Cau Truc Dur Licu 1
Khoa Toan — Tin hoc

Email: ptbao@mathdep.hcmuns.edu.vn

e

NO1 dung chuong trinh

Tim ki€m va sip x&p (Search & Sort)
CTDL Danh sich lién két (Linked List)
CTDL Cay (Tree)

NOi dung thém
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Tim ki€m va sdp x€p

= 02 thuat todn tim ki€m

= 11 thult todn sip x&p
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CAu tric dir liéu DSLK

= DSLK don

= DSLK d61, da

= Ngin x&p (Stack)
* Hang doi (Queue)
= DSLK ¢6 tht ty

= DSLK vong
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CAu tric dit liéu cay

= Cay tong quat
= Cay nhi phian

= C4y nhi phan tim ki€m
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NO1 dung thém

Cay AVL (AVL Tree)
Cay d6 den (Red-Black Tree)
Bang bim (Hashing)

Tim ki€m chudi (Pattern Matching)
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Bai thuc hanh

1. Thuit todn tim ki€m, sip x&p

2. Mo phdng hang dgi mua vé xem phim

Thuat todn Balan ngugc (Stack - DSLK) d€ tinh gid tri
biéu thic toan hoc.

Cong, trit, nhan, chia, lu§ thira hai s6 nguyén 16n (DSLK)
Tinh giao, hoi, hiéu, phan bu ctia 02 tip hop (DSLK)
Tinh cdng, trtr, nhan, chia, gia tri 02 da thac (DSLK)
Dung DSLK cai dit ma trdn thua, tinh téng, hi€u, nhan,
nghich ddo (n€u c6) clia ma tran.

Dang cay nhi phin tim ki€m d€ quan Iy cdc di€m trong
2D:, tim ki€m, thém, bdt, tao cdy, hiy cay, luu di liéu
xuong file, doc dit li€u tu file 1én cay.
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Chi ¥: chi chon 01 trong 05 bai: 03, 04, 05, 06, 07
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Tong quan

» Khdi niém thuit giai
» Phin tich thuat giai
* Truru tugng hoda dit lieu
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Khai niém thuat giai

= Thuat gidila gi ?
= Tinh chit clia thuat gidi:

1. Dirliéu

2. Tinh x4c dinh
3. Tinh dung

4. Tinh ding din
5. Tinh kha thi
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Khai ni€m thuat giai (tt)
= T4t cd cdc bai todn déu gidi dugc trén mdy
tinh ?
= C6 bao nhiéu thuat giai ?
* Muc tiéu cuta thuit gidila gi?

» Phai chon thuit giai nao ?
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Phan tich thuat giai

* Thoi gian thuc hi€n (Running Time)
= Mi gia (Pseudo-Code)
» Phan tich thuat giai
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Tha1 gian thuc hién
(Running Time / Time Complexity)

* Thdi gian thuc hién phu thudc gi ?
» Viy lam sao ddnh gia thuit gidi ?
= Lam thé& nao xdc dinh thdi gian thyc hién ?
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Hudng ti€p can thuc nghiém

= Cdac budc thuc hién:
1. Vi€t chuong trinh cai dit
2. Thuec thi chuong trinh véi nhiéu bo dit liéu
3. Do va thong ké thdi gian
4. XAp xibi€u @b
= Han ché:
1. Cin phai cai dit CT va do thdi gian
2. Bo dit liéu khong thé dic trung hét
3. Kho so sanh 02 thuit giai

Pham Thé Bao - Khoa Toan Tin 14
DHKHTN Tp.HCM




Ma gia

= Ma gialagi?
= Pic tinh co ban:

1. M6 ta thuat gidi c6 ciu triic hon NNTN
2. Kém hinh thitc hon NNLT

3. Cong cu chl y&u md t3 thuat gidi

4. Tang 4n dudi khdi niém thi€t k& CT
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Ma gia (tt)
= Mot s6 quy udc:
1. Céc biéu thitc todn hoc
2. Lénh gdn: “<”
3. Sosdnh: “=*
4. Khai bdo ham (thudt gidi)
Thuat gidi <tén TG> (<tham s6>)
Input: <dit li€u vao>
Output: <dir li€u ra>
<Cac cau lénh>
End <tén TG>
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Ma gia (tt)

5. Céc cau tric:

= Ciu tric chon:
If ... then ... [else ..]

= Vong lip:
While ... do
Do ... while (...)
For ...do ...
6. Mot sd cau lénh khac:
» Tra gid tri vé&:  Return [gid tri]
* LJigoi ham: <Tén>(tham sd)
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Phan tich thuat giai

Khdi niém d6 phdc tap cua thuit todn
Cac thao tac cd sé

Khao sat ma gia

Vi du
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Thuat giai MaxOfArray(A,n)

Input: Ming A c6 n phan ti

Output:  Phan tr 16n nhit clia A

currentMax <« A[O]

for 1< 1ton-1)do 3
if(currentMax < A[i]) }1 2

currentMax <« AJi]
return currentMax

E nd MaXOf;’ArrayKhoa Toan Tin

ham Thé Ba
DHKHTN Tp.HCM
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TT Thao tac To6t nhat | XAu nhat TB

1 So sanh n-1 n-1 n-1

2 Gan 1 n n/2

3 Return 1 1 1

Pham Thé Bao - Khoa Toan Tin
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XA4p xi tiém cin

= Muc dich
o Vi du:
1,000,001 =~ 1,000,000
38~ 1P
= Khédini€ém “O”:
o Cho f(n) va g(n) ta néi f(n) € O(g(n)) khi va chi
khi f(n) <c*g(n), Vn>a vdic va ala hing sd,
va f(n) va g(n) 12 cdc ham trén mién s6 ty nhién
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XA&p xi tiém can (tt)

o N&u 7n? - 3 < O (n®) nhung ta chi quan tAim dén
x4p xi bac thdp nhdt = 7n® -3 € O (1d)
o Quy tic x4c dinh O(?): xét thanh phin c6 bac
cao nhitcla f
Vi du: 12n-2 € O(n)
3n?log(n) -12n%19 € O (nzlog(n))
3e"- 10000n2+2 € O (e")
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Phan tich thdi gian
theo hudng ti€ém can
= S dung ky hiéu “O” d€ bi€u dién khdi
lugng cac thao tdc co s6.
Vi du: ta ¢6 thé néi ham MaxOfArray
chay vdéi thdi gian O(n)
» Khi so sdnh cdc thuit todn ta cé thé néi:

Thuit todn chay véi thdi gian O(n) t8t hon thuat
toan O(n?)

Tuong tv O(log(n)) tdt hon O(n)
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Phan tich thdi gian
theo huéng ti€ém can (tt)

= C6 thé hé so ng vdi thanh phan c¢6 bac cao
nha't c6 thé rat 16n nén d6i khi, véi tap dir
li€u Input x4ac dinh thuat todn O(n) s€ kém
hiéu qua hon thuat toan O(n? hodc ngay ca
02"

Vi du: 10,000,000n 1a O(n) nhung kém hiéu qua
hon O(n? khi n<<10,000,000
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Phuong phap thuyc hi€én

* Ly thuy&t ham sinh
» Khio sét thuc t&€
Vi du: log(n) < thuc t€ <<<n
= Xét vi du doan chuong trinh:
for(i < 1ton) do

if(i<10) then

for(j<— 1 to log(n)) do 5 ¢
print | } A

else print 1
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Phén tich vi du

T(A) € O(log(n))
T(B) € O(1) + Max{O(log(n)),O(1)}
= 0(1) + O(log(n))
= O(1 + log(n))
= O(log(n))
T(C) € n*O(log(n))
= O(n*log(n))
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Truru tugng hoa dit i€éu

Dbdi song cia mot chuong trinh:
Mo ta bai todn (Task specification)
Thi€t k& (Design)

Ki€m tra (Verification)

Cai diat (Implementation, Coding)

M

Thit nghiém, b4o tri, nAng c4Ap, hoan thién va
st dung (Testing Maintenance, Evolution,
Refinement and Use)

6. Lbi thoi va bi€n mat
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Truu tudng hod dir li€u (tt)

Thé€ nao 1a mdt chuong trinh t6t ?

