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LOI MO DAU

Theo khung chuong trinh dao tao nganh Cong nghé Thong tin ¢
cac hé bai hoc va Cao déng, CAu truac dir liéu va gidi thuat Ia khdi
kién thtrc co ban ctia nganh Khoa hoc mdy tinh, 1 nén tang dé rén luyén
k¥ nang 1ap trinh ddi véi cac 1ap trinh vién Coéng nghé Thong tin.

Gi4o trinh nay trang bi cho ngudi hoc cac nguyén Iy thiét ké cac
cau tric dit liéu co ban ciing véi cac phép toan (thao tac) trén cac cau
trac dir liéu do: danh sach dic (cac thuat toan tim kiém, sap xép,...);
danh séach lién két (v6i cac thao tac: khai tao, bo sung, x0a, duyét,...);
danh sach han ché: ngan Xép, hang doi (vdi céac thao tac: khéi tao, push,
pop....); ciy nhi phan, cdy tim kiém nhj phan (véi cac thao tac khai tao,
duyét, bod sung, x6a nut...); cAu tric bang bam, ham bam.

Qua nhiéu ndm nghién ctru va giang day & cac Truong Pai hoc Su
pham - Pai hoc Pa Nang, Pai hoc Khoa hoc - Pai hoc Hué, Pai hoc Duy
Tan, Pai hoc Cong ngh¢ Thong tin va Truyén thong Viét-Han va mot )
truong dai hoc khac & mién Trung va TAy Nguyén, chung t6i di c¢b ging
duc két dé bién soan cudn sach Gido trinh Cau triic dir liéu va giai
thuat nham dap tmg nhu cau hoc tip va nghién ctru ctia hoc sinh, sinh
vién va nhiing ban doc quan tam dén linh vuc 1ap trinh, gitip ban doc co
mot tai liéu tham khao t6t khi tim hiéu sau vé linh vuc 1ap trinh.

Noi dung cua giao trinh nay dugc chia thanh 7 chuong, dau mdi
chuong déu co tom tit chuong dé ban doc nam khai ‘quat v€ ndi dung
chuong, sau d6 1a n6i dung chuong dugc trinh bay ngan gon tir cac kién
thirc co ban vé cach xay dung cdu tric dit liéu dén xay dung thuat toan
va cai ddt ma Iénh. Cudi mdi chuong déu c6 h¢ thong bai tap thuc hanh
tir dé dén kho, dbi voi cac bai tap kho déu c6 goi ¥ vé cach giai. Tat ca
cac ma ngudn trong gido trinh déu dugc viét theo phong cach huéng dbi
tuong, tuong thich vai trinh bién dich Dev C++ 5.X, day cling 1a mot
trong nhitng céng cu hd tro 1ap trinh gon nhe, c¢6 thé bién dich dugc trén
ca hai h¢ diéu hanh Windows 1in Linux va duoc sir dung kha pho bién
trong viéc hoc tap va giang day tai cac truong hoc cling nhu trong cac ky
thi Olympic Tin hoc sinh vién va ACM/IPCP Qudc té.

il



Chén thanh cam on cac dong nghiép ¢ cac Truong DPai hoc Su
pham - Pai hoc Pa Nang, Pai hoc Bach Khoa - Pai hoc Pa Nang, Pai
hoc Cong ngh¢ Thong tin va Truyén thong Viét-Han, Dai hoc Duy Tan,
Pai hoc Khoa hoc - Pai hoc Hué da gitip 5, dong gdp nhiéu y kién quy
bau dé chung t6i hoan thién ndi dung gido trinh nay.

Chung t0i cting hy vong s6m nhén duoc cac y kién dong gop, phé
binh ctia ban doc vé ndi dung, chit lwong va hinh thuc trinh bay dé gido
trinh ngay mot hoan thién hon.

Pa Ning, thdng 3 nam 2024
Thay mat nhom tdc gid

Pham Anh Phuong
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Chwong 1
TONG QUAN VE
CAU TRUC DU LIEU VA GIAI THUAT

Tém tat chwong
= Khai niém vé giai thuat va céac tinh chat cta giai thuat
= MQi lién hé gitra ciu trac dir liéu va giai thuat
= Ngén ng biéu dién giai thuat

= P06 phirc tap tinh toan cua giai thuat

1.1. CAC KHAI NIEM
1.1.1. Khai niém dit liéu

Trong may tinh, dit li¢u 1a thong tin da dugc ma hoa sang mot dinh
dang khac thuan tién hon dé co thé xir ly trén may tinh. Déi v6i khoa
hoc may tinh ngay nay va phuong tién truyén thong, dir liéu 1a thong tin
d3 chuyén doi thanh dang s nhi phan.

1.1.2. Khai niém vé cau truc luu trir

Céch biéu dién mot cau tric dir liéu trong bo nhd may tinh dugc
g0i 13 cdu trac luu trit. Co thé c6 nhiéu cau trac luu trit khac nhau cho
mét ciu trac dit liéu. Chéng han mét ciu trac dit liéu kiéu danh séch cé
thé luu trit dit liéu bang cac 6 nhé lién tiép nhau ¢ bd nhd trong (mang)
hodc c6 thé luu trit & cdc viing nhé roi nhau trong b nhé (danh sich
lién két).

C6 thé co nhiéu ciu trac dir liéu khac nhau duoc cai dat ¢ bo
nh¢ trong bang mot cau trac luu trit. Chang han cau tric chudi ky tu,
cau tric mang déu c6 thé cai diat ¢ bo nhd trong bing cac 6 nhé lién
tiép nhau.



1.1.3. Lwa chon cu tric dit liéu cho bai toan

Lua chon céu tric dit liéu thich hop dé t chuc dit liéu vao ra va
trén co s& do xac 1ap mot giai thuat dé dua ra két qua mong muon la
mot khiu quan trong.

Viéc chon mét cau trac dit liéu phai xét t6i cac phép toan tac dong
1én céu trac dit liéu d6. Nguoc lai khi xét dén phép toan, can phai chi y
dén phép toan dé tac dong trén ciu tric dit liéu nao, béi vi c6 phép todn
hiru hi€u doi véi cau truc dit 1iéu nay nhung khong hiru hi¢u voi cau
truc dir liéu kia.
1.2. GIAI THUAT
1.2.1. Khai niém vé giai thuat

Khai niém giai thuat hay thuat todn dung dé chi phuong phap hay
cach thuc dé giai quyét van de.

Giai thuat (algorithrm) 1a mgt day cac cau 1é€nh chat ché va 1o rang,
xac dinh trinh ty cac thao tac trén cac dbi twong nao do6 (input) sao cho
sau mot s6 hiru han cédc bude thuc hién s& dat duoc két qua mong mudn
(output).

Theo Donald Knuth viét trong cuén The Art of Computer
Programming, “Giai thudt la mot thu tuc hitu han, xdc dinh va hiéu
qua véi mot sé dau vao (input) va dau ra (output)”.

Trong cudc séng hang ngay chung ta gap rat nhiéu giai thuat khac
nhau cho mot bai toan. Vi dy, tinh tong S=1+2+ ... + n.

Cach 1: sir dung k¥ thuat cong don

- Gan S =0;

- Chobiénichaytr1dénn:S=S+i;

Cach 2: Sir dung cong thirc ctia cdp sb cong cong boi 1: S =n x
(n+ 1)/2.
1.2.2. Céac tinh chit cia giai thuat

Céc giai thuat déu c6 mot sb tinh chat chung, biét duoc cac tinh
chat s€ rat bo ich khi mé ta giai thuat.
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Dir ligu vao (input)

MGdi bai todn déu co gia thiét voi mot vai dai lugng dau vao xac
dinh ma ta thuong goi 1a dir 1iéu vao.

Dir li¢u ra (output)

Thuat toan xtr 1y dit liéu dau vao va s& thu dugc mot sé dai luong
dau ra xac dinh. Céc dai luong dau ra cling chinh la nghiém hay két qua
cua bai toan.

Tinh diing din

Yéu cau bat budc cua giai thuat 13 tinh diing dan, véi mdi bo dir
liéu dau vao cho trudc, sau mot so6 hiru han budc thyc hién s€ dung va
cho két qua dung cua bai toan.

Tinh xac dinh

Tinh x4c dinh doi hoi & mdi budce cua thuit toan, cac thao tac déu
phai rd rang, khong giy ra sy nhap nhang, 1an 1on. Noi khac di 12 trong
cuing mot diéu kién, hai bd xu 1y (nguoi hodc may) thuc hién cung mot
budc cua thuat toan phai cho cung mot két qua. Hon thé nita, cac bd
xtr 1y thuat toan khong can phai hiéu duoc y nghia cua cac bude ¢ thao
tac nay.

Tinh hitu han (tinh dirng)

Véi dir liu dau vao xac dinh, thuat toan bao gi0 cung phai dung
sau mot s6 hitu han bude thyc hién va cho két qua dau ra.

Tinh phé dung

Thuat toan thudong duge xay dung khong chi dé giai quyét mot bai
toan riéng l¢ ma phai giai mot 16p cac bai toan c6 cung cau trac voi dir
lidu cu thé khac nhau va ludn luén dan dén két qua mong mudn.

Tinh hiéu qua

Tinh hi€u qua dugc danh gia dya trén mat s6 tiéu chuan nhit dinh
nhu khoi lugng tinh todn, thoi gian va khong gian thuc hién giai thuat.



1.2.3. Mi quan hé giira ciu tric dir liéu va giai thuat

Khi giai mot bai toan trén may tinh, ta thuong quan tdm dén viéc
thiét ké giai thuat. Giai thuat 1a dic trung cho cach xur 1y, thuong lién
quan dén ddi tugng dé xir 1y, tirc 1a dit liéu cia dbi twong d6. Cach thé
hién dir li¢u theo mot khuén dang nao do dé luu trit va xtr 1y hiéu qua
trong may tinh goi 1a cau trac dit lidu.

Theo cach tiép can cua lap trinh c6 cdu trac, Niklaus Wirth dua
ra cong thirc thé hién moi1 lién hé gitra cau trac dir li¢u va giai thuat
nhu sau:

THUAT TOAN + CAU TRUC DU LIEU = CHUONG TRINH
(Algorithms + Data Structures = Programs)

Khi cau trac dir liéu ciia bai toan thay doi, giai thuat cling phai
thay do1 theo cho phu hop véi cach thue t6 chuce dir ligu méi. Nguoc lai
trong qua trinh xay dyng, hoan thién giai thuat cling goi mé cho nguoi
18p trinh cach t6 chtrc dit liéu cho phu hop véi gidi thuat va tiét ki€m tai
nguyén h¢ thong.

Qua trinh gidi mot bai toan trén may tinh phai cha y dén méi lién
hé mat thiét gitta gidi thuat va cau trac dit li¢u. Vi thé khi tién hanh
nghién ctru vé cau truc dir ligu cho bai toan dong thoi phai xac lap cac
giai thuat twong trng cho cau truc dit liéu do.

1.3. NGON NGU BIEU DIEN GIAI THUAT

Khi thiét ké mot giai thuat, ching ta can phai trinh bay giai thuat
do dé kiém tra giai thuat da dap img dugc cac yeu cau chua (tinh ding
dan, tinh pho dung, tinh hitru han...). Qua do, ngudi doc co6 thé hiéu duoc
gidi thudt cuia ching ta trinh bay.

C6 nhiéu cach thirc khac nhau dé biéu dién giai thuat, cu thé:

- Ngobn ngir ty nhién (Natural language)

- Ma gia (Pseudo-code)

- Luu d6 (Flowchart)



1.3.1. Ngon ngir ty nhién

D¢ biéu dién giai thuat theo ngdn ngit ty nhién, co the s dung
ngon ngtr do1 thuong dé liét ké cac budc cua thuat toan.
Vi du 1.1: Tim s6 16n nhét trong ba sb a, b, c.

max(a,b,c)

Bubéc 1: Gan m = a;

Budc

Il
o

2: Néu b > m, gan m
Budéc 3: Néu ¢ > m, gdn m = c;
4:

Budc Két quad: max(a,b,c) = m;

1.3.2. Ma gia
Khi m6 ta giai thuat bang ma gia, ta vay muon ct phap ciia mot
ngdn ngr 1ap trinh nao do dé thé hién giai thuat. Dung ma gia vira tdn
dung dugc céc khai niém trong ngdn ngit 1ap trinh, vira gitip nguoi st
dung dé dang nam bat ndi dung cua giai thuat. Tat nhién, trong ma gia
van dung mot phan cta ngdn nglr ty nhién, mot khi da vay mugn ct
phép va khai niém cia ngon ngir 1ap trinh thi chac chan ma gia s€ phu
thudc vao ngoén ngir 1ap trinh do.
Vidu 1.2: Tim sb 16n nhat trong ba s6a, b, c.
function max(a,b,c)
begin
m = ay,
if b > m then m = b;
if ¢ >m then m = ¢c;
return m;

end;

1.3.3. Lwu do

Luu db hay so d6 khéi 1a cong cu truc quan dé dién dat giai thuat.
Neéu biét st dung khéo 1€o ngdn ngilt nay, ta c¢d thé trdnh dugc nhiing
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doan giai thich bang 101 ¢6 thé dan dén sy nhap nhang ve ngtt nghia,
dong thoi biéu dién bang luu d6 s& gitp 6 duoc cai nhin tong quan hon
vé toan canh cua qua trinh xtr 1y cia mot giai thuét cho trude.

Luu dd 1a hé théng céac nut c6 hinh dang khéc nhau, thé hién cac
chtrc nang khac nhau, dugc noéi véi nhau béi cac cung. Cu thé, luu do
dugc tao bdi 5 thanh phan chu yéu sau day:

1.3.3.1. Nut gidi han

Puoc biéu dién bdi hinh 6van, trong d6 ¢ ghi chir: Begin hoac
End. Chung con dugc goi 1a cac nat dau va nut cudi cua luu do.

Begin/End

La hinh chir nhat trong do6 c6 ghi cac 1énh can thuc hién.

1.3.3.2. Nut thao tdac

Khéi 1énh

1.3.3.3. Nut diéu kién

Puoc biéu dién dudi dang mot hinh thoi, bén trong ghi diéu kién

can kiém tra.

1.3.3.4. Nut xudt/nhdp dit liéu

Pugc biéu dién dudi dang mot hinh binh hanh, bén trong ghi cac
1énh xuat/nhap: Input(...)/Output(...).

/Input(...}/Output(...}/




1.3.3.5. Duwong di cua thudt todn
La nhitng duong c6 hudng ndi tir nit nay dén nat khac cta luu do.
—_—

Hoat dong cua thuat toan dudi dang luu d6 duogc bat dau tir nat
dau tién. Sau khi thuc hién cac thao tac hodc kiém tra diéu kién & mdi
ndt, bo xir 1y s& theo duong di ciia mot cung dé dén nat khac cho dén
khi gap nat két thuc thi dimg thuét toan.

Vi du 1.3: Tim s6 16n nhét trong ba sb a, b, c.

1.4. PHAN TiCH VA PANH GIA GIAI THUAT
1.4.1. Pit van dé
Vi mot giai thudt da duoc thiét ké dé giai quyét mot bai toan, co
nhicéu goc do dé danh gia giai thuat d6. Chang han:
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= DPanh gia tinh diing dan cua giai thuat, liéu giai thuat c6 cho két
qua ding véi moi bo dir li¢u dau vao hay khong?

» Giai thuét c6 dé hiéu, dé cai dat va d& chinh stra hay khong?

= Giai thuat phai st dung bao nhiéu bd nhé khi dir liéu dau vao
co kich thudc tuong doi 16n?

= Khi thuc hién giai thuat voi cac bd dir liu tuong ddi 16m, thoi
gian thyc hién nhanh hay cham? Viéc danh gia nay dugc goi la
danh gié thoi gian thwe hién gidi thudt.

Trong pham vi gido trinh chi quan tim dén danh gia thoi gian thuc
hién giai thuat vi day 1a mot tiéu chuan quan trong dé danh gia hiéu qua
cua giai thuat.

Do phirc tap thoi gian cua giai thuat ¢ thé duoc dénh gia thong
qua sb phép todn tich cwe (phép todn dwoc ding khéng it hon cdc
phép todn khdc) khi cac gia tri dau vao co kich thudc xéac dinh.

Vidul.4: TinhtongS=1+2+ ... +n.

A B
#include <iostream> #include <iostream>
using namespace std; using namespace std;
int main() int main()
{ {
ints=0, n; ints, n;
cin>>n; cin>>n;
for(int i=1;i<=n;i++) s = n*(n + 1)/2;
cout<<s;
cout<<s; }
} \

Phép toan tich cuwc

Phép toan tich cuc cua chuong trinh A thuc hién n lan, trong khi
chuong trinh B chi thyc hién 1 lan. Két luan: chuong trinh B chay nhanh
hon chuong trinh A.



1.4.2. Do phirc tap tinh toan cia giii thuat

Cho mdt giai thuat vai kich thude dir lidu vao 1a n, thot gian thyuc
hién giai thuat 1a mot ham khong am theo n, goi 1a ham thoi gian, dugc
ky hi¢u la f(n), sao cho: f(n) > 0, Vn > 0.

cg(n)

fin)

Hinh 1.1: Ham f(n) bi chdn trén béi ham g(n) ké tir thoi diém no [7].

Pinh nghia 1.1: Ham f(n) ¢6 cap bé hon hogc bang ham g(n) néu IC>0
va so tu nhién np sao cho:

If(n)l < C|g(n)| vé1 moin > nop
Ky hiéu: f(n) = O(g(n)) va goi f(n) thoa min quan hé big-0 d6i
voi g(n).
) . n(n+3) o
Vidu 1.5: Ham f(n) = — la ham bac hai va ham bac hai don gian

nhat 1a n2. Ta cé:

f(n):n(nT-'_S)—O(nz)

+3
vi H(HT) <n2 Vn >3 (C=1, np=3)



Dinh nghia 1.2: Néu thuat toan c6 do phtrc tap 1a f(n) v6i f(n) = O(g(n)),
ta noi thuat toan c6 do phuc tap O(g(n)).

Ménh dé 1.1: Cho f1(n)=0(gi(n)) va f2(n)=0(g2(n)). Khi do:
= (f + £2)(n) = O(max(lgi(n)l,lg2(n)l)  (Quy tic tdng)
= (fif2)(n) = O(gi(n)ga(n)) (Quy tac nhan)

Vi du 1.6: Cho doan chuong trinh sau (k<m<n).
int d=0;
for (int i=1;i<=k;i++) d++;
for (int j=1;j<=m;j++) d++;
for (int h=1;h<=n;h++) d++;

Véi cac vong lap roi nhau, theo quy tac tong, do phirc tap cia doan
chuong trinh trén s€ 1a: O(max(k,m,n)) = O(n)

Vi du 1.7: Cho doan chuong trinh sau
int d=0;
for (int i=1;i<=n;i++)
for (int j=1;7j<=n;j++)
for (int h=1;h<=n;h++) d++;
Véi cac vong lap 10ng nhau, theo quy tic nhan, do phurc tap cia
doan chuong trinh trén s& la: O(nxnxn) = O(n?).
Vi du 1.8: Danh gia do phuc tap ciia thuat toan sip xép sau:
void Sort(int n,int A[])
{
for (int i=1;i<n;i++)
for(int j=i+1;3j<=n; j++)
if(A[1]>A[]J])
swap (A[1],A[]]);

10



Nhan xét:
Voi  i=1 2 j=n-1
i=2=»j=n-2

i=n-2=»j=2
i=n-1=>»j=1
f(n) = (n-1).n/2
2>g(n) =n’
Vay, d6 phirc tap ciia thuat toan sap xép: O(n?).

1.4.3. Pj phirc tap ciia mot sé thuit toan thong dung
+ Thuét toan tim kiém tuyén tinh: O(n)
+ Thuét toan tim kiém nhi phan: O(logan)
« Thuét toan sap xép chon, chén, ndi bot: O(n?)
* Thuét toan Quick sort: O(nlogzn)
* Liét ké day nhi phan d6 dai n: O(2")
+ Liét ké cac hoan vi ctia n phan tir: O(n!)

I I I I I I
2 3 4 5 6 T 8

Hinh 1.2: Biéu dé ting dan vé dg phitc tap ciia gidi thudt [7]
11




BAI TAP CHUONG 1

Bai 1.1: Xay dung giai thuat dé tim s6 16n nhét trong mot day sé nguyén
cO n phan tu: aj, ay,..., an.

Bai 1.2: Xdy dung gidi thut dé tinh x", trong d6 x 14 s6 thuc, n 14 s6
nguyén khong am. Xac dinh d6 phuc tap cua giai thuat.

Bai 1.3: Cho day s6 nguyén c6 n phan tir: aj, as,..., a.. Xay dung giai
thuat dé tim kiém gié tri X c6 trong day hay khong Xéc dinh do phtrc
tap cua giai thuat.

Bai 1.4: Cho diy s6 nguyen co n phan tr: a1, az,..., a,dd xép thir ty ting
dan. Xay dung giai thuat dé tim kiém gia tri X c6 trong day hay khong.
Xac dinh d¢ phure tap cua giai thuét.

Bai 1.5: Xay dung giai thuat dé dém s6 1an xuat hién ctia mot chudi con
trong mot chuoi cho trude.

Bai 1.6: Xac dinh do phuc tap tinh toan cta cac giai thuat véi ham thoi
gian cua ching dugc cho nhu sau:

a) f(n) = (2+n).(3+logn)
b) f(n) = (n*+2n)/(2n+1)
¢) f(n) =n.(2+n) - 7.n
d) f(n) = logn? + n

Bai 1.7: Xac dinh d¢ phuec tap tinh toan ctia doan chuong trinh sau:
for(int i=1;i<=n;i++)
for (int J=1;j<=n;Jj++)
{
C[i]1[31=0;
for (int k=1;k<=n; k++)
C[i][3]1= C[i]1[J] + A[i][k]1*B[k]lI[J];

12



Chwong 2
GIAI THUAT PE QUY

Tém tat chwong
* DPinh nghia dé quy

CAu trac cla giai thuat dé quy

Phwong phap xay dwng giai thuat dé quy

Phan loai dé quy

Giai thuat quay lui

2.1. GIOI THIEU

Céach dé mo ta sy lap lai trong chuong trinh may tinh 13 sir dung
cac vong 1ap, chang han nhu cau tric 1ap while va for cua C/Java.

