CS6218. Principles of

Programming Languages &
Software Engineering

Week 1: Logistics & Motivation
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Logistics & Overview

© Copyright National University of Singapore. All Rights Reserved.



Logistics

» Instructor: Manuel Rigger (E£2%)
» Lectures: Tue 16:00-18:00

» Location: SR_LT19

» Contact: rigger@nus.edu.sg



mailto:rigger@nus.edu.sg
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CS6218 Principles of Prog. Languages & Software Engineering [2210]

Module Content

This module will focus on the latest important research in ensuring the correctness, reliability, security, and performance of
data-centric systems. It will approach this topic through a software engineering and programming languages lens, providing a
broad perspective by considering systems reaching from traditional relational database systems to applications such as
machine learning as well as techniques reaching from automated software testing to human-centric approaches.

Eind more information about this module at its homepage .

Basic Information

« Instructor: Manuel Rigger &
« Lectures: Tue 16:00-18:00

« Location: SR_LT19

« Contact: rigger@nus.edu.sg

https://canvas.nus.edu.sg/courses/25019
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Module Information

# C56218

Projects

Readings
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# » CS6218: Principles of Prog. Languages & Software Engineering (2022)

CS6218: Principles of Prog. Languages & Software
Engineering (2022)

Ensuring the Correctness and Reliability of Data-Centric
Systems

This module will focus on the latest important research in ensuring the correctness, reliability,
security, and performance of data-centric systems. It will approach this topic through a software
engineering and programming languages lens, providing a broad perspective by considering systems
reaching from traditional relational database systems to applications such as machine learning as
well as techniqgues reaching from automated software testing to human-centric approaches. The
module’s website is still under construction and content (including the grading scheme) might still
change.

Basic Information

« Instructor: Manuel Rigger

« Lectures: Tue 16:00-18:00
« Location: SR_LT19

« Contact: rigger@nus.edu.sg

https://manuelrigger.at/teaching/CS6218/



Module Contents

This module will focus on the latest important research in
ensuring the correctness, reliability, security, and performance of
data-centric systems. It will approach this topic through a
software engineering and programming languages lens,
providing a broad perspective by considering systems reaching
from traditional relational database systems to applications such
as machine learning as well as techniques reaching from
automated software testing to human-centric approaches.



SE/PL Perspective

» Techniques: automated testing, debugging, verification, ...

» Publication venues: ICSE, ESEC/FSE, PLDI, POPL, ASPLOS,

OOPSLA, ...
» But also other venues in which relevant works were published!

» Approaches: white-box and grey-box



About Me %S@fw

Trustworthy Engineering
of Software Technologies Lab

» Enthusiastic about this topic!
» Lab’s focus (https://nus-test.github.io/)

» Designed and developed SQLancer to find /‘\ SQI:ANCEH

|OgiC bugs In database systems https: //glthub com/sqglancer/sglancer

» Found more than 500 bugs in widely used
database systems

» PC-chair of DBTest ‘22, Co-organizer of
Dagstuhl seminars on "Ensuring the

Reliability and Robustness of Database
Management Systems”



https://dbtest-workshop.github.io/
https://www.dagstuhl.de/en/program/calendar/semhp/?semnr=21442

Module Goals: Primary Goals

» Learn about general techniques such as differential testing,
metamorphic testing, debugging techniques, programming
languages & type systems, etc.

» Learn how these and other techniques can be applied in the
context of data-centric systems



Module Goals: Secondary Goals

» Build skills on how to read and judge scientific projects/papers
» Develop a taste on research
» Practice giving talks and giving feedback



Grading Scheme

» 40% project
» 40% presentation
» 20% attendance and participation



Grading Scheme

» 40% project

» 40% presentation
» 20% attendance and participation



Project

» Alone or groups of two (document shared effort via Git)
» Goal: gain hands-on experience

» Research-focused or implementation-focused
» Graded accordingly

» Deliverable
» Initial project proposal
» Final report & project overview presentation (recording or in-person)

© Copyright National University of Singapore. All Rights Reserved.



