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·. DEScRtnroN: OF THE BELEYAHi'- ART .· ~· . 

. . . . . . ' . . . 

< ·· :l:~ a •uiovey .of resear¢h·' directions · relat~ ·to· · 
~isualizationmethods, the Hicr~~lectrqnicf; ahd Computer 

consortium (HCC)- charactar.i,zed the .. fiel~ _of abstract 

· visualization as a mapping. _of ·logical object relations into 

visual space "· •• so that infere~ces drat1r.n -from the visual 

rep~«!!~enta~ian can be carried. back int() the ~bstract 

20 domain." Abstract visualization, as described herain, also 

means the mapping of sensed physical phenomena into a 

logical space. For applications like exploring 

hig~-dimensional multivariate data 11 ••• visuali~ation of 
. . . 

. concrete things ls not as important . as v~sua.lization of 

25 abstract entities." In such applications • •• -.the prob1em 

of what ta· represent and how to deliv•it'.the r•preaentation 

are the key, while photorealism is not as important." 

30 

A significant class of problems related to abstract 

visualization have solutions which are ~ot arithmetic in 
' . . : 

nature.. Furthermore, the explanation of'a particular 

result is as important to an appropriate solution as the 

result itself. Ideally, the method employed for solving 

such problems should enable abstract visualization of the 
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problem~sc:J1v.in9·'.px;~c:ess itself. The .·s.i,ll\plitication .of 
•. : ...... : ~:=; ·.· ···. :-" :.: ·.'. .. ·· . . • • . ·. ·.~::;··/.:·.· .. ·: ... ·.. . . 

Boolean function express1ons.1s a partl.c:Ularly well-known 
.. example of such probl.ems ~ 

Barl.y.approaches to devising" a.mechani:.Cai procedure 
· ·for improvinq circuit desiqn incl11ded a "cha;l!'t. method"·· 

.. ~ . . . . . . .. . 

cl•veioped by·.the Harvard Universi~y ·Computation Laboratory, 
which is de$cribed in a book edited .. by H. H. Aiken 

. ent.itled,· Synthesis of Electtonfc Computing and Control 
. :..... .. . : . ,· . . 

circuits, Harvard Univ~rsi~y Pre~s-: .1951 .. In the article 
10 "SketC:b ~or an Algebra· for Reiay ·and· contact · CiJ:cuits," 

15 

20 

.. Montg0.erie ·suggests a graPhicat .. ~pproach for reducin9 . ·. 
loqic equations· •. Montt1omerie•.s: approach .was deVeloped and 

. . . ; . . . . 

ext.ended 'by .E. w •. Veitch in ''A diart·: Me'l;h~d for sim.plifyi~CJ 
Truth Functions," ·Proceedings of .tht·Association·far 

.·. ~-ting. Machinery, Richard RimbaQh ·As~~i•t•s, . . 

P~ttsbUJ:fJh~1952, pp. i27-133, and .later by.&urice Karnauqh· 
iD .. "The Map Method of synthesis of Combinational Logic 
Circui.ts ,. n AIEE Transactions, Part r I Vol •.. 72, November . . 

1953·,. pp. 593-599.. . . 

ga~ugh describes; a method formappinq abstract 

representa~ons of circuit inputs- into.visuaI·space. The· 
.Karnaug'h map, often called a k-map, is·a widely known 

technique for visualizinq loqical expressions based on a 
two-val.ued Boolean alqebra. Entrie.s· representing circuit 

25 inputs correspond 
·tq a position in a k-map derived from visualizing the codes 
as points in a binary. n-space. The k-map is a 

two-"dimens~onal representation of this space.mapped onto 
. . ·. ·~ 

.the cartesian plane·by·1abelinq·each axis:with a binary 
30 Gray cocle. Inferences drawn from this· visual 

represen~ation of logic expressions us~ally result in a 
reduction of the canonidal expression. 

A well-known aspect cc;>mmon to all Gray .c:.odes is that 
conseeutive codewords differ in only one quantum. interval, 

35 that is, one bit position in the ease of binary Gray 



006032434062 P.06/19 

. .. 
'16:-FEB-199b 09:30 FROM 

I' WO ·'.~l/1.3313 --

MAGUIRES I . .:::ro 
·····.--·-.. 

PctiUS92/002t8 

~-

. -~ ...... 

.. ~ . .,. . . 
.. ,. 

5 ... 

·,·, 

-3- .. _;·, ·. 

_;·;·!·." -;.:· 

codes.. A G_~-~:.c6cie is said to cyci;;·:if"·. its fir-st and last 

'::odewards·differ in only one·quantum interv~l, otherwise it 
describes a path. Each consecutive codeword in a binary 
Gray .code can be represented· 
J ,y the bit position t.hat _chanqes~ Given an initial 
codeword and a transition:seque~ce the entire.set: ·of 

~ . . 

c:..odewoz:ds can be qenerated. u.s. Pat.· No. 2,632,058 issued 
·. ·:·-:.: .... - ·. -t~o Pra~. Gray distinguishes bet;ween .·a primary· f~ra and 

tiecondary variants of the·reflected.binary code: 
i.o · · · Because this. code ·in ·.its primary form m~y be· built -up· 

::: .. · · from .the ·conven~iona.'1 _binary. code .by .. ~ort of _·a.· . . . 

. . · .. 
15. ·•. 

. , ~eflection pi;"ocess ~nd because o.ther- forms uy" ·in turn 
be built up .from: the .pri.~ary''_form in similar. fas~io.1, 
the code in·· question,. 11111~·- ha.• ~~ ·y•t no. receqni.ze_d· 
name, is design.atecl in .. th..i~ •pecif icat.io~ and in the· .. 

··- ........ . - : . ·.·. 
claims . ·as "the·: ~ r.f lected_'· bi~~ry c~de. f . . . . . . 

.Some forms of the reflected binary code offer spe~ial . . 

advantages ov~r others for particular applications •.. 
F_lGS. lA-lE show a _.p:rior ·art method of. unfolding a.· 

20 binary 3-cub~ onto ~ plane·:as ,a-k-Jiap, described by .Clare 
·in De1d.9nin9· Logic ··sistem Using .state Machines, 1973 ~ 

·. · McG~aw-Uill, NY, pp. 14-15 ~ . . . . 

FIG. 2 is a prior art representation of binary n-cubes 

aa:k-maps, showing· a o-cube k-11tap 200, a 1-cube k-map 201, 

25 a 2.-cube k-map 202, a 2-c~be k-map_ 2()3, .- a J-cube k-map 204, 

30 

35 

. at~ a 4-cube k-map 205. · The 2-cu~e· k-maps 202, 203 are 

dl:.fferent :representCitions for a ·two-variable. k-map shown by 

,._:·--. 

. . . . 
k~~nauqh in the article referenced above. Such alternate 
spatial representations are inconsistent with each other. 
Furthermore, region identifiers A 206, B 207, and C 208 in 
the-3-cube k-map 204 .~f FIG· 2 are located i~ a manner 
in'aonsi~tent with the diagram of the 2-cube k-map 202. · 

FIG. JA shows a four•variable Karnau9h map encoded by 

ln,.belin9 each axis with a binary Gray code. Map cells JOO 

o:l FIG. 3A correspond to the qrid cells 301 of FIG. 313. 
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The label.bq'--~pd. .of FIG. 3B.is a s;imp1ification of the 

method of .Fl:G·.;::<~i~(:_ .. , Grid cells 301 i:h:i~IG~ 3B are 
. . ' -~ ! . 

distinCJUished(by region identifiers 302 •. Grid cells 30i in 
. ' .. . 

FIG. · 39 within a particular. region 302 have a logical va·lue 

of: one for the bit position in correspondinqmap cell JOO·· 

names of' PX<;. JA. 
FIGS~ 4A-4B a~e a prior art·method of visualizincj .~e 

b~ s-Cutie m;id th'9 bl.nary 6-cube. as· k-maps·. Clare,. · in 

the x-eference cited ~ave,· shows the s-ciibe 400 and:tbe 

. lo 6-Cube ._402. copi,ed -and translated to th~ ·ri9ht 4Pl and: 
. down"ard 403, .respectively~ 

.FIG. 5 $h~s. a device proposed-by I<arnaug}l, to 

visualize the ayntbe•is .of a network of six· variablea 1· · · · 

. [~a ~-~ilaensional cube] ••• _consists of f0\1%' .· 

15 · 6-inch plexiCJlass sheets _supported at 1'.""1/2-inch .. · 

intervals. by _rods_..... In using- _it_ we ~lo~ movable 

20 

25 

· · markers.. • • • The extension to seven variables is . · 

probab1y best accomplished by placinq twa cube~ side 

by sid~···· Eight variables can he band~ed with a set 

of four. cubes._r and. nine variables require eiqht 

cubes. In the 1attm: case it is convenient to make 
. . . . .. ·. 

them so as to stack easily into two layers of four 

each. Beyond nine variables, the mental qymnastics 

required far synthesis will, in general, be 

formidable. 
. . 

The application of k-maps for_problems of more than 

four variables has been described in the literature as· 

tedious; therefore, the· k-map • s utility is 9enerally.\ : 

limited to the iritrociuction of ideas about logic circuits 

30 and tbeir synthesis. An article written by J.P. Roth and 

entitled, "'l'h• Synthesis of sw~tchinq Systems ~-, "· 
Transactions pf the American Mathematical Society, Vol •. 88, 

No. 2, July 1958, pp. 301-327, describes an alternate 

topoloqical representation of Boolean functions called the 

35 cubic notation. Although Roth's approach is an improvement 
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crver icarnaucjli :irr the mechanization.· ~f Boolea~. furicti~ns, 
. . ·. :. . . ..:.: ,':·~:·;~.\·>~~;=;:).: . .-·; : . :: · .... ·:.::~~=·:·~.\ .·.:. . ': . 

vf~ualization.-·af'-:ptoblems of more that/:a few variables is 

l l :·;t achievabia .. 
·,·· . 

An articie·· by .Liu and Fu; "Cellwork~ Its Net,,,ork 

DQa1s·. and ·some Applications -- Thriee-Dim~ns:ional .KarnaUgh 

Hap and·:tts Virtual Planar Representation," Information 

.&.o!ence, V()l.. 24;-1981, pp. 93-109, is representative of 

Y:arious att-pts .to 9enera"lize k-map methods. tp other . 

iilsc,i~ii~···. The •virtual. plana~. r~p:resentiitl~n~:··~f :.a. 

ttb:'.••~tfiii•n•ional . k-map · is : used. to· s.tuay .. ~·~ell~o;r;-k · · 

~bP~1ogy1I 'from a . ~~twork :P.oint of· vi~w. · .Other. pri~r art. 

