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How do we Keep degth small ?




Classical answer: Mairtan & Cloeal) paldanae
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Since ~ 1947 many Kinds of such
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(lasses of Balanced Trees
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C/sanjes olcptl\s of some nodes
Takes O(1) time (3 pointer changes)

Preserves .symmctric srder
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1. Each node ./s either red or blazk.
2. The rot and g4l missing nodes arec black.
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A Binary Search Tree
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Items in internal nodes, in symmetric order:
items in left subtree smaller,
items in right subtree larger.

Allows binary search for items

search time = 14 depth.
+ 18




A 24 Tree




Red-black tree updates
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Delete — short node (all paths down lack one black node) e e
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O(log n) recolorings; 0, 1, 2, or 3 rotations

O(1) amortized recoloring time for insert/delete:
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