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LOI NOI PAU

Céu trac di liu va giai thuat ludn di lién v6i nhau va 1a mon hoc co s¢ cho
tat ca nhirng ai nghién ctru Ve tin hoc. Tat ca cac chuong trinh khi chay trén may
tinh déu sir dung cac dang ciu tric dir liéu va cac giai thuat. Viéc ndm rd céu
truc dir liéu va giai thuat cho phép céc 1ap trinh vién, cac nha khoa hoc may tinh
c¢6 nhiéu lya chon trong viéc dua ra cac giai phap dé giai quyét bai toan.

Gido trinh nay dugc xay dung dua trén nhitng kinh nghiém giang day va
nghién ciru clia tic gia, cung voi sy tham khao tai liéu ciia cac ban be, dong
nghi¢p, cac tdc gia trong va ngoai nudc,... nham muc dich phuc vu cho viéc
nghién ciru va hoc tap cta cac sinh vién Pai hoc, Cao dang, Trung cap chuyén
nghiép nganh Cong ngh¢ Thong tin. Gido trinh dugc chia lam 6 chuong:

Chuwong 1: Thuit toan va Cau tric dir liéu
Gidi thiéu so luoc vé thudt todan va cac dang cau truc dir liéu; trinh bay giai
thuat dé quy va cach phan tich thudt toan.

Chuong 2: Danh sach

Trinh bay cac logi danh sach ddc, danh sach lién két don, danh sdch lién
két vong, danh sdch lién két kép; cdch biéu dién va cdc phép todn thuc hién trén
danh sach.

Chuong 3: Ngan xep & Hang doi
Gioi thiéu ngan xép va hang doi; cdch biéu dién va cdc phép toan thuong
gap trén ngan xép va hang doi.

Chuong 4: Cay ‘ 9 N
Mo ta cay, cdy nhi phan, cdy BST, cdy cdn bang; cach biéu dién va cac
phép toan thuong gap trén cdy nhi phan, cay BST, cday can bang.

Chuong 5: Do thi
Gioi thiéu do thi vo huong, do thi co huong; trinh bay cach biéu do thi trén
may tinh, cdac phép toan co ban trén do thi.

Chuwong 6: Sip xép va Tim kiém

Trinh bay cdc thudt todn sdp xép va tim kiém co bdan va danh gid dg phirc
tap cua tung thudt todn.

Du ¢ gang rat nhiéu nhung khong thé tranh khoi thiéu sot. Do vay, réat
mong nhan dugc su gop ¥ tu phia cac ddng nghiép va ban doc. Cac y kién xin
giri vé: khoa Céng ngh¢ Thong tin, truong Cao dang Cong nghiép Hué, 70
Nguyén Hué, TP.Hué.

Huynh Bio Quéc Diing



Chuwong 1. THUAT TOAN VA CAU TRUC DU LIEU

1.1. Thuét toan va cau tric dir liéu
1.1.1. Thudt toan (algorithm)
1.1.1.1. Dinh nghia thuat toan
Thuat toan la mot déy‘hfru han cac pu’éc, mcx)@ bu:é’c mé ta chinh xac cac
phép toan hoac hanh dong can thuc hién dé giai quyét van dé dat ra.
1.1.1.2. Dac trung cua thudt toan
Thuét todn c6 cac dac trung sau:
i. Dit liu dau vao (input data): Mbi thuat toan can c6 mot sb (co thé bang

0) dit liéu vao (input). D6 1a cac gia tri can nhap vao khi thuat toan bat dau lam
viéc. Céc dir liéu can dugc lay tir cac tap gia tri cu thé nao do.

ii. Dir liéu ddu ra (output data): Mi thuat toan c6 thé c6 mot hodc nhiéu dir
ligu ra (output). D6 1a céc gia tri c6 quan hé hoan toan xac dinh véi cac dir liéu
dau vao va 1a két qua cua viéc thuc hién thuat toan.

iii. Tinh xdc dinh (defineteness): Mdi bude cuia thuat toan can phai dugc xéac
dinh 10 rang va phai dugc thuc hién mdt cach chinh xac va nhat quan. Bé dam
bao dugc tinh xac dinh, thuat todn can phai dugc mo ta thong qua mot ngén ngir
1ap trinh cu thé. Trong ngén ngir ndy, cac ménh dé dugc tao thanh theo qui tac,
cu phap nghiém ngat va chi c6 mot y nghia duy nhat.

iv. Tinh hitu han (finiteness): Thuat toan phai két thiic sau mot s hitu han
budc.

v. Tinh hiéu qua (effectiveness): Cac budc trong thuat toan phai dugc thuc
hién trong mot lugng thoi gian hiru han.

1.1.2. Céu tric div liéu (data structure)
1.1.2.1. Khai niém
Dt ligu lam viéc trong mdt chuong trinh thuong 1a dir li¢u co cAu trac hay
1a con goi 1a cau trac dir liu.
Viéc chon dung loai dir li¢u gitip ta giadi bai todn don gidn va hiéu qua,
nguoc lai bai toan sé€ tré nén nang né€ va kém hi¢u qua.
1.1.2.2. Céc logi cdu tric dir liéu

Céu trac dir liéu gébm céc loai: mang, ban ghi, tap hop, con tro, ngan xep,
hang doi, cdy, do thi, file, .... Nhiing loai dit liéu c6 cau truc thuong cé san
trong cac ngén ngir 1ap trinh.

Khi 1am viéc cau tric dir liéu, ta phai chil y dén: tir khoa khai bao loai cau
trac dit li€u, cac phép toan, cac ham phuc vu cho cau trac dir 1iéu do.



1.1.3. Ngén ngiv dién dat thudt todn
C6 nhiéu phuong phép biéu dién thuit toan, c6 thé biéu dién thuat toan
bang danh sach cac budc thong qua ngdn ngtr ty nhién va cac ky hiéu toan hoc,
c6 thé biéu dién bang so d6 khdi. Tuy nhién, nhu dé trinh bay, dé dam bao tinh
xac dinh cua thuat toan, thuat toan can dugc viét bang ngdn ngir lap trinh cu thé.
1.1.3.1. Sur dung ngon ngir ty nhién
a Vi du: Mo ta thuat toan tim ude sd chung 16n nhét cua hai s6 nguyén.
Pau vao: Hai sd nguyén a, b
Pau ra: Udc s6 chung 16n nhat ctia a va b
Thudt toan:
Buéc 1: Néu a=b thi USCLN(a,b)=a.
Budc 2: Néu a>b thi tim USCLN ciia a-b va b, 16i quay lai bude 1.
Budc 3: Néu a<b thi tim USCLN ctia b-a va a, roi quay lai budc 1.

1.1.3.2. Sir dung so do khoi

St dung céac ki hiéu hinh khéi co ban dé tao thanh mot mo ta mang tinh
hinh thtc (phuong phép nay rd rang hon véi viéc mo ta cac budce thuc hién thuat
toan)

Sau day 1a mot s6 hinh khdi thudong duge st dung
Hinh khéi Chirc nang
Khoi bit dau

Khdi tinh toan

Khéi nhap/xuat dir liéu

é Khéi két thiic

falqe
Khoi so sanh

Hinh 1.1. Hinh khéi



0 Vi dy: Giai thudt toan tinh S =1+ 2 + ... + n (v6i n nhap tir ban phim)
bang so d6 khoi

Hinh 1.2. Giai thudt tinh S=1+2+...+n

1.1.3.3. Sur dung ngon ngir gia (pseudo code)

Ngon ngir gid hodc ma gia l1a sy vay muon cac ci phap cua mot ngdn ngir
1ap trinh nao d6 dé thé hién thuat toan. Tuy nhién, trong ma gia ta van dung mot
phan ngon nglr tu nhién.

o Vi du: Doan ma gia thuc hién thuat toan giai phuwong trinh bac hai.

Nhép: a, b, ¢
Delta = a*a — 4*a*c
if(Delta>0)
{
X1 = (-b — sqrt(Delta))/(2*a)
X2 = (-b + sqrt(Delta))/(2*a)
xuét két qua: Phuong trinh c6 hai nghiém 14 x; va x,
}
else
if (Delta == 0)
Xuit két qua: Phuong trinh c6 nghiém kép 1a —b/(2*a)
else {truong hop Delta<0}
Xuit két qua: phuong trinh vo nghiém

1.2. Giai thuat dé quy
1.2.1. Khdi niém vé dé quy
Néu 101 giai cua cua mot bai toan T duoc giai bang 161 giai cia mot bai toan
T1, c6 dang giong nhu T, thi 161 gidi d6 duoc goi 1a 101 giai d€ quy. Giai thuat
twong tng vaéi 101 giai dé quy goi la giai thuat dé quy.



O day T1 c6 dang gidng T nhung theo mot nghia nao d6 T1 phai “nh6” hon
T.

,Chéng han vé1 bai toan tinh n! thi n! 1a bai toan T con (n-1)! 1a bai toan T1
ta thay T1 cung dang v&i T nhung nhé hon (n-1 <n).
1.2.2. Gidi thudt va thu tuc dé quy

Giai thuat dé quy thudng dugc biéu dién thong qua chuong trinh con trong
ngdn nglr 1ap trinh, hay con duoc goi 1a thu tuc d¢ quy. Thu tuc dé€ quy cé cac
dac di€m co ban sau:

i. Trong thu tuc dé quy c6 10 goi dén chinh thu tuc do.

ii. Sau mdi 1an co 10i goi dé quy thi kich thudc cua bai toan dugc thu nho
(hoac phong l6n) hon trudce.

iii. Thu tuc dé quy phai c6 tinh dirng. Néu khong thoéa man dic diém nay thi
bai toan d¢ quy s€ gay hién tuong treo may.

Mot s6 ngdn ngit cip cao nhu: Pascal, C,... cho phép viét cac thu tuc dé
quy. Néu thu tuc dé quy chura 161 goi dén chinh no thi goi l1a d€ quy truc tiép.
Ciing c6 truong hop thu chura 101 goi dén thu tuc khac ma & thu tuc nay lai chira
161 goi dén no, trrong hop nay goi la dé quy gian tiép.

1.2.3. Thiét ké gidi thugt dé quy

Khi bai todn dang xét hoac dir liéu dang xtr Iy dugc dinh nghia dudi dang
dé quy thi viéc thiét ké cac giai thuat dé quy to ra rat thuan logi. Hau nhu nd phan
anh rat sat nd1 dung cua dinh nghia do.

Ta xét mot so bai toan sau:

i. Ham tinh n!

Ham nay dugc dinh nghia nhu sau:

. 1 ;ifn=0
Factorial(n) = ) )
n * Factorial(n-1);if n >0
Giai thuat dé quy duoc viét dudi dang ham dudi day:
long Factorial(int n)

if(n==0) Factorial:=1;
else Factorial = n*Factorial (n-1);

}
Trong ham trén 161 goi lai nd nam & cau 1€nh gan sau else.

Mdi lan goi dé quy dén Factorial, thi gia tri cua n giam di 1. Vi dy,
Factorial(4) goi dén Factorial(3), goi dén Factorial(2), goi dén Factorial(1), goi
dén Factorial(0) day 1a truong hop suy bién, né duoc tinh theo cach dic biét
Factorial(0) = 1.



ii. Bai todn diy sé FIBONACCI
Diy s Fibonacci bat ngudn tir bai todn c¢b vé viée sinh san cta cac cip tho.
Bai toan dugc dat ra nhu sau:
- Céc con tho khong bao gio chét.
- Hai thang sau khi ra do1 mot cdp thd mai s€ sinh ra mot cdp thd con.
- Khi d3 sinh con r6i thi ¢t mdi thang tiép theo chung lai sinh duoc mot
cap con moi.
Gia str bat dau tir mot cip tho méi ra doi thi dén thang thir n s& co bao
nhiéu cap?
Viduvoin=6,ta théy.
Thang tht 1: 1 cap (c@p ban dau)
Thang th 2: 1 cap (cdp ban ddu van chua dé)
Théng thtr 3: 2 cdp (da c6 thém 1 cdp con)
Thang thtr 4: 3 cdp (cip dau van dé thém)
Thang th 5: 5 cap (cip con bat dau dé)
Thang th 6: 8 cap (cdp con van dé tiép)

Dit F(n) 1a s6 cdp tho ¢ thang thir n. Ta thdy chi nhing cip thé da co &
thang thtr n-2 méi sinh con & thang thir n do do s6 cdp thd & thang thir n la:

F(n) = f(n-2) + F(n-1) vi vay F(n) ¢6 thé dugc tinh nhu sau:
1 ;ifn<2

F(n) = {F(n _ 2) + F(n - 1) ; otherwise

Diy sb thé hién F(n) tng v6i cac gia tri cian =1, 2, 3, 4..., ¢ dang

1 12 3 5 8 13 21 34 55.. dady nay duoc goi
la day s6 Fibonacci. Day la m6 hinh cua rat nhi€u hién tuong ty nhién va ciing
dugc st dung nhiéu trong tin hoc.

Sau day 1 thu tuc dé quy thé hién giai thuat tinh F(n).

long F(int n)
{
if(n<=2) rF=1;
else F = F(n-2) + F(n-1);

i
O day truong hop suy bién tng vé6i 2 gia tri F(1) =1 va F(2) = 1.
iii. Chii y
D6i v6i hai bai toan néu trén thi viéc thiét ké cac giai thudt dé quy twong
ung kha thuan 1gi vi ca hai déu thudc dang tinh gia tri ham ma dinh nghia cua né
xac dinh dugc dé dang.



Nhung khong phéi lic nao tinh dé quy trong cach giai bai toan ciing thé
hién rd nét va don gian nhu vay. Viéc thiét ké mot giai thuat dé quy doi hoi phai
giai dap duoc cac cau hoi sau:

- C6 thé dinh nghia dugc bai toan dudi dang mdt bai toan cung loai,
nhung nhé hon nhu thé nao?

- Nhu thé ndo 13 kich thudc cua bai toan dugc giam di & mdi 1an goi dé
quy?

- Truong hop dac bi¢t nao cua bai toan duoc goi la truong hop suy
bién?

Sau day ta xét thém bai toan phirc tap hon.

iv. Bai toan “Thap Ha Ngi”

Co n dia, kich thudc nho dan, mdi dia c6 18 & gitra. Co thé xép chong chung
1én nhau xuyén qua mot coc, dia to & dudi, dia nho & trén dé€ cudi cung c6 mot
chong dia dang nhu hinh thap nhu hinh 1.3. dué1 day.

A B C
Hinh 1.3. Bai todn thdap Ha Noi

Yéu cau dit ra la:
. Chuyén chéng dia tir coc A sang coc khac, chéng han coc C, theo nhiing
diéu kién:
- Mdi 1an chi duge chuyén mot dia.
- Khong khi ndo c6 tinh hudng dia to ¢ trén dia nho (du 13 tam thoi).

- Pugc phép st dung mot coc trung gian, ch?mg han coc B dé dat tam
dia (goi la coc trung gian).

Dé di toi cach giai tong quat, trude hét ta xét vai trudong hop don gian.
* Truong hop c6 1 dia:

- Chuyén dia tir coc A sang coc C.
* Truong hop 2 dia:

- Chuyén dia th&r nhat tir coc A sang coc B.

- Chuyén dia thtr hai tir coc A sang coc C.

- Chuyén dia thtr nhét tir coc B sang coc C.

Ta thay v0i truong hop n dia (n>2) néu coi n-1 dia & trén, déng vai trd nhu
dia thir nhét thi c6 thé xir Iy giéng nhu truong hop 2 dia dugc, nghia 1a:



- Chuyén n-1 dia trén tir A sang B.
- Chuyén dia tha n tir A sang C.
- Chuyén n-1 dia tir B sang C.

Lwoc dé thé hién 3 buéc nay nhw sau:

Budce 1 /\ H
C

Budc 2

Budc 3 N\

A B C
Hinh 1.4. Cdc bude di chuyén dia trong bai todn thap Ha Nji

Nhu vay, bai toan “Thap Ha Noi” tong quat v6i n dia di duoc din dén bai
toan tuong tu voi kich thude nhéd hon, chéng han tr chd chuyén n dia tr coc A
sang coc C nay 1a chuyén n-1 dia tir coc A sang coc B va & muc nay thi giai
thuat lai la:

- Chuyén n-2 dia tir coc A sang coc C.
- Chuyén 1 dia tir coc A sang coc B.
- Chuyén n-2 dia tir coc C sang coc B.



va ctr nhu thé cho téi khi truong hop suy bién xay ra, d6 1a truong hop mg voéi
bai toan chuyén 1 dia.
Vay thi cac dic diém ciia dé quy trong giai thuat da duoc xac dinh va ta c6
thé viét giai thuat dé quy cua bai toan “Thap Ha No1” nhu sau:
void Chuyen(n, A, B, C)
{ if( n==1) chuyén dia tu A sang C

else

{

call Chuyen(n-1, A, C, B);
call chuyen(1, A, B, C);
call Chuyen(n-1, B, A, C) ;

}

1.2.4. Hiéu lyc cua dé quy
Qua céc vi du trén ta c6 thé thay: dé quy 1a mot cong cu dé giai quyét cac
bai todn. Bén canh giai thuat dé quy van c6 nhitng giai thuat 1dp kha don gidn va
hiru hi¢u. Chang han giai thuat 1ap tinh n! co6 thé viét:
long Factorial(int n)

{
long gt;
if (n==0 || n==1) gt=1;
else
{ gt=1;
for(int 1i=2; i<=n; i++)
gt = gt*i;
}
return gt;
}

Hoac ta xét giai thuat 1dp tinh s6 Fibonacci tht n:
long Fibonacci(int n)

{
long Fibn;
if(n<=2) Fibn = 1;
else
{
long Fibl = 1, Fib2 = 1;
for(int i=3; i<=n; i++)
{
Fibn = Fibl + Fib2;
Fibl = Fib2;
Fib2 = Fibn;
s
return Fibn;
3
s

Tuy vy, d& quy van c6 vai trd xting dang ctia n6. C6 nhirng bai toan, viéc
nghi ra giai thuat d¢ quy thuan loi hon nhiéu so voi giai thuat 1dp va c6 nhirng



giai thuat dé quy thuc su ¢6 hiéu luc cao, chang han giai thuat sap xép kiéu phan
doan (Quick Sort) hodc cac giai thuat duy¢t cay nhi phan ma ta s€ c6 dip xét tdi
trong mon hoc nay.

Mot diéu nita can noi thém la: vé mit dinh nghia, cong cu dé quy da cho
phép xac dinh mot tap vo han cac dbi tuong bang mot phat biéu hiru han. Ta s&
thdy vai trd clia cong cu nay trong dinh nghia van pham, dinh nghia ci phap
ngdn ngir, dinh nghia mot sé cau trac dit lidu v.v...

Chii thich: khi thay cac giai thuat dé quy bang cac giai thuat lip tuong tGng
ta goi la khir dé quy. Tuy nhién c6 nhiing bai toan viéc khir dé quy twong d6i
don gian (vi du: giai thuat tinh n!, tinh s6 Fibonacci ...), nhung c¢6 nhiing bai
toan viéc khur d¢ quy la rat phirc tap (vi du: bai toan thap Ha Noi, giai thudt sap
xép phan doan,...).

1.3. B¢ phirc tap cia thuat toan
1.3.1. Phan tich thudt toan

Véi mot bai toan, khong chi c6 mot thuat toan dé giai. Cau hoi dit ra 1a,
chung ta can chon thuat toan nao trong s cac thuat toan da c6 dé giai bai toan
mot cach hiéu qua nhat. Sau day ta phan tich thuat toan va danh gia do phuc tap
tinh todn cua no.

