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Tree Co Ban

(1) Tree La Gi?

Tree La mét cdu tric dit Liéu phi tuyén tinh (non-linear), gom
céc node duoc ndi véi nhau bing cdc canh (edges). N6 cb cdu
triic phén cdp véi mdt node gdc (Root) duy nhat va khdng hotic

nhiéu céy con (subtree).

(3) Céac Loai Tree

v General Tree: Mot node cé thé co bat ky s6 luong con nao.
7 Binary Tree: M&t node c6 16i da 2 con.

v Binary Search Tree (BST): Véi moi node, left < node <
right.

v Full Binary Tree: Moi node c6 0 holic 2 con.

v Complete Binary Tree: Moi ting déu duoc Lap ddy hodn
toan, trix ting cudi c6 thé chua day.

v Perfect Binary Tree: Moi tdng déu ddy va moi leaf node déu
& cling mdt tdng.

v Balanced Binary Tree: Chénh léch chiéu cao gilta cdy con

trai va phai < 1 véi moi node.

i 1) Linked Representation (Phé bién) i
7 Kich thute
(L ding |
i N RN v Sirdung bd nhé E
E hi¢u qua i
[ *] / Chén/xéadé !
dang

DPiém Can Nhé {. L&i Thudng

 Tree biéu dién quan hé ! Gap

| phin cip.Ném vimgthugt | | X Nhim lan gilia Depth
| nglrdtquantrong-ddy | | va Height.

. la nén tang cho moi thugt i ! L =
i R : - X Nghi ring Leaf cé thé
! '+ cd1con.

E E : X Sai quan hé

E : E parent/child khi biéu

i "1 dign béng array.

- mm o mm I

-------------------------------------------

(2) Thuat Ngir
® Root: Node trén cing. (A)

* Parent: Node cé6 mét hodic nhiéu con. (A La parent cua
B vaC)

* Child: Node duoc ndi truc tiép véi parent cia né. (B va
C La con cua A)

® Leaf Node: Node khang c6 con. (D, E, F, G)

* Sibling: Céc node cé ciing parent. (B va C La sibling)

* Depth: S8 canh tix Root d€n node 6. (Depth cia E = 2)

* Height: S8 canh trén dudnq di dai nhat tir node xudng
mot leaf. (Heigh'l' cia A = 2)

(@ Ung Dung Thuc Té
File System trong OS5 (Directories & Subdirectories)
&) Céu tric HTML DOM (trang Web)
99 So 35 15 chic (Employees & Managers)
H dénh chi muc Database (B-Trees, BST)
</> Thi€t k€ Compiler (Expression Trees)
“2 Al & Ra quyét dinh (Game Trees)

2) Array Representation (Chii yéu cho
Binary Tree)

Index:0 12 3 45 6

A B 8 D E F G

Véi node tai index i:

® Left Child — 2% +1

® Right Child - 2% + 2

* Parent — (i-1) /2 (chia nquyén)

v Truy cdp nhanh

X Ling phi b§ nhé & cdy thua (sparse tree)

P e e ]

__________________________________________

. Thuc Hanh i 1 @ Meo Phéng
Tot '+ Van

7 V& tree ra dé hiéu : E Cau hoi vé Tree rét phd
ot ric. i E bién trong phong van. Hay
bt el | | T Ty

2 i+ height, balance, va cac

Wi cixc ing trube. | | thao tac BST thuing

v Chon cichbiéudi€én | | xuyén!
phii hop véi use case. : E

e O Em Em Em Em Em Em Em Em mm e
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Duyét Binary Tree

(1) So Poé Duyét

o

Chu giﬁi
Lo left R Righ‘i‘ N — Node

(3) ViDu Tung Buéc (Preorder)

o T

Thim 1 Thim 2 Tham 4
(4) Pd Phiic Tap
Duyét Time Space
Preorder 0(n) 0(h)
Inorder 0(n) 0(h)
Postorder 0(n) 0(h)
Level Order (BFS) 0(n) 0(w)

() Khi Nao Nén Dung?

Preorder — Copy free, bieu thirc Prefix
Inorder — Xudt dir liéu 8@ sép xEp tronq BST
Postorder — Xoa tree, bieu thirc Postfix

Level Order — Hudng di ngﬂn nhat trong unweighted tree,

xir ly theo tdng

(2) Cdc Loai Duyét
@ Preorder (N-L-R)

Thim Node — Left — Right

[ Thitw:1,2,4,5,3,6,7 |

@ Inorder (L-N-R)
Théim Left — Node — Righ‘l‘

[ Thitw:4,2,5,1,6,3,7 |

® Postorder (L -R - N)
Thiim Left — R’igh‘l‘ — Node

[ Thirte:4,5,2,6,7,3,1
@ Level Order / BFS

Thdm ting tdng (trai sang phai)

[ Thirty:1,2,3,4,5,6,7 |

Thim 3 Thim & Tham

n = 56 luong node
h = chiéu cao clia ftree
w = 36 rdng 13i da cua tree (s& node nhigu nhat & mét

+Eng)

Ghi Chu Quan Trong
v Moi phép duyét déu thiim mdi node ding mét Lan.
v/ Véi tree cin bing, h = O(log n)
v Trudng hop xdu nhdt (tree léch), h = O(n)
v Level Order ding queue.

e I
- S

. @ Meo Phéng Véan

+  NEu dé bai yéu cdu xir Ly node theo thir tu cu the, héy
' xéc dinh phép duyét phii hop: Preorder, Inorder,
Postorder hodic Level Order.

Lién Hé Thuc T&

Duyét tree qidng nhu cac cach kham pha mat toa nha khac

nhau:

* Preorder — Vao tdng, rdi cac phdng bén trai, réi bén
phai.

* Inorder — Kham pha phong bén trai truéc, réi dén
tdng, rdi bén phai.

* Postorder — Kham phd hét cac phong, réi méi danh
dau da thiim tdng.

* Level Order — Kham pha timg tdng mét.
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Binary Search Tree (BST)

(1) Tinh Chat BST

Véi moi node N:

® Moi key trong cdy con trai < N.key

® Moi key trong cdy con phai > N.key

* Khdng cb key tring lp (+rong BST chudn).

* Cay con trai va phai ciing la cac BST.

* Duyét Inorder cua BST cho két qua da sép x&p.
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(3) Chén (Key = 65)

65> 50 — Di Phai
65 < 70 — Di Trai
65> 60 — Di Phai
Chen Lam con phai cua 60

(5) Uu Piém

v Search, Insert, Delete higu qua — Trung binh O(log n)

v Duyét Inorder cho dirligu da sép xép.

v Hiu ich trong hé thdnq cdn dir Ligu c6 thir tu véi thao tac
nhanh.

v Nén tang cho nhiéu cdu tric ndng cao (AVL Tree, Red-Black

Tree, v.v.)

Piém Can Nhé I, L&i Thudng

| BSTduytritherhelefte | | GAP

| Root < Right, gicp thao i | X Cho phép tring Wp
| tc nhanh khi ciy ciin E . ma khdng cb quy téc.
| eg | | X Kndng xirly du 3
i i1 trudng hop khi xa.

i | | X Tao cayléch (BST
i - suy bi€n).

(2 TimKiém (Key = 60)

50 — 60>50 — DiPhai
10 - 60 < 10 — i Tréi
60 — Tim thdy!

Pseudocode (Tim kiém)

while (node = null)
if (key == node.key) return true;
else if (key < node.key) node = node.left;
else node = node.right;

return false;

(a) Xéa (Key = 30)

Céc fruimg hop:

* @ Khong con — X6éa node

* @ Mgt con — Thay bing con &6

® 3 Hai con — Thay béing Inorder Successor (nho nhat

trong cdy con phdi) hotic Inorder Predecessor (Lén
nhédt trong céy con trai)

. Vidu (Xéa 30)
i Trude: 50(30,70) — 30(20,40)
' Sau khi xéa 30: 50(40,70) — 40 nhdn con 20

------------------------------------------

D6 Phuc Tap Thai Gian &

-

Khéng Gian
Trung binh :ht;il;
Operation | (BST cén (BST Space
bdang) lach)
Search O(log n) 0(n) 0(h)
Insert O(log n) 0(n) 0(h)
Delete O(Log n) 0(n) 0(h)
stical 0ln) o) | ot
Traversal
Trong dd h = chiéu cao cua free.
. Thuc Hanh @ Meo Phoéng
Tot Vén

v Giir tree cin bing. i
7/ Ding cachtipcan !
Wp (iterative) 8 tranh !

