Do phuc tap thuat
toan

Muc tiéu:

e Hiéu va gidi thich dugc d6 phuc tap thuat todn la gi va tai sao n6é quan trong.

e Sr dung thanh thao ky hiéu Big O d€ m6 ta hiéu nang cla thuét toan.

e Phan tich va tinh todn dugc do phic tap vé thoi gian va khong gian cho cdc doan ma C#.

e Biét dugc do phuc tap cla cac thao tac trén nhirng cau trdc dir liéu phé bién trong .NET
(List<T>, Dictionary<TKey, TValue>, v.v.).

e Ap dung kién thirc dé Iya chon thuat todn, cau trdc dit liéu phu hop va t6i uu hda hiéu
nang cho Ung dung trong thuc teé.

e Gidi thiéu vé D6 phirc tap cua thuat toan

e Big O

e Quy tac tinh d6 phic tap trén ma nguén

e Phan tich céc cau tric dit liéu phé bién trong C#

e Phan tich cac thuat todn kinh dién




Gigi thiéu vé b6 phuc tap
cua thuat toan

Mbi dong code khi dugc thuc thi déu phai "tra gid". Cai "gid" nay khong khéng han la tién ma la tai
nguyén cla may tinh (RAM, CPU, GPU...). D6 phic tap cla thuat todn tuong Ung véi cai gid ma
chlng ta phai tra. Tinh todn do phlc tap cla thuat todn dong nghia véi viéc tinh todn cai gid ma
chdng ta phai tra.

Do phuc tap cua thuat toan la gi?

Do phuc tap cua thuat toan (Algorithmic Complexity) la hi€u don gian la cdch mo ta lugng tai
nguyén ma mot thuat todn can dé chay xét theo su thay déi cta kich thudc dir liéu dau vao.

Kich thuéc dir liéu dau vao (input size) thuong dugc ky hiéu la n. Pay dugc coi la yéu té cot 16i.
Vi du:

e Trong bai todn sap x€p mot mang, n la s6 lugng phan t trong mang.

e Trong bai todn xt ly chubi, n la d6 dai chudi

e Trong bai todn duyét do thi, n la s6 dinh hodc s6 canh

DO phtc tap cho ching ta biét:" Khi n I6n dan 1&n, thuat todn cla ching ta sé chay cham di hoac
ton nhiéu bd nhé hon theo quy luat nao"

Tai sao can quan tam?

Trong moi truong hoc thuat, thuat todn chi can cho ra két qua dang. Nhung trong thuc té, moi
truong product chuyén nghiép moét thuat todn chay quad cham hoac tén qua nhiéu bd nhd la mot
thuat toan vo dung.

Mot thuat todn qud chdm c6 thé dan téi nhimng van dé sau:
e Trai nghiém nguoi dung té hai (thdi gian chd doi lau, do giat, crash..)

e Chi phi van hanh 16n (yéu cau qua nhiéu RAM, CPU, dién...)
e Kha ndng ma rong (Tén qué nhiéu tai nguyén dan dén khé ma rong)



Do phuc tap thoi gian va Po6 phtc tap
khong gian

?? ph?c t?p th?i gian (Time complexity)

DO phuc tap thoi gian mo ta thai gian chay cla thuat toan tang 1én nhu thé nao khi kich thuéc dau
vao tang Ién

Day la yéu t6 thuong dugc quan tam nhat. Thoi gian ¢ day khong phai la giday, phdt ma la s6 lugng
thao tac co ban (gan, so sanh, céng tru...) ma may tinh phai thuc hién. Ly do la vi thoi gian chay
thuc té con phu thudc vao toc dé phan cing, ngdén ngl l1ap trinh... khi dé s6 thao tac can thuc hién
dugc coi la thudc do tuyét doi.

?7? ph?c t?p khong gian (Space complexity)

DO phuc tap khong gian mo ta lugng bo nhéd ma mot thuat todn can st dung tang 1én nhu thé nao
khi kich thudc dau vao tang.

Lugng bo nhé nay bao gom ca khéng gian luu trir dt liéu dau vao va bat ky khéng gian b6 sung nao
ma thuét todn can dé hoat déng (VD mang tam, bién cuc bo)

Théng thudng, cé mét sy danh déi gilta thdi gian va khdéng gian. Déi khi ban cé thé 1am cho thuét
toan chay nhanh hon bang cach st dung nhiéu bdé nhé han va ngugc lai. Nhiém vu cla mét ky su
gidi la hi€u ré sy danh déi nay va chon giai phap phlu hgp nhat cho bai toan cu thé.



Big O

Big O Notation la mdt quy udc todn hoc dugc cac lap trinh vién toan thé gidi s dung dé€ m6 ta hiéu
nang cua thuat toan mot cach dong nhat.

Big O la gi1?

Big O mo ta téc dé tang cla thoi gian va khong gian ma mot thuat toan yéu cau trong truong
hop xau nhat, khi kich thudc dau vao n tié€n dén vo clung.

Toéc dé tang: Big O khéng cho ban biét thuat todn chay chinh xac trong thoi gian bao 1au. N6 cho
ban biét quy luat ma thai gian chay sé tang lén.

