. KHOA CONG NGHE THONG TIN
O TRUONG DAI HOC KHOA HOC TU NHIEN




Bai toan sap xép

» S3p xép mdt danh sach cac d6i tugng theo mét thir tu nao dé
13 m&t trong nhitng cdng viéc phd bién

» S3p xép 13 mdt yéu ciu khéng thé thiéu trong viéc viét phan
mém (rng dung

» Do d6, nghién cltu cic phuong phép sap xép 13 can thiét cho
nhitng ai hoc lap trinh



Bai toan sap xép (cont.)

Dinh nghia 1

Cho mot ddy a c6 n phan tir c6 thir tu. Hiy sp xép diy
{ao0, a1, ..., an—1} theo th{ tu t3ng dan.




Cac phudng phap sap xép

Cé rat nhidu phuong phéap s3p xép khac nhau. Mdi phuong phap
c6 nhitng d3c diém riéng
» Phuong phéap Selection Sort
» Phuong phép Insertion Sort
» Phuong phap Bubble Sort
» Phuong phéap Shell Sort
» Phuong phap Heap Sort
» Phuadng phap Merge Sort
» Phuong phap Quick Sort
» Phuong phap Radix Sort
» Phuong phap Counting Sort

B L cructure & Algorithm



SELECION SORT




Selection Sort

Y tudng ctia thuit toan nhu sau: Gid st ddy a dudc chia lam hai
phan: phan trén trai da sap xép s va phan bén phai chua sap
Xep u

l.s=0vau=a

2. Tim phan tl nhdé nhit x,, clia u

3. Loai x, ra khdi u thém vao cubi clia s

4. Néu u van con phan ti thi quay lai buéc 2




Selection Sort (cont.)

1 void SelectionSort(int al], int n)
2 {

3 int min;

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

5 {

6 min = ij;

7 for (int j = 1i + 1; j < n; j++)
8 if (aljl < almin])

9 min = j;

10 if (almin] < alil)

11 Swap(al[min], alil);

12 }




Danh gia

Phan tich chi phi thuc hién theo n (s6 lugng phan ti cla mang)

Trudng hgp  O(g(n))
t6t nhat ?
trung binh ?
xau nhat

-~J




INSERTION SORT




Insertion Sort

Y tudng ctia thuit toan nhu sau: Gid st ddy a dudc chia lam hai
phan: phan trén trai da sap xép s va phan bén phai chua sap
Xép u

1.
2.
3.
4,
5.

>

s=0vau=a

L3y phan t&r dau tién x cla u

Loai x ra khéi u

Chén x vao s sao cho dilng vi tri

Néu u van con phan tir thi quay lai buéc 2

10



Insertion Sort (cont.)

1 void InsertionSort(int al], int n)
2 {

3 int saved;

4 for (int i = 1; i < n; i++)

5 {

6 saved = al[il;

7 for (int j = i; j > 0 && saved < alj - 11; j--)
8 aljl = alj - 11;

9 aljl = saved;

10 }

11

11



Danh gia

Phan tich chi phi thuc hién theo n (s6 lugng phan ti cla mang)

Trudng hgp  O(g(n))
t6t nhat ?
trung binh ?
xau nhat

-~J
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BUBBLE SORT




Bubble Sort

Thuét toan Bubble Sort 13 mét trudng hop cu thé clia Selection
Sort. Giai doan tim phan tir nhé nhat dudc thuc hién bang cach
lam cho phan t&r nhd nhat ndi ra phia dau cla diy u

14



Bubble Sort (cont.)

1 void BubbleSort(void)

2 {

3 int i, j;

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

5 for (j =n - 1; j >= i + 1; j--)
6 if (alj] < alj - 11)

7 Swap(aljl, alj - 11);

8 1}

15



Danh gia

Phan tich chi phi thuc hién theo n (s6 lugng phan ti cla mang)

Trudng hgp  O(g(n))
t6t nhat ?
trung binh ?
xau nhat

-~J
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SHELL SORT




Shell Sort

» Dugc dé xuat béi [Shell, 1959]
» Thuit todn ndy |3 cai tién cha thuit toan Insertion Sort
» C6 su ddt pha vé rao can chi phi O(n?) clia nhitng thu4t toan
truéce
Y tudng clia thuit toan
» Chia day a thanh h d3y con

a0, 40+h; A0+2h> ---
al, di+h, d1+42h; ---
a2, d2+h, 2+42h, ---

» S3p xép tiing d3y con bang cach st dung phuong phéap chén
truc tiép Insertion Sort

18



Shell Sort (cont.)

Thuat toan sé

» S dung mét 1 ddy {hy, ho, ..., h;} 12 mot ddy gidm dan va cé

hy = 1.

