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Abstract

In information retrieval, query auto completion (QAC), also known as type-
ahead [Xiao et al., 2013, Cai et al., 2014b] and auto-complete suggestion [Jain
and Mishne, 2010], refers to the following functionality: given a prefix con-
sisting of a number of characters entered into a search box, the user interface
proposes alternative ways of extending the prefix to a full query. Ranking
query completions is a challenging task due to the limited length of prefixes
entered by users, the large volume of possible query completions matching
a prefix, and the broad range of possible search intents. In recent years, a
large number of query auto completion approaches have been proposed that
produce ranked lists of alternative query completions by mining query logs.

In this survey, we review work on query auto completion that has been
published before 2016. We focus mainly on web search and provide a formal
definition of the query auto completion problem. We describe two dominant
families of approaches to the query auto completion problem, one based on
heuristic models and the other based on learning to rank. We also identify
dominant trends in published work on query auto completion, viz. the use of
time-sensitive signals and the use of user-specific signals. We describe the
datasets and metrics that are used to evaluate algorithms for query auto com-
pletion. We also devote a chapter to efficiency and a chapter to presentation
and interaction aspects of query auto completion. We end by discussing re-
lated tasks as well as potential research directions to further the area.

F. Cai and M. de Rijke. A Survey of Query Auto Completion in Information Retrieval.
Foundations and Trends R© in Information Retrieval, vol. 10, no. 4, pp. 273–363, 2016.

DOI: 10.1561/1500000055.
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1
Introduction

1.1 Motivation

Word completion is a user interface feature that offers the user a list of words
after one or more letters have been typed. It has been around as a feature of
word editors and command shells for nearly half a century. In information re-
trieval, word completion is best known in the form of query auto completion,
which provides users with suggested queries as they begin to enter their query
in the search box. The user’s incomplete input is often called a query prefix
and the suggested queries are often called query completions. As shown in
Figure 1.1, these query completions often start with the characters that the
user has entered into the search box (see Figure 1.1a) and are adjusted as
the user continues typing (see Figure 1.1b). Query auto completion (QAC)
helps users to formulate their query when they have an intent in mind but
not a clear way of expressing in a query. It helps to avoid possible spelling
mistakes, especially on devices with small screens. It has been reported that,
when submitting English queries, using QAC by selecting suggested query
completions has saved more than 50% keystrokes of global Yahoo! searchers
in 2014 [Zhang et al., 2015]. In addition, cutting down the search duration of
users implies a lower load on the search engine, which results in savings in
machine resources and maintenance [Bar-Yossef and Kraus, 2011].

2
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1.1. Motivation 3

information technology 
information synonym
information systems
information security

information

(a) A list of four query completions for the prefix “information.”

information retrieval 
information report
information revolution
information resources inc

information re

(b) An updated list of four query completions for the prefix “information re.”

Figure 1.1: Examples of query auto completion.

Importantly, the use of QAC is not limited to web search engines such as
Baidu, Bing, Google, or Yandex. QAC has also become part of other common
services for search tasks. Facebook1 provides QAC for finding friends, typ-
ically providing four suggestions; Twitter2 uses QAC for searching tweets,
also offering up to four suggestions; QAC is employed for product search
in online shopping stores such as Amazon,3 which often produce up to ten
suggestions; and it assists users to formulate requests for specific videos in
online video-sharing websites such as Youtube,4 where users also get up to
ten suggestions. As with web search, users of QAC functionality in other set-
tings are helped to find an ideal query to address a particular search task.
Research indicates that using the suggested queries can greatly improve user
satisfaction, especially for informational queries [Song et al., 2011b].

