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DB for Enterprise Users &
Developers
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Beyond Enterprise Users?

\@%

biologist

ecologist

social scientist

journalist
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Where Our Attention Lies?

Learners

Enterprise
users
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The Popularity of Data Science & Al
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The Changqi
N
Learningg g Landscape of

How are you closing the skills gaps that exist in your organisation? 3

Upskilling employees
(updating existing
skills to meet

|atest standards)

47% |

Reskilling employees \
(training employees for 31% |
skills that traditionally
fell outside of their
scope of responsibih(y)

Hiring new employees 18% ‘
with spec'\a\ised skills 16% |

Hiring part-(ime
contractors
(‘g‘lggers‘) to fulfil
spesific skills gaps

9% \

8% \

2% \
Other
2% \

0% 10% 20% 30% 40% 50% \

https://www o of respondents for each category {

. ’ .gets

|t5—important_ior marter.com/blog/career-advi v

learni -corporates-to- vice/why- | @ HR 8D talent managers or related role @ Peovle Managers ,
rning/ encourage-lifelong \
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The Changing Landscape of
Learning

How does your organisation measure the success of its learning
and development initiatives?

Business impact as a result

of knowledge/skills gained 56%

Set business goals
were reached

Employees who reported
being able to apply the
learning to their job

Return on investment (ROI)
Number of employees trained

Completion rate

Reduction in cost compared
to alternatives

Number of employees who
enjoyed the course

We don't measure
the success

Other

0% 20% 40% 60%

https://www.getsmarter.com/blog/career-advice/why-
its-important-for-corporates-to-encourage-lifelong-
learning/
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Question 1

What are the observed challenges
brought by the traditional modes of
learning of relational query processing?
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Core Topics of Relational Query
Processing

e Set of physical operators

 Query processing models

* Selection of query execution plans
e Cost estimation of a query plan

Modes of Learning

 Seminars, lectures

 Textbooks, online resources
e Off-the-shelf RDBMS
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Is Understanding Query Execution
Plans (QEP) a Challenge?

Sem Y: Sort .
Class size: 162
Nested Loop .
Avg score: 7.4/10
Gather [} Index Scan [
Sem Y+1:
ClaSS size: 359 Hash Join [}
Avg score: 7.1/10
Seq Scan . o, .
seqscan [
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Is Understanding QEPs a
Challenge to Learners?

Common Mistakes

* Incorrect ordering of steps

e Use relational algebra

* Writing SQL query

 Lumping several steps into single step

* Exclude filtering conditions in scan

* Missing intermediate relations

* Unclear specification of physical operators

e Attempt to describe implementation of various operators
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Understanding Alternative Plan
Chmces Made By DBMS

eeeeeeeeeeeeeeeeeeeeeee

o~ Plan A
Lad_ld = iid <
(\, _ld = 4)
T
PV
s.id=as ld)\
( )

_______ L A
Sem Z: ;:;2;;;.;{{_—'_]
Class size: 188 )
Avg score: 5.1/15 S ")"l‘ C;j
Only 7.4% score 8 and above Cl] i]
_______ [
Plan B L
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Understanding Alternative Plan
Choices Made by DBMS

Common Mistakes o :}
e Missing role of index scan -
 Missing the possible impact C;j d:]
i !

of join ordering nsvuctor | [ingex scan Jpumeenesd, (500 scon |
* Explanation missing l _ l
e Incorrect justification w.r.t. e
the type of join operator [_—'_]
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The Cost Estimation Challenge

in Learning

Sem Y+1:

« 55% students scored
less than 6/10

« 2/359 students got
the cost estimation

correct

(On-the: fly)
Hash Join
teaches.c,id:course.c,zd
se
ested LOOP cour
Index Nested oo 3
' ile Sca
teaches id:instfructor.zd (
ea g
_! Spring
—! Lembr’ Uteaches.semester P
O instructor name=
teaches |
can )
instructor ( e |
(File Scan) ﬁ“m;f”m——f”
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The Cost Estimation Challenge
In Learning

Common Mistakes

* Incorrect cardinality estimation of intermediate results
* Incorrect |/O cost of certain operations
* Inclusion of main memory cost

DBMS Learners

Incorrect cardinality estimation Incorrect cardinality estimation

Deep learning-based techniques How to facilitate “deep” learning?
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Limitations of Learning Modes

Textbook, lectures

* Limited, hard-coded example problems

* Typically deals with simple SQL to illustrate concepts
* Not interactive

* You cannot learn about any SQL queries!