C4c tinh chdt cia chuong trinh tot:
Ping din (Correct)

Hiéu qua (Efficient)

Chi phi thap (Cheap)

Dé hi€u (Understandable)

Dé bdo tri, nAng cAp (Maintainable)
Manh mé& (robust)

Pon thé (Modular)

NNk L=
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Truu tudgng hod dir li€u (tt)

K§ thuat Lap Trinh Pon Thé 1a gi ?
Dung phuong phép thi€t k& nao d€ xdc dinh cic
don th€ ?
1. Top-Down
2. Hodc Bottom-Up
LTPT & tritu tugng hod dé 1am gi ?
Cd s4 chinh cta triru tugng hoa:
v Quan tAm tong thé
v" Khong quan tAm chi tiét
v' Tudng ty khdi niém “Hop den”
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Truu tudng hod dir li€u (tt)

Phan loai tritu tugng ho4:

1. Trtru tugng hod chic ndng (Functional
Abstraction), phan tich giao ti€p ctia chic ning
(ham) véi cai dit cu thé.

2. Truu tugng hod dir liéu (Data Abstraction),
phan biét thudc tinh dit liéu véi cai dit cu thé.
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Truu tudgng hod dir li€u (tt)

Mot ki€u dif liéu bao gdm nhitng gi ?
1. Mot tap hgp cac gia tri
2. Mot tap hgp cac phép todn (thao tdc) trén cdc gid tri
nay
Kiéu dit liéu triru tugng (Abstract Data Type -
ADT) s€ do ngudi dung dinh nghia
Can chi y khi cai dit ADT:
1. Chon bi€u dién thich hgp clia dif liéu thong qua céc
ki€u dit liéu da biét.
2. Cai @it cac thao tac trén dir liéu

Pham Thé Bao - Khoa Toan Tin 32
DHKHTN Tp.HCM




Truu tudng hod dir li€u (tt)

= Kiéu dit liéu cd sd

Vi du : char, int, boolean, ...

dugc dinh nghia sdn trong NNLT
= Kiéu dit liéu (KDL) ¢6 ciu tric
= Phan loai KDL:

1. Tuyén tinh

2. Phi tuyén

Pham Thé Bao - Khoa Toan Tin
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Ki€u dit liéu tuyén tinh

= La ki€u dit liéu thod 02 tinh chit sau:
1. Ditng sau mdi phan tlt t6i da ¢6 01 phan tk

2. MBJdi phan t ¢6 khong qud 01 phan tif ding tru6c

no.

" Vidu: AlA|A|A

® - cC

\ 2

C
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Ki€u dit liéu phi tuyén

= La KDL khong thod it nhat 01 trong 02 tinh
chdt ctia KDL tuy€n tinh trén

* Vidu:

A

B C

D F G E|
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So dd xay dung ADT

Ung dung < St dung ADT

Pinh nghia ADT

Caidat <~—— Cai1 dat ADT

ham Thé Bao - Khoa Toan Tin
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= Pic ta bai toan:

S& phitc 12 mot s§ biéu dién bdi 01 cip sd
nguyén (a,b), a 1a phin thuc va b 13 phan d0. Ta c6
th€ 4p dung cdc phép todn s& hoc nhu: +, -, *, /.
Ngoai ra ta ¢é tinh chat i*i = -1

= Cai dat 1:
typedef struct {

int imaginary_number, real_number;
}complex;
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» Caidat2:

#define imaginary_number 0
#define real_number 1
typedef int complex[2];

» Cac ham co sd:
v' createComplex(a,b): nhan 02 s& nguyén a,b va trd ra s6
phtc tuong Ung.
v getlmaginaryNumber(c): nhin vao 01 s0 phitc ¢ va trd ra
phan 4o cta né.
v’ getRealNumber(c): nhan vao 01 sd phifc ¢ va trd ra phan
thuc ctia nd.
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» Ham md rdng:

v’addComplex(complex cl,complex c2): cong 02
s0 phitc. Cai dit nhu sau:

complex addComplex(complex cl,complex c2){
int rl = getRealNumber(cl);
int r2 = getRealNumber(c2);
int i1 = getlmaginaryNumber(cl);
int i2 = getlmaginaryNumber(c2);
return createComplex(r1+r2,i1+i2);

}
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TiM KIEM
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CAu tric dit liéu mang

* Pinh nghia: CTDL mang (array) 124 CTDL goém mot
diy lién ti€p cdc phan ti. Cdc phan tif nay c6 thé
dugc truy cAp ngiu nhién.

» Cac thao tac thong thudng trén mang:

% Khdi tao mang
% LAy gi4 tri clia phan ti¥ thit i trong mang

< Dit gi4 tri cho phan t thif i trong mang

% Xdc dinh kich thudc mang (s& phin tif trong mang)

< Thém mot phan tl vio mang

% Huy mot phan ti ra khdi mang

% Tim ki€m mot phan ti trong mang

% Sdp x€p mdng
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Tim ki€m

*  Phuong phdp cd ban:
1. Tudn ty (tuyé&n tinh — Linear Search)
2. Nhi phan (Binary Search)

= Y tudng:

1. Tuan ty: duyét ti phan ti dau tién cho dén phan ti
cudi cting d€ tim phan ti thod diéu kién cin tim.

2. Nhi phan: phan hoach 1am 02 phin, 01 phan chic chin
khong c6, phan con lai n€u c6 sé ton tai. Qud trinh tim
ki€m sé& c6 khong gian tim ki€m thu hep, nén viéc tim
ki€m s& nhanh chéng. Piéu kién cdc phan tif phai c6
quan hé tha ty nao do.
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Tim ki€m (tt)

= Thuit giai:
1. Tuln tu:
Thuat giai LSearch(A,n, o)
Input: Mang A c6 n phan t va di€u kién o

Ouput: Vi tri phin tf cin tim, hoic -1 néu
khong tim thay

for(i < 0 ton-1)
if(A[i] thoa diéu kién o) return i;
return -1;
End LSearch;
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Tim ki€m (tt)

Uu Khuyét diém clia thudt todn tim ki€m tuin tu

Uu diém:

tdng quat, c6 thé€ 4p dung trén moi tiéu chuin tim

ki€m ciing nhu moi dit liéu.
Khuyét di€m:
Chi phi cao (ti 1€ O(n))

Vi du: tim phan tif x = 6 trong mang dudi diy

Pham Thé Bao - Khoa Toan Tin
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Tim ki€m (tt)

2. Nhi phan
Thuat giai BSearch(A,n, o)
Input: Mang A c6 n phan ti va diéu kién a
Ouput: Vi tri phéjn tlf cAn tim, hodc -1 n€u khong tim
thay
left <— 0; right < n-1;
while(left <right) do
mid <« (left+right)/2;
if(A[mid] thod o) then return mid;
if(phan tif thod o & bén trdi) then
right <— mid-1;
else left < mid +1;
return -1;
End BSearch; on
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Tim ki€m (tt)

Uu Khuyét di€m ciia thuit todn tim ki€m nhi phan
Uu diém:
Chi phi thap (i 1€ O(log,(n))
Khuyét diém:
Thuit todn khong tdng quét, khong thé 4p dung trén
moi tiéu chudn tim ki€m ciing nhu moi dit liéu. D
liéu bit budc phai cé quan hé thif ty va viéc tim ki€m
phai theo khod thd tu nay.
Vi du: tim phan tf x = 6 trong mang dudi dy
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@@

¢

@ &

@ @ @ Almid] =7 >x

° @ @ @ @ Almid] =3 < x
@D

@ @ @ @ Almid] = 6= x

| Return mid =2

Pham Thé Bao - Khoa Toan Tin 49
DHKHTN Tp.HCM

SAP XEP
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A A U o e

P6i chd tryc ti€p — Interchange Sort
N6i bot — Bubble Sort

Shaker Sort

Chen tryc ti€p — Insertion Sort

Chen nhi phian — Binary Insertion Sort
Shell Sort

Chon truc ti€p — Selection Sort

Heap Sort

Quick Sort

10. Merge Sort

11. Radix Sort Pham Thé Bao - Khoa Toan Tin 51
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Phuong phdp doi chd truc ti€p

= Y tung thuit todn:

Khdi niém nghich thé
Xét mot mang cdc s 2 a1 - 2n
N&u c6 i<j va a; <athi ta goi d6 1a mot nghich the
Vay néu mang chua sip x&p: sé c6 nghich thé
Né&u méang di sip x&p (c6 thit tw): khdong cé nghich
th€ va khidp  s& Ia phan t& bé nhat rdi dén
a1 32
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P6i chd truc tiép (tt)

D€ mot ming dugc sdp x€p thi s6 nghich th€ phdi
gidm dan, d€ 1am dugc ta sé hodn vi cip phan ti
x4y ra nghich thé.

