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Abstract

Search results for personal name queries often con-
tain documents relevant to several people as a personal
name is often shared by several people. In order to dif-
ferentiate people in these search results, it is required to
extract contexts relevant to people in documents. How-
ever, since web documents are noisy and the texts re-
lated to people might be short, it is difficult to extract
contexts of people effectively. We propose a new method
that uses web directories as additional information in
order to recognize topic terms in documents more easily
and to extract contexts of people more effectively. First,
we apply latent Dirichlet allocation method to extract
latent topics in web directories. Then, the extracted
topics are used to recognize topics contained in name
ambiguity documents so that common context measure-
ments can be calculated more effectively. Our experi-
ments, conducted with documents of real people in the
web and several well-known web directories, show that
our approach disambiguates personal names better than
some other conventional approaches like vector space
model approach and named entity recognition approach.

1. Introduction

Information related to people plays an important
part in the World Wide Web (WWW). A certain por-
tion of search queries is to search for people using
their names[6]. Since search engines use only name
queries to filter documents, the results often contain
documents referring to several people sharing the same
name. Therefore, users have to manually select the
person of interests from the results. In our research,
we have used a re-ranking method to help users find
the correct documents more quickly. First, users se-
lect from the result set a document that mentions the
person of interests. Then, the system re-ranks the doc-
uments in the result set in the order of relevance to the

selected document, so that useful documents go to the
top.

In order to create re-ranked results of high quality, it
is very crucial to measure similarities of document pairs
correctly. In previous researches, several approaches
have been proposed to measure document similarities.
They are vector space model method (VSM)][2], named
entity recognition method (NER)[7, 14], and context
extraction method[9].  However, these methods are
limited when applying to web documents that mention
general people. Common context measurement of these
documents is more challenging because the set of doc-
uments relevant to an arbitrary person might be small.
Therefore, frequencies of important words are few and
their weight differ only a little from weight features of
other words.

In our research, we use topics extracted from di-
rectories such as the Dmoz directory!, the Yahoo di-
rectory? and the Google directory® to complement the
contexts of people that appear in web documents. In
[12, 13], we proposed some heuristic methods to uti-
lize the frequencies of important words in web directo-
ries to modify the weights of important words in docu-
ments. In this paper, we apply latent Dirichlet alloca-
tion method (LDA)[3] to obtain a probabilistic latent
topic model for web directories and then to extract
features of online web documents using the obtained
model. Using topics’ word distributions, we mod-
ify documents so that important words will have more
weights. Then, we calculate the similarities of modified
documents to measure the common contexts in original
documents.

The main contributions of this paper to the personal
name disambiguation problem are as follows.

1. Utilization of web directories to disambiguate per-
sonal names more effectively. In web directories,

Thttp://www.dmoz.org
2http://dir.yahoo.com
3http://directory.google.com



important words are supposed to appear more fre-
quently because web directories have much more
amount of texts. Therefore, we use web directories
to recognize important words in other web docu-
ments more easily.

2. Application of LDA to the name disambiguation
problem using web directories. In the conventional
LDA method, a document receives influences from
all topics equally. However, since documents in
the same directory are close in topic, we assume
that each directory receives more influences from
one specific topic and equal influences from the re-
maining topics. We model this assumption by us-
ing a biased hyper-parameter for one specific topic
of each directory.

3. Latent topic based document similarity. We use
the topics extracted from web directories to cal-
culate topic distributions of terms in online docu-
ments and use these topic distributions to improve
document similarity calculations.

The rest of this paper is organized as follows. In Sec-
tion 2, we summarize previous works on document sim-
ilarity measurements and name disambiguations. In
Section 3, we introduce our approach in details. Then,
in Section 4, we report our experiments that try to dis-
ambiguate personal names in real web documents using
additional information from web directories. We dis-
cuss the advantages and disadvantages of our approach
and compare it with other approaches in Section 5. Fi-
nally, we conclude our research in Section 6.

