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NO1 dung chudng trinh

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

CTDL Cay (Tree)
NO1 dung thém
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C4u Tric Dt Liéu + Thuat Gidi = Chuong Trinh, ngu’dl
dich Nguy&n Qudc Cudng, nha xuit bin Pai hoc va Gido
duc chuyén nghiép.
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Tim ki€m va siap x€&p

= 02 thuit todn tim ki€m

= 11 thudt todn sdp xé&p
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Cau tric dir liéu DSLK

* DSLK don

» DSLK d61, da

= Ngin xép (Stack)
* Hang ddi (Queue)
* DSLK ¢6 thu tu

= DSLK vong
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Cau tric dit liéu cay

= Cay tOng quét
= Cay nh1 phan

= Cay nhi phin tim ki€m
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NO1 dung thém

* Cay AVL (AVL Tree)
» Cay do den (Red-Black Tree)
» Bang bim (Hashing)

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

1. Thuittodn tim ki€m, sip x€p

2. Mo phdng hang dgi mua vé xem phim

Th}lﬁt todn Balan ngudc (Stack - DSLK) d€ tinh gid tri
bi€u thuc toan hoc.

Cong, trit, nhan, chia, luy thira hai s6 nguyén 16n (DSLK)
Tinh giao, hoi, hiéu, phan bu cta 02 tap hdp (DSLK)
Tinh cOng, tru, nhin, chia, gia tr1 02 da thic (DSLK)

Dung DSLK cai1 dat ma trin thua, tinh téng, hi€u, nhan,
nghich dao (n€u cd) cia ma tran.

o

NS s

=

Dung cay nhi phan tim ki€m d€ qudn 1y cdc di€m trong
2D: tim ki€m, thém, bét, tao cay, huy cay, luu dit li€u
xuong file, doc dir li€u tu file I1€n cay.

Cha y: chi chon 01 trong 05 bai: 03, 04, 05, 06, 07
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Tong quan

» Khai niém thuit giai
* Phan tich thuat giai
" Truu tugng hoa dir i€u
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Khai niém thuat giai

» Thuat giaila gi ?

= Tinh chat cda thuat gidi:
D@ liéu

Tinh xac dinh

Tinh dung

Tinh ding din

Tinh kha thi

A
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Khai ni€ém thuat giai (tt)
= T4t cd cdc bai todn déu gidi dudc trén may
tinh ?
* C6 bao nhiéu thuit giai ?
" Muc ti€u cua thuit giaila gi ?

* Phai chon thuit giai nao ?

Pham Thé Bao - Khoa Toan Tin
DHKHTN Tp.HCM

11



Phan tich thuit giai

* Thd1 gian thuc hi€én (Running Time)
» M3 gia (Pseudo-Code)
* Phan tich thuat giai
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Thd1 gian thuc hi€n
(Running Time / Time Complexity)

* Thd1 gian thuc hi€n phu thudc g1 ?
* Viy lam sao danh gia thuat giai ?
= Lam thé ndo x4c dinh thdi gian thuc hién ?
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Hu6ng ti€p cin thyc nghiém

" (Cac budc thuc hién:
1. Viét chuong trinh cai dit
2. Thuc thi chuong trinh v6i nhi€u bd dit liéu
3. Do va thong ké thdi gian
4. Xap xi bi€u do

= Han ché:
1. Can phdi cai dit CT va do thdi gian
2. Bo dit liéu khong thé dic trung hét
3. Kho so sanh 02 thuat giai
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Ma gia la gi ?
Pic tinh ¢d ban:

a
1.
2.
3
4

Mo ta thudt gidi c6 ciu tric hon NNTN
Kém hinh thic hon NNLT

Cong cu chi yéu mo ta thuat gidi

Tang 4n dudi khdi niém thi€t k&€ CT
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M3 gia (tt)

= Mot s6 quy udc:

= » b=

Cac biéu thdc todn hoc

Lénh gan: “<-”

So sanh: “="

Khai bao ham (thuat giai)

Thuit giai <tén TG> (<tham s0>)
Input: <dr i€u vao>
Output: <dir li€¢u ra>

<Cac cau lénh>

End <tén TG>
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Ma gia (tt)

5. Cac cau truc:

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

= Vong lap:
While ... do
Do ... while (...)
For ... do ...
6. Mot sd cau 1énh khic:
= Tri gi4 tri vé: Return [gid tri]
= LJigoiham: <Tén>(tham s06)
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Phan tich thuit giai

» Khai niém d0 phic tap cua thuit toan
» Cac thao tdc cd sd@

» Khao sat ma gia

" Vidu
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Thuit giai MaxOfArray(A,n)

Input: Mdng A c6 n phan ti
Output:  Phin tif I6n nhit cda A
currentMax <« A[O] A

for (1< 1ton-1)do \
if(currentMax < A[1]) }1
currentMax < A[i] y
return currentMax

L2 (3

End MaXOfArray Khoa Toan Tin

Pham Thé Ba
DHKHTN Tp.HCM

19



TT Thao tac Tot nhat | Xau nhat TB
1 So sanh n-1 n-1 n-1
2 Gan 1 n n/2
3 Return 1 1 1
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" Muc dich
o Vidu:
1,000,001 ~ 1,000,000
3 ~ 1P
= Khii niém “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 véSic va ala hing so,
va f(n) va g(n) 12 cdc him trén mién s6 tuw nhién
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Xap xi tiém can (tt)

o Néu 7n? - 3 € O (n®) nhung ta chi quan tdm dén
x4ap xi bac thaip nhdt = 7n° -3 € O (nd)

o Quy tic xdc dinh O(?): xét thanh phan c6 bac
cao nhat cua f

Vi du: 12n-2 € O(n)
3n2log(n) -12n%+19 € O (n%log(n))
3en- 10000n2+2 € O (e")
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Phan tich thG1 gian
theo huéng ti€m cin
= St dung ky hiéu “O” d€ bi€u dién khoi
lugng cac thao tac cd sa.

Vi du: ta c6 thé néi hAim MaxOfArray
chay vd&1 thoi gian O(n)
» Khi so sanh cac thuit todn ta c6 thé€ noi:
Thuit todn chay véi thoi gian O(n) tot hon thuit
toan O(n?)

Tuong tv O(log(n)) tot hon O(n)
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Phan tich thd1 gian
theo huéng ti€m can (tt)

= C6 thé hé s6 tng vdi thanh phan c¢6 bac cao
nhat c6 thé rat 16n nén doi khi, v§i tap dit
11€u Input xac dinh thult todn O(n) s€ kém
hi€éu qua hon thuit todn O(n? hodc ngay ca
0(2")

Vi du: 10,000,000n Ia O(n) nhung kém hiéu qua
hon O(n? khi n<<10,000,000
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Phuong phap thuc hi€n

= Ly thuyét ham sinh
= Khio sat thuc té
Vi du: log(n) < thyc t€ <<<n
= Xét vi du doan chuong trinh:
for(1 < 1 ton) do
11(1<10) then R

for(j<— 1 to log(n)) do
print ] 8 B

else print 1

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)),0O(1)}
= O(1) + O(log(n))
= O(1 + log(n))
= O(log(n))
T(C) € n*O(log(n))
= O(n*log(n))

Pham Thé Bao - Khoa Toan Tin
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Truu tuong hoa dir i€éu

= DPoisong ciia mdt chuong trinh:

N

Mo ta bai todn (Task specification)

Thiét k€ (Design)

Ki€m tra (Verification)

Cai dat (Implementation, Coding)

Thi nghi€ém, béo tri, ning cap, hoan thién va
st dung (Testing Maintenance, Evolution,
Refinement and Use)

.61 ths1 va bi€n mat

Pham Thé Bao - Khoa Toan Tin
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Truu tuong hoa dir iéu (tt)

= Thé nao 1a mot chuong trinh tot ?

= (C4c tinh chat ciia chuong trinh tot:
Ping dian (Correct)

Hiéu qua (Efficient)

Chi phi thap (Cheap)

Dé hi€u (Understandable)

D€ bdo tri, nAng cAp (Maintainable)
Manh mé (robust)

Pon thé (Modular)

ANl o
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Truu tuong hoa dir iéu (tt)

K§ thuat Lap Trinh Pon Thé 1a g1 ?
Dung phuong phap thiét k&€ nao dé€ x4c dinh cic
don thé ?

