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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10
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NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.
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So tiét ly thuyét: 45
Sé tiét thue hanh: 30
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> Budi 1:

> Budi 2:

> Budi 3:

> Bubi 4

> Budi 5:

& NoOi Dung Chwong Trinh

Gidi thiéu vé CTDL & Giai Thuat.
Cac thuat toan tim kiém.

Interchange Sort, Selection Sort, Bubble
Sort, Insertion Sort.

Shaker Sort, Shell Sort, Heap Sort.
Quick Sort, MergeSort, Radix Sort.

Cau truc dong, Danh sach lién két don.



& No6i Dung Chuwong Trinh

> Bubi 6: Stack, Queue.

> Budi 7: Danh sach lién két kép.

> Bubi 8 Cay, Cay nhi phan, cay nhj phan tim
kiém.

> Budi9: Cay can bang (AVL).

> Budi 10: Cac CTDL mé& rong.

> Budi 11: On tap.

CAU TRUC DU LIEU VA GIAI THUAT 1



& Hinh Thirc Thi

> Gilra ky: 2 diem (giay)

> Cubi ky: 8 diém
L, Ly thuyét: Thi trén giay (5 diém)
%, Thwe hanh: Viéet CT (3 diém)

> Bai cdng thém diém:
Seminar, van dap. Toi da 2 diém.

> Tong diém: 10 diém.

CAU TRUC DU LIEU VA GIAI THUAT 1
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# CHUONG 1

TONG QUAN VE CTDL VA THUAT TOAN
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& No6i Dung

» Tbng quan vé CTDL va thuat toan

> Cac tiéu chuan ctia CTDL

» Vaitrdé cua CTDL

» D06 phire tap cua thuat toan

» Thuwc hién va hiéu chinh chwong trinh

> Tiéu chuan cua chwong trinh

CAU TRUC DU LIEU VA GIAI THUAT 1




¢¢ Khai Niem Vé CTDL Va Thuéat Toan

» Niklaus Wirth:
CTDL + Thuat toan = Chwong trinh

» Can nghién ctu vé thuat toan va CTDL!

CAU TRUC DU LIEU VA GIAI THUAT 1



&= Sw Can Thiet Cia Thuéat Toan

> Tai sao str dung may tinh dé x ly div liéu?
= Nhanh hon.
= Nhiéu hon.
= Gidi quyét nhirng bai toan ma con nguoi
knong thé hoan thanh duworc.
» Lam sao dat dwoc nhirng muc tiéu do?
= Nho vao sy tién bd cia ky thuat: tang cau
hinh may = chi phi cao ®
= Nho vao cac thuat toan hiéu qua: théng minh
va chi phi thap ©

“Mét mdy tinh siéu hang van khéng thé ctru van mét
thuat toan toil” Tcﬁ
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& Thuat Toan

» Thuat toan: M6t day hiru han cac chi thj c6 thé
thi hanh dé dat muc tiéu dé ra nao do.

» Vidu: Thuat toan tinh tong tat ca cac sO nguyén
dwo’ng nhd hon n gdm céac budc sau:

Buwée 1: S=0, 1=1;
Buwéc 2: néu i<n thi s=s+i;
Nguwoc lai: qua bworc 4,

Buwoc 3:

I=I1+1;
Quay lai buoc 2;
Budc 4: Toéng cantimla S.

CAU TRUC DU LIEU VA GIAI THUAT 1
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&8 Cac Tiéu Chuan Caa Thuat Toan

» Xac dinh

» Hru han

» bung

» Tinh hiéu qua

> Tinh tong quat

~
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¢ Bieu Dien Thuat Toan

» Dang ngbn ngr tw nhién
> Dang lwu doé (so do khoi)
» Dang ma gia

» Ngon ngtr lap trinh

~
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& Bieu Dién Bang Ngén Ngir Tw Nhién

> NN tw nhién thdng qua cac bwdc dwoc tuan tw
liét ké dé biéu dién thuat toan.

> Wu diém:

= Pon gian, khéng can kién thirc vé vé cach
bidu dién (M gia, lwu dd,...)

> Nhuwoc diém:
= Dai dong, khéng cau truc.

= Pai luc kho hiéu, khong dién dat dwoc thuat
toan.

~
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> La hé thong cac nut, cung hinh dang khac nhau
thé hién cac chrc nang khac nhau.
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Tim phan t&r mang
gia tri Ién nhat
trong mang

A

8, 1a 1on nhat »( Két thuc

~
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& Biéu Dién Bang Ma Gia

» Ngon nglr twa ngon nglr lap trinh:

= Dung cau trdc chuan hda, chang han tua
Pascal, C.

= Dung cac ky hiéu toan hoc, bién, ham.
> Uu diém:

= P& cdng kénh hon lwu do khoi.
> Nhuwoc diém:

= Khong trwc quan bang lwu dd khoi.

~

CAU TRUC DU LIEU VA GIAI THUAT 1

16 e



4B Bicu Dién Bang Ma Gia

> Mét so quy wée
1. CAac biéu thirc toan hoc
2. Lénh gan: “=" (A< B)
3. So sanh: “==" “I="
4. Khai bao ham (thuat toan)
Thuét todn <tén TT> (<tham s6>)
Input.: <dr lieu vao>
Output: <dir liéu ra>
<Cac cau lénh>
End

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Biéu Dién Bang M3 Gia

5. Cac cau truc:
CAu truc chon:
If ... then ... [else ...]fi
Vong lap:
while ... do
do ... while (...)
for ... do ... od
6. Mot s6 cau Iénh khac:
Tra gia tri vé: return [gid tri]
Ldi goi ham: <Tén>(tham so)

~
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¢ Biéu Dién Bang M3 Gia

“ Vidu: Tim phan t& I&n nhat trong mang mét
chiéu.

Amax—A0;
=1,
while (i<n)
If (amax<ai) Amax = ;s
I++:

end while:
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_&8 Biéu Dién Bing Ngén Ngi¥ Lap Trinh

> Dung ngdén nglr may tinh (C, Pascal,...) dé dién ta
thuat toan, CTDL thanh cau I[énh.

> Ky nédng Iap trinh doi hoi can hoc tap va thuc
hanh (nhiéu).

> Dung phwong phéap tinh ché tirng bwéc dé
chuyén hoa bai todn sang ma chwong trinh cu
thé.

20



Po6 Phirc Tap Cua Thuat Toan

» MOt thuat toan hiéu qua:
= Chi phi can st dung tai nguyén thap: Bo nha,
th&i gian sir dung CPU, ...
» Phan tich do phuc tap thuat toan:
= N Ia khoi lwong di liéu can x ly.
= M6 ta dé phirc tap thuat toan qua moét ham
f(N).
= Hai phwong phap danh gia dé phirc tap cua
thuat toan:
* Phwong phap thwc nghiém.
= Phwong phap xap xi toan hoc. &
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_& Phwong Phap Thye Nghiém

> Cai thuat toan roi chon cac bd div liéu thir nghiém.
> Théng ké cac thong s6 nhan duoc khi chay cac
bd di¥ liéu do.
> Uu diém: Dé thyc hién.
> Nhuwoc diém:
= Chiju sw han ché cltia ngén ngl lap trinh.
= Anh hwéng bédi trinh dd ciia nguwdi lap trinh.
. th_m dwoc cac bo dir liéu thir dac trwng cho
tat ca tép’CéC ng liéu vao cua thuat toan: kho
khan va ton nhiéu chi phi.

= Phu thudc vao phan cirng. 0

22

CAU TRUC DU LIEU VA GIAI THUAT 1



CAU TRUC DU LIEU VA GIAI THUAT 1

Phwong Phap Xap Xi

> Danh gia gia thuat toan theo hwéng tiém xap xi
tiém can qua cac khai niem O().

> Uu diém: It phu thudc méi trwérng cling nhw phan
ctrng hon.

> Nhuoc diém: Phirc tap.

» Cac trvong hop dod phuce tap quan tam:
L, Trwdng hop tot nhat (phan tich chinh xac)
L, Trwdng hop xau nhat (phan tich chinh xac)

% Trwong hop trung binh (mang tich dw doan)

_/'_';\
L/
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" & Su Phan L6p Theo D Phirc Tap Ciia Thuat Toan

» Sw dung ky hiéu BigO
L, Hangsd : O(c)

% logN : O(logN)
& N : O(N)
- % NlogN : O(NlogN) | D6 phirc tap ting dan
% N2 - O(N?)
e % N3 O(N?)
3, 2N 0@V
5 % NI :O(N!)



> Theo ttr dién Tiéng Viét: s liéu, tv liéu da co,
dwoc dwa vao de giai quyét van dé

> Tin hoc: Biéu dién cac théng tin can thiét cho bai
toan.

~
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& Cau Truc Div Liéu

> Cach to chirc lwu triv di liéu.

> Cac tiéu chuan cta CTDL:

Phai biéu dién day da thong tin.
Phai phu hop véi cac thao tac trén doé.
Phu hop vai diéu kién cho phép cla NNLT.

Tiét kiém tai nguyén hé thong.
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& Vai Tro Cua Cau Truc Dir Liéu

> Cau truc dir lieu dong vai tro quan trong trong
viéc két hop va dwa ra cach giai quyét bai toan.

» CTDL hé tro cho cac thuat toan thao tac trén doi
twong dwoc hiéu qua hon
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4 Thyc Hién Va Higu Chinh Chuong Trinh

» Chay thu.

> Lo6i va cach stra:
= L&i thuat toan.
= LAi trinh tw.
= L6i cu phap.

» Xay dwng b0 test.

> Cap nhat, thay déi chwong trinh theo yéu cau
(M),

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Tiéu Chuan Cua M4t Chwong Trinh

» Tinh tin cay
= Giai thuat + Kiém tra cai dat
> Tinh uyén chuyén
= Pap &ng quy trinh 1am phan mém.
» Tinh trong sang
= Dé hiéu va dé chinh slra
» Tinh hru hieu.

= Tai nguyén + giai thuat

CAU TRUC DU LIEU VA GIAI THUAT 1
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YV VY

vV VYV VY VY V

_& Quy Trinh Lam Phan Mém

Budre 0: Y twdng (concept).

Budce 1: Xac dinh yéu cau (Requirements

Specification).

Buwoc 2: Phan tich (Analysis).

Bude 3: Thiét ké (Design).

Buodrc 4. Cai dat (Implementation).

Buoc 5. Thi nghiém (Testing).

