes, each 50 least an eleventh magmtude havmg windows enc:om-
window of a higher magnitude and lower .resolu- passing 15 minutes of latitude, and a t.v..·el:ffh magnitude 
tion being .an ancestor window of a plurality of having windows encompassing 75 minute; of latitude, 
descendant \\'i.ndows of lower magnitude and so that \\'indows of a result.ant electronic map at respec-
higher resulutkm in a ne.'\t lower magnitude; tive said eleventh and twelfth magnitudes or leveL~ are 

said database man.ager being progrrunmed to access SS consi5tent with conventional mapping sc:ile divisions. 
and display or present mapping data for different 19. The system of claim 18 wherein said hle.rarch.ical 
positiuns of' a selected magnitude by scrolling be· quadtree database structure oomprilleS at least { 6 de-
tweeu adjacent or neighboring windows of a same grees of magnitudes or levels, said sixteenth magnitude 
magnitude in predetermined north, south, east and comprising over L4 billion windows, each encompass· 
west directions, and being programmed to access 60 ing degrees of latitude of approximately a fraction of a 
and display or present mapping data for different se(;Ond of a degree. 
magnitudes having different resolutions by z.oom- 20. The system of claim 19 further comprising a data-
ing betv.-·een windows of different magnitudes in a base of digital mapping data selectively entered in sajd 
same vertical. lineage. database structure, such that some of ~aid windows 

15, The system of claim 14 wherein said hierarchical 65 contain a full complement of mapJ>ing data appropriate 
d#tahase structure is programmed to organize said map- to a degree of mapping resolution being afforded at said 
ping data by degrec5 or latitude and longitude and to magnitude, and other windows, each of which corre-
structure each window of mapping data to represent a spond 10 a subdivis1on of surface area containing few or 
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36 
no geogr.1ph:ical or cu.lmral features, cont&in less than a 
foll complement of mapping data, 

21. The system of claim 19 fmther comprising a data­
ba5C of analog data structured according to a same 
format ~ said digital dat~, and means for o•verlaying 5 
said digital and analog data for electronic map presenta­
tion. 

22. An electronic map generating system for gene.rat­
ing reproductions of a map \JI.1th select.able degrees of 
mapping resolution, said map genernting system com- 10 
prising: 

database means storing a plurality of computer files 
containing mapping data corresponding to respec­
tive surface areas of a r.rui.pping surface, wherein 
said plurality of computer file.i. is org.anheed into a 15 
plurality of successh·e magnitudes. each magnitude 
for presentation of said mapping data with a differ· 
ent degree of mapping resolution from a first or 
highest magnitude with lowest resolutkm to a last 

20 or !owe/it magnitude with highest resolution, files 
of a resp~tive magnitude including mapping data 
which are appropriate to a degree of mapping re.~o­
lution being afforded at said. respective: magnitude 
while excluding mappu)g data which are not ap-

25 propriate to said degree of mapping rei1olution, and 
wherein a predetermined file naming procedure is 
utilized to assign, to each respective computer file, 
a unique filename which: 
relates said respective computer file to all other ,0 

computer files having mapping data con:e~pond- "' 
ing to a same magnitude or degree of mapping 
resclution; and 

relates said respective computer !i.k to any com· 
puter file compris:lng mapping data corre.~ptind- 35 
ing tn a S..me surface are.a of a mapping surface as 
said rei>pe¢tive computer fik; and 

datal~ mm.lager means for accessing said plurality 
of computer files using said predetermined Ii.le 
naming procedure, t-0 generate a reproduction of a 40 
selected area of a map at a selcck:ct degree of map­
ping reS-O!ution. 

23. An electronic map generating system as claimed 
in claim 12, 

wherein each sa.id unique filename is represented by a 45 
value contained in a plurality of bits, and 

wherein :;aid predetermined me numing procedure: 
utilize.~ a first predetermined subset of said plurality 

of bit.<; to rel.ate said respective. fil~ having map. 
ping data oor:responding to a same magnitude or ~o 
degree of mapping resolution; am:l 

utilizes a second predetermined subset of said plu­
rality of bits to relate said respeCtl'-'e computer 
fik to my comp11ter file comprising mapping 
data corresponding to a same surface area of a 55 
mapping surface a.~ said respective computer fi.!e. 

24. An electronic map generatwg systetn rui claimed 
in claim 23, wherein said unique filename also tncludes 
geographical illfonnation which clill be used to relate a 
geographical coordinate position of a respective com· 60 
put.er file \vith rellpect to a coordinate layout of surface 
11rens of said mapping surface. 

25. An e!t.~tronic map generating system as claimed 
in claim 22, 

where.in an assignment of said unique filenames using li5 
said predetermined me naming procedure results in 
said respective computer files of ~iid plurality to be 
related in a quadtree databn~e struct.ure, 

26. Atl electronic miip generating system as claimed 
in claim 25, wherein the respective area or a mapping 
surface covered >w'ith1n the computer tiles of consecu· 
tive magnitudes or degrees of mapping N!solution 
changes at a predetennii1ed rate i!1 that, when a com­
puter file at a reference magnitude or degree of mapping 
resolution contain~ mapping data corresponding to an 
NXN area of a mapping surface (\"'here N is a n~a.! 
number, and is associated with one of the conven1.i.onal 
degree", minute ', or second " mapping scale divisions), 
then a computer file at a next cons~utive m;i;gnitude 
having a higher d.egree of mapping re~olution contains 
mapping data corresponding to an (N/2) X (N/2) area of 
said mapping surface, 

1.7. An electronic map generating system as claimed 
in claim 16, wherein the value of N at said reference 
magnitude or degree of 1rmpping resofotfon, corre­
sponds to one of the foUowing values: 512\ 256°, rnr. 
64\ 32", l6", 8", 4\ 2\ l\ 30', 13··, 7.5', 3.75', l.8i5', 
0.9375' mid 0.46875'. 

:28. A method fO.r providing an elect.ronic map gener­
ating system for generating reproductions of a map wi.d1 
selectable degree5 of mapping resolution, said method 
comprising the steps of: 

storing u plurality of <".Omputer files containing map­
ping data corresponding to n::spective rnrface areas 
of a mapping sUiface, wherein said plurality of 
comptiter files is organized Jnto a p!ura.!ity of suc­
cessive mag!titudes, each tt1J1gnitude for presenta­
tion of said mapping data with a differem degree of 
mapping resolution !'rom a fir;;t or highest magni· 
tilde wifa lowest resolution toil last or lo""-est rnag­
nitl\de with higlie~t resohltion, files of a respective 
magnitude including mapping data which are ap.­
propriate to a degree of mapping rcso! ution being 
afforded at said re5pective magnitude while e~>­
duding mapping data which are not appropriate to 
~aid degree .of rnappitig resoluti(m, ;md wherein a 
predetermined file naming procedure is mi!ized to 
asoign, to each respective comput.er file, a unique 
filename which.: 
relate.~ s:ai<l respective computer me to illl other 

computer files having mapping data coae5pond­
ing to a same magnitude or degree of m<ipping 
resolution; and 

relates sllid resi-iective computer llle to any com­
puter file c~:imprislng mapping da.ta corre~pond­
ing to a same surface area of a mapping surface a.» 
said respective computer file; and 

accessing said plurality of computer files using said 
predetermined file naming procedure, to generate a 
reproduction of a selec.ted area of ~ map at a se· 
lected degree of mapping resolution. 

29, A method as claimed in daim 28, 
wherein each said unique filenwne is represented by a 

value contai11ed in a plurality of bits, and 
wherein said predetermined me naming procedure; 

utili:tes 11 first predetermined subset of said plurality 
of bits to relate said respective computer file to 

all other computer files having mapping data 
corresponding. to a same mugnitude or degree of 
mapping resofoti.on; and 

utilizes a second predetermined subset of said plu­
rality of bits to relate ?>aid re.wecti.ve comµuter 
tlle to any computer file comprising mapping 
d.ata corresPo11di11g to a same surface area of a 
mapping surface as said respective computer file. 
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30, A method 115 claimed in claim 29, wherein said 

unique filename a.lro includes: geognphical information 
which can he used to relate 11 geographical coordin.ate 
position of .a respective computer file with respect to a 
coordinate layout of surface a«M of said mapping sur· 
face. 

31. A method as claimed in daim 28, 
wherein an assignment of said unique filenames using 

said predetern1lned file naming procedure results in 
W:d respective computer files of!lltid plurality to be 
related in a quadtree database structure, 

APPENDIX D 

38 
that. when a computer file at a reference magnitude or 
degree of mapping resolution contaim mapping data 
corresponding to an N X N are.a of a mapping surface 
(where N is a real numbe.r, and is associated with one of 

!! the conventional degree', minute', or second "map­
ping scale divisions), then a computer file at a next 
consecutive magnitude having a higher degree of map­
ping resolution contains mapping data corresponding to 
an (N/2)X(N/2) area of said mapping surface. 

l O 33, A method M claimed in claim 32, wiiercin the 

32. A method as claimed in claim 31, wherein the 
.respective area of a mapping sutla.ce covered within the 
computer files of consecutive magnitudes or degrees of 
mapping resolution changes: at a predetermined rate in l 5 

value of N at said reference magnitude or degree of 
mapping rcw!ution, corresponds to one of the follow­
ing values: 512., 256", 128°, 64°, 32', 16', 8°, 4°, :r. l", 
30', 15', 7.5', :J.SS', l.875', 0.9375' and 0.4687S'. 

• * • • * 
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fov.c:-atii.)n opcr~tor. 

8 Cfaims, 6 Urn\t'i!lg Sht-els 

1~:~~~::;~~~~::;.~y ! 
;~·=~·-f;.~;1{~:::-:·::...;...,.°":~·n ~-·· 

8.·'--"S:l~:.1~~':'.R.<\1,,1XJ : 

~::~·:·::~:~ 
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OTHER PUBLlC/\TlONS 

EJ... Sdiw::r!z, "The l).;:.vduprn,,m ,,r Spt,ci!ic Vis1J;J] . 
Jm1n0<1l d. Thc;;rc!lc;il Blolugy, 69:6:'i.'J ... fi85, 1977. 
ES. Hill .Ir. ct 31.,"lnkr:i.c:'ivi; Image Query . . "CornplHcr 
Grnphks, 17(3), i 9i>J 
TlL Rco<;;VCS cl al., ''i\<fap!iv<;; Fo>·c&!ion of M.PEG Vid10o'', 
Pnic<)3ding;; ilf th<' 4th ACr..'1 lnkrnatimu! iVTu.ltirn<,di;i Cen· 
f<:Tt,rn:-<:', l'N6. 
R.S. Walla<'.'.(: (:! ;.;l, "Spa<::c-·,.-~riM1l im;;;gc procc,.,sing''. fol' l. 
J. of C<xc1putl'.'.-r Vision, 13:1(1994) 71-'!fl. 

LL Sdr\;Vatli A q1J3ntha\ivc mcdd <Jf 1b:: l'm1dfom1l <H~'hi­
lt,<::tur<::. Bidogi~:~j .::ytJ<:rn~:n<:::s, :o, 7( 19BO) (i:)-70. 

p_ Kortilm ci <ll._ "hnpliem(:r11m.im1 of a r·(i\:c:iicd lm;igc .. 
" Human Visiof1 and Efoo::t.rook: Jmagining, SPJE I'to<::ccd­
ings vr>L 2657~ 3S0--~~6H~ l 99f.i. 

M .H. Gm.s.s ct ;,J ., "Effici(:ni triangular surface . ", IEEE 
Tran:; HJ Visualil~tion and C\1n1puk( Gmplli<::>., 2(2) l\l%. 
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I LET ,l"'O t --------~---·· ·----""" 
t I 

1 LET N ·" NUMBER OF ROWS ANO COLUMNS OF PIXELS !N THE !SOUARE)lMAGE.J 
-----~---~- ~----- .. ~--~. l LET)( = THE NEXT OF THE TMREE COLOR COMPONENTS OF THE !MAGE jR, G ORB} I 

i 

.......-------------------"*----------------,_ 
LET Ml!Xl =BE THE NxN MATR.!X WHOSE COEFFICIENTS EnUAL THE NUMERIC 
VALUE Of THE X COMPONENT OF THE CORRESPONDING P!XEL OF THE IMAGE 

----- -----~-------------------------------· -· I LET Ml !00 '* BE THE N/h.Nf2 MA TR!X WHOSE COEff!ClENTS EQUAL THE 
l "AVERAGE'; OF THE CORRESPONDING 2x2 BLOCK OF FOUR COEFF!C!ENTS !N M1.IXl 

·····---····---*-------------~-------------··· 
LET Hl,.. 1{Xl = BE THE NJ2xN/2 MATRIX WHOSE COEFFICIENTS EQUAL HIE 
"HGfHZONTAL Off FERENCE" OF THE CORRESPONDlrJG 2x2 BLOCK OF FOUR 

COEFFICIENTS IN MlOO 

l
----~--------~---

LET Vt., 1!X) ~ BE THE Nl2xNl2 MATRIX WHOSE COEFFICIENTS EQUAL HIE 
"VERTICAL DIFFERENCE'' OF THE CORRESPONDING 2x2 BLOCK Of- FOUR 

COEFFlC~ENTS !N Ml(X} 

------------ --~*------~-~~~ 
LET ol .. .,(XJ '~BE THE Nl2xN/2 MATRIX WHOSE COEFF!ClrnTS EOUAL THE 

"DIAGONAL DIFFERENCE" OF THE CORRESPONIJ!NG 2x2 BLOCK OF FOUR 
COEFFICIENTS !N Ml{){) 

l 
; 
i 

sroRE HL+ 11x1. vl+100, Dl-r 11x1 I 

~l i 
i N•;N!lJ I 

----__.A~NO i 
' 

YES I 
I STORE ~\{X) : 

! 
--- i _,.,..----.-- ARE THERE -----~ YES _j 

,.,..--~MORE COLOR COMPONENTtSl .~----·~----

FIG. 3 
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_J_ _____ 
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220 

LET L = LEVEL OF RESOLUTION SUCH 
THAT THE SIZE OF IMAGE ML lS 128 x128 
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200 
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APl~\.RATlJS ANO METHOD t'OR 
REAUlME VISl!AUZAl'ION CSING USER­
llEflNED DYNAMIC, MUl.:rI-FOVEAl'EU 

UVIAGE.S 

flELD OF THE INVENTION 

. ., ,,, 
l'~chnica.i (\1.r~/~:-retU-'t: 2109~ 199-4, ch::~cdbc~ a prog;x:~s..lVC'· 
!r<wsm.issio£1 tcdim.qu;,::. tiasd on bit pl1mes ttrn! is dk~'!W(::. 
for astronomit,:il <la;a. 

l-fov,.-i::vcr, uti!Jx.ing prog;:<:&&iv1: ;ransmi.s.,;;ion !:>Mc ly h.:ginc; 
lo solvt: \tic ··aiinwit<::-'' 1m:·bkrn. A vx:wcr zooming Dr 

panning uver ;j targ.e in1ag.~: (e.g.~ rnhp) d(::s.ire.s;; f(::aJtinlf: 
res,cxm:;c. This ,,f 1..>:m.rn.:: is nol ac:hkvcd if the vicw,;;r mu&! 
\\ .. a.it fcl'r display of HJ:t desfrtd rt~t~·!ution t~f & ne\.v qna.dr.ant 
or vfow of lht: map ea.ch lime ,1 wt,m ;,nd p;rn is iniii;:kd. 

Th<: pR'."t-.n! inv<:nhon rd,<k'. to ;; m<:'.\horJ and apparnms 
for ~~rvh;g icnsg;c$=· t":Ycn \··i::·~)t tatgc irn~g~-.~ over a "~hin~ 
>Yir(:·· ((:.g., OV(:f t!J(. lnt(:m,~t (>( any o!h(:r n<0t·;1.'ork or 
:ippli<.~Mion h:iving b;1nd·width lim\1;1tions} 

BACK.GR OllND INFORl\ilAT!ON 

10 Progn.:.~ivc tntnsu1~s~ir;n docs not a.\.~hit.:.v<.;~ th.i~ rc:;tltin1e 
ft--Sp·\m~ "''fKll it is the highn re~:._ihnion ver;;ions of the 
im~gc which llr<~ tksircd O( ~W\:·d;xl, «~ thtc<;.i:: <irt. !ransmo.!l.t'<l 
b!.<;:r. 

'.lfo: Irnemd, lndmling. th~ World \lildc:: Web, ha~ g;lin~d 
in .Pt>Jlll.fatity in n.x-.1.~nl y;;;i"'. T!J;;; lnkrnd t-.nablc.,_ clients./ 
user~ to &cccss ·infr}rfrrntion in \\13ys. ncvt':f l::tefr}rc pos:.sihk: 
O'\.'{:r t:xi:-sting t..:t".lfSHnwJ.i~:~tiun~ hrn.~-~·. 

Tilt' probkm could tJ\:: ,dfonivdy 'iolv<:d, ii, in atldi>ion to 
l5 '\•'{Hiabk~ rt~ .. :.);ution ov~r ~Bn}c: (l,c:) progn::~,..;ivc traJ1~E3i&"SionJ".' 

t~soh•tkrn L~ ::1bo '.'ari.::-d ov.::: t!J<:: pbyskal c:<t~nt of th<:: 
image, 

Spcdfi.::aHy, 1is!ng: fovcaliDn technique>;, high n:&olntion 
darn is tt~nsrniHed at th" w:<::t's gn.<.' poim but 'vit.h l<Jwcr 

()faen~ a (;)ic.::nt/vie\vc.r th.:'.iw;ii:.e.;~ H:. vir.:-:1\v Stnd hav1.:-: acr·J.::~s. tf:i 

rcL1tiv~1y forge in1a.gl:-S. For cxiHnp"h:.~~ ;~ clicn1/vic\vt;r n.1ay 
wish to <'Xl>!<m.:. a map of <1 pamcul~r gwgrnphic location. 
Th!! wlwk. map, ;n higlW'il (ti.ill) kvd or ru;.olutinn ,,,irl 
likdy H.'i.rui1<:: ;; pi}:.<-'l rqll<::"<.'.ntation beyond th.:: :>il.e uf th.:: 
•,·icwcr ,;cn:t:.n in liigh(:;;t r.:~;Jutirni modoc. 

Ont r(:.Sp(>t1St io tbi~ r.::-1,tn.:ti,)n is for 3Jl Internet s.::rvc( lo 
prc·i..Vmpuw in;my &rmlkr im;;gt'.'i of tilt' (ldginal tmag(:. 
The smalkr in1<1g<0s may tK !ow<0r n:;;olntion (:.!:oomcd-om) 
<.'i(:\YS ;<ndior Jl<lr!i,)ns of th~ Drigiwd inug~. Mos\ im3g.; 
ard1ivt~'i lJ.';t'. 1hi1' <ippmadi. Ckinly 1hi::; is a SL!1H1piimal 
<1ppwa,~h sinc:e no prnst:kdcd set of vi~w:~ i..'Ol!l ;i_ntidpat~: lhc 

.. :.;; t~sohttlm1 as OllC mov1:,; aw1;y fmm ibai p<)frll .. The very 
simpk rntion;ik imdcr!ying tticsc fovcat!on icdrniqncs is 
thaf th-~ tnh11ari field of v.is.ii.)fl (i.:..'i:ntcri.::.d at ihe g:i>~.i.::- pcrint) i~ 
limited M<Jst ;)f tbc pi-:;;c:i,., r.::ndeh:-il :ti uniform rcsolB1.i<1n 

a.rr.:. \i,n~s~cd fr~r vlsual~z_;3hun J.1"tHJ.10S~':S. l(l fo\.':t i: h.:is bc.~:.n 
s1llY~v·n th~=t.~ ~.he s.p~~tial 1"!~~f.d.u!i(tn :c~f th~~ htn-rwn eyt: d~~(.~reas.:.:~~ 

<'XT10t1en!i.arly Hvay from !h<' cenk-r g<1:1.<' point. E L. 
Schwartz. "The D!!v<'!npmcnt o! Spt:df1c Visual l'rojechons 
in :ht' \·fonfa;:y ;rn\J the GolrHhh: 01Jflint' of .:i (;(:(r:w;:trk 

n,;;.;;d;; of <ill us..:rs. 30 

Sonk. map scrV<'.rs (see, e.g., l!RLs !J!tp:/.­
''"'WW mapqut&t.Cil!ll aml htlp:i:\V'\.V\VJVbpOnU~.,~·;m) lJS<l ;Hl. 

-impr<:>vi.'d <ipj.>rn:id1 in whid1 th<:. u"''r nmy ioom and pau 
over a hug(:. irnage. llowt~vcr, tr.c~nsnJi&";ion over thf lm.tTnet ;,s 
·invo!vl!s signilkHi!. lnnlhvif.Hh limitation;;, (i.c lmN11i;,si;m 
l$ rnlati•,.-.;:ly :<>!nw). At''-'.llrt!i.ngly, such map S;::rvcrs ;,,,Jfor 
frnm H! b1:;t three pwbkms: 

Sine<:: ~ hr:ind 1JC'N im:1gc is s<:.rv<::d up for ca.ch zoom l.•r 
p;~H r(:qnc-st, v i~t:iti rJis(:Out;Hu~tic:ii ~n the ·:r.not1.t)Hg £HRl .·!I) 

p;mnirlg result Another reason for this i;;, the di~.::rett: 

n;~tun ..... f}f thii.:'.. ZfJorn/p:.:u1 inti:-.:.ifw-_"e erH1~_n.11~. 

Signifrean!ly kss thMl N::~altimc rc.spom;t. 
The IK<..~e-;!;~1ri!y w:all lix;~d ;,i;:;;. of !lK <.'kwing \\im.l<w•• 

(typically ,;bpt::! 3"x4.5"). This ;kt~s n(!t ;-.How much of 4' 

a p1:rSjl(:<..~!iv( .. 

Thc,)ry of Ikceptotnpk Stnidm<::," J( .. unwt i4 Tlieorefica! 
Bi»~.·!og)~ 69:65.5----6~5, .i 977 

11w h'Y tl!;;.:n is l\J mirni'-' tb;;: mo11tcnwf:I:; ~nd s1n1ia! 
rcsofolic>11 of ihc ;;:y<.'. If th<: ascr's gu,; poin< can be !ra.<::kcd 
in !(::1ltimc aml a truly rnuJti.fovcatcd image !r:m.:>.rni!tcd 
(ix., a variab!~ ri;,<;olniinn im;;gc rm.midzing lht:: sp:11ia! 
rCS(l{Utie>n of tb~ l!';(;r';; eye from the g:uc p<:iint), all da!it 
n<::<:<::.">.<;<iry or ascflll lo the user would be sct!I, and !J<)!hing 
more. J.n ibi~ w:iy, the "lhfrm··.ire;'' modd i>< op!imized, 
whi<t~v-~r 1hc a~s<xiakd lr3c1Jsmi;;_~·inn ~'ap;ib.i!il.ic& and band­
width !imirntiuns. 

In practkt, in p;,rt btccause eyt h:acking is imperfod, 
usir.lg. nnilti. ... f~.l\li:.:~ucd il·nagx~.~ .i~ sup·erjor io atf:(npting l~!isph~.y 
of .u3 irn;Jgt~ por~i.on of un;fr)rJ.n H.~~olutir~n 3.1 ihe g:ox:: pninl. 

Th<Tc !rnv<' in fact tx''';i attt:mpts to acbit:ve mu!tiilweal.t'<l 
images in ~ "tllinwirc" ~.nvii°(>mnc:)t 

F S. Hill Jr., Shckk.in \"..'a]k.(:r .Ir. ;md Ftw..-~-n Gao, "fokr· 
activ(: Image Query Sy:;tnn Using Pn)gH'$;.iv<' 
Trnn~mission," Conq>1m··r Cmpi!io, 17(3), 19S3, d<:~c-rib(:~ 
progr<:::;:.~ivc 1ransmi:;:.-;!on 3lld 3 form nf fov<-.~<fon for '~ 
(!!(lWii(;f or imag~·~ in ~n it1d1i11c, The rea!!im~c r~quirn:wn! 

lb g<:nt:-rnli01i:., wha! is nN:dnt is ,w :ipp,;u:.u$ ,incl method 
which allow;, r>:-oltime vi:>u<dizstion (lf larg.: $\:<1k image;, 
ov(:r a "lhinwirn" nK><:ld of mi:nplltation. ·n; pul ii ~ll<)t!Jer 
w;1y, ii is dt::.~irnhk !o opi.imi01e !he modd ·which ,~ompri.'il,& 
an im,i.gc server :ind a client viewer o:mncck.d by a 1mv 
!rnndwidth fon.:. 

5~~ doi.::s n(~f appt~ar lo ht: l~ c-t)n~ .. x-~rn. 

On<: ;lppro3.l'.h !O the prnhkm i;;; by m<::;ms nr prnoe.ssiVt'. 
trart&rnission. Progre&~ivt: tra11s111is.-,.ion. involv~;s se.ndJng a 
rdativcly k·w_, rnsolutfon version of an inug<:: am! th<::n Sc 
&ucccssivdy i.r3n:;,mi1tlng bc!Kr n,':solution versions. 
Be.c.;:-lu~ ttn~:- flrKt~ l{v .. "I.·' H~Bohnion \t\:.rKinn nf l.h~~ inwgt~ 

wqu ir<:'> fm ks<. data tl@:1 the lidl r<::solrnion vcr;;ion, it rnn 
bt-~'k»;,·C!'I qu.ick!y tipon transrn\:;,sion. In this 'Nay, th!! ~'i<:WN 

T. i L Hecv~'s i1nd .L A, Rob.insrn1, "AdqJi.t\'<.. h,v,;ai.ion t1f 

l\lPEG Video," Pmwedings ;!f' lfw 4"' ACM lt!tl!l?Wii<:>Jw! 

Afo:ltim.-;;'dia C1>,.di'n'tu:e.. l 9<)1), g-ives it method it> fow:.;iK 
MPEG-,stam];;rd vid<::o Jn ,1 !hin-wirc cnvi.i•mm;;.nt. Ml'EG-
>limdHd <.X>uld pwvidt: a j{,w kvch of n:'so!ntion :Jut th<:·Y 
con;;,lder only 3 2-kvd fovca.iion. '11w dien1.vir:-wcr can 
intc.tac~iv~~ly sp<:~cify i:hc n.~gicn1 of inkc<.:~:'~l fn tht: ~t~rvc.:~r/ 

.s;;:ndc:r. 
R. S. \·Vi1U;,cc. imd P. \\l Ong and B. B. ~kdn'i.on rnd E. 

L Sd»<.'Mli, "Spol':<'.--VMi::ut image pt<X<::&;.ing"·. Int!. J. Of 
C\)mput;;:; Vi~io1i, .13:! (1994) 71-'fO di:;.::us~e>. sp;:ic,,­
v:iriant imiig<:s in <.'om1rnkr visimi. "Spai::c· Vu'.i<wt" may (,(::. 
rcgard::::d as sy·f11-}nyn1nu~ "\Vi{h. ~ht: k~nn ~~n~Ldtifo· . ..-~:;J.k~dn u~ed 
alxwt. A bfok>gil:al motivation for sud1 !rn<tgt's i;; th<: 

is ~=tUo"h•cd l<.:r St'.;,;.'. }0\\1\:-r r~~()l:nth.~n Vi:.rsions of t!;~~ irrwge 6(~ 

wtiik waiting for t!!c dc:;,i!d rt:&lJ°lu1fou vcr:;.ioa. Ti11" gives 
tbt: trammiissiou th<: appt:;irarn:c- ofc(!Utlm1ity. In addition, in 
som~ ·in;;t.;.nc<.~s. 1he kw..-;.:r rc,o!u!\(>1! v~·rsio11 rmi.y ht'. wlli· 
dent<.>( may in <HJ)' even! cxh;;us! th~. d.i&ploy c::apitbiliiks of 
tht vitwu di:>pby dtwk(: (q;.,. moriilor» t-s t'nmpkx !ogmap mrnld. of !h(: tra.nsformatirni fr<)m lhe ri:: Ii.mt 

!o !h.:: vi.sii,,l cono; (L L Schw~riz .. " . .'\ qu:rn!i!:itivt:: mDdd 
of (hi;. f1rnc:lional an:hitt1..cnm;. of lrnrn;m striat.; <:<>rll'.·X wi.th 

Thus, R. L Whitt'. 3nd J. \V. Pcrciv3.l, ·· Compri;&s.imi and 
Pmg:e.sslve TransmJ,.,,,.ion of Astnmomica.l Image.&," SP!E 
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3pplie~ition to vi.siHl il11~sion ~end eoctiuil icxmxi:· 3nidysis", 
lhol0gi1..·;1J Cybcrn<:t:ic:<., 37(198{}) 63··76). 

Philip K<)rlmn md W'ils;m S, Gei~kr, "!mpkmcmation of 
:J .Fove3kd hrn1ge Coding Sy><tem .F>:ir Tnug~. H:mdwidth 
Ih:dw:1ion," !limum Vision and Dectronic: lmagi11g, Sl'IE 
Pn.•ceedi.11g,; \.fo'. 2657, :~'i0-.~60. 1996. impkmrni ;i r:rnl 
time system fr,r fovc,11ion·has<::d visualiz<1t.io11. Th<::Y also 
no:cd th•;;. po&<>ihi'lity of us;ng, fovci1!ccd im:;ges t() ~ed11ct 
bandwidth of !xansmission. 

'.\·1. H. Gross, 0. G. Stilitdl i!lld R. Giilli, ''Eilkk.nt l.ri;m­
gulm surfon·. <ipproximat:<ms using vn1vckts am! q<:adtrcc 
data -;trll<..•tune·s", IEEE Trans, On Vistn1liza1ion ;md Com­
putc.r Graphic,:;, '.:'(2), 1996, lts;;s \·vavd1.:•l1' k\ produce mul" 
lifnv,:at(:.d iirnw.ts. 

Unfor!ur;;ncl~', t:·<Kh d llK <ibnvc <i!krnp!s ar<: cs:s<:n\ially 
bci.st:d up;,m :fix;.:·.d ;;up;:.•r-pixd g<·oiw:.irks, ;vbidi am(>llill lo 
p~niiioning !he l'isu~l !kk1 in!o rcgions of v;1rying (pr<:" 
d(:krmintd) siz<:.'> ca.lkd :>ttp•o:r-pixds, 3.mf assigning lht 
<iwn:gi: value of the <:<!lot in !h<.' regi<m lo !he Sl.l}'<::f-pixd. 
]11c ;;mi!lkr pixds (higher rcs<>hliion) <ire of <.•mm;~. intrndcd 
10 be a.t !h<.' g3ze point. wittl progressively l31~;,;~.r $Upu-pixcb 
(ki\Vt.r n:,..olut\(ln) 3boul 1hc gaz~, point 

How(cver, efk~oi.ivc re,1l~timc vi:mliz:llkHl f!V<.or a "thin 
\vin.o" rtqll.ircs prt,ds.ion anJ lk:xibilily. ·111is cmrnot be 
Rchii~-ved '\V~.th ;1 g~orne.try of ptc(k"'.tt':ttnine.d _plx,.:-J. ~ize. \Vh;1l 
·1~ f1f.:;td.t~d fr~ .:1 Ht'::.\'iblc f.tt\•.tation h'.>t~hniqtH.~ \Vhich ~111.0\1..":::. ont': 
!(; nwdify ttf(:. po:-:.itimi and sl1;.ipe of !ht: b~sic foveal r<,gions, 
the rn;1ximm11 "'~>llll.1rn1 eel ihe fov;:.;,! r;;giml and 1.he rnte a1 
vdikh the ri:·$·Oluti(m falls aw<iv. Thi:; will alkw,.. t!K "thin­
wire" nwdd 10 b<.:• optimized .. 

ln it(khtion, nNie i)f ihc ab•wc nok'd rcf<'J<::m:e.:; mklr('.:;~es 
th('. i-;,~u.;.; of pnwiding muit:ifovcat;:d im<>gcs that can be 
dy;rnmi1..·;1lly (incrt:.mtn1;11ly'1 upd;11<:d ~s a. function <Jf mitr 
input This prnpeny is. cruci;d i.o 1lle ~ol1l!fon of th(: 1hinwirt'. 
Pf<)bkm, :>ifl..:~. it i;; ~·'~"emhl th;i\ infonmtion be ''~;trc;irn('.·d" 
:it ;i rate i.trn1 oplinwlly rn:1i.d1('.:> lhc bandwid1JJ of !fl<.' 

net<.>mrk with the human capiicily i.o absorb the vis.u;il 
information. 

SUMMA.RY OF THE lNVENTJON 

4 
Au sddiiilm;il Miv:mt<•~'-' i~ th;;! the i11v.::rnion dcrnon­

>lntles a. m;.\v "tandard of i1<,:i(,nn;11K'C tb:Ji. Cil!l l>t: ;idJ\<,vNJ 
i:l\' Jan;t.'-$C:ik imav:t ;;ervcrs mi tht World Wick \Vdi ai 
c;;rri.::r.lt banrh;:ii!~h .~1r cvt~n in tta.: near future. . 

Note als•i, 1.l:ie :im'<:nt.ion has ad:v<rnla;.>;l:s over lhl: tradi· 
ti()JJ<>l notion of pmgrt·s:-;ivt• t1~1n~Tui<;.sfon, which l:w;, Jl() 

~ntersctivlty. ln$itt;:~td,, the p-rogres.-slvc iJ·~rn~:1lisslon of an 
tn-1ag<o: ha$ bn.n iHdtliomdly pn.,dd<Tminc:.J wh(:n !lw imag~" 
fik ls. prtpMcd. The invem:ion';; BSC ;)f dyn;nn·ic (ct,n:>1an!ly 

10 
chang.-ing i~1 n::3.Hin1:::. b~~$.t::d on tht:·. U$<:r~s jnpu1) rru.dtifl)\·'1:"~ 
~tk:d ~tnagl~~ ~lHO\"-"'S tJ]t: U:'-,(:f i,:) dt:kTfllirn:_:. h~,~\~' tht~ d:H~l ;i[t_~ 
pn~grt"-s~i·v~.;y ir<losrni~t~~d. 

Other advRarni:i.e;; of the mventirm include !ha! it allo'""· 
lhe ('.i'calion of n-,;; fast dvn;1rnic ;,nd a more t>tn;;ral d:i,~s nf 

lS rnulfifoveakd im:ige.s. Ti1e present .inveniim;'<.'ilfl use w;tl'~·­
kt !r:dmolngy. ·n1<: HtKihility of !ht~ fov<,<:tion ;1pprnad1 
basr;.d on wavelets itll<)\% one to ''it5-i!y modil~/ ttM fo!bw!ng 
pa1:mTH.:~tt~r~--, nf a rr.u .. iHiJc;ve~:.krl i.n~agc: the pos.ition and :So.ha.pc 
of !ht: bMiic frw;;;1] l'egion(s), i:ht maximum 1..:.,;nlu!ion a! the 
fovt.1d rq;:[on(;,_), i!!l:d the: mt<' ;it which !b<.:" resolm.ion fall;. 

_,:.~: 

away. \\'avdcb i::<>r1 lw f<Tfai::.c.J by <![))" muHi r~~.duti<.>n 

py rnn1id ;,di<' mo;. Btl! h st:<' ms. :.bii! wavckt-b;,s;;d 
appmad!<.'S iHt prd'ertcd a:<. !bey ;ue imlr~. Jkxibk 1rnd llave 
th<' b"st tompr<:·s..<;ion pwp<,rlks., 

i\rn)tlln ~;.lvimrng;c i-; !he pre~<'n< ic1v<'.1Hirni ':;; t~:<.e '.)f 
dynam.ic data stnicrnrts and ass<.Kiakd 1t!goritbms. This 
hdps ()ptimizc 1he "dfoc!iv<:: "''al t!fn1;: behavior" <.'f th;;: 
syskm. I11c d\'namic da!R strndures ;;lbw lh(: HS.(: of",)ar1ial 
inform3tion" ~fl:h·1i.vdy. Hae infornrnlilln is p;;r!i;;l \n tht 

30 sense that th<: rt>;du.tion iii each pixd ;;.; onlv p:irt;;,Jly 
ldlO\VrL Hu~ .~-S uddiii:n1al infi.-i;rn1:~tit~n .i~ ;;;in~&rl;<:Xi ·in .. th~~ 
parti;3l jn.fDrrnalifH) can ht ;~ngr11enttd. ()f l:tiBr~e~ ihis. J)fin­
dpk is a <..corollary l.o progn;.~~iv;; tr;ms.mi;,,;.fon. 

i\no~ber ~~dvant~~gc is ~h;il. fl1l;. dym1u1it.: dm.a stnx--turcs 
:,s may k \vdl <'Xploi.t;;d by lli<: <;pcc!a! uchikctme of th~" 

>...~h~:;.ni 1-n:-1)gr.i.un~ F\_)f t~X~ln1pk~~ ~ht~ l~lit-n~ progr~nn OHt)' b~" 

mulii-threadc.cJ wi!ti <>flt" 1J1rn;1d {the "mmiager 1.hr;.;•a.d") 
dc5ign(;d io nninagt~ resou.rct\$ (:;sp~~c:laHy hancJ\;.lld!h 
r:;.snur,~~s). l'bi~, (fHHlagi:.~r is. abk to a~.s{;~S nct'<vi.)rk 

.. 10 >s.':i)ng(:'~~k)rl:- and oihG.r r(:·~;v3n~ p~nant~tc:rs:- i!nd t.n~n~;.imt~ ilny 
htt'ntl ~sn r<:qu~·;;1 :in!<) til<.• ''pprnpri;;k• kvd of d<•mand for 
!he uctvl"otk. F'!X n:umpk, when ;he 1isct's gaze poin! is 
frn::u~d ~)U it .n:::gion of an ifu;~gt;~ thi~ rnin· he !nuisL·1i~x.l into 
requ;;:;.~iing <\ cc~:t:;in ammm!, ·;.a)·, X by!~;; of dai:i. Hn.t the 

'!1<t: present inw11ti(m <!Yi:f<..X!m~s !ht di~a.dvant<i,;t:h of thic 
prior <irt by a1ilizing rn.:::;ms for tracking or appn;,,:ima1fog 
HK :1;;;.:.r's g:izt' ix,in! in r~;dt!mt' and, ba$n] iin t!w 
~PP;?xim<tiio:1,. !ra.ns.rniui'.ig dynarni(' mu.llii'ovcah:d imagt'. n1anag~.r c~tn rt:.dBce UtB~ k~ a rt.:.q~lcsi ov~ r the nctv ..... ork ~)f 

(s:iy) X.."2 byk:;; of dau, if ihe lnllk is tt11ige,..tect cir if i.!n: 
us~.r 3s p~tnning v.e.ry qu!.cJ.;Jy. 

l&) lLe, a van;mfo re:>:olH!Hm image over 11.s physical exknl 4' 
rnimi..:kin~ ih" spa!\a! n:sohii.ion (;f the user's ew :;bow !h~ 
;ipptoxim~!ed gut poin(l upclaktl in feaHime .... 

;\noth<:'r adva.ntagt' of lh<' pr,,s«n! ·<nvention i;, !hat th'' 
serv.L::.f r.te:.:~1.J ~t~rnJ tHJly th,;~ t infonnatinn \\•hich ha~ not vet 

.<>; bccn snvcd. Thi~ ho:; !lw adv<tmal!,c of ;o::dul·ing '-'OHmJ1;;li-

·~nynarnh.~~· r::Jea.e:~ th;~l the ~r.Da14e n~~cJlution is :f't~$;O \'·an: .. 
ing (...,V•.,r tiim:. The US<:r interfac~: ~omponcn1 of 1he rn:s.e~~l 
i1ivc.utK>!i may pwvi<le a variety of mciin:; for lhe UC';i:;·f to 
dire<:l. !hi-,; n_ml!itov<'a!ion prOl'C~s in r<:al time. 

'.l1rns. lhc i:Jvemion ;1;k:lre~sts th~. modd 'Whk.ti rnmpriscs 
;m imaue :>:e1vt'r and a d.knl vkwa connected hv ;J l.mv 
bamh•.-idth !.in<:. In dfoci., th~ invention red\!c.\:$ 1.h•c· b;uid· 
\Villlh frnm smvtr lo dknt, in ocxdrnnQ.c fix :1 'it:rv mo(kst 
illcrea& :_if lx111<..lwid!h frorr; th.;, dknt .. io the s<:rv~.·r 

Anotber <!bj~ct of !he invcmion is !ha.I ii ~llows n:<dtim<:: 
vfaamli?..:idmi c:•!: J;;rgc s~<ik im:1ges over " '·thinwirc·· modd 
of (:(;tnp!!!MiNl, 

s:-; 

An i1ddi1innal ;idvant<igc· is tb;; IR•w (kgrcc of use! comwl 
provided for rta!timc,- activ<.:, vi:>1.iatfz~limi z)f imal!<:s 
(m,iiuly by W<•Y of fon,:i!ion tt;:hniqu<•s). Tht· invt.11li;m 
sl!;rws !he u~i lo ckt1.ormiut ;md d:t3.fW,t> in ric~ltimc. via 
input mean;; (for (:X;impk, without li;n!iHion, "' rn;ilJSt'. t-s 
p()intcr (if' cy~. lr~lcking t~~ ..... ~hr1:.(~1\.)gy):- the 11.~~tri;~blc resolution 
ov<:r 1hc &!'-"""· of the &ervcd up im;,ge(:>). 

'-~~u;rH1 tn~ffii.~, L ~ 
Fur1!1er (ibit:C!S and adv~ntagt~s Df lb<' invcmi.on >vill 

ht'<:.:OJlW ~ppaf'-'Jlt fo)rn a (:OIJSidc~r~ifon of JIJC draWill;J;$ <!llU 
c-nsuing dC.$\..~ription. 

BRIEF DESRJPTION OF DR/\\VINGS 

FIG, l ~tmws an crnbodimcnl of Ill<• pn"'it:fl! irrv<•iition 
including a scrvt:r:- and .dj_t~nt(~) a.~ '\veH li~ thefr rt:$.pt:.'-.~i.i\'"t.: 

(:·OBlpOilt~n~~-

fl (;, 2.-i ilfostn1!c·~ <nJc· lcvd (.if a par!icu!<:r wavdd 
tra11slbnn, the Ha"r \'i'tivcfol !rnw;fonn, which th<' s;;1vcr mav 
'-'XC<::i.,tt: fo orn.::. embodimcm c1f iht pi~~m invcntimi. · 

Fl(;. lb iHus>rnk;, <me k•vel d th<' I-bar i11vc:r>;e wave kl 
transform. 

FIG. 3 is a Jlowch3.rl Stl<)'Ninu an ah>(iri:thm the:. sctV(:f may 
o;ecuk ;o .Pcrforn1 ;; lfasr w;;vckt ;n;~sfonn in one cmlx,df­
mcnl of 1hc present inv<::n!kn. 
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APPENDIX J 

US 6, 182,114 Bl 
5 

HG. 4 $h(;W:'. l\.fan<ig,er, D.i:;.p!;1y ,ind Ndwrn'k 1Jm.:a•l-;, 
whkh !he d1cm(s) rn;1y e:<<''-'Wcle in ;me ;:;mbnd:iment ol !hc 
pm;;:rll invcmior1. 

HG. 5 is ''· morc dctai!cti i!lt,strn\fr.,n of a {ll">r!ion of !hc 
!\fan;1ger tbrc;d ckpicled in !-IG. 4. 

DET·\lLU) DESCRIPTION OF THl 
INVENTION 

6 
(:~B lx: .trupltuB.~nkd .:t~, for t:X~Hnpk~~ ~~ k~ybom·cJ.. Bl(}U8:::­

sc.ai1ncr or ty\::.-~r-ackitlg fk,v·~ct. 
·-nrj:;. i.~lienJ 2 al~{) S1_H.~l!~des a _pr~x:t~:~sing rfo:~.,,·iet: 4 \:o;,.'lth 

network prmoc(>! pnx.:<:.ssingekmt:n; 12 :,ind i:iw:-rse wave kl 
tr;m.~k>nn dco:Knl mean;.. 14 rwrning off it. Tb<.:: pm<:.0cssiog 
tkvJi..-;;. 4 i..'i!ll be hnpkru;;cn!cd as, for ;;exam.pk, l• singk 
rninoproc;;"sor <.:hip ($nd1 a~ Ml lm.d Fentium chip), printt:d 
'-'ir\,·uit b>J;iJd, S'-'Veral ho<mb or 01hc( 'kvi1--;: .. Again, th;: 

faster 1b~ rur1; th:Ht'· of ~ht: pr•'HX~.~s3ng J\::.vicc 4~ !he fflOft::. HG .. 1 depi.ct:,; an overview nf !he comp<.>ncrns in an 
cx..:mpbry embodiment of illc present inv<o'lltion. A St:rvcr l 
·is cou1pr·!se~.J of a stniagt: dt~v·;,~·i;. 3~ ;~ lTH:'-nJt)fY dt.·v-icl: 7 and 
a comptiwrptoct;;.sing t.k,vk·l· 4. Th<.' :>lz.)rn.gc dc-~·jc,, 3 cari bc 
impk-m<:nt<:d ;1s, for l'.-xampk, rn intunal hard disk, ·nipc 
C3r1ridgc, nr CO·RO"\·l. Th;; fastn a1...>:c·<i--;. <md grcat;;r stnr· 
~tgc capac-ity the .;.;~"'-)f~~g;,;.'. c.h:.'.vic-c ... 3 provide:-~,. tbt:. n~.:.1rt:· ptt~f~ 

cr;;bk: tb;:; cmtJodimem of !he prc.~cnt fovcrt1io1L 'i11;:; 

iw.:nK>ry dcvi<.":<:· 7 can be impkmcnti:J as, for cxampk, a 
<.:o!kc!ion of R/~.M chips. 

l<) prtkrabk Ille <:mbod:im<:nt Tiic m.c!work prnloC'.ol pw,;:.,s;,­
ing demen! 12 ;ig3fo can ht impkm.-:111.d as a si::para!c 
"softw;;r.;:" 1·Lt., ;; prog,rnm, ;;uh~pmct;;s) who;;c ins!nH.:!ions 
MC ex-;;,;.,nted by ib<.' pn:xx:s.<>ing tkv.io:e 4. Again, TCP/!P 
pmce,1;..~il"lg may he u;;ed lo irnpkrneni the nc!\Vork pmtocol 

l5 prrn.:1';.;sfog ckntc,t!i 12. rhe it1VCJ:;;t: \V3.Vcid lrn11sform dc­
fl!t'lll 14 ,i1;oo rri;iy }."': impkmt:nk:d a:;, %par;,1.e "~,ofhv<:r<:.'' 

Abo running c,ff the pro<.x's.<>ing d<:Ni,~e 4 is ol u:;.:,r input 
conv,:rsion ;.m:cl-,;mi&m 16, wbid:i :'Ilse• ean be ir.11pk·.mdli.ed 
~t~ '~soft\~~ta1r..; .. ·~ The pnJ;;<:>.sin~ devi,x: 4 qn the &crH:r l ha" nctw<)fk 

protc:cnl pr:'Ji..'c.:'8$i;ing eJc.:'Xrt·i"~nt .. 12 MJd \\:avt~h.:t tran~forrn e"lt~ ... _,:.~: 
n:a:-nt 13 nmning (>ff ii.. Tht: proces,.:,ing dt:vi(.·e 4 cm< bt: 
rn1p.lcm<:nt(:d wi1h <~ 1'ingk mkroproo;.:c:;,~;r chip {;rndi ;~:;;an 
Intd Peniium chip), printed ;,:ircnit boMd, ;;c1.··ernt lx)3ftl-; or 
Nhcr <.k<:i<.>.: .. ;\g.;in, \he fi1Hn ilw .~peed <)f th(:. pr<>(."c~.sing 

dcvi;,..'<-: 4, 1he C!l')W prnforabk th~- cmbm:limcnt. Th<0 nctwt!rk 
proi{,Gol pm<.:c:>.'>ing ckrncrH 12 (::rn tic impkrncmcd :is a 
;;~p~u«~t.t': ''s1:)fr"lr~":..=tXri;:;,~= {i.t;,~~ a pr<>gram~ snb·prnct~s.s) \'Vhns.t~ 

instruc:d<ms 3.r;.:. o:ccuted by th~ pnK:t,ssing d(:Vict' 4. Typk<d 
ex3.mpks of .~udi pmlileol~ iBc.lmlc TCP/IP (the ln1~.rnc! 
Ptolt~,;,,~nl) or {.fDP (U~r });:.f.agr:H)l Pro!ncol}. 'J'he \V;~veltt 30 

tr;ms!brrn ekmi:mt 13 can ;;!so "!-"" impkmen!,;A J5 ;;;;parntt 
"soJhvan," (i.t., a pwgrnrn, ;;!lb-pmc<:Ss) whl>S<~ instrnc1iuns 
:m.' ext:nit<::-d by lh<: pro.:x::x;ing d<:.vin> 4. 

Jn ;i prderr<'d embodiment of !he prestn! invenlion, !he :-s 
~rwr l is a stwdatd "'"'!rks!;iliNJ or !·\,ntim:n dass syskm. 
Aho, TCP/TP prO<.:(;&~fog rn<iy b.:: u;;o::d io impkm~nl !he 
network pmtoml prrn_)l;:,~'<ing tkm:::rn 12 l:i<:CMlsc i! redn<:es 
cnmpled1y of implcmcni.:ition. Although ;; TCP/IP .impk­
.u.H~n~;jt1r>n l~ ~lr::Jph::.:.st, it ;~ j.'l'():~.sibk. l.o ·11se tht~ lHlP protOl~o] .·!I) 

Sllbjecl 10 ;;ome basi.c design chimges. The rel;;tiv"' <<dvan­
i.;;gc of usi;Jg TCP/IP a& ag,1inii! UDP is to be ckte1mincd 
e.1xtpirl,~aH y. An athJltiiJrWl ~vJvtuJtugi:;. i:Jf w;ing H-N.xJ~.rn:- st;~n~ 

do.rd m.:twork protocoh is ltwi. the :;;,;:1vcr 1 CMl lx: Coll­

~lnicte<.l wi!!Jout knowiug anything about llie cons!1w:1ion of 
4

, 

it» efa:ntis) 2. 
!\tx:onling lO the cnmmon dc~ign of modem mmpnkr 

sys.km><. !he mo"t ;:ornmon '"mhodimt,n!-;; o:f Hte pn,s,:nl 
invu1tirn; will ;d;;o illdU(k an opcr;•i.ing "Y"i"rn nmnillg off 
the pwcl:'&&ing n:l<'·<mS tkvit'<; 4 of the server 1. E?<<mipks of 5,; 

op.er:nlng ".'Y'l);.~ffJ~ jndwJt~~ '"°~thout Jirr~hati(1·n~ ·\.Vindn\VS 95, 
Unix 'md Windov,·-s NT. !fo;v•;:\'l'i', liKrn is no rt'a;;on a 
pwccs;..ii;g tkvcc<:- 4 could iw! provide th~ functions of an 
"operming &)""!cm" i1:;df. 

As with fat s:::n'er l, ihXDnling io 1hc .::ornmDn d;;sig;n Df 
rnod~rn <::Dmpilier systerns. th<: rnt,st cornmcm ernbodimer:ts 
of the pr<:~Bi. invcn!.i(•B will al.so indlld.c i:fl opn<iting 
sy;;tr;.m running off !he pw,~essing ikvitt 4 of th<:' di.mt(~_) 2. 

In <lciditi,m, if th~ ""rvcr 1 is .;:onncct1:'8 to tht: di1:11i(;;) 2 
1-fa 3 idqihonc sy1'1<.:m :tim.: Hr ol!J<'r sys!n1ts/JinC$ · not 
~=Mryfog digit31 pulse~., th<: S<.'l"cr l 1md dknt(s) 2 lxi1h als(l 
indude a C(imrn1mi.;:<1tion~ coiwt-rkr dnfrc 15. A ::ommn­
nic<t!lon~ <::<)tWaitr ckvic1: 15 .:mi be imp.kmentcd as, for 
i::.xarnpk,;, m;xfom. Tl1c c:<>mmimications conv.irt.:'r dcviu, 
15 ctirrvcrls digiJul pul~:.t$ ~nt~.) the fr~qnen~y/:-;ignuh; can"ied 
hy tlK line: ;ind ~'<l"-'.> mnvtrrn !he freqttt:ncy.:.'>i.~n:tls bil.l:k into 
digEtsl Jrul~es, ~~no\\1irtg ltigita1 c:ornrnuuic:ation. 

In ihc (>jKJ"Mion or ihc present inv@tion, ttle {;)XtCfll Df 
cornpntatiorHll ft:.,'i<~nn~t~ (c.g.'i ~~~~r~gt· c:;:paciiy'i sp\:·t:-il) i..,, a 
mor<.: importan! l:ow;i.tkra.iion :for th<.: ><-'l:'-'<.r l, \vhkh is 
gcncrnl.ly ;;lured by mNc ihs:n ont dknl 2, Hun for i.h1: 
dforil(8) 2. 

1.n typic:al pntclic'3 of ih'3 present lnvrntion, the Sl<)r;1ge 
dt;·vi(x.:: 3 of )_he ~(:rvcr l hold~ an huag-c. Hk~ t::v~s.; it vt:ry .h.rg(: 
im;i_g,e llk. A number nf diem 2 B&:r> wil.l w;mi: !D view the 
irn;lg;:,,__ 

Prior w any Cf!llmJmJkation in !hi;; fi::gard bt'l'"'t:cn J.h<:: 
:>t:rvt'r l ~m.l .;li<;:;J1(s) 2, lh<' >vavele! tnmsfr.•n:n denwn! Bon 
llK s~r1-'cr l <.1b!aills <i >vawk! trnnsk~rm on itw image ;rnd 
~tort":s it iu ~JH:.~ ~~un:gc. d·t.:·'l.:]1...':t~ J_ 

"Ill.er<' (m;.. IR:<.:n ~'XkH$iVl' n·scar,,h in the an.'~ c1f wavdct 
!lwory. {·fow<.'YCf, hrklly, in i!lll;;;rn;.l, ">Ysv~kb" arc ddincd 
by ~ gnmp ,)[, ha~i;; fondio::i$ 1-<fod1, iog;:thn 'Nifa c<>e!ll· 
t'ienti; dcpcmlani <)ri an inp1it fonc:ticm, uw ht us<.xl to 
~ppr<J:xim:rtt th;;! ftmction ovtr V3.rying ;;calts, <);;>veil ~s 
rcprc:'.\::JJ( !he foi:1ciio[J cxao:i!y in th<: limit. AccordiBgly, 
\\:av·cltt cot~ffk:itnLs can he L':.'lH:':gorized as Ha.vtr.age~· Dr 
";ipprnxim;Hing codll.cients'' (which ;,pprnximak !he 

11R' -~~Tv•,'-f l i.~ umm:t:kd lP i! 1,'.!i<0n!(s) 2 iu :.1 ;1<0twurk. 
Typi,~al example& nf >ud1 o,ervcr& 1 indude imagt- archivt' 
~,c.rv<:rs and rn;>p servn-,; on the \.Vorld ·\Vide \Vch. 

The dicnt(s) 2 i& compris<x! of a &lonigc devic<: 3, 
memory device 7. display 5, user illpul tkvici:: 6 and pro­
<.:c~sing tkvk.::. 4. ·n,.::. s!<J£<ig<' <);:.vice 3 can L11:: impkmcnwd 
as, fN l:'·Xampk, an intc1m1l ba1d cfob, "fapt; C<trfrklgc, 01 

CD-ROM. 'Ibc fosl~r a.;;.;;.:::;,s and g,reat>:r siorngc c:apa,ily !hc 
sior~~.g(: tkvi'-"c .:._\ proi;.1 id-t~s~ tht~ rrn.)r~·. prt~fr:nihk. the ~~Jnbodi~ 
mrnt of tile p!t:'"ii:-ilt invcniiou. ·113;;; rn;;moiy (kvicc 7 can b,.; 
impkmrnt(;d as, for exampk a coH~dirni of RA~t chips. 
The di~phy 5 ,_,;;n be: impkm.::nk'd as, for ~xunpk, ;my 
JH(,1llt(;r, v;hcth·~·r :on;i.log or dig.it«l. The ii;;.,;.r iJJpUI dtv.icc 6 

s:; for1~:!ior1) imd ··<Jiff;;:m11~·'-' ~vt:Hi~·i<0nl»'.' (v1hid.~ '-"Hl h<' u:;,<:d l.u 
reccn1s!llJ<:! th<: origim.J fu.nction •:.:>::>dly). Th•! parfa:ul;ir 
Hpprox1nwtirrn ~Jsi:~d ;i~ ,_.·v.c;.H a~ th<.:: ~e~-~Je f}f ;..ippr(n::in.nitk~n 

d,;;::pt~nrl upon Jht~ \\.'a:v.(;k:t ba::':t~~ ch,).,...,~ri. ()1J . .;..:t~ ;_{. gr(HXp l.1f 

basis functions is dws.::11, tlK' proce:;.s ()f 0L1tainin1,?, the 
c;z, rd<.:varn w~wkt <.:odikiem~ is called u w~vdct tr;:m~form. 

ln the prdtTrt·d t:mlwdi<JK;JI, !he Baar W<t<mkl ba~h 
hai.cli\JWi an: used. Accordingly, in Ht<' ptefotr<.'d 
t'mbc><..lfrrnmt, th<: w~,vdd tr;msform ;d;:;m~m 13 rn.J th;; ~=rvn 
l pcEfrn ms <1 lh~r '''avdci >nwsfo.lln mi 3 fik rc1m:::;.n1!<1tiou 

t-s o:f ihe im<1g1C stored in .ihc :'iiora.g.-: dcvi;,_:t'. 3, ;md iht:n slon:'S 
lhc 1r,i.risform (l!l ihc ;;torngc. devi1...·c 3. Hmvcvtr; it is readily 
appar..:.nt to anyone ;,kilb:! in the Mi 1lnt ;my of 1hc w<ivdct 
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family ol' lr;Hisform:;. nuy 
pn:::.;;:nl invcmw11. 

7 

Note that ;:Jo.cc tbc ~ ... vav,~k~ trnnsfonn is stored~ the ori>?i~ 
nal .im:igc lik need nol he ](cpt, 3S il ,;:;in be. rc~m:;;true!~d 
<'X3dly frmn !.ht: !.cinsfoni1. 

FIG. 2 ll!ustratt:;. on..-: step of ihc lfa;ir w;ivcfo1 ir;rn.sform. 

8 

St;:rt with <~n 11 by n matril: of codlk.tenrs .17 who..<>e entries 
correspond IO th~ 1mmcri~' value of a o;:olor compont:nl (say, 
Red, Gret:n or Blue) ot' >t sqtMrt: scn::cn image ()f n by n 
pixc·1~. l)ividi:· the· origim.tl n.1~trix 17 ~£no 2 by 2 hk~ck~ of 10 

fnlJr (.:(.>d!k\cnls, and for ;;;,di 2x2 bJ<xk, fabd the (.:odli­
ck:n\ in tli<: fo:sl culumn, iirst mw "<L'', »ct~md ctolumn, fa:;.! 

row "h"; "'-X:ond rn\v, tus! u>hlmn "c"; anJ sccond. mw, 
~econd ~~Jlumn "d." . 

matrix 17 inug~. rcpr~.si::n!ation, (Ho>\'C'll'..;, !he aumbcr Df 
Int~ ill :ill ihc c<>t:llkit:n!:; may d:dl\::r frrn:n 1hc numbl'.t of bits 
in th,,., pixds. Applying <hi~ <.'omprcssion 10 codlkicn1s turns 
out !O he gcu"rnlly rnmc cffoctiv1: on codlkicn!s.) lf \V.: 

as..;;ume Ill<: i.mage i& vcrv large, !ht= tran&form malrk~es mu;;t 
he forth~'r dccilmpil;;.:,d :into bki..:ks whr:.!J &t<>red <)n the 
~to.rag!,..'. rr~GitJlS J. 

FIG. 3 is a fiowchar! &ht'>Wing (ilk· pfi;;...;;ihl.e impkmtni;1-
1ion of th::, >vav.c.k!. ;rnn>.form dcrnenl lJ ;vhid1 p~crforms a 
'""avcfot tra.usfrirm on eac:h cok>I cDmpom~nt o! the rniginal 
im&gt. A.s cai:1 he st·C·U !mm lhc fhwdian, the tHnsfon:n :<:;. 
halted ·when \h,, size of th<.:: ;opprnx-lrn:;Jion matrix -;,., :'5/ix 
256, m; t!Yt:'. ll!i!.\' bt: con;;id('.H'.d t!m k>\.VCS! US<>flll lcvd (lf 
ff::s€ ~h~t j\) n, 

Then one :;.kp o{ !he- lhar w«vek! trnnsforrn cr<'.<tlcs f(!ur 
ni2 by n/?. m;,1rio::s. The fos! is :m ni2 i·iy n/2 :ipprox:im3ti;m 
matrix 8 wh<)SC cntrfos ~'qaal !he "awrace" of Hw ~·;Jn<:.­
~pondirw; 2 bV 2 tlk>C.k of four codJicicn~'.'> ill foe origin;!.\ 
riJ:;tdx .f7. As, b illu.strnkd in F!G. 2. ifa codlk:1em c;iirit~ 
in the ,1pprmdm3tion matrix 8 ar~ nol n;;,.,""ss<irily cqu;il to 
the 3Vt:rngc of th~ rnrrc.sponding four codlkirnh :i,. ti.;.: ;md 
d (i.e .. a'~a+b+c+d)4) in the original. matrix 17. fost~'Ml, 
~;.:.re, the "3wr:cge" i;; ddincd ;fi {:Hb+c+d)/2. 

The &tX:(md is :m ni2 bv n/~ horizontal difference matrix 

l5 

_,:.~: 

Ora::t- t.he wavtck! tumsform cknK;i! 13 '\l.<.xn. <• !.ran:;,form 
of the: imag<:.(s) rn Hit' slorngc mc:tn~ 3 ol' !hi: s~T'ii'.t' I, the 
serv,,r .1 is ri::itU)' !<) ~~')mmu~i<.~~tc witt cfomHs) '.t 

rn typka·I prankt of !he; invemion I.he dienl 2 ll'><'f 

initialt~s ~< ."(!%ton with an im.~g<~ server 1 and indi.::atc;, a.n 
im<lgt· the usH wi.,:.he:o. tti vi1.» .. v via u;;;;:r i.1.1pm m1.1:;n,:. 6. The 
clit:nt 2 iHi~'la!cs ;i n::qu<.::~t for !ht: 256 by 256 approxinrnti1.>n 
ma!riJ> 8 for each col(!!' rnrnponun of the imagi: :md -"<'tld$ 
l!Je (<:ljRCSt lO llJC S<:P.'C( 1 vi<t nct<.v'<_lJ'K vrot,·1;.::d. }'JYK~s.<;illg 
ck:nc:nt .J2.. Tlli:: Si:'.rv;;:r l rccciH>s ~nd jll'\!Ci:'.&c~ th' ri:'yuesi 
via !ld'<YO!k pn)tornl j)W\.~<.'S-<>ill\); dCHli:.'llt tl. 'Ill<: StTV>:r 1 
send;.; tb<' .2:56 l•y 256 :tpprnximation nu1ri~'t:s S for <'adi 
co·k~r l'.'ornponcnE of the irnagc~ \vhi:..-:h the cfo.:-Bt 2 :·eceivi::~ in 
simihr fashion, The pnx:essing dt\'k~e 4 of1hc dien! 2 stor,~8 
thi::. n.1~t!rl~i::~ j.o. th{;; s.tc~rage d('.\ti.(..(; 3 and eau&..es. a d.is_pL1y of 
th'' 2.56 by 1.% version of tht ima~t mi the di~plav 5. Ii 
should fx: appre6akd tlwi: tilt !hi:> !~n>1 level ,~f rt$~1Bi.inn 
ff:quims lh.tfo <h!;, ;mrl '"''' ht':. dis:pl:;ytd qukkly. In <t m:rp 
5\;:rvc;.f ~ppJ i'..~dti~Jn~ th(.~ 256 t1y 256~ "-~O;$l~t: r\$:~oh.rtior:. "\·'{;':fSinn 

10 ,,vhos.::. en!ric& <::<ju.al h'~a,..b-c-d)i2, ,,vhcrc a, b, c cmd d 
art:., r,,;:;spt<..~t~v~.:Jy.., th..;:; cot·.n::~pr~nding 2x.2 hlock of four cocf~ 
fkit'llh in lhe origin>l·i nMtrix 17. ·ni«. third is <W nil bv r:/2 
vertical diHht'.ll<..~e matri>: 9 v..-hcxo;c. <.:·.ntrics cqu~l c',,(;1-i~>+<:­
d)/2, whcrt: ;;, b, ;: ;md dare, rt:spt~divdy, ttl<' correspondirig 30 
2:<Z l11\)ck of f<:>m codfo::i;;nts in !he origJml n:mlrix .17. ·niic 

founh is ;m ui2 tw ni1. di•u?,ornl diffrrcnc<: matrix U '''bcsc 
<.~l1ti'lCS l:<ill'll d'.:(<1-b-cHJ)i2, \VhCfC· a, b, ~~ am! d <le>.:, 
r;;spi:(..'tivdy, lt!c i::ont:.sfi<lr;ding 2x2 bloi::k of four eodl'i­
dcw:> in th~ origin:il rnatri< 17. :-s of ih<= inH1gc mav b::: u:sdul in a navii.J<tlion w:lndo;v o:f the 

d-is.pfay 5, ;;;, ii can PR>Vick th<.:' l:lS<.:~r with ~ po~it.ion indki!l.Df 
\Vlth rt.:.'.'i-p;;.:.c~ 10 ~he- tJve.n~H ia::i.~g;;.~. 

t\ few twte:;; u,;. wurthy of .:::im.sid~rn.tion, First; the ~.nirks 
2', b', c', d' Rre the w;c<.'i:iet coe:Hkients. Tfw apprnxinu1fo11 
;naB.-iX 8 ~~ 3fl ::lfrpn}>:in11cti(rn of :he ofi~itrn] fll~ltf~X .17 (using 
tht "aw:rngt" uf t'3Ch 2>:2 grotm flf4 nixds) und fa on~ 
foiwh :he ;ize of 1he nriginai rn~trix 17' · 

S<;;crn1d, t:ach rif 111~- 2x2 b!t>ck~ of fow cntri~-~ JJJ llK 
origi::w! matnx 17 has<.m1.;.:xi1rnspm1din~ cutry in ;,:~ach n! !hi: 
fr>Hr n/2 by n/2 iuatrice.~. i\.t~~·on:.~ing]v~ it t~.:tn r<;:;~dih:1• be ~cer3 
fo.>m FIG .. · l tb;.;t each of t!K 2x1 bl~,~·ks d k;ur cnu:t(:i> ill lh(: 
origfrlit! m<1tl'[;; 17 c;m b<:: rccon;,tnKtcd cxai:tly, and !he 
1ransform8linn i" invertible. ·111;:.rdi;w, the •lfigmal nrn!rix 
17 rcpN"1':i<atim; of an irn<1g( can be di.scank.d dllring 
jff<>t..'i!Ssii:g on,~c the !rnasfonn i:> <>btam~·d. 

_A more ,~k.t:i!kd 1mdcrsv.nd·i~g of' i.lw upt'Iit!~on of tilt' 
ch1.;:nt 2 \'-'J.Li Ot;:1 .. ).:~n.1c ap•piH~~n; lrorn the d1&cu&s1on of the 

,10 f,nilJ<.::1, conli.tmuBs npnation of !he dicll! 2 lx:k·w. 

Contimtrni;rnpcrn!fon of !he elkn1b}2 isd<::pio::tt:d fo HG. 
4. !n the pr<,fotreJ cmbcicilrn\:tl<, foe dirnt(s) 2 fln"-'<'C;sing 
dt\'ice ITJ;l}' he consn:ucied using three "thrc;1ds/' the !I.fan· 
ager H1rea.d 18, tbe Ndwork Thrtad .19 and the Displ:1y 

4' Tlm:.;,d 20. Thre<td progrnmming Jechnologv is a comm\>!l 
k1!1utt.'. of mockrn mmtillttrs 3J;;1 is suppo~i~cd by a varictv 
of 1\fatf(lnm;. Bridly. '·'1hrtad$" are _pmces.;;t.s lh:it' rn;iy $hat~ 
a Ci.)!"t]rt~on dat~~ s-~·p;K~C. ln th·;s. "l.V:iy~ U:n..: vn.X.i..':~$.ing Ll:lt:an:s c:tn 
perfunn rn.ore than ont~ ta.~.;.. a! a '(j_t.l:'tt~. Thu:':'~ u.tK:t! a s~~.~iun 

.<>; i" iai!iated, !he ll.·1~W\JZ.Cf '11ir~·<•d 18. Nc!wcl!k Thread 19 and 
D-t:<.pfay T1in::«d 20 1~;n ;,imuh:;.1w<~m;Jv, irnJqx:mkm.ly and 
~·:<)ntimlit!Jy until !ht.' &<::><".inn i" wrmi.n;:tt:d. Ho~vtvcr, whik 
"thrt~iid k~'!mc>log:y·' i~ prdem.:d, it is tmHc~·c%ary tci .mipk­
mcm th<.:' di<~nt(-;) 2 of !lx pr<:';;tfll i11w:Htion. 

Third, !he trrn.sform can be rnpc~!cd, c«ch lime s1~rting 
with 1he bst approximation imtrix 8 obtained, ;rnd the; 
di.'ll..~;irding thai <1pprnximatinn rn<ilrix 8 (vi.'hid1 can be 
recou&1rnc1d) <lncc the tJext w:;vch:t skp is obt:iincd. Lich 
st<:p of tile lrnnsf>:;rm rcsul!s in a.pproxinu1io1; i!Bd cWincnec 
m;ii:riccs Vi Hie: $[z,~ ol' lJJ,~ appro:dnutfon m;ilrix S of lhc: 
prior sMp. Sc Tlw D\sp!;;y lhfl;.ad 20 ~"m ht· based on ar:v mo<Jern 

wimfowi11g s.yskm running nff !he prot:%sing device:. 4. One 
r~Jnct;r;n of 1.ht~ l}isv~ay Thc<.:~i:Sd 20 is ~i) 1..:'t1t1tin!~(HJ.Sl~y rnonilCrf 

ust~r i_nput device 6. fo !ht.' prd~n,,d embrnJirm:»11t, the user 
l_nput dcvkx 6 cc>tJSisb of a mouse or a1.1 C\'<::·!rndcing ~kvke. 

Rd.r;1dn1!; •.:;;di slcp lil syntfMsiZi~· the origiual matrix 17 is 
c~1kd lhe inver.,;<' W3vekt trnnsfnrm, nnc skp nf >vhid1 is 
de-pidcd in HG. 2b. 

Finally, it can n:Hdily ht: seen ib&t ibc approximotbn 
rnatrix 8 al varying kvt~b of th~::. '.>lavc.h;.:t tnn:~sfonn \..~1.:Hl be 
u:;.cd as a rqm::$<::nEniou oi' t!11:· n:kvant color cnmponcal ol 
the image al v;u-ying kvds of ccs::ilution. 

Conceptually t.h~~n, tht: wavckt trn11sfomJ i:;, a wrtti> of 
appmxim<ttion :md diifon:n(.':1;:: matri,~:s at varii)US J~:vels (or 
Xtii(•lntion.s}. Th~: numbi::r of eodlkirnis s\ort:d in it wavdtt 
tr;1nslb:'rn ;,, cqu;:l to the nHrnb~.r of pixcb .in th<: origiMI 

c;z, though lh<'l\: ;:re ot!J<:.rpn<;.<.ibk impkmenii1rions. ln·~ typical 
"'mt.1t1dim<'nt, ;is the w.s;~r m;)vc.s !ht: rm.inst' p(.lsi!ion, the 
currcl1t pc>l>ition of l1l<' HFrn$C pD:in1cr on !he dlsp!;1y 5 
dckrmin<'S lbt'. ftw<.::~J r<.::giofl. fo nllit>r \11,rrdo., i! i-; pr<.:,;;umed 
!he ll~t gaze p<.'im follows Htc mouse poim<.'r, ;;ill<.'<' .it i~ th;: 

t-s BSier t!u! i.s dfr..-:cting !.ht mouse poin!t r. Accordingly, tht: 
dfapby thrc::i.d 20 ctmliime-1~0.ly moni!<.Jrs lht position of iht: 
n1ousc. pc~intcr. 
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Jn om: po:;.-;folc impkmen!<i!ion. !he Di:'.pfoy Thread 20 
pl<!.:.::;; U$<::c input twiut:;;!;; (i.e., !ovca! rc2.:ions (k;ermrno::-d 
from user input dcvi<.x' 6) ;,;; !hey ar~. obtained in a rcqu~.st 
qutuc Qllcnc';; :ir~ dat~ si.rndures with ilrs!-in-ilrM-<)u! 
cl:tar:;<.:lerislk'.~ 1hal arc gcncrnl.ty .krnlwn in tt1e a.rL 

Th;;, M:1!l3J,Wf Thrnad lS ~'•ill b;;, thought of :is the brain of 
the .:.olicnt 2. The l\'ian;;gcr ·rhread .IS L<:invcr1.s the 1is,;;r inpu 
n::qnes! i.n the reqm::;;t qm::ue in!o n:'quests in the rnan;ii;;er 
rtXJ Bt'.SJ qm.:~u.1:.~ ~ to be prfH:.;~s.~.c .... --1 t·ry fh{~ !\-t.:.P .. ~;or_k 'Thn:~ad 19. 
The l1;;.;:r input ~·:onversfrm mechanism 16 nmveri:;; th~' user l') 
ddcrniiued rt:que!>l inw a r~quc,;! for todficit:nt$. 

10 
grt<1!U' ()( C{ji!>ll !O ;'.ern (Sk'jl 24(!). Ii !lliH is !h<.'. Ci1Se, 1hc 
proV:.\';S !oops back lo sH.:p 260, Oth~-rwi>i<:, the <:onlrd is 
rcturn\:U to th<.: !1..fanager Tlir\:-i1d 18 {St>.::p 250). 

The Nt<l\»ic'r k Thrt'<H.l 19 inducks !ti<: i.1et'>vurk prcitocol 
pr0<.'1:.'S.Sillg c-kmcnt ri. TtK N<.'l\W>rk Tbwad obfain,; the 
(n<::-x() mu1ll-·t<.\~obtkw rnqucs1 for 1.x1d!kknb correspond­
ing tu tht' foY(o;1! rqi;ion from n:-qm.,;:! qt<<~i;;;o and pm~-.:::;<;('"' 
and ~1Kl~ tile rcquc:;;t lH th<.: ~rver l via network prntnco! 
pro;,,,x.».~;._':ling i:"·k:n.1~tH 12. 

Notke that th<: dat11 r,;.qutsttd ·is "kx:ot!"' h•!cwis-,; ii rep-
rc"<'nts vi,,-.;;d iH.fonn:ilinn -iri th;,· "t1e.ighhnrh<:>":>d of tb<~ fr1di­
<.;;-1!cd pan uf the im<ig(;" .. The data b incr~-ment;d b~-t·au:,:e it 
rqJrest:nt~ only lht: i1ddili<mal inlonmitim1 iiecessary to 
incr1:.c:i;;~. lh<' t<:S<Jlution of Hie fo;.:;d vi;;ua1 inf<>rmation. 

A pn,;sibk in:1pkrmm!ation of tts<:r iuput ctmvt,rsi,.m 
med1<1nism 16 is depk!ed in the !low ehari. ;n flt>. 5. 
[:'.$<:m1a!ly, tli;;·. tP;er inpu! <X>f!V<~L~ion mech~iri>.r11 16 
1cqutos!;; all tb;;o C(>i:-il'idt-nt ;;.n\rk-; (.(Jlrf:·;;ponding to !he 
rovo::;1! re>?,ion in lhe horiz.onrnl di:tkrent:t UI rn<Hri;.;e;;, YC(­

li<.~31 d.i!l~~-n.crK<~ 9 ma!ri<.':<:~s. dia~<>rn;l Jitlc:rcm:1: nuiri;:;.:s .11 
<ind approxim;Hi<>n n1<11rix S of the Wilvekt !rMJ."'form of !he 
image :it c;:di k.vd of re~dntion. (Recall th11l onlv tt1c [3;'\! 

k.vel approxi111;1tior; m:itd~ S tJC(.dS 10 he stored t1y.1\c $CJ:v~.r 
l.) Thnt is, \V:Jvch:t codlki~ms :n\c req1ics1cd ;,u.::h thal it i;, 
possible 10 rt-cons!.rn<.'i. the ,-,od1kients in the ori.g1ml m;;i.ri:x 

l5 (lnfr>rmation <•lrcitdy av<iilabk !oc;i!ly is mask~x! OtH.). 
Tilt.' M:rver l n.:ct:ivcs aml prrnxs.<-es !he rcq;;cs! via 

at.t\Vc)rk pn:noco1 pr~1C(!.SSing t.~k'!rn(n°t .l2~ ~nd :;.;-.-:.nds tht.: 
codl'i.ciwb nxwcM(:d. \Vh<m the eodlkicnt.s a(l;. ,.,,ni. ltKv 
art' ma>.kcd 01.,t'. Ttic mask is maint:i.if!t:-d !o 1ktwnin<0 \'>'tikii 

17 c<im~.spilnding i.o th<; fuve3l region. 

_,:.~: coeificit:nfs hs'\"B ht:(.:n s.~n~ a:ld for d~~~kling. "'··hjch b!ock:s: c1f 
datri ca.n be rd.cased frc.rn maifi :.\wm<wv. Thu:>, rm ·!denii<Oitl 
vcrnion of tl;r; nu\.k is m;>.inuiintd on l;<>th tlK' dknt 2 >.·irk 
imd -.;c,ver I side. 

A:;; lhe coefficients art: indmkJ in tile rnque$l, !hey ;,re 
rm1sk;;d out. The. use of <1 ma"'k is cominc.111ly unde;stood in 
!hto art. -111<::. m;,;;J.; i;, maim.aim::<) to dderniin~ which G>J<dl'i· 
<.:icm--; h<w;;o lx:<::n rcqut,~Wd ~-' !hey ~rt' nm rniucs!cd ag.,1i!L 
EadJ i:na!>k ca11 be represented by an array of linkc.J ii,;£,; (l!ne 
linhxl li;.t fr>r (:.;1d1 ro\v of th(: im:;ge a! e''di kvd of 

30 
rn~.>lution). 

A~ ~hcw11 [u r!G. !\, lhc inpl>t (:onv<.,r>.-l"n m<:ch,mi;;m Hi 
determines the nirren! kvd ,;f rC$O!uiion ("L'') oi" an iin<t~'-' 
("M{") such tll;;t It!(: ilMgc Mr b, e.g.,. 128x12S pixd n1<1li:ix 
(for e:xampk. !ht'. lo\V('.$t ~upp(!ri:('.d J:('.$(1llition\ :is sllown in :,s 
Sk:p 200. Th<:,n, ihc i.nptlt ~'·:mvcrsion rn·;cd1:mi:>m 16 dtk-r­
rnincs if tbt. c1:rr@t kvd L i>< th'. lm,/cst n:;;olntion .lcvd 
(Step 2Hl). If ~H. ii is dtti:.rmincd if t!J,, tlm-t' color codli­
cicnh (i.,,., M.l (R}, Ml (G), and M1_(1-!)) correspond io th"' 
fi:ivea.l rq~ion llut h«& been reqB<::sted {Step 220). If th;it i:;; .. 10 
i.he c;i&:, then th~' inpu.t rn.1wersion mcdiani:<;m 16 coniirms 
i.hat th<; cum:mt rnginll L is i.m'bcd !he !owe:;,! n:solutim1 

region (S!cp 24tl), and return:; the <::'-:>!lfrol !<) thi:· Man<(g"r 
Tbrc~d 18 (Step 250). IL in S!cp 220, il i:. ddrnnintod that 
1hc lht<"'' t~>lor t~>d[icknt:;, lrnv•: tKll. ht'<'n rcq~.t:.~tcd, tbt'"" 4, 

5...·r.~:ffi5..·jt~nl~ ;,:e.rc rcqu.t~~tt~d u~ing al;~ Uli:i.sk cit:si..:Iib~d ab"Jvc~ 

and rtw pr<)(;C:'..~ contjnucs t(> Siep 240, and ttie o:mt1d i;; 
returned to th~ Man«g,cr Thread 18 {Stq1 250). 

ff, in Step Z.10, it is ;fotcnnint'd tha! the currnnt kvcl Li;; 
not th;:; bwt:st N:Csolution h:vd, th~n !he: inirnt rnnvcrsinn .<>; 
mcdrnni;;m .16 dctuminc~ whclh('.r th~- hmi~mltiil, vertical 
<tnd di;ignn:!l difference rn~lfa:irnt~ (v..-hidi 3r~. ncccs.'i.l;ry w 
recon:<;trnd the thrt:t: color codlkiwts) ha>;e bct:i1 n:'qneskd 
(Slep 260). It' so, lhi'n th". input conver:>frm mechanism .16 
&kips to Step 280 i.o decn.:asc the cum':tll kvd L by .l. s:; 
Oihcrwis.c a set nf dilkrmKe t~odlidtril.5 may bt: req11~o;;koJ. 
Thi:; ""! d"p<:mds ml !he nll•sk a.1.1d the f<>W~.l parnmdto1"' 
{;;.g., a shape or tile foveal region, a maximum resolutioa, a 
rnk; <~f ck:c<iy (1f the. rt\~ollHion, etc.). The e<>u n:rny ;-;ckd 
··:formcil" v:ilues :for foe.~,.; fovto:t! parameter-;, but !he "11.hn- c;z, 
age> T1m:--<id 18 may, <•t this pt)ff!t, ,;dc.;t 1!Jc "c!Ii;<:!ino" 
va!ues fot tho::!>c paramt:ter!> to cnsm:e ~ trnde-(!!J' bt:hYcca (1) 
~~chif;.',.'ing ~. re.as-(ma.blc :r~~spoaM: tifft1:: f.:tvcr the ~~tfff:.ati;.d 

<.:wrcni iit:.tv..-(>lk bandwidth, ;md (2l <Khkving a maxi1m:rn 
throughpu1 i.n 1hc transmi$&ion of d;ll.a. "Il1e procc$s then t-s 
coMilwts io S!>.:p 280. Tht~rc&ller, tnt input <:onw:rsion 
mo::ch:1n.isrn .16 di:t~-rminc:;; -,vi»"·lhcr the i::urr~-1Jl. kvd L is 

Th": N;;ti,vork 'll,rcatl 19 of I.ht: din1l 2 ffcT·ive:; rntd 
pmce,1;..<:;cs !Ile coel'fit:!ents. '.I ht Ne!'''ork Tlln.::id 19 sho 
indrnks i1w1,n;<0 '-"''l'ek! !:::rn;,forrn demen! 14. Tht" ·inver"<: 
wa;;det lr<111--;forrn dcm<:.nt 14 pnf<:>m):, ;m fovcrse >vavdd 
lnm:;.form ()!l !!K' rtTdvcd <.'t>d!kients :;.nd stort-!> th<:: p,:,;u:t­
ing, portion of an apprn~lrrrn;·~tHl urn1rix S i.::.ach tirne c~nt: l:'. 
ob!a"int:d (i.<,., al ''~di kvd of rt~>lt<tiun) in th<' >:>!nrng<~ 

d\:'vice 3 <)f 1he dic·n! 2. 111e sub-im<H!:<~ b stored <H "'a~IJ 
(progf\:'%i<.'1::ly higJ1cr, l:irgt.:r and k;s :_,ill•rs.:) kw! of its 
ri;:;.solutinn. 

No!e that :;:; tht di('.n! Z kno>vs nothing ;1bou1 the imagi: 
until it is gr:idtoal!y filkd in its (:otffic:it;i1s <BC rt<ju,:slc~!. 
·inns, spat~~.;: matri('.t:<; (spr;rsc, dymmic data :<;truo:rnrts) and 
as.-:;c~i<iled algorhhms ;,;an be w«:<i i<) store par1.8 <)f !ht imagt: 
received from the "<ervc:r l. Sp1trsc nutrit:f:» arc knm>rn ·in 1.h<o 
art ~1nd be have l;k\:: nnrrn:iJ rnn iri-;..'.c~ (:./;ex:_pt Hrn.r lh<.:: nH.::J.W .. )f)' 

:space of lhe matrix art no! ;ol.kx:.,ued all 3.! onc:e. I ns!tat! i:hc 
nmriory is <i!loc:;lt~-d in blo<::b l)f sub-matri<:<:s. This :l;, 
ft'<t=>onahJe as tht: whoJe im"gr:- m:oy rt:quirt' :J consi<krabk 
Hfll()UUI of sp:JC{':. 

Sirrmltam·•;n,-.ly, ih,: Di.splay tbr-..;:id 20 ("1Nbich can be 
i.n-1pkn1t:Jltcd using, any 1i1<xkm c-p;.;,rn!ing syskm or win· 
d<)wing :;;y:;;wm) llpda1<.:s th~ disp!<iy 5 ba~J <.'n !he pyrnmid 
rqae~tcntation sior~'d in the :;;t.orng~ dt\'Jee 3. 

Of ~·m•t!ii:, llw !)i:;p!a\' <hr<:~d .20 eonthw~:;; iis nwnitorin;!. 
of ihe nser irrnnt <kvi;.;e 6 <iml 1he \Yhok of cfo::ni 2 
processing C(imi.nu~:;; u.111i.l !ht: S<'.ssimi is tt:nninait:d. 

A fow JX>ioils ;irt \\ior!hy of mention. Noli-.<: 1!J3\ simx 
lowtr, co;ir:;;e;r resolmim1 i:lugcs \Vill bt ~torcd on lhe dkn! 
l :ti.r:si, ih~-Y 3r" dispfayt:d Jl~:;;! Also, tbe use of j'\)vcai.ed 
inuig~:~ r;.B~EH\':~ ~h;;1.~ ~h'.;: l~H.'.f"t:rn{;:nt~d ~h,t~t t'J updah":· )Jlt; vit~\\· 

is small, and thr: r<:qu;.;:si.cd data c:i;1 a.niv.;. wiihin Hw n,irnd 
trtp thne oJ ;~ fc:v\•' rn.e~sa~t~s -us-ring'.' fnr ex;iH.lp.!e:o rh~~ ·Tf_'P/f P 
prr)h".lCi.)·i. 

Also not-tee, th<il a W<rvdd. <:<>c!lidcm at a n.;htivdy 
<.X)arsct k.vd (>f t<'"'1lutinu wn-tsponding k> th;; !<.;veal 
rcgi()tJ <ifkTt" <i pmpc:rtiona:dy larger p<in Pf !he vicwt,r's 
S\:!CCl1 foil!! <I codlicicnt ill a rn]a!iv;;:.]y liner level of tesc;­
lutith1 t..."'t)trcs_pond1ng ·~o the. fovt~~1 n:.:gion (in hF ... -:l~ tht~ re~;).~ 
lnli<.rn <m the di:;p.ta>' 5 Cl>])(>Oc:IJtiailv aw3y horn !he mow;c 
poinfei). Ahn noti1..~ in< invention i.,l.kcs ;,1Jwr:w>.;e nf pw­
gn:s.s.i'(..--: ir.i~nsn::.i~s}:t)fl~ \Vhich givt:& £he: inl:l£.t: ·i;e:rt'-C{;l"nat 
o."Jndnu.i!y. B!:t u.nlHit.:: ;he Jradltion.al .no!ion of pn:ign:::ssi\'t· 
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APPENDIX J 

US 6, 182,114 Bl 
H 

trnn:>mi;;sion, ii is HK dim! 2 u:;.cc tlrnt is determining 
trnn:>mi;;s:ion orckring, whidi is not pre-computed b;;;;;~u;;c 
tht s~.JVtf 1 do~st1't know what !h<.' dknt(s) 2 n.c.xt rcqu~st 
will be, ]1ws. <is nnicd in ih~ ohjccts 3nd ;:dvm1!i1gc.s s~c!ion, 
ttw "ttiimYir(:" modd is op1irnill::'t1. 

Note t!rn; in !b;;. ;:vent !(!(; tlw.::~J kdmolog:y h utihzcd lo 
impkmcut lb(; present invcmi<>n, :;cmaphorcsd;trn strn(.:llltcs 
;,,-c u>.cfol if 1hc thread;; >.hare t!i;:. '-:imc d:i!,; s.trn(:turc~ (t:.g., 
!he rcqiK.~! queue), S<.'m;,pborcs ate :well kno'>Yn in th(. itt1 
<>rid cm.me tbill <H1ly one simult<111;:m1.s process (or "1hrc<td") l') 

c<tt1 ac:,:cs.~ and modify ;i s.h<ired d.3ta s!rndurt' at om: time. 

12 
\Vli11i is cfaimcd is: 
LA ditm ,i:pp>mi.tu,~ for wabl:mg 3 n.,iiltime liisu:iliz<ition 

of at kas< one imago:, !h<.' dknl app;iratm; <X)mprising: 
:3. sEorag~ devkc storing first dnJ:~ (Cffrt:.spnnding :o a 

mulhfov'l:<1!<:.il ropr1:,<;t:lli:ition of an llrigfrl<tl im:i~~t:, 

a uwr input o:kvi.;e providing strnnd da1a <:uno"powJiog 
10 st kast oat· visualizaliot1 e(>mmanJ Df at ka$t om;: 
US<T; aml 

;l pnx'.e.&,-,;1.ng ;3:rran.g;tn1en:r gentraling third d&t;i c:cn'Tl> 
.;.;.ponding tn a ~nu~tifo'-"t.:i:ted in1~g.;. u"ing the firsi dai:1:­
lh<:· se<.:ond <.:ht;, >lnd a .fr,;··o:Jtion OJ.>~rntm·. 

CONCLUSION 

2. 1lw dfrmt ap1xue1tus of daim 1, forl!mr <·ompri,o;ing a 
network prnlc>ce<l ptrl{:essing 1:.kment which provides th~» 

lS third tht<> u,:.iflg a TCP/IP prmocd. 
3, Th\::. diem :1ppMallls of::bim l, wbl:'rdn 1b0 ptoc~ssing 

deml:'nl lrnt1:<.mils th<:. lhird d;ita to th<: :it k~sr onl:' diem vi;i 
!he fo1,:rn1: 1. 

lt is appwnt that vadou;; useful m<.)(liikiiti<m:> can IK 
rn<t(k !D the .~lX>\'t:· d,;;i:rip1io11 ;vhik rMlaining within tlK 
~i.X!pc ,if t!1c inv<:ntion. 

For c:ompk, ,,,.ithout limit;11iou, Hie u~e.r .;an b<: provii:kd 
with two modes for di:>play: t(; :1hv<1ys till 1he pixels 10 lh(; .. :.;; 
hight:&! n:solulicin thii: fa <.'Um,nll.y ::v:;ifabk lo.::::lly Dr 10 iil.l 
!h<:m np :o :>(>rtK us.<.:r sp<:ci1kd h::vd. Thl: dicrH 2 di~pfay 5 
rw1v include a. n; .• s,izabk vi1;·win;i; •vimjow with mininrnl 
pe.~·;1lty (ffl !he rn:;ltime perfonnai;;;,, of !he s.yskm This is. 
rio:_ trnt:. of _prt-viou~ approacht-s. 'Then.~ sd~o rna.Y he ;1n 

auxiliary mwiga.tion 'Nimlow {wllkh (:3.n bt: n::-si:t.ed bu! is. 
bc~I kepi fairly small hccmt$C ii di,,pfay, lrm en1i1c image. ;ii 
'i hY'-V "''"'.>l\1!lon). Th<' maiu puJT"-'-;e of such a navig~lic!fl 
;vi;idow \vcrnld be to le! the vkw<.:·.r know ttie -;i:Z.<: and 
po;;iliC>n of lh<: viewing wiJ.1Jow· i11 rdmiC>n lo the wholc 30 

iuJ~i.gc. 

!1 i..~ r<:;1dily :;cci1 lfo1! fortbu modilkations w·i!hii1 lhl: 
;,(:(>jK d ;he inwnl.ion pmvid~. J'ur1 hN Mlvitnfagcs io the n,~<:r. 
For ''X3.mpk, without !imitaiion, !tit' i1wentfrm m;1y luv~ lhl: 

J,5 
fo!lmving capabilities: c:onf:irn1ous r<.:,1ltimc panning, c:on-
;inuo1Js rn;,ltime zooming. :fove:;ting, v:;rying, i.hc fove;;.\ 
rt":solution :rnd modification of th~ shapt": ~md si:l.t' of lhl: 
foveal \\~-~ion. A v;;ri;1bk K5olmion f<:i1tiJ.n:. m1'y afsu allow 
;he S\l!V<.:~ l t<J dy11amk:;11ly ;:dju~t 1hc <emoun: of ir;m!;m\!!<;d 
d;tJa ~o rn3.tch th~ effec~i'\."~. bdndvi;.+di.h of £ht. ne!\Vork.. .·to 

\Vhih:: tb:: abc1ve rh::.s;,cription 1,.'C)t~t~~in.$. rJJany spt~clfic~tl~"'"-~, 

thc~t: ~hC>uld mJI b<·· ''on::;tn1cd ~s limit<:ti<HJ:; on tl1<.:: -;l't)pc of 
the invl:'·lition, but r<Hhcr <1S w ei;t:mph!katirm of tmt· pr<> 
fcrnxl t:mb<Jdimt:nt ttw.tt:of. Mauy '11.ht:r variations <tt<: jK)S· 4 , 

~ihk. A~·c:11rding!y, the :'><~Ul·'"' of thi:. inv~miou should bL'. 
cidermiw:J mil by the t:mbm.l:iimmt(~) ilh1:<.trskd. bul by lhl: 
<ippea(ko .;birns ;md lh(;it kga! CCftiivakws. 

4. Tb<.:.» dirn1 app~rnu;~ of daim l, 1->·hl'.rdn !he u~l'.r input 
devit<: im:!udl'.s :1 mou.s.c <kv:il'.e. 

5. Th~. di.:111. app;;rnrns <>f c.laim L \Vherein !he u~er inpu! 
devk<: Jnd11dcs al k:is! t:•rl<-' of an <.ye-trnckillf', rkvi::l: it!ld it 

keybrnord. 
6. Tim dit.nt «ppa.r1,1us (>f c:i;iim .l, wh<:,rdn the fov(;atl<)n 

op·t:r:~tor -l~ sp;,>t.'.i-ficd H:sing pa:-3.a-H.::k:s~ that ic1ti..~1u.\.lc. af k.:1S.f 
.one o:f: 

a ~~-i or t'ov~-1it~on pohJt~, 
'' shape of a fovt·<ii<:d n.:gion, 
;, m;rnimnm f\::~,,,Ju.t:ion ·:)f the fmrcatcd fi::.g.ion, a:od 

;.; rale <H >Yhi<..:ll a maximnn110so!ulion <)f th<.' Iowa! r<:ginn 
d<:c:ay-; 

7. Tli1; dkilt i!pp,trn!to~ of claim 1, 
\Vhc-rt-:it1 lhc jlHJ('\::s..~·;ng ;:lrr-a:1gen1cn1 nx·1;:ivcs ih(; original 

~trmgc frnrn :t scrvL:-r~ nnd 

wht.»reit1 th<.' memory ;irrnngtment :>Jorcs a d11J:3 strnUllfi:· 
repre:><:n(ing tht muhifrlvea!td irnag;;, !he data ~!rudllrc 
ihat is opii.mi:1..t":d for tk dkn! app;irnrns hdng imk­
pcml<:tit of m inugc reprc;,;;;c, ni;Ji:ion pn,vid.:,<J hy a 
ser;...~er. 

S. ;-rhc cEcnt ar-p(S.r~~!BS of clainl .c ',;\•'hcrcln the thin..i data 
conc:>por:ding !o !he rnu!1.ifovtak.d .im;1ge i>< gcne;ratcd fi.1r 3.I 
fo;is! rnK uf 

3. Hr:st arbllraryu8h,tp~d fov~aJ rcg:i=:m~ 
'' si:.o:md :ir!iitr~rily-line frw<,:<l region, :md 
1m arbi1ruy union of the iirst li!ld strnnd fov;;;11l regions. 
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[11] Patent Number: 

[45] Date of Patent: 

5,179,638 
Jan. 12, 199.3 

AttMnt:v. Age11l. or f'irm-Ronald E Champion; George 
A. Leone, Sr. 

(57) ABSTRACT 

A methflC and apparatus for providing a te,.ture 
mapped perspective view for digital map systems. Th~ 
system includes apparatus for storing elevation data, 
apparatu;; for storing te:ttlm: da!a, apparatus for scan-­
ning .a proj.::cted view volume from the devation data 
storing appar.atm;, apparatus for processing, appan:mg 
for generating 11 plurality of pbnar pol_ygons arid appa­
rnnis for rendering. image:.. The proces>ing appannu> 
further include~ apparatus for receiving the scanned 
proJected v\ew volume from the scanning app:>ratu~. 
mmsforming the ~canr;ed projected view volume from 
objoXt space to .screen space, and computing ~urfac.: 
normals at each vertex of each polygon so a5 to modu­
late ;exrnre t.p~ce pixel i11i.e11si1y. The generating appa­
rntu~ gen\:'rnle> •hi:' phirnlity of planar polygon> from 
th,; transformed vertices and supplies them w ihe r~n­
derfog apparatus ,which then shades each of the planar 
polygon;;. Jn one alternate embl)diment of the invention, 
!he polygon.s are shaded l!y apparatu~ or 1he rendering 
apparatus assigning one color across the surface of each 
polygon. In yet another alternate embodiment of 1he 
ilwentiori, the rt~rnkring apparatus interpolates the in· 
tensities bel\veen the vertices of each polygon in a lmear 
fa~hion as in Gouraud shading. 

11 C1aims, 7 Drawing Shet!f-S 
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METHOD AND APPARATUS FOR GE~ERATI:-.'G 
A TEXTURE .MAPPED Pf.RSPECTIVE VIE\.\' 

The present invenlion is directed generally to graphic 
di~p!.ay sysiems .and, mNe p<inicuforly, 10 ;: method and 
app:traws for generating texture mapped perspective 
vie>Ns fr1r a digital map sy;.tem. 

RELATED APPUCA TIONS 

The following applications i.lre included herein by 
reference: 

(1) U.S Pat. No. 4,876,651 filed May l l .. 1988, isstieci 
Oct. 24, 1989 entitled "Digital Map Sy;;tem" \.Vhich WM 

assigned to 1he assignee of the pre~em inve.ntioti; 
(2) Assignee copending appliciliio.n Ser. No. 