Ngoai ra, con ¢6 cach khac dé mé ta sy lap lai trong chuong trinh
may tinh thong qua mot qua trinh dugc goi 1a dé€ quy.

D¢ quy l1a k¥ thuat ma mgt ham thyc hién mdt hoac nhiéu lénh goi
dén chinh no trong qua trinh thuc thi, theo d6 dir li¢u dya trén cac thé
hién véi quy mo nhd hon cua cung mot ki€u cau tric trong biéu dién
cua no.

b¢ quy 1a mdt cong cu thuong dung trong khoa hoc may tinh, néd
c6 mdt y nghia dac biét trong dinh nghia quy nap toan hoc.

Trong lap trinh, dé quy cung cap mot giai phap thay thé tinh té va
manh mé& dé thuc hién cac tac vu lap di 1dp lai. Hau hét cac ngdn ngr
1ap trinh hién dai déu ho tro 1ap trinh dé¢ quy.

Dé quy la mét ky thudt quan trong trong nghién ciru céu triic
dir liéu va thudt todn.

13



2.2. PINH NGHIA PE QUY

Mot dbi tuong dugc goi la dé quy néu nd hodc mot phén cua né
duoc dinh nghia thong qua khai niém vé chinh no.

Mot ham duge goi 1a dé quy néu trong ham do c6 15i goi dén
chinh né.

Téng qudt: Néu mét 1oi gidi ciia bdi todn T dwoc thuc hién bang
loi gidi ciia bai todn T, ¢6 dang giong nhw T, dé la loi gidi dé quy.
Gidi thudt twong ieng véi loi gidi nhie vdy goi la gidi thudt dé quy. Néu
giai thudt cfy dwoce viét dudi dang mot ham, ham cfy duoc goi la ham
deé quy.

2.3. CAU TRUC CUA GIAI THUAT PE QUY
Mot giai thuat dé quy bao gio ciing gdm c6 hai thanh phan:

Thanh phan dirng (phan neo/suy bién): Khong chira khai niém
dang dinh nghia. Phan nay xac dinh diém dung cia giai thuat dé quy.
Truong hop nay con duoc goi 1a truong hop suy bién. Néu giai thuat dé
quy khong c6 trudong hop suy bién, sé& dan dén 1ap vo han va sinh 151 khi
thuc thi chuong trinh.

Thanh phan dé quy: C6 chira khai niém dang dinh nghia. Truong
hop nay la phan tich va xay dung trudong hop chung ctia bai toan (nghia
1a dua bai toan vé cung loai nhung vaéi dir liéu c6 kich thudce “nho” hon
va muc dich 1a dua bai toan tién dan vé phan neo).

2.4. PHUONG PHAP XAY DUNG GIAI THUAT PE QUY

Khi xay dyng giai thuat dé quy ta tién hanh nhiing budc sau:

Buwéc 1: Tham s héa bai todn.

Buéc 2: Xac dinh trudong hop suy bién.

Buwdc 3: Phan tich va xay dung truong hop chung ctia bai toan
(thanh phan d€ quy) c6 nghia la dua bai todn vé dang bai toan cung loai
nhung véi kich thudce dir liéu nho hon.
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Vi du 2.1: Viét ham dé quy dé tinh n! = 1.2...n.
e Tham s hoa: n! = Factorial(n);
e Factorial(0) = 1 (truong hop suy bién)
e Factorial(n) = n*Factorial(n-1) (trrong hop chung)

int Factorial (int n)

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

}
Vi du 2.2: Viét ham in ra biéu dién nhi phan ctia mot s6 nguyén.
e Tham sb héa: Bin(n);
e n=0: két thuc (truong hop suy bién)
e n>0: luu lai cout<<n%?2;
va thuc hién tiép Bin(n/2) (truong hop chung)

void Bin (int n)
{
if (n> 0)

{
Bin (n/2)
cout<<n%2;

}

Vi du 2.3: Bai toan thap Ha N§i (Lucas' Tower 1883)

C6 n dia véi kich thudc nho dan xép chdng 1én nhau. Dia to nim
dudi, dia nhd nam trén. Yéu cau bai toan: Chuyén chong dia tir coc A
sang coc C voi dieu kién sau:

= MGdi lan chi duoc chuyén mot dia.

= Puogc phép ding coc B lam coc trung gian dé trung chuyén.

= Khong dugc dat dia to nam ¢ trén dia nho.

15



A B C

Hinh 2.1: Bai toan thap Ha Noi

Bwée 1: Tham sd hoa bai toan.

Go,i ham ThapHN(n, A, B, C) 1a ham chuyén n dia tir coc A sang
coc C (lay coc B 1am trung gian).

Buéc 2: Truong hop suy bién

Véin = 1: Chuyén dia tir cot A sang cot C 1a xong.

Buéc 3: Phan tich truong hop tong quat.

* Xét treong hop n=2: thyc hién 3 phép chuyén:

. Chuyén dia thir nhét tir coc A sang coc B: ThapHN(1,A,C,B);
. Chuyén dia thur hai tir coc A sang coc C: ThapHN(1,A,B,C);
. Chuyén dia tha nht tr coc B sang coc C: ThapHN(1,B,A,C);

* Tong quat héa véin 2 2: Xem (n-1) dia nam & trén déng vai
tro nhu 1 dia, c6 the hinh dung dang c6 2 dia trén coc A. Néu mo phong
nhu truong hop n = 2, giai thudt chuyén nhu sau:

. Chuyén (n-1) dia tir coc A sang coc B: ThapHN(n-1,A,C,B);
= Chuyén 1 dia tir coc A sang coc C: ThapHN(1,A,B,C);
] Chuyén (n-1) dia tir coc B sang coc C: ThapHN(n-1,B,A,C);

16



Nhu vay, bai toan thap Ha No6i co thé cai dat nhu sau:
void ThapHN(int n,char A,char B,char C)

{
if (n==1) cout<<endl<< "Chuyen dia tu
"<KALL" qua "<<LC;

else

{
ThapHN (n-1,A,C,B) ;
ThapHN(1,A,B,C);
ThapHN (n-1,B,A,C) ;
}
}

2.5.UU VA NHUQC PIEM CUA PE QUY

2.5.1. Uu diém
= Cung cip co ché giai quyét bai toan phirc tap mot cach don gian.
= Chuong trinh trong sang, ngan gon.

= D@ dang chuyén thanh ma 1énh trén cac ngdn ngit 1ap trinh.

2.5.2. Nhuoc diém
* Tén bo nhé

= Xir 1y chong chéo nén mét nhiéu thoi gian dan dén giam toc do
chay chuong trinh.

= Khong thé ap dung cho moi ngdn ngit, vi du nhu Fortran.
2.6. PHAN LOAI PE QUY
2.6.1. Pon dé¢ quy

Trong dinh nghia don d¢ quy (simple recursion) chi ¢6 duy nhét
mot 1an goi dé€ quy.
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Vi du 2.4: Dinh nghia ham tinh x".
Ham dugc dinh nghia ¢ quy: pow(x,n)

1, n=0
pow(x.n) = {x.pow(x,n -1, n>0
Thuat toan cai dat:
function pow(x,n)
begin
if (n==0) return 1;
else return x*pow(x,n-1);

end

2.6.2. Da d¢ quy
_ Trong dinh nghia da d¢ quy (multiple recursion) co nhiéu hon mot
lan goi d€ quy.
Vi du 2.5: Pinh nghia day s6 Fibonacy.
Ham dugc dinh nghia d€ quy: Fib(n)

Fib(n)z{ _1, n= OOT'Tl =1
Fib(n—1)+ Fib(n—2),n> 1
Thuat toan cai dat:
function Fib (n)
begin

if (n<2) return 1;

else return Fib(n-1) + Fib (n-2);

end

2.6.3. D¢ quy chéo

TrongNdé quy chéo (mutual recursion), cac dinh nghia ctia ching
phu thudc lan nhau.
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Vi du 2.6: Dinh nghia s6 chan/lé.
Dinh nghia d¢ quy: even(n), odd(n)

B {true, n=20
even(n) =1 odd(n — 1), n > 0

_(false, n=20
odd(n) = {even(n —1),n>0

Thuat toan cai dat:
bool ewven (n)
{
if (n==0) return true;

else return odd(n-1);

bool odd (n)
{

if (n==0) return false;
else return even(n-1);

}

2.6.4. Pé quy chong

Trong d¢ quy chdng (implicated recursion), cac dinh nghia ciia
chung dugc goi 10ng nhau.

Vi du 2.7: Dinh nghia ham Ackermann
Dinh nghia d¢ quy: A(m,n)

n+1 m=0
A(m,n) ={4(m—-11),n=0
A(m —1,A(m,n — 1)), m,n>0
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Thuat toan cai dat:

function A(m, n)
begin
if (m=0) return n+l;
else if(n=0) return A(m-1,1);
else return A(m-1,A(m,n-1));

end

2.6.5. D¢ quy duoi

_ Trong dinh nghia d¢ quy dudi (tail recursion) chi c6 duy nhat mot
lan goi d€ quy & cudi ham cai dat.

Vidu 2.8: Ham Tail 1 d¢ quy dudi, con ham nonTail khong phai 1a dé
quy dudi.

void Tail (int n)
{

if(n >0)

{

cout<<n<<" ";
Tail (n-1);

}

void nonTail (int n)
{
if(n >0)
{
nonTail (n-1) ;
cout<<n<<" ";
nonTail (n-1) ;
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2.7. GIAI THUAT QUAY LUI

* Bai toan: Xay dung cic bo gid tri gdm n phan tir (X1,...,Xn) tr mot tap
hitu han cho truéc sao cho cac by d6 thoa man mot yéu cau B nao do.

* Phwong phap
Gia sir da xac dinh dugc k-1 phan tir dau tién cua bo gid tri 1a
X1,...,Xk-1. Can xdc dinh phan ti thu k ti€p theo, phan tor nay duogc xac
dinh theo cach sau:
Gia sur Tk 1a tap tat ca cac gia tri ma xx co thé nhan. Vi Tx hitu
han nén c6 thé dat nx 1a s6 phan tir cia Tk theo mot thir ty nao
do, nghia 1a c6 thé thanh 1ap mot 4nh xa 1-1 tur tap Tk 1€n tap
{1,2,...,nx}
Xét je{1,2,...,nk}, ta ndi rang “j chap nhan dwoc” néu co thé
b6 sung phan tr thir j trong Tk v61 tu cach 1a phan tir xx vao day
X1gee0sXk-1 A€ dUQOC dAY X1yeueyXk.
Néu k = n: b (X1,...,xx) thda min yéu cau B = bo nay s& dugc
liét ke.
Néu k < n: can lap lai qua trinh trén, tic 13 phai bo sung tiép
phan tir xx4+1 vao day xi,...,Xk.

& NHAN XET

Neét ddc trung cua giai thuat quay lui la mudn c6 duoc 10 giai,
phai di timg budc bang phép thir. Khi mdt budce lya chon thoa mén, can
ghi nhan két qua va tién hanh cac budc tiép theo. Nguoc lai, khi khong
coO lya chon nao théa man, phai quay lui bwoc trwdéc do, x6a bot cac
truong hop da di qua va thir voi cac lya chon con lai.

Sau day la ham d€ quy mo ta giai thuat quay lui:
void Thu(int k)
{
int j;
for (j=1;j<=nx;j++) //Duyét qua céc gia

//tri cua Tk
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<Xac dinh xx theo j>;
if (k==n) <Ghi nhan 1 bd gia tri>;
else Thu(k+1l); //Quay lui

}

Vi du 2.9: Viét chuong trinh liét ké cac day nhi phan c6 do dai n.
#include <iostream>
using namespace std;
class BinSeq
{
int n,x[100];
public:
void Input ()
{
cout<<endl<<"Nhap do dai xau nhi phan: ";
cin>>n;
}
void InKetQua ()
{
for(int i=1;i<=n;i++) cout<<x[i]<<" ";
cout<<endl;
}
void Thu(int k) //Tim phdn tir xi
{
for (int J=0;3j<=1;7j++)
{
x[k]l=7; //Xac dinh x, theo j
if (k==n) InKetQua/():;
else Thu(k+1l); //Quay lui: tim Xp4;
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i
int main ()
{
BinSeq t;
t.Input();
t.Thu(l);

return 0;

}

Véin =3, két qua nhan dugc nhu sau:

000 001 010 011 100 101 110 111
Hinh 2.2: Két qua liét ké day nhi phan véin = 3

Vi du 2.10: Viét chuong trinh 1iét ké cac hoan vi ctua {1,2,...,n}.
Biéu dién cac hoan vi dudi dang x1,X2,...,Xn, trong do x;e[1,n]
va xi #Xj (1 #)j).
Cac gia trj tir 1 to1 n s& lan lugc dé ctr cho pi, trong d6 je[1,n]

duoc chip nhan néu né chwa dwoc ditng dén. Vi viy can tao
ra mot ddy bién logic b; dé xét xem j d3 duoc dung hay chua.

Gén b; = TRUE néu j chua duoc ding, nguoc lai bj = FALSE.

Ta c6 thé hinh dung bai todn nhu hinh v& sau: V&i n=3, bai todn
tr¢d thanh i€t ké cac hoan vi cua céc phan tu 1, 2, 3. Cac hoan
vi duoc liét ké theo thur ty tir dién tang dan nhu hinh vé sau:
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1,2,3 1,3,2 2,1,3 2,3,1 3,1,2 3,2, 1
Hinh 2.3: Két qua liét ké cdac hodn vivoin = 3

#include <iostream>
using namespace std;
class Permutation
{
int n, x[1007];
bool b[100];
public:
void InKQ ()
{
for(int i=1;i<=n;i++) cout<<x[i]<" ";
cout<<endl;
}
void Init ()
{
cout<<"Nhap n = "; cin>>n;
for (int i=1;i<=n;i++) b[i] = true; //chua
//dung
}
void Thu(int k) //Tim phdn t@ xi
{
for(int j=1;3<=n;j++)
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if(b[j]) //néu j chua st dung
{
x[k] =73; //xac dinh x, theo j
b[j] = false; //j dd si@ dung
if (k==n) InKQ() ;
else Thu(k+1l);
b[j] = true;//tra lai trang thai ci

s
int main ()

{

Permutation t;
t.Init();
t.Thu(l);
return 0;

}

BAI TAP CHUONG 2

Bai 2.1: Viét ham tim u6c chung 16n nhit cta hai sb nguyén duong a,
b theo 2 cach: d¢ quy va khong d¢ quy.

Bai 2.2: Viét ham dém s6 chir s6 ciia mot s6 nguyén duong n theo hai
cach: d¢ quy va khong d¢ quy.

Bai 2.3: Day s6 Fibonacci duge dinh nghia nhu sau:

F(n) = 1, néuns2
(n) = F(n—-1) + F (n—2), néun>2

Viét ham dé tinh F(n) theo hai cach: d¢ quy va khéng dé quy.
Bai 2.4: X¢ét dinh nghia d¢ quy
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n+tl , m=0
A(m,n) = A(m-11) , n=0
Am—-1,A(m,n-1)) , m>0An>0

Ham nay dugc goi la ham Ackermann.

1. Tinh A(1,2)?

2. Viét ham dé quy dé tinh A(m,n).
Bai 2.5: Mot sé nguyén duong duoc goi la d(‘)i’xf{ng néu chir §6 thir
nhat bang chir s6 cu6i, chir s6 thir hai bang chir s6 gan cu6i,... Viét ham
dé quy dé kiém tra s6 nguyén duong n c6 phai 1a s6 doi xing hay khong.
Bai 2.6: Viét cac ham dé quy va khong dé quy dé tinh:

Si=142 +3+......4n;

So=1+12+ ...+ 1/n;

S3= 1-1/2 4otk (-1)™! 1/n
Ss=1+sin(x) + sin®(x) + ......+ sin" (x)

Bai 2.7: Viét ham dé quy dé tinh C, biét :
Cnn =1 . Con = 1 N Ckn = Ck_ln_l + Ckn_l.

Bai 2.8: Viét ham d¢ in ra man hinh sé dao nguoc ctia mot sd nguyén
cho trude theo hai cach: dé quy va khong dé¢ quy.

Bai 2.9: Cho mang s6 nguyén c6 n phan tir: ai, as,..., an. Viét cdc ham
dé quy:

1. Tinh tong cac phan tir ciia mang.

2. Tim gia tri 16n nhét trong mang.

3. Kiém tra phan tir x c6 trong mang hay khong?

4. Kiém tra mang da dugc sip xép theo tht ty khong giam chuwa?

Bai 2.10%: Viét chuong trinh cai dat bai todn 8 quan hau: dat 8 quan
hau 1én ban co 8 x 8 sao cho cac quan hau khong thé an lan nhau.
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Chwong 3
DANH SACH PAC

Tém tit chwong
= Khai niém danh sach

. Cép thao tac co ban: duyét danh sach, chén, xéa mot
phan ti

= Cac thuat toan sap xép

3.1. KHAI NIEM DANH SACH

Danh sach 13 tap hop gom nhiéu phan tir (element) aj, a,..., an VGi
tinh chat cau trac cua no6 1a mai lién hé twong doi gitra cac phan tir voi
nhau: néu biét dugc phan tir aj, s€ bi€t dugc vi tri cia phan tr ais ;.

Sb phan tir ciia danh sach dugc goi 1a chiéu dai cua danh sach.
Mot danh sach c6 chiéu dai bang 0 1a danh sach rong.

Mot tinh chét quan trong ctia danh sach 13 cac phan tir ¢6 thé dugc
sap x€p tuyén tinh theo vi tri cua ching trong danh sach.

Danh sach dic (condensed list) 13 danh sach ma cac phan tir dugc
sap xEp ke tiép nhau trong b nhd, diing ngay sau vi tri phan tir a; 1a vi
tri phan tur aiy1.

3.2. CAC THAO TAC TREN DANH SACH PAC

Thong thuong, ta st dung mang mot chicu dé lvu trir danh sach
dac. Gia su danh sach dugc luu trong mang A[ | ¢6 n phan tur.
3.2.1. Duyét danh sach

Duyét danh sach 1 cong viéc thim tat ca cac phan tir cia danh
sdch ma khong dugc bo sét phan tir nao. Thong thuong ta dung vong
1ap dé duyét qua tat ca cac phan tur cua danh séach.
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Giai thuat duyét mang co thé duoc thue hién nhu sau:

for (int i=1,; i<=n,; 1++) <Thdm A[i]>;

3.2.2. Chén mét phin tir vao danh sich
Pau vao: Mang A ¢ n phan tir, vi tri chén k, gia tri cAn chén X.
Déu ra: Mang A c6 n+1 phan tir.
Gidi thuat:
Buée 1: Doi cac phan tir ciia mang A tir vi tri thit k sang phai mot
Vi1 tri
for(i=n; i>=k; i--) A[i+1] = A[i];
Budc 2: Chen gia tri X vao vitrik
Alk] = X;
Budce 3: Tang kich thudce cia mang 1én 1 don vi

n++;

3.2.3. X6a mot phan tir ra khéi danh sich

Mudn x6a phan tir tai vi tri k trong mang A c¢6 n phan tir (1 <k <n),
ta thyc hién giai thuat nhu sau:

Budrc 1: Doi cac phan tir ciia mang A tir vi tri thi k+1 qua trai mot
V1 tri.
for (i=k; i<n; i++) Ali] =A[i+1];

Budrc 2: S6 phan tir cia mang s& giam bét 1.
f—
3.2.4. Uu va nhuoc diém khi ding ming
3.2.4.1. Uu diém
e Tbc do truy cap nhanh.
e T4 chuc va cai dat don gian.
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3.2.4.2. Nhwoc diém

e Sophan tir cia mang phai dugc xac dinh trudc nén gay lang phi
khong gian luu trir néu khong str dung hét s6 luong da khai bio.

e Néu viéc chén va xoa cdc phan tir dién ra lién tuc, toc do xtr ly
s€ rat cham.
Vi du 3.1: St dung danh sach dac dé luu trir va tinh gia tri cua da thirc
P(x) =ao+ ar.x + a2.x> + ... + an.x"

Vi du, voi da thire P(x) = 3 + 2x% — 6x*, ta sir dung mang mot chiéu
dé Iuu trir cac hé so cua da thirc nhu sau: ap=3,a1=0,a2=0,a3 =2 va
as = -6.

0 1 2 3 4
a 3 0 0 2 -6

Sau déy la chuong trinh nhap vao da thirc bac n v&i cac hé sb cia
da thuac luu trong mang a[ ] va nhap s6 thuc x. Sau d6 in da thuc da
nhap ra man hinh va tinh gié tri cia da thuec.

#include <iostream>
#include <math.h>
using namespace std;
class Polynomial
{
int n;
float a[l1l0007];
public:

float x;
void Input() //Nhdp cac hé sé ciua da thic
{

for (int 1=0;i<=n;i++

{

cout<<"Bac da thuc: n = "; cin>>n;
)

29



COUL<K<K"A["<<i"]="; cin>>ali];
}
cout<<endl<<"x = "; cin>>x;
}
void Display () //Hién thi da thic
{
cout<<endl;
cout<<"f (x)=";
if(a[0]) cout<<kal0];
if(a[l]<0)coutkal[l]<<"x";
else if(al[l]>0) cout<<"+"<<a[l]l<<"x"
for(int i=2;i<=n;i++)
if(a[i]<0)cout<<ali]<<"x"N"<<]1;
else if(a[i]>0)
cout<<"+"<<a[i]<<"xM"<<L];
}
float £(float x) //Tinh gia tri da thuc

{
float s=a[0];

for(int i=1;i<=n;i++) s+=ali]*pow(x,1);
return s;
}
i
int main ()
{
Polynomial t;
t.Input();
t.Display();
cout<<endl<<"f ("<<t.x<<M)="<<t . £ (t.x);

return 0;
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3.3. CAC THUAT TOAN SAP XEP
3.3.1. Sip xép néi bot (Bubble sort)

Y tuong

Di tir cubi mang vé q;ﬁu mang, trong qua trinh di néu phén t &
dudi (phia sau) nho hon phan tir dimg ngay trén (trudc) nd, theo nguyén
tac cua bot khi “phan tir nhe” s€ “trd1” 1€n phia trén “phan tor ndng” (hai
phan tur nay s€ dugc doi cho cho nhau). K&t qua la phan tir nho nhat
(nhe nhat) s€ dugc dua Ién (troi 1€n) trén bé mat (dau mang).

