PROPAGATI NG RELEVANCE FROM LABELED DOCUMENTS TO

UNLABELED DOCUMENTS BACKGROUND [ 0001] Many search
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for searching for information that is accessible via

the Internet. These search engine services allow users

to search for display pages, such as web pages, that

may be of interest to users. After a user submits a

search request (i.e., a query) that includes search

termns, the search engine service identifies web pages
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THeOsddtah m@%ﬁﬂn&é idantifies WebThBged ithdtSmay bé rélatddR ehe search
reél?erst aseg on hokm? well the keywords of a web page match the words of the query.
The search engine service then displays to the user links to the identified web pages in
an order that is based on a ranking that may be determined by their relevance to the

query, popularity, importance, and/or some other measure.

[0002] Three well-known techniques for ranking of web pages are PageRank,
HITS ("Hyperlinked-Induced Topic Search"), and DirectHIT. PageRank is based on the
principle that web pages will have links to (i.e., "outgoing links") important web pages.
Thus, the importance of a web page is based on the number and importance of other
web pages that link to that web page (i.e., “incoming links"). In a simple form, the links

between web pages can be represented by adjacency matrix 4, where A4, represents
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bet ween web pages can be represented by adjacency
matrix A, where AO representsthe nunber of outgoing

wo 2evkgodseOM web page / to web page | . The i npPCT/HS967/005149
score W for web page j can be represented by the
foll owi ng equation: j 1A 1J wl [0003] This equation

- can be solved by iterative cal cul ati ons based on the
foll owi ng equation: Atw = w where wis the vector of
inportance scores for the web pages and is the
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"inmportance"” of web pages into two related attributes:
"hub" and "authority." "Hul =% 4easured by the
"aut hority" score of the web pages that a web page
links to, and "authority" i s neasured by the "hub"
[00A3}r ¢ Jihis RAUAAR GATHES SPIaE Dyilierativs Gak ot Msp%ags@d qrythe following
eqGaf¥: ast to PageRank, which cal culates the inportance
of web pages independently fromthe query, H TS
cal cul ates i nmportance basedrlgn t he web pages of the
result and web pages that a elated to the web pages
of the result by follow ng i ncom ng and out goi ng
whierenks .is Hh& Sestdrnoft inportanee yscoresa faseheciele mpges ant i the principal
and ége t he web pages of the result as the initial
eigenye # pages. HI TS adds to the set t hose web pages

t .
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yatl ve hor i ty and sScores can
"Hpl" tsepee%ﬁ@ the "eHthoribl" |searengf bigueh eﬁses #133)ya=webpage links to,

an@Mdufhofity” i§ nfédbured by the "hub" score of the web pages that link to the web
page. In contrast to PageRank, which calculates the importance of web pages
independently from the query, HITS calculates importance based on the web pages of
the result and web pages that are related to the web pages of the result by following
incoming and outgoing links. HITS submits a query to a search engine service and
uses the web pages of the result as the initial set of web pages. HITS adds to the set
those web pages that are the destinations of incoming links and those web pages that
are the sources of outgoing links of the web pages of the result. HITS then calculates
the authority and hub score of each web page using an iterative algorithm. The
authority and hub scores can be represented by the following equations:

a(p)=Z h(q) and h(p)= 3 a(q)

where a(p) represents the authority score for web page p and h(p) represents the

hub score for web page p. HITS uses an adjacency matrix 4 to represent the links.

The adjacency matrix is represented by the following equation:



(r)P p(r)g where a(p) represents the authority score

for web page p and h(p) represents the hub score for
wormpages p . H TS uses an adj acency matri x A POI/US2007/005149

represent the |inks. The adjacency matrix is

represented by the follow ng equation:[\ if page has a

link to pagey, O otherw se [0005] The vectors a and h

correspond to the authority and hub scores,

respectively, of all web pages in the set and can be
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higher. DirectHIT derives the user histories from analysis of click-through data.

[0007] Some ranking techniques use machine learning algorithms to learn a
ranking function from training data that includes queries, feature vectors representing
pages, and for each query, a ranking for each page. A ranking function serves as a
mapping from features of a page to its rank for a given query. The learning of a
ranking function has been considered by some as a regression problem for learning the
mapping of a feature vector to a member of an ordered set of numerical ranks. Some
regression based techniques attempt to provide an absolute relevance score that can
be used to rank pages. A ranking function, however, need not provide an absolute
relevance score but rather need only provide a relative ranking of the pages. Thus,
these regression-based tephniques solve a problem that is more difficult than needed.

[0008] Machine learning algorithms for a ranking function use queries, feature
vectors, and user-labeled relevance scores as training data. To generate the training
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regressi on based techniques attenpt to provide an
absol ute rel evance score that can be used to rank
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an absol ute rel evance score but rather need only
provide a relative ranking of the pages. Thus, these
regressi on- based techni ques solve a problemthat is
nore difficult than needed. [0008] Machi ne | earning
algorithns for a ranking function use queries, feature

dat.azj %tg? % y%@ﬁe;ﬁi {t%p ﬁ% gdsera%r?éﬁ{j‘fﬁ@ witieh %énéﬁatéé ﬂ'ﬂenbﬁges of the

ral nin queries may
seasibrasuttedThe agwaamrﬁhen@wrm e tg@ﬁgea\te,céorsrf@r ;slag@@ges and

mpuﬁ §Me SEU:Clhe' Féé\lénc T:'E@or@é GoF ie gﬁﬂspé 2N Qedigicaie wilte such an

ure vectors es an I nput from a user
approeshielthatan search@nginef r@ayég@rﬂ bag‘é"edAQﬁP?ﬂP% @Bt spareh result. It

canséjecgu*?@c RARAVd § UsBAlatRi §FF%‘ié3 Ba&é‘@ b8 d83YcH RddditN Moreover, it

reds pages as Its search reSult. It can be f
canchs diflasitdor 8 sor fmaecusatelycrssean e wievanse of syes ajprge number o

pagefd AlhditthlusdVURRY Ribel 'ohl)ﬁarbnki‘ﬁl goftfoncel thef Eég@s the learning

user to accurately assess the rel evance of su
basedgesushrmemabpopioganay apt weueﬁ 3 gerateaniyng dypgtion.

only a small portion of the .pages, the |earning based
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ranking function. SUMVARY [0009] A nethod and system
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sutfje@ MBffer, nor is it intended to be used as an aid in determining the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 is a diagram that illustrates a portion of a graph of documents.

[0012] Figure 2 is a block diagram that illustrates components of the propagation
system in one embodiment.