09/Sl4,6&S filed ApL 26, 1990, emitled "High Speed 
Processor for Digital Signal Proce.sing''; 

(3) U.S, Pat No. 4,884,220 e!lti!led "Generator with 
Variable Sc.an Patterns" filed Jun. 7. 198S, iss1.1t:d Nov. 
28, ! 9S9. which is assigned lo the assign.::;; of tht: pre~;;nt 
invention; 

(4) U.S. Pat, No. 4,S99,293 .-::ntit!t::d "A method of 
Stornge and Retri~val of Digital Map Diita Based Upon 
a Tessel!ated Geoid System", filed Dec. 14, 1988, issued 
Feb. 6, 1990: 

(5} tT,S. Pat. No 5,020,014 entitled "Generic !nterpo­
!ali(.>n Pipdin!:'. Pmces!>m:", filed Feb. 7, 1989, issued 
May 28, 1991, which is assigned to tbe assignee of the 
present invention; 

{6) Assignee's copending patmt application Ser. No, 
07/7 32, 725 filed Jul. ! 8, 199 l en tit.led "Pam He! Poly­
gtin/Pixel Rendering Engine Architecmre for Com­
j'.Hiler Graphics" which is. a continmi.ticn of patent appli­
cation 07/419,722 filed Oct. 11, 1989 now abandoned; 

(7) Assignee';; capencling pa1em application Ser- No. 
07/514,724 filed Apr. 26, 1990 entitled ··Polygon Tiling 
Engl.m:"; 

(S) As.sigr:ees copending patent application Ser. No. 
07/514,723 filed Apr. 26, 1990 entitlt!d "Polygon Sort 
Engim:'"; and 

(9) Assignee's copending patent appl.ic&tion Ser. No. 
07/514,742 filed Apr.. 26. 1990 entitled "Three Dimei1-
sional Computer Graphic Symbol Gcncrator". 

BACKGROUND OF THE INVENTJON 

woodgrain ~;.u:faces. For the purpose> of the in'l/ention, 
iexture mapping;., defmed w be the mapping of ;i te;o;· 

ture m1to a surface in three dimensional object >pace. A;; 
is ilhmrnted ~d1ematically in FIG. 1, ll te!(iure spa.ce 

5 object T is mapped to a display screen by means of a 
pt~tspec1ive tramformostion. 

The implementm.ion of the method of the invention 
comprise.> two proc.e>s.es. Thr: first pmcess is geoinetric 
warping and the second process i~ fil!ering, FlG. 2 

10 muslrai:es graphically the geome!ric w;irping proce.ss of 
the invention for applying texture onto a surface, Thi> 
process app!ie;; the rexmre onto an object to be mapped 
analogously 10 a rubber sheet being stretched over a 
surface. In a digitalmap system application, the te>:ture 

!5 typically comprise>. an aerial recommlssarice photo· 
graph and the objecl mapped is the surface of tht: digital 
terrain data base as shown in FIG. 2. After the geome't· 
ric warping has been compleied. the second procesi> of 
filtermg is performed. In the second process, the image 

zo is resampkd on the screen grid. 
The invention provides a texture mapped perspective 

view architecture which addresse;; the need for if,. 
creased aircnift cr::w effectiveness., con~equently reduc­
ing workload, in low altltude flight regimes dmracter-

25 ized by the simultaneous requirem(,·m to iiv0!d cena!n 
!etrain &'ld threats. The par:ricular emphasis of the in­
vention is rn incte.ase crew situational awaremm:.. Cro;-\>,.' 
situational a·wareness has been increased to &ome degree 
through the addition of a perspective view map display 

JO 10 a plan viev." capability which already exists in digital 
map systems. See. for example, ~ssignee's c.opending 
llppllcatlon Ser. No. 07/192.,798, for a D!GITAL MAP 
SYSTEM, flled May I l, 1988, is>ued Oct. 24, 1989 a:; 
U.S. Pat. No, 4,876,651 which is incorporated herein by 

::is reference in ~ts entirety. Tlle present invention irnpn.we:; 
the digitool map sys!cm capabilit~' b:i providing a means 
for overlaying aerial :reconnaissance photographs over 
the computer generated thrtt dimensional terrain image 
resulting in a one-to-one corre:;pondenc~~ from the digi-

40 tal map imag.e 10 the real world In this way the inven· 
tion prnvid1.~ v1sui;lly realist1c cues which augmem the 
informational display or ;;uch a c.nmputer generated 
terrain image. Using these cues an aircrnf1 crew can 
rapidly make a correlation between !he display imd the 

45 real world. 

Te;1;ture mapping is ;i computer graphic:> technique 
\vhich comprises a proce!;i; of overlaying aeri<1l recon· 
naissance photographs onto compu1er generated three 
dimensmnal terrain images. lt enhances 1.he visual real· 50 
ity of raster scaTI ima.ges substa.ntially ''"hi!e incurring a 
relatively small increase in compmatfom1l expen~e. A 
frequent c.riticism of known computer-generated SYTI· 
thesil.ed imagery hm, been directed to the extreme 
smoothnei;s of the image, Ptior art method~ of general· 55 
ing image;; provide no texture, bumps, outcroppings, or 
natural i.>brwrmalities ir; the di~play of digital tenain 
elevation data (DTED), 

The architectural challenge presented by !exture 
mapping i~ 1ha1 of distributing tlle pro<:.~essing k'ad t(.) 

achieve high data throughput using paral!d pipe.Jines 
and then recombining the parnllel pixel flow into a 
single memory module known as a frame buffer. The 
resulting contention fot acces;; to the frame buffer re-
duces the effective throughpu1 of !he pipelines in addi­
tion to requiting increased hardware and board space to 
implement the ~dditional pipeline~. The meth•;)d ;ind 
apparntus of the: iuvetition addre~es this challenge by 
effectively combining the low conicmtion attributes of a 
single high speed pipeline with the increased processing 
throughput of parallel pipdines. 

In general, telture mapping maps a multidimensional 
image to a mullidimensional space, A texture may be 60 
thougllt of in die u~ual s~im' such as S<lndp .. per, !l 

plowed field, a roadbed, a Jake., woodgrain and so forth 
or as the pat!ern of piJldS (picw.re elemems) on a sheet 
of paper or photographic film. The pb;els may be ar­
ranged in a regular pattern !>LlCh as a checkerboard or 65 
may exhibit high fre-quende> as in a detailed photo­
graph of high resolution LandSat imagery. T exnire may 
aho be thrtt dimensional in mnure a;, in marble or 

SUMMARY OF THE H'<'VENTION 

A method and ;ipparatus for providing a t~~xtur'°' 
mapped perspective view for digha1 map systems is 
provided The invention comprises means for sioring 
elevation data, means for storing t.e>:ture data. means for 
~nnirlg a prnjected vit>w volume from the elevation 
dam storing means. means for prnces~ing the projected 
view volume. meam for generating ;s plurality of planar 
polygons and means for rendering images. The process~ 
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DESCRIPTION OF THE PREFERRED 
EMBODIME\\.'T 

Gt:ncraUy~ per·~pectJvt::'. trans.fonnation frorn tex.h.srt" 
spm:e_hsving co~rctlna:e-s U, \:' 10 scre~i; ~pace having 
coc-rarr13\es X, 'r require> an intermediate l.ransforma· 
tion from texture spilce to object space hnving cc:i.Qr-dl~ 
nates Xo. )·'0, Z'.). Per~pect!ve transformation is accom­
p!ish"d through :he genera! perspt'clive 1rai1sform equa-

irrg mt,am, furtlin indude~ means for re(;dving the 
scanned projeci:ed view vo!umt: from !he ~carming 
meilns, trnmfnrming tht' scanned prnjectt:•d vie\\' vol­
ume from ohject space to screc:n space, and ~'ompunng 
surface normals at each •verle>. of each polygon so as to 
modulate texture space pixel intensity. Th~ generating 
means generate:, the plurality of planar po1ygom from 
the iransformed vertices and supplies them to the n::n­
dering meam \\'hich !.hen shade~ each of the planar 
polygons. rn tion as follows: 

A primary objecl of the invention !s to provide a 
t.-:chnoJogy capable of accomplishing a folly integrated 
digital map display ~y~tem in an aircraft cockpit. 

In one alternate emb-"!diment of the invention, the 
p.olygon~ are shaded by means of the render[ng mean~ l 5 
a~signing one color across the surface of e&ch polygon, 

ln yet am)thn alternate emho-dimen! of the invention, 
the rendenrig means interpolates the intensities between 
th1; vertiet";. of each polygon m a linear fashion as in 
Gouraud shading. 

lt is yet another object of the invention to provide a 
digital map system including c.~pabllit!es for per;;pective 
vie\~" !rnnsparem"y, te:>ltJre mapping, hidden line re~ 
moval, and secondary visual. effeci:s such as depth cue& 
and anifact (i.e., a!ili-aliasing) control. 

where E poim (X,Y,Z) in 3-~pace ~s J:epfc:;ent.eJ by a 
20 four dime:mional position vector [X "".{ Z H} in liomog.::­

neous coon:\inat.e;;, 
The 3 X 3 ~iJlHnatri>; 

25 

[ .'l JJ cl 
.D £ Fl 
(; }·f f J 

his ye! ru1other object of the rnvention to provide the 
capability for displaying forward looking infrared 
(FURJ dat<i and radar return images overlaid onto a 
pkm and perspec\ive view digital map imag~' by fusing 
hm:.ges t!;n .. >ugh <.;ornbiuing or subtracting other ~ensvr 
video s1gnals with i.he digital map tenam display. 

:io accomplishes scaling, shearing, and rot:;tion, 

I; i~ yet anDther object of !he invention to provide a 
digital map sys!em with mi arbitrary warping Cilpabilily 
of one darn base onto ;moiher data base which is :>ccom­
mocfated by the perspi~ctive view teKture mapping capa- ~5 

bility of the invc11t1on. 
Other objects. features and advantages of the inven· 

tion will bel-:om;:; apparent m tho;,.c &killed in the an 
through the drav.1ings, d·:e~cription of the preferred em­
bodiment 2nd cl;;.ims herein. In the drawings, like nu- 40 
merah; refer to hke element~. 

BRIEF DESCRIPTION OF THE DRA \\/TNGS 

The 1 ::< 1 rcw..- matrix {L M NJ prodllces translation. 
The 3 X i column matrix 

produces persp.."Ctive tran5formation. 
The i X 1 scalar f S} produces overnll ,;ca!ir:g 
The Cartesian cro%-produc1 needed for surface nor­

mal requires a square root. A& shown in FIG. 3, the 
surface norm;;l shown is a ·vt"ctor A X B pcrpt'm:fo.:ufar 

FIG 1 shows the mapping of a textured object to a 10 the plane formed by edge> of a polygon as repre-
di.splay screen by a perspective mmsformation. 45 sented by vecton A and B, where AX B is the Carte;;ian 

FIG. 2 illustrate> grnphically the genmetric warping crn;;s-product of the two ·vectors. Normalizing t.he vix-
prnces~ of the iirvention far applying texttJre omo 11 tor allows calcu!a1:ion for sun angle stmding in a per-
surfa.;::e. foct1y diffusing L;;i.rnbertian surface. This is accom-

FIG. 3 illustrate~ the sutfac,;:- normal calculation as plished by taking the vector dot product of the surface 
employed by the i_nvemion. 50 normal vector witJ1 the sun positicin vector. The res:uit-

FIG, 4 prt<sems Ii functional block diagram of one ing angle is inversely proportioJial to the hltemity of the 
embodiment of the invention. pixel of the surface regardless of the viewing angle. This 

FIG. 5 i!lustr:ate.> a top level bloc"k diagram of one intensit~· is used to modulate the texture hue and inten· 
embodiment of the tenure mapped per~peetive vie>v 
architecture of the invention. 

FIG, 6 schematically ll!ustrntes the frame buffer con­
figuration a~ employed by one embodiment of the in­
vention, 

FIGS. 1a, 1b and ic illustrate three ex;;.mples of di~· 
pl:ay format shape>, 

FIG, 8 graphs the density function for· maximum 
pixe1 counts. 

FIG. 9 ls a blod diagram of one embodimeni of the 
geometry arniy processor as employed by the inven­
tion. 

FIGS. toA, lOB, lOC ar;d HlD rnustr~ted 1hc- tagE,cd 
architecrnrn1 tei;ture mapping a.<. provided by !he inven­
tion. 

6(1 

shy value~ 

A ierrnin tri~ng!e TT is fonned by co:rmectir,g the 
endpoint~ of vector~ A and R from jA"1int Bx, By, Bz 10 

point Ax, Ar, Az. 
Having described some of the fundamental basis for 

the invention, a descriptkir. of the rne!11od of the inveri· 
65 tkrn will now be set out in more dernil below. 

Referring now to FIG 4, a fo.nctiona! block dis.gram 
of one embcidimenl of the invention is sho·wn. The in­
vention foncti<mally comprises a m<::an~ for storing e!e-
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6 
vation data 10, a means for storing texture data 24, a 
means for sc.anning a projt:i.~ted view vofome from th<' 
de·vat~on data storing means 12, mean~ for processing 
vie\>/ volun;t' 14 including mean;; for receiving the 
scanned projected view volume from the :scanning 
m(!ans 12, m<~ans for gc1wrnti11g polygon fill addr,;;%e> 
16, means for calculating texture vcrtice> addre.%es 18, 
mean~ for generating texture memory ;iddre~se:; 20. 
mean~ for filtering nnd interpolati.ng pfaeh; 26, a foll· 
frame memory 22, and video di~-play 9. The proces,sing 
means 14 further includes mcam; for transforming the 
scanned projected •new volume from object space to 
5Crt'e!l :;pace and m(;'ans for computing ~urface normals 
at each vertex of each polygon so as to calculate p<xe! 
intensity, 

The means for storing elevadon data 10 may ptefera· 
bly be a cache memory hiiving al !e;m a :50 nsei:: acc:es$ 
time to achieve 20 Hz bi-linear interpolation of a 
512 X 512 pixel resolution screen. The cr.che memory 
fu.nher may advzmtageou~ly include a 2:56><256 bit 
buffer segmem with 2K bytes of shadow RAM used for 
the display lisi .. The cadie memory may arbitrarily be 
reccrn.figured f:rom S bits deep {data freme) to 64 bit~ 
(i.e., comprising the mm of ternm: m.ap date (24 
bits)+DTED (16 hlts)+aerommtical ch;m data (24 
bits)), A bufft~r ~egrnent may start at any cache add.res:> 
and may be written horizontally or vertical!y. Means 
for stMing texture data 24 may advantageously be a 
texture cache memory which i~ identical to the eleva~ 

using a vector do! product between the >urfacc normal 
or normals and the illumination scurce to implement :i 

Lambertian diffusdy reflecting surface. Hue and inlcn­
sity values are then assigned !O the polygon. The 

5 method and appararns of the invention also pwvide> a 
dot rr:ndering sd•r:mc whr:rcin the GAPs only trnn>­
form one vertex of each polygon :md the tiling t'ngine 
4R explained in mDte detail below, is inhibited, ln tins 
dot rendering for:m..t, hue and inten;;ity are as5ignecl 

HJ ba~ed on the plomar polygon conta.ining the vertex and 
the rendering engine is inhibited. Dot polygons may 
appear in the same image a> multiple verte)( polygons or 
may compri:>e the entire image itself, Tl:!e "dots" are 
passed through the polygon rendering engine 34, A 

15 range to the vertices or polygcm {Zvv} is used if a fog or 
"DaVind" effect are invoked as explained bdo\<,;, The 
GAPs als-ci mmsform three dimensional owrlay :;ym· 
bo!s from world space to screen spac:e, 

Referring now 10 FIG. 9, a block dii;:gr.am of on~ 
20 example em!x1dlmem of a geometry array prncesrnr 

(GAP) is shown. The GAP comprises a data register 
file memory 202, a float.ing poinl multiplier 204, a c-0effi· 
dent regis1er fik rnemory 206, a floa!ing point ac<::umu­
lator 208, a 200 MHz oscillator 210, a rnicrosequ.encer 

25 212. a control srore RAM 214, ;ind latch 216. 
The regi~ter file menK<ry mil)' advantageo!ls1y hiive a 

capacity of :Ill by 32 bits. The floating point accunrnla­
tor 208 includes two input port,; .?09A and 209B \Vith 
independent enables, one output port 211, and a condi­

tion cache memory excepi rhai it s1ores piKel informa- .>D tion code imerface 212 responsive to error code>. The 
tion for warping ont•::i the elevation data cache. Refer- floating point accumulator operate;; on four i!"lstruc:-
ring now to FIG, S, a !op !eve! block diagram of the lion•, namely, multiply, m»op, pass A, and pas& B. The 
teMure mapped perspective view architecrnre is showr,. micro;equenceJ· 212 operatt."l> on l>even ir1stn.1ction~ in· 
The architecture implements the functions as shown in eluding loop on count, loop on condition, jump, con-
FIG. 4 and the discussion which follows shall refer to 35 1inue, call, return and loa.d counter. The mi-
fum::tiona1 blocb in FIG. 4 and c.corre;oponding elements crnsequenc.er includes a debug imerface having a read/· 
in F!G. 5. In some ca>es, such as element 14, there is a write (R/W) iDternal register, R/W control store mem-
one-w-one correspondence betv1een the functional ory, hah on addrt'S:>, and single step, and forther in-
blocks in FIG. 4 and th<~ archi!ectural demem:; ofFJG. dudes a processor interface including a si.gnaJ interrupt, 
5. fo other ca~es, as e;<:.plained hereinbelo'>v, lhe func- 40 srn.tw.s regi:>ter and control register. 111e OAP i:; fully 
tion:; depici.ed in FIG. 4 are carried om by a plurality of explained in the assignee's co-pending applicatiOTI No. 
elements shown in FIG. S, The elements shown in FJG. 07/514,685 filed Apr, 26, 1990 e!l!it!ed High Speed 
5 comprising the te~ture mapped peiopective vie·w sy~- Processor for Digital Signal Processing which is incor-
tem 300 of the invention rnclude e!evatio!l c<i.cl1e mem· porated herei11 by referel1C·e in its entirety. 
ory 10, shape address generator {SHAG) 12, texmre 45 hi one alternative embodiment of the invention, i! is 
engine 30, rendering engim' 34, geometry engine 36, possiblt~ to give the viewer of the display the visun! 
symbol genernwr 38, tiling engine 40, and di.splay mem- effect of im environment enshrouded in fog, The fog 
ory 4:Z- These elements are typically part of a larger option is implemented by interpolating the color of the 
digital map system including a digital map unit (DMD) triangle vertic.:s toward the fog color. As the triangles 
109, DMU interface 111,. IC/DE 113, a display stream 50 get smaller with di~ta:ace, the fog pa.rtides bt."Come 
manager (DSM) 101, a general purpose process.or denser. By using the known relationship between dis-
(GPP} HlS, RV MUX 121, PDQ 123, master time 44, tance and fog density, the fog thicknellS can be "dialed" 
vidto'O generaior 46 and a plurality of data base~, 11ie or adjusted .as needed. Tiie vertex as:>igmnent i.nterpo· 
latter elements are described in assignee's Digital Map lates tbe vene:x color toward the fog color as a function 
S~1siem U.S. Par. No. 4,816,651 55 of range toward the horizon. The fog technique may be 

GEOMETRY ENGINE 

The geometry engine 36. is comprised of one or more 
geometry array processors (GAPs} which process the 
4 :K 4 Euler matrix transformation from object space 6Q 
(sometimes referretl to as "world" &p<ice)· to screen 
spaee. The GAPs generate :X and Y values in screen 
coordinates and Zvv values in range depth. The GAPs 
a!:;o compute ~urface nQrmals at each verlex of a poly· 
gon reprt'$enti11g an image in object space via Cartesian 65 
cr<.>1>s·prodocts for Goural1d shading, or they may assign 
one surface normal to the entire polygon for flat shad­
ing and wire mesh. lntemity calculations are performed 

implemented in the hardware version of the GAP such 
as may be embodied in a G"s semiconductor chip. If a 
linear color space (typically referred to as "RGB" to 
reflect the prim;uy colors. red, gree.n and blue) i' as­
sum~ the amount of fog is added as a. function of range 
to the polygon vertices' color compmation by well 
known techniques. Th%, as the hue i;; assigned by de­
,,..ation bandmg or monochrome default value, 1he fog 
color is taded on. The rendering engine 34, explained 
in rnore detail belo\v, then straight forwardly interpo­
b1es the interior points. 

In another alternative embodiment of the invention, a 
DaVinci effect is implemented. The DaVillci effect 
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cau~es :he terrain to fade lmo the distance and blend 
'>'«ith the horizon. It is implememed !!5 a fonc<i.on of 
range of ihe polygon venice;; by the GAF'. The horiwn 
color is added w rhe vertices similarly m the fog effect. 

gons, a cmwectivHy offae! from one hue ~can to ihe ne.>;t 
is used ro configure the polygons. For overlay symbol:;, 
a conm~c1ivi1y list i~ resident ir> a buffot memory (not 
shown) and is u1ihzed for polygon generation. The 

SHAPE ADDRESS GENERATOR (SHAG) > tiling engim:' aho informs the GAP if it i:; bm<Y. I.n one 
embodiment 5 !2 veni.ces ;in· res.ident in a ! K buffer. 

The SHAG 12 r<:~x:ives the onhogrnphic11lly pro­
jected vi~w volume outline omo cache from the DSM. 
I1 calcuiates 1he individual lme lengths of the scan~ 11nd 
the de!t.a x and ddta v :::omvonent~. lt abl> s'".i:lns th(;: !O 
elevation po~t~ out of the elevation cache memory and 
pa~se;; 1hem to the GAP$ for transformation. In one 
emboclim~m of the invention, the SHAG prefornbly 
includes two arith.metic !ogk umt~ (Allis) lO support 
the 50 nsec t11che 10. Ill the SH. . .\G, data i~ generated !S 
for the GAPs and control signals are ra~sed to the tiling 
engine 4-0. DFAD dma is downloaded imo overlay 
RAM (not shown} and three dimen~iona! symbols art: 
pas;ed w the GAP;; from symbol generator 38. Eleva­
tion color hmiding hue assignment is performed in tfo:; ZO 
function. The SHAG generate,; shape~ for plan view, 
perspective viev-', lnte.rvis.ibili1y, and rndar simulation. 
The~e are illustrated in FIG. 7. The SHAG is more fully 
explained in assignee's copending aprlication, Ser. No. 
203,660, Generator \Vi:h Variable Srnn Patterns, filed 25 
Ji.in. I, !988 1m1ed as US. Pat. No. 4,884,220 on Nov. 
18, 1989 whict1 is incorporated herein by reference in its 
entirely. 

A 5impk Lambenian lighting diffusion modd has 
proved ad.equa.te for generating depth cueing in one 30 
embodimcm of the invenikm. Th<: sun ;:ngle position i.s 
complete)y programmable in azimmh and zenith, h may 
aisn be self·posilKming based on time of day, time of 
year, latitude and longitude. A programmable intensiiy 
with grny scale in&tead of ~:olor impiements the moon 35 
angk position a!gori!hm. The di>play &tn:am manager 
(DSM) prngrams the sun angle regmcn. The illumina­
tion nuensi!ies of the moon angle posiiicm mi'!)' be ~'aried 

Ail polygons .having surface tiormal5 more than 90 
degree~ from LOS are eliminated from rendering. This 
is known in the art as backface removal. Sueh polygon> 
do nm have to be irnm;formed slnc.'e they will nrn be 
visible on the display screen Additional connectivi:y 
foformation mu;;.; bt' generated 1f the po!ygom ar<~ non· 
planar a~ the 1ransformatioti proc<:S$ generates implied 
edges. This require;; that the cmmecnvity informanon 
be dynamically generated. Thus, on!y planar polygons 
with le:;s 1ha.n S l 3 venices are impkmemeci. Non,plrmar 
polygons and dynamic connectivity algorithms are not 
impkment~>rl by !ht tiling engine. The tiling engine is 
further detailed in .assignee's copending applications of 
even filing date herewith entitled Polygon Tiling En­
gine, as referenced hi::reinatiovc and Polygon Son En-
gine, as refrrenc·ed herdnabnvt:. both of whk::h are in­
corporated herein by reference. 

RENDERING ENGINE 

Referring again to FIG. 5, >he rendering engine 34 of 
the: invention provides a means of drawing polygons in 
a plurnlity of modes. The re11dering engine features may 
include interpolation algorithms for processing coordi­
n0>tes and color. hidden >urfac·e removal, contour line~, 
aircrnfl relative color bands. flat shading,. Gournnd 
shading, phong ~hading, rne~h frmn;it or ~creen door 
effects, ridf.elme display, trnnsvt:rse slice, backfoce re­
moval and RECE (aerial re:::onnais>ance) photo modes 
\Vi1h mnsi known methods of image ~ymhesi$, the 
image i:; generated by breaking the surfaces of the ob­
ject imo polygons., o:alcufating the color and intensity at 
each vertex of the polygon. and drawing the r!:.'Imlt~ into w1th tbe lunar waJ1.ing and ""''alling cyck>. 

TILING ENGINE AND TEXTURE ENGINE 
40 a fram{' buffer while interpolating the colors across the 

polygon. The color ir,fnrmation at ihe vertices is calcu­
lated from light source da1a, surface nonn.at elevation 
and/or cultural features. 

Still .referring to FJGS. 4 and 5, !he mear;s for calcu­
lating texture wrtex address 18 may include the tiling 
engine 4-0, Elevation pos!5 are vei:tices of phmar trian­
gles mod ding the surface of the terrain. These posts are 45 
"lagged" with the corresponding U,V coordinate ad­
dress calcu!aied in te:sture space. This tagging elimi­
nates the need for interpolation by >.ubstituting an ad­
dress lookup. Rekffing w FIGS. ltlA, lUB, 10C aud 
10D, 1.>.'ith continuing reference to FIGS. 4 and 5, the 50 
tagged architeciunil texture mapping as employed by 
fhe invention is illi.mratcd. FIG. lOA ~hows an exampk 
of DTED data posts, DP, in world space. FIG. IOB 
show> the co-located textutt' spact' for the: d11ta po~ts. 
FIG. lOC shows the data posts and rendered polygon in .SS 
screen space. FlG. IOD illustrates conceptually the 
interpolation of tagged addresses into a rendered p-oly­
gon RP. The te.~tm\; engirie 30 performs the tagged dat!l 
structure managt-ment and filtenng processes. When 
the triangles are passed to the rendering engine by the 60 
tiling engine for filling with texture, 1he tagged texture 
addrei.s from the eleva1Jon posi i> us::d 1.0 genernte the 
texture memory address. The texture value 1~ filtered by 
filtering and imerpolation mean~ 26 be.fore being writ-
ten W full-frame memory 2Z prior to d.ispl;;y. <JS 

The tilmg engme gt'.nerates the plana.r polygon> from 
the transformed vertice~ in screen cc,ordinate:s and 
pass.e:> them to lhc: rendering engine. For terrain poly-

The imerpolatioii of coordinate and color (or inten­
sity) acres;; each polygon must be performed quickly 
and accurntely. Thi!; is acc\.)mplished by interpolating 
the c;x1rrlina1e and cn!or al eadi quantited point or 
pixel on the edges of the polygon and sub:><~uently 
interpolating from edge to edge to generate the fill lines. 
For hidden surface remov~l, such as i:; prnvideci by a 
Z-buffer in a well-known manner, the depth or Z-value 
for each pixel is also c~lcufaterl Furthermore, since 
color C\.llTiponenb can vary independently across a sur­
face or set of surfaces, red, green and blue intensities are 
interpolated indep~~ndently. Thus, a mhiimum of six 
different parameter:; (X, Y ,Z,R,G,B) are independent! y 
calculated when rendering polygons with Gouraud 
~hading a:ncl interpolated Z-va.lues. 

Additional features of the rendering engine include a 
means of providing conlour lines imd aircraft relative 
color bands. For the~<: features the- devation ;ifao is 
interpolated at each pixel. Transp~rency features dic­
tate !hat !In alpha channel be maintained and similarly 
interpola1ed. These rt~quirements imply two additional 
a.\e;; of interpofa;.ion bring1rig the total to eight. The 
rendering engine is C<lpable of processing polygons of 
one vertex in it~ den mode, two vertices in its line mode. 
and three to 512 cc,,phnar vertices in its polyg>:.>n mo•k 
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also accomplishe~ a fine dip w the scteen for ihe poly­
gon and implements a smoothing function for Jmes. 

An optional aerial reconn;iJssance (RECE} phDto 
mocie c~use~ the GAP to texture map an aerial n:con· 

In the ffal shading mode the rendering engine assi.gr,;; 
the po!yg,;:in il s;ngle color across its entire surface. An 
arbitrary vertex is selecteri t<.:: assign both hue and inten­
sity for the entirC' po!ygon. This is acrnmpli>hed by 
assigning idcmica! RGB va!ue~ to all venices lnterpo· 
la!ion i> performed norm3J!y but re;ults in a constat11 
value. Thi;; approach will no! speed up the rendering 
process tmt wiH perform !he a!gonthm with no hard· 
ware imp<ict. 

5 miis&ance phomgraph onto the DTED data base. In tlm 
mode the hue imerpolation of the rendering engine 1s 
inhibited as each puel oithe warping is a:;s1gned a color 
from the RECE phoio, The intensity component of the 
<:olor i;; dithered in a "vell kno'l.vn marmer as 11 f1mctkm 

The Guuraud 5hading algorithm included in ihe ren- !O 
dering engine interpolates the intensities between the 
vertices of \'.'!iCh polygon rendered irl a linear fashion. 
Thi> is the defauli mode. The Phong ~hading algorithm 
interpolates the surface normals between 1he vertices of 
the polygon bctwee1) applying the imensiiy culcufa- l.S 
t1ons. The rem:lcring engine ~>.«01>.lcl 1-hv~ !Hive w perform 
an i!luminai:ion calculation at each pixel after interpob­
tio.n. This approach v1.<ould significantly impact the 
hardware design. This al~orithrn may be simulated, 
however. using. a weighing func!ion (t~1pic~Jly a func- 20 

tion of co;;ine (0)) arnund a narrow b;.;.nd of the iuiensi­
ties. Thi~ resu.lts in a non-line;ir imerpola1ion scheme 
and provides for .;i simulated specular reflectance. Ir. an 
al!.ernatiw: embo<lw.i.ent, the GAP may be used tc assign 

25 
the Vt'rtict!i of th<: polygon thi;: ncn-line~s weighing vi;i 
the loo~;-up t;ible and the rendering engine \Vould inter­
poJate as in Gournud shading 

Tra!!sparency i~ implemented \n the classical ~en~e 
usi.ng an aJ.pha ch.;innel or may be simulated with a 30 
screen door effeN. The :;creen door effoct simply ren· 
<ler> the tn1nspanmt polygon as normal but I.hen only 
outputs every other or every third pixel. The mesh 
format .appear;;;~;; \.Vire frame overlay with the option 
of rendering either hidden lines removed or not. In the 35 
ca~e <.::fa threat dome symbol, all p_.-,!ygon edges must be 
di~played 11.~ well 11~ the background r~~rrain. In ~1Jch a 
case, the fill algorithm of the rendering engine i~ inhlb· 
ited and only the polygon edges are re.ndered. The 
intensity interpolatkm is performed on the edge;. whkh 40 
may have to be two pixels wide to eliminai:c strobing_ In 
orie embodiment, an option for terrain mesh inchides 
the capabi.lity for tagging edges for rendering s.o that 
the mesh appears ass regular orthogonal grid. 

Typical of the heads up display (HllD) formal used in 45 
aircraft is the rid.gc!ine display and ihe transverse slice. 
In the ridgehne format, a line drawing is produced from 
polyg<..'>ri edges wlms.e slope:; clumge sign relative to the 
viewpmm. All polygons. arc ;:ransforrned, tikd, and 
then the su:rfr,ce nt>m1ah are cmnputed a.nd compared m 50 
the viewpoint. The tiling engine strips a•w•ay the vertices 
of non-ridge comributing edges and pass.es onh· the 
ridge polygons to 1he rendering t'llgine. Jn tnm;;verse 
slice mode, fixed range bins relative to rhe aircraft a.re 
defined. A plane onhogonal to the view LOS is then 55 
passed ihrough for rendering_ The ridges then appear to 
roll over the term.in as the a1n:rnU tli~>S along. Thei>e 
algonthms are similar to backface removal. They rely 
upc•n the polygon surface normal being ptmed to the 
tiling engine. 6Q 

On::: cmrent imph::mentation of !ht> invention guaran· 
tees t1on-imersecw1g polygon sides by restricting the 
polygons rendered to be planar They may hiwtc' up tO 

.Sl2 Vt'rtices. Polygo!l~ may also comist of one or two 
vertices, The polygon "end" bit is sei at the last '<-'ert:::x 65 
and pro~'ern:'d by the retldering engine_ The polygon is 
tagged v>'ith a two bii: rendering ~'O<k 10 select mesh, 
transparent 1.w GNmllld shadmg, The rendering engine 

of the surface norm.al as well ;i;; the Z-depth .. These 
pi1>e1s are 1he11 proce;;sed by the rendering engine for 
Z-bu!Ter rectification so that olher overlays such as 
threats may be accommodated. The RECE photci& uo;ed 
in this morle have been previously warped ontn a. re~sd· 
lated geoid data base and thm. correspond p!xe!-for­
pixel to the DTED data. See assigMe's 3fori:referenced 
copending applica1ion for A MethCld of Storage and 
Retrieval of Digital Map Data lfa.serl Upon A Tt.>s~ella· 
ted Geoid Sys1.ern, which is ht'reby i11co.rpmated by 
reference in its entirety. The photos may be denser th.an 
the rerrain data. This implies a deeper cache memory 1.::: 

hold the RECE photos. Aeronautical chan warping 
mode i;, identical to RECE pholo$ except that aemnin1-
ucal charts are used in ihe SfCond cache. DTED warp­
ing mode utilizes DTED data 10 elevation color band 
.aeron.iutica.l cl:rnrn;. 

The p<.)lygon rendering engine may preferably be 
irnpleme1Hed in a generk interpo!aticm pipeline proces­
sor (GIPP) of the type as digdosed in assignee-'s afore-­
referenced patent entitled Gcrierk: Interpola1fo11 Pipe­
line Processor. \Vhich is incorporated herein by refer-
ence in its entirety. fo Otle embodiment of the invention, 
the GIPP~ fill in the transformed polygons using a bi­
linear interpolation scheme with six axes 
(X,Y,Z,R,G,B), The primitive will interpolate a !6 bit 
pair und S bit pai:r of values simultanecrns!y, thus rnquir-
ing _3 cliips for a po1)·gon r::.dg<::. Or>e embodirnent c1f the 
sy;;tem of the illvenlion hm; been sizoo to process one 
million pixels each fnsme lime. This is sufficient to prn· 
duce il lKXlK high resolution c-hart, or a 512::-:512 
DTED frame with an average of four overv.-rit<::~ pi:-r 
pfael during hidde.n surfac·e: removal w:ith GIPPs out­
putting data at a 60 nsec rate, ead1 FIFO, Fl~F4. a;; 
shown in FlG- 6, 'Will n:ceive da!,; on the average of 
every 240 nsec. An even distribution can be assumed by 
decoding on the lower 2X sddn$S bits. Thus, the mem-
ory is divided into one pixel wide columns FIG. 6 is 
discu~scd m more detail below. 

Reforring agr1ln to FIGS. 4 and 5. the "dot~" axe 
pr,ssed through the GlPPs without further processing. 
Thus, t..1-ie end of each polygon's bit i.s set, A ZB buffer 
is needed to ch;snge the color of a dot at a given pixel 
for hidden dot removal. Perspective depth cuing is 
obtained as tht'. dot& get closer together as the range 
from the viewpoint increases. 

Bi-linear interpolation mode operates in plan view on 
dther DLMS or aeronautical charts, It achieves 20 Hz 
interpolation on a 512X512 display, The GIPP~ per­
form !he interpolation function, 

DATABASES 

A Level I DTED dat<i base is included in one ern­
bodimeni cf the invention and is advantageously sam­
pli::d nn three ;ire second inuirvals. Buffer sitgments are 
preferably stored a! the highest scales (104.24 nm) and 
the detl~est data {H03 nm). With such a scheme, ;ill 
mher scales can be created. A Level II DTED data base 
is also mduded and 1s sampled at one arc second inter-
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va!s. Buffer &cgments are preft:;at1ly s:ored only a! the 
densest darn (5.21 nm). 

The data struc'itm: of >he invemicm h tagged so thoi\ 
any polygon may be rendered via any· of tile imp1(:­
mented 5chemes in a smglc frame. Thus, a p;inicul::1r 
image may trnve Gounrnd shaded terrain, transparent 

5 thrc~l dome;;, flat ~haded culmrnl feaiures, line~. tmd 

A DFAD cultural feature da1a bnse is stored iH a 
display list of 2K words for each buffer segment. The 
data strn~~ture: consist~ of an icon font ca!!, a location in 
cache, and trnnsformatbn C(>effidenb from modi:i 
space 10 world >pace comisting of scaling, rotation, and 
position (translation). A second data strncmre com· 
pdse~ a liot of polygor> verti\.'t:~ in world coordinat;:;s 
and a color or texture. The DFAD data may also be JO 
rasterized and overfaid on ,1 terrain ~imi!ar to aeria.1 
recmi:riai~san~:e phows. 

Aernnauticat chart~ at the various :>cale:; an; warped 
into the tesi;ellated geoicl. This tlata is 24 bits deep. Pixd 
darn such as LandS;n, FLIR, d;na frames and other 15 
s.caimec in source data may range from one bit up to 24 
bits in powers of two (l ,2,4,8. !6,24J 

FRAME BUFFER CONFIGUR.A TION 

Referring again to FIG. 6, the frame buffer configura- 20 

ibr, of one embodiment of the invention i:; ~hown sche­
maticalJ y. The frame buffer configuration is imple­
memed by one embodiment of the invention comprises 
a polygon rendering chip 34 \v'hkh supplk~ dat~ "-' 

25 
full-frame memory 4Z. The full-frame memory 42 ad­
vamageous!y includes first-in, fi.rs1-out buffers (FIFO) 
Fi, Fi, Fi and F-i. As indicated above with respeci w 
the discus~ion of tk renderrng engine, the memory is 
divided up imo <)W~ pixel wide cdumn;; as shown in 30 
FIG. 6. By doing so, howe·ver, chip selec1 mu.si changed 
on every pixd when the masier timer 44 shown in FIG 
5 reado the memory, However, by orienting the SHAG 
scan line~ at 90 deRrees to tl:!e master timer scan lines. 
the chip select wi!T chanoe 011 ever~' line. The SHAG « , 35 
starts scanning at the bottom left corner of the display 
and proceeds w tf1e upper !di corner of the display. 

With the image broken up in this way, the prcbabifoy 
that the GIPP will write to the same FIFO two lime~ in 
a row, three !Imes., four. and so 011 can be calculated io 40 
detennine how de,ep the FIFO must be. Decoding on 
the lower order address bus means that the only lime 
the reridering engine will write t\.) the same FIFO 1wice 
in a row is ·when a new sam line is staned. At four deep 
as shown m the frame buffer grnph 100. the chances of 45 
the FIFO filling up are approximately one in 6.4lC With 
an image of l million pixels, this will occur an acc~pt­
ably sm.al! number of times for mm;.t application~, The 
persp:!cfrve view transformations for 10,000 polygon:; 
with tbe power and board arell constraiTI1s that are 50 
imposed by an avionics environment is slgniftc;;nt. The 
da1.a throughput for a given scene comp!e)lit)' can he 
achieved by adding more pipe.line in parallel to the 
architecture. his desirable to have a.<; few pipelines a~ 
possible, preferably one, w that the image reconstruc:- 55 
tion at the end of the pipeline does not suffer from an 
arbxtration bottleneck for a Z-buffe;ed di~play memory. 

1n one embodiment of the invention, tfo:: proces5ing 
throughput required has been achieved through the use 
of Ga.As VSU tedmology for parallel pipelines and a 60 
parallel frame buffer design has ~llminated contention 
bottlenecks. A modular architecture allows for addi­
tional functions to be added to further the integration of 
the digha.1 map into the avionics suite. The system archi­
tecture ofthe invention has high fiexibiliiy while main· 65 
mining speed and data thrnllghpm. The polygonal data 
b11~t structure .approach accommodate arbi1rary scene 
complexi1y and a diver,;ity of data base type~. 

dot~. fo addi1icm, since cflcll polygon i:, 1.agg~d, a :>i'11g.lc 
icon can be comprised of differently shaded polygon$. 
The irrvention embodie;; a 24 bit color sys(em, althongh 
a product.ion map would be sc;iled to 12 bit>. A 11 bi! 
system provides 4K colors and wonld require 1l 32K by 
8 RGB RAM look-up table {LUTJ. 

MISCELLANEOUS FEATLlRES 

Th<' display formr,ts in one example of the invention 
are switdrnbie at Jess thim 600 mH!isecDnds between 
papi:r chart, DLMS plan and pcrspectl\.•e view. A large 
c.oiche ( l megabit D-RAMs) i~ required for te:xture map· 
ping. Other format disp!lly& warp chart data ovi::;· 
DIED, or use DTED to pseudo-color the map. For 
eAample, change the color palate LUT for transpar­
ency. The GAP i> u~~ for creating a tn:.u: orthogrnphk 
projection or !he chan d;ita. 

An edh mod::- for three dimension.• i& scpporkd by 
tfit' appara!i.l~ of !he inveHtio11. A thre<: dimen~ional 
object such as a "pathway in the sky" may be tagged for 
editing. This is accomplished by first, moving in two 
dirnensioris at a given AGL, ,;econdly, updaiing the 
AGL )r, the three dimensional view, imd finally, updat· 
ing the dat;i ba:;e. 

The overfay memory from !he DMC may be vido::o 
mixed with the pet5pecfrve view display memory. 

Freeze frame capability is s.upported by !he invention. 
ln this mode, the aircraft position is up\iated using the 
cursor. If the aircraf1 !lies off the screen, the display will 
snap back in a; the ;;ppropr',.ate place, This c;;pability is 
implemented in phm view only, There is data frame 
software included to enable roaming through cache 
memtJry. This fe:.aiurc require;;. & t\vo axis roam joystick 
or similar comwl. Resolution of the Z·bufl't:r is 16 bits. 
Thi:; aHows 64K meters down range. 

The computer gener.ated imagery has an updale rate 
of 20 Hz. The major eye.le is programmable and \·arl­
ablc >.>iith no frame exiend invoked. The sys1em will run 
as fast as it can bu1 will nCH s"vitch ping-pong display 
memories um\! l:'<t'.'h functiona1 uni; issues a "pipclirn: 
emp!y" message to the display memory, The major 
cycle may al.so be locked to a fixed frame in multiple> of 
16.6 milliseconds. fo the variable frame mode, the pro­
cessor dock i:; used for a smooth frame interpolation for 
roam or zoom. The frame e:~:tend of the DMC is dimi­
n.atecl in perspective view mode. Plan view is imple­
mented in the Silme pipeline as the perspective view, 
The GPP .105 loads !he co1mtdo~'.Il register on the mas­
ter timer tr, cm1trol the updat.e .rate. 

The .slowest update rate is 8.57 H:r.. The image must 
be generated in this tlme or the memories will switch 
This implies a pipeline speed of 40 million phels per 
second. In a 512 X 5 !2 im<>ge, it is estimated that there 
would be 4 m!!Jion pi~eh rendered worst case \t..'ith 
heavy hiddi:n surf<Kt.' rem<..wa.l. In m.;:m C8$CS, only mil· 
lion pix.ds need be rendered. FIG. 8 Hlustrate» the anal­
ysis or piJieJ OV!:f·Wfites, The minimum rtY..jUirntnent for 
surface normal resolution ~o that the best image is 
achievt!<l i~ 16 birs, Tied 10 this is the w;;y in which the 
normal Js cakul!i!ed. Averaging from surrounding tiles 
gives a smoother image rm scale change or zoom. Using 
one tile is less complex, but res!llts in poorer :mage 
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quality. Surface norm<>l is calculated on th<' fly in a~'cor­
dance with known tec:hniqut~. 

DlSPLA Y MEMORY 

14 
The venex list contains the relative vertex position~ 

of the generk librnry icons. 1n ilddhion, it contain~ a 16 
bi! .~urface norm.~!, a O!l<' bit end of polygon flag. and a 
one bit end of symbol flag. The t;,ble h; 32K X ! 6 bit>. A 

Thi.s memory is a combination of seen<': and oveTlay 
wilt: a Z-buffer. lt is <hmibured or paniticned for opti· 
m,,J loading during wr!te, r:nd configured as a frame 
buff a during read-out The iu;;;ster time speed required 

5 ma:dmum of 512 vertices may be il.~sodatecl with any 
given icon. The connectivity list ccmtains ;he com1ec­
tivity informJJtion of the vertices of rhe ~ym!A'll. A MK 
by JZ. bit table holds this illformatio!l 

js approxim.aiely 50 1\fffa. The display memory resolu­
tion can be configured a~ 5!2x512:x 12 or a$ rn 
1024 X 1024 X 12. The Z-buffe.r i!i Hi bits deep and 

A pathway in the sky format may be implemented ln 
thi;; system. It con!>i~ts of either a wire frame tunnd or 
;m deva1ed roadbed for flight path putpCJses. The wire 
frame rnm1e1 is a series of connected mm.spa.rem rectan­
gles. generated by the tiling engine of which only the 
edges are visible (wfre m5b). Alternatively, the poly~ 

I K x 1 K resCJlution. Ai the stan of each major cycle, 
the Z-values are set w plus infinity (FF Hex) Jnfinity 
(Zmax) is progn:mmaNe. The back clipping plane is set 
tiy the DSM over the control bus. 

Ar the start of each major cycle, the display memory 
is set to a background color. ln cenain mode;, such as 
me5h or dm, this color will change. A background color 
rcgist~r is load•::>:i by the DSl\·f over the i:On.figuratmn 
oll~ and U$ed to fill in the m1:;:mory. 

!5 gori~ may be precomputed in world coordinates and 
$tored in a mission planning file. The roadbed is siml· 
lady comprised of polygons generated by the tiler along 
a designaied pathway. In dther case, the geomimy 
engine must transform these polygons from object 

VlDEO GENERATOR/MASTER Tll\·fER 

20 >pace (world coortlinale system) to screen space The 
transformed vertices are then p;sssed to the rendering 
engine, The parameters {height, width, frequency) of 

The video generator 46 perfomi> the digital w analog the tunnel and roadbed polygom are programmable. 
conversion of the image dat(l i:n lhe di>play memory to Another 5ymbol used in the ~ystt:m i~ a waypoint flag. 
send to the display head. It cornbmt'S the dma stream 25 \Vaypoint Dag; are markers consisting of a transparent 
from the overlay memory of the DMC with the di~play or opaqile triangle on a veriica! staff rendered in per-
memory from the per~pective vie'"''· The configurati,'>n spective. The wa~·point flag icmi is generated by the 
bus !Qads the color map. symbol generator as a macro from a mission pfa.rming 

A 30 Hz interlm:t>d rei"resh rate may bt> 1mp!ernented fik. Altt>rnatively, they may he precompnted as poly-
in a system empbying the present mvention. Co!m JO gons rmd stored The geometry engine receives the 
pal!~is ar~ loacial:>!~ by the GPP. The ill'-'entkin usoumes verticeo from the symbol generatc•r and pt:'rfomi~ the 
a linear color space in RGB. All colon; ai zero intensity perspective transformation on them. The gt.>0me;ry 
go to black. enghle paSSe$ lhe rendering engine the poln1ons of the 

flag staff and the scaled font call of the alphanumeric 
THREE DIMENSIONAL SYMBOL GENERATOR 35 symbol. Plan view forniat consists of a circk witl1 a 

The lhree·dimensional symbol generator 38 performs number inside and is not passed through the geome;ry 
the following ta~h: engine. 

l. Ji places the modd to world i:ransformation coeffi· DF.AD data processirig consists of a generalized 
dents in the GAP. polygon renderer which maps 32K points possible 

down 1.0 2:'i6 polygon;. or Jess for a .given buffer seg­
ment. The:<<! polygon~ w:c then passed to the rendering 
engine. TI1i:; approacl1 may redundllllt!y render terrain 
and DFAD for the same pixels bu; easily accommo· 
da;es dedu:lter of individual features, Another ap-

2. lt ope-rates in cooperation with the geometry en- 40 
gine to multiply th~ world to ;;cr.:.en tran:.formation 
matrix by the model to world mmsformation matrix w 
form a model to sereen transformation matrix. Thi~ 
matrix is stored {lver the mode! to world transformation 
matrix. 45 prnm::h i~ w rasterizi:: the DFAD and use a textllre warp 

fnnc!lon to c-0!or the terrnin. This wonJd not permit 
dtocluw:r of individual feat.mes bm only dasses (by 
color). Terrain color show-through in sparse overlay 

3. lt operates in cooperation with the model to screen 
transforrnation matrix to each point of the symbol from 
the vertex fot to transform the generic icmi to the par­
ticular symbol. 

4. It processes the connectivity fat in the tiling engine 50 
and forms the screen ix,Jygons and pl!~ses them to the 
rendering engine, 

One example of a three.dimensional symbol genera­
tor i> des•;_,ribed in detail in the assignee's .aforerefer­
en(.-;e.d pa!ent application entitled "Three Dimensiomsl 55 
Computer Graphic Symbol Generator", 

The symbol generator data ba:;e consist~ of vertex lisi 
librnry and 64K bytes of overlay RA.J\.'1 and a connectiv-
ity list. Up to 18K bytes of DFAD (i.e., 2K by<es dis­
play list from cache shadow RAM X 9 buffer segments) f>C 
are loaded into the overlay RAM for cultural fe.imre 
processfag. The rest of the memory holds the threat/in­
tclligence file and the m.iss!on plarming file for the entire 
gaming area. Thi! overlay RAM is loaded ov.-er th~ 
comml bu~ from the DSM proc~>sor with the threat 65 
and mis~iien planning file;,. The SHAG loads the Df"AD 
files. The symb,11 libraries are up•fated via the configu­
ration bus, 

areas would be handled by a transparent color code 
{screen do..0r effect). No \'ertiC!l.lity is achieved. 

There are 298 categorie~ of aerial, linear, and point 
features. Linear features must oo e:x.panded to a double 
line to preveru interface strobing. A point feature con­
tains B length, -width, and height which c;m be used by 
the symbol ge.nerator for e:x.panslon. A typical lake con­
tains 900 vertices and prnduce~ m to 20 active edge~ for 
rendering ::it any given s~an line. The numoer of vertices 
is limited to 512. The display list is 64K bytes for a 
! :250K buffer segment. Any given feai:ure could have 
3 2 K. \-"ert1ces. 

Up to 2K bytes of display li~1 per buffer segment 
DTED is accommodated for DE'\D. The DSM can tag 
the dasse.s or indlviclua1 feat!lres for clutter/declutter 
by toggling bits io. the overlay RAM of the SHAG. 

The ~yrnbol g:::nerator processe~ macros and graphic 
primitives which are p;sssed to the: rendering engme. 
These primiiives include lines, arcs, a!pharmmeric:;, :md 
two dimen~lonal symbology, The rendering er.gme 
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15 
draws 1:t1e~e pri.rnitives and ompim pi"el~ which ;ire 
anti-aliased. The GAP tra.nsforms these polygons and 
passes 1hem w 1.he rendering engine. A compkie 4 x 4 
Euler transformation is performed. Typical macros 
include compai,~ ro>f! and r.smgc scale symhols Given a S 
macro command, the symbol gen:::'rnror produces the 
primitive graphic$ calls 10 the rendering engine. This 
mode operates in plan view· only •m<l implement>. t\VO 
dimensJcm;;J symbols. Those skilled in the art ·will appre­
ciate that the invention is not }united to specific fonts. JO 

Tt!ret: dimensiomd ~ymbology presems- the probk-m 
of clipping to the view volume. A grcss dip \s handled 
by the DSM in the c:ache memory· al scan om time. The 
basi:.> of a thre;il dome .. for exo<mpk mav lie outside !he 
otthographk proj<.x:t.ion of the: '>·it:; volumr: omo 15 
cache, yet a part of it> dome may end up visible on tho:: 
~creen. The clas.sical implement<Jt.ion perform~ the Junc­
tions of tiling, minsforming, clipping to the viev: ''ol-­
ume (which generate~ new polygon$), and then render­
ing. A gross dip boundary i~ implemented in cache 20 
nmund the view volume prnJection to guarnmee inclu­
sion of the enure symbol. The anomaly under a11imation 
to be avoided is that of having symbology spornd1cally 
app;:ar and dis;ippear in and out of the frame ;it the 
frame bomidarie:.. A fine dip to the scrt'.t:n i& performed 25 
downstream by the rendering rngine. There is a 4K 
boundary around the ~c:reen which is rendt:rm:l. O\its.idc 
of thi!; boundary, the symbol will net be rendered. Thi~ 
cause~ extrn rendering which i!i clipped away. 

Threat domes are repre~ented grnphka!ly in one .>O 
cmho<limen! bv nn inverted cnnk volume. A threat/it1~ 
telllgence file ~omains the location and scaling factor~ 
for the generic model to be lransformed ti) ihe specific 
threat;,. The tiling engine contains the connectivity 
information between the venk:e;; and i;enermes the 35 
planar polygons. The threat p,-::>Jygons are-pa~>ed to the 
rendering engine with varic-.,;1s vie\\.'ing pa.rnmeter~ ~uch 
as mesh, opaqtie, dm, transparent, tm<l so forth. 

Gratides represei>t latitude and longitude lines, UTM 
klicb, and so forth which are v,carpcc onto the map In 4{) 

p<'r~pective. The :;ymbol generMOI product~s these lines. 
Freeze frame is implemem.ed in plan view only The 

cursor is flown around the screeri, >ttid is gi~nerated by 
the 5ymbol geuerator. 

Programmable blink e-apabl!ity is accommodated in 45 
the in-ve.ntian Tht' DSM upthtes the overlay RAM 
toggk for display The processor dock is used during 
variable frame update rate to control 1he blink rate. 

A generic threat symbol is modeled and stored in the 
three dimerisional s~·mbol generation l.ihrnry. Parame-- .SO 
ters such as pos.i.tion, threat range, and angular threat 
view are passed to the symbol generarnr as a macro call 
{&im!lar to a '~Dmpa.s>. mse). The symbol generator ere· 
ates a polygon list for each threat inst.a.nc.e by using the 
parameters to modify the generic model and place it in 55 
the world coordinate system of the lerrnin data base. 
The polygons are uam>formed and rendered into screen 
space by the perspective viev..- pipeline. These polygons 
fr-,rm only the om.side envelope of the threat cone. 

This inve.ntiotl ha;; been described herein in con~idei" 60 
able detail in order 10 comply wirh the Patent. Statues 
and to pr(Wide those skilled in the im with the informa­
tion needed to apply the novel principles and to c:on­
strnct and use .such ;;pecialiJ.:ed component:. as an: re· 
quired, However. it is 10 be understood that the inven· 65 
tion can be carried om hy sp<:dfk:<lly differem equip­
ment 1111<.i devices, and thai various modification~. bolh 
as to the equipment details and operating. procedures, 
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16 
can be ac:rnmplished v/lthout departing from !he scope 
of the wven!!o:m itself. 
Wh~i is claimed h: 
1, A system for providing a tt':><!l.ire mapped per~pec­

i!ve view· for a digital map ~y~1ern wherein objects. ~re 
mrn~fonned from tc.>trure spa..:~' having U, V coordi· 
nili.es to screen sp:ice having X, Y coordinates compri>· 
ing: 

(a) a cache memory means for s<oring terrain da.tn 
including elevation pos!s, wherein the cache mem­
ory me.1ns incllldes. an outpul and ai1 addn..·% b<is; 

(b.) a shape addrm;s generator means for s.cmminr, 
cache memory having an ADDRESS SIGNAL 
Ct1Upled to the cache memory means address btis 
""'herein the shape address generator means scans 
the elcvation posts om of the :::ad1e memory meam; 

(c) a geometry engine coupled to the cache memOTY 
means outpu! to receive the elevation pos.1s 
scanned from the cache memory by the :;hape ad­
dress generator me;ins, the geometry engine includ­
ing mean;; for 
i. trarr"formniion of t.he scanned elevation posts 

from object space to screen space ~o as tc gener­
!lle trnnsformed vertic0s in screen coordinates 
for ellch e.kvation pmt, and 

il. generating three dimensiomil coordina!es; 
(d) a tilling 0ngh1e coupled to the ge.ometry engine 

for grnernting planar polygon> from the generated 
lhree dimensional coordifl1l!e$; 

(e) a symbol g1:nerntor to the geometry engine k·r 
tnrnsmining ;; vert.el\ fat to !he geometry engine 
wherein the geometry engine operate> on the ver­
tex list to trmisform the vertex list into screen space 
X, Y coc>rdinates and pllSses th~~ screen space X. Y 
coonimates w the tilling i:ngiue for geHerm.ing 
planar polygons which form icons for display and 
proi;:e>S\ng information from <he tilling e11ginc into 
~yrnboh, 

(fl a texture engmt' means coupled to receive the 
ADDRESS SIGNAL from the shape addres.> gen­
erator means induding: a te;-;ture memory and in· 
duding a meari~ for generating a texture verte,~ 
addre,<;s to texture space corrclatt'd to mi elevation 
post addres~ and further m1..,luding a means for 
generating a texture memory address for scarming 
the texmre memory wherein the te:1Jure memory 
provides tell.mre <lai.a on a texture memory ciata bus 
ln respmt;;e to being scanned t>y ;.lH: texture mem· 
ory adclre~s; 

(g) a rendering engine having an input coupled to the 
tiiling t!ngine a11d Hie texturi: memory data bus for 
gener-atmg image data from the planar polygons: 
and 

(l:(l a di~play memory for rn::.eiving image data from 
the rendering engine output wherein the display 
memor>· iocludei. at least four first-in, first-Ou! 
memory buffer>. 

2. The apparatus of claim 1 wherein each polygon has 
a surface Md the rendering means assigns one color 
across the surfa.ce of each polygon. 

3, The appararns of claim l wherein fhe vertices of 
each polygon have an intensi1~· a.nd iht' rendering means 
inte;polates the imer1s'lties bet>veen the vertices of e11ch 
polygon in <1 lim:ar fashion. 

4. Ttit' apparatus of darm 1 ·wherein the rendering 
means further inciudes means for genera.ting transpa.r­
eat polygom; and passing th,,· uansp<>rem poly,p.on to the 
display memory. 
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5. A method for providing a te.~.tl:lre mapped pcnpec· 

tive view for a digital map ~y~tem having a cache mem· 
ory, a geomelty engine cmipied !!) the cache memory, a 
shape addre.~s generator coupled to ihe cache memory, 
a riling engine coupled to the geometry emgine, a sym· 5 
bol generator coupled to the geometry engine and the 
tiling engine, a texrnre engine C(mpl~d to the cache 
memory, a rende.ring e11gi11e coupled to the tiiing engine 
and the texture engine, and a display memory coupled 
to the rendering engine, wherein object~ ate tnms. lO 
formed from texture space having U,. V coordinates to 
screen space having X, Y coordinate;, the method com­
prising the step~ of: 

{a) storing terrain data, ind udi.ng devatiori posls, in 15 
the cache memory; 

tlling engine for generating planar polygons w"hich 
form !ccns for display; 

{f) tagging elevation post~ with corresponding ;;d­
drn~ses in texttlre space; 

(g) generating image da!~ in the r;~ndcring engine 
from the planar polygons ar.d the tagged elewuion 
pests.: and 

(h) storing the generated im<ige d~na in the display 
memory whcrei11 the display memory comprises at 
least four firsi-ln, fit•t-out memory buffers and the 
step of ~toting the generated images include~ stor-
ing the ge:nerated image data in the at leas! four 
First-iil, FirsHlut memory buffers. 

6. The me!hod of claim .S wherein each polygon has 
ll Sl:lrface and wherein the Step of generating rn;age da!2. 
further indudes the steps of il5Signirig ,;me color acm>s 
lhe surface of each polygon. (b) 5canning the cache memory to retrieve the eleva­

tion posts: 
(<:) transforming the terrain data frc.•m elevation poi;ts 

m object space to trnmformed vertices in screen 
space, ancl , 

(d.l generating planar polygons from the generated 
three dimemional coo.rdim:ies, 

7. The method of claim 5 wherei.n 1he vertice> of each 
polygon hllve at1 intensity imci !ht: step of generating 

20 image data further includes tl1e slep of interpolating the 
intensitie> between the venic~s of each polygon in a 
Jmear fashion. 

(c) transmitting a vertex list to the geometry engine, 
operating the geometry engirie to trnn~form i'he 
VfTlex list intQ 5)crcc:n spr~ce )C Y coordinates and 
passing the si::reen space X, 'r' coordmates w ll!~ 

8. The method of claim 5 wherein the s;ep of generat­
ing image data forther includes the step of genernting 

25 transp.arent polygons and passing the transparent poly­
gons to the display mernnry. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT NO. 

DATED 

INVENTOR($} : 

CERTIFICATE OF CORRECTION 

5,179,638 
January 12, 1993 
John F. Dawson, Thomas D. Snodgrass 1 and 
James A. Cousens 

It is certified that error appears. in the above-indentifled patent and !hat said Letters Paten! is hereby 
corrected as shown below: 

Column 17, line 21, after "and" insert --generating three 

dimensional coordinates for the transformed vertices 

in screen space--. 

Attest.· 

Signed and Sealed tltis 

Twent)H;econd Day of J\farch, 1994 

&RC<'£ LEHMAN 
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APPENDIX 0 

U.S. Patent Sheet 1of12 5,798,770 
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APPENDIX 0 

lJ .. S. Patent Aug. 25, l998 Sheet 9 of' 12 5,798,770 
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APPENDIX 0 

5,798.770 
1 

GRAPHICS RE!"til>ERING SYSTEM wrrn 
RECONFIGURABLE PIPELINE SEQUENCJ<: 

CROSS-REFERENCE TO RELATED 
,<\PPL!CATION 

'I11is applkatfo11 is a contin1Jation-in-p&I of 08/4 J0-345 
·filed .MM. 24, 1995, and daims priority frnm pi-twl>iollal 
601008.S(!J filed [>..""-\ IS. 199.5. which b hm,by incoq>(.>­
rn.ted by re fore II~'.<:. 

BACKGROUND i\ND SUMMAR¥ OF THE 
lNVfil.l'TlON 

'The present a_pplication rdatcs to computer graphics and 
animation system.s. and pnrtku!ru:ly to :lD graphic~ render­
ing hardwan:. Backgnmnd f>f th<~ art and the i~rior 
embodiment, a~'cording to tile parent applkation. t5 
de:>crlbed be.low. S;>me of the dhtietction& 0cf the pre>cnlly 
prd'ened embodiment are particularly i:wted begiruling on 
page 8. 

COMPl:'TER GRAPIDCS AND RENDERING 

Modern compute-r systems normally manipulate graphical 
objects as b.igh-level entities. For exlllnple. a s1.•lid !xidy may 
be d.eK'libe<l as a rnlle'-'tio11 of triangles with spcdtloo 
vertices. or a straight line segment may be dc..~t.nbcd by 
listing its two endpoints with three.-dlmensional or two­
diJnen~ional coordinates. Such bigh-kvet deSL'fiplfons are a 
necessary basis for high-level geometric manipulation~, and 
also have lhe advantage cl' providing a compact fommt 
which d(it::< ll.~'>! oonsum.e mcnmry ~1)3Ce unneces~arily. 

Such hi~-Ievel rerresent.ations are very conwnient for 
petforming the many re..1uired computations. For example. 
ray-tracing or other lighting c.akul.atkins may be ~rfonned. 
and a projective tran.sforma.tim1 r11n be u~oo to re .. iuce a 
tltree-dirneusi<:>oal scene to its rn·o-<limcnsk1nal appcarauoe 
ftom a given viewpoint However, when an lmage contain­
ing graphical -0~jects is to be displayed, a vcry !ow-kvel 
de.scription is needed For e~.ample, in a eon~··e.ntfonal CRf 
dhplay, .t "Jlying spot" is tn1.1ved a~ross the ~creen ( ooe line 
at a time), and the beam from each of throe electron guns is 
switched to a desired level of inreasity as the flying sp-01 
passes e.1ch pixel kx-atioo. Thus at souw pt_}inl tbt: image 
model mu5t he tran5lated into a dat,1 set \Vhkb can be usc-d 
by a conventional displey. This operation is known as 
''rendering." 

The grapllics.proccssing system typi.cany interfaces to the 
di;play rontmlkr through a '"'frame store" or ''frame buffer" 
of special tWO-:PQft memory, \vhkh can be wrilten to ran­
domly by the graphics processing system, but also provides 
the synchro11oos d:lta output needed by the video output 
drivet. (Digital-K>--analog conversion is ;il:;o provided after 
the frame buffer.) Sud! a frame buffer is t1st1<llly imple· 
nvmted using VRA.\f meumry dlip~ (or rometimes with 
DRAM and spedal DR>\M oontrol.k.rs). Thfa inleifa<..-e 
relieves the graphics pn'l-Ces!>lng system of most of the 
burden tlf syndironlz.atfon for video output. NeveJ1hdess, 
the amount:; of data which mu5t b\: m-0ved uou1:1d ari:; ;.·e-;ry 
sizable. and the ooniputatinnal and da!Jl··transfer burden of 
placing the couccl data into the frn.me buff er can still be very 
large. 

Even if the comput.1ti.onal operations re<wired are <1uite 
~imple. they mus1 be performed rnpeatcdly on a large 
nu.mbt:r uf data ~..-in(s. l'o:r example. in a typka! 1995 
high-end ronfigu.ralion, a display of 128\NW24- demt:nts 
may need tD be refreshed at 72 Hz, With a .:-:ok•t re>nlution 

2 
of 24 bits per pixel. If blending is desired, ad<li1fonal ~its 
(e.g. aiK'>th<:'r S Ms p;".t pixel} will be required 10 Hore an 
"alph.i'' or ttansparenl)' value for ead1 pl:<d, Thi~ implii:s 
manipulation of more than 3 billion bits per seeon<l, without 

5 allowillg f•Ji: any of tile acluru eon.i:pm.atfons being per­
fo.rmed, Thus it !Wl)' be seen tha> this h an envlmnrno::m with 
tmique data manipulntion rt~quiremen!s. 

If 1.he display is undlltll£.lng. no o:kmand is placed <.•n the 
rendering Q{-l<:l"ations. Htw.rcvct» s~>me comnwn ope.ratioets 

w (such m< zo;)ming or rotation) will require every object in the 
imaboe ~pace to be.re-rendered. Slow .ren<lering will make t!te 
mtation m: zoom appear jed.·y. This is highly undesirabtc. 
Th1.1s e:ffid.ent rent.k:ring is rui essential stt-p in lransla!ing an 
image representation into the correct pixel ¥alu~;;. 'lllis is 

1 ~ particularly true in allilmtinn applications. wh<:.re newly 
rendered updates to a computer gr;;phlcs disp~y must b<:­
gene.ra1.ed at re;gttfar iilkJ·vals. 

nie relldering requirements of three-dimensional graph­
ics are pa.t"ticularly he.avy. One reason for this is that even 

io afte.r tt.e three-dimensiDnal model has been translated to a 
lwo-dim.ensfonal. modet some computatiooal tasks may ~ 
ht..'<]Ueathed to lhe re11dering process. (For e.xample. t~llor 
values will need to be interpolated acrQss a triangle i)! other 
primitive.) These compt1tstional task.I ~nd t•'l burden the 

25 rendering process. Another reason is that since three­
tiimensional graphics are much more lifdilte, use.rs. are more 
likely to ~m.'lnd a fully rend..~ed image. (By coDtrnst, in the 
two-dimensional images crea~d e.g. by a GUI or simpk 
game. u~.n will leam not to e.xpcct all al'\'.:as nf the 8cene to 

3C he active or filled with information,) 
PIG. lA is .a very high-kvcl view of other pro-."el>ses 

pt".rfonned in a 30 graphic;; rompt1ter sy·srem. A three 
dimensional im;igtc whkh is defini:.d in :su~ fixed 3D 
romdfa&e syste~ (a "world" cot.ir-dmate system) is u-ans-

:is formed into a viewing VQlume (determined by a "·iew 
position ami direcifon). and !he parts ot die image w:hkb fall 
outside the viewing volume are wscarded. The visible 
pruti.:rn of the image volume is then projected ontn 11 viewing 
plane. in aecordan'"t'· with the familiar rules of perspe<:ti ve, 

40 This produces a l>\'<Hiimen:>ional image. which is now 
mapped into devk"t' eoordi1111tes, It is impa'tirnt to um.kr­
stand that all of these operation> occur prior to the oper.ltions 
performed by the rendering subsy!<tem of the present inven­
tion. FIG. 1B is an expanded versfon of FIG. 1A. and shows 

4S the fi<.tw of operation~ defined by the Ope.11GL standard, 
A vast amotint of engineering etTon has been invested Jn 

computer graphic~ syste...'11>. and lhis area is one ofincreruing 
activity and demands. Nmnerous books have di!;;;ussed I.he 
requirements (lf this Me.a; Set:, e.g., ADVANCJJ.S tN COMPt:'JEI!. 

50 GltAPH!CS {ed. Enderle 1990-); Chdlappll and Sawchuk. 
DKU1'.AL IMAG£ PRocrsst.'l"r::! Af<1) AN,·\1..YSlS {191$5); Cm4. 
romtt G1t.4l'KCCS ltARDWARE (e.d. R.eghbati a.nd Lee 1%8); 
COMPtmlR OftAP!tICS: IMAGE S"'.'N'IHESlS {cd, Joy et al._); 
Poley et al.. f/tl"NtlAME~tl"Al.$ OF INTER Ac:rt\'E COMPFU.:R. 

SS GRAPHICS (2,e<i 1984); Foley. COMPIJIBR GKAPHlCS I'R:m­
Cll'!.E.'i & PRACTICE (2.;:d 1990); Foky. bITRODUCTION TO 
CoMPtrmR GRAf'm(;S {1994): Gi!oL lnternd:ive Computer 
Graphics (197&); He.:i:rn and Baker, COMPL'l'RR GllAPmcs 

(2.ed 1994); Hill., C0~1PUT'Si OR.4.PHICS l 199{)); Latham, 
W DtcnON,.utY OP CoM?t:"lER GRAPHlCS ( 1991 ); Mag:o.cnat~ 

Thain.la, lM .. ..ot: SYNnms1.s THEORY & t'l<:ACUCE ( l 988); 
Ne\"'mIU1 ;:md Sproull, PR!NCWllf.S OF Il-"l:'E-R.ACm'E CnM­
l'UTER GRAPHICS (2.ed. 1979); PICTURE ENt."Th'ERR!NG ( f.:41. Fu 
and Kunii 1982); Pl.t.J:l!Rll Pl\OCEsst.><G & Dtcn:AL:FJLTERING 

~5 (2,cd. H1.1an!l 1979); Prn$tlit:, How COMJ'UIER GRAPHICS 

\vou {1994); ~er, Brr MAJ>f>ED GRAPIDCS (2.ed. 1993); 
Sa!.tm)ll, COMJ>U!EI!. GRAPHlCS SYSTEMS & CONC:EPTS: 
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(1%7); Schad1ttcI. CoMPUIK~ IMAGE GENER:..~<'>N {1990); The OpenGL :Mandard provides a :::ompkle library of 
Watl. THREE-DIMENSIONAi_, COMPUIBR GRAPHICS (2.cd. k"lW•lcVel graph.ks manipulation CO!flll.1a!ld>. whidl t:an be 
1994): &~ort WhltmML Mur:rWROCESSt)R MEutnos FOR used to itti:pkment three-dimensfon;il gr1iphk> oper;itit-.,ns. 
COMPUtF..R GRAPJOCS RENDEIUNG; the: SIGGR.APH PRO- This staudard Wil~ <:>tigimilly bl!std on ilit propriet<try s1a11-
CEWlNOS fo-r the yew 1980-1994; and tlu: !HEE Computer s dards of Silk-on Gnphk· .. ~. Inc .. but was !akr transfoml!!d 
Graphia and A.pptication.s magazine for the yt~ars into an open st41ldard . .l! i.s now tx:conrill_g ext.reruely 
1990-1994. importiint. not only in hfgh-end gmphk;;-hitemlve 
Hackgrnund: Graphics /~.ni:mation workstations. btit alw in high-end PCs. OpenGL is sup-

In many areas <1!" .:.-.;.•mputt".r graphie:; ll SIJC<'et>5:ion of ported by \Vlnd-O~'S ?•<Tnt. which makes it accessib!t: to 
slNv1y dumging pictures are displayed .rApid!y oot' after the lO many l>(_: aiiplications. 
other. 10 give the- jmpressi-0:n of smo-oth movement. in much The Ope.n<lL ~pecilicatlon prnvide.'i som;: coii~tta!nts on 
the same way as for Cllrt1>00 animlllioo. In general the higher the .,;equence (if op<".ratfons. fior i.11staw.~. 1J1e color DDA 
the speed of the ,1nirMtfon, the smoother (and bette£) the operntfoM must be pe-rformed before the texturing 
teliult. operations. which must be pcrfon:ned before tlle alpha 

\\'hen an application is ge.nerating animation images .. it is .15 operations. (A "DDA" or digital differential analyi.er. is a 
oomui:l1y necessary not only to draw each picture into I.he couventk>rutl piece of hardware 11sed to produce line;ir 
frame buffer. but also to fi:rst dear down the frame bUffei-, gradation of 4."0l-Or (or other) value~ over an image are;i,) 
an<l tt• clear down auxifu.try bullets sud\ as depth (Z) buffers. Otticr graphk:s interfaces (or "APl5 .. }. mdl as PHIGS or 
stencil buffezs. alpha bulfern andotheu;. A ~'OOd trelltment of XGL are also current as of 1995; but at the i.,west level. 
the general prindples may be found in Crmip111:er Graphics: 20 OpenGL is a rupenet of most of tllese. 
Pn'ncipfos and Practict>. James D. foley et al., Reading T}}e (}penGt standard is describt>A in the OPENOL PJ.::o. 
Ma.~s,: Addison-Wesley. A specific description of the various Gll.AMMING GUI DE (l 993). the OPENGL REFERENCE 
&1xillary buffers may be found in The ()J>enOL Graphit:J· MANUAL (1993). and 11 book by Segal aad Akeley (of SGT,1 
S~·stem: A Speciftcali<HI ( Vershm I.OJ, Mark Segal and Kurt entitled THE OPEN'.'.!L Giw>mcs SYSTEM.: A SPECIFICATION 
Akeley. SGI.. 2.~ (Vo,..;.._.,,, 1.0). 

Jn mo:>< applieatfons the '\talue written. when clearing any FIG. 1B is 1111 e.-.;panded version of FIG. IA. and sho·ws the 
given OOifer. is the same at every pi1'el location. though fiow of operations deful.ed by the OpenGL stmidard. Note 
different vlllues may be used in dilfe:rent all~i!i.ary buffers. that !he most basic .model is carried in term$ of vertice;; .. 11nd 

thei;e ve:rlices are then assembled into primitives (such as Thus the frame buffer h often deare-d to the value -..'hkh 
corresponds lo black. while the depth (Z) btilfcr is typkally 
deared to a value cotiesponding to i.nfinity. 

The ~ taken t-o dear down the buffers is often a 
significant .imrtkm of the tcl(a} time take-.n to· dnlw a frame. so 
it is important. to minimize it. 

:>O triangle~. lines. ek.) .. After all manipu!.ation. of !tie primiti:ves 
has been cumpleted, the rendering opentiom; \\ill translate 
each primitive into a r.et of ''fragments:• (A fragment ls the 
pmtion <Jf 11 primitive whkh affects a single pixel.} Again, it 
should be noted !hat all ~tio.ns aho\'e the bfodt marked 

Backgroumi: Parallelism in Graph.ks Pr<ocessing 
Due W !he large nwnber cf at ka:;t partially imlqx:ndent 

qier.ation! which Me perfo~d in rendering •. many propo:>­
als have llet!n made to use some form. of parallel architecture 

3S •·Rasteriutfon" woold be performed by a host proce~sor • .:tr 
pru;sil:!ly by it Mgeometry tmgin~" (Le. a dedicned processor 
which performs rapid matrix .multiplies and related data 
manipulations}, but would normally not be pmonned by a 
dOOicat.ed rendering pr~ssor sud! as that of the prese-.ntly 
preferred embodiment. 

One disadvantage of st<'!ndards mch. a<> OpenGL is thn 
they require that texturlrig or -Other processor-inten~ive 
operations be pttformed on data before pixel elimination 
tests. e,g, depth testing, is perfamed. which wastes pmce:s-

for graphics (a.nd particularly fOf:' rendaing), Sec. for 
ex.ample, th<". s_pecial issue of Computer Graphics on parallel. 4ll 
rendering (Septembe-.r 1994). Other appmocbeli milY be 
found in earlier patent filings by the a:s.~ignee of the prei;ent 
applira1ion and its p:edecess-OrS, e.g. U.S. Pat. No. 5.195. 
1Stt and published PCT applicafams PCTIGB00/00987. 
PCT/GB9Qi01209. Pt."T/GB9fJl01210, PCT/GB90/01212. 
PCT/GB90i01213, PCT/GB90/01214. PCT/tTBW/01215. 

45 sor time by perfunning co-stly te-,'tturing cakul.ations- on 
pixels w.rucll will be eliminatai .later ill the pipeline. When 
the OpenGL spedfit:<1tion is oot required or when fue t.'Ulrent 
()penGI state ve;.-ior t'alllWt eliminate pix cls ru> a re suit of !he 
alpha test however, it would be mudl more efficient t<• 

and PCf/GB90i012Hl. 
Bad::groond: Pipeline:d Processing Generali)' 

There m: several genera! apprnadle& to paralk! process­
ing. One ol' the bas.le approaches 1>:3 ai:hieving parallelism in 
con1puter processing fa a t<::clmiqlle kno\\.'ll 11~ pipe-lining. In 
ihls teclllliqne I.be individual prD<".eswrs are, in effect coiv. 
nected in series in an assemhty-line ron:fignration: one 
prot.~~sot- petform.» a n.rst set nf o_r("faticms on one chunk uf 
data. and then p3:S1Ws that chunk akmg to aaoilier proccssQl" SS 
whim pcrfumls a s.eoond set of operations. while at the same 
time the lim processor pert"orms the first set operations 
~ain o.n another chunk of data. Sudl antiiteetures are 
generally discussed in Kogge. Tim AKCltITTCTUf~ OF f'WE, 
LINED Co:MPtrmRS ( l 981 ). 
Background: The OpenGL ™ Standard 

50 eliminate a5 many pixels as possible be.fore doing tll<".se 
C"3kUJ.atiollS. The pre~ent awJicatiOll dioc{oses II method illld 
devke fur roorderlng lhe proce~sing step~ in the ren<lming 
pipeline tc either accommodate order-specific spedfi.cations 
such as Ot~nC'..L. (lf' to pn·wjde for Jill ~imiud throughput 
by onl)' pa-forming proce:sror-inti::nsiyc operation~ on pixels 
whieh will actually be displayed. 
Background: Texturing 

Texture pattem.s are commooly u!iOO as a way to apply 
realistic \"i£ual del.l!il at the sub-pnlygon level. See l''oley et 

&1 aL CQMPU1ER GR.AJ>mcs: PRlNCJPUlS AND PR.e,.cnrn (2,ed. 
1990. corr, 1995). espedally at pages 741-744; Paul S. 
Heckbert. "Foodame.ntals of Te.xture Mapping and Image 
Warping."' Thesis submitted to Dept. of F.E and Computer 

The "OpenGL" standard is ll very impcrtant software 
standard for graphlL~ applications, 1n any computer system 
wbicll supports thls standard. tb.e ope.rating system{ s) and 
applkatfon sofr.vare. pNgrams ~'Jin make calls acc<..-.,rdin_g t<.> 6~ 
fue Ope11GL standard.~. without knowing exac!Jy what lhe 

Science. Unive,rsi:ty of C'.aUforni.a. &rkeky. Jun. 17, 1994; 
Heckbert. "Survey of Computer Graph.ks," lF ... EE Computcr 
Gtaphks, Nci~·ember 1936, pp.56tl. Since the surfaces are 

hm!ware configuration of the system is. transfocmed (by the host or geometty engine) to produce a 
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21) vk:w. the k.~tm·cs will need to be similarly transformed 
by a linear transform (11-0nnally projective or "affine"). (I.n 
i.X!llventi<Jmd termilrnkigy, tht: rnordinates of the ob.iect 
surface, i.e. the primitive being n:ndcred. are refarr-~d t<.; as 
a11 { s.i) co<.~rdinate !<p.·w~. and the map of the st<."lred 1exwre 
is referred to a (u.vJ mot1iinate sp<ire.} The tt:a.nsformatfon 
in th" resulting mappiug means th<l! a horitoutal line ic I.he 
(X.)') display :space ls very .likely to corre..'ipt>Eld to a slaut;;:.d 
tine in the (u.v) space of !ht texture map, and hence many 
page break.-; will occur. due to the texturing operation, as 
rendering walks along a horizontal line of pixels. 

lnnov,\tive System and Methods 

The prd'crrod. embodiment dixto:ses a pipelined graphics 
pri..'IC<'ssor in wh.kh the ~e.quence can be dynamic:dly ret,"Bn­
figured (e,g, betwei:n primiti~·~) in a rendering sequence. 
'foe pipe.line sequence can be configured for C<..">mplianee 
wilh specifications sn<:h <t.<: Opent!L but ml!.Y al~{l bf:. opii­
mlzed by rc~~nfiguring the pipeline' sequence to diminate 
unna~ssary proce.ssing. Jn a preferred embodhnent. pixel 
elimination ~equem'..'e> such as depth and stencil tests are 
performed before text"Uring caku!11ti-011s are performed, so 
that unneeded pi.xel dma is di~ded before said texu1rillg 
cakulati.-0ns are perf=d. 

6 
FIG. 3B shows another r,ample graphics bo;u:d 

irn.pkmentation. whkh differs from the board of PlG. 3A in 
that mNe memo!"}· and ;m additional cO:lllponcnt h useii 10 
achieve higber pcrft<rman>.'<'. 

FtG. 3C shows anoth;-:r grnpliks board, in which the ''hip 
of FIG. :lB shares aicx-ess to a ''orumon tram<' store with GUI 
accekrator ehip. 

HG. 3D shuws aa<>lher guphic:<> !man'!, in which rfo:-, ''hip 
of FIG, 2B share> accei;s to a conunon frmnc ~!or~ with a 

ic video coprocessor(_ which may be l.lSed for video capture and 
playback fnnctl-On$. 

RG. 4A illusrrnteli thede.finition of the dominan1 side and 
the subordinate sides of a triangle. 

!3 f1G. 4B illustrates the sequenee of rende.ring <Ill Anti-
.:1liased Line primitive. 

f1G. SA is a detailed view of the JOute1· UJ.lil of I.he 
pn:~en!Jy p.refrn<:41 e.mbodiment. 

FIG. SB is a detailed vfow of the data path through ihe 
20 rm.ner unit of the pi'tsently prefo.cred embodiment when 

operating in .:i first m(lde. 

~ 

FIG. SC is a detailed view of the am.a path through !he 
router unit of the pre.sently preferred embodiment when 
op€'.tating in a second mode. 

n is noted that the te:uuri.llg operations become more 
romputatk•n~intense. early elimination of unneeded pi'tds Df.ffAlL.ED DESCRTFTION OF THE 
bee<..)mes even more valuable. For <'.Xa.mpk, I'h<..)t1g shadi.r.ig PREFE.'RRED fil<.1BODIMlINTS 
and bump 1napping both require 1nany mon: -OJ.>eJ·atfons than The numerous inoovmive teachings of the present appl1-
more commoo shading and texture mapping techniques, thu~ e.:i!ion will be described with particular r:e.fen~J'lce to the 
maldng the syw~m of the pre,5ent application even more :it; presently preferred embodiment (by way t-rt' example, and 
valuable ill :rcai-time rendering ~y~tems. n-0t of limit.anon). The presently preferred embodUMnt is .a 

An QVerhead C\)5.t is tll.11 !he rerofiligur.ahle p-Ortion of the GLll'-<T™ 400fXTM 3D rendering chip. Tiw Hardware Ref-
pipeline mu~ be flu:;hed at each retx)nfigumtion--but. since en~na: Mauual and Progra.1mnm· 's Referem ... -e Manual far this 
reronfi.guratioo is 110111\Rlly done only on a pex~Pfi.mitive 35 chip describe furthe.r details of this sample embodiment. 
basJ$, or even less frequently, this is a relatively small oost. Both are available, a~ of the effective filing <htc of this 

BRIEF DESCRlPUON OF 'l'HE DRAW.ING 

The dlsck~sed illventiom wiU be described with reference 
to the a~"-"X>mpanying dtawing~. which show import;mt ,:w:: 

applicatioa. from 3Ufat~ Inc. Ltd., 181 Met!'() Drive, Suite 
520, San Jose Calli, 95110. 

sample embodiments of Ille invention a11d which arc incor- The following ddmitfans imy help in underst<rnding the 
pcuated in the &pccifo::ation hereof by .reference. wherein; exart meaning of tenn.'i used in the text rif this appfo:ation: 

flG. lA, described aoove. fa an o.,.-eniew t"U ky t:kments application: a cum,puter program which uses graphics ani-
an<l pr~esses iD a JD graphics compuk.r 5y~tern. marion. 

FIG. 18 ii; an expanded vmk>n of FIG. lA, 1md shoM the 4$ depth (Z) buffer: A memory buffer '--ontai:ning the depth 
llow of operations defined by !he OpenGL standard.. component of a pixel. Used to, fur example, eJiminate 

FIG. 2A is an oven.·ie~· of the gr.aphks rend:e-.ring cltip of hidden ~urfaces. 
me preferred embodiment ,'lf the parent case. hlt doubl.e-buffe.rins: A ~dmique for achieving s.m»oth 

FIG. 2B is an ovetview of the graphies rendering cl1ip of animation, by rendering mlly to an umii.splayt'd back 
the presently preferred embc~nt.. 50 buifei:, and !hen copying the bock buffer to the frnut once 

FIG .. r. ls a irnire scllernatk view of the sequence of drawing is complete. 
FrarueCom11 P!&l.ecs: Use<l to ailCJw higher animation rate• by 

operations performr .. 'l. ln the graphics rendering cliip of FIG. enabling DRAM local buffer pixel data, such as dep(h (Z), 
2B. when (1peniti.ng in a fmt mode. 

to be cleared down quid>ly. 
FIG. ZD is a dilt'cre.nt view of the graphic~ rendering chip 55 frame buffer: An area fl'f memory containing the di~playahle 

ot' HG, 2B, showing th~ ~"Dnnectioos of a re.adbac.k bus color buffers {fu")llt, bad<. left:. tight overlity, underlily). 
which •:l't~wides a di<wnos!i\: pathway, Th' , · IJ 1 4'.. t.. ! --• "' .,.. ,. "' 1~ memory .is l)'ftlC.a y .<>epara :e uom .. e oc;,, .,ii.uer, 

FIG. 2E is yet aii-0ther vie\\' of the: graphies rnudering chip foe.11 bulfor: An area ofmenwcy which may be used t<i store 
o.f FIG. 2B, sho\ving h-0w the fao.(;'ti,ms «f lhe c<xe pipeline non-displayable pixel hlformalio11: depth(Z), stencil, 
o.f FIG. :2C are combined with various external int<'nace ® FrameCmint and GID plao:es. Thi& memory h typk'illly 
fmicti.0115. se:.pMate tr.:>m the framet>uffe-r, 

FIG, 2F is yet an,-,1.her vkw nf the graphks rendC'ring dtip pixel: Pictute e:kmc:ut. A pixc:1 .;wnpdse:s l.bc: bits ill aU the 
(if P1G. 2B. showing how the details of FIFO dcp1h and bltlfors {wfle,thcr storodm the l(.l;.'al buikH1rfnunebuffer). 
lncl::ah~ad. .arc .impkme.nted. in the presently prdem::d -.x1f!espornling to a particular location i.n the fiamebuil'e:r, 
embodiment. M stencil bulfo::r; A buffer ll5etl lo store information about a 

FIG. 3A snows a sample graphic~ boMd which inempo- pixel whldt c<>ntrnb lww sub>equent stencilled pixels at 
rak~ the ct1ip (If HG. 2B. lhe same Jocatfon ~y be combined with !he current value 

rv1icrosotl Corp. Exhibit 1009 

Page 75 of 160 Unified Patents Exhibit 1013 Part 2



APPENDIX 0 

5.798,770 
7 8 

in the framcbll.tfer, l)'pkatty used to 1uask c~~mplex 

two-dlmensfom1l s.hapes. 
me~>agr. is m.t>ditit-:..i aud JJilS>ed (>n. Tim lenlptalfon is not to 

pass Ille mes~ge <J:n when the test fails (because tbe pixel is 
not going to be updatt.d). but other units downsti"eani need 

Preferred Chip Emhodimen1-0verview to keep their local DDA units in s:t<'p. 

The GLfr-"T™ high perfarmance graphics prnr..-:esst)ft; (fu the p,re~enl applkatiou, the mc~Sllges are being 
>.'Ombine worbtation dass 3D graphics acccleration. and described in general term.s so as nol to be bogged t1own in 
state-nf-the-arl 2D performam:e ln a sing.le .::hip, All 3D def.llil at this stage. 11te details of what a 'new fragment' 

me~sage actually specifies (i.e. coordinate. color 
rende-ring cpcrations are accelerated by GLlli"T, including info:nn.ationj i~ left till lirter, In ~nerat i:he k,rm "pixel"' is 
Gournud shading. te-xture mapping. depth buffering. ant:!- used to describe th.e picture element on lhc screen or in 
al.lasing. aacd alpha hk.nding. l(> memory. The term ''fragment" is u&M 10 describe tilt' part of 

The sc,1lable: memory art~i1a~ture of GUNT makes it a polygon (lf othe.r primitive whlch pr<:>jects onto a pixel. 
ideal for a wide range ()f graphks products. from PC boards Notethilt a fragment may only cover a part of il pixel.> When 
to high~end workliwtion accelerat00>. the Te~ture Re.ad Unit {if eJ'latileti) gets a 'new fragmc:nt' 

There will be several of tile GLI!'<"T family of graphics me;; sage. !1 will c.alcufatetbe te:m1re m;ip addresses. and will 
processors: !he GLINT 300SX™ is the embodiment of tile 1~ acromingly provide 1. 2. 4 or 8 teJteh to the ne:i;t unit 
parent case, and the GLINT 41..'lfffx""'™ is a presently pre- together 1.vilh the ;:q.ipi:opdatc numbcr of tntl:.".qKllatiuu cvef. 
forred embodiment whkb is which is describOO herein in tkieflt."'l, 
great drtalJ. The two devices are gent':rally c:onipatl'blt:. with Bach unit and the .message: passing are eonceprually 
the 400TX .adding local texture storage and texel address running asynchronous to all tile others. However, in the 
generation fot au texture modes, lO presently .?cli:::ued embodiment there is t.">".msidcrable oyn~ 

chrony because of I.he cummon clock. 
HG. ZB is an overview of the graph.:lcs tellde:ring chip of How doe~ the host process seitd messages'! The message 

the presently preferred embodime.nf (i.e. the GUJ\.'T dat."i field fa the 32 bit data written by the host, atid the 
4Q{l'!'Xl"M). mesli&ge tag is the bottom 9 bits <:>f tli<: addl"t~s (exdudiag 
General Com.:ept 2:s the byte resolutioo address lines). Wriling to a spedtlc 

The OVe'J'llll architecture of the GLINT chip is best viewed ruldfe~s causes the me1>.'iage type associated with that address 
using the software paradigm of a message pas;;mg system. m to be i.n.serte.d into the message queue, Alternatively, lhe 
this systen.1 all the processing blocks a:re ronru:.c.ted in a long oo-chlp DMA controller mllY fetdi the mess.age~ from i:he 
pipeline with comtllllllit<llkin with the adjacent blocks being host's memory. 
done through me~~age p1SSsiisg. Retween each. block th:oo! is ~ The :message throughput, i11 the presen!l:y prefe:l'nl:d 
a small amount of buffa:iug, the: size bcing iipe:..ifl~ to the em~-11t, is 50M mt':siiitge~ pe:r second and t1W gl"'i:;~ a 
local commuttieatious :requirements and speed of the two fragment thfoogbput of up t(l SOM per second. dep..."11.ding on 
blocks. Wtiat is beUig rendered. Of (.'(ltltSC. this .rate Will pre.di.ctably 

The mcs:;age rate is variable and depends on the rem:!.e.rl.ng be furthe--r :inqcased O\'l'S time. with adviinces in p;r.xess 
mode. The messages do Mt propagate through the system at H tedloology and dock rat~. 
a fixed rate typical of a more traditiQnal pipdine system. Jf ·' Iln.kage 
the .receiving block c.au n>::it accepl. a m.es!ia~ becmlse its The block diagram m FIG. ZA shows hew.· the units an:: 
faput buffer is full, th.en lh.e sending block i.talli uulil :spac:e conn1:.ued together in the GLINT 300SX embcJJmeat. and 
is available. the block di~m of AG. 2B shows how the unit<> are 

The mes:;.uge muctw:e is fundamental to lhe whole system 40 conni:.ued together in the presently prefoi:red e~t 
as the messages are used to (.'Olltto.t ~ynchroni~ ;md in:fal'm Some general point:. are: 
each block about the processing it is to u.n<krtake. Each The following functionality is pt"esent .in the 400TX, but 
~sage has two lields--i! 32 .bit dam fu-.ld and a 9 bit tag mis!tln.gfromtbe300SX:TheTe~.Jure.Addrcss (TAddr) 
:ficld. (This is the~ wklth gu~nl=i. but some local and Texture Re.ad ffRd) Units are missing. Also. the 
block to block connectwns may be wutes to areornmodate 45 roottt' and mnitiple:<;:er are missing from this sectiocn. so 
men: dala.) 111e data field will hold cofor infocmatfon, the unit ordering is Scissor/Stipple, Color DDA, Tex-
coor~a«: iD.foi:math:ni. l~-ai state ~Ollllation, etc. Tiw tag rure f"og Color, Alpha Test LB Rd, etc. 
field. is used by e&dl bllX'k to identify the message type so In lhe embodiment of FIG. 2R the QfOOf of the units can 
it knows how to act ~n _it . , 00 configured in t\\'o ways. Tue mos.1 general Ofder 

_Eat-h block. on reeeNing a mes1>age. am do ooe of seYeral 50 (Router, Color DOA, Texture Unit, Alpha Te.st. LB Rd, 
thmgs: GtDfl/Stencil. LB Wr, Multiplexer) and will work in 

Not reoogni:te !he message so 1t just passes it on. to the all modes of OpenGL Ifowever, when the alpha test is 
llext block disabled it is nwcb better w do l:bt Grapucs ID. dtplb 

Re1.--ogD.ize it as updating some local state (ro the block) so and stendl. tests before the texture operations rather 
the local state is updated and the message te:mtlnated. 55 than afl:e.r. 'fh.is is be.-:ausc the texture operation~ ha.,·e 
i.e, am p~s~"'d on tn I.be m::xt block. a lti:gh pi.'O<:e.ssing cost and this sh\'itikl not be spent on 

Recognize it as a processing action, and if appropriate to fragments which are later rejected bec.ause cf window, 
the unit, the pn.x-:essing work specifk to the unit is depth or srencil tests. 
done. TI1is may entail se.nding out new messages slk.."'h The loop back to llil:: host at the bottom provhles a simple 
as Co!or an<Vor modllying the initial me~sage before 60 synchronization mechanism. The host~ insert a Sync 
sending it on. Any uew messages are injected into lhe l'OJmWWd and when all the pteeed.ing .rcnd~.ring has 
me,~:mge stream before the initial m~sage is f<..~warded fimshtd the ~yn(.'" l'.Qmtnand will reach die bo«l:im host 
on. S= examples will c:lllrify this. inte:rfa:::e: whlc.h will nctii\' the host I.he sync event has 

When the Depth Block receive~ a message 'new occurred, 
fragment', it will eal.cu!ate the rorresponding depth and do 65 Deneftt.~ 
the depth test II' the: test passes then the 'new fragmenf The very modular nature of thls ilH'.bi.lecture gives great 
me.~~ag.e is pa'i>ed to !he next unit. If tlle te>t fails then !he benefits. Eil;.il unit lives in :i~o!ation from all !he: .-ithe.r~ alld 
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has a V('.f)' wtll dctinecd set of input 11nd Olltpilt me>sages. meMage stre;im, The tw·n groop'; are dhtiagulshc-0 by a 
'Ihi> aJiows the internill slr1.1cture of 111Jnit (or group M u!litS) ~ingk bit in the mess.age tag. Th~ >ttp mtssagts fin dther 
t{.) be changed to make algorithmic/spe.ed/gate count tr.ide- form) are alw11ys passed throughout !he length of the 
,.,ff;. message stream, .ail<i are use.fl hy aH the DDA 1m.it>: !fl keep 

The isolation and well defined logical and. behavioral :; their interpt.)l:U:ion wi.Jues in step. ThE step mes~1ge effe<' .. 
intt.rface 1.0 each unit allow> much ocHcr tt:Sting and ve.ri- lively id.-:111Jlies the fnigltll:'.ul and ally (>lbt:f ml:.'~S<lges 
!katfon of ihc ,~Qrrednes~ of a uniL pertaining to this fragment wit! always precede the :;tep 

Tht~ message passing paradigm is easy 10 simulate with mess~c,-~ ill tile rne$sag<:< >m~am .. 
mftware. and the hard>vare design is nicely partitioned. The Th<:< Sdss<ir and Stipple Unit, Thfo unit does 4 tests on the 
archite.i:ture. is self gynehroniidng for rnode or primitive rn fragment (as embodied by the il£tlVe step message). The 
dumges. .'ICR'en ~ds~or lest takes the e<10(dfoat<.:s associated with 

The hos1. c.m mimic .any block in the chain by inserting fue r.tep message, con.,.«:rts dwm lo be screen refatiye (if 
!Th."!l~ages which that block would nnrmally genernte, These neCC$SilrY) and compares them agallist the s~-:reen oound-
message would pas.s through the earlic::r blocks to the mirn- arks. The olher three tests 1·user scissor. tine stlppie and 
idietl block unchanged and from then onwards to the rest of 15 area stiPPle) .ve disabled for th.if example. ff !he en.al>kd 
lhe block;; which cannot tell the me.ssage did not originate tests pass theJl Ille active step is fOJwarded onto the next 
th.lfn the expct.it."d block This allows for au <:as)' 1.1.-'0fk unit, othexwfae it is changed into a pa!>.'>il'e step and then 

aroo.nd me .. 'hanism to correct any ftaws in the dtip, It also furwarded. 
allows orher ra.sreri.1.atfon rmradigm~ to be implerne.nted The Color DDA unit iespomb to an active step mes.sage by 
t>Utsidc of the chip. whik still using the dup for the low level 20 generating a Cdor me.s.'iage 11nd :>ending lhis onto the next 
!"--"'cl operations. 11nit. The active step me~sage is then fMvarded to the next 
"A Day in rhe Life of a Triangk" unit 111e Col(!( mess..~ge holds, in Ille data field. tfo~ 

Bdore we get too detailed in whlli each unit does it is current RGBA value from the DDA. It the :>ti::p message 
worth while looking 111 geueJll.I tcrms al how 11 primili\'e (e.g. is passive fheu no Color message is gene.rat<::<t i\ftcr the 
triangle) pa~ses through the pipeline, what mesMges are 15 Color rru:ssage i.s sent {orwvmd hav;:; bc.e:u sem.) tli;:; step 
gcn<lf.aJ:e<l. and what happens in each unit. Some simplifi- message is acted oo to incre-ment the DDA in tlle co:rrect 
cati-0!ls haw been made .in t'hc deso-iption to avoid demit direction. re.ady for tne next pixel. 
whicll would ntherwist romp!icate what is rt'.all~· a very Te~mrlng. Fog and Alpha Te~t~ Units are di&abled so the. 
&imple pt"o.::ess, The primiti:ve we aioe going to look at .is the IDS?ssage~ j11st p.135 lhrough these blocks. 
familiar Gouraud shaded z bufi'cred triangle, with dithering, 30 In gem~ral wnns the l.o;:.al Buffer Re.id Unit read.» the 
lt is assumed any other state (i.e. depth compare mode) has Graphic ID, Stencil and Dept."\ Jnformlllion from the Local 
been set up, but (for simplicity) such othet states will be 'Buffer and passes ii onto !he neKt uruL More spedf1c.1ily 
mentioned a~ they bcoome n::levant. it does: 
"The appfa.4tiOO generntes me triangle vertex information l. If the step message i11 passive then no further ad:.ion 

and makes the Mee-.sllllry OpenGL calls to draw it 35 occurs, 
'!lie OpeuGL serverllibmry g«s the vme.11. infonnatkin. 2. On aii a<c'tive step me:s£age it cak~ulates the line.ar 

trllll:sforms, clips and lights it. It calmlates the initial adm-ess u1 the local bUfk.r of the required data. Thl:s is 
values and derivatives for the valu~ lo inte.rp>Jlate (Xleft' done using the (X. Y) po~ition .recorded in the step 
X,;t;,,.. red, ~'fCca. blue a.nd depth} klr mut change in d")f; rut~:ssage and locally w:iroo i.nformat.i<)n oti the 'so-1:.'en 
amt dxdy "fr All there values are in fl:xed pointinteger and w width' and window base addt-ess. &.parate n::ad at1d 
have uruque lTu.~ssage tags. Some: <Jf too values (the depth \\-Tite addresses arc eakulated. 
derivatives) l1ave mocc than 32 bits ro cope with the 3. The addresses are passed tc me Local Buffer Interlace 
dynamic .range anrl resoltruon so are sent in two halves Uni! and fire identified local buffer location re.ad. The 
Finally. once the derivati.,·e.>. start and end values have write address is held for ui;e later. 
been sent to GLINT the 'render triangle' me$sage is se4lt. 45 4. Sometime later the l-0<..~al btiif~ data is retume.d and fa 

On GLINT: The: derivative. ~art and end parameter mes· formatted int<.> a con.Scbti;ut internal founat and. illscrted 
sages are rec·::ived and filter &Will the message stream to into a 'Local Buffer Data' message and passed on. to I.he 
the appropriate blocks. The depth panm.eters and dtriva. next uai.t 
tives t>1 the Depth Unit; th.e RGB parnmet.e.rs and de!.iva- The mess.age data fieldis made wider to accomn.todate 
live to the Color DDA Unit: the t~ge values .and deriva- 'SO the nuuimurn Local Buffrx width of' 52 Nts (32 
lives to the Ra;;teri1..er Unit. depth, 8 stencil. 4 graphic m, 8 frame count) and thi.~ 

The 'render triangle' message is received by the rastcrizer extra width just e.~tcnd.;; to tlic l-«>cal. Buffer Write 
unit and all subsequent message:s. (frOOl the host) are bliXil.:. 
!>k>Clced until the triangle has been raste.rl1..ed (but aot The actual data read from the local buffer can he in 
necessarily v.7ittcn to the frame store). A 'prepare !~) 55 sever& fommts to allow natro'>"'er width memories lo 
re.ndt'.r' message is passed on so any other blocks <:an be u:>ed fa cos1 sensitive systems. The nmvwer data 
prepare themselves. is formatted into a l~nsistent internal format in fais 

The R.aste:rizcr Unit walks tht: left and right edges of lhe block 
mangle and fills in the sp;ins between. As the walk 111e GraJJhic ID, Stencil and Dep.th Unit )1.15! passes !he 
progresses messages are send to indicate the. direction of •50 Cofor message through and stores the LSl)al.a message 
the ne.xt step: St¢pX or StepYDomE<lt>e. The data field mllil the .step message ruxives. A piissive step mi:ssage 
holds lhe current (x, y) C\',.,>rdinate. One :message is sent would ju,~l pass :s.U'<llght thmngh, When the adiYe step 
per .Pixd wi.tbin the trtanglc bound!Uy. The step message~ message is received ttu: internal Graphic JD, s:tendl and 
are duplicamd into tw(l g.rnups: an active group and a depth values are oorufM.t.00 with the ones in the LBData 
passive grnup, The messagc.s always stat1 1.\ff in !he acti>n 6:5 message as spc:ci.'icd by this unit's mooc infonnation. If 
grnup but n.uy be dt11nged to the passi.,·e group 11 tlli§ the enabled tests pass then the aew local buffe.r data is sent 
pixel fails ()Ile of the tests (e.g. depth) on its path down the ill the LB\VriteData. mes.sage i.<J the ucxt unit. and. the 
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11cti\'e ~ep =ssage for,viu-ded. If any of the ~tiabled t,:,;;ts 
fail lhe11 an LBCancdWrite ffie!isage is sen! foll01,ved. by 
the equivalent pa,5>ivc step mesSl'lge. The deplh DDA i.s 
stepped to up.·bte the load depth value. 