Ludn xir Ly can than
trutmg hop xda node co 2
con - day la trudng hop

quan trong nhdt khi
tran stack. phong van!
v Kiém tra tinh hop L&
cua BST trude khi thao

o

——————————————————————————————————————————
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Heap & Priority Queue

(1) MinHeap

* Complete Binary Tree.
® Gid tri moi node nho hon holic b-ﬁng con cua nd.

Array Representation (0-indexed)

1 3 b 5 q 3 B

(3) Cdc Thao Tdc Trén Heap

1) Insert (Push)

Thém phin tir véo cudi. Heapify Up (Bubble Up) d€ giir ding
tinh chat heap.

2) Extract Top (Pop)

X6a phdn tir gdc. Hua phdn tir cudi Len gdc va Heapify Down.
3) Peek / Top

Tra vé phdn tir g8c ma khdng xéa né.

4) Heapify (Up / Down)
Up: dl.‘.mg sau khi insert. Down: dl.‘.mg sau khi delete.

(5 Ung Dung

"7 Task Scheduling (CPU / Processes)
? Dijkstra’s Algorithm (Shortest Path)
— Merge K Sorted Lists
& Huffman Coding
Top K Elements (Stream / Logs / Data)

& Lién Hé Thuc Té

Hay nghil d€n phdng cdp ciu bénh vién — b&nh nhan duoc
diéu trj theo mirc 6 wu tién (nquy ciip trudc), khdng theo
thir tu dén.

-

S Em Em Em Em Em Em EE Em EE R EE R N R N R MmO Em Em Em Em Em Em Em

_____________________

Diém Can Nhé {. L&i Thudng

| HeaplaComplete Binary | ' ©GAP

| Tree cb tinh chit heap. i | X Nhdm lin Min Heap
| MinHeap — nhonhdt | ygi Max Heap.

. trén dinh. Max — — . )

| lﬁnnh:‘rl'i’rind"l:: [ o iy
\  Priority Queue duoc xdy E | insert/delete.

i trén nén Heap. : : X Khéng diing cdng

i || thix O-index khi Lam

i i : vigc véi array.

---------------------

—————————————————————

(2) Max Heap

* Complete Binary Tree.
® Gia tri mdi node Lén hon hotic bng con cia né.

Array Representation (0-indexed)

0 9 B 3 b = 1

(2) Priority Queue

* Mot ADT ma moi phdn tir c6 mét priority.

* Cac phin tir duoc ldy ra dua trén priority (khéng theo
thir tu chén vao).

* (o thé cai d4t béing Heap.

. Vi du (Min Priority Queue)

Insert: (5), (1), (3), (2)
Thirtuldyra:1 -2 - 3 = 5

Luu §: Trong Min PQ, phdn tir nho nhat ¢6 priority cao
nhét. Trong Max PQ, phdn tirlén nhét cé priority cao
nhat.

el I I e

L L

—————————————————————

(6) D6 Phitc Tap
, Min Max
Operation Heap Heap Space
Insert (Push) O[Lug n) O(Lug n) 0(n)
Extract To
(Pop) P O(Log n) O(log n) 0(n)
Peek / Top o(1) o(1) 0(n)
Heapify
(Up/Down) O(Log n) O(log n) 0(n)
Build Heap 0(n) 0(n) 0(n)
n = sd phdn tir trong heap

. Thuc Hanh i 1 @ Meo Phéng '
Tot '+ Van :
v Ding cdi d4t bing i E Heap va Priority Queue i
array 3¢ tiét kiém b E E thutng xudt hién trong E
i | bai todn scheduling, :
nm' ! ! h n PJf £ ﬂ+- 1 H
. ' graph, va optimization: !
v Ludn duy tri tinh chdt ! : ¥ :
heap sau méi ldn cép E E E
ot 5 i
/ Ding PQ cho cac bai | |
toan 18i w héa. : i !
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Trie (Prefix Tree)

(1) Céau Truc

* Trie la cdu tric dir liéu dang cdy, ding d& luu mat tap hop

ddnq cac chudi.

® Mdi node cb 18i da 26 con (cho a-z).

* Két thic mét tir duoc danh ddu bdng mét flag (End = true).

* Két thic tir (isEnd = true)
© Node (isEnd = false)

(3 TimKiém (Tt Chinh Xdc)
Tim 1 care

* Duyét qua timg ky tu.

* Néu thiéu bat ky ky tunao — tirkhéng ton tai.

® Sau ky twcudi — kiém tra isEnd.

r

., Autocomplete / Goi § tim ki€m
€ Kiém tra chinh ta (Spell Checker)
& IP Routing (Longest Prefix Match)
.| T &ién / Trd choi chir

L], Nén dir liéu

/- Tim ki€m trong tap dir Liéu chudi Lon

Vidu

Words = {cat, car, care, cart}

Autocomplete cho “ca” — {cat, car, care, cart}
Autocomplete cho “car” — {car, care, cart}

Piém Céan Nhé
Trie luu chudi duéi dang
cdy. Rat manh cho céc béi

Gap

P

i Em Em Em mm Em mm

X Quén xirly con tro

X anh ddu isEnd khéng

todn vé tién +&. Théi gian chinh xéc.

phu thudc d6 dai +ir (L), P .

khéng phéi t8nq s tir (N). & S photAng i 25
con tré (nén ding
HashMap cho Trie thua).

\'---

o

|. Léi Thudng

——

B . L L ]

(2) Chén (Insert)

Chén cac tir: cat, car, care, cart

* B&t ddu tir Root.

* Véi mai ky tu: néu con da ton tai — di dén d6, néu
khong — tao node méi.

* Sau ky tu cudi, danh ddu isEnd = true.

Pseudocode
node = root
for ch in word:
idx=ch-a
if node.childrenlidx] is null:
node.children[idx] = new Node()
node = node.children[idx]
node.isEnd = true

(@) Tim Tién Té (Prefix Search)

Tién 16: ca
* Duyét dén ky tw cudi cia tién 1.
* Néu duong di t6n tai — tién 16 ton tai.

* Khéng cdn isEnd = true.

(6) D6 Phiic Tap

Operation Time Space
Insert o(L) O(N*L)
Search ofL) o(1)

Prefix Search o(L) 0(1)

Luu §: Trie rat hiéu qua khi lam viéc véi nhiéu chudi va
cdc truy van dua trén tién 16.

L

-

i ThycHanh | | @ Meo Phéng
Tot ' 1 Van

7 Dingarrayl26] cho | | Hay thircéchbai
bang chir nho (a-2). E E Implement Trie, Word

\ 1 Searchll, Longest

v h\‘,q; o

) $ng s Se + ' Common Prefix, Replace
iy e B b i1 Words.

v Tai sir dung node, ' E
tranh tring Wp. : E

L L L.

£
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Graph Co Ban

(1) Vertices & Edges

Mét Graph G = (V,E) gom:
* V: Tap cac vertex (node)

* E: Tap cac edge (két nai) qitia cac cdip vertex.

Thir tur (u, v) trong mét edge cé the quan trong hotic khéng,

tay loai graph.

(3) Weighted vs Unweighted

Unweighted Graph Weighted Graph

D C b C

Hoi edge co trong 8 bing nhau (thudng coi 1 1). Edge cé trong s/chi phi.

ding biéu dién khoang cach, chi phi. dung luong, v.v.