1. Top-Down
2. Hoac Bottom-Up

LTPT & triru tuong hod dé 1am gi ?
Cd sG chinh cua triru tugng hoa:

v Quan tim tong thé

v" KhoOng quan tAm chi tiét

v' Tuong tu khai niém “Hdp den”

Pham Thé Bao - Khoa Toan Tin
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Truu tuong hoa dir iéu (tt)

* Phan loai tritu tudng hoa:

1. Truu tugng hoa chuc nang (Functional
Abstraction), phan tach giao ti€p clia chdc ning
(ham) v4i cai dit cu thé.

2. Truu tugng hoa dit iéu (Data Abstraction),
phan biét thudc tinh dit liéu vdi cai dit cu thé.
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Truu tuong hoa dir iéu (tt)

Mot ki€u dit liéu bao gdm nhitng gi ?
1. MOt tap hgp cac gia tri
2. Mot tap hgp cac phép toan (thao tac) trén cac gia tri
nay
Ki€u dir liu triru tugng (Abstract Data Type -
ADT) s€ do ngudi dung dinh nghia
Can chd ¥ khi cai dat ADT:
1. Chon bi€u dién thich hgp clia dit liéu thdong qua céc
ki€u dit liéu da biét.
2. Cai1dat cac thao tac trén dir liéu

Pham Thé Bao - Khoa Toan Tin
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Truu tuong hoa dir iéu (tt)

Kiéu dit liéu ¢ sé
Vi du : char, int, boolean, ...
dugc dinh nghia san trong NNLT

Ki€u dif liéu (KDL) c6 cau tric
Phan loa1 KDL.:

1. Tuyén tinh

2. Phi tuyén

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

= L3 ki€u dit liéu thod 02 tinh chat sau:
1. DPtng sau mdi phan t t6i da c6 01 phan t
2. MOi phan tt c6 khong qui 01 phan t diéng trude
no.

" Vidu: Al A|AI|A

® - Cc —-Cc—Cc—n
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Ki€u dit liéu phi tuyén

= L3 KDL khong thoa it nhat 01 trong 02 tinh
chat cia KDL tuy€n tinh trén

" Vidu:

A

B C

Pham Thé Bao - Khoa Toan Tin
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C%

Pham Thé Bao - Khoa Toan Tin
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So do xay dung ADT

Ung dung < St dung ADT

Dinh nghia ADT

Cai dat = Cai dat ADT

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

S6 phic 12 mot s6 bi€u dién bdi 01 cip so
nguyén (a,b), a 12 phan thuc va b 1a phan 3o. Ta cé
thé 4p dung cdc phép todn sd hoc nhu: +, -, *, /.
Ngoaira ta c6 tinh chati*i = -1

= Cai1dat1:
typedef struct {

int imaginary _number, real_number;
}complex;
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= Caidat?2:

#define imaginary _number 0
#define real _number 1
typedef int complex|[2];

» Cac ham cd sa:
v' createComplex(a,b): nhan 02 sd nguyén a,b va trd ra sO
phuc tuong ung.
v getlmaginaryNumber(c): nhan vao 01 sO phitc ¢ va trd ra
phan ao cua né.
v’ getRealNumber(c): nhian vao 01 s6 phtic ¢ va trd ra phan
thuc cua no.
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* Haim md rong:

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

complex addComplex(complex cl,complex c2){
int rl = getRealNumber(cl);
int r2 = getRealNumber(c2);
int 1l = getlmaginaryNumber(c1);
int 12 = getlmaginaryNumber(c2);
return createComplex(rl+r2,11+12);

J
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TiM KIEM
(SEARCH)

oooooooo
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Cau tric dir liéu mang

= Pinh nghia: CTDL méng (array) 12 CTDL gdm mot
diy lién ti€p cdc phan tir. Cdc phan t ndy c6 thé
dudc truy cap ngau nhién.

» Cac thao tdc thong thudng trén mang:

“* Khdi tao mang

» L4y gid tri cla phan t@ thd i trong mang

» Dit gid tri cho phan t thit i trong mang

L)

L)

0

4

L)

)

4

L)

» X4c dinh kich thu6c mang (s6 phan t trong mang)

L)

4

*

» Thém mot phan ti vio mang
» Huy mot phan tf ra khdi mdng

L)

4

L)

L)

L)

o0

» Tim ki€m mot phan tf trong mang

4

L)

s Sip x&ép mang

)
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im kiém

Phuong phap cd ban:
1. Tuan tu (tuyén tinh — Linear Search)

2. Nhi phan (Binary Search)
Y tudng:

1. Tuin ty: duyét tit phan t& dau tién cho dé€n phan tl
cudi cung d€ tim phan tu thoa di€u ki€n can tim.

2. Nhi phan: phan hoach 1am 02 phan, 01 phan chic chin
khdng co, phidn con la1 néu ¢o s€ ton ta1. Qua trinh tim
ki€m s€ c6 khong gian tim ki€m thu hep, nén viéc tim
ki€m s€ nhanh chéng. Piéu kién cac phan tif phai cé
quan hé thi ty nao do.
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1.

Tim ki€m (tt)

Thuat giai:
Tuan tu:
Thuat giai LSearch(A,n, o)
Input: Mang A c6 n phan t va di€u kién o
Ouput: Vi tri phan tif can tim, hodc -1 néu
khong tim thay
for(1 <~ 0 ton-1)
if(A[i] thod di€u kién ) return i;
return -1;
End LSearch;
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Tim ki€m (tt)

Uu Khuy€t di€m ctia thuit todn tim ki€m tuan tu
Uu di€m:
tong quét, c6 thé 4p dung trén moi tiéu chuin tim
ki€m ciing nhu moi dit liéu.
Khuyét diém:
Chi phi cao (ti 1€ O(n))
Vi du: tim phan t x = 6 trong mang dudi day

Pham Thé Bao - Khoa Toan Tin
DHKHTN Tp.HCM

45



L‘QQQQQQ

QLQQQQQQ

QQLQQQQQ

Thé Bao - Khoa Toan Tin
DHKHTN Tp.HCM

All] =2 #X

Ali]=7 #x

All] =5 #x

Ali]=6 =X

Returni1=3
46



Tim ki€m (tt)

2. Nhi phin
Thuat giai BSearch(A,n, o)
Input: Ming A c6 n phan t va di€u kién o
Ouput: Vi tri phan t& can tim, hodc -1 n€u khong tim
thay
left < O; right <— n-1;
while(left <right) do
mid <« (left+right)/2;
if(A[mid] thoa o) then return mid;
if(phan tf 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 Khuyét di€m cia thuit todn tim ki€m nhi phan

Uu di€m:
Chi phi thap (ti 1€ O(logy(n))

Khuyét diém:
Thuit todn khong tdng quét, khong thé 4p dung trén
moi tiéu chuan tim ki€m ciing nhu moi dit liéu. D
liéu bit budc phdi c¢6 quan hé thit ty va viéc tim ki€m
phai theo khod thi tu nay.

Vi duy: tim phan tif x = 6 trong mang dudi day
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SAP XEP
(SORT)
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© 0 N U R W

Poi chd truc ti€p — Interchange Sort
Nb6i bot — Bubble Sort

Shaker Sort

Chen truc tiép — Insertion Sort

Chen nhi phan — Binary Insertion Sort
Shell Sort

Chon truc tiép — Selection Sort

Heap Sort

. Quick Sort

10. Merge Sort

11. Radix Sort Pham Thé B&o - Khoa Toan Tin
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Phuong phdp doi chd truc tiép

= Y tudng thuit todn:
Khdi niém nghich thé
Xét mOt mang cdc sO6 a9 a1 -~ @n
N€u c6 i<j va a; <a;thi ta goi d6 1a mot nghich thé
Vay n€u mdng chua sip x€p: sé& c¢6 nghich thé
N€u ming da sip x€p (c6 thi tw): khong c6 nghich
th€ va khidy  sé& 1a phan tit bé nhat roi dén
aja, ..
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Poi chd truc tiép (tt)

Pé mot mang dugc sip x€p thi s6 nghich th€ phai
gidm dan, d€ 1am dugc ta s& hodn vi cip phan ti
x4y ra nghich thé.

