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nepeso (KopHeBOe JepeBo)



rnyébmHa BepuwuHbl = A/IMHA NYTW OT KOPHA K BepLWHEe



BbiICOTa AepeBa = MaKC/Mal/lbHaf rny6|/|Ha



|BetBen| = |BepwvH| — 1
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File Extras Help

2 Favoites [ | 2 @ | (g B &

Name
‘s Windows 10 (C:) 27.3 GB free
~ Windows
pagefile.sys
Program Files
~ Users
= Program Files (x86)

~~ Microsoft Silverlight

@ | Common Files

@ Notepad++

-- Windows NT

~~ Windows Mail

@ | Windows Photo Viewer

-- Windows Media Player

~- WindowsPowerShell

- Internet Explorer
Windows Defender
Windows Multimedia Platform

-
&-
..
-

Microsoft.NET

Windows Portable Devices

Size Percent Files
14.7 GB | 100% | 93,343
12.3GB | 83.7% o 85,613
1.256G8 [L4] 8.5% 1
660 M8 [ 4.4% 4,033
362M8B || 2.4% 2,728
103MB 0.7% 578

40.8MB 0.3% 204
24.0 MB 0.2% 125
9.05MB 0.1% 53
7.10 MB 0% 10
5.68 MB 0% E
5.22MB 0% 8
3.17MB 0% 26
2.16 MB 0% 105
2.06 MB 0% 12
1.356 MB 0% 10
223KB 0% 1
223KB 0% 1
.3KB 0% 2
1,977,262 Bytes

nepeBbs BCTPeYaTCHA 4acTo
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& </dl>
& </div>
E</div>

@<div id=" content_enclosure -

S <div id="content">
Cil <ul id="products pan">
= <li class="idea">
Cil <h4><a href="idea/"><span>IntelliJ IDEAL/span><br/>
: <span class="desc">The Most Intelligent Java IDE</span>
</a></h4>
</1li>

<1li class="mps">
<h4><a href="mps/"><span>MP5</span><br/>
<span class="desc">Meta Programming System</span>
</a></h4>
</1i>
<1li class="webstorm">

& </1i>
& </ul>
e — e

NepeBbA BCTPEYAWTCHA 4aCTO



[lepeBo (KopHEBOE OEPEBO)

Tree (rooted tree)

YnopsigpoyeHHOe aepeBo
Ordered tree

BbuHapHoe pepeBo B-nepeso
Binary tree B tree
buHapHoe gepeBo noucka 2-3-AepeBo
BST: binary search tree 2-3 tree
KpacHo-4yepHoe oepeBo AVL-pepeBo

Red-black tree AVL tree
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Ha CBA3HOM CNUCKe




Ha mMaccusBe

ali] has children a[2*i+1] and a[2*i+2]




Ha cBA3HOM cnucke B Python

Node:
__init_ (self, value):
self.value = value
self.left _child =
self.right _child =

8 a, b, ¢ = Node(1), Node(2), Node(3)
9 a.left _child = b
10 a.right_child = c




buHapHoe pfepeBo



Ao Al

Full Binary Tree Complete Binary Tree Perfect Binary Tree

A4



06xo04 B WUPUHY
Breadth-First Traversal: BFT



06xon B rnybuny
Deep-First Traversal: DFT



Buabl o6xoaoB B riybuHy

1. NpeduxkcHbin (Preorder) 1 2 4
2. CummeTpuuHbin (Inorder) 4L 2 5
3. NocTthuxkcHoin (Postorder) 4 5 2

W = U1
= W W



Buabl o6xoaoB B rinybuHy

walk_preorder(node):
node:
print(node.value)
walk _preorder(node.left child)
walk_preorder(node.right child)

walk _inorder(node):
node:
walk inorder(node.left child)
print(node.value)
walk_inorder(node.right child)

