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y NoOi dung

Giai thuat va cau truc di lieu

= Giai thuat va cac dac trwng cua giai thuat
= Dién dat giai thuat

= Kiéu di¥ liéu, ADT, Cau truc di liéu

Phan tich va thiét ké giai thuat

= Thiét ké giai thuat

= Phan tich giai thuat

MOt sb IGp cac giai thuat




Muc tiéu

< Tim hiéu céc ndi dung:
= Thiét ké va phan tich dwoc giai thuat
= Hiéu ro vé Kiéu d¥ lieu, Kiéu di¥ liéu triru
twong, Cau trac dir liéu.
= Panh gia do phuc tap cua giai thuat co ban




Giai bai toan bang may tinh

Giai quyét mot bai toan:

= Lamgi ?

= Lam nhw thé nao ?

Giai quyét Bai toan Tin hoc = phai:

= T chire biéu dién cac ddi twong thuc té

= Xay dwng trinh tw cac thao tac xu ly trén cac
doi twong dir lieu do




i toan bang may tinh

<»Hai yéu t0 tao nén mot chuadng trinh may
tinh
= Cau truc d¥ liéu
= Giai thuat

Cau triac dir lieu + Giai thuat = Chuadng trinh




Giai thuat

Pinh nghia: la day cac cau |énh chat ché
va ro rang xac dinh mét trinh tw cac thao
tac trén mot so6 doi twong nao do, sao cho
sau mot sd hiru han bwdc thwc hién ta dat
dwoc két quéd mong muodn

MoOi thudt todn cé mot dir liéu vao
(Input) va mot dir liéu ra (Output);




Giai thuat

<Ly thuyét giai thuat quan tam dén nhing
van deé sau :
= 1. Gidi dwoc bang giai thuat :
= 2. T6i wu hoa gidi thuat :
= 3. Trién khai giai thuat;




| ’ Pac trung cua giai thuat

JTinh xac dinh :
ITinh dung (h{ru han):
Tinh ddng dan:
JTinh pho dung:
JTinh kha thi:




Dién dat giai thuat

<*Dang luu do ( so do khoi )

<*Dang ngon ng{ tu nhién (Ngon nglt
liet ké tung budc)

<+Dang ma gia

<*Ngon ng{ lap trinh




Dién dat giai thuat

Cac nat biéu dién giai thuat bing sc d6 khoi

- NGt thao tac:

‘ NUt diéu khién:trong doé ghi diéu kién can
kiém tra trong qua trinh tinh toan.

- NGt khdi d3u ,két thic:

» Cung :




,‘) Vi du : Giai PT: ax2 + bx + c= 0, giai

thuat mo ta bang so do khoi

True

True ‘ ‘ True

F




Dién dat giai thuat

< Vi du 1: Giai thuat xac dinh n la s6 nguyén to
= Bwde 1: Ghi nhan n
= Bwédc 2: Néun <1 - n ko nguyén to = dirng
= Buwdc3:Néun>2 gani < 2
= Buwdc 4: Néu i = Vn hay n chia hét cho i = buéc 6
= Bwdc 5: Gani « i+1, tré lai buwdc 4
= Bwdc 6:
« Néui>n - nnguyén té - dirng
 Ngwoc lai, nkhdng la nguyén té6 - dirng




| " Dien dat giai thuat (tt)

Vi du 2: Giai thuat tim phan tJ thd n cua
day soO Fibonacci
= Bwdce 1: Ghi nhan n
= Bwoc 2: Néu n=1 hay n=2 = u,=1 = dirng
= Bwdc 3: Néun>2, gan a<l, bel, i<l
= Buwdc 4: Gan c<atb, a<b, bec
= Bwdc 5:
« Néui=n-2 - u,=c = dirng
 Nguwoc laii < i+1, quay lai budc 4
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Dién dat giai thuat (tt)

Vi du 3: tim phan t I6n nhat trong mang A
= Giai thuat timMax(A, n)
Input: Mang A, gém n s6 nguyén
Output: Gia tri I&én nhat cta A
Max <« A[O]
fori<1ton-1do
If Ali] > Max then
Max < Ali]
return Max




&)

Kiéu dir liéu,
Kiéu dir liéu truu tuong

Kiéu di liéu (Data type)

Kiéu di liéu triru tuong (ADT - abstract

data type):

= M6t kiéu di¥ liéu triru twong 1& mot mod hinh
toAn hoc cung v&i moét tap hop cac phép
toan (operation) dwoc dinh nghia trén mo
hinh dé.




Cau truc dir lieu

<»Cau truc di lieu (Data structure)

<»Trong ngbn ngil lap trinh, cd6 mot s6 cau
truc diI liéu riéeng cua no dudgc goi la CTDL
tien dinh.




e

Cau truc luu trir (trong/ngoai)

< La cac biéu dién ciu truc di liéu trén bd
nhd (trong/ngoai) cua may tinh

<+ C0 nhiéu cau truc luu trir khac nhau cho
cung mot cau truc dir liéu




‘) MoOi quan hé giira Giai thuat
4

va Cau trac dir liéu

Poi tugng xu ly cua giai thuat chinh la dT
lieu

V&i mot cau truc dir lieu, sé co nhitng giai
thuat tucong Ung.

Khi cdu tric dir liéu thay doi thudng giai
thuat cling phai thay dai theo.




Bai toan

thuc t&

I
_____

__________________

__________________

Giai thuat

#include

_

Chuong trinh

Ky thuat thiét ké giai

thuat:

Chia dé tri, quy hoach

dong, backtracking
vy

Ngon ngir lap
trinh:

JAVA, C#

«PASCAL, C/C++,
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d Thiét ké giai thuat (tt)

V3i mot van dé dat ra, lam thé& nao dé dua
ra thuat toan giai quyét nd?

Chién lugc thiét ké:

= Chia-dé-tri (divide-and-conquer)

= Quy hoach dong (dynamic programming)
= Quay lui (backtracking)

= Tham lam (greedy method)




Thiét ké giai thuat (tt)

Module hoa va viéc giai quyét bai toan

= Chién thuat chia dé tri (divide-conquer):

= Bé thwc hién chién thuat nay, thuong co hai
cach thiét ké:

1.Tw trén xudng (Top-Down Design).

2. Tinh chinh tirng buwdc




Thiét ké giai thuat (tt)

< Sau day la ludgc dbé cua ky thuat chia-dé-tri:

DivideConquer (A,x) // tim nghiém x cua bai toan A.
{
if (A du nho)
Solve (A);
else {
Chia bai toan A thanh cac bai toan con
Al, A2,.., Am:
for(i=1;i<=m;i++)
DivideConquer (Ai, xi);
K&t hgp cac nghiém xi cua cac bai toan con Ai (i=1, ..., m)
dé nhén dudc nghiém x cla bai toan A;
}
)




N/
0‘0

Thiét ké giai thuat (tt)

Tinh chinh tung budc:

= Biéu dién y twdng bang ngén ng tw nhién
= Cu thé tirng phan, thay déi bang ngén ngi»

chwong trinh

= Cudi cung ta c6 chwong trinh




Thiét ké giai thuat (tt)

< Vi du: Bai toan sap xép mot day n soO,
theo thu tu tang dan
= Chon sb bé nhat trong n s6 dé vao vi tri thi 1
= Chon sb bé nhat trong n-1 sb con lai dé vao vij tri thi 2

= Chon sb bé nhat trong 2 s6 con lai dé vao vi tri thi n-1




= For(i=1,i <=n-1, i++)

{- Chon sb bé nhét trong céc sb X aXiglen X,
- Déi ché cho xi
}
= For(i=1,i <=n-1, i++)
{-tg = x[i]

-So sanh tg vaoi cac sé tu' x;,., -> x, . Néu x[i]
> cac sO do thi lai 1ay s6 do lam so tg
- dbi ché x[i] va tg

b




Thiét ké giai thuat (tt)

for (i=1;i <=n-1; i++)
for(j = i+1; j <=n; j++) {
If (x[ij] < x[i])
{
Tg =Xx[] ;
X[ = xpJ;
X[l =19
b
by




Thiét ké giai thuat (tt)

Vi du 3: Tim tat ca cac so tu nhién co hai
ch s, khi dao trat tu cua hai s6 do sé
tao dudgc mot sO nguyén to cung nhau vdJi
sO da cho
= Phan tich gia thiét

« Goi x=ab la s co hai chir s6 can tim

*a,b=0...9

ca>0

 (ab,ba)=1




Thiét ké giai thuat (tt)

“Vidu 3 (tt)

= Tinh chinh 1
 x=10...99
e X' = 10*donvi(x)+chuc(x)
e (X,x)=1 © USCLN(x,x")=1

= Tinh chinh 2
« x chay ttr 10 dén 99
» y=10*donvi(x)+chuc(x)
« néu USCLN(x,y)=1 thi Xuat(x)




Phan tich Giai thuat (tt)

< Khi mot giai thuat dugdc xay dung, hang loat
yéu cau dat ra
= Y&u cau vé tinh dung dan cla giai thuat
= Tinh don gian cua giai thuét.
= Yéu cau vé khong gian :
= Yéu cau vé thdi gian




Phan tich Giai thuat (tt)

Giai quyét bai toan

= Phai dirng tride viéc lwa chon giai thuat nao ?

= Dya trén co’ s& nao dé lwa chon ?

Co hai muc tiéu trai ngugc

= Thuat toan dé hiéu, cai dat va g& 16i (1).

" Thuat toan str dung hiéu qua tai nguyén may
tinh, dac biét chay cang nhanh cang tot (2).




Phan tich Giai thuat (tt)

Bo6 phuc tap khdong gian (Space
complexity)

= Dung lvong bé nhéd ma thuat toan doi hoi
P06 phutc tap thadi gian (Time
complexity)

= Thot gian thwe hién thuat toan




‘ Phan tich

«d thoi gian thuc hién giai thuat

ThGi gian thuc hién giai thuat phu

thuoc vao cac yéu to sau:

= D liéu vao

* Toc dd thwe hién cac phép toan cliia may
tinh (phan cirng may tinh)

= Trinh bién dich




Phan tich

thai gian thu'c hién giai thuat

SUr dung cac cdéng cu toadn hoc dé
danh gia thoi gian chay cua giai thuat:
Goi n la kich thudc cua dU lieu vao,
thai gian thuc hién cua giai thuat cé
thé biéu dién la moét nhu ham cua n:
ham T(n)




., ‘,_ Tién trinh phan tich

thai gian thuc hién giai thuat

< Budc 1: Phan tich kich thudc dir liéu vao

< Budc 2: Phan tich (toan hoc) tim ra gia tri
trung binh, va gia tri xau nhat cho moi
dai luogng co ban.




o Do phirc tap tinh toan

cua giai thuat

Vi du 4:
= Giai thuat A, do phtrc tap thoi gian T,(n)
= Giai thuat B, do phtrc tap thoi gian T,(n)
= Khin lon, T, (n) >> T,(n). Co thé két luan giai
thuat A cham hon giai thuat B.




&b Ky phap dé danh gia dd phirc

Z tap tinh toan cua giai thuat

Ky hiéu O (big-Oh): ham f(n) va g(n), ta
noi:
f(n) = O(g(n)), néu ton tai cac hang s6 dwong ¢ va n,
sao cho f(n) < cg(n) khin=n_,
Ky hiéu nay dung dé chi chan trén ciia mot
ham
Y nghia: Toc dd tdng clia ham f(n) khong
I6n han ham g(n)




*gs Ky phap dé danh gia do phirc

tap tinh toan cua giai thuat

Vi du :

f(n) = 2n+6,

g(n) =nva c=4,
Ne=3

“f(n)= O(n)




‘) Ky phap dé danh gia do phirc

o tap tinh toan cua giai thuat

Pinh nghia Q:

- f(n) = Q(g(n)), néu ton tai cac hang

s6 duong c va n, sao cho f(n) = cg(n)

khin = n,

- f(n) = Q(g(n)) < 9(n) = O(f(n))

Pinh nghia ®
f(n) = ®(g(n)), néu tén tai cac hang s6 dwong
Cc,, C, va ny sao cho c;.g(n) <f(n) < c,. g(n) voi
mMoi N> n,




&b Ky phap dé danh gia dd phirc
Z

tap tinh toan cua giai thuat

t(n)=0(g(n)) f (n)=Q(g(n))
cg(n)

/// /Cg(n)

]

No r{o




*gs Ky phap dé danh gia do phirc

tap tinh toan cua giai thuat

t (n)=6(g(n))

cz2g(n)
f(n)
%M

No




*gs Ky phap dé danh gia do phirc

tap tinh toan cua giai thuat

<*Ta noi do phuc tap tinh toan cua giai thuat
co cap f(n) néu thoa :
= T(n) = O(f(n)), va
= Néu 3 g(n), ma T(n) = O(g(n)) thi f(n) =
O(g(n)).




e

Mot s6 qui tac vé ky hiéu O Ién

“Neu f;(n)=0(g,(n)) va f,(n)=0(g,(n))
= 1,(n)+f,(n)=0(g,(n)+g,(n))=max(0(g,(n),g,(n))
= f1(n)*f,(N)=0(g,(n)*g,(n))
= log,N=O(N) v&i moi hang so k
<N€Eu f(n) la mot da thuc bac k,
= thi f(n) 1a O(n),




e

Mot s6 qui tac vé ky hiéu O Ién

L X 4

<« f = 0(f)

“f =0(g) va g = O(h) thi f = O(h)

< f = 0(g) va h=0(r) thi fh = O(gr)

< f =0(g) va h=0(r) thi f+h = O(g+r)
« f =0(qg) thi af = O(g) vGi moi a>0.
< 0(c)=0(1), cla hang sb

L X 2

L X 2

L X 2

®

L X 2

L X 2




g

Mot s6 qui tac vé ky hiéu O Ién

< Vi du:
= 2n la O(n)
= 3n+51a O(n) thay vi3n+5 la O(3n)
= 4n?+5n + 7 la O(?)




