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Filing Systems and Databases for the Commodore 64.
A P Stephenson and D J Stephenson. 1985.
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TOWARDS IMMUTABILITY



Immutable Database Systems

We are building one called XTDB.

This talk is about indexing.

The ideas are not tied to our architecture.

References and links to papers at end.



Analytics

Big Data and OLAP.

Data Lake and Table Formats.

Separation of Storage and Compute.

HTAP. Hybrid Transactional/Analytical Processing.



Separation of Storage and Compute

CPU Cache.

RAM.

SSD.

Distributed Cache.

Object Store.



Building a Database on S3.
Matthias Brantner, Daniela Florescu, David A. Graf, Donald Kossmann, and Tim Kraska. 2008.



A Decomposition Storage Model

Copeland and Khosha�an in 1985.

Today known as column stores.

Embraces sequential array access.

Our system is an HTAP column store.



A Decomposition Storage Model.
George P. Copeland and Setrag Khosha�an. 1985.



Rows

A Decomposition Storage Model.
George P. Copeland and Setrag Khosha�an. 1985.



Columns

A Decomposition Storage Model.
George P. Copeland and Setrag Khosha�an. 1985.
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THE PROBLEM



The Latency Problem

Shared disk strikes back.

Enables Copeland's vision.

Data needs to be found and navigated.

Introduces latency and request costs.



The Latency Solution

Indexing and caching.

Light immutable indexes in storage.

Adaptive indexing for compute workload.

Academia for inspiration.



ACADEMIA



Finding and Reading Papers

Skim abstract, then look for interesting pictures.

Resist temptation to understand each paper.

Find a pragmatic approach via references.

Invalidate your ideas, avoid costly experiments.

arxiv.org, semanticscholar.org, paperswelove.org.

https://arxiv.org/
https://semanticscholar.org/
https://paperswelove.org/


Machine Learning for Database Systems

Self-Driving Databases, CMU.

Adaptive Indexing, Harvard.

Instance-Optimized Data Systems, MIT.

Takes DBAs out of the loop.



Index Selection in a Self-Adaptive Data Base Management System.
Michael Hammer and Arvola Chan. 1976.



LEARNED INDEXING



RadixSpline

A Single-Pass Learned Index. Kipf et al. 2020.

Estimates CDF. Cumulative Distribution Function.

Adds spline points to radix layer.

Model maps from key to position.



The Case for Learned Index Structures.
Tim Kraska, Alex Beutel, Ed H. Chi, Jeffrey Dean, and Neoklis Polyzotis. 2018.
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Andreas Kipf, Ryan Marcus, Alexander van Renen, Mihail Stoian, Alfons Kemper, Tim Kraska, and Thomas Neumann. 2020.
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RadixSpline: A Single-Pass Learned Index.
Andreas Kipf, Ryan Marcus, Alexander van Renen, Mihail Stoian, Alfons Kemper, Tim Kraska, and Thomas Neumann. 2020.
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Smooth Interpolating Histograms with Error Guarantees.
Thomas Neumann and Sebastian Michel. 2008.
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The PGM-index.
Paolo Ferragina and Giorgio Vinciguerra. 2020.



LSI: A Learned Secondary Index Structure.
Andreas Kipf, Dominik Horn, Pascal Pfeil, Ryan Marcus, and Tim Kraska. 2022.
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ADAPTIVE INDEXING



Database Cracking

Highly in�uential paper. Idreos et al. 2007.

Incrementally sorts copy of column.

Requires tracking of piece boundaries.

Adapting by query has drawbacks.



Database Cracking.
Stratos Idreos, Martin L. Kersten, and Stefan Manegold. 2007.
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INSTANCE-OPTIMIZED SYSTEMS



Self-Organizing Data Containers

Vision paper. Madden et al. 2022.

Separation of Storage and Compute.

Automatically create and modify indexes.

Goal is to minimize object access.



Self-Organizing Data Containers.
Samuel Madden, Jialin Ding, Tim Kraska, Sivaprasad Sudhir, David Cohen, Timothy G. Mattson, and Nesime Tatbul. 2022.



ENGINEERING



Indexing Immutable Data

Think make.

Queries  🠈  Derived Indexes  🠈  Immutable Data.

Navigate storage by layers of indexes.

Goal is to minimize latency.



Light Indexes for Storage

Created on demand in background.

Idempotent, immutable and shared.

Merged to cluster data.

Data skipping is key.



Adaptive Indexes for Compute

Dynamic in RAM.

Adapted by workload.

Local and transient.

Concurrent modi�cation.



CODA



Outlook

Multi-Dimensional Indexes.

Succinct Data Structures.

Workload Prediction.



Summary

Index on demand, think make.

Copeland: "people do not delete."

Separation of Storage and Compute.

Academia is inspiration, not gospel.
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The Grid File: An Adaptable, Symmetric Multikey File Structure.
Jürg Nievergelt, Hans Hinterberger, and Kenneth C. Sevcik. 1984.
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Vikram Nathan, Jialin Ding, Mohammad Alizadeh, and Tim Kraska. 2020.
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A Streaming Parallel Decision Tree Algorithm.
Yael Ben-Haim and Elad Tom-Tov. 2010.
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