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A Unified Probabilistic Framework for
Name Disambiguation in Digital Library

Jie Tang, A.C.M. Fong, Bo Wang, and Jing Zhang

Abstract—Despite years of research, the name ambiguity problem remains largely unresolved. Outstanding issues include how to
capture all information for name disambiguation in a unified approach, and how to determine the number of people K in the
disambiguation process. In this paper, we formalize the problem in a unified probabilistic framework, which incorporates both attributes
and relationships. Specifically, we define a disambiguation objective function for the problem and propose a two-step parameter
estimation algorithm. We also investigate a dynamic approach for estimating the number of people K. Experiments show that our
proposed framework significantly outperforms four baseline methods of using clustering algorithms and two other previous methods.
Experiments also indicate that the number K automatically found by our method is close to the actual number.

Index Terms—Digital libraries, information search and retrieval, database applications, heterogeneous databases.
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Fig. 1. An example of name disambiguation.
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TABLE 1
Attributes of Each Publication p;
Attribute Description
pititle title of p;

pi.pubvenue published conference/journal of p;

piyear published year of p;
pi.abstract abstract of p;
prauthors authors name set of p; {a".a",...a"}

pireferences references of p;

2 PROBLEM FORMALIZATION

2.1 Definitions
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Definition 1 (Principle Author and Secondary Author).

Each paper p; has one or more authors Ay = {a”,al” ... a"}.

We describe the author name that we are going to disambiguate

as the principle author a;*) and the rest (if any) as secondary

authors.

Wedef efves wes .f dregedreq . s, 4 bgusee
waweg (Tab e 2). éyeg feay,
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wor, dffere; reearc fedsy swo dw b
wawe 3 dffere; Ye e.
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wamer p; & c0 d gt e s gweap orag;
Ay =Ap\a; . Fwcayw vawey 3 e Ay,
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g s, waM ga gedwawey, addy. -
dreged varmyseeq -~ s, % beuwee pradp e
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Mice, ad A deew Mar, adp;, aap -a
,DatdMyce, ad Ferad M f.d, Weace
%z St dsafbg qe Davd Myce,” Ad,f
, A drews Mar, ad Ferad M fird
coap ra.y ermawer; € wesd padp; ave
a2-C.LA, rreq s W

Ye

as -

977
TABLE 2
Relationships between Papers
R | W Relation Name Description
| w CoPubVenue pipubvenue = p; pubvenue
| wa CoAuthor Ir, >0, a"=a"
ol ows | Citation D; cites p; or p; citesrw 4,
T on | m Constraint feedback supplied by users
)_ rs | ws 7-CoAuthor 7-extension co-authorship (z>1
T. M4 e, ceas we awa f ¢ ecab.p g

deerf ewr ¢ egws wawey aearT-C. A, _rreg. -
s:w Fo. A eey e vaverdgagg,weca c. grg a
chap or @wor, w ere eac _de de ;& a ay

aMtadeac edgede yo acay req s, bW For
Ayt WAKER P A dpy,wmeca “ha  grcomgw. d-

ps¢s A ad A, by ercay g Ifad. g, f
Ay NAL #0, wesdt epwr wavey avea CAp -
ey s, b Fordeer, g a2eaeg. CA;
Y s, b e Coogr Qs CAp Lrsgs A ad A
accrd gpop ecoap o guor . Swegfcay, A2 sy e

oL

P

oL

s¢ ~fay ~s b eed gA,w a egbu f e
ay ow; Ay e, A =AU {NB(a)}aeA;d, « ere NB(a)
.8t ©s¢ f €% b.g .f _dea T e, e syt €

wvasveg pradp aeal2CA; reg s, bw;,fad
oy FANAL #O.Fordger, g ¢ e bames
ave a 3-epeg . CAp .reg - s, b wefyp e
aped A2 o f da ap orsg A foreac wsawera d, f
t €tw-sgs dMea, pegeg o ,wesdp €furs bAKER
aea3-C. Ay rreg s, wT ewgg, ~feac £y we f
ey sy wrys de pedlby wi. By Ay . fp eva e f
d ffe;et MG Es w be des ¢g~bed, Seg -~ 4.
[ e amdsambyg a - wo-beAs. A vaveg A3,
ea y bec g ered; ¢ er.c Ay, beag g ed;-ge erb,

t e sex T ase wamen w t be wagy - ed;, | e
dsabg - ag-iq A We decgbes ¢ g » f

wameg a cluster atom.

Definition 2 (Cluster Atom). A cluster atom is a cluster in
which papers are closely connected (e.g., the similarity K(z;,
x;) > threshold). Papers with similarity less than the thresh-
old will be assigned to disjoint cluster atoms.