Xac dinh do phirc tap tinh toan

T1(n) va T2(n) la thdi gian thuc hién cua hai
giai doan chuong trinh P1 va P2 ma T1(n) =
O(f(n)); T2(n) = O(g(n))

Qui tac tong:

= Thoi gian thwe hién doan P1 roi P2 tiép theo sé 1a T1(n) +
T2(n) = O(max(f(n),g(n))).

Qui tac nhan:

= Thoi gian thwe hién P1 va P2 16ng nhau sé 1a : T1(n)T2(n)
= O(f(n)*g(n))




Cac qui tac tong quat

<»Cac phép gan, doc, viét, goto la cac phep
toan sd cap:
= Thoi gian thue hién 1a: O(1)
<»Lénh lua chon: if-else co dang
if (<diéu kién>)
lénh 1
else
lénh 2




Cac qui tac tdng quat

Cau lénh switch dudc danh gia tuong tu
nhu [énh if-else.

Cac lénh lap: for, while, do-while

= Can danh gia so toi da céac lan lap, gia st dé
1 L(n)

= Tiép theo danh gia thdi gian chay cia méi lan
ap la T(n), (i=1.2,..., L(n))

= Méi lan 13p, chi phi kiém tra diéu kién 1ap,la

To(n) L(n)
T T.
. Chiphilenhisp la: 2 Te(M+Ti(n)




MOt sO vi du

<+Vidu 1. Mang A cac so6 thuc, c@ n, can
tim xem mang co6 chlra so thuc x khong.

(1) i=0;

(2) while (i < n && x = Ali])

(3) i++;




Casel: for (i=0; i<n; i++)
for (j=0; j<n; j++)
k++; O(n?)

Case 2: for (i=0; i<n; i++)
K++;
for (i=0; i<n; i++) O(n?)
for (j=0; j<n; j++)
K++;
Case 3: for (int i=0; i<n-1; i++)
for (int j=0; j<i; j++)

2
int k+=1; o9




int MaxSubSum1(const int a[], int n) {
int maxSum=0;

for (int i=0; i<n; i++)
for (int j=i; j<n; j++) {

int thisSum=0; O(ng)

for (int k=i; k<=j; k++)
thisSum+=a[k];

if (thisSum>maxSum)
maxSum=thisSum;

¥

return maxsSum;




MOt sO vi du

int MaxSubSum?2(const int a[], int n) {
int maxSum=0;

for (inti=0; i<n; i++) {
thisSum=0;
for (int j=i; j<n; j++) {

thisSum+=a[j]; O (n 2)

if (thisSum>maxSum)
maxSum=thisSum;

by
¥

return maxsSum;




Mot so vi du

int MaxSubSum4(const int a[], int n) {
int maxSum=0, thisSum=0;

for (int j=0; j<n; j++) {
thisSum+=alj];

if (thisSum>maxSum)
maxSum=thisSum; O (n)
else if (thisSum<0)
thisSum=0;
b

return maxsSum;




MOt sO vi du

Sum=0

for (J=0;]<N;J++)
for (k=0;k<N*N;k++)
Sum++;

O(N3)




Mot so vi du

Vi du: sap xép day

void BubbleSort(int a[], int n)

{ int i,j,temp;

(1) for(i= 0; i<=n-2; i++)

(2) for(j=n-1; j>=i+1;j--)
(3) if (alj] < alj-1]) {

(4) temp=alj-1];

(5) alj-1] = a[jl;

(6) a[j] = temp;
b

»




Lénh (3), (4), (5) va (6) déu ton O(1)

Vong 1&p (2) thuc hién (n-i) 1dn, moi IAn O(1) do
doé vong lap (2) ton T1(n) = O((n-i)*1) = O(n-i)=
O(n)

Vong lap (1), s6 lan lap la n lan lap, do d6 thoi
gian thuc hién la T2(n) =0(n)

2 vong lap (1), (2) I6ng nhau nén ap dung nguyén
ly nhan T(n) = T1(n).T2(n)= O(n.n) = O(n?2)

D06 phuc tap cua giai thuat la O(n?)




PHAN TICH CAC HAM DE QUY

< Vi du: Ham tinh giai thua
int  Fact(int n)
{
if (n <=1)
return 1;
else return n* Fact(n-1);
}
+Voin <=1, tacoT(1) = O(1).
“Voin>1,tacdT(n) =0(1) + T(n-1)




s

PHAN TICH CAC HAM PE QUY

<+ Ta cd quan hé dé quy sau:
= T(1) = O(1)
= T(n) = T(n-1) + O(1) v&in > 1

< Thay cac ky hiéu O(1) bdi cac hang so
ducdng a va b tuong Ung, ta co
*T(1)=a
= T(n) =T(n-1) + b voin>1




v A , ) ‘ A
‘ PHAN TICH CAC HAM DE QUY

<+ SU dung cac phep thé T(n-1) = T(n-2) +
b, T(n-2) = T(n-3) + b,..., ta co
T(n) =T(n-1) + b
=T(n-2) +2b
=T(n-3) + 3b

;.T(l) + (n-1)b
=a+(n-1)b
Tw do, ta suy ra T(n) = O(n).




PHAN TICH CAC HAM PE QUY

Goi T(n) la thoi gian chay cua ham dé quy F
Khi d6, thai gian chay cua cac IGi goi ham &
trong ham F & I3 T(m) (vGi m < n)

Trudc hét, phai danh gia thgi gian chay cua
ham F trén dir lieu nho nhat n = 1, gia su
T(1) = a (diéu kién diung)

Sau do, danh gia thai gian chay cua cac cau
lénh trong than cua ham F

Tim ra_quan hé dé quy bi€u dién thdi gian
chay cia ham F thong qua I8i goi ham




Su phan I6p cua giai thuat

1 B0 phuc tap

= O(1) do phurc tap hang so
= O(logn) d6 phuc tap logarit

® O(n) d6 phuc tap tuyén tinh
® O(nlogn) do phuc tap nlogn

® O(nb) d6 phuc tap da thuc

m O(b") d6 phurc tap mi

= O(n!) do phuc tap giai thua




T{n}{

3000

2000

1000




< L banh gia do phuc tap trong

ba truong hap

PO phuc tap tinh toan cua giai thuat trong
cac truéng hap
« Xau nhat
* TOt nhat
* Trung binh




< L banh gia do phuc tap trong

ba truong hap

Vi du 8: Thuat toan tim kiém tuan tu

int sequenceSearch(int x, int a[], int n){
for (int i=0;i<n;i++){
if (x==a[i]) return i;
by

return -1;

»




Panh gia do phuc tap trong

ba trucgng hop

= T6t nhat: phan t& dau tién 1a phan t& can tim, sb
lwong phép so sanhla2 = T(n) ~ O(2) = O(1)

= Xau nhat: so sanh dén phan t& cudi cung, sd lwong
phép so sanh la 2n = T(n) ~ O(n)

= Trung binh: so sénh dén phan t& thir i, can 2i phép so
sanh, vay trung binh can

(2+4+6+...+2n)/n=2(1+2+...+n)/n=n+1

= T(n) ~ O(n)




0 tro

| ‘) Kién thi’c Toan hoc

vé Tong cac chu

2
6

N
S(N)=1+2+...+N=>i=N@1+N)/2
=1

n ’ N 3
<*Tong cac BP: it = N(N +1()3(2N L '\; for large N
i=1

< Logarithms:
"xa=b <log,b=a




m A7

Kién thi'c Toan hoc bo trg

vé Tong cac chuoi

k+1

N N
it~ for large N and k = -1

N _ N+l
A AN 1
i=0 A-1

= Pac biét khi A =2
e« 204+ 214+ 224 4+ 2N=2N+1_1







bé quy
va giai thuat dé quy




NOi dung

= Khai niém dé quy

= Giai thuat va chuwong trinh dé quy

= Thiét ké giai thuat dé quy

=  Uu nhwoc diém cua dé quy

= M6t s dang giai thuat dé quy thwdng gap

= Giai thuat dé qui quay lui (backtracking)

= M0t sO bai toan gidi bang gidi thuat dé quy
dién hinh

= Pé quy va quy nap toan hoc




4 Muc tiéu

Trang bi cho sinh vién cac khai niém va
cach thiét ké giai thuat dé qui, giai thuat
dé qui quay lui.

GiGi thiéu moét sd bai todn dién hinh dugc
giai bang giai thuat dé qui.

Phan tich vu va nhugdc diém khi s dung
giai thuat dé qui




Khai niém ve dé qui

+Pé quy: Pua ra 1 dinh nghia c6 su dung
chinh khai niém dang can dinh nghia(
quay ve).
Vi du
« SO tw nhién: 0 la s tw nhién, n 1a sb ty nhién néu
n- 1 1a so tw nhién
« Ham n!




Giai thuat va ham dé quy

Giai thuat dé quy

= Néu bai toan T dwoc thuc hién bang 1&i gidi
cUa bai toan T ' co dang giong T 1a |&i gidi dé
quy

= Giai thuat twong rng véi |&i giai nhw vay goi
la giai thuat dé quy.

Ham dé quy: MOt ham dudc goi la dé

quy, néu trong qua trinh thuc hién co

phan goi lai chinh nd




Vi du: Xeét bai toan tim mot tu trong
quyén tu dién:

If (ttr dién 1a mot trang)
tim tw trong trang nay
else {
Mé& tir dién vao trang “gitra”
Xac dinh xem ntra nao cua tw dién cha tlr can
tim;
if (tr d6 nam & nira trude)
tim tr dé & nra trudc
else timtw dé & nira sau.




Phan loai giai thuat dé qui

<+Pé quy phan thanh 2 loai :
= P& quy trwe tiep: Ham chra I1&i goi dén
chinh né
= Bé quy gian tiep (Twong ho): Ham chia 10
goi dén ham khac, ma & ham nay lai chtra 161
goi dén chinh no
= N & N
A() A()




Cai dat ham dé quy

Ham dé quy vé cd ban gom hai phan:

= Phan co’ s& (Phan neo): chira cac tac ddong
cla ham v&i mot sO gia tri suy bién (neo)
cla tham so.

= Phan dé quy: Chtra cac o1 goi dé quy giai
quyét cac van dé con v&i c& nhod hon.

= L& goi dé qui dan tién téi trwdng hop neo




m dé quy (tt)

<»Cau trdc ham dé qui nhu sau

If (suy bién)

<Giai quyét trwdng hop suy bién>;
Else

{ <tién xt ly dé qui>;

<Goi dé qui>;

<Xt ly hdu dé qui>;

}




m ? =

'¢Pr MOt s6 dang giai thuat dé quy

don gian thuong gap

< Pé quy tuyén tinh. Ham dé qui tuyén tinh dang:

P (<tham s6>)
{ ‘
if (di€u kién dirng)
{
<X ly trwdng hop neo>

}

Else

{

<Thwc hién mo6t s6 cdng viéc (néu co)>
P(<tham s6>);

<Thwc hién mot s6 cdng viéc (néu co)>

}




'¢Pr MOt s6 dang giai thuat dé quy

don gian thuong gap (tt)

<Vidu 1 : Ham Fact(n) tinh s6 hang n cua day
n!, dinh nghia nhu sau:

= fact, =1;
= f, =n*act, . (h>=1)

longint Fact(int n)

{
If (n==0)
return 1;
else

return n*Fact(n-1);




< J Mot sO0 dang giai thuat dé quy

don gian thuong gap (tt)

< Pé quy nhi phan.
P (<tham s6>)
1 ‘
if (diéu kién dirng)
{<XCP ly tre&ng hop neo>
}
Else
{ , ,
<Thuc hién,mét sO cbng viéc (néu co)>
P(<tham s6>); ,
<Thuc hién,mét sO cbng viéc (néu co)>
P(<tham s6>); ’
<Thwc hién mot s6 cdng viéc (néu co)>
}
¥




< J Mot sO0 dang giai thuat dé quy

don gian thucong gap (tt)

<+Vidu 1: Tinh s6 hang thd n cua day Fibonaci
dugc dlnh nghia nhu sau:
= f,=f,=
- 1;n:fn-l-l_fn-z ! (n>1)

Int Fibo(int n)
{
if(n<2)
return 1;
else
return (Fibo(n -1) + Fibo(n -2)) ;
}




| ‘) MOt sO dang giai thuat dé quy

gian thudng gap

< D& quy phi tuyén.
P (<danh sach tham s6>) {
for (inti=1; i<=n; i++)
{

<Thwc hién mét s6 céng viéc (néu co)>
if (diéu kién dirng)

{

<X ly tredng hop neo>

}

else

{
<Thwc hién mét sb coéng viéc (néu co)>
P (<danh s&ch tham s6>);

}




') Mot s6 dang giai thuat dé quy

don gian thuong gap (tt)

< Vidu : Cho day {X,} xac dinh theo cong thuc
truy hoi :
= Xo=1;X,=n?Xg+(N-1)2X, +...+22X_,+1°X_,

Int X(intn) ;

{if(n==0)return 1;

else

{inttg=0;

for (inti=0;i<n;i++) tg = tg + sqr(n-i)*X(i);
return (tg ) ;

}




m ? =

Mot sO0 dang giai thuat dé quy

don gian thuong gap (tt)

< P& qui twong ho:

:// khai bdo nguyén mau
P1(<danh sach tham s6>)

{
<Thwc hién mét sd cdng viéc (néu co)>
...P2 (<danh sach tham s6>);
<Thwc hién mdt s6 cdng viéc (néu co)>

¥

P2 (<danh sach tham s6>)

<Thwc hién mét sé cdng viéc (néu co)>
P1 (<danh sach tham s6>);
<Thwc hién mdt s6 cdng viéc (néu co)>




r@h MOt s6 dang giai thuat dé quy

don gian thuong gap (tt)

< Vi du: Tinh s6 hang th& n cua hai day {X,}, {Y,} dudc
dinh nghia nhu sau:

= Xo=Yo =1 X=Xy + Yo (020) 7Y, =X + Yy, (n>0)

long TinhYn(int n); long T'“E‘Y“ (int n)
long TinhXn (int n) if(n==0)
{ return 1;
i(n==0) return
return 1; n*n*TinhXn(n-1) +
return TinhXn(n-1) + TinhYn(n-1); }Ti“hY“(n'l);
}




Thiét ké giai thuat dé qui

Pé xay dung giai thuat dé quy, ta can thuc
hién tuan tu 3 noi dung sau :

= Théng sb hoa bai toan .