Reports

» acmart with sigconf
(Latex:\documentclass[sigconf]{acmart})

» https://www.acm.org/publications/proceedings-template

» Page Limits
» Initial project proposal: ~1 page
» Final report: 4 pages



Initial Project Proposal

» Goal: obtain some feedback from me

» Questions that should be answered
» What is the problem being tackled?
» Why is the problem important?
» Is the project research-focused or implementation-focused?
» What is the proposed solution?
» What is the proposed timeline?
» What is the expected outcome of the project?



Initial Project Proposal

# C56218 .
Projects
This page is still under construction.
2 Projects
S The goal of the project is to explore one of the module’s topics in detail and gain hands-on

experience with it.
Project ideas

Readings o g
& Logistics
« Projects should be done in groups of two, or alone.
« Projects should be submitted as GitHub repositories. If two students work on a project, it should
be clear from the commit history that both students contributed.

Project ideas

Every group is expected to independently work on a project related to the module’s focus. The
projects can either be focused on the research or implementation aspect. Potential directions for
high-level suggestions include the following:

« Designing and implementing a new approach for testing, verifying, or debugging data-centric
systems

« Implementing a known approach in a new system

« Conducting an empirical study, that is, measuring and analyzing the status quo to gain
actionable insights (i.e., what can we learn from the study that allows us to implement better

systems?)

https://manuelrigger.at/teaching/CS6218/projects.html

WE'LL DO I§ LIVE!
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(Self) Plagiarism

» Fine to build on previously submitted projects (e.g., for another
module)

» But: highlight the proposed differences and enhancements in the report
» No paper presentation about a paper previously presented



Final Report

» Follow a typical paper structure, for example:
» Abstract
» Introduction
» Approach
» Implementation
» Evaluation
» (Related Work)
» Conclusion

© Copyright National University of Singapore. All Rights Reserved.



Project Presentation

» 15 minutes time limit
» Give an overview of the project
» If sufficient time, we’ll have in-class presentations



Grading Scheme

» 40% project

» 40% presentation

» 20% attendance and participation



Presentation

» Everyone will present 1-2papers

» Number depends on the number of attendees
» Subsequent Q/A and presentation feedback



Presentations: Paper Selection

» https://nus-cs6218-2022.hotcrp.com/reviewprefs
» System used for paper reviewing
» We will use it only for bidding and assigning papers

» More papers than attendees to account for different interests

__."

INSIDE Y2889 )\

WE'LL DO I LIVE!


https://nus-cs6218-2022.hotcrp.com/reviewprefs

Presentations: Other Papers

» Inherently interdisciplinary topic with many directions and
strands of research

» Suggest an alternative paper that you would like to present



Designing Presentations

» “How to Give a Great

Research Talk” * Why you should listen to this talk

) By Simon Peyton Jones = Because many research talks are poor...

= ..and quite simple things can make your talks
much better

= Because everyone benefits from good talks
=« Your audience benefits from your hard-won insights
« You benefit from their informed feedback

= Because a research talk gives you access to the
world's most priceless commodity: the time and
attention of other people. Don't waste it!

How 1o Give a Great Research Talk

32 GJ o 4 DOWNLOAD G CLIP =4 SAVE ...
o MicrosoftResearch ©
How 10 Give a Great Research Talk

© Copyright National University of Singapore. All Rights Reserved. htt pS ://WWW.yO U t U b e . CO m/WatC h ?V: Ot_M COYIW U O



Designing Presentations

“How to Design Talks”
By Ranjit Jhala

Why obsess about giving good talks

“Don't worry about
people stealing an idea. ..
If it's original, you will have to
ram it down their throats.

Howard Aiken

e o

=
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"E‘Ifit' =

https://www.youtube.com/watch?v=aFT79TmffPk

© Copyright National University of Singapore. All Rights Reserved.



Designing Presentations

Andreas Zeller 22 October 2013 o .
Summarizing your presentation CHABADA Travel Cluster

with miniature slides ﬁ % N ﬂ_ fi‘m

by Andreas Zeller

QrTrr——— L Topen PR

The slide that drives me nuts rﬁm S *:\‘éf;‘fi‘é“\'ﬁb"u'%‘?r o
As part of my job, I listen to talks a lot. There's good talks, and there's bad o

talks. But nothing can drive me as crazy as making a slide like this your final London Restaurants Key Findings

slide:

Andreas Zeller is faculty at the CISPA
Helmholtz Center for Information
Security and professor for Software

e Cunentwo
+ A Gurier by e “Traesl Ouner -

W, e AT

Engineering at Saarland University, both Th |
in Saarbriicken, Germany. His research ank you: httpy//vww.st.cs.uni-saarland.de/chabada/
on automated debugging, mining
software archives, specification mining,
and security testing has proven highly
influential. Zeller is an ACM Fellow and
holds an ACM SIGSOFT Outstanding
Research Award.