The L(x<il Buffer Wr.ite Unit performs any wrlte5 which are 
necessary. The LBWi·iteData mes~.age ha~ fl~ data format­
ted into the external local buifer fo.rmat and this is posted 
to the Local Butrcr Interface Unit to be written into the 
rw::nw;y (the write addre-~s i$ al.ready waiting in the l.<~111 
Buffer l.ntma'-'t Unit} The LBWriteCanccl message just 
inf<:nn.s the Local Buffer lnterf~. Unit that the pending 
\i..Tite addrei» is no l<'lngcr needed and can be di,;il!irded. 
The step mesli<"l.ge is _just pass.ed t!m.ll.lgh. 

In general terms the Framebuffer Rew Unit reads the ccl-0£ 
information frnm the fran:lto'hutfer and passes it onto the 
next unit More spcdiically it (.!s.les: 
L If !he su::p mes~e is passh<e then no further actk•n 

occurs, 

2. On ."ID active step message it crurulates the fule.ar 
addre5s in the framebu1fer of the required data. This is 
done using the (X. Y) position .ree-0rded in the step 
message and lrn:al!y stored info.mmtioo oo the 'sl;een 
width' and window base address. Separate re.id and 

12 
.re1nemlie.r th.at ai: iil!Y in~l.ilnt in time there are many frag­
ments flowing down the .message stream and ti)C further 
down they .reach the !W.<re pt"oc--essiug has <.>t:curn::d. 
Interfacing Between Bfo·dt.~ FlG, 1B !ihows the FIFO bu.ff~ 

5 e-.ri.ng and lookahead conntttioos which are w;ed in the 
presently preferH:d embodime.nt. The FIFO• are ured to 
provide an asynch.i-otK•u~ lnrerfact' bera'ee11 blocks .. but are 
e.l>pensive ln terms of gate rounL Note that mo~t of these 
FIR>& are only om: stage dee-.p (eJ<rept where indicated). 

J<J which .redllces their nre;i. To !llilintain pcrfonmnl-e. k><.>ka­
head collltections are use<! to accelerat.e the •·sw1up .. <'>1. the 
pipeline. For ex.lmpk when the Local--Buffer-Read block 
ii;su~ Ji datll request. the Te."ll:ture/Fog/Colo.r blodrn als-o 
receive lhis. and begin to transfer data. accordingly. N«-

l s mally a sing.le-entry deep FlFO cannot be read and written 
in the same cyde. a.s the writiftg side dc>e~n ·t know that the 
FIFO is going to be read in that cycle (<md Ilene~ become 
eligi:'b!e to w w:ritten.1. 'fhe look-ahead feittute gh·e the 
"-''t'iting side this insight, so that single-cyde transfer ~~an he 

21) achieved. 1llis al."-1..~lerat~s the thrnughput or !lie pipeline. 

Progrwnming Model 

~rite addresses are: <'.alculated.. Tu followi.ng text describes. the programming model for 
3. The addresses are passed to the Framebl.lffer Inretfare ~s GI.ll'>i,-. 

Unit and the identified ftrunebuffer location l'eild. The ' G~,. as a Register file 
write address is bdd for use later. The simplest Wll)' to view the interfal.'e to GL&'T is. as a 

4. S¢.meti:me farer the C-Otot oota is returned and inserted fiat bloc.k of .memo:Yl)'·mapped registers (i,e. a .register :fik:}. 
into a 'Frame Bulfer Data' message, and passed on to This regisrtt file appws as part of Region 0 of the PCJ 
the ne:itt unit. " :>o .-1ddress map for GLlli"T, See the GLINT Hardware Rder-
The actual data read from the ftamestoro can be in ence Manual for details of this address map. 

several formats to all-0w !lllrrowa ~id.th meID-Ories to Wlien a GLINT host software driver is initialized it can 
be used in cost se.nsitive sy,<;tmns. TM formatting of map the !eglsl.er file isrto.its ~~~s space. F..iidl regillter h.3$ 
the data is deferred until the Alpha Blend Unit a,s it ll.D. aSSOCU!ted address tag. givmg it.~ offset from !he ba...e of 
is the only unit whidt needs 00 match it up with lile 35 the regfata file (~c~ all regist~ n:si~ on a 64-bit 
internal fonnats, In Ibis ex.ample 00 alpha hle~ boundary, the .rag mt.set lS measured m :multipl~s of 8 ~es). 
or fogkal oper.ations are taking pace, S<'.I reads are '!he mo:>t strru.g~'.atd way M load a value mt? a regist~ 
disabloo and hence no rea:d address fa sent to the LS to wnte the dam to ns mapped address. Ill reili.ty the chip 
Framebu:ffer Tuterfai;::e Unit. The Co1-0r and step mes- inWtfa.ce oomprises 11 l6entt;' deep FIFO. alld eac-.h write to 
sages just pass !hroogh. 

40 
a regi<>te.r c~tses the wri~n value. and the register's lliidress 

'The Alpha Blend Un.it is disabled so just passes fi1C tn£Ssages tag to be 'l\n~en ~s a new entry to the ~?· . 
through. Progra.n.un:mg GUNT to draw a pn1ruo:ve i."Xins.im l)f 

The Dither Unit stores tbt~ Col.or message wtemally until ;m wrili?g initial values to the ~ppropri.ate re-.gist:i-s fo~o11<-ed by 
active step i~ r«.-eived. On receiving this it uses tile least a wnte to a "?mmand .register. The last wnte tri:ggers the 
significant bits of the (X, Y) coordinate information to 45 s~ o! .rendering. . . . 
dither the content.~ Qf the cow.r nwssage. Part of the b~': has approxunat.ely 20? registers. All reg1stei;s are 
dithering process is 1.o conven from tl:te intml&I col.or 32 bits wide auti shoold be 32-btt adrlressed, Many registers 
for:mat into the format of the fnmebutfor. The new l:olor are split into bit fields. and it mould be n<itt:d that bit 0 i.s the 
fa mserted into the Col.or .me!l«tge and passed on. followed least sign.ificanl hit. 
by tile step message. · so Register 1).'pe> . . • 

The L<lgkal (~ati-0ns are tlisabkd so the Coloc message is GLJ.h'T bas three l'lla:ln 1ypes. of reg.tsta; 
just convened into the FBWril'.eData message {just th~ tag Control Registers 
d.111.llgcs) and forwarded on to the next mili. The ~k:p Col'll1llimd Reg{sti:r.s 
message just pass~s ~gh. . . . Intem.t! Registt-.rs 

The Fmnebaffer Wnte U111.t performs any wnti% which are 55 co.ntrol Regi~rers are updated only by the bost--tlle chip 
neces:siiry. . . . etrectively uses them 11$ read-1">».ly registe-.rs. Example~ of 
The FBWriteDaia me:;sage bas 1ts data posted to the control registers are the Scissor Cl.ip unit min and max 

Ftamebu:ffer Interfa.ee Unit to be written into the registers. Ouee inftialiied by the host the ch4) ollly reads 
mt":moey {the write add.re.£~ i~ aID:ady waiting in the the:l(: tegisters w dttennine the scissor dip ~tent~. 
framebuffer lntertace UrutJ. «i Co.lll!Wlnd Registers are !hose which. when written to. 

The step mess.age is .lust passed through. typically c.ause the chip to stan renderiag (s.mne command 
The Rosi Out Unit is miilitly concetned witb syll(;hfolliza· n:gisters sud! .as Rc:setPids.R.esult ox Sync oo oot :initiate 

tion with t.1e hosi so for this e~amplc will just consume rendering). Nocm.ally. I.he host will initialize the appropriate 
any messages whkh re.ad1 this po.in! i!I the message eootrot regi~ters and. thrn 1.1;'fite to a command register w 
sttn1m. . t\S initiate:. drawing. 'Ille;e are two types of com:maud registcrn; 
ThiS description bas mncentrated ou what happens as one begin4raw and continue-draw. Begm-draw conunands 

fragment fimvs down the nies.~age stream. It ls i.mporl.ant to calL'>e remiering to start w!d1 those values speci:fie<l by the 
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('Oatrol registers. Cnntinue-d.raw com...-ua11d~ cause drawing 
tn N!Utinul:: willi intcrnal register w1lw::s a. 1J1ey wel·e whe11 
the previous drawing op¢ratfo.n completed. ~i.lking l!se (·1f 
contlnue-<lraw commands can >ignilicantly r;;;d\tee the 
ll.!Xl.mmt (>f dara thi'!t has t{) be load!:'.<! into GLD<T wht'n 
drawing multiple conneurd nbjet.'l~ such as polylint':s. 
Examples of command regi51.tn lndude the Render a11d 
Conti11m:,NewU.11.e registen. 

Frx con\'Cl'lkncc this applkillion will usually re.fer tt> 

"sending a Render command ll) GLINr' rather !haa ~aying 
(more predse!y) "the Render Command register .is w:rittea 
t.'). which Jaiti.ates dn1wirig", 

In1ernal Registers are .not accessible to oost :l:i)ftwru:e. 

14 
i~ pe.rl'otmed when the J<'ffO is foll 1K> eut:ry is put into the 
FIFO and that write is c:ffeeth'elv losL 

The input FU10 is Hi ems:ies d~tl' and ~ch entry conoi~~ 
<sf a tagtruta pair. The InPlFOSpaee register can be read to 
di:temiine how m<1ny critries ;m: fret. The value .returned by 
this regisk.r will neve-r be gre..atex than 16. 

rf;.) check the Stlltu.S of the PIPO before ev~ write fa .,.cry 
lll.dfidell!. SI) :it fa p!'eferabty L'hed;:ed be.fore Joadfo §, Ille data 
for each rectangle. Since the FIFO is 16 entri~ deep. a 

rn fm111eJ.· optinui~i.i..,>n is to wait f<'>l' all 16 entries to be fret~ 
after every seeond te<."tangk. Furtl1er optirul:tatk1n~ \'all be 
made by moving d.X.Dom.. dXSub <md dY outside lb(: loop 
{ii~ they ai:e rnnsunt for eadl rectangle) and doil1g the FIFO 

They are used intem11lly by the chip to keep track of 
ch.anging value.s.. Some control. rngl.stcrcs haw~ corresponding 15 
internal registers. WbeJl a begin.draw command is se.nt and 
before rend.:ring .~1:ru1"~·, the internal regi:Sl.et·s are updated 
"''ilh the \•al.tw~ in the cnrresporiding m111rol registers. If 11 
continue-draw 1xm:unand is sent then !his update does not 
happe,n and drit\\.·ing rontinties with the current values in the :w 
internal registers. For exampk if a line is be.log drawn then 

wait after every third rectangk. 
The lnf!fOSpace Fl.l''Q control register contains a count 

of the number of enliies eurrenlly free in the FIFO. The dup 
incrernent.~ thi" registe..r for e..a.d:i entry it re.move~ fr<:im. the 
FIFO and decrements it every time the host. puts an entry in 
the FfFO. 

The DMA luterface 
Loading registers directly vfa the FIFO is often an ineJ ... 

licknt way to downfoad data to GUNT. Given thai: the HFO 
can a=mrnodate Qn1y a small number of entries. GLINT 
has tQ be frequently imerrogated to deterniine how much 

the Stru:O.."Dom and StartY c-ootrol registers $J.oe<:i1'y tht: (x. y) 
C(>(1t-d.i!la1.es of the first point in the line. Wnen a bt'gin-draw 
comm.and is :s~nt tbe!le values are copie.d into internal. 
rc:.gi:sters. A> the line drawing progre~sc.s these i11ternal. 
registers are updated to contain the (x. y) coordinates of the 
pixel being drawn. \\'hen drawing has completed the internal 
l'l:gisters contain I.he (x. y) coQrdinates of the 11e.xt pol.nt l'llat 
would have been drawn. If it continue-draw command is 
.now g:ivcri lhese final ( x. )') intern11.l vatues are not modified 
and furtha drawing uses thes:c: values. 1f a begin-draw 
command had been used !he i.ntemal regisrers would have 
been n,foaded from the Start.XII.om and Start¥ r<:ogisters. 

Foc the mo1>t part in.tcrnal rog:fat.ers can be ignoccd. It is 
helpful to appreciate that they e.tjst in ord:e.r to understand 
the rontinue~drnw <ximma.mi~. 
GU.~f 110 Interface 

Thcre are a number of ways of loading Gl..L.~1.· registers 
for a given colltext; 

The host writes a value ro the nl.il{-11.'ied address of 1.lle 
register 

The 11.m:t writes address-tagJ&u pairs into a host memory 
buffer aud use5 the on-chip DMA to tram.fer this dam 
to the PIPO. 

The hi}..~! can perform a Block Command Transfer by 
writi11g address a.n.d da1a value> to th~ FJFO tntcrfa(."C· 
registers. 

In all ca~cs where the host wdtt"!i data values diret"tly to 
fhe dljp (via the register fi.kJ it has to worry aoout flfO 
(l\.'e.rflow. The InFJFOSpace registei: indicates how many 
frtt en!J:ie~ remain in the FIFO. fkfare writing to any 
registcr the host JnUj;t ensure th.al there I~ enough space left 
in the FIFO. The v,llnes in 1hls regiStcr can be read at any 
time. Wilen using DMA. lhe DMA controller will auto.m11.ti­
cally ensure tha{ thcre is r<.X.!ID in the FIFO before it performs 
funher transfers. Thus a 'buffe~· of any &ixe ean be passed to 
the DMA controller. 

F1FO Cmitrol 
T1ie descrtptiun above cunside.re4 the GUNT interface to 

be a regis1e1: file. More preC'..isely. when a data value :is 
written to a register this vatm: and the. i>ddre~s tag for ltlat 
tegistcr are ~-cmbined and put into the PIP() as a new entry. 
'The actual regfat.ei· i;; not updated until GLIJ.Yr precesses this 
cnuy. In th<~ ca.se when'!. Gl.lNT is busy ,fl('.rformi.ng a ti.nm 
consum.ing <.iperatfon (e.g. drawing a liilgc t<.\Xtun:. lnapped 
polygon). and not d:r,1ining lhe FIFO very quickly. it is 
podhle for the FIFO to be.come full. tf a tvrite to a registe.r 

2<; .>piice is left. Also, Clmsider !he .sltuati.011 where a given API 
function require5 a lw-ge amount of data to be sent to GUJ'.IT. 
U tile l''lFO is 'l!.t'titten directly lllen a reru.rn from thls 
fo nf:ti.on is n Qt ,P<').';Sihk until alm.Mt .all the d.lta has been 
Ci.')n,~u:n'IOO by GLINT. This m;iy uke some time depending 

"'' on lhe types of primitives being dfaw:n. 
To avoid these problem.s GLINT prov.ides an on,chip 

DMA ~~ontmlle.r which can be used to load data from 
arbitrary siied ( <64K 32-bit W\1Ids) lmlit buft'e.rs i.nt~J the 
FIFO. Jn its sinlpl:est form the host software has to f,'\fcpare 

>S a host. buffer C'\Jntaini.ng tegli>ter address tag descriptions and 
data Yalu~. It then writes the base addre~s of this buffe-J' to 
the DM.AAddre&s regi-ster and the count of the number (lf 

>vords to ttansfer to the DMACoont registeJ\ Writing to the 
DMACount register .~tarts the DMi\ trans.for and the ho~t can 

4D now perform ~'>the.r W0fk. In gcnl-rnl, if the co.mpletc set of 
rendering commands r~Juire.d by a given ca:tl to a d!ive~: 
funct.iQn t<m be loaded into a single DMA buff~ theu the 
dti.vcr fu11t1Joo l<tU return. Meanwhile, in parallel. GLINT is 
rt'lllling data from tlu: host buffer and loitding it ink' its FIFO. 

1s :FIFO 1.werfkw,·· never OCC!ll:S sinc.t~ the: DMA contr<:ille.r 
automatkallv wails until there is room in the FIFO bcloi<: 
doing any tians.fei·s. 

Thi: only r(:$ttictioo on the use of DMA control registers 
is that bdo.re anemt'lting to re!cad the DMAO:mnt register 

~c the host. sofui,·are must wait until previous DMA has com­
pleted. Lt is valid to load the DMAAddress registe.r while the 
previous DMA i~ in pro;gre.1s since the address fa latched 
internally at the start of the. OMA transfer. 

Using DMA leaves the hos! free to return to the 
~.s application. •.vh.ilc in piu:aJkt GLINT ls p::i-forming I.he 

DMA and drawing:. This can incre.ase perform.a.nee signifi­
cantly over loading a FIFO directly. In addition. some 
algw:ilhms iequire lhai data be loaded mll.ltipk times (e.g. 
drawlug the same object acrnu multiple diJ>Ill.ng 

i..c re<.,1angks).. Since the GLINT D'!l-t'\ only n:·.ads the buffi:t· 
<li!ta. it can he downloaded mruiy tin1es simply by res1arti.ng 
the DM.A. This can be very l:xme..fidiil if composing lhe 
buffer data is a time: consuming 1<15.k. 

The host can use thls hardwate c.1pability m various ways. 
«S F<.)J· e.><ampk. a furtht'J· >'..l>tional l>ptimiiatfon fa to use a 

double ooffored mechanism with t1&·0 DMA butters. This 
allows the s.<~.cond buffet to be filled before ;.va.iting for the 
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groops and withill each group there are u_p to 16 tags. TI1c 
!.ow-wder 4 bits of a tag glve it;; offset within lhe group. Th!:! 
high-order 5 bits give the major group number. 

pnwiou.s DMA to cnmp!et~. thu~ further imprn•~i11g the 
paral.ldism between ho:;t and GUNI processing. Thus. this 
optimiz;3tion is <kpendenl 011 lhe ;;llocatinn of the host 
memory. If there is only mie U1>1A host buffe1· then either it 
is being tllicd or it is being emptied-it cannot be filled and 
l:'mptied al the rame time. s.ince there is no way for the ho!>t 
and DMA to intcrad onee the D!vl<\ transfer has started. The 
host is at liberty t-0 allocate ss many DMA buffers as it 
waiits; two is the minimum to do double bufkring, but 
illlocating many SmAll buffers is generally bel.ter. as it g,iv;;;; 
me benefits of double buft't!ring together with lo\1.1 latency 
time. so GL.Th'T is not i.dk whi.k l.uge buffer h being filled 
up. However, use of mAny small buffers is oc oow-se more 
l'><)m:plicated, 

The following Register Table lists the .indMdual n:gjstcrs 
5 with their Major Groop and Ottse1 in the presently preferred 

embodiment: 
Registt~ 1'i'>bk 
The following tabk list;, registm by group, giving their 

tag values ,1nd indicating thflir type. The registe.r groups fl'lil;,' 
HJ be usc.d to .improve data transk; rales to GI.».T when using 

UMA 
The following types of fegister are distinguished: 

Jn general the DMA bu!k.r format consists of a 32-bit 15 
addus~ tag desc-.dptfon w<icl follow"«! by one ~ more data 
words .. The DMA buffer mnsists of one or =e scts of these 
formats. The following paragraphs describe the different 
types of tag description words that can be used. 

DMA Tag L'est.'ti-ptioo :Format 
There ate 3 dill'erent tag addressing mooes for DMA: 

bold. incrern.en1 and in&xoo. The diff<'4ent DMA modes are 
provided to reduce the amoullt of data which needs to be 
1ra11s:ferred, hence .making better use of the av.Ulahk DMA 
bandwidth, &di of thest: is described in the following 15 

sections. 
Hold Format 

fu this format the 32-bit tag description ~Qntains a tag 
value and a count specifying !he number of data w1:irds 
foUo'\\ing ia lhe bu!!'er. The DMA cootrnller writes ead.1 of :JO 
the data words lo the !>rune addr~~ ug. For example. thii> is 
useful for image downlood wh= pl..11.el data is =ntinu-oosly 
\Vritten to the Color register. The bottom 9 bits SJ't:'--li1' tile 
register to which the data shoo.Id be Mitten; 1be high-order 
16 bil~ specify the 11umbt:r ot' dall! woois (minus l) whk'h .>.s 
follow ill the buffer and whidl mou!d be writteu to the 
ilddress t.'!g (oote thitt the 2 -bit m."1e field for this format is 
zero so a given tag value: ran simply be loaded i»to the low 
order 16 bits). 

A special case of this format is where I.be top 16 t..'its are 4() 

i.e:ro Indk.ating that a single datll value follows the tag (i.e. 
Ille 32-bit tag desaiplion is simply the address tag value 
itself}. Thh allow~ simple DMA buffers to be constructed 
which coni.fat of tag.ldaut. pairs. 

S(.ls.so: 
Stiwlc 
'Il>Xll:n 

Im:remi::ut Fomw 45 c~i This fonmt is simil2r to the hold tonmt except !hat as 
each data value is loaded !he a;idre~s tag is incremented (the 
value in the f>:!>.-LA bfilfer i5 not dianged: GI.lNT updates an 
internal ... ~w). Thus, this mode alfov.-'s oontiguou~ GI;n..T 
regi$ters lo be loaded by specifying a single 32-bit tag vafae 
followed by a da1a word f& each register. The low-order 9 51l 
bits spedfy the adcdress tag of the first regi~cr to he loatktl. 
The 2 bit mode field is set to I all<i the high~ 16 bib are 
set to the count {minus l) of the number of registers to 
upd<lte. To enable use of this format, the GLlNT regfatcr file 
has betn organized $0 that reginers which are. fre.quently ~5 
loaded togcthe.I have adja<'en.t addres~ tags. For example. the 
32 AreaStipplePattem regi~ters <."an be loaded as follows: 

Areo$.lippi<'.Pl\Ttm-.l). C•iu-3 l, Mo.:6 t 
row() bits 
row \ llits 

Indexed. f'<>mlat «S 
GLINT address rags are 9 bit \1alues. for the purposes of 

me Imiexed DMA Fmmat they are o.rgani:u:d into majoc 

C~!orDDA 

Majof Off-
Group !lei 

R~ister (hl!-:ti !'box) TW<' 

S~m m 0 Con.~1 
dXIX>m m l Coottt;~j 

Sllltt."{!:>ub 00 2 Coo1:1<:·i 
dl(Sub 00 3 Coo11<>l 
StortY (() 4 COOtb:;} 

dY m ~ Con~l 

Coum co (, Co.."l!rol 
~ m 1 c~ 

Coolim>eN•wlAix; m ~ Co..'n:l:IWld 
C'ontim><'N•"'P<lm m 9 Cornmxnd 
Coo.t®'«NcwS..b m "'- Co.'ltll>Xl:ld 
(."'ot\tinut: 0) B Coo"®l>J 
¥1"8hSpa11 0) c Command 
a~m 0) D ~«! 
~islffal>l!:j!},-3! ()! 0-.~ Couttt>l 
R..re.U-ttMo<io m 4 C"'-tll<il 
Sd.s<i<ll'.Mode m 0 (.-On!s:<;l 

~fin.'<\' m l Coul1lll 
Scissmt.llu:XY 03 2 Cc~t 
S<:rttt1Sim m 3 Couttol 
.~!ip-plc.~ m 4 Coouo.l 
Line.%ppkMOOe m s C"'tiro.l 
~~ (r3 !S Couiit>l 
Co'.>illlfbts 

Upd3:t.eLffi<,SriJirl<, @ 7 c~ 
Cil'.llll>'-1\\ 

S<>V'el.iooS!iMJt (l3 ~ Command 
SW» 
w;~;,, m " Control 
ru-..aStippkht- 04 0-F Conttt'i1 
wm\0-J!J ()5 0-F 
'Tux<:IO QC ~J: Coottt>I 

Te:u:ll oc C<mWI 
T~!Z oc 2 Cooaul 
T<".tcl3 oc 3 C=rol 
T<.<U:l4 (!C 4 C=rol 
l~l:S oc 5 C<:m00! 
Texc!6 00 6 Control 
Texcl7 oc 7 Control 
int~) ClC I> Cr.mm>! 
Int~·! (1(; 9 C<:mlro! 
ha~;? oc A COOOQ! 
lnl(<1f•3 oc B Coom>! 
~ oc c Ccrurol 
Tert<=Filter oc D Corum I. 
T<'~l'l:m.-0.>lm OD 0 Cootml 
~fode 
Text=En>'C<;for 00 I Caritro! 
F<>gMO<le ® ·~ c-1 
fo~~~ 00 -~ C<J'lltrol 
l"Sta-.., OD 4 C<.><aro! 
dFd>; OD s C<.><aro! 
dl'dyD=.t un 6 c=I 
ltStan: BP n Coo:tml 
<IRdx BP Cootrol 
<l&dyilom m• '}; Co>mn! 
OS torr I)!' 3 {:ornml 
i!Od<. Ill' 4 i::ootm! 
i!GdyJX.·m Ol' 5 (:oo~;i.l 
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A.l.pb:i 8lc1"1 
,Pni:leJ 
Logical Ops 

LB Re.0 

l.B Write 

l7 
-..eontlnued 

Maj<:.-
G:s--:iup 

R.:g.st<t (l»s} 

H51ot! !lF 
,:JE;h t:F 
®Jy!X>m EF 
A5m1t GF 
<ll<<h w 
•.1..4<~{1<:01> iif 
C.<JhiPl)AMo<i<o tiF 
(<;«;t.>1!Coki< l.'t' 
C<Jm Of 
Alvh~T<$t,\fod<, JO 
A>".iah~\todo JO 
All?b:illieu'IM<xte J(I 
Dtll.l'el'Mode 
l'llS!">fn>.=> Wfi;e 10 
MJtSI: 
L<>gi;;~!Vp!'>kxl<: JO 
l'13Writ<D~ta JO 
LBR=M<.>clc II 
LIIR~t II 
IllSooree!J!fset I! 
UlSti>odl l1 
~ l1 
UlW<.o:!owlk'"' ll 
LBWrit<'/.bie ll 
Lll'Nrii<>Famio.1 n 
w~ n 
Sl=ilMo<lc 13 
si.,.cil!hua u 
Ster.:il u 
I.l<pU..~kde IJ 
O.pili B 
7~'i:l><rtl1 !:> 
Z..~IL 13 
d7.d%U rs 
t!ZdtL 13 
dZ<l-1D<.imU !:I 
d7n1D<.1mL 1:1 
Fo.•tC~Depfu 13 
Flill>':.dl>t.'Olk. 15 
fliSOUNeOtl'set 1:5 
r~Pi:tdOftlel, \j 
FBC'<>lo< 15 
F'IVI'.'>~·&.<:< l.5 
Fl>Wrillt~ ts 
ra~.,..,.wr;re !5 
M:tsk 
FliBlockCol»r 1~ 
l'iiiomfo& l~ 

&.i.i>ti< M<><io rn 
MinR<::gkl<> l8 
M""~&ioo \M 
R~""tE'J>:kRe"1lll rn 
Minffi~!lioo l8 
MrulitR¢gloo l8 
l'icl;lkl<<ilt ;~ 

Syu.;; ;s 

Off~ 

"'' iliei.\ 

6 

8 
9 
A 
II 
c 
II 
E 
() 

l 
2 
3 
4 

5 
6 
{) 

! 
2 
s 
6 
1 
8 
9 
0 

2 
3 
4 
s 
6 
7 
ff 
9 
A 
B 
c 
0 
l 
2 
3 
6 
7 
ti! 

9 
(l 

l 
2 
3 
4 
5 
6 
l 
8 

Tyl"" 

Cnnirol 
Cnn(ml 
Cool.ml 
Cootrol 
Control 
Control 
Conm>I 
Control 
Mix""~ 
Cootrol 
COil!«>! 
COlltro! 
C<llilrol 
Cootrol 

C:..llJ!fot 
Coolrol 
Ctw!rol 
Coois<.>l 
Cooirol 
OUtpt;t 
OU!ptll 
C'.<mtrol 
C«i!rol 
c~ 
Cootrol 

Cooirol 
Cootrol 
Mi:loo 
Coo,tt>:•l 
Ml.'"'1 
Ccntm! 
Cantm! 
Cantm! 
Cootm! 
Control 
Control 
Control 
Control. 
Control. 
Control. 
!}urp»t 
c..,,.tro1 
Control 
Contml 

Comrol 
Control 
Cootro! 
Control 
Conm>l 
Comn~l 

CwsrlllW<l 
COl'trrlllWd 
c~ 

c~ 

18 
IJM.i\ Bllffer Addres>e> 

Host wftware mu~t generate the corred DMA oolfor 
adds-css for 1hc GUNT DMA contn1Iler. Norma.Uy, tnfa 

5 
m.emi;; trul! the address passed to Gl.ThT must be the 
physiCill iidd.P.5s of the DMA buffer in host mem{)f)'. llle 
buffet mu~t alw i-,;:side at cai1tigu-0u& physical addres5cl> as 
acces.sed by GLL">T On a sys~em whkb u&es virtual 
memOf'/ for !he address ~pace of a task, s-.~.mc method of 

w aUoc;iting rnntiguou~ imysi.::al memory, and mapping tt1is 
ittto !he adrlress space of a task. must be used. 

1f the vil.11tal memruy buffer map:; lo nn11-cm1tigU<."lUs 
physic.a! memory, then the buffer must be divided into set~ 
of t~ntiguous physical menmry pages and e.ad1 <.)f these sets 

15 ira115km .. 'd separatt:ly~ In sud1 a situation tl:ic whole DMA 
bulfer cannot be transferred in one go: !he h-0st wftware 
must wait for each set t~ be 1r.1UIS!erre<t Often the best <.•.1ay 
to handle these fragmente<l tra:n:sfcr5 is via an ink~rrupt 
handler. 

DMA Interrupts 

GLINT provides interrupt support. as an altermltive 
means of determining When a DMA transfer is cottiplete. If 
enabk.d, the inkTitlpt is gene.ratcl '.\·<hemever the DMACount 

i.5 register changes from having a non-zero t.o ha1o1ing a i.ero 
valllt:. Sinee the Dl\.fACount register is de1.'¥emente<l every 
time a dilia item is trnnsferre<l from !he D.M.A buffer th.is 
happens when tlH!· la~t data item i;; lransferred frt>m the DMA 
oolfur. 

Tu enable the OMA intenupt. the DMAinterruptEnable 
bit must be ~et i.o the lntEnahk register. 11ie intCITUpt 
handlet ~!muld check the DMAMisg bit in the Int.Hags 
n~gisier to detflTlline that a DMA inti::m1pt has actually 

~s <.>ccurre<i To dear f.be interrupt a word should be <.vriuen to 
the IntFlags register with the DMAHag bit set to one, 

Thls :>'l.ilemc fri:es the proreswr for other \vm:k while 
DMA is being ,.(wp!e!OO... Since the 1werhe;i.d of handling an 
interrupt is often quite high for the host processor, the 

40 sche.iue AAOU.ld be tuned £{) allow a period of p•i!ling before 
sleeping Hll tlle i111eirup1. 

Otrq.11.n FIFO imd Graphics Processor FIFO 
Intcrfax. 

is To: r!:f>d &ta lmck fr-0.m GI.Th"i' an output PJFO .i5 pro-
yided. Ead~ entry In this PIPO is 32-bits wide and it can hol.d 
tag or data value,;. Thus its format i:<J unlike the input RPO 
whose entries are al.ways tag/data pairs (we can think of ca.::h 
entry in Ille ir1put FIFO as being 41 bits wide: 9 hits for the 

50 tag and 32 bits for the data.). The type of data written by 
GLINT t,., the output FIFO is conm"llle<i by the Filtei-Mooe 
regfaier, Th.is register allows filtering o:f output data in 
various catego...'ies including the following: This format a{IQWS up l-0 16registcr5 within a group to~ 

k>adt . ..:1 while still oaly 5pe.cifying 1:1 5ingle address ia,g 
description wont 5S 

Depth: output i.n tllfa catego.ry Jesuhs fwm an image 
upload of the Depth ht.Ifft<.<. 

If the Ml>de of Uie address ~ag desl'ti:ption word is set to 
indexed mode. lhen the high-order l6blts ru:e: w;ed as a ma~k 
to iru'lkate whi<'ll .register~ wiUmi the group m'e w be u~ed. 
The oouom 4 bits of tlie address tag drnnption word arc 60 
unused. The group is >pedfied by bit> 4 to K Each bit in the 
mask fa llsc.d t(> :repre>~;nt a uniqu;:. tag within th~ group. If 
a bit is ~el then tln: correspm1ding regi.sler wil.l be loaded. 
The numhe~r (If hits set i.n th~. ma>:k determlnez the 11umlx-,t 
of d:at;i words ihat ;;hooM be fo[k>wing the ta§ dt~scripti<>n M 

WQtd in the DMA buffer. Tile dat.1 fa st-0n•..d in order of 

Stencil: oulpu1 in this c;itegory resu.!ts. from an image 
upload of the Ste~ciJ OO:ffer. 

(\>kir: output in this c;iteg<xy results from an hnagc; 
upload of the framebull'et'. 

Synchron.izatfon: ~ynchmniz.ation <fat.al:> £<:nt in response 
to a Sync com:rumd, 

The data far t.li.~ Filter Mode n:gist<.:r rnnsist;; Qf 2 bits per 
category. If I.he least signilicanl of the~e t;,...·1i bits i> &et ((>xl) 
then outp:iu. of the registe-r tag for that c.atcg<.)'f)' is en.i1bled; 
if the mo~t >dgnlfkant bit is $et (Ox:2J then output of the dat<i 

for that ell.to~gDcy i~ enahl.ed. Beith tag and dat& output c,an be 
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enable<! at the ~ame time. ln this ease du:. tag is ·w1itten first 
w the FIFO followed by the data. 

Pot exampl.e., to perform 1ir1 image upl.oad from the 
frn.mebuffer .. the fili.e'J'Mode register should have data ootput 
enabled tor the Color categoey. Then .. tll:c rectallglllar are-a to 
be uploaded should be de$lTibed to the rasterize.c F,,ach pixel 
that is read from lhe fralll¢buiier will then oo plaeoo into the 
output flFO. lf the 01.1tput FJ:FO bi:mmes fil.lL then GLINT 
will block ln~.m,1Uy until ~pa~~e be<:otll.es available. ll is lhe 
~ngr.vruner' s .responsibility t<> re:ld all data from the output .w 
Fll'O. For ex11mpl.e,i1 is important to know how many pixels 
should result from an imagt: upload and to read exactly th.ls 
many from the F1FO. 

20 
Other lntCTn1pts 

GLINT also provides Inle.Jlllpt f&.'il.ith::~ for the folluwing: 
Sync: If a Sync command is sent and the Sync intelll.lpt Im 

been enabled then <>lR-:e all.~ndering has beell. completed .. 
a data valut i!i eutcred into the tfo-st Out FIFO, and a Svn('. 
interrupt is geuerated wh~n this value readies the output 
end of the RPO, Synd1n.1niz.atk)n is de~·tiool fl.ltiher in 
the ne.."{t section. 

Ex~mal: this provides tile c:ap;ibility for external hardware 
on a Gut..'T board (sud! as 1rn external video timing 
generator) to generate interrupts to the hmt p:mce~so.r. 

'Error: if enabled tht~ errm interrupt will o~x:>.1r when GLINT 
detect« certain error t'tmditions , such as an. attempt to 
write to a Mt FIFO. 

Vertical Retrace: if eaahled a vert.it'a! reirace interrupt is 
ge-.nt:'.ra.ted at the start of the vide-0. blank period. 
Each of thc~e are enable<! allli de3l'c:d iu a similar way tu 

the DM..I\ interrupt, 
Syadlroftizatioo 

To read data from. the output FIFO the OutputFIF()\\brds 
register should first be read to determine the number of l 5 
entries l.n the FIFO (reamng fmm the FIFO when it is empty 
returns undefined data). Then !his many 32-bit data 1tems ;1re 
n:.ad from the Flf'O. This procedure is repeatoo until a!l the 
ex~x:te<l data or tag item& have bee.n read. The address of the There are tbs·ee maiu .::ase~ when: !he host mm! ~yBchro­

-.m nil'A: with GLINT: output Flf'O is described below. 
Note that all expected dat.a must be read back. GLINT will 

bk>(.~k if the FIFO becomt~ foll. Progi:ami= mus( be 
(.'3.fefuJ to avoid fhe- deadlock <:ooditlon !.hat will l'(::!;Ult if the 
host is waiting for space lo bel.~e free ill the input HFO 
while GLINT i.'i waiting for !he host 10 read data fu.)m th~. 25 
ooiput AFO. 
Graphics Processor f1FO ht~rface 

GLINT has a sequence of 1Kx32 bit addresses ill the PCJ 
Region 0 address map '-alled !he Graphics fu>cesror FlFO 

befr..l!"e reading ba.::.k from registcr~ 
before directly a(."Ct:ssillg !he fra:mebuffer er !be loea.1-

buffer vi11 the bypass ruedwris:m 
fr&nt<buifer management wb ~udi &$ double buffering 
Syachrnnizing with GLINT implies waiting for any pend~ 

ing OMA to complete and wailing for the cltip to complete 
any processing currently being paf o:rm.ed. The. followiug 
pseudo-COO.e shows ttie general scheme: 

lnterfoce. To read frQm lhe ouJpUt .FlFO any address in thi£ ;,iJ -------------------­
range can be read (nooua!ly a program will dioose the first 
address and use th.is a~ th~ address for the output FIFO), All 
32+bit addr:e%es in this region perform the same functi.or.i; 
the range of addresses is provided for data transfor sdlemes 
which forl~ the ui>e of ini.'l'emetl:tin.g addresses. 

Writiqg, 10 a location ia this addte6s ra.nge pwvid:es raw 
access to the input FJFO. Again. the first address is 11ormally 
cliost>n, Thus tbe same address Cllll be used for both inpt1! 
and output FJFOs. Rea.ding gives <n..".t.~S to the- output FIFO: 
writin.g gives a..x-ess to the input FIT<'(). .;.!) 

Wriling to the input FIFO by thi> method is different from 
writing to the memory mapped repstcr fik Sini;-e the 
register file has a unique ad<:lrei;s f<:a: eacll register; writing 10 

thi.s unique adm'ess allows GUh'T t<> de!ennin:e the register 
for which the write i~ intended. Tbl!> al.lows a tagfdatit pair 4l' 

tu be constru1..'ted and inserted inl.o the input FJFO. V.'llen 
writing t-0 the .raw FIFO addre:Ss an address tag description 
m.ust fust be written fulk•wed by lhe associated data. lo fact. 
the format of the tag des1.'t'iptio11s and the data that. follows 
is identical to that described above for OMA buffm;. Inr.tead so 
of using the GLINT DMA it i~ p<issih!e to trander data to 
Gt.JNT by con5.trm.'ting a DMA-styk buffer of dm:a and then 
ropyi11g each !tern in thi5 00.ffer to the raw input FIFO 
address. Based on the tag descrlptfom and data wri ti.en 
GL.l.:."'f constru~'ts ra&"data pairs to e-nter as real FIFO 55 

entries. The DMA mecti11niSm c.an be thought or as an 
autQ'ni.atic way of wtitfog to tbe raw input FJFO address, 

Nol.!:. thal when writing to !he raw F.lFO address I.he f<lFO 
full condition m.ust still be checked by reading the 
JnF1FOSpa{'.e register, However. writing rag descriptions 60 
does n-Ot cause any etilrk5 t<) be entered into the FIFO: such 
a write simply establishes a set of tags to be paired with lhe 
subsequent <Llta. Thm;, free space need be ensured only for 
actual data item.> that Me ""Tirten (not the tag values). Far 
exarupk. ill the simplest case where each rag b followed by 65 

a single data item.. assuming that the FIFO is empty, then 32 
'Writes an:. r-:>ssibk lx:for~ checking again for free space. 

ra.IN'l."llii.ts <hlt:t: 
I! w11.it fur DMA !» =i>lose 
<»hi:le (•DMA<:ootti foo Cl) { 

!"'lJ cr wait fur int<mupi 

t 
....Mo (•Jill'lF()~ < 2) l 

: 11 .... il:lt for me 1'!''1«" in me Fll'O 
1 
ll enabk!: 5jlllC ~II 300 S>l:l.d me S~1l:C romm-3 
d3la. WO!'d '° O; 
dRll\J'ili«!'M.<xlt:.~'yD;:~OI) "O:l:l; 
FlllerM-Ock(~ V.'ord); 
Sy::.:~); 
1• g.·Jiit lor ~ 3yn:: OU!pUI <h:a •/ 
do l 

wlille {-Otitf'lFQ%\'d&= 0) 
; ii pt<ll waiting fur <hta ln cwp>Jt 

F!FO 
f .. hi!.> (•Quipu!FlPO != Sy"""t:o..r;}; 

Initially. we wait for DMA to oompletc as norn.W. We 
!hea have tll wait tor spare oo berome free in the F1FO ( siru':e 
the DMAoont.roller actually loads the f'IFO). We nero space 
for 2 regist;irs: one to e.nabk generation of an ou!put sync 
value. and the Sync commaoo its-elf. The enable flag can be 
set at .illitialiuti.011 time. 11w output ''alue will be generated 
onty when a Sync rommand has. actually been sent .. and 
GU.NT has then oorupleted all pR'<!<.~s.!iing. 

Rathe.t tfum pol.l.illg it b possible 10 use a Sync interrupt 
as mG<ntionoo in the previous section. As well as enabling !:he 
intemipt and setting the ftlter rnod<.~, tbe data sent in the Sync 
command must have ili.e most significant bit set in oroer lo 
ge11erate tb.e interrupt. The .imenupt is generated when the 
tag or data readie~ the ou1ptn elld of the Hosl Out f<lFO. Use 
Clf the Sync interrupt has to be comide:rc:d 4.We:fi.dly as 
Gt..Il"tl will generally empty the FIFO ru.Qre quickly than it 
tllki:s to .set up and hand.le the intemipt 

Ifost Fran.'IC-buffer Bypa~s 
Normally. the host will access the fi~buffer indirectly 

via .::onun.and> rent t'-> the GUt<.71'11'0 intetfii.ct~. Hmi. .. ever. 
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GI.JN! d<:>r.s provide the whQk framebulfer as part of its 
address space so Ula! it can Ix: memory mapped by an 
applitation. A1.~-i:~~ 10 lht~ fr;inl{:buffor vfa this memory 
Jl1i1pped wute is i11d.q.ie11dclll of the GLU'<"f FJFO. 

Dti vers .m.<y ch0<.)se to use direct acces5 10 the fram;;buffer 
for algofithm.s which a.rn .IK)t supported by GLl"·ff. 'l'he 
framebuffer bypas.s ;,upports big-end.loo, tittk-en<li<.in and 
GIB-.enilia11 form;u.1. 

22 
m~xt. A fuith.c:r ~>~t of 3 bits (lnca!buffer width) in the 
IBMernocyControl regi~ter define~ the r111mb~J of vfilid bhs 
pes· pix<:!. A typical loc'albutk'f configllratioii m.ight be. 48 
biLs per pi.»cl b:it ii! bypass mc"k the d.'lta for <:m:b pixd 

.5 starts on il (">4--bil booml.my. In 1Ms t'ase val.id pi.'<el data will 
be cnntained in hits {) to 47, Software mus.t set t.'le l..I!Rcml.~ 
R.>rmat regfater to tell GU"tl' h<JW to inl.erprct thc•.e v~Hd 
bits. 

A driver making me of the framebutfe.r bypas! mecha­
nism >boukl syndHoniu: framebutfei: aece~st~s madt~ w 
through tl1e FIFO with those made dire.ctly through the 
memory map. lf data i> written to the f'IFO and then an 
acl-:ess is made to the frru.ueb\lffcr, it .is P'-~5sible that the 
ftamebuffcr ;;t.~'es:; wi.U occur before !he l"-lmtii.ands ill the 
FtFO have been fully processed. This lack of temporal 15 
~de.ring is generally not &sirable, 

Host softwar~ must $el the width in pbi.ds of ead1 scanline 
of 1he .locrubu!for in the iJ!.ReadMode FJFO .regir.ter, The 
first 9 bits of tl:l.is register define 3 partial prodLll'ts whkh 
determfoe the. o11set in pi,~el,s from. one scan.line to the: next 
As with the frarnebu.ffer pai1lal products, these val.ues. wlll 
usuaUy be WOfk"<-"<i out at infllallzatioo time and a tx>py kept 
l.n S(lftware. Vli'he.n thi!; regis.ter needs to ~ m<Kiffied the 
St)tt\>.·afc copy is retrieved o:md any otbe.r bi.ts modified before 
writing Lo Ille rcglstcI. If the- system h set up ~1..) 1bat each 
pixcl in th~ frameootrer ha~ a ec.>m.~sponding pixel in tbe 
loc-atbufler then this width will be the same a.s that sc<t frx the 
l'ramt:buffer. 

Framebuffer Dimensions m1cl Depfu 
At re.'i<:t time tht: hardware st<.:ores tbc si1.e of !:he frnme­

bull'er in !:he 1'11.\kmoryControl register. Tbi> regist-.::r can be 
read l>y 5oftware to detem'line the amount ofVRl1.M ~m the 10 
dis.pray adaprer. For a given amount ofVRAt·t soft1vare am 
configure different scn~en resolutions ~nd off->creen 
n.ltmory .regions. 

The localbuffe:r is aece.sslble via Regk)ns 1 and 3 of the 
PC! JIM.fess map for GLINT. The localbufkr hypass sup­
ports b.ig-endian and Httle-emdian format~. These are 
ooscribed ill a later section. 

Regi~cr Read Back 
U ndtt 5\IDl:C Qj)Cl"ating cnviroomc.nts. multiple tasks will 

want au.~ss tt• the Cri.JNT cbip. Sorneti.rn:es. a sen·er task or 
driver will want to arbitrate access to GUNT on be.half of 
multiple- applkatfon.s, In these cirt,umstances., the state -of the 

The fra.m.ebuifer w:tctm mu st be set up in the f'.BRea& .. 1 ode 
reghtcr. The first 9 bits of this register define 3 partial is 
products wltlcll determine I.he offset in pi~cls from one 
scanline to tht~ nclit. TypkaHy. these values will be w•!f.b.--ed 
out at initiali1..ati-0n ti1ne and .a copy kept in software. When 
this rq,~istcr needs. to be nK~filie<l tbe softw·ru·e copy fa 
retrieved and any cther bits m.-Odified befO:l'C writing to the 
register. 

30 GLINT c.'lip may need to be &aved and restored on each 
context switch. To fadlilll!e this. the GUNT control regis­
ters CilQ be read bade. (However. inlmm3l and command 
regis1ers cannot be read bad.) 

Ontt the offset from oM 5canline to the ne..~. has been 
c~tablished, determining the visible SlTeen width and height 
bernmes a dipping issue. The visible screen width and 
height are J>et up ill the ScreenSize register and !!-rntbled by 
setting the ScreenSd.s-s;orEna.hle hit in the SdmirMode 
register. 

The framebuffer depth (8, 16 nr 32-bit) i:s controlled by 
the PBModeSd .registe-.f. 1hls regist~ provides a 2 bit fidd 
to control which of the three ph:el depths is hdng used. The 
pixel depth can he d1.1mged at any ti.me but tllis should not 
be attem.pt;:d without fusl synchroni.clng with GLINT. Tue 
FBMooeSel regii<ter is not a Ell'O .register nnd is updated 
immediately it is written. If GLINT is busy performing 
reo.deri.ng operations. changing the pixel depth will. ~orrupt 
that rendering. 

Nonna.Uy. the pixci depth is ~et at initiAliz.atfon tillE, To 
optimize ceruin 2D rendering operations it may be des.imble 
to change it at other titue.~. F<.ll" e~runplt:. if the .Pixd d..<-pfu 
is UQmmlly 8 (Of' 16) hit~, dianging the pixel deplh to 32 bits 
for the duration <..lf a bitblt t.-an quadruple (or double) fue blt 
speed. when the bit soorD:. and de~tinatfon edges m:e aligned 
on 32 bit boomlaries. Once such a bl! sequence ha~ been set 
up the .host SC•fiwarc rnu:>t w3iurnd synohronile with GLINT 
and then reset the pi.-xcl depth before continuing wil:h further 
rende.rlng. It is not rosidble to change the pixel dep!h Viii the 
HFO. thus e~plidt >y11rnrnnir.atio11 must alw.ays ht. u~d. 

Host Lm;albuffer .Ilypa>s 
As w.ilh !he framebuffcr, the locs.lbutrer c:an be mapp;c! in 

and acce~sed di:re.ctly. The host should ~ynchmnize with 
GLJNT before making any dfrcct ac<.'t'ss to the lorn.!lmffcr. 

At re;;et tin1e the hardwarn ;;aves I.he sire Q{ the lw:alhuffer 
in the LBMemocyControl register (1ocalbuffor visible n:gion 
size). Jn bypass mode the number of bib per pi-xd is either 
32 or M This .information h alsn set in I.be l..BMemi.ll.)"~ 
Control register (local.bu!fer bypass packing). This pi.>;el 
packing deiincs the memory offset ~tween one pi'l(el anil the 

To perfoon .a C()l1!elt switch t!x rnl~t must first sym:hro-
:J..'i nii.e with Gt.Thi'. This means waiting for out.~tlm.dfog DM.l\ 

to complete, sending a Syac oomm.and and wailing for the 
sync output data tQ appear in the output FIFO. After this the 
.regi.s.ten: can be read hack. 

Tn read a GLINT regist.ec the host re;ids ihc same addre>s 
40 which woold be used far a "\\rite, i.e, lhe tmJ:e ad.dress of the 

register file plus the offset Vallie for the registe.r. 
Note that s.im:e internal .registers c.annor be read baek cMc 

must be taken when context switd!ing a task which is 
m&ing use ,~f rontinue-dra\\" comm.ands. Continne-draw 

45 cmn.mands rely on. the inte.rnal register" maintaining previ­
ous st~. This sure will be destroyed by any rendering w<lfk. 
done by .a n.ew task. To prevent thi~. continue-draw t":i)rn­
mands sho11ld he performed via DMA since the context 
swit1.."h code has k) wlilt 'for outsta11diug DMA to complete. 

50 Alternatively. ,·,nnti1me-draw· cmnmands c;;n be performed 
in a non-preempt.able code segment. 

Normally, reading hack individual regi&ters should be 
avoided. The need to syndiron!ze with the chip call 
advllrsely affect performarite. It is urnally more appropriate 

.s.s to ~p a softw.ve C<.1f>Y of the regisler ;.;,ti.i<:.h is updated 
when I.he actual register i~ updated. 

Byte Sw"1pping 
Internally Gl..Th''T ,1perates .in Httk-cndi.iui mode. 

However, GLINT i~ designed to wiirk with l:lol:h big- and 
60 littte-endlan host processors. Sinr!l the PCIBus >peciiication 

ddine~ that" byte ordwng is preserved regardless of the si.~e 
of !he trans!h Opt'.rati•.Jn. GLINT pmvides fadlities lo 
handle byte swapping. Each of the Collfi.gurntiou Space. 
Conlrnl Space. Fnimebuffa- Bypas5 and Lm-albuffe.r Byp<m 

65 memory areas have bolh big and little endian m.lppings 
available. Tur. mappl.n.g ie> u:;e typically depends on the 
endlan orderi11g <)f the hn~ rm-ice~or. 
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The Configuration Space may be 1>cl by a rn~il>lor in the 
board design t-0 be eitbu little ;:ndian or big endian. 

The Control Space in PCI address region 0. fa 12&1< bytes 
i.n sir.e. and consi~as of two 64K sized spaces. The lir~t 64K 
pr'wi<lcs !ittk e11>.lia11 m::ccss tQ tbc 1:;.mtml spa<:e regfaters; 5 
the >eco11d 64K ptovide.s big e.adian a.·mss to the same 
.registers. 

24 
TI1e llla)(imum widili t>f the l<~•:albuffer i> 48 bits. but Ibis 

can be reduced by changing the external memory 
t.'unfiguratkm. albeit at the c>:pense of reducing the ftlnc~ 
tionaUty «>!' dynmn.k rang¢ of <.'>llO:: <..>r mwc ;)f th<:' !iclds, 

The localblltTe.r memory c.an be from 16 bit> {assuming a 
depth butter is always needed) to 48 b:its wide in step~ of 4 
hits. The four field.s mpponed in the loca:lootler, their 
allo~ved lengths and pcsitiom are ~htl\vn in the following 
I.able: 

The framebuffe.r hypass consis.ts of two PCI address 
region1: Region 2 and Region. 4. Each is independen!ly 
configurable to by the ApertureO and Aperture I conlrol 

10 
regisi.ers respectively. to o.ne of three !ll<.){kS'.. 110 byte swap. ---------------------
16-bil ~"'>vap, foll byte swap. N1.-.te that the 16 bit ro:<.me b 
needed for the foll(Jwlng reason.. If the framebufftr is 
con.figured for 16-bit pixels and Ute ho~1 i$ big-endian then 
simply byte s~wiwing is not eoough when a 32-bit access is 
made \to write rn'o _pixels), In this case. the required effect !S 

Depfu 
S:1>m<;J 

f°w;J<<.'.<iwt 
GID 

16, 24, 12 
o. 4. s 
o. 4. 8 
o. 4 

0 
lii. W. 24. ~SC. 32 
l 6. 20. :~A~ 18~ 32 %~ 40 
Hi. :W. ·24, 18, :>.2, 36, 4-0, 44. Ml 

l;; that !be b)"tt:sare ~wai.ipcd within each 16-bit word, bul the ---------------------
two 16-blt !ta.Ives of !he 32-bit WOf"d are not swapped. This 
preserves the onkr of the pfaels !hat are written as well as 'Th<: m1k1· of the fields fa a.s shQWll wilh thi:: deplh lieJ.d ar 
th~ by;.e. ordering wiJ:hin each pix.cl. The 16 bit mode is the 1east. si.gnillcaut end and GID field at the m-ost sigulfk<lnt 

f ed t '""IB ilia · th ""'I M 1 · ~,,, Del;" -m end. The GID i~ at the mo.st significant e.nd so lhat variou~ 
.{e err 0 as '"' -en 11 

in e "'·- ' u ti:m°""'a ign • combinations Qf the Stencil and FrameCount field widths 
Guide. V!?f"sion LO. 

can be use<! <.'ll a pcr window basis without !he position of 
The localhu!fo: bypass CQnsists of two PCI addre!;s the GID fiel~ moVing. If the GID field is in a dilterent 

«:gloos: Region 1 and Region 3. F:..1<:h is independently positions in diffa-ent windows !hen the ownership test~ 
configun1ble to by the ApertureU l!Dd Aperture l control become impossible to do. 
reghters respe<;tively, to one of t\•;o mcdes: no. byte ~wap. z.~ The QID, FrameCoont, Stcndl and Depth fidds in the 
full byte ~wap. localbuffe.r are C011ve.rted illto the inlttnal fonnat by right 

lt save on the size of the address. spare required for justification if they are less than their internal widths. Le. the 
GT.JN1« board V<!'.ndors rmy ch-00.<:e f(I turn off ac.-:-~s..~ to the unused bits are the =st significant bits and they are sett«> 
big endi.an regions (3 and 4) by the use of resistors ,,n lhe (}. 
00ard. 311 The. format of lhe localbuffer is specified in two places: 

There .i~ a bit available in the DMAContml control thi: LBReadFonru.t regi&tcr and the LBWritefi:irmat regi.~f.er. 
register to emilile byte swapping -0f OMA dat.i. Thus fm It is still possible to pilrt p<ipulale the localbuifor w Qthe3: 
big-e.mlian ho~s, thi~ l'()UL.<Ji bit would llQfmaily be enabled. co1nbinations of the field widths are pa~s:ibk (i.e. deplh field 
Red and Blue Swapping widJD of 0). but 1hi~ may give problem& if te.:tture ma~ are 

for a give.n graphics board ·the RAMDAC and/or AP! will ~s to be J;tured in the Iocalbuffer as well 
usually force a given interpretatfon for true color pixel Any non.byp11ss read 1)f write to the 1ocalbuffer alwaJ>·s 
value~. For example. 32·bit pixels will. be intetprcted as reads or "''rites all 48 bits simultaDeously. 
either ARGB (alpha at byte 3. red at byte 2. gee11 at byte 1 GID :field 
and blue at byk 0) or AD.GR (blue at byte 2 .1nd red at byre The 4 bit GID field. fa used U$1' pixel ownership lesEs to 
0). The hyt~ position for .red and blue may be important for 4il allow per pixel willdo-w clippl.ng. Each window using this 
softwMe wl1i£h h'1s been written to expe.ct one byte order or facility is as.sig!lffl one of the GID values, and the visible 
th~ ethet, iii particular when handling image data stored in pixels in the .,.,.-indow have their GID field sct to this v.-iJue, 
a file. If the test is enabled the current GID (.set to correspond wifit 

GUNf provides tw<i registen to spedi'y the byte posi- the current window) is comparoo wilil !he GID in lhe 
tk~ns of blue aud red mternally. In the Alpha Bknd Unit the 45 19Citlbufrer for ea<:h fragment. lf they w-e equal lhi~ pU.,cl 
AlphaDl.endl\fode .regis~a l~ntains a l-bit fldd called Col- belongs to the window so !:he lo1.'albuffer and framebuffcr at 
orOrder. Jf this bit is set lo zero then the hyte ordering is thh coordinate may be updated. 
l\.BGR: if the bit ii; set to one then the ordering is ARGB. As Ui;ing !he GID fie.Id f<lT pixel ownership t.ests is optional 
wcll as ~ning this bit fa tl1e Alpha Bknd unit. it must also and other me:lhoo-s of acbie-1'mg lhe sarm; tesiilt are: 
be set ill the Col<ir Fonnatti.ng unit ln this unit 1be Dither· so dip the primitive to the window's boundary (or rectangular 
Mode regi.~ter (.'f)nta-in:> a Color Order bit with the same tiles which make up rh~ window's are.a) ;md reader only 
intt:tprnt.ltiOO. The order applies i:o all of !he true color pixel the visible pruts of the primitive 
formats, reg.vdle.~s of the pixel deplh, use the scissor test 10 -Oefine the rectang1Jiar tiles which make 
Hru:dware Data Strucau:es !lp the wfodow's ""isible area :tnd render the. primitive 

So.m4: of lhe hardware data s!nlctim: implementations 55 tJnee p::r tile (This may b<: limited to only tlmsi:: tiks 
ustd fn lbe pre~.ntly preferred embodiment will now be w!1kh the primitive Intersects). 
described in det.ail. Of course these examples 11re provided Depth Field 
mt:rely to illu.str-ate the pl"esenfly prefcrred emh<Xliment in The depth. field hold& the depth (Z.) value associated with 
greai dt:tail, and d<1 not necessarily delimit any of !he a pixel and can k 16. 24 or .12 bits: wide:. 
claimed inventions. 6G Stencil Field 

Localbulfer The sten~il field holds the stencil value associated wilh a 
The local.bfilfet bold~ the pe.r pixel informalion corre- pixel and <:an be O. 4 or 8. bits wide, 

.lf)onding tn each displayed pixel and an;• texture maps. Tue The width of the stendl buffer i$ also stored in the 
per pixel in.fomiati-0n held in the hx-<tlbuffer are Graphic ID Stencil.Mode registex and is needed for damping and mask· 
{Gm). Depth. Stencil and Frame Count Planes (PCP}. The 65 ing during tile update methods. The .sumcil compare. 111ask 
possible formats fOI each of lhese fie.Ids. and their use are shoold be set up to exclude any absent bits from the >tencil 
<..-overed individually Jn the following sections. compare operation. 

rv1icrosotl Corp. Exhibit 1009 

Page 84 of 160 Unified Patents Exhibit 1013 Part 2



APPENDIX 0 

5.798.770 
25 

l'w:meCount Field 
The Frame Count Field hoids L'le frame t'>)Ullt value 

associated with a pixel and ean be 0. 4 or 8 bits >V.ide. It is 
used during anim.".tfon tc> ~upport <i fast dear nu:d11mism to 
aid the rapid ck~ing of U1e depth and/or >tendl fields 5 
needed al tht~ start Qt· e11d1 frame. 

26 
GUI systems {sud1 ll> Wimiows. Vitil!dows h'T 1md X} 

ustk1Uy have the origin of the coordinate sysi:em at the !>-~ 
left c>J:rner of die screen oot thls is JWI true for all graphics 
~vstems-, l~r .ins\ancc Op:nGL ·~;;;~~·the b<ott<;;m kft COJ:m.'l' as 
its Qngin. The V.'indowOdgit1 hit ill the LBRead\~(~e 
register se.let't'i the top kit({)) or bottom left ( l} as the ongi_n. 

The >$Ctual equations used to cal<.'ulate the l<.x:aloolfot 
iiddres~ w read and write oire: 

ln addition to !he fa•a dear mcd~<1nism the e1'.k11i' ~lf all 
updates tQ tile k>calbiiffcr and fnunebuifer can be recc.>tded 
{MinRegiou and Ma:iRegion regi5ters) and rea~ back 
{MinJiitRegion and Ma."<Hil:Regk•n eommands,i to grve the. 10 ---&-.... ---1<:-

11
-=-· .-i;tt-,-, --------------

bounding bo:< of the smallest ani.1 t~) de.~. For some 0...tiMli<m :a&lit:s.< ~ LBWindowBa."" _ y • w + x 
.appllc.atf.ms thl.1 wilt be signifk.a11tly sm2lkr than the whole &.""""'" ... 1«.r= ~ 
w.indow ar screen, and hence faster. I.I!Wir..-i=·f!- - Y·W + x "Ll\S.:.m:~JHSoi 

f · · .... ct! :wJ hcr e th • lop o.-~'t ,,,.;g;o: The 11st clear med1arusm J->i'OVlW.OS a m tl w · c lft·~tiuati>::~1 a~" UJ:Wu'<l«o.·Ba>l> + y • w ~ x 
mst of clearing the depth and stencil buffers can be a.mo.r- t5 &<'""'"' oddres. ,, 
fu:ed over a numbe;: of dear opt.Tatfons is~ued by the LBW!ndowll.se + Y~w + x + 1.B.'>w.,,:;<>Ollw1 
applica.tion. Thls wm~ as follows: . . 

The window is divided up into n region>. wbete n is !lie 
range m the frame Cl'.iunter (16 or 256 ). Eve.ry lime. the 
.application isl5ues a dew: command I.he rcl~ncc frame 2il 
rounter is i.n~~emente:c:I (_and al.lowed to roil over 1! lt exceeds 
it~ :maximum value) and then'" region is deared only. The 
dear updates the depth andloc stencil buifeu to the new 
values a:11d !he frami:: count bulfer with the reference -..·a!ue. 
Thi5 region i~ muclt ~mailer than !he full 1•.'indow 1100 hence 2.'i 
uilres less time to cle<ir. 

whne: 
x i5 the pixel's X coordinate . 

Y is the pixel's Y coordinate. 
LBWim:k>wBase holds lhe base. oodre~~ in !he lm.'.albuffer 

of !he c!lITent wfo&)w. 
LBSmu:ccl)lfset fa normally zero ~eept during a ~"'-lPY 

operation where dam fa read from oac addn:ss and 
written t-0 llll-0U1er address. The offsel between sotirce 
and de>tination is hdd in the L"SSourceOffset regisler. 

w is the screen width. Oruy a subset of wi<l!hs are 
supported imd these are encoded into the PPO, PPl and 
PP2 field.~ i.n the LBReadMode :register. 

These a~s 'a!culations translate a 2D address into a 
linear address. 

When the locilJbuffcr is subsequently read Mid the frame 
count is found to be the same as the reference frame count 
(heid in the Window regi~ter) tl1e ltK.'Clllbuffer d.~t.1 ii; used 
dire(.1.ly, Howeve.i:. lf the foune a:mnt is found W be different 3\1 

from the.refereJlce frame count (held in the Window regi5ter) 
the dat;i which wootd liave been written, if !he localbuffer 
had been -e!eared prnpc..'Ily. i> substituted for !he ~Olk data 
returned trQm tile read. Any new writt'=s to IDc localbuffer 
vtill ret the frame count to lhe reference value SQ the next 
reild on thU pix¢l works nonna.lly willioltt the substit.ution, 
The depth data to sub>t.ltute is held in the FastC!earDepth 
reg,i.s.te.r .and the stead.I data to substitute ls held m the 
SteacilData r:egi5ta (al-Ong with other stencil information). 

The Screen wldth ls specified as the sum of selected 
partial prod~Jets .so a foll :multiply ope.i·ation is tK<t iieeded. 35 The paitial proouds are selected by the fidds PPO. PPl and 
PP2 fo the LBRrad...\.tode register. 

The fast dear mechanism. does uot present a total 5olution 40 
a~ the user tan elect. ro dear just the ~t.endl planes cir just the 
depth planes. or both, The situatioo where the 5tendl planes 
only are 'dearcd' using the fast clear meth,~4 I.hen !iome 
rendering is done rutd then the depth planes .:m:. 'cleared.' 
using the fa.st dear will le<f\•e ambiguous pixels in the <1s 
localbuffer. TI1e driver softwan: will need lo catch this 
situ11tlon, and fall back to using a pcr pixcl write to do the 
second clear. \Vhicll.fldd(s) the :frame lX>unt plane re!crs to 
is recarde<l in the 'W1noow regil5ter. 

When dear data is substituted Jor real me.roory data .5::J 
(during norn1'1l rendering operations) tht'= de}ith write mask 
and ste.ncil write ma.sb are ignorro to mimic the Op¢nGL 
operation when a butfer is deared. 

LocalbuffeJ' Coordinates 

for iU'bi.l.Iat)' widili sm~:~s.. for instance bitmaps in 'off 
screen' memo;:>'. the ne.xt largest width from !he !able must 
he clioS!ln_ Tlw. dilfemnre between the table width and lhe 
bitmap width will be an umm:d ~tllJ,l of pixcl:; down the right 
hand side of tbe bitmap. 

Note !hat such bitmaps can be copied to tile screen only 
as a series of scan1ines rather th.an as <l rectangular btock­
Howevc:r. often wm<lowing: systems store offscrttn bitmaps 
in rectangular regfotis wbkh use the Silme stride a;; the 
Sl'ICCll, ln this .. ~se: normal bitblts '-".all be u~ed. 

1e:i:.:turc Menwry 
1.1ie focaibuffe1· is used to h~'>ld l<~tures in the GUNT 

4001'.X variant In lhe GUNT 300SX \raria.nt tlie textm-e 
information fa supplied by the ho;>.t. 
Frame buffer 

11ie frarn-.~buffor is a regioo of memory whe:re the infoc· 
mat.ion p1oduwd during: rast .. 'rization is wriuen plior t<> 
being displayed. Thi> information ls not restricted to edor 
but can lnd11de windc~w control data for Ll:"l' management 
and <lo~bk bu:tt'eriJlE. 

The coordinates generated by the rast(."fizcr are 16 bit 2's :;:; 
complement numbers. and so bave the rnnge +32767 to 
-32768. The rnsteriier will pnxluce values in this range, but 
ml'/ which have a negative coordinate, or exceed !h.e scre<Jn 
width or height (as programmed into the S•::m:nSi:z.c 
register! are discarded. 

Ct\-Qfdinates can be <leftned window rel.athie o.r screen 
i-el<:itiYc and this is only relevant when the:. eoo;dinate gets 
ooove.rte'd to an actual physical address in the locrubuik.r. 1n 
general it fa expect.ea that the windowing system '>Vill use 
absolute eooi:di.nates and the graphks system will use refa· 65 
live (.'(iordinates {to be independent of where the window 
really i~). 

The framebu!Ter re,.;ion can h;>ld up to 32 MByte.s and 
there lll:e ve:ry few rei>trktions (!ti the format imd size of the 
individual buffei·s wh.idi make up the video stte:i.m. 1)'pica.I 

&! buffers .indutk: 

True col.cir oi- lX>l<ir illde,~ main planes. 
Overlay planes. 
Un~<:lay planes. 
Window lD planes for Llff <md double buffer 

mamtgement. 
Cw:s.or planes .. 
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Any combini.ttion -.lf these planes nm be s1.1ppoitcd up to 
a m.ax.imum of 32 MBytes, but 1.mially it iii !he video level. 
pn:x.'~~s~ing which is the limiting factor. The folkiwing text 
examiMs the <'>fltions and clH>ke~ available from GLINT for 
rendering. rnpying, etc data lo 1he:><: tmll'c.rs. 

To access al.te.rnative buffers ei.tber the FBPixeIOffset 
regi.'ller can be fo1Jded, or the h~se addre>.> of the window 
held in !he FBW!ndow-Ba~~ register can he reddi.ned. This 
is described in more detail below. 

Buffer (lrgl.t!lizat:ion 
Ea~~h t>tlffe-.r resides at irn .tddress in the framebulfer 

memory m.tp. f'Qr rendering am! CQPyfng operatk1ns lhe 
actual buffer .tddresses can re oo any pixel boundary, 
Display hardware will place Sl)tn:e restrictions on this as it 
Will need to al."\..'eSS IDe ntultip!e btJft'ets in parallel to mix the 
butkrs togetlu:.r depending on their n:latl.ve priority. opacity 
and double buffer ~ele,'tk>n. for in~taul-:e. visible buttcn 
(mt.her than offscret:.n bitmaps) will typkally n~ to be on 
a page boundary. 

Consider the fo1lowi11g highly configured exrunple with 11 

128(}:.: 1024 double buffered system with 32 bit main planes 
(RO.BA), 8 bit oYerlay and 4 bits of window control infor­
matfon (WID). 

Combining the Vf'ID attd overlay planes in the same 32 b.it 
pixel has the advantage of reducing the amoonl of data to 
copy \\1he11 a wintrow move;;. as only two C<;pies are 
rcquired---One for the main planes and one for the overlay 
and V-.'ID planes. 

Note til£ po.~ition of the overlay and W1D pfane5. Thi~ wa-s 
n.ot an arbitrary cho.ic.e but t:in.e imp.:ire.d by the (presumed) 
dedre to use tlte rolor _pro...~s.ing cap.abilities of GLINT 
(dltlmr and.intcrpolation) in the overlay planes. 1be conver­
tion of the internal <..'Olor fonnat to the exterrol one stored fo 
the framrouffor depelld.s on the size 11nd position of the 
component. Note that GUNT doe.~ not support ill possible 
ron:figu.ration~. For example; if the o-.rerlay Md WID b.it:s 
were swapped, then eight bil rolot index starting at bi! 4 
would be required to render to tll.e overlay, but this is not 
support.ea. 

Prrun<:btlffer Coordinates 
Coordinate generation for the rramebuffcr is similar to 

that for the localbuffer. but the,re are ~oro.e key differences. 
As was mentioned before. the <..'(mrdinaws generated by 

!he r.asteri:ter are 16 bit 2's rnmplernent uwnoor:s, Coo:rdi­
nules can be de:fined as window rc:btive oc si:teen relative. 
lhooj;h th.is is ·~Illy rclev.an.t whe.n the coclfdinate gets l':Oll­

vertro to an actual physic:al address in !.he fl-amcl:iuffer. 111e 
WindowOrigin bit in the f'BRead."-fode register selects top 
left 10) or bottom left (l) as the origin for the framebulfor. 

The adu,:U equations used to cakulate !he framebuft'e:.r 
address to read and write are: 

&tmnl<ft~: 
I:l¢"1i»«Ji.= ~" FB~"""1owBo.>0 -- Y-'W ·> X + 

FBPi><•lOll:'wt 
&Jut>:e ~"' "- l'll.Wiu<hwll»>e - )'•W + :X + 

FaPU:o!O.lf&:t + :Pll&owt~ 
1'<>p l<ill Origin, 
~ati<m ~s "l'l!Wmd<.>wll""° + Y•W + X + 

FBPa~lO.!is.ot 

S<;un:;e address "FBW~-.lla:>e ·' Y•W + X + 
fBPix~lO&t + FB~,;,:,t 

These address c-alcufations translate .a 2D ,1ddfess intH a 
linear addrnss. so non ~--..we-r of tw<.• ftamebuffer widths (i.e. 
1280} a.re e<.~onQmi•~al in memiiry. 

The widlh is specified as the sum of selected partial 
product,; S<) a full multiply oper11ti.ot1 is not n~.ded, The 

28 
}'mtial pioom:ts are ~drt·t;:,d by the fidds ['?(},PP! and PP2 
ill !he FBReadMode registcr, This is the >atm.: mechanism as 
h u~e<l to set lhe widlb of the localbufler, but the vddths rsi.ay 
he set Jru!er«;.ndently, 

FQI' arbitrary screen sizes. for instance when rendering to 
'o:tf ~creeu' menwry such as hit.mllps !he next largest width 
from the table must re chmen, The di!fe.rnnce between !he 
tab:le width a11d the bitma•• width will be an unu~ed s!dp of 
phels down !he rtgllt hand. side of lhe. bi1ll'.1ap. 

Note thllt sulil bitmap;; Cllll be t·upied to fue &ereen. only 
30 as .a series of scaBlines rather than a~ a .re<1.~~ngula:r blo,:k.. 

Howev~~r. tlft.eu windowing >y~tt'.ms st<.ir<~ e·il'scre.cn l:>itm.aps 
in. re.ctaf!gUW regions whk:h us<:! lhe same: !itride a$ the. 
screen, In this cai;e oorntal rutb'lts can be used, 

Color Formats 
lS The contents of the framilbuifer can he regarded in two 

way~; 

As 11 C<:llkt.'ti<:ln of fields of up to 32 bits with no meaning or 
assum.ed format as fut a» GLINT is ct)1,K-enied. Bil planes 
ruay be allocated. to cootro1 cursor, LL'T. multi-buffer 

:.ll:l visibility or priocity fuoctions, ln thi.~ ~;ase GUNT will be 
used to set and cte.ar bit pfa~.s quicld.y but 1mt perfonn 
any cclor processing men as interpolation or dithrnng. 
All lhe color processing Cl!n tit:. d.isabkd ~Q !hat raw reads 
iwd ·writes are dune and the unly operations an: write 

2.~ masking and logical ops, This .all;)Ws the ron!rnl pfanei; to 
be updated and modified as ne;;.-e~sal'y. ObYiously lhb 
teclui.ique can ahH be u~ for overlay buffers, etc. 
pnwld!ng eo!or processing :is not req1Ji:roo, 

As a collection of ooe or more color eo.mponcn!.!I. All lhe 
30 prou:ssing of rnlor components. ext-ept ftlf the final write 

mask .mi logical ops 8l'e done using the. internal color 
format Qf 8. bits per red. green, blue and alpha color 
dlim.nds. The l'inal stage befme w:i:ite mad Mid logical 
ops proccs~ing convttts !he internal coloo: form.at to that 

:lS i-equi.red by lhe physical configumti<.>n of the framebuffer 
and video logic, The nomem.iature n@m mcaas lhi5 
cmnponent i5 11 bits wide and st.arts at bit _pt)!; ition m ill lhe 
lhmebuffer. The least dgnUkant bit p<:)Sitk>n i> 0 and a 
dash ill a rohlmn :indkatcs th& this romponent does not 

40 exist for this mode, The Co.loi:Ordcr i > !ip!:Cified by .a bit 
in. 1he DifherMode register, 
Smm: impnrtant pi.>illls to oote: 

The alpha channel is alwa~'5 assiA.iared with fue RGB color 
cha.nm:ls rathei· than being_ a separate butta. This allows 

4S it to be tll<.wed fo p;tralle.1 and to work c.orrectly in 
mu1ti-bu1fe~· updates aoo U.1Uble bu1'fori.ug, lf the frame~ 
buffer is not configuted \Viib an alpha channel {e.g. 24 bit 
framebuffer width with 8-:8:&:8 RGB format) then sooi.e 1.1f 

the rende.ring modts wh.:ich use the r<:tained aipba buffer 
Si) cannN be used, In these cases the NoAlphaB111Icr bit in 

the AlpbaBkndMode register shooid be set so that an 
alpha value of 255 is suh!ititated.. For thi: RGB ~s 
where llf) alpha channel i.s present (e.g. :LU} then this 
substitution is done automatically. 

~:5 for th<'. Front and Back modes the dat;i value is replicated 
illw both buffe.rs. 

All writes to the framebuffet tr)' to update all 32 bits 
ii:respective i..-.f the color format. 'fhl5 may 1101 matte- if the 
memory planes don't eMst. btkt if they are be.ing used {as 

6C overlay planes, for e&llffiJ)le) lhen the write masks 
(FBSoftwru:eWriteMask <>.r FBHardwareWrit::Mask) must 
be ><:! up to protect the all.l:rnative plants, 

When reading the framebuffer RGBA c~m:qx.1m:nts are scaled 
to !he.Ir internal width of 8 bits. if ne.e~.d for alpha 

6.'.i blending. 
l1 values &'e Id\ justified with the unused b-its {if any} set 

10 zi:ro 2nd are subsequently proee>se<l as the red t.'ompo-

rv1icrosotl Corp. Exhibit 1009 

Page 86 of 160 Unified Patents Exhibit 1013 Part 2



APPENDIX 0 

5.798.770 
29 

nent. The r~ult is replkatt:d int<> ea<::h <>f tbe 5trc:ams G,B 
and A giving four copies for CI8 and eight eopies for CI4. 

The ,j:,1:4:4 Frnflt and Back format& ;m: designed to 
suppt)rt: t2 bit double butlering witll 4 bit.Alpha. in a JZ 
bit sy~;tc<.'.fn. 

The ] :3 :2 Front 1md Back formats are de.signed to SU1"'})(>rt 

8 hit double ootkr.ing in a 16 bit system. 
The 1 :2:1 Fn.~nt and Baekf<..1rmats are desig11ed to suppt)rt 

4 ~it d<>ubk bu.{fo:iug iu a!I 8 bit sy~tem.. 

lt is p<>ssibk to have a e0lor indc·x buffe.r >ll. other po~itioo~ 
a~ l<>ng i:l5 re® c~tl fonction ality is ac;x,-ptablc. f'or 
example a 4 bit CI bulfor at bit position 16 can be 
achieved using write masking an:d 4:4:4:4 Front form.at 
with color interpclatlnn. hut dithering is lost 

The format informatirni net'.d!i k1 be stored l.n two places: 
tlrn Dith«Mode register a.nd the AlphaBleml.Mode rcgisti:.r. 

Cd<.it 
On:J.-:r. 
llGR 

Cl 

Ftmmt N"'"" 
!) 8:8:11:8 
I 5:5:5:5 
2 ·H:•N 
3 4:4:4:4 

won! 
4 4:4:4:4 

t!,,.,k 
s 3d:l 

l'l>m! 
6 3:3:2 

I!o>ok 
7 t2:l 

FS-:tni 
3 1:1:l 

J:>:i:ck 
() S:8:S;8 
l :l:S5:5 
2 4'4:4:4 
3 4:4:4:4 

Fmm 
4 4:4:4;4 

.&dCk 
s 3:3:! 

frr.,n! 
6 3;3:l 

B:.cck 
7 !:1:! 

mm 
ll !:l:l 

a..,k 
14 cig 
15 04-

Overlays and Unde.da)'s 

ll a 

8@-0 8@$ 
5@-0 5@>~ 

4®-0 411!>4 
4®-0 411!>8 
4@4 4@l2 
400 4-&8 
4@4 4@12 
%ti) 3@3 
3@>8 3@ll 
3@0 3@''.l 
3@>8 3@ll 
l@<l Z@l 
!@4 2~5 
!@O 2@! 
l<!N 2@5 
S@l6 S@S 
5@HI 5@5 
4@'.l 4@4 
4@16 4@8 
4@W 4@12 
4@16 4@8 
4@W 4\'W!1 
3@5 3@2 
3@1.3 3@!0 
3@5 3@2 
3@13 3@Ul 
!@J 2@! 
!@7 2@.S 
!@3 2@! 
!@7 2@5 
8$0 0 
4@<) 0 

B 

8@16 
5@HJ 
4@'8 
4@16 
4@:W 
4@16 
4@21) 
'1@6 
2@14 
2<~6 

2<~14 

j(<t-3 

1@1 
1~3 
1©1 
a<W 
5®0 
4©0 
4®0 
4®4 
4®0 
4@4 
1.00 
2@8 
2@0 
2®ll 
1@'0 
1®4 
F~O 
1©4 
0 
0 

A 

$@~4 

5@.>!5 
4@.>l2 
~<M.4 

4@2ll 
4@24 
4<l:H.!! 

8@14 
:'i@l$ 
4@1! 
4@14 
4@;)g 
4@14 
4<ll':l-8 

0 
<) 

In a GUI systt:m there a.re t\Vo possible :relationships 
between !he overlay planes (or m1derlay) a11d Ille nmin 
planes, 

30 
the GUJ based pixel ownership l~~!il~ for one of I.he buffe.rs 
htn .rely on 'he ;;d~sor dipping. or to install a second ~d of 
Gm planes .so e<1d1 buffer has it's own set GUNT allows 
dthe~· apptood1. 

tf tendering operatk•ns io tlte mahi and overlay pl.ines 
lx1th need the depth or stencil buffe.rs, and the windows in 
each rwerlap !hen each btiffar will need its own exdwdve 
depth and/or slendl l>ufki>.. This is easily ad1kvt!:d w.lth 
GLL"'iT by assigning different regions in the lilc<llhuffer to 

m each <Jf the buffers. Typically this would double the local· 
buffer .memory reqlli.rmients. 

One scenario whcre the alxwe two con:side:rat.lons do not 
cau.se problen1s, is wbt!:n the overlay plane> are used exdu­
;ively by lhe Glll system. and the m.ain planes an: !lsro for 

15 the 3D graphics, 

VR.A .. 1\.4 Modes 

High performance systems will typkally use VRAM for 
the framebuft't..-r and the e,l(knde<l fom.'tionality <Jf \'RAM 

10 over DRAM can be u~J tel enhance perl'aanance for inauy 
renderfug tasl.-s, 
Hard.ware Writ.c Masks, 

These allow wdte mas.king in the framebutlh v.tithoot 
incurring a pcrfonnauce penalty. Jf hardware w1ite mash 

2s are not avail.abk,. GLINT must be programmed to read the 
memo1:y. mC".rge the value with the new valu(:: using iJle 'l>.Tite 
ma~k.. and "Write it bad.:. 

To u&e hardware v.'fite m.ao;king, the :required write mask 
i~ written to the FBHard.wareWrikMask rcgjst<-:r, tht~ 

~c FBSoftwareWriteMa.'>k .register should be set to al! 1 's. and 
the number of fram.ebufkr .reads is set to 0 (for oor1llill 
rendering). This is ad1icved by dearing the ReadSoon-c .Md 
Re<idDestination. enables in the .FBReadMooe regfater. 

To use scllware write ma&king.. the requited write ma.skis 
>S \\'fitten to the FBSofuvareWri.teMask regi.~te.r and the num­

ber of ft.amebuffet re<ld!i is set ro 1 (for normal rendering). 
This is achieved by -set.ting the Re.adDestination cnab:le in the 
FBReadMode regfa1er. 
Bloc.k 'lldtes ·alock writes cause oonsecu!lve .Pi:>:cls in lhe 

40 frameht!ffor to be ,-..Titter. simultmet~ll.s!y. This is use.fol 
wh.en filling large areas but does have some restrictim1s: 

No pixel level dipping i~ av:ailable; 
No depth or ste.11.dl t~~sting can be done; 

4
.$ All fue pixels m1.1.st bt" wrinen with the same value so no 

color int~ation. blending, dithering ar k)gii.'<11 ops 
can be done; and 

The area is defined in screen relative coordinates. 
Bfock \\'rites are not restricted to rectangular m-eas and 

50 can oo u:'itld for any trapezoid. Hardware \1.-nte masking is 
ii v ai.!able during bfod: wriit:~;. 

The folk~wing registe.rs. need to be set up before block fills 
c<Ht he used: 

The overlay planes il!e fixed. to the main planes, so thilt if 
the •wind.ow is IDQYCd then tx.1th tllt: data in the main ;,5 

FBBlockCofor n:gistcr wilh the valm: to write fl) each 
pixel; and 

pl<Ule~ au<l uv<':l·fa!y plaut:s move togi:tlier. 
The ovetl.ay plane:< 3IT. n<it ft:>:ed to the main p!.11ne> but 

floating, so thil! moving ii w!nd<iw ooly mov,~s the 
as.social.ed main or overlay plamcs, 

ln the :fixed Cli>!! bl.1th plane.s .:-,cm share the same GID, The 
pixel offset i~ used to r~direct the reads an<l writes bctween 
thll main plant:s a11.J fall t>l"::i:-lay (uuderla~t) tn.t:tfeT. TI>t~ pixd 
Q>v1~er~lup tests using the GID field in the localbuftcr work 
ii.s expected. 

In the floating cast! different OIDs are the best choke. 
because the same GID planes in !he localhu:ffer can not bi: 
used for pix el ownership te;;K The alterrmtiv~~ are no110 use 

PBWriteMooe regi>1~.r with lhc block width field, 
Sendi.ng a Render cnmm11:nd with !he P:rimitivd'ype: fi.dd 

set to "trapezoid" and !be fils!FtJJEnable and Fa:;!Filllncre­
ment fields set up wiU !hen cause bfo•.'k filling of the area, 

60 Note that during a block .fill of a tnipezoid any inappropriate 
state is ignored s(> even ff .::ok~ interpvlation. depth testing 
and log.kill. op~. for exa:mpk. mt: en~bkd they h~ve no effecL 

The bk~k sil.:ts supported are&. 16 and 32 pixel.s. GLINT 
takes C3J:e of filling any pmtial blocks at the end of ~pans. 

65 Graphk.s Progranmiing 
GLINT provides a dch variety of operation;; for 2D and 

JD graphks suppo:rte-0. by its Pipelined ardiitecti.m:. 
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111.e Graph.ii.'~ Pipdine 
This section de:;cribt:s e-ach of the units in !be gr:aphks 

Pipelfo,~. FIG. 2C shows a M".hematic of the pipeline. In this 
diagram, the foralliufh::r ~·~mtalns the pixd owner~hip Yalues 
(kntJwn ~s Graphic IDs). the f'rllrneCounl Plane.~ (l'CPJ. 
Depth iZ} and S.tendl buffer~ The frmtttu.1.ffor (Xlntai11s the 
R;;::d. Green. fllu;;: i!nd Alpha bitplanes. 11K: operation~ in the 
Pi.pdine indml.e: 
Rasteriler se;in C<inVert:!; lhe givt:n pri.mitiv!l into a series of 

fragme11ts for pr<x."essiug by the t'tst of the pipe.tine. 
Scissor Ti:.'St dips om fragments thal li.e outside the bounds 

of a user defin.ed scissor red.angle and .also performs 
screen dipping to stop ill~gal. .a!'Cess mitside the screen 
memory. 

Stipple Test masks out ;.-:eJtain fragments aceold.ing to a 
sped.fied pattern. Line aod area stipples are available. 

Color DUA is res.poosibie for generating Use color infonru1~ 
tion (Tlue Col()f RGBA or Color Imiex(Cl)J associated 
with a fragment.. 

Texture .is rnneerncl with mapping a portion of a specified 
imaf,'t" (tcxuze) onto a fragment. Thi:: p.roc~ss involves 
iilttring to cakulate the tt','tt\m': color, lllld application 
whkh applies the te;icture oot01· to the fragment ool-01, 

Fog blends a f'og color with a tragmenf s culor according l.O 
a given fog faet<>.r. Fogging L; used for depth cuing im.3ges 
and to simulate atmospheric fogging. 

Anti.alias Application mmbi.nes the ineommg fragment's 
alpha value with its coverage value when anti aliasing is 
enilhlcd. 

Alpha Test ronditionaUy discards a fragment based on the 
outcome of a comparison bc,tween the fragments alpha 
value and a reJ'er~ce alpha vlllue. 

Pixel Ownership!;, 1.-...>neerned with ensmiltg that the location 
in lhc framebuJicr for the cuneut fragment is owned by 
I.he t'Ull'e11t vi!>Ulll. Comparison OC('W'$ between the given 
fragment and the Graphic ID value iii tht: .loeallJ1J.ffer, lit 
the rorre:;:ponding location. to detmnme whether the 
&ag:ment should be discarded. 

Stencil Test conditionally discards a fragment based on the 
outcome of a test between the given fragment and the 
value in !he stencil bo:ff<1'x at the oorrespnnding location. 
The 5'1eudl butl'e.r b updak.d dependent on !he result of the 
&tend! test an:d the ckplh test. 

Depth Test ~=~mditionally discllr.dli a fragment based (m the 
1.M4.'(;lme of a test betwe.en the depth \•alue fo1 the' given 
ti:agrru:nt and the value in the depth buffc:t <it the c-.'f!t:­
~ponding k1t.<ition. The result. of the depfu test can be used 
to rontr<>l the updating of the stencil bul!er. 

Alpha Blending wmbine~ Ille i.!K'Q1tling fraginent's rulo.· 
with the color in the framebuffer at the t':i:<rrespond.ing 
Ioc..atfon. 

Co!Ol' ·pQl'mattin.g mnw.rts the :fragment's cofor into the 
format in which the color informacfon i~ stored in the 
ti:am--"'lmfth 
This IDa)' tiptimwly in~··olve dithering. 

32 
A G<.:iw:aud Shacktl. Triangle 

We .may now revisit the "day in U1e llie of a 1.riangle '' 
example gi V<'ll alx.l\le. and rev:iew thr: al."tions taken in greater 
detail. Again. 1.he primitive lx:ingrcndc:red will he;; Gouraucl 

s shaded, depth tmffe.red triangle. for this example assume 
that the triangle is to be drawn into a window which has its 
colorniap set for RGB as opposed to c.olor index operation. 
This means that all l:hree rol-Or «m1:p0nents: mt green and 
bJue. must be hand!.td. l\fao. assume the rnordinate origin is 

10 bottom kft of the window mid drnwmg will bt' from top to 
bottom. GLh'<l' can di-aw from top to oouom cr bottom to 
top. 

C<.)nsio:k.r a triande with vertiee.s. v-. v ~ aud .,,,, wl:k~re each 
vertex Q\.)mprl5.e$ X. Yaw! Z ~dinati: Each ·vertex has a 

15 different rol.ar made up ot" red, green and blue {R. G and B) 
components. The alpha component will be omiued for th.fa 
e:xaruple. 
lnitilllizatimi. 

GL111.rr requires many of its registcr.s ta be iuitialirod in 
xi a particulaf way. regardless of what is to be drawn. for 

instance. the screen si2::e and appropriate dipping m~m be set 
up. Normally ttlli only needs to be done onn' and for clarity 
this example assumes lhat all initialization has atready been 
done. 

2-5 Other state will clamge occ.aslonaily. though not usually 
on a per primitive basis.. for instance enabling Gouraud 
sh;iding and depth buffering. 
Domimmt and Subordinate Side5 of a Triangk 

A~ shown in FIG. 4A, lhe dominant side of a triangle is 
30 that wi!b the greatest range of Y values. The choice of 

dominant side i~ aptional whe.n lhe triangle is eith~ flat 
b<.>ttomed or flat t4.mx-tl. 
~'T always draws triangles starting from the &:iroiuant 

edge towards the subordinate edges. 'fhi~ simplifies !he 
:3$ calcuiation of set up parameters a~ will be seen below. 

4il 

These values ltllow the color of e.adi fragmt:nt in the 
triangle to be determined by linear interpc.tarion. For 
example., the red e>?mponent cofor \'ruue of a fragment at 
XN. Ym could be cakulated by: 

addi.ug dRdYu· for cad1 scanl.ine between Y, an<! Y.,, tQ 
R!. 

lhcti adding dRd,.1( for e&'h fiag~ut along scanline Y,. 
from tile left edge to x,,. 

