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Decades of Research on Optimizing Each Layer

Web cache Dead code elimination Query optimization
WebAssembly Vectorization Physical design
JavaScript JIT Object caching Concurrency control

- request query
T webpage data
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Key Insight: Leveraging Application Semantics
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Leveraging Application Semantics To Optimize Each Layer

Y Leverage the data retrieval Yy Leverage how queries are % Leverage how query results
behind each webpage data  connected in the application are used in the application
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Leveraging Application Semantics To Optimize Each Layer

Panorama: Quro: Chestnut:
view-driven optimization reorder queries customize data layout
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Outline

* Leveraging application semantics to optimize each layer
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* Other projects

* Ongoing and future work
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* Leveraging application semantics to optimize each layer Voo
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Outline

* Leveraging application semantics to optimize each layer

Quro:
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Query Reorder Shortens Lock Wait Tlme
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Quro: Compiler for Query Reorder

Input: C++ code with
embedded SQL queries
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Input: application Input: C++ code with
workload / embedded SQL queries \
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Quro: Compiler for Query Reorder

Reorder queries while
preserving application
semantics

Profile the application to get Analyze the control and data
contentious queries flow of the application code

Quantify contention level

Calculate standard deviation of
query running time

Larger the deviation, more likely
to have data conflict

16



Quro: Compiler for Query Reorder

Reorder queries while

Profile the application to get Analyze the control and data : o
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Quro: Compiler for Query Reorder

Reorder queries while

Profile the application to get Analyze the control and data : o
: ; . preserving application
contentious queries flow of the application code .
semantics
Quantify contention level Data dependency analysis Formalize reorder problem
Calculate standard deviation of * Data dependency among * Formalize into ILP problem

query running time program variables
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Quro Vs. Other CC Schemes
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* The order of queries has large impact on
transaction performance.

* We build Quro, a compiler that leverages
information about query contention, and
automatically reorders the queries.

Quro

2o * Quro-generated code improves throughput up to
Summary 3.5%, and outperforms other concurrency control
schemes under high contention.

VLDB’16

* Reordering is implemented
in critical transactions of Taobao a
in Alibaba Alibaba.com

19



Outline

* Leveraging application semantics to optimize each layer

Chestnut:
customize data layout
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» Nested object vs. tabular data

Website Project
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#website-feedback

#website feedback
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View screenshot
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sent with Marker.io

~0)

21



Data Representation Mismatch e

» Nested object vs. tabular data

Website Project #website feedback

‘ Noelle Keyy
Channels Do you have any feedback on the

new website?

ﬁ Steve Young
a4 » Could you modify the price to $39?

#website-feedback

" Turn into Task with Marker.io
View screenshot

https://companywebsite.com/pricing

Sent with Marker.jo

)

21



Data Representation Mismatch  came —« sy

» Nested object vs. tabular data

Website Project #website feedback

‘ Noelle Keyy
Channels Do you have any feedback on the

new website?

Steve Young
4 » Could you modify the price to $397?

#website-feedback

" Turn into Task with Marker.io
View screenshot

https://companywebsite.com/pricing

21



Data Representation Mismatch  cume — sy o SEESES

» Nested object vs. tabular data

Website Project #website feedback

‘ | Noelle Key
Channels Do you have any feedback on the

new website?

ﬁ | Steve Young
a4 » Could you modify the price to $39?

#website-feedback

% Turn into Task with Marker.io
View screenshot

https://c ur1x:>arwth,\\‘:tr:: com/pricing

Sent with Marker.io

~0

21



Data Representation Mismatch e — sy o SEEES

» Nested object vs. tabular data

Website Project #website feedback
‘ Noelle Keyy
. Channels Do you have any feedback on the
website dev new website?
Steve Youn
#website-feedback ﬁ v : :
4 » Could you modify the price to $397?

" Turn into Task with Marker.io
View screenshot

https://companywebsite.com/pricing

21



Data Representation Mismatch e — acy o SEESS

» Nested object vs. tabular data

Website Project #website feedback
‘ Noelle Keyy
. Channels Do you have any feedback on the
website dev new website?
msg,'Hey,” file,a.pdf file, b.pdf
#website-feedback 3 SUIG roane
4 » Could you modify the price to $39?

% Turn into Task with Marker.io
View screenshot

https://companywebsite.com/pricing

21



Data Representation Mismatch e — aciy o SEEES

» Nested object vs. tabular data

Website Project #website feedback

‘ Noelle Keyy
Channels Do you have any feedback on the

website dev new website?

file, b.idf

, Steve Young
#website-feedback _ ,
4 » Could you modify the price to $39?

