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Chuong 6: Giai thuat sap xép

1. S3p x&p chon (Selection Sort)
2. S3p x&p chen (Insert Sort)

3. S3p x&p néi bot (Bubble Sort)
4. Sap xép nhanh (Quick Sort)

5. S3p x&p vun déng (Heap Sort)
6. Sap xép hoa nhap (Merge Sort)
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6.2

1. S&p x&p chon (Selection Sort)

1.1. Phwong phép
« Gia sl can sap xép tang dan mot day khoa
aj, ay,..., a,.
« Y twdng cda thuat toan nhw sau:
— Chon phan t&r c6 khoa nhd nhét .
— Pbi chd n6 véi phan ti a,.
— Sau d6 Iap lai thao tac trén véi n-1 phan to
con lai, roi lai [&p lai nhw trén véin-2 phan to
con lai,..., cho t&i khi chi con 1 phan tc.
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1.1. Phuwong phap (tiép)

e Vidu:
Cho day khoa ban d3u la: 6, 10,1, 8,9
véi n=5.

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

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

=3 1,6,8,10,9

i=4 1,6,8,9,10
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1.1. Phuwong phap (tiép)

Procedure Selection_sort(a,n);
Fori:=1ton-1Do
Begin
{Tim phan t& nhé nhat & vi trik }
k:=i;
For j:=i+1To n Do
If a[j] <a[k] then k:=j
{Dé&i chd phan tlr nhé nhat k cho phan tir i}
If k i then a[k]« a[i];
End
Return
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2.2. banh gia giai thuat

* V&i giai thuat trinh bay & trén thi phép toan tich cuc
la phép so sanh (a[j]<alk]).

* Goi Clasé lwong phép so sanh, C dugc tinh nhu sau:

O lwot thri (i=1, 2,... , n-1), dé& tim khoa nho nhat
can n-i phép so sanh. S6 lwgng phép so sanh nay
khong phu thudc vao tinh trang ban dau cua day
khoa. Do d6 ta co:

* V3y, d6 phurc tap tinh toan la O(n?)
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6.6

2. Sap xép chen (Insert Sort)

2.1. Phuong phap
* Phuong phap nay duogc nhirng nguoi choi bai hay
dung.
« Gia slr can sap xép tang dan day khoé a,, a,,..., a,. Y
tudng thuat toan nhu sau:
— Céc phan t&r dugc chia thanh day dich: a,,..., a,; (két qua)
va day nguon a,..., a,.
— Bat dau vai i=2, @ mai budc phan ti thy i cia ddy nguén
duoc Iy ra va chén vao vi tri thich hgp trong day dich sao
cho ddy dich van tang dan. Sau d6 i tang lén 1 va I3p lai.
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2.1. Phuong phap

e Vidu: Cho day khoa 6, 10, 1, 7, 4 v&i n=5 (day
s6 ¢6 5 phan ti).

Day dich Day nguon
6 10,1,7,4
=2 6,10 1,7,4
=3 1,6, 10 7,4
=4 1,6,7,10 4
=5 1,4,6,7,10
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Thad tuc chen

Procedure Insert_sort(a,n)

1) a[0]:=-¥
2) Fori:=2ton Do
Begin
tg:=a[i]; j=i-1;
While tg<a[j] Do
Begin
afj+1]:=afj]l; j:=-1;
End,;
a[j+1]:=tg; {dua tgvao dung vi tri}
End;
Return
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2.2. banh gia thuat toan

» Phép toan tich cyc trong thuat toan nay la
phép so sanh (tg<a[j]). S6 phép toan so sanh C
duoc tinh nhuv sau:

— Truong hep thuan lgi nhat 1a day khoa ay, a,,..., a,
dd dwoc sap, nhu vay méi [an chican 1 phép so
sanh. Do vay

Coin= Z l=n-1
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2.2. banh gia thuat toan

* Trudng hop xau nhat néu day khoa sap theo thir ty nguoc Vo
thi ty sap xép thi & lwot i can cd: C=(i-1) phép so sanh. Do

vay
" u(n 1)
:I'.I.1.3 Z

* Truong hop trung binh: Gia s&r moi gia tri khoa déu xuat hién
déng kha nang thi trung binh phép so sanh & lugt thiri1a C; =
i/2, do d6 s6 phép so sanh trung binh cua giai thuat nay la:

Fi

oW +n=2
Ctl:l_ Z L‘:f

Y

. 0N
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3. S&p x&p néi bot (Bubble Sort)

3.1. Phuong phap
« Gia slr can sip xép tang dan day khod a,, a,,..., a,. Y
tuwdng thuat toan nhu sau:

— Débi ché céac phan tor lién k& nhau theo thi tw tang
dan, 1an thir nhat sé nhoé nhét cia ~day duoc day I1én vj
tri dau tién (goi 1a phan t& dwoc sap).

