CAU HOI PHONG VAN DSA

THUGNG GAP NHAT (0-3 NAM) (5-20 LPA)

1. ARRAYS - CAU HOI THUGNG GAP NHAT

TRANG 1

) ¢ Arrays la nén tang ctia DSA. Phan Lon cdu héi phong van cho nquoi ¢ 0-3 ndm kinh nghiém déu xoay
quanh Arrays.
# CAU HOI PATTERN D0 PHUC TAP DU KIEN Y TUGNG CHiNH /7 GOI Y
- Dinq HashMap dé L ber — ind
Two Sum . O(n) time D‘ff‘g oo i
( Hushlng - V&i moi number, kiem tra xem target -
LeetCode 1) 0(n) space .
num c6 ton tai khdng
Best Time to Buy Ora. P on) 4 » Theo dai minimum price tinh dén thoi
@ & Sell Stock f"g ffs ‘ ([[”‘) e diém hien tai
(LC 121) e, ;o + Max profit = max(sell - min_buy)
Maximum JSuburray i o(n) Hime - C?ng don running suirw
(Kadane s Algo) _ - Néu sum < 0, reset vé 0
Algorithm 0(1) space i
(LC 53) - Cap nhat max_sum
@ Move Zeroes ke O(n) time - Dua todn bd phan tir khac 0 len dau
(LC 283) L. 0(1) space - Dién phan con Lai bing 0
@ Majority Element Boyer-Moore O(n) time - Dem / trigt tieu theo timg cdp
(LC 169) Voting Algo 0(1) space - Candidate con lai chinh La majority
Horge Sorted : O(n + m) time - Duyét tir cudi mang tré vé dau
Arrays Two Pointers 0(1) space - Pat phan tir Lén hon vao cudi nums1
(LC 88) P a
Product of Arra O(n) time
Y Prefix & 0(1) space - Tinh left product & right product
Except Self , — e
Suffix - res[i] = Left[i] * right[i]
(LC 238) —
ignoring output)

% CAC PATTERN QUAN TRONG CAN NHAN DIEN

+ — Hashing Pattern — Subarray / Kadane's Pattern — Two Pointers Pattern E

— Prefix / Suffix Pattern — Sliding Window Pattern — Sorting / Greedy Pattern
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CAU HOI PHONG VAN DSA

THUONG GAP NHAT (0-3 NAM) (5-20 LPA) TRANG 2

2. STRINGS - CAU HOI THUONG GAP NHAT

Y Cdu hoi vé Strings kiém tra kién thic nen tang ve ky tu, hashing, con tré va kha ndng nhan dién
pattern.

# CAU HOI PATTERN D0 PHUC TAP DU KIEN Y TUGNG CHiNH / GOI Y

+ So sanh tir hai dau vao qiit
Valid Palindrome . O(n) time A g
Two Pointers

(LC 125) 1) apace - B qua ky tu khéng phai chir/sd

- So sanh khdng phan biét hoa thudng

Valid Anagram Hashing 0(n) time - Dém tan suat xuat hién cia ting ky tu

(LC 242) (Frequency Count) 0(1) space + Hai chuoi la anagram néu moi tan suat

tring khop

Longesi‘ Common - So sanh ky tu & cling vi tri index

Vertical o1
(LC 1) (or Vertical) (1) space . (S = téng s6 ky )

Longest Substring O(n) time

Without Repeating o .
- Sliding Window

(LC 3) (k = bd ky )

- Diing HashMap / Set
+ M réng cia so, thu hep khi triing Lap
- Ghi nhé dd dai Lon nhat

0(k) space

O(n*k log k) time
Group Anagrams Hashing (Sorted O(n*k) space
(LC 49) String / Frequency)

- Sap x€p moi chudi hodc diing frequency
map Lam key
» Gom nhém cac chudi cé cling key

@ Prefix Horizontal Scan 0(S) time . Dimg khi phat hign khang khép

(k = dd dai t.binh)

St i _ o(n) + - Con 1ré doc & con 1rd ghi
@ Lol Two Pointers fiiRlekiis - Dem s6 ky tu lien tiép giong nhau
(LC 443) 0(1) space il ¢ =
- Thay s6 dém > 1 bung chit so

Y PATTERN NHAN DIEN - STRINGS

i — Two Poinfers — Palindrome, Reverse, Compare — Prefix Matching — Common Prefix, Search
« — Hashing — Anagram, Frequency, Grouping — Simulation — Compression, Encoding
E 5 SLiding Window — Longesi‘ Subs’rring probl.ems - Si'ring Hunipulu’rion — Build, Transform, Parse

T O R O R R O R O R R R R R R R R R R O R R R R S S R R R S R R R R R S R R R R R e e e e e

G R R e e e e R e e e e ey

STRINGS - MEO NHANH

e e e e e ey

7 Uu tién xtr Ly ky tu trude (chir hoa/thudng, khoang 0(1) Hiing s6
O(log n) Logarit
v/ Xac dinh xem can hashing, two pointers hay sliding 0(n) Tuyén tinh

R W

i trdng, ky tu ddc biét)
+ window
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CAU HOI PHONG VAN DSA

THUONG GAP NHAT (0-3 NAM) (5-20 LPA)