1.3.1.1. Tinh hiéu qua cua thudt todan

Khi giai mot bai todn, ta can chon mot thuat toan duoc xem 1a tét nhat trong
tat ca cac thuat toan dua ra dé giai quyét bai todn. Vay lua chon thuat toan dya
trén co s¢ nao? Thong thuong ta dya trén hai ti€u chuan sau day:

1. Thuat toan don gian, d& hiéu, dé cai dit (dé viét chuong trinh)

2. Thuét toan sir dung tiét kiém nhat ngudn tai nguyén cua may tinh, va dic
biét, chay nhanh nhat c6 thé dugc.

Tiéu chuén (2) duoc xem la tinh hiéu qua cua thuat toan. Tinh hi¢u qua cua
thuét toan bao gdm hai nhén t6 co ban:

i. Dung luong khong gian nhd can thiét dé luu git cac dir lidu vao, cac két
qua tinh toan trung gian va cac két qua cua thuat toan.

ii. Thoi gian can thiét dé thyc hién thudt toan (ta goi 1a thoi gian chay
chuong trinh, thoi gian nay khong phu thude vao cac yéu t6 vat Iy cua may
tinh (téc d6 xtr Iy ciia mdy tinh, ngdn ngit viét chuong trinh,... ))

Ta s& chi quan tim dén thoi gian thyc hién thuit toan. Vi vdy khi néi dén
danh gia d6 phuc tap cua thuat toan, c6 nghia 1a ta n6i dén danh gia thoi gian
thuc hién. Mot thuat toan c¢6 hiéu qua dugc xem la thuét toan c6 thoi gian chay it
hon cac thuat toan khac.

1.3.3.2. Danh gia thoi gian thuc hién cua thudt toan

C6 hai cach tiép can dé danh gia thoi gian thuc hién ctia mot thuat toan
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Phwong phap thir nghiém: Viét chuong trinh va cho chay chuong trinh véi
cac dir liéu vao khéac nhau trén mdt may tinh nao do. Thoi gian chay chuong
trinh phu thudc vao cac nhan t6 sau day:

1. Cac dir liéu vao

2. Chuong trinh dich dé chuyén chuong trinh ngudn thanh chuong trinh ma
may.

3. Tdc d6 thuc hién cac phép toan trén may tinh dugc sir dung dé chay
chuong trinh.

Vi thoi gian chay chuong trinh phu thudc vao nhiéu nhan td, nén ta khong
thé bi€u dién chinh xac thoi gian chay ctia chuong trinh 1a bao nhi€u don vi thoi
gian (theo thoi gian chuan), chang han la bao nhiéu giay?

Phwong phap 1y thuyét: Xem thoi gian thyc hién ciia thuat todn nhu 1a ham
s6 cua kich thuée dit lidu ddu vao. Kich thude cta dit ligu dau vao la mot tham
s6 ddc trung, nd c6 anh hudng quyét dinh dén thoi gian thuc hién chuong trinh.
Cai duoc chon 1am kich thudc cua dir lidu dau vao phy thudc vao thuat toan cu
thé. Chang han, d6i voi cac thuat toan sap xép mang, thi kich thudc cua dir lidu
dau vao 1a s6 thanh phan cua mang; d6i v6i thuat toan giai hé n phuong trinh
tuyén tinh v&i n an, ta chon n 1a kich thudc. Thong thuong dit lidu dau vao 1a
mot s6 nguyén duong n. Ta sé sir dung ham s6 T(n), trong d6 n 1a kich thudc dir
liu dau vao, dé biéu dién thoi gian thuc hién cia mot thuat toan.

Thoi gian thuc hién T(n) 14 sb phép toan so cAp can phai tién hanh khi thuc
hién thuat toan. Cac phép toan so cap la cac phép toan ma thoi gian thyc hién bi
chan trén bdi mot hang sd chi phu thudc vao cach cai dit dugc sir dung. Ching
han céac phép toan s6 hoc +, -, *, /, cac phép toan so sdnh =, >, < >= <= ... 1a
cac phép toan so cp.

1.3.2. D¢ phirc tap tinh todn cua gidi thudt

Khi danh gia thoi gian thyc hién bang phuong phap toan hoc, ta s& bo qua
nhan tb phu thudc vao cach cai dat, ma chi tp trung vao xac dinh do 16n cia
thoi gian thuc hién T(n). Ky hi€u toan hoc O (doc 1a 6 16n) dugc stir dung dé mo
ta do 1on cua ham T(n).

1.3.2.1. Dinh nghia

Gia st n 1a s6 nguyén khong am, T(n) va f(n) la cac ham thyc khong am. Ta
viét T(n) = O(f(n)) (doc : T(n) bang 6 16n cua f(n)), néu va chi néu ton tai cac
hang s6 duong ¢ va n, sao cho T(n) < c.f(n), v6i V n > n,.

Néu mot thuat toan c6 thoi gian thyc hién T(n) = O(f(n)), ching ta s& noi
rang thuat toan c6 thoi gian thye hién cap f(n).

o Vi du: Gia st T(n) = 10n” + 4n + 4
Tacé: T(n) < 10n° + 4n”+ 4n” = 18n*, véi Vn > 1 (& ddy c=18, n,=1)
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Vay T(n) = O(n?). Trong truong hop nay ta noi thuat toan co do phirc tap
(c6 thoi gian thyc hién) cap n’.

Bang 1.1 sau day cho biét cac cap thoi gian thyc hién thuat toan dugc sir
dung rong rai nhat va tén goi thong thuong cua chung.

Bing 1.1. Cdc cdp thoi gian thwc hién thudt todn

Ky hi€u 6 16n Tén goi thong thuong
0o(1) Hang
O(log,n) logarit
O(n) Tuyén tinh
O(nlogyn) nlog,n
O(n?) Binh phuong
O(n*) Lap phuong
02" Mi

Danh sach trén sap xép theo tht ty ting dan cua cap thoi gian thue hién

Céac ham nhu logyn, n, nlogyn, n%, n’ duge goi 1a cac ham da thuc. Giai
thuat véi thoi gian thyc hién c6 cap ham da thirc thi thuong chap nhan duoc.

Cac ham nhu 2", n!, n" dugc goi 1a ham loai mii. Mot giai thuat ma thoi
gian thyc hién ctia n6 1a cac ham loai mii thi toc d§ rat cham.
1.3.2.2. Xdc dinh d¢ phuc tap tinh toan

Xac dinh d6 phurc tap tinh toan cua mot giai thuat bat ky co thé dan dén
nhimng bai toan phuc tap. Tuy nhién, trong thuc té, d6i v4i mot sd giai thuat ta
cling c6 thé phan tich dugc bang mot sé qui tac don gian.

e Qui tic tdng: Gia st Ti(n) va T,(n) 12 thoi gian thuc hién cua hai giai doan
chuong trinh Py va P, ma Ty(n) = O(f(n)); To(n) = O(g(n)) thi thoi gian thue hién
doan P, 161 P, tiép theo s€ 1a T (n) + T(n) = O(max(f(n),g(n))).

Chirng minh:
Theo dinh nghia:
Ti(n) = O(f(n)) nén I¢,;>0 va n;>0 sao cho T(n) < ¢ f(n) vdi Vn>n,
T,(n) = O(g(n)) nén Ic,>0 va n,>0 sao cho Ty(n) < cpg(n) véi Vn>n,
Chon ng=max(n;, n,), c=max(c,c,); ta co:
Vn>ny:
Ti(n) + Ta(n) < ¢if(n) + cog(n) < c(f(n) + g(n)).
Vay Ti(n) + Tr(n) = O(max(f(n),g(n))).
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Vi du: Trong mot chuong trinh c¢6 3 budc thuc hién ma thoi gian thyc hién tung
bude 1an luot 13 O(n®), O(n’) va O(nlogyn) thi thoi gian thyuc hién 2 budce dau la
O(max (n®, n’)) = O(n’). Khi d6 thoi gian thyc hién chuong trinh s& 1a
O(max(n’,nlog,n)) = O(n’).

e Qui tic nhan: Néu tuong tmg véi P, va P, 1a Ty(n) = O(f(n)), To(n) =
O(g(n)) thi thoi gian thuyc hién P; va P, long nhau s€ 1a : Ti(n)Ty(n) =
O(f(n)g(n))

Chirng minh:
Theo dinh nghia:
Ti(n) = O(f(n)) nén 3¢;>0 va n;>0 sao cho T (n) < ¢f(n) véi Vn>n,
T,(n) = O(g(n)) nén Ic,>0 va n,>0 sao cho Ty(n) < c,g(n) véi Vn>n,
Chon ng=max(n;, ny), c=c;cy; ta co:
Vn>ng:
T1(n)T>(n) < cicx(f(n)g(n))
Vay Ti(n)Tzx(n) = O(f(n)g(n))

Dé danh gia thoi gian thuc hién thuit toan, ta can biét thoi gian thuc hién
cua cac lénh nhu sau:

1. Thoi gian thyc hién cac 1énh don: gan, doc, viét 1a O(1)

2. Lénh hop thanh (hay 1énh ghep): thoi gian thyc hién 1énh hop thanh dugc
xac dinh baéi luat tong.

3. Lénh if:
if (<bthuc logic>) S1; else S2;

Gia st thoi gian thuc hién cac 1énh Sy, S; twong tng 1a O(f(n)) va O(g(n)).
Khi dé thoi gian thye hién 1€nh if 1a O(max (f(n), g(n)))

4. Lénh chon lwa: Lénh nay dugc danh gid nhu 1é€nh if
5. Lénh while:
while (<bthuc logic>) S;

_ Gia sur thot gian thyc hién 1énh S (than cua while) 1a O(f(n)) . Gia st g(n) la
s0 t01 da cac lan thuc hién 1€nh while. Luc d6 d phuc tap cia toan vong 1ap nay
1a O(f(n)g(n)).

6. Cac 1énh 13p khac c6 tinh chat tuong ty.

1.3.2.3. Danh gia do phuec tap cua thu tuc (hoac ham) dé qui

Truéc hét ching ta xét mot vi du cu thé. Ta s& danh gia thoi gian thuc hién
cua ham d¢ qui sau
long Fact (int n)

{
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if( n <= 1) Fact =1;
else Fact = n* Fact (n - 1);
}
Trong ham nay ‘06’ cua dir liéu vao 1a n. Gia sur thoi gian thyc hién ham la
T(n). V61 n =1, chi can thyc hién 1énh gan fact =1, do d6 T(1) = O(1).
Véin>1, can thyc hién 1énh gan fact = n*fact(n - 1). Do d6 thot gian T(n)
1a O(1) (dé thuc hién phép nhan va phép gan) cong vdoi T(n -1) (d€ thuc hién 161
goi d€ qui fact(n - 1)). Tom lai, ta c6 quan h¢ d¢ qui sau:
T(1)=0(1)
T(n)=0()+T(n-1)
Thay cac O(1) boi cac hang nao dé, ta nhan dugc quan hé dé qui sau
T(1)=C,
T(n)=C,+ T(n-1)
Dé giai phuong trinh dé qui, tim T(n), ching ta ap dung phuong phap thé
lap.
Tn) =C+Tn-1)
=C,+[C, + T(n-2)] =2C,+ T(n-2)
=2C, +[Cy + T(n-3)] =3C, + T(n-3)

=(n-1)C, +T(1)
hay T(n) = (n - 1) C, + C;, trong d6 C; va C, 1a cac hang. Do d6, T(n) = O(n).

Tt vi du trén, ta suy ra phuong phap tong quat sau day de danh gia thoi
gian thyc hién thu tyc (ham) dé qui. Pé don gian, gia thiét rang cac thu tuc
(ham) 1a d¢ qui truc tiép. Piéu d6 c6 nghia 13 cac thu tuc (ham) chi chira cac 101
goi dé qui dén chinh n6. Gia sir thoi gian thyc hién thu tuc 1a T(n), véin 1a cd dix
liéu dau vao. Khi dé thoi gian thuc hién céc 101 goi dé qui dugc danh gid thong
qua céc budc di sau.

1.3.2.4. Mot 56 vi du
o Vi du 1: Giai thuat tinh gia trj cta e* tinh theo cong thirc gan ding

e =1+x/1! +x%/2! +..4x"/ n!, v6i x va n cho trudc
float Expl (int n, iInt x)
/* Tinh tung sbé hang sau d6 céng dén lai */
{ float s, p;

s 1= 1; (1)
for(int i=1; i<=n; i++) (2)
{
p=1; (3)
for(int j=1; j<=i; j++) (4)
P = p*x/3; (5)
s = s + p; (6)
}
return s; (7)
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}

Ta thay cau 1énh (1) va (7) 14 cac cu 1énh gan nén ching c6 thoi gian thyc
hién 1a O(1). Do d6 thoi gian thuc hién cua giadi thuat phu thudc vao cau 1énh
(2). Ta danh gia thoi gian thyc hién cau 1énh nay. Trong than cta cau 1énh nay
bao gém cac 1énh (3), (4), (5) va (6). Hai céu 1¢nh (3) va (7) co thoi gian thyc
hién 1a O(n) vi mdi cau lénh duoc thyc hién n 1an. Riéng cau lénh (5) thi thoi
gian thuc hién n6 con phu thudc vao cdu 1énh (4) nén ta con phai danh gia thoi
gian thuc hién cau 1énh (4).

Véii= 1 thi cau 1énh (5) dugc thyc hién 1 lan
Véi i =2 thi cau 1énh nay duoc thyc hién 2 1an
Véi i =n thi cAu 1énh nay dugc thuc hién n lan
Suy ra téng s6 1an thuc hién ciu 1énh O la:
142 +...+n=n(n+1)/21lan

Do d6 thoi gian thuce hién cau 1énh nay 1a O(n®) va ddy ciing 1a thoi gian
thuc hién cua giai thuat.

a Vi du 2: Phan tich thuat toan Euclide (thudt toan tim udc s6 chung 16n nhat
cua hai s6 nguyén)

int Euclide (int m, Int n)

{
int r = m%n; (1)
while( r !'=0 ) (2)
{
= n; (3)
n=r; (4)
r = m%n; (5)
3
return n; (6)
}

Thoi gian thyc hién thuat todn phu thude vao s6 nho nhét trong hai s6 m va
n. Gid st m > n > 0, khi d6 c¢& cua dir li€u vao la n. Cac Iénh (1) va (6) c6 thoi
gian thuc hién 1a O(1) vi chung la cac cau lIénh gan. Do do6 thoi gian thuc hién
thuat toan la thoi gian thuc hién céc lc,énh ‘While, ta danh gia thoi gian ~thu’c hién
cau 1énh (2). Than cua 1énh nay, la khéj gom ba 1énh (3), (4) va (5). Moi 1énh co
thoi gian thuc hién la O(1). Do d6 khoi ¢6 thoi gian thue hién 1a O(1). Ta con
phai danh gia s 16n nhat cac 1an thuc hién 13p khoi.
Ta co:
m=n.q;+r,0 <r<n
n=r.q+rn,0 <rnp<r

Néur, <n/2 thir, <r;<n/2,do ddr, <n/2
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Néurl >n/2thi @2 =1, tc lan=rl +12, do d6 12 <n/2.

Tom lai, ta luén co r2 <n/2.

Nhu vy ct hai 1an thuc hién khéi 1énh thi phan du r giam di con mot nta
cua n. Goi k 1 s6 nguyén 16n nhat sao cho 2* < n. Suy ra sb lan lap t6i da 1a 2k
+ 1 < 2logyn + 1. Do d6 thoi gian thuc hién 1énh while 1a O(logon). Do cling 1a
thot gian thuc hién cia thuat toan.

Bai tip cudi chwong

1. gia st rang Ty(n) = O(f(n)) va T,(n) = O(f(n)). ciu nio sau day la dung?
a. Ti(n) + Ty(n) = O(f(n))
b. Ti(n) - Ta(n) = O(f(n))
c. Ti(n)/Ta(n) = O(1)
d. T1(n) = O(Ta(n))

2. Ching minh rang vé6i bat ky hing s k, ta co: log“n = O(n).

3. Phan tich cac thuat todn sau theo thoi gian thuc

a. sum = 0;
for( 1=0; i<n; 1i++ )sum++;

b. sum = 0;
for( i=0; i<n; i++ )
for( j=0; j<n; Jj++ )sumt+;
C. sum = 0;
for( i=0; i<n; i++ )
for( j=0; j<n*n; Jj++ )sum+t+;
d. sum = O,
for( i=0; i<n; i++ )
r( 9=0; j<i; J++ )sumt+;
e. sum = 0;
for( 1i=0; i<n; i++ )
for( j=0; j<i*i; J++ )
for( k=0; k<j; k++) sum++;
f. sum = 0;

for( i=1; i<n; i++ )
for( j=1; j<i*i; J++ )
if( j%l —=0)
for( k=0; k<j; k++ ) sum++;

g. sum = 0;
for(int i = 1; i<=n; i++) {readln(x); sum := sum + 1;}
h. for(int 1 = 1; i<=n; i++)

for(int j = 1; j<=n; j++)
{
Clil[3l = 0;
for (int k = 1; k<=n; k++)
[J

Clil1[J1=CIl[i][J] + A[i]l[k] + BI[kI[31;
}
1. for(int i = 1; 1 <= n - 1; i++)
for(int J =1; j <=n -1; j++)
f(X[3] > X[J + 1])
{tg X[31: X[31=X[J+1]; X[J+1]= tg;}
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4. Cho i va j 1a hai s6 nguyén va dinh nghia ¢(i, j) boi g(i, /) = 0 néu i < va q(i -
J,j)+ 1 néu i>j

a. Gia tri cua ¢(7,2) 1a bao nhiéu?

b. Ta c6 thé x4c dinh ¢(0,0) khong?

c. Ta c6 thé xac dinh ¢(-3, -4) khong?
5. Cho a la mang s6 thuc va i, n 1a cac sb nguyén duong. Hdm m (a,i,n) duogc
dinh nghia: m(a,i,n) = a[i] n€u 1 = n va max(m(a,i + 1,n) ,a[i]) néui<n

a. Timm(a,in)néui=1,n=6,vaala

0. 6.8
1. 32
2. -5.0
3. 14.6
4. 7.8
5. 9.6
6. 3.2
7. 4.0

b. Ham m(a,i,n) nghia la gi?

6. Vi€t cac ham d¢ qui thyuc hién céc cong viéc sau:

Tinh n!

TinhS=1+2+3+...+n

Tinh S=1+3+5+ ... + (2k+1) v6i 2k+1<n

Doi s6 nguyén n hé 10 sang hé 2

DPéo ngugc mot s6 nguyén duong

Diy sd Fibonaci

Tim udc sb6 chung 16n nhét cua 2 s6 nguyén A & B
Tinh 2"

Tinh x”
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Chuong 2. DANH SACH
(List)

2.1. Kiéu dir li¢u triru twong danh sach (List Abstract Data Type)
2.1.1. Dinh nghia danh sach

Danh sach 1a mot ddy hiru han cac phan tir cung kiéu. Chang han, danh sach
sinh vién ctia mot 16p, danh sach cac s6 nguyén,...

Gia st L 1a mot danh sach c6 n phan tir (n>=0).

L=(a, ay, ..., ay)

Ta goi n 12 46 dai cua danh sach. Néu n>=1 thi a, duoc goi 1a phan tir dau
tién, a, duoc goi la phan tir cudi cung cua danh sach L; néu n=0 thi L duoc goi la
danh sach rong (empty list).

Mot tinh chat quan trong ctia danh sach 13 cac phan tir cua nd duoc sip
tuyén tinh: néu n>1 thi phan tr a;.; “di truéc” phan tir a; (voi i=2, ..., n). Ta goi
a; (voii=1, 2, ..., n) 1a phan tr ¢ vi tri thir i ciia danh sach.

2.1.2. Cac phép toan trén danh sdach
Khi md ta mot mé hinh dit liéu, ta cin xéac dinh cac phép toan co thé thup

hiér} trén md hinh toan hoc dugc dung lam c& sé cho md hinh dir liu. Co6 rat
nhiéu phep toan trén danh sach, va trong cac ung dung, thong thuong ta chi su
dung mdt nhom cac phép toan nao do. Sau day la mot s6 phép toan chinh trén
danh séch.
. Khéi tao danh sach rong.
. Xac dinh d0 dai cua danh sach.
. Loai phén ttr & vi tri thi p ctia danh sach.
. Xen phan tir X vao danh sach sau vi tri thi p.
. Xen phan tir X vao danh sach trudc vi tri thi p.
. Tim phan X trong danh danh sach.
. Kiém tra xem danh sach c6 rong khong?