Sau mdi l.':in‘ di ching ta s& dugc mot phan tir troi Ién ding chd.
Nhu vy sau n-1 lan di, tat ca cac phan tir trong mang dugc sap x€p theo
thtr tu tang dan.

Vi du 3.2: Sip xép diy 6 5,9, 2, 1, 7 theo thir ty khong giam.

Nhe ning (ting dan)

9

Hinh 3.1: Sdp xép noi bot
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Cai dat thudt toan
void BubbleSort (int al[], int n)
{
for (int i=1; i<n; i++)
for (int J=n; J>i; j--)
it (aljl<alj-11)
swap(alj]l,alj-11);

}

Thuét toan Bubble Sort c6 do phurc tap 1a O(n?).

3.3.2. Sip xép chon (Selection sort)
Y twéng

Gia str ddy a c6 n phan tir chua c6 thir ty. Chon phan tir ¢6 gid tri
nhd nhat trong n phan tir chua c6 thtr ty nay dé dua 1én dau nhém c6 n
phan ttr.

Tiép tuc chon phan tir ¢6 gia tri nho nhat trong n-1 phéan tir chua
co thu tuy nay dé dua Ién dau nhém cua n-1 phan tu,...

Sau n-1 1an lya chon phén tr nho nhat dé dua 1én dau nhom, tat ca
cac phan tur trong day a s€ c6 thir ty tdng dan.

Vi du 3.3:
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a[0] a[l] a[2] a[3] a[4]
[15] 8 [10] 2 | 5 |

[T To ]

Hinh 3.2: Sdp xép chon

Cai dit thugt todn

void SelectionSort (int afl],

{

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

{

//tim vi tri phdn ti@ nhé nhit:

int min = al[i], min pos = 1i;
for (int j=i+1; j<n; J++)
if (al[jl<min)
{
min =alj]l;
min pos = J;
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//Hodn déi a[i] véi a[min pos]
swap (a[i],a[min pos]);
}

}

Thuét toan Selection Sort ¢6 do phirc tap 1a O(n?).

3.3.3. Sip xép chén (Insertion Sort)

Y twong

Gia sir ddy a ¢6 i-1 phan tir di c6 thir ty. Can chén phan tir a[i] vao
day sao cho van dam bao thur ty trong day.

Bit dau bang cach xét phan tr dau tién ciia mang, d6 14 phan tir
a[0].

Tiép theo, cheén cac phan tir a[i] vao mang con da sap xé&p trude i,
voii=1,2,...,n-1.

Vi du 3.4:

L4 f[3f[2][to][12][1][5][6]

W B (2] (o] [2] [1][s][6]
wlmlulhllﬂlsl

[2][3] 4] BN 2] (1] [5] [e]
[2][3][4] o] A [1][5][e]
IEI

I1II2II3II4IU|EI
(O EIE]EE 3

Ltfl2f[8][4][5][6][10][12]

Hinh 3.3: Sdp xép chén [8]
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Cai dat thuat toan:

void InsertSort(int al[], int n)
{
for(int i=1;i<n;i++)
{
int x=ali];
int j=i; //Tim j: vi tri can cheén
while (7>0 && x<al[j-1])
{
aljl=alj-11;
J-=7
}

aljl=x; //chén x vado vi tri j

t
Thuét toan Insertion Sort c6 do phirc tap 1a O(n?).

3.3.4. Sip xép nhanh (Quick sort)

Thuat toan Quicksort con goi 1a sap xép theo kiéu phan doan
(partition sort).

Y twong:

Chon mot phan tir bat ky lam chét (pivot).

Dua cac phan tir bé hon hodc bang pivot vé bén trai cua pivot, dua
cac phan t& lomn hon pivot vé bén phai cua pivot.

Céc phan tir bé hon hoic bing pivot s& tao thainh mot mang con

thir nhét, cac phan tir 16n hon pivot s& tao thanh mang con thir hai.

Thuc hi¢n tuong ty cho hai day con vura tao ra cho dén khi day
dugc sap x€ép hoan toan.
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Nhu vy, c6 thé mé ta thuat toan Quicksort nhu sau:

Dé sip xép mang a[left]..a[right], tién hanh cac budc:

Xac dinh chét (pivot).

Phan hoach mang da cho thanh hai mang con a[left]..a[k-1] va
a[k]..a[right].

= Sip xép mang a[left]..a[k-1] (d¢ quy).

= Sip xép mang a[k]..a[right] (d¢ quy).

Qua trinh dé quy s& dirng khi khong con tim thy chét.

Cai dat thuat toan
void QuickSort (int left,int right)
{
int pivot = A[(left+right)/2];
int 1 = left, j = right;
while (i<7j)
{
while (A[i] < pivot) i++;
while (A[]J] > pivot) j--;
if (i<=73)
{
swap (A[1],A[]])
i++; J--;

}

if (left<j) QuickSort(left,j,A);

if (right>i) QuickSort(i,right,A);
}

Thuat toan QuickSort c6 do phuc tap 1a O(nlogn).
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3.3.5. Sip xép tron (Mergesort)
Y tuong:
Thuat toan Mergesort tao ra cac phan doan don gian nhat c6 thé

va tap trung vao vi€c trén cdc nira dogn da dugc sap xép thanh mot
mang d3 duoc sip xép.

Day la mét trong nhing thuat toan sdp xép dau tién dugce st dung
trén may tinh dugc phat trién boi1 John von Neumann.
mergesort(data[ ])
if (data[ ] c6 it nhat 2 phan to)
mergesort(ntra trai cla data[ ]);
mergesort(ntra phai cua data] ]);
merge(trén hai ntva thanh mang da sap xép);

Vi du 3.5: Sap xép mang [1 8 6 4 10 5 3 2 22] ting dan.

1 8 6 4 105 3 2 22

1 8 6 4 10 5 3 2 22
AN /\
1 8 6 4 10 5 2 22
/
— ofin

4 2
- N7
8 10 2 3 5 2

/

1 2 3 45 6 8 1022

\
4

Hinh 3.4: Sdp xép trén
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Cai dat thuat toan:
//Gép hai mang con A[left...m] va A[m+1..right]
void merge (int left, int m, int right)
{
int i, j, k;
int nl = m - left + 1;

int n2 = right - m;
//Tao cdc mang tam
int L[] = new int[nl];
int R[] = new int[n2];

//Copy di* 1liéu sang cac mang tam

for (1 = 0; 1 < nl; 1i++)
L[i] = A[left + 1i7];
for (7J = 0; 7 < n2; J++)
R[J] = Alm + 1 + 317
//Gép hai mang tam vira réi vao mang A
i = 0; //chi sé bdt diau cia ming con dau tién
j = 0; //chi sb bdt dau cua mang con thu hai

k = left;//chi sbé bat didu cua mang luu két qua
while (1 < nl && 7 < n2)

{
if (L[i] <= R[3])

A[k] = L[i++];
else

Alk] = R[J++];

k++;

//Copy phdn con lai ctia mdng L vao A
while (i1 < nl)

A[k++] = L[i++];
//Copy phdn con lai cia mdang R vao A
while (j < n2)
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Al[k++] = R[J++];
}
void mergeSort (int left, int right)
{
if (left < right)
{
int mid = (left+right)/2;
mergeSort (left,mid) ;
mergeSort (mid+1, right) ;
merge (left, mid, right);

}
Thuat toan Merge Sort c6 dJ phtrc tap 1a O(nlogn).

3.3.6. Sip xép vun dong (Heap sort)
Y twong

Dua vao cau triac dit liéu Heap. Heap 1a mot cay nhi phan dic biét,
¢0 hai thudc tinh:

- Gia tri cia mdi nut 16n hon hoic bang cac gia tri duoc luu trit
trong moi nut con cua no.

- Néu chleu cao cua cdy nhi phan 1a k, cay nhi phan lu6n hoan
chinh ¢ capd, véid=1,2, ..., h-1 va cic niit 12 & cap cudi cing
déu & vi tri niit con bén trai (co thé khong c6 nut 14 bén phai).

Hinh 3.5: Cdu triic cdy nhi phin Heap
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- Ta c6 thé biéu dién Heap bang mang theo thir ty murc, di tir trai

sang phai.

Hinh 3.6: Mang twong ung voi Heap
otrénla [25, 13,17, 5,8, 3]

- Gia su nat gbc ctia cdy 13 a[0] va i 1a chi sb ctia nat hién tai, cac
chi s6 cua nut cha, nat con trai va nat con phai cua no6 c6 thé
duoc tinh:

PARENT (i)

return floor((i-1)/2);
LEFT (i)

return 2*1+1;
RIGHT)

return 2*1 + 2;
Thuat toan Heap sort bao gom 2 budc:
Budéc 1: Chuyén doi mang thanh heap
= Gia str mang a can sip xép co n phan tir: a [0], a [1], ..., a [n-1].
= Pau tién, heap chi c6 mot phan ti: a [0].

= Sau d6, ta chén céc phan tir a[i] vao heap sao cho thudc tinh
heap van duoc duy tri, véii € [1, n-1].
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Budérc 2: Chuyén doi heap thanh mang di dugc sap xép
fork=1ton-1do

- Xba va dit gbe (a[0]) dén vi tri n-k;

- Cap nhat lai cac phan tir dé duy tri thudc tinh heap;

Vi du 3.6: Sap xép diy 237 1 8 5 6 theo thuét toan Heap sort.

Naurn R0 GHFD IS GHED

Q0 OQPC oo
) Q6 6 O @06 O @

e O O

Hinh 3.7: Sdp xép vun dong

Cai dat thuat toan:
// Vun dbéng cdy con véi nit géc cé chi sbé i trong
// mang A[]. n 1la kich thudéc cua heap
void heapify(int n, int 1)
{
int largest = i;//khéi tao largest nhu niut géc
int 1 = 2*1 + 1;
int r = 2*1 + 2;
//Néu con trai 1lén hon géc
if (1 < n && A[1l] > A[largest])
largest = 1;
//Néu con phai 1lén hon géc
if (r < n && Alr] > A[largest])

largest = r;



//Néu largest khéng phai nit gbéc
if (largest != 1)
{

int temp = A[i];

A[i] = Af[largest];

Allargest] = temp;

//vun déng dé quy

heapify(n, largest);

}
void heapSort (int n)
{
//Tao heap
for (int i =n / 2 - 1; 1 >= 0; 1--)
heapify(n, 1i);
//Lan luot trich xudt mét phdn ti tur heap
for (int i=n-1; i>0; i--)
{
swap (A[0],A[i]);
heapify (i, 0);
}
}

Thuat toan Heap Sort c6 do phuc tap 1a O(nlogn).

3.4. THUAT TOAN TIM KIEM
3.4.1. Tim kiém tun ty

bay 1a mot k¥ thuat tim kiém c6 dién. Thuat toan tién hanh so
sanh x lan luot vo1 phan tur thir nhat, th hai,... cia mang a cho dén khi
gap dugc phan tir c6 khoa can tim, hoac duyét tim hét mang ma khong
thay x.
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int Search(int x, int n, int afl])

{
for(int i=0;i<n;i++)
if(a[i] == x) return i;//vi tri tim thay
return -1; //khéng tim thdy
}

3.4.2. Tim kiém nhi phan
Ap dung d6i v6i mang da duogc sap xép theo thir tu ting hodc giam
dan. Gia su left, right 1a chi s6 dau va cudi cua mang af ].
int BinSearch(int x,int left,int right)
{
if (left>right)
return -1; //khéng tim thdy

else {
int mid = (left + right)/2;
if (x==a[mid]) return mid; //tim thdy

else if(x<a[mid])
return BinSearch (x,left,mid-1);
else

return BinSearch (x,mid+1,right);

}

BAI TAP CHUONG 3

Bai 3.1: (ARRMAX) Viét chuong trinh tim gia tri 1on nhat ciia mot
méng s6 nguyén gdm N phan tir.

Input:
- Dong dau chtra s6 nguyén: N

- Dong tiép theo chira cic phan tir al,....an
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Output: M 1a s6 nguyén 16n nhét trong mang

Vi du:

INPUT OUTPUT

5 30
123045

Bai 3.2: (MERGEARR) Cho 2 mang s6 nguyén da duoc sip xép theo
thir ty tang dan. Hay tron 2 mang d6 lai thanh mang C sao cho mang C
van c6 thur ty tang dan.

Input:

- Dong dau chira 2 s6 nguyén: M, N < 500,000

- Dong tiép theo chita cac phan tir aj,...,am ting dan

- Dong tiép theo chtta cac phén tir by,...,b tdng dan (ai, bi < 10°)

Output:

- Dong dau ghi: M+N

- Dong sau ghi: Ci, Ca,..., Cusn ting dan

Vi du:
INPUT OuTPUT
53 8
13579 12345679
246
Goiy:

- Dung 2 chi s6 1,j dé duyét qua cac phan tir cia 2 mang A, B va
k 1a chi s6 cho mang C.

- Trong khi (i<m) va (j<n) thi:
/*¥Tic trong khi ca 2 diy A, B déu chua duyét hét */
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+ Néu A[i]>B[j] thi: C[K]=A[i]; i=i+1;

+ Nguoc lai: C[k]=B[j]; j=1+1;

- Néu day nao hét trudc, dem phan con lai cua ddy kia bo sung

vao cuoi day C.

Bai 3.3: (DAYTANG) Viét chuong trinh nhap vao mét day s6 nguyén
ai, az, ..., an. Tim do dai day con tang dan dai nhat. (Day con la day cac

phan tir lién tiép nhau trong mang).

Input:

- Dong dau chira s6 nguyén: N (N < 10°)

- Dong tiép theo chira cac phan tir aj,...,an (ai < 10'2)

Output: S 13 d6 dai diy con ting dan dai nhat

Vi du:

INPUT

OUTPUT

10

91222378510 15

5

Bai 3.4: (SETNUM) Cho n s6 nguyén dwong as, as,..., ax (1 <1, a; <
10%). Hay x4c dinh s0 lugng cdc phan tir khac nhau trong day so6 da cho.

Input:

- Dong dau chtra s nguyén duong n.

- Dong sau chira n s6 nguyén aj, a,..., an.

Output: mdt s6 nguyén S 14 s6 cac phan tir khac nhau trong diy

soO da cho.

Vi du:

INPUT

OUTPUT

41421
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Bai 3.5: (SUPASCEN) Day s6 nguyén duong dugc goi la day siéu ting
néu ké tir phan ttr thr hai tré di, mi phan tir khong nhé hon tong cua
cac phan tir ding trude do.

Vidu:a= {1, 5,6, 15, 30} 1a day siéu tdng; b = {1, 5, 9, 10, 21}
khong phai la day siu tang.
~ Cho day s6 nguyén duong {a} gdbm n phan tir (n<50, a<10'8). Hay
kiém tra tinh si€u tdng cua day a.
Input:
- Dong dau chtra s6 nguyén duong n.
- Dong sau chtra n s6 nguyén aj, as,..., an.

Output: TRUE/FALSE tng véi day si€u tang.

Vi du:
INPUT OUTPUT
5 TRUE
15615 30
INPUT OUTPUT
5 FALSE
15910 21

Bai 3.6: (SYMABILITY) Day s6 nguyén dugc goi 1a day khd doi xing
néu c6 thé sip xép lai thanh mot diy ddi ximg. Cho day sd nguyén gom
n phan tir (n>0). Hiy kiém tra day c6 phai 1a kha d6i xtrng?

Input:
- Dong dau: n (n < 109

- Dong sau ghi n s nguyén ai, a,...,an (ai < 10'8).

Output: TRUE/FALSE tuong tng vé&i kha déi xing.
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Vi du:

INPUT OUTPUT

5 TRUE
15656

Bai 3.7: (PASCAL) Viét chuong trinh in ra man hinh tam gidc Pascal.

Input: N <50
Output: Ma tran tam giac Pascal
Vi du:
INPUT OUTPUT
) 1
1 1
1 2 1
1 3 3 1
1 4 6 4 1
Y twong:

Tam gidc Pascal dugc tao ra theo quy luat sau:
+ MObi dong déu bt dau va két thac bai s 1.
+ Phan tir thir j & dong i nhan duoc bang cach cong 2 phan tir thi
j-1 vaj ¢ dong thu i-1: a(i,j) = a(i-1,j-1) + a(i-1,j).
Bai 3.8: (FSEQ) (Olympic Tin hoc 2013, khéi Cao dang)

Mot day so gém n s6 nguyén f, f2,..., fu duge goi la day c6 tinh
chat ctia diy sé Fibonacci néu n>3 va voi moi sd f; (>3) thoa mén diéu

kien fi = fi1 + fi-2.

Vi du: ddy 1, 1, 2, 3, 5, 8 1a day s6 ¢4 tinh chét cua day sb
Fibonacci,; con day 3, 3, 6, 9, 14, 23 khong phai 1a day so co tinh chat
cua day so Fibonacci.
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Yéu cau Cho day s6 nguyén ai, az,..., an. Hay tim mot day con
lién tiép gom nhiéu phan tir nhat cta diy sb da cho c6 tinh chét cua day
s6 Fibonacci.

Input:
- Dong dau chira s6 nguyén n (3 < n < 30000).
- Dong thir hai chtra n s6 nguyén ai, as,...,a, (lail < 10).

Output: Mot s nguyén 13 s6 lugng phan tir caa diy con tim duoc,
ghi -1 néu khong ton tai day con lién tiép ndo cua diy c6 tinh chat cua
day s6 Fibonacci.

Vi du:

INPUT OUTPUT

7 4
133691423

Bai tap 3.9: (DEL) (Olympic Tin hoc 2012, khi Khong Chuyén)

Cho day s6 nguyén khong am ay, ay,..,a,. Nguoi ta tién hanh
chonra2chisoi,jsaocho 1l <1i<j <nvaxoakhoiday?2soaja;dé
tong gid tri cac so con lai trong day 1a s chan.

Yéu cdu: Cho day s0 a,,a,,..,a,. Hay dém so luong cach chon
2 chi s i,j thoa man. Hai cach chon khac nhau néu ton tai mot chi so

khac nhau.

Input:
- Dong 1: chtra s nguyén n (n < 10°)

- Dong 2: chira n s nguyén khong 4m ay, a,,..,a, (a; < 10%)

Output: Mot s6 nguyén 1a sé cach chon 2 chi sé thoa mén.
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Vi du:

INPUT OUTPUT

12345

Goiy:

Goi S 1a s6 cach chon.

- Néu tat ca déu 1a sb chin: S = C2,

- Néu tat ca déu 1a l¢:
o Néunlée:S=0
o Néun chin: S = C?%,

- Goi A: 86 luong sb chén, B: s lugng sb 1é
o NéuBlé:ldy 1 chdnx 1 16> S=AxB
o NéuB chdn: S =C? x C%

Bai 3.10: Viét chuong trinh tinh tong cta 2 da thirc h(x) = f(x) + g(x).
Trong d6, moi da thirc ¢6 dang: ao + aix + axx* + ... + anx".

Goi y:

Dung cac mang A, B, C dé luu trir cdc hé so a; ciia cac da thirc
£(x), g(x) va h(x).
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Chwong 4
DANH SACH LIEN KET

Tém tat chwong
= Danh sach lién két don
= Danh s&ch lién két kép
= Danh sach lién két ni vong

4.1. GIOI THIEU

~ Danh sach lién két (linked list) 1a danh séch c6 cac phan tir dugc
nodi két véi nhau nho vao vung lién két ciia chung (quén 1y theo dia chi).

Danh sach lién két phu hop véi cac phép bo sung, loai bo hoic
ghép nhiéu danh séich, cac thao tdc nay khong phu hop véi danh
sach dac.

Quan 1y theo danh sach lién két phu hop véi cac loai danh sach cé
sO phan tir luén bién dong (cac thao tac bd sung va loai bé duogc thuc
hién lién tuc).

Céc phan tir trong danh sach lién két ¢ thé luu trit & nhiing ving
khong lién ké nhau trong bd nhd, chiing két nd1 v4i nhau nho vao truong
lién ket.

Danh sach lién két don: mdi phéan tir lién két v6i phan tir dung
sau no trong danh sach:

First

H T T KX

Hinh 4.1: Danh sdch lién két don
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Danh sich lién két kép: mdi phan tir lién két véi cac phan tir dimg
trude va sau n6 trong danh sach:

irﬂ / Last

==

Hinh 4.2: Danh sdch lién két kép

Danh sach lién két vong: phan tir cudi danh sach lién két voi phan
tir dau danh sach:

First

H - 1H

Hinh 4.3: Danh sdch lién két don noi vong

L/ Last

==

YA

First
Hinh 4.4: Danh sdch lién két kép néi vong

Hinh thtrc lién két nay cho phép cac thao tac chen, x6a trén danh
sach duoc thuc hién dé dang, phan anh dugc ban chat linh dong cua
danh séch.
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4.2. DANH SACH LIEN KET PON
4.2.1. Pinh nghia va khai bao

Danh sach lién két don 1a danh sach lién két ma mdi phan tir
(Node) cua nd chi c6 mot truong lién két chura dia chi cia phan ti
(Node) ding ngay sau no.

MGi phan tir ciia danh sach lién két don 13 mot ciu tric chira 2
thong tin (Hinh 4.5):

- Data: luu trit cac thong tin cta phan tir do.

- Link: luvu trit dia chi cta phan tir ké tiép trong danh sach, hoic
luu trir gid tri NULL néu nd 1a phan tir cu6i danh sach.