Budce 6: Van hanh, theo déi va bao duwdng

(Operation, follow-up and Maintenance). B

30



& CHUONG 2

TIM KIEM VA SAP XEP NOI

CAU TRUC DU LIEU VA GIAI THUAT 1
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> Cac giai thuat tim kiém noi
1. Tim kiém tuyén tinh
2. Tim kiém nhij phan
> Cac giai thuat sap xép ndi
1. Dbi chd truwc tiép — Interchange Sort
2. Chon truc tiép — Selection Sort

3. Nbi bot — Bubble Sort

CAU TRUC DU LIEU VA GIAI THUAT 1



CAU TRUC DU LIEU VA GIAI THUAT 1

C
C
S
S

© o N o 0 &

_ &8 Néi Dung (Tt)

nén trwe tiép — Insertion Sort
nen nhi phan — Binary Insertion Sort

naker Sort

nell Sort

Heap Sort
Quick Sort

10. Merge Sort
11. Radix Sort



_&F Bai Toan Tim Kiem

» Cho danh sach cé n phan t&r a,, a,, a,..., a,.,.

> Dé don gian trong viéc trinh bay giai thuat ta dung
mang 1 chiéu a dé lwu danh sach cac phan t& noi
trén trong bo nho chinh.

> Tim phan t& cé khoa bang X trong mang
= Giai thuat tim kiém tuyén tinh (tim tuan tw)
= Giai thuat tim kiém nhj phan

“ Lwu y: Trong qua trinh trinh bay thuat giai ta
dung ngbén ngtr 1ap trinh C. -

CAU TRUC DU LIEU VA GIAI THUAT 1
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_4F Tim Kiém Tuyén Tinh

> Y twdng : So sanh X 1an lwot v&i phan tir ther 1,
thir 2,...cia mang a cho dén khi gap dwoc khoa
can tim, hodc tim hét mang ma khéng thay.

» Cac bwéc tien hanh

« Buéc 1: Khéi gan i=0;
«  Budc 2: So sanh a[i] voi gid tri x can tim, cé 2 kha
nang
+ a[i] == x tim thay x. Dirng;
+ ali] = x sang buwodc 3;
«  Buoc 3:i=i+1 // Xét tiép phan t&r ké tiép trong mang
Néu i==N: Hét mang. Dirng;
Nguworce lai: Lap lai bwéc 2; &

5 e
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> Ham trd vé 1 néu tim t

Int LinearSearch(int a[

{
int 1=0;

& Thuat Toan Tim Kiém Tuyén Tinh

nay, ngwoc lai tra vé 0:

int n, int x)

while((i<n)&&(ali]'=x))

I++:
If(I==n)

return O;
else

return 1;

//Tim khéng thay x

//Tim théy



¥ Minh Hoa Thuéat Toan Tim Kiém Tuyeén Tinh

Tim thay 6 tai vi tri 4

ODOOO O

CAU TRUC DU LIEU VA GIAI THUAT 1



& Minh Hoa Thuat Toan Tim Kiém Tuyén Tinh (tt)

X=10 i=7, khdng tim thay

L
DOOOOOO

CAU TRUC DU LIEU VA GIAI THUAT 1



& Danh Gia Thuat Toan Tim Tuyen Tinh

Trwong hop Css

TOt nhat 1

Xau nhat N
Trung binh (N+1) /2

» DO phwre tap O(N)

9
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& Cai Tién Thuat Toan Tim Tuyén Tinh

> Nhan xét: S6 phép so sanh cla thuat toan trong trwdng
hop xau nhat 1a 2*n.

> Dé gidm thiéu sb phép so sanh trong vong lap cho thuat
toan, ta thém phan t& “linh canh” vao cudi day.
Int LinearSearch(int af],int n, int x)
{ int i=0; a[n]=x; / a[n] la phan t& “linh canh”
while(ali]!=x)
|+
if(i==n)
return O; // Tim khéng thay x
else
return 1; / Tim thay

10
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& Thuat Toan Tim Kiém Nhj Phan

» Duwoc ap dung trén mang da cé tha tw.
> Y twéng: .

Gia x&r ta xét mang cé th tw tang, khi ay ta co

Qi 1<a;<qj,

Néu X>a, thi X chi c6 thé xuat hién trong doan [a.,.,
an:l] o

Néu X<a, thi X chi c6 thé xuat hién trong doan [a,,

a, 1]

Y twdng cua gidi thuat 1a tai méi buwdc ta so sanh X
véi phan tlr dirng gitra trong day tim kiém hién hanh,
dwa vao két qua so sanh nay ma ta quyét dinh giéi
han day tim kiém & nira dwdi hay nira trén cua day
tim kiém hién hanh. .'(.
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YV VY

& Cac Bwéc Thuat Toan Tim Kiém Nhi Phan

Gia st day tim kiém hién hanh bao gom cac phan to
nam trong ayeq, &gy, Cac bwéc cua giai thuat nhw sau:
Buoc 1: left=0; right=N-1;

Budc 2:

= mid=(left+right)/2; //chi s6 phan ti& gitra ddy hién hanh
= So sanh a[mid] v&i x. C6 3 kha nang

* 4
* a
* a

‘mid]
mid]
mid]

= x: tim thay. Dirng
>X . Right= mid-1;
<x : Left=mid+1,;

Buéc 3: Néu Left <=Right ; / ¢on phén ti trong day hién

hanh

+ Lap lai buwoc 2

. LY I'l' ‘
Ngworc lai : Diyng @)



_& Cai D3t Thuat Toan Tim Nhj Phan

> Ham tra vé gia tri 1 néu tim thay, ngwoc lai ham
tra vé gia tri 0
Int BinarySearch(int af],int n,int x)
{ Intleft, nght, mid; left=0; right=n-1;
do{
mid=(left+right)/2;
If(a[mid]==x) return 1;
else if(a[mid]<x) left=mid+1;
else right=mid-1;
while(left<=right);
return O;

CAU TRUC DU LIEU VA GIAI THUAT 1
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_4F Banh Gia Thuat Toan Tim Tuyén Tinh

Trwong hop Css

TOt nhat 1

Xau nhat log,N
Trung binh log,N / 2

» D6 phire tap O(log,N)

14
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L=0
R=-1 => khéng tim thay X=-1
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_4F Bai Toan Sap Xep

» Cho danh sach ¢c6 n phan t a,, a,, a,..., a,..

> Sap xép la qua trinh x& ly cac phan t& trong danh
sach dé dat chung theo mét thi tw thda man mét sb
tiéu chuan nao d6 dwa trén thong tin lwu tai méi phan
ter, nhw:

= Sap xép danh sach I&p hoc tang theo diém trung
binh.

= Sap xép danh sach sinh vién tang theo tén.
> Dé don gian trong viéc trinh bay giai thuat ta dung
mang 1 chiéu a dé Iwu danh sach trén trong bé nh&
chinh. &

17
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& Bai Toan Sip Xép (tt)

> a: la day cac phan tl di¥ liéu

> D& sap xép day a theo thir tw (gid st theo th tuw
tang), ta tién hanh triét tiéu tat ca cac nghich thé trong
a.

= Nghich thé:
 Cho day c6 n phan t a,, a,,...,a,.1
+ Néui<jva a >a

34 3 4 8 a[0], a[1] 1a cap nghich thé
| —

» Danh gia do phtre tap cua giai thuat, ta tinh

C... SO lwgng phép so sanh can thwc hién

C.v: SO lwong phép hoan vi can thwc hién ')

CAU TRUC DU LIEU VA GIAI THUAT 1



4F Cac Thuat Toan Sap Xéep

1. Dbi chd truc tiép — Interchange Sort
2. Chon truc tiép — Selection Sort
3. Nbi bot — Bubble Sort
4. Shaker Sort
_ 5. Chén tryc tiép — Insertion Sort
5 6. Chén nhi phan — Binary Insertion Sort
% /. Shell Sort
B 8. Heap Sort
| 9. Quick Sort
% 10. Merge Sort
% 11. Radix Sort B /’5
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a

¢ Thuat Toan Sap Xép

1. Doi ché trwe tieép — Interchange Sort
2. Chon tryc tiép — Selection Sort

3. Nbi bot — Bubble Sort

4. Shaker Sort

5. Chén truc tiép — Insertion Sort

6. Chen nhi phan — Binary Insertion Sort
/. Shell Sort

8. Heap Sort

9. Quick Sort

10. Merge Sort
11. Radix Sort
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—4F D6i Chd True Tiép — Interchange Sort

> Y twdng: Xuat phat tir dau day, tim tat cac
cac nghich thé chtra phan tlr nay, triét tiéu
chung bang cach d6i ché 2 phan t& trong cép
nghich thé. Lap lai xt ly trén véi phan tor ké

trong day.

CAU TRUC DU LIEU VA GIAI THUAT 1
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I Cac Bwore Tien Hanh

~

CAU TRUC DU LIEU VA GIAI THUAT 1

» Budc 1:1=0; /bét dau tir dau day

» Buwoc 2: | = I1+1; /tim céac nghich thé véi afi]

> Buodc 3:

Trong khij < Nt
Néu alj]<a
Swa
j=j+1;
» Buoc4: 1= 1+1;

nwe hién
1] //xét cap afi], afj]

p(@lil.al]);

Néu i< N-1: Lap lai Bwéc 2.

Nguwoc lai: Duwng.
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—4F D6i Ché Trye Tiép - Interchange Sort

> Cho day so a:
12 2 8 5 1 6 4 15
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Po6i Cho Trwe Tiep — Interchange Sort

ooé?eooe

=3
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& Doi Cho Trwe Tiep — Interchange Sort
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& Doi Cho Trye Tiep — Interchange Sort

......?

i=6 =7

CAU TRUC DU LIEU VA GIAI THUAT 1
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I Cai Dat Doi Cho Trye Tiep

void InterchangeSort(int a[], int N)

{
int  i,j:
for (i =0;i<N-1;i++)
for J =1+1; ] < N ; j++)
if(a[j 1< a[i]) /# Théa 1 cap nghich thé
} Swap(alli], alj]);

(&)

CAU TRUC DU LIEU VA GIAI THUAT 1
Su?
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Minh Hoa Thuat Toan

1y
ODOOOOO®O®W
-1 2 3 4 5 6 7
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_&& Minh Hoa Thuat Toan

s

CAU TRUC DU LIEU VA GIAI THUAT 1
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_&& Minh Hoa Thuat Toan
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¢ Minh Hoa Thuat Toan

CAU TRUC DU LIEU VA GIAI THUAT 1
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_4F Minh Hoa Thuét Toan

06000 OOOG
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D6 Phirc Tap Cua Thuat Toan

So b hon v

CAU TRUC DU LIEU VA GIAI THUAT 1
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4F Cac Thuat Toan Sap Xéep

1. Dbi chd truc tiép — Interchange Sort
2. Chon truwec tiep — Selection Sort
3. Nbi bot — Bubble Sort
4. Shaker Sort
_ 5. Chén tryc tiép — Insertion Sort
5 6. Chén nhi phan — Binary Insertion Sort
% /. Shell Sort
B 8. Heap Sort
| 9. Quick Sort
% 10. Merge Sort
% 11. Radix Sort N /’5
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& Chon Trwc Tiep — Selection Sort

> Y twéng:

Chon phan t& nhé nhat trong N phan tl trong
day hién hanh ban dau.