1https://www.facebook.com
2https://twitter.com
3http://www.amazon.com
4https://www.youtube.com
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4 Introduction

1.2 Historical notes

Query auto completion is a particular form of word prediction: when a writer
writes the first letter or letters of a word, a word predictor lists possible words
as choices and if the intended word is listed amongst the choices, it can be
selected. In a different form of word prediction, the most likely next words
(instead of completions) are listed. The core idea goes back at least half a cen-
tury: Longuet-Higgins and Ortony [1968] describe a method to help decrease
the number of keystrokes needed in order to complete a word, in their case
commands and identifiers entered by developers. Another important motiva-
tion was to help individuals with physical disabilities increase their typing
speed. Early work on word prediction focused both on assessing the cog-
nitive benefits of word prediction and on algorithmic developments. For in-
stance, early studies found that reduction of keystrokes through word predic-
tion is often offset by having to scan the list of predicted words and selecting
the desired word [Vanderheiden and Kelso, 1987]. Displaying five suggested
words in a vertical manner was found to provide a reasonable balance be-
tween keystrokes saving and cognitive load [Swiffin et al., 1987].

Early algorithmic work on word prediction, that is, work from the 1970s
and 1980s, can be grouped into three classes: character predictors, word com-
pleters, and combinations of the two [Darragh, 1988]. Character predictors
accelerate input by making likely letters faster and easier to select. Word com-
pletors support text input by offering words based on an initial prefix of one
or more letters entered by the user. Combined systems do both. The Reactive
Keyboard introduced by Darragh et al. [1990] is a combined approach that
also incorporates many facilities of today’s query auto completion methods,
including the use of popular words and of task appropriate words, both as
identified from past query behavior.

Witten and Darragh [1992] provide an extensive treatment of work on
word completion as an assistive technology up to the early 1990s. The Reac-
tive Keyboard mentioned above is a prototypical example for the period as it
incorporates the functionality of word completion and accelerates typewrit-
ten communication with a computer. Its word completion is mostly based on
a standard dictionary; later approaches extended it to use adaptive modeling,
which produces completions based on previously entered text. Similarly, a
user’s previously entered text, i.e., the search context, is taken into account

Full text available at: http://dx.doi.org/10.1561/500000055



1.2. Historical notes 5

for personalized query auto completion [Bar-Yossef and Kraus, 2011]. Fur-
thermore, a user’s long-term search history has been explored for query auto
completion [Cai et al., 2016a], but it has not been incorporated into a word
completion system. Basically, word completion relies on a special tree struc-
ture to match the input and its completions [Witten and Darragh, 1992, Dar-
ragh et al., 1990], which is similar to the data structure used in query auto
completion. In addition, both word completion and query auto completion
often build on simple lexical models based on n-grams, which can be directly
extracted from a text corpus or query log [Cai and de Rijke, 2016b].

Sentence completion is a slightly different task: given an initial fragment
of a sentence, identify the remaining part of the sentence that the user in-
tends to write. This task setting is motivated by processes such as answering
questions sent by email in a call center, or writing letters in an administra-
tive environment [Grabski and Scheffer, 2004]. Grabski and Scheffer [2004],
Bickel et al. [2005], Nandi and Jagadish [2007] study this task based on lexi-
cal statistics of text collections.

The use of word prediction for search, goes back to the Emacs text ed-
itor [Ciccarelli, 1978], which offered a single line of feedback, not a list of
suggestions. In the early 2000s, Raskin [2000] advocated the use of incre-
mental search in which a user gets instant feedback as they enter a query
based on what may exist in the content search over what he called delim-
ited search, which basically is a traditional search interface allowing search
in three steps: a user submits a query, the system computes a result page, the
user receives the result page. Since then, query auto completion has been used
by internet browsers, development environments, web sites, desktop search,
operating systems, databases, email clients, and search engines, which are
the focus of this survey. Around the middle of the 2000s, QAC was being
offered by a growing number of search engines. For instance, Google Sug-
gest, which launched in 2004,5 was an early showcase of query auto comple-
tion in the search engine setting. And around the same time Kayak,6 a travel
metasearch engine, completed location related queries with travel related sug-
gestions such as airport codes.