- Tlep tuc dbi chd cac phan ter lién ké cha day chua
sap, lan thir 2 ta dwoc sb nho nhat cltia day chwa sap
dwoc dua lén dau day chua sap.

— Clr tiép tuc lam twong tw nhw trén cho dén khi day chi
con 1l phan ter.
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3.1. Phuwong phap (tiép)

e Vidu: Cho day khoa ban dau la: 6, 3, 7,
10, 1, 8 vOi n=6.
6,3,7,10,1, 8
=1 1,6,3,7,10,8
=2 1,3,6,7,8,10
=3 1,3,6,7,8,10
=4 1,3,6,7,8,10
=5 1,3,6,7,8,10
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Thd tuc sap xé&p néi bot

Procedure Bubble sort(a,n)
For i:=1 to n-1 Do
For j:=ndownto i+l Do
If afj]<a[j-1] then
afj] <->al-1];
Return

Ngd Céng Théng Bai giang CTDL&GT - Chwong 06

6.13

6.14

3.2. banh gia thuat toan

« Giai thuat nay twong ty nhu giai thuat sap xép bang
cach chon tryec tiép (muc 1), do d6 co:

« Nhan xét: V&i 3 phuong phap sap xép trén, néu n
vira va nhé thi phuong phap chen tryc tiép (insert
sort) té ra tot hon, néu véi n Ién thi ca 3 phuong
phap déu cé cap O(n?), day la mét chi phi thoi gian
kha cao.
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4. Sap x&p nhanh (Quick Sort)

4.1. Phuong phap
« Sap xé&p nhanh (quick sort) con dwoc sap x&p phan
doan (partition sort).
« Y twdng thuat toan:
— Chon ngau nhién mét phan ti x.
— Duyét tlr bén trai mang cho t&i khi c6 mét phan ti
a>=x
— Sau do duyét tiv bén phai mang cho t&i khi co6 mét
phan t&r aj=<x
— Ddichd a;va a
— Tiép tuc duyét va dbéi ché cho t&i khi 2 phia gap nhau.
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4.1. Phuwong phap (tiép)

« Ké&t qua mang duoc chia thanh 2 phan:
bén trai la cac phan tir < x, bén phai la cac
phan t& > x.
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Tha tuc sap xép nhanh
Procedure Q_sort(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 iz
5) Call Q_sort(L,j-1); { Thyc hién trén nira <x }
6) Call Q_sort(j+1,R); { Thuc hién trén nra >x }
Return
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4.2. banh gia

* Nguaoi ta da chirng minh duoc thoi gian trung
binh thyc hién giai thuat la:
Tiw= O(nlogyn)
* Nhu vay, véi n kha lén Quick sort ¢é hiéu lyc
hon 3 thuat giai trén.
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5. Sap xé&p vun déng (Heap Sort)

5.1. Phuong phap
e M6t cay nhi phan c6 chiéu cao h duoc goi la
dong khi:
— La cay nhi phan hoan chinh ma cac nat la & mac h-
1 phai nam phia bén trai.
— Khoa & nat cha bao gio cting Ién hon khoa & nut
con.
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5. Sap xé&p vun déng (Heap Sort)

5.1. Phuong phap

« Thuat toan sap x&p vun déng chia lam 2 giai
doan.

* Giai doan 1: Tao dong.
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- (Giai doan 2:
I Pura khod troi v vi tri cia nd bang cach déi chd cho khod & vi tri dé.
+ Vun lai déng véi ciy gdm cde khod con lai ( sau khi di logi khod (w61 )
Ot trinh rén Tai dwoe 1ap Lai.

Vidw Coday khod 42, 23, 74, 11, &5, 538
- Ta ¢o ¢y hodn chinh bidu didn difn day khod:
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- Lap lai c&c buéc twong tu cho céc cay con lai.

Cudi cung ta thu dwoc day da sap la s=(11, 23, 42, 58, 65,
74)

* Giai thuat vun déng:
- M6t Ia coi nhu cay con la mét déng.
- Thuat toan tién hanh tir day l1én: Chuyén doéi thanh déng
cho mét cay con ma cay con trai va cay con phai ctia géc da
la mot dong.
Cay nhi phan hoan chinh cé n nat thi véi chi sé [n/2] tré 1En
c6 thé landtcha: [n/2],[n/2]-1, ..., L
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a) Tha tuc vun déng:

Chinh ly cay nhi phan con hoan chinh géc i trén cay nhi
phan c6 n nit dé tré thanh “déng” véi diéu kién cay con
trai va cay con phai co géc la 2i va 2i+1 da la dong.
Procedure ADJUST(i,n)