" Turn into Task with Marker.io
View screenshot

https://companywebsite.com/pricing

Sent with Marker.jo

~ )

21



Data Representation Mismatch = o — aciy o SEEES

» Nested object vs. tabular data

Website Project #website feedback

‘ Noelle Keyy
Channels Do you have any feedback on the

new website?

: Steve Young
#website-feedback _ _
4 » Could you modify the price to $397?

website dev
; msi"Hi” file, a.idf file, b.idf

% Turn into Task with Marker.io

View screenshot

https://companywebsite.com/pricing
Sent with Marker.io
website dev brunch :
~ ()

msg, file, file,
“Hey,” a.pdf b.pdf

21



Data Representation Mismatch  cume — aciy o SEEES

» Nested object vs. tabular data

Website Project #website feedback

‘ Noelle Keyy
Channels Do you have any feedback on the

new website?

: ﬁ Steve Young
#website-feedback _ _
4 » Could you modify the price to $39?

website dev
; msi"Hi” file, a.idf file, b.ﬁ

" Turn into Task with Marker.io
View screenshot

https://companywebsite.com/pricing

50 website dev  brunch

msg, file, file,
10K e apdf  bopdf 1.7 sec

5K | Keyy  Youg v

21



Data Representation Mismatch e — sy o SEEES

» Nested object vs. tabular data

Website Project #website feedback

‘ Noelle Keyy
Channels Do you have any feedback on the

new website?

: Steve Young
#website-feedback _ _
a4 » Could you modify the price to $397?

website dev
; msi"Hi” file, a.idf file, b.idf

‘ 55 sec

% Turn into Task with Marker.io
View screenshot

https://companywebsite.com/pricing

50 website dev  brunch

msg, file, file,
|OK e apdt bpdk 1.7 sec

5K | Keyy  Youg  Eve

21



Different App Queries Use Different Layout

» Nested object vs. tabular data

website dev
g msi”Hi” file, a.idf file, b.idf

‘ L Analytics > Slack
11 0 36 o 3

website dev brunch R

“Hey,” a.pdf b.pdf

msg, file, file, |



Different App Queries Use Different Layout

website dev
msi Hi file, a.i file, b.ﬁ msg, key file,a.pdf file, bpdf
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‘ / o 36 o |
;.;f}"‘ 2076

» Nested object vs. tabular data
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How to Run Queries Faster?

read query l

I;

| ) | B
=

query result

(chestnut-generated
in-mem cache)

25



How to Run Queries Faster?

1 | 1
=

(chestnut-generated
in-mem cache)

25



How to Run Queries Faster?

Y

write query

[;

€ | | } B
—

¥ v v v
(A e
I
write query
R
Lo

(chestnut-generated
in-mem cache)

25



How to Run Queries Faster?

Key challenges:
|. How to decide the data layout?
2. How to answer the queries!?
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Chestnut Step 2: Plan Enumeration

Data layout:

msg,’Hey,” file, a. file, b.pdf
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website devy brunch

Expected query result:

website

msi”Hg” file, a.Edf
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Chestnut Step 2: Plan Enumeration

Data layout:
msg,’Hey,” file, a.pdf file, bpdf
|
website dev brunch N
X
- N\
X e,
N
- T Cc, R
Y |
Expected query result: S
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cannot be applied
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Chestnut Step 2: Plan Enumeration

Data layout:
file, b.pdf
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ey |
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--- array_activity

Expected query result:

website

for ¢ in array channel:
result.append(c)
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Chestnut Step 2: Plan Enumeration

Data Iayout:

msg,"Hey,” file, a. ﬁle, --- array_activity

website dev brunch  ------ array_ channel

Expected query result:

website

msi”Hg” file, a.Edf
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for ¢ in array channel:
result.append(c)

for ¢ in array channel:

for a in array activity:
if a.channel_id==c.id:

c.activities.add(a)
result.append(c)
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Data layout:
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Chestnut Step 2: Plan Enumeration

Data layout:
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Expected query result:
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verification

for ¢ in array channel:
result.append(c)

for ¢ in array channel:
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result.append(c)
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Chestnut Step 2: Plan Enumeration
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Chestnut Step 3: Update Query

write query:

Message.where(content="Hey"”).update(content=>“Hi")

website dev

msg,'Hey” file, a.pdf file, b.pdf
o W Youre
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Chestnut Step 3: Update Query

write query:

read query to
identify the
objects to update:
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Message.where(content="Hey"”).update(content=>“Hi")
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Chestnut Workflow

" layoutl. “planl
Ql ayout2 _plan2
layout3 . plan3 n
- -
" layoutl! . “planl
Q2 layout2 - plan2 =2

Constraint:

layout3 .  plan3 S
s * Used data structures within memory bound

Optimization goal:
* Minimize ), estimated query time
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=

ILP

Output:

