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NO61 dung chuong trinh

Tim ki€m va sip x€&p (Search & Sort)
CTDL Danh sach lién két (Linked List)
CTDL Cay (Tree)
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Cau Tric Dt Liéu + Thudt Gidi = Chuong Trinh, ngudi
dich Nguyén Quéc Cudng, nha xut bin Pai hoc va Gido
duc chuyén nghiép.
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Tim ki€m va sip x&p

= 02 thuit todn tim ki€m
* 11 thuat todn sdp x&p
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Cau trdc dit liéu DSLK

DSLK don

DSLK do6i, da
Ngin x&p (Stack)
Hang dgi (Queue)
DSLK c6 thd ty
DSLK vong
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CAu tric dit liéu cay

» Cay tdng qudt
= Cay nhi phan
» Cay nhi phan tim ki€m
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NOi1 dung thém

Cay AVL (AVL Tree)

Cay d6 den (Red-Black Tree)
Bdng bam (Hashing)

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

1. Thuat todn tim ki€m, sip x&p

M6 phdng hang dgi mua vé xem phim

Th}lﬁt toan Balan ngugc (Stack - DSLK) d€ tinh gi4 tri

bi€u thitc todn hoc.

Cong, trlr, nhan, chia, luy thira hai s& nguyén 16n (DSLK)

Tinh giao, hoi, hiéu, phdn bii ctia 02 tip hgp (DSLK)

Tinh cdng, trr, nhan, chia, gid tri 02 da thic (DSLK)

Dung DSLK c?gi didt ma trin thua, tinh téng, hiéu, nhan,

nghich ddo (néu c6) clia ma trin.

8. Dung cdy nhi phan tim ki€m dé€ quan 1y cc di€ém trong
2D:/tim ki€m, thém, bdt, tao ciy, hly cdy, luu dit liéu
xudng file, doc dit liéu tir file 1én cay.

w

N

Chii ¥: chi chon 01 trong 05 bai: 03, 04, 05, 06, 07
Pham Thé Béo - Khoa Toan Tin
BHKHTN Tp.HCM




Téng quan

» Khdi niém thult gidi
* Phan tich thudt gidi
= Triru tugng hod dir liéu
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Khdi ni€ém thuat giai

= Thudt gidila gi ?

* Tinh chat cla thuat gidi:
Dit liéu

Tinh xdc dinh

Tinh dirng

Tinh ding din

Tinh kha thi

A
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Khai niém thuat giai (tt)
» TAtcé cdc bai todn déu gidi dugc trén may
tinh ?
= C6 bao nhiéu thuat gidi ?
» Muc tiéu ctia thuit gidila gi?
» Phdi chon thuit gidi nao ?
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Phén tich thuat giai

= Thdi gian thyc hién (Running Time)
= Ma gia (Pseudo-Code)
= Phén tich thudt gidi
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Thdi gian thuyc hién
(Running Time / Time Complexity)

= Thdi gian thyc hi€n phu thudc gi ?
* Viy lam sao danh gid thuit gidi ?
» Lam th& nao x4c dinh thdi gian thyc hién ?
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Huéng ti€p can thyc nghiém

Cac budc thuc hién:
1. Vi€t chuong trinh cai dit
2. Thyc thi chuong trinh v6i nhiéu bo dit lidu
3. Do va thdng ké thdi gian
4. Xap xi bi€u @6
Han ché:
1. Can phdi cai dit CT va do thdi gian
2. BO dit liéu khong thé dic trung hét
3. Kho so sdnh 02 thuat gidi
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Ma gia

= Migidlagi?

»  Dic tinh cd ban:

M0 t4 thuat gidi c6 cdu tric hon NNTN
Kém hinh thitc hon NNLT

Cong cu chd y&u md ta thuat gidi
Tang 4n duéi khdi niém thi€t k& CT

o
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Ma gia (tt)
Mot s6 quy udc:
1. Céc biéu thitc todn hoc
2. Lénh gin: “<”
3. Sosdnh: “=*
4. Khai bdo ham (thuét gidi)
Thuit gidi <tén TG> (<tham s&>)
Input: <dit liéu vao>
Output: <dir liéu ra>
<Céc cau lénh>
End <tén TG>
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Ma gia (tt)

5. Céc cau tric:
= Ciu tric chon:
If ... then ... [else ...]
= Vong lap:
While ... do
Do ... while (...)
For.. do..
6. Mot so cau lIénh khéc:
= Trad gid trivé:  Return [gid tri]
= L&igoi ham: <Tén>(tham s8)
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Phén tich thuat giai

= Khdi niém do phiic tap ctia thuit todn
= Cdc thao tdc cd sG

= Khdo sat ma gid

= Vidu
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Thuat giai MaxOfArray(A,n)

Input: Maéng A c6 n phan t

Output:  Phin ti 16n nhat clia A

currentMax <« A[O]

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

currentMax < A[i]
return currentMax

End MaxOfArray

Pham Thé Ba
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TT Thao tic T6t nhit | Xdunhat| TB
1 So sanh n-1 n-1 n-1
2 Gian 1 n n/2
3 Return 1 1 1
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Xap xi tiém can

= Muc dich
o Vidu:
1,000,001 ~ 1,000,000
32~ 12
= Khdiniém “O”:
o Cho f(n) va g(n) ta néi f(n) € O(g(n)) khi va chi
khi f(n) <c*g(n), V n=>a vdic va ala hiing sg,
va f(n) va g(n) 1a cdc ham trén mién s6 tu nhién
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Xap xi tiém can (tt)

0 N&u 7n? -3 e O (n% nhung ta chi quan tim dé&n
Xap xi bac thdp nhidt = 7n? -3 € O (1)

o Quy tic x4c dinh O(?): xét thanh phin c6 bac
cao nhitctia f
Vi du: 12n -2 € O(n)

3n2log(n) -12n2+19 € O (nzlog(n))

3e"-10000n%+2 € O (e")
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Phan tich thdi gian
theo huéng ti€ém cin
* St dung ky hiéu “O” d€ bi€u dién khdi
lugng cdc thao tdc cd sd.
Vi du: ta ¢6 thé néi ham MaxOfArray
chay véi thdi gian O(n)

= Khi so sdnh cdc thuat todn ta c6 thé néi:

Thuit todn chay v&i thdi gian O(n) t6t hon thuét

todn O(n?)
Tuong tw O(log(n)) t&t hon O(n)
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Phén tich thdi gian
theo huéng ti€ém can (tt)

* C6 thé hé s6 ng v6i thanh phan c6 bic cao
nhA't c6 thé rat 16n nén do6i khi, véi tap dir
li€u Input x4c dinh thuit todn O(n) s€ kém
hi€u qué hon thuét todin 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 phédp thyc hién

* Ly thuyé&t ham sinh
= Khio sit thuc t&
Vi du: log(n) < thuc t& <<<n
= Xét vi du doan chuong trinh:
for(i < 1 ton) do
if(i<10) then 7
for(j«— 1 to log(n)) do B ¢
print j } :
else print i

Pham Thé Bao - Khoa Toan Tin
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Phan tich vi du

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

* DPJi song clia mot chuong trinh:
M6 té bai todn (Task specification)
Thiét k& (Design)

Kiém tra (Verification)

Cai diat Implementation, Coding)

A

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

6. Lbi thdi va bi€n mat

Pham Thé Bao - Khoa Toan Tin
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Truru tugng hod dir li€u (tt)

* Thé nao la mot chuong trinh tt ?

