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ABSTRACT
Fusion is an important and central concept in Information Retrieval.
�e goal of fusion methods is to merge di�erent sources of in-
formation so as to address a retrieval task. For example, in the
adhoc retrieval se�ing, fusion methods have been applied to merge
multiple document lists retrieved for a query. �e lists could be
retrieved using di�erent query representations, document repre-
sentations, ranking functions and corpora. �e goal of this half day,
intermediate-level, tutorial is to provide a methodological view of
the theoretical foundations of fusion approaches, the numerous
fusion methods that have been devised and a variety of applications
for which fusion techniques have been applied.

1 MOTIVATION
Fusion is a classic technique used for more than twenty years in In-
formation Retrieval, speci�cally adhoc (query-based) retrieval, that
allows multiple sources of information to be combined into a single
result set [32, 40]. Fusion can be collection-based, system-based (
multiple ranking algorithms), content-based, and even query-based
when many similar queries express the same information need [32].
�e real power of fusion comes from the fact that even simple aggre-
gation functions have the potential to provide enhanced retrieval
e�ectiveness by exploiting the chorus e�ect [96].

In this tutorial, we will show that advances in fusion are directly
applicable to current open problems in the Information Retrieval
community, and that much can be learned from these models as
machine learning becomes even more prominent in modern search
solutions. In particular we draw parallels between unsupervised
fusion and ensembles of classi�ers in supervised learning [36, 82,
116].

We focus on retrieval se�ings where a single corpus is used, and
di�erent factors that a�ect retrieval vary; e.g., queries used to repre-
sent the information need, document and/or query representations,
ranking functions, etc. We brie�y discuss the se�ing of retrieval
over several corpora (a.k.a., federated or distributed search [24, 90]);
speci�cally, we survey several state-of-the-art techniques for fusing
lists retrieved from di�erent corpora. We believe that federated
search deserves a tutorial in its own right which covers the three
main challenges: resource representation, resource selection and
results merging [24, 47, 90].
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Table 1: E�ectiveness comparison of three state-of-the-art ranking
methods for the most common query variation for each topic from
the ClueWeb12B UQV100 collection [10]. Here ‡ means p < 0.001
in a Bonferroni corrected two-tailed t-test.

Method NDCG@10 W/T/L

BM25 0.212 —/—/—
SDM-Field 0.233 57/3/40
LambdaMART 0.225 59/2/39
DoubleFuse, v=all 0.300‡ 80/1/19

Finally, it is important for everyone in the community to under-
stand just how e�ective simple fusion techniques can be. Figure 1
and Table 1 compare three state-of-the-art retrieval systems on 100
adhoc queries in the ClueWeb12B UQV100 collection. �e three sys-
tems being compared are BM25, a �eld-based SDM model [76] (the
exact con�guration is identical to the one described by Gallagher
et al. [42]), a LambdaMART learning-to-rank (LTR) model [23, 26]
(here lightGBM is used with 459 features), and double unsuper-
vised fusion [11, 18] (RRF [29] over all UQV query variations and
two systems - SDM-Field and BM25). Figure 1 shows the three
strong baselines as a di�erence in NDCG@10 score w.r.t. a BM25
bag-of-words run. We can clearly see that not only does fusion
make more queries be�er on average, as shown in Table 1, it is also
far less likely to make queries worse. �is can clearly be seen when
comparing Wins, Ties, and Losses (W/T/L) in the table. So, there is
much to be learned from fusion baselines when doing exploratory
failure analysis on the robustness of new ranking algorithms.

2 TUTORIAL OBJECTIVES
• Highlight the important role of fusion in Information Retrieval.
• Provide a methodological view of the numerous fusion methods.
• Provide an overview of the theoretical foundations of various

fusion approaches.
• Introduce the audience to various tasks and challenges for which

fusion has been applied and can be applied.
• Discuss parallels with, and more generally pointers to, rele-

vant, related work in machine learning and computational social
choice theory.

• Discuss open questions and challenges.
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Figure 1: Per topic breakdown comparison of NDCG@10 di�er-
ences of several state-of-the-art adhoc ranking techniques. �e
scores shown are the di�erence between the method and a simple
BM25 bag-of-words run. �e Double Fusion Technique uses all of
the query variations (v=all) for each of the 100 topics, uses RRF
Fusion, and combines two systems – SDM-Field and BM25.