1
2
3
i
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6
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walk_postorder(node):
node:
walk _postorder(node.left child)
walk_postorder(node.right child)
print(node.value)
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buHapHOe p[epeBO NOuUCKa




Kiiodn B IBOMYHOM JepeBe MONCKa XPaHATCA ¢ cOOII0TeHIeM CBOM-
cTBa ynopsajgouenHocTu (binary-search-tree property):

[lycTh & — nmpousBoJbHas BepllinHa IBOMYHOIO JepeBa IONCKa.
Ecau BeplinHa y HaXO/UTCS B JeBOM O/ fepeBe BeplInHbl &, TO
keyly] < keylx]. Ecan y HaxoauTcs B mpaBoM HOJjAepeBe &, TO

keyly] > keylx].
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[TOnCcK

search(root, x):

root root.value = x:
root
root.value < x:
search(root.right child, x)
search(root.left _child, x)

BbiCOTA fAepeBa

¥

O(h)
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[TOnCcK

search(root, x):

root root.value =% Xx:
root = root.right child root.value < x root.left child
root

BbiCOTA fAepeBa

¥

O(h)
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BCTaBKa

insert(root, x):
root

Nodeéx)

root.value < Xx:
root.right child = insert(root.right child, x)

root.left child = insert(root.left child, x)
root

O 0 N O U1 & W N B

BbiCOTA fAepeBa

¥

O(h)



No Child Present

YananeHune

One child present,
Left child present in our case.

@ &— Both child

present.




find_min_node(root):
root.left child
root = root.left _child
root

delete(root, x):
root
root

O 00 N O U1 & W N -

X < root.value:
root.left child = delete(root.left child, x)
X > root.value:
root.right child = delete(root.right child, x)

S
b &> W N R

root.left _child
root.right_child

root.right_child
root.left _child

N PR R R
© O 00 N O

min_node = find_min_node(root.right child)

root.value = min_node.value

root.right child = delete(root.right child , min_node.value)
root

N NN
w N -




Balanced Tree Non-Balanced Tree



Binary Search Tree

cs.usfca.edu/~galles/visualization/BST.html


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

Data Structure

Array

Stack

Queue
Singly-Linked List
Doubly-Linked List
Skip List

Hash Table

Binary Search Tree [8Clog(n))] [6Clog(n))]

Cartesian Tree

B-Tree
Red-Black Tree
Splay Tree

AVL Tree

KD Tree

Common Data Structure Operations

Time Complexity
Average Worst
Access Search Insertion Deletion Access Search Insertion Deletion
[en) o) o) o) [e5) 0(n) 0(n) 0(n)
o) o(n) S} 0(n) 0(n) [e5)
o(n) o(n) s} 0(n) 0(n) [e5)
oCn) o(n) S} 0(n) 0(n) [e5)
o) o(n) S} 0(n) 0(n) [es)
0(Log(n))||0(Llog(n)) ||0(Log(n))||6(Log(n)) 0(n) 0(n) 0(n) 0(n)
N/A &5} N/A 0Cn) 0Cn) 0Cn)
ocn) o(n) o(n) ocn)
N/A - [8Clog(m))][6Clog(m))][6Clog(n))d]  N/A 0Cn) 0Cn) 0Cn)
0(Log(n)) ||6Clog(n)) ||6(Log(n))||0(log(n)) ||0(Llog(n))||0(Log(n))||0(log(n)) ||0(Llog(n))
0(Log(n)) || 0(Log(n)) ||0CLog(n)) ||0CLog(n)) || 0(Log(n)) || 0(Log(n)) || 0CLog(n)) | 0(Log(n))
N/A - [0Clog(n))|[eClog(n))|[eClog(n))|  N/A  [0Clog(n))|[0CLog(n))|[0CLog(n))
0(log(n)) |(6Clog(n)) |[0CLog(n))||0(Log(n)) ||0(log(n)) ||0C(Llog(n)) ||0CLlog(n))||0(Log(n))
0(log(n)) ||6Clog(n))||0(Log(n)) ||6(log(n)) 0(n) 0(n) 0(n) 0(n)