45 The e:unwle cho.sen has the 'knee,' i.e. vertex 2. on the 
right hand side, and drawing is from left to right If the knee 
were on tbe le.rt side {or Q:'.awing was from right to left). I.hen 
the Y deltas for both the subordinate ~ides would be needed 
to illtefJ>Olatc the start values for each col.or componeot (and 

50 the depth value) oo each S(;aulfu~. For tlti~ :r!.".asou GLJNT 
always draws triangles starting from the dominant edge and 
tPwa:«!s the ~11bm'dimte edges. For the i:xample tria~gk, !his 
means lclt fO tight. 
Register Set Up for Color blterpolati.on 

:>5 For !he e:xamplt' 13.iangle. the GLINT registers rut1st be set 
The Pipeline structure of GLINT is very efficient at 

processing fragments. for example. te:xrure mapping caku­
lations are not acnmlly pe:rl'omled on fr~nts that get 
clipped oot by scissor te~tlng. lllls appfOOcb saves substa1t­
tial computational effort. The pipelined nature does however &1 
mean th:11 wh<m program.ming GUNf one should be aware 

a:; follow~, fol" ~:ulor intcrpolati<.>n. Noti: that !he: flIDniilt for 
colOf v3lues i!i 24 bit .. lh:ed point 2' s ~'Olllpkment 

.Ii lmd :ho c-0ki< .>1an 1>>id delta ~~ to dr""'· 
li a !ri>v.~1" 
RSw-r (R,l 

of what all th~ pipeline stages itre doing at any lime. For 
example. many operations require both a read and/or write 
to the !OCllbuffer and framebuffe:r; in thfa ea.>ct:'. it is not 
sutnde.nt to set a logical ope.r11ti<m to XOR and enable 65 
logiC'.al operations, but it is also neees;ary w enable !he 
reading/writing of d!m1 from/to lhe framebuffer. 

GStw(G,J 
fil,,lart (H,) 
dJldyl)<xu (dReyn} 
<k:klyl)<Jm (dCk!y . .,) 
dBdyf><..,, (dSdyd 
<JR<Jx (dftih) 
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dM.~ (dlld."IJ 

33 
-continued 

Caktilating Depth Gradient Values 
To d.r:11w frnm left to right and top 10 hnttmn. the dqitll 

gradients nr deltas) required for interpola!i.on are: 

Ami from. !he pbne ~uatio11: 

dJ(Dom"'d.X 1,, 

UX"Su~x., 

34 

11ie start X.Y. the ntJ.rnber of scanlines. and the abovi:! 
ctdta> give GUJ>ff enougll .Information to edge walk the l'>P 

s half of the triangle. lt-Owevcr. to i11diea1e 1hat this is not a. fiat 
ti->ppcd. tdangk {GLh"lf is de;;igncd to rasterize s.creen 
aligned napewids am.I flat wpped t1ia11gks}. the. same Harl 
po~ition .in terms of X must be given twke as StartXDom 
and S.tMtXSub. 

l:5 

To edge walk the lower hill of the triangk. sekctt:d 
additional information is required. The slope of the dmni­
na111 e..ige remlllns unchanged. but !he s.uhord.i.n<1te edge 
skipe needs to oo set lo: 

dX..~L1b=d.X~3 
Aho the nwnbcr of S(.'ar.lines to Ix i~vcrcd from Y z tu Y J 

ntX.'<i> to b<: giv~n. Finally to avold any n.11.1nding em.1r~ 
accumulated in edge walking I~) Xi (w!tldi can lead lo pixel 
e.rror:>), Sta.'tXSub must be s.e~ te X1. 

11le divis.or~ sbown here . .as c., i~ the same as for t"X")lot 20 

gratlieat values, The two de.ltas dl'.dyltJ and d7..<l:< illow the 

Rasu:rizer Mode 

'The GL)}."T ras.teri1.er has a number of modes whkh have 
eftect fmm the time tti.ey arc set until tbey il.J.'t'. nwdifled and 
ean thus affect m;iny prim!tivei;. In the c,~s.e of the Gournud 
shaded triangle the default. value fo-.r fhcse llll"ldes are suit· 

Z •·aluc of each fragment in the triangle to he determined by 
linear inteqic.liltion, jmt as for the r.olor interpolation. 
Register Set Up for Depth Testing 

Internally GLINT uses fixed point 11.1itbmetic. Each depdl 
value !M>-! be converted into a z·~ ooroplenient 32.16 bi! 
fixed point mun.bet and then loaded into the approprlati.:: pair 
of 32 bit register-.>. The 'U"ppcr' or 'U' registeti; store the 
integt:r pcrtion, whilst the 'Lower' or 'L' .register:.; store. the 
16 fractional t>its. left justified ana lct-0 filled. 

f'or the example triangle. GLJJi,;T wrnild nt~ its registen 
~ up as folk>ws; 

II I.>~a.:l lb:> &i;m Su.rt ...00 dclla yQ)ao;; 
1110 dl"~w a ~le: 
7};rarr:u 121~:MS! 
zsran.t <ZLJ.S) 
dZ.-J:;DowU (&'A)• 13.....,MS) 
d7AiytlowL (d7Ay13.J.S) 
d.Z<hU (4Z4<.._MS} 
dZdx.L {d.Zru:_LS) 

Calculating the Slope.s for e.-K".h Side 
GLl."t><'T draws lilied shapes such as 1ri11ngles a.s a seriecs of 

25 
able. 
Subpi.xel Correction 

GLINT can pro-onn subph.ct com:.t,lion of all interpo­
lated values when rendering aliased trapezoids, This oorrec-

':KI tio-n ensures that .any paramete.r (cillcr!depth/te:inuelf~ is 
Nrrectly s.amp!<.-'d at the cecntcr of a fragment Subpt.-xeJ 
correction will _gcacrally always be eMbled when rendering 
any trapezoid vihldt is ~mooth ~haded, textured. fogged cr 
depth bu!fen!d, Coot.ml. of rubpixel cm-rectio-11 is :in the 
RendeI e<)mmand regi&l:er desaimd in !he next set:tion, am! 

35 
is scle<:table on a per primitive ba;;.k 
Rasterlzation 

GU.NT is aln.wst remiy !O draw th<: triangle. Setting up the 
registers as deserlbed here and sending !he Render ~ommand 
will cause the top half of the example triangle to be -dtawn. 

40 For drav,.ing me exarriple triangle. all the bit field..s within 
the Render oommand should be set to 0 except the Primi.­
tiveType whkh ~hould be set to tf!J!le?.oid. and th.e SubPi:>:­
dCorrectionErud>k bit whkll shoold be :s.et l{) TRUE. 

spans with Ont'. span per scanlint:. 111ereforc it need~ to know 4s --------------------­
the .stan lllld end X t'1X>l"dinme of each &pan. These are 
dt'te!'.mine<l by 'edge walking'. This pro...oe>s involves adding 
one delta value to the previous span's swt X roorwnate ood 
au"-'lhtl: dclui value to th!:; pn:vious span' .s end :1: coordinate 
to dctenuine the X COO!"dinates of the new 5pa11, Thelic delta :ro 
values are in effect the slopes ot" !he triangle sides. To draw 
from left 1,-., righl and I.op to bottom. the dopes of the three 
side:. osrc ra.kulatcd as: 

x, .. x, 
dX1.ci - y~ .. r, 

X~-Xt 
JXri,, Yi .. p, 

55 

If Ilraw !riSllgl<' wilh kt­
// s.,r. &;~~ 
Snui.XD<.lm ("X, <<16) 11 eoo,·er1~d '" l <5.16 iuoo 
p.>Wt 
.:lX:tlom (((X, - X,)<<l6i(\' $ •• Y,)) 
S'3.rtXS.ub 01'.1<<16) 
dXS® ((\X, - X,)<:<16)/(Y2 ·- Y,}} 
Si'.a..""lY0',<.<!6) 
dY l··l<<16\ 
C<>~I (°Y1 -\.'i) 
ll Set th& n:llrlc::!: wmn=<I """"' 
"'11.<kt.rrimlli';'<-TY!'<' ~ rn..INT ..... 1~APEZOIDJ'1UM!I'lVF. 
n:n<.lor.~l!hl'l:<.elCm=ti<.ltJEllilh!e <> TR IIB 
Ii Th;;O> fue f()P, h.Jf Qf W,,. ~lo 
ll"rn:ler(ret¢rl 

6n ,tjter tne Render command has been l!isued, the register!> 

'l1tis triangk wm tK:: drawn i!J iwu part;, top down to the 
'knee' (i.e. vertex 2). and then from there to the bottom. 'llie 
d<.•JUiua.ut side is th<?. left ~ide ;.:o for the top half: 

.in GLINT can immediately be alre..red to draw lhe lower half 
of the triangle. No.te that only two registers need he. foade<l 
and the rommand ContinueN1.::wSub sent. On<.'t GLL"<~r h<1s 
received Contim.1eNew$1Jb, .:kawi.11g of this s11b-tria.ngk will 
begin. 
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II Se!up tlJi: &l{li :imJ i.t.rl .for mi:, n«.,, 00gc 
S1aM.XSub iX,<<H\) 
d..X.'l.ul:> H(X, - X,l<<l6W\', -Y,)> 
ii Dmw sub-!l'i<>.."1glo 
C011tim.loNcwS•ll> ri·, - 'I'.',) U Dm•· low~r hat! 

R;t~terizet lT nit 

5 

The rasteri:zer decomposes a given primitive into .a series 
of fragments for pr<it.'t$S.lng by the rest of !he Pipeline. it' 

GLINT can directly rasteri:w: 
aliased screen atigne<l trapezoids 
.1lia.sed single pixel wit'le line.s 
aliased single pi;.;cl points 
antiali 2500 >t'Ofeen aligned trape zoi.ds 
antlaliased circular points 
All other primitives are treated as one or lll<lt'e of the 

above. for e:..ampk an antialiase4 line~ drawn as a series of 
anl.ialfased trapezoids. 
Trapezo1ds GLINT' & bask area primitives are screen 
aligned trapewids. These are cha:ra..."tedzed by having top 
aud oouom edges parallel to the X 11..>1.is. Tbe side edges may 

15 

be vertJcal {a recrang!e}. but in gena-ai will be diago.aal. "The 
top or b<."lttom edgts can dege~erlli:e into j)l.)mts in which ra~e 2~ 
we are left with either 1lat topped Of fiat bottomed triangles. 
Any po.tygon can be decomposed into scrtt:n aligned trap­
ezoids or triangles. Usually. polygon.~ Me decomposed into 
lriru1gies because the interp\)J..atk>u of value.s over noo~ 
lriangll.lar polygoo.s is ill ddined. 111e rasterite% does han.<lfo :;,:1 
tl.at topped ats•i fl.at bottomed 'bow tie:' polygons whld! are 
a special case of ~=en aligned trapewids:. 

·n_. rt".nde:I a tri11uglc, tbe app:11.""1ad! adopted m determine 

36 
Send the Ren~· coru.m.and. Thb ~tw:t'S I.he :.~= l'•..'nwr­

>ion of tlw first lriangle., WlWking from the liominan1 
i:dge. This means l'.ba:t for triangles where the: knet: h on 
the left we are $C;lnning rlgl:it to left. and v.ice versa for 
triangles where the knee lo on lhe right. 

Load the edge parameter> and derivatives for the reJllllill­
ing subordinate edge in the s.eo.1nd triangle. 

S;;nd the ContinueNewS1.1b cnm.m.and. This start~ the sciin 
eonvers inn of the !iteond triangle. 

Pseudocode fQf the above example is: 

II S'<>t the ~iu<' mode ro (iJc di::efl\U}t 
'IW~.~(Q) 

il ~tup Jk. -I \~ ~ Cl!:: ~ltas. 
n N~ rbsit the X ..00 Y ~<Y.>rJ:il>at<:.s :ire=~ 
II to 16.1'5 ft>lw.at 
Sta."tJ;D.>m OO<<:H>) 
d.xth~! (((.)(.'\- X1)<<16yl1t:l - YI)) 
SumXSub (Xl«ln) 
d.X&lh (((x.2- Xl)<'.<!6)i(YJ - Yl_;} 
St:mY (Y1<'.<!6) 
dY (-l<.16} ll llown <hi<...,,_, 
0>un1 (Yl - ¥1) 
!I Set d>o ~ m<dt ro •I~ primiti~ with 
N subpi:te1 ~-0m:x::ti33n. 
re~r.f'rimifom'fn>e '~ <lUNT .... Th~LOID~rRlMJTI\'E 
reruer.SUbt>tte!C<l'<l'tXtiooE!lat>.bo = IJLU.'l'_'I'lrn:tl 
rerue,-~'\!:itiati;;stln<!i>le ~ rn..u.-r.....nrs.<\Blli 
II Il<'aw 11:'1> halt cl !he tlia.<1$1» 
klldol'(Kttljl<':(t 
/I &1 tho oi;m am dell>l fur ttio ~=i ~l:f of 
ll the liian,glt:. 
Stm:XSttb (X2<:>.::H>) 
dlCSolh (((X>- X2)<:.,_ll;¥(Y3 - Yl)} 
ii ~· 1<:>1l<er hdi of lrioin;tlll 
C<.>ntmuo.."le•iSW M.'s(Y2 ~ '\'3)) 

whkh fragments are to be drawn is known as 'edge walk- After the Render command Jru bt.-en sent the registet'S in 
iag'. Suppoi>e the aliased trfangie slm\\''D in FIG. 4A was tn 35 GLlNT cau iltunediately be altered £~) draw the second half 
be .rendered !Iom top to bottom and the origin was bottom of the triangle .. For thl:;, oote that (mly two registexs ueed be 
lefi of t!tf window. Starting at (XI, Yl) th.en decrementing loaded and the~ ContinueNewSub be se11t. Once 
Y a.00 using the slope equations for edge$ 1-2 and l-3, the drawing of the first trmnglc t> compltw and GLINT has 
inttr~"'tion of each cdgt on each scanline ran be calculated. received the Continue.NewSuh command. dra:wmg of ihis 
This results in a :1p:an of fragments per sca:al.inc for tile tqi 40 suh-lri.angle·will start. The Conti11ueNew·Sub command rq-
traperoid. The ~ame melhod can be used for the. bottom ister is Loaded with the :remaining number of scanline~ to be 
trape7..,.1id using sfopes 2-3 and 1-3. rendered. 

.I! is usually required that adja(.'elll triangles or polygons Lines 
wbidl share an edge or vertex arc drawn sueh that pixels Single pix.el wide aliased lilies: ;u:e drawn 1uing a DDA 
whkh make up the edge OI' vertex gel. drawn ~actly ooce. 4S .algorithm. so all GLINT needs by way of iQpUt data fa 
This may be adtievcd by omitting the pixels down the left SIMIX. StartY. dX. dY aoo lenglh. 
or the right sides and the pixels along Ute top or 10\w.r sides. F<tr polylines. a ContinueNe:wLlne command (analogous 
GLINT has adopted the <:-onventk>n of nmittlng the pixels to the Continue command used at !he knee of a triangle) is 
down fue . .right hand edge. Control of wbetller the pixels used at ve:rtires . 
.aloog the top or lower sides au mrul:ted depends on the start :>o When a Continue c:omnuu!d is im.1ed some aror will be 
Y value and the nwnber of .scanlliles to be roveroo. With the prop.."'tgated along the line. To minimi1..e this.. .a choice of 
e-UJnpk. if SrartY ,,yJ and lhe number of ~Qlcl.We.s is set to actions a.re available .as to how lite DDA ullit:> .are ie~tmti::-d 
Yl-Yl, the l.ower edge of the top hii!f of the triangle will be 011 the receipt of a Continue mmmami It is reronune~-d 
t>.xduded. Thi.~ e:xdu<led edge will get &awn as part of the ttmt for OpenGl. rendering lhe ContlnueNewLine conummd 
fowcr half of the tri.a.ngk. s;; is not used and individual segme.nts w:c rendered. 

To minimize del1a c~cttlalions. trtmgks may be scan Antialiasi:d lines. of any width. are renden-.-0 as anti.aliased 
conve!te<l from left to right Of from right to left. The screen-aligned trapezoids. 
direction depends QD the dontiMllt edge. that is the edge Point:; 
which has the maximum range of Y val.uc5. Re,ndering GLINT supptm.H s.!nglc pixd aliased po.int primitive. For 
always 1;m.'\Ceeds from the dominant edge towards the rel- 60 _p{)i.nts largertban one p~el trai:ezoid:i should be used.. ill this 
evant subordinate e<lge. In the e.i,;ample above. the dominant case the Primitive'fype field in the Rend.er cvmmand should 
edge is l-3 so ren<lcring will be frnm dghl to left. be set to equal GLTh<'"L.POINf ... PRIMITIVR 

The sequence of &.'lions required to rend.er a triangle (with Anti aJfosing 
a 'kllee';i is: GLINT U$ilS a subpixel po.int sampling lllgwithm t~) 

1..ood me edge paramcicn. and derivatives fur the dmui- 6:5 antialias prinlitiv~. Gl..U...7 can directly raste.rize a.ntialiased 
r1ant edge and the fust subordinate edges in the firn trapewids .and poi.nts. Other pri1nitives are c1Jmposed trom 
triangle. the.se bl! se primitive Se 
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The rastcri.:er ass~fales a l'<.W.-:;rngc value with e.ach 
frngm.i:nt produced when aati.11.iasillg. This value npn::secus 
lhc percentage rnveragc <.)f the pixel by the fragment 
GLINT wpports t\.<.'n .levels of antialiasing quality: 

normat wllkh rcprcser,I~ 4:<A. p.ixd sub!«unpling 
h.igh. whkh n:pre5ent~ 8:.:8 pixd subsrunpling, 
Sdediot'l. between 1hese two is made by the Antialfas-

ingQuality bit within the Render oorrimand register. 
\\1he11 re11<kri11g imliaH;t~ed primitives wim Gl,L''ff ~e 

F1ushSpan fi)mn:rand i;; used to kmllnate rendering of a 
primitive. Tb.is h due to the nature of GU:N"T antialia~iing. 
\\'hen a primilhe i~ rendered which 1k">Cs not happ;-:n to 
complete on a scan!ine boundary. GLINT retains antialiasing 
i.nform.1tion abmit lhe. la5t sub-sc..anline(~.) it has processed. 

38 
T .. 1 scan <.'<)n\'ert 11n ilntiali.ased point as a drde. Gl.ll'<'T 

traverses the hrn.mdary in suh scanl.ille ste11s. to t.-a!a.illllc tl1e 
coverage value. For thls. !he suh--scanline ink..ri<ection.~ are 
o::akulatcd Uia·cmenta!ly usfog a sma.U table. The table holds 

5 the change in X for a siep in Y. Syrnm.ell)' is U>c4 so the iatik 
only holds tl:tc delta values for one q1.mdrnnt. 

StartXJ)Qm. Start.XSub and Star!Y a.re set to the top or 
bottDm of me cirde and dY ~i tu me sulY.;canl.ine siep. Ill the 
case of an even diameteor. the !a>t. o-t' the required entries in 

rn the table i,; srl to zer<J, 
Siilce 1he. !able is configurable. p<1ll1t shapes other dmn 

drdes can be rendered. Al~m ii' the Sta.rLXDmn and SurtX­
Sub values are not coincident then horizo111.al thick lines 
with rounded end~. can bt rendered. 

.Sk>1..~ Wdte Ot)Ctation 

GI..Tht'T SUPPQrl~ VRA..\-1 block ·writes with block 11llx:s of 
8. 16 and 32 pfaels, The block write method doe~ have !;ome 
restri~'1ion~: None of the per pixel clipping, stipple, or 

but does oot generate fragments for them unless a FtushSpa11 
comtuand is n:.~~dvd. Tli.c corr1.manr.h Cont.inucNewSub, 15 

ContirrncNewUom or Continue. t:an then be used. as 
appropriate. to maintain continuity between adjacent trap­
ezoids. Thb allows complex antialiase<l primitives to be 
built up from ~impk lrilf.~Wichi or p<Jinl~. 

10 fragment operations are avaUab'le w.ith the e:<ceplion of v.'.fite 
mas~. One subtle restrk'tion is that the block coordinates 
will be inteip;eted as scree'n ;elattye aclld nl)l window ;elath't~ 
when the pixel UlaSk. is ,;.akufated in the Framc:biilfe.r Units. 

To lllllstrme this Cimsider using scree:11 aligned trapezoids 
t-0 render an antialili~ed lme. The iine will in genu.al. consist 
nfthree screen aligned trapez-0.ids it~ ~h-0w11 in FIO. 4B. This 
FIG. illustrates !he sequence of rendering an Antialiased 
tine ptimiti"'e. Note that the line b.:ts finite width. 

The procedure tl) tender the line fa as foll•)l.v~: 

fl &M> fue l:>~ :wl =~ awlic'1!.ion uniu. 
Ii ''-'' ;iwropriare . 11'>1 sllm•m 
If :In 1!tt8 <:<•ffi!'l<: roly rhe ffi&-0 ,-1..!tv. a"' <lo.""'" 
l! ~.d ink> •<'g;<tll"' fut dllri!y. In reollfy 
l! <hlrt x .00 y ,.oJ>i.e.g ...., t<q!l.ireil 
II R~ lr~><>i<l A 
d.Yll<<l!SJ 
dX.D»>r>c<iJID<"'>·l<<16) 
dX<iul>(dXSuH<<ll>} 
C.<1Wl\~'<J'.:mt!) 
m¥1« .P!imitiw1:y~ " OUN'T~_:rn.Af'BZ-Ol!J 
r<ui&:r.Ar;lialillsf..rJahk "'ot.!NT_nUE 
m¥kf.A!ltW.i.asQm1lity " 01.lNT ~Mll'LA1'.'1IALl-\S 
mm.<'.<>'"""S<:Enable " GLINT~ TRUE 
~~1 
ff lt=ie.< Tratemid B 
dXSub(dXSlil>2<<.i6) 
OmfulueNewSub(c='.<) 
II RentW Tr,i:pe.roid C 
~uo\:l:\'l>om.l«:16i 
C«lltinu«N«"' Dorof wunt3) 
fl .Nzy,,.· we ~, . ., finished !he primiliV<> il:usb •~1ll 
II the la$l ,.,atJliue 
FJuSl:l,'>J:=() 

Note that whtiu £endcring antfal~d primitives. imy 
lXmnt valut:~ sboul<l l~. giYCll ln SUb~t'<!uliat:S, for example if 
tile quality is 4 :-.4 tben any scanline ooum must be multiplied 
by 4 to con,,ert it imo a subscanline C(:>unt Similarly. any 
delta value mu,st be divided by 4. 

~111m t"C.ndering. Anf.ill.l:ias-E.nahle mu>t be set in the 
A.ntialias-Mode .register to scale the fragment~ rolor by the 
rnvcrage Yalue, An ap{Jf"opriatt: blending foncti.011 should 
also bi: enabled. 

Note, whea rendering antialia..~ed bilw-ties. the O:)Ye.t'age 

va.luc {)ll th;: c:ro~s ..... wcr ~\.<Uilim: may be incorrect. 
GLINT c.au rendei small antialiase.d point~. Antialiased 

points are treated as ckde~, with the cuvet"age of lhe 
boundary fragment" ranging frm.u 0% to 100%. GLINT 
~upport&: 

j)<..)illt radii of 0.5 to 16,(} in steps of 0.25 for 4x4 
antiali.asing 

point radii of iUS to 8.0 in steps. of 0.125 for Sx8 
antialhlsing 

Any ~<':teen aligned trapezoid ca be :filled using bloc.k 
25 writes. Mt just rectangles, 

The use of block writes is c.nabled by setting !he FastFil~ 
!En.able and FastFillim:l"e:m<:nt tielcb in the Render command 
regist<..-r. The f:r;imebull'cr write unit mu~t also tit conflgunxL 

30 Note only tfk~· Rasl:erizer. Fni.ro.ebuffe-.r Read .aud Fr.ame­
. buffer Write units are tn\'<.">lved in block filling. The ol.ber 

units will i:gn<Jre block write fragments, so it is n<>t m:·cessary 
to d.i.sa.'ile the.m. 
Sub Pi-.;el Predsion and Correction 

3.s: As the _rasterizei· _has 1? bits of fr<11..1io~ p,n:e~5ion. and the 
screen width used i;; typically ks~ t.1'1.an 2 "' whle a number 
of bit."S cillled s.ubplxel pred$ioll bits, are availlibk Coui<ider 
a screen \Vldlh of 4096 pl.~els. This figure gives a subpixel 
preeisfon of 4 bits (40%=2 1~). The extra bits are requited for 

4{) a numbe:i: of .WiiS>i>ns: 
anlia.tiasing (whe.re \'erte.x Jltart positfons <'..an be supplied 

to wbpixel p1edsion) 
when u~ing an accumulation buffor (where sca.'l.s are 

rendered multiple times with jittered input vertl~) 
4$ for correct interpolation of parameters to give high quality 

shading a~ descrt1Jed. below 
GI.Th!' SllJlP,.m'> subf1lxel correction of i.nt<.-rpo!ati::d val­

ue> when rendering aliat.ed trapezoid~ Subp.l'(cl c~m:ectfon 
e:umres fuat all in:re-tp0laled parameters associated with a 

50 fragment (coklf. depili. tog, texture) are CQJ.Tectly sampled at 
the fragment's eenre.r. This co:m:'.(.'tion is requirc-d to ensure 
~-onsistent shading of objects made from many pd.ruitives. It 
should generally be enabled for all aliased rendering which 
uses imerpolatro parameters. 

55 Subpixel om:rection is not applied W an!ia.liascd primi-
tives. 
Bi!Jnap5 

A:Bittllllp primitive is a trapezoid or tine of one~ 11nd i.eros 
which control whidt fr.i.gments .1trt gene:rnted by tho ra;,ttr-

60 i:ret~ Ortly tragmeats where. the c1.i.rrcsponding Bitmap bit h 
set are submitted foi: &awing. The. nonnal use: foi: this ls in 
drawing cfouaeters. alth(.lugb the rm.'-<."f1;1nh1m I~ availal)lc for 
ill primitives. 111e Bitmap data is packed comiguously i.nto 
32 bit words S'O that rows are pa.eked adjacent ti.> each ot.ht~r. 

6:1" Bits in the mask word are by default used fmm tlte !east 
~igniticant end to\'.'aro.> fue m(>st sigllifa.':fllll end and are 
applied to pixels in the order they are generated in. 
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·nle £astcrher sean;; !.lw..>ugb the bit~ in 1:ad1 W<-l!d of the 
Bitmap dat,1 and increments the X, Y c.oordinates !o trace out 
the rectangle of the give11 wid;.b and height. By defotdt. any 

40 
Warning: DuriDg imagi; uploatl. ~u tl"!e returned fragment~ 

must be .re;1d from the Host Otu FIFO. ~ise the GLINT 
pifl'~linc wlU SI.al.I. Jn addition ti h stmngly tt1,'0mmended 
that any units wrucb t:an di&card tragrmmts {!'<:!r ima.:mce die ;ct hlts (I) in !he Bitmap ;::au5e <1 fragmt'.llt to be gen<:rah::d., 

any .rns<!t hits (0) c~use the fragment 10 lie rejected. 
Tht> ~election of hits from !he BitMa~kPattern registe.r can 

re mlrmred. that is. th..: .ri.1tkr:n 15 traversed from MSB t.> 
LSB rather than LS.B to MSB. Afao. i:he sens,e of the test ran 
be reversed sach th.at a set hit causes a frag.rnellt 10 be 
{>~je~'ltxi aud "1ice vcrs;i_ ·n1is co:11Cn:>.I is found in tlw Raste.r-

5 following tests: Nttnask alpha. use.r scissor. sere.en sdssor. 
stlppk. pixel QW11ershlp, depth. ~kudl), art di«ahled other­
wise .a shortfall in pixels returned m.ay on.'UJ". aho kading m 
d~dlock. 

1 Note tliat becau!le the area of inte.rest in copylupfoad/ 
!<. d::>wnload operations fa defined by thr,. rnsteriler, It i:-. not 

limite<l l.(l rectangular «:gi<Jns, 
ilerMode register.. . 

\\'hen one Birmap w<>£d .has reen exhausted and pb:e!.s Jll 
the rox:tangle still remain then rasterization is suspended 
until the next write to the Bit.\4askf'atte-.n:t .re giscer. Ally 
unused bit:s in the last Bitmap wtmi are discarded. 
lmat,>e O.ipy/Upk>ad/Downlorui 

ColOf frirmatting ca.n be used when. pcrt'ofmmg image 
ct•pies, uploads and downloads, This allows dam to he 

ts formatted from. or to. any of tile supported C'iLI1''T oolor 
formats. 

R.astei:il.er Mode 
GLINT supports three "pixel rectangle" open.tions: l"OJ>Y· 

upload and download. These can apply to the f>epth. or 
Stt:ndl Buffers (held ~ithin tht! !ocitlbuffe.r) O£ the frame­
buffe.i-. 

It should oo emphasigd that the GLINT copy opa.ation 
moves RAW blocks •"* data around buffers. To z.oom or 
re-format data, in the presently preferred embodi~nt. ex.ter· 
llM software must upload the dau, process it and then 
download it again. 

w A number of lo.ng-tem1 mode> can be sct U!l'Wg !.be 
Raste-.ri:ter.~Mode register. lhese ;;re: 

To cupy a rectangulm- Mea. i:l:te ra.~tcr.izer woold be 
ronfi.gure.:1 to render the destination rectangle. tbus gene-.r~ 
ating fr.agme.nt~ for the arM to be C<lpied. GUNf copy 
woch by adding a linear offset to i:be destination fragment's 
address to find the source fragment's address, 

Nnte that the t'l-ff1<et is irnkpen&nt of the origin of the 
buffer or v.-'indow . ."ls it .is added to the destin.il'ion address. 
Care mu.st be taken when !he sou:n.oe lllld destination overlap 

25 

to i:hoose the source scanning diroctlo.n so that the overlap­
ping are<t is not ovef\vritten before it bas ~n moved.. This ~s 
may be dooe by swawing the values written to the Start,"'{. 

Dom and Start.XSub. or by ch.anglng the sign t)f dY and 
setfing Stan Y to be the opposite ~ide of the re~tangle. 

t,ocalbu:lfe.r copy nperations am correctly te~red for pixel 
ownership. Note that this implie5 two reads of the «1 
k">Calbuffor. one tl> coiled the source datl:l. and one to get fhe 
destination GID fu£ the pixel ownership test 

Gl..Il\"T buffer uplood/down!oads are vecy similar to cop-
ies in that the regh"lll nf interest i~ generated in the ra.~teriz.er. 
llO\\'ever, the localbuffer and framcl:mtfer are generally -tS 
configured t•.:o read or to write only. ralher than m:itti read and 
write, The exception fa !hat an image load may use pixel 
owneri>hip tests. in whidi Cllre the local.buffer destination 
read must be enabled. 

Units whlch can generate fragment values. the color DDA 5-0 
unit for example, should generally be di!<abled for any 
rnpy/upload/dowuload opefatfoos. 

Mh'f<.11' Bit.\11.a&k: This is a single bit flag whkb sped.fie::; the 
direction bits are checked in the Bit:\1.ask regi.st.er. If tbe 
bit 1~ reset. !he direction h from le.ast .si.gnificaiit to most 
significant {hit ti to bit 31). if the bit is Set. it is from most 
sigmficam to least significant (ftom b:it 31 to bit O). 

Invm Bit.Vfuk: Thii; i.s a si11gk bit whid1 c<>ntrol~ the sense 
of the aceept!rcjet;c test wh{:Jl using a Bitma~ Jf the bit 
is .reset then when the BitMask hit is ;;et the fragme-.nt is 
&e1..>epted and Whetl it is reset the fragmem is re.iected. 
When the bit i.s set the s.e11se <>f the test is .reve.Noo. 

Fraction Adjust: These 2 bits. control til.e action !Aken by lbe 
rastmier on receiving a Contin.ueNewUne c-0mnuu1d. As 
Gtll'•i'"f uses a DDA algonihm to rendcr lines. an error 
accuml.11.ate~ in the DDA vlll.ue. GLINT prt.'l-vides for 
greater control of !.he e-n:m by doing one of the following: 

leaving the DDA running. which m¢tins roors will be 
prc1)agated along a line. 

or setting the fraction bits tQ either zero, a halt or almost 
Ii half (0x7FFF). 

Bias Coordinates: Only the integer portion of the. values in 
the DDAs are used to generate. fragment addresses. Oftlln 
the ~tual action required is a rnu.ndiug of values. thi.s can 
be adlieved by setting the bias c<.X>tdi11ate bit tll true 
which will automatically add aJmost a half (0x7FFF,i lo 
all input coordinates. 

Rasterlzer Unit Registers 

Rea.! cooolin:ate.s with fractional. parts are pr<·wided lo the 
raste-m.er in 2' s complement J6 bit integer, 16 bit fraction 
fl'lnn.~t. The following Table lists the ec;:mmand registt-.rs 
which t'<.)Dtro1 the rasteri.ze,{" Wlit: 

R.~~ Slll:ns ~ ~oo ~ 
C®l'Utui:N<'''"Dom Ai:l<.l<'•s n,., rasu.~ 1<.> ~mim:l>:! with a~· mmin=>lll 

«:lgc. TI>e ~t ~ DDA is, rel;;~ wilh lb< tie"' 
jl&:m>e!l>rs. '!he~ ..!go:: i:; o.m..l oa.from ili<> 
pr<!>OOIB ~00 Thi> allt<I>·~ any cct'!V"X r<>!Jg,;n lO be 
brok<'!:l <lawn iiJ!O a ""1~ of !l'>pe.t<.li&, witb rn<iti>mil)· 
~=boo~. 
'.Bx; <12•~ fuhl h.'>kio Ille nunihor <>f •<'"1.'llillios ("" >Ub ..,.,,, 
lillos) •<> lilt Nore tli:i.> <:<!<.mt 00.s <)>t gel k<~ lnio tboc 
c..--uun~ N;a.~r, 

<'.aiulnuoN•w&ub Alkl'>·s ill» =i..tiz<l:l:IOn to wnimuo -..-;~ ~ "°"' slll>o«iW.ie 
.o,g ... TI>e "1.looromate l:lDA is ..,.iv..:le>d «i1h the oow 
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F~n~ier~ The d.'1!cin.w ~4£<' 11> c:ttti>':<.1 <lfi from m.i 
iore•"it>U> (~w;;;l. "!bis i~ US<>fol <>'fi<•l sc :m oo~v('stwg 
!ri;mgle~ "''ilha ·iuie,,· (<e. fw<.> •nh<:'ldin:;re &lg«&'>. 
Ul« ,;1ita fl.:kl hc1i. ili,, n>Jnl-00!' <>f K:anf®:; (CO" .'1<1> 
~anlin-es} to filt N~)re tl~ i:otni; d1:>e" n:::rt $>!~ loxi&1 )ntc 
!00 Cc\lll! re;i<si.~r. 

Continoo AJhw~ !he =l~~i:;,:,n !<> corit,i,1:,;e ~mr >le"' d<lta vol11<{$ i 
!1'!w: b.."ell. J..>a<kxL but cl<''" "'" call'KO ei~' of ;&. 
~:z:<>id's <d!!e lJDAs K• ~ "'lo"'51A. 
Tile <h(a tkl<l bold.< W.. "'"""'°' •Yi """>ii<wo (,,.- sub 
..,.,,;;,..,_,} w fill. Nat<> ti,;,, """"t <he~ ,..,i s~""t k...w iutc 
Ii» C<>utll n:gi.~r. 

Coutii1t11:N-ewLill<- AJh'»'!l tl><e ""'l<:ri1.>li<ln m oe<>tim.e 1<;, U... '"'"'; ""!YJ.JC<l\ i.ti 
~ p<:>iJ' lit1<:. 11¥> KY ?>Si:i<.iil fa ,,,m,x1 <8> J'.·o$n l>,e 
~Yi<tl8S fire .. but !hi> !'uction !.>its in !ll10 OOA;; con re: 
b>pt. "'' to """'' h;tl{, ot ~ad~·~ lt•lf, wirer o®trol of 
Ibo R.>.<r.<ri,,.,rM:roe. 
Th< data field iwlds Ille number m !O."fillli>~ \:o fin. NoW 
iltis co<an <k:;c• oot ;>,et """1W mto th<! Cwui regl.•t<,r. 
'Ibo "-"'of t.'ootinlli>N~Line i~ oot r~ fuf 
Oper.GL ~llll:ie the DilA imi"ffi "'ill sti>.'1 wi!b n s14lh! 
<tt<"<I" .s <ompared wi!h fu<; "1llu.o they woukl ha>""e 00.:n 
ioo<kxl with fr:.- !be ~i and •U"'""iU<.<RI ~· 

F1u.~liSpan trSt:d wl-en ~ahasmg ID furee We !3'<1 "l"tm ool whoo rot 
all sub sp-.w n'l3y be do:!lned. 

The folk>wing Table show~ the control registe1-s of the 
ni.sterlzer. ill lb.e presently preferred embodim.erl!: 

SlortY 

Pumflallk:!) 
l'l'li<l.fl'di>k 1 
l'oi.n11'>t>~2 

t>omnat>~3 

lnitiol X voluo fut If¥> domimn! <'dse m ttopemi<l fiH~. 
or il.liti•l X »~II><. ;,, Wic dt""''ins. 
\ialtlc ~i when ~2 fu>m one """"".,,. ("f Sul> 
""anlu.e) K• Ille !lO~< for !he dcminaiit ~ ill ttap<ll-<>id 
ii!Jin8. 
;\loo hcldr; ~ <haslge in X when !'loltiug lll::ei; SQ b Y 
m~P.: fuleS tlt)s. will bi:- s-:11ne ~ (d~l<fy). otl.10l"'ise 
it is l>Ol1l'3lly :!:: l.0, ~g {l!l tre ·~ .c....m>il! 
dl=!ioi!. 
lnitfal X v.i.w for fut suro!din- e<lgD. 
'la!"' "':ldro wh<n rr•c>vmg fmm one 11conlino (rn: sub 
s.::!rtlioo) !<l !:h<': oo~t li:>t the ~dinate 
ooge in tr>t~oi'l ~· 
initiril ~~ ior :;:ut> s.-:3Jilim>) in tra~oid fll!uig. 
& iail:i~l Y poo.iloa for liu:: <nwin;g:. 
Vallie added ll) Y !<J wove ft<:im one s.-:a:nlme !<l the 
nc:1.1. f'<)j" X maj..."11" li.<ll'S thi1: will be oome fta.,fioo 

idyl>:b:), "'"°'"'"''"' ii ;, l!<'>!m:illy ± l il, 
~'>!>the ·~uired SK~ ~'!lol~ 
N11mbor of ~ix"l' in ~ lire. 
Nllmbot d "'""li<l<:s "'a !l"';>po;mid. 
Numl>os of ~m. ><:<onlin0.< itt ""' :m<i<>l.~ ~id 
Di;,mef~< cf ~ !"'int in sub S<:filll."""s. 
V*luo """"' "' ~<11>.!rol dl<1: m~k. il'li!'1'l£ opm1t<o,> (if 
"""woo·,, 
,..,,riatiaS _?">in! ,w.. !ltbk:. Tlloi-e are 4 wmds tti t~ tihk 
:lll>l !.."><; te£o<S<:r r-s ±!. do<:OO<d 10 sekl<:t a ?.'>:•irl. 

For dfidency. the Rcuder cornntaoo registcr has a number 

4'.l 
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of bit field~ that can ix~ set or cleared per rellder opeutlon, 
and whidl qualify (.l(ht~r state inf~"ll"mation with.in GUN!'. 
These bits art: l\.reaStippleEnab!e.. LineStippleEnable. 
Resetl . .ine.5tipp!e .. TexturnEnahk f'<:igE11;l!:Jle, O.wcragt.fin· 
able and SubphelConectio!l. 

art~ enatkd through the UrutEnabk bit~. No>v bits n~-,;cl only 
m be set or deare.d within the Re.nder command t'.> achicn~ tht:. 

One use of this ftamre can occur when a wil'ldow is 
deared lo a bac.kground ~~-olor, F-0r normal Jn primitives. 
stippling a.nd fog aperntfons may have been enabled, tRlt M 
the5e are to be igno(ed for window clear!;. Inltia!ty the 
PogMode, AreaStippleMode and UneSttppleMode r<~gister> 

required resull rem-0ving the nt~d for the FogMooe. AreaSt­
ippleMode .1nd Ui1eSrtpp1e.Vfo..'k registers to be loaded for 
every rendet Oj:ll?.filtion. 

'Ille tritfields of the Render c-omm.and reg.istc:r, in the 
p1·esent!y pre.forred embodiment. are detaikd bek.w: 
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This t.it. <•«001 ~l. <':llal>l~ ~ st>rpJ~ ol !he Ullgll~ 
pnxi<1<.'ecl durinJ! r.mri;,.;,ti<.>SJ. Noto !ha! """' stipplec Ul the 
Stipp!<: U1~l must bo- ¢uable<l as well fer >tip?Ji.<ig t<> occur. 
V.'fl<Oll U>iS bit. ;. =! i:l<l -~ ,;J;pplllig fl<;CUl:l; il're.~>tt\'I: of 
!l;;: 9"tlin8 of the =~ .tJwl< en<>bk bit m the S1iwle u11;t. 
Thi> hit is u•dul t<J t<0np<>taril~ fr,,,,., >x> =-~ s~pp!i"<l fot Htl~ 
pr:rnttive. 
Thi> bit, '''hell oet, ffiahlo:; li.oe Sl>Wlio,s of rl}O fragnwnt~ 
!><OO>>C<d rlmiug r<>.<~t«»> i>l Ill<> St;ppk U<ti!. N<>r" U..t 
fo11< <t'rrkl in the s1;f'ple Unit mtt<t !>.> """bk<! a~ "'·~U fur stip. 
pliog !O (){£,,. 

WI= tl>is hi! io "*"' no fu., s!:ipj>lillg ox:<un ir=poctiw. of 
dl< :,>e(!iug it (t.. I~ stipple ""a.blo bit in !he Stipplt Ullit 
Tu.ir; l:>i.t is wo!til Ii) 1\!llJptora-'ily fun." 00 mi.. stlpplW$; for ro.u. 
p-r'..!llitive. 
nus tm, ,,,hen .ei, <-aw.e; fue ime stipple oouu1ern nl the 
Stipple l"cit ro l.>e ~I ro .1.ero, iul<i wool<l ~<pi<:ally be ·Wild 
fos ~ firat ~ in a poly!m:,. l1Wi a.ction ~ alro !Jl~ 
lry mo Liw:&ipplclmabl1: \>it 3!!d oo ti.. siiw!< ~lo hill< isi 
100 Stiwl<: Um!. 
V.'lw:n !1Wi bi! is .....,1 tlllC sti-pplo =.wi- C=!I oo fro!ll where 
tho)' lief! off (if 1;.., o:iippt~ is .-hl«l) 
This bit, whom ~. <:al.l<oe!l full!: l>k>:;l; fill~ of primitMs. 
>'i"am rtW; hi! is res.,1 llio ~I ~oo pm:;c..~ = 
This tw.> hit Sek.I ..,b:t. rhc hl<><:k ,,u.., tl-.. ~frer 
$un<>rt>. Tu.> oi.r.<>li supp<.l!Wd a..-.! th< "'~ ood<>• 

""'' () ~ ~ pi>:<!ls 
.t ·°' a; pil»ls 
2 -~ 3:1 pil.<-ls 
Tim two l>ir ilcid. ae&>ci.s !he pro..;1;:.., tjlpe t<> t•steriu:. ~ 
prm>ili'itS ..,.., 
O-zt.im: 
1 "'°fra~oi>i 
z,,Po~i 
'l'!W !:>ii, ... Iles> <el, ""'"""' lit<:; gel.It~ oi ~ "'<Wllne d3S• 
ond !M """""18" val...,, IU be oakulal<d fa ea<:h fr.sgmml. 
1k nuwbe:!:" <>f sub p~el iOWIJ>~· k> w.e ii. "mitmll«I by ll1:l 
Antiallso:i~ bit. 
'i'ikn thio. bil is .-.:·I J.«>m>al =tw~io<i <.><:-Cl.IN>. 
Thi.I bit, when so;!, ""'~~ the sub pixd ro..""'ha"'" I<> he 8 :-; g 
V>'bom <hi.'> t>ii ;,; tese! dJrl, Sllb piXe! tt:ociution is 4 x 4. 

When tll:i5 bil alld lb:> Antia.lia.~nabk< .mo set, ~ ih 'I'S.I= 
1J...d !<> =...,, from~ «:.wm.. to she '"'"t = .ie..;,...:t from 
!lie. Paint ·n.1>1~. 
Tills bli, "''"°"<>or, ,,.,,_..._, ~ """'°"'of :<>:nom: -
The ;.,,..t •~:tilt bi! <JT m:m stp!'i.=l btt {~min& oo 
Ibo Mitmr'BttM:o..i.. bi!) w lb< Bil M..;, "'.;!i=<' Hi extt=U:d 
and <>~Jr it>;~ (=>IP<>ll«l by fuo> lrs<~xsk. hlt)'. 
U iliir. bit is 0 ~u th« "<mt.~.liu..~ fl:-*ll.l:<ml is ~100 fu>m. 
b<>i.lig drawn. 
.l\&r eY<:ry ~ l.bt Bil M"5k re_g~r ii> rota!<:d lry ~ 
bit. 
u .JJ w., hlu; m a., Si! ~ res~ !Ja,.., i-.. -..,.,.,1 it= 
1as11e~n is~ until a tlll'l" lli~rn is 
r=S.<':1. rt. >WY oliier regisw ls ~Tim11 while ilie ~ritllln1 
i..• -~ tb::r: tiN: r:;.•terizatomi ;s a~l '11¥> l>'>8i..'1:10T 
write wh.icl! u--1 lhc "'1oort is tbbn ~~ as W'll11.al. 
N<>t« !he bo>h~"Vior i.< sligh!j~- di!U>ietll "'hen !ho S ~n. 
cOnlk.itData l:t.t is S!>i !O l»~~•lI o. deo::!lo:k from OO:urrill&· 
fulhis~""" mo ~tioo doosn't .~ whe!l "11 lhc hli.; 
bav.:: bc:<:tl usOO am it fJ<\•f llttMM!i:ht= dau w~ m: 00! 
=cio<Jd ill o. tm>el:I' W>llll'!Or lb:D Ill<' ~uo:m fr-.gt1=1s will 
ill:SI J:e<U th.: l:>itmasl:. 
Wbrn !hiz bi! ls ~ 3 ~ i<,. ~~ os;fy W!ll'n <>"Ile of 
We fu!lvwi:l:\l! tegls!<mi lw ~., wrilttmb~ the I=!: ~!.b, 
RlC<>kll', Sten<=il '-''t D:>lot". lf Sym:Ontho.Moisl: ls n>llCI., ti= if 
""l' "'gisttr <>tho-r th:m -<me of lb<oe fu...- ;, ,...,,;,tte1l Ir>. the 
ro.<l~ril:a!ioo is ~btm<d li S~'SM:O<iBi<i.t..i:. ;, .et, fuen if :my 
register ot!w !h>u """ nf ~ fuw-, or l!i!Mas:thttooru, <. 
«'l'itt-.n «>. the ~""""'°"Ii® i. a~ Tut to;gistcr wriio 
wh.l<:h. cau..'<>d We- alxm io ll><:IJ. ~'"":! "' aon.ruil. V.'ritins: ro 
l!i(; Bit.Ma>kl'"®m re&.ioter <l<..,,.,'! cou."' =,~lo le 
.!;"lll'r:.<!<d. hut jUS> Up:hl<':S lb<. llitM:;si;. ~ioie!:" 
Tbls l>tl. when ~' ....ial>I~ m.r..irisl$ <.>f th<: mi;ment$ produroo 
dusi<ig ,,..«~=a~:m. N~ Iha! ''-"' TC>Ot= Uni~ must be 
~uitahly ct1<1hled a> well for all!l !Uturiil$ "-' t>e<: W'. 
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Bil 

v,~, Qi~ l>ir ls !'<'$<! f><' l<mm'ing <.><:<'lifi>'. lm~:ll•~ oi !he 
S<>.~tii>I!. of !ll<' Toexn.lr< U1ci1 c~s. 
·niii> l>ii ;, u.«:-ful !<'> t<mf"'i""'ily fu....,e tt'> i.>xruriug for thi< 
~irniri•e. 

fog­
Erul>le 

Thi~ bi!. Wh<etl «-t, t"'2l>ks ft;jl'gin;t of !be i'r•g»'><flls prod>K>:<l 
rnm,,£ ra.cefrt;01ial Nmi:: Iha! rhe f"<~ llnii m>l.!it be "->il>l>ly 
~aaNOO "-' w~ll fm my fu&.~>~ !o 0<"""· 
Wheu lhi> hit is "''"'>Xi i~iu;g "''"""" irr"'p.i>ctiw ot tl>e 
~ of !he f.:;,8 l:Jo.il o<"'1ml•. 
'This l>i.t i• ,,,.,fu! m '"'"!X""rily fur-.:• ""' fouirig for I.his 
primltiv<:e. 

16 S11hPixel­
Corn•<· 
lion 
Embk 

1lW bl!, who,, :>et. o:r.~M<» U>c> "'-"'"1"~ '1'"1"" ~"'-...cl a<; ·part 
of il><> ""'jafo>.,i<o8 m -.·o1i;ht ll"' .Jplia )~ iu lk alph~ !e:>t 
uRit. Nore ttw !hi• unit mus< be ~w~hly "'"~l.>!00 as woll. 
Wt.:n Wis bil is ti:..<et r.t> c'"'"""8" applli:ati>.."'f~ 00<:~ tm'Spi!C­
fae ~ tile scmng of b':lt .Mti3lia-<M<xl<' in die Alpha. 'l't-.<1 mit 
Thfa hi!, "'ho" :l<:! <'>Wthl<:-> ll"' •uh nil~el o:.rmoclinn ui lhe odor, 
dcplh. fog ,.,,,;; lex<= 'l'•l=< .s i:;,,; sl.art <>f • :<1<:an.ltoo, wi­
!his bit Is re;,et no o<>mel>OO is <k>ne :<! tile s!al'I <>f • s=lttie. 
Sub pixel et=>'ioo..< are ooly •l't'!>OO tu .Ji:a....d ll':l!"'midl; 

A number of loni;,.term rastcru.e-.r nl>'..xles are stored in lhe 
Rasteriz.c:!'Mode regist'-'"T as. shown bel<.JW; 

llil }i.,,,., 
!.) .ltti®t-

a;iM2"3< 

hw"11Bi1-
M""1< 

i3 Fraotio<t--
-~US! 

'i><~1:1 !bls bit ~ set fu. l>itma.<k Ms •ill'e ~ from 
~ nln5t s-i.gni1ica.n~ oMki: ?~ dw ~ stpific.~l)m r.~rl:­
W!lm rhis b;t "' """'t tl>I: hum,,..!;: hit:< "" ~"""""""-! i;,,,,, 
tl.> ie ... .i 1i$Jilikan.t «id too.->rrls lb>'> """'' si$t>J&.,.,: ,,,.,:i_ 
Whon this bl! is sei mo binr""k i.< ittt«:rted iirot U:f= 
~lo& test.>d. 
TboS>o !>it.> wr.i!rol the a.:ii.® o( a C•oulu>uoN""'Li,,.'« rom· 
~ »><l "!'<'<if.I' ~ 1l>« frocli® bit> w <ho Y .00 
XD«m HDAs ...., adju.s!OO 
(), l<1<> a.:lj,u.>'1nl<'!.11 l$ ~ 
L Sc! the lr6i:tkm bilS «.t ler<J 

2. :'iol the ft:-..::tioo. bits to hali 
3; SI>! the fra<:tioo \<.< '""""!:)' half. i..e. (b;7 jft' 

4,S Bia.~..<X>r- ~ !>its romro! how rnuc.h i• 0<l<.led "'"'-' w.~. 
dmat.;$ Swt.mm-., StaltXSub 1Uld ~y ~!\:eS., "''ht!) W..;- = 

k<a&d int<> ct... DDA w.i~. lhe <.lfigjmtl reg.i:oten <>te rot 
affix1>:<i: 
fl ;u,ro is 1ld<.W 
1. Half is :W<kd 
2. Ne<irlJ bill, i.~. Ox'lfff ;, :rl<k<! 

Sd.ssur Unit 
Two scissor te.sts nre provided fo GI.Th"!, lhe User Sdsrnr 

test and the 8('.te:en Sdssor test. Tile IJ$cr Ris5~· cheeks each 
fragment against a user supplied scissor .region.; the screen 
scfasor dt.ec.ks that lhe fragment li:cs. within !he screeri. 

This tesl tnay reje~"t fragments if so.me part of a wiooow 
has been moved olf the screen. It wiU not reject fragments 
if pan: of a v.'.indo;v h simply overlapped by illlothcr window 
( G.ID testing t.an be used to detect this). 

Stipple Unit 
Stippling is a pro..<::ss whereby e.;teh fragment is <--heckt'.'d 

against a bit in a. <le.fuled pattern, amt ls rejected or ac.xpted 
depe.nding on the result of the stipple test. If it is rejcctea it 
1.mdt'.!£Qe$ no furthe:r- p«K'essiag: 1.ctherwise it pro('tt.dil down 
lhe pipeline. GLfu'T support:; two types of stippling. lin<: and 
;ire.a, 
Area Stippling 

A 32:.<32 bit area ~tippk pimern ~~an be .1pplk:d to frag­
ments, The lea.st ~igD..ifie.mt n bits of lhe fragment's (X.Y) 
i..·.:ionlinate~, index into a 2D &tipple patte..rn. If the se.l<x~ted 
bit in the pattern is set, then the ftag.mcrii. passes the tc-st. 
ol'.he-m·ise it is rejected, The number of address bits l!,se;d, 
allow regions of J :2.4.8.16 and 32 pixel~ k) be >tippled. The 

address seleL'tion can be cn1Jtrolled independently in the X 
and Y direction.&. In addition !he bit pattern can be inve:rted 

25 ("" mirrored, Inverting !he: bit pattern ha~ the d'ft.~et of 
dianging lhe sense of the acceplJreject test. If the m.i!Tor bit 
is set the. mo~t dgnilkant hit of !he paneni is toward£ the lef1 
of tlle window·, the defau:Jt b; the con\'e.rsc. 

In ~ome situations window relalive .stippling is required 
, . but coordinates are only available screen relative, To allmv 
y, window refo!ive stippling, an olfset is avrulahle which is 

added to the u>Orliinate~ bef<>K indexing th<: stippk ~b{e, X 
am1 Y offsets c.an be conirolk:d in<l.ependently, 
Line Stippling 

In this te.$t, fragments are ronditi.onaUy rejected on lhe 
~~ outcome of testing a linear .supple mask If the bit )$ t:er\J 

!hell the test falls. otherwise it passes .. The line stipple 
patteni is- 16 hits ill length and is staled by a repeat factor r 
(in the range l io 512 ). The stipple ma~ bit b whkh 
controls the acceptance: or rejert.ion of a fragment is deter-

4{) mined U5illg; 

b=(ftoor {sir)) mod 16 
wheres is the stipple oountcr wlrl.ch is intteineuted for every 
fragment (no.rmaUy along the line), Thls counter may be 
reset at the stlil"t of a polyline. but betwe.e--ll segme.,1Jts it 

4~ continues- as :if there were oo bre-ak. 
Th<: stipple pau.eru ~'.iin be optionally .mkrore<l, that is the 

hit pattern is traversed from most significant to least sig~ 
lililc.ant bits, rather tlum the default. fn.>m kast sign.ific.am to 
mo~t i:ign.mc.ant. 

51:; Color DDA Uni.I 
The c-OlQI" DDA uait is used to associate 11 m!or "-'ith .a 

fragment pt"oduced by I.he rnsteriz.cr, This unit should N­
e.nab{ed fQt tendering operations and disabled fot pixel 
rectangle ot-lefat.i-Om. (i-E-, copies.. uploads and downloads). 

55 Two wlor moocs m:e supported by GLINT. true co!w RGBA 
aud col.or index (C[J. 
Gouraud Sh.ading 

'When in Cfo·maud s!Jadin£ mm.k, the color DDA unit 
pt~rfonru line.a.r inttqX}!ation g.!ven a set of start and incre-

60 ment values, Clamping is used to ensure that tlle interpolated 
•·alue does .oot underflow or <.werflnw lht~ permitted color 
range, 

For a G.1m:aud shaded trapezoid. GU.~'T interpolates 
from lhe dominant edge of a trapezoid to the subordin;n~. 

M edges. ·nu:~ n:leau> that t>No in,;e.JJ!c-ot valu~~ ;ue re<1uircd 
pe.r coim ~'Om{X'>nent. oire w move along the domimint edge. 
and one ro mO\"e a;.'n)ss the span to tbe subordio.;q:le edge. 
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N<.'>te th.u if ouc is rendering l.Q inulitple bt!il'crs ~u:id h,1s 
initialized the start antl inm:~ment 'l''alues in the color DDA 
unit. then any sub~cqueJ<t Render conunaud will cause the 
~tm·1 values to b>~ n::loa.:kd. 

1f subpixel c<lID.'.dion has been enabled for a piimitive. 
then ;my c<net"tlo11 required will be applkd lo th~ ccifof 
~X>mponent.s. 

Flat Shading 
In flat sha.ii11g m:exk, a com<t;mt c<."llor i.s a.s~t1da!ed with 

cadl fragment. Thls color is loaded into the ConstantCofor 
register. 

Texture IlRit 
The texture unit combines the incoming fragment\; color 

(generated in me color DfJA. u:0..i1) with ll value umved from 
interpolating texture map values (texdsj. 

'lhture application consists of two st~ges; derivation o.f 
the lexlllre Color from Ille tcxds (a filtering [UX:ess) and then 
application of tire texture cofor to the fragment's co{ or. 
which is dependent on the application mode (Der.11.L Blend 
or Modulai.e). 
GLINT 300SX compared with lhc GUNt' 40UTX 

Both the Gt.INT JOOSX and GLINT JOOTX 5upport all 
the filtering aud application mode.s dc:scribcd in thi~ section. 
However. when uslng I.he GLINT 300SX. texel value;S, 
interp<>lants .:md te.xtm:e ftlte.r selection~ Me supplied by lhe 
hon. Thiti implies that texture coordinate interpolation and 
te-.xel e:i<tractioo are performed t>y the ho,st using rexlure 
m.:tp"' re>ideal on the host. The reoommended ~dmique for 
performing texture mapping using the GLINT JOOSX h to 
scan 1.."'0n\'crt primitives 011 the ho~t and render fragmeiru as 
GLINT point primitives. 

The GLINT 40t1f'X automaticaUy generates all data 
required for 1.t:xt1Jre "J>plicad.ou as ~tu.res ll!e &IJfed in the 
localbu:lfCJ" and texture parame«.'1' interpolation with full 
perspective correction takes pla1.."0t: within lheproi:~.ssor. Thus 
the GU'!'><'"T 400fX b the procesSOI: uf choke wht.'ll full 
texture milppi11g acceleration is desired. the Gt.INT 300SX 
is more .suit.able in application> where the performance of 
texture mapping is not critical. 

Texture c,-,lor Generatioo, 

Texrure c.'Ofor generation .s1wp-ort~ all the filter modes of 
OpenGl. that is: 

M.lnif! ciitiau; 
Nearest 
Linear 
Nearestt.1ipMapNearest 
NeaxestMjpMapLlnear 
Li:ncai:MlpMapNearest 
LinearMipMapl.inear 

Mag.nificarioo: 
Nearest 
.Ll= 

Minlfication i~ the mu:ne given W the filtering proce!>8 
used whefcby multiple texc.ls map to a fw.gme.nt, while 
magnilleat.ion is the name given to the filtering process 
whereby only a portion of 2 single rexcl map~ to a single 
fragment 

NeSiest is lhc simplest tann of textur::: mapplng where the 
nearest texel to the sample location is selected with no 
faltering applied. 

Linear is a m<1re sophistiC.11ted algffithm whkh is depen­
dent on the type of p.rlmitive. For lines (which are ll)), it 
involves lin~<lr inteipo.latlon bet\>ieen the two near~5t. texeb, 
for polyg,\1m and points which are ci.1n~idere<l k> have finite: 
area. linear is in fM"t bi-linear interpolation which interpo­
lates between !he nearest 4 texels. 

48 
Mip Mapping fa a t<.xhnique tt> a.llow tlte dlidrnt flltrring 

of texture maps when the pro:iected ru'ea ,1f the fr~gmeni 
covers lll.ot'e than one texel (ie. 1nillifkation) .. A hicrard1y of 
textun: maps h held wilh ead1 ouc being h11lf tl'ie :;fre (or .1nt~ 

5 quarter the area} of thr preceding one, A pair ().f maps are 
sdecte<l, bast"Xl on the projected area of th<> texture. In terms 
of llltering !his means that Ihm:: filter operations are per· 
foffiled; t)ne. on the first mltp. one on the second :i:nap .a1td one 
betv>'er,,, the maps. 'The first filter name fN>?.an~st or Lini:.af} 

w in the MipMllp n,une sptocifies the filt<'l'ing to do on th!:'. two 
maps. and the second filter name specmes the filtering to do 
between map~. So for Instance, linear mappfag het>.veen rwo 
maps. with line<ir inteJJK>latk>n between the res.Olll> is ~up­
ported {UnearMip..\fiipLineat), but linear interpolation on 

l~ one map. ne.arest oo the other map. and li11em: i:n.tcrpolation 
between the two Is !K>t supported, 

Tlle filtering p.r<x'Css takes a nu:m ber ot texels llnd 
inrerpcl.ants. and with the cun·e ot te.1lt ure filter mode J)!O­
duce~ a texture rulor. 

2!l Fog Unit 
Tiie fog unit is used to blend the incoming fragment's 

cot.or (~nerated b)' the color ODA unit and p.11.en.tiaUy 
moduie<l by tJie te~ture 11nil) ~<illh a predefined fog color. 
Fogging can he us·ed to simulate atmospheric fogging. an<! 

25 also to depth t.-ue frn.ages, 
Fog application has two stages; ded11ation of the fog 

index for a fragment, and application of the fogging etfect. 
The fog in<le:x i.~ a value whldi is interpolated ove.r lhe 
primitive using a DDA in !he same way color and depth are 

:>O intexpol<ned, The fogging cife(.t is applied to eacll fragment 
using one of !he eguatfoos described belCN.-'. 

Note lhat although the: fog v-a!ues are linearly interpobted 
over a prilnitiYe the fog value~ ("all be 4.-akulatro on tbe host 
1.1siug a linear fog functfon {typically for simple fog dfeets 

JS and depth t'Uing) or a mot·e complex fum'Uon to model 
atmosphak atten1.1llti(m, Thi?i would typkally he an expo­
.nenli.al function, 

Fog l:n<lex Cakul.uion-The Fog DDA 
The fog DDA i~ use:d to interpolate the fog in&:x (f) 

40 across a primill:ve. The mech.anks are s:bnilar to th<:>se af !he 
other ODA units. 300. horizontal ll>.".'<'!n:o.ing: proceed~ from 
d:omina.nt to ~ub«dinaw edge as disc1.1ssed above. 

TI.ie DDA has an internal range Qf approximately +5 H to 
-512. so ill some c115es prinUtives may exceed these bounds. 

45 This probtern 1ypkally oo.."tlrs for: Vet)' large polygow; wltidl 
span the wlu.1J.c depm of a scene. 'Ibc conect solution is to 
tess-ellate the i..1<>lygon until polygons lie withill the accept­
able ra:nge. but !he vi~ual effect is frequently neglig:ibli: and 
c:au often be ignored. 

5-0 The fog DDA calculate~ a fog index va!ue which i> 
damped to lle in the range 0.0 to LO before .it i.s used .ill the 
approptiate fogging <:<Jimtlon, {fogging is ;ipplied differently 
depending oo lhc mlor :m00e.) 

Antialias Application Unit 
55 A.ntialias i1ppLkJ1tion controls the combining of the e.:>V· 

erage value generated by the rasrtri.zer wim the color gen· 
eratcd in the color DDA ullits. The application depends on 
the tulor mo<.k cifue.r RGBA or Coklf IndeJ;. (CIJ. 
Alltialias Application 

6fJ Vl'hen antillliasing is e.nablcd !his unit is used lo C<>rnbine 
the oovc:rn.gc Yalut' i:ak.ulated fot" each fragment with the 
fragment's alpha value. ln RGBA mode the alplJ;J value h 
multiplied by the cxwerage value calculated in tlie rnsteri.'l.er 
(its rang.:- is 0% k) 100%}, The RGB valuc5 rem.a.in 

65 u nchangeil and t.'lese MC modified later in the Alpha Blend 
unit whid1 must he £rt up api:iropriately. In Cl mode the 
cover<1ge \'alue i~ pla~'ed in I.he lower 4 bit~ cl the mloc licld. 
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The Color Look Up Thble h llSsumed to be set up such that 
each color has 16 imens.i.tie~ Msoc.iated wilh it, one p<:r 
mverage entry. 
Polygon Antialfa>.iug 

Ph;d Ownership Test 
The ownership of a pixd ls established by testi!lg Ille am 

of the current window against the GID of ll fragment's 
d~o;tination in the GID buffer. If !he test passes. then a '~'l"itt~ 

can take plare. otherwise 1he write is discardro, TI1e sense 
of the test c.1n be set to iine of: al"l''iays pass. alway:; fail. pass 
if equal. or pass if not eq1.1al. Pass if equal i~ the no.rmru 
mode. In GI..1.1'.'T the Gll) plane~. if pn:sent. an: 4 bits ikcp 
allowing l6 p:;ssible GrajJhic IJ)'o;, Tne current GID is 
establi>!ied by setting the \Villdow rcgi.s!er. 

lf the unit is di.sabled fn.gments pass throogh undistumed. 
Stencil Test Unit 
The slendl test conditiunally rejects fragments base<1 on 

th~ \JU!<:Om<:: of a rnmpmison betvieen th~- value in the stt':lldl 

When using GLINT to render a11tirufased polygons. depth 5 
btljforiug ca1rn.i::>t be used. This is beeause the order the 
fragment> are combilled iD is critical in pr<>tiocing the 
c-0m::ct final color. Polygon$ should thc>tefore be depth 
so1ted, and rendered frnnt to back using the ,1lpha blend 
mJXfcs: Sm.m:e,.\lphaSaturnte for the source blend function w 
and One for lhe destination hknd function. In tttis way the 
alpha component of a fragment repre5t:llts the ~.rcentage 
pi&d l·overage, a11d the t.>lend l'uu~"tio11 ac-cumu!ates '°''Cf· 
age until the value in the alph.3 bulfer equals one. at whkh 
p;)lJJt no farther cootnbutions can made to a pixel. 

15 buffer and a refe.rence value. The stendl. buffer is updated 
according: to the current stendl update mode which tit'.!pcnd:; 
on the rcsull of !he stencil te>t an<! !he depth tc:<L 

For the antialiasing of geueral >ecnes. with no restrktiow; 
on rendering order. !he aa.'tlmulilti<.>u buffer is the _prefonce:d 
choice. This is indirectly supporte.d by GLL"iT vi.ti image 
uploading and downloading. with the accumulation buffer 
residing on the host. 

When anti.aliasing. interpolated parameters whidl are 
sampled within a tragrui:mt ((.x.•lor. fog and texture), will 
s.ometimes be unrepresentative of a rontinuoos sampling of 
a ~urface, and care shou.ld be ukfn when rendering smo<.>th 
shaded autialiased priru.itiv~s. Thi5 probfom does not occur 
in aliased rem:kring, as the sample poi.nt is consistently at the 
renter of a pL"{el. 

A.ipha Te~t Unit 
The alpha test con.wares a .fragment'§ ;tlphit value with a 

referenre value. Alpha testing is not available in ook>r index 
(CT) mode. The alpha te5t conditionally reje<:ts a frngment 
based on the comparison. between a reference alpba Villue. 
and one associated with the fragment 

Localrn.iffe-.r Re..'l.d/Write Uait 
The locaibuffe.l" hol<i5 the Graphic JD, FrameCount. Sren­

ci.l ;md Dcptli data associated with a fragment. The local­
buffu :read/write unit cot1lr<..•.b the t.iperation of GID te&ting. 
deplli testing and stendl testing, 
Localbufl'e.r Read 

The LBR.e.adMode register can be oonftgured to ~ 0. 

Stencil Test 
Thi~ test tmly OCCU:T~ if all the preceding !.esl:> (bitmask 

20 sci%t1r, stipple, alpha, pixel owncrship) have passed. The 
st.endl test is C..")ntrolled by the stencil functfon and the 
sr.endl open1tion. The stendl function controls the test 
bern-·ecn the reference. st.endJ vruue and the value hdd in the 
stendl butfe1; Tue stencil opcl"ation ~"1lltr{1l$ the updating of 

lS the stencil buffer. and is dependent on the t'esult Qf the stencil 
and dfP{h tests, 

If the sict:ncil rest is enabled then the stencil buffer will be 
updated depending on the outcome of both the ~encil and 
the depth ie~l'> (if lhe <kplh test is oot enabled the depth 

)() result is set w pass}. 
In .addition a comparison hit mask is supplied in !he 

StencilData register. Tilis is used to establi£h which bit":> <>f 
tile soorce and refe.rem .. 'e value are u!ied in !he stencil 
function test ln addition if. shoold ll>..Tmally be set to exdude 

35 lhe top four bits whe.n the ~tencil width has been set M 4 mts 
in the St.enciL'\iode regisfer. 

T1le source stencil value can be b·om a number of places 
as contro.lled by a field in the StendlMode regist~: 

l or 2 reads of the localbl!:tfe:r. Tile following Me the most 4n --------------------­
oommnn i:ruxie5 of acce:ss to the locslbuffat: 

Nmm.al re.ndering witnout depth. stendl or GID testing. 
Tb.is require::> no localbuff'eI reads or writ~. 

Normal rendering without depth or ste.ndl resting .and 
with GID testing. This require~ a tocalbuffer read to get 
I.he GID from the loca!hufftT. 

Norm.'11 ren.dering with depth aud/C\f stencil testing 
required which comiitio.!lally requires the localtmffer lo 
be. updated. Thfa requires local.buffer rt.ads and Mites 
tt) be enahled. 

Copy opera1ionB. Opetations whk"h oopy all or part of the 
localbufl'er with or without GID testing. This t~uires 
re.ads and "Writes enabled. 

Image upload/download \.)j)<::Iiltions. Operations which 
download depth or stencil information t(.> the loc.U 
buffer or read deptf1. stcnd.l fast de.ar or GID from. the 
fo.:4l.buffer. 

Lm:·.al.ooffer Wrire 

LB~'ri1>1>Dota 
St<'nC~ 

Te.r lo&'~ 
s~~ 

{•t=l1 
5-fJ "-ak1~ read 

from !!No 
iwolbuitel') 
S""""" $$Cndl 
v.:lw: re•d 
from me 

5~ loc~lOO!IeT 

"l1li~ is !be oonu:!l i:;KJ<k. 
Th~ is ~ f<:'f in<;::=, in Ill>' OpenGL dt;>w pi:uls 
h=riou wb.:re 11..,. ho>t •«w.ll:u ll>e •!<mi::il \•a!ue~ in (lio>. 

S1>1>nd! regis!J>r. 
Thi~ is <"""' ''"Mn a <"-""<llmt litmcil valoos is :l!OOdOO .• fol: 
e:t;ample, when dt~ t.1>t S!»ru;~ boiffe:r WOOll fas! £k..'llt 

pfa • ...,,. - fJfJt g,,.;bbk. 
'Tiu• ls '""""1. tt>r ;,,..t...,.., >n t!w l'.>l"'n<'.lI. ""l'l' p~k; 
futl,:,!i<»> wbe:t.1 >"-" <1i>n<ll p-l= """ 11:> ""co~<! tn tl>e 
<ksti<>lltlou.. lll<: """"'""' i< <>ifae! km> die &~!l:t"'fo" b~· 
tll£ ":tl"" m LB~«Off,,_,t r<>gi.s!M. 

Thio ls -1, f,..,, imt<isx.'e, m ii» {lp<uGL <.opy pi>r.:ls 
fut><:;inn wl= ti:.: si.>ndl pl~ in tho okstinaiio<i 
;ire •1<11 <<> he u;xl>ie<L "lk o.t~,.;il <ll>ia will <>:l<l><' 

ei!het from the lr"..::ilbu:!f<:r <l:i>te, or the l'CSt=il 
te;gis!J>r. &ptndi:t:lg on w~1 fa& dea.r 
ot<>rnti<>ns = en>!>IM. 

Vlrites to the local.buffer must be enabled to allow any 
update of the localbuffer tt) takt~ pla~~e. The LBWrit>lMode 60 
register is a single bl! flag which eontwls updatfag -0t· the 

Depth Tes! Unit 
The depth (Z,1 test, if enabk.d. l'illl'lpMes a fragment's 

depth against the corresponding depth in the de_pth buffer. 
The n:ru!t of the depth. test Cilll. clfect the updating of ttie 
stencil buffer if stencil t~llng i-s enahled. This test ls only 
performed if' all the preceding tests (bltmask. >cissot. stipple, 
alpha, pixel owncr.shlp. .stencil) have pas~e<l. 11le ~otuce 
value can be ®taine<l from a nurnf:>e.r of _pfa.ces as controlled 
by a field. in the OepthMooe register: 

butter. 

Pixel Owm::rship (GlD) Test Unit 

Any fragment genera«:d by the ra.sted:ter may undergo a 65 

pixel owm::rship test Thh test establishes lhe cu.rrein frag­
ment's write pennissfan to the k,ealhuffor and fran~bu:ffer. 
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Thi• i; u.."°'<.l. for ir"'t..1icc, in the OpenC'.t. tlr.iw pixds 
fono:ti<m '''~ the l=t .uppli,:,s d:.; &pth v•J'"'" thnws:h 
lhe ti.pth regi<i<or. 
Af~cm~~V'cly ~his fa u~i ~·~ a ctnq~t depth \':l:.~w: i.s­
~, fur oxa.1<.Jj>k<, wti.n d~£ It><' <loopth t>\11!:&< 
{wb~n t"1St d~M ~a.nos W'i!· oo~· :.:i:~·ai!-a~k ! .or ZD 
rct-.Jc>ririg wt....,.,, ilie dt>pll! is held oowitant 
Thi> ;. u.'<Xl. fur ;.;.sw.:c,. in ilie ~ ~<>p~· p<m!.> 
im>:rion wh<:n rho <kpfu phno• = !<> b<: «:ipi«rl 
R> Ill& ®lma!K"'-

Thi> is 1-1 for ~e. ill WI: OpenOL .:opy pl.'\Cl'> 
i\wc(;oo ... 1:xon Iii< dl:p!l:; p!:mcs .in ire desMll!ioo ll.."' 

n<:4 ~ 'lbe """11h dal:a will ooo"" .>idler from ti!.> 
k<:alb>~&r Of :ho FC'Deplh tt:pSll:.r de?endin~ the ~!alt 
<if m.. Fa.t Gle :ot mxles w opccrati<m 

52 
The dam read fmm Ille fr<tmf:butfer may be tagged eW1er 

:FBDefault (data which may be written back into lhe frame­
bulfer or used ill £ome trumner to nl<)dify the fragment colofJ 
or FBCulor (dilta which will be uploaded to !he !Jost). Tnc 

5 table below sum...'Uar:izes the fra.mebuffer read.lv.,'ri!e rnnlr(1I 
for t'Otmnon rendeling ope.rations; 

R~oo- Reil<! l>:>t• 
'l'l'Jle rn S<= Re111l<'t~ (>pttatO-A: 

H 

--~~~--~--..._--~ __ ..._ ______ ..._ ____ ~--~ 

l)i;.1bled l:li.~l>!OO Enab!OO 
Hi.<>1bled E®bl~d D~~l>xl 
En~ JJisol>led &ab*<! 

D~ Efi<>hled &at>k<l 

FBCol<>r 
FBnel:w:iit 

RlMa<ll! 

R.~,~ wi!h nu k~;.. 
cal~~- softw= 
wrire mll.lks or blendin_,._ 
bnage OO«'Illood. 
lm38" upk>rl 
fin~ ocypy wl!ll 
b;,:rd..·=wrii..~. 
ltl>~W!Ui.gl!>ii­
~2! "P""'l><ms, ooft-

"'""' "rilt~ 
w bkmding. 

\Vhen using the deptti DOA for normal depth buflh'Cd w Embltd 
ren<!ering operations the <kpfu values required are .similar t-.1 

Ima£<' '''IW '"i1h 
roft>i,·= v.-riti:m<•sk.<. 

tllOSt' requlred for the color l'a.lucs in the c-01.or DDA mtit: 
ZStart=Stat Z Value 

Framebu!l:h Wris.t dZdYDi:m.i=lncremcnt along dominant edge. 
dZdX'""lncrement .l:long the sean line, 25 Framebuffer WTites must be enabk.d t-0 allow tJle frante-

The dZdX valui: ls not tequired for Z~bwforcd lines. 
The depth unit must be eMb-led to update the depth buffer. 

lmifer t(1 be updated. A ~ingJe 1 bit :tlag controls this 
·~tron. 

If it is disabled then the depth buffer will only be updated if 
FOf'ceL-BUpdate is set in !he Win<lO\V reg:i5tcr. 

l'ram.ebutfor Rea<l!Wiite Unit 
Before rendering can Ulre pl.ace GLil'.'T must be ronllg­

ured to perf .:irm !he ccaect fra:mebutfer read and wdtc 
operations. Framebuffer read and write :ltl-Odes effect !he 
operation of alpha blending, logic ops, write masn, image 
upload/download operations and the ur:ldating of pixels in 
the framebulfer. 

The framcbull'cr write unit is also usoo to '-'tlntrol thi:: 
operati<.iu of fai;t block fills. if .supported by the frnmebllffer. 

3-0 Fast fill rende:ing is enabled via the FastFiUEmble btt in the 
Reudcr cummand regist~. I.he framebidfor fast block sin:: 
must be configured to the same ~'alue as tile Fastfilllm.tt­
ment iu the Render command regi.<>te.r. The FBBlockC(J!or 
register holds lhe data written to the tramebu.ffor during a 

35 block fill ~"a.lion md should be formatre.d fo the ·raw' 
framebUffer format When using the :fram:ebutler ill & bit 
pad.""ed mode the data should be rq:ilialt'd into each byte. 
When using the frameootl'er in padoo 16 bit mode !he data 

Framebuft'er Read 
The FBRt:adMode regfaw all.ows GLR-.!'T to be t'Ollftg­

ured ro make 0. 1 « 2 readS of lhe framebu:trer. The 
following ru:e lhe rr.ost cmnmon modes of aa..-ess to the 
frame.buffer: Note th.ar avoiding unneeessary additional 41) 

reoos will enh.ru:i<:e perf ommnce. 
Rendering operations with im logical operntions, softwm:e 

write-masking t>r al.phtt blending. In this case no read of 
the framebutfor i~ required and framebuffer \\'rites should 
be enabled. 45 

Rendt:rfog operations which 11c5e logical ops,. software ·write 
masks « alpha blending. 1n these cases lhe destination 
pixel mu~ be re.ad from th~ framebu!fer and framebuffcr 
>''rites must be. enttbkd. 

hnage ctipy {.>pcr<:itioll5. Hen: setup varies depc.nding on 50 
whether hardware oc software write masks are used. Per 
software 11"rite :tuasks. the frarn£:b.uffer needs two reads, 
one. for the source and oiie for the <lestinatfon. When 
h.srdw~ write masks art used i,rn: when the soflWll!t 
write mask allows updating of all bits in 11 pixel) then only 

55 one re.ad is requin..'<i 

should be replicated into the top 16 bits, 
'When upk.<00.ing images the Upl..QadDai:a bit l'.iW be set to 

allow color fonuatting {which takes J.llacc in tile ,-\lpha 
Blend unit), 

It shQIJ}d be noted that the bl.x:k write ''.llJl'lbili!y pro\'ided 
by the dlip Qf the presently preferred embodilnent is it:>elf 
believed l<) oo novel According. to lh:ii; new apprtlach. a 
g.ritphks system '-«ll do mask<xl blvi.:k '¥>rites of variable 
length (e.g. 8. 16. or 32 pix.ds. in the presently preterrt'.d 
emb-Oditne.nt)- The rn.s.ierizer defines tbe limits <Jf the block 
to be written. and hardware masking logk in th~ frame­
buifer interface permits !he block to be .filled in, with a 
~pe<.'.ifted primitive. only up to !be limits of lhe object being 
re!lden:.d. Thus lhe ra~erizcr ran step by th<: Bfoc.-k Fill 
increment. Tlili permits tlte bl.xitA\.'rite ~'apabititi.es of !he 
VRA\.f ch.ips to be used o:i.'ltimally. tQ miD.imize fhe length 
which must be wi:itteu by reparate writes per pi,'te"l. 

Alpha Blend Unit !mage upfoad. Thl> requires reading of the de~tination 
framebuffor reads 1-0 bl: t:nabled and framebuil'cr v.Titcs to 
be disabled. 

Image downl-0ad In this Clise no framebllfier read is required 
(as long as software writem.asking and J.ogk ops are 
disabled) and the \\-Tite musl. be enabled. 

Alph:i blending ~otnbines a fragment's color with tho~ of 
llie corresponding pixel fo the framebutfcr. Dltndi»g is 

60 f>Upported iu RGBA mode only. 

For both the re<t(1 and the write operations, an omet is 
added to the calculated address. The source •)ffaet 
(FBSourceOffsei:) is used for ropy operations. The plied 
ottset (FBfu.e!Otfset) t-an be uso.1 to allow rnlllti-tmlla eij 

updates. The offsets should Ix'. set to zero for normal 
rendering. 

Alpha Blending 
The alpha blend unit mmbku:s the fragment's color value 

with that 5ton:d in the ftamebuffer, using lhe blen<l equoi:lfon; 

where; C., is the output color: C, i5 the &ource cd<ir 
(cakuiated internally); c" i> lhe destination color read from 
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!he framebuffor: S i~ tht: soutee blending wdg!lt; and D is 
me destination blending weight. S and D ar~ no1 limited to 
li11ellr ccimbinatiom: loi.~kup fum."tim1s c'<!n be used to imp!e~ 
m~~nt (>ther cMnbining relations. 

54 
I-lilt ghadt~d ruias;~d primitive 

No dithering required 
N (; logica.1 ~•ps 

If the blend OIJ<'!'rations requ.iri:c any desti0<1tio11 c:olN 5 
'~ompcinents the,n the framebW'fer read mode must l:>e set 
appropriately. 

No stencil, depth or Gfi) t<.,sting requued 

N;j alpha blending The following are available: 

Bit ma"king 1n me rastcrizer 
Area and Jille stippling 

Image Formatting 
The alpha blend and color formatling u11lis c11n bt~ it.">Cd to 

fonnal iim1gt: data into MY of !he supported GLn.."'T framc­
bufkr formats. 

C.;).n,~ider the c.i~e where th~ frantebuil'er is in RGBA 
4;4:4:4 modt:, and an area of the saeen is to~ up!oat"kd and 
o;rnred in ,1n 8 bit RGB 3:3:2 format. The ~eqnence of 
operation~ i~: 

Set the fas!erucr as appropriate 
Enable framebufrer re.ads 
Disable framebuffer wril:es and ~et the Upl.<'llldD:a.ta bit in 

the FBWriteMode regisicr 
En.able t:he alpha blend unit with a blend function whk.h 

pas.se.~ th.e. destinatio.n value ;md ignores th.e source 
val11e (50ll.l"a: blend Zei·o. destination blend One} and 
set the color mcidl:: h'.1 RGBA 4:4:4:4 

User aad Screen Scfascr test 
w If all the conditions are .met then ru.gh speed rendering can 

be ad1foved by setting the FB\\'ritt"!Da!a regl.s!e.r t-0 hold. tht~ 
fraruebuffor data (fom1<1tted ;ippropri.atdy ft'Jr the fr~me­
l:ll.Ufor in use} and setting the Use('.-oustantFBWnteData bit 
in the LogicaJOpMode register. All m:msed units shoold be 

! 5 disabled. 

•2{) 

This mode is most useful for 2D applications or for 
dearlng the fritmebi.dfcr when the mem.<."lry d,;c_., lll)t support 
block wrile.s. Note that :FBWritefuta regjsttt should be 
considered volatile when context switching, 

Logirnl Operations 

The logic:a! operatio11s supported by Gl.Th'T are: 
Set the t.'<'.ll.Of" formatting uni! to forml!i the C(llor of 

focoming fragments to au S bit RGB 3;3:2 frame buffer 
format 15 Mule !ofa.<ne o.,.,ratiof> M<~ N".,n., (Jt=lkm 

The upload n.ow prc«~s as nonual This tedinique ~ 
be used to upload data in any suppart.ed format. 

The same tedmique can be used to downJ1);ui data which 

!l Cleat 0 8 N<i< --(SI 0) 
l And S &t D :) llql>i.,,aleill "1·s. !I) 

is in any supported framebu!l:er fotmat, m this ca~e the 
rasteriier i> set to gync with FBCotor. rather than Color. In :m 
this case framebuff~ writes are ena.bkd. and the IJpLoad­
Data bit cleared. 

2 
3 
4 
5 
5 
1 

Andi«>\~ 

Copy 
Atdm~t 

N"oop 
X« 
Or 

!> & --D 
s 

-s & I> 
D 

S 'D 
SID 

lO .luvort -l> 
u O; Revcn:t s 1---0 
l2 OJpy In..m -S 
}3 Ot fuveff -SI (I 
14 Nand -{S& D} 
l5 &t l 

Cofor Fan:rultling Unit 
The color formatting unit ronvms from GUN!' s internal 

oolor re~sentation to a format suitable t..'.I be \\Titten i.nro 
!he frmnebufie.r. This proi.."tss may optfon.al.ly include dith­
ering of the color val.tres for framebuffers with less than 8 
bits width pet' color component. Jf th~ unit is disabled then 
!he color is 11ot modified in ill!¥ wav. 

As noted above. the fl:amebUtt'er ~ay be configured to he 
RGBA or Culor Index (Cl). 
Color Dithering 

Glll'<T uses an ordered ditlle.r algorithm to implement 
oolor dithering. Several types of dithering can be se-Jected. 

ff the color fotmalti11g unit is dfa~bled. the color compo­
nents RGBA are Mt mod.med and will be ttuncated when 
placed in the framebulfor. Jn CJ mode the Yalue is rounded 
to the nearest integer. In both c;ires the re.suit is clamped to 
a roa.tjmuan vl:ll.w:: to prevent ovel11ow. 

ln wme situatio115 only screen 4.'00rdIDates are available, 
but wimiow refatlve dithering is required. Thill can bt~ 

implelll¢nted by adding an <>ptional off5tt to the t•'.IOCdinates 
before indexing the di!be.r tables. The offset ls a two bit 
nunlher which is supplied for each cr>ordinal.!!. X an<t Y. The 
XO!f>et. YO!fset fields in the DithcrMode regfater control 
lhis operation, if window relative coordinates ate• used they 
should be ~et to z.cro. 

l,ogkal Op Unit 
The h:igical op unit perfl-'Im.s two f{lflt!Jon.s; logk opera­

lious bet'Neen the fragment color (source color} and a value 
from tile fra.mcbuffe-t ( destinalfon col.or); and. optionally. 
contsol of a ~pedal GLINT motle whkh allow~ high per· 
fonnance tlat shaded. rendering. 
High Speed Flat Shaded Rendering 

35 \Vllere: 
S=Souree (fragment) Cairn:. D:oDestinalit'Jn (fnm:iclmffor) 

Co WI:. 
f'O!' correct operation of thls uni.t i.n a .n: .. "lde wnkh takes 

the destination colo:r. GI.11'.'T mu~t he configured to alfow 
¥1 reads from the framehutfcr using the FBReadM.ode reg.is.tef". 

GUNT m.akes no distindion between RGBA and CI 
modes when pcrf•')fll'l.ing logii::al operatfons.. H<M·evcr • .logi­
c.at operations are generally Olll.y used ill Cl mode, 
Framd.ll.ttfor Write Mask~ 

45 Tu>o types of framebuffer ""rite m.1sking are s.uptl-Ol1ed by 
GLINT, software and hardware. Softw.are write mask:ing 
requires a read from the fra.rnebuffer to combine the fr.ag· 
ment color with the fr~bufl:cer '-'>1lor. be.fore cl:!.edcing the 
bit<- in the mask «.i ~ whld1 planes an: writeable. Hanlware 

so write masking is implemented using VRA;.\>! Mite masks 
and no framebuffer re<ld is required 
Software Write Masks 

Software v.nte masking is co11tmlled by the FBSoftware­
Wrirni.fadt regiM.e.r. The d.11.;i field h<1s one bi! per frame-

5:> blltfor bit wilkh when set allows !he corre&pQD<iing f.rillne· 
buffer bit to be updated. When nm~t it disables writing to th,1! 
hit Software ~1.1rite masking ls .app!i.ed to al! fragnlellfS an1i 
ls not controlled by an en.able/disable bit. HO\l;-·~.wu it may 
clfecth'ei}' be disabled by setting the m.a.-;k to all 1 's. N<m>. 

M that the ReadDe~tinatkm bit must be enabled in the FBRe.ad-
Mode register when usinat soitware write :ma~ks.. in 'Nhkh 
~ome uf !he ti.its arc :r.ero. 
Hardware Write MJL~k:s 

A spcdal Ot.lNT rendc.nng mode is available which 65 

allows !Ugh speed rendering of un.shade<l. images. To use the 
illild;: the following constraints must Im &'ltislied: 

Hardware wriie masks, if available, w-e controlled using 
the FBH.aftlwareW.rikMask regi:<t~r. If the fr.ai.·nebuffer sup­
ports hardware write mas.ks, and they are to be used. then 
softw.11re '"Tite masJ,..'ing stu'Jtild oo dlsa.f>led (by setti.Ilg ail the 
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bit~ in lht: FBSot'twareV>'riteMask rcghter). '11lis will result In the presemly preferred emboo.iment. the fuune buffer 
in fewer framebufl:h re.ads when 110 !ogkal opentions or inte.rface of the GLL'<T ch!p e<)nt.;tl.ns adsiitkimtl slmple 
.1lpha blending is m:cded. interface logk. so that tw{'i chips can botb a<.'Cess the same 

If t-he frarrv;t>uifer fa used in 8 bit packed mode. then an frnnv:::- buffer 1nemoiy. l1lis p;::,rruib the OLI!'>"l' chip w be 
8 bit hanlwarn write mask must ~ replicated to aU 4 tiyte~ combined with an additional chlp f& man.agement tu the 
d the Fl:Hfa.rdwRreWriteMask reglstcr, lf the frrunernt!fer is grnphk~ produced by the graphkitl user interlace. Thl_s 
ill 16 bit pa.eked m<xfr then the I6 bil imrdware \\'l'Jt(: mask pwvides a migration path fm u~t:fs an<l applii.-ation~ whu 
must be repli<.-..ated to !xith hah'cs Qf the- FBHardwareWdte· need to take advant,1ge o!' lhe existing software fove.s1me111 
Mas_k r;::;gistc:r, d d · lri f · th h. . .. · Host Out Unit I" an ev1ce c ws~ _ m: varrnus o er gr<tp i.:~ c . .u1ps. 

Host Out Unit contn.>ls which registers. are available at the FIG. 3c show~ ;mother grap._'lics !:mm:d, ill whk-h the chip 
output t"IFO. gathering statistics aboot the rendering opc.-ra- of FIG. 2B shares access to a oommon frmne st<tre wiih ~ 
llons (picking and ex.ten~ testing) and me syuduorii:tatfon t)f GUI aci:.--ele.nltor d!lp (such ii> all S3 d!lp). This provide;; a 
QIJ]<.'T via the Sync register. These three tun~tions are as path for software migration. and aim provides a way to 
follow>.: sepllfate 3D renderiBg t:asb from 2D rendering. 
Mcs&age filtering. This tJnit is the last unit in the core• so any l5 ln 1i1is embodiment. asharooframebutforis used to enable 

mess.age not ~Xlnsume.d t>y a preceding ullit will end up multiple devices to read or write data to the .same physical 
lm-e. These messages will full in to lhree dils~iftcations: f1amebutfet memory. Example applications using the 
Ra;tcriz-tT .messages whld1 are never oonsumed by the Gu:r..'T 300SX; 
earlier units. mesSllge,.; associated wll:h image- uploads. Using a vide\.) devke as a 1..-q.>1-.x·~sor tt.> GLINT. to grab 
and fi.na.lly programmer mistake~ where an invalid lll£S· :m Jive video into the friuuebutrer. for displaying video in 
sage \Vag written to the input f'IFO. Synctu-ollll.ation a window '"'"' acqllil.illg a vid~o sequence; 
mes:;ages are a ~di:!! cmegwy aud m·e t-tci!lt with !ates:. Using GL~1 as a 30 copnx.ce:ssl1r to a 2D GUI 
Any Itll:':ssages not tillered oot are passed on the output accelerator. prese-tvi11g fill ex:isting investment in 2D 
FIFO. dlfre:r soi'tw are. 

Sl.alistk Colle<.1ioa. Here !he i:1:i..'l:ive step roe5sages <11.'C used 25 In a COJ.-'rOCessot system. tile framebuife-i· is a snare<! 
f_;) rectlr<l the extent of the rectangular region where resource, and so a<:cess to the rcs<>urce needs to bi:: aroitrated. 
raste.rization has been <.x:cumng. or if nisteri1.atfo.u has There are aho other aspe<.-:ts a >hilriug a frainebuffer that 
ooc11rred i.nside a spedfk rectangular .region. Thes.c fadli· need to be oonsidemi; 
lies are useful for picking and debug a«ivilies. M f run 

Synchroniz_ation. It is oflen useful frit" the controlling ;oft. so · emory re res g; 
Wille t~~ fmd out when some rendering activity _has Tran~!er of data from the met~ cell& itltc the shill 
finished. to allow the timely swapping or sharing of registers of the VRAi\i; 
buffers. reading back fJf state, etc. To achieve this the Contro-1 cf writemasb .aoo mlor registers. 
software would send a Sync rnes;;age 11nd when thh GLI!'rr U&e$ the S3 Sbared Frame Buffer Intro ace (SFRI) to 
reached Ibis unit any ps-oo::ding messages or their actions 35 share a framebuffer. This foterlace is able to handle all of the 
arc guaranteed to have finhbed. On rereivmg the Sync above aspe'-ts fo1 tw(;) de:vices sharing a frame buffa·, with 
message it 15 entered into the FJFt) 1md -Optionally ge.n- the GLINT acting a.s an arhittation masta or slave. 
erate~ .an interrupt.. 

Sample Board-Level Embodiment 
Timing Consideralims in Shared Frame-Bufft~ 

lllterfa>-e 
A sample board il}Corpnratin.g the GLINT chip may . The Control Signals used in the Shared I-ra:m.ebuffer 

mclude sm.wly: . ,._., ' ... - l ··f .,.. b" . ..A: 
~.e GL.Il\T chip itself: which i~orporate~ a PC! inte:rfa.~e; :!~~~- 111 ,,.e Pfese-.nt 'i J-"tfv e.rr~"' em ....... ment, are ii~ 
V1de.n RAM (VR~M). to which the chip has n:-ad-wnte GLThT as Primm:y CouttoU~ 

access lhrough its fr= buffer- (FB) port; 45 _ , • . __ - . , 
DRA.\>f. whidt provides a local buffer then made (Qt such f'13ReqN is i11t.e.nuilly ~-~ynchruru;;r.ed to System Clui.t. 

purposes as Z buft!:ring: aoo FBSeIOEN remains negated. 
a RAMDAC which provides analog color values in a«.'Qf, FBGirtN is assened an unspecified amount of time itftcr 

dance with the color values rea<l out from the VRA.i\1. FBReqN is assermd.-Framebuffer Address, Data and 
Thus one of the advantages of the chip of the presently 5ll Control lines are tri-smte<l by G~'T {the rontrol lines 

preferred embOOiment is that a mimmal: bo&td implemcnta- should be llcld higb b)' exoornal pull·up re~istors). The-
lion fa a trivial task. ~eron<iaf}' '-"Untrol.ler is now !1e.e t~) drive the F'rame-

FIG. 3A shows :a sample graphics board whkh incarpo-- butler lines and acoess the tne-Joory. 
rate~ the chip <i FIG. 2B. l'DGnt.1\1 n;raains abSt:tred until GLINT te-quiJ.-e:-; il fraroe-

'f'IG. 3U shows another sample graphic~ board 5S btltl'er access, or a refresh or iran.sfer cycle. 
implementation. which dilfers fmm the board of FIG. 3A in 
that mnre memory and an additional component is used to 
achieve higher perfrionance. 

fiG. 3C sllow~ another graphi.cs board,_ in \lilhich Ille chip 
of flG. 28 shares access to a common frame store with GUI 6C 
a=krator chip. 

F1G. JD show~ another graphk:s ooard. in whk'.h !he chip 
of HG. 2B shares a1..-cess to a common frame :>tore with a 
\idet• <.--oproceswr (wbk'h may be used for video capture and 
playl>a1.-ck functiQn~ (e.g. frame grabbing). 
Alternative Board Embodiment with Additional Video Pro-
ce:sscr 

FBReqN must remain a~s.-.FWd while FBGntN is asserte:.d. 
When PBGntt~ is removed. the secondruy controller mus1 

relinquish the address._ iiata and control oos in a gra.:e­
ful lllallncr i.e. RAS. CAS. \VE and OE mu..i all be 
driven high before bdllg tri-stated. 

The sei.x-ndary conm,ller must relinquish the bus ruJd 
neg.ate PBReqN within 500 ns (Yf FBGntN bdng 
negak'.d. 

Ona:- FBReqN bas bu11 negatoo. it must remru.n 1na1.-'tivc 
far at least 2 system docks (40 n> at 50 MHz_). 

GU.:.'ff as a Se<:.xmdacy ((~lltt•'}ller 
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Friuudmffer Rdresh imd VRA.M transfer ~'ydes hy 
GLINT are turned 1>ff when GLl!'lt'T £,; a secondary 
frameooffer rnntrolkr. 

GLINT asserts FBReqN whenever is requires a frarrit:, 
bufftr access. 

FBGnlN is fa1te:rnally r:::-synduonimd I<.> system ckxok. 

\\'hen FBGntN is asoerted, GLfNT drives FHsdOE.N to 
en.able any external buffers used !() drive the control 
signals, ,uld lhen drives the framebmler address. dat,1 
and control lille.s to perform the memory access. 
r"'BReqN renlAi:nS asserted while FBGnt:.'l" is as~<:"lted. 