0 1 N L kW

. Kiém tra xem danh sach c6 day khong?
9. Duyét danh sach.
10. Cac pheép toan khac:Truy cap dén phan tir thtr i ctia danh sach (dé
tham khdo hodc thay the), két hqp hai danh sach thanh mdt danh
sach, tach mot danh sach thanh nhi€u danh sach v.v...

2.2. Danh sach dac (Condensed List)

2.2.1. Dinh nghia danh sach dac
Danh sach dac la danh sach ma cac phén tir duge sip xép ké tiép nhau trong
bo nho, dung ngay sau phan tir thur a; 1a phan tu thir a;44.
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2.2.2. Cai dat danh sach ddc boi mang
bé don gian, ta sir dung mdt mang nguyén gdm n phan tir a[0], a[1], ..
a[n-1] dé biéu dién danh sach dac.

» Ta cai dat danh sach dac nhw sau:

#define Max size 100
int a[Max size];

int n;//n biéu dién sb phdn tu trong danh séach.

2.2.3. Cac phép todan trén danh sdach
2.2.3.1. Khoi tao danh sach
Khi khéi tao, danh sach 14 rdng, ta cho s phan tir n bang —1.
» Giai thudt:
void Initialize()

{n=-1;}

2.2.3.2. Kiém tra danh sdach cé rong khéng

Kiém tra, néu danh sach rdng (nghia 13 n = -1) thi tra vé két qua TRUE,
nguoc lai tra vé két qua FALSE.
» Giai thuat:
int IsEmpty ()
{ return (n == -1)21:0;}

2.2.3.3. Kiém tra danh sach cé ddy khéong

Kiém tra, néu danh sach ddy (nghia 1a n = Max_size - 1) thi tra vé két qua
TRUE, nguoc lai tra vé két qua FALSE.
» Giai thudt:
int IsFull ()

{ return (n == Max size - 1)?21:0;}

2.2.3.4. Thém mot phan tir vao danh séach
Gia su ta can thém phﬁn tor cd gid tri x tai vi tri thu 1, khi d6 cac phén to tu
a[i] dén a[n] duoc di chuyén ra sau mdt vi tri.
» Gidi thuat:
void Add(int x, int 1)
{if (1 IsFull())
{ n++;
for (int j=n; j>i; Jj--) aljl=alj-11;
alil] = x;
}
}

2.2.3.5. Loai bo métphd‘n twr khoi danh sach
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Gia st can loai bo phan tir a[i] ctia danh sach, khi d6 cac phan tir a[i+1] dén
a[n] duogc di chuyén dén trudc mot vi tri.
» Gidi thudt:
void Delete(int 1)
{
if (! IsEmpty())
{
for (int j=1i; Jj<n; Jj++) aljl=alj+l];
n--;

}

2.2.3.6. Tim kiém mot phan tir trong danh sdch

Gia str ta can tim xem ¢ phan tor nao co gia tri x trong danh sach khong?
Néu tim thay thi tra vé vi tri can tim, néu khong tra vé -1 (khong tim thay).

> Gidi thudt (Tim kiém tudn ti):

int Search (int x)
{
for (int i=0; i<=n; 1i++)
if(a[i]l==x)return 1i;
return -1;

}

2.2.4. Diic diém ciia danh sdch dic
2.2.4.1. Uu diém
- Khi str dung danh sach voi mat do cao nhat 100% thi khong lang phi
bo nhd.
- D@ dang truy xuat dén phan tir tht i trong danh sach.

- D@ dang tim kiém mot phan tir ¢6 ndi dung 12 x.

2.2.4.2. Nhuoc diém

- Khi khong st dung danh sach v6i mat d6 cao nhat thi gay lang phi bo
nhd.

- Khong phu hgp cho cac phép toan thém vao va loai bo.
2.3. Danh sach lién két don (Single Linked List)

2.3.1. Dinh nghia

Danh sach lién két (DSLK) don 1a danh sach ma mdi phan tir dugc ndi két
v61 nhau thong qua mot vung lién két cua chung.

2.3.2. Biéu dién danh sach lién két don

> Mot phan tir trong danh sach lién két don bao gom hai ving chinh (Hinh
2.1):
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- Vung chira ndi dung (info).

- Vung lién két (link)

info link

Hinh 2.1. Biéu dién mit trong DSLK don

> Céac phan ttr trong DSLK duoc biéu dién bang kiéu con trd (pointer).
> Ngoai cac phan tir trong danh sach lién két don, ta con sir dung mot
bién chi diém dau First tré vao phan tir dau tién (hodc chura dia chi phan
tir dau tién) cua danh séach lién két don.

@ Khai bdo danh sdach lién két don:

struct Tro

{

//Khai bao cac truong ndi dung
Tro *link;//Khai bao truong lién két
I8
Tro *First;
a Vi du 1: Khai bao danh sach lién két don c6 chi diém dau First, cac nat
(phan tr trong danh sach lién két) c6 truong ndi dung kiéu nguyén.

struct Tro

{
int nd; //Khai bdo trudong ndi dung

Tro *1link; //Khai bdo trudng lién két
bi
Tro *First;
a Vi du 2: Khai bdo danh sach 1ién két don c6 chi diém dau First, voi moi nut
cua danh sach cé cac truong ndi dung la: Tén, Tuoi.

struct Tro

{
char Ten[10];

int Tuoi;
Tro *1link; //Khai bdo trudng lién két

b

Tro *First;
> Ghi chii: Dé don gian, ta su dung cach khai bao trong vi du 1 dé cai dat cac
phép toan trén danh sach lién két don.
2.3.3. Cdc phép todn trén danh sdich lién két don
2.3.3.1. Khéi tao danh séach lién két don
Khi khoi tao, danh sach 1a rong, ta cho First trd dén NULL.
» Giai thudt:
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void Initialize()
{First=NULL; }

2.3.3.2. Chén mét phan tir vao danh sdch lién két don
‘ bé chén mot phan tir kiéu con tro, dau tién ta phai cip phat bd nhé cho
phan tir nay bang toan tir new theo cu phap sau:
<bién tr6> = new <Kiéu tré>;
o Bai toan: Hiy chén phan tir ¢6 gia tri 1 x vao danh sach lién két don c6 chi

diém dau 1a First. Khi thuc hién phép chén, ta c6 thé thuc hién theo mot
trong 3 cach sau:

i. Cheén vao ddu danh sdach
» Giai thuat
void InsertFirst (int x, Tro *&First)

{

Tro *p=new Tro;

//First 1a tham bién tréo

{1} //Khai bdo va khdi tao bién trd p

p->nd=x; {2}
p->link=First; {3}
First=p; {4}

}

Trong giai thuat nay ta cha ¥ dén 2 truong hop:
w Truong hop danh sach lién két rong (First=NULL):
{1} trong bd nh¢ sé tao ra bién tro p
p

{2} dat gia tr1 x vao truong ndi dung cua p
p

X

{3} Truong lién két, cua p tro dén First. Nhung do First=NULL, cho
nén truong lién két cua p s€ tré dén NULL

p
X &—> NULL

{4} Bién tro First nhan gia tri mai la p

X o——> NULL
First

w Truong hop danh sach lién két khong rong:
{1} va {2} tuong tu nhu trudng hop danh sach lién két rong.
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{3} Truong lién két ctia p tro dén First (chi y First khong rong).
{4} Bién tré nhan gid tri méila p

o Vidu:
Trude khi chén phan tir ¢é néi dung la x vao danh sdch lién két don

8 ° > 5 &——> NULL

First
Sau khi chen phan tir p ¢6 néi dung la x vao danh sach lién két don
X > 8 > 5 o——> NULL
First

Hinh 2.2. DSLK truéc va sau khi chén phan tir ¢6 ndi dung la x

ii. Chen vao cuoi danh sach
» Giai thuat
void InsertLast (int x, Tro *&First)

{

Tro *p=new Tro;
p->nd=x;

if (!First)

{ p—>1link=First; First=p; }
else

{
Tro *last=First;
while (last->1ink)last=last->1ink;
p->link=last->1ink; {1} //hodc p->1ink=NULL;

last->1link=p; {2}

}

Trong giai thuat nay co6 hai truong hop xay ra:

w Trudng hop ift trong ty nhu giai thuat chén dau vao danh sach rong.

= Truong hop else: ta phai tim dén phan tir cudi cung trong danh sach
thong qua vong 1ap while. Két thuc vong lap while, ta c6 két qua:

last

r--7> NULL

8 > 5 o
oA
—

First {2

p
Hinh 2.3. Chén phan tir ¢6 gid tri x vao cuéi DSLK don

- Cau Iénh {1} nghia la: Do last->link tr6 dén NULL, suy ra p->link tro
dén NULL.
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- Cau 1énh {2} nghia 1: last->link tré dén phan ti p.

» Gidi thudt dé quy
void InsertLastl (int x, Tro *&First)

{
if (!First)
{First = new Tro; First -> nd = x; First->1ink=NULL; }
else InsertlLastl(x, First->1link);

}

iii. Chén vao vi tri bit ky trong danh sdch
Gia sur ta can chén phéan tir ¢ gia tri x vao danh sach lién két don c6 thir tu
tang dan (theo truong ndi dung cia moi phan tir trong danh sach) va tré dau boi
First. Yéu cau sau khi chén, ta phai thu dugc danh séach lién két don cé thu tu
tang dan!
» Giai thudt
void InsertAnywhere (int x, Tro *&First)

{

Tro *p = new Tro; //C&p phat bd nhé cho bién tré p
p->nd = x; //Gan trudng nd clia p bing x
if (First == NULL) {1} //Trudng hgp DSLK rdng

{
p->link = First; First=p;
}
else
if (First->nd > x){2}//Trudng hgp chén p vao dadu DSLK
{
p->link=First; First=p;
}
else {3}//Trudng hop chén p vao gifta hodc cubi
{
Tro *befo, *g=First;
while (g && g->nd<x)
{
befo=q;g=g->1link;
}
p->link=qg; {3.1}
befo->1ink=p; {3.2}

}

Trong giai thudt ndy, sau khi cAp phat bo nhé cho bién p (thong qua 1énh
Tro *p = new Tro;), gan x cho ndi dung cua p (thong qua 1énh p->nd = x). Ta
con phai xét dén 3 truong hop nham dwa phan tir p vao DSLK don:

= Truong hop {1}: Trong trudng hop nay DSLK réng, cho nén truong hop
nay tuong tu muc i va ii. Nghia la chén p trong truong hop DSLK rong (First =
NULL)

w Truong hop {2}: Trong trudng hop nay ludn chén p vao dau DSLK
(truong hop nay tuong tu muc i.)
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w Truong hop {3}: Ta phai tim ra hai phan tir befo va ¢ trong DSLK
thong qua vong 1ap while. Két thiic vong lap while, ta luon tim duoc két qua:
phan tir befo ludn di trude phan tir g.

o Vi du: véi x=10, két thiic vong lap while, ta co két qua:

befo q
8 15 | ¢——> NULL

Y
Y

5

First
Hinh 2.4. Vi tri cua con tro befo va q, véi x=10

o Vi du: véi x=20, két thiic vong 1ap while, ta co két qua:
befo q
15 | e——> NULL

Y

0
®
Y

5

First
Hinh 2.5. Vi tri cua con tro befo va q, véi x=20

Tiép theo:
- Cau lénh {3.1} nghia la: truong lién két cua p tro dén g.
- Cau 1énh {3.2} nghia 1a: befo->link tro dén phan tt p.

» Gidi thudt dé quy
void InsertAnywherel (int x, Tro *&First)

{
if (!First)
{First = new Tro; First -> nd = x;
First->1ink=NULL; }
else
if (First->nd > x)

{
Tro *p=new Tro; p->nd=x;p->link=First;First=p;

}

else InsertAnywherel (x, First->1ink);

}

2.3.3.3. Xéa mét phan tir khéi danh sdch lién két don
Dé x6a mot phan tir kiéu con tré khoi bd nhd (thu hdi bo nhd), ta s dung
toan tir delete theo cu phap sau:
delete <bién tro>;

Khi thuc hién thao tac x6a, ta c6 thé roi vao mot trong 3 cach sau:

i. Xéa phan tir ddu tién trong DSLK
» Gidi thudt
void DeleteFirst (Tro *&First)

{
if (First)
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{Tro *p=First; First=First->link; delete p;}
}

ii. Xoa phdn tir cuéi cung trong DSLK
» Giai thuat
void DeletelLast (Tro *&First)
{
if (First)

if (First->1ink == NULL)
{ Tro *p=First; First = First ->1link; delete p;}
else Deletelast(x, First->1link);

}

iii. Xoa phan twr bdt ky trong DSLK
Gia su ta can x6a phan tir co gia tri x khéi DSLK don va tro dau boi First.
» Giai thuat
void DeleteAnywhere (int x, Tro *&First)
{
if (First)
if (First->nd == x)
{ Tro *p=First; First = First ->1link; delete p;}
else DeleteAnywhere (x, First->1link);

}

2.3.3.4. Tim kiém trong danh sdch lién két don

o Bai toan: Hiy tim phan tir ¢6 gia tri 13 x trong danh sach lién két don co
chi diém dau 1a First. Néu tim thay thi trd vé dia chi ctuia phan tr chtra x
trong DSLK don, néu khong thi trda vé NULL

» Gidi thuadt
Tro *FindElement (int x, Tro *First)
{
if (!First) return NULL;
else
if(First->nd == x) return First;
else return FindElement (x, First->1link);

}
2.3.3.5. In ra man hinh gid tri cdc phan ti trong danh sdch lién két don
» Giai thuat
void Print (Tro *First)
{
if (First)
{ cout<<p->nd<<” “; Print(First->link); }
}

2.3.3.6. Sdp xép trong danh sdach lién két don

Hay sap xép tang dan theo truong ndi dung ctia cac nit trong DSLK don ¢6
chi diém dau la First.
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» Gidi thudt
void Sort(Tro *First)
{
Tro *p=First;
while (p->1ink->1ink)
{
Tro *g=p->1link;
while (g->1ink)
{
if (p->nd > g->nd)
{ int temp=p->nd; p->nd=g->nd; g->nd=temp;}
g=g->link;
}
p=p->link;

}

2.3.3.7. Vi du vé danh sach lién két don

o Bai toan: Khai bao danh sach lién két don c6 chi diém dau First, cac nit
(phan tr trong danh sach 1ién két) co truong ndi dung ki€u nguyén. Sau do
hay thuc hién cac cong viéc:
i. Chén 5 gia tri bat ky cho danh sach nay.
ii. In ra man hinh céc gia tri c6 trong danh sach.
iii. Tim xem x c6 trong danh sach khong (vdi x nhap tir ban phim)?

iv. Hay x6a phan tir c6 gia tri 1a x trong danh sach.

o Thuwe hién:
finclude<iostream.h>
#include<conio.h>
struct Tro
{
int nd;
Tro *1link;
bi
Tro *First;
void Initialize()
{First=NULL; }
void InsertFirst (int x,Tro *&First)
{ Tro *p=new Tro; p->nd=x; p->link=First; First=p; }
Tro *FindElement (int x, Tro *First)
{
if(!First) return NULL;
else
if (First->nd == x) return First;

else return FindElement (x, First->1link);
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void DeleteAnywhere (int x, Tro *&First)
{
if (First)
if (First->nd == x)
{Tro *p=First; First=First ->link; delete p;}
else DeleteAnywhere (x, First->1link);
}
void Print (Tro *First)
{ if (First) {cout<<First->nd<<" ";Print(First->1ink);}}
void main ()
{
clrscr();
Initialize(); int x;
for(int i=1; i<=5; i++)
{
cout<<”Noi dung nut <<i<<” la:”; cin>>x;
InsertFirst (x, First);
}
cout<<”Cac gia tri trong DSLK la:\n”;
Print (First);
cout<<”Hay nhap gia tri can tim: “; cin>>x;
if (FindElement (x, First))
cout<<x<<” la nd cua mot phan tu trong DSLK\n”;
else
cout<<” DSLK khong co phan tu cé nd la “<<x<<”\n”;
if (FindElement (x, First))
{
DeleteAnywhere (int x, First);
cout<<”Danh sach sau khi xoa:\n”;
Print (First);
}
getch () ;

}

2.3. Danh sach lién két don vong (Circular Linked List)
2.3.1. Dinh nghia

Danh sach lién két don vong 1a danh sach lién két don ma truong lién két
cua nut cuoi cung trong danh sach chira dia chi ctia nut dau tién (tré dén phan tir
dau tién).

a Vidu:
1 = 2 | T " 3 |*° 4 ™

First J

Hinh 2.6. Danh sdch lién két vong

[ ]
y
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2.3.2. Biéu dién danh sdch lién két vong

Céach biéu dién danh sach lién két vong twong tu nhu cach biéu dién danh
sach lién ket don.

