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//// NOI DUNG \\\\

e GIAI THUAT SAP XEP DON GIAN

— bubble sort, selection sort, insertion sort
e GIAI THUAT SAP XEP NHANH

— quick sort, heap sort, bin sort

g ,




/ GIOT THIEU \

e TAI SAO CAN SAP XEP

— Sap x€p Mot danh sach cac doi tugng theo mot
thir tu nao do la mot bai toan co y nghia trong
thuc tién

— Sap x€p la mot yéu cau khdng thé thiéu trong
khi thi€t ké cac phan mém Ung dung

— Nghién cltu phuang phap sap x€p la rat can thiét

g ,




/ GIOT THIEU \

e KHAI NIEM

— Sap xép trong la su sdp x&p dir liéu dugc td chirc
trong bd nhd trong cua may tinh

— Cac d6i tugng can dudc sap xép la cadc mau tin
gom mot hoac nhiéu trudng. Mot trong cac
trudng dudc goi la khda (key), kiéu ctia né la
mot ki€u c6 quan hé thir tu' (nhu céc ki€u s6
nguyén, so thuc, chuoi ky tu)

— Danh sach cac doi tugng can sap xép la mot
mang cua cac mau tin vua noi G trén
4




/ GIOT THIEU \

e KHAI NIEM

— Muc dich cla viéc sap x&p la td chdc lai cdc mau
tin sao cho cac khda clia ching dugc sap thar tu
tuong U'ng vd&i quy luat sap x€ép

— Sap x€p ngoai la sy sap x€p dugc str dung khi s6
ludng doi tugng can sap x€p I6n khong thé luu
tr{r trong bo nhd trong ma phai luu trif trén bo
nhG ngoai

g ),




a GIOT THIEU N

e DINH NGHIA VA KHAI BAO TRONG CAC VI DU MINH HOA

#define N 10000
typedef 1int keytype;
typedef float othertype;
typedef struct {

keytype key;

othertype others;

\\\i\iecordtype; ///////
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/ GIOT THIEU

e HAM HOAN VI TRONG CAC Vi DU MINH HOA: O(1)

void swap(recordtype *x, recordtype *y) {
recordtype temp;
temp = *x;
*x = *y;

*y = temp;
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Khda
Budc

Ban dau

Budc 1

Budc 2
Budc 3
Budc 4
Budc 5
Budc 6
Budc 7
Budc 8
Budc 9

Két qua

a[0]

a[1]

a[2]
2

6

a[3]
2

2

a[4]
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3

Bubble sort

A[5]
12

10

a[6]
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9
12
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10
10
10
10
10

10

a[9]
3
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10
10
12
12
12
12
12
12

12




/ Bubble sort \

e GIAI THUAT

— Budc 1: Xét cac phan tu a[j] (j tu' n-1 dén 1),
néu khoa cua a[j] nho han khoa cua a[j-1] thi
hoan vi a[j] va a[j-1]. Sau budc nay thi a[0] co
khoa nho nhat

— Budc 2: Xét cac phan tU a[j] (j tu n-1 dén 2),
néu khoa cua a[j] nho han khoa cua a[j-1] thi
hoan vi a[j] va a[j-1]. Sau budc nay thi a[1] co
khoa nho thir 2

\— Sau n-1 budc thi két thuc J
9




/ Bubble sort \

void bubble sort(recordtype a[], int n) {
int 1i,7;
for(i= @; i<= n-2; i++)
for(j=n-1;j>=i+1; j--)
if (a[j].key < a[j-1].key)
swap(&a[j],&a[j-1]);
}

g A




/ Bubble sort

e DO PHUC TAP
— S0 phép so sanh: O(n?)
— S0 lan hoan vi toi da: O(n?)
— D06 phtrc tap: O(n?)
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Khoa
Budc

Ban dau
Budc 0
Budc 1

Budic 2
Budc 3
Budc 4
Budc 5
Budc 6
Budc 7
Budc 8

Két qua

Selection sort

[0] a[1] a[2] a[3] a[4]
5 6 2 10
2 6 5 10
2 5 6 10

3 6 10

5 10

6

2 2 3 5 6

12

12

12

12

10

10

10

10

10

10

12

12

10

10

10

10

10

12

12




/ Selection sort \

e GIAI THUAT
— Budc 0, chon phan tu co khdéa nho nhat trong n
phan tu a[0] ,..., a[n-1] va hoan vi no vdi a[0]
— Budc 1, chon phan tu co khdéa nho nhat trong
n-1 phan tur a[1],..., a[n-1] va hoan vi no vdi a[1]
— BuGc i, chon phan t&r co khoa nho nhat trong n-i
phan tu a[i], ..., a[n-1] va hoan vi no vdi a[i],

