Announcements

Thanks for being a great class! Join Code: 225
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Learning Objectives
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Understand the motivation behind BTrees
Know all the BTree Properties
Understand how to insert elements into a BTree

Implement Search in a BTree
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Rate Limiting Factor - Seeks

Distributed Databases

Hard Disks
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System Design
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What are some observations about B-Trees?
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BTree Properties

A BTrees of order m is an m-way tree:
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Definition

e All keys within a node are ordered

e All nodes contain no more than m-1 keys

e All internal nodes have one more child than keys
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e All leaves are on the same level
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B-Tree Operations

Insert

Find

Remove - More complicated, there is a POTD about this, not discussed in
this class


https://www.cs.usfca.edu/~galles/visualization/BTree.html

Insert - Recursive Split

Insert(17)




What will be the root after insert(5)? Assume m = 3
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What will be the root after insert(5)? Assume m =3




What will be the root after insert(5)? Assume m =3
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B-Tree Insert

_ Always inserts at leaf level &
Lys
Split if m eeses are reachedé{nole

- Split could propagate up the tree recursively

S’,;‘f l77l “'Hn’ow;v 1,\?" »fl’e méo“’“’\



BTree Properties

A BTrees of order m is an m-way tree: M: g
Definition

F All keys within a node are ordered ] l J.g)
e All nodes contain no more than m-1 keys / / ’ [ \

e All internal nodes have one more child than keys

e All leaves are on the same level Ce:| (-—gx =3

e Root node is a leaf or has [2, m] children.
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e All non-root, internal nodes have [ceil(m/2), m] children




If this is a valid BTree, what is the lower bound for m?



https://www.youtube.com/watch?v=sMhaBj6czm8

If this is a valid BTree, what is the upper bound for m?
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http://www.youtube.com/watch?v=sMhaBj6czm8

B-Tree Find: How would find(12) work? find(54)?
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BTree Search
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template <typename K, typename V>

V BTree<K, V>:: find(BTreeNode * node, const K & key) const {
unsigned i; S{apfl\) at ead qode equsfor (Ar’.e,
for (i = 0; i < node.keys_ct_ && key > node.keys_[i]; i++) { }

if (i < node.keys ct_ && key == node.keys [1]) {
return node.values [i]; 7(;\4')0( K("y

}

if (node.isLeaf()) {
return V(); j IY'{—W/\ v,s{’ AM’\A.
}

BTreeNode nextChild = node. fetchChild(i); [ecar S;ug(y ce\
return _find(nextChild, key) 7‘ o DA,‘J
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BTree Properties

A BTrees of order m is an m-way tree:
Definition

e All keys within a node are ordered

All nodes contain no more than m-1 keys

All internal nodes have one more child than keys

All leaves are on the same level

e Root node is a leaf or has [2, m] children.

All non-root, internal nodes have [ceil(m/2), m] children