Space Complexity
Worst

0(n)
0o(n)
o(n)
0o(n)
0(n)
0(n log(n))
0(n)
o(n)
o(n)
0o(n)
0(n)
o(n)
0(n)
0o(n)

N ———
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Common Data Structure Operations

Data Structure Time Complexity Space Complexity
Average Worst Worst
Access Search Insertion Deletion Access Search Insertion Deletion
Array o]  [em oCn) o]  [0@]  [ocm 0(n) 0(n) 0Cn)
Stack 6(n) o]  [e@)] 0Cn) ocm| [0 0Cn)
Queue 6(n) o]  [6CD) 0Cn) om] [0 0Cn)
Singly-Linked List  [6¢n) ) S} 0(n) 0(n) [e5) 0(n)
Doubly-Linked List  [8(n) o(n) S} 0(n) 0(n) [e5) 0(n)
Skip List 8(Llog(n)) ||@(Llog(n)) ||0(log(n)) ||0Clog(n))| |0(n) 0(n) 0(n) 0(n) 0(n log(n))
Hash Table N/A e mres) N/A 0(n) 0(n) 0(n) 0(n)
Binary Search Tree [8(log(n)) |[8(log(n)) ||0(Log(n)) ||6Clog(n)) o(n) o(n) o(n) o(n) o(n)
Cartesian Tree ‘E] 0(log(n))||6(log(n)) ||6(log(n)) ‘N/A] o(n) o(n) o(n) o(n)
B-Tree 0(log(n))||0Clog(n))||0Clog(n))||0(Clog(n))||0(log(n))||0(log(n))||0(log(n))||0(log(n)) 0(n)
Red-Black Tree 0(Clog(n)) [|6(Llog(n)) |[{6(Log(n))||0(Clog(n)) ||0(Log(n))|[0CLlog(n))||0Clog(n)) ||0(Llog(n)) o(n)
Splay Tree N/A [8Clog(n))|[0Clog(n))|[(eClog(n))|  N/A  [0Clog(n))][0Clog(n))|[0CLog(n)) 0Cn)
AVL Tree [0Ctog(n) | [6Clog(n) | [6CLog(m)] [6CLog(n))] [0CLogCn) | [0CLog(n)) |[0CLog(ny)][0Clogn)))] 0(n)
KD Tree 0(log(n)) |[6(log(n))||6(CLlog(n)) ||6(log(n)) o(n) o(n) o(n) o(n) o(n)

