Data Structures: (=25 B IBEEE]

Data Structures: The Architect’s Blueprint to Mastery
D BHE ST 284 © LL / Stack / Queue / Tree / Graph

Professor’'s Note

NEFR—ERXHEAEBIER < ER—BHITNFIRIEMT—
BREMAE - 35 ANERE:% (Feynman Technique) »
FEERSNERERREERNEIE -

This is not a class on rote memorization. This is training to
think like an architect. We will use the Feynman Technique to
turn abstract structures into intuitive common sense.
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The Map of the Territory: Evolution of Data Connections

Linear (—{&4%) - Linked List, Stack, Queue Branching (B 9&) - Tree
Root Head

Parent

Connection Type (Linear / # % = Non-Linear / 3E&fi{})

V.
Top ]O Enqueue Dequeue
|© 5@77@7%
8 ® & o ¢
Bottom
J
Stack Queue Network (83948 - Graph

Complexity (Simple = Complex)

Professor's Note

Linear Structures (§£14348): One-to-one relationship.
Non-linear Structures (JE£§%4548): One-to-many or Many-to-many relationships.

(FRERBIRES - BREERE THAMEIEE) R oy

All data structures are simply rules dictating how data connects. 7

2
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OOP Fundamentals: Interface vs. Class (f§%855:8)

Interface (77m) Class ($83!) / Implements (Z{E)

MENU

I I

e &7 et (Defines WHAT can be done). o EHT TNFIHEIL (Defines HOW it is done).

o @12 Abstract (¥uR) 5% » HI40 push(), pop() ° o 5N LinkedStack =2 ArrayStack 32 E{ER
—{B Stack /'@ °

Professor’'s Insight

rZHEFEHIR public interface Stack #1 public class LinkedStack implements Stack o B4+ ?
XA (TE B4 T BEIERNIA - £iEiEE) > (FriscRIZEFRB RS o |

Interfaces are contracts; Classes are the actual workers.
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Linked Lists: The Dynamic Chain

SHEE, (A Treasure Hunt)

head tail
| Data [next mta |nextﬂta next| [ Data ne:-:tl 1
apple | 42 | — n — |[hello| — &~
head tail
prev| data |next prev| data |next J..’ prev datEI_ next
null] 45 — 45 < B null

S

Y V
- \ P e
/ Clue 1|  Clue 2 / Clue 3 ) Clue 4
y (Node) (Node) | (Node)

Start (Node)

\ |
o () {s}
Data / | Data A
%1__jii\h’f il
A i

[EHSETERIBEIE ; T Linked List E8HEE » 58—
(Node) B ST (Data) M TFT—ERTAEHE (Next

pointer) o

* Node (Hi%4): Contains Data and Next
reference.

» Head (B8&f): The starting point.

» Tail (E3ZF): Points to the last node.
(Saves O(N) time when adding to the end!)

* Null (Z={E): Marks the end of the line.
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Stacks: Constraining Access with LIFO

Primary Operations
& Application

* push(item): WELEAIRER
top a1 1 =2l 34—~ (Add to top).
[ » pop(): MR EHETEEFEL

(Remove and return top).

== e top(): EEBFBER

(View top without removing).

Feynman Analogy Technical Implementation

Practical Exam Application

top (a1 112l [3][4] Application: IESHIRE
(Parenthesis matching) [(a+b)]

4 S 27 1861 e ...
oo W gal

( ]
(
[

mEFFR —BRT
(Pringles Can)

(
d
Core Rule: LIFO 5
(Last-In-First-Out / #%E%L) b
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Queues: Fairness in Data with FIFO | Feynman Analogy |
Mechanics Analysis %ngﬁaﬁﬁ R

Checkout Line)

front: IeRFE—ETHE
(Points to the first element) e enqueue(item) = enters at rear
ﬁ, Ql/ﬂ ,/ﬂ ,ﬂ/,,,g/
@) (8] (o) (#) (9) O (0) () ] (o)
1
« dequeue() =P exits at front rear: &R FT—{EZ=1u Core Rule: FIFO
(Points to the next available position) (First-In-First-Out / fcifEFc )

& Ari:hitectﬁral Flaw: Thé MémorfLeak -

When implemented with arrays, moving pointers rightward creates a 'fake full' error. G ﬁ

The array hits the wall even if the front is empty! front rear
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The Circular Queue: Elegant Math Solutions

o
i. L

'\.-_I

4% E (The Clock F C cruci '
¥#87%MH (The Clock Face) — ” Crucial Formulas (Must Memorize)

s
I_ - — | = o
é}éf%ﬂ;g:; Tﬂijﬁaapgj?ﬁ%  Move Rear: rear = (rear + 1) % capacity
i : e Move Front: front = (front + 1) % capacity

(12 o'clock plus 1 houris 1 o’clock, : y
I_l_m::nt 13. This is the magic of Modulo!)_JI e Size Calculation: (N — front + rear) % N

& NotebookLM




T

Trees: Breaking Linear Constraints

Root (1REf%S): The ultimate
ancestor, no parent.

