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Abstract

We propose a novel probabilistic technique
for modeling and extracting salient struc-
ture from large document collections. As
in clustering and topic modeling, our goal
is to provide an organizing perspective into
otherwise overwhelming amounts of infor-
mation. We are particularly interested in
revealing and exploiting relationships be-
tween documents. To this end, we focus on
extracting diverse sets of threads—singly-
linked, coherent chains of important doc-
uments. To illustrate, we extract research
threads from citation graphs and construct
timelines from news articles. Our method
is highly scalable, running on a corpus of
over 30 million words in about four minutes,
more than 75 times faster than a dynamic
topic model. Finally, the results from our
model more closely resemble human news
summaries according to several metrics and
are also preferred by human judges.

1 Introduction

The increasing availability of large document
collections has the potential to revolutionize
our ability to understand the world. However,
the scale and complexity of such collections fre-
quently make it difficult to quickly grasp the
important details and the relationships between
them. As a result, automatic interfaces for data
navigation, exploration, aggregation, and analy-
sis are becoming increasingly valuable.

In this work we propose a novel approach:
threading structured document collections. Con-

sider a large graph, with documents as nodes
and edges indicating relationships, as in Figure 1.
Our goal is to find a diverse set of paths (or
threads) through the collection that are indi-
vidually coherent and together cover the most
salient parts. For example, given a collection
of academic papers, we might want to identify
the most significant lines of research, threading
the citation graph to produce chains of impor-
tant papers. Or, given news articles connected
chronologically, we might want to extract threads
of articles to form timelines describing the ma-
jor events from the most significant news stories.
Top-tier news organizations like The New York
Times and The Guardian regularly publish such
timelines, but have so far been limited to creat-
ing them by hand. Other possibile applications
might include discovering trends on social media
sites, or perhaps mining blog entries for impor-
tant conversations through trackback links. We
show how these kinds of threading tasks can be
done efficiently, providing a simple, practical tool
for representing graph-based data that offers new
possibilities compared with existing models.

The Topic Detection and Tracking (TDT) pro-
gram (Wayne, 2000) has recently led to some
research in this direction. Several of TDT’s core
tasks, like link detection, topic detection, and
topic tracking, can be seen as subroutines for
the threading problem. Our work, however, ad-
dresses these tasks jointly, using a global prob-
abilistic model with a tractable inference algo-
rithm. To achieve this, we employ structured
determinantal point processes (SDPPs) (Kulesza
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Figure 1: An illustration of document collection threading. We first build a graph from the collection, using
measures of importance and relatedness to weight nodes (documents) and build edges (relationships). Then,
from this graph, we extract a diverse, salient set of threads to represent the collection. The supplement
contains a version of this figure for our real-world news dataset.

and Taskar, 2010), which offer a natural prob-
abilistic model over sets of structures (such as
threads) where diversity is desired, and we incor-
porate k-DPP extensions to control the number
of threads (Kulesza and Taskar, 2011).

We apply our model to two real-world datasets,
extracting threads of research papers and time-
lines of news articles. An example of news
threads extracted using our model is shown in
Figure 2. Quantitative evaluation shows that our
model significantly outperforms multiple base-
lines, including dynamic topic models, in com-
parisons with human-produced news summaries.
It also outperforms baseline methods in a user
evaluation of thread coherence, and runs 75 times
faster than a dynamic topic model.

The primary contributions of this paper
are: (1) proposing a novel framework for finding
diverse and salient sets of document threads; (2)
combining SDPPs and k-DPPs to implement the
proposed model; (3) introducing random projec-
tions to improve efficiency with only bounded
deviation; and (4) demonstrating the model on
large-scale, real-world datasets.

2 Related Work

A variety of papers from the topic tracking liter-
ature are broadly related to our work (Mei and
Zhai, 2005; Blei and Lafferty, 2006; Leskovec et
al., 2009; Ahmed and Xing, 2010). Blei and Laf-
ferty (2006) recently introduced dynamic topic
models (DTMs). Assuming a division of doc-
uments into time slices, a DTM draws in each
slice a set of topics from a Gaussian distribution
whose mean is determined by the topics from
the previous slice. In this way, a DTM generates

topic threads. In this work we are interested in
the related but not identical task of generating
document threads. We engineer a baseline for
constructing document threads from DTM topic
threads (see Section 6.2.2), but the topic-centric
nature of DTMs means they are not ideal for
this task. Figure 2 illustrates some of the issues.

The work of Ahmed and Xing (2010) general-
izes DTMs to iDTMs (infinite DTMs) by allowing
topics to span only a subset of time slices, and
allowing an arbitrary number of topics. However,
iDTMs still require placing documents into dis-
crete epochs, and the issue of generating topic
rather than document threads remains. In Sec-
tion 6 we compare to DTMs but not iDTMs
because an implementation of iDTMs was not
readily available.

In the information retrieval community there
has also been work on extracting temporal in-
formation from document collections. Swan and
Jensen (2000) proposed a system for finding tem-
porally clustered named entities in news text and
presenting them on a timeline. Allan, Gupta,
and Khandelwal (2001) introduced the task of
temporal summarization, which takes a stream
of news articles on a particular topic and tries to
extract sentences describing important events as
they occur. Yan et al (2011) evaluated methods
for choosing sentences from temporally clustered
documents that are relevant to a query. Here, we
are interested not in extracting topically grouped
entities or sentences, but instead in organizing a
subset of the articles themselves into timelines,
with topic identification as a side effect.

There has also been some prior work focus-
ing more directly on threading. Shahaf and
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mets rangers dodgers delgado martinez astacio angels mientkiewicz 

hotel kitchen casa inches post shade monica closet 

Feb 24: Parkinson’s Disease Increases Risks to Pope
Feb 26: Pope’s Health Raises Questions About His Ability to Lead
Mar 13: Pope Returns Home After 18 Days at Hospital
Apr 01: Pope’s Condition Worsens as World Prepares for End of Pa-

pacy
Apr 02: Pope, Though Gravely Ill, Utters Thanks for Prayers
Apr 18: Europeans Fast Falling Away from Church
Apr 20: In Developing World, Choice [of Pope] Met with Skepticism
May 18: Pope Sends Message with Choice of Name

Jan 11: Study Backs Meat, Colon Tumor Link
Feb 07: Patients—and Many Doctors—Still Don’t Know How Often

Women Get Heart Disease
Mar 07: Aspirin Therapy Benefits Women, but Not in the Way It

Aids Men
Mar 16: Study Shows Radiation Therapy Doesn’t Increase Heart Dis-

ease Risk for Breast Cancer Patients
Apr 11: Personal Health: Women Struggle for Parity of the Heart
May 16: Black Women More Likely to Die from Breast Cancer
May 24: Studies Bolster Diet, Exercise for Breast Cancer Patients
Jun 21: Another Reason Fish is Good for You

Figure 2: A set of five news threads generated by our method (left) and a dynamic topic model (right) for
the first half of 2005. Above, the threads are shown on a timeline with the most salient words superimposed;
below, the dates and headlines from the threads appearing at the bottom are listed. Topic models are not
designed for threading and often link together topically similar documents that do not constitute a coherent
news story, as on the right.

Guestrin (2010) and Chieu and Lee (2004) pro-
posed selecting a single thread, whereas we seek
a set of threads, which is a more general task.
Shahaf, Guestrin, and Horvitz (2012) recently
proposed metro maps as alternative structured
representations of related news stories. Metro
maps are effectively sets of non-chronological
threads that are encouraged to intersect and thus
create a “map” of events and topics. However,
these approaches assume some prior knowledge
about content. Shahaf and Guestrin (2010), for
example, assume the thread endpoints are spec-
ified, and Chieu and Lee (2004) require a set
of query words. These inputs make it possible
to quickly pare down the document graph. In
constrast, we work with very large graphs and
consider all possible threads. Furthermore, while
some prior work has relied on heuristics and ap-
proximate optimization, we can efficiently sample
a joint probabilistic model with approximation
guarantees.

In previous work on SDPPs (structured DPPs),
which we use here to model threads, Kulesza and
Taskar (2010) derived exact polynomial-time al-
gorithms for sampling and other inference. How-
ever, their experiments involved feature vectors
of only 32 dimensions. For text, natural features

like word occurrences typically yield dimension-
ality in the tens of thousands, making SDPP
inference prohibitively expensive. We solve this
problem by reducing the feature space using ran-
dom projections (see Section 5). We prove that
even a logarithmic number of projections is suffi-
cient to yield a close approximation to the origi-
nal SDPP distribution.

