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Merge Sort
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Bai toan sap xép
Céc thuat toan sap xép

C&u truc dif liéu va gidi thuat - HCMUS 2016

Giéi thiéu
Iy
o Bai toan sap xép: Sap xép la quéa trinh xr ly mot
danh séach cac phan tlr dé dat chang theo moét
thir tw thda yéu cau cho trwdc
o Vi du: danh sach trwédc khi sap xép:
{1, 25, 6,5, 2, 37, 40}
Danh séch sau khi sép xép:
{1,2,5, 6,25, 37, 40}
o Thoéng thwdng, sap xép gilp cho viéc tim kiém
dwoc nhanh hon.
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Giéi thiéu
[
o CAc phuwong phap sap xép théng dung:

o Bubble Sort

o Selection Sort

o Insertion Sort

o Quick Sort

o Merge Sort

o Heap Sort

o Radix Sort
l,:‘] Can tim hiéu c4c phuong phap sip xép va lua chon

phuong phéap phu hop khi sir dung.
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Selection Sort
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Y twéng
Iy
o M6 phdng céach sap xép tw nhién nhat trong

thwc té

o Chon phén tir nho nhét va dwa vé vi tri ding 13 dau day

hién hanh.
o Sau d6 xem ddy hién hanh chi con n-1 phan tu.
o Lap lai cho dén khi day hién hanh chi con 1 phén tur.
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Thuat toan

I
Cac budc cla thuat toan:
o Budc 1. Khéigani=0.
o Bwéc 2. Budc lap:
o 2.1. Tim a[min] nho nhat trong diy tir a[i] dén a[n-1]
0 2.2. Hoan vi a[min] va afi]
o Budc 3. So sanhiva n:
o Néu i <n thi tdng i thém I va lap lai budc 2.
o Nguoc lai: Dung thuat toan.
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Panh gia

o Danh gia giai thuat:
o S6 phép so sanh:
= Tai lwot i bao gi®r cling can (n-i-1) s6 1an so sanh
= Khéng phu thudc vao tinh trang day sé ban dau
S6 phép so sanh =
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Panh gia

[

o S6 phép gan:
o Tt nhat:

o XAu nhat:
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Panh gia
N

o D0 phirc tap cua thuat toan (khéng thay dbi):
O(n?)
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Heap Sort

C&u truc dif liéu va gidi thuat - HCMUS 2016

Y twéng

Iy

o Y twdng: khi tim phan tlr nhd nhéat & budc i,
phwong phap Selection sort khéng tan dung
dwgc cac théng tin d@ co nhé’ vao cac phép SO
sanh & bwéc i-1 2 can khac phuc nhwoc diém
nay.

o J. Williams da dé xuat phwong phap sap xép
Heapsort.
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Heap
I
o Dinh nghia Heap:
o Gia sir Xét truong hop sap xép ting dan, Heap duoc
dinh nghia la mgt ddy cic phan tt a, 4, ... @, thoa:
v&i moi 1 thude [1,r] (chi so bat dau tir 0)
aj = 841
& > ay1,, {(8),8511), (8),24i4,) 12 CAC cip phan tir lién d6i}
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Cac tinh chat ciia Heap

[ L ——

o Néu a;, a,, ... a la mét heap thi phan tir a (dau
heap) luén la phan t I&n nhat.

o Moi day a;, a4, ... a,v0Oi 2i + 1 > la heap.
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Thuat toan
ey
o Giai doan 1: Hiéu chinh day ban d4u thanh heap
(bat dau tlr phan tr gitra cta day)
o Giai doan 2: sap xép dwa trén heap.
o Budc 1: dwa phan tir 16n nhat vé vi tri dung & cudi ddy
o Budce 2:
= Loai bd phan t&r I&n nhat ra khdi heap: r=r—-1
= Hiéu chinh lai phan con lai cta day.
o Budce 3: Sosanh rva l:
= Néu r > | thi 13p lai bwéc 1.
= Nguwoc lai, dirng thuat toan.