When fBGntN is negated. GLI!'<"'f finishes any outstaoo­
ing memory cycles. drf\'e.~ the control lim:s inat'tiYe. 
negates FBselOEN and then tri-state~ the address, data 
and cf>nlrol lines. lhen rele.i:ies FBReqK Gt.L"IT g\lar­
antees to release FBReq..1'.l' withfo 500 ns of FBGntN 
being negated. 

GLINT will ant reassert FBReqN wilhm 4 system dock 
cycles (80 n.s@ 50 MHz). 

Considerations for Board-Level Implern~nbtimg 
The following are some points to be noted when irnpie:­

menting a shared framebu:lfet des.ign with a GLU..'T 300SX: 
Smne 2D GUI Acceleraton such as th;;: S3 Vision%4. and 

GLIN'f use. configuration re~istots on the ftamebUffe.r 
databl.ls at reset. Jn tb:ls case care should he taken witll 
the couiigurntion setup where it effe<.t re~d only reg­
lslen inside either device. :U' conllkts exist that atn not 
be. resolYed by the board initiilization software, then 
the conflicts should be tesolv1:d by ~olating the w.·o 
devices from eadt ol.he.r at reset $0 they can ~tl the 
corw:t configuration information.. This isolation need 
o~ly be done foc lhe fmmebuffer databus lines that 
cause problems; 

GLINT should be configured ,u lhe secondary controller 
when u.sed with an S:3 GUI accelerator. as Ille S3 
dev.ires can only be primary controllers; 

GI.JNT cannot be used on the daughte-.c l~d interla~~ as 
dt:scribed i11 th.e SJ documentation, because this gives 

58 
The memory system~ {i.e. local buffer ;ind framebull~r,l are 

duplicated for each GLINT. Receall that lhe texture maps 
are stored in the local buffe.r. A s:ingk GLlN'T places very 
high demand> on the memory system;;, an<l 11 woul<I be 
very difficult to share them between multiple {!LlNT~. In 
!he pre.~enl!y prefr.rred cmlxidimenl !hen:: ro:e rm prmti­
sions tor sharing the lO\-"'al butler, so it this is necessary it 
wmikl h;ivc 10 be done be.hind GUNT's back aml tr~ns~ 
parent!}'. Thdmruebuffor ,·;rn be shard { s.ioc-e GLL''ff has 
a SFB i:ntesface). bm !his i.s Uke.!y to be a bottle neck if 

w !ihared between GLI~Ts. 
Broadcast. li1 ~ome pru.alle! systems each GLTh'T wilt get !he 

same (t)t .m-o!ltly the same} primiti.vc &ta and just render 
th<:>se. pixels assigne<l wit. It is vc:ry desirable !hat this data 
is written by the host only once. or fot<'hed from the host 

l5 address space once if DMA is being used. Thi> pnm:nts 
t'>vo i~su""s: firstly the Pl"l" bu~ docs not have any concept 
of brva<k:asling to multiple devk.e~. and sa~111d1y GLINT 
does not have a dedkated F.lFO St.i!tus signal pin an 
t:'.'l>ter:nal co.ntrolli:r can uiie. Neitk.r of these issues are 

20 imW"mauntable, but will re.quire hard1'\'Ml~ to soh·e. 
However. il l'.he applicatio:n only u&:s a 'kw' large texture 
mapped [lfi.,'llilives ;;o repeatedly ~et1diag ('if fetcliing the 
parameters for eadt GLINT will not be a p:mbfom., 
To avoid problems ViiJ:b Anliallasi.ng, Bitma&ks fot 

2.'\ cl:!lltacter~. fir l..ine stipple, fhe area stipple table rnn ~ u~.d 
to roscr\,.e S\~anlioos to .a ~ssor. 
Parallel Configurations 

This section looks at some {)f the common ways of 
applying p;ru-al.ldi§m to lhe renderin§ oper.irion. The list is 

:iu not exhaustive and an ln~re~!ed readet" is iliret:ted. to !he 
book by Whitruau d.tc4 ab-;>ve, No ooe paradigm is best and 
the. t..-boi~. is very appliration oc marlret dependent. 
Fnune lnte.rl.eavillg 

Frame Interleaving i~ where a GLINT works on frame n. 
:!5 the next GUNTworksoo frame.u+l.et<:. Each GLINT does 

everything for its own frame and the video is sou(ced from 
eadl. GLINT' s framebufler in turn. This paradigm is perllap!i 
the simplest one \\1th very little hardware overhead and none 

no access lo the PC'.l b'tls. A suitable f'CI tuidge shoo Id 4<J 
bt: u~ in a design with a PCI 2D GUI accderatnr and 
GLI1'1T so they can both have ae«lss to Ille PCI bus; 

of the ab.·we co.mplications regarding antfallasing, block 
t~es, bitmasks aod line stipples. 

'fhlsc sd1eme only worb when the image isc <lo11ble 
buffered (uoonal for simu1a&n systems) an-0. where the 
increase in transport delay is acceptable. T.ra.nsp.?rt delay is 
the time it 1;ike§ for a user to ~e~ a visual change .after new 

The ase of ribbon cable ~ c;my the frarucbutier signals 
between tw.1 .PCI boards is not reromme,mfod, because 
of noise problems and the extm buffering re.quired 
would impact performance; 

The GLINT 3.00S.X d~s not pmvkle ,1 W.3)' of sharing its 
!~buffer. 

The 400TX also allows grabbing of Uve vid.::o into the 
local.buffer 11nd real-time tcxtm:e mapping of that vide-0 into 
the fr~buffer for video m.al:lipu!atiou effects. 

Alternative Board Embodintents wilh Multiple 
Rcodcring Accele-.rato!" Chips 

This tedulicii noi:e describes s<:lm1:: system design issues 
on how 1uultipk GLINT devkes -.-:au be used iu paralld to 
achieve higher performance. The main driving force for 
higher perfocmance 1' the simulation market which. at the 
fow end, demands smuewherc bt:twccn 25---30M textun:: 
mapped pbte!s per seoond. 

There are same key points befare we 'look at dilferenl 
para.lid <:>£gani:r.ations; 
lb gain any benefit fmm running multiple GLL."fl's in 

parallel, !he overall sys1em must be ren>kring boond. If 
the system is host bound oc geoimctry bound .. then adding 
in :rmlre GLJNT~ will not improve the systems perfor-

45 input sti.m.u.!us to the eyste.m h.as ocxuned. \Vith 4 GLTN'Ts 
this will be 4 frame times ;;ttributable to the rendering 
system, plus ..,,iJal.ever cl~ the whole ~y>tem ad&;. 

The co>'t of this methoo is also one <)f the b.lgbes-t. as Al..L 
tbe lnem<li)' has t<i be duplieate<I. By ~'Onttast. th~ $1..'liemes 

5iJ where the ~creen is di"·ided up can save depth and color 
buffer mcm(:iry (but not t~ture mt'moty). 

Stiquentia.l frames will usually have •·e;y similar &noon~ 
uf rcndl:;'J:ing. unless there is a disco111inuil:y in the vie\\<in.g 
positioo andlut· orientation, so load baland11g i.s gene.rnJly 

55 good. 
frame Merging or Primitive Parallelism 

Frnne mcrglng is a similar technique to frame i.ntedeav­
ing where ~ach GLINT has a full loc.tl. lmffor and frame-· 
buffa: In !his case the primitives Ml': di<itr1butc<l among~t me 

60 m.n-ns and the resultant partial images composited w;ing 
the depth information to contml whicli ib.lgment from fue 
muhip!e hullers is dhplayc:d in ea'il pfad pv::iitiou, 

GLL."iT has oot boon designed to share !he local. buffer 
(wh;."t'e the depth information is held) ~l the ~x•mpo>iting is 

65 uot readily .suwooed Abt• the com1msiti>m fo:quea!ly 
needs t<:> be done at ~·idet> rate so requires ~ome fast 
hard ware. 
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A.lphll bkndiug ;md Amia1ii$ing pre&:nts some ptookms 
bw lhe hitmask, block c:oples >1nd line sti.pplc are easily 
accommodated. (rt10d Joad balancing depends on even dis­
tribution ,_--,f prim.itive~, Noi: all primitives will take the sauw 
arnmmt Qf time to process so a round robin distribution 
scheme. or a heuristk one with takes into ac<..-'(lUltt the 
Cl\pe..:ted pr<x:e5sing tlrnt: for each primitive will be needt:d. 
&1een Subdivision-Blocks 

Here the screen is divided up into large co11tiguoos 
r~gk)!lS and a Gl.LVf l0<.)ks af1cr ead~ region, Pr.imitive.s 
wllitll t•verlap between region$ art~ :se:nt tn rnltb regions and 
scissor dipping usoo. Primili\'es contained wholly in one 
~gi<m are ideally just sent to the one Gl.Th"T, 

The aumber of regio.ns and the horiio.ntal and/or vertkal 
diviskm ot' the screen ~n be chosen as appropriate, but 
hoi:i<:;,>nta.I bMds are usually e-.asier fcy the video hardware to 
l~pe with, Earn GLINT o!l!y oocru enough loc,tl buifer and 
frame bulkr to t.'OVcr lhe pixels in its O'.l<'n region, but texture 
maps are duplicated .in full. B!(.•dC. copies are a problem 
whe_n the blod::, tlf part hl,-,._-1: is moved between regions. Bit 
masking and line stipples >-.'-l:lll be sQ!vcd with !>Orne cm:etul 
dipping. 

Load balancing is very poor in lb.is paradigm, sin~ m<>St 
l-.f !he scene complexity Clt.Jl be com:e111rated into one: region. 
Dynami.c-.al.ly changing the s.i:r.e of the regions based on 
ellpe<:ted :>eene cmnplexity (.n-iaybe measured from the pre-­
vioos frame) can alleviate the pt'JOf load. balancing 1-0 some 
e.'ttent 

Screen Subdivisi-On-Iftterleaved Scanlliles 
TI1e int~lcm·e faetor i.s everv otbt:.i- u'* scanllne where n 

is. the number of GUNT5. Vettlcal interie-.aves Me possible. 
but not supportM by the Gt.Thi! rasteri<.er. Nearly all 
primitive:• will overlap milltiple scru.tlines so Me ideally 
broa<it.ast to all GLINTs. Ead-1 GLINT will have different 
st.art vahies fo.r th~ rasteri:t.11tio11 and lnteqiolatfon pru-am­
eters. 

Each G-UNf onty needs e.no11gll lo1..-al bufier and ftame 
bujfer to ("<JVer the pb:ds ill its own region. but texmre maps 
are dupJkated in full. 

Some bl.°"-it: copies are a problem when the block is 
ID0\1ed between non nth st-a!lllne~. but notiiontal !nlWes are 

60 
Rm1tcr Urut Description 

The Router Unit allows th<!: Ofder of some of" the units to 
be i:hanged so that texruriflg can be dooe before or after the 
dcpih tl:st. Any texture oper.atior..s '"'ill cause a ioS;<. in 
perfonr1<1nce o~·er the same 11011-textured rendering, so ii i_1: 
a good lde,a only to te.xture those ph.efa wnkh pass all the 
depth. :;.tencil and Gill !est:;, OpenGL defines the ooicr in 
whkh operations are to be performed on fragments as 
texture. alpha test. ~tencil and theo. depth, lt h very likely 

, that in a typical sc.ene many textured fragments. will get 
1
" rejected by the depth It.st .-;ay. wbkh isn't the most elfoctive 

use of the texturing capacity, Jf the alpha te.>t i~ disabled (or 
can.not reje(.t fragruents-) then OpeuGL compatible s-e.mantks 
are still maintained if the order is re.arranged to be ste.ndt 
depth. te~ture aDd then alpha test. 

15 The message stream can be re-i::onfigured i:nt<..> eithei- of 
the twu oroers using the RouierMode me5sag_e, The reset 
order h l!l"-ture, then depth so a to be '-"ffinplltih!e with 
Ope:nGL, Changing the pipeline order :is self sync:hronhing 
so the user doesn't need to wait fo:r Ille message stream to 

W empty first. 
Impforlti!-ntation 

This unit is divided itlto two !iUb-1mits: a swilcher and a 
multiplexer. FIG. SA shnws how these are '-~nne-1.-ied 
together. The bask operation is as follows: 

1~ When the Switt.'her sub-unit receives a RoutcrMode mes-
sage it makes a note of the new order, fon><'Mds tile Roo, 
terM ode mes: sage on ml<i blocks all further messages: lllltil it 
rea:h-es a resume sign.al from the Multiplexer sub unit. 
When the resume signal is as~erted the Switcher 

:iu re-eooftgur-e;o fue message p;ilhs acrording to the new ocd~ 
and un-bl()(;'.ks lhe mesSilge stre11m ro- it st.ans t,;:, flow again. 

\\'hen the Multiplexer sub-unit receives the Roo.terMode 
message it re-configures the message paths acoo.rdfog to the 
new <l!der and assc:rts the resume signal to lhe Switcher. The 

:J..~ RoutetModc message is tW!itllllCd, 'file unit or<le:r is coo­
tmlle-d u.sing the Root.a-Mode message-, lt uses the 0--bit of 
the passed mes.sage to mdicatt if the processing orde:i: is: 

avallabk: wilb any a.ligmncnt . .Bit m<tSkiJ:l.g can be solved When the order is TextureDt:pf.b. {the de.fault after reset) the 
with some c.areful clipping. lml lme stipples have no eru;y . mes.~ge .routing i, done according to FlG. 5B. When the 
s.olutioo. Antialiasing is not normally a ptob!em nut \>tilh 4~ Qfder is DepthTux.ture the message mutinE is done according 
GUNT 300SX there is n.<.i p:f\wision for sub sea!tline steps to FIG. SC. 
as well as nth scanline steps. Load balancing i~ eX£e.llent in 
this paradign1 wbich fa the m.1in reason it features promi- Disclosed F.moodiments 
ne.ntJ.y in the literature. Among the disclosed diuscs of prefem!d embodhnents, 

Thus the s.impiest and lowest risk method of using mu!- so there is provided;. A IDt,,"tbo-0 for processing graphks data 
tiple GUNTs i~ Frame lnte:rleaving. but if this is not llll through a data path comprising the steps cl; (a) recc-iving a 
(.>ption. e.g. because of the tnmsport delay or the am<..'>unt (.•f routing ~-oromand frnm a data bus ini,'tlt; (b) stalling further 
memory needed. then tile next best choice is the Interleaved input trom sai<i data bus input until previous dal.a has exited. 
Scanl.ine. said d.lt.a path; (c) resummg said input from said datil oos 
Link.age 55 input; fd) if ~id routing command has a first value. then 

flG. 2B shnws h-nw the unil:5 are connected together, pcrfonning a fmt st:t of graphics prncecsses on said data. and 
Some general points are; the!! performing a s-e<.-und set of gr<iphics processes nn said 

'Ille order of the units can be oonfigured in two ways. The data; (e) tf said routing c.1n1tTh'md has a secmid value, 
most genesaJ 1..wder (Roote.r, Colour DDA. Texime Uni.t5, the11perf1J:rnling said i>e:C\ind set of g;:aphic; pnx.-:esses 011: said 
Fog Unit .. Alpha Test, LB Rd. GIDflJStendl. LB Wr, (.!) data. <ind thenperlorming said first ;;et <.if graphks _pr~x:esses 
Muk!ple:1.e:i:) and will work in all modes of OpeuGL on said data. wherein some portimi <:>f said data may be 
Howe;'cr. when the a1phii. test ls dloablro it is mudl btlner to e-fuuinated by said ftrst vr !it~»l!d sets of graphic-:< process 
do the Graphics ID.depth and st.endl tests before the- textmc aeeotdi~g to the results of said pr01..--esses; wherein steps (d) 
opt.ntiQns rather ttmn after. This i5 because the textw·e- and (e) are t~.att-4 until a .new routing command is 
operntfons have a high ptocessing oost and th.fa moukl no< be M :received; wherdll silid first set of graphics processe5 
spent on fragments wbich are lak-r rejeci:oo b...~ause of requires: a longer processing time than Sllid set-ond set of 
window, depth l)f ste11dl tests. graphics pmces~el;. 
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Am;)ng th,~ dh<.'.!n>e<1 dasses of preferred ~'.Jnbodime11ts. 
then: is also pruvi<kd: A methud for proccssill.g graphk1> 
data through a d<ita path comprising the steps t">f: (a) receiv­
ing a muting cmunand from a data bus input: (bl stalling 
further input fr'lm said dam bus input until p.revi(iU5 data has 
exited s..'iid data pal.h; (e) temming said. Input from :;.aid data 
bu~ input: Id) if said routing comm.and has a first valu;;;. 
thenperfunnillg a set of te,'!-turing processes on said data, and 
theupcrfomung a set of pixel elimin.atl<m processe~ t)!I said 
data: (e) if said routing oommand has a second '\'aim~ .. 
thenperforming said s~t tlf pL"l.el eliminalfon p!(•~:esses on 
1>11id data. and thenperfotmin.g said s~:t o.f texturing processes 
on said data. wherein son«: portion of said dal.3 may be 
eliminated hy said ~et of pixel elimination pro..'es.~e.~ acf.ord­
ing to the results of said proc~sses; wherein steps (dJ and {e) 
are repeated until a new rootfog command ls receeived: 
wherein said ilrst set of graphics processe$ requires a longer 
processing tirrif: than said second set of graphks f)R)Cesses. 

Among the diwlos<ld classes. of .r,lfeferred embodimeuts. 
there is aho provided: A method for rendering graphics data 
wmprising the ~tcps of; (a) receiving a routing command 
from a data bus input; (b) stalling further input from said 
data bus input until pre'i1<..itJs data bas exited r>aid data patb: 
(!:) .resm:uing saitl input frnm ~aid dal<:I bu~ input; {d) if said 
muting col.lltMOO: has a :first valm:. thenperforming a set of 
te"Ktllring pr<=sses on ~aid data, and thenperfonrnng a set of 
µl...:cl eliminatfon pr<..'!CCSMlS Ol.1 .\.aid data; (e) ff 'Said fOOting 

cornmalld has a second value. thenperfonni.ng said set of 
phd elimination proces~e;; <)!l said data. and ttienperfocming 
:said :set of texturing processes on said data. wherd11 so.me 
portion of sru d data ltlll y ht: eliminated by said set Df pL"\el 
dimin.1fion processe~ 2ccordi11g to !he re:suh.<i cf said pro. 
ce~es: (f) rendering said data and wrltl.ng the results to a 
metoory; (g) di>playing the oonttmts Qf said memory; 
wherein steps (dJ ilnd (e) are repeated until a new routing 
oomiruind is re<::eived.;whcre-in said set of te.xiudng proces:;es 
requires a longer processing rune than said set of .Pixel 
efuniaatloo proc~sses. 

62 
Among the di~dMed cl.asses of preferred embodiments, 

th~~re is ;tls1> pn.-i:v:ide.d: A pipelined graphic:; prt)Ce&sing 
de'l:·kc, compri~fog;a switching device rnnnectcd to a data 
btVi input a11d configured to route graphic;; data gceived on 

;> said data b11s accordin£ lO instrm.~ti<in data rcccivd <>fl sllid 
data bw;: a multiplexin"g devke connected 10 said ~witdtlng 
device and 10 a data bus output: a first proces:;i11g btock 
conneckd ~nd rn11ftgured to r1:cdvc said graphics data irorn 
said switching (kvkc and pass pn1 ... -e,sed graphics dam t<i 

10 said nmltipkxing device; anda .'iecon<I proct~ssing block 
conne-cte..i and oonfig1Jred to receive said grarhks data fu;m 
said swirdling device and pass pr0<.:essed graphks data to 
5aid mul.lipleltlng device; wherein said swikhing dc•..-ke 
rootc-s said grap.~cs data acc~'l!ding to a fu~t data path. 

is wherein said graphics data b proce~sed b:y said first pro-. 
cessing block and then by said second proces>ing hlock. or 
a second data path. wherein said graphk:> data i.~ proces:;cd 
by said sei..-ond proces,;ing block befare s;iid first proce5sing 
blndr. at~'.00'.ting to Si.lid instructfon dai.a, 

20 Anmng tilt dis.::fosed classes of preferred embodiments. 
there is alm provided: A pipelined graphics processing 
device. comprising: a routing device. t'ooneetf'.d fo a data l:ou s 
input and data bus ootput and co11flgl:lfed- to .route graphics 
data received on said dat.a bus au."Ording to instruction data 

25 ret.-e-ived on ~aid data bus; a first 1irocessing block coonecte-d 
and configured to receive ?Said graphics data from licaid 
nmti11g device and pas~ processed graphics data bad. to said 
routing devke; anda second processing block connet~ted and 
oonfiglll\.-<l to ~-e-ive ~ai<l graphic:s dall.< from said Ntiting 

:w devke and pass pn..>cessed graphics data back to said routing 
dc'ifre; wherein said rooting device mutes data according to 
a first dnia p!lth, wherein AAid graphics data is processed by 
said first pn.~sing block and !hen by said secood prrn:ess­
ing block. or a second data pmh. whuein &aid graphics data 

35 is proces;;ed by ~d second processing block be.fore said 
flrst proc-cssing blix:k, ac.i~ding t(} said ill.slmction data. 

Among the disclos·ed classes l""lf prckued embodiments. 
tb«e is also provided: A graphics proi.~ssfog ~ubsystcm. 
comprising: at least four functi<mally distinct processing 

4iJ units, eadl including hardware elements wh1d! are custom­
ized to pelfonn a rendering operation which fa not per­
formed by at least somec ollitn of said processing units; ai; 

least some ones of said processing units being ~'-'Jllllected to 
opt'!'&te asynehrooously to one al!Otha; a frame bu:ffcr. 

Among the disckls.cd ~~lasses of prcfmed emb<.<diments. 
!here is itlw prnvided: A method for processing graphics 
data tltrnugh a data path comprising tJ1e steps of: (a) receiv~ 
ing a routing command from a data bus input; {b) ~ng 
furthe.r input from said dar.a bus input until previous data ha:; 
exited said data path; (d re:;wning said input from said da!<! 
bui; input; (d) if Siild t<.'.<!lting l'Ommand has a first value, 
theru'eilding said gl'apttics data fT1.Jm said data bu~ input: 
performing a color DDA pn.'!Cess oo said data:perlm:ming a 
texturing prncr:ss nn said data;pt~rfonniag au alpha tt~t on 
said data; if th!! data has pa.•sed !be previous test. then 
~tforming a gr.iphics IlJ lest on said data: if ttie dat« has 
passed the previm1~ te~K then pmorming a stencil te~t on 
said data;if the dlilll has pa~sed the previous tests. then 
performing a depth te>t on said data; and if Ute data has 
passed the prevfou;; tests, lheJl writing said data to a local 
bu~; (e) if said rwting romniand has a se<.."Ond value-, 
thenreadittg >.aid graphics data from said data bu& input: 
perfonning a graphics ID test on said data:if tile data has 
passed the pre~'fr>U!i test. then !""·fforming a stencil test 011 

said data: if the data has pn~sro the previous tests. the:n 
performing a depth test on ~d data: if the data has i."1aSsed 6() 

the previ~ms tests. limn periomiing a color DDAprocess on 
said data; if tbe data has passed the prev ioo ~ ti:s ts, !h:'.m 
petfonlling a texturing process on said dam.; if the darn has 
passed the previNH• 1e5t;:;, then p~forming an alpha test on 
said data: if the data has passe.d the f~evious tests, then 65 
'<'>'fiting said data loa local bu,s; wherdn .steps (d) and (e) are 
repeated until a new mu.ting c1mi.<nand is recdvcd. 

45 connected to be aco:::s.sed by at !e.ast one ,Jf said pi:.-.ces;;ing 
uruts;said processing units being mutually interconnected in 
a pipeline relations:b·ip. with at lea~t ~.ome succe:•~1ve otu•.s c;f 
said µrocessing oohs befog interoonncrted through a FWO 
buffer; and wherdn at k.ast one said pr0<~essin.g unit is 

$() connected to look downstream, in said pipeline rdationshlp, 
past fhe immediately ~uce-eeding one of said proce.ssoo:: imd 
wherein at least two o.f said processing unlu may be dynami­
cally reordei-ed in said pipe.line relationship; whereby the 
duly cyde of s..<tid processors is facJcas~~d while permitting 

55 use of a reduce..i depth for .said Pl.Pf.), 

Modilkations ;:sud Variations 

As will be rerognl:z.e<l by those skilled in the art, the 
innovative rnrK't::pts di:5t.Tfued in tht:: pre!>cnt ;:sppUCllticm Cilll 

be modifie.d and \'Wied over a tr!Cmemious range of 
application~. and aa.'ordingly the scope of patented sultj{:ct 
matter is m)f limited by all)' ~-,f the specifk exctnplary 
teachings gi\·'en, 

The f<J:regning te.xt has indicated a large numbt~ ~-;f 

altcrnative impkmcntations. partkulady at the higher 
levels. but tht::Sc are mt't-ely a few example~ of the huge 
rnnge. of pos~ible variations. 
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For e:<:ample. the prefeued dup conrext ca1l be nn11bl1:tt.~ 
with othtr functions, or distributed among otlier dtips, as 
will be apparent to lhose of ordinary skill in the art 

For ;inothe.r e.xampl.e. the described graphics systems and 5 
subsystems c-.an be used. in various adaptations. not only in 
high-end PC~. OU! <tl~>n in Woi;ht.1li(lllS. atcmfo g;m1e~. ;lnd 
h.igh~c.nd simulators. 

For anothc( eMmple. the dccscribed gp1phics systems and 
"°bsystems are not necessMily limited to color displays,. but 10 

can b,~ used with m;Jnochwmc ;,-y£rems. 

FOl .in<Jthe.f example. th11 described graphics systems and 
sub~y~ems arc not Jl('..CCSsarily limited to displays, but !Uso 
can be used ill printer drivers. lS 

What is claimed is: 
1. A metbod for processing grat-mics data through a data 

path corujJdsing lbe steps of: 

(a) n:~dvlng a rouililg rnmnllIDd from a data bus input; 21.1 

(b} !>tailing further input from &aid data bus input until 
pi:evioos data has ~tiled said data path; 

(c) resuming said input. from said data bus input; 

(d) it said routing oommattd has a lirs.t value, then zs 
pcrl'ocming a lir,~t set of gr.iphks processes on said data. 

and thrn 
pc.rforming a ~e;..--ood set of grapllics pm1 ... --esses on said 

data:; 
( e) if said routing command has a Stt-'OOd value, then 

perfooning said second set of graphics pn:icesses on 
said data, and lhen 

p<.<rl'u:miug said first set Qf graphk'S prooe&ses on said 
data. wherein some p<Jrtion <)f said data is setectivdy 
e!imiuated by said first or second sets of graphics ~s 
process according to the results (.\{ ~aid processe<;; 

wberl!in steps ( d) and ( e) are repealed until a new routtug 
command is received; 

wherein ~aid frrst set of graphics ,pt-ocesses requires a 
fonger _processing time than said second set ,)f g:raphks 40 
processes, 

2, The method of daim l, whaein said first set of grapbks 
processes ~"<,m:!prises the steps of: 

rea.:fillg said gr~ks data from said data bus input; 
performing a mlor DDA pr<..x~ss on said data: 
performlng a texturing process on said data~ and 
}'lC!:fornililg an alpba test on said data. 
3. Tile method l-if drum l, wherein said SC"-'-O:nd set of 

graphics procesre5 comprises the step of if the data ha-~ 50 
passed all previous te.5ts, then performing a graphic~ ID test 
oo said data. 

4, The method of' cl.aim l, whercin said second set ot 
graptiks .1n:ocesre~ comprises the step of if l:he data ha~ 
passed I.be ~vioos tests. then perior.ming a stc.adl test on 55 
said data. 

S. The method of claim L whmrn said second set of 
graphic5 processes comprises the steps -0f if the data has 
passed ilie previous te<SU, then perfomling a depth test on 
sai<l data. 

6. The method of daim 1. wherein ~tep { d) compris~.s 
steps a~-urding to the OprnGL stamlllrd, 

7. The method of cl.Um 1, wherein step (b_t is performed 
by a .>Witcher oon~ted at said data bus input. 

6'.l 

S, The medllxl of claim 1. wherein a multiplexer- at an 6.~ 
outpu! of sa.id da!a path indicates when said data path fa dew: 
and step (e) can begin. 

64 
9. A m.et:bod fol· processing g:n1phks dat.ll through a dolt.a 

path comprising the st,:ps of; 
(a) 1'1:i;;eivlng a muting o.'>:>mlni3nd from a data bm int--'Ut: 
fbi stalling, further in1mt from said data bus. input until 

previou~ data has exited ~aid dat<1 path; 

{C~ resuming said input from said data bus illput: 
(d) if ~aid routing C.'l)mm.ao.d has a fi.n<t value.. then 

performing a set of texturing processes on said data. 
~nd then 

performing a set of pi.'(el elimination processes <:>n said 
data; 

(e) if said routing command has a sec:ood value. then 
penonuing said set ol pixel climinostion processes on 

!>aid data, and !hen 
performing said set of texturing processes <m ~a.id d<tta, 

wheu:i.a ~· portion of said dam is selectively 
eliminatetl hy said se1 of pi«el elimina1ion processes 
according ro the resuhs of said pt<.'lCesses: 

whcrcin steps (d) and (e) are rc:peate<l until 11 new rooting 
c.'Qm.mand i~ n:.reived; 

wherein said first s<'.t of graphics p:<.x::esscs requirns a 
tooger proeess.ing time than saiu set.xind set of gr~c.-s 
processes. 

10. A mefl}od fur rende-.ring graph:k~ data ~"Jmprising the 
sieps flf: 

(a) reeeh'i:ng a rooting romrmmd from a dalll bl.ls input; 
(b) .ulling furlru;i; input from said <Jal<!. bus input uutll 

previous dau has exited said data path; 
{(.'.) resuming said input from :;aid dam bus input; 
(d) if said rooting CMt!lDAM has a fust vtllue. then 

perf onll.ing a $ef of texturing pro.."esses on s.aid. data. 
and then 

performing a set of pixel. elimination pt'OC"(lSS.es on said 
data; 

(e) if said routing t'Umma!ld has a ret"'.ind value. then 
performing s.Ud set of pixel elimination proce.'>-~es on 

said data. and then 
perf ormillg said scl of textm:ing proces.o;es on said data, 

wherein some poclion of said data is selectively 
eliminated by said set of pixel e!uni1ultioo processes 
ac<:ording to the i:esu1ts of said processes; 

(f} rendering said dala imd v.<tlting the results to a 
~; 

(g) displaying the contents of said me:in«y: 
wherein steps {d) and {e) are repeated until a nee\\." routing 

command is received; 
wherein said set ot t-exturin.g processes requires a longer 

proc~sing time than said set of pfa:el elimination 
proi..~ses .. 

U. A methoo for processing graphics dau t!mmgh .a data 
path comprising the steps <'>f; 

(a.i receiving a routing command from a data bus inptlt; 
(b) stalling furtbe-.r iJ1put from said da!il bus input until 

previous ·dal:a nas exited said data path; 
(e} resu.mlng said input from said data bus input; 
(d) ff said routing command bas a first value. then 

reading said graphlcs data from said data bus input: 
perf&roing a color DDA prw:ess on said data; 
perf<.11:ming a texturing pr(l(."\::S.s on said data; 
perli.11:ming an .alpha test on said dam; 
if me data hi!S passed the previous test, then performing 

a graphics ID tt:~t -0u sa.id data: 
if the data bru; passed the previoos tests, then periorm­

ing a stencil test oo said dau; 
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if !be data h;fi pas.'>ed the previoUt; te$IS, then perform­
ing a d~tb test on ~aid data; and 

if the data has passed the previous tests, !hen wrlt!r1g 
smd d'IUl f(.• :~ local bus; 

(c) if said routing ('\')nutun.i has a .second valae, then 
n~ading ~aid graphics da1a fn1m '•ii.id data bus input: 
performing a graphi<:s ID test <J!l said data: 
if tile data has passed the pr~vious test then performing 

a ste-0cil tc st on said data; 
if the data h<:is pas5e.d the prcvk~u> tests, then perfom1- io 

ing a depth tt~>t on said data; 
if the data h;:is p;is>e.d the previou5 le~ts. the11 p<.~fbm1· 

ing a cakr DDA process on said data: 
if the data has pa>scd the previous t.t::;t_<;, tilen perform­

ing a tt-,x1mfog proce~~ <in said <1<11a; 
if tbe data bas passed the prtwioos tests, then ixn0:rm.­

ing an alpha test on 5aid. da&1; 
!f the data has pas.~ed the _previous tests, thea writing 

:mi.d data tt1 a local bu~; 

!S 

wherdn steps (d) and (e) are repe.,1ted until a new routing w 
commzmd is rei.-eive<l. 

12. 111e mettmd vr daim lL whercin *1·' (d) cornpri~e~ 
steps according tt' the OpenGL sta11dard 

13. The ruettwd of daim ll. wherein srep (b) is performed 
by a switchc:r ronm:<:ted at said data ~ input 25 

14. The method of daim 11. wherein a multiplextx 111 ;;;iid 
local bu ~ indie.ates w!tt.-n said cl.au _p;U:b is dcai: Md 5tql k) 
ean begin. 

15. A pipelined graphics proi.">Cs~ing device, comprising: 
a &witdting devk-e- l"OIUlect.'ted to a data bus input and 

coruigurcd to route graphi.cs data recdved \)D said d3ta 
bu~ a«ording to i.nstruction dat.1 received on said data 
bu~; 

:30 

a multiplexing device conne.:ted to said switching device :is 
and to a data bus output; 

a first pr~~-ssing block connected and configured to 
rr..relve said graphics data from >aid swik'hing device 
and pi;s.s procc.sse<l graphk-:> data to said multiplexing 
·~~;~ ~ 

a second pto·ces~ing block conn~'ied <ind configured to 
receive lirud graphics data from !iaid switching device 
amt p;iss p~ssed grapbks data to said rnultipte,tjng 
device; 

wherein ~aid switching de\·ice route5 said graphics data 45 

acc<irding to a first diita pafh, wherein S11id graphics 
data fa proct$sed by said fl.r!lt processing block and thell 
by said second processing block. or a second data palh, 
wht.-reln said graphics data fa Pflli-'t':osed by said second 
processing bk.ck: be.fore said first processing bl;)Ck. 50 

ae<.'Otdi ng to lial d iu;>l.ructfon data. 
16. The device of claim lS, wh:creia :mid fust data pl!lh 

pnx:es~e.o; said graphics data itccat<ling to ilie Ope11GJ.. 
:;tandard. 

17. The device of cl.aim 15. wherein S11idswitdli.ng device 55: 
halt~ all input dau u.ntil the current data p.3l:h i,s dear before 
swi.tchl.ng data paths. 

18. The devke of daim 15. v.-'be.rein said multiplexing 
devke fa configure.d to determine when the-, cum-,n1 dam p!tth 
is clear and to al.lo""· said s~·itching de\1ce tn s'vit".h &ta &:~ 
path~. 

66 
19. A pipdin(;d grnphks pr<X{~ssing d~~vke, con-1prising: 

a muting devit-e coone .. '!eil 10 a d1i.i bus input and dam 
bus ootput :.nxl con:fig1m.~d t<J mute grnphk.> da!.<1 
recdved on said data bus an:on:llllf1 l<.1 instruction data 
received on said da1;1 bm;: 

a tirsl processing b!od: ccnnel:ted and configured 10 
re<-dve !iald gtl!phics data fmm i;ai.d i:oulfog df:.vice and 
pass 11r0<.-.e$se<l grnphks data back to said routhlg 
device: imd 

a ~t:-~-ond pt<:!(.'C~sing b!<>ck C(.lJH!U'ted alld wnfigurc--0 to 
receive said graphics data from said rou!ing device ami 
pass proccsst:d gmphks dalii back to said routing 
devke; 

wherein ~aid routing device routes dala at-cording t.1> a lint 
d..ii:a path, wllcrdn said graphi~ data is proees~d by 
~aid :first processing block and then. by said secoad 
proces&i11g block ma ;;eco11d data path. wherein said 
grapn.ks data is pr~·cssed by said second pr(.-.c;:ssing 
block before said first processing block. according to 
said instructi-0n data. 

:zo. A graphks pr<X-,es~ing subsystem, comprising: 

.11, least four functionally distinet processing 1.mits, each 
iru.-:ludlng hardware demenls. which .are customized co 
perform a 1·cndcriag op~atian wbkn is not performed 
by & least !!ome ~)thers of said processing 11nits: ill least 
some on~~ of >aid processing unil~ being eonneeted to 
opi:rak asynchronoo~ly t>..> (.>ne anoth1;.cr; 

a f:rnme buffer. c(mllei.'ted to be aecesst:d by al least one of 
said processing units; 

said prcit.~sing units being mutually intcrroll!let:tro in a 
pipeline nilation;hip, with at least some successive 
on~s of said pr<X"!l':;;sing unit!< being lntm::onnected 
through .a FIFO hulfcr; 

and whcrein at le.1st one wd p:ocessmg unit is eonnect.ed 
to look downsire.aru. in said pipeline relationship. past. 
the .i:rt.lme-Oiatdy ~occtWAing one flf s.1id pro;;:e.ssor:'>; 

and wherein at least rw-0 of said :ixocessiag unf1s ru-e 
seJectivcly dynamically roorde.red in said pipeline rel<i­
tionship; 

wbe.reby the duty cycle of said processors is illl;ease.d 
whlk peonittfog use of a reduced deplh for -~aid FIFO. 

21.. The graphics proces~fog .subsystem of claim 2&. 
wherein. said processing units include a te:<tllfiftg unit 

22. The graphic~ prore..;>ing subsystem of daim 20, 
wherein said proce'5si11g units indude a scissoring unit. 

23. The graphic.s processing subsystem i}f claim 2.G. 
wherein sakl pror.e"..s.sing units indud!l a memory ~cc.e~s unit 
whieh rea& and writes a local bulfer memory. 

:24. 111e graphic.> pr~">Ccssing s11bsystem of claim. 26. 
wherein at le.as! some ones of s.aid processing units include 
internally parnllelecl dat.~ path~. 

25. Tile graphi•'> pi:~><.~essing 5UbS)'~tem Ot° ddf!ll 20. 
wherein .1ll (lf said prGCe~sing units are integrated into a 
>ingle integr.al:ed circuit 

26. ·nie graphic~ pi.·,x~ssing suhsyskm of daim 20. 
where.in all .of said proc-tssing units. but not said frame 
buffet, are integrated iuto a single integrauA circuit 
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APPENDIX P 

504 """'""'. 
l r ... 1 ____ """ 

i OPTIMIZER 
l i "''""''*"*' 

l 
i 

503·~ 
> 

RENDER 

FICl. 3 

FI(1.4 
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APPENDIX P 

Class lnherltant~ Hiersctw; 
CObject -

i_c.htmlE!ernent 

FI(!. 5 

CHtmlElerrientTit!e 
-GHtrnlElemenU3o<lv 
----,.,,. ~ c· *~' ,. _ lAitmkJemen, i ext 

CHtm !El~tnentPk;i.iriTex.t 
__ _.CHtm!ElementComments 
:=rn-itm !ElerneniUneBrnak 

CHtm lElementHorizontalRuie 
~-CHtm !E!ementF ontE:Jen1E:rit 
:cHtmlElementBaseFont 

GHUnlElementL k>:tltern 
- CHtmlElernenrrsbie 
- CHtmlE!ernent8ase 

::cHtm!ElamenfV\ihereBre$~< 
_ CHtm!EJementMap 
GHtm!E!emm1tlslnd~~x 

-CHtrn!E!ementStvki 
: CHtml Eierr1entApp!et 

l .. . GHtm!ElementSound 
1 __ "CHt.m!ElernentSpscer 
I 
~ ......... ' ' ,. ' ~ ' 

l ____ GHtmlRectangleE!ement 
l I-CHtmlElementlrnag-s 
i _CHtmlCoQtrolEh~mer.t 
i !__({l-farllEiement.lnput 
i 1_CHtm!E!ernenffextaroa 
i I CHt...'iP ·•ts· i l : 1 •• " •••. _,1,,. _..,eme;i .,_ e ec 
· j_CHtmlE!ernantOption 

_ CHtmiGortsint~rElement 
i CHtm!Element~nc:hor 
i =:cHtmlElernentAllgn 
! CHlrniE!ernentHeader i: CHtm!ElernentParagraph 
! CHtmiElei·nentUst 
i .... CHtm!ElementFont 
!-CHtmiE:lernentDiviskm 
i .... GHtrnlElementBlnckqt,iote 
! ·--CHtm!ElernentAddress 
·----CHtmiElernenff ab!eCel! 
:cHtmlElernenffab!eCapfo:m 
... CHtrnlElernentPretotmat 
_ CHtm!ElementForrn 

l ____ CHtrn!E!ementSupSl~b 
. _ CHtmlDernentNoBrnak 

l ... GMtm!Eie.mentSpan 
j _CHhn!Elema.ntFramaSet 

Ci<l$S Conta!nership HiernK~.hy : 
l _ CHtrniElem$;~nH~rnme 

C!EciitorDoc 
~ CtilmlE!ementArrnv 
,_ ! CMmlE!eri;ent1 

:·""·"'.. !E' t2 j-0_~ti:n _- i_e,rnen · 

! __ ,ChtmlElementn 

CHt.rn1Conta!nerE!ernent 
I_ Chtml E!ernent>l\rra~-" 

. ,.,. , !E1 '1 
1 ....... >.: .. ~~t1trn . '"~e~e.nt 
i _.ChtrnlElemerYt2 

I __ Ct~tf~~i£i~rnentn 
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810 

LOAD TARGET 
DEVICE 

!NFORMAT!ON 
820 
1~ ... ....,,.~ ........ ..,.., .... "" 
I ,......_ ___ ! _______________________ _ 

PARSE HTML 

830 

TARGET HTML TO 
DIMENSIONS AND 

P.ALETTE Of 
TARGET DEVICE 

840 
} -< 

~ 

.------------~-------------i ___________________________ _ 
I OUTPUT CHTML 
! lN~"fR~ 1···T!ON~ : . <--·' .. v\;e . ~--

! DESCR!EHNG HTML 
l ~50 j '>.;"'- -

APPENDIX P 

TH~S FIXES THE LOCATIONS 
OF ALL ELEMENTS, EG. 

P.ARAGRAPHS ARE \·VR.APPEO, 
_____ ,..-----/1 HORJZONTAL RULES P~RE lN 

,// ! PARTIC!.JLAR PLACES, 
// ! COLORS ARE CHOSEN, ETC. 

:-.......... "'" 

r------- CHTML !NSTRUGT!ONS 
I ARE PRlMff!VES UKE 
J RECTANGLE HERE 

_..------,-- I 'rE·x··r t.icnr.. OE·V1'"E R!T·s...1A•P 
....... .,Jo.... ! ~ ....... · ~ r~~ ... ~~r:.~ . . ~\...... ~ ~Y~ 

// I HERE ETC 
..,..,,,...,. .... .,,,... t._-...~-~-~-~-~"' ' : . '>: " ' 
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APPENDIX P 

r~-------·------.--------··--·······~c()MPt:iT~1L;:·--------··········-··--···-··-··-----t/" 900 

+•·,--···••••.-··•·••·-•••••••'•••fo••,."''"'"''-'-""'""" ._ .. ._ .. , ...........• , ..... "_.,__,_'""'"""-!• /" 9(J1 
I HTML_FILEH~~ADER STRUCTURE t-· v ' 
................. ._ .. _______ _,.._,. ......................................................... ., ........................ ~., 

! YUVQUAD i l 
+ .............. •'°'"'''""'''"'"'"••.-.•••;•••••>••'•>••······•H•····"'""".,,... .. .,,.,..., ......... ,..: ...... ,,. ........................... ,oo •• , •••• o., ................... ,.,-;-""-t1" :~-: 

YUVQUt\D 
-!-··--··········----------·--·-·,_,,. .......... _.. ............................................. ,....................... >· 902 
I · -- .. ! i 
1---------.------------------------··--··--·y:u\;o--uAi;------.. ---· ............ -----·---·--------i J 
+---·------------··-·---·-----··-·-···-···-···---·--··-·~·-·----··'"""'"----------···---------·-·----··-···-···-·;<, 

804 r···-+:· .................... -~!~~:~~~~-~?. .. ~!-~~!~:!~~~----··---·-·------~ l 
~ms r--+:~---·-----·-m·:!~~:~.~=!~~-~~--------------------------------------------------------,'. ~- so:~ 

} .. · ' . . j i 
~ ..................................... ,, .......................................... .._, •• "' 0. ••,•. _. •• oH ~~ .. .....,, .... .,, ...... , .............. "" ................................ ..- ....... , . .._ ... _.,._._ • .._.._.,. •,•••• o'>.'a•'•"---t j 

I HHv1L.JNFO l ) 
+ .. ..,,.,_.., ... ,.. ..... ,.. ..... ..,..,. .. .._ ...... -_ ...... -.. ._ ....... -... -· .............. ""-•. "'"'"" ..... __. ..... '"" ..... """ .. -.' ~ .. ,,,._ ............ _ • .._ ..... _ ....... ..,.._._ ....... ·-·. ·-· .. -...••...•. "'i _.,.,~ 

HTML ___ F!LEHEADER 

r·-----------.-·-·----·---··-···-···---------~i(;ccoi.oR·---------------------··---·-···--··--m··p·_....·sos 

4'"'-•.••,•••••••••>••oH>-''>>•'-'>r~ .......... ,., ........................... ,.. ................................ , .... ._., .... ._., • .; ..... ,•>'>>o>>>>>•>•>>>•'->>' ... 'o""'"''o"'""'"'"'"'"'"'"....t. 

l PALETTE SIZE ~f 90T 
t-'-""""'" ..... """ ..... ,.. .... ,.. ... .., ..... ~"-................................................. " •. """""'"""'"'""""""'"""""•'·""~-......................... ~ ............ _ .• _~ 

YUVQUAD: 

RESERVED 

HTML")NFO: ·f·----------------------------------------.----.----··--··--·--···--------··--·-----·-·----.. ------------1-
! T'YPE -t~_...---sn . . 
+-----------.-------------------------·-·-----------···--------~ .. ------------·--·---·----·------'··--··--··--···-----~ HTl\i1L :iNFOME.AD 
! S~ZE J.. .. --.qp -
+,.,,,._., ... ~ ... -...... ,,.._ ... .., ................. .._ ....... - ..... _ .•.••••..••.••••••• " ....... .., ..... ....,. • .,,., .... """ .. ""'"""'"'"'--""" ... ~ ..... -~.,. ........ .., ....... .., ............. , ........... --..... -f .... ~ '• ~ 
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·1200~-~ 

l 
l 
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YES 
,...--1260 

APPENDIX P 
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APPENDIX P 

c ST~RT )"---1500 

________________________ J _________________________ __ 

~ 

LOAD JAVA 
BYTE CODE 

15i0 

TRANSLATE BYTE 
CODE TO REDUCED 

BYTE CODE 
i540 

OUTPUT REDUCED 
BYTE cone 

1550 

~ .... ,.,.._..._..._..._..._..._..._..._..._..._..._~-----' 
l 

/.---- START VVffH THE-~~~~-~~~~- ./-· i oTO 

LEVEL CL<\SS 
(SUCH AS W!NDOVV" 

DIALOG FUN) 

/ i 
·'<$·----... -..-"' i 

°""\ I t_ --~-----------­
IREPEAT THIS PROCESS 
i UNT!l TME CLASS 
!BECOMES BASK~ CLASS 
i 

~-----------------------···i ............................ .. ! STOP~ AFTER THIS 

·.t':. ! PROCESS ALL HIGH ! LEVEL FUNGT!ONS 
, I HAVE BEEN REPu\CED 

,.-1590 

,--1600 
·" 

* (~----------_,,·). . ,.it'-1560 \.__ STOP - E 

i BY LOWER LEVEL BAS!C 
( j FUNCTIONS SUCH AS 

~- L-----~~~~>\l'UNEJ.:Tc. 

FIG. 9 FIG·. 9i\ 
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END USER 
"THlN" 

PlATFORMC 
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l 
SYSTEM ANH PHOCES& FOR on.rncr 

Rfi:NHER!NG ON 'HHN Cr.JENT 
PL/\:!'FURMS 

i\ p<»tiDn of tk disdo:><uK ,,f ihi~ _:>&kni d<X:(ffn<:nt 
\.':Of~ti!i.n~ :n3.k:.f~:J \\:hk~h :i:~ ~ubj<.:~<:t i:(~ ·copyrig.b.t pt<}k~~~i<:>t1. 
Th<:~ (~}pyri~~h:· (:--,v~x~r h~~~ no .o}~i::.':{::tion ~.<·: Hcf~ f.:tl:~lrn.l~~:-

APPENDIX P 

l:.rng~3~~~<: ~1.1:.~p~,,d hA ~~ $'.~<.x.>nd ~,~~;.t.:h.:·cing progrRi:n ~,:~1i;.:.~bk 

fr:•r n>~Kkrii:g by ~h1;_; ~~ff:~~:::-~ (fo:v~;.,-:1;_~ ~~H~ utdil~~:; ~~<:W.;{; WP:;<:-~ 

di~pby ~-~~ordln:.r~~~.,, ·rt:x.-: s,~-c'.n~d .:,:b~:t ~(t b ~lor,~{: ~n ~~ 

~n~~::h~n.(: :<::.=i..d~~bk~ ~tt1:·~1 .. ~~~: ;\}.:,::-...:·[s:;;;;·~ f~)r h~kr fd.d<:1t~d and 
~: ,:x<:"~~~n'){~ by tht. thin .sj}<:nt pblfHnn. 

n·~pn:~dn-cdlH) by :j_nyt:cnt~ nf th(: p;~lt;.nt di:;·;.':~o.~·c.u\~--: I:~ it )(: 
;~ppr~,ff~; ·::·1 :h..:.:': P~ttr:rn. ~~nd T:·:5dt~r:n~~rk {)ffi.;..-.t~ p;.:~.~~~r::) fi.h.':~ ::w 

··{hi::: ubj'~'-;t :$_P'~';·Jy ~i~g h;.ng~}.;~g;;_; .;F .. ).:\Jri:Jjng. h ~ .:d~i;.~rn::i.t:'-,·.;:: 
1;.;n:~h:.1din.~(':r:i~ .:.::{:;,n1p(j~~'.:·~ :'.~ }{T'J\·U .. ~t:lt"ld.'.rr:d i·.'.H.l.~·~:.::g.::: ,:)f o.th,~r 

hyp):T~t:~:~ iH~rrk up b.ngu.;~g.1;.\ ~~ JA\·~'\ ::;.~~n.-~d.:H~~ 1:.~ng,t.rn~x: ·~)r 

'JdF;:.r ~~~~lC·~·i _i)d,~nJt·~i fo~:g~J~~gt· Hm~ ·ii:H .. ·}u(fo~; ~ll~1~·::t spo:.~<:1~~··.~ 

~u~~ t1:~~~1~. 

·T~K -;n\,·t:n~i<)n ;d_:S.<) .~:~;~B h~::. •.:.h~H.:h.·~~;rJ.<.ed ;}~.; ;3. ~·n.;;:~ihc:•d fr·ff 

HACl<GRUFNl) or THL JNVLNTlON 

Th(: J~\·~,;"'m :i.\WUJi:iml. J!.(:a<:r:i.lly rcb;~:; E! :i mdtiod A 
providing fBH f~·;:;n:ur~: pf~·)~~r.:~n:1: pr<X:t:~~-:.n~~ .::c-.:~nr:di.n~~ :n :3. 

v~:r:h:1y :-.:f ·::;,j_m)d~~f:J t~1n?J_u~~g~:- (.:t::~d.i.:.':~~ ~i:(:~n ~!$. HTrdt ... J.(\\:~-:\ 
~~r:-:d ;,.~;·her :~t.;:t,t}d-.:wd L:~n}~H-~g~:::;, .. ff}f .~-:->;X:>~::_:J;oo .. on ~~th.if~ .:..;ht·:::·n. 

pi.;~ :.f::.;n):~ .· !\-1.~)fi::: p~i;r~.k:i: i.;~.dy ~h(:. j~~v(:-m.~(>H r<=·fa~.1.::·.:. ;:~) nK~ttiu·ds 

fnr ~.:c::~nlpi.b:·~g :>r~.d f\'.:;.~,{f::-~r:,g faiH fr:~1UHY: ~.t~::·H.i:~.r::J if.n\tL .~:·~d. 
!AVA pi(>g1·,m1'.c int::: '' t>'rn):>\ ·w!!id» is ;;;1~ci<::ni for :; lim1k-d 
pF:(:...::-:;·:;i.n.g r~.:~~hVt<:<=· p1~1tl.~-~fn-~~··· 

2 .. i)i;::~::npt~ot~ of R~:-l:~.~-\".'.:d /\F~ 

StM<d,;nl HT\.'lL <>i;•.l L·:\\~·\ p1<>g1 ,1iw;, <rnd NiK\r hYj:>\:(i(::<! 

~,'~::~~::~~:~.~,'(~~;';~ ~;~~~~,%'.~~;;)~,;~;~(~:'.~;~~:~;~;;:i;::(;i;,,t.:'~~:~'.~<~'~::~ 

~\:;;K1ing ,h~~~: l:(~n-=.)::tning. :5!J:;,,_~h ~~n ;.)b_~\:~<:'~ ~") ~ ~~'lf§.\:~i d,;,:-ii:.Y 
h.~'\.··ing hff~.i-k:-d. rH'Of:f:$.~ing rx:::..:.Gurt:·;.~. Thi~· fH;.:~ih:·.~d inr:l~H.k~ 

r~:<:i:::ii-n~g. ~t~(:. Hr~~~ th~t:.~ ~'~t ~.pi:::cifyi;H; ttK: ob};.;:(·.~ ,;.:t<:<:tH::.Jing to 
~.:: th~::: }~r:.;t -.)bj)::.;.,~~ ~p~:c:~j\ii1.~: -~il.ilgu~:.,_~i:::,. t~-.:}n:;;,.h~iiHg :th::: hi:~:- d.~d.:5 

~:;'dl:;);~;~~:l~t1~1l~\~i~~: ~:'. .. ,'.'.:(~~~,;;'~t::·,~'~'~),;i;'.:'.\,:~.i:::,(~i,.~'.:;~ll;;~;:; 
t:.rrg<.~ d"--:'.(~(\:·. ~h~-n n.:::no..k::cy~ ~h~ •)l~jt·&.·.1. hy ~:. n>n~kring.- ::.:-ngHH~ 

mk~pkd rt.:~r HK: irn(nn<xl.~at;;..: ol~~~:;_·~ lm:}~::~u~gs. ·nh: ~~h~:p .:rf 
:.?;~ :s.~:.'.tKhng tht· ::.<:·t.::·t.:··u~1 <fat:~ :~·i h:::c .. h~d,~s:?'St·n~hug H~i:: ~«:c·ond d~~t~~ 

~;-.;;t :.=i.:c.ro~~- ;~ p:H.~k(:i .~;v,:·Hi::h:i::d {K:~\J;:"<>rksl~(:h i:~; fr::t.:: h;k.n;(:t '.){ 
fr~(: \V~n-1.d "\Vi~k~ \\'ch tt.:~ tht taQ?."-~t i..k~·-it.'t:. /\J~o:- tht: :>s~<:p ~):f 
~r:~m;hititi.!'.~ ~~(:(:Of~hf\~; tt.:'t ~·n}..;: R~pt:(:J ~·rf th..:: if:v.;;-:n~l1')fl in(:lw:i~:~; 

~;!-:miir:g ih<::· t~r~t d~iu~ Sd ;,:~('["<)8:; ~~ p:3(:_kt~! :;\"¥.it.~:~~Kd !Ki\Vf~r.k 
:.:5 lo a u··~u1:~d{rtJon .:.:fovi.;X\ {~mi ~~-::!'~:.:..~~H~n~;, ?: ~r·:H1s.J~~l~~)n _prn,:.x~;:.; 

:·>n ih{: h'.:tn~;J.:Air~f3 .::k-...~;~x: l~) ~~(:i"Kn1t~':. ~h.~~ ::;.x:>.:·<~n·d ~i:r::~~ ~{~~. ·rht~ 
~.;.!:fXHld d;ft:a fa;: '.~$: then tran.~3~~n~~d fror~·3 dK: ~n1.n~d~likl"n 

d-.:~\.'~(.\:~ ~r~ ·:J::r:. fa~rg(:t dw .. ,·ir.~; .. i:)r .:dt-:::.:·n;:~ti°'..:'.:~ly frorn: frh:: tra.n.:~---

ni~:noty t~~~nd~"'1·id~.tl .. f\) tun ·\~~~-:H. (hx: i~-::3tH:~-: o1-tf::t,:~~~ ~~~~it;::t _ 3 ~: 
~;p:..>~.~.f(ri.r:g l:~_ng::: ;::g<.-:.~ Js lh(: ~~.biHty }O .~f't.~cil~:· 3. !;.r.:iphi,:._-: .o~~i(:(:~ 

LH~f:•n dt~Vj{~x; b~uJ.:- ~.-.'.) th..;.:: 80H:-<.~x; ~~r ~h(:: ~.fa.~;:~~ fr.CJ.i~.{ "-i-...··h.~ ... J~ h t~ 

.:-\i..,' . .;..\n:d~n~~ -~(·~ (·~:h(:f a~JX:(:~~ of th( h~:vtf~l.i.<~t~~ thx: ~-~t~:p :'):f 

lr.:~n~;hiting tht:. f:x~;~ ~fa~~~ ~(:~ ~n.(:h~dx:s fi.r~;; :~-ch::Bfii)r~f~g tht:. 
n·:~~~:~: .. :: :s.p(:(~i})/jng ·;:tn:~;a~g~: o( ~h( ~~r8"t dai.~~- ::-:~~£ f:of':f ~tff~.c::.n~~ 

;~ ~:t (:f ~~bjcc:l ~pt~i:.:~fyhJ;~ kit~gna~~l:~:.~ ~atJi :~.;,,; ~-r!~\·H .. a:Ad 

for d.~~_pby w·;in~~ .::;~.bti\:(: po:-;hiun.iJ~g. Rtbl:{\:•~. po:;h·~(!ning 

::.::n:~.bk.:.:. Lb.i.'.: disphly ~-){Lb...:: ~~r~.phi,~ ohjt:.:.~t t~n di;.;-p}3y~ h~i,:·_:_n~~ 
:~ \:..~kh:: r~fJg.;.:: t>f ditrh.::n~ior:~~ .. {i~&(.·h~t'iDns~ 2:nd ~-Ah(:·:· di~pt~y 

ci1:n·~~c-t~:-:6;:-,a~i."·:~, t~t::.1-:.>;~~':'/(:·f~ ~'-::h~~i-..:~: ~-:~.fs£t~o·n~ag !::.f gr~~phic 
x: J/\\·~·\. ·Tb~::n, .. '.~ u~r~~:t~:ti.~)n Pf".K~(.~-':';:::;, i8- ~::k'.,~k:d ~i<:<:l)fdii~::;;: t.;.~ t-:::qir£f ~~~ ~.h~~-: ·: h<:: ~ :ff_gn ~:.k:\.'~<:\: t·: .:~..,,.·~:. (.<.:n-rp~j ~.:3.t t::.1 t~~"t~ 

n.~S"-~'t.~f\..':\:.~'S ~o pi<~~:>:. Hti::. gr;:~.phii:: nbj~:'-.."'.~ on ~ht~ di-sphty ~~~ 
~;p,-:<:ifri: .. : ~,.·\.-~<;rd:u:~~ti:;·~.- 'fhH~"= fh,~r"~ :.{f"~ :.~ ~E~rHb:.::-: (>f 

~;··t:t).:'U'~~nw"~nt~ .. ,. ~;w,.,-h: :5-:; 'f\r "$t~t ~i--~p b•.rx.<:-$:. b:~nd· f;~·,ki: d•;:~v:~c<:-~,. 

~j:i~~:it;.:l vid~o dhk j)\:'"D pfoy~~n., ·'...XXHp;.::(:i \···{di::")) ~fr..,.k \\JJ .·:(1 

tJ~;;_~ i"~kntin<:-d <.>t:j;;_~;,,_~~ :_;.;p~:·,,·3t\~ng 1~lngu~g(:·. 

i\~'{..'drtHng ~:<~ yt.::~ ;r:J.(·~th~>r ~~-sp-:.x:~ ,>f ·~h:i:: .inv~-:ntl'.·)n:- lx:·h'n:8. 
l.h(: s.h:~-p ~>f lf:.:{ti~;Lil.ir:g J:hi:.~ ~h~p~; o:f $d(:ni~fy~_r):~~ iJx: t~~rg<:t 

d.x!Vlf:f:. frorn ~wn<~r:g ;:{ ~:i{':~ {~f l.:H~~~':} d~::Vi;.:~~~ .. ;:nd :~':fo:i:j.~ng ~1 

tr:~tm;b~.ii.:~n _proc.t:.ss .:K":\.~Ord.ini; ~~,~ ~-h~~ idt~n'l3.Hr:d ttf~~x:t d~::\.:lr:(~~ 
;i_g: i:::X\.:~CUh>d ;;;~;~ ~~ ::;~!i:;~lr; ;l~'.~~,~~·~;~,,~~~'..~;;~'~~tl~~;'~·~'.:~1 l:,:~ !gi: l;~~ i:;;~~''.~ 

i:npf:.K~tii,,.~it .. ·nR-: ~)r3g:~i:~il r-rr::\··H .. ~l~ld J..-:\\~:\ r·f·~)~~nn:n~, r:._~n 
\~(,ry :4:>\~,.·iy~ ot mB M 3Jl tfi Hl~~& l}'}'l:~:$.i of ;h~c-:: (:~f•;.:.nl 

(~:v,:·if~').::lffi(:n.ts, ·1;·) ~olv\:-: ~h~:-}t~ p.robh~r:ls:- :~irr:plcf \:-;::r:;lo.n~ (·.·f 
ffrn.u .. <lt:d J.'\\i~·\ h:iv(: h,:,m pn:r"·'s~d, whd; h&v<: r~:sdi<xi. 
;n. ~;~-:r~-r~tir::g OU! :.;(c_:).'h.; of cht n~.::!l;_:~~:~. "l11';f.;. !_::-.;~tk.~. ojI ~fHne (·~f 
lh(: nk,,; fonditm.~<.Wv of ffri\>'ll.. itrnl L\\.'A .. whkh h;,\·e 
Lf,n~.rihl~!{.d. w~ t~Kif \Vidt~ :3.c{~t~p:~:n(;x: F:nth~:=r.n-5~>tY::- u~-;~=· S.n. 

~n y~:l ~~'tl~}~h~t ~~h.;;;rn;ifi~'~ of ih( _pt<:~(n~ 3.0:'-'8.Bt~u.n.; ~~ 

n).t~~Kxl ~!;~:.-- prt:'-"'-'khng. d:.=i.J~~ to :i ·:;H"g~.::·: ~k-:vit,,¥ is p:<)'-'kkd. 
.·;) Thi~ n-:~~-~hc-..d in ... ~indt:.8 fi:;:q\~(::s.dng f~w H'~t :.:H1~~~-~ dt~'-'k:<:': a. ih};.~ 

d~~h~ ~(:t {r(~m 2 ~o\~t\.~( '.-rf ~h:l~~~ ·~h.,:;. fi.r~-;t. d;~~-~~ s<.-:~ .~p(:-cil)::itig ~.h8. 

nt~ir:~.~: :3::.::<:ord.ittg ~~-~ th~~ t.1bj(:;.~l ~;-p{:l'..'.:i.fy.i.ng hi.~t~~l~;i~;.t:; lrar~:-;·t;:~--

3n~~ tfo~~ fis:;; (bta ~,~t l~> ~~ ~~:~-:'.·)nd d~~t:~ ~~.; in ~u1 3ni.(;;.i"Jr:~di~1.k 

thin ct.i:c.:-:nt ~::n"::1·t~..:)fHl).t~nt~ of ~h<.:: h~i~;~: ::a~~nbt~f <rL{ik:.~. th:H .~r~~ _,;~ 

~~·;};.:~:3.dy ~p<:(·;fr.:.~d ~K":\.":()td~t!g t'-: ib}::5:.f: ~:.~1;f:{brd~ .. ~$. ~:'llh~l.m-: .. 

fau~p:;if;.x; ;:.dapkd fr;~' e.;-::~~r;l~:ior: ~r.<'.<:<~rding ::·; ~~ ~;f~ond r~:-n .. 
::k~r~ng -pn>g:r~1n~ by fh"~~=· ~;:trg\.::·:. d~::\~k:<~. ·Thi::: :;'.:~,~or:d d,;;1i.:: s1d. ·t:;.~ 
th~:n :s,(:p.t h:~ rhi~:' t.~1·.~~~~t .:..k~·'k'"(: "llii:-) ~1Jk-.;\·~ ~ t1·ii.:J. pfo:{f~~rn.1 

SUMMAHY OF THL IN\'ENTlON 

Th\:: pr(:,$x-:.c;.~ in\~.;~n.~.~t'H~ ptc)\~kh::s ~~ :.;ys!.:.::.n~ ;~_c;:d J):tt~th.~x! ~hr 

proc~~~s:i.r:g ~tti ·n3~;pJ.~~-Y <-rhj~.;:.:.~~- sp.;,;:~-:Hk.d hy hB. .ol~k(~t $_p-t:(.~--· 

fyir1"g .:.:~.ng::~;l~~:;:~ ~·:_:{:,h ~l~ l.fl\.-H ... J.:\~/A {ff ~·)tbf:.:~ fa.r:gH:~:1~}~~~ 

n:.ly;ng OP N~l:lci·-.:::.~ p-.::r:::.iU:-.~:.~lf~~~{ ~h:3.i r:.::.qu.in:: ~z g~r:d~:-oag 
p~ogn:.in u:i.h:~f~~-~ .::. r::-~~.::l~fHtfffl ~..:;::~ :·>f tY:-~()~H\':~~~. fi.>r ·B:~f:. tr: :~. 

1;.~Q;.~:t ):.::...~ .... ·-~c~:'. 1.h~1 t h~1~ U;rci~.'::•J ~-;f'(x:::::-~~~~·~g fi:'·~~t'.~P.fC(:~. u.n~nit::.:.~.:. 
fo:r :~to:r.;~gt: m·:d. ~~~~·>:.:.cdl~,::-i <.tf ~~-~{:· llr~~:iL rt:::·~d..:.::dH:!::~ pP.)grm·~t. 

J/\V.:\ '"·irn.:.::.;.1 H1::.•.i...~lrtHi.:.~ i)r --xttH:'·i ti::~Kk:rii~g ~:.ngro,:;: i"oi· ~t;~: 
~t~ind;~nl ·n.1H~ .. th;,;_~ i~w·~:ntk.:n ..:..,~:~.n b~: ch,~!::;.,Jl:ri:.~.;;.~,·; ~~:'" !~ 

ni~:-~.hod for '.-;t1~ring ~.b:ht 1:;~~n";:c.>rnr::~g ~n<:h ~n ::~:~~~(:<:·t HH~~ 

::.m: .. ·lnd;;:~ Jlr~(i n.:.):.:~·i·v:~ng ::t d3t::~ .~::i ~p:.:.:::ifying Jh(: o~~h:.:.;,:~ 
:.H.~\,~(~E-hHg to th~;: obj;;..~\,.':t ~;pi::'·i,,_'ifyin~~ l3ng_W.i>J..<.~,. ;.n~nt;LH~.Hg t{:•;: 
n::-;.; <fo::i ~~:~ irno ~t ::i:~ond ~hl3 $'.-:t jn :.UC h:!:~~·:U~i~~H3t;;: o~~ft;~·~ 

l.'.ffg(:·l i:.k'.."(~_:(;. h) f(:qux:>.~ nl·+::{t::::. ~-:p(::~_-:iii(:d t~y ru.;1 ft:.n(:tii:rn 
}fl7\lL~ J/\Vi\. i:tnd .:.rih~:=:f ~'}h.~i:::~~t :'.~px:cHy~·ng .1,;::.ng:iagx~:~-. ~~nd 

h~\''~ !h1:.~n:l ~~t:~i:-fniat~;,,_~~~ny tnm-s.ls.}:::-d ~::• ~ ib£n:wt ~uit~~-bh:- fr:•r 

55 r;;_:nd~:=·i·(~~g in ~1N· ~h~n ;;_:n,··irl)iHl~<:nL 

Thu~~-· th(: _pf~::;~-,;.n~. ~f~\:·(:ntin.n p:ovkk:.s a nkthnd ;.,i;,,:·hkti w;~.~-; 
;~ i::o~1·:pB.kr i\~ ~~BlOrl-~::Air.;.:1Uy c(~:-n_p·[k f;i·.:~nchwd fTf~\·1L .... L:\V . .:\ 
;lnd t.,.:ht!f prf~gt'"~HB.~ ~;;._-:, ~-h~~a ~H~'.h J'trO·;;fiH~<~ ('.~tr: r-ur: bo~h CPU 
;~pd .n.Ji:.;rn))ry ~-=ffi;.·.::t:nO·y "w: ~\ HYln r.tk:nt pt·dj~-~n1·~ $u....-:h ;3.::;. ~1 

<;~) ·f\{ :~::~. ti:)_p bn:x.'~ ~ \/ZJ)..1}\/j) pi;~y~:r~ ;:~ t~m~d h•dd d;;_:..,.•·i~.·i:::,. "J 

H'.:~~.\"!-·'<:oi k. <:{.:r;J~~l}t\:~r ::.:r ~tff i:::rnb:::-::Jd<:~.•-1 (:"{H.npi.l'.kr. ·l}tt: ~:Ht(~rn.'.~ti<:· 

(:i:~nrpii~tfrm fn~.inv~3B$ ~~Ji ftw h1:.~n:::-ih'$ ({tun E~:JtHE"<:· HT~fL 
;l.nd J,:\\<~ t~f ::.i~.h,:r ·fangu~:gi::: 

lh~:· ~.:igfnJ~~ .. ·:.-?;l'~'~ •.)i :.h,~ -;~~v-1:.~~)ti~-~n. -;~, ,~~··i~~knt ''.tJ~;;_\n :~~ f:~ 

"'' ''''n~idn<::d tkii iil lfK' p:·i\•r ;;rt ~t&mhlrd HT\ll.. &wJ JAV·\ 
'.:"~{<:T~~ n:-d~~~,~1;_~d i:~ :fo:~~turt'S ~,.~- $pt<.·i.:~J $l~~n(~;{r(b <l.fl:.~ <:(~:,.;~·:1:.~o.J ~~)r 

lh(: ~tlin <:·11.;;:Bt ~:ritif()nn~<:~rl~. ·nr:.~s ~~~~ii~·rd~n~::~: ;() th<: pn~n- 1:n 

rv1icrosof1: Corp. Exhibit l 009 
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3ppHx1c-h>..:~.;=- d}~, ~-t<tiF..hr::-d pn!gf<tin~ aud ini<lg~~ frk:~ \Xt t~:~, 
Irn~,~n~(,t ~Ji;)::,d ~-~ t:. ... ~· ~p-:..~(:·~dJy :n(~c.Eh~;·d t~: rnt;·.i:_:.~. rhi;_~ ·::H:·i:~.(.]~ \.>t 
~P'~'~.t~1! t!iin ,~h~~}~ ;J,~,:-"ii:.:~s. ·rht$ i..,. ;~ln:Ki~~l ~:n.p<;~:$ibk~ • .. ):~n· 
;-;.~d:.;:,dng i.ht: ;:n:-::o:int Df ITfJ\.·H .. ;:nd J/\.\.·~-\ F)r:n:>Ht.iJ iDc~ Ofi 

APPENDIX P 

4 

fo~ \\',+, iV:<x>nhng I,') !h<.: i::\''<:nit,n ~;\dJ HT!vll.. ilk, '.' 
.;,,:ozYipih:::d J/\\·:.-\.;.,,:}3.$:; frk or o·th\:~f t~bj:.;:(:~ :s..P~~~:ffyin~ bngu~zg;.:. 
d~~.t~ ~;·~·S ·i~~ pro.;..:,~~~~d by :) ~~itnd:>nJ htU :t1:~~!HXt lfff\lL 
bt\r-..v~-c;r .L\\·~:\ '-~ir:n::d ~n~:3.Jcfn<.:~ .ur :·Ah:t~:~ i.~t~n:::pk.1nt~f:!;;ry 

n:c:d<.~dn~;~ t:n:g.h:.~·'.I op1frrt~J.(:d k}r ;~ t~ttg,<.::t pl~~d;:>nn on th.;;: :Hy~ 
;H1d iht:.::-.. f~ii:~J~H! irr:o :3 :~~:l of di~r·l.'iY <>rit:.:1t~:d }:.:u1:~~B:3J~t~ ;,.~(·!-1.-k::; )(: 

lO:- ~~ .s._h~p.by .l.i ~ ~lUd ~~ ;;,~<X{lpHt·d \.~\Xk: .. !'~ndt'6Ug ,~n~-;:i;K~ 12 
fi>r .": d.~~pt:y '):.'$x:nkr! j:Hl~~:iag~~ '..vh$d~ n.::ht~\ on tht~ d;:l:3 
p:<.)~~~~s:~ug :<.:~o::ff<.~(:-s, to. T~K~ ~nd ~J~,:r phH{Dnn .lO f~ 
::~i:)Upkd ~r) A .~·.:c.;:xrrsikd f>':::dx~ d.:1t~: :;.x~u.::r.r: .L~ . ..:\ c.::nnp~h:-d i:.XH .. h~ 
~fat~t ~O~H'(:(:~ (:(}~npr~:~~~:- l~>f ,..:~2.0:1pk: ~~. 'V"(J\ ,;) J}V"D. ~-;x 

o~h\:T '~'-~lnf~~tk:f !~~~~-d~ihk: ~.t:d.'.J: ·~tf>H:.g.~:: '-h::'/~i:-·~:: . ...:\hx:rn.::th.··.~::.iy:-

:;;~ \~;~; 1;~i1~~·;~~~:1~\~l~;~1'.'.':~~~~~'.~- ·~;~~'.~';,3;;;~,~:~;~,~,~~'~'.~'~;;;~\~~~~\'.,:: 
po~nl n~:l\V<'-'rk l~:fl\··ir(:.::lnKn~ h'fH:u v,,:i~~l:h <~OH'lp.ih:.d ('.Or!:·: . .::h:.u~ 
3.~ f\:':lXl.;.;:V{:d. 

:-f~K hrn.t_k'f~ d.:f::;): fi~w<~r:~~~~fr~g ft~&Ol~rce.~~ nf ~ht~ thfrt f~b3Jorrn 
10 in-..~hii:.k~ i~){ ~::~~'lr:-l_ph~ ::i n~~~-·tui:~nrdi\..'1tkr ~:uHJ h::Pitf:d 
rt"ji;::rrn.-H·.y:, F:·:~r l~ );.'.:in:~pfr\ 5 l2k {'r( Jt.:\~vi. ;:1.~-:::-::"-"-~;;~h::d v • ..-i!h .:~ K·DSJ 
lni~:ro~-'1:.~nt{.;_~Tk:c o{ ~< 6~j ~·'Hl.~~ ~'1{P.S HJSt:~ ('..PU ~nd 5l2k ·;__}~ 

;~;~ ;;:;~~· ~~'nr~~;,, ~~~-:,;;;;,~~~<:~;~~;''';;'..,;~;~~; (~;;:r;,~:;;<'~:~~l\ i': :::,!,;~,~!~'~ ~~: 
h~_;;~~~~-~ ~-~rt ~-h': lJr~ .. ~L ;xnd J/\.\/\ i...'(~rnpntfng. in ·.;.~.:.:;.txfard 
pht~f~~rn:r:·:.. 

~)th;,;,~r ~~:-'.'-+t::=-~-·t3 .;~nd :c1d\.·:~nt:1gs:-~, :: . .f~h>~ .pn: .. ~.<:fH. in.;.··>:.nl~On '-~~(r: 
t}-::: $".':".':n ~~.pon n:.·,:jc'--'< Df ~h<: Hgur(:~:- ~h(': di;:;:~~ik:d d(:·~<:Yiptiq:t.,-:. 

h:K~ ;.h,~ i:.~l ~~irn:~ '<''<f1is..~h f~.)ij.._:~v. 

HlHhF DESCRLPilON OF THE FHH_:'RbS 

FltJ:. 1 i~ :~. ~irnp1;n~x{ di~:.~~~r:3:;Y:i: t:f .: ~:nd u:-:;u· ~hin r~J:ltfn::n~ 
fnr -.:"'':"..{:.(::.:tk~n of ~: ;,._~;.)rnpds::~.t (\:.~.k d.;~:-~~- ::...t)~_:_;.Yx:. ::-:.;..~c-.)r:di:·~g t)) 

Hw. PH',~i::nt jir,··~~w:~oo. 

f-1(~. 2 ·{:':. {~ ~in~pltfi.-.:~d ~J.i~t.gJ::HY~ •.;f ~( ~;s~~£ ,~,·«rrk:~l:s.:.~or;. ~1r1~) 

p~~,~;-Di ~n·,{c i:nx~i:. 

FIG·~ 3 ~s ~~ ~-i~np1Jkd ~.h3~~t.;n~:~ of <~ pnx:o~npikr h)r :·i 

~rr~<fL f~~nnsu~,d i~k~. 

fJ(;-, ·l :{~a :':3.i.::nplUk:d dbgn~~n '>f ~t prc:.::o:npik~r ~~)::' i~ J,·\\''/'} 
\.~{Kk~~ p!<:>g:·:nt:. 

FJG·, .5 .b ;~ (:b~s ~nb(:dhiH~i.:'. hi~c··3n:i~:.t t:~1t <:. prt);Hn~pfk:r 

for lTPdL. 
FH:~·. 6 ·i~~ ~·t H;,:~\:..~ \.:h:~n .~1~r ~h( HT~IL pr~2.~\~ncr<ik:f p!~~-~'>:.:~~;.~. 

FH\ 7 iU~.:s.tntii:::~~ th\:.~ \,_~\>::nplh:~i:.i. i-rr~:it .. f.>.~fti:::t~.:.~\:. ~~cc:".:fding 
~ .. o nrt{: (::n:b::.~i:.h~·~·~t:nt •.:f th>:. }'.~f;,:~·::.i:::qt hYv:::-sn~on. 

r~c;s .. s .. ~\~~8li Hh:~.tn}.t(: ~}. i::~~n:~!.:ih::d iTft\·lL nH1 ti;:~:(: 

~>~h_t:frii;" ~~~r (~>~(:<:·t1li(~H (>~;. ti~i;_·· tln.n pb~.h\n:n ~:t<:(:(}£d·in}].. t; ... : ;~ht.: 

pn::~.(nl ·~n\~;,;,~~~ti•.:m. 

F~ (}·. ~> l~ ~:· n.:)\V ch~~.f) t:'f l ht~ Pf~')('.(:;;:; {hr p1::cCf)J):1pi.li:1g 2: 

J/\:V~:\ rH\)gf~U'fl ~{l,.~J,,'.J,,)td·:'H~~ K~ 1.h:;.~ pr~·=·~t;n~ ·:'nv;,:~n:i<H:. 

lT:nrs.}ating ;tt~: by1~: s ... ~~·Jc.:s int(~ ~~ fi;:du<:<.:d by:.~~ ·~~od(: in d:•;:, 
:>~if:(:(K~ of Fl.<:i. 9. 

Pt'l~~;; i~:~-,,;;:,::,i~:1;;:'';;;~'t;;~l~:~~~~: ::;:~ .. ;''.!::~~:~~;:ig 

UCVd!JJ) llLS(JUPTlllN 

/\ di·::.:~.:.h~d iJ~·;.~~.i.:rip~iot1 (.~f pf~~.fr:fn~d t:rn}>c)dh)1t~rH:>; of Uk. 

j>rt::.:.-.t~'i"B. ;sn:\:~n:kH: ~~ prr~v-~.dt~d '~\:·;).b. r-.:~s.._p\:~;;..;t i.n F{GS l~~l1/\ 

~.:: dyn;Hr:ii:-~ R .. <\.~··1 ~;.~~t:.' h~> tt~.-t:d ·~n ~~ ·fx~JYt·~::~~~::tn.;:;t~",/{:: >.h-;n Fh!.t .. 
fornL (}~JK:f ~birl ns:.;.'.r p'fo~.fc:n1~~· u:-;~~ k~';v· \..~I.)":;~ ;ni~:n.)pn,)<:{:·~·" 

:snn.- ;Nht! hnrih.:d ~H'~-·n~<:>~):·. k~ t{~kJi:l'~~~~ <~ih:;.;.;r ~hitl pl:~;-t~*ru3:-; 

n·~;:~y ~,"J:f~npr~~;(: high JX:d:(•nJ~.:~:v...~~~ prP~~~~:-s._~~r~; '.:Yt~id~ h~r~:{:· !iHk 
rc::..;,:Hff<.::<:s ~~'':i3h~t~k; ~'>~' -~1::.<: ~n rcH~k:ritlg ~Jx: ~--~HnpHcd .:..xxk 

:.?;~ dat<~ .~s.r:.:~ .... ~~~-· (_'onpk-d w1tb ~h~:~ ~inu pbrf~•nu i2; ~~ \.':-:~r~~pik:d 
\.\Xk: f(ndt6ng ·~·B·~~in·-::. t2. 'fbi~.~ :<.:.Cl(k:~~Hg (n~~~n( 12 i~; ~~ 
rc{~~:~:v~1y ~')lHp3;;..~t {n:og:·~~xu v.~hi:J: ruu~:.; ~nlci~~Hly ~m th~.:.: 

thin phr~1~>nn d~lt~ ~;.ro::(:::.~Jng f\.:~.>s.~A:.f~~..:.:;. 'fb:(: rt:mk:.dng 
(:n.;~~m~ iXttn:-~}:3t:.;:~ ~h~~· .(:.:~->::<tpHed ~~\5d~: d{rt.': ~;i.,::-~U\~:::;. d:rl~~ ~{:~ ~nto 

il ~~n·:.;:~~ft~ ~-;f tbi :$ !';B_~i:~bh: :for ~h-:.:~ d:~Sp1!1Y ll, h3 H1~~~ 

~~:n\·~:or~:nen:t~ ~ht:. p.~~:,:;:.t~f~: iti'-·'<::.nt~o.:J: i~ n.~~Jii.ed b~{ h."tVin~~ H1t; 

~;~;in.cfatd HT\·{l .. <~f J,:'\\ .. ~A. c:olk p:~:_pnx:es:-;t·;d ..:~nd .(:.~-H:-:.1ri.k~d 

into ~ ;.:;.)B:\F;k:d 1rr~'°H./lAV.~\ fr.~rn·~.:A ;K"'-"<)rd.ing :<~ tht~ 

prl;~~~rtl inv~;:ni.i{~n \~~ing H~r:: l~(·~n~p·;J<::r eng.lrt.f:. d.;~~crih~·:.d .~n 

J~: PW~:~\:: ::.k:~_;:l.it {:;{:.fr.'i'.~" on ~~ H1t)p;: p.o,,·-~·=·~fuJ i:.~nn·~pnJl)t. Tht:: 
(:1:jnrpil~~d rrriviL/J/\.V.~\ .;,,\~d(:·$ ~re :~~ ... ~1:..~d i.Jn th:::: ":.'~nf;:~.:s~~ 

nR:d~~~- ~\ ~-(iW.H (;"l)P~piJ>.:~d llJ"l\1{./J .. ~\V/\ fUn ~~nw:. ~:::ng:~!W t:Z ·~~~ 
(:·i;~~x:d~.kd ~.)f 30~~(.k.d ·(n!s) th~:: ;hin ;,..;h(::nt '.;k:\··~.•:.\:.: .. 'l'h~~ run ti~D(: 
~:::u.~.ln~::: 12 ·i~. ~$:2,.(:-d ·~.o :pl;ty th•:: ~ .. ·.; ... unpik:-d i{.rf\ .. {L:J/\\/.~\fd\:~::-- i:};~ 

x: th\.': !hiu pi:Hf~~nn H}. ·Th~:-s. ~fu~hk:.s th<= ll~~: {~f .:j .,,(ry srn~~n 
dknt [() nm fi!H fo,ihm.' u:nvn .. Dr JAV<\ pmgnm:> Th<:: 
fHil.:.~h.in~ ~.:~n h..:: \ls.:.::~l boi.b. .;,:~nhn~~ ~·~n1~n.(: ~)f h:t ~~ .. b.yhritJ r:..l:~i . .;k, 

Fl{} 2 lH:u~:tr~~k:~ :he ~~r-~vir.n.nfrl~:n1: fr:. ':.•.th.k:h ~ht: .c.:c::n<pi.k:d 
(~Xk dati1 i~~ ~~t:fti~.:·~:.ttd ~a~~~l'H'd~ng. i:O rh.(~. pr<:~<.:\O:i ~tn:~:n~lnn. 

.·:ci ~r~n.~::; frw i:~x:3.n-:pk: .. :3 d~~vi:.; l:-;_p~~r i,.:,,..,)fl,~~;~,:3t~r~n 2n i~. coHph~d 

v...:lth ~:n;3:~~~~ n:n~k:ri:~g :tonb ::;:l\:.:'.h ~~~ HTt-.·'!J..~ J/\.\·~\~ {)f <'-'lh<.::r 
i:.<1~1gi::: ~.or~h; 2l. 'fh;;.~ .;;~ .. f-'rk~t:::;·iori 20 i~ ;,,;(YUph.:d t,:? :3_.::;.i:::r·~ .. ~:·:.r fr::r 
t[R; (:(i:inpl)~.{:d i::h;_{(~ .2~~·· T;K; ~:.;.:r\·'.:::r in,~hJd~::~ ~~ r~r:::{_:ompik-r 2.:3 
\1..·~.rt<:·b ~.:::_~J;_~~ th~:=· c:::.:.~)1p::.::'.~·::::.: d~~~: ~tnd ~r.'.HWh(k~ :lt in:t(:: tht~ 

.·;5 (:~~nrpikd .... ~'-'d~:. (fat:.i .. ('nn.:v3k:d (:(~~.:~:: d.~g~~ E:-:; ~h~~r:. :~·~·,nt t(~ ~ 
d'.::f..;t~n\.~~i.:.)n 14 v-;·ht.~~~: ~t ·i~.- ~h)g~(t ~>i f.:::.ni.kr::::d .;~~ ~.uh~. tht:: 
w~'.~~·d:; of ~::. p~~n-~(.·ul~r ·:>n·;,~~n:tnru~:..'.OL ·nn~~, fi:fr (::.;;~~~npfa, .. th<.~ 

d~.~~tln~::.~~Dn ~n~~y he ii \'"(])~ nv:o !.n· Hu.:.: \;\-\l.dd \\'.~de \\?,;,::h, 
/\~,-~,-nn~~ng ;,1 ~~K; '~n~·ir<snnA:>ul. <)~ f$($ .. 1. -.>,>~~ip:di:;·d. lfr~·~J .. 

m:<d :11\\/.<\ "rn:tddk-1,s~'r<.:" i~, irnpk::m::nkd 'rn ;rn lnl~mcl 
:;.1.:..'.t\,.CL Thu.~ lhc· .1h:~n ~.<:i ;,1p ~·~~·)x (:'!" .;,:~iiH.~r i:.:u~npik~:d ::~•lk d~1i<~ 

d.:.::~tfr:.:dk:-r-t .24 ~~.: t..'nDpk.d tc:- ;Jx: ~nic:n3c·v~nn·~~.nt~ lhrnugh ~h8-
,_,,·m1p.ikd HTMl .. iJt\V/\. m!dd.lc:w<it'' 22, 2J .. 1\ ~m;;H (:c,rn.-
p.~k>:J {J{~·H.-.di\VA. nu-: hfn(: t:figfr°K: b X:H"th(.~kkd h"~ lh<: th.~n 

55 de:>tir:::iior: .::kv-;i:.\:::. J\H r~K trr~·H ... J_ ... \\:::'\ fi.k~ .c.Y(:~1.kd fr: Hh~ 
\:>;,,•nd~.8:l ;:lUon. 20 gn i.h:nugh -~h~~ ·:n~d~n<.;:'\~/af\:': ~·~~~'t"/tr· 22 h:i rt:;:1.C'.,h 
l:bt~ th.~r: cHent {k':~/;.~x~. ··-rl~:~:. lfl".7\41 . ./J .. ,'\\·:::\ tiix:!; ;jn; .~::fH:!.'..'~~l"t~~d 

h) ~;b.-c: i,;.:f5H):f1lJ.~':d rc~r:x~.:~: or~ cht~ :Hy ·by ~.he Pf\;.~-~C::.i~.1pn.~~f 23 on 

:'..~:'.! l~::~,,,~-i j(,~~t:,.:ii:~(l'l w;~i;~~ k,~-:~; ':~;~i ~,,~l \ ~~:~~,~:'.'.:~~~ :;~~~~~~;~,'! ,;, ; 
rt);;.; rn:kkHi:::.i:.;,:,;3,r~·:. ~l~1".,:x~r 22. Th.\:~ s~::f\:~~·:.i~ 2:1.. -p;~:~.:;..i:;~ ~h{:· .~:.YH:<.<pih:~d 
~-:~:~~.k ::.•nt{.1 Hh::· d<::-;~in~ .. x~l::>n <.k:;.~k=,~- ·rbi:s. ;.dJq-..:-..-;; fi;)f ~t:.:...~'S~ 
S.(5n·,<;,,·'.:~g_; t~pc.:fah:'.:'.~ r{ pr(:{_··l'.S:f)\pi.~~r ~(:·chniqi:H:::'.; {(;; bi:: rn.~~-k in 
th1:..~ ~--<:fl>,''~r. ,~r~v3r::.-on)(:·Hl. ,,,~iH:i:~ut fr~<:· n,~,~d l(~ u~_;d~.t~~ th~~ i~·:ti.:."'-;nh:d ~~'-':<:~.>rd~ag to thr:. pn:.~,(:·fH ·tn-.. ~;,;,;n_tEi:~n·. F!C·S, io .. -.t .. L\ 

~~nd t21~ iH'u~.in~k :·~~,:~ ~;;"~:. or HH~· pr(:~\;,':~~i iff•.:,~r~ti,:r1 fr; ;~h(: 

~.nkn:~(: t ,~ w .. :jrDB{Hi;:nt •Jr (>~.ht':f :P~~)~'k\:.·.~ ~;'~,.i:k:tH;d r:i;:;.-..~·(~r k :;;~~'~:~;'~'.;)~'. ~)~~~: :~'-~:~'.~~~:~'~ ;; (~ ~;::' i;j:~,~;;;:, ::: );'.":\:::'.~~~'.'1~ ~:~ ~i ~~~ 
~.:·.ffv:u• ... ~nW\:.':nL ~~~: p;~~;.,,,:i;J:.::d lh~nugb th<.~ hnk li:f ~h\:.· ~~;ri..:,\:.:r 22~ 

fJ(~.- 1 HlL~s.ir.:t~,;,-::; '~ ''~h~<(~ pl~ttfr>nn v .. ·hi):.:h ·;n~~~ludi::-~; :·E f1(;S. ~~ ~nd 4 -~uu.~lT.:H( ~,;impiiHcd. d~~g:f:~:n~ ~~f th~~· VP-> 
hcniti::d .~,~l of ·~fal,~ pn.<.i .. ..:;~~t~~~·ug f,:~;ou,r.; .. x~~ rcpn.:s;_::,n,t~:d by ho:~ ,~o:::upikt~ i~~r JfTf)·:{L ~nd J.::\\-~-\ t<::-s.p<x~t~·''":ly. ]n FJ(L ~\ 
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5 
~,s;;'(i';;~~!if r~;;;.;~'.~ 1·~;} 1r~i';~;~:;~-~~:,~t ~,;n;;)~1 l~;~,,~a~~ :~:'.;~; l~:i 
b ;; <X>filln~t(td ::m;;;.hk 5·02 '8-hidJ ind~:d~~; '' UTi'dL 1\:mkr· 

:i.ng ~t;gi.m: 5U,~, MKl m(:m·!ry r<.:c:kkm HTt>.fi.. obi<:<.:h op:i · 
rni~frng ;,;_:,nf:frJ.~, :504-. l1K": OHlpU~ •;.>~::}$:~$t~ of t~:~~- -:.>:>::npik:d ~: 
HT\·!L <Xtlpd oi.gi:·i,: 5if:'i g;::Krnk>< ih: ontp;ii. whh :;lmr:li.· 
fk~; gc·:~phk":~; pti:)1;:1.i.\'t_~, 

Th<: lxi&i<: <::ktss in.lx:rit&fi<X hkrnfdry for l.h(: .HTML 
pn:{·.orupiJ.~n:~~ ·;~ ~~'H.)\~:n fn f1Cc. 5. Tb.: p:Y~~X:-~S;; t:tf H~u)~bL:.n~":. 
;; lJ.T:C.11. i'tk i<) 1h: <:omp!k:J. HT1\'lL c>ln:.n:.:.f,;. of Hw rrn:>:en! ;(: 
.i.nv~:-nt;rH~ t'-:' t:h.J.~~tf.:~:\.'.:d. l:·~ Fif;. 6. Th{; J:tH":-fX:::-:..~ l.::c.:.gin~ :{t pf:t.i.::t~ 

i'tl!{i in no. 6. Th<: ih'i<I ,,.:q> ir:vo!V<'c;,. k:d;;i,~ 1h.;:: irnvll. iJ.k 
inh.: th::~ r~.:.p~_h.:rj~;g 1..k~vk:~~-. ?..:':;:.>~:. i;Jf::.;nu:~1~H::t~.~ (:{=-n1..":\::r:-~~.;.tg_ thl: 
l;;;-g;'.l d•:'Vl(:(: ;~ k1<l(kd {c:kcp ~20). Tk UT)'<-'lL tik i.-; til::.cn 

;_';~::~~~ll!.'?l~~,~~'.{,::;,r;~ll:~~\~i;!·:·;j~ ·J'.(1Z,'»~ti;~'!~:~1t"~i{;;n ,;u;,·h t«p, '' 

lJ~;iag H~(;· p;..::rMn,~l(:(~ of !}K~ t<~ig.,~t d~;:.v·i:;.:c·:- ~ind th:~;: p:H~~in~: 

~'hi~; ~.ttn<:-t~H\~ :;,~t ~tp -3ft1::r di.~: p~:n-sing: pF.>C'(:·~:':?-f tb~::·. ;~l>J..<>nitin~ 

APPENDIX P 

do;;:.~;- !-fT~:rL {i:;·n>..h.>dn~~ b;~~t·d 'x~ ~~ ... ::hr'~ hi(:{.;Hcl~y ;~dz~ph.'.d t~:· 

l.b:t: dfr·n~:.r:l~~c;n~; ;3.nrl p~'tl~:Ht~ .of £~~~: :t,·{r~;~~~ (kvi.;,,x: (~h:_p S4-n). 
'ftli~; iiXC·~ tht' :';,'~~\Xlhn~~-1.~;.,\:.S ~J aU itH.: gnlp{3j(: (~t~·J'->~.~t~ ~p~x::~ti·".'-d 

by thi::: ltT:-.AL i.::-t:;;i:.k~ ::.:r.~ th~: sc~x~x~n qf Hw ~8i,g(~t .;.k;\ .. ·i<):: f\)t. 

,:x~~.ff!pk:~ .1h<.": p~~f3g.t:~ph::. ~l:_""\,: \~ .. ,~td "'1'~r~~pp~d~. h~~ri~~~mh:.t ru !;,.,'.:s. 
.;~g; _pt .. ~<:"(:d in p:~.r~k--:u:t~~f pla<:(:z.;.~ ~b~:=· <:(~frfr~~ ;::.~\:: <:h::.~:~:::n. ,~~nd 
c~:·hx:r dtvk:.;,;: ~pt;l~ ifi.c~ p.~{~~:>::~.:....;.:t:~ 1lr{: ~~·Xf<.::1.~kd. 

/\~~~T th~:: {~:~~~d<:f~ng ... ~di rt~( di~ph~y ~uf(::in:~.:~~ji . .>n i~.· ::-;~~· .. ~:.:.:d 
b:'p,.::k ~m<~ ~.ht~ (·.hr~s ~tru.<'.HH't: :·;f .F'Jn .. ~ . .F'in:3H) .. th1~ pr<~~);.;~~ 

·~h:<~u~;h ~ht: ::.·J:>.~~ .b:~~:;:~t:.~.~~~hy .~:nd ouipnt:s. ;Jx~ lt~nd!A'ing 

n-~fr.,H·~r:;~t:i.<'n·~ h·: "":)r:·jpih:d irr'.\.·H .. fr~nn;::.t {:":'.kp S5n). Thx~ 

;,..-:;.):-i~_pikd Jf1'f\.:!L in~;t.ru(ti-=.~n$ .:H\: prilnirt~:'i:::::i: th.:~t di_;:ft~h:: 
n::-cv::.n;;Ji:::~~ h::!~.L bhn·~~:p~.; ~n:::J ~he tikx~ .'.~.nd tb~:ir rx~::;p·;,;~¢6.-... .. x: 
l · ... ,-.,. .< ,.,... ,, ,. "•l'; .... <:- .... ,, ",lJ · .. 'j : '., .... ,"''"". "'" ).{K . .:hh.·~~~:·, :~~!~·A '-·~~·:J'"· -~·h~~ .~ .... ~ .... · 1:,. _,h .. f•nl.'- ~L~\····~'-.q:_•~>::;.~ q~~: 

pr.:.K~~;~~~ l~ Hnis~~i:::d t~t:.:.-:.p S60}. 