= Thuat toan:

Thuat toan InterchangeSort(A,n)
Input: Ming A c6 n phan ti
Output: Mdng A dudc sip x€p
for(1 < 0 to n-2) do

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

return; ,
? Pham Thé Bao - Khoa Toan Tin 53

DHKHTN Tp.HCM



Poi chd truc tiép (tt)

= Nhan xét:
> Sau moi lan lip ctia vong lip for i, phan tir A[i]
= min (A[1], A[1+1], ..., A[n-1])
» Thuit todn c6 do phic tap 0O62)

" Vidu:

Q000 06O
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Phucng phdp ndi bot

= Y tudng thuit todn:
Tu mot s6 gdi y trong thién nhién nhu:
v Bot khi
v Hon hop dau va nudc
v Tha hon hdp gao va mat cua vao nudc

Ta sé ddi chd cho 02 phan td lién ti€p néu 02
phan t dé tao thanh 01 nghich thé.
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Phuong phdp noi bot (tt)

= Thuat toan:

Thuit toan BubbleSort(A,n)
Input: Mdng A c6 n phan t
Output: Mdng A dugc sip x€p
for(1 <~ 0 ton-2) do

for(j <~ n-1to1+1) do
if(A[j-1] > A[j]) then A[j-1] <> A[j]

return;
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Phuong phdp noi bot (tt)

= Nhin xét:

v Sau mdi 1an lip cda vong Lip for i, phan t& nhe
nhit sé noi 1én d&€n mic i; nghia Ia A[i] = min(
Al1], A1+1], ..., A[n-1])

v Thuét todn c6 @6 phdc tap 0O62)

v Thay vi cho vat nhe noi 1én ta cling c6é thé cho vat
ning chim xudng

Pham Thé Bao - Khoa Toan Tin o7
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Phuong phdp noi bot (tt)

Thuét toan BubbleSort1(A,n)
Input: Mang A c6é n phan ti
Output: Mang A dudc siap x€p
for1 < n-1to 1) do
for(j <~ 0to1-1) do
if(A[j] > A[j+1]) then A[j] <> A[j+1]

return;

Pham Thé Bao - Khoa Toan Tin
DHKHTN Tp.HCM

58



Phuong phdp noi bot (tt)

\/ltlay dong thdi cho vat ning chim xudng va vit nhe nodi
én.
Thuit toan BubbleSort2(A,n)
Input: Mdng A cé n phan ti
Output: Ming A dudc sip x€p
up < 0; down < n-1;
while (up < down) do
for (j <~ up to down-1) do
1f(A[j] > A[j+1]) then A[j] <> A[j+1]
down < down -1;
for(j «— down to up+1) do
1f(A[j-1] > A[j]) then A[j-1] <> A[j]
up <—up + 1;

return,; ,
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s A e
Phuong phap no1 bot (tt)
v Du thuit todn van cé do phic tap O(n?) nhung chi

phi s& gidm nhiéu, vi ta da 1di dung tinh d6i ngau.
= Vidu 1 (nhe ndi 1én)

Q00O OOO
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/ /?' A N\ A \ /\/
" Vidu 2 (nhe n611€n va ndng chim xudng)

Q000060
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Phuong phap Shaker Sort

= Y tudng thuit todn:

Phuong phdp Bubble Sort c6 mdt nhuge di€m rat
16n 1a khi dir liéu c6 thé da dudc sip x&p cuc bd
thi phuong phdp Bubble Sort vin phdi lam tuan
tv ma khong 161 dung dugc tinh chat nay. Do d6
Shaker Sort 12 phuong phdp cdi tién cua Bubble
Sort d€ gidm s6 1an Lip.
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Phuong phap Shaker Sort (tt)

= Thuat toan:
Thuat toan ShakerSort(A,n)
Input: Ming A ¢6 n phan tf
Output: Mang A dudc 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
Aljl > A[j+11;
hv «j;
down <« hv;
for(j <~ down to up+1) do
if(A[j-1] > A[j]) then

Afj-11 & Afjl;
hv <« j;
up < hv;
return; Pham Thé Bao - Khoa Toan Tin
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Phuong phap Shaker Sort (tt)

= Nhin xét:
v Thuat todn c6 do phic tap O(n?2)

v Tuy nhién qua thuc nghiém, néu dit li€u cé thd ty
cuc bd nhi€u thi Shaker Sort s& nhanh hon rat nhiéu
so v31 Bubble Sort.

" Vidu:

QOO0 OO
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Phuong phdp chén truc tiép

= Y tudng thuit todn:

Xét mang A c6 cdcsd ay a; . a; a; @

Gid st tai thoi diém thi¢ i dd c6 i phan tif dau tién
cua mang da cé thity ag< a;j < . < 3

Néu ta tin dudc vi tri k (0 <k <1) sao cho a._1< aj <ay

ta s€ chen a; vao gita a.; va a2x ta s€ nhan dugc
trang thdi mGi cia mang A trong d6 i+1 phan tl
dau tién cé tht ty ting.
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Phuong phdp chén truc ti€p (tt)

= Thuit toan:

Thuét toan InsertionSort(A,n)
Input: Ming A c¢6 n phan ti
Output: Mang A c6 thua tu
for(1 < 1ton-1)do

X < Al1];
] <« 1-1;
while (x<A[j] && j=0) do
Afj+1] < A[jl;
1< L
Alj+1] <« x;
return;

Pham Thé Bao - Khoa Toan Tin
DHKHTN Tp.HCM

66



Phuong phdp chén truc ti€p (tt)

" Vidu:

QOO O®O©OG
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Phuong phdp chén truc ti€p (tt)

= Nhin xét:
v Thuit toan c6 do phuc tap On2)

v Dit liéu cang it nghich thé€, thuit todn chay cang
nhanh.
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Phuong phap chen nhi phan

" Y tudng thuit toan:
Trong thuit todn chén truc ti€p, khi tim vi tri k
thoa %-1< 2j <ak | phuong phdp tim vi tri Ia
tudn tyw , nhu thé ta c6 thé dung phuong phip tim

e A o A A o e A
ki€m nhi phdn @€ caitiéndo ag< a; < .. < a1
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Phuong phap chen nh1 phan (tt)

" Thult toan:

Thuat toan BinaryInsertionSort(A,n)
Input: Mdng A c6 n phan t
Output: Mang A c6 thi tu
for@1 <« 1ton-1)do

X < Al1];
k «<— BinarySearch(A,1,x);
for(j «<—1to k+1) do

Alj] « Alj-1];
A[k] <« x;

return; ,
? Pham Thé Bao - Khoa Toan Tin
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Phuong phap chen nh1 phan (tt)

= Nhin xét:

v Thuit toan c6 do phuc tap O(n?2) vGi thao tac gan
nhung c6 do phic tap O(nlog,n) v4i thao tac so
sanh.

v' Nhung phuong phap chén nhi phidn sé€ nhanh hon
ddang k€ khi dit liéu rat nhiéu va dic biét khi chi phi
so sanh gitta 02 phan t& 12 cao, vi du: string, cAu tric,
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Phuong phap Shell Sort

= Y tudng thuit todn:

Khi dit li€u cang it hon don ( it nghich th€ ) thi
thuat todn chén tryc ti€p cang chay nhanh, ta ¢6
thudt todn chén nhi phin 12 mot cdi ti€n. Mot
hudng ti€p can khdc la 1am sao gidm bét sd nghich
thé true khi thuc sy sip x&p. Shell sort 1a cdi tién
clia chén truc ti€p theo hudng ti€p can nay.