Pwa phan t& nay vé vi tri dau day hién hanh

Xem day hién hanh chi con N-1 phan t& cla
day hién hanh ban dau

= Bat dau tir vi tri thr 2;
" Lap lai gua trinh trén cho day hién ‘hénh...
dén khi day hién hanh chi con 1 phan tw

40



CAU TRUC DU LIEU VA GIAI THUAT 1

& Cac Bwéc Cua Thuat Toan Chon Trwce Tiep

> Budc1: 1=0;

> Buwéc 2: Tim phan tlr a[min] nhd nhat trong
day hién hanh tir a[i] dén a[N]

> Buwdc 3 : Doi chd a[min] va ali]
> Budc4: Néu i< N-1thi

| =i1+1; Lap lai Buwoce 2;
Nguwoc lai: Dwng.

41




_4F Chon Trwe Tiép — Selection Sort

> Cho day s0 a:
12 2 8 5 1 6 4 15

¢

=1

00000006
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& Chon Truwc Tiep — Selection Sort

?0@@600@
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Chon Trwc Tiep — Selection Sort
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& Chon Trwc Tiep — Selection Sort
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CAU TRUC DU LIEU VA GIAI THUAT 1

4 Cai D3t Thuat Toan Chon Tryc Tiép

void SelectionSort(int a[],int n )

{

Int MIN,1,|; // chi sé phén tir nhé nhét trong day hién hanh
for (1=0; I<n-1 ; 1++) //chi sé déu tién ciia day hién hanh
{ min = I;
for( = 1+1; ] <N ; |++)
If (afj ] < a[min])
MIN = |; // lvu vtri phén tie hién nhé nhét

Swap(a[min],a[i]);
}
46 ;Ié‘s\}



& Minh Hoa Thuat Toan Chon Truc Tiep

Vi tri nhé nhat(0,7) Swap(a[0], a[4])

@0000006

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Minh Hoa Thuat Toan Chon Truc Tiep

Vi tri nhé nhat(1,7) Swap(a[1], a[1])
min
O G G @ G G @

< 0 1 2 3 4 5 6 7
= i
o
<
O
}@ -
- ':\
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_ & Minh Hoa Thuat Toén Chon Tric Tiép

Vi tri nhé nhat(2,7) Swap(a[2], a[6])

C0000000

CAU TRUC DU LIEU VA GIAI THUAT 1
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_&8 Minh Hoa Thuat Toan Chon Truc Tiép

Vi tri nhé nhat(3, 7) Swap(a[3], a[3])
min

OO G @®E G @
5 0 1 27 3 4 5 6 7
z i
o
B
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_&8 Minh Hoa Thuat Toan Chon Truc Tiép

Vi tri nho nhat(4, 7) Swap(a[4], a[5])

min

Q0000000

CAU TRUC DU LIEU VA GIAI THUAT 1
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_4F Minh Hoa Thuat Toan Chon Trwc Tiep

Vi tri nhé nhat(5,7) Swap(a[5], a[6])

@@@@@@‘@

CAU TRUC DU LIEU VA GIAI THUAT 1
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48 Minh Hoa Thuat Toan Chon Trwc Tiép

Vi tri nhoé nhat(6, 7)

min

~ -
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- D6 Phirc Tao Cua Thuat Toan

» Danh gia giai thuat

s0 1an so sanh -
l

S0 lin so samh
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4F Cac Thuat Toan Sap Xéep

1. Dbi chd truc tiép — Interchange Sort
2. Chon truc tiép — Selection Sort
3. N6i bot — Bubble Sort
4. Shaker Sort
_ 5. Chén tryc tiép — Insertion Sort
5 6. Chén nhi phan — Binary Insertion Sort
% /. Shell Sort
B 8. Heap Sort
| 9. Quick Sort
% 10. Merge Sort
% 11. Radix Sort . /’5



_ & Néi Bot — Bubble Sort

> Y twéng:

= Xuat phat tir cudi day, dbi chd cac cap phan to
ké can dé dwa phan t& nhé hon trong cap
phan tlr d6 vé vj tri dung dau day hién hanh,
sau dé sé khong xét dén n6é & buwdrce tiép theo,
do vay & lan xt ly thir i sé cé vi tri dau day la i.

= Lap lai x ly trén cho dén khi khéng con cép
phan t& nao dé xét.

CAU TRUC DU LIEU VA GIAI THUAT 1
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NOi Bot — Bubble Sort

> Buwdoc1:1=0; //lan x ly dau tién
» Buwdc 2 :j=N-1;/Duyét tir cudi ddy ngwoc vé vi tri i
Trong khi (j > i) thwc hién:
Néu a[j]<a[j-1]
Doicho(alj],a[j-1)]);

= J =1

= > Budc3:i=i+l; //1an xir Iy ké tiép

= Néu i=N: Hét day. Drng

<L . o . s

= Nguwoc lal : Lap lai Bwéce 2.
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4 No6i Bot — Bubble Sort

> Cho day s0 a:
2 12 8 5 1 6 4 15

qe@eoéé

J=6

?®@é¢oe®

=0 =4
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4 Noi Bot — Bubble Sort

o b

i=0 j=3

@éé@@@@@

O 00O
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1=0 =

J=2
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& Nbi Bot ~ Bubble Sort

O O

=1
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4 Nbi Bot - Bubble Sort
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4 Cai Dat Thuat Toan Noi Bot

void BubbleSort(int a[],int n)

{
int  i,j;
for (1=0;1<n-1; i++)
for (j =n-1;j>i;j-)
If(a[j]< a[j-1])/ néu sai vi tri thi déi cho
Swap(a[]], a[J-1]);
}

(&)

CAU TRUC DU LIEU VA GIAI THUAT 1
Su?
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¢ Minh Hoa Thuat Toan

CAU TRUC DU LIEU VA GIAI THUAT 1
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¢ Minh Hoa Thuat Toan

CAU TRUC DU LIEU VA GIAI THUAT 1
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¢ Minh Hoa Thuat Toan
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D6 Phirc Tap Ctia Thuat Toan Noi Bot

CAU TRUC DU LIEU VA GIAI THUAT 1
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_&F Cac Thuat Toan Sap Xep

1. Dbi chd truc tiép — Interchange Sort
2. Chon tryc tiép — Selection Sort

3. Nbi bot — Bubble Sort

4. Shaker Sort

5. Chén truc tiép — Insertion Sort

6. Chen nhi phan — Binary Insertion Sort
/. Shell Sort

8. Heap Sort

9

. Quick Sort

10. Merge Sort
11. Radix Sort
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& Shaker Sort

> Trong mdi lan sap xép, duyét mang theo 2 lwot t
2 phia khac nhau:

= Lwot di: day phan t& nhd vé dau mang.
=  Lwot vé: day phan tl I&n vé cudi mang.

> Ghi nhan lai nhirng doan da sap xép nham tiét
KiEm cac phep so sanh thwa.

CAU TRUC DU LIEU VA GIAI THUAT 1
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CAU TRUC DU LIEU VA GIAI THUAT 1

¢ Cac Bwéc Cua Thuat Toan

> Buwdc 1:1=0; r=n-1; //Poan |->r 1a doan can dwoc sap xép
k=n; //ghi nhan vi tri k xay ra hoan vi sau cung
/| d& 1am co so’ thu hep doan I->r

» Buoc 2:
Budc 2a:
j=r;  //day phan t& nhé vé dau mang
Trong khi >l

néu a[j]<al[j-1] thi {Doicho(a[j],a[j-1]): k=j:}
j-=;

I=k;  //loai phan t& da co tht tw & dau day

Budc 2b: j=l

Trong khj j<r
néu a[j]>a[j+1] thi {Doicho(al[j],a[j+1]); k=J;}
j++;

r=k;  //loai phan tl& da co th& tw & cudi day

> Budc 3: Néu I<r 1ap lai buwdc 2
Nguworc lai: dieng
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Cai bat Thuat Toan Shaker Sort

void ShakeSort(int af],int n)
{
int 1, J;
Int left, right, k;
left = O; right = n-1; k = n-1;
while (left < right)

for (j = right; | > left; |
I (a[|]< alJ- 1])
{Swap(al], all-1]);k =i}
left = k;
for (] = Ieft ] <right; | ++)
i (afil> alj+1])

| {Swap(al], al-1]);k =; }
right = k;

CAU TRUC DU LIEU VA GIAI THUAT 1
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_&F Cac Thuat Toan Sap Xep

1. Dbi chd truc tiép — Interchange Sort
2. Chon tryc tiép — Selection Sort

3. Nbi bot — Bubble Sort

4. Shaker Sort

5. Chén trwe tiép — Insertion Sort

6. Chen nhi phan — Binary Insertion Sort
/. Shell Sort

8. Heap Sort

9. Quick Sort

10. Merge Sort
11. Radix Sort

CAU TRUC DU LIEU VA GIAI THUAT 1
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_4F Chén Truc Tiép — Insertion Sort

> Gia slr co moétday a,, a, ,... ,a,., trong do i phan
ter dau tién a, , a, ,... ,a._, da co thiv tw.

> Tim cach chén phan t& a; vao vi tri thich hop cua
doan da dwoc sap dé co day méi a, , ay,... ,a; tré
nén co thw tw. Vi tri nay chinh la vi tri gitka hai
phan t&r a,_, va a, thda a,_, < a, < a, (1=ksi).

