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Chuong 6: Giai thuat sap xép

1. S3p xép chon (Selection Sort)

2. Sap x&p chén (Insert Sort)

3. S3p x&p ndi bot (Bubble Sort)
4. S3p xEp nhanh (Quick Sort)

5. S3p x&p vun déng (Heap Sort)

6. S3p x&p tron (Merge Sort)
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Khi tim hiéu gidi thuat can tim hiéu
1) Y tuwéng va vi du minh hoa y tuéng

2) Gia ma

3)0




Bai todn sap xép

* Cho d3y khda la cac s6 nguyén cé n phan tir
lwu trit trong mang mot chiéu. Sap xép day
khoa tang dan tlr trai sang phai.

1 2 3 n
a[1] a[n]
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1. Sap x&p chon (Selection Sort)

1.1. Phuong phap
« Gia sl can sap xép ting dan moét day khoa
aj, ay,..., A,
* Y twdng cla thuat toan nhw sau:
— Chon phan tlr c6 khoa nhd nhét .
— Dbi chd no voi phan ti a;.
— Sau do6 lap lai thao tac trén v&i n-1 phan to

con lai, roi lai 1ap lai nhw trén véi n-2 phan t
con lai,..., cho t&i khi chi con 1 phan t.

Ngé Céng Théng Bai giang CTDL&GT - Chwong 06 6.4

28/04/22



1.1. Phuong phap (tiép)

e Vidu:
Cho day khod ban dau la: 6, 10,1, 8,9
v&i n=5.

i=1 1,10,6,8,9

i=2 1,6,10,8,9

i=3 1,6,8,10,9

=4 1,6,8,9,10
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1.1. Phuong phap (tiép)

Procedure selectionSort(a,n);
Fori:=1ton-1Do
Begin
1) { Tim vi tri k cGa phan tl&r nhé nhat }
+) k:=i;
+) For j:=i+1To n Do
If a[j] <alk] then k:=j
2) {P8i chd phan t& nhoé nhat & vi tri k cho vj tri i}
If k 2 i then a[k]<>al[i];
End
Return

Ngé Céng Théng Bai giang CTDL&GT - Chwong 06 6.6
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Xac dinh O

i S6 lan so sanh <
1 n-1

2 n-2
n-1 1

Téng=1+2+..n1<1+2+..n=
(N*(N+1))/2 = %*(n2 + n)

Coi O(&*(n? + n))

Ap dung quy tac bo hang s6: O(n? + n)
Ap dung quy tac céng: O(n?)
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2. Sap xép chén (Insert Sort)

2.1. Phuwong phap
* Phuong phap nay duoc nhirng ngudi choi bai hay
dung.
* Gia sl can s3p x&p ting dan day khod a,, a,,..., a,. ¥
twdng thuat todn nhu sau:
— Céc phan ttr duoc chia thanh ddy dich: a,,..., a, ; (két qua)
va ddy nguobn a,,..., a,..
— B3t dau véi i=2, & mbi budc phan tlr th i ctia ddy ngudn
duoc 14y ra va chén vao vi tri thich hop trong d3y dich sao
cho day dich vAn ting dan. Sau dé i ting 1én 1 va l3p lai.
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2.1. Phuong phap

* Vidu: Cho day khod 6, 10, 1, 7, 4 v&i n=5 (day
s6 c6 5 phéan tk).

D3y dich D3y ngudn
6 10,1,7,4
i=2 6,10 1,7,4
i=3 1,6,10 7,4
=4 1,6,7,10 4

i=5 1,4,6,7,10

Ngd Céng Théng Bai giang CTDL&GT - Chuwong 06 6.9
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Thu tuc chen
Procedure insertSort(a,n)
1) a[0]:=-0
2) Fori:=2ton Do
Begin
tg:=ali]; j:=i-1;
While tg<a[j] Do
Begin
alj+1]:=aljl; j:=j-1;
End;
a[j+1]:=tg; {dua tg vao dung vi tri, chen vao sau j}
End;
Return
Ngé Céng Théng Bai giang CTDL&GT - Chwong 06 6.10
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2.2. Panh gia thuat toan

