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ANALYTICAL DATABASE SYSTEMS

Specialized DBMSs for analytics have been 
around since the 1970s.

The OLAP DBMS landscape flourished in the 
2000s because more organizations have large 
data sets than ever before.
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BACKGROUND



ANALYTICAL DATABASE SYSTEMS

Columnar Data Storage
– C-Store (VLDB 2005)

Vectorized Query Execution
– MonetDB/X100 (CIDR 2005)

Query Codegen / JIT Compilation
– HIQUE (ICDE 2010)
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ADVANCEMENTS

5 Years

10 Years

8 Years
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Writing a DBMS is hard…Can we instead use 
machine learning?



SEDUCTIVE MACHINE LEARNING

A learned component uses ML trained on 
previous observations in the DBMS to determine 
future behavior instead of using a human-
devised strategy.

Example of Software 2.0
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LEARNED COMPONENTS

https://karpathy.medium.com/software-2-0-a64152b37c35
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LEARNED COMPONENTS

Query Planning
– Cardinality Estimation
– Cost Models
– Join Ordering Search
– SQL Rewriting
– Predicate Inference

Data Storage
– Compression
– Sampling
– Caching

Execution
– Indexes
– Filters
– Sorting Algorithms
– Hashing Algorithms
– Scheduling



Learned Index

⮕ Sorted Data 
⮕

559 561 563 564 565 567 568 569559 561 563 564 565 567 568 569

Traditional Index

⮕ Sorted Data 
⮕
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LEARNED INDEXES

Pre-Sorted Data
Read-Only
Known Min/Max

SELECT COUNT(*)

FROM X WHERE val > 567;

GET(val>567) GET(val>567)

Source: Andrew Crotty

Assumptions:

http://cs.brown.edu/people/acrotty/


Query Optimizer

SEDUCTIVE MACHINE LEARNING 8
OPTIMIZER COST MODEL

Nested Loop Join

Hash Join

Sort-Merge Join

Cost = 399

Cost = 199

Cost = 299

SELECT *

FROM X JOIN Y

ON X.id = Y.id;

Cost = 20

Cost = 25

Cost = 18

Model Training

Execution Engine

Alternative
Query Plans

Predicted Cost
(Learned)

( Sort-Merge Join ), Cost = 38

Actual Cost

Source: Ryan Marcus

Predicted Cost
(Traditional)

https://rmarcus.info/blog/2021/06/17/bao-distributed.html


SEDUCTIVE MACHINE LEARNING

Failsafe Mechanisms
– What do you do when models are horribly wrong?

Explainability
– How to tell humans why DBMS made certain choices?

Human Feedback / Overrides
– Can a human provide hints? What if they're wrong?

Transferability
– Can we reuse knowledge gained from one database 

and apply it to another?
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WHY THIS IS HARD
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Yes, but…

Can we instead use 
machine learning?



ML EXTERNAL TOOLS

There are already ML-powered tools to optimize 
database instances.
– Leverage existing APIs to extract telemetry and apply 

changes to DBMS.

Classic Database Administration
– Physical Database Design (Indexes, Partitioning)
– Knob Configuration
– SQL Tuning
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WHAT IS POSSIBLE NOW
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AUTOMATIC CONFIGURATION TUNING

Target
Database

OtterTuneAgent

Collector
Internal

Repository

Installer

ML Pipeline

Source: Bohan Zhang

Knobs
Metrics

Hardware

Expected
Performance

Statistical 
Models

Configuration 
Recommender

https://ottertune.com/blog/rds-postgres-tuning-benchmark
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What Does the Next
20 Years Look Like?
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Challenge #1:
– Remove the need for humans to perform any 

administrative task that does not require a human 
value judgement on externalities.

Existing automation methods are reactive.
Humans are also proactive.
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NEXT 20 YEARS



ANALYTICAL DATABASE SYSTEMS

Challenge #2:
– Discover new optimizations and techniques that are 

currently unknown to humans.

This requires a DBMS to have good introspection 
and instrumentation hooks/APIs.
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NEXT 20 YEARS



ANALYTICAL DATABASE SYSTEMS

Current ML methods are trying to create better 
versions of existing DBMS components.
– Still require human experts to understand how leverage 

ML properly in the system.

The next challenge is how to use ML to find 
things beyond human thoughts.
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CONCLUSION
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