— Sau n-1 budc nay thi mang da dugc sdp x&p

g A




/ Selection sort \

void selection sort(recordtype a[], int n) {
int 1i,7j,lowindex;
keytype lowkey;
for (i=0; i<(n-1); i++) {
lowindex = i; lowkey = a[i].key;
for (j = i+1; j <n; j++)
if (a[j].key < lowkey) {
lowkey = a[j].key; lowindex = j;
}

swap(&a[i],&a[lowindex]);
\\\\\i\ ///////
! 14




/ Selection sort

void selection sort2(recordtype a[], int n) {
int 1i,7j,lowindex;
for (i=0; i<(n-1); i++) {
lowindex = 1i;
for (j = i+1; j <n; Jj++)
if (a[j].key < a[lowindex].key)
lowindex = j;
swap(&a[i],&a[lowindex]);
}
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a

Selection sort

e DO PHUC TAP

- S6
- S0
- S6

hhé
hhe

an

p 50 sanh: O(n?)

3p gilr khda bé toi da: O(n?)

noan vi toi da: O(n)

— D06 phtrc tap: O(n?)
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Budc

Ban dau

Budc 1

Budc 2

Budc 3

Budc 4

Budc 5

Budc 6

Budc 7

Budc 8

Budc 9

Insertion sort

Khda a[0] a[1] a[2] a[3] a[4] a[5] a[6]
5 6 2 2 10 12 9
5 6
2 5 6
2 2 5 6
2 2 5 6 10
2 2 5 6 10 12
2 2 5 6 9 10 12
2 2 5 6 9 10 10
2 2 5 6 9 9 10
2 2 3 5 6 9 9

A[7]

10

12
10

10

12

10

12




/ Insertion sort \

e GIAI THUAT

— Xem phan tu a[0] la mot day da co thu tu

— BuGc 1: xen a[1] vao danh sach da cé thd tu
a[0] sao cho a[0], a[1] la danh sach co th( tu

— Budc 2, xen a[2] vao danh sach da co tha tu
a[0], a[1] sao cho a[0], a[1], a[2] |a mOt danh
sach co tha tu

— Téng quat, budc i, xen a[i] vao danh sach da
cd tha tu a[0], a[1], ... a[i-1] sao cho a[0],

a[1],.. a[i] la mot danh sach co thir tu.
\— Sau n-1 buGc thi két thuc J
18




a

void insertion sort(recordtype

Insertion sort

int i,7;

for (1 = 1; i<= n-1; i++) {

O

] =13

while ((j>0) && (a[j].key < a[j-1].key)) {

swap(&a[J], &a[j-1]);
J= J-1;

a[], int n) {

I
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/ Insertion sort \

e DO PHUC TAP
— S0 phép so sanh: O(n?)
— S0 lan hoan vi toi da: O(n?)
— D06 phtrc tap: O(n?)
— Néu mang cé thd tu mot phan => giai thuat
thu'c hién voi d6 phuc tap it han rat nhiéu

g A




/ Quick sort \

e GIAI THUAT

— Chon mot gia tri khda v lam chot (pivot)

— Phan hoach day a[0]..a[n-1] thanh 2 mang con
"trai" va "phai". Mang con "trai" la cac phan tu
co khoa nho hon chot v, mang con "phai" la
cac phan tur cé khoda I6n hon hodc bang chét v

— Sap x€p mang con “trai” va mang con “phai”

— Viéc sap xép mang con “trai” va “phai” cling
dugc ti€n hanh bang phuong phap trén

g A




/ Quick sort \

e CHON KHOA CHOT v
— Chon gia tri khda I6n nhat trong hai phan tur cd khoa
khac nhau dau tién ké tur traéi qua
— Néu mang chi gdm mot phan tu hay gom nhiéu
phan tr co khoa bang nhau thi khong cd chot
— Vidu: chomang cé khoala 6, 6,5, 8, 7, 4
ta chon chot la 6 (khoa cua phan tur dau tien)

— Vi du: cho mang co khoa la 6, 6, 7, 5, 7, 4, ta chon
chét la 7 (khoa cua phan tu tha 3)

— Vi du: cho mang co khoa la 6, 6, 6, 6, 6, 6 thi khong

c6 chot (cac phan tir cd khoa bang nhau)
kVi du: cho mang c6 mét khoa la 6 thi khong C(')C)ﬁ'ﬁ/
(do chi co mot phan tu) 22




/ Quick sort \

e PHAN HOACH

— Dung 2 "con nhay" L va R trong doé L tu bén trai va
R tU bén phai

— Cho L chay sang phai cho t&i khi gap phan tur co
khda = chot

— Cho R chay sang trai cho tdi khi gap phan tu co
khda < chot

— Tai cho dirng ctia L va R néu L < R thi hoan vj a[L],
a[R]