& office-zeller@cispa.de What's wrong with showing "Thank you!" at the end? Or "Questions?"? Or
. +4968187083-1001 both? The problem is that most talks are followed by a discussion. With a
¥ @AndreasZeller slide like this showing up at the end, there's three problems:

© Copyright National University of Singapore. All Rights Reserved. https://andreas-zeller.info/2013/10/22/summarizing-your-presentation-with.html



Designing Presentations

How could we visualize this?

» Use visual elements rather than text
» Vector graphics whenever possible

» Use own examples and figures to demonstrate a deep
understanding

» Including a motivating/running example can help with
organizing the presentation

» Making good slides and practicing talks needs lots of time



Designing Presentations: Visual Elements

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Quisque porttitor, lorem quis cursus gravida, sapien augue venenatis mi, sed semper felis
velit a odio. Aenean imperdiet lacus non ipsum commodo feugiat. Nunc sodales in neque id laoreet. Sed sagittis, augue eget mollis suscipit, nisi tellus
ullamcorper erat, et tincidunt dui turpis eu dolor. Cras quam tortor, mattis vel ullamcorper in, tincidunt convallis urna. Sed interdum, risus at ultricies
venenatis, metus felis viverra magna, at viverra nulla nulla at nisi. Ut semper molestie varius. Nunc sed bibendum eros. Curabitur ultricies, massa et
imperdiet fringilla, ante tortor lacinia massa, non euismod sapien orci nec dui. Phasellus nec dignissim leo. Vivamus lacinia tellus et lorem malesuada
fermentum. Sed justo tellus, tempus in porttitor ut, laoreet ac mauris. Cras scelerisque libero nec risus ullamcorper, et convallis ex eleifend. Nunc
dictum velit venenatis lacus auctor rhoncus. Aliquam sodales cursus metus, in rutrum nisi laoreet et. Donec pulvinar rutrum nulla, sit amet aliquet
magna laoreet sed. Vestibulum mattis, odio pulvinar blandit tincidunt, magna nisi pharetra justo, pretium consequat libero eros nec dolor. Maecenas
eget nibh sem. Sed nunc leo, tincidunt sit amet condimentum ultricies, porttitor a libero. Etiam placerat blandit odio, vel viverra libero rhoncus id.
Aliquam tincidunt finibus est in ullamcorper. Morbi rutrum, ante ut vestibulum elementum, tellus mi laoreet tortor, non interdum ipsum nibh sed
risus. Pellentesque at purus nec orci elementum sollicitudin. Cras at metus vel augue elementum tincidunt ut volutpat ipsum. Nulla facilisi. Cras
suscipit convallis ante vitae congue. Donec ultricies eros non nunc vehicula, vitae blandit velit ultrices. Mauris est nibh, pretium sed posuere sagittis,
tristique vitae lectus. Integer ullamcorper sed massa et maximus. Duis ornare nec libero quis congue. Etiam et mi mollis, blandit nunc et, imperdiet
sem. Vestibulum lacus sapien, sollicitudin eget semper quis, maximus at lacus. Curabitur eget ligula vitae massa porttitor eleifend. Sed sed dui vitae
lacus vehicula venenatis. Nulla tempus hendrerit eros, consequat elementum felis. Morbi aliquet sem ac neque dapibus, nec lobortis dolor lobortis.
Etiam ut est nec magna mollis rutrum. Ut aliquam interdum tristique. Pellentesque finibus ipsum et mi auctor, quis mollis dui porta. Etiam vitae nibh
elit. Duis vulputate arcu elit, eget ornare sapien tristique sed. Sed imperdiet odio vitae mollis fringilla. Sed aliquet fringilla nulla vitae dapibus.
Suspendisse consequat finibus lacus, sed fringilla leo molestie id. Integer non tristique odio, in pharetra nulla. Nunc varius urna a dolor vestibulum,
eget fringilla lorem accumsan. Praesent non eros malesuada libero tristique rutrum. Pellentesque blandit lectus odio, vel dignissim nisi ultricies sit
amet. Cras sit amet sapien nibh. Curabitur ut mi vel tellus auctor facilisis ac at odio. Vivamus vulputate lorem vel ligula cursus elementum. Sed
venenatis magna at mattis elementum. Class aptent taciti sociosqu ad litora torquent per conubia nostra, per inceptos himenaeos. Aliquam id lectus
imperdiet, ultrices est viverra, ornare nulla. Vestibulum turpis nisi, dictum id lobortis eget, ornare ut justo. Maecenas ut tristique orci, ac viverra elit.
Maecenas sit amet justo pellentesque lorem ultrices porttitor. Sed sed eros quis nisl tempor vehicula vel sed dui. Nulla bibendum consectetur est,
sed dapibus massa malesuada non. Quisque euismod ex erat, nec tincidunt odio semper ut. Ut pretium magna eget nisl semper condimentum.
Morbi sit amet suscipit lectus, non ullamcorper neque. Sed pharetra odio quam, et faucibus dui condimentum at. Mauris mi tortor, placerat posuere
magna in, faucibus sagittis tellus. Integer mollis erat sed tortor rutrum congue. In rhoncus ultricies porta. Sed luctus ipsum vel ultricies venenatis.
Donec pharetra eu massa nec rhoncus. Nunc cursus lorem nec velit faucibus viverra. Etiam sollicitudin, neque sed congue viverra, mauris dui laoreet
massa, nec vestibulum orci diam non arcu. Morbi eu vestibulum mi, posuere sollicitudin sapien. Nulla elementum id turpis in dapibus. Duis
fermentum orci ac sollicitudin sagittis. Vivamus iaculis tempus ex, sed aliquet lectus. Praesent ultricies lectus id leo laoreet, non fringilla quam
convallis. Curabitur accumsan posuere feugiat. In nisi dui, hendrerit ac tristique ac, vehicula non quam. Curabitur id fringilla ante. Aliquam lobortis
tortor ipsum. Nunc luctus, dui at molestie fringilla, nisl leo semper orci, quis venenatis justo nisl ut risus. Ut id arcu velit. Vestibulum ultricies sodales
est, eu sodales augue hendrerit vitae. Pellentesque nec magna a nisi tempor dapibus non luctus arcu.

