
From Coulouris, Dollimore, Kindberg and Blair

Distributed Systems: Concepts and Design, Edition 5, © Addison-Wesley 2012

Designing Distributed Systems: Google 

Case Study



Google Company

• Google is a US-based corporation with its 
headquarter in Mountain View, CA. offering 
Internet search and broader web applications 
and earning revenue largely from advertising 
associated with such services. 

• The name is a play on the word googol, the 
number 10^100 ( or 1 followed by a hundred 
zeros), emphasizing the scale of information in 
Internet today. 

• Google was born out of a research project at 
Standford with the company launched in 
1998. 
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Google Distributed System: 
Design Strategy 

• Google has diversified and as well as providing a search 
engine is now a major player in cloud computing. 

• 88 billion queries a month by the end of 2010. 

• The user can expect query result in 0.2 seconds. 

• Good performance in terms of scalability, reliability, 
performance and openness. 

Cloud computing = 

a set of internet based application, storage and computing services 
sufficient to support most users’ needs thus allowing them to 
dispense with local data-storage and application software
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Google Search Engine

Consist of a set of services

• Crawling:
◦ Googlebot carries out deep searching: recursively reads a webpage, harvests links, 

schedules further crawls on the harvested links

◦ visits pages in proportion to how much they’ve changed historically

◦ Supported by Bigtable (infrastructure service for huge tables)

• Indexing: 
• produce an index for the contents of the web that is similar to an index at the back of a 

book, but on a much larger scale. 

• Indexing produces what is known as an inverted index mapping words appearing in web 
pages and other textual web resources onto the position where they occur in 
documents. 

• In addition, index of links is also maintained to keep track of links to a given site. 

• Ranking: Relevance of the retrieved links. Ranking algorithm is called PageRank 
inspired by citation number for academic papers. A page will be viewed as 
important if it is linked to by a large number of other pages. 
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Outline architecture of the 
original Google search engine



Google as a cloud provider

• Google is now a major player in cloud computing.

• Software as a service: offering application-level software 
over the Internet as web application. 

• A prime example is a set of web-based applications including 
Gmail, Google Docs, Google Talk and Google Calendar. Aims to 
replace traditional office suites. 

• Platform as a service: concerned with offering distributed 
system APIs and services across the Internet, 

• with these APIs used to support the development and hosting 
of web applications. 

• With the launch of Google App Engine, Google went beyond 
software as a service and now offers it distributed system 
infrastructure as a cloud service. 

• Other organizations to run their own web applications on the 
Google platform. 
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Google Physical model 
• The key philosophy of Google in terms of physical infrastructure is to use very large 

numbers of commodity PCs to produce a cost-effective environment for 
distributed storage and computation. 

• Physical Architecture of Google is constructed as:

• Commodity PCs are organized in racks with between 40 to 80 PCs in a 
given rack. Each rack has a Ethernet Switch.

• 30 or more Racks are organized into a cluster, which are a key unit of 
management for placement and replication of services. 

• Each cluster has two switched connected the outside world or other 
data centers. 

• Clusters are housed in data centers that spread around the world. 
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machines organized into racks of 40-80 + Ethernet 
switch
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2 terabytes disc space, 16Gigs RAM, stripped down Linux kernel



Physical model 

Organization of the Google physical infrastructure



Key Requirements

• Scalability: 
i) Deal with more data 

ii) deal with more queries and 

iii) seeking better results

• Reliability: There is a need to provide 24/7 availability. 
• Google offers 99.9% service level agreement to paying customers of Google Apps 

covering Gmail, Google Calendar, Google Docs, Google sites and Google Talk. 

• The well-reported outage of Gmail on Sept. 1st 2009 (100 minutes due to cascading 
problem of overloading servers) acts as reminder of challenges. 

• Performance: Low latency of user interaction. Achieving the throughput to 
respond to all incoming requests while dealing with very large datasets over 
network. 

• Openness: Core services and applications should be open to allow innovation and 
new applications. 
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The overall Google systems architecture
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Google infrastructure

programming model and an associated 

implementation for processing and 

generating big data sets with a parallel, 

distributed algorithm on a cluster.

Sawzall is a procedural domain-specific 

programming language, used by Google to 

process large numbers of individual log 

records.



Google Infrastructure

• The underlying communication paradigms, including services for both 
remote invocation and indirect communication.
• The protocol buffers offers a common serialization format including the serialization of 

requests and replies in remote invocation.

• The publish-subscribe supports the efficient dissemination of events to large numbers 
of subscribers. 

• Data and coordination services providing unstructured and semi-
structured abstractions for the storage of data coupled with services to 
support access to the data. 

• GFS offers a distributed file system optimized for Google application and services 
like large file storage.

• Chubby supports coordination services and the ability to store small volumes of 
data

• BigTable provides a distributed database offering access to semi-structure data. 
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Google Infrastructure (cont.)

• Distributed computation services providing means for carrying out parallel 
and distributed computation over the physical infrastructure.

• MapReduce supports distributed computation over potentially very large 
datasets for example stored in Bigtable.   

• Sawzall provides a higher-level language for the execution of such 
distributed computation. 
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Chubby
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Overall architecture of Chubby
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Overall architecture of Bigtable

• A Bigtable is broken up into tablets, with a given tablet being approximately 100 to 

200 megabytes in size. It use both GFS and Chubby for data storage and distributed 

coordination. 

• Three major components:

• A library component on the client side

• A master server

• A potential large number of tablet servers
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Google Cloud 
Snapshots  
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Virtual 
machine 

setup 
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