. .-:\ ~:~~up.iUk:d p:->~-udc:; ,,,-:odt· fc~r ~h<.~ ~rDVH ... (.·~~B::pik~tinn 

pi~)~~·~:·~~$. i~ pFYVid~';d ~n Tsbfo 1 ~ 

J'.:\HLE .l 

; ·:-...:.)~;_;1:·:.:~:) : .;;:h~m~:\:.;;.; 

~ .. , ;~~= i:..~T?;.H .. ~:·:.~~. <i.')'~ ·[::·;~~~:d.::•·t\;~ ~t. h~~,, ,~ <:1rr~.:n.. ~:~·):~:•j: :.~:.;; 

:.' l..:;..;:;,,.;,;~~ :~;,,~;;: ::::~-.~ -.·~):.:~i:;:; .: .. f ~:~~·::::::.~~ ;,:.;;:vt ... :·:.: 

.:_, .. ::.~::.-:~· .::: :::::·:·~.::.:· h J:.:·:~0~:· n~-:~ BT~n. fa.:.:.: ::":.~.::) 

.-',: ~~~:~. n::.:.'.;;~"\:·:~t.:::..:l ;!: .:~fa::::~~;.::~ >:;,:.~~.=:bk 
t:n ..::;: . .::~: ffC~U. ~::-;:_; ~~-r~:~C~. ".'>- ••••• ~ ~~:;;.. --..:.[•~.- '' ~:~:::·s:F.;.l-,.~ -.:./t~~ .. ·.· . .:. ·:''8\ 

-:~? Ct~T~:H .. :-:L~:·::.;.':.:,-))'::-:' :.,':.· ?.::.-)':::~i.;:..'' ~;::i:: :;::._:;: .:: .. ,'::: :·J':::-:.' !.:·:::t;-,.:~~ ~i.;: . .;,,··:~-:.:: .. 

:;.~.;:. ~;.;.'\\:-:':\>:.:·: .. .;.~:.}·~:·:>; .;_.,:~-:~ :xc:::t~:;:ci::.:_:):;; ;:;..::.::: ,':·t~·:::::.~~·,;:'-~ h::~;;.;.~ (':~:._ \f:.,i:;. 

~-~(::.:.i::;.( :.: : ::-.;:. ::: :::.;_: :~·:': :.:::::.: . ..: .. 

·oTU' 
'ff:'C(· ::::1::n.:-::·:·::.::.: ~.:: .. x:: :~~ .;:, .. ;~~.::.1:.:~~..:.' ::·::.::.·.~:·:·~i':_. 

-\..::.l~!~H~x k:~~:::t::·::~f ':~.--.i!l 

.,.,m:.0<: ,,,,,,,;,·:rk CHTMl. 'ff'Sl h\:;~'·'"''''"" 
:.;r)~~~::\:· : f:~ ~rn~;,~ t.i··~:~ ·: :~>.=h:d~~·~: ;,,)-~ :~~~ -!::~; :.:. 
,:: :~~'~; ~:~:i:)'' ~:,;.k: ' ::;.·~~,~:.;; -:~.:;-\:: 

J.}:~~~~'-: .~':'>i::~:i.:~.;.: :i.'i~·:,:;,~..:;~i.;.n:>: ~(~d:. :i~~ ~.-qi .. ~,\::~F ... nu .. r.n:-;Q·c:..t~~!~:· ~: ~~rlE~ 
::n.J.~·~D{:iW':J}·~ ... ;.;:;):'! U>.;!'.:. :-:-~:;:::::;:~ t.::;:~ ;;-:-;.:~::r:kx 

:rn,·n .. :i:0:·f~J:~~i-.,::i~. ~-.: f.:.;;. d;;x .. :::::,•::::':-.'-.::.d ::::~'--: ~:::~;·:~ -:h.::•·•Y::~r ~::-::-{ 
-:'.:-:::::~~$::•:·. ~:-:'-' ·:::1i::~':>: ::-: :~~-~i-:t d l:::.:5: .;"::~:-: :x: \:.::-:z..::·:::fo.::::·~ ii-: : :~n>i.n: .. :·.::.~~.:u\:.~·:-:.:,,.;: 
~-::: ~--~:) :~;:-.;.;;.; ~<,~:·: :·:h.;.~:,.:; .. .;. :i :· ~:::i:;.;.'-:i.:::j"; l ::~:::.~ :.::•:..::' 
i::·ur~·B. _:_;)~:)"''::~fo,,~: ::::.;:::~i:·:fo~: ·.t·~,::.-:·~· .:ii-:d t:"i::i.:\.(i.F ~:::~~i:'-'\:.::·:.::n:: ~·::>~'::: :-:-~: 

.;.:-.·.·l!·t~;-~~:._,;:::.~ ?-"i'.i{:}i.i: m:,.:..:·:-:.::~:::: .. ~0:.;: CHn-.·~L ~-:._:_;}:;-:-~k:~ ti:''·'=':. r::.:.:·::·:~r::~· .;.·.::·:·k :.'B 
i:::.~:.::·::::~i.:-::~::;: ~·:· ;.)Jfa~:~:·:': :~ :.:;,, ~.:...;.;~.:t;:.::.·~;;):! :~ ':(;.~:.,~.~;:~{;} :.;·~ :::~\ .)~'::::':t;))J:. 

T::-:: ~:·n-rMr. .. ~·:\;_n;..:::;.:-;.;::., .. ; :·:.)~~ :·J!{·;:. ~~:: ..,.,_.~,,i~~.:~-: :::.: ~:-::..: ':·::·~~~;.;::. ;,.~.~ :::.:.:~:-:·~~ ,, .. :-::.t~ ·:-:':-.:'ti.~: :)::.x·k.­
.•:--:-~!;,:·~~!{•.: ... ':-)!. 

.::•-:-:· h(~:-=.~: 

i~~~ ~~~.:i,i-:.:. 

!AH!.E2 
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7 

( -~~~~~··:·! :~ ~::.~ E:~~~ ~~:,~~: n:.:·::~ 
""'-"'-""-""-""-"-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-"'-"""'-""-""-"""""'-"-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-"-""-""-"-"-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-" 

,i :'!· :· ; )( ~ 

.i;;:.: fY; 

F(i ~"'.::.:..::·:n'~'.l~ :'-t.r;.•~~::.::x 
:-;,·~, -.•·::1 i:;_;,$~: G :{ :~ .. ::: 

:•~"'!:· f~,~::S: 

:i~"'!:· r~\"'!~ 

i~-~ r:~is::1~; 
tt:.:. fl.}:)tl(';{;;-;,; 

:i-':::,,;·;t<:: HB:ll. .. T'\'l'li Tl'Xi. 
;b:.:::.:,.,, l!T~v\i. TY::'t:. { fil)';loH' 
:i:x.:-::r-n-=: H"t"\:H ... TYrr .. JM~\(;{: 3 
i.'c'':fa.< Hl:''Vll. .. )\Hi .. :';{}b>)".t' :; 
~~S~:iir)·~ ~ffMl .. :T""i."t-t: .. F~tlYD-S:(~(:::.,,Rf 
~~:~~:f<:():~ t~TMt.. _T~'f~: ___ .:::t$Z··:·:::,f '~ 

*:..i·::fo-..~: HT;,·H ... T:~·:~f .. FH.lYt_;~:ti~C~.J:. 
;i.':::,,;·;t<:: HB:ll. .. :r"\'l'li .. LI ''<t: .'l 
;\'~~~::,,_r:.::: Hr~-H .. J')·}·~ : ... .:\~ZTKm .:,, 
:i:x.:-::r-n-=: u·t-\:H ... TYrr ___ .::~'.~·n~·;::-~~no:-....: l•': 
*:.-.:·::fo;;;.;: HJ:vn ... ·r'i.FE .. ~':t:\f·.-\m:.-\ n 
::::-- ~ .. ~-:·:·::~.:: w::) ::i ~-:·:,:::";)~!x,.::. ~i::::·~i :·:!x· ·'.: 

:-;>:t•_;:::t :::.;.:_.::~:tr:vn. ,, F!!cU:-:-::·:·: 

n0x.tt•":!:X~ ~.:::.:. :_;.:::-=.11·_..::0~ 

·:.:~:>; :,~.x:t B:~ :r,~::~ ~J 

.. · :·~:·:·:.:- ;.:' ~t~;;: :):::::: ~-:;. ... ~:..:: .... ;' 

: •. : ~·::-:; t •".'•:':<~·:.::. ~--.: 

:··: :>.•~::::\.~.:· ::~::·.·":-:-:: ;· ,: 

:·~ i~fa::·~ ~~·.;::::::.;: ·',i 
.:·:- '..';::~;:,-: f;:·{;_:J.J.i;. :-·_.: 

:~;,.;,.·~~~::1.:·•J~'!.;~ ::·. 1· ,. ··-~:-lf:::· ·:-: 
:;;: !;:::~ :.~,· p:~)~~~:.;: 

.:·:- i . .:: ::~~:.h ;_,f \.:::.:-..:.~ !':·U~~.:: .• • ·:- :· 

.:·' :.:·x::~~:,;~~ :·~? ~·:::-;..~ ~c;.;fr:.;; ~-

:; ;. .:!:~:-\~_( ;.::.. )' ..;._··:.::".>:':}: :~.:-~ :::·~- ...• : 

.:·:- ;~::-:.;:~::.;.::.:· :':·~ ;r ~: ·::. ~~·:.~_.;:~.:: ~·-·~ ::::~.;:~~-:-r. 

;~:::~) :s,:1.::..·:~ ;~':: 

m::~~r•.1·::~~ ~~;:, :,;,;:.:.:1J:_.·,)~;­

.;.'~:H :(:'.';;t}':\.:.:r.~ :··~ ·~ _l: 

;:.• ~.: .• ~~~ ))~~:,~~}: ~~-:·._.,::a~.::, ·::--.: 

~~·:-:r·:}.:-( :;;:.;:s,•·:.:1 ~~:.{:lI ~-~~ .. .!:;:·::~~:,-:.: 

.... , l~-:::.:~:.h ;,,:,i' :.:.::xi !·:nff.::; 
:··: ::z\;:-):·::1.: . ..::< ~.::.::::· ;;.::lfr . .r .. ,: 

.>:- .:..':::.:.:-~ !:-:,:~s: :-:-f :·::.:-·:.~:xi ~·,.: 

,'·,· ,,,,:,.·~· ···i '~·.:. '"·'·"-~!·:· ~:-<:;)'J~::r n-~--· ):>.~ ..... / 

_.:·::-- .;.':"):~~.:. .. -~~ ::.!"' )~:":":.:. ~:·:_;$~~: ~· ·~.-

/". :·1·:~~:.!:~;.: .:..·:-:-.:.~::~~~;g-:~.:::'; --: ... · 
/·' :'!-.~;(:;K):' i3 ~{ ;:~. ·: u~:-~:·~-.;: ::~~1 ~-::,.J~(:t. 
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/' ~'..)k:.::. ·:·+(::::·:·: :.:.,<y;_•::m·X· '-',: 

'.~~~-:~:~:t ::·:;:Lf.l'Ml · ... r:t:x·-~3:..::.:::i.r'.~ 

lfrMt .... FiH·~:..~::;-.:i._\m~:; 
,: .. ;..:~;;-.,;.:;.~ :,:~::-·::-'r':.;.:,r~ ..... 

.·.· !(::::;~~:·5': ::f ::5': ... : h:.:;::;~;,:: ·:::::.;.;. ~:~;.:~::~ ... _.: 
,,.. .. ~:.;_::~~~;,:·. :~;_:.;.;:':;!)1°!·'::': ... :· 

n ;_:::_;,::~~ d~:::~~ F ~:<-:·: :·fr~·~~! :~y -.:.~:~~:--::..:~~::•:::~~:~: 
::.~~._;:::ir•)·~~~ ~:.;:. :.:·:~:-·i~::~::.C··.,:~~r:. ...... b; ... ::;.:·~·:· ~-::~<.:.:; ~:.:<t~:~. -:- ,, 

~rr:,n ... Ch;;.~:\.: 

F()~S.;,:.~·;~ d~:.:-tF.:.:·~.: ··: :·::~~:-!:;,~: '".:':('::-::.~~Nl~\.'.X '''/ 

::.::.::.:x:l83)::.:.~ ~:.:.:. :;; . .-:.:x~::Cz~k .. c-: .:·:- :.i:v: i:l:::;:~\.: .;.:::-:rn: !:'::;.i~:x ...... 

t<.H:.-:::-~:•~ ::~~.::::F.,:,_:o:~ 

j:'(:;f ,~:.:.({ \.:-!~~~~\:~~~ 

.:··· :::.~;.'.:!~~~~ ~°"''--'~~::.m: .. 
:-;;:c·:_;!:;t ::;_;,~Jt r-:vB. ...... \::.~: :1;:. ~ 

:•)':·:· ~l:::.•.:!:r:-dr>:. 

);.:::~~~:1~:~~ ):-:i· !l:·:~H.-:.:::::.:. ···· !c'-:~:·5': :':f 5'::·::~ .... :,. 
,:::- \_::.-:: ((:: t~~;: :'::hJ:t:~ 

~~:-~:-~~::t.:·::~ ~):: :-~~:~:~o:.::f:)::..:. :;;. ~·>~:::: :~~.::"'.°"~~.:{:~ (:~ : .. \:.~~':-~·:..:~::•:·~~ f•"))~X:;': '';; 

k:·:~:;:· tm:~-i:·))~.~: :;;. ::·~-:-::n::·)~:::·:~ :~::~~.:.::<:::: 

:o:::._:.::fo-:::.:: ~H/....i}F .. (~r!~,CLE :: 
:o:::._:.~·fo-:::.:: ~Hl·.YF .. ~~c:1)' :~ 
,> .. ~~:.-:..::.~~: :.r):~p :.. .. ,r~~~ :,.:·)·:;~·:~:..:,r~. ··,: 

~~::_:.::~~;;:;-'" '..:~l"':~,:t :.;!~!"ff'::i.·~t .. )·~:..if.'·'\~:;:;~ 

·t~:.:.:.:.:~:)'x': 

·t~:.:. ~~--,:~)"! ~~-:":r: 
t::.:. ( ~::t{i·:+0f.?j~ 

~~:.:. ~-··'.:.:.n:.): :1~ 

, . :\::>:::p;.:: ~ .• r :.:.-:: ::.~~~.:: ... :' 
'· :r:~m:.::.~r ::~: \_·(~~rt~ '.: 

,:\n <-X3nipk~ f;.)l:tin\.~ h)r r(:~~dinG: tfns ~1kl irn/> ih~": t!:3n 
ph.~tk:nn n~<."!tm~ry {•~Ho\:-.:·;; in ·r:~hk"! .:1:. 
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T,-\HLL .:l 

( -~~~~~··:·! :~ ~~:, E:~~~ ~~:,~~: n:.:·::~ 
""'-"'-""-""-""-"-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-"'-"""'-""-""-"""""'-"-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-"-""-""-"-"-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-""-" 

_,.. .. ~-.;;.tnrm ):m;).:-~r :·:r ):.:-;-:.k.:-; ···.: 
ht':f t.::·;: .. ~ .. :>.:hmf:.:·-~:::::.:~ ....:~::-:.• ·'};_:·:::~;::ff·:~: :···· !:-:F:.:i:: . .;,::n;.,;. fa~:.•~::.._:,;;-:.: ···.: 

Hl~H ... fr::~-~ ···"·"~~p:--.\:.~.~~l.~::.:·. :~~:::.t.:~:·~: m:-::~): ;.:f nn·~·U ... h;.L:.c ·:-:-

k:•!~;S:' t 0:'.~X. , \~;):.._~.:._<-.: ·X :,:: 

... Fil..:)k;.~:.! ~~~:i·~ ·)d:fo::i.(::: 

U.; 

,,. .... .;.~::.·::·:~ lU;,:: 

fo ..... 

;: :- t::::::d :1.:::~:d.:.::: :~~':\.~ .;.·f':,:":" ... 'k ~~·:-:· :::.:i: :·y~~: 

H ( __ :··:.:•.;~{;:·~- }~;~:):·:. ::.U~ :.-.- -~~:.: 

.. ( k::.·~--~~~::~ 
:;,;:~·::·:·)·: ~\ 

, .... r~::d ~;,:.•·~:~;..:,;::. :7t~:.:··~~ ~ .... ·~:.~; ..:..:~}:.;::; :~~~(,: ;,:··>:~~::, -..·.: 

:."'/,t))~~ (;.:; 

:·::!·:~r'•)· 

:·~::~r'-•)· 

·:~: ::· }·:::::..:..t~~·,:, .. :;.·::::vln~~:-th~:.-.·~. ~i .. ~:::'"\.:)~'.·~rr.:-..·~t ... :;,:f,A·k:~/::: 
: .... :::;.;::.::-·l:}iY~n. J~fr)l~~.,~;..:J:: 

::.~';:.::.L. 

<::-~:·: :~::.: t :C::e~ (';\.~·= t-;-~:·). s: :m:.:~·"'..l:f.:-H.::.:::-.~.-

~:.::;;l~::"l;::. -.·:: 

:-\,~;:::~ ..... :· 
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,.,~· !r:-:)·:· )")°":..:.~ ~~:;;;::~~..:: :::.:~: 

~~t :~~)~;(:-~ '}.>:::H-:- : .. :.:':·d .. 1.::~:~~::pt:~:,~g,_:.~_.:-f 0:-::tt :.;: ·;: 
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HtML .... Fm~=!~:'.~-.~~:;::·::: ":.:t\i:t·::.:.~~k:"-•~~n; ...... 
~:~rr~~L.J :.::~~;·~~~~.;~: ·": ·t.:~(~,:·:::);::~~-: 

~:.!~:::. :.:\f-ll~-:~-::~n::..~·t>t~·•:· ·.-.-.. -. Ht:\n ... :ry::1: . rt:o.1:~ 
~ 

··~1i~ ,~omp{t~.d HTt~,:u .. HJ::: ;;:rw ... ::u.r~. is ~~t:~ fDnh in fl(~:, 7 
:->~ .:.:k=~~:dbc.:d ~n T3bk .2, Thi;. nk. sir~h:hu--<: b~gins ~-.;hh ;~ t~~i 
d:t,~.t::~'l<::r siring C01'.IP!T[r<{L 9{~1 Thi:; sidll;?: .i.s fo!ln\Vt:d 

APPENDIX P 

St:·ir-tg dn1\ving: h~ff;.~l ~(~·ms. 

by :1 HTML frk he~:.cb' ;o.!mc-.!:in: 90t .A!k.t ~th: !ik tK;,;k\' 

;;;ru·;.':)l~:.f~·.; ;~ ~tu"\.r (:(~i.:){ p?:k:tk. 1~~- ~ct j~)fth fr:. :ht: .$lXlH.:h:H'(: ~lOZ :.:5 

~.h;~. ~:·r:tD:~i~b .:)f ,;5.J:1 ~H'f~~y (i.f YU\·'·~)U_.:\D \•",:Lb .. ~::..~:S. fo.r th;;.~ L1t;~~~~t 
{h;:,v·i~\::. /\fh;f the p:.:'lh.;llt~ .:~rr:f)\ .:: ~j:~t ~l~t~ i.:A: fff.1\·H_. jnJhr .. 
n<~~unn :':~nKBH'{:$. fo~k:-... ,.,,.::\. U~:L:~.Uy 1.h;;.~ fix~.t .~rr.\lt inf::>rn;:~ .... 
ffr~n ~~~.rnd:ur~: 904 i.x·i-r::~~~-~~- of .c: tftk:. Ne:\!~ ~;. :~t~fr<.::~~b t~k:.:·ncnt 

in~ (~(~Sn:tng:\Vid~h{5.~hax ·;:K~t~ ~ni. k:n)~ 

inl (kt~lrtnJ;lk~ghi(<:h~n· ·{·~u-.} l.n.t .k:~1).; 

in~ .Dra\"ic·Sn:tn~;JlnS.c:r(.~:n(ln~ x~ h.<~ y, t..'-~Blr ·~·~·~H., .~f~t h::n .. 
(\Jl_J)f{ (:.~D.kff~ }·A<)~).E rmxfo)~ 

E.>~ph~n;di.-:.n·: 

,\lJ (x.~ ~y") cc~r~rdln:3t~~~ .. ~re b;i~.;.t~Jo.:J (·~n ~hx: $.('.r'{:.!;.n f\::~:;;f5h~i$0~1 

i:Jf ~h~::. t:<r~~.:.:~~ <h~pt~: y {h:::.-.... ·.k\.~ (~~-~~- ~~2H:s.2.:~0 r~i·:.::~·:-3~; ). 
({}J.J)R ~~~ :::;p~.;;.~Hk~! ~:.~ .:~n ind.ex tc~ _3 pi'~k-:ttt. 

frn(:. i~, ;::-:. b~~:::kg_rH.sn-d ~::::-k~f :HK~ b~u'..:kg:n{1Jnd in~;.::_g>:-s il'HH:-y :ff(: 

t.::-;~::d ~n t.i:n:s. in),:~g'.:; .. ;\ftt::: th~:.t, ;~ fr~:. ~:~f ;.Jt~.1:thy i:.h:._:;n:::-WS t~" 
p-.;<·,:i(1 .... ·! in '"'"X'' ''r<';;:'· Tl"' .,,.,...h<r ,-,,,,\, f;r· ,,,,, Hfl\:lf flc· 
j.~~ i~ h~--~,~~~ .. 'in'~:~,;·~~t· ~ ~t 11;,~' ~to~~~; u:~~~ 'it ~~ ~!;t~1:{~;~~.~~.\ ;~ ~nin;3·~ ~~)~; 

f..·r()lJE d{:-ii~H.~~ h<:» .. ~·· n.~=·"': lli_x,J~ n::-p~~,~~; <:·:.Hrt:~H1y ;,,h~·'"' 
pby\:~d pj·:..:~::.!s ~C(}}~·y:'. x:cn~~ (lR~ i\.NIJ). 

~.fi.~yt:nafn ~;nppon frn· lJ:.':!;,,vlJn<: i$. ~l hiJrL~n.tHa·~ or '-'~l~k~?d 

c:~xk f~ 3,t.._:...,~·~y;; ::ighi. ~x: ~::),r•~. !h<.: :~.nl:n:~hon.if:rn.~!.': f:-:~.n:ct:~ $h:.rl. x: ~'.'.;'i~~;~:~,i.:~i:[ ~~~~'.,'\~gh <t w<>t1ld br ni<~,. ,,1 lww s'ipp<>n 

Tt1>::: lnug<.' 3>:'~it n<d~o;; llSll.3Uy 3Pf!'~?ir ''I th>::: h<."id of lh,: !isi. 
Th,~ llf~1L H'i.i: h,::$d-::r ~;Ln:·:..~;1~,r.;,;: ::.n~h3.dcs 3. Hrs? . .., .. ~·du.c 

B~~c·~·)h~r :1t _poi:1t Y06 !;:>lh::....-·,,::ed l-:i)'. p~~.knf s .. t/.".~: p~1.r.::fnt:t:r:3.~ fr:.!7 
1h,: i.;n-,.;,:i dtvk,: ~~t p·:ri.n: '.l07. Th" YUVOUAD \'i:b(:s .tn the 
r.z>lor p~l~f:llt~ .:.::,)n~;i:;t '-":f ~;. ih~if \V{:-rd ~trB<·n~!·<.:: ~p~~.:.:.-;fy·in~~ !hi.:~ 

''{, U, ,1m.! Vv:ii1!i'.o>for th~ pi>(i(qikr r:h:d (>! poiiH:,; 9N'l---91!l 
Th'"; H1)\.·H .. jnfnr::p~.~~<.:P $..~n.t1.'.H.W'"~~ ;p. :h<:: H:;t 9{)3 r.~'>::~:·-->fr-->t ;,.~f 

~ typt; fod.d 911, <~ :,;;j;~.1:: °f£>.:-:l:d ~~t2, m:;·•J tt;~·. ·iHl.(:-nn~t~k:r1 ':.>A~fr-~h 
~~lp~_;,:}n:~ ~h~c:. ~y!.:~:: ~lt ii<:!d. ~~~t3-. Th~:: 1yp;.:~ stnu._:hH~:$. :::;:':il ht::· :~ . 

HT\-H. Ti>k, Hrl\.-!L ]i,:;<.t, HTM!. Ci.)in;:e<:, HT1vlL .. 
X.>;;J.'-\ fffl<.-H .. Sq:.:o.r;:, llT\H. Fitkd:Sq1:H<.\ HT!\U. 
Ci1<:k, ffl'J\:lL filh:;.!Ci1:;;k, !fi'i\U Li)<:·, HTJ\·~L 

Fu.m .. ~~k>i:~~ th~:~ \:-..:·ouk~ ,~fK~.bk: ~t thiH pLH:hn:tn ;o .~U.PFDn 
vi~ :..:dng ~~f rrr~,:~r.-~x~~~'~d ::;(;nt~~ a~ r{~;.: .... co·tnpil~:d 3(:c<>fdi~ig. t~~ 
~:ht: j>f~.:.:.t.:~l inYt:~HiOfi ic·:.-:J":::.dt~ tb.::: h-dk>\:...~i:Gg.: 

(:;cn~:3J. gr~~ph.t:.:s hH:•'°":ri.on:: 

. ·:(1 

fi~;.~;-:.::. 

H1~Bh W~i~:~. (.~L yl·) ~.nd (x~~·~ y2) f(:>~ ~-<'.~ding htH lt i':'; ·Hi:i~ 
.:~ r::.:.qu::g .. -n).~·fH. lP h~n~~~ ~in.~ ~ .. ~·~1liBg fun-..~fk•m~hiy . 

~~trh~:~ f;.:.n(;:tjqns. ~~r~·:. B~~~::d fr.•r [.n:;:-;.H·~h h.:x·l <a~tput {-'niy. 
.Bitn~ap:~ ~rr.;~ ·t::·~ ... i:::d fot (~h-;:-K:;..·: <.'.h.:1r:K::i:::~r:::. 

Fi(~) .. ~t:\<HHJ S'B ~x.~~ k~rH.~ Hw nm tinH:: i.:"'.~·~R~H\.:~ .:::.u.ii~:t~J-.:~ for 
:::)~~::,i .. ·~-~tfrm ,•Jn ~~ tir~u cii1:.~nt p.t:nfotru f ... -rc .. ~Ji:~ph~."Y ~>f' th,~ 

. ·;5 (_;~)tfrpik~d HT~~~L ff~~~l:.;::;-~~~i ,,.·hi;,,.~h int:"fo,;.k~~ ~i";;;,;: fnn~:Jion ~n:t.,.,. 

~3rK~d ~b<:•'..'i:.'. i~: tiK; '\E~pfa.~,."" :-;;q-.l l:~-20 ::.:f }'-'"{()·. 8H. 
Tii'' pr<x\s< qfF!U. S..-\.;;1;;;-ts ''' i>k>;:k :inmr Th'' r.0m tim'' 

~-~!_g)n::.:· i~~ :~uit~<~~~l~~d i.>n ~h(. ~j\,~ra pJ3Hi)nn h"y h~.:il.hng ~-h<.~ 

<~pprc•pri:H!:..~ ~:·~~~ff~(:·fH:S of ~h<: n~n frn:~t· \~ngEB,~ .;~;vJ '3H:tT 

·''' pr<XC%<.'' kff)'\V(i in tb: -'f! fs!<.'p .!Olti), Th<.' <!~);\ ~i<.cp 
it~1'.to1:..~~~~; .. ilknhtj.:"frig :h..:: po~h~~~n ~rr ~ht fif~:.: ~-~~::h ~l~ ~m ~h<= 
~O~ffcc c:o <~r -::~~hi:.~r ·k,•~-..::d"i(~-o fr~Hn ··~s.:hk:b ·~~h'. f:.k i~; ~o he..: 

~nt Dr~~s,:}\~i:H {int x~. irn Y:- C~)L()}{ .;.:oh~r~ rvff)}}E ~n~~d~:):: ~~cp J03~} .. {f ;·h(: i};sg i~; B<>~ ·:~~~ th~n ~b~. :dgorilhrH briBK:hc:~ 
int Dr~{\:VLl:-k~· (inf ;.;;:.l:~ int y"l. int x2~. icn f~~ (\}LCH~. >.::(.,}.:)~\ 55 in bl~·K:k 1040 ai \yh~·h:b th~: i!;ig i~.; ~{:.8tt:d fr'! ~k:~~~;.: ... i~Y;~K: 

.MODE l)~<xh). wkii:l(:f i< i~ ·.- l nr noi. ff !h(: il:lg it; --.. l, !ti@ tk <ilg<>di:i:lm 

ini: DrnwR~·~';:;.ntk{ini. xl, ini: y·:, in! x2. fo: y.\ COLOR 
cOlf:'-r .. ~vH)D[ :'Dod~·:.j~ 

;n:. F;Ufh~i..;LHigh:{j.n~ Xl .. j.r:! y1 .· ir:! 
;:<\k>r, MODE rn<1(k\ 

in:. r.·k:;~rSc n.::<: fi{ C:~)t .f.JR ,;:..: l/:tf: 
c·i:~lof p~~j,;;,-:tt(:. 

fni. f.'han~~t~ ~llf\-'f\~~orP:::.h~tl<::{ )~ 
.H.i.tm:;p fo:;d\(,n 

int BiH·Ht(:irn. d~t. .... ~x:l~ i{~~ d-;~ ..... y 1 :- int d:;i. :<2~ t:n d~.t ~Y<2. 
\l(i~;ign<.:d ~:b.1: ''\;ii(mip, \ 0!(.itW mod~); 

d~:: t{rrnfrt~~~ ihM. ~r $:y$:k.n:~ t~rrfit h.;:~ f:~-:>:.~U.r{~:d (~fa~.P 1050) ~n~d 
thi::: .Pro'-~\:.~:·"-~ ~::~.l•l;;, ~1: stx_~p JO~l~). If ~h~:· n~~g ..:{t ~~k:p l.040 .;s ;w~~ 
".l., th<o:n th<: frk h.:is im! t'<:i'[) fr:oJm<i U«r:p Hl'IO). TJrn~, ;:flt::· 

~;,~p l o~~o tht~ ~dg-:n-i~hiH n::=-nrnr~ ~{) s~~=+} 10~~~) ~l) HHd :tfK: n,~-;;.,,:~ 

if ;:;J ~£~i:::p 10.:~o~ {h~:- Hag i~. ~'~t ·;.-.) .l ·ind:tc&~iBg ~h_~l~ ~h~::- hk: 
\\/;..~'.$ i.'<~Hn;..~~ lh~=-~~ ·th~:: {.~>nk~ril qf ~.h,~ ,Hh:;. i~ i't~·tfit~":-::~=-d b~in.~ .:~ 
pn~g~~~in hkt: tb~~.;. i:~ J;~.hk 3~ ~~nd rt l~ ~.~~:rrc:-d ;H ~ ~~pi::.i:jhc:d 

~~~: 1iddr~~:-s:.~ ~-\ H«g 1~.ft:.rnr:H.~d ff ~h:~$ pr<)~·~s~ ~ucc(:c.:.:b ~;·C·~ -..-~n~d 
t~, J c:-th<:{\l:.-~:l~'~ ~1 ·i~~ ;;,;tA ~~q~i<d tc:• o (;;i,~p l o,'>t~}. ~,~xl th::: n~~g 
is i(:skd (s1<::p W9n). ff t\l;o fol.~; i:> tl<!t ~q,«il lo l th~ n r~<id)n~i 
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17 
c~i ~h(: Ek': hikd (:~k':p 1100). Tb:~: prn·':..':,':~.; ~h..:.':n ~t:~u~n~ ;(> $h:p 
10~%0 I',) ifod th•:· a~:;; jj)(: <.)r w;ry. 

3f ~h,~ H<tg j:; ~~:i t·~) ~'" in·:.h:::~tih~~: ~~Ht~ tfo::: 1H(: h<l$ b~~·u 
:>lJ<-''-''-'~;foEy bi:•:k'd ifll<> !h<.' dym:mic R/~J\ .. ~ oi iJx: IH;;c(:! 

d(:\,·j~~;;.:.~ th(:n ~h..:.~ ;-;s·a:r.,)Tt~-·n}~ pn~~':;;.:,::~~ b ,~x(:(:'~~:;;.:.d {~tt:1~ ~: 

tU{)) '!h: dd,~il.;; •>f i.i~b pn;·~'''"~ :tt<.' ilh~tr;;id h FF\ ~m. 
N·cxt ;l)(: (~H:It:n~ .. P~~gt URL n;nn(: ~-~d~fH..1~~ttd 2:~':.;.>')rdfr1g l(~ H:;~ 

HTiVlL P"°''''';.~ (~iqi .l.l.:10} .A!k.r lJpd::>.i.n~~ it«' rnr:'""~t Ukl. 
n~.1:lH;:., ~h~: _p-:.:-x:(:~.~ f~.n.:.rns ~~~ sk':_p .102:0 to fend :h~': tH.;:>;t frk. 

rl(}·. Sr?.: lU:.:~~~r.:~k~:~ ~.hr:- "Surf .. Jrr~ .. JL;'-~ pro~~~:.~;~. uT ~~t~p )(: 
HH! in fl(;. ~.'\. Tbis pr<'''""'' ;>t:>rt:.,; H rx:;i.:ii f~l)~} ·nw fl:>.! 
p:::.r)_ i~ ini:..·t.1Li.~·.:3t;·f'.·n s.h.;p l2lO. J\d~:-:pfay r~:JutSn~· ~~ ~:;.,\g_~u.kd 
.:~;. 5~~~~rt -~ 220 havin~. ~~h== fi>:.(:d ~_.{:H.W(jin:cch:- h~n(.:tion~- c{ 1:h(:­
pn·::·.{:_1n::tpiJ;;~d l:..rr~·dL. ,;:~~w $.~~t. fir~.t,. :h(:: pn.)<:<:~.-~ dx:~.,~rg~~:·~~=-:~ 

t,,:d~'-~H~i::T .:~ppldf'} :~t(:- jn(:-iw.,h..~d h~ ;.he Hk- (~h.>p t2Jll), rr ~ht':''.{ 

.:Ht: jn(tu>.k~d, ~hcu ~~h:: aprl.~.>~ i.':; '-::<~.==~:.:u;\~d (~kf-; 1240). u: no 

.:~pph:-t~ :~r(: in(:.tm.k1..:r or :~ftf:.£ (:-x·~·~,';~~ti:::n (~r ;.ht~ <~FPl(:t:- H~i::·n ~-:. 

rd;''"h .fbg i:> l<.'"'''d \cil(j) tNl}). lf !h<.' tbg is <~:t:d i') ·j, !JR'n 
i:: i~f ;:t;~k~d ·\~.~h,:tb~::.r .:t t~·t:K~(}t~~ h~t$ ('\.>.:t~n,~d ($~(:p .12-S~':}), H ~-=­

th:n~o;Jt h;!;; D\.':(:\u·r~d. th~:} th~ ~:un"'~ni pa~~c ~;; ».p..:b:;:,:d {~;··q) :.?;~ 

Uolh ,<ml Hw pr•x<~< "'h'nJ.$ $<.'\ 12.rn of F!G. 8H. f:;•r 
t:~:·in~.pi:~:, 

li" ~1t blo• . .Ji:: t1:40 ;he :-,':fresh H:i£: ·\;,,1 ;~~ no~ {.':quid h~ ·J_~ ·->:: ;Yt 
blod: 'l.'1:5{) t!-:•;;c :in1w1Jt trn! W>i. c~ph::d, :h<rn tk fH'(.,l,~>;:;; 
pn)~::ef:d;,, )O s.t::.~p t27~} 1.-.:~ g}::t ~"t 1:5x.;f ~H.pphed i.:~p1B e<1'fk :·;:J::: .. :.b. :.:5 
~t~ .::n ·inff.:~rr:d inp-ui .·~i:~t:~1~ provkk:d by :~ ~~x:.ncol<.:': i.).-:•ntfnl i~~-

th(: t~u.~~ei ::Jt~"/;~x- ..:.::odr:. ln r(=-~1~i(::x::x: io ~h~:- <:<:d(:, :3_ v;:r~\,;~~::· r~f 

pror::t.;~s ~tf~: t~:<::::t~-B~_ed ;;:; ~~Bit~ .:: p~'lftir:·:d.:H' ::3{~~~:~. -pl:3tfnfn} :e· 
1·:;:::$>.Ur: th~:: BS.t'.i ir~g;t.:.i:$ {~.h::p t~~O). T'L'n .. ~ pro-..;;,:~~--> ::ct~itn~ :~. 
00 ... HOMC (w i\ PL·\Y .... UR.i... iXrn1m.:i.nd, frn <:>:;>i).1pl.;;:,. 3;; 

'.."v'hi.1..:h i~:;ult in ~t::-tH'nin:; th;,:~ ~~f.:<:-i tc; ::;. h:;_;;:nt:- ~ ... ;.:-i.::h f-;~~g;.:~ (>i il:.} 

~~ (:"tHfi~·flt t_q.(L_:- n .. ~~pl':Cti.vd_y ... .:-'\lk::-n~~~~~'':~i)" ~h'': pi;.}(:{:$":; }o(:p-:; 
t(:' 'S.~-t:p :i _J{0 ~(}[ ;.~ ;:l(~Xt ·tHpH~ \.~~)(fr:-. 

.-\~ n~<-':(Hi()fh:·d ~~h(~~:·~·" F1C .. 4 iU~r·;;:r<~:-~~ J:b(: J.~\\~·\ :;r~:.:Fn), 
pil<:r ~v:...,. .. >~nnn~: H) ih,': ,Ph'::'}(:nt Jn...,·~:Wk>n. l'}K~ J/~'.\.\~l\ fn\:C:(JB)~ x: 
pikr f<X'"'.iS(:~ :>hr:d;mj foH ib2:il•.f< J,·\\A by;,, <.'<Xk~ <l>< inpu! 
on hn~: f~OO. By!x: .~~~·::d~':~ .::r~~ p~~-t~r;d ~1~ hki-;,:k 6Ht .. . :\_ J/\\·:/\ 
,~_bsc> lo;;;:i,;r \:;; then ''X(:(:Ui<Xi :11 blod: 6frl. 'l'lk ,,hs:;.:;"; ~in 
.k:~H.-k.d in~-~~ ,;5 ~-• .t~nw~·~.:~nd sn;.~d.t:.h~ {~:03 ~·vhk:h ~x;ordin.1!~:::·.; 

c~>n~·:-~.~~-~·:~~-~ :·nn.:.hik: fiO~~ ~tr!·d .1 Jl\\/:'\ nh~:::.~.~~:~ :·n~::n-:(:•ry ~y~;~p ... 
pir:g ophrn.:_:_::ir~g ~~xt~~in~~ .6:t}6. T~k: <)u~p:_i.i .:~; :3ppjied hkK~k 

(~(rt \.vbich (.l)r;:-::i.~::t-:: )·>r ~1 (:{~inp·ai::d J/\V .. ~\ byN_:,~,._1d(: f<~nn~"t~ 

.:~ci:Prdi:ng k> ~h~:. pr1.:.:,~~::.rn: in-v<:-iH-~on 

lfi(~~1'' i!~(~:t"~~~~ r::\Z~,~'~·~~~~~~~j,(~, i~;;:c~~, ·;(>;:~;~;,;1 ;~~~:;j:1 1l~1~;~~ ,, 

N1.:.·:~t'" th;:,.; Ji\\·~ . .:\;,,.~L:i:.$.:~i:;:s ~t~'-; lo;.:~dt"d h:.t~(:d on ~ht; inh::rpi;,;,~t:.:i:ti-.:·"tn 
~~r :b,': t:ytc<:·od(.- (t:l•::.p 1.520).. Ni_:·,~1 ~~R: :.::~i~~~~"':~ <U~· (>pnu~i~:.t;d 
.:~~- ~p •. -:p l..530 .. ;\n(:( ')P~in~~i~~~ng ~h'': (b~:$.t-:~ .. th(:- t~yt<: (:"(•~k~ :ff(: 

1r"m;fo;d t:;• ;i r<.,dw:•A byl<>:;)ck h!('j> l;'qO~. Fi:i;;Hy :h: ·''' 
fi..X1H~td b-yl'i..':i.,':<Xh: i~ -~l~pphcd {~tt:.p 1550) ,;B}(~ ;:h(: ~~if?..:>tfrhn~ 

$.h~r~ <t~ ~h.:p 15-60. B~lSii .. .-~~ny tt:i:.:: pro~-::=~s :\:<:(:i':~;~~ ~::. l•:\\~:\ 

8(~Hn::(:, ~>:xk: frfo '.:Vhk~h BSB:~Uy h~t~ HK: fr~ro:c~~! (.•f ~1 t(::<l nle.:': 
with ih<.' ''X!tn:;i:c),1 JAV·\. Th'' .t\\A <.'OH:pi.kr indudt:~ '< 
J/\\J/\ . ...,,..frt::.::l n~:x~tr:n~: r:-h;_$ .~:tHI~p-i}(:X ;.::l~1~S(:; s·u~~h ~~-s .Sl.n·~--- 55 
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n::H.~rrn~d~ i:t nui:~ lh:;: c}as~ i~ {<.>\i.nd frpn; H~t u~,<:i; ~fptl.:~fr:::d 
'~};J~:S. ·p.;~~h nr <hg~\.,~{(5f)"".~ -~n ;.b,i~~ \.':~K~t' ~ n~~~h n\{:·HF.1fj' c:fg~nk, 
/\Jt-=.~r Huding tb~ cJ&~;~t -!h<: ~!i;.·;.;t ~~h~F f~; (X,>c·~g~.~i .-!hi~ 

3.:~\'.~53.\:'t~ k~i{~hng lh(: byl.:.::~ n-~)ff~ lb<: .:.::h~~~8 :ni~ .. ' N"c:~(:t~ ;;,J~t~S frk 
byk-~~ .:~r<:: pil~ into.;~ ;;,.':h1~,,,_ :'S.:rw.juf~'. ~l3-~t~~hk: l~):." run time ·u~-:<:_, 
,'.l:'; ck;l_:~(:d by .!h:(.:: J,\\·?s. vfrti~a.t n:<~t~~hhx: ~-~p.;.;~,~_:.n.~~itl:~on. 'lb8; 
p~'-tK~~:~;.s f,:.;,':;:.~r::-;~\:·<;:Jy l~.;~~d~ ~~_ad hnk~-~ th.::: <:.b~~ lo ·l:s :-~:t!p<.':f 

~~fa-~;t~$:. V;~_r;n1.~~ ·d\\.X:k~ .:n1.d ini~i~~}h·_;3_U.n.n:~ ;~rt~ (:Xt~ ... :Hh.::d t:."~ 

V(:.dfy ~~f:d prt:r~~tt(: ihe rtmti:t-K t<)f tx.~-~~Btinn, N·(:X~, in~t~;d--­

i:;,,;nif~n ls. ~x~~;.;HKd .frH·· th..:: rn<~th.::~d r~f {h~:: ~:.'.fa:,..;;;. fir~;i tht~ 

prt)i:.~~:=:~-.; t::n~~.ir~~~ :tb.:~t ~~H d·i(:- :<:i.Jp>.:~r i::.~~t~~~:=-~ ~:~~~ ;_n;t~ .. '.d.L~-~-:;,\ .:~nd 
HJ>:.~r: 1.:~ .. ~B~1...-:- lb.x~ .ir:iti~tH:.'..'.~tir~n .:.~1t~:hod fc~r H~~~ ... ~t::i"$:~. Ftn~lHj: .. 1J~r: 

:·;~':;:" :; r~;~·<;;~~~l~;l~<\:~;;;*::!:';;~:tl~~~~;ii~F ,;:;,~~l~~,~~l·\,'.i;~~ t:;~: 
n1~~';{ h1:.:: in ~ h(~ · cu.rr ... ~n~ '-~l.;J~·~ iv:: ~upt~r .:.:J~~~,~ {fr qt~h::t i:h~.:".-.·•~<=-~-­

<~~, ~;pt·~:Efr<=-d . ...=\ {r::tl~;._,-. i~.- ~:~,~~~h=-d :t-~!r th,~ nR~:th~~d~ 3n<:ludi·~~g ~{ 

~--~<~i:.:k( l•.x:~t~ \··<~fi.~lb·h:.'.~~ ~t~~d .;i pr<>gr~nn i .... '\~uoJ>.::-t~ ·rh~~ pr.:.:H ... -i::·::;~ 
~--~<~fl~ i;':(X,,'.>.,X.~tiiHJ :b\,': ;r;dt·i_._l'.~~k~ ~ns1 ~B\..~1·i~~BS.- 'Jh:::- :Cn::~~ft:l(:"~~-.){~,~ 

.:<Hi b~ :s.t~d}.: op.:.::t:BiG~:s~ bn~n(:h :s.l~k:{~E.'.nts., J.;)~1ding/::.;-~~ffitig 
v.;~~U<.':~~ fro~n::~H thi:: 3·'K:a} "-':B"iabk:s or !..~1;)(~::.;-t~~~!i pc~ol i!<~ns~ c~r 
i:n-·<~klnt~ ~-rdi_~:- r:K:~h~~ds. \Vh~n ~~{~ 3_n,:~5k;:;':d nx:-~h~xi b ;~ 

t!:~ti\·-~ futK~tic•n" ~h<:~ ilnp1':..·.~nci;H<d ph~H:-)nn ~kp,':nch.:.n~ i\m\.:· 
~lo:):~ }.~ t: X~~.~~Bh:d. 

lr: Fl(L ~·h\., ~he .PffK~(;~;:-; <~t" :rar~$:L'llin~~ JA\-''.:\ by~( c:·::d{~8 
it-jh:~ tl}n~r~~J(;d hyl(: <:·o~J~~-~;(sk:_p 1504 t~fFlfi;_9) b 3-lh:~;:n;,ktJ. 

-:'\i..:;.:..\}.~'din.f~. ~<) thx: pt~o .. ~~;$,·~ .fJn. 9:.:'\~_th<~ bi~~'h .k:o;,.h.':l (~h(~~ byh~ 
(~(·~h::::; ;~rt~ r: .. ,~r.~(:d frl~n> th~~: f;~:qut~n,,.-:t·:. l;f,r {:X,lrn_pk~ \\lim:icn~·~ 
di;dr~g :fo.nr:tinn$, ;);\; found. {l~70). ·.rb,; h-;gh k:v<:1 tJ}t:::$. .;.~ 
r:·::ph(r.>:.".d \~:·i:th i't:'l .k~~''{:}· ·t~-:-vx:.l {:·bi::;.-st~s (t~8"n). :-rhi~; _pnx>:.:~&:; .:.~ 

r~::-J)\:"-.'.~~1:.~,1 ~n.1til. ;:~H 1.lw ·~:.:t:~s-'5.<.:~ in ~J~t:: fi.h:: b.;::~>:)n-:~::: }?~r~~,; ,:tl~~"~~ 
(L~90): ~'\it(:{ ~bi;; -pF)(::t~~:-:..~ ~di ~b\:.~ high k~-....,~-1 faHK:ti(.•tr-; tw~·\;' 
b.<:,~-~~ n::-phK~,~~J h~t i;.)\'\··i:::f k·v1;.:l k!.·(:1 b~~~(: fu~K'Jl(~ff-;.. ;;n(b ;:f_:-:., 

d~.:g~· <~ li~!X.~~ :::-K'. ~) 60(9, 
J.\\??•~.-hytc c;'(_•~k:~ ~n (:fo~;:~<::s. h1¢hHk': :.~ ~nunb~r 9{ h}_gh k':1...-.c~ 

•>t~j~~--: ~p~:~jfyln~ ft!n(:\i-tnJ.s $.·a,.:h a~ ;l ..,,_,,~.o.d~r .. ?it dr~~.-,,_;,ch~~~ 

faHh .. ~fi(·~n -~nd i:>~h:,;.:- ~<~f~} ~~~~~ .. .:'\\.~(:t){d-;ng. ~-o th:~;- pr"C:.8~:ni 

inv.t~ B(ltin.: th~~~~t: i.Jit~t-{:8 :~rt~ :<:n(b:<:d by Hk pr~:(:(·~~n_p lkr 1ntc~ 
;~ :;d_ ~·)f ~P~':l.Hl~: ,,.-:~·si:):.~c.~in~{i~:- ftt$H.:.:t~r.~n:~ .'{iJCh .. ~:~ fh(')~~~ .cmtih~t~d 

i:.'.i:>•-~1r~n-tnK 'lb_\'.: r,.b_l.::.~.c~ ~p~:::1~jJ.yi.n~ ftii:f.: .. ~~ions. -.:-f' th~:: .L:\\'~.:\ byk 
~~i:xk il:rrn ~f:-t.: $.igB in~~::n~ -p.~YK'.{~--;.,...;,-;~·~~; re.~i:)tn·,:,.~(;~~ ~--:x~·:- fn~~~:d 1.~p 

::.:n ~hx~ H1h1 -.:.-!k~nt ph<tfr)t·n1 foT i::Xl~(:Uting ~h{::- oth(:-r t)~i,~:gn~r:·~:;.~ 

(.:.:Hris::·d -~n ~~ J/~\(.~\byts:: ~,-, ... ~d(:- fik. Fur~.iH.::rH~(~~\;_~~ th•:: .~~;11(.\f.~Bt or 
iH1:.::~;i1:iry n~(:~jir:.::d t.;) "'V.)~1:_~ frn::- run ~-~n:n::- ~::-flgfr~~::: ~~i1d .L\V .. \ 

~:~~~';,;\~~~,t:~l;li::~: ~~j;~,~ 11~~JI,'. \~,~\t:»:;:~li;:~~~',;'.~~;~ ~~~.:~:~,::~,~1;~'. 
i~,~ ;~;Jb~l~::.~H~'3Hy i;x.~;..h.~·c:cd . 

f§($. t 0 -~Utr:;h.·.:g1:_~;; \~n\'. c-uvfrnn~n'.:.'.nt i-::~ '-~·t~i~~h :!F~:: <~f ~h· .. ~ 
p:"<:~".:n.~ :iu._~._.:nti~nJ. ~,~ ~~Lh·,~nt.;~g._.:,>~~~- Jn p:ir~i~-...::3}~::.-r_~ iB ih<:: 
~nt~:f_G.(:~ ~W/if.:)Uti'H;':_OJ l: '~·id~: 'V~~d_.;;:ty . .:)f pkt~fr-..tn.1::-;. ~~f<.': ~tnpk­
tn-=.:nt~d. F~ff t·x:~~npi~\ ~::._~l; ttld -t~&-ct ;;,·<~d~.st:.;,~ii)n pJ~~t~;-).~'fB 100 
i~ <Xl<\pkd io Hw foi,;rnd .!Ol. An .!nk.rnd. ::<;tV(:f r;lai:form 
Hil i:: i<b;; ~oupkd 10 i!x: !nt(:r;x:l .Wt ;md in(:hiik;; :~!<:>ti!~!.~ 
f:·;.c J .. '\\:)\ ~h:l.:3 ~{:{~. 1-rr:-vn .. d~-:..-~~~ ::;i~-::\ ~tnd <~ih<::r i:.l"t·~~;x: fik':.{ . 
,\ \t:fV<.:':r 103 ~ ... di:h ~~~~ .~nt~xr.ri~:d~ah~ ~-:nrrrpikf .:h~<.':O~\ting lo ~h;(: 
p:-e.~~:n~ J.::<vt~-m_i(~fl for nnt~ c::;~ nk~:{: f~f fb.-e fbl~{- ~t:i~ ,~v;iih~hi~ 

\r~ l\1<.~ !1.;!c;r;w,! is .::o-up!,:o::J «) !.iw L<.ll.<.\f.<Wt .Hll m; i,vdl A 
\·'S:.:·~;:.;ty ;.')f ·~~hh(" pl:d.frsnY~:.; ;3.r~:: ;)}$.() z~oupk:d k~ 3.h<; lr:~~::fr:.c~ 

Sun ~,fk:o ~y~;l.t;::n~ .. T.ht~ J.·\\/t),_ ..:.:tt~~ fik. ·;:;.:. pi:t$~;:d \:..,.;hk:h 
typi(:~'lHy (:\>fl:·~i~~t~~ nf f>yh.:: ~.'::".1-•.h:~ ~.vith thx: ;,:':~\.h:-nf~~i:.~n .CL.:\SS 
}~ (b~.;~ k~~~-dt;r '..':c_)f!~~~-B: of~: p:~.:~t;r :t::td h_~:tf:(:n::.k: '.h':ti~kt $t:'ld 
pF>:..::.:.::~:;-:g~ ::;~-h.:.::r ,;.,~h~:;:..:.: fih:-:-;_ ·rh(: (:L:~~-s. :..:tru.i::~.nn::::.; <~{;,:_~ prnt:;,;.~':;.."'~~-==~.l. 
~1,x::.)!dtn.~: to tb.t: J/\V.:\ .,.·in:.:.~-:J rn;$-cl.<~n~== :'->g;.;::i:j.f~~-:~:t~:,):·~~ ~~~.H-~h ~l~ 
HH:'· (;(}H~V~-Dt poo~~ th;,;_; Bl'>~bnd :.~bk-~~, ~·:nd Hw liki,;.:_. _.:\n 
~at;.:~r~_;f°'l:·:~:~f ~-nd c:-Jncpih.~r ~~i\~ ttH::n i:::x;,;_~t~"t..:t~::d. ·n1.:.:~ JA.\:".~\ v~i'tt~~d 

rn<i>jfrr~(:- ;;_;}.,':(:t:ti(.:~; hyl>:. (:odw-; ~-::-~ ff~(:til«)<b i~:'d ;~ntp::~t:; (:"(;-n~ .. 

pikd J/~._\:'/\ ,~hi$~ -~~k':~ s~~r::-1~ng ".:-;·1:.h ''~,:t<lin~:-. Tfo: p::•).;.X~~;. ;:;:t 

k><lthx~g i~i~d \'t£~Jy-iag ,-:}a$..:S';·~; ~Jr':..-:(i:ivc~ i~~:st frm.frng ~i -.:3~~~. }{ 
Ht~ ;;:])::;;~~ 1:; ~th-(:~::.dy }o~~di::d :~ r~<td po~ntt.':t 10 th•.;:: ·3~~::3-t; i~ 

<;~) ~nd:~-~r ·tih:: ~1:.;r\~\:~r lO~t F-.)f ~::-X.:>nrpk- .. ~~n. ~:=-iK~ u:~~::s th~i~ -~;J.~~ .. 
fo.;.':·n /\ 10.4 -~·~ c.;_r~rp.lx:d to ·:.h_::.;. ~.{:n.~;,;~r !-{l\. End U$.,~r th·;n 

t::~~;:~~:::111i1 1~~i~cl i~"~~':·r;·,~~'~,1::,~<:'.::~, ~':''1\~ i! ~'~t•~:;~\i ';;\ :::;;. 
hn:i.:.~nB~;·~ tOI .:~nd '\--l.;~ lh:..~ ·{nk~nR~t -.~H :[.}~,~ (>~h~~rpi;.1~ft~rnr~. ;~) H~~;· 

~~~: n.:::t"''Drk .. /\. ·;;..:~u:~:;:~v of $<-X~n«ri<)~;- ~~f<.': ~tlu~ iB:-}!hu!t~d. ·rht: 
:~~m-~~,·~~- ()f ~ht-~' ~"'~t~;· !~)f :::mJ u~,-:::-f -ph!tf~H-fB (' .t06 (:(~n~·.i~;;t?.; ~>t 
lh~ \\<odd \;\'}ck -\~/,':b, \\"l:~'.B h rt::ql.~(::')t~ .:i ~ik: :fro~n ::;(:rvo:.':X 

rv1icrosof1: Corp. Exhibit l 009 
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l{f1.{ th:;;.; :td~~ i~i Jh~a t~:Br~f;::n-:::d 1(> the J:~~h=·n~:u;dis:t:~: ):..::Hn~pi:k~r 

;ii. ;,(:f\·,:.:: .l 0~\ ,i.nd fr<)ffi :;nv;,.r Hi3 in ;h,: (:nd u~l' pb:fo:rn 
lll6. End u:;.~:r pl:ithrm i\. ltH h '''upk;,1 dirc<::t!y h· ;fa: 
~i.::rv~:.t 103. \Vhi.::~~ it ~~·~.:~kx::..:: ;~ r!::-q:.:.;,;.:·~:. :fnr .:~ i~h\ 1Jt(:· f't:qu~:.ht i-:; 
tn~n~;-ni~k~d to Ht;:: ~~,~~--~t lO~\ ;~-t~i;~h f\.~itk~'\·~:~ ~b,~ ffh: ft<~n: ~: 

i1s -s•~:uh"'i;: ~;~~ ~.,~n:{:r l(t~~ ;.r.:~w~i:~.;.t:'-; ii ~-i~: thi;: ;..~:....~rnp~h==~:J. '.-·:c;:r~"kw: 
~~n-d .~(:nd~ l! ?{~ pJ;~iJnnn ..:\. lH~. Ertd n:-;~~r pL:nfrH"rn H f~ 

,x,,;1>l<xi !<.\ bo:.h tb<:: ;<;;f'>·\:£ .WJ :rnd t;: fo::. Jntnnc:t illL Ti,:.::.;, 
.i.t i:e ,:,~rd+: ,,f r<::qu<:sting !ik:; ::i.\iy.;.:Uy fr:::11 S(:f\'(": .m?:. Tlk 

lr,<.nSbh:d. Ci!l)1piJ.<;:d \:U:c,bn .i;; i;(:ni !<.< pl.:n.f::)::m B }it'*< 
i\l:~:n1:!;ivdy, pbtkrm H m;iy ''~W'''~i '' Hh:: d)r(:cify fr<xn 
~,<:·f'A~r Ht"' >...:i.:h.icb {>(:.rf::~·i·rw~ :1li r..::;.ri .. ;:v~t1 ;:q~d pri~;.::;;,,;'-;:.'...;ing: 

fotKiiom, <)cl i:x.:tutff d pb1fon:a H. 

pf~:·~~~:1l in\··<::.::1~1f;n. For t~X~lnlph.:~ ;he 'fn~),;:rn~~E .L2:.0 ::n~:l. ~tri 

t.nt~~~nl:t l.2l ifft~ (;'(\~'.\nt~(:h:d k~gt'·l.ht~<. A ~,<:r· .. ·::..~~- l.22 3~ c·~~'l.::pk:d 

)(: 

kc Hc:t~ Ln:~r;H}:.>t t2l ~i:n.d th~: Intt:n)e~ 120. Tb.": ~<::r\··(:f 122 

:iJv..:hxh:~1 HH: HT!vU .. :n}d J.:\\:?\ ·1:-~l<:rnJ~:dL~~<: ,~oinpilin~~ :.?;~ 

~::.:~g·:'n..:::f..:. .::·~-~c!:.1rfii:.1~~ l..:.< th~:: pre::~-crH ~~y,.·~::;.1:t:'f:;_:.1: :::.:-:\ ~Y::pr~.:::!':\-.:.~nh:-d h·y 
bhx:k 12~1, .Tht ;;•~.r';--(:f 122 2:·~:;:.~ ~:.,~ ~~ :s.~n.u.\ .. :(: <~f rn·c(~<!:np!k:d 
~bt3 s<.~t$ k~f Ht~n dk:nt pk:.tfon~)~ 124~ .12!\ ;~.nd .125 ~:~g,:h <~f 
\:.~hi(:h has a $,~tBplifi<:d ru:~ ~ .. i:nc t~,r:gi~h: ~~·~:h~~.bk: t~;r the 
umJ.pikd <bu. :;;ets. ··rr:w; the p<wh:rfll.i. irnvH./lt\V/\.(::1;,,)1J(: :.':< 
r~:sid:.::~ on :hi;.: n.t:i.\":-:t:•rk ,~i.,;:rv~.r .t22. ·11J...:: lb.fr~ fhT~Y(~c:k ~:n.n~ .... 
pm.;;.~r~ .t,2..t:- f25c .t!fl ;~n~ ~~::):.ir:-t:C~..;~d to :he.:: ~t~r\:t:r h~;.'.~-: On~y 

th~;: ~in~pEf::t':{i fHn !.i.ffh:: t~r:g.:.nt~ fr~r ~.h~; \.~('l:rr:p.i.kd ·;~n~~-:~~t; :;.~:.;. 

Th~:$.~ ,.~:.ty ~~n}:::Jl ~~::_;;x:p~.:.{~::*~~ pf)(',-'t:r is n.::f;.Hj:rr:<J f~)r l::.(:;:.t~iJ::~:-1~~ 
1h~:: d_::~ph;.y. ·r.hu:o:\ \):;~-r:p:_::1:;n~~ ~-:~.~-=s ~-::rt~ d.•.:r~~-=· n~in~~ frn.; nt;t ... J~: 

;vork. ~>\:'fW:(, btn dfr>ph<)'<:(l ,),.; :;. thin on;W:•!'k. <:nmpt::k:i 

k~nnim:lo:. 124"U6. 
Ff(~::)., l2.'\ ~HHJ ·i JB jitO:>-:rH'(lh> tht: (:-ff,,,hn:;:. (:'.fl'v1f1~~nn1:i.:~nt l~)f 

u~<.~ ('j' d:-: p(-:si::m it;v<.:nti'm. ln F!V UL·:\, t!R~ f'Fxiw~·l.J.('fi ,,( 
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"\~/h~t ~~ ct:~inx:d :i~.: 
.t, _.:\rnt~ :hod l:if t:·~::..a&h<tfr~.~~ ~t d:>GUffh::~n ~)fi ;~ fir:.;; {k:\···k~:-:. few 

l~~·it: (~H ~::. :-;~i::ond d(:vk~.:;.\ :h(: d<.>C:tHB,~ni b·t-iB~~ in 3 ~-:Wndaf!J 
H'f'\fl .. htngl~.:3:!;:t~.~ ~.hr: n.1l~tho•j <x'nnpd~;in .. ~~· 

n:~~dh::..~~ tht: dOii...':iBn(:fH~ 

'<'~!:;::[,('.: i~~~'.11!;;~,~:~~,(;~~~\~'Li:ii~~i'~'~1(1;:;:i~~~i;;~,;~,~,~;r:,,~~~~~~!~ 
~;l~PP'-1f~<.~d irn~~g~~ g_~·~n3;.,~; 8nd 

h~:~nsb~.if~~; ~h( do ... ~tt~t:~~n~: on the: ~kM <k:v~~:~. ~\(:c~c·~r<hrjg h-; 

.:!'.~~;~'.~;;;~;, ~: ti~)i:~;~:;~t'.~( \i:i~~'.~;;~(l~" k;~, fl·""::J bv ih<: 

~}:n~::t;.itin.~ ~1 i.-:<)Jor p~l.k~~'~ .Cnr !~w ~~~-:-~·.::;n:J -r:·t~x6·>::fp n~irig 

<:>;::~~iili:;~n~\i,iZ' ~;;',;'.;~:::1!,i:~~~ ''.:,~~1-,;:~~1i~~'<'~:.~ 1 ~,~~· ·;i~nd<:id 
trrr .... ·:H .. b.i~~~Ht{_~;x: w-;hJ9: tht; _pfn.Hk: .td gs..::nt::.~,{;(: ~~ 
phu;{h~y uf dn~\\··~ug in:-;tFk-:ti::··~~;; ~~)f ~Ji~pl~:ying th.~:' 
dor.HBX~n~ (Wl t:h:':: 8(:("0f':·d d~-) ... ·'.k.'.t: .• 

~.:·~m~~fo ting ~b~~ p~ux:.~h~y c.~r irn.:~g1:.~~ !~--c:•n3 rc:·$p(:<=·~iv,~ 

fr~nn:Hs h~ th~: ~::.~pp~)fl(d h:n~~g~: f')rn~at~ ;.~nd 
~!~~tpui.ti~lg.~~ tfi..\B~fo~c·d d~~_.,'B{nt~:~, th(: ;n~~:~·;i:~;,~d d~,)~·u· 

n.itnl En<:1udfr~g, ~::.-~ lc~tsl: :~ f-;;.:Jcn .. ~n'-"~<: H) ;he ~~D:~(~r 
p~ikth:\ ;h:(: -ph~tahiy ~~f 3.n1~1g(~-; .~f: H~~~ .~D_pp.,nrt~.d 

jJf:~!g<.: fr~tn1~~L .. aHd ~h<:~ phJfilhty ~1f dx~r-.::.~3.o.~~ .i~-:~-;tn~i;­
~.k~n~;. 

2. rt:~~ .rnuJx-..d of i.~Ljrl1 l ·-..i.~.h(:.~).jn ;h(: l{:~;.ding iJx: .ckx::u~ 
rcKnt faE~h~-:.: ,,,-:f:•n):r:i$.t:.~ ~~d.di:.::·.:fr~~~ :th<:: fb<:1.~n-:i~:}3t fr.cHJ.1 :3 
\"-.'f~r1d ..,.._,ldt: v ... ~~:b (\V\\t\\?) ~~i~t: h;:~:.t~rJ <H'l ~:. nnit~>ffn r(:.~<>i:H·,;.x: 

h~~i:~;fl . .:.~r (UH.f..). 
J_ ·rh~:=· rn .. ~=-lhi...Xl :of (:fain-:. 1 ·\~/ht:rj::i.n 1.ht: pruiHi::. ~~~i::J.u~k:.;; ~~ 

~rt:~z-~.ir:·i:u.n-: nr:i:n~~:r uf ~x.:k~~~~ fi)f lb~:=· >..;.~lc•t J-1;:~k:Hx= 
4_ ·Th;.;.: n;dh-z_~d (.~r .:.:::·u~i;n ~~ ..... ~~~H.~n::;n H~);'. g'~~},:(.;~nng ~b<: c-0;·1.yr 

p;.~h=:l~'~ u;:;;i.t.lg, ;J~t:: _phif~~1i~.Y <:•r hn~tg('.!.; ;:;nd lht> "-k~cun1(~ni 
-...:ou~ pr i~~t:~,~ 

;..~n:a~~n~--; ~~ ~-~:·~ ~rt ~~~lot~ ~~1}~ftprf~.;td ~;J .:~n c~o!nn~ l!St::l! 3.n ~h<: 
phJr:d:dy ~):f hn~:.gt:~~ ~l.Hd ;$U t:okn.·'~; ~:~;t::d 3.n th,: do~~Bn(:tH~ 

f~~d:ul~ing: Uh~· \(:t (~f <:o'ior~ iii ~~tmi:~l~n n~) xrto.n:: th.-~n thi:: 
~n~~xh:nunJ ~n~ff~}x~r o~ ~(~J.;)~~·i n~l· lh(: ".>"J:k~:· p;$].<:th:, .. 

5. Th(: .~rt~~.ihod of <..~h~frn l \V.b.t~f~:fr1 :he do-;.~~J.::u.:~:nt iiK~J.ud:::.~-; 

th~ ~"'.!rupHd llk~; b iti;;:;~rnkd. 'Ilrn~;, ii :;; smfotd oh.i(:d frk. -"' 
:md" ;i;, :in HT(:.-JL <>f J,;\\'A im;tgt, is inpu! nn!l:o~: .DOii i<> 21 
;,:omp.ib' .LW.l wb;di .:.1;n:; ;in'' "i'<.mbd <.tmcpm,:r .L'H12 .. Th" 
o·u~pt::~ ~·){ ;.b.(: e:o~npH~:r nn }i::K: 13tt~ i-; th~~· ~.>:x1:p.i.kd bitn~~~P~ 
(:omp.ikd HJ:::. .. n. or <:<:>n-ip\kd .V\ .. 'vA fom1;,fa:d !l.i<?. Thi~. JJ.k 

.·:ci ;i phtni.~;ly {~f r<:':fl~r.:.::;Ji.:::.~.~ h.) ;l .P~~H;:tUl:f' nf ;n.~~!.:::~f:~~ f:~1-::~:h <~r :.hr: 
ph~:w:3.hly ~)f°.p.~~~::.:~:.n<:<::~; ~:·J~<~t"f~r~~ing {~ ·uRr .... '.:tnd fri~:: n~{{1{~vir~.~~ 

.i$ tb:ct1 ~;~':i:{~d (~:1 ~i fK~n··Vf)bJfk~ :.,:~·;.:.-~g(: nK~d~nn~ .:-:;n{:h :l-:; 2: 

c<wt~ p;H .. '{ d.i:~k: ., .. _id::.:(~ i:..'-.:.wr1p:~ct di~ .. k f:'-f ::Ah::.~:· ~t:..~.r:::.g::.: >ru.~~Ewx: 

n:im:<:(:nt.:d hy !h<': di:,k 1304. 
Fi(}. ·i:i.B ir:u:~if~ch:.:;-.. tht: g::::.d~ug <l :be Ckct~~ fF;r£~ th:::'. ..:.h"$k 

fl(~ <ind :; Hi!n ::faint :"udi ct$::: VCP t:n:::::, :; UV'i) b:::x o; ::: 
;:..{:·t ;.i.;p t.:(rx_ lJOS. Tl:<:· tnn ti.n·~~;. :::.n.~~\rh::. l30~s jJ..-:-r n·g> C:)fftpik::d .·;5 

d'.::i.1~:.:t i·~. pi•,~'<Eth:>: .. t ~~n H:t<: ~hiti: ph~Honn l~~os. 
ThiJ~., nfHin<.i i!H LM:.ny Hl"l\H .. t:i1d J;\\.'.<\ pro:::::,,$lHg i~, 

pr(\\~ld;::d f~~::: a run ~~{Hi;: ;::~r,~iron::ff•~nt •)n 3 v,~ry ihjJ~ <:"~i~_::,n:t 
';tidi :i:;. " VClXLl\/I) pt<tyn. Th<.~ ::>t<m•fard HT~<%LJAVA 
~~bJC~b ~~{)~ pr<>JH\i•;~~i~~d ·~u~d i:._:~nnpH<:d iiik) Uti;: ~C·inp~k~d ·';~ 
i~)fHJ.~\t usi.ng tftt. ~>:)..i:r:pH~t cng~.nc .l~~n 0~1 i~ n:~')ft. p<:>~c..?•.:.rf~.::J 
~i~~np:~~,~~- 1~~02 .. 1'h,: i:.::on~pH,:d Hk:;-; ~\:,:;;,:: :Y3\"t;d o:~ <~ sk>rn.gc..: 
rn<xti;;m snd1 ,($ :; il<>ppy 1fak, h<i:d dr.ivt:, '' CD,ROM, ,~. 
V(])~ or ~t :D~'/D di:~k . ..:\ ~~l~1:H i:.".lH~:lpHcd rHn thnc ;;::ngfr~•;::. t~ 
~~:~n.b(:di..-k:d <~r k~.:~tk.d tn1.:> th·.~· th·;:~~ ~:.h~~r~: d(:·vi~x .. ~rhx: r~i:n. dn)e 55 

~:ng.i.t:~: 3:; B~;.o:~.d i<~ p}:)y thx: ..;.:ofr1:pH.~d fiks. Thb ~.n;~bh~~ U~(: (·_,f 
,, V(:ry ~rn.:i.U d.i(:n; fo1 rnnnin<): (df h:>lHm: HTML :tnd .1/\V..\ 
pF:g£;,.-:_n-}~. Thi~f?:- ~J.v~.~ n·~~~~-~hinl: c~~~~ ~>i.:~ n~-.:';d ;n ~?()tb ..:.w:.Hnt:, $tftd 
f}ff--J.i'n:~-:- rr::·_;(k.~~, .. or in .;:! hybrid n~;.":.d~~-

;i. p.;n:t".::;_h:y flf in13g(:-~ r{::ft)~'(:g;__;f:d hy th(; l:k.•i:-~.u.n·a::.n:. fiJn'.b<::r 
~~i:>~:rrprt~.t;~ .r~:};.';.:·:.~ .... ·.~ng rt~~.Pt~;.;t$\·'\:~ irn::i:~;t~.'::. u.~.in~; th{~ ph-1.r.~tJjty- c:;f 
f t~f:::-f ~;n.{:"(:~. 

6. 'Tb~;: f:"H;::~.h~.)d -.-:-f' .::-J~:'d.-n J \\•'h::::H-::·t~l th~> \.:'.~.~;;,,;n:i.n~':- th{~ 

d•J-...;u-~n,.;.;~nt .;~:>...\."'•,rr::Jjng i() ~h:::. :~:t;:;.rnJ~trd tf1'i\··1L J;:mgH.'.~g'~ v::.:in.l?. 
th~~ pf,-.. ~~~k to g~;r::~::-~.;g~~ 3 pi;._~r~~hty of dn~v .. ;~n~~ ~B~~Tt...~;..~1·ic~n:; for 
di~pl~:y-iE~g :.h,~ ck~-...:Uffr.::.nt i:m ~}~'-..: :Sl:.':\..~~)nd dc:·~··i'--~"-~ fmlht~r \...':• ... ~rn ... 
pn~,<;::;'. 

(:X~s:·ntiHg ~h ... ~ dt~~'iBUi:fll {~)f d:~~pby Of: tht::· ~1;,:~~nd ~k:vii:..\: 
;$,~,~,~~:.Jing h! ~tK-: dl:-s.pfoy rt~1oiuti~~B; 

po~.i~lonlng FrI,~H .. ~:k:fft~~A~ 3.n ~}K: do::un\.:.::x~~ i:~-:~~)nH:o.g h) 

~~H.~ dbph~y n:::~,<~·h.~tion; 

\."-'t~n; 1-...'.,.'{irppfr:g 0].~{{_, ~.CKt ,:h:ffi~-nt~ iti H~t .(hX:«ffn(':ni 

a~.>:.~<>:.'ding k~ (~k- .d;~;pfa:y n;~o·h~Ht~n.; ;~nd 

g<:n(:f;lhrig ~t p1un:.1hy D:f ·~t:x: dr~~sv~i-3g ~Jx::::n~~:Hs. 
7 ·~rl:k:. rcidh(')d ~')f .d;r~.n-: 6 ,~,.:_h{:.f(:ifi t:h:~:. ~~r: :-h::nttJn~~ ;~ 

~~~ln::;: ;~ :.~::>.:.~ ~::.~...:~~Yl~-::nj: fr'){ :::;:~~h ~'~~.t Sf~;n-:{:.nL .:~ .h::>:i: ~:·J{:.gn.1{:rl·i 

Th\;. t·i:.·ff~:-g<.f~r~g (i;:.~:·~ipti.(ff~ -.,~f ;.:c pr~==~~~rn':d -.:~rr:l:1nd:tfn;.;.:r:i ;,,_~.f 
tts~:. ir: 1.,">:.£.1t;·(.•n h;;::'.. h~:.~:.n p:--.:~:-:.:q~1:.~~d f~)~ ff:ifrx>::-~(:$. c{ ·tHns.t:-:~:.~on 
m}d ~.k:~:dp~.too. hi:~ n·~~1 ink.:r~di:.d h) t.:;:. ~:.:;h:.n:~.ti'<)t~ ;.x ;.n fiini~ 

<;~) '~Ot:nj)ri::~i::d ~-~f i-'~W ~)f rnun.:: c·!wn1(:h::.p~. fr·qn:i· ~.~k~ d·tA~t:.rn.~:::£n~ dH:: 
i...:On~::. i.W ro1-"~\: char;f)_'.-;x:~'$, ~~b.::tt:)g_ ·~1 fr)nL ;~: :'.~i.;::x:,. ;~t ~~~_yh\ ·.'.3.nd :'.3 

;,.-:o'h ir~.~n(.i tht~ k·Xt .:.;i:::gff~(::~g ~1(:(:\tpying :KY[ HKYfi:' than {:i{K~ h~h;: 
ir~ ~.t.K~ font ~:rt ~ho;.;~ ~~i.;-:.x~ in th•:= styh:::~ (:~:·ch t\::~t .:.::.ii:;:n1~~n~ i.n,:"b:H.i~r~g. ~tH:. ~n\.:\:.nt;::.1-n tr~ ·cti>:: pr,8:h.x: f::.;tu-;:.- "h~-:..::~:::.~.<:d. Ob·\:iow~iy, 

n~<~ny nF.>dili(:;.:ct~qn:) :.=tnd Y:ni:._~Jinn$ ';,•i}} t.::i;'. ~-pp<a .... ~~)t :.z> pr;.:c<> 
thioHi.:'·:~ --~}:JU~1J fr~ ~ht$ :Hl. ·{~ i~ ::.~w_::,ndcd ~hat the ~'":-~p;:: uf t~:~_::; ~~~: 
fo,::;;ntiml k: (!;;.Jln<:d l:>y tt1<;: (ofo.:·,,,-jng ,~bms ca:d i!Kn 

m::: -.ib~n!~.;~(: p<~~~iti<.>f~ ~~~ -.}~'~rt.ch ~;~,~ k~>;J ~"~g~n:,~n~ ~,b~:•uld tH:· 
(h~;_pby~~d ~nJ. lh:c .~·-s.:.~md dc-.;.·i"...~·. 

8. Th~~ "tJH:·tbod (~:t ~J~:~H! 6 ~l~nb(:-c \.':~>n~pr~~.;ing. ~:J:·nu·~~~ing ~~ 

plln--~diiy of gr:tphi~~,; dr~iv,:-i.ng \:kn3(n~~~ hJ.c:ltKhng~ 
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g~,n,':r~t:i.ng ;,~ pha-~~h~y of rc::~~~ngJc <:k':T~:"::nh•~ :H~d 

g~:~H.':c~:ing :.~ ph~t~;h:y ~~r .;.,':}{~]:~, ~: knfc.':ni~~. 
9. ·rh,': a:~;::;hod .::-::f ;,.-:}3f~H 6 ~\u·~h~:f .:.,:\)HJpri~:in~~: g~;::~K':n~t3ng :~ 

ph:r:.~ljly (.,f En.k ~:h::n<.:nt~~:- .i;;,~~·~J~ Htik ,:_k·t:~.;,;':~~t ·in.;.:J:udj:ng 2i ~: 
t'i'RJ .. "(if :i (:(~H~~1p~HKUc1g 'J.inkt:~J ·~)<.':f!:l. 

10. 'fhi;·: n1t:thod .::}f <:ttirn 1 '-~~}K:n::in th(: ~-:.:.pr·:){!(:d hn~;;g~·; 

forfn;n· ~n,:lud~:s ~~ .;,,:ok.~r p:tkt:~: indcxt:d bh.n:~tp i~>fn).:.U :~.nd 

~:ht~ tf.:}n:~.:.:H·ing th~! plur:~J;ly· .:>f t:,-na~;;.:~s ft:':f:L~n1 _c:<~~r:~~.::.:iv>::~ ~hr-· 
.Q.lM~ ~.:..\ U~{: :~Bppofkd ;:~~~:3~\t: j~-,~r:-5.'.~i (.{)Snprbi.:~~~· )(: 

dc;~\~;;'.:·;~;;~~'.:.(;;~~::'.~0 ;~h>1~1i:y of im"~<=~ H!l'~ '' g~,1-gr;,;,n-
Si.:':k:<.:J ing ~i .;:,~i::.;r ~n ~he (:<:-k~r p~11(:.n.;,;,': t..:)r p-tx~::h ·~H ;,:,':::;.;,,.;h ::1.f 

~.ht: ph:x~~.h~y ::;f irru~g;,;.-::;.; ~imJ ~.:: 

·l)H;.p-:.:t:.n~g :::':. (:{>fqr r~~.k:Ui::: ~nd.i:~>.,;;.:d b·i.t:-twp t<:trtB~~1 hx ~':~t\,_:t·: 

~~r th(:· pTur~:d~;.y •..rt .im·~~\_:~. 
li ~ ·rb<: ~fr;Jhod. (~r (;'bin:~ .lO "".-hcf•d:n tht.: d<}c"J.Hn<-:nt ;;..:;:.xn-· 

pri~i<:~· ::'t ph:T~hty ()i. );:::v3 :::~it~;$<:s~ ·::"tnd ~yfo;":"':·~H ih~ i;:?S~;;..:utin~: 
HK" ... h.•),,.'~Fn:..i:: ;,..., ......... ,~r~lH~g ~, .... t~~~ :;~;n~d~~td: l-rr~·H .. l:f::~g:.3;1.g\.: :.?;~ 

~~:;·in~~: the prufrh; :f{) ~p>nt.:·f3k z~ p·h~n~Ety .:__"!>f dr*v~-:~i:g ·~:~:sln~-;.:-· 
t3on~ fot di~~p}i:y~f:g d:~ .:J.c~::Hn).CfH ore sh~: ~;cc~~nd ~k\:'fc~: 
~-~ ~::>).pr£s<.:s; 

APPENDIX P 

t(pt~::~ng ~-~ill~ t~~ \,':i)ff~p:k:x dr:~;.i:.:·J.ng optr~~ti~~ns \vl:h ~~ 

p:hJ.r;d:~ty of gr~:phk:;s dr3,'i:·i·ng i.J(~:n~·EHS ~=tnd ~~ tl:.ffa:U~.y 

~>f ~t,~i dn~\'-:~nq ~:l<:xr:~.:A~. 

t2. Thx': ·:nx':·~hod of ~h~i'm l ~;.'~h.::rt in ~b.:': tn~n~~L~t\.:':d d<x:u ~ 
nA~~nt ir~ch~di::;~ ~~ phH:3.hly fif h::x:_ t:k:nh~n~~; .:~nd :: _p1nn~n~.y c::f 
f~:·:3:r~hl<::; drin~:·if:~; i::: i~-~n~:fit:;. 

l~l l:hr: .:XH.;:·h{K{ o( r:L~:hu .l \'.\·h~~n::i.:J: 3.hr:: !;i.:~_:xh1:d tff'\.fL 
bngu~~gli::· COH)prh ... ~~ ~=t ... l;:5.c.;~ fo.f!.?$\~3.~~~ pt-J£Ji!H)., 

.t 4. ·.rh~~ rr~:·JJ:K~d of lJ.~thr~ 1 "-'·'h(:rr: in. ~:l':l; :tn:.n~t1ii:_{~~ ~hx: 

d.o(;·w·nc:n~ c·~n ~}H.': frr~-ii (h;:sk:<.': f.of lE~ on ih\.~ ~~~:c·m3 ~k':Yi~\: 

r~;:c~~-f,~in~~ ~:i_ r~:qu:~-~;; ~~t ~hf~. fir.~~ ~-~<.:':\''h~>:; O~\~i' ;~ p~v.-,-kd 

;;\~'ih:h~~-J fr.;_~~}\:-'Oik: fr.;,r:_J: ffl1;'. '$;.;_~->..,':i...':-f~d (fo.1,,,·;;,,,;;.;_~~ th~; H;lpJ~::::i:~ 

in~Jndirig ~1 URt.; 

r~·~ri~:''~ng ihc tkl-;;·:.~~:K~n~ lt"S3ng thi:.: UEl .. ri:.:·~4HH1">3··:;--c t9 ~JK~ 
r~:qat~~~ ~:.~1d 

pro':~diug ;he tl:H3:-sh~tcd d~K~tr~H-~·t~t i<> ~h~. sccoud d~~:i(is_\: 
i.i\.'(:r ~~H:: p;:.ck~:!. :.:N ... ··j:_,--:l::(:d n(:~\~~--~rk. 
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MJt:rnoo- A~'b S:YS'f.f:.\-1 HlR PROVllHNG 
'fl~XTUlU:-: VMN-G A Sl~LECTUJ i~:rn.T:tON 
OF A 'fl.':X'fl!RE !'><MJ~ 

:lnYtlli:<>rs:. C1sd:->tl)im~r- J®eph Mwl~t .ML Vkw~ 
Ja~lt~ t, i''<)f'>W· Mi.i~~ifa~;; t\.,fo.'h~cl: 
"lfo\~~thy ~fo:o-i;;:§. I.h::. .<\lm->·. 
('.bdsfoph~t· Chttk 'l~nnf.~\ Smi Ji:>~<~. 
aU ~.>f C;,.Hf 

.,..\HigXl:::-r.: SUk~i~~ Gt~l~k'$,. t~r,. M<>>mh<fa 'I/kw. 

4,T2'!,%S 
~.')N)7~: 

5.H9'1A2:~ 
$,.l-\\\~:4\> 

Clcl.Hi. 

:~n9~:~, .~$~~k(:s ~~~ ~~- .................................................. J.~~{~~-~~~~· 

.~l/1~}'.~) 'H·Ut~hl\~f ~t :~. w.-.w .............. 0cw-. J~~-4.!~~t_~. 

Jll ~=-'~~i~ l.~t~>5J:-: .:::~ ~~- .............................. :~~~nJU 

V1c9% hmm. <~i :ll. ··•·•··•·•·'"'"·•·'""•···············"'·" :W:liU<! 

::.: 44? 11)'' >~ ~}{to/~\l ~) .. '._;:~~)t~:;;;._~. ?~t (~~!'. 
0 51] 47'4 i\j ~ ~ ).~~.1-:;~2 1~~;::~~$~~~ F~-. O~~ 

RU~il .. Jfa--~t. ~~J~n.1 l~H~n.'~ (~(~tn(:r: ;of.h~~ 'T;t1rth .. ~h~'$~t 'l~~X~ll.x:t~ 
~1~~pj>if.C~;.0'' lf~f.'::f.~~ f"($~~)U~'):';-- (~t~--;·hJ~~.$ ~~; ,,·~.f.~p.ff.:":~~~;_:{~·;-i~\ .~-l&t .. , 

l99t.\ pp. ·_rg ........ ~3. 
fi>ky d a!,. "J 7 A· . .> l'.)tht'f i\~t>er~ M.;;ppfog ·n~di~l.qi<~'"·« 
(~omf.~~d~~r (J!'t.rphi.<'):._' f~·rit;;..~-..~r,4~':.'.r ,.-:.<?~-..} ~Pr:.·;~;"§.~{·:·~.. l~:~~xt J\~· 

S2f~--.SJ~. 

:'.~~----~~-=:·: 

:wi 

APPENDIX BB 

1111111 ~I 111111111111111 . ; 1111111 ~111111 
lJ:S00~>7607SJ~~ 

Pt~tf-~nt Nunllwr~ 

Dah~ nf Pattnt: 

<~~:sn.'~~" ~t ... '.:(~k~t>~;.~~ ·r':'1."t~~-in "{~~:~~:-..Jr~; t.l),,.:~~1n:~ m~~ C\>~L'' 
.. P·r,-..·<:'-{":'i~.:.ih·~g$ <:f ~"..~•':.' l'~::tfJ4 .hn~:.t..._€.~~ Vll .(·~-..~~~t~~~~·»~H.~:{\ ·'f~-:·u-~~':., 

/~.d/.;,_-:}-m;· .. f1~ ~n~~g-t Sxx-:k~:ty .. pp. 3 .. 1-64. 
l)l~~g;~. \V. l~t ~., "~T~~>~Xl~1~'; ·ru:t (~~):_!._";,$.kt:':t:.:;.tit:)~):$ k~t :R.:l~tt:"t' 

th"~~ph.k::s ...... s.~€~r·~))':~~ ··:'f8 f>~.>.~':~'~::ffr .. ~.R$ ( §_~rnn pp .. JJn .... J34. 
E{~o~K)'.i~~y .... R.- {':t <~t, '~rh::~· o:\pJ~~~~do~) ({}\~t~a~ Phot,~n~t~,Y 
;:~s~-;.i $ah~Uit~~ ht~J3.E~-:ry t'J t1.ig11t Sir~.1uh~t~on.:-" pp. 1S(}.,,~2~rl. 
f<~h.":Y .tt ,~t.: (~o.~~'ff.--.."'-i-$J~~t (i.~:.~-.'i}:ti<~$ l .... <~~>~)·~~;1l.!-:\~· {~'t~d f~"t~:.~-s.~ri:.:·(..~ 

$x:~'<.)i1d b'l'itlmL Ai·M.~S<)!l .. W~'ik)' Fi.~!:<!l;;:h.\ng C<>rnpany, 
R~"::.:1~~li_:):~. 1~»:{·:;;;:~<--:h~.s~~~t$ ( l 9~X} } .. pp~ 742--·7,f} ;:~.n'~ :;-s::io~.g:zs~ 

\\;~1H.:. ..!).... F=-~h.·<:.{;:;J~.c?'..~k.a).: ~--.~t Tbn';''l;';' .. J.:~·~ .. ?~o:: .. !~.$.f·O>"«'-~f (.~:>n?[-<f.#?:::'r 
f{n:.~.~~i;:~':.<, ~·\ddfo~~n··_.\\~-:~~~~y Pi~'bH·~h~~ng ().>~n.r~ ... ~~)y.. l rs .. % 
{l989\ pp .. 217--.·.25G. 
\\:~lH~t:l~:::~ L ..... ;.;.Pyrs:~n:Sdi{ P~.r~in::..~~tii~:~;,"" C~.:~ .. ~~~~~tt.~t ('}':~~.~;~ii:::~, 
~~~;~L rr. N~), J, J~L 1~';-&l. pp. ~-~.·l:~. 

P.~·h-~«·u·y ~~~}.::.:S~'>~~tu:t~ ....... ~\b11.fo R_, J~?3kU$: 

At..:'"-::.~{'r-s:~-:·)~ A¥~:·tit- ·t:H· t~.~'?~ ........ st:".:'".fn~;::.. K::~s..si..::~~\ (~~his~ein .& F\.'~-x 

PJ .. J ..... C .. 

,~J3 ~.rr~~J~-~us .~~~d ·n~';:tfN:~;~ ~~~r quk~kt>~ ;:us:.i t·.:tlk\~~~ti~J;y .r·r<>­
v .. ~<th~~ t:;:'=:-l,d. <t:'M n~~itvznt h.~ d&~pi::-::yin~~ ::~ :~~~At~tn:<l. mt:~g~ .. /).. 
t;.~t~t:: fttU~)ti~t t~f h~s.:t~.B.~~· S'."R~t,~..::~ d:.~t:~. S'(h."'.h &S p:hf~.;,,)gt-~v:;hk~ 

~,.-:.~.I~~Jn t~\~.tuJt.. ~s Sfa)f~~~i ;;1~ ~ t);:..'i>·dirri{'"'.'WS:i.:)n;:~~ "1r thn-::t · 
i3S:~th?.n$k)U~~ t~~RHJn~ ~§If~·tn;~? ~)~ ~~)l'=-"-'= o>:· n~·:Jt~-= .r::m~:~ ~~~,-:r~g~-: 

<lt'VM.t:~. (}:)iy ~~- rt:°i;:~~~~~ltJy :'.B~~~~!l ~~~p .. ·tn;~p 1~~p~~~$J:~~1~in~ 
S(:J~~:{~"$1 pr.:~rt:k~'.$ .:..)f th{~ ~~~sn.~:~:d:e t{~:xtl~t:.-:.~ ~fJP .. n.).;.~_p: h kx=::<1~~d 
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h~tk~.:.) .. lly -:.n'~mh~in~ tt·~d.$ ft{>tt~ t~t: ~~::'~ .. ·fi3~~~tt~~ L{)"D :t~1::~p?.:-. 
{ii:!~~~ u~ -:..i{~~-...::. ~~"! .. ~t .ha·v~ ~<.~ t.:-~: ·peri~~n,1{~:-j ~itin:~ n:.~n:-·th~~:o:::. 

~1or~ ·~~">~\~ft~~-e~t~ j)J~.~"1 .. ~n~~ '~~t~~tio-ns {::.~~~ ~;; {\~~:;.1~:ttli 
t~~t{.~i{':h.s:~d. ~lk~i~~R .. ~l¥~~k\hng '':~~th{·:~H ~~?.~t~y:h~:g ~"'C~~J-·tin~t 

~ ;:~ ·~~p~'S-~t$.{)~ ~~{).~=~=d .. 

~~ <.~l~p--n .. 1.&})).. · ·sh r<: ~i~~':}' :.:1 iil.sp1('Y & ·~fa~ ;.~pp-.r<:-pd<H.::.: :~n~~::.': ft": s~~~~~~io;~ ~ ~ 

:~~i~:~~\t~~;t~;~~~:;:~:~i:;~i..~~l~~~i~'~i~:~;~~-'~~~~~~· ~~~~>;~;~ 
~ (:'ti>:_~'>C<.~ti,,.·<: ><kw <.°"if a l~idsc~">\~ Hi~, ;t> :;o"l\>:J>'it\ i;1 t~Kl, Ht. (<)i:rip1.it,~t "-Y~tNl~~ <\M <'<~ln\l1lW~ly <!$.~~d for dt:;p~"Ylll-~ 

~2*)fil~a.~ <-)~j::;::e.-;ts >.1.,:.-~ a disr~~·),}J" ~~-::t(:(:r, .. "l~h:e.::.$~: ~r:.~¢~J{,,~a1 

'*j¢"':~S h~>.':h,h.it~: pc)~U~$~ lin.¢S:. J'X}!).-:·g~)ns, mid t*~n.~t ~1h·rk":':~~.-· 
:S.i~:}n~l s~1}hl ,1hj~-=.':t:::. B.y ~tnii.~~}:§: ~ . .:;-:~n.~r~-: .~r~~:t~~p.ing 
~~~.tJsn.~~1}3::.:~s{ (~~J.")f :.:1:-;d ~>th~Y d{·,t:c,u~: :;."::;..~n h~~ .3~~~~d ~<~ 2;p.~:..::s~ 

~~~cl >(~rf~~e~ <~r ~b~~~ <~>j~~t~. it~ .~~:K~ut¢: ~1~ppi~g, ~ ·~~~ttt:m 
"'~"na~. ~sc::.· J:\~·t..-:.'.f~~ct t~> ~~ ~ \"t~>~~:t~t~~ ~1~ap, :-:- ~'$. ¢,~~~bin?.4 ,.~-i~i). 
{$.!l ;n-e.~ (~f st~f&c--e t<f .iU) (.~t~~<:<.-t. ~<> r-s~~hJ(~'~ a tn-:.xlifitd. ,~hJ>::;~~~ 
wi.'lh fut' il;.kkd t¢i>Ws<: d~.>~ll For t~R<"l:m;~k giY~li l:ll.t~ ''~'~tb¢ 

! ~ th~~ d{~pi<~Ytt{ JSOJygonal hil*g~~ i:: .,.\~~;:~gJl~ih.~d''' t~ ~{ f,~.~~~· 
gtl~U~::.l n:~g.k~ii.H.":l~-::th·'l': to px.~~f&:O~~~J tt:g.i~)ft~.: !::.){;~t::;-{l \.~h":~"$~'·:t t~ 
th·t: .~:.::::iH.,\r hf56~<sn. ~H3:d ~),$:\.~k§~n.)::.nsd :.~1~~5~~~ t"ht. ::.'fil3'::-:~r .. 'tk)~~ 
:i~~~i.i<:~~·t:~1 ~~ .. tbt ~rr~)~~'. ·1~) t~"O~":ht~ tf.:~.tt~te f~:t .P~~~~J~ L~ ~~e 
<.:l~~;:tst i~)g)~r~)~J;~. ~n.-::gk):~, ID{.':.n, k"=:~t"! ~ .;sn:: $1\~l~~~ fa·o:R=: ~!lt 

~? ft:B?~~· r~-;.s<)htl~<~~ ~n~p I..(){)~0.L i~twt:.;.1'~ri~t~ ~xmr::.:e:r tJ)K~ 
-:1.{{~: '=::~S~":d ·h."> .rt»Sp ·~:xf·J dat::1 l:.~:.1\:~~Tin£ ph~l?.ls kx-::a~~;~ Sl~rfu::~ 

;~~=-':::.y ft~>J~: tn~~ ~1.~':%.~~~t <$, ~~:):--t':};x.-:•·hrt Su:~:h ~1tld:~3 ... -~~~~s.:..~t~~tk1:}> 
~~t:Hn>.': ~~fif~ ... r:-»~})k'>~n~ ~:::;(ttr:;-:.s th~t ~~~~~~{:( <)f tnt~ ;.~'Prr.:.-:~~r~.:1t~ 
t:;-::s:im·~ L<)lJ g~ts se1~<.i>~>1 dmi~g ?-~~t:~ s':t_~ii~frt~ .. 'T<~ .;$~{~~{~ 

-~~ C.~$.{.':{.)..<Hints:kie;s ~:P,~'{;":<.":t.. hl:);:::;~~$: at ¥"::);tV:~t.~ ~':~Hi~ii<.">0$, --~A~~i.1:· 
knt~~~~~, t,:-:.~)t.!lq~~ts· ~~'.':h R-:S i.ffi<:·~.J h~t~~rx;:J.;sti~~~l ~rt ~~~::.':d ~(~ 
hJ~~~:d th~~ ~~>~-:;\~ v.~ki..::s .:..)f ~\··~~ L(JJ)s · ·ttl°!:<'U't:~~ ::-:. t)-&ti~i~J 

'-lf il fr;stim~kss ,~c.,~ imd ;s k~J\ln~ m;sp ddh1fo~ .;s w·<":<::d 
~l".'.~fal ~k:~~~, ... n~~- k~:~.J•Ji"f i:~1~pl~h~g ~~{..1.~Riq\R":~ '~~:ll l;:; ~}:;l":d ~~~~ 
<·~~~::.~t}:-: th·~ ~~·~·'"-Xi'. ·*t<~i~. {~~t~~t~ '.)Ut~ ~fa~ ~~~~~.· lb~-:: >.,~%~d.;i~~~ 
dhp!<q fa t!i;~i (>f ;s (:\i!X: tfoll. ~'>Iit'iU~ l<> 1~ rmHk ,)f W!.X::<t l; 
;u~,')th::~r ":"-~&n~ph..":. ·v::~gc-:tMfr:::eJ: ;}(t>:·l tret.s ~-:&~'l be *~t.d.~~ r.<y: 
~:~":.."<..t~trC'. rt~~~i-'§.){i~g tn all (~~ht":l'c..:;.:~~~~ b~MJ{\.~ ~t":.nfiln :~~~:(l<lzt 

!J.kew~i:~~ lf~t~1~ t.'.i~n f~. i~ppl~~.$..t ~>~t<~ p~~~:·t~~c~ or -:..~atl~ ft~· 
~.;~is~~auy :z.~:.·~"l¢·YL~g ~:h<: <~PtX.':«ta.}~¢e <::f R~ ~)~u.~ t~>~~~~~-- :Sl~ 
·r~':>~.:~Uft~s :::~.:~pped ~Hst"1 ~)·,;:.~,::1~:f;t.ri~ .. s.·~rrt~~~~:s pt~)¥~~k:~ ~11f~ti:<)~: 
<~t::d :~r~~~&~ ~-::~~i~~. t.~a~ ~~~tt~:t~)":":: s.h~~1Jng .ah··gR: migh~ ~'~ pr.._),,. 
vkk, l'<)l' tR<<mp:k. il :;pl"'~t~' l'.<.~•>.:lifog ;il~fl-~i:.frii <::..~Mtr ll§"J.'l-<'"H 
$t::~t.k': nut.ii ~u is~=~:t.'il{1t ttx.~ut~~ ''$: .r:~·~h'«~» ~-:; ~fix~'>-1 i<.) ~s.~~. 
surt~1t~:. 