= Thuit toan:

Thuit toan InterchangeSort(A,n)
Input: Mdng A c6 n phan t
Output: Ming A dudc sip x€&p
for(i < 0 ton-2) do

for(j «<—1+1 ton-1) do
if(A[i]>A[j]) then A[i] <> A[j]

return,; .
? Pham Thé Béo - Khoa Toan Tin 53
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P6i chd truc tiép (tt)

= Nhin xét:
> Sau mdi lan ldp cla vong lip for i, phan t& A[i]
= min (A[i], A[i+1], ... A[n-1])
» Thuit todn c6 do phiic tap O62)
= Vidu:

000000
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Phuong phdp ndi bot

= Y tung thuit todn:
T mot sd gdi ¥ trong thién nhién nhu:
v Bot khi
v Hdn hgp dau va nude
v Tha hdn hdp gao va mat cua vao nudc

Ta sé& d6i chd cho 02 phan ti lién ti€p néu 02
phan tif d6 tao thanh 01 nghich thé.
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Phuong phdp ndi bot (tt)

= Thuat toan:
Thuét toan BubbleSort(A,n)
Input: Mdng A c6 n phan ti¥
Output: Mdng A dugc sip xé&p
for(i <~ 0 ton-2) do
for(j <~ n-1toi+1) do
if(A[j-1] > A[j]) then A[j-1] <> A[j]

return;
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Phuong phdp ndi bot (tt)

= Nhin xét:

v/ Sau mdi 1an 1dp cda vong lip for i, phan tl nhe
nhit s& ndi 1én d&én mifc i; nghia 14 A[i] = min(
Ali], Ali+1], ..., A[n-1])

v Thuit todn c¢6 dd phic tap 062)

v/ Thay vi cho vat nhe ndi 1én ta ciing c6 thé cho vat
ning chim xudng
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Phuong phdp ndi bot (tt)

Thuéit toan BubbleSort1(A,n)
Input: Mdng A c6 n phan ti¥
Output: Méang A dudc sip x€p
for(i<—n-1to 1) do
for(j < 0toi-1) do
if(A[j] > A[j+1]) then A[j] <> A[j+1]

return;
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Phuong phdp ndi bot (tt)

v/ Hay ddng thdi cho vat ning chim xudng va vat nhe ndi

1én.
Thuit toan BubbleSort2(A,n)
Input: Mang A c6 n phin t¥
Output: Ming A dudc sip x&p
up < 0; down < n-1;
while (up < down) do
for (j <~ up to down-1) do
if(A[j] > A[j+1]) then A[j] <> A[j+1]
down <« down -1;
for(j «— down to up+1) do
if(A[j-1]1 > A[j]) then A[j-1] <> A[j]
up < up + 1;

return; )
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Phuong phdp ndi bot (tt)

v/ Dl thuit to4dn van c6 do phic tap O(n2) nhung chi

phi s& gidm nhiéu, vi ta da 1¢i dung tinh doi ngiu.
= Vidu 1 (nhe ndi lén)

00000 OG
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= Vi du 2 (nhe ndi 1én va ning chim xudng)

0000006
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Phuong phap Shaker Sort

= Y tung thuit todn:

Phuong phdp Bubble Sort c6 mdt nhuge di€m rat
16n 12 khi dit liéu c6 thé di dugc sip x&p cuc bd
thi phuong phdap Bubble Sort vin phdi lam tuin
tv ma khong 16i dung dugc tinh chit ndy. Do d6
Shaker Sort 12 phuong phdp céi ti€n clia Bubble
Sort d€ gidm s6 1an lip.
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Phuong phap Shaker Sort (tt)

®» Thuit toan:
Thuit toan ShakerSort(A,n)
Input: Mdng A c6 n phin t¥
Output: Ming A dugc sdp x€p
up < 0; down <— n-1;hv < 0;
while (up < down) do
for (j - up to down-1) do
if(A[j] > A[j+1]) then
A[j] & A[j+1];
hv «j;
down <« hv;
for(j <« down to up+1) do
if(A[j-1] > A[j]) then

Alj-11 < Aljl;
hv « j;
up < hv;
return; Pham Thé Béo - Khoa Toan Tin 63
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Phuong phap Shaker Sort (tt)

= Nhin xét:
v' Thuit todn cé dd phitc tap O(?2)

v Tuy nhién qua thuc nghiém, n€u dit liéu c6 thi tu
cuc bd nhiéu thi Shaker Sort s& nhanh hon rat nhiéu
so vGi Bubble Sort.

= Vidu:

00O O®O OO
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Phuong phdp chén truc tiép

= Y tung thuit todn:

Xétmang A c6 cacsd ay a; .. & a;

Gia st tai thdi diém thi¥ i dd c6 i phan t& dau tién
cia mang da c6 thi ty ap< aj < . < 3

N&u ta tin dugc vi tri k (0 <k <1) sao cho a.1< aj < ay

ta s€ chén a; vao gilta a1 va ax ta s€ nhan dudc
trang thdi méi cia mdng A trong d6 i+1 phan t
dau tién c6 thit ty ting.
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Phuong phdp chén truc tiép (tt)

* Thuit toan:

Thuit toan InsertionSort(A,n)
Input: Ming A c6 n phan ti¥
Output: Mang A c6 tht tu
for(i < 1ton-1)do

X < Alil;
j<i-1;
while (x<A[j] && j > 0) do
Alj+1] < A[j];
j< L
Alj+1] « x;
return;
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Phuong phdp chén truc tiép (tt)

= Vidu:

OGO OO®G
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Phuong phdp chén truc tiép (tt)

= Nhin xét:
v Thuat todn cé dd phiic tap O(2)

v Dit liéu cang it nghich th&, thuit todn chay cang
nhanh.

Pham Thé Bao - Khoa Toan Tin 68
DHKHTN Tp.HCM




Phuong phap chen nhi phan

» Y tudng thuit todn:

Trong thuat todn chén truc ti€p, khi tim vi tri k
thda %-1<3j <ax | phuong phdp tim vi tri la
tudn tw , nhu thé€ ta c6 thé ding phuong phdp tim
ki€m nhi phdn d€ cditi€ndo ap< aj < .. < a.|
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Phuong phap chen nhi phan (tt)

= Thuit toan:

Thuit toan BinaryInsertionSort(A,n)
Input: Ming A c6 n phan t
Output: Mang A ¢6 tha ty
for(i < 1ton-1)do

X <« Ali];
k < BinarySearch(A,1,x);
for(j <1 to k+1) do

Alj] < AJ-11;
A[K] « x;

return,; )
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Phuong phap chen nhi phan (tt)

= Nhan xét:

v Thuit todn c¢6 do phtic tap O(n2) véi thao tdc gdn
nhung c6 do phirc tap O(nlog, n) v4i thao tac so
sanh.

v Nhung phudng phdp chén nhi phdn s& nhanh hon
ddng k€ khi dit liéu rat nhiéu va dic biét khi chi phi
so sanh gitra 02 phﬁn tr 12 cao, vi du: string, ciu tric,
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Phuong phap Shell Sort

= Y tudng thuit todn:

Khi dit liéu cang it hdn don ( it nghich th€ ) thi
thuit todn chén truc ti€p cang chay nhanh, ta cé
thuat todn chén nhi phin 12 mdt cdi ti€n. Mot
huéng ti€p can khac 1a 1am sao gidm bdt s6 nghich
th€ trude khi thuc sy sdp x€p. Shell sort 1a cdi ti€n
cda cheén truc ti€p theo huéng ti€p can nay.

Ta sé& phan hoach mdng thanh nhiéu diy con
dan xen nhau, sip x&p cdc diy con nay truéc khi ta
diing phuong phap chén truc ti€p dé€ sip x&€p mang.
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Phuong phap Shell Sort (tt)

Ching ta phai phian hoach cdc budc nhay nhu
sau hy>hy> .. > hp ,vd & budc cudi ciung
phai la 1. Tai cac budc ta s€ dung thuit todn chén
truc ti€p da sip x&p cdc diy con.
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Phuong phap Shell Sort (tt)

= Thuit toan:
Thuat toan ShellSort(A,n)
Input: Mang A c6 n phan tir
Output: Médng A c¢6 thd ty
Chon h[0], h[1], ..., h[k-1] = 1;
for(i <~ 0tok-1)do
Phan hoach madng A thanh t diy c6 chiéu dai hli]
for(j «~0Otot-1)do
InsertionSort(day con da phan hoach);
return;

Pham Thé Bao - Khoa Toan Tin 74
DHKHTN Tp.HCM




Phuong phap Shell Sort (tt)

Nhung trong cai dit, ching ta s& dong thdi sip x&p titng diy con.
» Thuit todn:
Thuit toan ShellSort(A,n)
Input: Mdng A c6 n phin t¥
Output: Mang A c6 tht ty
Chon h[O], h[1], ..., h[k-1] = 1;
for(p <~ 0tok-1) do
for(i < h[p] ton-1) do
X < Alil;j «1;
while(x<A[j-h[p]] && j = hip]) do
Alj] < A[j-h[plI;

j<«<j-hlpl
Alj] < x;
return;
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Phuong phap Shell Sort (tt)

= Nhin xét:

v' Thudt todn ¢6 do phidc tap nhd hon O( n32) Tuy
nhién Shell Sort hiéu qud hon nhi€u so v6i chén
tryc tiép.

v/ Tinh hiéu qud sé& phu thudc rat nhi€u vao cdch chon
cidc budc nhdy. Tuy nhién, hién nay khdéng cé ti€u
chudn tdng quat d€ chon cdc budc nhdy, ma thong
qua kinh nghiém ta s€ c6 cdch chon. Nhung chon nhu
th€ nao di nita, ta ludn 1am sao chon cdc buéc nhdy
ma phin hoach mang thanh cdc day it tring ldp cang
tot.
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Phuong phap Shell Sort (tt)

Mot s céch chon:

* hla ddy cdc s6 nguyén t6 gidm dian dén 1: 13, 11,
7,5, 3, 1. Boi khi khong nhat thi€t cdc s nguyén t&
nay lién tuc, vidu: 13, 5, 3, 1.