“Wall of text”

© Copyright National University of Singapore. All Rights Reserved.

Query
Generator

£

@TioB — OF
RS, =RS, =RS;?
?Qthe

(Simple) figures



Designing Presentations: Vector Graphics

Pixelated images @ Vector graphics @



Designing Presentations

» Use visual elements rather than text
» Vector graphics whenever possible

» Use own examples and figures to demonstrate a deep
understanding

» Including a motivating/running example can help with
organizing the presentation

» Making good slides and practicing talks needs lots of time



Giving Feedback

» Giving constructive feedback is difficult

» Frameworks can help
» What/why
» Feedforward
» Feedback sandwich



Giving Feedback: What/why

» Explain what the presenter did and why it was effective (or not)

» Example 1: You used many visuals, which made the
presentation lively and easy to understand.

» Example 2: You were speaking fast, which made it difficult to
follow the contents.

» Issue: giving direct negative feedback can be difficult to give
and digest



Giving Feedback: Feedforward

» Focus on the future rather than past
» More positive

» Example: For the next talk, it would be helpful to speak slower
and add some breaks.



Giving Feedback: Feedback Sandwich

» Start with some positive feedback
» Provide constructive criticism
» End on a positive note

» Example: | overall liked the talk. It was clear to the audience
that you put much work in designing the examples and figures.
Despite this, it was difficult to follow the talk since you talked
very quickly. I think by trying to add some breaks, you could
make your future talks even better.



Grading Scheme

» 40% project
» 40% presentation

» 20% attendance and participation




Attendance

» One unexcused no-show allowed (i.e., no need to inform me)

» More for valid reasons (e.g., paper presentation at a
conference)

© Copyright National University of Singapore. All Rights Reserved.