TRANG

3. TWO POINTERS + SLIDING WINDOW - CAU HOI THUONG GAP NHAT

Y Two Pointers qiai quyét hiéu qua cac bai todn trén manq da/chua sdp xép.
giai quy 9 9 R
Sliding Window diing cho cac bai todn ve ddy con / chuoi con Lién tiép.
# CAU HOI PATTERN D0 PHUC TAP DU KIEN Y TUGNG CHiNH /7 GOI Y
@ CT_:::;_“;; ::fh Two Pointers O(n) time » Di chuyén con tr6 tqi chiéu cao nhé hon
(LC 1) (Opposite Ends) 0(1) space - Area = min(hy, h») x width
0(n?) time I —
« S
3Sum Two Pointers 0(1) space ip }.(EP m?ng "
(LC 15) Sortin - Cé dinh mdt phan tir
+
3 (ks b svd) - Dling two pointers cho phan con Lai
Remove Duplicates o(n) ti - Con 1ré chdm qitr vi ri unique
@ from Sorted Array Two Pointers . (:') S T: » Con tré nhanh quét qua mang
(LC 26) P - Copy khi gdp phan tir unique méi
g O(n) time - M& rdng clra s dé bao gém thém
Without Repeating Sliding Window 0(k) space R s RN T
Characters + Hashing Rl Hepy 60 50 Wi Hapang p
(LC 3) (k = bk 1) - Ghi nhé do dai Lon nhat
Maximum Sum oln) + - Tinh fong clia ctta s6 dau tién
@ Subarray of Size K Sliding Window G (:) . '::’ - Truot cl so: cdng méi, bét cii
(LC 643) £ . Theo dai t5nq Lon nhat
Minimum Window i ggng time + Md rong dé bao gdm moi ky tu can
@ Substring I n:riilgashilnn s e - Thu hep vé ciia s hop L& nhé nhat
(LC 6) i (o= toduynhat) | - Theodsi d dai cim 55 nho nht

R R R R R R R R

Y KHI NAO DUNG CAl Gi?

. Ding TWO POINTERS kh:
/ Cdn tim ciip / bd ba (pairs/triplets)

— Dung SLIDING WINDOW khi:

“ Bai foan lién quan subarray / substring

/ Can tim dai nhdt/ngan nhat théa diéu kién
7 Phdn tir duong / dua trén so dém

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

v/ Manq da sEip xep / cb the sfip XEP

.
- o S e

/ Bdi toan yéu cdu min/max véi hai gid fri

MAU TWO POINTERS MAU SLIDING WINDOW
left = 0, right = n - 1 left = 0
while left < right: for right in range(n):
if condition: add(nums[right])

¢ Di chuyén con tré mdt cach can than
va ludn tu duy theo hudng: phan nao : _ _ _
clia manq/chuoi da duoc xir Ly xong. while window_invalld:

remove (nums[left])

do_something()
if move_left_condition:

Lefitesd left += 1
else: # thu hep cua sd
right -= 1 update_answer()

1 i

1 1

1 I

1 1

] I

1 1

1 1

1 I

i i

1 1

I I

1 1

¥ F - . o~ . I T -~ ] A I
F X 0glc tal da i + MO rong cua so i

# xU 1y logic tai d # md ré ¥}

1 1

I I

1 I

1 1

I I

I I

] ]

1 1

1 1

I I

1 1

i i

1 1

. R S S S N S S
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CAU HOI PHONG VAN DSA

THUGNG GAP NHAT (0-3 NAM) (5-20 LPA)

TRANG 4

&, HASHING + PREFIX SUM - CAU HOI THUGNG GAP NHAT

Y Hashing qiGp tra ciu nhanh va xt Ly cac bai toan dua trén tan suat.
g-qiup Y
Prefix Sum ho tro cac bai todn vé day con / khoang lién tiép.
# CAU HOI PATTERN D0 PHUC TAP DU KIEN Y TUGNG CHiNH /7 GOI Y
Two Sum , _ - Luu num — index vao HashMap
( Hashing O(n) time o o
ashMap) ] ) mce - V&i mdi num, kiém tra target - num
(Lc 1) P P - Tra vé index néu tim thay
- Cdng don prefix sum
@ S”'E”ru"jl SKum Prefix Sum O(n) time + Néu (prefix - k) cé tfrong map — tim
(EC 540) + Hashing 0(n) space thay subarray hop (&
- Map luu prefixSum — 56 lan dém
: - Pua todn bd so vao Set
Longest Consecutive _ _ AE 3 Rl -
@ i Hashing O(n) time + Chi kiem tra néu (num-1) khdnq c6
(Lg 128) (Set) O(n) space trong set
- DEm cdc so Lién tiep
Top K Frequent _ O(n log k) - Pem tdn sudt banq HashMap
P 3 Hashin hotic
@ Elements i Bu?:ke ' ' » Diing Min-Heap kich thudc k
(LC 34%) 0(n) (bucket sort) - Hodc Bucket sort theo tan suat
Subarray with — oln) 4i » Luu prefixSum — index sém nhat
@ Given Sum (K) I?—Euihi:m E (:) S ':: - Néu (prefix - k) 16n tai, cdp nhgt d6 dai
(LC 325) : P Lén nhét
Count of Nice _ - Chuyén vé 0/1(sg L& = 1)
@ Subarrays Preiix Sum O(n) time + prefixSuml(i] - prefixSuml(j] = k
Y + Hashing 0(n) space . A
(LC 1248) + — ding map dém tan suat prefixSum

T6i uu (O(n))
7 Ding HashMap / Prefix Sum

' Brute Force (0(n?))
E 7 Dung hai vong Ldp

/ Tra ciu / chén gan nhu 0(1)

# Giup tra 10i truy van range/subarray nhanh / Rfﬁ' hiiu ich aé? ﬂém ki'e’m tra 1-6” tai gom nhom

/ Kiem tra moi cdp / subarray - 7 Luu Lai thdng tin da thdy trusc d6
7/ Gdy ra Time Limit Exceeded (TLE) 7 Gop vong Lip Lang nhau thanh mat
vong