3 Framework

Before presenting our probabilistic model, we
describe a natural framework for representing
document collections. We assume that the collec-
tion has been transformed into a directed graph
G = (V,E) on n vertices, where each node cor-
responds to a document and each edge repre-
sents a relationship between documents whose
semantics depend on the task. We also as-
sume the existence of a weight function w on
nodes and edges, which measures the impor-
tance or salience of documents and the relative
strength of the relationships between them. For-
mally, we define the weight of a path (or thread)
y = (y(1), y(2), . . . , y(T )), (y(t), y(t+1)) ∈ E by:

w(y) =

T∑
t=1

w
(
y(t)
)

+

T−1∑
t=1

w
(
y(t), y(t+1)

)
. (1)
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Lastly, we also assume the existence of node
features. Specifically, let φ represent a feature
mapping from nodes to RD (for example, tf-idf
word vectors). The feature map on a thread is
then just a sum over the nodes in the thread:

φ(y) =

T∑
t=1

φ
(
y(t)
)
. (2)

(If it is convenient to have features on edges as
well as on nodes, it is possible to accommodate
them without affecting asymptotic performance.)
Given this framework, our goal is to develop
a probabilistic model over sets of k threads of
length T , favoring sets whose threads have large
weight but are also distinct from one another with
respect to φ. In other words, a high-probability
set under the model should include threads that
are both salient and diverse.

This is a daunting problem, given that the
number of possible sets of threads is O(nkT ).
For the datasets we use later, the actual number
is around 21000. However, we will show how to
construct the desired model in a way that allows
efficient inference, even for large datasets, using
determinantal point processes (DPPs). We begin
with some background.

4 Determinantal point processes

A DPP is a type of distribution over subsets.
Formally, a DPP P on a set of items Y =
{y1, . . . , yN} is a probability measure on 2Y , the
set of all subsets of Y . (In our setting, Y will be
the set of all possible threads.) For every Y ⊆ Y
we have:

P(Y ) =
det(LY )∑

Y⊆Y
det(LY )

=
det(LY )

det(L+ I)
, (3)

where L is a positive semidefinite matrix and I
is the N ×N identity matrix. LY ≡ [Lij ]yiyj∈Y
denotes the restriction of L to the entries indexed
by elements of Y , and det(L∅) = 1. We can
define the entries of L as follows:

Lij = q(yi)φ(yi)
>φ(yj)q(yj) , (4)

where we can think of q(yi) ∈ R+ as the “qual-
ity” of an item yi, and φ(yi) ∈ RD, ‖φ(yi)‖2 = 1

Figure 3: (a) The DPP probability of a set Y depends
on the volume spanned by vectors q(yi)φ(yi) for i ∈ Y .
(b) As quality (length) increases, so does volume. (c)
As similarity increases, volume decreases.

as a normalized D-dimensional feature vector
such that φ(yi)

>φ(yj) ∈ [−1, 1] is a measure of
similarity between items yi and yj . This simple
definition gives rise to a distribution that places
most of its weight on sets that are both high qual-
ity and diverse. To understand why this is the
case, note that determinants are closely related
to volumes; in particular, det(LY ) is proportional
to the volume spanned by the vectors q(yi)φ(yi)
for yi ∈ Y . Thus, sets with high-quality, diverse
items have the highest probability; see Figure 3
for an illustration.

4.1 Structured DPPs

Kulesza and Taskar (2010) introduced structured
DPPs (SDPPs) to efficiently handle Y containing
exponentially many structures. In our setting, Y
contains all threads of length T , so each yi ∈ Y is

a sequence (y
(1)
i , . . . , y

(T )
i ), where y

(t)
i is the docu-

ment included in the thread at position t. When
G is a complete graph, there are nT possible
sequences, so |Y| = N = nT .

In order to allow for efficient normalization
and sampling, SDPPs assume a factorization
of the quality score q(yi) and similarity score
φ(yi)

>φ(yj) into parts, decomposing quality mul-
tiplicatively and similarity additively:

q(yi) =
T∏
t=1

q
(
y

(t)
i

)
φ(yi) =

T∑
t=1

φ
(
y

(t)
i

)
(5)

For threading, the definition of φ is just as given
in Equation (2). However, in order to convert the
weight function defined in Equation (1) to the
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appropriate multiplicative form, we use a sim-
ple log-linear model, setting q(yi) = exp(λw(yi)),
where λ is a hyperparameter that effectively gov-
erns the balance between quality and diversity
by adjusting the dynamic range of the quality
function.

An efficient algorithm for sampling structures
(in this case, sets of threads) from an SDPP is
derived in Kulesza and Taskar (2010). While
the details are beyond the scope of this paper,
we note that the sampling algorithm requires
O(Tn2D2) time. If the node degrees are bounded
by r then the time is reduced to O(TrnD2). This
is not quite efficient enough when the number
of features, D, is large, as it often is for textual
tasks, but we will show in Section 5 how to
overcome this last hurdle.

Note that, in our later experiments, we fix T
to moderate values (T = 5, 8) for ease of analysis
and display. However, it is possible (and effi-
cient, due to the linear scaling) to allow longer
threads, as well as threads of variable length.
The latter effect can be achieved by adding a sin-
gle “dummy” node to the document graph, with
incoming edges from all other documents and a
single outgoing self-loop edge. Shorter threads
will simply transition to this dummy node when
they are complete.

4.2 k-DPPs

SDPPs allow us to efficiently model all sets of
threads; however, for practical reasons we would
prefer to focus only on sets of exactly k threads.
To do so we exploit recently developed methods
for working with DPPs of fixed size (Kulesza
and Taskar, 2011). A k-DPP Pk is a DPP con-
ditioned on the event that the subset Y ∈ Y has
cardinality k; formally, whenever |Y | = k:

Pk(Y ) =
det(LY )∑

|Y ′|=k det(LY ′)
. (6)

In this work we combine k-DPPs with SDPPs,
referring to the result as a k-SDPP. We note that
using k-SDPPs instead of SDPPs does not affect
efficiency of sampling; it merely affords a mecha-
nism for controlling the number of threads.

5 Random projections

As described above, the time complexity for sam-
pling sets from SDPPs is O(TrnD2). Although
this is polynomial, for practical problems nD2

is prohibitively large. While previous work has
dealt only with small datasets, in our experi-
ments we typically have n,D > 30,000; storing
a single message for the message-passing routine
involved in SDPP sampling would require over
200 terabytes of memory. To make the model
practical, therefore, we turn to techniques for
dimensionality reduction.

Standard PCA requires O(D3) time and would
be much too slow. But a classic result of John-
son and Lindenstrauss (1984) shows that high-
dimensional points can be randomly projected
onto a logarithmic number of dimensions while
approximately preserving the distances between
them. More recently, Magen and Zouzias (2008)
extended this idea to the preservation of volumes
spanned by sets of points. Here, we use a rela-
tionship between determinants and volumes to
adapt the latter result. We will prove the follow-
ing bound on the variational distance between
the original k-SDPP and a randomly projected
version.

Theorem 1. Fix ε, δ < 1/2, and set d =

max

{
2k

ε
,
24

ε2

(
log(3/δ)

logN
+ 1

)
log 2N + k − 1

}
.

(7)
Let Pk be the k-SDPP distribution in Equa-
tion (6), let G be a d × D random matrix
whose entries are independently sampled from
N (0, 1/d), and let P̃k(Y ) be the k-SDPP distri-
bution after projecting φ by G—that is, replacing
φ with Gφ. Then with probability at least 1− δ,

‖Pk−P̃k‖1 =
∑
|Y |=k

|Pk(Y )−P̃k(Y )| ≤ e6kε−1 .

(8)
Note that e6kε − 1 ≈ 6kε when kε is small, and
d = O(max{k/ε, (log(1/δ) + T log n)/ε2}).

Practically, Theorem 1 says that if we project
φ down to dimension d logarithmic in the number
of documents and linear in thread length, the L1

variational distance between the true model and
the projected model is bounded.
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To prove Theorem 1, we will first state a vari-
ant of Magen and Zouzias’ result, which bounds
the ratio of volumes before and after projection
from D down to d dimensions.

Lemma 1. Let X be a D×N matrix. Fix k < N
and ε, δ < 1/2, and set d and G as in Theorem 1.
Then with probability at least 1− δ we have, for
all D × k matrices Y formed by a subset of k
columns from X:

(1− ε)k ≤ Vol(GY )

Vol(Y )
≤ (1 + ε)k ,

where Vol(Y ) is the k-dimensional volume
spanned by the columns of Y and the origin.