1. {Kh&i dau }
Key:=K[i]; j:=2*i;
2. { Chon con &ng vé&i khoda Ién nhat trong 2 con cuai }
While j<=n Do
Begin
If (j<n)and (K[j]<K[j+1]) then j:=j+1;
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a) Tha tyc vun déng:
3. { So sanh khoa cha véi khoéa Ié&n nhat }
If Key>K[j] then Begin
K[j/2]:=Key;
Return;
End;
KO/2]:=K[T; 1:=2%;
End; {Két thuc while}
4. { bwa Key vao vij tri caa no }
K[j/2]:=Key;
5. Return;
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b) Tha tuc sap xé&p vun déng:
Procedure Heap_Sort(K,n)
1.{Tao dong ban dau }

For i:=[n/2] Downto 1 Do
Call ADJUST(i,n)
2.{Sap xép}
For i:=n-1 Downto 1 Do
Begin
tg:=K[1]; K[1]:=K[i+1];
K[i+1]:=tg;
Call ADJUST(L,i);
End;
3. Return
5.2. Panh gia
Theigian-thyc hién trunginhcaagiarthuat nay la O(nlogs?).

6. Sap xép kiéu hoa nhap ( MERGE SORT)
6.1. Phép hoa nhap 2 dwong

Thue hién hop nhat cac ban ghi cta 2 bang da duoc sap
xép thanh 1 bang dwoc sap.

a) Phwong phap:
So sanh 2 khoa nho nhat ( hodc Ién nhat cda 2 bang) dé
dua vao mién sap xép.
Qua trinh ct tiép tuc cho tai khi 2 bang da can.
b) Giai thuat:
Bang 1: (X, -y Xy )
Bang 2: (Xii1s -s X, )
Bang sap: (zp, ..., Z,)
Vidu: Bang1l:(3,5,10,16)
Bang 2: (1, 4, 15)
w BANG,5ap: (1, 3, 4.5,,10.45..16)

* Tha tuc nhw sau:
Procedure MERGE(X,b,m,n,Z);
1. i:=k:=Db; j:=m+1;

2. While (i<=m) and (j<=n) Do
Begin If x[i]<=x[j] then
Begin Z[K]:=x[i];
=i+1;
End
Else Begin z[K]:=x][]j];
=it
End;
k:=k+1,;
o oEN
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* Tha tuc nhw sau:
3. { Mat trong 2 bang con da can }
If i>m then (zk, ..., zn):=(xj, ..., Xn)
Else (zk, ..., zn):= (xi, ..., xm)
4. Return

Ngd Céng Théng Bai giang CTDL&GT - Chwong 06 6.32




6.2. Sap xé&p kiéu hoa nhap tryc tiép (Straight two way
merge)

* Bang con da dwoc sap goi la mét mach ( run).

* M6i ban ghi coi nhu 1 mach ¢6 d6 dai ( kich thudéc )
la 1. Néu hoa nhap 2 bang nhu vay ta duoc 1 mach
mé&i cO d6 dai =2. Hoa nhap 2 mach cé do6 dai la 2 ta
duwoc mot mach co dé daila 4, ...

* Tha tuc MPASS thyc hién mot budce cda sap xép
hoa nhap. N6 hoa nhap tirng cap mach ké can nhau,
c6 do dailL, tirbang X sang bang Y, nla sé lwgng
khoa ( ban ghi) trong X.
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Procedure MPASS(X,Y,n,L)
1.1:=1;
2. Hoa nhap cap mach c6 do dai L }
While i<=n-(2L-1) Do
Begin Call MERGE(X,i,i+L-1,i+2L-1, Y)
I=i+2L;
End;
3. { Hoa nhap cdp mach con lai cudi cling véi téng
do dai <2L}
If i+L-1 <n then Call MERGE(X,i,i+L-1,n,Y)
EISe (Vi - V)= (K os X
4, Return
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Thitiue MPASS rin 52 duge goi 16 wong thi e sdp xép kidu hod nhip 1dnh
bity & sau day.

* Thu wye sip xép kitu hod nhip tryre dép:
Thi tye nay hru it cide mach méi khi hod nhiip ding bign phu 14 Yin).

trong dé X va Y duge dimg ludn phién. L 14 kich thude coa mach, sau mod gt L
durge tang uiip dol

Procedure STRAIGIIT MSORT(X.n)

[.L:=1I;
2. While L<n Do
Bopin
Call MPASS(X. Y L) Li=L+L;
Call MPASS(Y. XLy L:=L+L;
End;
3. Relurn
Vidu X—9. 1. 7.6 4 3 87
Barcee 1: 1.9, h 7.4 4 7 ‘~'§ dravan¥ L=l
Buoc 2 1,6.7 f} 3,478 doavio X L=2
Darde 3; 1, 3, -1 G, T 7 ,5: 9 dweavao¥  [L=4
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6.3. banh gia
Thaoi gian thyc hién trung binh cua giai thuat
|a:
Ttb = O(nlog,n)
* Nhan xét chung:
- Véi n nhé ¢o thé dung cac phwong phap:
chon tryc tiép, chén tryc tiép, d6i cho truc
tiép.
- Véi n lén: Néu day khoa khdng sap dung
Quick sort, néu day khoa c6 sap dung Heap
STe] &
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