* Which data structure to use

* Which query plan to use
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Output:
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Evaluation

* 4 open-source popular web applications built with Rails
* kandan: chatting app (2.8k %)
* redmine: project management app (3.6k %)
* |obsters: forum app (2.4k )
* huginn: web-scraping app (22.6k %)



Evaluation

* 4 open-source popular web applications built with Rails
* kandan: chatting app (2.8k %)
* redmine: project management app (3.6k %)
* |obsters: forum app (2.4k )
* huginn: web-scraping app (22.6k %)

* Compare against app impl with 3 relational databases:
* Original setting with MySQL (in-memory)
* PostgreSQL (in-memory)

* Commercial in-memory column-store
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* 4 open-source popular web applications built with Rails
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Evaluation: Web Applications

* 4 open-source popular web applications built with Rails

9.8x 2.2x 2.9x 4.7x
100% Chestnut running time:
80%
MySQL * kandan: Imin
60%
u PostgreSQL : * redmine: |0min
40%
® Column DB % 7 lob 54
- 20% 'R % | * |lobsters: 54min
Chestnut oo m % % I m_ | |
g * huginn: 3min
kandan lobsters huginn redmine

(avg query time, with the same memory)
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* Object-oriented database applications processes
data in nested format, different from the tabular
data layout used in DB.

* We propose Chestnut, a data layout designer that
customizes data layout and query execution for
each application.

Chestnut

Summary * It uses enumeration (layout + query plan) and ILP
solver to search for the best data layout given an
VLDB’19 application.

e Evaluation shows chestnut works for real-world
applications, speeding up app queries up to 9.8x.
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Outline

* Leveraging application semantics to optimize each layer

Panorama:
view-driven optimization
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Anti-patterns In Web Apps

* A comprehensive study on |2 popular open-source Rails Applications
[ICSE’18]

140 performance issues 64 performance issues 9 anti-patterns
from bug tracking system from profilin
4 ¢ any? X .exists?N/

select * from.. ) select f1 from &/
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Inefficiencies Fixed by Manual Patch

* We manually fix the 64 issues found across 40 pages from |2 apps

* Avg speedup of each anti-pattern fix [ICSE’18]

4
2

X 10

e 8

g I

o 4

wv ) I
o 111l

IC UC ID UD IR MF DT FT IP

9 anti-patterns
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Automatic Fix of Anti-patterns

[CIKM’17, FSE’18]

4

2 l/ ---------- \i
i

It fixes 6 anti-patterns <10 | :
N I

S8 | E

Static analysis on the source code  © | !

2 4! |

Pattern-match to find anti-patterns “? 5 : Il

: I

I I

———————————
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Automatic Fix of Anti-patterns

[CIKM’17, FSE’18]
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Automatic Fix of Anti-patterns

Powerstation Panorama

[CIKM’17, FSE’18]
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Press Coverage

* Uchicago news

g THE UNIVERSITY OF CHICAGO Industry / Diversity / Apply

Department of

Computer Science

ABOUT PEOPLE RESEARCH UNDERGRADUATE GRADUATE ADMISSION Q

Award-Winning ICSE Paper Offers Web
Developers a “Panorama” View of Slowdowns
and Fixes

June 24, 2019
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Press Coverage

* Uchicago news
* Morning Paper

B e

Depar
Con

the morning paper

ABOUT ARCHIVES INFOQ QR EDITIONS SEARCH SUBSCRIBE TAGS PRIVACY

How not to structure your database-backed
web applications: a study of performance
bugs in the wild

the morning paper

ABOUT ARCHIVES INFOQ QR EDITIONS SEARCH SUBSCRIBE TAGS PRIVACY

View-centric performance optimization for
database-backed web applications
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Press Coverage

* Uchicago news
* Morning Paper
* Ruby Weekly

the morning paper

a THE Up JOIN US!
Depar' ABOUT ARCHIVES INFOQ QR EDITIONS SEARCH SUBSCRIBE TAGS PRIVACY
Con
Ruby Weekly ARCHIVES | LATEST | RSS
Want to subscribe? Enter your address here Subscribe now »

Easy to unsubscribe at any time. Your e-mail address is safe — here's our privacy policy.

How Not to Structure Your Database-Backed Webapps — A breakdown of a

paper that studies 12 of the most popular Rails apps looking for and fixing ORM issues.
ADRIAN COLYER

View-centric performance optimization for
database-backed web applications
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Press Coverage e

R— I - - P - P —— her Arrrarn Jiray
1 Fandom wailxk tnrougn vompuier ocience researcn, oy Adrian woliver

B mew

Depar ABOUT ARCHIVES INFOQ QR EDITIONS SEARCH SUBSCRIBE TAGS PRIVACY

Con

Ruby Week|y ARCHIVES | LATEST | RSS

* Uchicago news

* Morning Paper
Y]

 Ruby Weekl -
u ee A U &b to structure database-backed web apps: perfgars Rygs in the wild (acolyer.org)
@ odeimachine on June 28, 2018 | hide | past | web | favorit w

* Hackernews

A latch on June 28, 2018 [-]
I've worked on moderately busy backend platforms (~10K-20k rps handled on a ~4 e5-2650 and aiming for Sms 95p response times).