CAU TRUC DU LIEU VA GIAI THUAT 1
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_4F Chén Truc Tiép — Insertion Sort

» Budc 1: 1= 1:/gia st co doan a[1] da dwoc sép

» Buoc 2: x =,a[i]; Tim vi tri pos thich hop trong
doan a[1] dén a[i-1] dé chen a[i] vao

> Budc 3: Doi cho cac phan tiv tir apos] dén ali-1]
sang phai 1 vi tri dé danh cho cho a|i]

> Budc 4: a[pos] = X, /lcé doan a[1]..a[i] da duwoc sap

> Budc 5:1=1+1;

Néu i <n: Lap lai Bwéc 2

CAU TRUC DU LIEU VA GIAI THUAT 1

Nguwoc lai : Dwng O
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&8 Chén Truc Tiép — Insertion Sort

> Cho day so
12 2 8 5 1 6 4 15

“'o?eoooa

=1

v

..GOGO@
i=2 ) J
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_4F Chén Tryc Tiép — Insertion Sort

obo?oooa

1=3

*o..ogooe

1=4

oo&oo?oa
- ;
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_4F Chén Tryc Tiép — Insertion Sort

v
PO0OO0OOGO® O

O
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Cai Dat Thuat Toan Chén Truc Tiép

void InsertionSort(intd, intn)
{ Intpos,i;
INt X;//lwu gia tri a[i] tranh bj ghi dé khi d&i ché cac phan t.
for(i=1 ; i<n ; i++) //doan a[0] da sép

{
X = a[i]; pos = I-1;
/I tim vi tri chén x
while((pos >= 0)&&(a[pos] > x))
{//két hop doi chd cac phan tir sé dirng sau x trong day
MO
a[pos+1] = a[pos];
POS--
}
a[pos+1] = X; // chén x vao day
J -
} O
82 —=



¢ Minh Hoa Thuat Toan Insertion Sort

90000006

CAU TRUC DU LIEU VA GIAI THUAT 1
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¢ Minh Hoa Thuat Toan Insertion Sort

Insert a[1] into (0,0)

02000000

CAU TRUC DU LIEU VA GIAI THUAT 1

84 S=



¢ Minh Hoa Thuat Toan Insertion Sort

Insert a[2] into (0, 1)

20000000

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Minh Hoa Thuéat Toan Insertion Sort

Insert a[3] into (0, 2)

20000000

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Minh Hoa Thuéat Toan Insertion Sort

Insert a[4] into (0, 3)

00000000

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Minh Hoa Thuat Toan Insertion Sort

Insert a[5] into (0, 4)

00000000

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Minh Hoa Thuat Toan Insertion Sort

Insert a[6] into (0, 5)

90000000

CAU TRUC DU LIEU VA GIAI THUAT 1
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_&¢ Minh Hoa Thuat Toan Insertion Sort

Insert a[8] into (0, 6)

00000000
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¢ Minh Hoa Thuat Toan Insertion Sort

0000V
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_4F D6 Phirc Tap Cua Insertion Sort

So phép so sinh

So phép gin

92




4F Cac Thuat Toan Sap Xéep

1. Dbi chd truc tiép — Interchange Sort
2. Chon truc tiép — Selection Sort
3. Nbi bot — Bubble Sort
4. Shaker Sort
_ 5. Chén tryc tiép — Insertion Sort
5 6. Cheén nhi phan - Binary Insertion Sort
z 7. Shell Sort
B 8. Heap Sort
| 9. Quick Sort
% 10. Merge Sort
% 11. Radix Sort . /’5
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CAU TRUC DU LIEU VA GIAI THUAT 1

void BlnsertionSort(int af],int n )

int |,r,m,l;
INt X:/Nwu gia tri ai] tranh bi ghi dé khi doi chd cac phan te.
for(int I=1 ; I<n ; I++)
{ x=a[]; 1=0;r=i-1;
while(I<=r) J/ im vi tri chen x
{ m = (|+r)/2, // im vi tri thich hop m
if(x <a[m]) r = m-1,
else | =m+1;

for(intj =i-1;j>=I; j--)

a[]+1] = a[j];// doi cac phan tir sé dirng sau x
a[l] = x; /I chén x vao day
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4F Cac Thuat Toan Sap Xéep

1. Dbi chd truc tiép — Interchange Sort
2. Chon truc tiép — Selection Sort
3. Nbi bot — Bubble Sort
4. Shaker Sort
_ 5. Chén tryc tiép — Insertion Sort
5 6. Chén nhi phan — Binary Insertion Sort
% 7. Shell Sort
B 8. Heap Sort
| 9. Quick Sort
% 10. Merge Sort
% 11. Radix Sort N /’5



CAU TRUC DU LIEU VA GIAI THUAT 1

& Shell Sort

> Cai tién cia phwong phap chén truc tiép
> Y twéng:

Phan hoach day thanh cac day con

Sap xep cac day con theo phwong phap chén
truec tiép

Dung phwong phap chén trwe tiép sap xép lai
ca day.

96



& Shell Sort

» Phan chia day ban dau thanh nhirng day con gdm cac
phan t&r & cach nhau h vij tri

> Day ban dau: a,, a,, ..., a, dwoc xem nhw sy xen ké clia
cac day con sau :

= Day con tht nhat : a, a,,; Aoy ...

= Dayconthw hai :a, a;,, 8o -

~

CAU TRUC DU LIEU VA GIAI THUAT 1

= Dayconthr h :a, a,, as, ... -
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I Shell Sort

> Tién hanh sap xép cac phan t trong cung day con sé lam
cho céc phan t&r dwoc dwa vé vi tri dung twong doi

> Giadm khodng cach h dé tao thanh cac day con maéi

> Dirng khi h=1

~

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Shell Sort

> Gia st quyét dinh sap xép k bwdc, cac khodng cach
chon phai théa diéu kién :

h >h,, vah =1
> h =(h, -1)/3vah, =1, k=logsn-1
Vidu:127, 40, 13, 4, 1
> h =(h,-1)/2vah,=1,k=log,n-1

Vidu:15,7,3, 1

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Shell Sort

» hcodang 3i+1: 364, 121, 40, 13, 4, 1
» Day fibonaci: 34, 21, 13,8,5,3,2,1

> hla day cac sd nguyén tb6 gidam dan dén 1: 13, 11, 7, 5, 3,
1.

(&)

CAU TRUC DU LIEU VA GIAI THUAT 1
Su?
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_& Shell Sort

» Budc 1: Chon k khoang cach h[1], h[2], ..., h[K];

1=1;

> Budc 2: Phan chia day ban dau thanh cac day con
cach nhau hl[i] khoang cach.

Sap xép tirng day con bang phwong phap
chén truc tiép;

> Budc3d :i1=1+]1;
Néu i>k: Dirng
Nguwoc lai : Lap lai Bwéc 2.

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Shell Sort

» Cho day so a:
12 2 8 5 1 6 4 15

» Gia st chon cac khoang cach la 5, 3, 1

CAU TRUC DU LIEU VA GIAI THUAT 1
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= Shell Sort

> h =5 : xem day ban dau nhw cac day con

56000066

CAU TRUC DU LIEU VA GIAI THUAT 1
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_4&F Shell Sort

» h =3:(sau khi da sap xép cac day con & budc trudc)

0000066

CAU TRUC DU LIEU VA GIAI THUAT 1

104 =



& Shell Sort

> h =1:(sau khi da sap xép cac day con & budc trwde

000060606060

CAU TRUC DU LIEU VA GIAI THUAT 1
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E Shell Sort

~

CAU TRUC DU LIEU VA GIAI THUAT 1

void ShellSort(int af],int n, int h{], int k)

{

int step,i,, x,len;
for (step = 0 ; step <k; step++)
{ len = h[step],

for (i = len; i<n; i1++)

{
x = alll;
j = i-len; // a[j] drng ké trwde ali] trong cung day con
while ((x<a[j])&&(j>=0)// sap xép day con chtra x
{ // bang phwong phap chén tryc tiép
af+len] = af];
j=]-len;
}
a[j+len] = x;
}
} S
Q)
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& Shell Sort — Vi Du

m h=(5,3,1); k=3

joint curr

g g
©0000006

CAU TRUC DU LIEU VA GIAI THUAT 1

108 =



_& Shell Sort - Vi Du

len = 5; h=(53,1);k=3
[ 9O000006
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& Shell Sort — Vi Du

h=(5,3,1); k=3
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_& Shell Sort - Vi Du

len =3 h=(53,1);k=3
20000000
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&8 Shell Sort — Vi Du

h=(5,3,1); k=3

0 1 2 3 4 5 6 7
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¢ Shell Sort — Vi Du

00000000
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Cac Thuat Toan Sap Xep

1. Dbi chd truc tiép — Interchange Sort
2. Chon tryc tiép — Selection Sort

3. Nbi bot — Bubble Sort

4. Shaker Sort

5. Chén truc tiép — Insertion Sort

6. Chen nhi phan — Binary Insertion Sort
/. Shell Sort

8. Heap Sort

9

. Quick Sort

10. Merge Sort
11. Radix Sort
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Thuat Toan Sap Xéep Heap Sort

» Heap Sort tan dung dwoc cac phép so sanh ¢
bwdc i-1 ma thuat toan sap xép chon truc tiép
knong tan dung duoc

> Dé lam dwoc diéu nay Heap sort thao tac dwa
trén cay.

CAU TRUC DU LIEU VA GIAI THUAT 1
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Thuat Toan Sap Xéep Heap Sort

» Chodaysb :12 2 8 51 6 4 15
0 1 2 3 4 5 6 7

a[1] a[2]
a[3] a[4] o a[5] o a[6]
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Thuat toan sap xep Heap Sort

> O cay trén, phan t&r & mrc i chinh 1a phan t& 16n
trong cap phan t&r @ mirc i +1, do dé phan tor &
nut goc 1a phan t& 1én nhat.

> Néu loai bd gbc ra khdi cay, thi viéc cap nhat cay
chi xay ra trén nhirng nhanh lién quan dén phan
t& méi loai bo, con cac nhanh khac thi bao toan.

> Buwdc ké tiép co thé st dung lai két qué so sanh
cua budc hién tai.

> Vi thé dé phirc tap cua thuat toan O(nlog,n) -
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Cac Buwéc Thuat Toan

> Giai doan 1 : Hiéu chinh day s ban dau thanh
heap
> Giai doan 2: Sap xép day so dwa trén heap:
&, Bwdc 1:Dwa phan tée I&n nhat vé vj tri dung
& cudi day:
r=n-1;, Swap (a, , a, );
L, Budce 2: Loai bd phan tl I&n nhat ra khoi
heap: r =r-1, ‘
Hiéu chinh phan con lai cua day tv a1,
a2 ... ar thanh mot heap.
& Budce 3:
Néu r>1 (heap con phan t&r ): Lap lai Bwdc 2
Nguoc lai : Dirng @
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Minh Hoa Thuat Toan

> Heap: La mot day cac phantlr a, a,q ..., a
thoa cac quan hé vai moi i [, 1:

% ai ‘2i+1

< a; ‘2i+2 Il (3, a,.,), @, a,., ) a cac cap phan t& lién doi
> Chodaysd :12 2 8 51 6 4 15

>Giai doan 1: Hiéu chinh day ban dau thanh Heap

©000000«

I

Pt lién
doi

e

=3 =
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Minh Hoa Thuat Toan

P00

|=2 Ptlién
doi

R T

é Pt lién
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Minh Hoa Thuat Toan

20060000

Lan truyén viéc diéu chinh

@000

m Ptlién
doi
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Minh Hoa Thuat Toan

©0000000

» (Gial doan 2: Sap xép day sb dua trén Heap

\ 4

PPPPOPPO

c0000000
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Minh Hoa Thuat Toan

»Hiéu chinh Heap
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Minh Hoa Thuat Toan

PP OOOOOS®

| |
m Pt lién
doi

Jolol T2 11
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Minh Hoa Thuat Toan

Lan truyén viéc diéu chinh
@ (2 @ & O 6 @ w©
0 1 2 3 4 5 6 7
|=2

P00O0000
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& Minh Hoa Thuat Toan
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Cai Dat Thuat Toan