» Cic tinh chat cia chuong trinh tot:
DPing din (Correct)

Hiéu qué (Efficient)

Chi phi thap (Cheap)

D& hi€u (Understandable)

D& bio tri, ning cidp (Maintainable)
Manh mé (robust)

Pon thé (Modular)

NonAE LD -
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Truu tugng hod dir liéu (tt)

» Ky thuadt Lap Trinh Pon Thé 1a g1 ?
= Dung phudng phap thi€t k& nao dé xdc dinh céc
don thé ?
1. Top-Down
2. Hodc Bottom-Up
* LTPT & tritu tugng hod dé€ lam gi ?
» (0 sG chinh cda tritu tugng hod:
v Quan tim t&ng thé
v Khdng quan tim chi tiét
v' Tuong ty khdi niém “Hop den”

Pham Thé Bao - Khoa Toan Tin
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Truru tugng hod dir li€u (tt)

= Phin loai triru tugng hod:

1. Triru tugng hod chic ndng (Functional
Abstraction), phin tdch giao ti€p clia chifc niing
(ham) véi cai dit cu thé.

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

= Mot ki€u dit liéu bao gdm nhitng gi ?
1. Mot tap hgp cdc gia tri
2. Mot tap hgp cdc phép todn (thao tic) trén cdc gia tri
nay
= Kiéu dit liéu tritu tugng (Abstract Data Type -
ADT) sé& do ngudi dung dinh nghia
* Canchd y khi cai dit ADT:
1. Chon biéu dién thich hgp clia dif liéu théng qua cic
ki€u dif liéu da biét.
2. Cai ditcac thao tac trén dit liéu

Pham Thé Bao - Khoa Toan Tin
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Truru tugng hod dir li€u (tt)

»  Kiéu dit liéu cd s&

Vidu : char, int, boolean, ...

dugc dinh nghia s&n trong NNLT
»  Kiéu dit lieu (KDL) ¢6 ciu triic
= Phan loai KDL:

1. Tuyén tinh

2. Phi tuyén
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Kiéu dir liéu tuyé&n tinh

La ki€u dit liéu thod 02 tinh chat sau:
1. Ding sau mdi phan ti¥ t8i da ¢6 01 phan t¥
2. MB®i phin tir c6 khong qué 01 phin ti ding trudc
no.

Vidu: A|lA|A]|A

® —-Cc—Cc—c—n
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Kiéu dit liéu phi tuyén

» La KDL khong thod it nhat 01 trong 02 tinh
chat ctia KDL tuyén tinh trén

= Vidu:

A

B C
™ N
Fl G E
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So dod xay dyng ADT

Ung dung < S& dung ADT

Pinh nghia ADT

Caidit < Caidat ADT
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= Pic td bai todn:

S& phitc 13 mt s6 bidu dién bdi 01 cip s6
nguyén (a,b), a 13 phin thyc va b 13 phan 4o. Ta c6
thé 4p dung cic phép todn s& hoc nhu: +, -, *, /.
Ngoai ra ta c6 tinh chd't i*i = -1

= Caidat1:
typedef struct {
int imaginary_number, real_number;
}complex;
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= Cai ddt 2:
#define imaginary_number 0
#define real_number 1
typedef int complex[2];
= Cdc ham co s4:
v createComplex(a,b): nhan 02 s& nguyén a,b va trd ra s
phic tuong Gng.
v getlmaginaryNumber(c): nhin vao 01 sd phic ¢ va trd ra
phin 4o cla no.
v’ getRealNumber(c): nhan vao 01 s& phifc ¢ va trd ra phian
thyrc caa nd.
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= Ham mé rng:
v’addComplex(complex cl,complex c2): cong 02
8 phitc. Cai dit nhu sau:

complex addComplex(complex cl,complex c2){
intrl = getRealNumber(cl);
int r2 = getRealNumber(c2);
intil = getImaginaryNumber(cl);
int i2 = getlmaginaryNumber(c2);
return createComplex(rl+r2,il+i2);

}

Pham Thé Bao - Khoa Toan Tin
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TIM KIEM
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CAu tric dit liéu mang

* DPinh nghia: CTDL ming (array) 12 CTDL gém mdt
day lién ti€p cac phin tir. Cdc phan ti nay c6 thé
dudc truy cip ngiu nhién.

= Cdc thao tdc thong thudng trén méang:

+ Khdi tao méng

% LAY gi4 tri clia phan ti¥ thit i trong mang

< Pt gid tri cho phan ti¥ thit i trong ming

% X4c dinh kich thudc mang (s6 phan ti trong mang)
< Thém mdt phin ti vio mang

< Huy mot phan ti ra khdi ming

< Tim ki€m mét phan ti trong mang

% Sép x&p méng
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Tim ki€m

=  Phuong phdp co ban:
1. Tudn ty (tuyén tinh — Linear Search)
2. Nhi phan (Binary Search)

= Y tudng:

1. Tuan ty: duyét i phin t ddu tién cho dén phan tit
cudi cing d€ tim phan t thod di€u kién can tim.

2. Nhi phan: phan hoach lam 02 phﬁn\, 01 phan chic chin
khong c6, phan con lai néu cc’), s€ ton tai. Qud trinh tim
ki€m s& c6 khong gian tim ki€ém thu hep, nén viée Gim
ki€m s€ nhanh chéng. Diéu kién cdc phan ti phdi c6
quan hé thit ty nao doé.
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Tim ki€m (tt)

= Thudt gidi:
1. Tuan ty:
Thuat gidi LSearch(A,n, o)
Input: Mang A c6 n phan t{ va diéu kién o
Ouput: Vi tri phan ti can tim, hodc -1 néu
khong tim thay
for(i < 0 to n-1)
if(A[i] thod diéu kién Q) return i;
return -1;
End LSearch;
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Tim ki€m (tt)

Uu Khuyét di€ém ctia thuit todn tim ki€m tudn tr
Uu diém:
tdng quat, c6 thé dp dung trén moi tiéu chudn tim
ki€m cling nhur moi dif liéu.
Khuy&t diém:
Chi phi cao (ti 1€ O(n))
Vi du: tim phin t& x = 6 trong mang dudi day
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Tim ki€m (tt)

2. Nhi phan
Thuat giai BSearch(A,n, o)
Input: Mang A c6 n phan t va diéu kién o
Ouput: Vi tri phén tl cAn tim, hoic -1 néu khéng tim
thay
left «— O; right < n-1;
while(left <right) do
mid < (left+right)/2;
if(A[mid] thod o) then return mid;
if(phan ti thod o & bén trdi) then
right <— mid-1;
else left «— mid +1;
return -1;
End BSearch;
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Tim ki€m (tt)

Uu Khuy&t diém ctia thuat todn tim ki€m nhi phan
Uu diém:
Chi phi thap (ti 1&¢ O(logy(n))
Khuyé&t diém:
Thuit toin khong téng quét, khong thé dp dung trén
moi tiéu chuén tim ki€m cling nhu moi dit li¢u. D
liéu bat budc phdi c6 quan hé thit ty va viéc tim ki€m
phéi theo khod thit ty nay.
Vi du: tim phin tf x = 6 trong mang dudi diy
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@@ @ 0 @ @ Almid] =7 >x

- T ) .
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Return mid =2

20O
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1. Ddi chd tryc ti€p — Interchange Sort . o x .
2. N&i bot — Bubble Sort Phudng phap doi cho truc ti€p
3. Shaker Sort . .
R . , = Y tudng thudt todn:
4. Chen tryc ti€p — Insertion Sort Khdi niém nghich the
5. Cheén nhi phan — Binary Insertion Sort Xét mot mang cdc s8 2 21 -
6. Shell Sort N&u ¢6 i<j va a; <a;thi ta goi d6 1a mot nghich thé
7. Chon truc ti€p — Selection Sort Vay n&u mang chua sip x&p: s& c6 nghich th&
8. Heap Sort Né&u mang da sip x&p (c6 thi ty): khong cé nghich

9. Quick Sort th€ va khigp  sé& l1a phan tr bé nhat roi dén
10. Merge Sort

81 82

11. Radix Sort Pham Thé Bao - Khoa Toén Tin 51 Pham Thé Béo - Khoa Toan Tin 52
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Da6i chd tryc tiép (tt)

D& mot ming dugc sdp x&p thi s6 nghich th€ phai
giam dan, dé lam dudc ta s& hodn vi cap phan t&
x4y ra nghich thé.

