;e3ep¥%n ! D'@ZvS6STWW 9l , 21 FEB 2003 MULTI - LI NEARI ZATI ON DATA
STRUCTURE FOR | MAGE BROWSI NG A portion of the disclosure of this patg?quzma
‘docunent contains material which is subject to copyright protection.
copyright owner has no objection to the facsiMI i@n by anyone of
t he patent disclosure) as it appears in the Pate mmﬂ% Nmﬂﬁﬂnark Ofice
patent files or records) but otherw se reserves a rlg rights

what soever. BACKGROUND OF THE I NVENTION 1. Field of t fnventlon The
descri bed invention relates to the field of data nanagenent In particul ar,
the invention r NHLE 3 £t 3 A DFR B Ad SIBgscri ption
of Related Art Bromslng is a technlque that users enploy to view
information rapidly for deciding whether the content is relevant to their
needs. Browsing shoul d give the user quick access to view the content and
focus on sections of further interest Mil tiple images are typically

di spl ayed. The user scr t hrough the images until the desired
i mage is found. POYF'Q“(???‘F For‘)'“'ﬁ) \%?/B"r“?mt C‘HH%{}‘&E’E‘éWFi‘é"‘%{%W&ﬁht”l mages

based I
ooy S el el BT el
dnfrgéj bl %x e orf l}@ﬂycnt H%g%ﬁare as.it APRCATH I t&ag?&tcg{ ?’]jl(s; '

t he anmount et ace an | ge’rn ture or

retrieve a t GOITE, | do ch that a
user i 11 mERAS b{fﬁ%gﬂ“&“"i%bétt% 08 A DR B S I e T

| NVENTI ON 4vnaebbag. of di splaying images is based on both a fast

| i neari zation and a second linearization. In one enbodi ment, the

| i neari zations are perfornmed by traversing two space-filling curves. In
anot her enbodi ment, the linearizations are performed by traversing a
cluster daBaAGKGROUND.OMIHE INVENTMAN | i neari zati ons may be di spl ayed.

BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 shows one enbodi mnent of a

fl owchart of thd.prodasld obfthedneeatiomg dual |inearizations for each inage.

The described invention relates to the field of data management. In particular,

the invention relates to image categorization and display.

2. Description of Related An

Browsing is a technique that users employ to view information rapidly for
deciding whether the content is relevant to their needs. Browsing should give the user
quick access to view the content and focus on sections of further interest. Multiple
images are typically displayed. The user is able to scroll through the images until the
desired image is found.

It is difficult, however, to characterize and sort images based on attributes of
the images. While certain images may be closely related by one attribute, they may
not be closely related by other attributes. Additionally, if many images are stored in a
data structure, the amount of time to either place an image into the data structure or

retrieve an image from the data structure can become exccssive, such that a user will

- I
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not want to wait.



Figuye 2 shows an exanple of a space-filling curve. Figure 3 shows an
entbodi nent in which a second curve is enployed to inprove the reliabi liFER 2003
~of providing i mages that arc close together in the nmulti di nensional space.
Figure 4 shows an exanple of a browser interface based on a dua

| i nearization. Figure 5 shows an exanple of a browser interface based on a
triple linearization. Figure 6 shows an exanple of a systeminplenented on
an SQ. server that comrunicates with a m ddl eware server to construct and
serve web pages to an end user. curve. Figure 7 shows the 1st) 2nd, 3rd and
4th orders of a two-dinensional Hilbert Figure 8 shows the |Ist) 2nd) and
3rd orders of a two-dinensional Peano curve. -2 21 FEB 2003 DETAI LED
DESCRI PTI Oy UMV WA e dPTHENN VENEIONI ng | mages that scales well for large
anounts of inages is described. Due to the | arge nunber of attributes by
whi ch an i mage maynchedadidesybnyimeid)agapisibaidd ort buusa @i thogteon d Has been
difficult to categorize and display like images in an efficient manner. The
present i nwesvnddmemizaiodedn by crdbajpinayt, ok lincagasobase gedormedityi pl e

| i neari zations of the inmages. "Linearization," in this application, inplies
not just anragerdegitvg spicesitidiag cafvepolmansthebambadigwonts therlinegrizhiony aggosi t i ons)
or at Least relative distances between their positions. The nethod

descri bed mereimed by spvareasp slusies dustrugtnes. AMergmhangivotlingarizagiopamaybei ze and
di splay a portion of a set of images does not change significantly whether
the set of $SPY8E is relatively small (e.g.) a few hundred images) or
relatively large (e.g., greater than 50,000 images). Two effective nethods

for linearizing the inages arc described: a space-filling curve method and
a clusteri lg%t[gg -ﬁng tﬁg@ R Qr, can al so be used to linearize
t he i mages.” T T y be categorized by various

nrormati on,

attributes) or %mgﬂ%ﬂb% 09& crtnggdiin{cr,g?&i'a ?&Cch%?\%%lue%rﬁgcgébrﬁgg}n%ﬁ%lpe

br oken down and characterized by co

tion) size

i nformat i on)hel@Xhidherdr R fBloOn, Obj ects represented, or based on ot her
content of the image. The image nmay al so be categorized by tag information)
whi ch is infornmeipeg 2a55@€ hakedmple ol a 8g4k-fIMAGE)vOUL whi ch may not be part
of the imge itself. Tag informati on may include annotation information)
audi o i nf ormat i dfigurei3rshosts anmpmibetoiamain which glsedval cpesiit ¢raployed Lr mat i on

(GPS),

and so forth. -3 21 F E B 2003
improve the reliability of providing images that are close together in the multi-

dimensional space.

Figure 4 shows an example of a browser interface based on a dual
lincarization.

Figure 5 shows an example of a browser interface based on a triple
linearization.

Figure 6 shows an example of a system implemented on an SQL server that
communicates with a middleware server to construct and serve web pages to an end
user.

Figure 7 shows the 1st, 2nd, 3rd and 4th orders of a two-dimensional Hilbert
curve.

Figure 8 shows the 1st, 2nd, and 3rd orders of a two-dimensional Peano curve.