= Tim cac trwvdng hop neo cung giai thuat giai
twong ng .

= Tim gidi thuat giai trong trwdng hop tong quét
bang phan ra bai toan theo kieu dé quy.




‘)

4 Uu va nhugc diém cua dé qui

Uu diém cua dé quy

= Sang sla, dé hiéu, néu rd ban chat van dé
= Tiét kiém thoi gian hién thuwe ma nguon
Nhugc diém cla dé quy

= Ton nhiéu bd nhd, thdi gian thwce thi lau

= M6t sO bai toan khéng ¢ 1 giai dé quy




< J Mot sd bai toan giai bang

gidi thuat dé qui dién hinh

<»Bai toan Thap Ha NOi
< Bai toan chia thudng




CETRGELROGEN R ERN )




CETRGELROGEN R ERN )

Bai toan thap Ha ndi : n dia
= Méi lan chi di chuyén mot dia

= Pia I&n ludn nam dwdi dia nho
= Pwoc phép sir dung mét coc trung gian
= Ky hiéu

« A: coc nguon B
* B: coc trung gian
* C: coc dich |




= Trerong hop n =1
 Chuyén tr A sang C
= Trrong hop n > 1
« Chuyén (n-1) dia t&r A sang B, C trung gian
 Chuyén dia n tr A sang C
« Chuyén (n-1) dia tr B sang C, A lam trung gian




CETRGELROGEN R ERN )







CETRGELROGEN R ERN )
B = C (A trung gian)

A (n-2)




CETRGELROGEN R ERN )
<A = C (B trung gian)







CETRGELROGEN R ERN )
A2 C

/Ai

A (0) B (0) C (n)




CETRGELROGEN R ERN )

Void HANOI(int n, char A,B,C){
if (n==1)
cout << “chuyén dia tU” << A <<“sang”<< C
else {
HANOI(n-1,A,C,B);
HANOI(1,A,B,C);
HANOI(n-1,B,A,C);




Bai toan chia thudng

Tim s cach chia m phan thudng cho n doi
tuong hoc sinh gioi co tho tu' 1, 2, ..,n. thoa
nguyén tac

= Hoc sinh A gi6i hon hoc sinh B, thi s6 phan thwédng cia A

sé lon hon hoac bang B
= Tat cd m phan thwdng déu chia hét cho hoc sinh
= Ham Part(int m,n) 1a s cach chia
« Néum =0, c6 1 cach chia, tat ca hoc sinh déu c6 0 phan
thuwdng

« Néu n =0, khéng co6 cach chia nao ca




Bai toan chia thudng

= Khi m < n, thi c6 n-m hoc sinh cudi khéng cé
phan thwdng, Part(m,n) = Part(m,m)
= Khi m>n, ta xét hai trirong hop
« Khi hoc sinh cudi cung khéng nhan dwoc phan
thwdong nao, dé dé Part(m,n) = Part(m, n-1)
« Khi hoc sinh cuéj cung nhan dwoc it nhat 1 phan
thwdng, do dé s6 cach chia la Part(m-n, n)

 Tom lai m > n, c6 Part(m,n) = Part(m, n-1) +
Part(m-n, n)




Bai toan chia thudng

int PART( intm, intn)

{
f(m==0)return1;
else
If(n==0) return O ;
else
if(m < n) return (PART(m , m)) ;
else

return (PART(m,n-1)+ PART(m-n,n));




Phuong phap quay lui

(back tracking)

Pac trung : la cac budc hudng tdi IGi giai cudi

cung cua bai toan hoan toan dudgc lam thu.

Tai moi budc

= Néu cé mot Iug chon dwoc chap nhén,th‘l ghi nhan lai lya
chon nay va tién hanh cac buwéc thir tiép theo.

= Ngworc lai, khong co lwa chon nao thich hgp thi lam lai
buéc trvde, xéa bé sw ghi nhan va quay vé chu trinh thiy
cac lwa chon con lai




., ‘,_ Phuong phap quay lui

(back tracking)

<+*M0 hinh bai toan:
= Tim X=(Xy, X5, ..,X,) thoa B.
= Dé chi ra 10 gidi X, ta phai dung dan céc
thanh phan |&i giai x;




‘ UL L ED R UEVALT

4 (back tracking)

Phucong phap: Ta xay dung X, X5, ..,X,
theo cach sau
= Pau tién, Tap T, cac ng cl vién co thé 1a thanh
phan dau tién cua vecto nghiém chinh la x,
= Chonx, € Ty,
= Gia stv, da xac dinh duoc k-1 phan ti dau tién cla
day 4o la x;, X5, ..,X.;. Can xac dinh phan tw ke tiép x,
= Xacdinh T, la tap tat ca cac ng vién ma X, CO thé
nhan duoc, cé hai kha nang




Phuong phap quay lui

(back tracking)

»Néu T, khéng réng, ta chon x. € T, va ta c6 dwoc
nghiém b0 (X;,X5,..., % 1,X), dong thoi loai x, da
chon khoi T,. Sau do ta lai tiép tuc mé rong bod
(X1, %,,...,%) bang cach &p dung dé quy thu tuc mé
rong nghlem

»>Néu T, rbng, trc la khong thé m& réng bd
(X1:Xg,- .- X 2:X.1), thi ta quay lai chon phan to moi
X'\, trong T, , lam thanh phan th& k-1 cua vecto
nghiém

Chu y phai c6 thém thao tac “Tra lai trang
thai cli cho bai todn” dé& ho trg cho budc

quay lui




| ‘) Phuong phap quay lui

(back tracking)
Thu(k) {
if (k==n) <ghi nhan bd gia tri moi>
else

for (j=1 —n,)// Maijthubc tap T,
if (j chap nhan dwoc){
<Xac dinh x, theo kha nang j>
<Ghi nhan trang thai moi>
Thu(k+1);
<Tra lai trang thai cl cho bai toan>;




Phuong phap quay lui

(back tracking)

Quan tam:

= Lam ,thé nao de xac dinh dwoc tap T,, tic la
tap tat ca cac kha nang ma phan tir thir k cua
day x,, X, ..,X, C0 thé nhan

= Khi da c6 tap T, dé xéc dinh x,, thay rang x,
phu thudc vao chi s6 | ma con phu thuéc vao
X1y Xoy +0sXpeq




‘) Bai toan: Liét ké tat ca cac hoan

4 Vvicuan so tu nhién dau tién

bat N= {1, 2, ..,n}. Hoan vi cua n soO tu nhién

dau tién la mot bo x[0], x[1],..,x[n-1]. Trong
do x[i] = x[j1, Vvi,j va x[i] € {0..n-13}.

T, = N, gia st da xac dinh dugc x[0], x[1], ..

X[ k- 1_.
13

X[ k-1
Ghi n

khi d6, T, = {1..n}- {x[0], x[1], ..

NG tap T, , k = 0..n-1, ta can su dung

mot mang b[0..n-1] la cac gia tri 0, 1 sao cho
b[i] = 1 khi va chi khi i thudoc T,




Bai toan: Liet ké tat ca cac hoan

vi cua n soO tu nhién dau tien

Thu(int K){
if (k== n) inkq():
else
for (int j=1; j<=n; j++) int main()
if (b[j]) {
{ b[j]=1; // j=1..n-1
)l;[ﬂk]] :(j); Thu (0);
Thu(k+’1); return O;
b[j] = 1; ¥
}




) X .
‘ Liet ke day nhi phan do dai n

< Chudi nhi phan dé dai n cé dang x[0],
x[1],..,x[n-1], Pat B={0,1}
~T1 B, Gia sU da xac dinh ducc x[0], x[1],
x[k 1]. Thdy rang T, = B




g

Liet ké day nhi phan do dai n

int x[20] ;
Int n, d;
void Thu(int k)
{
If (k==n) inkq();
else
for (intj = 0; j <=1; j++)
{
X[K] = J;
Thu(k+1);
}




Bai toan 8 quan xe

< Sap x€p 8 quan xe trén
ban cG 8x8 sao cho
chung khong ‘an’ lan
nhau
(moi hang, moi cot, co
dung mot quan)




CETRGELR X UELD G

< Pat quan xe th’ i vao cot
th( j sao cho n6 khoéng bi
‘an’ bdi i-1 quan xe hién
cO trén ban co

< MOi hang chi cé 1 quén xe,
Nén viéc chon vi tri quan
xe th(r i, chi nam trén
hang i




CEIRGELR: K ELD G

< Qui udc x[i]: chi quan xe thd' i nam & hang
i

< X[i] = j, quan xe th i dat & cot j

<Pé quan xe i (hang i) chdp nhan cot j, thi
cot j phai tu do.




Hang




Bai toan 8 quan xe

Do dé, ta s€ chon cac mang Boole 1 chiéu
dé biéu dién cac trang thai nay
= a[j] = 1 : Co nghia la khédng cb quan xe nao ¢
cot .
" 1<=i, j <=8




CEIRGELR: K ELD G

int x[8], a[8],

<V 3i cac d,t'r lieu da cho, thi [énh dat quan
xe sé thé hién bdi :
= X[i] = ): dat quan xe thw i trén cot .
= a[j] = 0: Khi dat xe tai c6t j




Bai toan 8 quan xe

<»Lénh ddi quan xe la
=a[j]=1;//cotjtw do

“+Con dieu kién an toan la 0 co toa do (i,j)
nam & cot chua bi chiém:




CEIRGELR: K ELD G

Thu (i){
If (i >8)
Xuat (X)
else
for (j =1;] <= 8; j++)
it (af]) {
X[l =1;
afj] = 0;
Thu (i+1);
a[]]=1

}
}




s

Pé quy va quy nap toan hoc

< Dung dé quy dé giai cac bai toan truy hoi

<Dung quy nap toadn hoc d& ching minh
tinh ding dan, xac dinh do phlc tap cua
giai thuat dé quy







_ Chuong2
CAU TRUC DU LIEU




NoOi dung trinh bay

Danh sach va cac phép toan trén danh sach

Danh sach dac

= Pinh nghta, Cach biéu dién va cac phép toan

= u va nhwoc diém cla danh sach dac

= T6 chc Stack va Queue theo kiéu danh sach dac
Danh sach lién két

= Khai niém , Biéu dién, Cac phép toan

= Uu va nhuwoc diém

= T6 chirc Stack va Queue theo kiéu danh sach lién két
Danh sach lién két kép




Danh sach

< Dinh nghia danh sach
= Danh séch la day httu han c6 thi tw bao gém mot sb
bién ddng cac phan ti thudéc cung mét I&p doi twong
nao do.
= M6 ta danh sach: L =(a;, a,,...,a,)
= Danh sach tuyén tinh: 1& danh sach ma quan
hé lan can gilra cac phan tr dwoc hién thi




Luu trir danh sach

< T chirc Iuu trr danh séch trong bd nhd
= Str dung mang - Danh sach dac
= DOi twong 16p - danh séch lién két
* MGi node la mot doi twong 1op




g

Cac phép toan trén danh sach

< Thém

< Loai bo

< Sap xép:
< Tim kiém
<*Tach

< Ghép

< Duyét:




< Pinh nghia
= L4 danh sach c6 cac phan tlr dwoc xép ké tiép nhau trong
bdé nh&

< Pac diém
= d: chiéu dai mdi phan tl trong danh sach
= |, dia chi clia phan tir dau tién
= dia chi cia phan t& th i la: L=I,+(i-1)d




Danh sach dac

(condensed list)

Uu diém

» Mat do st dung 100%

- D& dang truy xuat dén phan tt th i, thong
qua chi muc

Nhugc diém

- PO phtre tap thuat toan thém/bét mét phan
tir vao/ra danh sach la kha cao T(n),,,,,=0(n)

- Lang phi khi trong danh sach cé nhiéu phan
tlr cung gia tri




Mang danh sach dac pho bién

Mang mot chiéu a[ ]

Hinh anh mang

Khai bao:
= Cach 1: <Kiéu di¥ liéu> [] ttn_mang;
= Tén_mang = new <Kiéu di lieu>[size];
= \idu:
* int[] myIntArray; mylntArray = new int[5];
* int[] numbers; numbers = new int[] {0,1,2,3,4};

Hinh anh mét bién




Mang 2 chiéu

<»Mang hai chiéu al,]
= Khai bao mang 2 chiéu:
int[,] grades = new int[2,3]; // 2 hang, 3 cit

= Truy cap phan tl cia mang <Té&n mang>[dong, cot]




m A

Khdi tao mang 2 chiéeu

int[,] grades = new int[,] {{1, 82, 74, 89, 100},
{2, 93, 96, 85, 86},
{3, 83, 72, 95, 89},
{4, 91, 98, 79, 88}}




Vi du cai dat danh sach

class CArray {

orivate int [] arr;

Drivate int upper;

orivate int numElements;

oublic CArray(int size) {
arr = new int[size];
upper = size-1;
numElements = 0O;

y




‘ o
P!
P
47
4
= N

Mang danh sach dac pho bién

public void Insert(int item) {
arr[numElements] = item;
numElements++;
by

public void DisplayElements() {
for(inti=0;i<= upper; i++)
Console.Write(arr[i]+"");

y




Mang danh sach dac pho bién

static void Main() {
CArray nums = new CArray();
for(inti=0;i<=49; i++)
nums.Insert(i);
nums.DisplayElements();

y




‘2

Mang danh sach dac pho bién

static void Main() {
CArray nums = new CArray();
Random rnd = new Random(100);
for(inti=0;i<10; i++)
nums.Insert((int)(rnd.NextDouble() *
100));
nums.DisplayElements();

y




‘ o
P!
P
47
4
= N

Cai dat danh sach bang mang

< Thém mot phan tU vao mang

10| 5 113|115 | 8 |13 ]| ?
/
18
-
10| 5 -13 11, 5 | 8 |13
10 5 |18 (13|11 5 | 8 |13




Thém phan tU vao mang

<*Ham Thém vao mang mot gia tri x tai vi
tri vt (ki€m tra tinh hop |1é cua vt)
< Kiém tra néu k €[0, n] thi:
= D&i cac phan t tt vi tri n-1 dén k [Ui lai 1 vi
tri.
= Thém x vao vi tri thr k cia mang, tang n
thém 1.