F d gc gerq A dbegreqy esf (. ase
dsaMbg ¢ - .F.raamive wiecaa g ec gerg A
&t &, pa-q- My edsambg - ag.q AEr
f d g ec gerqa %, eca gseac. g ed-baed
C g€ § ag-#it Lﬂ,/i‘s ﬁ‘e\j[ st s,/m Co g@ ¢ts- I
addy, -~ ,wedef e ec. cey f cluster centroid. Deg¥ ed
fr. ﬁ‘“t € C g€ § aaygs,t €€ are y bCay i
Ag .dsy  f di ecepryd fac gesr edga w,
t @.s eamgp 4 eceperf ec gerog ecepr,d @
:s cac qed ag; eay Mg c ma _fa daa m; s
ag g edip ec gen
2.2 Name Disambiguation
GYe awey. aMtawede yew by - scora; g
poeag ameaa P={p,p2....pn}.- T ew b cg
dga wy <@g -s;%w ca be Adeed By guirs
c Mg 3 -des a dedges. We sea adayvevey .

oL
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fy es.caed;, f.rAyvYe graw [13]( . rewmse; e
wbcg o dgaPhbcg - sadreg s;w aems-
foraed,; (- a deged graw ,;, w,c eac _de
emgers a hawera deac edgeaeq - s, w At b &
~f a wamer are grac ed; . e coxgm. d _de a a
fea reveg.n Fory eveg.r we gsew.rds (af erg w

t & -famaweras
Aber f, er .cc e ce ap e

Z f;;‘ﬂﬁ; Ye

wods freg ga dgeAr ) + eqrsb

fea & a d ser e

Ya ¢.F.r#ay, weca def e ew b cg

graw a £ st

Definition 3 (Publication Informative Graph). Given a set of
papers P = {p1,pa,...,pn}, let (i, pj) be a relationship ry,
between p; and p;. A publication informative graph is a graph
G = (P, R,Vp,Wg), where each v(p;) € Vp corresponds to
the feature vector of paper p; and wy, € Wx, denotes the weight
of relationship ry. Let v.(p;, p;) = 1 iff there is a relationship
1, between p; and p;; otherwise, r(p;, p;) = 0.

S hh g€ €re are K weg s {yl,...,yK} Mt t © a Ae
a, . a ;st-dsaMbg aeq enw b cy - s 4 errea
megearc ery; 1 € [1,K]. Moreg weg f ca Yyt € Mopa s f

amedsambyg ¢ - ca bedef eclas
l. ForA%, g edsaAbg ¢ webemTefo~
A% g - eedgi . c.gderby ca grbie

feq s as-cqed wy eac wamera d req o -
s W b@'.uee wakesg.

2. S.v% g ewcbem aws
~ ¢ e f)f‘[‘&(_

ads Yey,

¢ wedawwr.ac . Baged
& - b-wseany ¢ wedaswoac
a effgep wa,.

3. Degeca, ;;t e Aber f ve.we K. GYe a
d;a‘b@ - tad (g -y Ay wpooy f. - #a-
. ), dgerM e eag a K.

f:s

;A cj@ex; c ear

spivapo wed oMy eera s Fagoapes
swpo oAy ep e ey e dsaAb -

% b“bef- a ,fed framé., .. Sec. d, s A&
g;a;, Asdeg, e, Mar ¥ Ra d. AF ed [16], are ¢ a;,
awk ed ¢ i‘bde ey a daa Houevesr,

% b cg - .
adpy apy o

f.rAq, ve gram , | e wamey Agy be
eged b, dfferep v f eg . 5. b

{:s cear - wed. Ay fere ce (Lr wara Ag e
& A} ); s C agaw wy ady Ay g ¢ e I
addy, - , ey, A gt e Aber .f ve.we K,;s as- a
caeg %ra -

3 OuR FRAMEWORK
3.1 Basic ldea
We averwr bagc . hyerg . sf.qp e amedsambyg a-
- wobeAl) wamer wy ¢ Aarc.peppe dp. ave
t esaMe abe (be. g % .4 esaMea; _);a d2)mames
& e gy so.med . ae egamA abeg,f.-
X aA% e BAKER W CoAp g W W Hﬁy
wames. A ;dea s - st dsaMbg ge; e

wamkeg by demag 3 by copep s Aagy a d saser
ey o ssw- Tis:sa prta smebeAbeca se Asg
g $C ger § M .dsca  we baace epw
wece f, f.rA% . .