aJsfract ':vi.~ual.iza~ion methods include mappfrig!f ·at. . . 
l'igb,;,..dbeit~~o~l· mul.tivariate. fu~c~-i~s~ .. :P1:ese~tiil9 :-·a' : 

~~~dim~nsl~nai view· of ·a .function -~f: many '~a~i~biei .• ·. l~ an . · 

.· at:t.1c1e .bY PatriQk et .. -~1-~ I i1J-lapplng·: Muitidi.ien~Ional !Fpace 

~i-one • Dimetasi~n for computer · outpu_~. ~isp~ay , .. ". lEEE . . 

i·+ansactioiti oi\ comDUtats,·· voi.-· c,;;,17, N~. lQ, ·19.6a~· ·P~ 949, 

the folloWinq ·problem is ·p.resented: ... 

:.. .. 
· consider the problem of. displaying a reai-valued· ~ 

fu~ction f cx.11 x-2 ••• ·' x (-n i ) of . C n J real variables . on 
. . 

a c~uter outpti.t display.. • • • I.f [n]-·= 1~ .. it is ... 

_;clear.how f(X(J.1]) can be procf!ssed for.·display on a: 
two-dimensional screen; but if ( n J >. · 1, the required . 

processing is-not.as obvious. 

Patrick's approach to displaying a two-dimensional 

•.iiew of N;..climensional functions for· n > 1 establishes a 

one~to-one .correspondence between t'1!! N-dimens_ional dOJnain 

if "f". ·is ·bounded, that is, statically pr.edetermiried. 
. . 

~ 

Prior art methods cited above primarily _are concerned 

"'ith t\\c9··visual representation of logical objects; howeverr 

the prior art als~ teaches methods for the logical . 

reapres~ntation of.visual object~.· Srihari in his artic1e, 

· · 4'.itepresentation of . Three-Dimensional Images," Computing 

· i>urveys, Vol. 13, No. 4, December 19Bi,· pp. 40.1 & 405~ 

35 tliscribes symmetric recursive indexing as a method of 
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parti=-inq~~'!=-~oduced by se~Tuf, 'bbjects tm:ough a 

form of .. r'adiant energy, for example,· .... are inherent1y 
.continuous. Computer representation of 3D images 
requires a sampling of the vol.1ime to •xtract a '. 
discrete set of values •••• The cubic space is 
-subdi~ided into eight subcubes (octants) of equal. 
·VQlUine. Each of these .o~nts will eithe:r; be . 

bomocjeneous (~.q., uniform. a:ttenuat:ion) ··or· have som~ 
nonmsiformity. The heterog~eous: ~Cta~t~i are :furtber -

·divided. into subo~tants. This procedure.la repeatecl 
al!- long. as ·necessary until. we -.obtain bloCks (possibly 
s~ngle ·voxels) of unif~rm prope~ies·. - · - _-

. . . . . . 

. ot;!;Ler:,prior art •ethods seeft:to. control ~e· logical 
15 rel»resentation· and visual expression of .object . 

. . . . . 

relc\tionships. lJ. s·. Patent· No. -4, 12·1, 952 entitled, 

"Apparatus and· Pro~ess for Graphica1ly Representing 

Tbree-Dillensio~al Objects in '!Vo-Dimensions", issued to 
Buber describes a process for the perspective 

20 representation of objects on the screen of a·numerically 

. control1ed machine to~l. ·The object is resolved into a 
series of sections (slices) which are represented 
successively to produce a visual image of the object. 
Hu.J:>er•s invention claims an improvement of 

25 ••• a process for controlling a display device to 
represent a three-dimensional object such as a 

~· 

workpiece, wherein the representation is based upon 
· ·aata altd 'commands stored in a COJllPUtinq device·.-uch as 

.a compu~er. 

30 As machine and process operations become more 
specialized, controllers that are ca~aple of adap~ing to 
changes due to unforeseen application requirements or 
fUrther specialization become necessary. Federico and 

Webster in u.s. Patent No. 4,475,156, entitled "Virtual 
JS Machine Control," teach that • ••• a totally hardware 
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contro1ler to prQivide these ~eatures.is often prohibitive. 
inflexible, and.costl,y." PJ:'oblems with prio:r: art controls 
iriclude"a lack of appro~i'ate modularity and a lack ~f 

. . /' . : . . 

sufficient mechanisms to support a~propriate modularity in 
the firmware. other prior art controls require a detailed 
knowledge of the operation of the control kernel for 
_usaCJ!· ...... _~th~r pr_ohlems with prior art controllers include 

· · a general lack of appropriate ~echanisms for accomplish~ng· 
. . : . . 

the· •Pfl)claliz_ed objectives. 
::Heath · in an article "The Hypercube: A Tutorial 

overview,·• Hmercgbe Multiprocessors 1986, SIAM, 

Philadelphia, 1986, pp. 1-10, teaches: 
; · .•• :-in a hypercube. (also ·.variou_sly ealled. t:he binary 

Jt-cube,. coa11ic cube_, ho1109eneou~ us•l?l~ ••china, 
15 etc_~), 2H processor~· are· ~onsecutiva~y ~~ber•d (or 

... "'"~- ·····.----.. taggf!ld) ·by binary. integers (e.q.,. bit. st.~-ings of 

20 

length N) from o through .·2n-i. Each processor is 
connected to all of the other·proc~ssors whose binary 
tags differ from its own by :exactly one bit, 

. . . . 

Topologically, this arrangement places processors at 
t.lie vertices (corners) of an N-dimensional cube. In­
practice, the actual layout ·of the_processors is a 
linear arrangement i_n a card cage or a. planar 
arrancJement on a printed circuit board; the cube 

25 connections are aade by wires, conducting layers, or a 
backplane. 
FIGS. 6A-6D are diagrams of a binaJ"Y 6-cube encoded in 

accordance:with prior .art n-cube re.plication methods. 
Seitz in the article, "The Cosmic cube," communications of 

30 the ACM, Vol.28, No. l, January 1985, p. 22, describes 64 
c01aputers "._ •• connected by a.network of communication 
channels in the plan of a binary 6-cube.• The 
·interconnection pattern of FIG. 6A is similar to that used 
by Seitz. Each node of FIG. 6B is linked by arcs to six 

35 other nodes. 
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F:CGS. · ·10.A~10B show a d,iagra:m of .·a four-dimensional 

hypercube·. called a binary 4-cuhe. EaCh element of 

FIG. 10A is referred to as a node 1000. The di11lensions of 

~XG. ~OA are represented as a link 1001 connectinq nodes 

s .... · 1000~ ·.The binary 4-cu.be is shown partitioned 1004 in 

FIG"! .10B.as two subspaces: subspace OCBA lOQ2 and f!SU~pace 

.1CBA 1003. 
···Hyparcubes Of arbitrary dimension can be ~ade USiftCJ ·B 

linear anangement wi1:h connectinq wires (F'IG. 2). The 

10 ~ .. of. each' dimeltsion is obtained J:>y tepli~ting the one 
.'of· next .low~ dilllension, then· conriectinq co~esp~nding 

n~e&. The node .·names resultinq :from such hyp,lrCllbe ·. 

interconnection sehemes ·correspond to.· pri~r art· 

twcHlimens:ional rec;m:.sive · ~dexinq ·methods, siJllilar ··to · ~~ 

15 metb~d desCJ:ibed by. ~rihari. in his article z:eferencad ·. 

above. Recursive index4tq· .has been indepenaently · · 

discovered by practitioners in diverse fields. Recursive. 

inclexinq is- not axt:andabl .. to generalized H-dilllensional 

reso1ution,. where the resolution of each dimension i~ 

20 p~tted to· differ. A hypercube, when projected. onto a 

.plane using the method of recursi~e indexinq is ·routin~ly 

referred to· in prior art literature as a binary n-cuhe. 

'l'bis binary space partitioning procedure, however, actually 

·describes an k-ary·2-cube, that is, a two-dimensional space 

25 with k/2 bits.of resolution for each dimension, whos~ 

elements are interconnected as a binary n-cube. such 

:topological ambiquity frustrates the mechanized 

-visualization of hi9her-order,. N-dimensional spaces .... 

Marihugh and Anderson in their article, 11The H 

JO Diaqram: A Graphical Approach to Logic Desiqn", :IEEE 

· .Tr@nsactions on comp.uters, Vol. C-20, No. 20, Qctober 1971, 

pp •. 1192-1196, d.!sct"ibe a qeometric model which is intended 

to visuall.y aid the analysis of binary functions. Their 

method is based on qeometrically transforminq the 

JS coordinates of a hypercube onto a plane. The H diagram 
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11etho~·of visualizing the coordinates of a binary hypercube 
. by transforming its coordinates. onto a p~ane. is not 

l!«tendable to general.izedN-d.imensional.space; where the 
resolution of each dimension is permitted to.ditfer. 

s "· .sivilotti in a paper, "A Dynamically Configur:able 
Archit~cture For Prototyping An~log circuits~" _inAdvanged 
R.1surc;h _in VLSI. Proceedings of tbe Fifth ·MIT. Conference, . 

10 

15 

20 

· .199.8, .MIT, p. 248, describes a .binary R-tree hierarchical 
int~coiinect structure ... !lsed. :to~:·physically ·pi.a~e ·1~af . ce.lls 

. inct ~·--r interconnect switchel!I. cm a .g~id ~!,~"parallel 
.Jiecoders ·around the "chip pe_rim~ter ·as ~-'simpl~r. alternative-' 
·tx,,-a:· hiei:archical decoder.~· · Siviiotti.,al.s·~ .refier~·-·fo . ·· 
jndir~ct. element name . (s~itch. add~e$s) tran_st~~~ion · as . . . . . .. . . . . . . . . . . 

. : •• " •• :.mappinq between' hier.rchica], lnte~c:(>n~e.~t- matrix. 
~QrdJ.nate'5 and flat . Cartesian· cop~dinatet5 p·e~fQ;nted by . the 
t~lnbedding ·compile~• " . . . . . . ' 

Colorimetry is a perceptual science whit:h studies and 
~tempts to quantify how the human visual systen·p~~ceives 
color~ Th.ls study 'of perc~ption ·bas ·resuited .. in various . . . ; . . . . . 

S:fstemc ·O_f: color :representation, each intending to· reduce . .~ . . . . 

1•rQble11&s a~soc.iated with subj~ctive· .coloz: selection and 
. ~eprocluction. six color sys.teltls often used in association 
*li computer-related information.display include: the 
!!ili.h.seil .co1:or system, HSV hexcone, ijSLdouble hexcone, HSL 

25 . · ~ble cone, HSL cylinder, and. the ~GB col~r cube~ 
The Munsell color system is described in an article by 

·MilYeJ:'. and Graenburq entitled, "Perc-.ptual<;:olor spaces for 
C0mputet' Gra1>hics," computec.· Graphic52, Vol. 14, ·No!. 3·, 
i98o,pp. 25.4-261, in relati~n to reproduction of color on a 

30 · televi~ion monitor: 

35 

Deciding which Munsell rf1notation .. colors are 
reproducible on the monitor is difficult because the 
monitor and Munsell color qamuts (reqions of 
realizable color) have irreqular shapes and ~heir 
intersection is not well defined. 
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A.R. Smith.l.n· "Color Gamut Transformation ·Pairs, 11 ~ 

Computer Graphics (SIGG~~ 78), VOL. 12, No. 3~ pp. 12~19, 

. describes the BSV (hue, .s.~uration, and value) hexcone, 
which'used a ·neutral axis from black to white. At the 

s ~-white point is a hexaqon with vertices representinq the 

colors at·the vertices of the color cube. 

10 

· · ·D .. F. Rogers in his boe>k1 Procedur11· Elements· far· .. 

computer GJ;aphics,. McGra~..;ai1~, NY,. 1gss,· PP•.· ·~.ol-40~~ _ 
.. descril>$s the HSL ·(hue, sa~11~ation, an~ :ligb~ess) d0ub_le 
bexcone. This color system.is similar to the HSV hexcon8' 

. .· . . . . . ·. -

with·the exception that the ·fuii colors are represented 
·. wii:b ·a· value of o.:s instead ·of beinq equal to white.· . 

Joblove and.Gre~ur9.in their paper, "Color·Spaces 

for emlputer Grap~ics,·" ACM ·¢@mit1r· GJ:aphj,g1, (SJ:~ 
15 7s); Vol. 12, No. 3, pp. 20-2s; dascrib• a.variant.of_t:he 

HSJ, double hexcone called -th:~ ·, BSL double · C()ne~ whose 

cross-section is circular r~ther than hexaqonal.. In the . 
s.ame. paper Joblove and GreenbUrCJ describe the: BSL cyli.nd~, 

which.expands the base and tap of the double cone into 

20 blaclc and.white.circles. 
Bach of t~e color representation syst~ menti~d 

above use some variant of a radial. coordinate system to 

compute the location of a particular color sensation in 

their respective color spaces. Meyer and Greenb.urq in 

25 their article reterenced above make· the follOW-ing 

30 

35 

observation: 
••• A problem inherent vith any color organization such 

as The Munsell. Book of Color that.use• a cylindr;J.c;a1 · 
coordinate system is that the spacinq between colors 

changes as two radial lines are fol.lowed outwards from 

the center of th• cylinder •••• The idea is· to define a 

color system in which an eqµal perceptual distance 
separates a11 of th• co1ors. For example, the 
grayscale of the ~ystem should provide a smooth 

transition between black white; •• such an ideal system 
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has yet to be found •••• 

The RGB color cube represents the red, cJreen, and b1ue 

monitor primaries as orthogonal axes. · 'l'he colors that are 

displayable on themonitor are within the cube from (O,·o, 

O) to .·(1, 1, 1). The neutral axis is a (diagonal) line 

from the black point (9, o, O) to the white point (1, 1, 

1) .• The color cube has been referred to in the literature 

as a "natural" coordinate system in the sense that.. the 

three c0lor coaponents·are_ mapped into·an-orthogonal 

coordinate system in.the.same fashion as t.bJ:-ee-dimensionai 
L • • . . , . • 

geomatry. 
Color repJ,:"es.entations. ~sed in compu~er graphies ~re 

cl~sely iinkad.t.o:b~th the color reproductio~ .devi<:e. and to 

a m.etbod of _color .. self;!ction. Uniform color spaces. can be. 

used.to.decide at what level.of resolution thec~i.or 

information .should be en~ed. TWo-dimensional data·plots, 
. '· . .. . . 

for example, require unif onn colors spaces to select color 

scales. ln the pri~r art- co.lor systems referred to ab.ave 

the p.J.CJDlent gamut used to derive .color- spaces is generally 
. . . . . 

20· smaller than the gamut_ of a color monitor and the ·pigment 

·C'jamut i.s irre911lar." i.cc0rding to Meyer and Greenb~rg·, 

referenced above (p. 260),· • ••• thi• makes· it-difficult to 

find color sQales that incorporate the most brilliant 

monitor colors·." 

25 ·Richard Perez, ·in his.book Electronic_Displav Devices, 

TAB Professional". and Reference Books, Bl1,1e Ridge summit, 

PA, 1988, pp. 69-129, presents a detailed description of 

CRT electronic display device technology. The number of 
. ' . . ~ . 

colors that can be·produced on a CRT display, for example, 

30 depends on the number of steps of gray level obtainable for 

each phosphor _.(compounds that emit li9ht when bombarded by 

electrons). If the electron gun can be •tepped over·four 

levels (2 bits), the resulting palette has sixty-four 

colors. Some systems currently available are capable 

35 of 1024 steps of gray from each gun (10 bits). systems 

-~ 

ii11m111ii11r 
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capable of 256 steps of qray from each qun (8 bits) are 
more common, however. Such systems·c.an l)roduce a palette· 
af over 16 million unique combinations. The eye is not 
capable o~ discriminatinq many of the s•all chanqes in 

s "'.co1or so that the viewable palette has aany fewer colors •. 

10 

lS 

20 

. J:n a chapter .entitled, "Color :Displays and Color Science," 

co1o~.al)d th.e Compute~, Ac~deinie Press, Boston, 1987, p. 

ll, the.s.ection entitled, "Visual Display Descriptive 
s~stems," Gerald M~ch.makes the f'ollowinq.observation:_ 

••• Under. optimal· conditions, .a total. of ab,o.ut three. 
. . . . . . . 
mi1iiondiscriminable colors can' be produced in a 
visQl displ.ay; ~at is, calo:a='s:that are recogniza~ly . . . .· . . 

different whenpl11.ced adjacent to ·one·ano1:her. ·The 
.. palette ·shrinks to about 7000 ,when c9lars . located at · · 

. . . 
different screen. areas •us~ be. i~ed.i.ately recogni~ed . 
as .different fr~ one another •••• 'l'heobtainable level 

. ' 
o~ saturation for additively•mixed colors can be 
ex.tended. by increasing the number of primaries •••• 
The coloe television· industry expiedJnented with four· 
or.five primaries; but concluded' that the improvement 
in.color did. not offset the increase in the expenses 
of production o~ such· receivers. Visual displays 
followed the lead. 

Zn u.s. Patent No. 4,887 1 878 entitled, "Optical 
25 Modulation Device," Robinson and Sanford teach: "To convey 

~o:rmation on an· optica1 wave, some property of that wave 