* hcé dang 3i+1: 364, 121, 40, 13,4, 1

= Day fibonaci: 34, 21, 13, 8, 5, 3,2, 1

» Day: 4193, 1037, 281, 77, 23, 8, 1

= Day 1968, 861, 336, 112, 48,21,7,3, 1
» Day 511, 255, 127, 63, 31, 15,7, 3, 1
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Phuong phap Shell Sort (tt)
* Vidu: xétday 5,3,1

V61 h[0] =5

PO®O®OEO®O
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Phuong phdp chon truc tiép

= Y tung thuit todn:

Ta thdy ring n€u mang c6 thi ty thi Afi] luén
12 phan t bé nhit clia tap (A[i], Ali+1], .., A[n]).
Vay mot cdch don gidn ta dit phan tif nhd nhit vao
diu ming, tim phin t& nhd k€& ti€p trong tap con lai
roi dit vao vi tri k& ti€p, cit nhu vdy cho dén hét ta
c6 mang dudc sidp c6 thi tu.
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Phuong phdp chon truc tiép (tt)

= Thuit toan:
Thuét toan SelectionSort(A,n)

Input: Ming A c6 n phan t

Output: Mang A ¢6 tha ty

for(i < 0ton-2)do
k «1;
for(j < 1+1 ton-1) do

if( A[k] > A[j] ) then k< j;

Alk] < Alil;

return;
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Phuong phdp chon truc tiép (tt)

= Nhin xét:
v Thuét todn c6 dd phuc tap O(h2 ).
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Phuong phdp chon truc tiép (tt)

= Vidu:

POO®OEOO
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Phuong phap Heap Sort

" Y tuGng thudt todn:

Ta thdy ring trong thuit todn chon truc
ti€p, c moi vong lap ta phai tim phan ti nho
nhat trong s6 cdc phan tf con lai. Trong qua
trinh tim ki€ém ta khong tan dung dudc cic
thong tin G cac lan tim trude do.

Mot cédc ti€p can khéac 12 ta s& lam sao
luu trit thong tin cac lan tim ki€ém truGc d6 dé
c6 thé st dung sau nay.
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Phuong phap Heap Sort (tt)

= Khdi niém Heap:
> Né€uc6 day cicphanti a, a,,, . a, (I<ryma
a, céquanhé v6i  a,; ay;,; 16n hon hay nhd
hon V i=1..r thi ta néi day la heap.
> Heap max la heapma a; >max (a,; a%i41)
> Heap minla heapma a; <min (a,; > i+1)
» Moi day aya,; .. a, v6i (1< 1 < 21) déu 1a
heap.
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Phuong phap Heap Sort (tt)

g Y9 “10 11 12 13 14 15
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Phuong phap Heap Sort (tt)

» Tinh chat:

» Néucé day a, a, .. a, laheapthi
a; a;,; .. a;(I<i<j<r)clngla heap.
> Né:u aja, . a; laheapmaxthia,la
phan tr 16n nhAt.
>Néu a;a, . a laheapminthi a,la

phan tif bé nhat.

Pham Thé Bao - Khoa Toan Tin
DHKHTN Tp.HCM

86




Phuong phap Heap Sort (tt)

= Ung dung heap:

N&u ta td chitc dugc mang aga, . a,, thanh
heap max thi a, 1a phan t 16n nhat, vy ta chi
can hodn d6i a, va a,, thitas€cé a_, &
ding vitri. Vatavincé a;a, . a ., lamot
heap, vdy ta chi cin cip nhat thém a, vao dé
tao ra mot heap nita thi ta ti€p tuc qud trinh nhu
trén ta s& dugc mang c6 thit ty ting dan.
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Phuong phap Heap Sort (tt)

Thuat toan:
Thuat toan HeapSort(A,n)
Input: Mdng A c6 n phan ti¥
Output: Ming A ¢6 tha tu
CreateHeap(A,n);
for(k < n-1to 1) do
A[0] ©& A[K];
InsertHeap(A,0,k-1);
return;
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Phuong phap Heap Sort (tt)

Thuit toan CreateHeap(A,n)

Input: Mang A c6 n phan ti¥

Output: Mang A 12 heap max

for(k <~ (n+1)/2 - 1 to 0) do
InsertHeap(A,k,n-1);

return;
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Phuong phap Heap Sort (tt)

Thuét toan InsertHeap(A,Lr)

Input: Mdng A chita heap a,,, . a,
Output: Ming A chira heap a; a;, .. a,
p < 2*I;

if(p > r) then return;

if(p <r) then

if(A[p] < A[p+1]) then p < p+1;
if(A[l] < Alp])
All] & Alpl;
InsertHeap(A,p,r);
return;
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Phuong phap Heap Sort (tt)

= Nhin xét:
» Thuat todn c6 do phitc tap O(log,n)
> Mudn sip x&€p méng ting dung heap max
» Mudn Sdp x€p mdng gidm dung heap min
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Phuong phap Heap Sort (tt)

= Vidu:
Bué6c 1 : Tao Heap

POO®OEOO
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63

51

23/ \17
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Sip x&p

@00 ®©EO OO
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AN AN A AN
11 6 2 63 11 6 2 63

51 51
23~ 23—
11 6 2 63 4 6 2 63
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Phuong phap Quick Sort

2
= TOng quan:
Quick Sort do Hoare dua ra vao nhitng ndm 60, dugc
nhi€u nha todn hoc, tin hoc nghi€n ctu va phéit tri€n
nhu D. Knuth, N. Wirth

» Y tudng thuit todn:
Nguyén tic chinh la chia d€ tri. P4y 13 co sd clia nhiéu
thudt todn hiéu qua.
Ming A néu ta chia 1am 02 phan, phan dau gém cic
phan t¢ <X, phin sau la cdc phan t > X, v6i X 1a s6
bat ky trong A. N&u ta sip x&p 02 phan nay thi A s&
c6 thu tu.
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Phuong phap Quick Sort (tt)

» Thuit todn:
Thuét toan QuickSort(A,Lr)
Input: Mang A c6 cdc phin tir & vi tri tif 1 dén r.
Output: Ming A dugc sip x€p tir 1 dén .
Chon phan ti X;
i1 j<r;
while (i <j) do
while (A[i] < X)doi <« i+ 1;
while (A[j] > X) doj <« j- I;
if (i <j) then
Ali] & A[jl;
1<i1+1;
j<i-L
if (j > 1) then QuickSort(A,Lj);
> ) ghen QuiskRercA L) .

return; DPHKHTN Tp.HCM

Phuong phap Quick Sort (tt)

= Nhin xét:

> Sau mdi 1an phan hoach thi mdng A c6 cdc phan
t t0r vi tri 1 d€n j s€ 6 gid tri < X va tiri dén r s&
> X.

> Khi phan chia bt budc phan ti X phdi 12 phan
tir trong mang dé ddm bio tinh dirng clia thuit
todn (c4 hai phan sau khi chia s& khong bi rong).

» Trung binh thuat todn c6 do phic tap O(n log,n)
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Phuong phap Quick Sort (tt)

> Trong trudng hgp xau nhat 1a O(n2)

» Trudng hgp x4u nhat 1a sau khi phan hoach thi
mdt phan chita 01 phan ti va phan kia chita I-r
phan t con lai. Trudng hgp t6t nhat xdy ra khi
chia mdng dudc 02 phan xap xi gan bing nhau
vé s lugng (chi sai khdac 01 phin t). Do do,
trong cai dit 1ap trinh vién thudng chon phan tk
X = A[(I+r)/2] v6i hy vong sé& 1a phan ti trung vi
(median)
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Phuong phap Quick Sort (tt)

> Trong nhiéu cdi ti€n, ngudi ta c6 ging chon
phan t¢ X khong phdi 1a phan t 16n nhit hay
nhd nhat.

» Cudi cung, khi n nhd, 1ap trinh vién s& khong
diing quick sort ma s€ dung thuit todn khac hi¢u
qua hon nhu: chon truc ti€p, ndi bot, ... Nhung
khi n kha 16n chiing ta sé& gip khé khin véi van
dé dé quy.
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Phuong phap Quick Sort (tt)

= Vidu:

Chon X = A[(7+0)/2] = 4

DOO®®6 OO
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Cudi cung ta dudc

@O0 O® 6 ®O
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Phuong phap Merge Sort

= Tdng quan:
Merge Sort do D. Knuth gidi thi€¢u vao nhitng ndm 60
= Y tung thuit todn:
Nguyén tic chinh ciing 12 chia d€ tri. Nhung cdch chia
s€ khac Quick Sort.
Ming A néu ta chia 1am 02 phin biing nhau, n€u ta sip

x&p 02 phin lai rdi tron 02 nira lai ta s& c6 mang c6
thit tu.
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Phuong phap Merge Sort (tt)

®» Thuit toan:
Thuit toan MergeSort(A,lLr)
Input: Mang A c6 cdc phan tif & vi tri tf | dén r.
Output: Mdng A dugc sip xép tir 1 d€nr.
if(I1 <) then
mid <« (1+r)/2 ;
MergeSort(A,l,mid);
MergeSort(A,mid+1,r)
Tron A[l,mid] va A[mid+1,r] thanh A[Lr];
return;
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Phuong phap Merge Sort (tt)

= Nhin xét:
> Sau mdi 1an phan hoach thi s& lugng sip x&p sé&
gidm Y%, vdy can log,n 1an phin hoach.
» Chi phi trung binh 1a O(nlog,n)
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Phuong phap Merge Sort (tt)

= Vidu:

00 e
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Phuong phap Merge Sort (tt)

= C4i tién:
» Tron k day
» Tron day c6 thd tu
> ...
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Phuong phap Radix Sort

» Y tudng thuit todn:

Radix Sort 13 thuit todn ti€p cin theo y tudng
khong so sdnh gid tri cdc phan tl; cd s& d€ sip
x&p clia cdc thuit todn cii; ma dung nguyén tic
phan loai thu nhu buu di€n. Do dé thuit todn nay
con c6 tén 1a Postnam’s Sort.