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

Chiing ta phai phan hoach cdc budc nhay nhu
sau  hy>hy> .. > hyr ,vd & budc cudi clung
phai la 1. Tai cdc buGc ta s€ dung thuat todn chén
truc ti€p da sip x€p cac diy con.
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Phuong phap Shell Sort (tt)

= Thuat toan:
Thuit toan ShellSort(A,n)
Input: Mdng A cé n phan ti
Output: Mang A c6 thua tu
Chon h[0], h[1], .., h[k-1] = I;
for(1 « 0tok-1)do
Phan hoach mdng A thanh t diy c6 chi€u dai h[i]
forGg <« Otot-1)do
InsertionSort(day con da phan hoach);
return;
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Phuong phap Shell Sort (tt)

Nhung trong cai dit, ching ta sé dong thdi sip x€p tirng day con.
= Thuat toan:
Thuat toan ShellSort(A,n)
Input: Mdng A cé n phan ti
Output: Mang A c6 thi tu
Chon h[0], h[1], ..., h[k-1] =1;
for(p «~ Otok-1)do
for(1 < h[p] ton-1) do
X < Ali]; j < 1;
while(x<A[j-h[p]] && j = h[p]) do
Alj] < A[j-h[p]];
J < Jj—hlpl;
Alj] <« x;
return;
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Phuong phap Shell Sort (tt)

= Nhin xét:

v Thudt todn c6 d0 phiic tap nho hon O( n32) Tuy
nhién Shell Sort hiéu qua hon nhi€u so vdi chén
tryc tiép.

v' Tinh hi€u qud sé& phu thudc rat nhi€u vao cdch chon
cic budc nhay. Tuy nhién, hién nay khong co ti€u
chuian tong quit d€ chon cdc budc nhdy, ma thong
qua kinh nghi€ém ta s€ c¢6 cach chon. Nhung chon nhu
th€ nao di nita, ta ludn 1am sao chon cdc budc nhdy
ma phan hoach mang thanh cic day it trung Iap cang
tot.
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Phuong phap Shell Sort (tt)

Mot sO cach chon:

= h 13 didy cdc sO nguyén t6 gidm dan dén 1: 13, 11,
7,5, 3, 1. Boi khi khong nhit thi€t cdc sO nguyén to
nay lién tuc, vi du: 13, 5, 3, 1.

" hcodang 31+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
= D3y 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

WO®OL &6 VG
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Phuong phap chon truc

= Y tudng thuit todn:

Ta thay rang n€u mang c6 thi tu t
13 phan t& bé nhat ctia tip (A[i], A[i+:

tiép

n1 Al1] ludn
], ..., A[n]).

Vay mot cdch don gidn ta dit phan t¥ nl

hO nhat vao

dau méng, tim phan t& nhd k€ ti€p trong tap con lai
roi diat vao vi tri k€ ti€p, ct nhu vay cho dén hét ta

c6 mang dudc sip co tha ty.
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Phuong phdp chon truc ti€p (tt)

" Thult toan:

Thuit toan SelectionSort(A,n)

Input: Mang A cé
Output: Mang A ¢

n phan t
6 thit tut

for(1 < 0ton-2)do

k «1;
for(g <« 1+
1f( A

| ton-1) do
k] > A[j] ) then k< j;

Alk] & A
return;

1];
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Phuong phdp chon truc ti€p (tt)

= Nhin xét:
v Thult toan c6 dd phuc tap O(n2 ).

Pham Thé Bao - Khoa Toan Tin
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Phuong phdp chon truc ti€p (tt)

" Vidu:

WO®OL®6 0
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Phuong phap Heap Sort

* Y tudng thuit todn:

Ta thay rdng trong thudt todn chon truc
ti€p, c moi vong lip ta phdi tim phan ti nhd
nhit trong sd cdc phan t con lai. Trong qud
trinh tim ki€m ta khong tin dung dudc céc
thong tin 6 cdc 1an tim trude dé.

Mot cic ti€p can khéic 12 ta s& lam sao
luu trit thong tin cdc 1an tim ki€m trude d6 dé
c6 thé st dung sau nay.
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Phuong phap Heap Sort (tt)

* Khai miém Heap:
> Néu c6 day cdicphantf a, a,,, . a,  (I<rma
a: c6quan hé v6i  a,; 5,1 16n hon hay nhd

hon Vi=1..r thita n6i day Ia heap.
» Heap max la heapma a; > max (a,; » A5i:1)
» Heap minla heapma a., <min (ay; » A5i41)

»Moiddy a,a,, .. a, v6i (1< r < 2]) déu la
heap.
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Phuong phap Heap Sort (tt)

] 9 10 11 12 13 14 15

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

= Tinh chat:

» N€u cb diy a, ay,; .. a, laheap thi
a; a;,; .. a;(<1<)<r)cingla heap.
> Né:u aya, . a, laheapmaxthia, la
phan tu 16n nhat.
»>Néu a;a, . a_ laheapminthi a;la

phan tf bé nhAat.

Pham Thé Bao - Khoa Toan Tin
DHKHTN Tp.HCM

86



Phuong phap Heap Sort (tt)

= Ung dung heap:

Néu ta to chic dugc mdnga, a, _ a, , thanh
heap max thi a, 1a phan t& I6n nhat, vay ta chi
can hodn d6i a, va a_, thita sé& cé a_, o
dang vitri. Vatavancé a, a, . a_, la mot
heap, vay ta chi can cip nhdt thém a, vao dé
tao ra mOt heap nira thi ta ti€p tuc qua trinh nhu
trén ta sé dudc mang cé thd ty ting dan.
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Phuong phap Heap Sort (tt)

Thult toan:

Thuat toan HeapSort(A,n)
Input: Ming A c6é n phan ti
Output: Mang A c6 thi tu
CreateHeap(A,n);
for(k < n-1to 1) do
A[0] & A[K];
InsertHeap(A,0,k-1);
return;

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

Thuat toan CreateHeap(A,n)
Input: Mang A c6é n phan ti
Output: Mang A la heap max
for(k < (n+1)/2-1to 0) do

InsertHeap(A,k,n-1);

return;
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Phuong phap Heap Sort (tt)

Thuit toan InsertHeap(A,Lr)

Input: Mdng A chttaheap a,,,; .. a,
Output: Midng A chdaheap a, a,; . a,
p < 2%*;

1f(p > r) then return;

1f(p < r) then

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

= Nhin xét:
» Thudt todn c6 do phic tap O(log,n)
> Mudn sip x€p mang ting dung heap max
> Muon Sip xép mdng gidm dung heap min

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

" Vidu:
Budc 1 : Tao Heap

WO®OL®6 0
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Sip x€p

@O OO O
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51— P
A A A AN
11 6 2 63 11 6 2 63
S S
23— 23—

PN PN AR N

11 6 2 63 4 6 2 63
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Phuong phap Quick Sort

R
= TOng quan:
Quick Sort do Hoare dua ra vao nhitng nam 60, dugc
nhi€éu nha todn hoc, tin hoc nghi€n ctru va phat tri€én
nhu D. Knuth, N. Wirth

" Y tudng thuit toan:

Nguyén tic chinh 1a chia d€ tri. PAy 1a co s§ clia nhiéu
thuat toan hi€u qua.

Ming A néu ta chia 1am 02 phan, phan dau gébm céc
phan tr <X, phan sau la cidc phan tt > X, véi X 1a so
bat ky trong A. Néu ta sip x€p 02 phan nay thi A sé&
co thu tu.

Pham Thé Bao - Khoa Toan Tin 96
DHKHTN Tp.HCM



Phuong phap Quick Sort (tt)

= Thuit toan:
Thuit toan QuickSort(A,lLr)
Input: Mang A ¢6 cdc phan t & vi trf t7 1 dén .
Output: Mang A dugc sip xEp tr 1 dén r.
Chon phan t X;
1< 1;j¢r;
while (i <j) do
while (A[i] < X) doi<i+I:
while (A[j] > X) do j < j- 1:
if (i < j) then
Ali] < A[jl;
1< 1+ 1;
J<j- L
if (j>1) then QuickSort(A,l,j);
(> 1) ghen QUK RO Go Y

return; PHKHTN Tp.HCM
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Phuong phap Quick Sort (tt)

= Nhin xét:
> Sau mdi 1an phan hoach thi mdng A c6 cdc phan
0t vi tri 1 d€nj s€ ¢ gid tri < X va tiri dénr sé
> X.
> Khi phan chia bit budc phan tir X phdi 1a phan
t& trong midng dé ddm bdo tinh dirng cda thuit
todn (cd hai phan sau khi chia sé khong bi rong).

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

> Trong trudng hop xau nhat1a O(n?2)

> Trudng hdp x4u nhit 1a sau khi phan hoach thi
moOt phan chida 01 phan t& va phan kia chda 1-r
phan t con lai. Trudng hop t6t nhat xdy ra khi
chia mdng dugc 02 phan x4p xi gan bing nhau
vé sO luong (chi sai khdc 01 phan t). Do doé,
trong cai dit 14p trinh vién thudng chon phan ti
X = A[(I+1)/2] v6i hy vong sé 1a phan ti trung vi
(median)
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Phuong phap Quick Sort (tt)

> Trong nhi€u cdi ti€n, ngudi ta c¢d ging chon
phan t¢ X khong phdi 13 phan t& 16n nhit hay
nhé nhAt.