I{.s waser, e wobgea , fedfra A8 . baged .
Ma- v Ra d. a*Feds [16], [24]. M.re acc q ey, we

s adg - a t
-+ er
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f.rA% e by c.pe;-baed,
based, f.-A% . , ;- a Hdde
(HMRF) Atde a fea e f
degrees -fy e VSTSVE TS _f;
wmegrs -k efeqa ref ¢ . s.T g Au.pa ce . fdffere
tpves f e s, s as. Mdeed & wegrs of
craw d gfeg ref ¢ . 5.5V g eHMRF Asde
c des by ey Ay gt ewers ffeg of ¢ s
a dag g, g wawen -dffere; weg . s.S ¢ afa Ay .c
as. ffeg pwo addy » a advapages: fg,;r s Whofs
s weMgsed ear; g, s weMged ear; g, a dgseA~
s we ged ear; g. I ;s wawes wew f.cg
s wetged ear;, gf.r amedsambyg - ,brus
eagit -y Corwoiq es A wior/s weM sed fooAy . (o
t e Mde.Sec. dyi;s ¢ mp-d. Mdegeeg .., | e
HMRF Asde. T e,,PegVef @ : t ¢HMRF Atde,s
awy erorwesbab g, dg by o f, dde Yarabe gve
e o s,wmicisacgp e, for Adeseeg . aswe .

3.2 Hidden Markov Random Fields

A Mar ¥ Rad AFed;s a c dy.- a wsebaby

dgsbyp . _f abeg (,dde varabe); 3 .,b<§,5t e
Mar ¥ wemegy [16]. Ma yoskega a6 _f MRF ca be
deve wed. AH dde Mar v Ra d. AFeds;s a A& Aber
oy e famy, f MRE a d;s c. cey s desved fo A
Hdde Mar ¥ M.des (HMM) [15]. A HMRF, o A4 s

c Muged f, e c. Au. e s: a _hserabe gg¢ _f
ad Avarabe X={z;},, a dde fed .frma d A
varabe Y ={y};., ad eg b.r_..d bgwee eac

war fyvarabe, e dde fed.

We f.-A% e; e dsambg @ - webema; g f
3o b ey a wawen, - dfferer c geg. Leg; e
. dde varabe Y bey e c ger abeg . e mawesg.
BErey; ,dde varabe y,ra e ava e fo. A% e sg
{1,...,K}, wa,c arey e, dae fy ec geg. Te
shserq . Yarabe Xcomgw., dp wamey,w ereevey
@ d. Avarabe z;,5 ge eged fr. Aa c. dy a
weobabpys dg sby ($,|y7,) dgera ed by e comre-

f,;‘ﬂ% ~ ad g ¢ re-
Mar ¥ Ra d. #Fed

¢@-s Tec by

forAy o aref.rMy eda

sb- d g dde varabey,.F ¢y es e d. A%arabe
Xareas MAed; bege egedc. dy gy dewse det;,
fr. A¥ e ;dde Yarabe Y, e,

P(X|Y) =

H P(x;|yi)-

z,eX

(1)

Fg 2s swst egraw,cagcr¢ e fi eHMRFf.q4 e
axamwe, Fg 1. Wegee; g dewe de; edge ace
wr¥, ded bgusee | e ;dde varabeg coogw. d -

t e g s;w; Fg 1. Teva e _feac ,dde
vagabe(eg, y1=1)de & easg M & . Wed.

1 Mde e,
bt e Ade ca
t €®qg - s

As HMRF,s a swegca cae .f MRF,; e ,l,;ubab;t\j,
dg by fy e ;dde varabe /be,St e Mar ¥

weowepy . T st el,ubab ity dg by ff eva e f
Yi f“t e hyeNg . Yar abe x; deswe dg Y-t €
c ger abeg f hseNg . s @ ey s wyp T
[24]. B, e f dameia; ereA.frad Afeds [16],
t € wbabyy dgsby . ofp e abe o fg g YV

ar ef.rA

deg eq - s, % bgwee eg bog,
weowaga e edewe de g5 a. Gy
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Fig. 2. Graphical representation of the HMRF model. f(y;,y;) and
f(yi,x;) are edge feature and node feature, respectively, and will be
described in the next section.

P(Y) = -exp > Mefelyn ) |
! (yi-y;)EE K (2)
Z=> > Mfulyiyy)
Yi¥i (viy;)€E.k
adb fger myrg gt € wbcg daa be g

ge emqed
e

dery egw erca Gagga dgsbp. ,we

Z alfl(yivxi)>a

1
P(X|Y) = Zexp(

r,eX,l (3)
Zy=>_ Y aifilyi ),
yi wieX,l
w e fi(yiy).s a - eggV¥e wpepa f g (as-

caed; efeg ref ¢ )def ed . edge (yi,y5)a dE

remgsers a edges, e graw ; fi(y,Ti),s a wpey a
f ¢ def ed. _dez;siadaoarewegis ft e

edge feg e f ¢ . ad; e _de feg e f
guegVey; Zia dZyare oAy g fagoz.