Nguyén tic chinh 12 phan loai va trinh ty phin loai
s& tao ra thi tu cho c4c phan ti.
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Phudng phap Radix Sort (tt)

= Vidu:

9
/N
00
A

)

7l @ 49
0O/ 1,234 5 6|7|8|9
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O 1 2 P&@m 'Fl'hé' A'b - i hoéoén Tin6 7 8 91 10




F’a@m 'Fl'hé' A‘b - i hoéoén Tin6 7 8 91 11

F’a@m 'Fl'hé' A‘b - i hoéoén Tin6 7 8 91 12




(o) Qo) () (o) (o) () (s (o)

K&t thic — Mdng c6 thit tu
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Phudng phap Radix Sort (tt)

* Thuit toan:
Thuit toan RadixSort(A,nk)
Input: Mang A c6 n phin t, c6 t3i da k chir sd.
Output: Mang A dudc sip x&p.
Khdéi tao 10 ngin chita B[0..9] rdng;
for (t <~ 0tok-1)do
for j <~ Oton-1)do
Thém A[j] vao B[Digit(A[j1,0)]:
for (k < 0to9)do
LAy ngudc cdc phin t tir B[i] dua vao A
return;
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Phudng phap Radix Sort (tt)

Thuéat toan Digit(n,k)
Input: s6 nguyén n va k.
Output: gi4 tri tai vi tri k cda sd n.
value <« 1;
for1<0tok-1)do
value < value * 10;

return (n / value)% 10;
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Phudng phap Radix Sort (tt)

= Nhan xét:

» DB phic tap cia thuit todn 1a O(n).

» Ton kém, vi phdi c¢6 10 ngdn chita ma mdi ngin
chita phai c6 tdi da ding bang sd phan ti cia dit
liéu véi ki€u dﬁ; li€u sO, va nhiéu hon nira véi
ki€u di li€u chuoi.

» Thudn tién cai dit véi cdc ki€u dit liéu chi so
sdnh trén s0, ky tu, chuoi.

> R4t thich hdp cho sdp x&p trén ciu tric dif liéu
danh sdch lién két
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DANH SACH LIEN KET
(LINKED LIST)
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» Pic tinh cia CTDL mang:

1. Uu diém
» To6c dd xit Iy cao do truy cAp ngiu nhién.
> DEé dang cai dit, sit dung.

2. Khuyét di€m
» Cap phat tinh, khi thi phi pham bd nhé khi thi khong

da.

» Dabi hdi ving nhd lién tuc.
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M6 hinh c4p phdt bd nhd

bia chi 00F0

2 bytes

4 bytes

I byte
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=

CAu tric dir liéu DSLK

* Pinh nghia:
La modt CTDL gém mot diy cdc phan ti (goi la
node) ¢6 cung ciu tric dudc lién k&t v4i nhau

tao thinh mdt chudi tuyén tinh.

>

A

\ 2

X

@
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Cau trdc dit lieu DSLK (tt)

» Tinh chat:

1. DSLK sé& c6 mdt s6 dic tinh nhu mang 01 chiéu. bay
1a CTDL dong, gitip trdnh dudc nhudc diém vé bd nhé.

2. Viéc truy xudt dit li¢u thong qua phan t diu DSLK,
va tuln ty tr phan tif ndy dén phan tf khic thong qua
mdi lién két gilta cdc node. Node cudi cliing cia DSLK
s€ tré dén mot dia chi (gid tri) dic biét (véi C la
NULL). Tai sao phai trd d€n 01 dia chi dic biét ?

3. DSLK Ia mdt CTDL tuyén tinh, truy cdp tuan tu, kich
thu6c thay d6i theo nhu cau.

4. Khdng can ving nhé lién tuc, hiéu qui ngay khi viing
nhé bi phdn ménh.
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Cau trdc dit lieu DSLK (tt)

= (C4c thao tac thuong dung:

1. Khditao DSLK

2. Ki€m tra DSLK rdng hay khong ?

3. Thém mot phan t vao DSLK, thém: vao dau,
cudi, gifra.

4. Huy mot phan t ra khéi DSLK, huy: & dau,
cudi, gifra.

5. Tim mdt phan t trong DSLK.

6. Sidp x€p DSLK.
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Cau trdc dit lieu DSLK (tt)

= Khai bdo:
DSLK dugc dinh nghia nhu mot CTDL dé quy: m01 phan ti

gom dit liéu va mot con trd trd dén dia chi cia node k&
tlep

* Quén ly

Pé quin ly mot DSLK ta s€ thong qua mot phan ti dic
biét 12 phan ti¥ dau tién.

Tu phan tlr dau tién nay ta c6 thé truy cap bat cui phan t
nao trong DSLK. Vi vdy du lam gi ta s& khong the mat
dau phin ti diu tién néu khong ta s& khong quin 1y
dugc DSLK.

Trong nhleu trudng hdp ta cin x{r 1y nhiéu d cu6i DSLK ta
6 thé thém phan tif cudi DSLK dé dé& quén ly.
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DANH SACH
LIEN KET bON
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Khai bao ki€u CTDL

» Kiéu ciu tric trong C
typedef struct tagNode {
DataType Data; // khai bdo dir liéu
struct tagNode *Next;
15
typedef tagNode *Node
typedef struct tagList{

Node Head; // phan t& dau tién
Node Tail; // phan tif cudi, c6 thé khong

// cAn diing ciing dudc
}LinkedList;
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Khai b4o ki€u CTDL (tt)

= Kiéu ddi tugng trong C
class Node{
friend class LinkedList;
private:
DataType data;
Node *Next;
public:
Node(DataType d=gia tri ddc biét ) {
data=d;Next=NULL;}
~Node(){if(Next)delete Next;}

};
typedef Node *LinkedNode;
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class LinkedList{
protected:
LinkedNode Head,Tail;
public:
LinkedList() { Head=Tail=NULL;}
// Vai constructor can
~LinkedList(){if(Head)delete Head;}
void insertNode(DataType);
int searchNode(DataType);
void deleteNode(DataType);
void addTail(DataType);
void printList();
void addHead(DataType);
void addAfter(DataType,DataType);
private:
void addTail(LinkedNode);
void addHead(LinkedNode);
LinkedNode createNode(DataType);
void insertNode(LinkedNode);
int searchNode(LinkedNode);
int deleteNode(DataType);
int addAfter(LinkedNoge,DataT e),
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Cac thao tac
= Khéi tao DSLK rdng
void initLinkedList(LinkedList &I){
l.Head =1.Tail = NULL;
}
= Kiém ra DSLK rdong ?
int isSEmpty(LinkedList 1){
return (.Head==NULL);
}
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Thém mdt phin tif vao diu DSLK don
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= Thém 01 phin tif vao ddu DSLK
int insertNode2Head(LinkedList &1, DataType x){
Node p = new tagNode;
if(p==NULL) return 0;
p->Data = x;
p->Next =NULL;
ifGSEmpty(1)){
l.Head = 1.Tail = p;
}
else {
p->Next = 1.Head;
l.Head = p;
}

return 1;
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Thém mdt phin tif viao cudi DSLK don
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= Thém 01 phin tif vao cudi DSLK
int insertNode2Tail(LinkedList &1, DataType x){
Node p = new tagNode;
if(p==NULL)return 0;
p->Data = x;
p->Next =NULL;
ifGSEmpty(1)){
l.Head = 1.Tail = p;
}
elsef
1.Tail->Next = p;
1. Tail = p;
}

return 1;
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Thém mdt phin tif vio sau phan tif q cia DSLK don
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» Thém 01 phan tf vao sau node q trong DSLK
int insertNode2After(LinkedList &1, Node q, DataType x){

Node p = new tagNode;

if(p==NULL)return O;

p->Data = x;

p->Next =NULL;

if(isEmpty(I)){
l.Head = L. Tail = p;
}

else{
p->Next = q->Next;
g->Next = p;
if(q==L.Tail)l.Tail = p;
}

return 1;