' PREFIX SUM CO BAN 1 HASHING CO BAN

i prefix[i] = téng phan t¥ ti 0 dén i E E Key Value

i ; ; E E HashHMap Key1 Value1

| Tong subarray tU i dén j: = e T s o

' sum(i,j) = prefix[j] - prefix[i-1] o =y alue
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CAU HOI PHONG VAN DSA

THUONG GAP NHAT (0-3 NAM) (5-20 LPA)

5. LINKED LIST - CAU HOI THUGNG GAP NHAT

TRANG 5

Y Cadu hdi Linked List kiém tra kha ndnq thao tdc con tré va xir Ly edge case.
Ky thuat Fast & Slow pointer duoc ding trong rat nhieu bai toan.
# CAU HOI PATTERN D0 PHUC TAP DU KIEN Y TUGNG CHiNH / GOI Y
Reverse , _ - Giit prev, curr, next
@ Linked List I+eruf1ve 0(n) time - Ddo nquoc Lien ket timg budc
(Three Pointers) 0(1) space ™y gl
(LC 206) - Tra ve prev & cudi
. . - Di chuyén slow 1 bude, fast 2 budc
@ Lméei: St Fast & Slow O(n) time + Néu gdp nhau — c6 chu trinh
Y Pointers (Floyd's) 0(1) space - Neéu fast cham cudi — khdng cé chu
(LC 141) ‘
trinh
Middle of + - Di chuyén slow 1 budc, fast 2 butc
@ Linked List Fus:i ri::fw %((:')) :‘:SEB - Khi fast cham cudi,
(LC 8%6) P - slow s& & gilin danh sdch
Merge Two ( ) # - So sanh node cla cd hai danh sach
@ Sorted Lists Two Pointers O r:};)n;. uc;me - Gdn node nho hon vao ket qua
(LC 21) 2 + Di chuyén con 1ré clia danh sach dé
Remove Nth Node s Bk ) # - Di chuyén fast trudc n bude
@ From End s G QUi - Di chuyén ca hai d&n khi fast cham cudi
(Gap Technique) 0(1) space .
(LC 19) - Xoa slow.next
i . et 4 hai danh sach
In‘l‘er.sed'lnr’{ of Toro Pointers Olin:+:or ) Hime Duygﬂqua ca hai CII':I SOF )
Two Linked Lists iy - Chuyeén sang head kia khi cham cudi
(Switch Lists) 0(1) space T o g o R
(LC 160) - S& qdp nhau tai giao diém hodc NULL

Dung Fast & Slow khi:

7 Phat hién chu trinh trong Linked List

7/ Tim phdn tir ¢ gitia

v Tim node thir k tir cudi

« / Tim diém bdt ddu chu trinh

Tai sao nd hoat dong?

v Fast di 2x toc d0, slow di 1x

/ Néu cd chu trinh, fast sé dudi kip slow

L/ NEu khong c6 chu trinh, fast sé cham NULL

DO PHUC TAP CAC PHEP TOAN LINKED LIST o
- Insert at Tail — O(n) E E
. Delete at Tail — O(n) i E

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

- Traverse — O(n)

E dat I —
+ - Search - 0(n) = b

- Insert at Head — 0(1) . Insert at Position — O(n)
- Delete at Head — 0(1) - Delete at Position — O(n)

———————————————————————————————————————————————




I — x > > o
— CAU HOI PHONG VAN DSA
THUONG GAP NHAT (0-3 NAM) (5-20 LPA) TRANG 6
—
g 2 o w n’
= 6. STACKS + QUEUES - CAU HOI THUGNG GAP NHAT
—) 1
Y Bai todn Stack & Queue kiem tra kha hdng hieu LIFO, FIFO va tu duy monotonic.
S
— # CAU HOI PATTERN B0 PHUC TAP DU KIEN Y TUGNG CHiNH / GOI Y
. Push céc ddu nodc mé
— Valid Parentheses siacl O(n) time Vus CGE :u ngnsi mc; T
(LC 20) ac O(H) space . 0]} ngngc nng* Iem Tra dinh stac
[ — + Stack phai rong & cudi
— _ 0(1) time cho - Ding thém 1 stack luu gid tri min
Min Stack Stack push, pop, top, getMin A E .
(LC 155) (Extra Space) + Hodc luu cgp (val, current_min)
— o - Moi thao tac déu 0(1)
n) space
—-— Next Greater _ » Dung stack giam dan
Monotonic O(n) time = 3o we
Element | - Lién tuc pop cdc phan tir nho hon
& Stack 0(n) space " "
(LC 496) + Map phan tirLon hon fiép theo
— Dail * _ + Luu index vao stack
Y
Monotonic O(n) time ) W v
Temperatures - Pop khi current > nhiét d6 & dinh
- Stack O(n) space ol _ .
(LC #39) - Dap an = current_index - pop_index
— .
Implement Queue Hgg}r?zed - Push — ddy vao stack1
— @ Using Stacks Two Stacks e - Pop — chuyén sanq stack2 néu rong
(LC 232) Oln) space - Pop lay tir stack2
fr— Implement Stack 0(01() ;Te ((pus)h) » Push — enqueue rdi xoay vong
@ Using Queues Two Queues gt x5 - Phan tir méi nhat ludn & dau
ju— (LC 225) ) e + Pop chi don gian la dequeue
— Evaluate Reverse : ' Niu L? 50, - PUSh . Sh?df, -
@ il Rk Stack O(n) time - Néu La todn tir — pop hai gia tri, tinh
- (LC 150) 0(n) space todan
+ Push ket qua tro Lai
N—
Largest Rectangle T oln) + - Diing stack tdng dan
—_— in Histogram ngaimc 0(:) s;:: - Tinh dién tich khi pop phan tir
(LC 84) - Thém sentinel 0 & cudi
R it s e e e e
— . Y& CAC PATTERN STACK / QUEUE PHO BIEN i
i — Monotonic Increasing Stack — Two Stack / Two Queue — Next Greater / Smaller Element .
- i — Monotonic Decreasing Stack — Expression Evaluation — Sliding Window Maximum E
-— i — Stack Simulation — Parentheses Matching — BFS (Using Queue) E
-