Thém phan tU vao mang

void ThemPhanTu(int a[], int &n, int x, int vt)

{

if(vt>=0 && vt<=n)

{

for(int i=n; i>vt; i--)

a[i] = a[i-1]; //Dich cac phan tu sang phai 1 vi tri
a[vt]=x; //Thém x vao vi tri vt

n++; //Tang sO phan tu lén 1

b

else

Cout<<"“Vi tri them khong hop le”;

y




e

N/

o0

*

Cai dat danh sach bang mang

X0a

bhan tU ra khoi mang

10

5

13

11

5

10

5 [ 13

11

10

13

11




Tim ki€Em phan tu trong mang

13 —
10 5 13|11 8
13—
10 5 |13 (11 8
13
10 5 (1311 8




X0a phan tuU trong mang

Pé xd6a mot phan tr trong mang ta phai:
Kiém tra néu x co ton tai trong mang
thi:
DGi cac phan tU sau x tdi 1 vi tri.
Giam n bot 1.




X0a phan tuU trong mang

Budc 1: tim vi tri phan td can xoa trong
mang

int TimPhanTu(int a[], int n, int x)

{

for(int i=0; i<n; i++)

if(a[i] == x)

return i; //Tim thay x tai vi tri th' i

return -1; //Khdng tim thay x trong mang

y




X0a phan tuU trong mang

Budc 2: x0a phan tur x trong mang
void XoaPhanTu(int a[], int &n, int x)

{

int vt=TimPhanTu(a, n, x); //Tim vi tri x trong mang
if(vt==-1)

Cout<<“Khong tim thay phan tu<<x<<" muon xoa.";
else

{

for(int i=vt; i<=n-2; i++)

a[i] = a[i+1]; //Dich cac phan t sang trai 1 vi tri
n--; //Gidm soO phan tu bét 1

b

b




Bai tap

= Nhap mét day s6 nguyén tir ban phim, va sap
Xép chung theo thw tw tang dan

Input: 5241891

Output: 1 2459 18

= Nhap mét day so nguyén tir ban phim, va cho
biét s6 lan xuat hién cua tirng s6 trong day so

Input: 132943298113291
Ouput: (1,4) (2,3) (3,3) (4.1) (8,1) (9,3)




TO chifc Stack
theo ki€éu danh sach dac




NGAN XEP
VA HANG PO1




" TO chifc Stack

theo kiéu danh sach dac
<+ Cau truc cua STACK
= Dung 1 mang (StkArray) dé chira cac phan to
= Dung 1 s0 nguyén (StkMax) dé Iwu s6 phan
tr t6i da trong Stack

= Dung 1 s6 nguyén (StkTop) dé lwu chi s6 dinh
cua STACK




TO chifc Stack

theo kiéu danh séach dac

1!

Top .‘!'
x

Stack

StkArray StkMax StkTop

oy [y 21 3]

[4]




TO chilc Stack

m N2

theo kiéu danh sach dac

Cac thao tac cg ban trén Stack:
= Stack: kh&i tao Stack rong

= |SEmpty: kiém tra Stack réng ?

= |sFull: kiém tra Stack day ?

= Push: thém 1 phan t& vao dinh Stack, co thé
lam Stack day

= Pop: lay ra 1 phan t& tr dinh Stack, cé thé
lam Stack rong




TO chic Stack
theo kiéu danh séach dac

— g Operation -

Thao téc Push Top

Top

L[]

Operation

Stack Stack

Thao tc Pop




‘2 Khao bao I6p Stack

Thao tac “Khgi tao Stack rong”
class Cstack{
orivate int [] StkArr;
orivate int StkTop;
vrivate int StkMax;
oublic Cstack(int size) {
StkArr = new int[size];
StkMax = size;
StkTop = -1; // Stack réng

y




Kiém tra Stack rong

boolean ISsEmpty()
{

If (StkTop == -1) return true; // Stack réng
return false; // Stack khong réng

}




Kiém tra Stack day

boolean IsFull()

{
If (StkTop == StkMax-1)
return true; // Stack day
return false: // stack chuwa dgay

}




‘2 Thém mot phan tu vao Stack

boolean Push(int newitem)
{
If (IsFull())

return false; // Stack day, khéng thém vao
duorc

StkTop++;
StkArr[StkTop] = newitem;
return true; // Thém thanh cong

}




Lay mot phan tu ra khoi Stack

Thao tac “Pop”: lay ra 1 phan tuU tu dinh Stack

boolean Pop(int outitem)

{

If (IsEmpty())

Return false; // Stack réng, khéng lay ra dwoc
outitem = StkArr[StkTop];

StkTop--;

return true; // Lay ra thanh céng

}




m N2

theo kieu danh sach dac

<*Queue la 1 cau truc dT liéu:
= GOm nhiéu phan t& co thi tw

= Hoat déng theo co’ ché “Vao trwdc — Ra
trwoc” (FIFO — First In, First Out)

< TO chi’c Queue




TO chifc Queue
theo kiéu danh sach dac




TO chi’c Queue

m N2

theo kiéu danh sach dac

Cau truc cua Queue

= DUng 1 mang (QArray) dé chtra cac phan to

= Dung 1 s0 nguyén (QMax) dé lwu s6 phan ti
toi da trong hang doi

= Dung 2 s0 nguyén (QFront, QRear) dé xac
dinh vi tri Pau, Cudbi hang doi

= Dung 1 s0 nguyén (QNumitems) dé Iwu so
phan t& hién cé trong hang doi




TO chi’c Queue

m N2

theo kiéu danh sach dac

CArray CMax CQMNumlitems CFront LFRear
;] 7 1 4
Front Rear
&4 L 4 5
ar | 22 15 3




TO chic Queue

theo kiéu danh sach dac

Cac thao tac trén Queue

= Queue: khdi tao Queue rong

= |ISEmpty: kiém tra Queue réng ?

= |sFull: kiém tra Queue day ?

= Append: thém 1 phan t& vao cudi Queue, c6
thé lam Queue day

= Take: lay ra 1 phan t& & dau Queue, c6 thé
lam Queue rong




Khai bao I6p Queue

I Gia sir Queue chira cac phan ti kiéu nguyén (int)
Class Queue {
orivate int [] QArray;
orivate int QMax;
orivate int QNumItems;
orivate int QFront;
orivate int QRear;




Khai bao I6p Queue

Il Khéi tao Queue chira cac phan t& kiéu nguyén (int)
public Queue(int size) {
QArray = new Iint[size],
QMax = size;
QFront = Qrear= -1; // Queue réng
QNumltems = 0; // chwa co6 phan t& nao trong Queue




m NA?

Kiém tra Queue rong, day

% Thao tac “Kiém tra Queue rong”
boolean ISEmpty()
{
if (QNumltems==0)
return true; // Queue réng
return false; // Queue khoéng réong
}
< Thao tac “Kiém tra Queue day”
boolean IsFull()

{

if (QNumltems == QMax)

return true; // Queue day

return false; // Queue khéng déy

}




‘ o
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Thém 1 phan tu vao Queue

<»Thao tac: thém 1 phan t’ vao cudi Queue
boolean Append(int newitem)

{
if (IsFull()) return false; //Queue day, khong thém vao dwoc
QRear++;
QArray[q.QRear] = newitem; // thém phan t& vao cudi Queue
QNumltems++;
return true; // Thém thanh cong

}




‘2

Lay mot phan tu ra khoi Queue

Thao tac Take: lay ra 1 phan t& ¢ dau Queue

boolean Take(int itemout)
{
if ISEmpty()) return false; / Queue réng, khéng lay ra duorc
itemout = QArray[QFront]; // 1ay phén ti dau ra
QFront++;
QNumltems--;
if (QFront==QMax) // néu di hét méng ...
QFront = QRear = -1; // ... quay tré vé dau méng
return true; // 14y thanh céng

}




‘)

4

Han chée cua Queue
theo kiéu danh sach dac

Khi thém nhiéu phan tu, sé lam “tran”
mang “Tran gia”
Queue Queue
Front Rear

: ! : !
A N N N N A

[0] [1]1 [2] [3] [4] [51 [61 [7]




< Giai phap cho tinh huéng “tran gia”: xu
ly mang nhu' la 1 mang vong tron

Front Rear

: ! : !
| 1 [ [ |

[0] [1] [2] [3] [4] I[6]




TO chic Queue

theo kiéu danh sach dac

2] 2] [3]

[1] 4][1

[4]

[0] [5] 0] [5]

front =0 front =4
rear =5 rear =3




< Viét lai cac giadi thuat, bd sung, 18y phan
tir cho QUEUE ndi vong




DANH SACH LIEN KET

<+Pat van de:
= Néu mudn chén vao 1 phan tl vao mang ?

« Chi phi 1a O(n)

= Mudn x6a mét phan tl trong mang ?

« Chi phi O(n)

Milk

——= | Bread | =

Eggs

Bacon

—> Nothing




<»Ta tach rdi cac phan t& cua mang, va két ndi
chung lai véi nhau bang mot "*moc xich”

15

15 [
15 S
15 S

-

15




DANH SACH LIEN KET

Mot day tuan tu cac nut (Node)

Gilra hai nut co mot tham chiéu

Cac nut khong can phai luu trir lién ti€p nhau
trong |?(_) nho

Co thé ma rong tuy y (chi gidi han bagi dung
luong bo nhag)

Thao , tac _Chen/X6a khéng can phai dich
chuyen phan tu

Quan ly danh sach bdi con tro dau pHead

Co thé truy xuat dén cac phan tu khac thong
qua con tro lien ket




DANH SACH LIEN KET

<+ Cau tao nut
= Tao 1ap bang cach cap phat bd nhé dong
= MOi nut co 2 thdng tin:
« D liéu (data)

 Tham chiéu lién két dén phan t& ké tiép trong
danh sach (Next pointer link)

g 12 e




DANH SACH LIEN KET

<»Cau tao nut : GoOm 2 thanh phan
public class Node {
public Object Element;
public Node Link;
public Node() {
Element = null;
Link = null;
by
public Node(Object theElement) {
Element = theElement;
Link = null;

}

number




Cau tao cua danh sach lién ket

Quan ly danh sach qua con tro dau pHead,
cO thé thém con tro cudi pTail

Cé hai cach td chiic danh sach

= pHead, pTail la m6t nat cua danh sach

" pHead, pTail khong phai la nat ma chi la con
tro tro dén nuat dau va nuat cudi cua danh sach




‘)

Cau tao cua danh sach lién két

pHead

15 5 Bt 2 8~ 7 B ¢ B 3 B

pHead pTail




UU VA NHUQC

CUA DANH SACH LIEN KET
Uu diém
= Tan dung dwoc khdng gian nhé dé lwu triv
e Cac nut khéng can lwu trir ké ti€p nhau

 CO thé m& rdng kich thuwdce tuy y (phu thudc bd
nho)

= Viéc thém vao hay loai bé duoc tién hanh dé
dang O(1)

= D& dang két ndi hay phan ra danh sach

Nhucc diém

= Truy xuat tuan ty ttvng phan to




Cac loai danh sach lién két

Danh sach lién két don (Single-Linked list)
= Mbi nut chi c6 1 con trd lién két (pNext)

Danh sach lién két db6i (Double-Linked list)
= Mi nut co 2 con tré lién két (pPrev, pNext)

Danh sach da lién két (Multi-Linked list)

= M®Oi nut cé nhiéu hon 2 con tro lién két

Danh sach lién két vong (Circular-Linked list)
= Lién két & nut cudi cung cla danh sach chi dén nut dau
tién trong danh sach