}
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Hiy mot phan tif & ddu DSLK don
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= Hiy 01 phan tt & dau DSLK
int removeNodeAtHead(LinkedList &1){
Node p = 1.Head;
if(isEmpty(l)) return -1
l.Head = p->Next;
if(.LHead==NULL)l.Tail=NULL;
p->Next = NULL,;
delete p;

return 1;
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Hiy mot phan tf & cudi DSLK don
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* Hay Ol phan ti & cudi DSLK
int removeNodeAtTail(LinkedList &1){
Node p = 1.Head,;
Node q = NULL;
while(p!=1.Tail){
q=p;
p = p->Next;
}
if(!p) return -1;
if(@){
g->Next = NULL;
1.Tail = q;
}
else {
I.Head =1.Tail = NULL;
1
delete p;
return 1;
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» Hdy 01 phan tif ¢6 gid tri X trong DSLK
int removeNode (LinkedList &I, DataType X){
Node p = 1.Head,;
if(!p) return -1;
if(p->Data!=X && 1.Tail->Data!=X){
Node q= NULL;
while(p->Data!=X && p){
q=p; p=p->Next;
1
if(!p)return O;
q —> Next = p->Next;
p->Next = NULL;
delete p;
}
elsef
if(p->Data bing X)return removeNodeAtHead(l);
if(1.Tail->Data bing X)return removeNodeAtTail(1);
}

return 1;

Pham Thé Bao - Khoa Toan Tin
DHKHTN Tp.HCM

139

= Tim 01 phan t trong DSLK
Node searchNode(LinkedList 1, DataType x){
Node p = 1.Head;
if(p==NULL) return NULL;
while (p){
if(p->Data bing x)return p;
p = p->Next;
}
return NULL;
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= N6i DSLK nay vao cudi DSLK kia
void appendList(LinkedList &I, LinkedList &I11){
IfGasEmpty(1)l = 11;
else{
1.Tail->Next = 11.Head;
if(lisEmpty(11))1.Tail = 11.Tail;
}
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= Sip x&p DSLK theo PP MergeSort
void mergeSort(LinkedList &1){

LinkedList 11,12;

if(.LHead==1.Tail)return;

initLinkedList(11);

initLinkedList(12);

divideList(1,11,12);

mergeSort(11);

mergeSort(12);

mergeList(1,11,12);
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= Sap xép DSLK theo PP MergeSort (tt)
void divideList(LinkedList &l,LinkedList &I1,LinkedList &12){
Node p;
while(lisEmpty(1)){
p =1.Head;
l.Head = p->Next;
p->Next = NULL,;
insertNodeAtTail(11,p);
if(lisEmpty (1)) {
p =1.Head;
l.Head = p->Next;
p->Next = NULL;
insertNodeAtTail(12,p);
}
}
initLinkedList(l);
}
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» Sip x€p DSLK theo PP MergeSort (tt)
void mergeList(LinkedList &I,LinkedList &I1,LinkedList &I12){
Node p;
while(lisEmpty(11)&&!lisEmpty(12)){
if(11.Head->Data nhd hon bing 12.Head->Data){
p =11.Head;
11.Head = p->Next;
p->Next = NULL;

}
else{
p =12.Head;
12.Head = p->Next;
p->Next =NULL;
}
insertNodeAtTail(l,p);
}

if('isEmpty(11))appendList(L,11);
if(!lisEmpty(12))appendList(1,12);
initLinkedList(11);
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= Sap x€p DSLK theo PP QuickSort

void quickSort(LinkedList &I){
LinkedList 11,12;
if(.LHead==1.Tail)return;
initLinkedList(11);
initLinkedList(12);
splitList(L,11,12,X);
quickSort(11);
quickSort(12);
concatList(l,11,p,12);
initLinkedList(11);
initLinkedList(12);
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= Sdp x&p DSLK theo PP QuickSort (tt)

void splitList(LinkedList &I, LinkedList &I1, LinkedList &12,Node &x){
Node p;
x = l.Head;
I.Head = x->Next;
x->Next = NULL;
while(lisEmpty(1)){
x = 1.Head;
I.Head = x->Next;
x->Next = NULL;
if(p->Data nhd hon biing x->Data)insertNodeAtTail(11,p);
else insertNodeAtTail(12,p);
}
initLinkedList(1);
}

Pham Thé Bao - Khoa Toan Tin 146
DHKHTN Tp.HCM




= Sip x&p DSLK theo PP QuickSort (tt)

void concatList(LinkedList &I, LinkedList &11,Node &x, LinkedList &12){

appendList(l,11);
insertNodeAtTail(l,x);
appendList(1,12);
initLinkedList(11);
initLinkedList(12);
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= Sip x€p DSLK theo PP RadixSort
void radixSort(LinkedList &I){
LinkedList temp[10];
if(1.Head==I1.Tail)return;
for(int i=0;i<10;i++)initLinkedList(templ[i]);
int numDigit = getMaxDigit(l);
for(i=0;i<numDigit;i++){
send2Box(i,l,temp);
for(int j=0;j<10;j++){
appendList(L,templ[j]);
initLinkedList(temp[j]);
}
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= Sip x&p DSLK theo PP RadixSort (tt)
void send2Box(int n, LinkedList &I, LinkedList temp[]){
Node p;
while(lisEmpty(1)){
p = getHead(l);
addTail(temp[getDigit(n,p->Data)],p);
}
initLinkedList(1);
}
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= Sip x&p DSLK theo PP RadixSort (tt)

int getDigit(int n, int t){
long temp=1;
for(int i=0;i<n;i++)temp*=10;
return (t/temp)%10;
}

int getMaxDigit(I){
int max = findMax(l);
return countDigit(max);

}
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= Sip x€p DSLK theo PP RadixSort (tt)
int findMax(LinkedList 1){

int countDigit(int m){
int count = 0;
while(m){

m/=10;
count++;

}

return count;

}
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NGAN XEP
(STACK)
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CTDL Ngin xé&p

* Pinh nghia:

12 mot vat chita (container) cic doi tugng
lam viéc theo cd ché LIFO (Last In First
Out), nghia 1a doi twgng dudc dua vao sau sé
dudc 14y ra trudc.
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CTDL Ngin x€p (tt)

= Tinh chat:
1. Cédc déi tugng dudc thém vao bat ky lic nao
nhung chi c6 ddi tugng dudc thém sau clng
mdi dugc phép 14y ra.
2. Thao tdc thém 01 phan tir dugc goi 1a “Push”,
thao tac 14y 01 phan tir ra 1a “Pop”.
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CTDL Ngin x&p (tt)

= Vidu:
Bang dan sung AK, thap Ha NOoi, ...

=  Ung dung:
Khir dé quy, to chic cdc qud trinh tim ki€m theo
chiéu siau va quay lui, vét can, tinh todn biéu
thuec, ...
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CTDL Ngin x€p (tt)

= Dinh nghia
Stack 12 mot CTDL ADT hd trg 02 thao tdc chinh:
1. push(o): thém ddi tugng o vao dau stack
2. pop(): 14y d6i tuong & dau stack ra.
= Thao tdc hd tro:
1. size(): s6 phan ti trong stack
2. isEmpty(): kiém tra stack rdng
3. top():trd gid tri phan ti¥ & dau stack
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CTDL Ngin x&p (tt)

= CTDL
1. Miéng
2. DSLK
=  Caidit
1. Mdng 01 chiéu: khai bdo 01 méng 01 chiu c6

kich thu6c N phan ti¥, va cdc phan tif dugc ddnh
sO tr 0 dén N-1.
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CTDL Ngin x€p (tt)

2. DSLK don: DSLK cé nhitng dic tinh phit hdp d€ lam

stack
STT Stack DSLKD
1 push insertHead
2 Pop removeHead
3 size getCount
4 isEmpty iSEmpty
5 tO Pham Thé Bao - Khoa ToqnginetHead <o
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CTDL Ngin x€p (tt)

typedef LinkedList Stack;

int isEmpty(Stack st){
return st. Head==NULL;
}

int size(Stack st){
Node p = st.Head;
int count = O;
while(p){
count++;
p = p->Next;
}
}
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CTDL Ngin x€p (tt)
DataType top(Stack st){

return st. Head->Data;

}
int push(Stack st, DataType x){
// chén vao dau DSLK st
}
DataType pop(Stack st){
// LAy phan tt dau DSLK st

} Pham Thé Bao - Khoa Toan Tin
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THUAT TOAN
BA LAN NGUQOC
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Thult todn Ba Lan ngudgc
(Reverse Polish Notation - RPN)

Bai toan:

(14+5)*(12 — (8+1))

N 2.
Bién doi

> 1 5+12 81 + - *
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A s A g
Thult toan chuyé€n doi:
1. Khdi tao Stack rdng (chita cdc phép todn).
2. Lip cho d&n khi két thiic bi€u thic:
* DPoc 01 phan ti¥ cia bi€u thiic (01 phan i c6 thé 1a hiing, bién,
phép toan, “)” hay “(”).
* Né&u phan ti 1a:
v’ “(”: duwa vao Stack.
v’ “)”:14y céc phan ti clia Stack ra cho d&n khi giip “(” trong Stack.
v' Mot phép todn:
< Né€u Stack rdng: dua vao Stack.

N€u Stack khdc rong va phép todn ¢ do uu tién cao hon phan

tir § dau Stack: dua vao Stack.

% Né&u Stack khédc rong va phép todn c6 do uu tién thap hon hoic
bing phén tir § dau Stack: 1y phan tf tir Stack ra; sau d6 ldp
lai viéc so sdnh vdi phan tur & dau Stack.

v' Hing hoic bi€n: LAYy ra.
3. L&y h&ttat cd cdc phan i cla Stack ra.