(5) Ung Dung Cua Graph
® Mang lusi dudng / Ban &6 (Shortest Path)
99 Mang xd hdi (Nqudi diing & két ndi)

€ Trang Web (Lién ket gita cac trang)

v Mang may tinh (Router & két ndi)

"7 Lap lich du an (Dependencies / DAG)

».| He thang qoi y (User-item graph)

X Diing adjacency matrix cho

(2) Directed vs Undirected

Undirected Graph Directed Graph (Digraph)

ﬂ IO @

Edge khing cd huong.
(A, B) gidng (B, A)

Edge co huing.
(A, B) khac (B, A)

(4) Cach Biéu Dién Graph
1) Adjacency List

Vertex Neighbors
A B.C
B AD
C ADE
D 8.LE
E C.D
2) Adjacency Matrix
Y B Cc D E
i 0 1 1 0 0
B 1 0 0 1 0
C 1 0 0 1 1
D 0 1 1 0 1
E 0 0 1 1 0

0 — Khéng cd edge. 1 — Co edqe (vi @8 thi khdng trong s6). Véi 46 thi
cd trong s, luu trong 5o thay vi 1.

(© Piém Can Nhé

v Graph mé hinh héa cac quan hé theo céip.

v Hiéu rd loai graph trude khi ap dung thuat toan.
v Chon cach biéu dién dua trén mat @6 cia graph.

. 1. L6i Thudng Gap .1 ¢ Thuc Hanh Tot | . @ Meo Phéng Van
: X Nhdm lan directed va E E v Diing Adjacency List cho graph i i Hay sén sang chuyén dbi gita cc cach
" undirected. 1t (E << V°2). {1 bigudién va xéc dinh phuong phép
: . . Lo _ ‘ |1 phil hop cho timq béi toan qraph khac
| X Bo qua trong s8 edge frong : i v Ding Adjacency Matrix cho | | Ehuu!up 3 ey
| weighted graph. ' graph day hodic cdn tra clu edge L

i nhanh. E :

\dl-d.-.-lll"--ul-

' graph qué thua.

———————————————
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Duyét Graph (DFS & BFS)

(1) DFS (Depth First Search)

* Di sdu nhat c6 the theo mat nhanh trudce khi quay Lui.
® Ding Stack (hoic Recursion).

* Time Complexity: O(V + E)

* Space Complexity: O(V) (cho recursion stack)

o
8
=
o
e
(=11
EL
=
}
ra
|
o
|
wn
l
(]
|
o~
}
—

SRR I S |
| DFSAngSTACK(LFO) | | BFSding QUEVE (FIFO)
i Last In First Out : E First In First Out i
| i siu truse '\ 1 Duyettheotimgting |
|  Cadi 33t bling stack hotic E |  Cdi gt bling queue E
E recursion i E E

(5) Tém Tat D6 Phic Tap

Duyét Time Space Cdu tric dung
DFS 0(V + E) o(v) Stack / Recursion
BFS o(V +E) o(v) Queue

V = 55 Vertex (Node), E = s Edge

' i L3i Thusng
Gap

X Khéng danh ddu node
da tham . gay lp vé
han.

X Nham lan DFS
(stack) véi BFS (queue).
X Sai thir ty ddy cac
neighbor vdo.

Diém Can Nhé
DFS di s bing stack. BFS
di réng bdng queue. Ca hai
d€u thim moi node va
edge diing mt Lan.

--------------------- NN S NN EW Em Em Em E Em Em Em

- B e e e e T

(2) BFS (Breadth First Search)
* Duyét hét cac neighbor & tdng hién tai trudc khi qua

téng ke tiép.
® Ding Queue.

* Time Complexity: o(V +E)
* Space Complexity: O(V) (cho queue)
1

L 1

BFS Order (b&t ddutir1):1 -2 -3 ~ 4.5 .6 —

(4) ViDu Duyét (BatPau=1)

Adjacency List:

1:12.3] 2:[4.5] 3:[67F] u56%: (]

------------------------------------------

R I

» BFSOrder:1 .2 .3 .4.5.61%

(6) Khi Néio Nén Diing?

Dang DFS khi:

v Can kham pha dudng di sdu (buck‘i‘mcking, maze, n-

queena).

v Phat hign chu trinh trong directed graph.

v Kiém tra tinh Lién théng.

v Topological Sort (df.mg stack).

Dang BFS khi:

v Cén dudng di ngﬁn nhdt trong unweighted graph.

v Duyét theo téng.
v Tim s6 butc 18i thiéu.

v Web crawling / broadcasting.

——

¥ 'Thqc Hanh
Tot
v Ludn ding visited(]
d& tranh thim lai.
v/ V&i DFS, danh dau
visited khi di sau.
v/ Véi BFS, danh dau
visited khi dua vao

---------------------

o

R

_____________________

@ Meo Phéng
Van

Hay ném rd su khéc bigt
gicra DFS va BFS, khi nao
nén diing cai ndo. Luyén
tap trén nhiéu danq graph
khac nhau!

—————————————————————
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Topological Sort

(1) DAG (Directed Acyclic Graph) 0 Kahn's Algorithm (dua trén
* Topological Sort chi duoc dinh nghia cho DAG. BFS)

® La mét thir tu tuyén tinh cia cac vertex sao cho véi moi 1. Tinh in-degree cila moi node.

edge cb hudng u — v, u dimg frudc v. 2. Bun moi node cé in-degree 0 vao queue.

3. Trong khi queue khdng rong: Ldy 1 node, thém vao
o két qua, giam in-degree cdc neighbor, néu in-degree

® Hiu ich trong Lap lich, s-fip xép cdc task co phu thudc.

ve 0 thi thém vao qQueue.

o ° 4. Neu kich thudc ket quﬁ ==V _ hop 8, nquoc lai —
c6 chu trinh.

o e e | compute inDegree!]

pe e e e eeee et ec e ccecce e ceeeeee——a queue all nodes with inDegree 0
while queue not empty:
-------------------------------------------- ’ node = queue.pop()
add node to result
for each neighbor n of node:
inDegree[n]--
if inDegreeln] == 0: queue.push(n)
if result size != V: return "Cycle Exists’

X
=
—4
=
o
—
o
8
o
w,
g
_:'
3
bR
d
o>
Hn
L
m
|

© Phuong Phap DFS (Reverse (3) Ung Dung
POStOrder) [ ] Lap lich Task (Task cé rang budc thir tu)

1. Chay DFS tir moi node chua thiim. </> Build System (Bién dich source file)
2. Sau khi théim hét neighbor, ddy node vao stack. @ Lap ke hoach mdn hoc fién quyét

3. Pao nquoc stack — Topological Order. B Database Schema Migrations

' Giai quyét Dependency trong package
M |nstruction Scheduling trong CPU

for each node:
if not visited: DFS(node)
// trong DFS
for each neighbor:
i not visited: DFS(neighbor)
push node to stack

reverse(stack) — result

(5) D6 Phirc Tap (6) Ghi Chi Quan Trong
Algorithm Time Space v Topological Sort chi kha thi véi DAG.
v Algorithm o(V +E) o(V) v Néu cé chu trinh — khdng cé thir tu hop L&.

v Thir tu khdng duy nhdt; cé thé c6 nhiéu thix tu hop L&.

v Kahn's (BFS) c6 tinh lip, DFS c6 tinh d& quy.

V = 55 Vertex (Node), E = s Edge T Tl WL Bl e e :
Ghi Nhé E
BFS (Kahn's) — T&t dé phat hig¢n chu trinh dé dang. E
DFS — Hon gian va gon véi stack. :

DFS Method 0(V+E) o(v)

--------------------------------------------------------------------------------------

| DiémCanNhé | | { L3iThusng | | . ThucHanh | | @MeoPhéng |
| Topological Sortchora | | Ga@P L1 Tot . | Vén 5
| thirtytuyéntichcia | | X ApdungTopological | |  Diing Kahn's | | Wiyshnsingchidttca |
| DAG.Moidependency(u ! ' Sorttrén qraph cé chu : E Algorithm cho graph t 1 Kahn's (BFS) va DFS E
i — v) 8éu duc tén trong. E : Bk E i e E E Topological Sort. Gidi E
: | = ¥ I v thichcach phat hignchu |
| ‘o X Quénkiém traresult | ;7 DingDFSkhiwtién | 1 4y trong directed :
E | | size==V. E E dé quy. : ! graph! E
E E ' X Cap nhdt sai in- E E v/ Ludn xéc nhdn la DAG E E i
i i E degree trong Kahn's E i trudc khi Topological i i i
i | Algo. .1 Sort. = i
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Union Find (Disjoint Set Union)

(1) Union Find La Gi?

