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Welcome to Cloud and 
Scalabale Computing 2017 
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One of the goals in this course revolves 
around scale – of data, users, complexity: 
 

– Understand cloud computing – how it lets us 
build global-scale services on shared 
hardware, why it’s hard, how to use it 

– Understand “big data” and using clusters of 
machines to handle data analysis at scale 
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Defining Clouds: There are many views for 
what is cloud computing? 

•  Over 20 definitions: 
–  http://cloudcomputing.sys-con.com/read/612375_p.htm 

•  A compromised definitionJ 
–  "A Cloud is a type of parallel and distributed computing system 

consisting of a collection of inter-connected and virtualised 
computers that are dynamically provisioned and presented as 
one or more unified computing resources based on service-
level agreements established through negotiation between the 
service provider and consumers.” 

•  Keywords: Virtualisation (VMs), Dynamic Provisioning 
(negotiation and SLAs), and Web 3.0 access interface 
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What Is this Class about? 
“Cloud” computing 

–  The substance behind the 
hype 

–  How “elasticity” and shared 
infrastructure are useful 

–  The hard problems that 
need to be tackled by 
software 

–  The different layers and 
services 

–  How to build your own 
dynamic, “cloud hosted” 
software as a service 

–  And how to use “platform 
as a service” tools to 
analyze Big Data 

“Scalable” computing 
–  The issues in building 

global-scale services 
–  Techniques for harnessing 

the power of thousands of 
machines to analyze data 

–  The core ideas that span 
most tools, whether SQL, 
MapReduce, … 

–  Strengths and limitations of 
those approaches 

–  Fundamental design 
patterns, operation 
primitives, algorithms 
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in a Nutshell 
•  How do we build effective data-centric applications, 

and serve them to the entire Internet? 
–  You’ve learned procedural programming on a single 

machine – we’ll look at data-centric programming across 
thousands of machines 

–  We’ll understand the issues in breaking up problems, global 
coordination, failures, and so on 

–  We’ll study many of the algorithms used by real Internet 
services 

•  How do we take advantage of “the cloud” – the vision 
of computing as a utility (like the power grid)? 
–  You’ll understand what lies underneath the cloud computing 

hype, and how to use the cloud 
–  You’ll build real Web projects hosted “on the cloud” 
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Do You Use “the Cloud”? 
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The Cloud in Your Pocket 

45 

Google Now is an example of the 
Cloud and Big Data, all in one 
 
Hosted on Google’s platforms in 
their data centers 
 
Records your activities, runs 
large-scale analysis to make 
predictions! 
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The Cloud Enables Scale 
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The Cloud Enables Data-centric 
Computing 

•  Trend towards data-centric computing aka “big data” 

•  Today’s currency on the Internet is data! 
–  You “pay” for using Google, Facebook, etc. by  

letting them record your every action, link,  
search, etc. 

•  But data’s value is not just economic: 
–  It allows us to better answer questions, understand what’s 

important, validate hypotheses about social interactions, … 
–  Example: Online Social Network research 
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What kinds of data might we 
use? 

•  We all know that Google gives good 
search answers because it has a lot of 
data… 
– … but what data, precisely, can it use, and 

how? 
– Let’s consider… 
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Is size everything? 

•  Will the search engine with the most data have the best 
results? 
–  Not necessarily - consider the above example from 

2010 
–  Search engines can crawl different sets of pages, and 

can rank them differently 
–  What does this mean in the long term? 
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How does it work? 
•  Google pre-crawls and analyzes  

millions of images, sentences, searches, etc. – builds 
models 
 

 

•  Another example: Google & Bing Translate 
–  Model how phrases in one language map to phrases in 

another language, by cross-comparing many, many 
translated docs 

50 
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Models are valuable 
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 Data-centric computing is 
pervasive 

•  Today, Google and Friends aren't the only 
"Big Data" players 
– Not just Google & friends - banks, financial 

firms, academia, the government, companies, 
military, startups, ... 

– All need to store and analyze huge data 
volumes 

•  This is being enabled with a new generation of 
hardware “hosting” services – “the cloud” – and 
new, more scalable programming models 
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Should We Fear the Cloud and 
Big Data? 
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The Cloud and Big Data Are Coming. 
Let’s Understand How to Use Them for 

Good 
•  What does the technology let us do, and 

what remains hard? 

•  How do we ensure privacy, security, etc.? 

•  As we have ideas for useful, fun, helpful 
services, how do we make them happen? 
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Here! 
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Goals of the Course – Why You 
Should Be Here 

•  Understand what's underneath the Cloud 
–  How does it work? What are its strengths? Its shortcomings? 
–  Technologies: MapReduce, KVS/NoSQL, DHT, Ajax, XML, ... 

•  Understand the underlying principles 
–  How do you build something that is so scalable, robust, etc.? 
–  Lots of clever algorithms needed - very different environment! 