2.3.3. Cdc thao tdc trén danh sdch lién két vong

Dé don gian cac phép toan dugc thyuc hién trén danh lién két vong v6i mdi
nut cia danh sach c6 hai truong: nd (ki€u nguyén), link (ki€u Tro); dugc khai
bao nhu sau:

struct Tro

{
int nd; //Khai b&o céac trudng ndi dung
Tro *link; //Khai bdo trudng lién két

}i

Tro *First;

Trong danh sach lién két vong, ta str dung mot nut dic biét goi 13 “nut dau
danh sach”. Truong nd cua nit nay khong chira dir 1i€u va con tré First bay gio
tré t6i nat dau danh sach nay. Viéc dung thém nut dau danh sach d3 khién cho
danh sach vé mit hinh thirc khong bao gid rdng. Hinh anh ctia n nhu sau:

Hinh 2.7. Danh sdch lién két vong voi nut dau dac biét

> 1 @ > 2 @ > 3 |

—

2.3.3.1. Khdi tao danh sdch lién két vong
Khi khéi tao, danh sach chi c6 mot nat dac biét First, va truong lién két cta
nat nay tro dén chinh no.
» Gidi thuat:
void Initialize ()
{ First = new Tro; First->link = First;}

2.3.3.2. Chén mét phan tir vao danh sach lién két vong
> Gidi thudt:

void Insert (int x)
{ Tro *g=First;
while (g->1link!=First)g=g->1link;
Tro *p=new Tro;p->nd=x;p->link=First;g->link=p;
}
Trong giai thuat nay, ta phai tim dén phan tir cudi cung q trong danh sach

lién két vong, sau d6 chén p vao sau q. C6 2 trudng hop xay ra ddi véi q:

i. Truong hop DSLK vong rong:

g p
_ e EIRN

Sau khi chen p First

Hinh 2.8. DSLK vong rong truéc va sau khi chén

29



ii. Trwong hop DSLK vong khong rong:

x |
First

First

q oo q p
1 | 5 ‘>| Sau khi chen p 1 ‘.+_{ 5 ‘._~_.|

Hinh 2.9. DSLK vong khdc rong truée va sau khi chén

2.3.3.3. Tim kiém phan tir trong DSLK vong c6 néi dung ld x

Viét ham tim kiém phan tir trong DSLK vong c¢6 ndi dung 13 x, néu tim
thay thi tra két qua 1a 1, nguoc lai trd ve 0.
» Giai thudgt:
int Search (int x)
{

if (First->1link==First)return 0;
else
{ Tro *g=First->link;
int i=1;
while (g->nd!=x && g->link!=First)g=g->1link;
if (g->nd==x) return 1;
else return O;
}
}

2.3.3.4. Xod cdc phan tir trong DSLK vong c6 ndi dung ld x
» Giai thudt:
void Delete (int x,

{
if (Search (x))

Tro *&First)

if (First->nd == x)
{ Tro *p=First; First=First->link;delete p;
Delete(x,First);}

else Delete(x, First->1link);
else

cout<<"Danh sach rong, khong the xoa duoc!!!\n";
}

2.3.3.5. In cdc phan tir trong DSLK vong ra man hinh
> Giai thudt:
void Print ()
{
if(First->1link != First)

Tro *p=First->link;
while (p!=First)
{cout<<p->nd<<" ";p=p->link;}
}

else cout<<"Danh sach rong.";

}
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2.3.3.6. Vi du vé danh sdch lién két vong

o Bai toan: Khai béo danh sach lién két vong c6 chi diém dau First, cac nut
(phan tir trong danh sach lién két) co truong ndi dung ki€u nguyén. Sau do hay
thuc hién cic cong viéc:

i. Chén n gia tri bat ky cho danh sach nay.

il. In ra man hinh céc gia tri ¢6 trong danh sach.

iii. Tim xem x c6 trong danh sach khong (vdi x nhap tir ban phim)?
iv. Hay x6a cac phan tir c6 gia tri x trong danh sach.

o Thuwe hién:
finclude<iostream.h>
#include<conio.h>
struct Tro
{
int nd; Tro *1link;
}i
Tro *First;
void Initialize()
{ First=new Tro; First->link=First;}
void Insert (int x)
{
Tro *g=First;
while (g->1link!=First)g=g->1link;
Tro *p=new Tro;p->nd=x;p->link=First;g->1link=p;
}
int Search(int x)
{
if(First->1link==First)return 0O;
else
{
Tro *g=First->link;
int i=1;
while (g->nd!=x && g->link!=First)g=g->1link;
if (g->nd==x) return 1;

else return 0;

}

void Delete (int x, Tro *&First)

{

if (Search (x))
if (First->nd==x)
{
Tro *p=First; First=First->link;delete p;
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Delete (x,First);

}
else Delete(x, First->1link);

else

cout<<"Danh sach rong, khong the xoa duoc!!!\n";

}
void Print ()
{
if (First->1link != First)
{
Tro *p=First->link;

while (p!=First) {cout<<p->nd<<" ";p=p->link;}

}
else cout<<"Danh sach rong.";
}
void main ()
{
clrscr();
Initialize();

int n, x;

cout<<"Can nhap vao ds bao nhieu nut:";cin>>n;

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

{ cout<<"Nd nut "<<i<<" la: "; cin>>x; Insert(x);}
Print () ;
cout<<"\nMuon xoa nut co nd bang may: "; cin>>x;

Delete (x,First);
cout<<"Danh sach sau khi xoa: ";
Print () ;
getch () ;
}

2.4. Danh sach lién két kép (Double Linked List)

2.4.1. B.l.nh nghia NULL
Danh sach lién két kép (con goi 1a danh sach
lién két doi) Ia danh sach ma mdi nit ciia né c6 2 (o] 5 [o ] Fm
N [N A 3 A \ [N A 2 1
truong lién két (hinh 2.10). Mot vung lién két chi v
dén phan tur trudec nd goi l1a previous, mdt viung ‘ ° | 7 ‘ ] |
lién két chi dén phan tir sau n6 goi la next. ) !
(o] 12 Je ]
A
Y
Last ‘ [ J | 6 ‘ ? |
NULL
Hinh 2.10. DSLK kép
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2.4.2. Biéu dién danh sdch lién két kép

> Moi nut c6 3 ving chinh: vung chira cac truong ndi dung (Info), hai ving
chtra truong lién két: pre (chi dén phan tir trude nd) va next (chi dén phan tir sau
no).

pre Info next

Hinh 2.11. Biéu dién it trong DSLK kép

> Dé biéu dién danh sach lién két kép, ta str dung kiéu dir liéu con tro.

> Ngoai cac phan tir trong danh sach lién két kép, ta con sir dung 2 bién chi
diém, bién chi diém dau First tré vao phan tir dau tién (hoac chira dia chi phan tu
dau tién), bién chi diém cuoi Last trdé vao phan tir cudi cung (hoac chura dia chi
phan tir cuoi cung) cua danh séach lién két kép.

@ Khai bdo danh sdch lién két kép:

struct Tro
{
//Khai béo cac truong ndi dung
Tro *next; //Khai bao trudng lién két dén nuat sau
Tro *pre; //Khai bao truong lién két dén nat trude
}3

Tro *First, *Last;

a Vi du: Khai bao danh sach lién két kép c6 chi diém dau First, chi diém cubi
Last voi cac nat (phan tir trong danh sach lién két) co truong ndi dung
kiéu nguyén.

struct Tro

{
int nd; //Khai bao céc trudng ndi dung
Tro *pre, *next; //Khai bio truong lién két

bi

Tro *First, *Last;
» Ghi chii: Dé don gian, ta sir dung cach khai bao trong vi du nay dé cai dat
cac phép toan trén danh sach lién keét kép.
2.4.3. Cdc thao tdc trén danh sdach lién két kép
2.3.3.1. Khéi tao danh sdch lién két kép
Khi khéi tao, danh sach 1a rong, ta cho First va Last tro dén NULL.
» Giai thuat:

void Initialize()
{First=Last=NULL; }
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2.3.3.2. Chén mét phan tir vao danh sdch lién két kép

DPé chén mot phan tir kiéu con tro, dau tién ta phai cip phat bo nhé cho
phan tir nay bang toan tr new theo cu phap sau:

<bién tré> = new <Kiéu tré>;

Dé chén phan tir ¢ gié tri x vao DSLK kép ¢ chi diém dau First, chi diém
cudi Last, ta sir dung mot trong 3 gidi thuat sau:

i. Chén vao dau danh sach
» Gidi thuadt
void InsertFirst (int x, Tro *&First, Tro *&Last)
{
Tro *p=new Tro; p->nd=x;
p->next=First; p->pre=NULL;
if (First==NULL)
{First=p;Last=p;}
else
{First->pre=p; First=p;}
}

Trong khi chén, ¢o6 hai truong xay ra:
- Truong hop DSLK kép rong, sau khi chén ta c6 két qua:

NULL

P
Last‘ ‘ ‘ X ‘? ‘ First

NULL
Hinh 2.12. Cheén dit liéu vao DSLK kép rong

- Truong hop DSLK kép khdc rong, sau khi chén ta c6 két qua:

NULL
P
“‘X“|First
A
2
o] 7 [9]
A

7
Last‘.‘ 12 ‘?|

|

NULL
Hinh 2.13. Chén dit liéu vao DSLK kép khdc réng

ii. Chén vao cudi danh sach: twong ty truong hop i

iii. Chén vao vi tri bt ky trong danh sdch:
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Gi4a st danh sach lién két kép da co thu ty tdng dan, giai thuat chen gia tri x
vao danh sach nhu sau:
» Gidi thuadt
void InsertAnywhere (int x, Tro *&First, Tro *&Last)
{
1if (!First)
{
First=new Tro; First->nd=x; First->next=NULL;
First->pre=Last;Last=First;
}
else
if (First->nd<x)
InsertAnywhere (x, First->next, Last) ;

else

{
Tro *p=new Tro; p->nd=x; p->next=First;
p->pre=First->pre;First->pre=p;First=p;

}

2.3.3.3. Xoa phan tr co gia tri x trong danh sach lién ket kép
» Giai thuat
void DeleteEle(int x,Tro *&First)
{
if (First)
if (First->nd==x)
{ Tro *p=First;
if (First==Last)
if (First->pre) {Last=First->pre;First=NULL; }
else First=Last=NULL;
else
{First=First->next;First->pre=p->pre;}
delete p;
}

else DeleteEle (x,First->next);
else cout<<"\nKhong ton tai ptu "<<x<<" trong ds.\n";

}

2.3.3.4. In an cdc phan i trong danh sdch lién két kép
» Gidi thudt
void PrintFirst (Tro *First)
{ if(First)
{cout<<First->nd<<" ";PrintFirst (First->next);}
}

2.3.3.5. Vi du vé danh sdch lién két kép

o Bai toan: Khai bao danh sach lién két kép c6 chi diém dau First, chi diém
cudi Last, cac nit (phan tr trong danh sach lién két) co truong ndi dung kiéu
nguyén. Sau do hdy thuc hién cac cong viéc:
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i. Chén n gia tri bat ky cho danh sach nay.
ii. Inra man hinh céc gia tri c6 trong danh sach xuat phat tir First.
iii. In ra man hinh cac gia tri c6 trong danh sach xuét phat tir Last.

iv. Hay x6a phan tir c6 gia tri x trong danh sach.

o Thuwe hién:
#include<iostream.h>
#include<conio.h>
struct Tro
{
int nd;
Tro *next, *pre;
}i
Tro *First, *Last;
void Initialize()
{ First=Last=NULL; }
void InsertFirst (int x, Tro *&First, Tro *&Last)
{
Tro *p=new Tro; p->nd=x;
p->next=First; p->pre=NULL;
if (First==NULL)
{ First=p;Last=p; }
else
{ First->pre=p; First=p; }
}
void InsertAnywhere (int x, Tro *&First, Tro *&Last)
{
if(!'First)
{
First=new Tro; First->nd=x; First->next=NULL;
First->pre=Last;Last=First;
}
else
if (First->nd<x) InsertAnywhere (x, First->next, Last) ;
else
{
Tro *p=new Tro; p->nd=x; p->next=First;

p->pre=First->pre;First->pre=p; First=p;

}
void PrintFirst (Tro *First)
{

if (First)

{cout<<First->nd<<" ";PrintFirst (First->next);}



}
void PrintLast (Tro *Last)
{
if (Last)
{cout<<Last->nd<<" ";PrintlLast (Last->pre);}
}
void DeleteEle (int x,Tro *&First)
{
if (First)
if (First->nd==x)
{
Tro *p=First;
if (First==Last)
if (First->pre) {Last=First->pre;First=NULL; }
else First=Last=NULL;
else
if (First->pre)
{First=First->next;First->pre=p->pre;}
else {First=First->next;First->pre=NULL; }
delete p;
}
else DeleteEle (x,First->next);
else
cout<<"\nKhong ton tai ptu "<<x<<" trong d s.\n";
}
void main ()
{
clrscr();
Initialize():;
int n, x;
cout<<"Nhap so phan tu: ";cin>>n;
for(int i=1;i<=n;i++)
{
cout<<"Noi dung phan tu "<<i<<" la: ";cin>>x;
InsertAnywhere (x,First,Last) ;
}
cout<<"\nDanh sach in tu First:";PrintFirst (First);
cout<<"\nDanh sach in tu Last:";PrintLast (Last);
cout<<"\nNhap vao gia tri can xoa trong danh sach:";
cin>>x;
DeleteEle (x,First);
cout<<”\nGia tri con lai cua ds sau khi xoa: “;
PrintFirst (First);
getch () ;
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Bai tip cudi chwong
1. Khai bao va cai dit cac ham sau bang danh sach dic:

a. Him nhin mot ddy cac s6 nguyén nhdp tir ban phim, luu trit nd trong
danh sach dac theo thir tu nhép vao.

b. Ham nhan mot diy cac s6 nguyén nhap tir ban phim, luu trir né trong
danh sach dic theo thtr tu ngugc vai thir tu nhép vao.

c. Viét chuong trinh con in ra man hinh cic phan tir trong danh séach theo
thtr tw cia nod trong danh sach.

2. Viét ham loai bo cac phan tir tring nhau (gitt lai duy nhat 1 phan tir) trong
mot danh sach dac co6 tha ty khong giam.

3. Viét ham xo6a khoi danh sach dic luu trit cac s6 nguyén cac phan tir 1a sd
nguyén l¢é.
Cdc bai tap tir 4-12:

Gia str rang mdi nit cia DSLK don ¢6 2 truong: nd kiéu nguyén va link
(truong lién két)

4. Viét ham Length(First) nham dém sb nut ciia mot danh sach lién két don duoc
trd dau boi First.

5.Cho X = (x}, X2, ..., X)) V&Y = (¥}, ¥», ..., V) 1 hai DSLK don. Viét giai thuat
tron hai danh sach nay dé thu dugc danh sach Z = (x;, y;, X2, V2, - Xy Voo Xm+1,
e Xp) nbum<nvaz= (X1 Vi, X2, V2, eos Xy Voo Virtls oer V) néu m > n. Yéu cau
khong thém bat ky mot niit mdi nao trong qua trinh tron.

6. Viét chuong trinh con tron hai danh sach lién két chta cac sé nguyén theo thir
tu tang dé duoc mot danh sach cling c¢6 thur tu tang. Yéu cau khong thém bat ky
mot nit maG1 nao trong qua trinh tron.

7. Hay lam bai tap 1, 2 va 3 trong truong hop DSLK don vong.

8. Hay nghi cach biéu dién mot danh sach, noi cc phép chen va x6a dugc thuc
hién & mot dau danh sach. (Huong dan: viét 2 ham Cheén dau va Xo6a dau).

9. Cho da thitc F(x) = ap + a;x + a,x° + ... + a,x" . Dé biéu dién cac hé sd a=0
cua da thuc, nguoi ta st dung mgt DSLK don tré dau béi First, véi moi nut
trong danh sach co cac truong: hé so (luu trit hé s6 khac 0 trong da thuc), sé mii,
link.

a. Hay dinh nghia DSLK nay.

b. Hay viét ham nhép liéu cho danh sach trén.

c. Tinh gié tri cta da thirc F(x,), vOi X, 1a gid tri bat ky nhap tir ban phim.
d. Hay tinh dao ham bac mdt cua da thuc thong qua DSLK don.

e. Viét ham cong hai da thirc.

f. Viét ham nhan hai da thic.
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10. Viét giai thuat dao chiéu lién két trong mot DSLK don.
11. Lam bai tap 7 trong trudong hop DSLK don vong.

12. Viét ham tach cac phan tir trong mot danh sach lién két don thanh 2 danh
sach, danh sach chtra cac sO nguyén 1€, va danh sach chira cac s6 nguyén chan.

13. Minh hoa céc thao tac sau trén danh sach lién két don, danh sach lién két
kép, danh sach lién két vong

a. Khéi tao danh sach.
b. Thém mdt nut c6 gid tri x vao danh sach.
c. X6a nut co gia tri x ra khoi danh sach.
d. Tim kiém trén danh sach theo céc tiéu chi sau:
i. 1 86 x cho trudc
ii. s6 16n nhat
iii. s6 bé nhat
iv. s6 nguyén t dau tién
v. s6 chinh phuong dau tién
vi. s6 nguyén t6 16n nhat
vii. s6 nguyén t6 bé nhat
viii. s6 chinh phuong 16n nhat
ix. s6 chinh phuwong bé nhat
e. Sap xép danh sach.

14. Viét ham loai bo cac phan tir tring nhau (giit lai duy nhét 1 phan tir) trong
mot danh sach lién két c¢6 tha ty khong giam.

Yéu cau: Ham dugc viét bang DSLK don, DSLK don vong, DSLK kép.
15. Cho 2 danh sach nguyén c6 thir tu ting. Viét cac ham sau day:
a. Tim giao cua hai danh séach.
b. Tim hop cua hai danh séch.
¢. Tim hiéu cua hai danh sach.
Yéu cau: Cai dat cac ham trén bang DSLK don, DSLK don vong, DSLK kép.
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Chuong 3. NGAN XEP VA HANG DQI
(Stacks and Queues)

Trong chwong nay ta nghién ciru hai kiéu dir liéu thwong dwoc thdy trong
linh viuc khoa hoc may tinh, do la stack va queue. Cac kiéu dir liéu nay la nhitng
truong hop ddc biét so voi cdc kiéu dir liéu thong thwong ma ta da hoc.

3.1. Kiéu céu tric dir liéu triru twong stack (The Stack Abstract Data Type)
3.1.1. Dinh nghia stack

Stack 1a mot danh sach c6 thr ty ma phép chen va x6a dugc thuc hién tai
dau cudi cua danh sach va nguoi ta goi dau cudi nay la dinh (top) cua stack.

& Di nhién mot phﬁn tir dugc chén vao stack khi stack con chd tréng, va
mot phan tir dugc lay ra khoi stack véi di€u kién ton tai it nhat mgt phan tir trong
stack.

o Vidu: Véi stack S = (ay, ai,...,a,,) duoc cho, ta noi rang a, 1a phan tr day

(bottom element) va a,., 14 phan tir dinh (top element), con a; nam trén phan
tr a;.;, vo1 0<i<n.

Han ché trén stack d6 1a khi ta thém 1an luot cac phén tor A, B, C, D, E vao
stack, thi E s€ la phan tir dau tién dugc xoa (lay ra) khdi stack. Hinh 3.1 minh
hoa lan lugt cac dong tac nay.

<—top

<—top <—top

<—top

> WO
> || O |g|m
> | Qg

C
<—top B
A

B
A étop A

Hinh 3.1. Phép chén va xod phan tir khi thuwce hién trén stack

Do phan tir cudi cung duoc chén ciing 14 phan tir dau tién bi xo4 ra khoi
stack. Do vay stack con dugc goi 1a mot danh sach vae sau ra truwéc, hay con
goi l1a danh sach LIFO (Last In First Out).

3.1.2. Biéu dién stack
Cach thirc don gian nhat dé biéu dién stack d6 1a st dung mang mot chiéu.

Goi stack[max_size] 12 mang dung dé luu cac phan tir vao stack, trong d6
max_size 1a s6 phan tir cuc dai c6 thé luu véo stack. Phan tir dau tién (hay ph?m
tir day) cua stack duoc luu trit tai stack[0]; phan tir thtr hai tai stack[1] va phan
tur thir 1 tai stack[i-1].
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Két hop cliing v6i mang stack, ta str dung bién fop 1am con tro tro dén phan
tor dinh cua stack. Bat dau, ta khot gan top = -1 nham biéu thi stack rong.
3.1.3. Cac phép toan trén stack

Vi cach biéu dién duoc cho, ta ¢6 thé dinh nghia cac phép toan trén stack
theo cac ham nhu sau - voi item la phan tir dwoc théem hay xod, max_size nguyén
duong, stack co kiéu Stack:

1. Stack CreateS(max_size) ::= Tao mot stack rong c6 kich thudc cuc dai
max_size.

2. Boolean IsFull(stack, max_size) ::=
if (s6 phan tir trong stack ==max_size) return TRUE;
else return FALSE;
3. Stack Add(stack, item) ::=
if (IsFull(stack))stack_full
else chen ifem vao dinh cua stack
4. Boolean IsEmpty(stack) ::=
if(stack == CreateS(max_size)) return TRUE;
else return FALSE;
5. Element Delete(stack) ::=
if(IsEmpty(stack)) return
else x04 va tra vé item trén dinh stack.
Trong truong hop nay, ta chi dinh phﬁn tr element la phﬁn‘ tir ¢6 cAu triic
Vo1 truong key. Thong thuong, ta tao phan tir cau trac voi nhiéu truong. Tuy
vay, ta sir dung phan tir cau truc element lam mau trong chuong nay, va ta cé thé

thém hodc chinh stra cic truong bén trong cau truc nay tuy theo cac yéu cau tng
dung cua ban.

» Gidi thuat cua ham Stack CreateS(max_size)
#define MAX SIZE 100
struct element
{
int key;
/* khai bdo cac trudong khéac */
}i
element stack[MAX SIZE];
int top = -1;

» Gidi thuat cua ham Boolean IsEmpty(stack)
int isemptys ()
{return (top<0)?21:0;}

» Giai thuat cua ham Boolean IsFull(stack, max_size)
int isfulls ()
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{return (top>=MAX SIZE-1)?1:0;}

» Giai thudt cua ham Stack Add(stack, item)

void adds (int *top, element item)

{
if (*top >= MAX SIZE-1) cout<<“stack full\n”;
else stack[++*top] = item;

}
» Giai thudt cua ham Element Delete(stack)

void deletes(int *top, element &item)

{ if(*top == -1) cout<<“stack is empty.\n”;
else
{ item=stack[ (*top)]l; (*top)--;}

}

Cach goi ham add va ham delete la: adds(&top, item) va deletes(&top,
item), trong do item 1a bién c6 ki€u element.