T. fag;taef ¢ erdscsg -~ , we erafer se Xy
de e ew bcg - s¢ Pad sexy.de e eveg.r
v(p;) ~f; e wamerp;.

%’" ’

3.3 Disambiguation Objective Function

We def e a J?e@;\'e f ¢ a; e Max, A A a-
Pgeropc fg . ff eHMRF, e, b Ax A& g
PY|X). P(X):s s aytae a c gap. T erefore,
acc.id gr-t e Bag o e P(Y|X)x P(Y)P(X]Y), » =
.,Pe@;vef ¢~ ca bedef edas

Linax = log(P(Y]X)) = log(P(Y)P(X]Y)). (4)
Bis byt w $(2a d@) ¢ (@), we-ha
Linax
= log 21122 exp Y Mefilwiw) + > eufi(yi,w)
(viy))EE K z€X,l
(5)
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Esepay, ¢ eab,\'e,,y)eg\'ef @ ,we sep e
twr ; ds f feg o f ¢ .5, de feg o f ¢ .
filyi,zi) a d edge feqg e f ¢  fu(yi,yj) - rewesey
t eqrbre, forAfy . as.caedwy eac wsawera d
t ereg s, W forAy . bguwee waweg, g weg Ve, .

T eedge feg wf ¢ . filyi,yjhs sedi- c amager
Z-€ e . s; bbgwee s waven. Iy pYey, fiw
wakey dMeagr g sy, wadasg. aeg Aar
eac .t eny e ssYep, eyp @t € - akey . be
agp edp esaMec genSwegfcay r eedgefeq re
f ¢ Mg cap e e wawer €y - s, W s C &
C.PbVe eadCA; r(as »w , Tabe2)ada
fﬁéas e fg Hagy. T s, we def e; e edge feg re

&~ o

fk(?/uyj) :K(IHIJ) Z [wmrm(xhxj)]-

rm€R;;

(6)

Here, K(z;,z;) s ag Kagy £ g beuwee waweg z;
adzjwnsy ewegr freqg s, wrm Rijde pap e
s¢ freg s, wbguwee z;a doja dr(z,z;)de ¢ &
af g fy ereg._ s,wbpgwee z,adux. Te
s Mhey wa o def ep ereg . f g r(iT)is
def e wt b ap Ya & a decrbed, Def ;- 3.
Here,wsef ¢ erc. gderadef ;. » w,c c. Ab & e
w A foAy ., e, r(x,x;) = exp{—|riyear — z;.year|}.
T,s def ;i » ;s degYed fe. A2 _hyerqy . . e ame
ambg.y wobeay eCAp radCP bVe ecrea-
w—- sae_fe Me-dewe dey,eg.,a; gre dow b
3 sem f.cged c. fere C%{,/ ragpegVey,
swegfcmer.da dcay g aspe dpoc. ab.rgewy
eac agweg fc werd.

Te .defea f ¢ . filyizi) A 3y cay ey e
qribre, fooAy . as.gqaeduwy waserz. T e bagc
cdea eeg i emameygg Mag._a, ey erwamwey, a
eyt @ € wawery be asg § ed
t-r ec ger Forp ;5 ¢ gerag g A werg o, we
def e e .defeg f ¢ . a

filyis i) = K(yi, i) = K(pg), i), (7)

we €€ U yst € C g €r Ceyp oy dt @t € waAKEr T, s
s edt,,. Nt ‘11{" K(I,HLL(.L)) thigsCrst €g &a}’t};
bguwee wawerz;a diys ass g edc g ercep er .

a

t e

C g €t eit;s\'ex;,;

T (S t :;'; (6) a d (7)1 t-—~ (5), '.A.Ie,;l‘l) Q
Lmax = Z AkK(mu l‘j)’f‘k(l’i,fj)
(zi,x;)eEk (8)
+ Z alK(xi7u(1;)) —log Z,
zeX,l

woere Z=721Z,, Wy - ay  ss f ge erfy, we
c.Ab e ewegt fedgefeg ref ¢ . Madp e
wmegt f ereq o s, bvwy,a dwgea Morg Ay £y -

3.4 Criteria for Model Selection
We seBa,g a | fooay . Cher. (BIC)a ecyep.

t- 6 Mo e Aber fume.nwe K. Wedef ea ,,}J)e@;\'e
f ¢ fry edsambg - & - O rg.a,si-
oy A6 a varafMgersqy $r ¢ MAX A e e _ca
,l})e@‘,\'ef @ wt s-Mgve Kadf da MberK

t § AKX Xap eg-ba begvef ¢ .

o



Swegfcay wefy o gderK =14 q:54 ees- y
e e wp e gYe afe a T e, we ge a
Mo, e, (. deerAe w @ erp e wawer C g er
s - d be sWit sttt s bc g €% Nﬁt, f.~ eac
s bc g es we aga sep e Mea, e M . deerA e
w @ eposwp. T e wergy . eweqds  s-Mc d-
k- s sgsfed (eg, s bc gerca begwi) I e
woCes, we ca My, e Ade cooaw d grop €
So k- Wi t € wem. Aber h. We; eref.re ave a
fa;l“;, faer g Ye Aedeg My}, ereha ge fo. A
C s\'e;,.