Data Link

Hinh 4.5: Cdu tric ciia mot nit

Pé dinh nghia mot danh sach lién két trudc hét phai dinh nghia
ki€u cua moi nit trong danh sach.

struct < NODE>

{

<Type> <Data>; // chua di liéu

NODE *Next; // chita dia chi nut tiép theo
}i

Sau d6 c6 thé khai bao mot danh sach lién két nhu sau:
< NODE> *First;

First 12 con tro tro dén nat dau tién trong danh sach, dya vao
truong Next ctia niit nay dé biét duoc dia chi cua cac nit tiép theo trong
danh séch.

Vi du 4.1: T6 chirc mot danh sach lién két don chtra cac s6 nguyén:

struct NODE
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{

int x; //chtta sb nguyén

NODE *Next;

b

NODE *First; //Danh sdch dugc trd bdi
//con tré dau First

4.2.2. Cac thao tac trén danh sach lién két don
4.2.2.1. Khdi tao danh sdach

class SimpleLinkedList
{
struct NODE
{
int Data;
NODE *Next;
}i
NODE *First;
public:
SimpleLinkedList () //Khoi tao danh sach
{
First = NULL;
}
b

4.2.2.2. B6 sung mét phin tir vao danh sdch
Truong hop 1: Bo sung vao dau danh sich

Buwére 1: Tao ra nat méi
<Trdé Nut> p=new (NODE) ;
p->Data = <Gid tri>;

Buéc 2: Bo sung viao diu danh sich
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p->Next=First; (1)

First=p; (2)

(1)

Hinh 4.6: B6 sung mét niit vao ddu danh sdach
Ham cai dat:
void SimplelLinkedList::FirstInsert (int x)

{
//Bl: tao nut méi p chua x
NODE *p new (NODE) ;
p—->Data = x;
//B2: Chén p vdo diu danh sdch

p->Next = First; //1
First = p; //2
}
Truong hop 2: B6 sung vao cudi danh sich
Buwére 1: Tao ra nat méi
<Trd Nut> p=new (NODE) ;
p->Data = <Gid tri>;
p—->Next = NULL;

Bwée 2: Tim dén nat cudi danh sach Last
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Last=First;
while (Last->Next !=NULL) Last=Last->Next;

Buéc 3: N6i p vao sau Last
Last->Next = p;

Last

K.

First

p

Hinh 4.7: Bé sung mot mit vao cudi danh sdch
Ham cai dat:
void SimplelLinkedList::LastInsert (int x)
{

//Bl: tao nut mdi p chita x

NODE *p new (NODE) ;

p—->Data = x;

p—->Next = NULL;

if (First==NULL) //Néu danh sdch réng
First = p;

else {
//B2: Tim dén nut cudi danh sdch: Last
NODE *Last = First;
while (Last->Next) Last = Last->Next;
//B3: chen p vdo sau Last
Last->Next = p;
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Truwong hop 3: B sung vao sau niit dwec tré boi T
Bwéde 1: Tao ra nat maoi

<Trdé Nut> p=new (NODE) ;

p->Data = <Gia tri>;
Buwdce 2: Chen p vao sau nit T

p—->Next = T->Next; (1)

T->Next = p; (2)

First &
= I I =

Hinh 4.8: B6 sung nut p vao sau nut T
Ham cai dat:
void SimpleLinkedList::Insert (int x,NODE *T)
{

//Bl: tao nut méi p chua x

NODE *p new (NODE) ;

p—>Data = x;

//B2: Chén p vao sau T
p->Next = T->Next; //1
T->Next = p; //2
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4.2.2.3. Xoa mgt nut khoi danh sdach

Luu y rang khi cap phat bd nhd, ching ta da dung phuong thirc
new. Vi vay khi giai phdng bd nhé ta phai dung phuong thure delete.

Truong hop 1: Xéa nit dau tién cia danh sich

void SimplelLinkedList::FirstDel ()

{
//Pinh vi dén niut can xéa
NODE *p = First;
//Dich chuyén First qua nit ké tiép
First = p->Next;
//Xéa nut p
delete p;
}
Truong hop 2: Xéa nit cudi cia danh sach
void SimplelinkedList:LastDel ()
{
NODE *p = First, *T;
if (First->Next==NULL) //Danh sdch chi
//cé 1 nut
First = NULL;
else {
//Bl: dinh vi p dén nit cudi danh sach
while (p—->Next)
{
T = p; //T trd dén nut ding trudc p
p

}
//B2: Chudn bi xéa

p—->Next;
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T->Next = NULL;
}
//B3: xé6a p
delete p;
}

Trwong hgp 3: Xéa nit dirng sau nit dwgce tré béi T

First I T -

pmRE B E LR

Hinh 4.9: Xoa nut dirng sau nut dwoc tro boi T

void SimplelLinkedList::Delete (NODE *T)
{

//Bl: dinh vi dén niut can xéa

NODE *p = T->Next;

//B2: chuan bi xéa

T->Next = p->Next;

//B3: x6a p

delete p;
}

4.2.2.4. Duyét danh sdach
Duy¢t qua va xur ly tirng nut trong danh sach.

void SimplelLinkedList::View ()

{
NODE *p = First;
while (p)
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cout<<p->Data<<" ";

p = p->Next;

4.2.2.5. Vi du vrng dung

Ding danh sach lién két don dé biéu dién da thirc Pa(x) = anx" +
an-1X"! +...+ ag. Trong do, m01 s6 hang cua da thiic dugc xac dinh boi
2 thanh phan: hé s6 ai va s6 mil i. Ta c6 thé xay dung cau tric dit liéu
dé luu trit da thire nhu sau:

struct Node

{
float HeSo;
int SoMu;
Node *Next;

i

Viét cac ham thyuc hién cac cong viéc sau:

1. Nhép vao mot da thuec.

2. Cong hai da thtrc P1, P2 thanh da thac P3.

3. Tinh gia tri cua da thirc v gia tr1 X cho trude.

#include <iostream>
#include <math.h>
using namespace std;
class Polynomial
{
struct Node
{
int Somu;
float Heso;
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Node *Next;
} i
Node *First;
public:
Polynomial ()
{
First = NULL;
}
void First Insert(float hs,int sm)
{
Node *p
p—->Somu = sm;

new (Node) ;

p—->Heso = hs;
p->Next = First;
First = p;
}
void Last Insert (float hs,int sm)
{
Node *p = new (Node) ;
p—>Somu = sm;
p—->Heso = hs;
p->Next = NULL;
if (First==NULL) First = p;
else
{
Node *g = First;
while (g->Next) g = g->Next;
g->Next = p;

}
void Input ()

{

int n;
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cout<<"Bac da thuc: "; cin>>n;
for(int i=0;i<=n;i++)
{

int sm;

float hs;

cout<<endl<<"He so a"<<i<<"= "
cin>>hs;

First Insert (hs,1i);

}
void View ()
{
Node *p = First;
cout<<endl<<"P(x) ="
while (p)
{
if (p->Heso!=0)
{
if (p—->Somu==0) cout<<p->Heso;
else if (p—->Somu==1)
cout<<p->Heso<<"x + ";
else if (p—->Next==NULL)
cout<<p->Heso<<"x""<<p->Somu;
else
cout<<p->Heso<<".x""<<p->Somu<<" + ";
}
p = p—->Next;

}
float Value(float x)
{
float s = 0;
Node *p
while (p)

First;
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s += p->Heso*pow (x,p->Somu) ;
p = p—->Next;
}
return s;
}
friend Polynomial operator +(Polynomial
P1, Polynomial P2)
{
Polynomial P3;
float hs;
int sm;
Node *p = Pl.First;
Node *g = P2.First;
while(p && q)//C& 2 da thuc déu khdc rdéng
{
if (p—->Somu==g->Somu)
{
hs
sm = p->Somu;

p—->Heso + g->Heso;

p = p—>Next;

q
}
else if (p->Somu>g->Somu)
{
hs
sm = p->Somu;

g->Next;

p—>Heso;

p = p—->Next;
}

else

hs = g->Heso;
sm = g->Somu;
g = g->Next;
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}
P3.Last Insert (hs,sm);

if (p==NULL) //P1 hét trudc
{
while (q)
{
hs = g->Heso;
sm = g-—->Somu;
g = g->Next;
P3.Last Insert (hs,sm);
}

}
else //P2 hét trudc

{
while (p)
{

hs = p->Heso;
p—>Somu;

sm
p = p—->Next;
P3.Last Insert (hs,sm);

}

return P3;

i

int main ()

{
Polynomial P1,P2,P3;
cout<<"Nhap da thuc Pl:"<<endl;
Pl.Input():
Pl.View () ;
cout<<endl<<"Nhap da thuc P2:"<<endl;
P2 .Input ()
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P2.View () ;

P3 = P1 + P2;

P3.View () ;

float x;

cout<<endl<<"Nhap x = "; cin>>x;
cout<<P3.Value (x);

return 0;

}

4.2.3. Danh séch lién két don ndi vong
4.2.3.1. Dinh nghia

Danh séach lién két don ndi vong 14 danh sach lién két don c6 phan
tr cuodi cung cua danh sach troé vao (lién két voi) phan tor dau tién cua
danh sach (Hinh 4.3).

4.2.3.2. Cdc thao tic trén danh sdch lién két don noi vong
a) Khéi tao danh sdch lién két don noi vong
Tuong tu nhu khai tao danh sach lién két don.

class CirclelinkedList

{
struct NODE
{

int Data;

NODE *Next;
b
NODE *First;
public:
CirclelLinkedList () //Khdéi tao danh séach
{

First = NULL;

}
b
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b) Duyét danh sdach

Danh sach chi dugc duyét khi khac r5ng va viéc duyét dugce thuc
hién tuan ty tr nt dau dén nut cudi cung.

void CirclelinkedList::View ()
{
if (First)
{
NODE *p = First;
do
{
cout<<p->Data<<" ";
p = p->Next;
}
while (p!=First);
}
}

¢) Tim mgt phin tir trén danh sdch lién két don noi vong

Danh sach lién két don ndi vong khong c6 phan tir dau danh sach
rérénnhungtacéthédénhdﬁutn@tphént&bétkynéncbnhsédlxmn
nhu phan tir ddu danh sach dé kiém tra viéc duyét da qua hét cac phan
tu ciia danh séch hay chua.

NODE* CirclelinkedList::Search(int x)
{
if (First)
{
NODE *p = First;
do
{
if (p->Datal!=x);
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p = p—->Next;
}
while (p->Data!=x && p!=First);
if(p!=First) return p;
}
return NULL;

}
d) Thém mét phén tiv vao danh sdach
Truong hop 1: Thém niit méi vao diu danh sach

Danh sach lién két don ndi vong khong c6 phan tir ddu danh sach
rd rét, nhung ta c6 thé danh dau mot phan tir bat ky trén danh sach
xem nhu phan tr dau danh sach dé thyc hién thém phén tir vao dau
danh séch.

Thuat toan:

A
-
—
=
—

Hinh 4.10: B6 sung niit méi vao dau danh sdch lién két don noi vong
Buée 1: Tao niit méi dugce tro boi p

Buéc 2: Néu danh sach rong, thuc hién
First=p;

First->Next = First;

Nguoc lai: Chuyén qua budc 3.
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Buéc 3: Tim dén nat cudi ciing ciia danh sach: q
NODE *qg = First;
While (g->Next !=First) g = g->Next;

Buéc 4: Chén p vao dau danh sach

p->Next = First; (1)
First = p; (2)
g->Next = First; (3)

Ham cai dat:
void CirclelinkedList::FirstInsert (int x)

{

//Bl: tao nut méi p chura x

NODE *p = new (NODE) ;
p—->Data = x;
//B2: Chén

if (First==NULL)
{

First = p; //1
First->Next = First; //2
}
else

{

//B3: Tim dén nit cudi danh sich q
NODE *qg = First;

while (g->Next != First) g = g->Next;
//B4: Chen p vao dau danh sach
p->Next = First;

First = p;

g->Next = First; //nbi vong

}
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Truwong hop 2: Thém nit méi vao cudi danh sich

Hinh 4.11: Bo sung nut moi vao cudi danh sach lién két don noi vong

Thuat toan:
Buwdc 1: Tao nut méi dugc tré boi p
Bude 2: Néu danh sach rong, thuc hién
First = p;
First->Next = First;
Nguoc lai: Chuyén qua budc 3.
Budére 3: Tim dén niit cudi cing cua danh sach q
Tro g = First;
While (g->Next !=First) g=g->Next;
Buéc 4: Chen p vao cudi danh sach
g->Next=p;
p—->Next = First;
Ham cai dat:
void CirclelinkedList::LastInsert (int x)

{
//Bl: tao nit méi p chita x
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NODE *p = new (NODE) ;
p—->Data = x;
//B2: Chen

if (First==NULL)

{
First = p; //1
First->Next = First; //2

}

else

{

//B3: Tim dén nit cudi danh sich q

NODE *qg = First;

while (g->Next != First) g = g->Next;

//B4: Chén p vao cudi danh sach

g->Next = p;

p->Next = First; //nbi vong

}

}

Truong hgp 3: Thém mdt nat vao sau nat dwge tré béi q
(twong ty truong hop danh sach lién két don binh thuong).

e) Xoa mét phin tir trong danh sdch

Truong hop 1: Xéa nit diu danh sach

- Néu danh sach chi ¢6 1 nat: x6a xong, gn First = NULL;

- Nguoc lai: sau khi x6a xong, niit dimg sau First s& 1a niit dau

danh sach.

void CirclelinkedList::FirstDel ()
{
NODE *p = First;
if (First->Next==First) //danh sdch chi c&
//1 nuat
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First = NULL;
else

{

//Tim t&i nut cubdi danh sdch

NODE *qg = First;

while (g->Next!=First) g = g->Next;
//cdt nut p ra khdi danh sdch
First = p->Next; //1

g->Next = First; //2

}
delete p;

}

Trwong hop 2: Xo0a nut dirng sau nut q
void CirclelLinkedList::Delete (NODE *q)
{
//Pinh vi t&i nut cdn xda
NODE *p = g->Next;
//tdch p ra khoi danh sdch
g->Next = p->Next;
//Xdéa nut p
delete p;
}

4.3. DANH SACH LIEN KET KEP
4.3.1. Dinh nghia

Danh sach lién két kép 1a danh sach lién két ma mdi phan tir co
hai ving lién két: mot ving lién két tro dén phan tir dung ngay trudce
no, goi 1a lién két nguoc (Previous) va mot vung lién két tro dén phan
tir ding ngay sau no6 goi 1a lién két thuan (Next). Hinh 4.4 minh hoa cho
danh sach lién két kép.
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Mot phén ttr ctia danh sach lién két kép c6 dang (Hinh 4.12):
- Data: chtra dir liéu cua nut

- Prev, Next: chtra dia chi cia nit dung trudc va nut ding sau.

Prev Data | Next

Hinh 4.12: Mt mit ciia danh séach lién két kép
Khai bao céu tric dir liéu:
struct NODE

{
<Type> Data;

NODE *Prev; //tréd dén nut ding trudc
Node *Next; //tréd dén nut ding sau
i
4.3.2. Cac thao tac trén danh sach lién két kép

Dé quan 1y danh sach lién két kép, ta dung hai con tro First va Last
tro dén dau va cudi danh sach (Hinh 4.13):

i”St / Last

=i =N

Hinh 4.13: Danh sdch lién két kép

4.3.2.1. Khéi tao mét danh sdch lién két kép

Khi khéi tao danh sach lién két kép ta khai bao hai bién con trd
First va Last tro dén nut dau va cuoi danh sach:

First = Last = NULL;
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class DoubleLink
{
struct NODE
{
int Data;
NODE *Prev, *Next;
}i
NODE *First, *Last;
public:
DoublelLink () //khédi tao danh sach
{
First = Last = NULL;
}
i

4.3.2.2. B6 sung mét phin tir vao danh sdch

Truong hop 1: B sung vao dau danh sach

First Last
® \ ./

@ i=HlE==

ey
X

T

Hinh 4.14: B6 sung niit méi vao dau danh sdch lién két kép

void Doublelink::FirstInsert (int Xx)
{

//Bl: tao nut méi p chirta x

NODE *p = new (NODE) ;
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}

p—->Data = x;

p—->Next = p->Prev = NULL;

//B2: Chén p vao dau danh sach

if (First==NULL) //danh sdch réng
First = Last = p;

else

{
p->Next = First; //1
First->Prev = p; //2
First = p; //3

Truong hop 2: Bo sung vao cudi danh sich

ert

/ Last
3)

= 11 0

O~ X

I

Hinh 4.15: B6 sung niit méi vao cudi danh sdch lién két kép

void Doublelink::LastInsert (int x)

{

//Bl: tao nit méi p chita x

NODE *p = new (NODE) ;

p—->Data = x;

p—->Next = p->Prev = NULL;

//B2: Chén p vao dau danh séach
if (First==NULL) //danh sdch réng
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First = Last = p;

else

{
Last->Next = p;
p—->Prev = Last;
Last = p;

}

//1
//2
//3

Trwong hgp 3: Chén vao sau nit duwgce tré boi q

N

/ Last

= I e

h
4)

)

l

(D)

Hinh 4.16: B6 sung niit méi vao sau mit dwoc tré bdi q

void DoublelLink::Insert (int x,NODE *q)

{

//Bl: tao nit méi p chita x
NODE *p = new (NODE) ;

p—>Data = x;

//B2: Chén p vao sau q

p—>Next = g->Next;
p—>Prev = qg;
g->Next = p;
p—->Next->Prev = p;
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4.3.2.3. Loai b6 mét phan tir ra khéi danh sdch
Truong hop 1: Loai b6 niit diu danh sach
void Doublelink::FirstDel ()
{
NODE *p = First;
if (First==Last) //danh sdch chi cé 1 nut
First = Last = NULL;
else
{
First = p->Next;
First->Prev = NULL;
}
delete p;
}

Truong hop 2: Loai b6 niit cudi danh sach
void DoublelLink::LastDel ()
{
NODE *p = Last;
if (First==Last) //danh sdch chi cé 1 nut
First = Last = NULL;
else
{
Last = p—->Prev;
Last—->Next = NULL;
}
delete p;
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Trwong hop 3: Loai b6 nit dirng sau niat dwgce tré béi T

void Doublelink::Delete (NODE *T)

{

}

NODE *p = T->Next;
T->Next = p->Next;
p—>Next->Prev = T;
delete p;

BAI TAP CHUONG 4

Bai 4.1: T6 chuc danh sach lién két don chira cac s6 nguyén voi nat dau
tién tro boi con trd First. Viét cac ham thuc hién céc chirc nang sau:

L.

void NHAP() dé nhap vao mot danh sach cac s6 nguyén co
nut dau tién duogc tro boi con tréd First.

void LIETKE() d¢ in ra man hinh gié tri cta tat ca cac nut
trong danh sach duoc tro boi con trd First.

int MAX() dé tim gia tri 16n nhét ctia cac nut trong danh sach
duoc tro boi con tré First.

int DEM() dé dém xem trong danh sach c6 bao nhiéu nut.

float TBINH() dé tinh gié tri trung binh cila cac phan tir trong
danh sach.

void SAPXEP() dé sip xép lai danh sach dugc tré béi con tro
First theo thu tu tang dan.

bool TANGY() dé xac dinh xem danh sach duoc tré boi First
da c6 thur ty tdng dan hay chua theo 2 cach: Khong dé quy va
dé quy.

Bai 4.2: Cho 2 danh sach lién két don biéu dién cho 2 tap hop cac sd
nguyén duogc tro béi L1 va L2.

1.

Viét ham GIAO(L1,L2); dé hién thi phan giao ciia 2 tip hop
L1NL2.
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2. Viét ham HOP(L1,L2); d¢ hién thi phan hop cua 2 tap hop
L1uUL2.

3. Viét ham HIEU(L1,L2); d¢ hién thi phan hiéu cta 2 tap hop
L1\L2.

Bai 4.3: Cho 2 danh sich lién két don duoc tro bai L1 va L2. Viét ham
dé nd1 2 danh sach do lai thanh mot danh sach duoc tro boi L1.

Bai 4.4: Cho danh sich lién két chta cac s6 nguyén. Viét ham dé x6a
tat ca cac nut chira cac gia tri am trong danh sach.

Bai 4.5: T6 chirc danh sich lién két don chira cic sé nguyén. Viét cac
ham:

1. void Input() dé nhap vao danh sach cac s6 nguyén duoc tro
bdi con trd First.

2. int Palin() dé kiém tra cac phﬁn tur trong danh dach duoc tro
boi con trd First c6 doi xing hay khong?

3. bool isPalin() dé kiém tra xem véi danh sach duoc tré béi con
tro First co ton tai mdt cach sap xEp lai cac phan tir dé cuoi
cung nhan dugc mot danh sach doi xing hay khong?

4. void SAPLAI() dé dua ra mot cach Sép xép lai cac phén t
trong danh sach duogc tro boi con tro First dé co duoc mot
danh sach ddi ximg (gia thiét diéu nay c6 thé lam duoc nho
ham isPalin).

Bai 4.6: Quan ly khach hang

Dé quan 1y khach hang sir dung dién thoai SmartPhone, ngudi ta
t6 chuc luu trit danh sach khach hang dudi dang danh sach lién két don
v6i 4 truong sau: Name chtta ho tén khach hang, 2 con tro First va Last
1an Iuot tro téi phan tr dau tién va cudi cuing ciia mot danh sach lién két
don khac dung dé ghi nhén danh sach dién thoai cua khach hang do
dang s¢ hiru, cudi cung la truong Next tro dén khach hang tiép theo.
MGdi phan tir ciia danh sach lién két chira dién thoai 1a mot cau triic gom
3 truong: PhoneName (tén dién thoai), Num (sé lwong) va Link (chira
dja chi nut tiép theo).
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CTDL duoc khai bao nhu sau:

struct Smartphone

{

string PhoneName;

int Num;
Smartphone *Link;

};

typedef Smartphone* TroPhone;

struct KhachHang

{

string Name;

TroPhone First,Last;
KhachHang *Next;

};

typedef KhachHang* TroKH;

1.