3.1.4. Vidu

o Vidu 1: Xac dinh gia tri ciia s0 Fibonacci ¢ vi tri thir n bang cach khong st
dung d¢ qui.
#include<stdio.h>
#include<conio.h>
#include<stdlib.h>
#define MAX SIZE 100
struct element
{
int key;
}i
element stack[MAX SIZE];
int top=-1;
int isemptys()
{return (top<0)?1:0;}
int isfulls()
{return (top>=MAX SIZE-1)7?1:0;}
void adds (int *top,element item)
{
if(isfulls())cout<<"stack is full.\n";
else stack[++ (*top) ]=item;
}
void deletes (int *top,element &item)
{
if (isemptys())
cout<<"stack is empty, so you can't delete.\n";
else
{item=stack[ (*top)]; (*top)—--;}
}
void main ()
{
clrscr();
element 1i,il1,12;
int n,S=0;
cout<<"input Fib number which you do: ");cin>>n;
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i.key=n;
adds (&top, 1) ;
while (!isemptys())
{
deletes (&top,1i);
if (i.key==1]||1i.key==2) S++;
else
{
il.key=i.key-1;adds (&top,il);
i2.key=i.key-2;adds (&top,i2);
}
}

cout<<"\nFib number in”<<n<<”th position is "<<S;

getch () ;
}

o Vidu 2: Xay dung bai toan thap Ha noi bang cach khong str dung dé qui.

#include<stdio.h>
#include<conio.h>
#include<stdlib.h>
#define MAX SIZE 100
struct element
{
int key;
char cl,c2,c3;
bi
element stack[MAX SIZE];
int top=-1;
int isempty ()
{return (top<0)?1:0;}
int isfull ()
{return (top>=MAX SIZE-1)21:0;}
void adds (int *top,element item)

{

if (isfull())cout<<"stack is full.\n";

else stack[++ (*top) l=item;
}
void deletes(int *top,element &item)
{
if (isempty())cout<<"stack is empty,
else
{item=stack[ (*top)]; (*top)--;}
}
void main ()
{
clrscr();
element 1i,11,12,i3;

int n;

’

so you can't delete.\n";
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COUt<<"HANOI TOWER PROGRAM WAS DESIGNED BY ..\n\n";
cout<<“input the number of plate:”;cin>>n;
i.key=n;i.cl='a';i.c2="b';i.c3="c";
adds (&top, 1) ;
while (!isempty())
{
deletes (&top,1i);
if (1i.key==1)cout<<i.cl<<”->"<<i.c3<<”\n”;
else
{
il.key=1i.key-1;
il.cl=1i.c2;
il.c2=1i.cl;
il.c3=1i.c3;
adds (&top,11) ;
i2.key=1;
i2.cl=1i.cl;
i2.c2=1.c2;
i2.c3=1i.c3;
adds (&top, 12) ;
i3.key=1i.key-1;
i3.cl=i.cl;
i3.c2=1.c3;
i3.c3=1.c2;
adds (&top,13);
}
}
getch () ;

}

3.2. Kiéu céu tric dir liéu triru twong queue (The Queue Abstract Data
Type)
3.2.1. Dinh nghia queue

Queue 12 mot danh sach c6 thir ty ma tit ca phép toan thém vao duoc thyuc
hién & dau cuodi (rear) va phép toan loai bé dugc thyc hién & dau nguoc lai
(rear).

@ Di nhién khi queue con chd tréng thi ta mdi thém phan tir vao dugc, con
muon loai bé mdt phan tir ra khoi queue thi queue phai ton tai it nhat mot phan
tur trong queue.

a Vi du: Voi queue Q = (ay, a1,...,a,1) dugc cho, a, 1a phan tir ding trudce

(front element), a,.; 1a phan tr dang sau (rear element), a;;; 1a phan tir dang

sau a;, 0<i<n-1.
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Han ché trén queue do 1a khi ta thém lan luot cac phﬁn tor A, B, C, D vao
queue thi A 1a phan tur dau tién bi xo4 ra khoi queue. Hinh 3.2 minh hoa lan luot
cac dong tac nay.

D | < rear D | <
3 3 3 3 <—rear |3 3 rear
5 <— rear 5 C C C
2 rear <—rear B 3 2 = 2 < front
1 front |1 <—front |, <—front |, <—front . <— front | B
Hinh 3.2. Phép chen Palxod phan ti khi thiee hién Hén queue.

Do phan tir dau tién duoc chén ciing 1a phan tir dau tién bi xo04 ra khoi
queue. Do vay queue con dugc goi la danh sach vao trwéc ra trwée, hay con
goi l1a danh sach FIFO (First In First Out).

3.2.2. Biéu dién queue

Biéu dién cua queue kho hon so véi stack, boi vi phép thém vao va loai bo
duoc thuc hién ¢ hai dau khac nhau. Cach don gian nhat d6 13 st dung mang
mot chiéu cong véi hai bién fiont va rear tuong tGng cho hai vi tri loai bo va
thém vao.

Dé bat dau, ta khoi gan front = rear = -1.

3.2.3. Cac phép todn trén queue

Véi cach biéu dién duoc cho, ta c¢6 thé dinh nghia cac phép toan trén queue
theo cac ham nhu sau - vdi item c6 kiéu element, max_size nguyén dwong, queue
6 kiéu Queue:

1. Queue CreateQ(max_size) ::= Tao mdt queue rong cé kich thudc cuc dai
max_size.

2. Boolean IsFullQ(queue, item) ::=
if(s6 phan tir trong queue == max_size) return TRUE
else return FALSE
3. Queue AddQ(queue, item) ::=
if(IsFullQ(queue)) queue full
else chén item tai vi tri rear clia queue va return queue
4. Boolean IsEmpty(queue) ::=
if(queue == CreateQ(max_size)) return TRUE
else return FALSE
5. Element DeleteQ(queue) ::=
if(IsEmpty(queue)) return

else xoa va return (item tai vi tri front ctia queue)
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» Giai thudt cua ham Queue CreateQ(max_size)
#define MAX SIZE 100
struct element
{
int key;
/* khai bédo céc trudng khéac */
}i
element queue[MAX SIZE];
int rear = -1, front = -1;

» Gidai thuat cua ham Boolean IsEmpty(queue)
int isemptyqg()
{return (front == rear)?1:0;}

» Thudt toan cua ham Boolean IsFullQ(queue, item)
int isfullqg()
{return (rear == MAX SIZE - 1)21:0;}

» Giai thudt cua ham Queue AddQ(queue, item)
void addg(int *rear, element item)
{
if (*rear == MAX SIZE - 1) queue full();
else queue[++*rear] = item;

}
» Giai thudt cua ham Element DeleteQ(queue)

void deleteqg(int *front, int rear, element &item)

{ if (*front == rear) cout<<“queue is empty\n”;
else {item = queue[*front];++*front; } }
Nhin xét:

Céc ham addq va deleteq cta quéu c6 ciu triic twong tu cac ham add va
delete cua stack. Tuy thé, trong lic stack sir dung bién fop trong ca hai ham add
va delete, thi queue lai st dung bién rear trong ham addq va front trong ham
deleteq.

Cach goi cua ham addq va deleteq 1a: addq(&rear, item) va delete(&front,
rear, item), trong d6 item 1a bién c6 kiéu element.

o Vi du [sdp lich cong viéc]: Queue thudng duoc st dung trong cac chuong
trinh may tinh, va mot vi du tiéu biéu d6 13 tao mot queue cong viéc bang
hé diéu hanh. Néu hé diéu hanh khong 4p dit quyén wu tién 1én cic cong
viéc thi cac cong viéc nay s€ dugc xu 1y theo trinh tu ma n6 dugc nhép vao
hé thong. Hinh 3.3. minh hoa cach thirc mét hé diéu hanh xur 1y cac cong
viéc khi n6 dong vai tro 1a mot queue tudn tu.

front | rear | Q[0] Q[1] Q[2] Q[3] Comments
-1 -1 Queue is empty
-1 0 J1 Job 1 is added
-1 1 J1 12 Job 2 is added
-1 2 J1 12 J3 Job 3 is added
0 2 12 J3 Job 1 is deleted
1 2 J3 Job 2 is deleted

Hinh 3.3. Phép chén va logi b6 trén mot queue tudan tw (sequential queue).
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Hién nhién khi ta noi rang cac cong vige trong vi du trén lan luot dugc nhap
vao va roi khoi he thdng, va queue dan dan di chuyén vé phia bén phai. Diéu nay
c¢6 nghia 1a cudi cung chi muc cia rear bang véi MAX SIZE — 1, va ta bao
queue bi day. Trong truong hop nay ham queue_full s€ di chuyen toan bd céc
phan tir trén queue V€ bén trai, va phan tir ddu tién lai duoc bat dau tir queue[0]
va front dugc bat dau tai —1; bén canh d6 cling phai tinh lai gia tri cta rear sao
cho vi tri ctia né6 duoc chinh xac trong queue. Viée di chuyén mang queue nay
tén rat nhiéu thoi gian, boi vi thong thuong thi ¢6 rat nhiéu phan tir trén mang
nay. Thuc ra, queue full c6 d6 phuc tap trong truong hop xau nhat I3
O(MAX_SIZE).

» Giai thuat queue_full()
void queue full()
{
for (int i=front+l; i<=rear;i++)
queue [i-front-1]=queue[i];
rear = rear - front -1; front = -1;

}
3.2.4.Queue vong (Circular Queue)

Mang queue[MAX_SIZE] tuan tu to ra hiéu qua hon khi n6 try thanh mang
queue vong. Péi v6i dang queue ndy, ta khoi tao front va rear cung bang 0
(hoic bang -1).

Gia tri cua front chinh la vi tri cua pl}én tu dau tién trén queue nhung léch
mot Vi tri 50 v6i1 chiéu nguoc chiéu kim dong h6~. Gia tri rear chinh la vi tri cua
phan tir cuoi trong queue hién hanh. Mot queue rong khi va chi khi front = rear.

Hinh 3.4 trinh bay queue vong rong va khong rong véi MAX_SIZE = 6;
hinh 3.5 minh hoa hai queue day (full queue) trong truong hop MAX SIZE = 6.

Queue rong

[2] (2]
[3]

[4] [4]

front=0
[0] front=0 [0] ron

[5] rear:O [5] I‘ear=3

Hinh 3.4. Cic queue vong rong va khéng rong
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Queue diy Queue diy

[2 [3]

[1]

front=0 front=4

rear=5 rear=3

Hinh 3.5. Cac queue vong ddy

Gia su trong cac queue Vong nay co khong qua mot 0 trong, va phép thém
mot phan tir vao queue ndy s& dan dén két qua front = rear va nhu vy ta s&
khong phan biét dugc queue tréng véi queue day.

Vi vay, ta qui udc rang kich ¢ cua queue vong 1a MAX_SIZE va cho phép
queue vong ndy chura toi da MAX_SIZE —1 phan tu.

Viée thyc hién ham addq va deleteq cho queue vong c6 kho hon mét chut,
boi vi ta phai bado dam rang ludn t6n tai su thay d6i luan phién trong vong. Piéu
nay dé dang c6 duoc bang cach sir dung phép toan chia ldy phan du (modulus
operator).

Sy thay d6i luan phién cta gia tri rear trong ham addg cua vong quay dugc
biéu dién dudi dang:
*rear = (*rear + 1) % MAX SIZE;
Luu ¥ ring ta can phai thay doi luan phién gi4 tri rear truéc khi dat item
vao queuelrear]. Tuong tu, trong ham deleteq su thay doi luan phién cta gia tri
front dugc bicu dién dudi dang:

*front = (*front + 1) % MAX SIZE;
va nho vay ta xoa duoc phan tir item.

» Giai thudt thém mot phan tir vao queue vong
void addg(int front, int *rear, element item)

{

*rear = (*rear + 1) % MAX SIZE;
if (front == *rear) cout<<“queue is full.\n”;
else queue[*rear] = item;

}

» Gidi thudt xoa mot phan tir ra khoi queue vong
element deleteqg(int *front, int rear)

{

if (*front == rear)
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{cout<<“queue is empty.\n”; exit(l); }
*front = (*front + 1) % MAX SIZE;
return queue[*front];

}

Bai tap cudi chwong

1. Cho mang chuyén d6i dudng sat nhu sau:
C B

<« 1,234

A

Hinh 3.6. So dwong sdt

Céc toa tau duoc danh so thi tu tir 1 dén 4 va nam phia trén dudng ray B.
Nguoi ta mudn chuyén cac toa tau tr duong ray B sang duong ray C nho duong
ray phu A.

a. Viéc chuyén doi cac toa tau tir dudng ray B sang dudng ray C qua trung
gian duong ray A irng véi dang cau truc dir liéu nao ma anh/chi da hoc.

b. Hay liét ké cac trudng hop hoan vi cia cac toa tau co thé thu duoc trén
ray C nho dang cau trac dir liéu trong cau 3a.

c. Hay néu y tudng trinh bay thuat toan nay.

2. Cho mot stack S. Hay viét chuong trinh con thyc hién cac cong viéc sau:
a. Dém sd phan tir ciia stack S
b. Xuit ndi dung phan tir thir n cua stack S
c. Xuat ndi dung cta stack S
d. Loai phan tir thtr n cua stack S

Trong cic chuong trinh con trén yéu cau bao toan thi ty cac phan tir ciia stack S

3. Ciing v6i ndi dung cau 1 nhung véi kiéu dir liéu Queue

4. Viét chuong trinh con ddo ngugc mot stack

5. Viét chuong trinh con d4do ngugc mot queue

6. Dung stack va queue dé kiém tra mot chudi ky tu ¢ d6i xtng khong
7. Hay cai dat mot ngan xép bang cach dung con tro.

8. Dung ngin xép dé viét chuong trinh con doi mot s6 thap phan sang s6 nhj
phan.
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Chuong 4. CAY
(Trees)

Cay la mét cau tric rat quan trong dwoc siur dung nhiéu trong cdc gidi
thudt. Trong chwong ndy, ta sé tim hiéu cdc khdi niém co ban vé cdy, mét s6
phép toan quan trong trén cay, biéu dién cdy trong mdy tinh. Cdy c6 mg dung
nhiéu trong doi séng hang ngay, chang han cdy gia phd, cdy todn hoc, ..

4.1. Mot s6 khai niém
4.1.1. Mt 56 khdi nigm
4.1.1.1. Binh nghia cdy
Cay 1a tap hop rong hodc gdm nhiéu phan tir goi 13 nut, trong do:

Hinh 4.1. Cay va cac nut

4.1.1.2. Bdc cua nut va bdc cua cdy
Bac cta nit 1a s6 cay con cua nut do.

Bac cua cay la bac 16n nhat cua cac nat cia cay. Néu cay co bac 1a n thi goi
la cay n-phan.

o Vi du: Bac cua nat A 1a 3, cua nat B 1a 0, cia nut D 1a 2. Bac cua cay 1a 3,
ta co6 cay tam phan.
4.1.1.3. Nut két thiic va nit trung gian
Nt két thic (hodc nit 14 — leaf) 12 nit c6 bac bang 0.
Nt trung gian 1a niit ¢6 bac khac 0 va khong phai 1a nit goc.
o Vidu: Cac nat la: B, G, H, K, L, F. Cac nut trung gian: C, D, E.

4.1.1.4. Mirc (level) cuia mit va chiéu cao ciia cdy

Mutrc ctuia nit goe bang 1, mirc cac nut khac gde bang mirc ciia nat goc cua
cay con nho nhat chira n6é cong 1.
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Chiéu cao cta cdy 1a mirc 16n nhat ciia cac nut 14.
a Vidu: Cacnit B, C, D co muc 1a 2; G, E, F ¢6 muc 1a 3. Chiéu cao cua cay
la 4.
4.1.1.5. Nut truoc va nut sau

Nut y dugc goi la trudc nlt x néu cdy con ¢6 goc 1a y chira nut x, va khi doé
nut x duoc goi 1a nit sau cua y.

a Vi du: D la ntt trude cua H, va H 1a nat sau cuaa D.

4.1.1.6. Nut cha va nut con (ancestor and descendant)

Néu y la nut trude cua x, va mirc cia X bang mirc cua y cong 1, thi nat y
goi la cha cua nut x, va x dugc goi la con cuay.

Nut cha

Nt con

Hinh 4.2. Nut cha, nut con

o Vi du: E 1a ntt cha cua H, va H 1a ntt con cua E; con D khong phai 1a cha
nut H.

4.1.1.7. Cay co thu ty (ordered tree)

Mot cay dugc goi la c¢o thlr tu n€u ta thay doi vi tri ciia cac cay con thi ta sé€
c6 mot cdy moi. Nhu vay khi ta d61 nit con bén trai véi nat con bén phai thi ta
s€ dugc mdt cay moi.

Hinh 4.3. Cay co thu tu

4.1.1.8. Chiéu dai dwong di (path length)

i. Chiéu dai dwong di ciia nit:

Sb cac nhanh hay canh di qua tir nut gdc dén mot nit x goi 1a chiéu dai
duong di cua nat x. Nut gde c¢d chiéu dai duong di 1a 1, cac nit con tryc ti€p cua
no6 cé chiéu dai duong di 1a 2, ... Mot cach tong quat, mot nuat tai muc i c6 chiéu
dai duong di la 1.
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ii. Chiéu dai dwong di cua cdy:

Chiéu dai duong di cia mdt cay duoc dinh nghia la tong cta cac chiéu dai
duong di cua tat ca cac nit cua cay va goi la chiéu dai duong di bén trong cua
cay.

a Vi du: Chiéu dai duong di bén trong cua cdy sau 1a 22.

Hinh 4.4. Chiéu dai dwong di trong cdy la 22
Chiéu dai duong di trung binh bén trong cay = (Chiéu dai dudng di bén
trong cdy)/(Tong s6 nut trén cay).
4.1.1.9. Rung (Forest)
Rung 1a tap hop céc cay.

a Vidu:
i ()
() )
OROXO

Hinh 4.5. Rung va 3 cdy con

4.1.2. Cdc cdch biéu dién ciy

b¢ biéu dien mot cay, ta c6 nhiéu cach khac nhau: bi€u dién bang do thi,
bang gian do, bang cac dau ngoac 16ng nhau, bang chi so, ...

4.1.2.1. Biéu dién bang do thi

Hinh 4.6. Biéu dién cdy bang do thi
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4.1.2.2. Biéu dién bang gian dé Ven

Hinh 4.7. Biéu dién cdy bang gidn do Ven

4.1.2.3. Biéu dién bang cdc dau ngodc long nhau
(AB)(C(G)DEMH)K)L))(F)))
4.1.2.4. Bieu dién bang phwong phap thut dong
--A
----B
---C

4.1.2.5. Biéu dién bang chi sé
1.A
1.1.B
1.2.C
1.2.1.G
1.3.D
1.3.1.E
1.3.1.1.H
1.3.1.2.K
1.3.1.3.L
1.3.2.F
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4.2. Cach chira cay trong bo nhé

Ta c6 thé chira céy trong bo nho bang cach st dung danh sach lién két.
Trong truong hop tong quat, ta st dung danh sach n-lién két dé chira cay n-phan.

o Vi du: Cay nhi phan

Duoc luu trong bo nho

ZZZ4 4 ZZ4 V24

Hinh 4.8. Cay nhi phan luu triv trong bo nho

a Vi du: Cay tam phan

Duoc luu trong bo nho

| A ]e[e[e]Root
Y
| B of[elef [ C [e[e]e] [ D [o]e]9
A
EXK]

Y/ e
Hinh 4.9. Cay tam phdn luu trit trong bo nho

Cay nhi phan (Binary Tree) 1a ciy co ban va dugc tmg dung nhiéu nhat
nén trong chuong nay ta s€ nghién ctru cac phép todn trén ciy nhi phan.
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4.3. Cay nhi phan (Binary Tree)

Cay nhi phan 1a cAy bac hai, tai mdi nat ciia cAy c6 nhiéu nhat 13 hai cay
con

Dé biéu dién ciy nhi phan trong b nhd, ta dung nit danh sach c6 hai ving
lién két: mot vung Left chi dén nut con bén trai, mot ving Right chi dén nat con
bén phai, va ving chira ndi dung (information). Mot chi diém Root chi vao nut
gbc cua cay.