[0013] Figure 3 is a flow diagram that illustrates the processing of the create
ranking function component of the propagation system in one embodiment.
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aid in determning the scope of the clai ned subj ect
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Figure 1 is a diagramthat illustrates a portion of a
graph of docunents. [0012] Figure 2 is a block diagram
that illustrates conponents of the propagati on system

in one enbodi nent. [0013] Figure 3 is a flow diagram

that illustrates the processing of the create ranking
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rel evance of | abel ed docunents to a query to unl abel ed

DEALEFPRESCRIBIEM ded. In one enbodi nent, the

propagati on system provi des training data that .
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pagati on Sys n pronpt a user to | abel
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oS ol BCRAAAS (84St . WCBIRBa S m may rer
prompt a user to label some of the docen/ments of the search result based on their
relevance to the query. The propagation system then calculates the similarity between
pairs of documents in the training data. For example, the propagation system may
represent each document by a feature vector and may calculate the similarity between
documents based on the Euclidean distance in feature space or based on a cosine
similarity metric. The propagation system then propagates the relevance of the labeled
documents to similar, but unlabeled, documents. The propagation system may
iteratively propagate labels of the documents until the labels converge on a solution.
The training data with the propagated relevances can then be used to train a ranking
function. In this way, the propagation system can automatically augment training data

with additional training data based on similarities between documents.



pairs of docunments in the training data. For exanpl e,
t he propagation system nay represent each docunent by
wa@2dogaoasee vector and may cal cul ate the sim | apCT/ysS2007/005149

bet ween docunents based on the Euclidean distance in
feature space or based on a cosine simlarity nmetric.
The propagati on system then propagates the rel evance
of the | abel ed docunments to simlar, but unlabeled,
docunents. The propagati on systemmay iteratively
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prepagestiobaystbnostdrhe tise sinhikarityt §s bet waoes loh thel sclu.arermstrlx resulting in

a g@ﬂl{a?ﬁr}e&ta%ﬁmgt\é miaflfi. %ﬁ@?%&%ﬁaﬁ&g §§‘§t hr‘d?lg?r Wﬂ@ttrﬁé?ﬁﬁ the similarity

varl ous ermnin
mafrixi | e wpbgamwmmmm&lﬁo setdne dmal valhes tQ Ado prevent self-
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the relevance of the labeled documents to the unlabeled documents using a manifold
ranking based propagation algorithm. A manifold ranking based algorithm is described
in He, J., Li, M., Zhang, H.J., et al., "Manifold-Ranking Based Image Retrieval," Proc. of
the 12" Annual ACM International Conf. on Multimedia, 2004. The propagation system
initially sets the relevance of the labeled documents to the relevance score provided by
the user and the relevance of the unlabeled documents to 0. The propagation system
then spreads the relevance of the labeled documents to their connected unlabeled
documents factoring in the similarity as indicated by the similarity matrix. The
propagation system iteratively spreads the relevance score until the relevance scores
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propagati on systemstores the simlarity as the val ues
of the square matrix resulting in a simlarity or
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normalize the simlarity matri x. The propagation
system may al so set the diagonal values to O to
preyent selfreinforcenent during rel evance
propagati on. [0021] After generating the simlarity
matri x, the propagation system propagates the
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rel evance score. [0022] The propagation system may

represent simlar e kernne whi ch can
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respectively, resent the d| nmensi naI it mtﬁ‘ .
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that reflects the wei hts of dll ferent. dinensi ogrllie i t
systeen 13 rgtiths censtant efsﬂentmé, IR 57 SHEGL01 Gie Shiarity matix

systemrepresents the weight of the edges byl_the
Si

wt will bevigeyntegacied dy: ”\ﬁh@‘?@W?@b’? et tha @qtﬂ’é iNF PeaRaggtion system
NP RIaNEE HhE QGHTTRTY PndtriRBE répresdmted ByAR@ ERfowdily equation:

S =D Pwp? (3)

where S represents the normalized similarity matrix and D represents a diagonal

matrix where (i) is equal to the sum of the ith row of similarity matrix #. The

normalization normalizes the similarities to be relative to the similarity of the connected
documents.

[0023] The propagation system may represent each document as a ¢ dimension
feature vector x that forms a point in the Euclidian space. For a query, the
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systemnmay omt the constant coefficient \ since its
effect on the simlarity matrix Ww Il be counteracted
whoovheoswor mal i zati on of the matrix. The propaR@rt/Us2w07/005149
systemnornalizes the simlarity matrix as represented
by the follow ng equation: S =D - 2WD 2 (3) where S
represents the nornmalized simlarity matrix and D
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d_ocurreﬁts _ © Bif!ng’t“?ﬁ S%'g%r% a:1r§5 ;}g\?é&ggzé QO‘?égs,%?ndlngn[gbel vector
sty .Bgi, N0, (i, off . T ere st SRaRBEly BRVEIRBvalue of O to represent
user - | abel ed docunents, and the last n points (in
unlabelad dlosymesys. r Ehe @sepagatinh systest nuiycalseatisw fGhthe specification of
néYARBIAbERN r5th | i Clar ing abel
SANBTRpLRT el FRrploply pESiRle e SR IEIERY P examples o
refpupace hd hefAroragstiop systene prrsgeents distanss ketweeo woentrents in feature

spt@ 9509@%{% Q{}? SYwhiem &qu%lbgﬁgl?léa‘ﬁwo?oﬂc{i@tgﬁxbrﬁrv x, a distance

speci fica negati ve at Ner

dPest )i ¥Ad! RBRdsentd 9 ARMGSRIAL ' of. . ;
el é?/ance. ?he or opagaat i{@ﬁ@%ﬁ%ﬁé%ﬁdé}?éﬁ{%&g%& fride™0 . which

ad¥idraeRNedPCHETRO LS airBnkifgisebRe ?Paff‘ﬁee}énﬂn% f&n&io&.rl}: rning problem is
whi ch assigns each pair of points x , and x a i'SEance

todlearX| f ) ¥ — Bndraner esebt guarieMithNhel 1&3GIrkeN YL { £ Beand the |
documents as f : ¢ (r)U, which assigns to each{’%Ziﬁ? © labels

¥y y@} I dhkeipmopagation systend Repregets e liIMRAIFIRE rél8# Mt Sropagation by
problemis to learn f : ¢ (r) froma set of queries

thaifellpwing@ eflealialres X = ¢ and the labels g = { q \ - Tne
propagati on systemrepresents the limt of the

rel evance propagation by thed)otlewhhg equation: r
={\-a){l-aS] y (4) where /m*o?gpreg?ents the limt of @
t he rel evance, represents the initial |abels, and a

where f° represents the limit of the relevance, y represents the initial labels, and «
represents a decay factor. Because it is computationally difficult to calculate the
inverse of the normalized similarity matrix s, the propagation system approximates 1"

using a Taylor series expansion. The propagation system may represent the Taylor
series expansion by the following equation:

S =(I-aS)'y
=(I+aS+a2S2+...)y (5)
=y+aSy+aS(asSy)+...