* Phép toan tich cuc trong thuat toan nay la
phép so sanh (tg<alj]). S6 phép todn so sanh C
duoc tinh nhu sau:

— Trudng hop thuan Igi nhat la day khod a,, a,,..., a,,
da duoc sap, nhuw vy mai Ian chi can 1 phép so
sanh. Do vay

Cain= len—l
Ngb Cong Thang Bai giang CTDL&GT - Chwong 06 6.11
11
2.2. banh gia thuat toan
* Truwong hop xdu nhat néu day khod sap theo th& ty nguoc voi
th tu sap xép thi & luot i can cd: C= (i-1) phép so sanh. Do
vay
e nn—-1
Cow=3, (1-1) =222
* Trwong hop trung binh: Gia st moi gia tri khoa déu xuat hién
déng kha nang thi trung binh phép so sdnh & luvgt thrila C =
i/2, do d6 sé phép so sanh trung binh cda giai thuat nay la:
2
o, n+n-2
Ctbz Z 5 = 4
« 0(n?)
Ngb Cong Thang Bai giang CTDL&GT - Chwong 06 @ 6.12
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3. Sap x&p sUi bot (Bubble Sort)

3.1. Phuwong phap
* Gia slr can sap xép tang dan d3y khoa a,, a,,..., a,. Y
tuwdng thuat todn nhu sau:

— So sanh c4c cip khéa lién ké géi nhau tir phai qua tréi, néu
khéa dirng sau nho hon khéa ditng trude thi q’6i cho khoa dirng
sau voi khda ding trudc. Két qua lan thir nhat, khéa nhé nhat
clia day dugc day I1én vi tri 1 (goi la khd dwoc sap).

— Tiép tuc so sanh va dbi chd cac cip khoa lién ké cua day
chwa sap, lan thtr 2 ta dwgc khéa nhé nhat cua day chuwa
sap duoc dua ve vij tri 2.

- Cw tiép tuc lam twong tw nhw trén cho dén khi day chua
sap chi con 1 phan t.

13
3.1. Phwong phap (tiép)
« Vidu: Cho day khoda ban dau la: 6, 3, 7,
10, 1, 8 v&I n=6.
6,3,7,10,1, 8
i=1 16,3,710,8
i=2  1,3,6,7,8,10
i=3  1,3,6,7,8,10
i=4 1,3,6,7,8,10
i=5 1,3,6,7,8,10
14
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Minh hoa giai thuat sap xép sui bot

15
Tha tuc sap xép sui bot
Procedure bubbleSort(a,n)
For i:=1 to n-1 Do
For j:=ndownto i+1 Do
If afjl<a[j-1] then
a[j] <-> afj-1];
Return
16
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3.2. Banh gia thuat toan

* Giai thuat nay twong ty nhu giai thuat sap x&p bang
cach chon tryc tiép (muc 1), do d6 cé:

n-1 B
Cmax = Cmin = Ctb = Z(” = 1) = M

= 2

« Nhan xét: V&i 3 phuong phap sap x&p trén, néu n
vira va nho thi phuong phédp cheén truc tiép (insert
sort) td ra tdt hon, néu vdi n I&n thi ca 3 phuong
phdp déu cé cap O(n2), day la mét chi phi thoi gian
kha cao.

Ngb Cong Thang Bai giang CTDL&GT - Chwong 06 ﬂ 6.17
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4. Sap xép nhanh (Quick Sort)
4.1. Phuong phap
« Sap xép nhanh (quick sort) con dwoc sép xép
phan doan (partition sort).
« Y twdng thuat toan:
— Chon ng4u nhién mot phan ti x lam tiéu chi phan
doan.
— Duyeét tir trai sang phai cho tdi khi gép phan tir a>=x
— Sau d6 duyét tr phai sang trai cho t&i khi gdp phan
tr aj<=x
— Dbichd a; va a
— Tiép tuc duyét va dbi chd cho t&i khi 2 phia gap nhau.
Ngé Céng Théng Bai giang CTDL&GT - Chwong 06 6.18
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4.1. Phuong phap (tiép)

« K&t qua day khoa duoc chia thanh 2 doan:
bén trai la cac phan tlr < x, bén phai la cac
phan t& > x.