2. Related works

In [2], the authors used vector space model method
(VSM) to create feature vectors for documents and
used inner products of feature vectors to measure doc-
ument similarities. This approach performs well with
name disambiguation of people mentioned in newspa-
pers. In [9], the authors applied the singular value de-
composition method[8] for a term co-occurrence matrix
to build contexts for terms and then they summarized
the contexts of terms in a document to build a context
for that document[11]. This approach works well when
there were a large number of documents related to one
person. It was applied to disambiguate famous people
mentioned in large numbers of web documents. Addi-
tional information resources were also used to improve
the disambiguation performances. In [6], the authors
used some databases as additional information. They
used the names of book authors from online bookstores
and the research keywords in the DBLP database® to

4http://dblp.uni-trier.de/

0 Step 2: Modify
documents and

H
0 O O B! calculate dosument
a sinilarities

Documents with

ambiguous names ﬁ
N
L

Step 1° Extract latent topics by LDA
method

POEEE ~ -

Figure 1. Overview of our approach

i i

Re-ranked documents

extract relevant information more easily. Named en-
tity recognition (NER) method[10] used in [7, 14] could
also be regarded as a method that used additional in-
formation resources, since training data were used to
train the NER algorithm.

Name disambiguation in searching for general people
on the web is a new problem that has not been targeted
so much in previous researches. This problem has the
following characteristics. First, it differs from newspa-
per documents in that it is much noisy. Second, the
amount of information relevant to one person varies
across people. Famous people might have an abun-
dance of relevant texts, while ordinary people might
have only a few relevant texts. Due to these different
characteristics, we cannot directly apply previous ap-
proaches to this new problem of name disambiguation
for the following reasons. The VSM approach may not
perform well with noisy documents. Noise also reduces
the precision of the NER algorithm. Meanwhile, the
context extraction approach is also limited when the
number of documents is small.

3. Our approach
3.1 Overview

We propose to use web directories as a resource
of additional knowledge for disambiguating personal
names. Web directories contain many rich contexts
that can be used to complement the contexts of people
in web documents. Fig. 1 shows an overview of our ap-
proach, which consists of two steps. In the first step,
we use LDA method to extract contexts in the form
of topics and word distributions of topics. Then, in
the second step, the extracted topics are used to com-
plement contexts of people in web documents. The
complementation is done by modifying documents to
make measurement of common important contexts eas-
ier. We name our method “Similarity via Knowl-
edge Base using LDA method (SKB-LDA)”. In
the following Subsections, we will discuss about our
approach in more details.



3.2 Extraction of topics in web directories

We modified LDA method([3, 5] to make it work well
with web directories as follows. Since we know that
documents in the same directory have the similar topic
distributions, we use the same topic distribution for
all documents in the same directory. We parameter-
ize the topic distributions of directories and the word
distributions of topics as follows.

Let D, T, and W be the number of web directories,
the number of latent topics, and the number of different
words, respectively. For a directory 4, its topic distribu-
tion is represented by a vector ©; = (¥;1, 9,2, ...%:.1).
In the conventional LDA method[3], the distribution
density of these vectors is assumed to follow the same
Dirichlet distribution for all documents. However,
since we know that each directory is strongly related to
its own specific topic, we assume that the documents in
a directory are influenced mainly by the specific topic
associated with that directory, while receiving small in-
fluences from topics of other directories. We model this
assumption by using different sets of hyper-parameters
to build different Dirichlet distributions for different
directories. A hyper-parameter vector @® for a direc-
tory i is set to have a large hyper-parameter a; = ka for
its associated specific topic, while having small hyper-
parameters a; = « for other topics j # ¢ as follows

a" = (o, a,...,q; = ka, ..., ). (1)
We call k the bias factor of directories. The topic vector
of directory ¢ has a distribution density that follows a
Dirichlet distribution DZR(a™).

For a topic t, its word distribution is represented
by a vector ®; = (1,912, .-pr,w). The distribu-
tion density of ®; is also assumed to follow a Dirichlet
distribution DZR(F), where § = (81, Ba, ..., Bw) and
01 = B2 = --- = PBw are hyper-parameters.