(Ta xem “(” ¢6 do uu tién thdp hon dé wu tién ciia cdc phép todn)

*

K/
0.0

0
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Vidu

7*8-(2+3) u 7

*8-(2+3)

8-(2+3)

-(2+3)

- 78*

LAy * ra, dua - vao
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(2+3)

2+3)
78*2

+3)

+ 78*2

. 78*23
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)
t| 78*23+-

LAy +(-ra
7*8-(2+3)
K&t Qua -
> 78%23+-
Pham Thé Bao - Khoa Toan Tin 166

DHKHTN Tp.HCM




Thudt todn tinh gia tri
bi€u thic Ba lan ngugc

78*23+-
K&t Qua

51
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Thult todn tinh gi4 tri:
1. Khdi tao Stack rdng (chita hiing hodc bi€n).
2. Lip cho d&n khi két thiic biéu thic:
= Poc 01 phin ti¥ cda bi€u thic (01 phan t¥ c6 thé
12 hiing, bi€n, phép toin).
= N&u phin tf 1a hiing hay bi€n: dua vao Stack.
= Ngugc lai:
v/ Layra 02 phan tit clia Stack.
v Ap dung phép todn cho 02 phin tif vira 14y ra.
v' Pua k&t quéd vao Stack.
3. Gi4 tri cia bi€u thifc chinh 12 phan t cudi cling
cua Stack.
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78*23+-

8*23+-

23 +-

23 +-

Vidu

8
I

56
Thuc hién phép todn
%

Pham Thé Bao - Khoa Toan Tin
DHKHTN Tp.HCM

169

3+-

78*23+-

1|
(©))

)
56

Thuc hién phép todn +

91

Thuc hién phép todn -

K&t Qui 51
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HANG DPOI
(QUEUE)
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CTDL Hang do1

" Pinh nghia:
La mot vat chia (Container) cic doi
tvong lam viéc theo co ché FIFO

(First In First Out), nghia 1a phan t
nio vao trudc sé 1a phan ti¥ ra trudc.
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CTDL Hang dgi (tt)

= Tinh chat:

1. Cédc déi tugng dudc thém vao bat ky ldc ndo &
cudi nhung chi c6 ddi twgng dudc thém vao
dau tién mdi duge phép 14y ra.

2. Thao tic thém Ol phan t¢ dugc goi la
“enqueue”, thao tdc 1dy 01 phan tf ra Ia
“dequeue”.
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CTDL Hang dgi (tt)

= Vidu:
Viéc x€p hang mua vé, quin ly va phan phéi ti€n
trinh trong hé di€u hanh, ...

=  Ung dung:

Khir d¢ quy, to chiic cdc qud trinh tim ki€m theo
chiéu rong va quay lui, vét can, td chitc quin 1y
va phan phdi ti€n trinh trong cdc hé diéu hanh,
td chifc bd dém clia ban phim, ...

Pham Thé Bao - Khoa Toan Tin 174
DHKHTN Tp.HCM




CTDL Hang dodi (tt)

= Dinh nghia
Queue 12 mot CTDL ADT hd trg 02 thao tdc chinh:
1. enqueue(o): thém doi tugng o vao cudi queue
2. dequeue(): 18y d6i tugng & dau queue ra.
= Thao tdc hd tro:
1. size(): s6 phan i trong queue
2. isEmpty(): kiém tra queue rdng
3. front(): trd gia tri phan ti § dau queue
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CTDL Hang dodi (tt)

= CTDL
1. Miéng
2. DSLK

= (Caidait

1. Mdng 01 chiéu: khai bdo 01 méng 01 chiu c6
kich thu6c N phan ti¥, va cdc phan tif dugc ddnh
sO tir 0 d€n N-1.
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CTDL Hang dodi (tt)

2. DSLK don: DSLK c¢é nhitng dic tinh phit hdp d€ lam

stack
STT Queue DSLKD
1 enqueue insertTail
2 dequeue removeHead
3 size getCount
4 iISEmpty iSEmpty
5 front . g,etHead
Pham Thé Bao - Khoa Toqn in 77
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CTDL Hang dgi (tt)

typedef LinkedList Queue;
int isEmpty(Queue qu){
return qu.Head==NULL,;
}
int size(Queue qu){
Node p = qu.Head;
int count = O;
while(p){
count++;
p = p->Next;
}
}

Pham Thé Bao - Khoa Toan Tin
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CTDL Hang dgdi (tt)

DataType front(Queue qu){
return qu.Head->Data;
}
int enqueue (Queue qu, DataType x){
// chén vao cudi DSLK qu
}
DataType dequeue (Queue qu){
// LAy phan tt dau DSLK qu
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DSLK CO THU TU
(ORDERED LIST)

Pham Thé Bao - Khoa Toan Tin 180
DHKHTN Tp.HCM




CTDL DSLK C6 thit tu

" Pinh nghia:

La mot vat chia (Container) cic doi
twong theo mdt trinh ty nhat dinh. Khi
thém phan ti ta phdi ddm b3o quan
hé thit ty khong thay doi.
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DSLK VONG
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CTDL DSLK DPon vong

" Pinh nghia:
La mot DSLK ma phan ti k€ ti€p cla
phan t cudi DSLK chinh 1a phan t&

dau DSLK.
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DSLK Dbodn vong (tt)

= Thém & dau

- Nhu binh thudng

- L.Tail->Next = 1.Head
= Thém & cudi

- Nhu binh thudng

- L.Tail->Next = 1.Head
» Thém G giita

- Nhu binh thudng
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DSLK DPadn vong (tt)

= Hiy & dau

- Nhu binh thudng

- L. Tail->Next = .Head
= Hiy & cudi

- Nhu binh thudng

- L. Tail->Next = .Head
» Hiy & gitra

- Nhu binh thudng
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DSLK Dbodn vong (tt)
= Duyét
p = L.Head;
dof
/I xtt 1y, vi du in gia tri cac node: printf(“%d”,p->Data);
p = p->Next;
}while(p!=l.Head);
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DSLK DOl
(DOUBLE LINKED LIST)
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DSLK D61

* Pinh nghia:
La DSLK ma mdi phan t s& c6 02 mdi lién
két.

= Khai bao:

typedef struct tagNode { typedef struct tagNode {

DataType Data; DataType Data;

tagNode *Next; tagNode *Left;

tagNode *Prev; tagNode *Right;

}; Pham Thé Bao | Khoa Toan jin 188
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Thém mdt phin ti vao diu DSLK doi

34 —NR

@)
)
\2

12 ¢

7
\O
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Thém mdt phin ti vao cudi DSLK d6i

@)
)
\2

12 ¢

7
\O
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DSLK Doi (tt)

= Thém & dau

p->Next = 1.Head;

l.Head->Prev = p;

l.Head = p;
= Thém & cudi

. Tail->Next = p;

p->Prev = 1.Tail;

. Tail = p;
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DSLK Dbi (it)
= Thém p & sau phan ti¥ q
p->Next = g->Next;
p->Prev =q;
g->Next->Prev = p;
g->Next = p;
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DSLK D0o1 (tt)
= Hiy & dau

p = L.Head;

l.Head = p->Next;

l.Head->Prev = NULL;

p->Next = NULL;

delete p;
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DSLK D0o1 (tt)
= Hiy & cudi

p =1.Tail;

Tim q truSc p

1.Tail = q;

1.Tail->Next = NULL;

p->Next = p->Prev = NULL,;
delete p;
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DSLK D0o1 (tt)
= Hiy p § sauq
g->Next = p->Next;
p->Next->Prev = q;
p->Next = p->Prev = NULL;
delete p;
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DANH SACH
LIEN KET PA
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CAU TRUC DU LIEU
CAY
(TREE)

197
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= (Gi6i thieu CTDL cay:
CAy 12 mdt CTDL biéu dién cdc mo hinh phin cAp
nhu :
> S0 db t3 chiic cong ty
» Muc luc cua siach
> Cau tric th muc trong DOS/WIN/LINUX ...

> .
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Ban gidm doc
Tai vu Nhan su Kinh doanh

Thu  Chi Mua Béan
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CTDL

?@)/DASL\%TDL Cay

Gia tri Phinloai pgn Podi  Pa

Stack Queue
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Mot s6 thuit ngi

v Cay gdm tip cdc node. Hai node ndi véi

A nhau bdi 01 canh.
/\ v’ Node A goi l1a node goc.
B ¢ v BlachaciaD,E,vaF
/N \ v'Cla anhemcua B
E F |
v G, H, F, va I 1a node ngoai, hay node 14.
/ v A, B, C, D, va E l1a node trong.

H

v Cay c6 chiéu cao h =4
v/ Bic cia node B 1a d(B) =3
v Node E nim & d6 sdu 2 hay c¢6 mdc 1a 2.