Off-the-shelf RDBMS

* For enterprise users
* Not designed for pedagogical support
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All We Can Get from an RDBMS
(Easily)....

|22 2z =]

Aggregate Limit

lingitem Hash
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Observations About Learners in
Traditional Learning Environment

Learners in traditional settings

e Largely extrinsically motivated (e.g., getting good grades).

e Learn-by-example.

* Avoid exhaustive online search for resources and examples.
e Prefer slide decks and videos over textbooks.

* Limited by time due to concurrent courses.

* Massing vs spacing.
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Question 2

Why learners face learning challenges
in traditional settings?

HH
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Memory

* Takes meaningless sensory information (e.g., sound of
professor’s voice) as input

* Changes it into meaningful patterns (words, sentences,
concepts) you can store and use later.

Sensory Working

Ler m
memory memory Long-term memory

Memory is generally thought to be divided into three stages of processing

P
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Basic Tasks of Memory

e Memories for concepts usually require
deliberate encoding effort to establish a
usable memory

e Elaboration

Encoding

StO ra ge e Retention of encoded material over time.

e Retrieve encoded memory accurately by
exploiting good cue to access the
information

Retrieval

Successful retrieval depends on how they were encoded and how they are cued.

e
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How Do We Form Memory?

Major obstacle for students trying to
process and remember large amounts
of information from a lecture or textbook

- =

SCNSOTY oy \Working memory <p -ONg-term
memory memory

> af

— 5 t0 9 “chunks”

P. Zimbardo, R. Johnson, V. McCann. Psychology Core Concepts. Pearson Education, Inc., 8th Edition, 2016.
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Components of Long-Term
Memory (LTM)

SR relational query
processing

Procedural memory Declarative memory
(knowing how) (knowing what)

Semantic memory Episodic memory

Includes memory for:
motor skills
operant conditioning
classical conditioning

Includes memory for: Includes memory for:
language events
facts personal experiences
general knowledge
concepts

P. Zimbardo, R. Johnson, V. McCann. Psychology Core Concepts. Pearson Education, Inc., 8th Edition, 2016.

HH
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Biological Basis of LTM

Long-term memory

Procedural memory
(knowing how)

Declarative memory
(knowing what)

.

Semantic memory Episodic memory

Includes memory for:
motor skills
operant conditioning
classical conditioning

HH

Includes memory for: Includes memory for:
language events
facts personal experiences
general knowledge
concepts

Hippocampus and
amygdala are crucial to
laying down new
declarative memories

 Memories gradually
become more
permanent with the
help of the
hippocampus.

* Memory consolidation.
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“Seven Sins” of Memory
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P. Zimbardo, R. Johnson, V. McCann. Psychology Core Concepts. Pearson Education, Inc., 8th Edition, 2016.
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Level-of-processing Theory

Lessons from Psychology

 The more connection you can make in working memory
between new information and knowledge you already have,
the more likely you are to remember it later

Level-of-processing Theory

* Craik and Lockhart (1972)
 “Deeper” processing establish more connections with LTM
making new information more meaningful and memorable

P. Zimbardo, R. Johnson, V. McCann. Psychology Core Concepts. Pearson Education, Inc., 8th Edition, 2016.
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How Do We Facilitate Deeper
Processing?

Elaborative Rehearsal

e Putting concepts into your own words
 Adding examples that illustrate the concept — a type of
elaborative rehearsal

Multi-modal interactions

 Multiple modes of interactions with the course material help
to build a greater web of associations into which a memory
is embedded.

* Learning theories: Learners learn better when the same
content can be approached in multiple ways - both visual
and verbal, as well as through hands-on learning.
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Memory Consolidation —
Biological Basis

Biological Explanation

* New experiences consolidate much more rapidly (through
hippocampus) if they are associated with existing memory

schemas
* Why elaborate rehearsal and depth of processing help us to

create more lasting memories
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The Role of Stress

*I‘l

Epinephrine |
- | Norepinephrine |
I | Cortisol |
| Hippocampus |
] | Hypothalamus |~
y )
| Ppituitary |<<
C B, Adrenal cortex |'V
s
Consolidation

P. Zimbardo, R. Johnson, V. McCann. Psychology Core Concepts. Pearson
Education, Inc., 8th Edition, 2016.

Release stress hormones in the brain,
which act on the amygdala and
hippocampus to strengthen the
emotional memory of the event.