» Hiéu chinh a, a,,,..,a,thanh Heap
void shift(int a[],int l,int r)

{

Int X,1,J;

I=I;
St
) .
z x=all];
5 while(j<=r)
2 1<)
§ If(afj]<a[j+1]) /tim phan tu lon nhat afj] va a[j+1]
S
= o

1),

2 o ()



Cai Dat Thuat Toan

j++; /lluu chi so cua phan tu nho nhat trong hai phan tu

If(afj]<=x) return;

else
{  alil=alj
: afj]=x;
I_ . .
= ]=2%1+1;
< .
E x=all];
§ }
E }
E PN
@)
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Cai Dat Thuat Toan

» Hiéu chinh a,,..a, ;Thanh Heap

void CreateHeap(int a[],int n)
{ intl;
I=n/2-1,
while(I>=0)
{
shift(a,l,n-1);
I=I-1,;

CAU TRUC DU LIEU VA GIAI THUAT 1

} 131 (@)



CAU TRUC DU LIEU VA GIAI THUAT 1

Cai Dat Thuat Toan

» Ham HeapSort
void HeapSort(int a[],int n)
{ Intr;
CreateHeap(a,n);
r=n-1,
while(r>0)
{
Swap(a[0],a[r]);//a[0] la nut gbc
r--;
If(r>0)
shift(a,0,r);
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4F Cac Thuat Toan Sap Xéep

1. Dbi chd truc tiép — Interchange Sort
2. Chon truc tiép — Selection Sort
3. Nbi bot — Bubble Sort
4. Shaker Sort
_ 5. Chén tryc tiép — Insertion Sort
5 6. Chén nhi phan — Binary Insertion Sort
% /. Shell Sort
B 8. Heap Sort
| 9. Quick Sort
% 10. Merge Sort
% 11. Radix Sort o /’5



Quick Sort

> Y twdng:

= Giai thuat QuickSort sap xep day a,, a, ..., ay dwa trén
viéc phan hoach day ban dau thanh 3 phan :

« Phan 1: GOm cac phan t& co gié tri bé hon
X

« Phan 2: Gém cac phan t& co gia tri bang x

« Phan 3: GOm cac phan t& co gié tri Ion

CAU TRUC DU LIEU VA GIAI THUAT 1

hon X
vGi x | gia tri cia mot phan tir tuy y trong day ban
dau.
(b
134



_&F Quick Sort - Y Twéng

= Sau khi thwe hién phan hoach, day ban dau dwoc phan
thanh 3 doan:

¢+ l.a Sx,véik=1.]

¢« 2.q =X,vOoik=j+1 . I-1

- 3.a Ik, voik=i.N

CAU TRUC DU LIEU VA GIAI THUAT 1
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» Doan thtr 2 da co thw tw.

» Néu cac doan 1 va 3 chicé 1 phan tlr : da co th ty

- khi d6 day con ban dau da dwoc sap.
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136 =



& Quick Sort - Y Twéng

» Doan thr 2 da co th tw.

> Néu cac doan 1va 3 co nhiéu hon 1 phan to thi day
ban dau chi co thi tw khi cac doan 1, 3 dwoc sap.

> D& sap xép cac doan 1 va 3, ta lan lwot tién hanh viéc
phan hoach twng day con theo cung phwo’ng phap
phan hoach day ban dau vira trinh bay ..

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Giai Thuat Quick Sort

> Buwdc 1: Néu left = right //day cé it hon 2 phan ti

Két thuc; //day da dwoc sép xép

» Buoc 2: Phan hoach day ayy ... a4 thanh cac doan:
Qeft-+ &) Qjyq1-- A1, & Qyighy

Doan 1 .(

boan 2: aj,;.. a;; =X
BDoan 3: a;.. &gy .<

» Budc 3: Sap xep doan 1: a..

> Budc 4: Sap xép doan 3: a,.. ag,

~

CAU TRUC DU LIEU VA GIAI THUAT 1
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Giai Thuat Quick Sort

> Bugc 1: Chon tuy y mdt phan té alk] trong day la
giatrimoéc (I <k <=r):

x=a[k]; 1=1I;, j=r,

> Budc 2 : Phat hién va hiéu chinh cap phan t

ali], a[j] nam sai ché :

= Buwdc 2a : Trong khi (a[i]<x) i++;

= Buwdc 2b : Trong khi (@[j]>X) j--;

» Budc 2c : Néu i< j Swap(a[il,alj]);

> Budc3:Néu i<j Lap lai Budc 2.
Nguwoc lai: Dwng
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& Quick Sort — Vi Du

» Cho day so a:
12 2 8 5 1 6 4 15
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& Quick Sort — Vi Du

DOOOO0OC

1=0 j=3 j=4 j=5 r=7
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Quick Sort — Vi Du

» Phan hoach doan| =0, r=2:

DOO0O0O000O0
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& Quick Sort — Vi Du

» Phan hoach doanl|l=4,r=7:

OO 00O 066

N =4 r=7
= |___ - - -

I
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Quick Sort — Vi Du

» Phan hoach doan | =6,r=7:

QOOOO0OOOE
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= Quick Sort

void QuickSort(int a[], int left, int right)

{ Int],
X = at(left+r|ght)/2]

| = le = right:
o [y g

whiloal) S 39 1

i{f(i <=j)
swap(ali],alj]);
I++ ;-
}wr}lile(i <=j);
If(left<))
chkSort(a left, |);

if(i<rig ht?<
QuickSort(a, i, right);

CAU TRUC DU LIEU VA GIAI THUAT 1
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» Phan hoach doan [0, 7]
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& Quick Sort — Vi Du

» Phan hoach doan [0, 7]

&

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Quick Sort — Vi Du

» Phan hoach doan [0,2]

h ﬁ

] i
0 1 2 3

POOO®©® 6w
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& Quick Sort — Vi Du

» Phan hoach doan [4,7]

_ 0 1 2 3 {L} 5 6 {17}

ODOOOL© W
X

left right
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5 ¢ Quick Sort — Vi Du

» Phan hoach doan [5,7]

450 6 7

@@@@@‘@@

Tt
Ieft right
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Tt
right
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Tt
left
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» Phan hoach doan [5,7]
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Quick Sort — Vi Du

000D OG
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D6 Phirc Tap Cua Quick Sort

Inrong hop DO phtec tap
. Tot nhat n*log(n)
:%: Trung binh n*log(n)
: | Xaunhat o




4F Cac Thuat Toan Sap Xéep

1. Dbi chd truc tiép — Interchange Sort
2. Chon truc tiép — Selection Sort
3. Nbi bot — Bubble Sort
4. Shaker Sort
_ 5. Chén tryc tiép — Insertion Sort
5 6. Chén nhi phan — Binary Insertion Sort
% /. Shell Sort
B 8. Heap Sort
| 9. Quick Sort
% 10. Merge Sort
% 11. Radix Sort . /’5



_& Merge Sort = Y Twéng

> Giai thuat Merge sort sap xép day a,, a,, ..., a,
dwa trén nhan xét sau:

Y Méi day a,, a,, ..., a, bat ky 1a mot tap hop
cac day con lién tiép ma méi day con déu
da co th tw.

= Vidu:day 12,2,8,5,1,6,4, 15 co thé coi nhw
gdm 5 day con khdéng giam (12); (2, 8); (5); (1,
6); (4, 15).

% Day da coé thir tw coi nhw co 1 day con.

= Hwdng tiép can: tim cach lam gidm so
day con khong giam cua day ban dau. 5
{p)

156 =
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& Merge Sort — thuit todn

Buwdc 1 : // Chuan bi
k = 1;// k 1a chiéu dai cGia day con trong bwdc hién hanh
Budc 2 :
Tach day a,, a,, ., a,, thanh 2 day b, ¢ theo nguyén tac luan
phién tivng nhom k phan tw:
b=a, ., a, ay, ., &g, -
C = Qus1s -5 Appe1y Azkrs -
Buodc 3 :
Tron tirng cép day con goém k phan tl ctia 2 day b, ¢ vao a.
Buodc 4 .
kK =k*2;
Néu k < n thi tr& lai budc 2.
Nguwoc lai: Dwng

CAU TRUC DU LIEU VA GIAI THUAT 1
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4§ Merge Sort - Vi Dy

> k=1

»>Phan phoi luan phién

PP

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Merge Sort — Vi Du

>k=1 »Phan phoi luan phién

00O OOG
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& Merge Sort — Vi Du

» Tron tuvng cap duong chay

@000
OO ®
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& Merge Sort — Vi Du

>k =1 » Tron tung cap duong chay

0 1 2 3 4 5 6 7

@OOG
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¢ Merge Sort — Vi Du

>k =2 »>Phan phoi luan phién

20000006
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& Merge Sort — Vi Du

Sk =2 » Tron tung cap duong chay

0 1 2 3 4 5 6 7

OO0 O
- OO O®



& Merge Sort — Vi Du

>k =2 » Tron twng cap dudng chay

0 1 2 3 4 5 6 7

OO0
OO0 O©®
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¢ Merge Sort — Vi Du

>k =4 »>Phan phdi luan phién

20000000
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& Merge Sort — Vi Du

>k =4 » Tron twng cap dudng chay

0 1 2 3 4 5 6 7

OO0
OO ®
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& Merge Sort — Vi Du

>k =4 » Tron twng cap dudng chay

0 1 2 3 4 5 6 7

OO0
00006
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& Merge Sort — Vi Du

>k =38

bobdOOOG
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& Merge Sort — Vi Du

600D OOG
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& Merge Sort — Cai Dat

> DU liéu ho tro: 2 mang b, c:

INnt

b[MAX], c[MAX], nb, nc;

» Cac ham can cai dat:

S
S

Y

void MergeSort(int a[], int N); : Sap xép mang (a, N)
tang dan

void Distribute(int a], int N, int &nb, int &nc, int k);
Phan phoi déu luan phién cac day con dé dai k tr mang
a vao hai mangconbvac

void Merge(int a[], int nb, int nc, int k); : Trdn mang b
va mang ¢ vao mang a

void MergeSubarr(int a[], int nb, int nc, int &pa, int
&pb, int &pc, int k); : Tron moét cap day contww b va c
vao a

170 =



: Merge Sort — Cai Dat

Int b|[MAX], c[MAX], nb, nc;

void MergeSort(int af], int N)

{
int k;

c for (k=1;k<N; k*=2)
= {
E Distribute(a, N, nb, nc, k);
< Merge(a, nb, nc, k);
2 )
= }
O
\E P
2 &
S 171 =



F Merge Sort — Cai Dat

void Distribute(int a[], int N, int &nb, int &nc, int k)
{
Int 1, pa, pb, pc;
pa=pb=pc =0;
while (pa < N)
{
for (i=0; (pa<N) && (i<k); i++, pa++, pb++)
b[pb] = a[pa];
for (i=0; (pa<N) && (i<k); i++, pa++, pc++)
c[pc] = a[pal;
}
nb =pb; nc=pc;