Viét ham TroKH KTraName(string Name, TroKH Dau) dé
kiém tra khach hang c6 tén Name c6 trong danh sach Dau hay
khong? Néu co tra vé dia chi nat tim duoc, nguoc lai tra vé
NULL.

Viét ham TroPhone KTraPhoneName(string
PhoneName, TroPhone First) dé kiém tra dién thoai c6 tén
PhoneName c6 trong danh sach First hay khong? Néu c6 tra
vé dia chi niit tim duoc, nguoc lai tra vé NULL.

Viét ham yoid Insert(string PhoneName,string Name, TroKH
&Dau) dé bo sung khach hang c6 tén Name stir dung di¢n thoai
¢6 nhan hiéu la PhoneName vao danh sach Dau.

Viét ham int Dem(TroKH Dau) dé dém xem c6 bao nhiéu
khéch hang st dung tir hai loai di¢n thoai tro 1én.
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Bai 4.7: Xt ly van ban

Nguoi ta té chirc luu trit cic dong ctia mot van ban trong b nhé
dudi dang mot danh sach lién két kép ma mdi nit cia nd twong ing voi
mot dong. Ta dung 2 con trd First va Last 1an luot trd vao dong dau tién
va cudi cung cua vin ban.

CTDL duoc khai bao nhu sau:

struct TextLine

{

};

string Line;
TextLine *Prev, *Next;

typedef TextLine* Text;

Gia str van ban khac rong.

1.

Viét ham void PrevInsert(string st, Text pos, Text &First)
cho phép chén mot dong c6 ndi dung la st vao trude dong co6 dia
chi 1a pos trong van ban cé nlit dau dugce tré boi con tro First.

Viét ham void NextInsert(string st, Text pos, Text &Last)
cho phép chen mdt dong ¢6 nd1 dung la sz vao sau dong co6 dia
chi 1a pos trong van ban c6 nat cudi dugc tro boi con trod Last.

Viét ham void View(Text First) dé hién thi vin ban duoc tro
bdi First ra man hinh.

Viét ham void DelLine(Text pos, Text &First, Text &Last)
cho phép x6a dong tai dia chi pos trong danh sach dugc trd
béi First va Last.

Ta dinh nghia khdi 12 mot ddy lién tiép cac dong trong van
ban. Ky hiéu (fb,Ib) 1a khdi duoc xac dinh vi tri boi dia chi
dong dau fb va dong cudi Ib. Viét ham veid CopyBlock(Text
fb, Text 1b,Text dest, Text &First, Text &Last) cho phép
sao chép khdi (fb,lb) t6i trude dong duoc tro boi dest trong
danh sach dugc trd boi First va Last. Gia st dest khong nam
& trong khoi (b, Ib).
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6. Viét ham void BemoveBlock(Text fb, Text Ib, Text &First,
Text &Last) dé€ xoa khoi (fb,lb) trong danh séch dugc tré boi
First va Last.

7. Viét ham void MoveBlock(Text fb, Text 1b,Text dest, Text
&First, Text &Last) dé di chuyén khdi (fb,1b) t6i trude dong
dugc tro boi dest trong danh sach dugc tro bdi First va Last.
Gia sir dest khong nam ¢ trong khéi (fb,1b).
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Chwong 5
DANH SACH HAN CHE

Tém tat chwong

= Gigi thiéu hai dang danh sach dac biét: ngan xép (stack)
va hang dogi (queue).

» Cac thao tac co ban trén stack va queue.

= (ng dung stack va queue trong x{ Iy cac van dé vé khoa
hoc may tinh.

5.1. PAT VAN PE

Trong céc thao tac trén danh sach khong phai lic nao cling c6 thé
thuc hién hét tat ca cdc thao tdc cua danh sach ma d6i khi céc thao tic
nay bi han ché trong mot sd ngir canh nao d6 nén céc danh sich nay
duoc goi 1 danh sach han ché.

Chuong nay s€ xem xet hai loai danh sach han ché 1a ngan xép
(§tack) va hang dgi (queue). Cac danh sach han ché néy co thé duoc
to chue theo danh sach dac (mang) hodc danh sach lién két.

5.2. NGAN XEP
5.2.1. Pinh nghia ngiin xép

Ngin xép 14 danh sach c6 cic thao tac thém mot phan tir vao danh
sach va lay mdt phan tir ra khoi danh sach déu dugc thyc hién & cung
mot dau cua danh sach.

Ta no6i ngan xép 1a mot cau triic hoat dong theo co ché “vao sau —
ra truéc” hay con goi 1a LIFO (Last In First Out).

Ngin xép ¢ thé duge to chirc theo danh sach dic hodc danh sach
lien két.
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Push Pop

A

Hinh 5.1: Stack

5.2.2. Céc thao tac trén ngin xép
Khéi tao ngan xép

B6 sung mot phan tir vao ngin xép (Push)

- LAy mét phan tir ra khoi ngin xép (Pop)
- Kiém tra ngin xép co6 rong (isEmpty)?

5.2.3. Cai dat ngin xép
5.2.3.1. Cai dat ngan xép biang mdng

Dung mang mot chiéu dé luu trit ngin xép, st dung mot bién Top
dé tré dén phan tr ¢ dinh ngan xép (Hinh 5.2).

Top
—_—

Hinh 5.2: Ding mdang dé t6 chirc ngdn xép
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= Khéi tao ngiin xép

template <class T>
class Stack

{
int top;
T a[l1000];
public:
Stack ()

{
top = 0;

}

i

= Thém mét phin tir vao ngin xép (Push)
void Stack::Push (T x)

{
al++top] = x;
}

= LAy mét phin tir ra khéi ngiin xép (Pop)
T Stack::Pop()
{

return al[top--1];

}

= Kiém tra ngin xép rong?
bool Stack::isEmpty ()
{

return top == 0;
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5.2.3.2. Cai dat ngan xép bing danh sdch lién két don

= Khéi tao ngiin xép
class Stack

{

struct NODE

{
int Data;
NODE *Next;

b

NODE *top;

public:
Stack ()

{
top = NULL;

}s

= Thém mét phin tir vao ngin xép (Push)
void Stack::Push (int x)

{
//Bl: Tao nut moi p chua x
NODE *p = new (NODE) ;
p—>Data = x;
//B2: Chen p vao dau danh sach
p->Next = top; //1
top = p; //2
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= LAy mdt phin tir ra khéi ngiin xép (Pop)
int Stack::Pop ()
{

NODE *p = top;

top = p—->Next;

int x = p->Data;

delete p;

return x;

}

= Kiém tra ngiin xép rong? (isEmpty)

int Stack::isEmpty ()

{
return top==NULL;

}
5.2.3.3. Sur dung Iop stack cua C++

#include <stack>

Lép nay da cai dit san cac phuong thic:
= empty(): kiém tra stack rong?

= push(x): bd sung x vio stack

= pop(): x6a phan tir & dinh stack

= top(): lay phan tir & dinh stack

5.2.4. Ung dung ciia ngin xép

5.2.4.1. Khw dé¢ quy

Mot chuong trinh sir dung giai thuat dé quy s& ngan gon, dé cai
dat, tuy nhién sy han ché cua b@ nh¢ danh cho chuong trinh lghéng cho
phép xdy dung chuong trinh bang dé quy. Vi vay, viéc chuyén chuong
trinh tr dang d¢ quy sang dang khong dé quy (chi st dung cac cau trac
1ap) goi la khur @€ quy.

85



Khtr d¢ quy giup gitr dugc nguyén ban thuat toan dé quy nhung
trong chuong trinh khong hé c6 101 goi dé quy, nhu thé chuong trinh c6
thé chay duoc trong bat ky moi truong 1ap trinh nao. Ngin xép 1a mot
trong nhitng cong cu htru hi¢u cho viéc khir dé quy.

Vi du 5.1: Ung dung ngin xép dé biéu dién nhi phan ctia mot sé nguyén
duong n (Vi dy: n =12 s€ in ra man hinh 1100).
12 |2 12:22=6 du 0
0 6|2 62=3du0
0 3|2 32=1dul
I 12 1:2=0dul
10

12 = 1100
Hinh 5.3: Céch chuyén sé thap phan sang dang nhi phdn

Thuat toan chuyén ddi c6 thé thuc hién theo cac bude sau:
Buwée 1: Khai bao stack S rong

Budc 2: Trong khi n>0 thi

- PUSH(x%?2,S);

- n=n/2;

Budrc 3: Lay tat ca cic gia tri trong stack in ra man hinh.
#include <iostream>
using namespace std;
template <class T>
class Stack
{
int top;
T a[1000];
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public:

}s

Stack ()

void push (T x)
{

al++top] = x;
}
T pop ()
{
return al[top--];

bool isEmpty ()
{
return top==0;

}

void Bin (int n)

{

//Bl: Khéi tao stack réng
Stack<int> S;

//B2: LAy phan du n%2 bé vao stack
while (n>0)

{
S.push (n%2) ;
n=n/2;

}
//B3: Ly hét cdc phdn tu trong
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//stack in ra man hinh
while (!S.isEmpty())

{
cout<<S.pop () ;

int main ()

{
int n;
cin>>n; //13
Bin(n); //1101
t
Céch viét khac: c¢6 thé sir dung 16p stack ctia C++, sau khi khai bao
#include <stack>

ta co thé sir dung stack ma khong can phai dinh nghia lai 16p Stack
nhu trén.
5.2.4.2. Pinh gid tri biéu thirc todn hoc
Giai thuat dinh gi4 tri biéu thirc toan hoc gém hai giai doan sau:
Giai doan 1: Chuyén biéu thirc toan hoc tir dang trung t6 sang

dang hau t6.

Giai doan 2: Tinh gi4 tri biéu thic hau t6 vira tim duoc & giai
doan 1.

Giai doan 1: Ap dung ky phap nghich diao Balan dé chuyén
biéu thirc toin hoc tir dang trung t6 sang dang hau t6:

Biéu thirc toan hoc bao gdm cic fodn tir (cic phép todn: +, - , *, /)
va cac toan hang (hang, bién, ham...). Mot biéu thuc c6 theé duoc biéu
dién ¢ ba dang khac nhau:
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- Tién t6 (prefix): cac toan tir di trudc cac toan hang.

- Trung td (infix): cac toan tir di giita cic toan hang.

- Hau t (postfix): cac toan tir di sau cac toan hang.
Vi du 5.2: Biéu thirc trung t6 (A+B)*C bién d6i thanh

Dang hau td: AB+C*

Dang tién t6: *+ABC

Co ‘thé nhén thdy ring, ¢ dang tién t6 va hdu té, diu ngodic la
khong can thiet.

~ Gidi thujt: Chuyén biéu thitc ¢ dang trung t6 Infix sang dang hau

to Posfix nhu sau:

Thém cip dau () vao dau va cudi biéu thuc trung t6 rdi thuc hién
cac budc sau:

Budc 1:

- Khoi gan: Posfix = 7 7;

- Khéi tao ngin xép S = ;

Buérc 2: Xét timg phan tr X thudc Infix (tir trai sang phai):
- NéuXladau” (”: PUSH (X, S) ;
- NéuXladau”)”:

Token = POP (Stack) ;

while (Token!'=" (")

{
Posfix = Posfix + Token;
Token = POP(Stack) ;

}

_&s Chii y: ddu mé ngodc ” ( “ciing ldy ra khéi S nhung khéng cho
vao Posfix.
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- Néu X 12 toan hang: Posfix = Posfix + X;
- Néu X 1a toan tir:

+ while (toan tr & dinh Stack > X) Posfix = Posfix +
POP (S) ;

+ PUSH (X, S)

Buée 3: LAy cac phan tir con lai trong stack S bo sung vao cudi
Posfix.

Vidu 5.3: Chuyén biéu thic (A+B)*(C-D) tur dang trung td sang dang
hau t6:

Infix Stack Posfix
(A+B)*(C-D) {Empty} |7~
A+B)*(C-D) ( 77
+B)*(C-D) ( A
B)*(C-D) (+ A
y*(C-D) (+ AB
*(C-D) {Empty} | AB+
(C-D) * AB+
C-D) *( AB+
-D) *( AB+C
D) * (- AB+C
) * (- AB+CD
” * AB+CD-
5 {Empty} |[AB+CD-*

Giai doan 2: Tinh gid trj biéu thirc hau tb.
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Bwéce 1: Khoi tao stack S = J;

Buwéc 2: Xét tirng phan tir X cua Posfix:
- Néu X 1a toan hang: PUSH(X,S);
- Néu X la toan tu:
+ b =POP(S);
+ a=POP(S);
+ Tinh z = a X b vo1 X 1a toan tir cua Posfix.
+ PUSH(z,S);
Buwéc 3: return POP(S);

Vi du 5.4: Tinh gia trj biéu thirc hdu t6 32 + 6 4 - *

Posfix Stack
32+64-*% %)
2+64-% 3
+64-% 32
64-%* 5
4 - % 56
- * 564
* 52
” 10
5.3. HANG DOI
5.3.1. Dinh nghia

Hang doi 1a danh sach c6 cdc thao tac thém mot phan tir vao danh
sach duoc thuc hién & mdt dau va thao tac lay mot phan tir ra khoi danh
sach duogc thuc hién & dau kia.

Nhu vay hang doi hoat dong theo co ché FIFO (First In First Out
— Vao trudc ra trudce).
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5.3.2. Cac phép toan trén hang dgi
- Khoi tao hang dgi
- B0 sung mdt phan tir vao hang doi
- Lay mot phan tir ra khoi hang doi
- Kiém tra hang doi c6 rong khong
5.3.3. Cai dat hang doi
5.3.3.1. Cai dat hang doi bang mdng

C6 thé dung mang mot chiéu co tdi da MAX phan tir dé t6 chirc
hang dog1. Loi1 ra va 161 vao cua hang doi dugc quan ly boi hai bién chi
so front va rear (Hinh 5.4).

front rear

X X | X X

1 2 3 4 5 6 MAX

Hinh 5.4: T6 chirc queue bang mdng mot chiéu

Vi céch t6 chiic nay, vi tri dé bd sung phan tir médi vao queue 1a
vi tri sau rear, con vi tri d¢ lay phan tur ra 1a vi tri front.

Trong qua trinh bd sung vao va ldy ra c6 thé xay ra tinh hudng
khong thé bo sung vao trong khi phan dau cia mang van con cho trong
(Hinh 5.5):

front rear
1 2 3 4 5 6 A MAX

Hinh 5.5: Tinh huong khéng thé bé sung vio queue

V6i tinh huéng nhu Hinh 5.5, ta c6 thé khac phuc bang cach tinh
tién céac phan tor trong queue vé phla trudc sao cho front ¢ vi tri 1. Piéu
nay co thé d& dang thuc hién bang doan mi sau:
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for(int 1 = front;i<=rear;i++)
Q[i-front+l] = Q[front];
front = 1;

rear = rear — front + 1;

Nhu vay viée diéu chinh lai vi tri cua front va rear s& duogc thuc
hién rat nhiéu lan trong qua trinh thao tac trén queue. De khic phuc diéu
nay, ta c6 thé cai tién queue bang cach dung mdng néi vong.

Phuong 4n xir 1y quy uéc cu thé nhu sau:
- Sauvitritlavitriitl, voii=1, 2, ..., MAX-1.
- Sau vi tri MAX 1a vi tri 1 (xoay vong).

Khi d6, front va rear duoc dich chuyén vé phia sau theo chiéu
kim dong h6 nhu danh sach ndi vong (Hinh 5.6).

front

Hinh 5.6: T6 chitc hang doi noi vong

Véi cach t chirc nay, ta co thé dic ta vé vi tri dimg sau vi tri i 1a
imod MAX + 1.
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Tir d6, c6 thé dic ta cho cac trudng hop queue rong va ddy nhu

sau:
- Queue rong khi: front = rear = 0.
- Queue day khi phia sau rear 12 front, nghia 13 rear mod MAX
+ 1 = front.
Vi cac phan tich trén, cac thao tac trén queue ¢ thé dugc cai dat
nhu sau:

= Khéi tao hang doi

class Queue

{
#define MAX 1000

int A[MAX];

int front, rear;
public:

Queue ()

{

front = rear = 0;
}
bs
= Kiém tra hang doi c6 rong khong
bool Queue: :isEmpty ()
{

return front == 0;
t
= Kiém tra hang doi da diy hay chua
bool Queue::isFull ()

{

return (rear%sMAX + 1) == front;
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= Thém mét phin tir vao cudi hang doi

void Queue: :Push (int x)

{

if (rear$MAX + 1 == front)
cout<<"Queue is full";

else

{
rear = rearsMAX + 1;

Alrear] = x;

if (front==0)
front = 1; //do ban dau Queue rong

}

= LAy ra mét phén tir & diu hang doi
int Queue: :Pop ()
{
int x = A[front];
if (front==rear)
front = rear = 0;
else
front = front%MAX + 1;
return x;

}

5.3.3.2. Cai dat hang dgi bang danh sdch lién két kép
= Khéi tao hang doi

class Queue

{
struct NODE

{
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int Data;
NODE *Next, *prev;
}i
NODE *front, *rear;
public:
Queue ()

{
front = rear = NULL;

}
}i
= Kiém tra hang doi c6 rong khong

bool Queue::isEmpty ()

{
return front == NULL;

}

= Thém mét phin tir vao hang doi
void Queue: :Push(int x)

{

//Bl: Tao nut moi p chua x

NODE *p = new (NODE) ;
p—->Data = x;

p—->Next = NULL;
p—>prev = NULL;

//B2: Chen p vao dau danh sach
if (front==NULL) //Danh sach rong

front = rear = p;

else //Danh sach khong rong

{
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p->Next = front; //1
front->prev = p; //2
front = p; //3

}
= LAy ra mot phan tir tir hang doi
int Queue: :Pop ()
{
NODE *p = rear;
if (front == rear) //Danh sach chi co 1 nut
front = rear = NULL;

else

{
rear = p->prev;
rear->Next = NULL;
}
int x = p->Data;
delete p;

return x;

}

5.3.4. Ung dung cia hang doi

Hang doi co nhféu ung dung trong linh vyc khoa hoc may tinh va
mang. Trong 1y thuyét do thi, c6 thé ung dung hang doi dé cai dat phép
duyét do thi theo chiéu rong (BFS).

Trong chuong tiép theo, chung ta s& ung dung hang doi dé duyét
cay nhi phan theo muec.

97



BAI TAP CHUONG 5
Bai 5.1: Cho hai vi du thyc té dé minh hoa cho stack.

Bai 5.2: Cho hai vi du thuc té dé minh hoa cho queue.
Bai 5.3: Str dung stack dé khir d& quy cho bai toan thap Ha Noi.

Bai 5.4: Nhap vao s6 nguyén duong N ¢ dang thap phan. Str dung stack
dé in ra man hinh dang biéu dién cia N 6 hé cosd avéia € [2, 3, 4, 8,
16].

Bai 5.5: Cho xau ngodc S chi chira ky ty “(‘ va ©)’. Hay xac dinh xau S
la xau ngodc dling hay sai.

*Input: xau ngodc S.

*Qutput: gia tri TRUE tng vé6i xau S ding, FALSE néu S sai.

Vi du:
INPUT OUTPUT
(00) TRUE
)10 FALSE

Bai 5.6: Cho x4u ngodc S chira cac cdp ddu ngodc () [] { }. Hiy xdc
dinh xau S 1a xau ngodc dung hay sai.

*Input: xau ngodc S.
*Qutput: gia tri TRUE tng véi xau S dung, FALSE néu S sai.
Vi du:

INPUT

OuUTPUT

{[O1}

TRUE

{LD}

FALSE
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Bai 5.7: Goi xau chi chira cac ky tu ngodc tron (, ), ngoac vuodng [, | va
ngodc nhon {, } 1a xau ngoac.

Xau ngodc dung dugc dinh nghia nhu sau:

e Xau rong duoc coi 1a xau ngoic dung,

e Néualaxau ngoac dung, (a), [a], {a} cling la cic x4u ngodc ding,
e Néu a va b 14 cac xau ngodc dang, ab ciing 14 xau ngodc ding.

Cho xau S = s152...5, d0 dai n. V&1 k >1, XaU SkSk+15k+2. . .Sn5152. ..
sk-1 dugc goi la xau day vong tha k ciia S. Ta quy udc ban than xau S
cling 1a mot xau day vong cua S véi k=1.

Yéu cAu: Cho xiu ngodc S c6 do dai khong qua 1000. Hay xac
dinh c6 ton tai mot xau day vong cua S 1a xau ngoac ding hay khong.
Trong truong hop cau trd 101 1a khang dinh hay dua ra vi tri £ nhé nhat.

* Input: xau S

* Output: vi tri k tim dugc, trong truong hop khong cé 101 giai,
ghi ra s6 —1.

Vi du:
INPUT OuTPUT
PO A 2
O} -1
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Chwong 6
CAY

= Gigi thiéu tbng quan vé cay: dinh nghia va mot sb khai
niém.

= Cay nhj phan: t6 chirc cay, cac phép duyét va trng dung.

= Cay tim kiém nhi phan (BST), cay AVL.

6.1. GIOI THIEU

Trong khoa hoc may tinh, cdy 1a m hinh triru tugng ctia mot cau
trac phan cap.