-



In pne exanple, :t histogramof an inmage is generated using 600 different
color bins The histogramincludes the nunber of pixels correspondi ng?24gER 2003
veach of the 600 col ors used. In one enbodi ment, each of the conponents o
the histogramis used to map the inmage to a coordinate in N-dinensiona
space. For this exanple, Nis 600. Imge 1, for exanple, is mapped to the
coordinate: <attributel) attribute2, attribute3, ... attribute N> in

N- di nensi onal space) where attribute 1 is the nunber of pixels
corresponding to a first color, attribute 2 is the nunber of pixels
corresponding to a second color) and so forth. Miltiple i mages may be
mapped into the N-dinensional space. Inmages that are | ocated cl ose together
in the N diDEGAINCHRAIDEJRIETION cl osely related by their attributes. In
contrast) those that are |ocated farther apart in the N dinensional space
arc | ess cl osel yA metkadeaf dbgraciesing amnpgds bt ssalesOna! foeldrgalambaits bfas been used
for ordering a set of images mapped into N di nensional space is by mapping
al | of the imrages deseribad.abue to Geyarge pembertod apobited kynwbishahémpgamay be whi ch
the images are mapped indicates the |inearization of the imges. This

| i neari zat | GHEOHBe VBN HHBLAistdesups ddap heentdillicpbraedtegesisr pndfisplapilikar | y
attributed imges. Tqﬂs i s because the mappi ng of .the N-di nensjonal space
into a one 'MBENS A {@xﬁ@ THUBET- nbRC REEICAT BVEPLORPRE? Yegs londiaplaviel maget| osel y

i mages are nehgted lnlgge,hhinensiﬁnal,sgagﬁﬂ_Cne.enbodingnt.of.the pr esent
i nvention | TRERYT TLRMEAGAREHINDS QL g MaBE, ki ed| 4ot g MERARPHE08) p

mai ntain the r. i.onshi ol i space-filling.. ve |.S a

cont i nuous %H%ﬁéﬁﬁQ?&€$5|?%ﬁ@&g§§c%%ﬁ%ﬁﬁ$%ﬁ%ﬁ§2%?ﬁ%%@f%ﬁgﬁﬁé%hgég The
space-fillipg CHINR REAVHBawRNREidfRshibREar i ze the points in the

mul ti-di mensional space. -4 ., 21 FEB 2003 Space-filling curves have been

studi ed for nmanyrye@kghod aberiBBd Rert RGE RalbRavAnhiNhehfshR Gt aaiEpyt er
scientists. For exanple) see "Fractals for Secondary Key Retrieval" by C
Fal out sos agkgSrizRasediBplay 7@6ABNGE sBafTombzdsSodFhad 22 gcdninifdagily y  of

Maryl and Institute for Advanced Conputer Studies, May 1989) for an exanple
of the use wheibgithesdtiof imaggs curelagisely Thatlge.gr, e foetiandatd thdfpkereenélad yagdes of
space filling curves including the Hilbert curve, the Peano curve, the

Si er pi nski largevek..gheatdrabrsTl@0cmages). and t he Schocnberg curve. See Hans
Sagas, "Space-FiIIin? Curves," Springer-Verlag) 1994, for nore information
on splice-fillingvesFoeive msthedsdorlingiopingithrimuges arp dascrided; aspacesfitiingr der s
of a two-dinensional Hilbert curve, Th rocedure to derive higher orders
of the H | bfte BGINPE and aehisiesna metaat QBT BEpodonBOKEGEBASIOF LR § and at
vertex 3. The curve.can keep Grow ng recursively by follow ng the same
rotation and"¥Eff €t MR hattern at each vertex of the curve. Figure 8 shows

the 1st, 2nd, an ,%Eqn@ &ﬁ@mof a two-di nensi onal Peano curve. The
procedure to derg%e—hrdﬁgr‘pfders of the Peano curve is to replace each
vertex of (he baghGnGpt iy vk bl dioRbE VhAUR RFBEEs OiEYSporkh, brdhé! bert

curve and Peano curve ca% be gétgnde Into nu p nsi ons,
vel | - known jfadeh®opEfampidanSmhpd Ldntk trbkenefowiana chitclefifRidtdeldrhat t he
points that are close to each other on the space-filling curve are al so
cl ose to eagpiforgidfiion, shapd mforMatibh -silieRIOBIMAIGH, 1XARE Mfotriition Edbjecthe opposi te
is not true: the points that are close to each other in the
muf ti - di mensipossented,pabasegran ailir coecesefahd inyagel ke irhagahdealsobe t he
space-filling curve.

categorized by tag information, which is information associated with each image, but

which may not be part of the image itself. Tag information may include annotation
information, audio information, time stamp information, global position information

(GPS), and so forth.



Figure 2 shows an exanple of a two-dinensional and three-di nensi onal space
filling curve. In this case) an N-dinensional Hlbert curve is enpl oyedEB 2003
“Two points 10 and 11 that are close to each other in the nufti-di nmensional
space lie close to a partition boundary separating two sections of the

muf ti-di mensi onal space. When the curve is traversed as shown at the bottom
of Figure 2, the points that were close in _$_ 21 F E 8 2003 space map to
points that lie far apart in |inearization. This undesirabl e distancing of
cl ose points occurs at, and because of, partition boundaries of the Hilbert
and Peano curvesg ofd QUi aHQ¥EaAfAARANEIE Bend BicWikigh 600 SFEIAH c6l6F Ve 1S
enpl oyed to inprove the reliabilTity of providing i nages that arc close

t oget her i pinkh@hshistégdimengidmahc SEaRe of pixcRrorespoadindentachafgA60D curve is
used to conplenent a Hilbert curve. The Peano an Hi | bert curves are
construct edolstsalscthat their partition boundaries, where undesirable results
are likely to happen, occur in different |ocations. Points 2U and 21 that
tic close in spacensimhbodiimkrt. gachred thgcomippsents of diehestogramas tdedrto tria@ Hi | ber t
curve or the Peano curve, as shown in Figure 3. Table 1 stows an exanpl e of
a conput er tprisgsam weeardwateip NedimengioagspadsatFomtips camie.AY isi GPONIeigensi onal
space to a position on a one-drntnsional traversal of a Hilbert curve and a
posi tion oh- Br §KENBENEMRIPEAAIC ¢ SUUAWEIC of a Peano curve. In one

enbodi ment) the cod ps the_point in N-dinmensional space to an interva
bet ween 0 and I<?“Wﬁgggd¥$%P“3f“¥W@wﬁrogWHHPV%'3 bit pattern identifying a

nunber betwegn,.Q and 1 for cacti i .bein nal yzed. As other |nages are
converted ffh't%bd'B}bHEP“%iSPﬂ%a{VﬁgFﬂg‘“g@?jééﬁ’cd‘%gﬁd' P%'*&&%’f‘a‘@%@% Lo%et up
with a firgt_|li i s) Lhe H.lbert cury S d
b, o TSR 2R PR RO SELESL e BAtory e
sinplifi catt-&gﬂ, i mages that map to a partition boundary are adjusted
slightly so that they do not fall directly on the partition boundary. This
i s done because pygiBlcifaBBYmbBy be RApPISnRhANPERTchtibR shaund@byesiit | pl e
times. 1n a Hilbert curve) the partition boundaries are at points that are
any mul tiplg 18kated close tokb@pr in/tAON-dbensiOfal ke MrdltioRMBictuded byshese. I n a
Peano curve, the partition boundaries are at points that are any multiple
of 1/3) 11 Qriku2s., InetonurpstpthosdibaiNreliarews fatier agppamahe NABIEndiond space 21 FEB
2003 ~.; ~..X.r.w

~ KKk Kk X***‘\rckpesgk@]@gdyfﬂmgd by«!.hcj([*‘d’t[ﬁ'bm’t&_ Kkkkkkkkk L .- ykEkEkAREEFRY | Nt o]

Cor poration, 199S Pseudo-code for collapsing points in a space to points in
a line, via spadendmrthpeghaghaskecp pagddosarderimga setabiimuges mapgeditads of plain

ol d i nteger _coordi nates. These are,c i.ned to prqduce . .a single.val ue,
el bt + oo R Scaionmashinh gl SR BSses P ok QR dves TREpesiSh

hi gh- di mensi opal. spaces, (,DI.NENSI ON = --600 he.final. W L]l have
o ae orndfeling RS fEn (2 IYERE Fherged e ihdes WiSicpl)Rliof B 1t iflads.