has to be modulated or chanqed in accordance with the 
infcn:mation and adopted codinq system." W~ll known in the 
art are· devices which rely on various electro-optical·) 

30 thermo-optical, or acou~to-aptical properties of materials 
for modulating: electromagnetic carrier waves in· the optical 
region of the spectrum. 

Separation reqµires couplers, like the· one shown ;i.n 
FI:G. 7, that are sensitive· to wavelength, .so light 700 can . 

35 be directed along different paths 702-706. A diffraction 

This Sheet Has B 
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grating 701 is USaQ to spread out : spi!~~ght fr­
the input fiber 700 and focus speci_f ic wavelengths ···in that 
spectrum onto ·fibers in a linear· array 702-706. Conversely~ 

·if· th· outputs were revers.ad,-the grating 701 would combi~e 
s -"· the five wavelengths 702--706 into a sin9le output at the . . . . . . . . 

10 

15 

20 

top fiber 700. 
· Xn th~ article .":Integrated' 0ptics·.,-: 11;:~1n· ontics Squrc& 

;Jlggt, s. Park~r, ed.,,McGra"1-Hill,.:NY~ i988, pp. 287~29i, 
streifer describes--llght transmission _in planar waveguides . 
based on 11 ••• dielectl:'ic.sti:uctures that confine tlie 
propa~ati'1g light. to_ a req~on witll.one or two very small 
~imensions,. ~n the ord~r of the Qptical ·. wavelength .. " 
FIG~ a •hows F.ior art· prism·iriput-coupling aoo and grating 
output coupling so3. of,.an extern.~l :ti9ht:·be~ 801 .into a 

· thin-film waveCJUid• · 102. By· rever•i119 t:he incident 801 and . . . 

oµtp:ut 8~4 beam dire~ions·. the J:Ol~s of. the prism 8~0 and · 
grating 803 couplers-~are i:nterchariqed.' Streif!!r further 
describes opt_ical integrated circuit (OIC) .switching and 

· modulatiQn applications: 
Both lithium niobate ·and gallium arsenide belon9 to 
the family· of ~lectro'!"'optically.active crystais. When 
an electric field is applied to these •aterials, their 
refractive indices are modified •••• If the wavequides 
are suitably designed, the applications of specific 

25 small voltages· to the electrode~ will caur~e t~e 
transfer of optical power from one waveguid~ to its 
neighbor with hiqh efficiency a_nd little residual 

. power in the ini:tial guide·~ ~- -~ 
FIG. 9 shows a prior art it4 by 4" directional coupler 

30 ·swi~chinq networ~ in which.each of four input optical 
•i9nals 900 may be switched to any one of fou~ output ports 

·904. Conducting .electrodes 901 deposited on the surface of 
a crystaline substrate 902 paral~el to two closely-spaced 
wavequides 903. such an optical integrated circuit serves 

35 to interconnect four computers through optical fibers. 

This Sheet Haf. B 
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switches are in etfect modulators. Prior art modulation is 
a process in whieh information is encoded onto an optic~l 
wave. According to Streifer, refet"el'lced above, ..... Pulse 
modulation results simply by.interrupting or c~nnectinq a 

s ... l.ight ·wave in a manner intelligible to a receive?:-. By 

transferring .light into or out of. a wa~equide in respon~~ 
. . 

to an.electric signal at a switching electrode, the output 
optical wave -becomes modulated; that is the switch acts as 

·a ~ulator.• Accordinqly~ the for99Qing.disc:uss~on . . . . . . . : . . 

10 of the .Prior art· is rep?".esentative _of· th~ problem of · · ·· 

15 

representing mixed-resolution, .N-dimensional objects. -and 
. . : . . ... . 

si)aces. · ·A iong felt need. has existed :for a· solution~. to . 
this ·problem. 

. . . . . 
·An object of the i~venti~n is·to mec:b~ni~~.th~ 

9en~~tion of ld.xed-J:esalution, · N-dimena·ional . ~bjact s»aces 

rel.a~ to complex problems with ~.larqe numbe~·of 
variables, -wliere the number of var:iables. is not -linrit~_by 
the method .. · 

20 ·Another Object of the inventioz.:a· ·is. to qenerate 
content-addressable object spaces. · 

Another object of the .invention is the production, 
interpretation, and·manipulation of a noveL form of a 
re.fleeted Gray code referred to herein as the Jc-ary . 

. . 

25 reflected Gray code~ 

A further object of the invention is to represent 
sensed physical phenomena logically. 

·~ 

An additional object of the invention is ~o mechanize 
the· visualization of mixed-resolution, N-dimensional object 

30 $paces re1ated to complex problems with a larqe number of 

. variables, where the number of variables •is not limit~d by 

the method .. 

Another object of the invention is to represent 
logical objects visually such as logical color 
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A further object of the inven~ion is concurrent 
control-of a plurality of views of one or more object 
spaces. 

S .... A still further object o·f the invention is an 
apparatus described here-in as·th~_kernel of a modular 
~bject descr~ption system. -

An-o~ject of the invention_is to dyn~aically control 
the __ logical_ repres•ntation and th~ visu•l expression· of 

10_ ~bject descriptions· in: an object space. - -

_Another_ objec:t of the ·invention i:s -c:oncurrent control 
of a plurality of. transition paths in_an object' apace •. 

AD object of the inventic)n i• Ct;)ncurr•nt contr~l of a 
pluralit.y. of eleJaent ·relations in an object "space. -

15 .A further object-~~ the•in:vel'ltion is' concurrent 
control of -a plurality of regi~ns -- in -an object space. 

An additional. object of the in~~ntion:is concurrent 
control of a plurality of object sp_aces. 

An object of the invention is to_ control variou-s types 
20 of-machines such as processors and •eaory, and to control 

related processors. 
. Another object of the invention is to control various 

types of processes such as optical -modulation and 
demodulation. 

25 SUMMARY OF THE ItfYENTION 
Object spaces representing very simple object 

descriptions can be formed manually, and, in a few 
- - - ~ . 

instances, mentally: however, description •paces of actual 
·systems quickly exceed the feasible limits of mental 

30 visua~ization and manual procedu~es. Therefore, an 
illustrative embOdiment of the presen~ invention is_ an 
apparatus that is part virtual machine_, providing an 
appropriate level of application independence and device 
transparency. 
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According to the present invention~ as embodied and 
broadly described herein, a process for generating and 
visualizing- mixed-resolution, N-dimens.ion•l object- spaces 
using a computing device such as a ·computer is provided. 

s .... The computing device may be of th• type comprising means .. 
for storinq data and commands, means for qenerating a 
1ogical. representation of the N-dimensiona1 object space in 

· ··reaponse to the st~red .data :and ~ouands;. display loqic··t~r 
qeneratiJig a virtual.imaqe representinq .the N•dimensio~a1 

10 ol:Jject space in respoilseto-the st~red. data an4 c~an~, 
· and disp1ay means for displaying a. visible representation 
-of the. virtua1 imaqe. 

:In the case of user-a;peci~ied-.attributes the process 
:starts with the .user -~np~ttinq: to ·the cOJ11pUtui9 device the . 

15 ."attributas·~4 the computinq d~ice,9enera~in9 from the 
~ttribUtes a frame· for the N-dimensional object.space.· The 
bits of the f:raiae are 'th~ interlea~ad.to generate an 
object descriptor .. · l'rom·the frame and: the object 
descriptor,.. the computinq device generates 

20 ·cllmensiona1-spatial 1ocations· of the· N'-dimensional; object:. 
space. 'l.'he computing device also·qenaratas object selectors; 
which co:rz:espond.to interleaved frame data for each 
di.mensionai-spatia1 location in the N-dimensionaJ. object 
.space. 'l'be computinq device generates a virtual imaqe of 

25 the N-dimensl.onal object space from the dimensiona1-spatial 
locations and the object selectors. A user or an 
application procedure selects a region of the virtual 

image. The process may further inc:lucle the step of . 
displayinq t:he selected reqion Of the virtual imaqe Of the 

30 N-dimensional object space on the disp~ay means. 
The process fUrther_ includes having the c01nputin9 

·c:1evice qenerate, from the fraine and tbe object descriptor, 
~•solution-spatial locations for resolution levels of each 
of the N dimensions tor .a mixed-resolution, ff-dimensional 

35 object space. subsequently an object selector is generated 

TOTAL P.19 
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from the frame data for each resolutio~-spatial location in· 
the mi~ed~r~solution, N-dimensiona1 obje~t space~· ·A 
~irtual. im&9e_· -of the. N-c1i~ensi~nal' object space·., 1• ·. ·, · · 

·.· 'qenera.ted .from" the. reso:J.:Ution-spatial :1oc~tion~· ~nd the . 
-~ .. : . . . . .. ; . : .. . . . . .· . . .·· ... ; ·.. . . 

.. s .. din~sional-spatial locations •. A user.· or· an application· 
, .. procedure. se].ects a. ~egion of the virtual image ... -~e 
p~ocess may. include usiri9 the computing device. fox: .· . '. 

~isplaybt~. the:. S.elected re9ion t;)f. the . ~irtual 1-~~e .. ~f· the 
· mixed-resolutit.m,. N..;~imefisional ·.object space on·.,the display 

10 ·'means. : • · ·. · . . . · ·. · ·· · :. : · ·' · · .·. · ··.. · · · .. >·.: ,· ·· . :· · : · 
The:prea-.nt invention altemat~ve1y1lay'b•:e~d:i.ed as· 

an appa~atus for generation and·visualization of .. 
·. , • ' ·. •. ·, • • ' • • •• I·. : • • .· • .:. •' • • ." • 

mixed-resoiut1CJn, N~d1mens1onal ob3ect spaces•: ··. ln the .case · 

of .user obje~t description, a·: user ·s~ecifies '~ _·parttcµiar 
15' set of attrib\ites daf ining. dimensions and reso1Ution . 

1evels.· :In t:he ease "of .an applicati.on-drivan object 
descrip~ion, an application procedure~ .. ·ap~cifies a 

particular set of attributes def ininq dimensions and 

resolution levels. In the c:8se of sensed physical 
20 phenomena, such as electromagnetic signals, the apparatus 

transforms analog signals into a digital form which 
. . '. . . - . . 

spadif'ies a particula·r sat of attributes dafininq 

dimensions and resolution levels. 
The apparatus includes •eans for qeneratinq a.frame· 

25 . . from the specified ~ttributes for the ff-dimensional object 
apace. Means tor interleavin9.bits genera~es.an object 

. ' c 

descriptor which corresponds to interleaved frame ~ata. 

tJsinq· .the frame and the object descriptor: the presant 
' . . . ~ 

invention uses means for qeneratinq dimensional-spatial 
30 locations of the N-dimensional object space. The frame data 

is used to generate.an object selectax: for each 
·dimensional-spatial l.ocation in the N~dimensi~na1-object 
space. · Th• dimensional-spa~ial locations and the object 

ael.ectors are used.to qenerate a virtual. imaqe of t:he 
JS N-dimensional object space. A region of the virtual imaqe 

TOTAL P.06 
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is. selected.. Display means may d il.11;\ay the selected. Z'OCJiOn 

af the virt.ual tlitlcre of the N-clilnensional olJjact space: 
_'rha apparatus 0£ tha praeent invention addi~ionally 

may include means tor qeneratinq resolution-spatial· 
5 locationR . Cot' t'M~nl11l:lu11. lf:tvels of each ot th• N 4illcmcions .· 

10 

lS 

20 

.... !~r a ~ixed-reso1ution, If-dimensional CJbject space usinq 

th• frame and the ob)ect de&cripto.r:. The frame and ohjAr.t 
dcaaript.or . 
~· ua:•d 1-o. genera~• an objeo~ _ocloa~or £or eac:b 
rtii•ol~tlon-spatial ·1ocation .in.the aixed-re•olu~lon, 

H""'4im&nsional oll:jec:t sp~ce~ Usi1l9 .rasalution-s:;pa.tial 
_.locations~ 'the. diaensiOna.l,..~atial locations.,·· called objl!ct. 

oalootora, a virtual ima9• o~ the·H,dillensional o~ject 
. . . . . . . . . . 

•e:aca i• 9cmara'Ce4, and.21!.&ans is provided foz:- selectinq a 
reg10n oi: ~ v1rtu~1·J.Uge. _riU..cLata f~r a parti.ou1ar 
object are usect ta_ 9•nerate a ain9'l• o~ject ••l•c:=tor to 
i:•feJ:enc:e a pu-tieular iocat.iun ln·tha mtx~·resolu'tlon, . . . . . ·. . . . . . . . 

~ensional Obj.ct. s.Pllce. 
All iUw=t.rai:iV• ~la of i:he.prcacnt invention. 

i:eia\:es to ·color ~ception, e~i.o~_specif.icati~n, ·and. co.Lo:c" 

spaaer.;;- and, in par:ti.cular, tn the prc:Xluction and 
visua.1i7.ati·an or unif"or•,colm; ,.11_aces •. ·A color nmaing . . . 
'method for control1ing Rem values by intlirActly specifyinq 

RGD signal voltages an4_visualizing the resulting 
25 di:stribut;on of pcrcciVab~c colors in the :RGD color ll()ace 

ill: prccantcd in· accor_danoe Vi'Ch ~C method discl~secl 
herein. 

The ca1o~ namln9 11111thod used· in i't<""..Cord.ance wi'th UA 

~resent invention, is the process by whtch the nallltil 0£ a 
;jU p.rticulu c:olcn" exilerience is encoded tar both thR _,ur.pnRA 

of uniform color aelec:tio~ and ~he purpose of reproduotion 
on an e1ectronic display. The system of color 
bpreswmt,at1oll used• to _:tor;n a unirom ~olor. space. 1s to 
name color~ in terms o.r ·tbe cllddillve relati.nni;: ot rf!t(I, 

lS ;reen and blue. 'l'he resultant RGD system specifies il t:r.in 
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of va1ues r11n9in9 frDll u to 1 or Ot ~o lOOt tor •aeh of ~he 
'tbree priaaries. The ca1nr r•lationshipa tlaat result rur-m 
a eubo. Tho RCB system is a ~lmpl• ahd direct apptoach to 
th~ prohl•• of coior description that thcorporat•• tbe 
_princip1_es ar i!lddit~ve color· Jnixture; that is, t.h• uur 
epeeifies color directly in terms of the electrica1 

· aotivity that the speciti.oation _will ind .. ce. In the . 
.reference J:>y Hu.rch,. cited in t..he D11qript.ian ot th• Pr.I gr. 
~. th• d1ifioulty of •pecifyin~ additiv.·color 

10 relatianshlps·i• disouasedt 
••• Por indjvlduals understandinq the nuances of' 

.ac2~1tJ,.ve.eol~t".mi:ict'-re,": the RGB syatc• iii ~forta.bla~ 
•• ." EVen for. ·those individuals with a. ~i •• ~ . 
undArstan41ng of adclj.~ive color, ~he loc:ation and·. · .· 

.15 propRt' Sp•c.j.~iC!&t10I) Of OOl01:'1S Within thA int~z:to~ O~ 

20 

. the Cl~~' ~lPn ·SOID~ rGal·. Yalue for all tlU-911 p:d.ilari~8 
1119 . requir~d •. pi·uveR diff~cult..· Iaagine selection. ar a . . 

· Ml~ium bi:own1 for exampl•. ·.The gre-.tcst difficulty ·1s 
-~n~oantorad · wilcn •. color. of proper hue and · .m:iCJhtneas . . . . . 
h•• been Joc11tad and a ahift in saturation·!· 

·desired. ·Such• shtct·v~uld require• 
disproportionate changA in all. three v~1ues. · 
'J:be novel aetbocl for generatinq, eontrollinq and . . . . 

. visuaiizing .the dictribution of pA.r:c:elvablca colorc.tn a· RGD 
25 eolor spac.P. is. dasc:ri.bed. below.. ·A primary aspac!t. of the . 

M.thoci disc1o..q~ herein 1£ that the encoded pattern nf bits 
~hich sp~cifies {physlcal) 'RGB s:i,qnal volta9ea a.l•o 
(l~f:lctallY) nues a ~articular location in a displayable 
unirorm color space. Another aspect nf the method 

30 disclosed herein is that the 109ical namln9 matbod of 
. invRnt.ion ~llustrat.ec:ll by the ~olor spacA exampla may be 
9enerali~P-<1 to include a novel. method for optical 
aodulation. 

Acl41tional objects and advant.ages of th~ invantion ~ 
JS R•t. forth in part in the description which follovs, and in 
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part DB oP.ious from the deccription,. 9r lllBY ba ·le11?9d ))y: 

practice of tJio invention. The · objer.t:.A and advantaq.P..s of 

1:he invention a1so m~y be realized and attained by means of 

the instrmaentalit.ies and. combinatioru: 'Particularly poin~d. 

c>ut in the appended claims • 

8RIEP DBScnIM'l:ON OF 'l'Hl!! DRAWINGS 

'nt.e acc:oapanyi11q drawlnr;Js, which ·arP. inCQTporated in 

and eonst!tuta a part a.C the specif~eation,. illustrate 
pre~erred embodiments of the invention, ancl t.oqi=-thcr with 