Truong hop xau nhat: Khi phan tich thuat toan, chiing ta thuong quan tdm dén kich ban té nhat
c6 thé xay ra. Vi né cho chidng ta mét sy ddm bao. Néu ching ta biét thuat todn cdia minh chay
khong qua x gidy trong trudng hgp xau nhat chidng ta c6 thé yén tam rang né ludn dap ing duoc
trong moi tinh hudng thuc té.

v
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Cac loai do phuc tap pho bién

O(1) - Constant
Thai gian thuc thi khéng phu thubc vao kich thuéc dau vao n.
Truong hgp thuong gap:

e Truy cdp mét phan tir trong mang bang index

e Lay mot gid tri trong Dictionary thong qua key
e Thém, xéa mot phan tir & cudi List

O(log n) - Logarithmic

Thoi gian thuc thi tdng rat cham khi n tang. Khi gay doi n, thoi gian chi tang thém mét lugng rat
nho.

Truong hgp thuong gap:

e Thuét todn tim ki€m nhi phan trén tép d{r liéu da sap xép

O(n) - Linear



Thai gian thuc thi ty |é thuan véi kich thudc dau vao n. Néu n tang gap doi thi thoi gian cling tang
gap doi

Truong hgp thudng gap:

e Duyét qua tat ca cac phan tir dé tim mot gia tri
e In ra tat ca cac phan t trong mang

O(n log n) - Linearithmic

Hiéu qua haon O(n2) nhung kém hiéu qua han O(n). Pay la tiéu chudn vang cho cac thuat todn sap
x€ép dua trén so sanh.

O(n log n) tuong duong véi viéc thuc hién mét thao tac O(log n) véi mbi phan ta.
Trudng hgp thudng gap:

o Cac thuét toan sap xép nhu merge sort, quick sort.
e IntroSort dugc st dung bdi Li st <T>. Sort () trong C#

O(n2) - Quadratic

Thai gian thuc thi tang theo binh phuong cda n. Néu n tang 10 lan thi thoi gian/khéng gian tang
100 lan

Trudng hgp thudng gap:

e Cac vong lap I6ng nhau
e Cac thuat todn Bubble Sort, Selection Sort

O(2n) - Exponential va O(n!) Factorial
Cuc ky cham va nhanh chéng tré nén bat kha thi ngay ca véi n tuong doi nhé
Truong hgp thuong gap:

e O(2n) Tinh s6 Fibonacci bang dé quy don gian
e O(n!) Gidi quyét bai toan Traveling Salesman Problen bang cach vét can

Xép hang truc quan
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Big-O Complexity Chart
[Horrible] [Bad] [Fair] [Good] [Excellent]

Elements


https://knowledge.thanhdv.com/uploads/images/gallery/2025-07/image.png

Quy tac tinh do phtuc tap
trén ma nguon

Cac quy tac nén tang

Quy t?c b? h?ng s?

Big O chi quan tam dén toc d6 tang trudng khi n rat I6n. Do d6, cac hé sé hang sé khong cé y nghia
Vi du

e O(2n) =» O(n)

e O(500) - O(1)

e O(n/3) - O(n)
Quy t?c 1?y thanh ph?n v??t tr?i
Khi mot thuat toan cé nhiéu thanh phan, dé phic tap téng thé dugc quyét dinh béi thanh phan
cham nhat

Vi du

e O(n2 + n) » O(n2)
e O(2n + n2) -» O(2n)
e O(nlogn+ nlogn)—- O(nlog n)

Cac thao tac c? b?n la O(1)

Mot thao tac co ban khéng phu thudc vao kich thuéc dau vao dugc coi la cdé dd phic tap hang s6
O(1)

Phan tich ma nguon

Cac cau I?nh tu?n t?

public void DoSonething(int[] nunbers)
{
/1 Phan tich t?ng dong:
Consol e. WitelLine("B?t ??u..."); 11 Q1)



int sum= nunbers[0] + nunbers[1]; /1 Q1)

for (int i =0; i < nunbers.Length; i++) /1 Q(n)
{
Consol e. Wi telLi ne(nunbers[i]);
}
Consol e. WitelLine("K?t thic."); 11 Q1)

T6ng d6 phic tap = O(1) + O(1) + O(n) + O(1) = O(n+3)
Ap dung quy tac loai bd hang sé va 18y phan vuot trdi ta cé dé phuc tap [a O(n)

vong I?p

/1 n = itens. Count
public void LoopExanpl e(List<string> itens)

{
/1 Vong | ?p nay ch?y n | ?n
foreach (var itemin itemns)
{
/1 Kh?i |?nh bén trong ch? cé cac thao tac Q1)
Consol e. WiteLine("ltem " + item); // Q1)
int length = item Length; 11 Q1)
}
}

Méi vong lap ton O(1) + O(1) = O(1)
Vong lap nay lap lai n 1an - dé phic tap la O(n)

Vong I?p 1?ng nhau

/1 n = nunbers. Count
public void NestedLoopExanpl e(Li st<int> nunbers)

{
/1 Vong | ?p ngoai ch?y n |?n
foreach (var nunl in nunbers)
{
/1 Vong | ?p trong c?ng ch?y n I ?n v? nRi |?n |?p c?a vong ngoai
foreach (var nun® in nunbers)
{
/1 Thao tac bén trong la Q1)
Consol e. WiteLine($"{numl}, {nunR}");
}
}
}

Do phic tap cia moi vong lap trong la O(n)
Vvong lap trong dugc lap lai n lan.

