CrystalDB

Self-Managing
Databases—If Not Now
Then When?

Johann Schleier-Smith

CEO & Founder, CrystalDB www.crystaldb.cloud @]ssmith



https://www.crystaldb.cloud/

Speaker: Johann Schleier-Smith

CEO & Founder at CrystalDB
« Since 2022

Previously CTO & Founder at if(we)

« 300 million social network members (his.com, Tagged.com, etc.)
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CrystalDB : Operational Excellence for PostgreSQL
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Reliability
and security

Availability, data
protection, trusted as
system of record.
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Consistently low latency, People stay focused on
avoiding wasted nrojects that move the
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Over 300 settings in postgres.conf

AREA NUMBER EXAMPLES

Cache and Buffer Management 37 shared_buffers, max_stack_depth

Write-Ahead Log 38 wal_buffers, wal_compression

Vacuum 13 autovacuum_vacuum_threshold, autovacuum_naptime
Query Tuning 48 cpu_tuple_cost, effective_cache_size

Connections and Authentication 25 max_connections, password_encryption

Lock Management 5 deadlock_timeout, max_pred_locks_per_page

Error Handling 4 data_sync_retry, restart_after_crash

Replication 24 vacuum_defer_cleanup_age, max_replication_flush_lag
Statistics 12 track_io_timing, log_planner_stats

Others 132 block_size, data_checksums
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High Performance UNLOCK DATABASE PERFORMANCE MASTERY
POStgreSQL f()r Rails A COMPREHENSIVE GUIDE CLEARLY EXPLAINED

Reliable, Scalable, Maintainable
Database Applications
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Lock contention

Out of memory

Xid wraparound

Insufficient CPU

What can go wrong? .
Connections exhausted Slow tral;lsactions 2l
Missing indexes Slow rec;vv -“J,
Table bloat lheﬂicient p,arli;toriin%\
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Se‘f—Maﬂaglﬂg DB VS Managed SerV|Ce @ Retained responsibility

#® Shared responsibility

Delegated responsibility

Self-Managed  Managed Service  Self-Managing

»

Application SQL tuning

Workload-specific DB configuration
and optimization

Workload-agnostic DB installation, ‘
provisioning, backups, failover

Cloud Infrastructure
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Overview

» Self-driving cars primer
» History of database automation

» Self-managing PostgreSQL at CrystalDB
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ELECTRICITY MAY BE THE DRIVER




Selected milestones for autonomous vehicles

1984

1995

2005

2007

2009

2017

2020

2022

Navlab project started at Carnegie Mellon University

No Hands Across America crosses US 98% autonomously

DARPA Grand Challenge completed on fully autonomous offroad course
DARPA Grand Challenge completed on closed urban course

Google self-driving car project started (later becomes Waymo)

Waymo begins offering rides in Phoenix with safety driver supervision
Waymo begins offering fully autonomous rides in Phoenix

Waymo begins offering fully autonomous rides in San Francisco



The DARPA 2005 Grand Challenge Winner: Stanley.



Typical Self-Driving Architecture Has Three Parts

O

Perception

Planning

1
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Perception

4 ) (~

Sensing External Perception

Object Segmen-
Detection tation

Self Environment

Camera

GPS

LIDAR

. Sensor Intent
Inertial Fusion Prediction
2\

Perceived Scene

Localization

Map Pose
Matching Estimation

Diagnostic
’
) p
-
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Planning

By Gooaipening 4

v )
: <:: Rules
Path Plannin
Safety Comfort

N
rocavca | D -
Scene < \ ,
o
o / g <
jl> [ Planned Trajectory ]
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control

[ Perceived Scene J [ Planned Trajectory J
Controller
V2 iyt S
{ Steering ] { Throttle ] [ Brakes J
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Safe

Unsafe



https://users.ece.cmu.edu/~koopman/

Ensuring a safety envelope

[ Input ]_\ r_> Doer (e.g., ML) _>[ Output ]

f SAFETY OVERRIDE

Checker
t> (analytical model) <j/

>k CrystalDB

See work by Philip Koopman



https://users.ece.cmu.edu/~koopman/

Hazard and Risk Analysis

|dentify

Hazards Q
Create
Design

O Mitigate D
Risks <

NOT ACCEPTABLE

>

ACCEPTABLE
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See work by Philip Koopman



https://users.ece.cmu.edu/~koopman/

Fallure Mode and Effects Analysis

« Potential faillure mode

what ways What is the Mow [Whatcausesthe | How | What are the exist- How Risk priority | What are the actions for
can the step impacton the | severe is | step 10 go wiong | frequently |  ing conteols that | probable rmbar mducing the occumence of
] . go wrong? customer f the | the efect | (1.e., how could ™o | either prevent the |detection of | calculated | the cause or for Improwing iis
® 1alure mode onthe | Tefeibre mode | cause | failure mode from | M faikee | asSEV X | detecson? Provide acions
nol prevented or | cusiomer? oocur)? Ikery ocourming or detect | mode or its | OCC x DET | om all igh RPNs and on
COmacied? ocox? should it occur? | cause? sevanity raings of 9 or
+ Unauthorzed lock ATM card
Unauthorized Cash withcrswsl B os! or stolen ree faing
e IE] Very dssadsted card auhenticabion