CAU HOI PHONG VAN DSA

THUGNG GAP NHAT (0-3 NAM) (5-20 LPA) TRANG 7

7. BINARY SEARCH - CAU HOI THUGNG GAP NHAT

v Binary Search giam khang gian fim kiém tir O(n) xudng O(log n). Ludn tu duy theo dir Ligu dd sdp xep / diéu
kién don diéu.
# CAU HOI PATTERN 0 PHUC TAP DU KIEN Y TUGNG CHINH / GOI Y
Binary Search , O(log n) - Tim kiém trong mdnq da sdp xép
@ (LC T04) Blfery Seareh 0(1) space + So sanh mid va di chuyén pham vi
g FWST fmd Binary Search O(log n) - Tim vi fri trdi nhat va phdi nhat
a5t Boaiion (Left & Right) 0(1) space - Diing binary search cai tién
(LC 34) ] P g binary
@ 53;::2‘::: ::::*Ed Binury Search O(Log n) - Tim nla da Sﬁp XEP sau d6 tim kiém
Y (Rotated Array) 0(1) space - Xirly diém xoay (pivot) chinh xdc
(LC 33)
@ Find Peak Element Binary Search O(log n) ZD T?h rr:;i : .m Ehun TULT,;CTH,.
(LC 162) (Peak) 0(1) space c::;: PR SR REN SR PR TR0
® Square Root of Binary Search O(log n) - Tim cdn bdc hai nquyén
x (LC 69) (Answer Space) 0(1) space - Kiem tra mid*mid <= x
Search in Answer , . . : -
@ Svace (Bindry Seiirech Binary Search O(Log R) - Binary search trén khoang ddp an
P Y (Answer Space) 0(1) space » Hiiu ich trong bdi toan 16i uu hod
on Eunge)

R R R R gy

KHI NAO DUNG BINARY SEARCH

/ Mang da duoc sap xép

v Co the dinh nghia diéu kién don diéu

/ Khi khdng gian dép an cé thir tu (min/max kha di)

v MAU BINARY SEARCH

| ]
I ]
I ]
| ]
\  left = start, right = end ;
I 1
: while left <= right: :
: mid = left + (right-left)//2 :
: if condition(mid): :
| ]
: # dap an kha di !
} move left/right :
: else: :
[ 1
: move the other way :
, return final answer :
1 I

- O R S NN S R D W SN S D SN EE O B W NS EE S W
e e e EE E o B SN RN BN SN OEN R EE BN AN SR SN EE R AN W

MEO THUGNG DUNG EDGE CASES
/ Left = mid + 1 (tim & nia phdi) Y Manq rdng

7/ Can than diéu kién dé tranh vong Ldp v6 han
7 Diing long/64-bit khi pham vi s Lon

v Tat ca phan ti giong nhau
7 Target nho hon/Lan hon moi phan tir

- O e

E / Right = mid - 1 (tim & nira trdi) i i Y Manq chi c6 mgt phan tir

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

8. TREES & BST - CAU HOI THUGNG GAP NHAT

[ Y Trees lda cau tric dir Liéu phan cap. BST c6 tinh chat déc biét: trdi < goc < phai. ]

1 Tree Traversals (Pre, In, Post Order) 5 Check if Balanced Binary Tree

2 Maximum Depth of Binary Tree ¢  Validate Binary Search Tree

3 Level Order Traversal ¥ Lowest Common Ancestor (LCA)

-~ 1 r ™ s —



CAU HOI PHONG VAN DSA

THUGNG GAP NHAT (0-3 NAM) (5-20 LPA)

8. TREES & BST - CAU HOI THUGNG GAP NHAT (CHI TIET)

TRANG 8

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

BFS (Breadth First Search)
7 Duyét theo timg cdp

v Di sdu trudce
/ Ding Stack / D& quy
v Tot cho path, components, backtracking, LCA

7 Dung Queue
v Tot cho shortest path, level order, minimum steps

L B I I R R R R R I R R

— G R e S G G R R D w E GE  E E m Em  R m e e s Em wm Em m —— R N W e e e G S e e