* Union Find (DSU) la cdu tric dir Ligu
theo déi mét tap hop phdn tir duoc
chia thanh cac tap con réi nhau
(khﬁng giao nhau).

* Ho tro hiéu qua hai thao téc chinh:
Find (tim dai dién cua 'l‘:'_ip) va Union
(gdp hai tép).

(4) Path Compression

Trong lic Find(x), cho moi node trén
dudng di 1ro thing d&n root. Gidp giam
manh chiéu cao cua tree.

1

Trudc Find(3)

Sou Find(3)
voi Path Compression

Luu §: Céc thao tac sau & nhanhhon |
nhiéu khi tree tré nén phing hon. |

i

(2) Find Operation

Find(x) +ra vé dai dién (root) cua
tap chim x.

<
-
.y
]

- 3
wn
L —
|

=
.y
5

2
-
L —
|

=

® Union By Rank
(hoac Size)

Ludn gﬁn tree nho hon dudi root cua
tree Lon hon (theo rank/size). Giit

chiéu cao tree nho.

RS

Sou Union(1,3)

k[11=2, rank[3
Feeld 42 ron rank[1]=3, rank[3]=1

Union
Operation

®

Union(x, y) qdp cdc tap chim x va y.

Vi du Trude Union(5, 6) — Sau Union(5, 6)

(® Ung Dung

A Kruskal's Minimum Spanning

Tree

%/ Phat hign chu trinh trong
Undirected Graph

@9 Connected Components trong
Graph
€ Dynamic Connectivity (fruy vén
online)
[G] Xirly anh (gép ving)

1| Phdn tich Mang / Mang xd héi

(=) CaiDat Dién Hinh (Arrays)

(7) D6 Phirc Tap
i : Vdi Putl:' int parentN], rank[N];
Operation it OMPression | A mortized // Initialize
heuristic + Union by
Rank for (inti=1i<=N;is+) {
parent(il = i; // mdi
Find(x) O(N) al(N) 0alN))
Union(x, y) o(N) a(N) o(a(N)) }
N = 58 phin tiz a(N) = ham Ackermann nghich dao (< 4 véi moi N thuc t€) parentlil — parent cia i
(qdn nhir hdng s8)
| DiémCanNhé | | | L&iThusng .+ ¢ Thuc Hanh
E Union Find quan Ly hiéu i : Gap - E Tot
| qua cic tdp rdi nhau. Path E ' X Quén Path ' | ¢ Lubn ding ca Path
' Compression + Union by E . Compression — tree . Compression va Union
: :;I'kdfm gl | | qudcao. . 1| byRank.
! s0. A |
E 3 o X Khéng diing union by +/ Ding Find() dang Wp
i E : rank/size — tree médt : i dé tranh tran recursion
! E '+ can bing. '  stack véi N Lon.
E E ' X Khi tao sai mang : E v Gilr array 1-indexed
E : : parent/rank. : E dé de cai dat.

. L

rank[i] = 0; // rank (xap xi chiéu cao)

node fulam parent

rank[i] — rank/chiducao alN) — rdt nho

@ Meo Phéng
Van

Hiéu vi sao diing a(N) va
luyén cai &t DSU tir déu.
Thutng duoc hoi trong bai
MST, phat hién chu trinh

va cunnediuify‘.

o

- - Em Em Em Em Em Em o Em
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Thuat Toan Greed
: y
(1) Greedy La Gi? (2) Greedy Choice Property
* Greedy la mot chién luoc thudt toan xdy dung Lsi gidi timg * Mot bai todn c6 tinh chat Greedy Choice néu 16i uu
bubc, ludn chon phuong an 18t nhat hién tai. todn cuc c6 thé dat duoc béing cach dua ra lua chon 15i
* Khdng quay lui (backtrack), dua ra lua chon 18i uu cuc bd uu cuc ba.
véi hy vong dat t5i uu toan cuc. * Nghia La lua chon hién tai khéng anh huong dén tinh t5i
KT CTTTTTTTTTTTTTTTTToTToTTm T o mmm s \ uu caa phdn Lai giai cén lai.
P ¥ Y Tudng Chinh b e S S L s i |
| Chon phuong én 5t nhét ngay bay giérva tién vé phia trusc. | | Vidy: Bai toan Activity Selection E
et T T ; | Chon activity cb théi gian két thic sém nhét (+5i uu cuc E
b3). N6 & Lai nhiéu thai gian nhét cho cac activity con |
i lai — 18i uu todn cuc. E
© Cac Bai Toan Thuong Gidi Vidu: Activity Selection
Bang Greedy Cho cic activity d sip xép theo théi gian két thic:
"7 Activity Selection Activity Start End
B Fractional Knapsack 4l : .
§ Huffman Coding A2 2 3
? Dijkstra's Shortest Path (diing min-heap) 5% ; &
* Minimum Spanning Tree (Prim's, Kruskal's) Al b 1
| | Job Sequencing With Deadlines A5 5 B
Bai toan d3i tién (hé théng chudn) Ab 8 q
Chién luoc Greedy: Luon chon activity co théi gian két thic sém nhat ma
fuong thich véi activity da chon trudc dé.
Activities da chon: A1 — A3 — A4 — Ab E
e ol
(4) Uu biém (5) Han Ché
v Don gian va dé cai dit. X Khdng phdi Lic nao cling cho L&i gii 15i uu.
v Hiéu qua - thugng nhanh hon cac cach tiép can khac. X Bai todn phai thoa Greedy Choice Property va Optimal
v Ding it b6 nhé hon (khﬁng back‘l'rucking). Substructure.
v Hoat ddnq 1t cho céc bai toan optimization. X Khéng phi hop véi bai todn cé overlapping
subproblems.
| DiémCé&nNhé | | | L&iThudng .+ ¢ Thuc Hanh i i @ Meo Phéng ;
| Greedyhogt déngkhil | | COP 1 Tot { 1 Van 5
| chon 18t nhdtcucbédin | | X Apdunggreedycho | | ~ Cégfingchimgminh | | NEuduochoi ‘Baindyco |
| dnloi gidi t6t nhdt todn | | baitoan khong phihop. | | tinhddng dén (Greedy | | gididuocbidngGreedy
: on kié f ! , | A : i | khdnq?", trudc tign ha i
| o Luén kllern chimg L | ) Khing ching sir ' | Choice + Optimal | .‘ung nmr. xlen hdy .
' greedy choice property Pt _ - ok re) i ' kiém tra: Co thé duara :
trube khi dp dung. i | greedy choice property. : i : i i lua chon 16t nhat cuc bd i
: \ | X Boquacdcedgecase. | ! 7 Kiém thirtrénvidu ! ! khdng? Luachon d6 codan |
E E : : E cu the. E E dén 14i uu todn cuc E
E o ' |/ Ding ding cdu fric ! i khdng? :
i n {1 arUgu(sort, hecp, | | |
i | E ! i priority queue). i i ;

-------------------------------------------------------------------------------------
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Dynamic Programming (DP)

Dynamic
(1) Programming La
Gi?

cach chia nho thanh cac subprnchm

chéng Ldp (overlapping) va luu lai

két qua caa ching.
* Chi yéu ding cho bai todn
optimization khi brute force /

recursion fro nén qua cham.

Y Tudng Chinh

dunq két qua (tranh tinh todn Lai).

@ Tabulation
(Bottom-Up)

Gigi moi subproblem mét Lan va téi sir

* Giai lp (i'l'am't'iveiy) tir base case

dén ket qua cudi.

