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Motivation

Web archives preserve documents that were published a long 
time ago.  When searching these archives, today’s users 
formulate keyword queries using today’s terminology.  
Terminology, though, evolves constantly! There is thus an 
ever-widening terminology gap between the keyword queries 
formulated by today’s users and the archived documents.�
As a consequence, old documents that are highly relevant to 
the user’s information need are often not retrieved!


Our Approach

To bridge this terminology gap, we reformulate the user’s 
keyword query to retrieve old but highly relevant documents.
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Experimental Results

Experiments conducted on New York Times Annotated Corpus that contains 1.8M NYT articles published between 1987 and 2007.
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Query Reformulation

Given a keyword query q = 〈 q1 , …, qm 〉 formulated using 
today’s terminology, we determine a reformulated query �
q’ = 〈 q’1 , …, q’m 〉 having the same length that paraphrases the 
user’s information need using terminology prevalent at a 
target time in the past. Three desiderata for a good query 
reformulation are:


Similarity: Keywords in q’ should have a high degree of 
semantic similarity with their respective counterpart in q.


Coherence: Keywords in q’ should be frequently used 
together at the target time


Popularity: Keywords in q’ should be in common use at 
the target time.


We propose a Hidden-Markov Model (HMM) taking into 
account these desiderata. The “goodness” of a query 
reformulation is defined as


The best k query reformulations according to this model can 
be determined efficiently using a combination of the Viterbi 
algorithm and A* search.


airbus a380  2000


1.
 airbus industries


2.
 a3xx superjumbo


3.
 airbus superjumbo


kyoto protocol  1990


1.
 berenter greenhouse


2.
 greenhouse_effect warming


3.
 greenhouse_effect gases


tony_blair prime minister  1990


1.
 margaret_thatcher prime minister


2.
 yitzshak_shamir prime minister


3.
 Vacek minister prime


Across-Time Semantic Similarity

We want to assess the degree of semantic similarity between 
two terms when used at different times. To this end, we 
leverage the terms’ contexts as observed in documents 
published at the respective times. 


From the fact that iPod and Walkman co-occur frequently 
with similar terms in 2005 and 1990, respectively, we infer a 
high degree of across-time semantic similarity.


saint petersburg

museum


The Hermitage �
in Leningrad is…