-~*~.*******is* ~_ kX% k% **++ X C o~ 44 * * k% * * *, + r'k IR b .*****
) IXifonship’ot Sitdilarly atuributed ” -
kxxx_ BEQ ﬂ@sol;fn%agg, tl?nﬁéa\geﬁr %ﬁ&f‘ﬁf prc%rvexthc reldtionship’of Similarly attribu

images. This is because the mapping of the N-dimensional space into a one dimension
line does not maintain information about how closely images are related in the N-
dimensional space.

One embodiment of the present invention linearizes the images using a space-
filling curve to help maintain the relationship of like images. A space-filling curve is
a continuous path that visits every point in a k-dimensional space. The space-filling

curve provides a way to linearize the points in thec multi-dimensional space,

-4-



Compute |I's n-bin color histogram) H Normalize Hto a standard nunber of

pi xel s Convert Hto an n-dinensional vector, V Call 1-lIctol( V) to DdiFfR8 2003
*out position of V along a Hilbertcurve traversal. Call Pctol( V) to print
out position of V along a Peano curve traversal. END Sort images al ong

Hi | bert curve positions: output sorted list Sort inmages al ong Peano curve
positions: output sorted |list /* These two orderings can then be used to
generate Browser Wndows */ END /* * function: hilbert cube to line ---

Hctol * Col | apses mdi nensional coordinates to a line via * Hilbert curve

traversal */  gohanghin@ruel @hve H%Qh %dped%mgﬁ YA, aAd*msfzue 6] h%gl ts of

final line p05|t|on x/ Fasttau; /* for previous va tau */

integer i, jhurekied c¥mpOlenb@ERists. IFok @satnkylé -s@é “m@tulﬁ&*&coﬁdﬁ%g(@y()) DEGREE=19;
| * DEGREC == nunber of bits precision per coordinate * = DEGREE .. |

| ~ Extract Reatcvhl"asy @) Falbdieose@@SARB&nean@ketascal RefdRCE-TR-2242, DI MENSI ON |
SET j'th bit of tau =i'th bit of point[j) SWAP tau and lasttau; XOR tau

Wi th | astt alnivdROtyl of Marylanddnti8ute dot Advanedd CompineRndics; N{#yalO89¢ fish xh

roller)LMENSION;, /* twiddle bits in tau */ if( lastbit ---- 0 ) TOGAE

first bit okanple:of thephsaed spaceiftlingdur@eswiTthiarclyre TOGGL B fferdnin tipies of $gaoen t he

|eft) of 1 ?Hlmc curves including the Hilbert curve, the Pcano curve, the Sierpinski curve, the
Lebesgue curve, and the Schoenberg curve, See Hans Sagan, "Space-Filling Curves,"
Springer-Verlag, 1994, for more information on space-filling curves.

Figure 7 shows the 1st, 2nd, 3rd and 4th orders of a two-dimensional Hilbert
curve. The procedure to derive higher orders of the Hilbert curve is to rotate and
reflect the curve at vertex 0 and at vertex 3. The curve can keep growing recursively
by following the same rotation and reflection pattern at each vertex of the curve.

Figure 8 shows the lst, 2nd, and 3rd orders of a two-dimensional Peano curve.
The procedure to derive higher orders of the Peano curve is to replace each vertex of
the basic curve with the previous order curve. The Hilbert curve and Peano curves can
be extended into multiple dimensions, as is well-known in the art.

Space filling curves have the property that the points that are close to each
other on the space-filling curve are also close to each other in the multi-dimensional
space. However, the opposite is not true: the points that are close to each other in the
multi-dimensional space are not necessarily close together on the space-filling curve.

Figure 2 shows an example of a two-dimensional and three-dimensional space-
filling curve. In this case, an N-dimensional Hilbert curve is employed. Two points
10 and 11 that are close to each other in the multi-dimensional space lie close to a

partition boundary separating two sections of the multi-dimensional space. When the

curve is traversed as shown at the bottom of Figure 2, the points that were close in

-5-



/* Aval anche and send digits to the output buffer */ for( j = 1..D MENSI ON
) { COWPUTE k = the XOR of the first j bits of tau; OUTPUT k; if (k=) FBR&)3
j; else zero=j; 21 FEB 2003 g 21 FEB 2003 /* conmpute b */ SET lastbit =
k; if( lastbit == 0 ) b=DI MENSI ON-one; el se b=D1MENS | ON-zero; COWUTE r =
(r+DI MENSI ON-1-b) % DI MENSION;, /* * function: peano_cube_to_line *

Col | apses mrdi nensi onal coordinates to a line via * Peano curve traversal

~/ void Pctol ( point ) int i, j, trit, flag=0) DEGREE=12; int nodul us, h=0;
int flags[2048]; /* flags are used to deternine which way the curve w nds

at any giver I 1 EREReor 1 FOR |
Ol VENS d%QCfpgl lBtt? g{:nnlt:scﬁixﬁlc tagg ﬁﬁgégkzﬁ?ﬁ IH"I th_s u%mmgllcgl 01-ngp%fi nt [ 9 J/*

This is in.Bas&ifs czursfl, tand a&%s&n ¥aHit6s bQundhric 081 tBe ik find Pédnd ) | NVERT
flag[j]; o e 1t( flag is TRUE

CUurves.

Figure 3 shows an embodiment in which a second curve is employed to
improve the reliability of providing images that are close together in the multi-
dimensional space. In onc embodiment, a Peano curve is used to complement a
Hilbert curve. The Peano and Hilbert curves are constructed such that their partition
boundarics, where undesirable results are likely to happen, occur in different locations.
Points 20 and 21 that lic close in space will likely end up close together in either the
Hilbert curve or the Peano curve, as shown in Figure 3.

Table 1 shows an example of a computer program written in C language that
maps a point in N-dimensional space to a position on a onc-dimensional traversal of a
Hilbert curve and a position on a one-dimensional traversal of a Pcano curve. In one
embodiment, the code maps the point in N-dimensional space to an interval between 0
and 1. The output of the program is a bit pattern identifying a number between 0 and
I for cach image being analyzed. As other images are converted into other bit patterns
between 0 and 1, a database is set up with a first linearization based upon the Hilbert
curve and a second linearization based upon the Peano curve.