= Thuit todan:
Thuét toan InterchangeSort(A,n)
Input: Mdng A c6 n phan t&
Output: Ming A dugc sip xép
for(i <~ 0 to n-2) do
for(j < i+1 ton-1) do
if(A[i]>A[j]) then A[i] <> A[j]

return; )
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D6i chd truc tiép (tt)

= Nhian xét:
> Sau mdi lan lip clia vong lip for i, phan tir Ali]
= min (A[i], Ali+1], .., A[n-1])
» Thuit todn c6 do phic tap 062)
= Vidu:

@000 O0OOG
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Phuong phép noi bot

* Y tudng thudt toan:
T mdt s& gdi y trong thién nhién nhu:
v Bot khi
v/ Hdn hgp diu va nuée
v/ Tha hdn hgp gao va mat cura vao nue

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

= Thuit toan:
Thuit toan BubbleSort(A,n)
Input: Mang A c6 n phan tit
Output: Mdng A dugc sip x&p
for(i <~ 0 to n-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 lip clia vong lip for i, phan ti nhe
nhat s& ndi 1én dén mic i; nghia 1a A[i] = min(
A[i], Ali+1], .., A[n-1])

v Thuit todn c6 d6 phic tap 062)

v/ Thay vi cho vat nhe ndi lén ta ciing ¢6 thé cho vat
ning chim xuéng
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Phuong phdp ndi bot (tt)

Thuit toan BubbleSort1(A,n)
Input: Méng A c6 n phan ti
Output: Mang A dugc sip xép
for(i <~ n-1to 1) do
for(j < 0 toi-1) do
if(A[j] > A[j+1]) then A[j] <> A[j+1]

return;
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Phuong phap ndi bot (tt)

/ll:lay ddng thai cho vat ning chim xudng va vat nhe ndi
én.
Thuit toan BubbleSort2(A,n)
Input: Mang A c6 n phan t&
Output: Mang A dugc 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-11 > A[j]) then A[j-1] <> A[j]
up<up+1;

return;
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Phuong phdp ndi bot (tt)
v D thuit todn vAn c¢6 d6 phic tap O(n?) nhung chi

phi s& gidm nhiéu, vi ta di Igi dung tinh ddi ngiu.
* Vidu I (nhe n6i 1én)

0000600 O
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= Vidu 2 (nhe ndilén va ning chim xudng)

00006006
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Phuong phdp Shaker Sort

* Y tu§ng thuit todn:

Phuong phdp Bubble Sort c6 modt nhuge diém rat
16n 1a khi dit liéu c6 thé da dudc sip x&p cuc bd
thi phuong phdp Bubble Sort vin phdi lam tuin
tv ma khong Idi dung dugc tinh chit ndy. Do dé
Shaker Sort 12 phuong phdp cdi ti€n clia Bubble
Sort d€ giam sd 1an lip.
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Phuong phdap Shaker Sort (tt)

= Thuit todn:
Thuat todn ShakerSort(A,n)
Input: Mang A c¢6 n phan ti
Output: Mang A dugc sip 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
Alj] © Alj+11;
hv « j;
down < hv;
for(j «— down to up+1) do
if(A[j-11 > A[j]) then
Alj-1] < Aljl;
hv «j;
up < hv;

return; Pham Thé Béo - Khoa Toan Tin
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Phuong phdp Shaker Sort (tt)

= Nhin xét:
v/ Thuit todn c6 d phitc tap O(2)
v' Tuy nhién qua thyc nghiém, n€u dit liéu c6 thd tr
cuc bod nhiéu thi Shaker Sort s& nhanh hon rit nhiéu
so véi Bubble Sort.

= Vidu:

0000 OOO
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Phuong phép chén truc ti€p

= Y tuwdng thuit todn:

Xétmang Acécdcsd ag a; . mg a o

Gia st tai thdi diém thi i dd c6 i phdn t¥ ddu tién
clia mang da c6 thd ty ap< aj< .. < a4

Né&u ta tin dugc vi tri k (0 <k <i) sao cho 1< aj < ag

ta s€ chen a; vao gilta 2.1 va ax ta s€ nhan dugc
trang thdi méi clia mang A trong d6 i+1 phin t&
diu tién c6 thit ty ting.
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Phuong phdp chén truc tiép (tt)

= Thuit toan:

Thuét toan InsertionSort(A,n)
Input: Mang A c6 n phin tit
Output: Mang A c6 thd tu
for(i <~ 1ton-1)do

x <« Ali];
ji-1;
while (x<A[j] && j > 0) do
Alj+11 < Aljl;
j<iL
Alj+1] «x;
return;
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Phuong phdp chen tryc tiép (tt)

= Vidu:

0000 OOO
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Phuong phdp chén truc tiép (tt)

= Nhin xét:
v Thudt todn cé d6 phic tap O(2)

v' Dt liéu cang it nghich th€, thut todn chay cang
nhanh.
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Phuong phdp chen nhi phan

= Y tudng thuit todn:
Trong thuit todn chén truc ti€p, khi tim vi trf k
thda %-1<4j <4k | phuong phdp tim vi tri 1a
tudn ty , nhu thé ta c6 thé diing phuong phdp tim

[Pg . A R [P
ki€m nhj phdn d€ cditi€éndo ap< aj < .. < |
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Phuong phdp chen nhi phan (tt)

= Thuit todn:

Thuit toan BinaryInsertionSort(A,n)
Input: Méng A c6 n phan ti
Output: Méng A c6 thit ty
forG < 1ton-1)do

X « Ali];
k < BinarySearch(A,i,x);
for(j < to k+1) do
Afj] < A[j-11;
A[K] « x;
return;
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Phuong phdp chen nhi phan (tt)

= Nhin xét:

v Thuit todn c¢6 do phic tap O(n2) véi thao tdc gin
nhung ¢6 dd phic tap O(nlog,n) véi thao tic so
sanh.

v/ Nhung phuong phdp chén nhi phdn s& nhanh hon
déng k& khi dit liéu rat nhiéu va dic biét khi chi phi
so sanh giira 02 phﬁn tl 12 cao, vi du: string, cdu tric,
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Phuong phdp Shell Sort

* Y tudng thuit todn:

Khi dit liéu cang it hdn don ( it nghich th& ) thi
thudt todn chén tryc ti€p cang chay nhanh, ta c6
thuit todn chén nhi phin 1a mot cdi ti€n. Mot
huéng ti€p cin khic 13 1am sao gidm bt s6 nghich
th€ trude khi thyc sy sip x&p. Shell sort 1a cai ti€n
clia chén tryc ti€p theo huéng ti€p can nay.

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

Chiing ta phdi phdn hoach cdc buGc nhdy nhu
sau hy>hy> .. > hg ,vad § budc cudi cing
phéi 1a 1. Tai cdc budc ta s& dung thuit todn chén
truc ti€p d4 sdp x&p cac diy con.
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Phuong phdp Shell Sort (tt)

= Thuit toan:
Thuét toan ShellSort(A,n)
Input: Mang A c6 n phin it
Output: Mang A c6 thi tu
Chon h[0], h[1], .., h[k-1]=1;
for(i <~ 0tok-1)do
Phin hoach mang A thanh t diy c6 chiéu dai h[i]
for(j <~ 0tot-1)do
InsertionSort(ddy con da phan hoach);
return;
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Phuong phdp Shell Sort (tt)

Nhung trong cai dit, chiing ta s& dong thdi sip x&p tirng diy con.
= Thuit todn:
Thuét toan ShellSort(A,n)
Input: Mang A c6 n phin t&
Output: Mang A c6 thi ty
Chon h[0], h[1], .., h[k-1] = 1:
for(p <~ 0tok-1)do
for(i < h[p] ton-1) do
X« Afil;j«1;
while(x<A[j-h[p]] && j > h[p]) do
Aljl « Alj-hpll;

j<j-hipl
Aljl < x;
return;
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Phuong phdp Shell Sort (tt)

= Nhin xét:

v Thuét todn c6 dd phic tap nhd hon O(n32) Tuy
nhién Shell Sort hiéu qua hon nhiéu so vdi chén
truc tiép.

v/ Tinh hiéu qud s& phu thudc ra't nhi€u vao cdch chon
cdc budc nhdy. Tuy nhién, hién nay khong c6 ti€u
chuin tdng quit d& chon cic budc nhdy, ma théng
qua kinh nghiém ta s& cé cach chon. Nhung chon nhu
th& nao di nita, ta ludén 1am sao chon cdc budc nhdy
ma phén hoach méng thanh cdc ddy it trung lip cang
tot.
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Phuong phdp Shell Sort (tt)

Mot sd cach chon:

= hla diy cdc s6 nguyén t& gidm din dén 1: 13, 11,
7,5, 3, 1. P6i khi khong nha't thi€t cdc s6 nguyén to
nay lién tuc, vidu: 13,5,3, 1.