L ———

e




AVL-gepeBo

/ balance factor
O minm =1



AVL-gepeBo

(rotations)
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AVL Tree

cs.usfca.edu/~galles/visualization/AVLtree.html



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

Data Structure

Array

Stack

Queue
Singly-Linked List
Doubly-Linked List
Skip List

Hash Table

Binary Search Tree

Cartesian Tree

B-Tree
Red-Black Tree
Splay Tree

AVL Tree

KD Tree

Common Data Structure Operations

Time Complexity

Average Worst
Access Search Insertion Deletion Access Search Insertion Deletion
S} e(n) o(n) o(n) [e5) 0(n) 0(n) 0(n)
o) o(n) 5} 0(n) 0(n) [e5)
e(n) o(n) oD | 0(n) 0(n) [e5)
oCn) o(n) S} 0(n) 0(n) [e5)
o) o(n) S} 0(n) 0(n) [o(D))]
0(Log(n))||0(Llog(n)) ||0(Log(n))||6(Log(n)) 0(n) 0(n) 0(n) 0(n)
v @] @) wva o fom]  [om] o
0(log(n)) ||6Clog(n))||0(Log(n)) ||6(log(n)) 0(n) 0(n) 0(n) 0(n)
N/A| [8Clog(n))](eClog(n))|[eClog(n))| /A 0(n) 0(n) 0(n)
0(Log(n)) || 0(Log(n)) ||0CLog(n)) ||OCLog(n)) || 0CLog(n)) || 0(Log(n)) || 0(Log(n)) || 0(Log(n))
[0Ctog(n) | [@CLog(n) ] [6CLog(m)] [6CLog(n)] [0CLog(n) | [0CLog(n)) | [0CLog(n))][0Clog(n)))]
N/A [8Clog(n))][0Clog(n)d|(eClog(n))|  N/A  [0Clog(n))][0Clog(n))|[0Clog(n))
0(log(n)) |(6Clog(n)) |[0CLog(n))||0(Log(n)) ||0(log(n)) ||0C(Llog(n)) ||0CLlog(n))||0(Log(n))
0(log(n)) ||6Clog(n))||0(Log(n)) ||6(log(n)) 0(n) 0(n) 0(n) 0(n)

L ———

Space Complexity
Worst

0(n)
0o(n)
o(n)
0o(n)
0(n)
0(n log(n))
0(n)
0o(n)
o(n)
0o(n)
0Cn)
o(n)
0(n)
0o(n)

e
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KpacHO-4yepHoe pAgepesBo

RIGHT-ROTATE(B) @

L:EFT-ROTATE(A) A @




KpacHO-4yepHoe pAgepesBo
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cs.usfca.edu/~galles/visualization/RedBlack.html



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

Data Structure

Array

Stack

Queue
Singly-Linked List
Doubly-Linked List
Skip List

Hash Table

Binary Search Tree

Cartesian Tree
B-Tree
Red-Black Tree
Splay Tree

AVL Tree

KD Tree

Common Data Structure Operations

Time Complexity

Average Worst
Access Search Insertion Deletion Access Search Insertion Deletion
S} e(n) o(n) o(n) [e5) 0(n) 0(n) 0(n)
o(n) o(n) 0(n) 0(n) [e5)
o(n) o(n) 0(n) 0(n) [e5)
o(n) o(n) 0(n) 0(n) [e5)
o(n) o) 0(n) 0(n) [e5)
0(Log(n))||0(Llog(n)) ||0(Log(n))||6(Log(n)) 0(n) 0(n) 0(n) 0(n)
wva o [e@ wa o] o] (o
0(log(n)) ||6Clog(n))||0(Log(n)) ||6(log(n)) 0(n) 0(n) 0(n) 0(n)
N/A - [0Clog(n))][6Clog(n))][6Clog(n))|  N/A 0Cn) 0Cn) 0(n)
[0CLog(n)] [0CLog(n)) | [eClog(n)) | [6Clog(n)d] [0CLog(ny) ] [0Clogn)|[0Clog(n))] [0CLog(n)))
0(Log(n)) || 0(Log(n)) ||0CLog(n)) ||0CLog(n)) || 0(Log(n)) || 0(Log(n)) || 0CLog(n)) | 0(Log(n))
N/A [8Clog(n))][0Clog(n)d|(eClog(n))|  N/A  [0Clog(n))][0Clog(n))|[0Clog(n))
0(log(n)) |(6Clog(n)) |[0CLog(n))||0(Log(n)) ||0(log(n)) ||0C(Llog(n)) ||0CLlog(n))||0(Log(n))
0(log(n)) ||6Clog(n))||0(Log(n)) ||6(log(n)) 0(n) 0(n) 0(n) 0(n)

L ———

Space Complexity
Worst

0(n)
0o(n)
o(n)
0o(n)
0(n)
0(n log(n))
0(n)
0o(n)
o(n)
ocn)
0(n)
o(n)
0(n)
0o(n)

e
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Insert Delete Find = Print | Clear Max. Degree =3 Preemtive Spllt
© Max. Degree = 4

Max. Degree = 5
Max. Degree = 6
Max. Degree = 7

cs.usfca.edu/~galles/visualization/BTree.html



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