The propagation system iteratively solves for Jf until it converges on a solution or for a

fixed number of iterations.
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represents a decay factor. Because it is
conputationally difficult to calculate the inverse of
wo b@7nesesl i zed simlarity matrix s , the propRQHUS®NT/005149
system approximates / ' using a Taylor series
expansi on. The propagation system may represent the
Tayl or series expansion by the follow ng equation: f
=(l-aS)- y =1 +a%+alS2+...)y (5) =y +
aSy+aS(aSy)+... The propagation systemiteratively
ves / 0 I
082} fceltne Bbbedd R UALBS 488 OB AA N Bl Lyt may
uaeekra/émeg adatapsespagaesd and hiabpledp frpiuteo Nettans)| tad train a ranking
r iRg
fuﬁé{tﬁotrfeA“Féhkﬂfﬁ?gdrB:gigborﬁé? btﬁoln%étra@ﬁﬁ@dfg%%l% éarf‘%ctor machine, an
agaptive m@gtlmm stassiier,ntyed@l inepy & etiassifieis an sa@pmr tA sum)ort vector
mY&%heTopERSHR Hln@déﬁ%’bléﬁs@% iMhe&lspacs fdfeﬁossfble inputs.  The

neur al net vvor aSSI so on. A sup ﬁort vect or
hw&bﬁpﬁéc%&étﬁﬁtpé% te) pPHt thai RRFIYeHSYRIPPIES froge dhe megative examples by

mﬁﬁﬁﬁﬁngfthé)e%%rm&bétﬂ@éﬁ $he Eﬁesreay B?fhesb'&sﬁuwéeaﬁd h@&é’&\k‘e examples to
ositive exarrpl fromth neg

th'ég'yzg[-!éérf%ﬁﬁe nﬁ;glis,ﬁllgyvﬁdort ¢REreRt g{aéﬁ@gaw %gﬁtatthgt is similar to but not
|d§ﬁtﬂ:fa$€d tH@c trélhﬁ‘\gpd&bt I\Xéﬁloaﬁ Qecﬂfﬁ‘@@ldsV@rfB@ﬁﬁé@SE? trairf 8Qupport vector
is al r. corre ¢l assi |
maIaG: S BN Freb STaen! FEG oRmERTop GiagyT™ that breaks
ther &irgs rcg:adiaws pVegnamrsmgepu’mmame«smenunbf disedes Ooft Bmiall quadratic
rt v C U ses.a . -

o8 g THcL Vel ol et P b ARNCEI R siesueptial Minimal
Opimalzla&org.eatqmdﬁratsearcbm_g_mnfhcnm/ﬁmdﬂ/mmmwn into a

series of small quadratic progranm ng probl ens that
[0035] be ddaptde deaisting daldny ite(xtve Sogaentthal runsimmulliple tests on a

cﬁ?@& @frélﬂ(h ta, Ada tl e boo.?r}ng tr?nsforms a \%earh Iea‘snmg algorithm (an

researc mcro t co att/s
alp@fﬂt 5] thag apefpias Bbaé@we\h gnly slightiy b%tt%rttha@ chapee) datoteharong learning

al Hﬁﬁnﬂﬂﬁ hiBbAtHn® Mt ﬁblé\j&@'ldﬁ%ﬁo?'ﬂat% trih@i \Déél@le@?t‘h algorithm is

daptive boosting transfiorns a weak | earning al gorithm
runadh &I’fﬁﬁfﬁm ﬁHﬁ’%@’ﬁ%tOfﬁB? fteinigg sata I'@\%P'QQHFW“ sqoingﬁpqr@,tes more and

mBRd bArthbBare:ahaies in Imﬁ@h fis qiré@é&éssw e ddcIshow Mlstakes. The
an al orlthmthat dis

r rat
Ao Caretn g RHBr TRRE Y SaieTONed lPErat TherAd g is adaptive
bédz@isk libadiusg tdahe.ermoraarisgsfriist predecsssond.r Aldaptived beostiy) combines

rough and moderately inaccurate rules of thumb to create a high-performance
algorithm. Adaptive boosting combines the results of each separately run test into a
single, very accurate classifier.

[0026] A neural network model has three major components: architecture, cost
function, and search algorithm. The architecture defines the functional form relating
the inputs to the outputs (in terms of network topology, unit connectivity, and activation
functions). The search in weight space for a set of weights that minimizes the objective
function is the training process. A neural network model may use a radial basis
function ("RBF") network and a standard gradient descent as its search technique.



nore on those exanples in which its predecessors
tended to show m stakes. The al gorithm corrects the
weeooneosemde by earlier weak | earners. The al gpeT/Uk2o07/605149

adaptive because it adjusts to the error rates of its
predecessors. Adaptive boosting conbi nes rough and
noderately inaccurate rules of thunb to create a

hi gh- perfornmance al gorithm Adaptive boosting conbi nes
the results of each separately run test into a single

A neur al

I f
o027, R EB RS FaRoR B anu TR A R ot ipuRetisyptumed as the
sdarple trésill obadiusenr dh thisgexan ey sdbiggraph cltoiot teqzi-@&@ts a pomon of the

dgﬁfn‘]é}f@ r%tn?hi{djl?\cme %@Arcltn L. ehgéﬁa dd0ok hlelrg: tep lIJ'etasSenttom documents of

nét wor
tf@o&?ﬁmﬁfm reguity , Nagels 461 i arak ﬂ%rémesﬂntdabe)led Hreugsmtsh The document

regs?ééyﬁieasBﬁ‘%dfeo’f of n%@tq%n %E@Ht\ﬁltﬁ gifé C&égérﬁnc&zﬁtzﬂ%aq .75, and the

ctive function i rarning
d@@mmtwenm@ntaﬁaw node & OBalthsa bedra sdbeiddi mithi the releRBRES score of .6.