We can make use of the following fact to con-
vert this bound on volumes to a bound on deter-
minants:

Vol(Y ) =
1

k!

√
det(Y >Y ) . (9)

In order to handle the k-SDPP normalization
constant

∑
|Y |=k

∏
yi∈Y

q2(yi)

det(φ(Y )>φ(Y )) , (10)

we also must adapt Lemma 1 to sums of deter-
minants. The following lemma gives the details.

Lemma 2. Under the same conditions as
Lemma 1, with probability at least 1− δ,

(1+2ε)−2k ≤
∑
|Y |=k det((GY )>(GY ))∑

|Y |=k det(Y >Y )
≤ (1+ε)2k .

Proof.∑
|Y |=k

det((GY )>(GY ))

=
∑
|Y |=k

(k!Vol(GY ))2

≥
∑
|Y |=k

(
k!Vol(Y )(1− ε)k

)2

≥ (1 + 2ε)−2k
∑
|Y |=k

det(Y >Y ) ,
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Figure 4: The effect of random projections. In black,
on the left, we estimate the L1 variational distance
between the true and projected models. In blue, on
the right, we plot the memory required for sampling.
Running time is proportional to memory use.

where the first inequality holds with probability
at least 1−δ by Lemma 1, and the second follows
from the fact that (1− ε)(1 + 2ε) ≥ 1 (since ε <
1/2), thus (1− ε)2k ≥ (1 + 2ε)−2k. A symmetric
argument gives the upper bound.

Proof (of Theorem 1). Let B be the matrix
whose columns are given by Bi = q(yi)φ(yi).
We have

‖Pk − P̃k‖1 =
∑
|Y |=k

|Pk(Y )− P̃k(Y )|

=
∑
|Y |=k

Pk(Y )

∣∣∣∣∣1− P̃k(Y )

Pk(Y )

∣∣∣∣∣
=
∑
|Y |=k

Pk(Y )

∣∣∣∣1− det([GB>Y ][GBY ])

det(B>Y BY )

·
∑
|Y ′|=k det(B>Y ′BY ′)∑

|Y ′|=k det([GB>Y ′ ][GBY ′ ])

∣∣∣∣∣
≤
∣∣∣1− (1 + ε)2k(1 + 2ε)2k

∣∣∣ ∑
|Y |=k

Pk(Y )

≤ e6kε − 1 ,

where the first inequality follows from Lemma 1
and Lemma 2, which hold simultaneously with
probability at least 1− δ, and the second follows
from (1 + a)b ≤ eab for a, b ≥ 0.
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Figure 5: Example threads sampled from a 4-SDPP with thread length T = 5 on the Cora dataset. We
project from word-space to two dimensions by running PCA on the centroids of the threads. The nodes not
on the thread paths form a representative subset of the other documents from Cora. Displayed beside each
thread are a few of its maximum-tfidf words. Paper titles from two of the threads are shown to the right.

6 Experiments

We begin by showing the performance of random
projections on a small, synthetic threading task
where the exact model is tractable, with n = 600
and D = 150. Figure 4 shows the L1 variational
distance (estimated by sampling) as well as the
actual memory required for a variety of projec-
tion dimensions d. Note that, as predicted by
Theorem 1, fidelity to the true model increases
rapidly with d.

6.1 Cora citation graph

To qualitatively illustrate our model, we apply
it to Cora (McCallum et al., 2000). Cora is a
large collection of academic papers on computer
science topics, plus citations between them. We
construct a directed graph with papers as nodes
and citations as edges; after removing papers
with missing metadata or zero outgoing citations,
our graph contains n = 28,155 papers.

To obtain useful threads, we set edge weights
to reflect the degree of textual similarity between
the citing and cited papers, and set node weights
to reflect paper “importance”. Edge weights
are given by normalized cosine similarity (NCS),
which for two documents i and j is the dot prod-
uct of their normalized tfidf vectors:∑

w∈W tfidfi(w)tfidfj(w)√∑
w∈W tfidfi(w)2

√∑
w∈W tfidfj(w)2

,

where W is a subset of the words found in the
documents. We select W by filtering according
to document frequency; that is, we remove words
that are too common or too rare. After filtering,
there are 50,912 unique words. The node weights
are given by LexRank scores (Erkan and Radev,
2004), which are similar to node degrees.

Finally, we build a similarity feature map φ to
encourage diversity. We represent each document
by the 1000 documents to which it is most similar
according to NCS; this results in binary φ of
dimension m = n with exactly 1000 non-zeros.
The dot product between the similarity features
of two documents is thus proportional to the
fraction of top-1000 similar documents they have
in common. As described in Section 5, we then
randomly project this large feature set from D ≈
28,000 to d = 50 dimensions.

We illustrate the behavior of the resulting
model in Figure 5. The discovered threads oc-
cupy distinct regions of word-space, standing
apart visually, and contain diverse salient terms.

6.2 News articles

For quantitative evaluation, we use newswire
data. Our dataset comprises over 200,000 arti-
cles from the New York Times, collected from
2005-2007 as part of the English Gigaword cor-
pus (Graff and Cieri, 2009). We split the articles
into six-month time periods, with an average of
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n = 34,504 articles per period. After filtering,
there are a total of 36,356 unique words.

For each time period, we generate a graph with
articles as nodes. We use NCS for edge weights,
and throw away edges with weight < 0.1. We
also require that edges go forward in time; this
enforces the chronological ordering of our threads.
The supplement contains illustrations of one of
the resulting graphs. We use LexRank for node
weights and the top-1000 similar documents as
similarity features φ, projecting to d = 50, as
before (Section 6.1). We also add a constant fea-
ture ρ to φ, which controls the overall degree of
repulsion; large values of ρ make all documents
more similar. This makes the k-SDPP distri-
bution more peaked around diverse sets. For
all of the following results, we use T = 8 and
k = 10 so that the resulting timelines are of a
manageable size for analysis. However, we tried
several values of k and T in our experiments, and
did not see significant differences in relative per-
formance. We report all metrics averaged over
100 random samples from the model for each
six-month period.

6.2.1 Graph visualizations

The (very large) news graph for the first
half of 2005 can be viewed interactively at
http://zoom.it/jOKV. In this graph each node
(dark circle) represents a news article, and is an-
notated with its headline. Node size corresponds
to weight (LexRank score). Nodes are laid out
chronologically, left-to-right, from January to
June of 2005. The five colored paths indicate a
set of threads sampled from the k-SDPP. Head-
lines of the articles in each thread are colored
to match the thread. Edges are included as de-
scribed in the paper, but due to the scale of this
dataset, only 1% of the edges are shown. Edge
thickness corresponds to weight (NCS).

We provide a view of a small subgraph for
illustration purposes in Figure 6, which shows
the incoming and outgoing edges for a single
node. A zoomable version of this subgraph is
available at http://zoom.it/GUCR.

STUDY ANALYZES DATA ON ILLEGAL IMMIGRANTSSTUDY ANALYZES DATA ON ILLEGAL IMMIGRANTS

WELCOME TO 'TEH-JAS,' LAND OF THE ALAMO AND COWBOYWELCOME TO 'TEH-JAS,' LAND OF THE ALAMO AND COWBOY

FOR IMMIGRANTS, SUCCESS OFTEN STARTS WITH BIZARRE STREET SIGNSFOR IMMIGRANTS, SUCCESS OFTEN STARTS WITH BIZARRE STREET SIGNS

DOMINICANS TAKE THEIR PLACE AS AN AMERICAN SUCCESS STORYDOMINICANS TAKE THEIR PLACE AS AN AMERICAN SUCCESS STORY

MEXICAN MANUAL ON ILLEGAL IMMIGRATION DRAWS FIREMEXICAN MANUAL ON ILLEGAL IMMIGRATION DRAWS FIRE

CALIFORNIA REPUBLICAN COUNTERS BUSH IMMIGRATION PLANCALIFORNIA REPUBLICAN COUNTERS BUSH IMMIGRATION PLAN

HOUSE BILL TARGETS FAKE SOCIAL SECURITY CARDS; PROPOSAL CALLS FOR DIGITAL PHOTO, ELECTRONIC STRIPHOUSE BILL TARGETS FAKE SOCIAL SECURITY CARDS; PROPOSAL CALLS FOR DIGITAL PHOTO, ELECTRONIC STRIP