Cay c¢6 nhiéu ung dung thuc tién:
- Cay gia pha (Hinh 6.1)

Nikolaus
(1623-1708)

Jacob I Nikolaus Johann I
(1654-1705) (1662-1716) (1667-1748)

| N

Nikolaus I Nikolaus II Daniel Johann IT
(1687-1759)  (1695-1726)  (1700-1782) (1710-1790)

/ N\

Johann IIT Jocob II
(1746-1807)  (1759-1789)

Hinh 6.1: Gia pha cua gia dinh nha toan hoc Bernoulli [7]

- Céc so dd to chirc chinh phu, doanh nghiép, trudng hoc (Hinh
6.2, Hinh 6.3)
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VP VP VP VP

R&D Marketing Services Finance

SN N N

. Director Director Chief Director . .
113 1rcctoi'l Software Hardware é“l/P Ma?l\(gt)in Field Material Algc](r)ﬁfi; D;r;[:lcstor
€search | Development| | Development | |°2'% € Operations| | Management J
Hinh 6.2: So do to chirc doanh nghiép 7]
/ University \
Campus A Campus B
Dept 1 Dept2 oo Dept N Dept 1 Dept2 o o « Dept M

/N~

/N /N /NN

LRI ) Professors Majonng Mlnonng LRI ) LRI ) LRI ) eeo oo

students  students
Hinh 6.3: So do t6 chirc truong hoc [7]

- Hé théng luu trit file va thu myc (Hinh 6.4)

/
/u \ / in\ t11|1P
bin je spool Is mail who junk

/IN TN

cd nroff vi khr opr uucp

printer  file

Hinh 6.4: Hé¢ tho”'ng cay thu muc 7]
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- Muc luc caa cudn sach (Hinh 6.5)

v (9) (1)(7)

(511)(518) (351 )ore(557) (561 )+(365)  (©1)++(96)

Hinh 6.5: T6 chirc muc luc ciia cuén sdach [7]

6.2. PINH NGHIA VA MOQT SO KHAI NIEM
6.2.1. Pinh nghia

Cay 1a tap hop cac phan tir (nit) cé cung kiéu dir liéu, gitra cac
nut c6 mdt quan h¢ phan cap goi 1a quan h¢ “cha-con”, thoa man cac
diéu kién:

- MBOi niit ¢ thé c6 nhiéu hodc khong co niit con nio.

- Mbi nit c6 duy nhat mot nut cha, ngoai trr mot nut dac biét
khong c6 niit cha goi 1a nut goc (root).

- Néu B la nut con cta A thi A 13 ntit cha cta B va nguoc lai.
Quy udc: ciy khong c6 nut nao duoc goi 13 cdy réng.

- A la nat gbc cua cay.

- B, C, D la céc nit con cua A (A la nut cha cua B, C, D).

- Dcohainatconla E vaF.
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- Cacnut B, G, F, H, K, L khong c6 niit con nao.

Hinh 6.6: Minh hoa cdy

Ngoai ra, theo 1y thuyét d6 thi, ciy 1a mot d6 thi vo hudng lién
thong khong c6 chu trinh.

a b a b a b a b
d z ;
g % | | Nd
c c
e f e f e f € f
G G G G

1 2 3 4
Hinh 6.7: Minh hoa vé cdy va do thi [7]

Theo Hinh 6.7:

- Gl vaG2lacay

- 3 khong phai cay vi ¢6 chu trinh

- G4 ciing khong phai cdy vi d6 thi khong lién thong
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6.2.2. Cac khai niém

Niit goc (root): Nut gbe 13 nut duy nhat khoéng c6 nut cha.

Nut ngi b (Internal node): 1a nlit co it nhat mot nat con.

Niit la (leaf): 1a nit khong c6 nit con.

Tién béi (Ancestors) ciia mot nut: cha me, ong ba... ciia nat do.

Hau dué (Descendants) cua mét nut: con, chau... cua nut do.

Cay con (sub-tree): 1a cay bao gobm mot nut va cac hau dué
cua no.

Hinh 6.8: Céy T ¢é mit goc la a va cdy con ciia T ¢ nit goc la g [7]

Mburc cuia nut (level)
Mtrc cua nut goc 1a 1.
Neéu nuat cha ¢6 muc 1a 1 thi nit con c6 murce la 1+1.

Chiéu cao cua cdy (Height of a tree): muc cao nhat cua cac
nut trén cay.

- Cay rong c6 chiéu cao bang 0.

- Cay chi c6 mot nut co6 chiéu cao bang 1.
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= Cap/bdc (order) ciia mot nut: 1a s6 nit con cua nat do.

" Bdc ciia cdy: 1a bac lon nhit clia cac nut trén cdy. Néu ciy c6
bac bang n dugc goi 1a cay bac n hay cay n_phan. Vi du: cay
T & Hinh 6.8 1a cdy tam phdn, cay & Hinh 6.9 1a cdy nhi phdn.

level 1

level 2

— level 3

Hinh 6.9: Mirc cua nut

= Cay c6 thir tu (Ordered Tree): 1 cAy ma tai moi nit, thu tu
cua cac nuat con cua n6 dugc coi trong (dugc xEp thir tu). Vi du:
Hinh 6.5 1a cay c6 thu tu.

" Rung cdy (Forest): Rung la tap hop cac cay. Nhu vay mot cay
khi loai bo nut goe s€ cho ta mot rung cay.
6.3. CAY NHI PHAN
6.3.1. Dinh nghia
Cay nhi phén 12 cAy ma moi nit trén cay chi cé 16i da hai niit con.
V&1 moi nlit ¢6 cdy con trai va cdy con phai cua nuat do.
6.3.2. Cac khai ni¢m bo sung

Cay nhi phan hoan chinh (Full Binary Tree): 1a cay nhi phan
ma moi nit tgi mirc nhé hon muc (h -1) déu c6 ding hai nit con - voi
h 1a chiéu cao cua cay (Hinh 6.10).
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Hinh 6.10: Cay nhi phdn hoan chinh
Cay nhi phan diy di (Complete Binary Tree): 13 cdy nhi phan

ma moi nit tai mirc nhé hon hoic bang muc (h -1) déu c6 dung hai nit
con - v6i h 1a chi€u cao cia cay (Hinh 6.11).

Hinh 6.11: Céy nhi phdn day di

Cay léch phai la cay nhi phan chi c6 cay con phai, tirc 1a cac nut
trén cay chi c6 cdy con phai ma khong co6 cdy con trdi (Hinh 6.12).
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Hinh 6.12: Cay nhi phdn léch phai

Cay léch trai 1a cay nhi phan chi c6 cay con trai, tirc 1a cic nut
trén cay chi c6 cdy con trdi ma khong c6 cay con phai (Hinh 6.13).

Hinh 6.13: Cay nhi phdn léch trai

Cay zic zic 1a cay nhi phan ma cdc nit trdi va nit phai cla ciy
dan xen nhau thanh mdt hinh zic zac (Hinh 6.14).
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Hinh 6.14: Cay zic zdc

Céc loai cay léch phai, cay l€ch trai, cay zic zéc dugc goi la cdy
nhi phan suy bién.
6.3.3. To chirc lru trir cAy nhi phan
D¢ Iuu trit cAy nhi phan, c6 thé str dung mang hodc danh sach lién két.
6.3.3.1. Lwu trit cdy nhi phdn biang mdng

Nguyén tic: Danh s trén ciy nhi phan theo thir ty tir trén xubng
va tlr trai sang phai (tinh luén ca nhiing nit bi khuyét dé tao thanh mot
cdy nhi phan hoan chinh). Chi s6 dugc dénh chinh 1a chi s6 ciia phan tir
mang chira node do.

Vi du 6.1: Cho cay nhi phan nhu Hinh 6.15
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1 2 3 4 5 6 7
Hinh 6.15: T6 chirc cdy nhi phdn bang mdang
Nhan xét: Theo cich luu trit trén mang, ta nhan thay:
- Néu niit cha & vi tri th i thi nit con trai cua nd c6 vi tri 1a 2%,
va nut con phai ¢ vi tri 1a 2*i+1.
- Néu niit con tréi & vi tri i, thi nat cha cia nd & vi tri 1a i/2.

Viéc luu trtr dir li€u cdy nhi phan trén mang chi thich hgp voi cay
nhi phan day di hay cy nhi phan hoan chinh. Con ddi vé6i cac dang khac,
viéc luu trir bang mang s gdy ra hién tuong lang phi bo nho. Vi vay,
nguoi ta thuong to chirc luu trit cay nhi phan bang danh sach lién két.

6.3.3.2. Lwu trit cdy nhi phan bang danh sdch lién két

Ngoai viéc luu trit cAy nhi phan bang mang nguoi ta con cé thé
luu trir cay nhi phan bang danh sach lién két kép. Vi moi niit, ngoai
truong Data dé chtra dir li¢u, dung thém hai truong lién két Left va Right
dé tré dén dia chi nut con bén trdi va nit con bén phai.

Cau trac mot nat duoc mo ta nhu sau:

Left Data Right

Nhu vay, co thé,hinh dung mot cay nhi phan dugc luu trit dudi
dang danh sach lién két sé dugc td chirc nhu Hinh 6.16:
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/ Root

T \ m \

[TIT] [TIT] T [TIT]

Hinh 6.16: T6 chirc cdy nhi phdn bang danh sdch lién két

Ta c6 thé khai bao cau trac dit li¢u mot nat cia cay nhi phan nhu
sau:

struct NODE
{
<Type> Data;
NODE *Left, *Right;
i
typedef NODE* TREE;
Khi d6, c6 thé khai bao mot bién con tré Root tré vao nit goc cua
cay nhi phan:

TREE Root;

6.3.4. Cac phép duyét trén cay nhi phan
6.3.4.1. Duyét trai (NLR)

Theo cach duyét nay, nit gbc s& duoc thim trude, sau d6 méi dén
duyét thir ty hai cdy con trai va phai.

- Tham nat gbc (N).
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- Duyét cay con bén trai (L).
- Duyét cay con bén phai (R).

Vi du 6.2: Cho cay nhi phan nhu Hinh 6.17.

O © ©® ®

Hinh 6.17.

Duyét theo NLR s€ cho két qua: 10, 5, 1, 8, 15, 12, 20

6.3.4.2. Duyét giita (LNR)

- Duyét cay con bén tréi (L).

- Tham nat gbc (N).

- Duy¢t cay con bén phai (R).

Duyét theo LNR s& cho két qua: 1, 5, 8, 10, 12, 15, 20.
6.3.4.3. Duyét phdi (LRN)

- Duyét cay con bén trai (L).

- Duyét cay con bén phai (R).

- Tham nat gbc (N).

Duy¢ét theo LRN sé& cho két qua: 1, 8, 5, 12, 20, 15, 10.
6.3.4.4. Duyét cdy theo murc

Y tudng ctia phuong phap nay 1a sir dung hang doi dé duyét.
Budc 1: Khoi tao hang do1 Q = NULL;
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Buéc 2: Pua nit gbe vao Q;

Buée 3: Trong khi Q khéc rong:
- Lay 1 nat p tir Q, tham p->Data;

- Pua 2 nat con cia p (néu cb) vao Q.

Giai thuét trén c6 thé duoc cai dat nhu sau:
void DuyetMuc (TREE Root)
{

Queue Q = NULL;

PUSH (Root, Q) ;

while (Q)

{
TREE p = POP(Q) ;
<Tham p->Data>;
if (p->Left) PUSH (p->Left,Q);
if (p—->Right) PUSH (p->Right,Q);

1
Két qua duyét cay theo muc: 10, 5, 15, 1, 8, 12, 20.

6.4. CAY BIEU THUC

Mot trong nhitng img dung ctia cay nhi phan 1a luu trit biéu thic
sb hoc.

Cay biéu thtc 1a mot dang cdy nhi phan, c6 cac nut 14 1a céc todn
hang, cac nit ndi bo 1a céc toan tur.

Vi du 6.3: Xét biéu thirc s6 hoc don gian: (a+b)*c-d/e. Bicu thirc nay
c6 thé dugc biéu dién duodi dang cay nhi phan (Hinh 6.18).
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Hinh 6.18: Cay biéu thirc

Quy tic biéu dién mdt biéu thirc s6 hoc trén ciy nhw sau
- MGi nat 14 12 mot toan hang.
- MBOi nut ndi bo 1a mot toan tir.
Khi duyét cay biéu thirc, thir tu cac phép duyét:
= NLR: cho biéu thirc dang tién t6 (prefix).
= LNR: cho biéu thirc dang trung t (infix) khéng c6 dau ngoic.
= LRN: cho biéu thitc dang hau to (posfix).
Vi du 6.4: (ing dung) Cho biéu thirc s6 hoc duéi dang tién to.
1. T6 chirc cay nhi phan dé luu trit biéu thirc.
2. Tinh gia tri cta biéu thirc.

Sau day 1a chuong trinh chuyén biéu thirc dang tién t6 sang cau
truc cdy nhi phan, tir 46 tinh gia tr1 bi€u thtrc dugc luu trit dudi dang
cay nhi phan:

#include <iostream>
#include <string>
#include <conio.h>

#include "windows.h"
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using namespace std;
#ifdef WIN32
void gotoxy(int x, int vy)
{
COORD cur = {x, V};

SetConsoleCursorPosition (GetStdHandle (STD OUTPU
T HANDLE), cur);

}
#else
void gotoxy(int x, int vy)
{
printf ("\033[%dG\033[%dd", x+1, y+1);
}
#endif
struct NODE
{
char x;
NODE *Left, *Right;
i
typedef NODE* Tree;
class ExpTree
{
int i=-1;
char Token;
public:
Tree Root;
string st;
ExpTree ()
{
Root=NULL;
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ExpTree (string s)

{

}

Root=NULL;
st = s;

void CreateTree(string st, Tree &Root)

}

{

i++;
Token = st[i];
Root = new (NODE) ;
Root->x = Token;
1f ((Token>='0") && (Token<="'9"))
{
Root->Left = NULL;
Root->Right = NULL;
}
else [//Token is [+,-,%*,/]
{
CreateTree (st,Root->Left) ;
CreateTree (st,Root->Right) ;

void View (Tree Root,int x,int vy, int k) //Pre

order

{

if (Root)

{
gotoxy(x,y); cout<<Root->x;
XemCay (Root->Left,x - k/2,y+2,k=-3);
XemCay (Root->Right,x + k/2,y+2,%k=-3);
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float Value (Tree Root)
{

switch (Root->x)

{

case '+': return Value (Root->Left)
+ Value (Root->Right) ;

case '-': return Value (Root->Left)
- Value (Root->Right) ;

case '*': return Value (Root->Left)
* Value (Root->Right) ;

case '/': return Value (Root->Left)

/ Value (Root->Right) ;
default : return Root->x - 48;

i
int main ()
{
ExpTree t ("*-62+34");
t.CreateTree(t.st, t.Root);
t.View(t.Root,40,5,10);
cout<<endl<<"Gia tri: "<<t.Value (t.Root);

}

6.5. CAY TiM KIEM NHI PHAN
6.5.1. Pinh nghia

Cay tim kiém nhi phan (BST — Binary Search Tree) 1a ciy nhi
phan ma tai mdi nat, khoa cia nit dang xét 16n hon khoa cua tat ca
cac nut thude cady con trai va nho hon khoa cua tat ca cac nat thude
cay con phai.
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Vi du 6.5:

O ® © ® O © O O
(@ (b)

Hinh 6.19: Cay trong hinh (a) khong phai la cay BST, cdy trong hinh
(b) la cay BST

O\ Déi véi cay BST, khi duyét cay theo thir tw giita (LNR) sé
cho ra mot day cé thir tw ting dan.

6.5.2. Cac thao tac trén cay BST

6.5.2.1. Khai tao cdy
BST Root = NULL;

6.5.2.2. Duyét cdy

Dé duyét cay ta c6 3 cach duyét nhung & phan nay chi xét dén
phan duyét theo thr ty LNR dé c6 thé thay rd hon tinh chat cua cay
BST. Ham hién thi néi dung cay theo thir ty LNR nhu sau:

void LNR (BST Root)
{
if (Root)
{
LNR (Root->Left) ;
<Tham Root->Data>;
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LNR (Root->Right) ;
}
}
6.5.2.3. Tim kiém mét gid tri X trén ciy BST

Muén tim kiém gia tri X trén cay BST, thuc hién cac budc nhu
sau:

- Néu cay rong, khong tim thay.
- Néu X = gia tri tai nut gbc: tim thy, tra vé dia chi cta nut gdc.

- Néu X < gia tri tai nat gbe: tim kiém X bén ciy con trdi. Nguoc
lai, tim ki€ém X bén cady con phai.

Hinh 6.20: Tim gia tri X = 12 trén cday BST

BST Search(int x,BST Root)
{
if (Root==NULL) return NULL;
else if(x == Root->Data) return Root;
else if(x < Root->Data)
return Search (x,Root->Left);
else

return Search (x,Root->Right);
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6.5.2.4. Thém m¢gt nut mdoi vao cdy BST

bé thém mot niit maéi chira gia tri X vao cay, thuc hién theo cic
budc nhu sau:

- Neéu cay rong: tao nut mdi chira X, nut nay cling la nit goc.

- Néu X = gia tri tai nuit gdc: dimg giai thuat vi khong can thém
nut vao cay.

- Néu X > gia tri tai nit gbc: goi dé quy cheén vio cdy con phai,
nguoc lai goi d€ quy cheén vao cay con tréi.

Hinh 6.21: Chen gia tri X = 13 vao cdy BST

void Insert (int x,BST Root)
{
if (Root==NULL)
{
new (Root) ;
Root->Data = x;
Root->Left = NULL;
Root->Right =NULL;
}
else if(x < Root->Data)
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Insert (x,Root->Left);
else if(x > Root—->Data)

Insert (x,Root->Right) ;

6.5.2.5. Xoa mét niit c6 khoa X
Mudn x6a mot nut chira khoa X, ta tién hanh theo cac bude sau day:

Buée 1: Tim kiém nit chira khoa X trén cdy, néu khong co, két
thtic gidi thudt, ngugc lai chuyén qua budc 2.

Budc 2: Xét ba truong hop sau:

1) Xlandtla

2) X chi c6 mot cay con (trai hoac phai).
3) X c6 du ca hai cay con.

Truong hop 1: Néu X 1a niit 14, cho con tro ctia nut cha cia X trd
vao NULL, sau d6 xda X.

Hinh 6.22: Xoéa nuit ld

Trwong hop 2: Trudce khi x6a X, méc ndi cha ciia X véi nit con
duy nhat cua X.
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Hinh 6.23: Xoa nut chi co mot cdy con

Truong hop 3: Thay vi x6a X, tim mot phan tir thé mang Y. Phan tr
nay c6 t6i da mot con. Thong tin luu tai Y s& duoc chuyén 1én luu tai X.

Vin dé la phdi chon Y sao cho khi lwu Y vao vi tri ciia X, cdy
van la cay BST.

C6 2 cach chon thoa méan yéu cau:

- Thay X boéi nat cwe phdi ctua cdy con trdi.

- Thay X bd1 nit cwre trai cua cdy con phadi.

Hinh 6.24: Xoa niit co du hai cdy con
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6.6. CAY TiM KIEM NHI PHAN CAN BANG
6.6.1. Dinh nghia

Mot cay nhi phan duoc goi la cdn bﬁng (balanced) néu moi nut 14
cua cay déu ¢ muc h hodc h-1 (h: chiéu cao cua cay).

Hinh 6.25: T; la cdy can bang, T> khéng phdi la cdy can bang

Muc dich tao ra cdy BST can bang 1a dé ti vu trong viéc tim kiém.
Néu mét cay BST bi I¢ch trai hoac 1&€ch phai, viéc tim kiém trén cay s€
c6 do phurc tap O(n), con néu cay BST can bang thi do phurc tap tim
kiém s& 12 O(logn).

® ® ®
T n ok %
DOHO® O® Q
® ® 0
&
(@) (b) © @

Hinh 6.26: Cdc cay BST khdac nhau chira cung thong tin

6.6.2. Thuit to4an cin bang don giin

Gia st nhap vao cay BST cac gid tri theo tha tu: 51,9, 8,7, 0, 2,
3,4,6.
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Cay BST s& duogc tao ra theo thir tu nhap (Hinh 6.27).

Hinh 6.27: Cay BST luu cac gia tri theo thu tuy:
51,98 7023, 4,6

Mang luu trit dir lidu:

0 1 2 3 4 5 6 7 8 9

Tao cdy mdi bang cach lay phan tur ¢ gifta mang bo sung vao cay.

(a) BO sung 4 vao ciy
o 1 2 3[4 5 6 7 8 9 (4)
(b) B sung 1 vao ciy

0 2 3 5.6 7 8 9 )

(c) Bob sung 0, 2 vao cay
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o] [1][2] 3 [4] 5 6 7 8 9 A

(d) Bb sung cac phan tir con lai vao cay

0 1 2 S 41 15 6 7 8 9

Hinh 6.28: Cay BST cin bang méi dwoc tao ra
Cay BST moi dugc tao ra la cay can bang (Hinh 6.28). Thuat toan
tao ra cay BST can bang dugc thyc hi¢n nhu sau:
Budére 1: Sao chép tat ca cac nit cia cdy vao mang.
Buwéc 2: Sip xép mang ting dan.
Budc 3: X6a cay.
Buéc 4: Goi ham Balance() dé xay dung lai cdy.

void Balancing (T data[], int left, int right)
{
if (left <= right)
{
int mid = (left + right)/2;
Insert (data[mid], Root) ;
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Balancing(data, left,mid-1);
Balancing (data,mid+1, right);

t
void Balance (T datal])
{
balancing(data, 0,data.length-1);
t

6.6.3. Cac phép xoay dé can bang cay BST
6.6.3.1. Phép xoay phdi
Quay nit Par qua phai nat Ch - nat con trai cua Par (Hinh 6.29).
= Ch trd thanh nat gbc méi cua cdy con
= (Cay con phai ciia Ch tré thanh cdy con trai cua Par

= Cay con Par tr¢ thanh cay con phai cia Ch

©
(Fur)

@ R F——
P Q

Quay phai

Quay tréai

Hinh 6.29: Phép xoay phai niit Par va xoay trdi niit Ch

6.6.3.2. Phép xoay trdi

Quay nut Ch qua trdi nit Par - ntt con phai cia Ch (Hinh 6.29).
= Par trd thanh nit géc méi ciia cay con

= (Cay con tréi cua Par tr¢ thanh cdy con phai cua Ch

= Cay con Ch tré thanh cay con trai cua Par
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6.6.3.3. Phép xoay don

Céc phép xoay trai va xoay phai nhu trén dugc goi la cac phép
xoay don (single rotation).