Timeline

» Proposing additional papers: August 17
» Paper bidding: August 18

» Team composition: September 15
» One day before the project proposal submission to set up Canvas

» Project proposal: September 16
» Finish before recess!

» Final report & recording: TBD



Timeline

week 02 (16/08/22): Class introduction & logistics
week 03 (23/08/22): Reliability techniques & SQLancer
week 04 (30/08/22): Test oracles I: differential testing
week 05 (06/09/22): Test oracles Il: metamorphic testing
week 06 (13/09/22): Test oracles lll: potpourri

Recess

week 07 (27/09/22). Test case generation

week 08 (04/10/22): TBD

week 09 (11/10/22): TBD

week 10 (18/10/22): TBD

week 11 (25/10/22): TBD

week 12 (01/11/22): TBD

week 13 (08/11/22): Backup/project presentations

VvV VvV V¥V V¥V 9V vV VvV vV VvV VvV vV v VY

© Copyright National University of Singapore. All Rights Reserved.



Volunteers: first two presentations

» Two volunteers needed
» August 30 (two weeks)
» Focus: differential testing

» https://manuelrigger.at/teaching/CS6218/readings.html#different

lal-test ng Differential Testing

» Data-Oriented Differential Testing of Object-Relational Mapping Systems (ICSE ‘21) [GitHub]
[YouTube]

« Finding bugs in Gremlin-based graph database systems via Randomized differential testing
(ISSTA 21) [GitHub] [YouTube]

o DiffStream: Differential Output Testing for Stream Processing Programs (OOPSLA ‘20) [GitHub]
[YouTube]

« APOLLO: Automatic Detection and Diagnosis of Performance Regressions in Database Systems
(VLDB “19) [GitHub] [YouTube],

© Copyright National University of Singapore. All Rights Reserved.



What About You?

» What is your background and/or your (research) interests?
» Why are you taking this class?
» What are your expeCtationS? Interviewer: Why do you want this job?

Me: I've always been passionate about
being able to afford food

.=

https://www.facebook.com/HITZdotmy/posts/10156012835913027

© Copyright National University of Singapore. All Rights Reserved.



Ensuring the Correctness and Reliability
of Data-centric Systems



What are Data-Centric Systems?

» Broad umbrella term
» System in which data is an important asset

» Heterogeneous landscape of systems with partly overlapping
functionality



Examples: Database Systems

» Relational database systems

» NoSQL systems
» Document stores
» Graph stores
» Key-value stores

» NewSQL systems



Examples: Database Systems

» Relational database systems

» NoSQL systems
» Document stores
» Graph stores
» Key-value stores

» NewSQL systems



Database Management Systems (DBMS)

Structured Query
Language (SQL)

¢ Interact with

Database Management System




Database Management Systems (DBMS)

CREATE DATABASE db;

v

Database Management System




Database Management Systems (DBMS)

CREATE DATABASE db;

Database Management System

v

@ta base@




Database Management Systems (DBMS)

CREATE TABLE t0(c©® INTEGER);

Database Management System

v




Relational Model

© Copyright National University of Singapore. All Rights Reserved.



Relational Model

Table or Relation




Relational Model

Column or Attribute




Relational Model

Row or Tuple




Database Management Systems (DBMS)

CREATE TABLE t0(c©® INTEGER);

Database Management System

|to: (cO: INT) 2tored jn
Database db




Database Management Systems (DBMS)

INSERT INTO tO(c@) VALUES (@), (1), (2);

Database Management System

v

1 St
ored ;
t0 o) din
2 Database db




Database Management Systems (DBMS)

SELECT * FROM t@ WHERE ¢;

Database Management System

v
St -
t0: (cO: INT)~——r&d in
Database db
0




Database Management Systems (DBMS)

1

2

v
t0: (cO: INT) 2tored i
Database db
0 ¢
¢

i ity of Singapore. All Rights Reserved

SELECT * FROM t© NHERE

Database Management System

Result set (bag)




Importance of SQL

» SQL is one of the most
popular programming
languages adopted by
many data-centric systems

» Pronunciation: Sequel vs
S.Q.L

© Copyright National University of Singapore. Al Rights Reserved. https://survey.stackoverflow.co/2022/#most-popular-technologies-language



Brushing Up Your SQL Knowledge?