* Ding bang (thudng la array) @ luu

ket qua.
Vi du: Fibonacci (n=5) — F(n) = F(n-1) + F(n-2)
n 0 1 P 3 y 5
Fn) | o] 1] 1]2]3]s

Thartutioh:0 -1 -2 -3 4.5

Lién Hé Thuc T&

(2) Recursion vs DP

@ Memoization
(Top-Down)

Giai i:-ﬁng recursion + cache

(memo). Luu két qua trong

array/map.

Vi du: Fibonacci (n=5)
F(n) = F(n-1) + F(n-2)

Recursion Dynamic
(Naive) Programming
Tinh Lai n—
subproblem nhigu I'u; ka;rlq.lu
lﬁn. U Prﬂ 2m.
Thi gian m Thi gian da thix
(exponentidl). (polynomil).
4 phirc tap cao. Da phirc tap thap.
Khing Luu két qua i :.E:jﬁ?::n hoge
® State &
Transition
1) State: Xac dinh y nghia cua mét
phdn i DP.

Vi du: dpli] — dap an cho subproblem kich
thudc i

2) Transition: Quan hé / cénq thic
dé tinh state hién tai tir cac state
nho hon.

Vi du Fibonacci- dpli] = dp[i-1] + dpli-2] (i =
2)

Ghi Nhé: Xac dinh state rd rang
i+ transition dang = Loi giai DP
thanh cong.

® Cac Bai Toan
DP Thudng Gap
Fibonacci Series
Climbing Stairs
0/1 Knapsack
Coin Change (Min Coins)

Longest Common Subsequence
(Lcs)

Lnngaﬁ Increasing
Subsequenca (LI1s)

Matrix Chain Multiplication
Edit Distance

(7) So Sanh D6 Phirc Tap

rang, sau d6 13i uu bing

DP gidng nhu leo nii. Thay vi khdm pha lai timq duéng di nhiéu C&zg:‘ié’p Time Enice Ghi chi
ldn, ta ghi nhé @6 cao da dat duoc & madi diém va chon dudng di i
tot nhat 'hEp theo. Maive Fecursion E){PUUT;:% (vd 0(n) m;;:::t:feim

Memoization O(N- Diing recursion +

(Top-Down) AN Holes) States) cache

: ;ﬁ‘ﬂ‘ﬂ;] O(N - States) Sfuitg'] Lap, an ton stack

N = kich thuoc input, States = sd subproblem duy nhat

| DiémCanNhé : | i L&i Thudng . 1 4 Thuc Hanh 5 | @ Meo Phéng :
| DPirénhtinhtoanls. | | OGP i o Tot Bl i
| Xéc dinh Overlapping i | X Dinh nghia sai state. | |  VE recursion tree | | Giai thich fwduy ciaban: |
i Subproblems. Dinh nghia | : X Sai céing thic : i Sriie : i 1. Dinh n?h'l'u state 2) Vigt
| State rd rang. ViEtdang 1 | L i | relation (+ransition) 3. i
] 1 i iTi 1 i v rlw 1 1 1
' Transition. Chon ]! i P! Guan 93+ ove "3 | ! Xurly base case 4. Chon L
| Memoization hodic i | X Queén base case. o trong tres. {1 Top-Down hay Bottom-Up
|  Tabulation hop Ly. t | X Ding recursion khi 1 7 Vigtrd state & o :
: | | Wpdadi(nquycoTE). : | transition. L :
i i i E \  B&t ddu véi i i i
: E | : \ memoization cho rd E i E

—————————————————————

o e am Em Em Em m Em Em oE Em

—————————————————————
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@ Gi?

® Backtracking la ki thuat giai bai
todn blng cach thir moi L&i giai kha di
va bo (backtrack) khoi nhimg huéng

® Kham pha lua chon timg butc va hoan
tac lua chon cudi khi glip ngd cut.

Y Tudng Chinh

Thir lua chon khéc.

@ Nao?

v Chon mét candidate.
v Kiém tra tinh hop &.

Backtracking La

Backtracking

Ngd cut

Thir - Khm pha — Backtrack — 1

Backtracking Hoat Pong Thé

v Néu hop & — thuc hién lua chon va tién Lén.
v NEu dén d&n ngd cut — hoan tac lua chon (backtrack) va

thir candidate tiép theo.

v Léip lai dén khi kham pha hét moi kha nding.

Hake a Chaoice

'

[
Tes

[ Record Solution ]

(6) Phan Tich Pé Phirc Tap

Backtracking kham pha state space trong trutmg hop xau
nhdt. Néu branching factor = b va d6 séu t6i da =d — S8

state = 0(b"d) (c6 tinh mii).

Tham sé Complexity
Time Complexity 0(b"d) (X&u nhat)
Space Complexity 0(d) (Recursion Stack)

b = branching factor, d = @6 sdu recursion (sd quyé”r dinh)

_____________________

. Thuc Hanh I, L6i Thudng
Tot Gap
v Ludn backtrack sau X Khéng hodn téc lua
khi return +ir recursion. chon khi backtrack.

v Giir code sach va X Thi€u base case holic
module héa. diéu kién dimg.

v Truc quan héa X Khéng pruning sém,
decision tfree. qdy TLE

N Em Em mm

o

(2) Decision Tree

Biéu di€n moi lua chon (state) va
ket u c6 Hhe.

v =Lai giai hop L& X = Khing hop (2 /

--------------------

State Space
Tree

®

12

Moi node La mot state. Canh la cac

dua ra.

Vi du- N-Gueens (N = 4)

-

® Ung Dung / Bai Todn
Thudong Gap
W Bai toan N-Queens
% Giai Sudoku
¢%' Hamiltonian Path / Cycle
{ } Sinh moi Subset / Permutation
@ Giai Maze
 Tim tir trong lusi (Word Search)
§ Subset Sum / Bai toan Partition
&% T6 mau Graph (Gruph C::-Laring)

| @ Lién Hé Thyc T&
i Thir mét con dwémg, néu qlip ngd cut, quay Lai v thir
| duimg khéc.

_______________________________________

(7) Piém Cén Nhé

v Backtracking xdy Loi gidi timg budc.

v Loai bo cdc Lua chon khéng ddn dén L&i giai hop Lé.
v Ding DFS kém pruning.

v Hiu ich cho bai toan combinatorial (+5 hop).

Luu §: Nhigu nhanh bi Loai bo sam khi ching
vi pham rang budc (khéng tan ciing nhau).

lua chon. Db sdu = s6 quyét dinh dd

Yo -

-

- e mEEwmE

-

v Khéng phit hop cho khéng gian tim kiém qua Lén néu

thi€u pruning/t5i uu.

Meo giam khdng gian tim ki€ém

v Pruning (Lo b6 sém) v Thirtu lua chon hoply v

E Kiém tra rang budc sém v Diing heuristic

h".I-.!-l'r'----.!—

-

ST

Ghi Nhé @ Meo Hay
Backtracking = DFS + Két hop Backtracking véi
Undo Choice memoization H‘mng mot
Explore — Check — 58 béi) hoic bitmasking
Recurse — Backtrack de ting hiéu nling.

(Undo)

- o Em Em Em Em mm Em
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Chién Lucc Divide & Conquer

® Divide & Conquer Quy Trinh Chung (2) Merge Sort
LCI GI ? Problem Divide: Chia array thanh 2 nim.
® Chia bai toan thanh cac subproblem [ —5 s ] Conquer: S&p pr dé quy 2 num.
{Bredh inta parts)

nho hon cling logi.

Combine: Merge 2 ni da sép xép.

* Giai cac subproblem béng & quy.

(o) (o) ()

Vidu Arr = [8,4,5,7,1.3.6, 2]

5 i e e S Bi3f  RE45T13&2  HI&Y
® Ket hop két qua dé co L&i giai cudi o
'Cﬂl'qﬂl'-r By Eil nyn B2
Cung. {Sdwe recursively) - - - L
A > * R Bl na R4
r . Combine
A X Tl.l'a'ng Chinh [ (Merge results) ] BItE n2ig

Divide — Conquer — Combine
(Chia — Tri — Két hop)

(3) Quick Sort

Divide: Chon mét pivot. Phan hoach (pur‘l‘i‘l‘inn) array thanh:
nho hon pivot, bﬁng pivot, lon hon pivot.