~

CAU TRUC DU LIEU VA GIAI THUAT 1
)
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Sur?
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Merge Sort — Cai Dat

void Merge(int a[],int nb, int nc,int k)
{ Intp, pb, pc, Ib, ic, kb, kc;
p=pb=pc=0; ib=ic=0;
while((nb>0)&&(nc>0))
{ kb=min(k,nb); kc=min(k,nc);
If(b[pb+ib]<=c[pc+ic])
{  a[p++]=b[pb+ib]; ib++;

5

5 f(ib==kb)

2 { for(iic<kc;ic++  a[p++]=c[pc+ic];
pb+=kb; pc+=kc; ib = ic=0;

5 nb-=kb: nc-=kc;

2 }
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Merge Sort — Cai Dat

else

{  a[p++]=clpc+ic]; ic++;
If(ic==kc)
{

for(;ib<kb;ib++) a[p++]=b[pb+ib];

pb+=kb; pc+=kc; ib = ic=0;

|_

z nb-=kb: nc-=kc:

<

}

= }

(]

(&)

= } -
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Merge Sort — Cai Dat

Int min(int a,int b)

{
If(a>b) return b;
else return a:

(&)

CAU TRUC DU LIEU VA GIAI THUAT 1
Su?
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& Do phirc tap ciia Merge Sort

> S0 lan 1ap ctia Bwdce 2, 3 1a log,n do sau mai lan
lap gia tri k tdng gap déi. Chi phi thwc hién &
bwdc 2 va 3 ti |é thuat v&i n. Do do chi phi cua
day thuat MergeSort la O(nlog,n)

CAU TRUC DU LIEU VA GIAI THUAT 1
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_&F Cac Thuat Toan Sap Xep

1. Déi chd truc tiép — Interchange Sort
2. Nbi bot — Bubble Sort

3. Shaker Sort

4. Chén truc tiép — Insertion Sort

5. Chen nhi phan — Binary Insertion Sort
6. Shell Sort

7. Chon trwe tiép — Selection Sort

8. Quick Sort

9. Merge Sort

10. Heap Sort
11. Radix Sort

CAU TRUC DU LIEU VA GIAI THUAT 1
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>

>

Sap Xép Theo Phwong Phap Co So Radix Sort

Radix Sort 1a mét thuat toan tiép can theo mét
hwdong hoan toan khac.

Néu nhuw trong céac thuat toan khac, co s& dé sap
xép ludn 1a viéc so sanh gia tri cha 2 phan t thi
Radix Sort lai dwa trén nguyén tac phan loai thw
cua bwu dién. Vi ly do dé Radix Sort con cé tén la
Postman’s Sort.

Radix Sort khong hé quan tam dén viéc so sanh
gia tri cua phan tr ma ban than viéc phan Ioa‘i va
trinh tw phan loai s€ tao ra thir tw cho cac phan
ter.

178



Sap Xép Theo Phwong Phap Co So Radix Sort

> Mb phdng lai qui trinh trén, dé sap xép day a;,
a,, ..., &,, gidi thuat Radix Sort thyrc hién nhuw
sau:

S Trwdc tién, ta co thé gid s mbi phan tir a
trong day a,, a,, ..., a, 1a mot so nguyén co toi
da m chir so.

%, Ta phan loai cac phan t& |an lwot theo cac
chr sO hang don vi, hang chuc, hang tram,

... twong tw viéc phan loai thw theo tinh
thanh, quan huyén, phwong xa, ....

CAU TRUC DU LIEU VA GIAI THUAT 1
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Sap Xép Theo Phwong Phap Co S6 Radix Sort

> Buwdc 1 :// k cho biét chir s6 dung dé phan loai

hién hanh
& k= 0; // kK = 0: hang don vi; k = 1: hang
chuc; ...
> Buwdc 2 : //Tao cac 16 chira cac loai phan tl khac
nhau

%, Khaitao 10 16 By, B, ..., By rong;

CAU TRUC DU LIEU VA GIAI THUAT 1
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Sap Xép Theo Phuong Phap Co S6 Radix Sort

» Budc 3:
& Fori=1..ndo
= Dat a, vao 16 B, v&i t: chir s thir k cla a;;

» Budc4:
z % NOi By, By, ..., By lai (theo dung trinh tw)
= thanh a.
& » Buoch:
& k = k+1;Néu k < m thi trd lai bwéc 2. Nguoc
5 lai: Dirng
% 181
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0428
3252 8425 1725
1239 1424 (4518 0701 0099
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¢ Sap Xep Theo Phwong Phap Co S6 Radix Sort

~

CAU TRUC DU LIEU VA GIAI THUAT 1
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> Nhap mét day s6 nguyén n phan tc.

> Sap xép lai day sao cho:

= s6 nguyén dwong dau & dau day va
theo thi tw giam.

= sO nguy@n am tang & cudi day va theo
thtr tw tang.

= 500 & gilra.

~
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> Luwu y: Khéng diang dbi ché truc tiép.

187 =



NOI DUNG

CAU TRUC DU LIEU VA GIAI THUAT 1



CAU TRUC DU LIEU VA GIAI THUAT 1

YV YV VY

A\

& Bicn Tinh

Pwoc khai bao twong minh, co tén goi
Ton tai trong pham vi khai bao
Puwoc cap phat trong stack

Kich thwdc khdng ddi => khéng tan dung hiéu qua
bd Nh&

Vidu :int X,Y;
char c;
float f[5];

Khi biét chac nhu cau st dung doi twong trwde khi
thuwe sw x&e ly @ dung blen kKhong dong @



& Vi Du Han Ché Cua Bién Tinh
» T6 chlrc danh sach I&p hoc

» Dung mang tinh :
typedef struct

{
char ten[20];

Int mMaso;
IHocvien;

Hocvien danhsach[50];
> S0 lwong hoc vién <50 => lang phi

> S0 lwong hoc vién > 50 => thiéu chd !

CAU TRUC DU LIEU VA GIAI THUAT 1
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» Khong dwoc khai bao twong minh, khong co tén
gol
> Xin khi can, gidi phong khi st dung xong

> Puwoc cap phat trong heap
> Linh déng vé kich thuwdc

> Van dé : bién déng khdng cé tén goi twdng minh,
lam sao thao tac ?



& Kiéu con tré

> Kiéu con tré ding luu dia chi ctia mot doi tugng dit lidu
khac.
> Bién thudc kiéu con trd Tp 1a bién ma gia trj cua no 14
dia chi cuad mot vung nhoé irng véi mot bién kiéu T, hoac
13 gia tri NULL.
» Khai bao trong C:
typedef Int  *intpointer;
Intpointer P;
Ban than bién con tro 12 khéng dong
> Dung bién con trd dé luu giit dia chi ctia bién dong =>
truy xuat bién dong thong qua bién con tro o

5 e
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& Cac thao tac trén kiéu con tré

> Tao ra mot bién dong va cho con trd ‘p’ chi dén no:
= void* malloc(size);
= void* calloc(n,size);
= new //ham cap phét bo nhd trong C++

> Huy mdt bién ddng do p chi dén :

= Ham free(p) huy ving nhé cap phat bai ham malloc
hoac calloc do p tro téi

= Ham delete p huy ving nhé cap phat bai ham new
do p tré toi

CAU TRUC DU LIEU VA GIAI THUAT 1



int x; Bién khong dong x

int *p; Bién con tré p
_ ‘ OxFF

p —t

new(int) ;

*p —_ 5

Bi€n dong c6 dia chi O0xFF
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& Kiéu danh sach
» Danh sach = { cac phan ttr c6 cung kiéu)}

> Danh sach 1a mot kiéu dix liéu tuyén tinh :

= MOi phan tir O nhi€u nhat 1 phan tir dimg trudc

= MOi phan tir cO nhiéu nhat 1 phan tir dtmg sau

> Lakiéu dit liéu guen thudc trong thuc té :

Dan
Dan

Dan

Dan

N sach hoc sinh
N muc sach trong thu vién

N ba dién thoai

n sach cac nhan vién trong cong ty



¥ Cac hinh thirc to chirc danh séach

» CTDL cho mdi phan tir ?
> Thé hién lién két ctia C4c phan tir ?
» Hai hinh thirc co ban :

= Lién két ngam : Mang

= Liénkét twuong minh :  Danh sach lién két

(&)

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Danh sach lién két ngam(mang)

> M0i lién hé gitra cac phan tlr dwoc thé hién ngam:

= Xi:phantl®th®itrongdanh x0 [ .. | xi |xi+1

= Xi, Xi,, 1& ké can trong danh sach
> Phai lwu tri lién tiép cac phan t trong bd nhé

= cdng thire xac dinh dia chi phan t& thi i:
address(i) = address(1) + (i-1)*sizeof(T)

> Wu diém : Truy xuat trwc tiép, nhanh chéng
> Nhwoc diém:

= S dung bé nh& kém hiéu qua

= Kich thwéc cd dinh

CAU TRUC DU LIEU VA GIAI THUAT 1

= Cac thao tac thém,yao , loai bd khang hiéu qua



_& Lién két tusng minh(Danh sanh lién két)

» CTDL cho mdt phan tix
= Théng tin ban than
= Dia chi cia phan t& ké trong danh séach

— 1 x0

2
B /'x \x3

> M6i phan tl 1a mot bién ddng

> Wu diém
+ S dung hiéu qua bd nhd

CAU TRUC DU LIEU VA GIAI THUAT 1

+ Linh ddng vé sb lwong phan tr .
0,
11 =



& Cac loai danh sach lién ket

> Danh sach lién két don: Mbi phan ti lién két véi phan
tir dlrng sau no trong danh sach

o> AH‘—b B &> cC o—> D o]

> Danh sach lién két kép: M&i phan to lién két voi
phan t& dirng trwdc va sau noé trong danh sach

o—> AOT2g B ®2g C| 2 DN

> Danh séach lién Vong: Phan t& cudi danh séch
lién v&i phan t& dau danh séch

CAU TRUC DU LIEU VA GIAI THUAT 1

12 e



& Céc loai danh séach lién két (tt)
> Danh séach lién Vong: Phan t& cudi danh sach lién véi

phan tlr dau danh séach

= Danh sach lién két don vong

o> AO—> B O6—> C 06— D

= Danh sach lién két déi vong

~— A; *2e B [®2e C [* e D\g

13
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48 Binh Nghia

« M6i phan tt lién két v&i phan tlr dirng trude
va sau no trong danh sach
 Hinh v& minh hoa danh sach lién két kép:

> AOT2e B 02 C %% D o—H
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4 Cau Truc D& Liéu
-« Cdu trac dir liéu 1 nut
typedef struct tagDnode
{ Data Info;
struct tagDnode *pPre;
struct tagDnode *pNext;
}DNode;
 C4u truc List kép
Typedef struct tagDList
{ DNode *pHead,;
DNode *pTall;
IDList;

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Cac Thao Tac Trén List Kép

+ Khéi tao danh sach lién két kép rong
 Tao 1 nut gé thanh phan dir lieu = x
« Chén 1 phan t& vao danh sach

nén vao dau

nén sau phan t& Q

nén vao trwdc phan t&r Q
nén vao cudi danh séach

e Huy 1 phan t& trong danh séach

. Tim
e Sap

0y phan t& dau danh sach
0y phan tl cudi danh séch
Gy 1 phan t&r c6 khoa bang x
1 phan t& trong danh séch
xép danh séach Q)

4



f’ Tao 1 Danh Sach Roéng

void CreateDList(DList &l)

{
.DHead=NULL;

|.DTail=NULL;
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~& Tao 1 Nut C6 Thanh Phan D Liéu = X

DNode *CreateDNode(int x)
{ DNode *tam;
tam=new DNode;
If(tam==NULL)
{ printf("khong con du bo nho"),
exit(1);
}
else
{ tam->Info=x;
tam->pNext=NULL;
tam->pPre=NULL;
return tam:;
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48 Thém 1 Nat Vao Bau Danh Sach

 Minh hoa hinh vé

pHead

CT*A’M B 0> C\"FEUTDH-'I
M Xx]e

.//[ pTail
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& Cai bat Thém 1 Nut Vao Dau Danh Sach
void AddFirst(DList &, DNode *tam)

{
If(l.pHead==NULL)//xau rong
{
|.pHead=tam;
|.pTail=l.pHead,;
: )
z else
3 {
B tam->pNext=I.pHead;
= |.pHead->pPre=tam,
o |.pHead=tam;



48 Thém Vao Cubi Danh Séach

 Minh hoa thém 1 phan t& vao sau danh sach
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48 Cai Dat Thém 1 Nat Vao Cubi Danh Sach
void AddEnd(DList &l,DNode *tam)

{
If(l.pHead==NULL)
{
|.pHead=tam;
|.pTail=l.pHead,;
: )
T else
3 {
B tam->pPre=I.pTail;
= I.pTaH->pI\_Iextztam;
o tam=l.pTail;
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& Thém Vao Sau Nit Q

* Minh hoa thém nut X vao sau nut g

pHead g

11

pTail

l

c < e 0 -—N




—4F Cai Dat Thém 1 Nut Vao Sau Nut Q
void AddLastQ(DList &I, DNode *tam, DNode *q)
{

DNode *p;
P=0->pNext;
If(q!=NULL)//them vao duoc
{
tam->pNext=p;
tam->pPre=q;
g->pNext=tam;
If(p!=NULL)
p->pPre=tam,
If(q==I.pTalil) //them vao sau danh sach lien ket.

CAU TRUC DU LIEU VA GIAI THUAT 1

|.pTail=tam;
}
else e
AddFirst(l,tam); )



& Thém 1 Nut Vao Trwée Nut Q

 Minh hoa thém 1 nut vao trudc nut g

pHead q pTail

l
c < e 0 -—N

CAU TRUC DU LIEU VA GIAI THUAT 1
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Cai Dat Thém 1 Nut Vao Trwde Nut Q

void AddBeforeQ(DList &l,DNode *tam,DNode *q)
{ DNode *p;
p:q->pPre;
If(q!=NULL)
{
tam->pNext=q;
g->pPre=tam,;
tam->pPre=p;

If(p!=NULL)
p->pNext=tam;
If(g==Il.pHead)
|.pHead = tam;
}
else
} AddEnd(l,tam); O

14
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_4& Xoa Phan Tt Dau Danh Séach
void DeleteFirst(DList &l)

{
DNode *p;
If(l.pHead!=NULL)
{
n=I|.pHead;
.pHead=Il.pHead->pNext;
.pHead->pPre=NULL;
delete p;
If(l.oHead==NULL)
l.pTail=NULL;
}
}

15




48 Xoa 1 Phan Tt Cudi Danh Séach
void DeleteEnd(DList &l )

{
DNode *p;
If(l.pHead!=NULL) //tuc xau co hon mot phan tu
{
0=|.pTall;
% .pTa! =l.pTail->Pre;
= pTaill->pNext=NULL,;
E delete p;
if(l.pTail==NULL)
z l.pHead=NULL;
- }
-}
S

16



Huay 1 Nut Sau Nut Q

void DeleteLastQ(DList &,DNode *q)

{
DNode *p;//luu node dung sau node q
if(q!=NULL)
{
pP=q->pNext;
if(p!=NULL)
{
- gd->pNext=p->pNext;
< if(p==I.pTail)//xoa dung nu't cuoi
3 l.pTail=q;
< else  //Nut xoa khong phai nut cuol
2 p->pNext->pPre=q;
- delete p:
TS
S }
12 }
§, else
= DeleteFirst(l); a0
.% ] ‘«@:‘
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Huy 1 Nut Bdng Trwde Nut Q

void DeleteBeforeQ(DList &,DNode *q)

{
DNode *p;
If(q!=NULL) //tuc ton tai node q
{
p=g->pPre;
if(p!=NULL)
{
- gq->pPre=p->pPre;
('5‘:- if(p==I.pHead)//p la Node dau cua danh sach
g |.pHead=q;
< else //p khong phai la node dau
,g p->pPre->pNext=q;
- delete p;
L
- }
12 }
§, else
= DeleteEnd(l); —Fao
.% ] ‘«@:‘
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E Xoa 1 Phan T C6 Khoa = X

int DeleteX(DList &l,int x)
{

DNode *p;
DNode *q;
g=NULL;
p=l.pHead;
while(p!'=NULL)
{

If(p->Info==x)

break;

g=p;//q la Node co truong Info = x

p=p->pNext;
}
If(g==NULL) return 0;//khong tim thay Node nao co truong Info =x
if(q!'=NULL)

DeleteLastQ(l,q);
else

DeleteFirst(l); a0
return 1; )

~
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void DoiChoTrucTiep(DList &l)
{ DNode *p,*q;

p=Il.pHead,;

while(p!=l.pTall)

{

q=p->pNext;
while(q!=NULL)
{
If(p->Info>qg->Info)
HV(p.q);
g=g->pNext;
}
pP=p->pNext; 7
1 o
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Pinh Nghta Cay

»Cay la moét tap hop T cac phan ti (goi la nut

cua cay), trong dé cé6 mét nat dac biét goi la

nut goc, cac nut con lai dwoce chia thanh

n

p

n’ng tap rei nhau T,, T,, ...,T,,theo quan hé

nan cap, trong dé T, ciing 1a 1 cay. Méi nat &

cap i sé quan ly mét s6 nut & cap i+1. Quan hé

nay nguwoi ta goi la quan hé cha — con.



& Mot S6 Khai Niém
~ + Bac cua mot nut: 1a sé cay con cua nut do .
 Bac clia mdt cay: 1a bac I&n nhat clia cac nut
trong cay
« Nut goc: 1a nut khéng cé nut cha.
 NUt I&: 1a nut c6 bac bang 0 .
 Mirc cua moét nut:
— Mtc (goc (T) ) =
—GoiT1, T2, T3, ..., Tnla cac cay con cua TO :

Mtrc (T1) = Mtrc (T2) =. .. = Mc (Tn) = M&c (TO)
+ 1.
* Do dai dwong di tw goc dén nut x: 1a s6 nhanh
can di qua ke tw goc dén x. &
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48 Vi Du 1 Té Chirc Dang Cay

{ BB-Electronic Corp. ]

[ R&D | [ Kinhdoanh | | Taivu | [ Sanxuat |

[ Noigia | [ Quscte | [Tv | [cp | [ Amplier |

[ chauau | [ my | [céacnuéc)
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& Mot S6 Tinh Chét Clia Cay Nhi Phan

 S6 N0t nam ¢ mirc i <
21.

 So nit 14 < 2h-1, véi h 14
chiéu cao cua cay.

o Chiéu cao ciia cay h >
log2(N)
— N = s6 nut trong cay

» S6 nit trong cay < 2h-1.
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Data Key;

struct tag|

'Node *plLeft;

struct tag|
}TNode;

"Node *pRight;

& CAu Trac D Liéu Ciia Cay Nhj Phan
typedef struct tagTNode
{

typedef TNode *TREE; / \



LT 3 -
o8 I 171 o [N
5f -~ 7f s
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_& Duyét Cay Nhj Phan

= C6 3 trinh tw tham goc :
= Duyét truwdc
= Duyét gitra
» Duyét sau
= PO phuce tap O (log2(h))
Trong do h la chiéu cao cay
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" & Vi Dy Két Qua Ciia Phép Duyét Cay

€ (12) (&

* NLR: 9, 2, 6, 1, 10, 8,5, 3, 7, 12, 4.
- LNR: 6, 2,10, 1,9, 3,5,8,12,7, 4.
» K&t qua cla phép duyét : LRN, NRL,LRN, LNR?
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& Duyét Trudc
void NLR(TREE Root)

if (Root != NULL)

{
{
<XUp
NLR(
NLR(
}
}

Yy Root>; //X ly twong ng theo nhu cau
Root->pleft);

Root->pRight);

11 ~
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_& Duyét Gitra
void LNR(TREE Root)

{
if (Root '= NULL)
{
LNR(Root->pLeft),
<Xt ly Root>; // Xt ly twong rng theo nhu
cau
LNR(Root->pRight);
}
}
12 ;:é‘ﬁ
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void  LRN(TREE Root)
{

if (Root !'= NULL)

{
LRN (Root->pLeft) ;
LRN (Root->pRight) ;

<Xt ly Root>; /[ Xr ly twong rng theo nhu
cau

13 ~



_4F Biéu Dién Cay Tong Quat Bang Cay Nhj Phan
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_4€ Dinh nghia cay nhj phan tim kiém

« Cay nhi phan

« Bdo ddm nguyén tac bo tri khoa tai méi nut:
— Cac nut trong cay trai nhé hon nut hién hanh
— Cac nut trong cay phai I&n hon nut hién hanh

CAU TRUC DU LIEU VA GIAI THUAT 1




_& Uu diém cla cay nhi phan tim kiém

« Nho trat ty bo tri khoa trén cay
—Pinh hwéng dwoc khi tim kiém

. Cay gom N phan to :
—Trwong hop tot nhat h = log,N

—Trwdrng hop xau nhat h = Ln
—Tinh hudng xay ra trwéng hop xau nhat ?
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_4F CAu truc di¥ liéu cta cay nhi phan tim kiém