Vi du 6.6: Hinh 6.30 va Hinh 6.31 1a cac phép xoay don dé can
bang cay.

single rotation

Hinh 6.31: Phép xoay phai nut ¢ = z [5]

6.6.3.4. Phép xoay kép

Gia str cay con c6 gdc A can thyc hién phép xoay phai nhu Hinh
6.32.
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9 Xoay phai o
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Hinh 6.32: Phép xoay kép

Goi h(a), h(B) va h(3) 1a chiéu cao cta cic ciy con a, B va 8. Néu
h(B)>h(at), chiéu cao clia cdy con trai goc A 1a h(B)+1, khi d6 [h(B)+1)]
- h(8) > 1 (vi A 1a nut bat thudng co chiéu cao ciy con trai 16n hon).
Khi d6, cay sau khi xoay c6 gbc B, c¢6 chiéu cao ctia cay con trai 1a h(a)
va chiéu cao ctia cay con phai 1a h(B)+2. Vi h(B) > h(o) nén h(B) - h(a)
> 1, do d6 cdy c6 goc B lai 1a niit bat thudong, diéu d6 cho thay chua cai
thién duoc tinh can bang cua cay.

bé khac phuc diéu nay, can lam nhu sau:

= Xoay trai cdy con trai goc B dé dugc cdy con trai co6 chiéu cao
khong 16n hon cay con phai.

= Xoay phai ciy con co gdc A.

'Cong viée trén duoc goi la xeay phdi kép (double rotation) ciy
cO goc A.

Vi h(B)>h(a) nén cay con 3 phai co it nhat mot nut. Goi C 1a géc
cua cay B va Bi, B2 1a cdy con trai va cdy con phai ctia cay con .

Viéc xoay phai kép cay A ¢ trén dugc minh hoa nhu Hinh 6.33.

127



E— E—
Xoay tréi Xoay phai
cdy goc B cdy goc A

Hinh 6.33: Phép xoay kép
Sau ddy la giai thuat xoay phai kép véi cdy con c6 nut goc trd
boi p:
void RightRotation (p)
{
- Xoay trai cady con trai cua p;
- Xoay phai p;
}
Déi v6i phép xoay trai kép ciing twong tu:
void LeftRotation (p)
{
- Xoay phai cady con phai cua p;
- Xoay trai p;
}

6.7. CAY AVL

L6p ciy nay duge dé xuat boi hai nha toan hoc ngudi Nga G.M.
Adelsen Velskii va E.M. Lendis vao ndm 1962, dugc goi 1a cdy cdn
bang AVL.

Cay AVL la cay tim kiém nhi phan sao cho tai mdi nut cua
cay, chiéu cao cua cay con trai va cdy con phai chénh Iéch nhau
khoéng qua 1.
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Cho mét ciy tim kiém nhi phan T, goi p la mot nit nao do trén
cay, ky hiéu lh(p) va rh(p) 1a chiéu cao cua cay con trai va cay con phai
cua nut p. Khi do:

Néu Ih(p) = rth(p): p 14 nat can bang.

Néu Ih(p) = rth(p) + 1: p la nut 1&ch trai.

Néu rh(p) = Ih(p) + 1: p la nut 1éch phai.

Néu Ilh(p) - rh(p)| > 1: p 12 nGt bat thuong.

Nhu vay, mot cay T 1a can bang thi trong do khong c¢6 nit nao la
bat thudng. Cac thao tac (thay doi lai cac moi n01) trén cay sao cho cay
khong con nut bat thuong duoc got la “can bang lai c¢dy”. D6i véi ciy
tim kiém nhi phén, sau khi can bang lai cdy ma cay van la cdy BST, cay
d6 duoc goi la cay AVL.

6.7.1. Chén mgt nit méi vao cay AVL

Bude 1: Chen nit méi nhu ¢ cay BST.

Bu"é'c 2: T,inh toén’ lai hé §6 can béng cua cac nut tur nat dugc chén
nguoc ve nut goc. HE s can bang ctia nut p: bf(p) = rh(p) — lh(p).

= Néu khong c6 nut bit thudng trén cay (tirc bf(p) = -2 hoic 2):
dung.

= Néu tim thay nat p ma bf(p) = 2 hodc -2, quay p quanh niit con
g cua no.

o Néu bf(p) va bf(q) cung dau, chi cin duy nhat mot phép
xoay don.

o Nguoc lai, xoay kép: dau tién 1a xoay q, sau d6 1a xoay p.

Quy luat xoay: néu nut p 1éch trai, xoay phai va nguoc lai.
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Vidu 6.7:

(b)

Hinh 6.34: Cén bang lai cdy sau khi chén niit 54 vao cdy [5].
Hinh 6.34 (a): cheén nut chira khéa 54 vao cay BST.
Hinh 6.34 (b): can bé“tng lai cay.
- Xoay trai nat chtra khoa 50

- Xoay phai nat chtra khoa 78.

6.7.2. X6a mot nut khéi cay AVL
Budce 1: X6a nit nhu ¢ cdy BST.

Budre 2: Tinh toan lai hé s can béng cla cac nut tur nut bi xo0a
nguoc ve nit goc. H¢ s6 can bang cua nut p: bf(p) = rh(p) — Ih(p).

= Néu khong c6 nut bit thudng trén cay (tirc bf(p) = -2 hoic 2):
dung.

= Néu tim thiy nat p ma bf(p) = 2 hodc -2, quay p quanh nit con
g cua no.

o Néu bf(p) va bf(q) cung diu, chi cin duy nhat mot phép
xoay don.

o Nguoc lai, xoay kép: dau tién 1a xoay q, sau d6 1a xoay p.

Quy luét xoay: néu nut p 1éch trai thi xoay phai va nguoc lai.
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Vi du 6.8:

(a) (b)

Hinh 6.35: Can bcing lai cdy sau khi xoa nut 32 [5].

Hinh 6.35 (a): X6a nut chira khoa 32 trén cay BST.

Hinh 6.35 (b): can bang lai cdy bang cich xoay trai nut chira
khéa 44.
BAI TAP CHUONG 6
Bai 6.1: T4 chirc cAy tim kiém nhi phan chira cac s6 nguyén, sau do6 1ap
trinh dé thuc hién cac cong vi¢c sau:

1. Viét ham Imsert(int X) dé chén mot nat méi c6 gia tri X

vao cay.
2. Viét ham Input() d&é nhap vao mot sd nit cho cay nhi phan.

3. Viét ham Display() dé duyét cay va in cac gia tri cua cac nit
ra man hinh theo thir ty LNR.

4. Viét ham int Sum() d tinh té)ng gia tri cac nlt cia cdy nhi phan.

5. Viét ham int LeafCount() dé dém xem cay c6 bao nhiéu
ndt 14.

6. Viét ham int Hight() dé tinh chiéu cao cta cay.

7. Viét ham Delete(int X) dé xo4 nut trén cdy nhi phan chua gid
tri X.
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Bai 6.2: Nguoi ta dung mét cay nhi phan tim kiém dé luu trix day cac
s6 nguyén ma mdi nut ctia ciy gom 4 trudng sau: 2 truong lién két TRAI
va PHAI; 2 truong con lai la GIATRI va SOLUONG. Truong GIATRI
1a truong khoa luu gia tri nguyén trong day, truong SOLUONG luu s6
14n xut hién cua gia tri khoa tuong Gng trong diy.

Vi du: Véi day 50, 30, 60, 10, 30, 20, 10, 90, 60, 30 s¢ dugc luu
trit nhu sau:
/ TOP

50 1

| / AN

30 3 60 2 \

d -
\

20 1

1. Hay xdy dung ciu tric dit liéu cho ciy nhi phan néi trén.

2. Viét ham dé bo sung mot gia tri X vao cy nhi phan: Néu X
chua c6 trén cdy, tao nit mai dé bo sung X vao, nguoc lai, chi
can tang truong SOLUONG 1én 1.

3. Viét ham nhap vao mot cay BST (lay sb liéu & vi du trén).

4. Viét ham dé duyét cay theo thir ty gitta voi truong khoa la
GIATRI.

5. Viét ham dé duyét cay theo trudng khéa GIATRI sao cho céc
gia tri in ra theo thu ty giam dan.

Bai 6.3: Quan 1y Thu vién

Nguoi ta quan ly cac thong tin cua mét thu vién dudi dang cay
BST véi khoa 1a TenTG (tén tac gia). Mdi nit clia cAy 1a mot cau tric
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gdm truong TenTG va 4 trudng con tro: 2 con trd Trdi va Phai lan luot
tré tGi cac nut con trai va nat con phai, 2 con tré Dau va Cuoi 1an luot
tré toi phan tir dau tién va cudi ciing ciia mot danh sach lién két don
dung dé ghi nhan céc sach c6 trong thu vién cua tac gia d6. Mdi phan
tir cia danh sach lién két 1a mot cau trac gdm 2 truong: TenSach (tén
sdch) va Tieptheo (chira dia chi nit tiép theo).

Nguoi ta khai bao CTDL cho bai toan trén nhu sau:

struct SACH
{

string TenSach;
SACH *Tieptheo;
};
typedef SACH* TroSach;
struct TACGIA

string TenTG;
TroSach Dau, Cuoi;
TACGIA *Trai, *Phai;

}i
typedef TACGIA* TroTG;

Root

— l/ R \

|/| van |/|\| |

ﬁ EE e g
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Viét ham TroTG Search(string Name, TroTG Root) dé tim
dén nut trén cay BST c6 nut gdc duge tré bai con tré Root
chtra tac gia c6 tén 13 Name. Néu khong tim thdy, ham tra vé
gia tri NULL.

Viét ham void Insert(string Title, string Name, TroTG
&Root) dé bd sung tac gia c6 tén Name voi cudn sach c6 tidu
dé Title vao cay BST c6 nat gbe dugc tro béi con trd Root theo
céach sau:

= Néu Name va Title da c6 trong thu vién thi khong lam gi
nira.

= Néu Name d3 c6 va Title chua co, bo sung Title vao cudi
danh séach lién két don tuwong Umg voi nit cd TenTG =
Name.

= Néu Name chua c6, bo sung mot nit méi vao cay BST véi
TenGT = Name va TenSach = Title.

Viét ham void Duyet(TroTG Root) dé hién thi 1én man hinh

tat ca cac tac gid va cac tiéu dé sach cua céac tac gia do.

Viét ham int Dem(TroTG Root) dé dém sd tac gia viét tir 2

cuodn sach tro 1én.
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Chwong 7
BANG BAM

Tém tat chwong
= Tai sao lai tb chirc bang bam (hash table)
= Ham bam
= X ly va cham trong bang bam
= Xoba phan ttr trong bang bam

7.1. GIOI THIEU

Néu dir liéu duoc to chire dudi dang mang da duoc sap xép, viée
tim ki€ém mot phan tir c6 thé mat thoi gian 1a O(log n) véi thuat todn tim
ki€ém nhi phan.

Tuy nhién véi mdt mang di sip xép, viée chén va x6a mot phan
tir dugc thyc hién véi thoi gian 1a O(n).

Néu dit lidu duoc t6 chire 12 cay tim kiém nhi phan can bang, viéc
chen, tim kiém va xo6a dugc thuc hi¢n trong thoi gian O(log n).

Nhu vy, c6 cau tric dir liéu ndo dé chén, x6a va tim kiém hiéu
qua hon khong? Cau tra 101 1a “C6”, d6 chinh 1a bang bam (hash table).

Céu trac dir liéu bang biam chi hd tro mot vai thao tac cla ciy
BST.

“Bam” (Hashing) 14 k¥ thuat duoc sir dung dé thyc hién viéc chén,
x6a va tim ki€ém véi thoi gian trung binh khong déi (O(1)).

Tuy nhién, cdu tric dir liéu bang bam khong hiéu qua d6i véi céc
hoat dong yéu cau lay thong tin bat ky thir ty nao gitra cac phan tu,
chang han nhu tim gia tri bé nhat, tim gia tri 16n nhat hodc in toan bd
bang theo thu tu da sap xép.
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7.2. HAM BAM

Céu truc bang bam 1y tudng chi don thuin 13 mét mang co kich

thudc c6 dinh, chira cac muc (items) dit ligu.

M6t muc luu trit can phai c6 mot khéa (key), duogc st dung dé tinh
todn gia tr1 chi muc cho muc do. Khoéa co6 thé la mot s6 nguyén, mot

chuoi,...

Kich thudc ciia mang (bang bam) 1a TableSize.

Céac muc duogc luu trir trong bang bam duoc 1ap chi muc theo cac

gid tri tir 0 dén TableSize - 1.

Moi khoa duoc dnh xa thanh mot sd trong pham vi tir 0 dén

TableSize - 1.

Anh xa nay duoc goi 1a mot ham bam (hash function).

Vidu7.1:

Hash Table

0

1

Items 2
john 25000 3| john 25000
phil 31250 key | Hash 4 phil 31250

— '|Function[ "

dave 27500 5
mary 28200 6 dave 27500
‘—\,—’ if mary 28200

key 8

9

Hinh 7.1: Vi du vé ham bam
Péi v6i ham bam:
= Phai don gian dé tinh toan.
= Phai phan phi déu cac khoa giira cac 6.
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Mot sb van dé thuong gip khi thiét ké ham bam:

Céc khoa c6 thé khong phai 1a sb.

S6 lugng khoa c6 thé 16n hon nhiéu so v6i khong gian chi myc

trong trong bang bam.

Céac khoa khac nhau c6 thé anh xa vao cung mot vi tri.

- Ham bam khong phai 1 4nh xa mot - mot, diéu nay dan dén
va cham (collision).

- Néuco qua nhiéu va cham, hiéu suit cta bang bam s€ bi anh
hudng nghiém trong.

Néu khoa 1a s6 nguyén, chién lugc chung dé tao ham bam 1a

Key mod TableSize. Trur khi khda xay ra mot s6 thudc tinh

khong mong muon (vi du: tat ca cac khoa déu két thic bang 0

va ham bam su dung mod 10).

Néu céc khoa 1a chudi, ham bam can duoc quan tAm nhiéu hon,
trudc tién 1a phai chuyén n6 thanh mot gia tri so.

Vi du 7.2: Thiét ké bang bam v4i mot anh xa luu trit cac muc dir lidu
la (ID, Name), trong d6 ID 1a mot s6 nguyén duong cé muoi chir so.

Bang bam st dung mot mang c6 kich thuée N = 10.000 va ham
bam h(x) = bon chir s0 cuoi cia x (Hinh 7.2).

ol o
1 »| 025-612-0001
2 981-101-0002
3| o
4 451-229-0004
9997| &
9998 200-751-9998
9999| &

Hinh 7.2: Bang bam voi kich thuoe N = 10.000
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Chung ta lubn mong muon c6 mot ham bam dé tinh toan va giam
thi€u so lan va cham.

Céac ham bam khong duogc thién vi:

= Nghia }ét, qéu chon ngau nhién mot khoéa x, tir khong gian khoa,
xac suat dé f(x) =11a 1/M, trong d6 M la kich thudc ctuia bang
bam.

. Tq goi héqn bam thoa man thudc tinh khong thién vi la ham bam
thong nhat.
7.2.1. Ham bam chia
Phép chia hp(x) = x mod M:
= Sir dung toan tir chia ldy du (mod).

= Chia khoa x cho M va st dung phan con lai lam chi s6 bim
cho x.

= Piéu ndy cung cap cho cac chi muc nim trong khoang tir 0 dén
M - 1, trong d6 M = kich thudc bang bam.

» Sy lwa chon M rét quan trong:

- Néu M chia hét cho 2, khoa 1é cho chi sb 1é va khoa chin cho
chi s0 chan. (thién vi!)

- Néu M la lily thira cua 2, tire 13 M = 2P, h(k) chi 1a p bit bac
thap nhat cua k. (thién vi!)

- NéuM = pH, cac khoa trong tap hop {H, 2H, 3H...., (p-DH,
pH, (p + 1) H,..., kH,...} anh xa t6i vi tri p {H, 2H, 3H,...,
(p-1) H, 0} (thién vi!)

- Mot lya chon tét cho M: M 14 sé nguyén té sao cho M khong
chia hét rk + a, vo1 k nho va a.

7.2.2. Ham biam xép
Cach xép (folding):

= Phén chia khéa x thanh nhiéu phéan.
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= Tat ca cac phan ngoai trir phan cudi cing c6 cing do dai.

= Cong cac phan lai voi nhau dé thu dugc gia tri y, chi sb bim
khi do6 1a h(x) =y mod M.

C6 hai kha niang (chia x thanh nhiéu phan):

= Dich chuyen xép (Shift folding): Dich chuyen tat ca cac phan
ngoai trir phan cudi cing, sao cho bit cudi cua mdi phan thang
hang véi bit twong tmg cia phan cudi ciing. Gia st x = 723 203
541 213 24 thi x; = 723, x2 = 203, x3 = 541, x4 = 213, x5 = 24,
index = (X1 + X2 + X3 + X4 + Xx5) % 1000 = 1704 % 1000 = 704.

= Xép theo ranh gidi: ddo nguwoc moi phan ving khéc, trir phan
cudi cung (néu phan dao 16n hon nd) trude khi cong vao chi sb
index. Vi du: x; = 723, x2 = 302, x3 = 541, x4 = 312, x5 = 24,
index = 1902 % 1000 = 902.

7.2.3. Cac ham bam khac
Phwong phap mid-square

C6 thé 14y gia tri khoa binh phuwong va phan giira cta két qua duoc
st dung lam dia chi index.

Vidu: key =31212=9 740 641 thi index = 406 % TableSize.

Vi céc bit ¢ gitra cua hinh vudng thuong phu thudc vao tat ca cac
ky tu trong mot khda, nén c6 kha nang cao la cac khoa khac nhau sé tao
ra cac chi s6 bam khac nhau.

Phwong phdp trich xudt (extraction)

Trong phuong phap trich xuét, chi mot phan cia khoa duge st
dung dé tinh toan dia chi:

Vi du: 123-45-6789 c6 thé trich xuét 2 ky tu dau va cudi 1234-5-
6789 thi index = 1289 mod TableSize.
Phép bién déi co sé (radix transformation)

Khoa K duoc bién ddi thanh mét co sd khac, K duge biéu dién
trong mdt h¢ thong so sir dung mot co s6 khac.
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Vi du: 34510 = 4239 thi index = 423 mod TableSize.

7.3. XU LY VA CHAM

Va cham (collision) xay ra khi cac phan tir khac nhau dwoc anh xa
vao cung mot 6 (Hinh 7.3).

Khéa Ham bam Bang bam
00
> 02

| Lisa Smith I 03

Py 04

| Sam Doe l 05
| Sandra Dee I 15

16

Hinh 7.3: Tinh huong va cham

7.3.1. Xir Iy va cham bing dia chi mé

Trong phuong phap dia chi mé (open addressing), khi mot khoa x
va cham v&1 mot khoa khéc, xung dot dugc gidi quyét bang c;ich tim
mot muc c¢é san khac voi vi tri (dia chi) ma khoa xung dot ban dau duoc
bam. Do do, néu vi tri k = h(x) dugc st dung, céc vi tri sau dugc thu:

k =hi(x) =hX)+ pi)mod M, i=1, 2, ... (M = TableSize)

= Phuong phép don gian nhat 1a thdm do tuyén tinh, v6i p(i) =i

va doi voi dau do tha i, vi tri can thir 1a (h(x) + 1) mod M, i =
1,2,...

* Phuong phap thim do béc hai (quadratic): p(i) = i*> do do vi

tri can thir 1a (h(x) +i>) % M, i=1,2,...

Thudt todn tim kiém mét muc trong bing bam siv dung phép
tham do tuyén tinh:

Get(k): Xét bang bam A sir dung tham do tuyén tinh
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- Bit dau tai 6 h(k)

- Tham do cac vi tri lién tiép cho dén khi mot trong nhimg diéu
sau xay ra:
* Mot muc c6 khoa k duogc tim théy, hoac
* Mot o tréng duoc tim théy, hoac

* N 0 da dugc tham do khong thanh cong

Algorithm get(k)
i = h(k);

p = 0;

do

if (c==null) return null;
else if(c.key = k)
return c.element () ;
else
{
i= (i1 + 1)% N;
p + 1;

}
while (p !'= N);
return null;
7.3.2. Céc yéu t6 anh hwéng dén hiéu suit tim kiém
Chat luong ctia ham bam phu thudc vao:
» Dit liéu thyc té

= Chién lugc giai quyét va cham
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= H@ s0 tai cua bang bam: N/Tsize, hé s tai cang thap thi higu
suat tim ki€ém cang tot.
Vi du 7.3: Tham do bac hai.

Néu vitri k = h(x) dugc st dung, cac vi tri sau s€ dugc thu:
k=hi(x)=hX) +i?mod M, i=1, 2, ... (M = Tsize)
hx)=x% 10

Cheén cac khoa 89, 18, 49, 58, 69 theo tht tu nay

0 1 2 3 4 5 6 7 8 9
49 58 | 69 18 | &9

Uu diém va nhwoc diém ciia tham do bdc hai

Mot van dé ddi v6i tham do bac hai 1a cac chudi thim do khong
tham do tat ca cac vi tri trong bang. Vidy,nfu M =11, k=h(x)=x %
11. Sau do, o1 voi cac khéa x, trong do h(x) = 3 va xay ra va cham, chi
cacvitri 3,4,7,1, 8, 6 dugc tham do.

Khi M 14 s6 nguyén t4, c¢6 thé dam bao qua dinh 1y sau:

Dinh Iy 7.1: Néu M la s6 nguyen 16 va bang trong it nhdt mét nira,
tham do bac hai sé luén tim thay mét vi tri trong. Hon nita, khéng cé
dia diém nao dwoc kiém tra hai lan.

7.3.3. Xir Iy va cham bing phwong phap chudi

Cac khoa khong phai dugc luu trir trong bang chinh. Trong chudi
(chaining), moi vi tri cua bang dugc két ndi vo1 mot danh sach lién két
luu trir cac khoa.