GARCIA SEEKS MAJOR FOR HIS RESUMEGARCIA SEEKS MAJOR FOR HIS RESUME

VIDEOCONFERENCES LINK IMMIGRANTS AND LOVED ONESVIDEOCONFERENCES LINK IMMIGRANTS AND LOVED ONES

BORDER CROSSING: A GUIDE FOR THE ILLEGAL MIGRANTBORDER CROSSING: A GUIDE FOR THE ILLEGAL MIGRANT

POLITICIANS' DREAM WOULD BECOME A NIGHTMARE FOR COPSPOLITICIANS' DREAM WOULD BECOME A NIGHTMARE FOR COPS

NEW SOCIAL SECURITY CARD COULD THWART ILLEGAL IMMIGRANTSNEW SOCIAL SECURITY CARD COULD THWART ILLEGAL IMMIGRANTS

AS HISPANICS EMBRACE LIFE IN U.S., SOME PREFER TO LIMIT FAMILY SIZEAS HISPANICS EMBRACE LIFE IN U.S., SOME PREFER TO LIMIT FAMILY SIZE

TEXAS CONGRESSMAN CORNYN TO LEAD IMMIGRATION PANEL; SENATOR'S BILL, REFLECTIVE OF WHITE HOUSE REFORM GOALS, MEETS OPPOSITIONTEXAS CONGRESSMAN CORNYN TO LEAD IMMIGRATION PANEL; SENATOR'S BILL, REFLECTIVE OF WHITE HOUSE REFORM GOALS, MEETS OPPOSITION

FIGHTING FOR U.S., AND FOR GREEN CARDSFIGHTING FOR U.S., AND FOR GREEN CARDS

BUSH VOWS TO PUSH IMMIGRATION PLAN THROUGH THIS TIMEBUSH VOWS TO PUSH IMMIGRATION PLAN THROUGH THIS TIME

ON SCREEN, TACKLING EUROPE'S NEW REALITYON SCREEN, TACKLING EUROPE'S NEW REALITY

BUSH AGENDA FACES SOME GOP RESISTANCEBUSH AGENDA FACES SOME GOP RESISTANCE

EDITORIAL: THE PRESIDENT'S SHOELACESEDITORIAL: THE PRESIDENT'S SHOELACES

PROBLEMS WITH SPEAKING ENGLISH MULTIPLY IN A DECADEPROBLEMS WITH SPEAKING ENGLISH MULTIPLY IN A DECADE

GUEST WORKER PLAN DIVIDES LAWMAKERS PRESIDENT SUPPORTS IDEA TO HELP ILLEGAL ALIENS TOILING IN U.S.GUEST WORKER PLAN DIVIDES LAWMAKERS PRESIDENT SUPPORTS IDEA TO HELP ILLEGAL ALIENS TOILING IN U.S.

ALLEGED LEADER IN HUMAN-SMUGGLING DEATHS WANTS TO WITHDRAW GUILTY PLEAALLEGED LEADER IN HUMAN-SMUGGLING DEATHS WANTS TO WITHDRAW GUILTY PLEA

JURY SELECTION TO BEGIN TUESDAY IN HUMAN-SMUGGLING TRIAL OF ACCUSED TRUCKER IN DEATHS OF 19 ILLEGAL IMMIGRANTSJURY SELECTION TO BEGIN TUESDAY IN HUMAN-SMUGGLING TRIAL OF ACCUSED TRUCKER IN DEATHS OF 19 ILLEGAL IMMIGRANTS

NEW MIGRANT LAW IRKS MEXICONEW MIGRANT LAW IRKS MEXICO

HELPING EDUCATORS THROW OUT OLD RULES AND TAKE A FEW RISKSHELPING EDUCATORS THROW OUT OLD RULES AND TAKE A FEW RISKS

RECORD IMMIGRATION CHANGING NEW YORK'S NEIGHBORHOODSRECORD IMMIGRATION CHANGING NEW YORK'S NEIGHBORHOODS

ATTORNEYS SAY TESTIMONY WILL SHOW OFFICIALS LET TRUCK PASS WITH ILLEGAL IMMIGRANTSATTORNEYS SAY TESTIMONY WILL SHOW OFFICIALS LET TRUCK PASS WITH ILLEGAL IMMIGRANTS

FEINSTEIN BILL WOULD PROTECT FOREIGN KIDS IN U.S. CUSTODY SENATE BILL WOULD PROTECT FOREIGN CHILDREN IN U.S. CUSTODYFEINSTEIN BILL WOULD PROTECT FOREIGN KIDS IN U.S. CUSTODY SENATE BILL WOULD PROTECT FOREIGN CHILDREN IN U.S. CUSTODY

IMMIGRATION BOOM COOLINGIMMIGRATION BOOM COOLING

REPUBLICANS SQUARING OFF OVER BUSH PLAN ON IMMIGRATIONREPUBLICANS SQUARING OFF OVER BUSH PLAN ON IMMIGRATION

SMUGGLING-DEFENDANT-HNSSMUGGLING-DEFENDANT-HNS

BUSH VOWS COOPERATION ON IMMIGRATION REFORM; DIFFERENCES OVER SCOPE, AGENDA MAY STALL PLANBUSH VOWS COOPERATION ON IMMIGRATION REFORM; DIFFERENCES OVER SCOPE, AGENDA MAY STALL PLAN

JUDGE SAYS GUILTY PLEA IN DEADLY TEXAS SMUGGLING MUST STANDJUDGE SAYS GUILTY PLEA IN DEADLY TEXAS SMUGGLING MUST STAND

HOUSING, IMMIGRATION CALLED KEYS TO THE FUTUREHOUSING, IMMIGRATION CALLED KEYS TO THE FUTURE

PRESIDENT REIGNITES EMOTIONAL DEBATE OVER IMMIGRATION POLICYPRESIDENT REIGNITES EMOTIONAL DEBATE OVER IMMIGRATION POLICY

GUEST WORKER PLAN WILL BE TOUGH SELL FOR BUSHGUEST WORKER PLAN WILL BE TOUGH SELL FOR BUSH

MEXICAN POLITICIANS FIND BENEFITS IN U.S. CAMPAIGNSMEXICAN POLITICIANS FIND BENEFITS IN U.S. CAMPAIGNS

SEN. CORNYN FOCUESES IN IMMIGRATIONSEN. CORNYN FOCUESES IN IMMIGRATION

TANCREDO WEIGHS PRESIDENTIAL RUN WITH PILGRIMAGE TO N.H.TANCREDO WEIGHS PRESIDENTIAL RUN WITH PILGRIMAGE TO N.H.

BRITAIN, SPAIN, BOTH IN EU, ANNOUNCE DIVERGENT IMMIGRATION POLICIESBRITAIN, SPAIN, BOTH IN EU, ANNOUNCE DIVERGENT IMMIGRATION POLICIES

SPAIN LETS ILLEGAL IMMIGRANTS SEEK RESIDENCYSPAIN LETS ILLEGAL IMMIGRANTS SEEK RESIDENCY

IMMIGRANT-LICENSES-HNSIMMIGRANT-LICENSES-HNS

BUSH BACKS DRIVER'S LICENSE BANBUSH BACKS DRIVER'S LICENSE BAN

DEPORTED FROM MEXICO, 3 MORE IN ALLEGED SMUGGLING RING MAY FACE CAPITAL PUNISHMENT IN DEATHS OF 19 IMMIGRANTSDEPORTED FROM MEXICO, 3 MORE IN ALLEGED SMUGGLING RING MAY FACE CAPITAL PUNISHMENT IN DEATHS OF 19 IMMIGRANTS

HOUSE APPROVES TOUGHER IMMIGRATION BILLHOUSE APPROVES TOUGHER IMMIGRATION BILL

TAKING HARD LINE ON ILLEGAL IMMIGRANTS: HOUSE PASSES BILL TO MAKE IT TOUGHER TO GET ASYLUM OR DRIVER'S LICENSESTAKING HARD LINE ON ILLEGAL IMMIGRANTS: HOUSE PASSES BILL TO MAKE IT TOUGHER TO GET ASYLUM OR DRIVER'S LICENSES

HOUSE PASSES TIGHTENING OF LAWS ON IMMIGRATIONHOUSE PASSES TIGHTENING OF LAWS ON IMMIGRATION

HOUSE OKS BAN ON LICENSES FOR ILLEGAL IMMIGRANTSHOUSE OKS BAN ON LICENSES FOR ILLEGAL IMMIGRANTS

MEXICANS HELP TRANSFORM HOMES THEY LEFTMEXICANS HELP TRANSFORM HOMES THEY LEFT

ANDY GARCIA NEARS END OF HIS QUEST: A FILM ON CUBAANDY GARCIA NEARS END OF HIS QUEST: A FILM ON CUBA

MEXICO HAS JOBS PLAN FOR CITIZENS DEPORTED FROM U.S.MEXICO HAS JOBS PLAN FOR CITIZENS DEPORTED FROM U.S.