* Ap dung cach tuong ty v&i doan bén trai va
doan bén phai cho tdi khi doan con chi con 1
phan t& thi dirng.

Ngd Céng Théng Bai giang CTDL&GT - Chuwong 06 6.19
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. « e n 9 n
Minh hoa giai thuat sap xép nhanh
637|101 |8
1 2 3 4 5 6
x=7
<X >X
/-\ —_—
6|3 1|7 |10]8
1 2 3 4 5 6
i
Ngé Céng Théng Bai giang CTDL&GT - Chwong 06 6.20
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Thu tuc sap xép nhanh
Procedure quickSort(L,R);
1) If L>=R then return;
2)i:=L; j:=R; k:=(L+R) div 2;
3) x:=a[k];
4) Repeat
While a[i] <x Do i:=i+1;
While a[j] >x Do j:=j-1;
If i<j then a[i] <> a[j]
Until i=j
5) Call quickSort(L,j-1); { Thuc hién trén nlra <x }
6) Call quickSort(j+1,R); { Thuc hién trén nira >x }
Return

g6 Cong Théng ai giang - Chuwong .
Ngbé Cong Tha B CTDL&GT - Ch 06 6.21

21

4.2. banh gia

* Nguwoita da chirng minh duwoc thoi gian trung
binh thuc hién giai thuat la:
T,,= O(nlog,n)
* Nhu vay, vdi n kha I&n Quick sort co hiéu luc
hon 3 thuat giai trén.

Ngé Céng Théng Bai giang CTDL&GT - Chwong 06 ﬂ 6.22
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5. Sap xép vun déng (Heap Sort)

5.1. Phuong phap
* M6t cay nhi phén cé chiéu cao h duoc goi la
doéng khi:
— La cay nhi phan tuong ddi hoan chinh ma cac nut
la & mirc h phai nam phia bén trai.
— Khod & nut cha bao gio cling |&n hon khod & nut
con.

g6 Cong Théng ai giang - Chuwong .
Ngbé Cong Tha B CTDL&GT - Ch 06 6.23

23

Vi du 1: Cay sau ddy la mot dong.

offc
ojolc

Khoa & niit ge ciia dong chinh 1a khoa 16n nhat ( khoa trdi ) so véi cac
khoa trén cay.

Ngb Cong Thang Bai giang CTDL&GT - Chwong 06 6.24
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5. Sap xép vun déng (Heap Sort)

5.1. Phuong phap

Thuat todn sap x€p vun déng chia lam 2 giai doan.

* Giai doan 1: Tao déng ban dau

- Tur ddy khoa ban dau dnh xa sang cay nhj phan

- Vun cay nhj phan tir dudi l1én trén, tir cdy con goc
[n/2] vé cay gbc 1 dé tao déng ban dau.

* Giai doan 2: Sap xé&p

- D6i chd nat goc 1 cho nudt n, loai bd nut n, hiéu
chinh lai (vun dong lai) cay gbc 1 véi n-1 nat con lai.

- CU ti€p tuc nhu vay cho tdi khi cdy chi con 1 nit.

g6 Cong Théng ai giang - Chuwong .
Ngbé Cong Tha B CTDL&GT - Ch 06 6.25
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- Giai doan 2:
+ Pua khod trdi vé vi tri cua né bang cach dbi chd cho khoa & vi tri do.
+ Vun lai déng véi cay gdm cac khod con lai ( sau khi da loai khod tréi )
Qua trinh trén lai duoc lap lai.

Vi du: Co day khoa 42, 23, 74, 11, 65, 58
- Ta ¢6 céy hoan chinh biéu dién dién day khoa:

Ngb Cong Thang Bai giang CTDL&GT - Chwong 06 6.26
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Vun déng ban dau

2) Vun dbng cay gbc 3 3) Vun déng cay gbc 2

27

Sap xép

1) B6i chd nat gbc 1 cho nit cudi cing 6 2) Loai bd nut 6, vun déng lai cay gbc 1

Bai giang CTDL&GT - Chuong 06 6.28
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- Giai doan dau: Vun dong ban dau