Danh sach lién ket don

% MO0i nut, bao gdbm hai phan,
= Phan Data: chtya di¥ liéu, c6 thé nhiéu hon 1
trwong
= Phan next: chi c6 duy nhat mét lién két dén
nut ké tiép
= Phan t& cudi cung co lién két NULL




MANG & DANH SACH LIEN KET

v

<+ Mang <» Danh sach lién két
= Phai biét trwdc s phan = S0 phan ti tuy bién
tr = S dung con trd
= Lwu tri tuan tw = Khi chén/xéa chi can thay
= Khi chén va xd6a phai dich doi con tro lién két

chuyén céac phan t
= Truy xuat qua chi muc

Truy xuat tuan ty




‘) Cac thao tac

trén danh sach lién két daon
#Tao l&p danh sach rong
< Kiém tra danh sach rong
<+Pem sb6 phan tu trong danh sach
<Thém 1 nut vao danh sach
<»X0a 1 nut khoi danh sach
<»Duyét danh sach
<Tim 1 phan tu trong danh sach




Tao lap danh sach rong

public class LinkedList {
nrotected Node header:

oublic LinkedList() {
neader = new Node("header");

}




Tao lap danh sach rong

#Tao l&p danh sach rong
void Init_List( Node pHead)

{
pHead = NULL,

}




v Céc thao tac

tréen danh sach lién két don

< Kiém tra danh sach rong
boolean IsEmptyList( pHead)
{ return (pHead ==NULL); }

<+Peém soO phan tu trong danh sach
Int CountNode(Node pHead){
Int count = 0;
Node p = pHead,;
while (p '= NULL)
{ cout++ ; p = p.Link; }
return cout;

}




| " Cac thao tac

trén danh sach lién két don

<+ Thém mot nut p vao dau danh sach
= Néu Danh séach rong Thi
« Gan: pHead = p;

= Nguorce lai
* p.Link = pHead,
* pHead = p;

pHead
------- Al el el die ]




N’m

Chen nut P vao cuoi Danh sach

v

< Chen nut p vao cuOi
= Néu Danh séach rong Thi
« Gan: pHead = p;
= Nguoec lai
« Gan g = pHead,;
- Di vé nut cudi ctia danh sach

(while (g.Link '= NULL) g = g.Link;)
e g.Link =p;




Thém mot nut p

Vao vao sau nut g

= Néu (q != NULL)
e P.Link = qg.LInk;
« Q.LiInNk=p;

= Nguoce lai: g = p;




e Cac thao tac

trén danh sach lién két dgn
<+ X0a mot nut khoi danh sach
= X6a nut dau danh sach
= X6a mot nut dwng sau nut g
= X6a mot nut co khoa k




e Cac thao tac

trén danh sach lién két dgn
<+ X0a nut dau danh sach
= Néu (pHead != NULL) thi
* p =pHead;// p la nut can xéa
« pHead = pHead.Link;

L aip iy £3 i 3 by 0




e Cac thao tac

tréen danh sach lién két don

<+ X0a mot nut p, di'ng sau g
= Néu (q!= NULL) thi
« p=q.Next; // p 1a nat can xo6a
* Q.Next = p.Next; //tach p ra khdi ds
« delete p; // Giai phéng p
= Nguworc lai:
« Xba nut dau danh sach




e Cac thao tac

trén danh sach lién két don
<+ X0a mot nut co khoa k
= Tim nut p c6 khéa k va phan tl q dieng trwédc
no
= Néu (p != NULL) // tim thay k
e X0a p dwng sau nut q;

= Nguworc lai
— Bao khéng coé k;

q
pHead
Sl iy
P




e Cac thao tac

trén danh sach lién két dgn
<»Duyét danh sach
= p = pHead,;
= Trong khi chwa hét danh séch
e Xt ly nut p;
* p= p.pNext;

pHead
DigDigBiz izt
P




Duyét danh sach

void TraverseList(Node pHead)

{
Node p = pHead,;

while (p '=NULL) {
<X ly nut p>;
P = p.LINK; // chuyén sang nut ké

}




< Dung danh sach lién két quan ly sinh vién
trong I6p (mssv, ho, tén, ngay sinh, diém
tong két hoc ky).

< Thuc hién cac thao tac: thém, bdt, sap x€p
sinh vién (theo diém tong két) trong danh
sach




Danh sach lién két vong

Head

S ip O i £3 G £3 ip 2 &

A

<+ Cac thao tac trén danh sach lién két vong
= Giai thuat thém mot nut vao dau danh sach
= Giai thuat thém mot nut vao danh sach
= Giai thuat loai mot nut ra khoi danh sach




Danh sach lién két kép

< MOi nut co 2 con trd lién két:

< Khai bao:




Danh sach lién két kép

Khi x6a 1 nut, khong can phai duyét danh sach
dé tim phéan tir drng trude

Pbugdc s dung doi vdi cac dir lieu ma ta can truy
xuat theo ca 2 chiéu:

Bai tap: Viét cac giai thuat, khdi tao, bd
sung, tim kiém, duyét, xoa trén danh sach
lien két kép.




* T8 chitc STACK va QUEUE

bang danh sach lién két
< Sinh vién tu cai dat.
= T chrc ngan xép (Stack)
= T6 chirc hang doi (Queue)










Muc tiéu

<+*Trang bi cho sinh vién cac khai niém va
U'ng dung cay

<+ Cai dat va thuc hién cac phep toan trén
cay, dac biét la cac phép toan trén cay nhi
phan nhi phan tim kiém.




\Z
0‘0

\Z
0‘0

N/
0‘0

N/
0‘0

binh nghia va cac khai niém
Cay nhi phan

Cay nhi phan tim kiém (BST)
Cay tong quat




Cay (trong may tinh)

La

Nhanh




Khai niem veé cay (tree)

La tap hitu han cac nut (tree node), sao cho

= C6 mét nut goi 1a nut goc (root)

= Cac nut con lai du’gc phan hoach thanh n tap riéng biét
T1, T2, ..., Tn, méi tap Ti la mét cay

= Gilra cac nut c6 quan hé phan cap (hierarchical
relationship) goi la “quan hé cha con”

Cay khong cé nut goi 1a cdy rong (null tree)




Biéu dién cay

< Bang do thi

< Bang gian do

< Bang danh sach (cac ddu ngoac l6ng
nhau)

< Bang phuadng phap Indentatio







< Bang gian do




Biéu dién cay

< Bang danh sach (cac dau ngodc [6ng nhau)

((A(C(F),D(G(3)))) (BE(HI)))) A
— |

‘>'\‘II 4

(A(B(E(K,L),F),C(G),D(H(M),1,J)))

B C
==
HE N




| {b\




<+ Bac cua nut va bac cua cay
= Nut A: bac 3, nut C bac 1
= Bac cua cay: 3

<+ Nut goc, Nut la va nut
nhanh

< Nut cha (Parent), nut con
(children)




Cac thuat nglr

<+Puong di (path)

A,




Cac thuat ngir

<»*MUc cua nut va chiéu cao cua cay
Root




Cac thuat ngir

< T6 tién (ancestors) clia mot
nut
= T tién chia nat J

<+ Con chau (Descendant) cua
mot nut:
= ConchaucuaB

<+ Cac con cua cung mot cha goi
la anh em ruot (siblings)




Cay co thu tu va Rung

Cay co th tu (ordered tree)

= M6t cay goi la co thi tw khi ta thay dbi vi tri
cua cac cay con, ta nhan dwgc mét cay moi

Rung (forest)

= Tap hop htru han cac cay phan biét

= Néu bé di nut goc ctia mét cay, ta sé thu
dwoc mot rieng gom nhiéu cay phan biét




A /
Cay con S

trai /




&

J >
() 5] 4] &
o o~ 7] [2
O 2] [8
1] &

((((3 = (1 + (4 + 6))) + (2 + B)) x 5) + (4 x (¥ + 2)))




‘2

Tinh chat cua cay nhi phan

SO nut téi da muc i trong cay 2i-1
SO nut t6i da trong cay la 2h-1 (h chiéu cao cua
cay)
Chiéu cao cua cay 1

h > log5N (N la s6 nat
trong cay). 2




Cay nhi phan hoan chinh

o (\
0/ 00

Céac nut irng vé&i cac mire trir mire cudi déu dat toi da,
& murc cudi, cac nut déu dat vé phia trai




Cay nhi phan day du

A
o e 'S "

Cac nut dat tdi da & ca moi mirc




Cay nhi phan gan day

‘/‘\
¢ e '\/o
Céac nut ('ng voi cdc mire trir mire cudi déu dat toi da,
& mirc cudi, cac nat khdng dat déu vé phia trai
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TO chilc luu trir cdy nhi phan

S’ dung mang mot chiéu (luu trir k€ tiép)
= Panh sb thi tw tir goc, tai m6j merc, danh sb cac nut toy
trai sang phai, tr mirc thap dén mirc cao
SU dung lién két(Luu trir lién két)
= Quan ly cay thdng qua nut goc (root)
= MOi nlt cap phat dong, bao gom di liéu va hai lién két
pLeft, pRight, lién két t&i cay con trai va cay con phai
= Nut I4 co hai lién két trai phai déu réng




A) 5

Luu trir ke tiep cay nhi phan

<+ Con cua nut thd'j la ndt tha 2i+ 1va 2i+2
<+ Cha cua nut tha'j la nuat [(j-1)/2]

e

V[0] V1] V[2] V[3] V[4] V[5] V[6]




Su dung Lién két

Root




Su dung Lién két

<+ Cau tao cua nut
= Tao |ap bang cach cap phat bd nhd dong
= M&i nut gdm c6 cac thdng tin:
« D liéu (data)

- 2 lién két pLeft, pRight lién két dén nut con trai va
nut con phai




Cau truc cua nut

Class Node {
int Data;
Node pLeft; //1ien két dén nut con trai
Node pRight; //1ien két dén nat con phai
2
Node root = NULL; //géc cia cay
Data

pLeft Data pRight / \

pLeft pRight




Phép duyét cay nhi phan

<Dinh nghia

= |a phép x& ly cac nut trén cay, méi nut mot lan
<»Duyét cay theo thu tu trudc (preorder)
<»Duyét cay theo thu tu gilra (inorder)
<»Duyét cay theo thuU tu sau (postorder)




)

Duyét cay theo thir tu trudc

< Duyét cay theo thu tu trudc (NLR)- Dé qui
= Tham goc
= Duyét cay con trai theo thu ty triwéc
= Duyét cay con phai theo thw tw trwéce

"o




Duyét theo thu tu trudc

void preorder(Node root)
{
if (root '= NULL) {
- In ra : root.data;
preorder(root.pLeft);
predorder(root.pRight);

y
y




)

Duyét cay theo thi tu gilra

< Duyét cay theo thuU tu gitrta (LNR)
= Duyét cay con trai theo th tw gitra
= Tham goc
= Duyét cay con phai theo thw tw gitra

"o




Duyét cay theo thi tu gilra

void inorder(Node root)
{
if (root '= NULL) {
inorder(root.plLeft);
In ra: root.data;
indorder(root.pRight);

y
y




)

Duyét cay theo thir tu sau

< Duyét cay theo thi tu sau (LRN)
= Duyét cay con trai theo thu ty sau
= Duyét cay con phai theo thir tw sau

= Tham gobc




Duyét cay theo thi tu sau

void postorder(Node root)
{
if (root I=null) {
postorder(root.pleft);
postdorder(root.pright);
In ra: root.data;

y
y







Cay nhi phan tim kiém

<»Khai bao cay
Class BSTNode {
Int Data;
BSTNode pLeft; /icon tré aén nat con trai
BSTNode pRight; /icon tré dén nut con phai
I3
BSTNode root = NULL; //géc coa cay




Cay nhi phan tim kiém

<+Cac thao tac trén cay BST
= TiIm nut co khda x
= X6a mot nut co khoa la x

= Tim nut cd khoa nhd nhat

= Tim nut c6 khéa I&n nhat
= Giai phdéng cay
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Cay nhi phan tim kiem

int Insert( int X, BSTNode root);
int Delete( int X, BSTNode root);

BST NocC
BST NocC

BST NocC

e
e
e

mlale
mlale

=1NC

(int X, BSTNode root);
Min( BSTNode root);
Max(BSTNode root);

void MakeEmpty( BSTNode root);




Thém mot phan tu

vao cav nhi phan tim kiém

Thém vao phan tu co khoa x

44 - — _ X > 44
\\\
\\
Thm X= 50 ¥
18 X<88 | .
/
I
v
13 37
13 37 oEo s B 108

X <55




42 Thém mét phan tor

vao cav nhi phan tim kiém

int Insert(int X, BST_Node root)
{ if (root == NULL)
{ root =new BSTreeNode ;
if ( root == NULL )
return -1; // Khéng thé cidp phat bé nhd
else

{

root.Data = X;
root.pLeft = root.pRight = NULL;
return 1; // Thém vao thanh céng

¥




Thém mot phan tu

vao cav nhi phan tim kiém

else
if (root.Data ==X)
return 0 ; // Ba ton tai trong cay

else

if ( X< root.Data )

return Insert( X, root.pLeft );

else
return Insert( X, root.pRight );




Tim nut co khoa X
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Tim mot nut co khoa X

BSTNode Find( int X, BSTNode root)
{ if( root == NULL )
return NULL;
if ( X < root.data)
return Find( X, root.pLeft );
else if ( X > root.data)
return Find( X, root.pRight );
else
return root;




Tim mot nut cé6 khoa X

< Tim nut co khoa X, khdng dung dé qui

BTSNode Find2(int X, BTSNode root)
{

BTSNode p = root;

while (p = NULL)

{
if(X == p.data) return p;

else
if(x < p.data) p = p.pLeft;
else
p = p.pRight;
}
return NULL;

}
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Tim nut co khoa nho nhat

BSTNode FindMin( BSTNode root)
{ if ( root == NULL )
return NULL;
else if( root.pLeft == NULL )
return root;
else
return FindMin( root.pLeft );
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Tim nat co khoéa Ién nhat

BST_Node FindMax(BSTNode root)
{
if (root '= NULL )
while (root.pRight '= NULL )
root = root.pRight;
return root;




C J X6a mot nit c6 khéa X

Z trén cay BST

X0a mot nut co khoa X trén cay BST, co
ba truéng hagp:

= NUt co khoa X la nut |a.