In one embodiment, for simplification, images that map to a partition boundary
are adjusted slightly so that they do not fall directly on the partition boundary. This is
done because a curve may hit points on a partition boundary multiple times. In a
Hilbert curve, the partition boundaries are at points that are any multiple of _, _, 1/8,
1/16, etc, of the N-dimensional space. In a Peano curve, the partition boundaries are at

points that are any multiple of 1/3, 1/9, 1/27, etc., of the N-dimensional space.

TABLE ]



SET,trit = 2-trit; /* Sets 2 to 0) or O to 2 */ -9 QUTPUT trit; SET fla
= flag XOR flags(j]; /r Source code for collapsing points in a spacel t 6EB 2003
*points in aline, via space-filling curve traversal. The "points" are

arrays of plain old integer coordinates These arc conbi ned to produce a
single value, indicating a position .110118 a lint. Since we're dealing

wi t h hi gh-di nensi onal spaces (DIMENSION =_ --600), the final value wll

have hundreds of digits, and we nust construct a special datatype to hold
it. */ #include <stdio.h> #dcfine MAXD 700 #dcfine DI MENSI ON | engt h #dcfi ne

t5| DEIaE]Ic\IGTr ﬁatlﬂ; A+L*42T*~J**4A@%ﬁgﬂm%&;&m*a?mﬁ%%ﬂﬁypg/*{ {.x ;/
ypedef struct nupneral . ; nos igits int end,

[ * positionéolfmqln?{r??ﬁécg’i‘“%‘i'g?g*/ } * numeral ; char hopper[ 10]; int hopsize,
hopcount, hopnod; /* Ninit --- allocates a nuneral and sets its value to O

*/ nurmeral niendo-code foepjtapsing pomimppgpactda@ointnin 4linep1 FEB Z003 -10 21
FEB 2003 via space-filling curve traversal.

The "points” are arrays of plain old integer coordinates. Thesc are
combined to produce a single value, indicating a position along a line.

Since we're dealing with high-dimensional spaces (DIMENSION == ~600),

the final value will have hundreds of digits, and we construct a
special datatype to hold it.

4-******************#**4#*4~=$++4¢*****#+****++*+*4’*+-0-**************/
BEGIN
for each image I, BEGIN:
Compute I's n-bin color histogram, H
Normalize H to a standard number of pixels

Convert H to an n-dimensional vector, V

Call Hetol( V) to print out position of V along
a Hilbert curve traversal.

Call Pctol( V) to print out position of V along
a Peano curve traversal.

END

Sort images along Hilbert curve positions: output sorted list
Sort images along Peano curve positions: output sorted list

/* These two orderings can then be used to generate Browser Windows */

END
/*
* function: hilbert_cube_to_line --- Hctol
* Collapses m-dimensional coordinates to a line via
* Hilbert curve traversal
*/



i f(+(done= (nuneral)nalIoc(sizeof(struct nunmeral )))==NULL ) {
fprlntf(stderr "Nuneral allocation problem\n"); exit( | ); ) for("?1FEBZW3
‘i <MAXD; i++) done->d[i]='0'; done->end=DI MENSI ON-1; return done;

Hopperhead --- initializes the "hopper.”™ Mre on this below */ v0|d

hopper head( int size, int nod ) { hopsize=size; hopnod=rnod; hopcount=0; /*
Hop --- pours digits into a "hopper," enptying the whole thing * when it
becomes full. * * The hopper is a snmall buffer of digits in sone snall base
b) such * as 2 or 3. These digits are generated by the curve-nmapping
functionsw }gq | of very large binary/ternary nunbers. W don't
want to * 5?%F@ ?P(t |n a file, so the hop function conglonerates N .
base-b * dlglts into a S|ngle digit base N*b before printing it to st andar d
out. */ voi éhRgRsEY.nt* ¢hynk ofidigits ofjfina] iecpasitia®) *hopper [ hopcount ++J=(char)
c; if( hopcount astthepsizdolder forplevidus/validwfpasthopp®r in base-n format */
for(i=j=0; pwbgpdguht; | +#) coumeis*hopnod + hopper[]]-'0"; printf("%", i+
"+1); hopcount 3Qstbit20, 21 F E B 2003 function: hilbert cube to line

Col | apses n}d|n9Q§bQﬂ§g coordinates to a line via """ I-lilbert curve
traversal ;. This_fuypefion accepts an array of |ntegers (coordi nates) and

converts it to 3 n al n out put
buf f er whi ch even@?&ﬂ]l;‘lt ngr/l I?E@%{%d %%rgﬁ a? G%Uf"“ pc#cgoré'&“& tol int
a. v) int Iﬁggt %Eﬂgggg q tau, lasttau; int i, j, k) one, zero,
| ast bi t =0, by ol'l er=0, DEGREE=19; tau=ninit (D MENSION);
| ast t au=ni nil t (DI MENSI
/* Extract tau from all the coordinate values */
FOR j=1 .. DIMENSION
{
SET j'th bit of tau = i'th bit of point[j}
}

SWAP tau and lasttau;
XOR tau with lasttau;

ROLL tau r bits to the left;
tau->end = (tau->end + roller)% DIMENSION:
/* twiddle bits in tau */

if( lastbit=0 )
TOGGLE first bit of tau: replace | with 0, 0 with 1;

TOGGLE b'th bit (from the left) of tau;
/* Avalanche and send digits to the output buffer */
for(j = 1.DIMENSION ) {
COMPUTE k = the XOR of the first j bits of tau;
OUTPUT k;

if(k==1) one=j};
else zero=j;



hopper head(6,2); /* Set up hopper: Base 2, ~/ /'. Buffer of six digits max

"/ for( i=1 (DEGREE-1 ); i>0; i=1 ) ( /x Extract tau fromall the 21FEB 2003
*coordinate values */ for( j=0; j<DIIVIENSION; j++ ) tau->d~j]
((v~l~i)==p) 2 '0" ; '1'; tau->end=DIMENSION-1; /* Perform tau "= |asttau;

| asttau = tau; */ for( j=0; J<DIMENSION;, j++ ) k=tau->d[j]; tau->d[j] ~_ (
|l asttau->d(j] & 1 ); lasttau->d[j]=k; /* Roll the value of tau "roller"
bits to the left */ tau->end = (tau->end + roller) % MENSION, /* twi ddle
bits in tau */} if( lastbit==0 ) tau->d[(tau->end+1) %Ol MENSI ON] "~= 1;

tau- >d[ (t au- >end+l +l ast byt c) %0 MENSI ON) ~= 1; -12 21 FEB 2003 /*

Aval anche and send di f to the output buffer */ for( j=k=0)

one=zer o=DI MENSFefPyle g? DI MENSI O\, j ++ ) { hop(

tau->d[ (tau->end+1+j ) %I MENSION] ~ k ); K (

t au- >d( (t au- >eTEh-BsiojokVENSI ON] & | ): if(k) one=j; else zero=j; I|*
conpute lastbyte */ if( lastbit=k ) |astbyte=DI MENSI O\ 1-zero; el se

| ast byt e=DI MENSEfOMstbioseD )rol | er= (roll er+Dl MENSI ON- 1-1 ast byte) | o

