
Introduction
DS 5110: Big Data Systems (Spring 2023)

Lecture 1

Yue Cheng

Some material taken/derived from: 
• Wisconsin CS 744 by Shivaram Venkataraman.
@ 2023 released for use under a CC BY-SA license.

https://creativecommons.org/licenses/by-sa/4.0/


Who am I?

• On the faculty of Data Science & Computer Science
• Web: https://tddg.github.io 
• Email: mrz7dp@virginia.edu

• My current research: Designing scalable, high-
performance, and easy-to-use computer systems
that manage and process huge volume of data
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1. PhD from Virginia Tech

2. Faculty at George Mason

3. With UVA! 

https://tddg.github.io/
mailto:mrz7dp@virginia.edu


Course staff and getting help

• Instructor: Yue Cheng
• Office hours: Thursday, 11am-12pm on Zoom

• GTA: Jingyi Gao
• Email: etc6bd@virginia.edu
• Office hours: Friday, 6pm-10pm on Zoom
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Course staff and getting help
• Instructor: Yue Cheng

• Office hours: Thursday: 11am-12pm on Zoom

• GTA: Jingyi Gao
• Email: etc6bd@virginia.edu
• Office hours: Friday, 6pm-10pm on Zoom

• Discussion, questions: Ed
• https://edstem.org/us/dashboard
• Alternative place to ask questions about assignments, 

materials, and projects
• No anonymous posts or questions
• Can use private posts to instructor/GTA
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mailto:etc6bd@virginia.edu
https://edstem.org/us/dashboard


Today’s agenda

• What is this course about?

• Why are we studying Big Data Systems? 

• What will you do in this course? 
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A brief history about Big Data
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Google Trends
big data machine learning



Google circa 1997
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Everything is about data
“… Storage space must be used efficiently to store 
indices and, optionally, the documents themselves. 
The indexing system must process hundreds of 
gigabytes of data efficiently…”

“The system… downloading the last 11 million pages 
in just 63 hours… The sorter can be run completely in 
parallel; using four machines, the whole process of 
sorting takes about 24 hours…”
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Google circa 2000
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Commodity CPUs

Lots of disks

Low bandwidth network

Cheap!
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Google
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A Google Datacenter in Hamina, Finland
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Facebook
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Microsoft’s Datacenter to be deployed on 
the seafloor



Data explosion

• Facebook’s (now Meta) daily logs: 60 TB

• Google web index: 10+ PB
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Exciting time in big data systems

Moore’s law ending à many challenges
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Increased complexity – Computation 
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Increased complexity – Computation 
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Software

CPU

Software

CPU



Increased complexity – Computation 
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Software

CPU

Software

CPU GPU FPGA ASIC



Increased complexity – Memory 
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L1/L2 cache

L3 cache

Main memory

NAND SSD

Fast HDD

~1 ns

~10 ns

~100 ns / ~80 GB/s / ~100GB

~100 usec / ~10 GB/s / ~1 TB

~10 msec / ~100 MB/s / ~10 TB

2015



Increased complexity – Memory 
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L1/L2 cache

L3 cache

Main memory

NAND SSD

Fast HDD

~1 ns

~10 ns

~100 ns / ~80 GB/s / ~100GB

~100 usec / ~10 GB/s / ~1 TB

~10 msec / ~100 MB/s / ~10 TB

2015

~10 msec / ~100 MB/s / ~100 TB

L1/L2 cache

L3 cache

Main memory

NAND SSD

Fast HDD

~1 ns

~10 ns

~100 ns / ~80 GB/s / ~100GB

~100 usec / ~10 GB/s / ~10 TB

HBM ~10 ns / ~1TB/s / ~10GB

NVM ~1 usec / ~10GB/s / ~1TB

2020



Increased complexity – more and 
more choices
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Microsoft Azure

Basic tier: A0, A1, A2, A3, A4
Optimized Compute : D1, D2, 
D3, D4, D11, D12, D13
D1v2, D2v2, D3v2, D11v2,…
Latest CPUs: G1, G2, G3, …
Network Optimized: A8, A9
Compute Intensive: A10, A11,…

Amazon EC2

t2.nano, t2.micro, t2.small
m4.large, m4.xlarge, m4.2xlarge, 
m4.4xlarge, m3.medium, 
c4.large, c4.xlarge, c4.2xlarge,
c3.large, c3.xlarge, c3.4xlarge,
r3.large, r3.xlarge, r3.4xlarge,
i2.2xlarge, i2.4xlarge, d2.xlarge 
d2.2xlarge, d2.4xlarge,…

n1-standard-1, ns1-standard-2, 
ns1-standard-4, ns1-standard-8, 
ns1-standard-16, ns1highmem-2, 
ns1-highmem-4, ns1-highmem-8, 
n1-highcpu-2, n1-highcpu-4, n1-
highcpu-8, n1-highcpu-16, n1-
highcpu-32, f1-micro, g1-small…

Google Cloud
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* Jeff Dean, LADIS’09
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But how do we program this for processing 
big data?
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Applications

Batch SQL Machine 
learning

Emerging 
apps?