REPORT LINKS SOCIAL SECURITY FINANCES IN PART TO LEVELS OF IMMIGRATIONREPORT LINKS SOCIAL SECURITY FINANCES IN PART TO LEVELS OF IMMIGRATION

IN DEPORTATIONS OF PARENTS, FATE OF CHILDREN IS OFTEN AN AFTERTHOUGHTIN DEPORTATIONS OF PARENTS, FATE OF CHILDREN IS OFTEN AN AFTERTHOUGHT

JUDGE BLOCKS NEW YORK DENIAL OF IMMIGRANT DRIVER LICENSESJUDGE BLOCKS NEW YORK DENIAL OF IMMIGRANT DRIVER LICENSES

IMMIGRANT VOTERS DEFY POLITICAL PATTERNSIMMIGRANT VOTERS DEFY POLITICAL PATTERNS

KC-AFGHAN-NEWSKC-AFGHAN-NEWS

POLICY SHIFT IN GERMANY TRIMS JEWISH MIGRATIONPOLICY SHIFT IN GERMANY TRIMS JEWISH MIGRATION

IN JOB MARKET, SOME WIN, SOME LOSEIN JOB MARKET, SOME WIN, SOME LOSE

HUNDREDS GET AID AT VALLEY SHELTERSHUNDREDS GET AID AT VALLEY SHELTERS

POLITICAL PRESSURE MOUNTING TO BOOST BORDER PATROL AGENTS ALONG BORDERPOLITICAL PRESSURE MOUNTING TO BOOST BORDER PATROL AGENTS ALONG BORDER

P1 A23 MEXICO-HNSP1 A23 MEXICO-HNS

MEXICO-VOTE-HNSMEXICO-VOTE-HNS

BILL TO LET MEXICAN MIGRANTS VOTE HITS ROADBLOCKSBILL TO LET MEXICAN MIGRANTS VOTE HITS ROADBLOCKS

MORE DUTCH PLAN TO EMIGRATE AS MUSLIM INFLUX TIPS SCALESMORE DUTCH PLAN TO EMIGRATE AS MUSLIM INFLUX TIPS SCALES

GONZALES LAYS OUT HIS PRIORITIES AT JUSTICE DEPT.GONZALES LAYS OUT HIS PRIORITIES AT JUSTICE DEPT.

MOST UNDOCUMENTED IMMIGRANTS RECEPTIVE TO GUEST WORKER PROGRAMMOST UNDOCUMENTED IMMIGRANTS RECEPTIVE TO GUEST WORKER PROGRAM

SURVEY: MOST MEXICAN IMMIGRANTS WOULD USE GUEST WORKER PROGRAMSURVEY: MOST MEXICAN IMMIGRANTS WOULD USE GUEST WORKER PROGRAM

SURVEY: MOST UNDOCUMENTED ALIENS SUPPORT GUEST WORKER PLANSURVEY: MOST UNDOCUMENTED ALIENS SUPPORT GUEST WORKER PLAN

NEW STUDY PAINTS CLEARER PICTURE OF MEXICANS IN NEW YORK CITYNEW STUDY PAINTS CLEARER PICTURE OF MEXICANS IN NEW YORK CITY

IMMIGRATION CHANGES COULD CUT BACK ASYLUM SEEKERSIMMIGRATION CHANGES COULD CUT BACK ASYLUM SEEKERS

TEXAS TO HOST U.S.-MEXICO-CANDADA SUMMITTEXAS TO HOST U.S.-MEXICO-CANDADA SUMMIT

YOUNG BULLDOGS LEARN HARD WAYYOUNG BULLDOGS LEARN HARD WAY

TRIAL STARTS IN NATION'S DEADLIEST HUMAN SMUGGLING CASETRIAL STARTS IN NATION'S DEADLIEST HUMAN SMUGGLING CASE

RICE SAYS AL-QAIDA FOCUSED ON BREACHING U.S. BORDERS, ANNOUNCES WATER AGREEMENT WITH MEXICORICE SAYS AL-QAIDA FOCUSED ON BREACHING U.S. BORDERS, ANNOUNCES WATER AGREEMENT WITH MEXICO

BORDER-PATROL-HNSBORDER-PATROL-HNS

RICE SEEKS THAW IN MEXICO-U.S. RELATIONSRICE SEEKS THAW IN MEXICO-U.S. RELATIONS

CASE FOCUSES ON DEFINITION OF TORTURE FOR DEPORTEESCASE FOCUSES ON DEFINITION OF TORTURE FOR DEPORTEES

FIRST THEY WERE SOLDIERS -- NOW THEY'RE CITIZENS; IMMIGRANTS WHO FOUGHT FOR U.S. ARE NATURALIZED, GREETED BY BUSH SR.FIRST THEY WERE SOLDIERS -- NOW THEY'RE CITIZENS; IMMIGRANTS WHO FOUGHT FOR U.S. ARE NATURALIZED, GREETED BY BUSH SR.

ADVANCE FOR SUNDAY, MARCH 13 IMMIGRANTS MAY GET TO VOTE HERE IN MEXICO'S 2006 ELECTIONADVANCE FOR SUNDAY, MARCH 13 IMMIGRANTS MAY GET TO VOTE HERE IN MEXICO'S 2006 ELECTION

DESPITE NEW EFFORTS ALONG ARIZONA BORDER, 'SERIOUS PROBLEMS' REMAINDESPITE NEW EFFORTS ALONG ARIZONA BORDER, 'SERIOUS PROBLEMS' REMAIN

MYTH CITED REPEATEDLY IN IMMIGRATION DEBATEMYTH CITED REPEATEDLY IN IMMIGRATION DEBATE

SWEEP NETS 103 SUSPECTS OF MS-13 GANG IN SEVEN CITIESSWEEP NETS 103 SUSPECTS OF MS-13 GANG IN SEVEN CITIES

FEDS SAY SWEEP NETS 100 MEMBERS OF IMMIGRANT GANGFEDS SAY SWEEP NETS 100 MEMBERS OF IMMIGRANT GANG

U.S.-MEXICO BORDER STILL TOO POROUS, OFFICIALS SAYU.S.-MEXICO BORDER STILL TOO POROUS, OFFICIALS SAY

ALLEGED OBSCENE GESTURE DELAYS IMMIGRANT SMUGGLING TRIAL; DEATH PENALTY PROTESTERS CLAIM JUROR HAS ALREADY MADE UP HIS MINDALLEGED OBSCENE GESTURE DELAYS IMMIGRANT SMUGGLING TRIAL; DEATH PENALTY PROTESTERS CLAIM JUROR HAS ALREADY MADE UP HIS MIND

FOX REFUTES U.S. CLAIMS ON AL-QAIDA, VOWS LEGAL ACTION TO HALT VIGILANTESFOX REFUTES U.S. CLAIMS ON AL-QAIDA, VOWS LEGAL ACTION TO HALT VIGILANTES

FOX TO PUSH IMMIGRATION, SECURITY, TRADE ISSUES DURING MEETING WITH BUSH, CANADA'S PRIME MINISTERFOX TO PUSH IMMIGRATION, SECURITY, TRADE ISSUES DURING MEETING WITH BUSH, CANADA'S PRIME MINISTER

TESTIMONY IN TRUCK DRIVER'S IMMIGRANT SMUGGLING CASE HALTED AFTER PROSECUTION RESTS; JUDGE QUESTIONS HARBORING CHARGESTESTIMONY IN TRUCK DRIVER'S IMMIGRANT SMUGGLING CASE HALTED AFTER PROSECUTION RESTS; JUDGE QUESTIONS HARBORING CHARGES