\
ONO

&S D

- Giai doan 2: Pbi chd 74 cho 42

Ngb Cong Thang Bai giang CTDL&GT - Chwong 06 6.29
29
- Loai khod tri 74 . Day da sap s= (74) @ -D6i chd 65 cho 23:
3 @\/ () )
- Loai khoa tréi 65 . Day da sép s= (65, 74)
Ngb Cong Thang Bai giang CTDL&GT - Chwong 06 6.30
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- Lap lai cac budc twong tw cho cac cay con lai.
Cudi cung ta thu dwoc day da sdp 1a s=(11, 23, 42, 58, 65,
74)

* Gidi thuat vun déng:
- M6t 13 coi nhw cdy con 13 mot déng.
- Thuat todn tién hanh tir ddy I&n: Chuyén déi thanh déng
cho mét cdy con ma cay con trdi va cay con phai cla goc da
la mét dong.
Cay nhj phan hoan chinh ¢ n nut thi védi chi sé [n/2] tr& [én
cé thé la nat cha: [n/2], [n/21-1, ..., 1.

Ngd Céng Théng Bai giang CTDL&GT - Chuwong 06 6.31
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a) Tha tuc vun déng:
Hiéu chinh cay nhi phan con hoan chinh goc i trén cay nhi
phan cé n nit dé tré thanh “ddng” véi diéu kién ciy con
trai va cay con phai cé goc la 2i va 2i+1 d3 1a déng.
Procedure adjust(i,n)
1. { Kh&i dau }
Key:=a[il; j:=2%i;
2. { Chon con rng v&i khod I&n nhat trong 2 con chaii }
While j<=n Do
Begin
If (j<n) and (a[jl<a[j+1]) then j:=j+1;

Ngé Céng Théng Bai giang CTDL&GT - Chwong 06 6.32
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a) Tha tuc vun déng:

If Key > a[j] then Begin
a[j/2]:=Key;
Return;
End;
alj/2]:=alj]; j:=2%j;
End; {Két thac while}
3. { Dua Key vao vi tri ctia né }
a[j/2]:=Key;
Return;

Ngd Céng Théng Bai giang CTDL&GT - Chuwong 06

{ So sanh khoa cha vé&i khod I&n nhat ctia 2 con }

6.33
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b) Tha tuc sap xép vun dong:
Procedure heapSort(a,n)
1. { Tao déng ban dau }
For i:=ndiv2 Downto 1 Do
Call adjust(i,n)
2. {Sap xép }
For i:=n-1 Downto 1 Do
Begin

Call adjust(1,i);

End;
Return
5.2. Danh gia
O(nlog,").
Ngé Céng Théng Bai giang CTDL&GT - Chwong 06

tg:=a[1]; a[1]:=a[i+1]; a[i+1]:=tg;

6.34

34
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6.1. Tron 2 diy da sap xép

xép tang dan.
a) Y twong:

dwa sang day dich trudc.

con lai dua not sang day dich.
Vidu: D3y 1:(3,5,10,16)
Day 2: (1, 4, 15)
Day dich: (1, 3, 4, 5, 10, 15, 16)
b) Giai thujt:
D3y 1: (X, ..., X )

DAY 2: (X,uq, o0 X, )
Day dich: (2, ..., Z,)
Ngd Céng Théng Bai giang CTDL&GT - Chuwong 06

6. Sap xép tron (hoa nhap) ( MERGE SORT)

Tron 2 day khéa da sdp x€p tang dan thanh 1 day khéa sdp

So sanh 2 khod nhd nhat cta 2 day, khéa nao nhoé hon thi

Qua trinh c tiép tuc cho tdi khi 1 trong 2 d3y da hét. Day

6.35

35

* Tha tuc nhu sau:
Procedure merge(X,b,m,n,Z);
1) i:=k:=b; j:=m+1;
2) While (i<=m) and (j<=n) Do
Begin +) If X[i]<=X[j] then
Begin Z[k]:=X[i];
i:=i+1;
End
Else Begin Z[k]:=X[j];
ji=j+1;
End;
+) k:=k+1;

.
Ngoé C;ﬁgn’g Bai giang CTDL&GT - Chwong 06

6.36
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* Tha tuc nhw sau:
3. {Pwa nét day con lai sang day dich}
If i>m then (zk, ..., zn):= (xj, ..., xn)
Else (zk, ..., zn):= (xi, ..., xm)
Return

g6 Cong Théng ai giang - Chuwong R
Ngbé Cong Tha B CTDL&GT - Ch 06 6.37
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Y twdng cla giadi thuat sdp x&p tron

* D3u tién, tron cac cap day con lién tiép céd
chiéu dai bang 1 thanh cac day con cé chiéu
dai bang 2.