= hco6 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 phdp Shell Sort (tt)
= Viduy: xétday 5,3,1
Vi h[0] = 5

POOO ®OGO®O
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Phuong phép chon truc ti€p

= Y tudng thuit todn:

Ta thdy ring n€u mang c6 thit tu thi Ali] luon
12 phan t bé nhat cta tip (A[i], A[i+1], .., A[n]).
Vay mdt cdch don gidn ta dit phin tif nhd nhat vio
diu mang, tim phin t& nhd k& ti€p trong tap con lai
r6i dit vao vi tri k€ ti€p, ¢ nhu vy cho d&n hét ta
c6 mang dudc sip c6 thit tu.
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Phuong phép chon truc ti€p (tt)

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

Input: Méng A c6 n phan ti

Output: Méng A c6 thit ty

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

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

Alk] © Ali];

return;
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Phuong phép chon truc tiép (tt)

= Nhin xét:
v Thudt todn c6 do phic tap O(n2 ).
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Phuong phép chon truc ti€p (tt)

= Vidu:

POOO ®OOGO
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Phuong phdp Heap Sort

* Y tudng thuit todn:

Ta thdy ring trong thuit todn chon truc
ti€p, ctt mdi vong lip ta phai tim phan tf nhd
nhat trong s6 cdc phan ti con lai. Trong qué
trinh tim ki€ém ta khong tdn dung dudc céc
thong tin § cdc lan tim trude d6.

Mot cdc ti€p cin khdc 1a ta s& 1am sao
luu trr thong tin cdc 1an tim ki€m truec d6 dé
¢6 thé st dung sau nay.
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Phuong phdp Heap Sort (tt)

= Khdi niém Heap:
» Néucé diy cdcphdntit a, a,,, . a, (I<rml
a; c6quanhé v6i @, a5,; 16n hon hay nhé

hon Vi=1..r thi ta néi day la heap.

> Heap max 1a heapma a; >max (a,; » A1)

> Heap min 12 heapma a; <min (a,; Aipr)

» Moi day a,a,, . a, véi (1< 1< 21) déu la
heap.
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Phuong phdp Heap Sort (tt)

Pham Thé Béo - Khoa Toan Tin 85
BHKHTN Tp.HCM

Phuong phdp Heap Sort (tt)

= Tinh chat:
» N€uc6ddy a,a,, . a, laheapthi
a; a,; .. a;(1<i<j<r)ciingla heap.
»Néu a;a,
phan tir 16n nhat.
> Néu a,a,
phin ti¥ bé nhat.

a, la heap maxthi a; Ia

a, laheap minthi ajla

Pham Thé Bao - Khoa Toan Tin
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Phuong phdp Heap Sort (tt)

= Ung dung heap:

N&u ta t§ chic dugc manga, a, _ a,, thanh
heap max thi a, la phan tif 16n nhét, vy ta chi
cdnhodn ddi a, va a,, thitas€cé a _, &
ding vitri. Vatavancé a; a, a,, 1a mot
heap, vy ta chf cin cdp nhat thém a, vao dé€
tao ra mot heap nffa thi ta ti€p tuc qud trinh nhu
trén ta sé dudc mang cé th ty ting dn.
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Phuong phdp Heap Sort (tt)

Thuat toan:
Thuit toan HeapSort(A,n)
Input: Mang A c6 n phan
Output: Méng A c6 thit ty
CreateHeap(A,n);
for(k <~ n-1to 1) do
A[0] & A[K];
InsertHeap(A,0,k-1);
return;
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Phuong phdp Heap Sort (tt)

Thuit toan CreateHeap(A,n)
Input: Mdng A c6 n phan t&
Output: Méng A 13 heap max
for(k < (n+1)/2 - 1 to 0) do

InsertHeap(A k,n-1);

return;
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Phuong phdp Heap Sort (tt)

Thuét toan InsertHeap(A,Lr)

Input: Méng A chita heap a,,; .. a,
Output: Mdng A chfaheap a, a,,, . a,
p < 2*1;

if(p > r) then return;
if(p <r) then
if(A[p] < A[p+1]) then p < p+1;
if(A[ll < AlpD
All] & Alpl;
InsertHeap(A,p,r);
return;
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Phuong phdp Heap Sort (tt)

= Nhin xét:
» Thuat todn c6 d6 phic tap O(log,n)
> Mudn sip x&€p mang ting diing heap max
» Mudn Sip xép méng gidm diing heap min
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Phuong phdp Heap Sort (tt)

= Vidu:

Budc 1 : Tao Heap

POOO ®OOGO
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Sép x€p

@O0 O®OOO
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Phuong phdp Quick Sort

2
= TOng quan:

Quick Sort do Hoare dua ra vao nhitng nam 60, dugc
nhiéu nha todn hoc, tin hoc nghién citu va phét trién
nhu D. Knuth, N. Wirth

* Y tudng thuit todn:

Nguyén tic chinh 14 chia d& tri. P4y 14 co s3 ciia nhiéu
thudt todn hiéu qua.

Méng A néu ta cl}ia lam 02 phﬁq, phin diu gdm cic
phan t¢ <X, phan sau 1a cdc phan tr > X, v6i X 1a s6
ba't ky trong A. N&u ta sip xép 02 phan nay thi A sé&
c6 thit ty.
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Phuong phdp Quick Sort (tt)

= Thuit todn:
Thuat toan QuickSort(A,lr)
Input: Mang A c6 cdc phan ti & vi tri tir 1 d&n .
Output: Ming A dugc sip x€p tir 1 dén .
Chon phin ti X;
i« Lj<r
while (i<j) do
while (A[i] <X) doi<i+1;
while (A[j] > X) doj «j-1;
if (i < j) then
Ali] & Aljl;
i—i+1;
j<ij-L
if (j > 1) then QuickSort(A,l,j);
(e > 1) them QuickRort (Al o7

return; BHKHTN Tp.HCM

Phuong phdp Quick Sort (tt)

= Nhin xét:

» Sau mbi 1in phan hoach thi mang A c6 cdc phan
tlr tif vi tri 1 d€n j s& 6 gid tri < X va tiri dén r sé&
> X.

> Khi phin chia bit budc phin t X phai 12 phin
t trong mang d€ ddm bio tinh ditng cta thuit
todn (c hai phin sau khi chia s& khong bi rdng).

» Trung binh thudt todn c6 dd phic tap O(n log,n)
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Phuong phdp Quick Sort (tt)

> Trong trudng hgp xau nhat 12 O(n?2)

> Trudng hop xAu nhat 1a sau khi phan hoach thi
mot phin chita 01 phin t va phan kia chia I-r
phin t& con lai. Trudng hgp tot nhat x4y ra khi
chia ming dugc 02 phan xap xi gin bing nhau
vé s6 lugng (chi sai khdc 01 phan t&). Do d6,
trong cii dit lap trinh vién thudng chon phin ti
X = A[(141)/2] v6i hy vong s& 12 phan tif trung vi
(median)
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Phuong phdp Quick Sort (tt)

> Trong nhiéu cdi ti€n, ngudi ta cd ging chon
phin tif X khong phai 1a phin tit 16n nhit hay
nhd nhat.