» VAan dé 13 lua chon diy h; nhu thé ndo cho hiéu qua
Cac chién lugc cho diy h; nhu sau

» Shell dé& xuit A

hy = g, hiy1 = 5’
» Hibbard dé nghi .
hi=2—1
» Knuth dua ra
hy =1,hiy1 =3h +1

» Pratt dé xuit
hy =1, h; = 2P39

R cucture & Algorithm 19



Danh gia

Phan tich chi phi thuc hién theo n (s6 lugng phan ti cla mang)

Trudng hgp  O(g(n))
t6t nhat ?
trung binh ?
xau nhat

-~J
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HEAP SORT




Heap Sort

Dinh nghia 2
Cay heap la mo6t cay nhi phan bo phan hoan chinh
» Co hai cay heap
» Max heap: khéa clia mdi niit khdng nhé hon khéa clia
cac con clia nd
» Min heap: khéa clia mdi niit khdéng 16n hon khéa ciia cac
con ctia né

» Nt gbc clia cly bd phan |3 phan tir nhd nhat cla cay

22



Biéu dién Heap bang mang

Ta c6 thé biéu dién cdy nhi phan ddy di b3ng mang. Vi du sau sé
minh hoa céach biéu dién mot d3y gdbm cé 6 phan ti
{ag, a1, a9, a3, a1, a5} bang cay nhi phan day du

» Nat gbc 13 ap

» Nt 13 13 a3, a4, as

Vidu 1l

Hay biéu dién mot day {1, 4, 8, 9, 3, 7} bing mdt cay nhi phan
day da

C6 mét s6 nhan xét sau vé biéu di&n mang clia ciy nhi phan day
da

» Nat gbc & chi sb [0]

» Nat cha cda nat [i] ¢ chi sb 1a [(i-1)/2]

23



Biéu dién Heap bang mang (cont.)

» Cac nlt con cla nat [i] c6 chi sb 13 [2i+1] va [2i+2]
» Nut con cda nat [0] 13 [1] va [2]

» Nt cha cta nat [7] la [3]

» Nt cha cta nat [6] la [2]

24



Thao tac diéu chinh cay nhi phan thanh Heap

Xét mot nut trén céy
1. Néu nit dang xét cé gia tri 16n hon gia tri clia nit con ciia né
thi tién hanh déi chd véi nit con cé gia tri I6n nhat
2. Tiép tuc tién hanh tuong tu cho niit con vira déi

25



Cai d3t hiéu chinh cay

Sau day 1d mot ham cai dit bang C cho thao tac hiéu chinh cay
thanh Heap

1 void Heapify(int a[l], int n, int i)
2 {

3 int saved = alil;

4 while (i < n / 2)

5 {

6 int child = 2 *x i + 1;

7 if (child < n - 1)

8 if (alchild] > alchild + 1])
9 child++;

10 if (saved <= al[child])

11 break;

12 ali] = alchild];

13 i = child;

14 }

15 a[i] = saved;

16 1}

B L cructure & Algorithm
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Thuat toan Heap Sort

Thuat toan s3p xép Heap Sort
» Xay dung cdy Heap: St dung thao tac hiéu chinh Heapify dé
chuyén mdt mang binh thudng thanh mét mang Heap
» Thao tac s3p xép
1. Hodan vi phan tir cudi cling ctia mang Heap véi phan ti
dau tién cha Heap
2. Loai bdé phan ti cudi cling khéi mang Heap
3. Thuc hién thao tac hiéu chinh Heapify v6i phan con lai
mang Heap
Khi xay dung mang Heap hdy luu y mot sb diém sau
» TAt c3 cic phan tl trén mang Heap cé chi sb [n/2] dén [n-1]
déu 1a nat 13
» Thuc hién thao tac hiéu chinh Heapify cho cac phan tir c6 chi
s6 tir [n/2-1] dén [0]

B L cructure & Algorithm
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Thuat toan Heap Sort (cont.)

Chuaong trinh 1: Sau day la cai d3t thuat todn ham x3y dung mang
Heap

void BuildHeap(int a[], int n)
{

for (int i = n / 2 - 1; i >= 0; i--)
Heapify(a, n, i);

28



1
2
3
4
5
6
7
8
9

Thuat toan Heap Sort (cont.)

Chuong trinh 2: Sau day 13 cai d3t thuat toan sip xép

void HeapSort(int al], int n)
{
BuildHeap(a, n);
for (int i = n - 1; i >= 0; i--)
{
Swap(al[0], alil);
Heapify(a, i, 0);
}
}

29



Danh gia

Phan tich chi phi thuc hién theo n (s6 lugng phan ti cla mang)

Trudng hgp  O(g(n))
t6t nhat ?
trung binh ?
xau nhat

-~J
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MERGE SORT




Merge Sort

Ham MergeSort nhan mét danh sich cé d6 dai n va tra vé mét
danh sach d3 dugc s3p xép. Ham Merge nhan hai danh sach d3
dugc s§p L1 va L2 mdi danh sach c6 d6 dai n/2, tron ching lai véi
nhau dé€ duoc mét danh sich gdm n phan tir ¢é thir tu.