> Cudi cung, khi n nhd, 14p trinh vién sé& khong
dung quick sort ma s€ dung thult todn khic hi€u
qud hon nhu: chon tryc ti€p, nodi bot, ... Nhung
khi n kha 16n ching ta s& gap khé khian vGi van
dé dé quy.
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Phuong phap Quick Sort (tt)

" Vidu:

Chon X = A[(740)/2] =4

WO®OL®6 0
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Cudi cung ta dudc

QOO O 6 O
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Phuong phap Merge Sort

. Té’ng quan:
Merge Sort do D. Knuth gid1 thi€¢u vao nhirng nam 60
" Y tudng thuit toan:
Nguyén tic chinh cling 12 chia dé tri. Nhung cach chia
s€ khac Quick Sort.
Ming A néu ta chia 1am 02 phan bing nhau, néu ta sip
x&p 02 phan lai roi tron 02 nita lai ta sé& c6 mang cd
tha tu.
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Phuong phap Merge Sort (tt)

= Thuit toan:
Thuat toan MergeSort(A,lLr)
Input: Mang A c6 cdc phan tit & vi tri ti 1 dénr.
Output: Mdng A dugc siap xép tir1 dénrr.
1f(1 < r) 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 modi 1an phan hoach thi sd lugng sip x&p sé&
gidm Y2, viy can log,n 1an phan hoach.
» Chi phi trung binh 1a O(nlog,n)
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Phuong phap Merge Sort (tt)

" Vidu:

OloRCNORORORCRD
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Phuong phap Merge Sort (tt)

= Cai ti€n:
» Tron k day
» Tron day c6 tha 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 ti; cd s& d€ sip
x&p cla cdc thuit todn cli; ma dung nguyén tic
phin loa1 thu nhu buu di€n. Do do thuit todn nay
con ¢O tén la Postnam’s Sort.

Nguyén tic chinh 1a phan loai va trinh tuy phan loai
s€ tao ra thit tw cho cdc phan tt.
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Phuong phap Radix Sort (tt)

" Vidu:

816
101 205 /09?
T NN N
O /12 314/ 5/6/7]38|9
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K&t thic — Mdng ¢6 thit tu
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Phuong phap Radix Sort (tt)

= Thuit toan:
Thuat toan RadixSort(A,n,k)
Input: Ming A c6 n phan ti, c6 toi da k chif s6.
Output: Mdng A dudc sip x€p.
Khdi tao 10 ngian chiéa B[0..9] rong;
for (t < 0tok-1)do
for j <~ 0ton-1)do
Thém A[j] vao B[Digit(A[j],0)];
for (k < 0to 9) do
LAy ngudc cdc phan ti tir B[i] dua vao A
return;
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Phuong phap Radix Sort (tt)

Thuat toan Digit(n,k)
Input: s6 nguyén n va k.
Output: gid tri tai vi tri k ctia sO n.
value « 1;
for(1 < 0tok-1)do
value <« value * 10;

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

= Nhin xét:

» D0 phic tap cua thuat toan la O(n).

> Ton kém, vi phai ¢6 10 ngin chita ma moi ngin
chita phai c6 tdi da ding bang s6 phan tu cua dit
li€u va1 ki€u dit li€u sO, va nhi€u hon nira vii
ki€u dir li€u chuodi.

> Thuin tién cai dit véi cdac ki€u dit lieu chi so
sanh trén so, ky tu, chuoi.

> RAt thich hgp cho sip x€&p trén cau tric dit liéu
danh sach lién két
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DANH SACH LIEN KET
(LINKED LIST)
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* DPic tinh cua CTDL mang:
1. Uudiém
> Toc dd xu 1y cao do truy cAp ngau nhién.
> Dé dang cai dat, st dung.
2. Khuyét di€m
> C&p phat tinh, khi thi phi pham bo nhé khi thi khong
du.

» D0adi hoi ving nhd lién tuc.
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Mo hinh cidp phédt bd nhd

Pia chi 00FO0

2 bytes

4 bytes

1 byte
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Cau tric dir liéu DSLK

* Pinh nghia:
La mot CTDL gdm mot diy cdc phan t& (goi 1a
node) ¢6 cung cau tric duge lién k€t véi nhau
tao thanh mot chudi tuyén tinh.

® - 1L > X—C—n
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CAu tric dir liéu DSLK (tt)

= Tinh chat:

I. DSLK s& c6 mot s6 ddc tinh nhu mang 01 chiéu. Pay
13 CTDL ddng, gitp tranh dudc nhudc di€m vé bd nhd.

2. Viéc truy xudt dif liéu thong qua phan tf dau DSLK,
va tuan ty t0 phan t¢ ndy dén phan t& khdc thong qua
moi lién k€&t gitta cdc node. Node cudi cung cia DSLK
s& trd dén mot dia chi (gid tri) dic biét (véi C 1a
NULL). Tai sao phai tré dé€n 01 dia chi dic biét ?

3. DSLK la mot CTDL tuyén tinh, truy cdp tuan ty, kich
thudc thay ddi theo nhu cau.

4. Khong can ving nhé lién tuc, hiéu qui ngay khi ving
nhé bi phan manh.

Pham Thé Bao - Khoa Toan Tin 121
DHKHTN Tp.HCM



CAu tric dir liéu DSLK (tt)

» (C4c thao tac thuéng dung:

1. Khdaitao DSLK

2. Kiém tra DSLK rong hay khong ?

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

4. Huy mot phan ti ra khéi DSLK, huy: & dau,
cudi, giira.

5. Tim mot phan tf trong DSLK.

6. Sip x€p DSLK.
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CAu tric dir liéu DSLK (tt)

= Khai bjo:
DSLK dudc dinh nghla nhu mot CTDL dé€ quy: m01 phan tu

gom dit liéu va mot con trd trd dén dia chi ciia node k&
ti€p.

- Quan ly
Pé quin ly mot DSLK ta s€ thong qua mot phan tir dic
biét 12 phan t dau tién.

Tu phan tir dau tién nay ta co thé truy cap bat cu phan tu
nao trong DSLK. Vi vay du lam gi ta s& khong the mat
diu phan t dau tién néu khong ta s&€ khong quan 1y
dugc DSLK.

Trong nhleu trudng hdp ta can xu ly nhiéu d cudi DSLK ta
c6 thé thém phan tir cuéi DSLK dé dé qudn 1y.
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DANH SACH
LIEN KET PON

oooooooo
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Khai bao ki€u CTDL

= Ki€u ciu tric trong C
typedet struct tagNode{
DataType Data; // khai bao dir iéu
struct tagNode *Next;
b
typedef tagNode *Node
typedet struct taglist{

Node Head; // phan ti dau tién
Node Tail; // phan tf cudi, c6 thé khong

// can dung ciling dugc
}LinkedList;
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Khai b4do ki€u CTDL (tt)

= Ki€u doi tuong trong C
class Node{
friend class LinkedList;
private:
DataType data;
Node *Next;
public:

Node(DataType d=gia tr1 dac biét ) {
data=d;Next=NULL;}

~Node(){1f(Next)delete Next;}

b
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(LinkedNode,DataType);
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Cac thao tac

= Khédi tao DSLK rong
void mitLinkedList(LinkedList &I1){
|.Head =1.Tail = NULL;

J

= Kiém ra DSLK rdng ?
int iIsEmpty(LinkedList I){
return (.LHead==NULL);
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34

Thém mdt phan t& vao dau DSLK don
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* Thém 01 phan ti vao dau DSLK
int insertNode2Head(LinkedList &1, DataType x){

Node p = new tagNode;
1f(p==NULL) return O;

p->Data = x;
p->Next = NULL;
1if(asEmpty(1)){
l.Head = 1.Tail = p;
}
else {
p->Next = l.Head;
l.Head = p;
}
return 1;
}
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Thém mot phan tif vao cuéi DSLK don

O—
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= Thém 01 phan tf vao cudi DSLK
int insertNode2Tail(LinkedList &1, DataType x){
Node p = new tagNode;
if(p==NULL)return 0;
p->Data = x;
p->Next = NULL;
1if(asEmpty(1)){
l.Head = 1.Tail = p;
}
else
1.Tail->Next = p;
1.Tail = p;
J

return 1;
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Thém mot phan tif vao sau phan t& q cia DSLK don

