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Overview

e Height Balanced Trees: 2-3-4 Trees
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2-3-4 Trees

e A 2-3-4 Tree is suitable for use as an ordered container.

— A 2-3-4 Tree can be empty (contains no data elements)
— A non-empty 2-3-4 Tree can be in one of the three states:

A 2—node A 3—node A 4—node
) N xz\ o
rst Ist mlst Eﬁa rst

Ist<N<rst Ist<N1<mst<N2<rst Ist<N1<mlst<N2<mrst<N3<rst
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2-3-4 Trees: An Example

-
5 1520 7 4
B E 16,19 B 28 33 41 53 61
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2-3-4 Trees: Insertion

e For simplicity, suppose that the data elements are integers.

e The algorithm for inserting an integer N into a 2-3-4 tree is:

— Go down the search path for N in the tree, and insert it into the
appropriate leaf;

— along the search path, before inserting N, if a 4-state tree is
encountered, split it into two 2-state trees and merge its middle
data element with its parent tree (if any).

x Suppose that | want to insert 15 into the following trees:

o o (um
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2-3-4 Trees: Insertion (cont’d)

1011 —_—— 10,11 13
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Insertion: Empty to 2-state

insert an integer N into an empty tree

tree
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Insertion: The 2-state Case

e If T is a leaf, then T changes to a 3-state tree containing N and X in the
proper order, with all empty subtrees.

e If T is not a leaf, then N is inserted into /st when N<X, N is inserted
Into rst when X<N.
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Insertion: The 3-state Case

e If T is a leaf, then T changes to a 4-state tree containing N, X, and Y
in the proper order, with all empty subtrees.

X<N<Y Y

N<X <N

e If T is not a leaf, then N is inserted into /st when N<X, N is inserted
iInto mst when X<N<Y, and N is inserted into rst when Y<N.
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Insertion: The 4-state Case

e If T is a leaf, then T changes to a 4-state tree containing N, X, and Y
in the proper order, with all empty subtrees.




Comp 212 April 10, 2000

Insertion: The 4-state Case (cont’d)

e If T has a parent tree, P, then T merges with its parent tree in the
following way before N is inserted.

— As we consistently split all 4-state trees on the way down the tree, the
parent tree, P, can only be a 2-state tree or a 3-state tree.

— If P is a 2-state tree, then there are two cases ... the following diagram
illustrates one of the cases. The other case is simply the mirror image.

P

E —— 1123

T

10
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Insertion: The 4-state Case (cont’d)

e If P is a 3-state tree, then there are three cases ... the following diagram
illustrates one of the cases.

1019 =~ |101931

10 42 N 103142
26 31 37 37
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