C&u truc dir liéu va gidi thuat - HCMUS 2016

Heap Sort

Ly
o Ma gia (Twa ngdn ngi¥ 1ap trinh C):
void HeapSort(int a[], int n)
{

TaoHeap (a,n-1) ;

HoanVi(a[0], alr]):
r =r - 1;
HieuChinh (a,0,r);
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Heap Sort

45 ...
o Ma gia:
void TaoHeap (int al[], int r)
{
int 1 = r/2;
while (1 > 0)
{
HieuChinh(a, 1l,r);
1 =1-1;

C&u truc dir liéu va gidi thuat - HCMUS 2016

Heap Sort

T
o Magia:
void HieuChinh (int a[], int 1, int r)
{
i =1; jJ = 2*i+l; x = a[i];
while(j <= r)
{
if(c6 du 2 phan ti lién doi)
//x4c dinh phdn tu 1ién d6i 1én nhéit
if(a[j] < x) //thda quan hé lién ddi
//dung
else
//hiéu chinh
//xét kha ning hiéu chinh lan truyén

C&u trdc dir liéu va giai thuat - HCMUS 2016

10



© FIT-HCMUS

Heap Sort

2
o Danh gia giai thuat:
o Do phic tap cia giai thuat (khéng thay do6i): O(nlog,n)
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Quick Sort
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Y twéng

S2 dwa vao phan t&r mbc p:

(T

o Phan chia day can sap xép thanh 2 phan S1 va

C&u truc dir liéu va gidi thuat - HCMUS 2016

Sy 5
Al A
4 N A
<P P Zp
first pivotIndex last

Y twéng

o QuickSort(array[], first, last)
Néu (first < last)
{

Chon phan t&r méc pivot.

QuickSort (array, first, pivotindex-1)
QuickSort (array, pivotindex + 1, last)

} ”

A

el ...

Dwa vao gia tri pivot, phan hoach day array thanh 2 day
m¢&i S1 (first ... pivotindex-1) va S2 (pivotindex+1...last)

<p

p

C&u trdc dir liéu va giadi thuat - HCMUS 2016

first pivotIndex

last
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Phan hoach

o S dung thém 2 chi s6 lastS1 va firstUnknown
dé phan hoach.

o Tiép tuc phan hoach khi firstUnknown <= last.

Pivot Sy Sz Unknown
Ao A N
|4 e e A
1]
p <p 2p ?
first lastsl firstUnknown last
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Phan hoach
[ |
o Khéi tao

o lastS1 = first

o firstUnknown = first + 1

Unknown
A
e N\
p ?
first firstUnknown last
lasts1
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Phan hoach

ey
o Trong khi con phan hoach:
o Néu gid tr tai firstUnknown nho hon gia tri pivot
= Chuyén sang nhém S1
o Nguoc lai
= Chuyén sang nhém S2

o Két thic phan hoach:
o Pua pivot vé dang vi tri (d6i chd gia tri lastS1 va
first).
o pivotindex = lastS1

C&u truc dir liéu va gidi thuat - HCMUS 2016

N
Phan hoach
wap
Pua vé nhom S1
St Sy Unknown
A A Al
4 Y] Y\ N\
& Y
p <p zZp | zp <pi ?
1 1
first lastS1l lastSl+1 firstUnknown last
- DPwa vé nhém S2
Pivot Sy S; Unknown
‘ N A Al
4 Y hd Al
v :
p <p zp : ?
first lastsSl firstUnknown last
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Vi du
[
o Phan hoach day sé: 27, 38, 12, 39, 27, 16

27 38 12 39 27 16

Pivot S2 Unknown
Pivot | S2 | Unknown |

27 38 12 39 27 16
2

27 12 38 39 27 16

C&u truc dir liéu va gidi thuat - HCMUS 2016

Vi du

s g
o Phan hoach day sé: 27, 38, 12, 39, 27, 16

27 12 38 39 27 16

27 12 38 39 27 16
A A

27 12 16 39 27 38
A A
16 12 27 39 27 38
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Bai tap

ey

o Chay tay thuat toan Quick Sort dé sap xép
mang A trong 2 trwdng hop tang dan va giam
dan.

A={2,9,5,12, 20, 15, -8, 10}

C&u truc dir liéu va gidi thuat - HCMUS 2016

Quick Sort

ey
o Danh gia giai thuat:
o Hi¢u qua phu thudc vao viéc chon gia tri méc
= Tt nhét 1 phan t& median.

= Néu phan tr mg‘)c la curc dai hay cuc tiéu thi viéc phan
hoach khéng dong déu.

o Bang tong két:
|| pophictap |
To6t nhat O(nlog,n)
Trung binh O(nlog,n)
X&u nhét Oo?)