In order to find the latent topics and the distribu-
tions of topics for documents, we use the Gibbs sam-
pling algorithm to assign topic IDs to words in docu-
ments and infer the parameter vectors © and ® from
words’ topic IDs[5]. Denote w = (wy,ws,...,wr) as
the vector composed by lining up all words in all docu-
ments, and denote t; as the topic ID assigned to word
w;. The procedure of the Gibbs sampling algorithm for
LDA method with hyper-parameters biased to directo-
ries is as follows.

1. Initial step
For a directory i, we assign each word w in that
directory an arbitrary topic ID ¢ using a distribu-

tion biased to directory i: (p; = ﬁ, v D =

k _ 1
=TT PT = Fpr—i)-

2. Update step
—
Let t_; denote (t1,t2,...t;—1,ti4+1,...t.). For each
word w;, we reassign its topic randomly according
to the following distribution.

ngz,dird+ka n(:l’)i?tupict +6w
7 w’ I
(S8 n iy )T =12 W (a8 +8ur)
if t = diry 2)
®) (w)
nTi,dird +a nfi,top/ict +Bw
b
( 5:1 n(ji,)dird) +(k+T—-1)a Z;V’=1 (n(—u;,gnpwt +Bw')
if ¢ 75 dird

where w = w;, dirg is the directory containing w;,
(®)

7i7di7“d
dirq to be assigned to topic ¢, and n(_u;’)topm is the
total number of times words w other than w; are

assigned topic t.

n is the number of words other than w; in

3. Repeat update step until convergence.

The parameter vectors © and ® can be derived from
topic IDs of words as follows

®
ng. +ka . .
4 Jif dir =t
(S7_, nli) ) +(k+T=1)a
D = - 4 (3)
it nff) +ao
g Jif dir # ¢

/7
(Sh_ n), ) +(k+T=1a

ng?p)ict + ﬂu)

Ptow = W ; ;
Zw’:l (ngg}pi)ct + ﬁw’)

(4)

Elti)m is the number of words in diry to be as-
signed the topic ¢ and nig;)iCt is the total number of

times the word w is assigned the topic t.

where n

3.3 Document similarities

Using words’ topic distributions to calculate
document similarities
As we can see from Eq. (2), in the LDA method
we can model a word w in a document d with
a topic distribution. Using this topic distribu-
tion  {P(t1|w,d), P(ta|w,d), -, P(tr|w,d)}, we
can consider an appeareance of w as appeareances
of T words w®, w® ... w@™ where each w®
has a weight P(t;Jw,d).  Upon this considera-
tion, an original d = (wy,wy,...,w;) becomes d7) =
(wg)?wgz)v T awET)vwél)vwg)a e ’wéT)v T l(l)’ wl(2)a

. ,wl(T)). Then, using this d7), we can redefine the
document similarity calculation in the tf-idf VSM as
follows.

)



Sim(d{", d"y
wiy,i=wz; t
P(t|’LU27j, dg)weight(wg,j, dg),
T
weight(w,d) =
t=1

Here, P(tlws,;,d1) is the topic probability of wq,; in
document d; and P(t|w) is topic probability of w in
directories. They are defined in details in the next
part in this Subsection. P(t|w; ;,d1) acts as the fre-
quency tf and weight(w) acts as the informativeness
idf in the traditional tf-idf VSM. The meaning of Eq.
(6) can be explained as follows. Given that w is ob-
served in d, we learn the topic distribution associated
with w: (p(t1|w,d),- -, p(tr|w,d)). If we have not ob-
served w, then the topic distribution is the same for
all topics: (%, e %) Therefore, the amount of infor-
mation conveyed by w is the difference of information
amount between these two topic distributions, which is
Eq. (6).

Inference of words’ topic distributions in a
new document
We apply the Gibbs sampling algorithm to a new doc-
ument as follows. For a new document, we first ini-
tialize the topic distribution for each word by using
the observed topic distributions in the web directories.
Then, we update the topic distribution for each word
by using the topic distributions of other words in the
same document.