 Tiép theo, tron cac cdp day con lién tiép cod
chiéu dai bang 2 thanh cac day con cé chiéu
dai bang 4...

* CU ti€p tiép nhu vay cho téi khi ddy con cé
chiéu dai bang n (s6 lwong khoda cla diy can
sap xép).

Ngb Céng Thing Bai gidng C;u- tr(l:fj;ngegsva gidi thuat 338

38
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28/04/22

Vi du
n=8

* Daykhoa:9 1764387 a

L=1 e Mpass(a, b, 8, 1)
. 1= 19673478 b
- <4 16793478 at o8
° L=8 1 3 4 6 7 7 8 9 b Mpass(a, b, 8, 4)
. =16 13467789 a Mpass(b, a, 8, 8)

39

6.2. Sap xép kiéu hoa nhap truc ti€p (Straight two way
merge )

* BAng con d3 dwoc sap goi la mot mach ( run).

* M6i ban ghi coi nhw 1 mach cé d6 dai ( kich thuéc )
la 1. Néu hoa nhép 2 bang nhu vay ta dugc 1 mach
m@&i cé d6 dai =2. Hoa nhap 2 mach cé6 do6 dai la 2 ta
dwoc mot mach co do daila 4, ...

* Tha tuc MPass thuc hién mét budc cla sap xép
trén. NS tron tirng cap day con lién ké nhau, c6 dé
dai L, tr mang X sang mang Y, n la sé lugng khoa
trong X.

Ngé Céng Théng Bai giang CTDL&GT - Chwong 06 6.40
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Procedure MPass(X,Y,n,L)
1.i:=1;
2. {Khi con dud hai day con lién ké c6 do dai L }
While i+ 2L-1<=nDo
Begin Call merge(X,i,i+L-1,i+2L-1, Y)
i:=i+2L;
End;
3. {Ttr vi tri i vé cudi khédng con dd 2 day con
chiéu dai L}
If i+L-1 <n then Call merge(X,i,i+L-1,n,Y)
Else (y, ..., V,):= (X, -, X,);
Return

Ngd Céng Théng

Bai giang CTDL&GT - Chuong 06 6.41
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Thi tuc MPASS trén sé& duge goi téi trong thi tuc sap xép kiéu hoa nhap trinh
bay ¢ sau day.
* Thu tue sap xép kiéu hoa nhap truc tiép:
Thit tuc nay luu trit cac mach méi khi hoa nhap dung bién phu 1a Y (n).
trong d6 X va Y dugce dung luan phién. L 1a kich thuée ctia mach, sau mi lugt L
dugc tang gap doi.
Procedure mergeSort(a,n)
1) L:=1;
2) While L<n Do
Begin
Call MPass(a,b,n,L); L:=L+L;
Call MPass(b,a,n,L); L:=L+L;
End;
Return
Vidu: a=9,1,7.6,4.3,8.7
Budécl: 1,9,6,7,3.4,7.8 duavaob
Budc2: 1.6.7.9.3.4.7.8 dwavaoa
Budéc3: 1,3,4,6,7,7,8,9 dwavaob

T'Tr'
S S

Ngb Cong Thang Bai giang CTDL&GT - Chwong 06 6.42
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6.3. banh gia

Thoi gian thuc hién trung binh cta giai thuat

|a:

Ttb = O(nlog,n)
* Nhan xét chung:

- V@i n nhé cé thé dung cac phuong phép:

chon tryc ti€p, chén tryc tiép, doi cho truc

tiép.

- V@i n 1&n: Néu day khod khong sap dung

Quick sort, néu day khoa cé sap dung Heap

S\IQ gc‘;;g'Théng Bai giang CTDL&GT - Chuwong 06 6.43
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