Scalable computing engines

Scalable storage systems

Datacenter infrastructure

ETL



Background survey: Familiarity w/ tools
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Prior courses
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Paper reading
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What do you hope to learn from this 
course?
“Through this course, I hope to gain a deeper understanding of how 
data systems can be designed and constructed in such a way as to 
achieve superb scalability and parallelization”

“Through hands-on programming experiences, I hope to become 
adept at engaging with existing big data and cloud computing 
resources.”

“Skills associated with cloud computing and a greater knowledge of 
the behind-the-scenes systems that support big data.”
“Fundamentals of common cloud storage hosting services, particularly 
AWS”

“Building scalable machine learning algorithms that can serve 
millions of users”
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Course syllabus
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Big picture course goals

• Learn about some of the most influential works 
in big data systems
• Explain the design and architecture of big data 

systems
• Read and evaluate research papers
• Develop and deploy applications on open-

source big data frameworks
• Design and report some research ideas
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Schedule (tentative) 
• Readings, assignments, due dates
• Less concrete further out; don’t get too far ahead
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https://tddg.github.io/ds5110-spring23/

https://tddg.github.io/ds5110-spring23/


Course format: Lectures

• Some lecture + some discussion
• Slides available on course website (night before)

• First 3 weeks: Basics of computer organization and 
operating systems
• Mostly from textbook

• Week 3-9: GFS/MapReduce, Spark, Python analytics
• Week 7: Midterm exam
• After midterm: Cloud data systems, ML systems, and 

data warehousing / datacenters
• Some lectures have required readings

• Review forms to help drive lecture discussion
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Course format: Review forms
• Goal: read and be prepared for discussion
• Review form will be posted on Ed few days 

before lecture
• You need to fill out review form by 11am same day of 

lecture
• Review form will cover required reading with a strong 

focus on stimulating a fruitful discussion

• No late submission will be accepted (with two 
wildcards)
• Contact instructor for exceptions in severe 

circumstances only
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How to read a paper: GFS



How to read a paper: Summary
• Start your reading early
• Repeat, give time between iterations
• 1st pass: Read abstract, introduction, section 

headings, conclusion
• 2nd pass: Read all sections, make notes
• Iterate… (if your schedule fits)

• Some key points (examples):
• What is the problem being solved?
• What are the main contributions? What is the design?
• What workloads, setups were considered in evaluation?
• How do they compare to prior work?
• What parts of the claims are adequately backed up?
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Course format: Discussion

• Your participation is very important
• As an indicator of how well you’ve prepared

• Paper review form examples
• One or two sentence summary of the paper
• Description of the problem or assumptions made
• Comparison to other papers that you read in class?
• Experimental setup and what the results mean?
• One flaw or thing that can be improved?
• … 

Y. Cheng UVA DS5110 Spring 2023 37



Research results matter: MapReduce
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Research results matter: NoSQL
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Textbooks?

• Papers and documentations (required or optional) 
serve as reference for many topics that aren’t 
directly covered by a text

• Slides/lecture notes 

• Two optional textbooks (free PDFs available online)
• “Operating Systems: Three Easy Pieces (OETEP)” by 

Remzi H. Arpaci-Dusseau and Andrea C. Arpaci-Dusseau
• “Distributed Systems 3rd edition” by van Steen and 

Tenenbaum will supply optional alternate explanations
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Assignments

• Two programming assignments in Python on 
AWS
• Assignment 0: Using AWS Academy and AWS EC2
• Assignment 1: A tour of Apache HDFS and Spark
• Assignment 2: Dask.distributed analytics

• All assignments are individual

• Short coding-based assignments
• Preparation for the course project
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Course project

• Goal: Explore new research ideas or 
implementation in the area of big data systems
• Define the problem
• Execute the research
• Write up and present your research

• Two project styles (tentative)
• Data analysis: Work towards analyzing large, real-

world dataset of interest using big data tools
• System implementation: Work towards open-source 

contribution to big data tools
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Course project steps
• I will distribute a list of project ideas (Week 4)

• You can either choose one or come up with your own
• We will meet together to discuss

• (Not mandatory) Pick your teammates: a team of up 
to 3 students

• Milestones (tentative)
• Project bid + team composition due Friday, Feb 24
• Project checkpoint 1 due Friday, Mar 24
• Project checkpoint 2 due Friday, Apr 14
• Final project presentation on Wed, Apr 26
• Final project everything due Wed, May 3
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Grading
• Assignments (20% total)

• Assignment 0 (0%)
• Assignment 1 (10%)
• Assignment 2 (10%)

• Reading review forms (5%)

• Quizzes (5%) and in-class participation (5%)

• Midterm exam (15%): open-book, open-note

• Project (50%)
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Assignment 0

• Assignment 0 (0%): Using AWS Academy and 
AWS EC2 
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FAQ: Why take this course?

• Interesting – hard problems, powerful solutions

• Used by real systems – driven by the rise of 
large businesses (e.g., Google, Amazon)

• Active research area – lots of progress + big 
unsolved problems

• Hands-on – you’ll build something by the end of 
the semester
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FAQ: What this course is not about

• Not a course on databases, relational models, 
or SQL
• Not a course on internals of RDBMSs
• Not a training module for how to use Spark
• Not a course on ML theories or data mining 

algorithms
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