TH@W@ﬁé‘ga‘%Bg s‘férﬂng&?éga@dame @ggl;éjse%%ﬁp%eﬂ'?ﬁh d% ‘ratg?qrgg a nearest

t echni que lTis a
nejghhoraithino clinthif exareplgy nede%léoz,htoctmmm emeuleﬂclwfone of the k-

n@argste hyi ghde\rst i Rt epu HB%@H*@)S%r&Qrﬁeﬁﬁé dt the k-nearest

ortion the docunent’s returned e searc
%J ghhars. T?(l?d%@"’féit"i" systegpiesdaicuated dha mimtiarity tbetween connected

neRAnhg Q%ﬂhﬂantﬂ)\kéd@u% é@éntﬂﬁﬁ ﬁ&%izﬁ%l@sﬁ%e |1@*?% Egnnected to node
1(% utﬁents it %urrent Qgreseﬂte node

Sy 3’?)&"@8 W Pht EHeciobl 8y afic¥ @50&”9"@‘65 ‘P@ sgnv&prttﬁ@etween the
caimeutedntodespresent ed by node 106 has been | abeled with

the rel evance score of .6. The propagation system
[0§38kr at Eigurd@ leobgbk)cke:na@am thiae illustietesusimBorferit€ af €5 propagation

<38 s ARSI o Pl BHOLT bfirolOP 3Rt canedsiat e document
staps 21Qute.godesb 18ites) iad eorermubications olfnkt 220k (€1@ar BRérnet). The

prd ééﬂ?f&ﬂr;ft rﬂemEfu‘Ei%@g?tdoﬁ t ¥a?xtn % d’ﬁl g@%rﬁf f%,ltelp raining data

similaril et ween connec
stareo?d2.apndE CREYMEDE If&@sn%ili% Thmlelowiuens inciExn eontaihst an index of

dat@frnid%. @" t\be@'baﬁgg)etn""tﬁehd&lﬁnéﬁﬁ' QlteSOf Thé d \é,v'ﬂ 31& dndex may be

indicates the simlarity between t connect e
agnGeRied b ﬁl)’}’%b srawlen Hh@cﬂowr@@tanﬂwa\nay inaligter atfesture vector for

eaml’ﬂksm&fdrﬁ that Ehesdd RPABMIhGS AARIRMUNRHANE The featudre vectors may
rea@gﬁﬂgmany dl;];ererﬁr Sé" 3 Ifgaptursegsct)fe&ézusngell\té s(.:uocr%ngg mverse document
frequency, keywords, font size, and so on. The collect training data component
submits queries to a search engine (not shown), and receives documents that match
the queries. The search engine may be independent of the propagation system. In
such a case, the propagation system may generate feature vectors dynamically from
search results. The collect training data component may prompt a user to label the
relevance of some of the documents that match the queries. The collect training data
component stores the queries, search results'(e.g., feature vectors), and labels in the
training data store. The propagation system also includes a propagate relevance
component 235, a build graph component 236, a generate weights for graph

component 237, a normalize weights of graph component 238, and a propagate
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stores 210 (e.g., web sites) via comrunications |ink
220 (e.g., Internet). The propagati on system i ncl udes
w@2@olibset trai ni ng data conponent 231 , a tr aPCi/ngR007/005149

data store 232, and a docunent index 233. The docunent

i ndex contains an index of docunents (e.g., web pages)

in the docunent stores. The docunent index may be
generated by a web crawl er. The docunent index nay
include a feature vector for each document that is

f . The f
reliSfics Faskl b, el R 14 IHe plioels BleSenre component
propagates rttnm'sleszmc_te abtheniabeleel dounetts td rteeuewsbaled documents that
Sl SR pd SRV e 8 P BrorE R Bk e ok o
buildakaph camonemetb\mwdca)glgpbnntsluﬂihgtedgas céprebentinetheadocuments of
a -Q%%rc?\e?%ﬁl"t er"ﬁleng)m a0 ré{%ggﬁgél%g%atoﬁen{ ?@%%d%ﬁ'@ﬁ the generate

&aga I oh syst N such a case
W%'QB ot mhgmmwt te generate thet initil wymm fratlthe etigesnof the graph.

Tﬁ@aér%BaéﬁémrélévaJ&e o&fﬁ%&fémt !erfi’/bl? g‘gthgatn%rf&”?é) n\%@phts of graph

pr orrpt a user t rel evance
cqmiaortﬁm& tireptmalizedhe penerated avaighisi dhe miopagalel refsvance component

thbh @H\iﬂ:’k@g t%@pﬁ?%%?é?ﬁanéé 95@&; bR%r §n%5|f6%rﬁﬁone°’rﬁ% &@rform the actual

ture vectors

PfPP%Q%{mgofdag selevance framethglahriad drewmeyisttertha usiabeled documents.
Thmp&dpdgstm NAOAGES |ﬁ®d§é3é‘%%a‘€é’m{}%f‘¥ur%aén c%nﬁwn'eﬂt 241 and a

R BRI 358, e A o s ot it

pragégated telavarcetappéfte el RyRmgFuh@m®d on graph conponent
239. The propagate rel evance conponent propagates the

[0p2%)ev anThe otompatihg beéévides] osrnwhich Ithet;bt%pugéml@fétem may be
n‘@?&“gﬁgﬁs palhc@ & gtc?én%jal n%g%%%r%g{ % er?wﬁtglablﬁpﬁ{j devices (e.g.,

ropagat e re gévance co
kabaplhi am&pmlmm devibes)| dutpujrdepicesni@. ngldmj:l@,dgeslces) and storage

der\ﬁdérse(%gt 43R d‘rﬂss)do?HgE)ﬂEr%oﬂ aﬁ%%?&%ﬁ é{?%ic S are computer-readable

propagate rel evance conpone
mgdiae et amaki epitaing tﬁ\Stfgﬁmm twtpiorement tye neopagatidie system.  In

additidn, #e Bﬁiagi’thﬁ:tt‘jr@& én'aemﬁggarﬂ% &Fu& gﬁﬁgge sk d or transmitted via

ate rel evance conpon |nvo nor ma

a \ﬂ@f% ﬁ%@s’ﬁfssﬁ%”am?d&mp%@htast ? Sﬂﬂﬂﬂhﬂn Eecqmmugmebm didk. Various

conrh Gﬁh’bét;on'ﬁhmkl rRaRsati et kEMARS T HIDPRE Y IJJ&EQrea network, a wide
i nvokes the ro agate rel evance based on gr

argd N ht‘”t% ?%P?H"f tigl-4e coarediodpagat i on of t he

[0 dféc]evazflgefﬂ;r%g]aéa ?onl astg/%{e%j %%gug}?o%dse ts%r\tnggs utrg)l "’\‘2%33 computing
systems or devices including personal computers, server computers, hand-held or
laptop  devices, multiprocessor  systems, microprocessor-based  systems,
programmable consumer electronics, network PCs, minicomputers, mainframe
computers, distributed computing environments that mclude any of the above systems
or devices, and the like.