57 BRAZILIANS HELD AFTER BRIBE IS ALLEGED57 BRAZILIANS HELD AFTER BRIBE IS ALLEGED

WAL-MART TO PAY $11 MILLION IN ILLEGAL IMMIGRANT CASEWAL-MART TO PAY $11 MILLION IN ILLEGAL IMMIGRANT CASE

WAL-MART SETTLES ILLEGAL IMMIGRANT CASE FOR $11 MILLIONWAL-MART SETTLES ILLEGAL IMMIGRANT CASE FOR $11 MILLION

GARCIA WANTS TO BE PART OF THE CONVERSATIONGARCIA WANTS TO BE PART OF THE CONVERSATION

EDITORIAL OBSERVER: ENLIGHTENED IMMIGRATIONEDITORIAL OBSERVER: ENLIGHTENED IMMIGRATION

EDITORIAL: OUR TERRORIST-FRIENDLY BORDERSEDITORIAL: OUR TERRORIST-FRIENDLY BORDERS

10.3 MILLION FROM MEXICO IN U.S. ILLEGALLY, RESEARCHER ON LATINOS SAYS10.3 MILLION FROM MEXICO IN U.S. ILLEGALLY, RESEARCHER ON LATINOS SAYS

BUSH FOCUSES ON BORDER ISSUES WITH MEXICO, CANADABUSH FOCUSES ON BORDER ISSUES WITH MEXICO, CANADA

LANGUAGE PLAYS A LOUD VOICE IN DEBATE ABOUT IMMIGRATION REFORMLANGUAGE PLAYS A LOUD VOICE IN DEBATE ABOUT IMMIGRATION REFORM

U.S. BEGINS TO SEE NATIONAL SECURITY GAP IN MEXICAN SMUGGLINGU.S. BEGINS TO SEE NATIONAL SECURITY GAP IN MEXICAN SMUGGLING

MEXICANS VOTING IN U.S. COULD ALTER POLITICSMEXICANS VOTING IN U.S. COULD ALTER POLITICS

TEXAS ADVOCATES FOR IMMIGRATION REFORMS JOIN OTHERS AROUND NATION IN RALLIES URGING BUSH, FOX TO ACT QUICKLYTEXAS ADVOCATES FOR IMMIGRATION REFORMS JOIN OTHERS AROUND NATION IN RALLIES URGING BUSH, FOX TO ACT QUICKLY

SECURITY, TRADE TO BE PRIMARY FOCUS OF BUSH-FOX-MARTIN SUMMITSECURITY, TRADE TO BE PRIMARY FOCUS OF BUSH-FOX-MARTIN SUMMIT

NORTH AMERICAN LEADERS MAKE BORDERS AND TRADE A PRIORITYNORTH AMERICAN LEADERS MAKE BORDERS AND TRADE A PRIORITY

BUSH TELLS MEXICAN LEADER HE'LL CONTINUE TO SEEK IMMIGRATION LAW CHANGESBUSH TELLS MEXICAN LEADER HE'LL CONTINUE TO SEEK IMMIGRATION LAW CHANGES

BUSH TELLS MEXICAN LEADER HE'LL SEEK IMMIGRATION LAW CHANGESBUSH TELLS MEXICAN LEADER HE'LL SEEK IMMIGRATION LAW CHANGES

LEAVING A YEAR EARLY, BUT A YEAR TOO LATELEAVING A YEAR EARLY, BUT A YEAR TOO LATE

BUSH SUMMIT VOWS CLOSER TIES, BETTER TIMES AHEADBUSH SUMMIT VOWS CLOSER TIES, BETTER TIMES AHEAD

U.S. SIGNS TRADE, SECURITY DEAL WITH MEXICO, CANADA; BUSH PUSHES FOR IMPROVED TIES WITH SOUTH AMERICAU.S. SIGNS TRADE, SECURITY DEAL WITH MEXICO, CANADA; BUSH PUSHES FOR IMPROVED TIES WITH SOUTH AMERICA

KEEPING IMMIGRATION LEGALKEEPING IMMIGRATION LEGAL

DUKE BLOCKS GEORGIA'S ROAD TO INDYDUKE BLOCKS GEORGIA'S ROAD TO INDY

THAT BURGER-FLIPPER IS NO KID ANYMORETHAT BURGER-FLIPPER IS NO KID ANYMORE

MOTHERS IMMIGRATING TO BECOME BREADWINNERSMOTHERS IMMIGRATING TO BECOME BREADWINNERS

LAST OF THREE PARTS; WITH PHOTOS, GRAPHIC CANADA'S OPEN BORDER BOON TO HUMAN TRAFFICKERSLAST OF THREE PARTS; WITH PHOTOS, GRAPHIC CANADA'S OPEN BORDER BOON TO HUMAN TRAFFICKERS

BEST, BRIGHTEST MUST CHOOSE BETWEEN MENIAL JOBS IN U.S., ROCKY FUTURE AT HOMEBEST, BRIGHTEST MUST CHOOSE BETWEEN MENIAL JOBS IN U.S., ROCKY FUTURE AT HOME

U.S. TO REINFORCE POROUS ARIZONA BORDERU.S. TO REINFORCE POROUS ARIZONA BORDER

REPORT URGES CUTS IN CARE FOR ILLEGAL IMMIGRANTSREPORT URGES CUTS IN CARE FOR ILLEGAL IMMIGRANTS

DNA HELPS IDENTIFIES MEXICAN MIGRANTS IN PAUPERS' GRAVESDNA HELPS IDENTIFIES MEXICAN MIGRANTS IN PAUPERS' GRAVES

CIVILIAN PATROL TO RAISE BORDER CONCERNSCIVILIAN PATROL TO RAISE BORDER CONCERNS

FALLEN BROTHER INSPIRATION FOR GARCIAFALLEN BROTHER INSPIRATION FOR GARCIA

ARMED VOLUNTEERS WAIT ALONG ARIZONA BORDER TO STOP ILLEGAL IMMIGRANTSARMED VOLUNTEERS WAIT ALONG ARIZONA BORDER TO STOP ILLEGAL IMMIGRANTS

KC-5LOUVILLE1,KC-5LOUVILLE1,

WANTED: BORDER HOPPERS. AND SOME EXCITEMENT, TOO.WANTED: BORDER HOPPERS. AND SOME EXCITEMENT, TOO.

VOLUNTEERS SET TO PATROL ARIZ. BORDERVOLUNTEERS SET TO PATROL ARIZ. BORDER

IMMIGRATION FOES BEGIN ARIZONA BORDER WATCHIMMIGRATION FOES BEGIN ARIZONA BORDER WATCH

HOW SOCIAL SECURITY BALANCES BOOKS ON BACKS OF IMMIGRANTSHOW SOCIAL SECURITY BALANCES BOOKS ON BACKS OF IMMIGRANTS

CITIZEN PATROL SPREADS FEAR, RESOLVE AT US-MEXICO BORDERCITIZEN PATROL SPREADS FEAR, RESOLVE AT US-MEXICO BORDER

CITIZEN PATROL SPREADS FEAR, RESOLVE AT BORDERCITIZEN PATROL SPREADS FEAR, RESOLVE AT BORDER

FEW VOLUNTEERS FOR BORDER PROJECTFEW VOLUNTEERS FOR BORDER PROJECT

WHITE POWER GROUPS TRY NEW TACTICS AND TOOLSWHITE POWER GROUPS TRY NEW TACTICS AND TOOLS

POLICE SAY IMMIGRANT POLICY IS A HINDRANCEPOLICE SAY IMMIGRANT POLICY IS A HINDRANCE

BATTLE OVER LICENSES FOR IMMIGRANTS BACK IN COURTBATTLE OVER LICENSES FOR IMMIGRANTS BACK IN COURT

THE INVISIBLE DELIVERYMANTHE INVISIBLE DELIVERYMAN

GIRL CALLED WOULD-BE BOMBER WAS DRAWN TO ISLAMGIRL CALLED WOULD-BE BOMBER WAS DRAWN TO ISLAM

RAID NETS 53 ILLEGAL IMMIGRANTS IN SOUTHWEST HOUSTON HOMERAID NETS 53 ILLEGAL IMMIGRANTS IN SOUTHWEST HOUSTON HOME

BUSINESSES MAKING A PUSH FOR GUEST WORKER PLAN MOVING IN WASHINGTON AND FINANCIAL CATEGORIES FOR RELEASE SUNDAY, APRIL 10.BUSINESSES MAKING A PUSH FOR GUEST WORKER PLAN MOVING IN WASHINGTON AND FINANCIAL CATEGORIES FOR RELEASE SUNDAY, APRIL 10.