O—

34

—

q
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= Thém 01 phan t vao sau node q trong DSLK

int insertNode2 After(LinkedList &1, Node q, DataType x){
Node p = new tagNode;
if(p==NULL)return 0;
p->Data = x;
p->Next = NULL;
if(asEmpty(1)){
l.Head = 1.Tail = p;
J

else{
p->Next = g->Next;
g->Next = p;
if(q==1.Tail)l.Tail = p;
J

return 1;
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Hiy mot phan ti & dau DSLK don
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= Hiy 01 phan t&r § dau DSLK
int removeNodeAtHead(LinkedList &1){
Node p = 1.Head;
1f(asEmpty(1)) return -1
l.Head = p->Next;
1f(1.Head==NULL)Il.Tail=NULL;
p->Next = NULL;
delete p;

return 1;
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Hiy mot phan t& & cudi DSLK don

® —-6—12— 9 —n
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= Hay 01 phan tif & 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;
1f(g){
g->Next = NULL;
l.Tail = q;
}
else {
|.Head =1.Tail = NULL;
}
delete p;
return 1;
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= Hdy 01 phan tf ¢6 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 gq= 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 bang X)return removeNodeAtHead(l);
if(1.Tail->Data biang X)return removeNodeAtTail(l);
J

return 1;

Pham Thé Bao - Khoa Toan Tin
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= Tim 01 phan ti trong DSLK
Node searchNode(LinkedList I, DataType x){
Node p = 1.Head;
1f(p==NULL) return NULL;
while (p){
if(p->Data bang X)return p;
p = p->Next;
j
return NULL;
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= N6i DSLK nay vao cudi DSLK kia
vold appendList(LinkedList &1, LinkedList &11){
If(isEmpty(1))l = 11;
else{
l. Tail->Next =11.Head;
if(!l1sEmpty(11))l.Tail = 11.Tail;
J
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= Sip xép DSLK theo PP MergeSort

void mergeSort(LinkedList &1){
LinkedList 11,12;
if(l.Head==1.Tail)return;
initLinkedList(11);
initLinkedList(12);
divideList(l,11,12);
mergeSort(11);
mergeSort(12);
mergelList(l,11,12);
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= Sip xép DSLK theo PP MergeSort (tt)

void divideList(LinkedList &I,LinkedList &11,LinkedList &12){
Node p;
while(!isEmpty(1)){
p = L.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);

J
}
initLinkedList(1);
}

Pham Thé Bao - Khoa Toan Tin 143
DHKHTN Tp.HCM



= Sip x€p DSLK theo PP MergeSort (tt)
vold mergeList(LinkedList &l,LinkedList &11,LinkedList &I12){
Node p;
while(l1sEmpty(11)& & 1sEmpty(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(lisEmpty(11))appendList(l,11);
if(lisEmpty(12))appendList(1,12);
initLinkedList(11);

initLinkedList(12); Pham Thé B&o - Khoa Toan Tin 144
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= Sip xEp DSLK theo PP QuickSort

vold quickSort(LinkedList &1){
LinkedList 11,12;
if(l.Head==I.Tail)return;
initLinkedList(11);
initLinkedList(12);
splitList(1,11,12,X);
quickSort(11);
quickSort(12);
concatList(1,11,p,12);
initLinkedList(11);
1nitLinkedList(12);
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= Sip xEp DSLK theo PP QuickSort (tt)

void splitList(LinkedList &1, LinkedList &11, LinkedList &12,Node &x){
Node p;
x = |.Head;
l.Head = x->Next;
x->Next = NULL;
while(lisSEmpty(1)){
x = |.Head;
l.Head = x->Next;
x->Next = NULL;
if(p->Data nhd hon bing x->Data)insertNodeAtTail(11,p);
else insertNodeAtTail(12,p);

J
initLinkedList(1);
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= Sip xEp DSLK theo PP QuickSort (tt)

void concatList(LinkedList &I, LinkedList &11,Node &x, LinkedList &I12){
appendList(l,11);
insertNodeAtTail(1,x);
appendList(1,12);
initLinkedList(11);
initLinkedList(12);
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= Sip xEp DSLK theo PP RadixSort

void radixSort(LinkedList &1){
LinkedList temp[10];
if(1. Head==I1.Tail)return;
for(int 1=0;1<10;1++)1nitLinkedList(temp[1]);
int numDigit = getMaxDigit(l);
for(1i=0;1<numDigit;1++){
send2Box(1,l,temp);
for(int j=0;j<10;j++){
appendList(l,temp[j]);
initLinkedList(templ[j]);
}
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= Sip xEp DSLK theo PP RadixSort (tt)

vold send2Box(int n, LinkedList &1, LinkedList temp[]){

Node p;

while(lisEmpty(1)){
p = getHead(l);
addTail(temp[getDigit(n,p->Data)],p);
}

initLinkedList(1);

}
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= Sip xEp DSLK theo PP RadixSort (tt)

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

int getMaxDigit(l){
int max = findMax(1);

return countDigit(max);

)
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= Sip xEp DSLK theo PP RadixSort (tt)
int findMax(LinkedList 1){

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

m/=10;
count++;

J

return count;

J
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NGAN XEP
(STACK)

oooooooo
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CTDL Ngin x€p

* Pinh nghia:

12 mot vat chia (container) cdc doi tugng
lAm viéc theo cd ché LIFO (Last In First
Out), nghia 12 doi tugng dudc duwa vao sau sé
dudc 14y ra trudce.
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CTDL Ngin xép (tt)

= Tinh chat:

1. Céc doi tugng dudc thém vao bat ky lic nao
nhung chi c6 doi tuong dudc thém sau cung
méi dudc phép 14y ra.

2. Thao tic thém 01 phan t& dudc goi 12 “Push”,
thao tdc 14y 01 phan ti ra 1a “Pop”.
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CTDL Ngin xép (tt)

"  Vidu:
Bang dan sung AK, thap Ha NO1, ...

= Ung dung:
Khit dé quy, to chifc cdc qud trinh tim ki€m theo
chiu sdu va quay lui, vét can, tinh todn bi€u
thac, ...
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CTDL Ngin xép (tt)

* Dinh nghia
Stack 12 mot CTDL ADT ho trg 02 thao t4c chinh:
1. push(o): thém d6i tugng o vao dau stack
2. pop(): 14y ddi tudng & dau stack ra.

= Thao tdc ho trg:
1. size(): s6 phan ti trong stack
2. isEmpty(): ki€m tra stack réng
3. top():trd gid tri phan t& & dau stack
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CTDL Ngin xép (tt)

= CTDL
1. Mang
2. DSLK

= (Cai1dat

1. Mang 01 chi€u: khai bdo 01 mang 01 chi€u c6
kich thuéc N phan ti, va cdc phan t dudc ddnh
sO tir 0 dén N-1.
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CTDL Ngin xép (tt)

2. DSLK don: DSLK c6 nhitng dic tinh pht hop d€ lam

stack
STT Stack DSLKD
1 push insertHead
2 pop removeHead
3 size getCount
4 ISEmpty ISEmpty
5 to Eham Thé B3o - Khoa To3 n9|netHead 158
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CTDL Ngin x€p (tt)

typedet LinkedList Stack;

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

int s1ize(Stack st){
Node p = st.Head;
int count = 0;
while(p){
count++;
p = p->Next;
J
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CTDL Ngin x&p (tt)

DataType top(Stack st){

return st.Head->Data;

j
int push(Stack st, DataType x){

// chén vao dau DSLK st

J
DataType pop(Stack st){

// Ly phan t& dau DSLK st
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THUAT TOAN
BA LAN NGUQGC
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Thult toan Ba Lan ngugc
(Reverse Polish Notation - RPN)

Bai1 toan:

(1+5)*(12 — (8+1))

o N .
Bién doi

> 1 54+12 8 1 + - *
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A s A A o
Thuit toan chuyén dor:
1. Khditao Stack rong (chita cdc phép todn).
2. Lip cho d&n khi két thic bi€u thic:
= Poc 01 phan tif clia bi€u thie (01 phan ti c¢6 thé 12 hing, bién,
phép toan, “)” hay “(7).
= N&u phan tf 1a:
“(”: dua vao Stack.
v’ “)”: 14y cédc phan tlf clia Stack ra cho dén khi gip “(” trong Stack.
v' Mot phép todn:

\/

< N&u Stack rong: dua vao Stack.

R

¢ N€u Stack khédc rong va phép todn c6 do vu tién cao hon phan
tt & dau Stack: dua vao Stack.