io . the. duc:ip~on, sez:vc to. explain t~e· priftc1plaii.·oi_ ma 

invention • 
. l'lGS. lA•ll are diaqrams or t.hR himu:y l~c.:ube 

11unro14a4• in aC:C:::ardance wi.th prior· ~rt methods; 

PIG. 2 11:' 1111 prior art .rep:resent~tion ot' n-cl&bes as 
15 k-.ap;; ,. 

nGS• 3A.;.3B·Grc a prior art repl:'esan~t:ionc ·of·a 
.. f~ia.blc KanlaWJh. •P: . . . 

n.cas. U-4B _are a prior art n!presentation·~r a ))!nary 
5~ and a binary _CS-cube; 

20 FTG. s shows a prior art: device· for :extcndf.ncr the. 

binary 6-cul1e to visualize- ltiqher order spaccsr 
fIGS. GA-GD .ire a diaqrams of a 1'inary &~ encodad 

in accorciance wit:h prior ai:-t 1:Wo-dimenci0nal rec:ursrive 
indexing- methadc; 

25 BLG. 7 shOWR P!"ior Krl:. distrilNtion of au~tiple 
vavel.en9tl1s. to separate fibers; 

FIG. a shows prior art 'Prism input couplinq and 
grating output: coupl:ing of an oxi::crnal light ooam into a 
t:hin-film vavequida; 

30 F:tG. g shoVO a prior art 11 .11 ))f 4" directional coµpler 

cvi.tohp 
Fl:G~. J.OA-10ft are prior art diegrams of a 

four-dimensional hypercUbo1 
FIGS. 11A~11C show an intuitive procedure.for ·~ 
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g'8ftGr&tiDCJ Cpacea I Spatial element lillk1S9e·,· and 8 binary . 
4-eube projected onto a plane1. 

FIR. '\2 ls a riow C!hart for the aose of user-specified 
attributes vhfCb ShOWS the PJ:"OCRAR Of the invont.ion; 

FJ:Co 13 shows exttressions ot a zero-cuha: 
FJ.c; • 14 ah owe oxproosions Of • one-dime1l.R,.i cmal, objec:t 

.space; 

FIG. 15 s;!Jowc axproscionc Of 0. tvo~dimensional, ob;JAct. 

space; 
10 ·PIG. lG shows exp:r;essionA of a tbreo~diaeneional, 

objoot space, 
. J."lG. 17 CbOV~ expr~Df:~ons ~f'. ~- four--:dililensionitl, 

.Qbject 1;par.-.-; 

··FIG. 18 · sh~ws; -~x.pressic:;mi; of. a five~d.i:iaensional, 

is· ob,ect &Paoe; 
FIG. 19 shove expressions aE asix-di•encional, objeot 

··p~: 

F%GS. 20A-2oc ar•_4iagrmti9 ·of· a k~•r, one~di•ensiunal, 

old.ct epaca; 
20· Jl'IC:S. 21A-2iD •r• dialjJZ'ama C•f .•-dimsional ob~•ot 

apaoec; 
FIGs."22A~22s.aro dioqrmas of a nixed-resolullon, 

4-dimensional · objar:t spaeo deri·voc1 from a binary, 
4~t111P.1:1slonal ·object spaae; · 

25 · FIG. 23 is il funr.t.lc,nal diagram of the object 

descrii>tion process; ·_ 
l'J:C:S. 24A•24.B chov bl~ck diagrams of physical mndnl•s 

. ·ln an object descrip~ion system1 
PT~. 2e sh~ws a ~unctional lllOdule or an obj•ct 

30 4e•criptio11 syst.em; 
lIG. 2-6A-26H show tt:i-. object: space aonfiprationc 

formed by th• 4-bit frame lo~ie module; 
F.IGS. 27A-27C arai diagrams of en ei9ht-elemAnt. 1u:a 

r.nJ.nr spae9: __ 

3S PrGs. · 2s1t .. -2sc are diacJr-.ms ·of a s·1x.ty,;.foui:-element RCB 
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color spa.ce; 
~xc. 29A~29C show ro1a~1onsh1ps bo~w~en 

three•dimensional spzu::MJ; with cii f'ferent resolutions; 

FJ:GS. 30 shows a 9r•Ph of:aatchinq curves for 4~5 nm, 
s 535 na, and .630 na cont;Z'ol aaurcca1 and 

"'· 

1n· 

·!'las. 31A-31C ~oV.how·parcenta9es or spectral 
intcnsii:ioc over a.rang'• of val:ues for each priaaq are 
determined in a sixty-four elemant RGB color space. 

DJSTAn.ZD QJRCBJETYQU OF TllJ!j · "PREFQBED. DmQl)DmlflM 

Referenc::e will now be ma.de ~-n d~t:ail to t:he present 
preferred cmDocli.11en1:i.s oi the , i.nvantio!'l, axa.•l•a of Wbicb 

are i1lU&tt-atQd in the accmnpany~nc;J draViJllJ'S", WhATRin like 

reference nµmeralf'l indicate like elements' throu,9hau1? the · 

sevlll'.Kl views • 

. 15 Given the intellec::tual proc:eiss of', system deecri°»tion, 
th• preaent inYention mccdUmia.aa •. novel. rcproaenta1:ion o~ 
tu~ ayscma 1 c desc~i~ion. obj•ct· desortpt1ona h•vo . 
~ning, 1:bat· 111, tlWy.r•t•r ~o or d•laorii. com syst:A111 

wii:JJ Cft'tain ph,l'ai.cal or co~tual: prop.1rties. 

2u :ror c:olor graphics, the objects may be· particular 
color sensatiana described in 't.crJDG o~ at~ributos eucm as: 
r~d.1 green; blue; which define a col.or space.- For optical. 

communications, ~c objoc:ts my be a particular eoherene 
_liCJh~ source clescri1'Cld. ·in tU11s of its 1.iflhtvave 

i~ C011ponents, Which detinA a st9nal spacA. 'Mae si9nificant 
aspect of sy~l:.em clescription · is that the. actual description . 

is one selected from a se~ .pc)ssible descrip~ions. ~he 

inveni:ion is g; qcnaral apparatus and. met~od, designed 'Co 
operate for each. possible prohl•• selection, not jugt 'the 

30 ona Which wili actually ha chosan since thi• is unknown at 

~· time o~ design. · 
The prOCAR!:C O( the present: invention enaJ1leS 

representing aensed phyG.i.cal phononona 'loqioally and-
. . -

.loqic:al ob;eets visual.Ly. Moct of the prier art methods 
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reterred to. in nP.!RC:rhJtinn nf the Prior Art _SOUght to 

Visualize Soine aspect of a prob1R•-~olvinq process by 

aappinq l~qical·objects onto visual space. 
Kost prior art. methods assume visual apace t.o be the·· 

caTtRs&ian Rpaee, in that, loqi~al object.a aro 11\apped onto 

the real line; the plane, 01· thA cubic space.· An object•11 . 

location in visual space, accordingly, is metrir.~lly 
determined relative t.o one or more coordinate incRR. HP.t'P.bi 

· iies the principal departure o:f ~he present invention from · .. . . . . ·. . . . .. 

· l 0 . tb••• prior art mothoda ! th• ••'th~ and apparatus of t:he, 

sn--1111t JnvRntinn dRf'tn .. " nnv•l form af o1'jeot •pac•, •.aob 
that, o~ect location in th:ls objN=l. space i• 1ag1C!a11y, 

.rather t.ban ••~ri~llv, d.eterained. Other. prior art 
.. t:hOda reforre~ to 1~·Descriptiob of the Prior Art; aoug~t ·· 

15 . to v~l,ize .~-~-~t.of the probl•~solvinq:proaaaa bY 
· recursive i~exing o.,. · some variant thueof. suab prior . ~:tt .. · 

·..th~, howAV.-ir, .r1Rb11;min• lo~tion11 by decoaposing a 
d.omaia:a • 

. 'Ille 12roc~•• .vbi~ forms an object spaee.iljl.dlrecteci.bY 
20 object., daccriptiolia .. in . acoearclanoo vi th the metho~ of t:he 

prese11t. invfmt~iCJn. nhja~ Eixpressio~ are reproaon.ted by a · 

unique binary-coded n~e wbich direct] y aorrA!i:pond b~• a 

position in the object SPaCe of the present :inv.-intion. 'l'ht11 

present invention i• !i_rst dascr ibed as the method cit . 

2s re~lectin9 binary·u~dimensional object spaces. Then th• 
. . . . . 

pr•••nt invontion.i• dascrib•d ac tho qcncralis•4 ••thod ol 
ra:Uft:tin9 mixad-resoluti.on, N.-dimonsional. objeot cpaooc~ 

The process uf the present invention rRE&\tlt's in an 
int:.erleavinq of the lf-~imensions. Bit interleavin9 is 

30 often omployod in ctruaturinq data, as well as ~art of the 

data. ·representation. itself. samat in his book., The Desi§JJ 

and. Analysis of spatial Data struct:.urAs, 1989, Addieon 

Wesley, NY, p. 109, states~ 

:.. ... bit intarl~avin9 nak•s it~ po111u:1.l_l'1• to balance ·a -~ 

35 dab ·base of multidilnensional point data dynamically. 
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It JAAds to loqaritbmlc in:sert;ion, delet.lanand see1ccb 
alg-orithms. I:t does have drawbac:Jcs, hoW.ver. First, 
and most serioue,· is that bit interleavinq is not 
performed cf::fi.oien~ly on genera:i. oompu~rs. .t~ .. 
eoapl.exity depends on 'Che total nuin~r of bits= 111 the 
lcllaYR· 

Because efficient interleavinq of binary-coded da~a is 
•••ential to the viauQlizQtion procaca daocrioc~ herein, an 
eml:»od~t. of the inv_ention is described as an apparatu11 

10 wi~ " virtUaJ. component. seiore deseri~in41 an> ab_odl:laant 
~~th• iDvention.in d.eta11 ~a fo11ov1nq 'tar.inolocJ)t 1• 
derined: · · 

1. Objeet.: •· structw:~l o.nd/or :beha~ioral expre=ission. 
of acme real1oi:'lA or ~agina:r:y p}Jcnom.cnon. 

15 · 3. Objact ctoccritm)r:..a c:ollecti.on of a.ttributeis whieb . 

d~scr1J)ac 'a· sch~ i!or a particular.kind of ·object 
express.ion,: "d.e•~rlblrig · tbt:1 ubjHCt KlYICK- · 

·3. Object &elec~r~ 4 cullection ·O! attribute.values 
associat:e4 with the ·4eacriptoz: of ·. il _ap~1£ic obj~ 

20 expresei~, clefinin' a._ location in 1:110 ol::tjcoe spaoc. 
4. o~j~ space: a b1~-inter1eava4 r.pre••nt:ation o~ 

an obj.ct dARC.riptoJ:. · · 

5.. Object name: a bi~-encoded repr~entat?,.em af an 
abject selector in an object space~ . 

25 6. Visual spcace; a space of object namea projected 

onto a plane. 
7. Di•enaion: each Qttril:Nte of an object dcoo~ipeor 

oorresponds to a d.iJDension in both objece space and visu•1 
spaca. 

:1u a. DiDensional. resolution: the range of values 
aasociated with eaeh attribute.of an ol:ljeet clesc:riptor. 

9. Quantization: ·assiqnincr a iocr1ca1 diqital oodc to a 
ran.ere of valuoo. 

10. l'rame:·des~ihas the fm:mat of an ~bjact 

lS descriptor, whe.ra P..ach attribute (dimension) iR dAnotP..d by 
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a •1" folJ.owed by 110s" repreccnt.ih9 th• a.d.cUtional.bita of 

r••o1ution. 
The present invention providoc a process for 

visualizin9 N-cliaenslCJhal, object spar.• ttsin9 a cmapu'tint,J 
S device such aa a computer. The coaputinq device may be of 

~a type·aomprising means for a~orinq data and c011111ands. 
.... 

10 

·means ~or generating a l"'Jieal ropresantation·of the 

N-dlmanslonal object:. space in TP.~ponce to tha ~t.ored aat:a 
and commands, fra11e logic for qenArati11111 a virtual ima9e 

representing 'the lf.;....diJlensional, ob;Jef:t space ln response t.a· . . .· . .. . . 

the stared data and ·CO'inmands •. and display means for 
dispiayinq a visible reprccc~~tion of ~he virtual iaag•. 
'l"h• · proaac• uc•c tho co11put;i.ri9 devia~. · 

F:r:Gs. 11A-11C •.how an int11itive procedure .for 

l!i :r;:eflectii\g a ~ixed.-rel!'olution, 4-dilaensional,·objAat space 

onto• ·plane. Ref'errincr.to FIG •. 12, .. a. flow chart sJaowi119 
the caae for uaer-speoified at.~rl~~!!Sr the .pr0~8SS starts 
win. tba ~tap of 111putt1n9. th• a~tril'ute•· 12·0~ t:o . ~c . 

. ~11putin9 dev$.ce. Th~ •ttr1))utec '4culcr11>e the p~blca. A 

20 . color display. for exmaple. may baVA U11111 at.tribUtes o:t' 

three priaary colors: reel; q:reenr .and ·~l~e~. · Eaeh 

attribUt• oorr•spond• to a diaans~on of the.prob~esn. For 
tha calor display, ••ch of th•·thr•• primary.aolorc may .bo 

consi~ered a dimension, 9ivbi9 a dimension of three (II • · 

2!'; J). The computer generates 1202, frn111 t"he usar.spaC!ified 

attributes, a frame for.th~ N-dimension~l obj~ct space. 

The frame is • ~oded representation of attrlbule 
daacriptions for ~ pa.r.t~c:ula.r problem domain. In a color 
space each attributo correspondinq to a ~riaary bue is 

30 described by a bitfield in the framo. 1~e first bit of 

each. bittield. i& always. a luc.alc1:1l one.. suhs:;ACJ11Pnt. bit.ti irt 

a given bitfield are loqical zeros. Bach loqical zero 
represents an additional bit of rccolution. 

AC a firct oxamplo, a thr•••dimeneional obj~et •paac, 
35 vit:h twn hit!:= TP.Anlnt.lnn nn •ach dimenalon vould bave a ·• 
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fruae (O, 1 .. O, 1. o, 1). · ~Ch J.-bi~ .z:-epresents. _...,.Ch.· 

dimension, ~nd the O-bit plae.d bAforR the correspondinq 
1-bit incUcatea a second bit of rei;olution. For the· color 
cli.Gpla.y, two :b~ts ot.' re.Mututio_n on ~1.c::h ~f three di.1Denl;iona 

~ ili9ht eorrespond to tour levels of intensity ror eacn. of · · 

it. 

10 

the prlma:r.y_ colors. 
As a second .exaapJ.e,. a 'three-dimansionKl, object space· 

with tbrce .bits oi resol~t.ian on the firs"=: climension, one 
bit or resoJ.ut:ion an .\:.lie second dimension. and. tvo"biti; a~ 
resolution on tllf.I third dimension, wouic:1·11av• tJI• irue: 
(o, 1, J., o, o, 1). !'~ color a~aces · 1:he right. tllr_a'•. bits 
might r•prP..Aent ei;ht levels : of .· re•cilution · ~r sa.t'uration of 

.. the i:ea a-ttributer the _can~r b~t ~1911.t: repr~~t ·Lwo. 
levels :resolution or saturation· 

15 · of' tlla green attribu~; .and th~ left two, · bita · 11i9ht . 
raprtiisent. t'aur levels Of z-eaolUtion o:r: llaturatibn of l'.he 

bl~e attribute • 
. ~ .. third example, f"or·a ~- ,dilieitaianal1 ob]eci: 

$pace vi th oner bit res~lutimi on . ea:ch dbi~sill~ ·1rouid have 
20 ·a .frmae (1, 1, :t) •. Each ·b,i.t, frn111 j,-iqht·' t;o ldt~ 'ai.9nt . 

z::aprocent tba nid .attribute.. the ear••n ·llttribu~ ··UlCI. Qa 

blue attrlbute, respe"iYely. ':ha zrame 1a a '.positional 
notation vh·ich d.eno1:ec th• nWlbU" of :at:tribi1t·.AS1 ~ the 

resol11t:ion of eaoh attribute.· The Cram.•- date.. a:r:e i:he · . 
· 25 val.uec or seru:a or eacl~- b\t ._ppsition in a given fruo • 

. Referring to Ptc;. 12, the bits qf the frame. GJ:'4a: 
. . . .. . . 

interleavad 1203 to 9eneratean object descriptor. For the 
firct exampi., ·the abject descriptor is co, o, o, 1, 1, 1) 
for the frame (O, 1, o, 1, o, 1). Far Ue second exampie, 

JO the object descriptor ic (O, o,. o, 1, 1, 1) for the frame 
(0, 1, 1, O, 0 1 1). For tbe t:hird eruple, th* object 
de£:criptor is (1, l., t) _for the f-rame (1, 1, l). The 
ao.mpu~in9 4avic• ~anarates 1204 from the fraJRo and the 
objec:t deAcript0r-, cliunoional-spat~.L looationa.of the 

. . ' -
35 H-dbtAnsiona.1 object S'PUco. For eaeb J.-bi~ from the objfl!ct 

This Sheet Has Been Rep\aced 

11111111111111 ~11111111\ 
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cl~iption, th• ~putin9 cleviee qenero:tee a _dia~nsion of 
~naionaJ.-epatia1: · locationa. '.rho diaotasiona.1-spatia1 · 

locations correspond to the attributA~ of tho problmn. 
FIGS. J.l through 1~ illustrate n-cUba pro_:Ject!on in 

S aicX"..ord;mc:P. 1!1it.l1 111P.t.1~oc1s:; or tJ~A 1nv•nUon ntm _furthll!'r 

described as a p~ocess to aechani~e and visualize reflected 
N-d19elnsional~b1ea~ spaocs for any.N. where N is a 
positiva integer. lt shou.J,d h• noted· that each of the . 

. nas. S! thraugb '.(9 show" threA AX}>t"P.!!tliil..,ns of .. n-.cti~ 

10 elemf&Dt c:onf .l9U1;ations .. 
• • J • • • 

The n~cube of FIG• 13 is referred 'to herein .- a 
. 0-dimeneional o:b1ect space~ FIG. 13 nhovs that. &lft object 
epace with a cUmeneion of aero (n ~· O) baa only one 
111\,..nt1 that t"r. nnR cU.111111nidnnal.;.cpatial -location. 

15 The binary 1-c:Uf?e ~f PIG. 14 is ret'errad to hATain aii· 
a 1•clb•1111iorml obi•at •1nio• with~ one ltit of l."eaolut:ion~ ·. 
PIG. 14 chow11 that an ab:J~ space with a_dimcnc~on of ono 
(nc 1) tia,; -tvo11alA1n.,nt:s; that i&, ~O. diaans:ional-spatia1 

. :ttJcattons. The. ·1-d~ 1•bit~· obj.~c:l space of F?.G. 14 can ·I>. 

20 viGUalized·u a linear ·region comprising two elements 
11namect• loqi~ai aero and. l~i~.l one,· ~e.spectiv~iy •. 'l'he 

. . 

linear reqion of P'IG. 14 ia c:roncZ:.atmcl by reflectinq a fir•t 
O-climencional object( ap•aa. ·named "O" t.o the right. 
'MHll"Rhy, .i. secorw o~h,1uu.inru1J. obj•ct space named "1". is 

25 prodw:::ed. 1'he name of a dimen&ional-spatial loc;atlon is 
called an object selector. 

FIGS. 15 throu~·19 show the.pr09ressive projeCtion of 
rcflcatod binary n-oubcc. where N v~riea from two to six. 
zn FI~s. 1s-1u, each dimencional-cpaeial ioeation is· 

30 represented as a cell, which is cSrawn as a sqµare. 

H-c1.ime11sional object spaces cue t·td:lect:.e~ as regions in i!lD 

orthogonal direc~ion de~e~~inecl_ by con~rol aic;nals from an 

apparatus describe4 ~low. Referring to FIGS. 15 throuqh 
19, it should be noted that the values or the n•l rightmost· 

lS ·object selAr.t:m; bib; in 11 RRnnnd (reflectitd) ·• 
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·-region are the aeme aa the n-1 rightmost object: se1ao:t:e>r 
bits Of i:ho ~Z'respond.:i.~ Obj4tCt Rf!lectors wbleh ~l&e a 
first raqion (i.C.,_ were N ls t.he number of bits. in an 
objAC't selector). It should be further notec:l 'that the 