[0031] The propagation system may be described in the general context of
computer-executable instructions, such as program modules, executed by one or more
computers'or other devices. Generally, program modules include routines, programs,
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The propagation system al so includes a create ranking
function conponent 241 and a ranking function 242. The
wee@atiessaanki ng function uses the trai ni ng dat BCTMS1907/005149
the propagated rel evance to create a ranking function.
[ 0029] The conputing devices on which the propagation

system nmay be inplenented nay include a centra
processing unit, menory, input devices (e.g., keyboar d
and pointing devi ces), output devices (e.g., display

ob%gc\’é CESh Ré}? s ShatP ?rugt%Yéé:eénd &ddon ﬁt‘a?l?) (?aﬁfzj)amcﬁ'iﬁ tasks or

or age eVJ ces are conputer-rea medi a

lmptementergprt:@ﬂmahstraottmme ifl Malpatlmﬁherfﬂnt:thrtaéty of the program
Q@% IR cMSihed or b@trﬂﬂﬂé& bQ@tesﬁ&?m‘\?&r%ugern%‘ddh’ngﬁts

nmessage structures nay be stored or transmtted
[0U32'i a dahard BaRSH fiow WladrB/H Wat ifltiates the ?ﬂrgeéésu@ oh the create

cormuni cations |ink. Various communi cations

nks
ranjdng, &netion gempesentf the peprastation sysiea) ma?ft,ﬁaewbpamw dhe create
raMiisl§ fidictian RhRINent %Ile%tsp%lﬂtngt dhtﬁobrfbfpaga@s tH@ relevance of labeled

connecti on 30] The prop g ti on stem.ma i de
dogumpRERts Wigabeler UG E) SRR 3 Gy fudigon. B block 301,
thé aatgwdhfa@t cmrals@rtaé tl@dﬂtmlttetas , INSRGSKEI0Z; AR BbIPBNEent inputs labels for

n or .| apt e rocessor st.ens

a fies i oBeckarBaaia- <\ bk S chPLHIERT e MU he propagate
relelvende @bh’fp@nentetd\mhkpé@e tl‘re netavapué @fsthe nlabaledadecuments to the
unﬁ%g?qfh ogwpela trlhe %%9@2 :'én pc()e)r?evrg;t awge ght Srd gﬁ{%funcﬁon using
thé pkepagp@eBE]evineepr opagat | on system nmay be descrl bed

in the general context of conputer-executable
[0033dt r ucFigurss 4 isciowigliagragy thet itvetrates, thexprecessing pf Hirepropagate

rel%(/%ﬁ'%re goﬁtgﬂ’ﬁé'ﬁdte&fsthg r%éb‘%fttoﬂes Lsfé‘?r?tn gﬁé‘%ﬁ?dddeeﬁf Oghé&¥omponent

I‘OU I nNes, rans, o j

is perviraeidisingdata asd rnt@masaégs ttem@l@@n@ﬂ Otf H’éﬁ labelecdeguments to the

urtpfdété&ut@durﬁétﬁgs Qh_blgekeapat tRar Ebrﬁabﬁéntawdkest trtéatauud graph
I ca he functionality of the progra

AR, By b BiB] HEahgPatMetden RS o dh Ak AP the component

m%ﬂdé'sQHé g@ﬁ@%téwgms bPgrtn Ecbrapé@erﬁ tb%eaaefét@wwétgﬁ@namcatmg the
that | ustrates the processi e creat rank

STIEY B WEBRTRIETER TERESEH B SRR PORCEFE i dhcIock 403, the
co@rﬁﬂm@nﬂﬁﬁ%kel:h&te:rrbarhellzéin#elgltjtsf ohejragm dtmmmwmtto normalize the

qztﬁl%t!gﬁ%atﬁetgrrgbﬁl it b(i‘ ka40,§’ rt%gac%%gosnetntt]?nvr ?( § R n%?ogégate relevance
based on graph component to perform the propagation of the relevance. The
component then returns.

[0034] Figure 5 is a flow diagram that illustrates the processing of the build graph
component of the propagation system in one embodiment. The component créates a
square matrix with each row and column representing a document. The component
then identifies and adds a connection between each node and its k-nearest neighbors
(e.g., k=10). In block 501, the component selects the next document ;. In decision
block 502, if all the documents i have already been selected, then the component
returns, else the component continues at block 503. In block 503, the component
selects the next document ;. In decision block 504, if all the documents ; for the

-12-



docunents to unl abel ed docunents, and then trains a
ranking function. In block 301, the conponent collects
wao b@7nemiusi ng data. I n bl ock 302, the conponeneCT/DR2IDT005149

| abel s for a subset of the training data. In block

303, the conponent invokes the propagate rel evance
conponent to propagate the relevance of the | abel ed
docunents to the unl abel ed docunents. In bl ock 304,

t he component trains the ranking function using the

selaptgga %%Lﬁ'ﬁ%étel Vq?{gf eeigeaéi&%o%iw] %é:lggéeérgglﬂﬁer{ ﬁ}é‘tcz{%llé]%Wnent continues at
bloek GUBg 2ise thel esrapemertcopinees a'oblot:h &05r ojpalbiack A5, the component

calpﬁlglieﬁ% F@cg:ﬁe?@e%ﬁ%a?e}gg el evanlc én@rﬂ‘? isdReted document

j lanbethed 1dopsrtortleck G0Bhe selectbtiectexiodesurneny. 11 n|m|blmk< 506, the

co?n%%vaam seieRe o 10 dpegranh 4 i Fif. piralestiiyB8eR M8 document
(l.%?bﬁ‘eme%q)%st HeiGhoPERAREREN 'IM@%I&&]@S@?%@&& 146 ngkt Socument i .

onent to generate weights indicating the

[063 | arltl Mre’PGt |‘§B£ﬂo€b0@ibl§iém thdtamiaRed ek byodeeﬁmg%Me generate
nodes. bl ock 403, -t hé conponent

k
wagRdPT SEARE COREONaNt Gf ik, FEBTAENICR! Y Tap e Amhggiment.  The

coIoBBhRE cgdcdlélésgﬂﬁp@miléhtwl@élk/eéﬂ4corﬁ|ﬁm:t@wrmnmﬁnts based on a
I nvokes the p