‘Left| Info ‘Right‘

Hinh 4.10. Biéu dién mit ciia cdy nhi phén

@ Khai bdao cdy nhi phén:
struct NodeTree

{
//Khai bao cac truong ndi dung
NodeTree *Left, *Right; //Khai bdo truong lién két
55
NodeTree *Root;
a Vi dy: Khai bao cay nhi phan c6 chi diém dau Root, cac nut (phan tir trong
cay) co truong ndi dung ki€u nguyén.

struct NodeTree
{
int nd; //Khai bé&o céac trudng ndi dung
NodeTree *Left, *Right; //Khai bdo trudng lién két
}i

NodeTree *Root;

> Ghi chii: Dé don gian, ta sir dung cach khai bao trong vi du nay dé cai dt
cac phép toan trén cay nhi phan.
4.3.1. Khoi tao cay
Khi khéi tao, cdy nhi phan 14 rdng, ta cho Root tré dén NULL.
> Gidi thugt:
void Initialize()
{ Root = NULL;}

4.3.2. Cac phép duyét cdy nhi phdn

Phép duyét cay 1a lan luot di qua tit ca cac nit ciia cy va mdi nit chi dugc
duyét mot 1an. Co6 6 phép duyét cay dua vao thir tu duyét cua cac nat bén trai
(L), nat goc (N), cac nat bén phai (R) la:

+ Duyét theo thir ty trude (Preorder): NLR, NRL
+ Duyét theo thur tu gitra (Inorder): LNR, RNL
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+ Duyét theo thtr ty sau (Postorder): LRN, RLN

a Vi du: Duyét cay nhi phan sau.

Hinh 4.11. Cdy nhi phan voi cac phép duyét

Thur tw cua 6 phép duyét la

NLR: ACGDEHLF NRL:ADFELHCG
LRN: GCHLEFDA RLN: FLHEDGCA
LNR: GCAHELDF RNL: FDLEHACG

4.3.2.1. Duyét theo thir ty truéc (NLR)
» Giai thuat:

void PrintNLR (NodeTree *p)
{
if (p)

cout<<p->nd<<" ";
PrintNLR (p->Left) ;
PrintNLR (p->Right) ;
}

}

4.3.2.2. Duyét theo thur ty gitta (LNR)
» Giai thudt:

void PrintLNR (NodeTree *p)
{
if(p)
{
PrintINR (p->Left) ;
cout<<p->nd<<" ",
PrintLNR (p->Right) ;
}
}

4.3.2.3. Duyét theo thur ty sau (LRN)
» Giai thuadt:

void PrintLRN (NodeTree *p)
{
if (p)
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PrintLRN (p->Left);
PrintLRN (p->Right) ;
cout<<p->nd<<" ";
}

}

4.3.3. Tao cdy nhi phan bit ky
> Gidi thudt:

NodeTree *Init (int x, NodeTree *T, NodeTree *P)
{

NodeTree *p=new NodeTree;

p->nd=x; p->Left=T; p->Right=P;

return p;

}
4.3.4. Tim kiém nit chiva gid tri x trén cdy nhi phén

» Giai thuat:
NodeTree *FindX (int x, NodeTree *Root)
{
if (Root)
if (Root->nd==x) return Root;
else
{
NodeTree *qg;
g=FindX (x,Root->Left) ;
if (!g)g=FindX (x, Root->Right) ;
return qg;
}
else return NULL;
}

4.3.5. Vi du vé cdy nhi phin

o Bai toan: Khai béo cdy nhi phan co chi diém dau Root, cac nat (phan tir
trong cay) c¢6 truong ndi dung ki€u nguyén. Sau d6 hay thuc hién cac cong viéc:

1. Tao cdy nhu hinh sau.

e Root
(9 ()
O OO
ey @

Hinh 4.12. Cdy nhi phén can tao

i1. In ra man hinh céc gia tri c6 trong cay theo thir ty RLN.

iii. Tim xem trong cady ¢ nit nao chira ndi dung la x khong?
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o Thuwe hién:
#include<iostream.h>
#include<conio.h>
struct NodeTree
{
int nd;
NodeTree *Left, *Right;
}i
NodeTree *Root;
NodeTree *Init (int x,NodeTree *T, NodeTree *P)
{
NodeTree *p=new NodeTree; p->nd=x;
p->Left=T; p->Right=P;
return p;
}
void PrintRLN (NodeTree *p)
{
if(p)
{
PrintRLN (p->Right) ;
PrintRLN (p->Left) ;
cout<<p->nd<<" ";
}
}
NodeTree *FindX (int x, NodeTree *Root)
{
if (Root)
if (Root->nd==x) return Root;
else
{
NodeTree *qg;
g=FindX (x, Root->Left) ;
if (!g)g=FindX (x,Root->Right) ;
return qg;
}
else return NULL;
}
void main ()
{
clrscr();
NodeTree *p, *qg;
p=Init (10,Init (15,NULL,NULL),NULL)) ;

g=Init (7,Init(4,Init (20,NULL,NULL), Init(21,NULL,NULL)), Init (

8,NULL, NULL) ) ;
Root=Init (5, p, 9);
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cout<<”Duyet cay theo thu tu RLN:”;
PrintRLN (Root) ;
int x;

”

cout<<”\nNhap gia tri can tim: ”; cin>>x;
NodeTree *g=FindX (x,Root);
if (q) cout<<"\nCay co ptu chua gia tri "<<x<<”;
else

cout<<"\nCay khong co ptu chua gia tri "<<x<<”;
getch () ;

}
4.4. Cay nhi phan tim kiém (cay-BST: Binary Search Tree)
4.4.1. Dinh nghia
Cay nhi phan tim kiém (Cay-BST) la cay nhi phan hoic réng hoic thoa
man dong thoi cac diéu kién sau:
e Kho4 ctia cac dinh thudc cay con trai nhé hon khoa nut goc

e Khod cua nit gdoc nhd hon khoa cua cac dinh thudce ciy con phai cua cua
goc

e (Cay con trai va cdy con phai ctua goc cling l1a cay nhi phan tim kiém

a Vi du: Hinh 4.13 biéu dién cay-BST, trong d6 khoa cua cac dinh 13 cac sb
nguyeén.

Hinh 4.13. Cay BST

4.4.2. Cai dit cdy nhj phan tim kiém

MG&i nut trén cay nhi phan tim kiém c6 dang nhu hinh 4.14

| Left | Info |Right|
Hinh 4.14. Biéu dién niit ciia cdy BST

Trong do:
Left: trudng lién két chi dén cay con trai.
Right: truong lién két chi dén cay con phai

Info : chra thong tin cua nut
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@ Khai bao cdy-BST:

struct NodeTree

{
//Khai bao cac truong ndi dung
int nd; //Khai bao khoa
NodeTree *Left, *Right; //Khai bao truong lién két
I8

NodeTree *Root;

o Vi du: Khai bao cay-BST c6 chi diém dau Root, cac nut (phan tir trong cay-
BST) c6 trudng ndi dung kiéu nguyén.
struct NodeTree
{
int nd; //Khai bédo trudng nd lam khda
NodeTree *Left,*Right;//Khai bdo trudng lién két
bi

NodeTree *Root;

> Ghi chii: Dé don gian, ta st dung cach khai bao trong vi du nay dé cai dat
cac phép toan trén cay-BST.

4.4.3. Cdc thao tdc co ban trén cdy nhi phan tim kiém
4.4.3.1. Khoi tao cdy
Khi khoi tao, cay-BST 1a réng, ta cho Root tré dén NULL.
» Giai thuat:

void Initialize()
{Root=NULL; }

4.4.3.2. Chen mot nut vao cay BST

Viéc thém mot mot nat cd ndi dung bang x vao cay-BST phai dam bao dicu
kién rang budc cua cay-BST. Ta c6 thé thém vao nhi€u cho khac nhau trén cay,
nhung trong giai thudt nay ta chi thém vao & nut 14.

» Giai thuat:
void InsertBST (int x,NodeTree *&Root)
{
if (!'Root)
{Root=new NodeTree;Root->nd=x;
Root->Left=Root->Right=NULL; }
else
if (Root->nd<x) InsertBST (x, Root->Right) ;
else
if (Root->nd>x) InsertBST (x, Root->Left) ;
else cout<<x<<" da ton tai trong cay.\n";
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a Vi du: Khi thém 1an luot cac gia tri x sau: 42 23 74 11 65
58 94 36 99 87 vao cay-BST, ta dugc cay-BST nhu trong
hinh 4.15.

B @ ©

Hinh 4.15. Cdy BST voi cdc gid tri lan leot thém vdo

4.4.3.3. Logi bé niit trén cdy nhi phdn tim kiém

Ngugc voi phép toan chén vao 1a phép toan loai bo. Chiing ta can phai loai
bo khoi cay-BST mdt dinh c6 ndi dung 1a x cho trude, sao cho viéc huy mdt nut
ra khoi cay cling phai bao dam diéu kién rang budc cua cay-BST.

C6 ba truong hop khi huy mot nut x co thé xay ra:
e xlanutld
e x la nat ntra 14 (chi c6 mdt con trai hoac con phai)
e x c6 du hai con (truong hop tong quat)
Trong phép toan nay ta sw dung ham phu:

e Ham DeleteLeft: Ham nay tim dén nat con phai nhat cua cay-BST con,
sau do x6a nlt con nay va tra vé gia tri cia nlt con vira x6a cho ham.

» Giai thudt:

int DeletelLeft (NodeTree *&Root)
{
if (Root->Right==NULL)
{
NodeTree *p=Root; Root=Root->Left;
int x=p->nd;delete p; return x;
}
else return Deleteleft (Root->Right);
}

» Gidi thudt xoa nut co noi dung la x trén cday-BST:
void DeleteNode (int x,NodeTree *&Root)
{
if (Root)
if (Root->nd==x)
if (Root->Left)
Root->nd = Deleteleft (Root->Left); {1}
else //(Root->Right || (!Root->Left && !Root->Right)) {2}
{NodeTree *p=Root; Root=Root->Right; delete p;}
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else
if (Root->nd<x)DeleteNode (x,Root->Right) ;
else DeleteNode (x,Root->Left) ;
else cout<<x<<" khong ton tai tren cay BST.\n";
}

1 trong 4 truwong hop ciia cay-BST roi vao diéu kién {1} ciia gidi thudt la:
a. X6a nut ¢6 ndi dung x=10 b. X6a nut c6 no1 dung x=10

Thay noi dungp = 9
va xoa nut nay di

Thay noi dungp = 9
va xoa nut nay di

¢. X6a nit c6 ndi dung x=22 d. X6a nut c6 ndi dung x=22

Thay noi dung p = 22 T%zay’ n,o”i’dun‘gp = 22
va xéa nit nay di va xoa nut nay di

1 trong 4 trweong hop ciia cay-BST roi vao diéu kién {2} ciia gidi thudt la:

a. X6a nut ¢6 ndi dung x=10 b. X6a nut ¢6 ndi dung x=15

Root ot

/ )goali) V? tcl}odVAung Eﬁn 1;? X6a p va cho ving lién két \ p
cua ROOLIIo deh p-~iig cua Root tro dén p->Right

NULL NULL

<____

¢. Xoa nit c6 ndi dung x=10 d. X06a nat ¢6 noi dung x=15

Root

. ~

Xba p va cho ving lién két

o Y o : X6a p va cho ving lién két
Y cua Root tro dén p->Right

ctia Root tré dén p->Right

W

Hinh 4.16. Cdc truong hop xoa nut trén cay BST
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4.4.3.4. Vidu

o Bai toan: Khai bao cay-BST c6 chi diém dau Root, cic nat (phan tir trong

ciy-BST) c6 truong nodi dung kiéu nguyén. Sau d6 hay thuc hién cac cong viéc:

i. Tao cay-BST voi n niit ¢ gié tri bat ky.

il. In ra man hinh céac gia tri co trong cay theo thur tu NLR.

iii. Xo6a nut chtra ndi dung la x?
a Thwe hién:
finclude<iostream.h>
#include<conio.h>
struct NodeTree
{
int nd;
NodeTree *Left, *Right;
}i
NodeTree *Root;
void Initialize()
{Root=NULL; }
void InsertBST (int x,NodeTree *&Root)
{
if (!'Root)
{Root=new NodeTree;Root->nd=x;
Root->Left=Root->Right=NULL; }

else

if (Root->nd<x) InsertBST (x, Root->Right) ;

else

if (Root->nd>x) InsertBST (x, Root->Left) ;

else cout<<x<<" da ton tai trong cay.\n";

}
void PrintNLR (NodeTree *&Root)
{
if (Root)
{
cout<<Root->nd<<" ";
PrintNLR (Root->Left) ;
PrintNLR (Root->Right) ;
}
}
int Deleteleft (NodeTree *&Root)
{
if (Root->Right==NULL)
{
NodeTree *p=Root; Root=Root->Left;

int x=p->nd;delete p; return x;
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}
else return Deleteleft (Root->Right);
}
void DeleteNode (int x,NodeTree *&Root)
{
if (Root)
if (Root->nd==x)
if (Root->Left)Root->nd = DeletelLeft (Root->Left);
else
// (Root->Right || (!Root->Left && !Root->Right))
{NodeTree *p=Root; Root=Root->Right; delete p;}
else
if (Root->nd<x)DeleteNode (x, Root->Right) ;
else DeleteNode (x,Root->Left) ;
else cout<<x<<" khong ton tai tren cay BST.\n";
}
void main ()
{
clrscr();
Initialize();
int x,n;
cout<<"Nhap so nut cua cay: ";cin>>n;
for(int i=1;i<=n;i++)
{
cout<<"Nut "<<i<<" co gia tri:";cin>>x;
InsertBST (x,Root) ;
}
cout<<"Gia tri tren cay duyet theo thu tu NLR:\n";
PrintLNR (Root) ;
cout<<"\nNhap gia tri can xoa:";cin>>x;
DeleteNode (x, Root) ;
cout<<"\nGtri sau khi xoa duyet theo NLR:\n";
PrintNLR (Root) ;
getch () ;
}

4.5. Ciy cin bing (Balanced Tree)
4.5.1. Dinh nghia

Cay can bang 1a cdy nhi phan ma tai bat ky nat ndo trén cay ta ludn tim
dugc tong sO nat con trai va tong s6 nut con phai 1éch nhau khong qua mot don
VI.

Nhu vay, néu goi:
- N la nut dang xét.

- N¢. 1a tong s6 nut con trai cua N.
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- Nk 12 tong s6 nut con phai ciia N.
thi: |NL —NR| <1

a Vi du: Céc hinh sau biéu dién cdy can bang, trong dé khoa cua cac dinh la
cac sO nguyén.

@ Root
(29 (90

2 & O

Hinh 4.17. Cdc cdy cdn bang

a Vi du: Hinh sau biéu dién cay khong can bang tai nit c¢6 khoa bang 90,
trong do6 khod cua cac dinh 1a cac s6 nguyén.

Hinh 4.18. Cdy khéng cdn bang

4.5.2. Khai bdo va biéu dién cdy cin bang

Céach khai bao va biéu dién cdy can bang tuong tu cach khai bao va biéu
dién cua cay-BST.

a Vi du: Khai bao ciy can bang c6 chi diém dau Root, cdc nit (phan tir trong
cay) co truong ndi dung ki€u nguyén.

struct NodeTree

{
int nd; //Khai bé&o céac trudng ndi dung
NodeTree *Left, *Right; //Khai bdo trudng lién két

}i

NodeTree *Root;

> Ghi chii: Dé don gian, ta sir dung cach khai bao trong vi du nay dé cai dat
cac phép toan trén cay can bang.
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4.5.3. Cdic phép todn trén cdy cin bing
4.5.3.1. Khéi tao cdy cdn bang
Khi khoi tao, cdy can bang 13 réng, ta cho Root tré dén NULL.
» Gidi thudt:
void Initialize()
{Root=NULL; }

4.5.3.2. Chén mét niit vao cdy cdn bang

Viéc thém mot mot nut c6 ndi dung bang X vao cdy can bang phai dam bao
diéu kién rang budc cua cdy cin bang (tong sb ndt con trai va tong sO nut con
phai 1éch nhau khong qua mot don vi). Ta c6 thé thém vao nhiéu chd khac nhau
trén cdy, nhung trong giai thuat nay ta chi thém vao & nt 14.

Pé thyc hién dugc phép toan nay, ta phai st dung ham phu CountNode;
ham nay nham dém sb nut trén cy nhi phan.
» Giai thudt:
int CountNode (NodeTree *p)
{
if (p)
return 1+CountNode (p->Left)+CountNode (p->Right) ;

else return 0;

}

> Gidi thudt chén niit c6 gid tri x vao cdy can bang:
void InsertEle(int x,NodeTree *&Root)
{
if (!'Root)

Root=new NodeTree;Root->nd=x;
Root->Left=Root->Right=NULL;
}
else
if (CountNode (Root->Left) > CountNode (Root->Right))
InsertEle (x,Root->Right) ;
else InsertEle (x,Root->Left);
}

a Vi du: Khi thém lan luot cgic gia tri x sau: 45 25 90 12 19 35
98, ta thu dugc cay can bang sau

@ Root
(29 (90

2 @ O

Hinh 4.19. Khi thém lan lwot cdc gid tri x vao cdy cdn bang
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4.5.3.3. Tim kiém trén cdy cin bang
Tim trén ciy cin bang xem c6 nat ndo cd ndi dung bang x khong?
» Giai thudt:

NodeTree *FindX (int x, NodeTree *Root)
{
if (Root)
if (Root->nd==x) return Root;
else
{
NodeTree *qg;
g=FindX (x,Root->Left) ;
if (!g)g=FindX (x, Root->Right) ;
return qg;

}
else return NULL;

}

Trong giai thuat nay, néu tim thiy trén cAy nat c6 ndi dung bang x thi tra vé
dia chi nut do, nguoc lai tra vé NULL.

4.5.3.4. Xoa niit trén cdy cdn bang

Hay tim trén cdy can bang xem c6 nut nao c6 ndi dung bang x khong? Néu
c6 thi hay x6a nat d6. Yéu cau cay sau khi x6a van can bang.

bé thyc hién dugc phép toan nay, ta phai st dung ham phu DeleteNode;
ham nay nham xo6a nit nam trén nhanh c6 nhi€u nut nhat cia cay can bang, sau
do6 tra vé ndi dung cua nit vira xoa.