Nows, tds st C -s€ € bl?& ﬁl,de fr, A- M]J
May, Mea eMe;s ca be gsed f.r ASde seeg . ,
s C &9 - geCeffece, [23 M, A ADeacry -
Leg (MDL) [34], A g elf.rAy . Cger. (AIC)
(1], a d wg efor wesbab,yy, ey Ay~ [22]. We ¢ ge
BIC ast e csper . , beca se BIC cipep. ;s f dame -
tay ¢ Marp.  erqgpreras ¢ a MDL a d a a
g %er we Ay p A p e .y er peras C & AIC,
w;C ;5 deg rabe, webeA Baed . | ae
c gdeq s, we seavara; _f; e BIC Aty e A&,
[22] ast e cip e

Ny

- L

~ log(P(;|P) - 2.

BIC*(Mp) log(n), 9)
w ere P(My|P);st € m.ger.r woobab gy, f Asde M,
gv¥e e hserg . g Pl\s e Aber.f vara A% eg,
My (u;c ca be def ed;, dfferer was, eg, e

Aber f 7 e varamgeg, e Ade M, g esg
ofy e webab,y & f P(Y)). n;st e sawer Aber T e
sec. d wap; s a we ay - Asde c. A &y

I ase ce, a BIC score anbeX;, A& w abkbo bp-
qeyt € Asde My fisy ew ~edaase. We se; ;s
cGreg- fory e Asde seeg . beca ge;r ca be eag )y
are ded; . dffere; g g -s. For xamue c. Ve -
C ger g ags M, e K-mag [27] - X-
Aéa ¢ [33] regard; e dgaa, dewe dey a dy s e
wog €0 ;,;:,bab;t;/ P(My|P) ca be ¢ A% fed .
P(P|M;) acc.ed gt~ e Bayega o e P(My[P)x
P(Pl]\/[}L)P(Af}L) b/ ta; f,';t € Wi P(Mh) ads e f;[‘ﬁ‘
Houeter we;, e dy.pa e adva;age .f dewe de g e
bg w.ee t ec ger § & s 1 s, vey g PM) a

(forAs, awernpge O cdef ;o ; (2) ¢ gdeg
t ede,:.e de ¢ces ¢ g aMar_v fed.

K-~ a

4 PARAMETER ESTIMATION
4.1 Algorithm

Te,;,a;aﬂgere&,m@;,, webeAig . deerep e
va & -ff evaramgeg O={\,N,..;00,00,...} a d;
deer eagy Mis -fa waweg. M.re acc g ey, we
oy Xep e g7y & .d begve f ¢ . (8 wy
swegroac. dy - a Asde P(Y[X,0).

Aa,g e, ecear, gagy M(fAg.zg A1

frvaaMperey Ay . w My Coggs offwygpeqgve
g ews: Assignment _f ;,a;.eAa, a d Update .f wara A eg ©O.
Tebayc,dea,s 3 we fg ad A c.ge a
vaaMgersgy $Oa dgseeg acepydfreac c gen
Ne, we asg § €ac wamerp ;48 Cs@ C gera dp e

cac gep ecepr,d feac wamerc gerbaed . | e

ot

o4

wdaer e weg;: f eac
st e-begvef ¢

*aEornnh L2 yarantecer estimation

xs p Mis. Afery 3, we
fea ref ¢ b,y AKX, A,

e -~

Input: P={p, p, ..., Pn}
Output: model parameters © and Y={y,, y, ..., y»}, Wwhere y, €[1,K]
1. Initialization
1.1 randomly initialize ngrameters @,
1.2 foreach paper x;, choose an initial value y;, with y, €[1,K];
1.3 calculate each paper cluster centroid z;
) 1.4 for each paper x; and each relationship (x;, x;), calculate fi(y;,
and fi(y;, ).
2. Assignment
2.1 assign each paper to its closest cluster centroid;
3. Update
3.1 update of each cluster centroid;
52 -upatne 6t'ine-weight for each feature function.
Fogpa g wema d A asg ¢
vaamger (A ad a). For; pa g

eva e_feac
fp e c ger

cepryd, we fg se a gram Cc ger g Mg d.
. dey glt ec gerq. & Ba cay, wamer wy ¢ Aagy

&st a ap s -~ dw be agg ed;. glg.,{t c ger
3 % We greed y ds p wamem; e desci-bed fas ,
b, awas Ccg G € wawery 3 & € ;g &
s Fagy - ec gercepy duly;s Wy, e g
vc gerg A Iy s 8 ap . e Aber .f we.we K,
e aeygr W ae geda - g,y a agp M. If
y< K, we ma d. A& Cco.gea .y er (K-v) wawes as e

c gercepryds. f v> K, we gr. wp e eamgy C ger
& g ot e are Ly K ogooow ef. We
pood ce;, dega  epw. gew,  r waaAger
ey Ay agoq A&