— Lap lai qua trinh dich sang phai, sang trai cua 2 "con
nhay" L va R cho dén khi L > R

— Khi d6 L sé la diém phan hoach, a[L] la phan tir dau
tién cua mang con “bén phai” 73




L=0

Chi sO
Khoa

0
5

Quick sort




Quick sort




Chi sO
Khoa

Quick sort




Chi sO 0 1
Khoa 5 4

Quick sort




Chi so
Khoa

Quick sort




Chi s6
Khoa

Quick sort




Chi sO
Khoa

Quick sort




Chi sO
Khoa

Quick sort




Quick sort

Chi s 0 1 2 3 4 5
Khoa 5 4 2 1 5 12




Chi s6
Khoa

0
5

Quick sort

| =
3 4 5
1 5 12
Chétp =8




Quick sort

Chi s 0 1 2 3 4 5 6 /
Khoa 5 4 2 1 5 12 8 10




Quick sort

Chi s 0 1 2 3 4 5 6 7/
Khoa 5 4 2 1 5 12 8 10




Chi sO
Khoa

Quick sort

10

15
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e GIAI THUAT SAP XEP MANG a[i]..a[j]

— Xac dinh ¢

— Phan hoac
ali]..a[k-1
— Goi dé quy sap xé
— Goi dé quy sap xé
— Pé quy sé dung khi khong con tim thay chot

g

Quick sort \

N

Not
N mang

] va a[Kk].

da cho thanh hai mang con
aljl.
0 mang a[i]..a[k-1]

0 mang a[k]..a[]j]

A




Quick sort

3
10

4
5

Chétp =8
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5
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12
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8
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//// Qukkso? - 8\2\

Chi soO 0 1 2 3 4
Khoa 5 4 2 1 5 12 8 10 15 8

5 4 2 1 5 12 8 10 15 8




Quick sort

Chiss 0 1 2 3 4 5 6 7 8 9

Kho3 5 4 2 1 5 12 8 10 15
Chétp=8
5 4 2 1 5 12 8 10 15 8
1 5
Chétp=5 Chétp = 12

1 4 2 5 5

2 4

Chotp=4 xong

1 2 4

Chétp=2 xong

1 2
xong Xong 40




Chis6 O 1
Khoa 5 4
5 4
1
1 4
2
Chét p
1 2
Chétp =2
1 2

Xxong Xxong

Quick sort

2 3 4 5 6 / 8 9
2 1 5 12 8 10 15 8
Chétp =8
2 1 5 12 8 10 15 8
5 8 12

Chétp=5 Chétp = 12
2 5 5 8 8 10 15 12
4

=4 xong Chotp=10  Chotp=15
4 8 8 10

xong xong Xong




Chi sO
Khoa

0 1

5 4

5 4

1

1 4
2

Chét p
1 2
Chétp=2
1 2

Xong xong

Quick sort

2 3 4 5 6 7 8 9
2 1 12 8 10 15 8
Chétp=8
2 1 5 12 8 10 15 8
5 3 12
Chétp =5 Chét p = 12
2 5 5 8 8 10 15 12
4 12 15
=4 xong Chotp=10  Chotp =15
4 8 8 10 12 15
xong xong  Xong Xxong xong




Quick sort

int find_pivot(recordtype a[], int i, int j) {
int k = 1+1;
keytype firstkey = a[i].key;
while ((k <= j) && (a[k].key == firstkey))
K++;
if (k > j)
return -1;
else
if (a[k].key>firstkey)
return k;
else

return 1i;




Quick sort

int partition(recordtype a[], int i, int j, keytype pivot) {

int L,R;
L = 1i;
R =73;

while (L <= R) {
while (a[L].key < pivot) L++;
while (a[R].key >= pivot) R--;
if (L<R)
swap(&a[L],&a[R]);
}

return L;




Quick sort

void quick sort(recordtype a[], int i, int j) {
keytype pivot;
int pivotindex, k;
pivotindex = find pivot(a, i, j);
if (pivotindex != -1) {
pivot = a[pivotindex].key;
k = partition(a, i, j, pivot);
quick _sort(a, i, k-1);

quick_sort(a, k, j);




/ Quick sort
e DO PHUC TAP

— Ham find_pivot luon tim dugc chot va dé quy chi

dirng khi kich thudc bai toan bang 1

— T(n): do phuc tap cua quick_sort (n phan tu)
— PO phurc tap cua find_pivot va partition Ia O(n) = n
— Khi n = 1, quick_sort goi find_pivot voi do phic tap

la O(1) =1

— Truong hdp xau nhat, phan hoach bi Ieéch (phan tu

ch6t ngay cudi day soO)