= Nut cé khda X chi cod 1 con (trai hoac
phai).

= Nut c6 khdéa X c6 du ca 2 con




ruong hap 1 :Nut co khoa X trén cay
BST la nut 1a:

Xoa: X=40




Xo6a mot nut co khoa X

trén cay BST

< Truong hop 2 : Nut X co mot cay con trai
hoac phai

root
@




< J X6a mot nuat co khoéa X

trén cay BST

< Truong hop 3 : Nut X cé mot cay hai con trai va
phai ’
= Hay gian tiép




| ‘) Cay nhi phan tim kiém

(Binary Search Tree — BST)

int Delete( int X, BSTNode root)
{ BSTNode p;
if ( root == NULL )
return O ; // cay réng, khéng tim thay
else
if ( X < root.Data) // xéa trén cay con trai
return Delete( X, root.plLeft );
else
if ( X > root.Data ) // xéa trén cay con phai
retrurn Delete( X, root.pRight );
else // tim ra nut can xoa




Cay nhi phan tim kiém

Binary Search Tree — BST

if ( root.pLeft && root.pRight ) // 6 hai con

{ p = FindMax(root.pLeft); //tim nat cé khéa 16n nhét trén con
trai

root.Data = p.Data;
return Delete(root.Data, root.pLeft);
¥
else // cé6 mét con hodc khéng cé con
{ p = root;
if ( root.pLeft == NULL ) // xt’ Iy nhu khéng cé con
root = root.pRight;
else if ( root.pRight == NULL )
root = root.plLeft;
p = null;
¥

return 1;

»




Giai phong cay BST

void MakeEmpty( BST_Node root);
{
if (root)
{
MakeEmpty(root.pLeft);
MakeEmpty(root.pRight);
delete root ;




Cay nhi phan lién két vong

< BDinh nghia
= S dung lién két NULL dé lwu trir lien két toi nut ké

tiép trong phép duyét cay nhi phan -> phép duyét duwoc
thwe hién dé dang

= S dung gia tri kiém tra lién ket that (den nut trong
cay) hay lién két gia (nut trong phép duyét)

= Ltype = true, néu lién két trai |a lién két that

= Rtype = true, néu lién két phai la lién két that







Cay tong quat

<Binh nghia
= Cay m phan la cay ma moi nut cé tdi da m nut
con (cay con)
= Biéu dién cay m phan bang lién két dong
« MGi nut c6 m+1 trwdng, v&i m moi noi
« VV&i cdy m phan day dd, co n(m-1)+1 moi lién két
NULL




Cay tong quat

< Biéu dién cady téng quat
= Biéu dién cay tdng quat bang cay nhi phan
= DSi véi mot nat trén cay tbng quat
« M6t nat con nam & vi tri trai nhat (con ca 1)

» MOt nat ké can véi nit dang xét ké tiv tréi sang
(em ké - 2)




Cay tong quat

/

@ ®e® & ®

|
class TreeNode @ <D G
{int info; |
TreeNode FirstChild; // con ca @ @

TreeNode NextSibling; //em ké |

¥ @




Cay tong quat

< Phép duyét cay tbng quat NLR(T)
= Néu T réng, dirng
= Ngwoc lai, T,,...,T, la cay con goc T
« Thdm gbcclia T
« NLR(T,), T, cdy con thi* nhat cia goc T
e Duyét cay con T,,...,T,, cua T theo thw ty trwéc




Cay tong quat

< Phép duyét cay tbng quat LNR(T)
= Néu T réng, dirng
= Ngwoc lai, T,,...,T, la cay con goc T
 LNR(T,), T, cdy con thir nhat cia goc T
e Thdm goccla T
e Duyét cay con T,,...,T,, cua T theo thw ty gitra




Cay tong quat

< Phép duyét cay tbng quat LRN(T)
= Néu T réng, dirng
= Ngwoc lai, T,,...,T, la cay con goc T
 LNR(T,), T, cdy con thir nhat cia goc T
e Duyét cay con T,,...,T,, cua T theo thw ty gitra
« Thamgoccua T




Cay tong quat

<»Duyét cay theo muc
= Duyét cay theo chiéu réng
= Y twdng
e T6 chirc thanh mét hang doi
- Pwa nut goc vao hang doi
* Lap
— Lay mét nat ra khoi hang doi

— Duyétnuat T
— Pwa cac nut con clia T (néu cd) vao hang doi







PO THI




Muc tiéu cua chuong

< Trinh bay nhirng ki€n thlUc can ban vé ly
thuyé&t do thi, cadch bi€u dien, mot sb
thuat toan trén do thi

<Panh gia thuat toan
<»*Mot s6 Ung dung cua do thi




Pinh nghia

Boston

Minneapolis
Seattle

Hartford

Atlanta




Pinh nghia

<+Po thi G = (V,E)
= V = tap hop hiru han cac phan t& (dinh hay
nut)
= EcV xV,tap hiru han cac canh (cung)
Dinh

Cung




Cac khai niém

Néu (x,y) € E

- X goi la dinh goc, y 1a ngon

« Néu x =, (x,y) goi la khuyén
Mot day uq,u,,...,u,, Yu, € V (i=1,n) goi la mot
dudng, néu (u._4,u;) € E
Do dai duong: length(uy,u,,...,u,)=n
(uy,u,,...,u,) dudng di dan, néu u;*u;,
1<Vi#j<n (la dudng di, ma cac dinh phan
biét, ngoai tru dinh dau va dinh cuoi)




Cac khai niém (tt)

<»Chu trinh (cycle) = (uq,u,,...,u,), U;= U,
< P0 thi dinh hudng (directed graph)

" V(Xy) € E:(X)y) #(y.x)
< P0 thi vo hudng

" V(x,y) e E:(y,X) e E

" (Xy) = (y.x)




Puong di don
Chu trinh




Do thi vo hudng D6 thi dinh hudng




Cac khai niém (tt)

Tinh lién thong (connectivity)

= Trong do thi G,,hai dinh x,y goi la lién thc“)ng
(connected), néu co mot dwong tw x dén y

= B0 thi G lién thong, néu V(x,y) € E, 3 dwong
ditr x dény

Do thi G goi 1a cd trong s8, néu moi cung

dugc gan mot gia tri sO dac trung




Do thi lién thong Do thi khong lién thong







Bi€u dién dd thi

< Biéu dién b&ng ma tran ké
= Adjacency matrice

< Biéu dién bang danh sach ké
= Adjacency list




Biéu dién bang ma tran ké

< Xeét G=(V,E) vGi V={x4,...,X,,}
< Bi€u dién G bang ma trén A=(a;), i,j=1..n
= a;=1, néu 3 (x;x) € E

= 3;=0, néu 13 (x,x) € E
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Biéu dién b&ng ma tran ké (tt)

Ali]lj] 0 1 2 3
0 0 20 10 1
1 20 0 0 5
2 10 0 0 <}
3 1 5 2 0
/70 20 10 1 )
A= 20 0 0 5
10 0 0 4
1 5 4 0




‘ o
Ee
P
e
4
= N

Biéu dién b&ng ma tran ké (tt)

“Chly
= Poi voi do thi khéng dinh hwéng, ma tran ké
la ma tran doi xung
= Poi v&i d6 thi dinh hwédng, so lwong phan toy
0 kha l&n
= Dai voi do thj c6 trong s, thay thé gié tri 1
bang gia tri trong so6




Bi€u dién do thi

bang danh sach ké

La mOt mang cac danh sach
O day, n hang clia ma tran ké thay thé
bang n danh sach lién két dong
Moi dinh clia G c6 modt danh sach, moi
nut trong danh sach thé hién cac dinh
lan can cua nut nay
= Cau truc méi nut

- id: tén dinh (chi s6, danh hiéu)

« next: con trd dén nut ké tiép




¢ Biéu dlen do thi

. 1110 UAdlll ] = l;-

w N O
w




X Bi€u dién do thi

bang danh sach ké (tt)

X[1]
X[2]
x[3]
x[4]

X[9]




o Bidu dién dd thi

v

.‘l. ...l @ l
TAS A U/ > [\

‘ 0 110 " 2|20 131
20 1\0 1 10 (10 134
‘ 1‘2 + 020 3|5

5 : 3 01 14 215




Chu y

= C4c nut dau danh sach dwoc lwu vao mot
mang (truy cap nhanh)

= V@i d6 thi khéng dinh hwéng co n dinh va e
canh, thi can n nat dau va 2e nut ‘trong’ danh
sach

= \/&i do thi dinh hwéng cé n dinh va e canh,
thi chi can e nut ‘trong’ danh sach

= Th tw cac nut knbng quan trong




Phép duyét do thi

< Tu mot dinh, liét ké tat ca cac dinh cua do0
thi
= Phép tim kiém theo chiéu sau
* Depth first search
= Phép tim kiém theo chiéu rong
 Breadth first search




Phép tim kiém theo chiéu sau

Y tudng
= Tai dinh v bat ky, duyét dinh v, va xét tap cac
dinh dén dwoc tir dinh v

= Lap lai thao tac trén doi véi dinh w bat ky
trong tap cac dinh tir v ndi trén




‘'¢P»  Phép tim kiém theo chiéu sau

(tt)




Phép tim kiém theo chiéu sau

Nhan xét

= Thoi giap thure hién giai thuat ~ (n+e), néu G
dwoc bieu dién bang danh sach ké

* Thoi gian thyc hién gidi thuat ~ n2?, néu G
dwoc bieu dién bang ma tran ké

= Giai thuat nay st dung dé ch&rng minh mot do
thi co lien thong hay khong




Phép tim ki€ém theo chiéu rong

Tai diém v bat ky, duyét dinh v, thu dugc tap
hdp W gom cac dinh w xuat phat tu' v

Lap lai thao tac trén dobi vdi tat ca cac dinh w
trong W, thu dudgc tap hop dinh Z

Lap lai thao tac trén do6i vdi tat ca cac dinh z
trong Z

Lap lai cho dén khi tat ca moi dinh déu dugc
duyét qua it nhat mot lan




- Phép tim ki€m theo chiéu

tt




e Phép tim kiém theo chiéu

{t
< Nhan xét
= Thoi giap thure hién giai thuat ~ (n+e), néu G
dwoc bieu dién bang danh sach ké
* Thoi gian thyc hién gidi thuat ~ n2?, néu G
dwoc bieu dién bang ma tran ké




Cay khung (Spanning tree)

T=(V,E") < G=(V,E), vGi E o E' bao gom
cac cung thudéc mot phep duyét tu mot
dinh dén cac dinh con lai trong V

Gia cua cdy khung T = tong trong s6 cla
cac cung thuoc E’

- Cay khung T
D6 thi G cua doé thi G




Cay khung (Spanning tree)

Chu vy
= M6t dd thi G co thé co nhidu cay khung
= Cay khung theo chiéu rong, theo chiéu sau

= Cac cung trong cay khung khdong tao nén chu
trinh
- Gira hai dinh trong mot cay khung chi ton tai duy
nhat mot dwdng di tie dinh nay dén dinh kia
= Néu do thi co n dinh, thi cay khung cé n-1
canh







o

4 Thuat toan Kruskal

Sap x€ép cac cung theo thi tu khong giam
doi vdi trong so

Bat dau tir T=0

Lap cho dén khi ko con dinh nao ( |E’| =
n-1)

= lay ra cung w ¢6 trong s nhé nhat

= thém cung w vao T vOi diéu kién khong tao
chu trinh trong T




Cay khung (Spanning tree)

Vi du: Cho mot do thi G vo hudng, lién
thong, co trong s6. Hay tim cay khung cuc
tieu cua G




Thuat toan Kruskal

<PEé kiém tra xem cd tao ra chu trinh trong
T hay khéng, chung ta xem hai dinh cua
cung dudc thém co thudc tap cac dinh
hién co trong T khong, néu co, nghia la sé
tao nén chu trinh




Bai toan bao dong truyén Ung

<»Cho d0 thi G = (V,E)
= C6 ton tai duwong di gitra hai nat x va y trong
do thi G hay khéng?
= Bai toan nay c6 thé giai duwoc d‘é dang bang
cach s&r dung ma tran ké cua do thi




Bai toan bao dong truyén Ung

<»Ma tran ké A cua do thi G=(V,E)
= a;=true, néu 3 (x,x) € E
= g;=false, néu nguoc lai
“Phép cong A=(a;;)), B=(bj)
= AvB=C, voic=a;V b
“Phép nhan A=(a;;)), B=(bj)
= D=AA B, v&i d;=V(a;/\by)

Véi1<=i j, <=n




Bai toan bao dong truyén Ung

VGi ma tran A, néu a;; =1, co nghia la co

mot cung tu' i tdi j.