~.n-:-.:~g~ p:b~c:.':t .~ 
Om~ $igo1lfo~,~m ,·tr;iw~ad:.t<~' C<.)!\'<G>:tfoMl MTP·!~~p~il:i:ig, 

h''{'}~.'{~~ .. ~t=r. i~ th~: 2n<t~:3n.t Hf J:'Th:'?B."''i-'t\' t't~n.SU.ffi:!':::':d. h<i sh~~ 'S'':.:1:-it~:S 
~t\~.t~~{e ll)lJ n'~~~~ ·~1~ai~ :~n:\;~\(~6~ in ·~he ·k~11) .~~~ .. ~ ).-~y~;~~iti.c 
-f~~1do.;.1i i~~~:~f~ u~~11ory {DR.A .. ~~) <.{f .~ ~u~i;t t$:~1tk~:~Y~ -~-:..x'":-s~~ 
~n~~·~{:>fY {SB .. ~ .. \'&1) i~ .. ;$;~ f.:>~JX':t}~i\,· .. ~ i~ft-i fa~t:{fif:~{~'.f~t $;,·itt": -~~)t ~ 

~~u:~:c t~~t~u:t ~fl):>:..tt~~P~ l~~h .s.<t~l~tk$~~.:d k':1..t~~ ,)f d~~~H ~~).=%P-
,~, . 

t~: ~!~~:~~~~\~; ;)r~~~t~ti,~~;:;;~~~~~~~~ \1~:~~i:1~x~~z~~~~;;;~ 

·~~ 

pit:tttr~~ et~:~l1t~'i:t8 f~s::xtls.), i~ fo~1:.~ th.11ts. h~gg~~r th.~n ~n 8:x:l{­
"t~:>::~t::.te ::n:ta}~ "..\:~hf(;:f~ "b<~$ 64 tt\~l":}&. T·<~ }1H~ th.~s ln>.:-n':aSt' i~'l 
p~~~~)'::':::.~th,·~\- ~~ t.::=:>~fa~te -~fn~ ... i,~ap h;~vk~€ ~-~>;. k:v::'.h -:..~f ::.t;:~~~i~ 

t~~~~frc~ ::::~y,:~ 4 J~~~~ th:n~?:~ U:.\~'t~ .. Rl;~tl\~()~ t~~~.$:) lb~ ~K~i~U:t: 
:nt~} ~~ ih:::: fi.t.,"=·St P~ ~qh~~~k~n~ lt.\'1~~~~\1~f~1tig t~(§¢ ~-~~t~u't: 
1§1P·rn.:~)~ q_~~iekJy ~.~.0~1\t~ :.u~ ex:r::)~n$f»,,·~'t h~~.tttv. 1~1 

add~fit'tL f~~ la~gt: t~:.~.~\~~': :~tiP·rt't~p~, .~m~~}' }X)tiit<B.S Z.--r th~= 

. "'j~~l\.~: -~-\~$(:~~~~(~(~J'..( ~-:f <l t~~.R~~'': ~''<U.'i:.':'$ .. ~-k~p,"::~~fu~g (>~~ tb~' 
~·;.t~\.~··~p'~~~r o~· ~h,~. -:..it"~:c~t"'~~r. ·ill{': rt~~tun.~ ,:,.)f ~ hkx·:·k .f.~f ,,~:,x:.d. 

d~.$i~i~y~4 lip el>:~}f h~s f~ d~if~~t<.":U:t <~;pe~n1~~::..\-:- ~~i&t~ {f ft-""$t 
&"m<.> bhid;: of W<..'l-<.:.-<l W'<.;i't lk> I:>:<.; <..i.bp!.:l)'<'<t fai, "~"'>l}'· 
{~~>.~::?.eqt.~t~:t~·y\ t:'h~r~ n¢~ds to· ~~~· $OU~~ ine(t~~~-j f(~r v~ry i.n.g. 
~he r~~;~:<h~Lh:H~. <~f ~.h<: tt-~lUr<.'= f~.,~ .. , .n~~$ni.ft~::e~~:i::2~:S} ~nd. 
~niuh1c&tk)n). (h~e ~~f).}'8."(":~<.:h i~ t~) ;;.X$®.f•tU:o~"": tfo:':.': \··ati•.ln~:t'~· ,"i. 
~::~~le.:tt~~ i~ t».~at t.ID1:e~:. l":{n. ~h~:~ iHtt::in$ is t,~~ :sk":-~~ f,~ .~'::zm1pi~~~ 
~~~lun .. '::~ :..:c..nd/c.)t N.":q\~fa·es ~:.·~i~u~i~'~": h<tt<.1~\~.r~~ t.:> h~f.!:k~n1i~~~. 

.. ~. ~~~~ f<r&,-:'t£::.~;sl ~?i)fO&..~h .fi.r$~ >:':f~~&u~::; .;s~~:i:.~ ;;~:.-.."r~~~: ;..~ 

}~ffP.,n:~ap (~·nnlm:;.11 i.n p.an~~} .rr~~':::..-s~~i~g ~·)11:..:l~}:: thh~--;.~ i~ & 

srnan p:lm:~~~:~-i:} 11~~ -~·1Jp.,3nap {;:nnsb.~s {~~f & t-~~filft:~ p.3i~~~t~ 

~w~~ ... fn~~~:n:x1 ~t p.::<~~&~{~:~~i~"~b:' i>>~,·er >>t ~:2:!'.::-~::~r r~s,~ulk~~~:; ~n.d 
.shwf.::<l in ·v<~t:,.-in~~ ~~:-,:-~:.ts :;,):f d~;t.m.l (l.f}t)) .n"t:1ps. %:"'!~"!:. ~: .. g ... ~k':: 
e~pfa~&fa~ ,-,.f ,~,~ti>..-'entfoti<<l tt:<il1.f~' .l'.ftl',l~'<"Wliig it P'lik:f 
et ~l., (~~h:~~<.'NJ/~--:r ())<-:r.··p>~~~"":,:r;, f(t~b~~;fpl-t.\( :.$J~.d f~t'l.:.'(~~ti.·~~·~\ ~~t:H»d 
Ihl.\tfoti, Ad,ih<>ti-\-S.'~~sky P-uhHs:illii:~ (\wsp.:my, R~~~ti!!R, 

M~%', ( F-K.-xir ):'li%t"- 742--4J m1<1 szq.....n~ (fo;:;)i:v-;~-,,t~t by 
n~tt\~~n::..~ h~r.~~n}. 

..:.$ ~t~">:H'X~ l~·jlf'.·n~.:~i~'l: ·~!:'~{~ ~<~~ l<~:.~':):J fa~ ~~ d:~f.:pi:.~y- if~i.:~gt"": . 

\1exux,~r}~ ~~'l:~-~ ~~x-:():~~~ ~·%f~ia.HJ' .P:~'~lib~~i.vt i·n. ~m{i:~>-}~ 
~~·~{:oflk: ~-t':.~t~~te ~f~~> .. ~1t.h.)~S ~ .. n.c~e tfae s<:~.$:f<::::· !¢:~~:;..~r~i ... s~J<::b 
<H< ~reHi~e ~i~t~ ~r ~tri.*J ph<:st,"'%t~~~~z.:, ¢{·.:::~~~j})~ ~ t;~r~~~ 
~::~~~~·ag~-: ~~s~a. Ct~~nin~ ~ J~n:-·.f{!t<.".r~~l ~tn::. ... n.1:af~- p.~':ptcs~~~l~~~t~:.)t~ 

·~~3 ~)f ~~ .. ~th .~~)ttr~~":: t~-!'{~X.t~-.,;i: cl;~~ ... ~, f~~'ti)er- in-:..~~-::~:::.C:$: n.~t:}t1'..)tV .. i:~~~.~ 
f;itn~;:~i.Q~). . . . . ·' 

l•l(J. l:\ ~;~~~)~/$. ~~ t"))nVt~~ltk'r~ .. ~J ~\';.~~ (.\f ~{':~U ... ~\~: 13'.)f.l l\i&p::i. ~-5 

!:~:~·fog P~'··filt<~H~ tt:<d dM .. 'I i:!?<s'~'~moo wWi, .& .P<<rtk~l.&::' 
l~>:Wre., F<.>1Jr d.Hf°~'.r<mt kvd:& <>f dd<<il (L{ff.S~(Jl .. UfO[l)m} 
:c·n"':e shi~\~'ll. il::u.:h su~~~-::c~:S:si~~~= .;..~<..)~1f~~::,~· t:::~~t~.it·~-... t.(}§) .h:&:s. ~ 
.f::.~.'}~-:hai ... 1 ~ hfil'f that l'~f th;;;: §*~~~~~1.ilig L~)1) sHiti'i ~: nr.:.{s~ry 

till~ ~;( ~~;.:1.c'..ts~d s·~~pt~~-si!:':nti'n~ ml ~v~~n1g~~ ~1f ~~":~ ~~:nl'it~~ hj~i ~i~ 
g~~dmfo<: b&st~ t('.Xl\m~ m~> LOt>(O!, Tm:s .. bl. FR'l t>">" 
LOt>tDl b ~ ~xil t>~»d <s::Hy; LOi)(!.l fa <1 4:>-A i.¢~<~1 m<::ss; 
Lonp:1 it; "2<2 1.~\~:d >ID'Z)': M•i Lon 1si :(s ,1 d~'gk .~;1. 
k>:d &.<r:l:)', Of ~">~if~\ fo flS""'-~tis.-:i:: i:-.. ~.s.1l LOt) ;,'.;IB ~~'~;-imfo 
tt~~n)~ n.{($~~~ ~r.>;:::~ts~ R)~ ... in:~.:3..:.~~':};.~. Lt)i)fff~ ~:-..1<~~ bt": ~lc~:.-::Rk. ~'~ 

LOf>i. J. l 4kx4k <l»d ~" fm<}l cl~1mndi11~ ll}X>i~ P"tHnd.:lr 
h<lsd<.<.·>Sr~ '~ pt~X'.~~dng Hm:li::~. 

T~hi~ P{"'",)hl~~~~'< .~s. furtf3;~.r -e:x&t~-=:tOOt~d by ~~~ t~~~t d~a~ .in 
:\.~"':':r s.~) :~~{':.:..;c\':~&se fu~-:. ~TR~<-:d ~t \s··hk":h h:n&g~~~ ~\';: .r~:11dt:t\':":d S<):'f 
d-~~)h~y, n~~y ~A' ~h:~· h~t.h .. fS:~tft~mi..~nx-:.::":: .;..~~)~:q?l~Sf':r sys-t~~~.,~s 
~=>:>~t{··d>~ n,1i~U:~f.~·~ f~~\~:~~ss<):r~~- i\. :p:. .. ~~~n~-=t t~).~{tip~~: P:"''-~~~~ss,~ 
~rt:h·k~x~~tr~: -~)1~·~'-..~.ny .st,~~~!- .h~.~li"..·'i~h~-='1 t:fi:J):~~-=·s ~"£' th~ ~~~~~~ 
~'fn:< .. '.tts~p in. ~1~;:h f-t'<-N:.::~-=·s.s~)f :m~~:n~~'Ny. 

~l:bu$, ~~~er~ i.s a n~~%'.i t~) .e.f$e:f=:::~~tty i.~~p.fon~-::~nt !~$~{':!: :~~~~~~~': 
-~);~~~~~ for ~t~~1k~y .MU1>::5~<.':·S ~{S ~:$. ~Q ~~\htfa):.h::e ~~>?,~d.§nf 
lt~im:J:,)f}' "~"J. <°faM ~itd~"'"l """)$.!$,, Vl:>n.:iJ ;l'""fo:Y imi$.t lK°lt k 
~~::.1~~~h~"::ct :k~ ~l~~~su)..~'Y .:~P-6 .. ug~\ f<:~u .. ~J {ft.i&g~ in &l1 h':!{~·f~~.tt~l 
h~;~;:~(l:~:~-:: t'!·)~spp:~-r~g ::.y:;.te~f}. f~ie:t~i k). *~': \"frht.~·n·f .h."1.::ksth"}iu~ :..h .. 
. ~b:1·~: :t~-::~H\~ tt~i~t ,~f h\'-.'\~~&- :gen~~ ..... ~~~i by ~~. tr~diti~>.na.~ ·~11t~~~~~~P 
'~l1~'-~Ch, , 

~Jfx;:}~~ i~~ ~}.$~) & ne.ed H> .ttllii":;1:t{1~1\ ~"'"e.&{. .. ti:!~le. ~13.SJ~h~y $:}X~':d$ 

~w,;<: wllt& ti<Wl*s.tfoi,~ t!ltN>gl1 dfa"plays drn~~rn frmn htge 
~~~s~'::t~~ :tti~~s~ f~,~ <=X<'mt~fo .. l1l~~t. sim~d~~ti{>~~~ :l'ttt.~~t s:~ill l~": 

klicrosofr Corp, Exhibit 1009 
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twif;:>rm:¢d ill. rn~Aim.t i'.\1:¢11 wfie.~ '~\'!tilpk:>: .&nd '<'\'ll~m.ln~~b 
:;;:..1Hrt\:~ ~t.:1t~ :~::u<~h &s .s~~;:-:lH~<:-: .~tt~$~)~~s -:.)f ~h\:~ x~&tfu n» ttKx.'l~":. ;~r~~ 

ustd. k~ f~~1n .t~l{~·;:> ·~-txture n.1,o(~fo:. 

APPENDIX BB 

&'&i~hk~.s ~-:.1~~~~r ~~~h:~~~:0;'.>~~-::;:1t r:.q~i~·fi--·si~:t~i :·>~r:.i::\t~ tH~;~~ ;.::h.'~~Ht\-· 
i~\>;~'1 <~<ldf{o&;faig, Jlsf.O t('.,U~ii~ gtw<:rnlw ~m::i.<i<c'l<.~s a L.n1) 
g~~et.:i~i<::~~---b~~{(:k f,~ ~\n~'i.'.:~~iug_ .:~~ l..(){) v~Ju~ rd~n~(:ti~~}2. ~ 
~~~.:.p._:ITmp ~l~~: h."'..'$' ~~3-"~.n _p~h.~~~ {1U'3.d •. l-\ t::~it;.u·x: n1~-:tnnry n1:.:1n~~~~~t 

1'ht ~1f~S~X\~ tnv\:~~d·=>.:.\ I~t::1:ai·~~;$ S\.'> .a~~ ~ft~}!~:::'H~.:S ~~xi.tf:~th-:}{'i 

s n~<~~!il~{ ~{;·(:{,~·:;);~...._~ fu~ t:::::>.>::."J i~1~. trnn1 t~~i~ ,:~ip---in;sr~· ~~:$h\g ttk 
~~n:-::-:~ .:..'-:.~d l~f~h~~~~ ~):ff~!{~:t in.t~~~rtn;~tfr~>::.~ 

fr~:r pf..:..)-;,:·~dfas~ t:c;::~~~~f:.',:~ hv ~~.sh\g ~~",::}~-:>.:t¢d p.:.m..~::.1:~:-; '-">.f ~ t~~'Xfilt~-: 
~·flT-~-·f!'mt)· 11}~: s~-:J~t.i~J. pHr~~~~-:-~s: -:~-e ~~-:t:;.~:~~m s''} *~'".n~~n ~~s· ~-: 
~:14~:-n1::~p~ ·r~~~~~t d;:~t::s .. t~:!.:.::vaf:t t<) ?S. d:f~:pJ:2,y ittIB€:C· i.s st~~~\':.'~ ... 
::si:.:,>~:~~~:d, ~ln<.1 '(~f~-:3.~t(.:d ¢fE,:r-.~~ily .fr:. <~ d.ip··~rmp it"":: t~:·x~uJt: 
n.'K~u:::~~~:~·'-. 

t~t::-::~\t:r .:.-:.·rnlxx:lin1t'~~'$... h.~~tun.>s.. <i.N.-x.i <~d-...·~nt"i~":.,':> t"if th~: 
i~-x:s~~l~ iu-;.··~:~~Hnn:s~ as sv~:H -*~ lb.-": ~tt~s.tm~: ~o.<t '"i~r~tk~n. ~~~f 
the '"*-d,'>U~' er~ii.i<-~iim.nH~ d th~ J~t'%em i~wem~h:>n ... ;l::.\' 

~::3 .:..,k~$;:..:dtx~d .in >'..lt~ts.H lN::l;;._~\~·· ·:..~·ith ~~j"~~:rt:~~G<.~ ~3;) ~J!t~ &:~:·:::~:"'i~?:;'C'<~JlV:· 
i~g di"~~~;-~--~~~$~ _, .. 

Hruh~: ~-~-;_~t~~r,: ~HJ-~ .. n::.sp~: <~r(: st:($f{:~ ~~~n~{~· '){~:::· ~:~· ~ffi)·~>~ 

R\&:;::; .s~<~l;$~:c· ~'Je:)."i~t~, s ~~~i~ as fa~.rd ~U:sk ~id.~~c~~ ~~tf>...~d ,~L~k 
,Jrh'~'"· t~"'" <idY''' Cf) ;l:riv~'~ ''".: ..i\"'~'rilinR t·« ID" f~·.,,~'n' .. . •'•: ...... ~~ "'"~· •. • • ·:·:~·"''" .... 'l-.·'1-.·. ·"~ .. ,.:...' x-... • ~-~ ........ ~~} 

~n.).,·\~~·~l,~tc:.. no::.~~.:..~v~~-c. \."=:Q:ty ;s <..:1~:p··tn~p ~:')':~':d~ t-t( >:"'-~· ~o.:sd.:.:~d ~ ~:t~~ 

.:~· ~-;n_,~t.::~ ~~xpt.k~:s.i·t~*~ h~t <l~.fa:·).;::¢r t~~btt.s:n-:: ts:~.~~.tt>~~ty· { ~-::. R .. ~ 
J)kt.~'\.~1 ):. ·1\~:-~~ dfrn~:t\sk~~<·d <)t ilit~{;~ <tirs~~~}).sinn;tl ~~-:~t~t~~ d<t~-=~ 

):;.;:~ .. ~ h~~ &.\~~>J. 11s(: ~'flp·n.~{~ t:.~ .~t:')::.~~uts,~,t ~d. $.;.':Jt~~ .. .:.~ fr·,>·.:~: 

'<Vlt~fa '~ k~~Uf~' .l'.tTl~-m::ip b&S~'d llp<m th;:.o ifapl&'y YkW~':l-'1$ 
~·t.tn,~nt ;;.~·Yt'f.'H):h.~.r ;snd fh~!,1 <~f 'lit~~: .. '"fh,~· <Jit~Sl\~'{$ ~~; (:l)tll·" ~:~::: 
f.~~$~~ l~f ~~ ~~~i or S<.~fo.t'~t;d ti}<::S~ fla<:h illt ~XXre·sp<H~rl$. t<~ fut': 

t~sp~~<..-:tit:'"~~ ~~rt~\."':-;n of;:~ ~-e.:~~.ti.s3~~ h:~'{eJ nf ~~~ta~{: :m;.:1p :?..:t ~~r ~s-t~33'.' 
~h{~ ~.~}}:t-~~ni f~~:!d B}f vi~~w h~~ing r~~n~1~:r~~d. ~~-:<r dfa.i~hsy~ 

\~i~R::::"diy ~.}nu .. ~nh.~~.t J<u~c- ;...u;::~(.!:~.B1t:5: ~~~f ~:,-:.xt~~.re S(~~n·~;~:: (l.~\te~ ;?;:. 
))(~:SS bt -~'x:01t:!.lno:0J~~(:{1 a~~ ~~:K~Wt ~1If~·~Ul.~p::. .~r> ~:h,.~~~P~ tl\~S~ 
~;tr<S·a._~<: .;kVk>~\'i wM!>:: iJi,, .&dufil lt:'1>:!.U~zl im:.<.g<:: ;Jisphy<:e~ &t 
~~t..:)~ g_h·::.~·~ tin.~· h. ~;:~,:-illy d~:~\~··~ tf.":.:~:_:: ~::cfa~~t~x~ ~U.~:~ ·\.)f 

,~<):~'S·~~$~~~:HHts}~ ~~}4).~n.,~~ps. ~:.~:~red. ~fn. s~n ... ~ ... ~t ~}>'-m~ .. ~~~-~·~\~f~ 
t11~~tssot~~.s~ lt\ ~;n.~~ t~~;s~t~l~\ t:::~.t C1l~"> ... ~n.~: :\.~<.'>n~·.1~t.:< ... ~ \.'l-~H)·· f~ 
n1ilHl'"'.<n t~~x~:J.s \.)~~t ,~ ... {°t i<.)~.:,s:} <~f LJ§~ hil.l~~-:.-:n H.:~}>:.;:fa i~ )) ~~:: 

:-in~~ .~.:..""-~~n~pan.ytn~ {1.f .. ~~,~~f(g:s.. ·\.-:...-ht,:n .;.\t~ in,:~):t§X~ra.t~"d 
h~:~~~sn .. and ft-t:n1 ~ ;p~1't ,)f th~~ S:~~:dfi~«:ri:<~t!~ iUu;-,s.~<1s~~ th~ 
pfi:}i-~~~~~ :~~r .. -~n~~.Q:~ i .. ~d .. !(~~~tt:c-r ~~:-i:fu th<! >.&~:}&"11)~~:i-!':~~ ." i~uiJ~~ ... 
.:>~~~>~~ ~.-:.) e:q>l~i:.n t:.)t. pr?n ... ~~f~k-:;:; ~sf ~he iu,·~~~1;}k)t~ ~nd tf$ -::\n&hk~ 
~ }~fS.Qt:: ~JtUk:d iJ) "the p-=.-:r~J.n,-:-nt ~t to tn.:t.kt ~~1ti u.s(· tht 
~B.ve;~~tit~n .. 
l~ t~h~ {:k&\i.~~~~~:~ ~ 

Ft<i .. l-1-.. \ .'$:h<)"~~~-~...: a r;:.~U"-'~~)1th.~nal Jl:<uk~- ~~::-..:~~J~ti~~?..'\ :Sr.-tt~:···.~1iS:p 
t>~~\"e-..d.~g ~~~~t J{": .. ,:t:b ·t)f de-'t:.~ft . 

:f1fl tl\ sb}: .. ~~>.rs 3: K'::,~n~"i~~tt:.-:;s:3:fil ~,~m:::.1:p1t~ {~f $. r-~~<.-~(>n 
pt't&p~~<."th:-~ {$f .:l ~;mit$;t~~~ ·~-:) >._~\h}ch. ~:-:.: ..... ~iu .. {\"': ~U1» .. n1;.~;~)ln·g 
l.';m ix~ 11ppfbt 

HG. l ,:;fo>)W$ .;s hki.:.:k (tl;s.gn;ni (>f ;rn ;::~~<l.ri:lpk i:<m;~Rrt,~; 

gn.~~ii-:.;s ·~).~~tt:ni .hl~pk\~.1):::-n.ting the ~~··::%~~t ·~n:~-{~~)t,K~~.· 
F1f1 ~\ sb~.?:W'S a s~~~~~ 'fi)::'::~~· {:·f ~ ~¢n:-k-:~··~~ tc~xt-UJ)~ tv·ffp:.n.~~:­

~~d ·~hl~ Sl~kx:tt'ii ttk~ ~hat. ,:<~n:?;tit:.tt~~ ~ -t'U_P··,~l~:a:r:. ;~.~~":!~~~~~)'.l,h}g ~{;; 

i'h~~ i1tt':~lli~~t j.~~''.t:.nHt<~l-
'FI(~~ 4i\ s.hc.<~':f ~ $.hie vh~·w ~>.f #~t. :fi_r$t $i"t.: ~t:·\:-~}$ ,)f ~ 

t~Hp .. :i"S'm.p f<.{f pfo:~ll".\.)W'·:."::µhk~ t~:.rr~iu *.extm~ h.~ {ln.:;.~ "-"::~{1tl-.~~~~ {.1{. 

th~~ pre~;t;;~nt ~::.i\'"~-ntk$n., 

HG, 4H ,;,~3')~% !he pr>i&~~?;si,,dy l.Rl:g~" ~'<'&s ·(if «l kc~rnin 
k~:s:~nr~: <:<~"-~f.':r·td. by .:..~(:,~~tser tih~~; its th~~ {~tS\.~.u:t -~~~--~':n.~k):n~ 

>.:(:-:mpl~~~~~ ~i:'.;:>;t~fr~~ .&-tfl:!> .... nk3p ......... , ... ;)3 ~;..~viag& .:::~f J .. lf~· hi§.H~~»-~-:.::x-t~i.:-<~ 
\~Vh~f{~ t(:~::~Jm~~ ·Snf~:!r.m.:1tJ<~n h. r~~pt~-:.:tt!t~t{..~d :c1s: a ~ .. h{~. t::i:~~(~· 

~~h~:~:. ~. _tt~::<f:..tt-::~ .m~:~t\<);ty $~¥~n~:s ~1f l0:.9 gi~ab~i-s e:.::9)$~~:) is 
~:-s.~t:.:un~d. s~: FitJ. '*('. :;h>)~;"s thn~{~ l.{))) ... ~t~J% ~nd :..~:::.::;-c:.)t--:·Li'~:~ed l::i~~). .. ~).~~~P 

Hk~ ~\ff.~~~.; tc:~~~t~";.?~ k~ &~ f~k.;:~r\'t~" \;: t1{~-'~d .~)f \·1~::.v . 

FlU, $' ,:_ti~-,~~,,:; lJ~e mu'tin~ o:f ~efo::l!<~ tUe> it1 ii ~~Ep-,!\'\-<i:p t<> 
u.~~?~~. ~ .:..~)&~\..~"'?. ~-~l dt<t'": ·\"~~~~\:-t~t' f.'.Y>?"J){:>~~t 

.. i\~~~.3r<li~g ro <~SS>:..lili:e:~· ft<~tm::-:::: ,~f th:..~ l~n.:·:;,~nt hr~,.t~~ti(nL 
n~:.:{i-.tfr~~~ :flight t1V~~· ~ fasrg~ ~.-:.:">;Atm:~~ n13p ~;.c 'R1~~r ... "'~d. ·~h.'t~~~h 
~ffh~:t}~~nr npd .. t~:l\~g "~f th~: .s~~k~tt*~1 tHp-.. ~~u. . .3ps.. \\~he:~ t'h~::: -e.:~y~~ ~ 
}.X">~~~}i: ~:~f s. v:k~~~--~"r ~~h.if~s-~ fut: {;~dg~':~~ <.~f ~r.~~n~~:llii\~ ~:i~P·rn~p 
illi'-':!i StN:«x! Silo tfa~ ;:~ohtugo m>~ll.~'t'<' l.lfi'-o 'ipd;l:;:,".'I &kmg tfa~, 
mtez'l:k<ll d i:.~: t'.)'~'§.\{_i.i!ll llW•'em>~(~;, NtW ~e:~.d ;}~ti\ {,~- ~<ld~ 
(µf"':ttt:~p ti~~ S.::. s-ea-d.:t~~-(~ftl t..~ t~.$~ s~~~~.;:;t:' d:-::.~)('i:z.~ &~>J k~::k>J 
i.~~~J the tt~tt~f\': Hl~~l\Of)" t'":> k~p th<:· :~::.c:fa~~ted ,~p ... ·nmp tiJe.s 

FlGS. ~A ;Wd (\B ill!Jf;t;:;;t<: Rl~ d~i(-:.~N'>! up<.t&tint <>f dip.-­
~;~: rn~p ti~-~~:s ~{:{:~·$t:(1 h~§: {l'~ t{:;.<t~ ~~"t~tt~t ·~sr~·'·{~:tH._ii)n ti:> f~)'.~k)-;;.~' 

~;.::'\:\.~~~~t .:..i1at:..~es .. 

in u~~ \~··~.th tb~. ~h.~hing {.~·y~":."'{~)faS~ ~~-ct iicld i~f ~-fu~<.~. I~ OiN.~ 
p.art.k:-:..d~ld~~ ~~t1lo:..':h.~nt t:s~hcs~li'tt~~nt .. ~':..~h~~r:.. ·~fal~ {,~-Y~P'~~~. ~~~~(~~~~s --~$: 
~ ,tht<~.tH.~e ~~qu~ti. t~._, -.o~ .. ~~ ~t~'~ f~":{ ~ p .. ~-::t.k:1ltm· lJJr~~ ($ts~ t;;.~:~~. 
H~" .. v ,-:f tc:~~\~·· tt-~ tutt; tJJ!) da:~<~ fr< a~!:i.kxt ~~.3 fut' .r~~:-.;,~)'.:,~,~tfr-.:-~'; 

d.\1:<-rni!p w~' tn h~~~ri in!~>~ with the dfre~otimi. id llie ,~)tq~i:m. 
imwn:.wm. The i,~,::<,d. l>JW fo t~,::; ~~i-map tik "&':l'lkh ~~nn.>m· 
i~s~~::~ t~~:~el t~.ill tllr~Jl¢:-,;l fi.z~~~. th~. i"t~~J\'if~:g ~~Y::.l)<>h.~t is ~ 
dfac&~-k'-t 

b~ ~ f~ift~~~r ·~~:$i{~;S"t f~f Sh~~ P~-~~~~~~t {}~~-e.:~tk)~:.: 3: :-.;~:~h$l~t!~l~~ 
~~~·~~:}. v:.:1~:J~: is :;~$~~d ~"-:n~:n. zn nti~zm~~ is :w:;..~~: t~~< ~x~:~~-~ a ~~:~.:.::i 
lyi:&\l <.)!;tskk ~)f a p:utkul;sr c\ifM!'>llP il!e: &t t:'w m<.>St 
&~~pwprfo~-~' l.!.~i'."-~'li::ti.mi. The s~~!:~tltdi: t~:>;d v!Sk!\~ €~< nbtaiim<-~ 
fnc<nl. th{~' M~! ''~~'«i~t rns~•lntfon. dip--m;ip tik whkh .~n>..,,)m-· 
IS::>s.se.:;: fut: klld. h-:::l~~ "''m~hi. Th~ rnhstiwth:ll.\ w>.~\l mM .fa 
C:h:f.<~~~";~ is: fu~~ <..)~~: '.~.h.1:5'.:~~St k) th~: .h.~>);."<lti<.)~. <~f tiH~ ~{::>;.-::-:J ~~fa~i~ 

&<~-~~S$<~'3.. Tlm~, mfa &,pf.<$\«1.:.fl .!'<~1i<:rn~ ~Sllhh~ ~'Xd ~l:& frrnn 

~~~ 

3: ~~lip'~ m~tp ~:::.~~~::.\ \~'h~l' n.\&ppi~:S~ <..~~~:\.'\~t3.."::."d pi~t:b l~~§ng \...~H.·· ~~J 

sidt · ~~$f .& .f~~:rtk~~dat l~Hp-.~~1;p itt*\. (}f s.~.}~~~~-,. ft~~ ~ . . ~vek\ 
S~'!:ttlt ~lz,¢, tlK ti:k fr<:,¢ &tl~l tik ,~.Utt'> pmlthlll. <.~<\ti l~~ 
''4k:o!at~"X1 t~) §!.1:l~~~~t~s; ~b:.:'t then~ \~-~~td t.~: n~) \'i·~y~~(at>-~ 
~:>;~j.:;, 

F1a:::5.lly.. it~ ~::tn{.~· $IRX~Ui,~· h1'l~-'~1~~:~ua!i(~~ :of tt~~ t~n.-:~tnt {{~ 
i~~:~{~1~th .. -::e., .. te~tun.~ f:.~·(;:~:')~~;:~fr~g i'$ ~ti~;-ii:~'Sj b<:t~~~~~ti ~ ~eit~t.~\~· 

~~ts~-:s·~lt~-~r (tss:d & ~:~ ... ~Jutt~ rnt'J:t~$f)i' ~:mn:3.g~, f~: ;:s t":<~ts>}~~~:t~· 

fl~J. 1 .Sh::.~\~~::; <>ht~tnJng -~ .st~h~ti):::.~tt: t~':~fl ~~$k~e. {~~~>.n1 th-f.: 
n-::~At :.-:l~~~{:~~'t \.~.H}>··~B3~'P' tH~ hw:.-·in~; th~~ ·highe~n rt~~~~~uJ:)t: 
,-,:.i:x~~>.rdi:i\~ t:::-~ t~)it. f$J~~s-::~~~ ~-n·v~~~tk~n. 

, F~'i;'t ~i\.- at:d SJ~- ,s_~, :fl:)wc:llatts_ d:¢?1>-'tibk~~ ?i<~ps fot 
~J~)t.:·ur:..~~1g a te .. ~:a~n~i ~~S.J'H~)' un&g-!~ l~s:ing .s. ~~::s:tut~ ~hp, .. n.1ap 
~·~~~~~~~J~n~ t-::~ th~ .Pr~s~~.nt hr<-·~~t)ti'-.)l). 

.fltJS. ~ ~::.f li ~r~ bkx~k: ~ii:.~gr.$-n1~ U.h.~~traH:n~ ~~u-::~ -::'v~a~~~~~ 
pf~ i:..~").~'1fX~t~t .~'t~pfd~~.; ~;~b$)''Ste~~n. -~n~ph~n~~~nting ~h~~ .rr~~s<t~nt 
b:~·).~'::nti~~~L 

.Fl(f .. ~ .$h-:.~~~~:-,: ;} t;~$~.-::"!..r $\.1:f~y~t-~n ~.~ti~(ti~~~ & t::;~~n~-:.t~~ 

piYxcesmr ~l~'>'.fog <1 t~~~lRW ~~,>~rntm: ~nct ;s. l<~':>:t::irn i:>mn>{>>y 
)'))::.~t;! .. ~ger .a.<.xx~·ili~g t-~> si~~ ·pr~:~::~::!~ ·~nv~~::"Sth"'.m .. 

flG. rn ;&~;ws ~ thxck ~'\i.3,_Wi:lf.',1 <1!' th~ t;:~iu~' !:\~'l:l;~Wk~ fr; 
BG, ?., . 

FKL H ?ifo)'>\'S ;; hl<;ds: ,tfagr&m. !)f th<-' ~~':\:lm:t t'~''m".>l)' 
n.~3::n,~~~~ .. in :f-=1(t '~ 

,.~"'ht~ prt~~:.::'H~~ b.-::~--~'!:n~itm .. ,viU n~~~~ ·b::~· ~~ scr~b-.:.;:<l ~·ith t~:.f~~: .. 
rn<.'e ~~' the:: &~-:rn:lt>{*<">Y:iSlR ikawing~ m th;:: &ll-wisigs., Hk<: 
~·~~"f~:n:~~1~'*~ .nun.~~~{ .. :S .its:dh-::at~ .~l·:k~ntfa .. <1:3 ~1-s· i~HH.~k:;~h' ~~aT 

:~:k":l,~"::n~s .. , .. \$i@tk-:.n~HY~ a~~":· h~h--~l~)~ d(~it( $) ;:);f a ~:~~:f~~r~~m:t~ 
imm!x~t hi1mH$k$ tk ~is»wing i.n 'Nhidi !J1e s:cfo'«.~ni,\~ num­
,~,.,,,,, fu:>t ~H-~*-r~--

Dl?lAtLE!) OESCRTltl10N OF THE 
l'RE'H.~KRl10 f,~ME0!)fM£NTS 

f.. ()'it:~·vi::.-:\~" ~nd. 'f)i~·~~;}$i.{-:t~ 

U, T(".fmili~)k~g~-
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tR B>:m~'\pk fawlrNm<tlli 
I\,.~. f~;~~~:p:Jf~~, (Jt>$phk~!'.: Sy~~t.~~~:t't 

V. 'fo:>:mrn .l'.-ff P--lxfap1)\tsi~ 
VI. lkki:tkg F>>.:."tfoii;-, <-)f ,, 'lb:mrn MTf\.Yfap 
'VIL l'tiN<.>~<'4~hk 'fotrnill ·foxtm\: 
\.'lll. Vpii;>Hng th"" CUp--M~p f!mfoii RrnFfltM Gjx~t~ikf! 
tX .. fa"'fidrntly t.lp·iiltisw. th,: Cllp-~:f>!§> 
)~_. ${ihE'{~h~H~~: ~n~~~3 !)~t3. 

Xl. Ov~<'&U Clip.:\-t~ Op-~-:n:;t~\m 
xn:. Sp .. ~dik fo:pl.@<NlMi<>n 
sm. Sq\l<l..\'<:: (lip-M.;~'1' Til>.~$ ER&mpk 
XlV: Cc:"'d'-1,::iNl 

APPENDIX BB 

tt~ ~~~n.":'S d:n.~)..'fn ftn~n n..u::J~1--n.':·so1itd{:i'i~ t)~~~ ~~H~~ ·~1n:.~,..~t~<~{?S. 

1i~:ot'\.x~v·~:r .. $.;,,~{$tu~i\c:(~h-:.x~ t::::i.Jll.n'::' .n.~:~tlf:::. ':<s1',,·~\r~n:~ ~ }'*~·.~t: :..~i'"t~~ 
.S~'{~h .. :s.~ ~<~~t.~'ilf~~ ~~~~ a~~--.t ~{"=:d.~ ph9togs-~~>h~ .... ~r·c· ·ps\~·~~~.rr,~i. ·~~> 
i:)JHy {;":::-<pk>i~. ~l~e ::~:d ... {&it~ ... ;s.R,-:'$ <>f th~~ ,1~p-..·:~~~~~ -systc-n-l ~~~~ 

.~ :im.:fuo<.i d~;;(.'.ffocd !x~nb. A> >%~,<Id t'l¢ >;p~>::J:.i\~m: w a j:><:'cfW>l 

.sk~~k~d hi ·~b~ J~:~~h~~,~)~ arL tht: pi"~~:».::8lt ~.Q~8."=~i:~l~)i~ .~1f$fa~~s 

~:~~~~-~(\:; (:~'.~~:~~t~~~;:~:t;~~'';~;1'~~.~~:~.\~~~~~:~1\i;~:~;$ 
)~.hh:..):J~h th~-: pres~t~1 in,~~~:ut~~)n i$ d{;~.$~-s1~~"$ 'h...:,;':.{~-i~:1: ~~dtJ> 

H~ N$j:><:~d hi •!W~"l-·;Hm~:.nsfrm.:~ i~·:Rtur~: Sl) .. apr<h~g. fu\~ l~"-~'«~nl 
i~r~:~~.}t.k~a (~:~· be t~::::..tt~ntk:d t~> ~hf(~·~~ ... -::Un)tt:::;io:t~al tc->j:tttf.: 

~-u~~~~pi..~s~: ~~4$:'.~n lb:c: l~>qU.i:titC" (*d>J~ti.,~)i~ :;;::;~ft~,,·-:~\':· ~~~d/~)r h~t~<.t .. 
\~ .. an.'= :n.~:s~-:u~'t.:?~ M"C m.·Jd.:.~~L :St'>.:: e .. g. ~he:· ~::..~~::.1t~\)·ttl)'·'"<~:~$ig~¢{t 
~\S .. §.~Z.te:tH ~µr·:fk-:·s.tk~:n Se:r~- '!~\~ .. ~~~~ll18R~7 l 6~ ~)\_"!\":-.- t:·.s .. ·~~t 

.~~.: N't~. 5 .. 490,2-40 (t\tt{~3·._~<.":Y l)9(~ket N'~). ts~--4-... 99J)(~ 'fb::::~ ~!S·t~$~":nt i$:</~~:Eltfr'S:n f~-:·;,,~~~~d'.":.$ .33:' .. «*}p:.:'lf;.ttHS: ~.nd $l\\.":tfs.~ .. ~d 
k~r ~~f}h-::h~:~lUy $t::.,)d.~~ ::'lt~d ql~h-::idy ~~=,~~.:;~:~~n:® t~~~'~} ~-mta 
t'~":.h~~~~nt f~'*~ dfopt~yfng a ~~~~t~~r;:.:d ~n:l%1~,, /~ 1~t~~": «~-Bl<>~~.il; ~~­
~-~=>:.t~~f{: .s~~-r:;.~: ci.>sm is :-s~<.~r;;.:d >3:~ a :muitl--t~=$,-:J~~tlc~t:: ~.~=~~~$::..: 
·~':trr-~-~P (>n nn,: <~t f~~,,\{~ sn.a::.~ ~t> ... ~-~~g~ d~":·~~~\~:z:. .. ()tdy ~ 
tt'::tativ~ly S~"tmU )~.:Up.·UH~p t~~Pf.~':?({~~~Jng ${;":J~t.t~:d ~"N.~ti~.3}l:$ ~l :::\~ 
th~ ~ .. ~~1._\.'\}l..-:_~t~~ t::\~JB~ ~tJP .... i:n:af." ~~ _k);:'Ukd frgn f~1:s.·~~~::::. n.1~1f~': 
~xj~~~:si}~~: ie~tt~·~ n_)t:~~~~)t)'" ·Th::.~se -~~~~~ttt~ti M~tu~t--: ·~ .. n.l~ ... n--~~:p 
tK~~.tk(ns h1c{~~.d¢ d{~~; ·~\·t~Gt~ ~·o~~:~~h.1 ~h~>&~ tt:~~1 \::&Ju~~> ~~~ 
<=*(h :re~P'*1iv~· ~.e\·~~ ~;f d$~i$ ... ~l tfa;~t .;~t~~ H~~-:::~t Ul\~~~y t{$ b~ 
r~~apJ.':-C(l 't(,: _µ:{?{~{;s t:<::h~:R r~·ndt.._:.t:d f<.<r ~i~si>~a).:.; 

fl::t52 .. 014i}(~":~)\ .~lh~ Ji~t 9~ 199~~. ,:nt~tkd .... /\ Sy.~.:~.{~B) .%~~·d 
~~~:thf~i of (~,~:l);~~Hi~}} l~t-:."=:t~~,"=~h.:~ (:Q.~1~pt~~¢r (t._r~{)$:~i{: l~)~~~~~-=.~ 
J~~~)~l-~'~n~t::ug 11{;}"¢¢. 1)i~i"~n-s.k~t~~t~ ··{~·=~~t\,l.r~::; ... N hy J~~ .. ~i~~ l.·. 
r·'.~):S-~t~ ~~ ~t fi~HX:~l~>-r ... ~~~ h::ne~:~ ~))' .f~:fete.n~e f~ ~:{$ en~n~:~y). 

Rtt~ntn~ ~::,.) J1{L l.. ~ bk~~~k cli;igt~B);.< ~)f ~ t>:~31W}~r~~t 
gr.:..i-~hii.':2'~ dfsp1ay ~'rst.:.:·~~ .:wll i:.:-.: 8~K~-...);}~, Sy8~.t':~~i ~lOO {h'":i~".:>~ ~~ 

gr.:~t-~~fa.~~ ~~hsysk':Jts :.U(t ft~r ~{'::Q~~~~~ng ~.~~t~i;R~d. dis~~l~Y 
.;:.'$ h1{ag~.s ~;s'~"'~~t~t:.g N> th~~ }-\r~~~~·f~t .. hr~:-~nti·Oii) Jn il t-.~~h":.t~~<"~ 

.h.~pk~·iue~~t.:~~-k'::~ .. ~h:::: .~n~ph:k't: f.:Ut.wy~n.~~{~ ~:t.l'U .~$. ~~t~Ht~d ~~ ~ 
htgh--t"~~d .. i~~>:::r~cth~~ &)'.:~np~~t~~ g:n~phix-:s ~';·ot:k~:t~H~i(~$~. 

\lib~~::: ~h~: ~-:y~~P~'::ia~. {~t- frx·J~j. ::~f ~ .. :-k-;\~" is ~:Js~n:g~cl. .. ~h~~ til.(~S 

s.:t~.~n.-xi in m~~ t:e~x~u.t~~ ~t'..,\tt~\."}!Y ~.n.~ :..~f.:-i.i~i<;:<..1-.~t.:t.~~r<Un:g~y .. In ~..\~t: 
d§lc:h~m ~~m~:.,:KHn~:nt fot up.±siit<g: fu,: d~p-mi~F l.t< t~:fil-ifoi~:, 
~~>:t\~" t:c.":~cl ~mm is s·e.ad. fr~Jr:.' tt~~-::: ~M:~~ ~;:t~~r~g~~ ~j,~~i~~? ~~~:d 
~~'..1~d.:;~d. int~~ ti~~~ friug~;-; .-..-:f ~Ht$: tt< t,·~tk ~hi:h:s i~ th,~ :;-:-y>.~!'.:it~L 
~r::.> nlair::min: th~~ s~2-:.:~ -~i' th~ ~~tsp .. ·nlli§.~·.~ t"i1~-; ~-~:>:cl <lat:~ (:'(UJtk 

s1)t~n~i~tt,g t~) k~::at~<.'}ns fhrtfu~s:t .. :s::.~'sy frt~n.~ «: fu~~(l ey~--:r~)h~~ is 
di~i<:·&td~d. t-\.n~)J~~~k)U& att(,~:si~--:t$ t<): ~~~:t:&:& ;s. tc~~l tying ~ .. $B(· 

s.kk d <! \A'i:ttkttl.:lr ~~u~-mw tik 1.iu: i.l('~~i~~\m;xi~td lly 
~rti!ftiu$1 a st~~$~~t~-~tltt: ~e:~~~. v~~u~ ,~~tafa~cd. f{,):tn. th:::: t~e~t 
:.._'X_)..~t'-*~-ft'.:-..~~Juth}~l c.:Jp..-m;~p ti:l(: '~·b.~~"2h ~~·n.tx)mp&ssf'.~~· ~k~: t:::~~~~i· 
tdll~Wllgk 

'lb n:\C•t¢ ~1)::-:~~tly '~~H W:.~~tt· m,~ ~~n::~.~nt in~·~~.~ti~Jn, <U~ <:ff\J~t 
.fa aim:*(: dl!~S~.gh~s;.~t tl~)~ ~::l~)~~~f' .. ·c&~~>Jn t<~;· ~~~ih,~:~>~· ~:') fut f~~i" 
1~~\vi~g ~~~tm dcf~~~it~~~ns <~~~ o:_:{:~Qsiste.~Hy ~~· p~$?;;dbl,":, 

'Tht k':r.!'.n ..... t~~ttttr~ $U~{}··~ n~:it'S~ ~(> &<~~ .. ~-~:·t ~1*t~ i~})Jt~~t~i~th~g 
.:~· r::2.{tJ,~u~~~ .... t~~;um·~~ ~ .. n<>tif <~t Hs h~gh.e.s} .:..-:~:~~ .. ~h.~t:i<.'>f): .. .:\. ~"~~~h.t~ts~": 

Ml.1''\m .. <Sp" at<tl <~q~lvak:,-its tii~:i.•~d· ;m.:Ji '~'' ;i "AlW· =P Hl' 
~~':~{:-;1 cl.:~t..;:{" :s.n-:: ~~S-:,;':d t~-..1 n~f~""J.: v~..1- ~':<.'>).1~1~:sHi:.)~~ru. .u:~~ltmI~ ~'.n p .. -u .. ~-'<> 
~4ll.:r· .. ~t~~~ ~)·:.·prcs'"=~-::ta~.i<~t~~; ,,f <~ ~'':.~t~~t\"= ni~p (~~- s~~<:{;~>s~h\"= 
m\ihipl;:; kvd:; ,,::fd~'talh {f .. Or>i .. t:'s;s~ i:< .. vat)'fog d:e:gn:::e:s d' 
t.~': S\.\lU ti(~ta:. 

~)n. tht ·:)th{-::t h.&ti~L \\:H~).-..t(l&i1"'"'' i:~; us.f.:~1 f$) t~t't~f ~')_ jX)ft~t)t~~~ 

<.)f a 1fl~~·t~~~p ~~h~c~~d ~~ ..... x~..:..~f~1.h):g t~) 'th:~ pres~'::i1t h~ .. 8~'::~~tk):~~ .. 

Sy:::se~1 2(~ i~~-::h.~d{~:~.; "=' ht~~ii. pn.K:~:~~i~:c:r .2:~2 ,~,>~~s)l:)::! 
th·n-:.--!3~~h 3; d;.~~a ~H :2:~.t s.<~ ~ n.t;.~~n tl~.;;"=n1:f~1t .2.tkl-.~ n-::~tl ~:3~"{Jy 

$~ n".i~':~nt~---y (R:(}~{) 2tl.6 .. ::\~d Jl~~s~ ?i~.~,_1r;;):~; &~~-~c-~~ :Z~S. >:kls:-.; 
~~::.~t.i~~--: d~>.1~~~: .~8: ·S.B tB~;d :t~~ Stf.~n': ~-;i,>;S ..;1$')::.{.)Unts f .. ~f digiti~ 

J:at~: ~~~l&th.-::;.~:ly ,-:n~·~:piJ-:c.. f.nr t~atnpJ~... thf.: ·n1a$:·~ $.tl·$r::'g~-::· 
~~k~~·:k">";' ~)g >~~<is; '-X'!:nf.~:f;~ <-~:f >)lR~ (~:· $l~~>rt hm'd disk dt'h.~':'~. 
i1<>RPY \fok <..'frh·,:s, (5pl~C<~! <.lh'k \U:iv:;::;; .. i.;.\~ ~fa'\<'(:'~·. en RO'M 

3~ tkivx~.s .. c·r a~y n~~m.lx~" (~f (>t~~r {}''JX~:s <:sf -s~<~~~<> ~~\'1~~~ 
h~vi~g J).1:C<~i~ fi:}f si<~ittg ~i.:~~-~ ~.ti§Jt~illy. 

l)itT<.'..(~~~~ l)'f~~$ ,~r h.~p:ur a.U:dl<.~ (:>t.~~put (1i()) a~~~·it"t'~. Rr~ 
;rlS<.) tl$m.°}h~tl ~''} p.t-:.X":~~SSO:t l.0:2.~.f:t~t sJ1x~ l'X.':fH~f~t (~·f RU. .i~k-::r~i'}.':;i'1~h:· 

"*'~ t~s~-s: .. At:. <<iphamm.)\~tk :i::~:ybix'lt-::l ..?.h~ am:l a rnn<-~t """-~~~ttd 
d~=·~,..g,~"= 2ll {~"$'" ;s :ru(>:ls::;: .. n.{~~t.t~ ... ·~]L j~;;y~sk~'k .. e~:c<~ ~~fe U$,~d 
f:.1 ~~p::Jt t:-f~s1~n-:::¥~d$ a~d infr>t1~atj{.).~.. 1b~: "'}~nt~~~ ~k~-s"i.~~-::-:~ 
int~1n·d~--: ... ~ h~~td :.":'.·~)f~Y <l~~.~ .. k"='~ :214 (c .. gw ~ i&s{:r prfrst{":.~} :hJr 
p.rh~t~~~- d&t.;{ .;,,).:.' ctl~~~ .. in'~~){ .. }{).~$i<.)~ ')US~) ~ t&~gih~~~ tl:~~:d~tHn .. 

~s /'"~ .. S.;,,)tHl..:..i r<:.;,,"=.;,,i:~-:fil~g ().f \"~~k:<> f .. <j.~th:.~~~ ~~i~ :;:;n.~J ,~ d:i\~~:;:;y ~S.:"'$'{.':<."=·~ 
218 t.'*33 h~~ :;'{~ .. P:lt=·~ t5..~ sh.,: ;-.;y~.~:en.1 ~*~ ~(~ {~~~;~\'i<fa~ f~r 
n1~ .. \:ltis~-:::.--:~ti~ {:&J;~~hHilh"::$. 

(}t~phl,:~ ~at;s (i..>~.. ~ :f .. ~~iyg<):~1.~~ ~~-::~.:t~~:o~J,)n ~~f ~ di:sp~<lJ 
in.·K~~~: ·!;;:r- s.:..~~~n<-:;) ~.~ 1~r~ •. ~id~~d :f:~)tn. }~~X.X\S:H8r :.~Ml~t t!w.:.)itgh d-:1.~ 

~~$ b:!:H: 2:-t)l ~::,) tht. g~"{1phfr~ S-~ih:-~y:-~H::n): .2.:l@, .. s: ... ~rer~~~f~~{':Jy.. -~:;: 
'\j.:fR'=.{d ~~ >~J~pat~nt s<> :-::~x~· ~kH.fo:~i in ihc <"itt •. ~t ~~.:i~~t :S<>:m~ .:_)f 

·~ho::": ti.3n,~tk~~(-=.li:~)' ,~f ~~~n~-::--a~?n~ ~ .PHiyg,$.J~i.,::J d~~~i~'ti.rtk~n .~':\.'~~~~d 

w t~:atl~ktrt{! t'" fo:e: {:\c•m;"{mkr g_s·;~phks :'i;..it>s;.·'%~m ~s .. 11~.u:s.:- z ).':t~r. ..... n1ar< i:< a mlllti .. :r~:~~t~l:o:t~:~R~ .m .. ~p n1&fi~-; ~p (~f ~ 
$.~:ti:t'.::S. <~f ~ih~:s >..~·JR'::.f·.d-~ &t h~:.:~S-t :s'~m{~: ~~f t~~ tHts n~pn~s.c.:~:nt 
:S~}..~H:~ .. ~, :S~:}~~<.~t~~·d j:~1:}i:~\:)).\S i)f d§l~~~f~r,t fo::V~~is <~f &~mil .{n ~ $5 
-~~1§> ... ·~~~p .. \Vb:en ~(f$ ... din1~t:~f~)M.l ~t?H-~Jf!::~ d~t .. ~ ~~~t~; ~~~::.~ ~~sx~d ... 
l~~'.$.~ t~J~~; ~t~: t'i"h'~> ..... 1h~1e~:::~~3~~-'.l~ t~~~:t ~u:r~y:s- .. ~\:'ht":n. tht~~ ... 
d.in~~~~:si~)::>ID. tf::~mr~: dat::a: s~:~s .m; ~fa;~~-: th~.s>.:~ tH~.s &re;: tht~~x':-.-

Pt,)i:~&,:;<~~ .2:92- al:;<~ p~'S.'.}~~& t\~;";.tUs.~: i!.at& t:.~.~;:n.1 S~\&ss s~.~~.:~~':: 
d~-:~Vi-i~-:: ~S to {e-~t~.1.r)~ n~~1~t~ry .l:MS {~) .g~}ft-f$:tt .. s..::...~~t ~~---~1n.,~~~ 

~ ~:up ... R~~~p .:~> ·~k~-.(:tibt4 t~Io·w~. l~~~tt.~<l:h .. ~ tth~ ~.;.oft~~,·.;$'.t· ~n::.t{t)~· 
h:$~\t· .. \~;lff.'. ~~11 ·pr~~~~$!~<J:r i(j.:;? i{)f :~~~<~r·.s.th~~ athi :m~n.~s..gin@; 
(_.~i,P: .. :.~i1~p~ h ·:~~n.e .,-=::t~u1::1~e ·f~":~' ~rnph~n~~nth~~ th{~: J)f~::;~;~~t di.n~~~j:sk~~~l tc:~:d ... ~~~..,,~J$-: {s::~ t1~·bf:~. 

~':i~~~)C. te.~t~ ~tf'«Y ~lim:~n~k":-.~$ ~:}"{_~ ~~:V{.":$; ,h; ~~~:l~)~~~::::~j{:~t 

tkxtk .. Zk>Ctk .. ~~~~:~ .. ~h'~~h~~:d n<~~~~~l(>tt r~ )So:.':t~~~f. ilt:;~k":tB~~n--­

tMi,~1n:s ~d>w i,ll@l,~J f!:>'\>rn,;sfog, lk '"J:~id;; L(l;H .. 2:k '''1~•ah 
~~,t~i~, '':k": .. 

!It §~X<Hl~~~)~ :Hn.Y~f''.':~Sll{~.~~. 

11'~~ pn~,,~,;i fovrntfrm. fa •k~«:ti.~N!. k\ l<'.'>E~'; '..lf ;s '''''ffS}ll.'t<~ 
~ .. ·~hk"=~ d~~-p~::~y ~~n~~m .. ~~1n-;~~nr i~~ disphs;i~:~ h1\ag~~"'< h~Yi~g 

&:: :fa .. n·(:~ik)~~ S~l~;sn~~~ ns.~ .. ~{uJ~~ (ff}$'!,)(:'(:$~~~ Ufii-~S f~\i- ~'{--:.~w·~~t .. 
:fa.}g ::::nd -~mn~i>:i:g a t::.-:.~ti~{: ~:-§.i}:-.. n},.~P (':,~i{d b-:.~ ~~'"()Vifjs~:(j; 
,~k~~g ,t_~t~. l~ss :~ijl ,~. ~a .~.X<~t~h:i&~ :~;~bsys~e~ ... ~~ .. ~.:W.~ .. ~:\ ~'~·.:.~ak~ 

~»-:- -~~p~~n~t::t l\) {.)nf.: $~~iU~x1 hi the· ~~rt r::on.$~d~~ri~)g thi~ dx~~~':tjp .. · 

~rn:.~ ~~.;s,p:.~k·~;· ~:U:i~~:?-st<.-:.~n .2.ZU i.nt:h:h:ies ~ gNi~~-=-u .. >~ ,:;ngfak:· 
l.22 .. ~ ~~ J.~~k·:r 'SUb$y~;~>~n 2:24 ~.~~~l~pfo·d to ~ ~~XtUt<:· iu.~~):}::~y 
:l.A"',f.;·~ AA jJ .. ~~~:> *.~ft\"'.f 22.tt Yhl{:(:- l~~\~sj 2~, {~~~d d.~~pl:~}:~ :U? .. 
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7 
Pn.~~-::~$,~r :~~2 J~",)V~d~:~ tf.R-:: g~~otn~tty ¢n.giu~~ ~?ii :.~-~th ~~. 
-~~~{!)"g'.t::m.s.l d~~s.,~t5fl'ti~x:.\ {~35 .. ~1--S.&~\~.~~~) ~:$f .~ d~~pl~y .~n~~~~e i~l 
')~-~~~).~t sp&l~~~- ·rh:~: g~~}f.t~f.'.tf)t {:~ngh.~~ l.~:4 es.s."':~nti~~Uy ~~~::c--­
t'NRl~ ~b' poi~W>~~l (fos,~sp~ivn d ti~ sm<ige (M~d. tfo: 
~~J~··"~$ zti.~p:i~y~: ~he~~h)) ft:-(~~~1 ~>f~Jc.tt &J~~~~ (&$0 .k~~'}\~-~ ~~ 
~~'')~:kt nr g~~Jlx~J .~$~2<>t-;) i~~·~> s~'-.rtt-=:~ spa,-;~~, 

llas~{."'.l' $~bsy~~~~tn. i~. ~l~~r~-:: s~';~t~-r~~ d-3.t~ fr~':-:tt~ ~~::<tm:~~ 
tll<.';~):~~:::ry .U~ ~\'> pi~ .. (.';} d.c~t~ it~: ·~b,{."; S'.'1't'.i::$) .Spat'~ p-:..·~}"y~'..lnat 

t.~~~~~{8U(.'>~: t{.";(:.<.";:i{l~~ ft'.~tr:: dh~ ~t~.::n::.etry <.:~~gi~~ 222, J-<~~.x';l 
~ii~:i~ ~nd. t:t.'~Jt~~t'; d~i:a ~::i:-::. ~--.. ~~';nt~~dly fBt,"!.t~-;d~ a~t..~.Bn~d;s.~,-;,t, B':: 
~"tfi:d stc>t~~d fa~ :fr~ .. tt}~~ l~~!f~~r- 2l$, ~>~~l~fu ~>:.~rnpm~~:s'~ :.:)SBi (~th~'$· 
~u~,.Ph~y pn:~:.-..:~Si3..lt,: t~~{:·f~.m.~i:~R:s (:;$;.\ ~t" f.~:rt~-,:in~~:>...~ ~~~ >~.ith~~ fu:::· 
!;S:$;.,~· $Ub>yHem n~ (.0rthe hR~W~ imth~· Zltt Vkk(> tidl 2...~ 
.t~:>)dS ~.he ,:(~ttli-:ifS~~ ~~~"';,tun~ a~.d pi.~.:;~J d~t:a fr~)rn. the i:t~.n.1:;.: 

lli.::ffa."t ·iw. an~:i ~1~Sput~ d;:1~~- J~1t· ~ t~~t.u.t!~4 ittmi~~ le) ?~;}:t~~::: ~~ 
d{~:p}.$}' ni .. ()f ~':\.~Urs~ ... &~ -~~~·~uk~ ht ~t'l"$..~i"t~t t>> '.)~~~- '.)~~{1~e4 
~:S ilil:~ ;:~ft .. }i:t~~ ~'$!~~~rH~. irt~~~',: :c~~~~l ~',: ~i~:~1~l~~~~:d t~}~ di~f:<~.3:'{ ~ .. t~:: 
h"I ;;;;idlti.<.~il t<) <-~f hi&t<~<~d >>-f 4ic&1Jtw in. 'fll>t 't~i~¥~t <l<lk 
.~:}~~:&--t"!;fai~g th::: f~~~f.~~- S(:~"{t,~JI'.-~'>;i y m,,~J:(&y .hnag~: ~-:afl .&~SX) ~).':~ 
s~~~>;~t t'f~n.sndit~~~~: <)'V't1" :.:1 .a~~t\~·~~k .. or ?~:c.nt ~<..~ ~>"th-tr .. ~~pH~:.~:.. <:~} 

·'rh~ pn~s:~~f:t h):V<~~)t~o~1 is ~~*''1.'~b .. ~~d in. ten~).s ,~f this 
~-::s:<>mpk htKl:l-~-:nd c~1mpiik-:r gt·~~hk.~ sysMm ~-:ti\'h<m.n1i~M­
l)tsc::."i~-:.tio...~ h1 ~h~:~(>'.::: ~crtn.s is ¥'~":-id..e<l ~~)f. ,:·~)n¥~~t:ien .... -::e ~1$$~}~ 

APPENDIX BB 

f($f ~1.~~t~y ,\}(':::.~d t"-.~ t~~ J~.~~d::.:d int~:~ ih:;· 1e~J~rt' r·.)::::-in,~y 226:. 
-h~ thi.~ ~r~~~u.;"!:~~~\ Ja.rg~~ :~ .. ."{_) ~>-::- J ... r_~ ~:-~.~-~u~~ ~&~J1)·'~~~-:~f~:} {:~~ l~~­
P:S~""$..i t.o {?$:'(~\.:$:d:¢ ~~>~~'l~tt ~r~d.$.)~r it.~\~~)\.~:~::~t· .. ,·~":h .. , y~~- th~ ·~~-:~.U.~ft(~ 
ir(~~t~-:.\~ c>m. he Jt~n<lt.""t(:d la n~-~~{ .. Htn¢ .. 

"11i~~ pH-~-~~~:.::; f{,r d~~t;:.-· .. rn.\~~~.kl,§ ·~\··h.id~ 1':'~:~~t$:~'}~~- ·oi· ~ {:{)fHj.~1~~t-~~ 
~{~:~~:t~).~-::~ 1fll":.:~'\1~~p .~Jc:: ·K~ ~~: i~),~1ect fr,)~n n.~~:::=~ :$~,):~.~g¢ d·::::·,··i.;,.,":~~ 
,~~-~JU(~ te;:;:t~$$~ t~~.:31:;~;'$.~· Z.U ~~) t~~n~); ~ ,ct~p ... J~.~~p ~~~Hi i*'~'-':~' t~ 
<lc.~t~·i.~ci {n S.):1(~g) dtt<~il. 11~}. ~~ ~J~O·\>is ~ :s .. ~~ic ~~it~v· ~"::f' .£ 
{.~o.r~;~~::::~)~ ~e:~~k: . .r:::· }..·~IP-~inm.) JJ@: h.~.\.'ittg t~~:; <:"{$ii~'t:tU:i(~:Oitl 

J¢~~~~~~ oJ ~~t,~ii~ (n~ $h~~Yn (~) W..'*~J~~ g~:·on1~:t~·k:· ~.~:~foj. 'l1h~ 
.h.'::v~t'.) ·~f tl:ct~~u ~ t:.) 3-lW ·ea:..::n ·~~(tn~e.~~~~.d. t(~ ~~~':'":e~:}~.\.'¢~y 
~:~·\t~t:{ r<:SclUH(>US <::f .:$ ~\'::Kt~~t~ R\...~l;•, Tl~~~ ~~i-t,.h:.'="::>t ~~~>...:t\~ 'Of 
:dt":t~~H L{}fJf{}~ ~1}.rN.~~~~~~d-~~ to tfo::-= fr:.":::::st n.~.so1trtk$u k::R,~~ sn.~!$' 
~'§mt. h:di s~ibs.\~'!'~ei~t fo\'d. <.)f &~~mi! itmp J~l !~~ 3!W ;irn 
jUtt·:rt4 ~;;::; ~~~~-::: h;:ili:~ th,::: r~s·:)$S3tk~-s: <:.f th-:~ pn::,~{:<Hs-3~ ~~~~~:} ~~~f 
:det;:1:it -·rh~:s .. :~:~~~h ,:,)ar:st::r J~~~,·~i ,~;f ~1.~~.au {-:.~n'";:,:~f:~ ail ~x~3 .;,.)f rl.1~~ 
t~~~.»r~ n1:.:'p :ft~l:::' til:t~~$ s-r.-;;;::s.k'"J.' tb&n ·th~: pr~t:~~'ijJ_~g .hY~'~:;::} ~'Jf 

1¢t~~~t 

F~(t :~ j\Kfu:t:t iU~~stn.~te·s ~!~~ :;eie<~t~ F·~~th>~s ~:::f n'\t 
k:i;.t:;..:.rc },})T.mar.- $W >.':\.~nstirntfr;g ;i ,-,;Hp··m,sp ~W-0 a<,-.::m:d:in~; 
~-O ~fa{: p~~St'~H :ftl~'i:.:~rtiz~n~ <Ji:I~'"11t;;~pl4-t '':(~i);~:fat~; ~.frti~H"o;:eiy 
~'~~u ~ih-::s 3i4j.--~~19: -s~~hk:h ~~~~"{: J~~~k~i~ ~ qf ~h,~ ~ ~:-.:';:.:}:; {~f d~~,;sil 
m.~~~ lml---~?. 'Th..-: .;sci:ua! ~i:..i ;md ,;h.:;%-1e (if th;:.'.!'io:: ~!>:::<> 
cl:~~pt:nl"§.:;: .. i:at~~- a~3a.~ Hn die ~;yt;: }.X.)h~~ :.:·tndin:r fh:.{:ci '..~f vfo:\~{ );1f 

tlk': -dfa:r~~~y ~·:~{':'\.:..~~~r.. f~<:l~ ;c.-:.f lb~-:s-c dh~~~~ n~~~st S\~bst:.:1~ti:.:1gy 

;'.l.l<-~tioti~i;i:>:;; ;:i fK~te.rttl.»el fidd of 'ik-;v for ~ ilispfay s'kW, T<-~ 

It i$ no~ .~t::~ek~d .. ~:d fu..:-:a:E t..1:~;: ~-n\:~:::..~tf~)l~ ~""::: }it?~i~i;:d to zppH:e.:.;l:tifn~ ~~~ 
ire thh ~~--~~~4").ts:: er.:yko:~~,~~t I~~. t~~:e~. ~n~ .. r r~a.s.tlt~~ th~ 
:t>>H<\"\l:th1~ ~~-:.x~~:t:~r~~k)tt. fr -~~.:{U h:=::<x)~Y~:~: &pf~~~'"!-~~"(t ~:t=- & r-~~t&:t)SS 
sk~u~~,t ~n th:e~· -~·~~h~:vm:tt ~1rt h<)S\:' l(.) Sn~;~~:n1~~~t t~~~: hr·l-::~ntf,'>~ ·{n 
;.lHt.:ra<1tiv'-:: l~:l"t'·~df·::.~~sun~~~t~ .. .~r ::.·i$~~T${lty :~N.k1J\:~Sh3~ ~~--'*~ (~th~~f d:~.:;i,,_~~$ (:'{)~~.;}iAk:~-:~~~k>~t:~ .. °':~~~~~~--~ 

~:-h-;...-:xi sq~~:.~t~ ·~H~-'"'· J.~- ~.}ij!.:~a.tf.: ~e:~~J :.\ff&Y~"' ~~"·.::': .. US:t":d ~..>}h~(-1."!: <':a~ 

.e~~~i) t~ ~·~~~it~)S$.-td $\":.~~~~iv~ t~} ~ i..~)l\1~n')~,. :~iJ;:td ,:e~l~t,~l ey{~: 
-~:x):~n~ X. ~m1. ~ ¢*',:nt-tt th'1·~ {) n~tuting throu.~t th~: cHp tn.~. 
§:~~)t J .. ~l) ~t:~-~~~.~tt:~ :?;qua.t~ t·~bt~ (":\)nsi~tii~:g (:f & :J .. [s t<:->~)}§. ~rt:..~y 

~u~ ~~$t°',).i.. 

lss ~h~: ~':\tn't~nHy l~t:tft--:t1':t.d t-:~nh:-~ll~'t~>~nt ,}f t}~~ prt~s~~}.{ 
inv~~tttk)n ... t:.~'g~ t~':..xturt rn~_q1-'S. at~ ~t~>..ftd. ~)l1 ~.):a:t~ ~"ii' ~~11t:t't t~ttS~*­
~~<'}r~g<: ~ieY~~~--s ::UJ~ .. /\ ~~t.rl~·~\\~~ re~~'°'~·$.et~t~tk~n. (':f ~l~t:: ~~:~--· 
~ln~. ro;sps ~:.;s~~ ~ithf.:r b>:~ _pre.-.k)~~dc:d. o·~t<~· ~~)¢: n~~t%· $.t~~·~t 
zk~:ie<-~ tll8 ("! ~&.l\ be <.."'.l.tl:i;}.'>m:w t>y (t"ii:: r~·'°'-~:\:>i)>' :MJ:t mi4 
tfi>t;:, S.tN~~i >)t\ti} t{>;'l..~S. s.ti'.lrng~ <..i~Vk'<l 2~K T\~'tHitl\'leti~i~m.:i..l 
t~t -~h~ .. :~~:--xih:re.l~tt~.k~uat te~h.~t~ d;sta: &et&· a.re &{':(Xn~lWK~:k~.tt:::t 

l:S 
(~l(p ... ~~;-W~ ~~) ~~·S.~~~d-:~~-ly ~~)~$..~~~:$ ~J ~ set ~)f ~~~~~:::s"' i~~~U~ir 

fa~g {~ ~~ub:~:e:~l p~ut { 51$ ..... :\l!~) ::~n.~l "· .f)'~--.;~.rxU~ts.~ p~(t 
(.)11-----~~1~}. ·rfo~ l:t~hlt:fil pi.i.rt t:t'&1s:fat:; {~f ~ :;ha:h <:~f ~lt~:;; 
{3H~.,~H~) ot" {~<!!ial -slMi. fa rl:lt 1~yn~.mi.d~.l f<m'L u'xi ille'$ 

-«> <:\m-:;..h.i •::{th'~' ~~~t!l,~i kw! of (~~~.ill m.~J~· {LGDtM+1 }-1-0D 
fNt~ .. ·r~,~ t<~'t-:U~\~~t~J i~R(~ {~~in$- .~t th~=- f~s~t i.::::~{~-::j. (}f ,'1:.~t:t.l~ 
·in~p (L(}t~!-.·~+l]) ~~:-hit'"b is ,~<~U-:~~~ h) ~Jr ·:-;n\RH~~r ~!i~n ~ ~~~l.:::· in 
ti)e <::~lt>~cai ~at ;u~-;t c~kn& down to ilc l ~< i t~\~.d { LOD! N !J, 

/~.$fa wd.l-k!l~iwn fa. <:>~m<put~t g.r:spnk.s &s.i~:n, ll:::e fiH~f'· 
~ng .c~t.s~~ :~-rtr· ... $trt.~<t(~n.: dt-t~,~~ .. (~§.~nltf$~ .a~~"t:~.:s~ty t~> ~t~-s1\~~: >md 
tffi.cittHl:i .$1<."~n.: th~: ${!;~t:t::~<s.h~i:;: h.;:v::Js ~~.:f .~Jc.:~:t~ii r,~f· & te:&tun~ 
~~1p·. rn~~r; ¢~t~ b--:t ~--:ftten~~~\::ii oit:-Hn .... : prh~:t' ~~:~.run ·t'itt.~'.:;: ''~',:t~·· 
!~mi. fo thl.s w&y, high·')<l«!~ty iH!t~fog alg;.~dthm$ <.''$.:l b,~ 
ttt.Hil.~~- ~>vet « t~t~~ fa~1<t~~~ .. ~ ~~\~{$ -.::.~f ~1,:;~t$;h.:):~!:t: 'S:~t~.t~Hmt b.~~s.. .~:~'} 
d:-::.:~ins ~)t$-.·ih1t' ~snag~. t..tispl~y sp·::~~~~i &n."t p-::~1 .. n~m~:n<.:~: .. 
._;.\jt~fT~.C~ti\:-~:l~:~ ·~f :.~ 1~:Jt'~( S}~>;<dbt~: but f:.:1~t >3pp!~$~\.~h _fa 
~r~r~hl~ .. hatd\~~~ff~: (~'3,~ i">e ~:s~:d. tH pr~xi~g.:~~ ~fa~~ SU:;.":'.~~~';$S~V~~ 

~~~~1:rs.t:""J: ~<~v~:l$ ,~f ci.~:ra.U f.lit~:t::tly ~t~~~ni: inp~a t~>;!·{'~ll~)~: S:\.":~:tr~":x>; 

~!<ll.'>. 

~}ts4-:~t :.."'.~)sr~ .. ..::t~nH~)~1~~ tx~~Xitn~ sli~f$il).§':: t{:'-t·f:;_n..{~~.k":'.$.. ev~n iJ 
k:At!-n:·~--= {§ .. ~~..$. ~1~'::l'e tt~ h~ ~~::.~x~.$:$.~d ~":{..)ts-~ ;s. ~~~-~~~)S,e.,. -~~~--~~~ ~~:~ n.::.~~~: 
~flt,},,.~IBp .. fu~~: r.~~d~~ .. i~~~: \.)f ~: ~~;~J~~f~tl ~n1~~g~~ f,'% ~i_is.f~h~y f~ 
rt!\l-Hm.>t W<-~kl be ~.f~lprn~'i.:k<\t if l"l<H ii~l!)\>$$.lhk, Th~~ 
~)l"C·~~:r~t i.n~~~!~.tiio:~l. no~::.~:evc:L te~Hte~ th:.~: a-d:'i.:~~~~~g~~ ~:::·r ~:::.· 
~~~:;.~>~'ti.t~~xt-~~ir:.g .h~tgx~ t~>~-~un:~- ~·1]..~ .. J~1~~p:s fu. ou:e ~)r nK~X':· 
n1&s.;:: ston~~~ d~vi(:~:s. :~~ ~'<iti~~~~t t~~t$t"hl$ -~t~li~t:t:· -~~~":::~~&· 
ii.W\t. A~'<;l4l\'~J:y ~;m~Jl d\p,n~\P n.~?l'%'tntin§;. i:<n~y .$deet~J 
t})~~ ... k::n~- (:f ~ t=\~n~>h~~ ~~~t~~tt: ~~1~.;~.~~:etp j~ ~l<)~{':d h~ ~ ~¢:K~~~~\: 
ii~"".lt~iry Z% lw,1ng » fast nit~ cl d;ib return. k !hi$ w~y, {«.~ 
t~.?.t-~tfft': .rt~:1tK~'Y .l.U· ~.{':t~;: ~~ ~ {:~ebt:: t~.! ~u,:::iz1t: 1t~);_t~~$:'l~ 

r.;..~":-i~lty ~~> ~h~ .. n~~tt.t &::~h~y~~~"=Jil :~-t 
This. hl.t~.3H;hk>ll: !t:'.~:wn~ ln&{Wtn§l: !>k<f.3R<~ ?dlt'.ffi~' .sibw1: 

hl.l.~~ Si:c:i;.t~m~ ·~·fl.f',fMpi: k' {~' &t<)i,'td r~tn~ £i:;.~;q~~si~'tlY ou 
tl~-:.~ itiil!l> ~Wt'.~g<i' lit~'k-:.~ :Ml® .. B;i~~;t tlt!c t"'i.t view~~- e~"~ pi::li.tt tS 
.:~~<l/t~r f~e.~d. -:,.):f \d~"i-""!'.. ~}.i·~ly s~~h--:c:.~d. }~':<5tk).n.:~:: -c.'<f ;). ~t~ill:.f{--:: 

t:tn"-·tt~> ('.\'ll:m~l<>m1fa~ i.~' ifo-; i.~~~tm~~ it"lt<ti.f M k 1~~r:d,,;;r~<i 

'l'fat rcim ... :t:d. nii:.:nK~ry .r:;·.qill»::-tnt:.n.t~·· i~)X :$Jt~dr:.g ·~- t:Hp-·:rt~p 
~~~~:;,-:-~d ~ ... ~f ;s., (:,)~~)fa::~..:: t~~ .. ~~~~t,: ~·{.n~-~i'<~F .. ~.r~=- {,-:fa~:ir- i\. 
:::':~}~~~~~~{~~ {':~)~V~.~~tk~.~Rl 1...-l) t&:~.tnn~ ·~:fl.~ ... ~{S .. ;lJ~ h~Vfa~g dh~}:)·t~ .... 
~~O:~~~ g$~¢~\ ·~y :-:.~~{:¢ ..l~ :$. =-~ ~~n<; ''$~<'~,~ ii~ f"" U::.:::::s ~~~: §_~~~'.)i ~t:c 
f~'::{t~ .. ~'(V;~~~ .ttl'~~~t~:~y i\l: 

~"'~~"=;,,,,,,.;, .• ~~;~:,...._,,~.: ... -..:~:~~ '<' ~:~lr&: ~n ~~ ~ ~~~~~ ~:: ~~ """ ~~d x~<~ ~:fo 
~>'~ .. --=~ .. 

·11~e ~.:-nianet~ ·~?E.P·<~}}..~p -:>>~~.s.1~p~t h..~\ .. ing C<-1~~J<~~i .. ~<l~ s~~~at~ 
tH~"::~ .. ~~ ~~~~ (:\~bb.,":;.~l J);;~:.~~ .;..~i{y ~~~:cs tb~ fotks\~-·i~g ~\~~ns~~y: ~1'~ 

~1~~-x ..:-~~ ..... },"' ~4f':~®~~ <.Yf_ k-''t.fa lu {:~~~~; ~'«\ ...... (~U~: :~ko:.~. }). ... 
.. {,~~ ~ ~~k.-.~ ~n ~ {:{ ~~}~~:nkt~ ~?;)$f~ * ~~~ k:. '.:,~ p;--~:.....~~kk<l 
~~.r:'); ~ ~.'!'.~~: *~~~: t~j ~~·t&:;}. 

··rc:n. lt:\:-~fa: l)f d~~t~H &ff. ~b~~~~u ~n :F .. HJ. 3 t.n Hh.~stt~te ·~\e 
ptii~~i.P:,~-:: <>f th·=.~: 1~:~-sent ~.nY·::::~di,~l. li~~~~,~:v~~·, .. ~ ~.}l:~iu~~~ <5r 
grtattt n.un1ht-r ~sf J~:~.:-cts <:st d~t:iil ca~ be lltBir:ed.. In a 
pn.~t;~"trt:>i ~~:.S3.l .. "lS{~~i·:..: ·i~<.r t!}l: ptl~~~t:m iu~'l:~~kk~$:, l~ t~~~~l~t:; ($f 

<:fot.~ *{.~ tiUl\X~f'l~":d. in 3. hi~-;:h-i:.:nd. i~~~~·~i: .. :~.iY.:.":" 'X.~""f~§-~~t)'.:1 
gr~1t~jc~ dfa:pt~y )~lO~\t~la_tin~. 

Su:~:;;t~s~-:.t~;~J t~'!<i~~i:~H~)U~ i·n ~netnt~f)' c,:>:s~s _:~J.~d g:f;-::.:s.t 
i~).{f~rt)~~r.:n~\~~~ lti :n·~3J .. ttn~>; diS;}"J~y i~~p;~h{l~ty ~'H~:: i.~'t~~ned·~ ... 
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Sct:::·!.f 1\~:&JJ.;~:::~d by i~&:fng ~ tHt~--t~1&p t.:.) l'~::n . .:.i~":~' l~\~t{~n.":<~ h1m.g~~::. 
·.rh~~~::':: <ldV&fB:.$~::~$. ;!t::':: qt~~t~ pl''.l!:~S(>t~~-~~~~d -;9h~~n. ~ru·~~- tt::<~~r:~: 

n~~r~$ s:c.:.~~h .as ${ ph:·~~:x)gr:.~phi"; ~~rt;3in ~:::~~tisn": .$n:) h11ph>., 
tn~~i:e:~~d. 

APPENDIX BB 

HJ 
~~x':.:s.°tl.~)l~ .X' tf~ tht ::.~~~~~tt· <.>f sh~~ ~>:..~~t:if:·.:.~a .t lX l ~3.:h~ f~t<~ :$h{>s<-~ ~~} 
$;~ :;}),:;~ fj:tfilnkh1 r~•rt <.>f t!i;:; dip·:!Wlp ~41), 

'Th~ls·~ th~~ ·:.~Hp--rtmp 44~ t:~~~l~~U:~ $~~ui(.k~i- H.-=~ .. :;~'~ ~t;st,:t ~<=­
f)~~v:er .~a.t~*~r :m:Snifi ~>:.~ ~nx~s in ~:h . .:;~ l~,~:kgR~t.\".n<l <.~f .:~ di ~~i~) .. 

~; ~:ih~:.~~~ ~>:.~"$~'=J k-:.~t~.3:n~. d-e.:~t~"ti~ i::: >.\~~":"<:-pd~~3:.:~ ..-:\.s 3: ~--...~ stdL hS.~h 
t~~t:3}~t~f ~~:.~t~.:r-::xi di~p;;~y ~JYi.:~gt:~,. in pl':~"$J~~tt~y,~ -.>t v .. :-a~1~~,t 
R~t." ~tt..ll (i:'t::~ .. ~ .. ~£.i,~d ·R~t h~-~:~"4 ~~:>::tl~.f~ p.;~:"rttt~)~ by ~~i.-hlg ~:>:;>'!:t 

da~~~- fr\)~~ ~' .,;.llf~ .. -~~<~P-· 

Ft~s· ~::>~.$..ftsp1,"::. S.:.)ftr<~·::':: ,:i:.:xt:~ .fr~~n. :.c«·B::J.Ut.~':.".~- ,~,~9.~:r{:t~g J~~ ,~ .. 
rn~)ft· :;~i;..~at:i;:.':: kilon1e~,~ $ ~)f a pi~J~'::~ .:.\f ~hu~;~r :~;ut~~.¢";.':: ~1~; 

>lV&ibN<:, 5l.ldl. h~rniH \:iW l~' a;fa.~'ilf&\dy l~T'~'~i:i>!d l::<y '$; 

pcJ:ml<.>grnpl.~•\' t~\"»t~lt\' ,\·1ll~- m>~p ~M ll:&<.·°il>#.: si~t<.'''tl k~d i:-4' 
«-cta~i m;:~p~ .. ~111<~ .:<~~- htgh~~st f{~S<.~fa~ti<~ts: l.:(Jf) tsmr·s 400--4~ 
@d Hk" 4Hl--4l$ *'.,, 4R,·wn i» no. 4A .. Th,, Mgh,,si w 
n~s..:..)h .. ::li.~~n -~~:~ .. ~~t lJ)l)l(}1 i:~~~lsists (~r :.~ Jlk>:J2.k ~x~y ~~~r 

kxd;>;, S~1,,.;;·,,sshi: k•·d d. ~M;iil.~ LODlll·IDDl:'i<l ¢"(lm~­

~f"X"\d to lfa~' fa<ll:;;;whg tt:l\d fil<>l} ~;j:,::::>; l Si:::>: .l &S:, ({1.'Xi\k. 
4k.:-=4k .. 2k:.:-::Zk .. and lk.x. ~ k .. ·"Ib~: ·~"<.~nt:~.i~~~-g pyt~).);~>;.~ ~~ft ~~~: 
~h'.)~\"~ ~:.._'.}:r~S.~$t~~ ~Jf t,~::;.(~l *'l{S) .. ·s .5 l 2::.:·~ J2 .. 1:~6x2.$t:~. .. .. .. }X t. :L5 
1'h~.:; .. a ~.~>tct~ i~f J J.fi$ bilH~J~~ ~{~~ .. ~~fa n.~~~st t~{~ st~~r:.xl i~ ~~1:as:s 
~l,~:.:tg~; dt"·'o,:.}(~..:.,'!: .-W&. 

\till {]~N:~~~~1.~1:g_ tb~; {~j~p·<f~JRp :t)U.d.i~~ ~}:·~t_~ ... ~-r~~$)<.~ 
(>J_x,rntiofl 

··l~~t ~ii~:"<::t~~:~k:-n ~~~$ f:.~r h .. ~~ {~:{sn.>k1<~t~xt "'):~ji~Y ~t~;~:ti.,~~~~wy 
~':·~,··~l~~~i{l~ (X ~~·r X'}.. ~{MY gt~')J~ic~ ~i..~"S:P~ay .~~m~tk:~ti.~~~­
s::.~~1~ a-s :U.i~ht ~,Pl-1.Et~ti~:)ns iJ:"f.:'t-r * ~t:~:B.lff..$} t,~7*i~~ ~\t~~-~:nt -:) 
(~{:~~~~tit~y i:~~-=~~~fr~g dhs .. pl~};- i?it"~V. }\~ i.$ i.'X~~!J. .. kuzf.,\:~~ .h~ 

~:~phk~ dt~~~R~, ';:l~t' &:~:pl~y itk>V &'ilS! ~tu!,i.l'1tt fi.ight by 
~~<~~~t~B~tl .. ~ .. ::.1~(~~'h1:g tbr ~~yeix~issi ~-::t~~ng <s t~l':fR~~~ (~~ l~u~4:$~%-~ 
~--:}~~:§; s·"'~~:~~·~-:d, .S."ch .fH.ghs >.~n ix: ~~tt~~rsn.ed a~~~-~~~~ti:~·aU:y· as Th~~ d1:~': -;}f ~h~~ >.':Hf~ ... w.,~~.p .. ht.:<\~'{: .. {~'::.t . . ~:< .a fun::.-:i.io:n ~)t' th~': 

fi~\~d ,)f ·v~-~'.-%,:. &t°)>i h<..)"{s..: ..:.~}(.<:'.i:c':: tht.': ohs~n~(~r ~s t.D t~~ ~~'::.~·:x.~ts. 

(kn.~'::.t~H.)\ :.:) ~~atn.':<\~ ~{'.!·~>! f:<f \'j:--:~}..-S' r~~q~~~n~:s a t·~~lath:~~~y .sn.~~u 
sih.": ~.;.fa~.~ h:~''":t~Jlsin,g th~ ~n~U1{~ty :'<:.:~9h1g-s., .~"::~~~r :examp,~,'::.. th~ 
h~.~h<:~·: .. r~~~>>.h~t~t$~~s h'i th{~: ('-t~h~.<'".a~ f};t~t t)"f tHk)..-~n.~p 44~ U{":,":<~ 
~~n1y >~~:m.sls~ .~}f l.S:: .. -.:{k Si}::'::S 4.{$. .. 4_t4 f~)f l~'l~)~t ~~}<)$.:;.~ r~~-s·sp·:;.'s._~ ... 
th~ in"'%~~, Th.-:: c:til:frt di~Mt~&.l' M~ thtll '-''-•ti~i.i~$. (i; milli<..•ss 

~) .P~{rt <).f :...~ _pt<..)gf~.f.:): ·3:Pf~i.~:.~atis.~R .. <)J; sn .... ~au:..:s..Uy J~ f{~"S}XH~'.$.~ t{~ 
:..;$.-~ i~pu~ su:.-::.h ~~ -~~~~B~~ i'5rj-Jy.sth".'t.m{$~~;e}:11~~~~t .. l~y~1J.ink:s 
-:.~f ju:R~f;;;< .}...._~~~ b:.': .~{<:;fa.:;:.-:~{:d 'b~f ~~ ·~~~~· .s..:.."> :c~l~·up~y :s:t~lc~·~ ;:s u~~w 
vf~'~:-~('.)int -~~~d!~)~ .. ik\h:t -=-~·f vj~~),.." 

t~:>~~_ts,. .. "' .. ~1 s.avh~ss. f~f tJ.6 biHk~n l~~$:~h:~ \\1~.en~ ~'~Kfilt-~: 

in~~-irn~~·~jct)n is. ·n~fff.e.st.:~~.t~~i~ 2.s a ,8 .. -h$t f:~'}kw ~~a~~,}~~~ a ·~n . ..e.m~~r.y 
s:z5~~n~s ~)f .10.9 g~<~bit$ (~~).{}~~-j j.s ,)b~~~{~~J. 

;.s 

Ey ~~tcrk~g th~~ ~n1sn~· ~:t~p--:!t~p ~l i~t ~~.?H.u:t~~ $~1{~xts~~ry 
:!1'6, fsm}i,-:r ,;::c;lvmH.:i!$~~$ i.r<h~'l•~i:il. l.r< a hs;~-.".&~'h.fal me.mm:y -,;i 
&)'&tN-Sl c.:i.n !:><:~ re.;i,U;~,~~t Th~~ eximp!.ek t::o'.>:turn :MJP.-m,~p .,UI) 

Rt:g::..~t~ih~$.S r;f tb:':~ t~7~~ ~~f flK)\::f:~n~~r:~ .. tH~::(·(s· l~S·:.~.t 
d::-;;t33ID~<ls fu;gs n-:;~~:· ·vi;:;~~ .. ~·-s l-x.~ <li$:pl.:t)"'{.:d. ~n n::.:d-~il~):C" .. l:}eh,·y::-.; fa3 
mc'<pp.fo~ <~:>:t:.ff~~ &i:& ifa~~~'t!y :fnm1 Jm:g:;:; 1.1:.\:,;t\ise map~ at~' 
imo-.fo.n~b}t, "Rt:~o;3.ding au cRti.R~ n~~) .. ><· t::::~Jlu'~ 1¥1JP:.u{~*~){;)r ;s 

~~w <.tfop!q <>li::wpHint h <;lka .inip.rn<.,tkat 
}\& f-h>)\>il) i~S fl(]. ~. -,~~b:t\t) th~~ ty.,•·:-p-:)iM~. X ~-:t~if~$ *~' -~~ ~t",l;_~ 

!~iim: X' ,for i\ new ;J,hpfay ·vkw. th.~ 1~~~! ~l.."\.t& forming ()\,:; 
~:t~p .. :.n.t..~p :W~ ~n!:.~S~ ~~fa:\\il~t~)· $.Rift ~() -~~,\~ the 4~·w f~~ki <..)f 

\:it~v ~~kmg ~jl~ a:.~~~; (J. ~~::.':\.~)l{ling H·~ on.~~ n:-.;~n~t}-;~ ~1:f ttt.~ 
p:f~~:;.:t~ti'~ ~:t~> .. ~~~r:.ti~·~r:.." ix~~--~}l)l~~ .~rf n<t ~~·~):.:t:Jn': t~iJf"...~~,~~ 3~\~ 

fom.~i~~ a ww '·~tmitoo'" ciip-i'l:l>W $4!? ~rn \>:!~®<i fai:c- tiff 

f~f .l.J65 b:~U~:n.a l(:~'K~~h.: ::..:~n h~~ .~tf~n~d. i~ ch::~~ m;:1s.:s $;~f~ag{~­
(kvk,~ ZOO wfok ;j),~ sni.::>H dip--t:c>.:ip 44$ i\ hdii .fo .3. fa.~~'.f 

t<-:>;i:at~~ m~\mn-::-y ll-!\, s::.:-.,.-:h as ORAM <.>t SRi\J',t $,;.~phhtJ,. 
::--:&t~:(! se~.~1 d~~r~~ f::..~n tht:.~~ ~: B~-!:t">.:i. l<..) .tt:nd.::~f rfr:h Sf:>;.~sr...-:~d 
hnzg,~s h's rezJ .. thn . ...-:~ frnn:~ d~~~ ~~:,;~y .. ))).~(:~:~~~~t <.':.Up .. ·IT):Sp 4.·~Hl .. 
f~~~r ~:~.3..mpi~~~ ~ s>.--.n~~~~ r:1~~tt-: .t2t~-: ~:<f ·~{} t~:< ~)l) ilt, .. i.,::~~ ~/~) t:.~ 

~;·{-,..:~ Si=::>.\ .. . is: ~~·al~~x~d .. ·rh~~: tt~n.$i'>(~ft ~fa~:l3y ~.:<r ~-~.x~n~~y -=-~f t t.~) 3 
ti·::ttr~f:.c ,)f pi~<.{'::} .~wa is -:lPi(f<-)~it~1&~t~y l O t\"..) 5~ tt~~{"=~~- Tht 
~b·t>~r. :_':¢.l:~:~"( l~r~t.~~¢ ~*tt-f ~t~~:t ~-:$'.~~~)(:y ~t~ ~1h~~tt1~t~\~~ fJt ~ 
J¢:a{--·tfr~.~ ,1i.){?l~:y. ~-::~$.~~r ~~~ ~i.}O~'il.\~:t t~t~f ~~~~n t~ ttstd ~tt+.~~d."" 
i~)g '\~ v/a<u. ~~; <:(::u.!";i(t~'.ft.·d. r~t~ .. ·;i~fr~~ in ~ p~r~J:t~~~l~~ ~~f~~\H~<~, .. 
ti{'.~ij .. 

}5 t~'..~t~~n:: S:i\,--:~~ot)"· ~ll<i ... ~rn¢ -=--~~~u~(':d .... ~~up-..n~~P $.$# :fa. $:~~,;~:s,,.., 

:::~~ity ·d.~'.,i~\~ .. ~ ~~~ .~ b:i$\ly ~t~ylb~-:c:~i and. ~')u~gg~n~t:~~t f.s::;~~h.')~~ .h1 
f1(t $ in tt~:::- i~~t:::-t~~~ .of '-i&.d(Y~ .:.:\.'-..,~*-t.~J -~~h;~~~:~~ fn}~n 'me 
ili~)}~y ~.:i¢:~v ~°X.) ~he l'~i:.>~-~ ~lt·~~ Hkz~~i k'-=:S~~ .:..t:;--~n:::s:t~t .. --i~~t ~~~:1:..~al 
t~l:e.s in s:h,~ siRn~t:ii '~Hp···f~~~ \~··<~·~.dd at::;(~ t~: :~x~ft: f;Uggtrcd ~f 

«> ·!*i<: kvd d d<:Mi m&,;;~ %"(.~;:; d;.~·wn fa Uli<.~ ~'xim¢ttl.¢ 
p·t.:..~:-.~--..~rtJ<)·.n .. 

A~ sh<.>wn ill FIG. 4l3, !ht' tt,xd datl> st>-".~<xl fo .dsp--simp 
44,-(~ ~":~U' {-~;-:c:H·'idt-· ~~~~:tt;s~~: P~'{.~~· .~ }&.{&""::.~ d:fap!::x~, ~~$.~<~~":,~} ~~l~~-- :f'\·~r ~~ 

~:~.:sn~!;h-:\ ~~$..;.~h hi:~h ·n~S<)}Ulk:<n ~~i.:~:~ <)f t.f)P{O~ fa-:. ~ J2J.::>:3~k 

N~~~~ Hk:::: <:~Q: l~ l~filc·~~l~!ed and :St<~~~d ~Nhtt~ tht~ ·c-~~t~~~)i~~f 
ait~: .. ~,t~)r .n-...~·h:i (~' ,.~~~,(\:' {..;i1~ngf.~ ti> ~u'.SUrt' t~~~-~ tH~~,.n~~f~ 5~ 
<:(:·t~1R~f~.~ ~h:::- '::t:~,~l {~.&-~:~ ).Vfi~<~h ~:_:;; n:~~}~~. Hkt~~).-; t~> bf.: r~:t'd·!."':'{~>: .. i 
f\':~' ~tk~~:.~y, tJ~"'¢:~~:-i$~~~ ili~~ ~h:::c~ ~n>..1/~z· :~;h.~">:::. ~:~f tfo:~· t~1~:~ ,--.::..=::n 
~ ;:t*~*~~-f'i ~~~ .a .... ~ ... x~nn1~ilit-=:: :..~ :a~::s,~ d~·~p~.ay vi~::5..9 .. 

"!'f.:>{.~.i <\rr~~Y >-'..i~~~ ,:~)\"~r t~u:e sq~~~\n~ m~t-::,~~ of §::.:i~:~:)@"~Jh:k:: "~-n~ h~ 
fa~: ilisi)fay lm"W'·· Th~: .ik:dk ilk 4.H~ n~~«ifos kxd dat-<S 
~'".:~p-;s:hl:::~ f':J .f°$!~'"~vi.d?ng t~~xn.~re f~:=.r- a ~i.hpi«y ?n.1ag:c--:: kx'.&t~~:c:'i 
·~~"h:h.tn. f5~~~~ ~~JB~&f!::. idk~Y~t.fa~~, 42~. 

11(5::~;'.)Y~L tYt~i~-a~ hl:t&g~:.:.; ru.~~ dfa~~~~yc<l s:t i~ J-*.~-SpOi:.':(;.'~i.),. .. ,~ -&~ 
~k,~"t:ib::it with H~"<:p:x:t f\1 fi(l_ HJ, Th<.~ hl:gfi~~~!- t·~~d ,.,,S(>­
fa.ithn fodu~!>N i$) tik 41~ ue~;j (idY ~i>~ ~is,~ kv t.h,, ~siMn~ 
<U:{.-:~::. ~~nagslU~.~4 .ii~- ~· f<5t-~gt,~u.~ i~g.k~ .. l~~~~n.~::;"~ i-.'ef ~i~t~i~ 

-1~"'!:~:ei ~i~. '~a11 l">-t:. ~~xiattii by fr~~-d~ng .an -:.:~:nt.k~ ~l~':~':>' 
$it~)1l~:.·d ~ ... J~i-).·n.1:.sp M$ ·fn1m n1as:s sk1f~~~~ ~fu_.~ .. k~·~:: 200 int~) 

.-Y:! sr;s1~~--:.~: in.e, .. {fff~';/ lU. :f:'»H i:t~itl~t~~ h.~ds att (~sp~~s .. :-hs.Uy h~~~~ .. -:..­
·hi~ fu-r ~~ ... &-n«1tk~ <.~h::,~.g~~:$ in ~y~~~x'int ~K~~ltk~n &~cl/(~-t fa~':l·d :€.}f 

}\t~·~~~~!i-Slg ·h.'5 ~ f~~rtbs·r r~~tm"C {~f ~be J)f";.':;S§;j{ fnv~~~ts.~.)~~ prt::gr~;~~~:'.e·~~:y c~~~-~·~~·i n:~-~(~lti:t~~)n... t·~t.·b ~~.;..~,~<.:es$.i\~~~ til~; .s~ 

~U--414 l'i~YCT~ !fa~ 1~'\tk~'.Ving bl:~;l;dcr l:\.l)~'M •l >;.qll&:~ kik>'' 
tn.{~tt.~:~ {421 }, 16 ~:u~n~ .. kil~nn-et~:s t42l} .. 64 ~:q~m-~ :s:u,-:-. 
tn<.'~<.':t{~ (41-3}. .. a,.'<(! 21:6 M!W:m:: tikR1<°:t~S f4:,_"~4), l'%{~~~-!vdy, 
Tfo:: ~-:<~r<tpkt(: !JU4 :'-<!WSf(: ki!~~l"l:i(:!>~~- an'>l ~'::i">'<,':f(:4 l>y k';~d 
~tit% fa~ tLl<.~: 415 ~s n-or sh~:::~ .. ~'ti due t:t) ~~%'-~e !itttit~tk::~)S .. 

f.lvt~ ti~:e.)H}~b tlH~ ti~~~ ~~l~Y ~~~ -~~1~s..t ~ ~~h~~d t~~~~~} m:t~)tS.:­
~':;S>.~~- t$};(: f:f$V::\f:'$ ~. ~~Yn~~~~t!'.~~-mly k~-g_t: ~~:.:1 ,~f ~- t{-:,::~~\~~ :rt~> 
~~c\.';,3.l~s~ ~~~f f~h~~ .. jns;, .:t.t~~:~t ~1 ~ .;.X)&f~::~'f· %:?-~~~i {:f d~~t;,:1SL 'f1{t 

~~rn:.~{'::~fa1..rt k~-d~ .:°is{: F<:'.rfoi)"f~ti:.i t(~ .c'iii(Jeutiy ~~p~.t.'i}h::~ te;.:;:c;t 
t.~t-a at ili-:.~ c·dgf'..i-~ ~~r ~1~{~$ ($~ ~~J <~~"gHh.~g t~~~$.~ f\~· ~~~:tt~~k=-, 
a$ di~ ~~,:,;-~~*-~{n~: :s.bHts.~ ~ ~e~' JC-\~~ ~f !~:~~t ~~t~~- J5' ~-~kiecl t:.> ~ 
~l~t· :fa~ ili::-=: -ith:c(:ti~m <>f tth~ ~~v~·~p,':i:ni -~\10~,~~~~~~:st l·\ J'"'~\~~ k>~~~~;:.~S 

«~ a.;.,,v:sy fft5f~~ <~ i~~~~~ -::':.~'(:t~$~.Ut 1~x~!tion. is d~s:::."":&.f~i-::-:::1 (~~~;~~t<' 
til::=-$ i&~~j :tti~~- lx:. U}~·did~~j until ID~~ ~Ytl~~hlt h&s tB).)V~cl 

4(~ Sh".)'h:-.~ ::~ f~~~f~:.;.;~~}..~~~ vi~~~'..' .{:f t~~&h':<n.:; .42;i)~ t~~ 4~.j? 1.:.x-::·~:~~~~ 
l~y tlh-:s. 4.tt)· h"':; 41~ "-}..~~fuh} th<:~ te;;j>e<..~t~~:-~ ftrsr ~$t~"'t-:t: k::''l:t'd tl ~~ 
<ktai1 map~; 4Ml lo 4llZ. F...:id,-i ~::f fa,~ n~gfrms 41~' t~• ~22' «n' 
~i~:~~:<l ~<)t:g ;s :e..~~:}}t~~t Hn,~ (Y ~~~n\$}ti,ng ftt<n~ .:m. ey~~si._~h~ 

~;·~~~~~*~~~~~t>~ J~\~ ~~) $\":-:~~~~;..~~~='. =$ ~~.:~~""? ~~)l',.\,• l)f t.::=-~~:§ d~~tS:. ·.rh~l~ .. th:~ 
r:c;:J~ti~<:J~{ :sm::::u ~~sx.~~n~: c.t· ~t'..~.el d~ta it:.v~~Y~i i~ ~~ ;$:;;_i~~~~ .... 
H.~t J~~,;s.~:s sJ{~~"s ~-.,i..,~"S .. J:n~p tiJe~ ·~~~ t~ ~~~~t,.,~~~-::(~ in ~~~<"d.-~t~ .. ~\i:=::: 
~~<hlJ~ :~n .. '3int.~·dn .. U1g al·ii).·t:u~:nt ~~~jJ~~ a ~'1t~\?i~g ::';Y~J~':$~3t >;;.~ 

f)<."\t ~~>:m~k.. I'lOS .. ~A and M~ H~ll.stmk, f(:'<,~~''tkdy, tm~ 
~~as. :.1f ~t~~~ Mts. -:."R~\~~.r~d. hy <:Hp~:f}m:p til-:,:~.s b~~f,'$.~: .:-snd ~fh~r 
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~~ -::uhtcxtttt:t to~ ..... t in. th::~ h.~ght$t t~'.}~)h.:t~~t:, tlt~ 41 ~t r.~h ,:~"J:f 
~h~ ~/:;~~~ ~:~l ~.~} fS~i.l ~:·~:\~t:t$.p~,):~t~t t>> thf: r~~k$ts~ ~f ~. ~~-:.~~~~:}\; 
!<"~1 .;.~'?WX1 by H:xH.: til<~'s 41~·41.l, ;.i$,.\l:,:::::;<..'<il•~-:,:,l >:m·Ik-i· 
\~dd~ $\;sptt1. ~~! ~ii:~ te:n:m~n s:tf f:1C: .. 4.fJ~ A f~)~'.kt '~ ~·:~~~'),~ ®l* 
&I;);:1g ihc ;lii'f.;:tiM (.l i1lil!'ki> the iihphy <!S'C:l Wki.d! lN!M lx~ 
<:'.(H~~1:txl hy ~c~n .. ~·:::: ~ll:t:s:it U>~i.::."-~:~ ~~t.~y ~~h{:t~{: tl:~<:.~fa: .N.::"S.kHt~R 

\'-~itni~~. ttiR~1gle 6-{m- Rc.;{:d ~'): t~~ ~k"!:r~·,:J ~~ r~:t~i.i~~d. in the.: 
t:'.::>~~-~~r~, ~~~et~~:i:)ry .2~~(~:- ·rc:.\tJ) Rt\.~U~~i ~he fa~~.~$~$: '~ Uh\{~gk: 
~~~- <~f {:{~~>lf~~~ .. ,'-2.tl b~ ;~~ict:c:c:! to pr\:'~d .... ie -~~$.1,t{H(.~n~~t ~~':',~~~u:t 
<l.~~~~ n~~~r th{) it4gt":~ of a d~.;spl~y int:~g~ .. 