DI MENSI ON; hop(0); | b=DIMHENSION-epd:put buffer *I free(tau); free(lasttau);
/[* * function: pgano cube to l'ine * Col | apses mdi nensi onal coordinates to
aline via * Peano cyp N o ¥ This function accepts an array of

i nt egers (coordi nates) * an onver’ts it to a position along a line,

<Candard out purOHIOTE P tpatiEN bR e HIMERERY Y P e T
)

/*
* function: peano_cube_to_line
Collapses m-dimensional coordinates to a line via
* Peano curve traversal
*f

void Pctol( point )

{
int i, j, trit, flag=0, DEGREE=12;
int modulus, h=0;
int flags[2048]; /* flags are used to determine which way
the curve winds at any given point  */

FOR all i, SET flags[i]=0;

FOR i = DEGREE .. |
FOR j = DIMENSION .. 1

{
flag = flag XOR flags[j];

trit = i'th digit of point[j] /* This is in base 3, so trit
takes on values 0, 1, or 2 */

if( trit==1 ) INVERT flag[j};
else
if( flag is TRUE)
SET trit = 2-trit; /¥ Sets2t00,0or0to2 */
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int.i, j) trit) flag=0) DEGREE=12; int nodulus) h=0; int flags[2048];
hopper head(4,3); |I* Set up hopper: base-3, *I |* Buffer of 4 digits ZE\XFE*HZU%
*for(i=0; i<2048; i++) flags(i]=0; for( nodul us=SI DELENGTH 3, i =DEGREE-1;
i>=0; i--) nodulus /=3 ){ for( j=DIMENSION-1; j>=0; j--){ -13 21 F EB
2003 flab ~= flags[j]; trit = (v[j]/modulus)¥8; if( trit==1) flags[j] "=
|; else if( flag ) trit = 2-trit; hop( trit+ 0" ); flag ~= flags[]];

hop(0); /* XOR-out current flag '~/ /* Get current base-3 digit */ I*

I nvert current ..al 1" maybe invert the digit *I / r Send digit to
output ~~/ I-~" Q%UPPHE new flab value */ /* Flush output buffer */
Figure 1 shows one enbodi nent. of a flowchart of the process of creating
dual |inearizatpoh Ga8= BachORBellAt step 101, a histogram H(1j) is
created of image 1j. One inplenentation of the histogramis by using color
information.}] G her feature information |i ke shape and size can al so be

i npl emented, and can be in the formof histogramor other feature
representation. Essentially, any inmage content that can be represented as a
vector (a point in space) may be used. Points "close" to one another arc
simlar in that particular kind of content. Once the set of inmges is
converted i i : rest he .prqcess ~s the sane:
traverse therst?%é&accszogri% .fglllccooﬂ% '&fgg?hnq'&ﬁ?vgg% Bzr)ll Edﬁt‘lgﬂ]tc’the data structure.
At step 102)"'% HEhi Q{'%?L&g’? Y%At tributes is mapped as a point p(j) in k
di nensi onal space, where k is any positive integer. At step 103) the

posi tion of g Poinys caepuinsceliphia oldiintsaercoprdinuessalhess athe k- space. In one
ermbodi nent , combiprskiotrredicon spejo vilue, sigatingd patibag alngiadinerval [0) 1] in a
Hi | bert traversal of the k-space. At step 104, the position of p(i) is
conmput ed al ddiged we'et dalling Oithhigh-tmensiBeainpadcs EREVIENSION t=hecd)) space. At
step 105, p(he finaf @ilic WEBHES hundt ghédisitdh asede anust bensyadiwes obt ai ned from
the Hil bert _@e@taP&ﬁE@p@%fH&d ftraversals are |located. Their |inks are updated
according to the positions of the imges. -14 21 FEB 2003

*/
#include <stdio.h>

#define MAXD 700
#define DIMENSION length
#define SIDELENGTH 531441

/* ¥/
/* Code to handle the numeral datatype */
/* */

typedef struct numeral {

char d[MAXD]; /* At most MAXD digits */
int end; /* position of highest digit */
} * numeral;
char hopper[10];

int hopsize, hopcount, hopmod;
/* Ninit --- allocates a numeral and sets its value to 0 */

numeral ninit( int length )

{

numeral done; int i;
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In one enbodinent, a linked data structure is used to store each image as
it is linearized. For exanple, a newimge is placed into a first | 'Z‘HEFCEBZUUH
"structure by its linearization based on the Hilbert curve traversal.

new imge is linked to its nearest neighbor, i.e., the inmges cl osest to
the newimage in |linearization. The newinmage is simlarly placed into a
second |inked structure by its linearization based on the Peano curve
traversal. Once all the inmages are added to the data structure, it is
possible to follow a first set of links to traverse the linearization based
on the Hi |l ber raver sal al so possi bl ow a second set of
links to tralfefi8eT HHQ?‘#OZCZWBE( ‘B%ééﬂmﬁrﬁ Ege{nb traversal. In

anot her embodi h@r‘i’tm $[Fi%aNPE’5W %ab%%@bﬁﬁ‘\@thérlt(%t}hods can be enpl oyed.
Additionally nmore than two |linearizations may be used. One advant age of

usi ng t he defw(iEBadMAKD; $t+)ubner>d(il==s0't hat it dots not need to be

conpl etel y r doad-sedDANENSION{Ie an i mage i s added or deleted fromthe
data structure. Instead, only a few links need to be nodified for each
addition or dehgtdogp. of an inmage. A second advantage of the data structure
is that it ls data | ndependent) so that two existing databases can be
combined into one with little nore than a sinple list merge. Clustering
Clustering .Syanot roviding a linearizati ntoimages. A
cluster is HPBIEFFSF%'E 'ar‘“ﬂr?gé‘é‘ th STIPECT g’?%f‘éoi‘qk E%lPY’ucture The nature of
clusters is such that it is not unusual that |ike inmages are placed into
the data stYéhaprerbead( iy szanidt P, By performing a Iinearization based
upon a smarf traversal of the cluster) |like inages are nore likely to be
'pl aced next hopsezehizot hepmpdrmbd hopemmtilzati on. One way of linearizing a
cluster is jo add an entire first group of images before traversing the
cluster to add another group of images. For exanple, if a first group of