Assignments. I Assignments, eac
t— Mt~ A%, A e log P(yi|zi)

vawer T;; s asg g ed

log P(yilw;) o< Ly, (p(n), i)
= Z MK (i, )1 (07, 25)

(w;,w;)EE;, Ry k (10)
+ ZalK Ty W h lOgZ
ere Z degradesy - a r-A% g .o fag.r. z;,. 3 ad

ca be re Aved a e . 4 care ab. | eregVYegcore
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f ¢ s, eg.spMd eceadmd g ere.Houeves
t § ae ¢ Yep ewf , o rcomeppa .
Nt € a ,sp-cac gea wamaMgyce-Ay (10).
TefgrwrerA (10)aea Wy o Xa oAb g f
t es Aagy t - K(zip,y) ady eeg. ag A~
Aty f ¢ K(z,zj),w;c ca becac aed Hiuevers
itis:. tagaber . “ha fp e wagy -
f ¢ e, -g3(2), becage; e Mg a_ § - w- d
pae wace wp ; ¢t A(Z =72125). A feas ag.-
i M avebee wrwgedf.rawwrx, Ape fere ce eg,
[30] a d c.{ray, Ye dYerge ce (CD)

a &ag s -
e _gai

be ef we wagy -

[19]. We _w aafe wp- awkeX, Aj e e wmagy
f - Yac  myVYedvege ce;, . rdsambyg q -

,,E)e@;vef €& -

Based.. Jese s, & apy [21]weca Jha a wmer
b, d_ff e egaVve gz & .d _gL)w aK -

bac -L eb er (KL) d¥ewge ce
L% = KL(q||P)
=Y alyslzi) log(a(yslz:) — Y alyslw:) log(P(yila:))

= —H(q) — (log(P(yi\fUi))>q(:m>”
(12)

woere q(yile) ;s a awmex, Ay - f, e dgrby
P(yilz:). ()est €& weg g - desy edgsbyp - ¢
Mx, &, ¢ e .3z & ~.d_fi edaa(®),s & va-

eKL dvewge ce (12)bgwee | edaa
dgsbyp - ¢"ad, ed”, by Adgsby .
Vgbevarabe, ¢, w e, efgerAca becac ged

Nerp e

by e bseXq - swp ¢ ecc mepy asg g ed abega d
t €sec. diesAy e ,n,;:,bab;t;j, w e se MAsde
dgsbp - w a wggbe abes. Aga ,; e bt ¢
dffc Eye b eabved” g . ,s wpdeg¥e egec. d
ecAMAMar vy ca M.eCar. (MCMC) A¢ _dca be

sedy . ey MAje, e awwcX, Ay~ dgsrbp . ¢ (yilm)
wt t €gap wy ¢ fMCMCbe g eueda ¢"(yi]z;). T

wt €

M e emrcas Mreeffcer,weca se ec. g Ve
dvewge ce ag g4 M[19], w;c awwrX, Mpa; e ds-

t&bp o Bisevera GbhysaAy ggew (»uj‘ g - €gew).
T sy e,/y)eg\'ef ¢ -~ bec. Mg

LM = KL(¢"| P) ~ KL(¢"| P) - KL(¢'| P)
= (10g(P(y7:|$z:))>qo(y,)*<10g(ql(yi\Iz‘))>qf(y,)'

I c.pmag, YedYerge ce ear; g, gead f &, & ¢
KL(||g®), we &, & e ed ffere cebgwee KL(||q)
a d KL(¢'|g®),m eedisy edgrby . Yex e lyew
ec, gr g ff edaaveg. .z (e, heXg . s); 7
arege eged af erlgew Gbhs saMy 3. As; dcaed,
[19]t egewlca beg My s¢ &l Mg cae. (T qus,
we ca g My o gder. e Gbhy saMy geq . -
&, xe e KL(¢"¢"). T e wewced e frec. g - ¢ §
t edaaveg_.rf.e, ¢')fe. A edgrby . ¢%s decrbed
A2

(13)

Agoq

o
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Alegrithm 2: One-sten s3mnpnag
Input: current observation x° and labels y0
Output: sampling results of y' and x!
1: Draw an observation x, from the distribution of ¢°(x)) (g(x) can be
obtained by summing over all possible labels),
. 2t Comnpte P(vJy)., the posterior probability, distribution ovat/thachek
variable given the observation x;

2 Mammnnta Divla Y dha neahohaliss diadedhaak s

o i 3k vauvie,

Draw a new label y', for each observation from the probabi
distribution P(y,[x)P(yly +);
Given the chosen label, compute the conditional distribution of P(x;|y:

].ity 4:

); 5:
.