5http://looksgoodworkswell.blogspot.nl/2005/12/distracting-
or-narrowing-looking.html

6https://www.kayak.com
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6 Introduction

1.3 Aims of this survey

Because of the clear benefits of QAC, a considerable number of algorithmic
approaches to QAC have been proposed in the past few years. Query logs
have proved to be a key asset underlying most of the recent research. In this
paper we survey this research. We focus on summarizing the literature on
QAC and provide a general understanding of the wealth of QAC approaches
that is currently available. Our contributions in this survey can be summarized
as follows:

1. We provide researchers who are working on query auto completion
or related problems in the field of information retrieval with a good
overview and analysis of state-of-the-art QAC approaches. In particu-
lar, for new researchers to the field, the survey can serve as an intro-
duction to the state-of-the-art.

2. We offer a comprehensive perspective on QAC approaches by present-
ing a taxonomy of existing solutions. In addition, we present solutions
for QAC under different conditions such as available high-resolution
query logs, in-depth user interactions with QAC using eye-tracking,
and elaborate user engagements in a QAC process. We also discuss
practical issues related to QAC.

3. We present a detailed discussion of core challenges and promising open
directions in QAC.

Our focus in this survey is on effectiveness of QAC. We do, however, include
chapters on efficiency (Chapter 6) and on presentation and interaction aspects
of query auto completion (Chapter 7).

1.4 Structure of this survey

The rest of this survey is organized as follows. Chapter 2 describes the prob-
lem of QAC as well as some closely related tasks; Chapter 3 and Chapter 4
detail published QAC approaches based on heuristic models and on learning
algorithms, respectively; Chapter 5 presents publicly available benchmarks
as well as metrics for QAC evaluation. In Chapter 6 we discuss efficiency
and robustness aspects of query auto completion. In Chapter 7 we include a
survey of studies into interface and interaction aspects of query auto comple-
tion. We include a short overview of three areas of research that are closely
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1.4. Structure of this survey 7

related to QAC, i.e., query suggestion, query expansion and query correction
in Chapter 8. We conclude the survey in Chapter 9 and point out follow-up
research directions.
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References

Rakesh Agrawal, Sreenivas Gollapudi, Alan Halverson, and Samuel Ieong. Diver-
sifying search results. In Proceedings of the 2nd ACM International Conference
on Web Search and Data Mining, WSDM ’09, pages 5–14, New York, NY, USA,
2009. ACM.

Alia Amin, Michiel Hildebrand, Jacco van Ossenbruggen, Vanessa Evers, and Lynda
Hardman. Organizing suggestions in autocompletion interfaces. In Proceedings
of the 31st European Conference on Information Retrieval, ECIR ’09, pages 521–
529, Berlin, Heidelberg, 2009. Springer-Verlag.

Aris Anagnostopoulos, Luca Becchetti, Carlos Castillo, and Aristides Gionis. An
optimization framework for query recommendation. In Proceedings of the Third
ACM International Conference on Web Search and Data Mining, WSDM ’10,
pages 161–170, New York, NY, USA, 2010. ACM.

Kevin Bache, David Newman, and Padhraic Smyth. Text-based measures of docu-
ment diversity. In Proceedings of the 19th ACM SIGKDD Conference on Knowl-
edge Discovery and Data Mining, KDD ’13, pages 23–31, New York, NY, USA,
2013. ACM.

Ricardo Baeza-Yates, Carlos Hurtado, and Marcelo Mendoza. Query recommenda-
tion using query logs in search engines. In Proceedings of the 2004 International
Conference on Current Trends in Database Technology, EDBT ’04, pages 588–
596, Berlin, Heidelberg, 2004. Springer-Verlag.

Jing Bai, Jian-Yun Nie, Guihong Cao, and Hugues Bouchard. Using query contexts
in information retrieval. In Proceedings of the 30th International ACM SIGIR
Conference on Research and Development in Information Retrieval, SIGIR ’07,
pages 15–22, New York, NY, USA, 2007. ACM.

