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ABSTRACT

Commercial web search engines need to process thousands of
queries every second and provide responses to user queries
within a few hundred milliseconds. As a consequence of
these tight performance constraints, search engines con-
struct and maintain very large computing infrastructures
for crawling the Web, indexing discovered pages, and pro-
cessing user queries. The scalability and efficiency of these
infrastructures require careful performance optimizations in
every major component of the search engine.

This tutorial aims to provide a fairly comprehensive
overview of the scalability and efficiency challenges in large-
scale web search engines. In particular, the tutorial provides
an in-depth architectural overview of a web search engine,
mainly focusing on the web crawling, indexing, and query
processing components. The scalability and efficiency issues
encountered in the above-mentioned components are pre-
sented at four different granularities: at the level of a single
computer, a cluster of computers, a single data center, and
a multi-center search engine. The tutorial also points at the
open research problems and provides recommendations to
researchers who are new to the field.

Categories and Subject Descriptors

H.3.3 [Information Storage and Retrieval]: Information
Search and Retrieval
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1. OUTLINE

The tutorial is composed of four sections. The first section
provides the main concepts. Each of the remaining sections
covers a particular architectural component in a web search
engine.
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1.1 Main Concepts

In this section, we provide the necessary background for
the following sections. First, we explain the main challenges
posed by the Web and its characteristics. Second, we present
the main components of a search engine and possible soft-
ware/hardware architectures. Finally, we summarize the in-
teractions among the three main components: crawler, in-
dexer, and query processor.

1.2 Web Crawling

The web crawler is responsible for discovering new web
pages and downloading their content while refreshing the
content of previously downloaded pages [6]. The main per-
formance objective for a crawler is to achieve high page
download rates. The efficiency of a sequential web crawler
is mainly determined by the selection and implementation
of proper data structures. Scalability is commonly achieved
through multi-threading and parallelization. In addition to
such standard techniques, our tutorial covers geographically
distributed web crawling, which emerges as a promising op-
tion for further scalability, and discusses the web partition-
ing and crawler placement problems.

1.3 Indexing

The indexing process involves various parsing, extraction,
and classification tasks, through which certain features are
extracted and the textual content of downloaded pages are
converted into an inverted index [7]. The main performance
metrics for an indexer are the length of deployment cycles,
compactness, and the speed of index updates. So far, most
algorithmic improvements are concentrated on index com-
pression. At the architectural level, the efficiency and scala-
bility are tried to be improved via index partitioning, prun-
ing, and replication. In addition, our tutorial covers the in-
dexing strategies for geographically distributed web search
engines.

1.4 Query Processing

Query processing involves generating the set of best-
matching results for a given user query [2]. The success
of a query processor is mainly assessed by its throughput
and average response latency. A large body of research
work assume relatively standard processing techniques us-
ing an inverted index while large-scale search engines rely
on more sophisticated techniques. In addition to the state-
of-the-art ranking techniques employed in web search en-
gines, our tutorial covers a variety of problems including
query processing on multi-core architectures, early exit op-



timizations, pipelined query processing, query forwarding,
and distributed web search engines.

This section will also cover caching in web search en-
gines. The idea behind caching is to speed up query re-
sponse times by storing precomputed query results, also re-
ducing the computational workload of backend search sys-
tems. Caching happens at different architectural layers in a
web search engine. The tutorial covers common challenges in
caching, such as admission, eviction, and prefetching. It also
focuses on the freshness problem, which recently attracted
much research attention.

2. LEARNING OBJECTIVES

The following are the main objectives of the tutorial.

e To provide an in-depth background on the architec-
tural components of a web search engine.

e To present the fundamental scalability and efficiency
issues which have been often addressed in the informa-
tion retrieval literature.

e To shed some light into the techniques used in large-
scale commercial search engines and bridge the gap
between the industry and academia.

e To identify open research problems in the context of
web search engine scalability and efficiency, promoting
further research on the topic.

3. PREVIOUS OFFERINGS

The structure of the tutorial is based on a book chap-
ter published by the presenters [3]. Earlier versions of the
tutorial were presented in SIGIR’13 [4], WWW’14 [1], and
SIGIR’14 [5]. The tutorial was also given in two summer
schools: in the 2nd COST 804 Training School on Energy
Efficiency in Large Scale Distributed Systems, and more re-
cently, in the 3rd MUMIA Training School on Information
Retrieval and Interactive Information Access. The latest
version of the tutorial slides is available online.!
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