CAC PATTERN CAY PHO BIEN

/ Traverse everything — DFS / BFS
v Search / validate — DFS

v Level-based — BFS

v Path / Ancestor — DFS

n = 59 luong node

I —
1
——
——
v Trees la cdu tric phan cdp. BST tudn theo: trai < goc < phai. Nam viing cac phép duyét cdy + pattern ciy phd
et bié.
i—— — DO PHUC TAP DU T — :
H CAU HOI PATTERN : st Y TUONG CHINH / GOI' Y
KIEN '
—
Tree Traversals + Pre: Root — Left — Right
- @ (Pre, In, Post Order) [Recursg;sf Stack) %E:)Jsﬂn;: - In:ELBﬁ = RD; 2 Rigi?f
(LC 144,145,94) - . Post: Left — Right — Root
T— Haxu_num Pephh DFS 0(n) time + Height = 1+ max(left, right)
of Binary Tree :
(LC 104) (Recursion) 0(h) space - Base: null - 0
Level Order O(n) time + Diing queue
— @ Traversal ( Gii) e - Bt’iy cac con theo ting cﬁp
(LC 102) (u = 46 rong Lon nhat) | * Theo di ich thube méi cdp
Diameter of - Diameter = dudng di dai nhat
: DFS 0(n) time I
I — @ Binary Tree + Truyén height L&n tir node con
Post Ord O(h
(LC 543) e (h) space . Cap nhat max foan cuc
- C Ch:t;i\f?—ilced DFS 0(n) time + Chénh l&ch height trai & phai phai <= 1
(Bottom Up) 0(h) space - Néu subtree ndo mdt can bdng, fra -1
= (LC 110)
Validate _ X £1 %
I @ Binary Search Tree DFS 0o(n) time : In‘nrder cla !35T l.uur: Gl:.tEC sdp xép
(LC 98) (Inorder) 0(h) space + Dlng con tro prev de kiem tra current > prev
= Lowest Common Bt + Neéu root null — tra vé null
@ Ancestor (LCA) DFS + Neu root == p hodc q — tra ve root
o(h) ke .
—— (LC 236) - + Neu trai & phai deu khac null — trd root
) | MINH HOA CAC PHEP DUYET CAY ' | TINH CHAT CUA BST
PT'BHT&T {RGG"’, LE.'H', Ri gh'i') : : véq moi nﬂdg:
—— 1,245,361 N N
Inorder (Left, Root, Right) Ll / Trdi < Node
— - W2,5.1463,% 1 v Phai > Node
Postorder (Left, Right, Root) L
w5 Toa ) | E Inorder clia BST
— Level Order (BFS) £ ludn cho ket qua
-+1.2,3,45,61 ' da duoc sap xép.
— — |
—
T—
i
——
——y
T

- O O e S e e e e - O S S e e e S e e . - O O O O O e e e e e e e

E DFS (Depth First Search)

h = chiéu cao ciia cay (worst case O(n), best case O(log n)) E
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— CAU HOI PHONG VAN DSA
THUONG GAP NHAT (0-3 NAM) (5-20 LPA) TRANG 9
_
~n 2 - < n”
s 9. HEAPS (PRIORITY QUEUE) - CAU HOI THUONG GAP NHAT
——3 .
) ¢ Heap La cdy nhi phan hoan chinh théa mdn tinh chat heap.
Im— Dung de hién thuc Priority Queue mét cach higu qua.
0 PHU U
# CAU HO PATTERN | D0 FRUC TAP DL { TUGNG CHINH / 601 Y
J— KIEN -
- Ding Min Heap kich thuoc k
Kth L t 9 P
| — @ ELemen#uirngisrru Heap 0(n log k) time + Push k phdn tir ddu tién
(LC 215) Y (Min Heap) O(k) space + Vi phan con Lgi, thay néu Lon hon
e - Dinh heap La kth largest
K Closest Points _ + Ding Max Heap kich thutc k
— @ to Origin (HS‘ESEPGP) O(ngtiiﬁczmg + Push k diem gdn nhat theo khodng cach
(LC 9%3) + Thay néu diém méi gan hon
Merge K O(N log k) time + Push head ctia moi list vao Min Hea
@ aspiait Lish Heap 0) space . e
- orted ListTs (Min Heap) » Pop min, push tiép phan 1 ké cla list do
(LC 23) (N'= $6ng s8 node) + Ldp Lai dén khi heap rﬁng
— Find Median from T H olloa n) 4 » Max Heap cho nira nhé hon
@ Data Stream (:; f;i':f) 0?2): ::‘E + Min Heap cho nirm Lon hon
p— (LC 295) i . Cain béing kich thugc, Ldy trung vi
Top K Frequent 1 - Pém tdn sudt bang Map
= @ Elements Heup O(n log k) time + Push (freq, phan ti) vao Min Heap
(LC 34%) (Min Heap) O(k) space st e
- . I KIC uoc =
Sort Nearly _ + Cdc phdn tirLech vi tri 6i da k
—— @ Sorted Array (Hie:i ) O(I&Eikictmg + Ding Min Heap kich thutc k+1
(LC 1046) P ¥ + Pop min va push phén it tiép theo
- A T T e e T A A AT T S i T ¥
+ CAC LOAI HEAP = D0 PHUC TAP CAC THAO TAC ) KHI NAO DUNG HEAP? :
") | HMINHEAP | MAX HEAP 1 HEAP { 1/ K phén titlén nhdt/nhé nhdt i
\  Parent < Child | ¢ Parent > Child | \ Insert (push) O(log n) ! i/ Merge K danh sach da sdp xep :
— '/ Phdn tir nho t 7 Phdn tirlon nhdt i i Delete Top (pop) Ollogn) | 1/ Xirly theo d6 uu tién E
—_— i nhat & gﬁ'c E s gﬁc E E Peek / Top o(1) E v Trung vi clua luang dix Lieu E
l : E i Build Heap 0(n) E E (s’rreuming) :
I | | i +Heapify 0(log n) | '+ / Lap lich / md phéng :
pr— E i R { 1 ¢ Thugt todn Dijkstra :
i E E E E v Md hoa Huffman E
W e e i e e R NS
+ HIEN THUC HEAP BANG MANG (ARRAY) 1 BIEU DIEN DANG CAY :
—— i Véi node tai index i (0-indexed): E E E
' Left Child = 2i+1 ' !
\— | Right Child = 2i + 2 B :
' Parent =(i-1)/2 3 E
- ] -
! Index 0 1 2 3 4 5 6 N :
Y | vae | 0 | 5 | 20 | 30 [ w0 | so [ 00 |1 E
e
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=
n a2 = P n”
=/ 10. GRAPHS - CAU HOI THUONG GAP NHAT
Y Graphs ding dé bieu dien moi quan hé gitta cac thuc the. Cac Logi: Directed / Undirected, Weighted / Unweighted
- g J
- # CAU HOI PATTERN o P”E&;‘E‘P Y Y TUGNG CHINH / GO1 Y
—_— @ Number of Islands DFS / BFS O(m x n) time - Duyét ca 4 huong
(LC 200) (Grid Graph) O(m x n) space - Panh ddu 6 da tham
) e @ Clone Graph DFS / BFS O(V + E) time + Ding HashMap luu node dd clone
(LC 133) (Graph Traversal) 0(V) space + Tranh thdm Lai node cii
— ,
@ U[?E?jdce.zcé:nh DFS / Union Find O(V + E) time * DFS: kigm tra node cha
e (LC 54%) P 0(V) space + Union Find: chu trinh khi union fring
—— @ Course Schedule BFS (Tnpu!.ngicut O(V + E) time + Xdy manq in-degree
(LC 20%) Sort - Kahn's Algo) 0(V) space + Néu moi node duoc xixly — kha thi, nquoc Lai khang
- Minimum Spanning o — -
@ Tree Greedy Algorithm O(EE Lngaﬂ.;) TJST T# = TQLTDd:;m
|y (Prim's/Kruskal's) e i S e
Dijksfru's Algorithm + Plng Min Heap
— @ (Shortest Path) resys 1 ALY+ » Chi hoat dong véi trong so khong am
y— Topological Sort O(V + E) time + Diing cho DAG (Directed Acyclic Graph)
@ (LC 210) BESH RS 0(V) space « Thi tu ctia cac mdn hoc / tac vu
= ' BIEU DIEN DO THI | CAC PHEP DUYET DO THI PHO BIEN |
- ' Adjacency List: tiet kigm bg | |  BFS (Level Order) ! DFS (Depth First) E
: nhé : udl IEH BN i I Ding Queue E Diing Stack / Bé quy i
: : {011 T]OF b Duyet theo timg cd ! Pi sau hét mic c6 the :
et + / Adjacency Matrix: tra ciu : 2l 1lolola] ! Ry el !
- E nhanh ho'n E 311]0]01]0 E E E
v 1-023] 2-[14] i afof1]a]of 1 !
' 3501 4-123] I Ll I
RN L AU e o e B e ;
r— '\ PHAT HIEN CHU TRINH (BO THI VO HUGNG) i TOPOLOGICAL SORT (THUAT TOAN KAHN) ;
\ Cich tiéh can DFS: ' 1 Tinh in-degree cila moi node i
| i / Néu node ké da tham khéng phai cha — c6 chu trinh E |/ Dy cdc node c6 in-degree 0 vio queue E
i v ThED dﬁi node Chﬂ "'rﬂng [.l:lC DFS E E 4 POP khél qUBUE, 'l'hém vao k{:ﬁ' quu E
E i i / Giam in-degree cla cdc node ké E
- B \ i Lap Lai den khi queue rong :
=" E DIJKSTRA'S ALGORITHM (PUGNG D1 NGAN NHET) E
J— E v Khéi tao distance moi node = oo, source = 0 i E
% Dung Min Heap chon node cé distance nhé nhat | :
; dp nhat distance cla cac node ke : :
Py T4 nihit distance ciia eiic riode 8 ,
: - B . i PN et ! Khodng cach ngdn nhit tir node 1: :
[r— / Lap Lai den khi moi node da Ly | 1.0,222(123-2),3-1(1-3),4-4(1=3-24) :
1
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THUGNG GAP NHAT (0-3 NAM) (5-20 LPA) TRANG 11

