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Abstract Craig’s List Post
, o ) - _ 93 civic 5speed runs great obo (ri) $1800
With the proliferation of online classifieds and auctions 93- 4dr Honda Civc LX Stick Shift $1800
comes a new need to meaningfully search and organize the -
items for sale. However, since the seller’s item descriptions 94 DEL SOL Si Vtec (Glendale) $3000

are not structured and do not conform to a standard set of . N
values (think “Chevy” versus “Chevrolet”), searching and or- Table 1: Three posts for Honda Civics from Craig’s List

ganizing this data is difficult. This paper describes a working

demonstration of the Phoebus system which uses both record

linkage and information extraction to parse out the meaning- . i
ful attributes of an item description and assign them standard Clearly, searching posts by keyword is inadequate. For

values. This allows the data to be sorted, searched and linked one, the keywords might be misspelled, as with “Civc” in
to other data sources where standard values for the attributes ~ the second post. Also, standard values are not used for some

are required to link the sources together. of the important attributes. For example, the “DEL SOL”
of the third post actually refers to a Civic Del Sol, so if a
. user searches for Civic, this car should be returned as well.
Introduction Lastly, the first and third posts are actually missing the make,
The huge popularity of online classifieds and auctions has Honda. So a buyer searching with the keyword Honda will
proved to be a tremendous benefit to sellers who can reach miss both of these listings, even though they are relevant.
ever larger markets for their goods and this industry is boom-  Furthermore, without standardized attributes, other data
ing. For example, the classifieds list Craig’s Lis@s list- sources can not be linked into the listings. For example, we
ings all over the world, and the auction house EBiay ma- might like to link a post to an external website that lists use-
jor corporation. However, from a buyer’s perspective, while ful information about the item for sale. This external source
there are more products to choose from, finding a particular might be queried by a URL with the attributes as parame-
item can be difficult. The sellers often describe their items ters embedded within it. Without the proper standardization,
without regard to structure or standard values for the items however, this external source could not be integrated.
they are describing. For example, consider the three listings  This paper presents a demonstration of the Phoebus sys-
for different Honda Civics, shown in Table 1, that are taken tem(Michelson & Knoblock 2005), which “semantically an-
from Craig’s List. notates” unstructured sources. Semantic annotation adds at-
tributes to a data source by extracting and tagging the at-
tional Science Foundation under Award No. 11S- 0324955, in part trlb_utes of _Interest fr(_)m that source. To do t“h's' Phoebus e),(,-
by the Defense Advanced Research Projects Agency (DARPA), p|0.ItS outside collections of entities, called “reference sets.
through the Department of the Interior, NBC, Acquisition Ser- USing our car example, our reference set could be the set of
vices Division, under Contract No. NBCHD030010, in part by the ~ cars provided by a trusted authority, such as the Edmunds
Defense Advanced Research Projects Agency (DARPA) and Air car buying guidé.
Force Research Laboratory, Air Force Materiel Command, USAF,  To exploit a reference set, Phoebus employs a two step
under agreement number F30602-00-1-0504, and in part by the Air approach. First it matches the post to the best matching
Force Office of Scientific Research under grant number FA9550- member of the reference set. This is known as record link-
04-1-0105. The views and conclusions contained herein are those age. Once a post is matched to the member of the reference
of the authors and should not be interpreted as necessarily repre-set, it has standard values for the attributes it is matched on.

senting the official policies or endorsements, either expressed or Furthermore. the matching record from the reference set can
implied, of any of the above organizations or any person connected ! g

*This research is based upon work supported in part by the Na-

with them. provide attributes that were not included in the post. As with
Copyright © 2006, American Association for Artificial Intelli-  the first post of Table 1, the make was not included, but by
gence (www.aaai.org). All rights reserved. matching it to a correct member of the reference set, it now
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City Earliest Date Posted: ~ Makes: Earliest Acceptable Year.
[Bayarea =] [MMiddiyyy All Makes o by Search Agair

|I o 06 0 || (click on column header to sort)
Craig's List Post Price Make MoDEL TriM YEAR
- 1990 Acura Legend (Los Angeles, CA) 2450 ACURA | LEGEND 1990
$2450
Cars Ref. )
Set Link to MSN Auto Info |