1 List MergeSort(List L)

2 {

3 List L1, L2;

4 if (L.length <= 1)

5 return (L);

6 else

7 {

8 Split(L, L1, L2);
9 return (Merge(MergeSort(L1), MergeSort(L2)));
10 }

11 3

B L cructure & Algorithm
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Minh hoa hoat dong Merge Sort

S3p xép danh sach L gdm 8 phan ti {7,4,8,9,3,1,6, 2}




Danh gia

Phan tich chi phi thuc hién theo n (s6 lugng phan ti cla mang)

Trudng hgp  O(g(n))
t6t nhat ?
trung binh ?
xau nhat

-~J
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QUICK SORT




Quick Sort

Y tudng ctia thuit toan nhu sau: DAy ciing 13 mét hudng tiép can
"chia nho bai toan”

1. Chia ddy a thanh hai day con bén trai aj.s va bén phai asgn:
sao cho cac phan tif thudc d3y trai déu nhd hon cac phan tir
thudc day bén phai

2. S&p xép cho cac d3y ajer Va aright

3. N&i hai day trai va phai véi nhau a = aleft Aright

36



Quick Sort (cont.)

Chuang trinh 3: Sau day la cai dat ham Quick Sort

1 List QuickSort(List a)
2 {

3 List aleft, aright;
4 if (a.Length <= 1)
5 return a;
6 else

7

8

9

{

Split(a, aleft, aright);
return Join(QuickSort(aleft), QuickSort(aright)
)

37



Danh gia

Phan tich chi phi thuc hién theo n (s6 lugng phan ti cla mang)

Trudng hgp  O(g(n))
t6t nhat ?
trung binh ?
xau nhat

-~J
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RADIX SORT




Radix Sort

Y tudng

>

Cac phuong phap sap xép truéc day chi st dung phuong phap
so sanh thr va sai

Radix Sort 13 phuong phéap s3p xép sir dung théng tin clia
khoa.

Cu thé 13 phuong phap nay s& nhém cac khéa cé cling chit s6
thir i thanh mét nhém day 13 buéc phan bd

Budc ké tiép 13 k&t hop cadc nhém nay lai thanh mét diy duy
nhit. Qua trinh phan bé-két hop dudc thuc hién cho dén khi
hét cac chit s6

Vay cé hai phuong phap chinh: Least significant digit di tu
phdi qua trdi va Most significant digit di tir trai qua phai

B ructure & Algorithm
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ai dat

1
2
3
4
5
6
7

8
9
10
11

12
13
14
15
16
17

B L cructure & Algorithm

void RadixSort(int al[l, int n)

{

X

int i, j, k, factor;
const int radix = 10;
const int digits = 6;
Queue<long> queues[radix];

for (i = 0, factor = 1; i < digits; factor *= radix
3 i++)

{
// Phan bo

for (j = 0; j < n; j++)
queues [(a[j] / factor) % radix].enqueue(alj
1)
// Ket hop
for (j = k = 0; j < radix; j++)
while (!queues[j].empty())
al[k++] = queues[j].dequeue();

41



Minh hoa thuat toan

» Cho mét ddy chua sip xép {170, 45, 75, 90, 802, 2,
24, 66}

» Viét lai cho d0 3 chit s6 {170, 045, 075, 090, 802, 002,
024, 066}

42



Minh hoa thuat toan (cont.)

» Phan bd theo nhém hang don vi {170, 045, 075, 090,
802, 002, 024, 066}
: 170 090

0

1:

2: 002 802
3:

4: 024

5: 045 075
6: 066

7

8

9

» GOp cac nhém {170, 090, 002, 802, 024, 045, 075,
066}

43



Minh hoa thuat toan (cont.)

» Phan bd theo nhém hang chuc {170, 090, 002, 802,
024, 045, 075, 066}
: 002, 802

: 024

0
1
2
3:
4: 045

5:

6: 066

7: 170, 075
8
9

: 090
» GOp cac nhém {002, 802, 024, 045, 066, 170, 075,
090}




Minh hoa thuat toan (cont.)

» Phan bd theo nhém hang trdm {002, 802, 024, 045,
066, 170, 075, 090}
0: 002, 024, 045, 066, 075, 090
1: 170

802

© 00 N O O W N

» GOp cac nhém {002, 024, 045, 066, 075, 090, 170,
802}

45



Danh gia

Phan tich chi phi thuc hién theo n (s6 lugng phan ti cla mang)

Trudng hgp  O(g(n))
t6t nhat ?
trung binh ?
xau nhat

-~J
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COUNTING SORT




Counting Sort

Y tudng
» Counting Sort 13 phuong phap s3p xép st dung thdng tin ctia
khoa.
» Cac sb s& dugc dém
» C3n cif vao gia tri dém thi s& xac dinh chinh xac vi tri clia sb
trong mang

48



Ca

i dat

O ~NO OGP WN

©

11
12
13
14
15
16
17
18

const int RANGE = 256;
void countSort(int al[l, int n)

{

int i, j;
int count [RANGE];
memset (count, 0, sizeof (count));

for (i = 0; i < n; i++)
count [a[i]]++;
i = 0;

for (int j = 0; j < RANGE; j++)
{
while (count[j] > 0) {

alil = j;
count [j1--;
i++;

49
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