» Giai thuat:
int DeleteNode (NodeTree *&Root)
{
if ('Root->Left && !Root->Right)
{ NodeTree *p=Root;Root=NULL;
int x=p->nd;delete p; return x;}
else
if (CountNode (Root->Left) > CountNode (Root->Right))
return DeleteNode (Root->Left);
else return DeleteNode (Root->Right);
}

» Giai thudt xoa nut co gia tri x khoi cdy cdan bang:
void DeleteX (int x,NodeTree *&Root)
{
if (Root)
{NodeTree *p=FindX (x,Root) ;p->nd=DeleteNode (Root) ;}
else cout<<"\nCay khong chua ptu co gia tri "<<x;

}

a Vi du: Sau khi x6a nit c6 gid tri x=90 trong cay trong hinh 4.20
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Ghi chu: nut boi den bi xoa va gia tri
dwoc chuyén den cho nut co gia tri 90
Hinh 4.20. Cay can bang trudc va sau khi xoa nut

4.5.3.5. Vidu

o Bai toan: Khai bao cdy can bang c6 chi diém dau Root, cac nut (phan tir
trong cdy can bang) co trudng nodi dung kiéu nguyén. Sau d6 hidy thuc hién cac
cong viéc:

i. Tao cdy can bang v6i n nut c6 gia tri bat ky.
i1. In ra man hinh céc gia tri c6 trong cay theo thir ty NLR.
iii. Xo6a nut chtra ndi dung la x?

a Thuc hién:

#include<iostream.h>
#include<conio.h>
struct NodeTree
{
int nd;
NodeTree *Left, *Right;
}i
NodeTree *Root;
void Initialize()
{
Root=NULL;
}
int CountNode (NodeTree *p)
{
if (p) return 1+CountNode (p->Left)+CountNode (p—->Right) ;
else return 0;
}
void InsertEle(int x,NodeTree *&Root)
{
if (!Root)
{
Root=new NodeTree;Root->nd=x;
Root->Left=Root->Right=NULL;
}
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else
if (CountNode (Root->Left) > CountNode (Root->Right))
InsertEle (x,Root->Right) ;
else InsertEle (x,Root->Left);
}
NodeTree *FindX (int x, NodeTree *Root)
{
if (Root)
if (Root->nd==x) return Root;
else
{
NodeTree *qg;
g=FindX (x,Root->Left) ;
if (!g)g=FindX (x,Root->Right) ;
return qg;
}
else return NULL;
}
int DeleteNode (NodeTree *&Root)
{
if ('Root->Left && !Root->Right)
{NodeTree *p=Root;Root=NULL;
int x=p->nd;delete p; return x;}
else
if (CountNode (Root->Left) > CountNode (Root->Right))
return DeleteNode (Root->Left);
else return DeleteNode (Root->Right);
}
void DeleteX (int x,NodeTree *&Root)
{
if (Root)
{NodeTree *p=FindX (x,Root) ;p->nd=DeleteNode (Root) ;}
else cout<<"\nCay khong chua ptu co gia tri "<<x;
}
void PrintLNR (NodeTree *p)
{
if(p)
{
PrintLNR (p->Left) ;
cout<<p->nd<<" ";
PrintLNR (p->Right) ;
}
}
void main ()

{



clrscr();
Initialize();
int n;
cin>>"Nhap so nut cua cay can bang: ";cin>>n;
for(int i=1;i<=n;i++)
{
cout<<"Gia tri nut thu "<<i<<" la: ";cin>>x;
InsertEle (x,Root) ;
}
cout<<"\nGtri tren cay duyet theo thu tu LNR: ";
PrintLNR (Root) ;
cout<<"\n\nNhap gia tri muon tim:";cin>>x;
NodeTree *g=FindX (x,Root);
cout<<"\n\nNhap gia tri muon xoa trong cay:";
cin>>x;
DeleteX (x,Root) ;
cout<<"\nCay sau khi xoa:\n";
PrintLNR (Root) ;
getch () ;

Bai tip cudi chwong

1. Trinh bay céc biéu thirc duyét tién ty, trung ty, hau tu cta cdy trong hinh
4.21

/\
NN

FI

|/\\
/\

Hinh 4.21. Cay tam phan

2. Duyét cay theo muc 1a duyét bat dau tir gbc, rdi duyét cac nit nim trén
muc 1 theo thir ty tir trai sang phai, ré1 dén cac nut nam trén muc 2 theo thir
tu tur trai sang phai...va ct nhu vay.

- Hay liét ké cac nut theo thur tu duyét theo mure cua cdy trong cau 1.

- Viét chuong trinh con duyét cdy theo murc. (Goi y: dung hang doi)

70



3. V& cdy biéu dién cho biéu thirc ((a+b)+c*(d+e)+f)*(g+h)
Trinh bay biéu thtrc tién t6 va hau té cta biéu thirc di cho.
4. Cho cay nhi phan trong hinh 4.22

B/A
<Y N
/

G H |

Hinh 4.22. Cdy nhi phan

- Hay trinh bay cac phép duyét: tién tu, trung tu, hau tu.

- Minh hoa sy luu trit ké tiép cac nut cay nay trong mang.

5. Hay viét cac chuong trinh con sau thyc hi¢n trén cay nhi phan:
- Kiém tra ciy rong.
- Kiém tra nit n c¢6 phai I nat 14 khong.
- Kiém tra nit n c¢6 phai la niit cha ctia nat m khong.
- Tinh chiéu cao cta cay.
- Tinh s6 nat cia cay.
- Duyét tién ty, trung ty, hau tu.
- Dém sb nut 14 cua cy.
- Pém s6 nut trung gian cla cay.

6. V& hinh cay nhi phan tim kiém tao ra tir cAy rdng bang cach lan luot thém
vao cac khod 1a cac s6 nguyén: 54, 31, 43, 29, 65, 10, 20, 36, 78, 59.

7. V& lai hinh cay nhj phan tim kiém & cdu 6 sau khi 1an luot xen thém cac
nut 15, 45, 55.

8. V& lai hinh cay nhi phan tim kiém & ciu 6 sau khi lan lugt x04 cac nut 10,
20, 43, 65, 54.

9. Hay dung cay nhi phan tim kiém g véi diy khoa (thir tu tinh theo qui tic
so sanh chuoi (string)): HAIPHONG, CANTHO, NHATRANG, DALAT,

HANOI, ANGIANG, MINHHAI, HUE, SAIGON, VINHLONG. banh dau
duong di trén cay khi tim kiém khoa DONGTHAP.
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10. Cai dat cay TKNP c6 khoa 1a chudi (String) voi cac phep toan thém, xoa.
B6 sung thém cac chuong trinh con can thiét d& co6 1 chwong trinh hoan
chinh, cung cap giao dién dé nguoi dung co thé thém, xoa 1 khoa va duyét
cay dé kiém tra két qua.

11. Viét cac chuong trinh con thém, xo4 mt nit c6 khoa x trén cdy nhi phan
tim kiém bang cach khong d¢ qui.

12. Bé mé rong kha nang xur li cac khoa trung nhau trén cdy nhi phéan tim
k1em ta c6 thé t6 chirc cay nhi phan tim kiém nhu sau: tai mdi nut cia ciy ta
t6 chitc mot danh sach lién két chira cac khoa tring nhau d6. Chang han cay
duoc thiét 1ap tir ddy khod s6 nguyén 10, 15, 5, 10, 20, 4, 5, 10, 15, 15, 4, 15
nhu hinh 4.23.

10 — 10— 10

5,5 15— 1515

/

4 ——=4

Hinh 4.23. Cday BST chita DSLK

20

Trong d6 cac mii tén nam ngang chi cac con troé cua danh sach lién két.

Hay viét khai bao cdu tric dit liéu va cac chuong trinh con/ham dé cai dat
cay TKNP m¢ rong nhu vay.
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Chuong 5. PO THI
(Graph)

Do thi dwoc ding dé giai cac bai todn trong nhiéu linh viee khdac nhau.
Thi dy, dung do thi dé xdac dinh xem c6 thie hién mét mach dién trén mot bang
dién phang dwoc khong. Ta cung c6 thé phdn biét hai hop chat héa hoc ¢é cung
cong thiee phan tw nhu’ng o cau tric khac nhau nho doé thi. Hodc ciing co thé
xdc dinh xem hai may tinh c6 dwoc néi véi nhau bang mét dwong truyen hay
khéng néu ding mé hinh do thi mang mdy tinh. D6 thi véi cdc trong sé dwge gan
cho cac canh cua né co thé ding dé gidi cdc bai todn nhw bai todn tim dwong di
ngdn nhdt gitta hai thanh phé trong mét mang giao théng. Chuing ta ciing co thé
ding do thi dé Idp lich thi va phdn chia kénh cho cdc dai truyén hinh...

5.1. Cac khai niém co ban
5.1.1. Cac dinh nghia
Db thi 1a mot cdu tric roi rac gdm cac dinh va cac canh (vo huéng hoic
c6 hudng) noi cac dinh do. Co hai loai d6 thi: vo hudng va c6 hudng.

Do thi vo huéng G = (V, E) gdm mét tap khac rdng V ma cac phén tir cia
n6 goi la cac dinh va mot tap E ma cac phan tir ctia né goi la cac canh, trong do
moi canh ctua E dugc ndi boi hai phan tir khac nhau ctia V.

Db thi ¢6 hudng G = (V, E) gdbm mot tip khac rdng V ma cac phan tir coa
no6 goi la cac dinh va mot tdp E ma cac phan tir ciia n6 goi la cac cung, trong do
moi cung cia E dugc noi bdi hai phan tir khac nhau ctia V.

a Vi du: D6 thi trong hinh 5.1 1a (ié thi v6 huong. Trong d6 V = {HN, Hué,
bong Nai, SG}, E = {(HN, Hu¢), (Hu¢, SG), (HN, SG), (HN, Pong Nai)}

Hué

Pong Nai

Hinh 5.1. D6 thi vé huéng G
a Vi du: D6 thi trong hinh 5.2 13 d6 thi ¢6 hudng. Trong d6 V = {HN, Hué,

Dong Nai, SG}, E = {(HN, Hué), (Hué, SG), (HN, SG), (HN, Dong Nai),
(Pong Nai, HN)}
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DPong Nai
Hinh 5.1. P6 thi cé huong G

5.1.2. Cac thudt ngir

a. Hai dinh u, v ciia d6 thi vo huéng G duoc goi la ké nhau néu (u, v) Ia
canh cua do thi G.

b. Béc cua mot dinh v trong dd thi vo hudng 1a sb canh lién thudc véi nd
va ki hiéu deg(v).

a Vidu:

deg(a) =4, deg(b)=1
deg(c)=3, deg(d)=3
deg(e) =3, deg(f)=2

Hinh 5.3. D6 thi vo huong G va bdc cua cac dinh

5.1.3. Dwong di, chu trinh, do thi lién thong
5.1.3.1. Puong di

- Puong di trong d6 thi la do dai n tir dinh u qén dinh v. Trong d6: n-
nguyén duong, u-dinh dau cua do thi, v-dinh cudi cua do thi.

- Trén db thi G = (V, E) duong di 1a day xo, Xy,...,X,. Trong d6 u=x, va
v=x,. Puong di trong d6 thi nay cé thé biéu dién bdi cac canh: (xo, X1), ..., Xn.1,
Xp)

5.1.3.2. Chu trinh

Trong d thi, néu duong di c6 dinh dau tring voi dinh cudi, thi duong di
nay goi la chu trinh.

5.1.3.3. D6 thj lién thong

Dinh nghia: Do thi v0 huéng G = (V, E) goi 1a lién thong néu ludn tim duoc
duong di gitra hai dinh bat ky trong d6 thi.

a Vi du: DS‘ thi G 1a lién thong, nhung d6 thi G’ khong lién théng va c6 3
thanh phan lién thong.
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Do thi G Do thi G’
Hinh 5.4. 6 thi lién théng G, va khéng lién thong G°
Dinh nghia: D6 thi co huéng G = (V, E) goi la lién thong manh néu ludn tim

dugc duong di gitta hai dinh bat ky trong db thi.

Dinh nghia: D6 thi c6 huéng G = (V, E) goi 1a lién thong yéu néu d6 thi vo
hudng tuong trng voi nd 1a lién thong.

a Vi du: D6 thi G 1a lién thong manh nhung do thi G’ 13 lién thoéng yéu
(khong c6 duong di tir u tdi x cling nhu tir x téi u).

Po thi G Do thi G’
Hinh 5.5. P6 thi lién théng manh G, va lién théng yéu G’
5.2. Biéu dién dd thi trén may tinh

5.2.1. Ma trin ké, ma trdn trong so
Xét do thi vo huéng G = (V, E); trong do tap dinh V = {1, 2, ..., n}, tap

canh E = {e,, ..., e,}. Ta goi ma trén ké ctia d6 thi G 12 ma tran ha1 chleu chi
chtra cac phan tu’ (0, 1).
Nghia la:

A= {aij . 1,J = 1, 2, ceey 1’1}>
v6i cac phan tir trén A dugc xac dinh nhu sau:

_{o if (i j) € E

i

a Vidu:

1 otherwise

3 Ma trdn ké
1 twong ung A=

4
Hinh 5.6. D6 thi vé huéng G va ma trdn ké twong ing

S O = O
N T o TR
- o = O
S = = O
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> Két luan:
- Ma tran ké cua d6 thi vo hudng 1a ma tran doi xung: ajj = aji ; 1,j=1, 2,
.1
- Tbng cac phan tir trén hang i (cot j) ctia ma tran ké chinh bing bac cua
dinh i (dinh j).
e Ma trin ké ciia d6 thi ¢é6 hwéng: Puoc dinh nghia twong tu véi d6 thi vo
huodng.
o Vidu:

3 .
1 Ma tran ké A=
tirong ung

oS O O
- o O O
_ o = O
S O o ==

4
Hinh 5.7. D6 thi c6 hudng G va ma trdn ké twong img

()

> Két luan: Ma tran ké ctia do thi c6 huéng 1a ma tran khong d6i ximg.

2= Ghi chi: Trong Ung dung cua dd thi, mdi canh cua d6 thi thuong duoc gan
boi mot trong sé va duoc goi 14 ma tran trong sd.

> Gidi thudt cai dat ma tran ké
#include<iostream.h>
#include<conio.h>
#define MaxV 101 //Pd thi coé tbéi da 100 dinh
int A[MaxV] [MaxV];
void main ()
{
clrscr();
int n,x,1,3;
cout<<"Do thi co so dinh: ";cin>>n;
for (i=1;i<=n;i++)
for (j=1;j<=n;j++)A[1][]J]1=0;
for (i=1;i<=n;i++)
{
cout<<"Nhap cac dinh ke voi "<<i<<;
cout<<", bam so 0 de ket thuc.\n";
cout<<"dinh "<<i<<" ke dinh:";
do
{
cin>>x;
if(x!=0)A[1] [x]=1;
}while (x!=0) ;
}
//Xubdt két qua
for (i=1;i<=n;i++)
{
cout<<"\nke dinh "<<i<<" co cac dinh:";
for (j=1;j<=n;Jj++)
if(A[i][]]) cout<<y<™ ",
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cout<<"\n";
}

getch () ;
}

5.2.2. Danh sdch ké
Trong cach biéu dién ndy, n hang cta ma tran ké duoc biéu dién bsi n danh
sach lién két. Moi danh sach tuong trng véi moi dinh trong G. Céc nit trong
danh sach i (1< i < n) biéu dién dinh lién ké véi dinh i. Mdi nut trong danh sach
c6 it nhat hai truong: nd (chtra dinh lién k&) va truong link (trudng lién két).
o Vidu:

2 Danh sdch ké dinh[l]——>| 2 | .—|——)| 3 | o—’—» NULL

tuwong ung
3 dinh[2]—>{ 1 | &3 | e 4 | e} NULL
dinh[3]—>]1 | &+—>{2 [ &} > [e}—> NULL

dinh[4]—1{2 | |3 | 1> NULL

Hinh 5.8. D6 thi vé huéng G va danh sach ké twong g

> Gidi thudt cai dat danh sach ké

#include<iostream.h>

#include<conio.h>
#define MaxV 101 //Pd thi cé6 tbéi da 100 dinh
struct Tro
{
int nd;Tro *link;
}i
Tro *Dinh[MaxV];
void Initialize (int k)
{
for(int i=1;i<=k;i++)Dinh[1]=NULL;
}
void Insert(int x,Tro *&p)
{
Tro *g=new Tro;g->nd=x;g->link=p;p=qg;
}
void Print (Tro *p)
{
if (p)
{cout<<p->nd<<" ";Print (p->1link);}
}
void main ()
{
clrscr();
int n, x;
cout<<"Do thi co so dinh: ";cin>>n;
Initialize (k) ;
for(int i=1;i<=n;i++)
{

cout<<"Nhap cac dinh ke voi "<<i<<;
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cout<<", bam so 0 de ket thuc.\n";
cout<<"dinh "<<i<<" ke dinh:";
do
{ cin>>x;
if (x!=0)Insert (x,Dinh[i]) ;
}while (x!=0);
}
for (i=1;i<=n;i++)
{
cout<<"\nke dinh "<<i<<" co cac dinh:";
Print (Dinh[i]) ;
}
getch();
}

5.3. Tim kiém trén dd thi

V6i d6 thi vo huéng G = (V, E), va véi dinh v bat ky trong tap V. Van dé ta
quan tam & day la xuat phat tr dinh v, ta c6 thé di dén cac dinh con lai trén do
thi G hay khong?

Pé 1am duoc diéu nay, ta co hai cach: Str dung thuét toan tim kiém theo
chiéu rong (Breadth First Search) hoac str dung thuat toan tim kiém theo chiéu
sau (Depth First Search).

5.3.1. Tim kiém theo chiéu sdu trén dé thi

Xuét phét tir dinh v ctia do thi, sau d6 chon dinh w 1a dinh tuy y k& véi v,
va lap lai qua trinh tim kiém d6i véi dinh w. O budc tong quat, gia sir ta dang
xét dinh u, néu nhu trong s6 cac dinh ké v6i u tim duoc dinh ndo chwa xét thi ta
s& xét dinh nay va bat dau tir né ta lap lai qua trinh tim kiém.

Giai thuat nay kiém tra xem xuat phat tai mot dinh bt ky trong do thi c6
ton tai duong di dén cac dinh khac khong? Néu co, thi tat ca cac dinh nay sé&
duogc tham, nguoc lai néu dinh nao khong dugc tham thi khong tdn tai duong di
dén dinh do.

» Giai thudt tim kiéem theo chiéu sdu
procedure DFS(v)
/* P& thi yé huéng G=(V,E) coé n dinh vé mang VlSlTED(n)/ﬁuoc
khoi tao bang 0, gidai thudt nay thdm tat cd cdc dinh xuat phat
t dinh v, véi G va VISITED 1la bién toan cuc*/
VISITED (v) € 1
for each dinh w ké vdi v do
if VISITED(w) = 0 then call DFS(w)
end
end DFS
procedure COMP (G, n)
/*G la d5 thi cé n dinh, VISITED la bién mang dia phuong.*/
for i € 1 to n do
VISITED (i) € 0 //Kh&i tao cidc dinh chua duoc thim
end
for i €1 to n do
if VISITED(i) = 0 then
[call DFS(i); Xudt cédc dinh m&i thdm cing véi cac
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canh 1lién quan vd&i chung]
end
end compP

» Cai dat giai thudt tim kiem theo chiéu sau bang ngon ngir C/C++
void DFS (int wv)
{
VISITED[v] = 1;
Tro *w=Dinh[v];
while (w)
{
1if (VISITED [w->nd]==0)DFS (w->nd); w = w->1link;

}
void Tham(int n)
{
for(int i=1;i<=n; i++) VISITED[i]=0;
}
void COMP (int n)
{
for (int i=1;i<=n; i++)
if(VISITED[i] == 0)
{
DFS (i) ;
for (int j=1;j<=n;j++)
1if (!VISITED[]])
cout<<"\nKhong co ddi tu dinh "<<i<<" den "<<j;
Tham(n) ;
}
}

5.3.1. Tim kiém theo chiéu rong trén do thi

Thuat toan tim kiém theo chiéu rong tuwong tu tim kiém theo chiéu sau,
nhung trong giai thuat tim kiém theo chiéu siu ta str dung STACK (d€ quy), con
thuat toan tim kiém theo rong sir dung QUEUE.

» Giai thudt tim kiem theo chiéu rong
procedure BFS(v)
/*Xuét phét/tai dinh v cua dd thi G, tit ca cac dinh duogc tham
dugc danh diu bdi VISITED(i)= 1. P& thi G va mang VISITED la
bién toan cuc va VISITED duoc khdi tao bing 0.%/
VISITED (v) € 1

Khéi tao Q réng /*0 is a queue*/

loop

for céc dinh w ké voi v do

if VISITED(w) = 0O /*add w to queue*/

then [call ADDQO(w,Q) ; VISITED(w)<€1]
/*mark w as VISITED*/

end

if 0 réng then return

call DELETEQ(v, Q)

forever

end BFS
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> Ghi chii: Ta c6 thé sir dung thuat toan tim kiém theo chiéu sau (hodc tim
kiém theo chiéu rong) dé ki€m tra mot do thi c6 lién thong hay khong.