> Cudi ciing, khi n nhd, 1ap trinh vién s& khong
dung quick sort ma s€ dung thuat todn khic hiéu
qua hon nhu: chon tryc ti€p, ndi bot, ... Nhung
khi n kh4 16n chiing ta s& gip khé khin vdi van
dé dé quy.
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Phuong phdp Quick Sort (tt)

= Vidu:

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

POOO O®OGOGO
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Cudi cung ta dudc

000 ©®O6O®G
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Phuong phdp Merge Sort

» Téng quan:
Merge Sort do D. Knuth gidi thi¢u vao nhitng nim 60
* Y tudng thuit todn:
Nguyén tic chinh ciing 1a chia dé tri. Nhung cich chia
s€ khac Quick Sort.
Ming A néu ta chia 1am 02 phin biing nhau, néu ta sip
x&p 02 phan lai rdi tron 02 nita lai ta s& c6 mang c6
thi tu.
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Phuong phdp Merge Sort (tt)

= Thuit toan:
Thuit toan MergeSort(A,l,r)
Input: Mang A c6 cdc phin ttr & vi tri tir 1 dénr.
Output: Ming A dugc sip x&p tr 1 dén'r.
if(1 < r) then
mid < (1+1)/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 phdp Merge Sort (tt)

= Nhin xét:
> Sau mdi 1an phin hoach thi s& lugng sip x&p s&
gidm V%, vdy cin log,n 1an phan hoach.
» Chi phi trung binh 1a O(nlog,n)

Pham Thé Béo - Khoa Toan Tin 105
BHKHTN Tp.HCM

Phuong phdp Merge Sort (tt)

= Vidu:

seecccee
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Phuong phdp Merge Sort (tt)

» C3iti€n:
» Tron k day
» Tron diy c6 thit ty
> ..
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Phuong phdp Radix Sort

* Y tu§ng thuit todn:

Radix Sort 1a thuit todn ti€p cén theo y tudng
khong so sdnh gid tri cdc phin tit; co s§ dé sip
x&p clia cdc thuit todn cii; ma ding nguyén tic
phén loai thu nhu buu dién. Do d6 thuit todn nay
con ¢6 tén la Postnam’s Sort.

Nguyén tic chinh 13 phan loai va trinh ty phan loai
s& tao ra thit ty cho cac phén ti.
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Phuong phdp Radix Sort (tt)

= Vidu:

1#)
=
> <*A@

751 \1%§/ 749
012,314/ 5 71819
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K&t thiic — Mdang c6 thi tu
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Phuong phdp Radix Sort (tt)

= Thuit toan:
Thuat toan RadixSort(A,n,k)
Input: Mang A c6 n phan ti, c6 t&i da k chif s6.
Output: Mang A dudc sip x€p.
Khdi tao 10 ngiin chita B[0..9] rdng;
for (t < 0Otok-1)do
for (j <~ 0 ton-1) do
Thém A[j] vao B[Digit(ALiL0];
for (k <~ 0to 9) do
LAy ngudc cdc phan ti tir B[i] dua vio A
return;
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Phuong phdp Radix Sort (tt)

Thuat toan Digit(n,k)
Input: s6 nguyén n va k.
Output: gid tri tai vi tri k clia so n.
value < 1;
for i< Otok-1)do
value < value * 10;
return (n / value)% 10;
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Phuong phdp Radix Sort (tt)

= Nhan xét:

» Do phic tap cia thuit todn 1a O(n).

» Ton kém, vi phdi ¢6 10 ngin chita ma mdi ngin
chita phdi c6 t6i da ding bing sd phin tif clia dit
lieu v4i kiéu dit liéu s6, va nhiéu hon nita véi
ki€u dir liéu chubi.

» Thuin tién cai dat véi cdc ki€u dit liéu chi so
sanh trén so, ky tu, chudi.

> RAt thich hgp cho sip x&p trén ciu tric dit liéu
danh sach lién két
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DANH SACH LIEN KET
(LINKED LIST)
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bic tinh cia CTDL méng:
1. Uudi€m
> To6c @ xit 1y cao do truy cap ngiu nhién.
> DEé dang cai dit, st dung.
2. Khuyét diém
> Cap phdt tinh, khi thi phi pham bo nh6 khi thi khong
da.
> Doihéi viing nhd lién tuc.
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Mo hinh cAp phdt bd nhé

Dbia chi 00F0

2 bytes

4 bytes

1 byte
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Cau trdc dit liéu DSLK

= Pinh nghia:
La mdt CTDL gdm mdt diy cdc phin tif (goi 1a
node) cé cling ciu tric dugc lién k&t v6i nhau
tao thanh mot chudi tuy&n tinh.

® - Ar—>X—C—n
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CAu tric dir liéu DSLK (tt)

= Tinh chat:

1. DSLK sé& c6 mot sd dic tinh nhw mang 01 chiéu. Pay
1a CTDL d6ng, gitip tranh dugc nhuge di€m vé bo nhd.

2. Viéc truy xud't dir liGu thong qua\phﬁn ttt ddu DSLK,
va tudn ty tf phan & ndy d&€n phan t& khdc thdng qua
mdi lién két gilta cdc node. Node cudi ciing ciia DSLK
sé tré dén mot dia chi (gid tri) dic biét (v6i C la
NULL). Tai sao phai trd d&€n 01 dia chi dic biét ?

3. DSLK la mét CTDL tuyen tinh, truy cip tuin ty, kich
thudc thay ddi theo nhu cau.

4. Khdng can viing nhé lién tuc, hiéu qua ngay khi ving
nhd bi phan manh.
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CAu tric dir liéu DSLK (tt)

Céc thao tic thudng dung:
1. Khdi tao DSLK
2. Kiém tra DSLK réng hay khong ?
3. Thém mot phan t¥ vio DSLK, thém: vao diu,
cudi, gitta.
4. Huy mdt phan tif ra khdi DSLK, huy: & dau,
cudi, gitra.

5. Tim mot phan ¥ trong DSLK.
6. Sip x&p DSLK.
Pham Thé Bao - Khoa Toan Tin 122
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CAu tric dir liéu DSLK (tt)

= Khai bdo:
DSLK dudc dinh nghla nhu mot CTDL dé quy: m01 phan tl
gom di liéu va mot con trd trd d&n dia chi ciia node k&
ti€p.

. Quan ly

P& quin Iy mdt DSLK ta sé& thong qua mot phan tir dic
biét 1a phan ti¥ ddu tién.

Tuw phan tl dau tién nay ta c6 thé truy cdp ba't ctt phan i
nao trong DSLK. Vi vay du lam gi ta s€ khong the mat
d4u phin t¥ diu tién néu khong ta s& khong quin ly
dugc DSLK.

Trong nhleu trudng hdp ta can xi ly, nhiéu d cudi DSLK ta
¢6 thé thém phan tif cudi DSLK dé€ dé& quén ly.

Pham Thé Bao - Khoa Toan Tin 123
BHKHTN Tp.HCM

DANH SACH
LIEN KET BPGN
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Khai bao ki€u CTDL (tt)

» Kiéu ddi tugng trong C

Khai bao kiéu CTDL

= Kiéu ciu tric trong C class Node|
typedef struct tagNode { friend class LinkedList;
DataType Data; // khai bdo dit li¢u private:
struct tagNode *Next; DataType data;
| Node *Next;
typedef tagNode *Node pUthf]: de(DataTvne desid tr dic bic
typedef struct taglist{ ode( dzt&:}é?g e):thgIItJrI{L?f iet) {
Node Head; " phz\m o dau/ ten . ~Node(){if(Next)delete Next;}
Node Tail; // phin t& cudi, c6 theé khong
/l can dung cling dudc 1
}LinkedList; typedef Node *LinkedNode;

Pham Thé Bao - Khoa Toan Tin
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class LinkedList{

protected:
LinkedNode Head,Tail;

public:
LinkedList(){Head=Tail=NULL;}
/I 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(LinkedNode,Data;Ta{pe)' i

}< Pham The Béo - Khoa Toan Tin
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Cac thao tac

* Khdi tao DSLK rdng
void initLinkedList(LinkedList &I){
1.Head =1.Tail = NULL;

* Ki€m ra DSLK rdng ?
int isEmpty(LinkedList 1){
return (.Head==NULL);

Pham Thé Bao - Khoa Toan Tin
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Thém mdt phan t vao dau DSLK don

34

——n
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* Thém 01 phan t vao dau DSLK

int insertNode2Head(LinkedList &1, DataType x){

Node p = new tagNode;
if(p==NULL) return O;
p->Data = x;
p->Next = NULL;
if(isSEmpty(1)){
L.Head = 1.Tail = p;
}
else {
p->Next =1.Head;
1.Head = p;
}

return 1;
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Thém mdt phan ti vao cudi DSLK don

34
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* Thém 01 phan t viao cudi DSLK

int insertNode2Tail(LinkedList &I, DataType x){
Node p = new tagNode;
if(p==NULL)return 0;
p->Data = x;
p->Next = NULL;
if(isSEmpty(1)){
L.Head = 1.Tail = p;
}

elsef
1.Tail->Next = p;
1.Tail = p;
}

return 1;
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Thém mdt phan ti vio sau phan ti q cia DSLK don

