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TODAY'S AGENDA

Course Logistics Overview
History of Database Automation
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WHY YOU SHOULD TAKE THIS COURSE

There are more databases than ever.
Everybody has database problems.
Humans are not scalable.
Automation is the future.

Research: The problem is hard / interesting.
Industry: Every database company needs this.
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COURSE OBJECTIVES

Learn about statef-the-art methods for
automated database optimization and
management.

Students will become proficient in:
Y Writing database automation code

Y Proper documentation + testing

Y Code reviews

Y Working on a large code base
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COURSE TOPICS

We will focus on how to optimize singlede

relational database management systems via

existing interfaces (e.g., SQL).

Y Non-relational DBMSs (NoSQL) also have these
problems, but Andy is an apostle of Stonebraker.

We will ignore distributed deployment problems
and ML-derived internal components (“learned").
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COURSE TOPICS

Indexes

Knobs / Parameter Configuration
Partitioning

Query Optimization

Workload Modeling

System Behavior Modeling
Autonomous Database Systems
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BACKGROUND

| assume that you have already taken an intro

course on databases (6§445/645.

Y Things that we wilhot cover:
SQL, Serializability Theory, Relational Algebra, Basic
Algorithms + Data Structures.

This Is alsmot a ML course. We will not cover

ML algorithms beyond what is discussed In papers.
Y Andy only cares about databases and whatever he can use
to make databases run better.
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COURSE LOGISTICS

Course Policies + Schedule:
Y Refer tocourse web page

Academic Honesty:

Y Refer toaCMU policy page
YIf you¥re .not sure, ask
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OFFICE HOURS

Fridays @ 2:30pm ET over Zoom
Y https://cmu.zoom.us/j/99297623809?pwd=NnNRczR6S
2UVRW5DNXB5YmMk3VWixdz09

Things that we can talk about:
Y Issues on implementing projects
Y Paper clarifications/discussion.
Y How to get a database dev job.
Y Life after the pandemic.
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TEACHING ASSISTANTS

Head TA:Matt Butrovich

Y 4thYear PhD Student (CSD)

Y Reformed Gang Member (LAX)

Y #1 Ranked CMADB PhD Student

Y Recently married and ready to put his
felonious past behind him.
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COURSE RUBRIC

Reading Assignments
Paper Presentations
Programming Projects
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READING ASSIGNMENTS

One mandatory reading per cI‘)(You can
skipthree readings during the semester.

You must submit a synopsefore class:

Y Overview of the main idea (three sentences).

Y Three strengths of method (one sentence each).

Y Three weaknesses of method (one sentence each).
Y Workloads evaluated (one sentence).

Submission Form:
https://cmudb.10/1579%22submit
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Q@ PLAGIARISM WARNING®,

Each review must be your own writing.

You maynot copy text from the papers or other
sources that you find on the web.

Plagiarism wilhot be tolerated.
SeeCMU's Policy on Academic Integfay
additional information.

£CMU-DB
79

15799 Special Topics (Spring 2022)


https://db.cs.cmu.edu/
https://15799.courses.cs.cmu.edu/spring2022
https://www.cmu.edu/policies/student-and-student-life/academic-integrity.html

PAPER PRESENTATIONS

Starting January 26one student will be assigned
to present the assigned reading for that day and

lead the discussion.

Y There are not an even number of papers to present per
student, so we can double up.

Y You are allowed / encouraged to reach out to authors and
use their slides as the starting point.

The rest of the class should participate in the
discussion during and after presentation.

| will send out the sigap sheet later this week.
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PROGRAMMING PROJECTS

All projects will be implemented using
PostgreSQL ardoisePag@ilot not DBMS).

You should do allevelopmenaindtesting on
your local machine.

Youwill doallbenchmarking usingglfmanaged

databases on Amazon EC2 (don't use RDS)
Y We will provide details next week and credits.
Y If you blow out your credit card, | cannot help you.
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PROJECT #1

You will build an automatic tuning tool for
PostgreSQL. It Is purposely designed to be open

ended to let to play around.
Y Anything is on the table as long as the DBMS doesn't
crash, lose data, or produce incorrect query results.

We will provide you with infrastructure to run
workloads witlBenchBase

Project #1 will be completed individually.

££CMU-DB

15799 Special Topics (Spring 2022)


https://db.cs.cmu.edu/
https://15799.courses.cs.cmu.edu/spring2022
https://github.com/cmu-db/benchbase

PROJECT #2

Each group (4 people) will choose a project that

satisfies the following criteria:

Y Relevant to the materials discussed in class.