CEO

Manager

Manager

i

Internal Node (PISBARES):

At least one child.

Manager Staff Staff Slaff

Feynman Analogy

@

@

°T

HIEiReS (Family Tree) /

A~ E]4A5#Z248 (Corporate Hierarchy)

®
&

Leaf / External Node (EHig5):
Zero children (degree = 0).

Definition

* Height (£): The longest path from
root to a leaf.

» Degree (%332 /Z): Number of children a
node has.

l
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Binary Trees: The Rule of Two & Array Magic
< a ..

A

Professor's Insight & Formulas

.C’J

: ; SRR — R (RS DA
® ~ % B BRRET - RITREFES
= (Pointers) : RJL EZRAZZiGHE

(When we restrict nodes to max 2
children, we don't need pointers; we

map it flat using math!)
0'0'0'00:0'0:0 /
/ 8 9

10 11, 125 13, 14 Array Mapping Formulas:
e Parent at index p (REIEHALE)
+ Left Child (A2 F&i25): 2p + 1

o[1]2]3]4]s]e[7]8]9]r0[11]12]13]14] * Right Child (5 &0%): 2p +2
>
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Tree Traversals: Reading a 20 Map in 10

Pre-order (RiFF)
Root = Left = Right.
(Top-down scanning).

In-order ()

Left & Root = Right.
(Produces sorted output!).

Core Concept:
RENEIBFFESD [ ACERRA
(It all depends on when you
visit the Parent/Root).

Breadth-first (BF) — =iy

Level by level, 0 to N.

Post-order (£FF)

Left = Right = Root.
(Bottom-up scanning).
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Binary Search Tree (BST)H & AVL: Sorting for Speed

A

Y

Feynman Analogy & Concept

The Number Guessing Game

0,100
[ ] p’ 0...100
[50, 100] > “
[50, 75] @ | Guessing Master
KRIBIBEFHEL

(The Ultlmate Number Guessing Game)

Left < Parent < Right

Each guess halves
the search space
(logarithmic efficiency).

A

The Balance Problem & AVL Solution

AVL Balance Factor:

o, S I

BF=+4  BF=0or 4]

(30

!

Self-balancing
mechanism

(B FH)

AVL Tree

20) (%0

©

Performance Matrix - Exam Focus
Structur_e___ Best Case _ thrﬂgase
(Target is Root) | (Degrades to Linked List)
AVL Tree 0(1) Lugarlthmlc O(log N) 5‘ a

I

AVL ensures worst-case remains logarithmic, never linear.
(The cost of speed is extra space for balance factors.)

& NotebooklLM



Graphs: The Ultimate Data Fe’“'f'a"f"a"’“y“““"“"‘
Structure Freedom >hl / g

< Ty
{BEIL43E (MRT System M ) / $1B#4988 (Social Network
11 Directed (B mIE): One-way streets (e.q., Twitter followers). A HiBSisten ¥op) okl ol
A
Undirected (¥E[@[E): Two-way streets (e.g., Facebook friends).
Y
<
= h 4
Vocabulary Matrix - Exam Focus 4

. - : Professor's Insight:
e Vertex / Vertices (JRE, V): The nodes/stations. &% Root » 18 Parent/Child Ffl

e Edge (3&, E): The connections/routes. (EIEREARRREEAS (LI EPES » (oI EDRL AT BEIR LS (X0 » IEFAZE (Graph) © J

(Remove root, remove parent rules. Anyone connects to anyone.)
A NotebookLM



Graph Sub-structures: Navigating Exam Terminology

Cycle (f&IR): A path starting and ending at the
same vertex.

Complete Graph (5T £[&): Everyone is directly

connected to everyone. Formula: |V| x (|V|-1) /2

[E[0)

Connected Graph (3E&[&): A path exists
between any two distinct vertices.

Connected Disconnected

Spanning Subgraph (%£Rk—F[E]): Contains ALL
original vertices V, but only some edges E.

Contains ALL
original vertices

Spanning Subgraph G’

Original Graph G
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The Synthesis Matrix: The Master Cheat Sheet

Structure Core Rule Feynman Analogy Primary Use Case
($518) (BatvER) (IREZ k) (XEER)

Linked List <= Dynamic Chain Treasure Hunt Memory management

I g _ Parentheses
Stack LIFO Pringles Can matching / Reversal

Queue - FIFO Checkout Line OS Scheduling

Tree Hierarchy Family Tree Searching / Sorting

Graph @ Free Network MRT Map ROHARG Y

Navigation

i

>
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top

front
rear

]

The Tao of Data (i Zi8)

R E2E TeeEl NBEEGRE - R85
IRAERERER TmaiE) NGRS - BT
HRRRES - 1’1591;%":3%; P T FREVZRAE © |

There is no ‘perfect’ data structure, only the right’ one
for your specific problem. Understand the tradeoffs,

and you can design architectures that change the world.

Read. Analyze. Build. (B;i& o 947 - &8 <)

rear
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