Xet Al2) = A A A. RO rang néu phan tu 6

hang i, cot j cua A2 bang 1, thi co it nhat

co mot dudng di co do dai 2, tu dinh i dén

dinh j, vi

al@; =V (naik A3y

= ay Ay =1, khi g =1 va a,;=1, => trc la coO
duwongdi do dai 1 tw i toi l(Vé co duwong di do
dai 1 tw Kk to |




Bai toan bao dong truyén Ung

TU do suy ra AW = AANAFLD R=2, 3,..
Nghia la a(”;; = 1, thi co6 it nhat 1 dudng di

do dai r, tui tai j.
Taldpmatran P = AV AQ) V., V AN
Thi P sé cho biét c6 hay khong
mot duong di cd do dai I6n nhat la
n, tu dinh i t&i j. P dudc goi la ma
tran ducdng di.




Bai toan bao dong truyén Ung

<»Thuat toan WARSHALL

Void WARSHALL(A, P, n){
For (int k=0;k<n;k++)
For (int i=0;i<n;i++)
For (int j=0;j<n;j++)
PlLIJ=PlL]V (Pl A Pk,j])




Bai toan dudng di ngan nhat

<Van dé
= Cho mQt do thi dinh hwéng, lién thdong, co
trong s6 G
= Hay tim duwong di ngan nhat tr mét dinh dén
tat ca cac dinh khac trong dé thi




Thuat toan Dijkstra

< Xet do thi co hudng G=(V,E), vdi |V|=n
<*Ma tran trong so6 d[u,v]=0, Vv(u,v)eE
<“seV la diém xuat phat

< H[v]=chiéu dai cuc tiéu tU s dén v (veV)




Thuat toan Dijkstra

< Bat dau duyét tur dinh s
<+ Gan gia tri cho H[Vv]
= H[v]=d(s,v), néu (s,v)eE
= H[v]=, néu nguoc lai
< Lap lai cho dén khi duyét hét cac dinh
= Chon dinh w chwa duyét cé H[w] nhd nhat
= Duyét dinh w nay
= V&i cac dinh t chwa duyét khac
o H[t] = min(H[t],H[w]+d(w,t))




Thuat toan Dijkstra

<*Hoat dong tot trén do thi trong s6 duong
PO phuc tap giai thuat la O(n?)




< Tim dudng di tu v, téi cac dinh con lai

from node V, to other
node
. nodes
V, 10
source V, 5
5
Vs 00
V, 00
best




Thuat toan Dijkstra

step 1: tim dudng di ngan nhat tir 0
W node 2 dugc chon

from node V, to other
node
. nodes
V4 10
source V, 5
5
Vs 00
V, 00
best | V,




Thuat toan Dijkstra

step 2: Tinh toan lai cac dudng di dén
tat ca cac dinh
® Tim dudng di ngan nhat dén node 0. Node

4 ducc chon
from node V, to other
node
nodes
V, 5 5

source

Vs 00 14

V, 0 7/

hect \/ \/
M\Jd G \'J 2 v4




Thuat toan Dijkstra

step 2: Tinh toan lai cac dudng di dén

tat ca cac dinh

® Tim dudng di ngan nhat tir node 0. node 1
dugc chon

from node V, to other
nodes

V, | 10 | 8 | 8

node

V, | 5 5 =

source

Vs | o | 14 | 13




Thuat toan Dijkstra

step 2: Tinh toan lai cac dudng di dén
tat ca cac dinh

® Tim dudng di ngan nhat tir node 0. node 3
dugc chon

from node V, to other
nodes

V, | 10 | 8 | 8

node

V, | 5 5 5

Vo | o | 14 | 13

N | O [ o1 ] @

V, e 7/ 7/

best \/ \/ \/ \/
=SS A v v V1 v 3




<+ Chung ta co tat ca cac
dudng di tu v,

node from node V, to other nodes
8 8
Vv 1 8
Y 02| 02
5
Vv 5 5 5
> 1(0,2)
14 13 9
V3 o0 (01213 (012141 (012111
) 3) 3)
7
Vq © |(0,2,4 / 7/
)
best V, V, V, V,







CAU TRUC DU LIEU
CHUONG 3

TIMKIEM & SAPXED




NOi dung trinh bay

« Tim kiém
» Sap xép g




2.1 Tim kiém

o Tim kiém la thao tac quan trong & thudng xuyén
trong tin hoc.
— Tim kiém mot nhan vién trong danh sach nhan vién.
— Tim mot sinh vién trong danh sach sinh vién ciia mot
16p. ..
— Tim kiém mot tén sach trong thu vién.



2.1 Tim kiém (2)

o Tim kiém la quéa trinh xac dinh mot (101 tuong

nao do trong mot tap cac d()l twong. Két qua tra

e la ('101 tuong tim duoc (neu €0) hodc mot chi

sO (néu c6) xac dinh vi tri cua doi tugng trong
tap do.

* Vigc tim kiém dua theo mot truong nao do cua
doi twong, truong nay la khoa (key) cua viéc
tim kiém.

» VD: d6i tuwong sinh vién co6 cac dir ligu
{ : ..}. Khi d@o tim kiém
trén danh sach sinh vién th| khoa thudng chon
la hoac



2.1 Tim kiém (3)

Tim kiem

Tim kiemftuyen tinh Tim kiém nhi phan

Tap dir liéu da
du'dc sap xép

e Bal toan dugc mo ta nhu sau:

— Tap dir liéu duoc luu trir la day ay, 8y, Gia st chon cau
trac dir liéu mang dé luu trir ddy s6 nay trong bo nhd chinh,
co khai bao: int a[n];

— Khda can tim 1a x, c6 kiéu nguyén: int x;



2.1.1 Tim kiém tuyén tinh (4)

» Y tudng chinh: duyét tuan tu tir phan tr dau tién, lan
luot so sanh khoa tlm kiem véi khoa tuong umg cua
cac phan tir trong danh sach. Cho dén khi gap phan tir
can tim hoic dén khi duyét hét danh séch.

» CA&c budec tién hanh nhu sau:

— Budc 1:1=1;

— Budc 2: So sanh afi] voi X, ¢o hai kha nang
o A[i] = x: Tim thay. = Dumng
« A[l] # x: Sang budc 3

— Budc3:i=i+1 /I xét phan tir ké tiép trong

mang

« Néui> N: Hét mang, khong tim théy. = Dung
 Néu i <N: Quay lai budc 2



2.1.1 Tim kiém tuyén tinh (5)
Minh hoa tim kiém tuyén tinh

\\ Cho day sb a, gia tri tim x = 8:

12 2 5 8 1 6 4




2.1.1 Tim kiém tuyén tinh (6)

H Thuit toan tim kiém tuyén tinh

Int Search(int a[], Int n, int key)

{
Int 1 =0;
while ((i<n) && (key != a[i]))
i++:
iIf (I >=n)
return -1; /] tim khong thay
else
return i; /] tim thay tai vi tri i



2.1.1 Tim kiém tuyén tinh (7)

H Thuit toan tim kiém tuyén tinh cai tién T

Int Search(int a[], int n, int key)

{
Int 1 =0;
a[n] =key; // thém phan tir thir n+1
while (key != a[i])
I++:
if (i == n)

return -1;  // tim hét mang nhung khéng c6 x
else
returni;  //tim thay X tai vi tri |



5.1.1 Tim Kiém tuyén tinh (8)

— Giai thuat tim kiém tuyén tinh khong phu thudc vao
thtr tu ctia cic phan tir trong mang, do vay day la
phuong phap tong quat nhat dé tim kiém trén mot day
bat ky

— Mot thuat toan co thé duoc cai dit theo nhiéu cach
khac nhau, k§ thuat cai dat anh hudng nhiéu dén toc
d6 thuc hién. Vi du nhu thuat todn Search cai tién sé
chay nhanh hon thuat toan truéc do vong lap while
chi so sanh mot diéu kién...




5.1.2 Tim kiém nhi phan

=“ Phép tim kiém nhi phan duoc ap dung trén day
m khda da co tht tu: K[1] < k[2] < ... <K[n].

* Phuong phap nay dua trén y tuong sau:
— Gia st ta can tim trong doan a[left rlght] voi khoa
tim kiém la X, trude hét ta xét phan ti giira a[mid], vdi
mid = (left + rlght)/2

e Néu a[mid] < x thi c6 nghia la doan afleft] dén a[right] chi
chira khoa < X, ta tién hanh tim kiém tr a[mid+1] dén
a[right].

 Néu a[mid] > x thi c6 nghia la doan a[m] den a[right] chi
chtra khod > x, ta tién hanh tim kiém tir a[left] dén a[mid-1].

« Néu a[mid] = x thi viéc tim kiém thanh cong.

» Qua trinh tim kiém that bai néu left > right.



2.1.2 Tim kiém nhi phan (2)

H Cic burée tién hz‘th

— B1: left =1, right = n // tim kiém trén tat ca phan ti
— B2: mid = (left + right)/2 // lay moc so sanh
S0 sanh a[mid] véi X, c6 3 kha nang
— a[mid] = x: Tim thay = Dung
— a[mid] > x: // tim tiép trong day a[left]...a[mid-1]
right = mid -1;
— A[mid] < x: // tim tiép trong day a[mid+1]...a[right]
left = mid +1

— B3:
e Néu left < right // con phan tir = tim tiép = Lip B2
« Nguoc lai: Ding // da xét hét cac phan tir



5.

2.1.2 Tim kiém nhi phan (3)

cho day s6 gdom 8 phan tir bén dudi va x = 8:

2 4 5 §) 8 12 15
| p 5 6 S 12 15
Left = 1 Mid = 4 Right = 8
) Doan tim kiém !
| p 5 6 S 12 15
Mid =6

Left =5

Right = 8

Doan tim kiém



2.1.2 Tim kiém nhj phan (4)

U Thuit toan tim kiém/ NP BinarySearch T

Int BinarySearch(int key)

{
Int left = 0, right = n-1, mid,
while (left <= right)

{
mid = (left + right)/ 2;
If (a[mid] == key)
return mid;
If (a[mid] < key)
left = mid+1;
else
right = mid-1;
}
return -1;

Il lay diém gitra
/I néu tim duoc

// tim doan bén phai mid

/[ tim doan bén trai mid

// khong tim duoc



2.1.2 Tim kiém nhi phan (5)

— Thuat giai nhi phan dya vao quan hé gia tri cua cac
phan tir trong mang dé dinh huéng trong qué trinh
tim kiém, do vay chi ap dung dugc voi day di co thi
tur.

— Thuat giai nhi phan tim kiém nhanh hon tim kiém
tuyén tinh.

— Tuy nhién khi ap dung thuat giai nh1 phan thi can

phai quan tam den chi phi Cho viéc sap xép mang. Vi

khi mang dugc sap tha tu roi thi méi tim kiém nhi
ohan.




2.2 Sap xép
w

» Sap xép la qua trinh bo tri lai cac phan tir cua
mot tap doi twong theo mot thir tu nhat dinh.

e Vidu:
~{1,2,5,7,9,12},{14,12,7,5, 2, 1}
_ {“An” “Binh” “Duong” “Huong”}

» Viéc sap xép 1a mot bai toan pho bién trong tin
hoc.

— Do céc yéu cau tim kiém thuan loi, sap xép két
xuat cho cac bang biéu...



2.2 Sap xép

Dit liéu thuong dugc to chirc thanh mang cac
mau tin dor licu

MOdi mau tin thuong c6 mot so Cac truong dit
liéu khac nhau.

Truong tham gia qué trinh tim kiém goi la
khoa (key).

Viée sap xep s& duoc tién hanh dua vao gia tri
khoa nay.



2.2 Sip xép (2)

U Cac phwong phap sap xép T

B 0 D

Selection Sort (*)
Insertion Sort (*)
Bubble Sort (*)
Interchange Sort
Shell sort

Quick sort
Radix...




2.2 Sip xép (3)

ﬂ Mo A toan

» Pé tién cho viéc minh hoa cac thuat todn sap xép ta
mO ta bai toan nhu sau:

— Cho mdt mang c4c phan tr e, mdi phan ti trong
mang cO mot thudc tinh khéa. Hay sap xép ting hoic
giam CAc phan tir trong mang theo gia tri khoa nay

» Do mdi phan tir cO gié tri khod nén ta goi k[1..n] la mang
cac khoa cua cac phan tir trong e.

* Y@&u cau: sap xép CAc gid tri ndy sao cho mang k cé thu tu
tang hoac giam.



2.2.1 Selection Sort

U Y tuong chinh T

» Luot thir nhat, chon trong déy khoa k[1..n] ra

khoa nhé nhat va doi gia tri voi k[1], khi d6

K[1] s& trd thanh khoa nho nhat.

* Luot thr hal, chon trong day khoa k[2..n] ra
khoa nho nhat va doi gia tri voi K[2].

» Luot n-1, chon gia tri nho nhat trong K[n-1] va
k[n] ra khoa nho nhat va doi gia tri véi K[n-1].



2.2.1 Selection Sort (2)

U Cac buoc thire hién T

-Bl:i=1
— B2: Tim phan ti a[min] nhé nhat trong day hién
hanh tir a[i] dén a[n]
— B3: Hoan vi a[i] va a[min]
— B4:Néui<n-1thii=i+l = Lip B2
Nguoc la1 = Dung

cho day s6 nhu sau:

12 2 8 5 1 6 4 15
Minh hoa phuong phap chon nhu sau



2.2.1 Selection Sort (3)

8 5 12 6 4 15




2.2.1 Selection Sort (4)

1 2 4

-
[
[
(o))
o0
[
Ul

...... =5 mihE6
I

1 2 4 5 6 8 12 15
!