OUTRAGE AT ARREST OF GIRL, 16, AS TERRORIST THREATOUTRAGE AT ARREST OF GIRL, 16, AS TERRORIST THREAT

ADVANCE FOR USE SUNDAY, APRIL 10, AND THEREAFTER. "MINUTEMEN" SEE LITTLE ACTION ALONG BORDERADVANCE FOR USE SUNDAY, APRIL 10, AND THEREAFTER. "MINUTEMEN" SEE LITTLE ACTION ALONG BORDER

COMMENTARY: AILING HEALTH CARECOMMENTARY: AILING HEALTH CARE

LOCAL BRAZILIANS SAY THEY'RE TARGETED UNFAIRLYLOCAL BRAZILIANS SAY THEY'RE TARGETED UNFAIRLY

EDITORIAL: A WEST TOO WILDEDITORIAL: A WEST TOO WILD

SIERRA CLUB ASKS MEMBER VOTE ON IMMIGRATION LIMITSSIERRA CLUB ASKS MEMBER VOTE ON IMMIGRATION LIMITS

SIERRA CLUB SPLIT AGAIN ON IMMIGRATION STANCESIERRA CLUB SPLIT AGAIN ON IMMIGRATION STANCE

FRIST OPPOSES AMENDMENTS ON IMMIGRANTSFRIST OPPOSES AMENDMENTS ON IMMIGRANTS

BORDER RESIDENTS SAY 'MINUTEMAN' PATROLS HIGHLIGHT A CRISISBORDER RESIDENTS SAY 'MINUTEMAN' PATROLS HIGHLIGHT A CRISIS

IMMIGRATION MEASURE HITS SENATE ROADBLOCKIMMIGRATION MEASURE HITS SENATE ROADBLOCK

HOTEL FIRE SHEDS LIGHT ON FRANCE'S ILLEGAL IMMIGRANTSHOTEL FIRE SHEDS LIGHT ON FRANCE'S ILLEGAL IMMIGRANTS

DEEPLY SPLIT SENATE REJECTS GUEST FARMWORKER BILLDEEPLY SPLIT SENATE REJECTS GUEST FARMWORKER BILL

SENATE CLEARS WAY FOR VOTE ON SPENDING FOR MILITARYSENATE CLEARS WAY FOR VOTE ON SPENDING FOR MILITARY

SENATE APPROVES $81.26 BILLION IN A MILITARY EMERGENCY BILLSENATE APPROVES $81.26 BILLION IN A MILITARY EMERGENCY BILL

IMMIGRATION CONTROL ADVOCATES DESCEND ON CAPITOL HILLIMMIGRATION CONTROL ADVOCATES DESCEND ON CAPITOL HILL

POLICE REPORT NONCITIZENS TO U.S., OFFICIAL SAYSPOLICE REPORT NONCITIZENS TO U.S., OFFICIAL SAYS

BRITISH ELECTION DEBATE SPOTLIGHTS CONCERN ABOUT IMMIGRATIONBRITISH ELECTION DEBATE SPOTLIGHTS CONCERN ABOUT IMMIGRATION

TOP DOGS! GYM DOGS TAKE TITLETOP DOGS! GYM DOGS TAKE TITLE

ILLEGAL IMMIGRATION FOES DEMANDING ACTIONILLEGAL IMMIGRATION FOES DEMANDING ACTION

SIERRA CLUB STANDS PAT ON IMMIGRATION POLICYSIERRA CLUB STANDS PAT ON IMMIGRATION POLICY

KOSOVAR FEARS ID PROPOSAL WILL JEOPARDIZE SAFE LIFE IN U.S.KOSOVAR FEARS ID PROPOSAL WILL JEOPARDIZE SAFE LIFE IN U.S.

A MISTAKEN ID LAW (FOR USEA MISTAKEN ID LAW (FOR USE

TRAFFICKING LEADS LATINO SUMMIT AGENDATRAFFICKING LEADS LATINO SUMMIT AGENDA

IMMIGRATION-SCAM-HNSIMMIGRATION-SCAM-HNS

LATINO KIDS LAG IN HEALTH COVERAGELATINO KIDS LAG IN HEALTH COVERAGE

LAWMAKERS TO DECIDE FATE OF DRIVER'S LICENSE IMMIGRATION BILLLAWMAKERS TO DECIDE FATE OF DRIVER'S LICENSE IMMIGRATION BILL

WHITE HOUSE BACKS LEGISLATION THAT WOULD TOUGHEN IMMIGRATION RULESWHITE HOUSE BACKS LEGISLATION THAT WOULD TOUGHEN IMMIGRATION RULES

IN RARE ACCORD, SPURNED ASYLUM SEEKER TO GET $87,500IN RARE ACCORD, SPURNED ASYLUM SEEKER TO GET $87,500

COMMENTARY: A PRIVATE OBSESSIONCOMMENTARY: A PRIVATE OBSESSION

EX-VALLEY MAN IN VANGUARD OF MINUTEMAN PROJECTEX-VALLEY MAN IN VANGUARD OF MINUTEMAN PROJECT

SCHWARZENEGGER ENDORSES ARMED VOLUNTEERS ON BORDERSCHWARZENEGGER ENDORSES ARMED VOLUNTEERS ON BORDER

GOVERNOR SIGNALS HE'D WELCOME MINUTEMEN ON CALIFORNIA BORDERGOVERNOR SIGNALS HE'D WELCOME MINUTEMEN ON CALIFORNIA BORDER

VALLEY HOSPITAL BOOM UNDER WAYVALLEY HOSPITAL BOOM UNDER WAY

ACTIVISTS, OPPONENTS CLASH AT IMMIGRATION RALLYACTIVISTS, OPPONENTS CLASH AT IMMIGRATION RALLY

MEXICAN SENATOR WANTS TO BLOCK WOULD-BE ILLEGAL IMMIGRANTS FROM ENTERING U.S.MEXICAN SENATOR WANTS TO BLOCK WOULD-BE ILLEGAL IMMIGRANTS FROM ENTERING U.S.

MAYANS HERE TRY TO SAVE OLD WAYSMAYANS HERE TRY TO SAVE OLD WAYS

STATE OFFICIALS WARY OF NEW DRIVER'S LICENSE REQUIREMENTSSTATE OFFICIALS WARY OF NEW DRIVER'S LICENSE REQUIREMENTS

EDITORIAL: AN UNREALISTIC 'REAL ID'EDITORIAL: AN UNREALISTIC 'REAL ID'

ROUTINE LICENSE CHECK CAN MEAN JAIL AND DEPORTATIONROUTINE LICENSE CHECK CAN MEAN JAIL AND DEPORTATION

HOUSE PASSES EMERGENCY SPENDING BILLHOUSE PASSES EMERGENCY SPENDING BILL

BILL WOULD PROTECT ILLEGAL IMMIGRANT DRIVERS' CARS FROM IMPOUNDBILL WOULD PROTECT ILLEGAL IMMIGRANT DRIVERS' CARS FROM IMPOUND

HOUSE OKS $82 BILLION MORE FOR WARSHOUSE OKS $82 BILLION MORE FOR WARS

IMMIGRANTS IN TENNESSEE ISSUED CERTIFICATES TO DRIVE ARIEL HART CONTRIBUTED REPORTING FOR THIS ARTICLE FROM ATLANTA.IMMIGRANTS IN TENNESSEE ISSUED CERTIFICATES TO DRIVE ARIEL HART CONTRIBUTED REPORTING FOR THIS ARTICLE FROM ATLANTA.