73

Full text available at: http://dx.doi.org/10.1561/500000055



74 References

Ziv Bar-Yossef and Naama Kraus. Context-sensitive query auto-completion. In
Proceedings of the 20th International World Wide Web Conference, WWW ’11,
pages 107–116, New York, NY, USA, 2011. ACM.

Holger Bast and Ingmar Weber. Type less, find more: Fast autocompletion search
with a succinct index. In Proceedings of the 29th International ACM SIGIR Con-
ference on Research and Development in Information Retrieval, SIGIR ’06, pages
364–371, New York, NY, USA, 2006. ACM.

Holger Bast, Alexandru Chitea, Fabian Suchanek, and Ingmar Weber. Ester: Efficient
search on text, entities, and relations. In Proceedings of the 30th International
ACM SIGIR Conference on Research and Development in Information Retrieval,
SIGIR ’07, pages 671–678, New York, NY, USA, 2007. ACM.

Holger Bast, ChristianW. Mortensen, and Ingmar Weber. Output-sensitive autocom-
pletion search. Information Retrieval, 11(4):269–286, 2008.

Steven M. Beitzel, Eric C. Jensen, Ophir Frieder, Abdur Chowdhury, and Greg Pass.
Surrogate scoring for improved metasearch precision. In Proceedings of the 28th
Annual International ACM SIGIR Conference on Research and Development in
Information Retrieval, SIGIR ’05, pages 583–584, New York, NY, USA, 2005.
ACM.

Paul N. Bennett, Ryen W. White, Wei Chu, Susan T. Dumais, Peter Bailey, Fedor
Borisyuk, and Xiaoyuan Cui. Modeling the impact of short- and long-term be-
havior on search personalization. In Proceedings of the 35th International ACM
SIGIR Conference on Research and Development in Information Retrieval, SIGIR
’12, pages 185–194, New York, NY, USA, 2012. ACM.

Sumit Bhatia, Debapriyo Majumdar, and Prasenjit Mitra. Query suggestions in the
absence of query logs. In Proceedings of the 34th International ACM SIGIR Con-
ference on Research and Development in Information Retrieval, SIGIR ’11, pages
795–804, New York, NY, USA, 2011. ACM.

Abhijit Bhole and Raghavendra Udupa. On correcting misspelled queries in email
search. In Proceedings of the 29th AAAI Conference on Artificial Intelligence,
AAAI ’15, pages 4266–4267, New York, NY, USA, 2015. AAAI Press.

Steffen Bickel, Peter Haider, and Tobias Scheffer. Learning to complete sentences.
In Proceedings of the 16th European Conference on Machine Learning, ECML
’05, pages 497–504, Berlin, Heidelberg, 2005. Springer Berlin Heidelberg.

Alexey Borisov, Ilya Markov, Maarten de Rijke, and Pavel Serdyukov. A neural click
model for web search. In Proceedings of the 25th International World Wide Web
Conference, WWW ’16, pages 531–541, New York, NY, USA, 2016. ACM.

Full text available at: http://dx.doi.org/10.1561/500000055



References 75

Andrei Broder, Peter Ciccolo, Evgeniy Gabrilovich, Vanja Josifovski, Donald Met-
zler, Lance Riedel, and Jeffrey Yuan. Online expansion of rare queries for spon-
sored search. In Proceedings of the 18th International World Wide Web Confer-
ence, WWW ’09, pages 511–520, New York, NY, USA, 2009. ACM.

Christopher J.C. Burges, Krysta M. Svore, Paul N. Bennett, Andrzej Pastusiak, and
Qiang Wu. Learning to rank using an ensemble of lambda-gradient models. Jour-
nal of Machine Learning Research, 14:25–35, 2011.

Georg Buscher, Andreas Dengel, and Ludger van Elst. Query expansion using gaze-
based feedback on the subdocument level. In Proceedings of the 31st International
ACM SIGIR Conference on Research and Development in Information Retrieval,
SIGIR ’08, pages 387–394, New York, NY, USA, 2008. ACM.