1. Initial step
The topic distribution of a word w observed from
web directories can be calculated as follows

D) P(wlt)
P(w)
o< P()P(wlt) = P(t)¢tw-(7)

Pinit(tw = t|'LU, d) = P(t|w) =

Here, P(t) is proportional to the number of word
slots assigned to topic t in the learning phase and
P(w|t) = @4 For a term ¢ that does not appear
in web directories, we cannot calculate its topic
distribution and we ignore this kind of term in
our calculations.

2. Update step
As can be seen from Egs. (3) and (4), in Eq. (2),
the first factor is equivalent to P(¢|d) and the sec-
ond factor is equivalent to P(w;|t). Therefore, the
update step of the Gibbs sampling algorithm can

Z ZP(t\wl,i,dl)weight(wl’i,dl)

logT + Z P(t|w,d)log P(t|w,d).

be rewrite as follows
Pnew(t‘wiad) X P(t|d>P(wz|t)a (8)

P(tld) o > P(tlw,d). (9)
(5) wed

We update the topic distributions of words in a
(6) similar manner and the detailed calculations are
as follows
P(t|d)P(wilt)
> P(td) P(w;lt)
> dP(t‘w)
P(tld) = SS , (11)
Zt Zwed P(t|w)
Y Poa(tlwi, d) +
(1 — ) Prew (tlw;i, d).(12)

Here, we use a smoothing technique while updat-
ing words’ topic distributions. In our experiment,
we update topic distributions of words 100 times
and use a smoothing factor of v = 0.95.

Pnew(t‘whd) ’ (10)

Pupdate (t‘wla d) =

4. Experiments
4.1 Data sets

Data sets of pseudo-ambiguous names
We used 24 name queries to get documents from the
Google search engine. They were names of researchers
specializing in some fields as listed in Table 1. We
sent each name to the Google search engine and took
the top 100 results. Then, we artificially created name
ambiguity documents to obtain a large number of test
sets as follows. We selected two result sets correspond-
ing to two names and mixed them together. Then,
we replaced personal names in the documents with the
name X to create a set of documents containing am-
biguous names. The two name queries were selected
from two researchers in different fields, so that peo-
ple in the mixed data set had different professional
careers.  Since we used four research fields and six
personal names from each research field, this method
of mixing documents yielded (3) x 6 x 6 = 216 test sets.

Data sets of real ambiguous names
Besides our own prepared data set, we also carried out
experiments with an objective data set. We used the
data set from the Web People Search Task (WePS)® at
the SemEval-2007 workshop®. This data set contains
a training set of 49 ambiguous names and a test set of
30 ambiguous names. In our experiment, we use both
of the two sets as test sets. The ambiguous names in
WePS are from Wikipedia, the ECDL06 conference,
the ACLO06 conference, and US Census data. More
details can be found in [1].

Shttp://nlp.uned.es/weps/
6http://nlp.cs.swarthmore.edu/semeval /index.php



Table 1. List of 24 name queries

Field Name
Computer | Tom M. Mitchell, John D. Lafferty
science Andrew McCallum, Tanaka Katsumi
Adachi Jun, Sakai Shuichi
Paul G. Hewitt, Edwin F. Taylor
Physics Paul W. Zitzewitz, Frank Bridge
Kenneth W. Ford, Michael A. Dubson
Scott Hammer, Thomas F. Patterson
Medicine | Michele L. Pearson, Henry F. Chambers
David C. Hooper, Lindsay E. Nicolle
John M. Roberts, David Reynolds
History Thomas E. Woods, Thomas A. Brady
William L. Cleveland, Peter Haugen

Table 2. Numbers of directories and docu-
ments in the directory structures

Directory | Number of | Number of

name directories | documents
Googlel0 214 6762
Google20 124 5318
Yahool0 219 5979
Yahoo20 109 4524
Dmoz10 175 5701
Dmoz20 103 4551

Data sets for web directories
We chose three well-known web directories to use in our
experiments: the Dmoz directory, the Google directory
and the Yahoo directory. For each directory resource,
we selected document sets in an objective fashion as
follows. The document sets in a directory were orga-
nized in a tree structure. We only selected up to the
level two child nodes starting from the root node, since
deeper nodes contain only small number of documents
and topics are not strong there. Among the selected
child nodes, we also removed document sets that have
a small number of documents. For each directory, we
used 10 and 20 as the threshold number of documents
to create two directory structures. The details of six
resulting directory structures are listed in Table 2.