•  Be able to use the right approach when designing new 
protocols and web systems 
–  How would you go about building the next Facebook? 
–  Need to scale, be efficient, avoid failures, prevent intrusions, ... 
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Goals of the Course – Why You 
Should Be Here 

•  Gain practical experience with cloud technologies 
–  Often, the best way to understand it is to build one 

yourself 
–  In this course, ideally you should build a cloud-based 

application similar to mini-Facebook 

•  Understand the impact on society 
–  Vulnerabilities, privacy concerns, data survivability, ... 
–  Need to understand the current state of the 

technology! 
•  Anticipate what's possible in the future 
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Prerequisites and workload 
•  Necessary skills: 

–  Good Java programming skills (CS 3310 or equiv.) 
•  No need to be a 'hacker' 
•  But: If you don't have a lot of programming experience 

yet, you should be willing to invest the necessary time, 
esp. at the beginning 

–  Some familiarity with Linux command line 
–  Co-requisite: Foundation Courses (Algorithms, 

Data Structures, Systems…) 
–  A willingness to “push the envelope” 

•  Example: We may be using Node.js + Express this year, 
so you'll need to learn a bit of CSS and JavaScript 

•  Workload: 
–  ~Final group projects that integrate pieces from the 

class learning 
–  Midterm and/or final exam 
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Readings 
•  This field is too recent, and too  

fast-moving to truly have a  
good textbook yet 
 

•  One required textbook 
–  AWS Certified Solutions Architect 

•  four reference books: 
–  "Hadoop: The Definitive Guide, 3rd edition" 

by Tom White (O’Reilly) 
–  Cloud Computing for Machine Learning.. By Kai Hwang 
–  “Data Intensive Text Processing with MapReduce” 

by Jimmy Lin & Chris Dyer 
–  Mastering Cloud Computing: Foundations and Applications Programming by Raj 

Buyya 

•  Supplementary handouts and Web references 
–  Refer to course web page: 

https://cs.wmich.edu/gupta/teaching/cs6030/6030cloudSummII17/
TopicsCovered.html#SubmitInstrsCovered.html 

–  Handouts, slides, example code, ..., will be published there 
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Policies: Collaboration 
•  All assignments must be done individually 

–  Only exception is the final project (teams of two allowed) 
–  All the code you submit has to be your own 

•  Only exception: Code we have provided or explicitly 
authorized 

–  WMU's Code of Academic Integrity applies  
•  No cheating, plagiarism, fabrication, multiple 

submissions, gaining an unfair advantage, or facilitating 
(!) academic dishonesty 

•  It's not worth it!! Penalties can be severe: 
Zero tolerance policy to ensure fairness 

–  We will use various tools to actively look for cheating 
•  These tools work: We have caught several cases in the 

past 

WiSe Lab @ WMU 
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Policies: Collaboration 

•  Can we work on assignments together? 
•  Can I discuss the assignment with  

others (in general terms)? 
•  Can I use code I copied from the web? 
•  Can I ask questions about the  

assignments on web? 
•  I just happened to leave my svn  

password on my table, and XYZ 
just happened to find it. Will I be 
penalized for this? 
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Yes No 

Yes No 

Yes No 

Yes No 

Yes No 
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Important Tip 

•  Please start your homeworks early!!! 

•  Please start your homeworks early!!! 
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Expected 'payoff' 
•  You will acquire a set of skills that is in very high 

demand right now 
– At Google, Facebook, and at many other 

places 
– Your projects should be useful in interviews 

•  You will gain interesting insights 
 
•  You will have a good basis for other courses or 

your research 
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A disclaimer… 
•  This is a “bleeding edge” course! 

– WMU is one of a handful of places offering these 
topics 

– The subject of this course is still evolving: no 
established curriculum, no classical textbooks yet 

•  Some of the material in the course will result in hair loss 
–  Debugging distributed code is hard! 

•  We will be using some immature technology 
– We will do the best we can to smooth over the bugs 

•  I hope it will be a fun course, though… 
 … and an interesting one! 
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WRAPPING UP: A SKETCH OF 
THE  
CLASS BY TOPIC & 
ASSIGNMENT 
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Cloud basics 

•  What is 'the cloud'? 
–  Types of clouds; xAAS; utility computing 

•  What kinds of services does it provide? 
–  AWS, EC2, EBS, S3, SimpleDB, key-value stores, ... 

•  Amazon has donated free AWS usage credits for 
your homeworks 

–  Case studies of cloud-based services 
–  Cloud-based image search (Ajax, Node.js, 

SimpleDB, EC2, AWS) 
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Technical challenges 

•  What are key challenges in cloud computing? 
–  Scale, concurrency, consistency, security, availability, ... 
–  Speed of light (!), unreliable machines, ... 

•  What can you do about these challenges? 
–  Concurrency control, weak consistency, locking, 

replication, ... 
–  Special types of extremely scalable algorithms 
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Programming the cloud 

•  How to program a building-sized computer? 
–  MapReduce programming model; Hadoop 
–  Homework #nn?: Geocoding with MapReduce and Google 

Maps 
–  Beyond MapReduce: LINQ, Hive, PigLatin, XQuery, ... 

•  How to store/process petabytes of data? 
–  Cloud file systems; HDFS; replication 
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http://www.nytimes.com/2006/06/14/technology/14search.html Source: 1&1 
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Working with large data sets  

•  Useful algorithms and hypothesis testing: 
–  How does YouTube recommend movies to you? 
–  How does Google find the relevant pages for your search? 
–  How does Goggles recognize images? 
–  How can you (automatically) tell which emails are spam? 
–  How does Facebook find out who your friends might be? 
–  Homework #nnn: SocialRank 
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Interacting with the cloud 

•  How do customers interact with the cloud? 
–  Internet and web protocols: TCP, DNS, HTTP... 
–  How to build a web server; Java servlets 
–  Dynamic content: Ajax, Node.js; "Web 2.0" 
–  Homework #nnnn: Social network visualizer 

•  How are cloud services interconnected? 
–  Data interchange; XML; mash-ups 
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Putting it all together 

•  Final project: Example build your own 'mini-Facebook’ like 
app 
–  Web frontend using GWT/Ajax, hosted on AWS 
–  Cloud-based backend, using Amazon SimpleDB 
–  Data analysis using MapReduce 
–  ... 
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Any questions? 
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Stay tuned 

Next time you will learn about:  
Kinds of clouds; utility computing 
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