T1. DYNAMIC PROGRAMMING (DP) - CAU HOI THUONG GAP NHAT

* DP la ky thugt gidi bai toan bang cach chia nhé thanh cac bai toan con chdng Ldn. Cac budc: Xac dinh state — Vit cong thirc
truy hdi — Chon cach tiép can (Top-Down/Bottom-Up)
# CAU HOI PATTERN = PHEHQP oy Y TUGNG CHiNH / 601 Y
Climbing Stairs : : 0(n) time + dpli] = s6 cach de den bac |
@ (LC }0) 1D DP (Fibonacei) 0(1)/0(n) space - dpli] = dpli-1] + dpli-2]
@ House Robber 1D bP 0(n) time + O' mdi busc, chon hoic bé qua
(LC 198) 0(1) space -+ dpli] = max(dpli-1], dp[i-2]+numsil)
@ Longest Increasing 1D DP / 0(n*) time - dpli] = d6 dai LIS ket thic tai i
Subsequence (LC 300) Binary Search 0(n log n) + T8i uu vé O(n log n)
Edit Distance . O(m x n) time - Insert / Delete / Replace
@ (LC 32) 0P (SHelfge O(m x n) space +dplillj] = min cta 3 phép toan
0/1 Knapsack o(n x W) time -+ dplillw] = gia tri lén nhat ding
@ (LC 416) ol O(W) space + i vat dau tién véi sirc chia w
@ Coin Change 2 2D DP 0(n x amount) + DEm sd cach tao thanh amount
(LC 518) O(amount) space |+ Thirtw khdng quan trong
Longest Common : O(m x n) time - Neu ky tukhop — +1
@ Subsequence (LC 1143) 0P (rings) O(m x n) space + Nquoc lai — max cua top/left
Partition Equal O(n x sum) time | - Kiém tra xem sum/2 c6 kha thi
Subset Sum (LC 16) abset Sl O(sum) space . Boolean DP (true/false)

_____________________________________________________ - e e e e e e e e e e e e e e e e e e e e e

E i CAC PATTERN DP PHO BIEN |
E '/ 1D DP: Ddy tuyén tinh, lua chon i
/ Xay dung tlr base case i i v 2D DP: Ludi, chuoi, khodng :
7 Thuong nhanh hon (khdng 1 1~ Knapsack Pattern: T&i da hod gid tri i