“AdvanCed SQL” LeCtU reS o lle will expiore threr wiée variety of query and procedunéal

constructs in SQL.

By TorSten GrUSt e How much computation can we push into the DBMS and thus

towards the data?

Recommended If you Want o Where are the limits of expressiveness and pragmatics?
to understand advanced « Have fun along. the way! ©

~

SQL COﬂCeptS We will discuss offheat applications of SQL beyond

employees-departments and TPC-H examples.?®

* The drosophila melanogaster of database research.

Advanced SQL — Chapter 01 — Video #01 — Introduction

13,560 views  Apr 17,2020 il 215 GP DISLKE 2> SHARE L DOWNLOAD ¢ CLIP =+ SAVE ...

g E {)aﬁbase Sf“—!ms Research Group at U Tiibingen SUBSCRIBED Q

Video lecture, part of the course ‘Advanced SQL', U Tiibingen, summer 2020. Read by Torsten
Grust.

SHOW MORE

© Copyright National University of Singapore. All Rights Reserved. https://www.youtube.com/playlist?list=PL1XF9qjV8kH12PTd1WfsKeUQU6e83Idfc




Brushing Up Your Database Knowledge?

CGarnegie Mellon University

“Database Systems”
Lectures

By Andy Pavlo

Recommend if you want to

understand how database ®

systems are implemented S BT AP S 88

F ]

01 Course Intro &
Relatlonal Model

© Copyright National University of Singapore. All Rights Reserved. https://www.youtube.com/playlist?list=PLSE8ODhjZXjbohkNBWQs_otTrBTrjyohi



Examples: Database Systems

» Relational database systems

» NoSQL systems
» Document stores

» |Graph stores

» Key-value stores

» NewSQL systems




Graph Databases

» Nodes
» Relationships
» Properties

:IS_FRIENDS_WITH

type: Graphs since: 2018

name: Jennifer

(p:Person {name: "Jennifer"})-[rel:LIKES]->(g:Technology {type: "Graphs"})

https://neo4j.com/developer/cypher/intro-cypher/

© Copyright National University of Singapore. All Rights Reserved.



Examples

» Relational database systems

» NoSQL systems
» Document stores
» Graph stores
» Key-value stores

» NewSQL systems
» Data Manipulation Frameworks

© Copyright National University of Singapore. All Rights Reserved.



Examples: Data Manipulation Frameworks

» Pandas . Aggregating statistics grouped by category

Package overview

» d p |yr Getting started tutorials A

What kind of data does pandas handle?

How do | read and write tabular data?

How do | select a subset of a DataFrame ?

How to create plots in pandas?

A

How to create new columns derived from

existing columns?
How to calculate summary statistics?

How to reshape the layout of tables?

How to combine data from multiple tables? What is the average age for male versus female Titanic passengers?

How to handle time series data with ease?

. In [8]: titanic[["Sex™, "Age"]].groupby("Sex").mean()
. 7
How to manipulate textual data? out[8]:

i A
Comparisen with other tools ~ con Be
female 27.9157@9

Community tutorials
male 30.726645

© Copyright National University of Singapore. All Rights Reserved. https://pandas.pydata.org/pandas-docs/stable/getting_started/intro_tutorials/06_calculate_statistics.html



Examples

» Relational database systems

» NoSQL systems
» Document stores
» Graph stores
» Key-value stores

» NewSQL systems
» Data Manipulation Frameworks

» Data Processing Frameworks




Examples: Data Processing

) Apache Spark In this example, we search through the error messages in a log file.

val textFile = sc.textFiIe("hdfs://...") // Creates a DataFrame having a single column named "line”

} Hadoop val df=textFiIe.toDF("Iine")
} ApaChe Fllnk val errors=df.filter(col("line").Iike("%ERROR%"))

// Counts all the errors

errors. count()
// Counts errors mentioning MySQL

errors .filter(col("line") c Iike(”%MySQL%”)) c count()
// Fetches the MySQL errors as an array of strings

errors .filter(col("line") c Iike("%MySQL%")) c coIIect()

© Copyright National University of Singapore. All Rights Reserved. httpS://Spa rk.apache.org/exa mpIeshtmI



Examples

» Relational database systems

» NoSQL systems
» Document stores
» Graph stores
» Key-value stores

» NewSQL systems
» Data Manipulation Frameworks
» Data Processing Frameworks

» Al Applications

ional University of Singapore. All Rights Reserved.



