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Data structures

Many algos require same subrouthes

Maintain a set of items

Find smallest item

Predecessor successor search

Data structure be lazy solve just once

Reusable abstraction of common subroutines

Presented as an API inner workings irrelevant

today



xyz objects
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Lists Part I Section 7 1

Goal maintain set of objects w indices

Supported operations
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ideally 0left1right time

Delete

Query



Array Cost
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Linked list

key idea if you know ax

Can easily manipulate X's neighbors

nextpreu

Y

Tradeoff dynamic indices

Oleft1right
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Q how long would these take it ainoex

API Init

InsertAfter xa

Delete a

Query a



Stack Queue

Restricted Linkedlist can simplify algo code

X X

Stack

inert stat

Queue
insert end

Stack Push x Pop a
Peek 0left1right

Queue QueueG Dequene

Heaps Pot I Section 7.2

pleqc1pHeap invariant
smaller rises pleqc2c2c1



Heaps always maintain heap invariant after steps

XPeekMin leftright0left1right time

ExtractMinleftright Oleftlogleftnrightright time
Max
objets

Idea always maintain as I't k entries in

binary tree Array in background
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To ExtractMin swap 1ˢᵗ 4ᵗʰ objects

delete 4ᵗʰ object k
O log n time let 1ˢᵗ object sink

100 Swap w smallerChild

fixes locally level
Sinking

30 S
recuse

40

Delete a Oleftlosleftnrightright time if you know where it is

Swap with kth
delete kth k

let old kth sink
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Insert leftxrightOleftlogleftnrightright time

add at end k

let newobject float

swap w paret if smaller
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Old objects can't create

issues heap invariant only gets better

Initleftright Oleftnright time

sink

5

1timesh10

2timeslefth1right
34

Sink
4timeslefth2right

892 sink
nicefracn2times1
bottomheavy12



Binary Search Trees Part I Section 7 3

Motivation Linked list insert Oleft1right
seach Oleftnright

Can we balance costs

Sorted list insert alphalogln

search 0 losen

Yes This is what BST does more

API Search x

Insert x

Delete x

Query i

Index x

all Oleftlogleftnrightright

Ex implement predecessor



BST invariant

X
right subtree
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Index Query augment w subtree sizes



Simple Insert Search attach

x19 12 all subtrees
correct
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Simple Delete Search splice
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Hard part maintaining hOleftlogleftnrightright
AVL tree red black tree