1. Top-Down (Memoization) 2. Bottom-Up (Tabulation)

F i

1

1

1

1

1

1

1

1 LY -~ 2
/

1

| Ding de quy + mang

1

i Memo

1

1

1

1

1

1

1

1

1

1

%

7 De viet & de hieu hon dé quy) / Subsequence Pattern: LIS, LCS
/ Phl hop véi sparse states | ¥ Duoc uu fién trong phéng / Partition Pattern: Subset Sum, Equal Partition

vn v DP trén cdy: Tree DP, Path DP

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

Vi DU 1: CLIMBING STAIRS (DP)

Bai toén: Cho n bac thang, moi budc Bottom-Up (Tabulation) | ARIEIEIE 2
dudc leo 1 hodc 2 bdc. Tim sd céach dp[B] = 1, dpll] = 1 dp[i] 1 1 2 3 5 8
dé 1én dén bac thu n. for i from 2 to n:

dp[i] = dp[i-1] + dp[i-2]
Cong thic: dp[i] = dp[i-1] + dp[i-2] return dp[nl]
Base: dp[0] = 1, dp[1] = 1
Pap an: dp[n]

-------------------------------------------------------------------------------------------------------
. R e e e e e

Bai fodn: S6 thao tac 13i thieu dé chuyén word1
thanh word2 (Insert/Delete/Replace)

'
1
1
i
1
i
1
I
i
l i L " ]
! word1 = "horse’, word2 = "ros
I
i
1
1
1
I
i
1
i
1

if word1l[i-1] == word2[j-1]:
dp[il[j] = dp[i-1][j-1] = g
else: h 1
dp[i][j] = 1 + min( 0 2

3

Y

=

dpli-1][j], # xoa
dpl[il[j-11, # thém
dpli-1]1[j-1]1 # thay

- O S e S e e
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THUGNG GAP NHAT (0-3 NAM) (5-20 LPA)

12. GRAPH ALGORITHMS - CAU HOI THUGNG GAP NHAT

* Graph algorithms gidp tim dudng di nqdn nhat, chi phi t6i thiéu, tinh lién thdng. Cdn biét khi nao ding thugt toan nao!

R W S W R S R R R R S S  w— — w— e
— o R R S M R R SN S M R S S M R S S R M S R R R S S R S

"
Ngudn = A — Init: A=0, B=co, C=00, D=c0, E=00
Chon A(0) — relax: B=Y4, C=1

Chon C(1) — relax: B=3, E=5

Chon B(3) - relax: D=4

Chon D(4) — relax: E=5 (khﬁng doi)

Chon E(S) — xong

Distance cudi: A=0, B=3, C=1, D=4, E=5

G—O
O

Canh (u,v) la cdu néu:

[ Low[v] > disc[u] ]

T T T T I T R i BT A e

Kruskal (dua trén canh)

Prim (dua trén node)

chu trinh

(DSV)

/ Sp xép moi canh
v Thém canh nho nhat

7 Bd qua néu tao thanh

/ Ding Disjoint Set

'/ B&t dau tir node bt ky
i ¥ M&rong MST bang
E canh nhé nhat

/ Dung Min Heap

R R

Node u la diem khép néu:
[ lowlv] = disclul ]

L e g S e o e R e

I
- W W WO W WS W W W W,

P—@
O——06

# CAU HOI PATTERN . PH:FE'LQP L Y TUGNG CHINH / GOI Y
Shortest Path in . .
@ Unweighted Graph BFS O(:{:)ES);:FE Ef . :lr n::? ngﬂunﬂn‘ 4i nadin nhat
(LC ‘10':|1) P an aau Tham = utmg |ngun nna
@ ?:‘:ir#; _I_S:dpg:: I; Dijksﬂu'a Algorithm O((V+E) log V) » Trong sd khdng dm
?LC 13) P (Min Heap) 0(V) space - Greedy: Ludn chon node co distance nhé nhat
@ Detect Negative Bellman-Ford O(V x E) time - Relax moi canh V-1 lan
Cycle (LC 209) Algorithm 0(V) space - Relax thém 1 ldn ma van cai thien — cé chu trinh
@ Find AUl Bridges Tarjan's Algorithm 0(V + E) time - Canh (u,v) la cdu néu
in Graph (LC 1192) (DFS + Low Time) 0(V) space » Lowl[v] > disc[u]
@ Find Articulation Tarjan's Algorithm O(V + E) time + Dinh ma khi xod lam tang
Points (LC 1125) (DFS + Low Time) 0(V) space + 8 thanh phan Lién théng
@ Minimum Spanning Kruskal's / O(E log E) hodic - MST két ndi moi node véi
Tree (MST) (LC 1584) Prim's Algorithm O((V+E) Log V) - tong frong so nhé nhat
@ Check if Graph BFS / DFS O(V + E) time » Thirt6 mau bang 2 mau
is Bipartite (LC 185) (Coloring) 0(V) space + Néu xung ddt — khdng phai bipartite
. DUONG DI NGAN NHAT -TONG ! ! DIJKSTRA (MIN HEAP) - Y TUONG : : BELLMAN-FORD - Y TUONG |
« QUAN NHANH | ' Luy madng distancel] i '\  Relax moi canh V-1 lan |
L& D3 thi khdng trong s6 — BFS 1 Min Heap luu (dist, node) 1/ Neuvan relax duoc 6ldn V — o
. 7 Cé trong so (khéng am) — | { / Pop node ct dist nho nhét i i chu frinh dm E
. Dijkstra \ / Relax moi node ké '/ Hogt ddng véi trong s am
i v Cotrong sé am — Bellman-Ford ! : i !
|/ Chi cén biét c6 thé dén dwoc — ! | i !
. DFS/BFS i ) :
Vi DU DIJKSTRA KRUSKAL VS PRIM

- O O O e S O e e . - O O O O O S S O e e e e e e e e e e
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13. GREEDY ALGORITHMS - CAU HOI THUGNG GAP NHAT

TRANG 13

Choice + Up’rimut Substructure.