C&u trdc dir liéu va giai thuat - HCMUS 2016
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Merge Sort

C&u truc dif liéu va gidi thuat - HCMUS 2016

Gioi thiéu

(N Iy
o Thwc hién theo hwéng chia dé tri.

o Do John von Neumann dé xuat nam 1945.

C&u trdc dir liéu va giai thuat - HCMUS 2016
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Giai thuat
Iy
o Néu day c6é chiéu dai la 0 hodc 1: da dwoc sap
XEp.
o Nguoc lai:
o Chia day thanh 2 day con (chiéu dai tvong duong
nhau).
o Sap xép trén timg ddy con bang thuat toan Merge Sort.
o Tron 2 ddy con (da duoc sap xép) thanh mot day méi
da dugc sap xép.
Cau trdc dir liéu va gidi thuat - HCMUS 2016
Giai thuat
T

o Input: Day A va cac chi sé left, right (sép xép day A
gom cac phan ttr co chi so tw left dén right).

o Output: Day A da dwoc sap xép
MergeSort(A, left, right)

{
if (left < right) {
mid = (left + right)/2;
MergeSort(A, left, mid);
MergeSort(A, mid+1, right);
Merge(A, left, mid, right);
}
}

C&u trdc dir liéu va giadi thuat - HCMUS 2016
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Vi du
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Panh gia

I

o S6 1an chia cac day con: log,n

o Chi phi thye hién viéc tron hai day con da sap
xep ty Ié thuan v&i n.

o Chi phi cua Merge Sort 1a O(nlog,n)

o Thuat toan khong stv dung thong tin nao ve déc
tinh cla day can sap xep => chi phi thuat toan
la khéng ddi trong moi trwdng hop

C&u trdc dir liéu va giai thuat - HCMUS 2016
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So sanh tw twénag sap xep

gitra Quick sort va Merge sort

C&u truc dir liéu va gidi thuat - HCMUS 2016

Radix Sort

C&u trdc dir liéu va giai thuat - HCMUS 2016
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Y twéng
[
o Khéng dwa vao viéc so sanh cac phan ti

o St dung cac ‘thung’ d& nhém céc gia tri theo co
sO cua vi tri dang xem xét.

o NOi két céc gid tri trong ‘thiing’ dé tao thanh day
sap xéep.

C&u truc dir liéu va gidi thuat - HCMUS 2016

Vi du
(I
o Cho day sé sau: 27, 78, 52, 39, 17, 46
o Co sb: 10, Sb lwgng ky sb: 2

o Xét ky s6 thir nhat
o] 1]2]3][4]5]6]7]8[0o

17
52 46 27 78 39

Két hop lai: 52, 46, 27, 17, 78, 39

C&u trdc dir liéu va giai thuat - HCMUS 2016
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Vi du
gso g
o Xét ky s6 thir 2 clia: 52, 46, 27, 17, 78, 39

Lo 1]2]3 14516 ] 780

17 27 39 46 52 78

Két hop day c6 tht tu: 17, 27, 39, 46, 52, 78

C&u truc dir liéu va gidi thuat - HCMUS 2016

Panh gia
N
o D6 phtrc tap cua thuat toan: O(n)

(Chi tiét hon: O(k*n) vé&i k 1a s6 lwong ky sd)

C&u trdc dir liéu va giai thuat - HCMUS 2016

22



© FIT-HCMUS

. C—
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Két luan

ess g
o Cac thuat toan Bubble sort, Selection sort,
Insertion sort
o Cai dat thuat toan don gian.
o Chi phi cua thuét toan cao: O(n?).

o Heap sort dwoc cai t’ién tor Selection sort nhwng
chi phi thuat toan thap hon han (O(nlog,n))

C&u trdc dir liéu va giai thuat - HCMUS 2016
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Ket luan
I
o Cac thuat toan Quick sort, Merge sort la nhirng

thuat toan theo chién lwvoc chia deé tri.

o Cai dit thuat toan phtc tap

o Chi phi thuét toan thap: O(nlog,n)

o Rat hiéu qua khi ding danh sach lién két.

o Trong thuc té, Quick sort chay nhanh hon han Merge

sort va Heap sort.

C&u truc dir liéu va gidi thuat - HCMUS 2016

Két luan

I
o Nguoi ta chting minh O(nlog,n) la ngwdng chan
dwéi cla cac thuat toan sap xéep dwa trén viéc

so sanh gia tri ctia cac phan to.
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