Conquer: Sﬁp x€p dé quy phdn trai va phai.

Vi du: Arr = [10, 1, 8.9, 1. 51, Pivot = 1

. [10,%,8,91.5] Pivet=% — [15][%][10,84] i
' [15] — P=5 — [11[5] [10,84] — P=8 — [8][9,10]... —

| Kt qua:1,5,3,8,3.10

2345610

(4) Binary Search

Hoat ddng trén array da sép x€p. So sanh phén ti gitia véi
target va Loai bo ni khdng gian tim kiém.

Vi du Arr = [2. 4, 6, 8. 10, 12. 4], Target = 10

2 L b B 0 12 W

10>8 = tim n{nphdi — Hid=3 = 10 <12 - tim nim trdi — Found!

.’ a ’ . 1 A
(5) UuPiém (6) D6 Phirc Tap @ Khi Nao Nén
/ Giam dang ké 3 phirc tap théi gi | Trung | xdu Dung?
SAIISTESENE5 £ S 1 GRS Rt v i Algorithm 9 s

= binh | nhat | “P9°®
v Tan dung xir ly da L&i/song song. = = E Dir Liéu Lém

ETgQe g g G n
v Thudng cho i giai thanh lich va higu SEa n) log n) i ;| Bai toan cé subproblem rd rang
qua. Quick Sort DE";'DH ol(n"2) UE‘:’E n) ' Khi brute force qua ton kém
v Phi hop véi bai toan cé optimal M i toan cb the song song héa

. Oflog Ollog
substructure. Pl eemsc | i o)

n = so phdn fir

| PiémCanNhé | | | L&i Thudng .+ ¢ Thuc Hanh i i @ Meo Phéng ;
| Chiabditotn, géice | | OGP . Tet ;1 Vén 5
E subproblem, vé két hop i E X Khéng xir ly base . E v Ludn dinh nghia rd E E Hay sln sangq viét code cho E
' kétquadécolsigiaitdt | 1 gee dang céch. ' | base case. t 1 Merge Sort, Quick Sort, !
| nhdt. — P o N —  iimys a1 1 vaBinarySearch Hiurd |
: i X KEt hop ket qua i |7 Chapiwt iy (ngl i | cacrecurrence relation! !
i : : khéng chinh xéc. ; i nhién holic median-of- ! E i
i | | X Chon pivot kém " three). L |
i | | frong QuickSort(d&n | ! / Phintichdéphictap | ! |
E ; : dén truimg hop xdu ! i théi gian & khong gian. | E :

L e I

S Em m Em Em Em Em Em Em Em Em Em Em Em e
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Thuat Toan Shortest Path

© Dijkstra’s © Bellman-Ford @ Floyd-Warshall
Algorithm Algorithm Algorithm

* Tim dudng &i ngén nhdt +ir mot ® Tim dudng &i ngéin nhdt tir mat * Tim dudng &i ngén nhdt gitia moi
ngudn (source) d&n moi vertex khac. ngudn. clp vertex.
® Chi hoat d6nq véi trong s6 edge ® Hoat ddnq véi trong sé am. ® Hoat ddnq véi trong sé edge am.
khong dm. ® Cb thé phat hién chu trinh trong * Khéng xirly duoc chu trinh am.
® Cach tiép can Greedy ding min- s am. * Ding Dynamic Programming.
priority queue. ® Relax moi edge IV - 1 Ldn. " = - =
Vi du (Source = A) A . : : 3
B 35 a ] 1
C 8 11 0 4
D ] 9 10 0

Time: OV x E) Space: O(V) Time: 0(v"3)  Space: 0(V"2)

Time: O((V+E) log V) (ding Min Priority Gueue)

(@ So Sanh (® Ung Dung

= ’ u & " - - g
Feature Dijkstra Bellman-Ford ‘-'I:LDr:I:'uII Dieu hmng GPS & E!nh +U‘¥£n ban d6
Tim tuyén duing nhanh nhat qita 2 dia diem.
Source Single Source Single Source All Pairs .
M pinh Tuyén mang
Trong sd Edge Khing am Cho phép &m Cho phép Gm
Tim duimg di tai w trong mang may tinh.
Phat hign chu = = e
trinh Gm " = " § Tai chinh & Arbitrage
- Dynamic Phat hién chu frinh am cho co hdi chénh Lech gia.
Cach fiép can Greedy + PQ Relaxation )
ngrmnmlng .
99 Mang xd hdi
Ti 0((v+E) log V) OV x E) o(v'3) A T o
= bt Tim ket ndi ngan nhat qida nqui ding.
olv) o(v) o(v'2)
s %' Lap lich dy an
) Graph thuo. trong Graph cé trong sé am Graph day. dll- . . )
LMy cha si khang am hodic cdn check chu rinh pairs Tim critical Pﬂfh e dE.pE.l'ldEI'iC!ES.

V = sb verfex, E = s edge

--------------------------------------------------------------------------------------

. DiémCanNhs | | i LdiThusng | | | ThucHamh | | @MeoPhéng |
' Dijstranhanhnhdtche | | OGP || Tot . | Vn 5
| trong s3 khdng dm. i : X Dung Dijkstra véi : E v Ding thut toan phi E E Ludn hei: Cé trong s& m E
| Ealon-Fordphét bn 1 frong o5t | Imthorighicha || g O srde o |
. nh am. Iy ek b4 o irs? Cé cdn .
E Warshall cho ki'im E t G TNt tru it ' E ol E E hién chEa'i'rinh khﬁngp? E
- gdin 3&1 nheft mel E : trinh Gm trong E ! v/ Vi graph thua, uu E : i
E cp. '+ Bellman-Ford. ! E tién Dijkstra. | E :
i | | X KhéitoosaibingDP | | < Véigraphdayhodc | | i
i i : trong Floyd-Warshall. E E ciin all-pairs, ding i E i
e 3 e s
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Minimum Spanning Tree (MST)

() Khai Niém MST
Véi mét graph Lién thong, khong co

huéng, ¢ trong s, MST la tdp con cac

edge:

v KEt ndi moi vertex

v Khong c6 chu trinh

7 C6 tong tronq sé nho nhat
Vi du Graph

Y Tudng Chinh

i Chon edge cin than d€ két ndi moi

node véi chi phi thdp nhét.

Prim's

(2) Algorithm

(Grow Tree)

1. B&t ddu tir mdt vertex bat ky.

2. Chon edge c6 trong sé nho

nhat ndi tree voi vertex maéi.

3. Thém vertex va edge vio tree.

(4) So Sanh
Feature Prim’'s Algorithm Kruskal's Algorithm
P Phat trien mat tree du g 2
Chign luoc ohat Y Xy rimg, qdp cdc thanh phan
Ciu triic dir Ligu Hin Priority Gueue Disjoint Set (Union-Find)
Phii hop cho Graph day (E=V"2) Graph thm (E << V"2)
Time O(Elog V) O(Elog E) = O(E log V)
Space o(v) o(v)
ChnnEdgE tmqurenedge;keeri nho thJrreneng nho nhat todn
nhit auc
Phat hign chu o : ]
Hinh Khdng can Ding Union-Find

Diém Can Nhé
MST két ndi moi vertex
véi ténq trong s nho
nhdt. C6 ding (V-1) edge.
Prim phét trién mgt tree.
Kruskal xdy rimg va qop
Lai.

T N EE N EN EE Em Em E Em Em Em Em

|. Léi Thudng
Gap
X Dua vao edge tao chu
trinh.
X Dimg trube khi két
ndi het moi vertex.
X Khéng xirly graph
khang Lién thang (MST
khéng kha thi).