Y Greedy chon Lua chon 16t nhat & moi butc véi hy vong dat 16i uu toan cuc. Hoat ddng khi bdi toan c6 tinh chdt Greedy

B0 PHUC TAP DU

7 Cac lya chon khdng anh
huéng Lan nhau

v Can than véi cac truong
hop phan vi du

v Cé the stp xép theo
tiéu chi rd rang

7 Da thir phan vi du
(counter-example)
chua?

————————————————————————————————————————————————————————————————————————

-
| —y
=
i
——
| —
# CAU HOI PATTERN i Y TUGNG CHiNH / 601 Y
- @ Hcﬂvi’cy Selection Greedy O(n log n) time - Sﬁp pr hoat ddng theo thsi gian ket thic
f— (LC 435) (Sort by End Time) 0(1) space + Chon hién tai, rdi chon tiép start >= last end
@ Fractional Greedy O(n log n) time | - Sap xép theo i L& value/weight gidm ddn
e Knapsack (LC 1029) (Sort by Value/Weight) 0(1) space + Ly phdn & néu vat khéng vira het
Minimum Number Greed 0(n + amount) + Chon ddng xu Lén nhat <= amount
y
— of Coins (LC 322) (Sort Coins Desc) (1) space . Lap Lai cho phan con Lai
[r— @ Jump Game || Greedy 0(n) time + M rdong pham vi xa nhdt co the dén & moi budc
(LC 45) (Level by Level) 0(1) space - DEm s budc nhay
- @ HETQE Intervals GTEEdy O(n Log n) time . Sﬁp XEP theo diém béat dau
(LC 56) (Sort by Start) 0(n) space + Gp Lai néu chdng Lan
—— Minimum Cost to ( )+ s Tabrdl 2 e nakn AbEE vt
@ Connect Ropes Greedy + Min Heap 0 noti? Er:m ;Ime ﬂu&c;n%:lg ;gll;ﬁer;inn nhar truoc
| — (LC 1163) | '
Gas Station 0(n) time + Néu t6ng gas < tong cost — -1
—_) |® (LC 134) — 0(1) space . Nquoc Lai, tim diém bét dau hop L&
) | 1.ViDUACTIVITY SELECTION i 2.ViDUFRACTIONAL KNAPSACK i 4.ViDU JUMP GAME Il i
i Hogt d3nq (start, end): E E Capacity = 50 i i nums = [2,3,1,1,4] E
- (1) (35) (06) (51) (39) (510) | 1 Hem 1 w=10 v=60 (fi & 6.0) | | Index:01234 :
! Sdp xép theo end: 1} Hem 2:w=20 v=100 (ti ¢ 5.0) i ! Nhdy 1: 40 — d&n duge [1.2] :
- 1 (14) (35) (0.6) (6.10) (39) (5.9) i 1 Iem 3: w=30 v=120 (ti L& 4.0) i | Nhay 2: tr[12] — dén dugc [34] ;
! Chon: (14) - (51) — (811) i 1 Ldyitem 1(10) — val=60 i ! Nhay 3: tr[3.4] — cham dich :
| S8 hogt dénq 16i da = 3 : | Ldyitem 2 (20) — val=100 (tonq w=30) : | 56 budc nhdy 15i thiéu = 2 :
—_— : | | Ldy20/30 ciaitem 3 —. val = 80 ! ;
: | | Téng gid fri = 60+100+80 = 240 ' E
- :'_'_'.'.'.'.'.'.'.'.'.'.'_'.'.'.'_'.'.'.'_'.:'.'.'.::'_:::: :'_'.'.'.'.'.'_'.'.'.'_'.'.'.'.'.'.'.'.'.:'_'.'.:'.'.'.::::: :'_'.'.'.'.'.'.'.'_'_'.'.'_'.'.'_'.'.'.'.'.'.:'.'_::'.'.::::
i 5. VI DU MERGE INTERVALS : E 6. VI DU CONNECT ROPES : i 7. VI DU GAS STATION ;
e i Intervals: [1,3] [2,6] [8.10] [15,18] | E Ropes: [4, 3, 2, 6] | i qos =[1,2,3,4,5] !
! Sap xép theo start: (da sdp xép) i ! Bude 1: Ly 2+3=5 (chi phi=5) — heap [1.5.6] y ! cost=[34512] -
' Gop: [13]+[2.6] — [16] 1 1 Bube 2: Ly 4+5=9 (chi phi=14) — heap [6,9] i ! oIndex: 0012 34 :
m— ' [8,10] va [15.18] khang chdng Lin 1 1 Butc 3: Ldy 6+9=15 (chi phi=29) v ! oDiff: -2 -2 -2 3 3 :
' Keét qua: [1,6] [8.10] [15,18] i | Téng chi phi 5i thiéu = 29 1 ! Téng =0 — Khathi ;
- : N | ' Diém bét ddu = index 3 ;
- E GREEDY CHOICE E E KHI NAO DUNG GREEDY? E E MEO GREEDY E E CHECKLIST NHANH E
+ PROPERTY E +  Activity / Interval E i ¥ Chimg minh tinh ding E ' v/ Cé the dua ra lua chon E
— '/ Lya chon cuc bd 5t E E Scheduling | i dén (néu co thé) E ' 13t nhdt cuc bd khéng?
|, i nhdt dan dén Loi giai 10i E \ 7 Badi todn 18i uu hod don E | Sap x€p trudc theo tiéu E \ / Bai toan c6 Optimal E
! uutodn cuc 1 gién AT phti hop ' 1 Substructure khong? E
— g 3 ¥ E E
: § I o i
D = i i 1 :
——