I b
AR S o Bt BhEpeREsrCaR B g, dpparent 1.
degl%ﬂ)rp‘blﬂbtkﬂsot_ ithain thetdﬁd]mher{tQOSm]avEl gmaeiysbesn sddated, then the
i agram that i trate t byl |
cofb SR ALY R BORERS, BOaffr 8, ook 03, e
cofifpentreritializEl ethe csipitaritp tof dhe ad cesineerg dodtselfntat 8.1 invbloek 604, the

coRAEREAE e HOR T ee ok rie S ATArmega documen to the

seh&itw%ceﬁeht noden aadisiohsbisc&RSEH alhtheghbarest docgments j to the
k=10). In block 501, the conponent selects the ne E
sefesiefrdncument § rhayecalias haescselsged. thendhe gagaponent loops to black

djlofdJEEI%EtStHe héﬁ(ted@édrﬁé}qyz b&s& th€| Rpigshent l&eﬁtuﬁm at block 606. In

onponent returns, el se the conponent conti pues

blotoBRE5HT cpmp@newns@szeq e mﬁ&%ﬁe@m%%@m document /

rﬁﬁ’iﬁe dQqueRAt dbcuméft deabshon (Rl pRkkSB07-609 akhe tda)enponent loops
ocunents | for thesel'ected docunent have already bee

caellatitge dhe t distanchemedig onbhbledin G0Fudbe aFOTBF’@'é‘R"tS%'eCtS the next
dl%@@lo'hhg dggﬁpgﬁgﬁﬁe GRBbHNYS HRlsid] BRIekEYB, if Il héd Alnensions have
already been selected then the component loops to block 604 to select the next
nearest document j, else the component continues at block 609. In block 609, the
component sets the similarity between the selected document i and the selected
document ; to its current similarity multiplied by a function of the difference between
the selected feature ! of the selected document i and the selected document j in .
accordance with Equation 2. The component then loops to block 607 to select the next
dimension.

[0036] Figure 7 is a flow diagram that illustrates the processing of the normalize
weights of graph component of the propagation system in one embodiment. The
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cal cul ates the distance between the sel ected docunent
i and the sel ected docunent j and then | oops to bl ock
wGoB7tassel ect the next document j . I n bl ock BOBUS100%005149
conmponent selects the 10 docunents j with the snmall est
di stance for a docunent i (i.e., the nearest
nei ghbors) and then | oops to block 501 to select the
next docunent . [0035] Figure 6 is a flow diagramthat
illustrates the processing of the generate weights for
cdth n ORBYABES Ofhd Q@e@ﬁ@p? %Oéimﬂ)éﬁ %étﬂxonqn ¢ block 701, the

di nent. The conponent ca at es e simla
C%B?w,féﬁ sglastethecpedaewne of &%agél@ntynmatr»hnhndemon block 702, if all

th@&bﬁv‘s havéd @\Ir@la@& IBeEQ %eletclflé'ﬂ (E ?fr#é?ﬁtcapﬁﬂ?eéqgf(ﬁlock 706, else

docunent I'n decision bloc 602

h&o%%“?%’rﬂeé‘t FoRtiRest Rlagly 7Bée N dupckst 29B-70hethet trmponent calculates

theQRERR A the alddonal mRlBe I R thORBRIAY rd@Nid Blé%ﬁ 3 3 the component
e:ff' oc 603. .1 n block 603, the conponent initialize

?ﬂﬂ he et GRIUmR S d& My (BRYK. ¢ b Jecisianbbloek 704, if all the
ccﬁ%ns hBge ‘éﬁEB@P%BEn %%|e%?etos t§$}?tH%e?:$m|5‘@@érﬁ% Cfgsofbugggﬁ 7b1 to select

a connected docunent sel ecte
th% nexf fpwy elsesthereampRnend Gantinueszatiblagke? o atrelslock 705, the component

adtRCtheeRbighis bP tHdGeRRIRC IR 1086 RS sele iy %OFJSﬁrEa]d%O the diagonal

been sel ected, then the conponent |oops to b
elemestiosdhe salectask fowide URks EOMpoREntdhen éotmimmlulenk 703 to select the

n&@hiumieS; #r lkPlleO%e@tlgg roW; b'lﬂ%o&ﬁ@?ﬁ {h(;%l g@gggﬁ'&ﬂtnormahzes the

|n|t|aI|zesthe simlarity between

siondarityeratrix ireactordenceelvitit Eqdatimcdinent | to 1. In bl ocks
607-609, the conmponent | oops cal cul ating the distance

[0837} i c. FionreBoske Bow, diagrant thap diustratesethecprocessing ek the propagate

ref@vgﬁ&as bQQecf oﬁfgrEEﬁ‘ cfo IdHeht Pﬁ'\teoﬁrolplagﬁ%‘gbgétg& o cﬂfé(gmbodtment

I ons ave n sel
TQ%@WPW%&%@W@M caléﬁlaée& heplayiar S@mwswp@as@otoﬂ Equation 5 until it

cdﬁﬁéige@&ﬁf 8ol G MR bldck 808! %’?e EBI%pSRQPPi?\ﬁE‘hZ&@ﬂLdeQUP%o zero. In

ock 609. In block 609 he conponent sets
b'%? P2 the coseranes)t inibalizes) fbetwtmm@wt tq Oanie blheks 803-805, the

cmcﬁ\@hﬁdoéb& umntt boherhés cﬁmuﬁr%lhh&# M |rAbidck 803, the component
mul t.i pl.i ed unction of the difference betweenth
A UEE Ui ValiE fPe 11° BrC Frudted Bestiondban@ie ahihe evious fterston

plsethected famonokine Taylor sttiesletpassion 1h dBa¥Rh B18ckes0d Nethe values

e next
co@?g@%rberg% stolﬂ.ﬁ%nl %O&Sthteoco%ggnken 9e7tu¥'ns Se slee te ct:cpmponent continues at
block 805. In block 805, the component increments the index to the next iteration and

loops to block 803 to perform the next iteration.

[0038] Although the subject matter has been described in language specific to
structural features and/or methodological acts, it'is to be understood that the subject
matter defined in the appended claims is not necessarily limited to the specific features
or acts described above. Rather, the specific features and acts described above are
disclosed as example forms. of implementing the claims. The propagation system may
be used.to augment search results. For example, a search engine may generate a
search result based on a certain corpus of documents. The relevance of the
documents of the search result can then be propagated to documents of a different
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[0036] Figure 7 is a flowdiagramthat illustrates the
processing of the normalize weights of graph conponent
w@boorheosps opagati on systemin one enbodi nent. PCT/US2007/005149

Theconponent nornmalizes the weights of the simlarity
matri x. In block 701, the conponent selects the next

rowi of the simlarity matrix. In decision block 702,

if all the rows have al ready been sel ected, then the
conmponent continues at bl ock 706, el se the conponent