V~l~ or thA 1~ft.most objeet ·selector bit Of a fiN't region 
·is alway,:;, a logical Zel:"o.- and ~he leftmost sale~ bi~ or 
a s~ond region is always a logical one. 

The ~inary 3-CUO• ot T.tG. 15 ~s cArRrred to herein as 
a 2""C!iaensional nbject sp•C.e with .one.bi~ of ~·•~lu~ion. 

10 FIG. 15 &bows that an object apace with-a 4iJ14!1nsion o~ tvo 
(n = 2) ba& ·four ela.ent~1 t:hilt 1c, cliiaensiona.1-Cpa~~l · 

·1.oc:ationa •. ~e 2-dilacneiona~,_ J.-bit obj~ct space of . 
na. 15 c:an be viwa.Lizecl as ·.two lin~ar 'l"Aqians comprising. 
fom:' elcmon1:8 11n.&m.4n in- acc:Ordan~"fll with a .reflected binaey . . . . . . 

15 c:ray cede. (a.9~, oo,. 01. ·11,10). The o~ject •tHLC?• of 
r.tG-. 15 is 9an.-atea J:>y r~flect.ing a ~ii:st ~inear J:eeJion · 
upward. 'fh~:, procluclWJ .a c.cona (rafl~e4) 1in~r 
J:e91.o11.. The ··reS'liltJ.nq o~jeet·_ space .;an be vi~ual'i~ed- as • 
a~ -roqion. · ·· ~ should llP. ·noted that th~ c:oire~pon4ing · 

20 object ac;.lec:~ ... in: ~-ch ti.near ;a;.er;ion ·hav• the same wltio · 
. . . . . . . . 

in the rightmost bit S>':'sition; however, the valUCQ differ 
in the lefbaost lJi t . p0sit~on. The lef~oct .bit of tb4l · 

f'irst linear ret1ion's ob"ject !Seleccors: is a lag!.cal .zero.· 
%be leftl\ost. :bit of the saconcs (retlected).lin~ar. r-.rjan•s 

25 objeot eel.Actors i• a 10C,Jir:::,.\ una. 

·· 'Eh• binary 3-cube o! FIG. l~ is referred to. herein .ac 
a 3-c!imensional nbj•ct space with one bit of reaolution. 
FIG. 16 ~hows that an oaject space with a diacncion of 
t~ (n ..:. :J) has eiqht elementG; ttlat is, 

30 diaensional-spatial locations. The 3•di.lllensional. 1-bit 
object: spaoo of l"l:G. l.6 can be visual:izAd as. two .square .. 
:rec)'ions, ea.ch Co.prising :Cour eleaents. 'rhese eiqbt 
oiaments arA naiaed in accordance wi'th a rcf~ec~ec& binary 
Gray coda (••9'•1 000, 001, 011, 010, l.10, 111, 101, l.OO). 

. ~ 

35 1'he object space or FIG. 16 1a qenerated by rat1ectin~ ft · 
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. ·' 'first·~are region. camprising f~·.e1~en1;e .. to.·.th() J,eft.~ 

Therebj;_ a second squaro (retJ.ectedJ ~agioii :.~ pro4uee4·~ 

.Lt. cbOUl.d be . noted that the valttes .. of. U~A ·· t.w.rt Ti.qh1:1D0St· · 

cmject.•fl'.l.ll'r.tor bits i11 Lhe second.(reflected) 11QUare 

5 . 1:-Aqi~n BTe. ~e S.ain~· 8S the tV<? ri9ht~$t .b.its Of .the . 

.. 

10. 

30 

corresponding object"selec:tors~ whii;h coaaprise.t.he.~irs:t 
.· ., .. ·.. . . . . '•. ·, ., . . . . 

Square·reqion. Th~ ~lUC O:f tbC J.c2:tmos~·objeqt BDlO~tor· 

. bit of the :firct,. cquara raqlon 111 a logi<J.al .z•~D- The 

·: .val,ue of -:~he iet;flm?s~ objR~l~ ·r;.;_lsct.or bit or ,the ·~c~d . · .. 

. · srpar• ravlo11 hf a l()g'ical one.. · 

. · The·biftary t'-cube of FIC •. 17 ic 'referred ·tO 'Mroin"·ac 

: ,a 4-4iaoneiona1· objeGt i=paco ·with ~-·.~it ·of' r:•golutinn.. . ' 

· ;_~i~. ·::i1 .. Cil~s that ··an object·.s.pa~- _,;,ltti a Ci~~sii~n .nr. rntn•. 

· ... (n ~.: 4{has· -~~~·eie~n1:Ai". thilt 1,,;,.di~n~lona1~s~tial 

·1oca~~~.!' .T11•-.4~imal'lst~n~1.:. 1-bit ob]ect .. sP.ace of·. . 

'.· n:a·.: ·17 c;n ·i,.' vi.~allzed aa two ~.citan.ciulo.r·: reqlonli,: 'each' 

' .· .. c:Oapr18int eight e:i.~cntcs. ' ThCJ•• •ixt~en 4.~~•ntla ',are ' ' 

· .. : ~aJUMI · iii. · .. a~~d~nc~ with a .r•:r19et•d J?.b,_11.%7 AT~y··. ·coda.; . :Tha 

: ··obj9ct sp'aee ~~·:~xC:. 11 ·iil'•J_.,.,_,.~t,Ac1·1iy '.ra'r,acti.ng .a·.first­

. ~ecl.llngul~r~ recJ~Qn·.~isi~ ei9ht' elu~te.·:~~•rd~ '' ' 

·thereby•. a· second ·Hctengu~at' · (r~flectec1) .recJion :. is 

·: ··produced. · 

'l'he binary 5-:cubO of F1G~ 18 ·is referred· ·to herein as 

.·.a: 5'-ciiJMnSiOnal. Object sp•ce wit:~ ~DIP bit nf t:'P.Anllit\on. ~.: 

25· .. F~G:. . 18 Ahows that. an. ubJect space. wit~ a d.imen,sion of· fi~ 

·. (·n ... !i) has thir.t.y ·two elmentsl that io,· · · · 
. . ·- . . 

ciimen•~one.1-spat.ial locl.'ltiono. 'l'he 5.;,;dimensional, 1-b!t 

~ject cpace of ·F.LG. 111 can be visualized as;tWQ squai:• 

regi,onc, each comprit:inq sixte-=:n AlP.111AntA. Thase 

30 thirty-two elements are na111P11 . llR t1P.s:;c:r i bRd above in 

alC'.r.nrd11nce with a. re.Clected bin~;ry Gi;ay ~e. .The objec* 

apace of FXG. 18 is generated by ref leeti'nCI a :firot cquare 

region ocmpriainCJ eix~ean •lomontc 1:-o ·th• right. 'i'h•r•by, 

a 111acond. · SfiU•E'.• (reS:l&et"•d) .. r.~CJ & nn i t'i 1,Jt pducad •. 

35 ThP. hfnilry ts9'.t:Ube. is FIG. 19 is referred ~o berein'os 

--- .·.·' ---..:._____ 
---~ 

ii1i1if111nr 
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a 6~1mensional object space wit~ one bit.of recol...Cion. 
FtG. 19 shows thae _an ob:Ject a;pace with " diaena~ of six 

(n • G) ha.a si.Xt.y-%our eleaentm1 .'tAat is. 

dimenaional.-spatial ·locations. 'rh9' fi-dime0$i0na.l. 1-l:)it 

object s;p•as of !'IG. ;? can be vl:1malized ·as two 
,J:'eCtangular re11io~, each comprlsing t.hirt}'-t.wo el~ents • 
!l'h•Re sixty•four eJ.emants a,rM named in accordance with· a 

reflected binary Gr!IY r.ode ae described alx>ve. The object: 

space of nc;. · 19 is ~enerated by reflecting a :Cirst · 

. rc~ngu~ region comp¥"i&~n9 aitty-two . alement. '~cl. 
~z:'Ablf', & Mconcl ZOOC't.AftCJUlar (re.fleeted) rag-ion iC 
proc~uced •.. 

!'he· proCQss ot. nami11q ·spatial e.L~1:s. ·tor: any· 

lf-dillen:sional. space is intuitively understaod · ~ •. a . 

1-; •f\lllft1on .. ot ret1ectin9 its s~apa~s ~- · · !rh• 11p.ce · 
pnora~1on ~thad.' il.i,u,s=ateci bf n:Gs.' 1:s throu9b. 191 when.· 

. ' . . . 

proj•abld an~ a plane, resul.ts tn a two~imeuionaJ..Yi•~l 
representation of·~a~1~cte., M-diaension~·Bp&CeSI •. 'rtl.8 
nove1111ct:hocr. of" tila ~sent invention can· IM! · usRd .for· 

. . . . . 

20 'Y'isualising pi!OCJi'•iaisi~ space qenorat~on tat:: a,ny .. · 

N-dimensionat, object cpaco. 
'?ha dimusioruil-npat:1al locations can be prodUCe4 by 

retlilcting .cells ri,gh-e, i,ip, lRf't, down, :dCJh~, .up, liatt, 

down' etc•; I . in 11.bat iSJ COn& i CJered ~- COunter-clocJcwiSti' · 

:i!!:J diree'tion. AltaJ:natlvA'i_y~ .the dimcns~onal-spatial. locations· 
can :be pradUe.Ad by :reflectinq cell.c to th¥ left, up, ri9'bt, 

.clown, left, up~ right, doW,.etc., in what is cori'siclered a 
elocJtwjsa-direction. Tlie dimansional-spatial locations :may 

~· reClec:i:eci· in· a c:loc:kw:lse·or counter-olockWi•• 
lO direction. ,-u.rtber, the dimensional-spatial locations can 

· be -produeea -bY ra~lac:tl119 ce.lls in A cinqla cUrecti.an or 

selected dir~ion. For illustrative purposes the 

coun~or-clook.wiKe embodiJllCn~ for pr~u~lng 
·41~s1cmal'-9patial locations is used. throughout 'thi:S · 

35 disclosure, vi1:h the understandinq that tile al~ernatlve 



-- MHl:iUll<b IU 
i'G-FEB-199& 10:00 FROM 

PCTIUS,91/00Jlll. _ ,-· ••V ':l'Ul,1.U.t 

. S. 

... 

10 

-31-

aJ:todimcnts produCH equiva·lent · dimensio11al-spatia1 
lncations. 

lleff'trrin9 to FIG. 12, when all. the dimensic;mal-spat".1a1 

·loca~ions are qRneratecl. 1205 represeraUng all. t.be 
aiJ.OJasions of t:he 11roblaa,, then · t.he coiaput_lng device crete _ 
"1206 the first attribule bitfi•J.d in the.frani~~ From this 
hitfield, the com~utinq dvvlc• determines 1207 wheth•r 
resalution-spatial locations naed to be 9eneratlfld.rr0Jll this 
bitfield.0 XI no rcoolution-sp~tiRl location• are to bM 
9enerated, U..en tbo co111puti~9 device detarainos 12·0G 
wll•tber tbie is the last bitfioid of the fra111~· If yec. 
then the compµ.tinCJ 4'evic:e chP.clts 1211 if . there .· ~l·• any . _ 

.. addi~j nnal resolution;...spati"al lncationa to be. 9enerat..d. for 

.- lS 

any bitiield. Xf n~ recolu~ion 1Avels are required~ tl1en: 
the conpu~jng.devica_9eneratea 1212 Rn abjoct.seleetor 

. :tihic:b ·corresponds •~-" · interleaved. fr11mit dat~ for each · _ -
dlnle119iona1-spat:iai" lcx.:ath'n in tbo N:..cti.meiisin~1 object 

. s»*c•~ ... "Tb• obj•c~ ••leetoJ:"S "are. an i~terleawd :t.itf'i•ld Of. 

tile !rue d"t:a. Tb• ~bjeot: ••lecl:.or• d•fin• a 10c:atlon tn 
the . ~•ila .. represent f '"J ·th• dimcnaional~~i••tial looa~ions • . · 

·:u al.L obiect 1>electnrs have bC!en generated 12l3 for 

all the dimensional•spatjH~ locations for the 
N-dimeilsional, object spacier ·tllen tha ~mputinc.t devic::a 
generat.i&ts 1214 a virtQal i~9"' of' the N-Cli•ensionai,. .·nbjac:t · 

25 spa~ from the l\imenciortal7epat.ial location&; and the _objP.r."!t:. 

seie~ors. A uRP.c or applia~tion Prut:edul:'e may .elect l21G 
:a ra9ion. of -the vb: Lua 1 · iaago for· aaebine c:nntrol, dicpiay, 

or oth~ applioation~arivP-1a function. The process turtber 
may inoludA usinq the computing device £or displayin9 the 

JO select.art .i:1t9it1n cf the virtual i11a91t of the H-diaensional, 

o~ject spHr.e on .the display meanfi• Th• process 
.. 

additional1y may U•• the oon-putin~ davle• tor 9cneratin9 
:z.201, from the fra111" l\nd th• oi>iect deset· lptor, 
rlf'sol,ution~ssmtial locations; for r•solut.i~n level• cp!' a,ah . 

35 of the H d:blencione for e. 1llixeci-r:eso1ut:ion, N-dilne11slani=ll, 

1i1iiii1iiHf 
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object space. 
l'J:GS. 20-22 illustratively shOlof 'the·. qenerati.on af 

resolution-spatial J.ocations::.. Referrlriq to FIG. 20, the 

·number of eleaonts in a Jc.-Rry 1-cube is dei:erminea .by tho 

~ numbeZ' o~ bits ot resolution as a power of tvo. For 

oxampl.a, a 4-ary 1.-cube with tvo J:)i1:c of resolution baR 

... :four elements; and an· 0-ary 1-cu1Ja with. threH bits of 

resolution has ei9ht cleaan't.s. When R)P..me11ts of .k-ary 

1-cubes are reflected linearly as shQwn in PIGS. 20A-20C, 

·-· ·· ... ··~'·" l(f''·' : ... - =' the . elelien~ ·transition seqnc:lncelii· correspond to ,:the pri•ary · · 

fora of: the rat:lac:ted llinci.ry ~o4e, but nay 1'e intarprated 

as a. ~flectlitd ic-ary c::~e. · ' : ' . 

'Pl'.G. 20A shows a ~in;U:y 1;..~ referrRd to herein as a·. 

1-diaensional obiact space· vit):I, n~a b1L ·of . raso.lu'tion. The 

15 . 1-clilumsional., 1,;,,bit object s1Mca of PIG. 20A ·c.omprises two· 

ob:Jec:t·••J.ectorc nand •011 and 111 11 resg>ectively. ~· 

Objoct .sal.ee1:.0H ot" a 1-dimensio~l~· 1..;.1'it objac1! space 

repracet dilluM1 .. .:;;ional.-spot.ia~ ··1ooa'tions~ 

FtG~. 20& illui:rateca .· ~ 1.-cu.C.~siona1 obJACt space vi~ 

20 ·twO·bi~ of ·resoiution. ·xn thiK case, t:l\e ori9inal , -

cli.8nsionai-spatial locations ·of FIG .. :20A bi:a.va been 

ref'lcat9d ~ tha right to iftc:-ease tb~ rei:olution in the 

4i.J:'eccion o~ thA flrst dim~ion. Note tl\a~ 'the ~•tlection 

tor increased resolution is in the BU\Q d.irection as the 

25 rof!lection which 9eneratod the dim~nsion.· The abject 

select.ors of the oriqinal d~•ns1emal-spatial loeations 

have a·O-bit placed in front: or. them, and the nwly 

9enerlitec1 rceolu.~1on~sp.91l.i.al locations ba.vc ·the or1g1na1 

oDject cel.ectars reflected therein with a 1-bit plilcad in· 

30 front of them. 

l'J:G. 2oc shows. a l.-dimensional ol>je~t space with three 

bits of resolution, Whi.Qh haa :been gener~ted from the 

1-dimensional, 2-bi~ object ~l'li.lce of FIG. 208. In t.b.ie 

. c~ ob1oct calectorH fro• the.1-dillensional, 2-bit. object 

JS spaoo (2-ary l•cubfl), have a 0-bit plaead in front of th8JB, 
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and tho o~ject selectors gP.nera~ by reflec:tion 11~v• a 
1-bit p1aeed in front of the111. ~lGS. 21A-21B are 
diagrams or 4-cUnaensional. ob:iec:t sp1mes. Fl.G .• 21A ahovs a . . 
4-dimensional object space vith one biL,or res:olution. 

5 FJ:C. 21& shows a 4-dimemdonal object: space wit.b two bit~ 
of rlfsolution, in each dimens i.on. In this case, afte1· 
generating all of the dimensional-s,patial loeations for the 
four dimen~tnns, th• reao1ution-spatia1 loc•tiona arc 
qenera~ed. Accordingly, the sixteen dimen~lonal-spatial 

1 o lo<?ationa for the rn~tr dimensions ere reflected iri!t:ially 
to tbe right to generate two ~evels of resolution fqr t:ha 
first: dimension. At. this sta{ile, :f:hera are thirty-two 
diaensional .... s=:pa'.t.ial locations a11d re,;.,lu~ion-apa~ial 
locations~ · To CJAnerate · two J.cvels of resoh1tlo~ in .. the 

1s s.aeond di.i.oneion; thjrt.y-two rcaso.luti~n-s1>at.illl _locations 
are· gen.rated :by.r•flecling-·in an upward direction llle· 

zo 

. ' . . . . 
cm1binatlon of thirty-two dimansional-cpatial locat1~nR and 
rasa\ution.;.spatial l~cations. Knw.thera are ca -total of 
_aixty-four spllit.ial 1ocatio"•• Th• -twn J.avel 
rasoJ.ution-spatial Jar.At.ions for the third d l111.•ns:ion are . . . . . . . . . ' . 

qen11rated hy rCflectin9 shcl.y-rou~ recolution-spi11Lial 
1Qca~1uns to th~ ·J.cft of: the 11revinus1y gonerat.•a. 
si.Xty-fou:r: spatial locations. The t~o level 
resolu~ion-spatial locationc inoy be 9enP.rated ~or the 

25 fo~h dimensim1 by :reflectinq 128 resoluttnn-gpatia.l 
J.o~tions in a· dowt1.,arc! ~irection from. the mixture of 128 
•ixed-rocolution spatial l.ncations ft'OJI the first. Rlllt."..ond. 
aud thh:d diiiensiono~ Accordin91.y, a tota.l of 2SG spati11l 
loce~ions Ar• 9enerated for the 4d, 2-btt object cpoce. 

30 Object selectors ar.e generated in a simil~~ fashion as 
previously described £or each mixed-resolutiun Rpatial 
location. 

JS 

FIGS. 22A-22D ere dia9r,;n1111 ot a mixed-resolut1ou. 
4-di•en~ional object space deriv~d troa a binaryr 
4-ciimens.ionol!ll obj•ct space. l'IG. 22A aqain shows the .• 

----------
liliiu U 1r 
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4-dimensional object space with one »i't. of rasolutio11. 

PIG.;. :z.2s shoWs a mixed-r~J.u~ion,- 4-dimerisi.~nal 

object cpace. Tn a mixed-reso~ution objRct space the 
1mm1>Qr ar bibt o.I! resolu.'tion ~or ear.:h diaerision is ·. 

~,rmitted ·-ta ciiffer~ Prinr art methods for naming ale.mE1rits 

at .. an ~bjeet space can be c:he.rac~Glrisect as 

r.ontainer-oriented in that ~e nWllbOr.or addressable. 
e"l.••n~ locations are a function or tile container•:; 
e~ant.: Al~arna~ive.iy, tbo m.et:hod disclosed herein im 

.. 
. Qbaract«r.i.&ed .. as. conten:c-addressablA, in 'that:, ,.thci e~nt. -!'" 

and"1~nfi~tion oi an obj111ct space is a function. or its 
OonMJ\tlf. I~ ,,'t;lie objAct l:S"'Ce of FIG. 228 the 'tir111t and .. 

·ttu.z.c1 ctJ.Jaansions .R•ch have tvo· bits o:t ·r•fl'olution and ·1:h• · 

sacon.d ud fourth cU.111ension~ have oriJy one J)it: of: 

resolution. 'Theref~~, the o'hject ••le.ct.or~ ~or th~ object 
.,P..~ of FIG. ~21 hav~ a total ·of.<six bits. :Racal.l. i:hat ·· 
t:h~ ~ of .. J>its .in ·an object •elector. vhali ··viewed· •• a· 
~.o~ two,: d~ri..bM tbe nwaber of eJ.~a ·b .•. given:· 

obje~ Sp&ce: •. Th•rerore, the ·Ob'jec~ •pa~ of na. -221 
ooaprises. s.la:tr.-tour e-l~e~ts- .It 111bould· be not:ecl,.that 

gr'.~Or art repre&en~a~ions Of ai9h~r-d°i»enaional Apaea~ . 
typicall.y £.i.~ ti&• r8'mluLion for ea.ch diJllanc1an relative t:o · . . . . . . . 

the qreatest: numb41r of oits rcquirec!· ro:: any diaezwion.· 
~,· an iaArficient c;patial repr••entation i• Ct-eatad. 

2s Thc·method ot the p~esellt invention ~anvrAtes lo~i~al 
a~jcct spaces by a proce~c which relieR on a novel objact 
deceriptin~ rather than a pi:ocess of Kpatial 
4aeompo.~ition. In the case of l"l:G. ,22D 1 the 
dlmensianal-cpatia1 Incatlons for ona bit of resolution in 

.30 eada. of the ~our di.mens.ions are C}anerated. Then. the 

rec;ol.ution-spat.i.a.l lQea.tionc for the first: and tbe third 

dimensions dre 9eneratcd. Sixteen uimensional~tial 
.locations cmnprise a first square reqion. A first square 
rQfima or s~en olaments i~. ref.lect.ed to the riqbtt _ 

lS thereby, procluoinq a Mr.ond (refleoted) aquare reqion. '!ho · 