¢ N€u Stack khéc rong va phep todn c6 do uu tién thdp hon hodc
bang phan t & dau Stack: lay phan tu tur Stack ra; sau do6 lap
lai viéc so sdnh véi phan tif & dau Stack.

v Hing hoidc bién: LAYy ra.
3. LAy héttat ca cdc phan t cia Stack ra.
(Ta xem “(” ¢6 dd wu tién thdp hon dé uu tién cia cdc phép todn)
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Vidu
7*8-(2+3)

*8-(2+3)

8-(2+3)

-(2+3)

- 78*

L4y * ra, dua - vao
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(2+3)

2+3)

( 78*

/8% 2

+ 78*2

5 78*23
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[ 8*23+-

Liy +(-ra

7/*8-(2+3)
K&t Qua

> 78*23+-
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Thuit toan tinh g1a tri
bi€u thic Ba lan ngudc

{8723+ -
Két Qua
> 51
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Thuat toan tinh g14 tri:
1. Khdi tao Stack rong (chita hing hodc bi€n).
2. Lip cho dén khi két thic biéu thic:
" Doc 01 phan ti clia bi€u thitc (01 phan ti c6 the
la hang, bi€n, phép todn).
= N&u phan tf 12 hing hay bién: dua vao Stack.
= Ngudc lai:
v L4y ra 02 phan t& cda Stack.
v" Ap dung phép todn cho 02 phan t vira 14y ra.
v Pua k€t qué vao Stack.
3. Gi4 tri cda bi€u thitc chinh 12 phan tir cudi cling
cua Stack.
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Vidu

[8*23+-

8 23+ - Z

23+ 56

Thuc hi€n phép toan
K

23+ - 2
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3
2
56

" |9
56

Thuc hi€n phép todn +

| 51

Thuc hi€n phép toan -

78*23+_ Ké,tQU.é 51
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HANG DOI
(QUEUE)

oooooooo
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CTDL Hang doi

" Pinh nghia:
LA mot vat chita (Container) cidc doi
tvong lam viéc theo ¢ ché FIFO

(First In First Out), nghia 12 phin tu
nao vao trude sé 12 phan tl ra trudc.
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CTDL Hang dg (tt)

= Tinh chat:

1. Céc d6i tugng dudc thém vao bat ky lic ndo &
cudi nhung chi ¢6 d6i tugng dudc thém vao
dau tién mGi dudce phép 14y ra.

2. Thao tic thém 01 phan t¢ dudc goi 1
“enqueue”, thao tdc ldy 01 phan t& ra 1a
“dequeue”.
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CTDL Hang dg (tt)

"  Vidu:

Viéc x€p hang mua vé, quan Iy va phan phoi ti€n
trinh trong hé di€u hanh, ...

= Ung dung:

Khit dé quy, to chifc cdc qud trinh tim ki€m theo
chi€u rong va quay lui, vét can, to chiic quin 1y
va phan phoi tién trinh trong c4dc hé diéu hanh,
td chitc bd dém ctia ban phim, ...
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CTDL Hang dg (tt)

* Dinh nghia
Queue 12 mdot CTDL ADT ho trg 02 thao tic chinh:

1. enqueue(o): thém doi twgng o vao cudi queue
2. dequeue(): 14y @61 tuong & dau queue ra.
= Thao tdc ho trg:
1. size(): s6 phan tif trong queue

2. isEmpty(): ki€m tra queue rdng

3. front(): trd gié tri phan t & dau queue
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CTDL Hang dg (tt)

= CTDL
1. Mang
2. DSLK

= (Cai1dat

1. Mang 01 chi€u: khai bdo 01 mang 01 chi€u c6
kich thuéc N phan ti, va cdc phan t dudc ddnh
sO tir 0 dén N-1.
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CTDL Hang dg (tt)

2. DSLK don: DSLK c6 nhitng dic tinh pht hop d€ lam

stack
STT Queue DSLKD
1 enqueue insertTall
2 dequeue removeHead
3 size getCount
4 ISEmpty ISEmpty
5 FrOD v - e oGSt HEAC
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CTDL Hang dg (tt)

typedet LinkedList Queue;

int iIsEmpty(Queue qu){
return qu.Head==NULL;
J

int s1ize(Queue qu){
Node p = qu.Head;
int count = 0;
while(p){
count++;
p = p->Next;
}

} Pham Thé Bao - Khoa Toan Tin 178
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CTDL Hang dg (tt)

DataType front(Queue qu){
return qu.Head->Data;

j
int enqueue (Queue qu, DataType x){

// chén vao cudi DSLK qu

J
DataType dequeue (Queue qu){

// Lay phan t& dau DSLK qu

} Pham Thé Bao - Khoa Toan Tin
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DSLK CO THU TU
(ORDERED LIST)
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CTDL DSLK Co6 thu tu

" Pinh nghia:

LA mot vat chita (Container) cidc doi
twugng theo mot trinh ty nhit dinh. Khi
thém phan t¢ ta phdi ddm bdo quan
hé thit tv khong thay doi.
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DSLK VONG
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CTDL DSLK Don vong

" Pinh nghia:
La mot DSLK ma phan t&r ké tiép cua
phan t0 cudi DSLK chinh 12 phan t

dau DSLK.
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DSLK DPon vong (tt)

= Thém & dau

- Nhu binh thudng

- 1.Tail->Next = 1.Head
* Thém & cudi

- Nhu binh thuGng

- 1.Tail->Next = 1.Head
» Thém G giira

- Nhu binh thuGng
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DSLK DPon vong (tt)

= Hiy G dau

- Nhu binh thudng

- L.Tail->Next = l.Head
= Hay & cudi

- Nhu binh thuGng

- 1.Tail->Next = l.Head
» Huy G gitra

- Nhu binh thuGng
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DSLK DPon vong (tt)
= Duyét
p = l.Head;
do{
// xt 1y, vi du in gié tri cdc node: printf(“%d”,p->Data);
p = p->Next;
}while(p!=1.Head);
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DSLK POI
(DOUBLE LINKED LIST)
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DSLK D61

" Pinh nghia:
La DSLK ma modi phan t& sé& 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;

} X Pham Thé Béo { Khoa Toan 'I}ll;l 188
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Thém mdt phan t& vao dau DSLK doi

34

——

Pham Thé Bao - Khoa Toan Tin
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Thém mdt phan t& vao cudi DSLK doi
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DSLK Dbi (tt)
= Thém & dau
p->Next = 1.Head,;
l.Head->Prev = p;

l.Head = p;

= Thém & cudi
. Tail->Next = p;
p->Prev = 1.Tail;
1.Tail = p;
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DSLK D01 (tt)
= Thém p & sau phan ti q
p->Next = g->Next;
p->Prev = q;
g->Next->Prev = p;
q->Next = p;
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DSLK D61 (tt)
= Hiy G dau
p = l.Head;
l.Head = p->Next;
|.Head->Prev = NULL;
p->Next = NULL;
delete p;
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DSLK D61 (tt)

= Hay & 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 Dai (tt)
» Huy p G 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)

oooooooo
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* (G161 thi€u CTDL cay:
Cay 12 mot CTDL bi€u dién cdc md hinh phan cip
nhu :
> Sd dd to chic cong ty
» Muc luc cua sach

> CAiu tric thu muc trong DOS/WIN/LINUX ...
> ..
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Ban ¢1am doc

Ta1 vu Nhan su Kinh doanh
Thu Chi Mua Ban
Pbat  Nha  Nha
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CTDL

/s

WTDL Cay

Gia tri Phinloai pgn P6i  Pa

/N

Stack Queue

Pham Thé Bao - Khoa Toan Tin 200
DHKHTN Tp.HCM



Mot sO thudt ngit

NN

v Cay gdm tap cdc node. Hai node néi vé6i
nhau bdi 01 canh.

v Node A goi l1a node goc.

v BlachacidaD,E,vaF

v Cla anh emciua B

v G, H, F, va 114 node ngoai, hay node 14.
v A, B, C, D, va E la node trong.

v Cay c6 chi€u caoh =4

v Bic cianode Bla d(B) =3

v Node E nim & d6 sdu 2 hay c¢6 miic 1a 2.
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* Nhudc diém:
v' Khi thém phan t¥, ta s& thém bat ky, nén khi
quan 1y s€ khoé khin.
v Bic cdc node trén cdy giao dong trong bi€n do
16n nén rat khé khian viéc quan 1y
v Viéc x0d s&€ mit nhicu thdi gian tim ki€m va
kho khan t6 chic la1 khi xo4 node trong.
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CAY NHI PHAN
(BINARY TREE)

oooooooo
HHHHHHHHHHHH



* Dinh nghia:
1. Khong dé quy: Ciy nhi phin 12 cdy ma ndi
node c6 bac tdi da 1a 2.

