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The “data tsunami”, whether personal or legacy, is one of the key PT)INY 8PN
characteristics of today’s digital era. This has led to the development of
new media technologies; this media persistently and efficiently store large
amounts of data with low energy utilization.

However, storing the data is not enough. Driven by the Al/BigData
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revolution, there is a need to extensively and efficiently analyze the data.
To support that, the past two decades have also experienced a significant
shift in the way large-scale storage systems are designed, due to cloud
computing and big data processing. The “hyper-scale companies” (or
“Cloud companies”) which are driven by data, such as Google, Yahoo!,
Facebook, Linkedin, built new storage systems and this led to a paradigm
shift in large scale storage systems.

In this course, we will review the fundamentals of storage: disks and tapes,
SSDs, file systems, caching, RAID, data compression and deduplication. We
will then learn about cloud storage: object stores and distributed file
systems. We will study various approaches to distributed computing, data
resiliency and reliability and how they are incorporated into large-scale
storage systems.

Storing digital information is critical and complex in today’s computing
environments, but receives little attention in computer science academic
curriculum. The hi-tech industry in Israel specifically is very vibrant and
innovative. The purpose of the course is to bridge the gap between the two
worlds, and equip students with tools needed to understand storage
systems.

This is a Master course, but top and curious third-year undergraduate
students are also welcome (please contact the instructor for approval).
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. Data persistence and storage: review of the basic notions of 1/0

systems, file systems, cashing.

. The basics of traditional storage media: hard drive (disk), tape,

RAID
Flash-based SSDs
Caching
Storage for BigData and Cloud Based architectures
a. Cloud file systems - DFS, GFS, HDFS
b. The Cloud paradigm and Cloud storage: Block/File/Objects
Hashing and Bloom Filters for Cloud Cashing

. Distributed storage architectures

a. Dynamic Hash Tables (DHT), Consistent Hashing

Data Reduction in storage systems: deduplication

Books
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Operating Systems: Three Easy Pieces. By Remzi H. Arpaci-Dusseau and
Andrea C. Arpaci-Dusseau

Guide to Reliable Distributed Systems: Building High-Assurance Applications
and Cloud-Hosted Services. Kenneth P Birman

Designing Data-Intensive Applications. Martin Kleppmann
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4. Information Storage and Management: Storing, Managing, and Protecting
Digital Information in Classic, Virtualized, and Cloud Environments, 2nd
Edition. EMC Education Services (Editor)

Some papers

5. Cloud File systems. The Hadoop Distributed File System (Yahoo!), MSST
2010. The Google File System (Gobioff), SOSP 2003. Case Study GFS:
Evolution on Fast-forward, ACM 2009

6. Chord peer-to-peer and DHT. Scalable Peer-to-Peer Lookup Service for
Internet Applications. lon Stoica, Robert Morris, David Karger, M. Frans
Kaashoek, Hari Balakrishnan. ACM SIGCOMM Computer Communication
Review, August 2001

7. Content Delivery. Algorithmic Nuggets in Content Delivery. Bruce M. Maggs
and Ramesh K. Sitaraman. ACM SIGCOMM Computer Communication
Review, 2015.

8. DNA Storage. A DNA-Based Archival Storage System, ASPLOS 2016.