34—l

®— ¢ 12 9

q
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* Thém 01 phan t& vao sau node q trong DSLK
int insertNode2After(LinkedList &I, Node q, DataType x){
Node p = new tagNode;
if(p==NULL)return 0;
p->Data = x;
p->Next = NULL;
if(isSEmpty(1)){
L.Head = 1.Tail = p;
}
else{
p->Next = g->Next;
q->Next = p;
if(q==1.Tail)l.Tail = p;
}

return 1;
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Hily mot phan tif & diu DSLK don

Pham Thé Bao - Khoa Toan Tin
BHKHTN Tp.HCM

135

» Hdy 01 phin t& & ddu DSLK
int removeNodeAtHead(LinkedList &I1){
Node p = 1.Head;
if(isEmpty(1)) return -1
1.Head = p->Next;
if(LHead==NULL)L.Tail=NULL;
p->Next = NULL;
delete p;
return 1;
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Hily mot phan tif & cudi DSLK don
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* Huy 01 phan t& & cudi DSLK
int removeNodeAtTail(LinkedList &I){
Node p =1.Head;
Node q =NULL;
while(p!=1.Tail){
q=p;
p =p->Next;
}
if(!p) return -1;
if(q){
gq->Next = NULL;
L.Tail = q;
}
else {
1.Head = 1.Tail = NULL;
}
delete p;
return 1;
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= Hdy 01 phin tif c6 gid tri X trong DSLK
int removeNode (LinkedList &1, DataType X){
Node p = 1.Head;
if(!p) return -1;
if(p->Data!=X && 1.Tail->Data!=X){
Node g= NULL;
while(p->Data!=X && p){
q=p;p=p->Next;
}
if(!p)return 0;
q —> Next = p->Next;
p->Next = NULL;

delete p;
}

else{
if(p->Data bing X)return removeNodeAtHead(l);
if(l.Tail->Data bing X)return removeNodeAtTail(l);
}

return 1;
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= Tim 01 phan ti 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 &1, LinkedList &11){
IfEsEmpty ()1 =11;
elsef
1.Tail->Next = 11.Head;
if(!isEmpty(11))L.Tail = 11.Tail;
}
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» Sdp x&p DSLK theo PP MergeSort
void mergeSort(LinkedList &I1){

LinkedList 11,12;

if(.Head==I1.Tail)return;

initLinkedList(11);

initLinkedList(12);

divideList(1,11,12);

mergeSort(11);

mergeSort(12);

mergeList(1,11,12);
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= Sap x€p DSLK theo PP MergeSort (tt)
void divideList(LinkedList &I,LinkedList &11,LinkedList &I2){
Node p;
while(!lisEmpty(1)){
p = L.Head;
L.Head = p->Next;
p->Next = NULL;
insertNodeAtTail(11,p);
if(!isEmpty(1)){
p =1LHead;
1.Head = p->Next;
p->Next=NULL;
insertNodeAtTail(12,p);
}
}
initLinkedList(l);
}
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= Sap x€p DSLK theo PP MergeSort (tt)
void mergeList(LinkedList &1,LinkedList &11,LinkedList &12){
Node p;
while(lisEmpty(11)&&!lisEmpty(12)){
if(11.Head->Data nhd hon biing 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);

initLinkedList(12); Pham Thé Béo - Khoa Toén Tin 144
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= Sap x€p DSLK theo PP QuickSort

void quickSort(LinkedList &I1){
LinkedList 11,12;
if(.LHead==I.Tail)return;
initLinkedList(11);
initLinkedList(12);
splitList(1,11,12,X);
quickSort(11);
quickSort(12);
concatList(L,11,p,12);
initLinkedList(11);
initLinkedList(12);
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= Sap x€p DSLK theo PP QuickSort (tt)
void splitList(LinkedList &I, LinkedList &11, LinkedList &12,Node &x){
Node p;
x =1.Head;
1.Head = x->Next;
x->Next = NULL;
while(!isEmpty(1)){
x = 1.Head;
1.Head = x->Next;
x->Next = NULL;
if(p->Data nhé hon biing x->Data)insertNodeAtTail(11,p);
else insertNodeAtTail(12,p);
}
initLinkedList(l);
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= Sip x&p DSLK theo PP QuickSort (tt)

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

appendList(l,11);
insertNodeAtTail(1,x);
appendList(l,12);
initLinkedList(11);
initLinkedList(12);
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= Sip x&p DSLK theo PP RadixSort
void radixSort(LinkedList &1){
LinkedList temp[10];
if(l.Head==1.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<10sj++){
appendList(l,templj]);
initLinkedList(temp[j]);
1
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» Sép x&p DSLK theo PP RadixSort (tt)
void send2Box(int n, LinkedList &I, LinkedList templ[]){
Node p;
while(lisEmpty(1)){
p = getHead(l);
addTail(temp[getDigit(n,p->Data)],p);
}
initLinkedList(l);
}
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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(1){
int max = findMax(1);
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 x&p

= Pinh nghia:

12 mot vat chita (container) cdc d6i tugng
lam viéc theo co ch&é LIFO (Last In First
Out), nghia 1a doi tugng duge dua vao sau sé&
dugc 14y ra trudc.
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CTDL Ngin x&p (tt)

* Tinh chat:

1. Céc d6i tugng dudc thém vao bat ky lic nao
nhung chi c6 ddi tugng dugc thém sau cling
méi dudc phép 1y ra.

2. Thao tic thém 01 phan tif dugc goi 1a “Push”,
thao tic 14y 01 phan i ra 1a “Pop”.
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CTDL Ngin x&p (tt)

* Vidu:
Béng dan sing AK, thip Ha Noi, ...

* Ung dung:
Khtt dé& quy, t8 chic cdc quéd trinh tim ki€m theo
chiéu sdu va quay lui, vét can, tinh todn biéu
thac, ...
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CTDL Ngin x&p (tt)

= Pinh nghia
Stack 124 mot CTDL ADT hd trg 02 thao tic chinh:
1. push(o): thém ddi tugng o vao dau stack
2. pop(): 18y d6i tugng & dau stack ra.
* Thao tdc hd tro:
1. size(): s6 phan tif trong stack
2. isEmpty(): ki€m tra stack rdng
3. top():trd gi4 tri phdn t& & ddu stack
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CTDL Ngin x&p (tt)

= CTDL
1. Méng
2. DSLK
=  Caidit
1. Ming 01 chiéu: khai bio 01 mang 01 chiéu c6
kich thuéc N phan ttt, va cdc phan ti dugc danh
s6 tir 0 dén N-1.
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CTDL Ngin x&p (tt)

2. DSLK don: DSLK c6 nhitng dic tinh phit hgp d€ lam

stack
STT Stack DSLKD
1 push insertHead
2 pop removeHead
3 size getCount
4 iSEmpty isEmpty
5 0B s -1000 oIS HERD

58
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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 = 0;
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 t& ddu DSLK st

} Pham Thé Bao - Khoa Toan Tin
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THUAT TOAN
BA LAN NGUGQC
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Thudt todn Ba Lan ngugc
(Reverse Polish Notation - RPN)

Bai toan:

(1+5)*(12 - (8+1))

B, 541281 4 -
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A 2 ~ A
Thuadt todn chuyén doi:
1. Khéi tao Stack rdng (chita cdc phép todn).
2. Liap cho dén khi k&t thiic biéu thifc:
= PocO01 phan tlf clia bidu thitc (01 phan tit c6 thé 1a hiing, bién,
phep todn, “)” hay “(”).
= N&uphin tif 1a:
v’ “(”: dua vao Stack.
v’ “)”: 13y cdc phin tif clia Stack ra cho d&n khi gip “(” trong Stack.
v' Mot phép todn:
< Né&u Stack rdng: dua vao Stack.

< Néu Stack khdc réng va phép todn ¢ do wu tién cao hon phin
tl ¢ dau Stack: dua vao Stack.