I

\'—n—-'r--n

4. Lép lai d@&n khi moi vertex
duoc thém.
Vi du (Bt ddu tirA): Cay: {A} — Chon AB(1)

— {AB} — Chon BC(2) — {AB.C} — Chon
CE(3) — {AB.CE} — Total Cost = 6

Kruskal's
(3) Algorithm (Pick
Smallest)

1 S&p x€p moi edge theo trong
s6 téing ddn.

2. Chon edge nho nhdt khéng tao
chu trinh.

3. Lp Lai @&n khi cé (V - 1) edge.

Edge Buavao? Ly do
As(1) ch Khéng chu trinh
BC(2) ch Khing chu trinh
CE(3) ch Khing chu trinh
AC(4) Khang Too chu frinh
Bn(3) ch Khing chu trinh

N N W O N N N R

MST Edges: AB(1), BC(2), CE(3),
BD(S) — Total Cost = 11

-

(5) Ung Dung

».+ Thiét ké mang Ludi

Ket ndi moi dia diem voi chi phi thap nhat.

4, Ket ndi cap / Internet / dién

Lap cap/day voi tong dd dai hodic chi phi nho nhit.

jay Xdy dung dudng

Xdy duomq ket ndi cac thanh pho vai chi phi thap nhat.

M Thigt ké VLSI

Giam thiéu d6 dai day ndi gitm cac thanh phdn.
/% Phdn cum (Singi.g Link)
Ding trong phan cum dir Liéu phan cap.

_____________________

g 'Thgc Hanh
Tot
v Ddng Prim véi Min-
Heap cho graph day.
v Ding Kruskal véi
Union-Find cho graph
thua.
v Ludn sép xép edge
mét lan trong Kruskal.

T N N N N RN Em Em B Em o Em Em

@ Meo Phéng
Van

Cé thé duoc hoi: Cai dat
Prim s/Kruskal s, +im
tong chi phi MST ciia
graph, hodc phdn bigt

Prim va Kruskal.

Ghi nhé: MST # Shortest
Path Tree — MST t4i thiéu
hoa t6ng trong sé moi
edge, khong phai khoang

cach tirmat nqudn.

---------------------

_____________________

N
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(1) Segment Tree

mdt khoang (segment).

Min, Max, GCD.
Vi du- Array =[2.1.3,4,5]

2 (1

* Segment Tree la mét binary tree, moi node dai dién cho

* Ding de xur Ly higu qua range query va point/range update.
* Hoat dnq véi cac ham két hop duc (associative) nhu Sum,

Dinh dang node: [start-end] gia tri (o ddy, gia tri = téng cic phdn tirtrong
range d6)

...............................................

Range Query (Sum trL @&€n R)

1. NEu range ctia node hoan toan ném ngodi [LR] — travé 0
2. Néu range cua node hodn toan ném 'I'rung [LR] — travé

gia tri node

3. Ngquoc lai — query trdi + query phai

Update (Index i, gia tri méi)

1. Cap nhdt leaf node.
2. Cép nhét cac node 16 tién khi quay Lui.

Time: O(log n) méi Ldn query/update  Space: O(4n)

®

Cac Lodi Range

i
Fa)
Query H6 Tro
Ll N Ho
Cdu tric Query trg?
Range Sum,/Hin/Hax v
Seqment Tree Range Update (Lazy) s
Point Update v
Prefix Sum (1 d&n i) v
Fenwick Tree Point Update 4
(BIT)
Range Query (L d&n
X
Rr)

Diém Can Nhé
Ding Segment Tree cho
range query/update phirc
tap. Diing Fenwick Tree
cho bdi toan Lién quan
prefix sum. Ca hai cho
0(log n) mdi thao téc.

- Em mm o mm e

T T e

®@

16
Segment Tree & Fenwick Tree

Fenwick Tree (Binary
Indexed Tree)

Fenwick Tree La cdu tric 6i uu bd nhé cho prefix sum.
Tot nhat cho point update va truy van prefix sum.
Ding thao tac bit @& di chuyén gitia cdc range.

Vi du: Array = [2.1, 3, 4, 5] (1-indexed)

Index (i) 1 2 3 Y 5

BIT[i] 2 3 3 10 5

LSB (i & -i) = Last Set Bit. VD: 6(110) — 2(010). 4(100) — u(100),
3(011) — 1(001)

Prefix Sum (1dén i)
res=0
while (i > 0):

res += BITIi]

i-= (i & -i)
return res

Update (thém delta tai index i)
while (i <= n):

BITIi] += delta

i+= (i &-i)

Time: O(log n) méi Ldn query/update  Space: 0(n)

@ So Sanh bd (5) Ung Dung
Phl.IC Tﬂ P Segment Tree
Operation Ee_?r::nt Fe;rv:;ck v Range Minimum / Maximum
Guﬁry
Build 0in) oin)
v Range Sum Query
Point Update Ollog n) 0Ollog n)
v Range GCD / LCH
Range Query Dllog n) i e
prefix) v Range Update véi Lazy
Range Update D{El'zg;;j Khéng hé tro Prnpaguﬁun
¢ Order Statistics, K-th number
Space O(un) oln)
Fenwick Tree (BIT)

I, L6i Thudng

Gap

X Xirly sai index (0-
index vs 1-index).

X Quén ding Lazy
Propagation trong
range update.

X Ding BIT cho range
query ngodi prefix sum.

Segment Tree — Tong quat
hon (moi range query/update)
Fenwick Tree — Trudng hop déc
biét (prefix sum), it bd nhé hon

v Prefix Sum Queries

¥ Inversion Count

v Dém phdn i nho hon

v Cap nhat bang tdn sudt

v Cnmpt‘i‘i'l‘ive Programming

-y

\ ¢ Thuc Hanh i i @ Meo Phéng

| Tot ' 1 Van

E v Gilr cic ham module | E Hay sén sang: vé

E héa (build, query, i E tree/BIT, qiai thich

| ) \ | update & query, phan tich
i update). e e

| _ \ ' 0 phirc tap thoi gian &
i Test véi truing hop t 1 khdng gian.

i nho trudc khi input lon. ! E

|/ Hiéu rd bai toén Lo

| trubc, réi chon clu tric. | !

L L - mm Em Em Em Em Em Em Em Em Em mm e

_____________________
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Cdc Pattern Phong Van DSA
Nang Cao

(1) Fast & Slow Pointer (2) Monotonic (3) Monotonic (4) Merge Intervals

* Ding 2 con tro di chuyén Stack Queue (Deque) * Sép xép theo théi gian
véi t8c @5 khac nhau. ® Giir cac phdn tir theo ® Giir phdn tir theo thix bt ddu.

* Tat cho phat hién chu thir tr Hing/glam tirtiing/giam frong ® Gop cac inferval
trinh, tim phén ti gitia, trong stack deque. chéng lap.
palindrome. ® Hiu ich cho bai toan ® Tét nhat cho sliding Vi du: Intervals = [[1.3].[2.6],

Vi du Linked List Cycle Next window max/min. [8.101.[15,181.[1%.20]]

Greater/Smaller. Vi du: Sliding Window Hax T T —

o g 0&0 Vi du: Next Greater Element Arr = [13-1-353631. k=3

Arr=[2.12143]

Ket qua 16 810 15.20
Z| Time: O(n log n) Space: 0(1)

1 3 -1 -3 3 3 &

Slow = 1 buc, Fast = 2 budc. Néu qap

. = El t |2 |4 2 3
nhau — cd chu trinh ol

Ket qU[I 31.359267F Time:
NGE g | 2] ua| - 0(n) Space: O(k)

Time: 0(n) Space: 0(n)

(5) K-Way Merge (6) Top-K Elements (@) Islands (Grid Matrix
® Gop k sorted lists/arrays ® Ding Min-Heap kich DFS/BFS) Traversal
diing Min-Heap. thube k. * PEm connected ® Cac pattern thuing
- i L&'\,-' phﬁn $ nhe nhat e Gitk phﬁn +ir lén components trong qdip: Spiral, Diagonal,
hién tai nhét/nhs nhét. b Bomeny: £ 525
Vi du: Gop k sorfed lists Vi du: Top 3 Lon nhat ® Di chuyén theo YL Sk Or
11: (1451 L2 [1.34] L3: [2:6] Arr = [51.82334], k=3 hutng (L&n, xudng, A 7 N
sisidttdasnliinlin R S A N trai, phai).