: 1 .
ol Sv. Nmwwerekufarbue oo biha v et cbwativiata s Fatuthacecoditic

distribution P(x[y;).

F ay, baed. | erec. g4 ¢ged daaveg . weca
cac ae (13). T eg c agy csaMy s Mg M, sy A
dema d . T. M e, Mreeffce,, . eca ge; e
deecrA, g c Aa fed ag.g MA[44]; . remace; e
saMy ¢ woced e

Afers % g e ; rdyerA (10),weca c. Ah e e
so g [ ew ,,e,,PegVef @~ -F ay, agreed,
ag.it MAs sedp . sé7 ey ay wdae eagy A f
eac wawer A ag g Me, _fa wawegs wedf oAed ., e

eep gt e  er waweg fxed T e wocas;s rewmeqed

K L maker C a $6& ;s &g A bgusee o
s Coasg Ve e - s.

Update.] Usdae eac ¢ gerceprydsfg wdaed

by eagq Mg c Aea _fy ewawes copa ed, 4
Z’i"t/*h Ti
(i = . (14)
" H Zi:y,:h ‘Tl”A
Te, b dffeegqg g e ,,Peg,ve f g wy
6 WEE [ €aC wara Mg er )\, wae ave
oL dlog Z
Vil Z K(xi, zj)r(x;, z;) — o (15)

(zixj)eE

We see; @ esec. dyerAig,  ragabe, beca se
cac & - A Z eedsi.s A wa wssbpe f
g § A5 f eac mawer Aga ,wegap fo. Ap e KL
dvemge Ce,,k)eg\'ef g~ (13)ad sq eCDag.4 A
tocac ge edepvg ve of LKLy resmeg - N\

SLKL <a1og(P(yi|$i))>q0(y . <M>¢ ()

0log(q(yi|i
B q'(yi)

(@i x;)eE
(16)
Tefg rerMsy € by ~Xa co A g f; e
s Xagy f ¢ ad; esec. dyerAca becac ged

afeq elgewsamy g (Ag i MA2).
F ay, eac waamgess wda ed lg,
oL
Arew — )\old A 1

w oere Agp e ear; gge Wed,, esamef ra.
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4.2 Estimation of K
O rgmgeg freg, Ay g K Gee Ag g
kg; s¢w ot & ladwe e se eBICgc e . Aa re
w @ eryoswpp ec ey c gen T eag.gq Ar s
e ey .l eac jpemq o wep pposkp Mey C g er C
L topweos bC Wecac gea .ca BIC,C,Le Aoe
SV bﬂ‘éde MQIfBIC(A12)>BIC(A[1),t € weg !;tt e
c gexWecac geag ba BlICsc.ref.p e ew Asde.
Tewuocas cop &b deers, g fip.s wagbep
swr f g oenF ayy e Ade wy | e, g e g-ba BIC
sC.i€ g C g€ .

A2) st g af

eg.

Algorithm 3. Estimation of X

Input: P<{p1, p2, ..., pu}
Output: K, Y={y1, 3>, ..
1: =0, K=1, that is to view P as one cluster: C(‘)={Cl};
do{
foreach cluster C in C¥{
find a best two sub-clusters model M, for C;
if{BIC(M)>BIC(A1)))
split cluster C into two sub clusters C'(HD:{C], Cy},

s Ya}, Where y, €[LK]

Y Oy O ok B

calculate BIC score for the obtained new medel.,,
8: }while(existing split);
~v: “cnoos&the model as output with the highest RIC. scoves .

O eglffc t\; t fi’x‘t l‘;ﬁ“‘(';t be e ,f dt e
bey wr-s bc g er L,des fop ec gerC (L e4) W,
dfferey ; ;pa @ - ¢ €% g $s bC gex A, be
d ffere, . Fop qey,tis su,bel‘-b a e'@ed oo
fra A8, ,be efy "'f“ﬂg- ec gerg A dey feg
I dsabg ¢ - ,ac gerca ¢, gg -fsefem ¢ &eA
g% T, swp f g es we sep ec ger g & &
L&y SCeryrdsady s ragosp MAe dspooes
. gabesw & ¢s.