» Severity U e

e e ine 3 Network fajure | & sirioute work 5 %
. allure ustomes e
| I . InCraass manmum
Cash not Dissatsted Intemal alart of cash threshold imk
1
dsbursad customer 7 ATM out of cash 7 borw cash in ATM 4 9% of hewveily used ATMs
provent out-of-cash
SLAN Cees
¢ X eCte requencC | vta o
Account debied * Teansacion balarcer o
bl o cash | Viery dssalisfied " fure 3 ASVROE WOrk- 4 at
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o Likelihood of detection Source: sisigma.com
« Computed risk priority
« Recommended action
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Safety Cases
Claim: Vehicle stops at stop signs
Argument: Recognizes stop signs and plans accordingly

Evidence: Simulation testing, road testing

Sub-Claims:

® Recognizes stop signs
® Recognizes limitlines
® Adjusts speedtoensureitcanstop

> CrystalDB

See work by Philip Koopman



https://users.ece.cmu.edu/~koopman/

Simulation
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L evels of Automation (SAE J3016)

[3 Human driver

Automated system
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Selected milestones for autonomous databases

1997

2003

2005

2016

2017

2019

2020

2021

Microsoft publishes an efficient, cost-driven index selection tool
Oracle 10g launches with self-managing architecture and features
Microsoft SQL Server 2005 includes Database Engine Tuning Advisor
Peloton self-driving database started at Carnegie Mellon University
Oracle Autonomous Database announced

Microsoft describes indexing millions of Azure databases automatically
TencentCloud DBbrain launched

OtterTune spins out of Carnegie Mellon University



Aims, Areas, and Approaches

Areas to automate Aim of automation
. Physical design (indexing) - ASSISTDBAS
0 . . Replace DBAs
. Query tuning
. Knob settings
. Hardware selection DB System support
. Troubleshooting . Metric collectors
. High availability . Query optimizer integration

. Security

> CrystalDB



Oracle Autonomous Database

Release 10g in 2003

» Automatic storage management

» Automatic workload repository

» Automatic database diagnostic monitor
» SQL tuning advisor

» SQL access advisor

« Automatic memory management

> CrystalDB



Oracle 10g Architecture

Automatic Workload <:: In-Memory Database

Repository Performance Data

MANUALLY
APPLIED

: >% Recommendations

Dageville, Benoit, et al. "Automatic sql tuning in Oracle 10g." VLDB. 2004.

Automatic Database 3al Tune

Diagnostic Monitor

>k CrystalDB



Database time statistics support bottleneck analysis

Root Node J

SQL Planning SQL Execution CPU Capacity /0 Capacity

Undersized Insufficient
Buffer Cache /O Bandwidth
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Automatic Tuning in Azure SQL Database

» AutoAdminresearch (1997) created
technology

« SQL server 2005 - Database Engine
Tuning Advisor

« Todayin Azure SQL Database: Create
index, drop index, last good plan

> CrystalDB



Microsoft Azure SQL Database 2019 Architecture

{ Portal J { REST AP J S

Database Engine
SQL :

S Z Query Optimizer Statistics
Recommendation
State Index Recommender Validator

N
(e J@
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OtterTune Architecture

Tuning Manager

o / NS Database Engine
Data Repository O)o
: Collector Agent
» Actor critic reinforcement learning

Gausian processes

Deep Neural Networks
[ Controller }

> CrystalDB



Claim: "SQLite just works”

"Other database engines may run great once you get them going. But
doing the initial installation and configuration can often be intimidating.”

* No installation
* NOo setup
. * NO server process
w S QL 1te » No access permissions
» No configuration files

* No manual recovery

* CryStC]|DB Source: https://www.sqglite.org/zeroconf.html



How Does SQLite Do It?

Connections In-processes Network service

Caching OS file system cache  Database buffer cache
Concurrency Single-writer Multi-version concurrency control
High-availability Storage replication Database replication, many variants

> CrystalDB



PostgreSQL Tuning Extensions and Tools

pgTune: Configuration calculator

HypoPG: Evaluate query plans with new indexes

Dexter: Automatically explore HypoPG plans
pgAnalyze: Indexing engine (commercial)

Percona PMM: monitoring and management
> CrystalDB
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Approach

» Engineering for , not a DBA tool

 Self-driving vehicles hold , notonly
not metaphorical ones

» Firstobjectiveis , next Is performance

CrystalDB



Deployment Models

1. fully automated application-
specific optimization so anyone can run production
database well

2. enhancing RDS and
other PostgreSQL installations with partial
automation

CrystalDB



CrystalDB Vacuum Controller Architecture

Training Production

AutoDBA
i !

Training Controller DBA Simulation & &
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> CrystalDB AutoDBA Dashboard

Suggestions

0N TN Automatie-vaeutm-dene-to-improve-performanee:

Old active transactions, which might go unnoticed, will increase the: 1) database bloat, 2) transactions latency, and 3) probablity of XID wraparound.

11%
\

Bloat Level Latency XID Horizon
Lower bloat Level is better Lower latency is better Lower XID horizon is better
Transaction Latency Bloat and Average Query Latency

I Transaction Latency (ms) || Bloat for orders_tbl (%) | Average Latency for orders_tbl (ms)
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Vacuum control with deep reinforcement learning

Actions (modell, n12 size1l00000 updates4000 vbuffer256)
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Thank You

» Self-managing PostgreSQL is
coming, will be super-numan this decade

» Safety engineering makes it possible

» Benefits are better applications, better efficiency,
better use of people’s time

Johann Schleier-Smith
@jssmith
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