» Cau tric di¥ liéu cta 1 nut
typedef struct tagTNode
{ z
iInt  Key; /ltreong dir lieu la 1 sG nguyén
struct tagTNode *pLeft;
struct tagTNode *pRight;
}TNode;
 C4u truc dir lidu cla céy
typedef TNode *TREE;

CAU TRUC DU LIEU VA GIAI THUAT 1
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_ 4 Cac thao tac trén cay nhi phan tim kiém

> Tao 1 cay rong

> Tao 1 nut ¢cé trwdng Key bang x

> Thém 1 nut vao cay nhj phan tim kiém
> X0da 1 nut cé Key bang x trén cay

> Tim 1 nut c6 khod bang x trén cay

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Tao cay o

« Cay réng -> dia chi nat gdoc bang NULL

void CreateTree(TREE &
{

T=NULL;
}

)
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&€ Tao 1 nut co6 Key bang x
~ TNode *CreateTNode(int x)
{

TNode *p;
p = new TNode; //cap phat viing nh& dong
If(p==NULL)
exit(1); // thoat
else
{
D->Key = X; //gan trwdng dir liéu cua nut = x
0->plLeft = NULL;
0->pRight = NULL;
}
return p; .
{p



CAU TRUC DU LIEU VA GIAI THUAT 1

& Thém mot nut x
- Rang budc: Sau khi thém cay ddm bao |a cay

nhi phan tim kiém.
IntinsertNode(TREE &T, Data X)
{ 1f(T)
{ If(T->Key == X) return O;

If(T->Key > X) return insertNode(T->pLeft, X);
else return insertNode(T->pRight, X);}
T = new TNode;
If(T == NULL) return -1;
T->Key =X
T->pLeft =T->pRight = NULL,

return 1;

} {



_& Minh hoa thém 1 phan tl vao cay

Thém X=50 m 4<X
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Tim nat cé khoa bang x (khéng dung dé quy)

TNode * searchNode(TREE Root, Data Xx)
{ Node *p = Root;
while (p = NULL)
{ If(x == p->Key) return p;
else
If(x < p->Key) p = p->pLeft;
else p = p->pRight;

]
return NULL;

10



&€ Tim nut c6 khoa bang x (dung dé quy)
~ TNode *SearchTNode(TREE T, int x)

{
If(T!=NULL)
{
If(T->key==Xx)
return T;

z else
2 If(x>T->key)
2 return SearchTNode(T->pRight,x):
‘;‘ else
§ return SearchTNode(T->pLeft,x);
5 }
2 return NULL; -
"‘g } 11 (:?)



Minh hoa tim moét nut

-
3
(O)
N
(15 J[23] [l40
-
o
3

e EIT)

55 (7

Tim thiy X=55
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~& Minh hoa thanh Iap 1 cay tir day s6
0,54, 8,6, 3,14,12,13

b ®
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& Huy 1 nat c6 khoa bang X trén cay
> Huy 1 phan tt trén cay phai dadm bao diéu kién
rang budc cua Cay nhi phan tim kiém

» C6 3 trwdng hop khi hay 1 nat trén cay
= TH1: X la nut la
= TH2: X chi co 1 cay con (cay con trai hoac cay con phai)

= TH3: X cé day du 2 cay con

> TH1: Ta xoa nut 1a ma khéng anh hwédng dén cac
nut khac ttrén cay

> TH2: Trwéc khi xoa x ta méc nbi cha clia X v&i con
duy nhat cua X.

> TH3: Ta dung cach xqa gian tiép L
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& Hay 1 nut cé 2 cay con

> Ta dung cach huy gian tiép, do X c6 2 cay con
> Thay vi hy X ta tim phan ti thé mang Y. Nat Y ¢6
toi da 1 cay con.
> Théng tin lwu tai nut Y sé dwoc chuyén Ién lwu tai
X.
> Ta tién hanh xoa hidy nGt Y (xod Y giong 2 trwdng
hop dau)
> Cach tim nut thé mang Y cho X: C6 2 cach
« C1: NGt Y Ia nut c6 khod nhd nhat (trai nhat) bén
cay con phai X
= C2: NGt Y 14 nut cé khod I&n nhat (phai nhat) bén
cay con trai cua X

By

&

16



Minh hoa hay phan tl» X c6 2 cay con

Xoa nut cé trerong m

Key =18, luc do nut co
khoa 23 la nut thé mang

CAU TRUC DU LIEU VA GIAI THUAT 1
[N
3]
N
| W
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= Cal dat thao tac xoa nut co trwong Key = x

void DeleteNodeX1(TREE &T,int x)

{
if(T!=NULL)
{

If(T->Key<x) DeleteNodeX1(T->Right,x);

else

{

if(T->Key>x) DeleteNodeX1(T->Left,x);
else //tim thdy Node cé trworng dir liéu = X

_ { TNode *p;
k p=T;
2 if (T->Left==NULL) T = T->Right;
E else
o { If(T->Right==NULL) T=T->Left;
.~ B else ThayThel(p, T->Right);// tim bén cay con
- phai
<E. }
.|
) delete p;
(]
S }
nc }
- Al
2 ) . | @),
O else printf("Khong tim thay phan gan xoa tu");} =



Ham tim phan tlr thé mang
~ void ThayThe1(TREE &p, TREE &T)
{ if(T->Lefti=NULL)
ThayThel(p, T->Left);

else
- {
<§-
a p->Key = T->Key;,
<
,g p:T,
g T=T->Right;
fé } o
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NOI DUNG

CAY NHI PHAN TiM KIEM CAN BANG




& Dinh nghia

> Cay nhj phan tim kiém can bang 1a cay ma tai méi nut
cua no dd cao cua cay con trai va cua cay con phai
chénh léch khong qua mot

Vidu: [

(o] [nos

(15 )(s0] (4] ()

CAU TRUC DU LIEU VA GIAI THUAT 1
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& TO chirc diF liéu
> Chi s6 cAn bang = do léch giira cay trai va cay
phai ctia mot nut
»Cac gia tri hop lé :
» CSCB(p)=0< Do cao cay trai (p) = D¢ cao cay

phai (p)

» CSCB(p)=1< Do cao cay trai (p) < D¢ cao cay
phai (p)

= CSCB(p)=-1 < Do caocay trai (p) > Do
cao cay phai (p)




TO chire div | ieu (tt)

#define LH -1 //cay con trai cao hon
#define EH 0 //cay con trai bang cay con phai
#define RH 1 //cay con phai cao hon
typedef struct tagAVLNode
{ char balFactor; //chi s6 c4n bang
Data key;
struct tagAVLNode* plLeft,
struct tagAVLNode* pRight;
}AVLNode;
typedef AVLNode *AVLTree;

CAU TRUC DU LIEU VA GIAI THUAT 1
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Cac trwong hop mat can béng do lech trai

>Cay mat can bang tainut T

TH1: Left-Left

CAU TRUC DU LIEU VA GIAI THUAT 1



& Cac trwong hop mat can bang do léch phai

»>Cay mat can bang tainut T

TH3: Right-Right THA4: Right-Left

CAU TRUC DU LIEU VA GIAI THUAT 1
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n

| &C

n

| &C

n

| &c

n

L EC

NN
NN
NN

1N

nan
nan
nan

nan

& Cac thao tac trén cay can bang

> Khi thém hay xod 1 ndt trén cay, cT thé 1am cho cay
mat tinh can bang, khi ay ta phai tién hanh can
bang lai.

> Cay c6 kha nang mat can bang khi thay ddi chiéu
cao:

N trai, thém bén trai
N phai, thém bén phai
N trai, huy bén phai

N phai, huy bén trai

> Can bang lai cay : tim cach bd tri lai cay sao cho
chiéu cao 2 cay con can doi:

= Kéo nhanh cao bu cho nhanh thap 0,

e

By

e
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& Can bang lai tredng hop 1
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& Cai dat can bang lai cho trwong hop 1

void LL(AVLTree &T)

{

}

AVLNode *T1=T->pLefft,
T->pLeft = T1->pRight;
T1->pRight=T,
switch(T1-> balFactor)

{ case LH:

case EH:

}
T=T1;

T-> balFactor =EH;

"1->balFactor=EH: break;

T->balFactor=LH:;:

"1->balFactor =RH; break:




& Can bang lai trudng hop 2
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void LR(AVLTree &T)

{ AVLNode *T1=T->pLeft,
AVLNode *T2=T1->pRight;
T->pLeft=T2->pRight;
T2->pRight=T;
T1->pRight= T2->pLetft;
T2->plLeft = T1;
switch(T2->balFactor)

{ ~caselH: T->balFactor=RH;
T1->balFactor=EH; break;
case EH: T->balFactor = EH;
T1->balFactor=EH; break;

case RH: T->balFactor =EH:;:
T1->balFactor= LH: break;
}T2->balFactor =EH; T=T2}

Cai dat can bang lai cho trwdng hop 2




& Can bang lai trvdong hop 3




CAU TRUC DU LIEU VA GIAI THUAT 1

void RR(AVLTree &T)
{ AVLNode *T1= T->pRight;

T->pRight=T1->pLetft;
T1->pLeft=T,;
switch(T1-> balFactor)
{
case RH: T->Dba
-> pa
case EH: T->Dba
}
T=T1

13

—actor = E
—actor = E

—actor = R

"1-> balFactor = L

& Cai dat can bang lai cho trwong hop 3

' break;

H: break:




& Can bang lai trwdng hop 4
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Cai dat can bang lai cho trwdng hop 4

CAU TRUC DU LIEU VA GIAI THUAT 1

void RR(AVLTree &T)

{ AVLNode *T1= T->pRight;
AVLNode *T2=T1->pLeft;
T->pRight = T2->pLeft;
T2->pLeft =T,

T1->pLeft = T2->pRight;
T2->pRight = T1;
switch(T2-> balFactor)

{ case RH: T-> balFactor = LH;
T1-> balFactor = EH; break;

case EH: T-> balFactor = EH,;
T1-> balFactor = EH; break;

case LH: T-> balFactor = EH;

T1-> balFactor = RH: break:

}
T2-> balFactor =EH; T=T2;}
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& Thém 1 nut
» Thém binh thwong nhu treong hop cay NPTK

> Néu cay tang trwdng chiéu cao

= Lan nguwoc vé goc dé phat hién nut bi mat can
bang

= Tién hanh can bang lai nut d6 bang thao tac can
bang thich hop

> Viéc can bang lai chi can thwe hién 1 1an noi mat
can bang

CAU TRUC DU LIEU VA GIAI THUAT 1
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& Hay 1 nat
»Huy binh thwdng nhu tredng hop cay NPTK

> Néu cay giadm chiéu cao:

= Lan nguoc vé goc dé phat hién nat bi mat can
bang

= Tién hanh céan bang lai nut dé bang thao tac can
bang thich hop

= Tiép tuc lan ngwoc Ién nut cha...

> Viéc can bang lai co thé lan truyén I&n tan
goc
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