Pham ¥h&@4gy kN wodie thi s€ c6 N-1 canh 201
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» Nhudgc diém:
v/ Khi thém phan ti¥, ta sé thém bAt ky, nén khi
quan 1y sé kho khan.
v Bic cic node trén cdy giao dong trong bién do
16n nén rat khé khin viéc quan 1y
v Vigc xod s& mat nhicu thdi gian tim ki€m va
kho khin td chite lai khi x0d node trong.
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CAY NHI PHAN
(BINARY TREE)
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* Dinh nghia:
1. Khong dé quy: CAy nhi phin la cdy ma ndi
node c6 bic tdi da 1a 2.
2. Theo dé quy:
» Hoic la mdt node 14,
> Hoic cidy gbm 01 node g&c va 02 ciy nhi phan con
ctiia n6 (cAy con trdi va cAy con phai).

G H E .
204
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= Tinh chat: |
) . - i
1. S6 node nim ¢ mic 1 <2
2. S6nodeld < 2" véihla chidu cao
cta cay.
3. Chiéu cao ctia cayh > |ng(N ) v6i N
12 s& node trong cay.
v . h
4. S& node trong cdy < 2" -1

Pham Thé Bao - Khoa Toan Tin 205
DHKHTN Tp.HCM

= Cai dit bing cau triic trong C:
typedef struct tagNode {

DataType Data;
tagNode *Left;
tagNode *Right;

};

typedef tagNode *BinaryTree;

Pham Thé Bao - Khoa Toan Tin 206
DHKHTN Tp.HCM




= Cai dit bing do1 tugng trong C:

class tagNode{
friend class BinaryTree;
private:
DataType Data;
tagNode *Left,*Right;
public:

tagNode(Data d=gid tri mac dinh)
{Left=Right=NULL;Data = d}

~tagNode()
{if(Left)delete Left;if(Right)delete Right;}
B
typedef tagNode *Node;
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class BinaryTree {
private:
Node Root;
public:
BinaryTree(){ Root=NULL;}
~BinaryTree(){if(Root)delete Root;}

// C4c phuong thitc thém, xod, tim ki€m,

/| d&m, ...
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= (Céc thao tac thong thudng:
1. Kiém tra cdy réng
2. Ki€m tra 01 node c6 phdi la node 14 khong ?
3. Duyétcay
4. Tim ki€m 01 phan t
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* Duyétcay

1. Duyét theo th tu tru6c (NLR)
Thuat toan NLR(T)
Input: Cay nhi phdn T
Output: tuy nhu cau
“Thim” node gdc T.
NLR(Con trdi cua T);
NLR(Con phai ctia T);
End.
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Sach

Tiéu de Chuong muc
Chuong 1 Chuong 2
Phan 1 Phan 2 Phan 1 Phin 2
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2. Duyét theo thit tu sau (LRN)
Thuat todn LRN(T)
Input: Cay nhi phdn T
Output: tuy nhu cau
NLR(Con trdi cua T);
NLR(Con phai ctia T);
“Thim” node gdc T.
End.
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I5SM + 119K

/tmp (1 K)
/ \ I5M + 116K
homework (2K) data (10 K)
M 6K A 13M + 100K
projects (2M) ex (4M)

/N /N

PI(IK) P2(5K) PI(OM)  P2(100K)
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3. Duyét theo thu tu gitta (LNR)
Thuat todn LNR(T)
Input: Cay nhi phdn T
Output: tuy nhu cau
LNR(Con trdi cua T);
“Thim” node gdc T.
LNR(Con phai ctia T);
End.
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6/\

((((SX(6-+(9+ Bkl 23 1) +(2X (3+4))

TN Tp.H

= P6i khi ching ta quan tim d€n cd quan hé
gifta phan t con va phan tif cha phan t&, nén
ching ta s& thém 01 con trd Parent d€ bi&t
quan hé con cha.

= Con khé khin khi quan cay nhi phan.
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CAY NHI PHAN
TIM KIEM
(BINARY SEARCH
TREE)
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* Pinh nghia:

La cay nhi phAn ma khod ciia node bét ky
trén cdy sé lon hon khod cdc node trén cady
con trdi va nho hon khod cdc node trén cdy
con phdi cua né.
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=  (Cac thao tac:
1. Duyétcay
2. Tim ki€m 01 phan t&r
3. Thém 01 phin t&
4. Huy 01 phan t
5. Huy cay
Pham Thé Bao - Khoa Toan Tin 220
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= Duyét thtt tu trudc:
void NLR(BSTree T){
if(T){
“Tham g6c T”; // printf(“%d” T->Data);
NLR(T->Left);
NLR(T->Right);
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= Duyét tht tu sau:
void LRN(BSTree T){
if(T){
NLR(T->Left);
NLR(T->Right);
“Tham g60 T”; /] printf(“%d”, T->Data);
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= Duyét tht tu gitra:
void LRN(BSTree T){
1f(T){
NLR(T->Left);
“Tham g60 T”; // printf(“%d”, T->Data);
NLR(T->Right);
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» Tim ki€m O1 phan ti:
tagNode * searchNode(BSTree T, DataType x){
f(T){
if(T->Data bing x) return T;
if(T->Data 16n hon x)
return searchNode(T->Left,x);

else
return searchNode(T->Right,x)
}
return NULL;
} Pham Thé Bao - Khoa Toan Tin
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= Thém 01 phin tif vao CNPTK:

v Pam bio diéu kién rang budc cia CNPTK.

v/ C6 thé thém vao nhiéu chd khdc nhau trén cay,
nhung n€u thém & node 14 thi s& dé nhat; vi qud

trinh s& tuong ty tim ki€m.

v Ham insertNode sé& trd ra gid tri: -1, 0, 1 thé
hién kh6éng da bd nhd, gid tri thém da c6 trong

CNPTK r1di, va thém thanh cdng.

Pham Thé Bao - Khoa Toan Tin
DHKHTN Tp.HCM

225

int insertNode(BSTree &T, DataType x){
if(T){
if(T->Data biang x)return 0;
if(T->Data 16n hon x)
return insertNode(T->Left,x);
else
return insertNode(T->Right,x);
}
T = new tagNode;
if(!T) return -1;

T->Data = x;
T->Left = T->Right = NULL;
return 1;
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Thém x =37

4‘1 - =
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= Hiy 01 phan tif trén CNPTK:
v Dam bio diéu kién rang budc clia CNPTK.
v C6 03 trudng hgp xdy ra:
> x l1a node 14
» x chi c6 01 con (trdi hay phai)
» x ¢6 @i 02 con
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Truong hgp thi nhat: don gidn vi khdng ¢c6 méc noi dén phan
tr nao khac

Huy x =34
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Truong hgp thd hai: truGc khi huy x ta méc ndi cha cta x va
con duy nhat ctia nd.

Huiy x =30
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» Trudng hgp cudi ciing: ta khong thé huy trudc ti€p
x do x ¢6 da 02 con (Vi tdi t8 chic cic mdi noi sé
phiic tap), nén ta sé& huy gidn ti€p. Thay vi huy x, ta
sé tim 01 phan ti th€ mang y, ma phan ti ndy c6
t6i da 01 con. Thong tin luu tai y sé& dugc chuyén
luu tai x. Sau d6 sé huy that sy y di, nhu 02 trudng
hop dau.

» Van dé dit ra bay gid 12 1am sao chon y ma khi
chuyén dif liéu tir y 1én x vin ddm bdo tinh chit cliia
CNPTK.

* Vay c6 02 phan tif s& thod man dé6 1a:

v' Phan tf nhd nhat trén ciy con phai.
v/ Hay phan tif 16n nhAt trén cdy con trai.
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Huiy x =26

:
jﬁ( 78 9
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int deleteNode(BSTree &T, DataType x){
if(!T)return O;
if(T->Data 16n hon x)
return deleteNode(T->Left,x);
if(T->Data nho hon x)
return deleteNode(T->Right,x);
else{
tagNode *p =T;
if(IT->Left) T = T->Right;
else
if(IT->Right)T = T->Left;
else searchStandFor(p,T->Right);
delete p;
return 1;

}
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// phan tif nhd nhat trén cAy con phai

void searchStandFor(BSTree &p, BSTree &q){

if(g->Left)searchStandFor(p,q->Left);

else{
p->Data = g->Data;

P=q;
q = g->Right;
}
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= Tao CNPTK:
v' Lip lai qud trinh thém 01 phan t& vhio CNPTK.
» Huy toan b6 ciy NPTK
v' Thong qua thao tdc duyét theo thi tu sau.
v Vay c6 thé huy cay theo thi ty giita hodc trudc dugc
khong ?
void removeTree(BSTree &T){
if(T){
removeTree(T->Left);
removeTree(T->Right);
delete T;

}
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= Tinh chat:

1. Tat ca thao tic tim ki€m, thém, huy trén CNPTK déu
¢6 do phuc tap O(h).

2. Trong trudng hdp t6t nhat, CNPTK cé N node sé& c6 dd
cao h = |Og2 ( N ) , chi phi tim ki€m khi d6 s& tudng
duong tim ki€m nhi phan trén mang cé thi tu.

3. Tuy nhién trong trudSng hdp xau nhit, cdy c6 thé suy
bi€n thanh 01 DSLK, khi d6 cdc thao tic trén sé& c6 do
phtic tap O(N).
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Bai tip

1. P&m cay NPTK c6 bao nhiéu phan ti ?
2. P&m cay NPTK c6 bao nhiéu node 14 ?
3. Tinh chiéu cao cdy NPTK.
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