-15 21 F & BigfPO3pburegnsisWas aahbpededplythg e whbksh@g at the same time)

t hese images sho%gepﬁbgé&g&qugoget her prior to noving on to a group of
i mages that 4was added to the cluster at a drfferent trrre than the first

group. In ano er i g r.i but es rget inmage are
conpared w Hh “g h Ufgpgfaa mfsortnﬁémallb CFhe groups that arc

the cl osest t°[r |E{n°e% r‘éﬂr"'.%ﬁ 8&1 thq ‘fc';ﬁ‘f B8 arc added
based on ther in Sherformaf vg ry ATEE O sy DMBESh “é ar“éﬁ@r esentative item
havi ng t he aTvéF%@é”é%r“&éf‘éer e thedwpdpnctian epraleraergies hphase®n be: used to
conpar e t he * aigjstintonagjagigidigit base drfbibetorgponimaiit orsiandpideoug| ust er.  Anot her
way to perfdrma linearization is to traverse the cluster in an orderly
fashi on. For*/exanple, a fast |inearization can traverse the cluster taking
all right brandies prior to taking any left branches. A second

i neari zati O&d%p% int@vyer se the cluster taking all |eft branches.
Alternativefly) a tirst linearization can alterate between right and |eft

br anches, anﬁ%ta} .second |linearization can alternate in the opposite manner.
I n anot her e o"l ment , rrul ti pI e | neari zations can be created by first

per form ng a, @ Erav + (cé er by traversing a first random
traversal of ! p(g}: PP%%’& jdj pf the imag section before
noving on to' hﬂP‘F?"é\‘é’m opdgt 60 M € WHH ?P%&%F gf"‘f“ﬁe entire cluster
is then perforned by a different randomtraversal of the cluster. Display
of multi-Ii neafqrélﬁﬁ%m'ﬁhqwg‘m{eﬁzt)shovrls an exanpl e of a browser interface
based on a dual il= ithepmodtt pped(}-Qhi s i npl enentation, a total of 53 inages
are displayed at a time. The current inage of focus) or the target inage)
i's centered i nptihg("gSpi+awl);The i mages imrediately to the [eft and right
are the neareshofnQuafdpers 42a in one linearization. -16 21 F E B 2003 The
i mges i Mmedijately to t he top and bottom are the nearest neighbors 42b in a
second |inegarization. The nearest neighbors are the inmages closest to the
target inmage in linearization. In the case of the space-filling curves, the
near est nei? bors correspond to the points that are closest in position in
a linearization to the point corresponding to the target inage. 1n one
enbodi nent, the first linearization may l]e based on a Hil bert curve, and
the second |inearization may be based o'nl a Peano curve. In a second

enbodi nent, the first linearization is based on a first traversal of a
cluster data structure) and the second lienarization is based on a second
traversal of the cluster data structure. In one enbodinent) the rules of

di spl ayi ng nearest nei ghbors of an inmage are



applied recursively to all other inmages. Additionally, in one enbodi nent,
images further away fromthe center, or target inmage, are displayed W{tpERI0]
‘smaller size to denote greater dissimlarity fromthose inages closer to

the center. In Figure 3) the next nearest neighbors 43 to the target inmge
are small er than the nearest nei ghbors 42a and 42b. The next-next nearest

nei ghbors 44 of the target imge are even smaller then its next nearest

nei ghbors 43. Figure 5 shows an exanple of a browser interface based on a

triple Iinear%&gﬁ%ﬂnh”bglqﬂ quﬁqginent) the images above and bel ow an

i mage are the near aqggﬁh 0T51ba§ed 8n a.flrgt | i nearization. Two ot her

i mges may c_'_orrespgs 156° PeYPEBYOHE COHPEALS KA8EBC 81} a second | i neari zati on)
and the renaining il (RYELU2KES  cor respond to nearest nei ghbors based on a
third Iinearﬁzation._ln ot her enbodinents, nore |inearizations may be
added, and & mi xt ulbisdiindtioneagepati wny ob asegtrofodidifagrsgnt net hods is

possi ble. -17 2 1atdEB 200811 o gpoelid dbwpslian sexanpihe of a system

i npl enent ed ‘on an 8@&5&ﬁﬁmﬁﬂmﬁdbaﬂbﬂﬁﬁﬁu@b@ﬂ&ﬁﬁﬁﬂnﬁ&noa m ddl eware server to
construct and servea.WeRdpages to an end user. The SQL server maintains the
data structupe of the nultiple linearizations. The web server allows easy
selection of the target inage fromany of the displayed i mages. " 11Cl1l one
O the inagggmh§[8 hg@igqh[ﬂﬁﬁﬁgcones the target inmage arid the nearest

nei ghbor an Hext o near est n%ﬁg or images are updated correspondi ng Thus, a
system and thod for using nultiple linearizations for inmage browsing is
di scl osed. TheHregakia @Sy angement s and net hods descri bed herein are
nmerely illustrative of the principle of this invention. Numerous

nmodi f i cati onsint h jforancazedo.desttdi=0, mapytoel matler=fi DEGRERRSarti ng fromt he
scope of the described invention. Although this invention has been shown in
relation to awpatinilCDIMENSIDNGI MENau=nihit@IMENSITN): be consi dered so
limted. Rather, the described invention is |imted only by the scope of
the appended gdRjcRRad®®; Mt hod St epk.pfi, FbgHaF-ephsemBY +pe performed by a
conmput er processor executing Um?ﬁﬁﬁ81f9ﬂ§ﬁé%§ﬂﬂiz?d into a program nodul e
or a custom dfeo%t gng BEBREE c[yonle»=§!t or ag evices suitable for tangibly
enbodyi ng conput er pfogran1| 5 rUctioHs i nclude all fornms of non-volatile

menory includtng,. but not. limted tq. senjconductor nmenory devices such as
EPROM) EEPROM ’gr*?d‘“‘fﬂFb‘éHt“&B\ﬂqL‘é%FO?Fag‘ﬂ@t‘i%canks (fixed, floppy, and
renovabl e); other magnetic nmedia such as tape; and optical media such as
CD- ROM di sks. Hurtrer j<RINENEORNs s+ dlescri bed herein may be enmbodied in a
har dwar e devi ce staotPdid =H(yifldm=e8) 2i0 cltt board conprising discrete |ogic,

i ntegrated circantepdeDINPBESIQINIly desi gned application specific integrated
circuits (ASIC). -18 21 F E B 2003 Wat is clainmed is: 1. A nethod of
providing a pl yrapédymofai MagRAau;t RakeEhed »gonpri si ng: mappi ng each of the
plurality of inmages onto a first curve in a nulti-dinmensional space;

nappi ng each of¢theqp|Bteyion: il es onto a second curve in the
nulti-dinensionghjg RLe'- eterm’ %ﬂgga first linearization of the plurality

of inmages based on a_tr.ave f. .the,first curve; determ ning a second

| i neari zati on of ¢ﬂ5>§$ Ei{§§9u§§“ﬂ2%b s based on a traversal of the second
curve; and providﬁﬁ&a'ﬁ ET rality of images based upon both the first
linearization ahd the second linearization. 2. The nethod of claim1,
wherein providing the plurality of images further conprises: displaying the
plurality of infgRBellithe valds efdau Gollenibits toghe bds®d upon the first

|l i nearization. 3. The nethod of claim11, wherein providing the plurality of
i mages further w@oiehdsqsdu-sindQ @YleN@DIMENSION ity of inmages in a second
orientation based upon the second