Fei Cai and Maarten de Rijke. Selectively personalizing query auto completion.
In Proceedings of the 39th Annual International ACM SIGIR Conference on Re-
search and Development in Information Retrieval, SIGIR ’16, pages 993–996,
New York, NY, USA, 2016a. ACM.

Fei Cai and Maarten de Rijke. Learning from homologous queries and semantically
related terms for query auto completion. Information processing and Manage-
ment, 52(4):628–643, 2016b.

Fei Cai, Shangsong Liang, and Maarten de Rijke. Personalized document re-ranking
based on bayesian probabilistic matrix factorization. In Proceedings of the 37th
International ACM SIGIR Conference on Research and Development in Informa-
tion Retrieval, SIGIR ’14, pages 835–838, New York, NY, USA, 2014a. ACM.

Fei Cai, Shangsong Liang, and Maarten de Rijke. Time-sensitive personalized query
auto-completion. In Proceedings of the 23rd ACM Conference on Information and
Knowledge Management, CIKM ’14, pages 1599–1608, New York, NY, USA,
2014b. ACM.

Fei Cai, Shangsong Liang, and Maarten de Rijke. Prefix-adaptive and time-sensitive
personalized query auto completion. IEEE Transactions on Knowledge and Data
Engineering, 28(9):2452–2466, September 2016a.

Fei Cai, Ridho Reinanda, and Maarten de Rijke. Diversifying query auto-completion.
ACM Transactions on Information Systems, 34(4):Article 25, 2016b.

Fei Cai, Shuaiqiang Wang, and Maarten de Rijke. Behavior-based personalization in
web search. Journal of the Association for Information Science and Technology,
2016c. To appear.

Huanhuan Cao, Daxin Jiang, Jian Pei, Qi He, Zhen Liao, Enhong Chen, and Hang
Li. Context-aware query suggestion by mining click-through and session data. In
Proceedings of the 14th ACM SIGKDD Conference on Knowledge Discovery and
Data Mining, KDD ’08, pages 875–883, New York, NY, USA, 2008. ACM.

Full text available at: http://dx.doi.org/10.1561/500000055



76 References

Claudio Carpineto and Giovanni Romano. A survey of automatic query expansion
in information retrieval. ACM Computing Surveys, 44(1):1–50, 2012.

Olivier Chapelle and Ya Zhang. A dynamic bayesian network click model for web
search ranking. In Proceedings of the 18th International World Wide Web Confer-
ence, WWW ’09, pages 1–10, New York, NY, USA, 2009. ACM.

Olivier Chapelle, Donald Metlzer, Ya Zhang, and Pierre Grinspan. Expected recip-
rocal rank for graded relevance. In Proceedings of the 18th ACM Conference on
Information and Knowledge Management, CIKM ’09, pages 621–630, New York,
NY, USA, 2009. ACM.

Surajit Chaudhuri and Raghav Kaushik. Extending autocompletion to tolerate er-
rors. In Proceedings of the 2009 ACM SIGMOD International Conference on
Management of Data, SIGMOD ’09, pages 707–718, New York, NY, USA, 2009.
ACM.

Qing Chen, Mu Li, and Ming Zhou. Improving query spelling correction using web
search results. In Proceedings of the 2007 Conference on Empirical Methods
in Natural Language Processing, EMNLP ’07, pages 181–189, Stroudsburg, PA,
USA, 2007. Association for Computational Linguistics.

Steve Chien and Nicole Immorlica. Semantic similarity between search engine
queries using temporal correlation. In Proceedings of the 14th International World
Wide Web Conference, WWW ’05, pages 2–11, New York, NY, USA, 2005. ACM.

Paul Alexandru Chirita, Claudiu S. Firan, and Wolfgang Nejdl. Personalized query
expansion for the web. In Proceedings of the 30th International ACM SIGIR
Conference on Research and Development in Information Retrieval, SIGIR ’07,
pages 7–14, New York, NY, USA, 2007. ACM.