 Top3=1{%8 % : 3 S R [
' ' 1 11]oJo]o

o ———

Két qua: 11,234,456

Time: O(N Log k) (N=tdng phdn tu) Time: Oln log k) Space: 0(k) 1 Jofofa]n

k 10 M 12

e: Olk)
e ojof1jofo Ket qua: 1.2314,8,1211,10,95.6,%

0 0 0 1 1

Islands =3 Time: O(m x n)
Space: O(m x n)

(®) Hudng Déan Chon Pattern (L) Meo Phéng Van

Loai bu;‘ité:-:n /Muc | ba hisunhan bist PmteThE:u hdp v Nhdn dién pattern trudc khi bét tay vao code.
v Luyén tdp nhi€u bién thé cia mai pattern.
it o chu brinh / Then Linked List. L Cycle Fast & Slow Pointer
diém giin e v V& vi du nho & chay thir (dry run).
Next Greater / Smaller i Pr;:i::l:.rﬂreahr. Hanotonic Stack v Xu L‘}" Edgﬁ case som.
= : ; _ _ v Phan tich @6 phic tap thoi gian & khdng gian.
Sliding Window Hin/Hax Window. Subarray. Size k HMonotonic Queue
j u % 4
B kil oo T Giir code sach va module héa.
; Overlap ekl et bl didasia ol e e et st ..'
1 ; '
_ ; ; K-Way Herge (Hin- +  Ghi Nhé 1
k sorted lists/arrays klists. Sorted arrays I - . L . . i
i it i Heap) ,  Pattern la cac vién gach nén tang. Cang nhdn dign duoc :
1 = il L T
Tim top k Lo nhét/nha nhat Top K. Largest. Smallest Top-K véi Heap : nhI'E.LI, b-:]n cang giai quyé"l' nhanh hon! i
. I
BEm components trong grid Islands. Number of Reqgions o= S | S S A R R e
) ) ) Matrix. Traverse. Spiral. )
Spiral / Diagonal / Zigzag Olecpanal Hatrix Traversal

Ndm vimg cdc pattern ndy — Giai quyé"r hiéu qua hon 80% bdi Todn phong vin!

; Diém Can Nhé | ' i L3i Thudng Gap . @ Su That Tha Vi Khi ;
| Pattern bién cicbéitodnphictap 1 | X Khéng nhan dién pattern. i Phong Van 5
i thanh Lai gidi c6 thé Lip Lai. i ' X Viét code ma Khdng dry run i Cdc cdnq ty lon thudng tdi sir dung E
' Lo , 1 cling pattern trong nhiéu dé bai khac
: 1 true, 1 :
I I | . nhau. I
E E : X B6 qua edge case : E E
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Cam Nang On Tap DSA Nang Cao

@ Trees

» Cau triic phan cip
s Root — Children — Subtree

 Duyét: Preorder, Inorder, Postorder,

Level Order

(5) Graph
= Vertices & Edges

s Biéu dign bﬁng Adjacency List/Hatrix

(8) Union Find
» Disjoint Set Union
= Find, Union, Path Compression

+ Union hy Eank

» Time: O{aln)) = 0(1)

Shortest Path Algorithms

020]0.0)

® BST (Binary
Search Tree)
= Left < Root < Right

 Duyét Inorder cho kE‘l‘qmﬂﬁ si:‘p

af
){EP

(3) Heap (Min Heap)

» Complete Binary Tree
» Parent < Children
s [nsert, Extroct: D(lﬂg n)

(7) BFS

= Duyét theo tdng

(@) Trie
s Prefix Tree cho chudi
s Insert, Search, Prefix: O(L)
s | =6 dii chudi
&
() ) ()
s K

Thilig T

Topological Sort
e Cho Directed Acydlic Graph

= Ding Stock/Recursion

» Time: O(V+E) Space: O(V)
Thirhe0 1.3 .2 - &

Greedy

s Chon t8i vu cuc bd mai
burire

= Can Greedy Choice +
Optimal Substructure

VD: Activity Selection,

Huffman Coding, Prim’s,

Kruskal s

®

- ﬁung

s« Time

® Dynamic
Programming
= Overlapping
Subproblems + Optimal
Substructure

e Top-Down (Memo) /
Bottom-Up (Tab)

VD: 0/1 Knapsack, LIS,
Hatrix Chain

Minimum Spanning

Clueue
-0(V+E) Spﬂﬂl: o(v)

Thirtw 0 - 1.2 .34

Backtracking
* Thur moi kha ndng
Xy lai giai timg butc

o Backtrack khi thit bai

WD N-Gueens, Sudohu
Solver, Permutations

(DAG)
s Indegree + Gueue (Kahn's Algo)
s Time: O(V+E)

Hat thirtr 5-0-2 .31
Divide &

@ Conquer

s Divide — Solve —
Combine

» Recurrence Relation

VD: Herge Sort, Quick Sort,

Binary Search, Strassen
Matrix Hult.

Cau Tric DirLiéu Nang

: Tree (MST) Cao
Algorithm dﬁﬁg Trong | fime Algorithm Chién ludc Time Céiu
cho et b i S Use Case Operations
= S g Phit frién free (Hin- 0(E log
% Trong s8 ) OllVeE Heap) v) Seqment Fange
Dijksira Khng 0 Khang log V) s Query/Update 0flog n)
_ T, Chon edge nhd nhit + 0(E log
el | D Co olv xE) g o Fve! £) e o Ollog n)
50 Tree (BIT) Point Update
war<hall All pairs Ch o(v3)
(17) Pattern Phéng Vén Nang Cao Tém T&t D6 Phitc Tap
2 Fast & Slow Pointer Linked List Cycle. Palindrome Algorithm /Operation Best Average Worst Space
.| HMonotonic Stock Mext Greater Element. Daily Temperatures Access (Array/Index) ol1) o(1) ol1) ol1)
. Monotonic Queve Sliding Window Maximum. Minimum Search (Linear) o(1) 0ln) oln) o)
£+ Herge Intervals Employee Free Time. Meeting Rooms Binary Search ol O{log n) 0(log n) ol1)
¥ K-Way Herge Merge k Sorted Lists. Smallest Range Sorting (Bubble) o(n) 0(n’2) o(n'2) of1)
Top-K Elements Top K Frequent. Kth Largest Sorting (Herge) U[:}lﬂ-g Olnlog ) Uf.nn;ﬂg ol)
% Islands (PFS/BFS) Mumber of Islands. Max Area of Island
fing (Quick) 008 | onegn | o) | olagm
D Hatrix Traversal Spiral Order. biagonal Traverse SO iing {Ceack n) iz i m 2 ey
BST Operations ﬂii.;}g O{leg n) oln) ofh)
Heap Operations ﬂii.;g Ollog n) Ollog n) o(1)
DFS / BFS 0(v4E) 0(v4E) 0(V4E) o(v)
: Ofstates «
pP (Tobulation) - St - Ofstates)
: : | .2 2 - x. : -
Ghi Nhé ! Diém Can Nhé 1. L6i Thudng . Thuc Hanh
e aF
I 3
/ Hiéusduban chdtbai ' | Thanhthao pattern + nén Gap Tot
ok : tang vimg chéc = Gidi X Khdng hiéu rd bai v Chia nho bai toan
' A .
quyet tur tin céc bai todn todn. thanh ting bubc.

v Chon ding pattern.

v Viét code sach,
module héa.

thai gian & khdng gian.
7 Luyén tgp, Layén .
luyén tap!

I e e e e

/ Phan fich 8 phix tap

DSA phic top!

e e e e

X Bo qua edge case.
X Phan tich 8 phirc tap
kém.

X Khdng 16i uu bd nho.

-

v Ding so dd & vidu
minh hoa.

v B&t ddu don gian, 135
uu sau.

v On tap thuimg xuyén.