00@99 ﬁgﬁﬁttﬁe%ro ug?%ﬂ#&n@i%terh n TWeQ%%%nYt—QﬁS 6P e Hiterent corpus with the

cal cul ates 't he val ue t he dla onal matri x
hlgbe$torrelqwaecgaaecft1@a b added tothe L@em@ fesuitc ohid REPRagation system

mayBeLGdett folﬁoasgéteq»ele%ﬁcé fiohn SbGurRémts Iasdiey vmhtthb% rele@ance to a
deci si on bl oc Il the colums have alre

singlefuY] ts0 HobeleRLHORHDoESN BFRALeR BIRP S8 BNk T documents
labb%dsﬂltﬁ(thent' h‘éleﬂ%e w\fhum;bléaqaém@sqermasabd Cdﬁ&dnﬁbr% (inter-query
at bl ock . I'n bl ock 705, HE? v F
PraeEgiTS. Jne HEPSSAIER: GRSt ARk 1B Keuh ag CatbopRTHseRarately for
eaét@ quBs Witaanrabuslyeprephghiin b€ sialitarieadislyofrimultipleequeries with

ntGigHsh FonsRPRe SBrutal B, PR B oot UEIHeE, @bt as by the

appéeigeansimsnor mal i zes the simlarity matrix in
accordance with Equation 3. [0037] Figure 8 is a flow
diagramthat illustrates the processing of the
propagat e rel evance based on graph conponent of the
propagati on systemin one enbodi nent. The conponent
iteratively calculates the Tayl or series expansi on of
Equation 5 until it converges on a solution. In block
801, the conmponent initializes index / to zero. In
bl ock 802, the conponent initializes the solution
vector to 0. In blocks 803-805, the conponent | oops
until it converges on a solution. In block 803, the
conmponent cal cul ates the value for the next iteration
based on the value of the previous iteration plus the
next factor of the Taylor series expansion. In
deci sion block 804, if the val ues converge on a
solution, then the conponent returns, else the
conmponent continues at bl ock 805. In block 805, the
conponent increnents the index to the next iteration
and | oops to block 803 to performthe next iteration.
[ 0038] Although the subject matter has been descri bed
i n | anguage specific to structural features and/or
nmet hodol ogi cal acts, it is to be understood that the
subj ect
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matter defined in the appended clains is not
necessarily limted to the specific features or acts

waele®enodsesl above. Rather, the specific featureBCHOS007/005149
acts descri bed above are disclosed as exanple forns of
i npl enenting the clainms. The propagation system may be
used to augnment search results. For exanple, a search
engi ne nmay generate a search result based on a certain
corpus of documents. The rel evance of the docunents of
the search result can then dyeaRipagated to docunents
of a differentcorpus using the propagati on system The
docunents of the different corpus with the highest

INN@EEMﬁnce can then be added to the search result. The
pf 0pagati on system may be used to propagate rel evance
from docunents | abeled with their rel evance to a

<16y opagati ony o T B o LM A NFarar ARl B "HBEled documents to

unfabeledatesimentsndonipsisingguer i es to unl abel ed docunent s
(1 nt ef-@gsa mgﬁf)&@?@?%)that %ﬁt&ﬁ&?&@%ﬁé&?n&%f’ﬁs&ﬁments some

tralns ral ni ng onent separate
query with |qftth@dq9@n9ntprmabetﬁd iitfal redevnnqeatn@oqmry and others

for mul tipl &rqhetbemBhishdt! % H?lééf v@(hﬁ@@%bé"ib the query;

Accordingly, the invention is I'mted excep

the appRSERRD EP@P%@@L@P@’BWQF\F@@P&WT 3pki 9f the qpcumen){cs with the

system for Rpagntd NG predepYa Cos Orfnodé?sb%éﬁ‘ib dESHHERIES by edges
t o unl abel ed docunents, npri si ocunment store

(232) that d&ﬁieéﬁngnq@ﬁ?'@g@rﬁe&wﬁs%goevm&a&ﬁﬁﬁts some

of the gleeoprpts rélevdritel @&ﬁb@@lenwl (thoy ma@ww@ét@s felevance of the
query and others of the d

with rel evarl@Reieg ?‘H‘&"ﬁ?fétﬁy, énﬁr aﬁ'ﬁge@ﬁpgﬁ%we?%%fsed on the

t hat creat eSBlmlI@'ntaplbeoﬁeémedd@ﬂﬁmt SasM ihbickkR@®l by the similarity
docunent s re se %ﬁ es 2 i ng _connect ed by
edges repres fesﬁg]@ a%g S5 ?hv%g'ﬁpg'ocunent s; and a
propagate rel evance conponent (239) t hat propagates
el evange of &B %ﬁ to. the unl abel .
kz{iocurren 'S ba-gg]dgyslt o %s E‘&%Bﬁ CSE‘(PSHSHF’Q"%@%-
i ndi cat®duby gréwh Somllpbaemttlylat bunds a graph in which nodes representing:
similar documents are connected via edges;
a generate weights component that generates weights for the edges based
on similarity of the documents represented by the connected nodes;
and

a normalize weights component that normalizes the weights of the graph.

[c3] 3. The system of claim 2 wherein the build graph component
establishes edges between nodes using a nearest neighbor algorithm.

[c4] 4. The system of claim 3 wherein the nearest neighbor algorithm uses
a Euclidean distance metric.
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represented by the edges of the graph. [c2] 2. The
systemof claim1l wherein the graph conponent
w0 p@i7aesds a buil d graph conponent that buil dsPEr/gsmpmH005149

i n which nodes representing simlar docunents are
connected via edges; a generate wei ghts conponent that
generates weights for the edges based on simlarity of

t he docunents represented by the connected nodes; and

a normalize wei ghts conponent that normalizes the

esfei ght s50f  t ke gyeehh of @8in 3. wHdtBinsthetRilldYraph 2bMpénent connects
V\h%rl\g)l F? L@e bui gd 4 F@Eh conponent establishes edges
2 PRt geares Pﬁ'g fBear est nei ghbor al gorithm [c4i
4. The system of claim3 wherein the nearest neighbor
al goritfhm us a_Eyclidean, di stance nmetric.[c5] 5. The
’ystem gf cliﬁ?n §y%@r éﬁnc'laHE éui"l’"&?rﬁﬁ"aﬁhecglﬂén@ﬁph component
established edgesbegveled ddch pllir aferiiest nei ghbors. [c6] 6.
The system of claim2 wherein the build graph

conmponent establishes edges between each pair of
emodes. 7c7] The Shstesysifegiah @l av@rdinwigs eblild hgraph component

il onent, est abl i shes. edges bet ween nodes
5P fb a8 RS I Fiig e PEEn DB srgP ik g ot o
of claim1l wherein the rel evance of the | abel ed
ocumengs i s n d_by archi for, docunent s
M?el at edé't 0 tﬁggq%?%/rﬁi ﬁpad%g'r pﬁswg%e%énﬁe QVaneg Phethe labeled
daghmeptd isdethecated ityssearchimp foridecLindats fetateti do e puerydh a corpus of
dRRFHHRD ' o bk AL &
HRORE b ir aelod BB ShHE ol rth Bk HAFE Shbus ™ documents.
using a mani fold ranki ng based algorithm [do] 10. The
ystem gf clqhdngdstdReLesg; t
[cgion'ponent pr opaggﬁ es ?gflgl\gﬁaﬁ?gp%rgg‘g?‘ i;ﬁ'gb?@%&ﬂ’é&%ance component
PreRAdaseR FRIS\ANeatYSHI a maxifold rppkingdased algnritem/
represents a propagated rel evance vector, Sis a
simlarity matrix, y )
[c10] 10.” The system of claim 1 wherein the propagate relevance component

propagates relevance according to the following equation:

A =(l—-a)(I—-ozS)—l y

where ' represents a propagated relevance vector, S is a similarity matrix, y

represents an initial relevance vector, and « represents a decay rate.