Aleksandr Chuklin, Ilya Markov, and Maarten de Rijke. Click Models for Web
Search. Synthesis Lectures on Information Concepts, Retrieval, and Services.
Morgan & Claypool Publishers, San Rafael, CA, USA, August 2015.

Karen Church and Nuria Oliver. Understanding mobile web and mobile search use
in today’s dynamic mobile landscape. In Proceedings of the 13th International
Conference on Human Computer Interaction with Mobile Devices and Services,
MobileHCI ’11, pages 67–76, New York, NY, USA, 2011. ACM.

Eugene Ciccarelli. An introduction to the Emacs editor. Technical Report AIM-447,
MIT Artificial Intelligence Laboratory, Cambridge, Massachusetts, 1978.

Charles L. A. Clarke, Eugene Agichtein, Susan Dumais, and Ryen W. White. The
influence of caption features on clickthrough patterns in web search. In Proceed-
ings of the 30th Annual International ACM SIGIR Conference on Research and
Development in Information Retrieval, SIGIR ’07, pages 135–142, New York,
NY, USA, 2007. ACM.

Full text available at: http://dx.doi.org/10.1561/500000055



References 77

Charles L.A. Clarke, Maheedhar Kolla, Gordon V. Cormack, Olga Vechtomova, Azin
Ashkan, Stefan Büttcher, and Ian MacKinnon. Novelty and diversity in informa-
tion retrieval evaluation. In Proceedings of the 31st International ACM SIGIR
Conference on Research and Development in Information Retrieval, SIGIR ’08,
pages 659–666, New York, NY, USA, 2008. ACM.

Charles L.A. Clarke, Maheedhar Kolla, and Olga Vechtomova. An effectiveness
measure for ambiguous and underspecified queries. In Proceedings of the 2009 In-
ternational Conference on the Theory of Information Retrieval, ICTIR ’09, pages
188–199, Berlin, Heidelberg, 2009. Springer-Verlag.

Kevyn Collins-Thompson, Paul N. Bennett, Ryen W. White, Sebastian de la Chica,
and David Sontag. Personalizing web search results by reading level. In Proceed-
ings of the 20th ACM Conference on Information and Knowledge Management,
CIKM ’11, pages 403–412, New York, NY, USA, 2011. ACM.

Kevyn Collins-Thompson, Paul Bennett, Charles L.A. Clarke, and Ellen
M. Voorhees. TREC 2013 web track overview. In Proceedings of the 21st Text
REtrieval Conference, TREC ’13, pages 1–15, Berlin, Heidelberg, 2013. Springer-
Verlag.

Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest, and Clifford Stein.
Introduction to Algorithms. The MIT Press, 3rd edition, 2009.

Nick Craswell, Onno Zoeter, Michael Taylor, and Bill Ramsey. An experimental
comparison of click position-bias models. In Proceedings of the 1st ACM Inter-
national Conference on Web Search and Data Mining, WSDM ’08, pages 87–94,
New York, NY, USA, 2008. ACM.

Nick Craswell, Rosie Jones, Georges Dupret, and Evelyne Viegas, editors. WSCD
’09: Proceedings 2009 Workshop on Web Search Click Data, Proceedings of the
2009 Workshop on Web Search Click Data, 2009. ACM.

Silviu Cucerzan and Eric Brill. Spelling correction as an iterative process that ex-
ploits the collective knowledge of web users. In Proceedings of the 2004 Confer-
ence on Empirical Methods in Natural Language Processing, EMNLP ’04, pages
293–300, Stroudsburg, PA, USA, 2004. Association for Computational Linguis-
tics.

Hang Cui, Ji-Rong Wen, Jian-Yun Nie, and Wei-Ying Ma. Probabilistic query ex-
pansion using query logs. In Proceedings of the 11th International World Wide
Web Conference, WWW ’02, pages 325–332, New York, NY, USA, 2002. ACM.