3 FORMAT AND PLANNED SCHEDULE

Table 2: Half Day Schedule of Topics

Time Topic
9:00 - 9:15 Introduction
9:15 - 9:30 Historical Context
9:30 - 10:00 �eoretical Foundations
10:00 - 10:30 Fusion in Practice
10:30 - 11:00 Co�ee Break
11:00 - 11:20 Fusion in Practice (contd.)
11:20 - 11:45 Learning & Fusion
11:45 - 12:10 Applications
12:10 - 12:30 Conclusions & Future Directions

OUTLINE
• Intro and Overview
• Historical Context

– Social Choice �eory and Voting Schemes [20]
∗ Condorcet, Borda, Kemeny [13, 34, 115]

– TREC and Rank Fusion [40]
– Federated Search [24, 90]

• �eoretical Foundations
– �e Fusion Hypothesis [14, 31, 32, 56, 57, 81, 94]
– Classi�er Combination [93]
– Fusion Frameworks [3, 53, 55, 88, 96, 99, 100, 102]

• Fusion in Practice
– Score-based (e.g., [3, 40, 56, 57, 78])
– Rank-based (e.g., [11, 29, 38, 41, 77, 79, 80, 103])

– Retrieval Score Normalization and Rank-to-Score Transfor-
mations [4, 5, 29, 39, 57, 73, 74, 78, 104, 108]

– Content-based [15, 30, 49–51, 62, 64, 87, 91]
– Selecting Retrieved Lists for Fusion [43, 45, 46]
– �ery Variations [11, 16–18, 22, 28, 52, 113]
– Failure Analysis / Risk [18, 37]
– E�ciency Considerations [44, 59]

• Learning & Fusion [55, 88]
– Models over Permutations (e.g., [1, 38, 48, 54, 83])
– Supervised (e.g., [3, 55, 65–67, 85, 88, 89, 102, 105, 106, 110,

112]) vs Unsupervised (e.g., [6, 9, 29, 40, 107])
– Ensembles [36, 82, 116]

• Applications
– �ery Performance Prediction [7, 35, 75, 81, 85, 92, 95, 111]
– Diversi�cation [60, 63, 109]
– Relevance Feedback [8, 84]
– Selecting a Ranker [2, 12, 33, 58]
– Blog and Microblog Retrieval [60, 61, 64, 101]
– Pooling and Evaluation [8, 21, 25, 68–71, 86, 97, 98]

• Conclusions & Future Directions

4 TYPE OF SUPPORT MATERIALS TO BE
SUPPLIED TO ATTENDEES

• A Web page that contains all materials.
• Downloadable slides available in PDF format.
• Extensive bibliography that helps to further explore topics dis-

cussed in the tutorial.
• Scripts and source code for common fusion techniques that can

be used by PhD students in future work1.

5 PRESENTERS’ BIOGRAPHY
Oren Kurland is an Associate Professor at the Technion — Israel
Institute of Technology. He holds a Ph.D. in Computer Science from
Cornell University. Oren has served as a senior program commi�ee
member and/or area chair for the SIGIR, CIKM, WSDM, WWW
and ECIR conferences for the last few years. He is also a member
of the editorial board of the Information Retrieval Journal. Oren
served as a doctoral consortium co-chair for WSDM 2014, and as a
program co-chair for the ICTIR 2013 and SPIRE 2013 conferences.
He has also served as the chair of the steering commi�ee of the
ACM SIGIR ICTIR conference.
Shane Culpepper is a Vice-Chancellor’s Principal Research Fel-
low and Associate Professor at RMIT University, and is the Director
of the Centre for Information Discovery. His research focuses on
building next generation search engines, and exploring new ways to
evaluate the quality of search. Research interests include informa-
tion retrieval, text indexing, data compression, system evaluation,
knowledge discovery, machine learning, natural language process-
ing, algorithm engineering and scalability. He is active in many
research capacities in the IR research community, including being
on the editorial board for the Information Retrieval Journal, and
routinely serves on the program commi�ees at ADCS, CIKM, ICDE,
SIGIR, SPIRE, WSDM, and WWW. He has been a Program Co-Chair
for ADCS, the SIGIR Doctoral Consortium, and CIKM, and will be
a General Chair for WSDM 2019. .
1h�ps://www.github.com/rmit-ir/polyfuse

https://www.github.com/rmit-ir/polyfuse


Acknowledgements. We thank the reviewers for their comments.
�is work was supported in part by the Australian Research Coun-
cil’s Discovery Projects Scheme (DP170102231) and a grant from the
Mozilla Foundation.

REFERENCES
[1] N. Ailon. 2010. Aggregation of Partial Rankings, p-Ratings and Top-m Lists.

Algorithmica 57, 2 (2010), 284–300.
[2] G. Amati, C. Carpineto, and G. Romano. 2004. �ery di�culty, robustness, and

selective application of query expansion. In Proc. SIGIR. 127–137.
[3] Y. Anava, A. Shtok, O. Kurland, and E. Rabinovich. 2016. A Probabilistic Fusion

Framework. In Proc. CIKM. 1463–1472.
[4] A. Arampatzis and J. Kamps. 2009. A signal-to-noise approach to score normal-

ization. In Proc. CIKM. 797–806.
[5] A. Arampatzis and S. Robertson. 2011. Modeling score distributions in informa-

tion retrieval. Inf. Retr. 14, 1 (2011), 26–46.
[6] J. A. Aslam and M. Montague. 2001. Models for metasearch. In Proc. SIGIR.