2. Theo dé€ quy:
» Hodc la mot node 14,
> Hoic cdy gobm 01 node g&c va 02 ciy nhi phan con
cua nd (cay con trdi va cay con phati).

G H E |
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= Tinh chAat: |
1. S& node nim ¢ mic 1<2
2. S nodeld < 2" v6ih1a chidu cao
cua cay.
3. Chiéu cao cia cayh > |ng (N)véiN
14 s6 node trong cay.
4. SO node trong cady < 2" 1
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= Caidat bing cau tric trong C:
typedef struct tagNode{

DataType Data;
tagNode *Left;
tagNode *Right;

}s

typedef tagNode *BinaryTree;
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= Cai dit bang doi tugng trong C:

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

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

~tagNode()
{if(Left)delete Left;if(Right)delete Right;}
K
typedef tagNode *Node;
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class BinaryTree{
private:
Node Root;
public:
BinaryTree(){ Root=NULL;}
~BinaryTree(){1f(Root)delete Root;}

// C4c phuong thdc thém, xod, tim kiém,
// dém, ...
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* (C4c thao tac thOng thudng:
1. Kiém tra cAy rong
2. Kiém tra 01 node c6 phai 12 node 14 khong ?
3. Duyétcay
4. Tim kiém 01 phan t
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= Duyé€t cay

1. Duyét theo tht tu truGe (NLR)

Thuat toan NLR(T)
Input: Cay nhi phdn T
Output: tuy nhu ciu
“Thim” node goc T.
NLR(Con trai cua T);
NLR(Con phai cua T);
End.
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Sach
Ti€u de

Chuong muc
Chuong 1 Chuong 2
Phan 1 Phan 2 Phan 1 Phan 2
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2. Duyét theo tht tu sau (LRN)

Thuat toan LRN(T)

End.

Input: Cay nhi phdn T
Output: tuy nhu cau
NLR(Con trai cua T);
NLR(Con phai cua T);

“Thim” node goc T.

Pham Thé Bao - Khoa Toan Tin
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ISM + 119K

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

/N /N

P1(IK) P2(5K) P1(OM)  P2(100K)
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3. Duyét theo thu tu gitta (LNR)
Thuat toan LNR(T)
Input: Cay nhi phdn T
Output: tuy nhu cau
LNR(Con trai cua T);
“Thim” node gbc T.
LNR(Con phai cua T);
End.
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@/ AN /N

TN /N
5 @ 7 12
6/ \@

7N

(((OX(O+(9+ s bed Anck 2y 1) +(2X (3 +4 1)
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= P6i khi ching ta quan tAim dén cd quan hé
gifta phan t& con va phan t cha phan t, nén
ching ta s& thém 01 con tré Parent d€ biét
quan h€ con cha.

» Con kho khin khi quan cay nhi phan.
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CAY NHI PHAN
TIM KIEM

(BINARY SEARCH
TREE)

oooooooo
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* Pinh nghia:
La cady nhi phdn ma khod ciia node bt ky
trén cay se lon hon khoa cac node trén cdy

con trdi va nho hon khod cdc node trén cady
con phai cua no.
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Cac thao tac:

A

Duyét cay

Tim ki€ém 01 phan tw
Thém 01 phan t&
Huy 01 phan ti

Huy cay
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" Duyé€t thi tu trudc:
voild NLR(BSTree T){
1 (T){
“Tham gdc T7; // printf(“%d” T->Data);
NLR(T->Left);
NLR(T->Right);
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" Duyét tha ty sau:
vold LRN(BSTree T){
1 (T){
NLR(T->Left);
NLR(T->Right);
“Thiam gbdc¢ T”; // printf(“%d” T->Data);
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" Duyét thu tu giira:
vold LRN(BSTree T){
1t (T){
NLR(T->Left);
“Tham gdc¢ T7; // printf(“%d” T->Data);
NLR(T->Right);
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= Tim ki€m 01 phan ti:
tagNode * searchNode(BSTree T, DataType x){
1 (T){
if(T->Data bing x) return T;
1f(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 phan t vio CNPTK:

v Pam bdo diéu kién rang budc cia CNPTK.

v C6 thé thém vao nhiéu chd khic nhau trén cay,
nhung né€u thém & node 14 thi s& dé nhat; vi qud
trinh sé& tuong tu tim ki€m.

v Ham insertNode sé& trd ra gid tri: -1, 0 , 1 thé
hién khong dd bo nhd, gid tri thém da cé trong
CNPTK rdi, va thém thanh cong.
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int insertNode(BSTree &T, DataType x){
1t (T){
if(T->Data bang x)return O;
1f(T->Data I16n hon x)
return 1insertNode(T->Left,x);
else

return insertNode(T->Right,x);

J
T = new tagNode;

1f(!T) return -1;

T->Data = x;
T->Left = T->Right = NULL;
return 1;
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Thém x = 37
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= Hiy 01 phan ti trén CNPTK:
v Pam bdo diéu kién rang budc cia CNPTK.
v C6 03 trudng hop xay ra:
> X la node la

» x chic6 01 con (trdi hay phai)
> x c6 du 02 con
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Trudng hop thd nhat: don gidn vi khong ¢c6 méc ndi dén phan
tu nao khac

Huy x = 34

Pham Thé Bao - Khoa Toan Tin 229
DHKHTN Tp.HCM



Trudng hop thit hai: trude khi huy x ta méc ndi cha clia x va
con duy nhat cia nd.

Huy x = 30
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= Trudng hop cudi cing: ta khong thé huy trudc ti€p
x do x ¢6 @G 02 con (Vi tai t6 chdc cac mdi ndi sé&
phtic tap), nén ta s& huy gidn ti€p. Thay vi huy x, ta
s& tim 01 phan t¢ th€ mang y, ma phan ti ndy cd
t61 da 01 con. Thong tin luu tai y sé& dudc chuyén
luu tai x. Sau d6 s€ huy that su y di, nhu 02 truGng
hop dau.
= Vin dé dit ra bay gid 13 1am sao chon y ma khi
chuyén dir liéu tir y 1én x vin ddm bdo tinh chat cla
CNPTK.
= Vay c6 02 phan tf sé thod man do6 1a:
v' Phan t& nhd nhA't trén ciy con phai.
v Hay phan tf I6n nhat trén ciy con trdi.
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int deleteNode(BSTree &T, DataType x){
1f(!T)return O;
1f(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(!'T->Left) T = T->Right;

else
1f(!'T->Right)T = T->Left;
else searchStandFor(p,T->Right);
delete p;
return 1;
}
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// phan t& nhd nhat trén ciy con phai

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

1f(g->Left)searchStandFor(p,q->Leftt);

else{

p->Data = g->Data;

o

p=q;
q=_C
J

->Right;
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* Tao CNPTK:
v' Lip lai qué trinh thém 01 phan t vio CNPTK.
* Huy toan b0 ciy NPTK
v' Thong qua thao tic duyét theo thid tu sau.
v Vay c¢6 thé huy cdy theo tht tu gifta hoic trudc dudc
khong ?
void removeTree(BSTree &T){
1H(T){
removeTree(T->Left);
removeTree(T->Right);
delete T;

J
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» Tinh chAat:

1. TAat ca thao tic tim ki€m, thém, huy trén CNPTK déu
cO do phuc tap O(h).
2. Trong trudng hop tdt nhat, CNPTK c¢6 N node sé& ¢6 do

cao h — |O (N ) chi phi tim ki€m khi d6 sé tuong
dudng tim klem nhi phan trén mang cé thi tu.

3. Tuy nhién trong trudng hop xAu nhit, cdy cé thé suy
bién thanh 01 DSLK, khi dé cdc thao tic trén sé& c6 do
phuc tap O(N).
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Baitap

1. P&m cdy NPTK c6 bao nhiéu phan t ?
2. Pém cidy NPTK c6 bao nhiéu node 14 ?
3. Tinh chiéu cao caiy NPTK.
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