Remember how stressful DB course is
instead of the concepts © ©

Expectancy-Value Theory

If a task is too difficult or easy to
complete then one may not
engage with it.

Flow Theory

A psychological state where a learner is intrinsically motivated to learn.

Task is neither too easy or too difficult.
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Limitations of Traditional Modes

e Limited hard-coded examples

e Limited modes of

Lesser web of association formingin
long-term memory.

approaching a content

* Processing a large amount of
lecture and textbook content

Bottleneck of working memory.
Impacts encoding and storage.

e Stress due to massing,
difficulty of accessing content

~
~
-

Impacts memory consolidation in
LTM.

Expectancy Value Theory
Flow Theory

Fo
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Question 3: Towards
Technology-Enabled Learning

Can we build technologies to
supplement learning of relational
query processing?
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Broad Goals

e Multi-modal, interactive mode
e Unlimited on-demand examples to facilitate elaborative rehearsal
e Create more web of connections

~N

J
e Reduce difficulty in accessing information and content )
e Facilitate operant conditioning through negative reinforcement
e Facilitate Expectancy value and flow theories
* Reduce stress )
~
e Understand learning of learners through interaction data
e Feedback loop to improve pedagogy
Understand b

Fow
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Enhancing Learning Through
Involvement

“Tell Me and | Forget, Teach Me
and | May Remember,
Involve Me and | Learn.”

Benjamin Franklin
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What Learners Think Of Tools to
Augment Learning?

Sem X:
Respondents: 47
"*' percentage
‘ Not sure. \ \
|
No. Textbook/lecture ‘ \
‘1 knowledge 1S sufficient. \
\ \
| yes, such tool will help MY ’ ‘1

learning. 30 100 \
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Understanding QEPs

Can we describe a QEP using visual and
natural language to encourage
involvement-based learning?
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Challenges

Large QEP->NL training data is infeasible

Rule-based generation may create
boredom

Should be generalizable w.r.t. application
domain and RDBMS

B @5
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NEURON & LANTERN

N
R

select |_returnflag, |_line

select |_orderkey, sum(

select o_orderpriority, ¢ Question Answer Feedback

Detailed view

LANTERN Switch DB POEM Menu ~
Database schema SQL query Natural language description of Visualize Plan
(current DB: TPCH) QEP
b customer select E The query is executed as follow. -
> lineitem I_orderkey, Step 1, perform sequential scan on
B> nation sum(l_extendedprice * (1 - table lineitem and filtering on
> orders |_discount)) as revenue, (I_extendedprice > '10') to get
D part o_orderdate, intermediate table T1 .
> partsupp o_shippriority Step 2, perform sequential scan on
b region from table orders and filtering on
D> supplier customer, (o_totalprice > '10') to get l
Example orders, intermediate table T2 . “
lineitem - Step 3, perform sequential scan on b .

select n_name, sum(l_e: Question Please provide your feedback here...

select sum(l_extendedp How many rows are left after a ce

Step

https://howardlee.cn/lantern/

Enter the step number

,

 NEURON: Query Execution Plan Meets Natural Language Processing For Augmenting DB Education. Siyuan Liu, Sourav S Bhowmick, Wanlu Zhang, Shu
Wang, Wanyi Huang, Shafiq Joty. In SIGMOD, 2019

* Towards Enhancing Database Education: Natural Language Generation Meets Query Execution Plans. Weiguo Wang, Sourav S Bhowmick, Hui Li, Siyuan
Li, Shafiq Joty, Peng Chen. In SIGMOD, 2021.

 LANTERN: Boredom-conscious Natural Language Description Generation of Query Execution Plans for Database Education. Peng Chen, Hui Li, Sourav
S Bhowmick, Shafiq R Joty, Weiguo Wang. In SIGMOD, 2022.
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User Feedback: Which query

plan format is most preferred?
11.63%

30.23%

279196

e 43 students volunteered

- RULE-LANTERN for the survey (2020)
NEURAL-LANTERN
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Impact of NEURON: When the
Rubber Meets The Road

Query Distribution

Sem X:

Class size: 166

e 41.5% used it 8-
* No. of queries vs the

number of distinct % -
learners who posed -
that number of queries ?;

e More than 85% of s
them posed more than
one query =

0 - '| | |'| ||' | | |
o
o~

T
g 3 8

No. of Oueries

Sourav S Bhowmick, Hui Li. Towards Technology-Enabled Learning of Relational Query Processing. IEEE Data Engineering Bulletin, IEEE CS, September 2022
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Test Performance

No. of students: 162

users non-users

Avg: 8.43 Avg: 7.07
Max: 10 Max: 10
Min: 6.5 Min: O
Median: 8 Median: 7.5

B
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What-If Queries on QEPs

 What is the impact on cost if operator A (e.g., hash join) is
replaced by operator B (e.g., nested-loop join)?