Al Applications: Machine Translation

= Google Translate

Rp, Text B Documents @ Websites

DETECT LANGUAGE ENGLISH GERMAN KOREAN v g GERMAN ENGLISH SPANISH A4

Translation

0/5000 -

(=

Send feedback

© Copyright National University of Singapore. All Rights Reserved.



Overview of the Landscape by Matt Turck

MACHINE LEARNING, ARTIFICIAL INTELLIGENCE, AND DATA (MAD) LANDSCAPE 2021

INFRASTRUCTURE MACHINE LEARNING & ARTIFICIAL INTELLIGENCE APPLICATIONS - ENTERPRISE
STORAGE HADOOP DATA LAKES. DATA STREAMING / DATA SCIENCE DATA SCIENCE 'MLPLATFORMS SALES / SERVICE
in INMEMORY =
= A | covomma ®databricks | "HOUE e e DTS s | @databricks: cDstaRobot by Druuss acnows | G sy @y @cissassisce | ol g
o ke S bi b | 6 e SRAGLE fop s .
-2 bindor <olab e i @b Oremmin zendesk Qi @ik
o=. HE 0w s S o Rl il @ O @
e o O™ | | o ger g | 9o O | Tioowno M0 i Goeree | s | g
[ T— BN o il ¥ ° ooy % omw © Wi g mya ¢en
. % e . o B avscace axa | Qe Hoow B o » Gsas ace n L sasacusa Tz o 9° - oot Qe | e ||omeseni
e U | b Kox o siten ’ P
v > sttie | w0 wemecrn woocs? SO S RS
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Why Are They Important?

A DAY IN DATA

HEY, LOOK, WE HAVE A BUNCH
OF DATAL T'™ GONNA ANALYZE IT.

NO, YOU FOOL! THAT WiLL
ONLY CREATE MORE DATA!

97

https://xkcd.com/2582/

N\ .\\\\\ RACONTELR

© Copyright National University of Singapore. All Rights Reserved.

https://www.visualcapitalist.com/wp-content/uploads/2019/04/data-generated-each-day-full. html



Scales of Database Systems

» Embedded databases
» Standard database systems
» Data warehouses and lakehouse systems



Why Are They Important?

» Embedded databases and edge computing

» Since SQLite is used extensively in every smartphone, and
there are more than 4.0 billion (4.0e9) smartphones in active
use, each holding hundreds of SQLite database files, it is
seems likely that there are over one trillion (1el12) SQLite
databases in active use.

https://www.sqlite.org/mostdeployed.html



Why Are They Important?

All Respondents Professional Developers

“Standard” relational
database systems like
PostgreSQL, MySQL,
Microsoft SQL Server,
Oracle used by many
small and mid-sized
companies

© Copyright National University of Singapore. All Rights Reserved. https://survey.stackoverflow.co/2022/#most-popular-technologies-database-prof



Why Are They Important?

» Companies store and process large-scale data (petabytes)
» Machine learning and business intelligence solutions
» Cloud solutions

The Databricks Lakehouse Platform

Supporting modern data and Al workloads

Matei Zaharia
Cofounder and Chief Technologist

CIDR 2022 Keynote 1: The Databricks Lakehouse Platform by Matei Zaharia

https://www.youtube.com/watch?v=LIb1tR3i9hU

© Copyright National University of Singapore. All Rights Reserved.



Challenges

» Rapidly-growing data amounts
» Increasing reliance on data-centric solutions
» Heterogeneous landscape of data-centric solutions

Is our data storage and processing
infrastructure reliable?

© Copyright National University of Singapore. All Rights Reserved.



How Reliable is SQLite? ?SQLite

Design process inspired by DO-
178B for safety-critical software

systems in an aircraft SQLite’s test cases achieve
100% branch test coverage

SQLite (~140,000 LOC) has 640
times as much test code as source
code

Anomaly testing (out-of-memory,
I/O error, power failures)

ional University of Singapore. All Rights Reserved. htt ps ://WWW. Sq I ite .0 rg/testi n g . ht m I



Are These Systems Correct and Reliable?