% Néu Stack khdc rong va phép todn c6 do vu tién thap hon hoic
bang phan tlr & ddu Stack: lay phén tif tir Stack ra; sau d6 lap
lai viéc so sanh véi phan ti § dau Stack.

v Hing hoic bién: LAYy ra.
3. LAy hét ti't ca cac phan tif cda Stack ra.
(Ta xem “(” ¢6 dd wu tién thdp hon dd uu tién ciia cdc phép todn)

Pham Thé Béo - Khoa Toan Tin 163
BHKHTN Tp.HCM

7*8-(2+3) u 7

*8-(2+3)

8-(2+3)

-(2+3)

- 78*

LAy * ra, dua - vio
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(2+3) )
( *
: 78 78%23+-
2+3) LAy +(-ra
78%2
(
+3)
+ 78%2
( 7*8-(2+3)
K&t Qua
3) z 78*23+-
- 78*23
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Thuit todn tinh gi4 tri Thuit todn tinh gia tri:
bi€u thitc Ba lan ngugc 1. Khdi tao Stack rdng (chita hiing hoic bi€n).
2. Lip cho dé&n khi két thiic biéu thic:
= Poc 01 phan ti ciia bi€u thitc (01 phan tif c6 thé
12 hiing, bién, phép todn).
= N&u phan tif 1a hiing hay bi€n: dua vao Stack.
= Ngudc lai:
78*23+- v’ Layra 02 phan tif cda Stack.
» Y 4 Ap dung phép todn cho 02 phan tit vira 14y ra.
Két Qua v Pua k&t qui vao Stack.
51 3. Gid tri cia bi€u thitc chinh 12 phén ti cudi cing
cta Stack.
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| —
Vi du 3+- 3
. 2
78*23+- 56
8*23+- g *- 5
56
Thuc hién phép todn +
*
+ -
23 56
Thyc hién phép toan -
" 51
Thuc hién phép todn -
23+- 2 .,
56 78*23 +- KetQua 51
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CTDL Hang dogi

* Pinh nghia:

H ANG DOI La mot vat chia (Container) cdc doi

tugng lam viéc theo cd ché FIFO

(QUEUE) (First In First Out), nghia 1a phan t&

nio vao trudc sé 1a phin ti ra trudc.
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CTDL Hang doi (tt)

Tinh chat:

1. Céc d6i tugng dudc thém vao bat ky Iic nao &
cudi nhung chi c6 d6i tugng dugc thém vao
diu tién méi dugc phép 14y ra.

2. Thao tic thém Ol phin ti dudc goi Ia

“enqueue”, thao tic 14y Ol phin t& ra 1a
“dequeue”.
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CTDL Hang doi (tt)

Vidu:
Viéc x&p hang mua vé, quin 1y va phin phdi tié€n
trinh trong hé diéu hanh, ...

Ung dung:

Khtt dé quy, 8 chitc cdc qud trinh tim ki€m theo
chiéu rong va quay lui, vét can, t§ chitc quan Iy
va phan phdi ti€n trinh trong cdc hé diéu hanh,
t8 chitc bo dém ciia ban phim, ...
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CTDL Hang doi (tt)

Pinh nghia
Queue 12 mot CTDL ADT hd trg 02 thao tac chinh:
1. enqueue(o): thém d6i tugng o vao cudi queue
2. dequeue(): 14y ddi tugng & diu queue ra.
Thao tdc hd trg:

1. size(): s phan tif trong queue
2. isEmpty(): kiém tra queue réng
3. front(): trd gia tri phan ti & ddu queue
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CTDL Hang doi (tt)

CTDL
1. Méng
2. DSLK
Cai dit
1. Mang 01 chiéu: khai bdo 01 mang 01 chiéu c6
kich thuéc N phan ti, va cdc phan ti dugc ddnh
s6 tir 0 d€n N-1.
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CTDL Hang doi (tt)

2. DSLK don: DSLK c6 nhitng dic tinh phit hgp d€ lam

CTDL Hang doi (tt)

typedef LinkedList Queue;
int isEmpty(Queue qu){

stack return qu.Head==NULL;
}
STT Queue DSLKD int size(Queue qu){

1 enqueue insertTail Node p = qu.Head;
int count = 0;

2 dequeue removeHead while(p)/{

3 size getCount count++;

4 isSEmpty iSEmpty I}) = p->Next;

5 ont getHead } . .
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CTDL Hang dgi (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 t& ddu DSLK qu
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DSLK CO THU TU
(ORDERED LIST)
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CTDL DSLK C6 tht ty

* Pinh nghia:

La mot vat chita (Container) cdc doi
tugng theo mot trinh ty nhat dinh. Khi
thém phin t& ta phdi ddm bdo quan
hé thit ty khong thay ddi.
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DSLK VONG
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CTDL DSLK Bon vong

* Pinh nghia:
La mot DSLK ma phin t k& ti€p cia
phan t& cudi DSLK chinh Ia phan t&

dau DSLK.
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DSLK DPon vong (tt)

* Thém & dau

- Nhu binh thudng

- L. Tail->Next = 1.Head
* Thém & cudi

- Nhu binh thudng

- L. Tail->Next = 1.Head
= Thém & gitta

- Nhu binh thudng
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DSLK DBon vong (tt)

» Hiy § dau

- Nhu binh thutng

- 1.Tail->Next = 1.Head
» Hily & cudi

- Nhu binh thutng

- 1.Tail->Next = 1.Head
» Huy & gitra

- Nhu binh thutng
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DSLK DPon vong (tt)
= Duyét
p = L.Head;
do{
/I x@ 1y, vi du in gid tri cdc node: printf(“%d”,p->Data);
p = p->Next;
}while(p!=1.Head);
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DSLK BOI
(DOUBLE LINKED LIST)
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DSLK B6i

* Pinh nghia:
La DSLK ma mdi phin ti s& c6 02 mdi lién
két.

= Khai bdo:

typedef struct tagNode { typedef struct tagNode {
DataType Data;
tagNode *Next; tagNode *Left;
tagNode *Prev; tagNode *Right;

} H Pham Thé Bao { Khoa Toan '}II;I 188
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DataType Data;




Thém mot phan t vao ddu DSLK doi

34 —u

Thém mdt phan ti vao cudi DSLK doi

34

T e T " P e oo “’°
DSLK Dai (tt) DSLK D6i (tt)
» Thém & dau * Thém p & sau phan ti q
p->Next = l.Head; p->Next = g->Next;
1.Head->Prev = p; p->Prev =q;
1.Head = p; g->Next->Prev = p;
» Thém & cudi g->Next = p;
L.Tail->Next = p;
p->Prev = L.Tail;
1. Tail = p;
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DSLK D6éi (tt)
» Hiy § dau
p = 1.Head;
1.Head = p->Next;
1.Head->Prev = NULL;
p->Next = NULL;
delete p;

DSLK DBéi (tt)

* Hiy & cudi

p = L.Tail;

Tim q trudc p

1.Tail = q;

1.Tail->Next = NULL;

p->Next = p->Prev = NULL;

delete p;
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DSLK DBéi (tt)
* Hiy p 3§ sauq

g->Next = p->Next; ’
DANH SACH
p->Next = p->Prev = NULL; A A
detete p LIEN KET DA
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= Gidi thi¢u CTDL cay:
N p - N Cay 1a mot CTDL biéu dién ciac mé hinh phan cip
CAU TRUC DU LIEU mhu:
. » S0 do to chiic cong ty
C N Y » Muc luc cia sach
A > CAu tric thu muc trong DOS/WIN/LINUX ...
(TREE) a
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Ban giam d6C CTDL
Taivu Nhan sy Kinh doanh ;{Qgp D/SIR CTDL Cay
Thu  Chi Mua Bin Gidtri  Phanloai pgn bsi Pa
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Stack Queue
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Mot s6 thuat ngit

v Cay gdm tip cdc node. Hai node néi vdi
A nhau b3i 01 canh.

/\ v Node A goi 12 node gdc.