[c11] 11.  The system of claim 1 wherein the propagate relevance component
propagates relevance according to the following equation:

f =(I+aS+aZSZ+...+a”S”)y

where f' represents a propagated relevance vector, S is a similarity matrix, »
represents an initial relevance vector, and « represents a decay rate, and where n

represents an exponent for which f* converges on a solution.
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represents an initial relevance vector, and a

represents a decay rate. [cii] 11. The systemof claim
wda2uhaemsith t he propagate rel evance conmponent pPOPHSRDTE5149

rel evance according to the follow ng equation: / " (I

+aS a2S2+ ... +a SN)y where / * represents a

propagated rel evance vector, Sis a simlarity matriXx,

y represents an initial rel evance vector, and a

represents a decay rate, and where n represents an

Exponent,f or ' e * . S [ i
PO N2 arfr et Jor pERREATFellaribe™8t e B3 10 a quer to
uiakgied pages Wutheyquesy.pamsisingd pages to the query,
conpri singk (&3di '
repr eseh?’gﬁ%ﬁgﬁggﬁgpg@i’}t sonén%;}é%rﬁégg%gggébogi %agges, some of the
| abel ed wi t hPRgeePeigelabsled Witk rrpleyancettaca sjusty wnd others of the
pages not behAged A bl d GitE NG\ y, a
gr aph conpongﬁgethat %'?ge‘gfbes a ‘gfaph ofcgﬁﬁtéﬁ]%g%@r’w.th
t he pag@sYieehr EQBRPBINtaENA, siRales ohiwserle PTbljiccaaes with the pages

represent i nOreprdidried tas RBUERBnhEReB YL 8dgbd GhHRsBHiing similarity
a build grapp conmponent é236) that builds a graph in
whi ch nodes PeMesEdheiPrgesiifFidingpages are connect ed

via edges; aahualdagraphaiotnptien {2B6)ARROBENs A Zt4ph il @hich nodes
generates wei ghts for th.ggﬁg%f%m%ased on simlarjty of

the pages repr eselRPEFEHW OEP Bte romRected Nig ¢dges; and
propagat e r ea@sheedte GaIHINE dmHoAER) (23Mithal gerestate’Sweights for the

I f the Label ed 1g th | abel ed
based on the sim PA9TS GoBE nRcrmianticob e Rapes represgnied by the
the simlarity represetddobdss; ahe edges of the graph

db ' ' i i3] 13
a0 b2y e GBI, LB AR ok ivanco or e
conponent gstaéblﬂdsImeed@e@@s;nMed\ommsjasgdaon the similarity
nearest nei g9hoQfechl! EQ%éé Py inh&b@%ég}thgrgigﬁl?éﬁmp%é}égented by the

claim 13 wherein th earest neig
edges of the graph and based on a manifold ranking algorithm.

[c13] 13.  The system of claim 12 wherein the build graph component |,
establishes edges between nodes using a nearest neighbor algorithm.

[c14] 14.  The system of claim 13 wherein the nearest neighbor algorithm uses
a Euclidean distance metric.

[c15] 15.  The system of claim 13 wherein the build graph component
connects a node to its 10 nearest neighbors.

[c16] 16.  The system of claim 12 wherein the generate weights component
uses a Manhattan distance metric for representing the similarity between pages.
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a Euclidean distance netric. [ci5] 15. The system of

claim 13 wherein the build graph conponent connects a
wooee/10848 t s 10 nearest nei ghbors. [Cl6] 16. TPET/ByRDBNS149

of claim 12 wherein the generate wei ghts conmponent

uses a Manhattan di stance netric for representing the

simlarity between pages.[ci7] 17. The system of cl aim

12 wherein each page is represented by a feature

vector and the simlarity between pages is represented

(?%nghf;ﬁ?:acﬁ%fszéﬁem f V@ShPH2SRRERIN leBkR] pade |s°‘represented by a

medi um cont ai ni ng I nstructi ons
featura vestpr agd dhe sirpilarily bejweampages foispRmpieated Ib¥vqiﬁéé°e in feature

dggudrents to a query to other documents, by a
Ve%%?hgg conprising: creating (236) a graph of the
docunents represented as nodes connected by edges

ving Ygi ghh S oniRiteR/HdaB@ Meliundicohtainieg WeRtfuctions for controllin
1Ej;i)‘cuman)t{\g A} proopagat i ng f239) t?e rclel I:%ance coI?ns ?

2 | GHEMEET SYERETE s PIPAGRLE TRISNBBF Ol SLEHBRDE Bas@d%wv to other

ddcifemed, Pytasmetn dd@;rﬁg,%,s? betvveen nodes using a
mani f ol d "r anki :g:?@based

19
conput eFe2ERg 4 "T‘rEEﬁFU}TP eC o(ﬁuméfg v\ﬁl.;gpg?rhtep%s nodes connected

propagati ng Bf etifies haliny aeighto fegrésertiagadiratiartty tiatmeds documents;
i ncl udes usi nlg a Taylor expansion to iteratively solve

the fol | owi n8 cEquau on: f ={\-a){l-aS)- y [c20] 20.

The conptd;mgat’m@@&ﬂ)&hmdiemnaef ofcthailabel&d vheoumients focthe unlabeled

creating of the [ g ' \ .
a near est ne %ﬂ?rﬂg%gag Pl t%m ang c@“?%bl [ sﬁg %Pﬁfgﬁéépnodes using
wei ght of anamtg&fdtlhmrklrcgbaiaadtaigmdhmet ween docunents
represented by the nodes connected by the edge.
[ci9} 19. The computer-readable medium of claim 18 wherein the propagating
of the relevance of the labeled documents includes using a Taylor expansion to
iteratively solve the following equation:

f=(-a){I-aS) "y

[c20] 20. The computer-readable medium of claim 18 wherein the creating of
the graph includes connecting edges using a nearest neighbor algorithm and
establishing the weight of an edge based on distance between documents represented
by the nodes connected by the edge.
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