DO phuc tap cda thuat toan la O(n*n) = O(n2)

Cau I?nh ?i?u ki?n



public void Conditional Exanpl e(int condition, int[] data)

{
if (condition == 0)
{
/1 Nhanh nay co6 ?? ph?c t?p Q(1)
Consol e. WiteLine("Condition is true.");
}
else if (condition == 1)
{
/1 Nhanh nay co6 ?? ph?c t?p Q(n)
foreach (var itemin data)
{
Consol e. WitelLine(itenm;
}
}
el se
{
/1 Nhanh nay cé ?? ph?c t?p la Q(n2)
foreach (var nunl in nunbers)
{
foreach (var nunR in nunbers)
{
Consol e. Wi teLi ne($"{nunmt}, {nun}");
}
}
}
}

V@i cau lénh diéu kién do phic tap clda thuat toan la do phic tap cla nhanh té nhat.

Trong trudng hop nay la O(n2)



Phan tich cac cau truc dir
liéu phoé bién trong C#

Viéc stir dung cau trdc dit liéu véi dling cong viéc cling la moét ky nang quan trong trong lap trinh.
Viéc lya chon sai c6 thé khién cho Ung dung cla ban cham di dang ké.

Tom tat

Kiéu dir liéu Truy cap Tim kiém Thém (cuéi) Thém (giira) Xoéa (gitra)
(index/key)

Array 0o(1) O(n) 0O(1) (chua day) O(n) O(n)
O(n) (day)

List<T> 0O(1) O(n) 0o(1) O(n) O(n)
Dictionary<TKe O(1) O(1) (theo key) 0o(1) X O(1)
y, TValua> O(n) (theo value)

HashSet<T> X 0O(1) 0(1) X O(1)
Queue<T> X O(n) 0(1) X 0(1)
Stack<T> X 0O(n) 0(1) X 0(1)

Luu y khi sir dung

St dung Array, List khi can truy cap nhanh theo chi sé.

o Array nhe han do khong cé chi phi quan ly

o List nhiéu tién ich (thém, sia, xo04a, kiém tra...)

S dung Dictionary khi can tim kiém nhanh theo khoa.

St dung Queue, Stack khi can thém/xoé & dau hoac cudi.

S dung HashSet cho danh sach khong trung lap, khong can truy cap tung phan ta riéng
1é.



Phan tich cac thuat toan
kinh dién
Thuat toan tim kiém

Tim ki?m tuy?n tinh (Linear Search)

e Linear Search dugc trién khai bang cach duyét tir dau dén cubi tat ca cac phan tl va so
sanh né véi gia tri can tim. Thuat todn ding lai khi duyét hét danh sach hoac tim thay
phan t( can tim.

e Truong hgp xau nhat Ia khi phan t&r can tim nam & cudi danh sach hoac khéng tim thay
phan tl can tim. Khi nay bubc phai duyét qua tat cd danh sach.

e Thuat toan cé doé phuc tap O(n)

Tim ki?m nh? phan (Binary Search)

e Binary Search dugc thuc hién trén mét danh sach da dugc sap xép

e Mang can tim sé dugc chia thanh 2 phan left va right, phan t& & gitta goi la mid. Dua vao
mid ta xac dinh xem phan tir can tim nam & left hoac right. Loai b phia khong chia phan
t&r can tim roi lap lai cho dén khi tim dugc phan ta.

e Thuat toan cé do phuc tap la O(log n)

Thuat toan sap xép

S?p x?p n?i b?t (Bubble Sort)

e Bubble Sort dugc thuc hién bang cach Iap qua toan bd danh séach, so sanh 2 phan tlr lién
ké va déi chd chidng néu can.

e Thuat todn nay st dung 2 vong lap 16ng nhau. Vong ngoai xac dinh s6 lugt duyét, vong
trong thuc hién so sdnh va déi ché

e Thuat toan c6 doé phuc tap la O(n2)

S?p x?p nhanh (QuickSort)

e QuickSort chon mot phan t lam pivot sau d6 sap xép lai mang sao cho cac phan tr I6n
hoac bang pivot nam mot phia va nho hon nam mot phia. Tiép tuc dé quy véi 2 danh sach
nam & 2 phia cla pivot. Qua trinh dugc Iap lai dé€n khi cdc mang con chi con 1 phan td.

e Thuat toan cé6 do phuc tap la O(n log n) xay ra khi pivot dugc chon gan véi gia tri &
gilra danh sach



e Trong trudng hgp xau nhat dé phuc tap la 0(n2) xay ra khi pivot la phan t& 1én nhat
hodc nhoé nhat.