/* twiddle bits in tau */

if( lastbit==0 ) tau->d[(tau->end+1)%DIMENSION] *= |;
tau->d[(tau->end+1+lastbyte)%DIMENSION] A= |I;
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|l i neari zation. 4. The nethod of claiml, wherein the first curve conprises
a space filling curve. 5. The nethod of claim1l, wherein the first cuf¥ep 2003
conprises a cluster of imges. 6. The nethod of claim 1l wherein mapping the
plurality of inmages conprises mapping to a curve having a property that
points close together on the curve are necessarily close together in the
mufti-di nensi onal space. 7. The nmethod of claim1l wherein a Hilbert curve
is used for a first nmapping and a Peano curve is used for a second mappi ng.
8. The method of claim1l further conprising determ ning the nunber of

pi xel s in each,of, n cql or .bins i ol 0 I stogram for each of the

plurality of i/ﬁn é’%l.ana-fgmd Sﬁﬁﬁ“’%%’%ﬁag{%bbﬁ%gﬁet hod of claim1 further

conprising: identifying a target inmage; identifying a position that

represents t heforaigap: oneage ook ViFY aNVEﬂ<Q£§§P§yPﬁgﬁﬂﬁb{target i mage;

identifying two bep(iat-ediartandmné+ioDIMENIION "dakh position representing

an i mage, the poki‘Fi(dns>diéiancreolobe)PDIMENSION] i bt representing the target

i mage; and di spl #k)rpetjrelse zeges corresponding to the two or nore

identified posjtions. -20

CAF3.A LA, L AYA, L As. ABA A3A A3UF. A, . AS@ AS. A@ AA, . AY@ AU. Af . AY@ . Al , . A@ A@

% be7!" D * *

(ytoid_zU] ca] c{a]ccoa pcuéﬁ ](‘?;‘tg tgafca] c”a] cal] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca]ca]c
N N N N ' ~

al eral cal cral cal gal gialed Ak oAb aaibie (g W P W

else lastbyte=DIMENSION-1-one;

roller = (roller+ DIMENSION-1-lastbyte) % DIMENSION;
}
hop(0);  /* flush the output buffer */
free(tau); free(lasttau);

/*

function: peano_cube_to_line
Collapses m-dimensional coordinates to a line via
Peano curve traversal

This function accepts an array of integers (coordinates)
and converts it to a position along a line, sending the
digits to an output buffer which eventually prints to
standard output.

¥ OXR H ¥ X ¥ X ¥

void Pctol( int * v, int length )

{
int i, j, trit, flag=0, DEGREE=12;
int modulus, h=0;
int flags[2048];

hopperhead(4,3). /* Set up hopper: base-3, */
/* Buffer of 4 digits max */
for(i=0; i<2048; i++) flags[i]=0;
for( modulus=SIDELENGTH/3, i=DEGREE-1; i>=0; i--, modulus /= 3 ){
for( j=DIMENSION-1; j>=0; j-- ){

-13-



RO . gzupkfa\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] c”a] ca] c*a] cal]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal [4D """ #& ((] *e*|*o*p*| ** BH+BER 2003
*}xsnid_Z]]c]ca]ca]ca]ca]ca]ca]cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca?/Eca]
cal calca]calcalca]ca]ca]calcalca]cal!,,a----v...=/@D E////J0"0000001Glalll

2" 2R2\ 2y2{vql gb] X] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca]
caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal y22222222
3B3333: 4U444445) 5Y5° 5a5n55556+7 7TA777}xsnid_Z]]]]ca] ca]ca]ca] ca]ca]ca]ca]ca

] ca] ca] ca] ca] ca (aLc ca] ca] cal c}a])gat]yg r][ |.calica) ca] ca] ca] ca] ca] ca! 74
8e88888809999# ‘Z] < g >i >We % 5]3 t] ]}:a] caJ ca]ca] ca] ca]ca
U] ca] ca] ca] ca] c¢ c q]f a] §]> d] ca] ca] ca]ca] ¢
aljca]calcajcaly a BBB B CEEOCRD !‘Dvll"l oi d_ZU] ca] ca] c
a] caV] ca] caV] ca] a]& P&ajléa] H]tca] carespciavee ey ¢d] caV] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] cahep(]loat'E2F: FvFy FFEFRRnGAEIHklugiue  */

JKLSL LnNPdQQSSSST i@ dupkf a\ W/t caDRBah ¢lad may Bag edjicd] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ga] ca] ca] ca] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca! TYt YZZZ4[]] _aa
abc3c8c>cccemwhhhhAiiiij]jojjjk~ytoje [V]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calc

a] cal ca] ca] qa]pc@p] cal] ca] caU] ca] ca] ca],ca]lg,g]&a]]lga,],g@] calxga] ca] ca] c”al k4l d |
| mm

ca] ca] ca] ca] cal] cal] ] ca] ca] ca] caj ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] caG K- |
10%&' ()- Y ITO09& ()-F I09& (

L) 20 B S T AR
0% 1004 533U Gy RSN SSH o DE a0 41T o sﬂmw o 01 o

10% & H0% 0
10% & 8 -l zlgﬁ/’ffﬁ%‘:"f&('gn %@“6%92(%%/?9 pe 5’497%\/ ”@”’k" gt %ﬁ"%{, ?}Qéﬁ‘(’)
210% & () - ﬂ\@@ﬁ/ﬂ‘lf&n(l)kc%ﬂilfﬁ%&'s(z}:'carZﬂJ@(%:&nrﬁﬁltmemed. and can be in the form of

histogram or other feature representation.

Essentially, any image content that can be represented as a vector (a point in
space) may be used. Points "close” to one another are similar in that particular kind of
content. Once the set of images is converted into a sct of points, the rest of the process
1s the same: traverse the "space” along the two curves, and output the data structure.

At step 102, the histogram of k attributes is mapped as a point p(j) in k-
dimensional space, where k is any positive integer. At step 103, the position of p(j) is
computed in a Hilbert traversal of the k-space. In one embodiment, the position of p(j)
is computed along an interval [0,1] in a Hilbert traversal of the k-space. At step 104,
the position of p(j) is computed along interval [0,1] in a Peano traversal of the k-space.
At step 105, p(j)'s four nearest neighbors based on the values obtained from the
Hilbert and Peano curve traversals are located. Their links are updated according to

the positions of the images.
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 F10% & ()-+10% & ()-p t uv w fE "6f10%& @10%C& ()- @ L0%G ()-@
109% & ()-', 10%G8 ()- 10/10/10/9 10% & ()-aWC - 6f 109% 10GLOGLOGS 2 1 FEB 2003
. 10%G& ()-*109%G8 ()-9 @ 10%Bj Bj & ()- @ 10988& ()- @
109%3G& ()-RO i K- CYL09%& ()-1 @ 109 ()-F 109 ()- YL0% ()- YL0%& ()- 3
9109& ()-' 109& ()-| g[i K- CLO%& ()-910%& ()-Y
MLOY& () - @O%& ()-L109%& ()-11109%& ()-F s109& ()-[4i K- CO6GLOY () -
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y#GLO%&' ()-!10%& ()-gf E96GLO%' Ly 109%&' ()-z& Ly

