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ABSTRACT

An earlier survey of modern b-tree techniques is now over
a decade old. Obviously, it lacks descriptions of techniques
invented and published during this time. Just as impor-
tantly, it lacks descriptions of insertion-optimized b-trees in
the forms of log-structured merge-trees and stepped-merge
forests, which seem to have become almost as ubiquitous as
b-trees themselves. This monograph complements the earlier
survey in order to bring the combined contents up-to-date.

Goetz Graefe (2024), “More Modern B-Tree Techniques”, Foundations and Trends®
in Databases: Vol. 13, No. 3, pp 169-249. DOI: 10.1561/1900000070.
©2024 G. Graefe
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1

Introduction

B-tree indexes have been ubiquitous in databases for decades [11].
Their contribution to efficient database query processing can hardly be
overstated. An earlier survey of modern b-tree techniques [29] has been
widely used for education and reference. Unfortunately, it omits some
of the techniques known then and of course those invented since. This
monograph is intended to complement this earlier survey and to bring
the combined contents more up-to-date.

Section 2 summarizes some of the highlights from this earlier sur-
vey [29]. It is intended as a motivation for reading the earlier survey, not
as a substitute. Section 3 adds new techniques for tree structures. After
a short discussion on in-page formats, a common foundation for further
techniques is a reversal from B _trees and from multiple pointers to
each b-tree node. A single pointer to each b-tree node enables write-
optimized b-tree, pointer swizzling in a database buffer pool, foster
b-trees, self-repairing b-trees, and more. This section also discusses de-
ferred updates and deferred index optimization, i.e., it separates delayed
maintenance of index contents and index structure.
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Section 4 reviews log-structured merge-forests and stepped-merge
forests, topics omitted from the earlier survey [29]. For those, it pro-
poses new storage structures, even b-trees without branch nodes, which
probably seems like a contradiction, and new algorithms, including a
rather unconventional schedule for merging runs in an external merge
sort or for compacting deltas in a log-structured merge-forest.

Section 5 adds a few new techniques in query processing. This
includes better use of b-trees on storage and in memory. During index
intersection and join, the secondary sort keys enable very efficient merge
algorithms without explicit sorting.

Section 6 focuses on concurrency control. The topics include new
granularities of locking for fewer invocations of the lock manager and for
fewer false conflicts for transactions in serializable transaction isolation
— the new technique is called orthogonal key-value locking. They further
include shorter enforcement periods of locks, both during execution
of the transaction’s application logic and during commit processing —
the new techniques are called deferred lock enforcement and controlled
lock violation. They are not specific to b-trees but the combination of
orthogonal key-value locking, deferred lock enforcement, controlled lock
violation, and multi-version storage promises to eliminate practically
all false conflicts in database concurrency control.

Section 7 covers in-memory b-trees, from thread-private via shared-
but-transient to persistent. Among the core considerations are the
requirements for concurrency control, logging, and recovery. For in-
memory databases and their b-trees, instant reboot combines the tech-
niques of instant restart and instant restore, in effect applying the logic
for a double failure in a traditional database with external storage. The
final Section 8 sums up and concludes.
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