Y Requires a significant programming effort fediteam
members.

Y Unique (i.e., two groups cannot pick same idea).

Y Approved by me.

You don¥t have to pilck
back from Spring Break.
We will provide sample project topics.

£CMU-DB

15799 Special Topics (Spring 2022)


https://db.cs.cmu.edu/
https://15799.courses.cs.cmu.edu/spring2022

PROJECT #3

The class will work together to build a working
endto-end autonomous database prototype.

We will spend a portion of each class time after
Spring Break to discuss development issues.
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Q@ PLAGIARISM WARNING®,

These projects must be all your own code.

You maynot copy source code from other groups
or the web.

Plagiarism wilhot be tolerated.
SeeCMU's Policy on Academic Integfay
additional information.
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GRADE BREAKDOWN

Reading Reviews(20%)
Presentations+ Participation (20%)
Project #1(20%)

Project #2(25%)

Project #3(15%)
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COURSE SLACK CHANNEL

Andy will send invitations to everyone enrolled to
the CMUDB Slack channel for the course.

If you have a technical question about the projects,

please use Slack.
Y Don¥t emai | me Or TAs direct |

All non-project questions should be sent to me.
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Carnegie Mellon University

VACCINATION

Datalbase Tallks

Vaccination Database Tech Talks
Y Mondays @ 4:30pm (starting on J&h 31
Y https://db.cs.cmu.edu/seminar20R@oster
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Database
Automation



DATABASES

The proliferation of the Internet means that it is
easy to create an application that can have
thousands of users in a short amount of time.

Instead of managing data files on its own, the
application should use a DBMS that Is responsible
for storing and querying the database.
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RELATIONAL DATABASES

Physical data independence allows a DBMS to
change many aspects of a database without having
to change application code.

Example: If a query's execution time Is too slow
because it performs a sequential scan, one can add
a new index to make it run faster without having

to change the query's SQL.
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DATABASE OPTIMIZATION

Physical Database Design
Knob Configuration

Query Tuning

Hardware Provisioning

£=CMU-DB
15799 Special Topics (Spring 2022 )


https://db.cs.cmu.edu/
https://15799.courses.cs.cmu.edu/spring2022

28

PHYSICAL DATABASE DESIGN

Storage

Y Organization (row vs. columnar), Compression,
Encoding, Denormalization, Clustering.

Indexes

Y Keys, Data Structures, Include Columns, Partial Indexes,
Expression Indexes.

Partitioning

Y Sharding Keys (Horizontal), Column Splits (Vertical),
Schemes, Replication.

Result Caching
Y Materialized Views, Memoization, Zone Maps.
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KNOB CONFIGURATION

Resource Knobs
Y How much hardware resources to use for an internal

component or task.

Policy Knobs
Y The execution behavior of the DBMS for some task.

Location Knobs
Y Filepathsdirectories, network info (host/port).
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QUERY TUNING

Plan Hints
Y Force the DBMS to execute a query in a specific manner.
Y Join ordering, access methods, execution strategies

Rewriting
Y Changing SQL syntax to improve the execution behavior
of the DBMS.

Rerouting
Y Redirect reatnly queries to replicas with idle resources.

Optimizer Statistics
Y Make sure that the DBMS has the freshest stats about the

database as possible so that it makes "good" choices.
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HARDWARE PROVISIONING

Vertical Scaling

Y Change the hardware capabilities of a single node (CPU,
memory, disk, network).

Horizontal Scaling

Y Change the number of physical nodes in a logical
database.

Y This for either distributed DBMS or replicated DBMS.
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DATABASE OPTIMIZATION

Traditionally, it has been the role of the database
administrator to manage all aspects of the DBMS.

With so many different options for optimizing
each a DBMS, DBAs are typically an expert in one
or DBMS type.

Y Core concepts are universal, but implementation specifics
and behavior of all DBMSs are different.
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HUMANS ARE EXPENSIVE

What is the mean salary of a DBA in the US?

Y Average DBA Salary (2028)01,090

Y Personnel is estimated to15®%of the totalcostof-
ownership (TCO) of a DBMS.

The scale and complexity of DBMS installations
have surpassed the ablility of humans to effectively
manage and optimize them individually.

QCMU'DB Source: https://www.bls.gov/oes/current/oes151141.htm
= : : ) Source: https://www.highbeam.com/doc/1P3  -1149052351.html
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AUTOMATED DATABASE TUNING

Thefirst work onautomatediatabase
optimization tools started in the 1970s.