We applied the LDA method and the Gibbs sam-
pling algorithm to each directory structure to extract
topics. We removed stop words and ignored words
that appeared in less than 10 documents and got a
vocabulary of roughly 10000 words. We set the num-
ber of topics equal to the number of directories T'= D,
since we only want to extract directories’ specific top-
ics. The other hyper-parameters were selected as fol-
lows: a = 32,3 =2% and k = 1,10, 20,50, 100, 200.
4.2 Baseline methods

We compared our approach with two baseline meth-

ods: a VSM method and a NER method.

Vector space model method

In the VSM method, we removed stop words and
used the Porter stemming algorithm” to change words
to their root forms. Then, we chose n words before
and n words after every personal name to create a doc-
ument’s bag of words and used the tf-idf method|[8] to
measure term weights. The document similarities were
calculated by inner products of document vectors.

Named entity recognition method

In the NER method, we used the LingPipe software®
to extract entity names in documents. Then, the entity
names were used to construct named entity vectors of
documents. The document similarities were calculated
by inner products of the named entity vectors.

4.3 Evaluation metrics

We evaluated the disambiguation performance by
measuring re-ranking performances.

Re-ranking performance for each document

For each document d in a test set, we re-ranked
the other documents in that test set in order of their
similarities to d, so that documents relevant to the
person mentioned in d tended to go to the top. We
recorded precision values at 11 recall points: P(d, 0%),
P(d,10%),...,P(d, 100%). Finally, we calculated the av-
erage precision among all documents in one test set
and then the average precision among all test sets as
follows.

Average of performance among all documents
in each test set

For a test document set D, we calculated the aver-
aged precision values at 11 recall points.

D gep Pd, k%)

P(D, k%) = D] ; (13)

where |D| was the number of documents in D, and
k =0,10,...,100.
Average of performance among all test sets
We calculated the average precision over all test sets
as follows.
_ 2 p P(D, k%)

P(k%) = =2—=2, (14)

where N was the number of test sets.

4.4 Experimental results

We conducted experiments with our 216 test sets
of pseudo-ambiguous names and the WePS test sets.
The six directory structures were used independently to

modify documents. We chose a window size n = 100
and bias factors k = 1,10, 20, 50, 100, 200.

"http://tartarus.org/~martin/PorterStemmer/
8http://www.alias-i.com/lingpipe
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Figure 2. Performance of SKB-LDA with the
Dmoz directories

Table 3. Performances of the baseline meth-
ods

Method Poer
Vector Space Model 58.5%
Named Entity Recognition | 54.1%

The overall performance for each method

Table 3, 4, and 5 list the performances of the baseline
methods and our method, respectively. Fig. 2 shows
the precision-recall graphs for our method with the
Dmoz directory structures and the comparisons with
the baseline methods. In these results, our method
outperformed both baseline methods, VSM and NER.

Performance of our approach when varying
the bias factor

We varied the bias factor k used in the step of la-
tent topic extraction, as described in Section 3.2 to
compare our biased LDA model with normal LDA
models. The values of the bias factor were k =
1,10,20, 50,100, and 200. When k£ = 1, our biased
model becomes a normal LDA model, in which top-
ics are symmetric to all directories. When k£ > 1, the
topics are asymmetric and each directory is biased to
its own specific topic. The performances with differ-
ent bias factors in terms of the average precision are
plotted in Fig. 3. As we can see from the graph, the
effects of bias were significant for k = 50,100 with the
Dmoz103, Google124, and Yahool09 directories.