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dire<:tion (righ~) of reflection ia 4~ter~ined by th@ 
additional bit of resolution ln t)le.firc~ dimension. 'Thie 
st.op ~esults in a ~•~anqular regl~n comprisin9 thh·l:.y-two 
e1e11antc. The second dlnension has.no addi~ional bits or 

5 reso1.ut:1on arld thenext o.ttb09ona1·. clirec:t.ion cup.ra:t'd) i• 
1>yp1u1se«1. 'l'ha ~iri diaens.ion, l\~•var, has eit additional 

l,O 

1.s 

20 

. . 
bit: of resolution. · 'l'berefo:r:e, thiif rect:anqular region 
comp:r:iainq thil:ty-two elo•ents is rer.lectod in the next 
orthog"onal direction -(left).· fteteby a ~~cond (reflect~). 
r•..ctangular reqion is. prndueecl• . The_ resulting first a.na· 
eeconcl (r•f1eot.ed) region"' aceount for the strt)'-f'our 
eleJllents sl'lown in the object Rpac• of FIG. ·22B~ 

Civen an.ohJec:t apace deecriptinn "bore one or mar~ . . . . . . 

di.-ilcion.11 have two ar •or• .bi~• of.··re1mluti0n, (e.9., a 
. ·. . : . . . . . . . · . 

·k ... ary tl~be) , the obje_Ct A•1eCt.Or~ Clescr~J.le 8 nC119l fora 

.. of reflected -G~ay coao called :t11v· k .. ary · r:e:f1ectcu1 Gray 
c:ode. ~ obj·ec-:l: ·s.1aetor .is qenera~li~ 1:212,. as illuAtrated. 
in )"J:G. 12 ." for ear.'h recoiution-spatlal -lo0ation · in tl1a 

nlxed•N•olution, N-c.U.men•ional.. obj.ct Rpaee. Wben all 
o1:d~ct Hl•ctoro· are v•nttrat.o4 i:a~3, ·frOJD th• 
reaolutinn~spatiaJ. locations,. t.ho di111C11sional-spatial 
locations and th• object e~lecto1·,..,,_ .a virtual image is:: 

. CJP.neratad 1214 of tl1111 lf-<limensional objP.ct space.. A \Iser 

or machine may sele~·1215 a reqion of the virtual ima9e 
25 . for 11se ·or Clisplay. The t:omput.inq device aay disp1ay the 

•elect.ad rogion of the virtual iuqo-of the 
· 11ixed.-reRnlu~ion, N-climensiona1 ~ject space on lhe diaplay 

aeans. 
FIG. 23· sho1-r& " funotionDl cUa9r·a• of the object 

JO deRr.r!ption process. Foar procedures comprl•• th• object 
duc:ri1,tian p1:oocsa: exp1·esRiOh i30lJ quanti~ation 2304; 
.trensforaat.lori i:un i and. execul.ion :uio. :tn t:he ca.f:e of 

user-spec: if ied rt.tt:ribUtes a. user i ~&puts a d0main 2300 ot an 
objeot::. whieh is ~xpr•csed 2301 as an nbj~ct description 

. . ' 
. 35 2303. 'l'h~ object cleFmription is eneodP.r1. as: a set of 

111iii1i11nr 

TOTAL P.19 
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attributes~ Each attribute selected corresponds to one 

dimension of an N".'"dim8Jlsional, object space. Th~ order in 
whieh the attributes are specified determine9 a sequence in 
Which an object space is generated. 

The.range 2303 of possible values of each attribute is 
encoded by a quantization 2304 procedure which assiqns·a 

1ogical digital code to ran9e 2303 of values.. The 
resolution i• the deqree-of ranqe-2303 of values. The 

. degree of ~ange compression <•·9•1 scaling of values) is 

10 part of the attril>ute ·specification. ·Cod•d attl;ioute .values 
correspond to the· ·transition ,sequence· of · a reflected bi.na~y 
code. Intuitively, the -.nost straightforward way of naminq · 

. - . . 

·:or coding an ordered set of objects,· where. each codeword is 
a. unique seqilence of binary diq~ts,· is to count in binary, 

15 but conseet.1tive codewords usually differ· ·by· more ·than one . 
·bit_position. some forms oi.the reflected binary code,· 

referenced above in the pescriation of the friar Art, offer 

special advantages over others for particular . . 

·applications. Th• maximmn.number of bits :cequit:ed. t.O 
20 represent·a coded· attribute value defines its. dimenaional 

·resolution. 
The ranqe 2303 of values associated with each 

dimension o~ the object description 2302 i$ quantized 2304 
to form a coded object description 2305, .called a frame 

2s 2306. The format of a frame 2306 is a bit pattern read 

from the right that represents a contiguous sequence of 
coded attributes or bitfields. The rightmost bit of each 

··attribute• s bi tf ield is a · loqical · one denoting a · spatial 
. . . ~ 

·dimension. Additional bits of ·resolution for a qiven 

30 attribute, if any, are assiqned a laqical zero; e.g., (O, 

. 1, o, 1)_ is _a frame 2300 :ear code~ object c,iescription 
representing two four-valued at~ibutes. 

The ~its of the object frame 2306 are then transformed 
2307 to form an interleaved object fr~me 2308 called a 

35 descriptor 2309. The object descriptor represents the name 
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foraat .for specific· object expressions. A.collection ~f 

coded attribute values associated with the interleaved 

.frame 2308 of a named object expression is called an object 

selector. . The object descriptor 2309 controls the . 

exacutio11 process 2310 for forminq a visual-space 2311 • 

The bitwise control seque~ce can be unders~ood by 
considering the interleaved object frame 239.6 in an · 

expanded form. The ·number of dime.nsions.Jt describinq a 

unit n-cube is defined in the first, interval Of the·. 

10 ·expanded.frame •. Each subsequent interval ext;.ends.i:Jle 

ditnensional resol~tion of tile object s.pace .. 23i1. A blank 

inte~l.positi~rt in the expan~ed object des~~iptor 2309 

: · may·~· ·t,bougbt . of as. the termin~tio~ of. ~·- spatial. eontrol 
saquan~ for tiaat · particular ·dimension~' . · . . · 

15 · .Tbta obj$ct spae:e.a:· shown ;in r1~s. 14:-19 ar.e .si~ple · 
.enoUgb. to be formed ·~anually anda .-in a' few< instance~,.--. 

mental:ly; howeve~,· des~ription spaces of ·act~al · syst~s 
. . . .· 

quickly exceed the feasible limits of mental visualizatio~ 
. . . 

and •an~al procedures.· . TherefQre, an embodiment· of the 

20 present .. invention. is descri~eci. as_ an. electronic. 

controller. It should be understood that the control of 

various.types ·of machines and application processes are 

contemplated within.the scope of this invention. ·A frame 

controller i• the syntactic exp~eaaian of a visual space. 

25 ·A r~9ion controller i$ ·part virtual 1:1achine which 

determines semantic expression of an object space .as a name 

space. 

Given a user-specified set of ~ttributes d~f ining 

dimensions and resolution levels in a particular object 

30 space, an illustrative embodiment of an object description 

system comprises a plurality of physical modules which may 

be opera1:,ively coupled in various logical.· c<)nfigurations to 

efficiently mechanize the •ethod of the present invention. 

There are two kinds of physical modules in an illustrative 

35 embodiment of an object description system: modules of a 
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host .. computinq device and object ·modules op~atively_ . . 

co'11pl~ to modu1es of a host computing devic.a. 
Referring to FXG. 24A, a c~mputing device 2400 is . 

shown including an .input device ·240·1, a processor 2402, 

5 .... memory 2403, and a display device 2404. The input .device .. 

lQ 

15 

20 

2401, by ·way of example, may be a key board,· .computer port, 

or an app'lication within a compu~er •. ·The processor 2402 is 

coupled :between the. input. devic!! 2401, mamary 2403 a.nd 

di~pl~y device 2404. . .... 
. : F~. ··248. shc:>Ws object :moqule .2405 having ~hject.·:ti-aiae 

.. module: 24:06 ~ object region m~uie . 2407, and . obj.ct selector 

1110du1e 2408 opera't;ively couple4.to ·the coitputinq·device­
-~400. •ch ·obj.eet module. 24os c~~pri~es at ~1e~st.· one 
register d•~ice having at -least·. one storage· cell; 

c~i~atiana~· logic.devic•s whicb-re~ate to tbe registers; 
data.signal. paths which ~ink _devices witliin a module.-and 
which link Qevices in different modules; and control si9nal 
pa~ which link devices.vithln a module and_wbieh link_· 
devices in different modules. The reqion mOdule 24"07 is 
operativelx coup.Led to the input.logic 2404 and the' abject 
frame module 2406. The object region logic 2407' is used 
for selecting a reqian of the virtual image. · 

As with th~ process of the present invention,· a user 

may specify semantic expressions ~or a particular set of 
25 attributes defininq dimensions and resolution levels in the 

objec~ space. A user, usinq the· input devic• 2404, inputs 

the semantic expressions for the particular set of 
attr~utes. of .a probl~m for the mixed-resolution, 
H-dillensiona.l,. object space. The input loqic 2403 is 

30 operatively· coupled to the input device 2404 and interfaces 
the input 4,evice- 2404 with the memory 2405. 

'l'be frame loqic 2407 interlea.ves the frame to generate 
an object descriptor. 'l'he frame 1ogic 2407 also generates, 
from the frame and the object descriptor, 

. . 

35 dimensional-spatial locations for N dimensions. From the 
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frame and the object·descriptor, the frame logic 2407 · 
generates resolution-spatial loca~ions for resolut1on 
levels of each of the N dimensions· of the •ixed-J,"esolution, 
N dimensional object space. 

The frame logic 2407 uses ~rame data·to generate, for 
a particular spatial location, an object selector. ·The 
object selector ·as. previously described conf:orms to a 

. . 

primary form of a· reflected binary code •. Usinq the. 
. . 

dimensional-spatial l~cations and the object selectors, \;he 

10 . frame··1ogic 2407 generates a v"-rtuai: image ·Of the · 

15 

20 . 

25 

30 

N~i•ensional, object space. ~he.computing device usin9 
. ravion J,ogic 2408 manipulates the vb:·tual image with. bit 
selectors. 

·The·apparatus·of .the .present iriventi~h may·be used for 
. . . . . . . 

.. visualizing· a mixed-resolution, N-dimensional~ object 
'. space. . The user spe~if ies. a frame and frame data .for a . . . 
. particular set of attributes ~e~iriing dimensions and 
resolution levels in .the object· space .. The us~r in~ts the 
frame . and trame data. for N"'."climens~onal, obje~t space 1:1.sing 

·the input device 2401.: The frame module 2406 ·inte~leaves. 
the. frame to. generate an o~_ject d~scriptor, and it 
generatesdimensional-•patial locations for N.d!mensions 

·from the frame .and the object descriptor. The frame.module 
2406 also _qenerates, for each dimensional-spatial location, 
an object selector. From the dimensional-spatial locations 
and the object selectors, the·frame module 2406 also 
generates a virtual image of the ff-dimensional object 
.space •. The region Jnodule 2407 is .used for s.electing· one or 

. ~ 

more elements of the virtual image. The display •ap 2406 
stores the selected region of the virtual imaqe and display 
device 2410 displays the virtual ~mage of the N-dimensional 
object space. Tha·frame module 2406. generate•, from the 
frame and the object descriptor, rasolution-spatial 
locations for resolution levels of each of the N di~ensions 

35 for a mixed-resolution, N dimensional object space. 
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Various loqical confiCJUrations.of phy~ic~l modul~s 
implement the procedural behavior of an object description 
system. An object description syste• can ~e regarded, as an 

implementation of procedures that transf o:r:ms 
5 "'· :mixad•rasolution, N-c!imensional object description into· a 

mechanical form which can be loqically manipulat~d. An 

object description system also can be regar~ed as an 
.. . . . . . . 

. implementati~n of procedures··~at tran_sforms 
mixed-resolution, N~dimensional object d~scriptions .into a 

10 .. perceptible form whlch ca~ be. presented ·~s an ·iJDaqe· on a 

graphics display device. 
Ref~.inq to P:tG. · ·25; th~se trana,f_ormation· procedures 

can. be organized : arid ~bstra~ted. . ~nto .. a. f~nct.ional ·model . 

.. 2soo of ~n object description -~yste•-. ·.The functional model 

· 1s of an. object description system -.. comprises a plurality of 
. . . . . . . . . 

20 

25 

30 

logical processors, which perfotm.the.correlative·func;tioni; 
corresponding to the reference nUiuerals o~ FIG. 12: . . . 

· · application input- processc;>r 2501 (1201) 
· . ·frame- processor 2$02 (l.202) . · 

··descriptor processor 2503 (1203/1204) 
dimension-location processor 2504 (120<l/1205) 

resolution-location processor 2505 {1206~i211) 

selector processor 2506 (1212/1213) 
virtual imag'e processor 2507 (1214/1215) 
A loqical processor in the·functional model 

corresponds to one or more physical modules, and two 
logical processors in the filnct1onal model may share a 

physical module. Similarly, repre$entations of object 

spaces may exist in one or more : different memories. ·• 

Alternatively, a plurality of.such object description 

sys~• may be operatively coupled in various logical 
configurations dictated by the.conceptual problem dam~in, 
enabling concurrent manipu1atian Qf a plurality of object 
space descriptions or concurrent manipulation of a 

35 plurality of views of a particular.object space 

---
. his Sheet Has Been Replaced 
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description. 
FIG •. 26A-2Gff. shows the. object space confiqurations 

formed by the 4-bit frame ·1ogic module. Ea.ch objec,,t. SJ)ilce. 

2602 shown in FXGS. 26A through 26H is associated with a 
diagral\\ of its object frame se.lector 2600 and the· 1~9ica1·. 

names of their frame and interleaved frame 2603. The 

logical names of the frame and interleave frame 2601 shown 

in FIGS. 26E through26H are the same, reaulting i"·t1-e 
pr~ctical obser~atio~ th~t. the object frames· for these 

10 spaces are in their .interlea~ed form.·· 

15 

AN J:LLUStRAT:IVE E!IBODtM£NT ~F THE INV£NTION 
An example ot·· an ·obj~ct. sp.a~a embodied as a uniform 

color space 9eneratet;t ~n·accordance with the :me~od· a~ tbe· 

prasant invantion.1•·:now described to better understand how 
. . 

to· practice the· ·inv~~tlon~ .~t.ae .:discussion .of prio.r -.t-t. · 
color mc:>c1els referred to. lnDescriptiori·af the Prior: Art 
established a .1on9 ·f~lt nee~ fot··_a method of .represen1;ln9 a 

uni~orm color space, such. tha.t, specific color .sensatiohs 

could be algorithmically specified. In particular, this 
. . 

20 exalftple de:monstrates bow a ranqe of color sen~ations . 
. described.by an RGB color.cube can be uniformly.projected 

onto·a plane. This example teaches: how to describe the· 

attributes of an RGB color cube; how the perceptual 

attributes of a color specification correspond dire~tly ·to 

25 the problem description process of ·the inventioh: and this 

example also teaches the corre$pondence .between the problem 
description process. of the inven~ion and the .eiectroni~ ., .. 
production of ·color sensation•· 

Visible light, ·called the physical color space, is a 

30 small segment of the con~inuum· of electromagnetic 

radiatlon, which includes, for example,·radio waves, radar, 

microwaves, infrared and ultraviolet li9ht, x.-rays, ·and 
gamma rays. A color representation system determines the 

location of a particular color sensation in a visual space, 



. -- ------·- ·-·-·· --- ... 16-FEB-1996 10:17 

WO 
0

9l/J3313 
FROM IU t:lt:IC"°'.lc:: ... ,..:i..11:JOc:. r • "°' I , ~ 

·' . PCl"/U~Y.UUV1.1a 

-42-

called the loqical color space. The system is a color 
representation system; the input is white. liqht; and the 

response is a color space.generated in a~cordance with the 
method of the present invention. · 

s . "'· ·A color ·representation system determines -the loc;:ation · · 

~--. ~-...... :--_: 

10 

15 

of a particu1ar color sensation tn a visual space calied­
the color space.-· .cOlor. space expJ:'.ess·ions indirectly· 

·-produce physical devi~e: contr~l ~ignals f~r a ~olor 