PAYMENTS TO HELP HOSPITALS CARE FOR ILLEGAL IMMIGRANTSPAYMENTS TO HELP HOSPITALS CARE FOR ILLEGAL IMMIGRANTS

IMMIGRANTS' PLIGHT BECOMES A RALLYING CRY AMONG LATINO, U.S. MUSICIANSIMMIGRANTS' PLIGHT BECOMES A RALLYING CRY AMONG LATINO, U.S. MUSICIANS

CATHOLIC GROUPS LAUNCH IMMIGRATION REFORM CAMPAIGNCATHOLIC GROUPS LAUNCH IMMIGRATION REFORM CAMPAIGN

BORDER STATES COMPLAIN THAT U.S. ISN'T FOOTING THE BILL FOR JAILING ILLEGAL IMMIGRANTSBORDER STATES COMPLAIN THAT U.S. ISN'T FOOTING THE BILL FOR JAILING ILLEGAL IMMIGRANTS

NATIONAL CHILDREN'S STUDY STARVING FOR FUNDS, BACKERS SAYNATIONAL CHILDREN'S STUDY STARVING FOR FUNDS, BACKERS SAY

SENATE APPROVES MONEY FOR IRAQ WAR; RESTRICTS DRIVER'S LICENSES FOR ILLEGAL IMMIGRANTSSENATE APPROVES MONEY FOR IRAQ WAR; RESTRICTS DRIVER'S LICENSES FOR ILLEGAL IMMIGRANTS

IMMIGRANTS ENCOURAGED TO RIDE BUSIMMIGRANTS ENCOURAGED TO RIDE BUS

IMMIGRATION-CRACKDOWN-HNSIMMIGRATION-CRACKDOWN-HNS

SENATE UNANIMOUSLY OKS WAR FUNDING AND DRIVERS LICENSE RESTRICTIONS FOR IMMIGRANTSSENATE UNANIMOUSLY OKS WAR FUNDING AND DRIVERS LICENSE RESTRICTIONS FOR IMMIGRANTS

DENIAL OF DRIVER'S LICENSES TO MANY IMMIGRANTS VOIDED IN NEW YORKDENIAL OF DRIVER'S LICENSES TO MANY IMMIGRANTS VOIDED IN NEW YORK
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TECH ASSISTANT TAPPED FOR GEORGIA STATE ADTECH ASSISTANT TAPPED FOR GEORGIA STATE AD

LONG ISLAND OFFICIALS TRY A DIFFERENT APPROACH TO IMMIGRANT CRACKDOWNLONG ISLAND OFFICIALS TRY A DIFFERENT APPROACH TO IMMIGRANT CRACKDOWN

Figure 6: Snapshot of a single article node
and all of its neghboring article nodes. See
http://zoom.it/GUCR for the zoomable image.

6.2.2 Baselines

k-means baseline: A simple baseline is to
split each six-month period of articles into T
equal time slices, then apply k-means clustering
to each slice, using NCS to measure distance.
We then select the most central article from each
cluster, and finally match the k articles from
time slice i one-to-one with those from slice i+ 1
by computing the pairing that maximizes the
average NCS of the pairs, i.e., the coherence of
the threads. The result is a set of k threads
of length T , where no two threads contain the
same article. In its use of clustering, this base-
line is somewhat similar to the “event threading”
baseline of Shahaf and Guestrin (2010).

DTM baseline: A more sophisticated base-
line is the dynamic topic model (Blei and Lafferty,
2006), which explicitly attempts to find topics
that are smooth through time. We use code
provided by the authors to fit DTMs with the
number of topics set to k and with the data split
into T equal slices, as before. We then choose,
for each topic at each time step, the document
with the highest per-word probability of being
generated by that topic. Documents from the
same topic form a single thread.
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CosSim
ROUGE-1 ROUGE-2 ROUGE-SU4

F Prec/ Rec F Prec / Rec F Prec/ Rec

k-means 29.9 16.5 17.3/15.8 0.695 0.725 / 0.669 3.76 3.94/3.60
DTM 27.0 14.7 15.5/14.0 0.750 0.813 / 0.698 3.44 3.63/3.28
k-SDPP 33.2 17.2 17.7/16.7 0.892 0.917/0.870 3.98 4.11/3.87

Table 1: Similarity of automatically generated timelines to human summaries. Bold entries are significantly
higher than others in the column at 99% confidence, computed using bootstrapping (Hesterberg et al., 2003).

6.2.3 Comparison to human summaries

We compare the threads generated by our
baselines and sampled from the k-SDPP to a
set of human-generated news summaries. The
human summaries are not threaded; they are
flat, roughly daily news summaries published by
Agence France-Presse and found in the Gigaword
corpus, distinguished by their “multi” type tag.
A sample summary is included in the supplement.
These summaries tend to focus on world news,
which is only a subset of the contents of our
dataset. However, they allow us to provide an
extrinsic evaluation of our method without gold
standard timelines. We compute four statistics:

• Cosine similarity: NCS (in percent) be-
tween the concatenated threads and con-
catenated human summaries. The hyper-
parameters for all methods—such as the
constant feature magnitude ρ for k-SDPPs
and the parameter governing topic propor-
tions for DTMs—were tuned to optimize
cosine similarity on a development set from
January-June 2005.

• ROUGE-1, 2, and SU4: Standard
ROUGE scores for summarization evalua-
tion (Lin, 2004).

Table 1 shows the results of these comparisons,
averaged across all six half-year intervals. Under
each measure, the k-SDPP threads more closely
resemble human summaries.

6.2.4 Mechanical Turk evaluation

An important distinction between the base-
lines and the k-SDPP is that the former are
topic-oriented, choosing articles that relate to
broad subject areas, while our approach is story-
oriented, chaining together articles with direct

Rating Interlopers

k-means 2.73 0.71
DTM 3.19 1.10
k-SDPP 3.31 1.15

Table 2: Rating: average coherence score from 1
(worst) to 5 (best). Interlopers: average number of
interloper articles identified (out of 2). Bold entries
are significantly higher with 95% confidence.

individual relationships. An example of this dis-
tinction can be seen in Figure 2.

To obtain a large-scale evaluation of thread co-
herence, we turn to Mechanical Turk. We asked
Turkers to read the headlines and first few sen-
tences of each article in a timeline and then rate
the overall narrative coherence of the timeline on
a scale of 1 (“the articles are totally unrelated”)
to 5 (“the articles tell a single clear story”). Five
separate Turkers rated each timeline; the average
ratings are shown in Table 2. Note that k-means
does particularly poorly in terms of coherence
since it has no way to ensure that clusters are
similar between time slices.

We also had Turkers evaluate threads implic-
itly by performing a simple task. We showed
them timelines into which two additional “in-
terloper” articles selected at random had been
inserted, and asked them to remove the two ar-
ticles that they thought should be removed to
“improve the flow of the timeline”. A screenshot
of the task is provided in the supplement. Intu-
itively, the interlopers should be selected more
often when the original timeline is coherent. The
average number of interloper articles correctly
identified is shown in Table 2.
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Runtime

k-means 625.63
DTM 19,433.80
k-SDPP 252.38

Table 3: Time (in seconds) required to produce a
complete set of threads. The test machine has eight
Intel Xeon E5450 cores and 32GB of memory.

6.2.5 Runtimes

Finally, we report in Table 3 the time required
to produce a complete set of threads for each
method. This time includes clustering for k-
means, model fitting for DTM and random pro-
jections, computation of the covariance matrix,
and sampling for k-SDPP. We view the graph
as an input (much like tfidf vectors for the base-
lines), and so do not include its computation in
the runtime for the k-SDPP. Constructing the
graph only requires an additional 160 seconds
though.

6.3 Analysis

Below we briefly summarize the main differences
between the k-SDPP and the baselines, and dis-
cuss their significance.

• Neither baseline directly models the docu-
ment threads themselves. In contrast, the
k-SDPP defines a probability distribution
over all possible sets of document threads.
This makes the k-SDPP a better choice for
applications where, for instance, the coher-
ence of individual threads is important.

• While the baselines seek threads that cover
or explain as much of the dataset as possible,
k-SDPPs are better suited for tasks where
a balance between quality and diversity is
key, since its hyperparameters correspond
to weights on these quantities. With news
timelines, for example, we want not just
topical diversity but also a focus on the
most important stories.

• Both baselines require input to be split into
time slices, whereas the k-SDPP does not;
this flexibility allows the k-SDPP to put
multiple articles from a single time slice in

a thread, or to build threads that span only
part of the input period.

• While clustering and topic models rely on
EM to approximately optimize their objec-
tives, the k-SDPP comes with an exact,
polynomial-time sampling algorithm.

Revisiting Figure 2, we can see all of these
advantages in action. The k-SDPP produces
more consistent threads due to its use of graph
information, while the DTM threads, though
topic-focused, are less coherent as a story. Fur-
thermore, DTM threads span the entire time
period, while our method selects threads cover-
ing only relevant spans. The quantitative results
in this section underscore the empirical value of
these characteristics.

7 Conclusion

We introduced the novel problem of finding di-
verse and salient threads in graphs of large doc-
ument collections. We developed a probabilistic
approach, combining SDPPs and k-SDPPs, and
showed how random projections make inference
efficient and yield an approximate model with
bounded variational distance to the original. We
then demonstrated that the method produces
qualitatively reasonable results, and, relative to
several baslines, reproduces human news sum-
maries more faithfully, builds more coherent story
threads, and is significantly faster. It would be
interesting to extend our model to structures be-
yond linear chains to trees and other structures.
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