2002 Acura 3.2 TL Type S Supercharged | 19995 ACURA |TL 4Dr32 2002
m $ 15K in Upgrades (Los Angeles 90003) Type-S Sedan
$19995

Information

Extraction
MSN Autos
Site

http://losangeles.craigslist.org/car/ http:/fboston.craigslist.org/car/

Phoebus
Link to MSN Auto Info |
97 Acura CL (626) $6500 6500 ACURA | CL 1997

> .
Link to MSN Auto Info

2000 Acura Integra GSR with Type R 11900 | ACURA | INTEGRA 2 DrType R 2000
Demo Website package (Los Feliz) $11900 Hatchback
Link to MSN Auto Info |

Figure 2: A screen shot of the Phoebus demo website

Figure 1: The architecture of the demonstration

Query support

has a make and can be searched on that attribute. With Phoebus, users can search Craig’s List by make, city

After record linkage, we perform information extraction ~and price, and then sort the results by post, make, model,
to identify and parse out both the attributes from the refer- trim, year, price, and date posted. This searching and sort-
ence set and attributes not easily represented in a referenceng demonstrates querying the original posts by any of the
set, such as prices and dates. By extracting the attributes attributes embedded within it. So, even if the posts con-
themselves (instead of stopping at record linkage) we can tain misspellings or missing attributes, we can still cor-
see the actual included values and we more accurately ex- rectly search them. In fact, we could even support aggregate
tract the attributes not in the reference set. For example, if a queries such as “How many Honda Civics are under $5000?”
car was called the “$50” as a model, the system would know .
that this is actually a model, and not a price. For more details Integration
please see (Michelson & Knoblock 2005). This demonstration shows two types of integration. The

Once Phoebus annotates a data source we can query thdirst is meta-level searching. Since each source used in the
source and integrate it with outside sources. The standard demonstration provides it's own set of posts to Phoebus via
set of attribute values allows Phoebus to treat the unstruc- RSS, which are then searched all at once, it is easy to imag-
tured source as a database and allows outside sources to béne bringing in other sources, such as EBay Autos, to create
integrated using these standardized values. a meta-search over car listing sources.

Semantic annotation of web sources is a studied prob- ~Second, we integrate the MSN Auto site to show how to
lem (Cimiano, Handschuh, & Staab 2004; Vargas-\Veera integrate external sources that are linked with common at-
al. ), but most systems rely on natural language processing tributes and values. While we link to the external page itself,
to parse out the attributes. With our unstructured data this it is easy to imagine writing a wrapper that scrapes the in-
is not an option because users do not generally include any formation in real time, integrating it into our car search. Itis
common structure or grammar in their posts. key to note that the URLSs for MS_N Auto are co_nstructed at

This work is also similar to data cleaning e.g.(Chaudhuri guery time based on the values in the post. This shows that
et al. 2003). However, data cleaning approaches rely on We actually integrate MSN Auto rather than just pulling up
a function that maps the attributes of one record to the at- @ URL that we constructed offline.
tributes of another. Since our data is unstructured, and the

attributes are embedded in the post, these approaches will References
not work in our case. Chaudhuri, S.; Ganjam, K.; Ganti, V.; and Motwani, R.
2003. Robust and efficient fuzzy match for online data
Querying and |ntegrating sSources cleaning. InProceedings of ACM SIGMQD

To demonstrate Phoebus, we built an example webtit Cimiano, P.; Handschuh, S.; and Staab, S. 2004. Towards

allows users to search, sort and query posts from Craig’s List th_e self-annotating web. IRroceedings of WWW'200_4
about used cars for sale in six cities. We also link the results Michelson, M., and Knoblock, C. A. 2005. Semantic an-
to an outside source, MSN’s Auto section, which provides Notation of unstructured and ungrammatical text.Pho-
further information about the car, such as it's quality rating. ~ ceedings of IJCAI-2005
Figure 1 shows the demo’s architecture and Figure 2 shows Vargas-Vera, M.; Motta, E.; Domingue, J.; Lanzoni, M.;
a screen shot of the results page. Stutt, A.; and Ciravegna, F. Mnm: Ontology driven semi-
- automatic and automatic support for semantic markup. In
“http://www.isi.edu/integration/Phoebus/demos.html Proceedings of EKAW-2002