F.x e wara Ag¢ e (9), weg Ay, def ey ap e
s M.ff eKc gerncbab,, &, varaAgeg, a dc ger
cet ry dsy €.,

K

Z (P(yi) + py) + Z)‘~

i=1 PYS(C]

(18)

5 EXPERIMENTAL RESULTS

5.1 Experimental Setting
Data Sets. We evra ged; e scowged A .d, e
corap fA- @M ern.rg[40]. Wecregedadgagg ,w, C
c de 32 ea ap .- aMg a d2074 saveg. I | ae
aMes,s M aMy are. y as-gqedwy afew weg. s,
freame CegCa "_:'St e ame fi ree weg. s
ad, 6 We Ga, i es. M amy geeMy . be
vy an Fora dAvwe, ereare25weg. s ,.,t (e ame
,d §Zag addlweg. s amed Le Wa g, $as G
,ft‘, daa’'se ares s Tabe'3. Fve P D& des
fr. ACSc. d ¢ged M@ a dsaMbg ¢ - - a wamey of
t €32 ap .r aM&. Agwec wa creged; . g, de; e
a tq - woCess.Eac wamervsa abeedwy a  Aber
. dcg g eag a weg. .T e abg g r was caped
-t based .  ewbcg - ;45 -t €eap .z . A
wages a dbased . ¢ eaff, § - s, e-A addigse; e
web dg abases (eg., ACM Dgra Lbragp) Wecac ged
t eKawwacoeffce; f.4 ea aeddga T e arerage

f’ o W
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TABLE 3
Data Sets
Abbr. Name #Pl._lblic- ‘ #Actual ‘ Abbr. Name #Plfblic- #Actual
ations Person ations Person

A P e T T N T
[~ Wen Gao 286 Jing Zhang 54 25

e Yi Li 42 21 Kuo Zhang 6 2

e Jie Tang 21 2 Hui Fang 15 3
’7 Rin.Yu _ f&o e ' T (vang " 109 “
) Rakesh Kumar 61 S Michael Wagner 44 1
e Bing Liu 130 11 Jim Smith 33 S
y  _ AjayGupta o 4 Wei Wang 306 9
Dimitry Pavlov 16 2 David Jensen 43 3
T Charles Smith i 4 David Brown 53 7
T David C. Wilson 52 5 George Miller 17 2
T James H. Anderson| 112 2 James Johnson 17 3
| John Miller 74 2 Joseph Miller 10 2
y Paul Jones 13 3 Richard Taylor 93 1t
" Robert Fisher 105 4 Robert Moore 92 3
~ Robert Williams 8 2 William Cohen 110 2

Kawsa gcore; s 082, wi,c ; dcae a g..d agree A,
bgwee  ea 3.x.F.rdsageem;s;,  ea
B s W€ akly ed Aogy Ve % Tedaasg w be
L, eavra abe! ’

-+ a-

We ag. f. d; 3 e dsambg a s s ame
& e iéu baa ced. F.ra aA% e, ere are 286 mamwes
at ;A’ed b; We Ga, Wt 282 ;ft e l‘at ,,;ed bj; P[,‘/f.
We Ga. fuf-t el*%tte,f C.avy 33 C, e

Acade A fS¢e cea d.. 3 f. ~waweg aAe ag
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Results of Name Disambiguation (Percent)
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Prec. | Rec. | F1 |Prec.| Rec. | F1 [Prec.| Rec.| F1 [Prec.| Rec.| FI |Prec.| Rec. | FI |Prec.| Rec. | F1
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5.2 Experimental Results

5.2.1 Results
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TABLE 5 TABLE 7
Results of Our Approach with Different Settings Comparison with DISTINCT
Method Precision | Recall | F1-Measure Person Name DISTINCT Our Approach
Prec. | Rec. F1 Prec. | Rec. F1
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Fig. 3. Contribution of relationships.

5.2.3 Feature Contribution Analysis
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5.2.5 Application Experiments
Weanw ed, e améedsamby ¢ - - ewa wepf d
wo € sty dey f) wens sy s A gVe & wegger
amepe ce.l magc asweera gedea wep f d gt
aduw -y amtdsambg q - .Swegfca y wese eged
12 #5q 87 e % epq fo A e ey g -fAreM eg
ad sedaw . edreerace dpAe, [6]p ¢ erwy
Aa dg A s creqe a dgasg foreva g . .
It erey ed readeg are referred; » [51], [40] f.-dga s -f; e
o mey Mepasqy - Wec, dgedeva q ., (erf f
P@5, P@10, P@20, P@30, R-wrec, Aea aferage wiegg
(MAP), bpref,a d #ea reg¢ wr.ca ra (MRR). Fg. 4s s
t e psfawepf d g1 Fg 4 EF cengers & weyp
% s  amedsambg ¢ b -~ A _.da dEF-
NAewaeisa wep f d guwy -t amtdsambyg o - .
Weseq q ceay AucYeMeigca be.ha edh ¢ g e
weohged amedsaAbyg g - amwcac .

dvda feq = Bt er
werf A8 cey e add .sefeq . el . ¢  e.xder

985

0.8 MEF MWEF-ND

0.7

0.6

0.5

0.4

0.3

0.2

0.1
0

P@5 P@10 P@20 P@30 R-pre MAP bpre MRR

Fig. 4. Performances of expert finding.

5.3 Online System
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6 DiscussioN
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Fig. 5. Name disambiguation system (http://arnetminer.org).
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