T<n>={ |
\ Tn-1)+T(1)+n (n>1)
— T(n) = O(n?%)

(n=1)

I

A




/ Quick sort \

e DO PHUC TAP
— T(n): do phutc tap cua quick_sort (n phan tr)
— B0 phurc tap cua find_pivot va partition Ia O(n) = n
— Khi n = 1, quick_sort goi find_pivot v3i do phuc tap
la O(1) =1
— Trudng hgp tot nhat, phan hoach can bang (phan tar
chét ngay gilra mang)

f

1 (n=1)

T = 2T(%)+n (n>1)

\

KT(n) = O(nlog(n)) J
47




/ Heap sort \

¢ Y TUONG
— Dua trén cau trdc heap hay priority queue
— Cay nhi phan day du c6 nut goc vdi do uu tién cao
hon bat ky nut nao cua 2 cay con: nut goc co do uu
tién cao nhat

— Lan lugt thuc hién cat bo ndt goc va xay dung lai
cau truc heap cho cac phan tu con lai, qua trinh Iap
lai d€n khi nao chi con 1 phan tu

— Cac nut bi cat tao thanh 1 day cd th tu

g A




/ Heap sort \

e GIAI THUAT

1. Xem mang la mot cay nhj phan. Moi n(t trén cay luu trir
mot phan t& mang, trong do a[0] la nut goc va moi nut
khong la nut 13 a[i] co con trai la a[2i+1] va con phai la
a[2i+2]. VG&i cach to chic nay thi cay nhi phan thu dugc sé
cd cac nut trong la cac nut a[0], ..., a[(n-2)/2]. Tat ca cac
nut trong déu co 2 con, ngoai tru’ nut a[(n-2)/2] co thé chi
cO mot con trai

. Sap x€p cay ban dau thanh mot heap

. Hoan vi nut goc a[0] cho cho nut la cudi cung

. Sap lai cdy sau khi da bo di nat 14 cudi dé tao mot heap mdi

. Lap lai qua trinh (3) va (4) cho t&i khi cay chi con mot nut,
nut nay cung voi cac nut la da bo di tao thanh mot mang
sap theo thu tu 49
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Criginal array

Heap sort

O

index| 0

value 1 4 & 8 H E
Heap array o

index | 0O 3 4 5

value | 2 4 1 2 ° °
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down

swap




a

Heap sort

N

EWE?'

JO

RN

4 2 4 2 4
/ [N [N ]
) 8 g 2
Sorted array

index | 0 1 2 3 5

value 1 s 4 & 2




/ Heap sort \
e push_down(a[], first, last) d& day a[first] xuéng dung vi tri

cua no trong cay

— Néu a[first] chi cd con trai va néu khoa cua nd nho han
khoa CL’lg con trai (a[first].key < a[2*first+1].key) thi
hoan doi a[first] cho con trai cua no va két thuc

— NéEu a[first] cd khoa nho han khoa con trai va khoa con
trai 16n hon khod con phai thi hoan dai a[first] cho con
trai cla nod, cO thé con trai sé khdng dung vi tri nén phai
xem xét lai con trai dé day xudng

— Néu a[first] c6 khoa nho hon khoa con phai va khoa cua
con phai I6n han khoa cua con trai thi hoan doi a[first]
cho con phai, co thé con phai sé khong dung vi tri nén

phai tiép tuc xem xét con phai dé cd thé day xubng
— Néu tat ca cac trudng hop trén déu khong xay ra thi
a[first] da dung vi tri 53




Heap sort

void pushdown(recordtype a[], int first, int last) {
int r = first;
while (r <= (last-1)/2)
if (last == 2*r+l1) {
if (a[r].key < a[last].key)
swap(&a[r],&a[last]);
r = last;
} else
if ((a[r].key<a[2*r+1l].key) && (a[2*r+l].key>=a[2*r+2].key)) {
swap(&a[r],&a[2*r+l1]); r = 2*r+l;
} else
if ((a[r].key<a[2*r+2].key) && (a[2*r+2].key>a[2*r+l].key)) {
swap(&a[r],&a[2*r+2]); r = 2*r+2 ;

} else

r = last;




Heap sort

void heap_sort(recordtype a[], int n) {

int 1i;

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

for(i = n-1; i>»=2; i--) {
swap(&a[0],&a[i]);
pushdown(a, 0, i-1);

}

swap(&a[0],&a[1]);

\_

/*
/*
/*
/*
/*

I

*/
*/
*/
*/
*/

A
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/ Heap sort

e DO PHUC TAP
— PO phuc tap push_down(a[], 0, n-1): O(logn)
— Tao heap (1-2): O(nlogn)

— Vong I3p cdt va tao heap (3-5), Ip n-2 [an, mai lan 18y

O(logn): O(nlogn)

g
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