Van Dang and Bruce W. Croft. Term level search result diversification. In Proceed-
ings of the 36th International ACM SIGIR Conference on Research and Develop-
ment in Information Retrieval, SIGIR ’13, pages 603–612, New York, NY, USA,
2013. ACM.

Full text available at: http://dx.doi.org/10.1561/500000055



78 References

Van Dang and W. Bruce Croft. Diversity by proportionality: An election-based ap-
proach to search result diversification. In Proceedings of the 35th International
ACM SIGIR Conference on Research and Development in Information Retrieval,
SIGIR ’12, pages 65–74, New York, NY, USA, 2012. ACM.

John J. Darragh. Adaptive predictive text generation and the reavtive keyboard. Mas-
ter’s thesis, Computer Science Department, University of Calgary, 1988.

John J. Darragh, Ian H. Witten, and Mark L. James. The reactive keyboard: A pre-
dictive typing aid. Computer, 23(11):41–49, 1990.

Giovanni Di Santo, Richard McCreadie, Craig Macdonald, and Iadh Ounis. Compar-
ing approaches for query autocompletion. In Proceedings of the 38th International
ACM SIGIR Conference on Research and Development in Information Retrieval,
SIGIR ’15, pages 775–778, New York, NY, USA, 2015. ACM.

M. Benjamin Dias, Dominique Locher, Ming Li, Wael El-Deredy, and Paulo J. G.
Lisboa. The value of personalised recommender systems to e-business: A case
study. In Proceedings of the 2008 ACM Conference on Recommender Systems,
RecSys ’08, pages 291–294, New York, NY, USA, 2008. ACM.

Zhicheng Dou, Ruihua Song, and Ji-Rong Wen. A large-scale evaluation and analysis
of personalized search strategies. In Proceedings of the 16th International World
Wide Web Conference, WWW ’07, pages 581–590, New York, NY, USA, 2007.
ACM.

Huizhong Duan and Bo-June (Paul) Hsu. Online spelling correction for query com-
pletion. In Proceedings of the 20th International World Wide Web Conference,
WWW ’11, pages 117–126, New York, NY, USA, 2011. ACM.

Huizhong Duan, Yanen Li, ChengXiang Zhai, and Dan Roth. A discriminative
model for query spelling correction with latent structural SVM. In Proceedings
of the 2012 Conference on Empirical Methods in Natural Language Processing,
EMNLP ’12, pages 1511–1521, Stroudsburg, PA, USA, 2012. Association for
Computational Linguistics.

Georges E. Dupret and Benjamin Piwowarski. A user browsing model to predict
search engine click data from past observations. In Proceedings of the 31st Inter-
national ACM SIGIR Conference on Research and Development in Information
Retrieval, SIGIR ’08, pages 331–338, New York, NY, USA, 2008. ACM.

Henry Feild and James Allan. Task-aware query recommendation. In Proceedings
of the 36th International ACM SIGIR Conference on Research and Development
in Information Retrieval, SIGIR ’13, pages 83–92, New York, NY, USA, 2013.
ACM.

Full text available at: http://dx.doi.org/10.1561/500000055



References 79

Daniel M. Fleder and Kartik Hosanagar. Recommender systems and their impact on
sales diversity. In Proceedings of the 8th ACM Conference on Electronic Com-
merce, EC ’07, pages 192–199, New York, NY, USA, 2007. ACM.

Bruno M. Fonseca, Paulo Golgher, Bruno Pôssas, Berthier Ribeiro-Neto, and Nivio
Ziviani. Concept-based interactive query expansion. In Proceedings of the 14th
ACM Conference on Information and Knowledge Management, CIKM ’05, pages
696–703, New York, NY, USA, 2005. ACM.

Guillem Francès, Xiao Bai, B. Barla Cambazoglu, and Ricardo Baeza-Yates. Im-
proving the efficiency of multi-site web search engines. In Proceedings of the
7th ACM International Conference on Web Search and Data Mining, WSDM ’14,
pages 3–12, New York, NY, USA, 2014. ACM.