Bai tip cudi chwong
1. Hiy cai dat thuat toan tim duong di gilta hai dinh bat ky trong dd thi theo
thuat toan:

a. Tim kiém theo chiéu rong.

b. Tim kiém theo chiéu sdu.
2. Viét thuat toan kiém tra d6 thi v huéng G c6 lién thong khong theo hai thuat
toan:

a. Tim kiém theo chiéu rong.

b. Tim kiém theo chiéu sau.
3. Lam bai tap 1 va 2 theo phuong phap khir & quy d6i v6i thuat toan tim kiém
theo chiéu sau.
4. Hay cai dat thuat toan danh sach ké trong truong hop d6 thi co trong sb.

80



Chuong 6. SAP XEP VA TiM KIEM
(Sorting and Searching)

Trong chirong nay ta thao ludn bai todn sdp xép, tim kiém trén mét mdng
con phcfn tr. Pé don gian, cdc vi du dwoc thuc hién trén mang chwa cac s0
nguyén, tuy thé ta ciing cé thé thire hién trén mang chiva cdc phan tir c6 cdu triic
phikc tap hon.

6.1. Sip xép
Gia str ta cAn sap xép ting dan mot mang nguyén A c6 n phan tir.
6.1.1. Cic phwong phdp sip xép don giin
6.1.1.1. Phwong phdp sdp xép cheén (Insertion Sort)
» Giai thudt
void Insertion sort(int *a, unsigned int n)

{

unsigned int j, p;

int tmp;

for( p=1; p < n; ptt )

{ tmp = alpl;
for (j=p; tmp<alj-1] && 3>0; Jj--) aljl = alj-11;
alj] = tmp;

}

o Vi du: Vi mang A cé cac gia tri ban dau 34, 8, 64, 51, 32, 21; cach thuc
hién cua giai thuit Insertion_sort dugc thuc hién trong bang 6.1.

Badng 6.1. Giai thudt sap xép chen wrng voi moi vi tri cua p

Vi tri o 1 2 3 4 5

Mang gbc A 34 8 64 51 32 21 $6 vi tri di chuyén
Khi p =1 8 34 64 51 32 21 1

Khi p =2 8 34 64 51 32 21 0

Khi p =3 8 34 51 64 32 21 1

Khi p =4 8 32 34 51 64 21 3

Khi p =5 8 21 32 34 51 64 4

> Phdn tich gidi thudt sdp xép chén:
Do phure tap cua giai thuat 1a
n-1 p n-l1 —
T(n) = Y>> C=CY p=Cll+2+..+(n-1]= C.@ =0(n*), voi C la
p=1 j=1 p=l
hang s6 nao do.
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6.1.1.2. Phwong phdp sdp xép néi bot (Bubble Sort)
» Giai thudt

void Bubble sort(int *a, unsigned int n)
{
unsigned int i, Jj;
int tmp;
for (i=0; i<n-1; i++ )
for(3=i+1; j<n; Jj++)
if(alil>al3])
{tmp=a[i]l; alil=aljl; aljl=tmp; }
}
o Vi du: V6i mang A c6 cac gia tri ban dau 34, 8, 64, 51, 32, 21; cach thuc
hién cua giai thuat Bubble sort la:

Bing 6.2. Gidi thudt sdp xép néi bot itng véi méi vi tri cua i (cdc phan tir khoanh
tron trén cung hang da doéi ché cho nhau)

Vi tri o 1 2 3 4 5

Mang gbc A 34 8 64 51 32 21 S6 c8p hoan vi

Khi i =0 (8)Go) 64 51 32 21 1

Khi 1 = 1 8@64 5121 2
Khi i = 2 82164@32 2

8 21 (G2

Khi i = 3 8 21 32@34 2
8 21 3264@
8 21 32 34 @ 1

> Phdn tich gidi thudt sdp xép néi bot:

Khi i=4

D0 phuec tap cua giai thuat 1a

T(n) = ”ffczc"f(n—i—l)=C[(n—1)+...+2+1]=C.@=0(n2),

v6i C 1a hang s6 nao do.
6.1.1.3. Phuong phap sap xép chon (Selection Sort)
» Giai thudt
voild Selection sort(int *a, unsigned int n)
{
unsigned int i, j; int tmp, k, x;
for (i=0; i<n-1; i++ )
{ x=alil; k=i;
for (j=i+1; j<n; Jj++)
if(aljl<tmp) {x=aljl; k=3;
if(k!=1i) {tmp=a[i]; alil=alk]; alk]l=tmp;}

I~
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a Vi du: V61 mang A c6 cac gia tri ban dau 34, 8, 64, 51, 32, 21; cach thuc
hién cua giai thudt Selection sort 1a:

Bing 6.3. Gidi thudt sdp xép chon ieng véi moi vi tri cia i (cdc phan tir khoanh
tron trén ciing hang da déi ché cho nhau)

Vi tri o 1 2 3 4 5

Mang gbc A 34 8 64 51 32 21 S8 cdp hoan vi

(8)Go) 64 51 32 21 1
g QD) 64 51 32 (39) 1
21@51.34 1
1
1

Khi i=

Khi i=

21 32.64@
21 32 31 (6D @)

> Phan tich gidi thudt sdp xép chon:

0
1
Khi i=2
Khi i=3
4

© 0 0o

Khi i=

Do phure tap cua giai thuat 1a

Tm)= 5 5c- C"me—z—l) CAn=1+...+2+1= 222D

i= 0 J=i+l
v6i C 13 hing s6 nao do.

=0(n*),

6.1.2. Cic phwong phdp sip xép nhanh
6.1.2.1. Phwong phdp sdp xép Quick sort

Y tudng cua phuong phap niy 1a chon x lam phan tir gitta cua diy, ta phan
hoach day nay thanh 3 day con lién tiép:

- Day con thtr nhét chira cac gia tri nho hon x.
- Day con thir hai chira cac gié tri bang x.
- Day con thtr ba chira cac gia tri 16n hon x.

Sau do6 ap dung giai thuat d¢ quy cho day con thu nhit va diy con tht 3

néu diy ndy c6 nhiéu hon mot phan tir.
» Giai thuat
void Quick sort (int *a,unsigned int L,unsigned int R)
{
unsigned int i, j;
i=L;Jj=R; int x=a[ (i+]j)/2]
while (1)
{
while(a[i]l<x)i++;
while(a[j]l>x)j--;
if (i<=j) {int tmp=a[i]; alil=aljl;aljl=tmp;i++;j--;}
else break;

if (L<j)Quick sort(a,L,J);
if (R>i)Quick sort(a,i,R);
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= Ghi chu: Pé sap xép mang nguyén A c6 n phan tir, thi trong chuong trinh
chinh chi can goi Quick sort(A, 0, n-1);
2 Phan tich gidi thudt Quick sort:
o Truong hop xiu nhit:
Day con thur nhit ¢6 n-1 phan tir, ddy con thir 2 c6 1 phan tir. Lac d6 thoi
gian ti€u ton cho truong hop nay la:
T(n) = ol
T(n 1)+n ,otherwise
Str dung phuong phap lap, ta c6
L n(n+1)
T(n)= =1+2+...
(n) Zl +2+.+n= 5

i=1

=0(n")

o Truwong hop tot nhat:

Day con thu nhét c¢6 n/2 phan tir, ddy con thir 2 ¢6 n/2 phan tir. Luc d6
thoi gian ti€u ton cho truong hop nay la:

1 N _
T(n)—{ n yoon=l

2T (E) +n , otherwise
Str dung phuong phap lap, ta co:
T(n)= xn+2"T(2ix);x €R

Qua trinh lip nay sé& két thac khi T(n/2") = 1, nghia 13 n/2* = 1 > x=logn.
Vay
T(n)=(n+1)logn=0O(nlogn)

6.1.2.2. Phuong phdp sdp xép Merge sort
Y twéng ciia phwong phap

- Ta chia d6i mét day can sip thanh 2 diy con c6 chiéu dai n/2, sau d6 ta
tiép tuc chia doi 2 day con cé chi€u dai 1a n/2 thanh cac day con co6 chiéu dai
n/4,... cho dén khi moi day con chi con lai chiéu dai la 1.

- Ta tién hanh tron (merge) cac cip ddy c6 chiéu la 1 dé tao thanh cac day
sap xép co chiéu dai la 2, tién hanh tron cac ciap diy co chiéu dai 1a 2 dé tao
thanh cac diy sap xép co chleu 13 4, ...cho dén khi hai day c6 chiéu dai n/2 dugc
tron dé tao thanh day sip xép chung co chiéu 1a n.

» Gidi thudt
void Merge (int *a, int L, int mid, int R)
{
unsigned int i, j, k;
int *b=new int[R-L+17];
i=L;j=mid+1;k=0;
while (i<=mid && 7j<=R)
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if(alil<=alj]) {blkl=ali]l;i++;k++;}
else {blkl=aljl;j++ik++;}
while (i<=mid) {bl[kl=a[i];i++;k++;}
while (j<=R) {bl[k]l=al[jl;Jj++;k++;}
for (i=0;i<R-L+1;i++)al[i+L]l=b[i];

delete b;
}
void Merge sort(int *a, int L, int R)
{

if (L<R)

int mid=(L+R)/2;
Merge sort(a,L,mid);
Merge sort (a,mid+1,R);
Merge (a,L,mid,R) ;
}

}

2 Phan tich gidi thuat Merge sort:
D¢ phtrc tap cua giai thuat Merge sort la:

1 i n=1

T(n)= n
() 2T(E)+n >, otherwise

Str dung phuong phap lap tuong tu phuong phap Quick sort, ta co:
T(n)=(n+1)logn=0O(nlogn)

6.1.2.3. Phwong phdp sdp xép Heap sort
a. Y twong:
Phuong phap chon lua truc tiép dwa vao viéc chon phan tr nho nhit tir n
phan ti, tir n-1 phan tir, ... Do vay do phirc tap cia thuat toan nay 1a O(n?).

Vi 1y do trén nguoi ta tim cach xay dung mot thuat toan sip xép khac c6
thé khac phuc nhugc diém nay.

Mau chét dé giai quyét van dé vua néu 1a phai tim ra dugc mot cAu trac dir
liéu cho phep tich Ity cac thong tin vé sy so sanh gia tri cac phan tir trong qua
trinh sap xép.

Gia st dit liéu can sap xép 1a diy s6: 52 6 4 8 1 dugc bb tri theo quan hé so
sanh va tao thanh so d6 dang cay nhu trong hinh 6.1.

Hinh 6.1. Cdy sdp xép
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Trong d6 mdt phan tir & mc i chinh 13 phan tir I6n trong cip phan ti ¢
muc i+1, do d6 phan tt & mirc 0 (nt goc cua cdy) ludn la phan tir 16n nhat cua
day.

Néu loai bo phan tir gbc ra khoi cdy (nghia 13 dua phan tir 10n nhat vé ding
vi tri), thi viéc cap nhat cay chi xay ra trén nhitng nhanh lién quan dén phan tu
moi loai bd, con cac nhanh khac dugc bao toan, nghia la budc ké tiép co the su
dung lai cac két qua so sanh ¢ budc hién tai.

Trong vi du trén ta co:

M O:
Muc 1:

Hinh 6.2. Cdy sdp xép véi niit goc dwoc chon dé loai bo
Loai bo 8 ra khoi cdy va thé vao cac chd tréng gia tri -oo dé tién viéc cap
nhat lai cay:

Mirc O:
Muec 1:

Hinh 6.3. Cdy sdp xép véi mit goc da bi logi

Tién hanh nhiéu 1an viéc loai bo phan tir gbc cta cay cho dén khi tt ca cac
phan tir cia cay déu la -oo, khi d6 x€p cac phan tur theo thir tu loai bd trén cay sé
c6 day da sap x€p. Trén day la y tudng cua giai thuat sap xEp cay.

b. Ciu tric dir liéu Heap

Tuy nhién, dé cai dat thuat toan nady mot cach hiéu qua, can phai to chirc
mot cau truc luu trit dir liéu c6 kha nang thé hién dugc quan hé cua cac phan tir
trong cady voi n 6 nhé thay vi 2n-1 nhu trong vi du.

Khai niém heap va phuong phap sap xép Heapsort do J.Williams dé xuat
da giai quyét dugc cac khoé khan trén.

Dinh nghia Heap:

Gia sir xét truong hop sap xép ting dan, khi d6 diy cac phan tr a;, a; ,...,
a, 1a mot Heap néu thoa: ay >=a; ; vé1 k=[j/2] va 1 <=k <j<=n
Heap c6 cac tinh chit sau :
Tinh chat 1 : Néu a, , aj ... , a, 1a mot heap thi day nay chua chic ¢6 thir tu,
boi vi:
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a; >=a, ; a; >= a3 ; nhung c6 thé a, < a;
Nhung néu day ay, a, ,... , a, c6 thir tu thi day nay 1a mot heap.

Tinh chat 2 : Néu a, , a, ,... , a, 12 mot heap thi phan tir a; (d4u heap) ludn
1a phan tir 16n nhat trong heap.

Tinh chét 3 : Moi day a; , a, ,... , a,, ddy con aj, aj.y,..., a, tao thanh mot
heap vo1 j=(n/2 +1).

Néu day ai, a, ,... , a, la mot heap thi day nay co thé mé ta thanh cay nhi
phéan nhu sau:

a; la nut gbc
a; cO hai nut con 1a a, va a3

a, ¢o hai nut con 1a a4 va as

Vi du: Néu n=7, ta c6 ciy nhj phan biéu dién heap nhu hinh 6.4.

a/al\a
N N

Hinh 6.1. Cdy nhi phan biéu dién heap

Tao heap ban diu
Day aq.i, ag, ..., a; 1a mot heap néu ta da c6 mot heap a,..., a
» Gidi thudt

procedure Heaprify(a,q,r)
/* a 1la mang, voéi g 1la vi tri phdn tw diu tién, r 1la vi tri
phdn tu cubi cung trong mang a*/
i € qg
j € con trai cua i
x € ali]
while j<=r do
if j<r va a[jl<alj+1] then tdang j lén 1
if x>a[j] then thodt khdéi vong léap
nguoc lai
chép gid tri nat con j vao nut i
i €3; 7 €2%1
end while
end procedure
procedure BuildHeap(a, n)
/* a 1la mang, n 13 sbé phdn tu trong mang a*/
for q € n div 2 downto 1 do Heaprify(a,q,n);
end procedure

» Giai thudt trong C
void Heaprify(int *a, int g, int r)

{
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int i,3,x;
i=q; j=2*i+1; x=a[il;//i 1la vi tri phadn ta dau day
//3 1la vi tri phdn tu con trai ali]
while (j<r)
{
if (§<r-1 && aljl<alj+1])j++;//Tim nut con 1ldén nhét
if (x>a[j])break;

else
{ //chép nut gid tri nut con j vao nut i
alil=aljl; i=j; J=2*i+1;
}
}
alil=x;

}
void BuildHeap (int *a, int n)
{
for (int g=n/2; g>=0; g--)Heaprify(a,q,n);
}

Luu y: Néu day ao, a; ,... , a,.1 1a mot heap thi day nay co thé mo ta thanh cay nhi
phén trong C nhu sau:

ap la nut goc
apcO hainutconla a; va a,

a; cO hai nut con 1a a; va a4

Téng quat :
a; ¢0 hai nat con la a4 va azip ;3  VO1 0 <=1<=(n-1)/2
Vi du: Ta can sap tha ty diysb63 2 6 4 8 1
Tao heap ban dau nhu bang 6.4.
Bdng 6.4. Khoi tao heap

0 1 2 3 4 5
= 3 2 6 4 8 1
=1 3 2 6 4 8 1
=0 3 8§ 6 4 2 1

8 4 6 3 2 1

Giai thuit sip xép Heap sort
» Giai thudt
void HeapSort (int *a, int n)
{
if (n>0)

{
BuildHeap (a,n) ;
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int tam=a[0]; a[0]=a[n-1]; al[n-1]=tam;
HeapSort (a,n-1);

}
2 Phan tich giai thudt Heap sort:
b0 phuc tap cua ham Heaprify chinh 1a vong while(j<r); véi j=0, 2, 4, §,...,
(n-1). Do vay do phtic tap ciia ham nay la O(logn)

Do phure tap cua ham HeapSort chinh la d6 phire tap cua ham BuildHeap.
Do trong ham BuildHeap c6 vong ldp for lap lai n/2 1an, mo6i 1an 1a O(logn), nén
dd phuec tap cua ham nay 1a O(nlogn).

Vay d¢ phurc tap cia ham HeapSort 1a O(nlogn)

6.2. Tim kiém
6.2.1. Tim kién tudn tw (Sequential searching)
Gia st ta ‘cﬁn tim trén mot mang nguyén A c6 n phan tir xem c6 phan tir
nao co gia tri bang x khong.
Noi dung cua phuong phap nay dé la ta bat dau tim kiém tir phan tur dau

tién. Néu phan tor nay khong co gia tri bang x thi ta tim dén phan tir ké tiép, va
ctr nhu thé cho dén khi tim thay phan tir can tim hodc dén khi hét danh sach.

Két qua tim kiém s& tra vé vi tri phan tir tim thdy hodc -1 (néu khong tim
thay).
» Giai thudt

int Sequential search(int x, int *a, unsigned int n)

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

if(a[i]==x) return i;

return -1;

}
> Phdn tich gidi thudt fim kiém tuén tu:

, N n-l1 .
Do phirc tap cua giai thudt tim kiém tuan ty 1a: T(n) = > C =nC =0(n), v6i

i=0
C 1a hang s6 nao do.

6.2.2. Tim kién nhi phén (Binary searching)

Y tuéng cua phuong phap nay la tim‘kiém gia tr1 x trén danh sach da co th
tu (gid sir danh sach da co thr tu tang dan). Phuong phap nay dugc thuc hién
nhu sau:

Lay gia tri ciia phan tir giita trong danh sach rdi so sanh voi x. Luc nay s&
xdy ra 1 trong 3 truong hop:

- Néu bang nhau thi tra vé vi tri phan tir tim thay.

- Neu phan tir gitia ¢6 gia tri nho hon x thi danh sach méi can tim s&
nam bén phai phan tir giita.
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- Néu phan tu gifra c6 gia tri 16n hon x thi danh sadch méi can tim s€ nam
bén trai phan tir gitra.
Qua trinh trén duogc tiép tuc cho dén khi tim thay phan tir trong danh séch,
hodc danh sach can tim khong con phan tir nao.
» Giai thudt
int Binary search(int x,int *a, int L, int R)

{
if (L<=R)

int mid=(L+R)/2;

if (a[mid]==x)return mid;

else
if (a[mid]<x)return Binary search(x,a, mid+1l,R);
else return Binary search(x,a, L,mid-1);

}

else return -1;

}

Bai tip cudi chwong
1. Sap xép diy s6 3, 1,4, 1, 5,9, 2, 6, 5 bang thuat toan chén.

2. Thoi gian thuc hién cua thuat toan chén nhu thé nao néu tat ca cac gia tri
trong mang déu bang nhau.

3. Sép xép day $63,1,4,1,5,9,2,6 bﬁng thuat toan Merge sort.
4. Viét giai thuat Merge sort khong sir dung dé quy.
5. Sap xép day s6 3, 1, 4, 10, 5,9, 2, 6, 5, 3, 5 bang thuat toan Quick sort.
6. Cho day s6 13, 1,4, 10, 5,9, 2, 6, 5, 3, 15. Hay:
a. Tao hai heap ban dau bang thuit toan BuildHeap.
b. Cai dat thuat toan cho cau a
7. Viét ham tim kiém gia tri x trén mang nguyén n phan tir bang thuit toan:
a. Tim kiém tuan tu.
b. Nhi phan tim kiém.

Yéu cau: Két qua tim thdy tra vé kiéu logic.
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