Phuong phdp nay dugc goi la chudi riéng va mot bang tham chiéu
(con trd) la bang phéan tan. Trong phuong phap nay, bang khong bao
gi0 tran vi danh sach lién két c6 thé mo rong.
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Insert: As, A,, 45, By, Ay, B, By, C,

0

1

2 > 4, > B, > C,
3 > 4,

4

5 o A, ~| B,

6

7

8

9 > 4, > B,

Hinh 7.4: Trong chudi, cac khéa va cham dwoc dwa vao cung mot
danh sach lién ket

7.4. XOA PHAN TU TRONG BANG BAM

Xet bang bam trong do cac khoa dugce luu trir béng cach str dung
tham do tuyen tinh. Gia str cAn x6a khéa A4 va sau d6 cd gang tim B4.
Vi khi tim kiém B ta bam n6 dén vi tri 4 va thiy vi trf ndy tréng va két
luan khong tim thiy B4 (diéu nay khong diing).

Dé tranh tinh trang nay, chi can danh diu céc vi tri da xo6a. Khi
chén phan tir mdi vao vi tri nay, can cap nhat lai thong tin cho phan tr
moéi. Khi c6 quéa nhiéu phan tir ¢3 x6a dugce danh dau trong bang, bang
s€ dugc lam mai (d).

Néu ham bam h bién doi cac khoa khac nhau thanh céc sé khac
nhau, n6 dugc goi 1a ham bdam hoan hdo (perfect hash function).

Néu mot ham chi yéu cau bao nhiéu 6 trong bang bang sb dit liéu
dé khong c6 6 tréng nio con lai sau khi hoan tat qua trinh bam, ham d6
duoc goi la ham bam hoan hdo téi thiéu.
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Insert: 4, 4,, 4,, B,, B, Delete: 4, Delete: 4,

0 0 0 0
14, 14, 1[4, 1[4,

214, 214, 2 2| B,

3| B, 3| B, 3| B, 3

414, 4 4 4| B,

5| B, 5|8, 5|8, 5

6 6 6 6

7 7 7 7

8 8 8 8

9 9 9 9
(@) (b) (© (d)

Hinh 7.5: Tim kiém tuyén tinh trong truong hop chén va xéa khéa

BAI TAP CHUONG 7

Bai 7.1: Giai thich vi€c chén cac khéa 5, 28, 19, 15, 20, 33, 12, 17, 10
vao mdt bang bam c6 cac xung dot dugc gidi quyéet bdi ky thuat két noi.
Cho bang c6 9 vi tri, va cho ham bam la h(k) = k mod 9.

Bai 7.2: Xét tién trinh chén cac khéa 10, 22, 31, 4, 15, 28, 17, 88, 59
vao moQt bang bam co chiéu dai m=11 dung k¥ thuat dinh dia chi mo
v6i ham bam so cap h'(k) = k mod m. Minh hoa két qua cua viéc chén
cic khéa nay bang k¥ thuat thim do tuyén tinh, thaim do bat hai v6i c1=1
va c2=3, va dung k¥ thuat bam kép voi h, (k)= 1 + (k mod (m-1)).

Bai 7.3: Quan Iy Thu vién

Nguoi ta quan 1y cac thong tin cua mot thu vién dudi dang bang
bam. Mdi tén tac gia Gtng voi ma bam tir 0 dén 25 (twong tng voi *A’
dén °Z"). M01 ma cho cach truy nhép t6i mot danh sach lién két don
da dugc sap xep gom tat ca tén tac gid c6 cung ma.
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Mdi nut cta danh sach lién két gom 4 truong: TenTG, 2 truong
con trd First va Last 1an luot tr téi phan tir dau tién va cudi cing cua
mot danh sach lién két don dung dé ghi nhan cac sach cua tac gia do,
Next 14 con tro tro dén nut tiép theo ciia danh sach tac gia.

Nguoi ta khai bao CTDL cho bai toan trén nhu sau:

struct SACH
{

string TenSach;
SACH *Link;
}i
typedef SACH* TroSach;
struct TACGIA

string TenTG;
TroSach First, Last;
TACGIA *Next;

}i
typedef TACGIA* TroTG;
TroTG Thuvien[26];

Gia sir cac tac gia co tén khac nhau va cic cudn sach cua clng tic

gia cling c6 tén khac nhau.

1. Viét ham int MaTG(string Name) dé tra vé ma ciia tac gia
trong bang bam c6 tén Name.

2. Viét ham TroTG TimTG (string Name, TroTG TG) dé tim
dén nut trong danh sach TG chura tac gia co tén la Name. Néu
khong tim thay, ham tra vé gia tri NULL.

3. Viét ham TroSach TimSach(string TenSach,TroSach
First) dé kiém tra cudn sach véi tua dé TenSach c6 trong danh
sdch First hay khong. Néu co6 tra vé dia chi nat tim duoc,
nguoc lai trd vé NULL.
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10.

11.

Vjét ,hélm, iqt SoSachTG(string Name, TroTG Thuvien[])
dé dém s6 dau sach cua tac gia co tén Name trong thu vién.

Viét ham void Insert(string Title, string Name, TroTG
Thuvien[]) dé bo sung tac gia co tén Name voi cudn sach co
tiéu dé Title vao thu vién theo cach sau:

= Néu Name va Title d3 c6 trong thu vién: khong 1am gi nita.
= Néu Name d3 c6 va Title chua co: bo sung Title vao cubi
danh sach lién két don tuwong trng v&i nut c6 TenTG = Name.

» Néu Name chua c6: b6 sung mot niit méi vao thu vién voi
TenGT = Name va TenSach = Title.

Viét ham void Xem(TroTG Thuvien[]) dé liét ké tat ca cac
tac gid va cac sach ctia ho ra man hinh.

Viét ham int DemTG(TroTG Thuvien[]) dé dém sd tac gia
c6 trong thu vién.

Viét ham int DemSach(TroTG Thuvien[]) dé dém s dau
sach co trong thu vién.

Viét ham void XoaSach(string  TenSach,TroSach
&First,TroSach &Last) d¢ x6a cuon sach voi tua dé
TenSach c6 trong danh sach duogc trd bdi First va Last.

Viét ham void Xo0aTG(string Name, TroTG &TG) dé xoa
tac gid voi tén Name khoi danh sach 7G.

Viét ham void Delete(string TenSach, string Name,
TroTG Thuvien[]) dé xda cudn sach v&i twa dé TenSach cua
tac gia co tén Name trong thu vién. Néu tac gia khong con
cudn sach nao nita thi x6a tén tac gia khoi thu vién.
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Phu luc A
CAI PAT CAC THAO TAC
TREN DANH SACH LIEN KET

Al. DANH SACH LIEN KET PON

#include <bits/stdc++.h>
using namespace std;
class SingleLinkList
{
struct NODE
{
int Data;
NODE *Next;
i
NODE *First, *Last;
public:
SinglelLinkList () //Khoi tao danh sach rong
{
First = Last = NULL;
}
void View() //Duyet danh sach
{
NODE *p = First;
while (p)
{
cout<<p->Data<<" ";
p = p—->Next;
}

cout<<endl;
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}

void FirstInsert (int x)

{

}

//Bl: Tao nut moi p chua x
NODE *p new (NODE) ;
p—>Data = x;
//B2: Chen p vao dau danh sach
if (First==NULL) //Danh sach rong
{

p—->Next = NULL;

First = Last = p;

}
else //Danh sach khong rong

{
p->Next = First; //1
First = p; //2

void LastInsert (int x)

{

//Bl: Tao nut moi p chua x
NODE *p = new (NODE) ;
p—>Data = x;
p—->Next = NULL;
//B2: Chen p vao cuoi danh sach
if (Last==NULL) //Danh sach rong
First = Last = p;
else //Danh sach khong rong
{
Last->Next = p; //1
Last = p; //2
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}
void Insert(int x,NODE *q)

{
//Bl: Tao nut moi p chua x
NODE *p = new (NODE) ;
p—->Data = x;
//B2: Chen p vao sau q
p->Next = g->Next; //1
g->Next = p; //2

}

NODE *GetNode (int n)

{
NODE *p = First;
for(int i=1;i<n;i++) p = p->Next;
return p;

}

void FirstDel ()

{
NODE *p = First;
if (First==Last) //Danh sach chi co 1 nut

First = Last = NULL;
else
First = p->Next;

delete p;

}

void LastDel ()

{
NODE *p = Last;
if (First==Last) //Danh sach chi co 1 nut

First = Last = NULL;
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else
{
//Tim den nut g dung truoc nut Last
NODE *g = First;
while (g->Next!=Last) g = g->Next;
//q la nut cuol danh sach
q->Next = NULL;
Last = qg;
}
delete p;
}
void Del (NODE *T) //xoa nut dung sau T
{
NODE *p = T->Next; //nut can xoa
T->Next = p->Next;
delete p;

i
void Nhap(int &n,SingleLinkList &L)
{
cout<<"So phan tu cua danh sach: ";
cin>>n;
for (int i=1;i<=n;i++)
{
int x;
cin>>x;
L.LastInsert (x);

}

int main ()

{
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SingleLinkList L;

int n;

Nhap (n, L) ;

L.View();

L.Del (L.GetNode (2))
L.View ()

}

A2. DANH SACH LIEN KET PON NOI VONG

#include <bits/stdc++.h>
using namespace std;
class CirclelLink
{

struct NODE

{

int Data;
NODE *Next;
i
public:
NODE *First;

CircleLink () //Khoi tao danh sach rong
{
First = NULL;

void View ()
{
if(First)
{
NODE *p = First;

151



do
{
cout<<p->Data<<" ";
p = p—->Next;
}
while (p!=First);
}
cout<<endl;
}
NODE* Search (int x)
{
if (First)
{
NODE *p = First;
do
{
if (p->Data!=x);
p = p—>Next;
}
while (p->Datal!=x && p!=First);
if(p!=First) return p;
}
return NULL;
}
void FirstInsert (int x)

{
//Bl: tao nut moi p chua x

NODE *p = new (NODE) ;
p—->Data = x;
//B2: Chen

if (First==NULL)
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First = p; //1
First->Next = First; //2

}

else

{
//B3: Tim den nut cuoi danh sach q
NODE *qgq = First;
while (g->Next != First) g = g->Next;
//B4: Chen p vao dau danh sach
p->Next = First;
First = p;
g->Next = First; //noi vong

void LastInsert (int x)
{
//Bl: tao nut moi p chua x
NODE *p = new (NODE) ;
p—>Data = x;
//B2: Chen
if (First==NULL)
{
First = p; //1
First->Next = First; //2
}
else
{
//B3: Tim den nut cuoi danh sach q
NODE *g = First;
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while (g->Next != First) g = g->Next;
//B4: Chen p vao cuoi danh sach
g->Next = p;

p—>Next

First; //noi vong

}

void Insert (int x,NODE *T)

{
//Bl: tao nut moi p chua x
NODE *p = new (NODE) ;
p->Data = x;
//B2: Chen p vao sau T
p->Next T->Next; //1
T->Next = p; //2

void FirstDel ()
{
NODE *p = First;
if (First->Next==First) //danh sach co 1 nut
First = NULL;
else
{
//Tim toi nut cuoi danh sach
NODE *g = First;
while (g->Next!=First) g = g->Next;
//cat nut p ra khoi danh sach
First = p->Next;
g->Next = First;
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delete p;
}
void Delete (NODE *q)

{
NODE *p = g->Next;
g->Next

p—->Next;
delete p;

i
void Nhap(int &n,CirclelLink &L)
{
cin>>n;
for (int i=1;i<=n;i++)
{
int x;
cin>>x;

L.LastInsert (x);

}

int main ()

{
Circlelink L;
int n;
Nhap (n, L) ;
L.View ()
L.FirstDel () ;
L.Delete(L.First);
L

View () ;
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A3. DANH SACH LIEN KET KEP

#include <bits/stdc++.h>
using namespace std;
class DoubleLinkList
{
struct NODE
{
int Data;
NODE *Next, *prev;
i
NODE *First, *Last;
public:
DoubleLinkList () //Khoi tao danh sach rong
{
First = Last = NULL;
}
void View() //Duyet danh sach
{
NODE *p = First;
while (p)
{
cout<<p->Data<<" ";
p = p—->Next;
}
cout<<endl;
}
void LastInsert (int x)
{
//Bl: Tao nut moi p chua x
NODE *p = new (NODE) ;
p—->Data = x;
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p->Next = NULL;
p—>prev = NULL;
//B2: Chen p vao cuoi danh sach
if (Last==NULL) //Danh sach rong
First = Last = p;
else
{
Last->Next = p; //1
p->prev = Last; //2
Last = p; //3

}

vold FirstInsert (int Xx)

{

void Input ()
{
int n;
cout<<"So phan tu cua danh sach: ";
cin>>n;
for (int i=1;i<=n;i++)
{
int x;
cin>>x;

LastInsert (x);

t
void Insert (NODE *T,int x)

{
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//Bl: Tao nut moi

NODE *p new (NODE) ;
p—->Data = x;

//B2: chen p vao sau T
p->Next = T->Next; //1

p->prev = T; //2
T->Next->prev = p; //3
T->Next = p; //4

}
NODE *GetNode (int n)

{
NODE *p = First;
for (int i=1;i<n;i++) p = p->Next;

return p;

void FirstDel ()
{
//Bl: dinh vi den nut can xoa
NODE *p = First;
//B2: Xu ly truoc khi xoa
if(First==Last) //danh sach chi co 1 nut
First = Last = NULL;
else
{
First = p->Next; //First qua nut ke tiep
First->prev = NULL;
}
//B3: Xoa
delete p;
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void LastDel ()

{

//Bl: dinh vi den nut can xoa

NODE *p = Last;

//B2: Xu ly truoc khi xoa

if (First==Last) //danh sach chi co 1 nut
First = Last = NULL;

else

{
Last = p->prev; //Last qua nut ke tiep
Last->Next = NULL;

}

//B3: Xoa

delete p;

void Del (NODE *T) //xoa nut dung sau nut T

{

}

//Bl: dinh vi den nut can xoa
NODE *p = T->Next;

//B2: xu ly truoc khi xoa
T->Next = p->Next; //1
p->Next->prev = T; //2

//B3: xo0a p

delete p;

NODE *FirstNode ()

{

return First;
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NODE *LastNode ()
{

return Last;

i

int main ()

{
DoubleLinkList L;
L.Input();
L.View();
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Phuluc B
CAI PAT STACK

B1. CAI PAT STACK BANG DANH SACH LIEN KET

#include <iostream>
#include <conio.h>
using namespace std;
class Stack
{
struct NODE
{
int Data;
NODE *Next;
i
NODE *top;
public:
Stack ()

{
top = NULL;

void Push (int x)

{
//Bl: Tao nut moi p chua x

NODE *p = new (NODE) ;

p—->Data = x;

//B2: Chen p vao dau danh sach
p->Next = top; //1

top = p; //2
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int Pop ()

{
NODE *p = top;

top = p—>Next;

int x = p->Data;
delete p;
return x;

}

bool isEmpty ()

{
return top==NULL;

i
void Bin(int n)
{
//Bl: Khoi tao stack
Stack S;
//B2: Dua cac so du n%2 vao stack
while (n>0)
{
S.Push (n%2);
n=n/2;
t
//B3: Lay cac phan tu trong stack in ra man hinh
while (!S.isEmpty())
{
cout<<S.Pop ()

}
int main ()

{
Bin(13);
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B2. TINH GIA TRI BIEU THUC SO HQC

#include<stack>
#include<iostream>
#include<string>

#include <stdlib.h>

using namespace std;

bool Sosanh(string x,string vy)

{

int a,b;

if(x=="(") a=0; if(y=="(") b=0;
if(x=="-") a=1; if (y=="-") b=1l;
if (x=="+") a=1; if (y=="+") b=1;
if (x=="/") a=2; if (y=="/") b=2;
if(x=="*") a=2; if (y=="*") b=2;

return (a>=b);

}
void toArrayString(string st, int &n,string afl])
//Tdch chubdi st thanh mang cac chudi a[]
{

n=0;

al0)="(";

while(!st.empty())

{

string temp = "";
if(st[0]=="+"]] st[0]=="-"|| st[0]=="*"]|
st[0]=="/"11 st[0]=="(" || st[0]==")")

temp = temp + st[0];
st.erase (0,1);
al++tn] = temp;
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else
{
int i=0;
while ((i<st.length())&&((st[i]>="'0")
&(st[i]<="9") || (st[i]==".")))

temp = temp + st[i];
i++;
}
st.erase (0, temp.length());
al++n] = temp;

}
a[++nl=")";
}
string Hauto(string infix)
//Chuyén biéu thiic trung té infix sang dang hiu té
{
//Bl: khoi tao
string st[10007];
int n;
toArrayString (infix,n,st);
stack<string> S;
string posfix="", Top;
//Buoc 2:
for (int 1i=0;i<=n;i++)
{
string X=st([i];
if (X=="(") S.push(X);
else 1if(X==")")
{
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string Token=S.top();

S.pop ()

while (Token!=" (")

{
posfix = posfix + Token + ' ';
Token=S.top ()
S.pop ()

else
if (isdigit(X[0])) //toan hang

posfix = posfix + X + ' ';
else //toan tu

{
1f(S.empty()) S.push(X);
else

{
Top=S.top ()’

while (Sosanh (Top, X))

S.pop ()

posfix = posfix + Top + ' ';
Top=S.top (),
}
S.push (X) ;
}
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}
//Buoc 3:
while (!S.empty())
{
posfix = posfix + S.top() + ;
S.pop () ;
}
return posfix;
}
double Value(string posfix)
//Tinh gia tri biéu thuc hdu td posfix
{
stack<float> S;
while (!posfix.empty())
{
string temp = posfix.substr (0,posfix.find ("
"))
posfix.erase (0, temp.length()+1);
if (isdigit (temp[01]))
{
float x = atof (temp.c str());
S.push (x) ;
}

else

{
float b = S.top ()

S.pop () ;
float a = S.top();
S.pop ()

if (temp=="+") S.push (a+b);
if (temp=="-") S.push(a-b);
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if (temp=="*") S.push(a*b);
if (temp=="/")
S.push (a/b) ;
t
}
return S.top();
}
int main ()

{

string s;

cout<<"Nhap bieu thuc: "; cin>>s;
string st = Hauto(s);
cout<<"Chuyen sang hau to : "<<st<<endl;

cout<<"Gia tri bieu thuc: "<<Value (st);
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Phu luc C
CAI PAT HANG POQ1

C1. CAI PAT HANG PQI BANG MANG

#include <iostream>
using namespace std;
class Queue

{
#define MAX 1000
int A[MAX];
int front, rear;
public:
Queue ()
{
front = rear = 0;
}
bool isEmpty ()
{
return front == 0;
}
bool isFull ()
{
return (rear3MAX + 1) == front;
}
void Push (int x)
{
if (rearsMAX + 1 == front)
cout<<"Queue is full";

else
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rear = rearsMAX + 1;

Alrear] = x;
if (front==0)
front = 1; //do ban dau Queue rong
}
t
int Pop ()
{
int x = A[front];

if (front==rear)

front = rear = 0;
else

front = frontSMAX + 1;
return x;

i
void Daoso (int n)
{
//Khoi tao Queue
Queue Q;
//Dua cac so du n%10 vao Queue
while (n>0)
{
Q.Push (n%10) ;
n=n/10;
}
//Lay cac phan tu trong Queue in ra man hinh
while (!Q.isEmpty())
{
cout<<Q.Pop (),
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t
int main ()
{
Daoso (12345) ;

}
C2. CAI PAT HANG POQI BANG DANH SACH LIEN KET PON

#include <iostream>
using namespace std;
class Queue

{
struct NODE

{
int Data;
NODE *Next;
i
NODE *front, *rear;
public:
Queue ()
{
front = rear = NULL;
}
bool isEmpty ()
{
return front == NULL;
}
void Push (int x)
{
//Bl: Tao nut moi p chua x
NODE *p = new (NODE) ;
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p—->Data = x;
//B2: Chen p vao dau danh sach
if (front==NULL) //Danh sach rong
{
p->Next = NULL;
front = rear = p;
}
else //Danh sach khong rong
{
p—->Next = front; //1
front = p; //2

t
int Pop ()

{
NODE *p = rear;

if (front == rear) //Danh sach chi co 1 nut
front = rear = NULL;
else

{
//Tim den nut q dung truoc nut rear
NODE *g = front;
while (g—->Next!=rear) g = g->Next;
//q la nut cuoil danh sach
g->Next = NULL;
rear = q;

}

int x = p->Data;

delete p;

return x;
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i
void Daoso (int n)
{
//Khoi tao queue
Queue Q;
//Dua cac so du n%l10 vao Queue
while (n>0)
{
Q.Push (n%10) ;
n=n/10;
}
//Lay cac phan tu trong Queue in ra man hinh
while (!Q.isEmpty())
{
cout<<Q.Pop () ;

}

int main ()
{

Daoso (12345) ;
t

C3. CAI PAT HANG POQI BANG DANH SACH LIEN KET KEP

#include <iostream>
using namespace std;
class Queue
{
struct NODE
{
int Data;
NODE *Next, *prev;
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i
NODE *front, *rear;
public:
Queue ()
{
front = rear = NULL;
t
bool isEmpty ()
{
return front == NULL;
}
void Push (int x)
{
//Bl: Tao nut moi p chua x
NODE *p = new (NODE) ;
p—->Data = x;
p—->Next = NULL;
p—->prev = NULL;
//B2: Chen p vao dau danh sach
if (front==NULL) //Danh sach rong
front = rear = p;
else //Danh sach khong rong
{
p—->Next = front; //1
front->prev = p; //2
front = p; //3

int Pop/()
NODE *p = rear;
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}s

if (front == rear) //Danh sach chi co 1 nut
front = rear = NULL;

else

{
rear = p->prev; //rear qua nut ke tiep
rear—->Next = NULL;

}

int x = p->Data;

delete p;

return x;

void Daoso (int n)

{

}

//Khoi tao queue

Queue Q;

//Dua cac so du n%10 vao Queue
while (n>0)

Q.Push (n%10) ;
n=n/10;

//Lay cac phan tu trong Queue in ra man hinh
while (!Q.isEmpty())

cout<<Q.Pop () ;

int main ()

{

Daoso (12345) ;
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