 What will be the impact on cost if a specific join ordering is
changed?

* What if the plan uses the index/sequential scan operator?
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MOCHA

https://howardlee.cn/mocha/

MOCHA Switch DB
Database schema SQL query Config Alternative Plans Select parameter(s)
(curvent DB: IMDB) SELECT Bitmap Scan
b actors count(*) B c Index Scan
D directors_genres A FROM : p D
b directors directors, Max config parameters _J Index-Only Scan
D> movies movies_directors 6(default) v (O sequential Scan
> roles WHERE O
Select an approach (J TID Scan
D> movies_directors directors.id = movies_directors.director_id i it
> movies_genres GROUP BY SINGLE plan(default) v tashjeln
Example directors.id LJ Merge Join
ORDER BY I y
SELECT * FROM actors WHERE gender ="\ COUNT(*) DESC; UJ Nested-Loop Join
SELECT count(*) FROM directors; .. L Hashed Aggregation
(O Materialization
SELECT role FROM ro actors WHERE ro
M) Evnlicit Sarr =
SELECT count(*) FROM directors_genres V\
SELECT count(*) FROM movies WHERE YE/
Visualize Plan Explanation Total Cost
The QEP (SP) is selected because it has the least cost amongst
Choose one plan to view other plans.
101
AP1 g Merge Joins are preferred if the join inputs are large and are sorted
on their join column. &
0
E F
10°
4
SP AP1
29,036.38 20,000,074,289.69

G

Detailed view

MOCHA: A Tool for Visualizing Impact of Operator Choices in Query Execution Plans for Database Education. Jess Tan, Desmond Yeo, Rachael Neoh, Huey Eng Chua, Sourav
S Bhowmick. In VLDB, 2022.
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Exploring Alternative Query Plan
Space

Can we explore alternative query plans
in a learner-friendly manner ?

HH
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Alternative Query Plans (AQPs)

Alternative Query Plans

* Given an SQL query, there are many different query plans,
other than the QEP, for executing it.
* Alternative query plans (AQP)

HashJoin HashJoin .
HashJoin
Cost: 27919 Cost: 5130.1 ‘ Cost: 3029.9 \

Cort a4 Cont 20868 ot 07 Cost- 43043 Lt e
= | [ AN RIS
tide cL':“l'u Co:tm 4012 c:si:e:u ch"f'm 2 s _.',?,Z”_‘.Z, Co:tln 618.3 CoFsi:‘:M
Cost a1 | | Cost 3723 Cosc 431 | | Cost 3723 paesr] [
mmmmm y_typa _co"r:\palzoes pany_typq _CO"T:"OP‘:'"'“ c:npa‘mos | wmpany"w"{
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Challenges

mad  \Which plans are informative to learners?

How do we compute plan informativeness?

=3 How do we design efficient algorithms?

Bew
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4793.81.163/#

ARENA https://dbedu.xidian.edu.cn/arena/

il Database Information ad 800t

- Method Sert
Cost:TTSA
select title Cost:T57S

from se, takes, student

B Parameter where cou rse_|d = takes.course_id and

Model ' f -AQP ’ i i\;g

Tree Edit dist # of plans : ' A

YebleScas lenerHushJuin B0%
Cost431.8 Cone 7054,
Number 5 e -

G
S weight 0.33
Tabksca o R
C_weight 0.33 d ' o
T

Cost_weight 0.33 I X0 ) 0.0 ) 9913 QEP - .
0 0.00 L.UJ 9.9 g TnzleScan

Fiter Limit 0.5 AQPs

2 0.00 0.27 7575.

¥ Setting

ARENA: Alternative Relational Query Plan Exploration for Database Education. Hu Wang, Hui Li, Sourav S Bhowmick, Baochao Xu. In SIGMOD, June 2023

wew
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Test Performance

No. of students: 50

ARENA users
(Gp 2)

Avg: 8.24

Avg: 6.04

ARENA non-

users (Gp 1)

Avg: 7.76

Avg: 4.12

NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE
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What’s Next?