These were tools that mageommendation®s
human operators on what changes to make to a
database.
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AUTOMATED DATA 2
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Self-Tuning Database Systems: A Decade of Progress

Surajit Chaudhuri
Microsoft Research

Surajitt@microsoft.com

ABSTRACT

In this paper we discuss advances in self-tuning database systems
over the past decade, based on our experience in the AutoAdmin
P o Microsoft Research. This paper primarily focuses on o
peoblem of automted physical database design, We a1 highlight
Other areas where research on self-tuning daigbase technology has
made significant progress. We conclude with oy thoughts on
Opportunities and open jssues,

1. HISTORY OF AUTOADMIN PROJECT

Our VLDB 1997 puper (26] reported our first technical results
from the AutoAdmin project that was. stisteq in Microsoft
Research in the summer o 1996, The SQL Server product group
& that time had taken on the ambitious task of redesigning the

the data analysis and mining techniques to automate difficult
tuning and administrative tasks for database systems. Ay our first
£oal in AutoAdmin, we decided to focus o physical database
design. This was by no means a new problem, bu it was still an
open problem. Morcover, it was clearly a problem that impacted

Piocessing was an implicit driving function as the latter . our
area of past work. Thus, the paper in VLDB 1997 [26] described
our finst solution to automating physical database design

In this paper, we take a look back on the last decade and review
some of the work on Self-Tuning Database systems, 4 complete
Sivey of the field is beyond the scope of this paper. Our

07, September 23.28, 2007, Vienna, Austria,
Copyright 2007 VLDB Endowment, ACM 978-1-59593-649.30710.

Vivek Narasayya
Microsoft Research

viveknar@microg om

2. AN INTRODUCTION TO PHYSICAL
DATABASE DESIGN

2.1 Importance of Physical Design
A crucial property of a relational DBMS T thay it provides
Physical data independence. This allows physical structures such

exceuted on a DBMS,

The first generation of relational exccution engines were
relatively simple, targeted at OLTP, making index selection less
©f & problem. The imporiance of physical design was amplified as
duery optimizers became sophisticated to cope with complex
decision support queries. Since query execution and optimization

ona simplistic model of the enginc, But, the choice of right index
finaetures was crucial for cfficient query exccution oscr large
databases,

2.2 State of the Art in 1997

The role of the workioad. including querics and updates, i
Physical design was widely recognized. Therefore, o high level,
the problem of physical database design was - for a given
workload. find a configuration, .e. a set of indexes thag minimize
the cost. However, early approaches did not always agree on what
constitutes a workload, or what should be measured as cost for a
given query and configuration

Papers on physical design of databases started appearing as carly
o 1974, Early work such as by Stoncbraker [63] assumed a
Py metric model of the workload and work by Hammer and Chan
[44] used a predictive model to derive the parameters, Later
Pt ereasingly started using an  explicit workload
[40L[411(56]. An explicit workload can be collected using the
wucing capabilities of the DBMS. Moreover, some papers
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TARGET OBJECTIVE

An automategystenmust be instructed by a

human on what objective it shoaolatimize
Y Throughput

Y Latency

Y Cost

Y Hardware Utilization

A system could use multiple objectives where
some have different priorities or provided as a

constraint.
Y Example: Minimize cost but maintain latency threshold.
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ACTION SELECTION

A change to the database is calladtem
Y Build index, change knob, etc.

An automated tool decid®glat actions to apply
to the database to improve some target objective.

The number of possible actions available to

optimize a DBMS is clearly {ldBmplete.
Y Just picking indexes for a databdse-Somplete
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COST MODELS

It is too expensive to try out all possible design

decisions in a database to find options.

Y Copying data is expensive / tic@suming.

Y Some changes also do not take effect until restarting.
Y Actions are not independent.

We will see different methods to estimate the
cost/benefit of actions through a combination of
external and internal cost models.
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IMPORTANT TUNING RULES

Do not require changes to the application.

Do not lose data.

Do not degrade observable correctness.

Do not incur unscheduled unavailabllity.

Do not cause observable unexpected behavior.

In general, we must avoid any decision that
requires a human to makeadue judgement.
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PARTING THOUGHTS

The previous 50 years of research focused on the
problem ofwhat to tune in a DBMS.

Thiscourseawill also cover the'hen andhow

problems that are necessary to achieve parity with
human experts.
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NEXT CLASS

SelfDriving Databases Overview

Make sure that you submit the first reading

https://cmudb.10/15799 -s22- submit
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