George W. Furnas, Thomas K. Landauer, Louis M. Gomez, and Susan T. Dumais.
The vocabulary problem in human-system communication. Communications of
the ACM, 30(11):964–971, 1987.

Jianfeng Gao, Xiaolong Li, Daniel Micol, Chris Quirk, and Xu Sun. A large scale
ranker-based system for search query spelling correction. In Proceedings of
the 23rd International Conference on Computational Linguistics, COLING ’10,
pages 358–366, Stroudsburg, PA, USA, 2010. Association for Computational Lin-
guistics.

Nadav Golbandi, Liran Katzir, Yehuda Koren, and Ronny Lempel. Expediting search
trend detection via prediction of query counts. In Proceedings of the 6th ACM
International Conference on Web Search and Data Mining, WSDM ’13, pages
295–304, New York, NY, USA, 2013. ACM.

Paul Goodwin. The Holt-Winters approach to exponential smoothing: 50 years old
and going strong. Foresight: The International Journal of Applied Forecasting, 1
(19):30–33, 2010.

Korinna Grabski and Tobias Scheffer. Sentence completion. In Proceedings of
the 27th International ACM SIGIR Conference on Research and Development in
Information Retrieval, SIGIR ’04, pages 433–439, New York, NY, USA, 2004.
ACM.

Laura A. Granka, Thorsten Joachims, and Geri Gay. Eye-tracking analysis of user
behavior in www search. In Proceedings of the 27th International ACM SIGIR
Conference on Research and Development in Information Retrieval, SIGIR ’04,
pages 478–479, New York, NY, USA, 2004. ACM.

Fan Guo, Chao Liu, and Yi Min Wang. Efficient multiple-click models in web search.
In Proceedings of the 2nd ACM International Conference on Web Search and Data
Mining, WSDM ’09, pages 124–131, New York, NY, USA, 2009a. ACM.

Full text available at: http://dx.doi.org/10.1561/500000055



80 References

Jiafeng Guo, Gu Xu, Xueqi Cheng, and Hang Li. Named entity recognition in query.
In Proceedings of the 32nd International ACM SIGIR Conference on Research
and Development in Information Retrieval, SIGIR ’09, pages 267–274, New York,
NY, USA, 2009b. ACM.

Jiafeng Guo, Xueqi Cheng, Gu Xu, and Huawei Shen. A structured approach to
query recommendation with social annotation data. In Proceedings of the 19th
ACM Conference on Information and Knowledge Management, CIKM ’10, pages
619–628, New York, NY, USA, 2010. ACM.

Jiafeng Guo, Xueqi Cheng, Gu Xu, and Xiaofei Zhu. Intent-aware query similar-
ity. In Proceedings of the 20th ACM Conference on Information and Knowledge
Management, CIKM ’11, pages 259–268, New York, NY, USA, 2011. ACM.

Ben He and Iadh Ounis. Finding good feedback documents. In Proceedings of the
18th ACM Conference on Information and Knowledge Management, CIKM ’09,
pages 2011–2014, New York, NY, USA, 2009. ACM.

Jiyin He, Martha Larson, and Maarten de Rijke. Using coherence-based measures to
predict query difficulty. In 30th European Conference on Information Retrieval
(ECIR 2008), number 4956 in LNCS, pages 689–694. Springer, 2008.

Qi He, Daxin Jiang, Zhen Liao, Steven C. H. Hoi, Kuiyu Chang, Ee-Peng Lim, and
Hang Li. Web query recommendation via sequential query prediction. In Pro-
ceedings of the 25th International Conference on Data Engineering, ICDE ’09,
pages 1443–1454, Washington, DC, USA, 2009. IEEE Computer Society.

Marti A. Hearst. Search User Interfaces. Cambridge University Press, 2009.

Katja Hofmann, Shimon Whiteson, and Maarten de Rijke. A probabilistic method for
inferring preferences from clicks. In Proceedings of the 20th ACM Conference on
Information and Knowledge Management, CIKM âĂŹ11. ACM, October 2011.
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