2.2.1 Selection Sort (5)

 Cai djit SelectionSort 7

vold SelectionSort(int a[], int n)
{
int min;  // luu chi s phan tir nho nhat
for(inti = 0; i < n-1; i++) // duyét qua n-1 phan tir
{ . .
min = I,
for(intj = 1+1; j <n; j++)
if (a[j] < a[min])
min = J;
Swap(a[min], a[i]);
¥



2.2.2 Bubble Sort

3

U Y tuéng chinh T 9’

» Xuat phat tir cuoi day, doi chd cac ciap phan tir
ké can dé dua phan tir nho hon vé dau.

» Sau d6 & bude tiép theo khong xét phan tir do
nita. Do vay lan xt Iy thir i s& ¢6 vi tri dau day
lai.

o Lap lai xir ly trén cho dén khi khdng con cip
phan tir ndo dugc xét.



2.2.2 Bubble Sort (2)

H Cic burge tien hanh T

» B1:i=1; //lan x ly dau tién
o B2:j=n; // duyét tir cudi ddy nguoc vé vi tri i
— Trong khi (j>1) thuc hién:
» Néu a[j] < a[j-1]: Hoan d6i a[j] va a[j-1]
*J=]-1
e B3:i=i+l; //lanxu ly ké tiép
— Néu i > n-1: Hét ddy = Dung
— Nguoc lai: quay lai B2

- Mlnh hoa sap xép day so sau:
5 1 6 4 15
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CTDL&GT

2.2.2 Bubble Sort (7)

4 5 12

js
4 5 6
4 5 6
4 5 6
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2.2.2 Bubble Sort (8)

U Cai diit BubbleSort T
void BubbleSort(int a[], int n)
{
inti, J;

for(i1=0; 1 <n-1; I++)
for(j=n-1; j >i; j--)
It (a[j] <a[-1])
Swap(al], alJ-1]);



2.2.3 Insertion Sort -’
BY trong chinhT -ﬁ

— Cho day b‘an dau a[l], al2],.., a|n], ta co t’hé Xem
day con gom mot phan tir a[1] da duoc sap.

— Sau do thém a[2] vao doan a|1] sao cho a[1] a[2]
duogc sap.

— Tiep tuc thém a[3] vao dé 6 a[1] a[2] a[3] duogc
sap....

— Cho dén khi thém xong a[n] vao doan a[1]
al2]...a[n-1] = doan a[1] a[2]...a[n-1] a[n] duoc
sap.



2.2.3 Insertion Sort (2)

ﬂ Cic buée tien hanh T

- Bl:1=2;
— B2: x=a[l];
e Tim duoc vi tri can chén x vao 1a pos
— B3: D&i chd cac phan ti tr a[pos] = a[i-1] sang phai
mot vi tri dé danh cho cho afi].
— B4: a[pos] = X;
— B5:1=1+1;
 NéulI<n: Lap lai B2
* Nguoc lai: Dung = Day da dugc sap
* Vi du: minh hoa phuong phap chen véi day:
12 2 8 5 1 o 4 15



I‘“ 2.2.3 Insertion Sort

@@@@@@
@@@@@@@




I‘“ 2.2.3 Insertion Sort

I © & © ¢ 0099

Y Tuong
tu
Q@ : :

@@@@@@@@




2.2.3 Insertion Sort (6)

Q)

U Cai dat InsertionSort

void InsertionSort(int a[], int n)
{ \
Int pos, I, X; // X Iuu phan tir a[i]
for(i=1; 1 <n; i++)
{
X = a[l]; pos=I-1;
while ((pos > 0) && (a[pos] > x))
{// két hop doi chd cac phan tir dimg sau X trong day méi
a[pos+1] = a[pos];
pOs--;

}

a[pos+1] = x; // chen x vao day méi

}



2.2.4 Interchange Sort

U Y tuéng T
» Xuat phat tir dau day, lan luot tim nhitng phan
tir con lai ko thoa thir tu véi phan tir dang Xét.
Vi moi phan tir tim duge ma ko thoa thir tu
— Thuc hién hoan vi dé thoa thi tu
» Liap lai twong tu voi Cac phan tr tiép theo



2.2.4 Interchange Sort

H Cic buoe tien hanh T
« Bl:i=1; /] dau day
e B2:j=i+1; // duyét qua cic phan ti sau
« B3:

— while j<ndo
« if a[j] < a[i] then Swap(a[i], a[j]);

oj:j+l;
e B4d:1=1+]1;
— If 1<nthen B2;

_ else = Két thuc!



2.2.4 Interchange Sort




2.2.5 PP ShellSort

BY twong chinh T

o Cai tién insertion sort
— Han ché PP chén: khi ludn chén 1 phan t vao dau
day!
» ShellSort cai tién bang cach chia lam nhiéu
day con va thuc hién pp chen trén ting day
con



2.2.5 PP ShellSort

o Xét mot day a[1]...a[n], cho mot sd nguyén h
(1 < h <n), chia day thanh h day con nhu sau:
—Dayconl:a[ J,a[ + ], a] + ]
—Daycon2:a[ ],a[ + ], a] +
—Daycon3:a[ ],a[ + ], a] +

= Béy con h: a[h], a[2h], a[3h]...




« VD:chodayn=8,h=3

2.2.5 PP ShellSort

10 3 16
Day chinh 10 16
Day con 1 10
D&y con 2 16
Day con 3




2.2.5 PP ShellSort

V&i moi bude h, ap dung Insertion Sort trén
ting day con doc 1ap dé lam min dan cac
phan tir trong day chinh.

Tiép tuc lam tuong tu do6i véi bude h div
2...cho dén h =1.

Khi h =1 thuc hién Insertion Sort trén 1 day
duy nhat la day chinh

Két qua dugc day phan tir dugc sap.



2.2.5 PP ShellSort

U Cic buoe tien hanh T
« B1: chon k khoang cach h[1], h[2],..,h[K], va I
= ]_,
 B2: Chia ddy ban dau thanh cac diy con co
budc nhay la h[i].

— Thyuc hién sap xép tung diy con bang Insertion
sort.

e B3:1=1+1

— Néu i > k: = Dung

— Nguoc lai: = Budc 2.



2.2.5 PP ShellSort

CTDL&GT

e Cho day bén dudivoin =38, h={5, 3, 1}.
10 3 7 6 2 5 4 16

Day 1

10 5
Day 2

—~J ¢
4

BEVAC] »




CTDL&GT

hy,=3

2.2.5 PP ShellSort




2.2.5 PP ShellSort

BEVA

i
>

Sap xep chen

00000000



CTDL&GT

2.2.5 PP ShellSort

« h[] chira c4c bude nhay, s6 phan tir h 12 k

- {

12.
13.
14.
15. }

void ShellSort(int a[], int n, int h[], int k)

Int step, 1, ;
Int x, len;
for(step = 0; step < K; step++) {// duyét qua tirng bude nhay
len = h[step]; // chiéu dai ctia budc nhay
for(i = len; 1 < n; i++) { // duyét cac day con
X = a[i]; // Tuu phan tir cudi dé tim vi tri thich hop trong day con
J=1-1len; // a[j] déng trudc a[i] trong cing day con
while (X < a[j]) && (j > 0)) { // sip xép diy con chira x dung pp chén
a[j+len] = a[j]; /7 doi vé sau theo day con

j=]—len; /I qua phan tir trude trong day con
}
a[j+|en] = X, /I dua X vao vi tri thich hop trong day con
}// end for i
}/ end for step



2.2.6 PP QuickSort

« Thuéat todn do Hoare dé xuat
— Tdc d6 trung binh nhanh hon thuét toan khéc
— Do d6 Hoare dung “quick” dé dat tén
* Y tudng chinh
— QS phan hoach ddy ban dau thanh hai phan dua
vao mot gia tri X
e D3y 1: gom C4c phan ttr a[i] ko 16n hon x
« D3y 2: gom C4cC phan ttr a[i] ko nho hon x



2.2.6 PP QuickSort

Sau khi phan hoach thi ddy ban dau dugc phan
thanh ba phan:

alk] <x, voi k=1...I

alk] = x, voi k =1..]

alk] > x, voi k =J..n

a[kl'< x  a[k]l=x  a[k]> x




2.2.6 PP QuickSort

GT phan hoach day a[left], a[left+1]....,a[right] thanh

hai day con:

B1: Chon tlly y mot phan tir a[k] trong day 1a gid tri
moc, left < k <right,

— Cho x = a[k], 1 = left, j = right.
B2: Tim va hoan vi cip phan tir a[i] va a[j] khong
dung tht tu dang sap.

— B2-1: Trong khi a[I] < X = 1++;

— B2-2: Trong khi a[j] > X = J--;

— B2-3:Néui<j = Swap(a[il, a[j]) // a[i], a[j] sai tht tu
B3:

— Néui<j: = Budc 2;

— Néui=>j: = Dung.



2.2.6 PP QuickSort

« GT dé sap xép day a[left], a[left+1]....,a[right]: duoc
phat bicu theo cach dé quy nhu sau:
« B1l: Phan hoach day a[left]...a[right] thanh cac day
con.
— Day con 1: a[left]...a[j] < x
— Day con 2: a[j+1]...a[iI-1] = x
— Day con 3: a[i]...a[right] > x
o B_Z:
— Néu (left <)) // ddy con 1 c6 nhiéu hon 1 phan tir
» Phan hoach day a[left]...a[j]
— Néu (i < right) // day con 3 c6 nhiéu hon 1 phan tt
« Phan hoach day a[i]...a[right]




BRI = O 1D =

2.2.6 PP QuickSort

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

Int L ], X;
X = a[(left+right)/2];
| = left; | =right;
do {
while (a[i] < x) 1++;
while (a[j] > x) J--;
if(1<=)){
Swap(ali], alj]);
i++:

j=-

¥
} while (i<j);
if (left <j)
QuickSort(a, left, j);
if (right > i)
QuickSort(a, 1, right);

/l chon phan tir gitta 1am goc

/I lap dén khi a[i] >= x
/I ap dén khi a[i] <= x

/l qua phan tir ké tiép
// qua phan tir diing trudc

// ph doan bén trai

I/ ph doan bén phai



2.2.7 PP RadixSort

» Khong quan tdm dén viéc so sanh gia tri cac
phan tu

» Str dung céch thirc phan loai cac con so va thi
tu phan loai cac con so6 nay deé tao ra thir tu
« Con goi la phuong phap phan 10



2.2.7 PP RadixSort

493 812 715 710 195 437 582 340 385

[ Phanisinang d>

Sau khi phan lo
theo hang don vi
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2.2.7 PP RadixSort

710 340 812 582 493 715 195 385 437

D D Phan/lo hang ch}

Sau khi phan lo
theo hang chuc

7

S6 hang chuc BEVA
0

1 710 812 715
2

3 437

4 340

5

§)

I

8 582 385
9 493 195

710 812 715 437 340 582 385 493 195




2.2.7 PP RadixSort

710 812 715 437 340 582 385 493 195

|| | iphaniielhang tr5> 36 hang tram | Day con
1 195
2
3 340 385
4 437 493
0 582
6
Sau khi phan 16 7 210 715
theo hang tram 3 51
s b

195 340 385 437 493 582 710 715 812



2.2.7 PP RadixSort

 GT RadixSort thuc hién nhu sau:
» Xem mdi phan ttr a[i] trong day a[1]...a[n] la
mot s6 NQuyén ¢ toi da m chit s6
o Lan luogt phan loai cac chit so theo hang don
vi, hang chuc, hang tram...
— Tai mdi budc phan loai ta s& nodi cac day con tir
danh sach da phan loai theo thir tw 0 — 9.

— Sau khi phan loai xong & hang thir m cao nhat ta sé
thu duoc danh sach cac phan tir dugc sap.



2.2.7 PP RadixSort

B1: k = 0; // k thé hién chir s6 phan loai, k =0 hang don vi,
k=1 hang chuc...
B2: // Tao cac ddy chira phan tir phan loai B[0]...B[9]
Khéi tao B[0]...B[9] rong, BJ[i] s& chira cac phan tir ¢6 chit so
thir K la 1.
B3:

— Fori=1ltondo

. Dit a[i] vao day B[j] véi j 14 chit s tha k cta a[i].

— N6i B[0], B[1]...., B[9] lai theo dting trinh tu thanh a.
B4:

— k=k+1

— Néu k < m: = Buéc 2. /I m 1 so lugng chit s6 t6i da ctia CAC sO

— Nguoc lai: = Dung.



2.2.7 PP RadixSort

void RadixSort(long a[], int n){

BT = O N

9

10.
11.
12.
13.
14,
15.
16.

inti, j, d, digit, num;

int h = 10; // bién d¢ lay cac con so, bat dau tir hang don vi
long B[10][MAX]; // mang hai chiéu chira cic phan tir phan 16
int Len[10]; I kich thudc ctia tirng mang B[]

for(d = 0; d < MAXDIGIT; d++) {
4 for(i = 0: i < 10; i++) // khéi tao kich thudc cac ddy B[i] 12 0
Len[i] =0;
for(i = 0; i < n; i++) { // duyét qua tat ca C4c phan tir ciia mang
digit = (a[i] % h) / (h / 10);  // 14y con s6 theo hang h
B[digit][Len[digit]++] = a]i];
Y/ end for i
num = 0; // chi s bat dau cho mang a[]
for(i = 0; i < 10; i++) // duyét qua céac day tir B[0] — dén B[9]
for(j =0; j < Len[i]; j++)
a[num++] = B[i][j];
! h*=10; // qua hang ké tiép.
}// end for d

}// end RadixSort
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