display. The RG&. cola:r ~be. r~pre15ents ·red, c;rreen~ and 
·bl.ue prillaries a• ortbaqonal axes. 'l'be display~ble colors 
are wi~in the. Cube fr~ (O,· Or O) ta (1, 1, 1). The 
neutral. ~xis i.s a (diagonal) line fJ:~ : The biacJc -point ( o, . 
O,. O) _to the wh!~e poi~t. (l, 1, 1). The colQr- cube has -

bean rererred. to in the ·11~erature·as a "natural" 
coordinate system in the -ense that.the three ·color 

. . . . . . . . . 

component&. are· mapped in~~ an oz:t11~orial.cQo~inate ~yst~· 
in .the same fashion a.s .thr.ea-dimensional geometry \0 In a· 
chapt~ entitled,· "Color Displays and.~olor Science,"' C:q1or 

and tbe Computer,. Academic Press, Bo$ton, 1987, p •. 23,. the 

20 section: entitl.ed, ''V.isual Di~play Descriptive Systems"~ 

25 

Murch. makes the ~oll.owinq ·ob$ervation: ...... ·tile iocation ~d 
proper specification of colors within the interior of_the 

·cuba, when soaa real value tor all three pri.maries is· 
required, proves difficult.~ 

Color specification means interactive visuali%ation 
and contra1 of the perceptual. col.or qamuts (ranqe of 
producibl.e colors) of color display devices. An !deal 

color model should accomplish intuitive addressability; 
uniformity; independent control of lightness and chrom~tic 

30 contrast; disp1ay device characteri~ation-in perceptual 
terms; and_a basis is for naming color specifications. 

·Intuitive addressability· is the specification of color 

representations in perceptual terms. Perceptual 
speai~ications may include, by way or exaaple, hue, 

,.35 saturation and intensity. Hue is the basic component of 
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color and is primarily responsible for a· specific color . 
sensation (e.g., red, green, blue, etc.). saturation is 
most closely· related to the number of wave1engths 
contributin9·to a color sensation. Saturat~on de~~nds on 

. the relative dominance of a pure hue -in a color 
s~ecification~ Intens!ty is an increased level of 
illwninati~n permitting a broader range of hues to be 

.·visib_le. 
Uniformity is the regular representation of qradations 

IO in perceived ~olor, -due to the perceptual relationship of 
eolor exp~e.ssions •·. Independent control of li9ht.ness ·and 

. . 
chromatic contrast i_s the opportunity _to expand chromatic . ·. .• . . ... 

contrast independently of intensity or vice versa .... Display 
ct.Vice ·characte~i"z~tion _i"n perceptual term• ahoolie• 

ls · .. appropriate display .representations. and control• thelr . 
production. A . basis foJ:' naming color specif:icati~ris· ;1$ . the 
opportunity to use a consistent method of cc;>lor referencing 
to construct multidimensional models of proces~ expressions 
in terms .of spectral descriptors. 

·20. The illustrative example of the invention applied to 
the.-prol:>lem. of color space description t~aches a 111etb0d for 
representing visu•l color sensations· logically and 
reproducing l09ica1 color spaces visually. color 
specification and color space organization conventionally 

25 involve levels of computational indirection between the 
specification of color in tens·· of its perceptual 
attributes (e.g., hue, saturation and intensity) and 

. subsequent pr~~uction of electronic color signals.-.\;: 'l'he. 
process enables the description of a loqical co1or space . 

30 expressed in terms of perceptual col.or attributes to be 
directly realized in terms of a given display device's: 
physical color space._. The approach to.the 1>roblem is a. 
descriptive specification of color space componant 
re.I.ationships. 

35 The domain description of a color representation 
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system is the human visual system's r~sp~n!le to a· limited 
portion at· the eiectromagnetic spectrum calle~ visible 

light. Li9ht 9enera1ly refers to electromaqnetic radiation 

. t:rOD\. 380 nm.· t:o 770 run. The observed color ~f ·1iqht results 

s ... frairr:·a a~ure of intensities at different wavelengths. 
. .. 

The rate of _change in intensity for a_ given control-source 
is a;,-.:function of wavelengths. :rn R. llall_, lllumination aild 

'-9ls;r- ·1n · computer Generated Imagerx, $p~in9er..:.Ver;laq; NY,' 

198S,. i>P.· 47~5~, .the ·qraph Of· intensity ·as a~~ct;i.~~- of 

10 wavelenqth is ~e spectral ctirve for a ·~iven test.·~_oior. · 
Tbis·:-;raph represents ·a ~Ch~tic for d.;term~nin9 con~ol 
li9ht·J.ntensities· :for· a gi~en test color· spec~al·~e. 

-~ . conti:'~l. source sp~tral curve. ~orresponds .·to. a 
dim-..ional '~omponent of the cqlor space .. domain~ ~olors 

is . ~ixed . in- .• :: ·t~shi~n. ·in. which ··ba11c!a ~f ~avel~n~ · 8:1"• added 
to one another· is called: an· adc:Iitive ·color zaiXture. · ·· 

Theiuustrativa·itGscoior.•pa~e 1~-di~ansi~nally 
d.esci:~ in terms ·of t:hree· color primaries· (e.q., hue• 

domain dimension):. high waveien¢h· (it) red.primary; medium 
20 · wavelength (G) 9reen primary; and low. wave1ength (B>° biue . 

pr!Jnary. In an N-dimensional color space where each 
dimension corresponds to a- color primary, the resolution ot 
color ~pace is determined by def ininq the number of values 
for each primary. (e.q., saturation = ranqe resolution).· 

25 Th&,.~range of dimensional resolution is determined by one or 

mare bits for eaeh dimension. The number of bits specified 

fo:c each dimension may di~fer·. Two bits of resolution 

<•·CJ·• 1 four values) are specified for. each primary in the 
RGa·co1or spaca generated below. 

30 · Value quantization can be described as spectral 

sampling• In the prior.art spectral sami>ling means 
reducing a spectra1 curve to a set of sample values for 
subsequent color computations. Spectral sampling herein 

. :me.ans reducinq a .spectral curve to a set of intensity 

JS vc.,.iues ·associated with logical names in a color space 
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generated by the method of the present invention ( e. 9. , . 
intensity= value). 

Generation of a logical color space· (e •. g. ,·a space of 
. color names) is· performed. as follows~ The frame is a code.d 
representation of user-specified a_ttribute descriptions for 
~problem domain. ·In a color space_each attribute 

.correspondinq to a primary hue ·is_described by a bltfield 
in the frame.· The fiz;s.t bi_t of each bitfield is always a 

.. l~q~cal one. Subsequent bits· in a qiven bit."field are 
10 .log~cal zeros. Each logicai zeX-o represents an addfti~nal 

bit of resolution. 
In an illustrat.ive color spac~ a _frame · ''010101 n · 

:cOJilprises three two~bit ilitf~elds where:· the rightmost pair . of. bits represents the .red _attribu:t·e·;. ·the canter pai·r of 
15 ·bit• repreaants tba ·green attribute; an~ the leftmoat. pair 

of bits represents the blue att~ibut~.. The primary 
function of a frame is as an .interpreter· which 
distinguishes between the possible meanings_ of an ~bject 
descriptor or an object. selector. 

20 In an illustrative color space the object descriptor-_ 
is the result of a transfor•ation of a frame where the bits · 
of each frame bitfield·are interieaved.· When, for exampie, 
the frame "010101" is interleaved the result is the object 
d~scriptor "000111." The primary function of an object 

25 descriptor is its role in generatinq N-dimensional object 
spaces. Using the frame to distinguish dimensionai bits. 
from. resolution bit$, the object descr~ptor·deterinines the 
orthogonal qeneration of N-~imensiona_l object spaces •. . . . ~ . There are two notions of cycles associated.with the 

30 orthogonal generation of N-dimensional object spaces. The 
first cycle is the order of interpretation of the object . . 

: descriptor.. object de$criptor bits ·are .loqically qrouped 
into dimensional intervals, e.9., "OOO 111". Each 
dimensional interval is processed as a cycle beginn.inq ·at 

35 the spatial origin. 
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A second cycle associated with the orthoqonal 
generation of N-dimensioi:ial object spaces is the order of 
reflection.for qenerating the.logical selector names. The 
steps of the reflection cycle-may correspond to the four· 

5 · ... · orthoqonal directions: ri9ht, up, 1eft, and down. A 

counterclockwise 
rather than a ~lockWise c:ycle was ar~itrarily Chosen, ·but 
the chosen d~rect;ion.aust be strictly adhered to. zf ·tbe 
number Of dimensions is.greater than four, then the 

lO reflection process continues in.th~ n~xt:ortho~nal 
diree:tion .for each nan-null positiC?n_ in an" expanded .form of. 

the obje_ct descriptor ~ntervals. The expanded form of an 

object deseriptor in~erts null . place'.· h~lders . for ·attributes: 

in.the.obja~·daseriptOr Whd•• ·resolution is less than 
15 _otbers·in a.CJiven interval. 

· A frame is a positional·· notation which denotes the . 
. nuinb£ of attributes·. and the resolution of ·each attr~te. 
·Frame data are the values or sense of each bit position in 

a given frame. Given the-frame "010101" and frame data 
~o .•000010,w. the-riqhtmost'. bitfield of frame data .111011 

represents.a value ror a P•~icular intensity of the red 

attribute in a color ·specification·. ·The object selector .is 
a transformation of frame data where the frame data is 
interleaved. The result of' interleaving frame data 

25 •00001o•t is the object selector 11 001000." The name ·of ~ach 
location in an N-dimen$ional space corresponds to an object 
selector. 

P·:IGS. 27-31 show an illustrative example of a color 
representation system in accordance with the method b( the 

30 present invention. FIGS. 27A-27C show how the name space 
e·lements of a binary RGB color cube are projected onto a 
plane in·accordance with the method or the present 

invention. Each axis 2701-of the RGB color.cube 

corresponds to a color primary. . Each node 2700, 2702 of 
35 the RGB color cube corresponds to a particular color 
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sensation or element 2703 in a logical color space. The 
name of each co:ldr sensation of an RGB color space 
corresponds.to a particular element location 2702 in a 
loqicalcolor space. FIG. 27C shows h~ the ·elements, name 

S ... . . space labels, of a binary RGB -?olor space are labele~.. · The 
vertical regions ·labeled "R" 2704 contain e.lements whose 
riqhtmost bit position ~s set.. The horizont;al region" 
labeled "G" 2705 cont:a.ins elem~nts whose middle bit 
position is ·set·. T~e ltt!ft half' labeled "B" 2706· c~nta~n 

10 elements whose leftmost" bit pos~t:lon is· set. " . .• . . 

FIGS. 28A•2BC show the elements of a.sixty-four 
element RGB color. s.pace ~·: FIG. 288 shows how the elements 

:of a sixt:y_;,four eleme~t RG8.color space are labeled. 
FIG. 2$C shows··tb.~ object selectoi-s of. a· sixty-four element 

15 RGB co~or space whic~ .. correspond to. the logi~al name• of 
aach color,- sensation. 

Fl:GS. · 29A-29C show the relationships b.atween 
three-dimensional· spaces vith differ•nt resolutions •. R. 
Hall in, lllwninltion anq Color· in Computer Generated 

20 tmacjeey, Sprin9•r-Verlaq, NY, 1988, p. 48, plots the 
intensities of the con~rol.li9hts required to match any 
wavelenqth.as a fu~ction of wavelength •. 

FIG. 30 shows a graph of the resulting.matching curves 
for 445 nm, 535 nm, and ~JO nm control sources. 

25 FIGS. 31A-31C show how percentages of spe~tral intensities 
over a range of values for .each primary are determined in a 
sixty-four element RGB color space, uainq the graph of 
matching curves of FIG •. 30. 

·-.Manipulation of a lQqfcal color space is accomplished . 
30 by methods assoc.iated with a particular logical view,.such 

as: elements; relations; paths; regions; and subspaces~ 
Referencing a particular color sensation as an element of a 

. . . 
. logical.color space may be accomplished in two ways: 
refe~ence by value or reference by location. 

35 Reference by value means a user or an application 

---- -----------~ 
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... 
,·· ·. prceass :'pr~vid~s 'a . ae~crJ.,pi;i~l'.1 . of : •. :;a~1c;µ1ar<_~l.or . 

. ser..-satiori in te~ . of its component hues and . theiZ: 

re~;:::iec;tiv~ .·inten$itles, typica11yas·:Pr~me·. data.··· Recall 

· .th~~;,.":tlie .frame is: a ~o~ition.al· notat~on :which. denotes·. the 
. . . . . . . . . . . · .. ·. . . 

5 .-.·nmn..1'P_r,,.or ·attributes ·a.~d .. the ~esoluti.on ::of:. eadf·attribut~.··. 

Th~efore, frame data correspond t~) the value: or' sense· of 

· ·.· . eacil· .. ~bit:.pos:iti~n in a: given .fr~JQe.< F~r ~ample,· qi:.,en .the 

· :. :: ··;::;-< .f.ra~<-~01.c;>~o.111 .-.and·.fr~e 4ata .,noooo~~··~. t;ii• ·.righ~11t·.. · 

io .·· ~:[a,!1!i~r·~ ;=:r.~~:.v:~u:'.~;; 
·.:. : : _·. , ~r.~J:en~E! -~Y:. lo~atiqn me~n• a_ u•~r .t;)r a~.--~~ppli.cat1on. 

> ·p~a-~s.~:J~.l~qts -~ ':parti~lar ·c~lor::··ensati
6ri. :in·:~~rlls· of .. 

. ·_. ·. ··1ts\-~:l.~a~i~-;.·:~i1:her .:indirect1y-·by· i11~•x c•~CJ~:~: ~~ett~ .-. 

15 . . ·:ant~{ -~~- .. -.d~re~~ly by .it~ selecto~~ .. Recall th~t.:.tlie .. object. 

. . .. · 'se~c~t\,.:._i1('·;i :tra~fo~ation: of.' .fra:lll• ···data wh~~~-- .. 'th~, bits.· · · 

:_ . ~f. ~~h.;_:;;f~~-:d~ta: -~itfleld ar• ·1nteri.aved.·. '.~·~~r-_: .• a~p~e, ; 

... 'g-iven'·.th•·: .. _frame 11 010101- .and frain~· da.: ·. •·o~o-01ori.: where the 

. fra:ae da.t~• ·'.is.'. lnter1eavt!d . the .r~•\ii~ Js the• object selector 

20 · . . ~oo i.ooo." :· The .. name of each location in .. ~ri H~i1"erisional . . 

sp~:-~e .. corresp~nds to' an .object· s~i~~t~r~·· ·. . . ... . . . ;, 
. .. : . . 

,. . . 

· : Refere~c'ing. a· set: of. harmorl:i.ous color sensation;. as 
.. . . ·. .. . .· . . .:· · .. 

relations of a . 1_09ical color space may be accomplished bY 
. . • ·i 

. . . 

qe1~atinq combinations of n-things taken k at a·time, 

25 whE'~_ ... n··is .. the number of elements in ·a logical color space 

~-~.:·is the' number of -selector bits" Th• •laants .of a 
. . ' . . . 

:9~-~ are s·ai4_ · t:o be. naiqhbors or la9ically adjacent b~cause 

one.:~:C~n.be)obtaine~ :from .the·.:other.::by switchi~ci a, ~"O" and, a 

·~1 ~:- i_n :a p~'x-ticula~ sei~cto~ .;:bit po~·iti~n .. · Th~· number. of 

. 30 elf';'.'Uerits. in 'each loqical rE!lation correspond~· to 'th~. nmnber 

· of .~el.ector· hits •. Referencin9 various sets in a.· 1oqical 

coj._or. Space may· be accomplished -~leetively masking one 01" 

mc2;-e selector bits. 

. Gezieratinq a :tlarmoniou15 lleq'18t\C8 ' Of color Sensa'tiQ'1S 

35 as t:·•ths in a · loqical color s·pace may be accomplished 

--··---__;,,,· 
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~ecause the collection of element names describe a Gray· 

sequence, where the Hamming distance between .. successive 
elQen'.ts is one •. The sequence of.color.sensations ia said . 
to cycle if its first and last element.codewor«s differ in 
only one qUantuJD interval •. Otherwise·, the· sequence . Of color 
sensations is known as.a path. Given an initial element 

. . 

codewor~ and .a transition sequence the entire set .. of 
. . 

elemen~· .. ~()dewords in a ·logical color spaee ·can be 
generated. 

10 ' ~ · .. Referencing various regions of a logicai' ·color space 
may be accomplished selectively by maskin9 loWer-or~er 
.selector . .,its. ae~e~encin;, various .subspaces within a 
logical.co~or space.mciy be accomplished by.~lement sea~inq; 
that· is, the value of an element ).ocation is actuaily an 

15 object de.scriptor rather than a color sensati.on. 
'l'be·process by which a logical color frame is 

. . . 

. interpreted to.electronically produce color sensations is 
. . 