109&' " 109K I 010f 9
1 c;g g g S fO%&'/q(&) 14 bia ))Lflérg(%@d &HMQI%Q&Q?MQ}QS%LL%FZ 1k Eto store c\.{@%&%%@iqj; 1

109 () - z&| nEi kN, FEVLE Q%c@x%oé)s‘él&e@q{t@a(f)r_sM:ﬂ\ed structurub S
109&' ()-M 3 10%& ()-3 109%& ()-' 10%& ( ((]*exi*j* gGlO% 10 10

10&9 109%&' (thearia¥én bised oi:QP/&H(lIbcxk CLLQQ/&a(e)rsal 1@9(&n&\)/1ﬁm<€b n@f;hﬁéd’it#@BVK@6G10%
10%& ()-z109%&' () -!

1098 () -' 10edeft)ncirhBoR.€) tHE&EESRE6Jestb the, new AnheVIKEREGELAY6n. IFHORRY () -
image is similarly placed into a second linked structure by its linearization based on
the Peano curve traversal.

Once all the images are added to the data structure, it is possible to follow a
first set of links to traverse the linearization based on the Hilbert traversal. It is also
possible to follow a second set of links to traverse the lincarization based on the Peano
traversal. In another embodiment, linearizations based on other methods can be
employed. Additionally more than two linearizations may be used.

One advantage of using the described data structure is that it does not need to
be completely recalculated each time an image is added or deleted from the data
structure. Instead, only a few links need to be modified for cach addition or deletion
of an image. A sccond advantagc of the data structure is that it is data independent, so
that two existing databases can be combined into one with little more than a simple list
merge.

Clustering

Clustering is another method of providing a linearization to images. A cluster
is a grouping of images using a tree-like structure. The nature of clusters is such that
it is not unusual that like images are placed into the data structure at the same time.

By performing a linearization based upon a smart traversal of the cluster, like images
are more likely to be placed next to each other in the linearization.

One way of linearizing a cluster is to add an entire first group of images before

traversing the cluster to add another group of images. For example, if a first group of
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attributes of all groups of the cluster. The groups that arc the closest in attributes are
lincarized first. Other groups arc added based on their similarity in attributes. A
centroid, or representative item having the average characteristics of an entire group,
can be used to compare the target image with an entire group within the cluster.

Another way to perform a linearization is to traverse the cluster in an orderly
fastnon. For example, a first lincarization can traverse the cluster taking all right
branches prior to taking any left branches. A second linearization can traverse the
cluster taking all left branches. Alternatively, a first lincarization can alterate between
right and left branches, and a second linearization can alternate in the opposite
manner.

In another embodiment, multiple lincarizations can be created by first
performing a first traversal of a cluster by traversing a first random traversal of the
cluster linearizing each of the images of a section before moving on to a different
section. A second traversal of the entire cluster is then performed by a different
random traversal of the cluster.

Display of multi-linearizations

Figure 4 shows an example of a browser interface based on a dual
linearization. In this implementation, a total of 53 images are displayed at a time. The

current image of focus, or the target image, is centered in the display. The images

immediately to the left and right are the nearest neighbors 42a in one linearization.
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embodiment, the first linearization is based on a first traversal of a cluster data
structure, and the second lienarization is based on a second traversal of the cluster data
structure.

In one embodiment, the rules of displaying nearest neighbors of an image are
applied recursively to all other images. Additionally, in one embodiment, images
further away from the center, or target image, are displayed with a smaller size to
denote greater dissimilarity from those images closer to the center. In Figure 3, the
next nearest neighbors 43 to the target image are smaller than the nearest neighbors
42a and 42b. The next-next nearest neighbors 44 of the target image are even smaller
then its next nearest neighbors 43,

Figure 5 shows an example of a browser interface based on a triple
linearization. In one embodiment, the images above and below an image are the
nearest neighbors based on a first linearization. Two other images may correspond to
nearest neighbors based on a second linearization, and the remaining two images may
correspond to nearest neighbors based on a third linearization. In other embodiments,
more linearizations may be added, and a mixture of linearizations based on different

methods is possible.
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web server allows easy selection of the target image from any of the displayed images.

When one of the images is selected, it becomes the target image, and the nearcst

ncighbor and ncxt-nearest neighbor images are updated correspondingly.

Thus, a system and method for using multiple linearizations for image

browsing is disclosed. The specific arrangements and methods described herein are

merely illustrative of the principles of this invention. Numerous modifications in form

and detail may be made without departing from the scope of the described invention.

Although this invention has been shown in relation to a particular embodiment, it

should not be considered so limited. Rather, the described invention is limited only by

the scope of the appended claims.

The method steps of Figure | may be performed by a computer processor

executing instructions organized into a program module or a custom designed state

machine. Storage devices suitable for tangibly embodying computer program

instructions include all forms of non-volatile memory including, but not limited to:

semiconductor memory devices such as EPROM, EEPROM, and flash devices;

magnetic disks (fixed, floppy, and removable); other magnetic media such as tape; and

optical media such as CD-ROM disks. Further, the methods described herein may be

embodied in a hardware device such as a printed circuit board comprising discrete

logic, integrated circuits, or specially designed application specific integrated circuits

(ASIC).
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1. A method of providing a plurality of images, the method comprising:
mapping each of the plurality of images onto a first curve in a multi-dimensional space;
mapping each of the plurality of images onto a second curve in the multi-dimensional
space;
determining a first linearization of the plurality of images based on a traversal of the first
curve;
determining a second linearization of the plurality of images based on a traversal of the
second curve; and
providing the plurality of images based upon both the first linearization and the second

linearization.

2. The method of claim 1, wherein providing the plurality of images further comprises:

displaying the plurality of images in a first orientation based upon the first linearization.

3. The method of claim 1, wherein providing the plurality of images further comprises:

displaying the plurality of images in a second orientation based upon the second

linearization.

4, The method of claim 1, wherein the first curve comprises a space filling curve.

5. The method of claim 1, wherein the first curve comprises a cluster of images.

6. The method of claim 1 wherein mapping the plurality of images comprises mapping to a

curve having a property that points close together on the curve are necessarily close together in

the multi-dimensional space.

7. The method of claim 1 wherein a Hilbert curve is used for a first mapping and a Peano

curve is used for a second mapping.

8. The method of claim 1 further comprising determining the number of pixels in each of n
color bins in a color histogram for each of the plurality of images.
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identifymng a position that represents the target image on the curve;
displaying the target image;
identifying two or more positions on the curve each position representing an image, the

positions being close to the position representing the target image; and

displaying the images corresponding to the two or more identified positions.
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