THIS IS FINe.




Motivating Example

t0

tl

cO

cO

0.0

-0.0

JAN

My

SELECT * FROM to, t1 > p)

WHERE[ te.co = ti.cej]

© Copyright National University of Singapore. All Rights Reserved.

It might seem disputable whether the
predicate should evaluate to true




Motivating Example

0 0(0|0]J0O0}]..l0]0|O0]O
t0 tl
false? -9 |1]|o]|o|of|..lo|o0|o0]|0O
cO cO
0.0 0.0 Different binary representation

SELECT * FROW tO, t1
_’ t0.cO | t1.cO

WHERE[ te.co = ti.cej]

© Copyright National University of Singapore. All Rights Reserved.



Motivating Example

t0 tl
cO cO

true?

Evaluates to true for most
programming languages

0.0 -0.0

My
SELECT * FROW to, t1 '

WHERE[ te.co = ti.cej]

© Copyright National University of Singapore. All Rights Reserved.

t0.cO | t1.cO




Motivating Example

t0

tl

cO

cO

0.0

-0.0

SELECT_* FROM t@, ti
WHERE[ te.co = ti.cej]

MyR
——

t0.cO

t1.cO




Motivating Example

t0 tl The latest version of MySQL that
0 0 we tested failed to fetch the row

0.0 -0.0

MySQL #&

SELECT * FROM to, t1l
_’ t0.cO | t1.cO

WHERE t0.cO = t1.cO;

X

© Copyright National University of Singapore. All Rights Reserved. https ://b ugs . mysq I .CO m/b u g . p h p ? i d =99 1 2 2



Motivating Example

t0 tl

[3 Apr 2020 13:07] Jon Stephens
CO CO Documented fix as follows in the MySQL 8.8.21 changelog:
e 0 0 e A guery whose predicate compared @ with -8 where at least one of
¢ ¢ these was a flaoting-point value returned incorrect results.

SELECT * FROM to, t1l
_’ t0.cO | t1.cO

WHERE t0.cO = t1.cO;

© Copyright National University of Singapore. All Rights Reserved. https ://b ugs . mysq | .CO m/b u g . p h p ? i d =99 1 2 2



Motivating Example

t0 tl
cO cO

We could find the bug without having
an accurate understanding ourselves

0.0 -0.0

MySQL #&

SELECT * FROM to, t1l
_’ t0.cO | t1.cO

WHERE t0.cO = t1.cO;

X

© Copyright National University of Singapore. All Rights Reserved. https ://b ugs . mysq I .CO m/b u g . p h p ? i d =99 1 2 2



How Can We Ensure Their Reliability?

» Automated testing
» Differential testing
» Metamorphic testing
» Isolation-level testing

» Debugging

» Development environments
» Static & dynamic analysis

» Language design

» Formal verification



Kinds of Bugs

» Crash bugs

» Logic or correctness bugs

» Isolation-level bugs

» Memory management bugs

» Usability issues

» Performance bugs/missed optimization opportunities



Summary

Module Contents

languages

This module will focus on the latest important research in
ensuring the correctness, reliability, security, and performance of
data-centric systems. It will approach this topic through a
software engineering and programming
providing a broad perspective by considering systems reaching
from traditional relational database systems to applications such
as machine learning as well as techniques reaching from
automated software testing to human-centric approaches.

lens,

Grading Scheme

» 40% project
» 40% presentation
» 20% attendance and participation

Andreas Zeller

The sllde that drives me ruts.

L Ty oy

Designing Presentations

Summarizing your presentation
with miniature slides

Thank you!

CHABADA
B Wa e
[
LT T

Londan Restaurants

bttne:/fandress peller infa/ 2013/ 1012 mmarizingyaur-resentaton-aith hm

Travel Elustor

Challenges

» Rapidly-growing data amounts
» Increasing reliance on data-centric solutions
» Heterogeneous landscape of data-centric solutions

Is our data storage and processing
infrastructure reliable?

https://manuelrigger.at/teaching/CS6218/

© Copyright National University of Singapore. All Rights Reserved.