referred to herein as .ref lectad Gray code (RGC) 
demodulation. RGC demodulation may be qeneraiized as.a 

20 novel form Of digital to analog conversion. Tbeinverse of 

RGC demodulation is the conversion of analog information to 
a digital form (e.g.; quantization, spectral decomposition~ 
etc.) by the process of RGC modulation. The method of the 
present invention represents a novel codinq system. Object 

25 descriptions have meaninq, that is, they refer to or 
describe some system with certain physical or conceptual 
properties. For color 9raphics, the objects may be 
.Particular color se~sations. descr~bed in terms ~f 
attribUtes such as: red; green; blue; which define"" a ·color 

30 space. For optical communications, the objects may be a 
particular coherent light source described in terms of its 
lighi:wa~a components, which define a sl9nal space. 

· In a U.S. Patent referenced in th~ Description of the 
Erior Art, Robinson and Sanford teach: "To convey 

35 information on an optical wave, some property of that wave 
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bas to be modulated or changed in accordance with the 
information and adopted coding system." An· aspect of the 
present. invention is its novel app.lication as such a coding 
system. Given an -incident coherent light source dispersed 
into it:s componerit·wavelenqths as inputs to .optical 
couplers, such as those referenced in the.pes~ription of 

·the Prior Art a.bQve, the metho~ of the p~est1J)t ~nvention 
- .may be' employed to mOdulate the light source as a plurality 

. . 

of wavese.ts, .which c:orresp~nd to object· ~:r:am~s, f~ame dat~,. 
10 .objec~ -descriptors,.: and object selectors. . .. . 

When the method of the.present invent.ion·JDay·be 
.-ployed to modula'.te.the-light so\lrce a• a p).lu:ality of 
Wa.vesets,-. e~ch cl~_ interval iri a ·pulse~cod~d.- ~odulatl.Qn 

· (PCM). sCheme; for: example,. can contain "n" "quantUJll 
15 . intervals of infol;'Jllation per· ~qlse rather . than -1,1 'single 

quantum :interval, ·where "n" is ~e· num,ber ·of c;omponent 
-wavelengths. heh an _encoding· scheme is ·called P.ra1ie·l, 
-pulse-coded· modulation (PPCM) • The · significant aspect -- of 
asystem description· is that tbe actual -~escrip.ti.~n · is one· 

20 selected frO. a: set possible descriptions. The invention 
is a qeneral apparatus and method, designed' to'operata for 
each possible.problem-selection, not just• the one which 
will actually be chosen since this is unknown at the time 
Of de~iqn·. 

25 It will be apparent to those skilled in the art that 
various- modifications· can be made to the apparatus arid.. 
method ~or visual.izinq mixed-resolution, ·N-:dimenslonal 
object_ space of the. ins.tant invention .without ~epart~nq 
from the scope or spirit of the invention, and it is 
intended that the present invention cover modifications and 

30 variations of the apparatus and ~ethod for visualizing 
mixed-reso1ution~ N-dimensional object space provided they 
come within the scope of the appended claims and their 
equivalents. 
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WE CLAIM: 
1. A process· for visualizing N-dimensionai-object 

space using a computing device sueh.as ·a computer, .i:be 
computing device Of the type compri~i:"CJ 11tean .. for ·storing 
data and commands, .and· frame· logic responsive t.o ·the ··stored 
data and comiaands·for·qenerat~ng a virtual iaa9e 
·i:~presentinq the .ff-.dimensional~o~ject space, co~prisin9-the 
. s~eps, usin~r-··said'"'co•puti~'·aeV:1·c:e/ of::..... .- · , · " . 

inputting to said ."computing device· a :-.set :of. 

att;ributes; 
. qener~ting from the ~ttr Unites,. frame and -frame .. 

data for the N-dilllensiol)al-object space,; 
. . . . . . 

interleaving the frame t~ 9enarate an ·abject 

... descriptor;--
. qeneratinq, fr.om th• frame :and the·. obj.act .. . . . . . 

1 s c!eacrlptor, dinensional-•patia 1 . l~c~tion~ of.· sa ic! · 
·. N-dimensional•object •pace: 

generating, from the frame an~ th~·object 
· deserip~or~ an object selector for each.di~~n~ional...;~patial 
location in said N--dbnensional-object spac~; 

~O 9eneratin9 from said di:mensio~al~~patial ·. 
locations and said object selectors. a virtua~ i•aqe of the 
N-dimen$ianal-object space; and 

selecting a region of said virtual imaqe. 

2. The process 
comprising the steps, 

~enerating, 

as set torth in claim 1 further· 
using said computing devica ,. of: 
from ·said frame. and said ·ob]t\ct . 

~escriptor, resolution-spatia1·1ocations for.resolution 
5 levels of each of ·the N dimensions for a mixed-resolution, 

~-dimensional-object space; 
qeneratinq, _from said frame and said object 

descriptor, an object selector for each r.esolution-spatia,i 

----------·---
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location in said mixed-resolution, N-dimensional-object 

space; 
qenerating from said resolution-spatial 

locations, said dimensionai-spatia1 ·1ocations and sa.td . . . . 

object selectors a virtual ·image ot the 
N-diinensional-object space; a~d 

selectinCJ a reqion of SE\i4 virt~al _imaqe. · 

3. A process, using a ·coJPput;inq device h•vinCJ • 
display devic~· for visualizing a ~i>ced,..:resaiution·, . · 
N-dimensional. . .:.ob"ject. space i · -~~ ... ~.i~ a. -u~er speci.f ies a 

· frame and frame data for a set of ·attributes defining N 
s dimensions· and defining resolution le~els in 'the abject 

10 

.. space, coapriainCJ th• steps, u~ing" said computing de~ce, 
:of: 

interleaving the.frame to.qenerate an object 
descriptor; 

. . 
· qeneratinq, .. from said· frame and said_ object 

descriptor, cfimensi~nal-spatial .locatf,ons'tor N dimensions; 
qeneratinq, from said fr•me and said abject 

descriptor,-reso1ution-spatial locations tor resoluti~n 
levels of each of the N dimensions of said 

15 mixed-resolution, N dimensional-object space; 
generating, for each spatial location, an, object 

selector conforming ta a priJDaey forll\ of a ref·lected binary 
. Y" 

code; 
generating a virtual ima~e of said 

20 N-dimensional-object space from the dimensional~spatial 
locations, resolution spatial lo~ations and object 
selectors; . and 

selecting a region of said virtual image. 
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4• ~he process as set forth in claim 1, 2 or 3 
further comprisinq the step, usinq said computing device, 
of: 

displaying· the selected region of the virtua.l 
image on said-display device. 

· · 5. The process as set forth in claim 1, 2 or 3 
wherein the step of.· selecting using said . computinq d~vice '· 
·includes:. 

chaining bits in a particular sequence forminq a. 
s path for a sel~cted path of s~id virtual image. 

6. The proces~ as .·set forth in claim l,. •. 2 or 3 
wherein the s~ep. of seleCting, ·using said computing de.~ice, 
·includes:· 

• .. 
suppressing _par~i~lar bits _()f said virtual.· ima9e · 

5 for 41anerat-inq " subspace •. 

7. The process as; set forth in cl·aim l, 2 or· J, · 

further comprising the step for generating an N-d~aensional 
color space, of: 

encoding a plurality of liqbtwave components as 
5 the set of attributes. 

8. An ·apparatus for visualizing a mixed-reso~ution, 
.N-dim.ensional-object spac:e, wherein an object descriptor 
for a set of attributes def inin9 dimensions and resolution 
lava.ls in the object apace is specified, comprisi~9: 

5 means for inputting to said apparatus the•et of 

---

attributes; 
means for generating from the set of attributes; 

frame and frame data for the N•dimensional-object space1 
means for interleaving the frame to generate an 

------
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means responsive to the frame ~nd the object 
descriptor· for generating dimensional-spatial locati_ons. of 
said N-diiiiensional-object space; 

... means responsive ·to the frame data .for generat:ing· 

15 an object selector for each dimensional-spatia_l location in 

said N-dimensio.rial-objee~ -space; 
-~eans res~onsive to said dimensional-spCltia1 

locations. and said object selectors .. for generating a . . . - . 

Vi~l image Of the N-dimensiQnai-object space;_ and . : 
. . . 

20 · · me•n• for . selecting a region . of said· virtual 
image .. 

9. The appm::atus -as set . forth in claim. 8 . t1irther .. 
· comprising: . · 

means responsive . to saic! ·.frame and •a.id qbj~et·· 
descriptor for ge~~rating resol~tion-spatial l~at~ons.for 

s resolution levels of each 9f the N dimensions ·far ~ 
mixed-resolution,. N-dimensianal:-object space; 

means rasponsive ta said frame data.for 
·generating an object selector for.each resolution-spatial 

location in saicl mixad-raso_lution, N-dimansional-object 

10 space; 

15 

means, respansive to said resolution-spatial 
loeatiom;, said dimensional-spatial locations and said 
object selectors, for qenerating a virtual ~qe of the. 
N-dimensiona1-object space; and 

means for selecting a reqion of said virtuai 
image. 

10. The apparatus as set forth in claiJll.8 or 9 

further comprisinq: 
aeans for displaying the selected reqion of th• 
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virtual· imaqe of' the ff-dimensional-object space. 

11. The process as set fo~tb in claim .a or 9.wherein 
the said selecting •eans ~urther includes: 

means for chaining bits in a particular sequence 
forming a path for the selected path of said virtual· image. 

12 ~ · .The process as; set forth in claim 8 or 9 · wherein 
the said selecting.means·fur~her inclUdes: 

. . 

me.ans fo~ suppressing particular hits of said 
·virtual ima9e_ for gene:r•ting a sub~pace. 

. . 13. An apparatus for generatin9 ·a· mi:xed.:.resolution. · 
N~illleneiona~ object spa~e .using a co~putinq:· device,. 
'coinpr.S.sing: 

m~ans for storing d~ta a~d-comniands1 
5 means responsive .to: the Stored data and C0111Jllands 

for generating a logical repres~ntation of the 
·· N-dimensi.onal, object space; 

display logic responsive t~ the stored data and 
oo~nds for 9eneratin9 a virtual ima9a of the 

10 N-dimensional, object space; 
display neans for displayinq a visible 

representation of the virtual image. 

·14. An apparatus for visualizing a mixed-resolution, 
N-dimensional-object space, wherein a specified f~ame and 
frame data and semantic expressions for a particular set of 

: : . ·. . . . '" .· 
attributes defining· dimensions and resolution level• in ~he 

5 object space, comprising: 
input means for inputtin9 the frame and frame 

data for the N-dimensional-object space; 
frame logic resp~nsive to said frame, for 

TOTAL P.20 
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·interleaving the fram~·to generate an object descriptor, 
10 for_ .qeneratin9, from said frame and said object descriptor, 

di.Jaensional"."'spatial locations for N dimensions, for. 
·9eneratinq, for each dimensional-spatial _location and-usinq 

... ·--frame data, an object selector, and for qenerating from 
said dimensional-spatial locations and said object 

15 selectors a virtual-iQqe -of the N-dimensional-object 
space; and 

region logic for selectinq_a reqion of said 
virtual image. : 

15. The appar~tus •• set forth in-claim. 14 where~n: 

_ said frame l.ocjic generates,_ from.said-frame and 
aaid object descriptor, resolution-sp~tial_ -loc~tions -for. 

resolution le~als of each of the N dime~-ions for -a . 

s llliX9ci~resoluti~n, N dimensional-obje~ space. 

16. The apparatu$' as set for;th in claim 14- or.15 

further comprising: 
memory means for storinq the selected'region of 

saidvirtual-imaqe; and 
S display means for displayinq the selected region 

of said mixed-resolution, N-dimensional~object space. 

17. In a computing device, a memory having a ~irtual 
image o~ an N-dimen&ional, object space, including at least 

f~ . 

dimensional-spatial locations, and·maans for aelecting a 
region ot the virtual, image. ·\ 

' 18. The camputinq device as $et forth -in claim 17 
wber~in said memory fui=ther includes having a virtual image 
of an.N-di.Jnensional, object space including_ 
resolution-spatial locations. 
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19. The computing device a~ set forth in claim 17 
further including means for encoding a _plurality of signal 
components for defining the dimensional-spatia,1· location·of 
the virtual image. 

20. . The computing devlce as set f"rth in clai111 i·a 
further·including means for encodtng a plurality o~ 
li9htwave· components for· definin9 the ·di111ens·ional-spatial 
locations·and ~he resolution~spatiai locations of th• 

s. virtual image .. 

21. 
a. aeiaory; . · - · · 
_frame 109ic.foZ,-9eneratirig a virtual inage of an 

. . . . . . . . . . . . ., 

.. N-dimensional, object space in sa~d·memory, including at 
s least dimensional_;spa:t.i;.l locat.ions; and 

region loqic for se·lectinq a regio.n of said 
virtual ima9~. 

22. The comp\itin~ device as. set forth ln claim ~1 
wherein: 

said frame loqic generates the virtual image with 
resolution-spatial locations. 

23~ The computing device as set forth·in claim 21 or 
22 further including; 

means for ·encoding a _plurality of signal:- ·~ 
component.for definin9 dimensional-spatial locations.of the 

5 virtual image. 

24. The computing device as set forth in claim 21 or 
22 further including region .logic for·selectin9 a region of 
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said virtual image·. 

2.5. A process for visualizinq N-dim.ensiona1-coior 
.space usin~ a computing device such as a computer, the 

"'· · computinq device of the ·type comprising me~ns for :iltorinc;r · 
data and commands, and frame logic responsive to the stored . . . . . .. ~ . 

s data and commands. for generatinq a virtual imaqe 
reprel!l~ntinq the N~imensional•<:ol.or space, .comprisin9 .the 
steps, using said computing device,. of: 

· inputtiriq to said ·computinq device. a .set of. 
attribUtes inciudiliCJ at least red, green and blue :hues;;. 

10 .q~eratinq .from ~4a attributes, frame and frame. 
data for the N-~imensional-color space; 

interleaving th• frame to ganera~e a color 
descriptor; 

CJenerating:·, tram. ·the. frame and. the color 
15 descr.iptor, dimensional-spatial locations· of said .·. 

N-dimensional-color space; 
qeneratinCJ,.from·the.frame and the color: 

descriptor, an color sel~ctor for each dimensional-spatial 
location in ~aid N-dimensional-col.or space; . 

20 g'enerating' from said dimensional-spatial 
location• and said colo: selectors a virtual imaqe of the 
N-dimansional-color space.; and 

selecting a reqion of said virtual image. 

26. The process as ~et fortjl in claim 25 further 
· COlDpriSiD,CJ the. Steps I using' Said ·coaputiJICJ deViC~ I .Qf: · 

' . . . . ~ 

qenerating, frQm said frame and said. color 
descriptor, resolution-spatial locations for resolution 

5 levels.of each.of the N.dimensions. for a mixed-resolution, 
N-di-.ensional-color space; . 

· qeneratinq, from said frame and said co1or 
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descriptor, an color selector for each resolution-spatial 
iocation in said mixed-resolution, N-dimensional-color 

:space; 
genera_tinq from said resolution-spatial 

locations, said dimensional-spatial locations and said 
color .se~ectors a virtual image of the N-dimensional~color 
·space; and 

selecting a :region of said virtual ·image. 

27. TJ:le process as set forth in claim 25 or· 26 
turtber.co~prising the step~ using said computing device, 
of: 

4.isplaying the ·selected. ·region of the virtual 
5 : .image on· said display ~evice. 

-~ 