As sh,iwii h1 Fi(L ~H, ,~acu foR,~ fu,~ <~)'<.~J:O:li.n! fu:l.\'ml<:\'S 
-=-~~t pi~~:l .. ,_>d~tdl (th~: r~i.'-e.{·w~>.:.tfu is ~:::~)S}?.:gt:n.~te<l. >:~:l:.ID'\:-~: ~-{~ 

APPENDIX BB 

di~fasH i~ t{) bt $llli}~:*"~l -s.:V1t~\~~ th:·~". s-ast~~t ~~b:::y:;t~:-n~ .U-4 ~~:_':~':ks 
tv ~~~:ap ~ pi,~.,:~ ~*'~~· h.~,":}~~~~~~l fa~ ~ c:·~st~-3~~~p !:.Ht: -'."':'-.~1~:'$J.x-;.~,ding 
t~2: ·~fa~~ ~i~::.:is~d h-:·s··~~ {:>f d~~t~H ~ th~~~~ is ::1 pr~>bk:n~ in ~ha~. -~h~~ 
t~~K ~'ff'~ ::J~~~f.WY .2·2~ ~:.~nfK~ pn~·vi.d~~ tt~~~~~. data ~~ ~~t"'; l'Th!'~:!~~ 

$ 5).}'$f1f(?t~i .. ~~e rt~;~${ijtk~n ~t ~h.at _p~t{~':~lar pL~.~i. '}1).~:· H.k~~Ju~,>t4 

{>f :~u":h. ~ .~~i~~~~~J,m s.th.~~g t.<1~ be n.,fa~imi.:':.~~,1 by hn$SisbJs 
~~.;..mdatm,g Jarg<:J tlh-:- sili!'$=, {)f ~x~urs,~., f~Jr & ~~ ~~~1":: s;:,.;r~~~:~~ 

:$..~~,-;, t~~ ta.~-:· :Si~'~ ms.d {~<:t~H.'.r pt~~i~i·~H~ ~~;s.~ lX;~ '~~k:·~~tfil{~;d. t~,3 

gu~~-S'~!~~-~";::_~ ·~h~l ~~¢Jf: ";~,·~~t~~~i ht' ~o \V<~YV/~~~ pi~·t.:t'i, 

th~ ~:<v·~-;:r·~l§ ~i~~: :-.:h~:::: h.~ m:U.~:r i1h.:~Sh'7'"&~;;:: ~h~~ ~~~pd&d.~g 

'')X~f)}i."i~":<n.}.. z ~~~~·' t(:~~~~~ !~~R~· ~l to.;.:;st~~d f~ .. ~\¥&rd. t:~ ~h:e 
~:)·~.~~~h::.t fa: .ln.~<l~:,t fr~;)tt} ~~).A$.$ S:tf~~ag~~ d~~cvk~-::: ~)8 ~.~t~~ th~ ~.~ 

Mgt~'~t r."t,~;Jhrt}<.C<~ !:lk 4W hi t,~~!m\;: ll~~°'.~'Wl)' l~t. '11w t~~~d 
~·~,:·\~' 4~.l fi~sth~~~. fr~.:tn): ~!~(: nt<.~!' ~y~:p.:~i.nt x{ ~~"i tht:~ d:i~:€..'"<1S'd~~ii 

:-rh..::-: ·h~vt~-~~>.<~~ .... h:.--~~~-·~"··~~t.._ J~«-"~~ d:j:~~~)\··{~t~<i ?.: .~Y~,:~~": .. -:~~eg*~~~ 

S\.)h~ti~~i )~'hk~h :d<~t~ ~)O{: .fti~utl:e: .%n t!Ullttt:s.~~.ry t·>.:}.~Rt"":~jo.n t'>f 

t~~>::~ (':l~p-··ni~p. t<~ ~,:{:(~~nJno<h~.t=::- \~.~~y~~··~~~>.:~ p1~~~b .. i~~~ ~~~,~~'~n, j${ 

Ft({ ·7·~ $:~~h:-aJtu~e tt:;~~~~! d:.:~-t~ .fa ~l~dve{.~ f~:-t· ·~ t~ixtJ 7~.l .iyi~g 
'~~~.2'~ide <>f :;s .!:.'ilp·n1ap J<I~. /\ i~:i':,{;-: 7~2· is firs~: de:t~~mi.ne:ci 
btt~\~en. t~e O$Jt·of-b<:~im .. d~;· ptiel 7{ftl at~d ~~)c ~p ... :~ .~;.f th,~ 

pytRusid r•a;t (<.:t,.nh-::$·c-fth-<: ~'<.>&r~w! f>".! t•'.'l:d tik LOO{Nl}, 
i\t :s"~n~ ~~>m:s 1-M·~ till.$ llTit ;·iJ2 .i~~<:r:N:~{··~'$. ~h~~ ~n~~n (~ tt~~~ 
cl{p ... ni%,P- $~$~~Xnii<: ~~A::::{ <i.:l~l!'i 1·00, {:·overing ph:.~i '700., $~ 
tl'w>~ ~-4<\Wll ff::in.i Hl~ ic~;:im~~t .. c.:~~u:,.<..\r tiie M4. 

fo !hi.s way, !.ik~ 41(1 ~'<.>m.>ii:.\s t<.'xt'.l dilta for <m iss""a ~l:W 
'"'-"'··~fog tl~f ll<.~w· ~bpl.:l.y <t»-C& Ml<l.i. §\w m<s.l! d:i.aagN, lh<:<:. 
,.,.,_1>.m>;;::t tik~ (4lL 41!, <.:t(:.l ,fo ll(>t him' ~'' lx~ iip:l.:l.t<:<l, 1<; 
l~~~~s~: ru:.1 t:~{~3Sl &11Hu11t ~;._~f t~-:.).~eis 23:-e ills}_;ru:d:~:d 211d ~')3..dt~d.,, 

1~ :pn~-:tfa.'t: ... ·s~--h~n. ~he ;res<..1.l~tio~ .. ~~·~1~-s~~~~ ~&:~::.:~els f~f d-t~t:"iil 

~{afits hy :.:"i t~~t"'H~- of 2~ ~~:sJbstit~t::--; ~~x~::l d:.~~:.:1 .fa: ~;.~~nr {'lra~,~~ 
:fr·•.)Sl}; t~~~ .e:~~KS <..~-:.)..'\t~~·{':::· t{--::~~<;-:} ~$f tt~~;~i{ ~~y ~hlftL~g ~~ te:~e.i 

;i.d..:lress <.."R<e b:it. Oper;lliM:.o t<:ir <i!x.afoii.ig s1i~m::.~y al'M;:.:~~f'~ 
fik~ t'~~e ~fa:~~ (~~}>d ~.}l:t-c..)t~nt .:.'~f ~~~::<Utte $'n~n1ory ~-;:~~:n~ar. .. tt~d hy 
-~jx.~ $:1i!>--~1"1.:\1)} ~{'-:tS~.~:$. >>;)~~~~&tsL 

,.$lh~n. Ht~ ~~Y¢(~oh~t t:;}~)~>~~ ;t tr~~~::tr ~l~$~~t~~~~,. t::.~:~r,,~--r. rj.~t~ 
fa. ar:~Ut~d ~i.mUi~"~Y ·k~t th:e tU~~s ~t Cf':.:.\r~.::~ t .. (fi)s.:. l~(:(:.~u~~~­
t> .. ~~{.~ ~~~-~.~~h: H·.-}m ~~ L(}J) ~?·::~ D.h~~~-;:t:·t t>:> ~>ne· ~~ .. ~:ei i~ ::~~~--:h 
ili.~:~tf,1::s :S ~.~r ~:in ~~~~.h .. ~f;:.~ sp(li);~ t7\.~ ft~"n1 a S:'l~~;.x~~?~s_i~:-!::~ .l .. ()f) .. 

~~:$f <~ t:::-~~'i !K~":~tc-d i~ ~ ~:·ilp--~-n~~p -~ik-: -:*~ th{.~ ~j~~~t4 i>:::.~:-~~} ,i, 
·<.~· det~~u {~r:> f~~rtf~~~· d·::::s"~"ihtd h~{.,":~\ ~~d:tfnnet~~~ ~JH~ ~:~~IDiRg 

'-~p::~·atfr)n"S t{$ .... *-~afa) ... ~ :::ut>s(~ttHe t~~~J l~,t~\::~>~~y .~o:_~t~s$ ftqn~ 
th~ tH.-::-:. ~t the »~».~ ~-::ar~~~~ ~~\:-eJ <)f d::~s;~H ~·t~k-;h ~~>~:lt1':$ tht. 
-s.n~~gh.~ p~xt:~ i~~ als<..) dz~:;.~-:i1t~~-;d b~-:.lf~~~;·~ t~e ~~.l"::~n1~in1r~:~;:~$tuti~~n l:.'!~gfu f~);~ ~~-~'$~ 1..(}f)~n .. ~ h- i--:· ~l~~~~~-­

wlx~r>: m>::C:) !;~ N, A.:-.wdh~gly, tll>: !ik:> fo~ LODUj, LODi2l 
. . .· f...()!J:~ 4 l .in in,-: ~-:~Jbk'-:cd .{~t {)f ~ ~'i4"$-- r:z~~~P 4«~ <~t~· ~:3lliy ~~: 
~}xk~t-~~ ~~:n,-:~~ !Jl,-: ~-::y)~t~)~~-5 b~~.;:t ~\~$·\.'t~ ~-~~'{:· .. f($ur .. ~::.~~#.:t. ~-o.d. 
$i~~c~--=·t~ pl~tf~ ~\':~}~(:tivety. B~(:~u~¢ ~~i.'i~ ~:e~"t'l ~~f d~t~n :iu 

l~~~ tt"":tHnl~~~~ stfts~~~~:r.H~f.: tt~·~~- ~*~·,ting ~:n,~ ~~-~~t ~~-s~: l::::"'"'~\~ {st· 
ci~t..~U-: H~t~ f .. :c~.::~.:1U h"~Ju~:e df:taH n~rn.s.in~ .th-...:h ;,,::g J~>fa-._nt~.al 

fn).a~~ ....t~"';gs·~dat~.:)n ·6:·{3~11 pii~l:; !yiu~ fH~:ts:.ki~ t~- ~i.~r ... ~ii..~p J~ 
t;sdu-~~~d.. ~:h».~~~~"~~~~ l~y a.t·<::,1$'n.m.!}~~&th~g ~··&yl;.~··;u~tl p:~~.~\ls:~ 
grt&u::r -~;3l.tHJ<.it h J~~ ... ,.,.~:i(t·:xt ~:n $~~ttfa~g: tHt s~.<:.-.-:~} tht.feby;. 
tx':<lt~~:b:~g. the ~"t~~~agt- c-:1p-a>,.~jty :r{':qt~itc"<:} i:>f te.~tt~rt . .s}~:~n~:(~i 
~t~. 

lh.c.: p_traJ1~~~ial pmt is ~fa·~-ady .h1Uy hR":kid<::d hl dll: ~.ik-:· ~l5~ 

~K·~ u~~~Hfalg i$ t~::::tt.:s.s~:.ry ii~ thtiJry, 'J~"> ~~ht~pUfy :.td }lix§atJt-:.g. 
illii::.wlfum. lwwn-~"l:, wl.¥:!l tik~ fo dth~'<· th: @bk<<l .~ft '" ~.~ 
th~: p)':t)i..~ids.~ p~~· t'(:.3.<:h th~: ~:r:.~l {:f .a }~:v~~l ~~f d~':.t&fi. ·i'n~ap.. 
g;s.rtsag~ <:tr· u~t-:.k:·~:; t't...~t:i ;,..~n b~ ~on~i.c..'k.Jt.xl to lx-: .~nOOcd .. 
Su~><tihit~~ k~d d.;;m drJ!.,~1» frn•m .3 '''-'3.l:?<M tfa~ W<.>ii1d lx' ~is~'d 
~n.:;~~::3d nf ~Jl~": g~tb:.~~<~ d3t.~ ~{} pt~)),·fil~~ tt~:<~U."t~~ -d:::.-::~::1ll .f~ fu~~?~~­

f~:¢~~(n.s~ 

HG~i, it:\ amJ S3 <1<~' tliYMfi..isrt« il.hs~,tra!ing il~~ >'f:lX~~-:~fr.>n 

4
{: ,~f sh,, f-"~'smt im-~'»tfo.n in ~~;wiili.ag it:xtm:::' d~1lli fr<>ITT os 

,~up .. -t}~) ~{~ d~sph\~~ {n,:\ag~s:~ 
/s..c.:~(~.:tdins t~~ lli~ pn.::~~:~~nt i~\:-~~~~tfr!n~. thert th~: at)l-c.mss~ ~-~f 

~:e~~l da~~ ')\:hk:n nnrst t~: l·~)~~~ied at a~} gh~~r}. tit~~e ~o ~~pd::.rt~~ 
d~f>·map M~ is .miRhrn~L fa<1J-dm•: di.s~-:,foy (>1~r-..i,tfam. i<> ii<.>t 
~;~if~~ . .)~~.t 

"ff.::.>:;.~{ <4t::1 c~~) tx-:: ~~pd~te..<l at~t~>-~\~~·u.k::...~JJy ~.t~~i/.c::tr .h~ 
re·~:f«.)n~~;~ to ;:"{ ~~~-~·~r ... pr~}V~d.~~ .. h~t¢Xi1.l$~t $~~l~t::.~~tM.:':\-;: k!i\:"::d~~ ~rt 
fortb~ m&fk l::s ad~'mK":' >)f wt:,-,$; th~ t<~:>:d. rot•~ is <~<':tll.&Uy 
n~~~~~n~~~ f~~ di:~¢2:-r 

f.~i~<~ily .. (l l":h.{.;z~k i...<~~ bt n."'-'d~~ k) pre-~:t~.~}t ~tfa::rnp;::s t,~. dt~l:;.~~ 
ru1 in~gt: u:sfng ~-~:tt:t date~. ~~~hi<:b .fa. bt.-;i~g llpd&{~;d. r~~:i~gt: 
ri:1','i'-'""W ;ig' ddiU<cxl al fuc: dg,:s of lik:> ill tb: '-'llbkii }~ of 
fut ~'il!>·m<li-'· Tl.'l:.' frill~Ws illd~iii>~ >lt k.l!..'<t fa,~~~"' t~'Kd!i lx:fo~ 
~~p~t~~.,xt.. 'lb l*.-;tte:t ~~>c.x~mm~~~~tt· ~J~';it& atf>:.h~~;:si~g.. i~. is 
pr~i~'J:'S~~d. ~:h2t ~ts:~~ ~n~~~s -c.~;..1-"1~t-~i:t ,t & fS}filti}~t~· t~f ~~~ght t~'!:~~~-:ts .. 
h>r .~,~•srnpk, i~n a il>::<Jk tik li.s.villR .UJN t,:xd.s \>n .3 s.i<fr. 
~i:::~t ~~~'!\:t~~:~ ::1t ~~ .. ~~~h ~~:d*~~ f}):t)~l tffi~ fiin~~~ regh1n.~ t~;_'*vin~ 
l .. ()!Jii: tad.s "'"'!l.Uaisk ti, pH:''<'id<: l>~:>:~\iR. A&~' ..is~tc:m§.'>t K• 
l:l.>.'(~:~;>; ;.i i:.~;'\:d fa tis~' fi:illgc is !rnl.t<:4 s.ml a :rnbsthllk t<.'Kd 
fN::n~. tb~ n.~:~t co:.lt~~·~t t~v~~J ,\f detaU fa u~.;t"4 xu~~r~-...a~1 .. In ~his 
w;:cy., ,~;:.-<:,~~'""' h)' Ull1 rnst<:r sub:ystf!Sl. 1M ~l> ~l>n-,U'k tc:xd 
ililt& ;b R<lt ({.\llfikt ·wW:i ;.i.n~' t~~.i:d U§'><l..atill!?; ~ip<:rntfoi;, 

stffi~:ti~t~b~: ~;l~:t..{::1 d&~~~ .i~~ r~llifn'.X1 ~~J~· si~~~~-ti.<sts:-..:. <..~~·%~~'.rt pi0{'i 
d«t,~ tyhig <.Wt~i;k ()f ,, :.cU!Hl~' tik ;s! .3 d.<:\SU:t~il. kvd <ll' 

l~:~rs.~ . .:~ t.:.~:~Xt~r~~ ~iJP ... il.\~P f~)S~·-sen:t<H~ .. ::.-u ({ ~ re~~i~r~ n1~~P 
ts: ~':!~:%"~~§. in .$:n ~:~)nt~nl~t::«.J ~~,>~r-lt>rY ~:n,'h ,§~ .. . :~. :rn .. :3-.~~ :~:~:i:\~ .. i~g~~ 

dt-:·,;>ite l-i$ (~{tts $!~~}. i~·(':v:.\-:~~,"S- i~t~ ea~ p~rf(~·.rul 'f)S<.':·--
{;~ tHlcfi~)g to tak;u§~~: .:~. ti:'.X~Ui"t ·~irr~.-;Jt:..\p b!.i:~..;,~j O.>l ~~ f,":·:~n .. tN.~ 

i\1{~P ·~~ri~uoo &y the t~~¢.r .. A-Jtern-~tiv~\~):\ t1~~-: ~3~.\~tun.~ \1Jl~ ... 
n.1.:~p <>~~ t~ h~~ikxt ~~wj sto~\~d ~.il:B.~l~y i~~-'~ th¢ J~m.~$· ~:1(~rag~ 
~fovfa~\~ J-0$. 

~'\.~tk~$:$· (~f th-e ~111~-~~ .. n.~ps m·~ t~~~~l:":: :s;:.~e-ct~J h~~~':J \):n a 
.~~::: -~'=·utk~rihlt n~kf ~;{ \~k~~ .&n~~i~~f ~~s~~p ... 1int l~':i.(~~*k~~ h~} §{~n1 .a 

dip-map (Hep gz~I- Tb<: dip-maf~ b ~t-~x~-:;i ia a fa~,;~:r !ntu~r,, 
tt-~t":.U1~-~~}: .i2,.f~ {}~t~':j~ ff:.'°)~ tJ~~fa~~~ St~~il <.~S:t{i ~i~)t~~d :h.'t t.hx-: 
~~tsp·n1~p. .. ~)::.\~~~r;:.-: ~a« t~ :~~ptd ·~{l~.c.~:k.1.y {ffi<l ;:.'.ft1t-'-jc~~t1y t<) 
~·~~:t~~~i·~<)$::;t~~g pi .. ~el d:::J;:'$ t\> displiSy· ~ n{;~\\"" it:xtu~~d ifmsg~": 

.~:$ i)lej) 8®}, 
'fo ti:..~c1' d1.3i~;\~s fo fo,~ ll.dd ,~f "fa"'' .&'{l;(Ui>t ~Y~~vdo:t 

kx:~tk~n }3f .. ~ llispt~y V~t--:::.~~ .. ~)nty th.:~ ~:ting~o:; )):f ~h~--: ~Hts.-~~~ th::'":. 

;:.1ip-:WlJ> at:.' up<.fa!<:?.l {m,ps !t."'9 ;:md AA*.!\ Sm'h «iihk~Hll.·~ 
k)aa~ ;;.-:;m ~ ~~wrfow,°\\,<:l l{l f~'s.H!m~' wj!h m!~-uitl pN><.~~'ss<.~ 

~~ =:r~~i:the';;1:d., nhUk~-; ~~~~tr'~"t-;·nti~)~~al s ;tsre:~n~ .. ~i.l et.\~'it~ te:~Hl-::~ 

~n~t~ .::1"p~;r<itk~n 1:':.{:<:·d l~~·~ b:-~: pt:t:ft~rtu.~:tt 

FJD, Sf~ ~wws !h.~ ''f~~Rtirn.~ i.n Mer M(i for r~·(l<.>::o~dq~ 
~t.'l:tuH~ for « ~w fai,~w: :itt gJ"<:<i.;.i::r -.%:l~it l& ~k~~~ &41.. $. 

ct~~;,,~~~{~~kstt (~f J~~;·g~~n.al i~·-U:uiJiv~~ .~~Jd. t ... ~~:-<~:m)~. {:(:<:-s~ii n,~~-s 
~&= i~x~t ~Dias~gh~ ''~ttit-t~~ ~e rypJca.!iy ~>t\)s~iUcd 1~ s{:r·~~li 
spa:~:~'! by .:s g~'="'~~¢;:~ry t'"H~~fa31~ 222, )\ t;s..>.:s.~~r Sl~~(y-~~tt~n.~ 2.:.l4 
·~he.~i }3'.l$:?$- -te .. '$;.ture .~~~xlrdlr:.~~i{:.:~ $.t th:~= vcrti.~~""::~ t~1 pl~e.i.$ .. 
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lJ 
'l\~~.tHt{;': {~~~)<..~"::i{~&t.~%· .._':;U.~ ~>-";."'.: >.':;~.\.':::.~1,lt~td {~)f t'~~<~-<~~R~~:U~·i~)ll~~~ 

~~· sh~.--fa~:--dintt~~~~:~Rs.~ ~~~.tun~. l.A)I~ n~ps ... 

1~ ;~~~~':}':'Ml .. a~ ~pprH}'$'i~k': .~t.v>.:l ,~f d~t~~u i.s :eik-::~ihil.t':d f, .. ~'f 
~~:.:1f.:~ pi~.~':}. :.:1<~f::fk~dinR t{~~ s~a~d.:u~{ l.~)f.~ t:-.:~~~~~latf.;H.\ ·}~x':b: ... 

rsiq::-~:;.~$ b{1.s.td. '~ d~~': ph:~:] .... tin1~t:$:fr~n .. ;.,t~d: t~~~:;.~t >h~Y}~:~~5~\.'~<1. l~ 
h~:v~} :tl d{--::};tlt n_(,~f~ ::~k~$.;:.~;} tf$ th.h iSj~\~\~;zf~M-=.~ k~~·ct {:l <~-:.~ll 
fr~ d~':tt'..:tn1~~~':d f,1t. t~s~-: _fS:h~t'..~ (Mt'P M)}. 

APPENDIX BB 

~*~'t~~1 \\.~he~~ ~ ~~~~b:;t~t~~tc: t(:.~,~--..~ rnu.H l)t-: t~$td ~$. d.es~:i)l.}.:;.>:~~ 
;i.lx~~,,.~ t~t: 1 f)n v:<i!>'<.' {;kHflk' l~<~' <.'li>~··'ll!Sj.' ($):(' "'! fr.<:: 
"' :.,~ ,,~: <'<~&::·;;-~~'.' »:1,,~;':~i ','! .. vt .,;l ~Vb·i:. >; :;;~..,,~~~ ;h," ~< ,,:,,;;,('~,.:~ :i '·>.'\·, ....... '.\, ........ :'« .. , .... )..-..,. · ....... "·' , ....... -:<: .. "'Jo. .... -». ...... ~ .. , . .,,_. ....... ,,. .................... '~~;... ....... ~~ .... '\.·. , .. .. 

~t.~t.~.' 
'l~::s,t~~$"<:: n~,-:.~~~.~ry :n$..:;sn;.\~X::t ~:?(l: t~trh-::~~~::.::~{ thl-:: t{.~~c ~ <=-t ;n~h" 

st,~tBt~~ tt~~t~ ·fr~~n.{ tM tUp--.. ~~{:.~J~ ~tt::n·:d .h~ J)R .. ~~l 9:~~. "-1-;h-~";'. 
:n::t..1~".?;:;x~ t,--:~:.-::l .d~~t~ fa: thl-:::~ s,~~t tt< .. ~ ~x~:~.tm:~~ ffk~r ~5{t 

'.}\\;'(tm.~ :til!N :%6' :fiJ\~\t'>i t~>:d <liM S~!)t !~y lh'~ K:KH-~J':~ 
:~~${':3:3);C>t)" ~;,.:.~<;{~"f'-.~i:33g t~•· >,...~.J'~J:~:ttfiJ.{~'tJ:fil tt:t..is~kl~{;~:S~ }-:;,~~~~·· ~~~&tBpk:. 

~.~~ ~~f .... ~t.~t~r ;.~i'N.i htght~t" ')r~it-r i~~erp~)§.&~i(n~,$.. t4~i~<..t~ng. 
:?;.:~Rx::•ll1i~g, and ~"-"'="K~nrt: -~ha1J~·o:.--::ni~\~ t~':,-:h~~~~~::;; .:.:;:'~ :~~"! 
;~i~pH~-:~~i u:: tt~t~i..f~~s: to~ lnstn-~>~'~· ·~ts.:;.": ~.">~·\':':;.\.~Ji ~u~!Ji~~ ~)'.f th-!.~ 
<l1~1~*ty<~d iu:~«g~ .. ~}\~htUR~ fi.h.!;::}" f*S~ (~~r .;sitb-n~t~~ ... ,~}y fu~ 
fs~tt~e b~~ger ll.$) J~rih~r ~~t~lb~~t~: ~nd ~et1u1\u~~.~es tt~~ 

l~-:X~\~~f.: <;J~)~e_~~t 't~> ~fr·~ ~~Pt'$?<~t~i~~e ~:e'h.'::l (5f ~~~~~H fa ~h~t?. 
>.~)~~fr$>:-i:.t ft ,--:.ru. ~-h~-:· fi~~':'.>;t s\':-:";<':5luti'.n~~ t·t{i.:- ~ tl t~r. >:Ur~ rr};~r {.~=-hif~~ 
<lCU.:.:.tlly {'.!K<l!ilf"~\S~<:°'> il ~<.~0~d <.'.,>l:i."<.~Sp<:im .. ~{l'§. l<i ili<: pi:(d 
(~~f..~p~ 844 t(~· ~i7}. Fk~t. ~ (:h~<::k h n.~aGfo: ~'-':- d;S:.'t,~Jn.~~-;::: 

~~'ht~Jl{.'=X ~,:~{,-=·~ i:J.~m, f~~~- tht: pt~.d: h h~<~fa~:d,:d '$~(~~J::i~:s ~: tUt:: 
(X>iJtsp~::~d~~.g ~:,) t>~'.': ~p~~~.3}."'S:mt{,-: k:v:c.:l (:-{ <lt~<ill nl3p de·~~.s: .. 
.m.3ntd ~~ ~~tx:pM3:. I;c<·~~se th~ :cit~~s )Sn:~~'h~:S$::rrrsiu~~d b:.-~?~{~~inn 
{;;:y~·~l-~'si:; .. ~ k»:~<1t}<)~ ~ndff;t· fi~ld. <>:f ¥:~{.~~::- tt.>~.~\~ -~i=~t.~ f~\f .:s. pb~.t~~ ~~~ 
is. lt~:~i:y h~Bld ·~~·tthh~ .& tik~ ~:s .&~) ~~!~{{,)i;r~.-*~~ it-:·•lci (~f <k=t~~i.t 
i~~ tfah. ~~$~\ ::'l i.<:'=A~~t i:$ 2:.:.=c~~S.$:~~ fn--.(~~~. th~ ~'.::.)1~rt~r~~~n~Hts~ tHr: 
~d n1&pp~:d *.\'.) ~- ~::.'.-rr.~s:pfnK1in;§: pix~~~ ($:~t":T~ ~). 

.. ~.:> :j~$,\t~-~xt ~-:~tt~~r ·~vilh .r:::'5pr..:..:t ~:t> §~l(}. 7 .. ~~b:~t~ ~ ~~~x:c.:J 
. . . . . ~ 

M tht <lppNpt~~t<; k>-'d »t #4.\~l ~~ ~~. i~dU~~~j Wi.~1>J.t~ ~~ 

t.~;->~*~ t"t:1:~ '~~tput ff~);m S.~"!Xtu:n:. tn~"!Jf}{~~..-y :;.~~::1{1.')g·::.":t ·~~) ~1-~~rl ~~.::: 

\".>:1m'.?<fKi'ti:dfo.~ l:i,twJ <fa!:a >:mtµs;~ by il~<~ p(Kd g~:i:i~~r<~>>~ W~ 
t~~{ ~t(5tagt: .h1 fH~lJ~t: bUffi~r tl$. 

{~:~)t::~"::~{~·fsn.d{~~~ tile ... ;}: :'X~:3fS~':t ~ ... ~~~b$tit~R":": ~~""::~,-:::~ ~:} ~:s>~:·ts·s~xl. 'Th~':' 

~uhsti~t~k':: ~t:'--~tl i:} ~~-f~:Z"t~~~~: ft<)i~ th':'.:': ti1.-::· ~~:fut" ~~w·-.-:st f~;\~.:,,;f ~Jf 
~{:t~dl '~~ll:t{;ft c·ri~:-<):~1~rsi}:;~~)~ ·~fae o~:igin.~Hy---~<~;tht t(::~~-::§ {~!t;p 

~}. ~n~~·~'=i~ n:~~~pp·~~ ;o FL~(::fa .fr~ s~~~~ 845 a~rl 2(~h.st{t~~~ 
tc:~efa: n.1~f3f;«:-:d i<) ~~-..~:r~-:S}x)~ug pi~~~s ~n st:;~p S46- .;'tS~~ 

~~'=>.~n1u:l2.te-tL filt~~~~-~ ~~Ki ?~~-:)f~)j ?~~ :.:1 ff.&.."'11t- bff~h~t 1-:?S i~~}.r 

~Hhs~~ql':~;~t ~u~~pl:.~y f$t~;p- Mi). 

HG .. Hl ,:;t\<.1W~ ;~On!f"-.~)<}ln. n~<::>::l>:i:k~ l~l~·Hl{~l foo-i1ch1g 
t~~~~{ff:<? K'~n\~t:atfn 9i 0: .. Hhk-:ks .HUi} tH .HWi} .r:~)"n~~s~~J1t !S:t&ph­
h.'"...' ~~~;x~e~;:(h~€ n.~~'ill.h~s k~t ~.:.~an ,-:,~)t~~·~~!.'llQ:g -~fa"1~ith::t~~; .. l:\):f 
p:i.U~}~~--:::;: n:f th~s ~~~~:n~rJ~~ fr i~ f«~$Ul\~:~i th.a~ me f)fb:).\~th~~ 
d~~t.~ .. :t~pd,~J) ,:,>n$:fa:t:;; ,){ t.d::~:ng.h--:s .isn..d th::·H pi~::--:1 d::~t.}} i~. pt;;_)... 
c:<o,S::>>~•l M· 2xJ .~>:d qtm>b. M1xfok lM!} rN;li.~:.$ MKl \Wf·· 

n'"~~di~~:~~s th~~ in~~~ sd~1~~glts. t.;;-::,x~Jv.~:d ao'<..'>S:> 'U'~.:~n$':-i~~ h~~~; ·~)5:. 
~1-~~~ie l~l~ l~.¢·~tr~tt~~ -~t<:t~t~on ~~i~ft~.:..,i¢{:;~$, S~~~U f·~>.~Y·~~"' ;::$ ~ 
:S~:O. ~'x:i~~:k: J(l3-n fut~n ~~{t.~ ¢'0{~V\~t:S th~ UiRSig}~~ b-..~-s:td (':~~ 

$~:;':p~ 84·1 t~> $:.t7 &:~~ n~p-ta~td {{..~· ta~i~ i~f~l ~1~~~yg~~t~ 
dt:-$.'-."...d0iOn lWU.~ ~ ~'R~--:.~~te ~~~f.'.';:c~-~!/ itu~1ge: h~~~ t."¢C:U ~n~~~~t ·~G 
h) t~~~ed d .. ~:~ :.:~·nd ~~f~nx'l fa1 the:· ft~J)le ~>~iff~.r :lW~ 

-!.'\:$ (.{,,:-(H.:d . .J tx':: ~ppan:';f~t t'.} ;~).~)\.';. sk~U,';d ~~~· ~i.:.~n..~put~r.:. 

gt'S3.>t"':{{$f\'~·d. {¢:~~un .. "!d gn~ph~\"!.S.~ th~ ~"~'::H~'}..)~1&p~~ p-_t.;_) .. c:~~:?:.:: 

<k$<-~rih~<l '..><.ilh g~:si~~"-" i;,.~ HGK $/~. m:;d <'li:U, <:·mi lx~ '-~>l>:tkd 
-=.~~t th.ro~~g:h. fi-u:·v,~·u.~~ .. h>ln1,~·2X~--: .. :.cHf~v .. ~n~ ::~~~~c~l~~~i by :.:1 :~s 
i~"~:-.,:~~~:.::;.~>t~. {3f .~l~Y <::i:)n.1:bL~~t~.-c~ th.:.-::r~-:::i:~, 

tix: <}lJtf~l\tS ,~f ·:11:\.1<.~~lk> HHt~ ;:m<! 1~1$ •mJ t!g~ {::;:fl >.'i;.1{)_<. 

d~n:.:)~~~~ ~~tf~t fi~~~n ;:' ~::tt~prx.~x· {nor shH~~'n:) in i~.b":~~{ .g~~:ntt~t(s::" 
94t~ ... f::.":·;~:tu..n~~: t-:Oi:.n.:iL:.)~t.::::s fOr ;:.--:~t-:~ .P:iX ~:~ q:t~~<l a..~<.": &.~~tt~l.'t:.=:t~::-iy 

i .. ~~~tp-SJt h):~~r~ ~i.;~.~~~ <:.<sts~~~":l~·:ii-' .. m Hl.(>4-;;._tlc 103-lt Nz~nn:si~~~~r ~~;N:t~ 
,t~vid~~· 1~6: {.}~~ti-~~us n0n:.~~ti~.~':d t'e?;:t~#~::: ~"-'*.\td~~~~~-~":$ f~n· ~h¢ 
~fl~:::~~ ~$~~t. S~ ... ~":b. S<~t~ ,~:,}~v.~~.rs~<~~ pn~x~::::ss~~g is ~\·'tl~-<~:n(5":.~'~~ 
i:(~~ t~<.)(f~ t~,.~,)-... i:iirn . ..:.::J~-::.ji.)f~;d. ~}n>..i ij\1;:;.~-:-... illrn~~~-::.i~)~~! ·~~:~:x:t~~i\'; 

Hl:~)'piug an.d ~~<X:(~ ~){}':': b .. ~;. d~§.:.c:"f.it~i:-i fa~ fitr:tt"~i~r ii=-~.:.~n. 

t.Ol'> ~'~n:::rnhmi bk~k H.$$ dt:t,~n,,fo,~~~ m:J UX.> vafo,~ f;Jr 
t::;~-x:Hn't:. :~~N.~td~tt<~l~:$ i3~~9t~i:a.tt~. \.\dd~ &. t~fr<~~ q~ .. ~~ .. C~~{l~p:~$~~d 
t".\.) L{)fJ gen.~-.'t..:'Sf..k)~ bl~x'..ks. Slfa"e:d. in. .f~}ID.;_.'{'!::1t~t::n,~l u:::~:t~~n--: 

Ml'f<·:<:lSJ~ping, LOJ) !tlenet;1timi bbo.'..K 1%~ l:; ~;iHm·,~d i.o.< 
~~)l)S'o~d{~'.}' tt~:::: tt:-~~fa~~)t~ <)f th::.~- '.(.\Uf~t~USf) &U:(..i ·~::;.4:;x~tt!'t.:~ ~ $Ubsd ... MG& .. ~ t>:> 11 mu~u·att (i!lo:-: {!!dcr.nxl <~~ampk '..~f imfl:<~· 

~n¢otfng ttxtt.~te pro~:f.~s.~t~g l~-s.i:~~ a <:U~'b-~t~~p. ~<i~hl~ t~~~~l)· 
p~.~t{~t ~1n~r.chi~~s ~~Hb~~y~t::~}l'l .1:W- ~(~:~tdin~ ~.o ~J)e ~~·~:::(~:n~: 
in')~~:~r:.\."~'1.. Flft ~ :sJ}\.":-'S.~'~. a hk~-t.':k d{;~j~f~l~~~: f~f ;>. tt:>~n~1·::--: 

f-"S:{~:~~:::~.$.t":-t ~16: ~v~:th.l$$. ~-..~~t~-:-{ :;t:~~~}y~:t~n~ .. ~ .n~~. 'l\~~~~t<."': pn)~ .. -e§· 

.~~ ~~~~- ~:t\~:Cl i::~ ~~~~d. "fh{~: .L()J) V&h~e '-R~~pi~t ·{i".t)~l1 t(H) .~t:fr.· 
~'rntfon bk\>.~k H~H! kfo1idfa~s H\t; d~p-ir»ip ~i.k w:hl:d:i 

~!l5r ~~) i.n~~tt}-:.t:;.~$ ~ tf.:>~Ut:rt~ ~e:.t~t'-..{":.:lS~)r 91~ .&~~<--:a:· .$ te~nttt~ 
mrn>'~"lY lMff~:!$~'r ~l{( FlG. l lt »lK)WS z bhx~k dla~rni'tl of thi; ~,\ 
t<.':~tl.m~ g~':Xt.>S~~)t 1.l'Hl, FJG, ll sh<.)~~''' ilC bk:,;'k >:ll.3J:-7lS.m of 3: 

t~~~:tun:: n.~;;.~n-~<.~'Y ff~ .. ~)Sg:-:.:~r 92lt Tht ~~~~t~fu1~~ <~f h~:>~U~~~ 
}":f~~:_)~:~$<~t· ~ in n.\&}.1agi.n~ a di}~· ~Mp ~<'> l~Y~'<~id~· >3 t~:>~U::--t~~ 

ilisp{&y in.·mg~: \~"iU m: ~n.ad.t~ ~~v~:}) n.1~1f~: ~:}~i::ath)··tn~~ f-:>:Ho\~1$SR 
d~"':.~'..."S:iffil"~f.L 

A~;. &iww~ in Fm. 9, l'~Mi::r &lli'<l<}'~lt'tn l.;W i.ndu>ki> i>.."':.~~m.~ 
llf<X'°'S;<N 9\W, p.l.;(d gc:;:lltl~W>f ~~; <Im~ R~tlli\~ ~fot~· %(!, 
Th:<? tN:i.,~N prN:<.~S$<:\<' ~* l.nd~i<i,~s 3: i~~tl<~'~ g@<-~<it'x ~H~ 
tX)~~p!cl t.~:~ ~- tt~-~~l.lf)'.:'. U$::.\~1';)~:·y ~'J~.~&gt:r 9:l~t ·'ff.:>~~~t~~ ~l~~~l\~t)' 
•<13:f\,\gt.:r !ii::lll fa hiri:l~<'.l' ~':(>1.lpi;;"Xi t>~ 1'.~':l'.lW~ n~-::.'.lR(!!J' (DR.-\M_l ::;~ 
\):ll.t. 

l)ixh t!l;;' t~·:1:ii.::.rn gtni::r;~t,~' ~ Hl ail<~ tti"°' ptMl ~ncrm:,x 94f 
~t"t:: <:~>upl¢~! t~> ~he gt~>.~1-=-"~tty ¢.t.:gine :lll 'ii~~ ~ U'~<~.t}~':-~t ~~::~ 
%$~.A:~ ::::>~;t::iai~~w ~~~ri:kt ~~d.tt~ {.":_-:::~~x.-::<:t ~<> fl(}. ~l. p~ .. ~l)"~~~n~J 
~~:in~~.tht~~~~ (:i .. ~:. tti~.~gh-:·~) ::;:f ~m .~f~~{~ ~.Sl s.:.-:r~~ts S,P.3_<.~::.--= (~ .. y J.. ~~ 
&f~ ~)t~tpt~t h·:=>-~ii ~ht': gi~~)~1.~':ttJ~· }~n~.hc::t-:: 2:.U-. 'f'~~~~~{<.'; gt:i~~~~-~~t(~· 
~16: ~~$~~r%}~$ S.P~<~i§i.;.-;; t~:)~(".1 ).~\.)t~tdhs .. ~~~=· ~~$f ;;$ f'JA~.t >!'lt(~d .&t)d 

~n~--.:l::J:d~~.s t~>:.l:?is: t"'-<r ~~u·bs:t~t~h:~ k'-..x~~~~ <..';<.)v.~~'1ng. * pt~~~~- ~l~ad .... 
Lon g;:;oii~~<llfo~ bhJ<-~k W51!: i~s.:rn1."1.ti>1Hy ~~rh>n:n~ twti 

~~ah~~lzt1mu ·~~ ~kri.Y<~ ti:!~~ Lon 'tSfae.. ~'; d~~~«-1'.ifa~;;l s"'<'.:vi. .. 
<::>~.s.:-Jy ~yfa.h :t~':~~~x:~· t):} ~i,':p:; $4..~ tn $46:.. t:C~!) ~~:.:S'.".r<*.::"...i<:-$'.:~ 
b~:>..)Ck i·lfS~ ftn~~ ·C~d-~~~l~~~~~ .;R~ ~p~~-~~p~i~t~~ .. ~¢'/::.~:~ '..);f d:ct~~iJ ~-~>~ 
tb~ _pi~,-:1 ~1~,s..~ (~:•·r ~p:i:~~i} ~(:\"={)f\iitsi t<:>· st~iSi!:srd lJ)l) ge~~ .. 
~':;t.;i~}($$S n1r.:~J~~~: h:i».-::d ~)U th~ i~~!h·'id.~~~.l pi~~-:·~ ?i..Z-~: ~~~t ~¢:~~':::~ 
<liJl~:~s~k~n.. ..:~ k~vel (5{ · ~-~k:t~H tl\~~s <::k'(~.~~t. ~.,) tl\c· (:~t.-ui~~~d 

A;::.::m\1i£g !<-~ t~i~; .f't~~:>.~s~t i!r<«ti:ilk>r;, thtti:, a d:it:d;. is m.~c: 
to :d~-:t.~::·n.1:~~~~ ~~h-c:th:;.'..r t~~~~i d%t~~ f~)~· ·~~~~ ~~~i·~i~ <H,~~i ~$ 

$.~(JU~!~d ·~~;·ithi$) ~ ~ilt ·~~(~))'$$p·:,)~di~~ !O t~¢· ~~p{~~~:;t~i~~¢ J~n.~~'..t 
~Jf i~ta{L \V1h~~ ~ ~Z:~¢:i }S :~n;..'JUdt.~ ·svifuID :::; ~lk:· .;$:1 ~$~¢ 

<~p_1.~·(>_1.1r~k~ kvd of <.k:li>il. ;i. LOO ~··a1u<.~ '-'<-~:te~~)adlug t'~ 
thi~ illt }~ x~itpl~t. ()~h~'J-~'~.i-::.~;:) i~ J...()f} ·\.:;;tiu'~ is ~:~~~}1~~ :id.:.";.fi ... · 
~i(~·3t:.~ <~ ~ih-:: <~t .;s k$<.~·~· i~~~l~l <$i. d~~~m~ "~~h~~J~ i~~<:i~i~J,::s ~ 

~:~d~:siitu~:f: t~~.et .~s d~%<:rib:::d. ~>~tn~. 

"fb~-:: ~1~)'S··t "\.lls<.=~~ssi<:~N ~ati~:cly .r:::·ie~s: t<.) ~ !-~i~ti qu~d {§ .. ,"!. <~ 
2:;<1 p:~~~>~~~ M't'3)'l· lt~~·'-\.~~"'='{'';.~ .. .c.t~~ \j;,~,'>·uid b::~ ~~r~~~t;~· ~t< -t>n::-::: 
~,UU.{~t in i!~t~ mt .. ~\t" :.tn·ven~k$i~ ls rt{~~. Urn~ti!-i:1 i{> ·~~f;t -::$i. ~.1:.i~.:.":) 
-~}!:S::W...~ tr~~~i .s. J~°';*::~ :ttSJ:.sd trss::$::t~ly .r::::J~~:f;r!:; thl:':'. ~~~~~tt~~r <.~f 

~~k:~it~t~:t)~~$ .~~ncl t~. ~Ul\;{'.!-U.nt ~)f ~i&t~~ \VRk1~ ttU ... ~s.~: bt fn~~\~~(t 
ff t.k~k~.<l. a sei:;M~k t.0!) ;,·a.hw i..':<..RM 1x~ c~Jm:.!at<'\1 by 

ll{l' 411l'<.)pl'i&~,~ U)t) >«,!>.le h-""'~'1 <.1n >.ii,., t1:h~gk t1':>~<":tip-~<.1>1 
f}':':>.';:::':~¥::~d. fl'((Q) ~-::~~.~1~t: .. y eng:fa~.t:: :,tt~ .&~.d ~~he ~>~-~Y) ~.;::.y~~:~ 

sp~~~:.~ t:t~~~nih .. ~&~t:~ {:tf ~h~ pt);~l ~t.::ld. E:-t~~:h~::;.-4 SS'<:~~~ i-s&.~t:! 
~~-~~"t·&tr~· ~tt Tbt L()f) \·ah~:~ idt~ntjfit"'!$. tl)e ~~i~p-,~1-:,~p ti]~ .~tt 
VR .. ~\1-1' ~~ \~'hS:d~. h~.(.~i~u.!e:~· ~- ~~~:c~:l &t d~~ ~~:'.i~n.~i Je~"~l ::..'i 

6~- v:m bfod;. 16:® for ~e&dl pi;~d. 
(JtJ~~-r ·nl-:.~i~~h~s { ~~ .. ')t ~h-~)'..~·.n) <~-an f~t~~tt t~$.t d~i:~ ph~id. ~1~~.:~xi 

~n<t LOD V:s:h3t <.W~)\n fnli'ti u:m ~eMi:ati~il} ti§<><::k 1&$~ to 
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p-.-:Jft--.rn~~ ~up~~:s~sn~pii~g. .. ch~~lp.{~}}-- ~~- ~~;.-::t g~~p .. ~i.\.':~ dfa~pt~y 
<~.:(ti~~t;~h:~g pro·•.::::.-:~:::~~·:;. 

"fhc .PH~$·~~~~ i~n..-~~~~.~(>~ t~~kK:~ f~r~h~-:r ~~t9<astag~ (~f ~1l~'= ~~:~ 

APPENDIX BB 

16 
.. By $l':l:::~-:::t.h.~g ::~tJtnll·t- tH~?:> t<$ ron:n th::':" ii}~~J~~ -.,:.l~}~--·~J~i~p 

st\'.i:n-x! in PRAM 9'~~j, .. 1Ji.:; ·>.~'<•rk >)f .So :Pf<}t't~S$1:i;: W4 {<'w .So 

d-:::~~.:.:~~":d ,t~n::(:(:~s''*~ (t~.h in ih:::: .R-.'t~p.hf.:~:~ ::;:ubs:ysh~~11 .. it~) h 
~tr.:~i~&~~:f<:5t\Y~n..i.. F.~~"~t U~ <::::.-:t~H-;_~" ~>f ~b~ ft~~~~ i.~:;;...:,~i -(.t~){J~{)b fi <) p.fa.:~~ ~":§~~d t-.~ n~d~~·>.x'= tfB:'= &m~xu~~ of dm.:a n-;q~sfr·.~:):;i ~~":J t1t 

s~~ni frn:m i,l~,~ ts:~i''',:; g_nR~'<l!m: ~ni ''> ili~~ ie:s:t.ui:'~~ m~~nwry 
fnm}.:..lg~~r· 9'.:i<{~ .. (~~;.:1~1 ~:~.:«.·:-rill.~~~~'= $~)n1prtssi~~~ n.~St'.IDJ~~· ·1%t) 
~~~-..~n)f~t:-?..s~t~"( tht~ tt·:<m~~ ~~(~i:tn.1-Sn.att:s: ~>f a pi.~t~ q:J.ad ;sl.~ fut 
L(J~} }' ... \k:::t <...1~t~ ~~nt t<~· ,on:t $~.. tU.<)f~ t~:.>~:~~r.e .~n:trw:::(~/ 
ll«Wi~l}'~~, n~. fo p;~ti;:dm:. in ~ 2x2 pi~.d <W~,_t, iS:~-hU~ 
tXX~n1}f~::ik: ~ f:.._~ \.~:::1-.-:· piil-:J i~f(: iH:.~~t":d b{Jt ~h¢· <::Ul{X fuf'~-;t 
pt>.:~~l:-..; <-~~~ b.:.~ ,~{.-::t~.n~.>:..t s::e..-:J::~~ .. h\~· ~n ~ht: t1r~t .P~h·;.:c.-:t ln ~his ~~~~y.. 
~~~tr H~~~ d~ff~'.f!~~t<'*~~ 0-·~'.:._ ·~!~~ oU::::~-;t~ J t~-::~~~,t.~~-;~~ th:? "'~~~~t.r..rs. {:~f 
th:::- {.)H~~r th:t~~ pt~~':A::. rt:h)ti~~<:· ~::._{, ~h~ ~~i:}~~t of the ~ir~:t l~~>~e-J 

-:. fa. ~~h.:..::s..::.'=n. l..._~:"·tf~r~tty tt~ .. ":".: t:~~.,~~"t {$:-:.~:-.'Co.:-:-..:·t-:.~"<«-: .. ) .~~ ~k".:ft~·H~-)i :.:1::-; 

i.idA~~~~rf.: iN gk~l~~i {~(SJ ~~x·~~lft (:i;:~}:~:tih1~::::.':S. A fH~,":'::$~ ~{;'::$~)iH .. 
Hon ti~~ ~1$ ls then Jl"..Af:1t". ~~p f;.'<sni th~ :'.}~UJ. ... .:)t~Y~tin.g ~~::-;;ei d<~!$: 
b tJ)Ufff! m.~p4l.~i Wiilifal .\t ps~x!cls:ndl'ltX1 t.Usi@\'.(: -~ frN<S 
{b~ t"~t3~<:., .. j.'x>i~t i\U ti:~~~ ~.Jfu~:~·r tile~ R~t th~~ }(:~ .. ,~~~~ of t!s~ 

H rnfa>:<<.l pmi {l.Dt:ll1l-·l . .00ft4l) ·'-°'~'':.'. {'st.~~fr;lld by >;M:tHctg 
-~h~~ >..~~~~t::~f p~~·~~H{'.~n d~ .. ~~ .. ~n ak .. (!l~ th<:~ ~~y~:~x)fa~~·. 'J'~t:~{ .. th:?.:: 
:R~:S:~~n-: :~X~.)nifr .. ~"U.t'=!'.; ~ $~<":;>:;:::.:-,·~y'··>.:r•:-.:-:.~·~) ~~>~ :a ·~ik-; ~t k-:~··~.~ '.'~f 

~ie,~<l t<> 1x~ tommii.itNt · 
F!G .. 1l sJmws ,~,,~qx.>nrnt .CTK'><fok.s kitmbg: !.x~:>.t!m~ l.' 

m~l~"-'l)' m..>Sl'l3.~\~t 9:W. Mt>t1llk urn <in~.:.~1prmS<;~$ t~~:>.Hm~ 
t'(~t~rdill-att:~;: ~.}f ~ pfa:d. q~~~:d ~nu~ t.(){.) ~~&ut. mJ~~~~uati'.~*.) 

:~~:~-...:::i·~~-~~'d. ~I-{': .. m. k~~Bln~ g~'=Jl~':r-<H ;;..)£ ·~Jli-. 1~~xru.n~. e-::'x~di·n.~lc.s for 
.z:n:,~: ~)~$.el ~t"e rc<::\-::h:~ i~ f:...~lt 'f~~tu,r~~· <:~'}~)S\ii.~«t~::; :tQr ~}~ 
,-,Hwi: t~u~t pi.~d.> !:,~n be dN~n<ii~Nl l>)' t~l~· ;>~ln~:s *~ tlie ftm 
}ihd t<.~~~n.u<::: <:<i~m:En~t~~- Tl:\~ LC.WI ''<iki¢ !:;; <!$!:(:~\~td wNi 
{'J{~l pt?{t~ ... 

·wh.t~tit ::~>n -::foS'.3-~"'$:~:s n sh.fft ~~··)<.'=~<~ti(>n~ .. "r~:..~,~1 d.:~t;s f.c;;r fu~ 
~~tf«~t· t3}e.s 4~ 1 .. ,~ is li~~~-~i~~~~~· ~/)v~-:g~· fas :ft~)f~l n~gk;;m~ ~~ 

·~(~ }~f~,i~~:.-:\<'~~Ri~:;:d. )..t~~t .. ~tH~~ d i.~'} th::~ .s ~Dd t d~!~~{~1i'.)t:· ~~~~.~~Q~d~~g 
{~ .. ~ct~ ~(~.nte:r l~)i!):t 

.Sfai~~fa". ::;~~b.ti'&ft~~)J:~ &~-~§. ~"O·'.!n}.1a~"i")i::>.:..~ f1~rati<~n$. &tf.'.: '':~'3$:tie:rt 
tH~:t ~n i::":·~~~;;f~-:: ~';.Utt;)~.,~ .. :c}J.~ ~~) d~:.:r~-:rn~nt v .. .-h::~th~r $: ~::-:::)~~l f~)f 
,~ piAtt q~}.ad ~~ ·~-i~hlt: ~} :~Ht ~t ~n ~pp:~'(:j~d.3:~~~ l .. ()fJ .. ·rht. 

·):~.= fh):~~$.~, .;..~l~~l:.'!'pd~~~ .h~v.~~ {)f ~k~t;:~il i~; -:."k~t~n11jn:::xi ~y ;\.':<)n9·~~ ... 

Th~~ t>~,:,:,t<m~ '~'''~fdfas;si~~s s~~m. frmll t<t:(tll.w is~~n,ctii>l<.<t ~l~ 
aJ.~~ }~fornh!y rd~~l*ll<.~~d ;.~i tlK f>:ld:>al WRtms: \4l'P··m»p 
st(~f(x.~ ~d. aa:,1n:::~$:~~d. ii~ .i~)~-s;; siot~gt" dt~,:k':~': lOO ... .:~.:d,\r~~$· 
g.tll~~,·atm· l.n:zi tnm~k<.ts:~, ~Jit~ l>::::xt<~~.,_~ ~;)<..':l:•~lfo<ll''~~ for ~it~ 
pf~t-;l q~.rad. fton1 ~fa;:_-; gi'.~${d. tc:.~~lir-::.-; '&!f..P,.·~-::-&~f? sp~i.~ ;;,.)'.f :ns..:t~~;: 

swi:"g'~ ;kv-ic<?c W& ti:i lt"..Xtllf¢ >SX~t1.ti~i;1t% ~!}t'dtk to th..; 
dip·-H.\<if' fit<.~·~\~ <lJ!d il~kk<:.'~~-"'4 ill f..)KAM ~~l. ,<\l.i<.~t~~H\'''}Y, ~'(' 
~~~<:h ~~~&nsi-:~ti(~n C:'.::~ .. ~~d ·{::-.?'. ,\.·~,.rti.cd .:...~H i~ ~he t"'::~~\tt~ t~·U"':.~~~t>:~.~ 
n (~ <l~{~tJ..\tg. W}<~)'l h~)W pr!x~>.$i-ng: w~-,:. d%is~<l t(.< !>¢ 
di.1»~ilx1t:::;l.. 

.,-\&ks:~;s g.t::ll,~fi!t'"' l l :W fa,>t ltfou:ti.fi~~:> <l ;;p,~~d.tk tik ~t tll,':.'. 
k'<'el Hf <kt.'\i! foilit"'.3.ts:tl hy tke L()l) va.ltrn, 'fo tr::i.osfal,~ ?.~ 
S$!-::-;t~~ .. ~~ ~'=-:.-X'::E"dh1at~s. iT{!-.m g}-:>t1a1 t¢:xU~~~ ~~n-~ ... ~n~p: sp<1i:~~ t~~, 

th~~ ::-.r(t~;.;;':§fu ..... tn~~~ tu~~· 2d~itt':s~~· .g~~ts:.-:':n~t~>.::' 11u~ ~-:t~:Qsid{'°::rs b::>th 
( 1) fo,; <Jfi'liN ,,f th\~ s.~~dlh"'. tlk .rn&-i<m. td::i.ti''~~ t,1 ;s t':<>tt>pkh~ 
~it) .. ~e1 ).');f dt:J:s.,{~ ~p CL~. tih~ })ff:$e~~) ~d. {2) ~he r~~·n~.~~ 

~~y::::p·:.~hst k).t~:~ti .... ~t~ f::f « tile (L~';.~ UJ~~tah~ .._»."f~~s}. 

Mettl:0r)' <l<.MKs~r.~, -C<.':f!'<.~sixi!:S<.tfo£ i~ fu~ $f«;~-d$k tt~Xtw~ 
~~-K~~<~~:~'::"} ·&re th~n. ${::~~. t~i: a tn-c,;-::t~~~:f <~<~.~~W.~it":f l13~l 

·l\.·fomN)' <ctmtr<.<!kr ll~ tM.ds M<1rniuw.s i.~\~tR~' «at,1 fr;:.\m 
l>R/\,b-t )!l:,'W, t§;rmi.g.h il;.klN~W g.(,!R~rnt.<.1r Ul:tl, t,, t<~<'it>:m~ mi,~ 

tk)~1m. ~~x-:.h~iq~~~t; {~e sh~f·« :g,.:§2. &ld :~)~ 'Th~ &t.~tk~n<·d 
s:t{~r ~~r ~·:he,-;£1t~K "!>''h~~~u~~r· the ~~;{~.r~·~J t{.~A~l :f}."{r ;s pi .. ~{:l ~'~&d. 
i~ ~{:fi~<'11ly :h.~-:Ju:; .. kx~ ·o;<.-"Hhi.l~ a tHt a; d&:'ii l..(){) { st.e1:; ~) ~·~u~ 
h~~ ~-x;~rk~trnl~"1 by cak1.:.klth~g ·~h~ .n.~~~far-..utl~ dfat:'i~H:>'.:.': il~~u~ 
i~)u~· t..:atnt)h~ ~>~,~nts in a pi?l.e~ q~~·~d. ~~ ~he: ctnt~r ·of ~~n¢ t~fa:, 
I\:. t~ ~~,--:..~sc:r~ath:·~~~ ~ .;sn,~ ~ .mstats'\..~:.: i.~~f ::_'::s;;..~b. <:oft\~,~ ·:i<~m}-;h~ 

f~l:,);~~g~ {~..._., \<~ ' . ·' ( s.\' ·~:)) ~--.:.ul ~~': i;'-::1l•;.,'~J}3.t~d \\c.ifu:i ~l ;:'1 1.(Jf) 
g~n.t':f&.~~~·->S fah._x~k J~5~ <'1~· fi:~k~\~~~: 

,~ .. ~n~~~.:.:~ ti~{,': ta~~ >.."m~t{,~r p<~i.n:t ·<l~ .:~ tJ).l) v:a,h$~ ~~ 1:; gh"~~~1 by 
{~~~~;>~:::"" t~~~M~N) 

lk<~~ll&';~ !~)e fm~t ~arnp\e:; M ;l pi:~d ;}~ia~t ~~~ ,:>i~<'ll~ly 
~:{). ~~·~ ~~~l-::~-d .. _p~':}f~~'ln~n-g ~Jn~y :n~'<:> t~ ths.::-: <~l~~)·{,': $~t~s-a{.-:tt\~:c:s i$ 

£-::~~1t~":~Uy snft:1)..'::~::~~1t .. ~1::..~~.:.in~um l1i.sl3..~-:-::~s s,..-.;.:,.~._. and. \}x.;._,. f~"}:r ~ 
pi~.;;:~l -}}~S:d . .3.~~: tfu~-~~ d{~t~""J"tnin~ b,y ~~~~1~"'41ariS{>n .. ·1"h-:,;-; w~ <::f 
:~~~K~t~~ ~~t~':~ ~-;;ms <)&~ ·r \.)n~ n.":...-=::xtn.);'I:~~~. d.ist<~t~~-:s:: k~ $ "~r i 

/V< W<'mM m app.:in~sii S<.< <>l:H'; .skillet~ .~ti th~ art fr~<m th<:: 
fr~n~~~~~.ng d.c:~scrSpti~~~:t.. & ,-:-.1~v(,;~atk~~i§ LfH}~~a~u~ ....-·~~ m-: ?.t:t:~:n~ 

i'h<m. ~h~' l..()l> g_~~-m:<ltk<< hki<de: 1(15~ wlt.h<.<t(! rnsatd S<.> di~' 
.s~-:l-:>:.':ttd. I~~rti~)~.>( <.'>f tb~~ ~t~l-un.~ ~11P·:tr~p ~.:~:o:.~t>~ ~n. ih-:.~ 
dlp··rnlSp, Tfo: st,~i,~ fot '3t":t,~m1hllng wfo:rhe.r <1 t~~:>.d b; wlthln ::x:: 
a tiJ~'= .ani! t~~r .~.k:t~m~is>i.~~ ~ t.(lf) ·v'>ili..~~'$ fr~t· .& s~~b~:ti.~~$fe ~{~·~·~'=} 
'*<t$E-3ld tht.::~~. ~x~ ~-..~;s.rri~i .c..)~a, t~t, Ult': lt~~tm~~: .ts:~:e~~)t<ry ts:llix~age:'f 

nti. 

H,<ss:<i rni tll1~ mlix.imu.m ill:stam..<"i> fo s ;i.m~ L ·~~ fai~~:>~ 
;n .. ·an~~h.it Ht~~ in~j~~Jdts~~ ~:~eJ ~z- :s~bstit~~:::': seh':~.~ dat& ~~1t t*~e 
j)t~t:! <1Md is i1<::t~~-mii\~,-:i in~ fa~w <\t:itl\no"'"tk '"~~~rntk>M, lf 
~~~~: :~~;)~sta~t :~h:~ . .:...)f th(:. ·~i.le~ ·h; .. d<:~U ·~~-d hy' ~;~::~· and ~(>..~ ,,;>n~~'fe 
t~:c: ttfa~ :-. .Jl~: ~'-l~3~j.s f~~~ ·'*-~'", 2~· .:·a;.."} fu~. :fi)3,~':~l ~~2HatJ~': lJ)i) 

SKkdfog, .mimagi3SR imd ar.~s:%fog i~:xd •i»ta fo a dsr-­
m;ip wilt t<<J~"it ~ di«rn~sd wfah .RS§.X~~~t I~> fae i<pi:.-:;.'#k 
S.<:.)t8M~~ -.'::~ip.,n.1ap 44tt. i\(t.'f}f~-th.~. H.) 2nf~-t.}~:er t~&~t .. m~ ~~,f t.~{~ 

f~<~s~~.\1! fawnti<m, s:<>,~11 tik ill DR./s.M !,l&) is ~":l.'>nltg~m~d »:~ 

::d \'\~h.st~ -~~ gi-;-"~~» 'by tfa~~ -0:us~~~~t· (~f ~{i:RR~fk:.~nt h~~.~~ (s~gt~it~~) as 
ft$Jlt~'\~'~~~ 

'' fa1U3.tt~~ ''~;ilfa~n,..j a~~llt ;i. ~x~ttm1m1 ;l>:h skmn<i~ lh>:m th~' {iZi 

s:y~~pe.>i3St k~ntkln. fa1.~l:\ ilk has .il pr<.>g.te.dve:!y '-~W-scr 
t~ :K~hH.kns 'i·;.~yfrsg b~~ f;.~l°1~.~· ~~.!f 1 .. ·rt}e:S~': >{~$tri~'1:k~ns: S:fr~-,:{if~f 
~~:>~~'=l &d~!n:~~sir.s~ !\lr tac:h ~Ik~ .h~ fhc cul}il.--&~ ~t of & tfip .. R~~f,( 
\:'.Z%5lden>My. Tfa: a..Hl.tspnal t:(iM in l~rdww~~ ii>lh'!lm: st<fr· 
~~,.~~rt~ s~) ~-ds .. 'tl'~~>~: ~e. tit-::·~ i.$ rnfa~hri&t ~~h ~~~h:t~n th~: H~~:~: .&..~--:· ::~~~ 
iniH§Uy s-::'::.~t~~t~.c..~ &\.._i m':)~$· ~~~y .$l:.~.e~~~:rt~ ~.,~~~~:: ~~pMt~~ th{-::: 
tll¢$, 

<\« ~w~mM t:~~· ;s,·~P*{':l:ll Ki t.1n,, ~hllk4 i.l.1 the a.:t, LOH 
g~i~~~<S:..fon hkx::k 1~~ >.~m.~ pc.rfoms tilt' ab9Y~~ ~-.;sk~~fa>lo;~~ 
&~~i t'N:$~~~i$ th:::: gn"":att) ... l:.:f th;;:-: tsv~ ~utn.h::~r~ *?~ th~~ l..(}f) ·~ru:\~~~ 

f.4~~tifyh.~g th~ ~pp~~-t~·rf~t~ fin~-...~t ~':~ffihl:ti~J:'$: tti~ t:t·:.=3tai~~g 
t~~:t~~1 :::~' SQb--stHx~t.c. -:.1$:t~. 

:i':;'h~$l~Y~ .~t: .•)~di~i<~t: t·:..) ·n~W,':iug th~ v . .:-Q:tk t~~· L()i) };::~::.n~~f~ .. 
t~>.:~n b~::..~:k 1~$, tfit: .r<.~~td{:t~ve tHt ~f ~'4t~·.~l··s.~·ie~ s;~s~~~~n--: 
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APPENDIX BB 

~1·~t-n)tWY ~::.-~ ~~ .. ~rr~':;.~~<>.ndh~ pis:~J d:.:1~-:"'S dtfin.i~g s~k~ d~ ~.: · 
_pl~~y h1l&gt:~ au.:~! 

cl~~"~n.:*~ t~f~i~ting n~~~ .. ~.~K -k~r ;~pd .. ~tJ.$:g ~~1g~~.s ni' s·a~cl ~¢-~~~.:.:t 
·~t\~.~~t ¢ tSl~P· 'P)~'1i"-.~) R": :~~~<:t :'.."t~~\~).gi~% h.~ sh~~ t~x:.3th:·~n {~f 
~b~ .::;:;.,·~~~X:'~5:;.t s..? n~~l~tin).{;~. . , _ 

l-. "f'h~-= &:};>f~~n1 ~>t dau~~ .t .. ~~.,;oh~",:f~-::r~"< :'.;m,i ~~::s:Hl:~-:. n1t:~~~~ .. y 
~t~3r<~& S;t~d k"::SJttr·:.:: -d<"it.:~ h.\ ~"i ~\~~\.':-·>.11~~1>.~Sl?{:}\.~"Q~{ ~Jr :.:"'i ~.hJ.>~':~--­
{ii~J:':::~~:~;~{~:~~:..~·~ &~:~~t ;2i~--n1y .. 
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·t.i.t :$.. ....... ..,;-.;.,,J ......... ~-~ -i:;.»'·!)f'· .. (:>•~)~~ ... '.>.:t_) ·"Y.X--t-.·.-........... ~ ...... -~ ... , ... I\ ;io .......... .;--........ ·-r'>,•'>-..'<'W-"\'-.. 

'·• '' <'-'~"~>'l"'"" ,W•>t)l'-<'''" ,,,,, • .,,,;;,<(,,,, ~w~'·''*l <';~<'<'><''-''~'"'"'' ,t ~ .. • "5.. ..;.-..:_. ~~·:t-" ~~'*- ~"-<.J:~~ ~:i: ... <Jo.C. ~,~ ... .r.-.« .......... .i:.i:~ '-'.} ... ~, ..... .i: ... j:, ...... ~ ..... ,. ".- .).\.~.;; ...... ~ 

'" ~·~:".· :"'~·~._~ .... '·~:v,~- ... ·O:."<- .• .,,.<;._. , ......... ~:~~ ... ~ ·~~·::<· .. ,'(<·"'-· .,~ ...... ~ .. ,\{::. o:~ ...... ~.._~n,. ~ ... ~~,..,-~<;;;., 
}:~ H.): ~~ ::h;.;pts.y .;l'tm~":; .~~,:~fr~~ri~tug Mlt &:~)~p~ ~st~ 

t~~tu,q~ fi~)~H « ~(.~:R~~~-t' patt~".r~ i.~ a d~.$}?.~~y .~tt~~~:e ... ~~);mpri{.t-. 
.. tn:g~ 

fo~t !~<!<.ture m~l\wwy i:\.>t :m.':l:mg il t¢:!1.ture ~tl<9 ~~d i~~t:.u{: 
l\,,~p i~~--dt$:.?}. n:~ul~~~it k~~{<::i ~~: dc-~<~il l}."R~~::.: fx.~ :st~~;i~~g 
~~~~~::.~s t::\<>r..-:~~~u~lng th¢: t(.":;~~:t.~t~ {><~~1¢~$} fa.~t~'(.~<l {<t s~~~>- -~~ 
'\.~es~;fve~y (:(~~r:S.t-J.' i\-::sts~~~ti~">..~~~ 

i.::}~)·(l't.:1p $x~i~~-::tir~~ n.,~~:.:·H~~ t~)t· s~:J~~~:ti~g ;s \.':l~~}.·~~) '~·Hhh.\ 
s~td. tt",?.t.iUtl~ nmp ... s;sj:d ,~l~p-··tt~:3p ·=>=>nsfadnR '~.f a ~~~ >;:4: 
tU.c.~:s. ~~-:s.·n~ sr>(~~ili.n~ ~:,J :t~~~t~ns {.~-- ~;:aid ~it..~v·~~J t~f dtJ~:iJ. 
..-:-(·?.::.:·~~~ $;Hi)~1'.~'"t.:·:rn~::-- ~:~"}~~>""~.;;.:~-Q ~$.'!>:-~ .. ~~~ ... ,~~'\:' ~~«--.... =--·~):,..~·· :~-::";-
;;.:.,,.;:,~" "''~' . .;::-,,"> <<..i:~ •• ' ' .. -.<""'«{.,., .,,.,,,> .. (,N.,.¥9'"-°';_. M~~~.-. :0-

C~~);.'{)c&d t;~c:>iim~~ mm~wry for c'1«ting s;il<l ~:L¢'-m&~i:. mi:;:\ 

t<::xtt:e..re: pn~~~~~t~· n:)~::~~~ ~l~t retr:h-:-~.dk\,~ t~~~J~ ~~:_~nl s:a.~~i 

dlp-rmip ·whkh map t<:< pi)(d ,'hl:a fo:tmlnK t.ll~~ .1l.$p.fay 
fax~~i~~~ ~~·'h,~n:hl ~;:~~>J. ~>~~.l-ut~~ p~"<$~~$S<.~ .it~:>m.s ~~Hll--· ·~~~ 
prh~:$: 

~torfng .s. ~t~xn.;:.n~ n.1;:~-p i.~ .~ :first ~~~~~~.:.~n-:· ~~"K::tts:~)rY~ s:a.~d 

i~~:rn#·t mi!cp h<iVi~\~ multjpk kvd ~)f >:M<:.i! $l.\.:.~F" A'll: 
~~~-,~·i.ng t~he1~~ :n~i~~=~t:~"3:ling th~- t~h~tff{.'::· J~1s..it--..':."n. fik~~ed at 
2'.i~~~':}.~~~~~&i ~~ely <::c~ats~".r n~s<~l~tit~n.s~. 

~~k":,~ti~~ ~t. cil~~ .. ·nt<~p ~~"itfah.-:. :s&d. ttxi~re s~1.. s&'id t:ifr·,~ .. 
tn ... ~~ (:~)tg;i ~ing ~f ~ set ~,,f tik:,s ~~~"t(:Sp<~'{ ..... ~.~uitg ~<> .t~~gi~i\s 
'.°5f ~fild h.~¥:.~$ {~f ~.k~t:c).U :tt-~'Sg~:$~ .:;:ski ~~~~t of ~-{{~:~~ ·~X;:.h)~ 

<:·::.-:·~~x.·.s-.:.x~. in .~ .ti.eki <}f vi~sv t~xt~~B.~i~g :h-::~,Bl <1~ {;~::{i~f~"};i~~ 

J~ .. ~'.:;~\k>~ (~f th~ {lfa:r.~ .. t;:Sy i.n..\~~f ~{) ~~~d:.~~~-fil~ti.tlt';-.:' \,~{)'S"t'.'S' ~~{.~ 
d~sp1&y .hn,~*-~; .~ .· ,. .. 

:sJ<~d:~g_ -s~d. <J~p· .. R\....~~ it~ ~ ~:.;t~·t~n<.l ~(::.t~.~n:: :::.~~~tn<~y; 
s~~tdt~YiS3:g ~ ... :tX<;~l~, t.b:Jn.~ ~;ah1 ,~Hp-·rtmp $tt~"=>d in s.s.~~1 st~'~'~<{,~~ 

tt.~)) .. lt-t-: ~ne:n~~~~~· \\:hk ... b u~p {~) f~i~::.~l:; ~<~n-r~lng -~hl~ 
di;:;Jkt;sy h.~<~~~~·~ -iS~1(,t 

t~pd~ti:~g t¢X~".J~ at r.~~~e~ ">f ~.a .. ~(l ·~i1~:s :$:R~i~d ~~-::. ~:s.kt ~"'=·t.)'.~~~<l 
r~~"Rt~r<~- n){"!:n .. ~~;..· ts) tJ·a:.~k ::.~hangf.:~;. in ~h~": k"X.~at~~)n ,'(f th:~ 
f.'.)"1:1,Whlt k~:-.>ll:.i~ifi, 

t::~'$J·)~.;."{.':: ~>('N.)~·\tftia~:e g(,-=-~~~r~t~;r {~);( gt:t<~ ~t{n~ ~t ~:t~~·~ <>i~~~ 
te.x.u:.:te ::.xx~qrnare kk:fitif:ting ~\~}~~"'~: a pfa~-~".! i~ th~~ 

tis;~J)}~y in~~-; n.iRr&· ~o th{: tt:sJ~-ll~:t }mt~~':1.n~ 
LOD g:<::ll~'.rnl.~x f>-.~r i,wn>:::rati>>g: lie um .-alt!~\ an~ 

l' .. ·T~he ~{te:~ht•d tl .~~3;t~.i't~ 16 .. , ·~~··!~-::s.~>hi ~:«i>i up<h~tLug :step 
:;:;; iii,~t:;t;~ ~Rd ;:lhH:fa~J} t<> inwk ,1 drnn;_s;('. i.lJ ~;sid t>'q"><.1iiit 

i,~;&t~<}:~ 6.)t' ~~ ~;),{ di~pJ~y ~tn~.;~~~¢. · '" ~~ tn-:.~~-~,':3:·y >::.~.3ntr,}1l>~.s· :f~~- .f~~t:."'ix~'\d~"'-!.g ~f ic.ast <~:~~~~ ~~~:s..c.l 
ft<>t~ s~Jd. ,~u~>v.~t~:p sti~t,xl in ~;a{4 ;;~~,~~- tc·~Blrt"· 

~ue:}n<~Y b:iw~d ~ .. n1 sfild. <~~- h."!:&.St -z~:N:~: l'{.~Att~~~ ~-::{~-~rd~n.a:~t 
ati,<J ~RH LOD \'illue, w:~t;;di;, ;,RM. LO!) g>~»°"~.rn!'.'ll: 
h~~J\.~(~:'.~;:~ 

LUD kkm.lfying. m>~<im; fai: ld::::m.lfylr~g lln ilP}"*~~pd·· 
al'{: !;:::vd ,-,r <lc:l<l.il s~~F~~sm~tliig: i.li-:;~ kvd of \..\:mil 
nmp &ttN>ng~~t ~&~lt s:rn~~h-~~k~ k~'l~-:J ~1f d~-:~::1~~~ n)~f* 
~:;.:he::.>~: tt'-»(.~.~ din1r."::~~-~~n:. .{~~ ,;:lt~~~$t .fas .&~;~~ ~;;) .sfild 

18. Tht. ~\'\d~hNi '-.)Cf t1, :fmtMr ('.Oll~p!Ntig ih~ 2i,.{:p i,:>f 
~~h%'tlNg \}..~h{::~ht~r <~ ~t~;";..e1 K~ h:.-: (::~·~:J:ss~~d J;:-, .k~:a~::::<l fa1 a f31}~}?:::: 
P°')<~l-u:~j ~>:f ~~ ~iie.. :s;~ .. ~d trh~g~~ p<~1.ic-:t~ iJl(--~udiJig ~h>~· ~=dg~~, 

~3 ~~--~~r=:~ ~e;<~:~:::= ~=~.re: ~~v~~~t~~, <~~~d $$:;}$..l~§: ,l ~~~b~·tii,~t~-:: (1..,,~~t.~ ~,4~~n 

~at::f t~~~J is }Ot.'.:it~d i~ $.:~Jd. fri:J;~? p~)..r~i:.>~'" 

phcL 

W. The me~l~M '-.>f dili~~~ Hi, wh,-,:tdn >R'\::l. ~>{l>i;stisig :\kT 
:.~px.°!~{tt- tf.:>;.~~fa. ~t t-d;§eS ,'lf s~~d ti:~~:.&= ~ton,~d i.,l"{ ~.!"titi ~txXnR~­

~~~,~:::~n·: ~1)t-il3.(s:y t<( u.·.~-:.. ... :k a thiait:tt~ tc~ ~~ .nt~~·f ~::~<!'q_~"':iis1 Jo·,:i.1.tk~n 
-.$~ ~"~ ~ -»~~~>.;: ~:u-s:~)h~~f s.~~"W.g.~~-. 

~~~:~d. d~;e.n.nb:~~~ 1\,~:-<~~:~ t~~~· d<.~t;;~tn,~s.~~g \~~i~~~t-t ~ 
t"":.\~.el ~.~ s&d. :s~· l~~~~. ot.a.-.::.-: ~:x~.mt ~~~f,tfa~:*-k~ fa: 

i~du~k<l Lu <l first 1.lk ilil ~'l:i>j a{l{>-wi)S:i<lt<.~ kvd ;~f 
d;:::,RH, :rn.kt t.DD rnl>i<.~ b:::-mg ot:!. t::; ~l~ll ilf~X>4ll.'$·· 
,\~t': l~v¢l -:.~f d~~m1 ~~h~°"!-}3 §ai:tl ~t::t~~t j_s h~:e.~h~d~d m *~ 
sa~<i fast lik '~!ld 

~.m:h:sH~-~t~~ t~~·~f.} d~~t~':ftt$}n~u~ ts~-:;m.s n'..~· d~~t~~fftSi.~i~}~~ .~ 
Stl{):>~~!t\H{: t,~:.wl l~ <\ $~<:\ml.l tik ~v~iidi :iiid!!.<l% 
SR{~! ~t l~~:}~. (>i~:-;:: tc·~.Jm>:::: <.~\.'K>t{Utt:<U.~\.. $-sit* i._.(~~l~ 
~~~th.~-C' t~ing ~;et ~:o thf k~vt·i "Jf &.t.~{a.U ~~f ~a~d: ·~~c~md :s?S 
tik~. 

-~·~. 'Tb~-; ~~~ett~'-N.1 ,)f (;i~~i..R~ l?' ~f~t:f~'":~t~- -s~fd '~{~i;stissg 2i~-~~.P 
~·~~-'-~h~:·k,=; n\~ ~~'11~. ,~f; 

di$&~~~~in.g ~-:."::~~?-J~ fr~~)S\~ .~n ~~~<:: ~2'.f ~~ ti~e h.~:{~.~>;~~~ f~~ffut'.~~t. 
:ft<..~~1~. ~~\hJ ne.:-..\' ·~~~f.:f~~n.~: !:(X:«ti~)n.~ ~~4 

Jod}~: l-t~U::h tr<.:ittl R%id tlnt t<:3tm:s.c rt:•:::SlX>t)' ~'' ~;aid 
~(":<,":~UJ ~t:~tUf~ SllttiK1ry ... ::;:~~f,:j Ie:&cl.::; l:eiug .k~;.itk:d Slt~:.~J. ~.X} 
«~ 'x~~~ ~~f ~ tH{.~ ~'--~'.">${.~;:; t-'.~ ~~c~ :~~}~: ~~~l~~p,~fa~t k~~~~it<n 
~"h~ .... ~\-::i~ l~h~. JRU~~b-tt ~f t~'.:~(:J~ J~~~Q.(:,-'§ ~~!~~~}$ t!~.~'.: m~tl."{ha· 
{--:<t: t.:~:x~'..ls. ~i h;>-~n1{'l.}i ~~:. n}:.~l~~:~i:o t~e ~J?::~· ~}.f ~.*Jd tU(: 

~ii. Th.¢ :m*~tfoxi ;>f <-'Jai:m H> .. httm<::i: <?i.>Jtiprhfog tfat~ %~-:_p 
{)f .r~-::~$)~~~':§.~)$ >-X)...~f:=~r ~t~b:~~~~):.~~~~ ~-~\~:i:)}~ fr(:•~i~ ~=-~id ~t~~ ..... ~~k4~ 
:..':tt~n)d ~n .~ki .sf.~~)n:i::i t~:):J~~Je ~.,~ .... n.1:oty. 

rn .. A i-~~mp~kr ~~'ti'*}itk'::'\ g:>s">'.<l-'l:~'>Sfag syst,~m.fi.'.<l" W'""klL~g: 
t¢·~~\~~--~· :~tot~ (~. tt:~n.ttt': p~~ncr~ t~ <~ 'tfapi~~y .isn.agt .. <=-:.'>t~'>l·~~ ... 
Hl~; 

fit:,;t ~\~t3:4""'t :nl~~rr~)r.)'' f& ::>~.,~ ... i~g ~ t~~-~tt\'?, ~\&p ... ~.&:id teitus"t: 
rn.:ip fawi~g m1;,iJtipk k\'d "f wtw n~p$ l'i:w %<..<i'ing 
t.~X~i~ tt~p:n.~~~~tfas:.~: fut' t~~~-fut~~ }~tt~~tn. ft~tl ... rt:d ~t M~~~·· 
~t:.s~lv:.·:J::t.; ~~~~~~ n;::~:;:hJth)fi:s ~ 

:::ti.. ·1~h{) ru~tJ~~~ ,~f ~~~.;t,\~"-U l~. ~~lh-::r,~tn ~~~~i4 ~t:....~~h\~ $tt\P 
&..-:s &t~~n):s te:K.tt~; i.n s~O. '-i.\!~,.·ntap ~)~ ~ ~~~(~·-.c:lli11~~t>~ifil1id or ~ 

tbst:e--.ditt~3l.:"SJOr$::s! t~i~~ m.t~y. 

~~up ... nl~~ ~-;lc.:;:-sfalg r~:~s:~ti~ t\~~· ~~-~k-=<:·~i.~$: .a ~~~4~~1~~P ~~··~.;:..~~t~. 
&~id te~tut~· ~11~1> .. &·hld ~Ui-:;-.n'~~> <~O~\~L~ting of (~· stt {.1f 6~ 
~ih"::s (:'($tJ~~-~::-(~nding t(l S-¢:g~.~*1s· (~f ~-Cli.U l:c:~~t:j~ t~f ~1~~t~H 

map~ ~lth~t::t.t:c~li!H}' (:Wn-:rmg ih,-,: dfaplily bl>-'\_~('.; 

ll. /\ Im.~ftmd. A'll: p.R~Y1Uiug ~~~~!un~ fr'w lie t:::Ull.."R~ pal~~~ll 
in .3. t1l.sp~~>' :im$,~('. '''>mpfrm~g th;:: .st~p« ,"lf; 

-sl,)d.~'\g. ;s: ~t:..~tut·,~ S:~\~) .. h.-:. ~~- fit·~~ ~~~--..~t~~t,: tn(:).'U~~~:~'..- :s&-d 
h~:;ttun:: m1p k"~·~:d l)R m~itit~l-e- .l~"!=v~~J ~>f (fa~-mn .~mp$ f{~r 
s:~ort~.R t~ .. ~eis n~~~-::~~nti.'e:{$ S})c· t~ .. ~t~~t~ pa~s~~ni f~h(~~t~ .:.~ 
s:~~>:.."t,'t'.$-Sf·vd.}:· (;;:_):;=:r~~~ .. t~~s,)h..!tit-:>·}~~~ 
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~~i~>c..:tfr::g ~~ ~~:Ep·n}:..~p ,,~lthLr~ .t.:-.t~ii::J ~~~~ • ..tn.: Sl"t&~~. ~:3}t~. c~~p-... 

m.~:i: (:<=-in~,,::;~.mg ~>f ,s s;:.:t (:;f Hf~~~- <:<."':'.n.·~p>:~'-1'-th~:~ tt> t::~~~:·::u.$ 
i~! s s..~~~- l '~'{C ~ ~ .. ~f ~.k:i:ri~ ~1~~~p~.... ~.a{~t ~)~. ~{ tu~~ ~~~~i~.g 
~:);~$$~~:n~d h\ ~ )~)~td f~f 9i~:'\.v ~~k:ndh::R fr~~n..~ <~i} x:)\":J5f:.h.\t 
t~$~~)ti~)}~ (.):f H'h-:. ilispl~y fr~m~::;: t~~ :~tJb-st3).·~thlty ,:(~Y~:t fu:.-:: 
dfa:ph~y ~n~1\gf.:~ 

APPENDIX BB 

~~ ~~:-~ .;,.).f tilt$: f~?-pt::-=·.::;~":t~ti:::g ~ S~k-:.;.~t~~d fR~rt~O~l .:.>f ~ k~~H~.\~~ 
·~flf:.,,.~n.$;p ·~~~h.~f:h ~xlb$tan~i;.:-... Uy ::-·~;.-,~~'"J$ tht'= pt~,~~1~, ~;:a~~! k'::~t~\~ 
{}S{;~~i:·:~s~·Or >.~·:).mpd~·f~~~~ 

~ ~:::~~tB:.~~· ~~1x.':·n-~rn1~· $.t(ti.'~.ng thf: ,~Hp--·l"1t3p·: 

>3 t~~~~t~H'.¢ ~{.~l'K:r~.~'."':~~ ~ nd 

st~>rlt'f ~-~dd. <::l~p.--n1~r i~ ~' ~{~t::c)n>i. t:;::>~t~~":~ me.m:'.hJ~~ a~ui 

-:~~tri~~~~in:g ~~:~.~:ls fr(un.. s2.id. >::.:li_r·n~aI~ ~~~~Jl·~~- i~ ~~<,~>::i »::::;,.."(~n<~ 

~~~-na""-:::: rs:»:::n1f~ry \.''M<.:.h n~~~F t(~: J::i~t:l$ .fr;.t).~~~-n~ ~h~: 

di~:pt3y inlli:&t~~ ~~:-h~:n~:~~l .$»ki .t-~~:-rfo:-":-h.~g. {(t.~~~~ h~~~fa.~d{.:.:s. ll},:· ~0 
fr\lli<Wl!<g Sk~f"?<: 

~ t~':-~l\~tl: tn~~n1t<:~? n~~,n~::..':.{ (:<=-u~~k~d 1::x.~t\\~~t":. :%1i'Si ·~t:~hJn .. ': 
~:~'=n<.;~~-a.~<..~r ::::nd '$~kt tt~ ·n.tt~ tn~n.1~:;-sy, ~~;~~-:.-·~r,':·~u. 

~~-k~ :k::s..~.:-,~·~~ s~·~t{~t.~;--t in.-:::·hs::..i~-::;. ~ {('.:~·~~~~~~ c.-o..:)r~t~n:...~t~: .~{>~~--· 

{~nst{;.f f~~· ~t·utratiag t~~t\~ :\..',N::$'~i..ln;u:ts t~~r .:.:.~,iJ pt·~~-:..t 
~H~:t~ .:~ l..(){.) g(::~ti'...~ti:>.r f<'Jf .~tt:trs.(in;§_ ;l l})t) .,~;)i~~t ft~r 
·C"~&.ii :~~:fa:t:.t ~d l..()l) VtlhS~ i'"i'':t}~if~~~$ ~i1t tik~ \>.4-d::.~h 
,('\°})_'-'W'o'~ .~{.-,_._'>, , ... ~:~~t".{ ;~~{;~~ "h.&::; f..-.':-:;:.>'>,~ din'\{-.;;n.-:.~.;,.).,_'N.·~ f:t.:~B!""'::~~ k~ ~i::-·._...., g~-;::.~~~t~ti:flg a~ l~&$t -:>~~- ~~X~ltrt: ::.:-:.xz~tdfa3:~~{.: ktel--.:tifyin§: 

~~-h~:n~ ;:~ ·pi;::~~.~ .fr~. fu~. dlSJ~~;:.;.r .~tsmg.:;: fS~)S ~H tn~~ t~::s:~~~\: 

p~~t~<~rn( 

gt!l¢rn!iiig <l LOD '<'ak~, <W:<l 

~>:::n·~~)ttng ~t h.:,$'$~· ,;~ln~: ~.::.:~~:J fiz:~~ ~~~:'J ~:·u~~ .. ll.~~r ~t¢t~~ ~~~: 
~(~~.SJ $.:.'.((:-.~d t~x~uri:::: n~t'Bl<>t)' t~~~${,:d X?:t~ ~;~~fd $,~ k:~~ <~~~-~~­
~-e~~~"~-:\: ~'>.)(:~N,ll!H~~~': ~~t~x} ~~~,i~-t t.t){.$ ~~J~~~.- ~''~~{.\ft:h~~ ~~:..-(:~>i 
LOD ~'<f~~i¢ g<:~<,~l'i>{~llg st~> {1id~-"ks·, 
~~~{>t~Ufyfa~g ~n ~ppn>pri~~-~ ~f.:\'<::t ~:::f d~t~U ~r~es:w~tl~~ 

ti~:~· i~v~l of de~~t~l tn .. ~p- Rtt~>)~\g:s.t ~h.{ n~HH4\t:::: ~R\'~-~ t\f 
dtt&l ~a&p~ ·~\,'ht>::f~:. tl'::;(d. <~·kt~~~°'sit~~s i~ .~~~~)s~s~. ~}) $h·~~: 

St} ~~kl }~:i~t~l. 

~itt(~nmi~h~g '~·'h<:th~.t ~~ ·~¢:K\.~·~ .:~:t :s.~ .. i~ at k~~~ ~)~)e t~>~-~it~ 
(:()<~:.tdit~-~~<: .it ill(·tMd.;.X~ ill i~ fu~~t tU~. ~t ~«~~~- ~~)·'Or~pd.-. 
.at~~ fo:V{;':l {~f d~~t~~il <~tsd .$~':tti~~ :;.;s:id lJ)~) Y:.l~U;,~ ·~O ~~'i.~~ 
.apptlWth~~~~· k':~~e1 <~f ,i,~t::1i} \~·he~ s~d. ~t':b,'.i :fa: iui..'.hl(k~<l 
i~ :s.~jd ~h--$:t. tik':_ .. ~:nd 

'}~~'h(;~.:.-... ~~.Sd k-:~~~ i~ ~<:it i~du,kxt i~ smd f~r::.~ ~U:::. .. 
d:.-:t~-"tra~~ti:ng & ~~bsHHlt<: ttX:.~J in a c<:.:iu·s~'.f S<.':(:(>t~~j ~Ht 
\~·hi:~il ~n:t..":Jud'':~ $:..~Jd <H. ~~~~~t <~i~t:: ~t:'.~J~Ul': i..'t~-~t..\hu·.:tt 
~~xt ~ .. ~.ling $.;.lid 1 .. ()f) ~··:..~!~~· t<$ tb~ lc~·~J of ::~t:~~ "-~ 
~-id ~:~~~~~}sd sn~ .. 

, •• _, ,.,.,._ ... ~._\, . ._(..'X· ..... ,.·~ ·.-..· •. ....,. ~(,, .• ,<._'.;, '·'" ••.• " .• .-. • " ~... .~ •• · • :• • " •• ··• ""''' 

-~~J th~': pix~t ~.s:~~i t:.~:x~\~ c::~)S'<ii.~)~tc:~. ~u~d l/)t) \1-...~J~e 
t:~:i11g >IDtp:;Jt .fi)f rnch p!:'l-d \x> >~M !<:X~.m·,~ J''l¢JiJ::..<(}' 

.~ ... ~~sn.3:~tt·~ .;sn:ct 
~a~·l ~~~~t~~i'.:~. ~ ... H)~::.{"tWY :}~%..\n::1g~r ~~~tJir::v~~.s *-.~-::$:~~!:::. frt~)n: th:~ 

::;..--:lfp.··~n..ap :::t~)t\':d i~1 said h~'S".:tUn~ ~nt~~~·:.}r,.:' f~)f t~:tnhis~in~ 
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If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
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New International A~~lication Filed with the USPTO as a Receiving Office 
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and of the International Filing Date (Form PCT/R0/1 OS) 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 
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