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B+ trees

Leaf nodes form a dense index — linked list of leaves, each one block
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B+ trees

Leaf nodes form a dense index — linked list of leaves

Non-leaf nodes form a sparse index

Constraints — assume n keys and pointers can fit in a block

Each leaf has at least d(n � 1)/2e key values

Each non-leaf has at least dn/2e pointers

Height of the tree is proportional to logn/2(n)

Madhavan Mukund Database Management Systems DBMS, Lecture 16, 20 Oct 2023 2 / 9

n ptrs
n-1 keys

N

P
,
K
. ..

Prekn- , Pn



B+ trees — insertion

Insert Adams

Insert Lamport
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B+ trees — deletion

Delete Srinivasan

Delete Singh and Wu
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B+ trees — deletion

Delete Srinivasan

Delete Singh and Wu
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Query processing

Translate the query from SQL into relational algebra

Evaluate the relational algebra expression

Challenges

Many equivalent relational algebra expressions

�salary<75000(⇡salary (instructor)) vs ⇡salary (�salary<75000(instructor))

Many ways to evaluate a given expression

Query plan

Annotate the expression with a detailed evaluation strategy key values

Use index on salary to find instructors with salary < 75000

Or, scan entire relation, discard rows with salary � 75000
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Query optimization

Choose plan with lowest cost

Maintain database catalogue — number of tuples in each relationn, size of tuples,
. . .

Assess cost in terms of disk access and transfer, CPU time, . . .

For simplicity, ignore in-memory costs (CPU time), restrict to disk access

Disk accesses

Relation r occupies br blocks

Disk seeks — time tS per seek

Block transfers — time tT per transfer

Other factors — bu↵er management etc
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Selection

(A1) Linear search

(A2) Clustering index, equality on key — index height hi

(A3) Clustering index, equality on nonkey

(A4) Secondary index (key, non-key)

(A5) Clustering index, comparison — sorted on A

(A6) Clustering index, comparison — not sorted on A
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Complex selections

Conjunctions, disjunctions and negations

(A7) Conjunctive selection using one index

(A8) Conjunctive selection using composite index

(A9) Conjunctive selection using intersection of pointers

(A10) Disjunctive selection by union of pointers

(Neg) Negation
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Sorting
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