It greatly depends on what you're doing, but for the majority of systems which are read heavy (and that most certainly includes "dynamic” sites like Amazon or Wikipedia), I hold
to two major beliefs:

1 - Have very long TTLs on your internal cache servers with a way to proactively purge (message queues) and refresh in the background. Caching shouldn't be a compromise
between freshness and performance. Have both!

2 - Generate message/payloads/views asynchronously in background workers and have your synchronous path as streamlined as possible (select 1 column from 1 table with
indexes filters). Avoid serialization. Precaculate and denormalize. Any personalization or truly dynamic content can be done: 1 - By having the client make separate requests for
that data 2 - Merging the data into the payload with some composition. 3 - Glueing bytes together (easier/safer with protocol buffers than json)

Do things asynchronously. Use message queues / streams.

Beyond that, GC becomes noticeable. For example, Go's net/http used to (might still) allocate much more than other 3rd party options.
VALYY Llliliiv pPuLUliviilidiiave VLI GUlAvVAL AVva

database-backed web applications

48



Press Coverage

B e
Depar ABOUT
Con

Ruby Weekly

ARCHIVES

Uchicago news
* Morning Paper
Ruby Weekly

Hackernews

p databa

“IH to structure

se-backed web apps: perft

24 2018

I've worke
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Consultancy

to two ma Speedshop is a Ruby on Rails performance consultancy that optimizes

1 - Have v the full stack - frontend, backend and environment - to generate revenue
between i 4nd cut scaling costs for businesses on Rails through tools, information
2 - Genersa and training. Fast sites are profitable sites, Speed is a feature,

indexes filt

that data : .

ouins.  Products and Services

Beyond thi

« The Complete Guide to Rails Performance, an in-depth 370 page book
and 17 hours of HD screencasts and interviews with top experts,
including DHH himself.

= The Rails Performance Workshop. A four-week online intensive
workshop teaching Ruby performance skills. March 2020.

» Corporate Training. Private workshops to teach fundamental Ruby
performance skills,

« Speedshop Blog the number one Ruby on Rails performance blog on the

net.

INFOQ QR EDI

speedshop
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* Changing webpage design to speedup a page is a
common practice, yet making design-performance
tradeoff is not trivial.

* We build Panorama, a tool that suggests non-
semantic-preserving changes.

Panorama

* It provides an interface for developers to
Summary understand the webpage performance and

tradeoff by only interact with the webpage.
ICSE’19 (distinguished paper award)

CIDR’20

* Panorama speeds up a page up to |7x, proving
that the tradeoff is worthwhile.
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& The 41st ICSE is held in Montre:

& My paper is accepted.

& My poster won the student competition.

Vié

a | have attended the student volunteer party!
vié

& The banquet is super nice and awesome!
Vié
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Vié

*
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How does Panorama generate heatmap!
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Ve .
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Building More Intelligent Data Preparation Systems

* Intern work at DMX (2017,2019)
* Leveraging open source code to help data scientists with their work

* AutoType [SIGMOD’I8]

* Automatic validation of semantic data types (e.g., zipcode, credit card) using open
source code

* Find functions for 84 data types across different domains, with 90% precision

* AutoSuggest [under submission]

* Learn from open source Jupyter notebooks, and recommend data operations based
on data, including op parameters (e.g., which column to join/pivot) and op types

* Achieves much higher precision (>16% higher) than existing commercial vendors
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Ongoing Work: Maintaining Data Integrity

 Data constraint

* Constraints among persistent data (e.g., password length, only | default option, return
and purchase have the same order id, etc.)

* Defined in HTML/ruby/SQL
* Very common: 74% data fields involved in constraint, ~1.5 per field

* Constraint issue study [ICSE’20]
* >100 (per app) constraints missing in DB
* >|3 (per app) conflict constraints
* >|2 (per app) constraints defined incorrectly (easily violated)

* We are building a tool to fix data constraint issues



Future Work

* More chances to leverage application semantics
* E.g., using data constraint for query optimization
* using client-level statistics (e.g., click rate) to help query optimization

* Building a “smarter” middleware that:
* Incorporate static/dynamic cross-stack optimizations
* Provide analysis interface to support adding optimization



Summary

* Leveraging application semantics to optimize each layer
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Summary
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