Cost estimation of a query plan

How can learners converse with a
qguery optimizer to aide learning?

Data-driven education

o
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Learning Cost Estimation -
Challenges

= Extract cost computation formula for subtrees

= Connecting with textbook knowledge

== Explainable and generalized approach

R aw
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TRUSS System

TRUSS INTERFACE

[ Conversation Manager (Chatbot)
QEP-To-NL Alternative Cost
Generator Plan Explorer Explainer

[ Learner Interaction Manager

Interaction
Log Store

Sourav S Bhowmick, Hui Li. Towards Technology-Enabled Learning of Relational Query Processing. IEEE Data Engineering Bulletin, IEEE CS, September 2022
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Conversation with TrussBot

TrussBot

TR ()

<Describes the QEP in NL>

ERREREITIN,

<Defines zigzag join>

(Lenw Mot ot thisio etimatade | (Y

<Describes the formulas and steps for estimating the

e
SRR

<Explains in NL>

<Explains in NL>

e

NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE
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€9

(o"o\

L

TrussBot

2

Yes, it was considered, <Visualizes the plan with hash
join and corresponding estimated cost>

e e

Let me show you one at a time, <Shows one
interesting AQP at a time>,

SRR
e

No, unfortunately a bad plan is chosen this time.
<Explains the actual and estimated cost difference
and reasons for slow execution>.

Sure! Go ahead.

1l




Towards Data-driven Education

e Access time, duration, queries, interactions
Wi ® Analyze and correlate with academic outcomes

Log

e What challenges they are facing?
e Learning preferences
e Massing vs spacing

e Elaborate rehearsal and level-of-processing theory

e Any correlation between engagement of a platform and
performance?

Bewm
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Do We Care About Disabled
Learners?

DBMS for Whom?

* Primarily for able-bodied end users
* No systematic research on designing data management
products for disabled users

* Diverse learners in lifelong
learning environment

* How can we facilitate learning
for disabled learners?
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How Do They Learn?

ASD/ADHD

e Autism Spectrum Disorder (ASD) and Attention Deficit
Hyperactivity Disorder (ADHD)

* Face cognitive and behavioral challenges

e C(Classical mode of learning may be inadequate

* Visual thinkers and learners are common among ASD

Understanding Learning

* Differential understanding of adult brain network and how
it impacts learning.

Visual Tools That Can Help People With Autism Learn and Thrive. https://www.verywellhealth.com/visual-thinking-and-autism-5119992, 2021.
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How Do They Learn?
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REVIEW ARTICLE

Meta-ana\ytic connectivity modelling of functional magnetic
resonance imaging studies in autism spectrum disorders

Alicia M. Goodwill' @ - Ui Tong Low’ * peterT.Fox’ * P. Mickle Fox' - Kenneth K. poon’ - Sourav 5. ghowmick’ * ,
$. H. Annabel Chen*** |

Accepted: 6 pecembet 2022 ¢ published online: 12 Janusry 2023 |
o The Authoris) 2023 \

Abstract
Social and m\n‘xn(m\ deficits 0 autism § cctrum disorders | ASD) persist into adnhhwx! and may <hare common regions \
) &
of aberrant neural activations. The current meta-analy sis u\\cqr'-.ucd aetivation differences petween ASD and aeuroty nical
) 8 ¥
aium of task YPC Activation likelihood estimation meta-analyses were pcnnrnx'd o examine consistent |
car all tasks combined. and for social and pon-social rasks separ ately: meta-

Left am
ygdala i : |
s hypo-activated in ASD acros II\ D i co-acivaled FCEI08S S0 \
s all tasks .
combined

wmined. the ASD \

TTR VIO ee =

ALE=0033)1 e TR T WM wem——

fusiform -;)lu\.'wwhcllum Lobule VICrus | cluster was SO THTET Wt s

won (Z 1,077), These findings h\ghhghl the left amy gdala as @ region consistently hypn-nrﬁ\'mﬂ!m -

Amygdala has li
an : |
such as memory formati Y OthErDrainIStIUCtLTES
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DB Researchers Needs to Break Out
from the Enterprise Jar

N
How can technology

supplement learning of
database technology? )

N
Beyond enterprise users

J

Implications to data
science and data
management education
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Efforts on Query Visualization
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