Performances with real ambiguous names

The results with the WePS dataset are listed in Ta-

Table 4. Performance of SKB-LDA with differ-
ent bias factors

Bias | Googlel24 | Yahool09 | Dmoz103
1 64.27% 64.02% 64.55%
10 63.63% 63.27% 64.90%
20 64.29% 65.15% 65.35%
50 63.79% 65.42% 66.31%
100 65.02% 65.20% 65.40%
200 66.26% 62.65% 66.56%

Table 5. Performance of SKB-LDA with differ-
ent bias factors

Bias | Google214 | Yahoo219 | Dmoz175
1 63.71% 62.90% 65.24%
10 64.12% 64.05% 65.21%
20 64.51% 64.54% 65.31%
50 63.71% 63.40% 65.09%

100 64.15% 64.17% 65.46%

200 63.42% 64.40% 65.12%
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Figure 3. Performance of SKB-LDA with dif-
ferent bias factors

ble 6. Our approach also outperformed VSM approach
and NER approach in this experiment, as well.

Table 6. Experimental results with WePS
dataset

Method Averaged precision

NER 76.26%

VSM 78.01%
SKB-LDA Google124 80.79%
SKB-LDA Dmoz103 80.94%
SKB-LDA Yahool09 81.17%

5. Discussions
5.1 Comparison with VSM method

We have used web directories as additional infor-
mation to improve the measurement of common con-
texts in documents. Some advantages of using web
directories are as follows. Compared to a normal web
page, web directories contain a greater abundance of
text and their topics appear more strongly. We have
used the LDA method to extract web directories’ latent
topics. Then, these extracted topics are combined with
a Gibbs sampling calculation to analyze online docu-
ments’ topics. This combination allows us to recognize
topics that are strongly related to a word more easily.
Upon recognization of words’ important topics, we im-
prove the traditional document similarity calculation
in VSM, so that the meanings of words are considered
more precisely. In our approach, a word’s meaning is
represented by a topic distribution for that word, and



this distribution can be observed more effectively with
the use of web directories.

5.2 Comparison with NER method

In the WePS task at the SemEval-2007 work-
shop, the CU-COMSEM team][4], which achieved the
best performance, used an NER technique and a co-
reference technique to extract features of people. Their
performance in terms of SemEval’s Fy,cqsure metric[1]
has reached 78%. We applied our proposed simi-
larity measurements to form clusters of people from
WePS test sets using some clustering methods such as
single-link, complete-link, and average-link agglomer-
ative clustering. The resulting clustering performance
was about 63%, which is lower than that of the CU-
COMSEM team. Actually, the clustering task is diffi-
cult and most of the participating teams have the re-
sults ranging from 40% to 67%. In order to improve
the performance of our method for the WePS task, we
need to develop a clustering method suitable for our
proposed similarity measurement. This is one of our
future works.

Comparing to the method by CU-COMSEM team,
our method has the following advantages. The NER
technique and the co-reference technique require sig-
nificant human effort to annotate the training data.
They are difficult to apply to languages where natural
language processing researche is not mature. In con-
trast to these techniques, our approach extracts latent
topics in an unsupervised manner and it only requires
a collection of documents on some topics. In our re-
search, we have used web directories, but other kinds
of resources like Wikipedia categories and newspaper
archives could also be suitable.

Our approach has a disadvantage of increasing cal-
culation complexity. In particular, the online compu-
tation time is also increased, since we have to mod-
ify online documents and documents’ bags of words
are T times longer than those in the VSM. In our
experiments, the calculation time for our SKB-LDA
method is about ten times longer than that for the
VSM method.

6. Conclusions

We have proposed a new method that uses web di-
rectories as a kind of additional information to improve
name disambiguation performances. We applied the
LDA method to preprocess web directories and to ex-
tract the latent topics contained in the web directories.
Then, the extracted topics are used to recognize online
documents’ topics and to disambiguate personal names
in online documents. Our experimental results showed
that the LDA method was effective in extracting la-
tent topics and that the use of these topics improved

the name disambiguation performance.
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