¢ v BlachaciaD,E, vaF
/l\ \I v Cla anh em ctia B
v G, H, F, va 1 1a node ngoai, hay node 14.
v' A, B, C, D, va E 1a node trong.
v/ Ciy c6 chiéu caoh =4
v Bic clia node B1a d(B) =3
v Node E nim & d6 siu 2 hay c¢6 mic 1a 2.
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* Nhugc diém:
v/ Khi thém phan t, ta s& thém bat ky, nén khi
quan ly sé& kho khan.
v Bic cdc node trén cdy giao dong trong bién do
16n nén rat khé khan viéc quan Iy
v Viéc xod s€ mat nhiéu thdi gian tim ki€m va
khé khan t6 chic lai khi xod node trong.
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CAY NHI PHAN
(BINARY TREE)
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= Pinh nghia:
1. Khong dé quy: Cay nhi phin 12 cdy ma ndi
node c6 bac tdi da 1a 2.
2. Theo d¢ quy:
» Hoic la mot node 14,
> Hoic cay gdm 01 node gdc va 02 ciy nhi phan con
clia né (cdy con trdi va cdy con phai).

G H E .\
204




= Tinh chat: _

1. S6 node niim & mic 1< 2'

2. S6nodeld < 2" véih1a chidu cao
cta ciy.

3. Chiéu cao ctia cayh > Iog2 (N)vsiN
la s6 node trong cay.

» N h
4. SO node trong ciy < 2" -1
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» Cai dit bing ciu tric trong C:
typedef struct tagNode{
DataType Data;
tagNode *Left;
tagNode *Right;
b

typedef tagNode *BinaryTree;
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» Cai dit bing d6i tuong trong C:

class tagNode{
friend class BinaryTree;
private:
DataType Data;
tagNode *Left,*Right;
public:
tagNode(Data d=gid tri mic dinh)
{Left=Right=NULL;Data = d}
~tagNode()
{if(Left)delete Left;if(Right)delete Right;}
)
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,
// @€m, ...
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= Céc thao tdc thong thudng:

1
2.
3.
4. Tim ki€m 01 phin tir

Kiém tra ciy rdng
Ki€m tra 01 node c6 phai 1a node 14 khong ?
Duyét cay

"= Duyétcay

1. Duyét theo thu tu truGe (NLR)

Thuit todin NLR(T)
Input: Cay nhi phan T
Output: tuy nhu ciu
“Thim” node goc T.
NLR(Con trdi ctia T);

NLR(Con phdi cta T);
End.
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4 h A P
Sde 2. Duyét theo thd tu sau (LRN)
N / Thuét todn LRN(T)
Tiéu de Chuong muc
Input: Cay nhi phdn T
Chuong 1 Chitong 2 Output: tuy nhu cau
A A NLR(Con tréi cia T);
NLR(Con phdi cta T);
Phin 1 Phin 2 Phin 1 Phin 2 “Thim” node goc T
End.
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I5SM + 119K

/tmp (1K)
/ \ 15M + 116K
homework (2K) data (10 K)
2M + 6K 13M + 100K
projects (2M) ex (4M)

SN N

P1 (1K) P2 (5 K) P1 (OM) P2(100K)
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3. Duyét theo thtt ty gitra (LNR)
Thuat todin LNR(T)
Input: Cay nhi phdn T
Output: tuy nhu ciu
LNR(Con trdi ctia T);
“Thim” node goc T.
LNR(Con phdi cta T);
End.
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6/ \

((((SX(EG+O+B Wl X )+ (2X(3+4R)

N Tp.|

* D6i khi chiing ta quan tdm dén cd quan hé
gifta phin tif con va phin tif cha phan tif, nén
chiing ta s& thém 01 con trd Parent d€ biét
quan hé con cha.

= Con kho 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 bat ky
trén cdy sé lon hon khod cdc node trén cdy
con trdi va nhé hon khod cdc node trén cdy
con phdi cia né.
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76
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= (C4c thao tic:

Duyét cay

Tim ki€m 01 phn t&
Thém 01 phin tk
Huy 01 phin tir

Huy cay

A
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= Duyét thit ty trudc:
void NLR(BSTree T){
if(T){
“Tham gdc T7; // printf(“%d”, T->Data);
NLR(T->Left);
NLR(T->Right);
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= Duyét thit ty sau:
void LRN(BSTree T){
if(T){
NLR(T->Left);
NLR(T->Right);
“Thidm gbc T7; // printf(“%d” T->Data);
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= Duyét thit ty gitra:
void LRN(BSTree T){
if(T){
NLR(T->Left);
“Tham g()’c T”; // printf(“%d”, T->Data);
NLR(T->Right);
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* Tim ki€m 01 phan tit:
tagNode * searchNode(BSTree T, DataType x){
if(TH{
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;
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* Thém 01 phin t vaio CNPTK:

v P4dm bio diéu kién rang budc ctia CNPTK.

v/ C6 thé thém vao nhiéu chd khic nhau trén cay,
nhung néu thém & node 14 thi s& d& nhat; vi qud
trinh s& tuong ty tim ki€m.

v Ham insertNode s€ tra ra gid tri: -1, 0, 1 thé
hién khong dG bd nhd, gid tri thém di cé trong
CNPTK rdi, va thém thanh cong.
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int insertNode(BSTree &T, DataType x){
if(T){
if(T->Data biing 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

76

24] [30] [(50/ [80
34 96
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* Hiiy 01 phan ti trén CNPTK:
v Pam bio diéu kién rang budc ctia CNPTK.
v/ C6 03 trudng hgp xay ra:
» x la node 14
» x chi ¢6 01 con (trdi hay phdi)
» x ¢6 dd 02 con
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Trudng hgp thit nhi't: don gidn vi khong c6 méc nSi dén phian
tir ndo khéc

Huy x = 34

76
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Trudng hgp thit hai: trudc khi huy x ta méc ndi cha clia x va
con duy nh4t cda né.

Hay x =30

Pham Thé Bao - Khoa Toan Tin 230
DHKHTN Tp.HCM

= Trudng hop cudi ciing: ta khong thé huy truge tiép
x do x ¢6 da 02 con (vi tdi t8 chiic cdc mdi ndi sé&
phitc tap), nén ta s& huy gidn ti€p. Thay vi huy x, ta
s& tim 01 phin t¥ th€ mang y, ma phan t& niy cé
t6i da 01 con. Thong tin Iwu tai y s& dugc chuyén
Iuu tai x. Sau d6 s€& huy that sy y di, nhu 02 trudng
hgp dau.

= Vin @& dit ra biy gid 1a 1am sao chon y ma khi
chuyén dir lidu tir y 1&én x vAn ddm bao tinh cht clia
CNPTK.

= Viy c6 02 phn tif s& thod méin d6 la:
v Phan tlf nhd nha't trén ciy con phai.
v/ Hay phin t& 16n nhat trén cdy con tréi.
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Hiy x =26
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int deleteNode(BSTree &T, DataType x){
if(!T)return 0;
if(T->Data 16n hon x)
return deleteNode(T->Left,x);
if(T->Data nhd hon x)
return deleteNode(T->Right,x);

// phan t& nhd nhA't trén ciy con phai

void searchStandFor(BSTree &p, BSTree &q){
if(g->Left)searchStandFor(p,q->Left);
else{

else
{tagNode #p =T, p—>Data = q->Data;
if(IT->Left) T = T->Right; — A
else P=q
if('T->Right)T = T->Left; q = q->Right;
else searchStandFor(p,T->Right);
delete p; }
return 1; }
}
}
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= Tao CNPTK:

v Lip lai qud trinh thém 01 phan t&f vao CNPTK.
= Huy toan bd cdy NPTK
v Thong qua thao tac duyét theo thd tu sau.
v/ Viy c6 thé huy cdy theo thi ty giita hodc trudc dugc
khong ?
void removeTree(BSTree &T){
f(T)H{
removeTree(T->Left);
removeTree(T->Right);
delete T;
}
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, A
= Tinh chat:

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

2. Trong trudng hgp tot nhat, CNPTK c6 N node sé& c6 do
cao h = |og 2(N ) . chi phi tim ki€m khi d6 s& tudng
duong tim ki€ém nhi phin trén méng c6 thd tu.

3. Tuy nhién trong trudng hgp xAu nhat, cdy cé thé suy
bi€n thanh 01 DSLK, khi d6 céc thao tdc trén s& c6 do
phtc tap O(N).
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Bai tap

1. P&m ciay NPTK c6 bao nhiéu phan t ?
2. P&m cady NPTK c¢6 bao nhiéu node 14 ?
3. Tinh chiéu cao cay NPTK.
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