276–284.
[7] J. A. Aslam and V. Pavlu. 2007. �ery Hardness Estimation Using Jensen-Shannon

Divergence Among Multiple Scoring Functions. In Proc. ECIR. 198–209.
[8] J. A. Aslam, V. Pavlu, and R. Savell. 2003. A uni�ed model for metasearch and the

e�cient evaluation of retrieval systems via the hedge algorithm. In Proc. SIGIR.
393–394.

[9] J. A. Aslam, V. Pavlu, and E. Yilmaz. 2005. Measure-based Metasearch. In Proc.
SIGIR. 571–572.

[10] P. Bailey, A. Mo�at, F. Scholer, and P. �omas. 2016. UQV100: A test collection
with query variability. In Proc. SIGIR. 725–728.

[11] P. Bailey, A. Mo�at, F. Scholer, and P. �omas. 2017. Retrieval consistency in the
presence of query variations. In Proc. SIGIR. 395–404.

[12] N. Balasubramanian and J. Allan. 2010. Learning to select rankers. In Proc. SIGIR.
855–856.

[13] J. Bartholdi, C. A. Tovey, and M. A. Trick. 1989. Voting schemes for which it can
be di�cult to tell who won the election. Social Choice and Welfare 6, 2 (1989),
157–165.

[14] S. M. Beitzel, E. C. Jensen, A. Chowdhury, O. Frieder, D. A. Grossman, and N.
Goharian. 2003. Disproving the Fusion Hypothesis: An Analysis of Data Fusion
via E�ective Information Retrieval Strategies. In Proc. SAC. 823–827.

[15] S. M. Beitzel, E. C. Jensen, O. Frieder, A. Chowdhury, and G. Pass. 2005. Surrogate
scoring for improved metasearch precision. In Proc. SIGIR. 583–584.

[16] N. J. Belkin, C. Cool, W. B. Cro�, and J. P. Callan. 1993. �e E�ect of Multiple
�ery Variations on Information Retrieval System Performance. In Proc. SIGIR.
339–346.

[17] N. J. Belkin, P. Kantor, E. A. Fox, and J. A. Shaw. 1995. Combining the evidence
of multiple query representations for information retrieval. Inf. Proc. & Man. 31,
3 (1995), 431–448.

[18] R. Benham and J. S. Culpepper. 2017. Risk-reward Trade-o�s in Rank Fusion. In
Proc. ADCS. Article 1, 1:1–1:8 pages.

[19] R. Benham, L. Gallagher, J. Mackenzie, T. T. Damessie, R.-C. Chen, F. Scholer, A.
Mo�at, and J. S. Culpepper. 2017. RMIT at the TREC 2017 CORE Track.. In Proc.
TREC.

[20] F. Brandt, V. Conitzer, U. Endriss, J. Lang, and A. D. Procaccia (Eds.). 2016.
Handbook of Computational Social Choice. Cambridge University Press.

[21] C. Buckley, D. Dimmick, I. Soboro�, and E. M. Voorhees. 2007. Bias and the
limits of pooling for large collections. Inf. Retr. (2007), 491–508.

[22] C. Buckley and J. Walz. 1999. �e TREC-8 query track. In Proc. TREC.
[23] C. Burges. 2010. From ranknet to lambdarank to lambdamart: An overview.

Learning 11, 23-581 (2010), 81.
[24] J. Callan. 2000. Distributed information retrieval. In Advances in information

retrieval, W.B. Cro� (Ed.). Kluwer Academic Publishers, Chapter 5, 127–150.
[25] B. Cartere�e, V. Pavlu, E. Kanoulas, J. A. Aslam, and J. Allan. 2008. Evaluation

over thousands of queries. In Proc. SIGIR. 651–658.
[26] R.-C. Chen, L. Gallagher, R. Blanco, and J. S. Culpepper. 2017. E�cient cost-aware

cascade ranking in multi-stage retrieval. In Proc. SIGIR. 445–454.
[27] F. M. Choudhury, Z. Bao, J. S. Culpepper, and T. Sellis. 2017. Monitoring the

Top-m Rank Aggregation of Spatial Objects in Streaming �eries. In Proc. ICDE.
585–596.

[28] K. Collins-�ompson and J. Callan. 2007. Estimation and use of uncertainty in
pseudo-relevance feedback. In Proc. SIGIR. 303–310.

[29] G. V. Cormack, C. L. A. Clarke, and S. Bü�cher. 2009. Reciprocal rank fusion
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